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MONITORING OF THE ATMOSPHERIC AIR STATE IN REPUBLICAN LANDSCAPE RESERVE
"PRILEPSKY" AND AGROTOWN "LESNOY" WITH THE HELP OF LEHENOINDICATION

Haurylenka A.

Graduate student of Belarusian State
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Abstract
Air purity was assessed using the lichen indication method in the Prilepsky Republican Landscape Reserve
and Lesnoy agrtown. The effect of polluted air on lichens has been studied for more than a century. The reac-
tion of lichens to pollution is accompai by a change in physiology, chemical composition, and community
structure.
sdzt yjorJ ddarfE @Istster , L W dlsdz §J ddh 02ddSd, ddn] dsW dzst
Keywords: indicators, epiphytic lichens, lichenoflora, phorophyte.
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Abstract

In the article, based on tlexperience gained by the authors in generalizing and using the results of research
conducted during drilling of horizontal wells, the directions and tasks of their implementation are defined

sdzs yjor j cipdetHa & dzls Odz! dz" | M 9 Oy d da'd,f) indd4] fipi st tO=zHj j, dzdf jte, s dLL B H
dzts s+ .

Keywords: horizontal wells, field, tasks, research, productivity.

[OLBIztscfaOdchJ dzj W ilsw dz' » i OczOzEDB @ O3 H Mis BiddssiH 2 € Isd o dz' d3d
d2 cotdidsdds@dyddzOdd WdgdizwYy dsdgws s fiyn slsdzsy j dedv  d3j &zO (
Isdods 5 B IstsHatfE3 Wsl;%tsd;ct RMMdzi Hise Odad v, f sfewh j dadz |
k' wOLwOBBISS d, dm’ tesdLotsHdIs] dz desisd cetstedL sdzls Odz
Isd o detsfmls d B Mls stc sy Emdzse dets t©OL H j dzj dz¥ dzO
Hdzj 2 MlOHdd 1 Syf dz Hdlsj dz' dzsfplsd dzi Wilswdzgr = !
EsXzE ¢ to tf dzls O dz! dz" o3 fr]lsats P des s ¢ OLfshed ERE O C 9 Oy
9 0jls fe@HYGH ! d%@ﬂﬂzfﬂ M &z9d dai dzO2H j da
Do siisizy dzjnded W Centyr whjdislz otej d3j ded o' f t5dzdz
tSBJdZdztS LWWjCIlsdoe ddz dmmdzj Hise Odzd (, fsmow
fl 9jtelsdC Odzt dztf te dz' dztsfils d Csted L tsdzls Oc
BtSSOdZdZJSfI’]ISJ dzOkz ycm¢ dzj 2 dzsd3 dzjOC sdzj W
o tso Oded | Isj R desdzis H s 4 dzdz" j stftej Hj dz
MCoO)yddz Maw L Odg" Isj Isdzls(DdzJ ZzOr GcOL &
d Celzsdeedag ¢ BE ddzj dzj Wddzr steOydd,
d dR dMmissh | ddjds e e-
L dLiEug dzadj o

q
Odedz" § HoJj fted yc U J
StsdzyS sd3 Hd&zv BL] Cif czz Ols stedL Sdals Odzr dz"
74 vz tsls;u;fr]lsag
1 OL sdzj W ig]

Bltej dzgdw d f tetso tdzOyYOlst oc B3
swdztsy d3d Misstetsy 3] d L Owks | '

dzsitﬁ]Olsdadzd3 Slsdztsh j dzdd tL sdeElsOdz! dzf @3 MC o Oy d dzOd3, o' f 5dzdzj
sstedd [ O cqmbozmcscs dzj § otej dgw . | h ' '
zofmisd t i MmY O sOLOBjyd » OB
ltetsdg’ n dz dzdz Yy &z Ols (Mls d dz0-€ tizts dzdz
Yyokko o 117 BNMsBsd 2Oy G@ls™uuaf . 1
dzy 0jls + Mt yd® Hts fdzj Hise Odzed 2,

5

© - N
OQ—

UTQ.‘%
#>‘Wﬁ-ﬁ-@@m“—"”mlﬁlﬁtﬁ
o - w
owmo -
g o

c a0
&

S
0 oo
8

.5"

z
tc
(]
Is
(Sl

&

M QNGSIT =T
THo =i Qg

FoGoogN
S TEs SR&
goIgoGo

_‘&UT
5]]35"\"‘)

©gF-Gox-

dzj W
s te ts dzf
2. v ¢
mdzzy d
dz! dzts ¢

§NPS gz PTIo
I

SofgEac
OU{

~3a - 00
SRR

e
d

Is
Is
o]
dz
[

s
w

oo QOFFLTFH O
~xB8o
m_c

B3]

Ig GFG TSAIIGO

O]
ﬁCOW
o:n
(R *-Q
oF "

iz



L{1 Wh'! wb! [30,80€0 {/LO9b/9 S 9

MCo O3 ZOd, o L dzOUdls] dz'-gath 5] H( ez ledisOusGE B¢ smOd 7§ ¢
dzOC dztsdzgdz" §| d dBdetsc 5L Gssjt2jd2r jB i jodgmyvd. dz .
OB MBI 5.1 .1 sted #ts 900 df - [fiftjoHsjsdgjOdikY [B O dzO dzf © o to j d3j dzc
Cd2 0O0dOdzdL MeshMsswz@&ifwdcdmBdfie®aOdkd Bzosss? LkfilsOdtssa
twdedpts] L sdzls Odz! desets B kztoj dzgf '© z digdiid§ dp jif vtz OB IO jydf'dm ¢ d 4§ (1 Sy
MC o Oy ddz dz" j) LOHOYyd:
OZCde zw UEBdZdQ.Oudd, gy | hfgadAded o sjfdg jn- + Sy j ted &3y
qLaichfls-gHzl_ndznsth@zdzJ de@jﬁ@ﬁﬁsd@ﬂgdzdw d Izl§1sudz4dzq"” |
o 08 i | OB alsjisHedz g[S dzts tetsg f Wi MC d R fsyjmmse d
dzj Stslstster j sjtstegisdyd MSdJ ftejHYf sMr d&zC d
fmlsidd ¢ B J MS sdzj udzts-?r__tssﬁtsiztgjngLdgsjz{lst@sijdzd'J dmtyr lsOqu’?
dzj o  &zOfMlsOr by edst b &Y FdeicpHirfeo d Isj r d
r R. ¢. vyOteds 3. R MY  tzddisjs S@iezdrts ¢ diulg dnt: d § d i fndzj
tstrsd3 dz Hdz s &g dy )t v B 'he Els Odz’cds’'tejd -d HBY tsd
MCo Oy ddzr € tsdzjSusididf2dzj HCdirf dzr , & tsofifisCCmT EﬁhtSJd?lI dzj S s .
OL dzlz s L D TR az Oy ®h q’LnOdB:f’XlﬁtdZMIZ-J‘dZC{SB dag@B s s, Cs0
LiIssds fts dzts iy s g dz¥ tsdoidsdz jiztc WL jOR e WO tet®lslk j stetso 5G|
MsotsdzO d Is dzr MO &sasd fted . L Of geteYlzdefd O tsdelstcOC Is
Bs.B- fltoj Hdztsyd 1 3 dfteed uOnciddy daf gto-dmMmdzi Hise Oded ™ o
eOfmyjls B (s sdzts alzp§ jdftpldzflg )»: d cttedL Bdz-
Lodz" oA <o Oy d dz, OLdtelzy "Rffpfzy H p@O dad jj L PP dzOsis OB Ztots o t5G 1S
fitcddzj delstso . ] stz gz dzte BliRE- SledeDL Yss " zZOBO yJ L 5 &
g;lsfnw fts Bjtej bkdjde "y cagarfed c@Qfigpsw &zdws 5 feplemd j Clsdoc
d

& &

008 & 7|=

—

T

Is
dz
q
dz
g

l7f

o

2z
B

8 oL w
“—_\cﬁwsq

ﬁ-UTQ) O“: 11 ©

SIVRRROOLOTIGT
FQomd o

vs)

iy

v NONONV RSN ONOAS
LS} &Q_'

(R -y -
So-gsr gRo™
X

&

geoo
A
Er
s

B3

zOdid . 6] t0azisig dzf[ W ixdsade - 1HLEY2 , 5 2 tc Gf. Y d s dadz’ 2 O dz0 dzc
jHy dzj dedw ftetsdL otsH s dr!del@stfps df fdeQ@ Hdpsipdizdn ME GO 5 dz0 Is dzts fi)
o Mmdsdmissd § zOmls] ydls, Hodtsddls d dzj tOfHs el daf - 2
SBrBHdHBE Glsdjisdls! , wgezstmRe OdMeiAfls, " fUOYFOY -d BEtcso

J o BYtejHjd]ddt f(sdigpfstidissdy) sasdtsdh aeekd- i yj d s
sdids@drE MCoOydds, Bujde SSHMedtajjdzjdedy Slpfbisdeges [ yj dz2C O f dzts
9 dude Of Isfw. flsd " &zOKBO; [fjHjdjddj Bl jkd
w fstesdlsj dz Mo © cttedaBdzs CdisdeisE sMECOOBdERCO; | IMSte]
B Miststetsy Hj dzd d s OZOBS @y ¢ ¢bdzsfets b dedfighte s dfistn@joklO 26 dzj
d Colstster § dzj 5B R 5H d B Hejdislss .¢OL O (uvly) ©® CcEOLfBSoBLH
dsdzsedyud mCddls dusgn @y du]’etsdiz,jzmoudzdzlsl) gL dzjfftejter adats HJ G

' MCtsAoddebEsEOR] EOMso ste®; 1 jtedsHdyj MS Ow
Isjteo Odzsoc O BRI H® O (& ljte)dzOf te s"Bdz@WMIso SO H
; Jdzlsj tco Qsas,lc O] Bk 5§ ot B ahteozcd:;gGlich
B3ts
ded 2
J

_\4[7;3; "‘{F&E’I:qrﬁ'ﬁ&ééﬁ O T
o= FONMONOGS
- &
ot
&
o

Iﬁ' - =

©O-FROFOF®FE 0O

R

&

11

HoX

=
oz §

N

o
&

J

Vi B2 Y Omisty Yy sEEdAgLsq sty dizr dE = dof Hngfiz] d3 dste JOdAa Y

1 R(l @) § dztg deding diiCeided fzd i5© MO dz dat
te O dalkp dzls gedzj dAB@ ste Jf s®.j dAFO-ZO; (dEts
Y SHOEpls. e s\ el f o5 Isted v ; [ toj HJ dzj dad §
s Is ots I HAQ Wid) BfHEOHpISHsEs ttOMiso S O.
oz
u

O o
©

s

&§fc=g
:Jgs.o

g 83E

i to 5 Y(J B GO I jidf " de’ Ojdad ' fry figfdzjsHf ttee) O dzd W d

j ¢
) -

s

d EQ ddats defts clscfj B3 dsfeent Q) diad 4j M Sofd) s Q- aiz)s dizjs dz
4

TER
ERol

nisse f od g HCRUE] df Glte G5 jiddsimtien; O dzallz B d dz0 1
dzd J§ f jug dEj CrOwe Hiffduidusgjdss o . esasHCd; 1 i
azlOju d 5 B 02O YHjtsodefsils s [ Oodzj dzadj BLRtetseo sGts
W dzj dzd 2 OO dfdtcsdds 'HiGdzd 21 Gdodfj dedzjci B ztcso St
f tetsy4 M As tddmsdzlzjs; dz] vogldfy dztd) € B O tfalz” dz@Mts O  d &
J Bz 6 d Y jifiECadGny td@dhth w; {BAMdfts®Lsdz@ Qui@finjls o stc O
G h s 2 d ST O Casddst (s SyisasGidls ) | d dan d € G
;17 B St dpO df'ssHdrj todf Oezli) j d Omyltfitcso e ts tOfiso ste
woofp Cfplsbisic s dzy f sEdfB BRIBASQd jHIS sMisd; o
dzd § ¥ fts'He dzjgdd B 2k d tiets datizts & § dzdz®) Is 6 Iz d3j dals
n STje@déw oMk s@OdizBd NS B®H d dz" 2O o
q’W MMl d c@fjjddydRslssttd; stk
sMisd hNYENEw) ; SisF]dddoBGid'o tOnso sttd |
H J)iSﬂZ § 5 gl @ Ridet] LITBEHEO Y o dz' .
dr HO8 dzj ded 2 o1 tsff Saded s deflz 325 dels tedsipiy dzj H ts9 O dzd W
fsteso ' n HOo (i jizd dzis dztf dedsq ptp e df Jo)sio O dzd §
01157 sodzstetsdz’ -fygthlg igA @etsq Y jdzfiCdeldedftafg - ¢ 5§ Myt
des 2 € tsdztsdzdz ; risch Gsctedds Miisod oG tstHtg § H{O @0 @ e dsH-j .
2 9 6] Odz desz BOM dsOEGLUBMNL dfdi dzd-; fOX-Is | e d Mls d €
ts@EsElds tBistckzH 5o Otetbs se s d dzmistelz d3j dzls O.
Sdsdkdyd M¢dd LOHOYEG: Oyl Msets ddssdasedyj MEses tol
tcjL O MCoOydder Yt HOdzdzr &3 | RY

T T nssgﬁ_(ﬁqmnﬁ_

2
g
J
s
tc
s

020
LCorc -
- m. ]J\:RQ"—' m‘Q—Q—wQ_

83%& 11 DQ—&Q—W

o= o n FO N
gIG=w vasg
Q—
&
O,

sgOROH
78+

Sa "8 d
g =08 Fo
J]rd '_Q_'UTWQ_'_QE{

OrZ-oT g 03"

@ oa
TOrH "R N R m GO ERFTAT O

ager=googaggsargo
o=

§ OFRUTT8TT

""(HJJ&&OI UTQ‘"-"Q.UTQ-Q.W
DOFT T TANLS I e TATLEOT FE—

g3 &
g



10 th[L{l Wh}| wb! [30,8020 {/ L9b/
Zlssyde j sw 5 " dzOd3kz, sl staffidd | jdidadplzdz jfists, s o] jfrisdirrls off jtedgdztyf te ts 0 ts H
l fecctcOBBS?2 twWOBBIS | UR. HEP&EEMY sy HE & dq | o tsHflssigwdzr | k& Md

e d dLizfgj deg gz ¥ ZzORE@J Wzl dzj dzd v tsfy-

slsB s
dztso dzts 2 ftStetsH' 2O CONHEEY Istotedl O teisick® of§Ho Gp g dgtf.j yudo OJ Is
[ dstsdzsedyj MSOw R O0tOC s to oy lozifsd of O BBAzOREOL @8 W < o Oy d d
otsd3 ftedBdzdyjddd Hdyd &B)5dKRY]6itEgudHRdkE0 LG8 -j dd)
d dzf Is te Iz d3 j-alalfs IOHAD diztsdz ~ B ssztBisd; Ctlstster |
ZicCts toj OdzdL 28 sy o OGRS On-{ ighEds o jf I 1§ dclOh hj dakfty  Is jfzds-j ded v
dZdm§sects ottttkyjddy sfj tddshotel B dgs®OrR ydatg § Bezv ydv § tesH 5
ftej HiMise j dzdzs dz® MG o Oy d dzO Fo. to jud3j foi{dzts hdzjs s B RtasfHBokdEdsdy  H{dzW o & dzts
sBBtizHBe OdedwW Mo tej d3j dzds’ w5 ME Oz G A dzty IR ; d3t5 ) dats
SftejHjdVis: fMdjHkshd] §OkOdjdlat Bt sRNOwEt- offj iz df
dz0 s dzts M Is d Mg j dz Hts e B ©dziz 09 d dls o Ce@dz! syfcfte j H j dzj dzdzts o3
Bjlste) ; o j dzd yd dz@ dzj e OMis o tstg g digftss sEBMIs O SO (S Odz yd -
&g lste) ; Hsdzd Co Oy ots2 o ¢ dzq dechfiplists 20 dAPEHPSs O tety 1 af i  Isfgw 9
(RBIStesMC s d SOd yddjlste)fls jlsdgjj tolm tshfipls @ W o ffl 2@y digts |isls S H
hCOodzj AYyowOf Odzdw o) ; f dztsls distgifiidss’ O dgteds fip ) ds fpitetg migizjes 1o & fioig izizjs Is dzts
fMlstekzSlskzter d IsjSMskzte® ( Bffdethiis o0 fdj tefidf. j Clsdodz 7 EyOfmls¢
uts jMmist, GltsBtcOdadz 2 h kB sEBHMipsA LMY ISRy sists 2 di3j IStets:
HOM®R BWLOIjd detsets § tsd3f oz Gz s to @ nofa twelPhicidzzinfjCoddzP w5 dzls s L
ddzV stedzOydw dzj f SL o tsdfl§ tsOf-faOuindsisigls dd  dEdtist shd#isdE s jlsdEls  HEj @pQ)- to dats
sdetOW¥ dud MEtsj tOMydzj dzj dadjils e O unte jyij @z’ ¢ § B dalapj ¢ Gslfgs? f tod ¢
Hsf sdzded Is§ dz! dgr § d3d stsH T . Ctsdzdzj Clstste®, O IsOCYj HdzW dzOd B ts¢
v jhdesjy tejhjddj cJjtdfaaPipjiPpids L OHOY M df-
f sdz L slp QlddgfljstcZ3OYydd 5 " dzZOBBe By ils BT ls!

v OB dzd yo 1.
dlstcOIsdetcOW dyj M d2A O ctOjded Wi df jdifndsldsme S 1 WW dydj dals ¢

w . Cdzj a3 delsr L QO sts4 WW¥ dyogd
| dZEBd 20 | vlstcOIdetcOW¥ dyj M¢E X
&dv, & &) dzd j ﬁdzOfnglstGB(;JHltjis QSOacf;Ot;lsdjtsté_
tsls H S .
(o)t (dadl dzOL 9 Odzd| ddzH j Sl vetsdz f O OL d d
1 2 3 4 5 6 7
0 0 yjlkeo jtlsd Q p*
0 50 ) esdersH Ui £ O 5 1,30
50 140 d J dzts 3O d 0 Wa p* 1,23
140 470 0 dz' B 0 &a 5 1,05
475 585 oqls 0 & ¢ 1,18
585 775 1 jBCBaB 0E 7 1,10
775 830 5©0 J 0" 1,05
i B w Cc Mtz I Ie o
ao{silL ﬁggtu;dgémdzﬁdiémdzisdfmqtss tjxmdfﬁ%ﬂﬂ&cﬁjisg_ ndzd'égitas@@@'aﬁt%s
L 5dls Oz detsdj MG oz@Y d e | = qlé @0 &j dgd dBOBSEH ]S, | . & (
" LOHOU dzO0 OMMBOltds Jdg%h‘]di o) HlisEOSS W g gz yRasH Mo &
?55“%"""3& l]’tstSHlf;udzdod dﬂaﬂz{ﬂjﬁ&;ﬁ@%g@g;f@dquzcgfgg 10%'2015014dd
O | ', H S dzy HS )
gdgctgzmbi d oHOﬂLscfavgztsfnlsJﬁogm%éts;éqllstgzéé;t%dzogdiﬁo?z,ctdZ%thOBBlsCG
fr]g,i dzfjoiss :dét:%fg;smdls?zw tst}t?sdgf%s' dz dzEvvb- Bisdj | d%aéjzg%dst&hffdgbdzo lstolz
& 5 sjodsdsed? d dztsx;mi?%%h%%h%@!ﬂs lode®o ofj -Isrtc slod, H8B O, 19
Clstster j LOUOMlske orf widwe sl GghS ddg nhj o jtoleed - O dz
LOydd ftsife® . foisd is dzj B &Y g0 Qg GBNE LB B, 1977,
LOL©OBBIC) diMmissensyHjddw, 5-}{flsésWan%tG_L®dztslfﬁéSth§]@@isdé’— C OB
?b?gs'é?zmi“ %?lsadc;vlsdzdélsc;@d%foff% %jﬂ%s"hﬁztsé’-lmsls%?z sl @%?éj ddv o f
1 r L tc -] i r f
COMASHOMB]. ©dzjHie Olsj dz dzﬂ\,GFGB‘fnégd;ﬁsH pwdcpfkHb mA- 4. 0d
fiSk Mstesdijd Mso0 cotdr dk6E P Mnce oy dd |
dzj @BHRd B 23] © ~BHJ] tjOdzdLOydd ftsistlsO mMdjHEjls
COMmdslstej s ofMmj tj OkdMmlsduds j o Oted Odzlsr .



th[L{l Wh'! wb![30,8020 {/LO9b/9 S 11

MATHEMATICAL SCIENCES

rdfomzoeyr f1oéc tHuIctRMé) I3 dcptRnALE CLVARGS P20 L1 d
t 1Rc
vmese | .R.
sOdzH dH Ols-B3DE Y RO yj MSdn dzO
OmMmdMmisj dzls COW jHter dBBOI
l1Juvu AHEstefsL 59 O
Gl stotsdzj

TWO-STEPS REGULARIZATION OF DEGENERATE ALGEBRAIC -DIFFERENTIAL EQUATION

Uskov V.
Candidate of science physics and mathematics,
assistant lecturer of department of mathematics
Voronezh State University of Forestry and Technologies named after G.F. Morozov
Voronezh

O dzdzs s Oydw

l tOBBlk] GOMM®BOBLEYH Pl fdyd OdzE s ip s Ztc ©o da 'dad t X Hf jJ dedz’ sdg ts
s jtcOlstesdy ftcod ftosdLoBHds?2 5 of HJ dzj dzdets? ff j toj d3j dazdets 2 .
otsMmisd M dezdzj or @3 dqdgH j S M. [ des Lot dzw jls tOmMh jf s dm
Mlse OF Ed3j dz2 h O h e My tLOL d3j telgscidsdr2te d L} Gsuyigedy jodz Heoj Q EZhd® ds@ IsH @
s jMmls! Jjets tOLted " jdzdd wsigtiasthdgls zaasddspPftcjsdL o sHdets?2 . [ dz

Abstract

The article deals with a firgirder algebraidalifferential equation with a degenerate operator multiplying the
derivative with respect to the distinguished variable. This operator has the Fredholm property with index zero. It
allows you to split the original equation into equations in subspaces of decreasing dimérsaesult is ob-
tained about the regularization ofglequation in two steps, that is, its resolution with respect to the derivative. It
is formulatedasthetheorem

sdzt yjor jthdetza®tcd L OwdW,W jQodiedj pdicstz: datsy bkteOodzj dzdj, Wt H
&ZOrtsots ftesMmisteOdemlsots, COMCOHBOW HjCtRBfSLdydw.

Keywords: Regularization, algebraidifferential equation, Fredholm operator, Banach space, cascade split-
ting.

sHdd" § Mo jHjdadW

VicOo dzj dzd w s d fr]q’fn d30d3 ydOdz! dzf » [kteOo dzj dzd 2
desffts otej d3j dad dsisH,szq’tc j smw
Mtej Hy (209 dzj dzd JzlssBGEHdas®PIsSIsBOMY to StcOdzj dedf J dzj o dzsG s
desejdzgj L fted dLgjdzj dedd Efdzsad?2 Isj g R JddeO §ftp sty G ity O ¥( Mo
[itsds! joO B ytslstcOMdzj osets BOEOEMO) d Is. H.

I MsB jdedets OCIskzOdzj dz asfftetsfy s fMkh jMmMseotse Odedd, JHJdzMmIse jc
fjtejH HtosdLoBHME?2 5 of Hjdzj dzadats?2 ff jtoj d3j dedes? g0 SH dIsfyw
sladpdlsiy WicjHEBdZ d@Bse s j e Ols tstds fffij tedBdsdrjten) . a3 ddgH j S Msdz ( H Odz,

dsots2MmMddej 2dasP jtaDsste j 2Misoakze hd2 dL B OO - BOOZORF tsts figls t¢f Geds
MscOdPlso BY sdzdzej Yt H) v jlsMy MizjHks P dd Mo s2Mise tds:

O KeGGCoidhDd | maCo kéhr

GHKieGTiVHEIEE f DICOBEIYARY Bs] HsKedaztzpdgp c®©L g dacldisst O,
THiW]SChdesy fsHf esMisteOdzmise t5;

AEKed AECokéerH, MmizyojufdjjcOb&@0 iomdotddsj jls B6tcOded Y dzdz 2
tOls d& 2[1].

[ j BRG s18.52 dzq dzj 2 dzO@ ¢ j e QOO0 O B 2 o tetsy H j dzdas2  yd f
Wit HG S[@ dis o

]l dzOMmlsswh j2 tOBBIS] OMM&EOIsSteds Oj MW kteOo dzj ded §

6%((;)6()6)(‘) ‘00 h )

GHYOB 0T L OBS dzlzls™ j dzddej 2 dzr | ©f jGEBtster , Hj2Msokehdj dL

doth dotmo O;0in-ts j tc@KGte;mHY.

Ajdz s OB tKHI] cWzadeMgjdiathiisd Wz tc Oo dzj dzed v, st jMisy t©OLtej " j dzd
ptsHds2. { OMMEOtede Of sfw Mdzkzyo?2

AEKed AECoké rts

&



12 th[L{l Wh! wb! [30R020 {/ L9b/
RMId LEZjlsMY ke jteyHjddj, f§todkzyjddzsy o [ 3] .
lotsHWwIisfqw  fotts gzOKsetiitef Co ke Mistslse j Isflse j dadzts, fsdztsB tcOls dz 2

6 00dmOCoidmdoin { OL dztsy  GRw K ézf 3§ dabs ANAQBEQ d < dzjOdgy dals

Co kéetfrts B GLhd Mt

00 QD o o 8

l csMstc CrBBiss sdsteddtelzj sy o9 jHj ddj B HOOEwgEEcs §totsd
1 .
[ § BB q2zj 2des§ EwOods ded

00 VhN'O, do &td M Oh
cOo detsfd dz! dzts Md Mis g dzd
O d0 OGO W™Kegh
0 & AQ phtfB FE8
lteddzj dgv jIsfqw  dBi ssH COMCOHds?2 HjSCBBBIBLdYdd, L OC dzs 4O h
2O EZtwOodzj dzdv o YsHYtesMiseOdzmiseo O kd3j dzt h O h dafw WOL d3j ted
90dzdm! d Hwkzeddid OoslsstOdd, das O M dd@GldhisdcsOzmiso Odzd B S [ fi) dziz
Yy d 8 Campbel , zdets Ooaltster GeteOdzd ydoe Odzd ! tsH dzd\izLovagse sd3 ( { .
Nagy) , dzdets dMmatsHdOw MdMmlsji GO §MmMdi ftojsBicOL s OdedW dBBOIsts
dizd e (1 . @.lichman \4 Mehrmann dzdets Istcj B 59 OdzO M HisMisOIssydzts B ts¢
dzr 7 CsLWWdydj dzlstfols(m. 1. | EBtSO O)

] twOBtslsj Ooltste® [4] HtsdLotsHdlsMw HBdsetsh Ocss OV toj Glzo
sts, Yl O COYHBAR hOE] ItcjBl@hsmhizPizoe'| 9 Oz Cixigtsd § |
tes®, Mbteswhdimw M foRkRsh! & L OHOdME » f jttOlstedz » S1 WW(
SHdh Oese ' 2 MazEy0?2 wjeckzdvtedL Oyd:dADD iz y O jrm, GOs s 5 W dzdzts ¢ &
1 OfmMsswh OW t©OBKSISO feBHESdYOjl Jjji: tickzdvtedL Oydwy ftesdmnt
0. THiIM o MmMddzk dj Bir 1-zfpzcbad s B 5 WE&BNREALZAHz oc@ls ! CAOC
LOHOo O d3F 2 Isjifjte! o' tets) H J dedztds?B dEOHGDH] tdsO IS dats{13 gD I8t dipisjo s, d3. [z

1 sczyj dedzr 2 tejLbdz sO sy jls dMftsd Lse Ols! v fted tejh jd
2. [ iR BB HdWWjitejdydtetse Odzed d
[ j BBO Bls: WidkUajdusjter odzs HAW VW j toj dayd il pres@zts d dzfs f B @ls 5 ¢
HAWW jtojdeydtolzj d3. kwtht©@e jWHEEGRZQZON dzj H
Q o 'QO,‘Q Qé)
EUO (0] Ebo U‘an
Q0 Qo
[ j BBO kz4mls ! W’rﬂcdzﬁuqocé Qéo HgWW jtoj dzydtelzj osr USEHO
"Q o "Q o
fMdzj Hizs h OW Stz dzO HdWW jtod dzydtetseo Oded MCOdzw tcdesets ftotsdL o
Q
6(‘) QohQo
'Q"Q‘Fi‘Q
Qo 00
Qoﬁ—"Qb 8
[ 5C OL Ols jdg Ffipoeasd Is j dz! dzts s SftejHjdjdd MOk tLdses {t
Q "Q o AQ Q MM oQ ¢
6(‘) 0 0 6 (0] (0]
'Q,‘Q S50 6 Qe ’Q,.Q‘
Qo 00 °qs° °
'Q,‘Q S 30 ¢ " ¢ 'Q,,Q‘
Qo 0 ° °qQs° °
'Q"Q‘H‘Q‘
Qo 00
"QOh=—0Q06 8
Qo

3. tickdvtdLOydY bwOsds dzdw (1)
] HOd dzj2"dn ftojBLOLBO OV R ftojHY SkOEO sMw, vyt of
1 hod Mmddkz doj BB 2 kOsdyjdedj (1) ©Oodatshddz dets fdmlsj



th[L{l Wh'! wb![30,8020 {/LO9b/9 S 13
Qo 3

— b660m0 0600 aoh )
Qo ~ . .
060mokr mh 3)
Q plkB R

CHOO " Kedids CtslststieOW dzj ftojter odes HOWW jtej dzydiek j dsOW W Iz dz€ y
lesHdW W jtej dzydietse Oo 00 jdzlso © (3), sd L wey tc @Rk 3,
(2), fswkydd mdmisi ik

06040 Y Oowo O o
9 tBBL d&ZOYJ ddw n
. Q0 . . .
Y O 0 —. Oh VOO0 60 O h
QQo
O o Q6 " Fr 06006 0ok 8

{ OL dztsy § ded jaolfdy dBj@Rl(@Bz a 0QftedotsHdls ¢ MmdMmisj B Hdv o' yd

a o:

Go0Q o6 Y o0wo O oh

(4)
9 tBBL d&ZOYJ dzd

1l Efyls

o 0 Q o HAQ pkh
d o" f sdzdaj dets Mdzj Hiz® P j j
Vidzs 0. joed 1 C OOH sz Jdagit & T

I A stsd3 MdzEzyoj, o quzttsm;z@jdﬁ]pl&mﬁ]lsqug@lslsq’mm@lsstc dzO
Coken,AEKed 0 AECoken nftd SOYAKBDMBABO i B OL dded oo,

e OFBP O0iBOL k. [Isdijlsid, UBHFHYSEs)y FROIBhRst skBisd i
dztstc dzd te s @ O dzdz" 2 .
2 hoawjffjte! o Mddzk dzj BT 2 bktcOodzgjdedj (4) o wBtsSL dzZOY ¢
Y 0owo O o
Y owo O 0 0O 0 é h
Y 0wo O ¢
Y Oowo6 O o
'Y owo O o 0 0O é

Qo dztsd dz' des fd Mlsj d3d
40 Y dwo O o o '@Boh (%)
Y owobl o mhQ plts M8 (6)

lesHdid jojdydeses s (6), [ odbpphhs @EiGEOEON el (275
fedzydde mdmlsi i

WO 6 Y 00wo O oh @)

9 tBBL d&ZOYJ dzd W =
Y o Y 00O & h

Y 2y % ‘oh—“Q h
° Qo ° 5%
Y 0 Y 6060 Y oh
Y 6 Y o Y oY oh
. oo . . O
O o k 0 O oh— h

O 6 0 6 Y 00 oh
Q o6 Y 0ohAQ pkiB M8



14 th[L{l Wh' wb! [30,8020 {/ LO9b/
Y M’ of f Gdzdzj das Mdzj Hiz® h j j
Vidse Yl d2 C OO HIEdE) 5 ARG 6 T
I A Mzzyod MmdMmlsj B30 ddSJleS JHddemlse j dedetsj toj " jdedd (W
a0 ~Y (‘)v(li(‘)v :‘O oh ®)
Q pkf8 Mh
GHY O0wd0 O o0itlsts i tcjx joddl) az: @ plttB M,
Y 0Owo6 O o
GH@ MmMlstsdzB j y tO8) dz
Y owo O o
1 sufMsOeade (8) o (5), LiIGs{&)]sdisdpzdds ZdOb Ozj datd J
29 swe 0 o ©)
Qo0
9 BBBL dOYJ ddv n

Y & Y o "Y 6 OD0®oh

Y o 660 Y oh
O 6 O o Y 00 0 XBoh

'O 6 600 O 08
VicOodzj dzdj (9) tjekdvtedL s Odzs, §MEtsd Ck MeHjtydls
fisdzyjd MdjHkzsh 2 ©jLkd sOls.
v e ds@. o' ff sdzdzj dzd  E M@QEOG 2zsd 2z’ HAKD) dr dzfDdzkE) JaK

d¢f dMsS dzdlsj tc Ols iz tc the derivative/ Norwegian Journal of development of
1. 1dSsdz MS&d2 w. [ . [ dddjeIntanationd Bci@nacB2D2&i Mo 38.1 RiR122.
j2dzr n destedB3dtetseo Odzdz” =  totsflettc O defifiisCots®n I/ ./ R .RL{OJ MJsdgfy L OH O

J

b1 duuf. wjtedvy BV QfPkcstdses kttOodzj dedv ff jtco ts@

or f iu3.-166.7 dd ¢ Istetsdz yMEtsets cetsMmizdzdo j teffd ks
2. 1JdWOdH R.[. [ jiSyduud s ddesPigskd Deze j-B58%( .

T[.: [ tBtetsMme jIs,13[2/01 M., 1998W.. stj2dz u. . Jddzgj 2dzr § HAW

3. Uskov V.Regularization of an algebuwiffer- ktcOo dzj dzdv o B OdzORIt$a 5d3 1 OuztE iPls tc O
ential firstorder equation with a Fredholm operator inl967.i 4 6 4 ).



th[L{l Wh'! wb![30,8020 {/LO9b/9 S 15

MEDICAL SCIENCES

PRO-/ANTIOXIDANT SYSTEM IN THE DEVELOPMENT OF NON -OBSTRUCTIVE FORM OF
AZOOSPERMIA

Vorobets M,
Graduate Student, Department of Urology,
Danylo Halytsky Lviv National Medical University, Lviv, Ukraine
Onufrovych O,
Assistant Professor, PhD, Department of Medical Biology,
Danylo Halytsky Lviv National Medical University, Lvivkraine
Fafula R.,
Professor, D Sci, Department of Biophisics,
Danylo Halytsky Lviv National Medical University, Lviv, Ukraine
Borzhievsky A.
Professor, D Sci, Department of Urology,
Danylo Halytsky Lviv National Medical University, Lviv, Ukraine
VorobetsZ.
Professor, D Sci, Department of Medical Biology,
Danylo Halytsky Lviv National Medical University, Lviv, Ukraine

Abstract

According to the results of the study of lipid peroxidation and individual components of the glutathione anti-
oxidant system, it was found that the concentratiomabnic dialdehyd¢MDA), as a biomarker of lipid perox-
idation in the seminal plasmaofalmmé heal t hy men i s 2. 3dbSirucBve &ovspermia and m
is 3.5N0.3 Omol /Il that is increased in 1.5 times. Tot
in 1.5 times. The concentration of reduced glutathione decr@adegltimes and the concentration of total gluta-
thione decreased in 1.5 times. No significant changes in the concentration of oxidized glutathione in seminal
plasma were detected. When studying the peroxidation of lipids and individual components lofatgoge
antioxidant system in blood lymphocytes, it was found that the concentratioalomdialdehydén the control
was 62.6N4.3 nmolfomgtpucteéeive amdoapenmna (NOA) it was
is increased in 1.3 time$otal antioxidant activity at nenbstructive form of azoospermia decreased in 1.2 times.
The concentration of reduced glutathione decreased in 1.8 times and the concentration of total glutathione de-
creased in 1.2 times. However, as in the case of sepiasha, no significant changes in the concentration of
oxidized glutathione were detected. Calculation of the redox index (RI GSH) showed a decrease in the total power
of this system in the seminal plasma of men with-abstructive azoospermia. In blotgnphocytes such de-
crease is not observed. However, a sharp decrease in the concentration of reduced glutathione and its ratio to
oxidized glutathione in the blood indicates its increased use in both seminal plasma and blood lymphocytes.

Keywords: male ingrtility, non-obstructive azoospermia, seminal plasma, lymphocytes, lipid peroxidation,
glutathione.

Introduction. Due to the increasing inflammatory 18]. Nonobstructive form of azoospermia is due to di-
diseases frequency of the genital organs in men, thect violation of the structure and function of spermato-
number of developmental abnormalities and the impagenic epithelium in the seminal tubules [7, 18]. The se-
of harmful environmental factors, the male factor of inverity of these disorders varies depending on the etiol-
fertility reaches 50% [9, 14]. In recent years, the prevagy, pathogenesis and duration of the disease. One of
alerce of infertility in men in different countries, in- the causes of neabstructive azoospermia is chronic
cluding Ukraine, is only increasing [9]. About 15% ofinflammatory processes in the testes which are caused
married couples in the world cannot reach pregnandy oxidative stress [2, 13, 15].
within a year [9, 13]. One of the most difficult to treat The sairce of the formation of reactive oxygen
forms of male infertility is azoospermieharacterized species (ROS) in the ejaculate are both spermatozoa
by the absence of spermatozoa in the ejaculate [4, 7, #fiemselves (when incorrect cell differentiation during
14 1. Azoospermia among other pathospermias is fourtifferent stages of spermatogenesis occurs) and leuko-
in 10-15% of patients. There are obstructive and-noreytes [3, 13]. Generation of ROS in sperm can have
obstructive forms of azoospermia [7, 17]. The propomothpositive consequences, for example, during the ca-
tion of obstructive andan-obstructive forms of azoo- pacitation and acrosomal reaction ROS prepare sper-
spermia is approximately 40% and 60%, respectivelpatozoa for penetration into the ovum and its fertiliza-
[14]. According to other data, the percentage of th#on and negative which lead to reduced cell viability
non-obstructive form of azoospermia is-80% among [15]. The positive effect is associated wittoderate
all forms of azoospermia [10, 18]. Obstructive form ofroduction of ROS, while their hyperproduction causes
azoospermia is @racterized by the presence of sperthe development of oxidative stress and, as a conse-
matogenesis but obstruction of the ejaculatory tract [Guence, pathological processes. [15]. Enhanced ROS
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production causes oxygen damage of cellular lipidef physiological rest, on an empty stomach, in the
proteins and DNA [3, 14]. However, oxitile stress amount of 20 ml in test tubes stabilized with heparin
can be caused not only by an increase in the concent(fral dilution 1:100).
tion of ROS but also as a result of low activity of the  Peripheral blod lymphocytes were isolated on the
antioxidant system. basis of the Boyum A. method in a density gradient of
Oxidative damage is normally neutralized by a bificol-triumbrast p = 1,08g/cn?). After the last centrif-
ological inhibitory system that has total antioxidant anagation a small amount of saline was added to the lym-
tioxidant capacity. Human semen contains the followphocyte pellet and then they were resuspended. The
ing main antioxidant enzymes: superoxide dismutasaumberof living and dead cells in the Goryaev cham-
catalase, glutathione peroxidase, glutathione reductader was counted using trypan blue.
glutathione transferase. In addition to the enzymatic The integrity and viability of blood lymphocytes
components of the antioxidant system, tgmzymatic in all experiments was at least 95%. Saponin was added
antioxidants play an important role, in particular, sucko the suspension to permeabilize blood lymphocyte
as reduced glutathione which is a central component ofembranes and revdatent enzymatic activities [6].
the glutathione antioxidant system [1, 2, 11]. The state Lipid peroxidation in seminal plasma and blood
of the pre and antioxidant system in ejaculate and semymphocytes was assessed by the concentration of ma-
inal plasma can be consideredaasnformative marker lonic dialdehyde (MDA) in the reaction withtBiobar-
of infertility [8]. bituric acid. The content of reduced glutathione (GSH)
On the other hand, it is known that blood lymphowas calculated abe difference between the concentra-
cytes are able to reflect changes in genetic and met&ns of total and oxidized glutathione using ElIman's re-
bolic homeostasis of the body and maladaptive statagent (Anderson, 1985).
objectively [6]. This allows you to use the metabolic  The state of the antioxidant system was assessed
paraneters of lymphocytes as indicators of the funcby the content of total and oxidized glutathione and the
tional state of certain organs or organ systems. Howedox index of glutathione calated by the ratio of the
ever, the most effective method for diagnosing a- noifference between total and oxidized glutathione to to-
obstructive form of azoospermia is a testicular biopstal glutathione.
but it is a complex traumatic method [12, 16]. The reliability of changes between the statistical
In this regard, the aim of the study was to detercharacteristics of two alternative data sets was estab-
mine the preand antioxidant status of seminal plasmdished by Student'stest. The difference in probaiml
and blood lymphocytes at nabstructive azoo- values p<0,05 was considered reliable.
spermia. Results. All 53 patients of the main group had
Materials and methods. The study included 53 complaints of no pregnancy of the partner for more than
patients aged 247 years who were diagnosed with aone year. According to the results of spermograms and
nonobstructive form of azoospermialhe control other diagnostic methods a nobstructive form of
group included 18 healthy men of the same age rangezoopermia was detected.
The scope of clinical diagnosis included history taking, = Past medical history of patientgas unremarka-
standard clinical and laboratory methods, hormondlle, there were no injuries, mumps, genital surgery. Ul-
profile, ejaculate examination, ultrasound exarigma trasound examination of the scrotum revealed no struc-
Non-obstructive form of azoospermia was confirmedural pathology. The veins of the right and left sper-
by histological analysis of testicular biopsies. Exclumatic cords were 2 mm, withio evidence of impaired
sion criteria were obstructive azoospermia, varicocelblood flow. Determination of the concentration of in-
genetic factors of infertility, severe comorbidities. hibin B, which is one of the markers of infertility [5] in
To obtain seminal plasma, spermatazeere sep- the serum at nenbstructive form of azoospermia was
arated by centrifugation of ejaculate for 1I5minat1706 9. 8 N19. 6 pg/ ml that it is in
g. The spermogm was evaluated according to the
To isolate lymphocytes, peripheral blood collecWHO protocol (WHO, 2010). Each patient gave sperm
tion from patients in the experimental group was petwice with an interval of two weeks. All patients of the
formed after the completion of their clinical examina-experimental group on the basis of examination, semen
tion before prescribing a courséteeatment. analysis, determination of the inhibin B concentration
Blood sampling by venipuncture was performedvere diagnosed with a neabstructive form of azoo-
from the cubital vein in the morning under conditionspermia (Table 1).

Table 1.
Spermogram results of patients with palostructive azoospermia
Indicator Value

Azoospermia Norm
Volume, ml O 1.5 2.6
6 7.2 7.4
Total sperm countpillion not revealed 147.8
Sperm count, million/ml - 57.1
Motile, % - 62.2
Progressive motility, % - 59
Pathological forms, % - 28.1
Leukocyte concentration, million/ml O milliorn 0.73
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According to the results of the study of lipid pe-Total antioxidant activity at nenbstructive form of
roxidation and individual components of the glutathiazoospermia (NOA) decreased in 1.5 times.
one antioxidant system it was found that the concentra- The concentration of reduced glutathione de-
tion of malonic dialdehyde (MDA) as a biomarker ofcreasedn 1.8 times and the concentration of total glu-
lipid peroxidation in seminal plasma in control sva tathione decreased in 1.5 times. No significant changes

2.3N0. 3 O mo-bbisttuctivea mabospermianin the concentration of oxidized glutathione were re-
3.5N0.3 Omol /1, that is veaedreased in 1.5 times (Tabl e
Table 2
Indicators of the proand antioxidant system in semiqdasma
Groups Non-obstructive Control

Indicators azoospermia

MDA, Omol /| 3.7N0. 3* 2. 3N0. 3

Total antioxidant activity, mmol/l 1. 41N0. 12* 2.11N0. 16
GSH, Omol /1 19. 3N1. 5* 34.3N2. 8
GSHt, Omol /| 38. 4N3. 4* 57.3N4, .9
GSSG, Omol /| 21.2N2.0 22.8N2.2
GSH/GSSG 0.9 1.5

RI GSH 0.4 0.6

When studying the peroxidation of lipids and in{13]. It has been shown that leukocytes are the main
dividual components of the glutathione antioxidant syssource of ROS production and its overproduction leads
tem in blood lymphocytes, it was found that the conto oxidative stress ardisturbance o$permatogenesis
centration of malonic dialdehyde in the control wa$13].

62. 6N4. 3 nmol / mgobshuctive ad- n  alhed coraentratioa rof reduced glutathione de-
ospermia was 81.4N7. 3 n madadedng 1,8cifnes pnd thé mncentration bf ¢otal glu-s i n -
creased in 1.3 times (Table 3). Total antioxidant actitathione decreased in 1.2 times. However, as in the case

ity in NOA decreased in 1.2 times. Data on the ersf seminal plasma no significant changes in the concen-
hancement of lipid peroxidation in blood lymphocytedration of oxidized gltathione were revealed. The de-

at NOA are to some extent correlated with thelsew- crease in the concentration of reduced glutathione at

ing an increase in the rate of production of reactive oxzoospermia has been demonstrated by other authors

ygen species and their number in leukocytes at NO#o. [2].

Table 3
Indicators of preand antioxidant system in blood lymphocytes
. Groups Non-obstructiveazoospermia Control

Indicaors
MDA, nmol/mg protein 81. 4N7. 3 62. 6N
Tot al antioxidant actiywv 0.98 1.2
GSH, nmol/mg protein 11.2 17.8
GSHt, nmol/mg protein 16.1 19.6
GSSG, nmol/mg protein 1.4 1.3
GSH/GSSG 8.0 13.7
Rl GSH 0.9 0.9

Calculation of the redox index (Rl GSH) showed

a decrease in the total capacity of the glutathione sy molecular mechanisms male idiopathic infertility.

tem in the seminal plasma of men with ralystructive

azoospermia. In blood lymphocytes such decrease is 4. Cocuzza M, Alvarenga C, Pagani R. The epi-

Reproductive Medicine. 2018;36:33B.

notobserved. However, a sharp decrease in the concelemiology and etiology ofazoospermia. Clinics.
tration of reduced glutathione and its ratio to oxidize@013;68(51):1526.

glutathione in the blood indicates its increased use
both seminal plasma and lymphocytes.
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Abstract

The article presents a comparative assessment of the economic justification for manufacturing frames of arch
prostheses creatersing traditional and digital technologies. The results of our research indicate that the produc-
tion of arch prosthesis frames in the traditional way is the least expensive and more economically profitable com-
pared to digital methods 3D printing.
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thesis, cost of dental services.
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Abstract

The main functions of state policy regarding the processes of resource provision of the health care system at
the present stage have been investigated. The main measures foing&iate policy in the humanitarian sphere,
primarily the health care system, are analyzed. The features of modern plans of public health policy and possible
directions of its transformation have been studied. The understanding by civil society oédh® maplement
transformational processes in healthcare at the present stage is substantiated.

sdzt Yyjor J cipdgtra @temiso § dzdzOVY T sdzdlsd SO, MdMmMlsj &3O L HKCOO SR
CdBzOdzd s Otedzr § OMF jCIsr, CteOYHOEMS P&  NEEBOdzH Gels | dzr , Lk

Keywords: public policy, health care system, public partnership, humanitarian aspects, civil society, model,
governance, social standards.

1 sffsOdetso € O vifctOEANE Sdg'dz3O Yy de'OL b ffte @ds- HWPE fad@dgCdzts B OL 2 €
Gzj dzd v dsj H G yddznC 5 issOlfydo | § S ED Ehdkc. o
fted wwOMftejHjdjddd fteOs J e dds ipkgddOudzdd i) &g OBE On
csMizH OtcMmise j dzedetsd s ki teQo dzfndedte’ d L Bl OO tkis & tc Bygain tedzts ¢ 2O M j dzj dz
MOy teOo dzj dzd W, e OdzdL BES OH § W i5 s ezj tizbs f) ezl ldcgf thpl@fdadigs cdsj o
ZOdzmdtese Odzgd W B sdz! dzd ydz' - slg i S laulg telzd W O dfQairfy j ififs ets Of-tc j H B Mis
Bfslsr , 9 tsMdsts o dats d3, L O ¢ ssfigfddun Misfg dzldzelzr B s SE@'L DOlis j &8 L dzO Y (
dzv &3q , uctecq:aam¢qn1594dzdztsd3|z ) dedi sz dedisdztstE SO L ORI MY § ud dzdv L Oo8 d fiy
B HdUd e 2 [odsh d d i ook dggmikidsifcd § sdsh d  da
Emdzze Hdzv ¢ tslstejBdlsg dzj 2 ddds jin tostg jfipyiidzdgtddy 4 SOy Mmse 6O

dststslse jIsMmise j dedets, f tod Is QAL dz udseodfidylehs dzftfd) otedgsii ldodz - §f sIsts € O
CBotHdIsj dzv d3d dsJHduddzfr] do Eye sy fddz§ 2 - MEREEY v Pdzd W =, o
HOyd 5 fteddwisdy kY 0o dzjmibygwitRddts: dgj dzy fadRBw H d&z2® tsOC % J L O
GOdzdL Oydd dzisBrtHdd@sets BhHiEwifjfizscec s s @ nt d MdJdzdels EZtotseo dz
dB3j H EmCs2 §edshd, fisdide destfssdzdaaDia dzj dad? , d iy < s dzts dsd g
so W d dzO dzm dvis He jOVdijwdz! didSiisgjdazdfizd 4 2 dzdi toi M Jj detgB R | 50 dzj |
jdzd® ftotsBdzj B3 L HStctf do'ts's oidp sy jf iPlips @zO - Gls © W Is tdnjd-fyls j| 3O 1
ts tslstsaQq’ d tOL tcOBsIStE @dzjdsteciv df @ j w3 H B EOHaP s Mme O
fted of f tsdzdajj dePdlzdlg Is @ fintg FH jodede'f A/ dRjj IssHtsa , |
d tQtSGtQOd3d3 Csfls! LHtOQoatstsnteOdzj dzdv, of MBSk
L UENEl W ddR (i Eisneddd 2 ks § bOREEO UG Mo L d
5 Of tOo dzj dzd § dizd €tfstiptizy JOfpfintise ,§ dAflate . SfHPAEfRdz LdBds e 5 0
tsB dzOfr]lscf L HicOo 55 n td@sdrjddafiis s dz'o jsIR ) vin o fipts o i@ dzdsic ¢ O dzd |
A kZMdizse d2, Clstster | tstfhtcOady dagly HREDL § Q& &z My j ydls!
o jhjdedj deOMmj dzi dedw, Hllcfgh of 2OR figdfle &z HLAB'B BdNijomO -6 tc O H O dz,
5B MY jude Ols! fto] H Suds@hdr dzfptsiat(ty  fnds jOHsdzicPdzigfC eAc 5o dzv  H &S
hd GOy HOAZOM, | tetse tsHAddle! d taizQiidsy dzfmjsL § B ifpdzj H tBJOF Oded L B3O
9 HOdEs?2d tsDhdkzdBifH dupl qifO @t fcts dhftsd Lso Oddw  to]
Oyjoelsdyi mSdn OB BIsdzd ¢ 59, fsSHHJjty do Ols! d

IO W5

oL o0l 9 TNGGF

§ QP aOogec 11-
"'='IF

sEge g G-



th[L{l Wh} wb! [308020 {/L9b/ 9 S 25
sC0OLO0ddY &GiHdyddemS dr [ Mdglisdyls sl deqfls ' oL Qstd Qfots tsntictO@zj ded v d
LOIjdzd okttt f0O0ydj ddstse dzd v dediicEuQ@fgdgts s wjHde O otdsOL dz" = T
SR tcOdzj ded v . U S dd SCkd sktedzr 7 fMdMmlsj .
Clss foLotdwjls tjh Ols L QHEB Wz 5 Pls| f 3@zl ges @l ISsHT , o -
f zOdzdtstso Odzedw d dhMifsd L sDdgfed s iisaz F o) JsBA@®e i
5C 0L Oded W 3§ Himfey dedzidgd i d WdnddinE df - te teov@adgdt W 6 Odzd L 28 Isfpw iy f 5
YHJdedwn. 1ted ¢ sMmistets] dzd d i lyf tedOddz] delssts O,dzd ¢ O fiplf GdEH+ Otcls L Oy d
BOdz desets dMftsd L s Oded Vv tinjj fiptstefiy 5L ,0 yaf W tc © @H @R daf B iuc®@4s d o dz
ded v ®jHIyddzimscdn bkfdzze § Opd) disOigse tefd3fHidOutsf dzfif C5d]-. ¢ H &3d dzd
ytejyHjddwe ofmjn Isdfte LdytdsGHES s nd@ddgjodady , dfQc jfmdidsj- ¢ tsfkzH
ZzOc 0j lsmw, ybsts ftesyd Mr s OzOWw@w s dgj Hifipdvdzfig§idicr B WL Ols
Emdzzazd e g ®lsfqpw 1 W W j Clsdo detsd ffue@tf teqjtdsls O lst=dzgdzts®e te Odzed yd o O Is
sBj M j uj dedesmisd tej Mz tefnOd3zdn Cits clsy jols tedis talfs totitfie & HOE Ugjlzdzl€ @f sznozlzG
fitemMsdOodzO d § OOl stetse oftdyjddijoddd dis B fnter oy t5{e0 'OlfzdBi J HiEHj s - W o d
ydjdestso [ 2] . dzdj LOStdetsHOIsj dzt dets?2 BOLT 9 HO
Kjdz  dMmfy ,nsretﬂsdr]@lm@@ldzﬂ@dz&mﬂzlststsdz LO jd orf f tsdzdzgj ded j 3.

@

Misd ¥ stcdBdictp Oaersdpln Otcfise jlda@Rtser | BjlstsH cEfjkzHOkMisse j
fsddlsdSd L HiO oy CQoQidsjddddds Otlps ¥ d t5j OdzdL 25 sfw  yjtejL L OS tsdz
Odz'-alAsBOdzd s Otedzts 2 MW j tes2 daQ) dpfve, to j didlefisimsad ydsfOofdj B HY jIs. ]
tOLoadlsdw BN jMlse O. sdzdtetso Oded v tor desydets? telz§ tsdigts &3 € d

RLztsY § ded § s dzats o Aizfsdzis® daQuisdp@fjCideQj. OH i3 dzd lstcOlsd o dzsets k4
ot nteOdz] dzdw wodw jlshw G oifyj tef 26tz &) zf st MowL O

LHSteso ' W dz*Hj2 ©OHd ofjiselg i BIfAOEDYO jolssMff te@ajts - f tesd L o
otsHfMise O d ftedlzdidetsy j dedv Iy wB®s gzudet§ 8C ) § B J dedaf v, Mstis:
OO0 fted ftkshd EHBo dzjlse tftcj dzg OB OF | Ok d dcdzdZ  PE -BJ dzd fls & ©
stcjBdetsMisj 2 CctcOYXHOd o € OtglMlisy fo @bzlod) ezt dsdipgf'w. 7 [ e j Slsdor
tsn tc Odzj LHBteso 4 W yd tej L dEudzfedigicCOrdae) ¢ @k wv Gijlso | dedes @
EftcOo dzj dzud M dn, ddztt c Oflstzr § Bk te dzj & ¢ ts fif dddosQi oeliry tolattslsz d iy f 15 dzdlz
LCsdsiduj MSda, fwOotser o,lsKOsykfdl dif € Odzif bsEadzBE e 2 f v o  dzts
WetedBOydsdadz’ = d  H toEAEddfikls j B Gk dzjcdzs Saf ]  CtsdsBdui MEdi B
LHtcO9 tSicn tcOdzj dad W . ftoesHEzYyj dzelsOdBd EZMdzke LHKCOO SR 6O

rdzv tjhjddvw LOHOY fMmdady J dzd WO € O fstisdzj, &) Agftsdsts fiy I ds dzts 3d ud ME d
dzOfmj dzj ded v 9 stcOMmMdzd L HiIEPE sk COa)dzffw dQIC lodimfdzts s dzj §f syt
odaj HigW 8 Isfpw  J dadatso Oy d tsdads’ j € s j 6 jdaskdzdftgtsg O delfOt, e @0 -dzad = M H j t
dzj dgdzr | d2O ftseorh jdadj COypdis® @d Wi dedivt j § Is s dzts Bleafzs ls d 0]
ftosW d&zOSdSd, HJOG datsfls d SHpO def yddjdy j . v dz@ @y j dzl 5o Lfifls O dzts o «
teOL dzgi3ffdz L OB tsdzj 0 Odad ¥ d3d .  © dztizte gg.dzd U § s dgd widfTaPj didlssHT toj
ddzdzso Oydosdedes?2 d o' MisC sistg Quddisiizs ¢ dzQ dzZEP Is i isdfzs®&dzddzr | 2 ddzlsd t6d
oL dzdCOjls dzj sBotHdBEMis! dhEy ? teh jsdeiyOaizsa @dgd{ R , BH-dL d uj MS d
TOdzd L Bse bkfttOo dzj dzdW o H Odtdrflas? ®lE@IzH, csMnOBEssHBd R dzi
dMfsd L] B2 o ©ORSOR HROwficOyb g, disthe HDigdilse j dzd tOo S50°
ds?2 fodzdlsdéd LHEOQos tBrteOdjdid "stee OdzOd3 o dzOfisd tj OdzdL 59 O

l dzdif i yj dztseo j yimMisets Wk biss® 2 c kNG Pazgrwy j diaz] W dc
dzsfils! MdMmisj 3" L HcOo sisA to dfjedsh O dAd jj 2 Y @A dztiz & s@zOy Wz € 5Is™ |, ¢
dzj dz, BBdzj § L dzOydlsy dz'@ dzOw o4ijWiisidQylsdfg dzthfigds('y j WA g d IfaPlszsE s o 52
MO®Bs2 Mdmisj dr, ks ke, ¢ OTS tstOBd G nisted daBj K is s 2y § k)
LOadmdls tsls riztdffesOm oz Sozydgjor d Byt widin ¢ 6 X stias-di3d yj M sets o' BSO
Bsh d &yl B lils jte fighsdztay dized & O¢ SfsEmOdzj dzdv, fHtod L Itsd o dd

Cdzt ujdedv 3 HdyddemMC dn to OBy RIS S od ditstg fr Hr™ &3O ldnjtss ff @@ dalz s L ¢
d dzj ftes¥ jMMdsdzOd d 7 tOlbh @dliasihisl HEOs SEBWCPdZF OC 52  dzd dz
dzdw ¢ o ftsdzdzj dzd ¥ Yt H | tzDUzdz TS o tff WO JSH ftdg 5 oSSilftEEs 2 @ s lz
6" jJ ©® HOdzdlesdz Mdzz yOj o' ff tddfdgvds Is alssdgW G jic OR B lsd@g S~ tc Odzj dzd
dj s ndy BtSdZJJ Hdzd Is j dz! delzf MEF pupf O deefy hE 9 Odelglsts T o) 6z dz
fsHGEtkIstse € LHBEBOo S5rteOdzj dzgdw WwWodzwe sfpw C Mo

vOCd] MbwOljcdd 1 Jto] @] jispddny OEs Ha00 dzdag -¢ &zO 5O, L
flsj?2 ekl Brls! shse j ddzed f tod o tzf & B1s | dzezgiztizcky , O S c 5z dzr
Med Ck d2®@ fMjctHdw dzj = oo jdl e jdeyffide0 fH dve taddOflgdas j s

ddw HEeMskzZfO ¢ djHdyddsns Oyt @ cas i o @fls Csdnae@stay-Is,  d dz¥ t
dzs?2 fjtemfjClsdeoj. uwbtwOb]dgddznsSfdipd BYdHl1)l 6OHOU d

WldeS yd2 Hdzw i jChidseddy d2d Wk I 6 j Bs SBEMdse zde Ojk, ybkt
dzdL k28 Ismw g fjtej 3 dzdz’ O3 kgl Fltficts® BJzd § s @ dffEitgHag Gdzj ded W W
slsyOmisqd §obtdkkz, ykt ©jL Bty sORY dztf fiply oz dzj dzdeves Catizefs] B 3 &) & dellzts
MOk jcd?2 LOadmwis s toOLdggdRu@idzdRL oo lsadazdiw dzdiiztse § Rz B Otefyls o



26 th[L{l Wh! wb! [30,8020 {/LOb/

ftosHkzyj didstse Efdzze L HicOo s A tc @FfpjHdidynd,den g J &' C OGitslsts- yjtej L
ter n wodzwjlfmw ftojHsMsOo dzi dedfn dz® O wizj s dsjOdetfFr WO dsd dH ®-dzj H to § dac
Mskf d' 2 Edze. [des Y sipss Miss ¢ Gis st dfrsh jLdddkste j f dzj dzd s §
Emsmdsiydsd ¢ oL Hj2Misadw ds o eef iz digiglsn ™ ¢ Mz@Ow©Mmissa O o 1\
adlsdwy BlsttOmdzd. ottntcOdzsj dedd o Btsdz "ts2 Mlsj fj ded

sdz# yjor &3d OMmYyj SClsOB3d tedp@elzdl oy, d dlz i3g A2y Othyds Bz dzv ydq, ¢
Mlseo j dedzts 2 fsdzdlsdSd o MW taj dajwiad@®o s Titg Qdzj ds's 5o ¢zw Slso j Is
Jsimw ML HOd]] Ekfdssed2, fyefd [dBddgstcO GdY edsyyg qid defis® Pa Iz f) dziz
LOdedY dBjHdyddemMSdn Ekmdizce Stsjdddids.jmzlslses lsidh W6 jOHldafsoodzts d 2 ¢ 9 O«
d Hisflsd ¢ OF IsO Y jOdedPzda| jidzj alz Bl 'dzn JE OGBS cts ZHiso dzj lso St dzd W
eso. uMmfjh dOw tjOoddLOoydss? cltekz,j dias g GO djBsR- 8 j M j Yy

ZdL B0 sfdweojlshv dzO0 fie jisp tzd § j 2 W WOjsCisdnd gzts? CdEH - OB SY J
tsots? fddlsdSd. wdjHEzjls LHGHEsH]Il§! . OQdEQ dabisdtelzw  dL -
odifMmMisder §j tklkd tjWstediddteso Odzd W HOMERDHBET cPliztzd ByYpHdzr o Oy da
Bltej, IMmj BdedzOw e OdedL @Y™ j A tcdth Pz € so ™ o Hflin,ls j o3 L H
YstsHiftepmjn ttec Oded L Oy ts dzcf Ishte Orfcle” o} dajlotis] 258 Uitz Wd o Oj s + W j
Colstster 7 Wodv]lshy fsor h jdetfMlsd W) dsqch digts ds dy jfgfis d5. s tstsiso
flsj ' LHLOs SBRtOds ded ™, EzBdBBid g tey O j T OLMjEs Y  § od s
MsdecO¥ s Hi2Mmbodw, o] H fdes/fgisfdz0]HlE Qo tsds - 5@ dzPdgdsd,v ¢ O¢ Md
EftcOo dzj dzdw S OHtcOd] . fodzdlsdC O tjOddLEjlsfmw, or AEHW ¢
rivdydls COHtetso ™ A7 toj flz tdshasjon dets fidsBj RO MIs 6 ISH O ezs ezs G s o o H
SRtcOdzj dzdw ™ p e d Isdig® dzdets? I § EESEHD B iYW  Mtstlse jlsfisokze h jats
Hsflsdy jdadw MmoewL Odedz" = fMts Lupmdg’ fFifdtsg dzj? HoOsodfj-dz ¢ OH tot
v lteOfmdd. 1 i@z { {rHLSOp SehldafigE]jLdedias oL Gos '] sfifsizj H dad j
sj dzydOdz tcOBlsdzdC 59 L HicOa ©OtsA tc @] dsdOC G B S HPE © O @R tc sttt s B
Ehjj LdzOyjdzedj. 1 Bdzjj 160 yodushPad dissoj dz jtcdddi 6§ @1 teldg et s s fls
LOHOY d BBWYL Odzdetsfls j 2 3 ydH OO H tes® ®flzddgj HedOw dsdrfij SGdsn o t6j o3j dz
cOBtslsdd S s wWOMMBOKLde Of Bfisy 3o C OQPhHssT cTdpjedgdyj Cd or 5
sdo dzs? MbsteOlsjedd kdzlzyh j disdjvdz: S fifls Hsftez Hofts off" the " Whizjdd@cfvd 2,  dzd L
LYWW jChdodesflsd tOMAtSHGe o lsaf@ESd@ns i d fij 9] dff d i lxjta®e s &zOIsT |
A tcOdzj ded v . flso zfnlzso W 3 lstekzH O, O kOCYj da
Isd "sj LdzOyjdedd d3je llesHBOE OB tsif tztpyse £ OE€Jj" jdzad L O
yjdz, fmkl: d flkisd Mmte jth j dziPls e tsfds@ded Vi dCfitsrjtaits o SL2H W @o-st5- 16 O
dzdisd ¢ d LOd2O \ljlsdgatis figlis + y § dtsjejd vej njCdsie S Az M BOIstedo O Is + W W,
fdlsOdzO, B ¥ HEZOLEHM 2 fdudmls nikj ocd yEdihe ¢d r Stie OddL O0yd?
Mztemtse, tojh jdadj L OHOY H dBE KA teasjoLs 29 ' s s € HW j i fig®ts dz0 dz!
o rtcOdzj dzdv, L dzOdedj o' A Q@MY dEPsdeOsas ¢ 5 HCdeRISL f MO § & dzdzj
odHjdedj ftesBdzj 3 ki tcOo dzjlguniEipite Sl jtasm ], Is JUms R} ¢ Hdse
stster  d MlsOdeH OtelsT o [sjBtg il dzdily Jatf'd det€£ OB oD 3 dzd, 51 s s &z,
ftodwisdw s COHte 82 { tsdaftsigiE O tedipjlstosj rdisier Ro3ER| BlE s tj h j dad ¢
hjmlsodwis: o Mmdzjukzshdn dzOHEOY kKf) ved e ts B fidg €36 dzs Liffte j f W Isls o |
teso Ols fslstcj B dats s md My O3 tc s Hste @o tf tsAsty CRdx2@APd ® L HicOo (51

CoOdzdWdydtese Odzdes 3 f § te s dzO di i dzs® dds @y Jf tetd tas WEOigdigd -C OH s 9 5
sdzOdz: desdz f ZzOdzedtetso Odzd d B H cuBlOefifls] ]ty oCixf~fridsAxdaj dzd v W o d
Metslse jIsise z¥ " jR, Mafjjtad Cods taliEspylsz® dzd p Odzdz” j o AsHisd3 dzO § § ¢
gL d3j daj dedw o MmdMisj d3j L H toc QrentssEASE dfjLdzdty s dz@fr lsydd Musdats@dststs - tc O o
BiHdyddzmsc sz d W Otedw3OY] o sl mip < s ddfdd@p, dzjddeddyjndzj dzd § ¢ tots?
[4]. fjtejter o o OOwsHIY sdgjpdkzmdss d
1 Oy dzets KOSy ©® HEMIsOIls s ysdssls Cdgjzddiy ddei G s ats C P M s dz0 2O,

fMlsej ftwsojHjddj fHGCISISSoadgdd df Ok@lsists ¢ Eafdtg ts2 - 8Od ¢ Yt
Bscts ©OLd M jddw, of RHW LdiLs Op tsksE jorOdrs e )2 de@if) jjdzjo-Mj ¢ 5 o
dzd o d34'Hq’uq’dzfr]Qq’ f)dzz ¢ ORizd S j dejiedz@ t s @ov dz jodzdiashiy dztsiotsck W R f dz¥ &
Misdy jddi d fBHH ¥ Oded  fastastisieCjds,inlsa @ISty @ts M j tf j Gedp® yJ dzd v
Codsf ilsj dalsdesmis d d3JHdqudzfn§d$HF‘” dfy RO @)Yz o1 I5¢ AL d - B sdz N 52
COHIts ots oatej W IStckzHtso s2WwsmYlsj destesmisd j 26 | Bls pdgdzj dzd ¥
sy B fomisswddscts ftosy j Nnd 6@ d disdhe | weld( Q) diglivn, d ydde ¢ d 2
odaj Hicj dzd j o j HIBW j I)Mtf s de@ dzyf dzigfdlzy 515 - dzj Mo s2Mise jdede” | dd5 Wizd
9 jlsMiso jddesfisd &BIHdYydqdznsdOjld dePitctBONG Ibdafdz NS MY sd L 59O
MOBSEZyf ttOo dzw e h dafmw fMistelzC l8gdtded 0 & Wk ez thef Is of jiodfdats/cdlz’ € OH tot5 ¢
LOCOL d34HduddZ»fr] d d W Offctsl3eHs@)solds dtalj i) ¢ ff & s CdjHdp s ote j " | dad |
MsCteOh jddj bttkzHte 2 1 d3d gts@nyd df J Scee Gsdaduy doj HiesRO dz-OH Oy J 2 €

LHIOo ScnteOdzj dzd d , 9 bsd ydmdzj



Wh! wb! [30,8020 { / L9b/ 9 S 27

COHLOBd J HOMBOKOdM] BMWMsekOdsdtd WY wiyngEs, O &
wOetlbddCtse [3]. 1| Wgmosatr tddjGbdodbs @ ®L o dlsdv
dzj Hs5Mis Ols sy dat § y f O)dzdsis 82825 Bdzd 5 Oty 44 6 W sted3dtetso Odzed!
hdn offhjj GBtOL 5o Odzd jY lsq‘sqgts@fnm'lwﬂw 20 ZREAGE 50 @20 {f to ¢
! tBtOLBo Oddw, ftod ¢ Bl Qtsfe Qf dzd]; testopey Quglecinds jfd Mis § d3r

SoBHWh jets MishisOe O & H%d? Y iSY'o @ frj"lé%s%JtGthvzfnlS
[Mdse &zOW yjd kOSCE2 ¢G ﬁ?ﬁlu@wwarmd%%
Cdzs yOls! v o qucsssst %ﬁﬁﬁ% §one
O tecfidsopdjic 5 0 O
q & j B

oo~z g|

g0 N-Q@woOFH=

qmsss,qummpmg@4@Mr@qf§ :
sMtse dz" d&3d BBJﬁ]UJl{dBOISJ

YjmSke 1 WWjClkde dzsls:

dyddzm¢dn b;:@ dzs ¢ d 2

d¢d, dajudddv d ftshddg

i BflsddiOdz dets@ s fljtStSlSdZtSthJ

fnHedzj 65 B HdyddzeMC s@ s thdttq 7
ijtg

d

{

9

ONGIGFI O

H

kteOdzvIs: HdMYftesf steydd %ms ' A ]

| Pesoda 2 MdMmisd B3 L H QoIS ridaIsogiydzdif's. dzy

dds dL &zOf 0o dzj dzd 2 falss O daczk © \ ot dedtz 7 J

2, odzj Hicgj dzdz" = o tsmltsgs@lchdyqlgaﬂzucpdzﬂjgais?g’temtmqj@]

By il MisOls! gk o jtadd o |tafdsetss o wAg i H QO lwes® d

d M dmfsd L s Oded§ B Rbsidayj BQuiddzdig fr]fﬁtﬁiﬁlfﬂlﬁtﬁqt&cldﬁ@mbdzqa 1

Lodldw @JHququmcmp%ﬁeaaﬁéﬁ@q¢a OHM3ddEddg s tc © Bda%

w 9

H C

Tarn I3 —Q\Wq—--ﬂ.q

B Sy

tc
H
(0]
L O
dzd
[

B wodwjlyw b, YbtOH @@@@W@@ﬁquwagm§ & dzd
@52 COHtset?2 §sddlsdSd H@& dzGZ20s &&@ﬁ#aram%Umgé d 5Bt

SBtOL 59 Ols j dz' dzts 2 qsmqbqg@y Eymﬁ@z & Is 1L H 5 A teOdz
sy 3" dzj § o] tor o Ealz@dz' dptsdsty j %9 J@M% @smbq 6 5o
d
j M d 5dzOdz! dzlzs  C o Odzd W J
Oo 5o ' 7 Iz P ABdsDo, dzd © O 1 /d ﬁ# ??Téﬁf I
SEEOdss csfkH OGNS % os . s
LHtc;G)atsls tc ©dzj dzd v , ?1, 13 &N dz,q’ISJ P
Is 5 JIS V\J/
dzISfr]lscf fstcWHESE L OC
o j S éﬁ% zHg§%sa4@ms

&
5o
CEEy SR

SF=0"
S i

O
e iyt ﬁ%g%%&s G i 0
q Gindudancdr ©osd rii@:ﬁé n,‘;f@ %0 Eiifgz
J
bhdkze LH©GOD SGE 6O
Efdze LHEOD BED B&oe. v

4 HEd o Blesa , ‘%@% % feL 1nOb Ok
' Is d stz d
Jisﬁgg t%sg atsé'?’a(’fcﬂsf%q4 dr] dzj 5B A
tgsag%igqutcoo%ﬂzn‘l&zogqm o3(524how eYH oL
Hic Qo B sn te@ifid) BA] W dzdld®] ti@le ety r-
W .t j 20 Isdtc dde. @ j st Cigig tHsH-I ¢ OW R
Ir. 1l . [ sd3Pplsddrd dz@ Isfis. ¢ . 1 $lsj tow dadz"
i d 5163 SO dzfff t© gD H JL eOE joxis judadzts 2 ) d3d &
g s dzts 2 My JCazdid30 Istf] wj-Hng o diEs{ds @y § f ts Y «
d3ts S oL dzdfitssC Ofy tOdsty S fostts figlg 'c,d ts dats o .
f § Ok Oalg ‘BdufO N33 dedplajid dafn f Gozd d®LC . 20
Milsolztgdf 2f | Stk PtojomEd . | [ teBLHBOO [ . )
Lottm-Qls !,  frpsydddd dzr dzés . s Ouzdptdzgl dzO0 ¢ .
tor é dz@ esdz¥e Hsjdalzdf Js  Biztsigly dghes Mg lefy] Mflpy te3d | U dars

o EHNINLO =
QA-o@Fgreecgs
RO IFI+-NN

Q.

S8 CSNTSINGGS S6
Q—
&
&

#Wﬁxqﬁ&tﬁgﬁ-ﬁ

KGORE O
)

dzd §
GdizOo detsj M
Jsfw o jg@
stec Odzd L s
ColssteOw fi

FNo=z
5= ~gaw -
7]

ISRV
—QT-

W T

Ostzg @O Migd Btz 6 § 5 geOdz! dztsdz 21

SEHEOH | @A P,; 12R®Rj § dzj dedw

9! 8. NEWmBﬂJBMM%ﬁ@®B@Md1y@deJQ

sdzdz’ 2 2 0OdzOdzd L ZftcOo dfj wey J < d n

Is ®dzc @l@ldsts  dsj B . BjH.L 920G @Odd. [

dzd} Mo tsgG e eljifp, H judzdly. ®OT Ot -

des Mjimkd gV 3EOzdzs] L OB 5dzj 9 Odzed v

ts tistiedz O dzdPjudd Wd LoHL tEfodilis R O dzj dad W .
Clts f tasjdepdff RdzO ¢ Y dedzj dzQ e yd j~ 3B 5 . [ tsfy
s 9 O dzdzts frhpdf/www.vihdsint/mgdiaceritrg/factskreetsdf$365dmy/ -

otsj GIS LHBSeW ded o j ehOdz! dgr | s -—-dZtSdZtSG‘dCf

Wdded Odzj ted 2 zOte(zq’Otmqu’ Sp @) dz® j - dzts -

¥ J tc @21 496E.

&
i
&
§

&

A

8‘0—
ForI33
DOOF Ba.
—Tgoo
FQaNG
Q. - -
=y

&%O

&
o
=
&
O,


http://www.who.int/mediacentre/factsheets/fs355/ru/

28 th[L{l Wh! wb! [30,8020 {/LOb/

PHYSICAL SCIENCES
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Abstract

The fundamentals of sintering, including the activation energies for densification and the microstructure of

the zirconial wollastonite system were studied. The estimation of activation energy for densifiedtioh,is

between 4%3kJ/mol., activatiorenergy is corresponding to the mechanism of surface diffusion. It has been found

that the process of grain growth in this system is determined by surface diffusion and sintering temperatures, which

are major factors in determining the complex structuerobniad wollastonite ceramic compositepparently,

the interfacial interaction, which manifests itself in a change in the structural state of composites, leads to changes

in its lattice parameters in the phases: monoclinic, cubic, tetragonal phagesiim dioxide and monoclinic,
triclinic phases of wollastonite in the system.
Keywords: activation energy, densificatiomicrostructurezirconia, wollastonite.

I. INTRODUCTION Therefore, the aim of this study was to investigate
Zirconium dioxide is one of the most studiegt the fundamentals of sintering, incind the activation

ramic materials due to its properties. It is used in varenergies for densification and the microstructure of zir-
ous products. Zirconium dioxide stabilized with mageoniai wollastonitesystem, with different contents of
nesium oxide has a special place because of its uniq@aSiQ and different sintering temperatures.
combination of properties [1]; high refractory, wear re- II. EXPERIMENTAL PROCEDURE
sistance, heat resistance, chemieaistance, resistance The materials used in this research are the powders
to radiation note is biological compatibility. CeramicsZrO, (3%MgO), obtained by the decomposition of lig-
ZrO, (MgO) is demanded in metallurgy because of highid precursors in high plasma and natural wollastonite
refractory and heat resistance, good resistance by reg€@aSiQ) powders. The average particle size of zirconia
ing with molten metal and slags. It should be notedthatas 21 0 e m and wol |l astonite

pow

the strendt properties of ceramics are based on size between26 0 ¢ m. Mi x i ntpdifte-- powder

plasma chemical of powders ZrgO) studied insuf- ent contents of CaSK®f 1-25 volumes.%, mix these
ficiently. However, the main disadvantage of ceramicevo powders homogeneously by using a ball milling
is based on the strong dependence on the strength pro@chine. The samples were pressed into a cylindrical
erties of the temperature when the hardening effect dakape on cold isostatic pressing with compacting hy-
to tetragonamonoclinic transition under load is not re-draulic pressure 300 MPa. The samplesengntered
alized [2]. Possibility of the creation of porous materiat different temperatures 10A850C in the furnace.

als based on zirconia dioxide, in the case of porous m@he heating rate was used during the sintering at a max-
terials based on zirconium dioxide, porous structure camum heating rate of'€ per minute and a maximum
act as an effective relaxationests concentrator, which cooling rate of 14 per minute.

occurs during mechanical loading. Another embodi-  The bulk density of the powder mixture was deter-
ment of mechanical strength at elevated temperaturesigned. Bulk density, X\) is calculated using the follow-

to introduce the second phase, particularly in the foring formula:

of fibers. For these purposes, it is possible to use a nat- M

ural compouncf wollastonite [3].As mentioned be- =— (1)
fore, it is well known [1], [3] that zirconia and wollas- N .

tonite have excellent properties and are widely used in Wh_ere Mé the mass of powder, poured into the
various industries and technologies. However, in tH&€asuring cylinder with shaking, (gm) & the vol-
literature there is insufficient data on the sintetierg- UMe of the measuring cylinder, (&m

perature and detailed investigation of the significant ef-

fects of sintering temperature on the microstructure of . T_he open porosity of thmram'c 'S determlned by
zirconiai wollastonite ceramic composite system. weighing dry Y, then remeasuring the weight of the
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ceramic when it is weighted in watékd) and then it is

removed from the watef{): Investigation of the macro andicrostructure of
experimental composite materials were examined by

-W optical metallography microscope Neophot 21 and

: w d3 . . o
Open porosity :W— 100 (2)  scanning electron microscopy Philips SEM505 (accel-
w™ Vs eration voltage 30 kV) of randomly selected areas of

The true porosity is the ratio of the total volume othe polished and thermally etched fd@s using the
all porespoth interconnected and sealed to the voluminear intercept method. The phase analysis, crystalline
of material. True porosity that characterizes the besize, and lattice parameters of samples were determined
properties of the ceramic is expressed by the formulaby X-ray diffraction (XRD). Xray diffraction analysis
was carried out using CuKU (@&
r-B source at a voltagef 40 kV and a current of 20 mA.
3100 (3)  Continuous scanning was carried out fronYa%s 2 d
start positionto12tas 2d end position, w
of 0.05 and step time of 1 sec. The duration of aaX
W, 3 exposure at each point has enough to produce, aveelati
— 100 (4)  erroronthe background count rate of less than 3%. The
relative size of the coherence length (CL) was carried
out by the broadening of the most intenseaX reflec-
tions at smalngle scattering and diffraction [4].
lll. RESULTS AND DISCUSSION
The Arrhenius equation can be used to determine  Figure1 shows XRD patterns related to the phase
the activation energy for a reaction based on how themposition in the bulk samples after sintering at the
rate constant changes with temperatiitee Arrhenius temperature 1650, with the contents of-25 Vol.%

equation establishes a relationship between the activaasiq, It was shown that the phase composition of ce-

tion energyQ and temperaturedetermined by the fol- ramic composites zirconia wollastonite system

lowing formula: changs after sintering are comprised of five phases, a
a Q combination of : tetragonal cubic, and monoclinic

D=D, eXpaEE (5)  phases of zirconium dioxide and triclinic and mono-

¢ clinic phases of wollastonite.

4 . In Figure 2, it shows that a sharp change at various

temperaturg’K). Do 8 pre-exponential factor, anB  gjntering temperaturein the range from 1200 to

0 gasconstant. . . 1300C, of the transition phase from tetragonal to mon-

The transition in coordinates frofT is used to  ¢jinic zirconium is in the range of 1200 to 1800In-
determine the activation energy required for a chemicgkeq. it can be seen from the determination of inter-

reaction and is determined by the following formula: pjanar distances from diffraction patterns that their

True porosity =

Where

w S
B d the bulk density, angdd true density or spe-
cific gravity of the ceramic.

WhereQ & the activation energyl 8 absolute

ar 01 sharp changesiobserved in the temperature range from
Lnee— 5= (6) 1200 to 1308C. At a time when there is an intense in-
¢ ry =T teraction between the components of the composite ma-
Wherej 6 densityd density mZrO,, andT & terial.
temperaturg'k).
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Fig. 1. Xray diffraction patterns of ceramic composites Z(8%MgO)i CaSiQ system, with different wollas-
tonite contents and sintered at the temperature 1650
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Fig. 2. Changing the interplanar spacing:dmonoclinic zirconia sintered at different temperatures

It is found that the crystallite ®zof the #ZrO, varies from 0.7 to 3.9 em dep
varied from 2880 nm, a crystallite size of-ZrO, temperature angollastonite microfibers in the compo-
ranged from 19 to 38 nm, a crystallite size oZn®, site materialslt is noted that in the presence of CagiO
ranged from 35 to 65 nm (Fig. 3), and the crystalliteontent this will take effect on the average grain size in
size mCaSiQ was 2045 nm, and the crystallite size ofthe composite materials, and their size appears to be
the tCaSiQ varied betwen 2555 nm.The depend- smaller when adding the high contents of CaSi®
ences of the grain size of sintered specimens with déhown in Figure 4.
ferent contents of wollastonite are studied. It is shown
that the grain size of composites 2fMgO) -CaSiQ

70
—+—1Vol.%

’é\ —#—5Vol.%
5 60 10 Vol.%
QN —+—25Vol.%
N
£
o 50
N
(2 —+——F
E _
T 40 - —
-
[
fa
O

30

1000 1100 1200 1300 1400 1500 1650
Sintering temperature (°C)

Fig. 3. The crystallite size of yfArO2 and sintering temperature

3

Grain size (um)

0 10 20 30
CasSio, (Vol.%)

Fig. 4. The average grain size of composite ceramics on the content of:G&28Vol.%)
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Figure 5 shows thathe density changes inthewas i n the range of 1100
range from 1.56 to 4.91 g/émand the porosity de- density of the samples increased sharply due to the in-
creased by 737% (Fig. 6) with an increase in the sin-tensive interfacial interaction between zirconium oxide
tering temperature and depends on the Ca&btent. and wollastonite in the components of the composite
Sintering temperature has a significant effect on thmaterials [5]. The third segmenf the line graphs,
density, which ca be described by the first segment ofvhen the sintering temperature is raised from 1300 to
the line graphs. While increasing the temperature from 6 5 0 e C, the compression and
t her e i sends;theréforey ihdoes noh affeciettee slemsity (porosity) e
of composites. The second segment of the line graptof,the composite.
the results indicated that an increase in the &zatpre

1000 to 1100¢eC,

6 -
5 4
4

3

Density, (g/cn?)

T

2 4

1 -

0

¢ 1vol.%
W5 vol.%

10 vol.%
%25 vol.%

%100 vol.%

900

1000

1100

1200 1300 1400 1500 1600 1700
Sintering témperature (

Fig. 5. Changes the densitf the samples verstise sintering temperaturef zirconiai wollastonite system
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Fig. 6. The dependence on porosity in composites sintered at different temperatures

There is the apparent activation energyoading that suface diffusion can play an important role in the
to the sintering theory, the most important indicator asupply of reagents to the catalytic site. Consequently,
the sintering process. According to the dependencestbE activation energies correspond to the mechanism of
changes in density at the active stage of sintering, Figurface diffusion due to the activation energies of an
3.8. The Arrhenius equation establishes a relationshipder of magnitude lower than the actiea energies
between the activatiomergy Q and temperatur€he of selfdiffusion, for example, the Zr3CaO system,
Arrhenius plot (Fig.7) versus 1/T is used to determingor which this energy for Zr and Ca is 390 and 420
the activation energy required for a chemical reactioikJ/mol, respectively [6][7]. This suggests that the
The estimation of activation energy for densificationgrain growth process in the system will likely be deter-
which is between 4863 kJ/mol. These studies indicate mined by surface diffusion [8], [9].

t

(0]
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Fig. 7. The change in the density of sintered composite materials from the sintering temperature in the coordi-
nates Ln {/}7) T L/T (kY.
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Abstract

Effects of sintering temperature on the densification, microstructure and compressive strength of composite
samples were investigated. The densification of the samples was enhanced with an increase of the sintering tem-
perature, and the highest wired density 4.91 g/chwas achieved at the sintering temperature of 1850he
maximum compressive strength has reached 270 MPa sintered & W0samples containing 1 vol.%, and 5
vol.% CasSiQ sintered at 130Q. It is seen that the strength anddulus of elasticity ofizconiai wo |l | ast oni t e @
ceramic composites were accompanied by a decrease in the proportion of the tetragonal phase due to the tetragonal
d monoclinic transformation in zirconia, and their density increases with increasing gjrtariperature. At
temperatures from 1100 to 1300there is an intense interfacial interaction in composite materials between zir-
conium dioxide and wollastonite, which determines the complex nature of the formation of their structure and
mechanicaproperties of the material.

Keywords sintering temperaturelensificationcompressive strengticeramic composite

I. INTRODUCTION IIl. EXPERIMENTAL PROCEDURE

Zirconium dioxide is one of the most studied ce-  The materials used in this research are the powders
ramic materials due to its properties. It is usedan- ZrO, (3%MgO), obtained by the decomposition of lig-
ous products. Zirconium dioxide stabilized with maguid precursors in high plasma and natural wollastonite
nesium oxide has a special place because of its unig{@aSiQ) powders. The averagarticle size of zirconia
combination of properties [1]; high refractory, wearrewas 21 0 ¢ m and wol |l astonite pow
sistance, heat resistance, chemical resistance, resistasize between 26 0 & m. Mi xing of powder
to radiation note is biologicalompatibility. Ceramics ent contents of CaSi®»f 1-25 volumes.%, mix these
ZrO2 (MgO) is demanded in metallurgy because of highwo powders homogeneously by using a ball milling
refractory and heat resistance, good resistance by reatiachine. The samples veepressed into a cylindrical
ing with molten metal and slags. It should be noted thahape on cold isostatic pressing with compacting hy-
the strength properties of ceramics are based ondeaulic pressure 300 MPa. The samples were sintered
plasma chemidaf powders Zr@(MgO) studied insuf- at different temperatures 10A®50C in the furnace.
ficiently. However, the main disadvantage of ceramic¥he heating rate was used during the sintering at a max-
is based on the strong dependence on the strength prispem heating ree of BC per minute and a maximum
erties of the temperature when the hardening effect daeoling rate of 16C per minute. The pressed and sin-
to tetragonaimonoclinic transition under load is ne:r tered specimens were measured for geometric dimen-
alized [2]. Possibility of the creation of porous materisions and weight, and green density, sintered specimen
als based on zirconia dioxide, in the case of porous ma@ensity, and theoretical density were calculated. The
terials based on zirconium dioxide, porous structure carinkage glue of the samples was calculated from the
act as an effective relaxation stress concentrator, whichange in the dimensions of the sample before and after
occurs during mechanical load. Another embodi- sintering.
ment of mechanical strength at elevated temperatures is Investigation of the macro and microstructure of
to introduce the second phase, particularly in the forexperimental composite materials were examined by
of fibers. For these purposes, it is possible to use a naptical metallography microscope Neophot 21d an
ural compound of wollastonite [3]. However, in the lit-scanning electron microscopy Philips SEM505 (accel-
erature theras insufficient data on the sintering tem-eration voltage 30 kV) of randomly selected areas of
perature ofzirconiai wollastonite ceramic composite the polished and thermally etched samples using the
system. linear intercept method. The phase analysis, crystalline

Therefore, the purpose of this study was to detesize, and lattice parameters of samplesevdetermined
mine the effects of sintering temperature on the dendiy X-ray diffraction (XRD). Xray diffraction analysis
fication and compressive strength propertiesimbnia was carri ed out using CuKU (@&
T wollastonite composites. source at a voltage of 40 kV and a current of 20 mA.

Continuous scanning was carried out frolYas 2 d
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start positionto12as 2d end posi t ideenminedvin ichordances witke gtandard zesthod

of 0.05 and step time of 1 sec. The duration of aayX (ASTM C142415) [5].

exposure at each point has enough to produce, a relative lll. RESULTS AND DISCUSSION

error on the background count rate of less than 3%. The The dependences of the grain size of sintered spec-

relative size of the coherence length (CL) wagied imens with different contents of wollastonite are stud-

out by the broadening of the most intenseaX reflec- ied. It is shown that the grain sizeazifconiai wollas-

tions at smalangle scattering and diffraction [4]. tonitevari es from O.igortteesiB-. 9 e m
The measurements of mechanical properties of ceering temperature and wollastonite microfibers in the

ramics were conducted on an Instron 1185 Universabmposite materialdrigure 1 shown microstructures

testing machine with a crosshead speed &0 0. determined from the SEM imagés) in the content of

mm/min at room temperature and a load of 2000 kd. vol. % CaSi@, t he grain size was 2

The determination of compressive strength, includingp) in the content of 10 voPb CaSiQ, the grain size

stressstrain behavior, under monotonic uniaxial loadwas 0. 9 em, & = 0. 2.

ing of advanced ceramics at ambient temperature was

@

Fig 1. Microstructures determined from the SEM images

6 -

#1vol.%
W5 vol.%
5 | 410vol.%
%25 vol.% * *
%100 vol.% ]

Density, (g/cn¥)
R |

900 1000 1100 1200 1300 1400 1500 1600 1700
Sintering témperature

Fig 2. Changes the density the samples verstise sintering temperature of composite zircoiniellastonite

The density changes in the range from 1.56 tdensity of the samples increased sharply due to the in-
4.91g/cn?¥, and the porosity decreased byI/®%6 with  tensive interfacial interaction between zirconium oxide
an increase in the sintering temperat@iatering tem- and wollastonite in the components of the composite
perature has a significant effect on the density, whiamaterials [6]. The third segment of theend line
can be described b first segment of theendline  graphs, when the sintering temperature is raised from
graphs. While increasing the temperature from 1000tb3 00 t o 1650¢e¢ C, the compressi
1100eC, there is a sl i ghprocessnends;dhersfere, it doestnbtaffect ¢he densityy o f
posites. The second segment of ttendline graphs, (porosity) of the composite.
the results indicated that an increase in the temperature
was in the range of 1100 to 1300¢C, observed that t hi
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Fig 3. Changes in interplaar spacing d:1 of monoclinic zirconia versumn density

Trend lines can most clearly be seen in interplanaample decreased with increasing the sintering temper-
spacing relationship with the density of the compositature. It also leads to changasthe parameters of the
materials. Indeed, it can manifest itself through a shagystal structures and their physical propertiesitmi-
change irinterplanar spacing.h of the zirconia phase niai wollastoniteceramic composites [8].
in the composite. It can be observed in the temperature Figure 4 shows the changes of compressive
range from 1200 to 13@D. At this temperature, the strength ofzirconiai wollastoniteceramic composites
compression was observed due to interfacial interagersus sintering temperatufggure 5presents that the
tion. During sintering the average grain size @ases dependence of compressive strength on sintering tem-
as a function of relative density and also leads tperature.The graph shows that the maximum strength
changes in the parameters of the crystal structure [¢ff 270 MPa in compression was achieved at ¥850
The crystallite size (CDD) and grain size of the sinteresamples containing 1 vol.% CaSjCGand in samples

containing 5 vol.% CaSigat 1300C.
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Fig 4. Crystallite size monoclinic zirconia (#rO,) on density
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Fig 6. Dependence of compressive strength on porosity

The relationship between porosity and compregnance of the composite samples such as phase trans-
sive strength as shows in Figure 6, it demonstrates tHatmation and density (porosity). Both features cer-
the strength of composite samples depend on the portainly might impact strength through the existence of
ity of zirconiai wollastoniteceramic composites. maximum strength and moduslwf elasticity of sam-

The analysis provides the results of the commpreples. The second group, consisting of the medium con-
sion test of a ceramic sample (Fig. 5), these can be tiénts 5 and 10 Vol.% of CaSiQOt was found that the
vided into three groups as follows: The first group corstrength of the composites increased significantly at a
sists of the beginning of the contents of 1 Vol.%. It isintering temperature of 1200300C, which is due to
observed that the density increases with increasing site intensivénterfacial interaction of a composite com-
tering temperature. However, tleeare other micro- ponent between zirconia and wollastonite.
structural factors that also affect the mechanical perfor-

300
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Fig7. The rel ati onwhiamdb @ ofwiesial wilkstoeie s (G

However, when the rising tempéuee rises to V. CONCLUSIONS
more than 130€, the compression and decompression  The results obtained in the work demonstrate that
ends, thus they do not affect changes in the structuthe sintering temperatures are the main factors deter-
components and mechanical properties of ceramics.rhining the physical and mechanical propertieziof
demonstrates that the process of grain growth and phasmiai wollastoniteceramiccomposite. At tempera-
transformation and alsmposity decreased withdensityt ur es from 1100 to 1300AC, a
increased, which have a significant influence on this observed (porosity decreases), apparently due to the
strength of the materials. The third group, consisting afiterphase interaction of zirconium oxide and wollas-
high contents of CaSiX25 Vol.%). It is seen that the tonite; however, after a temperature of 18)0some
addition of CaSi@leads to weakness (loss of strengthflecompaction of theamples occurs; compaction pro-
which is due to an increase in the content of CaSiO cess ends. The maximum compressive strength has
reached 270 MPa sintered at 185With samples con-
taining 1 vol.%, and 5 vol.% CaSiGintered at 130C.
It is seen that the strength and modulus of elasticity of
zirconiai wollastonite ceramic composites were ac-
companied by a decrease in the proportion of the tetrag-
onal phase due to the tetragodalmonoclinic trans-
formation in zirconia, and their density increases with
increasing sintering temperature.
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The article proposes the problemrafional selection and combination of elements, blocks of control and
diagnostic equipment, which have a structure with a common bus. It is shown that such a problem is formalized
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Abstract

The article describes the technical solutions that made it possible to create an effective training device for
demonstrating the operation of a hydrocyclone. This device is successfully used in educational institutions in Rus-
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