VY RI[TYTRUT[ U

Vo fLtoeru

(JUsvt{JVIM RYSR APsL[fU[U

14 VOH MmOV
VURAOM [ [zR
sf1uvdsouv
Y yrovy {1 VI
nrRmf 1 [ [u
1 Res 1 ¢}

(J LSVt RYLRJ

HsC Iststef S O

1l J 8GtOH.,

dj%j dend<
M yviR&ULR
1o BduvUd
bvedre Lo
stRJ¢nr U
{1 88R/
lewWHwﬂ

HdMJj LlsOYyd O

2019



UNIVERSITY OF BELGRADE

SCHOOL OF ELECTRICAL ENGINEERING

Nedzad Hadziefendic

THE INFLUENCE OF POOR
ELECTRICAL CONTACTS ON THE
OCCURRENCE OF INITIAL FIRE AND
A METHOD FOR THEIR DETECTION
IN LOW-VOLTAGE ELECTRICAL
INSTALLATIONS

Doctoral Dissertation

Belgrade, 2019



[ J delstste:

Hie [ deddte stshmisd<,, ttjHsodd fos? j M
vdzdo jisLdlsjls & 1 jSCEEOHE, [djSlktesls ] o dzg

Yy ZOdzso d S ts&dmd " §:

Hite | BtcOdz {t OHOSCsad<, tjHBodzad tetsW jf
vdedoe jJteL dIlsjls E 1 jts6tOHE, [dzj CIstetslsj n dzd

Hte [ tOc0O0dzO + ste' jod<, dOkzyded MOso j Isc
vdzde jteL dIlsjls E 1 jBEetOHE, RddgSlHBEItcdad 2 j i3d "

Htc mMtseo Odz Ao jisd<, twjHtsoded ftotsW j Mist
vdzdoe jteL dIlsjls E 1 jts6tOHE, [dzj CItetslsj n dzd

Hte mBe Odz vtedWlzdzsseo <, HBYJ dzls,
vdzde jteL dIsjls E 1 jsetOHE, [dzj Cteslsj n dzd

[ Olskzd3 tsHBtcOdz] :



1Oml o1 RAGD

s Mmi LBF&BHisists. Hie [ dodBdtelz dg@tsmisd <
s yd d dzi i B dOies  JiiEkEsoOd 0 d BO d
" BO, bsStd Modr cEBHI®EO L O jHddyss
ClstemMSy HdMjtlsOyd J bk meafd® qﬁﬂmddS A
EsYyj 20, O SCt®jdsoted d Mmkcjmisd:

"h Ok CoOddlsjustt j ipOwd. sshisd<tk leclz‘;c

Odzdzsfls hilsts d3j *J de@lstgdtsda O P s ds. dz0 kY dat

n90?k CiukiziwiEy . Hite mBo Odzz dz® d il dats alfiatsiinis d  H C
Bsecdzi, ftoy MojcecO CtstdMmdzedds Mkzej Misd OBO (

HEZ LO otjdd dLtOH] Hus@Asts'tejn,s jL @HaNQ teis'Oydf * Bz
j dzd S sd3 Odzc O s &' @ ikEsstitdd dzd S sd3 f d M-B)IS® z dg@dd T dzts

HB9 O dL B &OmMNj BIsOYEtcins J

sstedmisds ftedddslkz @B6dngdddOfqdp @@d &dd + ste’ jod-
ROz ydzs 3 MOo jlsdedSk &O RdzMlsdlskkk L O Rjdd' t,
B 4 ©HEsck<ddzO f§tod{tc] dias g #iOR ted di3d W2OBDO] L (
HESstmS ) HdMjwlsoyd:' j.

WO

O+~0F0O O~ GFBIG

S B et

Mo OdzB o dutf)ls Oded &5 YO dzso  BO Csddmd  j dz20 o) & dzj

OCE' j, LODoOBl ¢ggOdfdz0e k mi€@&dEgs q&g * j
ShBsck<dfcol® W OLE Hdi, tesoufddd s ifd tc daBP dzls
dLO jHj &3 dzO TOff OpdEdsdedis ' | dz. Csdhlstld Mot

Mo Oce@ s d oz uOo Ck B HY Jeik 0 O tsG OMdes s Y
CazOM) ., dS§ @ aMyblde © d COMdd j, L d&OUO' ds {
fesl j MdsdOdds HO Mjts O disds did®h sy OO .
dZ d3

ltcsWHte [ dH]d d, t8dsso ftotsW j Mstce dzO ¢ tenm
W OC gdele Chsdzj ¢ fl Ote S Iz aq’HBaq’sfzﬂﬂztstGOdkO

[dZJClstGISISJHdzduQBngm@@?z sj gz MJ ZzO HEKOGCBYJ dzt
Is§ ndzed US 5 f tefdtoirgfd <3 U&dﬁtﬁlbdsﬂudmlzudz@HlssO dL i

dy
s a2

<

HSCIsstemC J§ HdMJ lsOyd "  J, 0O ¢s°'d Mk B 087 j
YoMy d ot ch§as qWOQlS'STGBds

10007 " jd&3 Mj Mot BPEYgsKddajedd @®Ezd d tsykz ¢ M
BtcOlskz [ ORdtez MQ {d=c sHE yGa , ~ntcOBte ‘& d st
ftsmojlsdds HESCHsSGstc®lslE | d3 Htsos? dzs “ O¢C d . HO dad €
l jdzd ¢ s ﬁ)htp'dzIE)L ddz@® dztf OL 2 B, J difsmisd L ? B O9
o3y S8 J MO ftesoits dzO JLtOHd HESCIststeMEJ H

1l JseteOH, 2019. 14 VOH mOvVvdjWwjdeHd<



1 OMmdzse HBSCItsttME ] HIdMJ telsOyd - j:

VYO dshdi jdjChkttdyuddr CtdsOCOO &0 dzOMmlscC
LO Sdhseot chk{BYB@OGdnNS dd j dj Slsted yded &5 d dzils ©

ttryRrRIT

1 skzL HOdzts WEdC ydesded mO° e dzed M¢ sdzOff sdzMm € d =
ftcj HMIsO8? O 90)0Odz ftojHEZMEzZce L O dstedzOdzdzgs H
qdzHn 2Mmisted " d, destedzOdzOdz OH ' Oayled 7 * IDEMEIZHo,O0 (N
dzj s34 Is O dzts Wizd€ yquags 00O dismsd3O<v Mdzj ez dzsh j 6
dzj OHj CEOGY ¢ |, Cstedh <j 0 ddzd ®BHtLY O O O jd
09?0 ' E M GCoOtttsod ¢ d dBSEekz HO HBO jHE HES
2 dO0f 0" 0° & ( HJj dzQ@ijts d3ts B dgj U@ | pdgPC tOFH Y O dBBistc ©
ftsmo jlsgo FE@Dtedc zdf®d dkE OB O, | OzOM Y dzj L OMIsd Is
Csdi3f sdzj dzIsy ( OkltsdizkOMEd oy SdHOY, smMdekztcOyY
tej ' ©°F HdWjtejdzyd Odzdzj Mistelz ‘uvjOShIgH .C)g Pisis p dpts dixO
dL OL dizas®] dzj € I sdadOC Is

Jsh jdzj Slstedydzd SCStsdzsOCIs k2 dzd M sdg®y jsdzm € s°
i 5 Ooadld k €GO &mdtipty CEf@Pdiz ) cHj bk fMistelz d
(&0 Bhilsj<jdtsds ftetseo tsH dzd € Iz, E EsdSOuwEd ddzd E
ftod J d3ded €z j dzj Cdbimpel.yday C tg et d ) p to flads) distdsd§ oy flzd
f s j <QocOslw OB | t¢ ® lislistc OB Y J Hitso j MisdzdifHGs j BOY ° j ¢ C
dL sdzOyd tei ydedzi € lIs B3 tsdzj dzls j d tCtddse L OfO0° ds
Jdzj Ctcmdad @&C ssd3 k& j dzj € IsdgtsPpifgieO’L oedg@fls O 20 upls O § Is
CH CGEO |

M dz0 O] figalGlzf e Isd M & O zOdzj ¢ ©O¢ O Ctsdzls OC Is dzd n i

ftesosH Az € O dgef te PD elisf dats d3 | jdaip ¢ ds jiedsls tolzfn Is © dzO y d t

¢ i3 sjdefiedzlst OEHA] dzs© | Olsj L OF O)

sfiseo Otgjdfts Is §f z dzts dzOdzj c P O s(otfott JJUafOf @OEC Oto

ftocso sHdzd € O d ¢ ts dzls @QAOIsdeg d € *HiAswpdiddg dzjj dzj d3d o

ddzj Clstctsd dzgMls OdzOy d s BOT JsBY s dzj Yz g Isd o dzj f s

¢ s dzls EkdB(O )

i se@d dzts © wHAOMERZ G)lskz | dzj € Is(chifflaf@ukzd € Sdds O sOd3

shilsj<jdz . CtsdzlsOCIs)



1 dlsd HBBO<d dad Is dic O el3gf tzbizdz® & ts Habdth) Isf{igidad Ote H d
fosf dmMOdzsj fojiafdinddcudmid * § SCoOdzdlsjlsO dedMm¢ sdzOy
d dzfls O dd&) y oy OPitdesyj Hizdgtg<cZ2efd M 2 ©WOdts sdkz©®L d HJls
jdzj Slsted ydzff j § B Eg5rOR®s | - dEJEIPH O dEOEe fiAnlsls 2 ‘fje ton Iz
oth jf o dalisdjotedists ol ¢ | g miO@3sd (Y sMists” d MlsOdzH Ot
Cs' ' d fCtedo. oL i thiggpadzekigls lg H dzts firfls Qjotddish O dgtg
SlsC s j dzj Clstedae@d CS 8 sdazOC g Mlsotstcj ded ftoj HEz
f s5Ud sidesgeodzOdzd S 5 dz0f 5dzM € 5 d dzf) 2P &K ¢ & detis 50 O dzd
CoOwtp d dzj toj ¢ Iz dxlPA dapsjifipgfizss ¢ 2 sl € dzfskizdpts fls O o dzd o3
d dzls j to 9 jOdzyjddzjCEdigfteizify OdsjOR dzd Y S d » Mdziz 3 B ff dz@ asdedf ) dzd €
dj H sisPIsSBE dizjlsnjded € j Is | toffsis p o dzjjde®gselz < dzsfls  H O
ftoj ¢dzj HO jlakzj(Chpdadgiddd CtsdelsOCIsd St d dedfmbkz Hdted
d dzW tc Oy tpjjddetssip 2z S Od3d t6

Ad? HiSC steigin€ls Oyl * § ‘] OdOdzdL O klsdyO O
CodzsOC OO dz0 dz0Mils zB®DO L 1t IsHiztsaOdfis § EE O QR js o ts
. ded ¢ sdz0f sdzmC d 3§ dzd ¢ Iste @ y disffiyiizts of Hzfn lsoQjda@xfifdts cO d
droteh jddn J CHNYY EJdIREz0l B OC HAg d "¢ ScIisdp@yfd O dzO
SH § s ddintc Off jis dis K BIHOBS @O S @i o lid@icts' O k<
Yd dzdzbl) f o dgth)g & walzinls o O Q@ @pdzdslz dzd @G Gz dzj § Is to d Y dzd
CodEls @&l d Rz h | dzj f slstf iz detfde | UaROR{ES TPz ¢
ftotso sH dedfi o e dicdigj € Istots d dzfls © dzO y ddaQizts ¢f to dfj S iz Sddds O
jdzj Slstetsd dzls OdzOy d wtked totsC =EyiOn @LidRlicjc' O Ul <z ¢
ftod HiisOed 1€ Yake d 2P| ted O FE sdzls P&l dMmisd s
) dzts offfigsiglegtc 2 dzs o3 s lsjtej<j Sk, fteiMjSk oo tsH
Codzls O Is A dzddfddets e ety Pe@etsci W j S Isd o dzj f s
ftoj C ZPO OwHfHisdyj BOCHI BOddz IstcO da® HisL 9 ts?
sdzsolz ojdzdStse Biolsd @' jjdRMGGued di3j hzPls BC Wpd * j o3
LOjLOSO LOstelsS O I | dzgaf telsds d dz@)ls By Ps@s] A5t
2 h BQsts{ § BE " HECsw] y@EdQy | OC? Zyj detd dijOMHs@ dA9R Ao to ]
sOukjjtf sots? ded - d dztsh  j dzj S lsted ydad j €z bzl @ § I dzts dz0-
qdzmlsOdzOyd “ d tsB  jCO (GH] ‘j bkt dud disdglze OC Ot



2O dzsh j Jjdzj Sltedydzei StsdlsOClsj d&OMlsOdn 2 d&ZOf
Ztse d 0O ¢ jsdelgdiysdgfOfmisd B OC Oteded f totso tsH dzd &) .

10 ffdesoalz o jdzdSitse Btes" © dqLojHjdedr J Sy
Elsdwytsh drn jdzj Slstcdydzedr € sdzls Of Ols® tg@OO-HzO g Is O dzO
Zlsd ydzgSyGofalg® thdeso 2 f sH Ole Q W6l stlrpsdc zjuddefi~ lz0 dzOL
ts ojtedWdeoyd  d CoOdzdIlsjIsO dzd M ¢ s dzOfzts dziy € d -
ddgh zfisted " MCdd3s d OH B dgdCifds'tgjO Is'djo daff dzte BB dr@ Is[d @FOL
dmt dlsd edf ¢ s dzOf sdzC d = j dzj Clsted ydzd A d o
ddzmlsOdzOyd " © [ dzj SIstetsls j » dzd Qlcfy afzOtz® §R B O 2 1 |
slsCtedo OF § dzshdn J dzj § 2@ d ydt@@aizO s iz E@Db@o ®° O° L
Ctte] dzOyd  §  ddq asis'f s todag dpsehjAipO] St O sd Myt ©
MsjPfisis steh OF O, CckzROHRE § g jzy Ol @&EY gfgEasinls d
VIO jdz " J dzd L ) @edsiytfumzfdes| HzQEOstcd " <j dzO HEGd
GtsHJdO ( X0 OczdHfldzd tc @ dzts df dbfriizbdfy P BB ddzts o d 3
Zisdyded yodzo, Odzd MO J &ps & tc higdzdfds | &@ dglp @dzts b @iz
dqL sy jdd Ststestd d. 10 Bd Mj EBttL Ot sy, fi
ftedC? Zyos WOLdse ftosotsHddSO | bktjlsdteOd yoOt
Csdayj delstetsalOABO (WCI/ =v)), O k Htkzets' dsots’ Ikl
ftotso sHdzd C O IsGetg dzq jodRlsidc g & §tflzts tydats d3 € BQ)dzd dzts o5 (
ststedh <j¢jd tadn R BICOdZd O MdBzdZJteOdz * j
Jadzj Sstcdydzdrs S BdlsOS OISO szgglststsc[dzculsaﬂc[“
VY stej q’aOCJd34tthoF|DIzcﬁl$OI@O fndz D fi
cjHESC Yy Bsdzj dzls©@ L Olsj L OF B figlOp tik@sddEdzdlzpO 1 tc C
( s Ot j (Qtstgcfh<szJ) blsdudedyj d Hoj desej Ikls
My s j odzgPBA)Qcth] § @& £ bted Ydzk s ls ff 5 @5 PSS S Esdggls O € Is ¢
d 3O dzdjud€ O OCIsjtedfMmisd < J

v Hsfskf dzdds HEBBRBO<ddB d MistcOded &3 Mis OdzH O
dlsj tOkicd ddzejzl § &&PStE § Olsj OO St d jk &OdB S
MY J yd Aoz dif) izt § H M ls Oy |9 6ty ‘ditsc z § 5@ dzlz %O
fteOo 5o t6j d3j dzteztséh § Giag o dsfBN @KL fls Oz § dzd d3, ff tsfdzts
d "~ Ooded 5.1sted dejBigidyg@OL o d " jdoj k2 ftejHd3jIsdes’™ HAT
ZOd3j ¢ SO tc i odadSh d A J dzj Clstedm@zd Az ChipdsdaEldzO Cdzd ds € s




tod HZ¢ 5ofifPpd70 Bod@ls@iBEH<@ZEI .  § dzd ¢ Is tc@ Qdzdf = Y ©dgldA &
Aotcjdzdnii IsOYDE Q) dapL CLdBE@®) &zt HIOs YBOds M f tod d3d ©
sCodtelz tojHBodzy HttsyjHbkt] LO ftsejtk JWd&OMmd
Olstsd@30lMEsd dMS Ok © figdzizda@® Az jOk Is ©de@dzd i3 d3j 64 ©
sy stedesfisd §ils?j Co0L0O d slsydsdpjdzsdndsdmy jted ] d
ftotse dzj a3 dzj d3ts Glizj<telzstidso{L o O ChigjikS 6 6 & dzp ade@dzj 1 Is ©
Zsh ddis Ccds@EdBO Mj dzL st ¢ Odyp dod z jUAHRPOO CHIST to j € |
1 toj HAzSY J dz@Q OBJEldstEHE®@ 0 OF | dztsh j & f tzgfl B Cgiadeetse €
feddzd stz o jBadf@dqOYHO j dzd ME s 2O sdeM S drlz § dzj € Iste
fisOds § dzd d3 ° O dzdetf g B GZO IHHMD & tafigO] 1 (e 5@ § Jof § dz

Bse < tzhigllsOo8 PrdO i3y ' & MIsOtetsmisd MisOd3B 4 dzd -
MisOtesMisd “drateodnms Jdzj Stedqydzdms dJdzlMlsOdzOyd * ® O)
Aotcjdzji IsOySCy dzO dztsh j diflsjedz) Qs tely] 1§ datizd dOs diftsQILSY
stesW¥ OL dzd » .Y QodtBflEEC 0 O 9 j L O dzd1Qf J Hadst sMils O¢
J 9§ dzls lz@dpdath)ls O > ®Ydgj sHfhdets dzts  § ted ) datfp@df " geso 2 3,
nd° WHSQf ydzfffig Odetz® " JEEfHsEOttsMis d .

1 4 BIsS trehj dg dzj SIsted ydzd SCBdelsOCIls 2 jdzj Clsted yc
ftoskL Sk jJ tjHdd Jdzj Clsteded. daz@ € &L dfd S B
ddzj Clstcd ydetse CtsdzlsOC s 0O, teJ Hdzd Jj dzj CIsted yded dziz
Moo tcj d3j dzd m L Oh Is d Is dzdun d€ OBt tasClg) sy . i € d of3 M
IS MY J o @dgdiztizls * j e b @Y g dAEOY d s dzO dzdABHPS(frc-Faud H ©
Detection Devicg € 5 i3 ts dzlp@zlsji© Jjj aldg sifzlg s dzhed * © ° J tshdzse d
dZzO d3j dz@®@ " B dtsH dzj % 4 7 § detsc toj HdzsG . | itz B bt Qdzts
Wz dz€ yd ts dzO dedzts|ff ez jg dizdesdzOB stc Olststed “ MEdnma  J S MY J§
f i<k fids RR dgfipOs g ] toj dzj o Odzlsdzi Ofgd IOE @y d * |
toJ Hdzs G J dzj € Jsife laslzs 6 O dzie © O dzd y d Istg d * CO=ieeB d jdzRiySdls tg ts +
BOUOBS PmOU@i MY tzg ¢ d M s tc tHf ota@atds o ‘tdgjj de)CABFOD j
Ceif sdzgj dzlsy E Mo OCtd3 tsH Isd Hzdfilggzk i@ | joof &J dzls D €
f sdis< iz’ § tsdzff OAASBBDDS 5 B sQzjdies” J t jo@ ¢ Has @ ABO dzdzts d3
tcOH Iz dzj dzd dzj Otcdzd ~ ftod JRBEJCO Ct°d MOHtYJ
fJimMtsdzOdzdzd ttOyYykzdzOte, hISOBY OYUktcfldO s BazOndzO ¢
ftod dsedsOdzdzsds wWOHE fted  j d3ded Se@ S =2 ds . ) QeHpeMnid o



Bh qazd yo, , W JJRCElsH.j) LO S dote tOH dfste &30 dzds
kS s @ O fdetse Usd B § Mif gzic@ 39 dzP 820 § tdfjj ftaCc IOS O

d dzfls OZARDO T js 3 tsdzj dzglsj bk B JSIsdBO k St5° d RO

"EZH] BHdsHdBdHDDES] 5 OHj C o Olsdts fiflsjdf B dagjy d &4 ts
steBd g

s’ kzydzj deghydd dzj Slsted fidzd C EOWPOOG Is j dzj diisdE) B ¢ ts dzls
L Olj S@BdB,OC B dzAisy @R ERs L d ° O, toj Hdzd J dzj &
¢ sdzls ©F HzgzO Is taxflsufdEttc dity fitdls, s H af tpdEk® d ¢ @ T B dzOf sz d -
ddzj Clsted yded = d dzls©OdzOyd O

1 Ok ydzO tpeRIAROfsec:islsj - dzd ¢ O

LY O dz2Okz Ydz@ dag & R@fiplg :dzj G j Isd & O

Vr s B®&K3:



The title of doctoral dissertation:

The influence of poor electrical contacts on the occurrence of initial fire ané
method for their detection in low-voltage electrical installations

ABSTRACT

Reliable functioning of lowvoltage electrical installations represents an
important prerequisite for normal functioning of technological processes in the industry,
normal operation of public institutions (schools, theatetsseumshospitals,...), proper
operation of households, efdue to poor selectioar inadequate installation, improper
use or maintenance of electrical installations, failuresamur causindire, electric
shock or interruption in power supply of a facility (or its pa®pecial &ention must be
given to fire-causing failureswhich cannot be detected by conventional prabecti
devices(such as: miniature circuit breakers, flisds, residualcurrent devices, etc.).
Suchfailuresare most often caused by poor electrical contacts.

Poor electrical contacts in lewoltage electrical installations can occur in the
distribution cabinet (switchboard)r anywhere in the electrical circuit (on damaged
conductors, in plugs or receptacles, in extension cords, in eletadsl etc.). Ifsuch a
failure is not resolved, the temperature of the poor contact increases gradually, which
can lead to meltingr ignition of the insulation of an electrical component and the
surrounding flammable material. In an electrical installation, a poor iekdctontact
can be considered as characterized by:

- a reduced pressure force between the contact surfaces of the copper conductor
and the screw of the electrical compontenininal(reduction of the torque),

- an incomplete overlap of the surface of the @pgonductor and the contact
surface at the electrical componggiminal(reduction of the contact surface), or

- an increased oxide layer at the point of electrical contact (old and/or corrosion
damaged contact).

Neither local nor international regulatioaad standards, which define periodic
verification of the quality of lowoltage electrical installations, contain procedures by
which a poor electrical contact would be detected at an early stage. However, one of the
techniqgues used for this purpose today performing preventivethermographic
inspections (a standard covering this area is available only in the WByA¥uch

inspectiors a poor electrical contact which crespgerequisites for the occurrence of an



initial fire in a lowvoltage electrical istallationcan easily and effectively be detected
Detected failures and irregularities can most frequently be eliminated by simple
interventions of electricians or facility technical services. The main disadvantage of the
thermographidanspection is thenability to inspect electrical contacts which are not
directly (visually) accessible to the camera sensor.

The aim of the doctoral dissertation is the analysis of the impact of poor
electrical contacts on the occurrence of an initial fire and the develdmha method
for their early detection in lowoltage electrical installations. Based on a large number
of experiments carried owtith various combinations of materials from which contacts
are made (coppicopper, coppébrass and coppiestainless stegl by a specially
designed apparataspoor electrical contact occurrence due to an incomplete overlap of
a copper conductor andcarrespondingelement of an electricalevicewas simulated
It was concludedthat coppérstainless steel represents a caiticombination of
materials for which a contact most rapidly reaches the maximum permissible
temperatureunder the same conditions (the same load, conductor s®sson and
contact deterioration degree in terms of the same percentage reduction ofrtap ove
surface).Based on a large number of experiments, the impact of the reduction of the
torque of tightening of the screw in the electrical component on the occurendeatii a
spot in plugs and receptacles vedsodetermined. It was concluded that petectrical
contacts developed in built electrical installations of buildings (where the copper
conductor of the full crossection is common) are more unfavourable for the
occurrence of ahotfi spot compared to poor electrical contacts developed \wepo
cables of electritnads(where thestranded copperonductor is commonly used).

Based on a large number of experiments in which the impact of poor electrical
contacts on the occurrenceiot spots in receptacles was analysed well as orthe
data obtained from a large numlmérdocuments related to periodierifications of the
quality of lowvoltage electrical installations in industrial and administrative facilities
(issuedby the Laboratory for testing lowoltage electrical and lighimg protection
installations at the Faculty of Electrical Engineering in Belgradejeva method for
detecting poor electrical contacts has been developegshased on the establishment
of a correlation between the measulied to earth and line to n&al short circuit loop

resistance andthe degree of the contact deterioration, i.e. the increase of its electrical



resistance. A number of experiments were performeareneptacle thatdsbeen used
for many years (30 yeais the analysed cageas vell as on new receptacles, the
electrical contacts of which were intentionally exposed to corropidor to the
experimentsin order to accelerate the corrosion process, in one of the new receptacles
the connection of the phase conductor was treatedagith regigconcentrated HNQ
concentrated HCIl = 3 (v/ v)), and in the other the connection of the neutral conductor
was treated witltoncentratedulfuric acid (HSQO,). Using these chemicals the effect of
long-term exposure of electrical contact$ electrical componentdo an acidic
atmosphere was simulate@omparing the results of the measurements aimed to
analyzethe effects of reducing the screw torque tightening at the receptacle terafinals
the old (used) receptacle and two new receptadl@gh delberately corroded
connectionspn heating and electrical resistance of electrical contaetas shown that
theypossessimilar characteristics

In the available domestic and foreign standards and scientific literature, with the
exception ofseveral patents intended for industrial and special @gins, methods
and techniquethatcan be applied for the timely detection of poor electrical contacts in
residential, commercial and public buildings have not been presentedyirgppihe
method @veloped in thisdissertation, intended for the detection of poor electrical
contacts in electrical circuitthe probability of maintaining poor electrical contacts and
dangerousfhotfi spots that may cause fire would be redu@e method would be
applied as part of the regular procedure for checking the efficiency of the protective
measure based on the automatic switching off of the power supply in case of-fajure
measuringooth the line to earth and the line to neutral short circuit loop resisjance
This would overcomethe problem of the impossibility of a thermal imager to detect
Anotii spots in poor contacts that do not have direct visual contact with the camera
sensor.The proposed method for detecting poor electrical contacts was applied in
performing the verification of the quality of lowoltage electrical installations in old
(10-60 years) residential buildings. The possibility of establishing a relation between the
age of the residential buildings (more precisely, the age of their eledtistallations)
and the probability of the occurrence of a dangewgiii spot in a poor electrical
contact in the electrical circuits of singdhase and threghaseloadshas also been

explored. Unfortunately, this relation has not been establistseestablishmentvould



require to apply thenew method for the detection of poor electrical contacts in
thousands ofeceptacles imapartments of different ages.

An undetected poor electrical contact in an electrical installation may cause a
series electriarc, which is a common cause of fi@ppositeto poor electrical contagt
series electric asccan be detected using modern protegtievices The functionality
of the AFDD (Arc-Fault Detection Device intended for the European market, the
primary purpose of which is the protection against unwanted series arc, has been
experimentally tested in laboratory conditioi$ie functionality tesivas based oma
large number of laboratory experimgnbyy which almostall relevant situations of
establishing aseries electric arc for various combinations of materials of electrodes
(coppet copper and coppibrass) have been simulated. In each of these cases, a timely
response of th&FDD component has beergistered In addition, experiments aimed
to check ifthe AFDD componentdoes not operate during thermal operation of nen
linear electricalloadscontaining power electronics (for example, personal computers,
printers, microwave ovens, air conditioners, etc.), as wdbbadscontaining collector
motors (eg., vacuum cleaners, drills, fans, etc.), walso successfulBased on the
results of these experiments, a recommendation has been made for the installation of
AFDD components in buildings in which a large number of people gather, i.e. an
opinion on theadequacy ofheir application in the Republic of Serbia has been given.

Keywords: poor electrical contactverlap of the contact elementgntacttightening
torque, hot spot, fire, thermal imaging, series electric arc, contact resigiarnodjal
verification of low-voltage electrical installation

Scientific area: Electrical engineering

Specific scientific field: Power Engineering

UDK number: 621.3
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698 0,

860

1 (A)

0,0582

0,120

0,289

0,335

,044 | 0,

054

U (V)

0,004

0,008

0,018

0,021

0,028| 0

78

70

T(°C

R(q)

) 24

33

43

58

61

tiLkzdzsokd d&j i @ieLemd s ok bfdafi \Ldraf Q° df) Ctsite ts
(fsoteh ddzO0 f 2bmgiydese ftoj fmjso
30
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[ 6ClsefC O
Bj stsHO

v0OBj d&zO 7.

CsdzZsOC OO dzO  dal

J dn
Cte dzd M 5 dz0f sz ¢ d 3 | dz.

o 11

o B B O ydgts 'Od dzj CIsted yda
LO ‘diset B qo i

(O

t d L kzdds@lsap ydfj tzj 4§ QpOB @k ok bydily © tzOf O © tsH
100% (fsoth ddO f:&mMmd)j ydzse ftojfmjso

t (min.)

0 10 20 30 40 50 60

| (A)

16,1 16,1 16,1 16,0 | 159 | 16,0 | 16,0

U (V)

0,0184| 0,078 | 0,1107| 0,1614| 0,206 | 0,213 | 0,246

R(q)

0,001 | 0,005 | 0,007 | 0,010 | 0,013 0,013 0,015

T(C)

29 36 36 37 37 37 38

t (min.)

0 10 20 30 40 50 60

| (A)

20,0 20,0 20,0 20,0 | 20,0 | 20,0 | 20,0

U (V)

0,0329| 0,113 | 0,159 | 0,203 | 0,229]| 0,271 0,289

R(q)

0,002 | 0,006 | 0,008 | 0,010 | 0,011) 0,014 0,014

T(C)

29 37 37 37 38 38 38

t (min.)

0 10 20 30 40 50 60

1 (A)

25,0 24,9 24,9 249 | 249 | 249 | 249

U (V)

0,0728| 0,1316| 0,225 | 0,235 | 0,262| 0,271| 0,298

R(q)

0,003 | 0,005 | 0,009 | 0,009 | 0,011 0,011 0,012

T(C)

29 41 43 43 44 | 44 | 44

v0OBj &zO 8.

t d L kdds@lsap yafj tzj j QpOB s ot byl O tzOf O° O ftsH
50% (fothddO f =Aned) ydzse ftoj Mmj o

t(min) | O 10 20 30 [ 40 | 50 | 60
(A | 162 | 16,2 | 162 | 16,2 | 162 | 16,1 | 16,1
U (V) |0,0378] 0,101 | 0,154 | 0,176 | 0,246] 0,288] 0,305
R( q )| 0,002 | 0,006 | 0,010 | 0,011 | 0,015] 0,018] 0,019
TCC) | 29 36 37 41 | 42 | 42 | 42

t(min) | O 10 20 30 | 40 | 50 | 60
I(A) | 201 | 20,1 | 20,1 | 20,1 | 20,1 | 20,1 | 20,1
U(V) | 0,061 0,122 | 0,189 | 0,207 | 0,180] 0,208] 0,215
R( q )| 0,003 | 0,006 | 0,009 | 0,010 | 0,009] 0,010] 0,011
TCC) | 29 41 44 44 | 42 | 42 | 43

t(min) | O 10 20 30 | 40 | 50 | 60
I(A) | 251 | 251 | 251 | 251 | 251 | 251 | 251
U(V) | 0,108 | 0,126 | 0,174 | 0,225 | 0,231] 0,245] 0,271
R( q )| 0,004 | 0,005 | 0,007 | 0,009 | 0,009] 0,010] 0,011
TCC) | 28 39 40 41 | 43 | 43 | 44

v0OB j &zO 9.

tiLkzdzlsOkd dj ] OfsLOX (s ai3e kffdm L dizOAf Qi°dE) SHsits S5 H ¢
15% (fsoteh ddO f cAfed) ydese o jfmj o

t (min.)

0 10 20 30 40 50 60

| (A)

16,0 16,0 16,0 16,0 | 16,0 | 159 | 159

U (V)

0,0173] 0,0247| 0,0394| 0,158 | 0,185| 0,175| 0,179

R(Qq)

0,001 | 0,002 | 0,002 | 0,010 | 0,012| 0,011 0,011

T(%C)

28 33 35 36 37 38 40

t (min.)

0 10 20 30 40 50 60

| (A)

20,1 20,0 20,0 20,0 | 20,0 | 20,0 | 20,0

U (V)

0,024 | 0,073 | 0,097 | 0,227 | 0,128| 0,133] 0,178

R(Qq)

0,001 | 0,004 | 0,005 | 0,006 | 0,006| 0,007 0,009

T(%C)

28 42 42 42 43 43 45

t (min.)

0 10 20 30 40 50 60

| (A)

251 25,0 25,0 25,0 | 250 | 250 | 25,0

U (V)

0,0354| 0,0656| 0,0753| 0,0945| 0,127 0,138 0,181

R(q)

0,001 | 0,003 | 0,003 | 0,004 | 0,005| 0,006 0,007

T (°C)

28 44 48 48 49 49 50
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[ 8SkstemS O
BjssH O

v0OBj d&zO 10.

L

WOl ] 5@ O s Of
O ‘doitet fs

o 11

J
Cte

dzj
de

Clted
0° j

Y dz
z

CsdzZsOC OO dzO  dal

q-
dzd ¢ 5 dzOf Bz C d o5 § dz,

1 JL @ dfsodsald i ved S b o) dpiffiests tok @ed O&OKEOS O ©H

100% (footh ddO G HEImef)ydese ftojfmjso

t (min.) 0 10 20 30 40 50 60

| (A) 8,1 8,1 8,0 8,0 80 | 80 | 8,0
U(v) | 0,141] 0,495 0,635 | 0,726 | 0,757| 0,820] 0,960
R( q)| 0,017 | 0,061 | 0,079 | 0,091 | 0,095] 0,103] 0,120
T (°C) 25 40 57 64 66 70 72
t (min.) 0 10 20 30 40 50 60

| (A) 10,1 | 10,1 | 10,1 | 10,0 | 10,0 | 10,0 | 10,0
U (V) |0,0547] 0,0969| 0,582 | 0,792 | 0,944] 1,020] 1,176
R( q)| 0,005 | 0,010 | 0,058 | 0,079 | 0,094] 0,102] 0,118
T (°C) 25 35 44 60 63 66 71

v OB j O] LA dzls Ols d dg dedp® g LEO S dsjd jlsfedtfizt teb@fcd € zOf OF O s H
(fsoteh ddzO0 § slfpmgiydese ftoj fmj s o

50 %
t (min.) 0 10 | 20 | 25 | 29
| (A) 82 | 82 | 81 | 79* | =
U(V) | 0,0794] 0,576 | 1,345 246 | |/
R( q)]| 0,010 | 0,070 | 0,166] 3,114 | /
T (°C) 25 57 | 63 | >385 | |/
t (min.) 0 10 | 20 | 21 | 23
| (A) 100 | 99 | 99 | 98* | =
U(V) | 0,0451] 0,0967| 0,626| 27,1 | /
R( q )| 0,005 | 0,010 | 0,063] 2,765 | /
T (°C) 26 40 | 86 | >385 | /

v0OBj &ZO 12.

t 4L bk aisf@EOdy ddsiizte jj ‘ot g ilsBufsfatns pb@fic)) € &zOf O O H
(fsoteh ddzO § slfpmgiydese ftoj fmj SO

15%

t (min.) 0 10 18 19
I (A) 8,2 8,2 8,1* | *
u(v) |0,0197|0,1812] 28 /
R( q)| 0,002 | 0,022 | 3,457 | [/
T(°C) 26 165 | >385 | /

t (min.) 0 4 5 /
I (A) 10,2 10* ** /
U(v) |0,0264| 32,5 / /
R( q)| 0,003 | 3,250 / /
T(°C) 26 >385 / /
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[ 6ClsefC O
Bj stsHO

v0OBj &zO 13.

i of

L

B d %6 O ydets 'Od
O ‘drtet f

o 11

Jdzj ¢
Ctcdo

O]

Cd

Is tc d y dz
i Ek

q-
dzq

CBdlsOC OO dzO da
M sdzOf sdemC d s § dz

tiLkdsOlsd d&jte] Oi3i B Gefs oz M@ odz@tf Q dey CtisHs s H

(fsoteh ddzO0 f:B8Fmef) ydese ftojmjso

100%
t (min.) 0 10 20 30 40 50 60
I (A) 10,0 | 10,0 | 10,0 | 10,0 | 9,9 9,9 9,9
U(v) |0,0284|0,114)| 0,399| 0,442 0,526| 0,548| 0,569
R( q)| 0,003 | 0,011)| 0,040| 0,044 | 0,053| 0,055| 0,057
T (°C) 28 33 38 43 49 51 52
t (min.) 0 10 20 30 40 50 60
I (A) 13,2 | 132 | 13,1 | 13,1 | 130 | 12,9 | 129
u(v) |0,0816|0,135| 0,570| 0,731 0,783| 0,825| 0,948
R( q)| 0,006 | 0,010| 0,044| 0,056| 0,060| 0,064| 0,073
T (°C) 28 44 61 66 67 68 69
t (min.) 0 10 20 30 40 50 60
I (A) 16 15,9 | 158 | 158 | 158 | 15,8 | 15,8
u(v) |0,0938]|0,421)| 0,559| 0,870| 0,915| 1,050 1,160
R( q)| 0,006 | 0,026| 0,035| 0,055| 0,058| 0,066| 0,073
T (°C) 28 38 57 65 69 71 73

OB LdO {JLEdZsOdg dagPmA" @ | GzjEisigifatn GpbGlcld € zOf O° O

50% (fsothddd f2pmidudse fjfjco
t(min) | 0 10 20 30 | 35 | 38
I(A) | 10,0 | 100 | 10,0 | 9,9 | 9.6% | *
U (V) |0,0599]0,343] 0,936 | 1,005| 252 | /
R( q )| 0,006 | 0,034] 0,094 | 0,102] 2,625] /
TCC) | 26 | 36 47 52 | >385| |/
t(min) | 0 10 17 19 | / /
| (A) 13 | 12,9 | 12,7 | = / /
U(V) | 0072|0528 352 | / /
R( q)| 0,006 | 0,041 2,772 | | / /
TCC) | 30 | 58 | >385 | |/ / /
t(min) | 0 10 13 14 | | /
| (A) 16 | 158 | 157* | * / /
U(V) |0,0778]1,934] 46,9 | | / /
R( q )| 0,005 |0,122| 2,987 | | / /
TCC) | 28 | 90 | >385 | |/ / /

vOBj O 15. (jLkdkOld &jtei S Gdi BHddes oe bigmcdddy G df CtsHs s H

15% (fsoteh ddO § 2pmiydese ftojmjso
t (min.) 0 10 12 14
| (A) 10,0 9,9 |[97*]| =
U(v) |0,0231] 1,029 | 705 /
R( q)| 0,002| 0,104 | 7,268] /
T (°C) 28 70 | >385] /
t (min.) 0 8 9 /
| (A) 13,1 | 13,0 | * /
U(v) [0,0936] 96 / /
R( q)] 0007] 7385 ] 1 /
T (°C) 28 >385 / /
t (min.) 0 5 6 /
| (A) 16 15,8* | ** /
U(v) |0,1342] 988 / /
R( q)| 0,008] 6253 | 7 /
T (°C) 28 >385 / /
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[ 6ClsefC O
Bj stsHO

v0OBj &zO 16.

i of

L

B d %6 O ydets 'Od
O ‘drtet f

J
Cte

o 11

dzj €
de O

Is te f y dzd 7
E ded S s dz0f sdzmC dds § dz.

Cd

100% (foteh ddO {:&mnb)j ydzsa
t (min.) 0 10 20 30 40 50 60
| (A) 16 159 | 15,8 | 15,8 | 15,8 | 158 | 15,8
U (V) |0,0255]0,159] 0,502] 0,682] 1,496 2,096 2,29
R( q)| 0,002 | 0,010] 0,032] 0,043] 0,095] 0,133] 0,145
T (°C) 29 38 50 58 62 65 70
t (min.) 0 10 20 30 40 50 60
| (A) 20,1 | 20,1 | 20,1 | 20,1 | 20,0 | 20,0 | 20,0
U(v) | 0,085]0,142]|0,121] 1,355] 1,659 1,81 | 2,751
R( q)| 0,004 | 0,007] 0,006] 0,067 | 0,083 0,091 0,138
T (°C) 28 39 44 48 59 66 73
t (min.) 0 10 20 30 40 50 60
| (A) 252 | 251 | 25,1 | 25,0 | 25,0 | 25,0 | 25,0
U (V) |0,0669]0,170] 0,608] 1,454| 1,841] 1,912] 1,957
R( q )| 0,003 0,007 0,024] 0,058] 0,074 0,076] 0,078
T (°C) 29 43 58 66 68 71 74

CsdzZsOC OO dzO  dal

tiLkdsOlsd &t OBi Bd et ozt pfdad i@t Q df CtisHs 5 H

fteifdco

v OB J d30j UIZdzls Ols d dii dedp®Wpd L S dejdg jishefsfacoe pt@lcld € zOf O° © fsH

50% (fothddO f =Aned) ydzse ftoj Mmj o
t (min.) 0 10 20 30 40 43 | 46
| (A) 16,1 | 159 | 158 | 15,8 | 158 | 15,8 | **
U (V) |0,0207]0,1204] 0,2378] 0,684| 0,749| 38,4 | /
R( q)| 0,001 | 0,008 | 0,015 | 0,043] 0,047 2,43 | /
T (°C) 28 37 56 80 82 | >385| /
t (min.) 0 10 20 30 35 37 /
| (A) 20,1 | 20,1 | 20,1 | 20,1 | 20,0 | ** /
U(v) |0,0218] 055 | 0,681 ]0,761] 56,8 | / /
R( q)| 0,001 ] 0,027 | 0,034 | 0,038] 2,84 | / /
T (°C) 28 52 78 96 | >385| / /
t (min.) 0 10 20 27 29 / /
| (A) 251 | 25,0 | 250 | 24,9 | * / /
U(v) [0,0303] 0512 ] 0,765 71,8 | / / /
R( q)] 0,001 ] 0,020 | 0,031 ]2,884] / / /
T (°C) 30 59 79 | >385[ / /

v0OBj &ZO 18.

tiLlzdzsOlsd 3jtej * Od3i B dfzts ozt Bt ddz@rf Qdf) CtisHs ts H

15 % (l]’tsateh d dz0 {§ sAfrief) Y dets 6
t (min.) 10 20 27 29
| (A) 16,2 16,1 | 16,1 | 159 **
U(v) |0,0154]0,722] 1,185| 17,34 /
R( q)| 0,001 0,045| 0,074 | 1,091 /
T (°C) 29 48 114 | >385 /
t (min.) 0 10 20 23 25
| (A) 20,1 | 200 | 19,9 | 19,9 **
U(v) |0,0185] 0,113] 0,713 | 385 /
R( q)]| 0,001 | 0,006| 0,036 | 1,935 /
T (°C) 30 58 159 | >385 /
t (min.) 0 10 17 19 /
| (A) 250 | 250 | 24,7 ** /
U(v) |[0,0293]0,171] 67,5 / /
R( q)]| 0,001 | 0,007] 2,733 / /
T (°C) 31 66 | >385 / /

ftojmj CO
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CsdzZsOC OO dzO  dal

J dn
Cte dzd M 5 dz0f sz ¢ d 3 | dz.

o 11

[ 8C kst O iidqld 48O yds Od
O ‘doitet fs

dzj € Ilsted yda
B ssHO L de i bk

(O

OB jd&ZO 19. [ jLizdzsOlsdj drijCdsits o) & ECEMye d ZQi k& d (o teh
o] C dABHOLO00%, (ftotehddOlshw)tj ydzse fijfMjco

t(min) | 0 | 10 | 20 | 30 | 40 | 50 | 60
| (A) 8 | 80 | 79 | 79 | 79 | 7.9 | 7.9
U(V) |0,337] 1,161] 1,485] 2,269 2,715] 3,120| 3,350
R( q )| 0,042] 0,145 0,188] 0,287 0,344 0,395| 0,424
T(C) | 27 | 108 | 170 | 212 | 238 | 274 | 315
t(min) | 0 | 10 | 20 | 27 | 29 | /

I (A) | 10,2 | 10,2 | 10,2 | 10,2%| **
U(V) |0,252] 1,222] 1,623] 2,605| /
R( q )| 0,025 0,120 0,159] 0,255| /
T(C) | 28 | 169 | 192 | >385| |/

~~~~
~~~~

GOBj O 20. { jL kdzsOlsdj dijjSdsits sOif) @ GECHMym f tzf) gk 62 J

ft6j CZOf O° O tH 50% (f so:BBhd0® §sftej ydetse fteoj g
t(min) | 0 10 | 20 | 28 | 29
| (A) 8 8 8 | 79" | =
U(V) |0,307] 1,195| 1,477| 2,45 | |
R( q)]|0,038] 0,149] 0,185 0,310 | /
T(C) | 28 | 148 | 176 | >385 | |
t(mn) | 0 10 | 20 | 23 | 24
I(A) | 10,1 | 10,0 | 10,0 | 10,0 | *
U(V) |0,295| 1,123] 1,649 2,230 | /
R( q)|0,029] 0,112] 0,165| 0,223 | /
T(C) | 28 | 172 | 216 | >385 | |

GOBj O 21. { jL kdlsOlsdj dijjSdsits sGif) @ GECHMys f tzf) gk &2 J
ftej S ZOF O O t5H 15% (fso®budd §sftj ydse ] ]
t(min) | 0 10 | 17 | 19
| (A) 8 8 | 7,.9" | »
U(vV) | 0,37 | 0,931,992 /
R( q)| 0,046 0,116] 0,252] /
T(C) | 29 | 190 | >385| |
t(min) | 0 10 | 13 | 14
| (A) 10 | 10 | 9,9% | =
U(V) |0,246| 1,381 2,25 | |
R( q)] 0,025]0,138] 0,227| |
T(°C) | 30 | 198 | >385| |
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[ 6ClsefC O
Bj stsHO

vOBj &zO 2 2.

o 11

J
Cte

dzj
de

Is te f y dzd 7

CsdzZsOC OO dzO  dal

Cd k2 ddmStdOf sdhs dd j dz

t dLzdzlsOlsdj ddjjStdsite tOHag) @ GECtMgR ] sz ik &2 d

ftcjS Oy OS O tsH 100 %

t(min) | O 10 | 20 | 30 | 40 | 50 | 60
I(A) | 101 | 10,1 | 10,1 | 10,1 | 10,1 | 10,1 | 10,1
U(V) | 1,26 | 1,707] 1,750| 2,25 | 2,35 | 2,39 | 2,42
R( q )| 0,125 | 0,169] 0,173] 0,223 0,233] 0,237 0,240
T(C) | 28 | 115 | 134 | 201 | 223 | 241 | 265
t(min) | O 10 | 20 | 24 | 26 | I /

I (A) | 132 | 13,1 | 13,0 [ 13,0°| * / /

U(V) | 1,255 | 2,264 2,375| 2,425| | / /

R( q )| 0,095 | 0,173] 0,183 0,187 / / /

T(C) | 28 | 294 | 363 | >385| |/ / /

t(min) | O 10 | 17 | 19 | 1 / /

I (A | 161 | 16,0 | 159 | * / / /

U() | 1,276 | 2,47 | 2,68 | |/ / / /

R( q )| 0,079 | 0,154] 0,169] / / / /

T(C) | 27 | 315 | >385| |/ / / /

vOBj &ZO 2 3.

(§ 5o26MdfilzO § 5§ tej udzesc ftejf

t JLEdzlsOlsdj ddijStdsits sOaAl & CEOEMIadil gl J tz
(fso:@Bmhd0 § s toj ydetse o] fj

v0OBj kO 24.

ftej CdZzOf O O ts5H 50%

t (min.) 0 10 20 24 27
I (A 10,2 | 10,2 | 10,2 | 10,2* | **
un) 1,39 | 255 | 3,063 | 3,23 /
R(q)]| 0136] 0,250| 0,300 | 0,317 /
T (°C) 27 169 313 >385 /

t (min.) 0 10 16 19 /
I (A 13,2 | 13,1 | 13,I* *x /
UM 1,275| 2,315| 2,54 / /
R( q)]| 0097]|0,177| 0,194 / /
T (°C) 27 261 | >385 / /

t (min.) 0 10 12 16 /
I (A 16,0 | 16,0 | 15,% ** /
u(n) 217 | 235 | 2,43 / /
R(q)]| 0136]0,247| 0,153 / /
T (°C) 27 348 | >385 / /

tdLdzisOlsdj dejjldsjts iz @& GCtMys ff e@ k] Gz

(fso:@bmd0 f§sftej ydtse §tej My

ftoj CdzOf O O BH 15%

t (min.) 0 10 20 24 28
I (A) 10,0 | 10,0 9,9 9,9 **
u(n) 1,23 | 2,28 2,85 | 3,203 /
R( q)| 0,123| 0,228 | 0,288 | 0,324 /
T(°C) 27 227 340 >385 /

t (min.) 0 7 9 / /
I (A) 13,2 | 13,1 * / /
U () 142 | 2,32 / / /
R( q)| 0,108 | 0,177 / / /
T(°C) 27 >385 / / /

t (min.) 0 5 8 / /
I (A) 16,1 | 15, * / /
U () 1,26 | 2,376 / / /
R( q)| 0,078 0,149 / / /
T (°C) 27 >385 / / /

189



[ 6ClsemC O ol 60 yds Od
BjsSHO LO SRSt

vOBj &ZzO 25.
ftej s

CsdzZsOC OO dzO  dal

J dn
Cte dzd M 5 dz0f sz ¢ d 3 | dz.

o 11

dzj S Isted ydz
doOF j L

t JLEdIsOlsdj detijStdsits e @ GECtChys ff @ ik d 62 d
ZOf O O tSH 100% (§fsodeindz® (sftej ydese 1 toj fn

t (min.)

0 10 20 30 40 50 60

I (A) 16,1 | 16,0 | 16,0 | 16,0 | 16,0 16,0 16,0

U(v) [0335]1,018]1,154| 1,570 1,588 | 1,639 | 2,183

R( q)| 0,021| 0,064| 0,072| 0,098| 0,099 | 0,102 | 0,136

T(C)

29 122 | 150 | 205 215 235 292

t (min.)

0 10 20 30 40 44 48

I (A) 20,0 | 20,0 | 19,9 | 19,8 | 19,8 | 19,7 *

U (v) 0,25 | 0,711| 0,954 | 1,225| 2,350 | 2,510 /

R( q)| 0,013] 0,036] 0,048] 0,062] 0,119 | 0,127
TCC) | 28 | 86 | 112 | 163 | 330 | >385
t(min) | O 10 | 20 | 30 | 36 39

| (A) | 251 | 250 | 250 | 250 | 250° | *

U (v) 0,24 | 0,931 1,689| 2,085| 2,355

R( q)| 0,010| 0,037| 0,068| 0,083| 0,094

T(C)

~~~ |~~~

~~]~

29 124 | 252 | 294 | >385

v0OBj &ZO 26.

t 4L E2dzlsOlsdj ddjjStdsite mthdg) @8 GaicHys f bz [iekd € d

ftjCZOF O O H 50% (fsowmPd0 (it ydse §to] i,

t (min.) 0 10 20 30 40 42 45

I (A) 16,2 | 16,2 | 15,9 15,9 159 | 159

*
*

Uu(v) |0,331]1,151| 1,605 | 2,047 | 2,391 | 2,427

R( q) 0,020| 0,071| 0,101 | 0,129 | 0,150 | 0,153

T (°C) 27 83 176 236 297 >385

t(min) [ 0 10 | 20 30 31 33

I (A) 20,0 | 199 | 199 19,8 | 19,8

*
*

Uu(v) |0,383]|1,057| 1,477 | 2,197 | 2,452

R( q)] 0,019| 0,053| 0,074 | 0,111 | 0,124

T (°C) 29 105 219 295 >385

t(min) [ 0 10 | 16 19

I (A) | 251 | 24,9 | 248 | *

U(V) | 0,263] 1,284 2,016 | /

R( q ) 0,010] 0,052] 0,081 | /

T(C) | 2

~ N~ NN N N~~~ ~ ]~~~

~ e~~~ ~
~ e~~~ ]~~~ ~

7 139 | >385 /

vOB j kO 2 7.

t dL2dzlsOlsdj ddjjSidsjte tCHag) & CECtgs ff sz i €& d

f6j]SkOfOT O SH 15% (foo@dmPiz0 §sftj ydse o] ]

t (min.)

0 10 20 30 32 35

| (A)

*
*

16,1 | 16,0 | 16,0 15,9 15,9

U (V)

0,161| 1,465| 2,416 | 2,754 | 2,833

R(a)

0,010| 0,092| 0,151 | 0,173 | 0,178

T(°C)

27 133 235 371 038

t (min.)

0 10 16 17 19

| (A)

*
*

200 | 199 | 199 | 19%

U (V)

0,245| 1,228 | 2,184 | 2,457

R(a)

0,012] 0,062| 0,110 | 0,123

T(°C)

27 245 319 >385

t (min.)

0 10 12 15

| (A)

250 | 248 | 24.& *

U (V)

0,314] 2,350| 2,517

R(a)

0,013] 0,095| 0,101

T(°C)

~~~~~~~]~
~|~ ]~~~ ~ [~~~ |~~~

~| [~

28 302 | >385

190



[ sClstemC O iigld 48 O ydts 'O
nsat fs

dzj Sstedydedrs S tsdzZlsOC OISO dzO dz
BiIssHO LO ¢ (d de

J
Cts Cd k2 ddMmCsdOf sdem¢ o5 § dz

o 11

Vi RrR[ L3

tdLEzdzlsOIsd Bjtej O toj OdzdL s9oOdedr L O ftslstcj B
Bsdzj dzlsO LOLjLOTO LOotels O dzO L OGtej o9 0Of j J dz
Zlsd¢Oyudizo d klsdydsdyodo

Ail ol 6d S@Y j tod d3j dzOls O

BOBJ O 1. { §L kds Ok yldgodnjlsiqO fdeds obsisiiEd@ urigim) ts fte | Wdadi daPts j ) |
mMstclz)j 8 ¢
,(Isd34 dzls L GEINm O ©

t(min.) | 0 2030 40] 50 | 60
I (A) |81 8 1 8,1/8,0(80[80]8,0
U(mV) | 53]164|84|90|83|83]| 84
R(mq| 7 | 8 [10]11]10[10] 11
T(°C) | 28|35|38|38|38]|38]| 38
[ 5k dzs L COPNM° O
t(min) | O | 10| 20| 30| 40 | 50 | 60
I(A) |82[82[82|81]81]|81]81
U(mV) | 56 | 58 | 58 | 58 | 57 | 58 | 59
R(mql 7 |7 | 77777
T(°C) | 28| 36|37 |38| 38| 38]| 38
| sd3j dzls L OHDIANNDC O
t(min) | O | 10| 20| 30| 40| 50| 60
I(A) |82[82[82]|81]81]|81]81
U(mVv) | 8485|8687 | 88| 88| 87
R(mqg|10[10[10 11|11 11|11
T(°C) | 28| 42| 44| 44| 45| 45| 45

UOB ROt jLEdsOd & jyd®ndd fwd® GudzdC mm e | Qdadf daPts §
mMstclz*") 13 ¢
Itsds; dzls L O Nm O° O

t (min.) 10 30 | 40 | 50 | 60

1 (A) 13 1]13,0 13 0] 13,0]13,0f 13,0 13,0
Uumv)| 79 | 81 | 81 | 81 | 82 | 82 | 83
R(mq| 6 | 6 | 6 | 6 | 6 | 6 | 6
T(C) | 27 | 48 | 49 | 50 | 51 | 52 | 53
[ Sd3) dals L ODPNM° O
t(min)] O | 10 | 20 | 30 | 40 | 50 | 60

1 (A) 13,2| 13,2] 13,2| 13,2| 13,2| 13,2| 13,2
U(mV)| 92 | 96 | 101 | 102 | 103 | 104 | 106
R (nl 7 | 7 | 88 8] 8 8
T(CC) | 28 | 55 | 55 | 56 | 57 | 57 | 58
[ckj dzs L O jN®° O =
t(min)| O 10 | 20 | 30 | 40 | 50 | 60

1 (A) 13,1 13,113,1|13,1|13,1] 13,1] 13,1
U(mV) | 153 | 157 | 158 | 159 | 161 | 162 | 163
R (nm 12 12 12 12 12 12 12
T(CC) | 27 | 64 | 68 | 69 | 72 | 76 | 78
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[ 8SkstemS O mqmq @ Oy dits 'Of
Cdotets

dzj Clstcdydzd s S BdZlSsOSC OO dzO  dal
BiIssHO L O de O

J
Cts Cd k2 ddMmCsdOf sdem¢ o5 § dz

o 11

UOBBdZOt jLEdsOd A jyd® ndd i td® Gulkzd ¢ mmb s fite j @dadf daPts §
Mstez" )y 16 ¢
115034 dzls L O Nm O° ©

t (min.) 10 30 | 40 [ 50 | 60

I (A) 16,0 16,0 16,0 15,9] 15,9| 15,9| 15,9
u(mv) | 88 93 94 95 99 99 | 101
R(mgq| 5| 6 | 6] 6 | 6 | 6 | 6
T (°C) 27 | 57 | 61 | 62 | 63 | 63 | 63
[ cdgj dzls L CHORNN®C O
t(min)] 0 [ 10 ] 20 [ 30 ] 40 [ 50 [ 60

1 (A) 16,2| 16,2| 16,2| 16,2| 16,2| 16,1| 16,1
U(mV)| 90 | 90 | 92 | 100 | 103 | 113 | 118
R (n 6 6 6 6 6 7 7
T (°C) 27 59 60 60 61 61 61
[ sd3j dzls L OlsjN®® O =
t(mn)| O 10 | 20 | 30 | 40 | 50 | 60

I (A 16,2| 16,2| 16,2| 16,2| 16,2| 16,2| 16,2
U(mV)| 92 | 98 | 99 | 100 | 101 | 103 | 105
R (n 6 6 6 6 6 6 6
TCC) | 28 | 62 | 62 | 64 | 64 | 64 | 65

UOB Ot jLEzdsOld ] jyd® ndd i lsdd @yidzd ¢ mim) s fte j Qdad] daPte j
Mstcz)l 8 ¢
;Bd34 dzs L OkdNm Q¢ O
t(min) | 0 20]30]40[ 50 ] 60
I (A) 8,0 8 0 8,0(8,0]|8,0(8,0]8,0
Umv) |27 28[32]32]32]34] 34
R(ma|3|4]4]4a]4a]a]a
T(°C) | 27|138|38|39|39|39] 39
[ sd3j dzgls L CHORNNDC ©
t(min)| O [ 10| 20| 30| 40 | 50 | 60
1 (A) 8,0/8,0|8,0(80|80]|8,0]|8,0
U(mV) [ 35| 36| 36| 36| 38| 38| 38
R (n 4 4 4 5 5 5 5
TCC) | 283940414142 42
[sd3jdzs L Ol jNn®f O =
t(min) [ 0 [10]20]30[40[50] 60
I (A 8,0/8,0|80(80|8,0]|8,0]|8,0
Umv) |42 44| 4747485051
R (n5[55[6[6|6]|6]|6
TCC) | 28] 42| 43| 45| 46| 46 | 47

OB j O 5. tjL zdzs Oz yEiOmistdO fdeds okslHdEd@yimt) s fte | Qdad| daPts j
Mstez" ) 13 ¢
;Bd34 dzls L OddNm O° O
t (min.) 10 30 | 40 | 50 | 60
1 (A) 13,2 13,2 13,2 13,2| 13,2| 13,2| 13,2
UmV) | 42 [ 46 | 46 [ 47 | 47 [ 47 | 49
R( mqg| 3 3 3 4 4 4 4
TCC) | 27 | 46 | 48 | 48 | 48 | 48 | 49
| 534 dzls L GHHRNNDC ©
t(min)| O 10 | 20 | 30 | 40 | 50 | 60
I(A) |13,2]13,2|13,2|13,2| 13,2|13,2| 13,2
UmV) | 43 | 44 | 51 | 52 | 53 | 57 | 60
R (n 3 3 a4l 4a] 415
TCC) | 28 [ 51 | 53 [ 53 | 53 | 53 | 54
[ 3 dzls L OlsjNn®® O =
t(min)| O 10 | 20 | 30 | 40 | 50 | 60
1 (A) 13,2| 13,2] 13,2| 13,2 13,2| 13,2| 13,2
UmV) | 59 | 86 | 86 | 90 | 90 | 91 | 91
R (n 4 7 7 7 7 7 7
TCC) | 29 | 65| 66 | 66 | 66 | 67 | 67
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[58EBENE O Wdhd @ Oy dets Od R

BiIssHO L O

J
Crmset BISCts

dzj €
de O

Is te f y dzd 7

Cd

CsdzZsOC OO dzO  dal

2 ddmStsdof sdh¢ dd J dz

UOBFEOL jL SO &Nk fiBEd@urd ¢ M) s e § Qdadl daPte j ]

Mstez" )y 16 ¢
115034 dzls L O Nm O° ©
t (min.) 10 30 | 40 [ 50 | 60
I (A) 16 1]16,1 16 1{16,1| 16,1 16,1 16,1
UmVv) | 46 | 49 | 49 | 49 | 51 | 59 | 60
R( mq| 3 3 3 3 3 4 4
T(°C) | 28 | 54 | 56 | 56 | 56 | 57 | 58
[ cdgj dzls L CHORNN®C O
t(mn)| O 10 | 20 | 30 | 40 | 50 | 60
I (A 16,1| 16,1| 16,1| 16,1 | 16,1| 16,1| 16,1
U(mV) | 54 | 56 | 57 | 58 | 61 | 63 | 64
R( mq| 3 3 4 4 4 4 4
T (°C) 28 | 57 | 57 59 | 60 | 62 | 62
J sd3j dals L GDJINNDC ©
t(mn)| O 10 | 20 | 30 | 40 | 50 | 60
I (A) 16,1| 16,1| 16,1| 16,1| 16,1| 16,1| 16,1
U(mV)| 55 | 56 | 61 | 68 | 89 | 97 | 112
R( mqg| 3 3 4 4 6 6 7
T(°C) | 30 | 63 | 64 | 69 | 78 | 80 | 82

OB Ot jL zdzsOld RBiMkl €20 dzPM S d fiuzg a1 dzd @) ( fds f te j y dzd
Coyd @O Mtk j

{ BdSJ dels

L G Nm O° O

t(min) | O 20

30

40

50

60

I (A) |80 80 8.0

8,0

8,0

8,0

8,0

UmV) | 42 [ 42| 44

44

44

44

45

R(mq| 5| 5| 6

6

6

6

6

T(CC) | 28] 35] 39

39

40

41

41

s dgJ dzls

L D RN

1O

o

t(min) | O | 10 | 20

30

40

50

60

I (A) [80]80]80

8,0

8,0

8,0

8,0

U(mV) | 55 | 55 | 55

64

68

68

68

R(mq| 7 | 7|7

8

9

9

9

T(C) | 29|41 45

46

46

48

48

ts d3d dzls

L GIOJN

O

0}

t(min.) | 0 | 10 | 20

30

40

50

60

I(A) [80]/80]79

7,9

7,9

7,9

7,9

U(mV) | 94 [ 95 | 96

98

98

99

101

R( mqg| 12| 12| 12

12

12

13

13

T(°C) | 30| 46| 47

47

47

48

49

8

vOBBAZO[ jLdsOld &i(kE&OT wbh k& d fiu atH dzd Sn@r) ( fds § tod  dzd

COoyYyqddz0 Mmistelkz - |
Itsds; dzls L O Nm O° O
t (min.) 10 30 | 40 | 50 | 60
1 (A) 13 0] 13,0 13 0]12,9]129(129| 12,9
UmV)| 71 | 80 | 84 | 84 | 85| 85 | 86
R(mq| 5 | 6 | 6 | 7 | 777
T(C) | 27 | 42 | 53 | 54 | 54 | 54 | 55
[ ) dgs L CHOPNN®° O
t(min)] O | 10 | 20 [ 30 | 40 | 50 | 60
I (A 13,1( 13,1 13,1| 13,1| 13,1| 13,1| 13,1
UmV)| 78 | 79 | 81 | 83 | 85 | 93 | 95
R (n 6| 6| 6161|677
T(CC) | 28 | 52 | 54 | 57 | 58 | 61 | 62
[kj dzs L O jN®° O =
t(min)| O 10 | 20 | 30 | 40 | 50 | 60
1 (A) 13,1 13,1|13,1|13,1|13,1| 13,1| 13,1
U(mV)| 95 | 101 ) 102 | 103 | 105 | 108 | 110
R (nm 7 8 8 8 8 8 8
T(CC) | 28 | 62 | 65 | 66 | 68 | 74 | 77

13

¢
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[EebsBENC O ]y BOydsOdr jdzj Shtedydzdn CtdsOC OO dzO da
BjssHO LO SdRtset BlStedoOf j k ddMmC sdzOf sdzfC dds § dz.

OB POt jLEdzIOId Bilkk &Of dPmMi&dflizfagHdd O (s tcj yded
1.5mn?) d - Oyddz® fMmbwkz j 16 ¢
,(15034 dzls L O Nm O° ©

t (min.) 10 30 [ 40 | 50 | 60

I (A) 16 1(16,1 16 0| 16,0| 16,0| 16,0| 16,0
U (mV) 93 | 102 | 104 | 105 | 125 129 | 131
R( mq| 6 6 7 7 8 8 8
T (°C) 28 55 67 68 68 69 70
[ sd3j dels L OHORNN®C O
t(min)] 0 J 10 ] 20 [ 30 [ 40 [ 50 [ 60

1 (A) 16,1| 16,1| 16,1| 16,0| 16,0| 16,0 16,0
U(mV) | 105| 107 | 109 | 119 | 130 | 135 138
R (nm 7 7 7 7 8 8 9
T (°C) 29 67 70 71 72 72 72
3 &20lsjL OSMm = 0, 1
t (min.) 0 10 20 30 40 50 60

I (A 16,1| 16,1| 16,0| 16,0| 16,0| 16,0| 16,0
U(mV) | 117 | 122 | 158 | 165 | 168 | 170 | 191
R (nm 7 8 10 10 11 11 12
TCC) | 28 [ 61 | 77 [ 81 | 86 | 87 | 93

vOBJj Ot A dsOld &) Wirdd fdeq Mg lSd Wdadswds H(dzd $n@r) ( fdts  te § U dzd
“Oud &z fylstekz j 8 ¢
[sd3j dzs L OddNm O° O
t(min) | O 10 | 20 | 30 | 40 | 50 | 60
I(A) |81]81[81]81[81|81]|81
U(mV) | 386|409 | 535| 556 | 577 | 611| 612
R(mgql 5| 5|7 7]7]8]8
T(°C) | 26 | 33|34 |35]|35]| 36| 37
[ 53] dz®Is j L=@2Km
t(mn)| O 10 | 20 | 30 | 40 | 50 | 60
I(A) [81]81]81[81]81][81]81
U(@mV) | 317 | 416 | 457 | 472 | 515| 521 | 524
R (n 4 5 6 6 6 6 6
TCC) | 27 | 3334|3434 34 34
[cdRjds L OkjN® O =
t(min)] 0 [10] 20 30] 40] 50 [ 60
I(A) |81[81|81[81|81[81]81
U(mV)| 52 | 61| 64 | 65 | 067| 67 | 68
R (n 6 8 8 8 8 8 8
TCC) | 27 |34 |3 |3 |3 36| 36

v OB jHzO t1iL bkdzlsOlsd i) 6l GOY w@PM S d Ltk ajtf 1 dzd Cn@Y) ( fdts § te § W dzd
COyddz0 Mmlstelz* j 13 ¢
Itsds; dzls L O Nm O° O

t (min.) 10 30 | 40 | 50 | 60

1 (A) 13 2] 13,2 13 2| 13,2|13,2| 13,2 13,2
U(mV) | 41 | 45 | 47 | 52 | 58 | 59 | 60
R(mq| 3 | 3| 4 4 4] 45
T(C) | 26 | 44 | 45 | 46 | 46 | 46 | 47
[ ) dgs L CHOPNN®° O
t(min)] O | 10 | 20 [ 30 | 40 | 50 | 60

I (A 13,2| 13,2| 13,2| 13,2 13,2| 13,2| 13,2
U(mV) | 42 | 47 | 55 | 55 | 62 | 62 | 64
R (n 8 4 4 4 5 5 5
T (°C) 25 33 | 42 44 | 447 | 52 52
[kj dzs L O jN®° O =
t(min)| O 10 | 20 | 30 | 40 | 50 | 60

1 (A) 13,2| 13,2| 13,2| 13,2| 13,2| 13,2| 13,2
UmV)| 57 | 60 | 61 | 62 | 62 | 63 | 63
R (n 4 5 5 5 5 5 5
T (°C) 27 | 49 52 53 54 54 55
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CsdzZsOC OO dzO  dal

[ 6ClsemC O ol 60 yds Od dzj S Isted ydzd 7
BjsSHO LO SRSt qo | E ddMStdof sdhsdd j d.

nod
sCtedo OF j

U0OB j2ZO (1)L kdzls Oligds d B EEOYT WP ¢ § totso SH ded Cn®T) ( fdts § toj ydzd
“OUqdzO M)stekzj 16 o
Mo dse dzls flseNma ¢ a = 1
t(mn) | 0 | 10| 20 | 30 | 40 | 50 | 60
I (A) |16,2|16,2| 16,2]| 16,2] 16,2| 16,2 16,2
umv) | 54 55 56 61 61 62 62
R(mq|l 3 | 3 | 3 | 4| 4| 4| 4
T (°C) 27 | 48 | 57 | 60 | 62 | 64 | 64
Mo dze dzls flse LN a = 0
t (min.) 0 10 | 20 | 30 | 40 | 50 | 60
I (A 16,0( 16,0| 16,0| 16,0| 15,9| 15,9| 15,9
U(mV) | 69 | 74 | 75 | 84 | 138| 139 | 141
R(mql 4 | 5| 5[ 5] 99109
T (°C) 28 53 63 64 | 64 67 70
Mo dse dzls  fpls e LNm® a
t (min.) 0 10 | 20 | 30 | 40 | 50 | 60
I (A) |16,0|16,0|16,0| 16,0| 16,0| 16,0| 16,0
U(mVv) | 88 | 112 | 132 | 142 | 148 | 167 | 191
R(mq| 6 | 7 | 8 | 9 | 9 | 10| 12
TCC) | 28 | 72 | 95 | 97 | 122|134 148

I ek Pd SOF j ted i3j dzOls O
OB j 2O 1. 1t jL kdzs O ki yddgOdnjlssdO fdeds o bisisifdE u Bt g0 1) Is26,25 j mrh 6

1
o

[ Sdzts W Qrisdgk Oy SFE 2 2 yoe@fmls© 3 dyo
M=0,1 Nm

t(h) 0 1 2 3 4 5 6
I (A) 16,2 16,2 16,2 16,2 16,2 16,2 16,2
uv) 0,049 0,118 0,128 0,136 0,149 0,165 0,171
R ( 0,003 0,007 0,008 0,008 0,009 0,010 0,011
P(W) 0,8 1,8 2,1 2,1 2,4 2,6 2,9
T(°C) 28 81 84 88 92 93 110
t(h) 7 8 9 10 11 12h 12h10min
| (A) 16,2 16,2 16,1 16,1 16,1 16,1 16,1
U (V) 0,186 0,195 0,217 0,231 0,235 0,293 0,8
R ( 0,011 0,012 0,013 0,014 0,015 0,018 0,050
P(W) 2,9 3,1 3,4 3,6 3,9 4,7 13,0
T(°C) 108 116 125 224 355 577 615
t(h) | 12h20min.| 12h30min.| 12h40min.| 12h50min.| 13h | 13h10min.| 13h13min.
I (A) 16,1 16,1 16,1 16,0 16,0 15,9 15,8
U (V) 0,85 0,86 0,92 3,3 3,7 3,9 27,5
R ( 0,053 0,053 0,057 0,206 0,231 0,245 1,741
P(W) 13,7 13,7 14,8 52,7 59,1 61,9 434.,6
T(°C) 624 635 642 647 653 671 >1000
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[ sClsteMC O Wyl @Oy d{z‘qu’
O “"dratats

dzj Clstcdydzd s S BdZlSsOSC OO dzO  dal
B IssHO L de O

J
Cts Cd k2 ddMmCsdOf sdem¢ o5 § dz

o 11

-
[al

VOB Q9 LEd&kOld &) o[ dBe sHls § @y s 1 ZdS * P gZ0S 10 Iste, 25 j mm 6

[ SdetsW OL dod  EBmin€ @y &O MO 3 dyo
M=0,1 Nm
t(h) 0 1 2 3 4 5 6
I (A 16,1 | 16,1 | 16,1 16,1 16,0 16,0 16,0
U(v) | 0,048 0,111 | 0,135 0,145 0,157 0,169 0,199
R (| 0,003| 0,007 | 0,008 0,009 0,010 0,011 0,012
P(W) 0,8 1,8 2,1 2,3 2,6 2,8 3,1
T(°C) 27 77 85 87 93 96 98
t(h) 7 8 9 10 11 12 13
1 (A) 16,0 | 16,0 16,0 16,0 16,0 16,0 16,0
U () | 0,212| 0,225 | 0,239 0,255 0,356 0,389 0,412
R( q| 0,013 0,014 | 0,015 0,016 0,022 0,024 0,026
P(W) 3,3 3,6 3,8 4,1 5,6 6,1 6,7
T(°C) 102 107 110 117 249 271 376
t(h) 14 15 16 16h10min.| 16h20min.| 16h22min. /
(A | 159 [ 159 | 15,9 15,9 15,9 15,8 /
U(v) | 0425| 0,435]| 0,824 1,23 3,15 32,5 /
R (| 0,027 | 0,027 | 0,052 0,077 0,198 2,057 /
P(W) 6,8 6,8 13,1 19,5 50,1 513,5 /
T(°C) 380 384 416 626 678 >1000 /
UOBJ QL¥ dzsOlsd o&j teji(f PdzdaPte g Udaf g sHA§ @O 2MBtcmmj 16
[ SdesW OL dz0 Els,Hrudze] O OSEf Rdzsc o j M S G
M=0,1 Nm
i(h) 0 1 2 3 4 5 6
1 (A) 16,3 16,3 16,2 16,2 16,1 16,1 16,1
U (V) 0,075 0,205 0,263 0,278 0,318 0,332 0,342
R ( 0,005 0,013 0,016 0,017 0,020 0,021 0,021
P(W) 13 35 42 45 52 54 54
T(°C) 24 149 155 160 170 174 188
t(h) 7 8 9 10 10h10min.| 10h20min.| 10h30min.
I (A 16,1 16,1 16,1 16,1 16,0 15,9 15,9
U (V) 0,387 0,432 0,512 0,678 1,35 1,37 1,38
R ( 0,024 0,027 0,032 0,042 0,084 0,086 0,087
P(W) 6,2 7,0 8,3 10,9 21,5 21,7 22,0
T(°C) 206 229 277 527 571 595 612
t(h) | 10h40min.| 10h50min.| 11h | 11h10min.| 11h20min.| 11h30min.| 11h32min.
I (A 15,9 15,9 15,9 15,9 15,8 15,8 15,7
U (V) 25 2,65 2,69 29 31 3,9 36,7
R ( 0,157 0,167 0,169 0,182 0,196 0,247 2,338
P(W) 39,7 42,2 42,7 46,0 48,9 61,7 576,3
T(°C) 618 621 639 650 654 682 >1000
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CsdzZsOC OO dzO  dal

 sCIststemC O iHlaflfs]q ® O ydzts 'od dn
fdrtsets fs dzd M ¢ s dzOf sdz € d A3 § dz

BiIssHO L O

=&
@n

ddzj Clsted ydz
Ccdo O j &

o 11

VOB &Q LeLdkOld d&j i PdzdaPc iU daf gdd sHE]§ @O DS cmmj 16

[ SdzsY OL 20 ElsHrunde] jQOS § b dzgtse  f toj g g
M=0,1 Nm

t(h) 0 1 2 3 4 5 6
I(A) | 16,1 16,0 16,0 15,9 15,9 15,9 15,9
U() | 0,132 0,185 0,215 0,253 0,275 0,296 0,315
R (] 0,008 0,012 0,013 0,016 0,017 0,019 0,020
PW) | 21 31 3,3 4,0 4,3 4,8 51
T(°C) 23 92 94 110 149 158 182
t(h) 7 8 9 10 11 12 13
I(A) | 159 15,9 15,9 15,9 15,9 15,9 15,9
U (V) | 0,586 0,615 0,651 0,695 0,725 0,737 0,749
R (]0,037 0,039 0,041 0,044 0,046 0,046 0,047
PW) | 94 9,9 10,4 11,1 11,6 11,6 11,9
T(°C) | 203 217 249 320 362 367 376
t(h) 14 14h10min. | 14h20min. | 14h30min.| 14h40min.| 14h43min. /
I(A) | 159 15,8 15,8 15,8 15,7 15,6 /
u(V) | 0,771 2,15 2,32 2,59 3,25 34,5 /
R (10,048 0,136 0,147 0,164 0,207 2,212 /
PW) | 12,1 34,0 36,7 40,9 51,0 538,3 /
T(°C) | 382 625 642 678 685 >1000 /

KTAddOdzdzd J $S MY J ted d3 dzls

OB QL A&sOId &) tojf BdedaPtc ki L daf g s+ @z{§ @O M Btcmmj 16
ddzdyd " Odzdzts L OcGtcj o9 OF j

[ Sdets¥W OL dz@ ks d yded WO \BG= 21, 5dztsrem o j i € O
M=0,1Nm
104101 6n
t(h) 0 1 2 3 4 5 6
I (A 16,2 16,1 16,1 16,1 16,1 16,1 16,1
U (V) 0,042 0,173 0,223 0,273 0,326 0,347 0,355
R ( 0,003 0,011 0,014 0,017 0,020 0,022 0,022
T(°C) 27 137 147 151 164 187 190
t(h) 7 8 9 10 11 12 13
I (A 16,1 16,1 16,1 16,1 16,1 16,1 16,1
U (V) 0,365 0,530 0,570 0,596 0,615 0,627 1,27
R ( 0,023 0,033 0,035 0,037 0,038 0,039 0,079
T(°C) 208 217 240 271 297 312 605
t(h) 13h10min. | 13h20min. | 13h30min.
1 (A) 16,1 16,0 16,0
u (V) 1,87 2,25 2,54
R ( 0,116 0,141 0,159
T(°C) 621 647 664
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[ 8SkstemS O

a4

UOBj ®PLLZ SO &) tej(f DdzdaPtc iy 4 Udetf HE ¢ 51 @ § @O 2)fy 5 to bnimj
LOGt] 90°j

stsH O

i of

L

B d %6 O ydets 'Od
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R (d / / / 0,230 0,233 0,233
T(°C) 70 67.5 60 57,6 51 43
t(min.) 25 30
R (d 0,234 0,231
T(°C) 33 29,6
_ 164t r0dodn
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T(°C) 29,6 496 574 685

198



[ sClstemC O iigld 48 O ydts 'O
nsat fs

dzj Sstedydedrs S tsdzZlsOC OISO dzO dz
BiIssHO LO ¢ (d de

J
Cts Cd k2 ddMmCsdOf sdem¢ o5 § dz

o 11

VOB QL& d&sOld &) i PddPcll i df gdd sHax§ @O )fBcmm] 16
tej<j RdzO' jj d ujlottkts LOCHK] o OF j

[ sdzts¥% OL dzO ks  yded WO \BG= 2f. BBdztsem f o j

M=0.1Nm

m[f ot rng
t(min.) 0 1 2 3 4 5 6
R ({ 0259 / / / / 0,256 /
T(°C) 685 167 133 104 93 86 75
t(min.) 7 8 9 10 15 20
R ( / / / 0,258 0,258 0,258
T(°C) 70 65 60 55 48 44
t(min.) 25 30
R ( 0,258 | 0,260
T(°C) 35 30,5

1d4trléng

t(s) 0 30 60 75
1 (A) 16,0 16,0 16,0 15,9
U (V) 4,25 4,37 28,5
R (d{ 0260 | 0,266 | 0,273 1,792
T(°C) 29,6 541 688 >1000

199



CsdzZsOC OO dzO  dal

[ 5CsteMC O Wl B8 OydEsSOdr j dzj $lsted ydad m
BilssHO LO ‘drseats tslsCtedo OF j
1t R[4

{jLEdsOId Bjkj 0 ©jOddL s Odzq A

CoOdzdlsjlsO dzd MS 5czOY 5z S d 7

LO ftslstcy B J
d dzj Clsted ydzd m

2 ddmStsdof sdh¢ dd J dz

tc
d dzfm |

HilkjCltso Od Mistl‘ dzO RENIHO jdzjSCHs tafdROdzd] ShjdsdEs G ¢

Re&) RURI d¢Nnr 2vussR[Y1 RAT dudtr 30 JJrr1 ¢
OB O 1. tiLkdksOkd dmfdlsdoistOr Oppias j¢ zlsdydzd yj 1o
[Gdc%W 0L 20 BEPUBEHG@,0 §zdsc §6j hj S o
M=0, 1 Nm (dsh jdjSlstedyded ¢

t (h) 0 1 2 3 4 5 6

I (A 16,1 16,1 16,1 16,1 16,1 16,1 16,1

U (V) 0,126 | 0,145 | 0,185 | 0,226 | 0,273 | 0,315 | 0,327

R (q 0,008 | 0,009 | 0,011 | 0,014 | 0,017 | 0,020 | 0,020

T (°C) 27 57 77 92 97 105 135

t (h) 7 8 9 10 11 12 13

1 (A) 16,1 16,1 16,1 16,1 16,1 16,1 16,0

U (V) 0,37 0,41 0,42 0,53 0,635 1,17 2,372
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t (h) 7 8 9 10 11
1 (A) 16 16 16 16 16
U (v) 1,21 1,45 2,06 2,67 3,45
R (g 0,076 0,091 0,129 0,167 0,216
T (°C) 338 363 586 670 865
vOBj O 28 bt Co0LO d StObCte Myt O kisd

[ St OL daDls i B E28UOMM A U0 fkdse (&) Mmjto,

CstosH (]

M=1 Nm (HBBOL jdjSlttdude CdasOCis)
Rzdyd Odzdes (L Bj 64 d
BlSththZ‘SfT]lSq UJ'S?J Co 0 Rs L.pe
BjL tsfsjc O (q)| 047 |RsunCal 046 stdj dzls Ot
M=0, 1 Nm (dBh jdjSlteduded Sdas| CsdzsOCls d
R&Jyd Odzdet dL B 64 d &Z0 ftedC?
sk sedshisd §jlk?j o0 047 0,46 s d ydzd y g
B iefljtj<j’o fsejLOd
RL®Bj 6] 20 otoj Hazsmls K Rsuee Rswn( Q dzj & Is t6 O dzdf
Co0EO q CEPERfEEFsWIE (a)| 5, 066 ftotse H dzq
LOGj 500 Mistk Sd 16 ' :
T jS O
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CsdzZsOC OO dzO  dal

 sClststemC O o 4@ Oydis™Od = j dzj SIsted ydzd A
BIssSHO LO “drtteats BlsCtdoO ] Ek ddmMiosdof tsdntdd J dz
vOBjd&ZO 29. MmdO' j ¢

(klsdudgd yos j Is R tsH dzts

vOBj &zO 30.

dddzj Csted uidey & 5O G dzl§ G4 IS G whieflsdia) dzdsiplf Sde

lesyjf ndzO' j° O jdzjs
t (&qddz ) u Q) R (aq
0 865 0216
5 149 /
10 98 /
15 65 /
20 53 /
25 42 /
30 35 /
35 31 /
40 29 0218

[ SdzsW OL daD sl B B9 eMMY U0 frdsc fij mjs o,
M=0, 1 Nm (ds" jdjCktdudd S Gdl
t (&iq 0 1 2 3 4 5
I (A) 13 13 13 13 13 12,9
U (V) 28 2,95 3,26 3,45 3,67 3,85
R (q) 0215 0,227 0,251 0,265 0,282 0,298
T (°C) 29 354 570 645 770 815
VOB j kO 31. RL B te] daj

flstelk * j 7 &8 OjpdzidS Is te d Y dzts ¢

B zO Gflsjtej<jyzO dzOL do dsds

tdLbdzsOlsq fylint HfGEHa O Isdyded yd

‘0

fwd

skhfstdshsd fEidki LK£6O®EMP @ O OB &

RL 034 t6j dz©

Rsiee( ) 049
Rs .y ( q ) 0,75
T 65yjM S0 j° 0 J dj ok

t (d3ddz ) v _°Q) R (4q
0 815 0,298
5 135 /
10 86 /
15 60 /
20 49 /
25 37 /
30 32 /
35 29 0,304

vs0OB j 2O 3 2.

C gidzl @l @ ¢ df € tisdgjf dg dzJ
otcj HdzsMIs s &
d StObitse Mfs O s L

tdLlzdzisOlsd figlint Ay aa © ¢O

[ Sdsl OL daD st B G896 MMY U0 frdsc fio] Mjs o, I
M=0, 1 Nm (dsh jdjSltedudd ¢ Gdibs

t (& 0 1 2 3 4 5 6

I (A) 10 10 10 10 10 10 9,9
uW) 3,0 3,189 3,32 3,85 4,15 4,35 4,55

R (q| 0300 | 0319 | 0332 | 038 | 0415 | 0435 | 0,460
T (C) 28 385 428 580 670 720 780
t (& 7

(A 9,9

uW) 4,60

R (q| 0465

T (°C) 825

isdydzed yd
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[ 8SkstemS O

B IssHO L

v0OBj &zO 3 3.

RL d3j toj daj
Mstelz " §r &zO'Qjpdzj S Istcd ydats @

WOl ] 5@ O s Of
O ‘doitet fs

o 11

¢

J dzj
ted o

Clsted ydz
0 j &

RLM®Bjtej dzO otejHdMIs lsf st
CttOlsSse M O fs5 L Os
Rsipe( Q) 0,49
RSL—N( q) 0,92
Jtetsyifm "dzO' J ¢ O | dzj € lIstg
t( dsd dz. ) v °Q) R (q
0 825 0,465
5 142 /
10 86 /
15 59 /
20 46 /
25 35 /
30 29 0,477

vOB j &ZO 34.

vOB j &ZO 36.

[ GdsW OL deDls i B 626-9.0mmy YO §kdesc i MmjCo,
M=0, 1 Nm ( dzshS g dd @dske)d y dad

t (&qd 0O 1 2 3 4 5 6
I (A) 8 8 8 8 8 7.9 7.9
U (V) 365 | 377 | 395 | 418 | 428 | 441 | 465
R (q| 0456 | 0471 | 0494 | 0523 | 0535 | 0,558 | 0,589
T (°C) 28 576 645 673 697 725 770

OB j kO 35. RL &) ey daj

flstelz ‘ din dBD Qfj &z S Is to d Y dzts €

RLABjtoj d&z0 otcj Hdztsfyls tslisff f
d CwOkitse MIts O 5 L
Rsiee( Q) 0.50
RSL—N( q) 0.96
Jtesydf Fdz@' jC O jdzj€Cls
t ((&qdz | v _°Q) R (a)
0 min 770 0.589
5min 133 /
10 min 84 /
15 min 56 /
20 min 44 /
25 min 33 /
30 min 29 0.592

CsdzZsOC OO dzO  dal

tdLlzdzsOlsd fylint f@ifp OF © Isduded yd

tjLlzdsOlsd fylind Hf@Gyedd © ilsduded yd

[ Sdzb¥ OL daDls i B EZBUOMM A U0 [ dsc i 5,06 G

M=0.1 Nm ( detsh dzj Clsted yded ¢ t5dzls O
t (g0 1 2 3 4 5 6
(A 6,1 6,1 6,1 6,1 6,1 6,1 6.0
U (V) 3,5 3,62 3,75 3,87 4,25 4,75 4,85
R (q] 0574 0,593 0,615 0,634 0,697 0,779 0,808
T (C) 28 534 620 649 685 715 725
t (&g 7 8 9
(A 6,0 6,0 6,0
U (V) 49 4,97 515
R (q] 0817 0,828 0,858
T (C) 734 745 750
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B sEHO L dzd ¢ 5 dzOf Bz C d o5 § dz,
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O ‘doitet fs

J
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o 11

dzj ¢
de

O]
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CsdzZsOC OO dzO  dal

sk stdshsd fEidki LK£6O®wMP @ O OB &

RLMBjtoj dzO otej HdesMls tsilsy

$ il @Sls @ ¢ dff € tsds i dg dzd

d CtOsSte MYt O 65 L
Rsipe( Q) 0,50
Rs .y ( q ) 1,30
ltesyjm od0 J° O Jdj &l
t (&3ddz ) v_°Q) R _(dg
0 750 0,858
5 132 /
10 83 /
15 53 /
20 42 /
25 31 /
30 28 0,862

vOB j &ZO 38.

tdLlzdsOlsd fylintd Hf@Gyedd © isduded yd

[ oW OL dabls i B 28960mM >y U0 flkdsc fjmjs o,
M=0, 1 Nm (dsh jdjShktqudsd S 4

t (& 0 1 2 3 4 5 6
(A 41 41 a1 41 41 41 41
) 34 3,55 3,78 | 420 445 | 478 515
R (q| 0829 | 0866 | 0922 | 1,024 | 1,085 | 1,166 | 1,256
T (C) 28 345 478 490 515 525 531
t (& 7 8 9 10 11 12 13

I (A) 41 4.1 4.1 4.1 4.1 4.1 4.1
uW) 5,35 5,55 5,61 5,8 6,1 6,25 6,45
R (aq| 1,305 | 1,354 | 1,368 | 1,415 | 1,488 | 1,524 | 1,573
T (C) 549 565 570 581 590 595 611
t (did 14 15 16 17

(A 4,0 4,0 4,0 4,0

U (V) 6,73 7.1 7,25 7.29

R (q| 1,683 | 1,775 | 1,813 | 1,823

T(C) 628 633 640 642

VOB j kO 39. RL &) e] daj

fistel * jo d20'Qfj dzf S Is to d Y dzts €

sl st dzts

g

sk stedshsd fEidki LK£6OEMP @ O OB ¢

RLOS) ) dzO o HdzsMis Glsy 51
COCse Mis' O s L Ob

C Gl @Gls @ ¢ dff € tsdgffdg dzj

Rsire( Q) 0,50
Rs .y ( q ) 2,26
T tbyjf "0 j° 0O jdjihd

t (RBdda ) v _°Q) R _(q
0 642 1,823
5 111 /
10 72 /
15 44 /
20 35 /
25 30 /
30 28 1,835
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[ 58S kstemS O

i d %6 O yds 'od -

jdzj Clsted ydzd m
d &z OdzOyd ® OO

(kOO0 dzO0 dzOMIs OdzOC

fsud sdzts @

fsy 0O (

ViRrRILL S
tdLikdzsOd oajtedWdSOyd § SCoO0OkzdlsilO ddmMSsdof sdhtdn Jdi Cilsted
MsOtcsMHBO OB JddzO) Htodd3j detsd3 detseo j d3j IstsHsdztse
t dHqQulsOte (S StctsW OL dz© " w :
Bies| LEwO| [ jte] bisd yded yO B das i OL dig s f dedsy J

MlsOd ( GBHI voLdwoLrdword 1 2 3 4 5 6 7 8 9 10
1 10 Rspe( Q) 0,52 0,51 0,53 0,47 0,46 0,48 0,47 0,48 0,49 0,50 0,49 0,48 0,48
Ran (Q) 0,50 0,50 0,51 0,45 0,45 0,47 0,46 0,46 0,47 0,48 0,47 0,46 0,46

2 10 Rere( Q) 0,56 0,55 0,57 0,49 0,46 0,48 1,23! 0,48 0,49 0,48 0,49 0,51 0,50
Ran ( Q) 0,47 0,48 0,49 0,49 0,47 0,48 0,47 0,47 0,48 0,47 0,48 0,47 0,48

3 20 Rere( Q) 0,39 0,39 0,40 0,34 0,35 0,36 0,36 0,38 0,35 0,37 0,39 0,38 0,36
Ran ( Q) 0,35 0,36 0,37 0,33 0,32 0,33 0,35 0,34 0,34 0,33 0,34 0,35 0,35

4 20 Rope( 0 ) 0,51 0,50 0,50 0,44 0,43 0,44 0,44 0,43 1,34! 0,42 0,44 0,46 0,45
Ran ( Q) 0,49 0,49 0,48 0,44 0,42 0,43 0,44 0,42 1,33! 0,41 0,43 0,45 0,44

5 20 Rspre( Q) 0,43 0,42 0,44 0,36 0,37 0,34 0,38 0,35 0,34 0,35 0,35 0,34 0,36
Ran ( Q) 0,40 0,39 0,40 0,35 0,37 0,32 0,36 0,33 0,31 0,33 0,34 0,33 0,34

6 30 Rspe( Q) 0,67 0,66 0,65 0,55 0,57 0,58 0,57 0,59 0,58 0,58 0,59 0,59 0,57
Ran ((Q) 0,65 0,62 0,63 0,53 0,55 0,55 0,56 0,55 0,57 0,57 0,56 0,57 0,55

7 35 Rspe( Q) 58,4! 58,5! 58,6! 58,5! 58,7! 58,6! 59,5! 58,7! 58,9! 58,8! 58,7! 58,7! 58,7!
Ran ((Q) 0,68 0,67 0,65 0,61 0,60 0,62 0,60 0,61 0,61 0,60 0,62 0,62 0,64

8 35 Roee( Q) 0,67 0,66 0,66 0,48 0,49 0,49 0,48 0,50 0,51 0,50 0,53 0,52 0,53
Ran ( Q) 0,56 0,58 0,57 0,47 0,48 0,47 0,47 0,48 0,47 0,48 0,48 0,49 0,49

9 35 Rere( Q) 0,59 0,58 0,58 0,49 0,47 0,45 0,46 0,47 0,48 0,49 0,48 0,50 0,51
Ran ( Q) 0,44 0,45 0,44 0,47 0,46 0,44 0,45 0,46 0,45 0,46 0,46 0,47 0,47

10 35 Roee( Q) 0,71 0,72 0,70 0,70 0,69 0,69 0,67 0,67 0,68 0,69 0,68 0,67 0,70
Ran ( Q) 0,66 0,68 0,69 0,69 0,68 0,67 0,65 0,65 0,67 0,68 0,67 0,66 0,67

11 40 Rspe( ) 0,72 0,73 0,72 0,58 0,57 0,58 0,55 0,56 0,58 0,57 0,57 0,59 0,58
Ran ( Q) 0,55 0,56 0,56 0,52 0,53 0,51 0,52 0,53 0,54 0,54 0,55 0,55 0,56

12 45 Rspe( ) 0,59 0,58 0,58 1,28! 0,65 0,64 0,61 0,60 0,61 0,60 0,60 0,59 0,58
Ran ( Q) 0,57 0,55 0,57 0,58 0,59 0,63 0,59 0,60 0,58 0,57 0,58 0,58 0,55

13 50 Rspre( ) 0,52 0,53 0,51 0,50 0,48 0,47 0,49 0,48 0,47 0,50 0,47 0,48 0,50
Ran ( Q) 0,50 0,51 0,48 0,48 0,46 0,46 0,48 0,45 0,44 0,49 0,46 0,44 0,49

14 60 Repe( Q) 2,25! 2,27! 2,28! 0,51 0,52 0,53 0,52 0,54 157,3! 151,4! 155,5! 0,54 0,50
Ran ( Q) 0,51 0,51 0,53 0,49 0,50 0,50 0,51 0,52 0,50 0,52 0,51 0,50 0,48

15 60 Repe( Q) 1,54! 1,53! 1,55! 0,42 0,39 0,40 0,39 0,44 0,41 0,42 0,43 0,41 0,43
Ran ( Q) 0,40 0,41 0,40 0,38 0,37 0,39 0,38 0,41 0,38 0,39 1,41! 0,40 0,40
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dmf dlsde OF j dzd M S sdzOf sz € d n d dzi CIsted ydzd d
ddhsodzoyd " 06 d [ OBtstcOtsted * | LO dmfdlsde OF j
ZzOB steOlssted " 4 dd&RO WEAdSyd k2 dOQEZOs tedsd ddy ..
LOhIsdlkj tH §sy0td® (3 dL tB&OMd HGCkBEMS |

Uomsf dmd &30 MO d&kfOClk WOCkttesd, SOt d bESkY
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