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The article describes the synthesis of p-tert-butylcalix[4]arene with different downloads
of the starting compounds. The obtained data revealed the dependence of the yield on solvent,
time and download amount. The description of technological process and material flows
are given in this article.
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CunTte3 n-tper-6ytunkanukc[4]
apeHa: ot 1abopaTopHOil YCTaHOBKM
A0 MacwTabupoBaHus

PaccmoTpeH cHTe3 n-TpeT-6yTunkanvkc[4]apeHa ¢ pasHbIMY 3arpy3kamy UCXOAHBIX BELLECTB.
MosyyeHHble JaHHbIe BLISBUMIM 3aBUCUMOCTb BLIXOZA OT PAaCTBOPUTENS, BPEMEHM 1 06beMa 3arpys-
ku. MprBeaeHo onucaH1e TEXHONIOMMYECKOro MPOLIeCca U ero MaTepuasibHble MOTOKU.

KntoueBble cnosa: kanukc[4]apeH; dopmanuH; audeHUnoBoIi 3cmp; p-TpeT-6yTuncheHon;
KOHAEHCALWS; MPOM3BOAVTENIbHOCTL; MACLITabMPOBaHVe; CYHTES.
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Introduction

Calix[n]arenes are the cyclic decade [1, 2]. The main cause of the in-

products of phenols and aldehydes con- terest in these compounds is the ability to
densation. Their chemistry experiences form inclusion complexes of the «guest -
a period of rapid development in the last  host» type with charged [3] and neutral
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molecules [4]. The original calix[n]arenes
can be obtained by one-step synthesis [5].
The presence of the active reaction centers
allows to carry out various modifications
of the structure.

Calix[4]arenes have the range of at-
tractive properties, which in combination
with the relative accessibility make these
macrocycles indispensable in the crea-

The experimental part

In the production of p-tert-butylca-
lix[4]arene the basic substances are: p-
tert-butylphenol, formaldehyde, sodium
hydroxide. Diphenyl ether is required for
cyclization and ethyl acetate is required
for isolation of the p-tert-butylcalix[4]
arene.

The method of the p-tert-butylcalix[4]
arene synthesis

60 g (133 mmol) of p-tert-butylphenol,
42.27 g (38 ml, 166 mmol) of 37% aque-
ous formalin solution. 0.64 ¢ (30 mmol)

4 * 4CH,0+ NaOH—

OH
| 2 3

tion of «biomimetic systems» — artificial
systems modeling at the molecular level
or simulating reactions and processes oc-
curring in living organisms [6]. In addi-
tion, calix[4]arenes are the key «building
blocks» [7] for constructing of new types
of spatially organized structures, in par-
ticular, creation of molecular tubes, selec-
tive complexing agents, pharmaceuticals.

of NaOH were placed in 500 ml flask. The
content of the flask was heated till the
foaming of the reaction mass. During this
period the color of the mixture is changed
from transparent to yellow.

200-250 ml of diphenyl ether was
added to a flask equipped with reflux con-
denser and mechanical stirrer. Firstly the
foam descended in diphenyl ether, form-
ing abundant sediment, after its dissolu-
tion the reaction mixture was refluxed for
2.5-3 h. Then the flask content was cooled

* 4H20+ NaOH

4
OH

4

The scheme of the reaction:
5 — diphenyl ether; 6 - ethylacetate; 7 - ethylacetate to rinse.

Table 1
Loading 1
Ne m, g M, g/mol v, mol V, ml p, g/ml Ratio
1 60 150 0.4 1
2 42.27 30 1.409 38 1.112 3.5
3 0.64 40 0.016 0.04
4 64.8 648 0.1
5 229.6 170.2 1.349001175 200 1.148
6 134.5 88.11 1.527068437 150 0.897
7 89.7 88.11 1.018045625 100 0.897
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Table 2

Loading 2
Ne m, g M, g/mol v, mol V, ml p, g/ml Ratio
1 21 150 0.14 1
2 14.7 30 0.49 13.21824 1.1121 35
3 0.224 40 0.0056 0.04
4 22.68 648 0.035
5 80.36 170.2 0.472 70 1.148
6 47.09 88.11 0.534 52.5 0.897
7 89.7 88.11 1.018045625 100 0.897

to room temperature while stirring and

100-150 ml of ethyl acetate was added.
The precipitate was filtered off, crystal-

lized from toluene and dried. The result-

Discussion of results

The reactions of obtaining of p-tert-bu-
tylcalix[4]arene were carried out with dif-
ferent downloads in this work (table 1-3).

Five reactions with standard down-
loading were held by well-established
methods. We found during the research
that product yield depends on the purity
of the diphenyl ether. Also it was found
that using of the pure (99.8%) diphenyl
ether results in the largest yield:

m, =30,48; 0, = 47%.

Also the study of the reactions showed
that with decreasing purity of diphe-
nyl ether the output decreases, as well as
problems with filtering arise, thereby in-
creasing process time and the yield of the
target product decreases:

m, = 232rn m, = 19.51;
w,=31.8% u w, =30.1%.

When scaling it is necessary to in-
crease time of processes: condensation
time increases from 15 min to 25 min, as
well as the time of boiling of the solvent
increases to 40 min. The increase of load-
ing and time also affect to the increasing
of viscosity of the reaction mass. However,
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ing product was released in the form of
glacial plates [8, 9].

the increase in viscosity can be compen-
sated by slight overheating of the reaction
mass on 10-15°, after adding ethyl acetate
the precipitate was formed as in the origi-
nal method, even the formation of some
amount of resin did not affect the yield of
the reaction. The optimal time becomes
larger than the original on 1-1,5 h.

Table 3
The obtained results
Ne m, g ,%
1 30.47 47
2 29.16 45
3 26 40
4 23.2 31.8
5 19.5 30.1
6 6.8 30
7 6.92 30.5
8 5.4 23.8
9 8.8 39
10 8.6 37.9

Description of the technological pro-
cess

The technological process of produc-
tion of p-tert-butylcalix[4]arene includes



the following stages and the material flows 5. Filtration and rinsing

that given below 6. Recrystallization
Stages and process chemistry 7. Filtration and rinsing
1. Condensation 8. Drying of the product
2. The addition of diphenyl ether 9. Distillation of diphenyl ether and
3. Cyclization ethyl acetate

4. The addition of ethyl acetate

Condensation H Preparation

| p-tertbutylphenol

Formalin

Diohenvl eth The addition
ipheny] ether of diphenyl ether

Diphenyl ether
- Ethyl acetate
| Cyclization |
| Ethylacetate H The addition of ethylacetate | | Distillation of the filtrate |
Filtration and washing H| Filtrate |
Ethylacetate of suspension
of p-tertbuty\l[alix[4] arene 3 Preparation |
Recrystallization
Tol _>| ;
of p-tertbutylcalix[4]arene Preparation |
| Filtration of solution l—)| Preparation |
\—)| Filtrate |
Drying
of p-tertbutylcalix[4]arene > Preparation |

Final product

Fig. 1. Diagram of material flows

Description of technological process steps

Reactors R-1, R-2: before the work ous procedure need to be checked visually
started integrity of the machine, valves, through the hatch. The integrity of the
absence of the reaction mass from previ-  apparatus is checked by creating pressure
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of 2 ATM inside the reactor. The pressure
should not decrease upon exposure for 10
minutes. The operation of the stirrer, the
flow of water in the casing are checked
at idle. The control is also applied to all
control devices, control panel.

Preparation of raw materials. The raw
materials and intermediates are passed in
the production after adopting by the in-
put control with the appropriate mark of
quality.

Node 1. Condensation, the addition of
diphenyl ether and cyclization.

In steel enamel reactor R-1 equipped
with a frame stirrer, casing and reflux
condenser (stainless steel) T-1 formalin
is loading by gravity from the dosimeter
M-1 equipped with casing, in which wa-
ter with temperature of 20 °C comes.
Formalin is pressed in the dosimeter M-1
from storage X-1 by nitrogen. p-Tert-bu-
tylphenol and NaOH are downloaded to
the reactor R-1 via screw feeder. Then the
stirrer, reflux condenser T-1 are switched
on. The mixture is heated by feeding of
steam into the casing (0.5 MPa) (c.p. 1).
The condensation reaction proceeds for
30 min. The end of reaction is determined
by the capacity sensor, which signals the
formation of the foam (c. p. 2). The steam
supply ends in the casing of apparatus
when the sensor signals and the foam in-
creasing stops (c. p. 3). Then into the reac-
tor R-1 diphenyl ether is loaded by gravity
from the dosimeter M-2, equipped with
casing in which water with a temperature
of 50 °C comes. Diphenyl ether is pressed
in the dosimeter M-2 by nitrogen from
the storage S-2.

After adding of diphenyl ether firstly
the reaction mixture is heated by feeding
of live steam into the casing (0.5 MPa)
till the reaching of the solvent boiling
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temperature T = 257 °C, the end of this
process is determined by the thermocou-
ple (c. p. 4). Then the cyclization reaction
proceeds for 3 hours at reflux. After that
the reaction mass is cooled to room tem-
perature T = 25 °C (c. p. 5) by the feeding
of reactor R-1 casing with 20 °C water.

Then 4373,67 1 of ethyl acetate is load-
ed into the reactor R-1 by gravity from
the dosimeter M-3, in which the ethyl
acetate is pressed by nitrogen from stor-
age S-3. The mixture was stirred for one
hour. Then the suspension is pressed by
nitrogen to centrifuge C-1 for following
filtration.

Node 2. Filtration and rinsing.

The solid precipitate is centrifuged in
the centrifuge C-1, the filtrate is directed
to the collector Col-1. The residue is au-
tomatically unloaded and sent to Node 3.

Node 3. Crystallization.

In the crystallizer Cr-1, equipped with
a frame stirrer, casing, 23775,593 1 of tolu-
ene is downloaded from the dispenser
M-4 by pressing by nitrogen from storage
S-4 to pasta.

The mixture was heated by steam in
the casing (0.5 MPa) till the boiling and
complete dissolution of the precipitate
(c.p. 6), then it was cooled by 20 °C wa-
ter supply in the apparatus casing (c. p. 7).
Then the suspension was pressed by ni-
trogen to the centrifuge C-2 for following
filtration.

Node 4. Filtration.

In the centrifuge C-2 solid precipitate
was centrifuged, the filtrate is directed
into the collector Col-2. The residue is au-
tomatically unloaded and sent to Node 5.

Node 5. Drying.

The residue of node 4 is automatically
sent to a dryer D-1. The paste was placed
in trays on shelves of dryer, vacuum of



250 mm Hg was established in the sys-
tem and 0.3 MPa steam is feeded inside
shelves. The stage of drying is continued
for 2 hours at 70 °C. The dried product
was analyzed (c. p. 8) and if the result of
the analysis is satisfactory it is discharged
to the container.

Node 6. Distillation of diphenyl ether
and ethyl acetate.

Steel enamel reactor R-2 is equipped
with a frame stirrer, casing, condensers

(stainless steel) T-2 and T-3. The filtrate
from Node 2 arrives in Col-1 and then to
reactor R-2 for distillation. In the reactor,
the distillation of ethyl acetate takes place
at T =78 °C in Col-4 (c.p. 9) at first and
then of diphenyl ether at T = 257 °C in
Col-3 (c.p. 10). The solvents are sent to
the storage from the collectors.

Main technological parameters and
production control (table 4).

Table 4
Main technological parameters and production control
. The name of the Controlled . Method and
Control point . Normative
control object parameter means of control
Reactor R-1 CP-1 | Reaction mass The beglnnlng of | The begmn?ng Visually
the condensation | of the reaction
Reactor R-1 CP -2 | Reaction mass The end (.)f Full reaction Capacity sensor
condensation
Reactor R-1 CP -3 | Reaction mass | . The gnd of Full stop. of the Capacity sensor
increasing foam reaction
. The end of o
Reactor R-1 CP -4 | Reaction mass . b.p. =260 °C Thermocouple
reaction
Reactor R-1 CP -5 | Reaction mass Temp grature of rt.=25°C Thermocouple
reaction mass
The crystallizer Reaction mass The end of The full Visuall
P-1CP -6 dissolution dissolution Y
The crystallizer . Completeness of 0
Cr-1CP -7 Reaction mass crystallization 95,0% By the method
Commercial The content
Dryer D-1 CP -8 of the main Atleast 99,0% | By the method
product
substance
. The completeness R
Reactor R-2 CP -9 | Reaction mass of the distillation T,,=77°C Thermocouple
Reactor R-2 . The completeness B o
CP -10 Reaction mass of the distillation T =257 °C Thermocouple
Conclusions

During this work we followed the
pattern of reducing of the yield of the
target product, the reason, primarily, is
determined by the purity of the diphenyl
ether. Experiments with reduced loading

showed that the duration of the process
depends on the download volume and
requires the longer heating process for
1.5-2 hours when scaling in 2-4 times.
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Beegenue

XuMust Kanukc[n]apeHoB — uuKmmde-
CKUX HPOJAYKTOB KOHJ[eHCauuu (GeHOIoB
U a/IBJIETHIOB — TIEPEXMBAET B [IOC/IEIHIE
ImecATUIeTs reproy OypHOTO pasBuUTHS
[1, 2]. OcHoBHasA mpUYMHA BO3HUKHOBE-
HUSL MHTEpECa K 9TUM COENMHEHMSIM —
CIIOCOOHOCTH 06Pa30BBHIBATD KOMITTIEKCHI
BK/IIOUYEHMS TUIIA «TOCTb — XO3AMH» C 3a-
psDKeHHbIMU [3] 1 HEMTpaNbHBIMU MOTIE-
kynamu [4]. Vicxonnbre kamukc[n]apens
MOTYT OBITb TIOTy4Y€HBI OTHOCTA/IUITHBIM
cunresoMm [5]. Hamuume B HMX aKTUB-
HBIX PEaKIMOHHBIX IIEHTPOB IO3BOJISIET
MPOBOINTH pasinyHble MOAMMUKALUY
CTPYKTYPBL.

Kanukc[4]apensr obnajjaior  psAgom
[IPUBJIEKATE/IbHBIX CBOICTB, YTO B COYe-

JKcnepuMeHTaNbHaA YacTb

B mnpousBopctBe p-Tper-OyTHUIKA-
nMKc[4]apeHa OCHOBHBIMM BelljeCTBaMI
ABIAITC:  p-Tper-OyTmndenon, ¢op-
Masberusl, egkuil Hatp. na nmuknmsa-
nuy HeoOXozfuM AMGUHMUIOBBIN 3up,
a JUIA  BBbIieNIeHuA  p-Tper-OyTuIIKa-
nnkc[4]apena aTumanerar.

Cunmes  n-mpem-6ymunxanuxc[4]
apena
4 T 4CH,0 + NaOH—
OH
1 2 3

In russian

TaHUU C OTHOCUTEIbHON HOCTYHHOCTBIO
oenaeT 3Tu MaKpOHI/IKTIbI He3aMEHNMbI-
Mn HPI/I CO3IaHNN «6I/IOMI/IMCTI/I‘{eCKI/IX
CUCTEM» — I/ICKYCCTBeHHbIX CUCTEM, MO-
IEMMPYIONINX HA MOJIEKYTIPHOM YpOBHE
149)0%1 I/IMI/ITI/IpyIOH_U/IX PeaKHI/II/I n HPOHCC-
ChbI, HpOTeKaIOHH/Ie B JXKIIBbIX OPI‘aHI/ISMaX
[6]. Kpome Toro, Kanukc[4]apenst sBs-
I0OTCA KIIIOYEBBIMU «CTPOI/ITCTH)HI)IMI/I 6]'[0-
KaMI» [7] IJIs KOHCTPYUPOBaHMA HOBBIX
TUIIOB TIPOCTPAHCTBEHHO OPTaHU30BAH-
HBIX CTPYKTYP, B YACTHOCTM CO3[aHMUs
MOTIeKyTIF[prIX TPY6OK, CENIEKTUBHBIX
KOMITZIEKCOOOpa3oBarerneil, TeKapcTBEeH-
HBIX IIPEIapaToB.

B konby o6bemom 500 MJT TOMeEIA0T
60 r (133 mmonb) p-Tper-6yTmndeHo-
na, 42,27 1 (38 mi1, 166 mmonb) 37 %-ro
pactBopa dopmanuna, 0,64 r (30 MmMosIb)
NaOH. Copepsxumoe KONObI HarpeBaoT
OO0 BCIIEHMBAaHWA peaK].U/[OHHOf/l MacCChI.
B Teuennue sTOro mepmopa LBeT CMecCH
U3MEHAETCA OT IIPO3PAYHOTO K JKENTOMY.

B konby, cHabGxeHHYI0 OOpaTHBIM
XONMOOMNIBbHMKOM U MeXaHUYeCKO Me-

¥ 4H2O+ NaOH

4
OH

4

Cxema peakuum:
5 — mudeHNTOBEIN 3dup; 6 — FTUIALETAT; 7 — STWIALETAT Ha IPOMBIBKY.
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manakoi, gobasmssror 200-250 M1 pau-
¢enmnosoro adpupa. Cuauvama mena
oIycKaeTcsa B IUQEHMIOBbIT  adup,
00pa3oBbIBas OONMIbHBIL 0CAJOK, IIOCIIE
€ro PacTBOPEHNSI PEeaKIMOHHYI0 MacCy
KMITATAT C OOpaTHBIM XOOIVIbHIKOM
B TedyeHue 2,5-3 4. 3aTeM COHEp>KUMOe

KOZIObI TIpU TIEpEeMENIMBAHUN OXTAXKTAIOT
T0 KOMHATHOIT TeMIepaTypbl 1 10OABIS-
1ot 100-150 my1 aTMManeTara.

Ocafiok OTGUIBTPOBLIBAIOT Ha (HYIb-
Tpe, KpUCTAIU3YIOT U3 TOAyoNma 1 Cy-
mart. [TomyyeHHbliT TPOYKT BbIIENAETCS
B Bujie 6/1eCcTALMX IIIACTUHOK (8, 9].

Tabnuma 1
3arpyska 1

Ne m, T M, r/monb V, MOJIb V, Mmn P> T/Mn CoOTH.

1 60 150 0,4 1

2 42,27 30 1,409 38 1,112 3,5

3 0,64 40 0,016 0,04

4 64,8 648 0,1

5 229,6 170,2 1,349001175 200 1,148

6 134,5 88,11 1,527068437 150 0,897

7 89,7 88,11 1,018045625 100 0,897

Tabmuia 2
3arpyska 2

Ne m, 1 M, r/monb V, MOJIb V, mn ps T/Mn Coorn.

1 21 150 0,14 1

2 14,7 30 0,49 13,21824 1,1121 35

3 0,224 40 0,0056 0,04

4 22,68 648 0,035

5 80,36 170,2 0,472 70 1,148

6 47,09 88,11 0,534 52,5 0,897

7 314 88,11 0,356 35 0,897

06cyxaeHue pesynbTaTos

B pabore Oblna IpoBeeHa peaxiys
HONTy4eHus: p-Tper-OyTmikamnkc[4]ape-
Ha C pa3HpIMU 3arpy3kamu (tabm. 1-3).

Bp110 IpOBefeHo IATh peaKuuii ¢ 3a-
IPY3KOIl 1O OTpabOTAHHON MeTOHUKE.
Mbr 00HApY>KIIN B XOfie MICCIeLOBAHL,
YTO MHOTOE 3aBMCUT OT YMCTOTHI JIU-
¢penunosoro apupa. Taxxe ycTaHOBK-
M, YTO TIPY MCHONb30BAHMM YUCTOTO
(99,8 %) mudennnosoro adupa nomyun-
JIVL CaMBbIV OOJIbIIION BBHIXOJL:

m, =30,48; 0, = 47 %.

Taxxe wmccnemoBaHye peakiuit IO-
Ka3ajlo, YTO IIpM YMEHDbIIEHUM YUCTOTDI
midenunnosoro sdupa magaer BLIXOL
(m,=29,16Tum,=261;0,=45% 1w, =
=40 %), a TaK)Ke BO3HUKAIOT IPOOIEeMBbI
¢ unbrpanmeit, BClIeCTBIE Y€TO YBEIU-
YyBaeTCs BpeMs IIpollecca U NajiaeT Bbl-
XOf{ 11eJIeBOTO IIPOAIyKTa:

m,=232rum =19,51;
w,=31,8% uw,=30,1%.

[Tpu macmrabupoBanum HeOOXOAMMO
yBe/IM4eHne BpeMeH) IIPOTeKaHuA IIpo-
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1IeCCOB: IIpoLecc Kongencauuu ¢ 15 mumn.
YBEIMYMBAETCA O 25 MMH., TaK e KaK
U BpeMsA 3aKUIIaHUA PACTBOPUTENS, yBe-
nmnyuBasch Ha 40 MuUH. YBenudeHmne 3a-
I'PY3KU ¥ BpeMeHM TaKXXe B/IMAEeT Ha yBe-
J4YeHMe BA3KOCTY PeaKLMOHHON MaccChl.
OpHako yBemuyeHue BA3KOCTU MOXKHO
KOMIIEHCMPOBATh HEOONbUINM Ieperpe-
BOM PpeakIMOHHOI Macchl Ha 10-15°,
nocre fobaBienns saTuamerara obpaso-
BAJICSI OCAJIOK KaK B ICXOJTHOI METOJUKeE,
maxke 06pasoBaHue HEKOTOPOTO KOMuye-
CTBa CMOJIbl He BIMAET Ha BbIXOJ] peak-
yun. OnTUManbHOEe BpeMs CTAaHOBUTCI
601bl1Ie UCXOTHOTO Ha 1-1,5 4.

Tabmuia 3

ITonyyeHHBIE pe3yIbTAThI
Ne m, T w, %
1 30,47 47
2 29,16 45
3 26 40
4 23,2 31,8
5 19,5 30,1
6 6,8 30
7 6,92 30,5
8 5,4 23,8
9 8,8 39
10 8,6 37,9

Onucanye TEXHOTOIMYECKOTO IPO-
mecca
TexHOMOrMYECKMIT TIPOIECC ITPON3BO]I-
cTBa p-TpeT-OyTmnkanukc[4]apena BKo-
YaeT CTIeyIONIe CTa/iuN, MaTepuaribHble
MIOTOKM IPUBEJIeHbI HIbKe (puic. 1).
Cragyuy 1 XuMusM Ipolecca:
. Konpencarms.
. Jobasnenne pudernioporo agupa.
. Huxnusanus.
. JJoOaBneHue sTumameTara.
. (DI/ITII)TPOBaHI/Ie n HpOMbIBKa.
. Ilepexpucrannusanus.
. (DI/ITII)TPOBaHI/Ie n HpOMbIBKa.
. Cymika npogykra.

O N N U R W
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9. Ileperonka mudenunosoro adupa
U TUIALlETATA.

Onmcanme cTraguit TEXHOIOTUYIECKO-
TO mporecca

Peakropnr P-1, P-2: mepep Hauamom
paboThl Yepes JIIOK BM3YaJbHO IIPOBe-
PSIOT LIeIOCTHOCTD allllapara, 3allopHble
apMaTypbl, OTCYTCTBUE PpEeaKI[MOHHO
Macchl OT IpefblAyleil onepany. Tep-
METHYHOCTD aIlllapaToB MPOBEPSIOT CO-
3IaHMeM JaBIeHNA 2 aTM. BHYTPU peax-
topa. IIpn Beimep>xke 10 MMH. faBIeHMe
He JJOJDKHO yMeHblnarbcsa. Ha xomocrom
X0y IPOBEPSIOT paboTy MelIanKu, Ho-
CTyIUIeHMe Bopbpl B pybamky. KonTpo-
IO TAaKKe HOABEPraloTcs Bce IPUOOPLI
KNIInA, nynpt yrpaBieHns.

IToproToBska cpipbsa

B nmpousBOACTBO IepenaeTcs ChIpbe
M TIONYIPORYKTHI, IIPUHSTbIE BXOLHBIM
KOHTPOJIEM C COOTBETCTBYIOLIEN OTMET-
KOJI O Ka4ecTBe.

Vzen 1. Kondencauus, oobasnenue
ougenuno6020 3Pupa u yUKAUIAUUSL.

B cTa/ibHOIT SMaIMPOBaHHBLI PeaKTOp
P-1, cHab)XeHHBINI pPaMHOI MeIIAIKOM,
py06alKoit ¥ 06paTHBIM XOIOAVIbHIKOM
(uepx.) T-1 camorekoMm 3arpysxatot (op-
ManuH U3 MepHuMKa M-1, cHaG>keHHOro
py0ballKoil, B KOTOPYI0 IIOCTYIIAaeT BOZHa
temneparypsl T = 20 °C. B mepank M-1
¢dbopManuH IepeNaBIMBAIOT a30TOM U3
xpanwma X-1. B peaktop P-1 uepes
IIHEKOBBIil IITATe/Ib 3aIPY>KaIOT H-TPeT-
6y TiideHO U jenoYb. 3aTeM BKIIOYAIOT
MelanKy, TemoobmeHHnk T-1. Cmechb
HarpeBaloT Mojiadeli ropsdero mapa B py-
6amky (0,5 MIla) (k.. 1). Peakiys koH-
JeHcauVu IpoTeKaeT B TedeHne 30 MUH.
Konenr peaxkumu onpepensgercsa eMKOCT-
HBIM JJaTYMKOM, KOTOPBII CUTHAIU3UPY-
et 06 obpasoBanum mens (K. T1. 2). [lo-
Cle CUTHA/IM3MPOBAHMA JIaTYMKa TMofiava
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T11-9 lleperonka dunsrpara ‘

h 4

1

Ortunanerat

TII-5 ®wibTpoBaHUE
M IPOMBIBACHHC CYCIICH3HH
p-TpeTOyTHKanvkc[4]apera

—

Oubtpar B C6-1 ‘

A 4

) BP-2 IToaroroska I1-1 ‘

Tomyon

TII-6 Ilepexpucrammsarws
P-TpeTOyTHIIKaIMKC[4]apeHa

—P{ BP-3 IToaroroska I1-1 ‘

A 4

‘ TII-7 @uinTpoBalme pacTzopa }—P{ BP-4 IToaroroska I1-2 ‘

A 4

|—" @ubTpar B C6-2 ‘

TII-8 Cyika
P-TpeTOy THIIKaJIHKC[4]apeHa

—P{ BP-5 lloarotoBka Cmi-1 ‘

T'oToBbI#t IpOTyKT

Puc. 1. CxeMa MaTepuaibHbIX I0TOKOB

mapa B py0aliKy IIpeKpaljaercs, 1 yBe-
JMYeHye MeHbl OCTaHaBauBaeTcA (K. T. 3).
Torpa B peakTop P-1 camorexom B peax-
LIMOHHYIO MacCy 3arpy>kaioT fudeHnno-
Bbll apup u3 mepumka M-2, cHabxeH-
HOro py0aukoi, B KOTOPYIO IOCTYIaeT
ropsyas Boga Ttemuneparypoit T = 50 °C.
Iudenunossiit agup B MepHux M-2 1e-
pemaBIMBAIOT A30TOM M3 XPaHWIUILA
X-2.

ITocme pmoGasnenus HUPEHUIOBO-
ro sdupa cHayama peakIMOHHYIO Mac-
Cy HarpeBalOT IOfjayeil ropsdyero Iapa
B pybaumky (0,5 MIIa) g0 Temmeparty-
pbl Kunenus pactsoputena T = 257 °C,
OKOHYaHMe 3TOTO Ipoliecca OpefensieT-
cst Tepmotapoit (K. T. 4). 3aTeM IpoOXoauT
peakuus UMKIU3ALUY, CONPOBOXIAIO-
mwascsA KulleHreM B TedeHue 3 4. ITocre
4ero peaklMOHHYI0 MAacCy OXIaXIaloT
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70 KOMHaTHON Temneparypbl 1 = 25 °C
(K. T. 5) 1of1aveil BOIBI B pyOaIIKy peak-
topa P-1 remneparypoit T'= 20 °C.

3aTeM B peakTop P-1 camoTekoM mmopa-
10T 4373,67 1 3TUIaLeTaTa Y€PEe3 MEPHUK
M-3, B Hero sruialeTar IepefiaB/IuBa-
10T a3oToM 13 xpanmwmma X-3. CMechb
IepeMelIBAIOT B TeYeHue daca. 3aTeM
a30TOM  IepefaBIMBAIOT  CYCIEH3MIO
B uentpudyry II-1 mna mocnenyromeit
dunbTpanym.

Vzen 2. Quavmpauus u npomvlexa.

B nenrpudyre II-1 TBepablit ocajok
nenTpudyrupyior, (GuIbTpaT Halpas-
nsoT B cobopamk C6-1. Ocaiok aBTOMa-
TUYECKM BBITPY>KAIOT U OTIPABJAIOT Ha
ysen 3.

Ysen 3. Kpucmannusayus.

B nepekpucrammmsarope II-1, cHab-
SKeHHDBIT paMHOJT MeIasIKoli, py6allKoi,
K TlacTe U3 MepHMKa M-4 camorekom
nopaTt 23775,593 1 Tomyona, nepenas-
JIEHHOTO a30TOM M3 XpaHuauma X-4.
CMech HarpeBaloT Tojjayeil mapa B py-
6amiky (0,5 MIla) 1o KuneHus u o0 mOJ-
HOTO pacTBOpeHNs ocazka (K. T. 6), 3aTeM
OX/TKAIOT €ro Iofjavell BOAbI B pybai-
Ky ammapaTa temnepatypoit T = 20 °C
(k. T. 7). 3aTeM TepefaBIMBAIOT a30TOM
cycneHsuo B LeHTpudyry 1I-2 mia nmo-
ClIefyoeit puabTpaLum.

Ysen 4. Qunvmpavus.

B nenrtpudyre LI-2 TBepablil ocaok
LeHTpUQYrupyoT, (QUWIbTpaT HaIpaB-
nstioT B cOopHuK C6-2. Ocafok aBTOMa-

Tabnuma 4
OCHOBHBIE TEXHONIOTMYECKIIE ITAPAMETPhI ¥ KOHTPO/Ib IPON3BOACTBA
Kourponpuas Hanmenosa- Konrponupye Mertop u cpe,
P HHe 00 beKTa TTPOTVPY! Hopmarus A CPeR
TOYKa MBIil HapamMeTp CTBa KOHTPOJIA
KOHTPOJIA
Peakiimonnas | Hawano konmeHn- | Hagano mpoTe-
PeaxTop P-1 KT-1 . A P Busyanbpno
macca carum KaHMA peaxiumn
Peakimonnass | Konery koHpeH- | [lonmHoe mipore- EMKocTHON
Peaxtop P-1 KT-2 5 11 KOHA P
macca carum KaHMe peakuun TMATYMK
Peakuumonnas | Kouew yBenmuue- | Ilomnas ocra- EmkoctHOM
PeaxTop P-1 KT-3 H ny
macca HIS TIEHBI HOBKa peakimmn TATINK
Peakumonnas
Peaxtop P-1 KT-4 5 Konern peakiun Tepmormnapa
macca
Temneparypa
Peakimmonnas .
Peakrop P-1 KT-5 5 PeaKIMOHHOI T =25°C Tepmomapa
Macca KOMH
MacChl
Ilepexpucrannusa- | Peakimonnass | Koner pacTBo- [TonHoe pac-

PEKp 5 up P Busyanbno
top I1-1 KT-6 Macca peHuA TBOpeHJIe
Ilepexpucrannmmaa- Peakiumonnas ITonmHora xpu-

PEKp . P 95,0 % ITo meTopuke
top II-1 KT-7 Macca CT/IIN3ALNN

. . CopeprkaHue
CynmmrbHBIN mKadh ToBapHbIi Aep He menee
OCHOBHOTO 0 Ilo meTomuke
Cui-1 KT-8 MIPOAYKT 99,0 %
BelllecTBa
Peaxiimonnas Tlonnora ot-
PeaxTop P-2 KT-9 5 T, =77°C Tepmomnapa
macca TOHKU
Peakiimonnas TTonHoTa ot-
Peakrop P-2 KT-10 5 T s =257 °C Tepmomnapa
macca TOHKU S
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TUYECKHU BBITPY)KAIOT U OTIPABJIAT Ha
y3en 5.

Yzen 5. Cywxa.

Ocajiox m3 ysma 4 aBTOMaTUYECKM
BBITPY)KAIOT B cynmabHblil mKad Cr-1.
IlacTy pasmelaior B IOJIOHAX Ha IOJ-
Kax Ikada, B cuCTeMe CO3Jal0T BaKYyM
250 MM pT. CT. U BHYTPb IONIOK TO/IAlOT
map 0,3 MIIa. Cragusa cymku IpofosKa-
ercs 2 4, mpu Temueparype 70 °C. Boicy-
ILIEHHBI IIPOYKT aHAMU3UPYIOT (K. T. 8)
1 TIpM Y/IOBIETBOPUTEIbHOM pe3ynbTaTe
aHaM3a BBHITPY>KAIOT B Tapy.

BuiBoab!

B xopme mnpopmenaHHOl pabOTbl MbI
IIPOCTIEVIIN 3aKOHOMEPHOCTD yMeHblIIe-
HUA BBIXOZIA Ile/leBOro mpopykra. Ilpu-
YMHA B IIEPBYI0 O4Yepefb OIpefernsdeTcs
gycroroit pudennnosoro adupa. Omnbl-
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