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XBWIIbOBA IMHAMIKa JIBO(A3HUX CUCTEM — HOBHH PO3JILIT MEXaHIKH reTepOreHHUX
CHCTEM Ta TEIUIO(I3UKH, SIKUA CTPIMKO PpO3BHBAETHCS Yy  OCTaHHI POKH.
HocmimkenHss y wiil ramy3i morpeOyloTh 3alydeHHS CydacHHX pe3yJbTaTiB
HEJiHIHOT XBIWIBOBOI ANHAMIKH, PO3pOOKH HOBHX CIOCO0IB BpaxyBaHHS Mixk(dazHOi
B33a€EMOIT JTOCIIJDKEHHS Cy4aCHUX KOHIEMNIINA XBHJIHOBUX PyXiB (IUIMHIB), TAKUX SIK
«KIHEMaTH4YHI XBWI», «IMHAMI4HI XBWII» Ta «0arato XBWIJIbOBD» CHCTEMH.
Cximagicth  (i3MYHOI TIOCTAHOBKM 3a3HAUCHHWX 3aMad TOTPeOye BiIIMOBITHHUX
aNeKBaTHUX MaremarmyHux wmozenedi (MM) 1nmx mporeciB, a  Takox
KOHCTPYKTUBHHX METOMIB YHCIOBOI peamizauii crBopernx MM. Kpim Toro,
aKTYaJbHICTh TaKMX JIOCTI[DKEHb 3YMOBIICHa THM, IO JBO(asHI IOTOKH Y
TepeBaXkHI OIIBIIOCTI BHHHUKAIOTh y PpPOOOYHMX peXHMax B TEXHOJIOTIYHUX
YCTaHOBKax €HEPreTHYHOi, XIMIUYHOI, METaTypriiHOi Ta IHIIMX Ba)XIMBUX Tally3sXx
HapoJHOTO TrocnoaapcTBa. Poboui npouecu B HahTOH0OYBHIH Ta HadTOTIEpEpOOHiit
MIPOMHUCIIOBOCTSIX, B anaparax KpioreHHOI TEXHIKH CYIPOBOKYIOTHCS YTBOPEHHIM
ocoOyMBOro TUMy ABO(a3sHUX CHUCTEM — MapOpiIMHHUX cyMimed. Bimomo, 1o
OimbIIiCT,  ABO(A3HUX CHCTEM XapaKTepU3yIThCsS BIIACTHBICTIO 3HAYHOTO
CTHCKaHHS (TOOTO MIBHAKICTH 3BYKY B TaKiii CHCTeMi Maja), He JIHIHHICTIO 1 TOMY
U PO3paxXyHKY JAWHAMIKA TaKUX CEpeAOBHIN, SKi PYyXalOThCS 3 BiTHOCHO
HEBUCOKHMH IIIBHIKOCTSIMH, HEOOXiIHO 3aCTOCYBaHHS OCOOIMBUX T'a30qHHAMITHHX
MeroniB. Takox pyx JIBOGAsHHX CHCTEM CYIPOBOJDKYETHCS MPOIECaMH MK
(asHOTO TEIUIOOOMIHY , SIKI CIPHYMHSIOTH CHJIBHY IHCHIIALII0 CEpelOBUINA, a
IHepIiHI BIACTHBOCTI Ta30BUX BKJIIOYEHb TOPOKYIOTH 3aICKHICTH MIBHUAKOCTI
3BYKY BiJl 9aCTOTH — JHCIEPCiI0 OIBUJIKOCTI 3ByKy. ToMy MeTonH, Ta TOB’i3aHi 3
HAMA MM TpagumiifHOI MapopiMHHOT MUHAMIKH HE BIIIOBIAAIOTH crenugimi
nBo(a3sHMUX MOTOKIB Ta JAlOTh HE3aJ0BUIbHI pe3yabTaTy MpU po3paxyHKax. [HImmMun
cioBamy, 11i MM Ta MeToaM iX YMCIOBOI peaizamii He € aJeKBaTHUMHU CKJIQJHUM
(Gi3MYHUM  OCHIIPKYBaHUM TIpoliecaM. B dumHHINH poOOTI mocTaBieHO 3amady
MoOy/I0BH KOHCTPYKTHBHHUX MM rpaBiTallilHUX XBWIb, SIKI YTBOPIOIOTBCS Ha
TpaHuIi mojiry ¢a3 ABOIIApOBOI PiMMHHOI cHcTeMH. 3amporoHoBaHi MM sKicHO
BiJJOOpaXKatoTh CyTh (Pi3MKH TUHAMIYHHUX TPOLECiB y 1BO(da3HIi piANHHIN cHcTeMi i
SIBIISIIOTH  COOOI0 MOJIENBbHI KaHOHIYHI pIBHAHHS, CQOPMYJIbOBaHI B YMOBax
MIPUHAHATHX TPUIYIIEHb Moo Mepediry nocmipKyBaHux mporeciB. IIpoBeneni
YHUCIIOBI JOCHI/DKEHHS TIOKa3aid, IO KOpeKTHa QopMaiisamis 0coOIMBOCTEH
(I3MYHEX SBUII B paMKax 3alpOIIOHOBAHMX MOJEJEH, JO3BOJISIE MPHU MOCTAHOBII
peallbHUX TPHUKIAIHUX EKCIePUMEHTIB 3 JIOCTaTHbOI IUIA iHXKEHEPHOI NPaKTHKH
PO3KPHUTH IPUPOIY 3aKOHOMIPHOCTEH Ti/IpOra30AnHAMIYHUX TUINHIB.

Kawuosi cioBa: nodaszHa cucreMa; rpaBiTaliiiHa XBWIS;, IBOIIAPOBA PiIMHHA
CHCTEMa, MaTeMaTHIHa MOJIENb; YHCIOBHH eKCIIEPUMEHT.

Beryn. Ha mpakTtuiii JOCHTh MOIIMPEHUM € BUIAOK, KOJIU DPiIMHHA CHUCTEMa SIBIISE
co00K0 cyMill piiMH 3 BIAMIHHMUMH ()i3MKO-XIMIYHUMHU BIIACTUBOCTSIMH, 30KpeMa: 3
PI3HUMU TYCTHHAMH, 3 PI3HUMH TeMIIepaTypaMy KHUITIHHS, 3 HasSBHICTIO €MYJIhCOBAHHUX
JIOMIIIIOK, 3 HECXOXOI B’SI3KOK (PEOJIOTIYHOI0) TOBEMIHKOK TOIIO. |HUIOBUMH
MPUKJIAZIaMH CyMilIeld TaKuX piTUH MOXYTh OYyTH:
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— IpUPOJHI pIAKI BYIJIEBOJHI, SIKI CKJIaJalOTbCcsl 3 (pakuii 3 pi3HUMHU
I'YCTHHAMH Ta TeMIIepaTypaMu KUIIHHS;

— BOJO-OJIMBHI eMyJbCii, sKI MOXYThb, MpPUH 3MiHI JUHAMIYHOTO CTaHY
(IBHAKOCTI TUIMHY), PO3IUIATHCS HAa PIAMHM, IO HE 3MINIYIOTHCS Ta MarOTh Pi3HI
T'YCTUHU;

— KOJIOINHI Ta MOJIMEpPHI PO3YMHH, CKIAJOBI SKHMX MAalOTh Pi3HY PEOJOTIUHY
MOBEIIHKY, TOOTO BHSBIIAIOTh XapaKTep «HBIOTOHIBCHKOI» (TaKoi, IO HE CTHCKAETHCA,
9y, IHaKIIe, TaKoi, AN SKOi T'yCTHHA HE 3aJeKUTh BiJl MBUIKOCTI IUIMHY) abo
«HEGHIOTOHIBCBKOI» (TaKoi, IO CTHUCKAEThCS, UM, 1HAKIIE, TaKOl, JUII SKOI T'yCTHHA
3aNeXUTh BiJ] IBUIKOCTI TUIMHY) PIAWHU.

[Ipy upoMy 3a3HAYMMO, WIO OKPEMHUM SIBHILNEM JIHHAMIKH TapOpiAMHHOI
nBo(a3HOI cucTeMH CIifl pO3TISAaTH HAsBHICTH y il PIAMHHIA CKIaJ0B1 JBOX MHIapiB
piivH 3 Ppi3HUMH (QI3UKO-XIMIYHMMH BiacTUBOCcTAMHU. Crnenudika IUIMHY TaKuX
MapopIIMHHUX IBO(pA3HUX cUCTeM mossirae [1, 2] y HasgsBHOCTI BUIbHOI I'paHMILl, Ha AKIH
MOJK€ B10yBaTHCS PO3BUTOK HECTIMKOCTI Ta XBHWJIEYTBOPEHHS, a TaKOX IIPOLECH
TEMJI000MIHY Ta TepPTs 3 MapoBoO (Haz3oro.

Meta po6oru. Meta poboTu momsrae y po3poOili KOHCTPYKTUBHHUX MaTEMaTHUHUX
moneneit (MM) rpaBiTamiiHUX XBWJIb, IO YTBOPIOIOTHCS HA T'PAHMIN MOy OKPEMHX
(a3 aBOIMIapOBOI PIIMHHOI CHCTEMHU Ta JOBEACHHS aJCKBATHOCTI JaHUX MM muisixom
YHCIIOBOT'O JOCII/IKEHHS.

OcHoBHa yacTuHA. PO3risiHEMO PO3MOBCIOKEHHS TpaBITallIlHUX XBWJIb Ha I'PaHUL

HOJLTY ABOX MIAPiB PiMH Pi3HOI TycTuHU (P < P, ), AKi HE 3MILIYIOTbCA, 32 YMOB IS

nBO(a3HOT PIIUHHOI CUCTEMHU: OOMEXKEHHSI 3HU3Y FOPU3OHTAIBHUM JHOM, a 3 BEpXYy —
HassBHOCTI BUTBHOI TpaHUIll. YSBIMO, IO XBUJII € dog2uMuU Ta MAIOTh MAJly aMIUTITYAY.
Bim3naunmo, mo 3amaua, ska pO3TISAAETHCS, HE TUIBKM Ma€ BaXJIHMBI TEXHIYHI 3a
CTOCYHKH, ajie 1 € HaWMpOCTIIO MOJAEIUTI0 OKEaHy, IO BPaxoBYE CTpaTH]IKAIliIo.
To06TO MOXHA TOBOPUTH MPO TEXHIYHY Ta 3arajbHO MPUPOAHY aKmMydalbHicmb 3ajadi,
SKa PO3TIAJAEThCs. 3a3HaYMMO, IO Taka JBOIMIAPOBA MOJENb MICTUTh [IBI MOJHU
KOJIMBaHb — OapoKIuHHy Ta Oapomponuy. bapoTpomHa Moma — IIBHJIKA, sKa
BIJIMOBI/Ia€ KOJMBAHHSAM CHCTEMH SK IIJIOr0 a00 CHHXPOHHHUM KOJHMBAHHSIM JIBOX
mapiB; 0OapoKJIMHHA MOJIa — TOBLJIBbHA, Ta BiJIMTOBIa€ KOJMBAHHSIM IIIapiB, 3CYHYTHUX TIO
¢a3i Ha . [IeBHMII TOCBiA i3 PO3B’sA3aHHS MOAIOHUX 33734 OMKCAaHO B podoTax [3, 4].

3anuiemMo piBHAHHS HEPO3PUBHOCTI Ta X -KOMIIOHEHTH PIBHSIHb PyXY IJIs BCI€l
CHCTEMH 3arajioM i OKpeMO ISl HUKHBOTO Mapy:

o(p)3) ol(u)lp)d) a8, ol(us))3,

=0; + =0; (1)
ot ox ot Ox

owypyd)  alwr)s) ellu)ss) a(pye)

— 4, TP TP + =0;
ot Ox ox ox @

2
ol(w.) 5) o((u3) 82)+L o(P,) esz)_Pr %,]_,

ot ox [ ox ox )
TyT 0 — 3aranpHa rIHOHHA TBOX IapiB PiIUHU; Pr — THCK Ha T'PaHHUII ABOX PiIaHH;
U — cepelHs WBUAKICTH XBUII i aBodasHoi pimunHHOi cuctemu; P — cepenne

3HaYeHHS TUCKY U1 1BO(A3HOI PIAMHHOI CHCTEMH; 1HJEKCOM | BiIMI4E€HO BEJIMYHUHH,
SIK1 BIJIHOCSITBCS /10 BEPXHBOI PiJIMHHU, a IHIEKCOM 2 — 110 HWXKHBOI. B’A3K0CTi piivH HE
BpPaxoBYIOThCH.

[licns nudepenniroBanHs piBHAHL (1) 3a wacom, a piBHAHB (2) — 1O
KOOpAMHATI X , iX pi3HMIIS 3aMHUIIETHCS HACTYITHUM YHHOM
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23 et)a) | 2led)e) a(rs)

or2 ! Ox2 2 Ox? ox’ ’ 3)
o5, o(u)s:) 1 m_z[ )]0
ot ox> po|  ox? ox\ ' Ox |

HabavkeHHsI TOBMUX XBHJIb JO3BOJISIE BBAXKaTH, IO MPO(pIb TOPU30HTATBHOT
CKJIaJIOBOi IIBHJIKOCTI PIINHH € «3aIIOBHEHUM», TOOTO HE 3aJIeXKUTh Bijl KOOPIAUHATH ),

a po(iJIb BEPTUKAIBHOI CKJIAJI0OBOT — JIIHIHHUM:

y—0,(08 08, 882 y 09,
v, = — +—=; v, ="——=.
9, or ot ot o, ot
[ligzcTaHOBKAa LKMX BHPa3iB B ) -KOMIIOHEHTH DIBHSHb pPyXy BEPXHBOI Ta
L ov, 1 OR ov, 1 0P,
HIDKHBOI  PiIMH + — +g=0;, —+——F+g2g=0 pasom 3
ot p, Oy ot p, 0y

rpannannmn ymoBamu Py =0 npu y=0 1a P, =P, =P nupu y=90, nac
MOXXJIUBICTh BUPA3UTHU CEPE/IHI 3HAUEHHS TUCKY Yepe3 TITMONHY mapiB.

CrioyaTky pO3IVITHEMO «IIBHUAKY» MOAY. Maictb aMIuntyau 30yIKeHb
JO3BOJISIE Y KBaJAPAaTUYHUX 4YJICHaX piBHAHL (3) MOKIACTH 3 TOYHICTIO 10 4JICHIB

JIPYroro TOPSIKY MaJocTi <u12>=[010(8'—8'2)/8?], <u2> ( 08! /89 ) ne

' . 0
8 - 8 - 80 , 80 —_— plBHO BaroB¢ 3HAYCHHIA FJ'II/I6I/IHI/I, a Cl —_— FpaHI/ILIHe
JIOBTOXBUITLOBE 3HAYCHHS IIBUIKOCTI PO3MOBCIOJKEHHSI 0€3KIHEUHO MajuX 30yIKEeHb

IIBUIKOI MOJH:
() = g6°[1 +J1-4s3/5°)0 —53/5%5] /2,
Ap=1-p:p=p,/p,.

B pesynbraTi piBHSHHS (3) MOKHA IEPETBOPUTHU JI0 BUTJISITY

828—g52 (50 - ap3 b + P83, |- (e ){(6’ G +(85)2}—

ot? 5 5
—g%{é‘)’gi ApS) 8(8;’2)}_ (52)2 +,—)5?253 )
SR 3 L) LI
6‘;’6 o7 PP AP0 1) aa 2 {(Séo)z}‘g %{S'z%(ﬁm@az)}

8980 04 (5+3,) (BY) o,
2 o’ ox’ 3 o’ ox’

4)
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Takum 9MHOM, JJISI MBUAKOI MOJM CHUCTEMY PIBHSHB TiAPOJMHAMIKHA BIAJIOCS
3BECTH JI0 IBOX PIBHSIHb XBUJILOBOI'O THUITY, SIKI BPaXOBYIOTh HENIHIHHICTh 30y/1)KEHb Ta
iHepuito mapiB piguHu. OpgHave, B CUJIYy CKJIAaJHOCTI piBHSHBb (4), BigHAWTH
AQHAJITHYHUKA PO3B’SI30K JAHOI CUCTEMHU HE € MOXKJIMBHM. B Takiil 3amaui BHSBIISIETHCS
IUTITHUM y3arajdbHEHHS «IPOCTHUX» Ta «KBa3iMPOCTHX» XBUJIb, BUKIIAJeHE B poOOTax [5
— 7). TpanuuiiHO MOHSITTS MPOCTUX» Ta «KBA3IMPOCTHX» XBHJIb 3aCTOCOBYETHCS O
CHCTEM pIBHSHb Ta30BOi JMHAMIKH, IO SBISIOTE €000 AMQEpeHIiiiHI PIBHIHHS
nepmworo mnopsaky. PiBHsHHS (4) MaroTh Oinbil  BUCOKMH mopsanok. OjHaue,
JIOTPUMYIOUHCH iessM Pimana ta Kapnmana [8], 3poOuMo T10AaTKOBI MPUITYIIICHHS, SKi
MOJISITaI0Th B TOMY, IO MDK 30yIKEHHSMHU BUIBHOI Ta BHYTPILIHbOI I'paHUIlb ICHYE

HACTYIIHUH 3B A30K:
= /1) + /(). ®)

Tyt fl(ﬁ') — PpO3B’S30K cUcTeMH piBHAHB (5.73) Oe3 HemHIMHMX Ta AUCHEPCIHHUX

YJICHIB, TOOTO

716)= 1% = - ot e st o o

a QyHKIis fl'(S') Ma€ APyTHii MOPSAIOK MAIOCTi, OCKIILKY TIPOIOPIiiHA HENIHIMHUM Ta
aucnepciiHuM wieHam. [ BigHaxopkeHHS (QyHKII fl'(S') HEOOXIAHO MIACTaBUTH
BUpa3 (5) B piBHAHHA (4), 3HEXTYBaTH 4JIeHAMH TPETHOI'O MOPAJKY MaJOCTI Ta BBAXKATH,
mo 02 [f{(S')]/@tz ~ (clo )2 o? [fl'(S')]/ﬁxz . Y migcymky nepuie 3 piBHsAHB (5.73)
npuiimMae B MoaudikoBaHoro piBHsAHHS bycciHecka

0%8 ([ oy 0%8 0% (') 0*8

lelf S S 5 =0, ©)
ot ox ox ot~ Ox

ne Koe(illieHTH TpH HETiHIHHOMY 1 qucnepciiHOMY 4YlieHaX € KOHCTaHTaMH Ta

BH3HAYAIOTHCA (popmMyIaMu
o, =g[f10 - q1A§<1 —flo )]/2+ (clo )2 [% /8(2) + 1 (1 —fl0 )/8?];
B, =g, [(53 J/3+p5%8(1+ 1,0 )/z]+ " {(5? Fl/2+ £0)Bl- £ )]} :
0=t =8l £Vl -]

7o =1 et P eot)-1)f5

PosrisineMo Temep «mOBiIBbHY» MOAY, AJS SIKOT 3 TOYHICTIO /10 YJIEHIB APYroro

NOpAAKY — MaJloCTi <u12>=[cg(8—8'2)/5?]2, a <u2> ( /8) Tyt

2
0 0 0 .
C2 = g6 - (C2 ) — rpaHU4YHC JOBI'OXBHJIBOBEC 3HA4YCHHA MBHUJIKOCT1

PO3MOBCIOJKEHHST O€3KIHEYHO MaiuX 30Y/PKeHb «IMOBUIBHOI» Moau. [1oniOHO TOMY, SIK
1e 0yJ10 3pO0JICHO JIJIS IIBUAKOI» MOJIU, OTPUMAEMO HACTYITHE PIBHIHHS:
2 2 2 2
0%8 2 0°8 0%(8%) 0*35,
2 0 2 _
— & —a, -B,——5=0, (7N
2 2 2

ot ox ox ot* ox?

J¢c

%2 :g[fZO +q2A§(1_f20)]/2+(Cg)z[qz/sg +’”2(1_f20)/5g];
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By =22 3+ 53801+ £2) 2[5 (V2 42 ) Bl 2]
B o [ f;)/[z<cg)2 e’
7o =1 [t o) )l

PiBusinns (6) Ta (7) MaroTh CTallioHapHI PO3B’S3KU y BHUTJISII PIBHSIHDb XBHJIb, 30KpeMa,
aHaJoriayHo poboTi [9].

Bumnumiemo po3B’s30K AT YCaMiTHEHOI XBHIII «IIOBLITBHOI» MOIW Ha TPAHUI
PO3IILTY ABOIIAPOBOI PIIUHU:

—Vyt
5, =82 + AS,sch?| T2 |,

2

®)

Ipu o, <0 ta B, >0 mae micie ycamiTHeHa XBHJIS TUIH «BIaIHHA» (6'2 <0).

OueBugHo, mo 3 piBHAHL (6) Ta (7) MOXHA OTPUMATH EBOJIIOLIMHI PIBHSHHS,
MEpEeNIIOBIIN J0 PO3IJIAAY XBUJb, SIKI PO3MNOBCIOJKYIOTbCA y oauH Oik. Tak, mid
30y/DKCHHS TPAaHMII JBOIIAPOBOI piauHU 3 (7) BUIUIMBAE €BOJIOIIMHE PIBHSIHHS THITY
KopreBera — ne Bpiza

03, 009, 8!, 05, c2 638

c —0, — =B = ©)
2 2 2 0,
ot 0x cy 8x 2
PiBusiHHS (9) Ma€e coMTOHHUI (y BUTIISII CKYITYCHb XBUJIb) po3B’5130K BUny (8), onHaue
0 0
: _ 0, A9, _ | 6Bycy
TyT wBHAKicts V, =c, + —— o Ta mmuphHa [, =,|—= . Takum uuHOM,
3c, 0, Ad,

MIBUJKICTh COJIIOHA XBHJIbOBOT'O pIBHSHHS MEHIIE 3a MIBUJKICTH YCaMITHEHOTO
30yJIKEHHS €BOJIIOLIMHOrO PiBHAHHA (IIPY OJHUX 1 TUX CAMHUX aMIUIITYaX), a IUPHHA,
HaBIaKu, OlIbIIIE.

. o d 0
[IpoBenene uwmcimoBe pocmimkeHHs (puc. 1, a, 0) ne V2 = V2 / Csy
= _ 0 . .
Ad, =A9, / 5(2) ; X, = x/ d, MOKAa3aJIo Xopoure CITIBIAIIHHS 3
excriepuMeHTadbHuMu  JanuMu [ 10]. BugHo, 1mo po3B’S30K XBHILOBOTO PIBHSHHS

Kpalle y3roJKyeThCs 3 €KCIIEPUMEHTAIbHUMH TOYKaMH, HIK PO3B’SI30K «yCaMiTHEHOI»
XBHWJI, OTPUMAHOI'0 3 BiJIOBIHOIO €BOJIIOLIHHOIO PIBHIHHS.

o 6,04 6,08 6,12 O,‘16 AS, -5 73‘ a 1 2 X,
a) 6)
Puc. 1. 3aiexxHiCTh MIBUAKOCTI COMITOHIB Bif iX amrumTyA (@) i popma ogHOrO 3

ycamiTHenux 30yxens (6) npu p = 0,8 ta 510 /80 =0,36

1 — po3spaxynox no mooughikosanomy pieusannio byccinecka (5.76);
2 — po3spaxynok no piensanuio Kopmeseeca — oe Bpiza (5.78)
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Jlis mepeBipkU NMPaBOMIPHOCTI 3aCTOCYBAHHSI TEXHIKU «KBAJIIPOCTUX» XBUIIb
70 CUCTEMHM XBWJIbOBUX pIBHAHb IOPIBHAEMO JUCHEpPCIiHI KPHUBI CHUCTEMH
JIiHeapu30BaHKUX PIBHSAHB (4), (6) Ta aHAJIOTIYHUX PIBHSHB I «IOBIILHOI» Moau. Ha

. — 0 /g0
puc. 2, a, 6 HaBemeHO pesyiabratd pospaxyHkis mii p =0,8 Ta J; /5 =0,36.
®a30Bi WBHAKOCTI C; = C, /CIO; c, =0C, /cg ; XBUIbOBI uncna kK =kd?; k, :kSg.

Bunno, mo aucrepciiiHi KpuBiI MPaKTUYHO CIIBHNAAAIOTh y IIMPOKOMY IHTEpBai
JIOB)KUH XBHJTb.

ol

09

0,7 [

0,6

0,5

a) 6)
Puc. 2. 3anexHnicts (a30BOi NIBUIKOCTI «IIBUAKOI» (@) Ta «IOBUILHOI» (6) MO
XBWJIbOBOT'O YHCJIA:
1 — mounuii po38’sa30K NOBHOI NiHitHOI 3a0aui, 2 — po3paxyHok 3a ¢opmynoro (5.73);
3 — pospaxyHnok 3a popmyaamu (5.75) ma (5.76),; pospaxynok 3a gpopmynoro (5.78)

Kpim Toro, moseninka (Ga3oBUX MIBHIKOCTEH, BiJHAWJIEHA 3 OTPUMAHUX BUIIC
PIBHSIHB, CJIA0KO BiIPI3HAETHCS BiJ] TOYHOT'O PO3B’SI3KY IMOBHOI JIIHIHHOT 3a1a4i.

HasBHicTh TepTs piAuH 00 JHO MPU3BOAMTH JO TOTO, 110 B MOAHU(]IKOBAaHOMY
piBHsiHHI byccinecka Buay (6) 3’sBJIS€TbCS AOJATKOBUI TUCHUMATUBHUM YJIEH THILY
iaTerpany Hioamens [11]. B pe3ynbraTi MBHIKICTH PO3MOBCIOKEHHS TpaBiTalliiHUX
XBWJIb 3MEHIIY€ETHCS, a IMMPUHA COJIITOHIB — 301JIbIITY€ThCS.
BucHoBku. Ha ocHOBI pIBHSHHS HEPO3PUBHOCTI Ta PIBHAHb pPyXy Ajd ABO(da3HOi
piivHHOI cucTeMu, 0l0 TmepeOyBae y HECTal[lOHApHOMY CTaHi, OTpuMaHo MM
rpaBiTalifHOl XBWJII HA TPAHMII MOALITY KOMIIOHEHT JABOILAPOBOI CTPYKTYPH, IPUUOMY
OCTaHHsI BU3HAYAETHCS PI3HUIICIO TYCTUH PiMH, K1 i1 yTBOpOOTE. MM rpaBitaniiHoi
XBWII OTPUMAHO y BUIJIAAI MOAU(DIKOBAHOTO PIBHSAHHS bycciHecka, ke BIApPI3HIETbCA
BiJI KJIACHYHOT'O MEHIIIUM MOPSAKOM, OfHA4€e BiAOMBAE BCl SKICHI BIACTUBOCTI (PI3UUHOT
KapTUHH SBUII XBUJIE YTBOPEHHS.

[IpoBeneni 4YHWCIOBI JOCTIDKEHHS 3ampornoHoBaHoi MM  rpaBitaniiiHOro
XBUJICYTBOPEHHS IS BOIIAPOBOI PIAMHHOI CUCTEMH, SIKa HE 3MIIIYEThCS, TTOKa3amu ii
3pY4HICTh NPHU PO3B’A3yBaHHI NPAKTUYHMUX 3a]ad, a TAKOXK LIJIKOM IpPUIATHY TOYHICTh

(3 moxubKow, IO HE TEePEeBUIIYyE (3...5)% y TIOpIBHSHHI 3 HATYpPHUMH

eKCIEPUMEHTaMM) 11l IHKEHEPHUX PO3PAXYHKIB.
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DEVELOPMENT AND NUMERICAL IMPLEMENTATION OF THE
MATHEMATICAL MODEL OF A GRAVITY WAVE AT THE BOUNDARY OF
SEPARATION OF A TWO-LAYER LIQUID SYSTEM

D.A. Lys, A.Yu. Prokofiev

National Odesa Polytechnic University, Shevchenko str., 1, Odesa, 65044, Ukraine
loreal338(@gmail.com, fallbrick1985@gmail.com

Wave dynamics of two-phase systems is a new branch of the mechanics of heterogeneous systems and
thermal physics, which has been developing rapidly in recent years. Research in this field requires the
involvement of modern results of nonlinear wave dynamics, the development of new ways of taking into
account interphase interaction, the study of modern concepts of wave movements (flows), such as
«kinematic waves», «dynamic waves» and «multi-wave» systems. The complexity of the physical
formulation of these problems requires appropriate and adequate mathematical models (MM) of these
processes, as well as constructive methods of numerical implementation of the created MM. In addition,
the relevance of such studies is due to the fact that two-phase flows in the vast majority occur in operating
modes in technological installations of energy, chemical, metallurgical and other important sectors of the
national economy. Work processes in the oil-mining and oil-refining industries, in cryogenic equipment
are accompanied by the formation of a special type of two-phase systems - vapor-liquid mixtures. It is
known that most two-phase systems are characterized by the property of significant compression (that is,
the speed of sound in such a system is low), not by linearity, and therefore to calculate the dynamics of
such media that move at relatively low speeds, it is necessary to use special gas-dynamic methods. Also,
the movement of two-phase systems is accompanied by interphase heat exchange processes, which cause
strong dissipation of the medium, and the inertial properties of gas inclusions give rise to the dependence
of the speed of sound on the frequency - the dispersion of the sound speed. Therefore, the methods and
associated MM of traditional vapor-liquid dynamics do not meet the specifics of two-phase flows and
give unsatisfactory results in calculations. In other words, these MM and methods of their numerical
implementation are not adequate to the complex physical processes under study. In the current work, the
task of constructing constructive MM gravity waves, which are formed at the phase separation boundary
of a two-layer liquid system, is set. The proposed MM qualitatively reflect the essence of the physics of
dynamic processes in a two-phase liquid system and represent model canonical equations formulated
under the conditions of accepted assumptions regarding the course of the studied processes. The
conducted numerical studies showed that the correct formalization of the features of physical phenomena
within the framework of the proposed models allows revealing the nature of the regularities of hydro-gas-
dynamic flows when setting up real applied experiments with sufficient engineering practice.

Keywords: two-phase system; gravitational wave; two-layer liquid system, mathematical model;
numerical experiment.
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