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HecramioHapHi XBIJIbOBI IPOIIECH B CHCTEMI
cepuuna 000J10HKa — IBOIIAPOBE PYHTOBE CEPEIOBHUIILE

IIpedcmasneno unenom-xopecnondenmom HAH Yipainu I.C. Yepnuwenxom

Posensidaiomvcs necmauionapi npouecu po3noscrooNcenis cepuunux Xeunp 6 cucmemi chepuuna 000i0nKa —
dsowapose rpynmose cepedosuuie. Koocnutl wap rpynmosozo cepedosuuya onucyemvpcs 6 pamkax nosedinku mpu-
KOMNOHEHMH020 TPYHMOB0Z0 CePedosuuld, 32i0H0 3 PIGHAHHAMU MEXAHIKU CYUILLHUX cepedosuny. /I uuceiviozo
PO36’3KY BKA3AHUX 3a0ay BUKOPUCTOBYEMBCS CKinuenno-pisnuesa cxema Max-Kopmaxa. Hasedeni 3axonomip-
HOCMI PO3NOBCIO0NHCEHHSL XEULL MUCKY Y BKA3AHIL CUCTEMI.

Koouosi cnoBa: cipepuuna obononxa, dsouwapose rpynmose cepeoosue, Chepuyni X6umi, HeCmauylonapHi npoyect,
yucenvHi Memoou.

B nawiii po6oTi po3riisiaemMo 3a1auy AMHAMIYHOT TOBEIIHKU CUCTEeMHE cheprudta 060J0HKa — J[BO-
1I1apoBe IPYHTOBE cepe/loBUIlle TIPU il Ha Hel IMITyJIbCHOTO HaBaHTakeHHd. HaBeneMo piBHAHHSA
KOJIMBaHb c(hepryHOi 060JOHKH Ta IPYHTOBOTO cepenoBuiia. [IJisi po3B’si3ky BUXifHOI 3a1a4i mo-
Oy/LyEMO YNCEJHHII AITOPUTM, 110 6A3YETHCST Ha CKIHYEHHO-PI3HUIIEBIN alTPOKCUMAITiT BUXiTHUX
PIBHSHB TI0 TIPOCTOPOBIiHl Ta YaCOBil KOOPMHATAX. 3AMIPOITIOHYEMO YUCEIbHI Pe3YJIBTATH JIJIsT BU-
HaJKy AMHAMIYHOI HOBEAIHKK cucTeMu chepryHa 060J0HKa — ABONIAPOBE IPYHTOBE CEPEIOBUIILE
MIPU PO3MO/IIJIEHOMY IMITy ThCHOMY HaBaHTaKEHHI.

IlocranoBka 3aaaui. Posrisiaersbest 3aaua B3aeMoiii cepruyHOi MMOPOKHUHM, TTIKPIrLIe-
HOI chepuuHoo 000JI0HKOI0 pajiyca R 3 ABOIIAPOBUM IPYHTOBUM cepenoBuineM. KoskHuii map
IPYHTY SIBJISIE COOOI0 TPUKOMITIOHEHTHE CEPEIOBUIIE, MO CKJIAMAETHCS 13 Ta30M0AIOHOI, PiIKOi Ta
TBEP/I01 KOMIIOHEHT i3 BIANOBIIHMMHU NTapameTpaMu. BryTpinmne imnyibcHe naBantaxennsa Py (f)
MPUKJTATIAETHCS JI0 BHYTPINTHBOI MOBEPXHI cheprnaHoi 060T0HKHN. PIBHSHHS KOJMBAaHb 3aMKHYTOT
cepuunoi 06010HKM pagiyca R ToBIMHOIO h MaoTh Burisy [1]
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Jie U — HEPeMIlIeHHsT TOYOK CepeIMHHOI OBEePXHi 0000HKN; Py(¢) — HaBaHTAKEHHs HA BHY-
TpiiHIO ToBepXHIO chepudnoi 060s0HKY; P,.(¢) — TUCK IPYHTY HAa 000JIOHKY; Py, E, v — disuko-
MexaHiuHi mapamerpu Marepiaay 060J0HKH ( Py, — FYCTHHA MaTepiaxy 0O0JOHKH).

Koxxuuii map rpyHTY ONMUCYETHCS PIBHAHHSIM CTaHY TPUKOMITOHEHTHOTO cepeioBHIna (BOIO-
HACUYEHOTO rpyHTy) 3rigHo 3 Mojesnio B.M. Jlsaxosa [1-3]
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Jie BBOJISITBCSL TAaKi II03HAYEHHS: O; — BMICT 110 00’€My KOMIIOHEHT; Pj, — ryctuna; Vi, — ix mnu-
o ) . 1 . g
TOMUIT 00'€M; ¢;, — MIBUJIKICTD 3BYKY B KOMIIOHEHTaX IpH atMochepHOMY THCKY P, ; i — HOMep
KomnoHeHTH (1 —noBiTps, 2 — piauna, 3 — tBepi yacturku). [pu Tucky P =P, rycruHa cepei-
OBHIIA p Ta ITUTOMUIA 06’em V,, BU3HAYAIOTHCST 32 hopMyTamu
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ITpu Ticky P mapameTpy KOMIIOHEHT IIapiB HosHadumo V;, p;, ¢;, a cepeoBuIa B IiI0My —
Vi p. IycTtuna cepesioBuilia Ipu TUCKY P cKIafaeTbes i3 MOYATKOBOI TYCTUHU P, Ta YJIEHIB,
00YMOBJIEHUX CTUCHEHHSIM KOKHOI 3 KOMITOHEHT.

PiBHSIHHS CTUCHEHHSI HETIHIHHOTO TPYKHOTO OAraTOKOMIIOHEHTHOTO CEPEIOBUINA 3aIICY-

I0ThCA Y BI/IFJIHI[i
—Xi
- » Xi =7 ( )
onczo Yi
e Y; — IOKa3HUK i36HTpOHI/I i -1 KOMITOHEHTH.
[Tepesaroto 1i€i Mojiesi € ii TPOCTOTA, MOXKJINUBICTD 3AMKUCY 3aJIE€KHOCTI TIBU/IKOCTI 3BYKY Ta
MIBUJIKOCTI XBUJII BiJl TUCKY y BUTJISI/II TPOCTUX CIiBBiiHOMIEHD. [IIBUAKICTD 3BYyKY TIpU TUCKY P

BU3HAYAETHCS 13 YMOBU

4P 1/2
)

1 Ma€ BUTJIAL
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o, [vi(P-F)
Po Z B 00+
i=1 onclo PioCio
Pyx nBomapoBOTO IPyHTOBOTO CepENOBUINA JIJII BUMAIAKY PO3MOBCIOKEHHS ChepUIHUX
XBUWJIb OIIUCYETHCS CUCTEMOIO piBHHHI) B eMJIEPOBUX KOOPAMHATAX JIJIT KOKHOTO 1apy [4]

d 1 0
d a
D 2<pU>]=o,

Jie ¥ —IIPOCTOPOBA KOOPJMHATA; ¢ — YacoBa KoopauHara; U — MBU/KICTh; p — IYCTUHA; P — THCK.
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BianosiiHO /1719 KOKHOTO MIapy 3alTMCYIOThCS PIBHSIHHS CTaHY:
3 -1/v;
Fppy=3 o[ L)y R0 (6)
i=1 PioCio P
B nopanbiiomy posrisiiaeTbesl HecTallioHapHa MOBE/IHKA /IBOIIAPOBOTO CepeloBUINA IIPU
BU3HAUYEHUX IIOYATKOBUX yMoBax. [IpumyckaeTbces, 1o /10 BHYTPIIIIHBOI TTOBEPXHI T AKPITLIIOI0U01
000JIOHKH 3 PajiiycoM 7 = R TIOPOKHUHN HPUKJIATAETHCS HABAHTAKEHHST Py (t)|r: R
3B’s13aHicTh 3a/1a4i B3aEMOJIii cepruHa 060J0HKA — IPYHTOBE CepeoBHIIe 3a0e3eTyEThCST
3aBIaHHSIM YMOB HEIIPOHUKHOCTI Ha 7e(hOpPMOBAHY TTIOBEPXHIO KOHTAKTY 0OOJOHKA — IPYHTOBE
cepeioBUIIe
us=U,,
ne U, — mBUAKICTb IPaHULll IPYHTOBOTO CE€PEJOBUIIA HAa KOHTAKTI.
[pannuni yMOBM Ha MeXi HiAKpirieHa TOPOKHUHA — TPYHTOBe cepenoBuiie pu ¢ >0 00-
YHCJIOI0THCS BUXO/ISTYM i3 PIBHSHB PYXY MEPIIOTo mapy cepepoBuiia — pisasguus (1), (5) ta (6).
YucenpHuii aIropuT™M. AJTOPUTM PO3B’SI3KY 3aj1a4i PO TOBEIIHKY JABOIIAPOBOTO TPYHTOBO-
TO cepe/loBUINA TP HaBaHTaKeHHI 3aMKHEHOI MiKPiTyieHoi chepuIHOl TTOPOKHUHN HeCcTallio-
HApHUM HaBaHTAKEHHSIM P3(t)|r:R 6a3y€eTbCcsl Ha BUKOPHUCTAHHI CKiIHYEHHO-PI3HHUIIEBOI CXEMU
npegaukTop — KopekTop Mak-Kopmaka [1—35].
Ha xporii npenuKkTop pi3HUIlEBI PiIBHAHHSA MAIOTh BUTJISL

w1 | Uy — (UM,

5 T ’ 7
Pr =Pk 2 Ar (7)
2 2 n 2 2 n
g T |[rp(U"+P —[r“(pU”+P
(pU)k:(ann)k_ 5 [ p( ) ]k+1 [ (p ) ]_2Pk1’lrk ,
rk Ar
F(By,p)=0.

Ha xporii kopekTop piBHAHHS 3aIUCYIOThCAI HACTYITHUM YHHOM:

217 2 75
~ T | (rpU), —(rpU),_
Tk r

T | [P @PU*+P)" 1, -[r* (U +P)" ],

rk2 Ar

PUF =0,5{(p" U™, +("U™), — L—2Bn, |t,

F(Pk”+1, pz+1) — 0

Jlist 3HaXO/KEHHSI ITyKaHUX BEJIMYNH Ha TOBEPXHI KOHTAKTY chepruuHa 000JI0HKA — TPYHTO-
Be cepe/loBUIIe BUKOPUCTOBYETBLCS HACTYIIHA IIPOLE/Lypa.
PiBusiHst pyxy 0000HK] (1) mIpegcTaBuMO y BUTJISII

%:H,H:L[_&_qupa(f)—%]_ )
ot Psh R R h

42 ISSN 1025-6415. Dopov. Nac. akad. nauk Ukr. 2018. Ne 7




Hecmauvionapni xeunvosi npoyecu 6 cucmemi chepuuna 06010uKa — 080wapose zpynmose cepedosuiue

Ha xporti mpeaukTop piBHIHHA (9) aTpOKCUMYEMO HACTYITHUMH CITiBBiIHOMIEHHSIMU:

Vo =V +tH, (t"), (10)
e
1| ofy oy P@{")-Pf
Psh R R h

Bennuunu p, Py BusHavaiorbed 3a hopmyiamu:

< T SB3RtpVe)+An (IV) — 1 (p5Vs)
Po=Po % IA )
1 r

F(By,py)=0.

(11)

Ha kporii kKopekTop 7151 arrpokcuMaitii piBHAHb (9) BUKOPUCTOBYIOTHCSI CKIHUEHHO-PI3HUTIEBI
CITiBBI/THOIIEHHST BUTJISIILY:

Ve =0,5[V +V, +TH, (1)), (12)
e

oy _Gﬁ1_0351 (" -B
@ )=— - - .
Psh R R

Besmunmm pit i P smaxonsThes 3a macTymHmym hopMyiamir:
2.1 7 2,1 2,1
pett =0,54pf +p, _LZ —37" (PoVo) +41" (P1V) —15"(P2V) , (13)
T 2Ar

[l po3paxyHky THCKY P 110 3a/1aHMX 3HaYeHHSIX I'YCTUHU P BUKOPUCTOBYETHCS iTepaliiiina
nporenypa Hetorona—Padcona. Bpaxosytoun, 1o pizauiieBa cxema Mak-Kopmaka € SiBHOIO, TO
TIPU pO3PaxyHKaX 3aCTOCOBYBAIACSd YMOBA PI3HUIIEBOI CTIHKOCTI

(V]+o)r/Ar<t,

Jle 3HAUEeHHS ¢ BiITIOBI/Ia€ JIOKAJIbHIH MIBUIKOCTI 3BYKY — dhopmya (4).

YucenbHi pedyabrati. PosrisgaeTsest cchepryna miIKpinieHa MOPoKHUHA B JIBOITAPOBOMY
I'PYHTOBOMY CE€peJIOBMIII 1IPY BHYTPIIIHbOMY, iMIIyJIbCHOMY HaBaHTaxkeHHi P3(f) — piBHAHHA
(1), (5) Ta (6). Bixnosiani pisnuniesi piBustaus — (7) — (13). Po3paxyHKu npoBOAKIIN 17T CTaie-
BOi 060J0HKH 3 pagiycoM R=0,1 m; tosimmuow -=0,01 M. Moxyas IOHra marepiany 06010HKN
E =210 TTa, koedimient ITyaccona — v=0,3; rycruna marepiany pg, =7880kr/m>. Ocecume-
TpUYHE IMITyJIbCHE HaBaHTaskeHHd P3(¢) sazaBanu y BUITIAAL

By(®) = Asin 0O = =T)],

ne T — yac HaBaHTaxkeHHd; A — ammumiTyna HaBanTaxkenns; N(¢) — bynkiia Xesicaiiza. [Ipn
pospaxynkax nokaagaiun A=10MIla; T =50 mkc.

3ajiauy po3B’ga3yBaJi /IS IBOX TUIIIB /[BOIIAPOBUX BOJIOHACUYEHUX IPYHTIB. XapaKTepuCTH-
KM KOMIIOHEHT IIapiB I'PyHTIB HacTynHi: 1) nmositpsa — py =1,2KI‘/M3; ¢ =330m/c; v =14;
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2) Boa — Py =103 kr/m3; ¢y =1500M/c; vy, =7; 3) TBepaMii KOMIOHEHT — pPg =2650 Kr/m%;
c3 =4500m/c; v3 =4 . PospaxyHKH TIpOBOAMIN Ha TIpocTopoBoMy iHTepBati R<r < 20R. Ipa-
HUITIO PO3/IiJTY TPYHTOBHX CEPEeIOBUIIL MOKJIAIAMU B Toulli 7 =5R . B mepimomy Bapianti po3paxyH-
KiB IPUIIMa/Ii HACTYIIHI XapaKTepPUCTUKY IIapiB I'PyHTY: nepinii map — oy =0; 09 =0,7; 013 = 0,3
(MeHII TIisIbHE cepeztoBuiie), ApyrHii map — o =0; oy =0,3; 03 =0,7 (6isbi nLisIbHE cepesoBu-
me). Y apyroMmy BapiaHTi po3paxXyHKIiB PO3IISAAIOCH IPOXOKEHHS XBUJIb i3 OLIBII HIiJIbHOIO
cepe/IoBUINA B MEHIII TiJIbHE 3 BKA3aHUMU BUIIE XapaKTePUCTUKAMMI.

Ha puc. 1 naBezieHO pe3ysbraTi po3paxyHKiB /LI XBUJII THCKY 110 IIPOCTOPOBIi KOOPAXHATI
7 JIJIs1 BKa3aHUX BUIIIE JIBOX BapiaHTIB IPYHTOBUX cepeloBUNL B MOMeHT uacy ¢ =T . Kpusa 7 Bij-
TIOBiTa€ TIepIromMy BapiauTy (Mepunii map — MEHII MLTbHE CEPEOBUIIE, B TIOPIBHAHHI 3 IPYTUM
mapom), Kpusa 2 — Jpyromy Bapianty (meprunii map — OuIbI miiibHe cepepopuiie). OTpumani
Pe3yJIBTaTH BIATIOBIIAIOTH JICHUM (Di3UYHUM MipKYBaHHIM. XBUJIS TUCKY JIJISI IPYTOTO BapiaHTa
Mae OiIbITy MBUAKICTD i OiIbITy aMIUTITY/Ly B MOPIBHSIHHI 3 TiepuiiM BapianTom. Takox Ha puc. 1
MOKHA BiJICJI/IKYBaTH TIPOIEC 3HMUIKEHHST aMILIITy/l TUCKY BXiJIHUX XBWJIb Y BiJIIIOBi/IHI cepe/l-
OBHIIA Yepe3 HASABHICTD MiAKPIIIIO0YO0l cheprudtoi 060J0HKN B chepudHiil mopokHuHI. BxinHa
xBuJist ipu ¢ =0 Mae ammutityny A= 107 Ia, npu ¢t =T kpusa 7 Binnosigaec A=1,8 MIla, kpusa
2— A=2,56 MIla.

Ha puc. 2 HaBeseHO aHaIOTiuHI Pe3ysbTaTH PO3PaxXyHKIB 7151 ¢ =6,51 , KOJIU XBUJI THCKY
MPOUTIIN TPAHUIIIO PO3JILTY IPYHTOBUX cepefoBuil pu 7 =5R . [lo3HayeHHs KPUBUX Bi/IOBi1a-
0Th Mo3HaYeHHsIM Ha puc. 1. Sk 6aurmo, 17151 060X BUIAJKIB IIPU MTPOXOJKEHH] IPAHUIT PO3IIIY
3'IBJIATOTHCST XBUJT BiZIOUTTsL. TakoxK 11i pe3ysbraTv BiAOBIAIOTH AINCHUM (DI3UYHUM 3aKOHO-
MipHOCTSIM. MOXHA TTpPOBeCTH aHasi3 maainag (auB. puc. 1 i 2) aMIIiTY/ BIATOBITHUX XBUJTh.
Baunmo, mo npu ¢ =T (aus. puc. 1) A;=1,8 MIla, A, =2,56 MIla. IIpu ¢ =6,5T (aus. puc. 2)
A =0,564 MIla, Ay =0,59 MIla. ITogasbii po3paxyHKH 110 4acOBiil KOOPANHATI OKA3AJIH, 1110
Ha/HHST AMILTITY/T XBUJIb /171 000X BUTIA/IKIB BiIOYBAIOTHCS 32 €KCIIOHEHTIIATbHUM 3aKOHOM. 30-
KpeMa, OTHUM i3 eJIeMEHTIB HOBU3HU PO3TJITHYTOI 3a/1a4i € TOCJIIPKEHHS A liHH aMILTITY I XBUJIb
TUCKY /17151 IBOIIIAPOBOTO I'PYHTOBOTO CEPEIOBUINA 3 PISHUME (Di3UKO-MeXaHIYHUMU TapaMeTpaMu
1apis.
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HECTAIIMOHAPHBIE BOJIHOBBIE ITPOIIECCHI B CUCTEME
COEPUYECKASA OBOJIOYKA ~ IBYXCJIOMHASA TPYHTOBAS CPEJIA

PaccmarpuBaioTcest HecTalmoHapHbIe TIPOIECCHI paciipocTpaneHus chepuuecknx BOJIH B cucreMe cepudeckast
060J104Ka — JIBYXCJIOIHAsI IPyHTOBast cpea. Kaskibiil c1oi TPyHTOBOM Cpeibl OTIMCHIBAETCST B PAMKaX TIOBEICHUST
TPEXKOMIIOHEHTHOI TPYHTOBOM CPe/ibl, COTJIACHO YPABHEHUSIM MEXaHUKH CIIONIHBIX cpejl. st uncaenHoro pe-
NIeHUs YKa3aHHBIX 3a/1a4 UCII0JIb3yeTCs KOHEYHO-pa3HocTHas cxema Mak-Kopwmaxka. [IpuBeenbr 3akoHOMEpHOC-
TH PACIPOCTPAHEHUST BOJIH JIABJIEHUS B YKA3aHHOM CHCTEME.

Kntoueevie cnosa: cihepuueckas 06010uka, 08YxXciolnas ZpyHmMo8as cpeia, chepuuecKue 80IHbl, HECMAYUOHAPHBLE
NPOUECCHL, YUCICHHDIC METNOODL.
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NONSTATIONARY WAVE PROCESSES
IN THE SPHERICAL SHELL-TWO-LAYER SOIL MEDIUM SYSTEM

Nonstationary processes of propagation of spherical waves in the spherical shell—two-layer soil medium system
are considered. Each layer of the soil medium is described within the framework of the behavior of a three-
component soil medium, according to the equations of continuum mechanics. To solve these problems, the Mac-
Cormack finite-difference scheme is used. The regularities of propagation of pressure waves in this system are
given.

Keywords: spherical shell, two-layer soil medium, spherical waves, nonstationary processes, numerical methods.
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