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PaspaboTana BuOpaIoHHas TUTUTa CaMOXOJHON BHOPAIMIOHHON MaIIMHBI JUTs YIUTOTHEHHsI OeTOHHBIX cMmecelt. Co-
CTaBJICHA MaTEMaTHIECKasi MOJIENb TMHAMHYECKOH crucTeMbl « BuOpaoHHast InTa — yIIoTHAEMas cpesiay, B KOTOpOH
MIOCJIEIHSAS TIPECTAaBICHA B BUIC ANCKPETHO-KOHTHHYAJIBHOM CHCTEMBI C HENIPEPHIBHO M3MCHSIOIINMIECS ITapaMeTpa-
Mmu. [IpoBeneHb!I HcceI0BaHUs pacCMaTPUBAEMOM JMHAMHUYECKOW CUCTEMBI B pabodeM pexxume. J{BrkeHue BUOpaIy-
OHHOH IIUTHl CAMOXOJHOW BHOPOYIUIOTHSIONIEH MaIIWHBI TPEJICTABICHO B BHJE CJIOKHBIX MPOCTPAHCTBEHHBIX KOJIE-
0aHMi, COCTOSIINX U3 BEPTUKAIBHBIX, TOPU3OHTAJIBHBIX M KPYTHJIBHBIX KojeOaHui. OnpeneleHbl 3aKOHbI JBHKEHUS
JIHHIIA BHOPOILINTHI, B3aMMOAEHCTBYOLIEH ¢ OETOHHOM CMEChI0 B BEPTHKAJIHHOM HAIPaBIEHHH M TOPHU30HTAIBLHOU
IUIOCKOCTH, B 3aBUCHMOCTH OT (PM3MKO-MEXaHHYECKUX XapaKTePUCTHK YIUIOTHSAEMOM CpeJibl, TONIIHMHBI YITIOTHIEMOT'O
CJIOsI, YIIIOBO YacTOTHI KOJIEOAHUH U T€OMETPHYECKUX MapaMeTpoB BUOPOILIMTHI U YIIpyroi noasecku. [IpuBeaeHHbIe
3aBUCHMOCTH TTO3BOJIIIOT OOOCHOBAThH PAIlMOHAIBHBIC TTAPAMETPBl CAMOXOAHONW BUOPALlMOHHOM MaIInHBI 1 000CHOBaH-
HO BBIOpATh pallOHAIILHBIE PEXUMBI PAOOTEHI.
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Ha ocHoBI aHanizy iCHyrOUMX METOJIB YUIUIbHEHHS Ta KOHCTPYKTUBHOT'O MPUCTPOIO YIIUILHIOIOYHMX 3aC00iB 3a1po-
MOHOBaHa HOBA KOHCTPYKIIisl BiOpaliifHOT IIIMTH 3 1BOMa BiOp030yJHUKaMH KOJIUBaHb, [0 CHHXPOHHO 00EpTaIOThCs, 3
PI3HMMU aMIUTITYaMu 30yprotounx cuil. Onucano npuHUn pooot. CKIageHo MaTeMaTHYHy MOJAENb JUHAMIYHOT CH-
cremMu «BiOpamiiiHa minTa — yOIUIBHIOBaHE CEPENOBHINE», B SKIH OCTAHHE NPEACTABICHO Y BHIVISAI JHUCKPETHO-
KOHTHHYaJIbHOI CHCTEMH 3 Oe3lepepBHO 3MIHHUMHU MapamMeTrpamu. Y mporeci poOoTH BiOpamiliHa IUTMTa B3a€EMOIIE 3
OCTOHHOIO CYMIIIIIIO, BIACTHBOCTI SAKOI MPEICTaBICHI cepeqHiMUA Koe(ilieHTaMu >KOPCTKOCTI, SKi XapaKTepH3YIOTh
MpY>KHI BIIACTHBOCTI OETOHHOT CyMIlIi BiIOBIIHO IMpH i B3a€MOIi 3 MEPeIHBOI0 Ta 33JHFOI0 YaCTHHAMH THHINA BiO-
paniitHol IUINTH, IPUYOMY JHHMINE YMOBHO PO3AIJICHE Ha MEPEIHIO 1 3a{HI0 YaCTHHH BiJIHOCHO Horo cepeanHu. [ucu-
MaTHBHI BJIACTUBOCTI OETOHHOT CyMIIIIi i/ MEPEAHBOIO 1 3aJHPOI0 YACTHHAMU JHHIIA BIOPAI[IHOT IUTUTH Y BEPTHUKAIIb-
HOMY HamnpsIMKy HpeiCTaBieHi KoeillieHTaM1 HEeTIPYKHOTO OIopy. BHKOPUCTOBYIOYM METO]| YHCEIHbHOTO 1HTErpyBaH-
Hs1, OyJIM BU3HAuUEeHI 3HAYCHHsI CEPEHIX KOe(ili€HTIB XKOPCTKOCTI, JMHAMIYHOTO MOJYJIsl IpYXkHOI nedopmarii, koedi-
[IEHTA TUHAMIYHOI B'SI3KOCTI 1 IIIJIBHOCTI OCTOHHOI CYMIIlli IMiJ] MEPEAHBOIO 1 3aJHBOI0 YaCTHHAMH JHHIIA BiOpaiiHOT
wnTh. [IpoBeieHO JOCiKEeHHs PO3IIITHYTOT IMHAMIYHOI ccTeMU B poOodomy pekumi. CKIaleHO PiBHSHHS PyXYy,
10 ONHKCYIOTh CKJIAJHI NPOCTOPOBI KOJMBaHHS BiOpaniifHOl UIMTH camMoXifHOI BiOPOYIIUILHIOBAJIBHOI MALlIMHU Y BU-
IJISLI1 OTHOYACHO JFOYHMX BEPTHKAIBHHX, TOPH3OHTAIBHHUX 1 KYTOBHX (KPYyTHJIBHUX) KOJIHMBaHb. BU3HAYEHO 3aKOHH KO-
JMBaHb LEHTPY TSOKIHHA BIOPOIUINTH Y BEPTHUKAIBHOMY i TOPH30HTAJILHOMY HAlpsIMKaxX, a TaKOX 3aKOHU KOJIMBAaHb
KPYTHJIBHUX KOJHMBaHb BITHOCHO IIEHTPY TSDKIHHS BiOPOIUIMTH NpH ii B3a€MOJI{ 3 YIIIIbHIOBAaHUM cepefoBuIneM. Bu-
3HAUEHO 3aKOHU PyXy JHHIIA BIOPOIUIMTH, B3a€EMOJIIF0U0i 3 OETOHHOIO CYMIIIIIIIO Y BEPTUKAILHOMY HaNpsMKy i TOpH-
30HTAJIBHIN TUTOMIUHI, 3aJIeKHO Bi (i3WKO-MEXaHIYHUX XapaKTEPUCTHK YIIITHPHIOBAHOTO CEPEOBHUINA, TOBIIUHH VIIi-
JILHIOBAHOTO 1apy, KyTOBOi YacTOTH KOJHMBaHb, TEOMETPUYHHUX MapaMeTpiB BIOPOIIMTH Ta MPY>KHOI IMiABICKK BIOpOTI-
mutH 10 6a3oBoi MammHN. HaBeneno anami3 orpuMmaHux pimens. OTpuMaHi aHANITHYHI 3aJI€KHOCTI TO3BOJSIOTH 00-
IPYHTYBaTH paIliOHaNbHI NMapaMeTpu caMoximHoi BiOparmiifHOI MamuHU, BUOpAaTH palliOHATBHUN MeTOH BiOpariiifHoro
BIUIMBY Ha YIIUTbHIOBAHE CEPEIOBHUINE i BiAIOBIAHUI PeXUM poOOTH ajeKHO BiJl KOHCHCTEHI{ OeTOHHOI cymimli i To-
BIIMHY YIIUTBHIOBAHOTO APy

KuiouoBi ciioBa: BiOparifina rminTa, B3a€MOJIisl, YITUTBHIOBAHE CEPEIOBHIIIE.

AKTVYAJIbBHOCTb PABOTLI. Hacrosmee Bpems peoIoruYecKoi MOJENbI0 B BUAE ynpyroi mogenu I'y-
TpebyeT co3JaHusi BBICOKOI((EKTUBHBIX M Malo3Hep- Ka, BS3KOTO TeJa, ONHCHIBAEMOro Mozeiblo HpioToHa,
TrOEMKHX BHOpallMOHHBIX MAalIdH, MpeJHa3HaYeHHBIX BSI3KOYNPYyTroro tesia B Buje Mojenu KensBuHa — @orra
JUISl U3TOTOBJIEHHUS OETOHHBIX M3JEJIMH ¢ BBICOKOH IpO- w Makcgemna [5—7]. W3 Bcex mepedmclieHHBIX peo-
n3BoUTENBHOCTEI0.  CyliecTByomye BHOpanuOHHbBIE JIOTHYECKUX MOJeJIell Hanboyiee TOYHBIE PE3YJbTaThI
MAIlMHBl, B BU/ie BUOPAMOHHBIX mpeccoB [1] u BuOpo- JAIOT PEOJIOTUYECKUE MOJEIH, KOTOPbIE YUYHUTHIBAIOT
MIOMAIO0K [2, 3] UMEIOT CIOKHYIO KOHCTPYKIHIO U MO~ yIpyTrue, MTHEPLMOHHBIE U AUCCUIIATUBHBIE CUJIbI, JEUCT-
BEIIICHHYIO SHEPTOEMKOCTh, & CaMOXOIHBIE BHOpPOYII- BYIOIIFIE CO CTOPOHBI OETOHHOW CMECH Ha BUOPAIIMOHHYIO
JIOTHSIIOIIKE MamuHe! [4], He oGecreunBaroT mpopador- IUIMTY CAMOXOJIHOM YIIOTHsIoIIEH MaruHsI [8].

Ky OOJIbIIUX TOJIIIMH YIUIOTHSIEMOro ciiosi 6etona. [Tpu Iens paboThl — UCCieIOBaHKE TIpoIecca KoJieOaHmit
HCCIIeTOBaHUM pabovero peknMa caMOXOTHOW BUOPOY- BHOPAIIMOHHOW TUIUTHI CaMOXOJHOW BHUOPOYIIIOTHSIO-
IUIOTHSIOIEH MalIMHBI OETOHHYIO CMECh MPEACTABIISIOT 1el MaluHbI B paboueM pexume.

Bicuuk KpHY imeni Muxaiina Ocrporpazacekoro. Bumyck 2/2018 (109). Yactuna 1
66



CYYACHI TEXHOJIOT'TT B MAILIMHOBY IYBAHHI, TPAHCIIOPTI TA TTPHUILITBI

MATEPUAJI U PE3VJIbTATBI HCCIJIEJJOBA-
HUMA. Jlis uccenoBanusi KojeOaHU mepeMeniaronmei-
cs1 BUOPAI[MOHHOW IUTUTHI B TOPH30HTAJIFHOM HAIIpaB-
JICHUW CO CKOPOCThIO V W B3aWMOJEHCTBYIOMIEH ¢ yII-
JIOTHSIEMON CpelloH, pPacCMOTPUM pPACUETHYIO CXEMY
JTMHAMHYECKOH CHCTEMBl «BUOpAIlOHHAs IUIMTAa — YII-
notHsiemast cpena» (puc. 1). KomeGauums w3ydaemoit
JMHAMHYECKOH CHCTEeMbl OyneM paccMaTpuBaTh HpPH
neificTBun BUOPOBO3OYIHTENIECH KPYTrOBBIX KOJIEOaHHIA,
nebamaHcel KOTOPBIX CO3JAl0T KPYTOBYIO BO3MYIIAO-
myo cuity ¢ ammurygamu Qq u Q. Kakayro us atux

CHJI MOXKHO PasJIOKUTh Ha JBE COCTABISIOLINE: BEPTH-
kanmpHBle QqSinwt, Q,Sinwt u ropu3oHTaNBHBIC

Q,coswt, Q, cosmt. B mpouecce paboTel BUOpalu-

(fh

OHHAas TUTUTA B3aWMOJICUCTBYET ¢ OETOHHOH CMECHIO,
CBOMCTBa KOTOPOW MPEINCTaBICHBI CPEIHUMHU KOdDDH-
IIMEHTaMU KECTKOCTH C; U Cy , KOTOPBIE XapaKTepusy-

0T yNpYrue CBOWCTBAa OCTOHHOW CMECH B BEPTHKAIb-
HOM HaIlpaBJIEHUHU COOTBETCTBEHHO MpH €€ B3auUMOACH-
CTBHH C TEPETHEH U 3aHCH YacTAMH JTHHINA BUOpAIlu-
OHHOW TUIUTHL. JlUCCHIIATHBHBIC CBOICTBa OCTOHHOM
CMECH TI0/1 TIepeHell 1 3amHell YacTsIMu JHAIIA BUOpa-
LIMOHHOM IJIUTHI B BEPTUKAJIbHOM HAIPaBJICHUU MOXKHO
MIPEICTaBUTh KOA(PUIIMEHTAMH HEYIIPYTOTO COTMPOTHB-
JICHUs. t U fo . IIpH 5TOM IHHIIE YCIOBHO Pa3laelIeHO

Ha MEPeHIO U 3aHIOI0 YaCTH OTHOCHUTEIBHO €ro ce-
PpeaMHEL

L

Pucynok 1- pacuyerHas cxema THHAMHYECKOM CUCTEMBI «BUOPAIIMOHHAS [UIMTA — YIUIOTHIEMAs CPeIay:
1 — BuOpanuoHHas 1mTa; 2 — oropa BUOPOBO30YANUTENSI KOJIeOaHUH; 3 — OCHOBHOHM BUOPOBO30YIMTENH KPYTOBBIX
KoJjebaHuii; 4 — MOTOTHUTENLHBIH BHOPOBO30YIUTENHh KPYTOBBIX KOJIEOAHUH; 5 — YIIPYTrHue aMOPTH3ATOPHI;
6 — onopHas pama; 7 — 3JCKTPOIBUIaTelb; 8 — IenHas nepenada; 9 — 6ETOHHAS CMECh;
10 — HeneopMHUpPyeMOE OCHOBAHHE
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Jnst BEIMUCTICHUS CPEIHAX 3HAYECHUH C; U Cp, ty H
Mo WCHOIBb3yeM IHUCKPETHBIE 3aBUCHMOCTH, MOITy4CH-

HBIC TIPH HCCIEOBAaHWU PACHPOCTPAHEHHs BOJH KOJle-
0aHUl B YIUIOTHSIEMOW cpelie, MPEICTABICHHON B BUIE
CHCTEMBI C pactpe/eleHHbIMU apamerpamu [9]:

¢ = kEFctgkH; (D)
1 =0,57F, )

rac k — BOJIHOBOE qucCJI1o,
k= (3)

rae E — auraMumdgeckuii Monyne ynpyro# aedopmanin
3JIEMEHTAPHOTO YIUIOTHSAEMOTO 00beMa;

E:E0[1+21-822:|; 4)

rae Eg — nunamumdeckuii Momynb ynpyroi nedopma-
UM HEYIUIOTHEHHOTO CJIOSI CMECH IpHU IJIOTHOCTH
po:z] M zp— IOKa3aTeNu, INPUHUMAaeMble DaBHBIMU

z1=4 M zp =2 AIA TKENbIX OETOHHBIX cMeceil mpu

ocaake KoHyca 3,5...4 cM (3KBUBaJeHTHAs >KECTKOCTh
cmecu G, =5 — 7 ¢) n xectkoctu G, =30...120 ¢ [9];

€ — OTHOCHTENIbHAS IJIOTHOCTh OETOHHO# cMECH,

P~Po .

£= ;
Pk —PO

®)

rae F — miomans THHIA BUOPAMOHHOM IUIUTEL, KOH-
TaKTUPYIOLIAs C TIOBEPXHOCTBI0 00BEMaA YIIOTHIEMOTO
cnosi; H — BBICOTA YIUIOTHAEMOTO ciiosi; n — Ko3¢p¢u-
LHEHT HEYNPYTroro CONMPOTUBIICHHUS YIUIOTHAEMOTO 00b-
€Ma, YYUTHIBAIOUIUI BHYTPEHHEE TPEHUE MUHEPAJIBbHBIX
yactuly B yHHOTHHeMOﬁ CMECH, 3aTpaThbl DHEPIrun Ha
pa3pyllieHue BHYTPEHHUX CBA3EH, BRHITECHEHHE BO3/yXa,
NEPEOPUEHTALIMIO YACTHIl M JPYrHe SBJICHUS B yILUIOT-
HJEMOIl cpeze, CONPOBOXKAAONME BHOPALMOHHOE YII-
notHenue [9]:

n=KHe!' JEp ; (6)
rre K; — KO03pOHIMEHT NPONOPHUOHAILHOCTH,

K1=0,05; f; — xo3(duIueHT BHYTPEHHETO TPEHHS
OETOHHOW CMeCH TP BHOPAIMOHHOM BO3AECHCTBUH; ©
— yIIoBas 4acToTa BBIHY)KICHHBIX KojieOaHWil; p —
IUIOTHOCTb OETOHHOM CMECH B YIUIOTHSIEMOM O0BEME.
Jns onpeneneHus cpeaHUX KOA(PQPHUINEHTOB KECT-
KOCTH C; U Cy , pa3obbeM Bech 00beM OETOHHOM cMecH,
HaXOJSIIUNCS 1101 BUOPOIUTUTOH HA N 3JIEeMEHTapHBIX
00bEMOB OJMHAKOBOM INMPUHBI U IIOCIEJOBATEIBHO
NIPOM3BEZEM BBIYMCIICHHS YIEIBbHBIX 3HAYeHHH KO3 (-
(purenTa KECTKOCTH Cyj s N 3HAYCHHH OTHOCH-

TEIbHOU IIOTHOCTU OETOHHOH CMECH &), PaBHOMEPHO

u3MeHstomuxces B auanasone ot 0 go 1 [10]. dust un-
JKEHEPHBIX PACYETOB BIIOJHE MAOCTATOYHO MPUHATH KO-
JM4YecTBO pa3ouenuii N =16, 18, 20 [10].

Hcnonb3yss METOA YHCICHHOTO WHTEIPUPOBAHUS,
OTIpeZIeIUM 3HAYEHUsI CpeAHHX Kod((DHUIIMEHTOB KecT-
KOCTH C; U Cy !

0 SF 0.5n+1 0 5F 0.5n+1
=1 . Cyj = ———- E;ki:ctgk{H .(7
1T 05n+1 E Y o5n+1 E ikictgkaH (7)
F n+1 F
cp o OSF I OSF
05n+1 i o5ng  05n+1
n+1
ZEikiCthlH . (8)
i=0,5n+1

OmnpeneniM CpeTHIOI0 OTHOCUTENBHYIO AedopMa-
IMIO YIUTOTHSEMOM CMECH, COOTBETCTBYIONIYIO 3Haue-
HHAM KO3()(QUIIUEHTOB KECTKOCTU Cp U Cp :

0.5n+1
> &i(EikjctgkiH)

i1 .

0.5n+1 ! (9)
> (EjkjctgkiH)
i1

€1 =

n+1
> &i(EjkjctgkiH)
i=05n+1
T ndl
> (EikjctgkiH)
i=0,5n+1

(10)

€2

IloxcraBisas HalJCHHBIE 3HAYEHUSA & U &y OIpe-

ACIUM CPEAHION0 IIJIIOTHOCTH OeTOHHOM CpCabl IPpU 3THUX
3HAYCHUAX!

p1=po+e1(pk —po); (11)

P2 =po+&2(Pk —po) - (12)

HUcnone3ys Beipakenus (4), (5), (6), (11) u (12) on-
peleiuM Cpe/IHHe 3HAYCHHS JUHAMHUYECKOTO MOJYJISI
ynpyroil nedopmanun E; u E,, a tawke xoaddunu-
€HTBI HEYIPYTrOro CONPOTUBIICHHS YIUIOTHSIEMOTO 00b-
eMa, 11 U 1o HOA HepelHel U 3aJHeH JacTsIMu BUO-

pOHJ'II/ITBI:
_ .,
E,=Eo|1+ zl-[uj ; (13)
Px —Po
_ o
E2 = EO 1+ Al (M] i (14)
Px —Po
w =05K;He " [Ejpy ; (15)
1, =05KHe ™ [Epp, . (16)

PaccrosHus OT mepenHel KPOMKH THHUIIIA BUOpAIIH-
OHHOM TUIUTHI 10 PABHOACUCTBYIOUIEH YNPYruX CHIT
CONPOTHBIICHUSI TIOJ] TEpeaHEed W 3agHed YacTsIMU
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JTHUIIA BHOPAIIMOHHON IUIMTHI OYAYT COOTBETCTBEHHO
PaBHEIL:

|01=6‘1L; |02 =€2L. (17)

B pesynbrare nedcTBHS BO3MYIIAIOIIEH CUIBI JBH-
KEHHWE  BUOPOIUTUTHI NPEACTaBUM B BUJE NPSMOJIH-
HeWHBIX KoslebaHuii e€ nenTpa Tsokectn O B Hampasiie-
HUHM KOOPIMHATHBIX oced Z m X B COYCTAaHUH C yT-
JIOBBIMH KOJICOAHMSIMH OTHOCHTEJIBHO KOOPAWHATHOMN
ocu Y , mpoxoJsieil 4epe3 HeHTpP TSHKECTH BHOPOILIU-
1ol (puc. 1). Ilpu 3TOM ABMKCHHE BHOPOIUTHUTHI MOYKHO
OIMcaTh CIACAYIOUIECH CUCTEMON YpaBHEHUMN:

— NepeMelleHue 10 BEePTUKAIU B HAlpaBIEHUH KO-
opawHATHOM ocH Z :

d?z dz
mdt_2+(bz +Hbz)a+(cz +Cpy)z=

=(Qq +Qy)sin wt; (18)

— IepeMelleHHe MO TOPH30HTAIM B HalpaBlICHUH
KOOpJIMHATHOH ocu X !

2y

d dx
mdt_z"'(bx ‘H/lbx)a"'(cx +Cpy )X =

=(Q; +Qy)cosmt; (19)

— YrJOBOC MEPEMECHICHUC OTHOCUTCIBHO KOOPIU-

HaTtHO# ocu Y :
d?y dy
J——+(+np)—+(0+0p) -y =
dt? dt

=(Q; Qo) -nsinmt+(Qq +Qs)-r; coswt , (20)

rre M — Macca BUOPAllMOHHOW IUTUTHI; Z UM X — Mepe-
MEIIeHNs] BUOPAlMOHHON IUINTHI B BEPTHKAJIBHOM H
TOPU30HTAJIBHOM HAINlPaBIEHUH COOTBETCTBEHHO; C, ,
cyu b,, by— Ko3hPuIIEeHTH KECTKOCTH U HEYIPYTO-

IO CONPOTHUBJICHUS YIIPYTOi MOABECKU COOTBETCTBEHHO
B BEPTUKAJIbHOM U TOPU30HTAJILHOM HAIlpPaBJICHUH; Cp,

— K03 (QUIHEHT YIIPYTOil )KECTKOCTH OETOHHON CMECH B
BEPTUKAJIHHOM HAIPaBJICHUH,

Cph; =C1 +Cy; (21)
rIe Hp; — K03(Q(OUINEHT HEYIMPYroro CONPOTHBICHUS
OETOHHOH CMECH B BEpTHKaJIbHOM HaIlPaBJICHHUH;

Hbz =H1+H2; (22)

rae Cpyy U bpy — K03 ULHEHTE! YIPYroi KECTKOCTH U

HEYHNpyroro COIpOTUBJIICHUA OCTOHHOM CMECH B ropu-
30HTAJIbHOM HaIllpaBJICHWUH,

_ Cpz .
Cpx = 2(1—V) ) (23)

_ bbz .
bbx = 2(1—\/) , (24)

rae v —ko3¢pdunuent Ilyaccona; J — maccoBblif Mo-
MEHT UHEpPUUH BHOPAIIMOHHON IUTUTBHI, OTHOCHTEIHHO
ee IeHTpa TsbkecTd; 0 U N— KO3(D(UIMEHTH Kpy-
THJIBHOM JKECTKOCTH U JWUCCHIALUK aMOPTH3aTOPOB
IIPU YIJIOBBIX IEPEMELICHUSAX ITUHAMHYECKO CcHCTe-
MBI OTHOCHTEJBHO KOOpAMHAaTHOH ocu Y; Oy u ny—

KOX(QHUIUEHTH YTIOBOH >KECTKOCTH W TUCCHIAINA
OCTOHHOW CMECH TPH YITOBBIX MEPEMEIICHHUIX IH-
HaMUYECKOM CHUCTEMBI OTHOCHUTEIBHO KOOPAMHATHOM
ocu Y,

Op = ¢1(0,51 —lg1)? + ¢,y (Igp —0,51)? ; (25)

Ny = 21051 —lo1)? + 12 (I, —05)%.  (26)

Pemienne ypaBaeHust (18) MOXHO MpeACTaBUTH B
CJITyTOIIEM BHJIE:

2= Ay, sin(ot — g, ), (27)

rae Ag, — aMIUIMTyAa KojJeOaHWM ILIeHTpa TSDKECTH
BHOPOILINTH! B BEPTHKAIBHOM HAIPABICHUH,

Q+Q2

Z =
\/(Cz +Cp; _m(’)z)z +(b; +1pz)

Ay . (28)

20)2

rae @g; — yroia casura a3 Mex1y aMIUIMTYI0H BO3-

MYIIAIOMIEN CUIBl M aMIUIUTYIO0W KoJieOaHWil LEeHTpa
TSHDKECTH BHOPAIMOHHON IUTUTHI B BEPTUKAIBHOM Ha-
MpaBJIeHUH,

b, +
¢, = arcty #bzz . (29)

C; +Cpy —Me

Ucmone3yss ypasuenwe (19), waiimem aBuKeHHE
BHOPAIIMOHHOHN IUIUTHI B TOPHU30HTAIEHOM HaIpaBJe-
HHH BJIOJIb KOOPJIMHATHOM OCH X B CIEIYIOIEM BUJIE!

X = Agy Sin(ot —@gy) , (30)

rae  Agy— aMIUIMTyAa KosieOaHMH LEHTpa TSHKECTH

BHOpAIMOHHON IUTUTHI B TOPHU30HTAIBHOM HAIIpaBlic-
HHH,

Qr+Qy

2\2 2 2
\/(cx"‘cbx_m@ )< +(by +upx) @

Agy = ; (31)

IIe @gy— yroua casura a3 Mex1y aMIUIMTYIOH BO3-

MYIIAOMENH CWIBI M aMIUTUTyJa KoJIeOaHWH IEeHTpa
TSOKECTH BUOPAIMOHHOW TUTMTHI B TOPU30HTAILHOM
HarpaBJICHUH,

by +
Pox = arctg _ OxTHbx (32)
Cy +Cpy —M®
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Pemas ypaBuenue (20), ompenenuM 3aKOH YIJIOBBIX
KojeOaHnii BUOPAIIMOHHOW IUIMTHI OTHOCHUTENBHO €6
LIEHTPA TSKECTH, T.C.

v =¥ sin(ot —&)+ W, cos(mt - &), (33)

rae ¥ u Wy — aMIUIUTY.BI YITIOBBIX KosleOaHUH BUO-
PAIMOHHOH IIIMTHI OTHOCUTENBHO €€ LIEHTPa TIKECTH,

\IJ]_ _ (QI_QZ)'rl : (34)
J0+6, —J02)2 +(n+np) %0’
¥ (Q1+Qz) 1y . (35)

2:
J0+6p —302)2 +(n+np)2 02

rae & — yroa capura a3z MexIy aMIUIUTYZaMH MO-

MEHTOB BO3MYULIAIOIIMX CHJI U aMIUIUTYJaMU YTJIOBBIX
KOJICOaHWH OTHOCHUTENHHO IICHTPa TSHKECTH BHOpaIu-
OHHOM TUIUTBHI,

+Np

> (36)
0+6p, —Jo

(pox = arctg

[Ipeobpa3zoBeiBas BeIpaxkenue (33), ompenenuM 3a-
KOH YTJIOBBIX KOJIeOaHWH BUOPALMOHHOW IUIUTHI OTHO-
CHUTEINBHO €€ IIEHTPA TSHKECTH B CIIEAYIOIEM BUE:

w(t) =¥ cos(t—&-Eg), (37)

rae Wg — cymMMapHas aMIUIMTY/a YIJIOBBIX KOJIeOaHUH,

‘PS = \"Pl +‘P2 ) (38)

rae &g — yrou casura a3 MexIy aMIUIMTyZaMH Mo-

MEHTOB BO3MYIIAIOIINX CHJI U CYMMapHOH aMILTUTYHOM
VIJIOBEIX KOJEOaHU OTHOCHTENBHO IIEHTPAa TKECTH
BUOPAIIMOHHON TUTHTHI

Yy
=arctg —. 39
&s Q\PZ (39)

Wcnone3ys Beipakenus (27), (30) u (37) onpenennm
3aKOHBI JIBU)KEHHS JHUIA BUOPOTUINTHIL:
— B BEPTHKAJIBHOM HaIIPaBICHHH:

Z4 (t) = Ag; sin(ot — g, ) + x- g cos(@t —E—-E&s)
npu -0,5L<x>0,5L (40)
— B TOPU30OHTAJIbHOM HaIllPaBJICHUU:
X (t) = Agx cos(@t —pox) +

+h- ¥ cos(ot —§—-&;). (41)

Ionyuennsie 3aBucumoctu (28), (31), (37), (40) u
(41) mO3BONAIOT YCTAHOBUTH 3aKOH KOJeOAaHHI BHOpa-
OUOHHOW TUIUTHI, obecrieunBatonmii 3hheKTuBHOE Y-
JIOTHEHHE YMEPEHHO KECTKUX, KECTKHX M CBEPX)KECT-
KuX OCTOHHBIX CMeCEW C BBICOKOW IPOHM3BOIUTEIHHO-
CTBIO /0 3HAYCHHH, TpeOyeMBIX TEXHOIOTHICCKUMHU
HopMamu. OHM MO3BOJISIOT, Ha OCHOBAaHHM yueTa pe-
IBHBIX (PU3UKO-MEXaHUYECKUX XapaKTEPHUCTHK YIUIOT-
HSIEMOM CpeJibl, ONPEICINUTh PallMOHAIbHbBIE TapaMeTphl
BUOPALIMOHHOM MAaIlMHBI M PEXUMBI BHOPAILIMOHHOTO
BO3/ICHCTBUS Ha YIJIOTHIEMYIO CMECh.

BBIBO/IbI. Pa3paborana BuOpanyoHHas Iumira ca-
MOXOTHOH BHOPAIIMOHHOW MAIIWHBI U YIDIOTHEHUS
6eroHHBIX cMeceil. CocTaBieHa MaTeMaTHdecKas Mo-
JeNTb TUHAMHYECKOH CHCTEeMBl BHOPAIMOHHOW IUIHTHI
CaMOXOJHOW BHOPAIIMOHHOM MAIIWHBI U MIPOBEACHHI ee
ucciegoBanus B pabodem pexxume. OmpeneneHsl 3aKo-
HBI IBIKCHUS ITHHINA BHOPOIUTUTHI, B3aUMOICHCTBYIO-
el ¢ OCTOHHON CMEChI0 B BEPTHKAJIHHOM HaIpaBJie-
HHU U FOpH3OHTaJ’IbHOI71 IINIOCKOCTH, B 3aBUCHMOCTH OT
(U3MKO-MEXaHMYECKUX XapaKTEPUCTUK YILIOTHAEMOM
cpeabl, TOJNIIMHBI YIUIOTHAEMOTO CJIOs, YIJIOBOW 4acTo-
TBI KOJIe0aHUH U TeOMETPUUIECKUX IapaMeTpoB BHOPO-
IUTATHL ¥ yIIPYTO# moaBecku. [IpuBeneHHBIC 3aBICHMO-
CTH TTO3BOJISIOT 00OCHOBATh PAIlHOHAIBHBIC TTAPaMETPHI
CaMOXO/HOW BHOPAIIMOHHON MaIWHBI 1 000CHOBAHHO
BBIOpATh PaI[OHATIBHBIE PEKUMBI Pa0OTHI.
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RESEARCH OF FLUCTUATIONS OF THE VIBRATION PLATE SELF-PROPELLED
THE VIBROCONDENSING MACHINES IN THE OPERATING MODE

A. Maslov, I. Zhovtyak

Kremenchuk Mykhailo Ostrohradskyi National University

vul. Pershotravneva, 20, Kremenchuk, 39600, Ukraine. E-mail: inn4321@yandex.ru

Purpose. To study the process of oscillations of the vibrating plate self-propelled machine in operation, providing
an effective seal ready mix concrete of different consistencies with high performance. Methodology. On the basis of the
analysis of existing methods of compaction and the constructive device of compacting means, a new design of a
vibration plate with two synchronously rotating vibration exciters with different amplitudes of disturbing forces is
proposed. The principle of operation is described. The mathematical model of the dynamic system "Vibrational plate —
compacted medium"”, in which the latter is represented as a discrete-continuum system with continuously changing
parameters, is composed. In the process of work, the vibrating plate interacts with the concrete mixture, the properties
of which are represented by average stiffness coefficients that characterize the elastic properties of the concrete mixture,
respectively, when interacting with the front and rear parts of the bottom of the vibrating plate, and the bottom is
conditionally divided into the front and rear parts relative to its middle. Dissipative properties of the concrete mix under
the front and rear of the vibration plate bottom in the vertical direction are represented by inelastic drag coefficients.
Using the method of numerical integration, the values of the mean stiffness coefficients, the dynamic modulus of elastic
deformation, the dynamic viscosity coefficient and the density of the concrete mixture under the front and back of the
bottom of the vibratory plate were determined. The studies of the considered dynamic system in working mode are
carried out. The equations of motion describing the complex spatial oscillations of the vibration plate of the self-
propelled vibrating compacting machine in the form of simultaneously acting vertical, horizontal and angular (torsional)
vibrations. Results. The laws of vibrations of the center of gravity of the vibratory plate in vertical and horizontal
directions, as well as the laws of vibrations of torsional vibrations relative to the center of gravity of the vibratory plate
in its interaction with the compacted medium. The laws of motion of the vibration plate bottom interacting with the
concrete mixture in the vertical direction and horizontal plane, depending on the physical and mechanical characteristics
of the compacted medium, the thickness of the compacted layer, the angular frequency of oscillations, the geometric
parameters of the vibration plate and the elastic suspension of the vibration plate to the base machine. The analysis of
the obtained solutions is given. Originality. Theoretical expressions to accurately describe the behavior of the real
dynamic system "vibration machine - compacted medium™ in the molding of concrete products, both plastic and solid
concrete mixtures, by applying spatial oscillations in the form of vertical, horizontal and torsional vibrations. Practical
value. The obtained analytical dependences allow substantiate the rational parameters of the self-propelled vibrating
machine, choose a rational method of vibration impact on the compacted medium and the appropriate mode of
operation depending on the consistency of the concrete mixture and the thickness of the compacted layer. References
10, tables 0, figures 1.

Keywords: vibrating plate, the interaction of the sealing environment.
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