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Section 1. Mathematics
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CONSTRUCTION OF INFINITE ALGEBRAIC K- THEORY OF P. III

Abstract. In the work, the formulated theorem [2, 24–26] is proved, with the help of which it is 
possible to represent Stifel’s images in Grassmanian with the exact sequence: 
.. ,� � � � �� �� � � �� � � � � �� � � �� �� �� � � � �i i i i iG V V G GL A A A L A L A    

1 1 VV A � �� � � ..,  [1, 844–873].

Hereinafter, the resulting isomorphism: 0 01� � �� �� � �� ���� �i iG A GL A  ,  is equivalent to the 
definition of algebraic K groups [1, 844–873], which allows us to build their infinite chain.

Keywords: Grassmanian, simplex, embedding, isomorphism, prototype, homotopy, module, 
flag, subalgebra.

Theorem. There is a simplicial embedding: 
W K Kn G

l
n G

l: � � �� � � �� �3
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,   A Aj0, – matrix of 

vertices a ao
V
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V

V
N, .��

Proof
Step 1. Let’s build a display W f⋅ 1.
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 transform the vertex a0  to 
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where A A Gj j� � �� �0 1 ,  the matrices of 
vertices a aV

j
V

V
N

0 , ,��  that are prototypes of vertices 
a aj0,  in simplex σG

K .
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Present the attachments W g W g⋅ ⋅0 1,  on the ma-

trices  A Aj0,  as follows: W g A
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 the matrix of vertex conver-

sion aV
0  to vertex aj

V  simplex σV
N , then we define the 

attachments W g W g⋅ ⋅0 1,  on Bj
1 as follows:
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Let the flag F P Q P QN N N0 0 01 1� � � � �...  be the 
minimum coordinate flag for simplex σV

N ,  which is 
an extension of the conditionally minimum flag 
F P Q P Qm m m1 1 11 1� � � � �...  for simplex σG

K ,  in 
view of the fact that the transition from the Grass-
man complex to the Stifel complex is associated with 
the expansion of the nilpotent subalgebra NA i i� �,� �  
to the operators Gi  to K  – nilpotent subalgebra 
NA Gk i i i� �, , .� �

When you attach the W g B
B

j
j

n

� �
�
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��
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��0

1
1 0

0 1
:  flag 

image F N 0 , the following flag will obviously be:
F A P Q P Q AN n N N n0 0 01 1� � � � � � �... ,  where 
An  is the n  – dimensional free A  – module.

If you attach a W g B
B B B

j
j j j

n
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� ���
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��1

1
1 1 1 1

0 1
:  

flag image F N 0, the flag will be: F A P Q P Q AN n N N n0 0 01 1� � � � � � �... .
F A P Q P Q AN n N N n0 0 01 1� � � � � � �... .

Thus, with attachments W g W g⋅ ⋅0 1,  simplex im-
ages σV

N , i.e. W g V
N� � �0 �  and W g V

N� � �1 �  are sim-
plexes of the complex K n G

K
2 �� �.

Simplexes W g V
N� � �0 � ,  W g V

N n n

n
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�
��
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��1

1 1

0 1
� ,  

have a minimum K  – flag:
F A P Q P Q AN n N N n0 0 01 1� � � � � � �... , where An  
free A  module with basis ui

n� �
1

.
So, it is shown that simplicial attachments 

W g W g⋅ ⋅0 1,  continue to simplicial attachments 
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Step 2. Build Attachment W f⋅ 2.
Define the embedding W g⋅ 2  at vertices 
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j
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On the matrix Bj
1 of the transition from vertex aV

0

to vertex aj
V  define a aV

j
V

V
N

0 , ��  as follows: 
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It is easy to verify that the minimum flag for 
W g V

N� � �2 �  is the following flag: F A P Q P Q AN n N N n0 0 01 1� � � � � � �... , 
F A P Q P Q AN n N N n0 0 01 1� � � � � � �... , i. e. W g V

N� � �2 �  is a 
simplex in K n G

l
2 �� �. For simplexes 

W g W gV
N

V
N n

n n
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�� � � � �
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��1 2

1 0

1 1
� �, ,  there is a com-

mon minimum flag, since for nilpotent matrices of 

these simplexes: 
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by virtue of the lem-

ma [2, 24–26]: there is a substitution of the basis 
n n n n p p� � �� � � �1 1 2 2 2, , , ,..., , , ,  that leads these ma-

trices to a triangular appearance. The minimum flag 
corresponding to this substitution will be: 
A P Q A P QN N N1 1 1 0 0 0⊕ ⊕ ⊕ ⊕ ⊕ ⊕... ,  where the 
dimensions of the modules Ai  and P Qi i⊕  match 
i N=1 0,...,  and the modules A P Qi i i, ⊕  are linear 
shells u ej j, ,  i. e. some of the vectors u uk1,...,  and 
e ek1,...,  respectively with matching indexes j  and 
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A A AN n1 0� � �... , P P P Q Q Q P Q AN N n1
0

1
0 0 0

0 0� � � � � � � �... , ... , .
P P P Q Q Q P Q AN N n1

0
1

0 0 0
0 0� � � � � � � �... , ... , .

So, simplicial investments W g⋅ 1  and W g⋅ 2  con-
tinue to W f KV

N
n G

l� � � � �2
1

2:� � �  i.e., to simplicial 

investments W f K Kn G
l

n G
l� � �� � � �2

1
2: .� � �

Step 3. Build Attachment W f⋅ 3.
Define the attachment W g⋅ 3  at the vertices 
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On matrix Bj
1 of transition from vertex a V

0  to ver-
tex a j

V  define W g⋅ 3  as follows:
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It is easy to check that the minimum flag for 
W g V

N� � �3 �  when nesting W g B
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will be the following flag: 
F A P Q P Q AN n N N n0 0 01 1� � � � � � �... ,  where An  
there is a free A  – module.

Thus, the image of simplex σ V
N  when embedded 

W g⋅ 3 is a simplex in K n G
l

2 �� �.
For simplexes W g W gV

N
V
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�
�

�

�
�2 3

1 1

0 1
� �, , ,  
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force lemma

[2, 24–26]: there is a single substitution on the basis 
of the form 1 1 2 2 2, , , ,..., , , ,n n n n p p� � �� � � �  leading 
nilpotent matrices to an upper triangular view.

It is easy to check that the minimum K  flag for 

simplexes W g V
N� � �2 � , W g V

N� � �3 � ,  �
1 1

0 1
n n

n

�

�
��

�

�
��,  that 

corresponds to this substitution will be the following 
flag: P Q A P Q AN N N1 1 1 0 0 0⊕ ⊕ ⊕ ⊕ ⊕ ⊕... ,  where 
modules P Q Ai i i, ,  are the same as in the flag 
A P Q A P QN N N1 1 1 0 0 0⊕ ⊕ ⊕ ⊕ ⊕ ⊕... ,  of the previous 
step 2.

So, simplicial investments W g⋅ 2  and W g⋅ 2  con-
tinue to W f KV

N
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2:� � �  i. e., to simplicial 
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The collection of constructed simplicial attach-

ments W f W f W f⋅ ⋅ ⋅1 2 3, ,  sets the simplicial embed-
ding W K Kn G

l
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N
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is converted to the following matrix: 
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The theorem is proven.
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RESEARCH OF THE PROCESS OF PURIFICATION OF SOY 
OILS GREATED IN THE REPUBLIC OF UZBEKISTAN

Abstract. This article provides information that when refining local soybean oils, you can use 
2–3% of water by weight of the oil during its hydration and alkali with a concentration of 200–250 
g / l during refining (based on the crude oil index), where we can get the highest yields and quality 
of the resulting product.

Keywords: Soy, soybean oil, alkaline purification, hydration, refining.
Introduction: The country’s oil and fat compa-

nies process an average of 100,000 tons of soybean 
seeds per year, where with an average oil yield of 
18.07%, oil production is about 18,000 tons. Effec-
tive refining of this amount of soybean oil is very im-
portant and requires reducing waste, optimizing aux-
iliary materials and energy consumption. Currently, 
due to the fact that oil refineries carry out the process 
of alkaline soybean oil refining without hydration, 

large amounts of food phosphatides are converted 
into soap stock and are not used for useful purpos-
es. In addition, the high content of phospholipids 
in soap stock complicates the process of soap stock 
dilution, working with acid and obtaining crude fatty 
acids [1, p. 4–5; 2, p. 49–52; 3, p. 102–103].

Therefore, it is recommended to first hydrate the 
soybean oil for pressing and extraction oils, and then 
alkaline refining, since the theoretical and practical 
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significance of this issue is very high, and the eco-
nomic efficiency is high.

V. N. Martovshuk et al. In their work [4, p. 2–4; 
5, p. 28–31; 6, p. 315–318; 7, p. 1–9] classify cotton-
seed and soybean oil as difficult to cleanse vegetable 
oils. In this regard, in the process of refining soybean 
oil, it is necessary to use the technology of stepwise 
refining, which makes it possible to consistently ob-
tain accompanying substances in soybean oil.

To maximize the separation of phospholipids in 
soybean oil, we used a laboratory device that allowed 
us to vary the amount of water in a wide range [8, p. 
120–121]. Freshly prepared press oil was obtained 
for the experiment [9, p. 392–395].

Materials and methods. The article uses mod-
ern methods of chemical, physico-chemical and 
other analyzes with the processing of the results by 
statistical methods.

Analyzes of hydration of soybean oil were carried 
out according to the method described in the “Guide 
to research methods, technological control and ac-
counting for production in the oil and fat industry” 
[10, p. 101–135; 11, p. 115–129].

–  the oil content in the processed materials was 
determined by exhaustive extraction in the apparatus 
Zaichenko and Naaba [11, p. 115–129];

–  the moisture content of oil-containing materi-
als was analyzed by the gravimetric method [12, p. 
1–18];

–  the mass fraction of moisture and volatile sub-
stances was determined by the method [13, p. 1–23];

–  non-fatty impurities in oil were analyzed ac-
cording to [14, p. 1–8];

–  the mass fraction of phospholipids was de-
termined by the semi-micro method in terms of% 
stearooleocytin [15, p. 78–83];

–  the color of cottonseed oil was determined 
using a Lovibond color meter according to O’zDSt 
1199: 2009 [16, p. 1–10; 17, p. 75–78].

Results. Indicators of hydrated oil in the ex-
periments: acid number – 2.5 mg KOH/g, col-
or – 50 mg J2. Phosphorus content – P – 0.0085%, 
P2O5–0.04227%, phosphatides – 0.47980. The ex-
perimental results are shown in (Table 1).

Distilled water consumption for hydration 
ranged from 1.0 to 6.0% by weight of oil.

Table 1. – Influence of the amount of water supplied to the hydration 
process on the performance of soybean oil

No. Amount of 
water. %

Acid number. 
mg KOH/g Humidity.%

Output.%
Hydrotational sludge Butter

1. 1.0 1.98 0.04 2.91 95.93
2. 2.0 1.94 0.04 3.93 96.42
3. 3.0 1.87 0.05 4.52 96.71
4. 4.0 1.79 0.05 5.84 95.81
5. 5.0 1.66 0.06 6.91 95.31
6. 6.0 1.64 0.06 7.43 94.89

It should be noted that the addition of 2.0% water 
to the oil accelerates the separation of the hydrated 
sediment from the oil, which is very important in the 
process of continuous hydration.

Therefore, it is optimal to obtain 2–3% water in 
relation to oil for carrying out the process of hydra-
tion of soybean oil for pressing, and this is recom-
mended for industrial use.

Soybean oil, like other vegetable oils, is obtained 
by pressing and extraction methods. We studied the 
process of oil refining from soybeans grown in the 
country. For this, the soybeans were first ground into 
a powdery powder. Then, in the laboratory, the oil 
was obtained by pressing using a laboratory press. The 
amount of oil obtained was measured and its quality 
analyzed. The moisture content of the obtained oil 
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was 0.26%, the acid value was 2.5 mg KOH/g, the re-
fractive index at 30 °C was 1.466, the iodine value was 
92% J2, and the chromaticity was 30 J2.

The resulting oil was refined in the laboratory us-
ing caustic soda solutions with a concentration of 
150, 200, 250 g/l to make it usable in accordance 
with the requirements of the standard. The alkali 

temperature was 25–30 °C, the oil temperature was 
60 °C, and during the soap stock coagulation, 4% of 
water by weight of the oil was added. The excess al-
kali was 0.5% by weight of the oil.

Then the purified oil was filtered from the soap 
stock and analyzed. The results obtained are pre-
sented in (table 2).

Table 2. –Influence of alkali concentration on the efficiency of soybean oil refining

Name of indicators
Alkali concentration g/l

150 200 250
Moisture oil,% 0.2 0.2 0.2
Acid number, mg KOH / g 0.34 0.27 0.24
Refined oil output,% 96.4 94.8 93.1
Soap stock yield,% 7.5 9.1 9.8
Oil color, J2 6 6 5

Discussion and Conclusion. As can be seen 
from the data in (Table 1), as the amount of wa-
ter supplied to the hydration process increases, the 
amount of hydrated sediment increases, the yield of 
hydrated oil and the amount of acids decrease, and 
the moisture content of the hydrated oil increases.

With an increase in the water content from 1.0 to 
3.0%, the yield of hydrated oil increases from 95.93 
to 96.71%, and the precipitation of hydration in-
creases from 2.91 to 4.52%. However, a subsequent 
increase in the water content from 4.0 to 6.0% leads 
to a decrease in the yield of hydrated oil from 95.81 
to 94.89% and an increase in the hydrated sediment 
from 5.49 to 6.95%. During the experiments, the acid 
number of the hydrated oil decreased from 1.98 to 
1.64 mg KOH/g, and the moisture content of the oil 
increased from 0.04 to 0.06%

The data in (Table 2) show that alkaline refining 
of soybean oil leads to an improvement in its qual-
ity indicators. When the concentration of alkali in-
creased from 150 to 250 g/l, the oil yield decreased 
from 96.4 to 93.1%, and the soap stock yield in-
creased from 7.5 to 9.8%. However, the color of the 
oil and the amount of acids also decreased. Includ-
ing acid number decreased from 0.34 mg KOH to 
0.24 mg KOH, color from 6 to 5 J2.

Thus, summarizing the results of the study, we 
can conclude that when refining local soybean oils, 
you can use 2–3% of water by weight of the oil dur-
ing its hydration and alkali with a concentration of 
200–250 g/l during refining (based on the crude 
oil), where we can get the highest yields and quality 
of the resulting product.
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REFINING OF COTTONSEED OIL OBTAINED 
BY EXTRACTION METHOD

Abstract. Technological methods of refinement of raw cottonseed oil show that the quality and 
nutritional benefits of refined oil mainly depend on the content of free fatty acids, phospholipids, 
gossypol and its derivatives, as well as other substances. The reduction and complete removal of cer-
tain oil-related substances can significantly improve the performance of the final product. Refining 
the raw oil and ensuring high features of product also depend on the nature of the feedstock and the 
production methods for cottonseed oil. Today, the alkaline method of purifying vegetable oils and 
their by-products is widely used in the production of edible oils. However, the refining of cottonseed 
oil using an alkaline sodium hydroxide solution, as the author of the article states, is associated with 
high consumption of sodium hydroxide, a relatively low yield of refined oil, significant losses and 
consumption of energy resources.

Keywords: refined cottonseed oil, raw cottonseed oil, experiment, partially neutralized oil, 
refining process, refining method, neutralizer, and concentration, solutions of sodium aluminate 
and sodium hydroxide, phospholipids, final refining, bound gossypol, electromagnetic treatment, 
extraction.

In Uzbekistan, comprehensive measures are 
being taken to develop the fat-and-oil industry, in-
crease production volumes and expand the range of 
finished products in order to fully meet the needs of 
the population [1].

Specialists in the field of nutrition in our country 
and abroad give great importance to increasing the 
proportion of vegetable oils used in food, since they 
contain important essential or polyunsaturated fatty 
acids that have a beneficial effect on the human body.

Refining of raw cottonseed oil is a complex, 
multi-stage process based on physical, physical-
chemical and chemical methods of processing oils 
and fats in order to improve their quality, nutritional 
and biological value, as well as improve their techno-
logical properties.

Taste, smell, color, transparency, iodine, acid 
and peroxide numbers, the amount of phospho-
rus-containing and unsaponifiable substances and 

moisture characterize the high quality of refined 
cottonseed oil.

Currently, the refining of raw cottonseed oil at fat 
processing plants is carried out using alkaline solu-
tions of sodium hydroxide. The refining technology 
used in industrial practice is associated with a high 
consumption of an alkaline solution, a low yield of 
the final product, losses and significant heat and en-
ergy costs.

The shortage of caustic soda at the fat-processing 
plants of the Republic dictates to workers in science 
and industry the need to search for new, unconven-
tional alkaline agents that are not inferior in tech-
nological and other properties to sodium hydrox-
ide. The rational and efficient use of waste from the 
chemical and oil refining industries is of particular 
interest. Alkaline solutions of sodium aluminate 
obtained during the activation and regeneration of 
catalysts are of importance in this direction.
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Crude oils always contain a variety of impurities.
Some of the impurities, together with the oil, 

are extracted and the seed cells under the action of 
elevated temperature, pressure and organic solvent. 
Therefore, commercial oil always contains phospho-
lipids, waxes, dyes and decomposition products of 
these substances (free fatty acids, mono- and diglyc-
erides and other substances) [2].

The oil obtained from seeds also contains oxi-
dation products of various lipid compounds. Their 
content depends on the quality of the seeds supplied 
for processing, and the intensity of the technological 
impact on the seeds when obtaining oil. In addition 
to soluble substances, commercial oil also contains 
mechanical impurities. The process of cleaning oils 
from accompanying substances is called refining. Re-
fining methods can be divided into physical, chemi-
cal and physical-chemical [2].

Raw cottonseed oil, obtained by the extraction of 
oil-containing raw materials, is significantly different 
in quality and physical-chemical composition from 
prepress oil. This is because, along with the oil, the 
solvent largely extracts the components accompa-
nying it. In order to test the technology of partial 
neutralization of crude extraction oil with alkaline 
solutions of sodium aluminates, experimental stud-
ies were carried out in laboratory conditions.

The effect of concentrations (8–33%) of alkaline 
solutions of sodium aluminate on a decrease in the 
content of free fatty acids (K.n.), phospholipids (Phl), 
tocopherols (Tph), free (Fg) and bound (Bg) gossy-
pol and change in color (Clr) partially neutralized oil.

As can be seen from the curves in Fig. 1 and Fig. 
2, with partial neutralization of the extraction cot-
tonseed oil, the concentration of alkaline solutions 
of sodium aluminate is higher than for the press oil. 
This is because more concomitant substances pass 
into the extraction oil than into the prepress oil [3].

Studies carried out under identical conditions of 
partial neutralization of prepress cottonseed oil show 
that, in this case, there is a decrease in the acid number, 
the content of related substances in the partially neu-

tralized extraction oil. Effect is improved color of cot-
tonseed oil. The most acceptable results are obtained 
when the concentration of the alkaline sodium alumi-
nate solution is equal to 23%. Whereas for the press 
was used alkali with a 15% concentration.

Figure1. Change in the content of phospho-
lipids (Phl) and tocopherols (Tph) in par-

tially neutralized extraction cottonseed oil 
depending on the concentration (C) of al-

kaline solutions of sodium aluminate

Figure 2. Change in the content of free (Fgr), 
bounded (Bg) gossypol and color (Clr) in 

partially neutralized extraction cottonseed 
oil depending on the concentration (C) of al-

kaline solutions of sodium aluminate

The studies were carried out using various extrac-
tion cotton oils, differing mainly in the initial acid 
numbers. The required concentration and excess of 
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alkaline solutions of sodium aluminate were estab-
lished depending on the initial acid number of the 
raw material [2]. The results of experimental studies 
are shown in Table 1.

As shown, the data given in table. 1, and in this 
case, changes occur in the chemical composition and 
quality of the partially refined cottonseed oil. Alkaline 
solutions of sodium aluminates lead to a decrease in 
the acid number, the content of phospholipids, to-

copherols, free and bound gossypol. This achieves an 
improvement in the color of the partially neutralized 
cottonseed oil. The most acceptable technological data 
are obtained by partial neutralization of crude extrac-
tion cottonseed oil with an initial acid number of no 
more than 5.8 mg KOH / g. This indicates that alkaline 
solutions of sodium aluminate show their reactivity up 
to a certain level of acid number and the content of 
substances accompanying in the original oil [3].

Table 1. – Results of refining cottonseed oil with alkaline sodium aluminate solution
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1. 4.2 39 0.7 0.13 0.16 16 20 3.7 27 0.35 0.08 0.10 Trays 98

2. 5.8 47 0.9 0.23 0.28 22 40 4.4 31 0.47 0.16 0.15 Trays 97

3. 6.1 52 1.3 0.45 0.30 25 60 4.9 37 0.68 0.27 0.17 Trays 94

4. 7.9 n/a 1.9 0.56 0.50 31 80 5.5 46 0.95 0.33 0.26 Trays 91

5. 14.8 n/a 2.8 0.71 0.93 43 100 8.1 52 1.50 0.55 0.66 Trays 88

Table 2. – Influence of an excess amount of an alkaline sodium 
aluminate solution on the cottonseed oil refining process

Excessive 
amount of 
alkali from 
its original 
amount, %

Physical-chemical characteristics The yield of 
partially neu-

tralized oil, 
depending on 
the original, %

Acid num-
ber, mg 
KOH/g

Chromaticity, 
red units at 

35 yellow in 1 
cm layer

Content,%

Phos-
pholipids

Free 
gossy-

pol

Bound-
ed gos-
sypol

Alumi-
num 

soaps
0 (the control) 5.8 47 0.9 0.23 0.28 – –

40 5.1 31 0.7 0.20 0.25

Trays

97
60 4.4 27 0.5 0.19 0.23 95
80 4.2 24 0.4 0.17 0.21 94

100 3.8 23 0.4 0.15 0.19 93
120 3.6 22 0.3 0.10 0.16 92
150 3.6 21 0.3 0.10 0.14 92

Note: The concentration of sodium aluminate 23% and NaOH in the solution is 230 g/l
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Taking into account these experimental data, 
further studies were aimed at studying the effect of 
an excess of alkaline sodium aluminate solution on 
the performance of a partially neutralized sample 
of crude extraction cottonseed oil. In this case, the 
excess of the alkaline sodium aluminate solution is 
selected in a relatively higher (40–150%). The results 
of studies to study the effect of an excess amount of 
an alkaline solution on the technological process of 
partial neutralization of the extraction oil are shown 
in (Table 2).

The data obtained indicate that in the partial neu-
tralization of the crude extraction cottonseed oil, an 
excess of the used alkaline solution of sodium alumi-
nate with a concentration of 23% plays a large role. 
The results of the study established a decrease in the 
acid number of partially neutralized oil, as well as 
the content of phospholipids, tocopherols, free and 
bound gossypol in it. It should be noted that an ex-
cess of alkali has a significant effect on improving the 
color of partially neutralized cottonseed oil.

A fundamentally new technology for alkaline 
refining of raw cottonseed oil has been developed, 
which consists in its neutralization in series with al-
kaline solutions of aluminate and sodium hydroxide.

The investigated technology has been improved 
with the use of pretreatment methods for alkaline 

solutions in an electromagnetic field of various 
strengths.

The results of new developments made it possi-
ble to reduce the consumption of alkaline solutions, 
reduce oil losses and improve its quality [2].

The optimal technological modes of partial neu-
tralization of raw cottonseed oil have been deter-
mined, ensuring the maximum removal of phospho-
lipids, gossypol and its derivatives, tocopherols from 
the raw material at the stage of preliminary refining. 
The technology of the final refining of partially neu-
tralized cottonseed oil with an alkaline solution of 
sodium hydroxide has been investigated, its optimal 
concentration and excess have been established, 
which ensure an increase in the quality and nutri-
tional value of the refined oil [3].

The technological processes of partial and final 
refining of raw cottonseed oil with alkaline solutions 
of aluminate and sodium hydroxide with their pre-
liminary processing in an electromagnetic field of 
various strengths have been improved. The optimal 
value of the EMF intensity has been determined, 
which ensures a high yield and quality of refined oil.

The physical-chemical and qualitative character-
istics of soap stocks obtained in the technologies of 
partial neutralization and final refining of raw cotton 
oils have been evaluated.
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RELIABILITY MAINTENANCE OF FUEL EQUIPMENT ON 
MARINE AND INLAND NAVIGATION VESSELS

Abstract. The article specifies requirements of Annex VI MARPOL for sulphur content in fuel. 
The reliability issues of internal combustion engine fuel equipment due to the use of fuel grades with 
low sulphur content are considered. Ways of improving the lubricating properties of fuel grades with 
low sulphur content are proposed.
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The importance of solving the task of ensuring 

environmental and energy efficiency of ship power 
plants is determined by the requirements of Annex VI 
MARPOL of International Maritime Organization 
regulations MERS.203(62) and MERS.259(68) 
for new regulations on ship energy efficiency. These 
documents regulate permissible fuel grades and their 
sulphur content [1; 2]. A vessel complies with envi-
ronmental requirements if it is fitted with an exhaust 
gas cleaning system (scrubber) [3–5] or if fuel with 
a sulphur content not exceeding 0.5% (for special 
areas, not exceeding 0.1%) is used [6–8].

Heavy oil fuel remains the main energy carrier 
used in marine vessels. There are two basic types of 
fuel sulphur reduction: chemical and technical. In 
the first one the amount of sulphur is reduced by 

means of special chemical additives. In the second 
(technical) one, there are several sophisticated meth-
ods to reduce sulphur in fuel, e. g. based on the use 
of ultrasonic and electric fields, as well as hydrody-
namic treatment. All that complicates processing of 
crude oil into fuel and considerably increases its pro-
duction and further operation costs [9–11]. These 
factors determine the urgency of the task associated 
with increasing the wear resistance of high-pressure 
fuel pump parts, as well as reducing energy losses in 
the components of diesel fuel equipment [12–14].

The use of low-sulphur fuel grades complicates 
the operation of marine engines due to constant 
fuel switching operations. Fuel grade switching is re-
quired when calling at ports and sailing in special ar-
eas (Sulphur Emission Control Area – SECA). Fuels 
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with sulphur content not exceeding 0.1% must be 
used in these areas. Changing from one type of fuel 
(with sulphur content up to 0,5%) to another (with 
sulphur content up to 0,1% or sulphur-free) must 
be performed according to recommendations and 
requirements for fuel change with fuel exchange in 
all system components. This process may take from 
several hours to a day depending on the type of fuel 
system, fuel consumption and technical characteris-
tics of the internal combustion engine. When leaving 
port and leaving special areas, the diesel engine must 
be changed back to fuel with high sulphur content.

All changes to different grades of fuel (due to dif-
ferent physical and chemical properties) are associ-
ated with a change in their operating temperature. For 
fuel with 0.5% sulphur content, the operating tem-
perature is in the range 90–105 ˚C, and for distillate 
fuels (with sulphur content up to 0.1%) 30–40 ˚C. 
Frequent changes from heavy fuel to distillate fuel, 
the constant change of temperature modes adversely 
affect the engine life and durability of fuel equipment, 
especially fuel pumps of high pressure. This leads to 
increased wear of fuel equipment parts, and also in-
creases specific fuel consumption [15–17]. Conse-
quently, low sulfur content in fuel adversely affects 
the performance and durability of fuel equipment, 
and together with frequent fuel changes significantly 
reduces its service life. All this prompts the search for a 
solution to the problems associated with a decrease in 
the motor life of diesel parts due to frequent fuel grade 
changes to grades with low sulfur content.

There are several ways of solving this problem. 
One of them is the use of special additives in fuels 
to improve the lubricating properties and techni-
cal condition of precision couples when operating 
at increased load and using fuels with low sulphur 
content [18; 19]. There is also a possibility of im-
proving tribotechnical properties of fuels by adding 
vegetable oils to them [20; 21].

The principle of anti-wear additives is to form a 
solid film on the surface of the protected element. The 
film consists of products of mechanical and chemical 

modifications of additive on metal surface. The way 
of its formation depends on the friction mode. In 
the liquid mode the effective adsorption (physical 
adsorption, chemisorption) of the additive, which 
improves the lubricating properties of fuel, is quite 
sufficient. The use of these additives, however, is as-
sociated with several complications. The first one is 
the surfactants themselves, specifics of their storage 
and further operation. The second one is expenses, 
the increase of which, in case of their use, makes this 
option financially expensive [22; 23].

Other possible options for improving tribotech-
nical properties are the addition of mineral lubri-
cants. Mostly the options offered are the addition of 
special oil. During each bunkering, oils are added to 
tanks with low-sulphur fuel in the ratio of 1:200. As 
a result, when such oil is added to low-sulphur fuel, 
its lubricating ability is improved [24–26].

One of the directions of increasing service-
ability of friction units is the use of ultradispersed 
powders of soft metals in lubricating oils. The most 
widespread are powders of copper, and copper salts, 
which are introduced into lubricants [27–29].

Therefore, there is no single correct solution to 
these problems, but it is possible to use complex 
methods, which significantly improve performance 
and service life of fuel system parts.

As a result, the following conclusions can be drawn:
–  Modern ecological requirements, which oblige 

to use low-sulphur fuel grades, frequent changes of 
fuel grades, necessity of maintenance of various tem-
perature modes of fuel use, promote decrease in mo-
tor-resource of fuel equipment and lead to increase 
in expenses for vessels’ operation;

–  Several methods can be used to improve re-
liability of fuel equipment parts and reduce energy 
losses: dosing additives into fuel, use of surface-ac-
tive substances, use of ultradispersed powders.

These methods are difficult to operate and their 
implementation in marine vessels is a lengthy process. 
However, with further consideration it is possible to find 
options that are cost effective and technically feasible.
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USAGE OF BIODIESEL IN MARINE DIESEL ENGINES

Abstract. The technology of using biodiesel fuel in marine diesel engines is considered. The dia-
gram of the fuel system using biodiesel fuel is shown. It has been experimentally established that the 
use of biodiesel fuel provides a decrease in the concentration of nitrogen oxides in exhaust gases by 
7.7 … 23.8%, while the specific fuel consumption increases by 1.5 … 3.9%.
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The main energy source for heat engines (gas tur-
bines, boilers, diesels) is oil-based fuel. According to 
British Petroleum’s 2020 data, the world’s proven oil 
reserves are estimated at 244.6 billion tonnes. Con-
sidering the yearly fuel consumption volumes, the 
world power industry has enough of such resources 
for 40–45 years [1; 2]. This, together with the pres-
ent-day ecological requirements for heat engines, 
imposes the development of alternative power engi-
neering and the development of alternative fuels [3].

Fuels for marine diesel engines are traditionally 
divided into heavy and light ones. To the first cat-
egory belong fuels, viscosity of which at 50 ˚C ex-
ceeds 50 sSt (in modern diesel engines are used fuels 
with viscosity up to 500…700 sSt). Light fuels are 
characterised by viscosity of 2…40 sSt. Heavy fuel 
(compared to light) contains high levels of sulphur 
(up to 0.5%) and nitrogen (up to 1.0%). Their com-
bustion produces toxic components – sulphur oxides 
SOX and nitrogen oxides NOX, which have a negative 
effect on the environment and people. Therefore, 
specific tasks of ship power plant operation include 
prevention of formation and neutralization of envi-
ronmentally hazardous substances formed at usage 
of oil diesel fuel. Therefore, recently great attention 
is paid to reduction of harmful substances in com-
bustion products, especially NOx [4; 5]. In order to 

reduce the concentration of these substances differ-
ent methods and technologies are used: injection of 
water into the air and exhaust manifold and directly 
into the diesel cylinder; exhaust gas recirculation, 
use of alternative fuel which is cheap, calorific and 
environmentally friendly [6; 7].

In the last decades extensive studies of the pos-
sibility of alternative fuels application are carried out 
[8; 9]. Partial substitution of traditional engine fu-
els by synthetic liquid hydrocarbons obtained from 
natural gas and by biodiesel fuels obtained from veg-
etable oils are considered to be the best [10; 11].

The research task was to determine the influence 
of alternative fuels on economical and ecological 
performance of a diesel engine.

Application of alternative fuels for higher power 
marine diesel engines (with cylinder diameter of 
over 0.4…0.42 m and nominal power over 5000 
kW) is limited due to the following facts uncon-
trolled deterioration of environmental performance 
(due to fluctuations in fuel-air ratio) [12];

–  torque reduction (due to a fall in maximum 
cycle pressure) [13]; – reduction of;

–  Decrease in effective power at nominal load 
(due to change in fuel period) [14].

Small and medium power internal combustion en-
gines of vessels (with cylinder diameter up to 0.32–
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0.36 m and nominal power not exceeding 3000 kW) 
are used as auxiliary engines (transferring power to the 
electric generator). There are 2–4 such engines, each 
having its own fuel system, so it allows using fuels with 
different characteristics (including alternative fuels) 
for providing operation cycle [15; 16].

As a rule diesel engines are not run solely on alter-
native fuels. These fuels have lower viscosity, and their 
lower calorific value doesn’t allow to obtain energy 
necessary for piston displacement and shaft rotation. 
Therefore, mixtures of traditional and alternative fuels 
are used in marine power generation. The easiest way 
to add alternative fuel to traditional fuel is directly in 
the ship’s fuel system, before the fuel mixture is fed 

into the diesel engine cylinder. Concentration of alter-
native fuel in the fuel mixture is 5…30% [17].

The research was performed on 6H17/28 Hyun-
dai Heavy Industries medium-speed marine diesel 
engines with the following main characteristics:

bore – 0.17 m;
stroke – 0.28 m;
speed – 900 rev/min;
output range – 690 kW;
cylinders – 6.
Three such diesels were part of the power plant 

of a seagoing vessel of 14,745 tonnes deadweight. 
A schematic of the diesel fuel system is shown in 
(Figure 1).

Figure 1. Schematic diagram of the fuel system of 6H17/28 Hyundai Heavy Industries marine diesel 
engines: 1 – fuel pump; 2, 5 – fuel filter; 3 – flow meter; 4 – dispenser; 6 – fuel line; 7 – waste tank

The fuel circuit to the first diesel was not changed 
and the diesel was operated with DMA fuel (with a 
viscosity of 6 sSt and 0.08% sulphur content). The 
fuel viscosity allows the addition of biodiesel (with 
a viscosity of 5 sSt and a sulphur content of 0.005%). 
The biodiesel content in the fuel mixture was varied 
in the range 5…20%. The fuel mixture was fed to 
diesels 2 and 3. In order to provide biodiesel dosage 
in the fuel mixture there were additionally installed 
flow meter and dispenser (positions 3 and 4 in Fig. 
1) into the contour of diesels 2 and 3 [18; 19].

The main values measured in the experiment 
were specific effective fuel consumption and con-

centration of nitrogen oxides in exhaust gases. 
Load on diesel engines during the experiments 
was varied in the range of 25…85% of nominal 
value.

As a result of researches the following has been 
established. Fuel mixture containing 5…20% of 
biodiesel provides 7.7…23.8% decrease of nitrogen 
oxides concentration in exhaust gases, at that specific 
fuel consumption increases by 1.5…3.9%. Further 
research will make it possible to determine the opti-
mum concentration of biodiesel in the fuel mixture 
for different operational modes of diesel engine op-
eration.
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MAINTAINING THE EFFICIENCY OF DRILLING FLUIDS 
WHEN THEY ARE TRANSPORTED BY PLATFORM 

SUPPLY VESSEL CLASS OFFSHORE VESSELS

Abstract. The technology of drilling fluids transportation on the Platform Supply Vessel-class 
has been considered. It has been established that density stratification of drilling fluid by depth of a 
cargo tank in the interval of its transportation time of 6…48 hours is 4.66…40.13%. The use of an 
additional X-shaped circulation of the drilling fluid in the volume of adjacent cargo tanks has been 
proposed as such method. The studies proved that in this case density stratification for the time pe-
riod 6…48 hours is in the range of 3.61…8.52%. Even less density stratification (0.59…2.12%) is 
achieved by simultaneous circulation of drilling fluid and air supply to the cargo tank.

Keywords: Platform Supply-class vessel, drilling fluid, density stratification.
Steadily increasing consumption of heat, me-

chanical and electrical energy is forcing countries 
with natural reserves of oil and gas to increase their 
production. At the same time, oil and gas fields can 
be located not only on the inland areas, but also on 
the sea shelf. In that case, the technological process 
of hydrocarbon production is impossible without 
special ships – Platform Supply Vessels (PSVs). They 
are used for delivery of water, fuel, oil, food, neces-
sary drilling equipment and special technical liquids 
(drilling fluids) from the coastal bases to the offshore 
drilling platform [1].

Drilling fluid is a complex multicomponent dis-
perse system, which is used for well flushing during 
drilling process. Its properties are selected accord-
ing to the geological characteristics of the oil field 
and the technical conditions of its production [2]. 
In drilling slurries (which are used for oil extraction 
on sea and ocean platforms) the disperse medium is 
low-viscosity oil, while the disperse phase consists 
of metal salts, such as NaCl, KCl, MgCl2, as well 
as various silicon organic compounds. Dispersed 
phase of the drilling fluid provides lubrication and 

cooling of drilling equipment, while the dispersed 
medium improves its tribotechnical properties [3–
5]. The disperse components of the drilling fluid 
(metal salts) have higher specific weight in com-
parison with the disperse phase (oil), and there-
fore during the transportation of the drilling fluid 
they settle out on the bottom of the cargo tank, in 
which they are transported from the shore to the oil 
platform. This leads to a change in the performance 
of the drilling fluid, particularly the occurrence of 
density stratification along the depth of the cargo 
tank [6; 7]. The deposition of heavy drilling fluid 
components causes increased hydraulic resistance 
when the fluid is pumped from the vessel cargo 
tank to the drilling platform, and in some cases, 
can result in damage to the cargo pumps. In ad-
dition, sediment removal from the cargo tanks is 
done mechanically and requires additional energy 
and time, both of which increase the financial cost 
and reduce the economic performance of the PSV. 
Therefore, maintaining the performance of drilling 
slurries during their transportation by PSV-class 
marine vessels is an urgent applied scientific and 
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technical problem, the optimal solution of which 
has not been found at present [8].

The objective of the investigation was to develop 
technology that would maintain constant density 
value of drilling fluid along the depth of the tank in 
which it is transported.

In order to determine a process for maintaining 
constant fluid density along the depth of the tank 
in which the fluid is carried, the experimental stud-
ies were carried out on a PSV of 5,850 dwt. The PSV 
vessels belong to medium-speed class (their maximal 
speed usually doesn’t exceed 12…13 knots), therefore 
the duration of their trip (and accordingly the time for 
fluid transportation) from port to oil platform is 2…5 
days. Besides, there can be cases when some opera-
tional and technological reasons cause the necessity of 
drifting or mooring near drilling platforms. This time 

interval facilitates gradual deposition of heavy compo-
nents, with which the fluids are alloyed, and increases 
stratification of drill fluid density by the depth of the 
cargo tank in which it is carried [1; 9].

The fluid was transported in six single-type tanks 
located symmetrically on the port and starboard 
side. The system provided for process operations to 
receive aboard and dispense the drilling fluid to the 
oil platform, which were provided by cargo pumps. 
To minimise drilling fluid density stratification, pre-
vent fluid stratification and heavy component sludge 
formation, the shipboard drilling fluid transport 
system was additionally equipped with pipework 
(which provided X-shaped circulation of the fluid 
in the tanks) and aerodynamic inserts (which fed air 
into the cargo tank volume). The changes made to 
the system are shown in (Figure 1).

а)

b)

Figure 1. Schematic diagram of incorporating additional units into a shipboard drilling 
fluids transport system: а – providing X-shaped circulation of drilling fluids in the tanks; 

b – ensuring X-circulation of drilling fluids in the tanks with simultaneous air supply
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The density was taken as the control param-
eter, by which the dispersion state of the drilling 
fluid was evaluated. The density was measured 
with the electronic Anton Paar DMA35 Tag & Log 
from LEMIS Baltic (Latvia-Germany), that allows 
measuring in the range of 650…1630 kg/m3 with 
the margin of ±1 kg/m3 при одновременном 
контроле температуры измеряемых образцов 
and controlling the temperature of measured 
samples.

The samples for the density of the drilling fluid 
were taken at different points of the tank, corre-
sponding to 30, 60 and 90% of its depth. For the ex-

periment, the drilling fluid was transported under 
the following conditions:

1) two tanks without changing the system design;
2) two tanks in which X-shaped circulation of 

drilling fluid was additionally provided – fig. 1, a;
3) two tanks in which X-shaped circulation of 

drilling fluid and forced air supply were additionally 
provided – fig. 1, b.

Ocean crossing time of PSV from port to drilling 
platform was 52 hours, which enabled drilling fluid 
sampling for all conditions of the experiment within 
48 hours with 6 hours interval between density mea-
surements. The results are shown in (Table 1).

Table 1. – Variation of drilling fluid density (r, kg/m3) by depth of cargo 
tank depending on time and method of transport

Measurement 
level

Transportation without changing the system design
transportation time, hours

0 6 12 18 24 30 36 42 48
Surface 1172 1138 1063 992 978 967 948 928 912

0.3h 1172 1144 1110 1072 1062 1043 1040 1033 1030
0.6h 1175 1178 1182 1185 1188 1192 1199 1202 1207
0.9h 1176 1191 1226 1238 1239 1245 1250 1258 1278

Transportation with additional X-circulation
surface 1174 1136 1128 1108 1095 1091 1085 1084 1084

0.3h 1175 1148 1145 1142 1140 1131 1118 1118 1110
0.6h 1177 1177 1178 1179 1178 1180 1180 1182 1183
0.9h 1177 1177 1178 1179 1180 1182 1182 1185 1185

Transportation with additional X-circulation and air supply to the cargo tank volume
surface 1173 1170 1163 1163 1160 1159 1157 1157 1156

0.3h 1175 1171 1166 1165 1164 1162 1162 1161 1161
0.6h 1175 1175 1176 1177 1178 1178 1178 1180 1180
0.9h 1177 1177 1178 1178 1178 1177 1179 1180 1181

The graphical dependencies that show the change 
in density of the drilling fluid over time for different 
transport conditions are shown in (Figure 2).

The results, which are shown in Table 1 and Figure 
2, show that the density of the drilling fluid decreases/
increases exponentially. The maximum density in-
crease �max

�  (and corresponding weighting of the 
drilling fluid) corresponds to the bottom of the cargo 

tank (90% depth). The maximum density reduction 
�max
�  orresponds to the layer of drilling fluid that is on 

the surface of the cargo tank.
The highest values �max

�  и  �max
�  corresponds to 

the transport of drilling fluid without changing the 
system design. In this case the density stratification 
of the drilling fluid by depth of the cargo tank is
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а)

b)

с)
Figure 2. Variation of drilling fluid density under different transport conditions: 
a – transportation without changing the system design; b – transportation with 
additional X-circulation; c – transportation with additional X-circulation and air 

supply to the cargo tank volume; 1 – density of drilling fluid on the tank surface; 
2, 3, 4 – at level corresponding to 30%, 60%, 90% of the tank depth



Section 3. Transport

26

��
� �

�
�

�
�h h

h

0 9 100. %,

(where ρh is drilling fluid density on the surface of a 
cargo tank, kg/m3; ρ 0.9h is the density of drilling fluid 
at the depth of 90%, kg/m3) for transportation time 
of 6…48 h is ∆ρ =4.66…40.13%.

In case of additional X circulation the drill-
ing fluid density stratification along the depth of 
the cargo tank for the same time interval is ∆ρ = 
=3.61…8.52%, when transporting drilling fluid with 
additional X circulation and simultaneous air sup-
ply – ∆ρ =0.59…2.12%.

Effectiveness of fluid conveying methods 
(in terms of preventing stratification, stratification 
and sedimentation of heavy components) can be 
seen in fig. 2, as an area bounded by exponents of 
maximum density increase �max

�  and maximum den-

sity decrease �max
�  as well as transport time interval – 

6…12…18…24…30…36…42…48. These areas 
(S0

6 ,  S6
12 , S12

18 , S18
24 , S24

30 , S30
36 , S36

42 , S42
48 ) may be calcu-

lated as areas of appropriate trapezoids (areas in Fig. 
2 S0

6 ,  S12
18 , S24

30 , S36
42 , and density exponents 3 in (Fig. 

2, a and 2, 3 in Fig. 2, b) are not shown for better 
visualization) [10; 11]. The values of trapezoidal ar-
eas (which characterise the density stratification of 
the drilling fluid along the depth of the cargo tank 
and are the criterion for density stratification assess-
ment) are shown in (Table 2). The area of these trap-
ezoids is dimensioned (kg × h/m3), but only nu-
merical values are shown below (in the text and in 
Table 2). The increase in area corresponds to an in-
crease in density stratification along the depth of the 
cargo tank and the formation of heavy components 
in the drilling fluid.

Table 2. – Drilling fluid density stratification criterion by depth of 
cargo tank as a function of time and mode of transport

Transportation 
means

Transportation time, hours
6 12 18 24 30 36 42 48

1* 171 648 1227 1521 1617 1740 1896 2088
2* 132 273 363 468 528 564 594 606
3* 33 66 90 99 108 120 135 144

1 – no change in system design; 2 – transport with additional X-circulation; 3 – transport with additional X-
circulation and air supply to cargo tank volume

Figure 3: Evaluation criterion for stratification of drill fluid density as a function of time for 
different transport conditions: 1 – no change in system design; 2 – additional X-circulation; 

3 – additional X-circulation and forced air supply to the bottom of the cargo tank
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The results of Table 2 are summarised in the form 
of a nomogram shown in Figure 3.

The results of these studies lead to the following 
conclusions.

Drilling slurries used in continental shelf drilling 
are a dispersed system. It is based on oil oils, while 
the dispersed phase consists of metal salts, as well as 
organic and inorganic compounds, whose specific 
gravity exceeds the specific gravity of the base oil. 
The transportation of drilling slurries to offshore 
platforms can take up to 2…5 days, and in case of 
deteriorating navigation conditions, unplanned 
stops and impossibility to approach the platform 
this interval can be changed towards increasing. At 
the same time in low-mobile volume of drilling fluid, 
being in cargo tank, there is a latent change of its 
operational characteristics. This is due to deposition 
of organic and inorganic compounds in the drilling 
fluid due to gravitational forces. It causes stratifica-
tion of drilling fluid density along the depth of cargo 
tank [12; 13].

It is experimentally determined, that for 6…48 
h transport time stratification of drill fluid density is 
4.66…40.13%. Thus, heavy components of the drill-
ing fluid, deposited at the bottom of the tank, subse-
quently hinder the process of pumping it out. This 
can lead to breakdown or failure of cargo pumps, in-

ability to pump the drilling fluid to the drill rig and 
further disruption of the oil production process.

Additional X-circulation can be used as a tech-
nique to prevent drilling fluid density stratification 
within the cargo tank volume. This involves pump-
ing the drilling fluid between the lower and upper 
parts of neighbouring cargo tanks. In such case with 
the fluid transportation time from the shore to the 
drilling platform 6…48 h the density stratification 
is 3.61…8.52%.

Additional air supply to the bottom part of the 
cargo tank also helps to reduce density stratification 
by the volume of the cargo tank. The combined use of 
additional X circulation and simultaneous air supply 
provides density stratification value of 0.59…2.12%.

Thus, the suggested technological solution (addi-
tional X-shape circulation of fluid, as well as X-shape 
circulation with simultaneous air supply in the bot-
tom part of the cargo tank) provides 1.3…3.4-fold 
(in the first case) and 5.2…14.5-fold (in the second 
case) decrease of density stratification – the major 
operational feature of drilling fluid. It prevents for-
mation of heavy components of the drilling fluid [1], 
reduces energy loads on the ship power plant during 
the drilling fluid pumping to the drilling rig [14; 15], 
decreases drilling fluid pumping time [8] and helps 
to ensure technological progress of oil production.
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COMPARATIVE ASSESSMENT OF MARINE DIESEL ENGINE OILS
Abstract. Analysis of structural characteristics (thickness of boundary lubricating layer and degree 

of ordering of its molecules) of motor oils used in marine diesel engines is carried out. It is experi-
mentally proved that increase in thickness of boundary lubricating layer and degree of ordering of 
its molecules provides decrease in wear of parts of marine diesel engines.

Keywords: marine diesel engines, engine oil, boundary lubricating layer, wear of parts
Internal combustion engines (diesels) are the 

most common thermal engines used in transport 
[1]. Diesels are the sources of mechanical power for 
road, rail, sea and river transport as well as agricultur-
al and mobile (small or portable) machinery [2]. The 
engines using energy of storage batteries, appeared in 
last 3…5 years, can satisfy needs of only small part 
of automotive technique. Furthermore, operational 
power of such engines does not exceed 250…300 W, 
their duration of autonomous operation is 8…10 
hours. Therefore today they aren’t expected to be 
widely used even on heavy-duty vehicles, and even 
more so on railway (which exploitation power reach-
es 10000 … 12000 kW), river (with power-plant ca-
pacity up to 20 000 … 25000 kW) and sea (with the 
total power of main and auxiliary diesel engines up 
to 100 000 … 120000 kW) transport [3].

Oil system is one of systems ensuring operation of 
diesel engines. Increase of power and dimensions of 
a diesel engine (cylinder diameter and piston stroke) 
increases complexity of construction of the oil sys-
tem and increases number of auxiliaries included in 

it [4]. Modern marine two-stroke diesels (used as 
main engines – transfer their power to the propeller 
and ensure marine vessels movement) are equipped 
with two oil systems. One of them (lubricator sys-
tem) feeds oil into the cylinder and provides lubrica-
tion of the cylinder group (piston rings and cylinder 
bushing) [5]. The second (circulation) feeds oil to 
the diesel engine bearings (crosshead, crankcase and 
flywheel). The main task of both lubricator and cir-
culating system is to prevent contact interactions of 
the diesel engine parts by creating a lubricating layer 
and providing hydrodynamic or boundary regime of 
lubrication of the friction surfaces. Just under these 
conditions the minimum wear of the diesel parts and 
the minimum losses of its power are provided [6].

Marine diesel engine oils are disperse systems. 
Their performance in thin lubricating layers differs 
from volumetric properties and is determined by 
orientational ordering of molecules which promotes 
occurrence of additional wedging pressure between 
contact surfaces [7; 8]. The parameters that qualita-
tively and quantitatively characterize the structure 
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of lubricating layers are the degree of orientational 
ordering of molecules in the boundary layer S and 
the layer thickness dS [9; 10].

The research task was to determine the influence 
of structural characteristics of boundary lubricating 
layers of engine oils on the wear of parts of marine 
diesel engines.

The tests were conducted with engine oils Cas-
trol CL 40 and Texaco Special HT 40. These oils 
were used in the lubrication system of marine diesel 
engine 6S60ME-C9 MAN-Diesel&Turbo with the 
following main characteristics:

Diesel type – two-stroke, crosshead;
Nominal power – Nnom=14280 kW;

Nominal rpm – nnom=105 min–1;
number of cylinders – 6;
cylinder diameter– d = 0.6 m;
piston storke – s = 2.4 m.
Both grades of oil are recommended by the man-

ufacturer as the main grades during the operation of 
the diesel engine.

Initially, the structural characteristics of engine 
oils were investigated [11].

One of the methods for determining the character-
istics of boundary lubricating layer (degree of ordering 
of molecules and thickness) is the optical method of 
dichroism absorption [12; 13]. Its implementation is 
possible with the setup shown in (Fig. 1) [14; 15]

Figure 1. Schematic of the setup for determining the structural characteristics of 
a boundary lubricating layer: 1 – lens; 2 – light source; 3 – polarizer; 4 – wedge-

shaped cuvette; 5 – oil; 6 – photoelectronic device; 7 – computer

From the light source 2 the light beam was fo-
cused by the lens 1 and in parallel beam followed 
through the polarizer 3 into the volume of investigat-
ed oil 5. A wedge-shaped cuvette 4 made of polished 
quartz glass was used to carry out the boundary layer 
thickness scanning procedure. The volume of the cu-
vette was filled with oil whose molecules formed a 
boundary layer with an ordered molecular structure 
near the quartz surface. During the experiment the 
cuvette was moved in the direction perpendicular to 
the incident light. Light intensity, passing through 
cuvette 4, was recorded by photoelectronic device 6 
and transmitted to personal computer 7 [16].

Intensity of light I, passing through a layer of oil 
with thickness d, was determined according to Bou-
guer’s law by the expression

ln lnI I d� �0 �
or

D d� � ,

where I is the intensity of light passing through a cu-
vette filled with oil;;

I0 – is the intensity of the light passing through 
the air-filled cuvette (without oil);

μ – is the light absorption coefficient of the oil 
in the cuvette;
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D I I= ln ln 0  is the optical density of oil in the 
cuvette.

In case of layer structural heterogeneity (for ex-
ample, presence of ordered structure of oil molecules 
near the surface) the dependency D f d� � �  is not 

linear and is characterized by the presence of a break 
point (Fig. 2, a), which allows to calculate the value 
of molecule ordering of boundary layer S and to de-
termine its thickness dS.

а) b)

Figure 2. Results of experiment:а) dependence of optical density D (relative 
units) on oil layer thickness d (mkm); b) degree of ordering of molecules in the 

boundary layer S; 1 – Texaco Special HT 40 oil; 2 – Castrol CL 40 oil

The higher the slope angle of the dependency 
D f d� � � , the higher the value of degree of ordering 
of molecules of the boundary layer S [17; 18]. Max-
imum Smax and minimum Smin values of the degree of 
ordering of molecules in the boundary layer of the 
studied oils are shown in (Fig. 2, b). The break point 
D f d� � �  corresponds to transition of bulk phase 
into boundary lubricating layer with well-ordered 
molecules and determines thickness of boundary 
layer dS [19; 20].

Further tests were carried out on a MAN-
Diesel&Turbo 6S60ME-C9 marine diesel engine. 
Texaco Special HT 40 and Castrol CL 40 engine 
oils were used for the lubrication of diesel cylinders 
[21]. Principle diagram of the lubricator system of 
the diesel engine is shown in (Fig. 3) [22; 23].

The two engine oil tanks (positions 1 and 2) 
provided the opportunity to use different oils for 

different groups of cylinders. The experiments were 
carried out during an ocean crossing of the vessel 
of 11…12 days duration only on steady-state diesel 
operation modes. Constant load on the diesel engine 
was determined by constant crankshaft speed and 
constant cyclic fuel supply. The 6S60ME-C9 MAN-
Diesel&Turbo marine diesel engine was operated 
with the same fuel grade RMC350 (0.37% sulphur 
content) throughout the duration of the experiment. 
Castrol CL 40 oil was supplied to cylinders 1 to 3, 
and Texaco Special HT 40 to cylinders 4 to 6.

Cylinder group of diesel engines is an object of 
constant technical condition monitoring [24]. Vi-
sual inspections of cylinder bushings are not always 
possible. First of all, it is connected with a period of 
continuous work of the main engines of sea ships 
(for example, duration of ocean passages can reach 
20 … 30 days), and also with the big expenses for 
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their performance [25]. Therefore, indirect methods 
are used to diagnose technical condition of cylinder 
bushings. The most widespread and accessible for 
conditions of a sea vessel is definition of residual al-
kaline number (BN) and quantity of metal impuri-
ties in oil.

Figure 3. Schematic diagram of the lubrication 
system of a marine diesel engine 6S60ME-С9 

MAN-Diesel&Turbo:1, 2 – oil tank; 3 – flow meter; 
4 – controller; 5, 6 – oil tank; 7 – diesel engine

Oil sampling and its further analysis was carried 
out in Cylinder Scrape-Down Oil Analysis technical 
laboratory every 20 hours of diesel operation in accor-
dance with recommended technology and sequence 
[4, 5]. At that, a different value of cylinder oil feed was 
set for each diesel engine cylinder. Cylinder oil feeding 
deviation did not exceed 5% of average value. Spent 
oil was sampled from under-piston space of each cyl-

inder with subsequent determination of the following 
components content in the oil in the ship’s technical 
laboratory: PQI (Particle Quantity Index), Fe (Iron), 
V (Vanadium), Ni (Nickel), Si (Silicon) and BN. The 
results are summarised in (fig. 4).

The following conclusions can be drawn from the 
research.

Engine oils, which are used in marine diesel 
engines, belong to disperse systems. Fine oil layers 
(which separate friction surfaces and provide hy-
drodynamic or boundary regime of lubrication) are 
characterised by the ordered structure of molecules. 
A qualitative parameter of this structure is the de-
gree of molecular ordering, a quantitative parameter 
is the thickness of ordered (boundary) lubricating 
layer. The degree of molecular order of the boundary 
layer and its thickness can be determined by optical 
dichroism absorption method. For Texaco Special 
HT 40 and Castrol CL 40 motor oils (used in marine 
diesel engine oil systems), the thickness of the or-
dered (boundary) lubricating layer is 13.6 mkm and 
15.4 mkm respectively. The degree of molecular or-
dering in the boundary layer for Texaco Special HT 
40 engine oil is in the range of 0.66…0.73, for Cas-
trol CL 40 engine oil it is in the range of 0.78…0.83.

Structural ordering of boundary layers of engine 
oils is connected with mechanical losses of energy of 
marine diesel engines and wear of details which are 
lubricated by these oils (for example, the cylinder 
group). It is expedient to estimate wear of details of 
the cylinder group by quantity of mechanical impu-
rity which gets into engine oil and by residual alka-
line number of engine oil.

By means of the experimental researches ex-
ecuted on ship diesel engine 6S60ME-C9 MAN-
Diesel&Turbo it has been established, that the 
engine oils which structure of boundary layers is 
characterised by greater ordering of molecules and 
greater thickness of a boundary layer, provide smaller 
value of wear of details of diesel engine. For Cas-
trol CL 40 engine oil (with layer thickness of 15.4 
mkm) there is a 7.5 to 8.3 times reduction of iron 
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impurities, 3.5 to 3.8 times reduction of vanadium 
impurities and 1.6 to 1.8 times reduction of nickel 

impurities in comparison with Texaco Special HT 
40 engine oil (with layer thickness of 13.6 mkm).

Figure 4. BN (base number), Fe (Iron), V (Vanadium), PQI (Particle Quantity Index), Ni (Nickel), Si 
(Silicon) values in waste oil samples from 6S60ME-C9 MAN-Diesel&Turbo marine diesel engine: 

1 – when using Texaco Special HT 40 engine oil; 2 – when using Castrol CL 40 engine oil

When evaluating the performance of engine oils, 
it is also necessary to consider their structural char-
acteristics, which ensure a reduction in the wear of 

diesel parts and contribute to a reduction in their 
mechanical losses.
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USING EXHAUST GAS BYPASS FOR ACHIEVING THE 
ENVIRONMENTAL PERFORMANCE OF MARINE DIESEL ENGINES

Abstract. The article analyses ways of meeting the Annex VI MARPOL requirements for nitrogen 
oxide emission limits for marine diesel engines. The system of exhaust gas bypassing of 6L26 Wartsila 
marine diesel engine is examined. It was found experimentally that exhaust bypassing in a range of 
2…10% ensures NOx emission reduction by 3.33…15.42%.
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Heat engines that provide road, rail, river and 

sea transport are sources of harmful emissions to 
the environment [1]. In marine and river vessels, 
the most common heat engine is the diesel engine 
[2]. Its efficiency is higher and the specific effective 
fuel consumption is less in comparison with other 
types of power plants (gas and steam turbines also 
used in the sea transport). Implementation of the 
thermodynamic cycle of the diesel engine is impos-
sible without the formation of exhaust gases, which 

include toxic components: carbon dioxide CO, hy-
drocarbons CnHm, carbon black C, nitrogen oxides 
NOX, sulfur oxides SOX, and compounds of heavy 
metals, which are in the fuel. Nitrogen oxides NOX 
are one of the most toxic components of exhaust 
gases [3]. Norms of nitrogen oxides emissions by 
diesel engines of sea and river vessels are regulated 
by requirements of Annex VI MARPOL and depend 
on year of ship construction and speed of diesel en-
gine shaft – (table 1).

Table 1. – Limit emissions of nitrogen oxides, g/(kWh),

Year of
building Standard Speed range, min‑1

n < 130 130 < n < 2000 n > 2000
2000 TierI 17 45 0 2n− . 9.8
2011 TierII 14.4 44 0 23n− . 7.7
2016 TierIII 3.4 9 0 2n− . 2.0

The requirements of TierI and TierII standards 
can be achieved by regulating diesels (by changing 
the phase of fuel supply, exhaust and blowdown), by 

changing fuel parameters (including the use of gas fuel 
and fuel blends), as well as by selecting the optimal 
modes of operation [4; 5]. Tier III requirements can 
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be achieved only by using additional equipment which 
ensures purification of exhaust gases from nitrogen ox-
ides (methods of selective catalytic reduction – SCR, 
exhaust gas recirculation – EGR, gas electrolysis – CS- 
-NOX, air humidification – HAM). All the methods 
aimed at reducing the emission of nitrogen oxides, 
degrade the fuel combustion process and worsen the 
efficiency of diesel engine operation (increasing the 
specific effective fuel consumption) [6; 7].

One additional method which must be used to 
comply with the Tier II exhaust gas emission standard 
is the exhaust gas wastegate (EWG). Wartsila recom-
mends EWG primarily for limiting charge air pressure 
and avoiding surge phenomena at high loads and as an 
additional function for reducing NOx emissions [8].

The research objective was determination of opti-
mum operation modes of marine diesel engine EWG 

system providing maximum reduction of nitrogen 
oxides concentration in exhaust gases and minimum 
increasing of specific effective fuel consumption.

Research was conducted on three Wartsila 6L26 
medium-speed diesel engines of the same type with 
electronic fuel supply, air and gas distribution phas-
es control system. Nominal power of diesels was 
Nenom=1200 kW at rpm 1000 min–1. The diesels were 
part of the power plant of the vessel and transmitted 
their power to the electric generator. The diesels had 
the same service life and were operated under equal 
loads. The diesels were fitted with EWG system for 
exhaust gas recirculation. According to the design 
documentation, the EWG system ensures gas bypass 
in the range of 0…10%. The schematic diagram of 
the EWG system for the Wartsila 6L26 marine diesel 
engine is shown in (Figure 1).

Figure 1. Schematic diagram of a medium-speed marine diesel engine 6L26 Wartsila with EWG 
exhaust gas control system: 1, 9 – gas flow control points; 2 – NOX concentration control point; 

3, 6 – main gas flow; 4 – wastegate; 5 – gas bypass; 7 – controller; 8 – wastegate servomotor

In the course of the research, parameters were 
monitored and measured to determine NOX emis-
sion, specific effective fuel consumption be, as well 
as effective power of the diesel engine [9–11]. De-
gree of exhaust gas bypass EWG varied in the range 
0…10% and was determined as follows

�EWG � �
G

G
wg

�

100%,

where Gwg – quantity of exhaust gases that passed 
through the wastegate, kg/s (measured at point 
9 using MT100S flow meter) [12–14];
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GΣ – total quantity of exhaust gases entering the 
exhaust system from gas turbocharger at complete-
ly closed wastegate, kg/s (measured at point 1 with 
flow meter MT100S) [15–17].

NOХ concentration in exhaust gases was deter-
mined in point 2 (Fig. 1) with a Testo350XL analyz-
er which provides fast response time of 30…90 s and 
makes it possible to obtain both current and average 
(up to 1000 measurements) values. In addition, the 

exhaust gas temperature (both for individual cylin-
ders and its deviation from the average value) was 
monitored. Accuracy in measuring flow rate of gases 
determined by flow meter MT100S didn’t exceed ± 
± 0.5%, error in measuring NOx emission in exhaust 
gases with gas analyzer Testo350XL was ±3 .5%, 
error in determining of specific effective flow rate 
didn’t exceed ± 2.5% [18]. The experimental results 
are given in (Table 2).

Table 2.–  Variation of 6L26 Wartsila marine diesel engine parameters for different 
experimental conditions (at different load and different degree of exhaust gas bypass)

Load,%
Degree of exhaust gas bypass, dEWG,%

0 2 4 6 8 10
NOХ emission, g/(kW×h)

55 7.41 7.36 7.31 7.22 7.18 7.13
65 7.62 7.52 7.38 7.29 7.21 7.18
75 7.93 7.77 7.53 7.45 7.32 7.23
85 8.46 8.10 8.01 7.68 7.57 7.31

specific effective fuel consumption, be, g/(kW×h)
55 196.6 203.0 204.0 204.7 204.8 205.3
65 195.3 200.5 202.7 203.2 203.3 203.4
75 193.7 196.8 197.3 197.5 197.6 197.7
85 189.2 190.6 190.9 191.2 191.3 191.4

exhaust gas temperature tg, °C
55 283 285 291 298 308 315
65 276 277 280 285 298 301
75 276 278 279 283 288 297
85 273 275 277 281 287 292

а) b)
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c) d)

Figure 2. Variation of NOX emissions as a result of the degree of δEWG при bypass at 
different loads of the 6L26 Wartsila diesel engine: а – 55%; b – 65%; c – 75%; d – 85%

The reduction in NOX emissions using the EWG 
system is shown in (Figure 2).

The efficiency of using the EWG system for each 
of the diesel operation modes was evaluated by the 
under the curve NOХ = f (δEWG), which was defined 
by the method of trapezoids as a specific integral of

f x dx
h

f x f x f x f x
a

b

n n� � � � � � � � � � � � � � ��� ��� �2
2 20 1 1... ,(1)

where f(x) is an analogue function with argument x;
a, b – limits of integration (a ≤ x ≤ b);
h b f n� �� �  step of integration;

x0, x1, …, xn‑1, xn – value of argument with increment 
step h in integration interval [a, b];

n – number of areas [19–20].
Based on NOX, values given in (Table 2), the fol-

lowing values of the integral (1) determining the area 

under the curve NOХ = f (δdEWG): S N0.55
NO

e

X =1 38. ;  
S N0.65

NO

e

X =1 80. ;  S N0.75
NO

e

X = 3 00. ;  S N0.85
NO

e

X = 5 39. .  The area 
under the curve NOХ = f (δ dEWG) can be taken as a 
criterion of ecological efficiency of EWG system ap-
plication. An increase in this area indicates a higher 
eco-efficiency of the bypass mode. Consequently, 
increasing the degree of exhaust gas bypassing in all 
modes of diesel engine operation contributes to in-
creasing its eco-efficiency [21–22].

Ecological efficiency of modes of EWG system 
can also be estimated by the margin of ecological 
stability of diesel engine operation �NOX

� ,%, of the 
chosen mode of operation, which is determined by 
the following equation

	 �NO
NO NO

NOX
X
Tier

X
work

X
Tier

� �
�

�100% � (2)
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where NOX
Tier  is the limit value of nitrogen oxides 

concentration in exhaust gases (determined for the 
relevant Tier standard depending on the diesel pa-
rameters), g/(kW×h);

NOX
work  is the concentration of nitrogen oxides 

in exhaust gases at the selected mode of operation of 
the diesel engine, g/(kW×h).

Given that the value NOX
Tier  in (Table 1) is calcu-

lated as follows:
NO NO  g kWhX

Tier
X
TierII� � � � � � �� �44 44 1000 8 980 23 0 23n . . . ,

for the corresponding values in (Table 2) by formu-
la (2), we define the values of ecological stability of 
diesel engine operation �NOX

� , which, depending 
on the load and the degree of bypass, are summa-
rized in (Table 3).

Table 3. – Environmental sustainability of the 6L26 Wartsila diesel 
engine,%, for different experimental conditions

Load,%
Degree of exhaust gas bypass, δEWG,%

0 2 4 6 8 10
55 17.5 18,0 18.6 19.6 20.0 20.6
65 15.1 16.3 17.8 18.8 19.7 20.0
75 11.7 13.5 16.1 17.0 18.5 19.5
85 5.8 9.8 10.8 14.5 15.7 18.6

Figure 3. Environmental sustainability of the 6L26 Wartsila diesel engine: 
1 – without EWG; 2 – δEWG = 10%

A nomograhic chart showing the eco-sustainabil-
ity values of the 6L26 Wartsila diesel for different 
operating conditions is shown in (Figure 3).

The use of the EWG system reduces the amount 
of exhaust gases entering the turbocharger. In doing 
so, the amount of air entering the diesel cylinders is 
proportionally reduced, resulting in worse combus-
tion and an increase in specific effective fuel con-
sumption (Table 2). This increase can be defined as

	 �b
b b

be
e e

e

�
�

�
EWG

100% ,� (3)

where be
EWG  is the specific effective fuel consumption 

at the selected diesel operation mode, g/(kW × h);
be – is the specific effective fuel consumption 

without the EWG system, g/(kW × h).
The relative increase in specific fuel consumption 

∆be for different diesel operation modes is shown in 
(Table 4).
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Table 4. – Increase in specific fuel consumption ∆be,%, when using exhaust gas bypass system

Load,% Degree of exhaust gas bypass, δEWG,%
2 4 6 8 10

55 3.25 3.78 4.12 4.17 4.43
65 2.66 3.78 4.05 4.08 4.15
75 1.62 1.88 1.95 1.98 2.07
85 0.75 0.88 1.07 1.12 1.17

Figure 4. Range of increase in specific fuel consumptionDbe for the different 
operating modes of the 6L26 Wartsila diesel: 1 – δ EWG = 2%; 2 – δ EWG = 10%

A nomograhic chart showing the range of in-
crease in specific fuel consumption ∆be s a function 
of diesel load for various degrees of δEWG bypass is 
shown in (Figure 4).

When using the EWG system, it is necessary to 
additionally monitor the temperature stress of the die-
sel, which increases as the combustion process dete-
riorates and the specific effective fuel consumption 
increases. For a 6L26 Wartsila diesel engine the value 
of the exhaust gas temperature (the main indicator 
of thermal stress of a diesel engine) must not exceed 
300 ̊ C according to the requirements of the operating 
manual. The analysis of experimental data presented 
in (table 2) shows that the operation mode: load – 
55%, the degree of bypass of exhaust gases – 10% does 
not meet the required temperature tension.

Приведенные результаты позволяют сделать 
следующие выводы.

1. Exhaust gas bypassing contributes to im-
provement of environmental performance of me-

dium-speed marine diesel engines, in particular in 
the range of operating loads (0.55…0.85) Nenom by 
3.33…15.42% decreases level of NOX emission in 
exhaust gases.

2. Use of EWG system reduces the amount of 
exhaust gases entering the gas turbine, this leads to 
decrease in turbocharger capacity, decrease in the 
amount of air entering a diesel cylinder, and growth 
of specific effective fuel consumption. Thus for 
modes corresponding to 55 … 65% loading growth 
of this parameter increases in proportion to a de-
gree of overflow of exhaust gas δEWG and amounts to 
2.66…4.43% (in range of δEWG = 2…10%). For loads 
close to nominal power – 0.85Nenom increase in spe-
cific fuel consumption does not exceed 1.2% (for the 
maximum value of bypass δEWG = 10%).

3. Assessment of EWG performance, as a way 
to meet Annex VI MARPOL NOX emission limits, 
must be carried out by a comprehensive evaluation 
of the following diesel performance parameters: the 
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amount of nitrogen oxides in exhaust gases, the in-
crease in specific effective fuel consumption, exhaust 
gas temperature. The optimal degree of gas bypassing 
should be the values corresponding to the maximum 

reduction of NOX emission with a minimum increase 
in fuel consumption and at the same time maintain-
ing the exhaust gas temperature within the limits not 
exceeding the allowable level of thermal stress.
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UTILIZATION OF POISONING IRRITANT CHEMICAL SUBSTANCES

Abstract. Military training formulations are used during exercises to simulate the effects of toxic 
substances on the environment and the living organism. Such simulators include IV-B and IV‑2 train-
ing formulations that simulate the poisonous effects of yperite. The paper provides the data on the 
disinfection of SS-B and SS‑2 training formulations through the destruction reaction of the latter.

Keywords: poisoning substances, stimulators, disinfection, training formulations SS-B and SS‑2.
As a continuation of the previously published 

works on the utilization of poisoning substances 
[1; 2], the authors in this paper provide the stud-
ies on the disinfection of some military formula-
tions.

Special training formulations, that simulate 
environmental contamination, including military 
equipment are developed to train military person-
nel in practical skills for conducting military op-
erations and using poisoning substances (PS). The 
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main condition is the versatility and safety of using 
these formulations [3–6]. At present, in some mili-
tary facilities a significant amount of unused stocks 
of training simulators, the production of which has 
been suspended due to their high toxicity, have been 
accumulated.

Such imitators include the formulations SS-B and 
SS‑2, which are the mixture of neutral substances 
with substances which have a strong irritating effect 
on a living organism, simulating the effect of a highly 
toxic substance – yperite. Both training formulations 
are delivered to the armed forces in thick-walled steel 
barrels L‑100, L‑150, L‑200, L‑250 and have an un-
pleasant smell. Guaranteed storage life of formula-
tions has expired, which led to the gradual depressur-
ization of containers and the dilapidation of facilities 
in which they are stored.

Formulation SS-B

Training formulation SS-B is a viscous oily liq-
uid of brown color with a freezing point of –45 °C. 
Contamination of the region and military equipment 
with the formulation is carried out using simulating 
grenades and landmines (IGS and IF) [7].

SS-B is prepared using crystalline chloroaceto-
phenone or its mother solution in carbon tetrachlo-
ride in mixture with petroleum bitumen, chloropic-
rin and turpentine.

Training formulation SS‑2 is a viscous liquid 
of dark brown color with a temperature of freezing 
–40 оС. The formulation is also prepared using crys-
talline chloroacetophenone in green oil in a mixture 
with chloropicrin and turpentine. Contamination of 
the region with the formulation is carried out using 
mobile spray station or expedient means (brush), 
since the formulation is inflammable.

Table 1. – The composition of training formulation SS-B

Components
Number of components for 1000 kg formulation

In crystalline chloroaceto-
phenone

In mother solution of chlo-
roacetophenone

Chloroacetophenone 50 –
Sulfate turpentine 65 65
Mother solution of chloroacetophenone – 108
Technical chlorpicrin 40 40
Carbon tetrachloride 795 737
Bitumen petroleum 50 50

Table 2. – The composition of formulation SS‑2

Components
Number of components for 1000 kg formulation

In crystalline chloroaceto-
phenone

In crystalline chloroaceto-
phenone

Chloroacetophenone 78 –
Sulfate turpentine 105 105
Mother solution of chloroacetophenone – 169
Technical chloropicrin 67 67
Green oil 750 659

As the tables show the main components of both 
formulations (chloropicrin, chloroacetophenone 

and turpentine), which cause irritation and simulat-
ing effect of «yperite», are the same.
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The effects of chloroacetophenone and chlo-
ropicrin are well known. These are lacrimants that 
cause irritation of mucosal tunic and lacrimation.

The third component increasing the toxicity of 
formulations is sulfate turpentine, which serves as a 
solvent and, most importantly, gives the formulation 
an unpleasant garlic odor.

Carbon tetrachloride is a non-combustible sol-
vent.

Bitumen petroleum simulates the appearance of 
persistent toxic substances, gives a necessary viscosity.

Green oil is a mixture of high molecular aromatic 
hydrocarbons – a solvent that gives resistance to the 
formulation.

The purpose of the work is to find ways of con-
verting toxic substances of the formulation into non-
toxic compounds which do not have a decomposing 
effect. The task was carried out by a decomposition 
reaction of chloropicrin and chloroacetophenone till 
complete decomposition.

In case of SS-B, carbon tetrachloride is firstly dis-
tilled from the formulation, decomposition reaction 
of stillage bottoms is carried out with an alcoholic 
alkali solution to obtain crystals of low-toxic organic 
compounds and inorganic salts – sodium chloride 
and sodium carbonate.

Utilization of SS‑2 is performed directly by de-
struction reaction of the formulation with an alco-
holic alkali solution and further as in the description 
of SS-B treatment.

In both cases, after distilling off the alcohol, the 
mass is cooled, treated with diesel fuel, filtered. The 
filtrate may be used as a hydrocarbon fuel.

The sediment is suitable for burial and does not 
pose a threat to the environment. In destruction re-
action of formulations, both ethyl and methyl alkali 
solutions were initially used. Preference was given 
to methyl alcohol, since it produces a more concen-

trated alkali solution, which leads to a decrease in the 
duration of the decomposition reaction (solubility of 
NaOH in g/100g of alcohol: CH3OH –31g/28 oС, 
C2H5OH – 17.3/ 28 oС).

Destruction reaction goes according to the 
scheme:

С6Н5С (О) СН2СI + NaOH →
С6Н5С (О) СН2OH + NaCI

ССI3NO2 + 4 NaOH →
C(OCH3)4 + 3 NaCI ++ NaNO2

Experimental part
Formulation SS-B
Carbon tetrachloride was removed from weight-

ed portion of the formulation (100 g) at 76–78 oC. 
Separately, methyl alcohol is placed into a three-neck 
reflux flask supplied with a stirrer and thermometer, 
and sodium hydroxide (in weight ratio of methanol: 
alkali – 10:1) is added during stirring till complete 
dissolution.

Temperature is increased up to 60 oC and still-
age bottoms are added portionwise under constant 
stirring. As the decomposition reaction goes (after 
about 1.5 hours), the sample is taken from the reac-
tion mixture and tested for initial chloropicrin and 
chloroacetophenone (eluent-hexane: chloroform: 
methanol = 7 : 2 : 1) were tested by TLC. After 
2.5–3 hours, the reaction is completed, as evidenced 
by the absence of traces of starting compounds on 
TLC plates. Methanol is further distilled off (the lat-
ter can be reused for this purpose). The remaining 
solid oil is not toxic, and does not have an irritating 
effect and can be buried.

Formulation SS‑2
Weighted portion of SS‑2 is added portionwise 

into the previously prepared alkali methyl solution. 
The reaction is further carried out by the above-
mentioned decomposition reaction of SS-B formu-
lation.
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CYCLOASCIDOSIDE F FROM AERIAL PARTS OF 
ASTRAGALUS MUCIDUS (LEGUMINOSAE)

Abstract. New oxylisine glycoside from cycloartanic array named as Cycloascidoside F had been 
isolated from aerial part of Astragalus mucidus Bunge (Leguminosae). Structure of this glycoside 
was proved by chemical transformations and spectral data. Cycloascidoside F is trisdesmoside of 
cycloasgenin С and it consist of 3-О-α-L-arabinopyranosil, 6,25-di-О-β-D-glucopyranoside‑24R-
cycloartan – 3β,6α,16β,24,25-pentaol.

Keywords: Astragalus mucidus, Leguminosae, triterpene glycosides, Cycloascidoside F, cycloasgenin 
С, NMR spectrum 1Н; 13С; DEPT, HMBC, HSQC.

Keeping research of cycloartan triterpenoids and 
their glycosides, we had isolated new triterpene gly-
coside named by us as Cycloascidoside F (1) from 
aerial part of Astragalus mucidus Bunge (Leguminose) 
[1–3]. This research article describes proof for struc-
ture of this glycoside.

NMR spectrum of being investigated substance 1 
in strong field at δ 0.60 and 0.21 ppm we can see two 
single-proton doublet with relevant geminal spin-spin 
compound constant (SSCC) 2J=4 Hz and clearly ap-
pears resonance line peaks of seven methyl groups at 
0.98; 1.08; 1.24; 1.32; 1.39; 1.53 and 2.05 ppm.

13  С NMR spectrum show carbonic atoms of 
cyclopropane ring С‑9, С‑10 and С‑19 resonates 
accordingly at 21.89, 29.22 and 28.69 ppm (table 
1). This data bears evidence of belonging of being 
investigated matter to triterpenoids of cycloartanic 
series [2–8].

Acid hydrolysis of 1 and further analysis of hy-
drolysate by paper chromatography (PC) method 
based on biogenetic considerations allows us to 
identify L- arabinose and D-glucose.

A genin, identified as cycloasgenin C (2) was iso-
lated from the byproducts of acidic hydrolysis.

Anomeric protons of monosaccharide residues, 
resonates in 1Н NMR spectrum of new glycoside 1 at 
δ 4.85 ppm (H‑1 residue of α-L- arabinopyranosil), 
δ 4.93 ppm (H‑1′ residue of β-D- glucopyranose) and 
δ 5.22 ppm. (H‑1′′ residue of β-D- glucopyranose) as 
doublets with SSCC3J=7.5, 3 J=7.5 и 3 J=7.5 Hz accord-
ingly. Consequently, monosaccharide residues consist-
ing of being investigated glycoside have pyranose form, 
4 С1- conformation, β- configuration D- glucoses and 
α- configuration L- arabinoses. It’s justified by chemical 
shift rate of carbonic atoms of monosaccharide residues 
in 13С NMR spectrum of Cycloascidoside F.
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Illustration 1. Acid hydrolysis of Cycloascidoside F (1)

Mentioned values of 13С NMR spectrum also in-
dicates the terminal nature of both monosaccharide 

residues. Accordingly, Cycloascidoside F is trisdes-
moside glycoside.

Table1. – Chemical shift of carbonic atoms and values of DEPT spectrum of aglycone part 
of Cycloascidoside F (1) and cycloasgenin С (2) (C5D5N, δ, ppm, J/Hz, 0-TMС)

Atom С DEPT Compound Atom С DEPT Compound
1 2 1 2

1 CH2 32.69 32.83 16 CH 71.73 71.83
2 CH2 30.68 31.45 17 CH 57.63 57.31
3 CH 89.05 78.41 18 CH3 18.97 18.80
4 C 43.14 42.45 19 CH2 28.69 30.40
5 CH 52.98 54.05 20 C 32.07 31.66
6 CH 79.67 68.35 21 CH3 19.31 19.10
7 CH2 34.74 38.62 22 CH2 35.40 34.86
8 CH 46.11 47.27 23 CH2 29.68 29.43
9 C 21.89 21.34 24 CH 79.23 80.58

10 C 29.22 29.67 25 C 81.39 72.71
11 CH2 26.76 26.43 26 CH3 22.02 25.86
12 CH2 33.61 33.28 27 CH3 24.74 26.22
13 C 46.19 45.78 28 CH3 20.32 20.31
14 C 47.41 47.00 29 CH3 29.03 29.34
15 CH2 48.59 48.83 30 CH3 17.12 16.12

In 13С NMR spectrum of Cycloascidoside F there 
are indication of three anomeric carbonic atoms at δ 
107.40, 105.64 and 99.20 (Table 2)

Chemical shift wave and interaction constant 
belonging to carbohydrate residues evidentiates the 
existence of arabinose and glucose. 1Н NMR spec-

troscopy data traceable to genine part is peculiar to 
triterpenoids of cycloartan series and matches to cy-
cloasgenin С. However resonance of carbons match-
es to С‑3 (δ 89.05), С‑6 (δ 79.67) и С‑25 (δ 81.39) is 
the subject of shift +9; +11 ppm in comparison with 
Cycloascidoside С.
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Table 2. – Н 1 and 13 С NMR spectrum data of carbohydrate part 
of Cycloascidoside F (1) (C5D5N, δ, ppm, J/Hz)

Compound 1
Atom 

С δС δH( J) Atom 
С δС δH( J) δС δH( J)

3-O-α-L-Arap 6-O-β-D-Glcp 25-O-β-D-Glcp
1 107.40 4.85 d, (8) 1 105.64 4.93 d, (7.5) 99.20 5.22 d, (7.5)
2 72.96 4.47 dd, (8.8, 8) 2 75.86 3.92, dd, (8.9, 7.8) 75.44 3.97, dd, (8.4, 7.8)
3 74.94 4.14 t, (8.5) 3 79.02 4.08 t, (8.9) 78.73 4.26 t, (8.8)
4 69.55 4.29 t, (8.9) 4 72.31 4.03 t, (8.9) 71.73 4.21 t, (8.7)

5 67.55 3.81dd, (11.3, 10) 
4.32 dd, (11, 5.1)

5 78.61 3.78, ddd, (9.2, 5.1, 
2.7) 78.73 3.83 m

6 63.58 4.18 dd, (11.7, 5.5)
4.35 dd, (11.7, 3.1) 63.24 4.16 dd, (11.7, 5.5)

4.37 dd, (11.6, 2.6)

In point of fact comparative analysis of 13 С NMR 
spectrum of cycloasgenin С and Cycloascidoside F 
shows that in molecule of last one atoms of С‑3, 
С‑6 and С‑25 of genine part undergo the glycosi-
lation effect, that resonates at δ 89.05, 79.67 and 
81.39 accordingly. consequently, new glycoside 1 is 
tridesmodidal glycoside, carbohydrate composing of 
which are within С‑3, С‑6 and С‑25 of cycloasgenin.

13С NMR spectrum of Cycloascidoside F shows 
anomeric carbonic atoms of monosaccharide resi-
dues are be discernible at δ 107.40 ppm (С‑1 residue 
of α-L- arabinopyranose), 105.64 ppm (С‑1 residue 
of β-D- glucopyranose) and 99.20 ppm (С‑1 resi-
due of β-D- glucopyranose). Chemical shift rates of 
anomeric carbomic atoms bear evidence of fact that 
reside of L- arabinose is within С‑3, and residue of 
D-glucose – within C‑6 and С‑25.

These assumptions proves НMВС correlation 
between Н‑1(δ 4.85) arabinose and С‑3 (δ 89.05), 
Н‑1´ (δ 4.93) glucose and С‑6 (δ 79.67) and Н‑1´́  
(δ 5.22) glucose and С‑25 (δ 81.39) of aglycone.

As can be seen from the above described spectral 
data allows us to made conclusion that Cycloascido-
side F(1) has the structure 3-O-α-L- arabinopyrano-
sil, 6,25-di-О-β-D- glucopyranoside‑24R- cycloar-
tan –3β,6α,16β,24,25-pentaol.

Experimental. Applied solvent system: 1) chlo-
roform-methanol (9:1), 2) chloroform-methanol-

water (70:28:3), 3) chloroform-methanol-water 
(60 : 35 : 5).

NMR spectrum were registered on spectrom-
eter UNITYplus 400 (Varian) in deuteropyridine. 
13 С NMR spectrum were registered at complete sup-
pression of С-Н and under the condition of DEPT. 
Two-dimension spectrum of compound 1 was reg-
istered by standard program of Varian company. 
Chemical shift of protons of compounds 1, 2 are de-
scribed relative to UVLC, and in 13С NMR spectrum 
of compounds 1, 2 chemical shift of carbonic atoms 
are described relative to indication of β-carbonic at-
oms of deuteropyridine chemical shift rate of which 
is δ 123.493 ppm relative to TMS.

Isolation of isoprenoids from aerial part of As-
tragalus mucidus Bunge. Air-dry aerial parts of 
plant (1.5 kg) prepared in June 2008 in Naman-
gan Region of Uzbekistan (Kutirbulag crest) was 
exhaustively extracted by with methanol (8 l × 5). 
Methanol extract was evaporated to sirupy con-
sistence, diluted with double water volume, water 
solution was treated with double water volume, 
first water solution was treated with chloroform 
then with n-butyl alcohol. Butanol extraction was 
boiled-off to dryness, solid residual was chroma-
tographed on column with silica gel. During col-
umn elution process at significance level 70 : 23 : 3 
(chloroform-methanol-water) 72 mg of mater was 
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extracted (0.0048%, hereinafter was calculated per 
air-dry matter).

Cycloascidoside F (1), C47H80O19, melt. temp. 
303–305 ºС (from methanol). 1 Н NMR spectrum 
of Cycloascidoside F (400 MHz, C5D5N, δ, ppm, 
J/Hz) : 0.21, 0.60 (each1Н, d, J = 4, Н‑19), 0.98 (3Н, 
s, Mе‑28), 1.08 (3Н, d, J=6.4, Mе‑21), 1.24, 1.32, 
1.39, 1.53, 2.05 (each 3Н, s, Mе‑30, 18, 27, 26, 29), 
3.53 (1Н, dd, J=11.6, 4.9, H‑3), 3.68 (1Н, td, J=9, 
3.8, Н‑6), 3.90 (1H, dd, J=10.5, 2, H‑24), 4.56 (1H, 
t.d, J=7.6, 5.2, Н‑16).

For detail information on 13 С spectrum refer to 
(table 1).

Partial hydrolysis of Cycloascidoside F. Glycoside 
1 (30 mg) was dissolved in 15 ml of methanol con-
taining 0.5% of sulfuric acid and it was boiled in 
boiling-water bath within 1 hour. Then reaction mix 
was dissolved in water to 15 ml and boiled-off with 
methanol. Past precipitation was filtered, washed-off 

and dried. Filter effluent was neutralized with bari-
um carbonate. Upon neutralizing process we have 
detected L- arabinose and D- glucose in filter efflu-
ent by paper chromatography method in comparison 
with invariable samples.

Residue was chromatographed on column, eluat-
ing at significance level 1. 12 mg of genine identified 
with cycloasgenin С was separated in comparison 
with invariabled sample on thin-layer chromatogra-
phy (TLC).

1 Н NMR chromatography of cycloasgenin 
С (400 MHz, C5D5N, δ, ppm, J/Hz, 0-UVLC): 0.21 
and 0.49 (2Н‑19, d, 2J=4), 0.92 (CH3, s), 1.00 (CH3– 
–21, d, 3J=6.4), 1.25, 1.30, 1.36, 1.39, 1.77 (5xCH3, 
s), 3.55 (H‑3, dd, 3J1=11.4, 3J2=4.6), 3.67 (H‑24, dd, 
3J1=10.4, 3J2=2.3), 3.69 (H‑6, td, 3J1=3J2=9.4, 3J3=3.8), 
4.60 (H‑16, td, 3J1=3J2=7.9, 3J3=5.1). For detail in-
formation on 13С NMR chromatography of cycloas-
genin С refer to (table 1).
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Introduction
It is known that triterpenoids belonging to the 

lupan series, including betulin, have been found 
to have several valuable pharmacological effects, 
including anti-tumor, activating regenerative pro-
cesses, antiviral activity. The wide range of phar-
macological activity of this drug indicates that it 
has some universal mechanisms of action. In this 
context, the effect of these triterpenoids in the form 
of antioxidant activity was noted. As we know, in 
cases of free radical processes in the etiology of 
various diseases – including peroxide oxidation of 
lipids leads to a deepening of pathology. Some an-
tioxidants, including vitamins E and A, and some 
plant flavonoids, are now widely used as prophylac-
tic agents. Finding new types of water-soluble, low-
toxic antioxidants based on local plant raw materi-
als is a pressing issue. The insolubility and lipophilic 
nature of betulin and betulin derivatives is an im-
portant problem in their use as a therapeutic agent. 
The condition for the formation of drugs from 

such compounds is their solubility. Supramolecu-
lar complexes of betulin and betulin diacetate with 
arabinogalactan, PVP (M = 12600 and 36000), and 
polyethylene glycol (M = 4000) have been reported 
in the literature [1–2]. GA and MASGA are known 
to form clathrates with water-insoluble drugs and 
convert them to water-soluble form [3]. MASGA is 
the main triterpene glycoside isolated from the root 
of the licorice plant and has many unique physico-
chemical properties, one of which is its solubilizing 
property. Therefore, MASGA dramatically increas-
es their water solubility, reduces toxicity by forming 
supramolecular complexes with drugs, and at the 
same time allows maintaining the effectiveness of 
exposure even in very small doses [4].

Results and discussion
Given the above, we synthesized supramolecu-

lar complexes with MASGA in a ratio of 1: 2, 1: 4, 
1: 9 mol (MASGA) to convert betulin to a water-
soluble form. The process was carried out by con-
necting the cooler back to the flat tube and heated 
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in a magnetic stirrer for 4 hours (70–800 S). Su- pramolecular complexes of betulin and MASGA 
were obtained according to the following scheme:
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Figure 1. Supramolecular complex of betulin with MASGA formation reaction

Figure 2. IR spectrum of supramolecular complex of the Betulin 
was obtained with MASGA in a 1: 4 mole ratios

To monitor the process of the reaction, TLC 
was performed every half hour. After the reaction 
was complete, the reaction product was filtered, 
washed 2–3 times with ethyl alcohol, and dried. 
The solubility of the substances in various solvents 
was investigated. The solubility of betulin and supra-
molecular complexes were compared to make the 

solubility results more accurate. The solubility and 
some physicochemical constants of the synthesized 
compounds are given in Table 1 below [5]. To study 
the structure and composition of the obtained supra-
molecular complexes, their UV, IR spectra, HPLC 
analyzes were obtained. The expansion and change 
of some signals relative to the signals in the IR spec-
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trum of betulin in the formation of supramolecular 
complexes prove the formation of a supramolecular 
complex between betulin and MASGA (Figure 2).

In particular, we can see that the absorption 
peak of betulin belonging to the -OH group in the 
3400 cm–1 regions of the IR spectrum is pushed to 
the 3355 cm–1 regions in the supramolecular com-
plex IR spectrum and the distance between the 
peaks is widened. It can also be observed that the 
absorption peaks in the 2930 cm–1 and 2867.6 cm‑1 
areas also signal an expansion. It can be seen that 
the absorption peak in the 1642 cm–1 region of the 

betulin IR spectrum is pushed to the 1644 cm–1 area 
in the supramolecular complex spectrum and, that 
the field at 1027 cm–1 in the betulin IR spectrum is 
intensely expressed in the supramolecular complex 
spectrum. It can be seen from the UV spectrum of 
the supramolecular complex of betulin in the ratio 
of 1: 4 mol with MASGA that the increase in hypo-
chromic shift and intensity of the absorption maxi-
mum in the 210 nm area of the betulin molecule, the 
increase in the intensity of the absorption maximum 
in the 240 nm area. These changes are related to the 
chromophore groups in the MASGA.

Figure 3. UV spectrum of the betulin supramolecular complex 
was obtained with MASGA in a 1: 4 mole ratios

Figure 4. HPLC analysis of the betulin supramolecular complex 
was obtained with MASGA in a 1: 4 mole ratios
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To check the content of the obtained com-
pounds, HPLC analyzes of supramolecular complex-
es of betulin with MASGA in ratios of 1: 2 and 1:4 
were obtained (Figure 4). The results show that the 
complexes consist mainly of betulin and MASGA.

Powder X-ray analysis was performed to examine 
the structures of the obtained complexes. It can be 

seen from the results almost no change is observed 
in supramolecular complex analyses with X-ray phase 
analysis of betulin. Only the intensity of peaks in 13 ar-
eas and 44 areas in the betulin spectrum can be seen to 
have increased. From these results, it can be concluded 
that no chemically pure new compound is formed in 
the formation of the supramolecular complex.

Figure 5. Powder X-ray analysis of the betulin supramolecular 
complex was obtained with MASGA in a 1: 4 mole ratios

Conclusion. From the results obtained, it 
can be concluded that the results of this research 
can be used in obtaining water-soluble forms of 
betulin and its derivatives, which show high bio-
logical activity, in the analysis of the structure and 
composition of the obtained compounds. Future 

research is also planned to synthesize supramo-
lecular complexes of betulin with biopolymers 
such as PVP, dextrin, Na-CMC (Carboxymethyl 
Cellulose) in different proportions. It will be done 
to study their composition, structure and, biologi-
cal activities.



Section 4. Chemistry

56

References:

1.	 Mikhail A. M., Tatyana P. Sh., Ilia V.E., Alexander S. K., Svetlana A. K., Anton A. K., Vladimir V. B. Supramo-
lecular architecture of betulin diacetate complexes with arabinogalactan from Larix sibirica // Carbohydrate 
Polymers – 138. 2016. – Р 1–7.

2.	 Патент. RU2401118 C1. 2006.
3.	 Далимов Д. Н., Исаев Ю. Т., Сайиткулов A. M. Молекулярные комплексы моноаммониевой соли 

глицирризиновой кислоты с некоторыми лекарственными средствами и их интерферон индуци-
рующая активность // Хим. природ.соедин. – Ташкент. 2001. – № 2. – С. 132–133.

4.	 Далимов Д. Н., Тoшoв Х. С., Хаитбаев А. Х. Синтез, состав и некоторые физико-химические свой-
ства супрамолекулярных комплексов глицирризиновой кислоты // Узбекский химический жур-
нал. – № 6. 2018. – С 3–10.

5.	 Turgunboev Sh. Sh., Khaitbaev A. Kh. Synthesis of supramolecular complexes of betulin // Republi-
can scientific-practical conference “Actual problems of modern organic chemistry”. – Karshi, 2021. – P 
137–138.



57



58

Contents

Section 1. Mathematics  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                             3

Dergachev Victor Mikhaylovich, Lelyavin Sergey Nikitovich 
CONSTRUCTION OF INFINITE ALGEBRAIC K- THEORY OF P. III . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                     3

Section 2. Food processing industry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                  6

Azimov Yusuf Khidirovich, Akhmedov Azimjon Normuminovich, 
Rakhmatov Eldor Raykhonovich, Shoymardonov Ulmasbek Bolta ugli, 
Giyasov Javlonbek Shavkatovich 
RESEARCH OF THE PROCESS OF PURIFICATION OF SOY OILS 
GREATED IN THE REPUBLIC OF UZBEKISTAN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                        6
Ismatov S. Sh. 
REFINING OF COTTONSEED OIL OBTAINED BY EXTRACTION METHOD . . . . . . . . . . . . . . . . . . . . . . . . . .                          10

Section 3. Transport . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                               14

Sagin Arsenii Sergiyovich, Zablotskyi Yurii Victorovych 
RELIABILITY MAINTENANCE OF FUEL EQUIPMENT 
ON MARINE AND INLAND NAVIGATION VESSELS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                   14
Madey Volodymyr Vasilevich 
USAGE OF BIODIESEL IN MARINE DIESEL ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                 18
Maryanov Denys Mykolaiovych 
MAINTAINING THE EFFICIENCY OF DRILLING FLUIDS WHEN THEY ARE 
TRANSPORTED BY PLATFORM SUPPLY VESSEL CLASS OFFSHORE VESSELS . . . . . . . . . . . . . . . . . . . . . . .                       22
Sagin Sergii Victorovych, Stoliaryk Tymur Olexandrovich 
COMPARATIVE ASSESSMENT OF MARINE DIESEL ENGINE OILS  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                   29
Sagin Sergii Victorovych, Kuropyatnyk Oleksiy Andriiovych 
USING EXHAUST GAS BYPASS FOR ACHIEVING THE ENVIRONMENTAL 
PERFORMANCE OF MARINE DIESEL ENGINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

Section 4. Chemistry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                              44

Mamedov Elnur Shamkhal oglu, Veliyeva Dilara Safar kizi, 
Kulibekova Tamilla Nasraddin kizi, Aliyeva Fidan Mamed kizi 
UTILIZATION OF POISONING IRRITANT CHEMICAL SUBSTANCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                44
Naubeev Temirbek Khasetullaevich, Ramazanov Nurmurod Sheralievich 
CYCLOASCIDOSIDE F FROM AERIAL PARTS OF ASTRAGALUS 
MUCIDUS (LEGUMINOSAE) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                          48
Turgunboev Shavkatjon Shuhratjon o’g’li, Karimov Sherali Xasanovich, 
Khaitbaev Alisher Khamidovich 
OBTAINING BETULINE SUPRAMOLECULAR COMPLEXES WITH MASGA  . . . . . . . . . . . . . . . . . . . . . . . . . .                          52


