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Pesiome

BBepeHme. OumcTka rasoBbiX MOTOKOB fABMAETCA Ba)XHOW 3afjayeil MHOTMX oOTpacsiell NPOMbIWAEHHOCTM B obnactu
VHXEHEepPHOW 3aWuTbl OKpyXatowweid cpeabl. MNpu ocywecTBneHns Nogo6HbIX MeponpUATUIA 3a4acTyio NPUMEHSAIOTCA LUKIOHbI —
annaparbl Afs OUNCTKM ra3oBbIX MOTOKOB OT MENIKOAWCMNEPCHbIX YacTuy. B dapmaueBTMUECKON NPOMBILAEHHOCTY ANA pelleHus
Taknx 3apay TpebyeTcA NprMeHeHMEe KOMMAKTHbIX BblCOKOIPPEKTMBHbIX annapatos, ANA pa3paboTku n mnccnenoBaHuUA
KOTOpbIX B MocfielHee Bpems Bce uvalle npumeHsaTca metoabl CFD-mopenvpoBaHus. B paboTe npuBoauTcs cpaBHeHue
pe3ynbratoB CFD-mopennpoBaHnsA npouecca OYMCTKM ra3a B MPSAMOTOYHOM LUMKIIOHE HOBOW KOHCTPYKUMM U 3bPeKTUBHOCTU
ynaBfvMBaHWA B 3TOM annapare, Noly4YeHHON B pe3yfibTaTe SKCNeprMeHTaNnbHbIX MCCNefOoBaHNI.

Llenb. CpaBHeHMe pe3ynbTaToB YMCIEHHONO MOAENMPOBaHUA MpoLecca OYMCTKM rasa B ABYX KOHOUrypaumax NpAMOTOYHOMO
LMKNOHA HOBOW KOHCTPYKLUMK C pe3ynibTaTaMy SKCNepuUMeHTa.

MaTtepumanbl n meroabl. [1na umcnenHoro CFD-mofgennpoBaHma npouecca pasfeneHnsa B ncciegyemom annapaTe UCrnonb3oBanca
nporpammHbii kKomnnekc FlowVision. [IBrxeHne guckpeTHon ¢asbl — YacTuL — OnmMcbiBanocb ¢ nomolybto Lagrangian particle
model. lna pacnpegeneHus yactvy No pa3mepam KCMoONb30BaNocb pacnpepeneHne Po3vHa — Pammiiepa ¢ MMHUMaIbHbIM
anameTpom 15 MKM, MegnaHHbIM 40 MKM 1 MakCcMManbHbIM 120 MKM. DKCNeprMeHTbl MPOBOAWUINCH Ha dKCNEepPMMEHTaNIbHOMN
yCTaHOBKE, OCHOBHOW 4acTblo KOTOPOM ABMANNCL NPAMOTOUHbIA LMKIIOH, LLEHTPOOEXHbI BEHTUNATOP W LUHEKOBbIA [03aTop.
B kauecTBe MofeNbHOro matepurana UCnonb3oBanca Tanbk Mapku TPIH, gucnepcHoe pacnpeneneHrie YacTvy KOTOporo 6biio
onpeneneHo MeTOAOM NasepHol andpakumm Ha aHanmsatope yactuy SALD-2300 (Shimadzu, AinoHus).

PesynbTatbl n o6cyxpeHne. CFD-mofenb annapaTta No3Bonuvia onpefennTb Mosie CKOPOCTel rasa, TpaeKTopuu MoToka u
3¢ PeKTMBHOCTb yNaBAUBaAHMA YacTUL B UCCnefyemblX KOHOUIypaumnax NpAMOTOYHOrO LMK/IOHa. Ha ocHoBaHUU nHbopmaumm
0 MoJsie CKOPOCTW rasa M TPaeKTOpWUil MOTOKa cheflaHbl BblBOAbl O Hanbonee 3PpPeKTUBHbIX KOHCTPYKTOPCKMX PeLLeHMAX.
CpaBHeHVe pe3ynbTaToB YNC/IEHHOrO MOAEIMPOBaHUA 1 pe3yNbTaTOB SKCMepMMEHTa MOKa3ano XOPOLLYI0 CXOANMOCTb.
3aknioueHme. PaszpaboTaHHaA KOHCTPYKUUS MPAMOTOYHOrO LMKIJIOHA MOKasana xopouwyio 3GdeKTUBHOCTb YnaBNMBaHUA
MenKoancnepcHblx Yactuy. YncneHHoe CFD-mofenvpoBaHne MO3BONWNIO OMNpPefennTb KOHCTPYKTVBHbIE OCOOEHHOCTH, HEraTUBHO
BAMALOWMNE Ha 3PPEeKTUBHOCTb, M ONTUMU3NPOBATb KOHCTPYKLMIO annaparta. Xopolasa CXOAUMOCTb pe3ynbTaToB MOZEenn u
3KCNepurMeHTa MOATBEPXKAAeT BO3MOXHOCTb Mcnonb3oBaHuA CFD-nporpamm And TOYHOro MOAENNPOBAHMA TEXHOMOMUYECKNX
NpoLeccoB 1 onpeaeneHnsa Nx napaMmeTpos.

KnioueBble cnoBa: nNpAMOTOYHbIA UMKNOH, nbineynasnusaHue, CFD, FlowVision, 3akpyyeHHbII NOTOK, 4uUCIeHHOe
MoAenMpoBaHue

KOHNUKT mMHTepecoB. ABTOpbI AeKNapupyloT OTCYTCTBME ABHbIX WU MOTEHLUMaNbHbIX KOHQMKTOB WHTEPECOB, CBA3AHHbIX C
ny6nmKaumen HacTosALLen CTaTby.
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Abstract

Introduction. Purification of gas streams plays an important role in many industries in the field of environmental engineering.
When implementing such measures, cyclones are often used - devices for cleaning gas streams from fine particles. In the
pharmaceutical industry solving such problems requires the use of compact, highly efficient devices, for the development
and study of which CFD-modelling methods have recently been increasingly used. The paper presents a comparison of the
results of CFD-modelling of the gas purification process in a direct-flow cyclone of a new design and the capture efficiency in
this apparatus obtained as a result of experimental studies.

Aim. Comparison of the results of numerical modelling of the gas purification process in two configurations of a direct-flow
cyclone of a new design with the experimental results.

Materials and methods. The FlowVision software package was used for numerical CFD-modelling of the separation process
in the studied device. The motion of the discrete phase - particles — was described using the Lagrangian particle model.
Rosin-Rummler distribution with a minimum diameter of 15 microns, a median of 40 microns, and a maximum of 120 microns
was used to distribute the particles by size. The experiments were carried out on an experimental setup, the main part of
which was a direct-flow cyclone, a centrifugal fan and a screw doser. Technical talc was used as a model material, the dispersed
particle distribution of which was determined by laser diffraction on a SALD-2300 particle analyzer (Shimadzu, Japan).

Results and discussion. The CFD-model of the device allowed us to determine the gas velocity field, flow trajectories and
particle capture efficiency in the studied configurations of a direct-flow cyclone. Based on the information about the gas
velocity field and flow trajectories, conclusions were made about the most effective 4 design solutions. Comparison of the
numerical simulation results and the experimental results showed good convergence.

Conclusion. The developed design of the direct-flow cyclone showed good efficiency of fine particle capture. Numerical
CFD-modelling allowed us to determine design features that negatively affect the efficiency and to optimize the design of
the device. Good convergence of the model and experimental results confirms the possibility of using CFD-programmes for
accurate modelling of technological processes and determining their parameters.
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BBEAEHUE

LnknoHbl npefcTaBnAT cobol yCTPONCTBa, WMpo-
KO MPUMEHsiEMble B XUMUYECKON, dapmMaLleBTUUYeCKom
1 nepepabaTbiBalowel NPOMbILIIEHHOCT ANIA OUYUCTKU
ras’oB OT TBepAblX 4YacTul. YnaBnuBaemas MeNKOAMC-
nepcHasa TBepfas ¢asa B OONbWMHCTBE CiydyaeB npep-
cTaBnAeT cobon oTxoabl npousBopacTBa. Cenapaunsa Ta-
KUX MaTepurasioB 13 BbibpacbiBaeMbix B aTMOCdepy rasos
obecneyrBaeT 3almMTy OKpyXalollen cpefibl OT BpefHO-
ro Bo3gencTams Ha atmocdepy.

BoNbWNHCTBO M3BECTHBLIX Ha AaHHbLIA MOMEHT MNpsA-
MOTOUHbIX LMUKIIOHOB, MMELMX KOHKYPEHTHYO 3ddek-
TUBHOCTb OYMCTKW, 0b6najaloT Mpu 3TOM U [OCTAaTOYHO
rpPOMO3AKON KOHCTpyKuunen. Ho B dapmaueBTnyeckon
NMPOMBILSIEHHOCTM 3a4acTylo TPebyeTca UCMOSIb30BaHMe
KOMMaKTHOro MPOMbILLIEHHOr0 060pYyAOBaHMA, KOTOpoe
npu 3TOM MMeET N XOPOoLIMe TEXHUKO-TEXHONOrnyeckune
xapaktepuctukn. Mpu pa3paboTke Takoro obopyaoBa-
HUA LenecoobpasHO NPUMEHATb METOAbl BblUNCINTENb-
Hon ruapoanHammkn (CFD), KoTopble NO3BONAIOT €Lle Ha
3Tane MPOEKTUPOBaHUA annapata onpeaennTb ero 3¢-
bEKTUBHOCTL U MpK HeOOXOAUMOCTY OMNTUMMU3MPOBATH
KOHCTpyKUMIo. B HacTosALlee BpemA nccnegoBaHuAM rma-
POAVNHAMUKN LMKIIOHOB MOCBALEHO JOCTaTOYHO MHOro
pabort [1-4].

WccnepoBatenn akTMBHO 3aHMMatloTCA pa3paboTkom
HOBbIX N COBEPLUEHCTBOBAHMEM WMEIOLNXCA KOHCTPYK-
unin rasoounctutenen. Tak, B pabote Jianfei Song w
ap. [5] npoBefeHO 3KCNePUMEHTANbHOE U UYUCIIEHHOE
NCCnefoBaHWE LMKNOHHOTO cermapatopa C TaHreHuu-
anbHbIM NoABOAOM rasa. Lingzi Wang v gp. [6] onucbl-
BalOT UMWKIOH C MHOFOC/IOMHbIM LEHTPasbHbIM KaHa-
nom. Ocob6eHHOCTbI0 LMKNOHa ABNAETCA MHOrOCTYrMeH-
yaTad U MHOroKpaTHasA 3aKpyTKa BXOAALlero noToka
rasa. lk-Hyun An wn pp. pa3pabotanun MUHWATIOPHbIN
LUKIOHHbBIN cenapaTtop [7], paboTatowmii Npy CKopocTn
notoka meHee 200 mn/MuH.

Momumo paboT no pa3paboTKe HOBbIX KOHCTPYK-
LM annapaToB, MOXHO OTMETUTb PAL CTaTel, B KOTOPbIX
M3y4yaeTca rmapoAnHaMUKa 3aKpyyeHHbIX ra3oBbiX NOTO-
KoB. ABTOpamu B paboTax [8-9] npuBegeH pan Matema-
TUYECKMX MOZENEeN N YNCIEHHbIX UCCefOBaHUN ABUXKe-
HUA 3aKpy4YeHHbIX NMOTOKOB B AMHAaMMUYECKUX rasonpo-
MbIBaTeNAX M LINKIIOHAX.

MATEPUAJIbI U METOAbI

O6beKkToM KcCnefoBaHWA ABNAETCA MPAMOTOYHbIN
LMKIIOH, @ UMEHHO [iBe ero KOMMOHOBKW, NpeacTaBnex-
Hble Ha pucyHKe 1. Paznnuve KOMMNOHOBOK onpepgensaet
Tonbko dopma u AvameTp ctabmnmsaTopa 3aBUXpPUTENA:
B NepBOM Cjlyyae AvameTp cTtabunmsaTopa cocTtaBnser
20% oT pgmameTpa BXOAHOro natpybka annapaTta, BO
BTOpPOM — 65 %. Annapat npefHasHayeH AnA ynasnvBa-
HUA MeNTIKOAMCMEPCHbIX YacTul, — pasMepom oT 15 MKm —
M3 ra3oBblX MOTOKOB. KOMNaKTHaA KOHCTPyKUUSA, CO-
CTOAWaA 13 NaTpyObKoB ANA BXofa M BbIXofa rasa, a Tak-
e NIOMNACTHOro 3aBUXPUTENA ¢ NPOPUINPOBAHHBIMIA JI0-

PI/ICVHOK 1. KomnoHoBKuN nccnepyemoro npAmMoTto4vyHoro
LUK/IOHa

Figure 1. Layouts of the investigated direct-flow cyclone

naTkamu, yMeHbLUAoWMN TypOyrieHTHOCTb, MOo3BONAET
BCTPanBaTb LUUKIOH MPAMO B TEXHONIOIMYECKYIO JIMHUIO,
B TOM MecCTe, rae 310 Heobxoanmo. Ha npefcraBneHHyto
KOHCTPYKLUMio nonyyeH nateHT [10].

Mpouecc uncneHHoro CFD-mopgenupoBaHMA oOC-
HOBbIBaeTCcA Ha MHbOPMaUMKM O Mosie CKOPOCTW rasa
B annaparte. B HacToAwee Bpema Gnarogapa 6bicTpo-
My Pa3BUTUIO BbIYMCIUTENIbHOW TEXHWKW OKa3blBaeT-
CA BO3MOXHbIM OCYLECTBUTb pacyeTbl TeyeHus ra-
3a MpY MNOMOLLM YMUCIIEHHOTFO pelleHna YypaBHEHUN
rMAPOAMNHAMUKMN.

MNocTtaHOBKa 3afjauy YNCNEHHOro nccnefoBaHUNA
LMKIIOHA. YncieHHoe MofenvpoBaHue npoBOAUNIOCH B
nporpammHoM Komnnekce FlowVision. MNpumeHsiembli
NPOrPamMMHbI KOMMIEKC C BbICOKOW TOYHOCTbIO MO3BO-
NAeT MOAENMPOoBaThb Pa3finyHble TEXHONOMMYecKme Mnpo-
Llecchbl, B TOM YmMcsie NPOLecchl TeMI0- K MAacCOOOMEHHa,
a TakKe CTPOUTb PACXOAOHAMOPHbIE XapaKTepUCTUKN
HacoCHOro obopyfoBaHUs, onpefensaTb KaBUTALMOH-
HbIl 3aMac U T. A.

Tak Kak nNpu NpoxoxZeHUn MoToKa rasa uepes an-
napat obpa3lyeTcAa AOCTAaTOUYHO CIOXKHasA rMgpoanHaMu-
yeckasi KapTUHA, OCHOBHbIMM OCOBEHHOCTAMU KOTOPOM
ABNAIOTCA OOTEKaHMe NlornacTeil 1 CpblB NMOTOKa rasa ¢
HUX, ANA MOAENUPOBaHWA npouecca 6bina BblbpaHa mo-
genb TypbyneHTHoctn k-w SST, KoTopasi Hauaydwum
06pa3oM NOAXOAUT A1 ONUCAHNA TaKNX TEUEHWIA.

Ina mogenvpoBaHuA gucnepcHon ¢asbl Obina Bbi6-
paHa Lagrangian particle model. A6contoTHas nnoT-
HOCTb MaTepuana - 2,6 r/mn’, npubnmnsnTenbHO Takas
XKe, KaK Yy JKCMepuMeHTaNIbHOro maTepuana — TajbKa.
M3-3a Hebonblioro pasmepa $opma yactuy He oKasbl-
Basla HMKAKOrO BAMAHMA Ha pe3ynbTaT MOAENNPOBaHNUA,
NMo3ToMy ObIfI0O MPUHATO, YTO YaCTULbl UMeNn ¢Gopmy



wapa. PacnpegeneHne Po3nHa - Pammnepa ¢ MUHMManb-
HbIM guameTpom 15 MKM, meanaHHbiM 40 MKM N MaKCu-
MasnibHbIM 120 MKM onpeaensano ux pasmep.

OnncaHve 3KCNepuMEHTaNbHON YCTAHOBKU. Dd-
bEKTUBHOCTb ynaBnvMBaHWA paccMaTpPrBaeMoro LMKIIOHa
onpegenanacb Ha yCTaHOBKE, CXeMa KOTOPOW npuBege-
Ha Ha pUCyHKe 2.

YcTaHOBKa paboTaeT crnegyoowum obpasom. LleHT-
POGEXHbIN BEHTUAATOP 9 co3fdaeT paspsKeHue B LUK-
noHe 4, 3a cYeT Yero B Hero BcacbiBaeTca Bo3ayx. Men-
KOANCMEpPCHbIN MaTepuman JO3MPYeTCA BO BXOZALWMUN
NMOTOK BO3Ayxa WHeKoBbIM nuTatenem 1. MOTOK BO3-
Jyxa C yacTMuaMy nNpoxoamuT yepes 3aBUXpuUTenb u 3a
CYeT BO3HMKLIEN LIeHTPOOEXHOW CUJIbl YacThLbl OTOpa-
CbIBAlOTCA K CTEHKaM LMKMIOHA, 3aTeM OHM BMecCTe C 3a-
Kpy4YeHHbIM MOTOKOM BO3Jyxa MornagalT B Kamepy AnsA
cbopa nbun. Pacxopn Bo3gyxa perynupyetca wmbepHom
3aC/IOHKOM 7.

B kauectBe MopenbHOro martepuana pnsa npose-
OeHUA 3KcrneprMMeHTOoB Obin BbiOpaH TanbK MOJOTbIN
mapku TPMH. ucnepcHbli cOCTaB MCXOOQHOrO MaTte-
pviana 6bl1 NpoaHanM3MpPOBaH METOAOM Jla3epPHOMN
Andpakuymm Ha aHanmsatope yactuy SALD-2300 (Shi-
madzu, finoHuA). Pe3ynbTathl aHanu3a npobbl npuse-
JeHbl HAa pUCYHKe 3.

PE3YJIbTATbl U OBCYXAEHUE

B nporpammHom kKomnnekce FlowVision 6binm onpe-
feneHbl MofA CKOPOCTEN, TpaeKTopum noToka n 3¢-
dekTMBHOCTL 06emnx KoHburypaumin umknoHa. Ha pu-
cyHke 4, A n 4,b npegctaBneHbl pe3ynbTatbl Mope-
NMpPOBaHMA MONA CKOPOCTM B annapate C O6blYHbIM
3aBUXPUTENEM U C 3aBUXPUTENIEM, Y KOTOPOrO YASIMHEH
cTabunuzatop. MNpu ucnonb3oBaHMm 06bIYHOFO CTabU-
nu3aTtopa nocne 3aBuxputena obpasyetca TypOyneHT-
HbI/l Cfief, B KOTOPbBIN MonagatoT Teepable YacTulbl 13
ra3oBOro MoToka. B TypOyneHTHOM crefie OHU ABUXKYT-
CSl XaoTUYeCKU W Noj AencTBUEeM BCACbIBAIOLLEN Cubl
(B BbIXOAALLIEM U3 LMKIOHA BO3JyXe) YHOCATCA B NaTpy-
60K AnA BbIxoAa rasa.

Bbixog
OUMLLEHHOrO rasa

Purified gas output

m
[Iminl
uu

PucyHok 2. Cxema sKcnepynmeHTanbHOM yCTaHOBKN.

1 - WHEeKOBbII A03aTop; 2 - 3aBMXpUTeNb; 3 - lonacTb 3a-
BUXpUTens; 4 — KOpNyc NPAAMOTOYHOrO UMKIOHA; 5 - aud-
MaHoMeTp; 6 - anadparma c NnpncoeanHEHHbIM K Hell and-
maHomeTpom; 7 - wmnbepHas 3ac/OHKa; 8 - pyKaBHbIil
bunbTp; 9 - UEeHTPO6EXKHDbIN BEHTUNATOP

Figure 2. The scheme of the experimental installation.

1 - screw doser; 2 - swirler; 3 - swirler blade; 4 - direct-flow
cyclone housing; 5 - differential manometer; 6 - dia-
phragm with a differential manometer attached to it; 7 -
flip gate; 8 - bag filter; 9 - centrifugal blower

HopmanbHoe

pacnpegeneHue yactuy, And

0

ﬂmameTp yacTtuy, MKmMm

CleC

PucyHok 3. [lncnepcHblii COCTaB UCXOAHOro MaTepuana (Tanbka)

Figure 3. The dispersed composition of the starting material (talc)



CkopocTb, M/c CkopocTb, M/c

Speed, m/s Speed, m/s
593 ' 65,7I
29.6 ] | 328

i

A

PucyHok 4. Mone ckopocTu rasa B LMK/OHaX C pasnuyHoi
reomeTpuein ctabunmnsaropa

Figure 4. Gas velocity field in cyclones with different
stabilizer geometry

B cnyyae ucnonb3oBaHWA ygasIHEHHOrO CcTabunusa-
TOopa TypOyneHTHbIN cnep obpasyeTca B matpybke ans
BbIxofa rasa. MNocne crabunusatopa 3aBUxpuTens Habnio-
[aeTcA TONbKO HebONbLION CPblB MOTOKA, KOTOPbLIA He
OKa3blBaeT CyLeCTBEHHOrO BANAHWUA Ha NpoLecc cenapa-
LK B LINKIIOHE.

TpaekTopumn Notoka Ha pucyHke 5, A n 5,b Harnag-
HO NOKas3blBalOT, YTO UCMOMb30BaHNE YANNHEHHOrO CTa-
6unnsatopa MONOXKUTENIbHO CKa3blBaeTcA Ha obuien
CTPYKType MOTOKa rasa B annaparte — npu UCnosb3oBa-
HUW Takoro ctabunusaTopa 3HauMTeNnbHasA YacTb MOTOKa
npoxoauT Yepes Kamepy ana cbopa yactuy 1 nuWwb 3a-
TEM YXOAUT B NaTPyOOK /1A BbIXOAa rasa.

Ha pucyHke 6,A n 6,b nokasaHo pacnpepeneHue
006beMHOl KOHLEHTpaLMM YacTul, B MepuMOHanbHOM
NAOCKOCTN UMKNOHa. Ha prcyHKe 6, b BuaHO, Kak yactu-
Libl, NPOXOAA 3aBMXPUTENb, 06pa3yloT JOCTaTOYHO MAOT-
HbIA C/IO Yy CTEHOK Kamepbl paspeneHus, BNOCNefCT-
BMM nonagas B Kamepy ana cbopa. B 1o xe Bpemsa B
c/lyyae MCnosib3oBaHUA cTtabunmsaTopa obbluHOWM dop-
Mbl (PUCYHOK 6, A) MHOTME YacTuubl, nonagas B Typby-
NEHTHBIN Cref 3aBUXPUTENA, YHOCATCA B NaTpybok ans
OUULLEHHOTO rasa, YTo ymeHbluaeT 3¢deKTUBHOCTb pa-
60Tbl annapara.

ConocTaBneHve pacyeTHOW W 3KCNepUMEeHTanbHOM
3G deKTUBHOCTM UMKNOHa. Ha pucyHKe 7 npvBefeHbl pac-
YeTHble 1 3KCNepuMmeHTaslbHble KpuBble 3aBUCUMOCTMW
3bPeKTUBHOCTM yNaBNMBaHNA OT CKOPOCTW Fa3oBOro no-
TOKa, BxopaALero B annapat. Mpu pabote ¢ foCTaTOYHO
MeNKOAMCNEPCHbIMM YacTMLAMM annapaT MokKasan Bbl-
cokmi KMNA ounctkm — 91 %, a pesynbTaTbl MOAENNPOBa-

PucyHok 5. Paznuume B CTPYKType NoToka

Figure 5. Difference in flow structure

PucyHok 6. O6bemMHOe pacnpefeneHue 4actuy B mepu-
AVOHANbHON NIOCKOCTU LIUKNOHA

Figure 6. Volume distribution of particles in the meridio-
nal plane of the cyclone

HUA 1 dKCMepUMEHTaslbHble JaHHble MOKa3anny XopoLuyto
CXoauMocCTb. PasHuMua B 3QGEKTUBHOCTU MeXAY KOH-
durypauymamm annapata coctaBuna okono 10 %. B xope
3KCMepuMeHTa 6bIN0 onpeaeneHo, YTo AManasoH CKOpo-
CTV BO3gyxa AnAa Hambonee 3dpPeKTMBHOro pasgeneHun
coctaBnsaet 12-14 m/c.
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Figure 7. Experimental and calculated dependence of the apparatus capture efficiency on the gas flow velocity

3AKJNTIOMEHUE

MpoBegeHHoe WccnefoBaHMe MOKasano, yYto npeg-
CTaBNIEHHAA KOHCTPYKUMA UUKIIOHA MOXEeT YCMeLWHo
NPUMEHATLCA B MPOMBILIEHHOCTU ANA yNaBAnBaHWA 13
rasoBblX MOTOKOB Mbifiel pa3NnUYHbIX MaTepuanos 1 Co-
CTaBOB, B TOM uucie MenKoAncnepcHbiX. KoMnakTHOCTb
KOHCTPYKUMWM NPW JOCTaTOYHO BbICOKOW CTENeHn pas-
JeneHus, B TOM 4Yncnie Ans MenKOLMUCNEepPCHbIX YacTul,
No3BONAET MPUVMEHATb €r0 B CTECHEHHbIX MPOU3BOACT-
BEHHbIX MOMELLEHMAX.

YncneHHoe mofennpoBaHue anmnapaTa MoKasasno
XOPOLLYI CXOAUMOCTb C 3KCNEPUMEHTaNbHbIMU [aH-
HbIMW. DTO B OuYepefHOlM pa3 [OKa3blBaeT BO3MOX-
HOCTb NpumeHeHuna CFD-mogenupoBaHuMA gnAa pacuye-
Ta TEXHONIOTMYECKUX amnnapaToB M ONTUMMU3ALUM KX
KOHCTPYyKLUU.
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