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ABSTRACT

Loktiev A.A.Geologic factors of gas bearing the Transcarpathiarfioredeep -
Qualifying scientific work on the rights of manuscript.

Dissertation for the degree of a candidate of geological sciences in specialty
04.00.17 ¢ Geol oiglgstitutefof gedlohy amdngdochgnaissrye af
combusible minerals, Lviv; National Academy of Sciences of Ukraine; Institute of
Geological Sciences, National Academy of Sciences of Ukraine, Kyiv, 2019.

The dissertation is devoted tesearchof geological factors of gasearingin the
Transcarpathiaforedesp.

The Transcarpathian inland or réaredeeps located inside the Carpathitoided
structure, between the Outer Carpathians and the Pannonianmouatain
depression, and is composed of Neogene molasses. Within the Transcarpathie
foredeep of Ukraine, the following structural elements are distinguished: the
Vygorlat-Hutyn volcanic ridge extending from the north in the southeast direction,
the Mukachevo depression in the west and the Solotvin depression in the eas
delineated by the Sholes volcamidge. The section of the Transcarpathiaredeep
consists of two structurainits the upper one represented by Neogene molasses and
the lower one by thePreneogene foldedbasementrepresented by Paleozoic,
Mesozoic and Paleogene deposits. The oldesisikspof thedifferentagebasement
of the Transcarpathiaforedeep are represented by Paleozoic formations. The
sediments of the Mesozoic age with stratigraphic mismatch cover the Paleozoi
rocks, which are represented by the Triassic, Jurassic and énesagystems within
the foredeep Completes the incision of the-Neogene folded foundation complex
of Paleogene age deposits. On the blurred surface of tHdepogene base of the
Transcarpathiarforedeep lies the Neogene thidess represented by Miane,
Pliocene and Pleistocengediments The Pannonian basin was formed on the
submerged basis of the Inner Carpathians in the Neogene. The formation of the bas
was accompanied by magmatic activity, a decrease in the thickness of the earth

crust and te accumulation of Neogene sedimeifismation ofVyhorlat-Hutyn ridge
9



and other volcanic strands. Salt tectonics had a special influence on the formation c
the Transcarpathiaforedeep especially within the Solotvingkdepression. In the
hydrogeologicakection of the Transcarpathiforedeep there is a vertical zoning of

the distribution of aquifers, which is caused by the feature of the geological section o
the deflection. Formation of the aquifer depths of the Transcarpatbiadeep
occurred undethe influence of complex hydrothermal processes and volcanism. The
territory of the Transcarpathidoedeepat this stage is covered by basic, parametric,
prospecting, reconnaissance, structural and creep drilling. As a result of the work:
carried out wihin the Transcarpathidnredeepthe gasbearing capacity of industrial
importance was established both in the centwoldsstrata of thgore-Neogene folded

base and in the centuriefd stratigraphic complexes of the Neogene.

Currently, five hydrocarbho gas fields have beemiscovered within the
Transcarpathian gdsearing region, as well as the unique Martovskoye gas field in
Ukraine, with a carbon dioxide content exceedin§®©8

The component chemicatomposition of Transcarpathian naturghses is
characterized by the analyzes of feeight samples selected from twenty sixth wells
when testing multage stratigraphic complexes of both Neogene @meeNeogene
age. The natural gases recorded within the Mukachevo depression are general
characterized by significant proportions of impurities of ndrydrocarbon
components.The high content of nitrogen, carbon dioxide, inert gases in the
composition of natural gases within the Mukachevo depression can be explained, firs
of all, by active tectonic actiwit and volcanism. The exception to the methane
content is the natural gases recorded in the thickness dbtbbrativska suitgvithin
the Irshavaareaand Stanivs& gadfield, which could have been generated by organic
mater under the influence of heabi depths Natural gases recorded within the
Transcarpathiaforedeepare characterized by a wide range of methane, nitrogen and
carbon dioxide ratios.

The issue of the genesis of hydrocarbons and their formation in deposits primarily
determines their kation in oil and gas basins and has, in addition to theoretical,

practical practical importance. Deposits of any lithological composition containing
10



organic matter may be suitable for the organic genesis of hydrocarbons. The
formation of hydrocarbons inhé course of studies under the influence of
thermocatalytic effects on organic matter or on certain organic compounds of
sediment is an important proof of the organic origin of the oil and gas that occur in
the sedimentary rocks.

At the same time, the foration and formation of significant hydrocarbon deposits
of the Westernoil and gas bearing regiprwhich are associated with intensive
sources of migration, are mainly confined to the intersection zones of longitudinal
and transverse faults, especiallyedenes. Deep faults are breaking faults that divide
large blocks of theEarth's crust. The connection between the formation of
endogenous hydrocarbon deposits with the zones of deep faults has been known for
long time, and it comes down to the elucidatof the patterns of their location and
the allocation of perspective areas for staging exploration. Hydrocarbons, which were
formed under the conditions of deep mantle zones, during the development o
transverse faults were able to move on them to tHaizones of the Earth's crust,
where in the sedimentary complex of roekeservoirs under favorable structural and
lithofacial conditions formed hydrocarbon deposits. Due to the presence of a dens
grid of divergent and different amplitude tectonialta in the thickness of there-
Neogene fold base, which are also traced in the Neogene structural floor and cross ¢
without exception the gas deposits of Transcarpathian deflection, subsoil, which is
crucial in the process of natural gas generatiothbydegradation of kerogen under
the influence of heat flow over time.

Volcanic activity is a significant geological factor of gas content within the
Mukachevo depression of the Transcarpathiaredeep It should be noted that
intrusive formations were cerded, in particular, by exploration wells in the section
of the Ruko-Komarivske and Marivske gas fields. The component composition of
the above intrusive thickness of the Ruko-Komarivske gas field contains a
significant proportion of nofydrocarbon emponents and reaches more tharf/d0
of carbon dioxide and more than 8bof nitrogen, which were recorded when tested

in the depth range of 68%/5 m in thewell # 20-Ruski-Komarivtsi. It is also
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noteworthy that the gas of the Madke field, with its canponent composition
exceeding C®by more than 8%, lies in theaboveintrusivethickness

The study of the geothermal regime of the Carpathian and Transcarpathiar
foredeepmakes it possible to solve theoretical problems of geology and geophysics.
Conclwsions on regional features of the thermal field can only be made on the basis o
statistical data processing within homogeneous tectonic elements. The variability o
the thermal field within the deflection is caused by a number of factors: history of the
geological development of the territory, complex complex geological processes
occurring in the bowels of the deflection, block structure of theNemene base,
variability of the total thickness of the sedimentary cover, angles of inclination of the
layers, movement of underground fluids, as well as tectonic activity, manifestations
of which are tectonic faults of different orders, intrusive and effusive formations, etc.
The author, based on 68 log wells in the Surfer software package, constructe
temperatire distribution maps at leveld 000, -2000 and-3000m, as wellas an
i sothermal surface map of +50 A 4 relzas

On the maps of temperature distribution at gypsometric |et€B0,-2000 and
-3000m within the Mukachevo depression, a regional positive temperature anomaly
is traced in the region ofstsouthern side with the center of the location of
W. “-Vyrtbhradiv. At the gypsometric levels 02000m and-3000 m a local
positive anomaly is clearly recorded in the southeastern part of the Mukachevc
depression with avell # 1 and# 2-Korolevoand bordered by the southwestern part
of the Sholesvolcano ridge At the center of this geothermal anomaly is the
Korolivske casfield, to which 2 longitudinal regional faults are imposed in structural
terms of thepreNeogene surface. In strucal terms of positive geothermal
anomalies, the thickness of the Neogene cover varies between 1700 and 3800 r
Negative geothermal anomalies are traced within the Mukachevo depression alon
the entire southwestern and western part of the strait in thgodmh area and in the
area ofstratovolcanoes near Chop and stratovolcano in the aneellof 1-Velyka
Dobron. A common feature of all the negative geothermal anomalies is that in their

structural plan there are only single deep faults, and thentmsskof the Neogene
12



molasses ranges from 700 to 1700 m. Within the 8wghskadepressiona positive
temperature anomaly observed, along t
at allresearchegypsometric levels, gas deposits were recorded in ahavéo and
Dibrova gas fields. A negative regional anomaly is recorded in the central part of the
Solotvino depression, and the increase of its distribution in the area is traced toward:
the Carpathian folded structure. The VygoHattyn ridge, as welbs the Scholes
volcanoridge, clearly correlate with a regional negative geothermal anomaly. The
coincidence in terms of gas deposits at positive temperature anomalies at all gypsul
levels is clearly observed. This feature is the basis for claiming thairdsence of
positive geothermal anomalies is a positive criterion for the prediction of gas content
within the local sites of the Transcarpathiaredeep

In the sedimentary deposits department of the Institute of Geology and
Geochemistry of Combustiblinerals of the NAS of Ukraine, 57 samples of core
were analyzed to determine th®C content Among the Miocensuites which are
represented by the analyzed samples, in particular, the deposits tefdbensk,
solotvinska, rovoselytsia and Karpathia stage Also, among the studied samples
there is a core material selected from the thickness ofpte&eogene folded
basementAnalyzing the content ofFOC in the rocks of different age complexes, one
can make judgments about the oil and gas potertialdovidual sedimentary strata,
which are presented within the Transcarpathian strait based on the quantitativi
indicator of theTOC content in the rocks. In the thickness of the-lBegene
basenent "good" and "excellent" indicators of oil and gas pa&rfrom the TOC
content are characterized by separate samples from the indigenous -Duasssic,
Upper Cretaceous, and Oligocenente samples from the Neogene structural floor,
selected from théower karpathian,solotvinska and lukivska suites remrded the
presence off OC content from 1 to 2.53 wt. Therefore, in the presence of sufficient
thermal maturity, sedimentary complexes, baththin pre-Neogene stage and
Neogene molasses, can be considered as oil and gas.

Positive criteria for the predictio of oil and gas within the Transcarpathian

foredeepshould be scattered by the presence of regional tectonic faults, which are
13



traced on the structural plans of the prepared objects. The presence of intrusiv
formations in the geological section of the Rdshevo depression is a positive
criteria as well At the same time, the natural gases of the fields in which the
intrusions have been discovered geologically aredalarie. It is not possible to map
intrusive formations effectively according to seisraigveys, so gravity exploration
and magnetic methods should lagplied in the certification of structures in
combination with seismic surveying. The presence in the context of perspective
objects of positive temperature anomalies is a positive eriterithe prediction of
gas content, because in the structural plan of absolutely all deposits positive
contrasting geothermal anonedi are traced. Within the Solotwydepression, it is
necessary to concentrate primarily on structures whose gas contetciatasiswith
the thickness of the pifdeogene folded basement, in particular, Paleogene and
Cretaceous deposits, since these sedimentary complexes are characterized
sufficient TOC content and can be considered as possiliece rocks

Key words: Transarpathian foredeep, geologic factors, gas, gas bedaults,

migration, gas field, temperature regimell, TOC.
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20 My C©° st 685675 Nalk 1,333 1,864 | 0,128 | 0,117 | 0,043 | 0.043| 0,117 - 10,58 | 85,85 - - -
1-4 9 Odzv 9 ( 17301715 K> 74,4 0,65 0,04 0,007 | 0,008 | 0,002 | 0,001 - 0,2 24,61 | 0,0078| 0,33 -
12851284 P-P, 66,7 0,28 0,01 - - - - - 0,64 | 32,26 | 0,01 0,104 -
11681144 Pi-P 67,80 0,34 - - - - - - 0,62 | 31,18 | 0,004 | 0,056 -
676-552 K> 8,03 - - - - - - - 3,41 | 87,62 | 0,007 | 0,945 -
54 9 Odzv 9 ( 11401132 P 68,66 0,43 - - - - - - 4,19 | 26,51 - - -
11-f5j MOtcd 1289 Nlv 81,9 0,612 | 0,095| 0,014 | 0,011 | 0,006 | 0,007 - 7,59 9,75 - - -
10vy e stetsy 410403 Nlv 51,98 1,03 - 0,07 - 0,02 - - 2,06 | 44,3 - - -
44y s 630610 N1lk 70,482 | 0,272 | 0,028 | 0,021 | 0,008 | 0,007 | 0,011 | 0,017 | 1,551 | 27,53 - 0,071 -
2-c Bz dz" 91 456310 Nadr 96,6 0,43 0,07 0,03 0,03 - - - 0,22 | 3,15 - - -
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1 O¢ " dzyj dzd2?2 IsOB

sEitf sdzj delsdzd 2 =" &3 yded?2 MC ZOH ftodesHdedr GOL" 9 9 B DAY REDtcd @ls)n' CscEts §tetse d dzlz

1 | 2 | 3 | 4 | 5 | 66 | 7 | 8 | 9 | 10 | 11 | 12 | 13 | 14 | 15 | 16
dtsdzslseo ddzlm! CO L Of OH d dzO

1-) tslzh ' 9 )| 18161815 Nsl 79,152 | 5,7213 | 1,021 | 0,181 | 0,222 | 0,035| 0,075 | - 2,695 | 10,9 - - -

18101800 Nisl 86,346 | 9,262 | 2,268 0,463 | 0,522 | 0,084 | 0,199 | - 0,212 | 0,642 - - -

13151315 Ngsl 55,234 | 2,6912 | 0,737 | 0098 | 0,135 | - 0,038 | - 4,807 | 36,25 - - -

-4 sdztsls o d df 19101842 P 91,08 | 452 | 187 | 047 | 0,22 - - - 0,75 | 1,09 - - -

15301440 Nanv 53,86 | 2,65 | 1,34 | 041 | 0,32 0,20 - 18,14 | 23,06 0,01 - -

2-utsdzsls o  d 15301454 Ninv 6151 | 1,21 | 0,62 | 0,23 | 0,25 0,08 - 22,04 | 14,15 | 0,001 - -

15301302 Ninv 57,04 | 191 | 0,83 | 0,26 | 0,23 0,19 - 24,68 | 14,88 - - -

154 s dztsls © d ¢ 21552073 P 97,076 | 1,566 | 0,481 0,09 | 0,125| 0,022 | 0,048 | - 0,539 | 0,003 - - -

224 s dztsls 9 d ¢ 21152100 P 97,686 | 0,117 | 0,005| 0,003 | 0,002 | 0,001 | 0,001 | - 2,169 | 0,009 - - -

14781435 Natb, 83,664 | 1,545 | 0,507 | 0,133 | 0,115| 0,039 | 0,058 | - 0,733 |13,133] - - -

234y sdztsls o d ¢ 1961:1943 P 95,4 2,75 | 096 | 0,12 - 0,30 - 0,016 | 0,123 | - - - -

21662088 P 97,418 | 0,27 | 0,05 | 0,018 | 0,007 | 0,004 | 0,005 | - 0,672 | 1,543 - - -

1-v j toj B dz 28552641 K 98,2 - - - - - - - 0,82 | 0,845| 0,0059 | 0,066 | -

2-5 j toj B dz| 19611943 K 82,84 | 2,37 | 0,78 0,36 0,37 | 0,51 | 12,77 - - -

(WOL ts9
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o3 Missdz d3j IsOUzz G sl d tc BHOdZ' 0oL d, h s
f Odz) sgjdzgz d3° Mlswis! %o 'dffj sPizz s Of BB @
9¢OL Iz 2O fto' stedlsjlsdz Mis! ¢ OF tsltdshidzo @ d
fsobwiL k' Is' MwHOdDE 3 ¢ A 16O =314 dz' cOL d, h ts
Bz3j 4 On [ SOy afMm! Cts5° L Of OH d dzd , L OcG Odzk
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okedzj CdMmMzse s cOL IR 2 ¢ OE dzOH 'z tdig ofytdsH

L Of OHHYQ@EYO Bideyd § sW Mdzdlsd 6 dzds d dzdzs® H
Isj CIstsdg Yyddsemils' Wsd® dGZOG BRBOIsd L d3s d3.
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{sL H3 dz

Ll f 4wy w yrROMIRSIRL &1 Joow Y 0sdt ) duu?,
Vi {1RrRL U

3.1 (sLodlssS EZwodzjdzg Zftets G j dzj |

ltesydm Eletstej dedew mMS iy yg dz cOLE o L

Cjdzjlsduds Leo6wWLSd ' Codstetsd® ‘ls! v Mk
[8].

l osBdz) 5O G jdzj LdMkz eskcddzjosHd 8 ' Vst
Yjttelk odL dzOUYO’ 5§ oL & OMNjR@EORs (2@

Isj tstej squydetsets f jtoj HEMd3 f tcOCIsd ydzj L dzOn
1 jtehz2 CdzOMmdW *® COy' s ftcdtcsHdzd s G OL " 9

(1912, 1934) wGCO 8¢ d OO ¢ BL Jts Makst Uz
Gjdzgj L dMEz; cOLd Rr' 3 yYydeseasOLEj dig QH i@ € Is
tesLf OHlz ttOH' ' &3 yYydesets G jdaj L dMmiz; (

Csmdz’ yded s H totsdz dz' o .

1 d dziIsdydzed 2 dzOf tcvidic dotc sGedB@ G pW ' IC.Qy." "1 | to
tesLoddzze 1. . 1 dzZskzfmse (1937), 8 w(C!
B' sAadz’d3’ wWwOLd, fwmsoadowLOd L odmtsitss Isjc
. [ . stsL d@po qHT WBEJ®) IsOC ctezf d ftodtotH
ftod dzOdzj y dz' Mlse : cOLd B' 5o’ df yYydese s ff tsnat
B sO@steY " ydzdr ftesyj McdsL OO ®BOr (B0
] OCy" 2; GOL d W H ] tedzed m tcj OCy' 2; GOL
BOGE BOIsdydz' .

1G" ' Hdzs L S dzOMdW '™ COy' * ¥15 wmdzkz ¢ 13 'd e ik
ctozfd HftodtetsHdzdr GOL" "9 L O fBRBSHYJ dadaW oz
cOLd OEBHoEzsets ff tsatSHY j dada? ; cOLd o
Csmdy’ ydesets ff tsatsH Y j dzdzg™ .

. ¢0. udE®IBIEHS L Of csf sdztso Odzes L € zOWpEW L € @
tesLte’ LdweE st Mw dOMskzy d c¢jdajlsdude ctolzf
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BOL Odz! Ists’ HOR -¢ Is daq delg dHf disiztsts tcdWIlstso sG s
COoOdz’ Wistedz' 2! S sets  to@ W ISsOE jsdpdztss M s IO@Hs 8 Ty |
fslssCd OB' 56§ dzditss 5 9 (fify tdsHO A L G dzd B d &
f " HotsHdsdz tedWistsej dzdes sz ~tejBIS' . AW s,
OC o Olststc’ 4o IstsoBEts ¢ J Odzkz Ctolzt dztse
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ZzOo OF IsO "' dzhdr tsttsHOR dO0 thistcse OF U
¢4 B@de’ |

IsCoOLtBd3 6jdzj telzo Odzdzy tsMOHBO dd&3d f StESH (
dzOw o dF Mis? ZBMOH o d B isfigow dzts’™ tstec Odz ydzts
Stcc Odz' ydesets G jdzj L dMkz okcdzj o sH dz oi sy
Wetsegts dz sdzse’ Yydesé s ¢ da©OjHles o drdelz . o1dd N
o JC®zO®RO ojddCO ¢ d C' Mls! HEMESHY jBdz
HLoBdzddzd of jodzjdzs H' Ocdesfiskze Olsd dzOW
LBsed oMmMsOdseodlsd y' C° B34 LO B' dz h
dzj ftesHEZCEZY ydaid § stcsH OdRd |

 smdz" Hded S d [ . 1. l OmMms’ o dy, w. 1. 4 dzf
Codzh ftsodwL Izs Is! W tstc d3lz o O dadzw ZOW Istse O
ZOW Istse OL sdesded s B OMJj2dORr M j ydw " ™ ydad n
oCOLE  Ist v, hts Eklsotstej dzdz? f & dzOB k£ ® O dzdz!
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tc ts dz- 9 Flseo stcj dzdz' ZOW Ists ¢ OL s dats i dz' tsf
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ftoesyjm' o, f So@dzL @20 dzdifOdzls * “ & § te) 4 d3dz’ . J
Isj tedztsB Ote d ydad A Fdstseo OR A L OQdzW ¢ O dzdzW (

tcjLjtolzOted H dzw dZO G tots d3OH 3 j dadaW 9 kz ¢ dz,
o MBSl B jteObktededs Ltd L j igdes’ Ctted
f5C &ZzOHd R OOC Wijasd Bl ¢ h gL e@OMmisso d dzq

30Au k ftste' odzvdz ‘L BdkzdL! Cfs L ISOM 59
[71].
v ftoesyj M’ o Iststc G dzj dzdzw ¢ dzd B d dzdzd -

fOtcscOL st Hddgdzedn Wz " H" @8 " H odmtsCdd
W' LGOS ydzO' w L OF d3tlse G Odz' ydetss  toj ytso d dats
fjodtsects IkdMmMSk MlsOwilsH S s L allf dalzi € ©wukdzj o

Mftedwels: "o oddzlzyd dedz® L BStec bz’ ydets'™  t6 ]
lted EZwodzj dzdz ftoets tstecd Ode ydzj fYtsatsHY j dz
h s f esjydefidOw' ~ tLlswedzdzls® dzO@ HjMmwisCd

ftoesrnBHY j degdz? BOIsjtcddem! Cdr fte" H to' L dac
dlzyomdzj ttsL 3 h jdedgw JtsCdZOH' @ okzcdzj o tSH
' HBBIOY O L Odzj 3 dz' mis ¢ dzOHdzd = o Hzdgls) 99,
smMC" &z €d o GMOHBaRE Yyt~ d& M smis] to' «
tesL 3" N jdzdzv d3 dzOW Isd IsO cOLE ° @6 dzds d dzdzd
" dels j dzfpd o dz' Mis i ctsded ¢ dzj dzdzW G dzd B d dzdzd ~
OCIskdodesdze C OIOGj dzj L 2 O tsted @z figdztsH | Wi js
okedzj o tsHdz 9, 30 dzd ) 3" Myw - testds dgry a3z
' Hodh j dats® Istc' h ddzz o Ols' MiIse sMOHBednr ¢
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Isj Clsiddts " HSHd 203" ydese s toj y dd&sz o dzOMmadz' H-
olkzedzj ydodn MY sdapf§V diisptgtc GoO da’ Bzdad®is fd dals .
' h B cteOyY' v z f OMmis¢ d . B 5G4 dadzd 2
f HlsojtHYE' Is! Mw d $MY J tod d3d dzls Odz' dzd d3qd r
teL cOR 2 dzC O3] .
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Mz yoOmdzd ~ 9 HE &zZOH O~n ® HBEZ9oO" Is! Mmw o |
fJtoj sotste] dzdg?y tstee Odz' ydets' e drits o Yzt s dzjSc
sMOHtsodnr Yt'H ° MdzEekzoOlsddzy odr ' Hdzd
GOL Iz. LIse st dzdzv dzOW Isd olzecdzj o sH dzj o
SMOHBe dn f stc’ H 9"  HBEZOO' Is! Mw f° H H'
LB dzhk'Is: Mw 6 dp M2 O ded.B dg @A dz'ols dis
f ste’ H of dzd @ O¥ Is ZO hodHC ' Mis ‘ dzC
o ze dzj 9 sH3@miz d3dz7 g Iz, hts HBMIsOIsdz 5 W OHO C
HsMveO* o dzdydz' = h OttOR dzgO2B' dzv G dzc
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tcsLtcdod o' Hfso HOBIs! L O Wtodilzo Odzadz?  dzC
sMOHBeaddy ¢ tdtf dzj ¢ Msds, Zlseo tstet 8 s L t5 dz
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BjNO-. ltod yYy!' sz, dsCoOod d ' f zOMmistse
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