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AHHoTaums: IlpencraBieHbl pe3ysbTaThl COBEPIICHCTBOBAHUS KOHCTPYKIIHIA
TOPU3OHTAIIBHBIX CMECUTENIeH NJIsl KOMIIO3ULMOHHBIX cMeced. [IpeayiokeHa MHTEHCH-
(ukamus mporecca CMEMIeHHs 3a CYeT OOBEeMHO-TIPOCTPAHCTBEHHOTO BO3ICHCTBHA
pabounx OpraHOB Ha KOMITO3UIIMOHHYIO CMECh U OPTaHU3aIUX TIOCTaIUIHOTO Iporecca
moiydeHus: cMeceit. Pa3paboTraHa KOHCTPYKIUS PEHUPKYILIIIHOHHOTO CMECUTENS KOM-
OMHUPOBAHHOTO NEHCTBHA JJIS MPUTOTOBJICHUS KOMIIO3HIIMOHHBIX CMECEeH C TeXHOTEH-
HBIMH TETEPOTCHHBIMH KOMMOHEHTaMH. [lomydeHpl aHAaIUTHYECKHE BBIPAKEHUS I
pacueTa TUIOmaAel KOHTaKTa BHHTOBBIX YCTPOMCTB C MaTepHaIOM MPH Pa3TUIHBIX
yriax uxX MOBOPOTa, MO3BOJIAIONINE ONPEEIUTh MOMEHTHI CONPOTUBIEHUS MPH TEpe-
MEIIMBAHUK KOMIIO3UIIMOHHBIX MAacC M IOTPEOJIseMbIe MOIIHOCTH IPUBOJOB KaMmep
cMmernienus. MccaenoBan mpouecc NpUroToBJISHUSI CMECH OJHO- U IBYX3aXOJHbIMU BHH-
TOBBIMHU YCTPOWCTBAMH PA3IUIHOTO TEOMETPHUCCKOTO TIPOQILIS.

BBenenue

BOHpOC MOJIYUCHUSA KaYCCTBECHHBIX KOMITO3MITUOHHBIX cMecell SIBIseTCs aKTyaJlb-
HBIM, HECMOTpPS Ha ITIOCTOSIHHOE Pa3BUTHE CTPOMTENILHOM OTpacid W MOJAEPHHU3ALNIO
cMmemmBatomero obopyznoBanus. OcoOyr0 3HAUMMOCTh JaHHOE HAYYHO-TEXHHYECKOE
HarpasjeHUE IPUOOpPETaeT B CBSI3M C HEOOXOAMMOCTBIO CO3JaHUsl 00OpYIOBaHMS
JUTS TIPUTOTOBJICHUST KOMITO3UITMOHHBIX CMECEH C pa3IMIHBIMHI T€XHOTEHHBIMH KOMIIO-
HeHTamu [ 1, 2]. Kpome Toro, pazpaboTka MHHOBAIIMOHHBIX TEXHOJOTHH C MCIIOIB30Ba-
HHUEM BTOPHYHBIX MAaTEPHUANBHBIX PECYPCOB CIIOCOOCTBYET KOMIUIEKCHOMY PEIICHHIO
poOJIeMHOI 3a1auun TIepepabOTKH TBEPABIX OBITOBBIX OTXOI0B [3, 4].

OmHMM W3 HaNpaBJICHHUH MOBBIIICHNS Ka4eCTBAa CMEIIMBAHUS MaTEPHAJIOB SIBIISCT-
Csl KOHCTPYKTHBHO-TEXHOJIOTMYECKOE COBEPIICHCTBOBaHUE pabo4ux opraHoB. MHTeH-
cuduKanus rnpoiecca roMOreHU3alui KOMIIOHEHTOB B CMECHUTEIE JOCTUIAETCs 3a CUET
BHIOOpa U COBEPILEHCTBOBAHUSI T€OMETPHH, (JOPMBI U CXEMbI PACIIOJIOKEHUST pabounX
OPraHOB, YTO TaKXe BIMSIET Ha HHEProzaTparhbl Hpoliecca rOMOIeHH3aluu 00palarhl-
BaeMoOM cpebl.

[TpoBeneHHBIN aHAIN3 MATEHTHBIX MCCIIEIOBAaHUN 1TOKa3aj, YTO B IIEJIAX IOBBIIIE-
HUS HAJEKHOCTH M JTOJTOBEYHOCTH PadOYHX OPraHOB MPUMEHSIOT 3aIIUTHBIC KOXYXH
IUTA Jorracteit [5, 6]. JlaHHas MoJepHU3aIs O3BOJISIET MPOITUTH CPOK CITY KOBI JIoTIa-
CTHBIX YCTPOHCTB, IOBBIMIAas TEM CaMBIM MPOM3BOJUTEIBHOCTh U APPEKTHBHOCTD
CMECHTEIIA.
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Jist uHTeHCH(UKAIMK MpoIecca TOMOTCHU3AMU HCIOJIB3YI0T KOMOWHATOPHKY
JIOTIACTHBIX yCTpOoHCTB. Tak, B padorax [7, 8] peannusyercs HHTCHCHBHOE IIEpEeMEIIeHUe
BCEX KOMIIOHEHTOB CMECH KaK B paJdallbHOM, TaK M OCCBOM HAIPABIICHISX BHYTPH
KaMepbl. biarogapsi MOBBIMIEHHIO «CTENEHH CBOOOABD) IBIKYIIUXCS KOMIIOHEHTOB
CMecH, co3[aeTcsi TypOyau3alus 1 MHTeHCU(HUKALUS [IepeMEeaeMbIX CIIOEB Marepua-
7a. BeIrpy3049HBIE JIOMACTH PEaNr3yIOT PEHUKIIMHT, YaCTHYHO BO3BpAIlas MaTepHai
B 30HY CMELICHHS.

[IpumeHeHre paMOYHBIX U CIHPATIEBUAHBIX JONACTHBIX ycTpoiicTB [9, 10] mo3Bo-
JSIeT pa3pe3aTh MaTepuall MOCIOWHO 110 BCEMY 00beMy KaMepbl, OCYLIECTBIISISI MAKpO-
CMEUIMBaHME, a TAK)Ke IOBBIIIACT TPAHCIIOPTHPYIONIYIO CIIOCOOHOCTh BHYTpH Oapada-
Ha, 4TO YCTpaHSET 3aCTOMHBIC 30HBI M MHTEHCH(UIUPYET Npolecc cMeleHns. B KoH-
CTPYKLMSIX, IpeACcTaBieHHbIX B [11, 12], UCIIONB3YIOTCS CTEPIKHEBBIE DIIEMEHTHI B Kaue-
CTBE CMEIIMBAIOIINX YCTPOUCTB. VICTIOMHEHNE TaKUX KOHCTPYKIHH («pa3pyLINTENei»)
MO3BOJISIET BO3ACUCTBOBATH Ha CMECh, Pa3/eisisi € Ha IMOTOKH M 00pa3ys 3aBHXpPEHHUS,
YTO yBEIWYHMBACT 30HY WHTCHCHU(HKAINU TPOIEcca CMEUICHUs, CO3IaBas BUXPEBEHIC
MOTOKH ¥ pa3pylas cJIOW MaTepHaja Iepes JOMacTIMUA. JTO MOBBIIIAET OJHOPOIHOCTD
pactpeieneHus BceX KOMIIOHEHTOB CMECH H yIyUIllaeT €€ KauecTBo.

Opranusanys mporecca IPUroTOBICHUS CMECH U BBEIICHHS JOOABOK, pean3amnus
MOCTAJAUHHOIO BO3JCHCTBUS HA MaTepHal TaKKe MHTCHCHUUIMPYET MPOIECC roMore-
Huzanuu. Tak, B mateHTe [13] peanusyercs ABYXCTaJAUWHBIM MPOLIECC CMEIICHUSI.
C IIOMOLIBIO aBTOMaTHSHpOBaHHOﬁ CHUCTEMBI YIIpaBJICHUA U TOJa4Y1 CUTHAJIOB O 3aKpPbI-
THH U OTKPBITUH 3arPy304HBIX U Pa3rpy30YHBIX 3aTBOPOB M MINOEpa BO3MOXKHO PeryJu-
pOBaHME BPEMEHH IPUTOTOBJIECHMSI CMecH. JlaHHOE TEXHMYECKOEe pPEIICHHE IO3BOJISIET
YBEIIMYHUTH IPOU3BOJUTEIIFHOCTD M YMEHBIITNTE 3aHUMAEMYIO TUIOMIA b Ha TIPOU3BOJICTBE.

[To pe3ynbTaTtamM NPOBENECHHOIO aHAJIM3a MATEHTHBIX HCCIIEAO0BAHUI U KOHCTPYK-
i pabo4yMx OpraHoB CMECHUTENEH MOXKHO cJelarh BbIBOJA, 4YTO OOBEMHO-
MPOCTPAHCTBEHHOE HCIIOJIHEHHWE PadOYMX OPraHOB MHTEHCU(HUIUPYET MPOLECC TOMO-
rean3anuu. OJHaKo 3TO TpeOyeT CHEHHaIbHBIX HAyYHO-TEXHHYECKHX pa3paboToK
Y MCCIICIOBAHMH JJIsl yCTAHOBJIICHNSI HanOoJiee palioHaIbHOW TeOMETPHYECKOH (DOPMBL,
pa3MepoB KOMIIO3UIIMOHHBIX CXEM PACIIONOKEHHUA pabounx opraHos [14, 15].

s wecnenoBaHus mporiecca B3aWMOJICHCTBUS CMEIINBAIOIIETO (PEHUpPKYIIALIHU-
OHHOTO) YCTpoiicTBa ¢ 00pabaThIBaeMOil cpeol MPEACTaBHM €ro B BHIAC yCEUCHHOM
TUTACTHHBI, HAKIIOHEHHOW K TOPM3OHTAIBHOW OcH mox yrioMm o [16]. Yrox cpesa 31-
JIMIICHOTO KOHTYpa 3 oOpasytomieir AB k Maoi ocu »sumiica 4B onpenenseT Halpas-
JICHWE CHJIOBOTO BO3/ICHCTBHS Ha MaTepHall: TI0 XOAY ABIKCHHS [TOTOKA MaTepuaia — 3’
Wi B oOpatHoM HanpasiieHud — . I[Ipu 3TOM M3MEHSIOTCS TeXHOJOrHYecKue (QyHK-
LA YCTPOUCTB (CXEMBI DPACIIOJIOKEHUSI — MOJIEIUPOBAHMS) MPH HX PaCIOI0KEHHU
(Ha TIPOTHBOIIOJIOKHBIX CTOPOHAX JJLUIMIICHOTO KOHTYpa IO ero Oosbliei ocu AB)
C pa3iIMYHBIM HarpasjeHueM cpesa (') o OTHOIIEHMIO K Mayoi ocu »umica AB) —
TPaHCIIOPTHUPYIOILEe BO3CHCTBHE B 33/IaHHYI0 CTOPOHY KaMepbl MJIH IPH OJMHAKOBOM
HalpaBJeHUH Ccpe3a — PELUPKYIMPYIOllee BO3JCHCTBHE Ha MaTepHal BO BHYTPEHHEM
MIPOCTPAHCTBE MEXIy yCTpolicTBamu. HampaBieHre W dacToTa BpalleHHs Baja YCT-
POWCTB MMEIOT MPHUHIUIHATBHOE 3HAUCHHE, OTPENENoNiee PeKUM PadOTHI KaMepbl
CMETICHHS.

Takum oOpa3om, miom@anb KOHTAKTa OJHO3aXOJHOTO BHHTOBOTO YCTPOHCTBA
(OBY) c MaTepuagIoM 3aBUCHT oT CIIeYTOIITIX napameTpoB
Se = f(Fos £ B0, Ropys§) -

Jis pacuera 3HaueHNH Sppy HMCHOIb3YEM CXeMy, OKazaHHyo Ha puc. 1). 'eo-

merpudeckuii npodmwis OBY amnst ynpomieHnst pac4eToB MOXKHO HPEACTaBUTH B BUJE
YacTH SJUIMIICHOTO KOHTYpa, OrpaHHYeHHOro oOpasyromeil 4B, HaKIOHEHHOH 1mox yr-
soM B k ero Manoii ocu. [Ipn 3TOM yCcTpOHCTBO HaKJIOHEHO K TOPU30HTAILHOM OCH Ka-
MepbI CMEIICHHS TTOJT YTIIOM o.. PaccTosiHMe OT 00pa3yromeld 10 TOPH30HTAIBHON ocH
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Puc. 1. Cxema B3auMo/eiicTBHA JONACTHOI0 CMEIIHBAIOIIEr0 YCTPOHCTBA ¢ MATEPHAIOM

KaMepbl CMELICHHS PaBHO /, KO3 (GUIMEHT 3arpy3Ku MaTepHaIoM — (. YT0JI II0BOPOTa yCT-
policTBa 0003HauMM uepes &, uameTp ycTpoiictBa — Dogy , panuyc — Rogy.

Bribop maHHOTO TEOMETpPHYECKOro TpOQHIS YCTPOWCTBA IO3BONSET Oojee
JETAJIbHO M3yYUTh MEXAHM3M €ro BO3JCHCTBHSA HA MEPEMEIINBACMYIO CPELy, BBUIY
MHOr000pasusi BblllieyKka3aHHbIX napamerpoB [17, 18].

Ipu wucxoausix JaHHBIX  Sopy = TRogyCopy, Tte Copy = Ropy/sina ;

2 .
SOBY = TCROBy/Sln(I .
I[J'IH OIpCACIICHNA 3HAYCHUA SOBY BOCIIOJIB3YEMCSl MHTCTPAJIbHBIM BBIPAXKCHUCM
C 33aHHBIMH I'PaHUYHBIMH YCIOBUsIMHE (1)

Xy A Xp z
Sopy =2 j dxjdz+ j dx j dz . (1)
—Rogy 0 X4 Zyup

Hcnone3yeM IpH 3TOM CIETYIOIINE 3HAYCHUA Z U Z 4 g :

7= i—RéBy — X2;
sino 2

4 AB = tg Bx +1.
Ilocie COOTBETCTBYHOIINX npeoGpamBaHHﬁ TIOJTYy4YUM 3HAYCHUA SOBY

1

Sopy = x

2sina,

. X . X
XI:R%By[n+arcsmaR L +arcsm0cR 4 j+xA\/R(2)BY_xE1 +xB\/R(2)By—x§ -
OBY OBY

1
—Etgs(x%; )~ 1p — x). 3)

348 Bectuuk TaMBOBCKOTO TOCYIaPCTBEHHOTO TEXHHUECKOTO YHUBEPCUTETA.



[Mpn peanuzanmm mnporecca TOMOTCHHM3AIMHM CMECH HPOHMCXOIUT IHUKINYHOE
MOTpY>KEHUE YCTPOWCTBa B CIIOHW MaTepuana, TO €CTh M3MEHEHHE IUIONIaJy KOHTAaKTa
ycrpoiictBa co cpenoi. CoriacHo cxeMme IUIONaJb KOHTAaKTa C MaTepHalloM 3aBHCUT
or yrna mosopora Banma OBY, S, = f(&). TlocnenosarensHocTs norpyxennss OBY
B Marepuai 0003HavaeTcs rpa)uueCKMMHU TOUKAMH.

Torma miomans compukocHoBeHHst OBY co crmoem marepuana, orpaHUYEHHYIO
JHHUSMU 110 OCU Z KpaeM oOpasyromieid AB (Z4p) nuHuel conpukocHoBeHus NM

(ZN M) 7 SIITHIICHBIM KOHTYPOM (Zy), MOSKHO BBIPA3UTh U3 CHCTEMBL

Zyp=1tgPx+1; “
Z=tgPx+1'; (5)
1
Zyy =t——\Rdpy —x%, (6)
sino
t L
rae tgfx = gé; I'= .
sina sinocos§

Koopnunats! Touek 4, B, K, N u M MOXHO yCTaHOBUTD, PELIUB CIEIYIOIINE YPaB-
HEHHUS:

—lsinzathi\/RéBy(l+sin2(xtgB)—lzsinza
Xup= —— ;
1+sin” atgP
™)
+tg B\/R%By (1 +sin? octgz[i) —%sinq
ZA,B: ) 5 ;
1+sin” atgP
X =—Lsi 2 g2,
Nk =—LsinExcos&\Ropy —L7;
! > o ®)
ZN,Kzl—(Lcosﬁisine‘; Ropy — L );
sina
_I-L  Isinoacos&-L
M tgB;—tgB sinE—sinatgPcost’ ©)
Zuy = 2P, -] v :thII—tgﬁlll _ Isin&-LtgP

tgB —tgP ! tgP;—tgP _siné—sinathcosE_,'

Hcxons w3 npuBeneHHON cxeMbl B3aumozeicteuss OBY ¢ marepuanom (cM. puc. 1)
Y COOTBETCTBYIOUIMX IPeoOpa3oBaHuii, MJIOIIA/Ab B3aUMOICHCTBUS YCTPOUCTBA C MaTe-
puanoM ompenesercs mo Gopmyie

1 .X .X
S = oS R(Z)By (n+arcsm € +arcsin—= +xC\/R(2)By —x12< +xN\/RC2)BY —x]2V -
Simao ROBY ROBy

1
—gtgﬁl(xf% 3 )~ tg —xy). (10)
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Hcnone3ys nonyueHHoe paHee 3HadeHUe Sopy (3), MOIYyYUM OKOHYATEIBHO

1 X X
S =— R(2)BY 7+ arcsin—4— + arcsin—C +xA\/R(2)By—x124 +xN\/R(2_)BY —xz |-
2sina. BY ROBy

—lthI(xK XM) ll(xK xM)+%th(xi—x]2\,,)+l (XA—XM). (11)

AHanorn4Ho, Mo BBINOJHEHHBIM pacyeTaM Iomaan koHrakra OBY ¢ matepua-
JOM TIPH Pa3iU4HBIX YIJIaX IOBOPOTa & YCTPOMCTBA, MOXKHO OIPENCIUTh COOTBETCT-
BYIOIIME 3HAYCHUS S, opy A7 yCTPOICTBa, HAKIIOHEHHOTO B CTOPOHY BBITPY3KH MaTe-

puana.
Torna, s cxembl pacnonoxenust OBY ero ruiomiaap, orpaHuueHHas o0pas3yro-
e AB, Oyner paBHa

1 .oX X
Sopy =7=—| Ropy [“—afcsm A~ —arcsin—" j_xA\/ R3py —x3 —xp\Rdpy — 5 |~
Ro Rosy

2sinal BY

1
_Eth(XA xB) (x4 —xp). (12)

Ha cramum morpyxeHus yCTpOHCTBa B MaTepual, MPH MEPECCUCHUH JTUHUUA KOH-
typa ciost NK u obpasyrouteit OBY A'B’' B Touke M', 3Hauenne Spgy Oyzer ompene-

JIATBCSL CYMMOM JIBOMHBIX MHTETPAJIOB ILIOIIAACH

Xy ZN K Xy ZNK |
SOBy:j dx j dZ+j dx J dz = . X
2sina
o Xap Xy ZK
X
X R(Z)By (arcst N —arcsm j+xN\/ROBy xN XA'\,ROBY xA +
OBY

1 1
+5tg51(x12v — Xy )+ll(xN —xM)—Eth(xfr _xz%/[')_l(xA’ —xp)- (13)

MakcumanbHoe 3HadeHue Toniaau kontakra OBY co cioem Mmarepuana Oyzaer
JIOCTUTATHCS IIPH TTOJTHOM TOTPYKEHHUH YCTPOHUCTBA

1 .X .X [
Smax == R(Z)By (n—arcsm N_ _arcsin—& ]—xN\/R(Z)By —szv —Xg RCZ)BY —x]2< -
R Ropy

2sino BY

1
_EthI(XK XN) I(xg —xpy). (14)

CootBercTBeHHO, Npu Bbixogae OBY u3 cios marepuana miomaas B3aUMOACHCT-
BUS YMEHbBIIIAETCS

M’ Zyy XK Zsn 1
Sewx = | dx [ dz+ | dx | dz=o——x
xpr Zyp Xy ZIng
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LX .X
X R(Z)By arcsin R K _arcsin ROB +xg \/R(Z)By - x12< - xB'\/RCZ)BY - xlzg,
OBY BY

1 1
_Etgﬁl (x12< —szw)—l(xK —xM!)—Eth(xj%I, —xé)—l(xMr —xp).  (15)

[lony4yeHHblE aHANUTUYECKUE BBIPAKEHUS [UIsl pacyeTa IUIOIIAed B3auMOJICHCT-
BUSL YCTPOMCTB, 3aKPEIUICHHBIX Ha Bally KaMEphl CMEIICHUS IO Pa3UYHBIM CXeMaM,
C TOMOTEHH3HPYEMBIM MAaTEpUAIIOM MOMOTAIOT YCTAHOBUTH 3HAUEHUS IUIOIAACH KOH-
TakTa Sy pW Pa3IMYHBIX yIrilax MoBopoTa & ycrpoiictB. OmnpexneneHue MpeaeiabHbIX

3HAYCHUI SK IMO3BOJIACT HACTPOUTH COOTBCTCTBYIOIINE COIIPOTUBJICHUA ITPU NOTPYIKE-

HUHM CMECHUTENIbHBIX YCTPOWCTB B ClOHM MaTepuana. lMcrmonb3oBaHHE Pa3lUYHBIX CXEM
ycranoBku OBY B kamepax CMeEIICHHS JaeT BO3MOXKHOCTb M3MEHSTH HAIlPaBJICHHS
W BEJIMYHMHY CHJIOBOT'O BO3AEHCTBHUSI HA MaTepUall, YTO SIBISIETCS Ba>KHBIM IIPH TOMOTe-
HU3aIMU KOMIIO3UIIMOHHBIX CMECEH C pa3IMYHbBIMA KOMIIOHEHTaMH.

[Nomy4eHHbIE aHATUTHYECKHUE BBIPAKECHUSI HEOOXOJMMBI ISl ONIPE/ICJICHHUS MOMEH-
TOB CONPOTHBIICHHUS IIPU MEPEMEIINBAHIN KOMIIO3UIIMOHHBIX MACC, a B JaJbHEHIIEM —
JUIS pacyeTa MoTpedIsieMoil MOIIHOCTH PUBOA KaMep CMELICHHUS.

Jliist m3ydenust mporecca TOMOTEHU3alMK CMECH OHO- U JIByX3aXOJHBIMA BUHTO-
BeIMH ycTpoiictBamu (JIBY) mpoBeneHo momenupoBaHHe Ipoliecca CMELICHHS B Iie-
PHO/IMYECKOM pEeXUME pabdOThl C HCIOJIb30BAHUEM BBINICYKa3aHHBIX YCTPOWCTB
(puc. 2). Jlns u3MeHEeHUs1 SHEPrOCHIOBOIO BO3JEHCTBHS PadOYMX OPraHOB (BHHTOBBIX
YCTPOWCTB) HAa MX IOBEPXHOCTH YCTaHOBJIEHBI CIUIONIHBIE IUIACTUHBI C Pa3lIUYHOMN
IUIOIA/IbI0 KOHTAKTA B IIEPHO/] TOTPY>KEHNUS B CIIOW MaTepHara.

[Tpu peanu3zanuy nporecca peluKINHra MaTEPHAIOB BO BHYTPEHHEM ITPOCTPAHCT-
Be OBY nepemeniaer cioit MaTepuana u, 1o Mepe Morpy>KeHust B HEro, CMEIIaeT MINXTY
BJIOJIb BUHTOBOM moBepxHOCTH. CHMMeETpHYHOE pacrnonokeHue jonacteit OBY mo3Bo-
JISIET peann3oBaTh MocienoBaTensHoe (depe3 kaxapie 180°) BHyTpeHHEE IepeMeIIeHne
(pemuKIIMHT) MaTepuaia B IEHTPAbHON YacTn OapabaHa CMECHUTEINS.

Jis peanuzanum mporecca MHUKPOCMEIIMBAHUS JBYX3aXOAHBIMH BHHTOBBIMU
JIONACTSIMM MCIHOJIb30BAINCh YCTPONCTBAa 0€3 HAKIAAHBIX IUIACTUH. JIByX3aXOIHbIE
BUHTOBBIE YCTPOIMCTBA BIMSIOT Ha MaTepHall B JIBa pa3a MHTEHCHBHEE. 3a OJIMH 000pOT
Basa (yroJs packpbitus nosepxHoctd JIBY y = 90°) kaxxaast ux JIonacth 00eCreunBacT
JIByXKpaTHOE BO3JECHCTBHE HA CMeCh, CO34aBasg BCTPEYHbIE MPOTHBOIOIOKHO
HalpaBlCHHBIE  IIOTOKHM, OCYIIECTBISIA TIPH  O3TOM  BHYTPEHHUH  PELMKIIMHT
KOMMO3ULIUOHHOM CMECH.

[Tpu MozenupoBaHKU Tpoliecca TOMOTEHNU3AIMN CMECH YCTaHOBJIEHO, UTO IIPH yC-
TaHOBKe Ha pabodueil BUHTOBOU moBepxHoctr OBY u JIBY HakmagHBIX ITACTHH TOBBI-
I1aeTCsl 3aXBaTHIBAIOIIAsI CIIOCOOHOCTh YCTPONCTB M CHIIOBOE BO3/ICHCTBHE HAa MaTepHall.

[

0)

Puc. 2. CtenoBble IKCIIePUMEHTAIbLHBIE YCTAHOBKH € OHO- (@) M ABYX3aX0AHbIMU ()
BHHTOBBIMH YCTPOHCTBAMH /1151 MO/IEJIHPOBAHHUS MPOLECCOB CMeIIeHH s
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Kamepa
MakKpOCMCIICHHS

Kawmepa
MHUKPOCMELLICHHUS

Kamepa
CMEIIMBaHUs

06aBOK
}1 Kamepa

TOMOIr€HHU3alun
CMCCH OCHOBHBIX
KOMITOHEHTOB
1 100aBOK

a) 0)

Puc. 3. PenupkyIsiuOHHBINA cMecHTe b KOMOMHMPOBAHHOIO elCTBUSA:
a — cXeMa KOMITIOHOBKH KaMep arperaTa; 6 — OlbITHO-IIPOMBIIUICHHBII arperar;
1 — TpaHCIIOPTUPYIOIUH HIHEK; 2 — KaMepa MaKpOCMEIIUBAHUsA; 3 — KaMepa MUKPOCMEIIUBAHHUS;
4 — xamepa cMeLIMBaHus JO0OABOK; 5 — KaMepa OKOHYATeIbHOI FOMOTreHU3aLUH;
6 — pama; 7 — IIyJbT YIIPaBICHUS

[Tocnennee MpUBOANT K MHTCHCHBHOMY TTEPEMELICHUIO MaTepHana (PEeIUKINHTY) BHYT-
pu OapabaHa cMecutens. Takxe BBIBICHO, YTO IIPU PA3JIMYHBIX 3HAYEHHUAX YaCTOTHI
BpAILICHUs Bajla C yCTPOMCTBaMH HaOJroNaeTcs MHTEHCU(PUKAIUS MPOLEecca CMEIICHUS
B PA3JIMYHBIX 30HAX KaMephbl.

Tak, npu njygy =20...80 06/MuUH HAOMIOIATOCE MHTEHCHBHOE IEPEMEIIEHUE

Marepuasa B HUKHEH 30He kamepsbl, a npH 7gy = 80...180 06/MUH — JTONIOTHUTENBHO
¥ B BEpXHEH yacTH Kamepsl. [Ipm 3TOM ycTaHOBIEHHE O00BEMHO-TIPOCTPAHCTBEHHOTO
HepeMelleHHs] MaTeprana B BepxXHed yacTi OapabaHa CyIIeCTBCHHO HHTEHCH(HULUPYET
MPOLIECC CMEIICHHUS.

C y4eToM NpPOBEICHHOTO MOJCIMPOBAHHSA HCCIEAYEMBIX MPOLECCOB Pa3padoTaH
PELUPKYJISIIIMOHHBIA CMECHTENIb KOMOMHUpOBaHHOTO aeiicTBust [16]. PazpaboTaHHblit
Ha €ro OCHOBE TEXHOJOTMYCCKHI MOMIYJb paboTaeT CleAyrolmuM obpazoMm (puc. 3).
OCHOBHBIE KOMITOHEHTBI TIOAAIOTCS C TIOMOIIIBIO TPAHCIIOPTHPYIOIIETo ITHEeKa / B Kame-
py MakpocMemnBanus 2. OIHO3aXOAHBIMH JIOTIACTSIMH, 3aKpEIJICHHBIMH Ha TOPU30H-
TaJIFHOM Bally, KOMIIOHEHTHI ITepeMennBaloTcss padounmu opranamu — OBY. O6pabo-
TaHHas B Kamepe 2 CMeCh pasJesisieTcs Ha [Ba IOToKa. IIepBbIif moCTymaeT B KaMmepy
MHKPOCMEIINBAaHUS 3, OCHALICHHYIO JIBYX3aXOAHBIMHU JionmacTsMu. Ha cmech coBepiua-
eTCsI YeTBIPEeXKpaTHOe Bo3IeiicTBHe Kaxmoil mapoit /IBY 3a ommH obopoT Bama, 9To
3a CYET BHYTPEHHETO PELUKIMHIA CYIIECTBEHHO MHTEHCH(HULHUPYET NpOLEecc cMelle-
HHS U TTOBBIIIAET KAYECTBO KOMIIO3UIIMOHHON CMECH.

Bropas dacTe MaTepuanoB MoJaeTcsi B KaMepy FOMOI€HU3aluH 00aBOK 4, KOTO-
pasi OCHaIIeHa JBYX3aXOJIHBIMH JIOTIACTHBIMH ¥ [1-00pa3HbIM ycTpolicTBamu. 3a cuer
BBICOKOCKOPOCTHOT'O BO3/JICHCTBHSI pabOYHMX OPraHOB MaTepHallbl OCHOBHBIX KOMITOHEH-
TOB BMecTe C Ji00aBKaMM MHTEHCHBHO NeEpeMEIINBAalOTCs. B nanpHeleM 4acTH4HO
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MOATOTOBJIEHHBIE B KaMepax 3 U 4 KOMIIO3ULMOHHBIE CMECH NOJIAI0TCSL B KAMEPY OKOH-
YaTeThbHON TOMOTECHU3AINH J, TJIe IePEMEIINBAIOTCA, a IPU HEOOXOAUMOCTH, C TI0Ja-
YeH CBS3YIOIMIETO — MUKPOTPAHYTUPYIOTCS.

PenMpKynsuuoHHbIH cMecuTe b 001aaeT MHOTO()YHKIIMOHAIBHBIMU TEXHOJIOTH-
YECKUMH BO3MOKHOCTSIMH 32 CUET HCIOJIB30BaHUS KOMOWHHPOBAHHBIX pabOYHMX opra-
HOB OOBEMHO-TIPOCTPAHCTBEHHOTO BO3/ICHCTBUS HAa KOMIIOHEHTHI KOMIO3WI[MOHHOW
CMECH B PEXKHME MX penukinHra Mexay napabivu OBY u JIBY. OGecnieunBaetcs
MHTEHCUBHOE TIEpEeMEIIMBAaHUE T'€TEPOTEHHBIX TEXHOTCHHBIX KOMIIOHEHTOB KOMIIO3U-
LIMOHHON cMecH. Peanuzanus B cMecuTese NOCTaquiHOro MpoLecca CMEIIEHUs TeTepo-
TCHHBIX KOMIIOHCHTOB C Pa3IMYHBIMH (HU3UKO-MEXaHWICCKHMH XapaKTePHCTUKAMHU
(TpaHyIIOMETPHYCCKIM COCTABOM, IUIOTHOCTBIO, CHIITyYECTHIO M JIp.) TPH Pa3HOW KOM-
OMHATOPHKE HMCITONB30BaHHS KaMep ITO3BOIIICT ITOIyYaTh BBICOKOKAYCCTBEHHBIC KOMITO-
3UIMOHHBIE CMECH IMIAPOKOTO CIIEKTPa UCTIONB30BAHMS.

3akaroyenue

BrinonHeHHbIE HAYYHO-TEXHUYECKHE pa3paOOTKH HaIlpaBiIeHbl HA KOHCTPYKTHB-
HO-TEXHOJIOTUYECKOE COBEPIICHCTBOBAHHE PAa0OYMX OPraHOB T'€OMETPHYECKOTO Ipo-
(WL M cXeM YCTaHOBKH B KamMepaxX IMOCTaTUIHOTO CMEUICHHS (PEIHKINHTa) TeTepo-
T'eHHBIX KOMIIOHEHTOB KOMITO3UIIMOHHBIX CMECEH.

[Tonmy4eHHbIE aHATMTUYECKHE BBIPOKEHUS AJISI pacyera IUIoUIajeid KOHTaKTa Sk
BUHTOBBIX YCTPOWCTB C MaTepHajioM IPH Pa3IMYHBIX yIilaX HOBOPOTa & TO3BOJISIIOT
OIPEJICTIUTh MOMEHTHI CONPOTHUBIICHUS MPH TEPEMEIIMBAHNM KOMIO3UIIMOHHBIX Macc
Y 1OTpeOdIIsieMble MOIITHOCTH TIPHBOIOB KaMep CMEILICHHSI.

[IpoBeneHHBIE HKCIIEPUMEHTAIIBHBIC HCCIICAOBAHUS IO MOJICTMPOBAHHIO IIPOIEC-
COB CMEIIECHUS TeTEPOr€HHBIX KOMITO3UIIMOHHBIX CMECEH C MCIIOJIb30BAHNEM BUHTOBBIX
YCTPOMCTB MHTCHCH(DUIIMPYIOMIETO ICHCTBHUSA PA3IMYHOTO T'€OMETPHUUECKOTO MPOQIIIs,
KMHEMATHIECKOTO M CHJIOBOTO BO3ACHCTBHUS MOATBEPKAAIOT TEXHOJIOTHUYECKYIO IIElie-
COOOpa3HOCTh peaaH3alMi MOCTAAUITHOIO BHYTPEHHETO PELUKIMHIA CMEIIMBASMBIX
KOMITOHEHTOB.

Pa3paboTaH, U3rOTOBJICH M KCIEPUMEHTAILHO anpoOMpOBaH MaTEHTO3AIIUIICH-
HBII PElMPKYISIHOHHBIA CMECHTENIb KOMOMHUPOBAHHOTO JEHCTBHS Uil CMEIICHHMS
TeTEePOrCHHBIX TEXHOTCHHBIX KOMIIOHEHTOB M TOJIYYCHHS KOMIIO3UIIMOHHBIX CMecel
PA3IMYHOrO TEXHOJIOTUUECKOr0 Ha3HAYEHHUSI.

Paboma evinonnena npu gunancosoti nododepaicke 6 pamkax HAYUOHAILHOZO NPO-
exma «Hayxa u ynueepcumemy» no cozoanuio Hoeou nabopamopuu «Paspabomka,
UCCIe008aHUsL U ONBIMHO-NPOMBIUUIEHHAS anpoOaAyUs HAYKOEMKUX MEXHOA02UL U meX-
HUYECKUX cpedcms 0Jisi RPOU3600CmMEa NOIUMEPCOOEPICAUUX KOMNOZUYUOHHBIX CMecell
U U30enUll U3 MEeXHOLEHHLIX OPAHOMUHEPANbHBIX KOMHOHEHMO8» (npoekm FZWN-
2024-0002).
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Intensification of Homogenization Processes of Mixtures
in the Recirculator Mixer

A. M. Protsenko

Department of Technological Complexes, Machines and Mechanisms,
nastyal 2rudchenko8@gmail.com; Belgorod State Technological University named
after. V. G. Shukhov, Belgorod, Russia

Keywords: screw devices; modeling; resource saving; recycling; combined
action recirculation mixer; mixing; technogenic materials.

Abstract: The results of improving the designs of horizontal mixers for
composite mixtures are presented. The intensification of the mixing process is proposed
due to the volumetric-spatial influence of the working bodies on the composite mixture
and the organization of a stage-by-stage process for obtaining mixtures. The design
of a recirculating mixer of combined action has been developed for the preparation
of composite mixtures with technogenic heterogeneous components. Analytical
expressions are obtained for calculating the contact areas of screw devices with the
material at different angles of rotation, which make it possible to determine the
moments of resistance when mixing composite masses and the power consumption
of the mixing chamber drives. The process of preparing the mixture using single- and
double-thrust screw devices of various geometric profiles has been studied.
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Intensivierung der Homogenisierungsverfahren von Gemischen
im Recycling-Mischer

Zusammenfassung: Es sind die Ergebnisse der Verbesserung der Konstruktio-
nen von Horizontalmischern fiir Verbundmischungen vorgestellt. Es ist die Intensivie-
rung des Mischprozesses durch die volumen-rdumliche Einwirkung der Arbeitskdrper
auf die Verbundmischung und die Organisation des stufenweisen Prozesses der Mi-
schungsherstellung vorgeschlagen. Es ist der Entwurf des kombinierten Recycling- Mi-
schers fiir die Herstellung von Verbundmischungen mit technogenen heterogenen Kom-
ponenten entwickelt. Es sind analytische Ausdriicke fiir die Berechnung der Kontaktfla-
chen der Schneckenvorrichtungen mit dem Material bei verschiedenen Winkeln ihrer
Drehung erhalten, die es ermoglichen, die Widerstandsmomente beim Mischen von
Verbundmassen und die verbrauchte Leistung der Mischkammerantriebe zu bestimmen.
Der Prozess der Mischungsvorbereitung mithilfe von Einzel- und Doppelschneckenvor-
richtungen mit verschiedenen geometrischen Profilen ist untersucht.

Intensification des processus d'homogénéisation des mélanges
dans le mélangeur de recyclage

Résumé: Sont présentés les résultats du perfectionnement de la conception des
mélangeurs horizontaux pour les mélanges composites. Est proposé d'intensifier le
processus de mélange en raison de l'impact volumétrique et spatial des organes de
travail sur le mélange composite et de 1'organisation du processus post-stade de la
préparation des mélanges. Est élaborée la conception du mélangeur de recyclage
a action combinée pour la préparation des mélanges composites avec des composants
hétérogenes artificiels. Sont obtenues des expressions analytiques pour le calcul des
zones de contact des dispositifs a vis avec le matériau a différents angles de rotation,
ce qui permet de déterminer les moments de résistance lors du mélange des masses
composites et la consommation d'énergie des entrainements des chambres de mélange.
Est étudié le processus de la préparation du mélange avec des dispositifs & vis a une et a
deux voies de différents profils géométriques.

ABtop: Ilpouenxko Anacmacus Maxkcumoeéna — acTUpPaHT, WHXEHEP Kadempsl
TEXHOJIOTHIECKAX KOMIUIEKCOB, MamiH U MexaHuzmoB, ®I'BOY BO «benroponckuit
rOCyapCTBEHHBI TexHoJoruueckuil yHusepcuter um. B. I'. Ilyxosa», benropon,
Poccus.
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358 Bectuuk TaMBOBCKOTO TOCYIaPCTBEHHOTO TEXHHUECKOTO YHUBEPCUTETA.



