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ABSTRACT

Saik P.B. Scientific faundations of underground coal gasification with carbon
dioxide utilization.i Qualifying scientificwork asa manuscript

Dissertation submitted for the Doctorate Degree in Technical Sciem¢be
specialty 05.15.02 Underground Mining of Mineral Deposits.Dnipro University
of Technology, Ministry of Education and Science of Ukraine, Dnipro, 2025.

The presented dissertation is a completed sciengiearch work in which the
urgent scientifieeechnical problem of optimizing the processes of coal mining by
underground gasification with carbon dioxide utilization in the technogenic
environment is solved, based on the patterns of change in the parameters of formatic
of the underground gasifier active zones and carbon dioxide utilization, and make i
possible to form a single integrated control system for the underground coal
gasification process, which can become a catalyst for the restoration of economi
activity, creation of new jobs and attraction of investments in the development of
mining regions

Based on the analysis of global coal mining trends, it has been determined the
in the coming decade coal will remain a key element of the global energy balance
especially in developing countries and regions with a significant dependence or
traditional energy sources. For Ukraine, where the coal industry remains an importar
component of the energy sector, the issue of its transformation in the context o
global decarbonization is of particular importance. Military actions and related
infrastructure destruction complicate the implementation of renewable energy
sources, which necessitates the search for effective technological solutions t
improve environmental safety and productivity of the coal industry.

It has been found that the deterrent to traditional coal mining and processing
technologies in the near future is their significant environmental impact, high carbon
dioxide emissions, and growing pressure from international decarbonization initiatives
Therefore, in the face of such restrictions, an important direction for the developmen
of the coal industry is the introduction of new technologies, including underground

coal gasification, which will increase the efficiency of coal use, and the additional
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integration of carbon dioxide utilization technologies will facilitate the environmental
adaptation of the Ukrainian coal industry to modern global requirements.

The research deals with a set of interrelated tasks structured into a single
system for analysis, study, and development of practical recommendations, method
and techniques for underground coal gasification with carbon dioxide utilization
based on the identified patterns of change in the parameters of active undergrour
gasifier zones, which allows optimizing thermal, -ggsamic, physicathemical
processes in the rock mass, providing efficient utilization of carbon dioxide in the
technogenic environment and energy efficiency of the coal gasification process.

The methodology for modeling the technology of underground coal
gasification, which uses the author's patented laboratory facilities that accurately
reproduce the miningeological conditions of occurrence of coal seams, has been
substantiated. A significant contribution has been made to the study of physical
mechanical properties of a rock mass under the influence of adngerature field,
including the analysis of the relationship between temperature and the uniaxia
compressive strength of the rock and its mineralogical composition, as well as with
main parameters of crystal structures.

Methods for studying the parameters of the temperature field influence on the
rock mass and the formation parameters of the underground gasifier outgassin
space, including complex temperature measurements, analysis of heat transfe
parameters and parameters of the blast mixture supply, have been developed.

As a result of the conducted research, a mathematical model of the gasificatior
process heat exchange has been developed, which describes the temperature chang
the #RNHpoalducer gaso medium at the pha
indicates a linear temperature change at a certain gasification area with one inclinatic
angle to the phase transition boundary, as well as another inclination angle after thi
boundary, which corresponds to the Stefan condition. In addition, the revealec
parabolic dependence of the phase transition boundary displacement on gasificatic
duration indicates that the rate of this process depends on the temperature regime, t

intensity of chemical reactions, and the physatemical properties of coal.



18

A mathematical model of temperature distribution in a rock sample during
heating has also been developed, which provides a comprehensive approach to he
transfer analysis in underground gasification conditions. The model takes into
account the influence of the temperature field from the contact plane between th
combustion face and the coal seam roof.

The developed mathematical models were tested in laboratory conditions,
which confirmed their accuracy and made it possible to specify a number of
parameters. This created the basis for further application of models in real condition:
of underground coal gasification, as well as for the development of recommendation:
for optimizing technological processes.

Based on the conducted laboratory studies, it has been found that the transitio
between the oxidative and reduction zones of the gasifier is a critical phase o
gasification, since there is an intensive heat exchange, which directly affects the
energy efficiency of the gasification process. The oxidative zone of the combustion
face experiences the maximum thermal impact, which stimulates chemical
gasification reactions, but at the same time can lead to unpredictable therma
destruction of the immediate roof rocks. Therefore, understanding these processes
important for developing methods to control and optimize gasification conditions, as
well as to increase the stability of underground gasifier.

It has been determined that the length of the oxidative zone of an undergroun
gasifier during gasification of coal seams with a thickness from 0.6 to 1.2 m reache:
its critical value ranging from 10.12 to 10.45 m. Under such conditions, the
gasification process is efficient.

The control modes of the coal gasification process during the supply of the
blast mixture have been determined based on their supply pressure and geomett
parameters of the outgassed space area of the underground gasifier, depending on
duration of the gasification process and the rate of the combustion face advance in tf
oxidative and reduction zones of the gasifier. Taking these factors into account make
it possible to optimize the conditions for supplying the blast mixture, which, in turn,

reduces energy costs and increases the gasification process efficiency.
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The change in the rock mass compressive strength for the rgeoiggical
conditions of SE Lvivvuhillya and PJSC DTEK Pavlohradvuhillya under the
influence of temperature in the zones of chemical reactions of the combustion face
described by exponential dependences, has been studied. It has been found that &
temperature of 600AC, the rock strengt
rock samples, the most common oxides are; 810artzi 80%), kaolinite (9%) and
muscovite (7%). Temperature rise abov
decreases the kaolin content, which changes the mechanical properties of rocks
reducing the dislocation density in quartz and increasing it in kaolinite.

Qualitative and quantitative parameters of carbon dioxide utilization in the blast
mixture composition have been determined, with utilization rates ranging from 68.83
(8.9 million mj) to 85.87% (23.71 mil
change in the volume of the caalerlaying formation stratification cavities on the
coal seam thickness has been revealed. The effective timecairlaan dioxide blast
supply is determined by a linear dependence on the coal seam thickness and carb
dioxide concentration in the producer gas, where theari¥ialue is 25%. This makes
it possible to predict the duration of the gasifier operation with carbon dioxide
utilization at a maximum calorific value of the producer gas 666.36 MJ / m]|

It has been found that the combined supply of blast to the underground gasifie
provides a double supply of oxidi ziniq
which, in turn, intensifies the gasification process due to the expansion of reactior
zones. The change in the blast supply method can increase the average concentrat
of combustible gases (CO, CH H ) by
an average of 2.02 MJ/ mj. This makes i
methods to the reaction zones of an underground gasifier and promptly adjust it
operating modes to maximize the result.

The dependences of CO utilization
and temperature parameters, determined by the coal seam thickness, have be
obtained. A single underground gasifier operating on seams with a thickness of 0.6 t
1.2 m can utilize 26 to 29% of CO
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Based on the results obtained, a vibalsed tool UC& has been created,
which is designed to determine the parameters of the efficiency of operating the
underground coal gasification technologith carbon dioxide utilization. This tool is
affordable and easy to use, making it useful for a wide range of specialists.

The ARecommendations for optimizing
coal gasi ficationo, AMet hodol ogy for ¢
outgassing space cavities of an wunder
the gasification process efficiency of carbmntaining raw materials with carbon
di oxide wutilizationo have been devel or

Technologies for coal gasification and carbon dioxide utilization have been
devel oped: AMet hod of Carbon Dioxide
Rock Mass State Management During Und
No. 156406) , AMet hod for Underground S
AMet hod f or Underground Solid Fuel Ga
Underground Solid Fuel Gasificationo (

The economic assessment of the feasibility of applying the developed
technology and technological solutions makes it possible to obtain a 24.8% increas
in revenue from the sale of producer gas. In addition, a comprehensive approach t
CQO; utilization during coal seam gasification from a coal seam thickness of 0.64 m
indicates additional revenue from g@ilization for each ton.

Keywords:underground gasification, coal, utilization, carbon dioxide, producer
gas, combustion face, underground gasifier, rock mass, mathematical model

management, optimization, economic assessment.
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Htsfdz' HY z9o Odets @ s fif,] tdigiHs of g tsO ,d3dz’ Mds/ &3 H s 1]
Mijsse dh OK DR qEfCjcdO st [ Of ZzOMO.

lted eOLdW" COy" '’ oke' dzt dese s f d&zOMIsO
fjtojdad Mjdedgy Isjff d&zO ecdzdB @' tef! Ctse s dGZOM
LOdzj ¥ dIs! " " H Isjf dzsff tets9 ' H detsMis”’ G tm' C
R d&zj tOdkse' ydsets MS d&zOH Lz, 'z desfls’ ,
Bjtc' odas R twdzd? sLisH' &z sjBfjcOkzsd L
hodHG fls! flsetk' sk obkc' d dsct HidBnls O,
1 20y j dedzr  Isj o5 j &0QUsz tc o b ts BPMPdE 0 Oz dz' 2

GOL sG] dzgj cOIstste® Mftedwselils! ' dzlsj dzgimd¥® ™ C Oy’
coOoLdw ' SOy w, IStsH ' w ¢ L tsdzd L dzd ¥ Yt
BOds i WjiClsdodzdddd OBt dzgOo ' Is! § OfMmdeoe dzd d3d
coOoLd¥' €SOy’ oke' d dsets f &zOfls O, L Odzd h ©
odSCtstedmMlsOdedds bk t©jOCy' wo. stk € dzOfm
tetsLh s ' st fipw HSH OlIs¢ tso d &3 Yy dzj dzO did , (

sjf dzsf s5Cdzd dzOdzdzv o5 o' H R &8 ydedn 8 OCy' 2



13¢

] sCdMds o0d d2 2 Ltsdz o HBLoO' Is! fw
ZOHEBHd! bk MCd&OH' Hbklkls! sot’ qikis o C
jdzgjtee' v, h bklotsts' ' Is! Mv OBt § Be:dddz0* Is:

g+{2=¢ L7 Q; (3.2)

2t [2=2 4 fq (3.3)

gt12f =u [+1210; (3.4)

g4+2 0 =4 [o+2 127 Q. (3.5)
LOLGiSH Bdz ftesHbECIsd, Mt klso tsteddzd
oMk O Is! E t6j OCY' ° L obkddysy] dfkydddds

obcedzj SAdfdzd B COL AR, oBHWY S f Otstss ) :

g+ ,x2[u 4N : q (3.6)

g +.=LN ;g (3.7)
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2a ] v=w+ 4l ;q (3.12)
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otcOnBBolzo Ols(d, hs yj?2 LOCBdRZ oadL d&zOYyo L O
s B j tOIskztcd . v OCdd3 yd dzts dz, Ctdzr € Mmist |

11

f sedzd d&zO‘ Is! Mmw ftlewdis ftsodwL OO Lq yh s
odH"  dzv‘ Is!' v OBt fedzddO' s Mmvw, L Odzj % dIs-
tcj OCy &, ' wfdMmkz’ Is! v ' o dz¥ dzdzv d3:
g= biA, (3.16)
Hil g dglsOdz " v tjOCyYy" "', weO 9C0LE" d&O Is
gr¢ " dz ¢ s twjyseddd, "t Bjtej EZyoOmls: &
] SH dzts y O hodHC " Mis: tcj OCy' 9 dL dzOy

fjteibbotstes " Is: MW L O tsHdddys yYofmkz:

dh _
5 =K (3.17)
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HJKICBdzmls Odzls O, hts odL dz2Oyo' Is! KiFAeRL @1 L O
fJtcj HJC Diftixfd?d] dagdesiyidfifdzs o © dzOIskztcOdz dzd n
Eijdzgjteeg" v OCIsdRIGUadz 9o, g ddstdd® ;6 OL s © Mls:
vi OB Msdze Is dzO Isj B ORGP ERISCRY ' W tc] OC J (
Gjdzj cOtcdzsets GOL Iz

] "Mmdzw 9" Hftseo ' Hdzgdm f Jjtojlso Bt dz lisj f oz
fsedzddO’ ! MY O HBeHdyd dromigisd ujtjL:

dA
qt:[BIE. (3.18)

1 OH Odz' f' HiMlsOQodzwe yd L Odzj 3 dzg Mmls: (3. .
LOCdesdz dtotcj dz' MO wslstcd iz’ ks IsOC | to' o dgv
.Ea

g = BlAeRTy., (3.19)

1 dz0eo jHjdedr odh j L Odzj ydetsfylsj?2 d&3d B OY
2O kjfdased? jWjSCl 7' &3 ydesets fJtotsyj Mk, ¢
OBt fScdddO k' MW § ' H YO ftsls' ¢ Oddzy to
hodHG ' fMls! ydo t©j0OCy' 2 LdOydes Ldedy bk Is! f
O MSC dzOH wlstcd BOdsets ¢ jdzj tOtstcdasets ¢ OL Iz
Isj B j cOlskzted o L sdz 9 Hdzsodzj dzdzv " H YO
g4l L2kdOmMdz HisC " dalsg dzipd W 2 C OG0 Bl OK dS QO
otcOR o lzo Ols hodHC" fMis: 9 ' Hdztso dzj dadav , w
sj i3 jtcOlskzted IsO Mkl ots LtesMlsO' L' LB"
hs o ®CdMdzs 9 Odz! dz' 2 L sdg f' ' HL | BBdese s @€
6l OC QY '<D) (eelz 9 H de3 aaetsds Q daydgOUMZ (&

v OS¢ dds yd dats dz, LOCBdz o¢ttcj dz2 MO, ¢t
Isjf dzstsB 3’ dzd W istcdgz® Is L OBBS dgd dzlz  Mmd misJ dsl
oke" dzdzw L dzsCOdz dzgdd3 ftesete’ osdyZ wWE eokg
1 Ofssikzo Odzdz? HOdEEs ' HABHE * §jtojHEd
H dzw fsBkzHtse uydmJj dz dzd - BsH j dzj 2 L 5€ to
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¢cMmo j toH tzis® 1 Hz®j dzj tOIsstce . { HdzOC " dzls j G to
CsdzH Sy 2dzseéts SO Csdgo jSy 2dzgsets s jf dzstsi
dzj tesLSCttdo O BjROd LBz L& dd Isj&fjto
GOL G jdgj tOIsstc® SO hoadHCtsMIs' L d3" dzed W OL
hdzw S tsd3 B Izto' dadzw HdaCtc O 0 gizfp Bzd & O difj odgtic H dzts © d
oke' dzt dese s ff dzOMIs O.

32{ SLESBC O BOIj BOISdydets® BsHj dz' Isj {f dzt
f syl MizL jedosl W ' COYy' ° oke' ddw

[ BH] dzt 9 Odedz? ftetsyji MMk Ijf dzstsed3 dzz My
MsOdzz MjtejHBoadh O " HL j @3dese s cOL G j dzj to
v s d3iz stseBdzd o ' Mist * y! sdg'tsdzdad @ o H @Hadzals' to ts
Hisfpdz' HYy k' Is! mw Isj i3 j tcOls Iz tc dzj i sdzj . 1 O
MitejHseodh O ftod fjtejmtH’ UjtjL &Ik WO
Yyd bjfdsftese Hdz Mis! ) L &3 dgt 6 Is! v Mmistcd B ¢

[ Mdzts o dgts ~nOtOCIsjtedMmMisdE s WOLtsSoadA
okeg' dzdzw, wWC BRdzs L OL dzO0Oyj dzts, ‘ Isj B J tcC
Isj ted3sH d dzZO3" ydets™ o' o dzso ©Ocd (IbsYsc O WOLTt
fjteh et tsHEZ ROLOSCkjteds, s o Itsyy'
odH" " dzj dgdzgv OB B § 56 dzd dzOdzdz? Isj f dzO ° L d3' o
Bk WOLBsotsets ¢ @fr B joHzicBAIZzdd2O tod M.

1 OL 59" Ho " HdO
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e teH das o ddac
Ai.\ i\\\\
} BBH ¢y fiN0O WOoutkldssse Qi
fsCt’ o2 |7 i) - GHiko j toH dzis 8. dzO
1N
l 6" dz' [ded A >N S > : \\\
““““ fdoms | | T
\ S1) _< <— AN
0 _ "
l StetsH q‘\dts.y @gy ' 2ded2 S0dOdz (G

tdmMizdeE @ n 3 BDIsd ydzy L S8t OY dztletlziz &3y L (o
G} dz 6 OIlsslcdzd 2 G OL
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] " HYteo ' Hdzs Hs dzOo j & 3zts ' to dytf I e O * dedgds
LO2 BO' dzOE>00. 1 tstddds ‘Istg B j e Olsktc® okc' dzdzw
To<Ts Tijlsj Bf jtcOkztt® cOLdW SOYy' " okce' dzdzw .

ltedf= 0 xf&d§ Histed Bz’ Is' v § BOIsL2 GO sKBE
9 dyfOHCtOftKdD o dded S O 9dcOL 5o Oded 2 St)f tots
Yyomtsd LB d hkz'Is!: v (Hdo. tedfQt) 3k 3YSf2f |
Bsd®j dzls YyOMkz o HEsCtej dBdzs ' oke' dzdzw o' H
hodHGC3fB/dtlz dzOf teWw BSE o k¢ dz dats cHP) =P OMIs O.

ltedf 2MS O yd, hts o dzOMisd o tsfls" fj tej H
L3 dzt s ls! W flstcdBCt5d3, to' o dgW dzdzv  Isj f dztsff
odedzwnH [ 25]:

pT(xt) _ AL(x Y

= , >0, 0 <x< {t); (3.20)
TR

MT,(x 1) 2 Esz(ZXt),t>0,0<x< P, (3.21)
it kX

HOTao ), o, )i 5 j B j 60O ¢ OL b aizglgtﬁtsgjzmzwq‘a"

sd &Y J eOlztesy tate " " das'fids’ fyls it § spd YO,
Isd § dztsf te ts@T YHdEE PO |, Is § i tiASi” sdgdezdimdsd dzd | h s 9"
CGOLIE2THOs o kG ' dzdzw .

ltcOnsoalzr yd, hts o fYyoOlsSCsoad?2 dsd dzls
Fdiso O LOfdh jls! mMw E odcdzwH'

T(x 0)=T, (3.22)
SteO2 9" FEdssod LOHOY MWtstedlzdzs " d@ds Is O
0, t)=T; (3.23)

T, (=, t) =I,. (3.24)
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1L0j WOLboteEts fjtejntsHlk odSsdly Is! mw

T(% O g o= T(x B, .., =T (3.25)
/ZM _ {M - gpd_s (3.26)
KX =s e M| so dt

HRIf g0 Isjf dslsO L ¢steW dada? .

s OCdds yddesdz, L OHOYO L dzORtsHY j dedg? Isj o3
T(x 1), 5] BB § tOBled OLHEZ BB o yfdidad] &3° M j dede 34
fjtejritsHlk §sdve0O' o " disjctelzo Odzdz HAW
(3.20) By siL bk BGdBso BI2 L)Bso 1O BT
50 Edso ORY dik'j W PEOsaZ®c s § jtoj RsHE (3. 25

ltcd fHtotse j H | dzdz ud md dz' dzd - HisfMdz' HY j C

| 5 ud;@x%tb ' o dgv dgdzv ' ((B..21) Gftedo sHd B
HdW jtoj dey' Odz ded = Wit HdY WEdC Y’

2
d E;‘ b, 2.] (‘;T 9,i=1,2 (3.27)

1 OH Odz’ LthEqic{:%gfs,i:LlQijsmlz' tc' o da¥ dzdzv ( 3.
odcedzv H

dg _ _ij,izl, 2. (3.28)

i BLoOWLEZOo Odzdz" LodyO2dzdms HOW jtoj dzy' Odz
a J?
G( J=Bexpe— (3.29)
g4a1_

HBiTdzj o' HBERRO MilsOdzO.
wdzls jeteze yd (3.29), LEZOatHdBS L Oc Odz
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a 12 B a g
T(J)=A +5nex Y dv & Bert - (3.30)
48, SN

HpiTdzj Htsd3€rf(zt)]:s?édmp(-l/z)d iWkzdzCy' v ff sd3d dzts € .
P o
WEdeCy' v fsdiddzsS¢ L OHBso tsdz! daW *

1 s5C ] BO
erfO)=0erf( B) =1. (3.31)
1 B9 jtlsO¥ ydmixtesh j dgtizdizdaf = o dzv dz2 (3. 20)
odcedzv H
T(x)=A + e X (3.32)
(x)=A +B m( :
T(x)=A + o X ¢ (3.33)
2AAX)=A +B gemx :
chalz\/a_l'
1 CtoOdzadyded s EZRSAcOC &R o P82y 3 (3.34),
A=Ty (3.34)
d1+1=To. (3.35)

| EHBEHZO iy WOLbomES §jkjonSHE &O

LA S 0
A+B @rfgaez—alﬁ ETG_’ (3.36)
8 S() 0
erf = 3.37
A+ B @2'@ 2\/- SG ( )
stsydzO0 L ydms bkdise (3.36) (BCBEB KB

Zdhj o Ilssdkz odf OHSE,erf®S hos \Ofe btak jocdsy didzc

o' H UOME. ¢dzj §()=hBOty dighs o HI'HO fls OdO.

v OCdds yddetsdz, L Istsydz Mmls¥ Hts HIWEHYE ¢

B WOLBeatsegts fjtojnBBHE:

S(h=b Ot (3.38)
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19 ' Hifd hadHC "' fMls! tslz:lzv(ty)zqgﬁ.—(tgz(bu(b‘lslfr]w fts

1 " HMMsOoadzwes yd (3.38) E M 99" Hdetsh j dadz
A+B é)rf%% o (3.39)
Ce1 —
A +B, érf%% 5 (3.40)
¢=“2 -~
sifjte ‘L ' edsflsj?2 (3.34), (3.35)
C ts dzi Is¢© bzl5=1, 2:
A=T,; (3.41)
Tc'Tts
= 3.42
> erféb € ( )
c2a -
Toerfa%ab 81;,
= ¢~ ~ . 3.43
& erféb 61 ( )
&, 0
¢4z =+
B, = gG'bTO = (3.44)
erf pl
g2, 2

2B oL dzOy(d lbd te§ B d2f @ dgléste] fls Ols MY & Bis o
fjtejotsHk (3.26) IO owORoks yd o' Hisdj f

dz  Jp
Slted Bk GBS IsteOdzfyj dgn j dzls dzp: to' o dgw dadg™ M cow

derf(2) _ 2 exp( -22), (3.45)

€3ap 59 ey’ 50
expé o oL(T, T) exp &3 G T
P 2 °F ° o
F(b)=—FE S : i dp,&2  0:3.46)
erf L0 & erééb o, @ZQ 2
% 1 é&%o 0]
G =+ ¢ ¢ + =
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{8y 4, Is § BOG WOB(Etd cOL k2 olkzc' dzdzW 9
sBydfd o0lsdf! LO ¥EidkzdOdkd:

o

T.(x =T, o Te g2 x (3.47)
P ap aez'g aqt -

erfa% A
¢ ~

0 <x< §t);

O: O

(3.48)

x> 1),

HJo, 1, "=1, 2 tBydmdze 8 Is+ mw TU3A4)'D 5 dzBE kO dgtb '
tctsL 9 O W UstioeO@algdzgyj dzv | dzls dzetse 5 to o dgw dzdzw  ( 3. 4 6
ststej biz’lstcOdzyJ dzH J dzls dzts 6 5 L WzO8 dew etztizw yw( 3

1! 8 @O MsdzO, wEed2 BO' CoOHWEOIdydzz LB
B stsHBdR 1 OV EBdE® B yYydmdze s Is' Mw L O Wstodiizc
F (b,
bn+1:¢?ﬁ’

db

(3.49)

HFGB) Beydfds ‘Is:fw L O WsteRBzdtss (3. 46) .
t sLedzwdzj i3 fted C dzOH ftetse jHJ dadaw yd g
LdzOyjdz, w¢' d&OojHjdets © IsOBdz. 3. 1.
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s OB ddyY d3:! Bd HOd Hdv tBYdmdzs o Odz

] OOy steq LOL l z6 ' dzdz®
i B j OO 114’100 Uu T§oo Ow
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sty ‘odzs ksjf dzsy o2 Or,OgS’(OBA %, rojl(ds/l
PdbB®O blYds i b CLﬂ&ﬂ/gG cﬁm&£/gg
1 dssd@0 Isjf dzslsO Lt Qﬂ£yx/¢c
stedo Odz' Mlsy cOL W' €C Ot',l'logtSH

] tctsL 8 O W L OdadaV
f OtcOdBJ IstcOn
Isj BY J cOlskztcdztse ts
9 J H J dadgw
S(100) = 0,0624
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U e o «
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dzOo j H j dats’
dz' dz' 2 dzts L
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dlsjWOdzO (3. 25) ‘ (3.26) . 1 ted yi cs@ilze
sfdmiz’ s+ mMw o sCtst J OwOBtsdzd 9"  H Istcd 9 Odzt
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CotodL sdils@glizodi™s * , " dzt dg', MjtejHde 5 Ml
od3 hlze Is f zOMmls, By 20 R OGOMY jotg di diz as@l
odqdzvIsCsds Ltsdz " Hodh jdes™ Iste' hddzzo Olstsls”

| OBtstcOlststodad d3d Htsfdz' HY j dedew &3 o MiIs Odets o
Isj B jtcOlskztcdzsets ftsdzv bk f dzsh dde CtsdelsOCIs
odets' &3, IOC ' Ek o9dcOLBosOdsBz f osfisste"
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v sy M’ cOLdW' SOy’ okeg' dzdzv W Bsto
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0 i@, oBHY 50" Hdzs ISBYS ds s 5 dROY jCdRdz's oH E®IS H

[OSMdBEzR Isj B jtcOlskzte Mf sy 8" HOBHERHIS Is
Mo j tcH dzse d dzd tctsL f tigo s HgEktBD o BKC 'dad. 04
Wstecdslzo Odzdzy  § jtoj n ' Hdats’ Lisded R &3 ydedrm
JSLBIsjted3 ydzd - Hts JjdzHtslsj tod3' ydzd - . l SH dz
ZOftew BC & Mlssaf © cOLdW"  COy"' °’ Wikdy' v
tlny d2OBdzd Y 4 d2O HEts dz' dz' 2 des™ (tdfm. 3. 8) .
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10 dOo jHjdddid tjLlkzd sOIsOdd dzOB tstc O
9 ' Hf s9 ' Hdg tc' o dgv dzdzv toj Gtej M Hdzw  totsL ff
coOLdw " €Oy’ 1O LBdtss o' 3 ydedr tj OCy" 2:

isCdmdze 9 Odz! dzO L 5dz0O

t=787+573lys UC;

Tfjtedm’ Hd&ZO L t5dzO

t=950+547ly. UC;

To' Hdztse dzt 9 Odz dzO L tsdzO

t=727+567ly. .UC

¢ dz0dz" L tc' o dzgv dz tej ctej " ° oC0OL Iz’ dzO
sHddzd yt Htseoyddzd Mstsaf O cOLdW' SOy ", bhHt
wed2 9¢0OLE" dO " dzlsj demMdo dzd? =~ OtOCIsj e o,
Isj BYf j tOktedzdr L Odzi ydetsisj 2 E Ctydz 2 L 5«
cOLdwW " COy"’ Iz o tsGdz] 9 sz odBts’ H dzw i
Codzlstesdze §f sHOY' Hzlslsw 1O 26t IsdmCEk
cjOCy 2 k oGcdzj osddz o dB s .

] OdzOdz' Lz 3HBdzdfislsy e Mm.Mlseo j eHY 29 Olsd, f

cOLdwW"' SOy’ 9 " HBERZo O ' Isy Mw ' o9 dzsd3 tcdzj W
COLtsGjdzj cOlsstc®. 1 sHOd "Ndddd HBsMdz' HY j dadaW
Isj B3 j tOlskztcd i tod tclzfm’ otscdzgj otsets odBtS

f sdztsy j dzdz otscdzj otsets DI s gl b Z(EW o
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