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INFLUENCE OF MECHANICAL STRESS DURING THE DEPOSITION
ON THE COMPOSITION AND STRUCTURE OF THICK
ELECTROGALVANICMECHANICAL COVERED WITH IRON

0.V. Gorozhankina, Senior lecturer, Voronezh State Technical University, Voronezh, Russian Federation,

e-mail: winter.07@mail.ru

Technology electrogalvanicmechanical cement are promising direction size of the recovery in the repair of worn over-
sized shafts. When using these techniques it will be possible to recover up to 60 - 70% of large parts without destruction.

For coating with optimal performance, you must have clear and as full as possible representation of their composition
and structure, which are definable link between deposition conditions and properties of the coatings.

This article first describes the effect of mechanical action instrument in the process of deposition on the composition and
structure of the resulting thick coating of iron, which gives the possibility to choose the optimal mode of application electro-
galvanicmechanical (EGM) coatings and forecasting work parts with coatings EGM.

As objects of study chosen thick-layer coating on steel samples 30 obtained by electrogalvanic (EG) and EGM cement,
when co-precipitation and mechanical activation of the deposited layer.

The results showed that the coating contains high build EGM far below the value of the quantity of harmful impurities
(hydrogen - 0.0043%, sulfur - 0.0021%). Use of a smoothing tool and reduces the content of harmful impurity oxides (includ-
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ing hydrogen), which allows to obtain homogenous dense coatings of iron increased thickness (1.5 - 1.8 mm). EGM internal
structure of the coating is composed of ultrafine grain size ~ 10-6-10-7 mm, oriented in different directions. This is less than
the size of the grains in electrogalvanic EG coatings (~ 10-5-10-6mm), and much smaller than the metallurgical iron grains (~
10-3mm). It was found that the use of mechanical action eliminates layering and coating makes the structure more uniform,
dense, fine mesh density and reduces fracture, which is greater in the EG coating without mechanical action

Key words: electrogalvanicmechanical cement, high build coating, mechanical properties, structure
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hedMdeds dn HEder. Stdd ke, dinobdyintdd
BASSHY  Bj HOBL  Hfshswhkkses  AWWICKO s
Hot Jtehshisd GoGstelzesS [7].

10



mABqyincdd gissHr oli=y0Els  Wdldudhtlzs
dlizef ~qBdy iz BsHAWASOydH
(WedSydehordioyds) dn  goedndgshsd L0 iyl
gk jkjtdy @des o tfjwetsd fEiy0j teOLZdyBGr R
o jlontshisks  0Csdozra 9P jhke, ddets ojP jhie,
ftfshsiisozesPdn tBeOLSo0hkdt AdadyihSdn fewej2
BdMHEZ tso jendishs e Gohshistizess o tiskdesjtdds
oLzl JsBjujes iz jhsojuns) iyt jadj
HAhtjecdtelzjdssiisd o fieHilse0  GOdGESEEZBESS
wOLedquerd  fMewzshdl  ted  tojHdedd  d-
sCdhiiedy f) SBEOLEoORdIB &0  Ysojtendihisd
CowBBChdEz G m, SOEBSRAE G~ did edHtesShdE1Gr -
coltff. Stk ke,  oLBEMEO,  HOZAGRPOW
BeHWASOydw  GOGskelzesS sz sCAhkjedy  f
sBeOLso0Rdj; @0 dn  tfisejtndshisd  tOLzdud' A
WizhCydehozGrn  celtf:  Oddhd n, AsChdHer A,
Wdted n, fdusShoksern, Rist-, WksthsHjeM0PdR d
Hts. [8, 9].

betshjt0ydw etz jtesHi n GOdEktzBES Loadhdls
sls teWHO WOCkstetse, o 5.y, dn fstelzClsizts, teOLgjted d
ydhk®  ctOWjbsern  ashishsj2.  {OLddyosks
SHGSHsjGGY ] J  dsbseshlsjhkrj  kZedjtstHbr
BOdssteizBS of. JHbEMS jdw " J GOGEstzBSd tis jHisOadwesls
fisBs?  ydidHeduihSd fistlzCkizter, fshisswhdj di
SHEE? MoVishizsts? o IstelzBCl GtaOW jhsots? YizshChsd.
IHEBEOW fistolzClskzted disy.jls ftshsBhsotsa0ls Btz j2
Ocizts jieOydd BEOGBHOLY BBEZAN 2  tfsHadMd&shisd d
cdBCshsd dsziCr o fisOodkitdd f dbisetshis bk dd
GOdslstelzBCORd, hshsswhdhd du Helzm d BiEkjj fiisje.
Stesk j StsGts, fSHSs jdd GOdsistezBS of
~0w0Ck jtedLizeshy Bz Nl B ikdik Hedgr €
HAOs jlstelz. vz jHiZjls  tsisds jlscls, ylsts, dajfcBsistey 0
ilryh johlzes  Hditfjeediszjdgshist  ddsetshs jddkra
GOdslstelzBsS, tid o &k 2 fisitfikd hifshsehsokztsls
t0olG® jtelisilz oMo jHjzjbds  dGOctkkiCd  tied
& jrOdduhCdr osLH j2fsadwn.

Ajires Gonlstwh jets dfiik jHse0kdw BYd0 By jdSo
oL@ ushisd  kzyhiady  tesybshisere  flosRfise
sChdud = hewLkshdr,  difszilzsPdaiw HEw
dLetlssad jkdy Hjls0kj?2 hodssizjkstse dL Hskdd e~
CtsLdydtira GOk jtedOdse, LO fiyjls o9 jHjkdy o

ehs0e  SHGSHS BB R ZekjstHE R GOGEEEBES,
oo jnkehlss  Cobsrn  BYH0  dBsHAWydite0n0
COLBECHAE G &d cliztffodsd.
CstIRINWOIPC YPurs?
RfABHEY J 94 flse0
UG jssHGT BHESTSJGEY ] GOdGskeEzeCq
tesdLosHijsed  SaltdEdd  OSCIAL  (tsfhid)

fedijeved o odHj thejHoltedlsjk bt dLelstsod jdbis?
yesdLosHdsjizjds NBdid GOGEszBES o AYEChoHBE2
sy DER 330  (¢DowChemicalCompanye,
ZoJnotdY)  caofsjeBOsyOe  f)  fisHE 0GB
GOdGEstzesS o Sukdyifsed 2 % &Oh. JHdshs jddr i
GOGELEzBSd o fishisds fdihd b jtd OOt 1,8 N 0,3
G, HedhEz BBEZid 5 &Sk d Brizd GsHIWIYdEse0dkr
COeBsShdiEz- & o3 ctelztffOdsd.

RIMEJHEJBYJ AfsChduerj hevizshdj doess
u67 d 199 tfesdLotHise0 SsdktOEdd 1¢ L crRy LI due
(Tehidw)  fejHhisOadved fsBE2 HoZRSERYhidsEY j
s, oCetsyoE=hdj fddnd AfsShdue = fdse &0

shsod BAWJbsEz0 ¢ d AYdristedHisdd d
OtesB0funSdn d 0kdwolsdyinSdn HAOBdESe.

JOfsjeBOy  fj  &OdstezBSORd  HsBOOdRWE] o
AfsChdHEr ] hewkzshdj du 600  fisHjte>Oddw
Z0dEstezBES o flawLlzsh jd 0,2 % a0

JilstHdS0 dLeslssat jkdw tBteOLYse

J t6jOSkststs Hizw fds i jdadw fewLizes P jats f) wlistedzs?
BP0kt s iPokd Sodstfshinsy mowlkzeh jes d
BOnisjieBOY, YdtejBiNde0nd tfted LBy jteobias] HisH
00Ckgd,  LOkjd  fhdesktet bkt  Mewikzeh i
i iPokd o BJlsodtdyinSdj Wit d sise jex{HOE] tis
LOHOG2 s j3Y jteOlsiztetzs? tfetsete0d3as .

FissHdCd dLetlssetzjidv hewLkz=hda w67 d v99
f]  GOdsktzeSORd thedojHjtr o kOB 1 d 2,
histslse Jishise Jdds.

FlssHT it v IsOhdw SBeOLYSo

T sujesd neJenesisd g o Coujfiso
Bdhdddy hewke=hdn f) GofisjtOlsyjd o Yty
diessazjizdw sBOLYBSe YdsHdyintd tiesesHddd
slests  tfiese.  oftfjendshst  sydedeoded  Hisidg
LOLBOL o0hdY  sktBOREE?  thter  fewLkeh jos
SsGSdl fbsi (sSsis 20 GSR) @0 e jtondkshisd
flsjCw0. steBi ke, Yohid HsBOOEjhAY SOMHEES
Coptfshidsd  (BOMsjeBOLYY, SlkojeHdsidY) 508>
fesotsHdzd SyjiSz  sHESEEHGSHST  0d%OdsEduskds
ftfshsel HEW diSutsyjidvy otLdsMEGshsd b6, ysts
COCER-¢dBts dL didn d3sYdls oYL 90+ O6tzse jteOydEs.

RAMYsOGd™ GO tsOflsw jid HissosHdkd fisekonds
fisOzHOLslz ASTM D 638 @0 tishSdm tBOLY0R o
Wetedgj asyokSd. JBEOLYr kP dis? sCEEs 2 66,
Hzds? 210 N 0,3 dis, Pftedizs? ts0BBY 2 LB 13 B
diesisOatzdedd & jksHsd  tejydLdisths? LS &GO
Wie jL jtetzsdg MisOwCd f) YL COMAGRAV2. RiT sOddw
fesosHdizd  tied  CoBGOLGE?  IsJdtiokize] &0
0Lt rods? d0ddj TiniusOlsen H5KSH HOydSssg
0ctelzLCd 5 S d AShis joLisds jistesdg Epsilon 3560-BIA-
050M-005-HT2 ¢ t0Bsyddl teofijstvidjd 50 dids tfied
nesteshisd YitejosMdded™ 5 B/, v COMHEET sdto
fowLize=h jets dintf s o0dkd d&J d3iddd 7 sBieOLYyse.

Motsybsh)isr e  diedsy  BHftejHidwid o
fistise jishisodd i ASTMD790 @3 lssHE®R Istenlssy jytsets
dieds0. JBEOLYT  tfieinisOeved fisBs?  HEshSd
fowdsesi Ges  judddy ) SszPdes?  2-3 6,
hedis? 12 6B, d HEdis2 70 6. Tohhssvkd] GixHE
stfst0Bd Zhisokoekde0id t0edrds 16 st di0d.

RiMYTsOGdY thesosHdkzd &0 0Lk aks? GOhdE|
TiniusOlsen H5KS ¢ HOydSsds &OctelzLCd 5 Sy
aloiehist  YiejBiPiddy  Gocki0=hj2  stfskr
LOHO90®d ts0ads2 1,28 d3ds/d3ch.

IsCOLOI jizd Iste j dtshists2Cshisd, o0 jkkr J o
aJedydion CRAWW Y jdisO dutas Jasmdodtsisof
GOty v, K., d Adzjteedd 0L jdw 10 jHdhdylz
oo jentshsd, G SejHjtved o ftkejshsodd s
MsOdHOtelsds ASTM D 5045. [BtOLyr &0 dieds
fjeottOy0k G rds GOHEe LR (SENB) dLeslksOaizdeizd
fidss  d3Jn0GssBEOBESd G0 WisjLitewsd  MisOdS
COMAGRAV2. r0tjj fsLHOe0td tsjPrdil IstshSdd
kitodi®, thesSOzredw (GOHEjLOW) ©BEOMNS! odkzistd
LOLBte. T Octeliizdj ®©BEOLYSD  HwsotsHdkd s
meteshstes 10 ds/Bdl B0 kidejehOdkdis?
dhtfrisk jz1Gs? GO did  TiniusOlsen  H5KS
HOlydCsa3 Zhdidw Hs 5 Sy d h0oesds 0,33

11



u0BEzdyo 1
FksHASd dLethtadiGgdw fddhd howLkztsh jets u67 f)
lzetz jissHi a5 G0wskislzBSOBd
ugsis fesjhgsd | o WS
Hi N jidj hevLize=h jots f)
T67. | GO jieBOisujds - 30 dicl

JBEOL]
Y

80Aut - 5 0o

0.2-1 YiteisiNdoddd] tfishikj 120Aat - 6
' HEsBOOMjdadW tslse jtsHdfls Jiz - Q0)1)
15 gdi
w4 jidj hevLize=h jets f)
50Ms jteBOISYjdg 40 OSHWE? ;
T67- | B0t tad b dstje0sizs 55iC | 0% Ai}‘}oé”'sa
0,2-2 | - 30 dadtz; YteddsM o0t s
sz j HisBOOM jdadw
tslso jtsHdls jiw - 15 dzfdz
Woetsjo d
s Jud] e by jtobizej | 0T HJEXMSO
22-27AhC sJyJadi 30
-30 a5t f) tfistsyjts jHdT 3 Bt tited 80AL
T67- | HtBOokjkdjd SOMHISEE H
0,2-3- | Stststfstzjiis® of 00Q RIS,
YiejiiNde0hdil 10 Bdw f) | JsodtexHikd]
HjtedHdynEE2 tiete jls? 80At - 5 oMo
BHSteSHE NS 120Au - 6
YOfso
u0BEzdyo 2

FksHASd dLethtadigdw fddhd howLkztsh jets T9I9 f
lzetz jistsHe " dsd G0nskislzBSOdd

i iR i T
JBtLdy sy fidsd M Jda ks JE>{H i
T99 akjh jtdj thed 80 AC | 180 Au - 3 40M0,
dhasHE 2 (90Cktzd) adBesNCOW
T99-1 . ) B B
02 %2 Gon, | sG] Eq80 AC (180 - 3010,
BOGSSEEBE) (00 tzizeh) adBlesNCOW
H@jh jadj
sChdHEs? NhsEr f
OUtstshiztsds titsH
T99-2 00Ckzdstst o s jujdiclj
(0.2% 0. 30 G3qft; GOctejo His .
tOhsEBSS+3 | BOAC, 00 Mt 18083‘;‘@?;}&%@9'
% 0. BOfs jtsBOSYO of v
Aerosil) &lso jteHdls j&zv,
g4 ddd] YtsH
00Ckb st o s jujtdj
30 stz
w3 jadj
sChdHEs? NdsEr f
Otstshiztsds tisH
199-3 00Ckb g5t o s jujtdj )
(T99+3% o) 30 G, GOctejo Hs | 180 Awt - 3 100,
Aerosil) ' 80AC; 99 jHJjdd | agBtesNCOW
slso jtsHofls jiz of
g4 dded YtsH
00Ckb st o s jujtdj
15 dsi
JoCtshtkChizez ko jteyjHjkk R SBEOLYSS

fowzshdn duizyoed ed teishd hSondslztsh jot
Az jCtetsdses gCehCsyd TescanVega3 LMU  tfied
ZhCitewesh jds GOtfiews jddd 20 €1, 0 fSEET sBsOLYESo
fiteJH TIYREE2 GOyravid bsGSd? 20-40 Gy fEs?
LSS0 HEZw fls jSOddW LOEWHO.

tOLIPudv 3 R RM A"V I LRLE

rdint.jteedteso0td,j et jtesHb Y - GOGsIstezBES

T L0l odLiz0 dis? sy jhSd Hhtf jtefdshisd
ek ifd YSoLOkd sishizshisod.j Ocdsds jte0ydd d Rtesh iz
te00sM jetshis iz 30 dddks fidjh jddv tBteOLyte.

Ishizd esojrjid™ fBiPikdw o orHitqSd o
iuddj 1 yomo tfied CdsdOldis? s jdstf.iteObsizs j ofs of)jm
BBEOLYOR &0 shdsej fMewikzeshjes ©67 odLizOz Es
#O0BEE=HOR GOYOZ dizs  OclsdjeOydd 6w jtesHE A
GOdsstezBsS. Wifotslstew 740 LOC s jtedzts j
L&zOydfls jidis j otsLisOMisOdkdj owLSshisd howLizesh jets ted
00 jHjbdd GOdsitelzBsS, WLkt  fowLizs P jets  u67
HishisOlstsydits &dLSOW d, ts-odHddshlz, & tis jtvishiselz jis
sy iz Octztsdz jtOydd.  wisslse jishise jadits,  tied
o jHiidd — BsojteyHikdy  ted oM juk A
lsjstjteOblztc0n  HS 80 Awt  ewLCHfs! s jdg
flzF jhlso jbts G d, ojtetsvishts, G Ssdstf jdhdtelz jishv
sBeOLso0Rdji;  fiNdlts?  btejrdjtets?  fjsCd  tited
sojteyHiGdd fewLkeshjes, yss  tedoshds €
HOEA R j2 j2  Octsdsjteydd o  MstelzClsktecftetsoOdadts
ek jtesHG »  wOdBkkizeES. UOCMJ  oBLdBEYET S
tsBI WG jhdf jds dss>1ls BY s WOLBetsj teOLH jizjddj fids imd,
dodyqeits) ey gsbdijedioydd.  Bed
SlejHitieks?  fisidied  YsedBedioydd,  hhd
fsOGsodshv  GihsoBdiGs? d  YesdhnsHds
Oz jhdj, tfedosHwh jj € HOEAd 2 j2 Oddtse jteOydd
GOdEstezBsS.

CWWJSl  steizChliztedieso0td  GOGEkEEZBES  fied
ssojteHiidd dd tsorjGhs? s jdtikosiAsj >4
#0BE=HOE] © Hilzedn te0BEIOR [10], GHY, © YOmsdshsd,

slsds ju@ jistw (. jsBRBHA S Yhsswibsets
dsstacflststedtzc0 Mshisswiad™ disjds™ @0 COMHE2 MSOHA
dieslssotjkdy  CoBysLdydehtses  GOlited0z0
0dstezBSORd HEY Moot jdJdbeet teddvisdy dijte tis
oBLE B disdslz fded> Jaedts fesdinsHYh jes
fstezShlte dteso0ddw.

Jyduco SBiEOLY o fewLze=hdn fshig

BsojeqHjldy  YBCOL0Z0  &Okdud) o  YwOmlsdhon
Gt Pdn  HjWjSktse d tlLrtsj?, Sobsterj, -
odHdcBl, & bEHOESH Ysddshsts  ZHORS!  did
00Ckddteso0hdd fowLksh jes di-LO jos orfisCs?
owLCtshise]. Hedydds Histisuddls jizks) 00Skeddiesa0idd
5BOLYO tfied Bisojted{Hkdd dd thedajits ¢ klsteOds jdacf=s
v jLCOLOGEGY A HJW jCistse.

IshCeEICz o fishisOe fowLkzsh jés ©67 ontsHWS
OkdWolsdyinSdi  Oddar, CRbsterj — Wodweslshw
HEhisOssyhs  O0Skdekrdgd — SbojeHdsizwdid, BYES
fHjEOGs tejHtsEsy jhd] B Itd, Uss OcksRitoydd
Gexds  Mythsehsotols! o j0Sydy  slsodeHds ik
CowBChd & asd  celtffosd &0 Yo jterdshisd
GOdGEstezBES. v dhShsyikdy Asses WOCkstd BY ¢S
dhiizjuse0hs AfsShdHis) fewlkzeshjj ©99, 6Hj o
Coyfsej ke teHdls it dhtfskILse0td OtshOldyinsd2
HAOGd®%. d ety innj sikejexHjedw howLkzesh jets 199 f)
Z0dsIstezBSOGd GOBE=HOG] Jhj BistA Pizes
Oclzs jeOyds &GOwsstlzesS s fdekjhds f u67,
tedui®s, © BGhodeyHikl» BBEOLYOR howLktsh jet
OctzsJtOydw fis0k0 LOGJKO odLizO0krds d thedojizd ¢
iy jkdes o sCitfsedhisra SBiEOLY o f
fizh s jdetzr i HIWISKORd Yo jendshsd (tedh. 1).
dojHjdkdj o fishisOe hewLzesh jes 1599 Histfishdds ji- dis?2

12



HSB0OCd Aerosil HEW oLBEYdEEs dhSe=yjedy did
fisLHOddw g jyvishisody  Octzsddtoydd —GodEkslzeES
OS> @& tHedojts € gotizyikds w0 jGses
tojLIzz115010.

~m

g o b/
Tdh. 1. PeksRitt0yd™ 6t jesHE - GOGEsEEZBES o
slse JtexH jdi ' - 5BEOLYOR T99-1

v gy ikde steOLsa0kdy fiste d zakyh jady
Coyhise®  cBOLYSD  BkojedHjhk '  MewLktshda
Uedddts  o0Czi0 o BbogteMHikdd  teddjeid
osLHj2Mised odsteOydd. Glsdds Mfshseed  EZHOEESH-
fizydlst SBEOLYY BJL GOLGSBGOLGY »  oSwEYjdd?2
(HlLrted?), & o MEyOJ GBWOLYSD &0 BGhdss
fewLizesh jets 199 adBteOydw Mfshiseisosa0i0 BSEj]
s jtaidats? Octsa jte0ydw GodslstzBsS.

Rz jHE00GAY GdSteshistezCizter slso jtexjH Jddk -
sBOLyse fewzshdn 67 d v99 f kekjtetHEY Gd
GOdEstezBCORGd i) tisdsh s gz jCteshiset GaSshSsyo
YsHise JeHdkd . te0odsd tetis 4 0N e JHjezjddd
GOdktslzBES. 0 BCtesWisktet0Wdwn SBEeOLYSe adHlbS
GOkdudy BSBEOMSJ? ) Shushdsjits EOodsB bl d
OntfeHitiGd il @OGEtelzBsS (tedh. 2f) o GBIVEJ
d30stecfy ™, sBEOMNSJ? BJL & (tedf. 2b) d Octztsds ks
HAOBJstese3 YistewHSO 10 didfStesds (tecff). 2d, 2e, 2g). O
BACEEWELEeEOWdYn  GsXEs  odHil! 06t tsolsT,
o junisOorveshdj fises? LGOudsii b Stidyifises
fisiHdbkG R BJHE fisBE2 dGOdGEsEzBES. A fkzyoj
AfsChddses fowLizsh jots 399 10 GdStaWilstetowdwn
GOBEZE=HO jisiw L&OydlsjdGs Sokdyihisets 0ctsdjolsso
GObslstelzetsS o sistzdydj Sls Btz ¢sise jdds? fds jiid @0
shised Mowlkzshjes ©67, 0 OS]  &Ozdudli
Octzsd jteOlsso 0L® jteisd BBEJJ 10 3SH (tedh.2g, 2h). 10
tecfizzC0n 2f) d 2d HEw hewLktsh jes 67 o Issdg ydhdd
S iAS agH s d BSHJZABY § At
HAY Jtecdtstso0ddi 4 a3z jS ez et JtotsHd A
GOdGsStelzBES. ed Assds %0 ddCisEWESSEEOWdYR G2
ssJuiis okzdwhady &0 HAWjthkshs?  EOLEdud A
BibtHED  dLethokjudw  tBEOLYSO B0 shdse
fowLize=h jots 167.

tH  difiiHse0hd?  GOGskzesS o  fishisOe
howLizehda YsCoLra0Esks, Ysts fizF Jhlselzjls

Ctogfscfu iSOV Cistry jddsteOya™  GoGsstezasS o fidsidd,
tlec] Csbistes? GOYAHO s YesdinsHds! oR st jsoydH.
0teds s, o ©OBSS] [6] HiLOHl i jHtfsksyjdd) &
LOaCddshisq Ass?  CtalscfujfiSs? Sy jdiseOydd sk
s jhd HEqBT o HOOBSE0 GOSEZEES. Y. ik
Bt fisskish jdd)j fssest U, kit ded BSLij
GoLSs2 Cstpy josteOydd (52 T3] ftfshsedr
Oetztsd jtedteso0ls- Hislze  f) Hislzetse. u0SJ
tlo jHtisEsy s je G fizP jisokzis o jerd™ ce0Gdqy0 s
Cobyjseoydd, erhj  Celssis?  Ocksd Oyt
LOSEZHE B0 dL-LO  orfses?  ewiCsisd  fdisikr.
ubh jflsolls  tskvsdj Usescd  HjeSstvydd, e
CBstsiohts  GOGSskBCq  SBEOLZSE st jnds stz
fstelChide, st fstiesosyHOjSTY  6jLSdE s
BEHEZEY Eifieeshisd o ornsHsE LGOY kAR evLCsils
s Jeg ™ &0 tzolsts.

1 wogrs  difizjHse0ddve  tiedosHwishw
BOLEquBY Loy jldw Sty jdseOydster e stesese
Yjelstvydd, yst tjHtfsisydsitas disys Bl
flowlOdts ) teOLzdyBrds fisslhsh jhdjl HEdhr
HOOG S0 ledjbvjkrn  GOGSseEBsS o st
flowshon. A w0BSsj [6] HEY  SHEGSHSjdGTR
GOGSEELEES  gsese YjeSstvydd fshsoaivjs 0,5 %
aG0Mf). v dhseshsitnrn GoGsktlzets o 0BGl [11]
tfsizizy it LGOyjGdj 2 % Bof). A t08ss0n [12] d [13]
0,12 % a0ff. 0,5 % 5B jdit., istsise jisfse jdssts.

WD: 7.78 mm VEGA3 TESCAN

View field: 63.9 ym Det: SE 20 pm
SEM MAG: 5.00 kx Date(m/dly): 11/07/14 MSU

SEM HV: 20.0 kV

tdh. 2. FoCtesWiskseOWdd e dtendshisd tBts0LYys
tslso jted{Hjdk  m S R flewlkshdr: a, b T
BBeOLjY ¥67-0,2-1; ¢,d - 5BOLJY U67-0,2-2; €, f -
BBeOL Y ¥67-0,2-3; g, h T 5BtOLJY v599-2
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SEM HV: 20.0 kV WD: 9.06 mm
View field: 31.9 pm Det: SE 10 ym

SEM HV: 20.0 kV WD: 7.76 mm SEM MAG: 10.0 kx  Date(m/dly): 11/07/14

View field: 319 ym Det: SE 100 pm

SEM MAG: 1.00 kx  Date(m/dly): 11/07/14

-~
SEM HV: 20.0 kV WD: 9.32 mm

View field: 63.9 ym Det: SE

SEM HV: 20.0 kV WD: 7.59 mm VEGA3 TESCAN SEM MAG: 5.00 kx Date(m/dly): 11/07/14

View field: 63.9 pm Det: SE 20 ym
SEM MAG: 5.00 kx Date(m/dly): 11/07/14 MsU

. 3 "ﬁ.‘\ ™ &
Arnomepat YHT Q) . Armomepar YHT

SEM HV: 2000 kV WD: 7.02 mm
View field: 19.0 pam Det: SE
SEM MAG: 16.8 kx  Date{midiy): 1107114

SEM HV: 20.0 kV WD: 7.57 mm
View field: 21.3 pm Det: SE

4
SEM MAG: 15.0 kx  Date(m/dly): 11/07/14 tqﬁ] 2. J:qthBWBlSBGtGOqu mSSJ.tG:OZtSfI]ISCf tSBtGOLuEE)
d sl jtexHjdd - AChdHE A flewLizeshdn: a, b T BBs0Ljy
u67-0,2-1; c,d - sBEeOLJY U67-0,2-2; e, - BBOLJY U67-
0,2-3; g, h T tsBteOLjy 199-2 (HtetsHisE jhd[J)
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