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Ilpeonosicena mamemamuueckas mMooenb npoyecca adcopouuu amMmuarka u3 napoz2azo-
601l cmecu ¢ mpyouamom adcopoepe, no36ONANOUWAA NPOZHOZUPOBAMb RAPDAMEMPBL npoyeccd,
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MATHEMATICAL SIMULATION OF AMMONIA ABSORPTION FROM A GAS-VAPOR MIXTURE

Frequently, low concentration ammonia solutions are formed in a number of industries.
Obtaining of marketable ammonia water with concentration of 25% from the ammonia solutions
is possible by a consecutive carrying out desorption and absorption processes. A desorption of
ammonia takes place by an interaction between the ammonia solution flowing on a plates and a
steam flow and we obtain steam-gas mixture with concentration higher than in a source solution.
And a condensation of water vapor and absorption of ammonia with forming marketable ammo-
nia water takes place into a tubular absorber. The process of ammonia desorption from the
steam-gas mixture is took up in this article. A mathematical model of process allowing predicting
process parameters for providing ammonia water with required concentration was proposed. At
the simulation, the following physical model was used. The steam-gas mixture consisting of water
and ammonia vapors enters into a tube bank. Coolant (water) circulates outside of tubes. The wa-
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ter vapors are condensed by a contact with an inner surface and then the ammonia absorption
occurs by a film of condensate. As the result the ammonia water is accumulated into a cell
formed by a tube plate and an absorber bottom and it is exported from apparatus by a condensate
extractor. At the simulation we supposed that the flows of water and of gas into the tubes and
freezing flow into the outside of tubes move counter under perfect replacement mode. A heat ex-
change with environment doesn’t take place. A mode of apparatus is stationary. The mathemati-
cal model consists of equations of material and of heat balance for a surface element, equations
of equilibrium pressures of mixture components, equations for calculation of mole fractions of
solution components and of partial pressures of steam-gas vapor components. The solution of
system of equations was realized in the mathematical application Mathcad by finite-difference
method. An ammonia concentration into the solution and the vapor, flow rate of liquid phase and
flow rate of ammonia into it, the temperatures of the steam-gas mixture, of the coolant and of the
film of solution along the apparatus height was calculated. The dependence of solution tempera-
ture at the apparatus output and ammonia concentration into it on flow rate of coolant was de-
termined. The experiments showed the increase in coolant flow rate at the constant initial tem-
perature leads to the decrease in the temperature of the solution and a little increase in ammonia
concentration into it at the apparatus output.

Key words: absorption, ammonia, vapor water, mathematic simulation, tubular absorber

B npowmsblnieHHOCTH B psfe IPOU3BOJCTB
00pa3yloTcs pacTBOPhl aMMHaKa HU3KOM KOHLEHTpa-
uun. Hampumep, 3To uMmeeT MecTo mpu 00paboTke
ra3zoB KOKCOBBIX II€Y€H, NPU CAHUTAPHOM OYMCTKE
ra3oBbIX BBIOPOCOB B NPOW3BOJACTBAX MHHEPAIBHBIX
yIOOpeHu, TIpH pa3felieHu: pPacTBOPOB aMMOHHIA-
HBIX COJICH B 3JICKTpOMeMOpaHHBIX ammaparax [1-3].

[Tonyyenue ToBapHOM aMMHAYHOH BOABI C
KOHIIEHTpale aMMuaka 25% U3 pacTBOPOB MalbIX
KOHIIEHTpAIMii BO3MOXKHO IIyTEM TOCIIEI0BATENILHOTO
MPOBEJICHHS TPOIIECCOB JecopOiuu u abcopoOuuu. B
pe3ynbTaTe B3aUMOJCHCTBHSI aMMHAYHOTO PacTBOpa,
CTEKaIOIIEeT0 BHU3 I10 TapeiIKaM KOJIOHHBI, C TapOBbIM
MOTOKOM TPOUCXOJUT JecOopOIus aMMHaKa U3 >KUJ-
koil ¢a3pl. Ha Beixone m3 nmecopOepa mmeeM cMmech
ra3oo0pa3HOro aMMuaka ¥ BoAsHoro napa. Konuen-
Tpalus aMMHUaKa B 3TOH Mapora3oBoii cMecu OoJble,
YeM B UCXOJHOM pacTBope. B TpyGuarom abcopOepe
NPOMCXOANT KOHACHCALMS BOJSHOIO mapa u abcopo-
U aMMHaka Cc OOpa3oBaHMEM aMMHAYHON BOJBI
MPOAYKIIMOHHON KOHIIEHTPALIMH.

[Ipu MopenupoBaHWM MpPUHUMAJACh CIEAY-
fonas gusnyeckas Mozedb npouecca. B TpyOHBII
My4YOK TOCTYIaeT Mapora3oBasi CMECh, COCTOSIIAS W3
napoB BOJBI M aMMHaka. B MeXTpyOHOM mpocTpaH-
CTBE LMPKYJIMPYET XjiajareHT (Bona). Compukacasch
C BHYTPEHHEHW MOBEPXHOCTHIO OXJIAXAAEMBIX TPYO,
mapel BOJBI KOHJAEHCHPYIOTCA, W Jajie€ MPOUCXOIUT
abcopOuus aMMUaKka IIEHKOH KoHJeHcaTa. B pesyib-
Tare B Kamepe, oOpa3oBaHHON HIDKHEH TpyOHOH pe-
IIETKOW W JHHIIEM, HAKAIIMBaeTCs aMMHUadHas BOJa,
KOTOpasi ¢ IOMOILBI0 KOHAEHCATOOTBOAYHKA OTBO-
OUTCs W3 anmapara. Eciu HavanbHas KOHLEHTpauus
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aMMHaKa B Imapora3oBoii cMmecu Oosee 25%, B TpyO-
HBIA MYYOK IOJAETCs BOJA AJSl CHU)KEHHUSI KOHLCH-
Tpaluy aMMHa4YHOM BOJBI IO TpeOyeMOro 3Ha4CHUSI.

OnpeneneHre peKUMHO-TEXHOJIOTUYECKUX H
KOHCTPYKITMOHHBIX TapaMeTpoB abcopbepa, obecrie-
YUBAIOLIMX ITOJIHOE TOIJIOMIEHUE aMMHAKa U3 HCXO-
HOM Iapora3oBOil CMECH U 3aJaHHYIO KOHILIEHTPAIUIO
aMMMaYHOM BOJBI HA BBIXOJE U3 ammapara, sBJseTCs
aKTyaJlbHOU 3a/1ayeil.

IIpu cocTaBieHMM MAaTEeMaTHYECKOW MOJEIHU
mporecca MPUHUMANIOCh, YTO MOTOKH Ta3a M YKUIKO-
CTH B TPYOHOM NPOCTPAHCTBE U MOTOK OXJIaXKAAI0IIen
KHUJIKOCTH B MEXTPYOHOM TMPOCTPAHCTBE JIBUXKYTCS
MIPOTUBOTOKOM B PEXHMME HJI€ATbHOTO BBITECHEHUS.
TenmooOMeH ¢ OKpyKaromiedl cpefol OTCYTCTBYET.
PaccmarpuBaeTcs cranuoHapHBIA peXUM paboOThI am-
napara.

IMoTokn maporazoBoii cmecn U abcopOeHTa
IBIXKYTCSl CBEpXY BHHM3 BHYTpH TpyO. XIiajareHt JBH-
KETCS B MEKTPYOHOM TPOCTPAHCTBE CHH3Y- BBEPX.
BepTukanbHas och KOOpAMHAT Z HamNpaBiieHa BHU3.
Hauano orcuera — ypoBeHb BepxHel TpyOHOI pemieT-
KH. TpaguliMOHHO MPU MaTEMaTHYECKOM MOJIETUPOBA-
HUM abcopOrmu B ammaparax ¢ (GUKCHPOBAHHOH IM0-
BEPXHOCTbIO KOHTaKkTa (pa3 3ammchIBalOT YypaBHEHUS,
OTIPENIENIAIONINE W3MEHEHNE KOHIEHTpPAlMd KOMIIO-
HEeHTOB B (azax 1o BhICOTE ammapata. B qanHOM ciry-
yae 0oJjiee y/I00HO OTCIIEKHMBATH M3MEHEHHE MAaCCOBBIX
MIOTOKOB KOMITOHEHTOB B KHJIKOW M Mapora3oBoi ¢a-
3ax, a 3aTe€M PacCUUTHIBATH X KOHIICHTPAIIH.

Ilyrem cocTaBiieHMs] YpaBHEHUH MaTepuaib-
HOTO M TEMJIOBOTO OaJaHCOB AJIS 3JIEMEHTA IOBEPX-
Hoctu dF = zdn,,,dz nomydens! quddepeHmanbHbIe
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ypaBHEHHMS, TIO3BOJISIONINE MPOTHO3MPOBATh M3MEHE-
HHUE pacxogoB ammuaka (1) u Boasl (2) B sxuaKoii da-
3€ U TeMIepaTypsl xjaagarenTa (3):

dG .S
d;L =kpA(DA_PA /H, (1)
dG oS
d:‘L = kpB ¢B - PB /H, (2)
dG dG -
(Zt; = d;L qaﬁc + dZBL rB /Gx.lcxn ' (3)

B stux ypaBuenusix: Gp, G — MaccoBbie
pacxonsl aMMHaka M BOABI B KUAKOH daze, kr/c; Z —
IpoJONBHAS KoopauHata, M; [/ = zdn,,, — mepumMerp
MONEPEYHOTO CEeUCHHs TPYOHOro mydka, M; Kpa, Kpg —
KOX(pGUIMEHTH Maccollepeadn sl aMMHaka M BO-
IIBL, Kr/(c-M2Ha); Pa, Pg — maBneHust aMmmMuaka u napoB
BOJBI B maporasosoii cmecu, I1a; P's, P’ — paHo-
BECHBIC 3HAYCHHS JAaBJICHHS MapOB aMMHaKa M BOABI
HaJ| IUICHKOM pacTBopa, I1a; t,, — TeMnepaTypa xnana-
reara, °C; (. — AuddepeHnranbHas Temiora ao-
copOuum; g — ylenpHas TermjaoTa napooOpa3oBaHHMs,
Jx/xr; G,, — pacxon Xjiamarefra, Kr/c; C,, — TeIIo-
emkocTh xmamarenta, JLx/(kr K); d — BHyTpeHHUi
auameTp Tpyo, M; Ny, — 9UCIIo TPyO.

@opmynsr (1) u (2) xapakTepusyloT yObLUIb
aMMHaKa ¥ MapoB BOJBI B ITAPOTa30BOi CMECH BCIE-
CTBHE IIEpeXo/ia uX B KuAKyIo ¢a3zy. [Ipu nomydenun
ypaBHeHus (3) Ha 0a3e COOTHOIIEHHS TEIJIOBOrO Oa-
JIaHca TPEIIoaragoch, YTO BRIACISIONIAECS TEIUIOTa
abcopOIMu M TeruioTa KOHAEHCAIMH MOJTHOCTBIO OT-
BOJISITCS K XJIaIareHTY.

Kpaessie ycnoBust misi ypaBaenuit (1)-(3):
GaL=0,Gg  =0nmpuz=0;t,=t,, nmpuz=L, B
9THX COOTHOIIEHHAX L — pacxon abcopOenTa (Bojbl),
Kkr/c; Ly, — nimHa Tpyo, M.

PaBHOBecHOe naBlIeHHME aMMHaka Haj pac-
TBOPOM PacCUUTHIBAIIOCH 110 3aKoHY ['eHpu:

Pa= WaXa (4)
rae v, — KoncranTa ['enpu, [1a.
l//A — 133 . 10 (9,56+0,606 x , )—1922 /(t+273) ) (5)

CootHorrenue (5) moxydeHo myteM oopadoTKu
OIBITHBIX JIAHHBIX 0 PABHOBECHIO B CHCTEME aMMHaK-
BOJa [4] ¥ XOPOIIIO ONMHCHIBAIOT SKCIIEPUMEHTAIBHEIC
nJanHble B quana3zone 0 <X,<0,25u 10 <t <100.

PaBHOBEeCHOE MaBiIeHUE BOMSHBIX MApOB HaL
PacTBOpPOM OTpEAEISETCS 10 3aKOHY Payist

P B — PHac'XB- (6)
3aBHCI/IMOCTB JaBJICHUS HACBIIICHHBIX HapOB

BOJBI P,,. OT TeMrieparypsl B quamasone 10 <t < 100
anmnpoKCUMHUpOBaHa GOPMyYJIION:

PHaC _ 614'617125[/(“-238). (7)
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B 3TuX BBIpaXeHHAX: Xp, Xg — MOJILHBIE JIOJTH
aMMHaKa ¥ BOJbI B pacTBope; t — TeMreparypa Kuj-
kol ¢a3sl, °C.

MoJbHBIE JTOTH KOMIIOHEHTOB B IKHJIKOCTU
PACCUUTBIBAIOTCS YePE3 UX MOJILHBIC PACXOIbI

. G, /M, | @®)
GuL /M, +Gy /Mg
Xg =1— X, C))

rae Ma, Mg — MoOJIeKyIIsIpHBIE MAcChl KOMIIOHEHTOB,
KI/KMOJIb.

[TaprmanpHBIC MaBIEHUS KOMIIOHEHTOB B ITa-
pOra3oBOif CMECH MPOIOPIUOHATIBHBI WX MOJBHBIM
JOJISIM Ya U Yg:

Pa = P-ya, Pg = Pys, (10)
rae P — narnenue B abcopoepe, I1a.
G, /M
y, = AG A , (11)
Gug IM,+Ggs /My
yB =1- yA ! (12)

rae Gag, Ggc — MaccoBbIe pacXxo/bl aMMHUAaKa U BOJBI
B ra3oBoi ¢ase, Kr/c.

Pacxo/il KOMIIOHEHTOB B ITAPOTra30BOM CMeCH
HAXOJUM M3 COOTHOIICHHI MaTepHaIbHOTO OaaHca:

G.(2)=G-y,, -G, (7). (13)

GB,G (Z) =G- ‘_ Yan = GB.L(Z) ' (14)

rae G — pacxon mapora3oBoii cMecH Ha BXOje B a0-
copOep, Kr/c; Y, —MaccoBas 10JIs1 aMMHaKa B [1apo-

ra3oBOU CMecH, IOCTyMarlIei B abcopoep.

[Ipu pacyere paBHOBECHBIX COCTABOB MApOBOMA
1 KHUIKON (ha3 32 ONpPEIETSIFOIIYI0 TeMIIepaTypy MpH-
HUMAETCS CpPelHss 110 TOIIIMHE TeMIlepaTypa TUIEHKH
pacTBopa B IIPOM3BOJIHLHOM CEUECHHUH arapara

t’Lr'l = 015(t2 + tCﬂI) (15)

CyMMapHbIi nepenaj TeMIepaTypsl B CTEHKE
TpyOBI M TIOTPaHIUYHOM CJIO€ TIOTOKA XJIaJ]areHTa paBeH

o
t —t =qﬂ+i, (16)
cm X
.o
cm P
rae ( — yACJbHBIM TEIJIOBOW IOTOK OT IUIEHKH pac-
2,
TBOPA K XJIaAareHTy, BT/M"; demy Aem — TOMIIMHA (M) U
TEIUIONPOBOJHOCTh MaTepuaiia cTeHkH TpyOsl, B1/(MK);
Oy, — KOOQQUIMEHT TEIUIOOTAAYH OT HAPYKHOH MO-
BEPXHOCTH TPYOBI K xmafarenty, Br/(m’ K).

dG dG
=P fe | TOa Qe (17)
dz 171 dz

Takum 00pazom, Temreparypa CTeHKH TPyObI
CO CTOPOHBI IJICHKH PacTBOpa:

t =t +q O, 1 (18)
A, «

cm P
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B coctaB maTemMaTnyecKkoro OnmucaHus BKITFO-
YaloTCsl TAK)KE YpaBHEHHs OOIIEr0 MaTepHaibHOTO U
TEIUIOBOTO 0allaHCOB ammapara. MaTepualibHbI 0a-
maHc abcopOepa, MPU YCIOBUH TTOITHOTO TOTJIOIIEHHUS
aMMHaKa, BBITJSIIUT CIEAYIOIIMM 00pa3oM:

G-y, =€+G X, (19)
rne G — pacxo mapora3oBoi cMecH, KI/C; X 4 — KOHIICH-
TpaIr|sl aMMHAYHOM BOIBI Ha BBIXOAe W3 abcopbepa,
MoJbHBIE oy; L — pacxop abcopOeHTa (Bobl), Kr/c.

Otcroga HaX0IUM TpeOyeMBbIil pacxo] BOABI

L=G@,/x, 1. (20)

YunThiBas, YTO TEIUIOTa NEePEOXITAKIACHUS
KOHJIeHCaTa BOASIHOTO IMapa 3HAYUTEIHHO HIKE CyM-
MapHOTO 3HaYEHUS TEIUIOTH a0COpOINY W KOH/IEHCA-
IIUH, YTPOIIEHHBIN TEIUIOBOW OallaHC MOXKHO 3aIld-
caThb TaK:

— — =
GY,0 +G €Y, T =G, €, -, . (21)
JlaHHOE COOTHOIICHHE TI03BOJSIET OLCHHUTH
TpeOyeMbIil pacXoi XJiagareHTa (BOJIbI)

Gx — G tuqﬂﬁc + ‘_ y: }B .
Cy (xK _txlt -

VYpasuenns (1) — (15) Bmecte ¢ popmynamu
(17), (18), (20), (22) obOpa3yroT cucTeMy ypaBHEHHH
MaTeMaTHYeCKOTO ONMCaHus Tporecca adbcopOIun
aMMHaKa M3 Mapora3oBod cMecu B TpyO4aTom amma-
pate. Pemenue cucrtembl nudgepeHInaNIbHBIX ypaB-
Henuit (1) — (3) IpoBOIMIIOCH KOHEYHO-PA3HOCTHBIM
meTtoqoM. IIpu 3ToM 3a/maBanock HEKOTOPOE OlLEHOY-
HO€ 3Ha4YeHHE TeMIepaTyphl OXJIaXAAIoNel BOAl Ha
BbIXOJe U3 ammapara: ly, = iy, npu z = 0. B urore
MIPOTHO3UPYIOTCS COCTaB PacTBOpa Ha BHIXOJE U3 ab-
copbepa ® Temmeparypa OXJaKIarolied BOJbl Ha
BXoJie B ammapar. [IpoBepsercsi cooTBeTCTBUE 3a/1aH-
HOTO ty,, U paccuuTaHHOTO ty,(L,,) 3HAYCHNI HaYAIIb-
HOM TeMmmepaTyphl oxjaxjatroueil Boasl. Ecin
[toon — ta(Lip)| > & T & — 3amaHHas MOTPELIHOCTD
BBIUMCIICHUH, TO W3MEHSETCS IPHUHITOE 3HAuYeHUE
TEMIIEPATyphl OXJIAXKAAMMIEH BOABI HAa BHIXONE W3
amrapara ¥ BbIYHCIICHHS TIOBTOPSIOTCA. B mpoTuBHOM
cilydae pacdeT 3akaH4umBaeTcs. [[s yTouHeHus 3Hade-

HUA ty, « HCIIOIB3YETCsI METO, MTOJIOBUHHOTO JIENIEHHUS.
WznoxxenHas mareMaTHYecKas MOJENb IPH-
MEHEeHa /IS pacueTa CTaTHYECKUX XapaKTePUCTHK
abcopOepa. ANTOPUTM PELICHUSI CUCTEMbl YpaBHEHUH
MaTeMaTHYEeCKOTO OMMCAHMS PEAIN30BaH CPECTBAMHU
nakera MathCAD. Hekotopsie pe3yibTaThl YHCIICH-
HOT'0 dKCIIEpUMEHTa NpuBeAcHbI Ha puc. 1 — 4. Pac-
YeThbl MIPOBEIEHBI AJIsl anmapara JJabopaTOPHOTO Mac-
mTaba ¢ nuamerpom kKopiryca 0,15 M, umerorero 13
TpyO ¢ BHyTpeHHUM nuameTpom 0,021 m. J{muHa TpyO
1 m. JlaBnenue B anmapate 0,22 MIla. IIpu naHHBIX
napameTpax IMpPOU3BOJUTENHHOCTh TpyO4aroro ao-

(22)

copbepa cocraBiaser 10,5 Kr/4 aMMmuadHON BOXBI C

KoHUeHTpaue 25 macc.%. Pacxon oxnaxmaromeit
3

Boabl 0,56 M°/u.

1 A
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2 2
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06 -

g 3

[}

=

« 20,4

~

= 1

QO,Z' /
0 ¥ . r r : .

0 0,2 0,4 0,6 0,8 1

zZ,M
Puc. 1. i3MeHeHne KOHIICHTpAIll aMMHUaka B pactsope (1), B
ra3oBoif (haze (2) 1 paBHOBECHOI KOHIEHTpanuH (3) MO BBICOTE
amnmapara
Fig. 1. Change in ammonia concentration in a solution (1), in a
gas phase (2) and change in equilibrium concentration (3) along
the apparatus height

3 A

G, G,-10°, kric
N

Y
1

M
Puc. 2. 3menenue pacxona xuakoi ¢assl (1) 1 ammuaka B Hei
(2) mo BEICOTE ammapara
Fig. 2. Change in liquid phase consumption (1) and ammonia
consumption within liquid phase (2) along the apparatus height

120 1
100 A 1
80 A
£ 60 A 3
40 ] \
20 2
0 0,2 04 0.6 0,8 1

Z, M
Puc. 3. I3meHeHne Temneparypsl mapora3oBoit ¢assl (1), xmama-
reHra (2), IUIeHKH pacTBopa (3) 1Mo BEICOTE ammapara
Fig. 3. Change in temperature of a gas-vapor mixture (1), of cool-
ant (2), and a solution film (3) along the apparatus height
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Puc. 4. 3aBucumocTH TeMIiepaTyphl pacTBOpa Ha BBIXOJE U3 all-
napara (1) ¥ KOHIIeHTpauy aMMHavYHOH BOJIBI (2) OT pacxona
XJaJarceHra
Fig. 4. Temperature dependences of solution at the apparatus
output (1) and concentration dependence of ammonia water (2) at
the apparatus output on coolant consumption

I'padmku puc. 1 xapakTepusyroT H3MEHEHHE
COCTaBOB Ta30BOW M KHIKOH (ha3, a Takke paBHOBEC-
HOW KOHIICHTPAIllMK B ra30BOH (aze Mo BBHICOTE amma-
pata. IlonoxuTenpHOE HAINpaBJICHUE KOOPAWHATHI Z
COBIIQJAET C HalpaBJICHHMEM JABWXEHHUS >KUAKOH (a-
3bl. YBEIMYEHHUE KOHILICHTpAIlMM aMMHaKa B ra30BOM
(haze 0OBSACHSIETCS YMEHBIIIEHHEM COJISPKaHUS BOJIS-
HOTO0 Iapa B Iapora3oBOM CMECH BCIEACTBHE €T0
KOHJACHCAIIUHN HAa TOBEPXHOCTHU OXJIAXKAACMBIX pr6

PaBHOBecHasi KOHIIEHTpalMs aMMHUaKa B ra-
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Booocnaborcenue. 2015. Ne 2 (86). C. 20-26.

4. CopaBounuk azortuymka. [lox pen. E.fI. MenbHukoBa. M.:
Xumus. 1987. T. 2. C. 238.
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30BOH (haze CHavaja BO3pacTaeT [0 MEpe YBEIUYCHHUS
ero coaep:kaHus B )XUAKOU (ase, a 3aTeM HECKOJIbKO
YMEHBIIAETCS BCIEICTBUE CYILIECTBEHHOTO CHIDKEHUS
TeMIepaTypsl pacTBopa (puc. 3).

OO0mwmii pacxof KUAKOH (assl o ATUHE TPYO
pacTeT MOYTH MO JMHEWHOH 3aBUCHUMOCTU (puc. 2).
V3meHeHne pacxoza MOIJIOMIEHHOIO aMMHUaKa Xapak-
TEPU3YETCs] KPUBOU C Bo3pacTarouieil KpytusHoil. Ta-
KOH HEeNWHEHHBI XapaKTep 3aBUCHMOCTH OOYCIIOB-
JIeH YBEJIMYMBAIOLICHCA CKOPOCTHIO Maccolepenadu
BCJIEACTBHE POCTa BEIWYMHBI ABIKYLIEH CHUIIBI IPO-
necca. IlocnenHss HarmsIHO MHTEpHpeTUpYETCS Tpa-
(ryecKy KaK paccTOsHUE MEXIY KpUBbIMU 2 1 3 puc. 1
10 BEPTUKAIH.

VBenuueHue pacxoAa OXJIaXAarouleil BOIbI
IIPY HEU3MEHHOM €€ HavYaJIbHOW TEMIIEpAaType NPHUBO-
IUT K CHIDKEHHIO TEMIIEpaTypsl U HEOOJIBLIOMY yBe-
JMYCHHUIO KOHLEHTPALUN aMMHUAYHOH BOZBI HA BBIXO-
ne u3 abcopoepa (puc. 4).

[IpencraBnenHas mMareMaTHuecKas MOJENb U
paszpaboTaHHas Ha ee 0aze METOAMKa pacdeTa TpyoO-
yaToro adcopOepa MO3BOJIAIOT MPOrHO3UPOBATH pPa-
[IUOHAJbHBIE PEKUMHO-TEXHOJIOTUYECKHE U  KOH-
CTPYKLUMOHHBIE TapaMeTphl ammapara, obecreynBa-
IOIIME TTONTydeHne aMMHAadYHOW BOJBI TpeOyeMol KOH-
[EHTPALUN U MOTYT OBITh HCIIONB30BaHBI IJIsI TIPE/-
IIPOEKTHOTO pacyuera TpyddaToro abcopbepa.
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