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A.T. Macaos, XKanap barcaiixan, B. II. IlykbsiHeHKO

KpemeHdyrckuii HAaIMOHATBHBIN YHUBEpCUTET nMeHH Muxamna OcTporpaackoro
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OmnncaHbl KOHCTPYKIUS M NPUHIUI JeHCTBHS BUOPAIIMOHHOM MalIHHBI 1J1st GOpMOBaHMs OETOHHBIX OJIOKOB M3 JKe-
CTKMX ¥ CBEPX)KECTKHX OETOHHBIX cMecel. BuOpanuonHas MmammnHa cHaOxeHa ¢GopMoil 0e3 aHa, MIapHUPHO-
COYJICHEHHO! C OTOPHOM IUIMTON, HAa KOTOPOH CMOHTHPOBaH BHOPOBO30YIUTENb TOPHU30HTAIBHBIX KPYTOBBIX KojeOa-
HUH. BHYTpH opmBI CMOHTHpOBaHBI ITyaHCOHBI. COCTaBJIeHa pacyeTHasl cXeMa JUHAMHYEeCKOW crucTeMbl « BuOparuon-
Hasl MallliHa — YIUIOTHseMasi cpelia», B KOTOPOH MOCIeIHsIsI MPEeACTaBlIeHa B BUJE JAUCKPETHOW MOJEIN C MEAJIEHHO
MEHSIOMUMHECS napaMeTpamu. OmnpereneHa 3aKOHOMEPHOCTh ABMKEHHS BUOPannOHHOH (OPMBI 1 ITyaHCOHOB, B3aHMO-
JIEUCTBYIOIIUX C OETOHHBIM HM3JEIUEM, B BUJIE CIOXKHBIX IPOCTPAHCTBEHHBIX KOJICOAHWH, COCTOSIINX U3 pa3HOHANpPAaB-
JICHHBIX TOPU30HTAIBHBIX M KPYTHIBHBIX KOJICOAHHH, BBI3BIBAIOIINX MPENEIFHOE Pa3pyIICHHE CTPYKTYPHBIX CBSI3EH B
6eToHHOI cMecH u 3¢ ¢dexTuBHOE yIoTHeHHe. OTpeneneHsl palroHaIbHBIE TTapaMeTpsl BUOPAIIMOHHOW MaIllWHEI U
PEXXUMBI BUOPAIIHOHHOTO BO3JCHCTBHUS Ha (hopMyeMble OETOHHBIC U3ICIIHSL.

KiroueBble cjioBa: BHOpariMoHHas MalllnHa, BUOPOBO3OYIUTEIh KOJIEOaHH, ITapaMeTphl, 3aKOH JBIDKCHUSI.
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JJISI ®OPMYBAHHS BOTATOITYCTOTHUX BETOHHUX BJIOKIB
O.T. Macaos, Kanap Barcaiixan, B. I1. JIyk’siHeHKo
Kpemenuynpkuii HallioHaIbHUN yHIBepcuTeT iMeHi Muxaiiina OcTporpaichkoro
By [lepmorpaBHesa, 20, 39600, M. Kpemenuyk, Ykpaina. E-mail: kmto@mail.ru
OmnmcaHo KOHCTPYKIIIIO 1 MPUHIXT [ii BiOpamiiftHOT MammHu Ut GOpMYBaHHS OCTOHHHX OJNOKIB 3 KOPCTKHX i Ha-
JDKOPCTKUX OCTOHHHX cyMimred. BiOpariitna MammHa 3a0e3nedeHa Gpopmoro 6e3 JHa, MapHiIPHO-3UWICHOBAHOIO 3 OTIOP-
HOIO IUTUTOKO, Ha SIKi 3MOHTOBaHUIT BUOPOBO30YIUTEb TOPH3OHTAIBHIX KPYTOBUX KOJIMBaHb. Beepenuni Gpopmu 3mo-
HTOBaHi myaHcoHH. CKIIaJICHO PO3PaXyHKOBY CXeMY JHHAMIYHOI cHCTeMH «BibpaliiiHa MaliHa — YIIiIbHIOBaHE cepe-
JIOBHILCY, B SIKili OCTAHHE MPEACTABICHO Y BUIIISAI AUCKPETHOT MOJIEN 3 MOBUIEHO 3MiHHMMH NapaMeTpamu. BusHaue-
HO 3aKOHOMIPHICTh PYyXy BiOpamiiiHoi ()opMH 1 MyaHCOHIB, B3aEMOJIIFOYNX 3 OCTOHHHUM BHUPOOOM, y BUIJISIII CKIIATHUX
MIPOCTOPOBUX KOJIMBAHB, 1[0 CKJIAJIAIOTHCS 3 PI3HOCIPSIMOBAHUX FOPU30HTAIBHHUX 1 KPYTHIBHUX KOJIMBaHb, 110 BUKJIH-
KaloTh OOMEKEHHsI PYIHYBaHHS CTPYKTYPHHUX 3B'A3KiB B O€TOHHIN cyMmilli i e)eKTHBHE yIIinbHeHHS. Bu3HaueHo paii-
OHaJIBHI NapaMeTpy BiOpaliifHOT MallIMHU Ta PeKUMHU BiOpaIiifHOro BIIMBY Ha (opMoBaHi GETOHHI BUPOOH.
KurouoBi ciioBa: BiOparriiina MaivHa, BiOpo30y1KyBad KOJIHBaHb, TAPAMETPH, 3aKOH PYXY.

AKTYAJIbBHOCTbB POBOTEI. B nacrosiiee Bpemst OCHOBHBIMH TIapaMeTpaMH BUOPAIIHOHHON MAaIIUHBI H
TpebyeTcsi Cco3/aHHWe IIPOCTBHIX, MAJOIHEPrOEMKHX | YIJIOTHAEMOH cpelsl MO3BOJSIOT YBEIWYHTH S dex-
BBICOKO3(p(hEeKTHBHBIX BHOpPAIMOHHBIX MAIIWH, ITPEaHa- TUBHOCTb YIIJIOTHEHHUS, YMEHBIIUTh MacCcy U yIpOCTUTH
3HAUEHHBIX 1711 (popMOBaHUS OCTOHHBIX OJIOKOB C He- KOHCTPYKIMIO BUOPAIMOHHOW MAaIlIWHbI, TpeIHa3Ha-
MeUIeHHOH nX pacnanyOxoil. CyiectByromue BHOpa- YeHHOH a1t (opMoBaHUS OETOHHBIX OJOKOB M3 KECT-
IIMOHHBIE MalIWHBI, B BUJE BUOpaMOHHbIX Ipeccos [1], KHX ¥ CBEPX)KECTKUX OETOHHBIX CMeceil.

CaMOXOJHBIX BHOPOYIUTOTHSIOIINX YCTpOHCTB [2, 3] Lens paboTel — HcceIOBaHHE 3aKOHOB JBIDKCHUS U
WK BUOPOTLIOMAI0K [4, 5] MMEIOT CI0XHOE KOHCTPYK- ONpelieSICHUe PpalMOHAJBbHBIX I1apaMeTPOB BBICOKO3(-
TUBHOE YCTPOMCTBO U IMOBBIIICHHYIO 3HEPIOEMKOCTb. (ekTUBHOW BHOpAIMOHHOW MallIWHBI, MPeIHa3HAYSHHOI
Bce ati BUOpannoHHBIE MAIIMHBI JOPOTOCTOSIIN U HE Ju1st (HOPMOBAHHUSI MHOTOITYCTOTHBIX OETOHHBIX OJIOKOB 13
MOTYT OBITH WCIIONB30BaHBl JAJS CPaBHUTEIBHO He- YKECTKUX M CBEPXIKECTKUX OETOHHBIX CMECEH.

OONBIINX TPEINPHUATHI MO0 BBITYCKY OCTOHHBIX H3[e- MATEPUAJI U PE3VYJIBTATBI MCCIELOBA-
mit. [lostomy coszmanue 3¢ (heKTHBHON BHOpAIIMOHHOM HHUM. Ha xapakrep koneGaHuii BHOPAMOHHON MalIIH-
MallnHbl, obecreunBaiomeil (opmMoBaHHe OETOHHBIX HBI JUI1 ()OPMOBAHHS MHOTOITYCTOTHBIX OETOHHBIX OJ10-
OJIOKOB M3 JKECTKUX U CBEPX)KECTKHX OETOHHBIX CMeceH KOB C HEMEJICHHOW pacranyOKkoii, a Takxke Ha (P dex-
U UMEIOIIEH MNPOCTYI0 KOHCTPYKIUIO U HU3KYIO MeTall- THBHOCTb MX ()OPMOBAHMS CYIIECTBEHHOE BIIMSHUE OKa-
JIOEMKOCTb, SIBIIIETCS aKTyaJdbHOH 3ajgaueidl. YcTaHOB- 3BIBAIOT I'€OMETPUYECKHE pa3Mepsl (Gopmyemoro usje-
JICHO, YTO (PM3MKO-MEXaHWIECKUX XapaKTEPHCTUKU YII- U U QU3NKO-MEXaHHYECKHEe XapaKTePUCTHKHU YIUIOT-
JIOTHSIEMOH CpeIbl BO MHOTOM OIIPEIEISIOT TOBEACHUE HsAeMOH cpenpl. IMEHHO MpaBHIIBHBIN yYeT BCEeX JBH-
TUHAMUYECKON CHCTEMBI BHOPAMOHHOW MAIIWHBEI Cy- KYIIMX CHJI M CHJI CONIPOTHBIICHHS MO3BOJIIET C TOCTa-
IIECTBEHHO BJIMAIOT Ha OIpEIeNieHHe € OCHOBHBIX IIa- TOYHOH CTENEeHBbI0 TOYHOCTH YCTAaHOBHTH 3aKOHOMEp-
pamMeTpoB W pPEXHMMOB BHOPAIMOHHOTO IpoIecca yII- HOCTb BHMOPAIMOHHOTO IIPOLEcCa YIUIOTHEHUSI OETOH-
notHeHnsa. Hambomnee TouHBIE PE3yNbTaThl MOXKHO MO- HOW CMECH, ONPENeIUTh  PAlMOHAIBHBIE MapaMeTphI
Jy4UThb, B TOM CIy4ae, €CJIM B UCCIEAyeMON JUHaMU4e- BUOPALMOHHOM YCTaHOBKH, KOHCTPYKLHMS KOTOpPOH
CKOI cUCTEeMe YyUHUTBIBATh JEHCTBUE YIIIOTHSEMOH Cpeibl IpejcTaBIeHa puc. 1.

Ha BHOpalMOHHYIO MAalllMHY B BUJIE CHJI, XapaKTepH3yIo- Ha puc. 1 npencraBineHO KOHCTPYKTUBHOE HCIOJIHE-
LIUX yIPYyTHe, MHEPLIMOHHBIE U TUCCUNATUBHBIE CBONCTBA HHE IpeuiaraeMoil BUOpalmoHHOM yCTaHOBKH.

[6, 7]. TIpaBuibHO MOIOOpPaHHBIE COOTHOLICHHS MEXIY Bubpaumonnas mammHa Ui (OPMOBaHUS ITyCTOT-
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HBIX OJIOKOB COCTOUT W3 (OpPMBI O€3 JTHA, BBHITIOJTHEHHOM
B BHJE MPOJOJNBHBIX 1 W momepeyHblx 2 OoproB. Ha
BHEITHEH YacTh (OPMBI B €€ BEPXHEH YacTHU >KECTKO
3aKperieHbl MPOJAOJIbHBIE 3 W TOTepeyHble 4 yTOJKH.
Ha nonepedHsIx yronkax 4 mpu MOMOIIX OTIOPHBIX TIIa-
CTHH 5 3akperuieHa TpebeHKa 6, K KOTOPOH KECTKO
NpUKpeIUieHbl mycToobpasoBatenu 7. K nmpogonsHeM 1
CTCHKaM (POPMBI KECTKO MPUKPEIICHBI POYIIUHEL 8, B
KOTOpPBIX CMOHTHpOBaHa OChb 9, ciyKamas COeIUHHU-
TENBHBIM 3JEMEHTOM CO CHEMHBIM BHOPAIMOHHBIM

09 546

YCTPOHCTBOM, BBHIITOJHEHHBIM B BHIC M3 KPOHIITEHHA
10 ¢ TpamenengaNbHBIME 3aXBaTaMH OCH 9, KOTOPBIH
COCIMHEH C TIOJBUOPATOPHOM OMOPOM, COCTOSIIEH H3
croiiku 11 u omopHON TUTH 12, HA KOTOPOH CMOHTH-
poBaH BHOpOBO3OymuTEeNns Konebanuit 13. OmopHas
mwmra 12 ycraHoBIeHa Ha amopTm3artopax 14. B mmxk-
Hel 4acTh (OpMBI BBINOJIHEHA 00BS3Ka U3 YroJkoB 15,
K KOTOPBIM MPUKPEIUICHBl TePMETH3NPYIONINE PE3UHO-
BbIE DJIEMEHTHI 16.
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Pucynoxk 1 — BubpanuonHast Matisa Jyuist QOpMOBaHHSI MHOTOITYCTOTHBIX OJIOKOB

PaGota BHOpanMOHHON YCTaHOBKH OCYIIECTBIISCTCS
crepyronM obpazom. Ha poBHYI0 MOBEpXHOCTBH ycTa-
HaBiBaeTcs (opma Ge3 jHa, KOTOpas 3aTeM 3aIOJIHS-
eTcst 0ETOHHOH CMechIo.

CpeMHOE BHOPAIMOHHOE YCTPOWCTBO IPH IOMOIIH
TpanenenaarsHoi omopsl 10 coemumusercs ¢ (opmoil u
BKJTIOUAeTCsl BUOpOBO3OymuTesb konebanuit 13. Tlox aei-
cTBHEM BHOpOBO3OyauTens Komebanuii 13 ¢opma BMecTe
C MyaHCOHaMH COBEpIIACT CIIOKHOE JIBIDKEHHUE, repeme-
masiachr B FOpPISOHTaIIBHOﬁ TUIOCKOCTH B TIPOJIOJIBHOM U
MOTEPEYHOM HAIpAaBICHUSAX, a TAKKe COBEpIIAET Kpy-
THJIbHBIE KOJeOaHWsl BOKPYT BEPTHKAJIBHOM OCH, NPOXO-
JUIIe uepe3 LHeHTP THKECTH BUOPAIIMOHHOM YCTaHOBKH.

B pesynbrare Takoro BHOpanMOHHOTO BO3JCHCTBHS
CME€Ch MCHBITBIBACT B TOPHU3OHTAJILHOM HANPABJICHUHN
CIIOKHOE  HalpsDKeHHO-1e(OPMUPOBAHHOE  BO3JEHCT-

BHUE, IPUBOJISIIEE K Pa3pYIICHUIO BHYTPEHHHUX CBSA3EH U
HIEPEBOJIy CMECH B TUKCOTPOITHOE COCTOSIHHUE.

Ha 3aximounTensHON cTaauu nporecca popMOBaHUS
Ha TOBEPXHOCTh OCTOHHOH CMecH MOXKeT OBITh ycTa-
HOBJIEH NpUTpy3, OOECHeynBaIOMNN BBIPABHUBAHUC
ITOBEPXHOCTH U €€ (PaKTypHBIA BHUI.

[Mocne okoHuanus nmpouecca GopMoBaHus BUOpanu-
OHHBIA OJIOK BBIBOAWTCS M3 COINPHUKOCHOBEHHUS C OCBHIO
(OpMBI B OTBOIUTCSA B CTOPOHY. 3aTeM (opma mepeme-
IaeTCsl BEPTUKAIBLHO BBEPX, OTIENSAETCS OT c(HhOPMHUPO-
BaHHOTO OETOHHOTO OJIOKa M MEPecTaBISETCS B HOBOE
pabodee MOOKEHUE.

HHS{ N3Y4YCHUA 3aKOHA ABUIKXCHHA BCEX DJICMCHTOB
BHOPALMOHHOW MaIlnHBl B3aUMojeicTBytomux ¢ Oe-
TOHHOI CMECBIO pacCMOTpPUM JEHCTBHE CHII NPEJCTaB-
JICHHBIX Ha pHUC. 2.
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Pucynoxk 2 — PacyerHast cxemMa BUOpaIllMOHHON MaIIKWHbI 1t JOPMOBAHHS MHOTOITYCTOTHBIX OETOHHBIX OJIOKOB

Wcnone3ys npunnun [lamambepa, cocTaBUM CHCTe-
My YpaBHEHHMH ABMKCHHS BUOPAIIMOHHON MAITHHBI:

— JBWXKEHHE IIeHTpa TSKECTH BHOPAIMOHHOW Ma-
IIMHBI B NIPOJIOJIBHOM HAIpaBlICHUM, T.€. B HaIpaBlle-
HUMU KOOpJAMHATHOM ocu Y :

2
md—;+b1 Q'i‘ (Cl +cs1)yiF'tr :QSil'l(Dt; (l)
dt dt

— JIBIDKEHHE [EHTpa TSDKECTH BHOpAlMOHHOM Ma-
LIMHBI B IOTIEPEYHOM HAIlpaBJIEHUH, T.€. B HAIIPABJICHUU
KoopAuHaTHOM ocu X !

2

X dx
m——+by —+(cy +c4r)xt
2y (¢ +¢52)
T F, :ngl coswt ; 2

— JIBIKCHHE BOKPYT BEPTUKAJIBHOW OCH Z , TIPOXO-
nsmieit yepe3 meHTp Tskectd C BHOPAIMOHHOW MaIlIv-
HBI:

d? d
Jﬁﬂ% d_(f+(k‘p +kg)opt

+M, =[Qr+Q§(d1 +1)filcosot,  (3)

rae m — macca BUOPOMAIIMHBI; y — II€pPEMElICHUe
IIEHTpa TSDKECTH BHOPOMAIIWHBI B MPOJOJIBHOM Ha-
MpaBJIEeHUH, T.€. B HAlIpaBJIEHUH KOOpAMHATHOM ocu Y ;
X — TIepeMelIeHre IeHTpa TSHKECTH BUOPOMAIIMHBI B
MONIEPEYHOM HaNpaBJIEHUH, T.€. B HANpaBICHUH KOOP-
JOVHATHOW ocu X ; ¢ U b — XKecTKOCTh M K03 duuu-
€HT HEYNpyroro COMPOTHUBIIEHUS aMOPTU3aTOPOB B Ha-
IpaBIeHUU KOOPOMHATHOH ocu Y ; ¢, u by, — xecr-
KOCTh W KO3()(UIMEHT HEYHNpyroro COMPOTHUBICHUSI
aMOPTHU3aTOPOB B HAMPABJICHUH KOOPAUHATHOW ocu X ;
(¢ — YIJIOBOE CMEIICHHE BHOPAaIMOHHOW MAIIMHBI OT-
HOCUTENIbHO BEpTUKAIBHOW ocu Z ; () — aMIUIMTyJa

BO3MYIIAMOMICH CHIBI BHOPOBO3OYIUTENS KPYTOBBIX
Konebanuii; J — MOMCHT UHEPIMH BUOPAIIMOHHON Ma-
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IIMHBI OTHOCHUTCIIBHO BepTI/IKaHLHOﬁ ocu Z ) k(P u I’l(p

— K03 PUIHMEHTHI KPYTHILHOHN MKECTKOCTH M HEYNPYTO-
TO CONPOTHUBIIEHHS AMOPTU3aTOPOB OTHOCHUTEIILHO BEp-
TUKAJIBHOM OCH Z | Cg| M §¢) — KOMIUIEKCHBIE JKECTKO-
CTH YIUIOTHSIeMOW OCTOHHOW CMECH COOTBETCTBEHHO B
HanpaBJICHUM KOOPAMHATHBIX ocell ¥ u X ; k; — kom-
IUIEKCHBIH KO3 (UIMEHT KPYTHIBHOH >XKECTKOCTH YII-
JIOTHAEMOTro OETOHHOTO CJIOSi OTHOCHTENIbHO BEPTHU-
KaJmbHOUM ocu Z ; L — muymHa (OpMyeMOro U3lenus; 7
— paccTosiHMEe OT OCH Basa BHOpOBO30ynuTens koJieba-
HHUH 10 OCH HIaPHUPHO-COYJIEHEHHOIO COCIUHEHHUS; d
— PacCTOsiHHE OT OCH IIAPHUPHO-COYIECHEHHOTO COENH-
HEHH JI0 TIepeIHeH TopIeBol cTeHKH Gpopmbl; [ — pac-
CTOSIHHME OT TepefHel TOPIEBOW CTEHKH (QOPMBI [0
LEHTpa TSHKECTH BUOPOMAIUUHBL. J; — IPHUBEICHHBIHA
MOMEHT WHEPIMH YIUIOTHSAEMOTO CJI0si OETOHHOI cMecH
OTHOCHTENILHO BEPTUKANBHOW ocu Z ; F,. — cymmap-
Hasl CHJIa KYJIOHOBA TPEHUsI MEXly OCHOBaHUEM H (op-
MOH, a TaKkKe MEXKIy OCHOBAaHHEM U OETOHHOI CMEChHIO;
M, — cyMMapHBIi MOMEHT CHMJ KyJOHOBa (CyXOro)
TpeHHUs MeX Ty (OpMOIl 1 OCHOBaHHEM, a TAKXKE MEXIY
OETOHHOM CMECBIO I OCHOBAHUEM.

3Ha4YeHUs1 KOMIUIEKCHBIX JKECTKOCTEH YIUIOTHAEMOU
OETOHHOIl cMecH ¢, U Cgp ONpPENENuM U3 CleIylo-

mux BeIpaxeHui [8]:

-8B
- kB
cq =k EF &—SEF] ; 4)
‘ sink; B
-3B
e —coskB
(%) :klEFz TBl_SEFz y (5)
1

rne £ — nmuHaMuveckuil MOAynb ymnpyroil aedopma-
1M1 OETOHHOM cMecH: k| — BOJIHOBOE YHUCIIO,

(6)

A
0 — k03¢ UIMEHT MOTIOMmEeHus, :E;

A — K03 OUIMEHT CONPOTUBIIEHHS, KOTOPBIH yYUTHIBa-
€T 3aTpaThl YHEPIUHM Ha pa3pyllIeHHEe BHYTPCHHHX CBS-
3eil, BBITECHEHHE BO3/yXa, MEPCOPHEHTALMIO YaCTHI] U
IOpyrHe SBJICHHS B YIUIOTHSAEMOH Ccpenxe, COIPOBOXK-
Jaromye BHOpanoHHOE yIuioTHeHue [6, 7, 9], a Taxke
BIIMSIHUE OJIM3KO PACIOJOKEHHBIX CTEHOK (GOpMBbI Ha
nedopMmanuio yIuloTHsIeMOH cmecH; B —  TojmuHa
dopmyemsbIx cnoes; F| u F, — IUIOmagu TOPLUEBBIX H
OOKOBBIX CTEHOK (OPMBI W IIycTOTOOOpazoBarelnei,
KOHTaKTHPYIOIUX C YIUIOTHAEMOH CMEChIO,

F=(3S-4B)H; @)
1 =(L+20)H; ®)
L, S, H — umHa, IIMpHHA U BBICOTa (HOPMYEMOTO
u3zienusd; /| — JUIMHA TyaHCOHa.
KomrutekcHblit K03 @UIMEHT KpyTHIIBHOM >KecT-
KOCTH k,  YIUIOTHAEMOrO OETOHHOIO CJIOS OTHOCH-

TEIbHO BEPTUKAIBLHON OCH Z HailieM U3 CIeNyIoLEero
BBIPaYKCHUSL:

(S —2B)? o - 20)?
s sl 12 52 12 .

©)

Cmry KyJIOHOBOTO TPEHHsSI NPEICTaBHM B CIIEAYIO-
LIEM BHIC:

Fy =G /1 +Gof2) (10)

rac Gl — COCTaBJIArOIIasA CHUJIbI TAXCCTU BI/I6paHI/IOH-

HOM MAaIlWHBI, MPUXOAAINAsCS Ha ONOPHYIO HOBEpX-
HOCTB (OpMEL; G, — CHITa TSHKECTH YIIIOTHAEMOTO CIIOS
OeToHHOH cMmecH; f| — KO3(D(OUIUEHT TPEHUS MEXIy
OIIOPHOIl MOBEPXHOCTHIO (POPMBI M OCHOBaHUEM; f5 —
KO3 QHUIMEHT TPEHHS MKy YIUIOTHIEMbIM OETOHHBIM
CIIOEM M OCHOBAHHEM.

Hcnone3ys MeTox IMHeapu3aliH CHI KyJIOHOBOTO
Tperus [7], npuBenem ypasuenus (1 — 3) k cremyromie-
MY BHLY.

2

mu+(b1 +bS1)d—y+ (Cl +Cs1)y:QSiIl(Dt; (11)
dt? dt

2
mﬂ+(b2 +bsz)ﬂ+(()2 +CS2)X=
dtz dt

= ngl cosot ; (12)
d*o dep
Jdt—2+(rz(p +nS)E+(k‘P +k o=
=[Qr+Q§(d1 +1)f;]cosot , (13)

rae by u by, — dSKBHUBaJEHTHbIE KOIPDHUITUEHTHI BS3-

KOTO TPEHHUS B HAIIPABIEHHH KOOPAWHATHBIX oceil ¥ M
X, ng — SKBUBAJEHTHbIH K03()(HULIHUEHT BA3KOro Tpe-

HUSl OTHOCUTEIIbHO BEPTUKAIbHOU OCU Z ;

4F,
bsl = # = q_r X (14)
10 A10)
4F,
by =— o= (1)
20 Az(D
4M
ng=—tr - AIm . (16)
D0 Do

A4y, A, —aMmmTyasl KoiebaHuil BUGPOGOPMBL COOT-

BETCTBEHHO B HANPaBICHUM KOOPAMHATHBIX oced Y u
X ; @ —avmmiuTyzna YrioBbIX (KPYTHIIBHBIX) KojieOa-
HUK BHOPO(OPMBI OTHOCHUTEIBHO BEPTHKAIBHOH OCH
A

4F, 4M

Qr:_r; Qm:—tr' (17)
T Y

Ha ocHoBaHMM HM3BECTHBIX METOIOB KJIACCHYECKOW
Teopuu kosieObanuii [10, 11], HalfizeM perieHue ypaBHe-
uuii (11 — 13) B cieayroiiem Buze:

y() = A4 sin(et —yy); (18)
x(t)= Ay cos(@t—yy); (19)
@(1) = @y cos(@—y3), (20)
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Iae i, Y, — YIbl caura (a3 Mexay aMIUIMTYyIaMH
BO3MYIIAIOMIMX CHJI M INEPEMEIUCHUAMH; Y3 — Yroil

caBura (a3 MeXIy aMIUIUTYIOH MOMEHTa BO3MYILAO-
IIHX CHUJI U YTIIOBBIM NTEPEMEIICHUEM;

Y

24,9,b)0 B
(c]+cg —mo?)? +b12co2
2 2
_ Q —4qr
(c) +cg —mmz)2 +b12c02

A12+

=0; (27)

4= ;@ o
Viter + ) =mo? 1 4y +byp)? o A+ 24520
Cyr+Cy—mo ) +h5®
(c2 +¢y2 )" +b;
0" h 2t
A2 _ d : (22) Q diz_qr (28)
22 2 2 - =0;
Ve +e2)=mo? 1 +(by +h,2) 0 Crren—mal) 15l
Q|:r+;(d1 +l)f1} D24 20 1o ® B
@ = ; (29) (ko +ks —J0*)? +ngo’
+ —-JO +(ny,+n [0
kg +k ) =J0? P +(ng +1y)> 0 )
2 r 2
Lds +1 —
(by + b, )0 Q {’”fd( 1+)f1} Im
W =arctgﬁ; (24) - 55 5 =0 (29)
(e +¢51) —me (ko +ky —J0™)" +no0
by + b))
Y, =arcilg (Z—SZ)Z ; (25) Pemiast ypaBaenust (27 — 28), HaiizieM OKOHYATEIb-
(e +e5p) —mo HBIE 3HAYCHUs AMIUIUTYJ KoyieOaHuii BHOPO(OpPMBI C
(ny +ng)m YYeTOM 3HAaUYCHHH OSKBUBAJICHTHBIX KO3()(ULHECHTOB
V3 =arclg : (26) BA3KOTO eans b b
(k(P +ks)—m0)2 Tp 51 $2 u ng, T.C.
IMoxacraBmnss 3aBucumoctr (14 — 16) COOTBETCTBEH-
HO B BeIpaxkenusi (21 — 23), moiay4uM ypaBHEHHS st
OTIpEeNIeIICHNsT aMIUIATY] KoieOaHuii BHOPOGOPMBI B
CIIeYIOIIEeM BHIE:
1 2,2 2 :
4 = —g, b0+ gPbe? +(©QF —g (e +eq —mo?) P +hR’ ] (30
252 2.2
(¢ +cg —mo”) +b{ o
1 2
4 = ——— —qrbzm\/q%b%mz (0 5 =4)lleg +e —mo®)? 430 1 (31)
(cp +cgp —mo”)” +bjw d
D= ! <—q N+
(ko +hy —Jo?)? +n2e? \ "7
2.2 2 r ?
+ |gmngo® - Q{wg(dl +l)f1} — g ([ +hg —J0*)* +nge’] ). (32)

3aKOH IBIDKCHHS TOPIEBBIX CTEHOK (OPMEI, B3au-
MOJICHCTBYIOIINX C OSTOHHOH CMECHhIO B HAIPaBICHUH
KOOpAMHATBHl Y , ¥ BBI3BIBAIOUIMX B HEW HOpPMaJIbHbIE
HaMpsDKEHUsI, MOXKET OBITh Ha OCHOBAaHWH BBIPKECHUN
(18) u (20) ¢ yuerom Beipaxkenwuii (30) u (32) mpencras-
JIGH B CJEAYIOIIEM BUJIE:

Y, (v,t) = y(t) —xp(¢) mpu —0,58 <x<0,55. (33)

3aKOH JBIKEHUS TIPOJOIBHBIX CTEHOK (POPMBEL,
B3aMMOJIEHCTBYIOIUX C OETOHHOW CMEChI0 U OKa3bl-
BAIOIIUX Ha He€ HOpMaJIbHOE JIaBJICHUE B HAIPABICHUU
KoOpauHaThl X , MOXKET OBITh Ha OCHOBAHHMH BBIpaXKe-
auii (19 ) u (20) ¢ yuetom Beipaxkenuit (31) u (32) omu-
CaH CleAyIolIeil 3aBUCUMOCTbIO:

X ps(x,0) =x()+ yo(r) mpn —(L-D)<y<l. (34)

Takum 00pa3oM, TOIYYEeHBI HEOOXOIMMEIE Teope-
TUYECKHE 3aBUCHMOCTH, IO3BOJIIOIINE OIPEICIUTh
panMoHaNbHBIE TapaMeTpsl BUOPAIIMOHHON MAIIHHbI
Uit (OpMOBaHHUS MHOTOIYCTOTHBIX OETOHHBIX OJIOKOB
1 PeXHUMBI BUOPAIIIOHHOTO BO3/EHCTBHS HA YIUIOTHSE-
Myl0 cMmech. [IpuMeHeHne mpearaeMoll BUOpaIMOH-
HOW MAaIIMHBI TIO3BOJISIET OCYIIECTBUTH (HOPMOBAHHE
MHOTOITYCTOTHBIX OCTOHHBIX OJIOKOB M3 JKECTKHX H
CBEPX)KECTKHX LEMEHTOOETOHHBIX CMecel, YNpOCTHTh
€€ KOHCTPYKLMIO, CHU3UTh Ha 25 — 30% osHeproem-
KOCTb, IOBBICUTH NPOU3BOAMTEIHLHOCTh U 00ECIICUnTh
HEoOX0MMOe KauecTBO (POPMYEMBIX U3/ENINI U3 KeCT-
KHX ¥ CBEPX)KECTKHX LIEMEHTOOETOHHBIX cMeceil, obec-
MEYNTh HEMEJICHHYIO pacmamyOKy W3Aenus Mocie
OKOHYaHUS BHOPAIMOHHOTO Tporiecca (popMoBaHHS.

BBIBO/IbI. Tlpennoxena HOBas KOHCTPYKIHS Ma-
JIO9HEPTOEMKON U BBICOKO3(h(hEeKTHBHON BUOPAITMOHHOM
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MaIiHbl, obecrieynBaronas (HOpMOBaHHE MHOTOIYC-
TOTHBIX OCTOHHBIX OJIOKOB 3 )KECTKUX M CBEPXIKECTKHX
[IEMEHTOOCTOHHBIX cMecel. [IpoBeneHHbIE HCCIea0Ba-
HUS TIO3BOJIAIOT, HA OCHOBAHHUH ITOJYYEHHBIX PEIICHHHA
CHCTEMBI YpaBHEHHH IBMKCHUS BUOPAIIMOHHON MamIu-
HBI, ONPENEINTh 3aKOHBI IBIKCHHS BCEX DJICMCHTOB
(OpMBI, B3aMMOJEHCTBYIOIINX C YIUIOTHSEMOW OETOH-
HOHW Ccpe/ioi B HOPMaJbHOM HAalpaBJICHUH, YCTAHOBUTH
panMoHaIbHbIE TIapaMeTpbl BUOPAMOHHON MallMHBI U
PEKMMBI BHOpAllMOHHOTO BO3JEHCTBUS HA YIIOTHSsIE-
Myl cpeny. Mcmonmp3oBaHue BHOPAMOHHOW MAIIHHEI,
npeAHa3sHaYeHHOH s GopMoOBaHUsI OETOHHBIX OJOKOB
13 J)KECTKUX M CBEPX)KECTKHX OCTOHHBIX cMecel, obec-
MIEYMBACT MOBBLIMICHUE TPOYHOCTH (OPMYEMOTO H3Je-
TS U CHIDKEHHE pacxoja remenTa Ha 20 — 25%.
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RESEARCH OF THE VIBRATION MACHINE OPERATING MODE
FOR MOLDING HOLLOW CONCRETE BLOCKS

A. Maslov, Janar Batsaikhan, V. Lukyanenko

Kremenchuk Mykhailo Ostrohradskyi National University

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

Purpose. To determine the laws of the form vibration motion acting on sealing the concrete mixture which is mixed
prichastnymi oscillations, the mathematical model taking into account elastic, dissipative and inertial resistance force
arising from the deformation of the sealing medium, to develop new design vibro working body for compaction of
concrete mixes. Vibrating machine is used for molding concrete blocks of hard and ultrahard concrete mixtures.
Existing vibratory machine, view vibratory presses, self-propelled vibroplates devices or table vibrators have a complex
design and increased power consumption. So they can't be used for relatively small enterprises for the production of
concrete products. Modern production requires the creation of highly effective vibrating machines for molding concrete
blocks of hard and ultrahard concrete mixtures and having a simple design and low metal content. For efficient and
reliable operation of the developed vibratory machines it is necessary to accurately choose their rational parameters,
creating new effects in the form of policestate multidirectional effects on the moldable concrete mixture, and to justify
the rational modes of vibration impact on the sealed environment. Methodology. In the study, the construction and
principle of vibratory machine operation, which is provided with a form without a bottom, articulating with base plate
on which is mounted a vibration exciter horizontal circular oscillations, have been described. As a result of the end and
longitudinal walls of the mold for each cycle of oscillation have alternating amplitude-frequency vibration impact on
sealing the concrete mixture. The equations of motion and the laws of linear and torsional vibrations of the vibration
form allows to prove the basic parameters of vibrating machines and technological modes of vibration compaction of
the hard and ultrahard concrete mixtures. Results. The obtained theoretical expressions allow to establish the laws of
motion vibratory machine in the horizontal plane during the vibratory compaction of concrete mixes mixed with
fluctuations. These dependencies sufficiently accurately describe the behavior of real dynamic systems "Vibration
machine — compacted environment" in the molding of concrete blocks of hard and ultrahard concrete mixtures. They
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allow computer simulation of the laws of motion and the mode shapes of the sealing layer, to analyze them from the
point of view of effective influence on the processed medium, to justify the type and form of vibration exposure, and to
clarify the rational parameters of vibrating equipment. Originality. An original design of a vibrating machine in the
form articulated with the vibration exciter circular oscillation has been proposed. Dependencies to determine the elastic,
dissipative and inertial resistance forces the concrete environment in the form of discrete functions with slowly varying
parameters, and the friction force between the base and concrete mix and a base and vibrating form presents harmonic
Fourier series have been used. Practical value. Offered vibrating machine will be used on construction sites, for the
production of concrete blocks of hard and ultrahard concrete mixtures. The use of the proposed vibration machines can
reduce the energy intensity of the process of compaction of concrete mixes, to simplify machine design and improve
performance. References 10, tables 0, figures 1.
Key words: vibration machine, vibration exciter of vibrations, the parameters, the law of motion.
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