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Abstract. Marine infrastructure facilities include various structures and structures that are necessary to ensure the
functioning of maritime transport and other types of mandatory operations in the water space: passenger and cargo
terminals, transshipment complexes, warehouses, infrastructure facilities for maintaining ships in working condition,
heat supply systems, gas supply, water supply and power supply systems, necessary for the continuous provision
of various processes of the port's vital activity. The issue of operation of the developed experimental design of a wind
power plant (wind turbine) that recycles secondary energy resources of power facilities of marine infrastructure, when
it is placed on the chimneys of boiler installations of port facilities, is considered. An experimental wind turbine is be-
ing developed that will use the secondary energy resources of the enterprise. Such a resource in port facilities may be
the exhaust gases of a boiler house or a mini-CHP based on internal combustion engines, etc., the heat of which will
be utilized in the proposed wind turbine to generate electricity to cover part of the needs of the energy facility. The in-
troduction of wind power plants in port facilities represents an important strategic initiative with many advantages:
energy independence and reduction of energy supply costs; elimination of sharp fluctuations in electricity prices,
which may be caused by changes in prices for traditional energy carriers; reduction of greenhouse gas emissions; im-
provement of ports' public image, stimulation of economic development of the region. It is noted that some govern-
ments and international organizations offer financial support and incentive measures for projects on the introduction
of renewable energy sources; wind turbines can act as a backup energy source, providing higher reliability of energy
supply in case of disruptions in the main network, etc. All these measures for placing wind turbines on the chimneys
of marine infrastructure power plants make it possible to increase the efficiency of energy generation from a generat-
ing plant in the port.
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Annotanus. K o0bekTaM MOpckoil HHOPACTPYKTYPBI OTHOCST Pa3IMYHbIC CHCTEMBI U COOPYXKEHHUs, KOTOPbIE HE00-
XOJHMMBI JiJIsl o0ecriedeHus (yHKIMOHNPOBAHISI MOPCKOTO TPAHCIIOPTA U BBIMOJIHEHUS PYTHX BHIOB 00sM3aTEIbHBIN
orepalyii Ha BOJHOM IPOCTPAHCTBE: MACCAKUPCKUE U FPY30BbIC TEPMHHANBI, IEPEBATOYHBIC KOMIUICKCHI, CKIIAJICKUE
MOMEIIEHHS, 00BEKTHl HHPPACTPYKTYPHI MO MOJJICPIKAHUIO CYIOB B paOOTOCIIOCOOHOM COCTOSIHHH, CHCTEMBI TEILIO-
CHaO)XeHMs, Ta30CHA0KEHMS, BOJOCHAOXKEHUS M CHCTEMbI IEKTPOCHAOXKEHUs, HEOOXOIUMbIC ISl HEIpPEepHIBHOTO
obecriedyeHHs pa3IHYHBIX IPOLIECCOB KU3HEACITENFHOCTH NOpTa. PaccMaTpuBaeTcsi BOIpOC 3KCIUTyaTaluy pa3pado-
TAHHOM SKCIIEPUMEHTATbHON KOHCTPYKLIUH BETPOIHEPreTHUecKoi ycranoBku (BOY), yrunmusupyromeld BTOpHUHBIC
SHEPTEeTHYECKHE PECYPCHI SHEPrO00BEKTOB MOPCKOH HHPPACTPYKTYPHI, IPH €€ PasMEIIeHNH Ha JHIMOBBIE TPYOBI KO-
TEJILHBIX YCTAHOBOK MOPTOBBIX X03scTB. [IpoBomutcs pa3paboTka skcnepuMeHTalIbHOM BDYVY, kotopas Oynmer uc-
MOJIb30BaTh BTOPHYHBIC JHEPIETHUCCKHE PECYPCHl MPEAnpusaTus. TakuM pecypcoM B MOPTOBBIX XO3SHCTBaX MOTYT
OBITH YXOJISIINE Ta3bl KOTENbHOM Mk MUHU-TOL] Ha Ga3e nHBUTATENCH BHYTPEHHETO CTOPAHUS U JIP., TEIIO KOTOPHIX
Oy/eT yTHIN3UPOBAThCs B mpeuiaraeMoit BOY s reHepaiuu 31eKTpO3HEPTHH IS MOKPHITUS YaCTH HYKJ DHEPro-
o0bekTa. BHenpeHne BeTposHEPreTHYeCKUX YCTAHOBOK B IMMOPTOBBIX XO3SAHCTBAX MPEACTABIAET COO0 BaKHYIO CTpa-
TErNYeCcKyl0 MHUIMATUBY C MHOYKECTBOM IPEUMYILECTB: SHEPrOHE3aBUCUMOCTh M CHIDKCHHUE 3aTpaT Ha YHEProcHa0-
JKEHHE; YCTPaHEHHE PEe3KUX KoJeOaHUi [IeH Ha 3IEKTPO3HEPTHIO, KOTOPHIE MOTYT OBITh BHI3BAHBI H3MEHCHHUSAMH B I1e-
Hax Ha TPaJULUOHHBIC SHEPTOHOCUTENH; CHI)KEHIE BHIOPOCOB MAPHUKOBBIX TA30B; yJIyYIICHHE IOPTAMHU CBOETO 00-
MIECTBEHHOTO WUMH/KA, CTHMYJIHPOBAaHHE YKOHOMHYECKOTO pa3BUTHs pernoHa. OTMEYEHO, YTO HEKOTOPHIC IPaBH-
TEJILCTBA U MEXKIyHAPOIHBIC OPTraHU3aIMHU IPEIaraloT GUHAHCOBYIO MOJJICPKKY U CTUMYJIUPYIOIIUE MEPHI JUIS TIPO-
CKTOB I10 BHEJPCHUIO BO30OHOBIIIEMBIX UCTOYHHKOB SHEpruu; BOY MoryT nelicTBOBaTh Kak pe3epBHBIN MCTOYHHK
SHepruu, obecreunBas 0oJice BEICOKYIO HAJCKHOCTh SHEPrOCHAOKEHHUS B Cllydae 1epeboeB B OCHOBHOM CETH U T. JI.
Bce ykazanHbIe MeponpHsTHS O pazMenicHuo BOY Ha ApIMOBBIC TPpyObI 9HEProoOBEKTOB MOPCKOW HHPPACTPYKTY-
PBI 1AI0T BO3MOXHOCTB MOBBICUTH 3()()eKTHBHOCTH BBIPAOOTKH SHEPTUH OT T€HEPUPYIOIel YCTAaHOBKH B ITOPTY.

KunroueBbie c10Ba: BO300HOBISIEMbIE HCTOUHHKH SHEPTHUH, BTOPUYHBIE SHEPTETHUECKUE PECYPCHI, TOPTOBOE XO3sii-
CTBO, BETPOIHEPTeTUUECKAs yCTAHOBKA, MHTEHCH(UKAIMS TEIUIOOTAAYH, HIMOBBIE TPYOBI SHEPTOOOBEKTOB

Jns nurupoBanmsi: Mnovun P. A., Huwxun H. J]. Pa3paboTka BEeTpO’HEPreTHYECKONH YCTAaHOBKH, YTHIM3HPYIOIIECH
BTOPHUYHBIE SHEPTETUYECKUE PECYPCHI S3HEPrO0OBHEKTOB MOPCKOH MH(MPACTPyKTyps! // BecTHHK AcTpaxaHCKOro rocy-
JApCTBEHHOI0 TexHuueckoro yHusepcutera. Cepus: Mopckas TexHuka u TexHosorus. 2024. Ne 4. C. 99-105.

https://doi.org/10.24143/2073-1574-2024-4-99-105. EDN HENTWU.

Introduction

The development of renewable energy sources (RES)
is an integral step in the conservation of natural re-
sources and plays a role in the decarbonization of enter-
prises of the fuel and energy complex, including energy
facilities of the marine infrastructure [1, 2]. The paper
considers the issue of developing an experimental
wind turbine using heat transfer intensifiers in the form
of blade swirlers [3] to generate electrical energy that
can be used to cover their own needs of energy facilities
of marine infrastructure, which include boiler houses or
mini-CHP plants based on gas piston installations, on
the chimneys of which can be installed developed by the
authors of the wind turbine. Thermal energy from sec-
ondary energy resources is used in wind turbines to
form rising swirling flows. In the developed design
of the wind turbine, due to the hot surface of the chim-
ney, the air around the pipe itself is heated, which sub-
sequently rises up, twists with the help of swirlers,
thereby creating an intensified flow. The energy of such
a stream can be used to generate electricity, which will
cover the own needs of the marine infrastructure facili-
ty. This will reduce the consumption of fuel and energy
resources and reduce the anthropogenic impact on the
environment.

Relevance of the study
The use of RES in port facilities is becoming in-
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creasingly relevant and important for several reasons:

— international and national environmental re-
quirements are becoming increasingly strict, for exam-
ple, the International Maritime Organization (IMO) is
introducing new rules to reduce carbon emissions and
other pollutants;

— despite high initial investments, operating costs
when using renewable energy installations are often
lower, due to low or zero fuel costs and minimal
maintenance;

— ports implementing RES contribute to sustainable
development and attract the attention of companies
and partners interested in environmentally friendly
initiatives;

—using the potential of RES will enable ports to
reduce dependence on traditional hydrocarbon fuels
and on their suppliers and, thereby, increase sustaina-
ble development regardless of fuel prices;

— the introduction of RES in port facilities stimulates
the development of new technologies and innovations;

—there are already successful examples of using
RES in ports around the world, for example, the Port
of Rotterdam is actively investing in solar and wind
farms, as well as in hydrogen fuel projects.

In general, the use of RES in port facilities is a step
towards a sustainable future that will bring economic,
environmental and social benefits.



Vestnik of Astrakhan State Technical University.

Series: Marine engineering and technologies. 2024. N. 4
ISSN 2073-1574 (Print), ISSN 2225-0352 (Online)
Ports, port infrastructure and transport logistics

Main part

In the literature, there are ways to locate wind tur-
bines with a vertical axis of rotation in high places, for
example, the uppermost support of a chimney [4].
Here, the chimney is considered only as a high point
of placement of wind turbines. In this case, we are not
talking about using the potential of flue gases. This
placement option assumes a height of about 20 m,

Wind turbine C

where the wind speed is 6-7% higher than at ground
level. Such options lead to an increase in energy gen-
eration by an average of 18-21%.

The authors have developed an experimental wind
power plant using heat transfer intensifiers in the form
of blade swirlers [5]. A general view of an experi-
mental wind turbine with tangential upstream diver-
sion is shown in Fig. 1.
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Fig. 1. General view of the experimental wind turbine with a tangential branch:
A-A — layout of the blade swirlers; B-B — layout of the holes in the casing for additional air inflow;
C — layout of the plug installation at the exit of heated air flows from the slot gap

The use of a method of twisting flows in wind
power plays an important role due to the characteris-
tics of such flows. They are concentrated in a stream
(jet) of kinetic energy. The use of wind turbines [6],
which, among other things, are capable of using low-
potential air flows, are able to utilize heat flows, for
example, when disposing of the heat of exhaust gases
from a boiler house of a port facility, is very important.

Such wind turbines are able to concentrate and usefully
use energy on air flows that move even at low speeds,
for example, from 3-4 m/s.

In the wind turbine proposed by the authors, which
will be located in the upper part of the pipe, a tangential
outlet of the rising warm air is performed. Such an in-
stallation is equipped with a casing, which is preferably
made of composite materials to make the structure easi-
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er. In the described variant, the chimney is no longer
considered as a high fulcrum, but as an object of ther-
mal energy from the flue gases of an energy facility.
During the operation of boiler houses, exhaust gases
with a temperature not lower than the dew point are
emitted into the chimney, the average value of which is
not lower than 120 °C. The surface of the pipe, heated
by the outgoing gases, gives off heat to the air near the
wall, that is, it is heated in the slit space formed by the
pipe and casing. The use of a powder allows you to con-
centrate the entire volume of air masses in a limited
space, preventing it from dissipating. The heated air, as
a result of the lifting forces acting on it, rushes upwards,
passing through the vortices and is removed through the
tangential outlet and, thereby, spins the blades of the
wind power plant (Fig. 1, view C), which allows gener-
ating electric energy. To intensify the movement and
increase the mass flow rate of air sucked into the lower
slit channel, the design provides a confuser at the bot-
tom of the casing, blade swirlers (Fig.1, type 4-4), and
holes are made along the height of the casing (Fig. 1,
type B-B) necessary to ensure the inflow additional air.
At the exit from the inter-tube space, the heated air,
resting against the plug of the inter-tube space, enters
the tangential outlet, which allows the entire volume
of air to be concentrated on the blades of the generating
device. All this will contribute to an increase in air flow
through the slit channel and increase the flow rate at
the outlet.

The installed blades for flow swirl have proven
their efficiency in laboratory conditions during exper-
iments [2]. Further research and design improvements
will allow this technology to be adapted for wider ap-
plication and integration into the energy system.
A total of four levels of swirlers were installed uni-
formly along the height of the pipe (Fig. 2). Among
other things, such blades stabilize the flow, which will
lead to an improvement in the performance of wind
turbines. The entire installation, enclosed in a casing,
is shown in Fig. 3.

During the experiments, measurements were taken
of the velocity of the wind turbine leaving the tangential
outlet on the chimney without installed swirlers depend-
ing on the pipe wall temperature with closed openings
(Fig. 1, view B-B). The results of the measurements are
shown in Table 1. In the Table 2 shows the results
of measurements of the velocity of the outgoing flow
from the tangential outlet in the case of installing a gal-
vanized sheet casing on the chimney. Four tiers of blade
swirlers were installed with all the holes closed in the
casing itself (Fig. 1, view B-B). The date of measure-
ments at the experimental installation was 03/06/2024
(the ambient temperature was minus 1 °C, the wind
speed was 3 m/s).
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Fig. 3. Experimental setup with a casing installed
to create a slit channel
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Table 1

Results of measurements of the velocity of ascending flows in the experimental setup
without installed vane swirlers

Pipe wall temperature, °C Flow rate, m/s Average air temperature in the intertube space, °C
50 0.6-0.7 17.0
60 0.6-0.7 17.5
90 0.8-0.9 19.5
120 1.1-1.3 21.5
150 1.4-1.6 22.0

Table 2

Results of measurements of the velocity of ascending flows in the experimental setup
with installed blade swirlers, according to Fig. 2

Pipe wall temperature, °C Flow rate, m/s Average air temperature in the intertube space, °C
30 3.2 27
60 3.6 34.8
90 4 36.2
120 54 45
150 5.5 60
180 6 64

From the above measurement data, it can be seen
that with an increase in the value of the chimney wall
temperature, the average temperature of the updraft in
the wind turbine also increases. The measurements per-
formed before and after the installation of the swirlers
showed that this solution actually increases the exit ve-
locity from the tangential outlet of the rising swirling air
flows quite well. This shows the expediency and neces-
sity of using swirlers for this kind of wind turbines.

From the tables based on the results of experi-
mental measurements without vortices and with them,
it can be seen that in the second case, the flow velocity
through the tangential outlet increases by more than

2,5

3 times, which indicates the need and expediency
of their use. The experiments performed with open
holes (Fig. 1, view B-B) gave the opposite result —
a decrease in the air flow velocity, as assumed, due to
the dispersion of the mass of the swirling flow.

In the experimental wind turbine, the diameter
of the wind wheel, which is supposed to be installed in
the tangential branch, is 0.1 m (Fig. 1, view C). Let us
plot the dependence of the electric power of the wind
turbine generator P,,,, W, on the flow velocity, m/s,
leaving the tangential branch of the installation. The
results are shown in Fig. 4.

4 5 6 7
Flow rate, m/s

Fig. 4. The value of the generated power of the wind turbine from the flow speed of the vortex air flow
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The power of the wind turbine on the chimney at
a speed of 7 m/s is 2.3 W. Calculations show that an
increase in the flow rate to 9 m/s and a diameter
of D = 1.0 m, the power of wind turbines on chimneys
can reach 499 W and will be quite sufficient to cover
part of the own needs of the boiler house located in the
port facility. In the future, the data obtained will be re-
fined during experiments using direct current generators
and contactless frequency meters. In the future, it is
necessary to work out the issues of optimal geometric
proportions of the size of the chimney and casing, as
well as to conduct studies of changes in the temperature
of flue gases at the outlet of the pipe to analyze the issue
of reducing the temperature of the exhaust gases below
the dew point, which can lead to a negative impact on
corrosion processes in the pipe itself. In addition, the
issues of determining the main technical and economic
performance indicators of the created wind turbine will
be analyzed.

Thus, the intensification of the movement of air flow
in the slit gap between the pipe and the casing is
a promising direction in the field of wind energy, which
opens up new opportunities to increase the efficiency
and adaptability of wind power plants for use in any
industry, including for energy facilities of port facilities.
Nevertheless, current developments still require signifi-

cant attention to the issues of stability and reliability
of structures, especially in conditions of various weather
conditions. Further research is needed to optimize the
parameters of such systems and their adaptation to vari-
ous climatic conditions. In the long term, the successful
implementation of such wind turbines in the wind energy
sector can significantly increase the availability and
prevalence of RES, contributing to a global transition to
a sustainable and environmentally friendly energy future.

Conclusion

The method of placing wind turbines in the upper
part of the pipes of power facilities of port facilities,
considered by the authors, will contribute to the gener-
ation of electricity without reference to the speed and
direction of ambient air, since the operation of such
a wind turbine is based on the laws of heat transfer,
namely on the phenomenon of free convection. It, in
turn, occurs when the heat of the flue gases of a boiler
house or mini-CHP based on internal combustion en-
gines is utilized, and not when installing wind turbines
at high points of artificial heights to use a faster wind
flow of air. The introduction and operation of such
installations will make it possible to partially compen-
sate for the energy consumption of the enterprise for
its own needs.

References

1. O morskikh portakh v Rossiiskoi Federatsii i o vnese-
nii izmenenii v otdel'nye zakonodatel'nye akty Rossiiskoi Fed-
eratsii: Federal'nyi zakon RF ot 08.11.2007 Ne 261-FZ (red. ot
25.06.2012) [On Seaports in the Russian Federation and on
Amendments to Certain Legislative Acts of the Russian Fed-
eration: Federal Law of the Russian Federation dated
08.11.2007 No. 261-FZ (as amended on 06/25/2012)]. Availa-
ble at: https:/normativ.kontur.ru/document?moduleld=1&do
cumentld=465471&ysclid=m2n76chgox547038986 (accessed:
02.09.2024).

2. II'n R. A., Shishkin N. D. Razrabotka vetroenergetich-
eskoi ustanovki dlia razme-shcheniia na dymovye truby ener-
goob"ektov morskoi infrastruktury [Development of a wind
power plant for placing marine infrastructure power facilities
on chimneys]. Vestik Astrakhanskogo gosudarstvennogo
tekhnicheskogo universiteta. Seriia: Morskaia tekhnika i tekh-
nologiia, 2020, no. 2, pp. 62-68.

3. Biriuk V. V., Goriainov S. B., Uglanov D. A. Vikhre-
vaia energetika [Vortex energy]. Sovremennaia nauka, 2011,
no. 2 (7), pp. 220-225.

4. Goloshchapov V. M., Baklin A. A., Terekhin E. A,
Vostroknutov E. V. Sposob razmeshcheniia rotornoi vetro-
energeticheskoi ustanovki na dymovoi trube [The method
of placing a rotary wind power plant on a chimney]. Patent
RF, no. 2510611, 10.04.2014.

5. I'in R. A., Shishkin N. D., Gagiev 1. R. Vetroener-
geticheskaia ustanovka [Wind power plant]. Patent RF,
no. RU 227702U1, 30.07.2024.

6. Serebriakov R. A. Vetroustanovka s vikhrevym
preobrazovatelem potokov sploshnoi sredy [Wind turbine
with vortex converter of continuous medium flows]. Ak-
tual’'nye problemy gumanitarnykh i estestvennykh nauk,
2016, no. 3 (86), pp. 43-55.

CIHcoK NCTOYHHKOB

1. O wmopckux moprax B Poccuiickoit Denepannu
U O BHECEHWH M3MEHEHUH B OT/AENbHBIC 3aKOHOJATENbHbIC
akTel Poccuiickoit ®enepanun: denepanbubiil 3akoH PO ot
08.11.2007 Ne 261-D3 (pen. ot 25.06.2012). URL: https:/
normativ.kontur.ru/document?moduleld=1&documentId=465
471&ysclid=m2n76chgox547038986 (mara oOpamieHus:
02.09.2024).

2. Wmeun P. A., IHumkun H. /1. Pazpabotka BeTposHep-
TeTHYeCKON YCTAHOBKH JUISl Pa3MEIeHHs Ha JBIMOBBIE TPYObI
9HEProoOBEKTOB MOPCKOM MHppacTpykTyps! / BectH. Actpa-

104

XaH. Toc. TexH. yH-Ta. Cep.: MopcKasi TEXHUKA ¥ TEXHOJIOTHSI.
2020. Ne 2. C. 62-68.

3. buprok B. B., I'opsiunos C. b., Yrnanos /1. A. Buxpe-
Bas sHepreTrka / CoBpem. Hayka. 2011. Ne 2 (7). C. 220-225.

4. Ilar. RU 2510611. Cnoco6 pa3menieHus pOTOPHOH
BETPORHEPTETHYECKOM YCTAaHOBKH Ha JbIMOBOI TpyOe / ['omo-
maroB B. M., Baxnun A. A., Tepexun E. A., BoctpokuyToB
E. B.; 3ase1. 03.08.2011; omy6u1. 10.04.2014.

5. Ilar. RU 227702U1. BerposHeprerudeckas yCTaHOB-
ka / Wnbun P. A., umkua H. [1., Tarues U. P.; 3asBi.



Vestnik of Astrakhan State Technical University.

Series: Marine engineering and technologies. 2024. N. 4
ISSN 2073-1574 (Print), ISSN 2225-0352 (Online)
Ports, port infrastructure and transport logistics

02.05.2024; omy61. 30.07.2024.
6. CepebpsixoB P. A. BerpoycraHoBKa ¢ BUXPEBBIM IIpe-

obpa3oBaresieM MOTOKOB CIUIOLIHOM cpempl / AKTyai. Impo-
OneMbl T'yMaHuTap. 1 ecTecTB. Hayk. 2016. Ne 3 (86). C. 43-55.

The article was submitted 16.09.2024; approved after reviewing 17.10.2024; accepted for publication 29.10.2024
Crartps noctynmia B pegakuuio 16.09.2024; onobpena nocie perensuposanus 17.10.2024; npunsita k myomukarmu 29.10.2024

Information about the authors / Undopmanust 00 aBTopax

Roman A. Ilyin — Candidate of Technical Sciences, Assis-
tant Professor; Head of the Department of Thermal Power
Engineering and Refrigeration Machines; Astrakhan State
Technical University; Senior Researcher of the Laboratory of
Non-conventional Energy of the Department of Energy
Problems of the FSBI FRC “Saratov Scientific Center of the
Russian Academy of Sciences”; kaften.astu@mail.ru

Nikolay D. Shiskin — Doctor of Technical Sciences, Pro-
fessor; Professor of the Department of Thermal Power Engi-
neering and Refrigeration Machines; Astrakhan State Tech-
nical University; Head of the Laboratory of Non-
conventional Energy of the Department of Energy Problems
of the FSBI FRC “Saratov Scientific Center of the Russian
Academy of Sciences”; n.shiskin-53@mail.ru

Poman Anvbepmosuy Hnvbun — xanmumatr TeXHHYECKAX
HayK, JOIEHT; 3aBeNyIommil Kadeopod TeIIo3HEepreTHKI
U XOJIOJAWJIBHBIX MAaIlMH; ACTPaxaHCKUH TrocyaapcTBEHHBII
TEXHUYECKUI YHUBEPCHUTET; CTapLIMi HAy4YHbBIM COTPYIHHK
1ab0paTopuy HETPAAULIMOHHON SHEPreTHKU OT/eNa SHepre-
Ttuueckux npodiaem GI'BYH OULl «CapaToBckuil HaydHBIN
ueHtp Poccuiickoii akanemun Hayk»; kaften.astu@mail.ru

Huxonan /Imumpueeuu Illumkun — noxrop texaude-
CKHUX HayK, mpodeccop; mpodeccop kadeaps! TeIrosHepre-
THKH M XOJIOJWIBHBIX MAllMH; ACTpPaXaHCKHI TOCYIapCTBEH-
HBII TEXHHUYECKUH YHHBEPCUTET; 3aBEAYIOLIMHA JabopaTopu-
eil HeTPaJULIMOHHOM SHEPreTUKM OTAeNa 3HEPreTUYECKUX
npobinem ®I'BYH @OUL| «CapaToBckuil Hay4yHbIH LEHTP
Poccutiickoii akanemun Hayk»; n.shiskin-53@mail.ru

—C B S —

105

SOII[I0B] INJONI)SLIJUI QULIBW JO SOIIN0SAI AZI3US A1epu0dss sa[oKda1 jey) juefd 1omod puim e Jo juswdooad "( "N UD[SIYS 'V Y WIA[]



