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1 Camapckuii rocyAapCTBEHHBIH TEXHUYECKUI YHUBEPCUTET, Gumaln B T. HoBokyiiObImeBcke, yia. MupoHoBa, 5, . HOBOKyHOBIIIEBCK,
446200, Poccust
AHHoTaums. PaccMartpuBaercst amnmaparypHoe O(GOpMIICHHE y37a pPEeKTH(UKALMK HPOW3BOJICTBA HM3OMpPOIMMIOCH30Ja B NPHCYTCTBHH
katammsatopa AlCls, ncrmonmb3oBaHHe KOTOPOrO HMMeEET psiI MpoOJeM, CBS3aHHBIX C €ro KOPPO3HOHHOM aKTHBHOCTBIO, OBICTpOi
JIe3aKTHBAIMeEl, CIOKHOCTBIO pereHeparm ¥ T.1. OIHHM M3 BO3MOXKHBIX PEIIEHHH IIepedrCIIeHHBIX TexHosormiecknx Hemocratkos
SIBISIETCS MICTIONB30BAaHNE TETEPOTeHHBIX IICOJIMTCOMEPIKAIINX KaTaln3aTopoB. B 9TOM ciiydae NpH PeKOHCTPYKIHMH JIEHCTBYIOIIETO
TIPOM3BOJICTBA H30IIPOIMIIOEH30]1a B TEXHOJIOTHYECKOH CXeMe pa3/ielIeHs aKIiIaTa BEICBOOOYKIAFOTCS TPH PEKTU(GMKAIIMOHHEIC KOJOHHEI,
KOTOpBIE I1eIeco00pa3Ho WCTIONB30BaTh UL pa3fielieHUs alKwiaTa NPOM3BOACTBA ATHIOEH30ia. [ MCCIelOBaHMS BO3MOXKHOCTH
UCIIOJIB30BAaHMs  BBICBOOOXKIAIOIIMXCS PEKTH(UKAIMOHHBIX KOJIOHH IIPOBEICH BBIYUCIHTENBHBI SKCIIEPUMEHT C HCIONB30BAHUEM
mMonemupyromeii cucrembr Honeywell UniSim Design, B koTopoit c)opMHUpOBald MOJENb y3Ja pasfieiieHHs alKUara POM3BOJICTBA
sTUNOeH30M1a. B KayecTBe MaTeMaTH4ecKkoro nakeTa i pacyeTa TepMOJMHAMUYECKUX CBOMCTB KOMIIOHCHTOB CMECH HCTIONb30BAII METO/
NRTL. B pesynbrare MopeiampoBaHus paOOTBI y37a pasZelieHHsl alKwiarta il KakIOW PeKTU(UKAIMOHHONW KOJIOHHBI IOTy4eHBI
ONTHMAIBHBIC PEXXUMHbIE TEXHOJIOTHYCSCKHE [TapaMeTphl: IaBjieHHe Bepxa M Hu3a KoJIOHHEI, (rerMoBoe 4iclio, TeMIepaTypHbIil IpodHib
0 BBICOTE KOJIOHHEL. B paccumtaHHOM MaTepHajbHOM OalaHCe TEXHOJIOTHYECKOH CXEMBI IMOKAa3aHO, YTO B IEpBOH PEKTU(HUKAIMOHHON
KOJIOHHE JIOCTUTaeTCs MOJIHOE BblZie/IeHHEe OEH301a U3 PeaKIMOHHON MacChl aJIKMIIMPOBAHMS, BTOpPas KOJIOHHA 00ECIIeUHBAET IOTy4CHUE
TOBapHOTO STHJIOCH30J1a, 2 B TPEThel KOJIOHHE MOJIYYEHO JOCTATOYHO YETKOE pasfelieHHe AMATHIOCH30M1a OT OCTABIINXCS KOMIIOHEHTOB
cmecn. [IpoBeneHHBIH BBHIYMCIUTEIBHBIA SKCIICPUMEHT ITOKA3ajl, YTO Ui OPraHW3alMH CTaOWIBHOH PabOTHI TEXHOIOTMYECKOH CXEMBI
pa3zeNieHus alKuiaTa MPOMU3BOACTBA 3THIIOCH30JIA BO3MOXKHO HCIIONIB30BAHHE BCEX PACCMOTPEHHBIX PEKTH(HMKALMOHHBIX KOJOHH 0e3
H3MEHCHHS MX KOHCTPYKIIMOHHBIX [IApaMeTPOB IPU Harpy3Ke M0 PeaKIMOHHOI Macce aJIKWIMpOBaHHUs opsiaka 60 T/gac.
KiroueBble cj10Ba: H30MpONIOEH30, STHIOSH30II, PeakKOHHAs Macca alKWINPOBaHUS, peKTH(UKAIIMOHHAs KojJoHHa, Honeywell
UniSim Design
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Abstract. The hardware design of the rectification unit for the production of isopropylbenzene in the presence of the AICIs catalyst is
considered, the use of which has a number of problems associated with its corrosiveness, rapid deactivation, the complexity of
regeneration, etc. One of the possible solutions to the listed technological disadvantages is the use of heterogeneous zeolite-containing
catalysts. In this case, during the reconstruction of the existing production of isopropylbenzene in the technological scheme of
separation of alkylate, three rectification columns are released, which are expediently used to separate the alkylate of ethylbenzene
production. To study the possibility of using the discharging distillation columns, a computational experiment was carried out using
the Honeywell UniSim Design modeling system, in which a model of the alkylate separation unit for ethylbenzene production was
formed. The NRTL method was used as a mathematical package for calculating the thermodynamic properties of the mixture
components. As a result of modeling the operation of the alkylate separation unit for each distillation column, the optimal operating
process parameters were obtained: pressure of the top and bottom of the column, reflux ratio, temperature profile along the height of
the column. The calculated material balance of the technological scheme shows that in the first distillation column, complete separation
of benzene from the alkylation reaction mass is achieved, the second column ensures the production of commercial ethylbenzene, and
in the third column, a fairly clear separation of diethylbenzene from the remaining components of the mixture is obtained. The
performed computational experiment showed that for the organization of the stable operation of the technological scheme for the
separation of alkylate in the production of ethylbenzene, it is possible to use all the considered distillation columns without changing
their design parameters at a load on the reaction mass of alkylation of about 60 t / h.
Keywords: isopropylbenzene, ethylbenzene, alkylation reaction mass, distillation column, Honeywell UniSim Design
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BBenenune

AJKUIOCH30IIBI  UMEIOT Pa3HOCTOPOHHEE
MMPUMEHEHHE B TEXHOJOTMW OCHOBHOTO OpraHUde-
ckoro 1 Hedrexummueckoro cuaTesa, B 4aCTHOCTH
13 3TWIOEH30JI1a CHHTE3UPYIOT CTUPOJ, @8 OCHOBHOE
KOJIMYECTBO TPOM3BOJMMOTO  H3OMPOIIIOCH301a
UJIeT Ha NoNy4yeHrne (DeHONa U aleToHa KYMOJIBHBIM
metozoM [1]. B mpoOMBINUICHHBIX YCIIOBHSX Ha
psie MPOM3BOJCTB UX MOMYYAlOT ANKHIMPOBAHUEM
OcH30Ia oneuHAMHU (ITHICHOM M MPOTHIICHOM
COOTBETCTBEHHO) B mprcyTcTBHN Katanuzaropa AlCls,
WCTIONBb30BaHHE KOTOPOTO HMEET psili Mmpobiem,
CBSI3AHHBIX C €r'0 KOPPO3HOHHOW aKTUBHOCTBIO, OBICT-
pOM IE3AKTUBALIME, CIIOKHOCTBIO PETEHEPALIVIHN U T. 1.

OmHUM W3 BO3MOXKHBIX PEIICHUH Tepednc-
JICHHBIX TEXHOJIOTHUeCKNX HenocTaTkoB siBnsieTcst
WCTIONIb30BaHUE TETEPOreHHBIX LIEOIUTCOACPKAIINX
Karamu3atopos [2]. TIpu 3TOM, MPH PEKOHCTPYKIMH
JEHCTBYIOLIETO MPOU3BOJICTBA BOSMOXKHO BBICBO-
0OXJIEHHE alapaToB TEXHOJOTHYECKOH CXEMBI
Mpoliecca 1 MOSBISETCS EeIeco00pa3HOCTh UX OIl-
TUMAJIbHOI'O UCIIOJIB30BAHUA B JPYIUX TEXHOJIOIU-
YEeCKUX CXeMaX JUIS MOyYeHUS] WHBIX TOBapPHBIX
Hedrexumudyecknx mpoayKToB.

Heab padoThl — aHATN3 MPUHIUIHAIBHON
BO3MOKHOCTH HCITOITE30BaHMS BBICBOOOAMBIIINXCSI
PEeKTH(PUKAMOHHBIX aNMapaToB y3Jia pa3ieleHHs
aNKUIIaTa TPOU3BOJCTBA HM30MPOMIIOSH30Ma IS
pazzeneHus KOMIIOHEHTOB aJIKUJIaTa MPOU3BOJICTBA
ITUIOEH30MIa | TOJTYYeHHUs] TOBApHOTO ATHIIOSH30J1a
(mpu mepexojie Ha MPOM3BOJICTBE HM30MPOIIIOCH-
3oma ¢ karanuzaropa AlCls  Ha rereporeHnsiit
[IEOJTUTCOEPIKAIUHN KaTaln3aTop).

MartepuaJibl U METOABI

Ha pucynke | mokazaHa «THIIOBas»» TEXHO-
JOTHYeCcKass CXema y3jia pasJelieHHs alKuiaTa
B IIPOM3BOACTBE HM3OMPONMIOCH30JIa C MPUMEHE-
HHeM B KadectBe karanmmzatopa AlCls. Ha neii-
CTBYIOIIEM MPOU3BOJICTBE B pe3yJIbTaTe Mepexoia
Ha MCIIOJIb30BAaHUE IPHU AIKWIMPOBAHUM OEH30J1a
MPOTHIICHOM IIEOJIMTCOICPIKAINX KaTaIn3aTOPOB
OymyT 3aneiictBoBanbl KoioHHB! K12/1, K22/1, K32,
ciaenoBaTeabHO KoJoHHBI K42, K52 uK22/2
BBICBOOOXKJIAIOTCS M3 TEXHOJOTMYECKOH CXEMBI
(na pucynke 1 Beienens! 1setom). Hike paccmar-
pHBaeTCs BO3MOXKHOCTh WX BKIIFOUCHHS B TEXHOJIO-
TMYECKYIO CXeMY IPOM3BOCTBA 3THIIOEH3071a.

JanpHelye WCCleA0BaHMs MPOBOAWIN
C MCTIOJIb30BaHUEM MOJICITUPYIOICH CHCTEMBI

Honeywell UniSim Design [3-5], B koTopoii
c(hOpMHUPOBAIIM MOJIENb Y371a PA3JIENICHUS] PEAKIIOH-
HOM Maccel ankwiupoBanust (PMA) mpousBoacTsa
aTHIIOeH30Ma (pUCyHOK 2). B kauecTBe MaremaTH-
YeCKOT0 MaKeTa JUIsl pacyera TepMOJTHAMHUYECKUX
CBOHCTB KOMIIOHEHTOB CMECH HCIIOJIb30BaIU
meron NRTL [6-10].
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B cocraB komnonenToB PMA Bxonnim 6eH-
3011 Cs Hg, aTrnOenson CsHs-CoHs, quaTundenson
CgHs-(C2Hs)2, tpuatunbenson CsHs-(CzoHs)s, Tet-
pastunoenszon CsHa-(CoHs)s, m3ompomumbenson
CsHs-CsH7, mudenumatan (CeHs).-CHCHs, mude-
HkapouHo (CeHs)2-CHOH, cmonst TTAB, Tonyor,
AICI3 u Al(OH)s.

CucteMa peKTH(OUKALIMOHHOTO pa3ieleHHUs
koMmroHeHToB PMA (pucyHok 2) paccMmarpuBa-
eTcsl KaK «TUIOBas» CXeMa, TJe BhIIEJICHHE KOM-
MOHEHTOB CMECH TIPOBOIMTCS IOCIEAOBATEIEHO
C y4eTOM UX Temrepatyp kurenus. PMA u3 pesepBy-
apa Hacocom mopmaetcsi B kononny K-42-2 (motok
PMAnaK42-2), npeaHa3HadeHHYIO IS OTTOHKH
Henpopearupoasmiero Oenzona. C BepxHel yacTu
KOJIOHHBI IIOTOK BO3BPAaTHOT'O OeH30:1a (IOTOK BO3-
BpB-2) perupkynupyer Ha y3ed alKWIMPOBAHUS
Oensosa, kyooBbIii ipoaykT (motox HaK-22/2-2)
TPAHCIIOPTUPYETCS Ha MTUTaHue KOJOHHBI K-22/2-2,
/i€ BeIJIENsIeTcsl (ppaKIyst TOBAPHOTO ATHIOSH301a
(motok IB-2). Ky0oBbIii poayKT KosoHHbI K-22/2-2
Hacocom P-100-2 momaercs B kojonny K-52-2,
¢ Huza kotopoil oTOMparoTcsi TpU-ITHIOESH30I
U apyrue npoaykThl (motok Tpudb + oct 2), ac
Bepxa KOJIOHHBI 0TOMPAETCs TOTOK JUITHIOCH30J1a
(morok muIB-2).

PeSyJII)TaTI)I H oﬁcy)wlelme

Hcnonb3oBanne BBICBOOOMKIAIOIIETOCS PEK-
TU(PHUKAITMOHHOTO 00OpPYJOBaHUS B TEXHOJIOTHYE-
CKOM cXeMe MPOW3BOJICTBA STHIIOCH30JIa UMEET PsiJT
0COOCHHOCTEH. B yacTHOCTH, B CpaBHEHHH C TIPO-
W3BOJICTBOM  M30IMPONHIOEH3071a  CYIIECTBEHHO
M3MEHSIETCS] KOMIIOHEHTHBIM COCTAB PEAKIIMOHHON
Macchl aJKWIMPOBaHUS, COOTBETCTBEHHO H3MEHS-
ercst HazHaueHue BblenseMbIX (ppakiuii U criocoObl
WX Pa3lieNICHHsI, BMECTE C TEM JKENATEIbHO MaKCH-
MaJIbHO COXPaHUTh KOHCTPYKIIMOHHBIC TAPAMETPBI
KOJIOHH H HUCIIOJIB3YEMbBIC KOHTAKTHBLIC yc’I’pOﬁCTBa.
Ecnu ObI pOBOMIM MTPOSKTHBIA PacyeT TEXHOJIO-
THYECKOW CXeMbl 0€3 Haluuusi OrpaHUuCHUH
Ha reometputo xosionH, To 06110 Ob1 HeoOx0mumo
OMMpEACIIUTE ONTHUMAJIbHBIC 3HAYCHHA PEKUMHBIX
napameTpoB ammaparoB (Temmneparypy 7, naBie-
Hue P, ¢uermoBoe uucio R), obecneunBarommx
noyiydeHue ToBapHoro stuibensona o [OCT,
Y FEOMETPUYCCKUE pa3Mepbl KOJIOHH JIsl OCTH-
JKeHMsl 3aJlaHHOM MOIIHOCTH mpou3BozcTBa. [Ipu
UCTIONIb30BAHMH yKE CYIIIECTBYIOIIEr0o 000PYIOBAHHS
JUTS OIIGHKA MOIITHOCTH TIPOM3BOJICTBA 3THIIOCH30I1a
HEOOXOAMMO YYHTHIBATh PACUETHYIO THAPOIMHA-
MUKY arapara Ipy y>Ke 3aJaHHbIX T€OMETPUIECKUX
pa3Mepax pekTrduKannoHHbIX KotouH [11, 12].

s MoznenupoBaHus paboTHl BCeX KOJIOHH,
MOKAa3aHHBIX HAa PUCYHKE 2, HCIONB30BAIN HX
CYIIECTBYIOININE KOHCTPYKIIMOHHBIE ITapaMeTphI.
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B BbIcBOOOXK1aeMoit komorHe K-42-2 ucronb3yrotes 3MeHeHre TeMIepaTypsl 10 BEICOTE KOJIOHHBI
OJHOIOTOYHKIE Kiananuele Tapeaku FLEXITRAY NOKa3aHO Ha pucyHke 3(a). Pacuersl mokasam, uTo
¢ knanaHamu tuna T, uucio Tapenok 68, paccros- MakcuMmaibHas Harpyska KOJOHHBI IO IIMTaHUIO
HHE MEXy TapelKaMu 350 MM, THAMETP KOJIOHHBI MOXKET coCTaBIIET G = 60 T/9ac. CocTaBbl TEXHOJIO-
D = 3000 mm, BeicoTa H = 34550 mM. B pesynb- TMHYECKHX TIOTOKOB JUTSl BCEH CXeMbl (PHCYHOK 2) Tpy-
TaTe MOJEIUPOBAHUS PaOOTHl NAHHOM KOJIOHHBI BefieHbl B Tabmuue 1. Buano, 4ro B KomoHHe
TOJTy M CIIE/TYIOLHE PEKIMHBIE TEXHOOTHUECKHE K-42-2 nocturaercs nojiHoe BblENEHUE HENPOPE-
mapaMeTpsl: JaBleHMe Bepxa M Hu3a KOTOHHEI arnposasmiero Gensona (cronber 3 tabmuia 1).
Prepe = 54 I1a 1 P = 55.73 Klla, (rermosoe AHaJ'H/I3“1'IOTOKOB (a3 B McUepIIBIBAIOLICH U YKpPETI-
yucno R = 0.68; temnepatypa PMA Trr = 125°C. ISTHOLIEH 1aCTAX KONOHHBI (prcyHok 3(D)) nokasb-

BAa€T Ha BO3MOXXHOCTH HCIIOJIB30BaHUA aIllapara
OIHOro aJuamMeTpa.
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Pucynox 1. TexuHosormdeckas cxemMa Yy3jla peKTH(GHUKAIUM MPOU3BOJICTBA H3OIPOIIIOEH307a B NPHUCYTCTBHU
XJIOPAITIOMUHUEBOT0O KaTalu3aTopa

Figure 1. Flow diagram of the rectification unit for the production of isopropylbenzene in the presence of an aluminum
chloro catalyst

K-42-2 Az
PAMARKAZ-2 Dek2- K222 nak-52_-2 | .
[T = rﬂ_ w2
P=Ti-Z
= e
PhlAmal-2
HiL ek -42-3
—p o
Cuecntenk] -2 maK-222-2

s AR oeT-F
K-42-2 SOTHT-2 K522 ﬂ

Canck-42-2
Pucynok 2. TexHosornyeckas cxema y3ia peKTH()UKAIMU TPOU3BOACTBA ITHIOCH301a
Figure 2. Process flow diagram of the ethylbenzene production rectification unit

Kononna K-22/2-2 mnpennasnauena st ¢niermoBoe uncno R = 0.5. IIpu qaHHBIX TEXHOIOTH-
BBIJICJICHUSI (PaKIUK TOBAPHOTO JTHUIIOSH30JA. YEeCKMX PEeKUMax JOCTHUTaeTCsl JOCTATOYHO YETKOE
B Heit nucnons3ytorcst 60 KoImadyKkoBBIX Tapeliok, BBIZICTICHUE dTHiIOeH30ua (cTonben 4 Tabnuuna 1),
paccrostaue Mexay Tapenkamu 400 MM, auameTp cozepkaHue KoToporo coctarisger 99.25% wmac.
kosnorHel D = 3000 mm, Beicota H = 35300 mm. Jns paccmatprBaeMoil peKTU()MKAIIMOHHON KOJIOHHBI
Pesynbpratel MojenupoBaHusi pabOThl KOJOHHBI: K-22/2-2 ¢ y4eTom Cy1iecTBYFOIINX KOHCTPYKIIMOH-
JTaBJICHNE BepXa U HU3a KOJOHHBI Prepx = 16 klla u HBIX [apaMeTpoB I oOecrieueHust e€ yCTOHUMBON
Puus = 28 kIla; Temneparypa Huza Ty = 140.4°C; paboTHI TakXke merecoo0pa3Ha Harpys3ka mo PMA

60 T/gac [13, 14].
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Temperature vs. Tray Position from Top
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Pucynox 3. Pe3ynpraTel MomenupoBaHUS peKTU(PHUKAIMOHHON KoMoHHBI K-42-2: (a) — W3MEHEHHEe TeMIlepaTypsl
o BeicoTe KOmoHHBI; (D) — moToku (a3 B ncuepnbIBaroIiell ¥ YKPEIULIIOIISH YacTsX KOJOHHBI (paciiedaTka B Cpeie

UniSim Design)

Figure 3. Results of modeling the distillation column K-42-2: (a) — temperature change along the column height;
(b) — phase flows in the exhaustive and reinforcing parts of the column (printout in the UniSim Design environment)

Tab6nuna 1.
CocTaBbl IOTOKOB TEXHOJIOTHYECKOM cxeMbI (% Mac.)
Table 1.
Compositions of flows of the technological scheme (% wt.)
ITotox ITotox ITotox
KommnonenT cmecu TTotox ITotox Flow Flow Flow
Blend component Flow PMAnaK42-2 Flow Bo3Bpb-2 3B-2 WIB-2 TpudB+
benson
Benzene 63.34 99.83
Jmnbenson 27.18 99.25 0.37
E-Benzene
JudTraden3oa
mDiEBenzene 6.76 92.36
TpustunbeH301
135-E-B7 1.29 1.98 61.30
TetpasTunben3on
1234-E-BZ 0.17 9.33
Wzompomunben3on 0.15 1.98
Cumene
Judenunstan 0.51
DiPhenylC2 2730
JudenunnkapOuHon
BZ-Phenone 0.04 2.07
Tomyon
Toluene 0.32 0.17 0.75
AlCl; 0.24 3.31
100.00 100.00 100.00 100.00 100.00

Ha pucynke 4 mokazanbl moToku (a3 s
KostoHHbI K-22/2—2. VX cpaBHEHHE C aHATIOTHYHBIMA
MMOTOKaMH KOJOHHBI K-42—2 10Ka3bIBaeT, 4TO
B YKpeIUIomeil yacti KosoHH HalOmonmatores
ONMU3KMe TEeHACHUMH JBIKeHHS (a3, B TO BpeMs
KaK B MCUEPIbIBAIOIIEH YacTH COOTHOIIeHue (a3
0 BBICOTE ammapara 3aMETHO Pa3iIHyaroTcs, YTo
CBSI3aHO C OpraHM3alel B KOJIOHHAX Pa3JIAYarONXCs
oporenuii. Bmecre ¢ Tem, miist konouusr K-22/2-2
TaKKEe MMEETCSI BO3MOXKHOCTh HCIIOJIb30BaHHMS
ammapara ogHoro nquamerpa [15-20].

B xonmonne K-52-2 (pucyHok 2) ocymiecTs-
JseTcs  paszeneHue  (Qpakuuu  IUATUIOSH30J1a
OT Gpakuuy TPUITHIOEH30J1a, COCTaBbl IOTOKOB
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npuBeieHbl B Ta0mumie 1 (cTtoaoubl 5 u 6 cooTBeT-
ctBeHHO). Hcmome3ytorcst 60  OTHOMOTOYHBIX
knanaHapix Tapenok FLEXITRAY c kimananamu
tuna T, auamerp kononHbl D = 3000 MM, BeIcOTa
H = 35300 mm. B pe3synbraTe npoBeeHUsT BEIYHC-
JIMTETEHOTO AKCIEPUMEHTa TTOMYYWIIH CIIeYIOIIe
TEXHOJIOTUUECKUE MapaMeTphl: JaBICHUE Bepxa M
HU32 KOJIOHHBI Pyepx = 25 k[1a 1 Pyys = 30 kI1a, dier-
MoBoe 4nciio R = 3.135; temmniepaTypHblid poduib
T0 BBICOTE KOJIOHHBI IIOKa3aH Ha PUCYHKE 5.

PacueTsl MOKa3bIBAIOT, YTO TEOMETPUUYECKHE
pasmepsbl KosoHHBI K-52—2 1atoT BO3MOXKHOCTH €€
paboThl B TEXHOJIIOTHYECKOH CXEMe C Harpy3Kou
no PMA 60 1/4ac.
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I Mass Flow Temperature vs. Tray Position from Top
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Pucynok 4. (a) — IToroku (a3 B HcUepIBIBAIONICH M YKPEIUIAIONIEH JacTsax KoJoHHBI K-22/2-2 (pacnieuaTka B cpene
UniSim Design); (b) — ismMenenune Temieparypsl mo Bicote KomoHHE! K-52-2 (pacmeuatka B cpeme UniSim Design)

Figure 4. Phase flows in the exhaustive and reinforcing parts of the K-22 / 2—-2 column (printout in the UniSim Design

environment); (b) — Temperature change along the height of the K-52—2 column (printout in the UniSim Design
environment)

3aki0ueHne MOKA3bIBACT, YTO JUIS OPraHHM3allH CTaOMIBHON
TIpOBEICHHBII BHIYHCINTEIBHBIN SKCIICPH- PaboThI TEXHOIOTHYECKOH cXeMbl pazzaenenus PMA
MEHT 110 OLIGHKE BO3MOYHOCTH HCITONb30BAHHS HPOU3BOJCTBA ATWIOEH30J1a BO3MOXKHO UCIIOJIB30-
BBICBOOOKIaeMOT0 000PYAOBaHUs y371a PeKTH(HU- BAHME BCEX PACCMOTPCHHBIX PCKTH(HKALMOHHBIX
kamm PMA  TIPOM3BOJCTBA  HM30NPOMIIGEH30MA KOJIOHH 0€3 M3MEHEeHHS MX KOHCTPYKIIMOHHBIX T1apa-
11st paszenchiss PMA npou3BoJICTBa 3THIIOCH3071a metpos ipu Harpyske o PMA nopsizika 60 t/uac.
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