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ABSTRACT

In the introductory part, the objectives of the doctoral dissertation are given, that is, the study
of the process of applying the unconventional procedure of explosive welding -@loghool

steel and lowcarbon structural steel and defigithe methods for determining the quality of

the resulting joint. Basic hypotheses from which to start are given. An overview of the basic
methods that will be used for the analysis of an explosively welded joint is given. They include
analytical methodsofr analyzing and processing the obtained results, and experimental methods
with the application of modern measuring equipment. The potential application of explosive
welding for the production of industrial knives is indicated. Having the right cuttirig 1ol

help improve processes and increase profitability. In order to obtain a quality cut, the knives
are made of suitable material for their purpose in the industry. The potential advantages of the
knife obtained by this process are listed.

The second ftapter deals with the theoretical aspect of explosive welding. It describes what
explosive welding is and what it includes. A table is given with the combinations of metals that
have been successfully welded. The calculation necessary to obtain mogtarttineters for
performing the experiment is also described, with an explanation of their importance.

The third chapter deals with the safety aspect in the explosive welding process. When
performing the explosive welding procedure, safety must be sttadtbn into account. The
calculation of the critical distance was presented, the main parameter of which was hearing
damage A short review is on the calculation of the influence of the thermal effect. A rough
estimate of structural damage from air blastgiovided using empirically derived models
based on accident analysis, testing and war damageQdhaéa potential hazards such as flying
fragments during detonation were not taken into account.

In the fourth chapter are presentdite necessary preliminary calculations of the explosive
welding of two steels, the calculation of the critical distance necessary for the safe execution of
the experiment, a brief description of the explosive used and the accompanying equipment. The
proceadure of explosive welding of spring steel for the purpose of preliminary testing and tool
steel as a final experiment are also shown.

The presented experimental-sgt also includes theelectionof starting materials, explosives,
electredetonating capplates, box elements, etc.

Cutting and removing the oxide layer of plates, forming box elements with an insert for an
electric detonator capsule. Provision of tools and accessories for field conditions. Providing an
adequate training grouridr conducting the experiment.

The fifth chapter deals with the description of the measuring equipment and the way it will be
used in the analysis of the plates obtained in the performed experiment.

The sixth chapter deals with the preparation of samfplesarious tests such as ultrasonic
defectoscopy, Xay tests, metallurgical testdiguid penetranttesting cavitation tests,
mechanical properties tests, etc. Modern measuring equipment was used for all tests. The test
results are systematized and prged in appropriate tables and diagrams. The mutual
dependencies of the results of the experiments have been established, which enable a clearer
picture of the parameters for evaluating the quality of the achieved joint. The results of the
experimental tets will enable the creation of conditions for the future formation of a numerical
model for the application of the finite element method for the simulation of explosive welding.



In conclusion, based on the obtained results and analysis, a short disotifsson was made.
The contribution of the dissertation is presented and the limitations observed during the writing
of this work are highlighted. Future directions of explosive welding research are also presented.

Key wordsExplosive welding,explosion,cttical distancepol steel, spring steel, structural
steel, testing.
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v OB j dzZOMB o Oty ddaj d dERUISIO PO MY s° jdzd» J C MY dzsL d o dzd o3
(Blazynski, 1983).
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100 @ Ofgdff dztsyJ , HE@RdEOR H j BOLandz{Chen, 201y  80tsnm (Mahi,
2016)) slsjh C€ts<j LOoOttdo OBBGCY Sgzdzi B d dxg BB E B d
Efstej Hdo O MO OWRY dzdlskzH tydzsf BVO@AfiQ .d dBsyj Hts<d H

) O O patzgjyy MJ Bsclz Mmj<d d CtssdgadCdspdadflytus@d" < j
sSBWOH] . § bislekd BH dzs 209 BizgzdAESH 86 tcOH ¢ (Cori gl
qdznEmlstcd " d L O dqLOHE Stdtcjddn, | dzj € Iste@ ydzd -
fsmikzui dJ(Npdetdgddz2028), (High Energy Metals, Inc, 2023), (Hermetic solutions

group, 2023) € ftf dztsL d o dzts fryj O dsCEf Bl B dicj f Ot Oyd " & f -
smtse d dz0 M d & &z Gissk@73d dzd yd dzd dzn Otc ©
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vy j uUsQ@ wmedndgwsn@iw@rossland, 1982), (Deribas, 191 tc Odzd y j dets
d&z d Sttdodds dzdded ORBO C Ot Nhilsts f IH tetztyd G OL
g @@ MOdzs, dwstcd® M M tshls Op e dztaG@tsh o
dge OtcOCIsjtedMmlsdc O jJECMYf dzsL do O.
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2110 B'fls j dejo j s sfls Oo C j

VU LO9Odoe Ok JSCMfdksLdotsds Ho O { tcd 3@lBaEBki, f Otc O d3
1983), (Radiil, 2000

I L diz® QEO@EBEEEO HO cjdjtd"j ftdsdmOc, C°
9 | < lzOHs 2O dsijluBI®@ j <d 5 ot j HdzsMIsd BO .C OwLOS Is

VGO EEA®OWO® HO ' jJ didded B8Odzdzz o tej H dztsMils, M
HSLot? 0o 0 kE<d dmlsdyo’ | H§dad" Qs s¢ Mds 0

lteLddzO EHOtO d EkEZcOt L Q@°FK)HddEsq & ssHtftcd té Qedz jlzdzdejtc L fdtxis
BioL d dgQ) I[SCOs dzls OC‘IsjO B tgLHJdERE OH j stsdzOyd “ j 4 M dztsL do C

R WH tsfls dzf| tej tc Bladyriskj, 1983)(Vaidyanathan, 1992) j { ts L eda®isdsdz@ Ols © y € |
MzH el tc 0 Wil g&ZOsmisO0dzd SCtedlsjted Edidd flsd B0
Bdlsd LOHBoB? jdd dMmlstotj ©3j des. [ @B fmi fiflid tztdz
Eidzse L O &b zdzds@@nio (Sh&pa@02])Jindrich, 2016)A stcd3d te O ¢ j
BzOy OB dlsd EMf jhdes OCts Mk dMmf ¢ jadegdAbtatgmsse d dzO
(Abrahamson, 1961) tc | H dzO < figdzplats nb ddve, d3j H dzCLd dzO

) pT[T— ) (2.2
p T

Lo OF @ ‘HigezzdQEO j Is S C\GaEOE B OB d Is d @ AL O LEHEACED) ISzt
f dzsidg j KLOBR H35 L IEAg @zd-b' @homi, 2009)

10 thdselkz L OfOkif E&eLAEEBio) © o} s O zOBlaz@ski I & H
1983)

oL dHzj Is s dz@wdff dgo BdEdB@® C 5° J L
HiPB(dzj , cRINSHIIPMY dzsL ] ¢
cOMmsts OLOf s®P d MisOkdys e

b
1 5o th d dzf C /3t O B0 Bsdisjdtc  ©° O dZO L B f ¢
i udmss<0 §soth ddMSse MAs: O
dL a&3d ' & Ho J¢ lziapils d o ded d3 BdzOL 5d

10tcOd3j Isted ftod L OoOtedo OF & j ¢ M AEss dtp tisalds Mipkzdzj d3 j dzdf
Hisddgls HESBtets ©BO' j dzj H O BHsle wigBO ofif @t tdiff) Is<gfs teeOc L d dzO
<j Bdld tE@so@igg@PCty] § dzsyO,H jBOUERO] f ¢ toj Isdzj
Bs Y | HO Ekilsdyj dz® j slitcL @ ez d dzl OB QP Ils s dzOyd “ § Bs G
59 j <Ow PB 7 didzii SipdfsitsQ d o O.

de O° J dzj ydfmlsts<® dqL k' 2 fdztyo <j stcO" ©
sMisOo € tsd3 Ho_fr]J qsqdzqmg@mmpsqumazgogw_@m
OF gL dsEge © M) sBjLBJHd] 5 dad 5OQAO] Hij b 7
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2121 L dd&ZO EHOtO
1 tedlscPlip@ds o Otej dz & o ORisaBIIEOIs j tod * Odzlz  * j

0 " »JIY (22)
G Hijz :
J-f sy bdzO ckzMmlsd dzO RBOIj ted  OdzO
u- S steO¢ St dd3 My Yisodeh ddzO@ H j W sted3d
U-BteL ddz0 HJj stsdzOyd sdzisc I5@ak0O fi) @ EaedE dzd d3y ssOU0O . 1
t OHd BYkzo O O EZBttLO 0O St ] MAJBS W@ O fHipHEH CdalD
BtoL ke d Isd M OC (Bialynski td@B3) " J
5 5 5 " ("‘TV
L U0 U T (2.3

1 © Mmdzd ydéRa= @pi=IPQzUe=U) MC te O <y dets |

5 Py (2.4
q
[ B St | s 1§ ) Boe QOERadi | ), (Vright 01967, ¢ H J ji
CoOL d Mnis@BIEE@ES &Y s dals § , b ] AB@B@IET U5 W Q'
fdlsq oA ® [hGEPHEDde s O (Blansk, aB3)
(1) ©OL &dudlsd’ GO0 &6 ©dzj dzis P
P S - 259

(2.6)

GHJ: " d

Ea- Youngts a3tsH g dzOMmisd ydzsmis 4 BOIsj tod ° OdzO
l o] HAddBfIs] GHttc] ' | D EHO@BUAS T d3j tod otcj Hdetsh <k Bis
RLicOYykdzOIlsj otcj HzEMEdsL Qo BBIdayrOls, OB tsH

l soteh ddzj MEzHOWO ftsStejlsdyy d dzj f s5Ctejsdzj o dzts
SHBOM <] dzj
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HigSBIS@fte L O Ots.

feyj?ds HO M JSC¢MYifdsL de ds ifdO Qi) M
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2130 COBOEO® KL d ZOOYS ] Stdk0OCkO

sk d ete & cteOdzpmlz, H d dz@Bgkd R ¢ SHIsBdzED, J MYy J tc
Bahrani d Crossland (Bahrani, 1964)} tej H dztsy j dz2© ° J HT O @i Y@
G tc Odtsiny OB &z dzf | a darfaipd asBd O9? jdod Y sHOYd M 6] dzjt
otej HAsMIsdBO. 6K ] d HE ] Zo0cdhrdashisd | §Euls b det
ot HBMIS ( &Aded | a dzefdie(Bahaanidl964) j Mt j SIsdo dzes, HEBEC M
fise Otedzs e H d daBtE3E{lz ¢ B¢ tsdgs dz@i t is ¢ to &YW b d sfft{dfscio(d3 O
(Kucera, 2016)

lteLddzO OYSJy EZHOLLO dBsttO Bdlsd &BOT O tsH BteL ddzj
L Os Otcd o OF O, &k ' 2Isd s, BtoL ddzO IsOys¢j EHOLO diste
LoEZCO d EkZdzkzlsOtt ffmjd O00ddEdsO dd tatgiusd @®@de Of :Ots jj Isdz
Cstedfisd. vOCts' j Mj uddd, HO dzj $d o3dded BOdzdzd H
Co¢ts Bd MMy ftsdLe jdzts L OsOtcdo OF j . O B dzdIskzH O
Hd dz2O0d3d yS s ke dzO HEts BHtoj ' J dzj< @tgjdp ddsdndz@ @ dgtf dzg
MO " j (Vai dyamathiamzzyy®9®) HddOBdyscd kcOts
8A L O uJ dedfldzOulzddedi®f <zj f tets dlzfipdjdidds disda@us@ Ishg S to <
dmtftej H Is O@&zynskn EIBID tc O

lteLddz0 SOOI EHEMPe@®O f sdzOh O j] ddzOL O d € ©dz0 y d
dCts BUESOEMHH OtcO f OHO dMftsH BHtej ' Jdzgj o©tcj Hdetsis(
fsoteh d@OEO § sMisPPojOBf @ tOdEr §j MOHLY Olsd Ctsdzlsd
dimistsy ? j ded Mmdzts® , Cts'odfs’ ©p Ol s s Mifi ®lod] <idPtaz Hj js |

sCMmMdH O, Cs°" d 4§ f tco sB dlIs dzts dfCe ddf)ilAdsCad® SO tso3 tsiydjdzdn
f stey .

10 MejH S dd3 BteL JdzOdBO £ IOYSd MEzHOtO f sdzOh OF §
MisOB d dzOdz Is O d&zO ) dzq dad B f Oy JB FAGAOM df d3® dedzO } o tc fgls f KO |
Emdzse d 3O dzOMIs O § sy d3] el ¥ & ¢ Bdffadsedg | Is dzj i dzts 1
fteOo d dzded &3 sy dodgtfotChitgiidh ddssz QLAY Biph P u Pl BB PEzO
Ny BOs Mdse SH Odz0 SEzGap) RGO Y d ¥ @ & § 1St o @ dzo

Yo sidnt s @C ' § SOdzGBezd WOLHO OL S59 J T Oyor° j f so
C ts dzls BRadyr3ki, 1983)

OB dzdlszHO ISOdZOMO MFPls RFsWPpF ghigdedy O O tdf@s odj/ d dzd Bt
ftoj C s<Offizss ] Ot Ok @Mils Odzls dzts BtoL ddzd IsOyYe¢ J Mzt
dzJ WstcdzddtcO' 2 ddzlsj ted3j IsOdzdzO < gH ¢ Tc § & @&,H (AEEPdzE ) dzd
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s)d HOLd " Oy Mt joj. <Jdjs fisotgh ddddils dL AejQ tdizjdd
st ‘tc] IsjHsthighsk |s megP daslz B d dzy tSls o B SAY As@ E @K 9 toh
OkOMAzdlsj tOktcd Q) f)O dadw RPeiaH ¢ ? j dzd WwdddiSd Wy dzc
HEB gL Qrds o 5400 O &zt Is j(Blazyingkis1983)

[d" kbdd, ®&OCMdBOdd20 ofgls Qls fimi¢ Os s youelass tof sfylsdy 4
LsOdzOfnﬁgff]lSdSQBCBZ»Eﬁ]dﬁEOHO “J BtoL ddzO <BOWHA jIs fHza © jc D dzs filp
i o tchfdafds O ° (KellerA968§z@/aidyanathan, 1992) j W d dzd GO {f to j dzO L dal
BtoL @ tc jdzO Ls Iz tc B Iz dzp dglf dz® 6. @bfvanis f S OHL G B toL d dzO Mz H
LOoadMmd ®H Hi]' jddr Mot MisOB B MHPISOE&OtctBJ dO d
Is j tstc ¢(Blazykki, 1983), (Cowan, 1971)

(I

©c 0O
w C— (2.7)

GHJ] Mmk:

Re-1 JesdzH Mtse B tets
H-lso tcH tS¥idBergfot® ts° dn< Odzd
FJA-f e HMIsOoa? 0" £ ftsCtejlsdzk d MsOydtsdzOtedzlz f d

‘s dzH s BB $5'd SHEEO OO Bodde ot Hdshsd

|

10 BBdEG] MO §O0wLOd dkasd ¢jsdjked‘ t&MT zeL d 60
HO BEkH] BdIMCO sflsddOdds’ sBtLddd kOYS] MkzHOt
LO ok BtLddkz, JSMidsigdtHodkl §hEhaigsc 2 & ke ik
B dzs ¢ dz2O " Y JerEIORH " £ § s5Cto] Isdzj fHddseid dndd SCisfosiftyLde
BlldzO ¢ ¢ 5 Bd, M HlzE] s inksdmOideyaztstetgs)daddaekd20 ME B dzts ¢ J
By j MBOS dlsd d ldzqBladyiski, 1983) EOE®@dd % OCkssted COs b
d ckfmisddo Mo OCH j It dsupfiStdily ] Ofpd ;50 C(Blazyfiskifj L Os
1983)

uisf ? § ¢ d3OLs;ts«ﬂ3ts®dzOQﬂ$JGq’ﬁ]lsq’lsd COots sMhmdesa © L O (
jdzj e d” IZHG)tc;BOtGLo[d/;dmqudzoquN@dgtﬁBJLm@njsmOﬁgsz tc G
q’LOLq’9<0¢jtstSJd3U4tGOlslztGJ hilsts L OEkLotOIls &Y

L O9 OtfeteialiitecP dzts o j 5O BtGLc{d3 :dzo d ¢4 . v tedstsW dL
M3y M§ dzO B ' Efteshiststelz, CPOuUC td [ lipksd yixfstsdDisjd s st dsts
FftcOo? Olsd mSodd ftesyj Misds. kEu®®dzj L O tc R3O &zf) d (k6 Eztlzlp
Voz Mdsd Mz Is j te dsd u S Wifman{Gapenkgls ®35P H O

2.9

G HijIz

N-C sdzfnls O dzls O,

Tm-OYs O Istsf? j ¢ 0,

K-bsff dztslsdzO@ ftetsotsH? do sfyls,
Ch-Mf J yd¥W d ydzO Istsff dzsls O,
Ve-BtoL ddzO@ IsOI€j MEHOtLO
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C-dzsdzG d sz H d dzOalizde® & s dz® das y 2z

J-Gkfmsd dz0 § sYtej Isdzj f dztsyg

t-HjB?ddzO §CtejIsdzj  dzsyg .
L HsMbkf ddd COHSKEEY] HBEBJYE O diatpdvis2Plop toj H dats
(Deribas, 1974} 5 ¢ OL dzO jo @Pdzd g i O@OdEQ s ©%. ¢ &z& Istfdigs u |

Vo 'd o9jtdBO Ijhets Hdtej Slsdes L di3itedlsd LBEGE BtoL
s dMOded Mk ( RathDh Bl a933)(Smith, 1971).

ANtz dzO s0OC ' jls jzte @R Mrgelka, L 2dle  Cbsls ddg@ IsdetcH

L Oo Otcj detsc MY tsdz®, B detp(GipsiaabtZ@®Lj H dzOyddzed 2. 8, f Ot
Ndzd * §  teijj WofLozgtstpdz dzd udilsd d3 dzd s j O B telzg dso th a tizts §
9 0tcdtc O 12,0 ¥ dslj(Bataev02019).

[ 8° 0 ¢ wWwoded dgdf) sy § My BBy dobldd nga@RO f26.dE OL & |
HES £ ctOdsd Yk (Ghemi,2me)Batagy ZD19)

2.9

. @ "0u
OOT—T

GHJ] Mmk:

b-EcOts EHOWGO Bk MmMisjt Jj dzd KO,

Hv-lIs o tc H ts ¥idBergfste g & O dzd ,

}-6kmilsd d&z0 d

ki-B jJLHdA&] dzL tsdzO o tcj H,Gesijds Hz L6 @eOfihfsipDighd
~tcOf Ooasmisd § dzsyO.

214 [ HdesT) BOMj JjCMydsLdoO d §sCtkjlsd 1 d

mj Ai2@010,2 . j j STy jteddsi delsOzdzs BHiej ' j &zO W tste 3z d&zO
BOME § ¢ tc [Ahagi, 200z ddison, 1969)

- Ti Q¢
Yo —— (2.10
Q c1 Qe

G Hijlz :

e-Ctsdzd yddz0 Jj C M dzsL d o O,

m-30MO J Cif dztsL d o ©

k-BJ L HJddJ dzL d 5 dzQ kizda 612 (GIsodzfA800)itzs 0% 78 (Addison, 1969)
d k= 0,55(Carvalho, 2018)

215f ' EmMsB dzats tcOMIss™ OF §

1 gtk fdpy® fosyjlShk kBtL OO EZHOddd ISO&zOMIEC
HjksdOyd j, O LOkdd® cOmMsodkdd ftesHEZSISdBO Hj
d L 34" &£ te jdldndejO  d ts dzO teniay o tf° delistsy jiptg S2ef S dsdzG) f dz® YOt O I
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HEfE S0 2 Biuei ciipke Bl o S df H dz0 (Gldzyd4970)
dzts to dsPdzpczts 0 § GEOH O W tstsdzls  H j Is ts dzO W ds'e jis h i leldsslzls ji SIS @tg
fdzsyjCe0 0 BtoL ddz®@ fj Gmisdyj Lk otjdjdz Ct°j
fjHOd 4kls® {fdgicEuldditkurg 8966)rR L Ist5¢ O, f)bizfs mEB' @iLCodg
HilbsdOyd  j d ¢ Lk fstsioe jj«dgy das@ djo Odsj . Istsh & gj dzts  te O fy
{OLBOG d " § f sist] sk M BOYzA s eV Hz) ) fzsmEB d IS
Cge d dztso OF | 5 Is j 15 to JARATOGLY, (Kenjedyz IEFOO Is O

Y o 6j 0 (2.19)

G HNiz :
k=04dk=0,7L O B 6L d dzjO%X/H{@ABVrtsH MY j S(RdE @ idzds)d 2000
Xe-HjB? ddzO j S dzsL do O.

[ sMis dI0DS ¢4 H dets M Is\fB @ torfffdimgd Gz s ded * §J dzd dzj 5§ - SH dzs
fofetcL ddez fted ¢t 5° M "~ Oo” Oz fazjeOl J @il " €GO L
(Blazynski, 1983)(Vaidyanathan, 1992)

ststedfmded Hits CtO° ¢ j BtwLddzgy Mj Fsmisdyi ©Odzs

[ OCHd BOddz0 BteL O, §wOCIdydes dzj BO 1§ tslsd fdzk
fdd@dsHBd 00 C°j dBsck J&Olsd Isjdwjdeyd &
syl  otjdjdz COHO ‘'h koj& fohmiss' d tOf

1 OHBSeB? OO & Mej LORIsjo] ©jLdo0O0" 0O (
{ dzd 3d dadj" iZtscgls BB © dzj HEMISOSOCO L O OKBO.

vOCrsftgi o dzdC O BioL de@OL BG daf Iy dzyd” Odzdzi B kz<d
shlsj<j®0 ftsCtejlsdegj §dzsyj (Vaidyanathan, 1992)

I OC dzj , Stiveesgzdfiz®ittmanlkz, (Deribas, 1967)f t OC Isd ydz® d&3d dzd &30 dzdzO
tcOMists® O O L O tsBd&ZOGO' ki d®kjsdgtfj d thd * e dIsidH dg® y dndizjj H

Y om0 o (2.12

G Hijz :

xt-Hj B? ddzO0  sCtejIsdzj  dzsyy
Xe-Hj B? ddzg@ j S M dzsL do O

LIIOOds) dzdg j s ftedh i d ¥ J dzd H B B? h ABYJ ds B HA &O ISPEHAOG
BJL BEOJ BtoL ddaj ISHHYS M) MEHSGEIsdIsd o gz Misw dzs |
tcOMmMists® OY O H JWHdaRdhiQ)@Es O ] dzjcet hilsts " §J HOIst
) ®= 0,7 (Blazynski, 1983)

SOHOJf sistasj sBjdalsd C B3j ' EPOHMzs Of gMisO" j] o0y dets tMdcl
f silsj deytf 5 ©gedgifirdaizjdeid do dyded 4 WJ Clsifj %dsﬂzﬂ@sdiiﬁmﬁﬂ
HiB? ddzO J,S MY @s Lo §YeSotdghsddtf® jf YhsfudesL 9 © £ tsH des ik
MlsOydsdzOtedsj 1 dztsy
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2.1.6) 50 toh dfds® dzts & |

pCts My LOLBWOL Bz OHESsHEDQ ki B° ddz) { sGffdafL d o
ftedlsdmMOS d@sy 4 fOMISd HB ISOCotse dzdotsO HO dzj 3ts
fd bOdkOMm Ct®Rfteimd j fHesdLdsw] dgj #4aufdgz] zfg @detpdz]t
o4 azdyddsj Bk dOMsOld MO HE s BdEOd tc defp U gzs .,
fsHdEG ©Of E BddMEd ¢ tsdzls OfSustize | fiis@iaj d3 tiff dittsdgHy thdsde O itz
Wsted3dtcOF O Ba@BO dzbts " d <jkz IsfigYtsls dsjH otOH OMIs Oy d 5«
(Blazynski, 1983)

4 Ozo j < fdady ¢ j o35, sHe O O Beduydzs ded  J ftetsB dzj o
MlsOyd sdzOtelzl]’ Yoty yjH o O, 0O f 5 J XAzt HizOH dEX tf fzfisdrid t
fdzcyjuv BGotd MNHdbw@ity jEHBscEB jLBjH] ftetsHdlz t0O
sctcOdzed yd ¢ toJBfOE0 tsiB@o QaliCle z® Z L O C §fiz0dzH 2B d dzz & H
dzj € sdufjSftsj s dzO yJ dzlsd dz IsOte® o ddif ¢ e s dzgedy ® d O
Moesd ' jdse §JjMLO duEsH] wibdkdfig dd B lf B S cylssc ©

Wddso toh J §lz® Is@ dizd ‘dG3ts ) § md ZzOSCts dL 0o dzOIsd dzO¢
O tc Blayfskd, 1983)

h
)

s Mis Py d ts dz0 toadgOs df@iztslay@dzS O f B € ts jif diislimliz , dz@z] s - SH dats
qu’tsdzOttsdeN 41 dzts @izd M ¢ s d3 QBW%@%M@W@@@@E) Otc O
fiffjtc | tod detlzj C ligte O ROML Issdz Mz yO 2 MO  BEyJ
Oyd sdzOtedzj 1 dztsy j(Blafynsk,j1883)dzdzj f tSH dzts@ j

vCan O+

74
L

¢
)
B
m

21770 O tch dz0 ftsotch dqdzhMC © tSBIGOHO
1 Ooteh dzO ftsotch dqdzMSC O BOHO d EMmMdzse d: f seteh ddzj

l jdzduddz® f(soteh qaame g, LGy Oshedde J ¥ d S Ofdzt
GOl jted OO SkdzdkOldo dzd 3 KZOL s, O Isddsj
fsoteh ddzd L Oo Ot dese MYt O, jto MJi Sddailsdys

bt ] ojdzdyddzO® OEZOMO BORO k ftj'jj®lkz MmC
"4 t©OLoadlsd MmMlsOdzded IsOdzOMmded tsB dzd € . [ dmistcd
dzj ftcjHodH? do O.

ltedftej 30 fwsotehddzaj Bsyj HIW

fsotchddzgy dBsekz My ftesdLe jMmisd Btokzh j ¢ j d&is. VI
BsY J His<d HB tsthdota™ PP O Cts° ] Elsduy dzO0 L
Cstedfmisd BOC O Ctdzdyddz® jSMyfdsL ds 0.

AddzO L Ootch dz0 SBLOHO f§otehdd® °j Istdzj tcOdzlsdzd ‘
E?j, ®&Oflks d oBHO. | &OCO f(sotwhddO §dsyj &
C kgl zOdodgd 5 BA&ZOL &5

o[HJOdzdzlsds Mz yo 2, O0¢t "jJ ftsktciBOdz L Oo Ots, ¢
tej B HPts dediaciCinizj € sd3j ey d * O disiadtaly ' I fozbzisip s pifOp @° J

aOdzdls;lsO LOoOtcdo O O sy J My btsdzi edmOIsd, ° Jto
tcd Yodiald R OC, L Osa Otcd o OF § ftcdroO?” doatse ¢ 9 Odzc
©O9
J W

d dzd f q lsscfizd fipl© fizf) § dz

L
Is
¢
]
L toh dzsdz tsB tc OH ts dB ettBlagynski, jl988)ts? © tsSH 2

rdwisSlkd, EkErLrttsyd d tjhj* 0 ftesBdzj 30 ftcd S OL Odzd
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OB j 20 RekAagWjCld, bkLiSqd §idd tej nioke aifoodas dg
(Vaidyanathan, 1992)
riwicisd VLY tdnicid
. . s 3O j ¢ BtL dd
Olsj to Odz Is .
ot SteOH d ydzd %s@jm?@ gegm%¢HJQ8@B&@ f 1 d
ftsotch ddzj { dztsyy
€My dzsL do d3O0
. . O dzO Iso tste
nEn s ool e g any i bEdyTe s
L4d3?®dz® f 5 H dzts
4 BOC Wi BOB ]
adzd ' szr]stt:;@daﬂsts‘ Of
JHOa O O 9] . ] smMls©e? O §J ¢
fsCte)lsdy gal -mMBdddodd ¢, "Joy fsci)isd
1 s9i<0Y] HJB?
Hizy dedyj
) L vy slstadddyo
. . tsls s ©dz n
1 JL OO0 Otej dats ;UHmB%QJBquggZd f sdzd Misd tej dz@ ¢
fsH ftedlsdms o
ststedh <jj J&Cf
B3O0dzj BtoL ddzj H
o dMBC s dzj 6@ j s
_ _ LGEOT fmZHOtG@(dzl]’ts‘qu’aOu ( 0
1 JL OO0 Otej dzts Qth’ISdl_{dZBG') ng & dzd 3O dzdzts
BtoL d dzJ l]’tthGJstmlthqu_
1 0cdgzlsd ff s5Cte]
OCt ‘' j BOXO
1 sHtckYy O odltdlsdmMOS dLOL|[ O O BteL d dzO
Iso tcH 5< j CtedMmlsOdzdzj W OL|r Otej ¢ jJ dzOC tsdz
s ke & mgﬂzﬁa 0L Td | osde IsOyde "
vtstf? J O plszstL : : .
©OMo ZOH dzd & || O¢ &z 1§ BOMmls §$g¢4¢4£ﬁfggg
h2f? dzOBO dLBSE o) dZd S j BLoagidaoqo ]
Ctelsdds dqdzlsj gz J € Mistcj d3dzd o3 9 OC I b &Lz '
L 5dz0 d30. '
ficq nidmeduos oo ok If 000005 60
tcj edsdzsH Y |Is] B j tOIsktcO fn]OaOtsdlsq b o ¢
. } 6] s¢C0O0 ¢
onesy joel 2 TS0 |
q’dzls;tsdylsOdzd:UJtGdsqugo gBlelex?qgls qL B J
fts @“@Bbqﬂzeusquo‘ COL dzng’OtQOd34 stcj] L Og
fededtsd ~dy xgr qosmlsd.
stsdzyj dzlsts Oy (|
Wisted3d e O j ] . RL d3j qs; ff OtsC
o OEOS | tGIZ]OtQtSB?sz led3le ey fO

B0k j 6d * Odk
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2180 B dzdlsEHO d kOEOM&O HEY JdkO V¥ stddisod

490Cd HBBt L O @isjdaRoMPE <Y @A OMIs] K stcdid .
sOYysEORe j Wstedsy ddBO & tsBddt MddzmtsdHj L O KOs,
BOIsj ted * Odzj tcOL dzd ydIsd n CkMmisd iz@, ] dABO Is |z s todic ISt
dSMyjted ) dzls Oczdzd a3 §f 5H Poed g g g © zdf y delg ] MEz@ Y daff -~ Y
mMddzmMtsdH Odzdzad € OtcOCIsjte. AttodddteOdz sBdzdC L O9 OtsC
O i3 dzd Islztel jsdi® CGhdw POOY s tstcd ME O IsOdzOMdzO HEY ddzO fr
E fMdzjHj<jd tsBdzd S z:

1w @ETJ;F (2.13)

5OC Wdif,&zdszHO Mis 0 dsyj Mj dzOfdmoOld k& B8 ddS!

GHJ: Mk
h-HjB? ddz0 ftsCtejlsdsy § dzsyj d
b-e O MkHOLO.

22. 1 5fls QoSSR dzfs LLdOredaas] & OF O

V Boadd HjdkEz HdMjtlsOyd J Mk fdmod shdasoe dzj
ISy dzsL d° sEBMB) By tO &P Heol MisOeCi, f OttOdzj dzck
HsBd OF j L Oo Otej dzd ~ fdzsy® oj<dn Hd s dzL d * ©.
OdzOdzd L JtcOdzj MOt LO HtBd O ) LO8Otjdzedr Yy

b MikyO b f OtOdj ddzj (s Q®@ls @& 38 H ) lBtsL Adgo) Is
Vo ©§ CjHAGOS O B itoVedltRS i jHs@ 2O fj B St j S MY dzsL o
5B J L BJ H (VedtO deOQ iz Qlatz detOda ds@ Idnjj e 000 dg@ s tc O dets * j H O
HjsBdOyd | S dmils Odels dz0 fVedVesiCtasic b O, dHe@® € dxf ]t
JBO CtdMlsOdisdzz BtoL  dzz o dzd b Bz LODed@n b tSlsits sl IS
GOMlst' OF 0) . [of df dzdztsd® sfipczth s, b , b {f i COBROIS iz C 1 pAs @S]
Stej dzz s S 2 Mk v 65 0ud jg diCivecddzing 6t < O © dzq dzj O te dzt
SHB O] dE" i dZOY B2 . 13)

M M o
——= ——= e —
COE+¢ cOH g~ OFI

h ew OEED OGED 2.13

o

o o —_—
COE4¢
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JInanjckn uHu\ouaTop TaNnaca gy cnnosus
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o) i
®) 1
0.0
VS 0.0 — —
OOO | Ve Va
Q i :
1
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l [To3numja 1€ TOHAUMOHOT U YAAPHOT
Hleronarop (bpoHTa HAKOH HHUILH]jaLH]je
> Bttt st e —— ! T'yma
77
l'loxpema nnoya A \ Mehyco6Ho
____________ 40 () Ve pactojame | CraumoHapHa

7 7 7 "7 7 7 7 Z——noua
L0 R S % h % %N

OcnojHa noBpinHa
bz SO 2. 3. 4 jtd3j BGadt (Biadfol; 6/s) dzdzts ¢

¢ J sd3d IstedS g dizifitg y o efddelfids, s ds § zOC JwO® © o | d d -
%O § ZOC O O fMkzoadhj oj dzdSO, HOLFYOHBL 4)sd
'k IsCtejlsded fazBYi d BIhHssL@TE@ Y b jfagd ¢t
O oMt O2 % 3@ tsw dOMGIBQ GrdddOy dig O ‘En®&ue] dids e O iy ls
] HB dLtBddud OH difClafrelzitn § fzte g i Hd ¢ 56

bahmdzse §edlsdmMCO b otej ddj MkH Gsdzjdf ?ftisoi® <GO dzd
dWwjted § fasyj, EkmaiH ftjeojddédns doduyddn

Bek<d = J MisOp Oty | HJSEAEOYd S Nlzn 06O

sftej Hdes™ Bdzdy §dgd dzfded oSOy 2§ § ¢ ©. ) Obts " |
CO 2.50) yj ffsdsd Sj6EAedBAER{oURBO); M) i dzdz ot dizdz

g jdz0 IR C MY dzsL do dzse f B Pheds | @ S tpj dzs ¢ 5B
Is BPdfr|@ 5 Y Is d BOgdas cOdzdes i EOkzf L GO Qe dz)
fsMmtej Hdzts MY BH HJ llz@dz@ﬁtq%(s@/ﬁdzﬁ[mm Odkdzs ¢

r:nA§H SO I 00 I
G g e 9@ ~NO
Eg_ﬁgq& sqm&&_\cq_.
L OR i N
T
Q—

p-
I////HP//A

4 dzd § Of Rdzto dz0 ¢ BCRELGEEAmE o OF 0. 1 0o j dzdded‘ j t
HilbsdzOyd j d %eodlsO Mk Bladskiz88) 5 dz0C sdz g
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[TokxpetHa nioya

o3uiuja Oycrepa n
JIETOHATOpA Mpe HHUUMjaLHje
a b

bdzd C O RJ B tod dzj fsojLOdedr foteh ddzO ( s dayd dazt
¢4 (J@O0td0 Jdd yg dBpddzO degdyd Oyd O.
LicOo dzsls j ¥ j 2O § Otc O dzjfigzdz® OMP dzB » d U S k5] Dzt BEQS O L
LOBd B> 90 bk §©0Sid OCE Mj ¢d&OosdO §sothddd
tOodd, COCt Bd fMif defsiap® Oz B B Rijdzd O° £ j OC yd * §
fasyj @fEROFfOSBEB] " Zsdd, f(toj<0o0 IsjPhedH fsisgdd
feBdj &5 ftoj HMsPE MPhEL s tss0O Bdlsd YdSMduoOds L G

'yma Va Craumonapha mioua

L
———————— T

Wi s \\
1\

ITokperHe moue

—— Vi

T'acHu yen

g dzd ¢ Ou RO s6dzts IYf JOeiCHL) dzdzO G’J sd3j Ists
fsdzsy 0" § BkRtkh jdtse Mmdzs' © € OH
(Blazynski, 1983)

dqedzj Hdes Btsyded fslsdmMOS dBsyj dLOLeoOlsd ftetse dz
syj L dOldets HtezeOyd d. mtsh " jHOdz dzgj HsMis Ol OS¢
My dztsL do d, BstcO 2 Bdlsd k£ ftcOB&OMingd Ot &dkz ¢
tsB dzijdddgd Ctfistely EZ dzd W stedzdzese f OC B89 OF ©, COHO Mk 0O«
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(r1d g1 R gl [ svU
J {1 R 11 101 0t R

sttdlduds ©OMmss: 0° ) bk §sMmskfSk jCMyd

qLets' j'E fMsEfCO jSCMmMfdasLdodtse L OoOtcds
iBjizso sHdIld ©OYURZdZO 8 &ddd BOkdzsd tOMIsts  OF
sl d  j kE btejdzsSE jSMidastd j. 1 Jj BOdsfls
OS¢ MmO d fEky0OS | BERBd2j tfdzj. wvixj s
O d Hitze RO tc QT dEmdeEse 2 BOMJ J§ ¢ MY dztst
BdzO L O Sy dztsL dofifghted Oppdesf o ®Of)ls 5 sBitejj H f t
Odzdzts ¢ ¢ tc O A @zts & SHAR(dbte[ jiBOzs e ¢k dls¢ O fd
Odzdzts ¢ @ to QLAB| ditswO “tifjtcixpEkdscR® e vi | , 2020)
jf) Mizen 0 dOMmks0O j KUz Ho QuLjH Hiflsm, O Siasi* Gfte dipli;
90 jSMydstd j. ltwd jSMidsLd d dOmso' j
imd j) d MjiSkdznOtdzd kOZOM EOOWEBR ®QYL fWis'e
cdetsé lSOZOMO LOodMmj BH EZHO? jdsMlsd ddyd H
RO k SHbdshz d&O kHOtdd kOkOMm, COt d GH it
Yy OdffladEyd MO o Mmdz. ) .

Llsoate' jdes " J HO HB ftodo tocj<dfj dgdc delmesdsisis @ tofigfdelrmin@
6,9kPa (Beveridge, 19984 s¢ “j ftcOc HEZyo® O Bk B%kPaksjif dzgj 1 tc

ZOM O | { tc(Beyas,BEoasL g d

IsotcjH] kL tesC s Odzi kg O®dafjifcvxpdaOdndsdz i S fififtf ddids
d BB HOER] dsMisd H dgfShdm®s, JoL0h dzhdzf y P . E

d S dzslkgldtcBls @ dzO, dzO 1BB @) I§ @ik® Is detz@ Is 99%p s§ tc ] § 5 dzO
cOMiss’® OBLIs @B Is dzs MDY ©] € ©° FAEGBRB OO Mdtcls dzsMils
20%H ¢ ° jOMmistsd Ofc kO difj b jO%t® ) d3tc Is detofifllsnontde@de, R018) H

1 Blstej Bdzts ° J ZOe zOMmdisd HO Mk kMot j dai CtedIsc
(Bl ackBox Biometrics, MRORBELE ( 804 ma tfdwioyd Is9
ZOftcdlsdmMEC O EHOGdH & | IsDEPHPdaj Of s@tcgzH | .

TNT j Scpo O dzj dzls

l j<ddz® ‘" jHdOYyddzO L O fftestcOyYykzdz &z iNTtg dete & o I©@xzEAls @ .
1Btse Istse® " jJ LO twOLddydl jSMfdasLrdej {§tyj? ds

[CodoOdzj dzls dz®@ BOMO | € M dzts L @f o=ioEs ofidd) ‘efjn edDicfi), RLOE

FN OIS GGt @~
g6 AN o0+
&&

E
— deksp M oo (31)

dTNT

IvlTNTe

CHj Mi:
MTNTeJQSqSOdZJ dzls dz0 dBZOMO lstetslsq’dzo (TNT) E g,
Edeksp-J dzj e d " O Hj IstsdzOyd " JSMfdzsL doa © & kJ/ kg,
Earnt-j dzj e O Hj btsdzOyd stclsddzO St © dL detsfyd

Meksp-d30f|']o JQfI’]UdZ'SL CfOO z g
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Idhj 8 ftesteOykzddz JTND IS Odin Ozkjdazs @30dgQ z@Bd | M, k&
2009), (Panowicz, 2016).

l tstcOMNEHE 9 o Odzj dzls©O dzO yjh<j Mmj BOLdELO dz20 j daj
jemfdsid j. [djted O &Syj HO M S8 dao yg
CstedMisy A drefH tiztsH 2O B YUS d o3 ddzd s ted3tsH d dzO d3d y'!
[JHtej do 0% j Stdldudse t©OMts OO jCMmfdsLd j

| ZOSE B OSjtedMsdSj bHOLdse O®OMO Mk dOkf tdlsd
kteO° 0F 0 kO®ZOMO MOBo@FG U jo tofdsjin dishfifdzsL g o O
bHO? jdsflsd SH &jMsO jShydsLd: j.

1 stej H W Badogdkafppdovskii, 1952 sflsts® §j Btets dzy dztsod ™ j toj dz
ZOIsftedlsdmME © dzO W tots dalsldzts Rroeedy tisdptsiziBodde) HAGB K@Neg O ts
Graham? ts tc dzKilr@y & Graham, 1985Kingery-Bulmasht s tc dzl¢Giitiert &Bulmash

1984) dIsH. [90° ©OH <j Mmj tw©WOHd ° | SadasdhdsiP®d dasdnjs d
ctelztf § € 54 %k ks (tapeta@lsdKingery-Bulmashd3j Is s H ts d3.

10 MWjittdudsj bkHOtd kOd&OMj, ¢t° qINTESHd®i‘ & H
(Sadovskii, 1952) | ftejHdsydt j &Y died MCk * jHdOuyuddz L O
EPHOGdsE sO&OMO k B d&dSE

1 2
Dp =k, "E +, T+

st do Ot jd3 " jHAZOYddzj HtseBd O MmJ:

1 2

Dp®3 - kymdr? - komgr - kgmg =0 -2

GHJy MmME:
epdzOlsftedlsdmOC
Mme-BOMO j S M dztst
r-n@iesmls tsH vyj dzlsts

¢ Cts

Ot lsOkZzOMO E B
£ kg

ki, ko, ks-4 3§ dted "

s WENS)llz iy dzlz y ©
g’tsq" Med CjWd

sL d

dzZsd ¢€ts°d LOeadMmj ftSH

iz d ¢
Y

OL Odzd toj L If tis @y

1 O j S dzse " § (dzO B
d i1 Bk v OnEs tPad G
fwd 0 Gt KLy dls Q migOdzjo 3. 1
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vOBj 2O 3. 1. kglgjtt Qydqdzzdzl®d dzOH LTHTd{@alenkq, 2004) dztsL d
(Baj il 20009)
stsiwdyd|l1 OHL j &3dzO0  j1 OH L | BdzO
(Orlenko, 2004) (Bajil,
ki 0,84 1,02
k2 2,70 4,36
ks 7,00 14,00
v MzEyo0 k& ffeth ddmMscy JSMyfdsLd j ZHOtded IsOdzC
(HEf dzs BOT O LOftej &3ddz©) , O " J dzOsftedIlsgdmOC
LO Oz j S dzsL d o dets ¢ u’lz¢4¢(D(Orlzemk«1’ﬁ§04)Hatsfnlstsle®
sOCt ftod fmoteh ddemC s JE¢MfdzsLd d HBEZOLJ
CsiWdyd Cisdzl§f L Ooadmd tH otfisy IsdzO (OB j dzO
(ftestcOUkzdzmMc ©) BOMO JjCMf dzsL do OBBBY 4 dL tOYkzdzOls
m, =2& My, (3.3
v OB J bt @smMIsd S Wdyd J dzlsO (Qrleriko, 2004 d mdztsMmisd ts
. | ¢ tod3d to . ditcj H
g’tz(j;fgthq’Jdczifsqu BJIlssdz anJlsLjZLj%th:[ lse teH| 1 BHO
ftesy LJ &3? d
d 1 0,951,00 | 0,850,9 | 0,70-0,80 | 0,60-0,65 | 0,55-0,60
LV Botd Pk s &Kidy HidestEs, &i.ldf tc j B3O (Cdédkoz2004)]
ftoj BO(BAOHEI tc RIODOQdzd b IsBBO] diffdzZ3y.OL'. 0 ftoj Isf sMls (
ftostcOYlEdglf dztsL do dztse L Qo Otedo O © EEMaO® O HotsMmiIstel
mff 6 3O ° J Hd2Oyd ded ( 3.139 i oz |\ g d Wddzgjuds [ s O
CsiWdydngjj ddsjO< ] ©OL i3OIstcOIs(d .
tdhd®d " JHdOyYyUdd (3.2) HtsBd O IOSB hists Mmj df
y’'+pQ+q=0
G Hpdad &3O " & fydzj H j:<J otej HdtsMisd
oo Mk’ +36Dp))
3Dp,°
_ M, (27kym,Dp;* +9kk,Dp; +2k)
27Dp;’°
RLicOYkzdz09o 0 j W@ tfd dgd dz@dizls jndzj Hj <t8° ° j H dzOyd dzq
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1 s i3tskatdanove j HdzOyddzj HtsBdyO ' E Mj tjhi 0

y:.’i/- g+ D +3i/- g_ \/B
2 2

10 HtsBd O ) ©jhj°0O Ckedy ‘JjHdOUdd, SCttedflsd

. KM 34
r=y 3on, (34)

] stcpadovskog o tsdz ttOHEZ Mj KihgeteyBulleash(dj IsdsilgPeaey O
Bulmashinj Sttedfisd k &' k@06 EBazd0dsH ot f3d thed §® d ° O
sotdy Mz yo' kz.

1 O f)dzk WP § js o o CKimedgBulnhsh sz dzs s L O §edlsd MO  dzO
50d&OMmo

Y=Cy+CU+CU+CqU ........... C\u (35)
U= K0+ KlT (36)
T = log;0(R¥MNTe) (3.7)
GH] Mk
T-] scOtedlsOd3 wWsOypliEs® =@ Qi jifQJ Is  ( m)
Ko Ki-StsgWduyd ' 4 dzlsd,
C,C-CtsjWwdyd 4 dzsd d
R-cOfmlsts” 0§ (m) .

{od "~ JHdOuddz dialfo A IBPH AE@Em. § to d o3

] Otc O BKitmeyBulmashf sdzd dets BO L O ftedlsdmMOS dzO yj dzz [k H (¢
E s0B3dddd3j ted 169 # dzsfylsd L Ci Coli dffjjzO dalsgj HARZSfMisd L O
iCodo W) disiPsOdzj jCMydsLdej LORLjea0O Mj HO fj

[dzgse ] HEy 0o SCtttdMmls) fOeaddkd S0 fMj L OMddsC
ZHO? | dzsTlsd tH ¢ R dEEds @O rhjeskd Ce. [0 0
Cedisj6q bdsdtHObFRDYWAITPL, 2010) d L OMdds O
q’LSJHJdatmdgnsaﬁ(EranZL OCBdO 5 MCOJcOh Y Z T @tz | dz
CjWdyd' j dzOls O (IATGPH8GROLE dzO0 3. 7)
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v OB jJ3&O Otc O BZKiywygBulmashf sdzd dzs B3O L O ftedlsdmOS dzO yd
(IATG 01.80, 2015)

1 Otc Od3| ltets' yoOdzO 9o
Ko -0,214362789151
K1 1,35034249993
C1 2,78076916577
C2 -1,6958988741
Cs 0,154159376846
Cq 0,514060730593
Cs -0,0988534365274
Cs -0,293912623038
Cr -0,0268112345019
Cs 0,109097496421
Co 0,00162846756311

d Stedlsj tsdhddsdgd ofjllzd C s¢ H j dzO tcOG@ @ dzff oy 1§ Yz dzc
LHO? ddzj ©OLHO O OF 0.

32. ujteROdzdzd jW,jCld

l tsteOyubkdz s dslsdse W dEe jH@o i 0vid s gjakzdd Lipos t O
ftoj ydedS O o90btjdaj Skcedj d EHO? jdsflsd sy Of
Ctegh j B H  OC O dakerf s fs ) (ABE0L 8D 208

Q op@ 8
0 it w3
G Hijz

d-ftoj yded ¢ o Olsisj dzj dzsflsy,
t-btc@° OS] o9O0ltejdej zsflsy, s d
Q-BOMO MOcEttj s O O, kg.

33. ( WjSId JSMmtsaety §lsj dzO

ek ftetsyj dai Misickz@ sSlizfp@pzadzds: Oust ishjdzdr J ¢ M dztsL
JBfdted MCd dLojHjddn &SHJFEZO @O ddiEs®dZ0 OHzOfi
cOstzjIsd. [90 0O0dzOdzdL O € it jidzded® HHSOS zjCdsAmddns &
d E¢?Eyj dsd 3OMsd E2¢j° 0.

10" sBdd3ded " d YtsHOYd HMikzfdd Mk L O Ctdhisttkzd
Mftcso jHjdedr E ket Mo jlMisd HWOIOZ. dhftRwsdd * J
iSMfdzsL d B3 L O MsOBBjdzj B jJCIsi dqLGWO' jdzaj St
fsmMdzi HdyoO jSMyfdsLd § HO Bd fMminlsd delfy € tOEse00 dif) 3 i 3
iS¢y zsL d° O.
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OB B&OOLj ctstoe jO SHldsGde j dzd 2 B j $ QIATS 04.80¢ 6O | dz

2021).
s Olsj G| 4 W dyded O } e d&3j HBJ
A sk<j {ftlsfkzdts
i - h Is j 0 ? i
sk<j Mk bsddC ?iisﬁ5§$?@§%5g$% 1
B M de BBEE I8 o4l whgslsddy Cf5° j
LORISj00 k£ tokh
fsftcOodlsd.
_ - 4 dzd Bd ydets  ( dzd U'SISU'E
sk<jy Mk MmO Ctetsodzgj CtsdemlstclzC yd-
c dzj 2 slstej B? do j|- r;dzq’d:sdl{dzts telkzh j ¢ j Lq’
® fsfteOodlsd kL Y 4J dzqd dz
COHESo j . UJh9@<JB¢hG‘o‘Jd2»15f']d9d:
C5'0 LOAkjo0 Lk tk
sk<jy Mk fmis@- 14 o dzOL d<j KO © sEHLMls
Ca GjEEtcjs?doj, |- 1tejcwOHj d Mstdot
fsftcOodlsd tjd SEoO0
sk<j €8 J L O~A Lo w
o (B e fun Taes 1
BhIs s OOdd o &0 { o 06
O 2OdzdL © ff SHQ LD @ OUBpe et H 3 . 4 W tiste dg flzo@3] @ tg ¢ s €
Wstecdzzdzy L O ety dBO AP O 5% Isj
, 0 0
Y
p —_—
GHJ] Mmk:
R-[fMmjc L O <gA@its, , s ls j
Ke-s 5 dzils Odzls © 1<joS B o @B B j 3. 5)
Me-B3OMO j € fhdf &esL g o O
l o] HdzBKxI§d fLte® tsB d Badef (Q oLij@ds d d3 ) GilkeR, Leey Stilf.H  tc O dzd
tdodHdOdzj otcj HdetsMisd H&LhdsdgQ ° £ &7 dts B Ltedj ta1 fifls@Xols e fir
ftoj daj §f pdedsOtoded di3 W tc O ediyj lstds,d RO dfjtc Gl H&ZOS o Q J dzj t
i C ) dAsAT@ 0180, 2021
v OB | ZRW@BS Itstc L O toc OL &4 ls d ®ATCE)Is8D, g2z

Kii O € Olsj G tste( Jarrett Gilbert, LeegScilly
A 3,80 4,80
B 5,60 7,10
Cs 9,60 12,40
Ca 28,00 21,30
D 56,00 42,60
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4. s}l (tRIf[(LVUVOf 1o VP [uudlso

sod3 § t &dzO D1 Eegets O o | dzd di3d dzOtcded  estcOYkzdz |
QoOttdoa O ©® Hoa O Yyjdzdsc o, ftostcOykey € ddisdxs dasco 'O
jCMf jteddgj degls ©, CtwcOIOC tsfidMm SCstedh <jdese JCMi dzstL
Jfsmiskzf OC 4 SLind edfiste (fedf@Et dzsc ¢ 1§ ded €' Q) tcO' sz z
OtcOCIsjtctfic@®@ygicy oOdkzdlsjlsO L OoOtej detse s ©. 1
sBd  jfdafdzj tetf Mk BB? j B3 OLEZAG] 90k sy MO. 1 O
JGdZOSJdﬁdff]ljJtGdd:SJleS SHdsMhds dLeoth jds | j Sy
CodembstczC ydsdesqd WQ dzd § © COteOCIsjtedL Oyd 0 .Isj &3O
tdLEzdzsofsdmMEsSHBd jdod E ftesyjmMkz L OsOtedo OF O
fMdzd yded toj L zdzlsOlsd 3O @GR lsifizte @) G dEdlS Qdnydzdiadzds ©ts o
ftcdCOLOdd, 9j< Mk ftdCOLOdd tejLbEdzsOIsd L Oo Otcd
ftosh dtej ded eBROLR B3J Ists

41) esteOyYkdz § OO sO©LO jCMf dsL do dzgse L O

[ S ztiets o Otcdo OF j ©OL &Judlsdn ®Ojtd OO &Esekl

SHdtsh@s d ¢ Msed dz0 KOs §d P dzGL Ob Pdge & tsyJ MO
jSMi d&zsL Jo dgsE L O Ot o OF O

I sHtelzy jJ L Oavéded wvidowd j sise tcOdzd yj dets ff tcOo
hiss “j BB O jdes E szl 2.1 (d
ftcdCOLOd tBdZOMIsd L OosOttdo O O fted ts

Sy jedig] PO’ j dzed Mk ©GHAsH] Jizgidhod
COteOSIsjtedMmMisdC O JjSMfdtsLdeoO. I Htokzy jU,L G, Ot o C
Vo, Vi, V\ed Mots’ Mise d 3O di3OIsj tod * OdzO.

(= ot

{ Offsts O° )] dL &) ' & §dsy0 &Ested sBdlksd BSOMYER jwdd ¢
BtoL ddzj EZHO®O. [ ddedBOdzdzd L OLBE j jifdted MSd
f dzsu) AL OudBREtEd MCO WstdkdO L O JdLtOYkdOs O

f dzts y @laaynski 1983),Radi | ) ROBO * j:
Y o -— (4.1)
GHJ Mmiz:

S-ftej HMsOe? O 3] ' EMmMsBdats tOMlsts O §j dqL B ' E ¢
k-BJ LHJOWM dL dsdO0dzdz0 ¢ sdfls Odzs 0,

M-BOMO ftsCtejlsdzj § dzsyy,

C-30M0O jSCMmf dzsL doa © d

he-HJB?o[dzO Je¢Mmf dzsL do O.

Hdesfjls £ tsiMmj dz WOz L Bo dMmd H BtoL dddf ZH Ot
m;mq;c&¢a@&y 2000
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f 5L dzO WisttsHe@® tsfyls O ls@H B s HLfrplsOwzd S tod s j todf Isefdgf Otstf Is
BsteO 2 Bdlsd LOHBot? jded dMmistso toj d3j dztsdi3stg@ fpjd i
sMmis o CdpffdsdfdzO dzda She®pga, 2021), (Jindrich, 2016
Emf ihdes OS5 Mk dMmf kS j dd k& ipkztse d sde@® - Rjdsius'dz fif lAtD G
1961) ftojHdzOY ] MdbNc] o daOQipEAQ dL &3 ' &

® pTm— v (4.2)

L e OSUkn dziey SdjdzCh EMiaEOE B OB d s d @ @E]O LBHZ CBO Ek § B¢
fdzsyd, koj<Odzb.LO 30% dzdded  © b

(52 d ¢66°F GOk, HdheHE iRt shsDaED, j<nyjs

Bahrani d Crossland(Bahrani,1 9 6 4 ) . ltoj HAzisY j dz20 -3 A HS S Ofs tete@®
G tc Oded y A dshdzaBpehdzd-d)a
Covan (Blazinski 1983) , (Cowan, 1971) Vef dzefi zfj d@zd O ts
A HBIddffte] BO "dftslsjLd WkzdH O, C0OCt fMmdzj H(

W _ (4.3)

GHJj: Mk
Re-t j " desdzHn Mse Bots” |

H-Is o tcH sV¥icRerdfot® 5° dn ¢ Odzd
dqdzH jEdffftcj HMIsOe? O & fsCtejlsdze d MlsOyd 5dz0 tc dzlz

8¢ O cwWwQddddfypdf ' ¢ sy j Mj BHijHdld dO f toj dzOL dzts
Re=106. mj HAROWdedE®I @ £ ctcOdzdykz L O LOosOttdo O j (G

o — — (4.4)
G HijIz
b-Lc@BOLGO & flsj{j dzd BO,
Hv-Is  to H 15 < Q/icketsd SR@E O dzd |
j-Gkfmisd dz0 d

ki-BJLHJM] dzL d 5dz0 dzdzO ,0 te2H dizs MusO oddLfipiglgts fiids O tsH R
f so toh d dzjBatheizt2019)

V HsMiszf dzdd3 tcOH Slad®RP] CEEOHJ dic Pudztzd ydilsi o tej H dats
(Deribas, 1974) s O¢ts " J B Oh ¢ jdes E fsHftedkzOs?>Ek 2. 1.
EHOttO W, dztslgij' Zlsddz € O sBP ssghddiz Hdte] Clsdats  d3j toc
ftesyj MO L OoOtedo OF O djolCh{fjdztssltxftc * t5d3, 6-t Glzdtfhfte) j6 dzth szgf ¢
4 JEMmYfjtedd3) dBOBzdzO) O mBE®RO] ) JEMYjteddi dzsO |
ftcdSC dzOHded " © “ jHAEZOYUdd2O Mj By j HtsBdIsd kZoathlsOo
HO: “ J

—— (45)
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GHJ] Mmk:

N-C tsdzfls O dzls O,

Tm-lsOYs O Isf? j ¢ 0O,

K-bsf dztslsdzO f tetso sH? do tsfls,

Co-f j yd¥W¥ d ydz©@ bLtsff dzisls O,

Ve-BtoL dd2O0 sOySjy MEHOLO d

C-zsdze dlszHd dzOdzdzO BteL 2O LBEZCO CtetsL f dzsyk.
j-6kMmisd dz0 § sYtej Isdzj f dztsyd

t-HiB?ddz0 fsCtejlsdzgi f dzsyy .

ABEREEZO OSE' j] ELdEO k sBLdk, Bittdd @&kl fDs,
L 0o Otej dzs¢ MY O, Gtmjeds bk v tdef daCigddap Ed dsj 190 t
Ndzd * j o tejj YofdatitiOdz Oo Mdzsmd sy B@HBOBMIS] o Oted
00 3 7 ,1%(Bataev, 2019)

VU YHYtsEcdzOes?>k 2.1.4 HOLO “j jSifjtcodd3j dals O©dzdz
iSMfdzsL o © d sCtejlsded fdzsyy. [900O0° dLwOL “j d
dLret' jddd3 J ¢ MY daseh d&zj dgOfEO L G Otisff © Odzd = § dzs Y O.

- — (4.6)
G HijIz

e-Csdzdyddz©@ j S M d&zsL do O,

m-30M0O J MY dztsL do O,

k-BJ L HJMJ] dL d s dz0 kG822 (Gherdi iR G0Q) BzB 57 3 (Addison, 1969)
d k=0,55 (Carvalho, 2018)

gots Mo O yjdzdc o d JSESMf dztsL do O

[in0ddusSj ¢ O S tdsy) eiindedSIGV4 (L 4 8)3 @ dza lsdzo ¢ ye dzd §
X155CrVMo121 (L. 4 8 5X160CrMoV12) d dzj dzj ¢ d to O dzts3355J2( [z § ©3 )
i sfntsHdzy L O ftetsteOld fjtediffaztddje difs 1 GsoOBigddadQ ¢
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v OB AlzPj R Odzd US j € OtcOC BICHW4 MESCW/ ol g SREF5I20

1686 5d0 o
JLdzOs 0o mdHdd [ §telzy dad / f dzs A
uj dzd ¢
Coil oL ddzO LoakZCO k2 d3f m/s 45 A1 0
Rerit j Jdesdzitse Bicts ' 10,6
Hvt, HvpT U 9 to H \BckdDs Pa 22 0 RAM2B 0AR1184 A
1,401 | £ ils(@uz®, 2023) kg/m? 780A10 | 785 A&
kiif B dted " ¢ O(BAtaB\ZQ 1Y 06
(Mendes, 2013). '
Ni[ &Y dted 1< OB&RABIAYIOL 0,062
Tmits | B j cORBF OO ROK tc AC 14540
Coiaf j ydW d ydz0 Istsf dztslf JkgK 5000
Kivj tedgOdzdzO f tetso sH? d| W/mK 214
hir iB? ddzO  tsCtcj Isdzj m 0,003 0,010
0T ,iTOLjL dzO (Reman E28), ; ; ;
(MEADimJO, 202:43). (Repan,RE28); o, 7.0 A% 86 A%l ( 63 AfL
025 LOdRdy0O J dBbdy 55 A®U 42 A®L (355 A
10 tjOdkdJLOyd k& jSmijtedd dzsO® Ctedh<jdzy Mk
fesdLeots' OYo StsdfOdd § Trayalj Wigy dad®azp Ui, d { .
4 &34 €. drEZPE BOdisL IO d20° RO B @Gl BdEQ Ydlisjs & M¢ dz
ftojlsntsHdzd 3 (o DEBBDEEBOIMIsd S MEOBjtagdh fifls @o.7 | dzj
OB AOOEOC Isj ted fls d (Tiayalcdrpgritidets 2022p O
md Hddz( ¢ dBtsdzj | [ 4 &34 & fn
| Efmis d dzO glcn? 0.96-1.04 0,5-0,8
1 OMdf dz0@ 6 kMlsd dzf g/lcnm? 0,5 0,75
JtoL ddzO HJ IstsdzOy | m/s 3200 19502050
10 toj d3d dz2@ ¢ OfMtsi{ dmikg 1004
1ddzOdzi) S d MJ Bdad € % + 0,17
U] ZES0O S My des|  kikg 3892
U B jcOsk©wO J C| K 2661
l1tcdlsdmMOSC HJ Ists dz kbar 27
RAJYydqwo® j s I-8

Mmj &3d ° ME d fidzdnlsdeme 51Qry4atdledaas 3 0 ) a dzxX155Zov&iolaL e dzd € a
(L 4 8 XD6PCrMoV12) d dzj dzj ¢ d t588IR(c 0 )FIrdrO®) j dzd i3 § tesy J dz
HQ@ls figlz OB j d&zd 4. 3. RMY dIsd o OASpektronjetar tSpe@mPlal dzts O
LACM1A 3 IstsHEf gd © § (B Md sdets e ) §f jr Suls to tstdig Jlsds@ SRRSO dzH O to H
C.A1.011:2004 R dzMisdlskzIlskz | MW, stcOelz’ jo0Oy

[rdj ®@OBjSjd LO CoOdsdsOdodlz Rjdkd NSk OO

sjnddC O dMidlsdo0OS O fMj LOMddeoO &O SCsd&f OOlds
¢ Odzd B tdaPh Gl % d Reg i Q dz J dpB Iz tc § S O dp@ O H g h Is j dzd |
B d3ts tddf ok Is 6.8 dgyjj IS0 s O dzOMdzd i3 HEY J dZOBO € OwLOCIsj to(
HilkjSkk b, ddhstlkzdjds sHi]' £°J o tenbtddd dgi dzls
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MOHYA @, ' 2" E<d dr MO §tsL dzOIsddz ddzlsj dzL dIsd Isd d3
Institut, 2023).

v OB A8@] B MS d ) Gisv@X155C MidI1Q S355J2

mJ H d dzd Is 4 %o

[d&zj Bjd C | Si [Mn]| P S [Cr[Ni[Mo|Cu|[ N Ti [Nb]V |AI
4 OH ©51L0GrV40,491/0,2570,816/0,01340,00520,988/0,194] 0,051 |0,250/0,012/<0,001]0,003/0,128/0,015

4 OH ) (
X156/ Moty 158[026]032] 001|001 | 12 | - | 09 | - | - | - | - [07

¢ OH t6§366J340,160/0,033/1,382/0,01320,00520,027/0,028/<0,0010,029/0,007| 0,008]0,029/0,004/0,038

RMfdlsdo Odzed EkLtsteyd BGHGEto OO & s tadzyddgtsedy] tc OQzz@3s
Y dzdS k2 tojmf jCilsdo dzts.

mjd  Me&d MOMIs Oot & d3fs dafpif MHOISCIAREE L o 5' Orlj ZEJ4L 04 O
v0OBj dz@j 8d 4MC d MOMIY@3s dgj € fin (dzayaFpepd@ntion, 202)

. l osyj dzOls [ 1 tetsyj dzOls 1
l6Mls O S M dsi fr]Ofp]JlgOaO fr]Of:JJl%:Q'sdﬂﬁ

0 55 dzd bk ds Ned{®sic O Is 86,5% 95,5%

TNT - (NO2)CeH2CHs 4,5% 2,0%

[tco jdzgj BEStej Mistd 7,0% 0,625%

SOLBBCMddi)sdd yj d 0,7% 0,8%

s Odzyd * & d3 CligHsofdic O Is 0,3% 0,5%

I OL dzts f Ot OW d dzM € s 1,0% 0,575%

V fBHIGBCEBOOBD 2j1jCmMfjttdd dZsOdzdzs BSHE] ' j dzO0 * j
H iz d dad

] Cl.lJ@ET-l- 4.7)
sOCE' j, 'J HOBLO ‘ jHdOyYddO L Os@GEE[HO:ds 0F j OckY d

GHJ: Mk

h-HjB?ddzO fsCtejlsday ¢ dzsyj d
b-cOt fkHOtO.

v ZzOtcj Hdzd d@3 IsOB j d&ZOZO H OIsj Mk otcj HdzsMIsd H 5B
i sf rsHdzd 5 LO CteidwO® j SCtdodrm dO HJ  OCtcOd3d dzO
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U OB j d&zPtec @ dz§ 1 dzj

o toj H das@) st WE fsiff@ OO RO MO Mmdzd € J

VGO| [ dded| [ dded| [ dded| [ dded| [ ddzd | [ dded | [ dded’
mMkzH( aa' b-b’ c-c' d-d' ee' f-f g-g'

bA | Vemis | Ve, mis b, A b, A Ve, m/s 0,6

0 0 5850 3 31 233938360 - -

1 5600 5850 3 31 233938360 | 3944053 | 93866490
2 5700 5850 3 31 233938360 | 3944053 | 66374895
3 5800 5850 3 31 233938360 | 3944053 | 54196595
4 5900 5850 3 31 233938360 | 3944053 | 46937713
5 6000 5850 3 31 233938360 | 3944053 | 41984765
6 6100 5850 3 31 233938360 | 3944053 | 38329347
7 6200 5850 3 31 233938360 | 3944053 | 35489009
8 6300 5850 3 31 233938360 | 3944053 | 33200089
9 6400 5850 3 31 233938360 | 3944053 | 31304722
10 6500 5850 3 31 233938360 | 3944053 | 29701850
11 6600 5850 3 31 233938360 | 3944053 | 28323379
12 6700 5850 3 31 233938360 | 3944053 | 27121532
13 6800 5850 3 31 233938360 | 3944053 | 26061663
14 6900 5850 3 31 233938360 | 3944053 | 25117954
15 7000 5850 3 31 233938360 | 3944053 | 24270720
16 7100 5850 3 31 233938360 | 3944053 | 23504653
17 7200 5850 3 31 233938360 | 3944053 | 22807646
18 7300 5850 3 31 233938360 | 3944053 | 22169979
19 7400 5850 3 31 233938360 | 3944053 | 21583749
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v OB | &Pt ® dzGtm izl dzbfls  dzj 4 RoSH dajd ‘ LO WOEIR D ) dzd € j

VGO| [ dded| [ dded|[ dded [ dded| [ dded | [ dded | [ ddad’
fMkzH ( aa' b-b' c-c' d-d' ee' f-f g-g'

bA | Vemis | Ve, mis b A b A Ve, m/s 0,6

0 0 5850 3 31 23760986 - -

1 5600 5850 3 31 23760986 | 186861462 | 90385511
2 5700 5850 3 31 23760986 | 93430731 | 63913424
3 5800 5850 3 31 23760986 | 62287154 | 52186748
4 5900 5850 3 31 23760986 | 46715366 | 45197058
5 6000 5850 3 31 23760986 | 37372292 | 40427786
6 6100 5850 3 31 23760986 | 31143577 | 36907928
7 6200 5850 3 31 23760986 | 26694495 | 34172921
8 6300 5850 3 31 23760986 | 23357683 | 31968885
9 6400 5850 3 31 23760986 | 20762385 | 30143806
10 6500 5850 3 31 23760986 | 18686146 | 28600376
11 6600 5850 3 31 23760986 | 16987406 | 27273025
12 6700 5850 3 31 23760986 | 15571789 | 26115747
13 6800 5850 3 31 23760986 | 14373959 | 25095183
14 6900 5850 3 31 23760986 | 13347247 | 24186471
15 7000 5850 3 31 23760986 | 12457431 | 23370656
16 7100 5850 3 31 23760986 | 11678841 | 22632998
17 7200 5850 3 31 23760986 | 10991851 | 21961839
18 7300 5850 3 31 23760986 | 10381192 | 21347819
19 7400 5850 3 31 23760986 | 9834814 | 20783330
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vOBjdZO 4. 7. 1 0OeadMmdesfls kH Chedpjdztsedig LSdrdzy S H
LGO [ OCMd &3O dzdzd [ OS M d&B( VvHOt( [Hdz LMo’ |
MEnqcetcOdzd yo® EZH(QEHOtdO BtoL | BtoL (] IH Otc dzO ¢
b, A Vp, m/s Vpmax M/S Vp, M/s Vp/Vag Vp, M/s

0 i i 558498 | 0 -
1 3186469 1638258 1116954 | 0,0174 -
2 3186348 2316803 1675324 | 0,0349 -
3 3186146 2837402 2233567 | 0,0523 -
4 3185862 327,6205 2791640 | 0,0697 -
5 3185499 3662699 3349501 | 0,0872 -
6 3185054 401,2006 3907106 | 0,1046 3349501
7 3184528 4333104 4464414 | 0,1220 390,7106
8 3183922 4631842 5021382 | 0,1395 4464414
9 3183235 491,2280 5577967 | 0,1569 -
10 3182467 5177373 6134128 | 0,1743 -
11 3181618 5429351 6689821 | 0,1916 -
12 3180689 5669944 7245005 | 0,2090 -
13 3179679 5900528 7799637 | 0,2264 -
14 3178588 6122217 8353676 | 0,2437 -
15 3177417 6335929 8907078 | 0,2610 -
16 3176166 6542431 9459802 | 0,2783 -
17 3174834 674,2369 1001,1805| 0,2956 -
18 3173422 6936297 10563046 | 0,3128 -
19 317,1929 7124692 55,8498 | 0,3300 -
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vOBjdZO 4. 8. 1 0Ooadfmdesmils EZHOCedd rejitegjddg tH HJdOG

VGOl [ OCMdBBOdzdzd [ OCMMd i3 VHO| [Hded v Mots® j
MzHdctcOdzd yO EH(EHOtdZO BtoL d| BteL d| ZH OtcdzO
b, A Vp, m/s Vpmax M/S Vp, Mis | Vy/Vq Vp, M/s
0 - - 0 0 -
1 326,1306 157,7505 453780 | 0,0175 -
2 326,1182 2230886 90,7525 | 0,0349 -
3 3260975 2732180 1361201 | 0,0524 -
4 326,0685 3154709 1814774 | 0,0698 -
5 3260313 3526871 2268208 | 0,0872 -
6 3259858 3863223 2721470 | 0,1047 -
7 3259320 4172414 3174524 | 0,1221 -
8 3258699 4460073 3627337 | 0,1395 3627337
9 3257996 4730112 4079873 | 0,1569 4079873
10 3257210 4985374 4532099 | 0,1743 4532099
11 3256341 5228007 4983979 | 0,1917 4983979
12 3255390 5459678 5435480 | 0,2091 -
13 3254357 5681711 5886567 | 0,2264 -
14 3253241 5895179 6337206 | 0,2437 -
15 3252042 6100966 6787362 | 0,2611 -
16 3250761 6299809 7237001 | 0,2783 -
17 3249398 6492333 7686089 | 0,2956 -
18 3247953 6679070 8134592 | 0,3129 -
19 3246425 6860478 8582476 | 0,3301 -
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v OB Jj dzPd &sJ L d sdzj

COwEOSlsjtedmisdS jbLzO Wizddss daidS fiy

W dzts . sdgdzd L Ot B owoi
fr;)IzGHoC ﬁ ¢y s JrQanBlj?dgt e “ﬁﬁdz‘f %meug" + g aeq ® B CEL
q futs 165 (&5 (gqq b ©°0

b, A e/m L, mm m, g h, mm a mm A, mm
0 0 0 0 0 0 0

1 0,0655 3,0675 41,2069 1,1494 0,0064 0,0013
2 0,1355 6,3427 84,9190 1,7323 0,0256 0,0051
3 0,2104 9,8470 131,3417 2,3512 0,0576 0,0115
4 0,2907 13,6051 1807407 3,0099 0,1023 0,0205
5 0,3770 17,6453 2334076 3,7121 0,1598 0,0320
6 0,4701 22,0002 2896732 4,4623 0,2301 0,0460
7 0,5707 26,7077 3499148 5,2655 0,3131 0,0626
8 0,6797 31,8120 4145641 6,1275 0,4087 0,0817
9 0,7984 37,3651 4841177 7,0549 0,5171 0,1034
10 0,9280 43,4284 5591495 8,0553 0,6381 0,1276
11 1,0700 50,0751 6403270 9,1377 0,7717 0,1543
12 1,2263 57,3929 7284303 10,3124 0,9178 0,1836
13 1,3993 65,4885 8243774 11,5917 1,0765 0,2153
14 15917 74,4917 9292562 12,9901 1,2476 0,2495
15 1,8069 84,5638 10443654 | 14,5249 14311 0,2862
16 2,0493 95,9059 11712682 | 16,2169 1,6270 0,3254
17 2,3242 1087735 13118632 | 18,0915 1,8352 0,3670
18 2,6388 1234951 14684799 | 20,1797 2,0556 04111
19 3,0022 1405013 16440078 | 22,5201 2,2882 0,4576
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5 OB j 2ZQ JABjldp.dtsdzj S OwLOSI|tedmisd S jbzO WrzjdeBjudhy d H ¢
{ Hdzts ] t OL d
veo| ‘womi| ris’d fS I qL s Y DTS e ay gl
MiznJ Chydy Cmydty "y fasy TG Uoe o
d f dztg ( &3 g

b A e/m L, mm m,g h,mm | & mm A, mm
0 0 0 0 0 0 0

1 00655 | 23859 | 522504 | 1,1772 | 00075 | 00015
2 01355 | 49332 | 1080372 | 1,6866 | 0,0298 | 0,0060
3 02104 | 7,6588 | 1677274 | 22318 | 00672 | 00134
4 02907 | 105817 | 2317403 | 2,8163 | 01194 | 00239
5 03770 | 137241 | 3005579 | 34448 | 01865 | 00373
6 04701 | 171112 | 3747361 | 41222 | 02684 | 0,0537
7 05707 | 207726 | 4549205 | 48545 | 03652 | 0,0730
8 06797 | 247427 | 5418643 | 56485 | 04769 | 00954
9 07984 | 290617 | 6364523 | 65123 | 06033 | 0,1207
10 | 09280 | 337777 | 7397306 | 7,4555 | 07444 | 0,1489
11 | 10700 | 389473 | 8529454 | 84895 | 09003 | 0,801
12 | 12263 | 446390 | 9775932 | 96278 | 10708 | 02142
13 | 13993 | 509355 | 11154866 | 108871 12559 | 02512
14 | 15917 | 579380 | 12688428 | 122876 14555 | 02911
15 | 18069 | 657718 | 14404031 | 138544| 16696 | 0,3339
16 | 20493 | 745935 | 16335973 | 156187| 158982 | 0,3796
17 | 23242 | 846016 | 18527747 | 17,6203| 2,1411 | 04282
18 | 26388 | 960518 | 21035337 | 109104| 23982 | 04796
19 | 30022 | 1092788 | 23932057 | 225558 26696 | 05339

42) esteOykzdz Stedlsduydztse tPhHigt ZOL Qo s § sMmis
L Oo Oted 9 O O

SO©OClsjtedmisdSj JjSMfdsLds 0

O ZOEdL qtcOdz | BsSck<d) dglEdEPe418Q C fywrst o & wOh ¢
jCmydsLde dL©O' jd dz@ANBAD LIsjtc KA * £z d5 dzd s te Ols O

[d B IMYfeoh COMIsd jECMydsLdes L O Mfjyd Oddzj dzOd
¢s°"'d Mmd EmMfjhds ftddd ‘" & fted MO Ok d B
Cstedimisdlsd L O L OoOkdo OB o toHE o) djdzi ¢ g O BAS GH b
ststedfmisd md ({Trayalkdedoradietc2Q0p Iz

1 Mk & fMj Cstdmisdlsd b wkHddydhkO cEHj HBEZOL
feOh ddzj . R MYfse@ECHRASdz . £1 s Mijyd Oddsd L OISl
dnf stezydlsd d ¢ Ols ts ] Teaatkdrpotaci&, 208a) B oz 2 8
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oMo jiMmMfasLdes0O k U’B‘JHCdeCfds d €My J od@hordels d BO s
2009)] dz© tMdesolk Hddsj del O MNPEOMO St MY defaLddeofif) 22
sSH540850 g L OHtsas?” O ©® Mmoj Ctedlsjted Ed3j dzOo jH ] dets@
f sfls Cof§fodztsic d o detse L O9 Oted 9 OF O ( LTeayaHzjsdetizd j de@ 2z §f s«
ftedCOLOdZO 43) dzO fmdzd yd

4 dzd 83 S jtod &) dels Odzdz® § sfMlsOo C.O j S My detse o

ftostcOyYykzdz Stodlsdydese tOMlss O O j S dzsL d o dzts
dh < j daj Mk ZzO“ 9 j <] o toJ Hldasthis@y Iz 8z0 bzgl y dalag | H
doOdzj dzlsdzd m BOMO J ¢ M dztsL do © r;d3;anO E L Osd
tcjBdzf JtesteOYUkzdzO SCtedlsdydetse 418.0Mists”™ O ©, fted¢§C

B Aiizd OMO J ¢ MY dzs'LO eddzty & offdla® Ojdzj digs¥am § B Go O

I efjsOMY dzsL do O mj Hdd 4 a4 ¢
Broj eksperimentd 1 2 3 4 5
[ OMO J ¢ MY dzts L Mesplzts g 540 | 540 | 640 | 740 | 850
TNT j € o d 9 BEuelzjEdmls 0,981

[Codoe Odzj dzs 20 ayed g 530 | 530 | 630 | 725 | 833

B ?Iql:sab ié‘éﬁ%ﬁﬁo@s@qﬁl g 795 | 795 | 945 | 1088| 1250
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[HEej ' do 0% Ctdlsdudse ©OMsts OF 0 jSCMmydsLd: j

1 Qo dfdesils Stdlsdydese ©OMss 0°0 Ek WekdSyd d {§t
Mz R0 & fazyd' & &0 o j <j S&devekdyy qidsd Sj@ELi@ddos L djo Od

4.4.

[9)] ~ [2]

(0]

= N w

HaTnpuTucak Ha dpoHTy yhapHor Tanaca P [kPa]
I~

o

— Baji¢

Orlenko

17.00 27.00 37.00 47.00 57.00 67.00 77.00 87.00 97.00

KpuTHuHo pactojatbe r[m]

4 Zd L4 wdlsd ydes ©OMlsts: OF j k (69kPR)] Mdzsfmlsd tH

10 Mmddigho s’ j dzed Mz kks §f Ketff oy J (3P (REHeko22004)1s H dzts ) dzts
fcj BO( BOJ k15 OB230H0 )

1 Qo dfdesils Stdlsdyudese ©OMss O°0 bk WkdSyd d ¢t
fzz yO k& d0‘ o j <j S t5dzdSadodshog)) s dty QzsQ @ @5.j( dsias tshpddd

40
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KputnuHo pacrojaree r [m]

o dzd 45 tqlsd ydes ©OMiss’ OF j & (3BKPa)d Mdesfisd sH
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1 Otc O 3KitgeEgBulmashf sdzd dztsdz©@ L O ftedIlsdmMOS dzO yj &z kH (
2 s 0O&1p.dzd

v OB A2AQ Otc O B3Kitg@yBulmashf sdzd dzs 30 L O fedIsdmMOE dz0 yd
(IATG 01.80, 2015)

1 Otc Od3, ltets’ yoOdzO ot H

Ko -0,14362789151

K1 1,35034249993

C1 2,78076916577

C2 -1,6958988741

Cs 0,154159376846

Ca 0,514060730593

Cs -0,0988534365274

Cs -0,293912623038

Cr -0,0268112345019

Cs 0,109097496421

Co 0,00162846756311
1 edkjtedysj otejH dz@(ﬁplq’ﬂl(nfqlf) & ts faintHQTE G C 1o @ o Oda) dzls O.
sisOdzy Jj S dzsL d o LORBENTg @offdp Oz ddlisy ftcots ff totsy
[ detsGj Htey Qo j Qtstsq’fr]IsJ ftcOoddzO Ct° O Mj L OMdzad o C
EHO? jdetsflsd tsH jCIfdsLdeoO d© oij mMsk cHj Mk ? ki
Ctedlsjtod * & dstf @€ 5 datipl AASTP-1, 2010) L Offdzd o O & M4 dzO
dL o jHJj dtpinsapCranzL OC 5dz0 5 MC Oz Ok B Y zC et @dzd3 j dz
CsjWduyd "  j dzO 8@ (IATG PIH8AzR01S) dz0O
[ Mdzwej@zd C ¢ B PZzOtc @@ PtofsyJ dzd<d B H € tslzF toffd " tzOL H O d ©
tOLHO O OF 0.
1 OadMmdesls Ctodlsdydese tOMsts OO0 k WEdRyd d ¢t
fn izz(Riery-Bulmashdzj stsH @) ftedC Od@®dz0 ' jJ dzO fmdzd yd
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Kingery-Bulmash

HaTtnpuTtucak Ha ¢dpoHTy yaapHor Tanaca P [kPa]

20 22 24 26 28 30 32 34 36 38 40
KpuUTUUHO pacTojatbe r [m]

b dzd 46 tdlsdydes ©OMss: O0F ] E Liogqhesiisdo tsidif et
¢ i B difscREE O

1 OoadMmdesils Ctdlsdydese t©WOMIss O 0 k WEkdtyd d
(Kingery-Bulmashd3j Is JfHtE] ¢ OL O dzO 474 dzO© fmdzd yd

40
35
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Kingery-Bulmash
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HaTnpuTucak Ha GpoHTY yaapHor Tanaca P [kPa]

5 10 15 20 25 30 35 40

KputnyHo pactojarbe r [m]

s e tdlsdudes ©OMss’ OF | ML Q Go difipdesyifs dz  Hz WaS qas
[HE©]' do O j ¢ todkafadgsds ©Ojiiks 0 @ ¢ e Odzd YO fdzkz y
- stedlduyudes ©OMs’ OS] k MkEuy@ & ftdetj dj dsd

- stedlsdydes ©OMlsts: O ) k Mdkyd' 'k §fEy0® O Blks d

O My 0 fjsfsmMs0o? 0 'k HO Mmj JjShfdstd O
h

{
H O 0 dO MmtejHS | Isysdic Hidstsls0,5L 1§ @ B C ®jpolted s O OF j

B
J
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CsdiWvdydkjkzple IsOBIPYO JjCodoOdzj dalsdzedn HBOMO j € Mt
“jHZOWBlEsd (CEOddudkse ftdls c{fr]QO b masaak §td:
SH dzs BpdkBa Mz YO ' & YOS QH zR B s Ea d ‘2O M S t
©OMlss’ O ) CwsH fsowhddmS,) JjCmfdsed: j.

b odHk d@o jHjda tjLbdkOls] WstddisOdo
dC OL OdzO 4680 uffiplagsydj dzj Mk ROS d BOdzdzj o tej H dats i
sqydets tcOfileiass’ Q) Sntousssig] £ MizkyoO b dzO@ 9 j<j 4§
fdzsL do O [jd&iSM, LO Mizkzyo  23oanoHosEfdlss ¢ ¢ kB
5¢ Cwdbduds ©OMks O] F Mdekyo & &0 oj<j |
YO kYOS O B7ABnsH detfides d L dats g
s

d ydzts tc Ofnls Kingery-Bulmaskej ds sjHdasz, bk MdazEyo & dz0° 9 |

d MY dzsL do O (effie§ fg) des © didar JURZ00 M, fAdEES O dL
d B MzEyo ' 2 &0 9j<j JjSCodo O
fzyors BlkBdzj708M.dzj dL dzsfyd

1 e5BOUEdR Cdbdyudss ©OMks’ 0°0 b Meryd bk (st

GO jted k .dzd Py @B jeg KOO Ctdduddd jShfdastd
tOMss O0F O BOS O.

&
©
N
A

o

508 ﬁ-;nsﬁ
Sa N 5"9,

NGV FI-VED
Q—.

O
7}
N0
o<
&
7
&
o]
)
(73
o)
-0

25
MaTpuua prsmKa

---KpUTUYHO pacTojamre
npuspemeHor rybuTtka

cnyxa (Sadovski)
—KpUTUYHO pacTojare

pynTtype 6ybHe onHe

(Sadovski)
KpuUTn4HO pactojarbe

15 B 3 npvBpemeHor rybuTka

cnyxa (Sadovski-Bajic)
KpuTn4Ho pactojarse
\ pynTtype 6ybHe onHe
10 (Sadovski-Bajic)
a4t 3 ---KpUTHUYHO pacTojarbe
npuspemeHor rybuTka
cnyxa (Kingery-Bulmash)

20

KputnuHo pacrtojamse, r [m]

0 5 10 15 20 25
KpuTnyHo pacTtojamse, r [m]

sdzdCO 4.8. [ObdyO ©dLdSO Swdlsdydsd

10 Mg uywpPteOdzv OMmisy dzdded " 4§ Gt HMIsOo ? Kingery-C ted Isd y
Bulmashdzj stsHisd3. Atco jdzagj d L jdzjdagj dzdded j ftoj HilsO:
BJ Is sBagaskod) © € 5§ W d Wk, kpdads jof dAf(Ode@ko,l2004)s H dzts  dets  f to j d3f
COHBajil,ciBPPOsdodets. I bdzj dzdded  j ftcjHMisOo? O
fto] Cote@®ylj ‘HEE dzs HEs fEZyoO® O BhkBdj tHdzj, HEBEC
CtedIlsd ydz©@ tcOMmists” @ ‘O d3de off d3+ tfhtedpts sHet® f tod o toj d3j dats c
Lisdzd bdzzlsOtc fkzdzedr dzdded  © sy 4§ HES<d HB BLBJ? d
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v ORI FEdC oL O0dO € dls e 0 HOE MO D difis &
fodote) &3j dese¢ ckBdlSO MR O GHAEshHdas &OSMHdhod
©j My jClsdo dzts

v OB A3 OB j &zOtedzd ftcd S OL Ctodlsdydese tOMlss® OF O.

[ilstsHO dMfdlsdea O O miHdadt Ofmists
stedlilsdydes R &hls s BaBdkgkod6,9kPa) m 1871
(Orlenko, 2004) '
stedlilsdydets R &Mhls s 8BaBdBKod6,9kPa) m 2310
(Bajil, 2009) ’
stedIsd ydzts R RifigerisBul®ashdsj Is 660 €Pa) m 22,00
stdisdydets R &M ls ts BaBdgkod35kPa) m 594
(Orlenko, 2004) ’
stdisdydets R &M ls ts BaBdgkod35kPa) m 247
(Bajil, 2009) ’
stedilsd ydzts R RifigerisBul®ashdzj Is 635 KPa) m 7,00

43. vizse d jJSMY jteddi3j delsOcdzdzd a2 dMy dlsdo OF O

1 0Mdf dz@ (ctcB@oaddsj Isted” ME O) CkmMlsddz® HjWddedh j f
fMdztsB S H dzts 3 f O HEAH dgtsShfiplfsdztz@ffrpd@d O 2 E BHtej ' j dd MmkH
CtcOadlsOyd " j, BJjL dqCOCPRBSBELONHNBHOIsSckz MOpdJ & 9d
LOftoj B dzj, XgAlOoddad dHdmj dzd ydidijic Odizz Hasdsd S®& d § 5
MOMis©e O, o dMmd dzjf GHED,S ) QH tg SO D 2 0 B H .

¢ dsts dzf W] §f D5 OGP WO " CADfdsify dztz@fd otedfO &3 glz@ed BUALE

ORtsdzed 23 [dBPIEW@Is Q.C MY dgtzL dsand] sB@detf dzO EZHOte d Is
MfOHO & k jCMyfdsLde] Mdckzt@f Hp dgkcleowHO djo dd L
sCtsdzddzz. 1 tod dedmMSdds Isj B3 j cOlskzteORZO diyjin Al tasif j Is?
Mo jcO LO BOMsedzO wEHOLMEO dBJddLO® O E f§SHL J
d SH B4 €dn H S COCts yotMmisde Gpsj dzemC d -
fdzsLdodzO k¢’ J dz0 § tOh d dzO. RdzedydteO© " &2 fMmj ¢
OMC s COfdmdsd, jdjSlttsHjstskOtted B0, daj
sdedtcO" E<ddz hIsOf Jdesdz. 1 BtSG Meats'  j MdzOB,j 9o 51
diz d ode§ dedsdzB i3 sls  dZOBO, O dedfmkz § sctsHdzd L
Cd 30  Tdgealcergeratjpn, 2022)
q
q

&
O
&
o)

oI

fdz0 ckMmlsddz® JjSMfdksLdoO® GHtj' jdO °j dz0
0o Odd Mmk: f(sMiss? i, & O] " fiskjzdoniL
L dets g fifls@FfAs  yded dzj e ©¢C d B Mddze OdzO M f OC dzO.
BsHdzdd3 f OHBd CtetsL dzj o O¢C E fJtedfftej d3? j dalz {f ts1
d 00, ftdlsdmMC OO0 ddzd Bddzs ¢OCoadrm odBIOYC!
tsatsogf@gisltslstsd3 Md dzj 9 0¢C EZCdzsdedts d d3d Md dze Ok
otorntsdz fsmMEHy. RLBIBGIRZO " jJ ECEYf dO HBOMO § s
sfMtcjHdzets, Is°. COHO fMj tH kZSEZf dts dL &3] tcj dzj

]
Mz eed 40L Oded Mz Mjced3j desd fsMmMiskzfOCO ftodfte
f dztsL do O

g PEFEeIT NI I F-G
QUFOLS

PO “0-0RFO0 FN-NN

Q. —
=
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1 ©Oh ¢ Effiyddztt

PO AsMsEfOC L O ®EEHEGdi OF &§itdtzings dsc o

U I[sOB jlAlzfftc AC. OL Odzed Mk tjLEdzlsOlIsd ®tHEK]' do O O d
JECMfdzsL o ©® HBBd jded C Ot MijHT O otcjHAesMIs Isted

v OB j O ¥OMdYf do ¢ &hdydpSimy distige O

o ltesfmj
RLd.34tGJ E)tGJHdZEHISOdZHGIGtQ.Gq
VL s l tofls G o toj H dzts ZOMd Tl Hjod" Gtoj M ¢
jenyds wondydj | Fopu e eSS (ddas
(9/100 cni) (g/dn?) ftso jts
1 561,34
2 [ Jj agj ¢ 560,28 561,0 0,723 0,443
3 5614
1 76,68
2 O dBts dzj ¢ 76,58 7618 0,633 0,365
3 75,29
[ BYd Md LOCP pPogsk®f HiD Y jjdzsc C o Odzd s j IsO H dzts fiydzts
HO Mk ©hkoOtejdd ©jLbdkOsd Mo O Istd728gdsd ¢ O fdz
O Bsdzj GPC te' jj H dzOYj desc¢ S o Oczd Is | Is[OH fissHiiis@rfsigisj Scfied@ dzlz
q L dzts i) G633gQs.
[ dzj SstetsH j Ists dzOEHsABB05 © € OFff ( iy dzO
[dZJQlSthSHJ Is 5 dzO Is Ek4063D ( fifdACnNdz®. 10 . ) fd ftod d&zj ©
ft5° jHJdOyddd® ddd ctezfddd O0Ckdodteds jd& j ¢ MY dis
oteh d Md JdzjSbtedquydedds flsjd3 (1 ts6EHOdse, 2015).
bej' O° L O jdjSlteqyudsts OCkdo d®OS jzj ¢ Bkif djida®O lsistsig )
dzj ¢ d Htkzed dLotte jdzj ¢ Iste@Usiafjo ¢ ted) tejc dJ dzd X BMEdvh) dz
BjLBjJHdd jJ d tskam8Odzed j] E GHdshMHEz dO
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iz SO g 5° dzd dLGAZjH Mdesf O jdzj ClstetsH jIstsdzOls tstef
s tcj ydetsce f to jldifsid@Cds 5 tady €€ Is- 4808 j of (frpdgd fr) datK)

1ij dzj Ssted ydzd fite tOef tsHidatOyudzs 32 Oif jddnjdgjls te iy dzO L Of O
¢ zOo divyi@De dBOY @S teaf 6 § Gef yq ° Oczdzs ( § tod BOtedas)i j S My dz
BiodL Odzls dzs  ( M j § &z dzn Ot dfts)) & gak,AdsielL6d) o, dzt 1 e Hj O dgts o

sL LOfldoeOy ftesdzOL j.mj dzikg s d dazdls § tc 5o & ded daf
fO?>doj cdkOoadyj d LOhIdlsk GH o d&Ocju jrdeklstOh
fdfdzj ‘j BSH Odkdddd zd&O. PUW(lsde O Qduhs dz08 &0

fO0?do 0O edzOadyO MOMs d MJ BH desy dyO, HteY Oy
eslsjrddyt¢y Mdi3i"d. 1000 do0O® cdzOodqyO® Mmj dzOdzC
OsO¢ MIs". 10f0”deo 0 MEBLSBOISP, (Rpd @S fdide” jlixiats
? 0, ftcj BOL OdzO dzOS t5d3. 10 desy dyd LOf O” do j
tesosHdZd C O, HEYJdzj6 2nmm ds ¢ e £ degPVOJ L0t fiz® Iy © ©°
(1 BGEHOMzs 9, 2015) . 1Btse MdcebktdesMmisd Hted 0L
dL sd&zOgdfyeo " jJ k ttOLddydlsddy Bts° OO (1 sSGHOdse , =

RLEAZIH HJLtdOsteth¢] OLdHdd SOfdMmdzy Btets™ 8 { o

Rdzdyd Odzdets ( § ted d3Otedets) J ¢ MY dztsL d offoms] Mfelzth § J° dg Mo
sksots kedddstst] L sty GOkt &RPdkp ) 50N ¢ 0

JtedL Odzglsdgts ( Mj S k2 dzn Otedzs) T & jotielzitsaaty af dizsRy HdC0 jidise
‘] ©BH btslkddkO, WdkjckOlsdL s Odtse RjChecej dzO d dzd
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