L5gdommggeml 39dbozm®mo Mbogg®lodg@o

b9bsfgeol maegdom

3000 Ms135830¢00

AGMBLRMOIsGHMMOL gJudes@oE0s8o dgmzo Bgogdol
350539BHMgOL FmMol M0 gHm3s3doMmo

©JGHMO0L 5350900 boobbols Imbadmggdws©

Potdggboero oligh@ogool

333 mMGgxgds@o

BoMJBHMOM 3OMYMHds: "gbgMyg@03s s 99dEHO™0bgobgMos”
dogMo: 0405

d0olo
2019



LodmPom g gdME0s BodsMMN39wMl 39dbo3me «boggMLodg@do
9696393030b5 @ G933 Nbo3s300L B3N GHIEHO
9999699 H030bs s JEgdBHO™BYIobo3ol 356 ESTIbEHO

bgwddp3sbgeo: 3MHmggbmemo 6. Bobensdy

69395%9639d0:

©5335 09003905 2019 fiewols V-7 Mo T Losanbg
Logo®mggermls &996037960 <603960LOGHYGHOL 9696293 030L Qo
A993m3Mb035300L G939 BHIGHOL LOEOLYOEHIGOM  3Mmgao0l bLbmdsby,
30m6M3mLo VIII, s9900@m®os 805

dobsdsemo: 0175, 0d0wolo, 3mbEegsb 77.

oLYOES300L 453bMds 8g0degds biE¥)-ob dodoMmmy3do,

b 53GMOIBIOIGHOLS - B3I GHIEOL 3903390©DY

LoobgOEs30M LodFmb 80360, 3. 303069083000
SbME0M9gOgmo 3MMBIBMOO



659G:m30L Bmys©Oo sbsLOsMYdS

59BH1YoEm0d m9ds 009bo®, M39gbssl GHMIBLBMEOTsBHMMOL Bgmols
dobslinsmgdEgdol W5dMMSGHMOON)W 306Md90do 39bLOBE3MOLLL
33009390 bgds  BmyoghHmo  356539BHMOL  25bPmdzol  LoBMLEHOL
999mfdgds Lbgs 356589@G®MOL Lsdmoegdom. b gMomo 3s6Msdg@®mom dgmey
3565393M0L goblsB3zms. 5ToLOMZ0L 59930 gd9E0s 9JU3EYISESE0530 BYMBO
D900l 356599EHMYOL IOl 3538060l 9JL39MH0TIbEHIMMO sAIDs, MoY6

993 5GHSE05d0 dgmxo Bgmgdol 0dYbs® ©sd39WYdNME0s, BT sbowo
D90l 356599BHMOL FmMOL sOLYdMWwo 3530060 EILLbwo Jobbolimgol

BEOHMP0SE POTMMBOYRIM0.

dggbogermer Losbengls 653 ddo $o3m500996U: 3063905
993960396 G oGS ©59945MHo 3938060 A6BLREMOIsGHMEOOL
9db3@d@d309d0  dgmzo  bgmgdol  gwgdHOUL  ©d  MIWIIHOVE
356539390l dcol, 39600 :

1. HOBLBMOToGHMOOL  Bgool 36  [obommdsly s 30693530376
LodOBEHIL TGOl  Bbgoslbgs  GH9d3gmo@Msdy s  Bgmob
bbgoolibgs 506099339 MdoL s 3H9bd9dE39wmdoLsL.

2. HOBLRMOGHMOOL  Bgmol  goMsdgbgol  sB396909wls o
10933600398 TMMOL OMYMOG  SBOEo Sy 9Ju3EMSESE0sd0  dymao
©909d0Lm30L.

3. HMbLBMmOI>GMMOL gdudemedeEosdo dYgmao HBgmols d7936 Gosbgls
©5 D9306 ©F0MdSL FmEOU.

Us3wdsml dobsbo. 9963960396 EoMHS© 299M353w0bmm
A®9bLRMOsGHMOOL Dgomol MmO b ModmEqbody 356599FHML dmGol 3533060,
O3 9bswo  olrgg  LogdudwGHIgoM  BgmgdoLsm3zol s 0
396mb6BMB0gmgdom  dmzsbobmm  Bgool  35605dgBHMgdoL  oblsb®zmOL
LobjmMol d90mfdgds 96 930w gdEmMdols dgdmbggzsdo dmgzobobmo sd



396mb6BMB0gmH9d00 IgmMg 3561599GHMOL oIS 0lig M U 356513690 G
393BMmIMo.

330930 mdogdBHo. 33w930L  MdogAHIJL  FoMdmoygbs  sbowo o
99b3MEG5E05d0 FYMBO GHGMBLBRMEOIsGHMMOL Bgmgdo, MHMYMeE 93MM3MWo
31939 LYo Fomdmgdob.

3309306  3gMEO.  dMMIGMMO0L  306MHMdYdTo 3oL LyTMOgdom
2960LsBE3MIOME AG®bLRMOIsGHMEOOL ReJylerfytetoll) Lbbgoolibgs
doboliosmgdwgdo  [obolfo®  FgdBgmwo  Bgomgdolomzol s  Fowgdo
390929000 25565¢00Bg0001 3507 FmMHoL 356MmbDMT0gMHYdOL godmgzgbs.

33@g3000L 89000 s 98myghgdol LggHe. dorgdrwo dgwyagdo
d9L5dgd90s 2o3MmYgbgdo 0ymb HBIMOL WHOMEMSEHMMOMEO 331g30LL,
L3 356589Ggd0L MBMM0gHm F9dm(dgds 9930w gdgmo 96 3561539GHMOL
96003690md0l  odmmagmss LoFoMm, 853658 gmHo-9ghHmo Fsmgsbols 3000
153590000 AoBLYBOIMS FvdEgdgOos.

olgMBs300L ImEMemds s LEG®MmYIEGHGo.

LooLgOEE0Mm BsdOmdo dmoiEsgl 110 §39M®L. 030 8gagds dgbsgerob,
MO0 530L5 5 1336000 BsfoOlsRb. 2odmyggbgdmo woEIMsEMMOL
Loo GoMdmygboos 41 sbobgmgdoom.

53MMd(309.

LoOLYOGHO30M BoIOMTOL JOMOMOEO FJIRJO0 33MMOOMYIMO 0Ym:

1. bEHMPIBEHS 80-9 VoS LogMMSTMGOOLM bAY3609MM 3bRIMIB305BY.
2013 fgwo;

2. 39-2 LygOMMOOLbM  LYdY3609MHMm  3MbRgMH9bzos - ,,9b9MrgE03s:
69300670 3OMdWgIgoo s b30006Mgd0L  3gML3gdEHog9d0.
J050b0, Logs®mzgerm 25-26 dsolio 2013 Hgero;

3. bOYOb  gEIIHOMIBINYIHOLS  @s  gEgdHOMTgFebogol
9356035996300 I, II s III 300¢0md3099990Bg 5 Fobslifo® o399
- 93505396 E0L QOBIMNMGdIM Lbmdsbg - 01.12.2018 §.



6530l Im3zeng dobss@lo

dom3560  BHEBLBMOToBHMMOL  Lsobmwsgom  Loli@gdol  gho-gho
3033mb9bBHL BHOBLRMOTsEGHMMHOL Dgmo FoMdmogbl, Gmdgeoi bogormdol
25300 359mbob 350-sb 400 °C 890950 d00xMqds.

993300l 2o63o3eMdsdo  Lb3salbgs  Bod@BHMmMgdol  gogwrgboo
D900l FobsbosmgdEGO0 033eGds S FIM3IZIMIO OMOL 2530l J989Y
030 90O 53059mBogOl  BogdudYsEO3OMm  BMmMbM3bgdL, g.0. bgmo
9963 5GSE00LMZ0L Y356R0LOS.

Uo@®IBLRMOTsBHMOM  HBgool bodolbols ologbs osbermgdoo 24
dsbollomgdgwo  LooEoL  AoBMIzs  bIds. MOMMIMWO  35653gEHMOL
39bLOBEOZMOLMZ0L  Tglodsdolbo  sbsEr0Bo  BEIbIMEHOL  Fmmbmgbgdol
3903500069000 FHoMgds. Jogdmwr J99gAJOL 89500969096 bMEMTsE0vw
©™399963H900L mbs39990L o LoBM3MO396 BoB®IBLBMMTsGHMOM Bgmob
bsGolbl.

G6BLRMOIsBHMOHOL Bgmol boerolbols 3MbEGHMMEolsmzol dgdm3wgdmwo
96 LEWWo BowoBo GoMgds. F99m3wgdwo sbowobo 6 35MsdgBHMol
39bLsBE3MLL IMo3I3L, bmwm LEWMwo -24 356M53gBHMOLSL. 0bdgds Jombgs
MmO g Bsbolosmgdgdo  9OHMIbgNBY  ©sTIMI0YOIMEO? G5
33009058 0393V 9OM0 FoMAS60L godxMdgLYdS 96 A9cigds? Fgodergds
0v) 95 M50m©9bodg  Foboslomgdeols  AsbLIBM3MOom 300X GEPM™
65MR96xdHg? 56 Bgmol 3o60L0bMdSBY?

LmOgo 93 Jombzgdbg 3obmbol 39006 3ss 8080bstrg Lodmdsm.
doebg 3609369035605 sGLYDdMdIL Fg0M©O, HMIWOL LTS GOOMS3
®m6 56 dg@ FobsbosmMgOIWl 34393006093  9OHMTbgl @y gPmo
doboliosmgderol  AsbLlyBM3zMom 30X ggd  IgmE By,  bs  mwz0
dmbgmbgds MO0 3565d9GMOL 9OHTobYmMb 353006 gds, Fgodwgds 9u
399030949bmm, MMM 356053930 MMN0IOHMYIIM{AGOOL boT5Wgdo,



b 98 30639900l O™MOYOHNPITMI0IOYgdol  Bsdowgdom
300Lx9EM® BoGMIBLRMOTsGHMOM HBJmOL Lbgs JobsLosMYdWgdDY.

omddombs  3608369wm35605,  BM©LYE  9OMTbIPL 3530060 GdS
Lo@GEobLGRMOsGHMM  bgomol gagdBHOImo  ©s 96599 GHOHE0o
3565393900, 85658 AoLOM35eoLHobgdgEos olog, MM sbgmo 3538060l
053965 O LOOMMEGLM6S> 53538060 9dMO.

653GMdol J0DbL oMoy gbli ©o353Y5MHM” MMMN09M013538060:

1. HHBLBMOT>GHMOOL HBgool 39O [obommdsbs (p) s 30bgdsGHozm®
LodESbEHIL  ImOOL (V), OHMIOL MYMOHOMEo §5653d3MYOgd0 SOBYOMB,
95658 0l 29b6LsBWZOM0s FBMWME 0> LIS BYMGOOLHMZ0L o
56 5oL IgLHogwrowo BogdudwvsESE30M BIMYdOLOSMZ0L.

3oLOM35e0olHobgdgE0s }H9xa3gMoGHMMOL, LOLBRMOZ0L, S060T9d(339Ww™dOL,
&96399(339 00 4530965 50b0dbMe» M 3I0YdIgdsDY.

2. BH®5bLRMOB5BHMOOL BgmoL QoMmoE9b30L FsB3969dw0ls @S LOd33¢M030L
dm60L 3530060 sboo s LogdL3WsESEOM BYMgdOLsM30L;

3. HMBLBRMOToGHMOHoL bgomol  Fgo3mmo  Mogbzols s HBYs3oMHEwo
53039 Mmd0l FmMHob MOHP0gM353060.

WOo@IOSGHMMSd0  do0sb 30695 0bgMmMTszos  v0bodbmwo 3538060l
09MOH0MEo JgxsLgd0L, MHMIMOIOOE5S 0IEIIMIQ JIVMBMO39dMw0 S1939
99b3MsGsEoobm30L  IMIBOIIMWO  sbowo  Bgmgdolm3zol,  begm
b3 MoGHSE0sd0  IymBo b6 gL sBHIE0OLMZ0L  M3sMPoLo,  Bo®sd
9396060900 Bgmgdobmzol  bgdmmBsdmmzmomo 35330008 SO
0900 d98sLgdol s 9ME 9Ju3gM0BIBEHIWMIWIMOE  IPILEWMGOOL
06335305 WO EJOIGHMST0 56 sOBYOMBU.

500b  290m  BgImmBsdmmzwomo 303800930l 9Ju3gMH0TIBE WM
503960l 56 MgMGOoMWs© Fga3sLgdol B3IEMds Momddsmbs dgabogMe
Loobargl  HoMBmoagbl @s  LoboMagdwm  0dbgds Gmam®3  d93bogcrmwo
035bsBOHOLOm 515939 36M10gdBH03ME0 259Mmygbgdolom30b.



LBodsbBg. Loobol  Lodwsb®Hg (V) by Togs bobmbo  s6ol 08
Pobosdgamdols dosgrol Loog, MMIgEwoE MBS Poowsbml Lombol
96O»s 39659 IgmEO0L J0FoM MO30L0 FoWISPAO0GOOL FDoBg FMIMIMIOLSL
@5 LBOdWIBEHY HTMZ0YdO0S Hgd395MGH MDY, 390dME HJI3gMsEMOL
39O 3g690L JmMOL MOP0YOHNJIgEIdOL dogws 9Ju3mbgbosE ML
930Mm©gds 9.0 AbogLbo (I) BmOIMobs LodELbEOL IMI0EYIYGISL
&993950GMM5Bg 89990 Lobg 593L :

vy = v, € A (1)

50 go9mbobmgdsdo (V1) @S (Vg)- Loobol LodwsbEggdos t s t0
A99396M53H 90D, bamm B LodWIbGHOL 3H939MGMIOMWOo 3M9B03E0Y5EH0S
@5 330P39690L 0¥ M53Ybx M B30MEYds LOdEBEHY gd3ges@col 1°C -om
239BOEOLSL.

LodsMGH030L8mM30L B396 T9a30d0s 3350, MM 6oL Yo E)ob
Boffoes3zgol  LgggHmligdmo RMEds  9d3m s Fs00  FdEOOSMBSL 390l
9mdd909gd0LSL oM 33909 oo 9fobsowdgygds (bganl «yderols) Lodersbd.

530L godm 3M5gdEGH03ME0 259mygbgdol M35 LsBMHoLom 603369 mzs600
d930Lfogmm  Looboll  LodEsbEBHOL  2o3wgbs g, 298@9MYIMBdSDY
bbgoslb3s Bog@MM9gdol Bgdm]dngdgdolsl.

5dob LoggmAdzgerl B396 235393l OEIMSGHVIMST0 sOLYdMEo T9IEIYAO
dmbsBMos 1. ©ogw9dzsm, MmI ©9bol A5sd@sbo  bsfowszgdo LggOHml
RMOIOL 50056, 3506 SLgmo Bofos3gdols FmIMIMdOLSL dEPIBE) 2o6M9dmdo
03030 doemol 9mddggdoom LEHMJLOL  39B6Mbol obsbdo, dmdMmsmdol
LoBdo6g Gmeo 0gdbgds

F

V= )

67Ty

Loos3 F- 98 65fows39dHg 9mddgo dognos r- 30 8500 Groombo, bowm v-
Lombol LodsbEs.

o003 F- doewss GmIwomsg E-dsdrenmdol ddmby gwgd@®wyero
3900 9mgddggdl q dMbEol dJmbg Bofios3zgdby, 8s80b dga30dw0s 3oz
6n0:



F =qE (3)
3bmdo0s, HMI LoMmbol gargdBHO™ god@IMJOMS DMso 9RO
RMOINO0 Q5dMoLabgds:

(4)
Lo - YBOL 25FESBO Bofiors3zgdol MHoEbgzos, g- Bsmo dmbE0s, bogom
L- 3mdM50Mmd0b LoBdstgs.

01 (IV) 258mbobmemgdsdo 8930@9bo (III) s (II) 35806 dogowgdm G:ma:

—n4a
r= 6Ty (5)
50 259mLobmegd0sb BB, BHrd:
_v_nd
Y-v= = onr (6)

9B MO 36Mmd0o0s, BMYMOE 30U5593L30L s 35ewgbols 356mbo,
GIog 99330390L, M3 v 39d396M0GWMOl AOBO@OM n, q s T -5
033905 35906 Bgdoldogmo Mbgz500 O gdEMO3oLIMZ0L ¥V - v - 39dogo
boogs 67003096 3H9839GMGHWMDY. gl BMLEBOYAS MYMOOMWSE SGOL
900900 3654303580 56 9Im{jagdms.

90Bbs og0Lsbgm 89939dmdgd0bs s0bodbmwo 356MEBMB0gMgds sbowo
@5 9Jb3WOGSE0580  FYmBo  LoBMBLRMOTs@GMO™  Bgmgdolsmzgol s
0533903005 98 BsdMo3wol  Loog  Lbbgsslbgs  39gd39Modsby
99L3MsGHSE0oLM30L  M3s6PoLO  BYMYOOLIMZOL s BogdL3YSES30M®
M356M0L0 s J90amd  sB3sbmobom  M9a9gbgmO0MdMIO  Dgomgdolim3oL,
OIGoo3  930594mx30egdEs  LBogJudMsdsEom©  IMIBsIdIMWO  Hgool
dmmbm3zbgdL.

WsdMMSGHMO0MO 30008 BoLOEGIMGOs© 93009 bbgosbbgs o630l
Bgogdo, Omamemgdoisss BIL, TCO, T-1500 @ sb939 9gscgdool dobboo
399304969 93LEGHMOME0 Fo®dmgdol TECHNOL Y-3 ds630L bgomo.

BI' 35630L osboswo DBgomol Lodwsbdg ©s 3Mmomco  §obsswdogymodol
booggdoo 20 s 50 °C- g 3H9339Mo@GMMoL  oBMHom  50bodbmero
398560905 0BOEYds v/p 3990030 56O 560L s 3H9939Ms@col 30 °C -om
35300l dobo LBoog LsdMswmE 1.76 x96O 0BOEIdS, OHMOILSS

8



39939M5@MobL 20 s 50 °C- 9y 2oBOEOLOL Jolo BodEILbEY Lodmswm 2.9
X9 9830M©I0S 9.0 Bgmdo sMBYIMOL 25633990 FJobs6g3900, MHMIGOO3
$0boo0dgamdsl MM 9603369cmgbos 993069896 3067 LodESBE L.
Lo39MoM©OM© 9gb ol BobsGgzqd0s MMIWGdOE  BHJI3gMSEHMMOL  QsBMHOm
©9bol  BoBHoMgdgegdol  3mbi3gbEGHMoEosl BMHosb s s©0bodbwyem
396mbBM3ogMgdsls 56©39396.

3b65Erma0mEmo 990093990 dogowgom TCO @s T-1500 ds630L Bgmgdolbomgzob.

500L 090009y 299m309y9bg AES ,009mslo“ ol gdudermedeEosdo  dymao
B90g00. 53 Bgmgddo  MIGBHYLMds  53059MBOGdES  BogJL3WSES30M
BGHObIOGHOL  ImObMzbgdl. ol 39bmEBM™BogMgds,  GMIgwor  Sbswro
B90g00Lm30L  259M3Ww0bEs  IILGHMO©S 9L YSGE0ST0 dymxzo
65399993500 BgmgdoLmz0LG.

393300005 300gd35m, ™I sbosgwo s gJu3W @300 FYMmBO
©90900Lm30L OHMIGdoE LogJL3EMSGHSE0M BMMBM3bgOL  3059MT0EGd96
v/p $99396Ms¢ Mmool 20 s 50 °C-ob 06@gM3zs¢do 39dogz0 LOWOY 56 SGOL
5 39939653 MHOL 25DMHOm ol Josbermgzqdom 1.8 x9M 033egds.

3b®ogo 1. sbogro BI' 35630l Dgools blodesb@g s 390060 fobssdogamds 20 s

50 °C 993905 m6gdvY

Ne | Dy P20 U20/P20 Usp Pso Uso/Pso % @
P20 Pso

1| 264 | 9.5x10'2 2.77x10712 8.8 5.6x1012 1.57x10712 1.76

2 | 253 16x1012 1.56x10712 8.5 9.3x1012 0.91x10712 1.71

3| 222 1.4x1012 15.8x10712 8.1 8.2x10%? 8.2x10712 1.97

4 | 245 | 2.1x10'2 7x10712 7.2 9.5x1012 0.17x10712 1.76

5| 222 2x101? 11.3x10712 7.4 9.5x1012 6.3x10712 1.75

6 | 223 1.7x1012 13.1x10712 7.5 9.5x1012 7.6x10712 1.72

7 | 20.0 | 2.2x10'2 9x10712 7.3 9.5x1012 5.2x10712 1.72

9360m3wo  Fomdmgdols TECHNOL Y-3 ds630b bgmo mMo bbgswslbgs

35M@05 0g4m, 53650 90 Jobolinsmgdqdl MmOl 2sblb3s390s 99060369dMms



M6039 356OGH00L HBgomobmzol v/p BgdoldogMo &H9d3gMo@Molbmazol MBGOH™
Bogargdos 30069 T-1500 o308 Bgmgdolmzgol, Moz 8 Bgmols oo
bsobbbg  dommomgdl s gb  9BsMIds  BHYI39MOEGHIOOL  2sBMHOm
00mJdol 56 0(339do.

3b®oo 2. sbogro T-1500 bgomol LodsbEg s 3m®o Fobssmdwogamds 20 s 50 °C

$993gM5GMMbYy
# Uy P20 U20/P20 Uso Pso Uso/pso % % Uy
P20 Pso /Pso
1 |20.2 |0.35x10%2 |57x107*2 | 7.2 | 0.21x10%? | 34x10712 1.67 2.8
2 |19.1 | 0.12x10*2 | 165x10712 | 7.0 | 0.07x10%? | 100x10~12 1.65 2.84

3b®ogo 3. sbogro TCO Bgmol bodesbEg s 3m®o Fobssmdogamds 20 s 50 °C

3993gM5G MYy
# Uy P20 U20/P20 Usg Pso Uso/ps0 % % U20/Ps0
P20 Pso

1 | 16.1 | 0.19x10'% | 8.47x107*% | 5.9 | 0.1x10? 5.9x10712 1.43 2.7

2 (222 | 2.3x10%2 9.6x1071%2 | 8.1 | 0.94x10'? | 8.6x10712 1.11 2.74
3 120 2.5x1012 8.1x107 12 | 6.8 | 1.49x10'? | 4.65x107 12 1.75 2.94
4 |19.6 | 2.5x10'2 7.84x107%2 | 6.6 | 1.5x10%? 4.4x10712 1.78 2.96

5 120 2.6x1012 7.7x10712 | 6.6 | 1.55x10%% | 4.38x1071? 1.78 3

6 | 195 | 2.6x10"? 75x107'? | 6.6 | 1.58x10%% | 4.1x1071? 1.8 2.95

500b 990009y 399m30ygbg AES ,009mslo” ol gdudermoedeEosdo  dymao

Dgogdol  Imbo3gdgdo. sd  Bgmgdol  dgBHgumds  93054MBOWIOOS

Lo9Ju3eMsBOE0Mm  Fmmbm3zbgdl. ol 356mEBMB0gMYd9d0, GMIgEoE SO
©90900Lm30L  25dM30bEs  IPILEHMO©S  9JL3EEBHOE0sdo  FYMBO
659893560 Bgmgdolmzob.

AGOBLRFMOTsGHMOOL Dol v/p ©sdm30090gdol dglhogwrol dobboom
20 s 90 °C (}9339Mo@Mol 0b@gemzscdo B3zgbl dogH 250mygbgdmero ogym
J39bsyme ,bsgmmo -220“ ob - B3 GHOMBLFMOTsGHMMHOEID sgdMo

10



9Ju3sGogosdo  dgmxzo  Bgmo,  MMIgog 9O 53059MB0EdOS
LogJL3EMSBHOE0M  FMPBM3bgdL. 538  BMbs(3999d0L  dJmbg  Bgomgdolmzgols
053853900 296909 3563L5DPZMIM (p) s (V)- b 360369 MdYdO 50b0IbYw
06@ 963530 @5 dgLodsdol H9a39Mo@ Moy 305656M0dgm v/p - LoEOY.
0dwol  8mbsgdgdomog 939539  U/p  ©9dM30 000l A6MOR030
A9939653M5DY.

Lo0IBSE BIBL, MM Lofiyol 9B3Bg 40 °C -89 3H9d3gMGHMMOL 2sDMHOM
v/p 06003690m© 0BOHEYds 5©figal BodbodMdl, 999y I30MPIdS
oMb 0lgg  0BOYds,  Sbodbmwo  (33w0wgds L39O ME
396306Md9g0os t=50°C -0l 0639gM35¢8o ddMwo Fywol oblbog Fysendo
393L3om, M53 93390005 593060908 316 fobommdsL, bmwm t=90°C -ob
3obEoMdEMd5F0 5EPOE0 5938 930LvRW0o Fyaol sMmOHMJEgdol sfygdsl,
ol 290m@g  Hobsomdgymds Mbodgzbgrm@  0BMm©gds,  bmerm  v-b
©59M 300093 gds t-Bg M0mgddob 9Ju3MbybE0s MG Lobgls 5EoMgdb.

3bOowo 4. J39L5 MO0 ,6530eMMo -220 & 3 BHMBLBMOIsEMOOL BYMOL V. p ©s
v/p -b 5303000900905 §ga3gMo@MMsby

N t/20 p m30.9 v L@ v/p

1 20 27.1x10° 17.1 0.63x10°
2 30 16.7x10° 10.7 0.64x10°
3 40 9.5x10° 7.6 0.8x10°
4 50 3.2x10° 55 1.7x10°
5 60 7x10° 4.2 0.6x10°
6 70 3.7x10° 3.1 0.83x10°
7 80 2.5x10° 2.7 1.08x10°
8 90 2.8x10° 2.1 0.75x10°

11



v/p

1.8

x10°

1.6
1.4

1.2

0.8
0.6
0.4

0.2 t

0 10 20 30 40 50 60 70 80 90 100

BobsBo 1. Jggbsan®o ,65300¢mmo -220% ol GHGMBLRMGAsEGHMGo 3 ol v/p ol
G9839M5@GHMG5BY ©dM30gdMEgdol Mo

18
16
14
12
10

o N B O

0 10 20 30 40 50 60 70 80 90 100

BsbsBo 2. Jg3glsa®o ,65300MMo -220% ol BHEIBLBMEOAsEGHMGo 3 ol v ob
$903965GM5Bg 99M309dMErgdol MO

59 B3JBH™MHJd0L godmGoibzol dobbom Bz9b s0bodbme bgml Bogr@EHecgom

3OBOWAZMS  MO30LBOO  2o0bgdol  Jgomm@om,  MHoL  FJOIROPS
3999603160 3065693900l 3¢slio Fggliadsdgdms LEHIBEIMEHOL X Jesll o

12



Log®dbMdEs© Fqd30M©s MomMJdol ygzgers BmAoL bsfoeszgdol Moibgo,
959650 59 25530 GH3MOL 999 85063 96 899300 3H9b3gdE39wMds SLYMO
Bgomobmzol  gobgloBzMgm  Lbgoslbgs  3H9a39Mo@Eesdg v, p s v/p-b
398560905 Lo0sbs3 BBl MMA [obssmdgymds p omomgddol 20-40 x96
390D, begnm LodsbEg 00Jdol 56 FgiE3Eows.

300 5. GHOHBLBMOT>EGHMOOL BgmoL 453MM393 5d35L5 S 39M0S30LL
39803950l ©s3m30IBIWIRS

N 20 p 0.9 v v/p
1 20 7.6x101° 18.9 2.48x10710
2 30 4.4x1010 10.7 2.43x10710
3 40 3x1010 7.6 2.5x10710
4 50 2.26x101° 55 2.43x10710
5 60 1.57x101° 4.0 2.51x10710
6 70 0.98x101° 3.2 3.26x10~10
7 80 0.58x101° 25 4.25x10710
8 90 0.31x101° 2.1 6.77x10710
v/p

8

7

6

5

4

3

2

1

0

0 20 40 60 80 100t

Bsbsbo 3. J3glsaM®o 65300 MMo -220% ol BHEOBLBMGIsEHMGOo 3-0b v/p obs
$9939605@ M5B ©59M30070v)gdols IO (3580 EHIMOLS s 353M)docmgdol
899c002)

A9b0l  godm®oEbgzol dobbom B3z9b dm3zsbobgm ox30wEGHOMEo Bgmob
353290990L 4390 P=50 99.3(.L3 5319853905 10 G0l 2s6353wmdsT0, 5053

13



G960903339mds 40 aM/B- ©ob 15 46/F 9y F9od3ods.  53sbmsbogy
3999603160 3065693900l 3005L0 s MoMEIbMds M0MJdol (33w g0 0YM s
LOBdWSBAGHIL  33EX0EGDS 96 29630, Sgmo Bgmgdol  v/p-b ooy
0omgdol 70°C ¢9839605¢)M589 sboswro Bgomgdolmzol domqder ool
2-%96 509053 9ds, 353608 ME3gwo MBgds, M3 0dol dshz39b9dge0s H™I
©5350y0bMm MMYM® 033wgds GHgd3gcModIMs Lb3gsobgs ©0s35HBMmbdo v/p-
boog. Imgzsbobgm dmEgdmmo Loowol 3603369 MdgdOL TgRsMIIdS
t=20, 50 s 80°C olmzgol Mods3 49dm3e0bs, MM 50°C 39339MoE«Emsdy
dombgozo Bgmol  amdsmgmdols  smbodbmmo i3m0 9doL
360093690™d5 30obarmgdoom 1-0l GHmMeos, Mo3 3969 9Jmsbbdgds gmmI ol
3060090, Foasd 50°C b 80°C- 8g 3H9d396MsG 0l oMo s0bodbmwro
3983560905 Mmomddob 2 X9 93060905, M3 0358 Bodbsgl, MM S0bodbmen
3985090530  3mmco  obsomdgamdol  Jgdi306M9ds  GH9d39MoE el
dobg30m MBOM dwoge 453egbsl sbgbl 300609 v -b Jgdi06Mgds. gl 30
5QLEGHMOL  FLOBOYOL, MM 3H9a3gcMoGHIMOL QoBOMEOm 5EYOO 593l
@960l F5@9M9d9wo  BHoErs3gdol MHoEbzol 2obBMmPIL, Mog LogsMOIME
90b656M93900L OLME00MsS FodmfzgMo.

3933000005 300d35m, GMI  sbogwo s gJu3WsES30sdo  FYMmBo
B90g00Lm30L, OHMIWGdoE LogdudsGsEom Fmmbmabgdl s3859mz0Mgd9b
v/p $H99396053HMoL 20 b 50°C -ob 0bEHYMHZ5¢do 399T030 LOWOEY 56 SGOU
5 39939653 MH0L A5HDMHOm Joobarmgzgdom 1.8 xgMH 0BM©Yd.

AOBLBMOI5GHMMOL DYool MG bol 3sB39690gels s LodzzmogzgL
dmMoL MON0ghon 3s3dodmo

3bMdoo0s, OMI  Lo@GMBLRMOIsGHMOM  Dgomol mMbgzs  bgo@®ms®

©099dBHM03L HoMTmoqbl, sdoGHmd dsbdo A0 593l gE9gd@GOMb
30sMm0Bo30sL.  bmwm  gagd@G®mbmwo  3mEs®mobsgoolsl  Bgdoldog

14



A9939M5GHMM5PDY  BIMEMO0M  ©0J9JAHM03  Fgofigz3omdsLS s 50
Lombol  9w9dBH®™Bogbod Mo GHowmols (Lobsmerol bbogol) goms@gbols

956396909eL M0l 9990 3530060 sOLYOMBOL:
& ~ (ny)? )
3obLbgeggds 98 MG LoEOoEIL TMEMOL  F9B30MHMdYIMWOos Fobstg3zgdom,
I gdLOE 9gdGHOHMBME0 3MEMODI30s 36 SHBILOSMGIL s 53 Lb3oMdSL
39635600 395303096GL MHMgdb.
e—n*= (V) (8)
b bb3omds GH®moblgm®mBs@m®mols Bgmolsmgol 960d369wm396 356539GHML
Po68m5096L s dolo LoEowg BgmMOL FEPMTMGMDL sboliosMgdL. 396MT5bOL
3M9803096¢0  LEAHBPIOGHOMSS bmMHIoMmgdmwo ©s 0,01 ©sb 0,06 -0y
0330005,  9BdE0  Bgmgdobmzol  39MmTbol  3Mmgxz303096GOL  dobodscrGo
36003690mds d00gdmwos 0,01-b Gmwmo oygmb. 9Judwwmo@sEosdo dymaxzo
©5939w 900 BgmgdoLsmzol 30 oo 3603369 mds 0,06- g 0BMHYds.
GOBLBMOTsBHMOOL  Bgmol  gJudErmoGoEool  OML,  ©sd3gwgdol

3909290, §oM3Mm0gdbgds ©o3mwGmo M3 gdo, M™AIdo3 BMHOsh
©099d3HM03Mw0 J90)93500m™d0L LoEOEIL. 3oL oM 0BEOPYds 396MA5boL
309803096¢03 Vi . 39603560l 3m9803096@0L asBM©s dommomgdl, Mmad
D900 250DME o {gwol 96 ©sd39wgdOlL O3MWIMHO 3MIME)JEHJOOL
omobmds. 50 dmgwgbgdol  TgLoggeligdro©  9930gdIEX0s QOO
LoBMBGH0  2oBOLIBWIOML OGO  FgofigzoMdOL £ O
39MoGHgbols  BsB39b90eoll n 3600369 mdgdo.  SBLMSbsgg  Mbo
3930035¢0Ljobmm olog, Mmd & s n [oMmdmoygbl GHEMBLBMOTsEGHMMOL
Bgool  goOm-9060  LY0IBGHOR0ZOEOM 3566 TgBHOL,  sdoBHmd oo
39bLsBE3MOLLL LOBMLEIL oo I60TZ3bgEPMds 5J3UL.

B30bl  FoBobl  [oeTmoaqbl n -0l LooEolL  2sblsbLzMOLLL
9o3mbEGMM@gdgwo 99doboBbdol JqgdmPsg90s, 9649 dobo @H353006Mds Lbgs
doboliosmgdEgdmsb. 98 35l BOOLom  FoBI6Ighmbows  Bsgmzawgm
933903065 MOD0gMmM353d0M0 N -bS O LOG®BLFMOIsGHMOM  Bgmob

15



10033600398 D-b GmMob. 5649 9339003005 Mo ITMZ0IOIEGdS T39O
Bgomobmzol gehmbs s 08539 Ggd3gMsGMsBg Ny -Ls s Dy =L JmGOL. gl
AbOBOGOS oMM GIMN0S 080m, O LOMBOL QoMPIEHIHOL FoB3969d9wBY

396339995 4539bsls sbgbl Lombob bLod33¢039.

300 6. B3O Bymgdo

N 290G gbol sB3969d9wo 103336039
n D n-D

1 1.4700 0.8510 0.619
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4 1.4705 0.8600 0.611
5 1.4727 0.8583 0.614
6 1.4728 0.8581 0.615
7 1.4730 0.8586 0.614
8 1.4733 0.8544 0.619
9 1.4740 0.8591 0.615
10 1.4748 0.8621 0.613
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12 1.4751 0.8602 0.615
13 1.4754 0.8640 0.611
14 1.4754 0.8605 0.615
15 1.4757 0.8611 0.615
16 1.4764 0.8615 0.615
17 1.4765 0.8610 0.616
18 1.4766 0.8623 0.614
19 1.4779 0.8622 0.615
20 1.4771 0.8607 0.616
21 1.4776 0.8617 0.616
22 1.4779 0.8602 0.617
23 1.4779 0.8621 0.616
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4 1.4850 0.8812 0.604
5 1.4851 0.8780 0.606
6 1.4856 0.8802 0.607
7 1.4883 0.8833 0.605
8 1.4883 0.8845 0.604
9 1.4877 0.8988 0.589
10 1.4901 0.8848 0.605
11 1.4904 0.8836 0.607
12 1.4914 0.8704 0.604
13 1.4915 0.8870 0.605
14 1.4918 0.892 0.603
15 1.4921 0.8897 0.603
16 1.4928 0.8876 0.605
17 1.4948 0.8952 0.599
18 1.4952 0.8962 0.599
19 1.4955 0.8922 0.603
20 1.4957 0.8925 0.603
21 1.4958 0.8911 0.605
22 1.4958 0.8988 0.597
23 1.4998 0.8988 0.601
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9963 5GS305d0 IYMBo HBgmMYBdOLsM30L, MHMIWgddoE sdz9wgdol 3MM(3gLo
509900y, 855379600 HoEbzol Loowyg 0.03 KOH/g6 BgobBg 509353905 o
B90530090 ©5F0IMMdOL LOWOY 30 Gowbobs 35 d6/d by bogargdos.

3bMowo 8. BM-ob Bgomol Bys3oMH M ©EsF0dMEMBNS S Fgs3M MoEbgl dmGol

393306o0.

N b9©05306HE0 ©5F0TMEMDS 97539M0 Mogbgo Iy KOH/a6

(86/9) Bgnby
1 45.0 0.0010
2 479 0.0015
3 45.6 0.0016
4 455 0.0019
5 45.1 0.0022
6 49.1 0.0030
7 46.3 0.0030
8 41.3 0.0032
9 42.8 0.0033
10 43.0 0.0034
11 48.7 0.0034
12 44.3 0.0035
13 38.6 0.0038
14 447 0.0039
15 47.4 0.0042
16 44.3 0.0045
17 46.4 0.0048
18 445 0.0048
19 48.9 0.0050
20 42.2 0.0052
21 449 0.0056
22 41.6 0.0058
23 447 0.0059
24 43.4 0.0068
25 46.6 0.0077
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26 31.3 0.0087
27 41.4 0.010
28 40.0 0.010
29 36.7 0.012
30 40.4 0.012
31 34.3 0.020
32 47.7 0.022
33 39.6 0.029
34 29.1 0.034
35 255 0.040
36 26.3 0.045
37 22.2 0.045
38 249 0.050
39 32.3 0.058
40 32.4 0.058
41 25.1 0.061
42 26.5 0.069
43 24.0 0.07
44 28.0 0.072
45 29.4 0.074
46 28.3 0.080
47 32.7 0.080
48 21.6 0.086
49 26.2 0.087
50 22.2 0.088
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056300900055 (oMM IMBS)  2odmf3gMo.  golomgzowoljobgdgwos, ™A
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Resume

One of the key component of the power transformer insulation system is
transformation oil, which features changes during operation due to the various
different factors. A shorten analysis is performed for transformer oil in order to
determine the quality of the oil. The shorten analysis comprises the determination
of 6 parameters and the full one —of about 24 parameters. It is most important to
have a method by which we will link two or more features and by determining
one feature we will be able to discuss about others. Such a method can be used as
mutual check of oil parameters. Of course it is important when transformer oil
electrical and non-electrical parameters are lined to each other.

The main goal of the dissertation work is to establish an interconnection between
transformer oil conductivity and kinematical viscosity. In theory its pretexts exist,
but it is finished for ideally pure oils and is not studied for exploitation real oils.
According to laboratory data we had information for such oils at 20 and 50 °C
degrees. There are oils of BI', TCO and T-1500 marks, we also used an Australian
TECHNOL Y-3 oil for comparison.

Viscosity and resistance for new BI' is changing the temperature from 20 and
50°C. v/p Is not a permanent value and during increasing the temperature by 30
deg the value increases about 1.76 times, while in the mentioned temperature
range from 20 and 50°C viscosity is decreasing exponentially 2.9 times on average,
so there are some admixtures in oil, that more significantly reduce oil resistance
than oil viscosity. Probably there are admixtures that increase the concentration of
conductors by rising the temperature and violate this regularity.

We obtained the similar results for TCO and T-1500 type oils.

Then I used the data from “AES Telasi” oils which are in operation. Most of
them were satisfying the standard requirements. These regularities reveled for new
oils, are certified for operation worked oils.

We can say that there is not a permanent size for new and operating oils that
satisfy operation requirements within the interval of 20 and 50°C v/p  and by
increasing the temperature it will be increased by approximately 1.8 times.
European TECNOL Y-3 oil was taken from two different tanks, but there was
minor difference between them. For both tanks the value wv/p at any
temperature are less than for T-1500 type oils, that shows high quality of those oils
and this ratio is almost stable and does not change by increasing the temperature.

In order to study transformer oil v/p ration in the interval of 20 and 90°C we
used exploitation oil taken from T-3 of NAVTLUGI 220 substation, which was not
satisfying the standard requirements. We have determined (p) and (v) values
without treatment. We calculated the v/p  size, which data was used to draw
v/p ratio diagram at temperature, which shows that at initial stage v/p
insufficiently increasing by increasing the temperature to 40 deg, reaches its
maximum level, then decreases and finally increasing again. This change is
probably caused by combined water pass into free water in the interval of
temperature t=50 deg, that significantly reduces specific resistance and close to
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t=90deg free water starts evaporating, because of that resistance significantly
increases and (v) value on temperature has almost an exponential character.

In order to eliminate those factors we performed filtration of mentioned oil by
means of free outflow after class of mechanical admixtures complies with X- class
of standard and number of particles size was significantly decreased. In spite of
filtration the humidity of the oil was still remained. For this oil we determined (p)
and (v) values on different temperatures and calculated v/p ratio. This shows
that the oil resistance increased almost 20-40 times and viscosity was not changed.

In order to eliminate humidity we treated oil again by vacuum P=50 during 10
minutes. As a result oil humidity reduced from 40mg/t to 15 mg/t. Mechanical
admixture class and viscosity were remained. Such oils v/p ratio is more less
Stabil up to 70 deg. In order to determine how temperature difference changes in
diapason v/p size we had the ratio of this size meaning for t=20, 50 and 80 deg, it
shows that at 50 deg, despite the oil state, the meaning of this ratio is about 1, that
confirms to terms of the formula, but by increasing the temperature from 50 deg to
80 deg this ratio will decreases almost twice, that means that in this ratio the
reduction of resistance according to the temperature exerts stronger influence than
the reduction of viscosity. This confirms the opinion that by increasing the
temperature the increase of number of conductor particles takes place, which
probably is caused by admixtures dissociation.
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