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Purpose. The purpose of this work is to find out the methods of preventive management for forecasting environ-
mental safety at the enterprises of the energy industry and the example of the main oil pipeline, taking into account
the factors that characterize the processes of electrochemical corrosion.

Methodology. Studies have shown that the main role in the corrosion process on the damaged section of the pipe-
line in contact plays an aggressive solutions work makrohalvanichnyh couples. The problem of modeling electro-
chemical corrosion steel pipe surface. On the basis of the model proposed by galvanic corrosion method of calculating
the residual life of the safe operation of the main pipeline.

Findings. Based on analysis and case studies, based on mathematical models of corrosion of the surface areas of oil
dependence obtained to determine the reduction of the wall thickness of the pipeline and forecasting resource envi-
ronmentally safe operation of pipelines, which are subject to falling electrolytic environments on the affected area of
the pipeline through controls to some electrochemical parameters. The method of forecasting is focused on getting a
non-destructive way to output data on real structures in operation and to reliably assess the safe operation of the
pipeline sections.

Originality. Scientific novelty of the research is as follows: the technique of estimation of residual life plot oil based
corrosion processes on the surface of the pipeline when working macro galvanic elements; developed and researched
mathematical model of macro galvanic couple at local corrosion on steel pipe surface areas for which settlement is to
predict corrosion loss on damaged sections of the pipeline when hit them aggressive electrolytic solutions regardless
of their chemical composition.

Practical value. The method of calculation of the residual resource of safe operation of the main section of the
pipeline makes it possible to rationally plan the repair work, to predict a realistic timetable construction work, review
the operation mode. The proposed method is aimed at obtaining the initial data nondestructive method on real struc-
tures in the conditions of their operation.

Keywords: preventive management, environmental safety, energy sector enterprises, residual life, main oil pipeline, cor-

rosion

Introduction. The precautionary approaches and
precautionary management generally defines actions on
issues considered to be uncertain regarding possible fu-
ture hazards. And today, science offers a number of use-
ful ideas and concrete precautionary methods to justify
discretionary decisions to reducing the risk of environ-
mental contamination. Regarding the Highly Polluted
Areas, among which is Ukraine, the most internation-
ally established methods have become, in particular,
Standards and Thresholds, Environmental Impact As-
sessment (EIA) process and strategic environmental as-
sessment (SEA) [1, 2]. In such matters, a great deal of
consideration is given to account for safety issues and
the potential environmental risks of energy facilities,
which are characterized as projects that may have a
large-scale negative environmental, including health,
effects. The most important such facilities involve oil
pipelines that are those designed to carry oil from areas
of extraction to refineries, storage facilities, rail, river
and seaport loading facilities, or to spur pipelines for de-
livering oil to specific organizations.
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Ukraine’s oil pipeline system is operated for
20—42 years on average, depending on the commission-
ing period of its components. During the period of op-
eration, a considerable part of main oil pipelines and
processing equipment has got its service life expired, has
been repeatedly subject to repairs and overhauls and has
become morally obsolete. Having been designed and
manufactured in accordance with the requirements of
normative documents, the pipelines must be resistant to
environmental stress. But manufacturing defects and
damages promote beginning and development of corro-
sion processes on a pipeline.

One of the serious problems of operation of main oil
pipelines is their proneness to accident — an unforeseen
failure of a linear portion of a pipeline, which is followed
by a catastrophic environmental impact.

Improvement of the reliability of operation and
maintenance of oil pipeline objects for ensuring of tech-
nogenic safety and, therefore, ecologically safe func-
tioning of a pipeline system, is achieved by means of
constant performance of a range of works, which in-
clude determination of remaining service life of objects
of main oil pipelines and prediction of technogenic risk,
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which is possible in case of accidents on oil pipeline sec-
tions. Such structures require special attention, periodic
monitoring of their capability for work.

Therefore, prediction and evaluation of safe opera-
tion of main oil pipelines is a pressing issue, given that
the number of such structures grows every year.

Analysis of the recent research. Analysis of the litera-
ture [3] showed that predicting the residual life of pipe-
lines is a multifactorial problem of determining the
maximum allowable state of their disability. There are
no criteria specified maximum allowable state of ele-
ments of pipelines that have been in operation more
than 200 thousand hours, and methods of forecasting
residual resource with the necessary certainty [4].

Existing normative provision of safe operation of
pipelines does not fully regulate carrying-out of integral
analysis of pipelines state in order to determine their re-
maining life and predict safe operation because it disre-
gards technical characteristics and parameters which
have changed during operation under the influence of
external factors, such as corrosive wear [5].

Ensuring environmentally safe operation of the pipe-
lines is largely a problem of increasing their reliability
and durability and are difficult complex task that in-
volves finding out technical, technological, economic
and organizational aspects. Despite the fact that this
problem is the subject of numerous studies of domestic
and foreign authors, this time it is still not fully resolved
many issues remain open [6, 7].

There are proposals on the residual life evaluation in
terms of probability of failure on designs. But the meth-
ods reflect the general approaches to determining the
residual life or require significant experimental studies
to obtain statistical characteristics degradation processes
on the surface of the pipeline.

Unsolved aspects of the problem. It remains unsolved
problem of evaluating the residual life of steel safe op-
eration of the pipeline on the basis of laws of the kinetics
of electrochemical corrosion of the pipeline. In this sit-
uation, determine the depth of the pipelines, and there-
fore the residual life using electrochemical laws are spe-
cific approach that will characterize this process.

Objectives of the article. The purpose of this work is
to addictions to calculate the residual resource of safe
operation of pipelines from electrochemical measure-
ments of characteristics pipeline hit in the electrolytic
solution in areas where the broken pipe insulation.

Methods. Studies have shown that the main role in
the corrosion process on the damaged section of the
pipeline in contact plays an aggressive solutions work
makrohalvanichnyh couples. The problem of modeling
electrochemical corrosion steel pipe surface. On the ba-
sis of the model proposed by galvanic corrosion method
of calculating the residual life of the safe operation of
the main pipeline.

Presentation of the main research. Various studies of
steel pipe showed that the environmentally safe use of
the term essentially depends on the corrosion resistance
of the metal. A considerable part of accidents is caused
by corrosion processes. A way to ensure accident-free
functioning of underground pipelines is to protect them
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from in-ground corrosion. For this purpose, the pipe-
lines surface is protected with suitable coatings. During
operation, protective coating is destroyed under the in-
fluence of external negative factors. As a result, electro-
chemical contact is established on pipeline sections with
defective coating and on sections, where coating is not
broken-down.

An underground pipeline is a typical many-electron
corrosion system in the form of micro- and macro-gal-
vanic couples placed on its surface. Their operational
efficiency is determined by the value of electric potential
of individual sections of the pipeline. Generation of cor-
rosion current between anode and cathode sections is
due to the influence of a broad range of factors. In prac-
tice, conditions for corrosion of pipeline surface always
exist. High aggressiveness of soil and presence of defects
in insulation coating can significantly intensify the cor-
rosion processes on the outer surface of a pipe.

As soon as the fact of coating failure has been found,
the question arises concerning prediction of technogenic
risk of oil spill in connection with corrosion of the pipeline.

Solution to questions of timely detection of pipeline
corrosion, determination of its depth and area of distri-
bution is connected with a number of difficulties. Pipe
wall thickness depends on operating pressure, structural
characteristics and strength margin, which includes tol-
erance on uniform corrosion loss. Strength margin is set
as a whole, judging from the available experience,
though an accurate prediction of process of pipeline
corrosion after earth backing is necessary.

On the oil pipeline sections, where insulation is bro-
ken, the conditions are formed for the emergence of
macrogalvanic couples, the strength of current of which
can be used as a generalized characteristic in determina-
tion of losses on pipeline metal.

Electric field near the heterogeneous electrode is
considered, the model of which consists of 2 sections of
arbitrary width, which differ in steady potentials.

Local corrosion cell is represented by the pipeline
section under the insulation coating (cathode) and the
pipeline section, where there is no insulation coating
(anode) (Figure).

Determination of electric field potential distribution
in this case is reduced to solution of two-dimensional
Laplace equation
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where ¢ is potential; x, y are current coordinates.
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Fig. Local corrosion cell in the pipeline under the earth
blanket
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The boundary conditions are defined as follows:

1) at an infinite distance from the surface of the elec-
trode (oil pipeline) no exciters are introduced into the
electric field: ¢ (y — o, x) = const;

2) the second one is a consequence of symmetry of
the model under consideration % 26_(;)

ax x=0 ax x=c

3) conditions on heterogeneous sections are repre-
sented as

¢o=FE,+ Ldo/dy with y=0,
¢o=Fk+ Ldo/dy with y=0,

where L =y - b; y is electrolytic conductivity; b is coeffi-
cient of polarization; Fa and Ek — without exact poten-
tials of anode and cathode, mV.

Solution of (1) under such boundary conditions is
obtained by Euler-Fourier method.

0<x<a

a<x<e,

a(E,—Ey)+CEy N

o(x.y)= ;
nk
w Sin—a n 2
+2<Ea £ )Z € —cos xe_Tky ?
i - ik c
KU1+ =2L |k
c
. d
Given that i =—y [d_;pj from (2) we obtain an ex-
y=0

pression for determination of current density distribu-
tion on the surface of one local cell.

. mka  mkx
i(x) _ 2(Ea _Ek)yiﬂn?cos?
n k=l k(1+nij
Cc

In accordance with Faraday’s law, corrosion loss of
metal is calculated by the formula

M=KIt, &)

where M is metal mass; / is current strength; 7is time; K
is electrochemical coefficient of metal.
Let us assume that the corrosion damage is of circu-
lar shape. Let us consider the corrosive damage on a
pipe in the form of an evenly expanding equilateral cone.
Suppose that in the last phase the outer diameter of the
corrosion damage is equal to the pipe wall thickness 4.
Then
_ Kit
7 0.167D°
where D is relative weight of metal; 7 is density of current
flowing through the area of cross section of the damage

4

vl . .
surface; i =—; a is area of cross section of the damage
a

surface, a = th?/2.

nDh?

and KIr =

To obtain equation (4), M =
_ nKhlit

were inserted into the left and right side of
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equation (3), where /4 is depth (diameter) of corrosion
damage; Vis volume of corrosion damage, V= nh*/12.

Equation (2) shows that /, does not depend on the
length or diameter pipes, that this feature is only time
and current density. For further analysis we assume that
both ends grounded pipes and pipe corrosion has one
ulcer in the middle. Then for the case where the electric
potentials of the left and right sides of the circuit level
electrical current through a defect in the pipe according
to Kirchhoff’s law can be expressed as

2U,-U,)  2AU
R,+R,+R, R, +R,+R,

I=1+1,=

where AU — the potential difference in an open element
between a grounded point defect in the pipe and tube is
U, - U,; R, — the electrical resistance of the pipe, even
R, = R, R, — contact resistance ‘ground — ground’ on
both ends of the pipe, equal R,; = R,,.

Laboratory through proven that the electrical resis-
tance defect size limit over 10° Om. Why such resistance
defect will be much greater than the resistance tubes and
contact systems ‘pipe — soil’ R,> R,> R,

Contact resistance of the system ‘pipe — soil’ in
place of the defect is calculated as

__P
" 2nH’
where p — Soil resistivity; H — diameter ulcer.
Lowering R, and R, in equation (4) as extremely
small value compared to the value of R, and expressing /
as miH?/2, we get

;=380 )
pH

For the case of several rising defects along the tubes
equation (5) will look like
i SAU
pHn’

(6)

where n — defects in the tube.

Equation (6) shows that the resistivity of the soil and
the total surface area of the pipe in place covering the
defect determining current density. Equation (6) de-
scribes increasing number of leaks after suffered the first
of them. Since the beginning of its corrosion products
form a contact with soil that has low resistance, and cor-
rosion rate increases. On the other hand, increasing the
surface area of the intersection of corrosive ulcers slows
corrosion. When pitting corrosion penetrates the entire
thickness of the wall, it reduces the total area of inter-
section of the surface affected by the current source. In
most cases, the corrosion rate of spread will increase
again due to leakage of the product to be pumped.

Combining equations (4) and (6) to the time to the
first leak

o H?Dnp
48KAU'

We write the (4) as H, - 0.167D = KIt, from here
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H,0.167D
f=—=~——. (7)
Ki
y H?
Taking into account that i=—, a= T , have
a 2
12
i= .
nH?
Substituting values into the (7), we get the equation
for calculating corrosion prediction for one ulcer
H ,0.167DrH 2
t=—~t

K12

b

where H, — deep of corrosive ulcers; D — diameter pipe-
line; H — diameter ulcer; K — electrochemical metal ra-
tio; I — output current.

In the case of several progressive sample calculation

is predicting corrosion

_ H,0.167DrH>
- KI2n

where n — number of progressive ulcers.

The current value of galvanopary can be obtained af-
ter measuring electrochemical parameters required for
the real design of the developed methodology.

The critical time for the first break of the pipeline is
given by

)

T=t—t,

where # — time to first oil spill, year; z, — stay pipeline in
these conditions.

Conclusions and recommendations for further re-
search. Methodology is developed for prediction of
technogenic risk during operation of the main oil pipe-
lines functioning under the condition of electrolytic me-
dia entering to the pipeline damaged sections, by means
of controlling certain electrochemical parameters.
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IIpeBeHTHBHI MeTOAM YNPABJIiHHSA €KOJIOTIYHOI0
0e3MeKOo10 HA MiIMPUEMCTBAX eHepreTHYHoi
raysi
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Merta. 3’sicyBaHHSI METO[IiB TTPEBEHTUBHOTO YIIPaB-
JIIHHSL JUIS TIPOTHO3YBaHHSI €KOJIOTiYHOI Oe3MeKu Ha
MiIMPUEMCTBAX EHEPTeTUYHOI TaTy3i Ha TPUKJIaJi Mari-
CTpaJibHOro HadTompoBOAYy 3 ypaxyBaHHSM (haKToOpiB,
1110 XapaKTepU3YIOTh IIPOLIECH EJIEKTPOXiMiYHOI KOPO3ii.

Metomuka. JlocaigkeHHs IoKa3ajau, 10 TOJIO0BHY
POJib Y KOPO3iiiHUX MpoliecaX Ha MOIIKOIKEHI iJIsTH-
i HaTONMPOBOAY MPU MOIAJAHHI arpeCUBHUX PO3YM-
HiB Bifirpae poOoTa MaKporajbBaHiYHMX Iap.
Posp’a3aHa 3agaya MoIENIOBaHHSI €JEKTPOXiMiYHOL
KOpPO3il MOBEpXHi cTaibHOro TpyoomnpoBoay. Ha ocHo-
Bi po3po0seHOI MOAeNi eJeKTPOXiMiuHOI KOpo3ii 3a-
MPOMOHOBAaHA METOAMKA PO3PaxXyHKY 3aJUIIKOBOIO
pecypcy eKoJIoriyHO Oe3IeyHoi eKcruTyaTtallii Mari-
CTpaJIbHOTO Ha(hTOIIPOBOY.

Pe3ynbTaT. Ha OCHOBI aHATITUYHUX i TPAKTUYHUX
IOCHimXeHb, Ha 0a3i MaTeMaTUYHOI MOJIeJIi KOpOo3ii Imo-
BEpXHi DUISTHKY HAa(TOIIPOBOAY, OTPMMAaHAa 3aJIeXKHICTh
IS BUBHAYEHHSI 3MEHILIEHHS TOBIIMHU CTiHKU Tpy0OO-
MPOBOAY 1 MPOTHO3YBaHHS PECYpPCy €KOJIOTiYHO 0e3-
MEeYHOoi eKCITyaTalii MaricTpaJbHUX HA(TOMPOBO/IB,
110 TIPALIOIOTh 32 YMOBU MOTPAIITHHS €JeKTPOTiTUY -
HUX CEPEeIOBMII] HA BpaXeHi NiITHKNA HadTONPOBOLY,
IUISIXOM KOHTPOIO JESIKMX €JIeKTPOXiMiYHUX Tapame-
TpiB. Po3pob6ieHa MeToarKa MpOrHO3yBaHHSI OPiEHTO-
BaHAa Ha OTPUMAaHHS BUXITHUX HAHWX HEPYHHIBHUM
CITOCOOOM Ha peaJbHUX KOHCTPYKIISIX B YMOBaX eKC-
IUTyaTallii Ta JO3BOJISIE JOCTOBIPHO OLIIHUTHU Oe3IeuHy
eKCILTyaTaIlilo TiITHOK Ha(pTOIPOBOIY.
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HaykoBa HoBu3Ha. [Tonsirae B HaCTYyITHOMY: pO3pO-
0JeHa METOOMKA OLIHKM €KOJIOTIYHO Oe3MeYHOro pe-
CypCy IiISTHKY Ha(TOIPOBOMY 3 ypaxyBaHHSM KOpPO-
3iHUX TIPOLIECiB Ha TIOBEPXHi TPyOOIIPOBOAY MPHU PO-
00Ti MakporaJibBaHiYHUX €JIEMEHTIB; po3pobjieHa Ta
JIoCTimkeHa MaTeMaTU4Ha MOJIeIb POOOTU MaKpOTrab-
BaHIYHOI ITapy MpH JIOKaIbHilt KOpo3ii Ha MOBEPXHi Mi-
JITHKH CTaJIbHOTO TPYOOIIPOBOIY, PO3PaXyHKM 3a STKOIO0
JIO3BOJISIOTH TIPOTHO3YBAaTH KOPO3iliHi BTpaTH Ha IIO-
IIKOMKEHUX AiISTHKaX Ha(TOMPOBOAY MpHU MOIaJaHHi
JI0 HUX arpeCUBHUX CJIEKTPOITHYHUX PO3UYNHIB He3a-
JIEXXHO Bif X XiMiYHOTO CKJafay.

IIpakTnyna 3HaumMicTh. Po3pobiieHa MeTommka
PO3paxyHKY 3aJIMIIKOBOTO Pecypcy 0e3IeTHOl eKCILTY-
aTailii 00’€KTiB eHEpreTUYHOro CeKTopa, Ha TpUKIIami
Ha(TOIMPOBOAY, Ta€ MOXJIUBICTb 3aI00ITTH €KOJIOTiu-
HUM HAacJligKaM, TpOrHo3yBaTH, pallioHaIbHO CIUIaHY-
BaTU PEMOHTHi POOOTH Ta MEPETNISTHYTU PEXKUM iX eKC-
TutyaTaliii. 3arpornoHoBaHa MeTOIMKa OpieHTOBaHa Ha
OTPUMAaHHS BUXITHWUX HAHWX HEPYWHIBHUM METOIOM
Ha peajlbHUX KOHCTPYKIIiSIX B yMOBaXx iX eKCIulyaTallii.

Kimo4oBi ciioBa: npesenmuenuii menedyncmenm, exo-
A0eivHa be3neka, NiONPUEMCMBA eHepeemUu1H020 CeKmo-
Pa, 3a1UUK08ULl pecypc, MA2icmpanbHuil Hagmonposio,
Kopo3ia

IIpeBeHTHBHDbIE METOIbI YNIPABJIEHHUS
3KOJIOrMYeCKOil 0€30MaCHOCTbI0 HA
NpenpUaTHAIX SHEPreTHYeCKOro ceKTopa
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Henb. YcraHoBIeHHE METOOOB IPEBEHTUBHOIO
YOpaBICHUST ST TIPOTHO3MPOBAHUS SKOJOTUYECKOM
0e30IMaCHOCTY Ha TIPEANPUITUSIX SHEPTreTUIECKOMN OT-
pacid H mpuMepe MarucTpajbHOro HebTernpoBoaa C
yyeToM (aKTOpoB, XapaKTEepU3YIOIIUX IPOLECCHI
3JIEKTPOXUMUYECKON KOPPO3UU.

Metoauka. McciienoBaHus rokasajiu, 4TO IIaBHYIO
POJIb B KOPPO3MOHHBIX TTpolieccax Ha MOBPEXIEHHOM
yJyacTke HedTenpoBoaa Mpu MoragaHuu arpeCCUBHbBIX
pPacTBOPOB MTpaeT paboTa MaKpoTaIbBaHUYHMX IIap.
Pemrena 3amaua MoaeMpoBaHUS SJIEKTPOXUMUICCKOM
KOPPO3UM MOBEPXHOCTU CTATLHOTO TpyOoIpoBoaa. Ha
OCHOBE pa3pabOTaHHOW MOJEIU 3JIEKTPOXUMUYECKON
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KOPPO3UH MpeajiokeHa METOAMKA pacyeTa OCTaTOYHO-
ro pecypca 6e3omacHoi 3KCrulyaTalliu Maructpasib-
HOTO He(pTenpoBOIA.

PesyabTathl. Ha ocHOBE aHAaIUTUYECKUX U TIpaK-
TUYECKUX HCCIeNOoBaHUM, Ha 0a3e MaTeMaTudecKoi
MOJIEIM KOPPO3UM MOBEPXHOCTU yJyacTKa HedTempo-
BOJIa, TIOJlydeHa 3aBUCUMOCTb JUISI OIPENCIICHUS
YTOHBIIEHUSI CTEHKU TPYyOONPOBOAA U MTPOTHO3UPOBA-
HUSI pecypca 3KOJIOTMUecKr 0e30MacHoi aKcIllyaTa-
LIMM MarucTpajJibHbIX He(TEempPOBOIOB, pabdOTaIOIINX
MPU YCIOBUY MOMaJAaHUs DJIEKTPOJUTUUECKUX CPE HA
IMopakeHHBIE YIaCTKN He(PTeIIpoBoaa, MyTeM KOHTPO-
JISI HEKOTOPBIX 32JEKTPOXUMMYECKUX IMapaMeTpOB.
PazpaboTaHHasi MeTonMKa MPOTHO3UPOBAHUSI OPUEH-
TUPOBaHA Ha MOJYYEHUE MCXOAHBIX TaHHBIX HEPA3PY-
IIAIOIIMM CITOCOOOM Ha peajbHbIX MPEeINpPUITUSIX
SHEPreTUYECKOro CEKTOpa B YCJIOBUSX dKCILTyaTalluU
U TI03BOJIsIET O0Jiee JOCTOBEPHO OLIEHUThH 9KOJOrMYe-
CKM Oe30MacHyIo 3KCIUTyaTalllio yYacTKOB HeTenpo-
BOJA.

Hayunas HoBU3HA. 3aK/IIOYaeTCs B CIEOYIOIIEM: Ha
npuMepe HedTenpoBoaa pazpaboTaHa METOIMKA TIpe-
BEHTMBHOI OLIEHKW 9KOJIOTUYECKU 0e30MacHOro pe-
cypca ¢ y4eTOM KOPPO3UMOHHBIX ITPOLIECCOB HA MOBEPX-
HOCTH CTaJIbHOTO TPyOOIpoBoJa MpU paboTe MakKpo-
raJlbBAHUYHUX 3JIEMEHTOB; pa3paboTaHa U UcciaenoBa-
Ha MaremaThyeckas Mojejb paboThl MaKporajbBa-
HUYHOM Mapsl IPU JIOKAJIBHON KOPPO3UU Ha MOBEPX-
HOCTM ydyacTKa TpyOONpoOBOJa, pacyeThl MO KOTOPOU
MO3BOJISIIOT TPOTHO3UPOBATh KOPPO3MOHHbBIE TMTOTEPU
Ha TTOBPEXAEHHBIX yJyacTKax HedTernpoBoaa Mpu Mo-
MaJjaHuyM B HUX arpecCUBHBIX BJEKTPOIUTUUYECKUX
PacTBOPOB HE3aBUCHMO OT UX XMMUYECKOI'O COCTaBa.

IIpakTuyeckasd 3HauumMocTh. Pa3paboTaHHast MeTO-
JIMKa pacyeTa OCTaTOYHOIo pecypca 06e30MmacHoOi K-
IUlyaTallMd OOBEKTOB HEPreTUYEeCKOro cekTopa, Ha
npumMepe HepTenpoBoaa, Ja€T BO3MOXHOCTb MPEIoT-
BpaTUTb 3KOJOTUYECKHE TIOCJIEACTBUS, MPOrHO3UPO-
BaTh, pallMOHAJIBLHO CIIJIAHMPOBATb PEMOHTHbIE pabo-
Thl U IEPECMOTPETh PEXUM MX 3Kcrutyatauuu. [lpen-
JIOXKEHHAsi METOJAMKAa OPUEHTUMPOBAHA Ha MOJYYEHUE
HWCXOAHBIX TAaHHBIX HEPA3PYIIAIOIIMM METOJOM Ha pe-
JIbHBIX KOHCTPYKIIMSIX B YCJIOBUSIX UX SKCIUTYaTallMU.

KioueBble clioBa: npeseHmMuGHblil MeHeOICMeHM,
aK0n02utecKas 6e30nacHocmy, NPeonpusmus dHepeemu-
YecKk020 ceKkmopa, 0OCMamo4Hbslil pecypc, Ma2ucmpaibHblil
Heghmenposod, Koppo3us

Pekomendosano 0o nybaikauii dokm. mexH. HAYK
B. O. bondapem. /lama naoxodxucenns pyxonucy 20.12.17.
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