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Introduction

Rationale of the work. Quino-  positive and gram-negative aerobic bacte-

line systems are attractive, primarily, due
to their biological activities [1]. So, ac-
cording to the literature data, tetrahydro-
quinolines and related compounds have
exhibited antibacterial activity against a
wide range of pathogens, including gram-

ria and anaerobic organisms [2].

Some of these compounds are natu-
rally occurring. For example, 2-methyl-
1,2,3,4-quinoline is present in a human
brain. Discohabdin C being a polycyclic
system based on tetrahydroquinoline is a
marine alkaloid [3]. Dynemycin, which is
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a natural antitumor antibiotic, has a com-
plex structure built on the tetrahydroqui-
noline system [4, 5]. The 2,4,6-trisubsti-
tuted tetrahydroquinoline 1 isolated from
Martinella iquitosensis (Bignoniaceae
family) exhibits activity as an antagonist
of physiologically and pharmacologically
active peptide lowering blood pressure
bradykinin [6].

Plenty of relatively simple synthetic
1,2,3,4-tetrahydroquinolines  are  al-
ready used or studied as potential drugs.
Among them the most well-known are
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oxamniquine 2, schistosomicide [7], nica-
inoprol 3 as well as a novel antibiotic vi-
rantmycin 4 [8, 9].

One of the most efficient synthetic
routes for preparing of such systems is
a three-step consequence starting from
ortho-substituted benzaldehydes and in-
cluding cyclization of ortho-vinyldialky-
lanilines via tert-amino effect mechanism.

The aim of the present work is de-
velopment of the method for synthesis of
tetrahydroquinoline derivative using cy-
clization via fert-amino effect mechanism.

HOH,C
mH
N

Procedure for of the laboratory synthesis

Synthesis of 2-pyrrolidine-1-yl-
benzaldehydes 5. To a solution of 1.0
mL (9.49 mmol) of 2-fluorobenzalde-
hyde in 8.0 mL of DMEF, 9.88 mmol of
dialkylamine and 1.38 g (9.88 mmol) of
potassium carbonate are added. The reac-
tion mixture is heated on a glycerin bath
at 150 °C for 20 hours. The end of the re-
action is determined by TLC. Further, the
crude reaction mixture is cooled to room
temperature and 75 mL of water are add-
ed. The product is extracted by ethyl ace-
tate (3x60 mL). Combined organic layers
are washed with an ammonium chloride
solution (3x75 mL). The organic layer is
dried over MgSO,, the solvent is removed
under reduced pressure. Yield: 1.53 g
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(93 %). Brown oil. '"H NMR: (DMSO-d,),
8 (J, Hz): 10.01 (1H, 5., CHO), 7.61 (1H, d.
d.,J =80,],=72, ArH), 7.35-7.29 (1H,
m., ArH), 6.89 (1H, d., ] = 8.0, ArH), 6.75
(1H,t, ], = J,= 7.2, ArH), 3.33-3.30 (4H,
m., 2CH)), 1.99-1.96 (4H, m., 2CH).
Found, %: N, 7.5. C H NO. Calculated,
%: N, 7.99.

Synthesis of (3a$*,4R*)-4-cyano-1,2,
3,3a,4,5-hexahydro-1H-pyrrolo[1,2-a]
quinoline-4-carbothioamide. 2-Di-
alkylaminobenzaldehyde 5 (0.5 mmol),
n-butanol (0.25 M) and cyanothioaceta-
mide (1 equiv.) are placed into a 10-mL
reaction flask. The reaction vessel is en-
closed with a silicone cap with perfo-
rated septum and heated in a microwave



reactor. After cooling with compressed
air the reaction mixture is transferred to
a round-bottom flask. The solvent is re-
moved in vacuo. Solid residue is crystal-
lized from ethanol. Yield: 0.41 g (79 %).
Red-brown crystals. The second diastere-
omer is not observed in 'H NMR spec-
trum. M.p. 222-223 °C. 'H NMR of the
main diastereomer: (DMSO-d,), 8 (J, Hz):
1.73-1.85 (1H, m., CHax); 1.88-202 (1H,
m., CHax); 2.05-2.18 (2H, m., 2CHeq);
3.18 (1H, d., J = 16.2, 5-CHax); 3.22 (1H,
d.t, ], =9.0,], =62, 1-CHax); 3.47-3.58
(2H, m., 3a-CHax, 5-CHeq); 3.86 (1H, d.
d.,J, =90, ], =58, 1-CHeq); 6.57 (1H,
d.J = 8.4, ArH); 6.60 (1H, d. d., ], = 7.4,

J,=7.6, ArH); 7.03-7.16 (2H, m., 2 ArH);
9.19 (1H, 5., NH); 10.23 (1H, 5., NH). °C
NMR (100 MHz, DMSO-d,), § (J, Hz):
23.1 (CH,); 29.0 (CH,); 39.5 (CH,); 47.9
(C-5); 53.3 (C-4); 63.6 (C-3a); 111.7 (CH
Ar); 116.2 (CH Ar); 117.8 (C Ar); 118.3 (C
Ar); 128.4 (CH Ar); 129.1 (CH Ar); 142.8
(CSNH,); 200.4 (CN). IR, v, cm™: 752;
1370; 1418; 1456; 1602; 1632 (C=S); 2237
(CN); 2854; 3148; 3271; 3373. MS (EL 70
eV), m/z (I, %): 257 [M]" (43); 224 (10);
197 (22); 196 (27); 195 (100); 168 (8); 140
(8); 130 (12); 128 (10); 60 (8). ). Found, %:
C 64.8; H 6.0; N 16.1. C_H N S. Calcu-
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lated, %: C 65.34; H 5.87; N 16.33.

Characteristics of the final product

Product name: 4-cyano-1,2,3,3a,4,5-
hexahydro-1H-pyrrolo[1,2-a]quinoline-
4-carbothioamide. Molecular weight:
257.355 g/mol

(&

Table 1
Characteristics of crude product

Standard
Brown powder

No more than 1.0 %

Name of an index

1. Appearance

2. Impurity content

3. Melting point 223°C
4. Solubility C,H,0OH CHCI,
Structural formula:

Characteristics of an initial sample:

1. The standard sample is approved
in accordance with the established proce-
dure.

2. The standard sample should be re-
placed by newly prepared and approved
after 6 months.

3. Validity period, its extension and
storage of the standard sample is estab-
lished according to “The instruction for
selection, study, approvement, storage
and consumption of standard samples”
approved in accordance with the estab-
lished procedure.

4. The standard sample is stored in
a hermetically closed container in a dry
darkened place at 0-20 °C.

Characteristics of feedstock and mate-
rials are given in table 1-2.

Steps and chemistry of the process

1. Preparation of 4-cyano-1,2,3,3a,4,5-
hexahydropyrrolo[1,2-a]quinoline-4-car-
bothioamide:

2. Filtration and washing.

3. Drying of a product.

4. Recrystallization of the product in
ethanol.

5. Drying of the product.

The technological diagram is given in

fig. 1.
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MW=175 MW=100 MW=257
ortho-pyrrolidinbenzaldehyde cyanoacetothioamide hexahydroquinoline
carbothioamide
Table 2
Characteristic of feedstock and materials
GOST (State Standard),
OST (branch standard), | Grade Indicators
Name the regulations and or oblicatorv for check Notes
technique for the article gatory
preparation of feedstock
. from a
tl).eizgglllihgj - react. | Mass fraction > 85 % | storage
Y Stor-1
2 2—cya‘n0— . - react. | Mass fraction > 60 % from a
acetothioamide warehouse
solv Mass fraction from a
3. n-Butanol GOST 6006-78 ur; >99,5 % storage
P Boiling point 117 °C | Stor-2
solv from a
4. Ethanol GOST 18300-87 ” | Mass fraction > 96 % | storage
pure Stor-11

The scheme of material flows is shown
in fig. 2.

Critical control points of the produc-
tion are given in table 3.

Description of steps of the technological process

Preparation of equipment and feed-
stock

Before starting production works
planned preventive maintenance of all
equipment is carried out, its pressuri-
zation and reliability of grounding is
checked, adjustment of balances is made.
All control and instrumentation devices,
control consoles serving the technologi-
cal process are undergone a monitoring.
Apparatus are carefully washed by water,
dried, correct operation of a mixer and a
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driver is checked. Initial data for the pro-
duction are given in tables 4-8.

Process is started with preparation of
raw materials and equipment for work.
Raw materials are checked for necessary
quality indicators: authenticity, content of
the main substance. Equipment is checked
for purity, dryness, pressurization. Ma-
terial balances of units 1-4 are shown in
Table 9-17.

TP 1. Obtainment of carbothioamide

Preliminary storages Stor-1, Stor-2
and Stor-11 are filled with pyrrolidinben-



PBA from Stor-1
{co}

— Water
vapor
Water
—»

TA from warchotjse
G

BuOH from Stor-2
§ {oo} X

steam VAt

P]

-

h

to the yacuum

EtOH from Stor-11
{oo] 4

pump

o)

BA from

archolise

BuOH from | I
warthoé

il

filtrate into CT-9

-Q

<7
Stor-2

..

filmate from C-§

CT.

1y 7

-G

Hot brine

o

EtOH from
warehous?

<7

on regeneration

Legend:
? Manometer
N
Line of compressed
nitrogen
Fire prevention
device
to the vacuum
pump
D-17 commercial
>
-t
filtrate into CT-16

%}

filtrate from C-14

7

C

on regeneration

Fig. 1. The principal instrumental diagram of 4-cyano-1,2,3,3a,4,5-hexahydropyrrolo[1,2-a]
quinoline-4-carbothioamide production
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Fig. 2. Graph diagram and material flows of the technological process
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Main technological parameters

Table 3

Control | Name of a subject | Controlled parameter Method and
: . . Standard
point of control and dimension control means
. . s . The complete
RP 1 Thlofimlde solu- Solgblhty of the thio- dissolution of the | Visually
tion in n-butanol | amide
substance
Absence of start-
RP2 | Reaction mixture Completeness ofthe |ing thloalmde and TLC
reaction aldehyde in the
reaction mixture
Electroconducto-
. metric method of
RP3 |Paste Moisture content, % | No more than 0.3
measurement of
humidity
) The complete
RP 4 Solgtlon of prod- Solubility thioamide | disolution of Visually
uct in ethanol
substance
Electroconduc-
. tometric method
RP5 |Paste Moisture content, % | No more than 0.3 Lo
of humidity
measurement
'"H-NMR-
RP 6 Commercial Content of the main No less than 99 spectroscopy, MS
product substance, % spectrometry, el-
emental analysis
Table 4 Table 5
Abbreviations Initial data for calculation
Pyrrolidinbenzaldehyde PBA Formulation of technical PBA
Cyanoacetothioamide TA Pure PBA 0.98
Butanol But Water in the 0.01
Ethanol Et technical product
Carbothioamide CTA Other impurities 0.01
Formulation of technical TA
Table 6 Pure TA 0.99
Yields for steps Other impurity 0.01
TP(technological process) n,=0.89 Formulation of technical CTA
1 Chemical reaction Pure CTA 0.995
TP 2 Filtration and washing n,=0.87 Water 0.001
TP 3 Drying n,=0.85 Other impurities 0.004
TP 4 Recrystallization n,=0.99
Ttrati hi - Table 7
TP 5 Filtration and washing n,=0.87 Molar mass of reagents
TP 6 Drying n,=0.91 and reaction products
Total yield =065 pBA | TA | But | B | cra
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The material balance of units

Table 8

zaldehyde, n-butanol and ethanol, respec-
tively. A screw feeder bin S-3 is charged

Loading with cyanoacetothioamide.
Raw materials, including g Y Benzaldehyde is fed from the Stor-1
Pyrrolidinbenzaldehyde 1.0 | 0.980 into a measurer M-5 by compressed ni-
Cyanoacetothioamide 1.0 | 0.985 trogen. Into a measurer M-6 n-butanol is
#-butanol 05 | 097 fed from the Stor-2 by compressed nitro-
Ethanol 06 | o097 gen. In a clean and checked reactor R-4
Table 9
Material balance of unit 1
LOADED RECEIVED
= X e R § X — 5D
5 5 | 2o %2 =Y g2 I I
Sied | 2923|382 d: |73 |as
s83%&a |SE|&%]| =S S SE| &% |52
1. Pyrrolidine . .
bengldehyde, 100.0 | 1.037 1 Reaction mixture, |10 | 3 51
including; including;
PBA 100 % 97.975 1.016 |CTA 56.5 1.708
Water 0.964 0.010 | PBA residual 3.7 0.112
Admixtures 1.061 0.011 | TA residual 5.5 0.165
2. Cyanoaceto-
thioamide, 100.0 | 0.985 But 100 % 32.1 0.970
including:
TA 100 % 98.477 0.970 | Water 1.3 0.040
Admixtures 1.523 0.015 | Admixtures 0.9 0.026
?ﬁgugﬁg?d’ 100.0 | 1.000
But 100 % 97.000 0.970
Water 3.000 0.030
TOTAL (summary) 3.022 TOTAL 100.0 | 3.021
Table 10

Additional initial data

The formulation of the precipitate after washing

Precipitate, including: y
100 % CTA 0.988
Water in precipitate 0.01
Admixtures in precipitate 0.002

The formulation of a mother liquor B:

Solution, including: y
100 % But 0.942
Water in solution 0.008
Admixtures in solution 0.05
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Material balance of unit 2

Table 11

LOADED RECEIVED
| — —_ o0 ~ — —_ o0
$E8 | 23| 8% % £ g3 |52 %
S35 B2\ 52| fgp | 12|33 |Ef
SRR ST | 88| 28 £ 38 eS| 8T |2
% E§ & OR|Ez| 2= -l oxR |E 2|22
L Reaction 156 00 | 3,021 L. Precipitate, 100.00 | 1.504
mixture, including: including:
CTA 56.538 1.708 | CTA 98.80 1.486
Water 1.324 0.040 | Water 1.00 0.015
But 100 % 32.109 0.970 | Admixtures 0.20 0.003
Admixtures 10.030 0303 | > Motherliquor, 100.00 | 1.030
including:
B 100 % 94.20 0.970
Water 0.80 0.008
Admixtures 5.00 0.051
) 3.Filtrate, including: | 100.00 | 1.117
2. But for washing 0.854
B 100 % 76.45 0.854
Water 1.52 0.017
Admixtures 22.02 0.246
4. Losses 0.222
TOTAL 3.875 TOTAL 3.873
Table 12
Material balance of unit 3
LOADED RECEIVED
. —~ | = 5 . — | — b®
<2 3 2% | B4 2 & I 2
£33 §2 | 22| £¢ R §2|EL| E¢
2 223 EE|Ss®| 2 g 23 EE| S| *2
s a8 ST | 88| 28 I ST | 8 23
£ E§ A OR |E 2| 2= & =2 OR |E 2| 2=
1. Precipitate, 100.00 | 1.504 1. Dried CTA, 100.00 | 1.273
including: including:
CTA 98.80 1.486 | CTA 99.74 1.2694
Water 1.00 0.015 | Water 0.10 0.0013
Admixtures 0.20 0.003 | Admixtures 0.16 0.0021
2. Volatile, 100.00 | 0.015
including:
Water 93.81 0.0138
Admixtures 6.19 0.0009
3. Loss 0.223
TOTAL 1.504 TOTAL 1.505

220




Table 13

Material balance of unit 4

LOADED RECEIVED
' Q\c =Yo} ~ c\o Yo
£ e - = X o0 N — on
£E¢ E-| &2 23 s, i 25| 2%
s 823 22| £5 b & 9 e 2% 28| »F
s & 2 S Q g ) Q= 8 S 2 Q£ S E) Q 8
% E § & OE | &z | 22 £ =29 CE| &=z | =2
1. Dried CTA, 100.00 | 1273 L Suspension, | 6 55 | 1 263
including: including:
CTA 99.74 1.2694 | CTA 100 % 99.73 1.2601
Water 0.10 0.0013 | Water 0.10 0.0013
Admixtures 0.16 0.0021 | Admixtures 0.17 0.0021
?. Et tetchmcal, 0785 2 Et te.chmcal, 100.00 | 0.785
including: including:
Et 100 % 0.761 | Et100 % 96.943 0.7610
Water 3.057 0.0240
Water 0.024
3. Losses 0.0096
TOTAL 2.058 TOTAL 2.058
Table 14

Additional initial data

The composition of the precipitate after washing:

Precipitate, including. Y
100 % CTA 0.995
Water in precipitate 0.003
Admixtures in precipitate 0.002
The composition of the mother liquor Et:
Solution, including. y
100 % Et 0.994
Water in solution 0.002
Admixtures in solution 0.004

butanol is poured by gravity from a meas-
urer M-6, a stirrer is turned on, then ben-
zaldehyde is charged by gravity from the
measurer M-5. Thioamide is fed into the
reactor by the screw feeder S-3 after feed-
ing alcohol and benzaldehyde. After load-
ing thioamide the screw feeder is turned
off, a loading hatch is closed hermetically.

After loading of starting materials the
reactor is completely pressurized, leaving
only an open valve on the line connecting
the reactor with the atmosphere. Further

live steam is fed into the jacket heating the
reaction mixture to 115-120 °C and it is
held with a running stirrer for 6 hours.
A heat exchanger E-7 provides solvent
condensation under heating of the reac-
tion mixture during the whole step of the
chemical reaction. After 6 hours feeding
of steam is stopped, the reaction mixture
is cooled with cold water fed into the jack-
et. Further suspension is transferred to a
centrifuge C-8 for the precipitate separa-
tion.
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Material balance of unit 5

Table 15

LOADED RECEIVED
. — —_ 5P - S —
2<% | EE |52 | P | EEY | i |5®| Fs
& E§E oxr | &8 | 22 £ E2 SE|&z2| =8
ilr'lcslizpi;rg’f“’n’ 100.00 | 1.263 ilr'lirlzcif;ate’ 100.00 | 1.102
CTA 100 % 99.73 1.2601 | CTA 99.50 1.0962
Water 0.10 0.0013 | Water 0.33 0.0036
Admixtures 0.17 0.0021 | Admixtures 0.20 0.0022
izr‘li:fﬁ;};’:mal’ 100.00 | 0.785 izr‘li\l/l[l(:itiegrthuor’ 100.00 | 0.766
Et 100 % 96.943 0.7610 | Et 100 % 99.40 0.7610
Water 3.057 0.0240 | Water 0.20 0.0015
Admixtures 0.40 0.0031
fngﬁtﬁz 100.00 | 0.778
3. Et for washing 0.756 Et 100 % 97.21 0.7560
Water 2.64 0.0205
Admixtures 0.15 0.0012
4. Losses 0.068
TOTAL 2.804 TOTAL 2.803
Table 16
Material balance of unit 6
LOADED RECEIVED
X . X .
% EE& & SE|E&E| =8 A =S SE|&:| =S
1. Precipitate, L. CTA .
including 100.00 | 1.1021 .(comn.ieraal), 100.00 | 1.000
including:
CTA 99.50 1.0962 | CTA 0.995
Water 0.33 0.0036 | Residual water 0.001
Admixturses 0.004
| fnzfslliﬁlges 100.00 | 0.0020
Admixtures 0.20 0.0022 Water 65.00 0.0013
Admixturess 60.00 0.0012
3. Losses 0.100
TOTAL 1.1021 TOTAL 1.102
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Name

Quantity
of units

Table 17

Sheet specification of the equipment

Material of a
working zone

Technical data

Reactors

R-4

12X18H10T

OST 26-01-1246-75. Internal volume of the apparatus is
0.315 m’. Execution of the apparatus 0010-1.0.6, inner
diameter D = 660 mm, height h = 920 mm. A vertical
apparatus with a mixing device used for conducting
various technological processes in liquid single-phase
and multiphase environments. Material execution of the
cylinder of the device is steel of 12X18H10T brand in
accordance with GOST 5632-72. Nominal overpressure
in the cylinder is 0.6 MPa. Engine power is 0.6 kW.
Admissible external pressure is 0.576 MPa. It is equipped
with a smooth welded jacket in accordance with OST
26-01-984-74, a frame stirrer MII01-10-5.74-3/167-
AO2-41-6

R-12

12X18HI10T

OST 26-01-1246-75. Internal volume of the apparatus is
0.315 m’. Execution of the apparatus 0010-1.0.6, inner
diameter D = 660 mm, height h = 920 mm. Vertical
apparatus with mixing device used for conducting
various technological processes in liquid single-phase
and multiphase environments. Material execution of the
cylinder of the device is steel of 12X18H10T brand in
accordance with GOST 5632-72. Nominal overpressure
in the cylinder is 0.6 MPa. Engine power is 0.6 kW.
Admissible external pressure is 0.576 MPa. It is equipped
with a smooth welded jacket in accordance with OST
26-01-984-74, a frame stirrer MII01-10-5.74-3/167-
AO2-41-6

Measurers

12X18H10T

GOST 9931-79. Denomination VEE1-1-1-0.6. Nominal
volume is 0.040 m’. A vertical all-welded apparatus
with elliptic bottoms. The diameter of the apparatus
D =400 mm, h = 400 mm. The area of the inner surface
is 0.59 m* Designed for receiving, storing and feeding
liquid and gaseous media. The pressure in the apparatus
is 0.6 MPa. Liquid media feeding is performed by gravity

12X18H10T

GOST 9931-79. Denomination VEE1-1-1-0.6. Nominal
volume is 0.040 m?® A vertical all-welded apparatus
with elliptic bottoms. The diameter of the apparatus
D =400 mm, h = 400 mm. The area of the inner surface
is 0.59 m* Designed for receiving, storing and feeding
liquid and gaseous media. The pressure in the apparatus
is 0.6 MPa. Liquid media feeding is performed by gravity
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Name

Quantity

of units

Material of a
working zone

The rest of table 17

Technical data

12X18H10T

GOST 9931-79. Denomination VEE1-1-1-0.6. Nominal
volume is 0.040 m’. A vertical all-welded apparatus
with elliptic bottoms. The diameter of the apparatus
D =400 mm, h = 400 mm. The area of the inner surface
is 0.59 m* Designed for receiving, storing and feeding
liquid and gaseous media. The pressure in the apparatus
is 0.6 MPa. Liquid media feeding is performed by gravity

Storages

Stor-1

12X18H10T

GOST 9931-79. Denomination GEEI1-1-0.063-0.6. A
horizontal apparatus with two ellipsoidal bottoms.
Designed for receiving, storing and feeding liquid and
gaseous media under conventional pressure in the
apparatus of 0.6 MPa. The diameter of the apparatus
D =400 mm, h = 550 mm. The area of the inner surface
is 0.78 m? Liquid media feeding is carried out by
displacement by compressed air, technological or inert
gas

Stor-2

12X18H10T

GOST 9931-79. Denomination GEEI-1-0.10-0.6. A
horizontal apparatus with two ellipsoidal bottoms.
Designed for receiving, storing and feeding liquid and
gaseous media under conventional pressure in apparatus
of 0.6 MPa. The diameter of the apparatus D = 400 mm,
h = 850 mm. The area of the inner surface is 1.15 m*
Liquid media feeding is carried out by displacement by
compressed air, technological or inert gas

Stor-
11

12X18H10T

GOST 9931-79. Denomination DEE1-1-0.063-0.6.
A horizontal apparatus with two ellipsoidal bottoms.
Designed for receiving, storing and feeding liquid and
gaseous media under conventional pressure in apparatus
of 0.6 MPa. The diameter of the apparatus D = 400 mm,
h = 550 mm. The area of the inner surface is 0.78 m*
Liquid media feeding is carried out by displacement by
compressed air, technological or inert gas

Condenser tank

CT-9
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12X18H10T

GOST 9931-79. Denomination GKK1-1-1.60-0.07.
A horizontal, all-welded device with conic unbeaded
bottoms. Nominal volume is 1.60 m® Designed for
receiving, storing and feeding liquid and gaseous media
at the operating pressure of not more than 0.07 MPa. The
diameter of the device D = 1000 mm, h = 2150 mm. The
area of the inner surface 7.34 m?



The end of table 17

Technical data

GOST 9931-79. Denomination GKK1-1-1.25-0.07.
A horizontal, all-welded device with conic unbeaded
bottoms. Nominal volume is 1.60 m’. Designed for
receiving, storing and feeding liquid and gaseous media
at the operating pressure of not more than 0.07 MPa. The
diameter of the device D = 1000mm, h = 1800 mm. The
area of the inner surface is 6.25 m?

Filtering equipment

TC (technical conditions) 26-01-387-80. Denomination
FGN-633K-01. It is intended for the separation of
hazardous suspensions with medium and fine-grained
insoluble solid phase. The centrifuge is sealed, with
explosion-proof electrical equipment; it is worked under
positive pressure of an inert gas. Engine power is 18.5 KW.
Shaft speed is 1455 rev/min

TC 26-01-387-80. Denomination ®TH-633K-01. It is
intended for the separation of hazardous suspensions
with medium and fine-grained insoluble solid phase.
The centrifuge is sealed, with explosion-proof electrical
equipment; it is worked under positive pressure of an inert
gas. Engine power is 18.5 kW. Shaft speed is 1455 rev/min

Drying equipment

OST 26-01-78-78. PV4.5-0.63NU-01. A vacuum tray
dryer is a horizontal cylindrical apparatus with one or two
pivoting end caps. There are shelves inside the cylinder.
Apparatus of periodic action with shelves having charging
area of 4.5 and 16 m?* Apparatus volume is 0.63 m*

Name Quant.lty Mate'rlal ofa
of units | working zone
CT-16 1 12X18HI10T
C-8 1 12X18H10T
C-14 1 12X18H10T
D-10 1 BCr3nc3
D-17 1 BCr3nc3

OST 26-01-78-78. PV4.5-0.63NU-01. A vacuum tray
dryer is a horizontal cylindrical apparatus with one or two
pivoting end caps. There are shelves inside the cylinder.
Apparatus of periodic action with shelves having charging
area of 4.5 and 16 m> Apparatus volume is 0.63 m?

a condenser tank CT-9 and transferred to

TP 2. Filtration and washing

Preliminary n-butanol is fed into the
measurer M-6 from the Stor-2 by com-
pressed nitrogen. After that a suspension
from the reactor R-4 is transferred into
the top discharge automated centrifuge
C-8. The precipitate is filtered and washed
with minimal amount of cold alcohol, fed
from the measure M-6. The precipitate is
transferred into a dryer D-10 after wash-
ing. The filtrate (n-butanol) is collected in

regeneration.

TP 3. Drying

The precipitate is manually transferred
into the tray drier D-10 after filtering.
The paste is placed on shelves, vacuum of
250 mm Hg is created in the system, and
steam of 0.4 MPa is fed inside the shelves.
The drying time is 2 hours at temperature
70 °C. The dried product is sent to the
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recrystallization for further purification
from impurities.

TP 4. Recrystallization

Recrystallization of the product is con-
ducted for increasing the yield and ad-
ditional purification of the final product.
For this ethanol is preliminary fed into the
measurer M-15 from the storage Stor-11
by compressed nitrogen. Then the stirrer
is turned on, the dried precipitate is trans-
ferred from the C-10 into the reactor R-12,
the loading hatch is closed hermetically.

After loading the precipitate the re-
actor is completely pressurized, leaving
only an open valve on the line connect-
ing the reactor with the atmosphere. Hot
brine, which heats the reaction mixture
to 78-80 °C, is fed into the jacket. Heat-
ing continues for about 15-20 min to
complete dissolution of the precipitate
in alcohol. Further feeding of hot brine
is stopped; solution is cooled by feeding
cold water supplied into the jacket of the

Conclusion

Production of (3aS*4R*)-4-cyano-
1,2,3,3a,4,5-hexahydro-1H-pyrrolo-
[1,2-a]quinoline-4-carbothioamide  has
been developed. The graph diagram and
principal instrumental diagram of the

Beepenne

AKTyanpHOCTH paboTbl. XMHOMNU-
HOBbIE CHCTeMBbl IpPUBJIEKAIOT BHMMAaHNe
Hpexpe Bcero 6marogaps CBoeil 6110mo-
rudeckolt aktuHocTH [1]. Tak, cormacHo
JIUTEpaTypPHBIM JAHHBIM, TeTParujpoOXu-
HOJIMHBI ¥ POJCTBEHHbIE MM COEMHEHI
HPOABWIN aHTUOAKTEPUAIbHYI0 aKTUB-
HOCTb IIPOTUB IINPOKOTO psifia HATOT€HOB,
BK/IIOYasl TPaMIIONOXKUTETbHbIE U TPAMO-
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reactor R-12. The cooled suspension is
transferred to filtration.

TP 5. Filtration and washing

The suspension from the reactor R-12
is fed into the automated centrifuge C-14,
a solid phase is filtered and washed with
a minimal amount of cold alcohol, sup-
plied from the measure M-15. After filter-
ing the precipitate is transferred into the
dryer D-17. The filtrate (ethanole) is col-
lected in the condenser tank CT-16 and
transferred to regeneration.

TP 6. Drying

The precipitate is manually transferred
into a tray drier D-17 after filtering. The
paste is placed on shelves, vacuum of
250 mm Hg is created in the system, and
steam of 0.4 MPa is fed inside the shelves.
The drying time is 2 hours at temperature
70 °C. The dried product undergoes a fi-
nal control. If results of the analysis were
satisfactory, the product is packed and
transported.

product production have been designed.
Calculation of the material balance on
1 kg of the product, technological calcula-
tions have been carried out, then appro-
priate equipment has been choosed.

In Russian

TpULIATe/IbHbIE a3pOOHbBIe OakTepum, a
TAaK>Ke aHA9POOHBIE OPraHM3MBI [2].
Hekoropble 13 3TUX COeQVHEHUI
IPeACTAB/SAI0T CO0O0J IPORYKTBI IIPU-
ponHoro npoucxoxpenus. Tak, 2-MeTn-
1,2,3,4-XVHONNH  CONEPXKUTCA B MO3re
venmoBeka. Juckoxabpun C, mpencras-
AU cOO0I TMOMMIMKINYECKYIO CY-
CTEMY Ha OCHOBE TE€TPAryJpOXMHOJNHA,
SIBJISIETCST MOPCKMM anKajouzpoMm [3]. du-
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HEMMLIVH, KOTOPBIIT IIPefCTaBsAeT COOO0I
HIPUPOJHBINL IPOTMBOOIYXOJIEBbI/l aH-
TUOVMOTHUK, MMeET CIOXKHYIO CTPYKTYPY,
MOCTPOEHHYIO Ha OCHOBE TeTPaTruipOXu-
HOJIHOBOJL cucTeMsl [4, 5]. 2,4,6-Tpusa-
MEIIeHHBIl TeTParuipOXMHONNH 1, BBI-
[eJIeHHbII U3 TPOMUYECKOTO PaCTeHNs
Martinella iquitosensis (cemeiicTBo 6ur-
HOHIEBBIE), IPOSIBJISIET aKTMBHOCTDh KaK
AQHTAroHUCT QuUsMonornuecku u dapma-
KOJIOTMYECKM aKTUBHOTO IIEITHU/IA, CHI-
JKAIOI[Ero KPOBSIHOE JTaBIIeHIe, OpaIuKu-
HuHa [6].

MHO>XXeCTBO OTHOCUTENIBHO IPOCTBIX
CUHTETUYECKUX 1,2,3,4-TeTparugpo-
XMHO/IMHOB Y)Xe VICHO/Nb3yeTcs WIN Te-
CTMpYeTCs B KadecTBe MHMOTEHIVaTbHbBIX
JIeKapCTBEHHBIX cpefcTB. Cpeny HUX HaM-

HO,C

6o7ee XOpOIIO M3BECTHbI OKCAMHUXMH
2, mycrosomuyy [7], HukanHompon 3,
a TaKk)Ke HOBBIII aHTMOMOTVK BYPAHTMMU-
uuH 4 (8, 9].

Onun u3 Haubonee 3¢deKTUBHBIX
CUHTeTVNYECKNMX IIyTell MOMyIeHMs TaKIX
CUCTeM TMpefcTaB/sieT coboit TpexcTa-
OMIHYI0 IIOCTeNOBATeNIbHOCTh JICXOLS
U3 0pmMo-3aMeleHHBIX OeH3aIbIernaoB,
BK/TIOYAIOLIYI0 LMKIN3ALNIO OPrio-BU-
HWIAMATKIWIAHWINHOB 10 MeXaHU3MY
mpem-aMuHo 3¢ dexra.

ITenbio paboThI siB/sIeTCs pa3paboT-
Ka MeTOJIa CHHTe3a IPOU3BOJHOTO TeTpa-
TUPOXMHONMMHA C UCTIONIb30BAHMEM I~
K/IM3aLi, IpOTEeKAoIell 10 MeXaHU3MY
mpem-aMuHO3 b deKTa.

MeToauka nposefeHns nabopaTopHoro cuHTesa

CuHTe3 2-MUPPOIUAUH-1-MI-6eH-
samppgerngoB 5. K pactBopy 1,0 mn
(9,49 mmonp) 2-dropbeHsanbierna B
8,0 mn IM®A pob6apngior 9,88 MMOIb
pankuiamuaa u 1,38 1 (9,88 mMmonib)
Kunarar na r1miepumHOBOI
6ane npu temueparype 150 °C B TeueHne
20 4. OKOHuaHMe peaxkLuu OIpemens-
for npu nomomu TCX. [lanee peaxuu-
OHHYIO MacCy OXJIaXJaloT JO KOMHAarT-
HOJI TeMIleparypbl, KOOAaBIAIT 75 MI
BOZIbl U TIPOAYKT O9KCTParupymoT 3TH-

ImoTamia.

naneratoM (360 Mmn). O6benyHeHHBIN
OpPTaHMYECKUII 9KCTPAKT IIPOMBIBAIOT
pactBopoM xopucroro amMmonwus. Op-
TaHMYecKnit cmoit cymrar Hajg MgSO,,
pacTBOpUTEIb YIApUBAIOT IIOf BaKyy-
moM. Brixop 1,54 1 (93 %). Kopuunesoe
macno. Cnextp AMP 'H (IMCO-d),
o, m. 1. (J, Tx): 10.01 (1H, c., CHO), 7.61
(1H, 1. 1. ], = 8.0, ],= 7.2, ArH), 7.35-7.29
(1H, m., ArH), 6.89 (1H, 1., ] = 8.0, ArH),
6.75 (1H, 7., J, = J, = 7.2, ArH), 3.33-3.30
(4H, m., 2CH.), 1.99-1.96 (4H, m., 2CH,).
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Haitneno, %: N 7.5. CHHBNO. Brruncre-
HO, %: N 7.99.

Cunres (3aS*,4R*)-4-nua-
HOo-1,2,3,3a,4,5-Tekcarugpo-1H-
nuppomno[l,2-a]xuHonnH-4-Kap60THO-
amMmpaa. B peakumoHHBI cocyn 06beMOM
10 MJI TOMeINaT 2-AuaaKuIaMIHOOeH-
sanppernf 5 (0,5 MMoOnb), H-OyTaHONI
(0,25 M) u umanTmoaueramuy (1 3kB.).
PeakI[MOHHBIN COCYJ, 3aKpbIBAIOT CVIJIN-
KOHOBOJT KPBIIIKOJ ¢ TeppopupoBaHHON
CEIITOV ¥ HarpeBaloT B MUKPOBOTHOBOM
peaxTope. ITocme oXmaKHeHUs CXKaThIM
BO3/IyXOM PeaKI[MIOHHYI0 MaccCy IepeMe-
IAI0T B KPYIJIOFOHHYIO Ko7by. PactBo-
PUTD ypanAawoT in vacuo. TBepablit ocTa-
TOK KPUCTAJUIM3YIOT 13 9TaHOJA.

Brixop 0,41 r (79 %). KpacHo-kopuy-
HeBBble KPUCTAIBl. BTOpoit amactepeo-
Mmep B criektpe IMP 'H ne Habmomaercs.
T. mn. - 222-223 °C. Cnextp SIMP 'H
ocHOBHOTO finactepeomepa (IIMCO-d),
8, m. 1. (J, Ty): 1.73-1.85 (1H, m., CH_);

1.88-2.02 (1H, m., CH ); 2.05-2.18 (2H,
m., 2CH, ); 3.18 (1H, 1, ] = 162, 5-CH, );
3.22 (1H, 1. 1, J, = 9.0, J, = 6.2, 1-CH_;
3.47-3.58 (2H, m., 3a-CH,, 5-CH, ); 3.86
(1H, 1. ., ], = 9.0, ], = 5.8, 1-CH, ); 6.57
(1H, n., ] = 8.4, ArH); 6.60 (1H, 1. n., ],
=74, ] = 7.6, ArH); 7.03-7.16 (2H, m,,
2 ArH); 9.19 (1H, c, NH); 10.23 (1H,
¢, NH). Cmekrp SAMP2C (100 MIi,
OIMCO-d,), 8, m. a. (J, Tm): 23.1 (CH,);
29.0 (CH,); 39.5 (CH,); 47.9 (C-5); 53.3
(C-4); 63.6 (C-3a); 111.7 (CH Ar); 116.2
(CH Ar); 117.8 (C Ar); 118.3 (C Ar); 128.4
(CH Ar); 129.1 (CH Ar); 142.8 (CSNH,);
200.4 (CN). MK-cmektp, v, cm’: 7525
1370; 1418; 1456; 1602; 1632 (C=S); 2237
(CN); 2854; 3148; 3271; 3373. Macc-
cnextp (Y, 70 aB), m/z (I, %): 257
[M]* (43); 224 (10); 197 (22); 196 (27);
195 (100); 168 (8); 140 (8); 130 (12); 128
(10); 60 (8). Haitmeno, %: C 64.8; H 6.0; N
16.1. CMH N.S. Boruncneno, %: C 65.34;

157 °3

H 5.87; N 16.33.

XapakTepucTuka rotoBoro npogykra

Haumenosanue npodyxma: 4-1uaHo-
1,2,3,3a,4,5-rexcarugponupposno|1,2-a]
XMHOMMH-4-THoKapOokcamug. Moreky-
nApHas Macca: 257,355 r/Moib.

CmpyxkmypHas popmyna:
S NH,
=N
N

Xapaxmepucmuka ucxooHozo o6pas-
ua:

CraHpapTHBI 06paser] yTBepXKaaeT-
Cs1 B yCTAaHOBJIEHHOM ITOPSIJKe.

CraHpapTHBI 00pasel] MOAIEKNUT 3a-
MeHe BHOBb IIPUTOTOB/IEHHBIM I yTBEP3K-
IeHHBIM Yepes 6 MeCsILIeB.
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Cpox peiicTBuA, €ro IpojjieHue I
XpaHeHMe CTaH[JapTHOro obpasiia ycra-
HaB/IMBaeTCA B COOTBeTCTBUMM C VIH-
CTPYKI[Veli 0 0TOOPY, UCIIBITAHNIO, yT-
BEPK/IEHII0, XPAaHEHNIO U PACXOIOBAHIIO
CTaHJAPTHBIX 006PA3I[0B, YTBEPKIECHHBIX
B YCTaHOBJIEHHOM IOPAJIKE.

Ta6muna 1
XapaKTepHUCTIKA TEXHNYECKOTO PO yKTa
Haumenosanue
Hopma
MoKas3aTens

IMopomok
1. Buemnmii Bupg KOPMYHEBOTO

1BeTa

2.
Conepxarne He 6omee 1,0 %

npuMecen

3. Temmepatypa 223 °C
IUTaB/ICHMS

4. PacTBOpUMOCTD C,H,OH CHCI,




CraHmapTHEIH 00pa3er XpaHHUTCS B
TePMETHYHO 3aKPLITON Tape B CYXOM 3a-
temHeHHOM MecTe rpu 0-20 °C.

XapakTepuCTUKa CHIPbSI U MaTepua-
JIOB IpKaHa B Tabm. 1-2.

Tabnuua 2
XapaKTepUCTHKA CBIPbA Y MaTepUaIoB
TI'OCT, OCT,
pernmaMeHT u IToxasarenn,
Copt unun
HammeHoBaHMe | MeTOmMKa Ha ATV o6s3aTenbHbIE 1A IIpumevanusa
MOJTOTOBKY PTHKY. NPOBEPKN
CBIPbA
1. Iuppomuans- W3 xpanunnia
- Peakr. MaccoBas gonsa > 85 %
6eH3aIbIerny Xp-1
2.2- -
[aHo - Peaxr. Maccosas mons > 60 % Co ckmama
THOALleTAMMUJT
3. H-Oy TUIIOBBII TOCT 6006-78 | Pacrs., «. MaCCOBaﬂo,uonﬂ >99,5% | V3 xpanunuiia
CIMpT T =117°C Xp-2
4. i I'OCT 18300- n
OTHIOBBIN PactB., u. | MaccoBas nons > 96 % 8 Xparinina
CoupT 87 Xp-11

Cragum n xuMn3M npouecca

1. Ilonyyenne 4-umano-1,2,3,3a,4,5-
rekcarugponuppono[l,2-a]xuHonuH-
4-Tokapbokcammpa:

2. OubTpalya ¥ IPOMBIBKA.

3. CyuIka IpopyKTa.

4. Tlepexpucrammmsanns IpoOgyKTa B
9TaHOJIE.

5. OuibTpanya 1 IPOMBIBKA.

6. CyIIka MpomyKTa.

TexHonmornyeckas cxema IpUBeTeHa
Ha puc. 1.

CxeMa MaTepuanbHBIX IIOTOKOB ITOKa-
3aHa Ha puc. 2.

OcHOBHbBIE KOHTPO/IbHBIE TOUKY TIPO-
M3BOZCTBA IIPUBENEHDI B TAOT. 3.

0O S NH,
|
S
T JJ\///N £.ch N
BuOH

M.m. 175 M.m. 100 M.m. 257

OpMO-TIMPPONMANHOEH3A/IBIETH],  LIMAHTHOALeTAMU FeKCaruApOXIHONH-
kapboTnoamup

OnucaHue cTaguii TEXHONOrMHYECKOro npouecca

IToaroToBKa 06OPYHOBAHNA U CBIPbST
Ilepen HauamoM IPOM3BOJCTBEHHBIX
paboT OCYILIECTB/SIOT IJIAHOBO-IIPEy-
IpeNTeNbHbII PEMOHT BCero 060pymo-
BaHIA, MPOBEPSAIOT €r0 TepMeTUYHOCTDb

U HafI©KHOCTD 3a3eMJICHM S, TIPOU3BOJAT
perynupoBKy BecoB. KoHTpormo noasep-
raotcst Bce mpubopst KUIInA, mynsrst
yIIpaB/ieHus, 06CIyXUBaoLIe TEXHOTIO-
TMYecKuil mpolecc. ANmnaparhl TIaTesNb-
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Puc. 1. IlpuHnunmanbHas anmnapaTypHas cxeMa IIpoM3BOACTBa 4-11naHo-1,2,3,3a,4,5-
rexcaruzipornnppono|1,2-a]xunonun-4-ruoxkapbokcamma

Tabmuma 3
OCHOBHBI€ TEXHOTIOTMYeCKNe IapaMeTpbl
HaumenoBanne | KonTponupyembiit Mertopn
Konrponbhas
rouKa obbekTa TapameTp Hopmatus U CPENCTBO
KOHTPONA VI pa3MEPHOCTD KOHTPOIA
PactBop
PacrBopumocTb IMonnoe pacrso-
KT1 THOAMMJA BusyanbHo
THOAMMUJIA peHue BelecTsa
B H-OyTaHOTE
OT1cyTcTBHE B
Peakimonnas TlonHoTa MIPOXOXK- -pe MCXOTHBIX
KT 2 a b b-p A TCX
Macca IeHWUsA peaKkuyn THOAMUJIA U
anpperuga u I'T
ONeKTPOKOHIYK-
Copepskanne TOMETPUIECKII
KT 3 ITacra P o He 6omee 0,3 P
Braru, % MeTOJ] u3Mepe-
HUS BTAYKHOCTH
PactBop npo- PactBOopumocTth IlonHoe pacTBO-
KT 4 pop p P BusyanbHo
AYKTa B 9TAHOJE | TMOKapOOKcaMufia | peHie BelecTBa
ONeKTPOKOHIYK-
Copgep:xaHue TOMETPUIECKI
KT 5 ITacra p o He 6omee 0,3 P
Braru, % MeTOf] u3Mepe-
HIS BTAYKHOCTH
CriekTpockonus
. CopepxaHue 'H AMP, macc-
Tosapwnbrit
KT 6 OCHOBHOTI'O He menee 99 CIEKTPOMETpu,
PO YKT o .
BelecTBa, % 371EMEHTHBIN
aHaau3
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HO IIPOMBIBAIOT BOJON, CyIIaT, IPOBe-
PAIOT UCIIPaBHOCTb PabOThI MeLIaIKu U
npuBofa. B Tabm. 4-8 npuBemeHbl NCXO/-
HbI€e JJaHHBIE [JI IPOM3BOJICTBA.

IIpoulecc HauMHAIOT C IOJATOTOBKM
ChIpbsi ¥ 060pyRoBaHus K pabore. Coipbe
[IPOBEPAIOT Ha HEOOXOMMble Ka4eCTBEH-
Hble ITI0Ka3aTeNN: IOJIMHHOCTD, COfep-
JKaHue OCHOBHOro BemiectBa. Ob6opyzno-
BaHl€ IIPOBEPAIOT Ha YMCTOTY, CyXOCTb,
repMeTUYHOCTb. MaTepuasnbHble OamaH-
Cbl y3710B 1-4 npuBeneHs! B Tabm. 9-17.

TII 1. Ilonyuenue muoxapbokcamuoa

IIpenBapurenbHO XPpaHWUINIIA
Xp-1, Xp-2 n Xp-11 3anonHA©0T OUppo-
NMUANHOEH3aMbAEINAOM, H-OYTaHOTIOM 1
9TAHO/IOM, COOTBETCTBEHHO. B OyHKep
mHekoBoro numrarensa II-3 sarpyskaror
LMaHOALleTTHOaAMU/I.

B mepHuK M-5 ¢ MOMOLIBIO CXKATOTO
asora 13 xpaHmmuia Xp-1 nmopair OeH-
sanpperny. V3 xpanmwmma Xp-2 ¢ 1o-
MOILIBI0 CKAaTOTO a3oTa B MepHuMK M-6
HOfaoT H-OyTaHON. B 4mcThil U mpose-

Gus
G wbyranona
G armmren| Ve |
5 Xumuueckas
SR
peaxist
Gpm. | M
G Vaen 2 G gumpama
n-GyTanona >
———»  QuisTpanus u G noreps
I[IPOMBIBKa
G mactei| T2
G eryunx sewecrn
| —
V3exn 3 Cymka G oo,
Byrauo.
G ocan.| M3
G sramona Vaen 4 G orepu
— ——»
IMepexprcTaim3ans
G mactel | Mg
G Vien s G gumpans
ranana P ——
Qunprpata H |G yoreps
POMBIBKa
Gocan. | Ns

G noreps
V3en 6 Cymka | G jeryun semecrn
| penym el

G Hpﬂ:l-l s

TOBAPHBIH NPOIYKT

Dranon na
NePEKPHCTAILIH3ALHNIO
————|

Tabnuua 4

YcnoBHble COKpaleHm:A

IMupponuanHOeH3aIbAET U], ITIBA
HuanTnmonerammy TA
byTanon b
OTaHoN S)
Tuokap6okcamup, TKA
Tabmuma 5

VicxonHble jaHHBIE /1A pacyeTa

Cocmas mexHuueckozo IIBA

TTIBA uuctorit 0,98
Bopbl B TEXHMYECKOM IIPOAIYKTE 0,01
[Ipoune npumecn 0,01
Cocmas mextuueckoeo TA
TA ancreiin 0,99
[Ipoune npumecu 0,01
Cocmas mexHuueckozo TKA
TKA 4ucTsrit 0,995
Boppsr 0,001
IIpoune npumecu 0,004

TIupponsin-

InanoTHOALETAMHT

Genzanbierni Byranon

TII-1 Honyuenne
TeKCaruIpOXHHOIHHO
THOKapBokcaMHa

|

i Ha npombieky | TTI-2 GumpTpanms n
Y
MPOMBIBKA MPOTYKTa

TII-3 Cyuika
NPOLYKTA

Dunprpar
—

Jletyune BemecTsa

TPOTYKTa

TTI-4 TlepekpucTanTH3ama

TII-5 ®unbTpamms
NPOIYKTa
TII-6 Cymrka
TPOIYKTa

TOTOBBIH MPOIYKT

DuniTpar

Jleryune seuiectna

Puc. 2. CxeMa—rpad) " MaTepuraabHbI€ IIOTOKU TEXHOIOTMYIECKOTO ITpoLecca
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Tabnuma 6
Boixopp! 1o cragusam

TII 1 Xumudeckas peakijyus n,=0,89
TII 2 OGunerpanys u n,=0,87
IIPOMBIBKA

TII 3 Cymika n,= 0,85
TII 4 TlepexpucTammsanus n,= 0,99
TII 5 @unbTpanyua u n,= 0,87
IIPOMBIBKA

TII 6 Cymika n,= 091
O61uit BHIXOT, >n = 0,65

peHHbI peakTop P-4 u3 mepHuka M-6 ¢
CMBAIOT OYTAHOJ, BKIIOYAIOT MELIANKY,
3aTeM CaMOTEKOM 3arpy’kaioT OeHsayb-
nerup u3 M-5. ITocne nmogaun cnupra u
6ensanperuaa mHekom I1-3 B peakTop
nojamT Tuoamum. Ilo OKOHYaHUM 3a-
TPY3KM THOAMKJja OTKIIOYAIOT IIHEKO-

Tabmma 7
MoJbHbIE MAaCChI PEATEeHTOB
U IPOAYKTOB peaKIyu

meA | TA | B 5 | TKA

17523 | 100,14 | 74,12 | 46,07 | 257,36

Tabmuma 8
MarepuanpHblit 6anaHc IO y371aM
3arpyska
CpIpbs, B T. 4. g y
[MupponuanubeH3anbaernia 1,0 | 0,980
Tuoamuma 1,0 | 0,985
H-OyTaHOIa 0,5 | 0,97
Sra”ona 0,6 | 0,97

BbIIl MUTATENb, T€pMETNYIHO 3aKpbIBAIOT
JIIOK, OTKY/Ia II0AaBa/IOCh ChIPbE.

ITocne 3arpyskm MCXOJHBIX BEIIECTB
peakTOp IIOTHOCTBIO TE€PMETU3NPYIOT,

Tabmuua 9
MartepuanbHbiii 6ananc ysma 1
3ATPYXEHO ITIOJIYYEHO
g : g | & B 2 e ®
g g ° $ & ) : £
S§ § = N = © = = hd
= w =3 2 B = w =
= O g ¥ S g = g 2 =
g £ 53| 8| 8 =2 23 8| 8
a2 ] Q Q S 9 & 9 Q Q
Z 5 c & s s &K s g s s
O B 2| = = = o & = =
L. [upporu- Peakimonnas
IVHOEH3aIbIern, 100,0 | 1,037 1 100,0 | 3,021
Macca, B TOM YUCIIe:
B TOM 4YuCJIe:
TIBA 100 % 97,975 1,016 | TKA 56,5 1,708
Bopma 0,964 0,010 | I[IBA ocT 3,7 0,112
IIpumecn 1,061 0,011 | TA ocr 5,5 0,165
2. Tuoamuy, 100,0 | 0,985 B 100% 32,1 0,970
B TOM YUCJI€:
TA 100 % 98,477 0,970 | Boma 1,3 0,040
IIpumecn 1,523 0,015 | [Ipumecn 0,9 0,026
3. Byranon, 100,0 | 1,000
B TOM YUCJI€:
b 100 % 97,000 0,970
Bopa 3,000 0,030
NUTOIO 3,022 MUTOTO | 100,0 3,021
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OCTaBJIsAsl INIIb OTKPBITBIM KpaH Ha JIU-
HUM, CBSI3BIBAIOLIEN DPEAKTOP C aTMO-
cdepoit (Bospymika). [lamee B pydamky
[IOfIAI0T OCTPBINl Tap, HarpeBasi peakiu-
OHHYI0 cMech fo 115-120 °C u Bbifiep-
JKUBAIOT TP BKIKOYEHHON MeIIANKe B
TeyeHne 6 4. TermmoobMenuuxk T-7 obec-
[eYnBaeT KOHJEHCAI[MI0 PaCTBOPUTENs

Ta6bmmma 10
JononuuTenbHbIE MCXOJHDIE JAHHDIE

Cocmas ocadka nocrne npomwsxu

OcajioK, BT. 4. y
100 % TKA 0,988
BOJIBI B OCajiKe 0,01
IIpUMECH B OCafiKe 0,002

Cocmas mamounozo pacmeopa b

IIpM HarpeBaHUM peaKIMOHHON cMecu B PacTtBop, BT. 4. y
Te4eHMe BCeil CTagul XMMIIECKOI peak- 100 % b 0,942
uyn. Io nctedyeHun 6 4 mpexpaiaoT Io- BOJBI B PacTBOpE 0,008
lady Iapa M OXJIXK/IAIOT PEAKIMOHHYI  mpuMecy B pacTBOpe 0,05
CMeCh XOJIOJIHOM BOJOI, IOJaBaeMoil B
Tabmuma 11
MarepuanbHblit 6anaHc y3aa 2
3ATPY>XEHO ITOJIYYEHO
= =
=X = 2 | 2 = = 2 | 2
= >< = A 5 = 7 =
=g : | & = Sz s | £ =
2E g5 8| 8 g8 59| ¢ g
o = 9 Q Q °o 92 = 9 Q Q
2 8 o g s < &E o g S ot
O E o | = = (=] o2 | = =
1. PeakionHas
macca, 100,00 | 3,021 1. Ocagor, 100,00 | 1,504
B TOM YNCJIE:
B TOM 4UCIIE:
TKA 56,538 1,708 | TKA 98,80 1,486
Bopa 1,324 0,040 | Boma 1,00 0,015
b 100 % 32,109 0,970 | Ilpumecn 0,20 0,003
2. MaTo4HBII
[Ipumecn 10,030 0,303 | pacTBOD, 100,00 | 1,030
B TOM 4YuCJIE:
2. b Ha mpoMbIBKYy 0,854 b 100 % 94,20 0,970
Bopga 0,80 0,008
IIpumecn 5,00 0,051
3. Gwstpar, 100,00 | 1,117
B TOM 4YuCJIE:
b 100 % 76,45 0,854
Boma 1,52 0,017
IIpumecn 22,02 0,246
4. ITotepn 0,222
nTOoro 3,875 UTOrOo 3,873
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pybauiky. Jamee mepesaoT CyCIleH3NIo B 10T B MepHuK M-6 H-6yranon. Ilocme
LeHTpUYTY A1 OTHENIeHUA OCaKa. 3TOrO B aBTOMAaTM3MPOBaHHYIO LIEHTPU-
TII 2. Qunempayus u npomvLeKa ¢yry c BepxHeil BbIrpy3Koit ocazka 11-8
IIpegBapuTtenbHO M3  XpaHWIMILA  TIPVHMMAIOT CYCHEH3MIO M3 peakTopa
Xp-2 ¢ IOMOIBI0 CKATOro a30Ta moja- P-4, TBepayio ¢pasy oTGUIBTPOBIBAIOT 1

Tabmuma 12
MarepuanbHblit 6ananc y3iaa 3
3ATPYXEHO IIOJIYYEHO
g o g °
= - =
3 T » a = I
A s~ | 9 E . s~ | o E
5 E é S | o « gl S é g = « ol
2 4 o < 31 O X S o < Q O X
£5¢ 5218 |83 2.8 52| 8 g3
O = E OxR | = E|=E= = S E oxR |=E| ==
1. s 1. TKA i,
Ocapox 100,00 | 1,504 cyxon 100,00 | 1,273
B TOM 4ICJIE: B TOM 4YlCJIE:
TKA 98,80 1,486 | TKA 99,74 1,2694
Bopa 1,00 0,015 | Boga 0,10 0,0013
IIpumecn 0,16 0,0021
2. Jletyue, 100,00 | 0,015
B TOM 4YMCJIE:
IIpumecn 0,20 0,003 Bora 93,81 00138
IIpumecn 6,19 0,0009
3. Ilotepn 0,223
NUTOTO 1,504 NUTOTO 1,505
Tabmuma 13
MarepuanbHbiii 6ananc ysna 4
3ATPYXEHO ITOJIYYEHO
= - T
= ] 5 2 T IS
5 s = = s =
3 . E 2 S E < i* =3 2 3 2 g E < i‘
Ep ¥ c2]8 | g3 g2 g2 3 g g
| O & ST | E = S 3 =~ E o S S o s 3
O E E ox |= 2| == = o £ ox| =8| =273
1. TKA cyxoi1, 100,00 | 1,273 1. Cycnensunu, 100,00 | 1,263
B TOM YUCJIE: B TOM YUCJIE:
TKA 99,74 1,2694 | TKA 100% 99,73 1,2601
Bopa 0,10 0,0013 | Bopa 0,10 0,0013
ITpumecnu 0,16 0,0021 | Ilpumecn 0,17 0,0021
2. 9 TEXHNYECKOTO, 0.785 2. O TeXHUYECKUTA, 100,00 | 0,785
B TOM YUCJIE: B TOM YUCIIE:
2100 % 0,761 |2 100 % 96,943 0,7610
Bopma 3,057 0,0240
Bopa 0,024
3. Ilorepn 0,0096
NUTOTO 2,058 NTOTO 2,058

234



MPOMBIBAIOT MMHMMATIbHBIM KOMAMYECT-  IepefaloT B cymmnky C-10. OumbTpat
BOM XOJIOFHOTO CIIMPTA, TOZaBaeMbIM U3  (H-OYTHIOBBIIL ClMpPT) COOMPAIOT B cOOP-
MepHuuka M-6. IToce mpombIBKM ocafok  Huke CO-9 u IepefaioT Ha pereHepanmio.

Tabmuua 14
JlomomHuTeTbHbIE KICXOTHbIE TaHHbBIE
Cocmas ocadka nocne npomvL8Ku
Ocajmoxk, B T. 4. Y
100 % TKA 0,995
BOZIBI B OCajiKe 0,003
IIPMMECH B OCafiKe 0,002
Cocmas mamourozo pacmeopa b
PactBoOp, B T. u. Y
100 % 9 0,994
BOJbl B pacTBOpe 0,002
IIpuMecCeil B pacTBOpe 0,004
Tabmmma 15
MarepuanbHblii 6ananc ysna 5
3ATPYXEHO ITOJIYYEHO
. : | Z : |
spf | 22|% | EBZ| EF¢ | E2@ |&8
SEE Se|=g| =S SR S=|sg| =82
;g{fi;ﬁtm 100,00 | 1,263 i‘ys}f::“o"’ BTOM 1 100,00 | 1,102
TKA 100 % 99,73 1,2601 | TKA 99,50 1,0962
Bopa 0,10 0,0013 | Boma 0,33 0,0036
ITpumecu 0,17 0,0021 | ITpumecnu 0,20 0,0022
2. D TeXHUYECKUIL, 2. Marounbiit
O — 100,00 | 0,785 pacTsop, 100,00 | 0,766
B TOM YHCJIe:
9100 % 96,943 0,7610 | 2 100% 99,40 0,7610
Boma 3,057 0,0240 | Bopa 0,20 0,0015
IIpumecu 0,40 0,0031
3. D Ha IPOMBIBKY 0,756 9 100% 97,21 0,7560
Bona 2,64 0,0205
IIpumecu 0,15 0,0012
4. [orepu 0,068
NUTOroO 2,804 NUTOroO 2,803
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TII 3. Cywka

Ilocne ¢unsTpoBaHMSA OCANOK BPYyU-
HYyIO BBITPY’KAlOT B ITOJIOYHYIO CYIIUJIKY
C-10. TTacty pa3memiaroT Ha IOJKax, B
CHCTEME CO37Iat0T BakyyM 250 MM pT. CT.
u BHYTpH Tonok mogaroT map 0,4 Mlla.
IIpomoIDKUTENBHOCT CYIIKHA COCTABIIACT
2 9, ipu Temneparype 70 °C. Breicymen-
HBII MPOIYKT OTNPABISAIOT HA TEPEKpH-
CTAJUIM3ALMIO AJIS JallbHEHIIEeH OUUCTKU
OT TIpUMECEH.

TII 4. Ilepexpucmannuzauus

C menbio yBelIMdyeHUs BBIXOAA U JIO-
IIOJTHUTENbHON ~ OYMCTKM  KOHEYHOTO
IPOAYKTa IPOU3BOJLUTCA IIEPEKPUCTANI-
Mu3aluMA ero u3 sTaHona. [lna sToro
IpefiBapUTeIbHO B MepHUK M-15 ¢ 1o-
MOIIBIO CXKATOrO a30Ta M3 XpaHWINIA
Xp-11 moparoT 3TWIOBBIA COUPT. 3aTeM
BK/IIOYAIOT MeEIIAJIKY, IIOMEIAIOT BbICY-
HIeHHbIN ocafok u3 C-10 B peaktop P-12,
U TePMETHYHO 3aKpBIBAIOT JIIOK, 4Yepes3
KOTOPBIII OJaBacsa 0CajoK.

ITocne 3arpysku ocajika peakTop IoJ-
HOCTBIO T€PMETU3UPYIOT, OCTAB/IAA OT-
KPBITHIM KpaH, CBA3bIBAIOLEN DPeaKTop
¢ armocdepoii (Bospymka). B pybamky
peakTopa IoflaeTCs TOPAYMIL paccorl, Ko-
TOPbIJi HarpeBaeT PeaKLMOHHYI0 CMeCh
no 78-80 °C. Harpes npopo/mxaeTcs OKo-
70 15-20 MUH [0 TIOTHOTO PacTBOPEHMS
ocanka B crnupre. Jlanee mpekpamjaior
Mofla4y TOPAYero paccona U OXIaX/aloT
pacTBOp, IofiaBasi B pybalIKy peakropa
P-12 xonopgHyto Boy. OXnaxieHHYyIO Cy-
CIIEH3MIO TIepealoT Ha GUIbTPOBAHIE.

TII 5. Punvmpauus u nPomvLéKa

B aBTOMATM3MPOBAaHHYIO LieHTpUPY-
Iy C BepXHell BBIrpyskoil ocapka II-14
OPMHMMAIOT CYCHEH3MI0O M3 pPeaKkTopa
P-12, tBepayio ¢azy oTGuIbTpOBBIBAIOT
U TIPOMBIBAIOT MUHUMANbHBIM KO/MMYe-
CTBOM CIIMPTA, IOflaBaeMbIM 13 MEPHIUKA
M-15. TTocre GunbTpanum 0cajjoK mnepe-
pator B cyummnky C-17. @umprpar (a11-

Tabmumna 16
MarepuanbHblit 6amaHc y3na 6
3ATPYJKEHO ITOJIYYEHO
= = >
T M A = — I
5 2 $9| & & g 2 o $o| & g
2 B g &g | 8 S 8 =2 E 23| g 8 8
gex 22| g g0 g% c 22| g g0
S = & oxr | =2E| == = ox | =E&| =S
1. Ocapoxk L TKA
’ FIO 100,00 | 1,1021 (ToBapHbIIL), 100,00 | 1,000
B TOM 4NCTIE:
B TOM 4HCTIE:
TKA 99,50 1,0962 | TKA 0,995
Bopa 0,33 0,0036 | Ocrt. BomTa 0,001
IIpumecn 0,004
2. Jleryuue, 100,00 | 0,0020
B TOM YNCTIE:
Ipumecn 0,20 0,0022 Boma 65.00 0.0013
IIpumecn 60,00 0,0012
3. Ilorepn 0,100
WUTOTO 1,1021 NTOTO 1,102
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JIOBBIIT CIMPT) COOMpAOT B COOpHUKe
C6-16 1 IepeaoT HA PETeHEPALNIO.

TII 6. Cywixa

IToce ¢uaBTpOBaHUSA OCATOK BpydU-
HYIO BBITPYXAIOT B CYIIMIBHBIA IIKad
C-17. Tlacty pa3memaroT B MOJAOHAX
Ha TOJNKaxX IMmKada, B CHCTEME CO3IAI0T
BakyyM 250 MM pT. CT. ¥ BHYTPb TOJIOK

nonatot map 0,4 Mlla. [Ipomomxurens-
HOCTB CYIIKH COCTaBIISICT 2 U, TIPH TEM-
neparype 70 °C. Jlamee BBICYIICHHBIH
MPOAYKT TPOXOIUT KOHEUHYIO ITPOBEPKY.
[Ipn ymoBIETBOPHUTENBHBIX pPE3yIbTaTax
aHaJM3a MPOAYKT YIMaKOBBIBAIOT U TPaH-
CIIOPTHPYIOT.

Tabmuma 17

BemomocTh-cnenudukanus 060pysoBaHus

Texumueckas XapaKTEepUCTUKA

PeakTopnl

OCT 26-01-1246-75. BuyTpeHHuit o6beM ammapa-
ta — 0,315 ™* VicnonHenme ammapara 0010-1.0,6,
BHyTpeHHMI fuameTp D = 660 Mum, BpicoTa h = 920
MM. BepTukanbHbII anmapaTr ¢ IepeMeNyBaIOLIM
YCTPOICTBOM IpEJHA3HA4YeH NIl MPOBEJEHUS pas-
NMYHBIX TEXHOJOTMYECKUX IIPOLECCOB B >KUKUX
onHOGa3HBIX U MHOroQasHbIX cpefiax. Marepuaib-
HO€ JCIIOJIHEHMe KOpIIyca almapaTa — CTaldb MapKu
12X18H10T B coorBerctBuu ¢ TOCT 5632-72. Ycnos-
HOe u30bITOYHOE [aBieHne B Kopmyce — 0,6 Mlla.
Momnoctb gurarens — 0,6 kBr. [JorrycTrMoe Hapy»-
Hoe pasnenue 0,576 MIla. OcHaleH I71afikoii IpuBap-
Hoit pybarukoii B coorBerctBun ¢ OCT 26-01-984-74,
pamHoI1 Memmankoi MIT101-10-5,74-3/167-A02-41-6

Haume- | Kon-Bo | Marepuan pa-

HOBaHMe | efuHUI] | 6Godeil 30HBI
P-4 1 12X18H10T
P-12 1 12X18H10T

OCT 26-01-1246-75. BHyTpeHHUIT 06beM aIIapaTa —
0,315 m®. Vicionuenne anmapata 0010-1.0,6, BHyTpeH-
Huit uameTp D = 660 MM, Bbicota h = 920 mm. Bepru-
KaJIbHBII1 allllapaT ¢ lepeMeIlNBaIOLIMM YCTPOIICTBOM
IpeHasHayeH /I IPOBeJeHM Pa3/INYHbIX TE€XHO-
JIOTMYECKMX TIPOIECCOB B JKMUAKMX OFHO(A3HBIX U
MHOro(asHbIX cpefax. MarepuanbHOe MCIIOTHEHIE
KopIryca anmapara — craab mapku 12X18H10T B co-
orserctsuu ¢ TOCT 5632-72. YcrmoBHOe 30BITOUHOE
masnenue B xopmyce — 0,6 MIla. MomnocTs Bura-
tensa - 0,6 kBT. [JonmycTumoe Hapy>KHOe HaBJIeHME —
0,576 MIla. OcHaleH IIafjKo¥i IpUBAapHOI pybai-
ko1t B coorBercTBuu ¢ OCT 26-01-984-74, pamHoI
memrasnkoi MII01-10-5,74-3/167-A02-41-6
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Hawnme-
HOBaHIIEe

Kon-Bo
eIVH I

Marepuan pa-
60u4eit 30HbI

[Tpomomkenue tabn. 17

Texuuueckas XapaKTepUCTUKa

Mepuuxu

12X18H10T

T'OCT 9931-79. O6o03nauenne B391-1-1-0,6. Homu-
HaJIbHBIN 00beM — 0,040 M. BepTuxanbHbII IeTbHOC-
BapHbIIl aNmapar ¢ 3/UIMNTUYECKUMIU JHUIaMK. [n-
ametp ammapara D = 400 mm, h = 400 mm. [Tnomans
BHYTpeHHel1 moBepxHoctu — 0,59 M2, [IpegHasHaueHbI
IJ1A TpueMa, XpaHeHNUA U BbIJa4Yy KMIKUX U Ta300-
6pasubix cpen. JaBmenne B anmapate — 0,6 MITa. Boi-
Jada >KMIKUX CpeJi OCYILECTB/IACTCA CAMOTEKOM

12X18H10T

T'OCT 9931-79. O603nauenne B391-1-1-0,6. Homu-
Ha/IbHBIN 00beM — 0,040 M. BepTuxanbHbII IeTbHOC-
BApHbIIl aNmapar ¢ 3/UIMNTUYECKUMIU JHUIaMK. [n-
ametp ammapara D = 400 mm, h = 400 mm. [Tnomanp
BHYTpeHHel1 moBepxHocty — 0,59 M2, [IpegHasHaueHbI
I TpueMa, XpaHeHMsS M BbIJauy >KUOKUX M Tas3o-
obpasubIx cpep. HaBnenue B ammapare — 0,6 MIla.
Boiiaua )KMAKUX Cpef OCYLeCTBIACTCA CAMOTEKOM

12X18H10T

T'OCT 9931-79. O603nauenne B391-1-1-0,6. Homu-
HaJIbHBIN 00beM — 0,040 M. BepTuxanbHbII IeTbHOC-
BapHbIIl aNnapar ¢ 3/UIMNTUYECKUMIU JHUIaMN. [n-
ametp ammapara D = 400 mm, h = 400 mm. [Tnomans
BHYTpeHHel1 moBepxHocty — 0,59 M2, IIpegHasHaueHbI
I/ IpyeMa, XpaHeHNUA U BbIJa4Yy KMIKUX U Ta300-
6pasubix cpen. JaBmenne B anmapate — 0,6 MITa. Boi-
Tada KUIKNX CPel, OCYIIECTBIAETCA CAMOTEKOM

Xpanunnia

Xp-1

12X18H10T

T'OCT 9931-79, o6o3nauenre '931-1-0,063-0,6. To-
PU3OHTA/IbHBIN alIapaT ¢ [BYMsA 3/IMICOMHBIMU
panmaMu. IlpenHasHadeH [ mpueMa, XpaHeHUsA 1
BBIIAUM SKUJIKUX Y Ta3000pas3HBIX Cpel MpU YCIOB-
HOM pfasyieHyy B anmnapare 0,6 MIla. [Ilnamerp amnma-
para D = 400 MM, h = 550 mm. ITnomasp BHyTpeHHeI!
nosepxHocTy — 0,78 M>. BbImava >Kupgkux cpep ocy-
IIeCTB/IAAETCS TepefjaBlIuBaHIeM CKAaTbIM BO3YyXOM,
TEXHOJIOIMY€ECKNM MM MHEPTHBIM I'a30M

Xp-2

238

12X18H10T

TOCT 9931-79, obosHauenne '931-1-0,10-0,6. To-
PM3OHTA/IbHBIN anmapar C ABYMA 3JUIMICOMAHBIMM
paumamy. IlpenHasHaden f1sa npuema, XpaHeHUA U
BBIIAYV SKMJKUX M Ta3000pasHBIX Cpef MpU YCIOB-
HOM faBneHun B anmnapare 0,6 MIla. Ilnamerp anma-
para D = 400 mm, h = 850 mm. ITnomans BHyTpeHHe
HmoBepxXHOCTY — 1,15 M” BbIgada >KUAKUX cpef oCy-
LIeCTB/IAETCA IepefaB/IMBaHMeM CXKAaTbIM BO3JYXOM,
TEXHOJIOTMYECKIM M/ MHEPTHBIM Ta30M



Hanwme-
HOBaHIe

Kon-Bo
eIVIHNLL,

Marepmuan pa-
60u4eit 30HbI

ITponomkenue tabmn. 17

Texuuueckas XapaKTEepUCTUKA

Xp-11

12X18H10T

T'OCT 9931-79, o6o3Havenne '931-1-0,063-0,6. [o-
PM3OHTAJIBHBIN amIlapaT ¢ ABYMS 3/UIMICOMIHBIMU
pHumamy. IlpenHasHaden A/ npueMa, XpaHeHUs U
BBIJIQUM SKMUAKUX U Ta3000pasHBIX Cpel NpK YCTIOB-
HOM fasneHun B anmapare 0,6 MIla. [Imamerp amnma-
para D =400 mm, h = 550 mm. IT1ommap BHY TpeHHEI!
nosepxHocTy — 0,78 M”. BbIada >kupkux cpep ocy-
IIeCTB/IAETCSA TepefjaBlINBaHIeM CKAaThIM BO3LYXOM,
TeXHO/IOTMYECKUM WM/IV MHEPTHBIM Ta30M

CoopHukn

C6-9

12X18H10T

I'OCT 9931-79, o6o3navenne 'KK1-1-1,60-0,07. To-
PM3OHTA/IbHBI 11€/IbHOCBAPHBIN aIlllapaT C KOHMYe-
CKMMU HeOTOOPTOBaHHBIMM AHuIamu. HommHaib-
Helit 06bem — 1,60 m>. [IpegHasHaveH A mpueMa,
XPaHEeHNUs ¥ BBIAYY XXUJKUX U ra3000pasHbIX Cper
npu pabouem fasriennn He 6onee 0,07 MITa. [Juametp
anmapara D = 1000 mm, h = 2150 mm. [Tnomaznp BHY-
TpeHHell MOBePXHOCTH — 7,34 M?

Co6-16

12X18H10T

I'OCT 9931-79, o6osnavenne 'KK1-1-1,25-0,07. To-
PM3OHTA/IbHBI 11€/IbHOCBAPHBIN aIlllapaT C KOHMYe-
CKMMI HeOTOOpPTOBaHHBIMM AHuIamu. HommHaib-
Helit 06bem — 1,60 m>. [IpegHasHaveH A mpueMa,
XPpaHEeHNUs ¥ BBIAYY XXUIKMUX U ra3000pasHbIX Cper
pu pabouem fasrennn He 6onee 0,07 MITa. [Juametp
ammapata D = 1000 mm, h = 1800 mm. ITnomazns BHy-
TpeHHell IOBEPXHOCTH — 6,25 M~

DwbTpoBaIbHOE 060PYHOBAHIIE

1I-8

12X18H10T

TY 26-01-387-80, ob6osnauenne OIH-633K-01.
IIpenHasHadeHa [ pasfieNeHNs B3PbIBOOMACHBIX
CYCIIEH3UIL CO CpefjHe- ¥ MEIKO3EPHICTONM PacTBOPU-
Mol TBeppoit dasoit. Llenrpudyra repmernsnposaHa,
CO B3PBIBO3ALINIIEHHBIM 3IeKTPO0OOPYAOBaHMEM;
paboTaeT 1O M36BITOYHBIM [aB/IEHNEM VHEPTHOTO
rasza. MougHocTb gBurarens — 18,5 kBt. Yactora Bpa-
weHns Bana — 1455 06/MuH

II-14

12X18H10T

TY 26-01-387-80, o6osnauenne @OIH-633K-01.
[IpennasHadeHa [ pasfeNeHNs B3PBIBOOMACHBIX
CYCIIEH3UII CO CpefjHe- ¥ MEIKO3EPHMCTON PacTBOPU-
Mol TBeppoit dasoit. Llenrpudyra repmernsnposaHa,
CO B3PBIBO3ALINIIEHHBIM 3IEKTPO0OOPYAOBaHMEM;
paboTaeT 1OA M36BITOYHBIM [aB/IEHNEM VHEPTHOTO
rasza. MougHocTb gBurarens — 18,5 kBt. Yactora Bpa-
meHns Bana — 1455 06/MuH
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OxonvaHme Tabm. 17

Haume- | Kon-Bo | Marepuan pa-

. Texuuueckas XapaKTepuUCTUKa
HOBaHNE | €OVHNI] 604ei1 30HbI

CyumibHoe 060pyHoBaHye

OCT 26-01-78-78. 11B4,5-0,63HY-01. Ilonoynas Ba-
KyyMHasl CYLIM/IKA IIPEACTAB/IsAeT COOO0M TOPU30H-
TaJIbHBI LVUIMHAPUYECKMII ammapaT C OFHOW WMIN
C-10 1 BCr3nc3 IByMs HOBOPOTHBIMIU TOPLEBBIMM KpbIIIKaMU. BHy-
TpU KOpITyca ammapaTa CMOHTMPOBAHBI MONKU. AIl-
Iapar MeprofNdecKoro efiCTBUSA C IOJIKaMU IJIOMIA-
Iblo 3arpy3ku 4,5 u 16 m>. O6bem anmapata — 0,63 M°

OCT 26-01-78-78. I1B4,5-0,63HY-01. Ilono4nas Ba-
KyyMHasi CyLIMJIKAa IPefCTaBysieT CoOO0i TOpPM3OH-
TaJIbHBIJ LVUIMHAPUYECKMII aIlllapaT C OFNHOM WIN
C-17 1 BCrt3mc3 IBYMSA IIOBOPOTHBIMI TOPILIEBBIMM KpbIIIKamu. Bry-
TpM KOpITyca almapaTa CMOHTMPOBAHbI IONKU. AIl-
napar IepuofNIeCcKOro IeMICTBMA C TIOIKaMI IJIOLa-
iblo 3arpysku 4,5 u 16 m%. O6bem anmapata — 0,63 m°

3axkniouyeHue

PaspaboTaHo NpOMSBOACTBO 4-ima-  CTBA IPORYKTA. BBIOMHEH pacyeT Ma-
HO-1,2,3,3a,4,5-Tekcarugponnppono[1,2-  TepuanpHOro 6anaHca Ha 1 KT IPOLYKTAa,
a]XMHONMMH-4-THOKapbOKCcaMu/ja. TEXHOJNOTMYECKIe pacyeThl U CAe/IaH BbI-
CocraBnena cxema-rpad M OpuMHUMIN-  6Op 0O6OPYHZOBAHMS.
ajZibHasA alllapaTypHas cXeMa IIPOU3BOJ-
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