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ABSTRACT

Miroshnichenko D.VEnergy efficiency upgrading of pneumatic units created
on the basis of vortex expansion machinesQualifying scientific work as a
manuscript.

Thesis for a Candidate Degree in Engineering Science in Specialty 05.05.17
hydraulic machines arfuydropneumatic units.Sumy State University of the Ministry
of Education and Science of Ukraine, Sumy, 2019.

The dissertation is devoted to raising thfe efficiency and reliability,
determination of area o&tional application opneumatic units on the basis of vortex
expansion machines. A parameteiented model, technique @&xperimental and
numerical optinzation study of a multithreaded vortexxpansion machine with an
externalperipheral channel has been developed. The main significant geometric anc
gasdynamic ratios of the parametekthe flowing section of the vortex expansion
machine have been setiet certain degree of their influence on thechine
characteristics has been determined that alldwedcrease the optimal valuesthe
efficiency factor oimultithreaded vorteexpansion machines by more than 15%.

The introduction substantiates the uggcy of creating pneumatic actuators or
turbogenerators based on a lepeed vortex expansion machine. It is noted that the

main efforts in the study and creation of small power producing facility are aimed at



increasing the efficiency, reducing their gosliability growing and cutting down
costs for maintenance. Subject and scope of the research have been outlined, objecti
tasks and methods of the research have been defined. The scientific novelty ar
practical significance of the obtained results svealed. Data on the ewation and
introduction of workresults has been provided.

The first section presents an analysis of the possibilities of using pneumatic
units based on vortex expansion machines. The results of the inforraatibytical
review in the field of vortex expansion machines research are presented. The
advantages of lovgpeed vortex expansion machines make it possible to create low
speed energgaving units relatively cheap, simple in design and technology, reliable
and easy to opemt Obtained analysis of the literature sources revealed that the
arrangement of the longitudinal vortex flow of the actuation fluid in the flowing section
has a significant effect on the intensity of the vortex motion and, consequently, on the
efficiency d the vortex machine. The analysis also showed that due to the peculiarities
of the workfbw, the lack of theoretical arekperimental studies on the use of vortex
expansion machines is limited due to the relatively low efficiency values. There is an
interest in vortex cascades with an external peripheral trunk, as they are easil
assembled into multhreaded, multichannel and mulstage machines, that are easier
to manufacture and have significantly smaller axial dimensions. For unloading the rotol
of the machine from radial stress and to rise the power output, it is advisable to mak
vortex expansion machines according to the multithreaded scheme. System studies
multithreaded circuits in the &tature sources are absent, #edknown valuesf the
efficiency of expansion machines in multithreaded running do not exceed 30%.

The second sectiompresents the paranestoriented model and method of
numerical optimization study of enultithreadedvortex expansion machine in the
ANSYS software complexwhereby studies of the influence géometris and gas
dynamic parameters on its efficiency and characteristics, as well as the results of thes
studieshave been carried out.

The most influential factors on machine efficiency are identified and the ranges

of their variations are determined.



Planned (using the experimental design theory) and carried out computationa
experiments, the results of whiplerformed multiobjective optimization, have made
it possible to find geometrics of flowing sections andirthiatios, providing the
maximum adiabatic (isentropic) efficiency of multithreaded vortex expansion
machines with aexternal peripheral channel.

A comparative analysis of the results of optimization studies of flowing units
with different number of flowdhasbeen conducted and geakzed best parameter
valuesfor three schemes of vortex expansion machines witbxégrnal peripheral
channel have been obtained.

It is indicated that the longitudinal vortex flow is basic in the transferring of
energy fronthe working fluid to thempeller blades, and the better organized this flow,
the higher the efficiency of the machine.

The doublestream flowing section of the vortex expansion niaelwith an
external peripherathannel with an estimated efficiency of %8(in operating mode at
a rotation frequency of 3000 rprhjas been designed and its raimensional and
dimensional characteristics have bebtained. The optimum values$ the efficiency
of the vortex doublstream madhne with an external peripherahannel have been
successfully increased by more than 15% (from less than 30% to more than 45%). DL
to the organization of longitudinal vortex movement along the entire length of the
working channel of the flowing section by the optimal choice of its gatradiy the
devised technique, the increaseefficiency has been obtained without complication
of the design (wh no use of stator guide vanasgthout changing the working channel
area from inlet to outlet, etc.)

The third sectionpresents a description of the created test facility for the study
of vortex expansion machines of low power (up to 15 kW), an experimental model of
the doublestream vortex expansion machine and the set up data measuring system ¢
the test facility. Thedchnique of experimental researches is given.

The results of experimental studies of the vortex expansion machue h
verified the results of theomputational experiment: tieéficiency of vortex expansion

machines with an external peripheral channel bealigher than 45%.



A comparative analysis of theoretical and experimental charactenétibe
studied vortex expansianachines has been dad out. An error estimation alirect
and indirect measurements has been conducted.

Using the results otheoretical and experimental studies, the values of
emagrical coefficients in formulagor determining the efficiency of the flowing section
of the vortex expansion machine and the activity ratio have been determined.

In the fourth section, a method for dermining the parameters and
characteristics of vortex expansion machiagd pneumatic units on their basis has
been developed. Recommendations focused on the units maintecraateq on the
basis of vortex expansion machines at a peak efficiency inat&ion range of the
expansion ratian the machine = 1.26 have been worked out.

Areas of their rational use with the basic criteria complexgerally
recognized in theheory and practice of turbomachines have been determined: for
example, by thB rotation frequency ( powepeed coefficient ) #0.04...0.24,
according to the given diameterxf15...50, according to the blade spéed 0.14
0.18. Vortex expansion machines are capable of operating with the maximum
efficiency at theflow coefficientsof F, <0.01. By the coefficient of compleower,
vortex expansion machines at the saime are lowpower, lowcost machines and
operate with optimal efficiency in the areg = 0.004 ... 0.1where the efficiency
of classical (centripetal and axia¥pansion machines is 20% lower.

Comparison of characteristics of the lowst expansion turboschinesof
different types on a number ofiterial complexes has been made.

It has beenestablished that the optimum reduced blade speed and the optimal
velocity coefficient for vortex expansiomachines are lower than the optimal
peripheral speeds and coefficients of speed of classic expandomachines.

In terms of radial forces, vortex singlew levels with the blade wheel
arrangement directly on the etac generatoshatft can be used at the injgts pressure
of upto 1.2 ... 1.8 MPa, at higher input pressuresnecessary to use multithreaded
schemes. In comparison with ¢aflow, the doubleflow schemehas a simpler

construction and smaller thdahe threethreaded, the optimal values$ the reduced



peripheral spee8. For thedisposal expansion plants of lgwower, the use of the
doubleflow scheme is most appropriate, as such scheme

manages to balance the radial forces with a simpler and mogacbaesign.

The ways of further improvement of vortex expansion machines and
installations on their basis have been forraad substantiated.

An applied research task, which is to increase the efficiency and reliability has
been solved, areas of ratioregplication of pneumatic units on the basis of vortex
expansion machines have been defined, that allowexi@and possibilities of the use
of vortex expansion machines and units on their basis.

Keywords: vortex expansion machine, experimental design,nopétion,

energy efficiency, pneumatic unit.
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f tetsls 5ydad v S O fmldsdddz’, 1 dg@ g Pdzdzth) ' ¢ COATREY sk ®.
tcsB B’ LiesBdzj des Htodf 2l $dadizv H X &t wlaizv Btz 4
Bdzts Glastf sty iy dsz dzj sBA ' HdzsE L B jto' ¢ OIsd o' H dzt
Yyomls d dzd . L L' wWLCE L ydd3 o H GcdsFks tcOts f
fted 2 dgv Is.pD6. 0. 12
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] Oy dzdo dd3 ¢ j tsd3j Isted ydiaalz dfChecidy) bigdsdiiizo
9L dzZOYyO’ Ckls OIOSd fted odls’' € Odzdz GOL |
(t@R.7). ' Of OL tsdsBAcOIE 2L dgzOdzdf ' HMIsOo ' HEsMdz
tc 5 B tS[BAQOA].

l tjLikzd IsOIs' OdzOdz' Lz Blzdzd o9 dH' dzj dz

- 209 jH O CBdEEea O hedHC' Mis

- 9" HdzsMdzd?2 H' O3 IstA  ATB(Sw @, YOMmlsc
9' Hdegsdzad?2 HAOBFAs(ctc BB dzO
Ckls dzOR dodzl{ tcmPIBf2d)O
odLdOYyjdes H' Of OL tsdz " 7 L d3 dzd :

- 5 TH8 TR

- A BTG

- A m™8ng v

- 8 omuTm" .

Il fdzdo O 4y OO Istcd L OHOs Odzdmw o o
H' Of OL tsdz , o wCtdikz { J tojy'B@dyats’s) s tsdzdey '

dH' OB OIsdzdiPtcds sff tetso j H j dzdz s B Y q fizgzitizts @ «
odL dzOy oW tstc dglr(@B.Dtcd ftotso j Hj dedz' B Ydfdze o C
L dzOyj@zdzy o d L dzOyQeQs "dpvdzed di3d H Odzd d3do, d ©® L ¢
odL dz2Oy®s B dz’ IsOIls’ BYdMmdzt 9 Odz! dzd r j & Mt

t dmkz2sE s 20~ d iz Mmtsf dzO
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] 2Oy g dzdzv  C dz" d = dzj L O dz) e gZftEd BBR.ENR] is ks dzdf
odL dOyjd w¢ d&j dh L doykzh® ° sflsHd4ded d
OBts 9 MisOEEOEZH@®dy @ Mis! o' H §HEO GO
zstf OlstsS B lzo' o dedid® dze(tdsPEO, 218, 2.10). dg@sd dzz dzts ff
Blzo f tod?2 detidd dz?2 (BHR6@RHB,QA0.

Il " Hdesdzad 2 CtetsC dzstf OlstsC o d W tistalz dztsdzO "

“ o
T i

Hi-gdMmdzs o&sf ol

V WBBB] wjlce ' [ oadelzdzs o dL dzOyj dets s
CtotsC dzbf @BUIH dzv o drtosots’ tsLh dJter 9 Odz! dats
fJtedWjt 2ddd3s ¢ OdzOdzts d3.

L tcsBtsls'] Odg'1l'4e] HesMfdz' HY zZo O9 SH Y sis
tesLh s 8 Odz! dzglz BOM dqdzz L Lsods Ndg' d3 1 § te
o' H dzts fydzd of =Q, @7 &H o5 0,122, z = 48,

n

{ dMz2aBsE s 20D d ez dE=d/@GHs C gl 05,0, ¢
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t diz 260 - t sBtsUd § Sidgf tsd d3j dzlsifsda’ fddtic s 0 ts
tesL hdtes 9 Odz! dzs’™ BBON d dzd .

ydmj ae'sdg'dz’ Ho ] diadfiy 2 Yy d MdaR0 dasdf Qfistdssc tc O d30
Csdstf dzj € " ANGEY i€ BX s §f totsloyOfdstsf dzd L ff sf
Cdzh At Od3j steORd o] HANSOD .dzj. 202 fusQ s G Do d
Hsfdz' HdeEed W s B H j dz' L fofsh des'dyt oy Gilsas §
Ctetsd44,7, s ©® yd mdzts dP2,fiztstf @5 8 Plslhl. H O

0.55
0.53
—~ 051 ‘/*‘o/— -
" 0.49
0.47
0.45
50 60 70 80 90 100
V"'E_vm t’'E Toc”to

{ dipets € T R2Odejly dz' Mlst ssr o" H ydmdz

1 Mo dHds, Mt &OSMdEOd ded 5 L dzOUj dz
s Ols8S BB HEte' o dzéC'tc sk n il dpsdsts .

1B dz hj dzdzy i) di@ OdztsfO0 It Sz t=] 5 Ofs dzg Uz
HizHo s sltsydss’ MRjdd kO odetOds’  §5d
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dzj Is j m detsdzts @ ' ydats’ L btsy¢d Ltttk oadcetlsto d
Hisfpdz' Hy j dede? 7 o' Hdesfded 2 Keis.Cl 81z.92 . tod 2 da"

b b N

 dmMkzded? - { sBYFd MR 06 Ydets ™ o ddgtdaisiods
GsLh dtcs o Odz' dgs’ BOh  das fIOWS'SL dztss €' dzr § ' f

]l ets G tc ©d3dzO f izOIsW tstc 3O ANSYS Wor kbe
Cdel Ste 3Oyt 2 des i3z telfisAnds@sds s te dazlsdgdc, tedgth EOfised & §
JEMYJjtedd3j delsiz® BOo Istf dRE I ydB Bz OB € &gy dzts
214). s ddz MOBBddz dz' S Hize Is! iMw o dlsteOIsd w ¢ 0
Hts " dghs8' &0 ' adz IsjCfmstsoadmas WO2d o, IsC
fJtejatsH' L Hdz ' MdMmlsjdzd o ' dzh kz.tedmOc
213. 1 d Sdsftpls 5 0 HsOwe' © d3j Is to d y detizts 3 diad v fsHzi hodHC
ZO2 i3y dzh d i3 BOIjtc' Odzr dgddsd L OlstcOIsOdizd s
slstcd BBOIs d tc’ 9 daV dzdaW tej cted " ° H dzw mis
BOGOL sclssCtsodrn odrmrtesodnrn totsL " dte¥ o Odz! dac

hd A 3 8 Fluid Flow (CFX) (1)
— . 4 [ R2 0,224 =
4 & FudFow |
= ( 5 [ Rgh 0.013 m |
2 Q) Geometry v 4 5 B 3 betta_y 0 ——
[ ( -
3 @ Mesh v 4 7 b P fis i degree 7|
8 f’p P10 alfa_ns 50 degree j
4 @. Setup v 4 [ [Pt alfas 3 degree v
5 Solution o, 1 b e rs2 0.004 I
1 b r20 fiot_n 8 degree x|
g @ Reslts v 4 2 [ fiot L kL] degree x|
—=7 f)p_J Parameters T 1 13 [ r_out 0.01 =l
X 14 f’p P23 delta_L 15 degree j
Fluid Flow (CFX) 15 b e30 delta_bettal 15 degree x|
16 [N betta L1 35 degres ¥
E’p lew input parame ey lew name n
18 |E OutputParameters
'] 18 B 8 Fluid Flow (CFX) (A1)
|[pJ Parameter Set | b Bl P28 eff # 0.3754
pd New output parameter ew expre:

t dMEz2AB T d Mis j o t dkz2aag Cwdzls j oW j 2 fi
f OtcOd3j Isted yd Outline of All Parametersy € O
GOL SHJd d&zOd3' ydzts @ HsSLosdzw ' ftoOys® o (
Flow (CFX) odnm Hdzdd3d f Ote(
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24) &ZzOdzz o Odzdz" ' GhHEFBdGPEBE ISR L Oy’ 2 d

1 dzO dzlz o jCkdapHY | tc d5# j(Okidn of Experiments): d3j IssH d ¢ O,
LOMlssmMtso 2’ s+ Mw H dzw o da =lzCRL fiidztc d id3p idAas @
f dzOdzlz © O dzdzy  j'C fplfCititelel d3j ISidsets € dzOG28 " dz W
HSLotsdzdIs! tslstedd&3OIsd daj sB~ ' HOzz ' dzgW StedzOyY
SOC Y ' bBoylzz@EdGsH j d ( o' o dz¥ dzdk? s tisq iglecQ
dsHEZdzZ" ANSYd obeastiigonn ,E xCpteH @3lzdigts ¥ IsiA§ dptizdn) ©fdaci
cotlkzydzze, HBMskzf d dOMEzYy d' § dzOdzed ¢ tetse

1 Central Composite Design (CCD);

1 Box-Behnken Design;

1 Latin Hypercube Sampling Design (LHS);

1  Optimal Spacd-illing Design (OSF).

Central Composite Design (CCD)

AJjdzstcOdz! dzd 2 € fcdg@ERL .ff ybRUHRBRBI2 wW<C- f dz
L &zt d&zO, ‘ f' wisdtc" odzgj odd3 HicsBsoaddy WOC
wWChdsOlsdstsh j dg'tse jterndzj ¥ Htotkzetsets §SteWHCEZ.
odC tsted MisisHadl OHO@A'c'ts i3 ssHz: s d i OEaEP 2 (
(inscribed), O OCtYy yYjdlstcOdz® dzd?2 ¢ 5B &
centered). 1 20y dzdzv , w g CsHEE Is! Mqw
ftoj HMIsOo dzw ¥ Is'-Bjwl , &z 0g d c+tddW, H " +1[U]+ 1 ]H jo ‘tai tfot
9 jtends 2 dsp D Pls ' BimSy 2ZMisd digd 5- UL dzO+wy j d
o MisOdzso dzt ¥ Is! dzgso' BBy Hddzw Cjteso Odzdrm
o' H Isdfkz HtsMd HYEZoaOdts™ BBHIjEZ , O ISOC 5

| HJSE dzr €O ot 2 yYJ dzZlstcOdz! detse 5 € 53

Circumscribed CCD. A j 2 f dzOdz ftetseo j Hj dzdzv J S MY 4
oJtefm' ' & Yy dzlstcOdz! dese s S sBYBLdY' 2descts
Gjdej 8Oy = HOdzdn, dzjaskifts H edgi® 1y aftiich] ) diflz® B d
Ldg dedzets’ U L O@oayHd fted2 30 Is! mw B dg'j dafat
CltecsoaOdzdmn (OO Istc’ o odrBHWIs! L tsB dzO
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fjtejStsdOlsdmMw o sy ddotsfls' ftotso jH, dzdaw
f OteOdj stcO -tgP &' dlde & J[i sdsjlstedudsi 6] H
CjttcoOdzdr § O@ENEAS & H Odts dzO

054 e g

05

t dmMz2Aas 8 dzOdz Ci rcumscri bed CC

Inscribed CCD.1 © o' H 3l jetbeztm j t6fy" ° i dzQ,dait], t
oS stedflssalzys Is' v w¢ & d2 BOdz dg ' RO fie
sOC0O L3 dz0O off dzd o ©OF ds® d3tsthtg A 5 tiHs ds'teg® o t©
Hsfkmlsdddn L dOyjde . uvOSdd yddesds, od¢
o dMsSlk Iksyds Mls' EsHjd s' & ¢d Hdv yj
on ' nHdzdT (OwLOdBjlste' 9. | jodjlstedyda ftoj Hi
f Otc O3 Is WZ0o toue®)lifEzS

t d miz2iA64 dzOrerribed CCD
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Facecentered CCD.1 Odzd 2 § dzOdz sCtej B3 o d 1
CoRfsL gy’ 2detséts  dzOcdzlz, Hdzv WiGstsd tB das dzO BjH!
sOCdd yddesds, ktsySd ftesjSlskzo Odzdz" L OHO¥
BEwW Cddid HotsdBO WOCKksLOdRd]. [ d&v HOBSESE
fslste’ B dats L O offHOSFAEIs zls © A O fif 4s4f O Is1f dig@ § j dz’
CjtcsoOdedr § OwLOdjlstc' 9. A jdlstcOdz dzgd?2 € tsdst
o st adgvdzdz L | nstctsts beediv dBES Do dyd GjsoiiteH qrvfiz]
of' *° tB&OMI' HEY ki deddd®d Yz dshigils & G
f 55 Bt tsByYdhdzj dz' § & @H th O laydzts citls * otc ' o dzv d
ftojHMIsOo dzj dgdz?  ZOdzz H 2V IsZI7tsn W OC kBt ¢

t d mMz2AEQ dzO dz -derdeced CCD

Box-Behnken Design

1 0 o' HA3 dziz o 'CHts d3ff jtsdzlsftoyO d2! desssetss i gz @afdo,
dzjd3* Misdls! o MmMtsB' 98¢ dzOH j dese s W Of eBdEdzsE
1 dz0dz ' Itedte adzij oddz, VY4 L EZOYO 'BEBO tc ' Cotaly
[(1, 0, +1].+1] osfCRtedMmistsalzsls: Mw w¢ &' d
CjtosoOdedr T OLORBIite 9. uvsysd ftesjClskzo O
tetsL sOh soazo Odzdmw o yJ dzlste’-w Qedi 3d] teH 8 RO W@
lted to' odisMBOL g f paR'dz -1 (b G2l @e@@ B * dzr P JWJ &
f stc’ odzVv dats L YyJ dzlstcOdz! deddz Stsdi3f sL dy' 2 dzd
odStcdMmMistsolz’ Is! My stef tcB SHz! Y dzfCs8. 1 Is



75
ksysS ftosjSlskzo Odedz? L OHO' Is! MW de'clig dz€ § tBts
f OOl Iste' 9. 1" Hinkzlsdz Mis! oC dzZOH Jj dzgse s W OF
HOdd R, WGChits Hd& HBMAE HYkZo Odts’ BHJ &
HiSL 8 sdzW 8 s ftesotsHdIlsd JS¢Mmfjteddij delsd H dz
Ctsdse * dzOy*' * ¢ 3O ¢ figy] O dBOdis dis 6 5 L dzO y 4 dzda
f OtOd3d steO®. | 6OV " ydaj ¢ tegH Ms@SD Isidg tdzday H @t
2.18

{ d 28 < dzO dz-BBlmken

Latin Hypercube Sampling Design (LHS)

Latin Hypercube Sampling Designy j f dzOdz {f jtcSishigt]j jHtg cflzldg™ dzls
wWeslie byt d ftotsj SClskzo Odzdzy Mmlso tstes 8 Is+ fmw
oHEME BdzOdzj dats & 9 J e’ “sOtc @slze s 1 dls dyzd ¢ fdAs dzl®©

mMCkd yd dz stsyss . [ Odzd 2 f &zOdz f jtcj HB OY
odf OHC o ddz& g Pazts @lslsla) ActsL ISON s Odets” o sB
LdzOyjdz . vydfmdzs teWH' & ° MmMbseatfy' o M ¢

stsy<d ftets] CIslzo Odzdzw dzd B 2Is! 30Is d t
Msotstej dzdzv HJj ¢ dzo €8s byt o tsH sz dztew
HOdtse s ff dzOdzlz ° Is J , hts o' dz dzafj GOWLOdzsSE
Hsf EmMisddddes L d2Oyj dz@, BOSCdd3 yddesdz, L O9H
LHOIsdz] 9 ' H B ddsldimiyts HgQlz'w € sMis’
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Optimal SpaceFilling Design (OSF)

 Odzed 2 f d&zOdz f j to j d3® M0 dy'ls detts togpidadar O tizy de
stsyts¢, BOCddz yddzesdz HsmMw EB8YBL MY tetsy Gztstz d K
sB dzOMIs® HfbkMisddddr L dOyd d' . 1 zO0dz AQSF
f dzOdz “LHZ IyvfPWizL HS, f " mMdzw fjtcj o' teGthfydd
SH sz thisHslh fQBE s M IsCd, fHtesoatsHdIls: Mw dBOC
BB s Glsted dzOdzdz? dzO2B " dzv W 6" 9 dzsd3 Lz G 5
oddi s 9 Odz ftso' WL Odzed R L WL dydzsd o&3d
fese j HJdzdz"  § ¢ MSEaPd3] dzig k dzls eda@4f ez 2 ¢ 5431
M ow iBs o O dz' dzO L ©O9 H O dzdgv Istsyts ¢ ftotsj Cls

Hsf EmMisdd3dr L d&zOyJ dz' . sOC wC 9 Ctdif' sy
ftosBdzyg &3d, § &zOdz OSF odCtstedmilstsolz’ Is+ MW HC
ts Q) Is Hsf Efmilsd d&3d ~ L 2Oy 4 dz' . [ Odzd ? i dzC
Pl st dzOy " HOg® s dafsteOpticalsSpabd-i | | i ng Desi gr

iWiCkdodd?2 ftd LOMlssmks Odedz’ S dzOH dzd 1
oS BstedMmistso s Is'  Ste' o dzg¥ datlz 0oQjcede'S, j A S
Kriging, dj2tsddz HBitiy' OBt dBBJIstsH dzj
BO' dagjHBsd Cd §&Odkz LHS. 1Jj ‘Mz’ cOoto
Mo ttej d2 dz0 CtStHBROS B &OMs' HE{ kMnlsddc

rdzv  ftetse j Hj dzdzy j Steptft) st s dilf s L dp 2 @iz
Hiczec e ts BosBettHitkkze f Det# izOdez, -1 &R &GS, [Istsds
hs fste’ odgV dadgy tetsLddzv dzgzlsdms odh j o dzOdz
BOIs BisH jdzzOda jugEsRa@ER B8 ' dz W I W j Olsdsafdzd o d § O
oS stedmlste 2 Is! fywy stz t§ O Bxihc]lsedsAa dsE o d f OH
ssyYysS fsjClkkoOdd LOHO' Is' v d3j dg" d &5 -
f OO Iste' od Yy 12jifHOd Sc st § Y 8§ O &
ftoso j j Edgdej ed o3j dals L yskdtdO % OSCIststOdd
Hsfpdz' H' @ Hts 273 dzC ] degOdz' 1 5 OMB d dzts® ff 59 dzts «
Hobketsets fBEYHSE, wed2 LO MmlsOlsdflsdydsd &
Yj EstcOdedglzts L d ' 2 &2 Stols e 220 ez@dzd . ks O
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1 O HOdgdzY Bflsddz" L Oy~ fodwe0O' o L dzO
LOHBso tsdz! dgv ¥ Yytsets tsB d§jOC jlstsdaw ®,j 11O HOdEBdzdz™
L dzOyJ dzdzv y' dz' so s’ W AcizCondeV' dz!  rtaigwe tetp B)tc d d:
f OcOd3j Isted Yyazf € st ED o Ooa MW Of OtcOIls toj G
§ dzO dzlz § © dgd'y to §oE33Nzls Iz

tdetejMm 2IBOBEBEyyYdd?2 &jIssH HEMdz H:
Hy G ' dzt S8n dajLOdziydzdm L d3 dzdzedrm dz2O L Odzj
fteseo jHJ dedgW f SHzp ®asE SH dEzOdgO Y &£ dz” Mmis K
ftotsy CSIskzo Odzdz?y L 5B dZOMIs” Hstf EfMmilsd d3d = L dzC
9 HB' L dzOyj dedz? Ctodlsjte’ " o tsfflsd dzOdz dzts
mizzy dls! Hdzw odL dz2OyJ dzdz? oL O dBsL DA UsWO dx
2O hmdse BjLdk Yy byttt ftosj Clskze Odadz" .
dzOB dzd ¥ § wzglzt Mis O dzw * s+ Mw Zh so dedadZis’y * f @ diL ¢
d MY Jtod d3j dzls BO z@ ez p @* Is

[ dzv Wz dz§ y ' LodzQde!Cdzsclis 6 J tsd3d Is te d yddis[ d3d
yomlsddzedq ' odr HdddBBd HOJBd BERO tsBtOd]?

»

=] 1 =1

i= =l j<i

[ d&zv f sBkzHtsod CoOHtOIdydes™ dBsHjdz'@ WE
dzj L Odzj ydzgdm W OCktste" 98 wC B dz Bk de® Ists
ytslsdte! sa WOCISBt' o9 deds Is8el Sk s fipdd daldzl ~dAs 1 51
Mty dedzr ¢ dz Ctsfyls’ HBMdz H'jodzChj oEDs  LsAs
we BRkzdzts ftsCOLOds odhj, otsded Hdzw ytlsd
LdzOyd dzdzv St W' y' ‘" dzgs® 9 CoOHEOIdydzse s |
HeRddls OB dzd YW 2. 2

L byt oOr §d&zOdzz L H' 2Mdzs 9 Odzsw ydmy
LOMissMmMizeo Odzdz? &3 f tetsG tc Od3dzts G 5 Ctsi3f dzj Comkz
ffEcLrR. & d&jssHldSB8E smis' odm' Hdzdr HOdzd ~
ftod2dwils' : fwsodzd?2 Isdme¢ *° fsodO Isj B j O
L tcOn2dzC s ts5° 5B aZOMfis€ 0. ', Ig tipks dfsfimyG © ‘Isls ‘dtgw .
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LB YdesMls® fwd2BEO" 5! MY HERHJO dRASOIEES jdmsi

sj W'’ L dzOyuj iz Oeethy wj Hh&lsdy Mls! o j d&zdS d-
odr "  Hddr OO Istc’ o .

v OB dZd Y OB yv  dzOdzzo Odzdzy j € Mt .

S ‘ alfa_ns ul dphl dsl
1 30 0.10 0.09 0.38
2 50 0.10 0.09 0.38
3 30 0.20 0.09 0.38
4 50 0.20 0.09 0.38
5 40 0.15 0.06 0.300
6 40 0.15 0.12 0.300
7 40 0.15 0.06 0.450
8 40 0.15 0.12 0.450
9 40 0.15 0.09 0.375
10 30 0.15 0.09 0.300
11 50 0.15 0.09 0.300
12 30 0.15 0.09 0.450
13 50 0.15 0.09 0.450
14 40 0.10 0.06 0.375
15 40 0.20 0.06 0.375
16 40 0.10 0.12 0.375
17 40 0.20 0.12 0.375
18 40 0.15 0.09 0.375
19 30 0.15 0.06 0.375

20 50 0.15 0.06 0.375

21 30 0.15 0.12 0.375

22 50 0.15 0.12 0.375

23 40 0.10 0.09 0.3

24 40 0.20 0.09 0.3

25 40 0.10 0.09 0.45

26 40 0.20 0.09 0.45

27 40 0.15 0.09 0.375

dbHjCoOld Mis! tltediOddr Ol j &OIsd yd
HEf Bty ©oL-CRIREZEEY sSesh FuO, wCd2 st
L dzOyj dzdzv &5 fted fted2ldwlssd@z to' o dz L &zOykh
' o) d L dzO59Hh sfls’
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25 1 j L Zdz GGt Oy ' 2 dzgd B Huf fg Brlesh i f tizls ts et

Yomls d ded

I ntsfibdd3’ LioOmM&dah ) dzizoH GaEf@ Y sHsors f Sis 5y ¢
ftotslstsydats’ yoOfils d dzd dzOo j H j dats’ ¢ to by dzts
Lsodz hHE GdiIplsticO® wBsYyYysets Ctsdzj MO
H'  OBj ste® M &z0 ds 'nif Bl @ sd@T @ daf & i)t f @6
Eslsste® n /Moo 30 &8I Klgds = 4 S dz B j ©OEts"
Up A =293s U Zdfic 59 j HJ dets j2dZ2' HfGRdydz ta' L dzd = MYT ° o ¢
fjtejd yjddrh HBMd HYkoOdd: §OLO®Ists’ o,
S jteddgjdask, LG Hdzs kOB ddYy' 2. 2.

10 tjLbd kOOBd MisOlsdmlsdydsts O tzd BB

D;phy H‘

odL dzOyJ dz Csi W' y' ' dalsd to' o dgv dz toj ctcj M
codzsoddn jWjClk'as ° jWjiCl'a oLO BSH'
o' LOd dzgj ftejHMIsOo dzj dedz? z@2B " dz' W L dz@yt

ftotsH j d§ts daf s to tste O

(2JIL) F
(3pdphliL)
Uy F
(11alfa_nsil) |
(4dsliL}y b
1Lbydl |
alfa_ns(Q)
1Lby3L |
dsli@) F
1Lby2L |
3lbyv4l
dphl{Q)
2Lby3l |

2L byl

t d Mk dtsq ' 2010 B0
Wb dzC effi @ H

DW: eff

H'O0Gits@ds 4 O tatgOls s ' f) . . 12, H

s 416355

|-5.53234

|-5.42225

|5 404524

|3.032692

|-2 85726

|2.183538

-2.13882

|-1.518

|-1.463

| 6884621

|-1 4267

35
18
5

F -3646064

-4.51482

p:

05

L ZOykh sdfls &
OB Ols dzq 2

(=R Iy dzdzd
SST



v OB dzd Yy J BB Isted ydz
odrtcso dn

GOL tsHJdzOd3" ydz
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g

el Oy @Otz dzf Bz’ SO O] i lsdd' L

o= ) = =~ 0 EN
S lwe| a2 | 2| 7 2 |38 B
T T < - RG) — ) Q o o '3 a
I - -7 = 0 B 0 NT =~ =
1L BB ST | §o I%Jo) o o} g 9 N g
fesls oF | a2 | 0F ) P . B | ag
< %) N T 8 g
Yomls f ’Eif-_‘} T = w < —~ S8
alfa_ns, Mz, Nv,
Ul D, dph, ds, B0 slr L @ C s
1 0.1 | 0.279| 0.025 | 0.009 30 0.23 10.6 3.3
2 0.1 | 0.279| 0.025 | 0.009 50 0.32 13 4.08
3 0.2 | 0.559| 0.050 | 0.019 30 0.395 | 60.5 19
4 0.2 | 0.559| 0.050 | 0.019 50 0.41 60.9 19.1
5 0.15 | 0.419| 0.025 | 0.008 40 0.452 | 13.6 4.27
6 0.15 | 0.419| 0.050 | 0.015 40 0.42 49 15.4
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