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THE MODELING OF A FLOW IN FLAT AND RADIAL
CONTACT UNITS WITH A STILL GRANULAR LAYER.
THE SOLVING OF THE PROBLEM IN Il DOMAIN
(THE COLLECTING MANIFOLD). (PART- 2)

Abstract. Heterogeneous catalytic processes conducted in axial or radial type reactors with a still catalytic layer
are some of the most important elements of the chemical technology. The attention of scientists and manufacturers to
the investigation and application of these contact units deals with the following advantages: a highly developed
surface of a phase separation, a possibility to provide a high flow velocity and hence to decrease sizes and a material
consumption, a construction simplicity and a reliability of an exploit. Improving an operation of contact units may be
achieved by refining present technologies, catalysts, disperse system structures and by creating new ones.
Nevertheless, in some cases large scale hydrodynamic heterogeneities in a working zone of the unit cancel out efforts
to increase an efficiency of chemical, heat/mass transfer and other processes. The exploration of reasons of the
hydrodynamic heterogeneities formation requires an investigation of liquid and gas motion physics features in
granular layers. A practice of a chemical reactors exploitation reveals that technical and economical indicators of an
industrial process are as a rule lower than the calculated ones, derived on a stage of the process design. Now it can be
considered proven that one of the reasons affecting the reactor output is the heterogeneity of a reagents flow in a
granular catalyst layer. The article deals with a mathematical modeling of an incompressible liquid flow in flat and
radial contact units with the still granular layer and a creation of numerical realization methods for the model

We propose a cycle of articles dealt with a model of a real reactor that consists of three parts: a distributing
manifold, a collecting manifold and a working zone, where the still layer of a granular catalyst is loaded. An input
and an output are made with a Z-shaped scheme. We consider processes and their equations in each reactor zone in
detail.

Keywords: chemical reactor, still granular layer, catalyst, Ergun law, stream function, granular layer resistance
factor, Green's function, pressure field, velocity field, layer resistance.

The vast amounts of works are dealt with revealing the equations of an incompressible liquid motion
in the still granular layer. These equations are constructed by phenomenological and statistical methods
[1-4]. In the first case equations are written down phenomenologically and an interpretation of some parts
is conducted using the averaging of a microscopic model [1,2]. The statistical method is based on time,
ensemble and space ways of averaging correspondent micro-equations, that describe a continuous one-
phase medium motion and the motion of several one-phase media with account for boundary conditions
on inter-phase surfaces [3,4]. For deriving the averaging equations the kinetic theory of a disperse media
and Vokker-Planck differential equation were applied. As a result ofthese approaches there were obtained
either different modifications of Darcy and Ergun equations or, as in a turbulence theory, non-closed
systems of equations that may be closed with account for a structure and physical properties of phases in
the mixture [5-7]. This is the main problem in modeling heterogeneous media.
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Contact units of a radial type with the still granular material are widely used in technological
processes of different industries. A chemical reactor with the still layer of a tableted catalyst that is used in
a large-capacity petrochemical industry can be mentioned as an example. One of the reasons that
decreases the efficiency of such units is a heterogeneity of a reagents flow in a reactor working zone. It is
known that the appearance of heterogeneities in a steam and raw mixture flow is caused by two factors.
The first factor is the heterogeneity of the catalyst layer structure, for example, its porosity (or density)
that appears during the process of a layer making (in filling the unit) [8-10] and during the further
operation as a result of packing by gravity, vibration, breaking catalyst granules and so on. The second one
is a bad choice of a ratio between geometrical and hydraulic parameters of a unit during its design.

It is considered that the heterogeneity of the reagents flow in the reactor working zone sufficiently
influences process indicators only if a chemical reaction takes place either near the catalyst surface or on
it. Indeed, at these conditions the velocity of reacting products directly defines the time of a contact with
the catalyst. Main characteristic parameters of the reaction depend on this time. If the reaction takes place
inside a porous space of catalyst granules then the contact time is defined by a diffusive reagents velocity
and does not depend on a flow velocity near the granule. In the case it is assumed that the flow
heterogeneity does not influence the chemical reaction kinetics.

Indeed that is not so. The majority of practically using reactions are accompanied by heat
consumption or emission, so they are endothermic or exothermic. Hence if the reaction takes place in an
interdiffusive area then some heat should be brought in or out, because the efficiency of the reaction often
depends upon a temperature. To hold the specified temperature regime of the catalyst layer a neutral heat
carrier, for example an overheated steam, is added to source reactants. It is well known that the flow
heterogeneity of such steam-raw mixture causes an inhomogeneous temperature field and therefore leads
to an appearance of overcooled or overheated parts in the catalyst layer. In addition to decreasing the
output of a target product that results in sintering the catalyst or losing its catalytic properties.

Heterogeneities in the catalyst layer structure may be removed by using special ways of loading [11-
16] or by an application a modular catalyst, where it is possible. By now these ways of loading and the
technology of the catalyst module production have been already invented and continue to be developed.
The flow nonuniformity that is caused by the reactor construction may be investigated and removed on the
base of hydroaerodynamic calculations which allow to define the velocity and pressure fields in the unit in
dependence on its geometrical and hydraulic parameters.

Let us consider the calculating of flow parameters in the collecting manifold on a boundary between
Il and 111 domains. Let the outside collector consists of two sub-domains A and B (fig. 1). The B domain is
a semi-restricted pipe of R2radius. The A domain is a semi-restricted coaxial domain with an outer radius
Ran and the inner radius R2. A boundary between a working zone and the outer collector is denoted as '2
and the boundary between A and B is denoted as '3. Deviations of a real geometry from the selected
scheme cannot lead to a significant change of the velocity flow near the '2boundary at distances much
more than the collector width Ran- R2.

The problem of finding the flow in the collecting manifold can be divided into three parts:

1) the finding of the flow in the A domain upon the velocity normal component specified at M'2and
"3boundaries;

2) the finding of the flow in the B domain upon the velocity normal component specified at '3
boundary;

3) the finding of the velocity normal component at F3upon a condition of the velocity tangential
component continuity at the boundary.

The solution of the problem 2 is accomplished like the solution of the problem for the distribution
manifold since the B domain is the semi-restricted pipe, too. To solve the problem 3 it is necessary to
parameterize the velocity normal component Uwith N parameters Cn:

vr(z)|r3=E£=iCnpn(z), (D
where ”n(z) are some specified functions. The solutions of 1 and 2 problems allow find the velocity

tangential components v [ABlin A and B domains that will be linear functions of Cndue to a linearity of the
task:

A )B=PoA)(Z) + EE=ICnV n\2),
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A free term <0A) is related to a flow that enters in the A domain through '2boundary. Equating the

tangential components v[A and v[B at some N points of '2boundary, we obtain the system of linear

equations for the determination of the velocity normal component parameters. A numerical solution of a
linear equation system is a well-known task and is conducted via standard computer programs that do not
need many computing time. The most consuming part of solving the problem of finding the flow in the
outer collector is the problem 1, i.e. the determination ofthe flow in the A domain.

Green’s function of a coaxial pipe

To solve the problem of finding the flow of the incompressible liquid in a semi-restricted coaxial
domain with a porous inner boundary Green’s functions were used [17]. Using modified Green’s and
Hankel’s functions [18-21] and expressing the solution as a Fourier integral we have obtained:

v(r,z) =J (v*Rr, r)®d" yKr, dk 3)

® (gland P R}coefficients are defined from the conditions that the normal component of the velocity

equals to zero on the outer boundary at r = Ran and W (R2 z) equals to the specified Un(z) function on the
inner boundary.
After transformations the desired expression for the velocity looks like:

v(r,z) = J®0G(r,z-z)-vn{z)dz, (4)

where G(r, z) = {Gr(r, z), Gz(r, 2)} is Green’s function ofan unbounded coaxial domain.

Since Green’s function must be real a real part of the integrand in the formula for GTis an even
function of k, and an imaginary one is odd while in the formula for Gzthis is backwards: the real part is
odd and the imaginary part is even. At this reason we rewrite expressions for Green’s function without
imaginary values:

G[t:(r,z) = bj: ﬂm&&éﬁg: "k%m) -COSkzdk,
T2 = 25T RS IR, -5k 2

To find the flow in the semi-restricted domain let us extend it to the unbounded one by a reflection
relative to a z = 0 plane.

In this unbounded domain the solution is defined by (4), where Vz () is a symmetrical function ofz.
Hence,

v(r,z) = [20G(r,z - z)vn(z)dz + JO°G(r,z —z)vn(z)dz,
Replacing r by - r we obtain that inthe Z < 0 domain the solution looks like
v(r,z) = J°ra{G(r,z-z) + G(r,z - z)} -vn(z)dz (6)

Equations (5) and (6) are the solutions of the problem of finding the flow in a semi-restricted coaxial
pipe.

The analytic expression (5) for Green’s function is valid in any coaxial domain. But a procedure of
the numerical calculating of integrals (5) for a narrow coaxial domain has some features. They deal with
the fact that the geometry of a narrow domain is characterized by two sharply different sizes: Rz radius and
a width A = Ran-R2and A << R2 To calculate integrals (5) with a proper accuracy we should choose the

upper limit ofthe integration k >> 1/ A (for example, k = 10/ A).
The integration step Ak should be so tiny that Ak << 1/R2 (for example, Ak = 1/10R2. Then a net will

consists of N = AK = 10%R points and N = 103at 7\ = 10. Since the integral should be calculated at
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different r and z, in each net point the special functions must be calculated and the time for finding
Green’s functions becomes extremely large. Moreover an argument value of special functions kR2

reaches 10R2A ~ 100, and as special functions grow exponentially their values exceed maximum allowed
ones and integrals (5) cannot be calculated at all.
To avoid these difficulties the integration domain [0; +*] should be divided into three parts: from

zero to kj, from kxto k2 and from k2 to the infinity. The full integral will be a sum of integrals over
these domains
G=G() + G + G (7)

The kj value is chosen so that kx>> R21 (but kx may be less then A-1). For calculating G(2) we will
use the following:

1 rR1 Ji(kRan)K1(kr)-J1(kr)K1(kRan)

(KRa)KO(KR?)-J0(kR)K(kRar) SO SKZdK: ®

G (Dfr 2) = - £ Ji(kRa)KO(KD)-JOKNKIKRE) vcinkzdk.
z Z pl0 J(KRaNKL(KR?)-J 1(kR2)K1(kRan)

Atk ~ 0 terms under integrals contain an indeterminate form 0/0 that should be evaluated
analytically. Since

3—>»0,/7038) =*In3, (3)->3_1,/0(3) -» ->N3,
then at k = 0 the term under the integral for G equals to:

G« = R2(Ri, - r[[r(4n- «1)]]"L
and for G{) equals to:

= (-2zR2{RM- Kf)-1

At k > kj Bessel functions are much more than 1and asymptotic expansions are valid [19]:

1 .1 -1
/0(3) 13-»00 ” \)‘ﬁs e3\(/| + -83 1+ .oo)],

JI(3)1s*00 > B> *B3(1 —:3 1+ e, )
*0 (3) 13-»00 O -e Y + oem),
J N e A +i3_l+" A (10)

Correspondingly the expression for G(2 will be

(11)
*2) = -2 fef*2fek®-r) .h _J (J_+ D1+ e-«Rm-r).N+J (J_+
pyjrj/l i L 8k /7, rJ\ L 8k KR in
D 1msin kzdk
(12)
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where

D. o _+(L_1)] _ Jx+=xCL_1)]

Taking into account two terms of asymptotic expansions is necessary so that even at rj =k R « 10

the accuracy was about ~ 1%

Green’s function is a flow that forms in the infinite coaxial domain at Un(z) equaled to 5(z) — the
Dirac delta function, that is if the finite liquid flow equaled to 2nR2enters the domain through an infinitely
narrow ring slot set at z = 0 It is obvious that at moving away from the slot the flow should level offand r

component ofthe velocity must turn into zero and z component tends to a constant. It is explicitly from the
physics and numerical calculations confirm that this aligning should occur at distances comparable with
the width of the domain, i.e. at |z ~ A Therefore the only characteristic size — A — enters the integral
(12) and in its calculating the net should be chosen so that Ak << A (but Ak may be more than YR2).

The necessity of the third integration domain from Ran to ga deals with the fact that at r # R2the
terms under integral approach zero very slowly and at r = R2they don’t reach zero at all and become
oscillating. Thus a numerical determination ofthese integrals is not possible and it is necessary to make an

analytic evaluation. This is not difficult if k2 >> 1/ A . Then the number of terms with e kAis much less

then the number of terms with e-kAand may be neglected. After that the analytic integration is made by
standard techniques. We have:

1lj 12 e-xk2(r-r2) . O'- R2)cosk2z - zsink2z _  rR2

3
c (r)

..-t2(2R,-R2-1) . (2«an - M; - r)COSk2Z - ZSink2Z,

(2Ra, -R 2-r1)2
(13)

Note that G contains all singularities that appear in the flow atr ~ R2and z~ 0. Denoting r # R2=
s > 0 we have thatatz” 0,s”~ O0:

(14)

The numerical finding of Green’s function was carried out for the outer manifold of Nizhnekamsk
reactor for the styrene production. Results are presented in the fig. 2. One of the qualitative conclusions is
that at z = Ran - R2 = A the flow may be considered as homogeneous with 10% accuracy that is the
influence of a disturbance on the manifold boundary spreads out the distance about A.
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Let us analyze the spreading of the flow leaving the collecting manifold. Consider that the normal
component ofthe velocity has rectangular profile at the boundary between the working zone and the outer
manifold (F2boundary, fig. 1).

A parameterization of the normal component of the velocity on the boundary I"3is carried out under
the following reasons:

vr(z)Ir3= e~z/I'(ci0+ axz + a2z2 + ese)+
+e~z"2{b0 + bxz + b2z2 H— ), (15)
where I'3is the boundary between A and B domains; h and h are the characteristic sizes of the task (h
< 12), z e (0; pa). Parameters a0, ab ... 60, b\... are defined under the condition of the continuity of the

tangential component on the boundary "'3and the conservation of the full flow. The last condition is the
following:

or taking into account that integrals from e Z112 <z n are taken in explicit form

+12b0 - 1! ifb, + 2! I\D2 --eeemmeeeoee- R2RE . 17)
The eq. (15) provides the continuity ofthe tangential componentatx * m
At numerical finding parameters of normal component of the velocity on the boundary we used

requirements ofthe continuity of the normal component at z = 0 and z = A/2 in addition to eq. (15). Under
these three conditions parameters a0, a: and 60 were obtained by solving the system of linear equations.

R2

Figure 1- The outer manifold
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Figure 3 - The profile of the normal component of the relative velocity
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I
R2

parameterization provides the continuity of the tangential component of the velocity in average on the
boundary the best way. We made a functional equaled to the average square of ajump of the tangential
component ofthe velocity on the boundary

|
Dimensionless coefficients 1 - and were determined under the condition that the
A

(18)
and parameters ¢ and ci were defined under the condition ofthe F functional minimum. It results in
Ci=0,69and ©=0,31 (19)
Parameters 00, a and bo were
ao=-0,70,a! - 2,79 and b 0 ------- 0,53 (20)

(a normalization of these coefficients is determined by an amplitude of the normal component of the
velocity on the boundary '2and may be considered arbitrary). At these parameter values the calculation
error of the tangential component was about 5%. A profile of the normal component of the velocity is
shown in the fig. 3. The fig. 3 shows that the profile of the normal component of the velocity on the
boundary N3 (i.e. in the output hole of the outer manifold) is mainly determined by the characterized size A
and therefore the disturbance related to a sudden widening has the size of the same order. The part of the
profile that has the characterized size R2has an amplitude less or about 5%, if exists at all.

B.H. KonecknHl A.A. FOHycos2 A.A. FOHycosa2 IN.I". L TepH],
A.B. lykbaHoBal, M.A. AmaHabikos2, [.K. XXymagynnaes 3

1DPBEIrOY «Peceii XKBFM K. .Y WwWMHCKWiA aTbiHAarbl Apocnassib
MeM/IeKeTTaK nefarornkably, yHUBepcuTeTa», Apocnasb, Pecel;
2KasaxcraH nHXeHepnbnefarornkanblK XanbLrap A40CTbIrbl yHMBepcuTeTa, LLBLIMKEHT, KasaxcTaH;
3IM.Oye308 atbiHAars! OwycTak KasaxctaH MeM/IeKeTTiK yHuBepcuTeTi, LLbiMkeHT, KasaxcTaH

ATbIHAbI HO3FAHMAI7IjbIH TYWUrPAMNKTT LABATbI BAP XA3bll,
XIOHE PAOVNATABI BANNAHBIC AMMAPATTAPOA MOOENBAEY .
Il CANAAATMbI ECENTEPAL WWEWY OKUHAY LBl KONEKTOP). (2 6enim)

AHHOTaUMA. XUMUANbIK TEXHOMOTUSHLIH MaHbI3Abl 3/1eMeHTrepiHiH 6ipi KaTanuM3aTopAblH KO3raaMaiTbiH
KabaTbl 6ap akcuanbii Hemece pagvanibl TYPLeri peakTopfapfa oKe acbipblnaTbiH reTeporeHAi KaTanuTuKaibiK
npouectep 60Mbin Tabbliadbl. FanbivMaap MeH eHAipyllinepdiH HasapbiHa OCbiHAaA 6aiinaHbIC KypblirbliapbiH
3epTTey MeH KongaHyra 6ipkatap apThiKLWbIIbIKTap ceben 6onraH: (hasanap GenimiHiH Xorapbl gambiraH 0eta,
arblHAapAbIH >Korapbl KbINAAMABIKTAPbIH  KaMTamacbl3 eTy MYMKIHAiri, fgemek, rabapuTttep MeH MaTepuan
CbIibIMAbI/IbITbIH  a3aiiTy, KOHCTPYKUMSHbIH ~ KapanaibIMAblibirbl  MenaiganaHygarbl  CceHiMginik.  bainaHbic
annapaTTapbiHblH  )XYMbICbIH ~ )KakcapTyra Ko/jaHbiCTarbl — TEXHOMOrusnapdbl  KETINAIPY  >K3He  KaHa
TEXHONOrMANapaL!, KaTann3atopnap MeH Aucrepcusibik XYWenepaiH KypbiibiMaapblH K¥py ecebiHeH Kon
XeTkisinyi MYMKIH.  Anaiiga, 6ipkatap Okarfainapfa annapatTbliH  OK“MbIC  aiiMarbiHAa ipi maclTabThl
rMapoAMHaMUKaNbIK BIpTeKTI eMecTiKTepAiH 601ybl XUMUANbLIK, Xbly-Macca a/iMacy X3He 6acka fa npoLecTepaLy,
TUIMAINITiH apTThIpy 60WbIHLIA iC-3peKeTri XOKKa LWbirapadbl. MMapognHammKkanbik 6ipTeKTi eMec K¥6binbiCTapablH
naiiga 6Gony cebenTepiH aHbikTay TYWipwikTi KabaTTapga CMABIKTBIK MEH rasfblH KOSrabic (U3MKAChIHbIH
epeKLeniKTepiH 3epTTeyai Tanan etega. XMMUAbIK peakTopiapabl NaiifanaHy Taxipubeci eHepKacLITaK MPoLecTiH
TEXHUKANbIK-9KOHOMUKANbIK  KepCceTKilTepi, 34eTTe, OCbl MpouecTa >kobanay CaTbiCbHAA aiblHraH ecentak
M3HZEPAEH TEMEH eKeHAIriH KyanaHabipaabl. KAipn yakbiTTa peakTopabiH eHiMAiniriHe acep eTeTH cebenTepai
6ipi TYWIpLWiKTi KaTa/m3aTopabiH KabaTblHAArbl peareHTTep arbiHbIHbIH OIPTEKTI emMecTifliri 60/bin TabbliaTbiHbI
[anenfieHreH Aen caHayra 6onagpl. YKyMbiC KosranmaiiTbiH TYWipLikTi kabaTbl 6ap >asblK >K3He paauangpl
KOHTaKTIiNi annapaTTapfa KblCblIMaiTbiH C MAbIKTBIKTBIH arbiHbIH MaTeMaTUKa/lblK MOAENAeYre X3He OCbl MOAeNbAi
CaHAbIK rCKe acblpy 3AicTepiH k¥pyra apHairaH. Y 6enikteH TpaTblH HaKTbl PeakTOpAblH Mojesni GoiblHLIA
XMbIC LUMKNL ACbIHbINABI: TapaTyllubl KOMNMEKTOP, >XMHAWTBIH KOMMEKTOP >K3He TYLUPLLXKTa KaTaam3aTopAablH
Ko3rafIMaiiTbiH KabaTbl XY KTeNETiH X MbIC alimarbl. "a3 arbiHbIH MOAEbre eHM3y X3He LWbirapy Z - 6eiHeni cxema
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6olibiHIIA Ky3ere acblpbliagbl. PeakTopfbly apbip aimarbiHgarbl MPOLEcTep MeH Onapaplii cumaTTaiTbIH
TelAeynepai enKen-Tenkeinni KapacTolpaibIK.

TYViiH cesgep: XUMWSNbIK peakTop, KosranMaiTbiH TYWiplwikTi kabar, katanmsatop, OpraH 3adbl, TOK
dyHKUmACHI, TYWpLiKTi opTaHbIl, Keaepri hakTopbl, FpUH (QyHKLMACHI, KbICbIM epici, XbinamablK epto, Kabar
Kefepna.
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MOLAENNPOBAHWMNE TEYEHNA B NMAOCKUX U PAOVANIBHBbIX
KOHTAKTHbIX AMNMNAPATAX C HEMNOABVXHbIM 3EPH/ACTbIM C/IOEM.
PEWWEHWE 3A0AYN B OBJTACTU 11 (COBUPAIOLW N KONNMEKTOP). (YacTb 2)

AHHOTauua. OfHUMU W3 BaXKHEWLIMX 3/EMEHTOB XMMWYECKON TEXHOMOrMKM SBNSKOTCH FeTepOreHHbIe
KaTanMTWYecKne MPOLLeCChl, peann3yeMble B pPeakTopax aKCManbHOro WM pagvanbHOro TWMa € HEmoABYDKHbIM
CnoeMm KaTtanus3atopa. BHMMaHWMIO YYEHbIX W MPOM3BOLCTBEHHMKOB K WCC/EAOBAHUIO W MPUMEHEHWIO TaKuX
KOHTaKTHbIX YCTPOMCTB 06YC/0B/EHO PALOM MNPEUMYLLECTB: BbICOKOPA3BUTOW MOBEPXHOCTLIO pasgena  (has,
BO3MOXHOCTbIO 06ecrneyeHuss BbICOKMX CKOpPOCTeli MOTOKOB W, CiefoBaTe/bHO, YMEHbLUEHUs rabaputoB U
MaTepuasioéMKOCTM, NPOCTOTOM KOHCTPYKLUMM U HAafEXHOCTLIO B 3KCMTyaTauuu. YyulleHne paboTbl KOHTaKTHBIX
annapaToB MOXET 6bITb JOCTUTHYTO 3a CUET YCOBEPLUEHCTBOBAHMA CYLLECTBYHOLLMX W CO3AaHNS HOBbIX TEXHOMOTUIA,
KaTanusaTtopoB W CTPYKTYp AWcnepcHbix cuctem. OfHako, B psge C/yvyaeB Haiuuve KpynHOMacLUTabHbIX
rMApPOLMHAMUYECKUX HEOLHOPOAHOCTeli B paboyell 30He anmapata CBOAWMT Ha HET YCWAMA MO MOBbILLEHWIO
3(PHEKTUBHOCTA XUMMNYECKUX, TEMI0-MAaCCOOOMEHHBIX M ApYrMX MPOLECCOoB. BbiiCHEHWe MPUYMH BO3HWKHOBEHUS
rMAPOAMHAMUYECKNX HEOAHOPOAHOCTEW TpebyeT M3yuyeHNsi 0COBEHHOCTEN (M3NKK ABVKEHNS XMAKOCTU U rasa B
3EPHUCTbIX CMosX. OMbIT 3KCMAyaTauuu XWMWUYECKUX PeakTOpPOB CBUAETENLCTBYET O TOM, YTO TEXHUKO-
3KOHOMUYECKME MOKa3aTeNN NPOMBILLIEHHOTO MPOLIECCa KaK MPaBMI0 HIDKE PaCUETHLIX 3HAYEHWA, MOMYYEHHbIX Ha
CTaJnu NPOEKTUPOBaHMA 3TOr0 MpoLiecca. B HacTosLLee BpeMs MOXHO CUMTATb [OKa3aHHbLIM, YTO OfHOM 13 MPUYMH,
BAVAIOLLMX Ha MPOM3BOAUTENLHOCTL PeakTopa, SIBNSETCS HeOAHOPOAHOCTL MOTOKA PeareHTOB B CMOE 3epPHUCTOrO0
KaTanmsatopa. PaboTa nocBslleHa MaTeMaTUYeCKOMY MOAEMUPOBaHMI0 TeUYEHWUS HEeCKMMaeMOn >XMAKOCTU B
M0CKUX U pagnabHbIX KOHTAKTHbIX annaparax C HEMOABVMKHLIM 3ePHWUCTbIM CMOEM U MOCTPOEHWUIO METOL0B
UUCNIEHHOW peanu3auun 3Toid Mogenun. MpeanoXeH LMK paboT No MOAENN peaibHOro PeakTopa, COCTOSLLEro 13
TPex YacTeil: pa3fatoLLero KoMnekTopa, COBGMpAlOLLEro KOMMeKTop M paboueli 30HbI B KOTOPYHO 3arpyxaetcs
HEMOJBWKHBI/A CMOW 3epHUCTOr0 KaTanm3aTopa. BBoA UM BbIBOZ ra3oBOro MoToka B MOZENM OCYLLECTBAEH MO
Z-06pasHoii cxeme. PaccMOTpUM MOAPO6GHO NMPOLIECCH U ONMCLIBAEMbIE UX YPaBHEHNS B KXK/O0M 30HE peakTopa.

KntouyeBble CnoBa: XMMWUYECKWUIA PeakTop, HEMOABVDKHLIA 3ePHUCTBIN CNOW, KaTanm3aTop, 3aKOH JOpraHa,
(hyHKUMA TOKa, (haKTOp COMPOTMB/EHUS 3epHUCTOW cpefbl, (yHKUMA [prHa, Mone AaBfeHWA, MOfe CKOPOCTEN,
COMPOTMB/IEHWE CIOA.
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