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CocraBneHa MaTeMaTH4ecKass MOJEIb B3aMMOJICHCTBHSI TOHKUX CJIOEB OETOHHOI CMECH C BEPTHKaJbHBIMU CTEHKa-
MU BHOpanMoHHOH (opMbI Oe3 THa, B KOTOPO YIUIOTHsieMasi Cpea MpeACTaBieHa B BUE CIUIONIHOM cpelbl ¢ pacipe-
JISNICHHBIMY TTapaMeTpaMy. B pesynbraTe pemieHus: ypaBHeHHUs KojeOaHuil yINIOTHSIEMON Cpeibl B YACTHBIX MPOM3BO/I-
HBIX, YIOBJIETBOPSIOIIETO 3a/JaHHBIM I'PAaHUYHBIM YCIIOBUSIM, OIpEeieHa 3aKOHOMEPHOCTh Ae()OPMHUPOBAHUS TOHKOTO
CJI0sI YIJIOTHSIEMOM Cpellbl B 3aBUCHMMOCTH OT HapacTarolleil BO BpeMEHH IUIOTHOCTH (opMyeMol cMmecH, e€ (hu3nKo-
MEXaHWYECKUX XapaKTEPUCTUK, TOJNIINHBI YIUIOTHIEMOTO CJI0sI, MacChl BUHOPAIMOHHONW (DOPMBI, YACTOTHI M aMILTUTY/IbI
Bo3MmymIaromeil crel. OnpeneneH K03(QUIMEHT CONPOTUBICHNS OETOHHON CMecH, NEWCTBYIOIETO HAa BEPTHKAIBHBIC
CTEHKH BHOpPAIMOHHON (OpMBI O6€3 THAa B 3aBICHMOCTH OT OTHOCHTEIFHOH INTOTHOCTH OETOHHOW cMecH, €€ KOHCHCTEH-
UM ¥ TOJIIMHBI YIDIOTHAEMOTo ciost. OmpeneneHsl aMIUINTyAa KoeOaHui BHOPallMOHHON (DOPMBI M HANPSOKEHUSA,
BO3HMKAIOIIUE B YIUIOTHAEMOH cpefe.

KuiroueBble cioBa: BuOpanuonHas opMa, KoJaeOaHus, B3aNMOACHCTBHE, YIUIOTHIEMAas cpeaa.
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CkiaieHo MaTeMaTHIHy MOJENb B3a€EMOJIl TOHKUX IIapiB OETOHHOI CyMIlTi 3 BEPTUKAIEHAME CTIHKaMH BiOparriii-
HOi popmu Oe3 IHa, B AKIH YIIIIHHIOBAaHE CEPEOBHUIIE MPEICTABICHO Y BUIIIAAI CYIUTBHOTO CEPEIOBHINA 3 PO3IIOILIC-
HUMU [IapaMeTpamu. B pesynbrari pilieHHs piBHAHHS KOJIMBaHb YIIJILHIOBAHOTO CEPEOBHIIA B IPUBATHUX MOXiTHUX,
IO 3aJI0BOJIbHSE 3aJJaHUM I'PaHHYHUM YMOBaM, BU3HAa4Y€Ha 3aKOHOMIpHICTh Je)OpMyBaHHS TOHKOTO IIapy YLIIbHIO-
BaHOTO CEPEOBHINA 3aJIS)KHO BiJI HAPOCTAIOYOi ¥ Yaci MIUTFHOCTI (POPMOBAHOI CyMiIi, 11 (pi3UKO-MEXaHITHIX XapaKTe-
PHCTHK, TOBIIMHH YIIIJILHIOBAHOTO IIApy, MacH BiOpauiiHOi ()OpMH, YaCTOTH 1 aMILTITY/I, 110 30yproe cuii. BusHave-
HO Koe(iIlieHT ornopy OETOHHOT CyMillli, YHHHOTO Ha BEPTUKAIIBHI CTIHKM (popMu BiOpaliitHoi 6e3 JHa B 3aJIe)KHOCTI BiJ
BiJTHOCHOI IIIILHOCTI OETOHHOI CyMillni, Tl KOHCHCTEHIIIT 1 TOBIIMHHU YIIIJIHHIOBAHOTO IIapy. Bu3HaueHO aMILIITYay KO-
JIMBaHb BiOpaliiHOT GOPMHU 1 HAIIPYTH, 110 BUHUKAIOTh B YIIIJIbHIOBAHOMY CEpPEIOBHIIL.

KaiouoBi ciioBa: BiOpauiiina ¢hopma, KOJIMBaHHS, B3aEMOJIisl, YIIIFHIOBAHE CEPEIOBHIIIE.

AKTYAJIbHOCTb PABOTBI. duznko- Takoe mpencTaBieHHE YIJIOTHAEMOM cpelbl HE
MEXaHWYECKHE  XapaKTePUCTHKH  oOpabaTbiBaeMoit MO3BOJISIET C TIPUEMIIEMOI ISl MHKEHEPHBIX PacueToB
BHOPALMOHHBIM BO3/I€HiCcTBHEM OETOHHOW cpeabl BO TOYHOCTBIO OIPEJICIIUTh OCHOBHBIE MapamMeTphl BUOpa-
MHOTOM OIPEIEISIOT IOBEJCHNE TUHAMHYIECKOW CHC- LMOHHOW MAIIMHBI M PEXHMbl BHOPALMOHHOTO BO3-
TEMbl BUOPAMOHHOW MAIIMHBI U CYIIECTBEHHO BIIHSI- JeHUCTBHS HAa (POPMYEMYIO CMECh, TIOCKOJIbKY HE Y4H-
10T Ha ONpE/IeNIeHNEe ero OCHOBHBIX MapameTpos [1, 2, TBHIBAIOT BIIMSTHUC N3MEHSIOMNXCS ¢busuKo-
3]. JocrarouHo TOYHOE BBIIBICHHE  (HU3UKO- MEXaHMUYECKUX XapaKTEPUCTHK YIUIOTHSAEMON cCMecH B
MEXaHHYECKUX CBOMCTB YIUIOTHAEMOW CpeJIbl IT03BOJIS- npoIecce YIIOTHEHHS, YacTOTY M aMIUIUTyLy BHOpa-
€T YCTaHOBHUTH PAllMOHAIBHBIN 3aKOH ABMKCHHS U yC- IIHOHHOTO BO3ACUCTBUS, TOJIIMHY YIUIOTHIEMOTO
TOWYMBBIH PEXKHUM DPabOThl BUOPAIIMOHHOW MalIKHBI, crnosi. Hamubosee To4HOE OmHCaHHe JAeT NpelcTaBlie-
MIPaBUIBHO BBIOPAaTh  TEXHOJIOTHYECKHE ITapaMeTphl HHUE YMJIOTHSAEMOI cpensl B BHUIE CIUIOIIHON Cpensl C
BHOPALMOHHOTO BO3JECHCTBHS Ha 00pabaThIBacMyro pacIipesielleHHbIMI MTapaMeTpaMH, YYHUTHIBAIOMEH yII-
Cpemy, HWCIOJb30BaHHE KOTOPBIX obOecmeduBaeT 3¢- pyrue u Bsizkue e€ cBoiicta [13-15].

(heKTHBHOE YITIOTHEHHE C MaJIOH 3HEPTOEMKOCTEIO. B pa6ote [1] npuBeneHo HccienOBaHHE B3aUMO-

B mpoBeneHHBIX paHee HCCIENOBaHMAX, (PH3HUKO- JeficTBHSl BUOPAIIMOHHON MalMHbI C YIUIOTHSIEMOH cpe-
MEXaHWYeCKHE XapaKTepUCTUKH JedopMupyemoii cpe- JIOH TP CpeTHHUX MOKa3aTelsIX AMHAMUYECKOTO MOy
JIbl, B3aUMOJICHCTBYIOIIEH C BUOPAIIMOHHBIM Pabo4YnM ynpyroii negopmannu ¥ kKod3h¢uIMeHTa AMHAMUYE-
opraHoM, OBUTH TPEICTABICHBI B BHAE AHWCKPETHBIX CKOM BSI3KOCTH IEMEHTOOETOHHOH cMmecu. B paborax
peosoruyeckux Mojeneit: ynpyroit moaenu I'yka, Bs3- [16-18] moxa3aHO wu3MeHEHHE OTHUX (PU3HKO-MeXa-
KOTO TeJa, ONMUCBIBAEMOro Mojensio HproToHa, BS3KO- HHUYECKHUX XapaKTEPHCTUK B 3aBHCHMOCTH OT IUIOTHO-
ynpyroro Tena B Buae Moaenu Kensuna — @orra mim CTH CMECH, HENPEpHIBHO BO3PACTAIONIEH B IIpoIliecce
MakcBemia, moaenu bunrama [4—7]. Muorue uccie- yIUIOTHeHHs. B 31X paboTax ObUIO MPUHATO YCIOBHE,
JIOBaTeNN TBITAIACH MPEICTaBUTh ¢uznko- YTO yIUIOTHsIeMasi OETOHHAs Cpela IMEeT OJHOPOAHYIO
MeXaHHYeCKHe XapaKTEePUCTHKH J1eOPMHUPYEMOH cpe- CTPYKTYpY M ee KoyieOaHMs IToJ] AeiicTBUeM BHOpaiu-
JIbl Pa3IMYHBIMA MaTeMaTHYECKUMH KPUBBIMH B BHUJIE OHHOT'O BO3MYIIEHHS MOTYT OBITh OITMCAHBI COOTBETCT-
CTENICHHOW (YHKIMM WM KOMOMHAIIMM CTETIEHHON BYIOIIUM BOJIHOBBIM ypaBHeHueM [2, 13]. IIpu aTom He
GbyHKIHY ¢ ipsiMoii uHueH [8—12]. YUUTHIBAJINCH CHJIBI TPEHHS, BO3HMKAIOIIee BHYTPHU

OCTOHHOM cMecH MEKAY OTACJIbHBIMU €€ COCTaBJIAIO-
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IIAMH TPU TIEPEOPUEHTAIINN MHUHEPAIbHBIX YacTHUIl U
ux cOmmxkeHud, nedopManud, TepepacrpeneIeHrH
BsDKyIIero. IloaToMy 11t 000CHOBAaHUS PAIMOHATIBHBIX
IapaMeTpoB BHOPAIIMOHHOW MAIIWHBI M OIpPEACICHUS
HEOOXOIUMOTO PEXHMMa BHOPAIIMOHHOTO BO3NEHCTBUSA
HEOOXOIUMO TOYHO ONPEACTUTH M3MEHEHHE (U3IUKO-
MEXaHWYECKUX XapaKTEePUCTUK YIUIOTHSAEMOH Cpepl,
y4ecTh JAEHCTBUE BO3HHUKAIOUIMX CHJI CONPOTHBICHUS
OETOHHOH cMecH NpH KojieOaHUsIX BUOPAIIOHHOW Ma-
IIMHBL. DTO JAeT MOJIOKHUTEIbHBIE Pe3yIbTaThl PH YII-
JIOTHEHUH CMecH BHOpHUpYIOIIeH TIHToH, nedopmu-
pYyrowIei yIIOTHAEMYIO Cpelly B BEpPTHKAIBHOM HarpaB-
nenuu. llpyu uccnenoBaHMM B3aUMOIEWUCTBUSL BEPTH-
KaJIbHBIX CTCHOK (hOpMBI Oe3 IHa ¢ OETOHHOH CMEChIO B
TOPH30HTATEHOM HAIPaBICHUH HEOOXOINMO YYUTHIBATh
Pa3HOCTh HArpy>K€HUsl Ha YIUIOTHSEMBIH CIIOW MPH €ro
CKaTUM U PACTSDKCHHHM, BO3HMKAIOIIEE HA IPOTHUBOIIO-
JIOKHBIX BEPTHUKAIBHBIX cTeHKax (opmbr [20-22]. Oxn-
HaKo, IIOJyYCHHbIE HAa OCHOBAaHMH BOJHOBOW TEOPHHU
KoJiebanuii 3aBUCHMOCTH [21] maroT TOUYHBIE pe3yibTa-
Thl TOJBKO IPU TOJNIIMHE YIUIOTHSEMOTro OETOHHOIO
ciost 6onee 100 mm. Ecitit TommmHa YIIOTHSIEMOTO CIIOS
MEXIy BEpTHKaJIbHBIMH CTEHKaMH MeHee 50 MM, 4TO
00BIYHO HaOrOfaeTcsl MpH (POPMOBAHMHM MHOTOITYCTOT-
HBIX OJIOKOB, TO MpUBEJCHHBIE B padote [22] 3aBucumo-
CTH He 00ECIIeUNBAIOT HEOOXOIMMON TOYHOCTH HPH OI-
peIeIeHn: OCHOBHBIX MAapaMeTPOB YIUIOTHSIOLIEH BHO-
panrionHo# MammHbl. [losToMy U1 06OCHOBaHUS pa-
IMOHAJBHBIX TapaMETPOB BHOPAIIMOHHON MAaIlHbI
HEOOXOJMMO TOYHO OINpPENENIUTh 3aKOHOMEPHOCTD Jie-
¢dopmupoBanust Gopmupyemoit cpeapl OIM3KO pacmo-
JIO)KEHHBIMU BEPTHKAJbHBIMU CTEHKaMu (OPMBI M yC-
TAQHOBUTh 3aKOH JABIKEHHsI BHOpALMOHHON (OpPMBI,
UCIIONIb3yeMOM /ISl M3TOTOBJIEHHS MHOTOIYCTOTHBIX
CTPOUTENBHBIX OJIOKOB.

Llens paboTel — wHccienoBaHHE B3aUMOJEHCTBUS
OETOHHOM CMeCH ¢ BEPTHKaJIbHBIMU CTEHKaMHU (OPMBI
6e3 aHa TpH (HOPMOBAHWM MHOTOIYCTOTHBIX CTPOH-
TEJILHBIX OJIOKOB TOPH30HTAJIFHO HAIIPaBIEHHBIMH KO-
NeOaHUSMH.

MATEPUAJI U PE3VJIbTATBI MCCJIEJJOBA-
HUI. JIns onpenenenus cUI CONPOTHBIICHHS, BO3HH-
KaloIuX B MpoLecce YIUIOTHEHHs, PacCMOTPHM pac-
YETHYIO CXeMy TUHAMHYECKOH cucTembl «Bubpodopma
— yioTHsemas cpena» (puc. 1), Bxirogaronieit Bubpa-
nnoHHYI0 GopMy 1 Ge3 JHA, YCTAaHOBIEHHYIO Ha JKECT-
KOM OCHOBAaHHM 2 W 3aI0JIHEHHYIO OSTOHHOH CMEChIO
3. Ha mepenHror0 BEepTHUKANBHYIO CTEHKY (HOPMBI Ieii-
CTBYET FOPH30HTAJILHO HAalpaBJeHHas rapMOHHYECKas
cuna Osin ®f , IO/ JIeHCTBHEM KOTOPOH OCYIIECTBIIS-

ercs ymiotHeHne cmecu 3. IIpu 3TOM 3aBHCHMOCTH
MEX]Ty HallpspKeHHEM U JieopManyeil B yIIOTHAEMON
cpejie OIHUIIIEM U3BECTHBIM ypaBHeHHEM [23]:

G(y,t)=E%+ku(y,t), Q

rae o(y,f) — HampsDKCHUsS, BOZHHUKAIOIIUEC B YIUIOT-
HSIEMOM CJIO€; U — MepeMelleHHe YIUIOTHIEMOro CIOost
CMECH B 3aBHCHMOCTH OT TEKyIIeH KOOpIAMHATHI J ;
U W y — 3TO 3MJIepoBa U JIarpaHKeBa KOOPAWHATHI; E
— Moaynb nedopmanun GopMmyeMoil OETOHHON cMecH,

MEIJICHHO MEHSIOIIUIICS TapaMeTp B 3aBUCHMOCTH OT
BO3pacTalomeil B Tpoliecce YITIOTHEHHS IUTOTHOCTH
¢dopmyemoirr cmecu; A— KO3(Q(UIMEHT COMPOTHUBIIC-
HUSI, KOTOPBIH YUUTHIBAET 3aTPaThl SJHEPTUU HA pas3py-
[ICHUE BHYTPEHHUX CBs3¢i, BRITCCHCHHE BO3/yXa, Ic-
PCOPHUCHTAIIMIO YACTHUI[ U JAPYIHE SBJICHUSA B YIUIOT-
HSEMOH cpelie, COMPOBOKAAMONINEC BUOPAIIHOHHOE YTI-
notHenue [2, 13, 23], a Takxke BIUsSHAE OJIU3KO PaCIio-
JIOKCHHBIX CTCHOK (OpMBI Ha IedOopManrio YILUIOT-
HAEMOM cMecH.

B
(0.9

o(B.1)

Qsinwt

T

Pucynok 1 — PacueTHas cxema B3amMOICHCTBHSA
OCTOHHOTO CJI0S C BEPTUKAIHHBIMH CTCHKaMH (HOPMBI

Ha ocHoBanuu BelpaskeHHs (1) IBHXEHHE YTIJIOT-
HSeMOIl CMeCH B HAaINlpaBJICHUM KOOPAMHATHI ) H BO

BpEMCHH [
Ganuii [23]:

OIMMIICM CJICAYIOIINM YPaBHCHUCM KOJIC-

2 2
p U0 vt 0t
o2 oy or?

rie p — IUIOTHOCTb OETOHHOW CMecCH, MEAJIEHHO Me-

)

HSFOLIMICS mapaMerp.
Jus pemiennst ypaBHeHHs Konebanuii (3) mpexacra-
BuM QYHKIMIO u(y,?) B BUIE CHHYCOWAAILHON (yHK-

uu [2]:
u(y,t)=U(y)sin ot , 3)

rae U(y) — QyHKIHS, YIOBICTBOPSIONIAs TPAaHHIHBIM

YCJIOBUSIM paccMaTpUBaeMOM JUHAMUYECKOW CUCTEMBI.

IToBenenue paccMaTpuBaeMoil TMHAMUYECKOU CUC-
TeMbl OyIeT 3aBHUCETh OT TPAaHUYHBIX YCIOBHHA. B pe-
3yJlbTaTe TepeMeleHns BHOPO(GOpMEI B MPSIMOM Ha-
MpaBJIeHUH MO KOopauHaTe Y OT HYJIEBOTO IOJIOXKE-
HUs, TIepelHssl CTeHKa, MMeromasi koopauaaty yp =0,
OCYIIECTBIISIET CXKATHE YIJIOTHsAEMOW OETOHHON cMecH,
a 3a7HA4 CTeHKa, UMEIOIIas KOOpAWHATY y=d W Ie-
peMemarImascs B TOM K€ HalpaBlICHHH, OyAeT OKa-
3bIBaTh HA YIUIOTHAEMYIO CMECh PACTATUBAIOLIEEC BO3-
neicteue. [Ipu 5TOM TpaHUYHEBIC YCIOBHS OYIYT HMETh
BH/I;

0%u(B,1)
m _

- 0u(B,)
at?

E

—Au(B,t)=Qsinot; (4)

u(B,t)=u(0,?), (5)

rae m — Mmacca BUOPOPOPMBI, COBMECTHO C MAacCCOM
BHOpOBO30OyIuTENS KolieOaHuil; F — mumomans omHOU
CTCHKH BHOPO(OPMBI, KOHTAKTHPYIOMIEH ¢ YIUIOTHSE-
MoH cpenoli; B — TommuHa GOpMYyeMOro Ciiosl.

Bicuuk KpHY imeni Muxaiina Octporpaacekoro. Bumyck 2/2017 (103). Yactuna 1

92



CYYACHI TEXHOJIOT'TT B MAILIMHOBY IYBAHHI, TPAHCIIOPTI TA TTPHULITBI

IIpu obOpaTHOM ABWKEHHH BUOPOGOPMEI CXKATHE
OCTOHHON cMecH OyAyT HaOJIONAThCS Yy 3aJHEH CTEH-
KU, & pacTATMBAIONINE HAIPSDKCHUS y MepeHeil KpoM-
KH.

[Mockonpky BHOpOGOPMY MOXKHO CUHTaTh abCco-
JIOTHO JKeCTKUM (HeaeOpMHpYeMBIM) TEIIOM, TO 3a-
KOH JBHXEHHsI BUOPO(HOPMEI OyIEeT OJTMHAKOB, KaK IPH
IPSIMOM, TaK ¥ 0OpaTHOM ee IepeMELICHUH, T.C. CHM-
MeTpu4HbIM. [lo3TOMY JocTaTtoyHo Oyner paccMoT-
peTh TOJBKO ABMXKEHHE BHOpO(OpMBI B OIHOM Ha-
MpaBJICHUU MPU TPAHUYHBIX ycaoBusx (4) u (5).

ITyrem moncranoBku GyHKIME (3) B ypaBHEHHE
KoneOanuii (2), MoJydnuM ypaBHEHHE JJIsL OTIPEICIICHHS

¢bynakmmn U(y), T.€.

2
0 Ugy) 259D 2y -0, ()
Oy oy

0) .
rae k — BOJIHOBOE YHCIO, kK =— ; a — (a3oBas CKO-
a

POCTH PacCIIpOCTPaHEHHsI BOMYIIECHUs B 0OpabaTbiBae-
MOM CJIOE€;

a=_[—, @)

O — k03¢ UIMEHT MOTIONICHUS,

A

§=—.
2E

(®)

Pewrenne ypauenus (6) OyaeT UMeTh CIeIyIOIIUit
BUJI:

U(y)=e ¥ (Msink;y+Ncosk;y). (9)

3nece M u N — HOCTOSHHBIE MHTETPUPOBAHMA,
ompejensieMble TpaHHIHBIMU ycloBusMH (4) u (5); ky

— BOJIHOBOE YHCIIO C y4eToM JeicTBusa Ko3dduimenra
MIOTJIOIEHHS,

ke = k=35 . (10)

C yuerom Belpaxennid (3) um (9) ¢yHKUHA
u(y,t) IpUMET CIeIYIOUTHA BUM:

u(y,t)=e ¥ (M sin kiy+Ncosk;y)sinwr. (11)

[Moacrasisist BeipaxkeHue (9) B rpaHMYHOE YCIIOBHUE
(5), BBIpa3UM O/IHY TIOCTOSIHHYIO MHTETpHpOBaHUs M
Yyepe3 APYTyIo IOCTOSHHYIO HHTETPpUPOBaHUS N , T.€.

v (1-e7%8 sin ky y)

M OB
e sin le

(12)

HUcrone3ys 3aBucumocts (12), momayuum perieHue
ypaBHeHUsI Kosebanwmii (2) B creayromei obmeil Gpop-
Me:

. _8B -
sinkyy+e *° sinkj(B-y)
u(y,0) = 58 x

e U sink|B

x Ne™® sin ot .

(13)

ITyrem moxacraHoBKU 3aBucuMocTd (12) B rpaHnY-
Hoe ycioBHue (4) HalijieM TOCTOSIHHYIO HHTETPHPOBa-
Hus N :

N= 5 Q (14)
%% —cosk B
klEFﬁ—SEF—ma)z
Sm k]B

Moacrasmnsis Beipakenue (14) B QyHKIMOHATBHYIO
3aBucuMocTh (13) HalimeMm pemieHne ypaBHEHHS KOJe-
OaHnii (2) B cnepyromeit popme:

Oe ¥ [sinkyy+e 8 sinky(B-y)] .
e sin kB
X ! sin ©¢
-8B '
—cosk,B
o EF S "S00N2 _Spp - me?
S k]B

u(y,t)=

(15)

[TomyuenHoe BbIpaxkeHue (15) ommcheIBaeT 3aKOH
JIBJKEHMSI pacCMaTpUBaeMOil JMHAMUYECKON CHUCTEMBI
«Bubpodopma — yruiotHsiemas cpeziay, T.€. ONHUCHIBAET
JBIDKEHHE YIUIOTHSAEMON Cpebl IPH 3HAUEHHSIX KOOp-
guHatel 0<y< /L. IIpu y =0 BbIpaxenue (15) omu-
CBIBAa€T JBIDKCHUE YIUIOTHAEMOM Cpelabl COBMECTHO C
nepefHe CTeHKOH BHOPO(QOPMBI M COOTBETCTBEHHO
JBIDKCHHE CaMOH BHOpPOGOPMBI B TOPH30HTAIEHOM
HaIpaBJICHUU:

Qsin ot

-3B
—coskB
klEFe—l

u(0,1) = . (16)

- —8EF — mo?
sin kB

W3 amanmsa 3aBucumocTtu (16) BHIHO, YTO BBIpa-
KEHUE

e_BB—cosle
Cy :klEF.——
sin kB

SEF (17)

MIPEACTaBISIET COOOH KOMIUIEKCHYIO CHILY COIIPOTHBIIE-
HUSL.

Ha ocnoBanmnu BelpakeHust (17) 3akoH xojeOaHUHA
paccMaTrpuBaeMoil JTMHAMHYECKOH CHUCTEMBI Tpeodpa-
3yeTcd K CIEAYIONIEMY BHIY:

Oe ¥ [sink,y+e 8 sink; (B—-y)] .
—oB
e

u(y,0) = T
(¢, —mo”)sin kB

X sin ®f .

(18)

[oncrasnsas Beipakenue (18) B ypasHenue (1) on-
penenuM 3aKOH W3MEHEHHs HalpsDKEHUH, BO3HHKAIO-
[IUX B YIUIOTHAEMOM CJIO€, T.€.

0e ¥[8 + ik}

G(ys t) ==
e*SB

(cy — mw?)sin kB
x E{—cos(k;y — ) +e 98 coslk; (B-y)+o¢]}x
X sin ot , (19)

rae ¢ — yroicasura gas,
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)
¢ =arctg —.
ky
Hanpspxennsi, Bo3HUKaromue B OCTOHHON cCMecH Y
CTEHOK (hOPMBI, OTIPEEISITCS U3 CIEAYIOMNX BBIPaXKe-
HUIL:
QOsin ot

o(0,7) = x
e 8 (cy — mw? )sin k1 B
x E[ky +e 8 (5sin kyB—k, cosk;B)];  (20)
o(B,t) = % X
(cg —mw”)sin k1B
x E(—e B ky +8sin kyB+k, cosk;B).  (21)

TakuM 00pa3oM, Ha OCHOBE M3YUCHHS paclpocTpa-
HEHUS BONH JeopMalud B YIJIOTHAEMOH cpere,
MIPEACTABICHHON B BHJE CIUIOLIHOW Cpelsl C pacrpe-
JICICHHBIMHU [TapaMeTpaMHM, IIOJMY4YEHBl 3aBHCUMOCTH
JUISL OTIpeAeIeHNs (PU3NKO-MEXaHWIECKUX XapaKTepH-
CTUK VIUIOTHAEMOH Ccpefbl, B3aMOJAEWUCTBYIOLIEH C
BEPTUKAJIBHBIMH, OJHM3KO pPAaCMOJIOKEHHBIMH JpYT K
JpYry CTEHKaMu (GOpMBI. DTH 3aBUCHMOCTH C JIOCTa-
TOYHO BBICOKOH CTENEHbIO TOYHOCTH MOTYT OBITH HC-
MIOJIb30BAHBI B CJIOKHBIX JUCKPETHBIX TUHAMHYECKHUX
cUcTeMax, HampuMep, TaKHX Kak BHOpallMOHHAas Ma-
LIMHA, TpeHa3HaYeHHas s pOpMOBaHHS MHOTOITYC-
TOTHBIX OJIOKOB.

BBIBOJbI. Ha ocHOBaHNM Teopun KojieOaHUI Me-
XaHUKH CIUIOLNTHOW CPeAbl M3y4eH IPOIEcC pacIpo-
CTpaHEHHs BOJIH JedopMmanuu B yIJIOTHAEMOH cpere,
MIPE/CTABICHHOMN B BHJE CHCTEMBI C PaCTIPEIeICHHBIMU
napaMeTpamMH, W OMNpEeIeTeH 3aKOH Ae(hOpPMUPOBAHUS
YIUIOTHSIEMOW Cpellbl NIPU BO3JECHCTBUM Ha HEE rOpU-
30HTAJIHHO HANpPaBICHHBIMHU KOJICOAHUSIMH CO CTOPOHBI
BEPTUKAJBHBIX, OJIM3KO PACIIOJIOKEHHBIX APYT K IPYTy
CTEHOK BHOpannoHHO# (opmsbl. [TonydeHsl TeopeTnye-
CKHE BBIPAXEHHS, IO3BOJIAIONINE JOCTATOYHO TOYHO
onucaTh TOBEJICHHUE pealbHOM IMHAMHYECKOH cucTte-
MBI «Bubpannonnas ¢opma — ymioTHseMas cpena»
pu (GOPMOBaHUHU OCTOHHBIX M3IEIUI U3 JKECTKUX Oe-
TOHHBIX CMECEeH IyTeM NPHJIOXKEHHUsS TOPU30HTAIBHO
HarnpaBJeHHBIX KojieOaHuii. OHU MO3BOJISIOT POU3Be-
CTH KOMITBIOTEPHOE MOJICTIMPOBaHNE 3aKOHOB JIBHXKE-
HUSL 1 QOpM KosieOaHUH TOHKHX YIUIOTHSIEMBIX CIJIOEB
OETOHHOW CMeCH, MPOaHATU3UPOBATh UX C TOYKH 3pe-
HUS 3¢ (EeKTUBHOTO BO3JCHCTBUSA Ha 00pabaThIBaEMYIO
cpexy TOPU30HTAIBHO HANpaBJICHHBIMH KOJEOaHUSIMHU,
00ocHOBaTh BHI U (HOPMY BHOPAITMOHHOTO BO3ZCHCT-
BHS, a TaKk)XKe OOOCHOBATH PAIlMOHAIBHBIC TAPaMETPHI
BUOpanmoHHOro obopynosanus. [loxydeHHbIe 3aBUCH-
MOCTH KO3(QQHIIHEHTa KOMIUIEKCHOTO CONPOTHBIICHUS
MOTYT OBITB C JOCTaTOYHO BBICOKOH CTENEHBIO TOYHO-
CTH  HCIHOIb30BAHBI B CIOXHBIX JUCKPETHBIX JHHA-
MHUYECKHX CHCTEMax, HalpHuMep, TaKUX Kak BHOpamu-
oHHas ¢Gopma 6e3 JHa, COBEPIIAIONIAs CIOXKHbBIE KOJe-
06aHus B BUAE NMPSIMOJIMHEHHBIX U KPYTHIBBIX KojeOa-
HUI B TOPH30HTAIFHON TUTOCKOCTH M 00ecieyHBaromas
(hopMoOBaHHE MHOTOITYCTOTHBIX OETOHHBIX OJIOKOB.
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RESEARCH OF CONCRETE MIX THIN LAYERS INTERACTION
WITH VIBRATING FORM VERTICAL WALLS

A. Maslov, V. Luk'yanenko

Kremenchuk Mykhailo Ostrohradskyi National University

vul. Pershotravneva, 20, Kremenchuk, 39600, Ukraine. E-mail: kmto.43@gmail.com

Purpose. Existing methods of definition of rational parameters of vibrating machines do not provide the required
accuracy when the thickness of the sealing layer between the vertical walls of less than 50 mm, which is usually ob-
served when molding the hollow blocks. Therefore, for justification of rational parameters of the vibrating machine is
necessary to accurately determine the pattern of deformation generated environment closely spaced vertical walls of the
mold and to set the law of motion of vibrating forms used for the manufacture of hollow building blocks. The aim of
this work is to study the interaction of concrete mix with the vertical walls of the mold without a bottom for forming
hollow building blocks of the horizontally directed oscillations. Methodology. To determine the resistance forces aris-
ing in the process of sealing the mathematical model of the interaction of thin layers of concrete with vertical walls vi-
brating shape without a bottom. On the vibrational form is valid horizontally directed force. but the sealing environment
is presented in the form of continua with distributed parameters. The equations of oscillations of a dynamical system in
partial derivatives and defined boundary conditions. This regularity of the variations of the studied dynamic system.
Results. By solving the equation of oscillation of the sealing medium equations, satisfying the given boundary condi-
tions, determined the pattern of deformation of a thin layer of the sealing medium depending on the rise time of the den-
sity of the moldable mixture, its physical-mechanical characteristics, the thickness of the sealing layer of the vibrating
mass shape, frequency and amplitude of the perturbing force. Coefficient of resistance of the concrete mix acting on the
vertical wall of the vibration of the bottom depending on the relative density of the concrete mix, its consistency and
thickness of the sealing layer. Determined by the oscillation amplitude of vibrating forms and stresses in the sealing
environment. Originality. First investigated the interaction of vertical walls vibrating shapes with thin layers of com-
pacted concrete. As formulated in the equations of oscillations of a dynamic system takes into account the effect of
compressive and tensile forces acting on opposite walls of the form. The found stresses in the concrete mix that occurs
throughout the thickness of the sealing layer. Practical value. The theoretical expression that allows to make computer
modeling of the laws of motion and mode shapes of thin sealing layers of concrete mixtures, to examine them from the
point of view of effective influence on the processed medium horizontally directed vibrations, to justify the shape and
form of vibration exposure, and to substantiate the rational parameters of vibrating equipment. The dependences of co-
efficient of impedance can be with a fairly high degree of accuracy used in complex discrete dynamical systems, such
as vibratory form without a bottom, making the complex oscillations in the form of rectilinear and krutilek oscillations
in the horizontal plane and providing a molding hollow concrete blocks.

Key words: form vibration, oscillation, interaction, the sealing environment..
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