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Karchakova V. V. Scientific-technological bases of optimization of coking coal
pitch with electrode fillers i Manuscript.

The thesis for the Candidatebds Degir e
¢cChemical Engineering of Fuel and LubricanifThe state enterprisgState Research
Institute for carbochemistry (UHIN) Kharkiv, 2019.

This dissertation defenses the résuf theoretical and experimental researches o
the interaction between coal tar pitches and the surface carbon fillers regarding mana
their quality as a raw material for cogsaphite products.

Analysis of the literature made it possible to consteubypothesis that the wetting

of filler surface is a necessary but not sufficient condition for obtaining good pitc
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composite. As a method for assessing coal tar pitches and their interaction with car
fillers selected assessment of the strength ohigeke of pitch compositions. This
approach gives a fair assessment characteristic forbilheling interactionTo assess the
adhesive interactions of pitches with fillers, there has been used an method of caking
pitches as well as a caking ability the dynamics of changing in the strength of semi
coke from the pitches with different filler contents. The methods of electron and optic
microscopy have been used to study the structure of the filler surface. There have [
carried out the tests ohd strength of the coking composites as to defining the caking ar
the caking ability of the coal tar pitch. The factors influencing the formation of th
interphase layer of the pitch matrix on the filler surface have been established. It is she
for the first time that a pitch binder in composites with carbon fillers does not form
continuous carbon skeleton.

The statistical multifactor models have been constructed and an assessment o
influence of each factor separately, as well as cumulatively ©malated indicator or a
set of indicators has been given. The theoretical assumption that the index of wettabilit
the pitch cannot be a controlling (and even more rejectionable) indicator for assessing
suitability of the binding agent for the ghaction of high quality electrodes is confirmed.
The suction ability characterizes only the very first stage of the production of earbc
carbon composites (mixing) electrodes, not giving adequate information on the format
of one of the most important aracteristics of the sintered compositanechanical
strength, including determines the electrical conductivity and consumption of the finish
electrode when applied.

Thus, the possibilities of controlling the quality indicators of the pitch and, as
reault, the strength characteristics of future products from the coke composites have b
shownnThe thesis materials used in teachi:H
Polytechnic Instituteé, as wel |l KdZzandJcCe
cUkrgrafite.

Keywords: coal tar pitch, filler, binder, the surface of fillers, caking, caking ability

coal tar pitch matrix.
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ty = b, +bot, +2 +bt, +e (4.3)

H Jty’txl’txz""’txp iMlsOdzH OelsdL s Odz' L o' dzdz

-y Xi- X
ty=—; txj = , ] =1n, (4.4)
Sy Sx

Hazvd A Sy e Hdz L dzO ] Igaady :@qug.::ixgzzo, o2z drpj to j ¢

CoOHtOIdydaj o' HAddjssds, smhEilnd © tHdddy'

BiMlsOdzH Otelsd L 59 Odz' S5y W' y' ‘desd tej ctej My

t sL G dzvw dzzls d 2 fnd dzf fls Odzn Otsls fy ‘5’0 O dzagSL
odCsted Mistso o Oisff' s yoddeiegry " @xtsH j dz' o  § dzs Y Ob
02 i3 dzh d &3 B.dzO Y| dzdzv o3

10 fjtehsdkiz jlOf" OdeQdzdiSl 990 dadd3tsiyplz oWOLds
My CdzdotsMmls' L toj >y d BOds] OfdstesfedzsOdzdzy § j S &z L

ltetso J Hiwa[®' wdd?2 OdzOdz' f teaff dzdsdcirjdfB Al o3’
ZO S OL dd$ L B3sylk ss@& telgisL’ Iz dz'HIOMDsisizfs.Mis® H Oo

t " odaw dgdz? ey Jdzdes’ tojctoj M

y=1,68 + 7,400%-1,8400°x,, (4.5)
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O E MsOdzH OtelsdL so Odesdzgz 9 G dzW H
v’ = 0,36¢ -0,212%,. (4.6)
 dzv o  HBtSttkz dz2O2B ' dz " L dzOykh dr yddzdzd ¢
T Lo wiL ¢ 3" N tcj L zdz' Is Qsfdipdedts ozt LdepQE 518 2 ISk
3" wd detedEts L o' WL Ck
T L' wiL € (o AP Yyddzdzed SO ftsoaddzj dz BLEIsd C
B N uddede SHEH YY" ° dgby X sl WY Yysts k HOd 2 BSH
' ezt Bz dz s S sd dzj Otedzs fMls: ;
TL0 odig@didgizd Bisa o' WL ¢ gy o deded U tc Bgzdiz" d 3 ¢ ts
Ctted dzvy” ~ 2tk v dzd B [ 1
1 G  Hdzs WwWC' fmdats’ "dazlsjteftej sOy" 3ty dzd o
h ¢ Oscztsy | HH 5GOS rg D2I)e3 WL 8¢ HtwOCIsdydzets o' Hf
0, 3r] OO0jW0g'7wL ¢ fj idj HOE 1@g;'9wQA 58 IGpdQeRi dza 2w L
Hizyj Mmddz dad 2.
VU HOdzsdBz o9 df OHSEZ ofm' HOtde SCStjW' y' ‘' o
o " Hfligds dz'dfiz dz' Is d ¢ 5] didzpIOdEY fitlsds o34 dzH @, ¥ B3 b J
dzj 5B n ' H dzts v ciiEdedsSUzfristee Ochbn
Il MisOdetso dzj dets, hts dzO2B" dz h d2 ot dzd o xgz©
ssBlsts Isj &3 j cOlszteO(rte 0,41y s WOLd tj OCIststs
10 ' niPsQasogirW ' y' “ dzls' 9 CBstej dzwy' Bts
sB tokzdzlstseo Odz' Mmis! Ibtkjdestoy jipzdavdziz degfst=dmdgddz .
sjW' YyomEesastg 'dzv y* ° o9 " Htc' L dg¥ ‘' Is OV dzb 2 6
f OQtedes’ Cttojdzvy' ' Isddz, I o' dz dsd dEPEK)L Of
dsseo d, Mt ot dzdued datikad izt B dzlz Hzts d -
C ¢ hisdzOyJ dzdzv Qddjddj’ O B =izlse 2 dzls 8z njgz0O Bz dzO y ¢
3"y HOQdededzdzf tcj L zdz! IsOIsd o dats® L d3' dzdzts® OB s
o HMizls da @ dzcad % digtt] ydPrsin | dz’ .
0,411—(-0,299)(-0,243)

= = 0,366 . (4.7)

T -
vxi/*2s = [ 0,209%)(1-0,2439)
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16t d BOdEOE £ &ty dz0 e dL o 'hwsL Gk L &S
fjClhej Bf j cOlsktcd to' HCEMdW®uda b t©j OCkste' d
e~ RS -
Ja-o, ,
v MdeslsO L o' WL Sk L dits Udzjodgdj' tatedds Iz ta g boEs@iptdry
tj OCIste' ddL’ CO.

S —0,243-0,411(-0,299) _ —0,138. (4.9)

¥ 4 (1-0,4112)(1-0,299)2

—0,225. (4.8)

10 toj L zde' loQiE Qs d ~(H. A998,y WdEmfl] S soov L
mMdzOB € d 2.

sO0Cddyz yddesdz, L O toj LLzodz WgLOSSEORH ¢ @y dzdcCing dg
f4CEBJ-~dsdse ' ydzd d3ds J d9d tg Bdslrisfom®d s s° W OL )
weooo Mz H BEAEZE Y CkOoOIJ, dzy ° Mmdalz® . S 1
HiSte" o dalzlz dzv . K fswimdeg ‘ $sHOL desflad3, Mih"® € ‘dzd ¢
OHGJ L 2dkzs off OC ERsH dzOY 5 andsédas® Y j~d® tc'O ¢ 'tz dg 'Y M)
ftso' WL Odats® (OBt HEZYJ MdzOB s ftso' WL Odzts
odn  Hdes'™ MmMditseoddzd Hdzvw o dttseBdzdylsoa O jCE.
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v OB A4y
CS ' Medg'm sz ' ydz f OO BBPcK ¢ d sdtGFE‘quEuba‘
v j B j tetO IR H W lowLCl|OE| -
l dlIsted , , % o f? ® . o
< n yes
Ce |BBLBOYY iygeq SR ~ 9| §
tc HG @LB:&'OCBUJQ&ZE!&H % LOdzd M¢| fteqf tod 8 0 It
WOL| WOL dé;/GB’H a | a | 9 % 155 (185 | ¥ x| |
o Td | b — 2|
@)
355 338 85 85 53,6 33,2| 12 | 33,5 56,5 2611| 360 | 1,28 1,77
351 333 85 85,5 54,4 33,7| 12 | 28,7 55,8 2666 | 350 | 1,31 | 1,56
349 333 85 85 54,8 33,5/11,9| 36,4 55 2232| 311 | 1,25| 1,05
348 331 85 85 54,6 33,3/ 11,6/ 32,5 55,8 2245| 320 | 1,26 | 1,79
348 331 85 85 54,9 32,8/ 11,5 32 54,6 1964 | 300 | 1,46 | 1,55
348 331 85 85 56,1 32,21 10,5/ 29,9 54,2 1955| 305 | 1,34 | 1,40
340 322 85 85 56,6 31,4/ 10,7| 29,4 54,1 1897| 303 | 1,36| 1,67
340 322 85 85 53,9 33,5/11,7| 33,3 55,5 2630| 365 | 1,31 | 1,83
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- Mdg sO Isc;ndzisdztsaq’tsﬂstudzjiﬁgféfbdsgﬁlsmq’ ftcd

UJd31IJtGO|SJd|StGGUJd3UJtG( I d=" H 1 d~ W Idr  HlowiLCog.
ftso’ ISltcsL dgow g dzd 5% U % CsiMtse ml ®.4 @

C s : - |t6d ysedd L Odz Ng T

6] 0k fj Clg,gn ©4used %dS1€ zg 3

ot

o woi] T e fod @ ¥a
>
342 329 56 72 59 28,6/ 85 |31,2 50 125  [1,37/1,01
342 330 55 72 59 27,5/ 75| 34 50 1260 [1,41[1,30
348 329 60 72 59 28,2| 8,2 36,5 50 1140 1,33/1,23
358 336 68 72 59 28,8| 8,8 | 30,5 50 1200 |1,29/1,05
342 330 70 72 59 29,8| 9,8 | 37,6 50,6 1280 [1,32]1,15
359 340 95 72 59,01 30 | 10 | 37,5 51,5 1310 1,211,227
359 342 103 73 58,3 29,41 9,4 36,5 52,5 1300 1,2 11,20
352 339 100 72 58,8 29,9/ 9,8 30,2 52,1 1330 |1,23]1,05
347 342 90 72 58,8 30 | 10 | 39 52,24 1320 [1,27/1,19
347 344 103 73,5 58,3 30 | 10 | 38,6 52,5 1700 1,2 1,29
347 343 70 72 58,2 28,6/ 8,5 32,6 53,3 1490 1,32/1,02
347 344 96 72 58,3 30 | 10 | 34,9 51,8 1650 [1,25/121
347 344 100 72 59 29,8/ 9,85| 33,5 51,5 1330 1,21/1,06
343 339 69 72 58,7 29,6/ 9,6 | 32,5 52,8 1120 |1,35/1,06
349 343 113 12 58,6 27,7/10,2/ 31,9 52,23 1390 1,04| 1,24
348 342 100 72 59 28,7| 8,5 38,6 52,3 1300 |1,25/1,28
349 343 95 72 58,9 28 | 8 359 51,2 1300 [1,25/1,23

4
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s0Cd2 MOdd§ dzPaiad dzté PsyOE dizdad 4 §f B Y O stz & o O ¢

L H GBldnds *  fftgitelds Hf dedffs to d O dzdzBO e S ki * v YOf o
tH oy @EAIsz dzaj to' o dgv dadzy toj ctcj "

y= 0,63 + 3,0000*%;-4,800°x; , (4.10)
O 9 MlOdHOlsdL so Odesdzsz 9 d G dzW H °
v’ = 0,205, - 1,06%,, (4.11)

HylL d@3sykze Odz dzO LH @B @&, Fidsi BYfjjtddds mited t' H
WOoLd E tjOSbkite’ L O jEXdtse Isj tedzgstsC d fdzj dzdzw
CcS BOYdds, dzOo jHjdz 9 IsOB dz.rx; ;&GO K lis4] W
CdzOfmdW " COy" " & YJHHBCO [ 121] fmd dz' dzd 2 1

Bzdzt sdSEsdz’ dzgj Otedz” Mis+ yddeded ¢ o ° diZgsy dzd o * |
Odz0Odz' L Iz, O LOCBY (s Isj, hts Hdzv fdh
Ctej dzv y'
v OB dzd yvw
[ Ot Quedzd s St W' yrH deigls 'Lodztsiudae jQod \dzts ™ L H
y X1 X2
y 1 -0,674 -0,901
X1 -0,674 1 0,822
Xo -0,901 0,822 1

sO0Cdds yddesdz, MS ' dzr ¢d §6COL dd§ H & BHE)
Ctstej dzs* L Isj B jEObsB®R] YOLH s toj OCItste
fjSklsts BLEdis B -WGstdstEhloudd dmiaf € bHdzy  § totse dztsL Iz
LHOLdshls, M4 Gteoh |  oufddsdBHChsls) vl j ote@bdsz te L
w oL d.

4 jtoj H B2CBOY OF tots S g daRtwdts oFsdity dfsc s  dzOB st
flsOdztso dls* 2, 1 %I s’F 10,0288 Odzj i dg'f " QedgOd fMpfug’ tethg "
1, 472L10y d2C0O MmjtejHdx 5C 9 08 (Dl G dpdzBE Isdz®d * #
sy’ dzt DOdede” o dzs © 0, 0383.
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stsi W' y' ' dzls  dgdztsy d dzdats Ctstej dzw y*' w G d
yddedzd €' 9 ZRMEEO& dD sHB8, O Y RE0SS' dzls H j
stsBlet® ' WL G a3 N fsCOLddS R L @3tsykze Odz
IS4 - datsdzts ¢ * yded 3 ¢ HH#0G O Wl sfpddadd MEzHw yud O
H sl telzOy' °, k& 82, 3id Gz FfHE Ouk o § 5 AL WEAR(dz! L
LHOIdsmMPLCHjik o
1B &z g des o 5¢ ftets Isj, hts Hdw sfdhk
LHObdsMmis' ¢ Hej getOdEd 4 2 56 figls Qeldstiz ixlz® dadivdis

fOtedzd & G t5toj dzv fjtc B o e Gr@eRC Bdzss ' °  BSHJ &
{ " odavdedz tej Ctoj M o j(qEEI@Sd)udzi to' o dzv dzdz

y =-0,01012 x + 4917 (4.12)
) 5COLBJCtdR ' Mdslsd Lo’ wLCk * ode' 66t

tcsLtcOrtBolz Is! Mw L O Wistodilzdzts®
. _ Ty-Fy _ 42813-338761.26
*¥ " sx)-sy) 55360023

UV HOdBBEZ oadfOHSCE LO hCOds® YJHHBSCO L

] sBEO@f totsC M{HOm" s dz © 3, 58 %, S5 W=y ‘o
0,674 = 0455.u sBIsts ©® 45, 5 % fotaffL @HSH Wols ! y. dR' teoid@L ff
fztso, OgE Ydz' Mis! " HBStekzi ig] B iz dzy foj e
L s ylzeo Odz' dzts’ L H Ojdfdisvifjdzs \ fcdAligdf,C @@L S ddzg o
E RtsHj dz' .

v OS¢ dd3 udezsiyddatzdi Gp ©° siktswydew s dhk
L Bsykzo Odzr s’ L HOLdzsfflEOLBoml 5§ @BF j tf @I ts st

1.

=—0,674. (4.13)

{ 5L O hizezs§ 5C OL dzd S © ) 8 LS @izt jo isegtishy Is 'l jj Rz
' HE®OL ot ©JOCkste’ GYdmksls: v ©' o dgv dedzg

y = 382,42- 0,8% + 0,4, (4.14)
OMlsOdzH Otcls gL 50 Odz® W st RO to' o dg¥ dadz? 6] Ctej M
Yy’ =-0,48%; + 0,74%,. (4.15)

[ Ot Wdedm S5 %" yRtzezs Qedzts OB zj dzdy 4"
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v OB dzd yw
[ Olstedy™w fOtcdzdms StJW' y' 'dals' 9; Cts5t6j d
y X1 Xo
y 1 0,125 0,345
X1 0,125 1 0,822
Xo 0,345 0,822 1
c¢ ‘ H dzw fsCOLddC O ,LWsylzopd?! diddsd A5

yd dedegd, @G @, B dz' hj, Oh s cewmotstedlIs!  tocty d dglizdes Is
sy dzd o " Mils+ o dCdzs yj dadgy tsHdesegts L dzedm L fC

ujtoj HAMBOY OftesCMdBOY' ~ MC EZOEZO 6, 6= %,
1373,14 [Yy &€ 0 MmMjtojHds 5CoOHteOlsdydztEaftB C & " H
Sy' dzt )0 dBdAAs tsj W' y' ‘ dels dzdzsyicdRdzdet®, 44 | @Y A
Hjlsjtodi REZOON96.f MC " dz' §$d StsjW ' y' ‘dzs Hjlsjteds
ss to" odgw dzdz? tejctej My '  MlsOIsdmisd ydets dzj dzOH°

10 HtozetsdBlz jlsOf " HM &y zd®©dddo ©de' dzts €
A MY Cdzd o sMis LO wC' mMded dzd f s84Q@QL dzd ¢ Od3d ¢

rdzv Sk BOtldsdlCltc tsdsdpddgPdetstc j ctoj i °  Hdz
o " H 1pd dgigd, @, a;, s,dissls @es

y:23,590,19(1-0,0992(2+O,0417(3-0,0238(4-0,14>(5+2,7e'5X6-O,0022&7 .(4.16)

V 5045 | HsidRlstsd Ptcdzed = € B8] W'’ ‘datzlsy” ° H
yddzetlzg ¢ 1 yoOfm o' HBBEKE dzZO2BX.,dz2 WC L 'dzOwm@dizd T §
IsO¢ J:

f L' wLtsC & ¥y toj L lzdz lsyoEEafogt sy fadkdOf t
B yd dsats si9e ' WL C k2

1 ro' vimyddBdzsy §soddzj dz Bllsy. dg ¢ fets diz !
B wd dzdzd Q& 54 W' y' ‘rggls C0s W), dzvisys dedztsy dXzdal3t H Ot
C fdziz © Cdizidz! disj d@stisdz Isfipls (d3ts ¥ dz@ d indigsdatzd § d
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1 ftcd dzOW o dzslsydazdzifE s d® 6L § I7d dedzi®B
B dh s S5 W' Yy destsds Cstej dzv y’ B N dzd d3d .
v OB dzd yvw
CBRW ' y' " dzs’ o

[Oktdy"” § Otcded -

U

y

X1

X2

X3

X4

Xg

Xe

X7

y 1

0,381

-0,485

-0,412

-0,434

-0,572

-0,53

-0,434

X; | 0,381

1

-0,875

-0,898

-0,499

-0,901

-0,859

-0,801

X, | -0,485

-0,875

1

0,894

0,484

0,761

0,789

0,621

X3 | -0,412

-0,898

0,894

1

0,517

0,828

0,788

0,633

X4 | -0,434

-0,499

0,484

0,517

1

0,31

0,194

0,119

Xs | -0,572

-0,901

0,761

0,828

0,31

1

0,872

0,811

X | -0,93

-0,859

0,789

0,788

0,194

0,872

1

0,957

X7 | -0,434

-0,801

0,621

0,633

0,119

0,811

0,957

dzOh s BBz 1o Q) Ra&s, A 1Xs, NxaX7, MxXs, Mx2Xs, MxX6, x3Xs, MxaXes kX,

X7, Xy 3O 5 lIsri

s

0,

7,

5 BEES tstd§ ls'dr By’ of

By dzd @ dlezs yj dede" HiwWCSCdn ‘L dednm L
djtejHdY fBARdBCO OftetsSmdkOy"
[y d€ 0 HfmBjlemdt ' 0, 0315,

0,0315
[y 2¢O MmjtejHdz S 9 OH SAfiyls Qs BIEEA HiFH d.

SYy' dzt oYPdaalptstc' o dz€ fs5 | 0, dets yatPdzdats W RS s jol§ piAs dff dzC

il, bbHfdl! Gt § cskz] BHj o Olsdz fls!

l csBldzts ftoso jHjdts fBHOM hd2 OdzOdz' L .
By dO L tetss dld dzdzd € B as'L dz08y 2 19w C ' B Ialls d v mkiSdry Uz
Bdzts ¥  dzdzts® € stej dzv vy iz ¢ tise @ERC HiggsESs W © o § d U
9 dCdzs YO Is' v LAz OdzOdz' L ° vy ,9 donds' Hin sz td
dzj tots L yd dedzad An ' ztdtarsdEE) it 6 OC Yy 9V fiyle !¢ Y tod s oBY
Atd 1gd. q

f sHOdz' !
HiSte' o dz¥
dzj L BT 2O ¢
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1 fpdzy L oof el GsddAdZd C 9 s ftetse j dzd dzOMls
OzO ISl Z H ts9 I Oty i glztizils ' L i3tz § @dzl des” 2 te @F 1
ygdzzg s O MO odatHbk ¢ ¢ Mo dst jstc @ IObe]ts sC L
(disy9, MB" dz' € d MO yY' tf BEGOdzldad © Y Is dnfy <tz aqc dgsUcO
t " odgvdedz" tojcetej MEOLHP Yy sz o df OHC k2
y = 3,390,0363,-2,7 X, (4.17)
U Is MBAZOH Odzts OISR S tsj W' y' ‘ dels' 9 '€ St
Y d dzecadizg 1 diss

v OB dzd yw
[ Otcdyw §Otcdzdr SCSBRW' y' ‘ dzls' o
. y X1 X2
y 1 -0,572 -0,53
X1 -0,572 1 0,872
X2 -0,53 0,872 1

1 sngd@®@ OftetsC MdnB@PdzO 5, 75 C®@. d3fimpl %z Clfts
tc' o dzgV dzdz" dBtsy dzO Wold Stdsjtefd@mjlsis otz © Ols d

s W' y' ' dzls REQSY @ Odz@Y ' yOMmlsClz 90k Oy
stsBlsts & 52 Y%Ousddiftiefgcts doLdentisiy’ dzdy' dzd L ditsylzeo O
f j o8O te Sidy. J

c¢ ' twOdg hj, f§B9dzO dBBsHJ dz B' dz h st
odf OaStsfdmize Is! L &3 dzd L d3dsykzeo Odz! dzts’™ L HOIso

] sedzd?2 Odddsdz' i te 8Oz HigCzts B WB nydizd © dz! dztsH dzwi
Sk RBOGEPCHBY MftsyOlsSlkz Opzd dzH L fizEfodddzd (O dn
f4¢k, Vi dpOssfls @ss

t " odebgedztt j ' 0 HBGt' o dgt

y =5,790,074%; +0,081&,-0,11x5-0,0025&;,-0,024 Xs-0,000162%; . (4.18)



[ Ols & dP e dzd 7

Ctsj W

[ Obttdy"

Cye

f Otedzd

C s RY

Y

' dzlsko SORB ) dzuy '
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dzC

v OB dzdyw

C dls !

Y

X1

X2

X3

X4

X5

Xe

1

0,308

-0,134

-0,625

-0,0805

-0,452

-0,419

0,308

1

-0,212

-0,315

-0,0233

-0,705

-0,685

-0,134

-0,212

1

0,751

0,278

0,369

0,332

-0,625

-0,315

0,751

1

0,114

0,476

0,413

-0,080

-0,0233

0,278

0,114

1

0,145

0,228

-0,452

-0,705

0,369

0,476

0,145

1

0,428

-0,419

-0,685

0,332

0,413

0,228

0,428

Il " HBdteOdzd dzO2 B dzd &,

¢ zOdz' L

By kIs!

U q dzddd e

C s

G ) Isfay

B izt d d3sd§dprzud]dddzts °
o 4 C dzs W sz S tsa dzOS dry <95 W dsdsh

HEBY" 2

Wy
Melsls add.Is"

" dzls

Zidzisdm) ts dn@® ¢ QO W tzPL |yl U d dzdzats

9

g .

LLdzORzO - &z ov@fddeideddg s ts

dz.

tej L Zdz IsOlIs d o dasf dzdad. CdisBpefidz] dz B Iz s dzatzdf€ §s o d3'o )
Bs) dzd o ¢ P ddz] 10 g diaiag 6 Is O
fjBY'sct d&OlEEdY"

HtsL ot datizlf & 5 85 1S BZ

£ dzOf

Cstej dzw y' 2 dzts

LOdzd M O

C mitz p @y ‘dZts s v € |0 ls'dd , fpl2ess ¢

jtejHde Of sA@fesS dEOY'

859,

0]

mMjtcjHAdZ 5C 9 OHABjOIRBFRAET o
[ dztsy d dzdzd 2
Csj W

Had
Csd W' y' * dals

L o Stetsls dzd o3

¢ z&diO3 , 0,78:21 0

Ctej dzv y'

0, d2IS 8H j 18 jste dg tsta@sug ' Is -

odti OHC 'Oayd dzdgfci tc d L o HHE] Isu d3' dzd
BOCidy. |

(' d
foto

L s ykzo Odz' dz
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stoj'dvdgd?2 Lo' WL BBC ' ¥ L d@sylze Odz' datst L
WicOGdgy etsL yd dzdzts (@), B § mbzts 2! v  tc' o dzv dzdzV d3:
y=-0,06212x + 1,8371. (4.19)

StsdW' y' dzs SBstej dzvy By 5006 @&§S Od
Lo OYW L s dy' &tz Bls tzd o3

1 5@ Of @@ 3, 86 %, "I Mis' HYdlsizy
tej Gtcj M HtS oadm’ " Hdzdr HOdzd ~ .

t sLcOF B&OCY] CCOlzd o sMis” off HC B C HOULE f ¢

rdzv  f €OOLnded € dzd o smis ' {ifty sSHAzH ipORaRfz i il ©aHart
a3ts dzi .

t ' o dav dzdaWls @Sjjc e M
y=-16961,83+123,99+129,86¢+143,3X7,62,+63,4-1,13+11,3%; (4.20)
CC offjtjHdy 7 &BHj&YR, d&J Sjtkzo Odd
tcj L zdz sOIsd o tetsy d tiszdzOfstsey d dzj dz BUgdsdfdzch (S o) t5 GifS
O dtcodmMst sz ®HiE ydddad Ltz " HBdtcOs Is! fy

CBjW' Yy ‘dessdz SBtej dzv y' B Y deddsd IsOB dz. 4.
v OB dzd8y W
[ Olstcdy” fOtcdzgdm Sti W' y' ' dzls’ o
- ) X1 X2 X3 Xa Xs X6 X7
y |1 -0,304| -0,0268| 0,0545| -0,319| 0,418 | 0,34 | 0,514
X, |-0,304 |1 -0,875 | -0,898 | -0,499| -0,901| -0,859| -0,801
X, | -0,0268| -0,875| 1 0,894 | 0,484 | 0,761 | 0,789 | 0,621
X3 | 0,0545 | -0,898| 0,894 |1 0,517 | 0,828 | 0,788 | 0,633
X, |-0,319 |-0,499| 0,484 | 0,517 |1 0,31 |0,194 | 0,119
Xs | 0,418 |-0,901| 0,761 |0,828 | 0,31 |1 0,872 | 0,811
Xs| 0,34 |-0,859|0,789 |0,788 | 0,194 (0,872 |1 0,957
X;| 0,514 |-0,801| 0,621 |0,633 | 0,119 | 0,811 | 0,957 |1
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L dzOh s Bz raxg MG Kus A Xe, NaXs, MoXs, X5, TxoXe, Mx3Xs, xaXe, IxsXes
Xz, Tz BBOE Is¥| >0 | 7, hs cBottcdlIs! ftots dglzalzr &
Btsy alZd Mds e dzoyj dedz? BHdeséts L dzgdes L fsHOdZ "

ddzOdz' L f jBY'sets OBETY' HEL o thdztzy Ce setfoRs
we' i3ty zIs!  BHAds di3tekigedy’  dzdiaS T 0 C Stej dzv oy i @zdztf €
5L dzOC d ,|rylx 0L olas d3j dzH 59 O datsEsang Walzs. Y Olsd L

b jtej Hdz2"C Of t<Chydists GEiPdQEBBI0 %, dzj L 5' M j 20 tsy'
SHBt" o dz@0*, 7TMEOdzH OtelsdzO A B SO sy (4AR2OGT MY
0,0278. stjW¥' y' ' dalsi Rigdzts y lsftieadistzy ddgvte j tdz)y aytc j fr
sfHdEfM WOCkdyde HOd , Lo'wL tsCo P fiyls dtp sTBM
Mddz degd?2. [MS  dz2 € ' REJIW' 't ddsj H jhisdgde &3
yd dzilzg§ L HOIdzdn of dzdo Olsd dz@ M S dzd o fls:

1" fmpdzv o d € dz¥ yidedetizg ¢ sl . mOdzd h do W e f
yd dzozd SW S 2  Bd o € tif taschipistts & sedgrizchO dLdE" ‘L1 Is
Isj &3 j eOlskztetss 185 Awu.

t " o dzv dzdzgwdz@'j ceted] dfrzW H

y = 0,487 x-1,2536 (4.21)
i BLIcORBBoakz i3t ftsC OL dzd € Is* Mdeslsd L o' wL
@ dz 2?2 SwjW oy fdEs Stejdvy 0, wWCd2 HSH
1., = b2 = 0492225 - g 514 (4.22)
” S 24,061

VL "Bz odfOHCE Lyl YWd &gl § tsd3'dde &d
v &B3d &3

stsjW' 'y “dals b k2 t' o dzV dzdz (4.22), h ts
M " CdzdosMmMsC d i SEORP Hodh j dedgw d3 O m|§ dzdfzh CzE
(o' WL Cttytsd HgSkAu) &O sSHdddyy ROdsEb e
LB ' d2 M jdgdg" 8 20 mHdEZ HJddysy §9  HoLdd tzf ds'
MitjHde sz dzO 0, 49.



ods"’

stsjW’

tcC s d dzd
t SLtOR EZdzts§

[ dzv

B H js@BiE&

"9 OzV dedzVd3@sj Gleeq Sind 2

Wk &zl o dzv deds'ts
ftotse dzsL S0 Ozlzd DdAg " o di2' C
L dzOyJ dzdzv dz( .

fsCOLded €O 1B HE 2§ & f5ihig -
fsCOLdd 0O MY " ¢dedistib 2 Hf s iidgtodgiPoctt ts

(H4s. 12-19, d245'

9 Istsd3kz

9 dce dzv H
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" s te 3O dz!

odf OHC 2,

B¢

y=1,18 + 3,97%8,25% + 4,2% + 2,78%- 0,78x% + 0,0203% . (4.23)
v OB dzd9y W
[ Olstsdy™” fOtedzdm Sty W' y' "dzls' @ ¢
- y X1 X2 X3 X4 X5 Xs
y |1 -0,00927 | -0,176 | -0,0408 | 0,699 -0,015 | 0,276
X1 |-0,00927 |1 -0,212 |-0,315 |-0,0233 |-0,705 |-0,685
X |-0,176 |-0,212 1 0,751 0.,278 0,369 |0,332
X3 |-0,0408 |-0,315 0,751 |1 0,114 0,476 |0,413
Xs 10,99 -0,0233 | 0,278 |0,114 1 0,145 | 0,228
xs |-0,015 |-0,705 0,369 |0,476 0,145 1 0,428
Xs |0,276 -0,685 0,332 0,413 0,228 0,428 |1
dbdzOdz" L f jOY's'ets dg@®Bt€d Yy’ HBL 9 6datlz © 5866 B
w g Btsy z1s ! BHAER tH H' frdlzidry d|dzdizs™ € tstoj dzw y  @zdztf G t

5L dzOSC d ,|rylx 0,8 S ddfs 3 dzO
b toj HEZCBOf Of otsC fid BOY"

i 42, MjtejHd 5Co OHOl FYdEds |

11.

{ Yy dz& ©

odCdz¢ ydisd

Histg

o dzt

BsHj d' .
3,53

5y dzf 9YO)dzdzM ¢ ZO zO@ G q dzdX tIS@q AHlS 5y © ¢ dzlsO , BB,

Ctsj W

oy

ud dzded €,

a3q

tej Ytsoe d dad

L

' dgls RAEI OR3P d dzOY"
) ' fydze d € dzv yj dadz™
wg g2
((dzj esL yd dadz

9

LS IsOdz ) .

Bts Hr k|20, W dze@dif " af o k¥
o Ctedflstso kio ®dgd fykslic © Y us
{ Istec
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y = 2,4246x + 32,254 (4.24)

i SLGdRSH Of 5 OL dzd & Is* mdztsls d L' WL Ckz. U
& dz 2ded? SV oy ‘dals Sttejdkvy' T, w2 5B

Toy = bj—i = 2,42 ff; = 0,699. (4.25)

1 80 dBCO OftesC MdBOY Mol HWIBEOR § B HEB
CjctejfMm' ~ HES odn' HHEJDHE @ddI.dOV e BEBE 49

tetsL tcOR zdzC 5o L dzOy j dedz® 8 Is'ofw jdc'j W dat @Bk d qdz
stsjW' y' ‘dals Rjsjbicd@drd T (4. 25) Hist' o dzs
odf OHC " B tedds’odsth W Is y. wezl d d3d3” tipdztsy OB §f * s sty alz
tcj Gteijfipj 6jHdzw. tJjhkO 51,09 % L o3xtdef g * &
yddzdzd SO, w¢' doj o9tORtso Odes o dBsH dz' ( C
[dzv " Hodh jdedzy CtsjW' y' ‘' dzsk Hjlsjted3 da
(OB dz. 4. 2)9 909y dfgddzdz's,H OB € f§ O dBjmrn, Fot GRaEEBH &3
ssets, ftodfbkzMmisddd dzOweds Mis! MmisOlsdmlsd ydac
Bdzts 3 d dzdzts tcj Gtej ' ° . [ bted GO dz' BOtedy"
Hsf sd3isetss Excel oBERHtSo Odetst WhkdzCy' ‘¢ ¢ U
[bied B3Odz0 L Odzj 3 dz' fls L Bsylzo Oy datss L L |
CojW' y' ' dzstsdz’+09kj ez’ dzOy' °~ R
y=10,44016- 21 2D x™°- 3, 5T 1x* + 0, 02 48°6 ®1, 86 5,7 31
1, 17P97¢%°+1, 6 ZlIxg*06 1 °0 x( x)*"+661690x33+0( 03761
XlTX4)1’O3
vsdd3 MOBddRE iBj ssHisd BSlted BOAZO L Odzj 3 dz' fls:
Morel SBJW' ' y' ' dessB0024lsj ted3s dzOy' ~ R
y=198,9432+ 0, 00 0X°6 D1 29 1x°9%6 ] 0588 P -100, 7044 81

0, 0256690, 00019671, 59%B8HE® + 0, 029G %)9 I+ (
0, 02 94l 5)8° (



v OB dA[{IQW

9

[ Obtedyv 6lsted d3Odais y b Oy dizts s ¢ IOBsZER Is

X1 X2 X3 X4 Xs Xs i) et m1rd lz
5,11E+17| 2,23E12 72,25 31,2| 1,2£102| 5,12E10| 4,8E+151 3,98E06| 2306,518 1,37
5,11E+17| 3,06E12 56,25 34| 1,2E102| 4,999E10| 7,6E+150 5,11E06| 2520,002 1,41
511E+17, 2,5E12 67,24| 36,5| 1,2E102| 6,75E10| 2,5E+151] 4,27E06| 2711,06]] 1,33
5,11E+17| 2,11E12 77,44 30,5/ 1,2£102| 5,787E10| 6,6E+151 3,71E06| 2253,235 1,29
5 11E+17| 1,61E12 96,04, 37,6| 5,6E103| 4,768E10| 3,3E+152 2,99E06| 2795,253 1,32
5,12E+17| 1,52E12 100| 37,5 2E-103| 4,448E10| 4,6E+152 2,87E06| 2788,082 1,21
4 54E+17 1,79E12 88,36/ 36,5| 6,2E104| 4,552E10 1E+152| 3,33E06| 2677,936 1,2
4.94E+17 1,57E12 96,04| 30,2| 9,86104| 4,251E10| 3,3E+152 3,01E06| 2222,623 1,23
4.94E+17 1,52E12 100 39| 8,3£104| 4,348E10| 3,8E+152 2,89E06| 2892,379 1,27
4 54E+17 1,52E12 100| 38,6| 6,2E£104| 2,035E10| 2,6E+152 2,94E06| 2836,766 1,2
4,46E+17) 2,23E12 72,25 32,6| 2,5E104| 3,34%-10| 2,5E+151 4,09E06| 2379,495 1,32
4 54E+17 1,52E12 100| 34,9| 1,4E£103| 2,226E10| 2,6E+152 2,94E06| 2557,106 1,25
5,11E+17| 1,61E12| 97,0225 33,5| 2E-103| 4,251E10| 3,3E+152 2,96E06| 2481,84 1,21
4,86E+17, 1,712 92,16| 32,5| 4,4£104| 7,118E10| 1,9E+152 3,15E-06| 2392,969 1,35
4, 78E+17) 2,89E12| 104,04 31,9| 8,4E104| 3,724E10| 7,7E+150 2,8E06| 2343,36 1,04
511E+17 2,17E12 72,25| 38,6| 7,86104| 4,552E10| 5,6E+151 3,98E06| 2871,855 1,25
5,03E+17| 2,65E12 64| 35,9 2,8E103| 4,552E10| 1,6E+151 4,5E06| 2660,517 1,25

H



[ Ol tctbig s d dz0 dzdz™

fq@dzgdzcﬁmstﬂjls"LHH QY IgBgHESRESC |

vOBWwdyg. 11

X1 X2 X3 X4 X5 M1l m?2 Mmlm] mlm4 Y
205379 | 817,96 | 44370,53| 31,2 50 1250 | 381,7459479| 501,5 | 867,9725| 1,01
205379 | 756,25| 23730,47| 34 50 1260 | 369,9540315| 442,5 | 937,7732| 1,3
205379 | 795,24 | 37073,98| 36,5 50 1140 | 377,468657 | 483,8 | 999,6095| 1,23
205379 | 829,44 | 52773,19| 30,5 50 1200 | 383,8801002| 519,2 | 850,4263| 1,05
205379 | 888,04 | 90392,08| 37,6 50,6 | 1280 | 394,5069155| 578,2 | 1026,682| 1,15
205483,4| 900 100000 37,5 51,5 | 1310 | 396,677432 | 590,1 | 1024,38 | 1,27
198155,3| 864,36 73390,4 | 36,5 52,5 | 1300 | 386,5562577| 548,02 | 988,9294| 1,2
203297,5| 894,01 | 90392,08| 30,2 52,1 | 1330 | 394,492555 | 576,24 | 840,3222| 1,05
203297,5| 900 100000 39 52,24 | 1320 | 395,547701 588 1057,786| 1,19
198155,3| 900 100000 38,6 52,5 | 1700 | 392,8546044| 583 1039,993| 1,29
197137,4| 817,96 | 44370,53| 32,6 53,3 | 1440 | 377,5993293| 494,7 | 891,9213| 1,02
198155,3| 900 100000 34,9 51,8 | 1650 | 392,8546044| 583 949,8272| 1,21
205379 | 888,04 | 92721,65| 33,5 51,5 | 1330 | 394,5069155| 581,15| 925,3524| 1,06
20262 | 876,16 | 81537,27| 32,5 52,8 | 1120 | 390,790367 | 563,52 | 896,3329| 1,06
201230,1| 767,29 | 110408,1| 31,9 | 52,23 | 1390 | 370,0853623| 597,72 | 880,0746| 1,24
205379 | 823,69| 44370,53| 38,6 52,3 | 1300 | 382,8133958| 501,5 | 1051,224| 1,28
204336,5| 784 32768 35,9 51,2 | 1300 | 374,816464 | 471,2 | 983,3062| 1,23
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ce o Ysfjtc)tfieBAulficlkdzd sBa @&t o dw o ddzOf
Istsydzts .

l1jtejo' €O dzOW o dzsfyls” L' wLCE d& x fts¢
BOttsCls Q1 | dzl sffn Cdzdod W o HMEklsdz fis: ¢ st
fsCO00dgd &, CuwsQW ' y' * dzlsd SHOeZdfEY PC @edzd dif) § dzO dz
0, 09 9" HOf, 08" H dzfs.
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IRy {1 gd {drwfuv 4

1./ stcdEgEgd dp dzv dzdzv tcj ¢ 18 Pigda" WHLAEVEZ ©fys CdB L dzd €
LHOIdzgifils S dzd o sfyls® 16 HPC 1o L VO usEC datf Grts © 31 Bztf C
6] ONVsts® sOCtYy wW¢' MadBd §sSOLddSoRd sltd

2.1 Mls Odzs o dzj dztsqf dzbizth S s e jlztik’ OB ' dz' " Istsyd
WOClkdudeddsd &S OLddSOBd wCsfls' O dedsey
gy " Cdzde " Mmiss , dzgizl &)Y OEREGR K Hz6 fn) @ ‘aBrdzy .

3. [Oosyd Ekf dzd HBjrn da'dz] dz' | =@ szAd € td @ Azl
BEHCE L Odjy Gkt BAOL&ISO HA&v EkflsOdss
slsted BOdzdz §jSbk L' o fOHEs k2§ detlet &z Q6D dzy
fjCk.
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tfryrwform wg 1 ffwyrw THHIRRUN ¢AWW &1 w
s¢ofocr{Jovjguwf?2yvRrRm JTprswl 7 (frsvtfr1irRI{R

5Ll deoyjdedzy ftoeddeydfsots’™ sy dzde smils’ s
ZO L3 dzz 1 sCOL dedC " © L di3sylzofifdsdz! dzts’ L H Ols dzt

UV 9adfOHCOR dzj o' HY So ' H dztsiiy O'H QDA O dggidotd
LsCtc) AOsC ALy L s yYykzo Odzy dztss ff touste @ lsi detiighigds 'H,Y J €
BB s dBopdkdg ety HE Ctsdishe@? &z dis g ditsc €

1 028" dz' N ylzlsdzd o “ L osf W O L datfsS iz a B i@Is dizts
s i3 J cOkztcO® ttsL'dIs JpEiipsdzdzy [ BH YU ' Iy s dOdz
tcOn kzdzts € H 1 icGa @ 6ztiz o Hd Mmis d dipwys' IS4, qw w CdzO o
CCMtsn " &3 ydesdgz o dqtetsBdzedylseo ', hMts LHJh jodze

[ BH % Ofstispctc Ofditss H 2 CIsd o dzOMmdzse 5 o & B 56 ¢
fn O didzls tc Oyl Azstptsc X Wd2OUzydz , @ “wC° 9oy J t©0Odz,0 j
ISOC sy ' dzH d 9o ‘dal z Gedpiyds' o dAlZd d3 Owlzle tc GupjHdz 9@ L A9 "
BsHJdW ' SHAESHC@EE@RZAEZ € © dz! € 56 & PG dzd dzOdzt dzlz |k
WteOCy' ' odzsddzd ' adesc3’ tedzts dzO h Ot dzOo O
L Ofd § @bt dztsadzpodz O € d .

wdzHd o " HEZzOdz' dg toj yso ddzd o desmddzd bk
fstesh C Iz, tcjIsjdzd dasd3 hj tc§ az@O R E@dar d sz L 1 |
fMzdg* "hs L di3' " zoO@ tets'iiz® o 1 ez Bicd dsz o O dzc
]l sz di2ds’ o MisOdatso dz¥ 0 Odzd " Wz® 2] H ) o () bl
ZOct' 9 OYO. 1" Mdzv totsL f &zOo dzj dgtlz 4 P&tf, (s
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v OB dzd yw

8 1

8 1

MOLOCISjtedMsfE® N ‘A o A
1 5COLdzdSd dA(fJjtET O %, i 80wl 1 A
1 2 3
| & M ilsdfdz0¢ ¢ / 1135 1065
[ OMse O yofi
1 2 3
U% 0 y" 0,1 0,05
b tOC Y 0,4 -
WeOC Y’ 99,5 -
v OB dzd yw
4G ZOH ¢ dzd dzOdz’ dets’ WwOCY'
1 02 @B dzzo @ sBdzyd dzlstcOy'| s tsdzyj dal¥bic G
C sz tsdzj dz HOdzd &5 v mu HOdzd d3d MMls O
Bj dzL 5z 0,022
Is 5 dzlz 5 dz 0,06
LIsd dzB j dzL Bz 0,0055 0,180,39
d3+-§ find dzts dz 0,028
sC M d &zt &z 0,007
" dzH j dz 0,22 0,190,26
dZzOW IsOdz' dz 17,6 17,5420,84
5' sdzOW Isj dz 0,58 1,37-1,83
a-B3jddzdzO W Is O dz' 3,89
b3} MzdzOY s O dz 6,18 9,3911,78
HW j dz2 oz 117 7,67-9,18
Oyj dzOW Is j dz 13,5 11,1514,28
HOW j dz' dzj dzts € 1 8,1 8-8,92
Whkzetstej dz + 7,2 10,3511,44
W4 dzOdzls toj dz+ ¢ 0,017 7-9,26
1 IsOGBdz. 5.4 odHdets, Mt dz0@2B" dzr h ylklsdzd e
o' WL C'fls! LO 1tz WH R Qotlgzda te 2 199 09 AA uls
wLC ! dzg® 30,7 % 56,1 % o' Hfo"  Hda
wi ' st ¢ 9 d2O 53,5 % ¢A ° dzO 68, 7



v OB dZB[3y W
4C dOwsttOy, dsoats’ WEOCyY'
1 O2d3j degzo @ stsdeyj dalstcOy'| s sdeyj daldc @y
C s By sdzj dz HOdzd d3diy oW | HOdzd &8 TMls O
BJ dzL sdz 0,06 -
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L IsddzB j dzL sz 0,016 -
B+E M &E & 0,063 -
¢ ' &6 d 0,014 -
" OzH J dz 0,17 -
@OV s Oz’ dz 6,13 5,358,36
5 5dz0W s dz 0,22 0,651,32
a-3 jdzdzO W Is O oz’ 0,43 _
b-c ) JdzczO ¥ s © dz' 0,79 3,073,712
Q] dzOW s j dz 2,54 2,583,67
HOW | dz' dzj dats € f 2,49 2,933,6
Wk stej dz + 3,69 2,855,49
W dzOdzls o j dz+ ¢ 18,5 22.4732,31
COkBOL Bdz 5,67 18,0022,86
v OB dzd yw
) stalvodz! dz S Ot OC Is | tofHSEHC IS ® o G dzadi iz dtnj ¢
ltesB O 1 ] esB O 2
Ny |LHEHO8G- 4 | LHBH OB O
& sHq W bLEE SsHJW B
) 5C OL dzd § vgv‘t d vgv% d
A 1 A
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ud i3 J 6OlkztcO gs5 | 83.5 | 18 ga5 | 82 75,5
L B3O W ST j dadgw | O° | -2,3* | -88 © | 3,0 | ‘10,6
JowLS Mis! L O
. S 0,79 | 0,50 0,46 | 0,31
! 8L fLrS]J &Y J Lwislzt 114 | 355 | 551 | 099 | 535 | 687
stsCMtsa d?2 L Odz 56,4 | 56,0 54 93
57 | 70| 18| °° | 36| 54
. . , 54 55,3 56 55,8
[ J s tcj ytsoe (| 53,2 15 4.0 55,2 14 11
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wy Gade Mist, 1157 | 2 | 13| L4 | 36 | 143
. 1,03 | 1,08 1,15 | 1,14
1 Btsylze Odaz difds '| 1,05 12 | 125 1,00 150 14.0

*Iskls ' dzOH OdzdzOl | w gt dzde i 4. dzd € ' o
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v B jtcOsktcO tesL d3' wWECh jdzdzw 1Sk ftcdo o
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lojHjdBRZECHE C' d CMls® 5 % ' Misslsdes L
fjC" 9: dO 8,8 % IsO 10,6 % Hdv ¢é¢A O 1A

1 3dsykzo Odz! d&zO L HOIsdz Mmls dzj o©-tHdIs?1,3z
1,6; ®&OowRO J: 1,0

Il dr' Hd rdzj flsHer L tsBtsa HtosB fj Sk dBOt
BsH W' Cted L, B s Q5 % oA LB @R 'S 8l
tes kSt 9 dz¥° 85, BB3A®. S8 LOLBJUdes dzj B
ftosHEzCI 9 L fjCk.

stsCMsead?2 &k Odedh!! @68 COGY o dzj M dadzird » kB @' M
HSHOD OMdWsd® 5 % O A daj L diBYdets HzBo 1 HEzs % &
f4¢ HBIQN Nisdj dgh j dzdey € s5C MBdztts eI, 6 OWzd O § izd ME
5,4 % (ftcd HBSHOo Odedz' 5 %) .

1 BsYylzo Odz? dzO L HOISED Gdzdz' ¢ 4 2§ f BYIls fiusdzts
ftecd HBSHO9 Odzdz" 1 A -15,096.0dz% ‘' Is' Mw dz® 14, O

g " Cddo 'fff € o tod H BSHOIOdgialzh 2° 98,618
[ SHO9 Odzdz? 5 % da" Mmizd y 2] ¢ BifsEOHA @O 31 4%,3 ..

1 BlteddOdzd s H®OHzd B O U3fs? dz0 ddfpdetxiolits C:0y " W
odej Mjdedev &3 ftesHEZCIs' &9 HdMIsddzv y' ° dBsy dzdoe O
Isj B jtcOlskztc® f jtojodhkz' oMmMisOdaso dzj d27 dBOtcts:
ILBesy dzdo O BsHdW ' Oy v 4 Sk r8Alsj d3tH dis @ IBEOUS
Au IsO odh j.

[ B dz2O OasadOy s o ¢ tsted MisOd' dzsdg@aizd dB@HAR;
MtckzClskztee ¢ 89 L O O@gBHzGE " COyYy'L" ¥ fMifstedzC d
sdz' csdipte" § 1'27] .
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v OB dzd yw
' 2R OBl ®dz dzd m ¢

. [Bdj Skl vidifjtwliskzl 4 Ezilsd
tdused ALl ® ~womolfwosd Sqf' q ¢/ M
o delste Oy (1 1780 216,6 351,0 1,25
Mts' L di OO‘O 2283 254,0 4480 1,27
[sted BOdz' tdzPuo I dz!j eSS cfiz.
v OB dzd yw

{jLkd sOIsd BsHdW " Do

Hifz OUZ daf@3es ¢ * I3"

|:|:(D r'ISds‘ h CO dStSH'
v-‘I

1sC OL dzd ¢ ﬂ%‘ b dZlstc O mte' L |
5% 5%
v BY jeOkteO wHBL KBOYY 4. 84 84,5
’ -1,8 -1,2
JowLC fmls: LO JteRBEWY 44, 1,09 1,10
' -4,4 -3,5
ssiMmMtsod?2 LO&zdhtsC, ¢ 57 56,0 55
-1,8 -3,5
[ d18C° tjutseadded, % 532 55,3 55.8
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gff Cdzde "' MIs', [1 O 94 1155
1575 -40,3 -26,7
1 Bsylzo Odzr dzO L H Olsdz' fi 105 1.1 1,14
’ 4,8 8,06

[ dzw sy' diftptO@alZ' H daff fg det)dsdzj dascts ftodtf zh j
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JEPYKABHE NIJNPUEMCTBO «YKPATHCbKUM TEPXKABHUM
HAYKOBO-ZIOCJIIAHUM BYTJIEXIMIYHUMA IHCTUTYT (YXIH)
ByJ1. Becnina 7, M. XapkiB, 61023, YkpaiHa
Tes.: (+38-057) 704-13-18
VIK 6609289 662 7493
KII
Ne rocpeructpauuu (/7500074735
Wug. Ne J0/3 4/

BEPXASH,
”'snpwaAecrEeo

/ «Y T EP)K[[JI/&IO»
PETUTYTA, A.T.H., 1pod.

g :_E.T. KoBasieB

A 0_»_pexabpsa_2015r.

«ONTUMI3ALIA CKJAAAY KAM'AHOBYTIJIbHOI CMOJIM HA CTAIN
NIATOTOBKH 0 ®PAKILIIOHYBAHHA 3AJIEZKHO BIJI BUMOT 10
MPOAYKIII HA CIILI IIAT «3AIIOPIKKOKC»

JOT'OBIP Ne 8.2015

ITAT «3AIIOPIXKKOKC»

3aM. JUpeKTopa UHCTUTYTa «_10_»___nexkabps__2015r.

110 Hay4YHOH paboTe, K.T.H. A.JI. BopuceHko
3aBeAyroIui XUMHYECKUM «_10_»_pekabpsa __2015r

OT/eJIOM, K.T.H %/, JLIL. BAHHHKOB

PykoBoauTenb paboThl, C.H.C «_10_»_ nekabps __2015r

%ﬁ) Kapuakogsa B.B.

XapbkoB - 2015 g

ONOPHAHA

IHAYIHO-TEXHYTEeCKa
b%" “HA

Vrpamueio. o 1.0 Y ICKIMIY,
AHCTHTYTA

r. Xapbios

e —— .
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JAEPXABHE HIAITPUEMCTBO «YKPAIHCI:KHﬁ JEPKABHUU
HAYKOBO—}IOCJIU.[HPIFI BYTJIEXIMIYHUM IHCTUTYT (YXIH)»
ByJ1. Becnina, 7, m. Xapkis, 61023, Ykpaina
Tes..: (+38-057) 704-13-18

VIIK 662.749.38/.39.004.12
KIT
Ne reprxpeecrpanii 0116U005618
InB. Neo 90701(/,

«BuU3HaYeHHs BIUIMBY NapaMeTpiB OTPUMaHHA KaM'SIHOBYTi/IbHOTO NIEKy
Ha MOr0 3MOYyBaJ/IbHY 3aTHICTb»
IAT «YKPTPA®IT»

nporosip Ne 150.2016 p. (804/64587/42)

77

N .

3acT. qupeKTopa iHCTUTYTY 3 HayKOBOi poboTH O.J1. BopuceHnko

K.T.H.

« 2w« 72 » 2016 p.

3aBigyrounii XiMiYHUM BiJ1iJIOM, K.T.H.

KepiBuuk po6oty, C.H. C. % B. B. Kapuaxosa
«Zyn« 72  »2016 p.

ONOPHASA
HAYYHO-TeXHuYeCKa
B “IHA
Vrpanncio. v sy Y IIOXAMAY,
MHETHTYTE
r. Xapbkon

XapkiB 2016
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MIHICTEPCTBO EKOHOMIYHOTIO PO3BUTKY I TOPTIBJII
YKPAITHH
JNEP)KABHE NIINPHEMCTBO «YKPATHCbKHI JIEPKABHUM
HAYKOBO-AOCJIJHAN BYTJEXIMIYHUMA IHCTUTYT (YXIH)
ByJ1. Becnina 7, m. XapkiB, 61023, Ykpaina
Ten.: (+38-057) 704-13-18

VK 662.749.38/.39.004.12

KIl

Ne roe. peectpanii 01170005043
~InB. Ne

g
«Busnauenns GpaxTopis, 10 BIVINBAIOTH HA NOKA3HUK 3MOYYBAJILHOT
3aaTHOCTI Kam’siHoBYriibHuUX nekiB B yMoBax ITPAT «AKX3» ans
crabinizauii ix sxocTi»

Horosip Ne 52.2017
3acTynHUK AMPEKTOpa iIHCTATYTY | «é;-rpynﬂs 2017 p.
3 HayKoBoi po6oTH, K.T.H.,C.H.C. £ 0.J1. Bopucenko
3apinyroumii  ximiunuM  Binginom; : «28» rpyans 2017 p
ey &= JLII. Bannikos
Kepisuuk poGotn c.H.C., XiMiyHOroO «g_-‘:rpynnx 2017 p
Binniny &B.B. Kapuakopa

Bin HTY «XITI»:
Imkewep 11 xareropii  kadenpu « ST rpviEn201T p

% o - v > o)
oprauisauii BUpOOHHITEA i YNpaBiiHHA Wi}

NepPCOHAIOM, BUKOHABEIb O.1. Ilonpes

XAPKIB - 2017
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MIHICTEPCTBO EKOHOMIYHOI'O PO3BUTKY I TOPI'IBJII
YKPAIHU

JEPXKABHE INIIINPUEMCTBO «YKPATHCHbKHM JTEP)KABHUM
HAYKOBO-JIOCJIJTHAMN BYTJEXIMIYHAM IHCTATYT (YXIH)
ByJ. Becnina 7, m. XapkiB, 61023, Ykpaina
Ten.: (+38-057) 704-13-18

V]IK 662.749.38/.39.004.12

KIT

Ne nepxpeectpanii 0118U004027
IuB. Ne

78y NEXIMINAV =

BrTHTYT (H) «25» cepnus 2018 p.

«Po3pobka TexHoJIOrii OTPHMAHHSA NPOCOYYBAJbLHOIO NeKy 0e3 nmonepeaHboi
OYHCTKH KaM’sIHOBYTiJIbHOI cMoaiu B ymoBax ITPAT «AKX3»»

IIPAT «AKX3» (norosip Ne 51.2018)
3aM. IupeKTopa 3 HayKoBoi poboTu
Ta B rajly3i yIpaBlIiHHS CUCTEMOIO

SIKOCTi JIOCJIiKEHB, K.T.H., C.H.C A.JIL. Bopucenko

«CIn«__ L&  »2018p.

3aBiqyrounii XiMiYHHM BiIiJIOM, K.T.H. JI. I'l. BanHikoB

= . «2»«__CK  »2018 p.
KepiBauk po6oty, c.H.cC. % Kapuyakosa B.B.

«2n«__ EE »2018 p.

XapkiB 2018
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