








Section 5. Machinery construction

anumber of technological advantages relative to
the second, does not meet the metrological re-
quirements for crane scales. Therefore, it was de-
cided to develop a design with just such a cross-
section in the place of the sticker of the sensitive

element, although this reduces the manufactur-
ability during production.

Table 1 shows the results of comparing the
stress in the places of the strain gages for the two
compared designs of the load pins.

Table 1.— Average stress in design sections, MPa

Sample 1, MPa Sample 2, MPa
Place of the strain gauge 1 205 132
Place of the strain gauge 2 165 132
Place of the strain gauge 3 210 140
Place of the strain gauge 4 169 140
Central section 239 275

It is necessary to investigate the influence of
design features and find a combination of their
values that would ensure a stress level at the
places of the strain gauge sticker comparable to
the second sample, which is 200-220 MPa. How-
ever, at the same time it needs to have a vertical
wall in the design section, thanks to which the
manufacturability of the strain gauge sticker in-
creases and their initial sensitivity is preserved.

2. Methodology

In the manufacture of strain gauges, the most
common material is 40X Steel or its analogue
AISI 51385. This material is characterized by the
following physical properties (after heat treat-
ment): tensile strength — 750 MPa and Brinell
hardness — 235 [7].

The supports for the load pin are the surfaces
of its contact with the shackle. The load is applied
from the side of the hook in the middle section of
the load pin. At the first stage, the geometry was
changed in the SolidWorks modeling environ-
ment [8]. Each design change was followed by
its calculation by the finite element method in
the ANSYS software package [9].

Due to the high rigidity in comparison with
the rigidity of the load pin, the shackle was mod-

eled simplistically (Fig. 3). At the same time, fric-
tion (with a coefficient of friction 0.2) between
the corresponding elements was taken into ac-
count in the contact zone of the shackle and the
load pin, affecting the distribution of force be-
tween the elements.

Figure 3. Shackle modeling

The assumption was made about the uniform
application of the load along the surface of the
groove of the strain gauge (Figure 4).

Figure 4. Application of the load modeling
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It distorts the results of the calculation of
stress at the place of application of the load, but
does not affect the accuracy of the calculation
at the place of the sticker of the strain gauges.

Possible movemenis of the load pin along the shackle.
X=x(f)

Y=0

zZ=0

a=a(f)

B=0

y=0

Additionally it simplifies the calculation due
to the absence of a contact problem. The load
value is 49 kN, which corresponds to a load of
S tons.

Possible movements of the shackle's parts top surfaces:
X=0

Y=0

Z=0

a=0

B=0

y=0

Direction of force action:
X=0
Y=-49050H
Z=0

a=0

B=0

y=0

Figure 5. Calculation scheme. P - load from the weight of the cargo, container and load-
grabbing device; |, - the distance between the midpoints of the load pin supports

The design scheme for the load pin can be rep-
resented as follows: a two-support beam, to which
apointloadis applied in the middle, the beam sup-
ports are two seals at the edges of the beam with
the possibility of longitudinal movement taking
into account the friction force (Figure 5).

When determining the best design of the
strain gauge, the following parameters were var-
ied (Figure 6.): the thickness of the vertical wall,

the thickness of the horizontal wall, the degree
of conicity.

For reasons of manufacturability, it is imprac-
tical to use a vertical wall with a thickness of less
than S mm.

For the calculation by the finite element
method, the structural elements that ensure the
manufacturability of the structure were removed,
since this improves the quality of the construc-
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tion of the finite element grid. Accordingly, stress  change in shape or size were not taken into ac-
in areas of stress concentration caused by asharp  count.

Figure 6. lllustration of the parameters to be changed

3. Results wall thickness of S mm. However, the maximum
With the initial geometry of sample No. 2,  stress is 412 MPa (see Table 2).
the required stress level of 200 MPa is achieved Notation for Tables 2-3: ¢ — cylindrical mid-

with a vertical wall thickness of 2 mm. When the  dle part; k- conical middle part; w—vertical wall
horizontal wall is reduced to S mm, an average  thickness; h — horizontal wall thickness.
stress level of 212 MPa is achieved with a vertical

Table 2.- Calculation results of sample No. 2 with a reduced horizontal wall

Parameter ¢, w=2mm,h=10mm | ¢,w=5mm,h=5 mm
Maximum stress in the pin (horizontal wall) 313 MPa 412 MPa
Average 'values at the place of the strain 224 MPa 212 MPa
gauge sticker
Max1mu.m stress at the place of the strain 139 MPa 234 MPa
gauge sticker
Minimum stress at the place of the strain 207 MPa 192 MPa

gauge sticker

With a conicity of the middle part of theload ~ was 212 MPa, and the maximum stress was 280
cell 17°, a wall thickness of 6 mm and a horizon-  MPa (see Table 3).
tal wall thickness of 8 mm, the average stress level

Table 3.- The results of the calculation of the load pin with a conical middle part

Place Parameter k, w=6 mm, h=8 mm
1 2 3
280 MPa

Maximum stress in the pin (center cross-section

of the load pin)
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1 3
Average values at the place of the strain gauge 212 MPa
sticker
Maximum stress at the place of the strain gauge 224 MPa
sticker

191 MPa
Minimum stress at the place of the strain gauge
sticker

4. Conclusion

Only by reducing the thickness of the vertical
wall, it was not possible to achieve the required
stress level. Only with a thickness of 2 mm, which
is 3 mm less than the technological requirements,
200 MPa stress was achieved. This made it nec-
essary to change the thickness of the horizontal
wall. A decrease in the thickness of the horizon-
tal wall, in turn, led to an increase in the overall
stress level, which did not allow for the desired
factor of safety of 2.5.

To increase the overall strength and achieve
the greatest stress in the sensor sticker area, the
shape of the middle part of the strain gauge was
changed from cylindrical to conical, which made
it possible to transfer the force from the load to
the vertical wall more evenly. At the same time,
the desired stress level was achieved with a verti-
cal wall thickness of 6 mm.

The resulting shape of the load pin is inferior
in terms of manufacturability to known designs.
However, the developed design allows it to main-
tain the measuring range of the strain gauge due
to a sticker on a flat wall, unlike a design with a
through hole, when the strain gauge is applied to
which, it deforms, taking the shape of a cylindri-
cal surface and losing the sensitivity range.

In comparison with a similar design, while
maintaining the advantage of the sensor sticker
on a flat surface, the stress in the sticker area in-
creases, that leads to an increase in the sensitivity
range of strain gages in this case as well.

In the prototype of a flat-wall strain gauge,
due to the fact that the shape of the middle part
is cylindrical, the bending torque, increasing to
the average cross-section, stress along the length
of the wall distributes unevenly. The increasing
cross-section along the length of the strain axis
makes it possible to compensate for the change
in the bending moment and obtain a more uni-
form distribution of stress in the wall. This is con-
firmed by the reduced stress spread in the vertical
wallin the developed design in comparison with
sample No. 2.

5. Acknowledgements

The authors wish to thank the scientific
supervisor Ivanov S.D., CJSC ITC KROS for
providing the material base and the staft of the
Department of Lifting and Transport Systems
of Bauman Moscow State Technical Univer-
sity for their help in conducting experiments,
advice, recommendations, valuable comments
and criticism.

67



Section 5. Machinery construction

o0

References:

. Fedorinin V.N., Sidorov V.I. “Polarizing optical sensors for measuring physical quantities”.

“Bectamk Cu6I'YTI” (Russian).— No. 3. 2009.— P. 46-56.

Kikot V. V., Cheburakhin I. N., Koshkin G.A., Volkov V.S., Andreev V. G. “High-temperature
piezoelectric pressure sensor with improved sensitivity based on lead-free power-ceramics.” Mea-
suring. Monitoring. Management. Control (Russian) - No. 2 (28).2019.—- P. 56-63.

Kleckers T., Gunther B. “Deformation Measurement: Fiber Optic Sensors from HBM”. Electron-
ics: Science, Technology, Business.— No. 1. 2008.— P. 76-78.

Nazukina E. N., Kleveko V.I. “Investigation of the parameters of the strain gauge for monitoring
the stress-strain state of geosynthetic reinforcing materials”. Modern technologies in construction.
Theory and practice. (Russian).— No. 1.2019.— P. 20-25.

Younis N. T. and Kang B. “Strain Gage Backing Effects on Measuring Steep Strain Gradient”. Pro-
ceedings of the International Conference on Mathematics and Engineering. Honolulu, Hawaii,
USA, 13-1S June. 2011.

Mikhalev A.V,, Nazarov A.N,, Ivanov S.D. “The impact of the strain gauge location on the load
pin on it's performance assessment,” Seventy third russian scientific and technical conference
for students, undergraduates and postgraduates with international participation (Russian).— No.
1.2022.-P. 489-492.

URL: https://steelselector.sij.si/steels/37CRS4.html/ (date accessed: 01.11.2022).

URL: https://help.solidworks.com/ (date accessed: 02.11.2022).

URL: https://ansyshelp.ansys.com/ (date accessed: 02.11.2022).

68



IMMUNOHISTOCHEMICAL CHARACTERISTICS AND THEIR EFFECT ON THE CLINICAL COURSE AND PROGNOSIS OF DIFFUSED B-LARGE CELL LYMPHOMA WITH EXTRANODAL LESIONS

Section 6. Medical science

https://doi.org/10.29013/EJTNS-22-6-69-75

Atakhanova N.E.,

Kobilov O.R.,
Tashkent Medical Academy

IMMUNOHISTOCHEMICAL CHARACTERISTICS
AND THEIR EFFECT ON THE CLINICAL COURSE
AND PROGNOSIS OF DIFFUSED B-LARGE CELL

LYMPHOMA WITH EXTRANODAL LESIONS

Abstract. The study included 81 patients with diffuse large B-cell lymphoma with extranodal
lesions, who were under examination and treatment from 2015 to 2021 inclusive. We observed
81 patients with 10 types of DLBCL. The most frequently identified primary mediastinal form
(19.8%), intravascular form (18.5%), lymphomatoid granulomatosis, which in the usual histological
examination is confused with Hodgkin’s lymphoma (16%) and with the predominance of T - cells.
Less common were plasmablastic, ALC positive, with IRF4 rearrangement, and primary DLBCL of

serous cavities.

Keywords: IHC; diffuse B-large cell lymphoma; extranodal lesion.

Introduction

The modern classification of the World Health
Organization WHO in 2017 includes more than
40 subtypes of lymphomas, thereby defining
various approaches in the diagnosis, treatment
and development of new promising therapeu-
tic areas [1]. In the new WHO classification of
2017, DLBCL without additional specification
(not otherwised specified—-NOS) is divided into
various morphological subtypes that do not have
prognostic significance: centroblastic, immuno-
blastic, anaplastic and other rare subtypes [2; 3].

In the field of NHL studies, the focus is on
the prognostic value of various morphological

variants of the disease, with diffuse large B-cell
lymphoma being defined as the most unfavor-
able [4; 5].

All of the above confirms the extreme rele-
vance of the problem of diagnosis and treatment
of primary diffuse large B-cell lymphoma with
extranodal lesions and is an unconditional basis
for special research in this area. Due to the fact
that a relatively small number of works have been
done on this topic, there are still a lot of questions
in determining the prognosis in patients with
diffuse large B-cell lymphoma and the correct
management of patients, and the role of immu-
notherapy in the complex treatment of primary
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diffuse B-large cell lymphoma is also relevant.
lymphomas with extranodal lesions [6; 7; 8].

Materials and methods

The study included 81 patients with diffuse
large B-cell lymphoma with extranodal lesions,
who were examined and treated from 2015 to 2021.

For a six-year follow-up in patients with this
form of the disease, 81 patients under our su-
pervision, despite the same treatment, five-year
survival was 60.5%. In 32 (39.5%) patients dur-
ing treatment, a lethal outcome was noted due
to the progression of the pathological process.
To study the causes of an unfavorable outcome
of the disease, we conducted this study, so that
in the future, taking into account and influenc-
ing the factors that affect the final result, it will
improve the long-term results of treatment.

In our work, in case of suspected lymphoma,
to establish the diagnosis of the disease, we per-
formed morphological studies of the tumor tis-
sue. After identifying the non-Hodgkin nature
of the tumor, morphological studies were per-
formed with immunophenotyping.

The purpose of immunophenotyping at the
first stage was to determine the B- and T-cell ori-
gin of the tumor, as well as the degree of viola-
tion of cell differentiation and the similarity of
the tumor tissue to a certain anatomical zone of
a normal lymph node. This research method is
the most highly informative part of the complex
diagnosis of non-Hodgkin’s lymphoma (NHL).

All patients had a morphologically verified
diagnosis — diffuse large B-cell lymphoma. B-
cell lymphoma is subdivided into progenitor B-
cell lymphomas and mature B-cell lymphomas,
which include:

« small cell lymphocytic lymphoma;

« lymphoma from cells of the marginal zone

of the spleen;

« extranodal mucosal-associated B-cell lym-

phoma (MALT-lymphoma);

« nodal B-cell lymphoma from cells of the

marginal zone;

« follicular lymphoma;

« mantle cell lymphoma.

B-large cell diffuse lymphoma: (mediastinal
or thymic and intravascular large B-cell lympho-
ma). Mediastinal and intravascular large B-cell
lymphoma is one of the morphological subvari-
ants of diffuse large B-cell ymphomaThe medias-
tinal is localized in the anterior mediastinum and
originates from the thymus, and the physiologi-
cal representatives of lymphoma cells are thymus
B cells. Intravascular large B-cell lymphoma is
extremely rare. It is characterized by an aggres-
sive course and has an unfavorable prognosis. It
affects the skin, lungs, kidneys, adrenal glands,
central nervous system.

In this paper, we will consider the diagnosis
and treatment, only B-cell diffuse lymphoma.

Diftuse large B-cell lymphoma is always es-
tablished only on the basis of a morphoimmu-
nohistochemical study of tumor tissue obtained
by biopsy or surgical material. Cytological ex-
amination of the material obtained by puncture
or smear imprints of lymphatic and other tumor
nodes is not sufficient to establish this diagnosis.
In all cases, histological and IHC examination of
incisin or excision material was performed.

In an excisional biopsy, the earliest lymph
node that appears is taken and completely re-
moved. When removing the assembly, it must
not be mechanically damaged. It is undesirable
to use inguinal lymph nodes for histological ex-
amination if there are other groups of lymph
nodes involved in the process. Histological and
immunohistochemical examination of the tumor
is carried out.
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CHANGES IN MAIN INDICATORS OF CELLULAR IMMUNE
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Abstract. The aim of the work was to follow the change in the main indicators reflecting the state
of T-cell immunity in COPD and after the use of various treatment regimens. The use of plasmapher-
esis and antiviral therapy leads to the normalization of the main indicators of humoral immunity.
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M3MEHEHUE OCHOBHbIX MOKA3ATEJIEN
KJNETOYHOINO UMMYHUTETA NPU XOBJ1 A0
N NOCJIE PASJIN4HbBIX METOA OB JIEHEHUA

Annortanms. B pabore 6blaa mocTaBAeHA IjeAb IIPOCAEAHUTD 32 H3MEHeHHEeM OCHOBHBIX ITOKa3a-
TeAel, OTPaKaIoIMX cocTosiHue T-kaeTouHoro ummyHuTeTa, pu XOBA 1 ocae npumMenenus pas-
AUYHBIX cxeM AedeHus. [IpuMeHeHne maasmMadepesa v IpOTUBOBUPYCHOM Tepalyu IIPUBOAUT K HOP-
MaAM3aIlMU OCHOBHBIX IIOKa3aTeAel I'yMOPAAbHOTO UMMYHHUTETA.

Karouesbrie caoBa: XOBA, aumdornut, maazmadepes, IMMyHOMOAYAUPYIOIIASI TEPAIIHS, MEAUKA-
MmenTo3Has tepanusi, CD4, CD8, kAeTOYHbII UIMMYHUTET.

ITo poanubpiM BO3 cmepTHOCTE 0T XOBA exe-  k 2030 ropay XOBA BeIfiaeT cpeart HUX Ha 3 Me-
roaHo cocrasaster 3,17 MaH. caygaes — 910 5%  cro [1]. ITpu XOBA MexaHM3M 3amuThl BepXHEN
OT BCeX IPUYMH CMEPTHOCTH U II0 IPOTHO3aM  ABIXaTEABHOM CHCTEMBI SIBASIETCSI HECOCTOSITEAD-
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HBIM U 9TO IIPUBOAUT K TOMY, YTO UH(EKI[MOHHbIe
areHTHI OeCIIPEISITCTBEHHO IIPEOAOAEBAIOT STOT
Gapbep U 3a CIeT CBOMX AATE3UBHbIX CBOHCTB PUK-
CHUPYIOTCSI Ha CAUBUCTOM 000AOUKe, TAe HAYHMHAET-
Cs1 KOAOHHM3ALWS U PA3BUBAETCA BOoCHaAeHwue [2].
Ha aToM aTare cpabarbIBatoT MECTHbIE UIMMYHHbIE
¢akTopel. AaxKe yMepeHHasI TUIIOKCHUS IPUBOAUT
K He3HAYUTEABHOMY IIOBPEXKAEHHIO AeTKUX, aKTH-
BaLuK MakpoParos 1 HeUTpoPrA0B [3].

Bocmaaenue npu XOBA - aT0 peaxius rumnep-
PeaKTUBHOCTH, Ha HAYaABHOM dTarle Hecrienudu-
JecKas, HO C BOBA€UeHUEeM aHTHUIeH-CIleruduye-
CKHX MEXaHM3MOB Ha MOCAeAyIoImuX dTanax [4; 5].

IToaToMy HaMu 6bIAa ITOCTaBAEHA LI€Ab IIPO-
CAGAUTD 32 HI3MEeHEeHHeM OCHOBHbIX ITOKa3aTeAeH,
OTPAXKAIOIIUX COCTOSIHUE T-KA@TOYHOTO MMMY-
HureTa, npu XOBA u nmocae npruMeHeHus pas-
AVYHBIX CXeM ACUEeHIL.

MeToa 1 MaTepHAAbI

HccaepoBaHUS BKAIOYAAO 7S5  6OABHBIX
c XOBA. BoabHbIe ObI1AU pa3pAeAeHbI HA TPU IPYII-
IIbI B 3aBUCHMOCTHU OT IIPOBOAKMOI TepaIlHH.
IlepBasi rpyrina 6OABHBIX IOAYYAAU MEAUKAMEH-
TO3HOE AeUeHHe 110 CTAHAAPTHOM cxeMe.

Bropoii rpymnime Ha $oHe 6A3UCHOI Tepanuu
AOIIOAHUTEABHO Ha3HAYaACS IperapaT HHO3UH
npanobexc no cxeme 500 mr 1o 2 Tab. 4 pasa

B CyTkM B TeyeHHM 14-20pHei. Tperbeit rpym-
1ie Ha $OHe OA3MCHOI TePAIUK AOIIOAHUTEABHO
npoBopAUAU MeMbpanHbiit maasmadepes ([1A) Ha
ammapare “Temodenukc” 4 mporieAypsl ¢ HHTep-
BaaoM OT 3 A0 7 aHell. BmecTe ¢ maasmoit yaa-
ASIFOTCSI TIATOAOTHYECKHe dIAEMEHTBI, U3MeHseTCs
KHM3HEAEATEAbHOCTb KA€TOK, BOSHUKAIOT HOBbIE
B3aUMOACNCTBUS C APYTUMH KATKAaMH H pery-
anpyromumu pakropamu [ 6]. ImmyHOpeHOTH-
IIPOBaHKe GOABHBIX IPOBOAUAN KAACCHYECKIM
METOAOM IPOTOYHOM HUTOPAIOOpUMETpUn. AHa-
AM3 MOIYASIIMI AUM(OLUTOB IPOBOAUAU Ha 4-X
nBeTHOM IpoTouHoM ruromerpe FACSCalibur
(Becton Dickinson). PesyabTarsl nuccaepoBanuit
OBIAML 0OpabOTaHBI METOAAME BapUALMOHHOM
CTaTHCTUKU C BPIYHCAEHHEM t-KpUTepus AOCTO-
BepHOCTU CTBIOACHTA.

Pe3yAbTaThI H 00CYKACHHE

Kax usBecTHO, MeMOpanHbIe MoAekyabl CD4
u CD8 aBASIIOTCS KOpelenToOpaMu KOMITAeKCa
TCR-CD3 u paccMaTpuBalOTCs Kak OCHOBHbBIE
MapKepbl onpeaeAeHHs T-XeAlepoB U ITUTOTOK-
cnyHbIX T-aumonuTos coorseTcTBeHHO. Cpas-
HUTEAbHOE H3yYeHHe HMMYHOPEeryAsTOPHbIX
cybnomyasuii T-AUMOLUTOB IIPU PA3AMYHBIX
narosorudeckux cocrosHusAx XOBA nmossoanao
BBISBUTB psip ocobennocreit (puc. Ne 1).

60
40 *
20 — - = * *
_ - %
0 : | ] \ : e | |
CD4+ CD8+ CD4+CD8+ CD25+ CD4+/CD8+
M KOHTPO/b m XOBN

PucyHok N2 1. OCHOBHble NokasaTenn COCTOSHUS KNETOYHOr 0
3BeHa nmmyHuteTa npu XOBJT (B %)

Ipumenanue: *— P < 0.0S; 6e3 0603Ha4eHuti — dannvle cnamucmuuecku He docmosepHol; P — cpasrenue

danHbIx ¢ KOHmMpOoAEM
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®axrryecky, koandectso CD4+ anmdoru-
TOB CTaTUCTUYECKU AOCTOBEPHO YMEHbIIAAOCE.
AAuTeAbHas IEpCUCTEHIUS BUPYCa, AeHICTBUE
Apyrux maroreHHelx ¢akropos mpu XOBA
HapylIaeT co3peBaHHe T-peryAsSTOpHBIX U ACH-
APUTHBIX KAETOK, TPUBOAS K IIPEUMYIeCTBeHHOM
aktusaruu CD8+ anmdonuTos [ 7). Koamsectso
CD8+ kaeTOk KOppeAHpyeT C BHIPa’keHHOCTHIO
am¢u3seMbl. BsanMmopericTBre IMTOTOKCHYECKUX
T-AuMPOLUTOB ¢ KACTKAMHU-MUIIEHSIMU IIPUBO-
AUT K IPOHUKHOBEHUIO B MEMOPAHBI TOCAEAHHX
1epOPHHOB U LIUTOAUSHHOB, YTO CIIOCOOCTBYeET
rUOeAU KAETOK ITyTeM aIIOITO3a, TEM CAMBIM ITOA-
AEP>KMBas IIOCTOSHHBIN BOCIIAAMTEAbBHBIN IIPO-
uecc mpu XOBA [8].

YkazaHHbIe CYOIOIYASIIIOHHbIE H3MEHEHSI
T-AUMOIIUTOB 3aKOHOMEPHO IPUBOASAT K CY-
I[eCTBeHHO! NHBEPCUU UMMYHOP eI YAITOPHOTO
nnaexca CD4+/CD8+. OTMmedaeTcs MOHWKEHHE
oraourerust CD4+/CD8+mpu XOBA.

HMuTepecHast 3akoHOMEPHOCTb IMIPOCAEXKHBA-
AACh ITPU UCCAEAOBAHHH ITPOL[EHTHOI'O COAEPIKa-
Hus CD2S' kAeTOK, 9KCIIpeCcCHPYIONTNX A-11eIlb
peuenrtopa MA-2, apasromuxcsa MapkepaMH ak-
TUBaIUU T-XeArnepoB. DT KACTKH, pOPMUPYIOT-
Csl B IIpollecce HOPMaAbHOM AU $epeHIupOoB-
KU B TUMYCE, a He IIOA AeICTBUEM aHTUTE€HHOMU
CTHUMYASIIIUU U SIBASIIOTCSI €CTeCTBEHHBIMHU pe-
ryastopubiMu kaeTkamu (nlreg). B Hacrosmee
BpeMsl OHU PacCMaTPUBAIOTCA KaK OCHOBHbBIE
nTreg-kaeTxu, crocobusie k cympeccuu Thl
1 Th2-0nocpeAOBaHHBIX UMMYHHBIX OTBETOB [ 9 ].
CoraacHo AaHHBIM HEKOTOPBIX aBTOpPOB, nlreg-
KAETKH MOT'YT 0Opa3oBbIBaThCS U Ha Iiepudpepun
n3 CD4+CD25-kAeTOK oA AEHCTBHEM I1aTOre-
HOB, HU3KUX AO3 AaHTUT'€HHBIX IIENITUAOB, TAIOKO-
xopTukoupos [ 10; 11].

CoraacHo noayueHHbIM AAHHBIM, Tpu XOBA

H8.6AIOAaeTC5I CTaTUCTHYIECKH AOCTOBEPHOE

nossimenwue (B 1,5 pasa) xoanmdectsa CD25+-
KAeTOK. OCcOOBI MHTepeC MPEACTABASIA AHAAU3
nonyasiuu  Ay6ab-nosutuBHeix  CD4+CD8+
kaetok. CD4 u CD8 mapkepbl OAHOBpeMeHHO
TIOSIBASIIOTCSI HA MeMOpaHe AUM(OLUTOB Ha CTa-
aun -ceaexryu B Tumyce. [ToaTomy mosiBaeHue
B kpoBu CD4+CD8+ kaeTok yka3bIBaeT Ha BbI-
X0p, He3peAblx AUMPOLUTOB U3 TuMmyca [12].
C Apyroi cTOpoHbI, yBeAWYeHHE KOAMYEeCTBA
Ay6ab-o3utuBHbIX CD4+CD8+ AnmdoruTos
IPY TAKKX ITATOAOTHYECKUX COCTOSHHAX, KaK BbI-
3BaHHBIN BUPycoM DnmTeiiH-bappa MOHOHYKAe-
03, BUY9-nndexius, Xxponndecknit AUMQ OAEHKO3
u apyrue [13]. ITpeacTaBuTeAn AaHHOI Cy6rmo-
ITyASLIMA AUMQOLIUTOB SBASIIOTCS BBICOKOAH(-
¢$epeHIMPOBaHHBIMH KACTKAMH [TAMSATH U MOTYT
Y4acTBOBATh B PEAKIUAX aAAITUBHOTO UIMMYHH-
TeTa B OTBET Ha AeHCTBHE BUPYCHBIX areHTOB
[14]. B Hammx MccAeAOBaHHAX O6HAPYKEHO
pe3Koe MOBBILIeHNE YPOBHS AyOAb-IIO3UTHBHbIX
CD4+CD8+ AnMQpoI1uToB BO Bcex 06cAeAOBaH-
HbIX rpymmax — B 4,1 pas mpu XOBA (puc. Ne 1).
Mpb1 cuuTaeM 3TO BIIOAHE 3aKOHOMEPHBIM, TaK
KaK [IOYTH y BCeX 0OCAEAOBAHHBIX IIAIJHEHTOB
¢ XOBA o6Hapy>keH 3aMeTHO BBICOKHI THUTP
BUpyca OmnmTeiHa-bapp, mepcucrupyromero
B AnMdorurax. [TosiBaeHHE 6OABIIOrO KOANYE-
crBa Ay6Oab-nosutusHbix CD4+CD8+ aumdo-
IIUTOB, BO3MOXHO, O0YCAOBAEHO AAMTEABHOM
AQHTUT€HHOMN CTUMYASIIUEN M KOMIIEHCAaTOPHOM
HAIpsDKeHHOCTbIO UMMYHUTETA IIPU IIepCUCTH-
POBaHMH BUPYCHOM HHPEKIUU.

ViMMyHHBIe HapyIeHus, 0OHApY>KeHHbIe IPU
XOBA, npeaAnoAararoT BKAIOUEHHE B CXEMbI AeYe-
HUSI UMMYHOMOAYAHPYIOIIUX IIPeNaparos, CIo-
COOCTBYIONINX BOCCTAHOBAEHHIO OOHAPY KEHHBIX
OTKAOHEHUM.

IlpuMeHeHHe pPa3AMYHBIX METOAMK Aeve-
Hus npu XOBA paro caepyromue pesyAbTaThl

78
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(puc. N2 2). Hauboapmas s¢pekTuBHOCTD Ha-
OAIOAQAACH NIPH MCIIOAB30BAHMU HMHO3UH IIpa-
Hobekca. DPpPeKTUBHBIM SBASACS Taroke u ITA.
Tak, camwxennoe npu XOBA copepsxanne CD4+-
AUMQOLUTOB UMEAO TEHACHIIUIO K ITOBbIIIEHUIO,

cocrasasis 25,6+2,1 u 38,5+2,7 nponenta. Ko-
AandectBo ruToToKcHyecknx CD8* kaeTok Taxoke.
ITocae mposepenus ITA ux ypoBeHDb ObIA HIDKe
KOHTPOABHBIX BEAUYHH (B IIpeAeAax HUKHeil rpa-
HUIL[bI pedepeHTHBIX 3HAYCHUIT).
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OxonTposabr Hpgo jeyenns EMT BIIA OUMT

PuncyHok N2 2. OCHOBHble NOKa3aTenn COCTOSHUS KNETOYHOIrO 3BEHA
nmmyHuTeTa npm XOBJ1 nocne pasnuyHbix cxem nedenmsa (B %)

Ipumenanue: *— P<0.0S; 6e3 0603nauenuii — dannvle cnamucmuuecku He docmoseprvl; P — cpasrenue

JaHHbIX ¢ KOHMpPOAeM

MT He mpHUBOAUT K HOPMAAM3AI[UH YPOBHS
060HX KOpeLe[ITOPOB, YTO, HECOMHEHHO, OTPaXKa-
eTCsI Ha 3HAYeHUH IMMYHOPETyASTOPHOTO MHAEK-
ca. ITocae MT CD4 +/CDS8 +< 1, uto sBAsieTcA
CBHUAETEABCTBOM HAAMYUS HMMMYHAEPUITUTHOTO
COCTOSIHUS, AQXKe IIOCAE PEATIPHHATOTO A€YeHHSL.
ITocae ITA u mpOTHBOBUPYCHO! Teparui HabAIo-
AQETCS TOYTH IIOAHASI HOPMAAM3aLMs UMMYHOpPeTy-
ASITOPHOT'O UHAEKCA, 0COOEHHO IOCAe IIPUMEHEeHHS

uMMyHoMmoayadropa. [ Ipumenenne ITA n mmmyno-
MOAYAUPYIOIeH TePAIIuK PUBOAUT K YMEHbIIe-
HHIO copeprkanms kak CD2S*, tak u CD4+CD8+
KAETOK. DTO SIBASIETCSI CBUAETEABCTBOM CHIDKEHHS
AHTUT'€HHOM Harpy3KH Y MAlJUeHTOB AAHHBIX IPYTII
nocae Aedenus. [ Ipumenenne cranpaptHoit MT, He
BAusieT Ha ot mapameTpsl. [ Ipu XOBA xoandecTBo
OCTaeTCs Ha TOM JKe YPOBHE, 4TO 1 AO IIPOBOAUMONM
MEAMKAMEHTO3HOM TePaIru.

Cnmcok AuTeparypsbi:

1. COPD and Cardiovascular Disease / S. André, B. Conde, E. Fragoso [etal.] // Pulmonology.—

Vol. 25.-No. 3.2019.- P. 168-176.

2. Yyuaaun A.I. PecnupaTopHras mepunuHa. — Tom 1. 2017. — 234c.

3. Emiel F. M. Wouters. Local and systemic inflammation in chronic obstructive pulmonary disease.
Proc. Am. Thorac. Soc.— 2.2005.-P. 26-33. Doi: 10.1513/pats.200408-039ms.

4. Hosuxos A.K. Kananueckas ummyHomaToaorus.— M.: Mea. Aurep., 2009.— 464 c.

5. Larche M., Robinson D., Kay A. The role of T lymphocytes in pathogenesis of asthma. J. Allergy
Clin. Immunol.,— 111. 2003.-P. 450-463. Doi: 10.1067/mai.2003.169.

6. Crapukosa M. B., Pappimesckas T. H., Yananesa E. M., ITatpymesa M. C., Tpuroaoc H. H., Aae-
uHa H. @. ¢ dexTuBHOCTS MeMOpaHHOTO MAa3Madepesa y 6OABHBIX XPOHUYECKIM FeHePaAU30-
BAaHHBIM ITAPAAOHTUTOM Ha PpOHe MeTaboAmdeckoro cuHApoMa, CoBpeMeHHbIe IIPOOAeMbI HAyKU
u obpasosanus,— 6. 2015.— P. 54-57.

79



Section 6. Medical science

7. Wiesel M., Walton S., Richter K., Oxenius A. Virus-specific CD8 Tcells: activation, differentia-
tion and memory formation, APMIS,~ 117 (5-6). 2009.- P. 356-381. Doi: 10.1111/j.1600~
0463.2009.02459.x.

8. Freeman C.M., Han M. K., Martinez F.]. et al. Cytotoxic Potential of Lung CD8+ T Cells In-
creases with COPD Severity and with In Vitro Stimulation by IL-18 or IL-15J. Immunol.,— 184
(11).2010.- P. 6504-6513. D0i:10.4049/ jimmunol.1000006

9. Apuaun A.A., Aorenxosa A. A. EcrectBennsle peryastopable T-kaetku u ¢paxrop FOXP3. Hm-
MyHoAorus,— 3. 2006.— P. 176-188.

10. Karagiannidis C. et al. Glucocorticoid supregulate FOXP3 expression and regulatory T cells in
asthma J. Allergy Clin. Immunol.,,— 114.2004.-P. 1425-1433. Doi: 10.1016/j.jaci.2004.07.014.

11. Mills K. H. G. Regulatory T-cells: friend or foe in immunity to infection, Nature Reviews Immu-
nology,— 4. 2004.— P. 841-845. Doi: 10.1038/nri148S.

12.Jimenez E., Sacedon R., Vicente A. et al. Rat peripheral CD4+CD8+ T lymphocytes are par-
tially immunocompetent thymus-derived cells that undergo post-thymic maturation to become
functionally mature CD4+ T Lymphocytes. J. Immunol.,— Vol. 168. 2002.- P. 5005-5013. Doi:
10.4049/jimmunol.168.10.5005.

13. Sullivan Y. B., Landay A. L., Zack J. A. et al. Upregulation of CD4 on CD8+ T cells: CD4dim CD-
8bright T cells constitute an activated phenotype of CD8+ T cells. Inmunology,— Vol. 103.- 3.
2001.-P.270-280. Doi: 10.1046/j.1365-2567.2001.01243 x.

14. Naschimbeni M., Shin E. C., Chiriboga L. et al. Peripheral CD4+ CD8+ T cells are differentiated
effector memory cells with antiviral functions. Blood,— Vol. 104.— 2. 2004.- P. 478-486. Doi:
10.1182/blood-2003-12-4395.

80



IMPROVING OF THE ACTIVITIES OF EMERGENCY MEDICAL CARE SERVICES: PREPARATION OF PROPOSALS FOR THE DEVELOPMENT AND AMENDMENTS TO REGULATORY ACTS

https://doi.org/10.29013/EJTNS-22-6-81-91

Mirvarisova L. T,

Associate professor, MD, PhD,
Center for the Development of Professional Qualifications
of Medical Workers, Tashkent, Republic of Uzbekistan

Anvarov Kh.E.,
Associate professor, MD, PhD,

Republican Research center of Emergency medicine,
Tashkent, Republic of Uzbekistan

Mirvorisova Z. Sh.,
Master degree resident, Department of Psychiatry,
Tashkent State Pediatric Institute, Tashkent, Republic of Uzbekistan

IMPROVING OF THE ACTIVITIES OF EMERGENCY MEDICAL
CARE SERVICES: PREPARATION OF PROPOSALS FOR THE
DEVELOPMENT AND AMENDMENTS TO REGULATORY ACTS

Abstract. The main aim of this stage is preparation of proposals on the development of regulatory
act aimed to the improvement of the activities of the emergency medical services.

The main goals of the stage are:

— study and analysis of the most actual issues existing in the system of the emergency medical
services;

— preparation of the prudent materials;

— preparation of the proposals for the concept (explanatory note) on the most actual issues of
the system of the emergency medical system in the Republic of the Uzbekistan.

During the process, there were analysis made of the existing situation and the identification of
the issues hindering the further development and improvement of the system of medical emergency,
including the emergency in the republic. There were conducted conversations with specialists, con-
sideration of available documents regulating the procedure for the provision of emergency medical
services and materials received from the coordinator.

Keywords: Regulatory legal act, emergency medical care, analysis of situation.

Introduction tems, the availability and willingness to provide
According to the Global Reference List of medical services, the use of the service, and ac-
100 Key Health Indicators for 2015 (Global cess to health care are distinguished. Accord-
Reference List of 100 Core Health Indicators, ing to the Guidelines for National Policies and
2015), among indicators of healthcare sys-  Strategies [1] prepared by the World Health
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Organization, the quality of medical care is
determined by taking into account how the
health care system functions as a whole, how
involved all stakeholders are and the most sig-
nificant factors affecting the quality of medical
services. It should be noted that this guidance
has been developed as a practical approach for
the development of policies and strategies to
improve the quality of medical care. The World
Health Organization in the concept of quality
includes, first of all, the quality of implementa-
tion of the professional functions, minimiza-
tion of the risk of complications during medical
interventions, patient satisfaction with medical
care.

The Constitution of the Republic of Uzbeki-
stan in art. 40 establishes the right of everyone
to receive skilled medical care. Presidential De-
cree No. UP-5590 dated 12/07/2018 identifies,
inter alia, increasing the efficiency, quality and
accessibility of medical care, introducing qual-
ity management systems for medical services
and improving legislation in the field of health-
care through its unification and the adoption
of laws of direct action, as the most important
areas of reforming the health care system in
the Republic of Uzbekistan. In other words,
providing the population with affordable and
high-quality medical care is one of the main
tasks of modern healthcare in the Republic of
Uzbekistan.

The aim of this stage of work is to develop
proposals for improving the medical emergency
system in Uzbekistan based on the analysis of the
current situation of practical issues and identi-
fying the most problematic areas requiring legal
regulation, in accordance with the main direc-
tions identified in the documents of the World
Health Organization.

1. Overview of approaches for determining
the quality of emergency medical care: main
areas of activity (Decree of the President of the
Republic of Uzbekistan No. PP-3494 from Jan-
uary 25,2018 “On measures to accelerated im-
provement of the medical emergency system”)

Relationships that have the character of ubig-
uitous and/or the most common, requiring stabi-
lization or streamlining, are subject to legal regu-
lation. State intervention in the system of public
relations has its scopes and limits. In case of the
health care system, most of the relationships are
somehow connected with bodies and organiza-
tions, the competence of which includes the provi-
sion of medical care. In addition, such relations are
associated with the protection of the human rights
to life, freedom from violence, and the healthcare.
The provision of medical care, including medical
emergency, is a relationship that must be regulated
by the state in such a way that the quality of the
relationship between the parties is satisfied.

There are four main criteria for the quality of
medical care:

— effective and timely assistance;

— eflicient use of resources;

— meeting the needs of patients;

— effectiveness of treatment [2].

This requirement mayj, fully, be applicable to
medical emergency, as a type of medical care.

Quality management should include the fol-
lowing necessary components:

— assessment and control of quality;

— improvement of quality;

— quality assurance.

Quality assurance, in its turn, includes three
important criteria:

— continuity;

— a variety of methods for measuring and
improving quality;

82



IMPROVING OF THE ACTIVITIES OF EMERGENCY MEDICAL CARE SERVICES: PREPARATION OF PROPOSALS FOR THE DEVELOPMENT AND AMENDMENTS TO REGULATORY ACTS

— the distinction between internal and exter-
nal approaches to quality assessment.

One of the essential elements for achieve-
ment of the efficiency is the mechanism of so-
ciological research (surveys, questionnaires, and
establishing feedbacks between the patient and
the doctor, the doctor and the state body, and
the patient and state body). Sociological studies
conducted on a systematic basis will indicate a
level of satisfaction of:

— patients with the quality of the services
provided (received);

— medical personnel, terms of provided ser-
vices;

— governmental bodies (organizations) im-
plementing state policies in the field of health-
care, increasing the rating of Uzbekistan at the
international level.

Sociological studies may also provide the im-
provement of the system of public health man-
agement.

In ensuring the accessibility and quality of
medical care, an extremely important role is as-
signed to the emergency medical service (EMS).
However, the fulfillment of tasks is impossible
without measures aimed at improving the opera-
tion of the entire system for providing this type
of medical care. The solution to this problem is
determined as one of the areas of the Strategy
of Action including five priority areas of the
development of the Republic of Uzbekistan in
2017-2021, approved by Decree of the President
of the Republic of Uzbekistan No. UP-4947 of
02/07/2017. Moreover, the Strategy as a docu-
ment contains the main directions of perfor-
mance and a model oflong-term and planned for
implementation activities. The tasks of reforming
the emergency medical care system in Uzbeki-
stan at this stage are to proceed to specific sub-

stantiated measures to implement and introduce
amendments to the system, by preparing regu-
latory legal acts containing procedural rules, as
well as direct action norms. Expressed in the lan-
guage of law, methods of legal regulation should
contain peremptory, directive norms, obliging to
fulfill certain requirements.

In addition to sociological research, the col-
lection and processing of statistical data will help
to form an idea of the current condition of the
emergency medical system including the num-
ber of emergency calls for a certain period of
time in relation to the number of vehicles per site,
the number of vehicles on average per number of
people, including children (of a certain category
and age), the elderly, people with disabilities,
people with disabilities, people with chronic
diseases, educational level of medical personnel
(higher or specialized secondary), age, etc. The
use and application of information technologies
in emergency medical care will help obtaining
and processing statistical data by developing
and implementing information systems such as
an automated management system, an account-
ing and reporting system, electronic filling out
forms, and automation of the dispatching ser-
vice, which includes processing and accounting
of incoming applications.

The search for IT solutions, the elimination
of excessive paperwork, the integration of all
elements should become a priority during the
period of digitalization and implementation of
e-government systems.

The main directions of the reform of the
emergency medical care system, in accordance
with Presidential Decree No. PP-3494 dated
January 25, 2018, are:

— integration with primary health care facili-
ties;
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— strengthening the material and technical
base, equipping and retrofitting with modern
medical equipment;

— improving the system of training and pro-
fessional development of medical personnel.

Each direction is discussed in more detail be-
low.

1.1 Integration with primary health care fa-
cilities

To improve and increase the efficiency of the
response, the creation of unified dispatch centers
throughout the republic is envisaged.

Based on the requirements of the unified
standards for the provision of emergency medi-
cal care, the approval and implementation of
clinical protocols, that is, regulatory documents
defining the requirements for the implementa-
tion of medical care for a patient with a certain
disease, with a specific syndrome or in a specific
clinical situation in a medical organization, has
been established. The purpose of developing a clini-
cal protocol is regulatory support of the quality
management system of medical care in a medical
organization.

It is also planned to conduct master classes
in the regions for branches and departments of
the Republican Scientific Center for Emergency
Medical care, and medical and consultative care
for patients.

Giving a certain legal status (legal force) to
clinical protocols, bringing their contents to
medical personnel of emergency medical servic-
es, ensuring their widespread use requires serious
informational and educational work with medi-
cal personnel on an ongoing basis. Similar to the
standardization system, not limited to refresher
training courses, but with the help of information
systems, information should be collected and
processed to further identify problematic issues.

A clinical protocol is being developed to ad-
dress the following challenges:

— the selection of optimal technologies for
prevention, diagnosis, treatment and rehabilita-
tion for a particular patient;

— protection of the rights of the patient and
the doctor in resolving disputed and conflict is-
sues;

— carrying the examination and assessment
of the quality of medical care for patients with a
certain disease, syndrome or in a specific clini-
cal situation, and planning measures of improve-
ment;

— planning the volumes of medical care;

— calculation of the necessary costs of pro-
viding medical care;

— substantiation of the program of state guar-
antees for the provision of medical care to the
population.

Prioritization of these tasks and legal consoli-
dation in regulatory acts will allow:

— minimize costs (ﬁnancial, time, human re-
sources) for false calls;

— dispatching service to immediately decide
on the advisability of leaving the ambulance team.
At the same time, dispatch protocols should be
developed depending on the implemented infor-
mation system, where it should be fixed which
cases are considered urgent and/or whether it is
necessary to transport the patient (injured);

— reduce the incidence of attacks on emer-
gency medical personnel.

1.2 Strengthening the material and technical
base

It was determined that medical institutions
need phased equipment (retrofitting) of spe-
cialized vehicles with sets of medical equip-
ment. The equipment of emergency medical
care teams with modern radio communications
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and navigation systems is, among other things,
a requirement for digital transformation carried
out in Uzbekistan. It is envisaged to provide vis-
iting ambulance teams with medicines, medical
devices and supplies in accordance with the ap-
proved standards.

The main purpose of strengthening the mate-
rial and technical base is a quick and effective
implementation of scientific ideas into specific
technical and technological innovations. From
which it follows that strengthening the material
and technical base involves not only the actual
acquisition of equipment and/or means and ma-
terials, but also the determination of real requests
(requirements) in them, as well as the willing-
ness of the personnel to use them (equipment,
materials, means) and apply to practice. Equip-
ment and facilities are designed to reduce labor
intensity and intensify processes, for which the
readiness and ability of medical personnel to use
them must be ensured.

The issues of material and technical equip-
ment include the composition of first-aid kits
(automotive, at enterprises, in public places /
crowds, in transport). Here, strict rules and re-
quirements should be developed both for revis-
ing the composition with a certain periodicity,
and the content corresponding to international
experience, necessary to save a persons life.

1.3 Improving the system of training and
professional development of medical personnel

It was established the creation of a specialized
council for awarding scientific degrees to scien-
tific and pedagogical personnel of the emergency
medical care system, the organization of retrain-
ing and advanced training of doctors and nurses
in leading foreign clinics, the establishment of
cooperation with foreign specialized organiza-
tions and the conduct of joint researches in the

field of emergency medical care. This direction
is a long-term perspective, the results of which
can be obtained no earlier than 3-S5 years. It is
closely related to the preparation and conduct
of educational work with public officials in the
field of healthcare, as well as (even more exten-
sively) with certain categories of persons obliged
to provide emergency medical care, for example,
rescue workers from emergency services, fire-
fighters, police (art 16 of the Law of the Repub-
lic of Uzbekistan “On Internal Affairs Bodies”),
pharmaceutical workers, guides of passenger
cars, flight attendants, other persons without
medical education, but according to their offi-
cial duties obliged to possess practical skills of
rendering premedical care. In addition, a certain
educative, educational work, work on raising the
legal awareness on healthcare issues should be
carried out with the population on a regular sys-
temic basis.

The Ministry of Healthcare of the Republic
of Uzbekistan should approve training programs
for the training of such persons. Unified and stan-
dardized teaching methods will serve to form a
unified system of skills, as well as reach more
people in case of necessity.

The Resolution of the Cabinet of Ministers
of the Republic of Uzbekistan No. 319 dated De-
cember 18,2009 approved the Regulation on the
procedure for advanced training and retraining
of medical workers. The terms of advanced train-
ing and retraining of medical workers, including
the heads of medical institutions, as well as the
list of specialties in which they can be retrained
depending on their specialty, are determined by
the Ministry of Healthcare of the Republic of
Uzbekistan. The main objectives of periodic ad-
vanced trainings and retraining of medical work-
ers are:
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— ensuring the connection between science
and practice, promoting the implementation of
research results in the field of advanced medical
technologies;

— introduction of foreign experience in the
field of modern diagnostic and pharmaceutical
technologies.

At the same time, it is possible to revise the
provisions of present regulatory legal act for the
subject of the possibility of training individuals
who do not have a medical education.

2.Some issues of increasing the effectiveness
and efficiency of emergency medical services

2.1 Standardization of medical care

Commenting on the Resolution of the Presi-
dent of the Republic of Uzbekistan No. PP-3494,
we established that the issues of the quality of the
assistance provided have serious causes and con-
sequences. When it comes to standardization, it
should be noted that healthcare systems around
the world face the following problems:

— meeting the growing demand for medical
services, including emergency medical services;

— increasing productivity;

— reducing costs;

— improving results [3].

The standardization of indicators of health
care services contributes to a new understand-
ing of the comparability and processing of medi-
cal data, which in turn will serve to determine
forecasts and improve specific areas of medical
services.

Standardization involves certain activities
aimed at achieving the optimal degree of stream-
lining, development and establishment of certain
provisions, requirements for universal, repeated
application (use) in that sphere or in those rela-
tions where there is a need to solve certain prob-
lems, such as improving quality or efficiency.

In relation to emergency medical care, the
main goal of standardization will be maintenance
of the life and health of the population. The estab-
lishment of any common requirements is possible
through the preparation of drafts of legal acts, or
the development and adoption of standards.

One of the components of the project “Im-
proving the emergency medical care service” is
the creation of an integrated medical information
system in the emergency medical care service of
the Republic of Uzbekistan. Here, it should be
noted that one of the reasons for carrying medi-
cal standardization is the high degree of intro-
duction of new technologies. Effective govern-
ment decision-making can also be significantly
improved by processing ICT data. Most of the
digital data that currently exists in the healthcare
system, in particular in the emergency medical
services system, is currently not being used “for
its intended purpose” to obtain high-quality
data and make forecasts. Most of this data is not
connected to a single integrated system, which
makes this data either inaccessible to those who
can process it, or just unprocessable, due to their
fragmentation. For example, processing data of
the work of pre-hospital and hospital units of
emergency medical services, data of emergency
medical stations and emergency medical servic-
es, a unified database of patients with the appro-
priate diseases categorization, a unified database
of clinical protocols, population data by regions,
gender information, age, characteristic diseases
of the regions, integration of emergency medical
services and primary care, where they can and
should apply preventive prophylactic measures
to preserve public health, as well as to improve
it. All this kind of data currently does not allow
their full analysis, not only due to the issues of
implementation and application of ICT, but also
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the lack of legal methods and mechanisms for
their collection and processing, without violat-
ing legislation, for example, about personal data.

Itis believed that standardization, along with
personalization and use of digital data, may be
more effective for the healthcare system [4].

The standardization of the system of emer-
gency medical care is based on the principles of
relevance, uniformity, consensus, verifiability
and appropriateness.

The principle of relevance implies the estab-
lishment of full compliance of the legislation of
the Republic of Uzbekistan with international
requirements, as well as modern discoveries and
scientific achievements in the field of medicine.
For example, Article 4 of the Law of the Republic
of Uzbekistan “On science and scientific activ-
ity” distinguishes, among the main areas of the
sphere of science and scientific activity, “ensur-
ing close integration of science, education and
production ...”, as well as the development of
international cooperation.

The principle of uniformity consists in the de-
velopment of a single procedure for the establish-
ment, coordination and application of normative
documents on standardization. Here, the key role
is assigned to the authorized body for healthcare
in the republic — the Ministry of Healthcare of
the Republic of Uzbekistan.

The principle of consensus implies that all
participants in standardization are obliged to in-
teract with each other and carry out activities in
a uniform manner, to act according to the rules
of the content of regulatory documents. In other
words, everyone is obliged to act according to the
requirements within their authority. To this end,
the state has two key levers of influence and inter-
action with the population: sanctioning/punish-
ment for violations (by setting special rules in the

codes of administrative, criminal responsibility)
and propaganda (wide and constant work with
both the population and medical workers, work
with non-governmental non-profit organiza-
tions, civil society institutions).

When implementing the principle of appro-
priateness, the rules for applying only those re-
quirements that are practical and scientific are
implemented. It is rather difficult to determine
the criteria of appropriateness here, for example,
in the work of a dispatcher service employee who
can determine the priority and importance of an
incoming call only if there is a clear, detailed in-
struction (clinical protocol, dispatch protocol
with an algorithm of actions in certain cases).

The construction of a standardization system
in medicine occurs through the distribution of
powers at various levels of government depart-
ments. This is necessary to comply with regula-
tory requirements and approvals.

2.2 Issues of improving the work of dispatch
centers

Dispatching service is a centralized form of
operational management based on the use of
technical means of communication, the collec-
tion of information, its processing and imple-
mentation of operational control.

In accordance with the Decree of the Presi-
dent of the Republic of Uzbekistan No. PP-3494
dated January 25,2018, the Program of measures
to accelerate the improvement of the emergency
medical care system for 2018 provided for the
creation of the unified dispatch Call-centers with
uninterrupted functioning of a unified round-
the-clock emergency call telephone number at
the base of station of Tashkent emergency medi-
cal care, the Republican Scientific Center for
Emergency Medical care and emergency medical
stations of regional branches on the basis of the
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Tashkent emergency medical station and at the
station of emergency medical care of regional
branches of RSCEMC, throughout the republic.

Decree of the President of the Republic of
Uzbekistan No. PP-324S “On Measures for Fur-
ther Improvement of the Project Management
System in the Field of Information and Commu-
nication Technologies” dated August 29, 2017
stipulated that “the introduction of information
systems and networks of interagency electronic
interaction and exchange of information between
government bodies and other organizations “ are
one of the priority tasks. In the same decision,
the Step-by-Step Program for the creation of the
“Safe City” hardware-software complex, clause
14 provides for the phased integration of the
information systems of the Safe City complex,
where the Ministry of Health is included in the
list of performers.

Based on the provisions of the two docu-
ments, it follows that the unified dispatch Call-
centers “103” should be integrated with the
duty-dispatch centers of the Unified hardware-
software complex “Safe City”, whose tasks are
much wider than the tasks of Call centers of
emergency medical care.

Hence, there is a serious need for preparation
(revision), coordination and approval of specific
detailed actions that the dispatcher is obliged to
take in certain cases. These requirements for the
dispatcher, returning to the question of standard-
ization, should be uniform and unified for each
specific situation. They can be drawn up in the
instructions or protocols and approved by a gov-
ernment decision, or by a mutual decision of the
authorized executive bodies.

The issue of improving the work of the dis-
patching ambulance service and its integration
with the duty-dispatching services will entail the

issue of qualification and professionalism of the
staff of the dispatching service.

Improving the work of the dispatching ser-
vice can serve as a solution to the issue of pay-
ment of provided services. The introduction of
a health insurance system and the transition to
public-private partnerships contribute the at-
traction of own funds of patients, victims, who
are the potential recipients of emergency medi-
cal services, or the funds of third-parties, not the
state. Under such circumstances, it is planned to
reduce the number of false and inconclusive calls,
as well as the general housing calls, when patients
often do not understand when an emergency call
is needed, and when it cannot or does not have
the right to help (for example, acute toothache or
need receipt of sick leave) and they should con-
tact the clinic Legally, the pursuit to resolve le-
gal relations on the issue of payment has already
been enshrined in the legislation: the Program
of measures for the implementation of the Con-
cept of development of the healthcare system of
the Republic of Uzbekistan in 2019-2021 (Ap-
pendix No. 2 to the Decrees of the President of
the Republic of Uzbekistan dated 07.12.2018
No. UP-5590), paragraph 4 provides for the
adoption of the law “On compulsory health in-
surance”. However, the adoption of the law will
require amendments to the regulations providing
for the free provision of emergency medical care.

3. Proposals for improving legislation
aimed at improving the activities of emer-
gency medical services

Based on the results of the work, we came to
the conclusion that it would be possible to prepare
asingle document that would include all the issues
covered in the work, establish the norms and re-
quirements that are binding on the subjects of le-
gal relations in providing emergency medical care.
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At the same time, amendments to the current
legislation may serve to improve the activities of
emergency medical services.

The program of measures to further improve-
ment of the activities of the emergency medical
services (Decree of the President of the Repub-
lic of Uzbekistan No. PP-2838 dated March
16, 2017) provides for the adoption of unified
standards for the provision of emergency medi-
cal care, approval of clinical protocols based on
unified standards for the provision of emergency
medical care.

The program of measures to implement the
Concept of development of the healthcare sys-
tem of the Republic of Uzbekistan in 2019-2021
(Decree of the President of the Republic of Uz-
bekistan No. UP-5590 dated 12/07/2018) pro-
vides for the development and submission of
the draft Law of the Republic of Uzbekistan “On
Compulsory Medical Insurance” to the Cabi-
net of Ministers of the Republic of Uzbekistan,
development and submission to the Cabinet of
Ministers of the Republic of Uzbekistan of the
draft Law of the Republic of Uzbekistan “On
medical activities and compulsory insurance of
professional responsibility of medical workers”,
broad implementation of information and com-
munication technologies and “e-health”

Conclusion and proposals

1. In addition to improving the content of
clinical protocols that are not legislation, pro-
cedural protocols should be developed, that is,
action protocols (instructions, standards) con-
taining the most complete detailed algorithm of
how to act in a certain situation.

2. Establish disciplinary as well as adminis-
trative responsibility for non-compliance with
the requirements of procedural protocols by
personnel.

3. To establish the administrative and crimi-
nal liability of persons for hindering the provi-
sion of emergency medical care.

4. To make changes regarding free emergency
medical care, determining that only the exclusive
social package of services is free and guaranteed
by the state (provided for in paragraph 4 of Ap-
pendix 2 to the Decree of the President of the
Republic of Uzbekistan No. UP-5590 dated
December 7, 2018). The increased burden on
emergency medical care is caused by the provi-
sions on its free and general accessibility, as well
as insufficient primary care in terms of carrying
out preventive work, medical examination, etc.

5. In accordance with the legislation on pub-
lic control, to motivate and involve civil society
institutions in the process of preparing draft
regulatory acts by establishing associations of
doctors, medical communities, organizations
of protecting the rights and interests of medical
personnel, etc. For example, the US created the
National Health Council [5], which brings to-
gether various organizations to reach consensus
and develop a patient-centered health policies.
In Uzbekistan, it is also possible to revise the
approach to the sectoral agreement of medical
workers with the Central Committee of Trade
Unions, giving the Trade Union the authority
to protect the rights of doctors, including repre-
senting their interests in the judicial authorities,
ensuring working conditions, etc. To ensure that
such organizations are directly involved in the
formation of public health policy, not limited to
posting a draft regulatory act on the web-site for
public discussion.

6. To develop a departmental regulatory act by
the Ministry of Healthcare on the rules for calling
a doctor to home and carry out large-scale work
with the population in all regions, as well as the
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media. Regardless of which particular doctor is
called to the house (ambulance or district doctor),
there should be a document regulating the validity
of the call to the house. Here, to prepare amend-
ments on toughening administrative penalties for
false calls of specialized services. At the same time,
not only an explanation of material and time costs,
but also the principle of humanity can be used as
ajustification — as long as the team goes on a false
call, a human life can be saved in somewhere.

At the level of heads of emergency medical
care institutions, as well as educational institu-
tions, the following measures are proposed:

— itisnecessary to take into accountissues of
material interest of employees to obtain qualifi-
cation categories and take this fact into account
when forming the Regulation on salaries and
distribution of incentive remunerations for the
quality of work performed.

— while developing the program of study, it is
needed to pay special attention to the legal train-
ing of listeners; encourage listeners to systemati-
cally improve their skills during work, for which,
when passing qualification exams, tests, such
factors as writing essays, students’ attendance of
seminars, scientific conferences, congresses be-
tween the cycles of general improvement should
be taken into account.

— it is important to actively use the system of
personnel development at the workplace, for which

stimulate workers to improve their professional
knowledge and skills, actively interact with other
medical institutions to analyze the defects in the
provision of medical care, and develop joint tactics
for managing patients at the prehospital stage.

— to use the system of additional professional
education to improve the skills of their specialists
in thematic improvement cycles.

— to take into account the impact of a high
level of a personnel migration of specialists in
the industry on the quality of medical person-
nel and the quality of their medical services. To
study the reasons for personnel migration, al-
lowing to make strategic management decisions
on working with personnel and inhibition of the
processes of migration of specialists.

No amendments in legislation will be able to
fully reform the system of emergency medical ser-
vices until the involvement of population throughout
conducting constant, systematic work at all levels by
advising, explaining, teaching and lighting.

Uzbekistan, as a member of the UN, has un-
dertaken to fulfill (strive for implementation)
the Sustainable Development Goals. To do this,
when conducting reforms, it is necessary to con-
stantly study the reporting, analytical materials
of the World Health Organization regarding the
implementation of the Sustainable Development
Goals at the international level, using the best ex-
amples and practices.
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IMPROVING THE EFFICIENCY OF FIRE
PROTECTION AND RESCUE IN THE URBAN
AREA OF HANOI - VIETNAM AND MEETING THE
REQUIREMENTS OF SUSTAINABLE DEVELOPMENT

Abstract. Hanoi capital is a special metropolis of Vietnam. In addition to the process of
urbanization, the issue of fire and explosion in the area has developed complicatedly over the recent

time, which affects the activities of production and business as well as the security, safety and order

of society. The article analyzes and assesses the current situation of fire protection and rescue in
Hanoi, thereby proposing solutions to improve the efficiency of this work; thanks to this, it can have

a contribution promote sustainable development.
Keywords: Fire protection and rescue; Hanoi.

1. Questioning

In the last 2 years, from August 2020 to Au-
gust 2022, 772 fires and explosions have oc-
curred in Hanoi, of which 16 cases have been
large fires, 14 fires have led to serious damage,
with 32 dead people and 51 injured people. The
overall property damage accounted for 46.7 bil-
lion VND and 25 hectares of forest. Compared
to the same period of 2 years ago, the number of
fire and explosion cases decreased to 302 cases
and property damage declined to 257.3 billion
VND, in which 4 deaths and 15 injuries were re-
duced [2]. The above data shows the great loss
oflife and property caused by fire and explosion;
besides, with the rapid rate of urbanization, the
situation of climate change is complicated and

unpredictable, which leads to the potential dan-
ger of fire and explosion in the city. Therefore, it
is urgent and meaningful to study and propose
solutions to improve the efficiency of fire protec-
tion and rescue in Hanoi in reality.

2. Actual situation of fire protection and
rescue in Hanoi

2.1. The obtaining outcome

According to a report on basic investigation
in Hanoi, currently the city has 5.368 residen-
tial areas, with 579 communes, wards and town-
ships. Among these, there are 433 residential
areas which are put at high risk of fire and ex-
plosion; 9.483 roads, streets, alleys located at a
depth of 200m or more and cannot be accessed
by fire motors; 5.569 roads, streets, alleys with
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platforms, slatted roofs blocking the operation
of fire motors. Nowadays, the city has 3.482 fire
hydrants installed in 12 districts, 17 wards and 1
town, mainly in the inner city; 722 fire hydrants
of self-managed urban and industrial areas;
16 water tanks of fire protection with a volume
from more than 50m?® located in public areas,
3.670 water tanks of agencies, enterprises and
establishments with a volume of over 20 m® can
be exploited and used for fire protection; 11 fire-
fighting water collection pits in the city’s ponds
and lakes; 2.230 natural water sources such as
ponds, lakes, rivers, canals, ditches, etc. can be
exploited and used for fire protection [3].

Facing the situation of fire and explosion with
many complicated developments, the City Party
Committee, People’s Council, City People’s Com-
mittee have introduced many Directives, Resolu-
tions, Plans and guiding documents. With a view
to strictly comply with the Law on Fire Protec-
tion, the Directives, Action Programs and Plans
of the Central Government and the City; it can
be acknowledged that the work of fire protection
and rescue is considered as the duty and respon-
sibility of all levels, branches and people as well as
prevention which is the main focus on building a
movement of all people to participate in fire pro-
tection and rescue, in association with building a
movement of all people to protect national secu-
rity under the motto “four on the spot”.

The Police force for fire protection and rescue
have done a good job of grasping the situation,
reviewing and making statistics for the locality
and facilities. In addition, the inspection and ex-
amination, especially the coordination amongall
levels and branches, have been strengthened. The
functional force resolutely suspends infringing
works according to regulations and publicizes
the identity of the investor, name and address

of the infringing works on the mass media for
people to be aware of monitor implementation.
For investors who intentionally do not comply
with the provisions of the law, infringing works
have the risk of causing fire and explosion, that
lead to serious consequences. The report will
be transferred to the investigating agency for
research, consideration and handling proposal.
According to the provisions of law, it can result
in preventing new infringing works and gradually
reducing existing infringing works. Be willing to
deal with fight is maintained and strictly imple-
mented by the units; with the reception and pro-
cess of information being ensured smoothly and
punctually; The synergies and coordination in
the organization of fire protection are effectively
implemented by the units.

The Police force for fire protection and res-
cue has done a good job advising on the develop-
ment, issuance and implementation of directives
and plans on strengthening measures for fire pro-
tection and rescue. Hence, the urban households
have a positive contribution on the change in the
awareness and actions of people, heads of units
and establishments. For example, on August 19",
2022, the Hanoi People’s Committee reported
on the preliminary review of 3 years of imple-
mentation of the Plan No. 58/ KH-UBND dated
March 6™,2019 on the implementation of Direc-
tive No. 24-CT/TU dated October 31%,2018 of
the Hanoi Party Committee and Plan No. 165/
KH-UBND dated July 31%, 2019 on the imple-
mentation of Official Dispatch 584/CD-TIg
dated May 19", 2019 of the Prime Minister.

The work of building a movement for all
people to participate in fire protection and res-
cue has been promoted. In the city, 5,368 civil
defensing teams have been established in villages
and residential groups (accounted for 100%).
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The grassroots fire protection force has estab-
lished and maintained 39.090 counterparts with
367.225 people [1]. Currently, in the city, there
are two models related to volunteer fire pro-
tection forces, including the model “Volunteer
mobile fire protection team of Dich Vong Hau
ward” in Cau Giay district. Hanoi takes the core
as volunteers with jobs being adjacent to home.
Their spirit stems from volunteer participation
without any allowances and impulsion. The
model “Volunteer fire protection team” which is
established at Truc Bach ward, Ba Dinh district,
Hanoi takes the core of people who own houses
to settle, in combination with production and
business to maintain efficient and continuous
operations.

Moreover, the city is currently maintaining
12 fire protecting safety models and deploying
4 new models. Notably, the model “Propaganda
and mobilization of households so as to disman-
tle solid iron cages and equip themselves with
tools and means of fire protection and secure” of
Police Department at Thanh Xuan District has
been approved by the Ministry of Public Secu-
rity. Currently, this model has been replicated
throughout the city.

The People’s Committee of the city regularly
directs the departments, divisions and branch-
es to organize periodic and irregular fire safety
checks, especially inspections in some special
places such as apartments, high-rise buildings;
karaoke activities, discos; markets, trade centers;
business establishments of petroleum, liquefied
petroleum gas; warehouse, production work-
shop; business and service establishments... in
the first 6 months of 2022, which inspects fire-
fighting safety more than 19.100 establishments
and thereby issuing a decision to sanction 930
cases with a fine of over VND8.6 billion [1].

The People’s Committee of the city has di-
rected the units to resolutely handle violations
for the works that have not been tested and ac-
cepted for fire protection and put into operation.
In particular, administrative violations were sanc-
tioned for 399 establishments with a total amount
of VND1.280.300.000; which can cause to issue
decisions on temporary suspension or suspension
of operations for 541 establishments; most impor-
tantly, the identity of the violating establishments
are more likely to post publicly on the mass me-
dia [3]. Directing the People’s Committees of 30
districts and towns that organizes work with the
help of investors of infringing works to discuss and
agree on measures and solutions for implementa-
tion requires 100% of the investor to commit to the
roadmap, time and step-by-step remedial progress
for each specific existing or violation content.

2.2. Existing limitation

Through the review and statistics, in Hanoi,
there are currently 2.921 fire protection projects
that have not been tested and put into operation
with a total of 9.466 existing errors and violations
on fire protection. Among those, 498 works that
did not meet the requirements on fire protec-
tion were put into use before the Law on Fire
Prevention and Fighting No.27/2001/QH took
effect, with 2.423 works violating regulations on
fire protection and fire-fighting operation from
2001 to present [3].

Traffic infrastructure, water source for fire
protection in the metropolitan area still have
many shortcomings due to population growth,
frequent traffic jams, especially at peak hours
and at streets under construction (overpass, el-
evated urban railway... ). Through investigation,
survey and comparison with current regulations
and standards on fire protection, the whole city
needs to install additional 6.882 fire hydrants,
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343 fire-fighting water tanks, 448 water intakes,
fire hydrants [2].

In addition, the implementation of tasks by
the units has not been proactive, the inspection,
urging, guidance and removal are not timely, so
the implementation efficiency at the facilities,
especially at the ward, communes, townships,
are still limited, leading to the situation that the
investor and the head of the facility do not com-
ply with the regulations on fire protection and
rescue.

The construction of the civil defense force,
the grassroots and specialized fire prevention
and fighting force are not guaranteed, in which
the operation in the locality is formal as well as
the initial fire-fighting organization is still puz-
zled, ineffective and it is equipped with weak
equipment. This is one of the main causes lead-
ing to big fires. Some officers and soldiers who
do the fire-fighting activities and rescue lack
practical experience, and the general level of
professional qualifications is still not high. The
training work has not met the requirements of
the task and has not clearly changed the profes-
sionalism and proficiency in fire protection and
rescue, which badly affects the effectiveness of
fighting protection.

3. Solutions to improve the efficiency of
fire protection and rescue in Hanoi to meet
the requirements of sustainable development

— Organize the effective implementation of
the Master Plan on capacity building and assur-
ance of fire protection and rescue in the capital
for the period 2021-2028, vision to 2030; Imple-
mentation plan of Resolution No. 05/2022/NQ-
HDND dated July 6, 2022.

— Strengthen propaganda and dissemination
of legal education and knowledge of fire protec-
tion and rescue, creating a positive change in

awareness and action in fire protection and res-
cue of all civil servants, public employees, labor-
ers and a large number of citizens;

— Build and replicate many good practices
and new models of advanced examples in fire
protection and rescue;

— Continue to advise the competent authori-
ties to promulgate new amendment, adjust and
supplement legal documents to perfectionize the
institution in the implementation of fire protec-
tion and rescue;

— Build a police force for fire protection and
rescue, ensure the city’s network of headquarters,
barracks, payroll structure, forces, equipment and
means; stable operation, quality, efficiency in or-
der to meet the requirements of the City’s work
on fire protection and rescue as well as ensure
to relate to the motto “The regular Metropolitan
Police force for fire protection and rescue”;

— Raise awareness in fire protection and res-
cue of heads of Party committees, local authori-
ties, units at all levels, heads of establishments,
agencies and organizations, businesses and
people in the area, focusing on enhancing the
quality and effectiveness of the construction of
the all-people movement for fire protection and
rescue, and the propaganda, dissemination and
education of legal knowledge on fire protection
and rescue;

— Increase the effectiveness and efficiency
of the state management of fire protection and
rescue in the city; thereby focusing on improv-
ing the capacity of units assigned to perform the
function of state management of fire protection
and rescue; at the same time, focus on defini-
tively solving the backlogs in fire protection and
rescue in residential areas and infringing works;

— Plan and develop fire protection infrastruc-
ture in association with the general planning on
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construction of the capital by 2030, with a vision
to 2050 so as to meet the requirements of the fire
protection and rescue work of the City;

— Constantly reform and simplify admin-
istrative procedures for fire protection and res-
cue; create maximum favorable conditions for
people and businesses, and at the same time
meet the requirements of society in the new
situation;

— Promote the application of “digital tech-
nology” in the state management of fire pro-
tection and rescue; fire alarm information and
organize the dispatch of fire protection and res-
cue for command to meet the requirements of
fire protection and rescue tasks as prescribed;

— Strengthen scientific research and applica-
tion of results on fire protection and rescue in ac-
cordance with the characteristics of the Capital.

4. Conclusion

Hanoi, capital of Vietnam, will continue to de-
velop strongly in the direction of civilization and
modernity while the urbanization process will con-
tinue to take place rapidly; According to the types
of production, business and service establishments
in the capital, they will develop constantly. Since
then, the work of fire protection and rescue in the
metropolitan area needs to be strengthened and
further promoted. The above solutions are basi-
cally comprehensive, logical, scientific and feasible
in practice, however, due to these effectively imple-
mented solutions, the participation of the whole
Prime Minister’s government system is required.
With the support of people living and working in
the capital, the effectiveness of fire protection and
rescue in the city will be enhanced, contributing to
promote sustainable development.
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Annoranms. B HacTosme#t pabore pousBeAeH aHAAU3 BAPHAHTOB PeaAU3allu U3MEPUTEAS 3a-

TYXaHHs OTUYECKON MOITHOCTH. B pe3yAbTaTe aHaAM3a BBIOpaH BapHaHT Ha 6a3e MUKPOKOHTPOAAEDA,

KOTOPBIFl OCHOBAH Ha MIMPOKUX BO3ZMOXKHOCTSIX CYIeCTBYIOLIel 9AeMeHTHO! 0a3bl, COBMECTUMOI

¢ TTA-aoruxoit MUKpOKOHTPOAAEPOB Pa3AMYHOTO THUIIA.

K npeumymecTBam u3MepUTeAs 3aTyXaHHs ONTHIECKON MOITHOCTH MOYKHO OTHECTH IIMPOKHI

AHMAIIA30H H3MepeHUi1, BLICOKYIO TOYHOCTD M HAAKHOCTD IIPHOOpa.

Karouesble caoBa: FsmepuTeab 3aTyxaHus, ONTHYECKUH TeCTep, ONTHYECKAsl MOITHOCTD, MUKPO-

KOHTPOAAEp, IPUHITUIIHAAbHAS JIACKTPHIECKAs] CXeMa, ONTHYECKUH YCUAUTEAD.

BBeaenune

M3mepenne onTHYeCKON MOITHOCTHU SIBASIETCS
METPOAOTMYECKOM OCHOBOM BOAOKOHHOM OITTUKH,
a M3MePUTEABbHBII IIpeobpa3oBaTeAb OMTUIECKOM
MOIIHOCTH B TOM MAM MHON pOpMe HCIIOAb3yeT-
Csl IIPAKTUYECKU B KOXAOM CPEACTBE U3MEPEHUs
napamMeTpoB cBeToBoit BoAHbI [ 1]. Omnrmaeckas
MOIIIHOCTD OOBIMHO OIIPEAEASIeTCSI Ha OCHOBE U3-
MEpPEHHI SIAEKTPUYECKON MOLIHOCTH, TaK KAK I10-
CAEAHSISI MOXKET OBITh TOYHO OIPeAeAeHa TI0 TOKY
U HAIpsDKeHUIO0. BoABIIMHCTBO Aaboparopuit Ha-
IJMOHAABHbIX CTAHAAPTOBAETAABHO HCCACAYIOT 9TOT
Borpoc [2-4].

AanHOe HCccAeAOBaHME HEOOXOAMMO AAS
OIIPEeAEACHH KaueCTBa ONTHYECKMX AUHUI 1 UX
BAUSIHHE Ha paboTy ceTH B IjeAOM. 3a4acTyIO
UMeIoIuecs IPOOAEMBI B CETH He CBSI3bIBAIOT
C HEAOCTAaTOYHBIM Ka4e€CTBOM ONTHYIECKUX TPaCC
[S]. CymecTByer MHOXeCTBO $paKTOPOB, KOTO-
pble BAMSIOT Ha 3aTyXaHHe CUI'HAAd B ONTHYE-
CKUX AUHUSIX.

M3mepeHune onTHYeCKON MOIJHOCTH U 3aTy-
XaH¥s, TI03BOASIET OBICTPO AATh OTBET Ha BOIIPOC
0 TOAHOCTH ONITHYeCKOM AMHUH, €€ COOTBETCTBHS
TpebyeMOMy CTAaHAAPTY IepeAavH AAHHBIX.

IIpoekTHpOBaHHE H3MEPHTEAS 3aTyXaHHSI
ONTHYeCKOH MOITHOCTH

M3mepeHme 3aTyXaHUS OCYIIECTBASIETCS Ha
BCeX CTAAMSIX IIPOM3BOACTBA OIITUYECKOTO Kabe-
Asl, CTpoHuTeAbCTBa 1 aKcnayaranuu BOAC. 13-
MepsIoT K03QpPUIIMEHT 3aTyXaHHs ONTHIECKOrO
KabeAs], 3aTyXaHUe CTPOUTEABHbBIX AAUH, 3aTyXa-
HHe CMOHTHPOBAHHOIO Y4aCTKa pereHepaluy,
3aTyxaHue coeanHeHuir OB.

I'raBHOI 3apauert mapaMeTPUYECKOro MpoeK-
THPOBAHUS H3MEPHUTEAS 3aTYXaHHSI ONITHYEeCKON
MOIIJHOCTH SIBASIETCSI IIOAyYeHHEe OCHOBHBIX Xa-
PAKTePUCTHK, YAOBACTBOPSIOIINX IIOCTaBACH-
HbIM TPeOOBAHISIM U HAHAYYIIUX C TOYKH 3PEHUS
IPUHATOrO KpuTepus ontumusanun. OAHOM u3
TPYAHOCTE! IIPU MIPOEKTUPOBAHUH U3MEPUTEAS
SBASIETCS BBIGOP KPUTEPHUSI ONTUMAABHOCTH [ 6 ].
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O6bIYHO UCXOAHBIMU AQAHHBIMH ITPU IIP OEKTUPO-
BAHUM [IPUOOPA SBASIETCSI AUAIIA30H AAUH BOAH
M3MepsIeMOrO CUTHAAQ, TApaMeTPbl HCTOYHUKA
MIUTaHUs, U APYTHe.

AAs IOMCKA ONTHMMAABHBIX IAPAaMETPOB HC-
MIOAB3YIOTCSI MaTeMaTH4IeCKHe MOAEAU U3MepU-
TeAsl, IPUBEACHHbIE NIPU aHAAU3€ CTAaTHYeCKHX
Y AMHAMMYeCKUX XapaKTePUCTHUK.

Bce BplmensaoxeHHOe CBHAETEAbCTBYET
O TOM, YTO AAQHHBIE MAaTEMAaTHUYECKHE MOAEAH
YAOBAETBOPSIIOT TPeOOBAHUSM, IIPEADSBASIEMBIM
K MaTeMaTH4eCKIM MOAEASIM, UCTIOAb3YEMBIM AAST
ONTHUMAABHOTO IIPOEKTUPOBaHUS.

Haunboapuiee 4rmcao 3apad NPOEKTHPOBA-
HISI U3MEPUTEABHBIX IPHOOPOB CBSI3AHO C yBe-
AMYEHHEM YyBCTBUTEABHOCTH, IIOBBbIIIEHHEM
TOYHOCTH, IIOAyY€HHEM AHWHEapH30BaHHON
CTaTHU4eCKOM XapaKTePUCTHKHU U MTOBbIIIEHHEM
OpICTpOAericTBISL B cBsA3M ¢ aTUM paccMOTpUM
HEKOTOpble 3aAaYd ONTHMAABHOTO IPOEKTHU-
pOBaHMS U3MePHUTEeAs 3aTyXaHHS ONTUYECKOM
MOIJHOCTH 10 KPUTEPHSM: MAKCUMYM JyBCTBU-
TEAbHOCTH, AMHEMHOCTHU CTAaTHYECKOM XapaKTe-
PHCTHKU U TOYHOCTH U OBICTPOAECTBYS.

Pa3pa6oTka H3MepHTEeAs] 3aTyXaHHUS ONITH-
9eCKOM MOIHOCTH

IIpuHiunuasbHast cxeMa UI3MEPUTEAS 3aTyXa-
HUA ONTHYeCKOM MOIJHOCTH IPUBEAEHA B puc 1.
Caetopnopst VD2 u VD3 npeacTtaBasitoT co60it
MIOAYIIPOBOAHHMKOBBIE Aa3€pHbIe U3AyYaTeAr Ha
AarHax BOAH 1310 u 1550 HM cOOTBETCTBEHHO.
®oroanop VD1 mpeacTtaBasieT coboit paszpabo-
tauubi Au-nGaAs: O-CdS-InP-Au mupoko-
IIOAOCHBIN pOTOANOA, PACCIMTAHHBIN Ha AAUHY
BOAH 1310 M 1 1550 HM COOTBETCTBEHHO.

C BpIxopa AasepoB VD2 u VD3 u dporoanopa
VD1, c noMompi0 HHCTPYMEHTAAbHbBIX YCHAMTE-
aert Ul n U2, a Taxoke nporpaMMHpyeMOro ycu-
AuTteAst U3 curHaA HOPMAaAU3YeTCsI AO HeOOXOAU-

MOTO YPOBHA ( 0... 4B) AAst Topaur Ha Bxop ALTT
U4. Onopnoe Hanpspkerue 4,096B Bsipabarsi-
BaeTCs NPeLU3NOHHbIM ITAPAMeTPUIECKUM CTa-
ouausaropom U9. IIpeobpasoBaHHbIe pAQHHBIE
c Bpixopaa ALIT B nuposoit popme no mune SPI
IepeAAroTCss MUKPOKOHTpoAsepy US. B measx
9KOHOMHH dHEPTHH aKKYMYASITOPHOI baTapew,
MHKPOKOHTPOAAEPOM YIIPABASETCS IOAAYA ITHTA-
IOIUX HaIpsDKeHUHN Ha U3MEepPUTEAbHbIE MOAYAU
U YCUAUTEAH, Yepe3 CTaOHAU3ATOPBI HAIIPSDKEHHI
U10-U12.BriBop HEPOPMALIUHU OCYIIeCTBASETCS
KUAKOKPHCTAAANYECKUM 1.3 AIOMIMOBBIM MOHO-
xpomubiM OLED aucniaeem O1 uepes I12Cnopr
MUKPOKOHTpPOAAepa. AAsS yIIpaBAeHHsI paboToi
npubopa cayxar kHorku K1-K6. ITpu nHeobxo-
AUMOCTH MHPOPMALIUS MOXET OBITh 3aIlMCaHa
Ha MuKpo ¢aem kapty (MicroSD) u nepeaana
Ha IIepCOHAAbHBIN KoMIbioTep depe3d USB mopt
B BUAe $ariaoB. Mukpocxema U7 cAyKHUT AA4 3a-
PSAAKU AUTHI HOHHOTO aKKyMyAsiTOpa, 4epesUSB
IMOPT TOKOM O0KOAO 250MA. AAs HOpMaAbHOTO
¢ynkunonuposanusa ALIIT u naCcTpyMeHTaAD-
HBIX yCUAUTEAEH, C TOMOIIIbIO UMITYAbCHOTO IIpe-
obpasosateast U13 BoipabaTsiBaeTcs +5B.

ITpu Haxxaruu kHonku POWER noaaercs nu-
Tarolllee HalpsDKeHHe Ha MUKPOKOHTPOAAEP U IIPO-
U3BOAUTCS 3aITyCK IporpamMmbl. Buavase kongury-
PHPYIOTCsI BHy TPEHHHE TAKTOBbIE YaCTOTBI, IIOPTHI
BBOAQ-BBIBOAA U IlepuepuiiHbie MOAYAU. I Ipons-
BOAUTCSI HACTPOMKA AUCIIAES, IPOTPAaMMHPYEMOTO
ycuanteas 1 MicroSD xapTsl. IIposepsieTcs Ha-
anane cBsasu ¢ [IK gvepes USBnopt. [IposepsieTcs
YPOBEHb 3apsiAa AKKYMYASTOPA, €CAM HaITPsDKeHHUe
MeHbIe 3,3B To Ha AuCTIAeH BBIBOAUTCSI HHPOPpMa-
111 O HU3KOM 3aPsIA€ aKKYMYASITOpa U MUKPOKOH-
TPOAAEP IIEPEXOAUT B CIsImui pexxuM. Ecan 3apsia
AKKYMYASITOPa B HOpPMe, TO Ha AUCIIACH BhIBOAMTCS
MEHIO TIOAb30BATeAS U OXKMAACTCS HaXKaTHe KHO-
IOK yripaBAeHus. Best HeobxopnMast nupopMarivs
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U PEXXHMBI PabOTHI BRIBOASITCS Ha Aucraeit. [Tpu
BbIOOpE IIOAB30BATEAEM PEXHMA H3MEPEHUs,
TO B 3aBHCHMOCTH OT BBIOPAHHOM AAMHBI BOAHBI
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Y YaCTOTBI MOAYASIITUN BKAIOYAE€TCsI HY>KHBIH OIl-
TUYECKHUI MOAYAb U IPOU3BOAUTCS CYUTHIBAHME
AaaHbIX ¢ ALITT.
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PucyHok 1. lNMpuHumnuansHas anekTpuyeckasa cxema
n3mMepuTend 3atyxaHus onTu4eCckom MOLLHOCTH

KOHCTPYKTHBHO ONTHYECKHUI TECTEP BBIITOA-
HEH B IIAACTMACCOBOM KOPITYCe H COAEPIKUT CAe-
Ayromue y3abl [9]: apantep, Tpu pOTOAMOAR, UC-
TOYHHK U3AydeHus (Aa3ePHBIN ALOA ), IEYATHYIO
maaty, KK — HHAMKAaTOp, KHOIIKH YIIPaBA€HUS,
9AeMEeHTBI IUTAHUS, U3MEPHUTEAbHBIH IITYTI.

ITopBOAS UTOTH, U CPOPMUPOBAB TPeOOBAHMUS
K U3MEPHTeAbHOMY IpUOOpY IepefiaeM HeIo-
CPeACTBEHHO K OIIMCAHHIO U3MEPHTEAS 3aTyXa-
HISI ONITHYECKON MOIHOCTH Ha IIpUMepe Tpex
KaHaAbHOTO ycrpoiicra. (Ha puc. 2) nokasana
CTPYKTYpPHAs CXeMa IIpHOOpa AASI H3MepeHHs 3a-
TYXaHHUS ONTHIECKOH MOIHOCTH.

ITpub0p cOCTOUT U3 TPeX He3aBUCUMBIX KaHa-
AOB M3MepeHHUs U CPAaBHEHHS ONTHIECKOH MOII-
HOCTH, IPUHATON U3 OIITOBOAOKHA, C 3aAAHHOM.

B xaxapIi1 KaHaA M3MepUTeAs BKAIOYeH GpoTo-
Ar0A. DOTOAMOABI Ha CXeMe YCAOBHO 0603HAYEHBI
kak: VD1- ¢oropnop n-n*Si-Ag, ¢ MakcuMymom
CIIeKPaAbHOM XapKTepuCTUKH 850 HM., IIMpHHA Xa-
pakrepuctuku 0,4—-1,2 mxm; VD2—- poToanop Au-
nCdS-nSi-pCdTe-Au, c MAKCHMyMOM CIIEKPAABHOI
xapkrepuctuku 1310 HM, ITMpHHA XapaKTePUCTH-
xu 1,0-1,4 Mxm; VD3 doroanop — Au-nGaAs:
O-nCdS-nInP-Au ¢ MakcuMyoMM ¥ HIMPUHOM
crieKTpaAbHOM Xapakrepuctuku 0,5—-1,8 Mxm.

Ilpumenenune B cxeme Tpex (OTOAUOAOB
C IPUBEAEHHBIMHU XapaKTePUCTHUKAMH TTO3BOAS-
eT KaK BBIITOAHATb QYHKIIMH aBTOMATHYECKOTO
OIIpeACAeHMSI AAMHBI BOAHBI IIPUHATOrO II0 OII-
THUBOAOKHY CUTHAAQ, TaK U IIPOU3BOAUTD BCTPO-
€HHBIN KOHTPOADb U3MEPUTEASL.
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PucyHok 2. CTpykTypHasi cxema namepuTtensasaryxaHis Orm4eCKoin MOLLIHOCTA

HPI/IMeHeHI/Ie B CXeMe€ Tpex (I)OTOAI/IOAOB OIIpEAECACHUA AAMHDBI BOAHBI IIPUHATOTO IIO OII-
C IPUBEAEHHBIMHU XapPaKTEPUCTUKAMH ITO3BOAS- THBOAOKHY CHUI'HAaAQ, TaK 1 IIPOHU3BOAUTD BCTPO-
€T KaK BBITIOAHATD (l)YHKLII/II/I ABTOMATHYECCKOTO €HHBIN KOHTPOADb U3MEPUTEALL.

M

P, % ——— - n-n+Si-Ag (0,4-1,2 Mm) |
- Au-CdS-nSi-CdTe-Au (1,0-1,4 mkm)

———— - Au-nGaAs:0-CdS-InP-Au (0,5-1,8 Mkm)

. 850! . 13101 1550 ' A, MKM
500 1000 1500 2000 g

PucyHok 3. CnekTpasnbHble xapakTepucTukn GotoamoaoB, NpUMeHseMblx
B M3MepuTese 3aTyxaHnsa ONTUYEeCKOM MOLLIHOCTM

HPI/IHI_[I/II'I pa6OTbI IIPEAAOKEHHOI'O M3MeE- SICMHAETCA CIIEKTPAAbHBIMHU XapaKTEPUCTHKAMU
PHUTEAA 3aTyXaHHA OIITHYECKOM MOIIHOCTH I10- (bOTOAHOAOB, IIPUBEACHHDBIMH Ha (pI/IC 3)
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Vcrioap3yst Takyr0 KOMOHHAIIMIO CIIEKTPAAb-
HBIX XapaKT€PUCTUK, MOXKHO PeaAM30BaTh U3Me-
PHUTEADb 3aTyXaHUs ONTUIEKON MOIHOCTH C PpyHK-
M€l aBTOMATHYECKOIO OINPEACACHHUS AAWHBI
BOAHBI UI3MEPSIEMOT'0 CUT'HAAQ, a TAaKXKe C PYHKIIU-
€1 BCTPOEHHOI'O KOHTPOASL.

3akaroueHne

IIponsBepeH aHAAM3 BApUAHTOB peaAU3aliui
MU3MepPUTeAs 3aTyXaHUs ONITUYECKOM MOITHOCTH,
BBIOpaH BapHaHT Ha 06a3e MUKPOKOHTPOAAEpA.
Bo160p AQHHOrO BapHaHTa OCHOBAH Ha LIMPO-
KHMX BO3MOXXHOCTSIX CYILI|eCTBYIOIIEN IAEMEHTHOM

6a3b1, coBMecTrMO ¢ TTA-AOTMKOI MUKPOKOH-
TPOAAEPOB Pa3ANYHOIO THIIA.

Ha ocHOBaHuM BBIOPaHHOM CXEMBI PeaAn3a-
LMY, pa3pabOTaHbI HA YPOBHE [IPUHIJUIIMAABHBIX
CXeM, a TaKKe IMPEAAO’KeHO KOHCTPYKTHBHOE HC-
IIOAHEHHE U3MEPUTEAEH 3aTyXaHHU OIITHYECKOM
MOIITHOCTH.

AAsL u3MepeHHS 3aTyXaHUS ONTHYEeCKON
MOIIIHOCTH ObIA pa3pabOTaH U U3rOTOBAEH IIPH-
60p € TpeMsI KaHaAAMU PErUCTPALIMU MOLIIHOCTH
OIITUYECKOTO U3AyYECHMSL.

Cnucox AuTeparypsl:

1. Loh W, Yegnanarayanan S., O'Donnell F, et al. “Ultra-narrow linewidth Brillouin laser with
nanokelvin temperature self-referencing” Optica,— Vol. 6.2019.- P. 152-159. D0i:10.1364/OP-

TICA.6.000152.

2. Pyrlik C., Lewoczko-Adamczyk W.,, Schwertfeger S., et al. “Ultra-Narrow Linewidth, Micro-In-
tegrated Semiconductor ExternalCavity Diode Laser Module for QuantumOptical Sensors in
Space,” in 2015 Conference on Lasers and Electro-Optics (CLEO), 1-2, 2015. Doi:10.1364/

CLEO AT.2015.JTh2A.79.

3. Kessler T., Hagemann C., Grebing C., et al. “A sub-40-mHz-linewidth laser based on a silicon sin-
gle-crystal optical cavity”. Nature Photonics,— Vol. 6.— No. 10.2012.- P. 687-692. Doi: 10.1038/

NPHOTON.2012.217.

4. Al-Taiy H., Wenzel N., Preussler S., et al. “Ultra-narrow linewidth, stable and tunable laser source
for optical communication systems and spectroscopy”. Optics Letters,— Vol. 39.— No. 20.2014.—

P. 5826-5829. Doi: 10.1364/01.39.005826.

S. KamikawachiR. C., Abe I., Kalinowski H. J., Fabris J. L., Pinto J. F. “Nonlinear temperature depen-
dence of etched fiber Bragg gratings” IEEE Sensors Journal,— Vol. 7.-No. 8.2007.—- P. 1358-1359.

Doi: 10.1109/JSEN.2007.905032.

6. Aanmuenko A.I. Mcnoab3oBanue ortaapounoit maarst STM32F4 Discovery aAst MakeTUpOBaHUS

MHUKPOIIPOLeCCOPHBIX yeTporcTs // Moaopoit yuensiit. — Kasanp.— N 51.2017.— C. 37-42.
7. Tloaesnas mopean. FAP 01546 ot 29.09.2020 «®oronpuemuoe ycrpoiicrso» / I'msacosa O.A.,
Kapumos A.B., Earoposa A. M., A6ayaxaes O. A., FOapames B. 111

102



FEATURES OF IMPROVING THE SYSTEM OF COLLECTION, PREPARATION AND TRANSPORT OF NATURAL AND ASSOCIATED GAS AT GAS CONDENSATE FIELDS

https://doi.org/10.29013/EJTNS-22-6-103-106

Deryaev Annaguly Rejepovich,

Candidate of Technical Sciences, Senior Researcher,
Scientific Research Institute of Natural Gas

of the State Concern , Turkmengas”,

Ashgabat, Turkmenistan

FEATURES OF IMPROVING THE SYSTEM OF COLLECTION,
PREPARATION AND TRANSPORT OF NATURAL AND
ASSOCIATED GAS AT GAS CONDENSATE FIELDS

Abstract. The article is devoted to a detailed consideration of proposals to improve the system of
collection, preparation and transport of natural, associated gas and condensate on the example of the
Altyguyi gas condensate field. The topic of operation of gas wells, the state and proposals for improv-
ing the system of collection and treatment of gas and condensate are touched upon. The resources
of high-pressure gas, which ensures its preparation to the required conditions at the integrated gas

treatment plant, corresponding to the calculated values of the inlet pressure.
The feature of the operation of the IGTU (integrated gas treatment unit) at the current stage of
field development and the need to maintain a pressure at the inlet to the installation that ensures the

required quality of export gas is considered.

This offer is necessary for high-quality collection, preparation and transportation to consumers.

Keywords: Unit, group measuring unit, booster pumping unit, associated gas, natural gas, refrig-

eration, gas separation.

The system of collection and preparation
of products at the wells of the Altyguyi field is
compatible with the collection and preparation
of products at the wells of the Korpedje field.

The system of collecting and preparing gas
condensate wells of the Altyguyi field is shown
in the figure.

The products of gas condensate wells with gas
pipelines are sent to a complex metering unit and
from there they are sent through collectors to the
first stage of the Korpedje complex gas treatment
plant.

Let’s consider the features of the energy tech-
nology complex of a gas condensate field on the

example of the Western part of Turkmenistan,
including producing wells, a collection system,
a preparation system and compression of the ex-
tracted gas in the aspect of expediency (necessity)
of modification (reconstruction) for the future
covered by the field development project [1].

The compressor station (CS) provides:

1) compression of associated gas coming to
the CS reception through the gas pipeline in three
compression stages: from 0.3 MPa to 7.5 MPa;

2) compression of associated gas coming to
the CS reception via combined gas pipelines
from oil and gas collection points (DNC-1 and
DNC-2) by fields;
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Figure 1. The system of collecting and preparing gas condensate wells of the Altyguyi field
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3) compression of the natural gas of the gas
condensate field itself, which is received by the
CS through an incoming combined gas pipeline
connected to the corresponding group measur-
ing units (GMU).

The technical and technological features of
the CS are also:

— the presence at the compressor station of
two units (with cooling systems) of the first and
second stages of compression of associated gas
from an inlet pressure of 0.3 MPa to a pressure
of 2.8 MPa, which is the inlet pressure to the ter-
minal (third) compression stage;

— the presence at the compressor station of
three units at the third compression stage, one
of which is designed to compress associated gas,
and the other two to compress natural gas com-
ing directly to the final compression stage from
the natural gas supply pipeline;

— the presence of a gas cooling system by
low-temperature mechanical refrigeration, i.e.
by low-temperature condensation, which is pro-
vided by generating cold on steam compression
machines using a refrigerant — freon.

The gasresources that can be disposed of (sent
to the consumer with the required gas quality)
through the CS are unambiguously equal to its
design productivity per year while maintaining
the above pressure at the inlet to the CS through
two gas streams [2; 3].

A feature of the operation of the gas process-
ing unit (integrated gas treatment unit) at the
current stage of field development is the need to
maintain a pressure at the inlet to the installation
that ensures the required quality of export gas,
i.e. obtaining dew points for water and hydro-
carbons established by the gas supply contract.

The current analysis of the parameters of the
operation of the IGT'U reveals a shortage of res-

ervoir energy of the gas pressure entering the
IGTU in the modes corresponding to the design
performance.

We note that the overall (integral) effect of
gas cooling using low-temperature gas separation
technology using regenerative heat exchange
largely depends on the type of installed heat ex-
changer, i.e. its design features and the area of the
heat exchange surface [4].

The heat exchangers installed on the IGT'U pro-
vide an almost twofold decrease in the temperature
of the gas entering the low-temperature separator
in relation to the Joule-Thompson choke effect.

The formula for determining the required op-
erational value of the gas separation temperature
(ina low-temperature separator) is presented as:

"Tsep T:mt - ATﬂ’lT. - ATmo
T , - is the temperature of the gas at the en-
trance to the IGTU;
AT, -reducing the temperature on the throt-
tle due to the Joule Thompson effect:
AP

thr. —

AT

AP, —is the pressure dgrop on the throttle,
MPa;
¢ — is the Joule-Thompson coefficient, de-
termined by the thermodynamic conditions of
throttling and assumed to be e = 0.27 MPa/°C;
AT, - is a decrease in the temperature of the
gas in the heat exchanger, which, according to

operational data, is represented as:

AT, =2AT,
The critical value of the pressure at the inlet to
the IGTU, at which the conditions for the prepa-
ration of conditioned gas are met, is determined
by the ratio:
By =P, +P,

where P i the pressure at the beginning of the
gas plpehne (at the outlet of the IGTU), which,
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in turn, is determined depending on the values of
the required pressure at the end of the pipeline
and pressure losses in the pipeline;

By=P. +AP,,,
where: P,_is the terminal pressure accepted un-
der the terms of gas supply equal to 5.6 MPa.

As a result of calculations based on the above
ratios, the necessary pressure drop at the IGTU to
obtain conditioned gas with a dew point on water
T, =0°Cisinsummer AP ~ 3.0 MPa and in win-
ter AP ~ 1.5-2.0, which corresponds to the need
to provide at the entrance to the IGT'U pressure

P ~9.5 MPain summer and 8.5 MPa in winter.

en

The resources of high-pressure gas, which en-
sures its preparation to the required conditions at
the IGTU, corresponding to the above calculated
values of the inlet pressure, are determined in this
field development project for the future under
consideration [S].

Due to the projected reduction in high-pres-
sure gas resources in the future, in order to main-
tain the operation of the gas compressor station
in modes that ensure gas preparation to export
condition, an urgent construction of a booster
compressor station is required.
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Abstract. Fires, explosions, incidents and accidents can happen at any time, anywhere, therefore,

besides prevention, the organization of effective firefighting and rescue work is important households

will make an important contribution to reducing loss of life and property. The article is based on

analyzing and evaluating the results of firefighting and rescue work in Vietnam, from which, lessons

learned in the organization of this work are drawn.
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1. Make a problem

Like other countries in the world, in parallel
with socio-economic development, the risk of
fire, explosion, incident and accident is always
potential. The prevention of fire, explosion, in-
cidents and accidents is always a top priority,
however, when a fire, explosion, incident or ac-
cident occurs, the research, organization and im-
plementation are synchronous and effective the
results of firefighting and rescue work will make
an important contribution to saving lives, saving
properties, preventing fire spreading and causing
serious and especially serious damage. Therefore,
the study of experience in this work organization
has an important meaning in the combat practice
of the fire prevention and fighting forces in the
performance of their assigned tasks.

2. Practicality

2.1. Situation of fire, big fire and incidents
and accidents

— Firesituation: In the first 6 months 0f2022,
there were 848 fires nationwide (22 large fires,
397 medium fires and 429 small fires), killing 41
people, injuring 42 people, and causing damage
to property estimated assets of 414.73 billion

VND and 40.87 hectares of forest. In addition,
there were 1,778 incidents of short-circuiting of
electrical equipment on electric poles, in people’s
houses and insignificant damage to grass, garbage
and other scraps. Compared with the same pe-
riod in 2021, the number of fires decreased by
306 cases (848/1,154 cases), 12 deaths (41/53
people), 35 injuries (42/77 people), and prop-
erty damage increased 128.06 billion VND
(414.73/288.67 billion VND). The number of
big fires decreased by 02 cases (22/24 cases),
property damage increased by 153.3 billion
VND (332.2/196.9 billion VND) [1].

— Situation of incidents and accidents: In the
first 6 months of 2022, there were 518 incidents
and accidents nationwide (312 underwater res-
cues, 63 emergencies, traffic rescues, 12 overhead
rescues, 03 rescues, construction collapses, 08
rescues in tunnels, deep wells, 03 landslides and
117 rescues other). Compared to the same pe-
riod in 2021, information requesting rescue and
rescue of incidents and accidents increased by 06
cases (518/512 cases) [1].

— Big fire situation: In the first 6 months
of 2022, there were 22 major fires (22 cases
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out of 2.626 fires and fire incidents, account-
ing for 0.84%); not cause damage to people;
property damage was about 331.2 billion VND
(331.2/414.73 billion VND, accounting for
79.86%). In which, the type of fire occurrence is
the production, business and service establish-
ments, there is no big fire in the type of house-
hold houses and forests. At the time of the fire,
09/22 cases occurred during the day, during
working hours (accounting for 40.1%); 13/22
cases occurred at night, outside working hours
(59.9%). No loss of life, damage to property was
31.2 billion dong [1].

In general, the fire situation in the first 6
months of 2022 decreased by both criteria (num-
ber of fires and human losses) compared to the
same period in 2021. However, the fire situation
was still concentrated in residential areas and
houses single residences and houses in combina-
tion with production and business still have com-
plicated developments (accounting for 46.75%
of the total number of fires), there have been a
number of fires that have caused serious damage
to people and properties, interest comment. In
addition, the number of fires at production, busi-
ness and warehouse facilities accounts for a high
proportion (accounting for 18.46% of the total
number of fires). The areas and areas where the
fires occurred are mainly in urban areas, localities
with rapid economic development and urbaniza-
tion, with many production and business estab-
lishments and concentrated residential areas.

Although the number of large fires has in-
creased, compared to the required target, it is still
ensured to control the rate of the number oflarge
fires below 1% of the total number of fires. Large
fires are concentrated mainly in localities with
rapid economic and social development, with
many industrial parks, many production and

business establishments, in which, the number
of large fires occurs mainly in localities in South
Vietnam (10/22 cases, accounting for 45.5%).
The area where the fire occurred was mainly
at production and business establishments in-
terspersed in residential areas (accounting for
63.6%) and production and business establish-
ments in industrial parks (accounting for 36.4%).
The type of large fire that often occurs is mainly
at establishments producing and trading inflam-
mable items such as: Wood production and pro-
cessing establishments; textile; plastic, paint,
electronic components. The time when major
fires occurred was mainly at night, outside work-
ing hours.

2.2. Results of firefighting and rescue work

— Professional training in firefighting and rescue
and rescue: The Police Department of Fire Pre-
vention and Fighting and Rescue shall assume
the prime responsibility for, and coordinate with
the University of Fire Prevention and Fighting —
the Ministry of Public Security of Vietnam in,
researching and developing a draft of 20 train-
ing documents for firefighting and 10 training
documents for rescue operations; completed 07
films of technical training, firefighting and res-
cue tactics. To guide the local police in formu-
lating programs, plans, organizing training and
inspecting firefighting and rescue operations for
conscripts. Organized training to improve fire-
fighting and rescue skills in 2022 for officers and
soldiers. 100% of local police develop a plan to
improve the effectiveness of training in firefight-
ing and rescue operations. Maintained thorough
training, tactics of firefighting and rescue, daily
physical exercises for officers and soldiers, in
which, some localities have organized additional
training with appropriate contents with condi-
tions and equipment of the unit such as: Using
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new equipment and technology for firefighting;
firefighting of adjacent houses and concentrated
residential areas; firefighting in alleys, deep al-
leys, water shortage areas; high-rise building fire-
fighting; ...

— Standing work of readiness for firefighting
and rescue: Actively developing a plan and orga-
nizing a permanent inspection of readiness for
firefighting and rescue on holidays and Tet at the
police unit local authorities, thereby, promptly
reminding and correcting limitations and short-
comings in the standing work of being ready for
firefighting and rescue. Organize the inspection
of the permanent work of the police oflocal units
when taking place major events and national
events. Monitor, guide and urge local police to
seriously perform the work of standing ready for
firefighting and rescue. Implement Circular No.
139/2020/TT-BCA dated December 23, 2020
of the Ministry of Public Security regulating the
permanent work of firefighting and rescue of
the People’s Public Security force and guidance
of the Department of Public Security Police of
fire prevention and fighting and rescue and res-
cue — Vietnam’s Ministry of Public Security, the
standing work of being ready for firefighting and
rescue and rescue is strictly maintained 24/24h
as prescribed; assigning commanders and stand-
ing officers for firefighting and rescue and rescue
with an average daily average of about 6.303 of-
ficers and soldiers and 2.324 firefighting, rescue
and motorized vehicles of all kinds to be ready
perform their duties when there is a fire, explo-
sion, incident or accident. The police of the lo-
cal units have strengthened the work of checking
the readiness for firefighting and rescue, periodi-
cally and irregularly according to regulations;
promptly issue documents to direct and correct
shortcomings and limitations in standing work

for units and individuals that have not been seri-
ously implemented.

— The work of firefighting plans and rescue
plans: The Fire Prevention and Fighting and Res-
cue Police Department has guided the Police of
63 provinces and cities to survey and build 146
firefighting plans of the public security agency
that mobilizes forces and means of firefighting
and rescue and rescue of the police of many
provinces and centrally-run cities to participate
in firefighting and rescue, and submit it to the
Chairman of the People’s Committee of the prov-
ince. Provincial people and the Minister of Public
Security for approval according to regulations. In
the first 6 months 0f 2022, the Ministry of Public
Security has appraised and proposed the leader-
ship of the Ministry of Public Security to approve
118/146 plans built by 48/63 local police (reach-
ing 80.78% of the total number of plans). To ful-
fill the target of 2022, in the first 6 months of
the year, the local police have registered to build
and approve the firefighting plan of the police
agency for 16.268 establishments at risk of fire
and explosion. As a result, 12.839/16,268 plans
have been developed and approved (reaching
78.9%) and organized to practice 2.302/2.506
firefighting plans of the police agency for facili-
ties at risk of fire and explosion (reached 91.8%).
Organized practice of 246/307 firefighting plans
for residential areas with high risk of fire and ex-
plosion (reached 80.1%).

— Organization of firefighting and rescue: The
Police force for fire prevention and fighting and
rescue has mobilized a total of 4,302 turns of
motorized fire fighting vehicles of all kinds and
26.637 turns of combat officers directly partici-
pated in fighting 750/848 fires; mobilized a total
of 1.384 turns of vehicles and 8,207 turns of offi-
cers and soldiers to organize rescue of 785 / 1.778
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fire incidents (accounting for 58.5% of total fires
and fire incidents), the number of remaining fires
and fire incidents was extinguished by the local
forces and the people themselves (accounting for
41.5%). In addition, the whole force 1.179 turns
of vehicles of all kinds and 7.203 turns of officers
and soldiers directly participated in rescue and
rescue for 518 incidents and accidents. Statistics
show that, there are 02 fires requiring mobiliza-
tion of forces and means of the neighboringlocal
police according to coordination regulations; 17
cases must mobilize many forces and means of
local agencies, organizations and households to
participate in handling according to the plan of
the provincial People’s Committee. On average,
one big fire requires 12.6 vehicles and 77.4 ofh-
cers and soldiers, the average firefighting time of
a big fire is about 6.6 hours. Through the evalu-
ation results of firefighting and rescue, fire res-
cue shows that 95.7% of the cases are good and
good; 4.3% of cases achieved the average score;
no number of weak or poor cases. The process
of organizing firefighting and rescue and rescue
of fires, incidents and accidents, the fire preven-
tion and fighting police force directly saved and
guided the safe escape for 01 victims in fires, 259
people in accidents and incidents; found 301 vic-
tims’ bodies, and at the same time guided thou-
sands of people who were victims of fires and
accidents and escaped safely; directly save and
protect the safety of 435 houses and structures,
directly save an estimated value of 236 billion
VND and thousands of hectares of forest [1].

— Lessons learned from fires, explosions, inci-
dents and accidents: According to statistics in the
first 6 months of 2022, there were 419 fires and
518 incidents and accidents that are subject to a
meeting to draw experience on a separate topic
and send the organizational plan and report on

the results of lessons learned to the Fire Preven-
tion and Fighting and Rescue Police Department
according to regulations. Up to now, 416/419
fires and 467/518 incidents and accidents have
been held to draw lessons; 182/18S records of
management and monitoring of fire prevention
and fighting activities have been copied and sent
to the Police Department for Fire Prevention,
Fighting and Rescue.

2.3. General assessment

— Advantages: Legal documents in the field
of fire prevention and fighting and rescue are
increasingly being improved and improved.
The work of monitoring, guiding and directing
the professional aspects of firefighting and res-
cue is interested and focused. Organizing the
work of standing ready for firefighting and res-
cue, 24/24h, directly receiving and processing
information, maintained to ensure regulations;
ready plans and plans to promptly mobilize and
mobilize forces and means for firefighting and
rescue; professional training has been gradually
reformed and put into order; the organization
of firefighting and rescue activities and learning
from fire experiences have basically ensured the
procedures and regulations; officers and soldiers
with positive spirit, overcoming difficulties in
deploying firefighting and rescue activities have
been gradually raised, achieving many positive
results. The above-mentioned achievements have
contributed to curbing the increase in the num-
ber of fires, explosions, incidents and accidents,
maintaining political stability, ensuring social or-
der and safety, and effectively serving the com-
munity socio-economic development goals of
the country.

— Typical limitations and inadequacies: Traf-
fic systems in many places have not met the
requirements of firefighting and rescue work.
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Total number of roads for urban traffic, rural
traffic, inter-regional traffic, etc. with a mini-
mum width of 3.5m and a minimum height of
4.5m for fire trucks and ladder trucks to operate:
70.166/237.408 routes (accounting for 29.56%);
the total number of junctions, intersections and
corners that are not safe for fire trucks and lad-
der trucks is: 117.270/423.434, accounting for
27.69%; the total number of internal and inter-
nal traffic routes without parking for fire fight-
ing vehicles is: 46.465/102.641, accounting for
45.27%; total number of roads, streets, alleys,
alleys with platforms, platforms, baries, roofs
and roofs that obstruct the operation of fire en-
gines; alleys and alleys with a depth of 200m or
more: 35.561/260.464, accounting for 13.65%;
the total number of unsecured bridges and cul-
verts for fire trucks and ladder trucks to operate
is: 14.276/30.890, accounting for 46.22%; the
total number of establishments and residential
areas with their entrances blocked by stakes and
barriers; located in a small alley with a depth
of 200m or more, fire trucks cannot access:
35.887/255.019, accounting for 14.07%; out of a
total of 50.565 fire hydrants, the number of dam-
aged or unrepaired water poles is 5.418, account-
ing for 10.7%; the number of water hydrants that
can’t get water (due to the end of the source,
pressure, weak flow, ... ) is 6.339 poles, account-
ing for 12.5%; There are 22.200 firefighting water
tanks in the whole country, however, the number
of tanks that can’t get water is 6.865 tanks (ac-
counting for 30.7%). There are 935 water intake
wharfs, 288 water collection pits, of which 212
wharfs can collect water, 77 water collection pits
fire trucks cannot collect water (accounting for
23.6%); There are 14.283 ponds, lakes, canals
and ditches in the whole country, of which there
are 6.023 ponds, lakes, canals and ditches (ac-

counting for 42.5%) fire trucks cannot get water,
it is necessary to build water intake stations [1].
Some localities have not properly implemented
the process of management, preservation and
maintenance of fire-fighting and rescue vehicles,
such as: Not discharging the bottom of the pump
after firefighting and training; insufficient pres-
sure of the respirator, the fire truck is damaged
but there is no suitable replacement material,
etc.; many fire-fighting and rescue vehicles have
a service life of less than 10 years but operate
stably, often having incidents or breakdowns; a
part of cadres and soldiers have not yet mastered
physical exercises, manipulating the use of fire
fighting and rescue vehicles, are not proficient,
have not followed the procedure, have exceeded
the prescribed time; ... The selection of hypo-
thetical situations in the plan of the police agency
is still simple, not suitable for the scale and na-
ture of the establishment’s operations, especially
those with high fire and explosion danger. The
mobilization of many forces and means to par-
ticipate in the situation in the plan has not been
ensured as required; large fire situations, compli-
cated developments involving the mobilization
of forces and means of many agencies and orga-
nizations in the locality but not establishing a fire
fighting command board as prescribed; ... The
implementation of firefighting and rescue opera-
tions for a number of large-scale and complicated
fires has not yet ensured the prescribed process
and has not been effective due to the mobiliza-
tion and mobilization of forces, vehicles are not
timely, have not met the principle of maximum
force and means in the area when there is a large-
scale fire or complicated happenings; a number
of fires have mobilized forces and means to fight
fires that have not yet met regulations; the estab-
lishment of a reconnaissance team for a number
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of fires with complicated developments does not
guarantee at least 03 officers and soldiers to per-
form their duties.

— Objective reasons: The technical infrastruc-
ture conditions for firefighting and rescue and
rescue have not developed synchronously, have
not kept pace with the speed of socio-economic
development, so they have not met the actual re-
quirements off work. The assignment of respon-
sibilities in the management and use of the fire
prevention and fighting water supply system still
overlaps, leading to the situation that the fire pre-
vention and fighting water supply system is dam-
aged and degraded long but there is no agency
or unit responsible for remedying and repairing;
Current physical facilities are limited and inad-
equate. Most of the barracks of the police units
for fire prevention, fighting and rescue are cur-
rently not guaranteed and lack a uniform design;
many barracks are degraded and have not been
invested or repaired; many units do not have
their own barracks or headquarters, have to share
with other units or rent or borrow, so the facili-
ties are not secure; The staft directly engaged in
firefighting and rescue work in many units is still
lacking, not meeting the requirements for per-
forming tasks, leading to difficulties in arranging
permanent positions, many units of combat of-
ficers and combatants have to be on duty con-
tinuously for many days, greatly affecting health.

— Subjective reasons: Party committees, some
local authorities, and heads of facilities have not
really paid attention to fire prevention and fight-
ing, and rescue and upgrading in upgrading and
renovating infrastructure floors, traffic, water
sources for fire prevention and fighting; invest in
infrastructure, arrange land fund, build barracks
and equip facilities for units directly performing
firefighting and rescue tasks. The construction of

the all-people movement for fire prevention and
fighting and rescue and the implementation of
the motto four on the spot in many places is still
a formality, grassroots fire prevention and fight-
ing teams and civil defense teams have not been
maintained operation or operating efficiency is
not high. The awareness and consciousness of a
section of the head of the facility is still limited,
not grasping the importance of the construction
and practice of the plan, leading to the quality
of the treatment plan meeting the requirements.

3. Lessons learned

— Completing a complete and appropriate le-
gal system to meet practical requirements of fire-
fighting and rescue, in which specific regulations
on forces and means of firefighting and rescue are
specified; commanding firefighting and rescue
and rescue; organize firefighting and rescue activi-
ties; responsibilities of subjects in firefighting and
rescue activities; regimes and policies when par-
ticipating in firefighting and rescue activities; ...

— It is necessary to have the leadership and
direction of the whole political system, local au-
thorities, the synchronous and drastic deploy-
ment of the People’s Public Security force, the
core of which is the Fire Prevention, Fighting and
rescue Police force;

— Technical infrastructure system in service
of firefighting and rescue, such as traffic, water
source, communication system, electricity system,
etc. must be synchronous and ensure the opera-
tion of force firefighting and rescue means, when
a fire, explosion, incident or accident occurs;

— Implement the formulation and practice
of firefighting plans, rescue and rescue plans se-
riously and in accordance with regulations. In
particular, it is necessary to pay attention to and
focus on the organization of exercises to coor-
dinate many forces and means of participation;
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— To strictly implement the work of drawing
lessons from each fire, explosion, incident, and
accident that occurs, to promptly encourage and
reward individuals and units for effective perfor-
mance, and to criticize and review individual unit
does not perform well. On that basis, advise and
propose effective preventive measures and solu-
tions as well as organize more effective firefight-
ing and rescue activities;

— 'The police force for fire prevention and
fighting and rescue should actively practice their
bravery, practice themselves to improve their
skills and tactics, and proficiently use tools and
means to serve the fire prevention and fighting
work firefighting and rescue has been equipped.
At the same time, actively build and guide the
fire prevention and fighting forces on the spot
to ensure the standing work of being ready for
firefighting and rescue; organize the implementa-
tion of unified and effective firefighting and res-

cue activities right from the time a fire, explosion,
incident or accident arises;

— Ensuring funding for equipment and
means for firefighting and rescue; at the same
time, ensure funding for maintenance of firefight-
ing and rescue operations; regimes and policies
for forces participating in firefighting and rescue.

4. Conclusion

Each country has its own characteristics such
as technical infrastructure planning, operational
apparatus organization to meet the requirements
of firefighting and rescue work. Lessons from
Vietnam’s experience from the perspective of the
author’s research and understanding are compre-
hensive and systematic. Accordingly, depending on
the reality of each country, it can be researched and
applied flexibly and appropriately, contributing to
improving the efhiciency of firefighting and rescue,
thereby minimizing the risks of fire damage caused
by fire, explosion, incident, accident occurred.
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Abstract. The paper deals with porous material hard base coating subjected to temperature and
force effects. The limit displacement of the loaded surface is determined. The limit values of the
problem parameters under which the displacement exists, are found.
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limit state.

Introduction

Coatings are widely used for hardening machine
parts, for increasing the durability of the structure,
for similar technological processes in modern engi-
neering. Analysis of these coatings allows the tech-
nological processes to be made more effective, and
this indicates the need for their implementation.
Complexity of analysis are determined by many
factors: complexity of bounding surface contact-
ing with coating, variety of coating material and
effects on it, etc. All of the above listed, not only
complicates the analysis, but in some cases leads to
the need to consider new equations. An example of
anew approach is accounting of porosity of coating
material. Accounting of this factor is complicated
if in the operation process of the machine parts
with coating the porosity parameter changes. One
of the factors leading to change of the considered
parameter is joint temperature and force effect on
the construction. To study this change we ignore
the elasticity of the part, i.e. we consider only the
hard base. Furthermore, we consider the simplest
form of the bounding surface, i.e. the plane.

We consider a coating of thickness H on the
hard base and under longitudinal load of inten-

sity P uniformly distributed on the surface. As-
sume that on the loaded surface we are given tem-
perature T;, on the base-contacting surface the
temperature T,. Determine the displacement of
the loaded surface caused by the applied force and
temperature. The solution of this problem is
known if the material coating is “entire”. However,
the applied coating can have voids (pores). These
pores are formed in the following stages: in the
manufacture of the material and when applying it
on the base. Their volume depends on tempera-
ture under which these processes are implement-
ed. Without analyzing the causes of occurrence
of pores, we suppose that they exist in the coating.
We denote relative volume of these pores by the
parameter @ [1]. The existence of pores influ-
ences on the kind of determining equations. In
fact, availability of pores leads to rupture of solu-
tions, since the medium’s continuity is destroyed.
An example of this type rupture is the heat equa-
tion. In the body we draw a straight line. For an
entire body (without pores) temperature changes
continuously. Suppose that this line passes
through the pore to the body. Then we obtain that
along thisline the temperature is inhomogeneous,
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and in the segment of the line passing through the
pore, the heat conductivity coeflicient changes.
This change of heat conductivity coefhcient leads
to the rupture of the solution of heat equation.
The type of rupture depends on the statement of
heat conductivity problem.

We consider quasistatic distribution of tem-
perature on the coating when the material is en-
tire. In this condition, we take into account only
longitudinal distribution and have:

2
;le =0, T=c +c,x, T=T, +le;ITO , (1)
where x is a longitudinal coordinate, x = H is a
coordinate of the stress surface, x = 0 is a coordi-
nate of the contacting surface. Suppose that the
coating material is porous. Then the heatconduc-
tivity equation is of the form [2]:

;{(1 a))ZT} 0,T=T, for x=0;T=T, for
x x

x=H.
The solution of the equation with regard to
boundary conditions has the form:

T=T, +ﬁ(l—a))_l dx]

J(1-o) dx-(T,-T,).
0
To determine the quantity o we consider the

(2)

equation of its change. The relative volume of
pores changes due to the change of relative volume

in the body [3], i.e. ® = o, +@, where @, is the
x

initial value of the parameter  and corresponds

to the unloaded coating, au ; is the change of the

relative volume of the bogy under deformation,
u is longitudinal displacement of the coating
points. For the problem under consideration the

quantlty d— depends on temperature and value of

the apphed load P. Suppose that the change of the

body’s relative volume is the sum of the change of

the body’s relative volume caused by thermal ex-
pansion and change of the body’s relative volume
caused by the applied load p. Let temperature
change be linear, i.e. aT, where « is the coefficient
of volumetric thermal expansion. The change of
relative volume of the body caused by the applied
load is determined from the physical relationship
between strain and stress. There are two types of
stresses for porous materials: the force referred to
the selected surface and the force referred to the
selected surface with regard to pores. Note that
physical relationships are written for the second
type of stress, in the present case for P(1-) .
Allowing for above assumptions, we have:

o=0,-f Lj +aT, where f isafunction de-
-

scribing physical state. Allowing for relation (2),
we represent the equation for determining  in

w:a)o—f(ﬁ]+

+a[T0+(ﬂn)[I(lw)ldx}l -I(lw)ldx].( |

0

the form:

The obtained equation is integral. The coefh-
cient of this equation depends on the value of the
desired quantity. When writing equation (3) it was
supposed that temperature effect and force applica-
tion is simultaneous. Suppose that at first tempera-

ture was applied. Then instead of (3) we have:
0=+

va| T, +(T, —To)ﬁ(l—a))l dx}l JO-0) " dx

0 0

@

We differentiate the given equation with re-
spect to x. Then instead of an integral equation
we obtain a differential equation of the form:

do i -1 B 1
ol a(T,-T,) !(l—a)) dx E; o =0,+aTl,
forx = 0.
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We represent the solution of this equation in
the form:

%(zg —2*)=xa(T, —TO)[TZ‘Ide ;

0
z=1-w; z,=1-w,—aT,.
Hence it follows that:

g -l
z\/zé—Zxa(Tl—To)D‘—x} or
z

0

1 {zé e -To)ﬁdﬂlr

0
We determine the coefhicient for T,-T,.

Based on the kind of this coefficient and expres-
sion for z™', we have:

After transformations, instead of the obtained
equality we get:
a(Tl - To) =Zy~

{zg —2Ha(T, —To)ﬁdg}i :

Squaring both sides of the equation, we ob-

tain:
L] z, a
- ==2——(T.-T,).
[I z} H 2H( )

0
This expression allows to express the quan-

N | =

tity @ through the problem parameters. Taking
into account the expression for z, we obtain:

l_wzz{zé‘%“(ﬂ‘To)(zo—ﬁ(z—%)ﬂz

2
or

1
» =1—[z§ —2%05(T1 ~T))z, —%(T1 —TO)T (5)

Note that the obtained expression does not
make sense for all values of problem parameter.
Restrictions on the value of the parameters are
found from the coating failure conditions. Based
on physical sense of relative volume of pores, the
failure condition has the form: w=1. From
equality (5) we obtain restrictions on the values
of parameters in the form:

(1-w, —aTy) -
1
—%a(?{ —%)(l—wo —al, (1, —7;)}0-

where «x is the coordinate of failure initiation. For
the fixed value of 7, we get restriction on the
value of the quantity 7,. We write this restriction
in the following form:

(h-7,) 5 @ ~(T-T;)a-

-2%(1—600 —aT,)+(1-w, -aT,)’ =0.

As the failure makes sense for the least value
of temperature, we get that failure occurs for
x = H . Then we have:

(I,-T))a-(1-w, —aT,) =0.

Hence we find that the value of temperature

T, on the external surface x = H in which failure

occurs, equals: 7, :%(l—a)o).

We determine displacement of external sur-
face points. From the equation of change of the
parameter o it follows:

u
—=0+0,=-1+0,+
dX 0 0

+[z;—z§a<n—n)(zo—gm—n)ﬂ;- *

From the condition of contact of the coating
with rigid base we have u =0 for x =0. Then, af-
ter integrating (6) with respect to x and allowing
for the boundary condition, we get:
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u(x)=—(1-w,)x-
{Q(T1 —TO)(ZO —%(Tl —TO)H

2 X a to;
x {ZO—2Ea(7]—7;,)(zo—5(n—n)ﬂ -z,

L
2

H
-—X
3

Hence we get that relative displacement of
displacement of the points of the external surface
S, caused by temperature is determined by the
following expression:

Sr :éu(H):—1+w0—

Jatn-nya -]

2

-2t )z -40 1) -2

Determine the limit value of the quantity S, .

1
It corresponds to T, = —(1-, ). Then
a

-1
St = —(l—a)o)—(ocﬁzO lj X
a

2

Ur, .z 2 s Lo
3 ZO—Za;OX?O -z (T

2 1
:(l—a)o)‘i‘Zx?Zg =—(1—a)0)+

+3(1-0,~aT,) = S(-1+@,~aT, 2.

Note that temperature distribution of the
coating in the transverse direction depends on
the parameter w. For entire and porous materials
we have:

T:T0+%(T1—TO);

Té{l_wo{z;—z(Tl—To>(Zo—§(7?‘T°)ﬂ;}

respectively.

In the first case the distribution is linear, in
the second case, parabolic. As a result of tem-
perature effect the relative volume of pores
changes and takes the value w =@, that corre-
sponds to the given temperatures T, T, and
other problem parameters. Assume that after
this, the coating is subjected to compression by
pressure P. Having accepted Hook’s linear law for

describing physical state ( f(o)= %Gj and based

on equation (3), we obtain:
_ 1 _

w=o-—L -5-_"

El-o

where E is Young’s modulus, @ =1-

—[z;—zgam—n)(zo—gm—mﬂ?

Hence we find = 1| 1+ - (1-®) +4r}.
The sign in front of t%le root was chosen based
on physical meaning of w. In this case, the rela-
tive volume of strain is determined by the follow-
ing equation:
du 7
dx 1-o

-1
=2T[1—5+ (1—5)2+4Ti| -
1

=—5[ (l—a_))z+4r —1+a_)J-

The value of displacement is determined by
the following integral:

u zéi[m—l+a_}}d3€ =
el g

3 3
het 3 o
X (zé —%ﬁ+4‘i)2 —(Zé +4T)E _[Z; _%ﬁjz +7) (8)

where the following denotation was accepted:

p=2a(1,~1,) 2,-2(5-T,) )
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Hence we get that the relative displacement
of the external surface points, caused by the load,

is determined by the following expression:

1 1
SP :EU(H):gX

3 3 3
X%[(zé +4T)E —(zg -B +41)E +(z§ —ﬁ)E —zé}-

The obtained expressions make sense not for
all values of the load. Under compression, the
restrictions on the parameters values are found
from the conditions for closing pores [4]. Based
on physical meaning of the relative volume of
pores, the condition for closing the pores is of the
form: o =0. From the determining equation we
get restrictions in the form: 7 = ®.

The value of x under which 7 is the least, i.e.

min
1

o) [ty

x = H is of practical interest.
We determine the limit value of S, . It equals

(z§+4—4(z§—,3);) -
_(zg -B +4—4(z§ —ﬂ);)Jr :
(s -p)-a |

Assume that at first the load is applied. Then
the determining equation is of the form:

min —

T=""w=

N | W

p-np 3 ﬁ

du T
0=0,+—=
dx l1-w

We take the solution of this system of equa-

;u=0 for x=0.

tions in the following form:

1
a)=5[1+a)0 ~J(1-a,) +4r};

G
upzzf[l—a)oJr (l—a)o)2+4r} x.
Assume that after applying the load the coat-

ing is subjected to temperature effect. Then the

determining equation has the form:
o=0,+aT; ®,=o(7);

H 1oy
T:T0+(Tl—TO){|.(l—a))_l dx} .[(l—co)_1 dx;
0 0
du =al.
dx

The solution of this system is determined by
the expression when replacing o, by @,. Assume
that as it was shown above, in this case it is neces-
sary to solve equation (3). However, we can sim-
plify finding of displacement assuming that dis-
placement is the sum of displacement caused by
temperature and displacement caused by load-
ing. From the ones mentioned above we can con-
clude that displacement of a loaded surface of
coating made of porous material, under the tem-
perature and force effects, depends on the load-
ing sequence. Furthermore, there exist limit val-
ues of problem parameters under which the
found displacement has physical meaning.
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Abstract. Renewable energy is one of the topics that always attract much attention of researchers

and scientists because of its need and necessity for socio-economic development. In Vietnam too,

renewable energy has been developing more and more strongly, thereby posing many opportunities

and challenges for fire prevention and fighting safety. The article researches and analyzes theoretically

about the structure, working principle, characteristics of fires at renewable energy facilities; on that

basis, propose solutions to contribute to ensuring the safety of fire prevention and fighting for this

type of facility in the coming time.

Keywords: fire prevention and fighting; renewable energy facilities; Vietnam.

1. Asking the problem

Renewable energy is a form of energy that
is generated from natural processes and is con-
tinuously replenished including sunlight, geo-
thermal, wind, tides, water and various forms
of biomass [1]. These energy sources are not
exhausted and are continuously regenerated,
in which, solar power and wind power are the
most popular and fastest growing types. Wind
power is generated by wind turbines with gi-
ant propellers mounted on top of the tower,
while solar power is generated from converting
sunlight into electricity by using Solar panels
connected to each other. The rapid growth in
the number of renewable energy projects re-
quires state management agencies to quickly
complete the system of relevant legal corri-
dors, especially regulations and standards on
assurance of renewable energy safety in this
tield, in which the assurance of fire prevention
and fighting safety plays a particularly impor-
tant position.

2. Structure and operating principle

2.1. Solar power facility

Solar battery system converts energy from
sunlight into direct current and then converted
into alternating current through inverter (in-
verter) connected to the grid. The main compo-
nents of this system include solar panels, invert-
ers, racks, and a performance monitoring system.
Of the above components, solar panels have the
highest fire risk. The solar panel consists of many
photovoltaic cells with a pure silicon main com-
ponent, bonded by glass panels, EVA polymer
adhesive, TPT backplate, heat-resistant alumi-
num frame and circuit junction box [1].

2.2. Wind power facility

Current wind turbines are divided into two
types: vertical axis and horizontal axis, in which
horizontal axis wind turbine with 3 blades is the
most popular type today. The structure of a wind
turbine consists of different parts such as: pro-
peller, generator, gear, gearbox, brake, control-
ler, electrical wiring system, ... The generating
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units are housed in the cavity and placed on top
of the pylon. Wind energy will cause the blades
to rotate around the rotor connected to the main
shaft, causing the drive spindle to rotate the gen-
erator shaft to generate electricity [1].

3. Hazardous nature and causes of fire and
explosion

3.1. Solar power facility

The cause of solar panel fires can be caused
by arcing that occurs during photovoltaic energy
conversion, such as hot spots, cracks, and aging
reduces power generation and damages the bat-
teries, leading to overheating and fire. A hotspot
is alocal high temperature area on the panel. The
occurrence of hot spots can be caused by the
quality of photovoltaic cells, improper installa-
tion, lack of maintenance, shading or leaves, bird
droppings, etc. In addition, the cause of the fire
may be due to the contact of parts in the elec-
trical network, parts of equipment that are not
qualified, lightning strikes in the area where the
equipment is located, causing the voltage of the
system to increase suddenly beyond allowable
threshold to cause current conflicts.

3.2. Wind power facility

Wind turbines consist of many different parts
such as propellers, generator turbines, gears,
gearboxes, brake units, controllers, wiring sys-
tems, support posts... The generating units are
housed in the turbine and placed on top of the
pylon. This is the place with the highest risk of
fire in the wind turbine system because the in-
side of the turbine contains equipment that is
easy to generate heat, ignite and catch fire. If a
heat source is present, a fire can break out, which,
along with the high, well-ventilated conditions,
will cause the fire to quickly spread to cover the
entire turbine. In addition, the area at the base of
the tower (where the wires are connected, elec-

trical monitoring equipment is placed, and the
entire wind turbine tower is controlled) is also a
location prone to fire.

The cause of wind turbine fire can be caused
by objective factors such as lightning, wind, and
storm. However, through the fact that many fires
have occurred due to electrical, mechanical or
human subjective factors such as: Links are bro-
ken due to strong vibrations; short circuit; dis-
charge in the transformer; electrical equipment is
overloaded; failure of the control system; ... The
useful life of the wind turbine, the geographical
location where the wind turbine is located are
important factors leading to the risks, the pos-
sibility of fire incidents and the extent of fire de-
velopment. In places with hot and dry climates,
cables, transformers, enclosure components and
control cabinets are susceptible to damage, pos-
ing a potential risk of failure.

4. Characteristics of a renewable energy
facility fire

4.1. For a solar power facility fire

Due to the built-in thermal energy, when
the solar panels burn, the fire quickly develops,
producing a lot of smoke and toxic gases that are
dangerous to humans and the environment, typi-
cally substances: Cadmium telluride, Arsenide
gallium; phosphorus; Boron; ...

The panels are usually installed firmly on
the roof, when a fire occurs, it can block the en-
trances and access to the roof to extinguish the
fire. The prolonged burning process can generate
secondary phenomena such as equipment explo-
sion, which makes firefighting work mores risky
and dangerous. On the other hand, because the
system is installed on the roof, it will increase the
weight, the prolonged burning process, under the
influence of the heat source will lose the integrity
and bearing capacity of the structure, leading to
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roof collapse. Debris from burnt panels can fly
away, causing damage, danger to people or creat-
ing new fires around.

4.2. For wind power facility fire

With operational characteristics, wind tur-
bines must be built in geographical areas with
strong and stable winds, complex geographical
conditions such as the coast, sandy beaches or on
high mountain slopes, with limited traffic. Wind
turbine tower systems are usually over 60 m high,
so if a fire occurs, there will be many favorable
factors that cause the fire to develop. In case the
automatic fire prevention and extinguishing de-
vices do not work, the fire will spread to cover
the entire turbine.

The most dangerous feature of a wind turbine
fire is that the blades continue to rotate, which
causes the fire to quickly develop into a large
fire. When the fire spreads to the fan blades or
the burning parts are destroyed and deployed,
it can cause the burning pieces of equipment to
fly away, causing new fires around such as forest
fires, field fires and works and equipment in the
area. It is more dangerous to threaten the safety
of firefighters who are on duty on the ground.

5. Some solutions

S.1. Prevention solution

— When designing and building renewable
energy plants, they must comply with the tech-
nical requirements of the industry to ensure the
distance and have construction solutions such
as the grounding system, lightning protection
system for the plant as well as the turbines wind
power, solar cell facilities to minimize the risk
of being struck by lightning causing fire and ex-
plosion [2]. For rooftop solar power systems in-
stalled at civil works, it is necessary to seriously
implement fire prevention and fighting safety so-
lutions according to the instructions of the Fire

Prevention and Fighting Police agency before
installation, build [4];

— The process of operation and use must
strictly comply with the instructions and rules
for operating structures, equipment, technologi-
cal and technical systems for equipment systems;
regularly monitor and maintain equipment dur-
ing operation, if there is a problem, it must be
repaired and remedied promptly;

— 'The technological equipment used must
ensure the quality in terms of mechanical
strength, fire resistance, heat resistance, tight-
ness in accordance with the specified technical
criteria. Working machinery and equipment
must be safe against fire and explosion; During
operation, measures must be taken to minimize
the generation of heat sources, sparks due to fric-
tion or impact. Hot surfaces of equipment and
ducts should be insulated with insulation;

— Design and equip automatic fire extin-
guishing systems in suitable areas such as at sub-
stations, operators, monitoring and control sta-
tions, inverter stations, wind turbines and other
construction works relevant, ensuring timely fire
fight at the time of occurrence of incidents. At
the same time, strictly implement regulations on
equipment for fire prevention and fighting [3].

— Ensure safety corridors for power grids and
safety corridors for these facilities; avoid external
factors affecting the facility, and at the same time
limit the impact if an incident occurs at these fa-
cilities to the neighboring areas.

S.2. Fire fight solutions

— For a solar power facility fire:

+ When the fire fighting organization has to
quickly notify the electricity unit or solar battery
service provider to cut off the power and pay close
attention to the use of water to fight the fire. The
fire brigade should ask the electrical technician
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to determine if voltage exists on the panels and or
between the inverters connected to the grid? In
case of electricity, how much voltage and amper-
age must be determined? In developed countries,
it is mandatory for houses to install solar panel
systems to have a diagram showing the location
of the emergency breaker for firefighters.

+ In case of newly developed, less compli-
cated, small-scale fires: Use fire extinguishing
powder or CO, to extinguish the fire; In case
the fire has developed and spread: It is necessary
to organize a combination of protective cooling
measures and prevent the fire from spreading to
neighboring works and equipment by spraying
water in distributed mode. In order to effectively
extinguish the fire, it is necessary to deploy fire-
fighting formations using specialized fire extin-
guishing agents that can extinguish electrical
equipment fires such as FSOOEA with 3% phase
rate, CAFS technology firefighting foam in low
mode. spray dry foam, technology foam 1-7. In
addition, currently on the market, there are a
number of specialized fire extinguishing agents
that can be used to extinguish a solar cell fire ef-
fectively and safely.

+ For a fire at a wind power facility: When the
fire brigade is present, it is necessary to quickly
request the establishment’s electrical technician
to follow the technical process of the facility to
disconnect the burning wind turbine from the
fire general system; at the same time, implement
a test measure to determine whether it is possible
to generate electricity on the device. Depending
on the actual topographical characteristics of the
location of the wind turbines, appropriate fire
fight measures shall be applied, specifically:

In case a fire occurs on a generator turbine or
tower body: If it is possible to access it directly
from the ground, use motorized vehicles such as

ladder trucks, crane trucks, etc. to bring the fire
fight mausoleum to approach and extinguish the
fire. In case of inaccessibility, the fire fight solu-
tion that can be applied in this case is to use fire-
fighting aircraft to spray fire extinguishing agents
from the air; at the same time, proactively imple-
ment measures to prevent fire spread and plans
to be ready to extinguish fires caused by falling
debris causing fires such as forest fires, field fires,
works and equipment on the surface soil.

In case a fire occurs at the foot of the wind
turbine tower: Use fire extinguishing powder or
CO, to extinguish the fire if a new, small-scale fire
arises. In case the fire has developed and spread,
it is necessary to deploy a fire fighting squad
using specialized fire extinguishing agents that
can extinguish electrical equipment fires such as
FSO0EA with 3% phase ratio, CAFS technology
firefighting foam in dry foam spray mode, tech-
nology foam 1-7; In addition, it is necessary to
combine cooling to prevent fire spread if there
are equipment and adjacent works at the foot of
the tower by distributed sprinklers.

Automatic fire extinguishing system can be
divided into 2 levels for protection: For elec-
trical equipment of turbines and towers (using
heat-absorbing extinguishing agent — 3M No-
vectm1230); For mechanical equipment of the
establishment and work items with electrical
equipment of the establishment (fire extinguish-
ing agent— CO).

S5.3. Safety solution when fighting fire

— When fighting a fire at a solar power facility:
Forces directly involved in fire fight access must
be equipped with specialized fire fight clothing
and are not capable of conducting electricity, use
an isolating gas mask to protect the system respi-
ratory inhalation of toxic substances. In case it is
necessary to move to the roof, it is necessary to
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determine the bearing capacity of the house, the
work is still guaranteed, there is no risk of defor-
mation or collapse. It can be accessed indirectly
through neighboring buildings, houses or motor-
ized vehicles such as ladder trucks, crane trucks,
forklifts... to spray fire extinguishing agents. Use
water spray in the appropriate mode to prevent
the risk of explosion of electrical equipment, to
prevent electric shock, which is dangerous to the
fire fighting force;

— When fighting a fire at a wind power facil-
ity: Forces participating in fire fight must ensure
a safe distance and have plans and measures to
prevent accidents caused by destroyed turbine
equipment parts falling and splashing out, tur-
bine tower structural collapse may occur, caus-

ing unsafety. Use water spray in the appropriate
mode to prevent the risk of explosion of electrical
equipment, to prevent electric shock, which is
dangerous to the fire fighting force.

6. Conclusion

The development of renewable energy to re-
place traditional energy is an inevitable trend of to-
day’s modern society. Therefore, the urgent solu-
tion for the management authorities is to quickly
complete the system of legal corridors and legal
documents related to renewable electricity in or-
der to national energy security standards. At the
same time, it is necessary to propose measures and
solutions to ensure absolute safety in fire preven-
tion and fighting for renewable energy projects to
keep up with the development trend of this field.
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1. Make a problem

Houses combining business and production
are a type of fire and explosion that often oc-
cur and always account for a high proportion in
Vietnam. According to statistics of the Fire and
Rescue Police Department — Ministry of Public
Security of Vietnam, from April 15,2021 to No-
vember 15, 2021, there were 1,218 fires nation-
wide, killing 46 people died, 58 people were in-
jured, property damage was estimated at 120.66
billion VND. Of which, there were 467/1,218
fires in households and houses in combination
with business and production (accounting for
38.34%), killing 38 people, injuring 14 people,
causing property damage 43, 68 billion dong [1].
Faced with that situation, the Ministry of Public
Security of Vietnam has advised the Party, State
and Government to issue leadership documents,
direct and implement solutions and measures to
ensure fire prevention and safety. fire fighting
for this type of housing. However, in terms of
theory and practice, fire prevention and fighting

for houses in combination with business and
production still have problems that need to be
further researched, perfected and proposed so-
lutions to contribute to improving the quality of
life improve the efficiency of this work, meet the
requirements of the new situation.

2.Results of theoretical research and prac-
tical survey

2.1. About the theoretical basis

In Vietnam, housing combined with business
and production, currently, there is no specific
definition in the legal documents in Vietnam. On
the basis of studying the actual operation of this
type of housing, it can be generalized into the
following concept: “House in combination with
business and production is an available separate
house that, in addition to the function of liv-
ing, used as a place of production and business
(commercial shops, office services, inns, hotels,
small production establishments and other ser-
vices) or ancillary works serving business and
production (treasure, scrap collection...)” In
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which, “available house is a house that has been
completed, built and put into use” as defined in
Clause 18, Article 3 of the Law on Housing 2014
[8]. The main feature of housing in combination
with business and production in Vietnam is that
it is built freely, not according to planning, and
distributed in densely populated residential ar-
eas, around markets, streets and owners. Trading
in flammable materials such as clothing, shoes,
votive paper, etc. Adjacent tubular building, no
backup escape route, no smoke exhaust system.
While, most of the indoor area is prioritized for
business and living, so the aisles are narrow, not
ensuring the distance between fire prevention
and fighting. Besides, the majority of business
and production household owners pay little
attention to fire prevention and fighting; lack
of knowledge and skills on fire prevention and
fighting; not equipped or equipped with insuf-
ficient fire fighting equipment; violation of safety
regulations in the use of electricity, poor qual-
ity electrical equipment; Business households
arrange cooking stoves, places of worship near
the goods storage area, while these are all flam-
mable and explosive items. Fire prevention and
fighting safety is a combination of organizational
measures, technical and technological solutions
in order to eliminate and limit the possibility
of fire arising; creating favorable conditions for
proactively saving people, saving properties, pre-
venting fire spreading and fighting fire promptly
and effectively when a fire occurs. In essence, fire
prevention and fighting safety is the application
of organizational measures, technical and tech-
nological solutions to prevent, limit and elimi-
nate the possibility of fire arising as well as save
lives, saving property and effectively extinguish-
ing fires, contributing to minimizing damage
caused by fire and explosion. With this approach,

it can be understood that “Fire prevention and
fighting safety for houses in combination with
business and production is a combination of
organizational measures, technical and techno-
logical solutions in order to eliminate and limit
the possibility of a fire; creating favorable condi-
tions for proactively saving people, saving prop-
erties, preventing fire spreading and fighting fire
promptly and effectively when a fire occurs”

2.2. Legal basis

Up to now, the provisions of the law on fire
prevention and fighting for houses in combina-
tion with business and production are gradually
being supplemented and completed, creating a
solid legal corridor in the work of the People’s
Public Security force in general and the Police
force for fire and rescue in particular.

First of all, the provisions of the Law on
Fire Prevention and Fighting 2001 and the Law
amending and supplementing a number of ar-
ticles of the Law on Fire Prevention and Fight-
ing 2013. Accordingly, stipulate principles and
responsibilities for fire prevention and fighting,
which specifies the responsibilities of the house-
holder in fire prevention and fighting: to urge
and remind family members to comply with the
provisions of the law on fire prevention and fight-
ing; regularly check, detect and promptly remedy
the risk of fire and explosion; coordinate with
other agencies, organizations and households
in ensuring safety conditions for fire prevention
and fighting; strictly manage and safely use in-
flammable and explosive substances. Particularly
for individuals who have the responsibility: to
comply with regulations, rules and requirements
on fire prevention and fighting of competent
persons or agencies; comply with the law and
master the necessary knowledge on fire preven-
tion and fighting; know how to use common
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fire prevention and fighting tools and means;
ensure fire prevention and fighting safety in the
process of using fire sources, heat sources, fire-
and heat-generating equipment and tools, and in
the storage and use of combustible substances;
prevent direct danger of fire arising, violations of
safety regulations on fire prevention and fighting;
implement other regulations related to personal
responsibility in the Law on Fire Prevention and
Fighting. In particular, along with the above pro-
visions, the Law on Fire Prevention and Fight-
ing has clearly defined the requirements on fire
prevention for households in Clause 1, Article
17: the house must have an electrical system, a
cooking stove, safe place of worship; flammable
and explosive substances must be kept away from
fire and heat sources; prepare conditions and
means to be ready for fire fighting [9]. Decree
No0.79/2014/ND-CP dated July 31,2014 of the
Government concretized the requirements into
fire safety conditions for households in Article 9,
specifically “Cooking places, places of worship,
places where fire sources, heat sources, fire- and
heat-generating equipment, systems and equip-
ment using electricity must be ensured safety in
terms of fire prevention and fighting; property,
materials and inflammable substances must be
arranged, arranged, preserved and used in ac-
cordance with regulations on fire prevention
and fighting safety; having fire-fighting means
suitable to the operation characteristics and
conditions of each household”. However, De-
cree No.79/2014/ND-CP does not specifically
regulate housing for households combining pro-
duction and business and has not considered
households combining production and trading
of flammable goods and substances., explosion
is an establishment under the management of
fire prevention and fighting. In order to concret-

ize the provisions of the Law on Fire Prevention
and Fighting, on November 24, 2020, the Gov-
ernment issued Decree No.136/2020/ND-CP
detailing a number of articles and measures to
implement the Law. Fire prevention and fight-
ing and the Law amending and supplementing a
number of articles of the Law on Fire Prevention
and Fighting, in which there are specific provi-
sions related to household houses combined
with production and business, specifically: Ar-
ticle 7 has prescribed fire prevention and fight-
ing safety conditions for households, according
to which: Households must ensure fire preven-
tion and fighting safety conditions as prescribed
in Clause 1, Article 17. Law on Fire Prevention
and Fighting. Particularly for households living
in association with production and business,
the following safety conditions for fire preven-
tion and fighting must be ensured: Conditions
specified in Clause 1, Article 7; have rules on fire
prevention and fighting, on electricity use, use of
fire and flammable and explosive substances in
accordance with technical regulations and stan-
dards on fire prevention and fighting or regula-
tions of the Ministry of Public Security; have
solutions to escape, prevent fire from spreading,
and prevent smoke between living areas and pro-
duction and business areas. Fire prevention and
fighting safety conditions specified in Clauses 1
and 2, Article 7 must be implemented and main-
tained by the household head during the opera-
tion. Households specified in Clause 2, Article 7
that have been granted business registration cer-
tificates must ensure fire prevention and fighting
safety conditions corresponding to the type of
establishment as prescribed in Article S of De-
cree No. 136.2020/ND-CP.

In addition to the regulations on fire pre-
vention and fighting prescribed in Decree
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No.136/2020/ND-CP, Clause 2, Article 52
stipulates the responsibilities of the commune-
level People’s Committees, in which: The com-
mune-level People’s Committees, within the
ambit of their tasks and powers, are responsible
for performing the state management of fire pre-
vention and fighting in their localities and have
the following specific duties: direct, inspect and
organize the implementation of the provisions of
the law on fire prevention and fighting; inspect
the safety of fire prevention and fighting for resi-
dential areas, households, households combin-
ing production and business and establishments
under their management... [3].

At the same time, Decree No.136/2020/
ND-CP stipulates in the list of establishments
subject to fire prevention and fighting manage-
ment (Appendix I), having houses for living in
combination with goods production and trad-
ing, combustible substances, goods in flammable
packages of households; the list of establishments
managed by the police agency (Appendix III),
whose establishments are residential houses in
combination with the production and trading of
goods, flammable substances, and goods in flam-
mable packages of households has a total pro-
duction and business area of 300 m? or more; in
the list of establishments managed by the com-
mune-level People’s Committees (Appendix IV),
having houses for living in combination with
the production and trading of goods, flammable
substances, and goods in flammable packages of
households. has a total production and business
area of less than 300 m? [3].

Thus, it can be seen that the provisions of
the Law on Fire Prevention and Fighting and its
guiding documents have provided a basic and
complete legal basis for the work of ensuring fire
prevention and fighting safety with household

housing combined with business and produc-
tion. The main important issue at present is to
organize the implementation and point out the
inadequacies, obstacles and difficulties so that
measures and solutions can be gradually over-
come and effectively and effectively implement-
ed. management, in order to ensure the safety of
fire prevention and fighting, to minimize damage
caused by fire and explosion.

2.3 Practical survey

Being well aware of the complexity and po-
tential fire and explosion risks for residential
areas, households, houses in combination with
production and business, the Fire and Rescue
Police Department has advised the Ministry of
Public Security to issue a Plan. No. 151/KH-
BCA-CO07 dated April 12, 2021 of the Ministry
of Public Security on implementing the peak
period of propaganda and safety inspection on
fire prevention and fighting for residential areas,
households, and houses. in combination with
production and business, along with Official
Letter No.1052/BCA-C07 dated April 9, 2021,
Official Letter No. 1684/BCA-C07 dated June
1, 2021 requesting the Ministry of Information
and Communications coordinate and support
propaganda on fire prevention and fighting, di-
rect telecommunications networks and related
units to support sending messages alternately to
transmit messages, recommend and instruct on
fire safety. Fire and fire fighting for households by
SMS messages to mobile subscribers for people
to know and implement. At the same time, at the
Police Department, local units have also serious-
ly implemented this Plan, such as: Ho Chi Minh
City Police has advised the People’s Committee
of the same level to issue Decision No. 16/2021/
QD-UBND dated May 31, 2021 promulgating
regulations on fire prevention and fighting safety

127



Section 7. Technical sciences

forindividual houses and houses in combination
with business and production in Ho Chi Minh
City; Police of Hanoi, Lam Dong, Ninh Thuan
advise the People’s Committee of the same level
to issue a Directive to strengthen the manage-
ment of fire prevention and fighting for the type
of establishments that are houses combined with
production and business in the area.

In Vietnam, the actual area of houses com-
bined with business and production is not large,
often making the most of the floor area and in-
door space to store goods; The items are spread
out under the floor, occupying the aisle, even the
stairs up and down are also used to store goods.
Many business and production households ar-
range inappropriate places of worship, altars
made of combustible materials. More dangerous-
ly, the goods left next to the cooking stove are the
risks of fire and explosion. Moreover, the electri-
cal wiring in the areas of business, production,
and residence is mostly unqualified for loads,
improperly installed and connected, without
system maintenance or renovation. The electric-
ity has been degraded and flammable substances
such as clothing, paper, cloth, packaging, etc. are
left near the electrical outlet.

After implementing the Plan No.151/KH-
BCA-C07 dated April 12,2021 of the Ministry of
Public Security, the Police force of Fire and Res-
cue implemented and obtained the following re-
sults: Coordinated with the News Department of
Vietnam Television (VTV1), Voice of Vietnam
(VOV), VCT Digital Television (VTC14 chan-
nel), Dien Newspaper The Fatherland Front, the
People’s Public Security Newspaper, the Dan Tri
Newspaper, ... built and broadcast 20 news re-
ports with the content: “Warning of deadly fire
and explosion in hot season”, “Ministry of Public
Security recommended after a series of reports”

fire and explosion incidents”, “Hidden fire and
explosion hazards when using gas cylinders in
the hot season”,... Work closely to develop and
publish news and articles on People’s Public Se-
curity Newspaper, broadcast Alo News 114 on
ANTYV channel, in which, Ho Chi Minh City,
Hanoi, Can Tho, Binh Phuoc ..
and effectively carried out extensive and exten-
sive propaganda to the people [1].

In addition, houses in combination with

. have actively

business and production are often built freely,
not according to planning, distributed in inner-
city areas, around markets, streets and mainly for
business and production. combustible materials
such as clothes, shoes, fabrics, blankets, grocer-
ies... The adjacent tubular building has no back-
up escape route, no solution to prevent smoke
accumulation. When there is a fire for houses and
businesses, one of the most difhicult problems is
that there is no smoke exhaust system, and there
are many obstacles to accessing the scene to res-
cue people and property. Fire fighting vehicles
are also hindered because of the narrow traffic,
most of the structures are adjacent houses, so
the demolition of the works is difficult, the fire
fighting water source in urban areas in Vietnam
has not met the needs bridge. Specifically: (1)
The consultation for the People’s Committee of
the same level to issue documents directing and
deploying the implementation of Electricity No.
106/DK: HT, Plan No. 151/KH-BCA-CO07 of
the Ministry of Public Security and direct the
commune-level People’s Committees to per-
form the state management of fire prevention
and fighting according to the provisions of De-
cree No. 136/2020/ND-CP which has not yet
met the required time; (2) the direction of the
police of the units and localities under it to carry
out propaganda, guidance and inspection still
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accounts for a low percentage compared to the
total number of households nationwide and has
not met the requirements on fire prevention and
fighting in residential areas, households, residen-
tial houses in combination with production and
business under the direction of the leadership of
the Ministry of Public Security; (3) there were
also many fires and explosions in households,
houses combined with production and business,
causing serious damage to people, for example:
the fire killed 08 people on May 7, 2021. in Ho
Chi Minh City; The fire killed 4 people in Quang
Ngai province on June 4,2021 and most recently,
the fire that killed 6 people in Nghe An province
on June 15,2021;...[1].

Through the investigation of fires and ex-
plosions in the type of housing combined with
business and production, the Vietnam Fire Pre-
vention and Fighting Police agency found that
there are four main groups of causes fires and
explosions in houses in combination with busi-
ness and production, which are: 1) The own-
ers of business and production establishments’
awareness of compliance with fire safety regula-
tions are limited; 2) Workers at these houses also
underestimate their own safety in the process of
working and working; 3) Due to violation of
regulations on fire prevention and fighting safety
in using electricity, using poor quality electrical
equipment; 4) Due to violation of regulations on
fire prevention and fighting safety in using fire
sources, heat sources, equipment and tools that
generate fire and generate heat in the process of
business and production.

3. Research results on orientations

3.1. Continue to improve the legal basis

— Fire and Rescue Police Department — Min-
istry of Public Security shall assume the prime
responsibility for, and coordinate with functional

agencies of the Ministry of Construction and the
Ministry of Industry and Trade in, elaborating
national standards or national technical regula-
tions experts on fire prevention and fighting for
this target group. Based on the practice as well
as the provisions of the current law to unify the
contents to be developed, avoiding the overlap-
ping of regulations leading to difficulties in ap-
plication in practice;

— For the Police force of fire and rescue of
local police units, while there are no standards
and technical regulations on fire prevention and
fighting for objects of combined housing. busi-
ness, production should actively advise, propose
and coordinate with the Department of Con-
struction, Department of Industry and Trade....
to propose the Provincial People’s Committee to
promulgate regulations on fire prevention and
fighting safety for housing. households combine
production and business, in which, focus on key
contents such as: escape routes; safety in using
electricity, using fire; a safe distance in the ar-
rangement and arrangement of goods; in coor-
dination of fire prevention and fighting; ... Along
with that, it is to coordinate with local authori-
ties, especially at the commune level in deploying
and organizing the effective implementation of
fire prevention and fighting measures, in which
especially Pay special attention to the propaga-
tion and instruction of knowledge and skills on
fire prevention and fighting, the manipulation of
the use of fire prevention and fighting equipment,
the initial handling in case of fire and explosion.
In addition, it is necessary to pay more attention
to the organization of personnel, to add enough
officers to do fire prevention and fighting at the
commune level, to constantly improve capacity,
qualifications and capabilities adapt to the cur-
rent conditions and situations;
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— Police force for fire and rescue should ac-
tively coordinate with the University of Fire Pre-
vention and Fighting to study and develop guid-
ing documents on safety conditions safety and
techniques, fire and rescue tactics for household
houses, residential houses in combination with
production and business so that the Police of the
provinces and cities directly under the Central
Government can advise the People’s Committee
of the province. People of the same level shall
promulgate local regulations, standards and tech-
nical regulations for household houses, houses in
combination with production and business, suit-
able to the characteristics and actual conditions
of eachlocality. At the same time, continue to co-
ordinate with functional units of the Ministry of
Construction and the Ministry of Industry and
Trade to research and advise on the promulgation
of regulations on fire safety for separate houses,
houses in combination with production and
business; regulations on ensuring safety in the
management and use of electricity at households,
establishments, ... ; to guide and coordinate with
the commune-level People’s Committees to ef-
fectively and efficiently perform their state man-
agement responsibilities; organize professional
training courses for commune-level police in
order to improve their roles and responsibilities
in advising and organizing the implementation
of propaganda, guidance, management, inspec-
tion and handling of violations of regulations of
law. the law on fire prevention and fighting for
residential areas, households and establishments
under decentralized management [4].

3.2. Owners of business and production
households and individuals in the work of en-
suring safety in fire prevention and fighting

— Activelylearn legal regulations, knowledge
and basic skills on fire prevention and fighting

and rescue; take the initiative in contacting and
coordinating with the Fire Prevention, Fight-
ing and Rescue Police to receive guidance and
organize the implementation of conditions on
fire prevention and fighting safety as prescribed
by law; actively participate in propaganda and
training sessions on fire prevention and fighting
organized by local and local fire prevention and
fighting police agencies; participate in the move-
ment of all people for fire prevention and fighting
and rescue in the locality;

— Regularly self-inspect to promptly detect
and immediately remedy the causes and risks of
fire and explosion within the scope of their man-
agement; assume the situation, how to handle
when there is a fire or explosion incident, and dis-
seminate it to family members and people work-
ing at the facility to proactively handle when situ-
ations arise; equip themselves with means of fire
prevention and fighting and rescue and rescue on
the spot, perform well the inspection, preserva-
tion and maintenance work to ensure that these
means are always in good working order; must be
proficient in the use of equipped fire prevention
and fighting equipment and means of rescue;

— Disseminate, urge and remind family mem-
bers, employees and people around to comply
with the provisions of the law on fire prevention
and fighting and rescue;

— Implement safety conditions on fire pre-
vention and fighting according to the provisions
of the Law on Fire Prevention and Fighting and
the Law amending and supplementing a num-
ber of articles of the Law on Fire Prevention and
Fighting, Article 7 of Decree No.136/2020 /
ND-CP dated November 24, 2020 of the Gov-
ernment detailing a number of articles and mea-
sures to implement the Law on Fire Prevention
and Fighting and the Law amending and supple-
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menting a number of articles of the Law on Fire
Prevention and Fighting [3].

3.3. Technical solutions to ensure fire preven-
tion and fighting safety in houses in combina-
tion with business and production

— Regulations on escape routes:

« Clearance width of emergency exit is at
least 0.8 m, clearance height is at least
1.9 m.

« For a house with only one emergency
exit, a second escape route must be ar-
ranged by the stairs outside the house
or the ladder connecting the floors or
emergency exits such as the exit through
the balcony, the loggia, the entrance to
the yard roof or roof to have the ability to
escape to adjacent houses or safe areas.

« Houses with terrace floors must be well
ventilated and have access from the low-
er floors through fixed ladders; At the
door to the roof, if there is a door lock,
it must be designed so that it can be eas-
ily opened from the inside.

« Do not block the attic so as not to affect
the natural smoke escape. For houses
without floor vents or glazed, it is nec-
essary to design, install natural smoke
exit holes in the house through the roof
or release smoke directly to the outside
space at floors.

o The main door of the escape house must
use hinged doors. Houses with balconies
and loggias must ensure ventilation, not
cover balconies, loggias form rooms, do
not install iron cages, iron nets that ob-
struct escape and rescue people when
fires and explosions occur. . In case the
owner of the establishment, the owner
of the business household still wants to

equip rolling doors, sliding doors, iron
nets, etc. to protect the property, they
must commit to take responsibility for
fire prevention and fighting, and at the
same time, the rolling doors need to use
the type of rolling shutters. Doors with
self-collecting, quick-opening mecha-
nism, electric motor-operated doors
must have a UPS and mechanically open
quickly in case of power failure or motor
failure.

Rooms for storing flammable goods and
materials or using fire or heat sources
must be separated from emergency exits
on floors by non-combustible or inflam-
mable materials. In case the first floor
(ground floor) is used for production
and business, the emergency exit from
the upper floors down through the stairs
on the first floor must have a safe passage
separated from the production and busi-
ness areas. business with fire-blocking
walls, fire-blocking partitions, the width
of the aisles is not less than 0.8 m.

— Safety regulations in electrical installation

« The design, new construction or renova-

tion and repair of electrical systems in
houses must comply with regulations
QCVN12:2014/BXD - National tech-
nical regulation on electrical systems of
houses and public houses [7].

The electrical system must be designed
separately between areas; There must
be overload protection devices (fuses,
aptomats... ) for the common electrical
system of the building, each floor, each
branch and each large-capacity power
consuming device (air conditioner,
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electric stove, oven... ); when installing
additional power consuming devices, it
must be calculated so as not to overload
the power system.

« When storing, trading or producing

flammable goods inside the house,
electric tools and electrical equipment
must be used that are fire and explosion
safe; Electricity consuming equipment
installed in the warehouse must be con-
trolled by automatic switching devices
and placed outside the warehouse.

Do not install power lines and power-
consuming equipment on walls, walls,
ceilings, floors made of flammable mate-
rials; Installation of lighting bulbs must
be attached to specialized hangers, not
directly by wires.

Do not use combustible materials such
as paper, cloth, nylon... to cover the
electric shade; do not place flammable
substances close to electrical appliances
and appliances such as light bulbs, irons,
electric stoves, electrical outlets, electri-
cal panels...; do not plug the power cord
directly into the outlet; When connect-
ing wires, they must be staggered and
wrapped with insulating tape, do not
expose electrical wire connections, do
not use nylon to cover the connections.

— Safety regulations in management and use of
fire and heat sources:

« Do not arrange cooking and worshiping

places in production and business areas
containing flammable substances and
goods. The area for burning incense and
worshiping must ensure: walls and ceiling
must be made of non-combustible and in-
flammable materials, and a heat-reflecting

plate must be placed above the ceiling;
When lit, oil lamps, incense and candles
must be placed firmly on non-combustible
or difficult-to-burn materials. The cooking
area must be kept away from flammable
materials at least 0.7 m, if there is a fire-
proof insulation board, it is allowed to be
closer, but notless than 0.2 m. In case LPG
consuming equipment is used in the house
(gas stove): all electrical equipment in the
house must be installed atleast 1.5 m away
from the LPG bottle; install gas leak warn-
ing device in the area where the gas tank
and gas stove are located.

« When business and production condi-
tions use fire sources, heat sources, fire-
and heat-generating equipment, it is nec-
essary to arrange ways of combustible
materials, vehicles and tools containing
petrol, oil and flammable liquids. cars,
motorbikes... ) atleast 0.7 m, if there are
insulation panels to prevent fire, they are
allowed to be closer, but not less than
0.2 m; When business and production
conditions need to store gasoline, oil and
flammable liquids, they must be stored
in a well-ventilated place, away from
sources of fire and heat, away from direct
sunlight and not on the exits.

— Safety regulations in cargo arrangement:

« Sorting and preserving goods according
to each type, having the same properties
and characteristics, arranged goods must
be placed on shelves, shelves firmly, neat,
tidy, not obstructing the passageway,
emergency exit, especially the lobby, the
exit at the 1st floor.

« Combustible goods must be located at
least 0.7 m away from electrical equip-
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ment capable of generating heat such as
light bulbs, sockets, circuit breakers, etc.
Combustible or combustible goods
should be arranged in separate areas and
rooms, not mixed with other goods and
meet the requirements to prevent fire
spread, not arranged under the stairs.
Exclude conditions that can lead to
spontaneous combustion due to heat
generation, chemical reactions between
substances.

Failing to gather and arrange goods and
business materials on roads that obstruct
traffic and may affect the deployment of
firefighting, rescue and firefighting forc-
es, vehicles and equipment. each house.
The installation of signs and billboards
into existing houses must comply with
the law on advertising, comply with the
National Technical Regulation on con-
struction and installation of outdoor
advertising means QCVN17:2018/
BXD [6].

blankets, water containers just in service
activities, both serving fire fighting, ...)
in accordance with the scale, nature,
characteristics and purposes of use.

« Fire prevention and fighting means must
be stamped with inspection stamps and
periodically checked and maintained ac-
cording to regulations.

3.4. Local authorities, police at all levels
in the management of housing combined with
business and production in the area under their
management

— For the People’s Committees of districts and
communes:

« Perform state management of fire pre-
vention and fighting according to the
provisions of Article 52 of Decree No.
136/2020/ND-CP dated November
24,2020 of the Government detailing a
number of articles and implementation
measures. implementation of the Law
on Fire Prevention and Fighting and
the Law amending and supplementing
a number of articles of the Law on Fire

— Regulations on equipment for fire prevention
and fighting equipment:
o For business and production areas, the « Propagating, disseminating and guiding

Prevention and Fighting [3].

number of fire extinguishers must be
equipped to ensure the protection area
as prescribed in Section S of National
Standard TCVN3890:2009 Means of
fire prevention and fighting for houses
and works — equip, arrange, check and
maintain [S]. The maximum travel dis-
tance to the fire extinguisher is not more
than 20 m.

Equip and install local fire alarm equip-
ment, means of rescue and rescue (toxic
filter masks, self-rescue ropes, rope lad-
ders, common demolition tools, sheep

the implementation of fire prevention
and fighting safety work to households,
business households, organizations and
individuals concerned within the scope
of management responsibilities.

Inspect fire prevention and fighting
safety conditions for houses in combina-
tion with business and production in the
area under their management (except
for houses in combination with busi-
ness and production in Appendix III to
this Decree). No.136/2020/ND-CP);
handle violations of the law on fire pre-
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vention and fighting according to their
competence.
— For the Police and departments and branches:

« To assume the prime responsibility for,
and coordinate with relevant units in,
guiding, deploying and inspecting the
implementation of legal provisions,
standards, technical regulations and
leading and directing documents on the
protection ensure fire safety for housing
combined with business and production
of the local government; the implemen-
tation process, synthesize difficulties
and obstacles to propose the competent
authorities to amend and supplement
regulations accordingly.

« Perform the function of state manage-
ment of fire prevention and fighting
according to assignment and decen-
tralization; inspect the fire prevention
and fighting safety conditions for hous-
es in combination with business and
production in Appendix III of Decree
No. 136/2020/ND-CP in the locality;
handle violations of the law on fire pre-
vention and fighting according to their
competence.

« Coordinating with departments, agen-
cies, branches and People’s Committees
at all levels in their respective manage-

ment areas to organize propaganda and
guide the heads of households, business
households, organizations and individ-
uals to strictly observe regulations on
safety and security. complete fire preven-
tion and fighting for houses in combina-
tion with business and production.

« Departments, branches and Electricity
Company: According to their functions
and tasks, actively perform their respon-
sibilities and at the same time coordinate
closely with the Public Security and
People’s Committees at all levels to or-
ganize the implementation. implement
regulations on ensuring fire prevention
and fighting safety for houses in combi-
nation with business and production.

S. Conclusion of research problem

The type of housing in combination with
business and production in countries around
the world in general and in Vietnam in par-
ticular will develop strongly according to the
trend of the exchange market, buying and
selling goods and the needs of the people. Ac-
cordingly, the organization, management, and
strengthening of fire prevention and fighting
safety, especially the strict implementation of
the above solutions will contribute to ensur-
ing the sustainable development for this type
of establishment.
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COMPUTER DESIGNED SMALL MOLECULE
ACETYLCHOLINERASE INHIBITORS AS POTENTIAL
TREATMENT FOR ALZHEIMER’S DISEASE

Abstract. Alzheimer’s disease is a chronic illness that most commonly manifests in its victims as a
degeneration of their cognitive function and memory. It is also the most prominent cause of dementia.
Currently treatment of Alzheimer’s disease revolves around two major theories: Amyloid Aggregation
Hypothesis and the Cholinergic Deficiency Hypothesis. The Amyloid Aggregation Hypothesis focuses
on abnormally processed Amyloid Precursor Protein (APP) protein and neurotoxic A oligomers as
a result. In recent years, drugs aimed to eliminate AP oligomers from neurons were unable to meet
the desired clinical efficiency, and the Cholinergic Deficiency Hypothesis is now seen as a promising
potential alternative. This hypothesis focuses the treatment on enhancing the cholinergic pathway
centered around the neurotransmitter Acetylcholine (ACh), an important component in cognition,
learning and memory retention. This hypothesis attributes the neurodegeneration to the abnormal
activity of Acetylcholinerase (AChE), resulting in the dysfunction of the entire pathway. Small
molecule AChE inhibitors have been proven effective by multiple clinical trials as well as usage among
AD patients, but the process of discovering a new drug is long, complex and costly. Online web servers
dedicated to simulate compound-compound interaction and ligand design can serve as a highly cost
effective alternative. Using computer algorithms, potential drug candidates can be identified and pre-
tested efhiciently. In this study, 40 compounds potentially capable of inhibiting AChE are selected
using pharmacophore-based virtual screening. S compounds that are shown to have the lowest Gibbs
free energy (AG) values in docking simulations are chosen for further examination. These compounds
are: ZINC04716517, ZINC05514424, ZINC19877680, ZINC00754301, ZINC12925747 and
ZINC89735569, and they are assessed in terms of absorption, distribution, metabolism, excretion
and toxicity. This study follows the process of binding site identification, pharmacophore based virtual
screening, docking simulation, and drug-likeness prediction. Thcompounds identified can serve
as a starting point for future drug development aimed to create an effective cholinergic drug for
Alzheimer’s disease, and as an example to test the potential of computer-based drug design.

Keywords: acetylcholinerase inhibitors, drug for Alzheimer’s disease, Cholinergic Deficiency
Hypothesis, computer-based drug design.
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1. Introduction:

Alzheimer’s disease and dementia caused by
it manifest in patients as chronic losses of mem-
ory and degeneration of cognitive abilities that
greatly obstruct the livelihood of those affected.
It is one of the most prominent multifactorial
neural diseases. A report published in 2021 states
that more than 1 in 9 Americans (11.3%) suffer
from Alzheimer’s related dementia [1].

Two prominenthypotheses attempt to explain
the pathology of Alzheimer’s disease (Fig. 1): the
Amyloid Aggregation Hypothesis and the Cho-
linergic Deficiency Hypothesis. The Amyloid
Aggregation Hypothesis is centered around the
abnormal cleaving of amyloid precursor protein

APP processing under
normal condition

(APP). Under normal conditions, a-secretase
cleaves APP into APP secreted a (APPsa), a
neuroprotective compound that drives normal
neuron behavior and assists in learning as well as
memory retention, and a-C terminal fragments
(a-CTF). a-CTF is then cleaved by y-secretase
into APP intracellular domain(AICD), which is
also a neuroprotective compound that aids in
protein regulation [2] and fragments named p3.
However, in an Alzheimer affected brain, genetic
mutations cause APP to be abnormally cleaved
by B-secretase into APP secreted p (APPsf) and
B-C terminal fragments (f-CTF). 8-CTF is then
cleaved by vy-secretase into AICD and amyloid
B(AB), the main neurotoxic compound [3].

Alzheimer's affacted
APP processing

y-secretase i

Figure 1. Left: APP processing under normal conditions Right: APP processing in
Alzheimer’s affected brain that leads to neurotoxic AB oligomer formation

A B causes neuronal degeneration in three
ways in the Amyloid Aggregation Hypoth-
esis: they can aggregation and form neurotoxic
plaques that disrupt neuronal-signalling [4], they
can localize on the mitochondrial membrane and
disrupt the electron transport chain, causing oxi-
dative stress and in turn glucose hypometabolism

and mitochondrial dysfunction [ 5], and they can
cause hyperphosphorylation of the tau protein, a
microtubule-associated protein and result in mi-
crotubule dissociation in the neurons [6].
Despite its early inception since 1989, treat-
ments based on eliminating AP and Ap aggre-
gates faced numerous setbacks and lead to the
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theory being heavily challenged in recent years:
In 2018, Boehringer Ingelheim announced that
their compound BI 409306 (Fig. 2 A). did not
meet the efficiency end point in their phase 2
tests, in February that year, the data released by
Boehringer Ingelheim showed no difference be-
tween the drugged and the placebo group [7].
Subsequently, the development of this com-
pound was discontinued. Azeliragon is another
small molecule drug (Fig. 2B). It was discovered
by vIv. Therapeutics (formerly known as Trans-
Tech Pharma) and designed to inhibit the recep-
tor for advanced glycation end products(RAGE)
responsible for binding AP to form neural toxic

Q \)‘1\/\/0
| T,

A B

oligomers. This compound also failed to reach its
end point of slowing neural degeneration in the
participants in its phase 3 tests, resulting in the
company announcing the termination of further
development and testing near the end of 2020
[8]. Similar situation is observed in the testing
of Verubecestat (Fig. 2C). This is another small
molecule drug designed to inhibit BACE], the
P-secretase that cleaves the APP. Verubecestat
was discovered by Merck, during its phase 3
testing, the experimental groups scored worse
than the control groups on cognition function
tests and the development of this compound was

stopped [9].
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Figure 2. A: BI 409306; B: Azeliragon; C: Verubecestat

This study focuses on another prominent
theory: the Cholinergic Deficiency Hypothesis,
which is connected to the Amyloid Hypothe-
sis in multiple ways but focuses the treatment
on enhancing cholinergic neurotransmission
rather than eliminating AP. This hypothesis at-
tributes the cognitive decline to the degenera-
tion of cholinergic pathways (Figure 3), a type
of pathway crucial for the function of the cere-
bral cortex and the hippocampus [10]. Cholin-
ergic pathway starts when an action potential
reaches the synapse: membrane bound sodium
or energy dependent transporters transport
choline into the presynaptic cell, the choline
then reacts with Acetyl Coenzyme A (AcCoA)

to form acetylcholine (ACh), the most crucial
neurotransmitter found in this pathway. This re-
action is catalyzed by choline acetyltransferase
(CAT). The produced acetylcholine molecules
are stored in vesicles that prevent them from de-
grading. As calcium flows into the cell, they in-
teract with the vesicles and the ACh is released
into the inter-synaptic space. The neurotrans-
mitter then interacts with various receptors on
the postsynaptic membrane, which triggers re-
sponses that continue the impulse. Afterward,
acetylcholine is hydrolysed by acetylcholines-
terase (AChE) back into choline and acetyl, al-
lowing the synapse to reset and the choline to
be recycled [11].
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Synapse

Post Syntic
Membrane

ACh-receptors

Figure 3. Cholinergic pathway at the synapse under normal conditions

In an Alzheimer affected brain, although the
activity of AChE is decreased [12], its ability to
withstand lower pH and excess substrate is in-
creased [ 13]. Itis also observed that AChE accel-
erates the formation of neurotoxic AP aggregates
[14]. This leads to alack of ACh and the dysfunc-
tion of acetylcholine containing neurons. The re-
sulting degeneration of the cholinergic nervous
system has been a long standing observation in
the Alzheimer’s research community [15], and
is understood to contribute to cognitive decline
manifested in AD patients [16].

Numerous treatments have been developed
based on this hypothesis, with the most promi-
nent ones being Donepezil, Galantamine and Riv-
astigmine. Donepezil is an AChE inhibitor that is
absorbed through the guts and has been shown
to have little drug interactions [17]. According
to an extensive review that included 28 studies
for meta review, patients with mild to severe AD
scored better on Alzheimer’s Disease Assessment
Scale-Cognitive (ADAS-cog, S studies), Mini-
Mental State Examination (MMSE, 7 studies),

Severe Impairment Battery (SIB, S studies) and
Alzheimer’s Disease Cooperative Study activities
of daily living score for severe Alzheimer’s disease
(ADCS-ADL-sev, 3 studies) when administered
with 5/10mg capsules or 23mg oral formula-
tion. While no significant difference is observed
in terms of Neuropsychiatric Inventory (NPI, 4
studies), Behavioral Pathology in Alzheimer’s dis-
ease scale (BEHAVE-AD, 1 studies) or Quality
of Life (QoL, 2 studies). These studies were all
double-blind placebo-controlled, and all but one
lasted for six month or less. Donepezil groups also
experienced increases on the clinician-rated glob-
al impression of change scale (6 studies). How-
ever it should be noted that even though patients
that were administered 10mg Donepezil scored
slightly higher on cognitive tests, they sometimes
reported worse QoL (2 studies), experienced
more adverse effects and more have withdrawn
from treatment. As of those administered 23 mg
formulations, they reported no improvement in
cognitive test scores, while suffering worse nega-
tive effects [ 18] compared to lower dose groups.
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Donepezil can cause nausea, vomiting, diarrhea,
muscle cramps, pain, difficulty sleeping and hal-
lucinations [ 19], it has also been observed that for
patients with frontotemporal dementia, Donepe-
zil can worsen their symptoms [20].
Galantamine is another reversible, competi-
tive AChE inhibitor. It also possesses a second
mode of action, that being acting as an allosteric
modulator for nicotinic acetylcholine receptor
(nAChRs) [21], an important group of neuro-
receptors crucial for ACh reception on the post-
synaptic membrane [22]. Galantamine dem-
onstrated no clinically significant drug to drug
interaction and predictable side effects [23]. In
several random placebo-controlled, double blind
trials that lasted up to six months, Galantamine
was administered to patients in doses of 24mg/
day. This was observed to slow the progression of
the disease, as well as improve their ability to per-
form activities of daily living (ADL), significantly
compared to placebo groups [24]. Galantamine
can commonly cause nausea, vomiting, diarrhea,
stomach pain, loss of appetite, headache and oth-
er common side effects of cholinergic drugs [25].
Rivastigmine is a pseudo-irreversible inhibi-
tor of both AChE and butyrylcholinesterase
[26], a non-specific cholinesterase enzyme that
is capable of hydrolyzing many choline-based es-
ters. In another review that analyzed data gath-
ered from 13 randomized, double-blind, place-
bo-controlled trials that had durations ranging
from 12 to 52 weeks, the reviewer declared that
patients that received 6 to 12 mg/day orally or 9.5
mg/day transdermally returned better score in
the ADAS-Cog (6 studies), MMSE (6 studies),
Activity of Daily Living (6 studies). In the cli-
nician rated global impression of changes, more
in Rivastigmine groups reported improvements
(7 studies), while Neuropsychiatric Inventory-

Caregiver Distress (NPI-D) returned no change.
On the other hand, it is noteworthy that patients
who received rivastigmine are 2.01 times more
likely to withdraw from the experiment (7 stud-
ies) and 2.16 times more likely to experience
adverse effects (7 studies) [27]. The most com-
mon side effects of rivastigmine include nausea,
vomiting and dizziness [28], when administered
orally, its chances of causing adverse effects is
also higher than other similar drugs [29].

This study’s main objective is to identify
possible small molecule ligands that can inhibit
ACHE effectively and are likely safe for human
use. The results can serve as a pool of potential
candidates future AChE inhibitor studies can
be based upon to develop effective cholinergic
drugs for Alzheimer’s disease.

2. Methodologies

This study first identified the target molecule
ACHhE, after inputting its PDB code 3lii into vari-
ous binding site identification websites, a map of
potential binding sites was obtained. After this, a
new PDB code 4QWW that represents the two
polypeptide chains of the target molecule is ac-
quired, it is then entered into the PocketQuery
website to produce a list of potential pharma-
cophore features that can interact with AChE.
A certain number of these features are selected
in the website ZINCpharmer, and a list of mole-
cules containing these features is given. The most
reliable of these potential molecules are then put
into the docking simulator SWISSdock. Final-
ly, molecules that displayed the most favorable
results are checked by SWISSADME for their
safety and other properties.

2.1. PrankWeb

PrankWeb is a state-of-the-art online web
server that employs template-free machine learn-
ing methods to predict ligandability of com-
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pounds [30]. The algorithm views binding sites
as points placed on reachable protein surface, and
draws from lagandability results of compounds
in local chemical neighborhoods to produce
a map of point clusters on the target molecule
[31]. The website can also provide information
such as the amino acid sequence that composes
these potential binding sites and their reliability
displayed as probability scores.

The PDB code of AChE “3lii” was entered
into the search box and the results were gener-
ated after clicking “search” on default setting.

2.2. ProteinPlus-DoGSiteScorer

ProteinPlus is an advanced web server devel-
oped by the University of Hamburg that provides
an interface for analyzing binding sites, drug-
gability and protein-protein interactions [32].
The interface include a variety of tools for pre-
processing tasks, and for druggability of binding
sites, the website contain DoGSiteScorer: an al-
gorithm capable of analyzing the geometric and
physico-chemical properties of the binding sites
ProteinPlus identified and estimate druggabil-
ity for each of them [33]. ProteinPlus can also
provide information regarding the volume and
surface area of potential binding sites.

The same PDB code “3lii” was entered into
the search box of ProteinPlus and after clicking
“Go!”, the compound was mapped. DoGSite-
Scorer was then used by clicking on the option
and then “calculate”.

2.3. PocketQuery

PocketQuery is a web interface that allows us-
ers to simulate protein-protein interactions [34].
It estimates the druggability of a potential bind-
ing site based on estimated maximum cluster dis-
tance (Dist), the change of solvent accessible sur-
face (SASA) area upon complexation (ASASA),
percentage of the estimated change in respect to

the total possible SASA(ASASA% ), estimation of
the change in free energy in case of an interaction
between the target complex and an alanine muta-
tion (Rosetta Energy (AAG), the change of free
energy of a residue upon complexation (AG) and a
sequence conservation score. The website will pro-
vide alist of amino acids arrangement with the ap-
propriate pharmacophore features that allow them
to interact with the most druggable binding sites.

The new PDB code 4QWW was entered into
the PDB ID box and results are generated by hit-
ting the enter key on default setting. The results
were automatically arranged from the highest
score to lowest. The results were then exported
to other websites to be built upon by pressing the
export button and selecting the desired receiver.

2.4. ZINCpharmer

ZINCpharmer is an online interface that can
accept results from PocketQuery, it can search the
ZINC database for purchasable compounds using
the Pharmer pharmacophore search technology
[35]. A pharmacophore map describes the 3D
placement of pharmacophore features necessary
for interaction with the target compound. Once
the resultis imported from PocketQuery, the user
can select at least three pharmacophore features
to preserve and ZINCpharmer will return a list
of all molecules with these properties, and the
ones with the lowest root-mean-square deviation
(RMSD) can be chosen for further analysis.

Desired pharmacophore features were se-
lected in the pharmacophore tab, and the list
was generated after clicking on “submit query”.
If no molecule can be identified, the website will
return “no hits”

2.5. SWISSdock

SWISSdock is an online web server that sim-
ulates the docking of small molecules on target
compounds [36] developed by the Swiss Insti-
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tute of Biolnformatics. Utilizing the EADock DSS
engine [37], it is able to predict the Full Fitness
of the docking as well as the Gibbs free energy A
(kcal/mol) of the process. To do this, the target
molecule must be selected under the target selec-
tion box, this was done by entering the PDB code
“3lii” or uploading the protein file directly by click-
ing the “upload file” button. When the setup was
complete, the ligand was then selected by entering
the ZINC IDs obtained from ZINCpharmer or
uploading a mol2 file directly. The simulation was
initiated by clicking “Start Docking” and results
were returned after the process ended.

2.6. SWISSADME

Potential candidates for drugs need to undergo
extensive virtual screening to be considered quali-
fied for testing, SWISSADME can serve as a good
starting point of this process. Also a web server de-
veloped by the Swiss Institute of Biolnformatics,
SWISSADME assesses potential drug candidates
in terms of absorption, distribution, metabolism
and excretion by modeling their physicochemi-
cal properties, pharmacokinetics, drug-likeness
and medicinal chemistry friendliness [38]. The
website can then provide extensive information
including lipophilicity, solubility, gastrointestinal,

To use this website, a list of simplified mo-
lecular-input line-entry systems (SMILES) of
the ligand provided by the ZINC database was
entered into the SMILES box, and the specifics
were returned after clicking the “Run” Button.

2.7. ADMETlab 2.0

ADMETlIab 2.0 is a recently released web-
server for the predictions of pharmacokinetics
and toxicity properties of drug candidates. It ana-
lyzes 17 physicochemical properties, 13 medici-
nal chemistry properties, 23 ADME properties,
27 toxicity endpoints and 8 toxicophore rules of
any given compound [39]. ADMETIab 2.0 em-
ploys a multi-task graph attention framework to
predict the chemical’s absorption, distribution,
metabolism, excretion and toxicity properties,
and can serve as a follow up filter after SWIS-
SADME.

To use this website, the same SMILES used
in SWISSADME is entered into the search box
under the “ADMET screening” option and the
website will look for the compound after the
“submit” button is clicked. When the result is
found, clicking on the “View” button will display
the specifics.

3. Preliminary results

Blood-Brain Barrier permeance, etc. 3.1. PrankWeb
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Pocket rank: 1
Pocket score: 28.54
Probability score: 0.931
AA count: 24
Conservation: 0.769

Figure.4: Results of PrankWeb investigation using PDB code
“3lii”: potential binding site displayed in blue
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Results returned from PrankWeb showed
several possible binding sites, the one with
the highest pocket score of 28.54 is displayed
in blue (Fig. 4). This pocket have the follow-
ing residue: Tyr B72, Asp B74, Leu B76, Thr
B83, Trp B86, Asn B87, Gly B120, Gly B121,
Tyr B124, Ser B125, Gly B126, Tyr B133, Glu
B202, Ser B203, Trp B286, Ser B293, Val B294,
Phe B297, Tyr B337, Phe B338, Tyr B341, His
B447 and Gly B448.

@ Name ™ Volume A R surface A2
@ P 77.85 643.47
PO 796.24 650.39
& P2 399.6 623.86
@® P33 355.84 5376

3.2. ProteinPlus-DoGSiteScorer

ProteinPlus and DoGSiteScorer returned a
list of potential binding sites (Fig. S) ranked by
their druggability score. This score as well as the
simple score is estimated based on their volume/
depth, surface area and amino acid composition,
binding sites that are optimized in these aspects
for small molecule interaction are considered
more “druggable” and can serve as a basis when
selecting ligands. Large pocket volume, high
depth and high apolar amino acid ratio is con-
sidered favorable in the scoring.

®- Drug Score N simple Score
0.83 0.49
0.82 0.44
0.81 019
0.74 013

Figure 5. Results of ProteinPlus investigation using PDB code “3lii”:
potential binding site displayed in colors corresponding to the chart
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Binding site P_1 has the highest druggabil-
ity score and simple score, it has 13 hydrogen
bond donors, 60 hydrogen bond acceptors, 39
hydrophobic interactions with a hydrophobic-
ity ratio of 0.35, an apolar amino acid ratio of
0.38 and a polar amino acid ratio of 0.51. The
amino acid descriptors of this site are the fol-
lowing: 2 Ala, 1Arg, 1Asn, 1Asp, 1Gln, 1Gluy,
6Gly, 1His, 11le, 1Leu, 3Phe, 1Pro, 3Ser, 1Thr,
4Trp, 7Tyr, 2Val. The similarity in both location
and composition between results returned by
PrankWeb and ProteinPlus is very noteworthy,
it strongly implies that this binding site can be
drugged reliably.

3.3. PocketQuery

In order to account for the two chains that
comprise an AChE molecule, a new PDB code
must be obtained in order for Pocket Query to
return a comprehensive list that includes ligand
for both chains. Although the composition of
the two chains, C and E, is the same, the fea-
tures’ placement are inverted spatially, this will
require different ligands. This new PBD code

is “4QWW”. After the list is generated, two re-
sults with the highest score for both chains are
selected for further development. Their specif-
ics are displayed in (Table 1) and their image in
(Figure 6). The distance indicates the longest
distance in Angstroms between the centroids
of any two residues in the cluster. The Avg
AG indicates the change in Gibbs free energy
upon interaction, a more negative value is as-
sociated with exergonicity and thus higher af-
finity. The Avg AAG indicates the per-residue
change in free energy of complexation between
this complex and an alanine mutant, this is an
indicator for the stability of the target mol-
ecule upon interaction, a more positive value
implies stronger stabilizing effect of the ligand.
Avg ASASA indicates the change in solvent ac-
cessible surface area upon complexation, and
Avg ASASA% is the percentage of said change.
The score is a per-residue conservation score,
a higher score suggests a residue is more con-
served. This study ranked results based on the
score.

Table 1.- Specifics of top 2 results targeting both C and E chains of AChE
obtained from PocketQuery using the new PDB code “4QWW”

) ) . Dist Avg AG Avg Avg
Cluster | Chain | Size | Residue (Angstroms) | (kcal /mol) Avg AAG ASASA | ASASA% | S€ore
1 2 3 4 S 6 7 8 9 10
Tyr 90
1 c | 2 22 73544 | —4.115 0 [111.715] 69.5  |0.986921
His 93
Tyr 90
2 C 3 | His93 7.3544 -3.64 0 93.8933 | 58.7333 [0.984095
Met 95
Tyr 90
3 E 2 - 7.3511 -3.975 -1.40485(110.58 | 68.85 0.981743
His 93
Tyr 90
E 3 | His93 7.3511 -3.54333 | -0.87113 |93.3433 | 58.4333 |0.981391
Met 95
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Figure 6. Images of top 2 results targeting both C and E chains of AChE
obtained from PocketQuery using the new PDB code “4QWW”
(Top Left: cluster 1, Top Right: cluster 2, Bottom Left: cluster 3, Bottom Right: cluster 4)

3.4. ZINCpharmer

A total number of 40 potential ligands are
selected from the list of hits returned by ZINC-
pharmer, 20 from each chain. All hits with root
mean square deviation (RMSD) lower than
0.1S are considered. The hit groups and their re-
spective pharmacophore features are displayed
in the following table (Table 2). During the
molecule selection process several molecules
possess identical main structure with differing
side chains, these molecules are marked with a
special symbol next to their name (*,%, #, **, ##,
@, &). Furthermore, due to the similar nature
of the C and E chain within AChE, molecules
that appeared in both the C and E chain’s hit
group are also considered due to their more

versatile bonding capabilities. This is reflected
in the “1&3 shared” and the “2&4 shared” sec-
tions of the table. This table includes the mol-
ecule’s Root Mean Square Deviation(RMSD),
which indicates the level of similarity between
the hit result’s pharmacophore features and the
original pharmacophore features’ positions. It
also includes mass and the number of rotatable
bonds(RBnd). Lastly, some hit molecules are
not recognized by SWISSdock, the next web-
site used to evaluate the compounds, they are
marked with a “-”
Replacements were found for the unrecognized
molecules, and they are marked with a “+” in
front of their code name. All the hit results are

displayed in (Table 2).

in front of their code name.

145



Section 8. Pharmaceuticals

Table 2.— Pharmacophore Features preserved for each cluster and
the respective hit groups returned by ZINCpharmer

Cluster Pharmacophore Feature Name RMSD | Mass | RBnds
1 2 3 4 S 6
1 Aromatic (x: 17.90 y: -94.68 z: —=15.15) ZINC32795055 0.001 | 403 9

Radius: 1.10 ZINC02121625* 0.001 382 8
Hydrophobic (x: 17.90y: -94.68 z: ~15.15) | -ZINC90058378 0.001 | 373 15
Radius: 1.00 -ZINC00526453* | 0.001 | 337 4
Aromatic (x: 18.15 y: —99.07 z: —10.26) ZINC00704447* 0.001 | 367 8
Radius: 1.10 -ZINC05504427* | 0.001 | 367 S
Hydrophobic (x: 18.15y: =99.07 z: ~10.26) | ZINC12520179% | 0.001 | 43S 8
Radius: 1.0 ZINC04716517# 0.001 | 358 10
I:Il)rfgc;%en Acceptor (x: 15.15y: -98.65 z: ZINCO4716528% | 0001 | 344 9
Radius: 0.50 ZINC02559431# 0.001 | 284 S
+ZINCO05514427* | 0.001 | 367 S
+ZINC00754339* | 0.001 | 352 6
+ZINC12564214% | 0.001 | 387 8
2 Aromatic (x: 17.90 y: -94.68 z: —15.15) ZINC00426771** | 0.004 | 317 6
Radius: 1.10 ZINC04733773** | 0.004 | 382 S
Hydrophobic (x: 17.90 y: —-94.68 z: =15.15) | ZINC35992586## | 0.004 | 429 14
Radius: 1.00 ZINC36006321## | 0.004 | 414 13
Aromatic (x: 18.15 y: =99.07 z: —10.26) ZINC35988983## | 0.004 | 414 13
Radius: 1.10 ZINC00947297 0.005 | 387 7
Hydrophobic (x: 18.15y: =99.07 z: -10.26) | -ZINC71803034 | 0.005 | 461 11
Radius: 1.00 ZINC12752034 0.006 | 491 10
_Hf;;‘gh"b“ (x: 18.82y: ~103.03 2: _ZINC91334479 | 0.006 | 339 | 10
Radius: 1.00 ZINC02072375 0.006 | 392 4
+ZINCS58008912@ | 0.007 | 418 8
+ZINC72048214@ | 0.007 | 368 9
3 Aromatic ZINC13595266 0.001 | 394 7
(x: 18.44y: —19.89 z: -22.08) ZINCS7503878 0.001 | 342 10
Radius: 1.10 ZINC00754301* 0.001 | 352 6
Hydrophobic ZINC19877680 0.001 | 497 12
(x: 18.44 y: ~19.89 z: —22.08) ZINC00704450* | 0.001 | 367 | 8
Radius: 1.00 -ZINC94714412 0.001 | 301 S
Aromatic ZINCO05514423* 0.002 | 367 S
(x:18.88 y: ~15.52 2: ~26.96) ZINC02121626* | 0.002 | 382 | 8
Radius: 1.10 ZINCO05514424" 0.002 | 367 S
Hydrophobic ZINCO05464835* 0.002 | 380 8
(x:18.88y: -15.52 z: —26.96) +ZINC02978390 | 0.002 | 403 4
Radius: 1.00

146




COMPUTER DESIGNED SMALL MOLECULE ACETYLCHOLINERASE INHIBITORS AS POTENTIAL TREATMENT FOR ALZHEIMER'S DISEASE

1 2 3 4 S 6
3 Hydrogen Acceptor
(x:16.25y: -15.95 z: -26.24)
Radius: 0.50
4 Aromatic -ZINC12300610 0.005 | 416 10
(x: 18.44y: -19.89 z: -22.08) ZINC84746894 0.005 | 304 9
Radius: 1.10 -ZINC73260184 0.006 | 360 6
Hydrophobic -ZINC08320022 0.006 | 386 7
(x: 18.44y: -19.89 z: -22.08) ZINC69518069 0.006 | 333 8
Radius: 1.00 ZINC17295117 0.006 | 484 9
Aromatic -ZINC08809977 0.007 | 308 S
(x: 18.88y: ~15.52 z: -26.96) ZINC91839326& 0.007 | 375 10
Radius: 1.10 ZINC79504196& 0.007 | 374 10
Hydrophobic ZINC26534127 0.007 | 448 10
(x: 18.88y: —15.52 z: -26.96) +ZINC12925747 0.008 | 452 10
Radius: 1.00 +ZINC12072317 0.008 | 333 3
Hydrophobic +ZINC35973602 | 0.008 | 339 9
(x:19.47 y: =11.50 z: -23.40) +ZINC14963127 0.008 | 375
Radius: 1.00
ZINC95358168 0.073 | 381 6
1&3 ZINC89735569 0.092 | 340 6
Shared ZINC90851227A 0.109 | 352 6
ZINC90852790" 0.11 338 6
-ZINC95084748 0.068 | 426 10
-ZINC69917631$ 0.071 344 4
-ZINC94145307! 0.078 | 314 8
-ZINC94145311! 0.078 | 328 9
2&4 ZINC69919088$ 0.085 | 324 6
Shared ZINC69919500$ | 0.086 | 310 5

+ZINC72430491 0.088 | 379 11
+ZINC92729473 0.096 | 328 4
+ZINC72278670 0.097 | 310 4
+ZINC80578006 0.102 | 319 9

3.5. SWISSdock

Hit results from ZINCpharmer were entered
into SWISSdock, and the website returned the
estimated Full Fitness as well as AG of the in-

teraction; they are listed in the following table
with their corresponding molecule names. This
study primarily focused on AG, which measures
the binding affinity from an ergonomics perspec-
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tive. The lower this value is, the more exergonic
the reaction is, and the more likely it will hap-
pen spontaneously. All the results are displayed
in (Table 3), molecules with desirable AG are
marked with a “+” after their name, these will be

the molecules for further screening. Images of the

simulated docking are compiled in (Figure 7),

the final candidate molecules’ structures are

shown in (Figure 8).

Table 3.- The results of the docking simulations for every hit molecule

returned by SWISSdock with the pdb file “3lii” assigned as target

Cluster 1 Name Full Fitness | Estimated AG cluster 2 Name: Full Fitness | Estimated AG
(kcal/mol) | (kcal/mol) (kcal/mol) (kcal/mol)
ZINCO04716517+ | —1847.76 -9.27 ZINC12752034 -1647.07 - 825
ZINCO02121625 - 1812.98 -8.24 ZINC58008912 -1873.39 -8.22
ZINC04716528 -1897.98 -8.12 ZINC00426771 -1877.2 - 8.16
ZINCO00754339 -1827.51 -7.94 ZINC02072375 -1814.71 - 8.07
ZINC12520179 - 1861.25 -7.79 ZINC36006321 - 1844.57 -7.95
ZINC05514427 - 1803.95 -7.78 ZINC72048214 - 1847.41 -79
ZINC02559431 -1932.59 -7.75 ZINCO04733773 - 1813.45 -7.75
ZINCO00704447 - 1824.89 -7.59 ZINC35988983 - 1849.92 - 7.64
ZINC32795055 - 1852.12 -7.55 ZINC00947297 - 1817.68 -7.84
ZINC12564214 | —1860.45 -741 ZINC35992586 - 1848.28 -7.53
ZINC19877680+ | — 1800.04 -9.21 ZINC12925747+ - 1825.17 -9.13
ZINCO05514424+ | - 1811.58 -9.17 ZINC12072317 - 1871.05 -8.75
ZINCO00754301+ | —1829.6 -9.03 ZINC91839326 -1902.17 - 8.37
ZINCO02121626 - 1806.79 -8.62 ZINC14963127 - 1829.82 -8.02
ZINC05514423 - 1810.65 -8.51 ZINC26534127 -1796.52 -8
ZINC05464835 - 1832.54 -8.18 ZINC69518069 - 1836.26 -7.99
ZINC13595266 —1847.22 -7.77 ZINC17295117 -1892.00 -7.95
ZINC02978390 - 1824.7 -7.65 ZINC79504196 -1903.64 -791
ZINC00704450 - 1833.37 - 742 ZINC84746894 - 1878.97 -7.61
ZINCS7503878 - 1820.24 -7.31 ZINC35973602 - 1856.42 -7.54
ZINC95358168 -2072.35 -8.35 ZINC72430491 -1893.38 - 8.05
ZINC89735569+ | —1866.8 -9.28 ZINC69919500 -1667.42 -7.69
ZINC90851227 -1898.1 - 8.69 ZINC69919088 -1671.89 - 7.66
ZINC90852790 -1892.89 -8.94 ZINC92729473 - 1864.17 -7.54
ZINC72278670 - 1660.62 -7.54
ZINC80578006 -1961.11 -7.52
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ZINC05514424

ZINC04716517

ZINC19877680

)
oA TR

Figure 7. Images of the predicted docking interaction between the target molecule
and the selected compounds with the lowest resulting AG (>-9 kcal/mol)

ZINC05514424

0,/
~N+

N

ZINC89735569

g

ZINC04716517

ZINC19877680

Figure 8. The structures of the final candidate molecules
that are selected for further virtual screening
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3.6. Swissadme

SWISSADME returns 7 characteristics of the
compounds: its molecular weight, its Lipophi-
licity in MLogP, its number of hydrogen bond
donors and acceptors, and its water solubility cal-
culated by Estimated Aqueous Solubility(ESOL)
and two other methods: one developed by
Jogoth Ali, Patrick Camilleri, Marc B Brown, An-
drew ] Hutt, and Stewart B Kirton [41; 42] (Ali),
and another developed by SILICOS-IT. SWIS-
SADME assesses the compound’s conformity to

Lipinski’s rule of five, which gives requirements
in five areas. Any potential drugs must meet them
to be considered acceptable; this is reflected in
the “Requirements” row. SWISSADME also
gave estimated gastrointestinal absorption rate
and Blood Brain Barrier(BBB) permeance. This
study aims to develop drugs with goals that re-
quire them to reach the brain, so being Blood
Brain Barrier permeant is considered favorable.
All characteristics are displayed in (Table 4) and
(Table S).

Table 4. — compound characteristics returned by SWISSADME
after entering their respective SMILE codes

INETIRY
5E | Sma| eS| €5 |% 2
_ o = = S Log$
B | =9 |8 3| 88 |& .8 8
Name: 32| ES | 28| B8 |55 LosS | Logd figuicos
TE| &3 || &I | S| (EBsoL) | (AL)
S| &S| 5| °F |28 — IT)
§ a3 7| & & S o 2
Z Z /R
Moderate- |Moderate- |Poorly
ZINC04716517| 358.34 | 040 | 1 7 O |y soluble [y soluble |soluble
M 1
ZINCO5514424| 367.3 | 134 | 3 0 |Soluble |Soluble | Moderately
soluble
Poorly Poorly
ZINC19877680| 495.6 | 3.97 1 0 Insoluble
soluble soluble
Vi M |
ZINC00754301 | 352.38 | 074 | 3 0 |Soluble | o) oderately
soluble  |soluble
ZINC12925747| 451.54 | 047 | 0 0 |Soluble |Soluble | oY
soluble
ZINC89735569 | 33847 | 0.37 0 0 Moderate- |Moderate- | Moderately
ly soluble |ly soluble |soluble
Requirements: | <500 | <415 | <S§ <10 <2
Table 5.— Additional predictions returned by SWISSADME
Name: Lipinski Drug- Gastrointestinal Blood Brain
ame: likeness: Absorption: Barrier(BBB) permeant:
1 2 3 4
ZINCO04716517 Yes High No
ZINCO05514424 Yes High No
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1 2 3 4
ZINC19877680 Yes High Yes
ZINC00754301 Yes High No
ZINC12925747 Yes High No
ZINC89735569 Yes High Yes

3.7. ADMETIab2.0 ATP-binding cassette (ABC) transporters super-

ADMETIab2.0 gives comprehensive pre-
dictions in all five areas of pharmacokinetics. In
absorption, the server predicts the compound’s
Caco-2 permeability in log cm/s. The human co-
lon adenocarcinoma cell lines (Caco-2) is a cell
line found in the human intestines, and is com-
monly used to assess the gastrointestinal absorp-
tion of drug compounds. The optimal range for
this section is > —5.15. Madin-Darby Canine
Kidney cells (MDCK) is an in vitro model for
assessing potential drug compounds’ uptake ef-
ficiency, and is measured in cm/s. High passive
MDCK permeability is considered favorable for
this study. Pgp inhibitor and substrate refers to the
P-glycoprotein, a crucial efflux transporter in the

family. Pgp-inhibition could lead to drug accumu-
lation inside the cell and cause adverse effects, so
being an inhibitor is considered unfavorable. On
the other hand being a substrate could lead to too
little compounds present in the cells and weaken
potency, soitis also considered unfavorable. These
sections are measured in possibilities out of 1.
The probability of Human Intestinal Absorption
(HIA) being lower than 30% is also predicted,
and lower possibility is considered to be favorable.
Lastly, The probability of the human oral bioavail-
ability F% being lower than 20% is predicted, and
lower possibility is considered to be favorable. All
predictions in the absorption section are displayed
in (Table 6).

Table 6.— Absorption characteristics of the compounds predicted by ADMETlab 2.0

Human Intes The human
Caco-2 MDCK Per- ng.-lnhlb- Pgp-sub- tinal Absorp- or.al bfo'-
Names: Perme- meabilit itor strate tion (HIA) < availability
| ability Y (possibility| (possibility .| F%<20%
(cm/s) 30% (possibil- o
(log cm/s) outofl) | outofl) |, (possibility
ity out of 1)
out of 1)
ZINCO04716517 -4.814 3.5x10°° 0.1-0.3 0.7-0.9 0-0.1 0-0.1
ZINC05514424 -5.470 2.1x10°° 0-0.1 0-0.1 0-0.1 0-0.1
ZINC19877680 -8.323 1.6x10°° 0.9-1 0-0.1 0-0.1 0.5-0.7
ZINC00754301 -5.489 1.2x10°° 0-0.1 0-0.1 0-0.1 0-0.1
ZINC12925747 - 5.693 1.5x10°° 0.3-0.5 0-0.1 0.9-1 0.9-1
ZINC89735569 -35.020 3.3x10°° 0.9-1 0-0.1 0-0.1 0.7-0.9
Low:
<2x10°°
. Medium:
Optimal Range: >-5.1§ 920 % 10-6 low low low low
High:
>2x10°°
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In the distribution section, ADMETIab 2.0
predicts the Plasma Protein Binding rate of the
compounds, which reflects the molecule’s ability
to bind to proteins in the plasma, and is measured
in percentage. The optimal range is =< 90%. AD-
METIab also predicts the volume distribution,
which is measured in L/kg. This parameter con-
nects the administered dose with the actual ini-
tial concentration present in the circulation, with

the optimal range being 0.04 ~20. The probabil-
ity of the compound penetrating the Blood Brain
Barrier is also predicted as possibilities out of 1,
higher possibility is considered favorable, in line
with SWISSADME. Lastly, ADMETIab 2.0 pre-
dicts the amount of molecules unbound in the
plasma in percentage form. The optimal range
for this parameter is >= 5%. All predictions in
the absorption section are displayed in (Table 7).

Table 7.- Distribution characteristics of the compounds predicted by ADMETIlab 2.0

Names: Plasma Protein | Volume Distribu- Ii t);(::z;:;nL](})agggl; Fraction un-

Binding (PPB) | tion (VD) (L/kg) | 1 (possibility out of 1) bound in plasma
ZINC04716517 80.637% 0.668 0-0.1 18.236%
ZINCO05514424 91.474% 0.448 0.1-0.3 5.863%
ZINC19877680 98.751% 1.735 0.1-0.3 1.165%
ZINC00754301 88.287% 0.791 0.7-0.9 11.535%
ZINC12925747 88.828% 1.358 0.7-0.9 10.825%
ZINC89735569 81.768% 2.317 0.9-1 22.456%
Optimal Range: =< 90% 0.04 ~ 20 high >= 5%

In the metabolism section, ADMETIab 2.0
predicted the compounds’ interaction with 10
isozymes from the human cytochrome P450
family. These are CYP1A2, CYP2C19, CYP2C9,
CYP2D6, and CYP3A4; they metabolize most

known drugs. Inhibition of these isozymes are
considered unfavorable while being a substrate
is considered favorable. The prediction is mea-
sured in possibilities out of 1. All the results are
displayed in (Table 8).

Table 8.— Metabolism characteristics of the compounds
predicted by ADMETIab 2.0 (Possibility out of 1)

J519¢ 38 5828|2888 5¢% 28| 32¢

O E|O3& E.E Ea OE| OB|OE|CB|OE| OE
ZINC04716517/0.7-0.9| 0.9-1 [0.5-0.7[0.3-0.5/0.5-0.7| 0.9-1 0.5-0.7| 0.9-1 [0.7-0.9]0.3-0.5
ZINC05514424(0.1-0.3|0.7-0.9{0.1-0.3 | 0-0.1 |0.5-0.7[0.7-0.9| 0-0.1 |0.3-0.5]0.1-0.3|0.5-0.7
ZINC19877680(0.1-0.3| 0.9-1 |0.5-0.7/0.7-0.9/0.1-0.3|0.5-0.7|0.7-0.9| 0.9-1 |0.1-0.3| 0.9-1
ZINC00754301[0.1-0.3| 0.9-1 [0.1-0.3]0.5-0.7|0.3-0.5]0.7-0.9| 0-0.1 |0.7-0.9]0.1-0.3|0.5-0.7
ZINC12925747/0.1-0.3|0.1-0.3]0.7-0.9 | 0-0.1 |0.7-0.9]0.3-0.5]0.1-0.3/0.1-0.3| 0.9-1 |0.7-0.9
ZINC89735569|0.7-0.90.3-0.5 | 0.7-0.90.3-0.5 ] 0.1-0.3| 0-0.1 | 0.9-1 |0.7-0.9]0.7-0.9]0.5-0.7

In the excretion section, ADMETIab 2.0 pre-
dicted the compounds’ clearance from the body,
measured in ml/min/kg, higher value in this sec-

tion is considered favorable. The results are dis-

played in (Table 9).
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Table 9.—- Excretion characteristics of the
compounds predicted by ADMETlab 2.0

favorable as hERG blockers can obstruct cardiac
function. The human hepatotoxicity(H-HT)
indicates risk of liver injury, lower possibility is

considered to be favorable. Drug-induced liver

injury (DILI) also tests for risk of liver injury, and

lower possibility is also desired. AMES Toxic-

ity indicates risk of mutagenicity, lower possibil-

Names: Clearance (ml/min/kg):
ZINC04716517 7.731
ZINC05514424 1.554
ZINC19877680 13.199
ZINC00754301 2.118
ZINC12925747 8.183
ZINC89735569 7.481

High: > 15 ml/min/kg
Optimal Range: | Medium: 5-15 ml/min/kg
Low: < S ml/min/kg

In the toxicity section, ADMETIlab 2.0 as-
sessed the selected compounds and scored them
in 8 categories. First, the algorithm assessed the
possibility of the compound being a human ether-
a-go-go-related gene (hERG) blocker. This gene
encodes a voltage gated potassium pump that
plays a role in cardiac depolarization and repo-
larization. Lower possibility is considered to be

ity is considered to be favorable. Rat Oral Acute
Toxicity section predicts the chance of less than
500 mg/kg drug causing acute toxicity in mam-
mals, FDA maximum daily dose(FDA MDD) pre-
dicts the chance of the maximum recommended
daily dosage beingless than 0.011 mmol/kg. These
two assessments could serve as references for dos-
age calculations in the future. Lower possibility is
favored in these two sections. Lower possibility is
considered to be favorable for the Carcinogenicity
and the Respiratory Toxicity section. All toxicity
predictions are displayed in (Table 10).

Table 10.— Toxicity characteristics of the compounds
predicted by ADMETIlab 2.0 (Possibility out of 1)

hERG AMES Rat Oral FDAMDD < | Carci- | Respi-

Names: Block- | H-HT | DILI | Toxic- |Acute Toxicity| 0.011 (mmol/ | noge- | ratory

ers ity |<500 (mg/kg)| kg-bw/day) | nicity | Toxicity

ZINC04716517| 0-0.1 |0.1-0.3|0.7-0.9]0.1-0.3 0.1-0.3 0.1-0.3 0-0.1 | 0.3-0.5
ZINC05514424| 0.1-0.3 |0.7-0.9| 0.9-1 | 0.9-1 0.7-0.9 0.9-1 0.5-0.7] 0.9-1
ZINC19877680| 0.7-0.9 |0.1-0.3|0.3-0.5 | 0.3-0.5 0.3-0.5 0.9-1 0.3-0.5] 0.3-0.5
ZINC00754301| 0-0.1 | 0.9-1 | 0.9-1 | 0-0.1 0.5-0.7 0.9-1 0.1-0.3| 0.9-1
ZINC12925747| 0.1-0.3 |0.1-0.3]0.7-0.9| 0-0.1 0.3-0.5 0-0.1 0.5-0.7| 0.9-1
ZINC89735569| 0.1-0.3 | 0.9-1 |0.3-0.50.7-0.9 0.1-0.3 0.7-0.9 0.7-0.9] 0.5-0.7

4. Discussion

Acetylcholinesterase (AChE) based treat-
ment has been proven to be an effective way to
treat Alzheimer’s disease by several clinically
proven drugs. Its inhibition in patients with
mild to severe Alzheimer’s has been observed
to improve their short (up to 24 weeks) and
long (up to 1 year) term cognitive abilities [40].
However, AChE inhibitors available on today’s

market commonly suffer from limitations that
include gastrointestinal toxicity, which signifi-
cantly limits their administration and thus ef-
fects. Furthermore, reversible inhibitors such as
Donepezil and Galantamine are also associated
with short effect durations, as their binding with
AChE hydrolyzes within minutes. While irre-
versible or pseudo-irreversible inhibitors such as
Rivastigmine are observed to have a considerably
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higher rate of causing adverse effects in patients.
Itis due to these limitations and today’s growing
Alzheimer’s-affected population that new, better
inhibitors are urgently needed.

However, finding a compound that can serve
as a starting point for the development of new
treatment methods can be a challenging task, as
it is extremely labor intensive and time consum-
ing. Traditional manual search methods can fail
to deliver candidates in the needed quantity and
quality. Furthermore, the high costs that com-
monly came with long periods of research made
therapeutic drug developments unaffordable for
many institutions. Web server based computa-
tional methods and virtual screening tools present
an excellent alternative to this challenge. They are
fast, precise and benefit from a vast array of online
databases, and as a result can quickly isolate mol-
ecules with the desired characteristics. This study
employed several such online tools, combining
pharmacophore based virtual screening, docking
simulation, and ADMET predicting tools to re-
turn a pool of candidate molecules for new AChE
inhibitors. Pharmacophore-structure-based tools
are especially practical in this context due to their
ability to isolate structures that can bind to fea-
tures on the surface of the target molecule.

Potential ligand binding sites on AChE are
initially identified by ProteinPlus-DoGSite-
Scorer and PrankWeb, two unique web serv-
ers with different algorithms. The two results
combine to obtain locations of potential bind-
ing sites with improved precision and reliability.
PocketQuery is then used to obtain structures
that can best bind to the target molecule. As
AChE has multiple chains in its structure, two
chains, C and E, are considered in this process.
PocketQuery returns a score that indicates the
suitability of the structures returned as a start-

ing point of inhibitor design, and C and E chain
based structures have the highest score, thus they
are chosen. The structures are then exported to
ZINCpharmer for further development. Each
structure comes with a set of pharmacophore
structures that allow their interaction with the
target molecule, and they are selected in ZINC-
pharmer to be preserved in the final molecules.
ZINCpharmer then attempts to find molecules
in the ZINCdatabase that contains these fea-
tures and returns a list. Molecules with the low-
est RMSD from that list are then selected for
docking. A total of S0 molecules are found and
docked, including 10 that occurred in both the
C and the E chain list. In the subsequent docking
simulation, ZINC04716517, ZINC05514424,
ZINC19877680,ZINC00754301, ZINC12925747
and ZINC89735569 displayed the lowest AG
values (<-9 kcal/mol). This indicates that they
potentially can form strong bonds with AChE
and could therefore be stronger inhibitors.

The most common causes of failure in today’s
therapeutic drugs are undesirable pharmacoki-
netics and toxicity. Therefore it is important for
the drug candidates to undergo extensive virtual
screening that examines their physicochemical,
pharmacokinetics, and safety characteristics.
This study employs two web servers, SWISSAD-
ME and ADMETIab, to as sess the drug-likeness
of the candidates. These tools assess the mole-
cules in terms of their absorption, distribution,
metabolism, excretion, and toxicity, therefore
ADMET. All the molecules are first examined
under Lipinski’s rule of five: molecular weight
(MW) < 500; logP < S; H-bond donors < S and
H-bond acceptors < 10, with at most one viola-
tion. All the candidates passed this test, and they
are then tested for their ADMET characteristics.
For absorption, the molecules are tested for their
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gastrointestinal absorption, oral bioavailability,
and Pgp interactions. For distribution, the mol-
ecules are tested for their plasma protein binding
rates, volume distribution, blood brain barrier
penetration, and fraction unbound in plasma.
For metabolism, the molecules are tested for
their interaction with enzymes from the human
cytochrome P450 family. For excretion, the mol-
ecules are tested for their clearance. For toxic-
ity, the molecules are tested for hRERG blocking,
human hepatotoxicity, drug-induced liver injury,
mutagenicity, rat oral acute toxicity, maximum
recommended daily dose, carcinogenicity, and
respiratory toxicity.

All of the six candidates returned different
sets of strengths and weaknesses.

ZINC04716517 has a AG of -9.27, it dis-
played good gastrointestinal and oral absorption
characteristics, but it is a P-glycoprotein (Pgp)
substrate which may hinder its absorption into
cells. It has good distribution characteristics but
can not penetrate the blood brain barrier. It also
has medium excretion clearance, but is poten-
tially positive for liver toxicity.

ZINC05514424 hasa AG of -9.17, it also has
good gastrointestinal and oral absorption charac-
teristics, and is neither an inhibitor nor substrate
of Pgp. It also has good distribution characteris-
tics but cannot penetrate the blood brain barrier.
However, it is low in terms of clearance and may
be positive for hepatotoxicity, mutagenicity, car-
cinogenicity, and respiratory toxicity. So its po-
tential dosage is severely limited and there are
large rooms for future optimization.

ZINC19877680hasa AG of -9.21, it showed
acceptable gastrointestinal and oral absorption
characteristics, but may be a Pgp inhibitor so
its dosage is limited, it also may have low oral
bioavailability. ZINC19877680 has acceptable

distribution characteristics but cannot penetrate
the blood brain barrier, its fraction unbound
in plasma is also low. It has medium excretion
clearance but the value is the highest among the
candidates. In terms of toxicity, it is potentially
positive for cardiac toxicity and hepatotoxicity,
and has a low maximum recommended dosage.

ZINC00754301 has a AG of -9.03, the high-
estamong the candidates, meaning it potentially
has the lowest binding affinity. It displayed ac-
ceptable gastrointestinal and oral absorption
characteristics, and is neither an inhibitor nor
substrate of Pgp. It has excellent distribution
characteristics and can potentially penetrate the
blood brain barrier. But it has low excretion clear-
ance and may be positive for hepatotoxicity and
respiratory toxicity, which heavily limits its po-
tential dosage.

ZINC12925747 hasa AG of -9.13, it displayed
bad gastrointestinal and oral absorption character-
istics, but is neither an inhibitor nor substrate of
Pgp. It showed good distribution characteristics
and can penetrate the blood brain barrier. It also
has medium excretion clearance. ZINC12925747
is potentially positive for hepatotoxicity, carcino-
genicity, and respiratory toxicity.

ZINC89735569 has AG of -9.28, the lowest
among the candidates, meaning it potentially has
the highest binding affinity. It displayed good gas-
trointestinal absorption characteristics but may
have low oral bioavailability, it is also an inhibitor of
Pgp. However, it showed outstanding distribution
characteristics and can penetrate the blood brain
barrier. It also has medium excretion clearance. In
terms of toxicity, ZINC89735569 is potentially
positive for hepatotoxicity, mutagenicity, carci-
nogenicity, and respiratory toxicity. Its maximum
recommended dosage is potentially extremely low,
and there are large rooms for future optimization.
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Overall, the pool of 6 candidate molecules
showed unique pharmacokinetics and ADMET
characteristics, and each could serve as a starting
point for future treatment development. They
could be optimized and/or used in compound
therapeutics, and their computer predicted advan-
tages and disadvantages can be a valuable reference.
These candidates are suitable for both develop-
ments that aim to focus on safety and those that aim
for potency, and they are a versatile set of options
any pharmaceutical developer could choose from.

S. Limitations

This study is based on computational meth-
ods, although they are highly sophisticated and
are proven in numerous cases toaccurate and
reliable, their results should not be 100% relied
upon, and they can not fully replace in vitro and
in vivo experiments. Furthermore, it should be
noted that cholinergic enhancement treatments
cannot fully cure Alzheimer, although it is ca-
pable of suppressing symptoms.

6. Conclusion:

Alzheimer’s disease is the most common
cause of dementia. It severely degrades its pa-
tient’s cognitive abilities and memory func-
tions, and it threatens a growing population
today. Cholinergic enhancement treatment has
been clinically proven to be capable of easing
Alzheimer’s symptoms, and the core concept is
the inhibition of the Acetylcholinerase (AChE)
enzyme that breaks down the neurotransmit-
ter acetylcholine. However, Designing a new in-
hibitor using traditional methods can be costly,
lengthy, and labor-intensive. This study employs
computation based methods and tools to isolate
apool of new AChE inhibitor candidates. It fol-
lows the workflow of site identification, pharma-

cophore virtual screening, docking simulation,
and ADMET screening. The resulting mol-
ecules are ZINC04716517, ZINC05514424,
ZINC19877680, ZINC00754301,
ZINC12925747, and ZINC89735569. They
each possess a unique set of characteristics and
can provide a starting point for any institution
aiming to develop a new therapeutic drug or
treatment. ZINC04716517 has high binding af-
finity, good absorption, distribution, excretion
characteristics, and relatively low toxicity, but it
cannot penetrate the blood brain barrier and is
a Pgp substrate. ZINC05514424 has good bind-
ing affinity, good absorption and distribution
characteristics, but has relatively high toxicity
and cannot penetrate the blood brain barrier.
ZINC19877680 has good binding affinity, rea-
sonable absorption, distribution characteristics,
good excretion characteristics, but has medium
toxicity and cannot penetrate the blood brain
barrier. ZINC00754301 has acceptable bind-
ing affinity, great absorption and distribution
characteristics, poor excretion characteristics,
medium toxicity, and can penetrate the blood
brain barrier. ZINC12925747 has good bind-
ing affinity, good absorption, distribution, ex-
cretion characteristics, can penetrate the blood
brain barrier, and has medium-high toxicity.
ZINC89735569 has great binding affinity, ac-
ceptable absorption characteristics, great dis-
tribution and excretion characteristics, can pen-
etrate the blood brain barrier, but has relatively
high toxicity. With future optimizations, and
after further evaluation with vitro and in vivo
experiments, they all can potentially serve as
versatile options as foundations of therapeutic
drug development.
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DEEP PURIFICATION OF MULTICOMPONENT SEWAGE WATER
EMPLOYING ABSORPTION IN DYNAMIC CONDITIONS

Abstract. The work presents the calculation of parameters of the process of adsorption from the

multi-component mixture using group calculation of the arguments. The modern technology of water

purification using absorption is characterized by its complexity and variety of physicochemical effects.

High-quality purified water can only be achieved using achieving a certain technological condition

and by selecting the right equipment. The derived mathematical models of the process allow for

performing the calculation for the projection of technological equipment with an appropriate level

of precision required for engineering calculations.

Keywords: adsorption, sorption filter, purification, water.

We can attempt to create a common model,
by complexly using quotient relationships in
case of a wider set of parameters [1, 15-17].
However, in this case, it will be impossible to
model the process based on an analysis of con-
sequential relations between argument and
function. Moreover, in practicing multi-compo-
nent sorption processes one can face the lack
of information about the content of each of the
components in the hard phase (weighting of the

adsorbent will only indicate the total weight of
the ingredients).

That is why the modern conception of the
process of mutual displacement of components
and the forecast of different groups of solutions,
in this case, is significantly subjective [2, 10-13].
That impacts the trustworthiness of the exist-
ing mathematical description of the processes.
Nonetheless, to project the sorption appliances
a reliable forecast of the exit parameters of the
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sorption is required. That is why it is necessary
to search for methods of forecast based on lim-
ited but still trustworthy information about the
processes. The authors decide that this task can
be solved with a sufficient degree of precision re-
quired for practical purposes using group calcula-
tion of the arguments. Applying this method will
allow significantly decrease the impact of subjec-
tive factors on the outcome so the calculation.

The task can be formulated as follows. There
are many arguments: the initial and the final con-
centration of the substances, the speed of filtra-
tion, the height of the layer of the adsorbent, and
the value of standard reduction of the free energy
of adsorption of organic substances, which com-
prise the dual-component mixture [3, 19-23].
It is necessary to find an equation that will allow
identifying with minimal error the time of shield-
ing effect of the sorption filter for two substances
of organic nature, which have the value of stan-
dard reduction of free energy of adsorption (-F
adsorption) within the borders which character-
ize the process of adsorption of these substances
based on a specific adsorbent as effective.

During the conducted experiments, the pairs
of organic substances were targeted with limit-
ing concentrations, which constituted the dual-
component solution. In addition, the first sub-
stance is a more adsorbing ingredient. During the
variation of the pace of filtration, the height of
the layer of adsorbent, and the variation of the
constituent components with their initial con-
centrations, the timing of the shielding effect of
the adsorbent of each of the two substances was
measured.

The so-called randomization of the experi-
ment took place, in other words, unsystematic
variations of the above-mentioned parameters of
the experiment. The overshoot of the substances

into the filtrate was controlled using the analysis
performed by controlling the methods of chro-
matography and infrared spectroscopy.

For a greater depth of information, it was pre-
sented as a set of dimensionless complexes, the
number of which was defined by n-theorem

Therefore, the dimensionless complexes
were:

C1 — Col

— (dimensionless concentration of

ultl
the first substance in the flow)

C . . .
C, =—2- — (dimensionless concentration of

ult 2
the second substance in the flow)
~AF’
F=—o

f— 0 -
reduction of the free energy of adsorption of the

(dimensionless value of standard

first substance from the solution)
A on
E =

.
sionless standard reduction of the free energy of

(dimensionless value of dimen-

adsorption of the second substance from the so-
lution)

p=to_ (dimensionless length of the adsorp-
tion layer)

Re = vh _ (Reynolds number)
v

0, :%; 0, = % — (dimensionless duration of

0 0

the shiel‘aing effect of the absorbent)

The dimensional parameters meant:

C,;> C,, — initial concentration of substances,
molecule/liter

Cup C
stances, molecule/liter

—AF’, —AF - standard reduction of the free
energy of adsorption of the substances from the

— overshoot concentration of sub-

ult 12 ult 2

solution kilo joule/molecule

L, — the length of the adsorption layer

d — effective diameter of the granule, adsor-
bent, m
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v —kinematic viscosity of water, m*/c

In its whole volume, the mass data contained
48 positions.

6, 6, — the duration of shielding effect of the
adsorbent as related to the first and second sub-
stances

—AF’ —the value of the standard reduction of
the free energy of absorption from the solution
= 20-kilo joule/molecule

So, our task can be presented as follows: there

(1)

are the following arguments:
x={C,C,F,F,L,Relgl,1gC }
It is necessary to find the equations:
0,=2,{C,C,F,F,L,Relgl,lgC}

(2)
0,=2,{C,C,F, 1;2, L,Relgl,1gC }

(3)
5= (4)

This would allow for the identification of
the shielding effect of the adsorbent given the
provided parameters for any pair of organic sub-
stances, the value of the standard reduction of
the free energy of absorption of which is between
20 to 50-kilo joule/molecule.

The vector components X —(C,C, ...)and their

1 1 .
reverse values | — — . | have served as bearing

functions for theC rlngazns of selection of group cal-
culation of the arguments. The mathematical
models were restored using the selection of the
claimant models with the help of the criterion of
unblended regularity until the criteria started ris-
ing again on the next round of selection, i.e. after
achieving the minimum criteria of selection.

The sorting out of the best models according
to their selection of criteria and their experimen-
tal testing has taken place.

Based on the observations the following in-
terdependences were derived:

2
lg 6, =3.37-0.2231gC, —0.58-10~ RTe—o.26F1 (5)

lg 0, =2.23-0.368 IgC, +0.0021-0.000Re- 209F,(6)
i - ZOF; -KHl1gC, (7)

0, C,
After the appropriate solution of expression,

we will have:

2
0, =2344C exp(0.26Fl ~0.58-10"* RTej(S)

6, =1700C,***" exp(0.0021-0.003Re—209F, ) (9)

the independence —(8) in the dimensional form:
0 2

0 _ Cum(—AFl )[_AFZOJ 1o Coo

0, Co1(_AF0) —AF° C, -2

The correlation coeflicients of the derived

models are 0.883; 0.848; 0.838
Aswe can see from the meaning of the corre-

ult

lation coefhicients on fronts of dual-component
mixtures in the conditions outlined above.

As we can see from the presented equations,
knowing the structure of the adsorbent sub-
stances and their initial concentrations we can
calculate how long the sorption filter will func-
tion until the deriving components appear in the
filtrate of defined overshoot concentrations.

Since the position of the functional group in
molecule 2 is unimportant, the values — AF!

ads

which define the values — AF’ , for the absorp-

tion on various coals are also unimportant. That
is why the equations can approximate the dy-
namic process of sorption of the dual-compo-
nent mixture on all types of active coals. The
minimum amount of experimental information
is required to make calculations based on the de-
rived models. To be more precise we need trust-
worthy qualitative identification and quantitative
interpretation of the flow. The substances similar
in their structure and different values — AF,, not
more than S- kilo joule/molecule, can be com-
bined, and therefore the multi-component
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system can be turned into a dual-componentand  es with an appropriate level of precision required
calculated based on the derived interdependenc-  for engineering calculations.
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MECHANISMS FOR CONNECTING AUTONOMOUS HYBRID
WIND TURBINES TO A COMMON DISTRIBUTION NETWORK

Abstract. In this paper, the issue related to improving the efficiency of managing the operation
of stand-alone hybrid wind power plants (HWPP) is considered. For this purpose, the so-called
distributed energy generation system (DEGS) is proposed. In fact, such a system in one HWPP
combines various sources generating electrical energy, which, makes it possible to take into account
individual characteristics of the consumer in terms of power and profile. The increase in the share of
such systems in electric power systems has not only positive aspects, but also creates certain techni-
cal difficulties associated with their control capabilities in normal and emergency conditions. It is
shown that the most promising option for interfacing various sources of electricity in one HWPP is
the use of an intermediate DC embedded unit. It is assumed that the use of a DC unit makes it easier
to summarize and distribute the energy flows from the HWPP using effective control algorithms for
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this process, thereby making maximum use of kinetic energy of wind flow and solar radiation energy.
An optimal option for integrating several HWPP called the “distributed generation system” into a
distribution network has been proposed.

Keywords: Hybrid, distribution network, integration, HWPP, DC embedded unit, magnetic
blade, wind energy, solar radiation.
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MEXAHU3MbI NOAKJTIOHEHNA ABTOHOMHbBIX TMBPUAHbIX
BETPOrEHEPATOPOB B OBLLYIO PACMNMPEAEJINTEJIbHYIO CETb

AnnoTanus. B AoaHHO# paboTe paccMaTpHUBaeTCs BOIIPOC, CBSI3AHHBII C IOBbIIeHIeM 3 PeKTHB-
HOCTH YIIPaBA€HHS pabOThI aBTOHOMHBIX THOPHAHBIX BETPOIHepreTudeckux ycranosok (IBIY).
A\ASL 9TOTO MpeAAaraeTcs Tak HasblBaeMasi CUCTEMA PacHpeAeAeHHoi reHeparuu aHepruu (CPTO).
ITo cyru, Takast cucteMa B 0AHOI 'BOY 06bepunseT pasandHble HCTOYHUKHY, TeHEPUPYIOIIHE JAEK-
TPUYECKYIO d9HEPIUIO, KOTOPbIE YUUTHIBAIOT HHAUBHAYAAbHBIE OCOOEHHOCTHU MMOTPEOUTEAS C TOUKH
3peHus MOIHOCTU U IPOQHUASL. POCT AOAM TAKMX CHCTEM B 9AEKTPOIHEPreTHYeCKUX CUCTEMaX UMeeT
He TOABKO ITOAOXKUTEAbHbIE CTOPOHBI, HO M CO3AA€T OIPEACACHHbIE TEXHUIECKHE TPYAHOCTH, CBS3aH-
Hble C X BO3MOXKHOCTSIMH YIIPaBA€HHS B HOPMaAbHbIX M aBapUIHBIX ycAoBHAX. [Tokasano, yTo Hau-
6oAee IepCrIeKTHBHBIM BAPUAHTOM COIPSDKEHHS PA3ANYHBIX HCTOYHHKOB 9AEKTPOIHEPIHU B OAHOM
I'BOY sBAaseTcs ncroAb3oBaHue IPOMEXYTOUYHOM BCTaBKH MOCTOsIHHOrO ToKa. [Ipepnioaaraercs, uto
HCIIOAB30BAHIE BCTABKU IIOCTOSHHOTO TOKA IT03BOASIET H0Aee IIPOCTO CYMMUPOBATD U PACIIPEAEASITD
noroku sHepruu u3 ['BOY, ncroaps3oBaTb 3 PexTHBHbIE AATOPUTMBI YIIPABACHHS AASI 9TOTO IIPOIlecca,
TeM CaMbIM MAaKCHMAaAbHO MCIIOAb3Ys KHHETHYECKYIO SHEPIMIO BETPOBOTrO IMOTOKA U 9HEPTUHU COA-
He4yHOM papuanuu. I IpearoreHa parioHaAbHas cXeMa HHTerpaluu Heckoabkux ['BOY, HaspiBaemoit
CHCTEMOM PacpeACACHHOM I'eHepaljiu B PaclpeACAUTEABHYIO CETb.

165



Section 10. Electrical engineering

KaroueBsbie caoBa: [nbpupHasi, pacnpeaseantesbHas ceTs, uurerpanust, ' BOY, BcraBka mocrosiH-

HOT'O TOKQa, MaI'HUTHAsI AOIIACTb, BETPOBAs SHEPTHSI, COAHETHAS PaAHALTHL.

BBeaenne

Berposnepreruyeckas ycranoska (BOY) -
3TO YCTPOMCTBO, IPeoOpa3OBbIBaIOIlee KUHETH-
4eCKYI0 9HePTHIO BeTpa B aAeKTpudeckyro. Oco-
OeHHOCTBIO 9TUX YCTAHOBOK IBASIETCSI OTCY TCTBHE
HEeOOXOAMMOCTH B KAKOM-AHOO ChIPbE, TAK XK€ OT-
CYTCTBUE OTXOAOB. B mpuHIMIIe, 3T0 KOCBeHHBbIi
CII0CO6 M3BAEKATh SHEPTUIO COAHIIA, IIOCKOABKY
6OABIIIe MACChI BO3AYXA, IMEIOIIYe Pa3HYIO TeM-
neparypy, o0pasyloT U3BeCTHbIe HaM LUKAOHBI
U QHTHUIUKAOHBI, CIOCOOCTBYIOIIUE IIOSBACHHIO
BeTpa. BcrpewaroTcs pasanunsie Bupbt BAY: cro-
PU30HTAABHOM OCBIO BpalleHHUsS U C BEPTHKAAD-
HOM ocbio. IlepBble H3BECTHBI AOCTATOYHO AAB-
HO U NIPUMEHSIOTCS IIOBCeMeCTHO. AAst paboTh
Takux BOY Tpebyercst cTabuAbHbIN BeTep OT 4
M/ c. AOIIaCTH HAIIOMHHAIOT AOIIACTH CAMOAETA,
CKOpPOCTb HX BpallleHHs 3HauuTeAbHa. Bropoit
Ul — BOY ¢ BepTHKAAbHOI OCHIO MOSBUAUCDH
OTHOCHUTEABHO HepaBHO. TakuM ycTpoicTBam
He TpeOyeTcsl TAaKOM CHABHBIN BeTep — OHH CIIO-
cOo6OHBI paboTaTh U IpH 60Aee CAAOBIX MOTOKAX.
CxopocTb BpalljeHHs AOTIACTel HeCKOABKO HIDKe.
Taxoe pasHOOOPa3HsI AOIIACTET ITUX YCTAHOBOK
CBSI3aHO C IOBbBIIIEHHEM 3$PEKTUBHOCTH HC-
IIOABb30BAHMUA IIOTOKA BETPOBOI 9HEPTHHL.

bBaaanc HayuHBIX AQHHBIX M YEAOBEYECKOTO
OTIbITA HA CETOAHSIIHUI AGHb YeTKO AEAAeT Bbl-
BOA, uTO BOY He ABAAIOTCS BpeAHBIMU AASL 3A0-
POBbs YEAOBEKA — Ha CAMOM AeA€, S9HEPTHs BeTpa
CHIDKAeT KOAUYEeCTBO BPEAHBIX BBIOPOCOB B aT-
Mocdepy U He CO3AAeT HUKAKUX BPEAHBIX OTXOAOB
IIPOM3BOACTBA, 10 CPAaBHEHUIO C APYTHUMH HCTOY-
HUKaMH 3AeKTpooHepruu [ 1]. B rakux caygasx
BeTPOBbIe IIPOEKTbI UMEIOT BOCTPEOOBAHHOCTD
U ABASIIOTCA 3QPEKTUBHBIMH B CMBICAE KOPOTKO-

IO IIEPUOAA CTPOUTEABCTBA K MOT'YT OBITH OBICTPO
PasBePHYTHI C TOAOXKUTEAbHBIMHU TIOCAEACTBUSA-
MU, AOCTaBA€HHBIX MeCTHBIM obmuHaMm. ITpous-
BOAMTEABHOCTD TaKHUX ITPOEKTOB B IIepBOI Ode-
peAu 3aBHCHT OT 3$PpeKTHBHOI paboTsl BOY, T.e.
OT 3$PEeKTUBHOTO HCIIOAb30BAHHS BETPOBOIO
noToka. OT 9TOro BO MHOTOM 3aBUCHT CebecTou-
MOCTb BbIpaboTaHHO 9AekTpoaHeprun BIY. Cy-
I[eCTBYeT MHOXKECTBO KOHCTPYKIJUH, peIIaioIuxX
AaHHYI0 3apauy [2; 3; 4; S].

AaabHeliniee pa3BUTHE TEXHOAOTUHU IIOAB3O-
BaHMs BOY mokaspiBaeT, YTO CO3AaHME CHCTEMBI
pacrpeAeAeHHOM TeHepalui dAeKTPOdHepTuu
¢ ucnoabzopanuem BOY umeer xopomue mnep-
criekTHBHI [6; 7].

Kak n3BecTHO, 3apaueil COBpeMEHHBIX JAeK-
TPUYECKUX CHUCTEM SIBASIETCSI IIOCTOSIHHOe Oa-
AQHCHPOBaHUe CIIPOCA U IIPEAAOXKEHHUs, THOKoe
yIIpaBA€HUS CEThIO U ObOeclieueHre OITHUMAAb-
HOTO YPOBHSA 9HeproapPeKTUBHOCTU. DTH IPO-
6AeMBI MOTYT OBITb pelLIeHBbl, HO B TOXKe BpeMs
AWCIIeTYepCKOe U aBTOMAaTHYeCKOoe yIpaBAeHHUe
CHCTeMOH paclpeAeAeHHON reHepaIiiy SHepruu
ycaoxusiercst. Heobxopumo pazpaboraTs HOBbIe
MaTeMaTH4eCKUe MOAEAU AASL 0OOCHOBAHUS pas-
BUTHS 9IACKTPOIHEPreTHYeCKON CUCTeMbI U CH-
cTeM aAeKTpOCcHabxenus [ 8].

BoAbIMHCTBO aBTOHOMHBIX 9HEPreTHYeCKHX
CHCTeM, HCIIOAB3YIOIIUX BO30OHOBAsSIEMbIE UC-
Tounnku sHeprun (BMD), koTopble HaXOAATCS
B 9KCIIAyaTalluHt U IIPEAAATAIOTCS Ha PhIHKE, SIBAS-
IOTCSI TEXHHYECKY FOTOBBIMH IIPOAYKTAMH, aAATl-
THUPOBaHHBIMU AASL CTPOTO OTIPEAEACHHOTO THIIA
9HepreTHyeckoro obopyaosanus. Ouu obecre-
YHBAIOT BO3MOXHOCTD PACIIMpPeHHs UX PyHKIIH-
OHAABHOCTH M HapalllUBaHU IOTEHI[UAAQ ITyTeM
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IIOAKAIOYEHUS] HOBBIX UCTOYHHKOB IeHepallUH.
OTa cuTyanus o6bsCHIETCs, TAABHBIM 00pa3oM,
TEM, YTO IIapaMeTPbl IAeKTPHIECKON dHEPIHUH,
CYIeCTBEHHO Pa3AMYAIOTCS 10 OCHOBHBIM TeX-
HUYECKUM II0Ka3aTeAsM, TAaKUM KaK THII TOKa,
JaCTOTA ¥ BEAUYHHA BHIXOAHOTO HAIIPSDKEHHUS.

Ecan cucrema pacrmpeaeA€HHON reHepariiu
aaextpoanepruu (CPI'D) cocrout us rubpua-
noit BAY (pucl) [3], uMmeromieit MarHuTHYy?I0 AO-
acTb U Bblpa6aTbIBa10me171 MHAYKIIMOHHBIN TOK iz,
TO 3TO 03HAYAET, YTO YCTAHOBACH ACHHXPOHHBbIH
ABHTaTeAb, BBIPaOaTHIBAOIINIT ITepeMeHHbII TOK
i,  Ha MAYTaX IPUKPENACHDI COAHEYHbIE [TAHEAH,
B CBOIO OYepeAb, BHIPA0aThIBAOLIIYe [IOCTOSHHBII
TOK i,. B TakoM cayyae a$ppexTuBHOE yripaBaeHUS
MMOAOOHOM CUCTEeMOH 3aBUCUT OT BO3MOXXHOCTHU
OAHOCTAAMITHOTO CHAOXKEHUSI IOTPeOUTEAS dAeK-
Tpuueckoit oneprueit [9; 10]. [TpeacraBum, 9T0
CHCTeMa paclpeAeAeHHO! reHepaliuy 9Hepruu
cocrour u3 n- rubpupnsix BY (I'BJY). B atom
CAy4ae OAHOCTAAHMIHOE CHAOXEHHS 9AeKTPO3-
Hepruei oTpeduTeAs OyaeT 3aBUCHUT OT 9P Pex-
TUBHOCTH YIIPaBAEHUS pPaclipeAeAeHUEeM BBIpa-
OOTaHHOI IAEKTPOIHEPIHU.

AAst 9AeKTPOCHAOXKEHUS IIOTpebuTeAeTT Ae-
[JeHTPAAU30BAHHbBIX 30H MOXKHO HIXPOKO IIpUMe-
Hatb CPT'D Ha 6ase 'BOY. I1pu aTom reneparo-
poi Aast TBOY 06514HO BEIOUPAIOT IO CYMMapHOI
IPHUCOEAMHEHHON MOITHOCTH OAHOBPEMEHHO pa-
OOTAIOLIVX 9AEKTPOIIPUEMHUKOB, KOTOPAs OIIpe-
AeAsieTCs 3a TIOAyYacOBOM MaKCUMYM B HHTepBa-
A€ BPeMEeHH C HanbOABIIEel HATPY3KOH C YIETOM
UX cpeaHero koadéurumenta momuoctu [11].
IIpu co3dpaHNM TeXHOAOTHYECKOTO rpadpuKa AAS
pabotsr CPI'O cHavaAa pacCMaTpPHUBAIOT IpoOLeC-
CBIL, KOTOpBIe HEOOXOAUMO 06€eCIIednTDh B IOAHOM
00peMe, 3aTeM Te, KOTOPBIE MOT'YT OOCAY>KHBATD-
Cs1 B OTPaHUYE€HHOM AMarna3zoHe MomHocTH. Cae-
AyeT TaioKe CTPEMHUTbCS YMEeHbIIATh PACYeTHYIO

HArpysKy, CHIDKasl MIOTPeOHYI0 MOIIHOCTD IIO
HEeKOTOPBIM IIPOIieccaM, IepeHOCUTDb OTAEAbHbIE
IIPOIeCChI Ha APYTO€ BpeMs CyTOK H T.IL.

MeToAHNKa SKCIIEpHMEHTa

Oaun u3 takux I'BOY, npumensembix aas
CPI'D, mokasaH Ha puc..1, KOTOpbIi BbIpabaTbIBa-
eT 9AeKTPHYECKYIO0 dHePrHI0. YCTAaHOBKA COCTO-
UT U3 MAuTHI 1, COAHEYHO ITaHEAU 2, MATHUTHBIX
AomacTeii 3, reHepaTopa 4, HHAYKIIMOHHOM Ka-
TYIIKU S, BBITPSIMUTEAS] 6, KOHTpOAAepa 7, aKKy-
MYASITOPOB 8, mepexarodaTess 9, uaseptopa 10,
6aitrraca 15, cueT4nKa 9AeKTPHIECKON dHEPIUH
U pacIpeAeAuTeAbHOM ceTH 1.

I'BOY paboraer caeayomum obpasom
(puc. 1). IToa AeiicTBueM BeTpa MarHHTHBIE
AOTIacTH 3 BBIPAOATHIBAsI IAEKTPUIECKUI TOK
13 ¢ momompio reHepaTopa 4, co3paeT BO-
Kpyr ce0si MarHUTHOE IIOA€, KOTOPBIN Iepe-
cekass OOMOTKM MHAYKIIMOHHOM KAaTYIIKH,
BBIpaOaThIBaeT MHAYKIMOHHBIT TOK 12. Tok,
BBIpPA0aThIBaeMblil HA COAHEUHBIX ITaHEeAsX 14,
9AEeKTPUYECKUI TOK U3 reHeparopa 13 u uH-
AYKIIMOHHBIN TOK 9 IOAQIOTCS Ha BHIIIPSIMUTEAD
6. BrImpsIMAeHHBIN TOK 4epe3 KOHTpoAAep 7
nepeaaeTcs Ha aKKyMyAsITOPHI 8 u uepes mepe-
KAIOYaTeAb 9 9TH TOKHU OTIPABASIIOTCS Ha HH-
seprop 10. M3 naBepropa 10 arexrpoaneprus
nopaeTcs norpebureasm 11. I'BIY ¢ akxymy-
ASITOpaMU OaTapesMU M KOMMYTALUs C CEThIO
15 ABP (6aitnac) mo3BOASIeT ePEKAIOYUTD TH-
TaHKe 00'beKTa [IPU OTCYTCTBUHU BETPA U IOAHOM
paspsiAe aKKyMYASTOPOB Ha pacIpeAeAUuTeAb-
HYIO 9AeKTpoceTh 16 uepes cuerynk 17. Ta xe
CXeMa MOXET UCIIOAb30BaThCsl B 0OPATHOM Ha-
npasaeHnH — ['BOY, kak pesepBHbBIN HCTOYHHUK
nuTtanus. B atom cayyae ABP nepekaroyaet mo-
TpeOuTeAs Ha aKKyMyAsITOpHbIe 6aTapen 'BIY
IIpU MOTepe MUTAHUS OT PACIPEACAUTEAbHOM
9AEKTPOCETH.
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16

PucyHok 1. O6wuin Bug, rmépumnaHoin BETPO3HepreTnieckom yctaHoBku (FB3Y)

YacTuyHO mepebOM B 9AEKTPONUTAHUH
YCTPaHSIOTCS ITyTeM HCIIOAb30BAaHUA IOTpe-
bureAeM cHCTeMbI OecriepeOOHOr0 IAEKTPO-
nuTaHus. BeiOpaHHYI0 HaMU B KauecTBe IpO-
TOTHIIA YCTAHOBKY MOXKHO HCIIOAb30BaTh IpHU
cosparnu CPI'9, koTopas B cBOIO 04epeab co-
CTOUT U3 HAKOIIUTEAS] 9AKTPOIHEPIUU B BUAE
9AEKTPOXHMHUYECKHX aKKyMyAsaTopoB (AB), 3a-
psAaHoro ycrporcrsa Ab oT aaekTpoceTn nan
APYTOTO HCTOYHMKA, HalpHUMep, COAHEYHOM
6aTapeu, MHBepTOpPa HampsikeHus (mpeobpa-
3yIOIero IMOCTOSHHBINA TOK AD B mepemMeHHbIN
TOK) U ycTpoiicTBa 3amutbl AB oT ray6okoro
paspsipa. 3apadeil TaKOM CHCTEMBI SIBASETCS
NOBbIIIeHHE 3P PEKTUBHOCTH YIIPABACHUS HC-
IIOAb30BAHMEM IIOCTOSIHHOIO M IepeMEeHHOI0
9AEKTPHYECKOTO TOKa, BbIpaboTaHHbIX [BOY
AASL TOTpebuTeA.

ITeAbo AQHHOIT PabOTHI SIBASIETCSI Pa3paboT-
Ka METOAQ MHTerpaliuy U 3P PeKTUBHOTO yIIpaB-
A€HUSI PeXXUMaMU PabOThI CHCTEMbI pacIpeae-
A€HHOW TeHepallud SHEePTuH, OCHOBAaHHOM Ha
TUOPUAHBIX BeTPOIHEPreTHIeCKHIX YCTAHOBKAX.

B xauecTBe MeTOAQ pelIeHN s BBIOpaHa cu-
CTeMa pacIipeACAeHHON IeHepaIfiy, COCTOSMAs
u3 'BOY, mopkaroueHHO K pacIipeAeAUTeAbHOM
CeTH, KOTOpasi TpebyeT 3a KAXKABII 4ac pacyer-
HOTO IIePHOAA TPOBEAEHHSI OIfeHKU pacIipepe-
AUTEABHOM HArpy3KH MeXXAy reHepUpPYIOMNMU
MOII[HOCTSIMH.

Pe3yapTaTsl H HX 00CyKACHHE

OcHoBHOM oTAMYHTeAbHON depToit I'BOY
SIBASIETCSI CTOXACTHUYECKUI XapakTep IIapame-
TPOB MCTOYHHKA IIEPBUYHON OHEPTHUH. IDTO
B 3HAYMTEABHOM CTEIEHH OTHOCUTCS K FeAHO-
u BeTpoaHepreruke. IloaTomy aaexkTpudeckas
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sHeprus, reHepupyemas arperaramu I'BOY, cos-
A2eT HOBbIe IIPOOAEMBI IlepeA U TaK yKe Iepe-
rpy>xeHHoM ceTpio. C Apyroit cropossl, 'BOY
OOBIYHO BBIOMPAIOT IT0 CYMMApPHOM IIPUCOEAU-
HEHHOI MOLJHOCTU OAHOBPEMEHHO Pa0OTaIOIIHX
3AEKTPOIPHUEMHUKOB, KOTOPAsI OIIPEAEASIeTCs 3a
IIOAY9aCOBOM MAKCHMYM B MHTepBaAe BpeMeHU
C HauOOABIIIe T HArPY3KOM C y4eTOM HX CPEAHEro
koo Punmenta momuocru [ 12; 13].

IIpn moAKAIOUEHMH K PacIpeAeAMTeAbHOM
cetu 'BOY opHOIT 13 OCHOBHBIX 3apa4, KOTOpPbIE
HeOOXOAVIMO BBITOAHUTSH 32 KOXKABIF Yac pacderT-
HOTO [IePHOAR, SIBASIETCS pacrpeAeAeHHe Harpy30K
MeKAY FeHepHpPYIOIUMHI MOITHOCTAMU. B paboTe
IIPEAAATaeTCsI OAMH U3 BO3MOXKHBIX CIIOCOOOB ITOA-

12

A

moTpediaTe b
220/350

IIU'I]'}EﬁHTEJIn-l:H-__E;‘}—

13 -~

Aep>KaHUS HeITpephIBHOT'O BO BpeMeHH PaBeHCTBA
reHepHPYeMOI1 U TOTPeOASIEMO IAeKTPOIHEPTHU
B cucteMe I'BOY. CyTp nmpeasoskeHHOTO criocoba
3aKAIOYAETCsl B BKAIOYEHHH B 9HEPTOCHCTEMY aKKy-
MYASITOPA, KOTOPbI COXPaHSET 3AeKTPOIHEPIHUIO
IIpH ee COKpaIeHHOM IOTpebAeHHH 1 IIOCA€ TIpe-
00pa30BaHUSI IIOAQET B IAEKTPUIECKYIO CEThb IPH
IPEBBILIEHNN OIIPEACACHHOTO YPOBHS OTpebAe-
aust. CxeMa Takoil cucTeMbl okasaHa Ha (puc. 1).

YuutsiBas, uro okoao 70% Teppuropun Ka-
3aXCTaHAa OTHOCHUTCS K 30HaM AeIleHTPaAH30BaH-
HOTO 9AEKTPOCHAOXKEHHUS C BBICOKOM cebecTo-
HMMOCTBIO 9AEKTPOIHEPIHH, MOXXHO TOBOPHUTD
0 BO3MOXKHOCTH cTpouTeabcTtBa CPI'D Ha pan-

HBIX TEPPUTOPHUSIX.

PucyHok 2. T'B3Y ¢ npaMbIM NOOKIOYEHVUEM FEHEPUPYIOLLINX
YCTPOWCTB K pacrnpenenmTtenibHoOm CeTun

B cayuae pab6orsi 'BOY Ha mmHbI 6eckoHed-
HO MommHOCTH Kbt 'BOC MoxHO paccma-

TPUBATh KaK OAMHOYHYIO YCTaHOBKY, paboTaro-
IIYI0 TIapaAAeAbHO ¢ ceThio. [Ipu cousmepumoit
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momHocTi CPI'D u I'BOY Tpebyercst ncnoasso-
BaHMe TOYHOTO IPYTIIIOBOTO PEr'yAMPOBAHUS AAS
MIOAAEPKAHUS 3aAQHHOTO HAIIPsDKeHN s Ha ITHMHAX
I'BOY.

Koraa CPI'D cocrourt us rpynms: I'BOY, BbI-
paborka asexrposnepruu CPI'D aocruraercs
ABYMsI CIIOCOOaMHU.

ITepBbiit ctoco6. ITOT Cr10CcOb MUPOKO pac-
npocTpanéHHbl, TAe 'BOY moaxatodaercs He-
IIOCPeACTBEHHO K PaCIpeAeAUTEABHOT ceTH be3
IPOMEXYTOYHOTO IIPe0OpPa30OBAHIS IAEKTPOI-
Hepruu (puc. 2) U paboTaeT cAeAyIOmHUM 06pa-
3oM. ITop AeficTBHEeM BeTpa MarHUTHbIE AOTIACTH
3 BbIpabaThIBasi IIepeMEHHBII 9AeKTPUIeCKUM
TOK 7 C TIOMOIIIbIO ACHHXPOHHOTO ABUTaTeAs 4
BOKPYT ce0sI cO3A2eT MAaTHUTHOE II0A€, KOTOPbII
nepecekass 0OOMOTKU HHAYKIJMOHHOM KaTYIIKH,
Bblpa6aTbIBaeT IIEPEMEHHbI MHAYKIIMOHHBIN
ToK 8. I3 maBepTOpa 10 mepeMeHHbIN TOK I1O-
AdeTcs Ha IIHMHY IIepeMeHHOro Toka 14, paaee

14

ToK 220/380, nau 6-10KBT mopaercs morpebu-
TeAsM 13 maum 16. K 15 mOAKAIO9AIOTCS AOIIOA-
HuTteAbHble TuOpuaHble BOY. CBs3p ¢ muHOR
IepeMeHHOI0 TOKa OCYIJeCTBASIeTCS Yepe3 aB-
TOHOMHbIe HHBEPTOPBIL.

Bropoii crioco6.

Hecmorpst Ha 60Aee CAOXKHYIO CTPYKTYPY
SHEPreTUYEeCKOr0 KOMIIAEKCA, BTOPOI CIIOCO6
HMeeT CAeAyIolliie IIperMyIecTBa 0 CpaBHe-
HUIO C PACCMOTPEHHBIM IIePBBIM CIIOCOOOM.

1. B aTOM cAyyae HeT HEOOXOAUMOCTH COTAQ-
COBaTh PEXXMMbI pabOTHI YCTPOICTB BBIPAOATHI-
BAIOIUe AeKTPUIECKIe SHePIHH.

2. Cucrema Aerko MacIITabUPyeTCs U AOCTA-
TOYHO IIPOCTA AASI PeIeHUs TPOOAEMbI IAEKTPO-
MarHMTHOX COBMECTUMOCTH.

3. baaropapst HCTOYHUKY MUTAHUS TOTPebOU-
TeAel OT 001jero aBTOHOMHOTO HHBEPTOpa 0be-
CIIeYMBAETCSl BBICOKOE KayecTBO II0AABAEMOI
9AEKTPOIHEPTHUHL.

-
h

12

s

noTpedinTeIb
220/380

moTped nTe:n:.;-n':j:}—
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PucyHok 3. TB3Y ¢ noaknio4YeHneM K NPOMEXYTOYHOM LLINHE
NOCTOSIHHOI O TOKa (CO CMELUEHHbIM COEANHEHNEM)
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ITpu 9TOM AOAXKHBI COOAIOAATBCSI CACAYIOIIIIE
YCAOBUSA

— obecneuenue paborsl 'BOY mpu 3apan-
HBIX yCAOBUSIX;

— peryAupoBaHKe MOIJHOCTH U YaCTOTBI Bpa-
IIeHHS POTOPA;

— peryAMpoBaHUE€ aKTMBHOM U peaKTUBHOM
MOIJHOCTH B OIPEAECACHHbIX AMAIMIA30HAX.

OcHoBHBIM TpebOBaHMEM IO BBIPabOTKe
mouaoctu 'BOY siBastercst opranusanus 6oaee
HAU MeHee PaBHOMEPHO! MOIIHOCTHU. B obmem
caydae, momHocTs I'BOY sBasdgerca pasHo-
MepHOM, CKAOHHOM K KOA€OAHMSIM TOABKO IIPU
Ce30HHBIX H3MeHeHMX BeTpa. Ce3oHHbIE Xe
KoAebanus momHocty 'BOY npaxruyecku He-
yCTPaHMMBIL

14

Ecau poast TBOY B BbpaboTKe MONIHOCTH
aocruraeT 15-20% ycTaHOBAGHHOI MOIIHOCTH
CPI'3, To xorebanmsa momuocTr 'BAY criocobnsr
BAMATD Ha AMHAMU4YecKyto ycrorrausocts CPI'D,
IIO3TOMY BOIIPOCAM ITOAAEPSKAHHUS YaCTOTBI IIPU
KoAebaHmsix MomHoctu I'BOY yaeasiercss 60ab-
moe 3HaveHre. OcHoBHbIe TpeboBanust K [ BIY
IO YaCTOTE 3aKAIOYAETCS B IIOAACPXKAHHUHI YaCTOTBI
Brpepesax f= 50+ 0,5 I'y B reuenue 97% BpemeHu.

HccaepoBaHne AMHAMUYECKON YCTOMYMBOCTH
CPI'3, ocuoBannou Ha 'BAY, mokasaao Heobxo-
AUMOCTb HAAMYHS Pe3epBOB MOIIHOCTHU B CUCTe-
Me, COU3MEePHUMOH C TOAHON MOITHOCTBI0 'BOY.
TpaAULHOHHBIE 9AEKTPOCTAHIIUI AOAXKHBI OBITH
B COCTOSIHUU OII€PAaTUBHO HAOHPATh MOILIHOCTD,
AASI 9THUX IIeAeH ITPEeAIIOAAraeTCs UCIIOAb30BATh

COAHEYHbIe IMaHeAr 1 MoiHbeie BHO.

12
o~

11 7p
noTpeinTeIb

220/380

nu’rpeﬁu‘re:lbafj;}—
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PucyHok 4. TB3Y ¢ noaknto4eHnemM 4epes BbICOKOYACTOTHYIO LLUNHY

Bapuantr 'BOY ocHOBaHHBIN Ha CAMSHHMU
CHCTEMbI C TIOMOII[bIO BCTIOMOTaT@AbHOH IIKHBI,

aboraroieil Ha BBICOKOH 4acTOTe, IIOKa3aH Ha
)
puc. 4.
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AaHHBII METOA, B OCHOBHOM, MOXXHO HCITOAD-
30BaTh IIPU CO3AAHMU IAEKTPOIUTAHMS AASI BO3-
AYLIHBIX ¥ KOCMMYECKHX aIlllapaToOB. JTO ITO3BOAS-
eT CBeCTU K MUHUMYMY KOAMYECTBO PeaKTHUBHBIX
3AEMEHTOB B CHICTeMe, YMEHbIIUTD BeC U pa3Mepbl
U, COOTBETCTBEHHO, CHU3UTh cTouMocTb. Ho us-
3a reOMeTPUYECKOTO Pa3beAMHEHHUS OTACAbHbIX
arperaTos ITPHU UCIIOAb30BAaHUHU 3TOM CXEMbI BO3-
HHKaeT psip IpobAeM, CBSI3aHHBIX C HMOTEPSIMU
MOIIJHOCTH BO BCIIOMOTATEAbHOM CETH, IAEKTPO-
MarHUTHOM COBMECTUMOCTBIO H T.A.

CpaBHHUTEABHBIN aHAAU3 CXeM aBTOHOMHBIX
I'BOY mnokasaa, 4to HanboAee MepCrieKTHBHBIM
CIIOCOOOM COIIPSDKEHUsI YCTPOHCTB, BbIpabaThIBa-
IOIITHX SAEKTPUYeCcKYIo aHepruio B 'BOY, saBasercs
HCIIOAB30BaHHe ITPOMEXXYTOYHOM BCTaBKH ITOCTO-
SIHHOTO TOKa. B atom cayyae CPT'D Ha 6aze 'BOY
IIOCTPOEH 10 COBOKYTIHOMY IIPHHIJHITY, AETKO Mac-
IITAOMPyeTCs U IIPU HeOOXOAUMOCTH [IePeCcTparBa-
ercst. Kpome TOro, MOXXHO 0OBEAMHUTD CTPYKTYPY
U KOHCTPYKIIUIO 9AeKTPOHHBIX CHAOBBIX ITPe0Opa-
30BaTeAel AASI MOAGABHOTO PSIAQ MOITHOCTeH.

Mcnoab3oBaHre BCTaBKH ITOCTOSHHOTO TOKA
II03BOAsIeT H0Aee IPOCTO CyMMHPOBATb U Pac-
IIPEAEASITh IOTOKH dACKTPOIHEPIUU U3 FeHepH-
PYIOIIUX HCTOYHUKOB U BHEAPSATD 3 GeKTHBHbIE
METOABI YITPaBAEHHS AASI 9TOTO IIpoljecca.

ITpepsorxennas Hamu CPI'D Ha 6ase I'BOY
rioxasaHa Ha puc. S.CPI'D Ha 6aze 'BJY Bripabda-
THIBAIONIAsI IIOCTOSHHYIO U ITepeMeHHYI0 9AeKTPH-
4eCKy10 9HEePIHIO COCTOUT U3 MA4ThI 1, COAHEYHBIX
IaHeAeH 2, MArHUTHBIX AOTIAcTel 3, ACHHXPOHHO-
ro ABUTaTeAs 4, UHAYKIJMOHHOM KAaTYIIKU S, BbI-
npsiMuTeAs 9, 1S MmuHBI IOCTOSIHHOTO TOKA, UH-
Bepropa 10 c mepexaroyateaem 11, morpebureast
Toka 220/380 13, norpebuteast Toxa 6 mau 10 Ksr
16, 6a0xa Hakorureas sneprun (BHI) 14 u akxky-
MYASITOPOB 12, TOYKU OAKAIOYEHHUS CAEAYIOITIX
TUOPUAHBIX BETPOYCTAaHOBOK 17.

Ora cucreMa paboraer caepyroumuM obpa-
3oM. [1op pelicTBHeM BeTpa MarHUTHbIE AOTIACTH
3 BbIpabaThIBasl IIepeMEHHbIIN dAeKTPUIeCKUM
TOK 7 C IIOMOIIbIO ACHHXPOHHOTO ABUTraTeAs 4,
CO3AQIOT MarHUTHOE IIOA€ BOKPYT cebsi, KOTO-
pbli IIepecekas 06MOTKH MHAYKIJMOHHOM Ka-
TYIIKH, BBIPabaThIBAeT IIEPEMEHHBIN HHAYKIU-
OHHBI# TOK 8. ITOCTOSIHHBIH TOK, BRIPabOTaHHbIIH
Ha COAHEYHBIX ITAHEASX 2 yepe3 KOHTPOAAEP
9 nepepaeTcs Ha IIKMHY IIOCTOSHHOrO TokKa 185.
W3 muHbI TOK mopaeTcsa uaBepropy 10, n nepe-
menubii Tok 220/380, nau 6-10 KT mopaercs
notpebureAsMm 13 uau 16. M36piTOuHas 9A€K-
TpHUYECKasl SHEPIUs HAKAIAMBAETCS B OAOKe
BHO3, nmeromas AByXCTOPOHHIOIO HaIlpaBAEH-
HOCTbh. K 17 IIOAKAIOYAIOTCS AOIIOAHUTEAbHBIE
rubpusnsie BOY.

CyMMupoBaHye MOIJHOCTH BbIPabOTaHHOMN
aAeKTpoaHepruu arperatamu I'BOY ocymecr-
BASIETCSI Ha IIMHE ITIOCTOSIHHOTO TOKA, K KOTOPOH
IIOAKAIOYAeTCst Harpyska notpebuteast. Coaney-
HbI€ [IAHEAU B 9TOM CXeMe BbIPabaThIBAIOT IOCTO-
SIHHBIA TOK, reHeparop BOY moxxer paboTaTsp
C MU3MEHAEMOM YaCTOTOM BpallleHHs BaAa, AAS
9ero ero BbIXOA IIOAKAIOYEH K HIMHEe IIOCTOSIHHO-
IO TOKa Yepe3 KOHTPOAAEP.

ITpu mopkArO4eHHH K pacIpeAeAHTEAbHOM
cetu 'BOY 0AHOI 13 OCHOBHBIX 32434, KOTOPYIO
HeOOXOAMMO BBIIIOAHHTb SIBASIETCSI PacIpeAeAe-
HUe Harpy3oK MeXAy reHepUpYIOIMMH arpe-
ratamu (reHepaTop, MHAYKIIMOHHAS KaTYIIKa,
COAHEYHbIE MTaHEeAH). DTO OCYIIEeCTBASETCS CAe-
AyIOLIUM 06pa3oMm:

1. Ompepeasiercsi (Ha OCHOBe KAMMATHYe-
CKHX YCAOBHI M ACTPOHOMMYECKHUX IIapaMeTPOB
CoAHIla) MOTEHITUAABHO BOSMOYKHOE TeHEpUPO-
BaHue momfHocTu I'BOY.

2. OmpeaeAsIIoTCs TOTePU aKTUBHOM MOII-
HOCTH IIPU Ilepeaade MOTEeHIIMAAbHO BO3MOX-
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HOW CT€eHepUPOBAHHOM dAEKTPHUYECKON SHEPTUH
I'BOY norpebureato.

3. Ecau cymmapHas MOIMIHOCTD T€HEpUPY-
emoit 'BOY aaexTposHepruu He MeHblIe Ha-
IPY3KHU MOTPEOUTEAS, TO BCe 9TO MOKPHIBAETCS
3a c4eT BO30OHOBASIEMBIX HCTOYHUKOB 9HEPIHUHL.

13
//‘_
notpeburens
220/380 L
E_}_
noTpebHTEIE o
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4. Ecaut ecTb M30BITOK 9HEPTHH, TO OH II€pe-
aaetca BHO. B cayyae, xoraa BHDO ysxe moano-
CTBIO 3aIIOAHEH, Ha COOTBETCTBYIOI[YIO BEAUYHHY
yMeHbinaercss MomHocTs 'BOY. IlepsonadasbHo
peryAupyercs BeTpsiHas CeKIlHs, a 3areM $oTo-
IIAHEeAU.

: Ki/

PucyHok 5. Cuctema pacnpeneneHHom reHepauum anekTposHeprm Ha 6ase NBAY
C HaKoNUTeNem 3Heprum 1 CyMMMPOBaAHNEM MOLLIHOCTM Ha LLUMHE NOCTOSAHHOIO TOKa

S. Ecan 061mas MOmHOCTh BO30OHOBASIEMBIX
HCTOYHHKOB 9HEPTUHU MeHbllle HarPy3KH MOTpe-
OuTeAeil, HeXBaTKa MOIJHOCTH IIOKPBIBAETCS 3a
cuer BHO.

BriBoabI. UTOOBI TOBBICUTD 3P PEeKTUBHOCTD
HCTIOAB30BAaHHUS KMHETUYECKOM d9HEePTUH BeTpa
npeasoxxerHass CI'PO Ha 6aze 'BIOY, kak moka-
3aAM HAIlIM HCCAGAOBAHHUS, UMeeT IIPAKTUYeCKHUH
xapakrep. Camoe rAaBHOE — MOJKHO He MeHsIeTCs
ocHoBa KoHcTpyKimu BOY. C apyroit croponsl,
MPEAAOKEHHON CUCTEMOM MOXKHO IIOAYYaTh AO-
IIOAHUTEABHYIO 9AeKTPHUYECKYIO 9HEPIHUIO C TI0-
MOII[bIO COAHEYHBIX ITAaHEAEH, He 3aHMMa sl AOTIOA-
HUTEAbHbIE TIAOI[AAN. 1eM CaMbIM ITOBBINIAETCS

3¢ PpexTUBHOCTD Hcroab3oBanust ' BOY. Texno-
AOTHSI TEXHUYECKOM PeaAn3aIus TAKOM CUCTEMbI
samarenToBada (Ilatenr PK ma usobpereHue
Ne 33214 ot 17.10.2018).

IIpearoxxeHHAs] TEXHOAOTHSA IIPOEKTHPOBa-
s CI'PO obecrieunBaeT moaAepKaHue Helpe-
PBIBHOTO BO BpeMeHH PaBeHCTBA FeHepUpyeMOoi
1 noTpebAsieMoii aaekrposneprun B 'BIY u no-
Ka3aAa CBOIO MPAKTHUYHOCTD. DT TEXHOAOTHS 3a-
narentosana (Ilarent PK Ha moaesnyio MoaeAb
Ne 6142 ot 11.06.2021).

CpaBHuTeAbHbII aHaAN3 paborsl TBJY moka-
3aA, YTO HauboAee MepPCIeKTUBHBIM BaPHAHTOM
COIpPsDKEHMS Pa3AMYHbIX TUIIOB arperaTtoB B OA-
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HOI 9HEProcUcTeMe SIBASIETCSI MCIIOAb30BaHME
MIPOMEXYTOYHON BCTAaBKM ITOCTOSIHHOTO TOKA.
B arom cayuae I'BOY, nocrpoennas mo arperat-
HOMY IIPHHIIMITY, A€TKO MACIITAOHPYeTCs U, IPU
HeOoOXOAMMOCTH IepecTpauBaercsi. Kpome Toro,
MOXXHO OOBEAVHHUTD CTPYKTYPY U KOHCTPYKIIUIO
9AEKTPOHHBIX CHAOBBIX ITpeobpasoBareaeit. Vc-
MIOAB3YsI MOAYABHBIN IIPUHITUII X ITOCTPOEHN,
npoige pa3paboTaTs AUHUIO IpeobpasoBaTeeit

AASL MOAEABHOTO psiaa MomHocTeit [ 12 ]. Microas-
30BaHHe BCTABKHU II0CTOSHHOTIO TOKA TI03BOAMA 00-
Aee IIPOCTO CYMMHPOBATh U PACIIPEASASITb TIOTOKU
3HEPIUH U3 reHepUpPYIOIUX HCTOYHIKOB I'BOY.
HcnoabszoBanue I'BIY aag CPI'D paeT Bo3MOXx-
HOCTb COKPAaTUTb 3aHMMAeMYI0 CHCTEMOM IIAO-
maAb. I Ipu oTOM HapO yKasaTh, YTO COKpalieHre
9KCIIAYaTalJMOHHOM ITAOIAAY MIMeeT HEMAAOBAXK-
HO€ 3HAYEeHHE.
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