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Beeoenue. B IpOMBINUICHHBIX CHCTEMaxX (PHIBTPOBAHUS OJHON M3 KIIOUEBBIX MPOOJIEM SBISIETCS CHIDKEHHE IPOITYCK-
HOM CrIOCOOHOCTH (DUITBTPa BCIICACTBUE HAKOIUICHHUS YJIABIMBACMBIX YaCTUIl U 00Opa30BaHHS CJIOS OCaaKa Ha (QHIBTPO-
BaJILHOH TEperopojke. ITo BeIET K pOCTY THAPABIMYECKOTO CONPOTHBIICHUS, YBEIHMUCHNIO YJHEPIONOTPEOIEHNUS U BbI-
HYXJICHHBIM OCTaHOBKaM Ha o0ciyxuBaHue. [IoBbieHne pecypca GUIBTPYIONIMX 3JIEMEHTOB 0€3 MOTepH IPOU3BOIH-
TEJILHOCTH OCTAaETCs aKTyalIbHOM TEXHOJIOTMYECKOW 3ajadeil, 1l peleHus: KOTOpOH MPUMEHSIOTCSI METO/IbI pereHepa-
UM TUAPOJAMHAMUYECKUX (QMIIBTPOB — B YaCTHOCTH, BpallleHHE (QMIBTPOBAIBHOIO 3JIEMEHTa U HAJIOXKEHUE BUOpaIy-
OHHBIX BO3JEHCTBHH. OJHAKO CyNIECTBYIOIIME HCCIENOBAHMS PacCMaTpHUBAIOT 3TH METOJbl IPEUMYIIECTBEHHO
M30JIMPOBAHHO: OTCYTCTBYIOT TEOPETHUECKHE MOJIEINH, OMMCHIBAIOIIME COBMECTHOE JICUCTBHE IEHTPOOESKHBIX U BUOpa-
IIMOHHBIX CHUJI, HE TOJTYYCHBI OKCIICPUMEHTAJIBHBIC TAHHBIC O CUHEPTCTUYECKOM 3(1)(1)CKTG ux KOMGI/IHI/IpOBaHI/Iﬂ, a TaKXe
HE pa3paboTaHbl KPUTEPUH ONTUMH3AINH TAKOTO KOMOMHHUPOBAHHOTO BO3ICHUCTBUS C YIETOM PEKHUMHBIX ITapaMeTpoB
W aJIre3MOHHBIX CBOUCTB ocajka. Llenbio paboTh! sBiIsIach pa3paboTKa pacy€THOTO METO/a ONTUMHU3AIMHA KOMOHMHUPO-
BaHHOTO IIEHTPOOEKHO-BUOPALIMOHHOTO BO3JCHCTBHS Ha OCHOBE aHAIUTHYECKOTO M DKCIIEPUMEHTAIBHOTO HCCIIEI0BA-
HUS €TO0 BIUSAHUS Ha 3PPEKTHBHOCTD PEreHEePANU THAPOTMTHAMUICCKAX (PUIBTPOB.

Mamepuanst u memoost. ViccnenoBaHus MPOBOIMIINCH Ha SKCIICPUMEHTAIBHOM CTEH/IC C THAPOINHAMAYICCKIM BHOpa-
OUOHHBIM (PHIIETPOM, OCHANIEHHBIM IIIHHIPHYCCKON (QMIBTPOBANBEHON MEPErOpoAKON M3 KOMOMHUPOBAHHOTO TOPH-
CTOTO CETYATOr0 MeTaylla (TOHKOCTh OYHCTKA 10 MKM), KOTOPOH HE3aBUCHMO COOOMIANUCH BpalaTeIbHOEe U BUOpaIn-
OHHOE JIBIKEHUS. J[)1s omricaHus YCIIOBHUI OTphIBa YacTHI[ ocajka Oblia pa3paboTaHa aHATUTHIECKAas MOJICNb Ha OCHO-
Be OanaHca cuil, JEWCTBYIOUIMX Ha YacTHIly Ha BpallaloIIelcs U BUOpHpyomed nmoBepxHocTH. OHA MO3BOJIMNA OIle-
HUTB 3 PeKTHBHOCT pereHepay GUIbTPa B 3aBUCUMOCTH OT PEKUMHBIX MapaMeTpOB. DKCIIEPUMEHTHI IPOBOJUIINCH
Ha BOJHBIX CYCHCH3UAX 3JeKTpokopyHaa (200-250 mxm) u kapbuna kpemuus (60—80 Mkm) 00BEMHO KOHIICHTpAIHEH
0,1 %. Pexxum pereHepanuy BKIHOUa OJJHOBPEMEHHOE YBEJIMUSHHE CKOPOCTH BpaleHus neperoponaku 1o 1000 o6/muH
U HaJIO)KEHHE BHOpauuM ¢ aMIuuTyaoid 1 MM npu Bapsupyemoit yactore 50, 60 u 70 ' ¢ nepekpbiTHeM narpyOka
¢mIpTpaTa I yCTpaHEHUS YA KUBAIOIIETO Iepenasia TaBiICHuUS.

Pe3ynomamul uccnedosanus. DKCICPUMECHTAILHO YCTAHOBIICHB KOJIMYCCTBEHHBIE 3aBUCUMOCTH 3()(HEKTHBHOCTH pe-
TeHEepaluy OT YacTOTHI BPAIICHUS, aMIUTUTYAbI M 9acTOTHl BHOparuu. Pa3paboTaHa aHammTHYecKas MOJeNb OalaHca
CHII, TIO3BOJISTIONIASI IIPOTHO3WPOBATh CTETIEHh OYMCTKH JIS IPOM3BOJILHBIX COUETAaHUH yKa3aHHBIX MapaMeTpoB. Bepu-
(uKays MOAENH TOKa3aia, YTO PacXOKICHHE PACYETHBIX M SKCIIEPUMEHTAJIBHBIX JaHHBIX He mpeBbimaeT 15-20 %,
4TO MOATBEPKAAET e€ MPUTOTHOCTH JJIsl HHXKEHEPHBIX pacuéToB. Ha 0a3e Moenu mpe/iokeH pacuETHBINA METO/T ONTHU-
MU3aIHu, 00ECICYUBAIOIINI BRIOOP KOMOMHAIIUN PEKUMHBIX TAPAMETPOB, IIPU KOTOPOM JOCTHraeTCs TpeOyeMbIil ypo-
BEHb OYHMCTKH ITPY MUHUMAIBHBIX 9HEPro3aTparax U JOMYCTHUMBIX MEXaHWYECKUX Harpy3kax Ha KOHCTPYKIHIO.
Oécyacoenue. Huzkas 3 (heKTHBHOCT YUCTO LIEHTPOOEkKHOI pereHepanun (2—20 %) oObsSCHIETCS TEM, YTO Uil Mell-
KOJMCIIEPCHBIX YaCTHI[ OTHOIICHHWE aJr€3MOHHBIX CHJ K MHEPUMOHHBIM CYLIECTBEHHO BBIIIE, Y€M JUIl KPYIHBIX, YTO
coracyercsi ¢ Kiaccuueckon Teopuert anresum JepsruHa. Cuneprermdeckuil 3¢ ¢ekT KOMOMHHPOBAHHOTO BO3ICH-
cTBHUS 00yCIIOBIICH JOMOJTHEHUEM PaIUalibHOTO HMEHTPOOEKHOTO yCHIHNA TAHTCHINAIBHBIMA CIBUTOBBIMU HATPSDKCHU-
SIMH, TeHEpHPYEMBIMHU BHOpanuei, 9to obecrednBaeT Ooiee MOTHOE pa3pylIeHHE aATe3NOHHBIX CBSA3€H B ClIoe OcajKa.
Pacxoxxnenne Monenu ¢ SKCIEpUMEHTOM B mpepenax 15-20 % cBs3aHO TaBHBIM 00pa3oM C HEONPENeIEHHOCTHIO B
OTIpE/ICIICHNH aJIT€3MOHHBIX XapaKTePHCTHK Maphl «9acTHa — (QHIBTPOBANBHAS TIEPETOPOJIKAY, OHAKO TaKask TOYHOCTh
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SIBJISIETCST TIPUEMJIEMOM ISl MHXKEHEPHOr'o Moadopa PeXMMHBIX MapamerpoB. [lonydeHHbIE 3aKOHOMEPHOCTH Kaye-
CTBEHHO COTJIACYIOTCSI C M3BECTHBIMU JIMTEPATYPHBIMH JAHHBIMH O Pa3lelIbHOM BIMSHUU BpAIlleHHs W BUOpAlUHM Ha
y/aJeHHe OCaJKOB, HO BIIEPBBIE KOJMYECTBEHHO OMMCHIBAIOT X COBMECTHOE nelicTBue. OrpaHMYeHueM paboThI SIBIIS-
eTcsl BAIMAALMS MOJICITN TOJIBKO JUIS BOJHBIX CYCHEH3MH, YTO TpeOyeT AOIOMHUTEIBHBIX UCCIEIOBAaHHUI TP TIepexoie
K BSI3KUM U HEHBIOTOHOBCKHM CpeJlaM.

3axniouenue. DKCIIEPUMEHTAIBHO J0Ka3aHO, YTO KOMOWHHMpPOBAaHME IEHTPOOESKHOTO W BHOPAIIMOHHOTO BO3JICHCTBUIM
TIO3BOJISICT MOBBICUTH (P (EKTUBHOCTh pereHepanuy GpuiIbTpOBaIbHON NEPEropoAKH THAPOANHAMHYECKOTO (priibTpa 10
60-80 % 1o cpaaeHMIO ¢ 2—20 % TIpH UCTIONB30BAaHUHU TOJIFKO BparneHus. Paspaborana aHamuTHYeCKast MOAETb Ha OCHO-
Be OanaHca cuiI, Bepu(UIIMPOBaHHAS SKCIEPHUMEHTAIBHO C TIOTPENTHOCTRIO He 6ornee 20 %, mpuroaHast s HHKSHEPHOTO
pacuéra ONTHMAaJbHBIX PEKUMOB pereHeparuu. [IokazaHo, 4TO KIFOYEBBIM MAPAMETPOM, ONPEICISIONINM TOYHOCTh TIPO-
THO3a, SIBJISIIOTCSL aIT€3UOHHBIE CBOWCTBA YaCTHII, TPEOYOLIHNE IKCIEPUMEHTAIBHOTO ONPE/ICNICHNUS ISl KKI0W KOHKPET-
HOI cucTeMbl. Pe3ynbTaTsl co3/1al0T HAY4YHYIO OCHOBY ISl IPOEKTHPOBAHMS CAMOOUHIIAIONINXCS (PHITBTPOBAJIBHBIX arlIa-
paToB HEMPEPHIBHOTO JEHCTBUA. [lepCrieKTHBHBIM HalpaBiI€HHEM SIBIISCTCS aJanTalis NpeyIOKEHHOW METOIMKH JUIs
PEOJIOTNYECKH CIIOKHBIX POMBIIUICHHBIX CPEJl M ONITHMH3ALHS SHEPrONOTPEOIeH ST BHOPOCHCTEMBI.

KnaioueBble cioBa: ¢uibTpoBaHHe, pereHepanus, TUAPOAMHAMUYECKHH (WIBTp, UEHTPOOEKHAs OYHCTKA,
BUOpALMOHHAS OYNCTKA

BaaroaapHocTh. ABTOPBI BRIPXKAIOT OJIaroAapHOCTh PelaKIMy U PELEH3EHTaM 32 BHUMATEIbHOE OTHOIICHHE K CTaThe
W YKa3aHHBIE 3aMeYaHusl, KOTOPHIC MO3BOJIHIH MOBBICUTD €€ Ka4eCTBO.

Jdasi  uutupoBanus. JlesucwioB B.A., ®pomo H.II. Perenepanus  QuIbTpOBAILHOTO  MaTrepuala
TUApoIMHAMUYecKkoro uibTpa. bezonacnocmvs mexHozeHHbIX U npupoousvix cucmem. 2026;10(2):132-141.
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Original Empirical Research
Regeneration of Filter Material of Hydrodynamic Vibration Filter
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Abstract

Introduction. In industrial filtration systems, one of the main challenges is reducing the filter capacity due to the
accumulation of retained particles and the formation of sediment layer on the filter baffle. This results in increased
hydraulic resistance, increased energy consumption, and forced service stops. Extending the lifespan of filter elements
while maintaining productivity is a crucial technological challenge. This involves methods such as the regeneration of
hydrodynamic filters, including the rotation of the filter element and the use of vibration effects. However, current
research focuses on these methods individually, with no theoretical models for the combined effect of centrifugal and
vibrational forces. Experimental data on the synergy between these forces has not been collected, and criteria for
optimizing this combined effect have not been established considering operating parameters and the adhesive properties
of sediment. The aim of this research was to develop a computational method for optimizing the combined centrifugal-
vibration effect, based on an analytical and experimental study of its impact on the regeneration efficiency of
hydrodynamic filters.

Materials and Methods. The research was conducted on a laboratory test bench with a hydrodynamic vibrating filter
equipped with a cylindrical filter baffle made of a combined porous mesh metal (fineness of 10 um), which could
perform independent rotational and vibrational movements. To describe the condition for sediment particle detachment,
an analytical model was developed based on the balance of forces acting on a particle on a rotating and vibrating
surface. This allowed us to evaluate the effectiveness of filter regeneration based on operating parameters. The
experiments were conducted using aqueous suspensions of electrocorundum (200-250 um) and silicon carbide (60—
80 um) with a volume concentration of 0.1%. The regeneration mode involved a simultaneous increase in the rotational
speed of the baffle to 1000 rpm and vibration with an amplitude of 1 mm at a variable frequency of 50, 60 and 70 Hz
with the filtrate outlet closed to eliminate the change of pressure.

Results. Quantitative dependencies of the regeneration efficiency on rotational speed, vibration amplitude and
frequency were experimentally determined. An analytical model of force balance was developed, which allowed
predicting the degree of purification for any combination of these parameters. Verification of the model showed that the
discrepancy between the calculated and experimental data did not exceed 15-20%, confirming its suitability for
engineering calculations. Based on the model, a computational optimization method was proposed that provided a
choice of a combination of operating parameters at which the required level of cleaning was achieved with minimal
energy consumption and permissible mechanical loads on the structure.
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Discussion. The low efficiency of purely centrifugal regeneration (2-20%) was explained by the fact that for fine
particles, the ratio of adhesive forces to inertial forces was significantly higher than for coarse particles. This was
consistent with the Derjaguin classical theory of adhesion. The synergistic effect of the combined effect was due to the
addition of radial centrifugal force by tangential shear stresses generated by vibration, which ensured a more complete
destruction of adhesive bonds in the sediment layer. The discrepancy between the model and the experiment in the
range of 15-20% was mainly due to uncertainty in determining the adhesion characteristics of the particle —filter baffle
pair. However, this level of accuracy was acceptable for the engineering selection of operating parameters. The obtained
patterns were qualitatively consistent with the known literature data on the individual effects of rotation and vibration
on sediment removal, but for the first time, they quantitatively describe their combined effect. One limitation of the
study was the validation of the model for aqueous suspensions only, which required additional research to extend it to
viscous and non-Newtonian media.

Conclusion. 1t has been experimentally proven that the combination of centrifugal and vibrational effects can increase
the regeneration efficiency of the hydrodynamic filter baffle by 60-80%, compared to 2-20% with rotation alone. An
analytical model has been developed based on the balance of forces, and verified experimentally with an error of no
more than 20%. This model is suitable for engineering calculations of optimal regeneration modes. It is demonstrated
that the key parameter determining the accuracy of the forecast is the adhesion properties of particles, which require
experimental determination for each system. The results provide a scientific basis for designing continuous self-
cleaning filtration devices. A promising direction for future research is the adaptation of this technique to rheologically
complex industrial environments, as well as optimizing energy consumption in the vibration system.

Keywords: filtration, regeneration, hydrodynamic filter, centrifugal cleaning, vibration cleaning
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BBegenne. OuncTka TEXHOJOTHYECKHUX >KUIKOCTEM M CTOYHBIX BOA [1] OT MEeXaHMYECKHX MNpUMECEHd METOA0M
¢GUIbTPOBaHMS MpeACTaBIseT coO0W 00s3aTENbHBIN N KPUTUYECKH BasKHBIHM MPOIECC B TAKUX OTpacisiX, Kak HedTexu-
MUsI, SHEPTETHKA ¥ BOJONOATOTOBKA [2]. Pe3yapTaTHBHOCTD AaHHOTO Tpoliecca HANpsMYIO ONpelessieT CTabMIbHOCT
TEXHOJIOTHYECKUX ITHKIJIOB, CPOK CITy>KOBI 000pyIOBaHMSA, Ka4ECTBO KOHEYHON MPOAYKIUN U COOTBETCTBUE IKOJIOTHYE-
cknuM HopmatuBaM [3]. KimroueBoii dKCITyaTallMOHHON MpoOIeMoii B pacCMaTpuBaeMOM OOJIACTH SIBIISIETCS WHTEHCHUB-
HOE 3arps3HeHue QIIBTPOBAIHFHOTO MaTepHraia ((hUIbTPOBATBHON MEPETOPOJKH) B X0 pabOTHI. DTO MPUBOIUT K PE3-
KOMY BO3PAcCTaHHUIO THAPABINYECKOTO CONPOTHUBICHHUS, YTO, B CBOIO OYEPEb, BHI3BIBACT 3HAUMTEIHHOE YBEIWICHHE
sHepro3atpat [4]. IloMumMO 3TOro, akKTUBHOE 3apacTaHUE MEPEropoAKH OCAJKOM IOBBIMIAET PUCK €€ MEXaHHMYECKOTO
pa3pylIeHus u BeAET K He3aIUIAaHUPOBAHHBIM OCTaHOBKAM ITPOU3BOJICTBA [UIS PETCHEPAIMY I 3aMEHBI (PHITBTPYFOIIUX
2JIeMeHTOB. TpaJNIMOHHBIE METOMIBI OYHCTKH, TAKUE KaK 0OpaTHasi MPOMBIBKA, TPEOYIOT MpeKpalieHus: padboThl (uiib-
Tpa WIN MPUMEHEHHS CIIOKHBIX CHUCTEM C JyONHPYIOUINMH JIMHUSIMH, YTO CHIDKAET OOMIYI0 MPOHM3BOIAMTEIBHOCTh H
YBEJMUYMBAET KallUTalIbHbIE 3aTPaThI [5].

B kadecTBe MepCIeKTUBHOTO PEIICHHUS YKa3aHHOH MpOOJIEeMBI pacCMaTPHBACTCS HCIIONB30BaHHE (DHIBTPOB C BO3-
MOJKHOCTBIO HEIIPEPBIBHOW WM MEPHOIMYECKON pereHeparui 6e3 OCTAaHOBKM OCHOBHOTO Iporiecca. OMHUM U3 TaKHX
TUIIOB aNIapaToB SBIIOTCS ruapoauHamudeckue GuiasTprl (I'IP), B KOTOPBIX U CHIDKECHHS OCAXACHUS YacTUI[ Ha
¢unbTpoBanbHOil neperopoake (PI1) komOuHMpyeTcs d3pdekT HeHTPOOEIKHOI cenapaluy U TaHT'€HIMAIbHAsI [ojaya
MIOTOKA BJIOJIb €€ MoBepXHOCTH [6]. B oTnnume ot ¢punbrpyromux neHTpudyr, B I'/IO moTtok HampapiseTcs CHapyKu
BHYTph Bpamfawieiics ®@II, uro ycuimBaeT neiicTBHe EHTPOOSIKHBIX CHII HA C(OPMHUPOBABIIHICS CI0H ocanka [7].
CaMOCTOSITeIbHBIM HAIpaBIICHUEM MHTEHCH(DHUKAINN pereHepaly QIIBTPOB CIIY>)KUT BHOPAIMOHHOE BO3JIEiCTBHE Ha
(UIBTPOBAIEHBIN 3JIEMEHT, CIIOCOOCTBYIOIIEE Pa3pYIICHIIO are3NOHHBIX CBSI3€H B ClIOoe 3arps3HeHuit [§].

AHanm3 COBpEMECHHBIX HCCIICOBAaHUIA CBHUACTEILCTBYET O TOM, 4TO BiustHHE BpameHus PII [7] u BuOparmoHHOTO
Bo37cHcTBUA [8] Ha Tpomecc GUIBTPOBaHMS U3ydJaIOCh, KaK MPaBUIIO0, H30JIUPOBAHHO. BMecTe ¢ TeM B HaydHOW JTUTE-
paType MpakTHYECKH OTCYTCTBYIOT CHCTEMAaTHYECKHE HCCIEOBaHUS KOMOWHHUPOBAHHOTO BIMSHHUS STHX IBYX THIIOB
CHJIOBBIX TIOJICH Ha pe3yJbTaTHBHOCTh pereHepalnuy TuaApoArnHaMuiecKux GuibTpoB. Kpome TOro, HeocTaTouHo pas-
paboTaHbl YHHBEpCAIbHBIC pAacYETHBIE METO/BI, O3BOJISIOIINE KOINYECTBEHHO OLCHUBATH A((PEKTUBHOCTH MOA0OHOT0
KOMOMHHPOBAHHOT'O BO3AEHCTBUS C Y4ETOM KIIIOUYEBBIX (PaKTOPOB, MIPEX/IE BCETO ailr€3MOHHBIX CBOMCTB YJIaBIMBAaEMbIX
YacTHIl 110 OTHOILIEHUIO K Marepuaiy (uibTpoBaibHOU neperoponxu [9]. Takum oOpazom, cymiecTBYeT OYEBHUAHBIN
Hay4HO-TIPAKTUYECKHUil 1po0es, 00yCIIOBICHHBIN OTCYTCTBHEM METOJUKH Uil 00OCHOBAHHOTO BBIOOpA ONTHMAIbHBIX
PEXUMOB COBMECTHOTO IIEHTPOOEIKHOTO ¥ BUOPAIIMOHHOTO BO3JICHCTBHUS, OCHOBAHHOHN Ha (PM3MIECKOI MOIEIH IPOIiec-
ca OTpPBIBa YaCTHUIIHI.
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Lemnbto HacTOAIIEH pabOTHI ABIACTCSA SKCIICPUMEHTAIBHOE M aHATUTHYECKOE HCCIICOBAHIE CHHEPTETHIECKOTO d(-
(ekTa 0T KOMOMHUPOBAHHOTO IIEHTPOOESIKHO-BUOPAITMOHHOTO BO3MIEHCTBUS Ha MPOIECC pereHepanud GpuibTpoBaIbHOM
MEPErOPOAKH THAPOJMHAMUYCCKOTO (QHIbTpa M pa3paboTKa Ha 3TOM OCHOBE BepU(DUIIUPOBAHHOW PACUETHON METOTUKH
JUTS OITUMU3AIMY TTApaMETPOB PEreHEPaIny.

JJis HOCTHKEHUS TIOCTABICHHOM LIeH ObLTH CPOPMYIMPOBAHBI CICIYIOIINE TOCICAOBATCIBHEIC 3aIaUH:

— aHaIlu3 JIMTePATYPHBIX JaHHBIX 10 MeTomaM percHepanuu @I u BeisBIICHHE MpoOeEa, KaCaroIIErocs: KOMILICKC-
HOTO BO3/ICUCTBUS CUJIOBBIX IOJIEH;

— pa3paboTKa aHAIMTUIECKOW U pacd€THON Mozelnel mporecca oTpeiBa YacTribl oT PII, ocHOBaHHBIX Ha OalaHce
YACPKUBAIOMINX (CHIIBI aATe3UH, CHIIa JABJICHHUS TIOTOKA) U OTPHIBAIOMINX (LEHTPOOESKHAS CUJIa, HHEPIIMOHHAS CHJIa OT
BHOpAIIMH) CHUIT;

— KCHEPUMEHTANBHOE MCCIIEJOBaHNE HA CIICIIMAIBFHO CO3MaHHOM HCIBITATEIFHOM CTEHJE Pa3AeNIbHOIO U COBMECT-
HOTO BIHSHMA cKopocTH BpamieHus @I, a Taxke aMIDIMTYAbl M 4acTOTHI BHOpanuu Ha 3((EKTHBHOCTH yAaJCHUSA
ocajka pH (pUIBTPOBAHUH CYCIICH3UH ¢ YaCTUI[AMH PA3TUYHON IPUPOABI (IICKTPOKOPYHI, KapOU KPEMHUS);

— Bepudukanus pa3pabOTaHHOW PacuETHON MOAETH IMyTEM COIOCTABICHHUS aHAIUTHYCCKUX OICHOK A(PPEKTHBHO-
CTH pEereHepalyi C MOJTy4YCHHBIMH SKCIICPUMCHTATBHBIMH JAHHBIMU.

MaTtepuaabl 1 MeToABI. VcclieoBaHMs POBOAMINCH HA CIICIHATIBHO Pa3paOOTaHHOM CTEHJIE C THAPOIHMHAMHUYC-
CKHM BHOPAIIMOHHBIM (QHIIBTPOM, CXeMa KOTOPOTO MpEeCTaBIcHA Ha puc. 1.

T QOou

Ok

s

A,fI\KV,e

Puc. 1. Cxema runpoanHaMU4ecKoro BUOpamoHHOro ¢puibTpa (Q — pacxox HCXOAHOM XKUAKOCTH, Joy — PACXO]] OUUILEHHON
JKUIKOCTH, OJx — PacXoj KOHIIEHTPaTa, W — CKOPOCTh BpaIleHUs (DHIBTPOBAIBLHOM MEPErOPOIKH,
A — amrututy1a BUOPOBO3/ACHCTBYS, f — YacToTa BHOPOBO3ICHUCTBHSI)

OcHOBHasi KOHCTPYKTUBHAsI OCOOCHHOCTD ammapaTa 3aKIFYacTcs B BO3MOXXHOCTH HE3aBUCHMOI'O COOOIICHUS IH-
JUHAPUIECKOW (UIbTpoBaIbHOHN meperopojake (PII) BpamaTebHOTO IBUXEHHS OT DJICKTPOJIBHTATENSI M BO3BPATHO-
MOCTYTATEILHOTO (BHOPAIIMOHHOTO) IBWXEHHS OT BHOpocTeHna. OCHOBHBIE T€OMETPHUYECKHE IMMapaMeTphl: BBICOTA
kopmyca — 186 mm, BHemHuH quamerp @I — 21 mm, Tommuaa OIT — 1 MM. Bonee moapoOHOE omvicanne MPUHITAIIA
JIEHCTBUS M KOMITOHOBKHY TipuBeieHo B padote [10].

Jlna aHanm3a mporecca pereHepaniuy IpuMeHeHa MOJIeNIb, OCHOBAHHAs Ha OallaHce CHII, NEHCTBYIOMMX HAa YaCTHILY
B CJIO€ OCaJIKa Ha BUOPUPYIOIICH U BpPAIIAIOUICHCS MOBEPXHOCTH (pHUC. 2), IO aHAIOTUH C ITOAXO0JAMH, U3J0)KCHHBIMU B
pabotax «OCOOEHHOCTH Tpoliecca pereHepanuy GUIbTPOBAIBHBIX Meperopogok» [11] u « D QpekTHBHOCTE pereHepa-
WY TiesieBoro GuisTpay [12].

YcioBre OTphIBa YaCTHIIBI OIHCHIBACTCS HEPABEHCTBOM:

2 2 2 2
cos()((mg +F, ) +(Foe)*)> (F) +(F, + Fap) (1)
Paznenue 06e yacTu Ha BeIMUMHY (mg)?, XapaKTePU3YIOIIYI0 oOIIMi BeC 3arpsA3HEHHI Ha (UILTPOBAIBHON Mepe-
TOPOJIKE, MOJTy4aeM BeIpaKeHUe sl SPPEKTUBHOCTH pereHepalium:

(mg+F,,)" +(Fy ) ) (F) +(F, +Fyp)’
(gm)’ (gm)”

TJIC 1] XapakTepu3yeT A3PPEKTUBHOCTh pereHepaiuu. B cimyuae, eciau 1 = 1, Ipu pereHepanuy Bce YaCcTHUIIBI Y IANISIOTCS
¢ GWIBTPYOMIETO MaTepHAaa.

; 2
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F| Fr

F/7+FAp

Puc. 2. Cxema neiictBust cui, rae mg, HproTOH (asiee — H) — Bec CIIos 3arpsA3HEeHuit (m — Macca, Kr; g — YCKOpEHHE CBOOOTHOTO
nanenus M/c?); Fu, H u Fi, H — HOpMaJIbHas ¥ TAHT€HIMAIbHAS COCTABJIAIOIIME CHIIBI AAT€3HH, Fivy, H
" Fe, H— CHIIBI, BOSHUKAOIIVE B TIPOIIECCE PEreHepallii H3-3a BO3CHCTBIS BUOPALUH U BpallleHHs QUILTPOBAIBHON IEPETOPOIKH
COOTBETCTBEHHO, ['Ap, H — CHJIA NIEpENaja JaBICHUS Ha IEPETOPOIKE

Cunsl Fye 1 Fy, 3aBUCAT OT peXxuMa paboThI anmapara — CKOPOCTH BpallleHUs M apaMeTpoB BuOpauuu [13] — u

PaCCUHTHIBAIOTCS IO (hOPMYITaM:
2y :
=mr|——| , 3
& )
F,, =mA(2nf)’, 4)

rJie ¥ — panuyc QUIbTPOBAIBHOM MIEPErOPOIKH, M; V — CKOPOCTh BpalleHUs! (pUIBTPOBAILHON IIEPEropoaKH, 00/M1H;

A — amrmuTyna BUOpanuu, M; f — gactota Bubparum, ['m [14].
Cwurta mepermazia TaBJICHNS, COTTIACHO TEOPHH (IIILTPOBAHUS ¢ 00pa30BaHUEM HECIKUMAEMOTO ocajka Oynet paBHa [15]:

Fy, = APS, )
rae AP — nepenaj JaBjieHus Ha reperopoke, I1a; S — mnomans GpuisTpoBanbHoii neperopoaku, M2, Ilepenay qasie-
HUSI B TIpoliecce pabOoThl M HAKOIUIEHHUS ocajika OyaeT Bo3pacTath [16].

ITo Teopuu [lepsirnHa cuila HOPMaJIBHOTO OTPBIBA BBIpAXKaeTcst POpMyJIOit:
F, =4nor, (6)
Fy =pF,, 0
Il G — MOBEPXHOCTHOE HATSDKEHHE Ha TPaHULAX JABYX Tell;, # — PaJlilyC KPUBU3HBI YaCTHI], L — KO3 QHUIMEHT TPEHHSL.
B kadecTBe MeXaHWYECKUX NPUMeEceH (IUCIIEPCHOI cpelpl) UCIIOIB30BAINCH JIBA THUIA YACTHIL 3JIEKTPOKOPYHI U
KapOu1 KpeMHHs. B kauecTBe oummaeMoi cpelpl (IUCIIEPCHOHHOW Cpelbl) MCIONIb30Bajlach BOJA. XapaKTEPUCTHKU

HJacTull NpUBCJCHLI B TaﬁJ'H/IHG 1.

Tabmnuma 1
XapakTepUCTHKU YaCTHUIL 3arPsI3HEHUSI
Tun yacTuist Koopuunent HpOHHH?eMOCTH IInoTHOCTS, KI/M> Hluanetp
CJIOSI 4ACTHUL], M YaCTHII, MKM
DNEKTPOKOPYH]T 3,2:10714 3950 200-250
Kap6un kpemuust 4,2-1071 3200 60-80

B kauecTBe QrIIbTPOBaAIIBHOM MIEPErOpPOKH HPUMEHSIIN POHULIAEMBII MaTepual, MU3TOTOBIICHHBIN 110 TEXHOJIOTHH, pa3-
paboranuoil B MI'TY um. H. D. baymana, a IMEHHO METOZIOM TOpsTYeil MPOKATKH B BaKyyMe Ha OCHOBE METAIIMYECKUX Ce-
TOK C TOHKOCTHIO OYMCTKH 10 MKM — TaK Ha3bIBa€MBIX KOMOMHUPOBAHHBIX IMOPUCTBIX CETYATHIX MeTayuioB [17]. Xapakre-
PUCTUKH (PUITBTPOBATIBHOM MIEPETOPOIKU ONPEACISUTH B cooTBETCTBHH C [18]. TIpoHMIIaeMOCTh TIEPETOPOIKH M CIIOST OCA-
Ka [19] ycraHaBIMBaIM SKCIIEPUMEHTAITFHO HETIOCPEACTBEHHO HA MUCCIIEAyEeMOM arapare. B kauecTBe TUCTIEPCHOHHOM cpe-
JTBI UCTIONB30BANIM BOy KOMHATHOH Temreparypsl. Cycrien3uro 00séMHOM KoHLeHTpanuei 0,1 % npuroraBmmiBamm B EMKO-
ctr 006EMoM 300 J1, OCHAIIIEHHOH JIOMACTHOM METTATIKOH TS TIOAIePKaHMs OJTHOPOHOCTH COCTABA.
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OKCIEPUMEHT OCYIIECTBILIICS CIEAYIOINM 00pa3oM.

1. TTogroroBka cycrnen3uu. B 6ake, OCHAIIEHHON JIEKTPOMENIAIKON, TOTOBIIIACH OJJHOPOIHAS BOJHAS CYCIICH3HSI C
MaccoBOil KOHLEHTpalyel TBepabIX yacTull (3arps3uenuit) 0,1 % no oobemy.

2. Muxn ¢unsTpoBanus (padoumii pexxnm). CycrnieH3ust mojaBanach Ha BXoj (GuibTpa. OUIBTpOBaNLHAS TEPEro-
pOJIKa Bpamianach ¢ MOCTOSTHHOW ckopocThio 300 06/muH. [Iponece GuIbTpOBaHUS MPOIOIDKAICS B TEUCHUE 3aJAHHOTO
BPEMEHH WJIH 10 JIOCTHKECHUSI ONPEEIICHHOTO Mepenaja qaBIeHusL.

3. Uannuanus pexxuma pereHepauyu. [lo ucreuennn Bpemenn QuibTpoBaHust HauuHasach 30-ceKyHuHas craaus
pereHepanuu, KoTopasi BKIoJana:

— HepeKphITHE NaTpyOKa 0TBOJA OYMIIEHHOTO (UIbTpaTa Ul YCTPAHCHMs YIEP)KHBAIOLIEH CHIIbI, BHI3BAHHOM Iie-
pernajoM AaBJIeHHUs;

— OJTHOBPEMEHHOE YBEIIMICHHE CKOPOCTHU BpalleHus: GuiIbTpoBaIbHOM nieperopoaku 10 1000 06/MuH;

— OJJHOBPEMEHHOE BKIIIOUEHUE BHOPAIMOHHOTO BO3JCHCTBHS HA MEPEropojaKy ¢ amMIumTynoi 1 mwm. IIpu sTom ua-
CTOTa BUOpAIMK BapbHPOBAJIACH OT KCIIEPUMEHTA K SKCIIEpUMEHTY, TpuHnMast 3Hadenus 50, 60 wmu 70 T

4. Ynanenne pereHepUpOBAHHOTO Ocajka. B TeueHme Bcell cTaaum pereHeparuy KUAKOCTh HAIlPaBIsIach B MaTpy-
00K 17151 OTBOJa KOHIICHTPATA, YBJIEKAs TEM CaMBIM OTACJICHHBIC OT IEPETOPOIKU YACTHIIE.

5. Bosspar B pabouwnii pexxum. ITo okoHuannu 30 CeKyH/ peKHM pereHepaly OTKIII0Yacs: BUOpanus npeKpara-
Jlach, CKOPOCTh BPpAILEHHUS MEPEropojKku cHmxkanach 10 300 o6/MuH, a nmatpyOoK ¢uibTpata OTKphIBaJCS. Armapar
BO3BpAIIAJICS K IIaTy 2 IS CISAYIOMIETo MUKIa (UIbTPOBAHHSL.

Jlnst m3MepeHust pacxojia MCIOJIb30BAI MAaTHUTHO-UHAYKIIMOHHBINA pacxomomep Dwyer MFS-11 ¢ otHocuTensHOU
MOTPEIIHOCTbIO 3MepeHuid +2 % mnpouszBoacta CILIA. Jns u3mepeHus: nepenana AaBiICHUS — JATUUKU JABICHUS
Hyadac HDA 4748-H-0009-000 (mpuBenennas morpemHocts + 0,5 %) mpomsBoacTBa I'epMaHNM C perucTpaTtopom
nanaeix HMG 3000. KoHTposh KOHIIEHTPANMK MPOBOIWIM € HCIONb30BaHueM aHaimzaropoB FCU 2000 u CS 2000
win poronedenomerpa «Poton-965» (Poccus). B kauecTBe npruBoia HCIOIB30BAIM ACHHXPOHHBIN AJICKTPOJABHUIATEIIH
(Poccust) u BuOpoctena Tira Vib (I'epmanust).

Pe3yabTaThl Hccaeq0BaHuA. Pe3ymbTaThl pacueTHBIX M 3KCIEPHIMEHTATBHBIX HCCIIEeI0BaHUH 3()(heKTHBHOCTH pe-
reHepanuy GuIbTpoBaJIbHOIO MaTepHaia IPH OUYUCTKE KUIKOCTH OT AJIEKTPOKOPYH/Ia IIPUBEACHBI Ha puC. 3.

100

A o ®
(= - =
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(]
S

D hekTUBHOCTD

(e

0 50 60 70

Yacrora Bubpamuy, I'y

Paccuernas 3¢ (eKTHBHOCTE pereHepanuu B DkcnepuMeHTaJIbHBIEC JaHHBIE

Puc. 3. DkcnepuMeHTaNbHbIE W pacueTHBIE JaHHBIC IIPU pereHeparuy (GHIbTPOBAILHON IIePEeropoaKu
TIOCJIE BBIMOJNHEHHS UK GUIBTPAINH KUAKOCTH OT IEKTPOKOPYHIA

PeSyJ’ILTaTI)I PaCUYCTHBIX U ISKCIICPUMCHTAJIbHBIX I/ICCJ'IC,HOBaHI/Iﬁ 3(1)(1)CKTI/IBHOCTI/I pereuepanun (I)I/IJ'ILTI)OBaJ'ILHOFO
MaTtepuaia npu OYUCTKE JKUIAKOCTU OT Kapﬁn,ua KpEMHUA NPpUBCACHBI Ha PUC. 4,

80
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Yacrora BubOpanuu, [

Paccuernas Sq)(beKTI/IBHOCTL pereuepanuun | 9KCHepI/IMeHTaJ'[I>HI)Ie JIAHHBIC

Puc. 4. DxcriepuMeHTaNIbHBIC M PaCUETHBIE JAHHBIC IPH PereHepauy GUIbTPOBAIBHOMN MEPErOPOIKH 110CIIE BHINOJIHEHHS LKA
(GUIBTPAMY KHUAKOCTH OT KapOuaa KpeMHUS
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Pe3ynbTarhl 2KCTIepUMEHTaNbHON 3 (HEKTUBHOCTH pereHepaiuu (1), IpOBEACHHON ISl ABYX THIIOB 3arpsi3HEHUN —
KPYITHOUCTIEPCHOTO JJEKTPOKOPYHIA U MEJIKOIUCIIEPCHOTO KapOuaa KpeMHUsI — IpeacTaBieHsl Ha puc. 3 u 4. OHu
MOKa3bIBAIOT CIIEAYIOIIEE:

— IPUMEHEHHUE TOJILKO LIEHTPOOEKHOTO Bo3aeicTBuUS (MMITysbeHbIH pasroH ®II no 1000 06/MuH) nokasbIBaeT HU3-
Ky 3 QEeKTUBHOCTB: JUIs dJIEKTPOKopyHaa 1 = 20 %, a 11 kKapOuaa KpeMHUSI — JIUIIL 0KOJI0 2 %;

— KOMOMHHUpOBaHME LIEHTPOOSIKHOTO BO3JeHCTBH ¢ BuOpauueil (amruintyaa 1 MM, yacrora 70 I'r) npuBoauT K cu-
Hepretuyeckomy 3ddexty. DPdekTHBHOCTS pereHepanuu Uisi 3JIeKTpoKopyHaa Bodpacrtaer a0 80 %, a s kapOuna
kpemHus — 110 60 %.

Ha puc. 3 1 4 npuBeeHbI TaKXKe pacyeTHbIE KPUBBIE, TIOJyUEHHBIE 110 pa3paboTaHHON MOJIeNH, OCHOBAaHHOW Ha 0a-
nance cwi (1). Kak s 2J1eKTpoKopyHAa, Tak U Ui KapOuaa KpeMHHsI HaOI0JaeTcsl yIOBIETBOPUTEIHFHOE Ka4eCTBEeH-
HO€ W KOJMYECTBEHHOE COOTBETCTBHE MOJEIH SKCIEPUMEHTATIBHBIM TOYKaM. MaKCHMalTbHOE PAcXOKACHHUE MEKIY
PAaCcYETHBIMU M 3KCIIEPHIMEHTAIFHBIMU 3HAYCHUAMH 3((HEeKTUBHOCTH pereHepanny He mpessimaet 15-20 %, 9aro sBis-
eTCsl MPUEMIIEMO TOYHOCTBIO JUISl HHKEHEPHBIX PAacueToOB JUHAMMKH IPOLecca.

O6cy:xaenne. [loydeHHbIe Pe3yJIbTaThl MTO3BOJISIOT NIPOAHAIN3NPOBATH (PU3NYECKHE MEXaHU3MBI, JIeXKaIlIne B OC-
HOBE IpOoLiecca pereHepanny, 1 OLleHUTh IPaHKIbl IPUMEHHUMOCTH pa3paboTaHHOW MOJIEIH.

1. Ananu3 >pQEeKTUBHOCTH Pa3IMYHBIX PEXUMOB pereHepaiuu. CyliecTBeHHOE pazandue B 3()(HEKTUBHOCTH LEH-
TpOoOEXKHOTO BO3/eHCTBUS I 21eKTpokopyHaa (20 %) n kapouga kpeMuus (2 %) MOJHOCTHIO COTJIACYETCsl C TEOpUEH
anre3un. s 6oee MenKkuX dacTuil kapouma kpemuus (60—80 MKM) OTHOIIIEHHE aAre3UOHHBIX CHJ K Macce YacTHIIBI
(cmemoBaTeNbHO, M K MHEPIIMOHHBIM CHJIaM) 3HAUUTENFHO BBIIIC, YeM IS KPYIHBIX YaCTHII AIeKTpokopyHa (200-250
MKM). Takum 00pa3oM, OJHOTO JIMIIG IEHTPOOEKHOTO YCHIINS HEIOCTaTOYHO JUIS MPEOJOJICHUS aAre3NOHHBIX CBA3CH
MEJKOAMUCIIEPCHOTO OCAKa.

2. Ilpupona cuneprernaeckoro 3¢ ¢exra. Hoctmwrenne 3¢pdexrnBHoctrn 60—80 % mpr KOMOMHHPOBAaHHOM BO3.IEH-
CTBHH IIOJTBEPIKIAET TUIIOTE3y O PA3IMYHBIX M B3aMMHO JOTOJHSIOMINX MEXaHU3Max paspylueHus ciost. LleHrpobex-
Hasi cujla cO3JaéT MPEUMYIIECTBEHHO paJHalbHOE OTphIBarolee ycuiane. BuOpauus, B cBOIO ouepenb, MHAYLUPYET
TaHTCHIMAJLHBIC CIBUTOBBIC HAMPSDKCHUS B TOJIIC OCAJIKA U CHUXKACT CHJIYy TPECHHUS MEKAY YaCTHIIAMHU M MMOBEPXHO-
ctpio @II 3a cuér mukpocmerennii. CoBMECTHOE JICHCTBHE yKa3aHHBIX (pakTOpoB oOecrieuuBaeT OoJiee MoJIHOE paspy-
LIIEHHE aJIr€3UOHHBIX CBS3EH.

3. Bepuduxkanus pacuétrHoit Momenn. PacxoxneHne MexXIy pacd€éTHBIMU U SKCIICPUMEHTAIBHBIMA JAHHBIMH B TIpe-
nemax 15-20 % cBumeTensCTBYET 00 aIeKBAaTHOCTH MPEATIOKESHHOTO MTOIX0Aa, OCHOBaHHOTO Ha GamaHce cmil. OCHOB-
HOW MCTOYHHK ITOTPENTHOCTH, IO BCEH BHIUMOCTH, CBSA3aH CO CIOXKHOCTHIO TOYHOTO OIpPEICIICHHS are3MOHHBIX CHUT
(Fn, Ft) mma xoHKpeTHOH mapsl «Marepuai qacTuibl — maTepuai @Iy, JlocTUTHyTas TOYHOCTH SIBIISICTCS yIOBIETBO-
PUTETBHOM 111 HHKXCHEPHBIX PAacdETOB, HENBI0 KOTOPHIX CIYXHUT HE aOCOJIOTHBIN MPOTHO3, @ CPABHUTEIHHBIN aHAIN3
PEXUMOB U BBIOOP ONTUMAIILHBIX MAPAMETPOB.

4. TlpakTHyeckasi 3HAYUMOCTh M OTPAHUYCHUS. Pe3yabTaThl JOKA3bIBAIOT, YTO KOMOWHUPOBAHHBIA METOJ O3BOJISCT
yBeanauTh pecypc PII o cpaBHEHHIO ¢ HCIOJIB30BAHUEM TOJBKO LEHTPOOEKHOTO 3 hexTa. OCHOBHOE NMPAKTHUECKOE
orpaHu4YeHue — He0OXOIMUMOCTh SKCIIEPUMEHTAILHOTO OIPEAEIICHHS are3MOHHBIX XapaKTEPUCTHK JUIsl HOBBIX THUIIOB
3arpsi3HEHUM, TIOCKOJIBKY MX TEOPETHYECKUH pacyET CONPSHKEH CO 3HAUMTEIbHON HeonpeaenéHHocThio. [lomumo sToro,
Mozenb Oblla BaIMAMPOBAaHA JUIA BOTHBIX CYCHCH3WI; ¢€ MPUMEHEHHE K BSI3KAM WM HEHBIOTOHOBCKUM JKHIKOCTSIM
TpeOyeT TOTONHUTENBHBIX HCCIIEAOBAHIN C YIETOM N3MEHEHHS THAPOANHAMHYCCKIX M aiT€3NOHHBIX YCIOBHH.

3akiaoueHnue. B xoie mpoBeIeHHOTO MCCIIETOBAHMS TOCTUTHYTA MTOCTABICHHAS IIeh: SKCIIEPUMEHTAIBHO B Teope-
THYECKH 000CcHOBaHA AP (HEKTUBHOCTH KOMOMHUPOBAHHOTO IIEHTPOOEKHO-BUOPAIIMOHHOT'0 METOIa pereHepanun (Gpriib-
TPOBAJIBHOM MEPErOPOAKH THApOAHHAMITYECKOTO (hrnbTpa. ChOopMyIHPOBAHBI CIEAYIONINE OCHOBHEIC BEIBOJIBI:

1. YcraHoBiIEHO, YTO pa3JelibHOE INPUMEHEHHE LEHTPOOEKHOr0 BO3ACHCTBUS (CKOPOCTh BpAILCHHS 10
1000 06/MuH) XapakTepu3yeTcsi HU3KOU 3pPeKTUBHOCTRIO perenepanuu (2—20 %), 0COOCHHO U MEIKOUCIICPCHBIX
YaCTHIL C BBICOKOH yJIeNIbHOM aire3neii.

2. JTokazan Bo3pacTaromuii 3pQPektr ot koMmOuHupoBanus BpameHus OI1 ¢ BUOparMOHHBEIM BO3ACHCTBHEM (aMILIU-
tyna 1 mm, yacrora 70 I'i), 9To mo3Bossier MOBBICUTH () (PEKTUBHOCTH pereneparuu 10 60 % st kapOuia KpeMHHs 1
10 80 % I SIIEKTPOKOPYHIA.

3. Pa3zpaboTaHa 1 dKCIIEPUMEHTAIHLHO Bepu(UIIMPOBaHA pacueTHas MOJIelb, OCHOBAHHAs Ha OayaHce yaep KHBaro-
OMX W OTPHIBAIOIIMX CHJI. MoOJeNTh MO3BOSIET C MPHEMIIEMOH I MHXCHEPHOH MPAaKTHKH TOYHOCTHIO (TOTperI-
HOCTh <20 %) mporHO3KupoBaTh FP(PEKTHBHOCTh PETCHEPANN W MOAONPATh ONTHMAJIbHEIE MTapaMeTphl (CKOPOCTh Bpa-
IICHNUS, 9aCTOTa ¥ aMIUTUTY 1A BHOPANH) B 3aBUCUIMOCTH OT AUCIIEPCHOT'O COCTaBa U MPUPOJBI 3arPSI3HECHHUI.

4. KpuTHuecky BaKHBIM JUIS TOYHOCTH MOJEINH SIBJISIETCS y4YeT aAr€3HOHHBIX CBOWCTB YaCTHII, YTO OIPEACISICT
HEOOXOANMOCTb UX SKCIEPHUMEHTAIBHOTO ONPEIeJICHHS 11 KOHKPETHBIX YCIOBHH (UIIbTpaLH.
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[MepcrieKTHBHBIMU HATIPABJICHUSAMHE A IbHEHIINX UCCISIOBAHUMN SIBIISIIOTCS aaMTalysl METOAUKH JUIS PEOJOTHUECKU
CIIOXHBIX cpell (HeTEeNPOAYKTHI, MYJIbIIbI), & TAKKE MUHUMHU3AIMS SHEPTONOTPEOICHUSI CUCTEMBI BUOPOBO30YKISHNSI.
3arIaHupoOBaHO TMPOBEJCHUE OMOJHHUTEIBHBIX UCIBITAHUNA Pa3padOTaHHOTO THUAPOIUHAMHYCCKOTO BHOPAIIOHHOTO
¢wibTpa [20] B yCIOBHAX, MOJCITUPYIOIINX PEabHBIC MPOMBIIUICHHBIC TIpoIiecchl. [1oydeHHbIE pe3ybTaThl CO3MAI0T
OCHOBY JUTs Pa3pabOTKU BHICOKOA((EKTUBHBIX (DHIBTPOBATIBHBIX CUCTEM JJISI XUMUYCCKOH, HEPTCXUMHICCKON U BOJO-
OYMCTHOM OTpaciei.
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