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Abstract

The disasters of extremely responsible objects, such as gas and oil terminals,
nuclear power stations, aircrafts, railways, bridges, public service buildings, etc.,
nowadays still represents major problem in the world, followed by the financial losses
and, most importantly, human lives. Therefore it is necessary to deeply develop at
operation of received by dynamic load defects identification and caused by their
damages methods of forecasting, definition of risk levels and strength determination at
all stages of operation.

In the thesis are developed applied in oil terminal’s pipelines and reservoirs
strength assessment methods and issues of damages risk-levels determination.

The full volume of work includes 155 pages, it contains introduction, four
chapters, conclusion and references that consists of 90 titles.

In the introduction is presented theme’s topicality, scientific novelty and
practical value of work.

In the first chapter are considered the current presentations review at oil
terminal operation.

In the second chapter is presented the damages development modeling and
defects detection methods.

In the third chapter has been developed the theoretical strength assessment of
pipelines and reservoirs.

In the fourth chapter presents the apparatus - computer diagnostic complex for
pipelines and reservoirs to strength control and examples of their application.

The practical results of thesis work are implemented in practical researches

and are given as examples in the dissertation.

Vi
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U3 no — 9o@lbol Lo@Fygegdol Homwgbmds; & 3o0Lol  3oMggano

Joe
(d395) bod@ygeols 3ol Loldg, bd; 8¢ (M) - LoBEYgegool geeols

Lolgggdo (bygdgds@os  Jggdmesb), Ud; He (no) - yggers LodRygeols
Lodseng; He- 3@m©gddol holibdol Lodosweng, bds 8, — glggdol Loy,
13; &) - YOG gdol Loligg, 1d; Jp - woggs@gols Fmbs, 339; Jk- 3Ey®ego
Lobygdogo (mbs, ga9:; Ge - omgaol §mbs  go@mnmdol  gohmgye by,
dg)d/bSZ; Gs - mdmobmensizool Fmbs godmmdols gohmgye by, dg)d/bSZ; Vm
— 3o@lol Fsbogns Joggmmdomno Fmbs, 3ad/bd; E — ao@lol dslogmols
©Ag3o0mdol  dJmagamo, 43d/bd%  p - ao@bol  Asbogmols  3gsliembols
3098030963 0; Ry - dobogroli  Loobyo®odem  Fobowmds, dg)d/baz; Vos —
Ygbobobo mbggoeo 3GmEYdol dnggmemdomo §mbs 4ad/bd%; Py - {6935

(oo mobododo 6930,  god/ld% By —  bododggemols  Lofmanols
3M980G0g6H0, (333 Ko —  aé96dol  godgam@os  Lgoldy@do
0ngoligdgdols dobgogon; Kok - bgolidy@mdol 25b39Mm@gooMbs

@s0mbolomgol; Ko - bopggdbmdols  3sbygbolidygdamdbols  geoobo; v o -
30 yd@olb bodasb@ol 30980309530, b82/§7“8; Kr - o0 Lol
R96©sdgbGbg bobybol 3mgx03096R0; 1, — RYbEsdgbGmsb hodsp®gdols
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boobgg@m dobdoggdol @omwgbmds, K. - bgoldyg®mdol gmgnocogb@o; g -
0530b99Boe0 goMbols shfodgds.

Bos dogggdols go56a50H0Tgds

30bLA®YJ305d0  Dows  dognggdols  gobofoangdsls  goblsbmgdsggb
@by g9oMTo  yggmobyg odsdyan  bmbsdo, ao®lLol  Lad@yergddo ©o
Qlgg®do.  go@Ldo  Jows dogrggdol  LolGgds  gmb@y@dol  gOmgye
Log®dgbg dmoiogh dwybsg dmdgb@gdl, gobog dogngdl, [®oye doanggdls,
QYOI dogngol, ggeol gobdhgOge ©ofbygal glgg®by.

o 3900 dognggools gJbE®gdsay@ 3bodgbgermdgdol dgbsdsdolo
dodg900 5@ odgnggoob  Lod@Ggoaol  sdmdFydeg  Iggoligdsl,  wo
30bLEA® ]300l Lododo 3390960 ©d Lododo V9o oagdo
2ob0bob@gMgd0sb 9dg03o96@ M0 dodggdol 9JlEM9dydgdom. doygbgosgsw
sdobs oo dognggdols @o dsdggdols dsJlodydgdols LolBgds dgodangds
aodmygbgdae  odbsl  3mblLE®YJEool  Jwymds@gmbol  @sdsGgoomo
Logmb@@manm dggsligdgdbobsmgols.

dmyggebo@os  Loosbas®odm gm@dyamgdo go@ldo  Jops dognggdol
aodmmgeols  056dodggdmdom  Loggmedo  {mbol  bgdmJdgogdobsls,
Log@egbo o  ao@lbol  @oydEbmdol ™m@o  Godol  do@mbEsGoy®o
(bggobomgol: o)  boggmod  3mb@ydbg, dom  dm@ol  Lodo®gggerdo
bodog@gdymo ggeeon, &) d@dHggwo FbggOon eOgger bodo® e by,

3o0Lol 3geols 3Jodmdomo sfmeols jmgxgoizogbdo 668/1533,
B,=E 8 /A% (3.1)
3o0Lol ggoeols ogobo®dyeo Lobolidg:
ES?
DJZM. (3.2)

2o0Lol 3gaol dmbogmdol jmgx0i309bdo 1/1d

5= |B,/(4D)). (3.3)

a

3o0Lol ggoeols @ybgomo Lobolidg, 3ad,
=Byl (205). (3.4)
3LggMol ogobe@ygmo Loboldy:
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ES;
D, = 8
8100 4?)
RLgg®ol Imdbogrmdols 3mgax0i3096@0, /19,

oty = 4/30/(405,). (3.6)

3Lgg@ol @ybgomo Loboli@y:

(3.5)

©54AEbmdolsl wMgzom Lodo®jgger by, 339

iy = Po/(4al). (3.7)
Loggmo® 3mb@ydbg @oy@ebmdolisl, 3ad,
_ ES;
L, =7 . 3.7,
" 12A0- 4) (3.7.0)

3goeols I(B ©S I(B 3L3g@ol Loboli@Bgggdol Godmdomo (33e0egdo

i-d: io’/(id + i?})’ (3:8)

=i/ (i, +iy). (39)

©g@dygeno dogngs 3gegerdo dgoagds bgdmmpsbansygdygamo @ommbols ©o
0bm@sizool mbologsb, doo dm@ols 3mblE®dyJaool zogobo®yemo

bofoemols @s mmgerosbo ogs®gom. dogrgs Jggos La@Bygenols i—”;](ﬁ
dmd 3030 0gbgds

N, (X)= {Z(Ql(i) +Q")+Q, +Q, +Q5}/(272A). (39,0)
i
Lows(s 5% 5390 bo@o0ge©gds a0 Lol bgdmmysbensy gdgemo

Lo@Byggergdol Gomegbmdbols dobgogom Ql(i);Qz—Q)o%o(ﬁgob 30bLEA @Yool

Forbos; Q) —gomlbols bgdmmgsbmopgdamo mdmobmmsgool Fobss; Q, —
©5035M30L MoMmobmasizools Fmbos;, Qg —mmgaols {mboss (dokodgs ‘dogws
©5{6930L bodxbg Ibgroggemmdsdo o@ doo@gds goobas®modgdols docsy do).

CHull-ol 3095030963900l gomgseolfobgdom gom@dyams  (3.9,0)
‘dgdegabsodse hoofgmgods

N, (X) ={nd7n7ﬁ (2Q" +Q0) + 7714 (D Qs +Qu) + e, Qs }/(ZﬂA), (39.)
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Lbodo@@Bogobomgols  CHull -0l 3mgx030960gd0  gem@dyangddo

oM@ Mggoyeoo.
306G YOm0 (bggs (dogngs as@bol Logdwgbo 33gmols jmb@ydol
Log®dol gOmgyebg) gobolobmg@mgds dognggdols oxsdgdom ggzgews n,

Lo@Eggedy
N, =V, Y 6VHY +3, /(270 +%A(GC +G,) + HG,. (39.2)
i=1

9ol hodopa®gdols dmybsgo Imdgb@gdo (dgdwymd dImdgb@gdo)
o bggologsb
M =P, /(2a%) (3.10)
30m©9JBol Joe®mbEsdoig®o sfbggologsb
M? =V (a,-H.-1)/(2a}), (3.10.5)

306G PO ©s{bggologsb Mc(,i) =0.
QLgg®ol hodog®gdols JmdgbGgdo @gsem B9dgby WoyMbmdolsl,

306(HYOY@o ©aFbggologsb N
M (3)
M, —NC/(Za%) (3.11)

N (12) _
05656500 s 30EAMLESGH03YM0 sFbggoloyshb M«g _0.

A3L3g@ol hodospa@gdols dmdgb@gdo 3mbAYODY oydEbmdolsl, 3yd:
05b565M0 o[bgz0Lopsb

M (D — 2
M,”=-PA /8, (3.115)
30ambASE03900 ©s7bgg0lop56
M (2 — _ 2
MY =-V H,A 8, (3.113)
TR
306G O ©ofbggologob My ~F.

hodog@gdols dmdgbBgdol xodo @osBgodmgol yggens 3md3mbgbGobogsb

3 . —_—
My =2 (MO +M D). (3.12)
i=1

3o0bol  3gogendo s gLygd®do  gowol 9x39dBgool  Losbas®odm
deoabsgo 3mdgb@godo, Gmeos:
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M, =MV -iM,), (3.13)

M, =D (M-I M), (3.14)

2ob3dAxgbgs  Hp 200lol  sgdbmdols  Lod®Eygdo, msbods®o
wa{bggobopob Hy =P, /a3

(2) _
30OMLASG03M0 ©o{bggologsb Hp ==V

0

(20 H. -1)/(2c,).3

30390 6m@9@-B@oambmdgB@oyeno 296J309%0, AOmIan gdo(3
2odm0yggbgds ao@Ldo ‘dobogobo dognggdols aobsfoagdols

2o5b25M0dgd0olomgol gmm@obs@obg (bob. 3.1):
f,=exp(-a,, X)cos(e,, X),

f, =exp(-e,, X)sin(e,, X),
fo=f, + f,,

f=f—1, .

1l
I
/

|
|
!
|
/'/
FEesl

bob. 3.1. 3g@B0goe M0 ogobE®ygmo Mgbgdggs®ol bgds (o) ©s
35010 dobogobo dogngdol LoliGgds aobogwe@ols 3356dol bmbsdo (&)

B0bogobo  dogngdols  gobofomgds  wo@go®mgol  gmggeo  (J — ¢@o0)
3033mbgb@olomgols (0bpgdlbo aodm@Bmggdyeno):

doubogo  dmdgbdo, M(X)=M,, f,+H pOlc_,i f,,  acbogo  dogmoliopsb,
Q(X)=-2M,a,, f, +H f,. 800996035093y f@ommo dognggdo,
N'=PA N@=V _(H.-X); N®=0.

Jooygano dogools aobofogmgds CNRIMGIGRIN 40gge0o
3033mbgbBobomgols (j=123),

N,(X)=2Ac% M, T, +2Aa,, H, f+NO. (3.15)
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dogrggdols 3md3mbgb@gdo xodwgods.
sdmfgdomo  godmdgbo  gobsbmpowgdgh  go®dlbol  oydEbmdols
35005631 dobo boliGow hodop@gdols OAHML QAT gdols

056303 3G mo asdmygbgdobsl: (51.1)...(51.3) ﬁcm,DchOlcm; (51.10), (51.10v)

M® M(z)'(51.15), Hél),Hrz,; fl, f2,f3,f4 2oblobeg@obomgol, s dgdoamd,

Godmgddog MS) oggegds ML) -0mo.
QoAEMmdgdbol  dgmeg  go@osbGo  ao@Lol  bolFo  hodog@gbdols

‘dgdmbgggzolomgol (Jagos LodRygeol ggeeols & LobJom) dgdmgabso@os:
o0 Lol hoybgs aobogmomol 3g56dol bembsdo,

W(X):ﬂl—i—e—l— s
ES H, pH, )|

6, =exp(=p,X)cos(f,X), N=exp(-4,X)sin(5,X),
B =31-v*)I(A*S5?),

oo P, =P(X)x_o- 3000mb@osdogg®o (630l dsJbodydos (3mbGmbols &b
d3g®og0 Lobydsgol mmgmom Fmbols homgenom);

ool dogbsgo 3mdgb@o M, (X), gobogms®ols 3g356ddo 0b@gbloydow
d300©9ds 3m@OEobs@doby d9dwgyo gm®I e gdols dobgogom
M, (X)=M (@, —N/C); C-1-1/(pH,);
M, (X)=ACP, /D,; Dy =12(1- 1?).

aobogo  dognol  doJLodogy@o  3b0dgbganmds  aobogws@ols  3356ddo
X =0 gggmoBo gobeamol Log@dol ghmgamby, QpF =2, —H, AP, /Dy,
FOoyemo dogngs, N, (X)=ESW(X)/A

FOoygao dogngs, 33d/3, LEsBogy®0 [bggobogsb (9dmdgbdm mgm@os)
o0 Lol Y3980 Lo ygeolomgols (boydgbo bmbols 3oM©)
3ob0LobmgMmgds gm@Igmomn Ny (X)=P(X)A

dgdamd  Dobogobo  doanggdol  gJLE®gdydgdolomgol  asdmoygbgds
sb0dzbgdo;  Nig=No N, =N,(0, Mo =M(©), Q@ =Q(0), M,, =M(X,),

sz = NZ(X3), Qm :Q(XA)'
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4583900l 2556560390

‘dobogobo  dognggdols  dbodgbganmdgdols  dobgwgom  godmomgergds
ool 9939dBol  dodggdo,  dsdggdols  gJLE®gdogyg@o  3md3mbgb@ols
dbodgbgemdgdo  aobogmo@ol  33obdol  bmbsTdo,  go@lol  gggeos
Lo@Byggerdo o glgg®do. gdzogo@gb@y@o dsdggdo @mam@i dobbmd®ogo
396Jd3ogool  gdbBH®YIYdgdo,  asdmomgangds  0GgdsiEool  dgmemwom

3033099F 9O by.
300l 9839JBol dodggoo (o®dlol woydwbmdols Lod®dEygdo):

@GN0 GodGYEo dodggd0 (3399T35)
01 =N;p/S +6M,|/ 52 (3.16)
Foogao dodggdo (yododgs)
0,0 = Ny (3.17)
g0 dodggd0 ggmols (39600
7,=3,Q, /5 (3.18)

9J3035@9bG @0 BodbOyeo dodggdo yo@lol jgwgendo

O, :\/0120"‘0'220 + 01000 (3.19)
dod3980 glggmdo
2
O-d()(f’) = ‘QO‘/ é‘d()(ﬁ + 6‘M(]0rﬁ‘/ é:l(yﬁ) ' (320)

2obogma®ols 335bdol bmbosdo dodggdol 9JlE®gdyndgdo:

AP0 GodbO Yo dodggoo (393dgs)
Qimax = N10/5+6|M|/52 , (3.21)

FOoygemo dodggdo (pokodgs)
GZmax = N2m51 (3.22)
dbgdo dodggodo

3
Trmax — 2Qm/51 (323)

bos3g M, Ny, > Q.- dgbodsdolo  gJbB®Iydgdol  gowglo
db0dgbgamdgdos dmwyeol dobgogoo.

81



9J3035@9bG @0  dsdgs aobogos®ol 3gobdol bmbsdo asdmomggands,
Omama ;3 dJobbmd®ogo gy9biools dsJlbodydo

o,= max\/‘af +0} +0'10'2‘ ) (3.24)

Lo@oo,- FOogmo god%0dog0 dodge — X 3om@eobs@ols ¢9bgoss; 0y =0-
d3999dog0 BodGOYao dodgos g gendo
o, =Ny /5 -6M(X)|/5? (3.25)
(010, b33Gogamols “+” bodsbo ggbodedgds o s o, dsdg9d0l gOMbso®
60dbgdl)
01,0} dsdggiol Beabgmado wo adaogemabhmnmo dedggdo 0 aaGlol

9390 (J —x) bad@ygendo

o, =+(0})? +(0))* +olo) (3.35)

o; 00830l goobao®odgdolsl  Ibgoggamdsdo  doowgds  as@bols,

0dmobmasigool,  Lobydsgol  ©s  omgmols  fmbs,  boao o,

2o0bgom0dgdolols — dobogobo sofbggol §bggs, Lombol Jow@mLEsG0 G0

(693> Loggmo®o  Fmbologsb,  3mb@mbols  {mbologob  ob  di3g@ogo
Loby@ogom mmgenolngol (domo s@lgdmdolsb).

Lod@gool dgdm{dgds bodEogmegds dodggdol 3md3mbgbdgdols s

53 300mg9d00; bEgeo LobiBgdologsb 9J3085@0 9b@ @0 dodg980l
Jgomgdom ©oliodggd dodggdby.

9903950350l Lonbom 5563500Tgds

Lombom b@agmep dg3bgdygeo obydgamo @gbgdgys@o ob Lbgs
®50dg d9@dgero Iglodamgdgeos gobgobogrmm @mam@ i dysdo Lbgyano,
30650056  dmdOsmboliols  bgpsdodygamo  Gomegdo 5@  [o@dmo dbgdosh,
boaem Lombggdol 393dgo0mds bsgdome oG gs.

09bga3950950L bofommddogo dgglgds — (o®dmowagbl yggeoby
Mgoeyg®  dgdmbgggols domo  gJld@gs@ocool @AOML. dy®ddagddo dsmo
bofoermd®ogo ‘d93Lgd0ls OAHML shJomgdyano dod@omdolisls

Fo®3dm0Jdbgdosb bgosdo@ygemo Gommagdo (oo Lodomaengls 39M@E 0350 9®0
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M9bgdgo®gdolomgols sz 0.1 @opoyglol msb®opo), ©s oy @@ghm
d93000 3OMEYJHoL bgosdo@dls s Lobyg@ogl dm@ols odbgds 3300y,
‘dgbodengdgaros  Gomwgdol wo®Eyds Loby@ogbyg, dobo ©obosbgds o
3G0EYIHOL goOgo S3IngOJ3930-

d0AMmE0bsdogy®o  s(bggol  ggergdol  aodmmgmol  3OMdargdsls
©0bodog®oe osBgoOm Y Lombom bofogrmddog dgglgdbyer dy@demgddo
9dgbgds by 3m@gbggol, .l bo®odsbmgol, .9 ®bm@EodLgol, &.o.
@s60bmgoiol, @b, L@Egdgblol, L. xo3mdlmbol, g 3Joybbgdol o
bbggbdol dH™dgdo.

Yo% 5
q)n -~ W
In
4
An . 2
Ca
ln . Cﬂ
\ Bn\ Xc
Vs Mo . 2
0 P ]2+
ul
7 C
Y

bob 3.2. dgsbBo Lombom bofogmd®og dg3lgdygeo ka@deols dgdsbogydo
Jogeo (Lodgd®ools gOm-gOm LoddFygdo), 306g3s@oz9®0 dgdgmmgdols
dmJdgegdol @M. Lombg dgEagmomos domgds@ogyo Joblomgdols
65369000 (bobobbyg bohggbgdos g@m-gdmo domasbo). Lombols
LodansbBglmsb ©sg3o3doMgdyeo obodsGoyg®o Jmdgb@gdo
JmE 0@ goygmo s@ol ©gddxg®gdols LobGgdom: C — 3o®ogmo dy@dgaols
Loddodol (39640, U - O FgaBoeols gossyogmagds 0%2* wg@mdby, ¥ —
d9@Ok@ol Jmd®ybgds, vh— JobJo®sl Imd®ybgds ox* @g@dols dodo@m.
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bo®Gogmogdmes  dy@daol  mbggoo  dggbgdom  ©obsdogols
domgdoBogy®@o  dmwgeo®gdols  Igpgemdgdo  obsdogsdo  dgdsbogydo
sbogrmpgdols  dgdggmdom.  bob.  32-%Bg  bohggbgdos  gOm-gOmo oI
Jmgegdolbogob (Mukumes I'H., PabunoBuu B.M. JluHamuka TOHKOCTEHHBIX
KOHCTPYKIIMH C OTCEKaMH, COJEpKallUMM >KUAKOCTh. MockBa: MamuHocTpoeHue,
1971), @mdmobomgolsi dgeygbogmos ©obsdogol gobGmangdgdol Lol gds
d9@Odaol  3m@3glol  ©ggm@dsiool  aomgomolifobgdols  ao®gdg  dobo
Lodgo®ol godm. dyddgano Lombom o0dymeggds dobyg@o dogngdols ggando
3M0009bGom  0Fx*  @g@dol oMo ganydo.  dyddanol  30bgdsBogy®o
Ygdgmmgds  3mGHobmbEogydo  Jododmyegdom 0*Z* g@dols aslifgMog
Fo@dmgdls  0*X*Z*  Lod®Eygdbg dmddogo  aodgdoeodom,  Gmdgeno
LoblGygmse ©s 3030090 9os Lodgd®ools @g@dmsb "o" §9@@Eoendo.

> 3obbg@ols Lodydomgddo [97] ‘dgdmmsgobgdygeos
SM5©gRMMI0Mgdoo MgbgMgyedol doMBogo, dog@Msd 9839]duMo Jnwgeo
dob go@bmsb dog@Omgdyamo bob@ose Lomboli dysdo dog@mgdyero dsbom
(@mdgamoi Lodygoagdols odanggs gogomgogolifobmo 033y liyg@o doAm-
©0bsdogy@o  9539JB0) ©o 2o@lmsb WMo  Ws3sgdoMgdymo  Lombols

bgs3o@ygmo bofogols dsbom, GmIgemoi 3mb39dHoa® (Homa®) 9539J@L
Jdbols.

M9bgM 3950950l o Lombom bsfogrmddog dgzlgdymo dy@dangdols
dbopo  3oblLEOYJEogdol  Lgoldy®  ©oR300mggdby  aosbysmodgdols
dgmmeagdo  dgdydoggdygmos b, bogmersgbimlb  dogd.  dol  dog@
©539doggogmo  aoobpo®odgools  dgomwogs  Logydgmrmse  ©ogem
093M39b©s(3090L.  Igmmo3sTdo bogo®oygwggos, @md  Ogbgdgys@gdols
30bLA®YJ30s ogomyds  bolEos (sMoEgRm®do®gdowo), o6y as®dbol
3065300 YA YEZJOgEYMRoe0s.  sdygeomo  dmbsb@gds  ggydbgds  0dsl,
amd  3o@OLol  Logygmo®o  @bgggdol  Lobdomggdo db0dgbganmgbow
50 gds@gds  M9bgdgye®do  Lombol  Loggmo®o  @bggzgdol  Lobdomggdls.
Loombg omgangds o@ogyddgose s dolo Lodansb@dg aomgomolifobgdyeos
(@gemgoll  dobgwgom)  Lombol  godmdomo  LobJo@ols  3O™M3m@A 0o
bobyboli dgdmygobom, G®Igeroi sdgb®gkgdl Lombol Jmd@omdsl. Lombols
Mbgggdol  sd3modegdo  omgengds  d3zodge  Low@dgbmsb dgos®gdom,
boarm  Lombol  @Ogbmbobliygero  @bgggdo o6  06O®gg3s,  9.0. 259y
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306935303940 bgyoge0gbols 533 0@ y®-bobdo® o L3gJe®ols
3M330b96@ gd0 5@ os®gds@gdosh brgdya 3b0dgzbgamdgdl, Goi 0f393L
Lombol @gbmbobligemo @bgggdol dmgggel. slggg omgagds, GmI dsbdogro
dd3000 Lombol Lo®gosb Loby®egodwg Logdo@olbos Gmd godmo®oibeml
Aogmol Mgbg@gysdols Loby@ogby wo®d@yds. 9bgagys@ol bosbysmodm
LJgds dgodangds [omdmwygbogo ogmlb  gos@obomo dmd@smdol 3Jmby
bodo®3ggen by bobEo©  hHodog®gdygeo  39@O@03s@y@0  gmblmaols  Fodols
M 93500 LobEgdom msgolynamgdols yomigggero badoliboo.

dJomgdyao  Fobsdo@mmdgdol  godaagddo  Lombol  s@sa@ogsy@o
dod@omds o @9bgdgyeddo  s(bggol  ggmo  goboliobwg@gdosh
3@ gbgosgydo  mgm@ooll  dgasdgogdom.  Jggdmo  dmEgdgeos
FgRBoM09d9560 39O E0 o ®o 30@ob@ymo M9bgmgys@obsmgol.

3005600 gopssEaomgdolsl  Lobjs@om X =v(t)  Loobol
bofogns 3960l sdlmay@g®o Lobo@mggdol 3m@gbiosmo @ yo@ol

®(A,6,&,t)=2Asin i{fk chl (£ +Ho)/Al +v(t)} SNEAILY

k=1 Ch(Zkho) (Zkz _1)‘]1(Zk) ’

bos(3 Jl(}(kr/A), Jl(Zk) - 3o@gg9emo ag35Mol dgbgeol gybiogdos, xk —

3ob@mE gd0ls Jix) =0, hg =Hy/A 3glgos s obs@bgbo S@bodgbgdo
aoboggdos bob. 3.3-bg dmygsbogoo Ljgdowsb.

LY j7
£
X
=TT | |
% X
FX (O +A+A+

a X

r

\6 rsinf

X () +A-

bob. 3.3. 3g@R0go@9®0 ogobo@gmo Ggbgagys®ols mbggowo
30mEgJBom Losbyo®odm Ljgds: XY - 0bgdoygero, &n - Ggbg@gge®mnsb
05353d0Mgoge0 jomOobs@ms Lol gds
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396305 fi 3obolob@g@gds W0ggMgbEos Yo AsbB M gdowsb
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‘dobogobo dognggdols asbbobmgds

B =16297, D, =3323-10°; &, =0,03328
i, =16297/(2-0,03328")=2,21-10°%;
Dy =24-10° 1° /11201 -0,3)]=1923-10°;

a,, =4[3/(4-1,923-10%) =0,0444
i, =3/(4-0,0444%) =08569-10";
I, =221-10° /[2.21+08569) -10° |<0,7208
T, =08569-10° [(2.21+ 0856910 |=0,2794
N, =3773 M®=3161 M ©@=3792, M P=0;
M3 =37,73/(2-0,0444°) = 42489 M) =M@ =

3 -

M., :ZW"J‘) =3161+3792+0=38236
=L B

D M =0+0+42489=42489

M OH
j=1

My =M, + M, =38236+42489=807,25

M, =38236—0,7206-807,25=—19934;
M,, =42489—0,2794-807,25=19934;

H§ =-0,2103 H =-2549; H =-0,2103- 2549=-2570,

dognggdo Logdgb Lod®@Eygdo x=0:
f,=1f, =0, f, = f, =1
Jombogo dmdybdgdo

—257 g -199,34;
0,03328

M (0)=-19934-1+
Q(0)=0-2570=-25,70;
N®(0)=0,007-1,2435.10° =8,705
N@(0)=5,6-10"(1,53-10° — 0)1,2435-10° =1,065-10°:
N®(0)+ N®(0)=1,074-10°
F@Hogmo dogns
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N,(0) = 2-1,2435-10° -0,033267 - (~1999,34) +

+2-1,2435-10°-0,03328 - (-25,7) +1,074-10° = -1,602-10°;

3099630 dodlodudo  (Bmeeymom)  GmEs X, =19213, a59%0dsg0
Foogao dosgnol wspgdomo gdlE®gdgdo Gm@Es X, =67,2cM:
f,(X,) =exp(-0,03328-19,2) cos(0,03328-19,2) = 0,424;
f,(X,)=exp(-0,03328-19,2)sin(0,03328-19,2) = 0,315
f.(X,)=0,739 f,(X,)=0109
M (X,)=-19934-0,739+ (-25,7)0,315/0,03328= —390,56;
f,(X;) =exp(-0,03328- 62,4) cos(0,03328- 62,4) = —0,0607;
f,(X;) =exp(-0,03328 62,4)sin(0,03328- 62,4) =0,1096
f5(X3)=-0,0607+0,1096=0,0489
f,(X3)=-0,0607—0,1096=-017,

N®(0)+N®@(0)=8705+5,6-107(153-10° — 62,4)1,2435-10° =1,031-10°.
N, (X,) =2-1,2435-10°-0,03328° - (~199,34) - (-0,17) +

+2.1,2435.10°-0,03328(~25,7)(~0,0607) + 1,031-10° = 1,253-10°
206030 dogmols Asgliodndo Q(X,)=8,03 GmEs X, =432 1.
ao@lBo Bobszobo domggdols aoobasG0Bgdols Baegagdo  g@bda@ols
Log@dols gGogmmby:

Logdgb LoddEygdo (ool g89J@0)
deoabogo dmdgb@o- 199,34 30d/1:3,

aobogo dogns -25,7 34/159,

Joogao dogns (Jmb@ydgeo (bggs) 37,73 3ad/153,

foog@o dogns -1,602-10° 390/,

dogbogo 3mdgbdo gL ig®mdo 199,34 30d/1:9,

9JLE®g3ydgdo:

deoabsgo dmdgbBo -390,6 3ad/lld Gm@Es X, =192 U1d, gobogo dogns +8,37
389/13 dm@Es X, =43219,

F@ogmo dogns +1,253-10% 3od/d Gm@Es X, =67,2 13,
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0y, =37,73/1,2+6-19934/1,2* =8620.
FOoygmo (Bmogo®o) aodkodsgo dodgs
0,0 =-1,602-10° /1,2=1,335-10°,

dbgdo dodgs
7, =—15-257/1,2=-3214.

933085 9bG M0 dodgs

oy = \/862,02 +(1,335-10° )* —862,0-1,335-10° =1172-10°.

dodgo 1lgg@do
o =(257/1+6-19934/1%)sgn(Q,) = -1,222-10°

ds5d30L  3m33mbg6@930L 5JLEGgdsmu@o 3603369 mdgd0
Oy =37,73/12+6-3906/1,2% =1,659-10°,
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Oy =—1,602-10°/1,2=1,335-10°

=-15-257/1,2=-3213.
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