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Pestome: AkTyanbHOCTb pa6oTbl. PaccmatpuBaeTcs 3afjaya 0 YACNEHHOM MOZAENMPOBAHUN NPOAOSbHBIX,
MnonepeYHbIX U NOBEPXHOCTHBLIX BONMH HA CBOGOLHOM MOBEPXHOCTW YNPYroi NonynaockoCTy Npu BO3AENCTBUM
BEPTUKAIILHON COCPEAOTOYEHHON Harpy3ku B BUAeE TPEYronbHOro umnysnbca. MonyyeHHble pesynbratbl UCCHe-
JyemMon 3afja4n ABNAKTCA aKkTyaNnbHbIMU, TaK KaK NO3BONAKT BbIABUTL TUMbl BOSH HA NOBEPXHOCTU YNpyrom
MonynnoOCKOCTU, KOTOPbIE NPUMEHSAIOTCS B CEMCMONIOMK M CEACMOCTOMKOCTM re006beKToB. Lienb pabotsbl. [1ns
OLIEHKU HECYLLen CNOCOBHOCTU re000bEeKTOB HYXXHA UHPOPMALMS O HANPSXKEHHOM COCTOSHUK. [o3ToMy nosny-
YeHne MHdopmaLum 06 amnanTyaax u popmax NPoAosbHbIX, MONEPEYHbIX U PerieeBCKUX BOSH B 3afja4e J1amoba
B BMJE KOHTYPHbIX HANPSHKEHUA ABNAETCHA aKTyanbHON (hyHAAMEHTaNbHOW HayyHOW 3apayeir. Metoauka. [ins
peLIeHns HecTaLuMOHapHON AMHAMINYECKON 3aa4qn TEOPMN YNPYroCTyh C Ha4aNbHbIMU U FPAHUYHBIMU YCIOBUAMU
UCNOJb3YETCA METOZ KOHEYHbIX 3/1EMEHTOB B nepemeLeHusX. C noMOLLbo METOa KOHEYHbIX 9NEMEHTOB B Me-
peMeLLeHusX, JIMHENHYI0 3aa4y C Ha4abHbIMW W TPAHUYHBIMKW YCIIOBMAMU NPUBENU K JIMHENHOI 3afa4e Kown.
[MpeanoxeH KBas3nperynsapHolin NOAXOA K PELUEHUID CUCTEMbI IUHEAHBIX 0ObIKHOBEHHbIX AddepeHUmuanbHbIX
YPaBHEHMIA BTOPOro Mopsifika B NepemeLleHnaX ¢ HaqarbHbIMK YCIIOBMAMU W K annpoKcumaumm nccnegyemon
o6nactn. MeToamka OCHOBbLIBAETCA HA CXemax: TOYKa, NIMHUA W NNocKocTk. ccnenyemas o6nactb pa3buBa-
€TCs M0 NPOCTPAHCTBEHHBLIM NMEPEMEHHbIM Ha TPEYrofibHble U NPAMOYrO/bHbIE KOHEYHble 3/1IeMEeHTbl NepBoro
nopsaka. Mo BpeMeHHO NnepemMeHHON uccneayemas 0651acTb pPa3byBaeTCa Ha NUHEHbIE KOHEYHbIE 3NIEMEHTbI
C [ABYMS Y3/10BbIMW TOYKamu. MNpu pa3paboTke KOMMeKca Nporpamm MCrnonb30Bancs anropuTMUYecKui a3bik
®opTpaH-90 HabsoaaeTcs AMHaMUYeCcKnii NPoOLEeCe B BUAe CTOSAYMX BOSH. PesynbTatbl. [IpUBOAMTCA HEKOTOpas
MHG OpPMaLMA 0 YUCNEHHOM MOLENUPOBAHUM YNPYTX BOJH HANPSKEHWIA B yNpyroi NonyninockocTy npu cocpe-
[OTOYEHHOM BOSTHOBOM BO3JENCTBMM B BUAE TPEYronbHOro MMnynsca (fensta-pyHkumn). ccnepyemas pac-
yeTHas o6nacTb mmeet 12008001 y3noBbix To4Yek. Pelaetcs cuctema ypasHeHnin n3 48032004 Hen3BECTHBbIX.
[TokasaHo M3MeHeHUe YNpPyroro KOHTYPHOro HanpsHXeHns Ha CBOGOAHON MOBEPXHOCTM NOJTYNIO0CKOCTY B PA3HbIX
TOYKax. AMNIUTYA NOBEPXHOCTHBIX BOMH Pesies CyLlecTBEHHO 60MbLLe amnanTya NPOLOSIbHbIX, NONEPEeYHbIX 1
JPYrux BOJSTH NPU COCPESOTOYEHHOM BEPTUKANbHOM BO3MEACTBUN B BUAE TPEYrOIbHOrO UMMYMbCa Ha NOBEPX-
HOCTW YNpyroi nonyniockocTu. locne NnoBepxXHOCTHbIX BONMH Penes HabntogaeTcs AUHAMUYECKMA Npouece B
BNJE CTORYNX BOJIH.
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Abstract: Relevance. The problem of numerical modeling of longitudinal, transverse and surface waves
on the free surface of an elastic half-plane under the influence of a vertical concentrated load in the form of a
triangular pulse is considered. The obtained results of the problem under study are relevant, since they allow us
to identify the types of waves on the surface of an elastic half-plane that are used in seismology and seismic
stability of geo objects. The aim. To assess the load-bearing capacity of geo objects, you need information about
the stress state. Therefore, obtaining information about the amplitudes and shapes of longitudinal, transverse,
and Rayleigh waves in the lamb problem in the form of contour stresses is an urgent fundamental scientific task.
Method. To solve a non-stationary dynamic problem of elasticity theory with initial and boundary conditions, the
finite element method in displacements is used. Using the finite element method in displacements, the linear
problem with initial and boundary conditions was led to the linear Cauchy problem. A quasi-regular approach to
solving a system of second-order linear ordinary differential equations in displacements with initial conditions
and to approximating the domain under study is proposed. The method is based on the following diagrams: point,
line, and plane. The study area is divided by spatial variables into triangular and rectangular finite elements of
the first order. According to the time variable, the study area is divided into linear finite elements with two nodal
points. The Fortran-90 algorithmic language was used in the development of the software package. Results.
Some information is provided on numerical modeling of elastic stress waves in an elastic half-plane under
concentrated wave action in the form of a triangular pulse (Delta-function). The estimated area under study has
12008001 nodal points. A system of equations consisting of 48032004 unknowns is solved. The change in the
elastic contour stress on the free surface of the half-plane at different points is shown. The amplitude of surface
Rayleigh waves is significantly greater than the amplitudes of longitudinal, transverse, and other waves when a
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concentrated vertical action is performed in the form of a triangular pulse on the surface of an elastic half-plane.
After surface Rayleigh waves, a dynamic process is observed in the form of standing waves.

Keywords: non-stationary process, software package, wave mechanics, computational mechanics, triangular
momentum, lamb problem, Rayleigh wave, standing wave.

For citation: Musayev V. K. Mathematical modeling of non-stationary elastic stress waves (transient process)
under load (vertical concentrated as a triangular pulse) applied at the surface of a half-plane (Lamb’s problem).
Geologiya | Geofizika Yuga Rossii = Geology and Geophysics of Russian South. (in Russ.). 2020. 10 (4): 164 -
174. DOI: 10.46698/VNC.2020.32.87.010.

BeseapeHre

PaccmarpuBaercs 3aj1a4a 0 UMCIAEHHOM MOJICIUPOBAHUM MPOAOIBHBIX, ONEPEUHBIX
Y TIOBEPXHOCTHBIX BOJIH Ha CBOOOIHOM MOBEPXHOCTH YIIPYTOH MOIYIJIOCKOCTH IPU BO3-
JeicTBUU B BHJIE JlenbTa QyHKIMH (3a1a4a JIsmoba).

BonHbl HanpspKeHUH pa3sTUYHOM NMPHUPOJBI, PACHPOCTPAHSACH B AehopMupyeMom
TeJe, B3aUMOJICHUCTBYIOT JAPYT C IPYTOM, YTO IMPUBOAUT K 00Pa30BAHUIO HOBBIX O0NacTeit
BO3MYILEHUN.

[Tocne TpexKkpaTHOTO WK YETHIPEXKPATHOTO MPOXOKICHUSI U OTPaKeHUsI BOJH Ha-
MPSKEHUH B TEJIE MPOLECC PACIPOCTPAHEHHUSI BO3MYIIICHUI CTAHOBUTCS YCTAaHOBUBILIUM-
Csl, HampsDKEHUs U JehopMaIuil yCPEIHSIOTCS, TeI0 HAXOAUTCS B KoieOaTeIbHOM JIBU-
YKEHUH.

[TocTaHOBKa HECTAllMOHAPHBIX ITUHAMUYECKUX 3a]ad MEXaHHWKHU Je(HOpMUPYEMOTO
TBEPJIOTO TeJla IPUBECHA B CIEAYIOMUX padoTax [AkarbeB u 1p., 2016, 2019; J>xuHuse-
JamBWIK U Ap., 2017; deiiBuc, 1961; 3enkeBuu, 1975; 3enkeBud u np., 1986; Konbckuid,
1955; Kypanuos u ap., 2017; Mycaes, 2017; MycxenumBuiu, 1966; HoBaukuit, 1975;
[Motrep, 1975; CanukoB u ap., 2016; Crapoay6ues u np., 2016, 2017a-8; Musayev, 1991,
2015, 2019].

[IpuMeHeHne paccMaTpruBaeMoro YMCJIEHHOIO METO/A, aITOPUTMA U KOMILIEKCa Mpo-
rpaMM B 3ajJladyax MEePEeXOIHOTO MPOIecca MEXaHUKH Ae(hOPMUPYEMBIX TEIl MPUBEIACHA B
pabotax [AkarbeB u np., 2016, 2019; JxunuenamBuim u ap., 2017; Kypanmos u np.,
2017; Mycaes, 2017; CanukoB u np., 2016; Craponay6ues u np., 2016, 2017a-; Musayeyv,
1991, 2015, 2019].

OrueHka JOCTOBEPHOCTH U TOUHOCTU PacCMaTPUBAEMOI0 YUCIEHHOTO METOAA, ajro-
pUTMa M KOMIUIEKCA POrpaMM MpHUBECHA B ClieAytomuX padorax [AkareeB u ap., 2016;
JlxunuBenamBuwid u 1p., 2017; Kypaunnos u ap., 2017; Mycaes, 2017; CanukoB u ap.,
2016; Crapomxy6ueB u np., 2016, 2017a-; Musayev, 1991, 2015].

LeAb

Jliia perienus 3aa4i 0 MOAEIMPOBAHUU HECTALMOHAPHBIX YIPYTUX BOJH B edop-
MHPYEMBIX 00J1aCTIX CI0XKHONU POPMBI pACCMOTPUM HEKOTOPOE TeNO /' B IPSIMOYTOJIbHOM
JeKapToBoi cucteme koopauHat XOY, koropoMy B HadaJIbHbIII MOMEHT BpeMeHu t = 0
coo0aeTcss MEXaHUYeCKOe BO3JEHCTBHUE.

[Ipenmonoxum, 4To TeI0 / U3roTOBIECHO U3 OQHOPOAHOIO M30TPOITHOTO MaTepuaia,
MOTYMHSIIONIErocs 3aKkoHy ['yka npu ManbIx ynpyrux aedopmanusx.

Tounble ypaBHEHUS ABYMEPHOH (IJIOCKOE HAPSPKEHHOE COCTOSIHUE) TMHAMUYECKON
TEOPHH YIIPYTOCTH UMEIOT BUJ
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TJ€: 0y, 0, U T,, — KOMIIOHEHTBI T€H30pa YIPYTHX HAINPSKEHHUH; &, €, U 7y, — KOM-
TIOHEHTHI TEH30pa YNpPYrux aepopManui; u, W u, — COCTABIAIIIME BEKTOpA yIpy-
rux nepemMemeHui Baoib oced OX u OY COOTBETCTBEHHO; p — IUIOTHOCTh MaTepuana;

E
C, = |~ — CKOpOCTh IPOJIOJIbHOM YIIPYTOW BOJHBI, (  — ) — CKOpOCTH
Vp(1-v?) S\ 2p(1+v)

HIONEepeYHOil ynpyroi BoiHBL, v — ko3¢ ¢unueHt Ilyaccona; £ — MOmynb yImpyrocTw;
S (S1US, )— rpannunsiii koHTYyp Tena [

Cuctemy (1) B o0mactu, 3aHUMaeMoii TesioM /', cieyeT HHTErpupoBaTh Py Havaslb-
HBIX ¥ TPAaHUYHBIX YCIOBHSX.

JInst pereHnst AByMEPHOW TUIOCKOH JMHAMHYECKOH 3aa4i TEOPUH YIPYTOCTH C Ha-
YaJbHBIMU U TPAHUYHBIMH YCIOBUSAMH (1) — UCTIONB3yeM METO/ KOHEYHBIX 3JIEMEHTOB B
HIepEMEIICHHSIX.

MeTtoanKa

3amaya pemaeTcsi METOZ0OM CKBO3HOTO c4eTa, 0e3 BbIIEICHUs Pa3phIBOB. UTOObI BHI-
MOJTHUTH IUHAMHYECKUN pacueT METOI0M KOHEUHBIX JIEMEHTOB, HY)KHO UMETh MaTPHILY
KECTKOCTH ¥ MaTPUIly HHEPIIUH KOHEYHOTO AJIEMEHTA.

[TpunuMast BO BHUMaHHUE ONPENIEIICHNE MaTPUIl K BEKTOPOB IS Tena [, 3anichIBaeM
NpUOIIKEHHOE YPaBHEHUE IBUKEHUS B TEOPUH YIPYTOCTH

Hds-i-l?@:f_é, @tzozéo, (bt:():djo, (2)

rne: H — Marpula MHEPLIUH; K — MaTpuia sKecTKOCTH; ® — BexTOp Y310BBIX YIpY-

IHX TIepeMenteHHii; O — BEKTOp Y3710BBIX YIPYTHX CKOPOCTeit; O — BEKTOp y3IOBBIX yIIpy-

IUX yCKOpPEHHUit; R — BEKTOP Y3JIOBBIX YIIPYTUX BHEIIHUX CHIL.
Jlisi MHTErpUpPOBaHUsl YpaBHEHUs (2) KOHEUHOZIEMEHTHBIM BapHaHToM Mmeroza [a-
JIepKUHA MIPUBEJEM €T0 K CIEIYIOIEeMY BUTY
_d - __ . d - <
H—®+K®=R, —D=0. (3)
dt dt
WuTerpupyst o BpeMEHHON KOOpJAMHATe COOTHOLIEHHE (3) ¢ MOMOIIbIO KOHEUHO?-
JEMEHTHOTO BapHaHTa MeTona [ anepkuHa, MoJy4yuM ABYMEPHYIO SIBHYIO JIByXCIOWHYIO
KOHEYHOZJIEMEHTHYIO TMHEWHYIO CXeMY B IIEPEMELICHUSX /Il BHYyTPEHHHUX U IPAaHUYHBIX
Y3JIOBBIX TOYEK

By = Dy + M (KB + Ry ), Byyy = By + My, (4)
rae: At — mar no BpeMEHHOW KOOpIMHATE.
[ITar mo BpeMeHHOM TTIepeMEeHHOM ¢ onpeiesiieM U3 CIECIYIONIEro COOTHOIECHUS

Al
A=k 20 212,03, ), (5)

Cp
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rae: Al — nMHa CTOPOHBI KOHEYHOTO JIEMEHTA; T — YUCIIO KOHEUHBIX 3JIEMEHTOB.

Pe3ynbTaThl YUCIEHHOTO SKCIEPUMEHTA MoKa3anu, yTo npu k = 0,5 obecneunBaercs
YCTOWYUBOCTb IByMEPHOU SIBHOU JBYXCJIIOWHON KOHEYHORJIEMEHTHOMN JIMHEMHOU CXEMBI.

Ha ocHOBe MeTo1a KOHEUHBIX 3JIEMEHTOB B IEPEMELICHUAX pa3paboTaHbl aITOPUTM
U KOMIUIEKC IIPOrpaMM I PELIEHUs JUHEHUHBIX IUIOCKUX IBYMEPHBIX 3aJa4, KOTOpbIE
IIO3BOJIAIOT PEIIATH 3a1a4U IIPU HECTALMOHAPHBIX BOJTHOBBIX BO3JECHCTBHUSX.

IIpu pa3paboTke KOMILIEKCAa MPOrpamMM HCIOJIb30BAJICS AJITOPUTMHUUYECKUI SI3BIK
®optpan-90.

Pe3yAbTaTbI

PaccMotpum 3amauy o BO3IEHCTBHHM COCPEIOTOUCHHOM BOJHBI B BUJIC JIEbTa-(YyHK-
muu (puc. 2) NmeprneHAuKYISIpHOW CBOOOTHON MOBEPXHOCTH YMPYTOH IMOIYILIOCKOCTH
(puc. 1).

PacueTbl mpoBOAMINCH B CIIEAYIOIUX €AMHULIAX U3MEPEHMS: KMIIOTpaMM-cuia (Krc);
caHTUMETp (cM); cekyHaa (c¢). s nepexona B Apyrue eAMHULIBI U3MEPEHUsI ObUIH MpU-
HATHI crieayronue nomymenus: 1 kre/cm? = 0,1 MlIa; 1 kre c?/em?* = 107 kr/m?.

B Touke B mepneHAuKyIsIpHO CBOOOTHON MOBEPXHOCTH ABC MPHUIIOKEHO YIIPyroe
HOPMaJIbHOE HanpshkeHue o, (puc. 1), koropoe pu 0 <n < 11 (n =t/ At) n3mensercs
nunelno or 0 go P,anpu 11 <n <2l or P 1o 0 (P = o, 6, =—0,1 MIla (-1 xec/cm?)).

Hauanbubie ycnosus mms xoutypa CDEA npu ¢t > 0 uy =uy, =y, =1, =0. Otpa-
YKEHHbIE BOJIHBI 0T KOHTypa CDEA He 10oX0oadaT A0 uccienyeMbix Touek npu 0 <n < 500.

I'panuna ABC cBoOOnHA OT HAarpy30K, KPOME TOUKHU B, rlie MpUIoKeHO COCPeaoTO-
YEHHOE YIPYroe HOPMAaJIbHOE HANPSKEHUE T, .

3000H [ 10,5H
C B 'A2 A4 A6 A8 A10 A

L
'1, 0'3..'

'Al A3 AS A7 AY

2000H

L/

ina]i

! 6000H

Puc. 1. I[locmanoska 3adauu 0 6030eticmeu cOCpeoomo4eHHOU 6OHbL 8 8UOE 0eNbMA-PYHKYUU HA
CB0O00HOU NOBEPXHOCMU YNPY2OU NOIYNIOCKOCU. /
Fig. 1. Statement of the problem of the concentrated wave impact in the form of a delta function on the
free surface of an elastic half-plane.
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t/At

Puc. 2. Bozoeticmeue 6 gude oenoma-@ynxyuu. /
Fig. 2. Impact in the form of a delta function.
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Puc. 3. Hzmenenue ynpy2020 KoHmypHo20 nanpsiicenus S 60 epemenu t/At 6 mouxe Al. /
Fig. 3. Change in elastic contour stress Oy in time t/At at a point Al.
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Puc. 4. Hamenenue ynpy2020 KOHMypHo20 HanpsiceHus O 60 épemenu t/At ¢ mouke A3. /
Fig. 4. Change in elastic contour stress Oj in time t/At at a point A3.
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Puc. 5. Hamenenue ynpy2020 Konmyproz2o nanpssicenus O 6o 6pemenu t/At 6 mouxe AS. /
Fig. 5. Change in elastic contour stress O in time t/At at a point AS5.
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Puc. 6. Hzmenenue ynpy2020 KonmypHoz2o nanpsiicenus Oy 60 epemenu t/At 6 mouxe A7. /
Fig. 6. Change in elastic contour stress Of, in time t/At at a point A7.
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Puc. 7. M3menenue ynpy2020 Konmyprozo nanpsasicenus Oy 60 épemenu t/At 6 mouxe A9. /
Fig. 7. Change in elastic contour stress O in time t/At at a point A9.
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PacueTsl mpoBeneHbl TpH CIENYIOIUMX HUCXOIHBIX JAaHHbIX: H = Ax = Ay;
At=1,393x10° ¢; E = 3,15x10* MlIIa (3,15%10° krc/em?); v = 0,2; p = 0,255x10*kr/m>
(0,255x107 kre c*/em?); C,= 3587 m/c; C, =2269 m/c.

Hccnenyemas pacuetHas obmacts umeet 12008001 y3moBeix Touek. Pemaercs cu-
creMa ypaBHeHHI n3 48032004 HENU3BECTHBIX.

Ha pucynkax 3-7 mnoka3aHO H3MEHEHHE YNPYroro KOHTYPHOIO HampsKEeHUs
(Ok (O =0k /\00\) BO BpeMeHU n B Toukax AI, A3, A5, A7 u A9 (puc. 1), HaxonAIUXCs
Ha CBOOO/IHOM MOBEPXHOCTH YNPYTOil MOMYMIOCKOCTH (PACCTOSIHUE MEXKIY ToUuKaMu: A/
n A2 pasHo H; A2 u A3 paBHo H; A3 u A4 paBHo H; A4 n A5 paBHo H; A5 n A6 paBHO H,
A6 n A7 paBHo H; A7 n A8 paBHo H; A8 u A9 paBHo H; A9 u A10 paBHO H).

3AKAKOYEHME

1. Ha ocHOBe MeTOJa KOHEUHBIX JIEMEHTOB pa3paboTaHbl METOAMKA, AJITOPUTM U
KOMILJIEKC IIPOTpaMM JJIsl PEeIlIeHUs TMHEWHBIX IBYMEPHBIX INIOCKUX 3aa4, KOTOpbIE T10-
3BOJISIFOT PEIIaTh CIOXKHBIE 3a/1a4M MPU HECTALMOHAPHBIX BOJHOBBIX BO3/AEHUCTBUAX Ha
CJI0)KHbIE 00BEKThl. OCHOBHBIE COOTHOIIEHHS METO[a KOHEYHBIX 3JIEMEHTOB MOTYUYEHBI C
IIOMOIIbIO MPUHIMIIA BOBMOXKHBIX IIepeMelIeHni. Marpuna ynpyrocT BbIpaskeHa yepes
CKOPOCTb IPOJOIbHBIX BOJIH, CKOPOCTH ITONEPEUYHBIX BOJIH U IUNIOTHOCTb.

2. JluHeliHasg NMHaAMUYecKas 3a/laya ¢ Ha4aJbHBIMM M T'PAaHUYHBIMHU YCJIOBUSIMHU B
Bujie MU HepeHInaIbHBIX YPAaBHEHHH B YaCTHBIX MPOW3BOIHBIX, JJIS PEIICHHUS 3a7a4
IIPY BOJIHOBBIX BO3JIEHCTBUSX, C MIOMOLIbIO METO/Ia KOHEUHBIX 3JIEMEHTOB B IepeMellie-
HUSX [IPUBEJIEHA K CUCTEME JIMHENHBIX 0OBIKHOBEHHBIX U (hepeHIINaIbHBIX YpaBHEHUI
C Ha4aJIbHBIMH YCJIIOBUSMHU, KOTOpAsi peLIaeTcs 1o IBHOM JBYXCIIOMHOMN cxeme.

3. Pemiena 3aaya 0 MareMaTHY€CKOM MOJEIMPOBAHUU HECTALMOHAPHBIX YIPYIHX
BOJIH HANpsKEHUH NPU COCPEJOTOYECHHOM BEPTUKAJIbHOM BO3/IECUCTBUU B BUJE JEJIbTa-
(yHKIMHU Ha TTOBEPXHOCTH MONYINIOCKOCTH. Pemaercs cucrema ypaBHeHwuii u3 48032004
HEU3BECTHBIX. PacTiaruparoiiee ynpyroe KOHTYpHOE HalpsiKEHUE O; UMEET CIIeAyIolIee
MaKkcUMalibHOE 3HaueHue 6y = 0,18. Cxxumaroriee ynpyroe KOHTYpHOE HamNpsKEHUE O
UMEET CIIeNYIOLIee MaKCUMalbHOE 3HaueHue 6y = —0,24.

4. AMIUIMTY[a TIOBEPXHOCTHBIX BOJIH Pernest cymiecTBeHHO OOJbIle aMIUTUTY/I MPO-
JOJIbHBIX, TIONEPEYHBIX U APYTUX BOJH IPU COCPEIOTOUYEHHOM BEPTHKAIBHOM BO3/EH-
CTBUU B BUJI€ TPEYTOJIbHOTO UMITYJIbCA HA MIOBEPXHOCTH YIIPYTrOi MOITYIIIIOCKOCTH.

5. Ha noBepxHOCTH yIpyrou ImoJIyIUIOCKOCTH PACIPOCTPAHSAIOTCS BOJHBI C pa3HOU
CKOPOCTBI0, I0ATOMY Ha OTNPE/IEICHHBIX PACCTOSHUSX OHU MOT'YT OBITh SIBHO BbIJICJICHBI.

6. Ilocne mpoxokaeHHsI TOBEPXHOCTHBIX BOJH Penest HaOmronaeTcss ATMHAMUYECKUMA
IIPOLIECC B BUJE CTOSIYMX BOJIH.
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