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Abstract

The high thermal efficiency of the gas turbine combined cycle power units

(GTCCQ) typically necessitates their use to cover the basic part of a load of electrical
systems. Designed for this purpose, GTCC units are not adapted to day-to-day
power regulation, which is a topical task for many electrical systems.
The paper aimed at the creation and exploration of effective methods to expand
the regulative range of combined cycle power units, which is a key issue in their
maneuverability improvement. In the work process, the maneuverability of the
power units along with their technical capabilities is determined by the operation
of the equipment power control and regulation systems, which is carried out
according to predefined algorithms.

The main problem of the combined cycle power unit at the time is the deep
unloading while maintaining the equipment in progress (shutdown free). For
example, in power units where several gas turbines and heat recovery steam
generators (HRSG) are connected to a single steam turbine, unloading is possible
by switching off one of the gas turbines and the coupled HRSG. But, if it is
necessary to keep all the units online due to their durability requirements
(especially when working in unstable electrical systems), the power unit is
unloaded by reducing the capacity of the gas turbines. Significant unloading is not
possible in this way, as the combined cycle power unit control system does not
take into account the regulation of the temperature of the exhaust gases, which
would protect the HRSG's surfaces from overheating during deep unloading.
When designing new combined cycle power units, increased requirements for
their maneuverability should be taken into account, which is extremely relevant
for modern thermal power plants.

The paper is dedicated to the current tasks of expanding the range of
regulation of combined cycle power units. Based on the gas and steam cycles
analysis, as well as on the analysis of the Heat Recovery Steam Generator Thermal
Efficiency, the main factors affecting the efficiency of the combined cycle units are
revealed.

The possibility of deep unloading of gas turbines by the qualitative method
has been identified, which significantly increases the regulation range of combined
cycle power units without a sharp deterioration of its efficiency.

A new method of deep unloading is proposed, which provides a combination of
quantitative and qualitative methods of regulation for a different load range of the
power unit.

The possibility of efficient use of combined cycle power units in the daily
load regulation of electrical systems by using the proposed unloading method is
justified, which significantly increases the commercial attractiveness of this type of
power unit.

The study uses standard methods of analysis of power plant operating
conditions and indicators: analysis of load change and periodicity statistics;
Analytical method of thermal efficiency assessment; Method of modeling and
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computational simulation. Studies have identified the reasons for the limitation of
operating modes and regulation range of combined cycle power units, which
minimize the possibility of its use in the grid power day-to-day regulation. Based
on cause analysis and computational research, the possibility of increasing the
regulation range of the combined cycle power unit and a new method of power
control to realize this possibility have been identified and proposed. The results
obtained in the research can be used to improve the control and regulation system
of gas turbine units, for its direct implementation (in agreement with the
manufacturers) in thermal power plants, as well as methodological material for
researchers of indicators and operating modes.
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LodIWH3M0L 5M59BIJBHIMS© P58MYgbgdols doGomso FJobgbos (iy39@o
3990399853900l dmmbm3zbsdo gergdGHOmULOLEIoL/LoEOL3GERIOML FbGOIH.

(o3 099bgds  LYEYMOOL  LoMdMO  9539dBH0SbMdLL,  FMFomdols
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0.19788 U1.83/(33¢"bm)-b  Boggo©  Ls3®mgdBm  Loowobs - 0.18031
bE.03/(33G"m).  ™MEs,  39BLbgsggBom  Loddwszol  asdmygBgdols
95393 AOMOOLYSDL, 980l B0BYHgd0  JOMOMIIE®  MBOYIHMIO0S O
39300600905 LMoL I65YMJIOL LOTIWs3MOL s 953gJEHO0BMdOL
5930009319 gdsl ocgdmb 39d396M9GHIMLmMb. S0MEGHMHdIObIdOLMZOL 9U
©59M3000939gds (35¢LObss - Bom0 LOTAWs3Eg FoEHIWMBL QoMGIMUL
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3bM0E0-2. 356Es0560-1 3mId0BOoMYdIMEO (303wl MBdIMYEgIBHOMLIEYMOl 3Msmdols IsBzgbgdergdo
(2015 Hemob mgGHmddm0sb 2016 {erols mg@madmsdwy)

@xafiero boddersg®, 8330

99dBOMLagHOL LB Jnbgdmo boddwsghy, d33e
65979935610 bysmgdo

999BOMawML bsdesmm sg@ommo boddsghy, daad
9. 96963000 359005853905, 33¢H*bo

30%0b batrxo, . 83

30000 0dM7B3M060dS (#0eqlio), 3x/bH.03

503340 LoddesgHol 3sdmggbgdol gagdBosbmds

35bob bod33039, 38/V¢).83

2550l 359, bg. bsdxo gadmded. geo-gbgdaosby, bE.03/3360.bo
A0IJOOOLRYIHOL 8.7 39306096¢0 dOIEM, %

30603000 b30dMBOL Bgh. bg. b0 gsdmduyd. gu-9bgha0sdy, 3.3.b./33¢.bo
300013000 b30¥MBOL BgH. fienoryHo bsdxo, 5060 ¢.3.b.
250l ferorho bstixo, solio @&.

Oct-15
231.2
218.58
460
189.6
87,237,263
17,481,629
35,82
50.72%
0.737
0.200
50.9%

Nov-15
231.2
218.79
641
212.8
136,430,138
26,076,538
35,331
81.96%
0.741
0.191
53.3%

Dec-15
231.2
223.42
599
216.4
129,630,364
25,772,380
35,232
75.36%
0.734
0.199
51.4%

Jan-16
231.2

224

744
209.3
155,750,137
30,483,901
35,216

90.55%

0.738
0.196

52.2%

Feb-16
2312

25

527
2088
110,040,964
20,995,698
35,237

68.38%

0.758
0.191

53.5%

Mar-16
231.2
229.6

732
181.4
132,793,474
26,979,760
35,349
77.20%
0.754
0.203
50.1%

Apr-16
231.2

221

643
175.7
113,002,304
22,444,145
35,329

67.88%

0.772
0.199

51.3%

May-06

Jun-16
231.2
207.0

19
1526
2,898,597
627,787
35,182
1.74%

w
0.741

0.217
47.2%

3bM00-3. Mo LoddEsgMOl gsdmygbgdol dsBzgbydmgdo

158, 1 ©5R0. Lodde.dgBsMgds  82.03% 92.06% 93.60% 90.55%
65049893500 ©5 sbEOMEMIormo bssmgdob dgBshgds  61.83% 89.03% 80.51% 100.00%
50.72% 81.96% 75.36% 90.55%

©30334)0 boddeEsgHol g53myqbgdol ga39JB0sbmds

90.31%
75.72%
68.38%

78.47%
98.39%
77.20%

76.01%
89.31%
67.88%

65.99%

2.64%
1.74%

Jul-16 Aug-16
231.2
200.06!
233
195.7
45,600,099
9,354,281
35,182
26.51%
0.741
0.205
49.9%

80.58%
79.03%
63.68%

84.65%
31.32%
26.51%

Sep-16 Sep-15 Total/Average
231.2 231.2 231.2
199.13 148.06! 210.4
569 o[ s
186.3 117.4 196.95
106,010,880 2,582,229.38 1,021,976,448
20,927,328 1,087,557 202,231,004
35,112 35,182 35,239
63.68% 1.55% 46.51%
0.7588 0.741 0.747
0.1974 0.421 0.19788
51.9% 24.3% 51.6%
238
w3
151
50.77% 85.19%
3.06% 54.60%
1.55% 46.51%



AH9939MoGHMMoL  G9030MdLmD  gPmo, o3 godmfizgmos  359M0L
1093360030l 390JO0 @O0 A99396M53M90bY. Sbgmo
©59M300093gds OPJIOMOE IMJdggdL s0OEHMMHBdOBIdOL  gargdBHO
0.4.3--%9, 09058 mOMJwol  J390-MEBH0WODBIGHMMGOOL  ©d  mBmJwol
GMOdMPIBIOSGHMOHOL YOI 9539dEHMOMOL 593L 903060930l 3H9babios
3°M9dml  $9g339M0GHMol  G9830MgdoLsL.  s8oGH™Md, LogMom  LoloyMg
995393BH056MdOL  ©IM30IIMNGds  ASMGIML  GHgd3gMeGHIOsDY 9O SGOL
900y3560M3560.

3o0LO3MNPOGPIM  MoGymBom  Ao3egbsl Lo MEOL 0 g@mIMen

995393BH05b6MdsBg  9babL b5 YIMGIOL  SMVBOMEO  EIGHZOOMZS. S

605099030 9569 YdS Y303 Y39S ISP 93MbMI0MOMDS.
090l sLOYIBI, MBGdS M) MO 0MbgdMOZ0 0Ol 3MYPOO bobrxo

©5153390  063HYM35eTo  LyYMOMOL  RodBHMOIM0Z 09009000  FMTomdOLSL

(Lo5bYOMOTM  39MH0MET0), BOBHIMEs 2056500890900, MMIgEms 99y Jo0

dm3gdmos 4. 3gbOowdo. 255635600899900L  FgmmMeEmaos  d98gado

9 M3s6MHgMOb:

1. bGobsdEH Mo (ISO) Lsdmmgddm 306MHMdgdolm3z0L  gobolsbrgmgds
©565YIMIO0L S FNE0sbs©  LoyMol dsbz9bgdergdo - UL3zgBHo 3
,B936MM9JBHM  30MMdgd0 s doB39bgdgd0”  (Ambo399900  5©gdMYEOs
dPomIMgdols Joge Imfirrgdwyero m3dnb@Hgd0©sb);

2. 3560LsB3MNOS RodBHMOM030 4o09gIM-30MmMdd0  (bLodMswm  {eromMo
30035¢MO0 85639690 9d0), 51939 SRAOWMIMO30 0bgdMO30 S0MOL
Lodwogm  MdMMBsMOsbMds s 109330039  (FOBOL  3OH3MEBF00L
dmbs3999%0) - 13930 4 ,,BJBHMOMO0Z0 306OHMBYOO;

3. 3960LsBE3MYOS dsbeam9d9wo 3M9983030963 900 2456930l
A9939653HM5DY, BIOEMIOD  3HJb0sbMdsDY, d3OHMIgEHOME (69359,
S0MHGHMMd0boL  oergol  dMb3ol  Lobdomgby, d64dGMOZ30 oMol
A9939M5GMM5PY, §6930L 350D 5GHIMLBIOMTo 3596M0L Tgfmagolsb,
(6930l 3560HbsBg 5EHIMLRIOMPIB B53)d9g35010 506930l AoTMUBZEOLLL,



3HMo0-4. Lfig3530L 3MMMO Bt LMoL 3MTsmdOL sdMMmgdEm, LosbysModm
5 B9JBHMIM03 300HMdJOT0

2303336 33006069080 3030l g 9dBHOMLIEAHO - 3oMEd60 1
2015 femols g dmddgGo - 2016 ficrol mg@mddyho
99dBHO™IbIMA00L 459m3+9853905BY LEMBMBOL 3MMNMO BaBXOL BodEHMOdG030 LoEoOb S6seobo

1 2 3 4 5 6 7 8
3oLbgo390s
b5baM08m
DO

ba3Omagon BoJBHmdO0Z0 Bgbfinciops 95B39690egd0 B5gHMdO030 B2JOmdGoga

306O0dIBO ©> Sy BJHMOO03 Boufomgdob GoBarBrbendo 155635000

35hg969dgd0 0 306mdYdby J ¥ ) 50 3000 35B39690e 0

350350bfobgdoo Botob
- . 5QFOWEBHOZ0, ;15D .
396900-3060™39d0 1S0-b dobyEz000 bsdscom-fonto o oo < hsag(:@m—(“qug oo
o600l HdgHsGnH oc 15 12.9 0.9973 12.9 12.9
BOEMBOMO HbosbeBS % 60 68 1.0003 68 68
BB fags 36 1013.25 979.00 1.008 979.00 979.00

394603296 0 3 06 Mdgd0

5060l GOBORIBIHIHNGO (5¢)3) GE 6FA.03 (PGE111)

305 @owgol 36, botdosg /o> 5231 5231 1 5231 5231
BaBeBOb (gd3gEIGNGS oc 27 68.6 0.999 68.6 68.6
69306 3561065 35960b Fyfrgobsl 80.5y.b3 64 64 1 64 64
60300 35Gb> 6382893560 5065B0b 33drbgobsl 80.5y.b3 140 140 1 140 140
L5 o dmdo
BiBgdH0g0 3060 H/C 4 3.82 1.00013 3.82 3.82
sd@yL B3 G0s60DS (i 980 ASMT D3588) /3 50035 47187 47187 47187
03080, 306eBgdd0: 20°C, 101325 35 Kooy 36005 35239 35239 35239
03039, 30Gmddido: 20°C, 10132535 3°LVbo g’ 8593 8410 8410 8410
108 336039 30Geidgd: 20°C, 101325 3 ooy’ 0.720 0.747 0.747 0.747
9 985 mdob 3 5B 3 96 gdegdo
59D @O30OMZ> % 100% 1.060 88.92%
5¢y3 boddeag®y dGHTGH™ 330 73.60 65.4
20 9E9JOON@o 8.9.3. BTG % 35.30% 33.15%
3693 bombdeb 32mGo bséxo dGG®  3x/(330*bo) 10196.9 1.0650 10859.6
@OOJ@ol GOdmaIBIHsAMGO (@) SKODA, MTD 40CA
©H8 @OZOONZS % 100% 88.51%
@y boddEsg6y dELIHM 330 84.00 74.35
50©50560 1 @3HZ0OMZ> % 100% 88.77% 85.19%
2960©58360 1 b09desgHg dOTIHM 30 231.2 205.24 196.95
25033360 1 g@gdHO@o 8.9.3. 36 % 55.45% 51.98% 51.63%
25638560 1bomdab 360 bsGxo dGXG®  3x/(33¢*bo) 6492 6926 6973
25630360 1 3060 Ls0d. I O. batxo dOhm  33/(336*bm) 0.221 0.236 0.238

3560©30360 1 3796. 3060b JOE. byOx0 BONOM 1 3°/(330*b) 0.18031 0.19653 0.19788 0.68%

06906030 506M0L BHo3Los Qo 000b5M056M05DY, 5060l
AGMODdMPIBIOGHMMJOOL  (50MOEHMOB069O0L) ©IGHZ0MM35Dg - b3gBo 5
,»09UPMOgds  GodBHmdmOg  30MHMdYODYC  (Bmbs3gdgdo 90 gd0s
30o63mgdeol oge dmfm©adIeo M 3dgb3gd0sb);

4. 9LHmOGOgo 3m9530309063g00L 459mygbgdom BHoMGdS IBIYIMYOOL
@S F00sb  Loym®ol dsB39690¢qgdoL  2osbysM0dgds - LggdHo 6
,B05635M00M 35b39690¢gd0 d9LHmEO900L 3°035¢0lfjobgdom*”
(0mb5(399900  S©gdMos  [oMTIMgdeol  doghH  dmfmgdmeo
©™32)995¢980ws6);

5. LoamMol  dmdsmdol  godBHmdMogo  dmbsigdgdo - ULggdo 7
»39JBHMOM030  Fobgz9690egd0”  (8mbs3999d0 3900 dg-2
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3bO0wosb) - @IMEYdS  oobgom0dgoom  Jomgdme  dmboizgdgdl
(b393H0-6) S FoliEgds A5BLLZsZ39ds - ggE0-8.

OmamO3 4. 3bOHOoosb BsbL, 496©sds60-1-0 La3OHMgJG™ 30OHMd9dT0
39950m30LSL 396906030 S0MOL 3OO botx0-dOHMGHM Fgoaqbl 0.18031
b(f_‘).83/(33©*b0)). 59 LoOEIL RBOJBHMIMOZ 306MHMdYdd0  TYgLodsdgds  9.§.
BosBgs@oBm 363 3mM9dHoMIBMmo  boowy - 0.19653  1#).83/(33¢bo).
39L50530b5¢, 0Tob ILIYIBI, M) BTGB PoWIHOOWO dbgdMO30
506MH0L  B9JBHMIM030 3OO bsbxo dobo LodMmgddm 86093690 mdOLYH,
B5JH™MdG030  Lboowy - 0.19788  13.83/(33¢"b») wbEs  89355GM”
3M6O9dBHOOPRML - 0.19653 1.83/(33¢bm). Fgstgds 330p396gRL, ™
BOOEMOOMO  45bLbgegqdss  0.68%, Moz  93059mFBowgdl  LoBYLEOL
U396 IOEHOL FImmbmgbgdls (ASME_PTC-46_1996).

dgL53g 0530l 13365
6536330 09000535900 506 E™OMd0bmEo 5650 M00L

959693930390 9ob39690cgd0l 3900556350089d0U 9d90M©O3d
MBOWB39ymRl 99092900L LobMLEGHI ASME_PTC-46_1996 UL@sbs®@Hoom

dmmbmzbo LoBM3M9ddo.
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0530 4. 301800600700 30300l 9bgMMmdanm3gdols AsMmgo,

(9316060905, 356930 MdS

41.  GMOBd06gdOL Mgy mMEomgdols sdmEsbs MdMYgdEHHMH@LsyM™gddo

303d0boMgdo 303¢00L 9bgMHMdEXM3IJIOL FoOHMZ0LS S MYAOoMHIOOL
005356 59m39bsL  2obLsBE3gMIgL  mmbmgbs,  ®Mdol  dobgzomas
9696M2mdm3ds o300  LoIdWszMom  ImbsfloErgmds  Mbs  doomL
99dGH®MboLEGHGIOL 30639 MYRMWOMYdsdo.  Sbgmo  Immbmgbs Moy
39000b393993d0 035¢0lHobgdl 9bgMAMdMm30l bmdobserMo (iydeo)
Lodd 53Ol 12 % -0l MHYHIMZ306MGdL (56 A5TMYqbgdsls), Mo 360369 m3bs
59306090L ol feromd  gargdBHOMmYsdmddzgosl.  360d3bgermgsbos  sbg3g
9696233900l dmbsfowgmdols Bogombo gargdGHOMmlLolEgdol Loddwsgzdols
d9mOgM Mo gdsdo.  9bgcymdm3zol  dmddggdsl 53  OML
39bLsBE3MLgL oo  BHOOdMYIDgOIEHMMO0L  (HMEILsg  9BbgHMdEM3ITo
5996039 GHMdMEIBSOYM0s, BoRo0mMo© 0lY, HMAMOE 300dd0BoMYdIMwo
303wol  969Mamdwm3do)  LobdoGol  MgyMomgdol LEGHoG0IMMO
dsboliosmgdegdo, GHI9do3 3obLbge390mE0s 3obLbge39dwo
GMODdMOIBYIMHGOOLIZ0U.

303d0boMgdMmo (303¢0L 9BgHRMIMIJOOL FoOMZ0L S MYROMHIOOL
59m 39653 999496905 B6sT9I6EHMO 36M0b30390L, Mg LBogMoMs yzgws GHodob
969623 3900bmM30L, GMIWgdog Lsghomm Jugebg d1dsmdgb. sdodmd,
9696233900l FoOM30L, Mo gdols s F5693MMdOL by300bydL
LodmPomdo OgMIM  45BLS3MIMYPOIMO  YMMOMYds. dolido FgBsbogn 0dbs
dobogs,  MMIgog  s0hgdL  9bgMRMIM3gOOL  FoMM30L LGB G
390 90L.

Logo®mzgeml gargdGHOmlbolBgdsdo ©gbol bLobdoMg 50 39GEos, bmem
49.5:50.5 33 bmGdocMo (330 gdol 0bGgMzowo, 47.5:51 33 Bgmwo
51533900  0BBHIMZ5w0s.  LobJo®mols  F96smHBMbgdoLgol  LobdsMob
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(93N IGHMO0®  50FNMOZ0W0s  9BgMHMIMIGOOL  GHIMHdMAIBIMSEHMMgdO,
OMIgoE 690090l Jugerdo LobJoMOL (330 gdsDY o 93EHMISEGHWIMSD
SUEOBOEMMGBL B MdIOBOL LoddEogMgl LobdoMol Tgbobo®PBmbgdars.

4.1.1. 300073290 0M9ds s LObLBOMOL MHYAMEoMYdOL LESEO0IMOO
3sbsliosmgdgEro

AGMOdMPIBIOSGHMMOL  BHMHdObs s 9 gdBHOMAIBIMIGMMO ©0bsdozmeo
093000, HMIgod Q505 3blYdIEO 9dm8smdols QOB
999dGHOM296965@ ™ML ds9MbeMF9dgeo ImdgbEHo GHwMmdobol dsd6mbgdgwro
dmdgbBo  GHmeos gl sMoLb  ©0bsdozMemo  Hmbolfim®mmds.  LoLEgdol
©SHZ0MM30L (330900l EOML E0B5d03MOO  [mbolfim®mmds 0MEgg3s -
Bbogds 3oblbgs3900 GMMd0bol (N,) LoddogMgLs Qo

IIIOOMZIBIDGHMOOL  (N,)  ©H30OM3ZL  Jadolb,  Gog  Fo®Bmgdbol

396M0053535¢ 3O 39LL, OHMIgedos GHYIMdMAIBIOIEGMMHOL MHMEHMMOL LobdoMy
033905 35bmboo:

Ja)‘;—f= N, - N, (4-1)

boo@ J 900U (33792 OMEGHMMOL 069ME00L Imdgb@o, goMsdsgzswo 3GMmEglol
©50ggdolsl @ - dMb30L LobdoMg s 7 - EOM. 9MPSTs35¢0 3MMEqLO,
6Hmdgdog OHmEGHMOOL d6MH630L LobdoMg 033w gds, AMIJIYdS 2563390
©@OMOL 256053 Md5T0 @S BOYIEYdS LOBIOMOL sbowro - @, 8603369 MdO.

59 dmdgbBHdo N, =N, do/dr=0 s @1 = const5obJocmol 3zeowgdols

©53M3000939gds  GHIMHdoBoL  LOddEsgmgls @S 9 9JGHOMAIBIMIGMMOL
©H3060m35Dg UBJgdod Mo bsB3969005 25-9 bobsdbg. o 0 FgdGowo
399L5059905 [boLHMOMDBOL Lofigol mTGbAHL, HMPILOGE GHIODdMYIBIOSEHMOOL

OOGHOO0 dONBSZL @ =const. LobBoMoom ©@> N, ©> N = LoddwsgHggdo

AMEos.  9w9dAHOMLoLEBHYIOL  IGHZ0MHMZ0L 39O YOOLLL 0ffygds
390535350  3OmiEgbo: 0 HgOGowo  4505oL  sboseo  [mbsbfimemodol
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d9L50530L 1 9O EHodo, 496s3535¢0 3OME3JLO FNOZMEIOS S OMGHMEOO
061653 @, = const. LobdoGoo.

GMOdMPIBIOSGHMOOL  OMEGMOOL gm0  dgmeg  Hmbslfimemen
daM3smgmddo  4oslgws  933MISGHMM0 Mo gdol  LobEgdol
©HTsMgd0L 450939, N300 E0MGdss; 2-0-1 Imbs3zgmo 25-9 bsbsHby -
565YMOL 0300092 0MHGOOL LEHOG03MMO JoboliosmgdgE0;
999dGHOMA96965GHM™MM0L  ©oGHZ0MOM30L  Fg033060905L  bobsHBg  0-2  Mdsbo
999L505099d5.

v

Bob. 25. BHdMgbgMoEMMmOL LobIoMmOL MZoMMYYMEOMIdOL
UEOG03MM0 AsbsBr0sMYOIWO

MZ300MJAI0MHGOOL  BIMO 56 MO Bo3dsMOLo  EGHMdMYIbIOHSEHMOOL
LobdoMob EsLsdz9d 0bBHYMZoedo F9bsBMBadOLMZ0L. STobmM30L AsTM0Ygbads
AGMOBOBOL  93BHMISGHMIOO  MgAMoMmgdol  LobEGdsL, Mmdgwog  33eoL
03000929 0MJO0L  FobsL0sMGIOL IBOOEIMASL. 5T B0 FoLIdIMWO
>0 Bobsloomgdgo  93BHMTGHMMO M0 dolL  LGIGH03NMO
doboliosmgdgeros (11-21 §ma3g 26-9 bobobbyg), OH@Igwlog s0fig®gb LEsE03MOo
30MI0gd0m, LEHIGHODBIom  (9M5mbdOMIOM) s 3MSTZOHABMOOSOMIOM
(bob. 28).
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Bsb. 26. LobToMOL 53¢ MG WHO HYEOMYdOL
UBOG03M0 AsbalosmgdEro (11-21)

L

Bsb. 27. LobdoMol Mgy gdol biGs@oz®o
35b31050YOYEOL 356509EMYdO:

A® - bE5303760 30030eqds; @ - 6dobsermcmo Lobdomg (50 33);
Ao [ @y - bEEHOBd0 (2:8%); 00 | 1 - 56530IBMBOsGMDS (~0.06%).
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4.1.2. Jugerol LobdoMol 30MH39E50 MHJRMEOMYDS 35MOEYEYMSQ
Bs®onvemo @MHdmobsas®gdom (Lobdmmbmeo Mgammomgds)

LobJoMOML 3063950 MJYNIOMGOOL 58M(356s JEgdGOMLOLEJTIoLmZ0L
0909ds ©oL3ghgeol Bs6g30L A56M9dg GHOMIMEIBIAIMJIOL 53EMIdEHWEMmO
0932906900l LobEYIGOOL A5dMYgbgdom. MMM gdOL LobEGds, MHYROMIOL
G5 ©A300mM30L (33000 9dsbY,  LoBJIMOL  MgAMWIBHMOOm  (33¢00b
AGMOdMPIBYOHSGHMOOL  LoddEegcMgl. 53 EO™ML dolo MMGHMMOL LobdoMy
(09L50530bv@  Jugerol  LobdoMg) 033w0S MMMl BEGHOGHOIMOO
doboliosmgderol  olfigmog.  0dol  godm, Mmd  Jugerol  sGHZMmMZ0L
330 g05Dg 095306090 dolido B0 439es GHMMIMAIBIME™MMO, 500
1035369900 033090 LbZsILLI3S LOOWOm, 035HY ITMIOEIOMELGIOM,
0Y) OHMYMO0S NOMNMINol M9 MEo®gdol LEsEGH03MM0 dobslbosmgdgwro,
MO BMBEO©, FobolosMIOMOL IBOOWMDS. Mo3 FgBos Fobslosmgderols
IBOOEMDS, Jom Bo3ergds 0;33gds BHIMHDdMAIBIMSEHMMOL LoddEsgzMg
3060dom.  50b0dbmol  BogdmblGMmogom@ 28-9 bobsbbg bokggbgdos
Juodo 35 gMH s RGO BHMdMYIbgIOSGHMEOGO0L  Lodd szl
33X0Egool 2053303900  (M93I0MgdolL  BEASGHOIMMO  FobILOIMYdGdO)
LobJoMmOL 30MHZIWHEO  BJRMWOMIOOL EOML. 30039  MYYIOMYOSL,
bdoMoq, LobIOMBME Mgy GdSL MHmgdb.

4.1.3. LobdoMol IgmMHgYemo HYAwYE0MHYDdS

Juool  IBH30MM30L  (33¢00gdIDY  BHIOHDdMPIBIYIMIOOL  LogPmnm
099200900l 9909y @905  Sboero  sdmEsbs - LobEgdsdo  LobdoMol

Bmdobserm®o 36033690 mdol (50 33) s0qbs. 535L sbmEmE0gEgdL LobEgdol
©ob3gBBIM0. ob 0MHBY3L MM b C13dIb0dg GHIMDdMYIBIMHIBHMOL, GMIgms
396936 @mdol  95B39690qd0  0dwgzs Fomo  2obE30M™M30L /96
o3Izl BMOLOMYOOL  TguodgdEMASL  (LsobgobGOM  LeErgba®g dsom

3569300939 96gMHRMdEC™M3IJOL MM gd9gb) o 935¢gdl dsm LoLEGHYIoL
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o3I 3Ol FoOHMZOLMZ0L, OMIJWOE A999MM0569dL  boeOLbBMdGO30 ©s
(5m©OIbMOM030 MY gdoL 130MoEJuMdIOL s MHBEOWE39WwYmaL 33-0bL
@G>  2o6GH30MHM39L  MmMYE930560 b3gbsMoo: 3063900 - MomEgbmdMoz0
3900MmEom  b@z00mzs  73%-0g; dgmMg - bsobbmdMHoz0  FgoM©Om
999™do 256(3300039.

092300005 935 3MhmOmo  3mddoboMgdIMwo 3030l (33) ©MTs
396@300m30L 3mIBoboMGdMwo  Fgomo.  Loddgsgmol  JsHM30L
090005359900 bE3gbsGol  ABbMOME0gWwgdoLmzol  LsFoMm  0dbgds
5060GMMd0690d0 30l 3OMmEglolo  FsMM30L  300MHOEEO  3OHMYMHTOL
09099853905, OMIJWOE 299900056938 o s  3MId0boGmGdMEo 3030l
50MFGHMOB0bIdOL  3OMaMsd  MHBOHWE3gwYmRel  JoMm3zol  LogMHom
30mbmgosdo.

Sbgmo  3OMaMdol 89999 ds3900Lm30L BMLEGO  MIMmYbMmdMoZ0
©59M300093wgdg00 MBS A9BOLIBOZIOML  S0MEMMHBOBYdOL  BodoMbbm
399m39d0L  gboom  (soLomzgol  65IOMITo  dmyzsb0wo  osbyam0dgool
39092900, OHMIgdo03 F0MGOIE0s MOQ0 Id390900LS S A5TMEH03909d0L
Lo93mAdzgaDY, 1535MOLO 56 SGOU).
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(LOdME MM (39339 5GIMOL FoOMZ0L 3OHMYMSTOM)

0) ©05 (3030: bs®olbMdM030 MYy gds

Bsb. 35. 653893560 s bsfgolo s06gdoL 3gddghs@ErMgdol oM 3oEIdEIgds
1503MBOL S 359M0Ls JsLYM botrxgdBY 3MTBCBEOMYBME s POS 3FE-0L
303229030 LodAEszMOL baMOLLMOdMOZ0 s M5MEIBMIMOZ0 MYAwEOMYIOL MM
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4.5. b50s6936Mm 9B©3900 35Mds60-1 3MTBd0bOMYdMEO
3030l dMYEgdGHMMLSEYMOOLm30L

056589000m39  B9dbmermaogdom  ©odHBsEIOMEo B AIMGIOL
390myggbgds  A9M3IZJMO©  (33¢0L @O 8bErgdl  9b9gMAMdMm3go0L
356936 mdols s LBo0dgEMMdOL  F5B39693gdOL MY SBL. ™obsdgmmay
9696233900l LORsMIBEHOM M 3T96ES3090d0 bToMo® 906 0ygbgd9b
G500 35B39690¢qdL,  9edg  LaMgdMmdgb  F9bg3m I MdOL
dm©O0x0(306090w0 FobsL0sMGIWGOOm. I3, YNROw LHdFMMS J399bgdLs
@ 50IMBO3Wgm 93M™30L J39ybgddo sbowro dmfiymdowmdgdols 3sdmygbgdol
30053 gbMdYOOL  OLIdMMYOOLSL  LoFoMm  bgds  sbseoBol  Bodomgds
356936 @md0L FM903E0wMwo 35839693 qd0m.

50 3mbBoduddo  bsdGMIdo  9mp394o3l  3dMY9dBHOMLOYMMYdOL
969623 Mm3900L  LY0TJEMMOOLS s F9Bg3OMIEMBdOL  LBIBIOEGMWO
9ob39690cgd0l 29bLoBE3M909d0, OH™I9do3 dMOGBOE0MYOME
5b65ErMmaq0mob 9P  33wsg  299m0yabgds  MdMgegdGHO™LOAMOHOOL
L59gL3EMOES30M FobILOIMYIWGOOL 5bsEP0BT0 [6].

dgmmbyg mo30L alizzbs

39000535H9005  50OGHMOHd0bMEo  3m3d0boMgdMEo 3030l (53@3)
9696H2M3Mm3g00L ©MTs  29bGZ0MOM30L  sbogwo  FgmEo,  GMIgEos
0m35¢0Lfobgdl M9y oMmgdol  bo®olbmdmozo s MIMmEIbMdMHOZ0
d900™mE9doL  3m3d0obogosl  gbgMmdErm3ol  OE30M™M30L  Lbgoolibgs
©0535DMbolm30U.

)60y, MM sG© 3MmIdB0BoMGIMWwOo 3030l 9bgMYMdE™MIJIOL
3963300m30L  3m3d0boMGOMo  TgommEo  Fgbodergdgeros  yobzobowmm,
Om3mOE  983dOYO0  obbHOYIBGo  9bgPpmdrmzol  (gvE3gywo
©5b5YMGOOL 5dmOHM30L 2569d9) NOMUOTY TG 53H3060mM3900L
950Ds300LmM30L s F9damdo Lodm{dgdgeo 25dmEEIdOL byg3dzgw by
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30094350,  9bogro  JglodErgdermds  9bgMMmO™m3900L gAMoL
©0535HMbol  oRsMMMYds.  Sbgmo  gobGHz0MHm3z0L  Fgom©ol  IbgM3s
29BOOL  333060MGOMo 303¢0L (33) 969MAMOIM3IGdOL F5bg3EMEMBSL
@5 9egdGHO®LoLEJIGO0L OEHZ0MMZ0L MY MEoMgdsdo dob MM, o
3608369035600 30009GE0w0 259mygqbgdol sGgsol A5TBIONMIGIOLMZO.

©OLSOMYOME0s 30Fd0BOMGIMO (30300l 9bxMAMIWM3IdOL 93390
3990myggbgdols  FqLodergdEomds 999dGH™MbOLEHGIGOIOL  IGZ0MM30L
LoMIWsdolm MgME0Mgd580 296EZ0MMZ0L FgIMMOz35HDgdwo dgmmeols
399tyg9gbgdolsls;

653960005, O™ Lodos@mgzguml  gegd@mmbol@gdsdo  s06OEHMMHdObMEo
3030l 9696MdEMm3900lL ©sbxMY30L 3oMOEgEIEs© b 293BoMM™
L53sbg3M™ s LEMgHBYMH3M LOIIWH30MJJd0, M3MS b0 IBSYIMGOL
30939L LsdBOLM IGHZ0MMZ90000 FFomdOL LOWEO TGO MDS.
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o336

. B3dOHMATo H0M0OLs S MOMJOL (303€gd0L, S1939 J390-)BHOOBIGHMOOL
39 3993030953900 5bse0Bob Logymdzgerbg BoB39bgd0s S0MEHMGdObMWO
30dd0boMgdMmo 3030l Mg 9539dE06MdOL oBOOL dmsgzsm0
9035607 gds - 50Mm0L 3030l bHgolo 3s653gEHMIOOL ASBO; 5T5LH,
5060900l Lofigolo  bg3z0l  BOHs  9830MgdL  BsdMTg3500  S0MgOOL
A99396M5GH ML S BOMIZL MOMJob 30300l Lsfyolo §Hbgzol DO,
506900l (b9g30L 8993060905 30 30MH0dom, BOHOL bsdMdgzsmo s0MHgdOL
AH9939M5GHMML @O 9BIOMMYIL  MmOMJwol  Lsfigolo §bgz0ol TgmBggz0L
©0535DMbU;

. 0506900l Lsfyobo  G9d396Ms@MHol oMo 3mdd0boMgdMwo 303wl
09MHIMwo I 309803090E0 gobmbMmgws 0BMEIds. dobgsgs sdols
950 MM0 ©650YIMJOOL M3EH0T0BE00LMZ0L Mbs A930m35¢olfobmm
S50MGHMMHd06900Ls s MOMJwol  J390-MEHO0WOBEGHMMGIOL  rommbols
dbMmH35IBH3o3mdol  J9bem3900,  dB939  HgbosbmdoL  gogwgbos
ONIJoL GHOdoBOL dMEM LaggbMHgdol LodE3039DY;

. 396005, MHMI  gbghamdem3zol  93mbmdommmdol  dshgz969dgdol
LoobgoMOdm  4odMLobMgdgd0, MGMmIWgdog  JogdMwos  LoMdIMEOO
653500900l Bggd900L 565¢P0Bol Bogdzgu by, Gglodwrgdgwos HoMds@gdoom
0dbgl  299mygbgdmero 0009 gdGHOMLIEAMOHIO0L  LoMOOO
9306m30mOM®dOL fierowm®mo 35639690900l 965608930l dqloaqbow;

. bsdm™Ado 390m0535H900o 506O&™Md0bmEo Q5b50M9g00L
96962930390 95639690 9gd0l 3900556356008900l 9900™M035
MBEOHWb39ymRl 390929000 LoBMLEIL ASME_PTC-46_1996
U396 IOEO0M Jmmbmzgbogn Lsbwzmqddo;

. 0900053599005 5¢© 3m3d0boMgdMo 3030l (33) 9bgMMdELM3IJdOL
M3 9BBHZ306MHmM30L  sboo  FgmEo,  OMIgEoE  0m35obobydlL
G937 0MHgd0l  MomEobmdMogzo s bsMolbmdMozo  dgom©gdoL
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30dd0bs30sL 9696H2Mdm 30l BH3060H™mM30L Lbbgoslbgos
©0535HMmbolimgols;

. 996005, ®MI S 3mFd0BoMGdIMO 3030l (33) 9bgMYMdELMIJdOL
3963300m30L  3m3d0boMYdIMwo  FgoomEo  godmzoygbmm,  GMAMEO;
989IHNO0  0bLAOMTIBAHO  53MYRBIOL  (BOWZINWO  ©BYIOYOOL
53mOHM30L 396M9dg) 9MVLOMEO IGHZ0MOMZJOOL MO0 BI300LMZ0L o
0900pamd  B59M3545¢r0dmm  LYAM{IGOGo  25TMEEIO0L  LyEdz9W by,
00M99dGHOMLIYMOL M0 gdol 0535DMbOL QoTRsMMMYdS.

. 1LY MO0 3MIOOBOMYOMEO 3030l 9bgeRRMdEM 3900l 9539dEwEO
3990yggbgdols  gLodergdEMds 99dGH®MLOLEGHYIJIOL  IGHZ0MMZ0L
LoEa@edolm  M9aEo®Mgdsdo  gbB30Mm30L  F9dMmm935HYdME0
3900mOob 25dmyggbgdolisl;

. BoB3969005, MM LodoOMZgmlb  9wgdB®MbOLEHYFSTo S0 EHMdObMEO
3030l 9696MdEM 3900l bgMHR30L 35O IIMS© bS F93BIMM™M
1539693M™ S LEMYHIMZM LOIIWH309gd0, MOMs SObOTBME EbIYIMGOL
30939L LsdBOLM IEZ0MHMZ9d00 F)ToMdOL LGEPO TGLodEXGOMDS.
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