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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, LIAPHUPHO-
COYJICHEHHOH C OTNOPHOM IUIMTOH, HA KOTOPOW CMOHTHPOBAH BHOPOBO30YIUTENb TOPHU30HTAIBHBIX KPYTOBBIX KojeOa-
nuit. CocTaBiieHa pacyeTHast CXeMa JUHAMHYEeCKOW crcTeMbl « BUOpalioHHas MalivHa — YIUIOTHseMast Cpezia», B KOTO-
pOH mocieHss NpeICTaBiIeHa B Uiee JUCKPETHON MOJAEIHM ¢ MEJICHHO MEHSIOIUMHUCS napaMmerpamu. OnpeneneHa
3aKOHOMEPHOCTH JIBID)KCHHS BUOPAMOHHON (HOpMBI, B3aMMOJEHCTBYONIEH ¢ OETOHHBIM H3/EIUEM, B BUAE CIIOKHBIX
MIPOCTPAaHCTBEHHBIX KOJIEOaHMUI, COCTOSAINX U3 Pa3HOHANPABICHHBIX TOPU30HTATBHBIX M KPYTWIBHBIX KOJICOAaHWUH, BbI-
3BIBAIOIINX TIpEIeTIbHOE Pa3pylICHHE CTPYKTYPHBIX CBs3eil B OeToHHOI cMech u 3¢ dekTuBHOE yrumoTHeHHe. Omnpene-
JICHBI pallMOHAJIbHBIE MapaMeTPbl BHOPAIIMOHHON MAaIIMHBI U PEXHMBI BUOPAIMOHHOTO BO3JCHCTBHS Ha (OpPMyeMBbIe
OETOHHBIC U3/IENH.

KaioueBble ci1oBa: BHOpannoHHas MallnHa, BAOPOBO30YyANTENb KOJIcOaHNH, MapaMeTpPhl, 3aKOH JBIDKCHHS.
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OmnmcaHo KOHCTPYKIISA 1 MPUHIMI il BiOpamiiHOi MammHu 11t pOpMyBaHHS OCTOHHUX OJIOKIB 3 KOPCTKHX 1 Ha-
JDKOPCTKUX OCTOHHHX cyMimred. BiOpariitna MammHa 3a0e3nedeHa Gpopmoro 6e3 JHa, MapHiIPHO-3UWICHOBAHOIO 3 OTIOP-
HOIO TUTUTOIO, Ha SIKi 3MOHTOBaHMH BHOPOBO30YANTEIb TOPU3OHTAIBHAX KPYTOBUX KOIMBaHb. CKIaIeHO PO3paxyHKO-
By CXeMy AWHaMiqHOi cucteMu «BibpariiiHa MammHa — yIIiIbHIOBAaHE CEPEAOBHIIEY, B SIKill OCTAHHE MPEJCTABICHO Y
BUTJISAI AUCKPETHOT MOJIENI 3 TIOBIJTPHO 3MIHHUMU TapaMeTpaMiu. Bu3Ha4eHO 3aKOHOMIpHICTE pyXy BiOpariifHoi dop-
MU, B3a€MOJIi10401 3 OETOHHUM BHPOOOM, Yy BUIIISAI CKIAIHUX IPOCTOPOBHUX KOJHMBAHb, IO CKIAAAIOTHCS 3 PI3HOCHPSI-
MOBAHHX FOPU30HTAIBHUX 1 KPYTHIILHUX KOJHMBaHb, 1110 BUKINKAIOTh OOMEKEHHS PyHHYBaHHS CTPYKTYPHHUX 3B'S3KIB B
OeToHHIN cymiIi 1 eeKTUBHE yIIiIbHeHHA. BU3HaueHO palfioHalbHI TapamMeTpH BiOpaniiHOi MaIllInHU Ta PEKUMH BiO-
pariifHoro BIMBY Ha (hopMOBaHi O€TOHHI BHPOOH.

KurouoBi cjioBa: BiOparriiina MainHa, BiOpo30y1KyBad KOJIMBaHb, TAPAMETPH, 3aKOH PYXY.

AKTYAJIbBHOCTbB POBOTEI. B HacTosiiee Bpemst OCHOBHBIMH TIapaMeTpaMH BUOPAIIHOHHON MAaIIUHBI H
TpebyeTcsi CO3/laHHWe IPOCTBHIX, MAJIO3HEPrOEMKHX | YIJIOTHAEMOH cpelbl TO3BOJSIOT YBEIWYHTH S dex-
BBICOKO3()(PEKTHBHBIX BHOpAIMOHHBIX MAIIWH, MpeIHa- THUBHOCTb YIUIOTHEHHMS, YMEHBIINTh MAacCy U yIIPOCTUTH
3HAUEHHBIX I (popMOBaHMS OCTOHHBIX OJIOKOB C He- KOHCTPYKIMIO BUOPAIMOHHOW MAIWHbI, TpeaHa3Ha-
MeUIeHHOH nX pacnanyOxoil. CymectByromme BHOpa- YeHHOH ausi (opMoBaHUS OETOHHBIX OJOKOB M3 KECT-
LMOHHBIC MalIWHbI, B BUAE BUOPALMOHHBIX IpeccoB [1], KHX ¥ CBEPX)KECTKUX OETOHHBIX CMeceH.

CaMOXOJHBIX BHOPOYIUIOTHSOIINX YCTPOHWCTB [2, 3] Lens paboThl — HCClIeIOBAaHHE 3aKOHOB IBHKCHHUS U
WK BUOPOTLIOMAn0K [4, 5] UMEIOT CI0KHOE KOHCTPYK- OIIpe/ieIeHNe PalMOHAIBHBIX NapaMeTpOB BBICOKOA (-
TUBHOE YCTPONCTBO M TOBBIIICHHYIO 3HEPTrOEMKOCTb. (eKTHBHOH BHOPAIMOHHOW MAIIHMHBI, IpeJHa3HAYCH-
Bce atn BUOpannoHHBIE MAIIMHBI JOPOTOCTOSIIN U HE HOH 1151 pOpMOBaHUSI OETOHHBIX OJOKOB M3 KECTKHX U
MOTYT OBITH WCIIONB30BaHBI JJISI CPaBHHUTEIHHO He- CBEPXIKECTKUX OETOHHBIX CMECEH.

OOJIBIINX TPEINPHUATHI MO BBITYCKY OCTOHHBIX H3JIE- MATEPUAJI U PE3YJIbTATBI MCCIEJOBA-
. TToatomy coznanne 3¢exTHBHON BHOPALMOHHOM HUIA. Ha xapakTep KoneGaHuii BUOPAIMOHHON MAaIIH-
MallHbl, obecreunBatoiieil (GopmMoBaHne OETOHHBIX HBI, HCIIOJIBb3YEeMOH [uIsi (POPMOBaHUS OCTOHHBIX OJIOKOB
OJIOKOB M3 JKECTKUX U CBEPX)KECTKHX OETOHHBIX cMecer C HEMeJUICHHOW pacnaryOKoi, a Takke Ha 3(QQeKTHB-
U UMEIOIIEH MPOCTYI0 KOHCTPYKIMIO M HU3KYIO MeTall- HOCTh YIUIOTHEHHS! (DOPMYEeMBbIX u3AenIni Oosbloe
JIOEMKOCTb, SIBJISETCS aKTyaJlbHOW 3ajadeil. YcTaHOB- BIIMSHHE OKAa3bIBAIOT (PU3MKO-MEXaHWYECKHE XapaKTe-
JICHO, 9TO (PU3MKO-MEXaHWIECKUX XapaKTEPHCTUKU YII- PUCTHKH YIUIOTHSAEMOH cpensl. VIMEHHO NpaBMIBHBIN
JIOTHSIEMOH Cpeabl BO MHOTOM ONPEAETSIOT IOBEACHUE yUYeT BCEX JABWXKYIIMX CHJI M CHJI CONPOTHUBICHUS IIO-
TUHAMAYECKON CHCTEeMBl BHOPAlMOHHOW MAIIMHBI Cy- 3BOJISIET C JOCTaTOYHOH CTENEeHbI0 TOYHOCTH YCTaHO-
IIECTBEHHO BJIMAIOT Ha OIpEIeNieHHe € OCHOBHBIX IIa- BHTh 3aKOHOMEPHOCTh BHOPAIMOHHOTO MpoIecca yII-
pamMeTpoB W pPEXMMOB BHOPALMOHHOTO MpoIlecca YII- JIOTHEHHUS OETOHHOW CMECH, ONpPEAETHTh  PalHOHAIIb-
notHeHnsa. Hambomnee TouHBIE Pe3yNbTaThl MOXKHO MO- HBIE MTapaMeTphl BUOPAIIMOHHON YCTaHOBKHM, KOHCTPYK-
Jy4UThb, B TOM CIy4ae, €CJIM B HUCCIEAyeMON JUHaMU4e- LUs1 KOTOPOH IpezcTaBieHa puc. 1.

CKOI1 cucTeMe y4uThIBaTh JEHCTBUE YIIOTHSIEMON CpeIbl Bubpaunonnass MmammHa cocTouT U3 (GOpMbl 0e3
Ha BUOpPalMOHHYIO MalllMHY B BUJIE CHJI, XapaKTepH3yIo- JIHa, BBIMIOJIHEHHON B BHJE MPOJOJBHBIX 1 M momepeu-
LIMX YIPYTHe, THEPLMOHHBIC U IMCCUIIATHBHbIE CBOWCTBA HBIX 2 6opToB. Ha BHewIHe# yacT GOpMBI B €€ BEpXHEH
[6, 7]. TpaBunpHO MOmOOpaHHBIE COOTHOLICHHS MEXKIY YaCTU KECTKO 3aKpeIUICHbI MPOJOIbHbEIE 3 U Momepey-
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Hble 4 yronku. K npomonsHbIM | cTeHKaM (GOpMBI Ke- coBepIasi KpyTWIbHBIE KOJICOaHWS BOKPYT BEPTHKAIb-
CTKO HMPUKPEIUICHBI IPOYIINHBI 5, B KOTOPBIX CMOHTH- HOHN OCH, IPOXOIAIIEH Yepe3 HEHTP TAKECTH BUOpanu-
poBaHa OCh 6, cIy)Kamasi COeANHUTENBHBIM 3JIEMEHTOM OHHOH yCTaHOBKH.

CO CBEMHBIM BHOPAaLMOHHBIM YCTPOMCTBOM, BBIIOJI- B pesymbrare Takoro BHOPAIMOHHOTO BO3JEHCT-
HEHHBIM B BHJIE U3 KpOHIITEIHA 7 C TparenenaanbHbl- BUSI CMECh HCIBITHIBAET B FOPU30HTAJIHLHOM Hampasiie-
MU 3aXBaTaMH OCH 6, KOTOPBII COEIMHEH C M0JBHOpa- HUH CJIOKHOE HalpshKeHHO-Ae(OPMHUPOBaHHOE BO3/EH-
TOPHOH OIOpOH, cocToseld U3 CTOMKH 8 M OmopHOI CTBHE, IPUBOJIAIIEE K PA3PYLICHUIO BHYTPEHHUX CBA3EH
wmTbl 9, Ha KOTOPO#l 3aKperuieH BHOPOBO3OYAWTEID U NIEPEBOJY CMECH B TUKCOTPOITHOE COCTOSHUE.
konebannii 10. Omopnas tumra 9 ycTaHOBJEeHa Ha Ha 3aximounTesnpHON cTaguu nporecca GopMoBaHUs
amopTm3aropax 11. B HmxHel yacT (pOpMEI BEITIOHE- Ha TOBEPXHOCTh OCTOHHOIH CMecH MOXKeT OBITh ycTa-
Ha OOBSI3Ka M3 YrouKoB 12, K KOTOPBIM MPUKPEILICHEI HOBJEH NPUTPY3, OOECHEYMBAIOMNN BBIPABHUBAHUC
TepMETH3UPYIOIINE PE3MHOBBIE SJIEMEHTHI 13. MTOBEPXHOCTH U e¢ (PaKTypHBIA BHUI.

Pabora BHOpamMOHHONW MAIIWHBI OCYIIECTBISETCS [ocne oxoHuaHus nponecca GopMOBaHUS BUOpAITH-
crnenyromM obpasoM. Ha poBHyro mnoBepxHOcTh 14 OHHBIN OJIOK BBIBOAUTCSI W3 COMPHUKOCHOBEHHS C OCHIO
ycraHaBiuBaercsi ¢popma Oe3 1HaA, KOTOpas 3aTeM 3a- (OpMBI U OTBOJUTCS B CTOPOHY. 3ateM (opma nepeme-
noJHsieTcss 0eToHHO# cMmechlo 15. CpemHOe BuOpanu- IIaeTCsl BEPTUKAIBHO BBEPX, OTIENSAETCS OT c(hopMHPO-
OHHOE YCTPOMCTBO TNpPH NOMOIIM TpanenenaatbHbIX BaHHOTO OETOHHOrO OJIOKa W TNEPEeCcTaBISETCS B HOBOE
3aXBaTOB KpOHINTEHHA 7 coenuHseTcs ¢ (OpPMOi. pabouee MoI0KEHHE.

Bxirouaercsi BuOpoBo3Oyaurens konedanuii 13, mon JUis u3ydeHus 3aKoHa JABIDKCHHMS BCEX JIEMEHTOB
JIeWCTBHEM KOTOpOro (hopMa COBEpIIAET CIO0KHOE JIBHU- BUOPALIMOHHOM MallIMHBI B3auMoAeicTByOmMX ¢ Oe-
XKEHHE, NMEPEeMENIasCh B TOPU30HTAIFHON IUIOCKOCTH B TOHHOH CMECBIO PACCMOTPHUM IEHCTBHE CHJ IPEICTaB-
MIPOJIOJBHOM M TIOTIEPEYHOM HAIIPABICHUAX, a TaKXKe JICHHBIX Ha pHuc. 1.
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Pucynok 1 — PacueTHast cxema BUOpPAITMOHHOM MAITUHBI U1 HOPMOBaHHUS OETOHHBIX OJIOKOB
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Bosmymaronryto cuimy (), TeHepuUpyeMylo BHOpO-
BO30yAMTENIEM KPYTOBBIX Kosiebanuit 10, pa3moxum Ha
JIBE COCTaBIIAIOLINE: MPOJOJIbHYI — (sin mf, HampaB-

JIEHHYI0 10 KOOpAMHATHOW ocu Y, M NOmepedHyro
Qcosmt , HANpaBIICHHYIO B HaNpaBJICHUU KOOPIWHAT-

HOil ocu X . Ilox melcTBHEM 3THUX JBYX BHEIIHHMX CHII
OylyT NPOMCXOIUTH KojcOaHHs (OpMBI C OCTOHHOM
CMEChbI0 B FOPU3OHTAJILHOM HAIPaBICHUU B BUAE MNpS-
MOJIMHEHHBIX KOJIeOaHWH IIEHTpa TSHKECTH B HaIpaBlie-
HUM KoopAMHAT Y u X, a Taxke KpyTWIbHbIE (yIJIO-
BbI€) KOJIeOaHUsI BOKPYT BEPTUKAJIBHOM OocH Z , IPOXO-
Jmen gyepes HeHTp Tsokectn C BUOpanMOHHOM Mariu-
HBl. YpaBHOBemuBas 1o npuniuny Jlamamoepa [8] Bce
JIeficTByIOINE HAa paccMaTpUBAEMYIO0 AMHAMHUYECKYIO
CUCTEMY BHEUIHHME U BHYTPEHHHUE CHUJIBI, COCTABUM CHUC-
TEMY YpaBHEHHi, OMMCBHIBAIOIIUX JIBI)KCHHUE BHOpalu-
OHHOI1 MalllMHBI B CJIETYIOLIEM BUJIE:

— JIBWKCHHE IICHTPa TSHKECTH BHOPAIIMOHHOW Ma-
LIMHBI B MPOJOJILHOM HalpaBlI€HUH, T.€. B HaIpaBiie-
HUU KOOpAMHATHOU ocH Y :

2
(m"'mbl)d_;/"‘(bl +bh1)ﬁ+
dt dt
+(cy +cp))y£F,. =0sinot; (1)

— IIBIDKEHHE LIEHTpa TSDKECTH BHOpalMOHHON Ma-
IIMHBI B IONIEPEYHOM HAIPABJICHUH, T.€. B HANIPABICHUU
KoopAuHaTHOM ocu X !

2
(m+mb2)d—;+(b2 +bb2)ﬂ+
dt dt

@

— IBWKECHUE BOKPYT BEPTHKAIBHON OCH Z , IPOXO-
nsmieit yepes ueHTp tsokectd C BUOpaMOHHOW Mariu-
HBI:

r
+(cy +cpp)xt F, =Q2f1 cosmt ;

d? d
(J+Jb)7;‘o+(n1+nb)7(tp+(k1+kb)(pi

M, :[QF+Q§(d1+l)f1]cosmt, (3)

rze m — macca BUOpAIMOHHOM MaIlMHBI;, ) — MepeMe-
[IeHHE [EeHTpa THKECTH BUOPAIMOHHON MalluHBl B
MIPOJOJEHOM HAIpaBJICHUH, T.€. B HAIPaBICHUH KOOP-
JUHATHOM ocu Y ; x — mepeMelleHre HEHTpa TSKECTU
BHOPAIIMOHHOW MAIlMHBI B TIOTIEPEYHOM HAIIPABJICHUH,
T.€. B HAIPaBJICHUU KOOpAMHATHOW ocu X ; ¢ u b —
KECTKOCTh M KOI(P(PUIMEHT HEYNpPYyroro CONpPOTHUBIIE-
HUSI aMOPTU3AaTOPOB B HANPABICHUH KOOPAUHATHONW OCH
Y; ¢, u by — XKecTKOCTb U KOAPPUIIEHT HEYIPYTOTO
CONPOTHUBIIEHUS aMOPTU3aTOPOB B HAMpaBJICHUH KOOP-
JOUHATHOH ocu X ; @ — yIJIOBOE CMEIICHHE BUOpAIH-
OHHOM MalllMHBl OTHOCUTENIbHO BEPTUKAJILHOU ocu Z ;
Q — aMIUIMTYJa BO3MYIIAIOIIEH CHiIbI BUOPOBO3OYAN-
Tensl KPYroBBIX KoJeOaHwit; J — MOMEHT HHEPIUH
BHOPAIIMOHHON MAaIlIMHBI OTHOCHUTEIFHO BEPTUKAIBHOM
ocu Z; ki u n; — K0d3pUIMEHTHI KPyTHIBHOU JKecT-
KOCTH W HEYHPYTOTO CONPOTHBICHHS aMOPTH3aTOPOB
OTHOCHUTENIBHO BEPTUKAIBHONH ocu Z ; my — TpHBe-
neHHast (IPUCOCAMHEHHAs) Macca OCTOHHOM cMecH, PU

€e B3aNMOJCHCTBUM C TOPIEBBIMH CTEHKaMH (hopmbl;
mpy — NpHBeJeHHas (IPHUCOENMHEHHAasA) Macca OEeTOH-
HOH cMmecH, IIpH ee B3auMoAeiicTBUU ¢ OOKOBBIMH CTEH-
KaMu (GOPMEIL; ¢ U by — KECTKOCTh U KoddbHIEeHT
HEYIIPYTOTO CONPOTHBICHUS YIUIOTHIEMOW OCTOHHOM
CMECH B HaNpaBJICHUU KOOPAMHATHOH ocu Y ; ¢y
byp — KECTKOCTh M KOI(Q(UIHMEHT HEYNPYroro Compo-
THBJIEHHS YIUIOTHAEMON OETOHHOW CMecCH B HalpaBile-
HUU KOOpAMHATHOM ocu X ; J;, — IPUBEACHHBIA MO-
MEHT HMHEPIHUH YIUIOTHSEMOTO CJIOsi OCTOHHOW cMecH
OTHOCHMTENILHO BEPTHKAIBHON ocu Z ; kj m nj — Ko-
(G QUIUCHTH KPYTHIBHON KECTKOCTH M HEYNpYroro
COIIPOTUBIICHUS YIUIOTHAEMOI0 OETOHHOIO CJOsl OTHO-
CHUTEJIbHO BEpPTUKAIbHOM ocu Z ; L — nymHa dopmye-
MOTO U3JENHA; 7 — PAacCTOsSHUE OT OCH Baja BUOPOBO3-
Oynurens xKoiaeOaHMi 10 OCH MIAPHUPHO-COWICHEHHOTO
COCIUHEHUs; d| — PpAacCTOSHHE OT OCHU IIAPHUPHO-
COUICHEHHOIO COCJMHEHUS N0 MepeiHed TOpLEeBOH
CTeHKH (HOPMBI; [ — pacCTOSHKE OT MEpeaHEH TOPIIECBO
CTEHKH ()OPMBI 10 LEHTPA TSHKECTH BUOPALMOHHOM Ma-
HIMHBI; F;. — CyMMapHas cuia KyJOHOBAa TPEHHs MEX-
ZIy OCHOBaHHEM H (DOPMOIi, a TaKke MEXIy OCHOBAaHUEM
u OeTOHHOH cMmechro; M. — CyMMapHBII MOMEHT CHI
KyJIOHOBa (CyXOro) TpeHusi Mexay (opmoit 1 ocHOBa-
HHEM, a TaKoKe MexJy OCTOHHOI CMeChI0 U OCHOBAaHU-
eM.

3HayeHHs IPUBEICHHBIX Macc OETOHHON CMecU M1y,

U My, OLPEIeINM U3 CICIYIOLIHX BEIPAOKCHUI:
myy =nFiigkL/a;
myy =nkyigkL/a,

4)
®)
rae N — Ko3(hOUIMEHT IUHAMHYECKOW BS3KOCTH Oe-

TOHHOI CMeCH; K M a — BOJIHOBOE 4YHCIO M (pa3oBas
CKOpPOCTh PaCIpOCTPaHEHUs BO3MYIIEHHUS B YIJIOTHse-
MoM cnoe [6]; F; u F, — IIIOLIaAn TOPLEBOH U GOKO-
BOM CTEHOK ()OPMBI.

IIpuBencHHBII MOMEHT MHEPLUUM YIUIOTHSIEMOIO
ciosi OSTOHHOM CMECH OTHOCHUTEIBHO BEPTHKAIBLHOM
OoCU Z OmpelenuM U3 Cleayrouleii 3aBUCUMOCTH:

2 2
gy =l 0sL—1y? + 2B
12 12
rae B — mmpunHa GopMyeMOoro U3EIHsL.
KoadduuuenTtsl KpyTHILHOM KECTKOCTH kj;, U He-

(6)

yHOnpyroro COnpoTHUBJICHHUA 7y YIUIOTHACMOI'O OCTOHHO-

IO CJI0sl OTHOCUTENBHO BEPTUKANBHOM OCH Z HailieM
U3 CIIEAYIOMINX BBIPAKECHUI:
B? 17 +(L-1)%
kp=cp—+cpp———— 7
b =15 2 o )
B? 1 +(L-1)%
ny =by —+bpy ————. 8
b = o1 5+ bw2 B ®)
Cunny KyJIOHOBOTO TPEHHUsl HMPEACTaBUM B CIEAYIO-

IeM BUIC:
Fy. =HG1/1+Gof2) 9)
rae Gl — COCTaBJIAKOLIIAsA CUJIbI TSAXKECTHU BI/I6paHI/IOH-

HOW MAIIWHBI, MPHUXOJAIIASACS HA OMOPHYIO IOBEpX-
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HOCTb (popMbl; G, — CUJIA TSKECTH YIUIOTHAEMOT'O CJI0S
OeToHHOIl cMmecH; f] — KOd((UIUEHT TPEeHUS MEXIy
OINOPHOH TOBEPXHOCTBIO (JOPMBI U OCHOBAaHHMEM; f5 —

KO3()(ULMEHT TPEHHSI MEKAY YIUIOTHSIEMBIM OCTOHHBIM
CJI0EM U OCHOBAHUEM.

Cuny KynoHOBOro TpeHHs (4) 3a KaXKAbIl LUK KO-
nebanmii pa3noxuM B psag Oypee [8], mpencraBus e B
BHUJIE CIIEAYIOIIETO FApMOHNIECKOTO Psia:

Fy = HG/1+Gafy) ; G2/2) {sin ot + 30307 Sm:mt +...
N sin[(2n —1)wt] ' (10)
2n-1

MoMeHT cun TPCHUA MCKIAY BI/I6paHHOHHOﬁ Manim-
HOMl U OCHOBaHHEM OIMpCACINM U3 CICAYIOLICTO BbIpa-

KCHUSL.
M, =200l : Shrir.

mp
Hcnone3ys pasnoxenue B psn Oypbe, MpeacTaBuM
MOMEHT CHJI TpeHus: M, B BUJIE CIEAYIOMIEro rapMo-
HUYECKOTO psijia;
2G1f1+G / . sin 3wt
M, :—lfl 22 L* +B*{sinor+ +
47 3
sin St sin[(2n -1 ot
+ +...4 [C Jot] .
5 2n—1
[oncrasnsas Beipakenue (10) B 3aBucumocts (1),
MONyYNM ypaBHEHHE JBIKCHHS ICHTPa TSHKECTH BHO-
PaIMOHHOI MalIWHBEI B TPOJOJIFHOM HAaIlpaBIICHUH, T.C.
B HAIpPaBJIICHUN KOOPAWHATHOM ocH Y :

d? d .
(m+mb1)72y+(b1 +bb1)d—J;+(Cl +cp)y =Qsinot -

(12)

_HG L1 +Gofr) {sin(ot+ sin3or | sinSot
b 5
N sin[(2n —1)wt] . (13)
2n-1

Ha ocHOBaHMH H3BECTHBIX METOJOB KIACCHYECKOil
teopun konebanuii [9, 10], Halinem penieHue ypaBHe-
Hus (13) B ciaexyromieM Bue:

(1) = Ay sin(ot —y ) — A3 sin(Gwr —y3) —
—As sin(Sot—ys)—...

- A2n71 Sin[(zn - 1)(Dt —Wop-1 ] ) (14)

rne Ay, Ay, As, ..., Ar,_1 — aMIUIUTYyABl TapMOHHK
K0JieOaHUH Ha COOTBETCTBYIOIIMX 4YacTOTax p, O3,
©5, -0y 215 Wis W3y Vs, -oos Wopg — YIVIBI

casura (pa3 MeXIy aMIUIUTyIaM{d BO3MYIIAIONMIUX CHIT U
MepeMeIeHUEM;

4= On-4G1 /1 +Gof7)
=
“\/[Cl +py —(m+my )07 12+ (by +by;)* o
_AG1N+Ga )
3n
+9(by +bp) 2 023703 ; (16)

; (15)

Ay {[eq +cp —9(m+mbl)032]2 +

4
As :—(Glfl +Gaf3) {leg +ep —25(m+mb1)c02]2 +

Sm
+25(by +bpy) 2 02170 (17)
4G f1+G
Arpy ZM{[Q +ep —(m+mp;)x
2n-N=

x(2n-1)2 w212 +[@n-1)b; +byw)*} %%, (18)

(b + by

Wy = arctg 5 (129)
¢ +cp —(m+mp)o

Y3 =arctg SURLI 5 (20)
¢ +cpp —9(m+mpy))o

Y5 =arctg Sby + by ) 7 (21)
c1 +cp —25(m+ mp )

2n—1
o | aretg—Cn Db by o 2)

oy +cp = (m+mp)[2n o]

Ha ocnHoBammn Breipaxernuit (2) u (10) cocraBum
YpaBHEHHE IBIKCHUS IEHTPA TSHKSCTH BHOPAIIOHHON
MaIllvHBl B TIONIEPEYHOM HANPaBICHUH, T.C. B HAIpaB-
JIEHUU KOOpAMHATHOM ocn X !

d*x dx
m+mpy)——+(by +bpy)—+(cy +cpo)x =
( b2) 2 (by +by) 0 (c2+¢p2)
4G G
:Qlfl COSO\)t—MX (23)
d T
. sin 3¢  sin St sin[(2n -1 wt]
x4sin of + + e t .
5 2n—1

Pemenne ypaBHeHHs (23) mpencTaBuM B CIEIYFO-
IIEM BHJE:
x(t) = By cos(@t —&)— By, sin(wf —&) —

—B3 SiIl(3(x)t—E_,3)—B5 sin(5wt—§5)—

—m By sin[(2n—TJor =5, ], (24)

rae By;, Bj, —aMIIMTyAbl IapMOHHK KojieOaHUH Ha
yacrore ®; B3, Bs, ..., By, | — aMIUINTyIBl TapMoO-
HMK KONneOaHuil Ha COOTBETCTBYIOLIMX YacTOTax s,
O35, ... Op_1: &, &3, &5, ...y Eg,,_1 — YIVIBI CABUTA

(1)213 MCKAY aMIUIMTYJdaMU BO3MYHIANOMINUX CUJTI U MIEpe-
MCIICHUEM

By Z%{[Cz +Cpy —(m+mpy ) 1% +

+(by +bp)e]*} (25)
By =—4(G1f1:G2f2) {lea +cpy —(m+mpy)0”1* +
+[(by +bpy )]} ; (26)
Bs =W{[Cz +epp —(m+mpy)x

%902 12 +[3(by +bpy)w]? 17 ; 27)
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_4G 1 +Gafr)

Bs o {lea +epy —(m+mpy ) x
%2502 1% +[5(by +bpy)0]? 17 (28)
2n-1 ZM{[% +Cpy —(m+myy)x
2n-Dr

x(2n-1)2 0?12 +[@n-1)by +bpy)0]* 7 (29)

(by +bpp)o

&=arctg 5 (30)
Cy +Cpp —(m+myy)®
&3 =arctg 302 +hpp)> 7 (31)
Cy +Cpp —9(71’1 +myy )(D
&5 =arctg 3y +bpy)o 5 32)
Cy +Cpy — 25("’1 +myy )OJ
2n—1)(by +bpp)®
ppp—— ( )by +by3) (33)

5
Cp +cpy —(m+myy)[(2n -]

VYnopoctuMm monydeHHOe pemieHue (24) ypaBHEHHS
(23), mpuBexns ero K clienyromeMy BHIY:

x(t) = By cos(wt +&;)— B3 sin(3wt —&3) — (34)

— Bssin(Sot —&5) ...~ By sin[(2n — Dot — &5, 4],
rac

B
B = 118121 +3122 & = —<“;+arctg#. (35)
11

Honcraensas Beipaxkenne (13) B 3aBucuMocth (3)
MONyYNM YpaBHEHHE, ONMCHIBAIOIIEe KPYTHIBHBIE KO-
nebaHusi BUOPAIIMOHHOW MalIMHBI BOKPYI KOOpJAWHAT-
HOM ocu Z , mpoxojsmed depe3 meHTp Tsokectu C
BHOPAIIOHHON MAaITUHEL:

2
0 SR ) Sl o =

=[Qr+Q§(d1 +1)f;]cos ot —

——2G1f1 G2/ VI? +B? {sin ot + sin 301 +
4 3

L 5m Sot - sin[(2n -1 ot] .
5 2n—1
Pemenne ypaBHeHns (36) MOXHO TpEACTABUTH B

CJICAYIOLICM BUIC:
(1) = @y cos(wt —C) =Dy, sin(ot — ) —

(36)

—@5 sin(3wt —§3)— @5 sin(Swt —C5)—
_"'_@2}1—1 sin[(2n—1)cot—§2n_1] y (37)

rne @y, @, — aMIUIUTYBl TapMOHHK YIIIOBBIX KO-
nebanuii Ha yactore ®; D3, Ps, ..., Dy, | — aMILH-
TyIObl YIJIOBBIX TAPMOHHUK KOJICOAHMH Ha COOTBETCT-
BYIOIIMX YaCTOTax M3, M5, ..., ®y,_1; G, &3, &5,
eevs €9,,-1 — yruel caBura a3 Mexxay aMIUIUTYIaMH
MOMEHTOB BO3MYLIAIOIIUX CHUII U YIJIOBBIMHU I€peMellie-
HUAMH;

o Orfd +(dy +) ;] . 38
d\/[k+kb—(J+Jb)m2]2+(n+nb)2c02
[ 12 2
@12: (2G1fi +G2f2) L“+B , (39)

4n\/[k+kb —(J+Jp)0* P +(n+np)* 0>

_QGifi +Gy HNL? + B
- 121
x{[k +ky —9(J + ;)02 1> +9(n+np) 2 0?17, (40)

_@G1f +Gy fo WL + B? .
201
*{[k +kp =25 + )0 1> +25(n+np)? 02170 ;

_(2Gfi + Gy o WIL* +B? .

D3

D5 (41)

[0)} =
2n-1 42n—1)m
x{lk+ky —(J+J,)2n-1)* 0?1 +
+(n+np)?2n-1)2w?}7%%; (42)
€ = arctg (n+ 1) 5 (43)
k+kb —(J+Jb)(0
€3 =arctg St np)o 7 (44)
k+kb —9(J+Jb)0)
Cs =arctg St ) 7 (45)
k+kb —25(J+Jb)0)
Loy = arctg Cn-)(n+np)m (46)

k+ky, —(J +Jy)[@n-Do]®

[Mocne npeoOpazoBanusi BeipakeHus: (37) Homydum
petienne ypaBHeHus (36) B cleayronieM BUae:

@(t) =D cos(t + ;) — D3 sin(3wt —C5) —
—@5 sn(Swt—C5)—

== Dy sin[(2n =Dt =Gy 1, (47)
rie

D = 627121 +<D122 ; & =—C+arctg & (48)
@y

3aKOH IBIDKEHHS TOPIEBBIX CTEHOK (OPMEI, B3au-
MOJCHCTBYIONINX ¢ OETOHHOW CMECHIO B TPOAOIHHOM
HaTpaBJICHUH, T.€. B HANPaBICHWU KOOPAMHATHI Y , U
BBI3BIBAIOIINX B HEH HOPMAbHBIC HANPSIKEHUS, MOXKET
ObITh Ha OCHOBaHMH BBIpakeHHH (14) u (47) npencras-
JIEH B CIIEAYIOIIEM BUJE!

Y, (v,8) = y(t)—xop(t) mpu —0,5B<x<0,58. (49)

3aKkOH JBIDKEHHUS TIPOJOIBHBIX CTEHOK (hOpMBEL,
B3aUMO/JICHCTBYIOIMUX C OETOHHON CMEChI0O M OKa3bl-
BAIOIINX HA He€ HOPMAIIbHOE JIaBJICHHE B HAIPABICHUH
KOOpMHATEL X , MOKET OBITh HA OCHOBAHHH BBIPAXKE-
Huii (34 ) u (47) onmcaH cleayIONICH 3aBUCUMOCTBIO!

X s (x,0) =x(1) + yo(r) mpu (L—-D)<y<l. (50)
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AHanu3 NOJy4eHHBIX 3aBUCHUMOCTEN MOKa3bIBaET,
YTO MPH WHXCHEPHBIX pacdyeTax OCHOBHBIX MapaMeT-
pOB HcciexyeMoil BUOPAIMOHHOW MAaIIWHBI U PEXKHU-
MOB BHOpPallMOHHOTO BO3/JCHCTBHS Ha OCTOHHYIO
cMmech B mpuBeneHHbIX ypaBHenusx (13), (23), (36),
ux pemenusx (13), (23), (36) 1 cOOTBETCTBEHHO IpU
MOJICTAHOBKE 3THUX 3aBHCUMOCTEll B BhIpaxkeHus (48)
u (49), 10CTaTOYHO OTPAHUYHUTHCS MCIIOJIB30BAHUEM
TOJIBKO TEPBBIX TPEX YJIEHOB pasioxkeHus B psg Dy-
pbe, cTOAmMX B (UTYPHBIX CKOOKAaX BBIpaKCHHN
(13), (23), (36).

Takum 06pazom, OTydeHB HEOOXOAUMBIE TEOPETH-
YECKHUE 3aBHCHMOCTH, MO3BOJIIOIINE ONPENCIUTh pa-
IIMOHAJbHBIC MapaMeTpbl BUOPAIMOHHON MAaIIWHBI IS
(opMoBaHUsI OCTOHHBIX OJIOKOB M PEXHUMBI BUOpaIu-
OHHOTI'O BO3JCHCTBUA Ha YIUIOTHSIEeMYIo cMmech. IIpume-
HEeHHUe MpejJlaraeMoil BUOPALMOHHOW MAallMHBI MO3BO-
JISICT OCYIIECTBUTH (JOpMOBaHHE OCTOHHBIX OJIOKOB W3
KECTKHX M CBEPXIKECTKUX IIEMEHTOOETOHHBIX CMeceH,
YIPOCTUTh €€ KOHCTPYKLHMIO, cHu3MTh Ha 25 — 30%
9HEPrOEMKOCTh,  IOBBICUTH IPOM3BOAUTEIBHOCTh H
obecrieunTh HEOOXOIMMOE KauecTBO (POPMyEMBIX H3JIe-
JTUHA W3 JKECTKHX M CBEPX)KECTKHX IIEMEHTOOETOHHBIX
cMeceil, o0ecrieuynTs HEMEIUICHHYIO pacnainyOKy H3je-
JMS TIOCIIEe OKOHYaHMS BHOPALMOHHOTO Ipouecca (op-
MOBaHMS.

BBIBOJIbI. Tlpemnoxxena HOBas KOHCTPYKLHUS Ma-
JIODHEPrOEeMKOI M BEICOKO3((EeKTHBHOW BUOPALMOHHOM
MalliHbl, ob0ecreunBaroas (OPMOBaHHE OCTOHHBIX
OJIOKOB M3 YKECTKHX U CBEPXKECTKHX IEMEHTOOETOH-
HbIX cMmeceil. [IpoBeieHHbIE HCCIeN0BaHUs TI03BOJIIOT,
Ha OCHOBAaHHUH IOJYYEHHBIX PELICHUH CHCTEMBI ypaB-
HEeHU BYKCHNS! BUOPAIIMOHHON MAIIMHBI, ONPENICIUTh
3aKOHBI JBIDKCHUS TPOJOJBHBIX W TOPLEBBIX CTEHOK
(OpMBI, B3aMMOJICHCTBYIOIINX C YIUIOTHIEMON OeTOoH-
HOHM Cpeloil B HOpMaJIbHOM HAaIpaBJICHUH, YCTAHOBUTH
panMoHalIbHbIE TTapaMeTpbl BUOPAlMOHHON MalIMHBI U
PEXHUMBI BHOPAI[MOHHOTO BO3ICHUCTBUS HA YIUIOTHSAE-
Myto cpeny. Mcnonbs3oBanue BHOPAIMOHHOW MAaIMHBI,
IIpeJHa3HAYeHHON U1 popMOBaHHUS OCTOHHBIX OJIOKOB
13 )KECTKUX M CBEPXKECTKUX OCTOHHBIX cMeced, obec-
MI€YMBACT MOBBIIICHUE NPOYHOCTH (OPMYEMOro H3Je-
JIMSL ¥ CHIDKeHHUe pacxoa nemenTa Ha 20 — 25 %.
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THE RESEARCH OF VIBRATION MACHINES FOR MOULDING
CONCRETE BLOCKS IN OPERATION

A. Maslov, V. Lukyanenko

Kremenchuk Mykhailo Ostrohradskyi National University

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

Purpose. 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. The purpose of this research is to develop new design
vibro working body for compaction of concrete mixes. Methodology. In the study described the construction and
principle of operation of vibratory machine, which is provided with a form without a bottom, articulating with base
plate on which is mounted a vibration exciter horizontal circular oscillations. In this case, the oscillation exciter
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according to the form of horizontally directional and angular (torsional) vibrations in the horizontal plane. As a result of
the end and longitudinal walls of the mold for each cycle of oscillation have on sealing the concrete mixture alternating
amplitude-frequency vibration impact. To determine the laws of motion of vibration of the form acting on sealing the
concrete mixture is mixed prichastnymi oscillations, the mathematical model taking into account elastic, dissipative and
inertial resistance force arising from the deformation of the sealing medium. The equations of motion and defined 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, allowing to establish the laws of motion vibratory machine in the horizontal plane during the
vibratory compaction of concrete mixes mixed prichastnymi 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 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 of form articulated with the vibration
exciter circular oscillation. Made in the equations of motion of a vibrating machine was used 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. Practical value. Offer vibrating machine will be used on construction sites, used 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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