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Summary

Energy efficiency issue is a very important issue worldwide. Increase of
energy efficiency quality is one of the priorities for main pipeline operation. For
the purpose of increasing energy efficiency of pipeline transport operation of
centrifugal pumps of oil pumping stations and main pumping aggregates shall take
place in such modes that it ensures optimal economy within specific conditions
(through all possible regulatory methods).

For the efficient operation of oil pump stations of main pipelines it is
necessary that the operation of main pumps takes place only in working zones,
whereas the usage of other possible regulatory methods shall take place in the most
economical way for the specific operational conditions. The thesis provides
mathematical model of switching centrifugal pumping aggregate taking wheel
rotation frequency into consideration; engineering method of defining oil pumping
station mode parameters has been developed by ensuring maximum efficiency rate
and on the basis of energy expenditures of oil pumping station of main pipeline.
Based on natural and theoretical surveys preventive method for pipeline
nonstationary processes has been developed, that gives possibility of economizing
expenditures without penal sanctions, on account of reducing raw material losses
and substituting pipes. Operation of main oil pipelines is characterized by certain
operational mode that supposes unity of following technological parameters:
productivity and pressure as usual is a time-based variable. This change is triggered
by whole set of technological parameters related to system operational mode.

Technical-economic comparison of provided management method,
specifically together with well-known methods (bypassing, drosseling, rotor
changing), has been undertaken. On the basis of analyzing current regime
parameters, theory and practice of pumping devices of the pumping stations it has
been identified that efficiency rate maximization of centrifugal pump for the
regulatory issues of the main pipelines is not sufficiently developed. Also, new
method for managing new pumping aggregates which will ensure energy
efficiency operational mode of centrifugal pump and 3 versions of algorithm of
method realization shall be developed: efficiency rate maximization, adjustment of
rotation frequency and regulation due to hydraulic characteristics. Mathematical
model of operating system of the pumping device - main pipeline that enables
calculation with the wheel rotation frequency changes. Also, engineering
calculation method of pumping device of the pumping station mode parameters
that enables definition of mode parameters together with wheel rotation frequency
regulation, maximization of centrifugal pump efficient operation. Finally,
algorithm selection of operation of main pipeline pumping station has been
developed which envisages factors of energy expense effect levels of the system
operation and comparison of specific energy expense volumes for each method.
Algorithm selection has been developed for main pipeline pumping station that
envisages energy expenditure influence level factors of system operation that shall
be compared with energy expenditures for each regulatory method.



The results of the survey can be wused for the development of thermal-
energy sector plan, for the increase of energy efficiency quality of main oil and oil
product transmission pipelines, main gas pipelines and other product pumping
pipelines, that gives us possibility to ensure technically scientifically justified
forecasts and relevant software.
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3659430305, OHMOYLsE 30b0Es3m FogolEBGMOMMO Jowlsgbol Loa®mdgl,
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©535%)900m0 &Hw)ddmls BsGogolsls
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239005300 Lboa®mdgbg $0obsomdgamdols 3M98303096@0L
3obLsBO3MBY. 0N sMBEIEF0MbIOWMWO  3BMEILOL  BYI30MdOL
52900l 99999, 72 -b 299625608905 565¢Mma0EM5© d0dE0bIMGMIL JOMOMSEO

(28) gm®IMEolL  FgLsdsdobs. 71 -l 36003690 mdg00 4596890009090
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1500 8-8¢09
t, §o L=02d L=50049 L =1000 @ L =1500 @
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t, Ho L =2000 3 L =25009 L =3000 a L =3500 d
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0bogds MmME0sRMoY30sb0 (390d0Mbwmwo) GMddm, 9Mo ©owodosbo
©05x3Mdol  Loljom, dmegwo Flow (GMP) 45 Ne S1FBIABWANS5000.
d5gdbodormEo (65935 800 psi = 54,4 5@ (bob. 13) [71].

39630bo@mm  BogolEBHMIOO  Bsg3mMdLOIbol  MBsbo,  BMIOl
35653939005 8999 0: Mdbol bog@dg L =2500 0; b5300mdLogbols dogo
©00393H®Mo D=0,5 3; 65300mdLogbol 3mEbsero 339mob Godmmdo ® = 0,1963
a2

bstxo Q=0,45 @/fd; bmdobogrm®mo Lsdmsem bobdodg V=8 09/fd;
Lombgdo st@ydol LoBJotg c=1425 8/{d; Lofyobo 6935 MBbOL WoLLfyoldo
p=05 o& =12-10° 35 k=0133 1/§9; LodsbGHOL 3obgds®ogmeo
3099803096G0ov=50 03%(0=0,5 ULI¥/{9; Mgobmewolbo ®osbgo Re=1800;
Loa®dgby §0obssmdgymdols 3930309630 A =0,02427; 730bs
t=2L/c=3,5 {o.
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3bMo 4-8o 6563969005 MmOH0sBMSRT0s60 FHIdML Q530d30LsL, Tglisdsdolio
{6930l 36033bgermdgd0,  bs3mMBILOEgbol  AoLH3M03 s  EMMOl
3963530Md5d0.

Bob.  149-Bg boBg9bgd0s 7,; - 3609369 ™0dgd0 2556560900
39600535350 3MM398900LsMZ0U.

50 899mbg935d0, 30300900 LogMdgbyg Hobsswdwgamdol 3m9gx30:3096¢ 0L
LoMPM 395830(3096¢0L 3603369 MdL, HMTGOE GHMEO.: A1 = 0,005738
. 899009y 000900 899a9)00 HomdMoygbl FomrEGH03 LYIMHSML, MMEgLYS
30390 500fgMgds  L3Ws0b-gmbJ30gdol 909y (0bGHgMzso  bgds
At=0,5 §3). 5d0@mI d90amddo bgds b3s0b-gmbJ30gd0l 45630 gds
d9Ls0sdobo (6930l 3608369 Mdgd0, b53mMBLOEIBOL AoLHIM0Z s MHMOL
3960530Md5d0.

Bob. 15 (o o 3)-Bg 65B3969805 MOE05x3EMA0560 EH9ddmL 45000d30LsL,
d9L50530bo (6930l 3608369 Mdgd0, b53MBLOEIBOL ASLHIM0Z s OHMOL
396853c0Md5d0 (MMM M™do, sBggg LogMdol Jobggzom), begmm bob. 15(y
5 ©)-bg 6583969300 p(x,t) 1396J300L Bgs3060, MOBI0MHO MO0YEESEF00LSL.
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Bob. 13. mBGE0s8Mspd0s60 Gwyddm Flow (GMP) 45-ols bgwo

39005300090 LoaMAIGHg §0bss0IYAMdOL 3098303096EOL 2obLIBLIO..
900900 s3YsMgdgwo 3MHMEgbol Bgsd3ocMgdols s39d0L 98I, 71-1)
295635600905 5bserMa0Mms F0dE0bsMMdL (28) B3mGIMol Fglodsdolsc.
Bob. 16 (5,9)-Bg bobg9bgd0s 71—1) 36003690md900  go565Mm0d90E0
20853500 30M3gLYdOLIMZOL,  39HIME ;»(L,t)—b B9©s30600, MO0
60965300l d90mbgzgzolomaol.

gbMowo 4. 6930l 96033690mdIdO Bs30MBLSEYBOL golifizM0g s MM

t, 5o L=0 L=5005 | L=1000 4
0 12,00 11,40 10,08
2 12,02 11,41 10,07
4 7,52 10,44 6,31
6 20,02 11,52 6,42
8 7,50 10,47 8,35
10 7,00 5,22 4,18
12 6,22 5,66 4,52
14 6,11 5,74 4,58

Loa®dgbg §0bs50dEIMOOL 3095303096EOL LyTNSEM 3Mm9RB0309DEHOL
060093690 ™ds BHwos: A, = 0,007676 .

503356050, 23996905 9609369 m3560 goblbgsggds A: =0,005738 (s
A, = 0,007676 360l ©s Hrwos 30%-0y).
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2.4. 3560059535¢0 3 3gLOL 355695600905 (HvmIdMU BsOI0135)

39630b0wmm 3LEHOMIoL FoaolG®MOMMmO 55300Md3OM©OMIGLgbO.
Lol 9ds 99003900 BMEsEOL o lsgbgdo Gogys osdgEHMgdom 250 33 s 300
dd. LEOMEo boa®dg 7875 3. 69700900l FTomdOl LOTGHIGH™M  JIMEOTZo
Lo@953090d0, 6935 9O Mbs 50gdsGHmb 1,5 33s. 3OHMm©MIGOL Imfiragds
0o60madL Lo (3963M0IBMEO GHMIdMIGIOm, 5aM9ASBHJo0m 38-200x2 (LIH-
400/105). @965 5dols sOBYOMOL MmEO LsMgHgMH3M  FHwWIdMYdO, GMIJMS
&030s 3B-200x2 (ITH-400/105) (bsb. 17) [72-74].
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506086193 LobBHYdsd Mbs MBEOWB3gYml MFY39GH0 Jofmgds 56
Bo3egd0 slisdz900 (i6930m. 58 98mbg9g35d0, LoMgHBIMZM BHAdMYdOL 4593900

bgds 005 B539BH0m. 355635608905 330h39690L, MM gOHM-9MMO Lo HgMZ3M
GMBML BOMZ0LL oo Bo39GHOLAL FgoqblL 1,9 835 (b9g35L, beagom xsdmMo
06935 gobgds 2,5 335, Mo3 493390905, MoYdbsE 39dMmof393L LobEgdsdo
dobogbols  MH393sL. 9933500  LOGWO30900L 05300 530 gdOLSL
GO0 3OM3gLYOOL O 30065300 3MHMEgLYOIOLIMZ0L, FoTM0Ygbgds
BogH™doL dmfiymdowmdgdo, 396mdme 6930L LEsd0oDsGMM9dO.
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3ob30bowmm  50bodbmer  Jowlsogbdo oMoz 3MM3E9LO,
3960dm© GHAdML BsOM30L 3MM3gLo. LOLEGHIIST0 QM350 FMM3gLOL
©OM 56 5099539y 5-6  (0-L. T @OML, QMB35 3OHMEgLTdO
BGHOBOOBIGHMOOL  9MLGIMBOLLL,  IMEGHYIOL  bsBOHo  I3ocMm©Yds
©o5bMmgd0m 10-xgM. gobgoboermm Gogs ©osdgBH®ol djmbg D=0,35 a.

OMmEbsE 3ds §69300 P =1,1 5¢3).

6ob. 17. 396060 Gvyddm 38-200x2 (1TH-400/105)

3ob30bowmm  s0bodbmer  Jowlsogbdo  @oMmHTogsero  3MHM3E9LO,
3960dm© GHAdML Bs®M30L 3Mm3gLo. LoLEGHFIT0 QOMHTS35¢0  3MM3gLOL
©OM 56 50gds@gds  5-6  §0-U. 50  OML, M35 IOMELTo
BGHOBOOBIGHMOOL  5OLYIMOOLLL,  IMEYIOL  bsBMo  F30MHIYdS
©o5HMgd0om 10-xgM. gobgoboermm Togs ©osdgEH®ol ddmbg D=0,35 a.
OqLs 8ds (69300 P =11 5.

Bode™ddo 9my3560¢0s 39535350 3639L0L {6930L
9600836903900, G®MmAMmOH3 ©OH™T0, 1939 Jowlogbol AoLH3M03. doMqdEo
{6930L 65BOEOL sbsmM35gd0 (153356dM {aMBHOEgdd0) SIS T8I0
doxoo: At=1 (0, Ax=2625 0. 50235050 306390 0bBMOI>30S
36MHm3qLoL dglobgd JoMgdmEros s Imyzsboos bMo 5-o s bsb. 18-by.

030Lsm30L, ®MI IM35b0bMmm BMLEHO SOfgMs obsdozmeo 3OmiEgLo,
5do@md 3sb30bowmm B396L doge 89049053900 FJOMPMEOMYO0s, 39HIMO
300 39L0L 53MHMJL0To30s B3 S0b-8MBI309d0m S $0BOTEMEO QoMsTs35¢0
3GmEgbol  seamGmomdo.  Fgbodsdobs  2ob3LeBOzmM®m  Loy®mdgby
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§0bo50dgaMmdoL  3mgxz03096EGHOL 36033600 Mdgd0, MMIgdoa dmyzsbowos
Bob 195-%g.

gbGowo 5. gs®Msdsgoo 3MmEglol  {iBgzol  360d36gemdgdo ©®mdo s
doUogbol gslfigmog (83s)(At =1 §)

t,ﬁia X=0 X=26250 X = 52500 X=L=78750
0 0,773 0,734 0,716 0,674
1 0,015 0,015 0,014 0,021
2 1,317 1,243 1,157 1,092
3 0,012 0,004 0,008 0,007
4 0,962 0,912 0,953 0,903
5 0,0100 0,0129 0,0102 0,0069
6 0,984 0,931 0,925 0,879
7 0,014 0,012 0,009 0,003
8 1,002 0,954 0,952 0,903
3" gt T~ -
§ 1 A \ P = g = — E
Huy mvacasaln [HEmESe .
NE v " T = i
— —

Bsb. 18. (5 ©s B). mHE0s8M330560 FIdML 350703305k, Fglssdsdolo FbggzoL
9600369¢d900, 653005960l 2oLF3M03 s EMmMOL 256353¢MdsT0. (P S ©)
p(X, t)— BMbJ300l Bgs3060, Mo MmGMogbEsEoolsls
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3905309 Log®dgby fobosmdgamdols 3M9303096@0L
396LsBE3MBY. FoMdMEo ©IFYMJOIWo 3OHMEILOL HBYIPI30MmYOOL 53900l
399099, ;\. - 20965600905 6583969305 Bob. 19 (5,8)-Bg 6583969000 7/\\.(L,t)—b
B95306M0, OO MOHO0G6EHE00L d9dmbzg30LsmM30L. 3OMEgLOL 0bEYMIGO
3oboloomgdgEolsm30L, 23996905 LoAMAGBY [HobsomBgaMdOL 3MgxrOE0YEEHOL
B58v9s@ 8608369 ds: Ao = 0,0143 @©sA1 =0,0104 (Bosb. 19, §,c0).

Bo3o@stmm 30m3gboL sbseoBo L3ws0b-1Mbjizogdol Lsdrswgdom,
3960dm© Bog3m35mm, GMI OMOL doxo GHMos 0,5 §sdob Gmero. od
09d0bg935d0  9bsErmaomGs@, bBob. 19 (5 s 3)-Bg doz300gdm i\,(L,t)—b
B95300L, MO0 MMH0gbESE00l Fgdmbggzolomgzob.

36MHm3gLoL 06EHYMOMMHO FoboslosmMgdgoLsmM30L, 23976905 LogMdgHy
$0b5508©gad0L 30950309630 Lsdrsmem 8608369 mds: A> = 0,0132.

Bob. 19 (5,9). ;\(L )-b Bgs3060L @G0 MBogbBsE0ol gdmbzggs (At = 2). §.co.
}A»(L, t)-b D9s3060, MHO MGgBHE00L Fgdmbgggs (At = 0,5§8)
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3303 393953Mdgermo  3MHMmEgLlo s  Bogmzswmm, ®md 93946905
At = 0,25 0. 53 9990bgq3590 Fgbsdsdola 3399690 bob. 20-byg.

*l l|

-—-. i
N E 27—

Bob. 20. (5,9). i(n_, t)-b BYEs3060, MO MGogbGsE00L dgBmbgggs (At =0,25a)

3b65eMa0mEs©, 0bGJMMEO  FobsLosmMGIgolsmzol 33996905
Loa®dgbg §0obss®dgamdol 3mgn0309bEGHOL Lsdwsmm sbswro 860d3bgwmds:
A3 =0,0113.

50939605 25903033e0Mmm 063 gaMowmo Loy®dgbg Hobsswmdgymdols
3M9803096@0L  ©0bs303s.  ®oAsbs3 339 000gdMYwos  S©bodbmwo
39830309630l 3608369 mdgd0: Ao = 0,0143;A: = 0,0104 ;1. = 0,0132 >
Az =0,0113, @O0l Jglsdsdolo doxgdom At,=2 §d; At, =1; At,=0,5 §0;
At,; =0,25 i3, s00GH™I @o353Mdgrmom d9dgao 3MHmEqlo, MM™MOL doxol
39bobggzMgdom.

Bob. 21-Bg b65B3969305 0b6@gaMowmemo LogMdgbg Hoboswdwgamdols
309803096@0L 0653035, OHMOL 49bsbgzmo doxom.

3bo0os, ®MA 23543L BoMGH030 0GIMSE0S S 3OMEJLO MbIMBMdOM
0wg3s.  SdoGHmd  dogdmwo  B3960  FgOMOMEMYos  IBNLEHGIMOY,
95MG0300 @5 993999056905  GoEbzomo  sEam®omTol ISl

3M33099BH9HDY, Gog  JgLodwrms  B0MgdMEo  F99RgO0olL  FoMsdd35¢00
36MHmEqLOL BsOHMZ30LSMZ0U.
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2.5. 65300560 ,,LsMM0Foes-3560560L“ T3EHYO0O BHyIdMUL
390mMm30L 3OhmEgLol gssbysMm0gds

a9b30boermm Bogormdlisgbo, 6H™Igeros 909)m@gdm©s
L6035 06 (LYd>MPD) - F9B0BTY (65300MDYS5TMT53900L JoMbsbo).
MOIoLLM30L  gb B5300MmdLO@gbo  5G  sOUYOMBL, I3 SOMLGOIMBL

3903390 8mbsi3999%0, olLobo  [oMmBMoYgbgb  sOLGdME  FodBHo®
9mbs39990L @ Ggliaderms dolo sdw)dsggds GHglGHol doBbbo.
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0250 0.125 00625 003125 0015625

e Dogeo, 0

Bsb. 21. bogMdg By Fobsswdogamdols 06@GgaMswmMo 3m980EegbEOL obsdogs,
MO 3sbsbgzmEo doxom

5060360 6530MmdBsEgboL F9d60379M0 sboliosmgdegdo d9dgos:
99L505d0LOE B30IMBLYBOL Log™Mdg s OsdgBHMo L =22 30 s D=50043;
Lofgobo §bg3s P, =6 o@; bgowo bBsgmmdol 108330039 s LodESBEOL
3069953039960 LodWBEOL 3m9x803096¢0 dqLsdsdolbs p=0,825 /LA o
v=0,0733 10%{0; doduodsrMo bsxo Q=450 Tbom. godmygbgdmEos

3bBbmmeo Gwyddm HK 560/300 (3sduodsemm®o bstrxo Q.. =560 /bo;

dodLodocMo sfbggzs H,.. =300; N=3000 d36/fon; Loddewsgdg P =400 33¢3).
Bob. 22-%g 6583969000 3mbLMEMGO ¢wyddm HK 560/300 -U bgo [74].
3obobogds Ggdmbgzgzs ©s3sGHgdomo (LosHbgm) GmadmL QsdmOmgs,

OmEqLbss bgwo Bsgommdo doghimmgds MHgbgMzme®@do, dsbdogroo L =11000
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3. 53 999bg93580, IOEYIOL GHoreol boBdsmgs €¢=12003/§0, bmwm ggobos

__ 2L _2:11000

= 18,3%0.
c 1200

Bob. 22. 30Bbemewry@o Gmddm HK 560/ 300 - bgpo

900900 JOMbMY®3s dmyzsb0¢os b0 6-do

300 6. {6930 b5DOHPOL 360936900Mdgd0, 3T3EJO0MNO EBdmL 5dmEmzols

8900mbggzsdo
t, (o x=0 X=27500 | x=55000 | x=82500 | x=L=110009
0 1,60 1,53 1,45 1,34 1,23
1 0,55 1,53 1,45 1,34 1,23
2 0,21 0,51 1,45 1,34 1,23
3 0,42 0,44 0,52 1,34 1,23
4 0,82 0,61 0,52 0,82 1,23
5 1,21 0,81 0,54 0,83 1,23
6 1,20 0,82 0,58 0,55 0,54
7 1,23 0,94 0,84 0,73 0,51
8 1,20 0,98 0,90 0,86 0,77
9 1,37 1,13 1,06 0,92 0,84
10 1,40 1,24 1,28 1,08 1,02
11 1,38 1,22 1,26 1,08 1,01
12 1,43 1,24 1,23 1,09 0,99
13 1,35 1,18 1,20 1,15 0,96
14 1,48 1,24 1,20 1,15 0,96
15 1,42 1,25 1,28 1,13 1,02
16 1,35 1,22 1,26 1,19 0,97
17 1,42 1,21 1,20 1,04 0,96
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B953060
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300900 5M5LEOE0MbIMMEO MM (3gLOL BY30MYBOL sa900L 90wy, A -b
3996256009905 8090bsMgMBL  JoMO0MIEO BMOIMol (28)-b FgLsdsdobo.
dmygsboos A -l 9603369 mdgd0  gosbasM0ddME0 RT3 O
30m396930LsMZ0L. bob. 24 (5,8,3)-bY.

Bob. 24. Log®Agbg FobssmdgamdoL 3Mmgn0E0sEGHOL i(L t)-U Bgs3o6gdo (5. At =4
£9; 0. At=2%89; o. At=1¢3
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Bob. 25-%q BsR396gd0s }t(L,t)—b B30MH9d0L  Jgdmbgz9gzs, H@EILSS
339436 At=0,1 §9, @G0 m0ogbEs300L 890mbggzsdo.
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Bob. 25. AA.(L t)-b D9s306780 MH0 MGogbGsgoobsmgol At = 0,1

LodME MM, 935J36 d9dmbggzs, MmEqLsg At=0,01 (bsb. 26), mGo
™609bGS300L 990mbgggzsdo.

B6sb. 26. i\.(L 1)-b Bg3306380 60 MGogbEsgoobsmgols At = 0,01

39b30bowmm AL 960393690 m™md9d0 s  gobgLabrzMmm  Loa®mdgby
§0bos0dgamdol  3m95303096EHOL  Lodwogem  860d3bgemds Ai. 3990099
39903033w0mom 063)gaMmowemo bogy®mdgbg §obsomdgamodol 3m9n03096¢ 0L
0658035 (gbGowo 7 o Bob. 28). 5933505 dmbs At -l 259M3dgegds
36MHmE9L0 EOMOL doX oL Fobsbgztgdom.

3H905, ®MI 34359436 BoOHEH030 0GJMS(305 s 3OMEIBO MbPIMIbMdOM

oI3o.
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2.6. ,Blackridge“-ob §igoglsEsgol dogmls@gbols sGLEsgoMmbsGwmmo
36m3gliol 358m33¢935

36MHmEqlol  dmEYEo©gdolbsmzgol  gobbowrimos 30 ovdosbo
©05393MoL  33900L doerbsgbo (0,762 3), HmIwolb bobxo 6ol Q =12000
powmbo/fo, 9.0. Q=4,542 B/f3. 3cbgger o GHwddm GHwdd3sl Fgmes
(399603996) Hyoeol Blackridge-ol §yselogogdo (4. 39603560, BsG0 09@o,
589). 606 gdol bbgomds (BHvyddmbs o FyselioEogol Lo®mzol Bgsdomrbyg)
GME0s V,—-V,=34,84a0. 3°00myg9bgdmwos 56599000™39
b3 bygOHemo Gddml dmgddggdol 3Mobzodo [75], 39Gdme, AGIS-ob
Godlb 999960379600  brm3mbsggdmmo  GHmddm, MmAwwol (bgzs  GHmeos
p =150 ft/inch?=10,21 5®=10,34 d3s60.

3gbMoo 7. Ai fobs50dEgamdoL 3mgzogogbdol 8608369emmdgd0, bgsEslibgs At;

©MHmol 06¢gMH3z5¢olsmzol
3O™EIEMOOL # A Bobsswdgamdols At, @m0l
3™IB030I6EGHO 0b&gH3oo, 3

1 0,00941 4

2 0,00980 2

3 0,00973 1

4 0,00941 0,5

5 0,00921 0,25

6 0,00915 0,125

7 0,00913 0,0625

3obg30bowmom  BsaolG®momMo  Joerbsgbol 300069303 9M0
©MGHYds. bsb. 30-Bg bsb3969005 3003w 03MMH0  IMEHYIOL  3OHMEgLOL
®0o3b300m0 3m330993HIOMEo MHoEb3zomo INEYL06Nds, 35MgdoL Jobgw3z00,
@OHMOoL odLoMYdMYo LYYOHSMO, ymggeo 3 {sdol 909Y.
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50035350 93560. 6563969005 MBbOL TgLsdSTOLO 3BMMBOEO (Bob. 29).

Bsb. 29. dsgobBMserr®o doelisagbol 3hmxowo s bodbmmgdo
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B5300mdoL Mg MA0HO M30L909d0m

5.2. 65300mdL5YHYdoL s (396GMOIBMMO EHMTdMYOOL FH03900L
35bsliosmgdMgdOl bs

65300mBLOYboL  LBoshbgm MBbol 30EMs3w03MH0  Fobslinsmgdgwo
5093905 (1693900l doesblol 2obEmegdol (40) Bwgdzgwby:
Hy =d,Q° +d,, (108)
booog dy=Az+hg,—h, - 2560b5BEO3MYds AgmEBoMGO ZoMborob,
39HdMM3000  LoEyM®oL  ob s Mdbol  dmewmdo; d,=1,02fQ"L, -
3960LsBE3MBs 3000053 03MM0  Jobmdom  ghmgMwmgzsbo  bosGxom,
HMIgo3 39b60LsBO3MGOS bobrxom 3b6309E o 30MI3c0MHIOHO (90300
@5 30l gbol LosbysMIOTM Log@doo.

3006530300 Jobmdom geHmgMwm3zsbo bBstxom gobolsbrzmgds

RMOIMWs (41)-00m:

Vm
f= gs_m . (109)

B5300mdLo9b0L m0bols 3360™M9JEgd0LsL, 530009390
3PomIMgdMdOLs s  @iHbgzol 9603369 MdJdIOL  ILOYIBI,  bgds
Lo@mddm  dmfigmdomdol 9gmbg3s s UJgdol Bsdmzs  3000M3003w96
LobiEgdoLomzob.

LoEmddo 330M935@0l 395&M0sbmwo &990mgdolsm3z0L,
3960LsBO3MNds bo3ol3MOGM  sfbgzol  (9) s  Tobgo  Jdggdol
399%30309639d0L 3 (11) 3meobmdow®mo dsbsliosmgdargdoo:

H=a-bQ?, (110)

um =C1Q+CzQ2+C3Q3- (111)
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399M3094gbma gl Jobsbos™GIGdO S F9BOLIBMZMGdS FoMTM[O MDY
5 56935 doglodocmMo d3-900Lsm30U.

Q — —C, — C§_3C1C3 .
nmax 3C3 ’
] H,max =2 —bQ2 s : (112)

2 3
nmax = C1(?max + CZQmax + CSQmaX'

\

5.3. B5gdboBsgryMo Batyo J39gdolL 30980309630 ddmby 396GMosbymo
GMOdMgdoL bs3mMdLsEYbols LsMgrodm 356M509EMYd0L oY96s

395GH®0sbMwo  sbdobgdol  AuaogLgdol  396mbgdol  Msbsbdsco,
d9L5deMs 50 (396¢H0IBMEO FHMIdMGdOL 35 959930l Jodulodo o
dd3-ob Hoco:

Hnmax 2
nmax

3900306569 go8mbobgdosb 4oboloBM3MNOs Lo@waddo Loyl
33> ©9:5000L (396¢H0IBME0 EHFdML 5xMga0E 0L dodbodsgrmMo dd3:

d,

Q,=Q ax\/ ;
P " Hnmax - dZQflmax )
d,H

H = nmax

p 2 '
Hnmax - dZQnmaX

(114)

Lo@nddo  LoamMol  (396¢M0BMEo  GHwAdmL  dMTs M3 9doL
06Hb30L LobIoMg AS6OLIBMIMYdS FMEOTMEs (54)-00:

H, +BQ?
n=n, pT(?p (115)

Lo69:700m 356539 EMYO0L 4om35¢olfiobgdoom (114), GHIdML wo3By
06Hb30L LobJoMg BHMEo.:

n=n dO(Hnmax + BQrz]max)
’ A(Hnmax _dZQf]max) .

(4116)
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3520LEGHMIOHO  B300MBLOEIBOL FMTomdOl Mg70dol Mo gdOlL
dgomEol  dgMBg30Lol  @s  gJu3YSBOEOOLIL  IbIMXR Mo 9bgMyool
LoEOEOL  ®goe0BsEOOLSL,  F9ddsg90E0s  5bodbMWwo  sEaMGomdo,
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969602 obsbomxgdo.  9.0.  sOLYGIMOL  MYAMWOMIOOL  FYNMEIOOL
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96963m@5bsbaMx g0 301 EHOL gosdMdd35Hg 4obolsbrzMgds:

- byxxgbE®9d0sbo MYYMEoMgdols Igmmegdo:

E — EKutlTlQl + EKutZTZQZ = EKutlQl(QZ — QSr)+ EKutZQZ(QSr - Ql)
“ TSrQSr QSr (Qz - Ql)

: (117)
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m(lep + CZQp + CSQp)nEnmec

1D
{

E i
4 B
1k

!
i
{

HH
il

%
§
{
;

Bob. 67. ,LoEMddo Lsy®o-0obisgbol* Loldol Mgawmmomgdol dgommeol
396B9g30L by, gdb03M-930b6m303MO BodEM™MgdoL Logwydgzgw by
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e mHTlEnMqup

- -1
h, +A—-Az—h, —102fQ*"L

c1+czz-'"£/ i ’:3"“ % L +

X

(119)

B

2
2-m
, c3[2—n\1/h”‘ +A—Az—h, —1,02fQ7 "L,

- MO IbEGH MO0 LOfobssdgam  JobsOMGOOL  A5TmYgbgdol
d9omQo:

_gl102-81, /7gD°)QZ "L, + Az +hy,, —h,

= 120
Kut mnT] ( )

- 99995 03900l 8630l LobJoMmol (33K gdolL dgomMmo:

()

Evie = 3T (121)
('on ('on ('on
mchlme-l_CZ[Qp w]-l_CS[Qp ® ] ]
n0 no no
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