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Abstract

In the dissertation paper, the manual document is taken as an international standard
established for standardization of energy systems management - ISO 50001 ("Energy
Management Systems - Requirements for Use"). The standard allows the company to use a
systematic approach to energy efficiency, energy security and energy consumption to
achieve consistent improvement of the energy system. An important reason for the need
to save energy is also the protection of the environment from ecological pollution. The
ISO 50001 standard methodology is based on the principle of continuous improvement of
the energy consumption process, consisting of the following circular stages: the intention
and planning a change; Implementation of amendments; Check the change. As a result,
energy savings and reducing greenhouse gases (CO2) are obtained. Below is discussed a
number of energy-efficient innovative measures to be implemented by large electricity
users. On the basis of the analysis of the electrical consumption data of the Borjomi-
Bakuriani narrow-rail electric train locomotive electricity consumption, energy efficiency
measure was developed: modernization of the outdated relay-contactor system of electric
train with a modern contactless electronic-impulse method of control. For the first time,
with the introduction of an innovative method based on advanced achievements of
control system, a qualitative increase in the efficiency of the production is obtained (50%
energy savings as a result of the field testing). As a result, interval-"indefinite" method of
evaluating measurement errors has been used, instead of the traditional "measurement
unambiguous error" method. By processing raw data on passengers transportation by
underground and the total electricity consumption by using of stastic correlate-regressive
method of crude data, a baseline model of electrical consumption has been adopted, which
is used to analyze data during the monitoring year. During the baseline and monitoring
years, investment works were not carried out in the metropolitan area, only the trainings
and exams of the operational purpose of the service personnel were carried out. By
processing electricity data consumed directly by traction aggregates, the result of the
baseline model was clarified, and without investment, electricity savings were estimated
as 2-3%. The issue of modernizing the solid rail used to make moving contact with
subway trains is reviewed: replacing the existing old metal contact rail with a modern
REHAU-type highly efficient polymer bimetal wire. In order to save electrical energy,
reactive energy compensation issue has been researched upon the example of the
Georgian Railway Avchala substation.

Chapter I discusses importance of energy efficiency especially for large electrical
consumption objects: on electric transport, which are still operating technically and
morally outdated technological aggregates and use inefficient methods of process control,
which leads to increased electricity consumption. Energy analysis of various control
systems of electric transport was conducted in terms of energy efficiency, and methods for
reactive energy compensation.

Chapter II analyzes the old method of control the narrow-rail electric train of
Borjomi-Bakuriani, and in order to save the electricity spent on traction, the feasibility of
modernization is proved and implemented using modern achievements of electronics. A
natural (field) test of locomotive was conducted in terms of energy consumption. The
resulting economic effect is evaluated by the following indicators: PV-simple return 1,6
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years; NPV-net savings 116627GEL; NPV/Q-ratio: Economy/investment 3.1.For
evaluating the results of measuring the high voltage cable electro-insulation, the already
internationally recognized "indefinite" method is used today, instead of the traditional —
error measurement method.

Chapter III discusses the issue of modernizing the solid contact rail used to supply
train: replacing the existing old metal contact rail with a modern REHAU type highly
efficient polymer bimetal wire. The implementation of this event is estimated by
modernizing every 1 km third rail with the following indicators: energy saving of 721
MWh/km /sec; PB-simple return 4,18 years; NPB net savings 147454 GEL; NPV/Q-
Economy/Investment 1.32. It is important, to take measures that, without investing, give
the effect of energy savings. An example of this is the energy savings obtained by
improving the optimal operation of subway installations and devices, which is evaluated
on the basis of correlation-regressive analysis of electricity use. Basic models are
elaborated on the total number of passengers and total electricity consumption in metro in
one case. In the second case the baseline models on number of passengers and directly
trains traction' electricity consumption, which is used to process monitoring data and
determine the values of the saved energy. Studies have shown that without investments in
the metropolitan, it is possible to save 3% energy by improving only the exploitation rate
of the equipment and installations. Also, energy savings can be achieved (without
Investment) by creating an additional energy-based structure unit in the metropolitan
area.

Chapter IV discusses the issue of compensation for the reactive energy of the
Georgian Railway Avchala substation, which gives the following indicators of economic
parameters: PV-march return 1.4 y; NPV net savings 896094 GEL; NPV/Q-
economy/investment of 3.4.
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SUMMARY OUTPUT
Regression Statistics
Multiple R 0.857682969
R Square 0.735620075
Adjusted R quare 0.709182082
Standard Error 314.3750036
Observations 12
Significance
df SS MS F F
Regression 1 2749926.658 | 2740926.658 | 27.82435441 0.00036028
Residual 10 988316.4286 | 98831.64286
Total 11 3738243.087
Standard
Coefficients Error t Stat P-value Lower 95%
Intercept 1958.866739 | 645.6221949 | 3.034075896 | 0.012589237 | 520.3308432
M1 0.00035546 6.73873E-05 5.274879564 0.00036028 0.000205312
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M E Er Ei-Er (E1-E1)?
1 861786 5560.0 5022.17161 537.8 289259.4
2 8510834 5350.5 4984.127793 366.4 134228.6
3 10074382 5434.3 5539.906565 -105.6 11152.7
4 9086141 5050.5 5188.626419 -138.1 19078.9
5 10067881 5623.9 5537.595719 86.3 7448.4
6 9623134 5005.0 5379.505951 -374.5 140254.7
7 8308241 4857.4 4912.114085 -54.7 2993.6
8 6710592 4260.0 4344.213771 -84.2 7092.0
9 9001031 4744.0 5158.373218 -414.4 171705.2
10 10978550 5659.7 5861.302122 -201.6 40643.4
11 11172312 6335.1 5930.176763 404.9 163962.8
12 11676755 6087.2 6109.486071 -22.3 496.7
x990 113827714 63967.6 63967.6 0.0 988316.4
Lodwgoem 9485642.8 5330.6 5330.6 314.4
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POx9 4055303%9 (65b.10.) 25dmlbobogl  gbgeyool ImbIsegdols  doHoms
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R5dBHMMHJODY MMAMO0355: 3835600l FoOHN30L botolbo, sbsysMgdols ¢gdbozmeo
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0bON639@wgmBL.
SUMMARY OUTPUT
Regression Statistics
Multiple R 0.966711393
R Square 0.934530917
Adjusted R Square 0.923619404
Standard Error 158.1133539
Observations 8
Significance
df SS MS F F
Regression 1 2141143.483 | 2141143.483 | 85.64631254 | 8.99333E-05
Residual 6 149998.996 | 24999.83267
Total 7 2291142.479
Standard
Coefficients Error t Stat P-value Lower 95%
Intercept | 1775.32855 | 367.5504019 | 4.830163538 | 0.002909775 | 875.9651155
M1 0.000356426 | 3.85137E-05 | 9.254529299 | 8.99333E-05 | 0.000262186
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7 8308241 40057.4 4736.601657 120.8 14592.2
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B@o) (bsBsDobem §aeo) 933%.bo 333%.bo 9333LoY/
33
1 8617861 5560.0 5022.2 4847.0 -175.2
2 8510834 5350.5 4980.1 0808.8 -175.3
3 10074382 5434.3 5539.9 5366.1 -173.8
4 9086141 5050.5 5188.6 5013.9 -174.8
5 10067881 5623.9 5537.6 5363.8 -173.8
6 9623134 5005.0 5379.5 5205.3 -174.2
7 8308241 4857.4 4912.1 4736.6 -175.5
8 6710592 4260.0 4344.2 4167.2 -177.1
9 9001031 4744.0 5158.4 4983.5 -174.8
10 10978550 5659.7 5861.3 5688.4 -172.9
11 11172312 6335.1 5930.2 5757.4 -172.7
12 11676755 6087.2 6109.5 5937.2 -172.3
X500 113827714 63967.6 63967.6 61875.1 -2092.5
-3.27

3b6.26. 33005¢06H0 396530090 mdlobeyegdoom domgdayero gbgtaools sbsbmgo

33005 OH0  Mm39MH530wo  dmdlobwmgdom doMgdvIcmo  9bgMools dglodeom
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1 8617861 | 5560.0 5022.2 537.8 537.8 5378.2 -181.8 -181.8
2 8510834 | 5350.5 4984.1 366.4 904.2 5175.5 -175.0 -356.8
3 10074382 | 54043 5539.9 -105.6 798.6 5256.6 -177.7 -534.5
4 9086141 | 5050.5 5188.6 -138.1 660.5 4885.3 -165.2 -699.6
5 10067881 | 5623.9 5537.6 86.3 746.8 5440.0 -183.9 -883.5
6 9623134 | 5005.0 5379.5 -374.5 372.3 4841.3 -163.7 -1047.2
7 8308241 | 4857.4 4912.1 -54.7 317.6 4698.6 -158.8 -1206.0
8 6710592 | 4260.0 4344.2 -84.2 233.3 4120.7 -139.3 -1345.3
9 9001031 | 4744.0 5158.4 -414.4 -181.0 4588.9 -155.1 -1500.5
10 | 10978550 | 5659.7 5861.3 -201.6 -382.6 5474.6 -185.1 -1685.5
11 | 11172312 | 6335.1 5930.2 404.9 22.3 6127.9 -207.2 -1892.7
12 | 11676755 | 6087.2 6109.5 -22.3 0.0 5888.1 -199.1 -2091.7
113827714  63967.6  63967.6 0.0 61875.9 | -63967.6
61875.9 - 63967.6 = -2091.7
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1 8617861 5560.0 5022.2
2 8510834 5350.5 4984.1
3 10074382 | 5434.3 5539.9
4 9086141 5050.5 5188.6
5 10067881 5623. 5537.6 | M
6 9623134 5005.0 5379.5
7 8308241 4857 .4 4912.1
8 6710592 4260.0 4344.2
9 9001031 4744.0 5158.4
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3 11092912 | 5925 5902.0 23.0 -49.3 5709.0 | 192.99 | 542.76
4 10294992 | 5445.4 5618.3 -172.9 -222.2 5434.6 | 183.72 | 726.48
5 11568562 | 5914.6 | 6071.0 | -156.4 | -378.7 | 58725 | 198.52 | 925.01
6 9652674 | 51255 | 53900 | -261.5 -640.2 | 5213.8 | 176.25 | 1101.2
7 9072702 | 5179.6 | 5183.8 -4.2 -644.4 | 50143 | 169.51 | 1270.8
8 7792065 4129 47286 | -599.6 | -1244.1 | 4574.0 | 154.63 | 1425.4
9 10274432 | 5628.5 5611.0 17.5 -1226.6 | 54275 | 183.48 | 1608.9
10 12728132 | 6519.1 6483.2 35.9 -1190.7 | 6271.2 | 212.00 | 1820.9
11 11920222 | 5986.9 6196.0 | -209.1 -1399.8 | 59934 | 202.61 | 2023.5
12 12463734 | 5945.3 6389.2 | -443.9 -1843 6180.3 | 208.93 | 2232.4
xs00 | 125930448 | 66425.9 | 68269.6 | -1843 66037 2232
A B C DO E F G s3> 249

E=0,00035546"M:1+1958.866739, d3%.0r/o039

om0 ©sbsbmayo -18433x3¢).Lo/f (2,88%)

1530B6g BIBMYO 39 FglO¥es 249 Ia3¢3).Lo/§ (0,39%)

356.28. 96963m3mbsMgd0l dmbodmmobaol 89wgagdo M
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J6N30MLNGIGN
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3.2. bsdsbolier Imgerols s8w)ds39ds mBvgserm {fg30l 5aMmgas@Hgdols
96960mbBsMgdol dmbsi3gdgdom

Lodobolm  dmgwol  dgdds 30335600l XsFMEO 9 gdGHOM-0mbIsMdOL
Boggwo  Mdmoemm@ 930l 53M9a5BHIO0L 99 GOMIMb-o6MHgd0L  (FodEH0Mo)
9mb5(399900L go8mygbgdoom Fgliodwgdgeo gobs 930l 93M99EGH00L dmbdsegdols
3990%3600 LygBNM IMbTHM930b.

$930L 5260253 gd0L 9bghym dmbToMgdol 53odEom®o dmbozgdgdol («dwseom
Do30L 93692539008 BmbdsMgdol  godox3bom  30md3sbool  xsTIMGO  gargd@GHO™m

dmbds6g00sb 0bogzomsmmMo  IGoEbggwom) dm3m3z900L O sF)d539d0L
3990097 LsdsDoLM IMEYEOL HTMT3905 55850 gdl dmEgErol LOBYLE L.
3ol Lo MPsg90eo  39dMmYgbgderos  Lodsbobm o

dmboEMMobaol iergddo 2ooy3s60o IaHBs30MgdoLs o IMbIsMgdmwo gbgeyngdols

sboo

(85 9300 5209393 900L) BodGH0Mm0o bgrro Imbsigdgdom (3b©.29.)

039 Lodabobim fgeo dmbo@m®mobyol fgeo
390593560 X509960 390593560 X509960
PN REIOTON 069MamIMbdstmgds | IFBegmms | 9bgmHmImbIodgds
500qbMds 9333).bo/m39 6500qbMds 9333.bo/m39
M E: M: E2
1 8617861 31134 9648409 3064
2 8510834 2911.08 9421612 3015
3 10004382 3002.23 11092912 3294
4 9086141 3126.5 10294992 3160
5 10067881 3265.5 11568562 3360
6 9623134 2909.1 9429023 3065
8308241 2842.2 9072702 3035
8 6710592 2624.3 7792065 2793
9 9001031 2976.5 10274432 3142
10 10978550 3245.4 12728132 3546
11 11172312 3412.7 11920222 3410
12 11676755 3489.6 12463734 3510
X500 113827714 36918.5 125706797 38394.4
L8O 9485643 3076.5 10475566
0.3243 0.3125
333),Lbo/33% 3330/
356.29. LsdsBoLM s 3MBoEMMOBYOL Fengddo gosyzs60em TBogMgdols s
9950590L0 ImbTsMgdwEo gegbgMaogdol 6ymo dmbsigdgdo

LIIIMOIBILML GIIBNIIMN
JEN3IMLNOIGN
1922 BENELS
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dmboBmMobaol gl  googzsbowo  dyHogmgdol Momgbmds 2s0bscms
10.4%-0 bmem dmbdsmgdmwo 9wgdB®mmgbgdaool MHom@gbmds 30 dbmemo -
6.4 %-00 (366.29) 9O PoiY3960¢ FZBogzOBY IbsOX MO gargdBHOmabgdaool
M50m9bMdo0  LHdSHBOLM @S IMBoEGHMOMObyol fergddo  GHmos  TgLodsdobo
0.32433%.bo/33D s 0.313 333).L0/daB. FggEs© IMboEH®MObaOL gl LsdsbMm
D9 msb 890569300 s0bmys 0.01233@.bon/dpb. dmbo@mmobyols Dol
3M03560580 96 gobbmEM309wgdms 860dzbgwmzsbo 9bgMMmgxngdBH Mo 3HMad@o,
5303™d ImbIoMgdMo ggdBHOmm gbghaool sbdmy3zoL  gom339mwo  Bsfogro
(LoobggbBHogom  bodxgdol  9M9dg) 9393006090 M0s  LogJL3EMSBOEOM
9563969000930l 45mBxMdGBGOSLBmSb.

Bob.15. 65B3969305 139980l dobg300 LsdsBOLM s dMmbodmEmobyol Hergddo
290059435600  FH93M9d0L s Bob.16. MImbIsMgdo  gwgdBHem  gbgeyogdols

5m©96Mdqd0.

14200000

M2
12200000 N
10200000 /7 \

~R, Bpas
8200000 = N /M1

e \7

?
6200000 55

(ne]
4200000
2200000

"3J

200000

65b.15. go005g3560em0 3dyBgMgdo (Lsdsbolim @s dobodmem)
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1922 BINDIG



4000
3500 E2 ™\ NG s
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N N\ £l
=
2500 -5
5
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2000 +8
12 3 4 5 6 7 8 9 1881 12

65b.16. 9mbdstgdwmemo gemgbgmyos (LsdsDd. s dmbogd).)

3.2.1. bYdsBoLM ferols Imgeols dgdw)dsgzgds

3900593560000 3g4Ho3M9g00L MHOMIbMBdSLS S 3335600l Boge  dmMbIsMgdew
96962056 d®ol (bsb.17. o 3H®.30.). sGLYOMOL A0IMO JMOIESE0IOO0 3938060-
306OBMbOL 3MMHGEs300L 3M9BR0E0Y6GHO GHmeos r=0.9.

3700
8% 3500 ‘)/k
< 3300 —r—
3 3100 * o .
2 2900 ,;0/‘/0
& 2700 —

2500

6000000 8000000 10000000 12000000
dabogm0

655.17. E = f (M) 0500300090995 (Lsdsbobe fgero)

korelacia M1 El
M1 1
El 0.897021428 1
0.804647442

356.30. 3mOgessos r(M1,E1)=0.897; r>=0.80.

LOSBoLM Fgl: OB ©gGIMHIobsgool 3mgz03096G0 12=0.892=0.81, g.0.

dmbdo90eo 96900l 35605300l 81% gobolisDwg®mgds gowsyzsbowo dHBsgzMgdOL

LIIOMOIBINML GIIBNIIMN 9 2
JEN3DMLNOIGN
1922 BONEO6



356005300m. 650960 100-81=19%060l smbLbgwo 96 Jgmbzgzomo 356M0530s.
d9L53530bo 0,19 96MHOL  M9YBHIMI0bs3ool  3MmgB030gbGHO. §ORY  AMsxz03DY
399mbsbogL 9bgG00L Imbdsegdol doMoms® 3H9b9bE0L BHMIbOL bsbol dodstron
09O GH0wgdol 9506935 3090 gdL. obgm  BoJBHMOPODBY OMAMOOEsS:  3MB3sbools
dommM30L  bo®olbo, ©bsRMGIOL  FgdbolzmMo  IEYMTsMgMds,  IMALabm@gdol
bscolbo, Fgdbmemaom®mo 3MMmEgLdOL SMBLEIOOMMHMdS @S Bbls. M9gacdaliools
396@MgdsL 5d3b Lobg Loog Err - 5ol 9bgMaool gmggwmzo®o dmbdstgds
9333.bo/m3g;  Mi-03039  3900m©Ado  4osg3560o  IaBegzMgdool  MomEgbmds.
0.0001588-fi6gx30L  5330LIMS WIOIMB IbGOL 3MMbOL Fobygblio. MHmEs drsyzsbowo
930536900l MHoMm©gbmds bMemol  Gmeos 35306 gbgeool  Bmbds®mgds B0
1570.22657 9333Lbo/m3g (H6OxR0L  mogobynso  (9360), GMIgeoi  T9gbodsdgds
9696008  bobrxl  ©sdbAodg  3OHMEILYOOL  -glZOESGHMMGIOL,  ASBsmYOOU,
DgoliogoBgdol s bbgs 3Mm39L900L MBOMB3gEyma3sls. Maybogmgdols gowsoyzsbols
OML  ©F5GHJI0D  5AO0WO g3l 93MIM39 9bgMHR00L sbs3MRYJIL I mserM©
doM0m1©0 3OHMEILOL AobbMEME0WdsBY. 3OMEgLOL 9b9MRgBH03w0 9539dBH0DMdS
(n) 3960L5BO3MNDds 77=0.0001588"M./(0.0001588*M:+1570.22657). bodoEm
99399dG056Mds BHmwo 0gbgds (153d.g0y3560e0 AyBogM0=9485642.8 dyb/m39): 49%.

69309800l ZMOHIMEOL 300958303096@9d0L I60d3bgermdgd0 1570.226569 s 0,0001588

dm399mos 3b6.31.
SUMMARY OUTPUT
Regression Statistics
Multiple R 0.897021428
R Square 0.804647442
Adjusted R quare 0.785112186
Standard Error 115.4319028
Observations 12
df SS MS F Significance F
Regression 1 548830.5057 | 548830.5057 41.18950125 7.6551E-05
Residual 10 133245.2419 13324.52419
Total 1 682075.7476
Standard
Coefficients Error t Stat P-value Lower 95%
Intercept 1570.226569 | 237.0589189 6.623781869 | 5.89965E-05 | 1042.026381
M1 0.0001588 2.47432E-05 6.41790474 7.6551E-05 | 0.000103668
3b6.31. G93M9gloobl 36EMgdol 3m9803E0g6AIR0 (LsdsBoLM Faeo)
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3.2.2. 969000l  dmbIsgdol  Lsdwgsemm 3608369 mdol  Fguoligdol  Lsdwgsenm

3350005310 236sBEO3MmYEMBdOL gsblisB3Ms

(366.32.

dm 3990

159919M 335MEW0 256MLIBOINOGMOOL QoBLEBOZMOL Mbs39d9d0.

9696200l  IMbIsMgdoL  Lydswem  360dgzbgerMmdols

9696200l BmbdsGgdol  Lsdmserm 3600369 mdol  Jgg3aligdol  LodsEm

339006530 2obmlsbZMIMds 9o9bL 1.1%-b. LHdSHBOLM [gerls:

3360HmgJbodsgool baBol 39300 FmmozLgdEo “GgmGowgdo™: 2624.3; 2842.2;

2976.5; 2911.1; 2909.1; 3002,2; 3245,4. 89gbodsdgds ™m3GH0Toem®  Mm39MHo30w)w

I dLobmEgdsL.
39 sabaziso weli
390059356 $930L 539000 dboermbgeo bbgomds Lbbgomdol
dybogmms 9696mImbTomgds | 9bgMHamdmbdatgds | 9333.bo 339006030
om9b. 3333.bo/m39 3333.bo/m39 9333.bo»?
M E Err Ei-Er (E1-E1r)?
1 8617861 31134 2938.742896 174.7 30505.1
2 8510834 2911.08 2921.747008 -10.7 113.8
3 10074382 3002.23 3170.038431 -167.8 28159.7
4 9086141 3126.5 3013.10576 113.4 12858.3
5 10067881 3265.5 3169.006072 96.5 9311.1
6 9623134 2909.1 3098.380248 -189.3 35827.0
7 8308241 28422 2889.57524 -47.4 2244.4
8 6710592 2624.3 2635.868579 -11.6 133.8
9 9001031 2976.5 2999.590292 -23.1 533.2
10 10978550 3245.4 3313.620309 -68.2 4654.0
11 11172312 3412.7 3344.389715 68.3 4666.3
12 11676755 3489.6 3424.495263 65.1 4238.6
x90. | 113827714 36918.5 36918.6 0.0 133245.2
bs3. 9485643 3077 115.4
33.32
1.1
3b6.32. 969600l 9mbds6.lsd. 3608369 MdOL Lsdrysgrm 335MG IO
39615 BP3MgEMdS

39059435600 dZHog3Mm9d0L Mrom@gbmdslsy s 3Md3sbools doge  dmbIs®mgdwme
96962056 ImEol (65b.18. s 3b6.33). sOLYdMBL 0GP0 3MOHIWSE0MO0 353060-
306LbMbOL 3MOYEsE0S BHM0s 1=0.94. beaerm {OHROL ©gEHgMTobsizool 3mgz0309bGo
r’=0.942=0.89, g.0. 9mMbIsMGdMwo 9bgMAool  FoMos3zool  89%

LIIIMM3IVML GIIGNIIMN
J6N30MLNGIGN
1922 BEMDIS
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39005943560¢0 34BogMgd0L 356MH053000. IBIMRIb0 100-89=11%560L s7blbgero 56w
39000b393000 35605305. FgLsdsdols 0,11 5Gob 509 gBHYMHT0bsE0ol 30095303096@GO.

3400

3200 /’
— 3000 ®
2 "o
B 2800
=
«© 2600
(=}
Q
2400

2200

2000

6000000 8000000 10000000
dabogdo
656.18. 53M30009dEgds E = f (M)

korelacia M'] E'l
M'1 1
E'l 0.9448850 1

3b6.33. 3mOgessos r(M1,E1)=0.897; r>=0.80.

DOR9 40558303D9 259mbobogl 9bgMaool dmbds®mgdol doMoms &9bgbiaosl.
A®9b0ol bsbol oo  HoMGHowgdol 4536935 Fommomgdl obgm BodEHMOGdDY

OMaMOO0Ess:  3m33sbool  Fsmm3zol  bodolbo,  ©obsas®mgdol  BHgdbozmeo
dgMdoMmgmdy,  dmdLsbEOdol  bsdobbo,  BHgdbmwmaon®o  3OHMmEgLgdol
3O5LEHIBOEMOMBS s bbgs.

Lodsbolm  Fgaol  m3EH0ToyHo  ImALobymgdol  dmbszgdgdo  dm(399ME0s
3b6.34.

LIIIMM3IVML GIIGNIIMN 9 5
J6N30MLNGIGN
1922 BEMDIS



LodsBOLM 9o (Mm3G0dsmEo
0mdLobwqds))
PRICRT R ToTug wevis agregatebis
D33 | 9pbogems 96963mBmbBs69ds
500bmds 9333.bo/m39
M Eh
2 8510834 2911.1
3 10074382 3002.2
6 9623134 2909.1
7 8308241 2842.2
8 6710592 2624.3
9 9001031 2976.5
10 10978500 3245.4
X500 63206764 20511
s00. 9029538 2930
3gb6. 34. 330050 dmdLobwHgds

M93MBo0L  2obBHMEgdsL o3l Lobg:  E17=0.000127823*M1+1775.936126.
(366.3.18.), Losg 17~ 9GOl 9bgMA00L Yymz9em30Mm0 dmbds®gds dy3d).bo/mgg; 1-
03039 3900mEdo 5935600 FBogzMgdol  Bomgbmds.  0.00012782-(6H g0l
5030LOMS VYMIMIB IBEOOL 3PbOL BFobygblo.

MOMES 3999395600 FyHogMgdol MHom©gbmds ol Gmeros 35dob gbgdyools
9mbds6gds Gmeos 1775.93613 9a3@bod/m39 (FOB0L 0o30b535¢0 §9360), GMmIgeos
d99L50599%5 969600l bodxl sTbTs6g 3MM(39LgdOL -gligoEsGMMYOOL, Fobosmgdol,
09olodoBgdol s bbgs 30m3gLgdol «HBEOWB39wgmasls.

3.2.3. gbgMaool Mm3GH0dsermo dmbIoMmgdols Lsdmsem 3609369 mdol Igxsligdol
153.3350005¢). 356MLsBM3MYEMBOL A5BLSBEOZMS S LEAODBEY IbSBMYO

396.35.  9m3gdmos  9bghgool  m3G0do)mo  dmbds®mgdol  LydrsEMm
36003690md0l  Lodmom  339OMIGHME0  ASBMLIBOZMIGEMBOL  2oblbLZGmOL
dmbosgdgdo.

9696200l m3E0doeMo dmbIoMgdol Lodmowm 360dgbgwmdols dgasligdols
1595M 335MGH0 256L5BPIMGMdS FgoA96L 0.86%-U.

LIIIMOIBILML GIIBNIIMN 9 6
JEN3IMLNOIGN
1922 BENELS



sabaziso weli (optimalurll operaciuli momsaxureba)
dembsermobgero
39 Mom©Ybmds 333¢.bo/m3y 909 dmbIatgds 3330-bo> 9 o2
9330 boo/ogg 330-bo
M" E" E"r E'1-E's (E'1-E'r)?
2 8510834 2911.08 2863.81646 47.3 2233.8
3 10074382 3002.23 3063.673856 -61.4 3775.3
6 9623134 2909.1 3005.993983 -96.9 9388.4
7 8308241 2842.2 2837.920415 4.3 18.3
8 6710592 2624.3 2633.704127 9.4 88.4
9 9001031 2976.5 2926.474912 50.0 2502.5
10 10978550 3245.4 3179.247323 66.2 4376.2
xodo 63206764 20510.8 20510.8 0.0 22383.1
L53. 9029538 2930 2930 66.9
253
0.86
3b6.35. 9696300L M3E0Boe Mo FmbIscMgdol Lovgsene 3603369 MdOL bsdrsgm
33500M5& M0 356v955BOBNEMdS

optimaluri reJimiT
1 2 3 3" 3™
0330050
pdwoy3bo 96963mImbToMmgds | dmboerm@bgeo | dmbsgrmobgero 9BaRool
dabogmms 9%39J&HO0
(35dBmdMOogz0, dmbdotgdo, dmbdstqds,
39 500bmds Mgs0000m
d6ogbzgwgdom), | gmGIMwoo Ei 3mOINoom E:
(LodsBOLM bsBmyo
Figewo) 933%.bo / 39 9333.bo 0233 B o
o (bsdsbole aeno) 03 30
1 8617861 31134 2938.7 2877.5 -61.3
2 8510834 2911.08 2921.7 2863.8 -58.0
3 10074382 3002.23 3170.0 3063.6 -106.4
4 9086141 3126.5 3013. 2937.3 -75.8
5 10067881 3265.5 3169.0 3062.8 -106.2
6 9623134 2909.1 3098.4 3006.0 -92.4
7 8308241 2842.2 2889.6 2837.9 -51.7
8 6710592 2624.3 2635.9 2633.7 -2.2
9 9001031 2976.5 2999.6 2926.4 -73.1
10 10978550 3245.4 3313.6 3179.2 -134.4
11 11172312 3412.7 33444 3204.0 -140.4
12 11676755 3489.6 34245 3268.5 -156.0
xsd0 113827714 36918.51 36918.6 35860.7 -1057.9
-2.87

3b6.36. m3303s¢rMH0 390530090 ImbIsmgdols Bglisdsdolo dsglodseryio Lsdobby

IBMY35

LIIIMOIBILML GIIBNIIMN
JEN3IMLNOIGN
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3965300 ImALobMgdol  aomdxmdgligdom doowgds 2,87% gbgGyools
565HMY0. BdoBbY EBsBMYs Fogz300Mm 930l IM63900L FodEorIMo dmMbIsM9gdols
2.87%. b6.37. 9m3g9mos RBodBHomcmo dmbdsmgdol s LsdoBby IbsBMmYOL
299629000900l Imbsigdndo.

65b.19 @5 65b.20. 6563969005 RBogEH0MMO s IMBErMEbgero IMbIsMgdol s
39dBHoMMo s Bsdobbg IMbTsMgdol bsBOO  x59900L (330 gdol  bsllosmo

039900l dobgz00m.
| | | | 2.87%
LdIBOLM Fgaro (BoJBHOMMO M3GMOEOYICO L5d0BbY (M3EH0Tocr ™o
9s1000) 396530990 Mg7080)
1 2 3 4 5 6 7 8
C = -
€ Q c (o}
—~ @ (e8] . " & é{,ﬁ) c 8 ©
. g £2 | £¢ | 8E | 225 S S | =
g .5 =85 &3 ® 5 ¥ 521 ¥R 8 g
Q R| €T 2 ) €3 £ 829 ¥ 28 g
5 5| 52 22 |28 |28g 728 =32 | £2 |5
B8 P8 | %5 | 22828552 |28 |35
] 2R c ™ L 5| © S| &€ & L 2 2
&3 3 B £ s €3 2& 3 D¢ © S ©
< 2SS |25 | 259 Y25 58 | g8 |28
55 5125 |28 <2528 |2€ | §&
] R D & IS © & B o § 1<)
2 & & ¥ £L | 228 §2& B2 S ¢ 8
8% £3 ¥e | 2% | 828 0 |38 |2
® g S |28 |2y | 2E° 8 E 2 |8
E TR 25 | 88 | 8¢ %
25 : : -
1 8617861 | 3113.4 | 2938.7 | 1747 174.7 | 3024.0 | -89.4 -89.4
2 8510834 | 2911.1 | 2921.7 | -10.7 164.0 | 28275 | -835 -172.9
3 10074382 | 3002.2 | 3170.0 | -167.8 -3.8 2916.1 | -86.2 -259.1
4 9086141 | 31265 | 3013.1 | 113.4 109.6 | 3036.8 | -89.7 -348.8
5 10067881 | 3265.5 | 3169.0 96.5 206.1 | 31718 | -93.7 -442.5
6 9623134 | 2909.1 | 3098.4 | -189.3 16.8 28256 | -83.5 -526.0
7 8308241 | 2842.2 | 2889.6 | -47.4 -30.6 | 2760.6 | -81.6 | -607.6
8 6710592 | 2624.3 | 26359 | -11.6 -42.2 | 25490 | -75.3 -682.9
9 9001031 | 29765 | 2999.6 | -23.1 -65.2 | 2891.1 | -85.4 | -768.3
10 10978550 | 32454 | 3313.6 | -68.2 | -133.5 | 31523 | -93.1 -861.5
11 11172312 | 3412.7 | 3344.4 68.3 -65.2 | 33148 | -97.9 -959.4
12 11676755 | 3489.6 | 34245 65.1 0.0 3389.4 | -100.2 | -1060
113827714 | 36919 | 36919 0.0 35859 | -36919
36919 - 35859 = 1060
DMy, 1060

3b6.37. B5JBHow©o 9mbIsmgdol s LsdoBby EIBMYIOL 253645MG039d0L dMbs3gdgdo
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.3500 é—” \/‘g

o i}(]
1 2 3 4 5 6 7 8 9 10 1 12

3336.bo/mgg
w
1<)
S
IS)
iV
[

655.19. gsgdEomco (1) s dmbsgmebgemo (2) dmbdscgds

400

200 L__ 2
2 200 e 3 4 5 6 7 8 9l D
5 S~ 239
:. -400 e S g |
D 2 K
2 -600
[+<) \

-800 ~

\\

-1000 ~
-1200

65b.20. 85gEBHomGo (1) s bsdoBby (2) FmbTsrgdgdOL bsBOHO X s0900

3.2.4. LodsBolm s FmMbBoGHMMmObyol fiergdol gbgMaool dmbIstgdol Fglssderm
565Bmyols o s9989eo Imbszgdgdo

3b6.38.  dmEgdMeos  LodsHobm s  dmboEm®mobaol  fergdol  gbgdyools
dmbdogdol R5dGHO0MMO s M3EH0TsWOHO M9:1099000 3MFomddL dmGol 9bgMaool
dmbds6gdol Jgbodenm EbsBMYoL Jox 53909 dmbsigdgdo.
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