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MOJAEJIOBAHHSA POBOY0I'O ITPOLECY
CTPIYKOBO-JIOITATEBOI'O PO3YNHO3MIIIIYBAYA

Bucsimneno pezynomamu oocniodcenHs pobouux npoyecie npuecomysanus 0yOieebHUX
PO3YUHIB  PIZHOI  pyXomocmi y  CMPIYKOBO-I0namesomy pozuunosmiuiyeadi. Lllnaxom
MPUBUMIDHO20 MOOEN08AHHS NOOYO08AHO NOJISL WBUOKOCMElU, AKI 8U3HAYAIOMb XAPAKMEPHI
CKAA008I npoyecy nepemiuly8anHs: MaKpo- i MIKpO3MIULY8aHHS. YcmanoenieHo ocobausocmi
npoyecy MIKpO3MIULYBAHHA, AKI NOAA2AIOMb V pPYCI pO3YUHY NO Cmpiuyi ma Ha KOHMypi
0ooamkosux nonamox. Ha ocnosi mpusumipno2o Mo0ent08aHHs NOKA3aHO pO3NOOLL 4aACHOK
PO3UUHY ma ix mpackmopii pyxy 6 KOpnyci smiuysaya 3i CmpiuKo80-l10namesum pooouum
OpP2AHOM 3 YPAXy8aAHHAM NAPAMempie i pexcumis tioco pobomu. OOTPYHMOBAHO BUKOPUCTIAHHS
AK poboYo2co opeaHa 3Miulyeaua CMpIiuKO80-10NAMEB020 B8ald, OCKIIbKU 3ACMOCY8AHHS
000amKOBUX TONAMOK NEPEULKOONCAE YMBOPEHHIO «MepmEUxX» 30H Y KOpnyci 3miuyeaua i
Cymmego nio8uUWYe IHMEHCUBHICMb nepeMiuly8ants. Busnaueno payionanvHi napamempu
yacmomu 0b6epmaHus pobouo2o opeaua, npu AKUX 00CA2AEMbCA HAUBUWA eheKMUBHICTD 1020
pobomu 3 MOUKU 30pPY MIKPO- | MAKPOIMIULYBAHHS.

Knrouoei cnosa: 6yoisenvHuti po3uur, mpueumipHe MOOeN08anHs, noje WeUoKocmel,
MpaeKmopis 3MIULY6aAHHA, POZUUHOIMIULYEAY.
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MOJAEJIUPOBAHUE PABOYETI'O IPOLHECCA
JIJEHTOYHO-JTOITACTHOI'O PACTBOPOCMECHUTEJIA

H3noocenvr  pezynomamsl uUccie008aHus paboyux npoyeccog npu npueomosieHuu
CMPOUMENbHBIX PACMBOPO8 PA3IUYHOLU NOOBUNCHOCMU C HOMOWDBIO JEeHMOYHO-TONACTHO20
cmecumens. Ilymem mpexmepHo2o MOOenuposanus NOCMpPOEHbl NOJs CKOPOCmel, KOmopbie
onpeoensom  XapakmepHvle COCMAGNAIOWUe Npoyecca nepemMeueanus: MukKpo- U
Maxkpocmewueanus. Ycemanognenvl ocobeHHOCMU npoyecca MUKPOCMEWUBAHUS, KOMopble
COCMOoAmM 6 OBUNCEHUU pAacmeopa Nno JeHme U HA KOHmype OONOTHUMENbHbIX JONAMOK.
OcHogbleascy Ha MpexmMepHOM MOOEIUPOSAHUU, NOKA3AHO pacnpedeleHue Yacmuy pacmeopa u
UX MpaeKmopuy 0BUNCEHUS. 8 KOPNYce CMeCUmelisl ¢ IeHMOYHO-I0NACMHBIM PAOOYUM OP2aAHOM
C yuemom napamempos u pexcumos e2o pabomuvl. OOOCHOBAHO UCNONL30BAHUE 8 KAYeCmae
pabouezo opeana cmecumens JeHMOYHO-IONACMHO20 84Jld, NOCKOAbKY HpUMeHeHue OONOaHU-
MeNbHbIX JIONAMOK npedomepaujaenm NoseleHUe «MepmeblX» 30H 6 Kopnyce cmecumens u
CYWecmeeHHo nosvluiaem UHMeHCUBHOCMb nepemewiuganus. OnpeodeneHvl pPayUOHATbHbIE
napamempusl 4acmomul 8pawjeHusi paboue2o opeand, npu KOmopvlx 00CMU2aemcs HaugblCuldsl
agppexmusnocms e2o pabomvl ¢ MOYKU 3PEHUSL MUKPO- U MAKPOCMEUUBAHUS.

Knrouesvie cnosa: cmpoumenvHulii pacmeop, mpexmepHoe MOOenuposanue, noje
cKopocmell, mpaeKmopusi CMeuu8aHus.
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TAPE-PADDLE MORTAR MIXER
WORK PROCESS MODELLING

An article presents mortar with different mobility mixing with type-paddle workbody flow
reserching results. With the help of 3d modelling, builded a speedfields, that determines
characterized componentsof mixing process: macromixing and micromixing.

Micromixing process features determined that installed in moving of mortar particles by
type surface and on extra paddles periphery. Features of macromixing process characterized
by moving a big volumes of mortar in workbody frame.

Based on 3d modelling, shown a mortar mix particles distribution and move trajectories
in mortar mixing workbody frame when moving in workbody space, considering it work
parameters and modes.

Using a type-paddle workshaft justified as a work body. Extra paddles using can prevent
appearance «dead» zones in workbody frame and significantly intencives mixing.

Theoretical and experimental results of studying building solutions preparation process
determined quality, reliable, energy-efficient, quick mixing mortar required technological
properties of equipment where available a working body.

The results of mortars mixing practical observation in the type-paddle mixers have
identified the following picture distribution speeds. Tape, rotating, transfers shares of a
solution movement, which has two components areas: along the longitudinal axis and the
direction of rotation. Paddles transfer solution particles motion in the specified areas.

Thanks to the three-dimensional modeling tools described picture distribution
components in the mixer body depends on the components physical and mechanical properties,
technological factors, mixing modes and equipment design features items. This mathematical
modeling of such a process should take into account the limitations of this problem in the space
(working volume mixer) and time.

The resulting image depending allow to analyze the trajectory of each particle inside
solution mixer and its speed at any given time.

By mixing quality criterion measure taken to minimize the number of streams at speeds
close or equal to zero. Zero speed indicates the presence of «dead» zones in the mixer housing
and lack of effectiveness of its work.

Overall, the computer simulation results show that the band-blade mixer use, namely the
use of blades in a design working body, where the «dead» zones formation, leading to the new
fields excitement velocity emergence of particles in solution and the tape excitement field
amount covering the entire the mixer volume, confirming the proposed design effectiveness.

As a research result built a three-dimensional mixer working body model and received
visualized image distribution solution components depending on its operating space.

Built models enable to conclude the mixing different modes efficiency and determine his
work rational parameters, in which the particle distribution solution will provide intensive
mixing components.

Determined rotating frequency rational parameters when maximum work efficiency by
the micromixing and macromixing point can be reached.

Keywords: mortar mix, 3d modelling, distribution, mixing, mortar mixer, tape, paddle,
working body.
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Beryn. [IpuroryBannst OyaiBeIbHUX PO3YMHIB SBIISIE COOOKO CKIAAHUMN TPOIIEC, IMiJ Yac
SIKOTO BiZIOYBAa€ThCS BIIHOCHE MEPEMIIIEHHS YacTOK, 3aBAaHTAKEHHMX /10 KOPITYCY 3MillyBaya
[1, 4, 5] KOMITOHEHTIB 3 METOIO JTOCATHEHHS MAaKCUMaJbHO MOXKJIMBOI PIBHOMIPHOCTI TIXHBOTO
PO3MOALTY IO BCOMY 00’ €My IPUTOTOBAHOTO PO3YUHY.

Onuc KapTHHU PO3MOLTY KOMIOHEHTIB Y KOPITYCl 3MilllyBaua — 3aBAaHHS, SKE 3aJICKUTh
BiJl (pi3UKO-MEXaHIYHUX SKOCTEH KOMIIOHEHTIB, TEXHOJOTIYHHX (PaKTOPIB, PEKHUMIB poOOTH
3MillyBaya, a TaKOX KOHCTPYKTHUBHHUX OCOOJIMBOCTEH eneMeHTIiB oOmamHanHs [2, 6].
[Ipu boMy MaTeMaTHYHE MOCIIOBAHHS TAKOTO MPOIECY MOBUHHE BPAXOBYBAaTH OOMEKEHICTh
O3S AYBAaHUX SBUII Y TPOCTOPi (poOoumit oOcAr 3MinryBaya) Ta B 4aci.

AHaJi3 ocTaHHIX /J:Kepesa HociigxkeHb i myOaikamiii. [lomepenniMu T0OCTiKECHHSIMH
[2, 3, 6, 7] BH3HaAYeHO, IO HAMOUIBII XapaKTEPHUMHU SKICHUMHU TOKa3HUKAMH IIPOIECY
nepeMilllyBaHHS PO3YUHY € CTYIiHb, IHTEHCHBHICTh Ta EHEPrOEMHICTh IEepeMilllyBaHHS.
[Ipu 11bOMy cHiJi BpaxoBYBaTH SK KOHCTPYKTHBHI OCOOJMBOCTI 3aCTOCOBAHOTO OOJaJHAHHS,
PEXUMU i TapaMeTpu Horo podOTH, TaK 1 XapaKTEPUCTUKH POOOYOro cepenoBuia [3].

BujisienHsi He po3B’si3aHUX paHillle YACTHH 3arajbHOI MpodjaeMu. Y TOM ke 4ac mpHu
MaTeMaTHYHOMY MOJETIOBAaHHI pOOOYMX TPOILECIB BUHUKAE HEOOXINHICTH MOOYIOBH
rpadgiyHUX MojeNied BU3HAUEHHS TPAEKTOpIA Ta TOJIB IIBHAKOCTEH YacTOK PO3YUHY, IO
YTBOPIOIOTHCS MTPU MEPEMIIITyBaHHI.

IlocranoBka 3aBaaHHsi. Y TpoIeCi BUKOHAHHS JOCTIKEHb HEOOXITHO PO3TISHYTH
Ipolecd NMPUTOTYBaHHA OyNiBETbHUX PO3UMHIB Pi3HOI pyXOMOCTI y KOpmyci 3mimryBaya 3i
CTPIYKOBO-JIONATEBUM POOOYMM OPraHOM TP PI3HUX MapamMeTpax Ta peKUMax HOro poOOTH.

OcHoBHuii MaTepiana i pe3dyabratu. I[IpoBeneHuii aHami3 iCHYIOUMX KOHCTPYKLIN
pobouuX OopraHiB 3MillIyBayiB MOKa3aB, 0 CTPIYKOBO-JIONATeBUH 3MinTyBad [4, 6] € HalOUIbII
palioHAIbHUM 3 TOYKH 30py 3a0e3nedeHHs e(peKTHBHOCTI NepeMilllyBaHHS Ta MEpPEeMIlICHHS
KOMITOHEHTIB PO3YHMHY B HampsMi Buaadi. J{js Takoi KOHCTPYKIIii MpUTaMaHHA HAsBHICTH SIK
0e3mocepeIHbO CTPIUKH, )KOPCTKO 3B’ A3aHOT 3 BAJIOM, TaK 1 IJIOCKUX JIOMATOK.

KoHcTpykiis Takoro po6ouoro oprasa 3MinryBada HaBeJeHa Ha puc. 1.
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Pucynok 1 — Cxema po6040ro opraHa cTpiuKoBo-10NaTeBOro 3MinryBava:
1 — cTpiuka; 2 — jgomnarka; 3 — Bal

3

JlogaTkoBe BKJIIOYEHHSI JIONATOK JIO KOHCTPYKLIi 3MillyBadya Ja€e MOJIMBICTh
MPUCKOPUTH IIBHJKICTh MPUTOTYBAHHS TOBAPHOTO PO3YHMHY M TOJIMIIMTH HOTO SKICTH 3a
pPaxyHOK BUKITIOYCHHS «MEPTBHUX» 30H.

Buiiezazuauene 00yMOBHUJIO HEOOXI1IHICTh MIPOBEICHHS TEOPETHYHHUX Ta
EKCIIePUMEHTALHUX JIOCIIHKEHb MPOIeCY MPUTOTYBAaHHS U TPaHCIOPTYBaHHS Oy/iBETbHUX
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pO3uMHIB JuIsi 3a0e3MedeHHsT SKICHOT0, HAIIHHOTO, EHEProomaJInBOr0 Ta IIBHUIKOTO
IPUTOTYBAaHHS PO3YMHIB MOTPIOHUX TEXHOJIOTTYHHMX BJIACTHBOCTEH OOIAaTHAHHSAM, /1€ HassBHUH
TaKuil poOOUNii OpraH.

Pe3ynpraToM MNpakTHYHOTO CIIOCTEPEKEHHS IMPOLECY MPHUTrOTYBaHHS OyAiBeTbHUX
PO3YMHIB Yy CTPIYKOBO-JIOMATEBOMY 3MIITyBadl € BHU3HAUEHHS TaKOTO PO3MOJIICHHS
mBuakocTeld. CTpiuka, 00epTarouuch, TEpelae 4YacTKaM pO3YMHY pyX, KOTpUil Mae 1Ba
CKJIa/IOBUX HAMpsSMU: B3JI0BXK MO3/I0BXKHBOI OC1 i1 y HanpsAMKy oOepTanHs. JlonaTku nepenarwThb
yacTKaM pO34MHY PyX 3a BKa3aHMMHM HampsimMami [2, 3].

[Tpu oMy TIpoIIeC 3MINTYBAaHHS Ma€ JBI CKJIAJIOBI:

— MIKpO3MIIlIyBaHHS — MPOLEC, KUK BiIOYBaeThcs Ipu pyci mo crpiuni / (puc. 1) Ta Ha
KOHTYp1 J0/1aTKOBUX JionaTok 2 (puc. 1). [Ipu o6epToBOMy pyci CTpIUKHU ¥ JTOMATOK Yy PO3UHMHI
HaOIIBIIUM YMHOM 3MIHIOIOTHCS IIBUKOCTI YAaCTMHOK PO3YMHY HA KOHTYpPax IIUX E€JIEMEHTIB.
3MiHa MO MIBUIKOCTI A€ HEHYJIBOBY 00JIACTh POTOPIB, MOJIE KOTPUX BUXOAUTH 32 00JaCTh
KOHTYPIB y CTOPOHY PYXY BCi€i piinHu;

— MaKpoO3MIIIyBaHHA — TIPOILEC <«3aMiHU MICIIMH» BEJIMKUX OOCSTIB pO3YMHY B
3aMKHEHOMY 00’ €Mi 3MilllyBaua B3JJ0BXK OCi 3MilllyBaya Ta poOOYHX MOBEPXOHB CTPIUOK.

Jnst moCIiDKEHHST CIOCTEPEKEHUX OCOOJIMBOCTEH 1 JOBEAEHHs €(EeKTHBHOCTI poOOTH
CTPIYKOBO-JIONIATEBOrO 3MilllyBaya BHUKOHAaHO TPUBHMIpPHE MOJETIOBAaHHS 32 METOIOM
CKIHYCHHHMX ejeMeHTiB. Kpurepismu oOpaHO 4YacToTy OOepTaHHS 3MilllyBadya Ta PYXOMICTh
pO3UunHYy.

Otpumani rpadivfi 3a71€KHOCTI JO3BOJISIOTh 3MIMCHUTH aHAJI3 TPAEKTOPIl pyXy KOXKHOT
YaCTKU PO3YMHY B 00’ €Mi 3MilllyBaya, a TAKOXK i1 IIBUAKOCTI B KOKHHI MOMEHT 4acy.

3a KpUTEpii IKOCTI MepeMIllyBaHHS MPUHHATO MOKA3HUK MiHIMI3allii KUTBKOCTI MOTOKIB
31 IBUJKICTIO, OJM3bKOI0 200 PiBHOIO HYNbOBIH. HylboBa MBUIKICTH CBIAUYUTH PO HAasIBHICTH
«MEpPTBHX» 30H y KOPITyCl 3MilllyBaua Ta HEAOCTATHIO €()eKTUBHICTh HOTO POOOTH.

Jns moOynoBH OB INBUAKOCTEH 3aJaHi TpaHMYHI YMOBHM: HalBaxui (4acrora
obepranHs — 20 XB', pyXOMICTb pO34MHY — 8 cM), Hailrerm (dacrora oGepranus — 60 xB™,
pyxoMicTb — 12 cm). 3a pe3ynbTaTaMu MOJCIIOBAHHS MPHU MPOMIKHUX 3HAYCHHSAX MapaMeTpiB
BIJIMOBIJTHO 70 IIUX BUMOT MOXKHA CYJIUTH NMPO €PEKTUBHICThH 3MIITyBaHHSI.

I'padiuni 3a1e:kHOCTI BU3HAUEHUX TOJIIB IIBUAKOCTEH 300pakeHi Ha puc. 2 — 5.

Flow Trajecto

Pucynok 2 — Iloast mBUAKOCTelH: HaliBaxK4yi yMOBH
(pyxomicThb po3unHy — 8 cM, yacToTa odepTanHs — 20 )
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AHaIi3 BapiaHTa 3 HaWBaXYNMH yMOBaMHd (dacTora oGepranHs — 20 XB'', PYXOMICTb
po3unHy — 8 cM) (pHC. 2) MOKa3ye, MO OKpeMi YacTKU OYIIBEIbHOTO PO3YMHY MPAKTHYHO
BCI€I0 MAcOI0 PYXalOThCs B3JIOBXK KOPITYCY 3MIlIyBayda 3 HEBEIUKUM MTPOKPYIyBaHHSIM.

[Ipu npomy map po3unMHy B MPOEKLIi CTPIYKM Nepepi3aeThCsi BUTKOM CTPIYKH Ta
HPOLITOBXYETHCS Mi/l BIUIMBOM HACTYIHOTO BHUTKA. Y LIJIOMY, Pe3y/IbTaTH MOJICIIOBAHHS IPH
HaBAKYMX yMOBaX CBiYaTh MPO HEIOCTATHIO €(EKTHUBHICTb pOOOTH CTPIUYKOBO-JIOMATEBOTO
3MilllyBauya Ha MaJOpPyXOMHX pO3YMHAX Ta NPHU HU3BKIM YacToTi oOepTaHHA. 3TrigHO 3
PO3paxyHKOM, IIBUJIKICTh IMEPEMILICHHS YacTOK PO3YHMHY IO BChOMY O0’€My MPaKTHYHO
onHakosa 1 cragoButh 0,08 — 0,14 m/c.

[Ipu 3miHi Hanpsimy obepTaHHs 3MmimryBada (puc. 3 a, 6) cnocTepiraloTbcs 3aBUXPEHHS
HaBKOJIO JIONIATOK, aJIe TIPH [bOMY PO3MOLT MIBUIKOCTEH MPAKTUYHO HE3MiHHHH.

Velocity ) [ .
Global Coordinate™s
Flow Trajestories 1

Pucynok 3 — Ilos1ss mBUAKOCTEi, 3BOPOTHE 00epPTAHHA: HAHBaK4l YMOBH
(pyxomicTh po3unny — 8 cm, 4yacrora obepranns — 20 x™)

AHayti3 BapiaHTa 3 HaiimerumMu ymoamu (puc. 4) mpu gactoti obepranns 60 xB”' Ta
pyxoMocTi 12 ¢cM CBiIUWTH TIPO TE, IO y MPOIEC OOEPTaHHS CTpiUKa MPOHHU3YE MPHUIICTIUN
00’€eM pPO34YHMHY, HEMOB MPOXOSMYM Kpi3b HHOro. [Ipy LbOMY MIBUAKICTH YaCTOK PO3YHHY
3MIHIOETHCS JIUIIIE HABKOJIO JIOMATOK. Takuii po3moAii MBUAKOCTEH CBIIYUTH PO HEAOCTATHIO
e(eKTUBHICTh POOOTH 3MilllyBaya, aJKe MPAIOI0Th JIUIIE JIOTIATKH.
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Flow Trajectaries 1

Pucynox 4 — Iloasi mBHAKOCTEH: Hailjerui yMoBu
(pyxomicTb po3unny — 12 ¢mM, yactora obepranns — 60 )

AHami3 po3moAily IIBUAKOCTEH YacTOK pO3YMHY B pa3l MOICITIOBAHHS MPOLECY
3MilITyBaHHSI 3 BAKOPHCTAHHSM IIPOMIKHHX YMOB IIPH 4acToTi oOepranms 40 xB™' Ta pyxomocTi
10 c™ (puc. 5 a, 6) moka3ye Taki pe3yJlbTaTH: y KOXHiM Toull 00’€My YacTKa PO3UYUHY Mae
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CBOIO IIBUJKICTb, a 11 TPAEKTOPIS € CKIATHOK KPHUBOIO, 1[0 YACTO 3MIHIOE HAMPSM CBOTO PYXy
3aJISKHO BiJ] 3yCTpidi 31 CTPIUKOIO 3MinryBada abo Jonarkoro. Pi3HUILA MBUIKOCTEH y TaKOMY
Bumaaky ckianae ig 0,08 mo 0,207 m/c. [Ipu iboMy Ha pucC. 5, 6 BUIHO, K TPAEKTOPIS YaCTKH
PO3UMHY CIPSMOBYETHCS JIONATKOIO MO TPAEKTOPISX, 1110 MEPETUHAIOTHCS.

CkragHa TPaeKTOpist pyXy 4acTOK PO3UMHY Ta Jiarpama 4acToi 3MiHH iX IIBHUIKOCTI i
qac pyxy B3J0BXK TPAEKTOPIi MOKa3ye, 10 MPH BapiaHTi 3 MPOMIKHUMHU YMOBaMH Y IPAKTUYHO
BCbOMY 00’€MOBI 3MillTyBa4ya BiIOYBA€THCSA BITHOCHE IMEPEMINICHHS YaCTOK PO3YMHY, IO €
MOKAa3HUKOM €(eKTHBHOCTI MEPEeMIlIyBaHHs KOMIOHEHTIB Oy/iBEIbHOTO PO3UMHY MK CO00I0
Ta BIZICYTHOCTI «MEPTBUX>» 30H.

Takum 4MHOM, HalKpala KapTUHA CIIOCTEPIraeThes MPU CepelHiil yacToTi obepTanHs U
CepenHiil pyxoMocTi po3uuHy (puc. 5 a, 0), MO MATBEPIKYE €PEKTUBHICTh KOHCTPYKIIii
CTPIYKOBO-JIONIATEBOrO 3MilllyBaya Ta BU3HAYAE Jliala30H HOro poOOTH (4acToTa oOepTaHHS —
630 40 xB, pyxomicTs pozunny — 10 cm).

Y minoMy, pe3ynbTaTH KOMIT IOTEPHOTO MOJIENIOBaHHS CBiI4aTh IMpo Te, MIO
3aCTOCYBaHHSI CTPIYKOBO-JOMATEBOrO 3MilllyBaya, a caMe BUKOPUCTAHHS JIOMATOK Yy
KOHCTPYKLIi poOoYoro opraHa, /¢ MOJIHMBE YTBOPEHHS «MEPTBHX» 30H, NPHU3BOJIUTH 0
BUHWKHEHHS HOBHX IOJIB 30Y/HDKEHOCTI MIBHAKOCTEH YaCTMHOK PO3YMHY W y CyMmi 3 TOJIEM
30y/KEHOCTI BiJl CTPIUKH OXOIUIIOE BECh 00’€M 3MIillyBaya, M0 MiATBEPIKY€E CPEKTHUBHICTH
3aMpONOHOBAHOT KOHCTPYKIIIi.

0272 e ce | Flow Simulation

0219
0166
0114
0.061
0.008
-0.044
-0.097
-0.150

-0.202
elocity (2) [mis]
Global Coording
Flow Trajectorie:

0272
0218
0.186
0114
0.061
0.008
0044 oA
-0.087
-0 3 ? bt | o Attt
0202 -
welocity () [mis]
Glahal Cnnrmx by
Flow Trajector

Pucynok 5 — Ilosst mBHAKOCTEH: MPOMIKHI mapaMeTpu
(pyxomicTh po3unny — 10 ¢m, yacrora odepranns — 40 )

BucHoBKkH. Y pe3ynbTaTi MPOBEACHUX IOCHIIKEHb MOOYJOBAaHO TPUBUMIPHY MOJEINb
poboyoro opraHa 3milryBada Ta OTPHUMAaHO Bizyadi3oBaHi rpadiuHi 3aJeKHOCTI PO3MOALTY
KOMIIOHEHTIB PO3YMHY IO #oro podouomy mpoctopy. [loOymoBaHi Mojem arOTh 3MOTY
3pOOWTH BHCHOBOK MpO €()EKTUBHICTHL POOOTH 3MilTyBaya Ha PI3HUX pEXKUMaX, a TaKOXK
BU3HAYUTH DALIOHAJBHI TMapaMeTpu HOro poOOTH, MpPU SKUX PO3MOJUI YaCTOK PO3UHHY
3a0€3MeYnTh IHTEHCUBHIIIIE TIEPEMIITyBaHHSI KOMITOHCHTIB.
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