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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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WAVE SPREADING IN RESILIENT VISCOUS-PLASTIC LAYER
WITH CAVITY ON THE RIGID BASE

Abstract. Explosion energy effective management at cavities creation in the rocks and soil massif in seismic
investigation and dynamic pressure action from explosion and an earthquake on constructions demand more strict
calculations for defining wave fields tensed-deforming condition. Therefore big attention is paid for development
and improvement of drilling-and-blasting works processes by production workers and scientists. Nowadays scientific
and practical works are conducted on studying explosive, rocks crushing processes under the external forces
influence, in particular, as well as the blown-up mass consequence influence on the environment.

This scientific work considers research on waves spreading in resilient viscous-plastic layer with cavity based
resilient basis under the dynamic pressure from day surface over the cavity.

This task is solved by “discontinuity disintegration” method of S. K. Godunov. This method advantage is all
possible gaps in calculations according to this method are represented closer to real, ones than calculations obtained
by artificial viscosity.

During the task of this research the hyperbolic type of the first order differential equations system has been
obtained describing dynamic pressure influence on resilient viscous-plastic layer around the cavity on layer border
and elastic basis.

Obtained numerical solution results can be applied for wave fields assessment, various nature of tension with
boundary conditions, designing of various underground constructions.

Key words: resilience, layer, resilient viscous-plastic, cavity, wave, tensed-deforming condition, pressure.

Problem definition and main equations deducing conclusion on resilient and viscous-plastic waves
spreading in a layer with cavity based on the elastic basis. Wave source is a dynamic pressure effecting on
a layer from a day surface under entry conditions:

—o<x<L®
u=U=0‘X=O'y=T=0, at t=0;
0<y
and the boundary conditions [1,2]:
n,<x<n,,,
v=tBe " ! 2
at 1y =0;
u=0;
t>0,
where A,B =const; v,u — responding create medium particle speed on the axis x and y;

c,,0,,0,,7— responding create tension.
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Figure 1 — Cavity in resilient and viscous-plastic layer based on elastic basis

Resilient and viscous-plastic medium equations have the type [3,4,5]:

1 . 1 . Si‘
Eij ZESQ‘F &Sé‘ij +77[®(F){a5ij + 2\/}_2} M

where a - parameter of soil widening speed.

Function [@(F )]: Foat Foo is defined basing on the results of experimental research
a > V.

according to material dynamic features. Function @(F ) choice allows to reflect deformation speed
influence on fluidity limit [6,7,8,9].

{o at F<0;

Plane deformation is considered:

g, =& Ou, £, =€ _éuy.g e =0
11 xx ax 4 22 »y 6_)/ > “33 zz 4
1(0u, Ou, |
12=gxy=5 oy +E’gl3:gxz:‘c"23:gyzzo’
. . U, du, .
where u_,u - displacement on axis x and y, U = a0 L= 7 - speed on axis x and V.
Volume deformation [10,11] has the type:
° l .
gy = Ot 3an(®(F)), 2)

The resilient and viscous-plastic medium equations system set to a dimensionless size relatively to
elasticity parameters [10,11,12] have the type:
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ou 0o, Ot

T =, t3
o oOx Oy
0% 0o, or

ho = =—F= +t—
o oy Ox

99, _ alz{a—qu[l —%)a—UJrqﬁl};

ot ox ¥y ) Oy 3)

0
b =a, 8_u+ 1—% a—u+q§
ot oy ox

%:alz 1_ 614 1__ 6_0+@3 ;
ot 6x oy

or 1 ou 1 0v
a—zalz —2—+—2—+(D4 .
¢ 7oy oy Ox

where 1, =p,/p,, p, - resilient and viscous-plastic medium density, p, - elastic medium density,

2
a, = P 1 , a, - longitudinal sound speed in resilient and viscous-plastic medium, a, - longitudinal
prd;
sound speed in elastic medium, y, =a,/b,, b, - transverse sound speed in resilient and viscous-plastic
medium [13,14,15].

D =- /71)’7

[3}/1 4)a+ 20, o'—a)/\/z:l;
@, =1/ p(( [3% 4)a+ 20, -0, —0)/\/72};
o

D, =— 1/712)77 37| 4)0!+ 20, -0, —U)/\/72:|;
(1/7/1>7 (”\/7)

According to definitive-difference (3) equations systems [16,17,18] have the type:

" —u,, (o), -l), 7, -7,
o + .
At Ax Ay

4)
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For elastic base the definitive-difference type of differential equations system [19,20]:

u"™" —u

Gan B O-xnl

z-m2 B z-ml .

n,m
At

Tn2 B Tnl + ym2

Ax

b

Ay

(oa — O

yml

Ay

)

There are some results of definitive-difference equations system numerical solution which have been

showed in figures 3, 4, 5, 6 and 7.

. e 0.0, 7

3

2

15 —

g8
—
—
-

\

*" |
o, \

- U\ g,
5

2 L L 1 1 1 1 1

o 50 ™ 19 M B0 W B0 4O
x
Figure 2 — Normal and tangent tension
on axis x, x = ldx — 400dx, at depth under the cavity y = 21dy

at a moment of time ¢ = 395dt
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Figure 4 — Normal and tangent tension

10

on axis y, x = ldx — 190dkx, at depth along the left vertical side

y = 1dy — 100dy at a moment of time ¢ = 395dt
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Figure 3 — Normal and tangent tension

on axis x, x = ldx — 400dx, at depth under the cavity y = 5dy

at a moment of time ¢ = 395dt
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—15

Figure 5 — Normal and tangent tension

on axis y, x = 210dx, at depth along the right vertical side

y = 1dy — 100dy at a moment of time ¢ = 395dt
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Figure 6 — Normal and tangent tension
on axis x, on the border of resilient and viscous-plastic layer
and elastic base x = 1dx — 400dx, y = 50dy
at a moment of time ¢ = 3954t

Figure 7 — Normal and tangent tension
on axis x, x=1dx — 400dx, at depth in elastic base y = 70dy
at a moment of time ¢ = 3954t

If to compare graphs 2 and 3 where the tension changes along the bottom and top are given and con-
sider these schedules ordinates difference that equals to 2-10°, i.e. the tension magnitude over the cavity
surpass in several orders than under the cavity. The conclusion follows: the cavity top (ceiling) should be
strengthened and made stronger, than cavity bottom (floor).

If to compare graphs 4 and 5 where tension changes on depth along the left and right vertical sides,
are given it is visible that tension magnitude along the specified sides of one order.

If to consider graples in figures 6 and 7, then figure 6 shows tension changes along border of two
mediums of resilient and viscous-plastic layer and the elastic basis, and figure 7 shows tension in the
elastic basis in the horizontal direction. From these schedules it is visible that tension values on two
mediums border are higher on two points, than tension magnitudes in the elastic basis.

Conclusion. The hyperbolic equations initial system in first order private derivatives relating to
tension components has been researched, characteristic surfaces and characteristic rations on them are
found. The wave field analysis depending on the set pressure form is conducted. Comparison of resilient
and viscous-plastic layer free surface fluctuations and its border with the elastic basis are shown on the
schedules constructed as the tension dependence from coordinates and time.

The calculation results of analysis received at layer physical parameters and, on free surface in a
particular, confirm that medium viscous and plastic properties weaken the set signal characteristics, at the
same time the arising plastic areas weaken structural connections in the medium, i.e. led to considerable
loss of durability. The results of analysis shows what parts of a cavity are committed to stronger pressure
and where strengthenings are necessary. The received results correspond to physics process that confirm
the correctly chosen research tech-nique, the constructed model and its realization.

K. K. Macanos', XK. T. Ko:kaGexos', I'. K. Tyrenbﬁaenal’z,
T. b. Manaaues', P. B. Baiimaxan', 3. C. A6apaumos’

6. A. JxonnacOexoB aTeIHAAFEI MEXaHWKa )KOHE MalllHATaHy HHCTUTYTHI, AnMatel, Kazakcran;
’KP KM KypisIk ockepriepinin Ockepi MHCTUTYTHL, Anmatsl, Kasakcran;
SYITTHIK FHUTBIME aKaIeMUSCHIHBIH MallHaTaHy UHCTUTYTHI, binkek, Kpiprei3cran

CEPHIMAI HET'T3JIE )KATKAH KYBICbI BAP CEPIIIM/I-TY¥ TKBIPJIBITIJIACTUKAJIBIK
KABATTA TOJIKbIHHBIH TAPAJIYbI

AnHotanusi. Tay bIHBICTAPHl MACCHBIH/E KYbIC JKACaFaH/a OHE KEPKbIPTHICHIHA CEHCMUKANBIK Oapiay/a
JKapBUTBICTHI THIMI OacKapy >KOHE JKapbUIBICTHIH dCEpiHEH Maiia O0NaThIH JHHAMHUKANIBIK KYKTeMeIeH HeMece Kep
CUIKIHICIHEH KYpPBUIBICTapFa dCep €TETiH TOJIKbIH OpiCiHIH KepHeyii-nedopmanusiianraH KyWiH aHbIKTay Ke3iHe
JIOIIIIT] JKOFaphl ecenTey cysioachlH jkacay Tajan eriieni. COHABIKTaH OYpFbIIAmKapy KYMBICTApbIH OPKEHICTYTe
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JKOHE JKeTUIIIpyre FalmbIMIap MEH eHIIpICIIijiep >KaFblHAaH YIIKeH KeHUT OeniHim kememi. Kasipri kesme »xapbuibic
JKYMBICTAPBIH 3€pTTeyre, OHBIH IMIiHAE CBHIPTKBI KYIITEPIiH KOMETiMeH Tay JKBIHBICTApBIH YCaKTay YpHAiciH
KapacThIpyFa )KOHE JKapbUIBICTAH Naiiaa OOJFaH 3aTTapablH KOPIIaFaH OpTaFa dCepiH FhUIBIMU-NIPAKTUKAIIBIK 3ePTTCY
’KYMBICTapBIH XYprizye.

Byn FpUTBIMH JKYMBICTa CEpIIMII HETi3he KaTKaH KybICHI 0ap CepmiMIi-TYTKBIPIBIUIACTHKAIBIK KaOaTTHIH
JKOFapFbI JKaFbIH/A J)KaTKaH jKa3bIK OSTTEH ocep eTeTiH IMHAMUKAJIBIK KYKTEMECH TapajaThIH TOJIKBIHBI 3ePTTeNIe .

Bepinren moceneni memyne C. K. T'oqyHOBTBIH «y3UIiC BIABIPAY» 9ici KOJAaHbUIFaH. KoMIaHbUFaH OMICTIH
apTHIKIIBUIBIFBI COHJIA, OYJI 9/ICTIeH aJIbIHFaH OapIbIK MyMKIH OOJaThIH y3LTicTepiH ecebi xKacallFaH jKoHe albIHFaH
JKacaHIbl TYTKBIPJIBIK €CeOIMEH CalbICThIpFaH/a, OyJl OMiC IIBIHIBIKKA ©TE JKaKbIH jKaHacaqbl. KapacTeIpbuiraH
€CEIITi 3epTTey >KOJBIHJA CePIIMII-TYTKBIPIBIIIACTUKAIBIK Ka0aTTarbl KybICTBIH aifHaJIachlHA, KaOaTThIH LIeKapa-
CBIHA JKOHE CEpIIIM/l Herisre TMHAMHKAJIBIK )KYKTEMEHIH 9CEpiH CHIATTANTHIH T'MIepOoaibIK TYpaeri OipiHmI peTTi
muddepeHmanIpIK TeHASYIep Kyiec aJbIHFaH.

Kyblc aliHaiachIHIArbl CEpIiMAI-TYTKBIPIBIIUIACTHKAIBIK OPTAHBIH JKOHE €Ki OpTa IIeKapachIHbIH KEepHEYIi-
IudepeHINaIIbK KYHiH cCHIaTTalTeiH auddepeHInanabK TeHISYIepai CaHIBIK TYpAe HICHTy YIIiH alrOpuTM XKa-
3BUTBIN, TpOTpaMMa KemleHi KyppurFaH. CaHIBIK MEMiMACPIHIH HOTIKENUNK Tpaduri OPTaHBIH T€OMETPHSUIBIK
napameTpIIepiHiH yakbITKa Toyesi Typinae OepiireH.

AJIBIHFaH HOTIDKEJIEp TOMEHT] JKOHE JKOFapFbl KaObIpFallapblHbIH OOMBIHIAFEI KEPHEYJIEPiH e3repicTepi jKoHe
rpadUKTEP/IiH Op/IMHATANAPIHBIH AHBIPMANIBUTBIFEL — 10°-Fa TeH, SFHH CepITiMIi-TYTKBIPIIBILIACTHKANBIK KabaTTa
KYBICTBIH JKOFapbl KaOBIPFaChIHBIH KEPHEYJIIK IamMachl KyBICTHIH TOMEHT1 KaOBIPFACHIHBIH KEPHEYJIK LIaMachlHaH
OipHewie ece >xorapbl ekeHIH kepcereai. On  KepHEyHiH Tapaiaybl OIpKaJIBINCHI3, SIFHM YaKBITTBIH ©3repyiHe »oHe
TEPEHJIKTIH apTyblHa OaiIaHBICTHI TOJKBIHHBIH OLIyiH Oinmipesni. by aH mIBIFaThIH TY)KBIPBIM: HETI3Ti KYLI XKa3bIK
OerTiH YCTIHIT KabaTblHa Tyceli, SFHU JKa3bIK OCTTIH acTHIHFBI KaOBIpFachlHa KaparaH/a, YCTiHIT KaObIprachlH
KYIIEHTY Ka)XEeT xKoHe Oepik jkacay Kepek.

Fruteimu Makasaza HeTi3ri MoceJIeHiH KeKellle )KaFaainapsl 1a KapacThIPbUIFaH, SSFHU JKa3bIK OCTTiH KOIICHEH
KaOBIpFachIHa TYCETiH JUHAMUKAJBIK KYIITiH dcepi. AJBIHFaH HOTIDKEIePACH MbIHaall TYXKbIphIMIaManap MIbIFazbl:
BEPTHKAIIb OH JKaK JKOHE COJ JKaK KaObIpFaJapIblH OOWBIHIAFbl KepHEY IIaMallapbIHbIH TEPESHAIKKE OailJIaHBICTHI
ocepIIepiHiH ©3repiciHAe KOl alblpMaIIbUIbIK JKOK. OChIFaH OaiIaHBICTBI, BEPTHKAI KaObIprajgapra TYCKEH THHA-
MHUKAJIBIK KYIITiH Tapaxybl OIpKaNbIIThI JET ecenTeyre 00aipl.

XKymbicTa exi OpTaHBIH IIerapachlHIAaFbl KepHEYJepAiH e3repici MyKHAT 3eprTeinreH. JKacanraH jKYMBICTaH
t = 395dt yaxpir MomenTingeri x = ldx — 400dx, y = 50dy koopauHaTanapbl OOWBIHIIA HOPMaJ JKOHE jKaHaMa
KEepHEYJIePIiH CepIiMIi Heri3aeri 1mraMachl — 10* xome CEePIIM/II-TYTKBIPJIBITIACTUKAIBIK Ka0aTTaFbl KEPHEYIIH
mamacsl — 107 exenziri ambikrazran. COHABIKTAH CePIiMII-TYTKBIPIBIILIACTHKATBIK OPTAJaH CEPHiMIi Herisre
XKBUDKBIFAH TONKBIH — 107! 1operxecine neifin keMuTiniH Kopyre GoIaIbL.

Ceprmimzai KabatTarbl KepHEYJIepIiH mamackl ¢ = 395dt yakpiThiHIa X oci OolibiHIIA x = 1dx — 400dx, y = 70dy
teperyikte — 107’ mamaceiHa TeH Gomamsl. KepHeyiiH KaGbLIIaraH IIaMachlHAH TOJKBIH CEPHiMIi-TyTKBIPIIbI-
TUTACTHKAIBIK, Ka0aTTaH JKOHE €Ki OpTaHbI OOl TYpFaH IIeKapaJaH ©TKeHHEH COH, KaTTHl JNCipedTiHiH Oaiikayra
0oJamel, SIFHU OPTAHBIH TYTKBIPIBIFEl MCH TUIACTHKAIBIFBI OCPIITeH KYIITI oJIcipeTe .

3epTTeynep HOTIKECI CepHiMIi-TYTKBIPIBILIACTUKANBIK Ka0aTTaFbl TOPTOYPHIMITH KYBICTHIH aifHaTaChIHIAFbI
HIamanap/pl Oaranayra KojuaHbuiansl. KapacTeIppulFaH 3epTTey oJiCiH KadaTTaplblH KEepHEYIiK aedopMaiisChiH
aHBIKTayFa >KOHE COJI apKbUIBI )KEPacThl KYPhUIBIMIAPEIHBIH OEpIKTiri MEH OPHBIKTHUIBIFBIH Oaranayia KoHe CHUSKTHI
reOAMHAMHUKAIIBIK MACENIEIep/i Iy OaphIChIHAa KOJIaHyFa 00JIaIbl.

3eprrey OapbIChIHAA ANBIHFaH HOTYDKENEPAl SpTYpJIi CHIATTaFbl KEPHEYJIK KYWIEepIiH TOJIKBIHABIK ©piCTepiH
Oaranay MakcaTbIHJa KOJIJIaHyFa, OCBIFAaH YKCAac ecenTepje MIEKTIK MIapTTapMeH INEKTEIreH ecenTepil Lieuryre
JKOHE 9PTYPIIi ’KepacThl KYPbUIBIMIAP MEH KYPBUIBICTap/IbIH MPOSKTHPOBAHUU KEPHEYJI KYHIIepiH aHbIKTayAa Koj-
JaHyFa 0oJajIbl.

Tyiiin ce3nep: ceprimainik, Kabar, cepmiMai-TYTKBIPIBINIACTHKAIBIK (KabaT), KybIC, )KYKTEME, TOJIKbIH, Kep-
HEYIi-Ie(pOpPMAaLUSITBIK KYH.

K. K. Macanos', P. B. Baiimaxan', 7K. T. Ko:kaGexos',
I'. K. Tyrean6aesa'?, T. b. Magaanes', 3. C. AGapanmos’

II/IHCTI/ITyT MEXaHHUKH U MaluHoBeAeHUs uM. Y. A. J[ongacoekoBa, AnMatel, Kasaxcran;
Boennsiit uactuTyT CyxomyTHbIX Bolick MO PK, Anmatsi, Kasaxcran;
3 WNuctutyT MmammuoBenenust HanmoHaneHo# akagemun Hayk, bumikek, Keiproizcran

PACIIPOCTPAHEHMUS BOJIHBI HA YIIPYT'O-BA3KOIIVIACTHYECKOM CJIOE
C IIOJIOCTBIO HA YIIPYT'OM OCHOBAHUHA

AnHoTanusi. DPPeKkTUBHOE yNpaBiIeHUE YHEPriell B3phIBa IPH CO3AHUU MOJOCTEH B MAaCCHBE FOPHBIX I10-
POI ¥ TPYHTOB B CEHCMHYECKON pa3BelKe W NCHCTBHE NWHAMHYECKHX HArpy30K OT B3pbIBa M 3eMJICTPSICEHHS Ha
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COOpYXeHUsI TpeOyroT 0oJiee CTPOTMX PAacUETHBIX CXEM Al OINPEAETICHUs HalpspKeHHO-Ae(OPMUPOBAHHOTO CO-
CTOSTHHSI BOJTHOBBIX IoJiel. [To3ToMy BompocaM pa3BUTHA M COBEPIIEHCTBOBAHHS MTPOLIECCOB OypPOB3PBIBHBIX PadOT
yzenseTcs 00IbII0e BHUIMAHNE CO CTOPOHBI IPOM3BOJICTBEHHUKOB 1 YUEHBIX. B HacTosImee BpeMst BeqyTcs HayqdHO-
MPaKTHYECKHE pabOThI M0 U3YUSHHUIO B3PBIBHBIX, B YACTHOCTH M3YYatOTCS POLIECCH APOOICHNS TOPHBIX MTOPOA MO
BO3/IelICTBHEM BHEIIHUX CHJI, TAKXKE BIMSHHE HAa OKPY KAIOIIYIO CPEAy MOCIEACTBIE OT B30PBAHHOMN MacChl.

B nanHoii Hay4yHOI paboTe paccMaTPUBAIOTCS HUCCIESIOBAHMS PACIIPOCTPAHEHHS BOJIH B YIPYTO-BSI3KOILIACTH-
YECKOM CJIO€ C TOJIOCTBIO, JIeKAIeM Ha YIPYyroM OCHOBaHMHU MPHU BO3JEHCTBUM NMHAMHYECKOW HArpy3KH CO CTO-
POHBIL [lHeBHOﬁ IMOBEPXHOCTU HAl IMOJIOCTHIO. I[J'ISI peuIcHus MOCTaBJICHHOM 3aga4ur NpUMECHACTCA MCTOJ «pacraaa
paspeiBay C.K. ['ogyHosa. [IpenMyIiecTBO JaHHOTO METO/a 3aKJII0YaeTCs B TOM, YTO BCE BO3MOXHBIE Pa3pbIBBI B
pacderax IO 3TOMY METOAY HPEACTABISIIOTCS Oosiee ONM3KMMHU K peajbHBIM, YEM DPACUeThl, HOJyYeHHBIC NpPU
UCIIOJIb30BaHNH HCKYCCTBEHHOH BsizkocTH. [IpM nccnenoBaHMn JaHHOM 3ajavd IoydeHa cucteMa andgepen-
LMAJIBHBIX YpaBHEHHH IIEPBOTO IOPSKA THIEPOOINIECKOrO THIA, KOTOpas ONUCHIBAET BIMSHHE JAWHAMHYECKOMN
Harpy3KH Ha yIpyro-BA3KOIUIACTUYECKHUI CIIOH BOKPYT IOJIOCTH, HAa TPAHHILIE CIIOS M HA YIIPYTOM OCHOBAHHUH.

Jist aucneHHbIX pemeHnid ud¢epeHnalbHbIX YpaBHEHUH pa3paboTaH MpOrpaMMHBI KOMIUIEKC C allTOPHUT-
MOM, JUISL OTIPENENICHNS HallPSKEHHO-1e(OPMUPYEMOT0 COCTOSIHUSL BOKPYT TTOJIOCTH B YIPYTO-BSI3KOIUIACTHIECKOM
CJIOE ¥ Ha TPaHHUIIE JBYX CpEL.

Pe3ynbTaThl YMCIEHHOTO pEeLIeHHs IPEACTaBICHbI B BUJE I'pa(UKOB 3aBUCUMOCTH T€OMETPHUYECKHX [1apaMeTpOB
Cpenbl OT BPEMEHHU.

W3 nomy4eHHBIX pe3yabTaToB BUIHO, YTO H3MEHEHMS HANpPSKEHUH BIOJIb HIKHEH U BepXHEH CTEHKH, a TaKXKe
pPa3HOCTh OPJUHAT 3THUX I'PaPUKOB pPaBHA — 106, TO €CTh B YIPYIO-BA3KOILIACTUYECKOM CJIO€ BEJIIMYUHBI HaIIpsi-
JKEHUH HaJ MOJIOCThIO IPEBOCXOIST B HECKOJIBKO MOPSAIKOB, YEM BEIMUYUHBI HANpPSDKEHUM MoA mojocThro. Urto
O3Ha4YaeT HepaBHOMEPHOE paclpe/ieJIeHne HaNpsDKEHHH, TO €CTh C TEYEHHEM BPEMEHH M YBEJINYEHHEM IITyOUHBI
BosHA yracaeT. OTcrofia clefyeT, 4TO OCHOBHAsl Harpys3ka NPHUXOJUTCS Ha BEPXHIOI CTEHKH MOJIOCTH, TO €CThb
BEPXHIOI0 CTEHKY TTOJIOCTH HAJI0 YKPEIUIATh U ClIeNIaTh 00Jiee MPOYHbBIM, YeM HIDKHIOIO CTEHKY HOJIOCTH.

B nHay4yHOH cTaTbe TakX€ pPACCMOTPEH YACTHBIM cilyyall OCHOBHOM 3alayd — BIMSIHUE IUHAMUYECKOU
Harpy3Kd Ha BEPTHKAIbHBIE CTEHKH MOJOCTHU. [10 MOIy4eHHBIM pe3yJibTaTaM MOXHO CIEJaTh CIEIYIOIINE BHIBOIBI:
W3MEHEHHs HANpsHDKEHWH 10 TIIyOMHE BIOJIb JICBOM M NMPaBOM BEPTHKAIBHBIX CTEHOK MMEIOT HE3HAUYUTEIbHBIE
OTKJIOHEHUS, TO €CThb BEIMYUHBI HANPSOKEHUH BJONb YKa3aHHBIX CTEHOK OJHOTO TOpsAKa. JTO O3HAYAET, YTO
JUHAMHYECKasl Harpy3Ka Ha BEPTHKAJIbHBIE CTCHKH IOJIOCTH PACHpesieeHa PABHOMEPHO.

B pabote monpoOHO U3yueHO W3MEHEHNE HANpsDKeHHUA Ha IpaHulle ABYX cpel. M3 storo ciemyer, u3 paboThl
HalpsOKECHUSA Ha TCpaHUule YHOPYro-BA3KOIIACTHUYCCKOIoO CJIoL U yHOpyroro OCHOBaHHA MpHU  KOOpAWHATax
x = ldx — 400dx, y = 50dy B MOMeHT BpeMeHH ¢ = 395d¢ uMeeM HOpMaJIbHBIE U KacaTeJIbHbIe HAITPSHKSHUS TTOPSIIOK —
107*, 5Ti e HANPSIKEHUH B YIPYTO-BA3KOILIACTHUECKOM CJIO€ UMEIOT opsiiok — 1073, uTo o3Hauaer: BonHa mpu
JIBIKEHHH K TPAHHIIE C yIPYTHM OCHOBAHHMEM yObIBaeT Ha mopsaaok - 107!,

PesynbraThl mapaMeTpoB HaNpsDKEHUH B YIPYroM ciioe mo ocu x, x = ldx — 400dx, na riyoune y = 70dy B
MOMEHT BpeMeHH ¢ = 395dt umeeT nopsaaok — 107", Mbl BHIMM M3 PacyeToB MapaMeTpoB HANPSKEHHIT, UTO mocie
MIPOXOXJICHNS BOJHBI yNPYTO-BA3KOIJIACTHYECKOTO CJIOSI M TPAHUIIBI IBYX CPEJ — BOJHBI CHIIBHO TacsTCs, TO €CTh
BSI3KHE M INTACTHYECKHE CBOICTBA CPEAbI OCIAOIIIOT XapaKTePUCTUKH 33aBaeMOT0 CUTHAJIA.

PesynbraThl mccrenoBaHU MO3BOJSAT IaTh OIEHKY IapaMeTpaM BOJHOBBIX MPOLIECCOB BOKPYT MPSIMO-
YTOJIBHOW MOJOCTU B YIPYro-BsA3KOIIACTHYECKOM cioe. IIpennoskeHHass METOAWKa MCCIEJOBAaHUS MOXKET OBbITh
WCIIOJIb30BaHa ISl ONPE/IEIICHHs HANPSHKEHHO-1e()OPMUPOBAHHOTO COCTOSIHUS CJI0SI, KOTOPBIE MOTYT OBITh HCIOJIb-
30BaHbl MIPHU OLICHKE MPOYHOCTU U yCTOﬁHHBOCTH IIOA3CMHBIX COOpy)KeHHﬁ, a TakKKE Mpu pCHICHHUU 3adavdu Ico-
OAHAMUKU.

A Tarke MOoJyYeHHBIE PE3YJIbTaThl MOTYT OBITH MPUMEHEHBI JJIS1 OLCHKH BOJIHOBBIX IOJICH, JUIsS yCTAaHOBIICHHS
XapaKkTepa HaNpsKEHHOIO0 COCTOSHUS, IIPU PEIIEHUH aHAJOTMYHbBIX 33734 C TPAaHUYHBIMU YCIOBHSIMH U IPU MIPOEK-
TUPOBAHUH PA3NUYHBIX IOA3EMHBIX COOPYXKEHUN U KOHCTPYKLUH.

Ki1roueBble cl10Ba: yIpyrocThb, CJIOH, YIPYTo-BsI3KOIUIACTHIECHOCTD, ITOJIOCTh, HATPYy3Ka, BOJIHA, HAPSHKEHHO-
neopMHIPYEMOe COCTOSTHUE.
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