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ABSTRACT

In the first chapter is discussed functioning of technical systems that passes under the
condition of interrupted influence of destabilization causing factors, and as a result
steady and self-elimination failures of used devices take place. Systematic analysis of
these factors, particularly elaboration of methods of reliability and duration security
and evaluation methods presents the leading direction of modern scientific researches.
In this direction structural and temporary reservation is the most effective method of
increasing reliability. Classification of technical systems’ failures is carried out and
expediency of using of some rules of probabilities distribution is proved in the case of
various types of failure. High efficiency of approximation of any distributive function
with exponential mixture is shown.

In the second chapter in automatic computer control technical devices in case of
random failure the common constant reservation with substitution and rehabilitation is
widely spread. The advantage of reservation method is more completely shown when
measuring devices are supplied with analogue output. They are effectively applied in
local subsystems of complex automatic systems.

In such subsystems as the redundant information processing unit some devices are
often used for realizing the function of rehabilitation. Significant increase of reliability
is achieved in case when in the algorithm of redundant information processing, signal
comparison logical operation of different measuring units is introduces. I in the paper.

A model of reliability for parallel — reserved systems with the substitution and
rehabilitation without significant limitations in the modes of failure and rehabilitation
distribution rules is investigates.

Second chapter discusses Indices of technical systems, coefficients of readiness,
optimal rules of system capability control and implementation of preventive works,
criteria of optimal use of technical system’s functioning in calendar time.

Modern engineering methods of technical system’s creation and exploitation mean the
active use of quantitative methods of analysis and synthesis at the every stage of their
existence. Only such approach gives us possibility to create high effective technical
system. The same once concern the problem of securing the reliability. The production
is characterized by discrete-uninterrupted processes, which belong to the less learned
technical system’s class.

Unity of these confirmed and raised in this dissertation presents the generalization and
solution of scientifically important actual problems, which has theoretical and applied
significance. In particular general methodology of calculating reliability of devices,
organization technical methods of increasing of reliability, methods of prognosis and
estimation of reliability, various classes of generalized mathematical methods of
reliability are elaborated as a result of approach of reliability research.

On the base of review and analysis of exiting materials structural and temporal
reservation must be considered as a most effective method of increasing of reliability.
This provides any necessary accuracy of approach with real one by the proper
selection of incoming parameters. For the first time the main indices of technical
system’s reliability was determined, which are characterized by two types of failure:
sudden (catastrophic) and consecutive. Original methods of reliability indices’
determination are elaborated in this order, and on the base of its use it is possible to
choose the best way of controlling of system’s capability and its parameters. Obtained
results provide: to establish evidently the demands to the main indices of reliability
determination and to evaluate them in accordance with the use of technical devices
and given regimes; to choose the best temporal diagram of use, to choose the
relationship of reliability indices of device with the main characteristics, such is
output.

Analytical methods of calculating of technical system reliability. Results received by

analytical methods of calculating of technician’s systems’ reliability with the
X



consideration of type of failure have generalized character and in the condition of
insignificant limitation of initial accidental processes they are suitable for other
branches of technique. In particular, various mathematical models of reliability are
considered and analyzed, and on the basis of these models’ analysis reliability of
tech9ncal with permanently switching reserve (redundant quantity of section) is
determined by comparison of calculating methods of existing reliability known from
literature.

The work deals with the problem of periodical and uninterruptedly controlled
technical systems.

The original method of calculation of ready coefficient, with the consideration of
reliability of control systems has been discussed. The expression of economic effects
of the given system is also defined.

In the third chapter considers accidental time of stoppage in the case of damage of
definite quantity of section is implied, which is distributed by any rules and which is
used for rehabilitation of capability, when active and passive sections of failure
intensity differ from each other. Readiness function and coefficient are determined, as
well as average time of working without failure. Two original methods of
determination of reliability indices are offered, when two type of failure distributed by
expenditure rule takes a place: instantaneous failure, when is detected in moment of its
beginning and consecutive, which is detected only by periodical control. The best
value of periodicity of recurrent control is determined by control devices and with the
consideration of reliability. It is accepted that recurrent control of rehabilitation and
tome of periodicity of control are accidental value, which are distributed by any rule.
Indices of various technical systems’ reliability are determined when it is possible to
describe the failure flow by consecutive-parallel fictitious stages (so called Erlange
mixture). Such description of failure flow gives us a guarantee that high accuracy of
reliability indices’ prognosis will be secured. Indices of constantly switched duplicate
systems’ reliability are determined. Time of switch of reserve is distributed by any
rule. This type of model is studied by use of rehabilitation theory. All adoptive models
examined in this dissertation are characterized by insignificant limitation concerning
distributive function of random processes and that is the guarantee of identity of unity
of offered mathematical models of reliability with its original. That’s why the
boundaries of using of results obtained in dissertation are wide enough.

Original methods of readiness coefficients calculation of periodically and
continuously controlled technical systems are given in this work with the
consideration of reliability of operative control systems, also determined expression of
considered system’s economic effect is defined.

All adoptive models of reliability considered in this work are characterized by
insignificant limitation concerning distributive function of initial accidental processes
and that is the guarantee of identity of unity of offered mathematical models of
reliability with its original. That’s why the boundaries of using of results obtained in
dissertation are wide enough.

Reservation with general substitution concerning instantaneous, sudden failure if
technical systems and rehabilitation constantly reservation is widely spread.
Advantage of this method of reservation is widely used in the case of complex
measuring devices at the analogues exit of receiver, also is effectively applied in local
subsystem of automatic devices. Operative facilities functions are often used of
realization of rehabilitation in the subsystems of excessive information treatment’s
devices. Increase of reliability is achieved when the treatment of redundant
information algorithm is coming to local operation between signals of various
measuring devices. A model of reliability with substitution of parallel-reserved
systems and without significant limitation in the various modes of distribution rules of
failure and rehabilitation is investigated.

x1i



There are considered the basic problems of selection of communication technologies
at development of the High Performance Cluster. The ways of increasing the
performance of the computer cluster by using new communication technologies and
optimum distribution of the network load are described.

The results received in the dissertation work enable us to ascertain the demands for
basic, defining indicators of reliability and evaluate them in accordance with the usage
of technical equipments and the given technical regime.

To choose carefully the connection of time diagram and reliability indicators of the
technical equipment with the basic characteristic, such as productivity.

All the adaptive models of reliability discussed in the dissertation work are
characterized by some title restrictions towards the distribution function of initial
process, which guarantees the adequacy of the unity of proposed mathematical models
to the original. That’s why the bounds of the usage of the dissertation results are quite
wide. Given results have the practical usage they are mainly good and effective.
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A5mEgbmds 5@  s@gdoGgos ©olodggd MomEgbmdsl, d5Tob  sedygbo
396J30o ©s dobo Lo@gomobosizom m@ysbm oly os@ol dg@bgyero, ™3
2obmdzol gemdomgds 0@  swgdo@gds  olodggd  3b0dgbgermdsl.

030b0dbmm: G (u) sendsmmdols  gybdios (M9dmbBol) sy gbols
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a; =ma, +(i—m)a,; p(u)= GE/ (Z;)

G )=1-G w); gw) =G (u)

N=n-m+1 - 3@ygybgdopo Lsbmdo dmfymdoemmdgdol Gom@gbmds,
Amdgool eOMbsi [odmdmodmds LolGgdol gobg@gds - Iyybgds .

m = om0l Lobmdo  bgaolofymgdol  @omegbmds, @mengds
JONEOMPYEs©  dmodgdbgds  Ladydom  @ggoddo.  gobbogyyano  Goygeno
sedomy@o  dmpgeo  3g@dm  Lgdmbggzgddo  Lgygodenos  asbgobognmm
B0R06G Jgdeymddo Jagdnggmgoo:

L. gbgao Ogbgegomgods o, =a, hobsigergbdoo.

2. 3030 ®9bgMg009d0m a, =0 ; hsbsigergdom.

3. 3ywdogo M9bgdgodgdom m=n hobszgmgdon.

4. m9%963009d5 s@Eagbol 3oMgdg s Lbgs, gyggms ol dgdmbggggdo
AmImgdoz 3GoBogodo bdodsw bogds.

‘dg360dbmm O™ doGomswo dohggbgdergdgano Loodgommdols s@ols ol

domgdsBogy@o  asdmbobyagdgdo,  @mdmgdoz  Jomgdbymos  J39300.
Jodomoo  Bgbpgbizos  gmbLE®@yiool s Lgdy®d 305393 ®9ddo

2393006985 gl aodmggergggdo  @s3  oyYEomgdgos 53 LobEgdgdols
3¢ 0ds@yg®o 30mgdBoagools s gJlsyms@GoiEool WM.

sedomy@o by germdols  godmygbgdom  Lobmdo  dmfymdognmdols
doamdo®gmbols  gbodgrm  3gemoagdgdols  godem  LolBgdol  (3gerogds
eOmol  dgotg  0bdgdgoedo  (t, tth), dodomopoe  godmoygbgds
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©0090gM9bzosm Mo aob@magdgdols Lol gds [2.4+2.8];

R, ()=-a, R, (t)+jr, (¢ ) p(w)du, @0

81”1(t,u) a}/'1 (t’u) - ;
ot " ou (a,,+u (uyn (t,u)); @2)
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or, (t,u) . or (t,u)

—(a,_ +u@r tu)+a, ., r_(tu);

ot ou
k=2,N -1 (23)
Ry (1)=a, y, Ry, (0); (24)

3obHMEgogdol gepgboby sgzomydgeros godbxgemo (21-24).

30039e00 25bGmagds doowgds sligmo by germdom:
asbgobogmm dgdmbgggs, HmIgeoi dpamds®gmdls 0dsdo, G®I t+h Mol
dmdgb®do  LobEgds  Iyds  Fpmdodgmdsdos s  ygges  Lobmdo
dofygmdogomds I9ds dpgmds@gmdsdos. gl dgdmbgggs dgoogl dgdwogy
xodg®  dggmogbgoo  Ygdmbggggdl,  s@rdsmmdgdols  dgdg9engdl,
Omdegbdoz aoblbgoggdygaos O (h) -p6.
L. LobEgdosdo @mol t dmdgbddo o@ol  dgdm{dgdgeo  Lobmdo
Jofgmdogmds o Amol h Igomgedo o@  [Fo@dmodmds  ggEodo
3o05LAOmggmo  IBYyPbgds,  go.  Lobmdo  dJoFymdogomdgdo  dygds
Jamdo®gmdsdos, s IYdomdl Omamei @9bg@gdo. sadsmmds o
‘dgdmbgggolmgol 0dbgods

R, ()1 -a,h]+o(h)

2.t dmdgbddo  LobEgdsdo os@ol  gOmo  IGYybgdowo  Lobmdo
doymbdogomds, Omdgeo 0dymx9ds 6 9dmb@ do ®MO0l

Eu<é<u+du) dmdgbddo s  @OMIgol ®9dmb@o dgoas @OMOlL o3

I gedo. LOYP@o SeEpdomnmbdols gobmbol Logydgganbg o3 dgdmbgggols
SEdomMds Gragnos

t+h

Irl (t,u)dup(u)h + o(h)

0

SO0y o0,

Ry(t+ ) = (1= a, iR, (1) + [ (6, ) -+ 0(h)

0

dmgm AoEmds dgodangds godmglsbmo sbig:
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0

®5dgbowsz , A = 0 Fomamdbols do®xg9bs bofoemols brgs®o

sOLgomdl | lim M =0

h—0

sOLgomdl sp@gmgg o3 Fo@mdbols do@bgbs Ibs@ol bwge®o, @mIgools

Vggase, Gmas B = 0 309d9mmdn (2.1) aob@Gmegdol.
dglodg  aobBmengds.  asbgobogomm  dgdmbgggs, @mdganoi  0dsTo

doamdstgmdl, Gmd [+ 90336630 LobEgds 99@s dpamdsmgmdsdos,
dop@od  k(k < N) 3dyybgdowo Laobmdo dmfymdogmmdgdo, Gmdgemoysb
306390 0dgmegds G93mbdPo (U <& Su+du) pwdmols Igomgeo, gl
Aoy dpamdodgmds  dgodangds  Fo@dmgoaobmm,  @mam@E  xodo
g3 ga0 dgmogbgdem dgdmbggggdow:

I t Imdgb®do LolGgdsdo o0dgmegygds k (k < m) 3@yybgdoo Lsbmdo
by boFymgdo, 0dowsb gOmg@mo smoagbols 3Gmigldos S(u <& <u+du)
Mol gOmgyedo. Gmdgeoi @ dgoas h @AMl aobdsgmmdsdo, ©s
od @Amb [o@dmodgs oO3gOmo shogro  3o@sbEMmg o 3BYybgds, oI
OOML Sedosmmds Grgos:

r(tu) = [1=(a, , + uu)h]+o(h);

2.t 3dmdgbBdo Lol gdsdo 0dymaygds k—1 I@yybgdsw dmfymdogmmds,
sdosb  ghmo  sppagbswos  @mol U <E<u+tdu), 53 wéolb
Fo®dmodgs jogg gomo IBgubgds, sgdsmmds 53 dgdmbgggol Gmanos :

lia (W), o, h+0(h)

dodolowsdy
r(t+hu+h)= [1 —(a,, + y(u)h](t,u) +a, , hr/, (t,u)+o(h)

42



n(E+hu+h)—r(Gu)+-—nCu+h)—r(+uh)
p =

=(a, , +u)r (t,u)+a, v (t,u)+ O(Th) ;

2505300090 dge asdmlobygmgdsdo A = 0 dogowgdm (2.3).

dgoobg asbdmangds. asbgobogmm dgdmbgggs, Gm@Es t+ h dmdgb@ do

Loli@Ggds o®odyds dgmds@gmdsdos (IByybgdol @omgbmds Gmenos N).
dobes IByybgds s  LobEgds @hgds gobylobrgdgamo w®Mmomn o3
d®Ynbgodo  dpamds®gmdsdo, g.0. LobEgds o asdmols  dosbmJdols
damdo®gmbdoasb. gl dgdmbgggs dgodengds gobgobogrmm, Gmym® 3 xodo
930920 YOM0gOmysdmddogbogo dgdmbggggdol: 1. t dmdgbddo Loliggdsdo
>@0l N @omEgbmdols 3¢gybgdowo Lobmdo bgaoloFymgdo. 3 dgdmbgggols
S dsmmds s@ols R (1) ;

2. t3mdgbRdo LolBgdsdo s@ol N-1 3@yybgdowo InFymbognmds, 5fgwsb
n-N+1  bobmdo  dmfymdognmds  I9dodpamds@gmdsdos, h  ©Omdo
J®Y9bgodopo aobws, 53 dgdmbggzol sepdbommds Fmaos:

a, yaRy (1) +o(h)
9odobowsdyg, R, (t+h) =R, (t)+a, . AR, ()+o(h)
o (h)

Ry(t+h)—R, @) _
p -

omEs b= 0 goegomen bogs@by dogowgdm (24). of

ob —,_y o Ry, () +
t

R, (t)= I”N-1 (t,u)du

Lo{golbo s Lolobwg@em 300mdgdl o3l Laoby:

R,(0)=1,

n(t,0)=a,R,(0)+ [ ry(t,u)p (u) du ; 25)
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rk(t,O)ZJ.I’,m(f,U)ﬂ(“)duQ k=2,N-2; (2.6)

r, ,(t,0) = o; r.(t,0) = o. (2.7)

[2.1:23]  gob@mangdgdols  5dmblbol  Igwgasw  dogomgdmn  olgm
5dmblibgdl, @mIgammsi ofgm slgmo Loby:

nt) =1 (1,0 G @) ¢ "D @y @8)
ry (tu)=r, (t=u.0) G) L (77 )+ 7, (t—u.0) G ) L 7 () (29)
rk(t,u):Zk:rv(t—u,O)E(u)f(,;:k)(u), k=2,N -1, (2.10)

o> £ (u) - sandsmmds 0dols, Gmd (3Ll), GMIgelsi t-u Imdghd do

3Jmbps 1 Gomegbmdols IByybgdowo dnFymdognmds, t dmdgbddo gdbgds
1 (>1) 38ygubgdoo Lobmdo Jmfymdognmds.

(D)= [a,s" ¢ w-v)ydu ;

f(ij)(S) 0 (u)

. 1 & a 4
| D (s) = £ 19 (s) + 5bado@mBMm
ro- I PO ke

S bommdoll sbMo gOmgdOmo 53 (2.6+2.8) asdmbobyemgdoab, doy. (2.8).
gl oMol gOmmdgogo sadsmmds 0dolbs, @M t-u slsfyol dmdgb@do
spEagboamos  gOm-gOmo  Lbobmdo  FgBybgdowo  bgalisfgm.  Log®om

GomEgbmds  IRYyPbgdowo  dmFymdognmdols  dgoagbls V(V=1,_k)
d®gnbgdoo  Lobmdo dmPymdogmdbols smEygbs u AO™MTo o@ gy,
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boam  dGyybgdoo  Lobmdo  dmfgmdommdol  @omgbmds  aobes
k(k>v).

‘dglododolow o s3@sbols 2> 5Jdbgdom, Lol gdsls k
Joamds®gmodsdo gl dgdwgyo Loby:

R (s)= J‘ Stdtj r (t,u) du= Zr (s,0) G (S) k=Ln—1 2.11)

n—1

R, (s)= (” M (s)r, (s, 0)
ShN (S) = an—N+1Rn—l (S) (212)
— _ —n—N+l 1— v
od G(s){—1 g(s)j; G (=8 v )
S )
ob
= o _| T l1-g(s+a,) > 4 l-g(s+a,) 1
G (S)_(,,ll anH s+a, ,711 a, —a, +Z‘+1 (s+a,)a, ap)gl a,—a,

6960ldog® Mol 3mdgb@do 239d6gds dgdwgao 0yoggmds

ZRk(t):l ob ZRk(S)Zl
k=0 k=0 S
boglgoom  (28), (2.10), (25-B0 ©> (270 ©> gowsogomm m@s3mslols
3oM©sJdbsby,
>
Ry()—1=—-a,Ry(s)+g """ (s) 1(s,0);

n—1

1i(5,0) = aR(s)+Zg<" 2 (5) 7,(5,0) ;

r(s,0) = Zg(" Y (s) 1,(s,0) 5

k+1

r.(s,0)= Zg("“) (s) r,(s,0), k=2n-2

n—l (S’ 0) = O

a, oy (s
R, (s)= anSNl()

o g(5)+g)G'w); g (s)+g(S)H;(s)
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g;”(s)=((]i[a,7)J bg(s+ac) +Zelg(swp)li[ 1

(. H (a, —a)) peett e =4y p=en &y 4,
n c

n#p
n=c+1

aob@mangdoms Lol gdsl (2.13)-b  ofgb N-1 @omegbmdols asb@magds
R,(s), 1, (s,0) (k=1,N-2) . 0 3oy geolbdgdom, @mI 7y (s,0)=0 ©OML
(2.13) Lol gdsl Fomdmgowagbm dgdogayo Lobom:

[1-27(9) |ris,0) = g1 ()1 (s,0) = @, R, (9);
—g\" Y (s)ri(s,0)+[ 1= 817 (5) |y (5,0) = 815V ()73 (s5,0) = 03
—g\" () (5,0) = g () (5,0) +[ 1= 81" (5) |13 (5,0) = gV P ()1 (s,0) = 0

gi(lnlN+2)(S)ri(S 0) gnn N+2)(S)}"2(S 0) gnn N+2)(S)l"3(S,O)+...
"'+[1 g,(lnN]\gz)(s):'VN%(s,o)—g,(l'iNASZ)(S)r L(s,0)=0;
2 () (5,00 = 25 (), (5,0) = 25 (5)ry(5,0) + ..

8 ($)ry_(5,0) +[ S (S)] ry_,(s,0)=o0.

(214)

2530800 7,(s,0), (2.13) Lob@gdol 3oMggero aob@ma gdosb

(s+a,)R,(s)—1
g ()

1 (s,0) =

09 530b0dbogm
@ ;(s)=-g (::.}i:ll)(s)’ n(s,0)=x_(8)=x_, 1y, (s,0)=x,,(s,0)=0,
(2.14) 25b@mengdoms Lol gdsl dogoggsbmm 3 Lobgdoy
a,(s) x,(s)=b, ;
[1 +a, (S)] X, (8)+ ay, (5)x, (s) = by;
a,, (s)x,(s) + [1 +a, (S)] X, (8) + ay; (s)x;(s) = by;

ay 5, (s)x (s)+ Ay 3, (s)x,(s) + ay_33 ($)x;(8)+....
+ [1 tay 5N (S)] Xy_g(8)+ Ay_3n-3 ($)xy_5(s)=by_4 :
Ay, ()X, () +ay_,,(8)x,(8) +ay_,5(8)x;(s) +....

cetay )y (8)xy 4 (s)+ [1 tay ;N3 (S)] X, 5(s)=by_,.

(2.15)
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bl:anRO(s)—[1+al.(s)]lq(S,0); b=a,(s)r(s,0), i=2,N-2.

5.0y =G HARET
Ay, (5)
30639000 N-3 (2.15) 3ob@omadsms boligdopsh, Fgoosl  N-3 gi6mdgdl
xi(s) (i=1; N-3)),  odmblbol D99 dmgboboge Xi (s), Pg (s)-06
3m g0 mgd0m. gdegs (215) domm 3sbGmmgdowsb gimmEmdn

Py (s) s 580l dgogaom bbgs ©obs@hgb samdommdgdl.

(2.15) gob@magdoms Lolgdol do@ggeo N-3 5dmblbolsls Jgodengds

A (s)
o3 g x,(s) = AG) ° bowoi A(s) o60b poblodwgdgds  (a ,; (s)

hogVg®o s 5dgb@ols yomgdy)

a, 0 0 0 0 0
(1+ea,) a,, 0 0 0 0

x5 (I+ay,) a s, 0 0 0

@ 4 x4 (I+ay,) ay 0 0 ,
O yis1 X ysn Xy O N 34 (= 5 y4) Ay_s,yos

boarem A, (s) (i=1, N-3) doopgds A(s)  2obLobwg@gdowasb, 1-960

Lgg@ol (bl ’ b29 b3 geees s bn_3) -by.

gbeos dgag0demos 2obglob@gdme Lodygsenm bodydgga®o IByybgdol
O 56 Lodygsmm @Om (Jomgds@ogycdo @meobo) (3bL) 3Gyybgdoe
Jamds®gmdsdo Inbgge@sdwey.

(2.12) 2ob@mengbdols mobsbdow

pvet By (5)
S

a
Rn (S): , @550

47



RN(S):Te_“RN(t)dt,

335J3L dg9wga0 mobogs@omds:
sRN(s)—RN(O)zjle"”Rﬁv 0 dt,

0

ob SRN(S)

=0 :_[ Ry (0)d t==T ¢y, ,
0

/.
s=0"

>dggoM o TE'HO :_SR\J(S)

‘d9360dbmm, O™ LEsEombsgry@o dbodgbganmdgdo:

R, () =lmsR,(5)=0, Gogs i=0,N-1 (o

RN(t) IyLIEISRi(S)Il, @53 dmbosgrmebyao oym..

dodmans, LobGgds WMol 0b@gmgoado (0, ) sy3omgdasw
dobgogds dmsbmJdol dpamdodgmdsdo.

Sbogrmpoyg@em dmodgdbgds dgmeg Mool 3mdgb@o s wolddglos.
gboos, GMA (2.15) aob@mamgdsms LolGgdol sdmblbs @ 0fgg3l
Lodbgangls, sdoBmd ol of smo® dmoygsbgde.

o3 3oMop@ox30l  odmogtgdom  dggbodbogm, @md  of Jmygobogoo
ROAOIYE gdo @0l Logmggmmsm.

2.12. 3399bgdoo @dgbg@go®gdgmo (3Ll) Loodgommods
JAYybgdowo  Loli@Ggdol Loodgom  dohggbgdergdo  (3LL)  dgodengds
dogommo 0d Ge@dya gdoesb, Gmdgmoi dogowgm 53 msogol wslsfyoldo.

sdobomgols Logdo@obos gogyerolbdmo, G®m3 Lsdygomm speagbomo O™
Ameos gLob@Egemdols, g.o.

7, =jtg(t) dt=o0
0
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9L 300mbds @a3emsbol ao®sddbgdol Lobom dgodangds wsofgdmls,

Gdopmeg g (s) = 0. doOmasi3, Igedogo  @O®Mom oQggg);]Bob(Tb)

g(S):Exp(_STb) > Omdgeos dool{®ogg0l  byyanolbioggh @m3o

dodob, od dgdmbgggsdo (2.13) aobGmergdboms LolEgds doowgdl Labgl.
SR,(s)—1=-a, R,(s);

1(5,0) = a, Ry (s);

r.(s,0)=o0, K=2,N-1;

R (s)= Gg(" B (s,0), K=1,N-1;

SRy (s) =a,_y Ry (s).

J 1 ¢ 1
2 ey @-aile o

p

Lodygo@m bodydggo®o IByybgdol @M dgodangds godmgomgsgrmm
‘d99wgabs0M50:

T'4p=5R, (S)‘ /s:O:_an—N+1R/ (>

—(n—-N (n N+1)
RO = 00 G, " @+[6,"" @] 00 ;
/ 1
" (050):__; 71(090):19

al’l

—(n=N+1) 1l

G (0)= a, | x
n=n—N+2

1 n—1 n—1 1 n-1 1
X S :
an7N+1 n=n—N+2 a;] an N+1 p=n—-N+2 ap(aanJrl _ap) n=n-N+2 an _ap
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—(n=-N+1)

G (5)

/ n—1 1 n-1 1
- 4 T2 = +
5=0 n=n—N+2 A, N+ n=n-N+2 AnQ,_n_,

n—1 -1 n—1 1
+ 2
p=n—N+2 (aN—I1+1 - ap )ap n=n—-N+2 a;] - ap

22. B9dbogn®o LobEgdgdol 0b@gMgomado s bogHhgmo
dbopymabol  3mgnoE0gbdol goblabdmgdol  domgdsGozy®@o

dmEgmgdo ©s> dg0mEydo

>0bodbyen JoMopg®oxdo dgdmmogsbgdygmos m@oyobsgyg®o dgmmwo
Amgeo  bs3gmmdgdol  (Bgdboga®o  LolEgdgdo  s35@5@gd0, Hgdbogy®o
dofymdogomdgdo s Ubgs) bhoadymo  s35@s@ @ geo, bganlbs{ymgdols
3Mb6GHOM@om 0bFgagomy®@o s begdgmo Ibspymabol 3mgnoEogb@ols
3oblobobwgMogow. ob. ag. 72

GOye@G  3bmdogos  0bGHgtgomydo  Tboryngbol  jmggocebHo
2obolobwg®gds, Mm@z domgdoGodyg®o @meobo @AMl 0d bsfomols,
@53 bako®ms boggomdol bo@dsgny@o  gybjiombodgdolbsmgol w@mols
doggdge T obpg@gsado 3, 57].

dmegmo 1. ©ogdgem, poblsbogrggmo Gadboggdo bobigds Fgpygds
m®0  bofogolopsb: doGomswo ©s LogmbG®mam. do®omswo  bofogrols
aododmygamobols  dohbggbgdgenl  To@dmopagbls  doli  godmlslgm ganbyg
2obLobrgdyyamo @mbol Logbsggdols s@Lgdmds, Gmdgeoi dg9Ty3gdeoow
Jo{dpgds  Logmb@ddmenem  dofymdogmdols  Bogd.  Losgmb@@maenm
535@o@ @0l IBYyybgdgdo  In(dpgds  3g@om@yms, 0y 3gH0MEY@O
993§ dgogdol @Ml dJmbogds  doGomswo  dmfymdoamdol  dGyybgds,
AmEs bogmb@@mam bsfogo godo@mygmos, ©oyymgbgdbarog ofygds dobo
omEagbs (Mgdmb@o), bmenm oy doGomswo g gdgb@ols dByybgosl §ob
QLT HgoL  Logmb@@dmenm  s3sGo@yg@ols  d@yybgds,  35Fob  IByynbgdols
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sdmbgbs o os@dmabg@s  dglsdagdgamos  dbmerme  3g@omygeno
‘dgdm{dgboll dgogyoe. JoGomswo s Lojmb@@merm  dmfymbdogmdgdols
3dBy9b98960L bogomo 9d399gdodgds 3golmbols 3obmbl.

‘dgdmgommm  dgdegao  o@bodgbgdo: o — do®omoo  S30Go@Y@OL
d®Ynbgools  0bGgblogmds, L - Logmbd@menm o35G ydol  3@yynbgdols
06@®gblogmds, Ty(t) — 3g@omeygeo dgdm{dgdolsl Logmb@@menem @@mol
aobsFomgbdols g39bdios (3%), T'i(t) — bsggmmdols Logmb@@menm s xody®o
Mol aobsfoagdol gybjios, G(f) — boggmmdbols doGomswo bsfogols
2@ 60l ©OMOL yobofomgdols gbdgos.

odobomgol, ®md  godmgmm  Ladyoenm  Lobodggderm  dgdomds,
3o gbpod@ygemo T @mol  gobdoganmdsdo,  3g@omeya  dgdm{dgdgdls
dodols, d®Y9bgodoby Y390 Bo3ols OOM0MO 5bs oMy gdols
200350l 0bgdom ©@Momo ©sbsgo®agdo JoMomowo s Lo mbE®mmanm
dofgmdogomdol  IJByybgdol  osebowagbow, o@dmyghgbswo  3BYyynbgdom
3odmfgggmmo  @@momo  ©obsiomagéo  (doGomswo  dmFymdoanmds
o0p®dgemgdls  g9bjombo@gdol  sMsJdgombs@osh  dwymds®gmdsdo),
3g@omeyeo dgdm{dgdolols @OMomo ©sbsgoagdo s o.9). aobgoboenmm
9o 9bgdymo  sdmEsbs:  godmgmm  @gomy@o (o gbos®yano) @Ml
Lbodgogne  dbodgbgammds T, ygggews  dgbodaom  Godol  ©obsgo®ygdols
300M698do, @53 o930 gdgmos  JoGomswo  dmfymdogomdol dogd Ty
boba@danogmdols Lobo® goenm dydomdols 9bOYbgge Logmezsw
(Lobodmpgdberme  omgengds @mol ol 0bGgdgoggdo, @mdgol OMLSE3
JoM0mo©o dmfymdo@mmds 25ds@mYen0s).

odgom, M3 Om To  ©ogmgogros N oMo dgE  ©
05bsds® bofoagdo aobsfomgdols gubizoom  F(t).

F(t)=1(t- v), ©0=1,/n

35©360IOM0  MOMMYE@o  ©OMoN0  Jmbsgggmo s Tl =Ln)-b
5350 Jgom  j-9@0 gBo30. dgdmgodobmo asbsfoggdol gubjios dj(t) —
Sedsmmds  0dobs, @md  do@omso  dmfymdommdol Iygdomdols (n—j+1)to
ol 9ddygube  Igdomdols MOl dolowgdo, ofygdygeo  j-g@o
930056 Lokodms t(t>( n—j+1)10)-bg bogergdo @™, 0d oGmdom, O®I j-
90 9Ho3do  Jodomowo  dmfymdogmds  0dymagomes  godo@myen
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doamdo®gmodsdo ©S do®00 >0 dofymdogomdols d®9bgdgdo
>9RoLy 9096 9dBgybm 37xdomdols @AOML gOmo gBs3ol Lobwgmgddo.
abowos, @md  bgdmowbodbymo  aodmlsbymgdowsb  godmdwobaty
030d0goe:
lim T’(D IOTIE S k,=T,/T (2.16)
V9909330 bgws 0begdLL n-(d (1) aodmgdmggdm. g.o. Di(t) dodoGm

bobgg@ods®gmgyeo  3Om3glgdol bogydgganbyg seaomo o3l dgdwgy
063 ga@o@yg® 25b@ M gdsl:

t ) nfjt . '
(Dj (f) — J.dF;(n—_Hl) (u)e—auro (f —Z/l) + Zjae—audu[};;(l) (M) _ E(l+l) (u)] %
0

i=0(

(t—u—v)+ nz_{j.ae_“”du(l —ePNE () - F™ (u)]x

i=0(

JH

x ! dG()D 2.17)

t—u—v

x[dE"T0 ) [ dn @@ (t—u—v=1),j=1m;
0 0

boo@, FYw) - Fu)  pobofomgdol  ggbgoolb  k-gdo  @ogol
bobgggos; A=a+p.

a06g0bogme gedmbsbamads (2.17):

3odggemo  [g3®o  —  glbos g@omdgogo  sgmdommds  dgdwgpo
©5dm930gdgeo  bpmdoagdgdol: o) n — j + 1 g@s30l  dgldygagds
Jnog@wgds (u,u+du) ©AmoL 0bdgdhgomdo - dFE" 7 (w); 88 odmol

—ou
3obdogamdbodo doGomowo gangdgbGo o6 goboiwol 3BYybgdols (6 )
39M0myeo 3nbG®meols @AM odbgds t—u bogagdo (I'y(t—u))-by.

dgmdg  (ggoo0 — osewdosmmods odobs, 3 u Mol  3dmdgb@do
500dg@gds doMomoo gangdgbGol dGgybgos o 53 AMol obdogarmdsdo

Lo gmb@G®manem 90 9dgbBo oM  goboiol  IBgnbgosls (e ™) ©d

YgbOr e gds i(iZO,I’l—j) 930 —[E(i)(u)—E(i+l)(u)]. doM0m>O

90 9dgb@ol sy gbol @A™ dgopgbls WdG(v)) > 9IByyber IPdomdols
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(n—j—i+Dr, ©Omobogol  Lododms  ©Om  bogangdo  t—u—-v-by

o(ygomo j+i g@o30©sb.

dgbodg (930 - sandommds 0dobs, @md u AMolL gobdsganmdsdo
dJobegds  do@omswo  dmTymbogomdols I@yynbgds, @mdgeoi @  0]bgds
smdmhgbogno,  GoEasbs o8 Omol  dmdgbBedwg  swyomo o3l
bogmbHGmme  gmgdghpol  dpgabgdsl  ae Mdu(l-e™). u  pamols
35635gamdsFo gbegmogds i(i=0,n—j) g@sdo - [EOw)—F W), v —
ol aobdsgamdsdo  (3g@om@ygmo  Jmb@®maol  Igbd e gdsdeyg
(v=(m-j—-i+Dz))) doGomowo dn(ymdogmds  ©os@hgds  aoydo@msg
damdo®gmdsdo. doMomswo s Logmb@®mmanm g gdgb@gdol dRYynbgdgoo
omdmhgbogno s smdmgbgdoemo odbgds 7(dI(7)) @Omol godbsgermdsdo
39M0myeo  gob@@mamol @AML ©s 9dGyybe Fydsmdol (n—j—i+1)z,
oOmobsmngols Loko®ms f—u—v—7 - by bogergdo @OM, ©sfygdoymo j+i
9BO3005b.

Lobobg@m 300mdsls Fo@mdmagbl:

q)n+1 (t) = 1_‘o(l‘)

09 3590M3094gbgom @ s3@slols go@sddbsl (2.17) aodmlsbyegdols
dodo®m, dJogomgdm:

® ()= 709 pris gy 5 [af (s+A)1—f (j ; QLN
§ i=0 S

+nz_:ja7/1 ()£ 7 (s) [ fs+a)l-f(s+a)) (2.18)
2 s+a

s+ A= f(s+2)

s+A

}D_,”(s), j=Ln.
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t o)
D;(s)= J.e_Agtq?/ Ot y,(s)= _‘.estdr(l‘)» i=0,1;
0 0

/n

g(s)=[e "G f(s)= OfeS’ dF (t) = ¢ o
0 0

3ooggdmon (2.18) 9yuam dmbydbydoymo gm@dom:

O (5) 72 proris gy GUZSGED]

j § s+A
XZf (S+ﬂ)®]+l(s)+a71(s)fn J- z+1( )1 f(s+a)
+a
zjlfﬁf (:)a)j il j=Ln (2.19)

0dols gomgoeolfobgdom, @md y,(s), ,(s), f(5), g(s) [o@dmowygbls

gLododolbo  g9bdiogdol  Lodgg@oggl, ododmd @(s) (j=Ln) sSlygy
omdmopagbli gobofoemgdols gybiosl.  odol olisd@dgoigdeow (2.19)-1s
M®0g9 dbotg 2og5d@sgmmmm s —bg s aosegogm brge®byg, o @M@
s =0, dgogyoe dogowgdo:

n—

lims®, )= /" (@) +% Zf (D+aA-f (a))Zf (o)~

=S f NS (D= @)+ (= f (@)

@)1
f@)-1
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o aomgomolfobgdgmos, @md g [IMFP,(s) Homos  gdmol,

s—0

d>dob HMS®P,..(s)  (G=Ln-j), 6Gogs s— 0, sbggg doolbF@sgols

s—0

9Omol 396.

3o0s3Jdbom (2.19) gdpgao Loboo: godmbsbyagdols m@ogg dbotdy

3ogoddogemm  f(s+A4), J  9g3@gomm  j+l-om s dowgdyeo
aodmbobyagdsls godmgsgmmo (2.19). dgogase dogomgdo:

(S)

[+ DD, (9)=D ()= s+ ) f(s+A) = f(s +a)]-

7 (5)x

_w (), (s)+ @A, (s)

1- f(s+a)
+A +a

X(f@+ﬂ)_f®+afyj(f®+a{j®’(”_qy“)+
f(s+a) fsy ) '

i=0

““S) G 1 f s D (), j=hn] (2.20)

dogdgmo (220) aobBmengds aogoddsgmmm  f(sta) —byg, J olygg
93G3om0  j+l-000 s Jowgdygen sdmbobymgdsl asdmgsgemmn (2.20),
dogowgdm:

+A s+a

[l—i(l—f<s+z)>g<s>+om (s)f"'f“<s)[1‘f (s+4) 1=/ (““)ﬂx
s+ A S

x(I)j(s)=—f(s+a)f(s+/1)d)j+2(s)+[f(s+a)+f(s+/1)— sf/i

1- f(s+a)

x(I1= f(s+ ANg(s) f(s+a)—ay (s)———=f"/(s) f(s+ 1)+

Tay,(s)

I-f(s+A)
s

A OVICE: 0!)}1) (8 J=Ln=1 @, (s)= 7e) (221)
+A o
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o3 dgm@g  Gogol  gobBmergdsl gbps woydsGmm  Jowgg  gOomo
aodmlobyagds (2.19)-sb, Gm@Es j=mn;

s+A s+a

L _al=f(s+ NEE) = 7)) _an(6)f (S-S~ (s+ a)}bn (s) =

_ 20 gt a) (222)
S

domgdyao gsdmbobyagdowsb dgagodeos 2obglsbogammn @ (s).

(221) godmbobyangdols  s3mblbs o  [Fo@dmowagbl  Lodmyengl.
[46]-To deygobogoos dolso >demblibols dbo QOO Iga. 093
dobobdgfmbogros dolo 5dmblibs dodwgg@mdomo holdol dgmmeom. (2.22)-

5b 2obglobwg@mm @ (s). (221)-Fo hoglgogom j=n—-1wes aobglsbwg@sgm
®,,(s), Bdpgy J=n-2-bogol  gdogmmdn D, ,(s), §op@dgEgom
aodmmgansl dobod, Lobod j o® aoy@meegds 9ol o6y g3mgmmdm
bodogdgen sgodosmmdsls @ (s), dgdegy (3bmdogro dgmmegdom gdmygmdm
D, (s5)-0b JgoOrbgdbym go@EsJdbsl s godmgom @, (£)-b, oy Ebmdognos
D,(r), dbgego o® S@A0L  godmgmm  dbswymebols  0bGg@dgomy®o s

bRgOgmo §0ggoGoghho [46]

Jggdmm deygobogoos dod@ogo dg0mEgdo dbopymeybol
063 gago@y@o s  brgdymo  3mgn030gbBol  asoblabmg@mols  0dols
Lo oo [ims®,(s)=1(j =Ln). (221

s—0

domgomolifobgdom, dmd T, =—sD,(s)

> (222) aodmbobymgdomsb  o@ogoogo®on  Ladysenm  360dgbgenmdols
aologgdom  aob@Bmagdsby. sdobmgol (221) ©s (222) gsdmlsbyengdgdols
Mm®03g Jbodg aogod@sgermm s-bg o aogofe@dmmm s-om, GmEs s=0.
BoegyeR dogorgdm:

T,—(1+GQ),+GT, =4, J=Ln-1;

_ _ (2.23)
Rt A CJ) P i B Gt ). S (2.9)

af(a) Af (@)
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oo 7 =ItdF1 GEFAG - Jo®omoo s LogmbR@menm
0

doFgmdogmdols (podmdmgagano dobjobs s 69.) swagbol ©s 9I@yybm
3Mb6GOM@ol Lodygoemem xody@o pAaM..

_ /
7:1+1 =7 :J.tdro (t):%(s){ s=0 - 39M0M Y0 ‘dgdm§dgdobsls
0

dofgmdoamdol 9bFyynbm d9domdols 3mbG@meols Lodysam @M.

T = Tth(t) =—g(s)

'y — >MoJdgomybodosbo bogzgmmdol d@gybgdols

>mEagbs bodgomm AM.

T, = [td® () =—s®,(s)| .y Badboguco  Bofgedogmbols  dydocmdol;
0

boby®danogmds, Gmdgaoi bodkodms Labos@ygdenem (n—j+DI/n ©@mol
dobowgdoe, JoMomswo boggmmdol 9d@gnbm dgdsmdols @AML.

T dgbododolbo@ opoggs Go3 T, /n-ol dobowgdsw.

_ (=ATy/n)
“Jrp-e

d': 1-f(a) J A T,

J {_m{af\ﬁﬂTo(l—;)jt fllg+;}+nf(a)x

a 1-f(a i o
x{z_l_]frﬁ} }(1—00);f(a):e( TV, £qy = AT

f(ﬂ) — e(—/ITO/n).

(2.23) aodmbobyagds  5dmoblibgds  Sbogmyoy@s@:  mogEs3oMggur s
god 930 360dgbgemdsol j=n-1 s 19 s Th, 3bmdogro 360dgbgemdgdols
3o03omobobgoom g3mgamdm T, 9gdegy  j= n-2- bogol gdngamde
Ty 2 o .9 35bodg ULobod, o godmgoon Ti. Fg0©gy 3o0530035G M
bwgodbg OMEs n—>0 ©s dogowgdm:
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T=limT =17,+T, +%{ﬂ[1+(ﬂ -1 _Tl)ﬂ“]%x

n—»0

1 1
x(1—e~* T )+[a r°+,8(30+rl—ze”°ﬂ78 }; (2.24)
dboymxrbol 0bBgagomyg®o 30mgn03096@30
ku:T()/ T )

(224)- aoobsgrobgdomn dogowgdo:
. To-ol 2obO@om Ibspymabols 0bGg@goma®o 3mgxnoizogbdo

d30ORYd> ©> OmEe To =00 0o Gomos bygmols.
2. o@os@a®o doMomswo g gdgbGol (a=0) eaml T=7,+T,
dogbgoogo Logmb@®mam dmfymdoamdols d@yybgdobs.
3. oposgy@o Logmb@®mam g gdgb@ol (f=1) ool

T=r,+(1+ac )T ,;
4. f=ow dgglododgds 3mbR@meol  yJmbermdols  dgdmbgggels

(dJodomoswo  gangdgb@dol  dydomdbols do@mgdbyermds dm{dwogds Ibmeme

3900mEYmo JobEOmeol w®mmb):

ku=T0 .
[z‘o+ (l+az )T, + aTOZ/Z} ’

od dgdmbgggedo 3g@omeyeo JmbB®meol 9939]@d o0 360dgzbgenmds,
o6y Gmis ki 0gdn@mdl dodlodsma@ 3603369 mdsl, gobolsbmg@gds

‘d9d©ga0 2odmbsbyegbom:

ok, _,
oT,

Ty,, =27, la

‘Igbodsdoloe d60dgbgenmds

ku(max):1 .
[a+( 1+ a Tl)] ’

a=,/2art, .

bogo(
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33505 YO0 JobBOmeol  gJmbermdolsl  To-oll  dbodgbgermds
‘dgodangds  godmgoygbmo  3g@ompyee  dgdm{dgogel  dm@oll  @@mols
bobg@denogmdols boyggomglem 3b0dgbganmdols goblsbmg@olsmgols.

5. a s Bl goshbosn @owgdomo 860936gmmds, sdodmd Ty —ols
boygggmglbeo  360dgbgermds  aobolobwgdgds  dgdwgao  aodmbsbyagdols
>dmblbom:

a - a 1 - a
To"r‘ [ 1 + ( TO— T 1) l] /1—26’(1—6 ATU)+1—ﬂ—|:I—T‘\ +T1:IT0€ ATo —%%2 =0.
dJowgdagmo asdmbobyeagdgdo Lodygomgdols agodenggl aobglbobwg@mo s@o
doodm  k,—L o k,—-b Loyggogbe (Gs@Eombogny@o) 360d3bgarmdgdo,

sModge  domo  3bodgbgermdgbols  Holidom  godmgmm  S35Mo@ PG ©o
3900y 3nbG®meols 3o®sdg@Mgdol Ladogdgano d60dgbgenmdgdo.

23. 39d60gg®0 ImFgmdogrmdgdol Loodgommdols
dohggbgdemgdols 2oblodmgds, @mEs IFYybgdoms bsgowo

2obsfoagdamos 303 gHmdom-3s@smgmy@o gHesbyol
badggom

s9dgom, @md  Lbgoslbgs  Godol  dmfymdoanmdbgdo,  @gdbogyco
LoliBgdgdo, boboosmpgdosh m@o Godol d@yybgdom, GmIgmms s@dmbgbss
bpgds domo Fo®@dmJdbols dmdgbddo 9Fyzgdo opgs@y®o  gmb@@manon:

30Mggeo  BHodo  —  mobomsbmbomo,  @mdgeoi  gobofomgdyganos
bgdoldog@o  gobmbom, dgmédg Godo —  9gEo®0  (3BoLGHOMHFYO),
Omdgeo aobof o gdyganos dohggbgderosbo 3obsfoggdoms

9JOOmdemomdom.  dogogmomsw:  Iohggbgdmosbo  aobofoangdol  g@asbyols
bodggo.  odobmob  gobobogrgds dmFymbdogrmdols  Jbmerme  ®@o
doamdo®gmds:  39domdl s 0@  FPTdomdl.  IRYyPbgdo  doowgds
doamdo®gmds, @mganlisi dogysgo@m 3OmEyJiool aodmdggdol LE e

99V 93900009 3BYybgdol  dgdwgy  ImFymdogomds  doTobgg  aowsg39ds
S>mEagbobg (M9dmb@Hby). seagbol dgdrgy dob gbodgds mogsdo®ggao
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Lboodgommds s seygboll  3OmEgldo 5@  [omdmodbgds  sbogno
30y9698960.99b0s  go3mgmo  dInFymbogrmdols Fbopymaibols gubjios @
30980309630.  dgdmgo@ebmm  swbodgbgdo:  B(u) - 3oGggmo  Godol
3By9bgdols Fo®dmJdbols @w@mol aobsfoggdols gubiios

b(u)

(B(u)=1-B(u), b(u)=B'(u), ﬂ(u)=§(u)).

a(s)= ZP []a,/(s+a,) - 8306y Godol d@yabydol  Fobdmdbols

i=1 Jj=1
Mol gobsfomgdols Lodzg®oggs, godgsbols aoMs]dbol Bg®dobgddo.
o] dBynbgools o®dmJdbols O®eols 3obsfoggbols 396d30s
530mJLodo@gdyanos 056d0dggBrmdom 3o o0 geoag@0 30JBoy®o

obgdom  (gHo3gdom),  OMIgEmogsb  mommgygmo  aobofoa gdyganos
dohggbgodeosbo  gobmbom; m - 3o@s@gmy®o  BodBoydo  @obgdols

AomEgbmdss. [, — i-g@o dGmbg dodoggdmdom dggamgdamo goJGoy®o

3obgdol @omEgbmdss. o - I-9M0 oL j—g®0 gobol IGyybgdol

ij

0bBgblbogmdss. P - i-g@0 JGmTo debsgnmebgmmo d@yybgdol o@dg@ols

Sandommods. Y B =1 s - @sdamaslol m3g@s@m@o. G,(u)- 3oGggmo Godol

i
JBYybgdoll  Igdwgy  InFymbogrmdols  smeagbols  @OMOl  gobofomgdols
99bdaos; Gy (u)-  dgmeg  Godol  3GYybgdol  seEagbol @AMl

aobsfomgdols g9biios (5 (W)=1-G, (), g, w) =G (v), u, W)= %(u)))
L (u
—_ u
@ )=1-G, (), g, () = G2 ), 1, (w)=221,
G, (u)
9bgs 53060dbemom, m, B, 1, a, (i=1m, j=L1l,), “md

35M5393®gdol  Lomsbsm  dg@dbgzom  dgagodamos dogommo  aobsfogmgds,
Omdgeoloi  goohbos bgdolidogmo Laoby®ggero Lodygomem s go®osiools
30980309630 dmmsglgdymo 0 s o dem@ol.
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obdygao  sdm@Eebol  Aowoliofyggdow  dgdmgo@obmm  dgdogao
SEdommogdo: B (t,u)d u - >edsmmds odolbs, Gmd @™ol ¢ Imdgbddo
dofgmdogmds  0dymggds  JIgpomybs@osh  dpamdodgmdsdo 9339
S(u<é<u+du, u<t) ©OMoL dobdognbg, bmeom  dgmédg  Godol
dBy9bgdoll  FomdmJdbol dobgogom o0dymggds  i—y@o  IFmb  j-g@o
3obodo (d99gydo asls 39V mogdm (i 7)) damds®gmodsls

i=1, m, j=L1)).

t
R_/(t)=J.Pij(t,u)du - dedommds 0dols, @M Mol ¢ dmdgb@ o
0

dofgmdogomds  dgm@g  Godol  IGYybgdol  dobgogom 0dymaxgds (I, ))
Joamds®gmdsdo, dmenm  IBYynbgool  smeagbol  ImdgbGowsb  goliygeo
OO0l aomgomolifobgdoll  aoMgdg.  LogOmme, dgdomdol  ©sfygos
0mgengds  seEagboll  ob@dymgdol  dmdgb@owsb. g (f,u)du -
(t—u,t—u+du) @AMl 0bBgHhgoendo dmbos 3odggemo Bodol I@Yybgds @
>Eagbol ofggbol dmdgbGowsb aogows n(u<n<u+du) OM.

Ql(t)zqu(t,u)du - o@dsmmds  0dols, @m3  @mol ¢ dmdghddo
0

dofgmdogmds 0d4mggds Ggdmbddo 0d dJobgbom, Gmd Jmbrps J0®ggeo
G030l dBgybgds, ®gdmbBol  ©ofggool ImdgbRowsb Aslymo @Ml
2omgo@olfobgdols aomgdy.

g, u)d u—(t—u, t—u+du) ©AOmoL o0bHgOgoedo dJmbps dgm@g

Godol  dByybgds o  oEagbol  ofygdol  BmIgbGowsb  aogows
nu<n<u+du) ©OO;

0, (t):_[qz(t,u)du - obommds 0dobs, O®MI @Omol ¢ dmdgb@do
0

dofgmdogmds 0dymggds Ggdmb@do 0d dobgbom, @md dmbps dgmdyg
G030l dBgybgds, ®gdmbBol  ©ofygool ImdgbRowsb aslymo @Ml
aomgogolifobgdols go®gdg.
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9bs  530bodbmm, MM dgmag Godol IGYybgdol dgdpgy Bobol

aoomgans  ofygds  i—y@o (z'=1,_m) 3o@segeoa@o  JHmlb  JoMggmo
Bobosb sendsmmdom ¢, .
be®doMgdol 30Mmdsls ogl dgdwgao Loby:

m L

Q(N+Q, (H+Y X B, (=l

i=1 Jj=1

09 35dmg30949bgdm  hggnmgd®og  Sebdomny@ by gamdsl, 0dslmob
©s303dodgdom, @md  dgbodemgdgemos  dmFymdoenmdols  dpamds®gmadols
Gao@gos (f,1+h) 0bdg@goedo, dodob Tgodmgds dggopyobom P (t,u)

> g, (t,u) (k=1,2) 30ds®n dgdogao gobBmangdgdo:

P(t+hu+h)=P,(t+hu+h)|1 (e, + 2w)h) |+ (1= 8,)P,,_h+0(h) (225)
g, (t+hu+h)=q,(t,u)[1=p (u)h]+0(h); (2.26)
q,(t+h,u+ h)y=q,(t,u)[1-pu,(u)h]+0(h); (2.27)
i=l,m, j=L
5] 0, = 3mbggaHhol 0brogoGm@os éljz{l’ " IZJ
‘ 0, oy 1#]

0dols gomgoeolifobgbom, Gma:
z(x+h,y+h)—z(x,y) _q:

. z(x+h,y+h)—z(x,y+h)+z(x,y+h)—z(x,y)
lim P lim 2 ;
h—0 h—>0

1i Z(X+h,y+h)—2(x,y+h)+l- 2Oy +h)—z(x,y) _0z(x,y) 0z(x.p),
m h m h ox ay

(2.25-2.27) a53mbobygangdgdols ao®wsddbom dogowgdm:
OF,(tu) . OF,(tu) _

[, AR,y +(1-68,)a, , P, (tu), (228)

ot ou !
izlamv jzl’li' Od
0 q,(t,u) 0 q(tu)
N _ t) 229
= > p (), (t,u) (229)
06, (tw) 042t e 1.y (2.30)

ot 0t
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OmEs  ofygool  dmdgb@do  (£=0)

Lobobwgdm  30Gmdgols,
damds®gmodsdo

do§gmdogmds 0dymx9ds J3gomybs@osh

ai
(BAO=—=, a=Fa,). sfsb Fgdegyo Loby
J

i

P (,0) :5}_113{1[ q1(t,u),u1(u)du+_([Qz(t,u)ﬂz(”)d”+13,‘1(0)5(”} 2.31)

i=1,m

0(L0)=Y % [P i(u)d u: 2.32)

== o

m ! m
9, (tao):zai[‘j I])ilfj (t,u)du :Zaiﬂj})i[j (1) 3 (2.33)
t=1 0 t=1

0, 09 t=0
°f S = oigelbgdo gablgoss W=y

2

j5(t)dt =1.

sbans godmgmm (2.28)-1 sdmblibs, mogosdodggams ©oydgem, GmI

Jj=1 sby
OP,(t,u) OP, (t,u
n(t) | OF, )=—[o¢l.1 + AP, (t.u) (234)
ot ou
s Bgom, B (tu)=e""". oy hoglgogm (2.34)-Fo dogowgdm:
OW,y(t,u) OWy(t,u)
St =, + )] (2.35)
(2.35) 5dmblibs hoo(gdgds gdwgao Lobom:
W, (t) =W, ()~ [ e, + ()] d 2
0
B'(u
o6 0dols gomgoaolifobgdom, Gm3 A(u) = B @) dogowgdm:
u
u / _
W, (t,u) =W, (t—u)a,, —jf W g7 =W (t—w)-a, u-1nB ).
0B (u)
‘dglododolow
(2.36)

P (t,u) =W (t—u) & “"" B ().
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boosi W(t—u)=e" | Bu)=1-B),

09 yogomgsgolbobgom, @md P (1,0)=W (1), (236) godmlobyagds
doomgdl Yg9mga Labgl:

P, (t,u)=P,(t—u)e “*" B(u). (2.37)

shans j=2 Boglgom (228)-90 ©s dogomgdo:

OB, (t.u) OB, (tu)
;t + gu =—[“i2+ﬂ(“)]Piz(fa“)+06,-1P,-l(t,u).

09 hoglgogom 360dgbganmdbsols dogowgdo:

OP,(t,u) 0P, (t,u)
+ =
ot ou

[ @, +A@) | P, (t.u)+ @, " B@)P, (¢ -u,0). (238)

do@m  asdmlbsobyagdol sdmblbols godmgoom P, (f, u) = X (t,u)Y (t,u)
Lobom, o9 hogligsgom P,(t,u)—ol 360dgbgenmdsls (2.38)-do dogomgdm:

0 X (t,u) aY(t,u) oY(tu) _

Y(tu) 2 (2.39)

+ X (t,u) +Y(t,u) + X(t,u)

0 X(t,u)
ou
=—[a, +A@) | X(tu) Y (tLu)+a e ™ B@)P,(t—u,0)

‘dggo@bggo X (t,u) o Y(t,u) 360dgbgarmdgdl dgdwgao YEME@Mbgdowsb:

0X(t,u) N 0X(t,u)
ot ou

—[a A (u)] X(t,u) ; (2.40)

oY(t,u) +8Y(t,u) 3
ot ou

a e “"B(u)P  (t—u,0)/ X(t,u); (241)
(240)-L 5dmgblbom (2.28)-1 sbsgnmpoyg@o® s dogowgdm:

X(t,u)=W, (t—u)—e “*"B (u);

09y Jowgdyga X (t,u) 360dgbganmdsls hogligogm (2.41)-do a394bgds:

Yt Yt aj—0p)upy
oY(tu) 0 (,u):a“; B (- 1,0).
ot ou ’

P\ (t=u,0) =P, (1 —u,0)

SRYCRYE W o(t—u)

sdmblbol dgogaow dogomgdm:

9

Y (tu)= Wy (t,u)+ 05“13“ (t_M,O)Iei(a” 70“'2)sz-.
0
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sbgns dggodaos ogfg®mm:
P,(tu)=Y (t,u) X (t,u)=W_(t,u) e_a”"?(u)[Wy(t—u)+ai 1Pl.l(t—u,O)}<

% J.e*(a'/l*aiz)fdz_;
0
0y boglgogom P (t—u,0)—ol 3bodgbgeomdsl dogowgdm:

P, (t,u)=e “?" B)| P ,(t—u,0)+a P, (t—u,0) je*“f““”d 7 [;242)

0
oo BL(t—u,0)=W (t-u) W (t-u);
0dols pomgoenolifobgdom, @md

j‘e-(a,l—aiz)rd z_:[l_e—(a,l—a”)r}/(ail_a 1) > 30g00gdm:

0

P (t—u,)=P, (t,u) B(u)l 2 (u)+ P ,(t—u,0)B (u) e “"° (243)
bowo [ Pw)=a, e [l—e_(a’ o) "} / (o, —ay)

(243) godmbobyagds Fo@mdmopagbls semdommdsl odobs, @md u
@M Jo Jmdbeo®o dgm@g Bodol IRYybgds gowsgs i—gdo IGmbL 3oMggero
30300 Bobowsb dgm@gTo.

(237) @o (243) aodmbobyagdgdol sdmblbs dglodgrms  dogommn
S domy@o by germdol Logydgganbyg. doMmesE, sgdsmmds 0dolbs, G™3
t dmdgb®do dmFymdogmds Jdgomybo@osbos u @m0l aobdogemdsdo
dgmdg Bo3dol 3Byynbgdol Jobgogom 0dymezgds i Gobsdo Geanoo:

J —
— ) - .
P (tw)=% P, (t-u0)1 " Bu), j=L1; (244)

n=1

by t-u  @emol  dmdgbRdo  dmFymdognmdbs  Igmeg  Bodol
JBYy9bgdoll  dobgwgomn  0dgmeygds  (in)  damdsGgmdsdo  sendsmmdom
p . t—u,0), u @AMl gobdogermdsdo  dgm@g  Godol  IBYyybgosd
Fgoggoms gobo n—owsb  j-dwg I V(1) ©> o0 @™ol gobdsgmmdsdo
306390 Bo30l IBgnbgds o@ s@adgds B(u).

Sbogmaoyg@s (2.39) s (240) sdmblbol gogaow 339]69ds:

q,(tu)=q,(t—u,00Gi(u); ¢, (t,u) = q,(t —u,0)G2(u); (2.45)
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(244) ©s (245 9035596 93b6mdgdL Py(t,u) (j=L1L, i=1,m),dsm0
q,(t,u), q,(t,u). oblLobwg@olomgols  aodmoygbgds  dgdwgyo  Lobobrgdm
306 mdgdo:

Bj(t70):5le jq 1(t_”a0)61(”)/u (u)d ”"‘J‘ q 2(t_”a0)_G2 (W) p,(u) d u+

0

FPOBSW®];  i=Lm  j=LL. (246)
I t

0,60=3 X [P, ) 2()d us (247)
==t
m ‘ li

7,60=Y a, [P twydu=3 a, P, (1); (248)
=l 0 j=l

0dol  gomgomolfobgdom, @mI w wy=q,w)/G, (k=12),

Au) = b(u)/ B(u) © P (t,0)=0, % j#1 (3953530 bogw
F,(tu)=hF,(-u0)! f’)(u)_B @) Lobobwgdm  3oOmdgdols  godmygbgdom
dogomgdm dgdmgy 0b@gaMomu® asbGmagdosms Loli@gdsl:

! t

P(t.0)=P| [ ¢ ,(t~u.0)g () d u+[q,(t~u.0) g () du+P,,(0)5 (1)

0

=~ o

t

G0 =5 T [Pa-1,01 V@) bdu (249)

=l =10

m t
92(ta0)=2 ail.-.[Pil(t_uaO) ! fl")(u)B(u)du; i=1,m;
0

i=1

i+1

o 1Y ()= j a,e 1Y) (u—v)dv.
0

09 35330496900 @ s3@slol godsddbsl (246)-Logols dogomgdm:

BI(S’O):P[[ql(sﬁo)gl(s)+q2(S90)g2(S)+Pil(o)] i=1,m; (2.50)
m I N(J')
4(50) =2 Py (502b () (251)
660 =SP, 0B (5) (252)
boo
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Py(s,0)= [P (t,0d t, i=Lm, j=LI;

0

4:(5,0) = [e” 'q (1,00 £, k=1,2;
0

g .(s,0)= J.e"”dG(t), v=1,2;

(=}

I9(s) = 1 & a =Rl sk, i=Lm:
a, i s+a,
b(S) = Ie_mb(U)du, E(S) — J.efsu E(u)du _ l_b(S) ’
0 0 s

b (s) = j e ") b (u)du= b(s+a)H

0 =1 O a

b (s+a v

+[ ( )lla}/H(ar—ap); i=lm ;
p=1 (Z—a -1 r=
T#ED

B\ (s)= J. U ) B(uydu = B(s +a, )ﬁ

0 =1 a‘r _al‘-

-1 E(s+05 = I-1
+ Z—pHa, /H(ar—ap),
p=l1 azl._ap =1 =1

T#Ep

1-b(s+a, )

B(s+a, )=
' sS+a,

(249), (2.50) S (2.51) aodmlbabya gdgdo Foddmowa 9696
2obbmas©gdye aodmlabyan gdgol. dom 39Hdm ‘dgdmbggggols
Fomdmoygbls @o@g@s@d®sdo 3bmdogro Jmpgangdo, GmIagdo doo@gds
OIQTERE:

1. dgmeg  Godol  IHYybgdol o@dg@ol O™  Asbsfoagdygmos
9O@sbyols jobmbom.

dglododolo aobGmengdgdo doowgds my (249), (2.50) s (2.51)-o
m=1(R =1).

2. dgmeg  Godol  IRYyPbgdol  s@dgdol @O  asbsfoagdygmos
30390 9JL3mbgbi0oey@0 gobmbom.

67



‘dglododolo@ gobBmagdgdo doowmgds oy (249), (2.50) s (2.51)-Do
©o98390m, G0 [ =1 (i=1,m).
od  39®@dm  dgdmbggggool  Jmpgangdo  olg®Eozosdo  s@ oMol

deygobogoo.

dmgoygobmm  (248), (249) s (250) godmbobyagdgdols LoliGgdol
>dmblibs.

09y o@bodbya  asdmbobymgdgdl  go@wsgddbomn  dglsdsdobop s
g,(s,0) dobgogom dogowmgdm:

{l—iﬂgl <s)a,-<s>}ql (s,O){i@gz(s>a,-<s)}qz(s,o> -

ZPiBI(O)ai(S);

i=

[ip igl(S)di(S):| q,(s,0) _{1 —iﬁgz(s)di(s)} q,(s,0) =
SPP,(0)d,(s);

i=1

(2.53)

Lo =)
Lo@ag ()= b (s) d.(s)=a,,B1 (s)
=)
(2.52) LobBgdol Sdmblbsl gJbgds dgdwgao Laoby:

Em(s>Dm(s)+E,,,<s)Am(s)} 14 (s):

q,(s,0) = {Em (s)+N,,(s) (2.54)

4,(5)C,(5)= D, ()N, ()
_E,()D,(s)+E, (5)4,(5)

G  D N, )

(2.55)
bogaz
AO=1-ZRaGa®: N, ()= 3 Fa6)a )

E,(s)= 2 PP,(0) a)(s);  Cu(s)=1-3Pa,(5)d,(s);

1

D) =3P&()d () E,(9)= SRR, (s);

09 q,(5,0) ©s q,(5,0) 36033bgenmdgdl hoglgogm (248)-do dsTob

oblobeg®ogm p,(s,0) (i= I,_m) :
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E,(5)D,(5)+ E, ()4, (s)} I ()4

Pa(5.0)=p, {& <S){Em ) . (9) =D, (N, (5)

E (s)D,(s)+E, (s)A4,(s)
4,(5)C, ()= D, ()N, (s)

+g,(s) +pi1(0)}' (2.56)

0y (244) ©s (245)-Lwgol godmgoygbgdm  @s3@sliols gods]dbsls
dogomgdom:

P (s.u)=py (5,00 1 @) By, j=11,  i=lm.

q,,(s.u)=q,(5,0) e G (u); v=12.

‘dgbodsdol sendommdgdl sgm dgdwgao Loby:

pi_j(t) = jp[j(tau)du = jpi_j(t_u’o)l i”(u)l_?(u)du,

t t
0, () = [q,(t.uydu = [q,(t—u,0)G (w); v=1,2,
0 0
09 dom 30d5@m 45dmg049bgdm @sdensliols yo®sJdbsls dogowgdom:
- I-g,(s
P.(s) = p, (5,008 (s); Qv(s)=qv(s,0)%(); v=1,2 (2.57)

ga3gosliols  ao®wsdol  Gg@mdobgddo  bm@do®gdols 300mdgdl  ofgl
dgdgao Lobyg:
m

S X P () + Qi () +Q ()= Vs (2.58)

i=1 j=1
Jboymabol godsddbols @gmdobgddo dbswymabols gyubjiosl ofglb
Loby:

m 1

k()= D P (s) (2.59)
=l j=l

doymdogomdols d®Y9bgodye damdo®gmdsdo yogbols

SOSLGOE0Mbsg @  sgdosmmds  Fmeos  Q () +Q,(s) Jmaegbols
309B0GOIOO0 Ky () =1-k(s).

09 addmbobyagdols dgd@9bgdyamo ao®wsJdbolmgols godmgoygbmm
3030-dgemobols (36mdogr Bm@IY@sl, dogomgdm:

o+ joo

7(t)=# j T (s) ds

o— joo
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o]  9mgoyggebmm  LEsEombogny®  dpamdodgmdsdo  o@bodbyamo
S bommdgbdols 360dgbganmdgdo:
LEoEombogny@o  360dgbgemdol  aoblsbmg@olsmgol  asdmoygbgds
Bgiega0 wodmgorgdyydydo:
p,,(0)=lim p, (1,0) = limsp, (5);
4,(0)=limg, (1,0) = lim sq, (s.0):

B, =limP, (t,) =limsP, (s);
Q, =limQ,, (1) =limsQ,, (s) = ¢,(0)z, ; v=12.

dboymabol 3mgxn03096@30
m /; m

ky, =, D imP ()= Zling sP(s) (2.60)
izl j=l % =1 =17 ’

LB oE0mbogry@® @gg0ddo bem@do@gbols 300Mdsls 53l dgdwgao Lobyg:

> 2 B, +Q,+Q, =1 (2.61)

m I;
=l j=1

d0G39bol 30g80G0gbdHo
Ko, = 1=k,

0 (248) o (245)  a0dmlobyangdgdol  mdogg  dbodgl
20359053 gdm  5-bg o googomm bwgsdby, @m@Es s —>0, doowgdl
Lobgls:

P,(0) = P[q,(0)+¢,(0)]; i=1,m.
1—[ﬁ3ai(0>}ql (@{ieaxm}qzm) =3 PP (0)4,(0);
mi:l i=1 ) i=1 i (262)
—[Z P,-d,-(O)}ql (0) —[1 —ZWO)} q,(0) = ZE—B— 1(0)d, (0).
o] aomgoaolifobgdyeos, @md g, (0) = 1i_1:1(}qv (s)=1 (v=L2) go

a,(0)=lima,(s);  d,(0)=limd,(s),

(260) gob@magdsms  LolGgdol @md  sdmblbs  3Jmbrogl, ybos
do@mm  gOmo  aobGmangds.  obigm  gobGmengdsl  Fomdmowygbls
bEo@ombogry@  dpymds®gmdsdo  bo®dodgdols  30GOmds —  asb@magds
(2.59).
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24. pgomo®gdgmo bob@gdol Lsodgommdol gmgxnoi30gbdol

3obLob@g@s MgbgMgdg dooMmgol MMl gomgsgmliofobgdom

®9d60596  Lolgdgddo dyds dmfymdogrmdoms FBsgoEGAM@ 056
dodpgg@mdomn  xokgdo  dgdogomo  Gogggyum  gangdgb@gdols  ©o
d9d560bdgd0lL  s@obogdo@olo  Loodgommdols  godm  360dgbgenmgbow
3000 Jmgeo 3md3gglols 39domdol Lobomygdem M.

>3H™I>Gobgdgao  jod3mgdbgdo  gbOYbzaymggb  Hadboggdo
LobEgdol  d9domdsl  swsdosbms  dywdogo  Jgmgogyy@dgmdols  ao@gdy,
5do@dmd  Bgdbogn®o LolEgdgdo Tgodegds dgoddbsl Ibmenme  Loodgom
dofgmbdogomdoms doboby.

2563L>b@gOm” @ 0M JoYE0 Lol@Bgdols Lo0dgmmdols
3MIB030I6GHO.  @ogyTgem,  dmdgdagy  dofgmdogrmdol  diHyubgdols
063 gblogmds a =const, bogm La@gbg@gmbo — f =const. Lsodgommdols
30980309630 — semdsmmds  0dolbs, @md t dmdgbRdo  ydeo@gdbyano
LobEgds 0dymagds d7ds Iwymds®gmdsdo. sadosmmds s3mbodbmo P (1).
=12 Lolgdsl gdboby@gds gm0 Lo®gdmb@em dMoysws.

063 ga@o@9@0 msobosgoMemds dJoowgdl Lobgl:

P(t)y=e" + Iae_(o”ﬂ)”du I dO(W)P.(t—u—v)+ Iae_““duj.hl (Ve P“Vdy J.dQ(r) *
0 0 0

0 0

f—u—x

t u t—u
*P(t—u —r)+jae-“”dujh2(v)dvj dG(u —v + x) de(r)R(t—u —x—7).
0 0 0 0
o3 gob@Gma gdols s3mblbol gogasw g3myemdon F(f)-L.
t u - t—u t
P(t)=e + [ae™du[ (e " av [ P(t—u-1)dO(z) + [ e du *
0 0 0 0

t X

t—u t u t—u
* [ Gu+x)dx [ Pt—u—x—v)dOM)+ [ae " dufh,v)dv [dGu—v+
0 0 0 0

!
+ x)t_]._;} (t—-u—x-1)dQ(7).

AoEyobs(s, dgds dofgmdoamds 2059393 @93mb@ by,
dofgmdogomdol  boodgommdol sdoangdobomgols aodmoygbgds, Gmym®3
doMd0  gargdgb@gdo,  olg  dmfymoogmdols  ko@do  Loddensg@gs,
5300m3g> 350bAEgds, bmerm Lo®gbgagm dm{ymdogmds yo@sgdmggds
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d9ds  dmFymdoamdbols  dogogdo. @gdmbEol s Aoo®mgol O™
aobofoagdyganos bgdoldog@o gobmbom.

2.5. dmgogdmo @gdbogg@o LobGgdgdol 989G 9OMds ©s
bo0dgmmds

d09¥3980md0l 989JB9M0 OOl 3OMmdegds o 2odmdydoggdieo
30mEyJiool ba@olbbols aomdxmdgligds bgdoldogdo Labgadfogmlbmgols
003 gos gOm-90 0 JoMoms sdmebsw.

0dom, Amd 0obsdgdmgg LodgbogOm &9dbogydo
30ma@gLolomgol sdsboloomgdgeros @Gmyao, domsano IFo@Imgdarmdols
> dodmgol LolGgdol gsdmygbgds. domo gubdiaombomgdols 9539dH O™
QobEgds OMYMA 3 boodgommdobs s AFoMdmgdemdols dsbsbosmgdgero.

Lodydoml  dodomo  Jobbos  393e0bgds,  9bogg@logrydo
doamdol Logygdggmdy  dgdeamdo  989dGa00  dgomwon  Fbopgmgbol
30980G0gbHOL 3oblobegds 3g@omeygmo Gydbogg@o bobGgdgdobomgols.

e 5dmobol  @obids.  GmgmeiE 3bmdognos,  Iboswymabols
3980309bH0  — Kr - gobolobeg@gde,  Gopm63 brgeto
domgdoBogy®do  @meoboll s AMmolL  bofogls  do@ol
o gmdogmdols ber@doeoyg®o 396dzombodgdolmgols T
Amol 0bGgdgogdo, Gm@Es T2 .

T
K, =;imE{jg x(t)dt/T }

0
Lbosi E — domgdo@ogg®o  @meobol  Lboddmeom. x(t) -
dgdmbggzomo  ggddm@o, @mIgemoi  s@(gdl  LolEgdol

doamdoGgmdsl t dmdghdPo. bggbl Fgdmbgggado XE) s@ols

9JOm256bmIogrgdosbo (3geno©o, Amdgeroi 00gdl ymggmmgol
0@ 360d3bgamdsls, “17, 0y Lol@gds 3yds Ipamdo®gmdsdos

s “0” = Loliggds x(?) d®Yybgdoe damdodgmdsdos.
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g(%)) - @mdgmowszs  Moibgomo  gubdioss  ggddm@ols
damdo®gmdols, aobbognyge dgdmbgggsdo dJowgdyeos, @GmI
g (D=1 o> g (0)=0.

e Jmpgmo L gogdgom, goblsboanggeo LolEgds dgoagds m@o
boFoaoliogsb: do®oms©o (o) S hodgbgdyemo
dofgmdoammdologsb (535M5@ 9O 0-bo 3mbG®menm).
LobRgdol  Iygdoybodosbmds  dm{Iwgds  9Pyggdo  wo
39M0ME Y.  39O0MEYE  (05330039090L s  dgdm[dgdgol
‘do@ol, o9 JoGomswo dmfymoommds godmgs 3Fgmd@owEasb,
ddY9bmdols @AM,  835M5@ Mol Logmb@d®menem  bsf oo,
dgobog®o o@dmohgbls d@yynbgdsl s dodobgg ofygdl dols
>Eagbsl (M9dmb@l).

09 835M5@ Mol dodomse  bsfoeols  3Ryybgds  yLT@gdl
33505 YA0L  Logmb@@meom  bofoemols  d@gybgosl, 35Tdob  dmbogds
LobEgdol  dpamdsdgmdols  dmeosbo  IByybgds, Gmdgemoi  0dbgds
s>mdmhgbogno  dbmame  3g@omeygeo  dgdm{dgool @M. bsjmb@®manm
s> do@omso  bofomgdols  3Gyybgdgool  bogowo  9d39dwgdo@gdosb
3995Lmbols  3obmbl.  3g@omeymo  gmb@maol  3GmEgldo  (33oMy
boba®danogmdom) sgodosmmdol [o@mdmdmbds dowgdygaos byaols GHoeosw.
oEagbol  (M9dmbBol) 3GmEgldo sbogo 3dyybgds o6  [o®ImoTdmods.
LobEgds  Ggdmb@ols  dgogyoe  0dgbl  3g@omeae  3odgger  Lofgolls
bo0dgEemmdsl. dmombmggds m3Godsgny@o 3o@mdols (Fglol), goblsobmg®s
39@Momeygeo  dgdm{dgools, @mIgmoi YbOgbggerymal Ibsymaybols E
30980309630l doJlodsenyy® 360dgbgenmdsls [57].

ogbodbmm: « - doMomoo 335G Y@ol  3Bgybydgdols
063 gbLogmds,

B - LogmbB@m@mm 535@s@ @0l d3yynbgdgdols 0b@gblogmds,

V(1) - Logmbd@mam @mol aobsfoagdol ggbios (V(f)z\/(f)),
Gi(t)- doGomswo  bofoaol  sEagboll AMOlL  gobofoagdol  gybjios
(& (=G (1)
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Ga(b)- x03900 AMol gobsFomgdols gybjios Logmb@G®menm bosfoaol s
do@. 6sFools smwagbols (g, (=G (t));

G, () - ©@Omol aobsfoggdol  gubjaos  Logmb@@merm  bsfogols
spEagbols

(8:(1) =G L(1));

T'- @Admol boby@dgrogmds gbmdga  3g@omam  Tgdm{dgdgdl dmdols

(3g@0mEyeo 3ob@®meo s@ol dgdmbgggomo Lowowy);
7- Aol 3gBomeymo gob@@maols dsm. grmeobo

(r=M][T,])
0dobomgol, @md T, 3g@omyao gmbG®Omaol (Ty< t) Ggoey®d O™l
dmbs33900bg, dogowmm dgb{m@gdbyamo doGomswo bsfogol xodydo O™
(Lobompgdenem Lodygomm bodydgge®o) 7,-0l Fo@o Amon §gOMJYEom
(7 =const), OOl  Esbogodygdom  doGomswo s Lo mbE®mam
boFogols d®yybgdols oM 9600, bgdoldog®o Lobgmdols

3o0go0l{obgbom. @AMl  obsgoMygdo  godm{ggymos  dgydhbgggano,
JBy9bgdom  (LobEgds doobz  oxMdgmgdl  gubJEombo@mgdsl  o® o9 dos

damds®gmdsdo(s), 39M0M©YE0 ‘d93m{dgdobsls, ‘dgdmgo@obmn
aobofomgdol  gubigos  @CV(7), (=01 sedsomds 0dobs, @mI
T(T<1) 3g0omeymmo  gmbd®memoll @Ml  Jodomswo  bsfogools
sy gboano Lodydoml xodyg®@ds @AM dgopaobs 7, OMomo gHM Yo
(@mIgools gdpgy dodobgg 0fygds 3g@omeyeo 3mb@®ME0), 0d JoGMdom,
@md t =0 dmdgbddo dgoaobs x (x < 7 ) ©A®Momo gOmIYEo, msbsog
Lob@Bgdol  doMomoswo  bsfogro  0dymgzgdmes  I9ds  dgmds@gmdsdo
(I mdo®gmds “07), beogoe Lo 3mb@®mam bofogno )
Joamds®gmdsdo (1 = 0 — YgLfmagoygmo  dgmds®gmds, i = 1-
YggbTmegdgeo  Joymds®gmds).  dodggeno  obgdbo  g3gmgbols  I9ds
damds®gmdsl, bogm dgm@g 0begdlo Lsgmb@®mam bofoel.

=1 :gtd O, ), % zgtdq)o(m)(ta ()
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0o W) xX>T
®°°(t,7,) = g ’ K =t,/t
v (1), 0y X=T,

Fydgpdo 7, 2GxRbAL HodmgHmgdm, go. B (1,7,) dopogBoe wogfaGo
®,.°'(t) o6 @, (t,x) (i=0,1), boam

Ti— 3ogog@oe  LolEgdol pgmds@gmdsdy ©sdmgogdgamgdon =0
dmdgb@ls

500 _

X

Mol d0dEobs®gmdsdo,  @O®Imoll  AMLsE  boba®ygdem

bodydggodo ‘dgoagbls Ty=X OAOMO0 9O gy, JoMoms©O
LolBgdobmgol s Logmb@®meem bsfoemgdolbmgol (£=0 dmdgb@ do),

o _

X

O@mol  d0dEobs@gmdsdo,  GOmEs  Lbobodagdem  bsdydggedo

Vgoagbl T (=X  Omom  ghmggwl, do@omspo  dglFm@sdowo @
IBdgnbgoowo Lszmbd®mmenm bofoaolmgol (£=0 dmdgb@do).

3o Jgom:

Uk-lﬁodmﬁ(‘\j(f)mgmm bofoaol s@agbols @M

Uy~ d0M0moo bofomols sy gbols ©@M;

V- 39000 YE0 3obBOm@ol sagbol @M

0,- m®039 bofomol s@Eagbol MM

V- 3g9@omeyeo  3mbG@meol  Lofgolbo  dmdgb@o,  dgbFTm@gdyemo
bogmb@G®mam bsfoaobsmgols;

V,- JoM0mMS>O bofogenols d®ygubgools Fo®3dmdmdols dmdgb@o
YgbFem@gdageo  bogmb@®mam bsfomol smwagbolsmgols

Vi- bogmbgdmmm 6sfoamols dgy16980L Fo@dmdmdol dmdgbio dodomswo
bofoaol sy gbolomgols;

A 39M0myeo  gobddmamol  sfygdol  JmdgbGo, LogmbG®merm
bofoamol 33 yynbgdol w®ML;

V,0- dodomswo  Bofomols  33gnbgdol  Fo@dmPmdols  dmdghdo,
IgabTmegdgeo Logmb@®menm bofomol @w@™L.
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0, oy tg,

A-—a+ps F)=I(t-1,)= 1 o o F(t)=1-F(1);

OD g0l g35d3L 999090 LEHmbaldu@o asb@mangdgdo:

W =g (v, +0)+0,v, +0, + )+ +0,(v; +aV); (2.63)

X+u X+u

0" ws oy
o
o =c," +v, +0)+o (O +v+o +v, +0); (2.64)

o 0,i=1,3)ps (i=4,5) @gomEomgg §96056 ©odme009dga
0b03o@magdols LolEgdsl — I, Jggdmm dmygsbogros dgdmbggggdo
33°R0H Y gObbogrgddo;

o =1 [v1 <min (vz,v3)];

o, =1 [v2 <min (vl,v3)];

o, =1 [v3 <min (vl,vz)];

o,=1 [vl(l) <v2(1)};

o, =1 [vl(l) :u+v}.

9L 25bBmEgdg60 53dogm0e 9d9b

Zn: 0; Q n . _ _
e =Y g0 (n=3,n=2) (2.65)
i=1

domgdye dgdmbgggolomgols:

QFW+Uﬁ
(00) © D
Q2: V2+ UO+O-x+u; Q3:V3+6x+u3
1) O 00)
Q,=v/+v ,+v,; Q. ,=v, +v+v+v,+0 .

0b6©035GMM g0 Ji(i:I,_S) ©0gogemdl @  Jbodgbgmmdsl: “0”  ©o
“17, 1-00bo dglodsdgds Jggdmm dmygoboan sendsmmdgdl:

F
Plu<v, <u+du;v, <min(v2,v3)]:we’“; (2.66)
F (x)
dF
Plu<v,<u+du;v, <min(v2,v3)]:ae’“’Mdu; (2.67)
F (%)
dF
Plu<v,<u+du;v, <min(v2,v3)]:ﬂe*“mdu; (2.68)

F (x)
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)

dF
P lu<v, Y ]zﬂeﬂ”

<u+du;v? <v§
F (x)

(2.69)

Plu<v) <u+dusu+v<v? <u+v+dv]=

7(x+u)dF(x+u+v) (2.70)
F(x)f(x+u) '

=ae?"du

‘d9360dbmm, Gmd (2.70) dmenm asdmbsbyagdsdo, @AMl 2obdsgemdsdo
LobEgds  sa®dgangol  g39bjiombomgdsl,  I@yynbgdom  eamdsmgmdsdo
4ogbsl  (IByynbgds  o@  o@dmygohgbos), sdolomgol V@M  omgagds
054MR YL O).

(2.63) > (2.64)-ob 25dM3P0bsMg og{gOmm 2obGmengds

— O(OO — O_(Ol)
e X

€ 7w - mgol, oo S o®ol @sdansbiols m3g@s@m@o.

(2.65 ) -0l gomgomolifobgdom dogomgdm, G™I

(00)

e—s (o :O_lefs m+v) +G2e - (v2+uo+x2)+ O'3e s (qrutay) (271)
4o s Wiy of?)
oo :Ozeﬂ(l Lm)+ogeﬂ(z Y+ 0y, 27)

0y (271) s (272)©sb gopogogm  domgdoBogy®  gmobby,
(2.66+2.70)  aomgomolifobgdom,  @mI U, U, 50, ,0, 053300990
dgdmnbggzomo Lopowggdos, bogm domgdo@dogy®o  @meobo s@ol  m@o
6gd0lbdogdo 17 o & gdmbggzomo  Lowowggdols bsd@sgao.

E(?].é:):E[U.E(f/U)] - 99dmbgggomo  Lopowggdos, @sdaslbols
2oM©sJdbgdols Bg@mdobgddo  a39]b69ds

F(x)p 0 (s,x) :u(s)je-“*““dF(x +u)+
0

—(s+A)u

+av(s)g(s)e F(x+u)(p(°°) (s,x+u)du+

(2.73)

+ ﬂj‘e_“”)” F(x+u)xp® (s,x+u)du ;
0
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I?(x)(o OV (5,x) =0 (s)g, (S)J.e_(”“)”dF(x +u)+
1]
+av(s)g,(s)e” " F(x+u)o ¥ (x+u)d ux
X IdF (x+u+v) @ (s, x+u). (2.74)
0

o]

:|:J.€SMd q)oi(t’x)’ i=0, 1;
0

o1

¢(0 1) (S, X):E |:e—s o,

UcﬂzTé“d\/Gx gk@):Té“de@x

g, (S)=Te”d G, () (@=0,1, 2).

53060'dbeym (X‘H/l):T ©> gogomgoaobobmm, GmI
F(x)= I(x—17,);

F'(x)= F(x)=

g X= 1 0, 0y x>,
0, 09 X # 1,

1, 04 x<7t,

(2.73) o (2.74) gob@mangdgdo dgodgrgds ©o3094356mm

z-()
o A (0(00)(S,x)=U(S) o5+ % +agl(S)J‘ e%sM)r(D(oo) (s,7)d 7+

X

7, (2.75)
+ﬂ'|‘e—(s+ﬂ)2' (p(m)(S,T)dT;
X
—(s+a)x (01) _ —(s+a)z,
e @ (5,X)=0 (5)g, (s)e +a v x x €[0,7,].
x(5)g,(5)e”" j e 9 (s,7)dt (2.76)

X

(275) o (276) pob@mangdgdo  dgoagboanos  dgdmbggzomo  Lodogdgero
Lbowowggdol godemdomno Lodggmogggdbobsmgol.
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@(s) =<I%,-(SaX)=¢<”")(S’x)/

0dols pomgoemolifobgdom, Gmd g
1 =0, N 75)-@s > 76)-05 S05R0025O o65Foanqd0
(=01 @5 @75wsb ©> (2760)b  powsgrogstm  gobofoggdol
396J300L GodOwmdom obBmergdgdby CDoi(S,x) (i=1, 2) s3olomgols
Logdo®obos (2.75) ©s (2.76) aoggmo S-by.

©0530435bm0 gl 2obGmangdgdo (godmgoygbmm s@bodgbs (Doi (S,X)

©d (Dio i)(S)-m (i=0,1)) ©> ‘d93(33o80mm,

(2.77)
@ O(S,X) o+ _ v (s) PGk +IBJ‘ GOk D, (s,0)d T+
S 0
+ag, (S)J‘e_("”) O (s,7)dT;
0
sta)x v S st+a ) 1

01(Sx)e( = ()gk(s) oren

+au(s)g,(s) I e "D, (s, 7)d7;
0

CDOO(S ,To):U(S)K ; (I)OI(S TO)_UES) k(S)’ (278)
(277) s (278) gogooxnggbiosgmm x-om, dogomgdm:
(Df)o(s, X)—(s+A)—ag (s)D,,(s,x)+ LD, (s,x)=0; (2.79)

01(S )=+ D, (s,x)+axv(s) gz(s)e*f D 0(8,%)=0. (2.80)

J399mo dmaggegl Ggo@y@o @mobmgol domgdsdoiyg®o @mwobols

aodmbobyagdols 2oblabrgds, @mdgaoi syEoegdgmos Lobsmpgdanm T
6539 dgg@ols dJobowgda, 0dol gomgsgolfobgbom, @™
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(s B0 | =7,(x)

lims @ (s, x)=1, g (©0)=1, v(©0)=1 (@i=0,1)

s—=0
(2.79)-056 o (2.80) gob@mangdgdosb  yosgwogeo®m  domgds@ogyco
@ mEobols ob@magdgdby:

d 13(%) .
+IBZE)1(X)_IBT Oo(x) :_(1—"6”-1) 5 (2.81)
d7,(x)
Jx - TOl(x)+az'00(x)=ax—[l+ CZ(Tk +7, +To):|. (2.82) 5]

Lobob@gdm 300mdgdos: %(%):% > z(-)1(2(-)):Z;c_|_zi-1lc ]

.
s=0°

T” k = _gk (S)

(2.81) o (2.82) sdmblbols dgdogy a39]bgds:

x+(@+papx’ (+ar)a+d

2(a+ ) @+f)

£, () = A + A 2P (2.83)

+aﬂ+(a+ﬂ)aﬂx_(l+arl) a+dx

Aa+ B) a+p

+

Tol (x)= %{— I+« 7, )|:A2 (ax+ ﬁ)e*@”ﬂ)x

+f75 ()} (2.84)
bd d=ﬂ[1+a(7k+72+70)] A2 :7(0(+ﬂ)e(a+ﬂ)ao .

4 (I+ar) a+d a p+(a+papz,
| a+p (a+p)

—(1+arl)} ;
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A ={7k _[2ﬂfoa+(l+ﬂ)aﬂr§ (+ar)a+d

2(a+ B)> oy To}—A/(Mﬂ)} (2.85)

‘dglbodsdolsw

Too (O) = A1 + Az;

701(0):%{ —(1+0571)—{ (a+p)4, +

af  (+ar)a+d }

@ “rp (2.86)

+p7,(0) } ;
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LobEgdol  aodmygbgdol  3mgx0i3096@0L  93gmglbo  8b0dgbgermds,
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nsgo 1L &gdbozm®o LolGgdgdgdol Lsodgmmdbols sdsmengdols
M63560b53098-39Jb049®0 dgmmwgdo

A9dboga®o  Lolgdol  LJgdgdol  Loodgommdols  sdomangdols
0bg0bgdyyen - Bgdbogy®o dgogobsizoobomgol, domo s@OLgdmdols yggeos
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doFgmdogmdgdols mbdogd@gdol Lsodgommdols sdo@angds.

9605940 Lol gdgdols 9JL3e0gs@ o300l 39M0mdo
MOb60bsE0YE-B 960390 dgmmEgdls Fomdmoagbls Aadbogado
©053bmBEH0 S ©s Gadboggto gb@ybggmymgs [15].

A9db0390  wospabml@ogs  Fo®dmopagbl w®™mTo  dmFymdognmdols
doamds®gmdol  dglobgd  Bgdbogn®o  ™m3g@soEogdol  sdomangdols @
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920939630l s@dmhgbobg @obos®xymo @Ml dgdizodgdom  ©s  dobo
25dmd{ 3930 dobgbgdol s s@dmybgdol MmOl dgdodgdom. Ggdbogg®o
dofymdogmdgdols ©053bOBEH0 GOl 3G>JHoggeo @go0bogos
©53dM 30 oyYeos dgmmEgdol ©odydoggdoby wo Hgdbmermpoyd Jgdgddo
s dnFymbdogrmdgddo BYnbgdoms s@dmhgbol ©s  Jdgwomybo®osbmdols
A9db0g39M0 Lodygoemgdgdols 3mb@Omenby.

®9J6059M0 JmAbobymgds gl o@ol m@ysbobszoygmo s Fgdbogydo
mmboldogdgdol  gOmmdamomds, @mdgeoi  JodsGmygaos  dGYybgdoms
5mdmhgbsby,  gJldgrgs@doiool  3mEgldo  godosdmyemo  dpamdsdgmdols
AbOYbgamymRsby o Hadbogy@o  dmfgmdommdgdol  sdmygbgdol
Jboygmeaboby.  @.94603900  JmFgmdogmdgdbol  JoMomoe  sdmEobgdls
Vomdmoygbl: dg@gmdobgds wobJo@gdam (33900bg, Lodggengbyg, hgggols
©s bodgganol  95dmdfg930 dobgbgdol o@dmgybg@sby dmTymdommdbols
Jo®oms©o Hgdbogn®o mgolgdgdol dgbs@bhybgds bgdoldog®d ©mbgby.
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Jo@omoo  Bgdbogg®o mgolgdgdol osmwagbs @  Bgdbmermaoy@o
LJgdgdol o  dmPymdoenmdgdols  Jdgomybs®osbmds,  bm@Eogeogds
2983099G0 4535830 mboggdgemo G9dmbGol LolEgdol m@asbobsiEoom. 9339
s Lgdyeo 398d09@0 dodog®mboan gdgeno G 9dmb@Rols Loli@gds
0mgoeolifobgdl m@o @Godol @9dmbAL: dJodwobs@gl ©s Fo3o@omydl ©s
obggg ®gdmbBgdl  dm@ol  JmdlLobydgds  (Ipamds@gmdols  dgdm{dgds).
39830900 25doxMmnboggdgeo M9dmb@ol LolBgdol Lodysgrgdbom bogds
000mgYeo Aodol Mgdmb@odpyg. Jmfymdommdols ao®dgbol s ®9dmbd by
d3Robol OOl ©awygbo.

Sbgm  393d09@0 godogg@mboegdgao @gdmbBol LolBgdol goshbos
dogero @00 bogammgabgdgdo.

L ®9dmb@dgol  dm@ol  3g@omedo o6  bpgds  dmfymdogmdols
A9dbmmyoydo  LJgdgdols  odmdgdols  aomgogolifobgds.  olobo
Fomdmoagbgb dgBow gobbmgsmmgdygels.

2. bo@gdmb@em bm@dsBoggools bofogmo owygbogos  doGomswsw
993000990 s© deo{ymoogmdoms d®9bgools dododm, Lo gdo@obo
LEsGobGogg®o  0bgm@dsgool og@mggdols o domgdoGoiyg®o
539 doggdols oM gdy.

3. o0 s@ol dgddbogno  JmFymdogrmdgdols  dGgybgdol  dgLobgd
dmbs(399g60l  LEsEombogny@o  bdobgo, @mdgeroi  Lodysagdols  odanggs
23o8mgoemm  boodgemmdbols  doboslbosmgdangdo,  @mdangdoi  dgodangds
aodmygbgdym  0dbob  dmPymdogmmdols  Fgdbmermaongdo  bjgdgdols
Lo0dgmmdol sbsdo@angdgan (93039bws(30900L obsdydoggdens.

gL boganmgobgdgdo  0d30M9dg9b  dmfymdogwmdbol s dobo
A9dbmamyoydo  LJgdgdol I dombols 989 JBO™dSL.  asbgobogrmm
dofgmbdogomdgdols dmdboby@gdols Lodo LEGSGgy00l s@Lo:

1. “X39BYO0 LEAOSE Y07, Omdgeo bo®3oger©gds
3o gbs®@yeo  gowom,  dmfymbogomdol  GgJbmemaoydo L Jgdgdols
9dBYy9bm 39 domdol @AOMDbY ©sIMY 0L dens;

2. “obpogopyomado  LEA@sRga0s”,  Omdgmoiz bodEogmogds
@9dmbAms do@olodgby®dligdol godmygbgdol (obslfsmo dg@bggom;

3. “bymmgobo  LE@sRga0s”, @m@s Ggdmbdo  begds  Fgdbogy®o
damds®gmdon IByybgdols Fs®dmJdbols 3mdgbe do.
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A9db0g M0 aodmygbgdol 3mga03096@0lL 360dgbgermds s@bodbyeno
LA®sGga00bosmgol dglsdodolbow Feaos:

0bpogogsmyg®olngols - K:Tp/I:TmQ(Tp)+TrL1 +Tp:|;
xaasatobogol — K=T, /[T, +r-(c-7, )+ P(T,,)];

bganmgobobmgols — K=Kgo=T/(T +7).

bosi Tp —  dofygmdogomdol  @opygboao  @gdmb@dm@olio
Agbydbos, 7, -  Ubodgogrem @M  ggadogdo  asdsg@mboggdgano

@9dmbBol  IglobBgmgdmop, Q(T,) - dHggbgdoms bogowols  {odygobo
396d30s, T, - 29830l 2oM9dg @9dmbBol  Lsdgogrem @M, @mIgenoc

2o bl dbogar  mdogdhob  Aogabyoam  geydgbdl. 7~ moogdHol
sEagbol  Lodygsam wem, Ty - 9d@yybem  I9domdols Lsdyom @M,
993 dgogen  a9adog@  ©s agadobasdgdy @mbolidogdgdl dm@ol, T —
9dBYybm dydomds, Tu - 3gadoyg®o @mboldogdgdols hogo®gdols dem@ols
398dogcdo  gows, P(T,) — t = [OT,] ©6mol ob@gegoedo ddyybem
d9domdols sgodsmmds.

5906, 2odmIobodyg  Bgdbogn®o Lol gdgdol  gybiiombo®gdols
9989JO O™l s LsodgEmmdol sdoagdols 3OMbagdol yoslod@gaow
Fomdmoddbgds  sdmzobs  woxydbgdyemmo  gJldgrgs@oiool  LEMSEga0oby.
9JL3ggo@siEool  LEA®sdgyos  (Bgdbogydo  dmdlLobydmgdol  Fgligdo)
©5x37dbgdbyaos:

L 3gdbogado  LobEgdol  dmbsi39dgdby  (glog@mbmgds s
Lo@gdmbBme godaolosbmdols mgoligdgdo);

2. LoliBgdol megoligdy@gdol L3giaogogzsby (LobEgdol LE®Y]@y®.,
howadyao gmb@@maols s@lgdmds);

3. 9du3ege@oiool  LEGsEga0s  9bps  Pemdwgl  Lbgswslbbgs
dobolosmgoemgdol  dobgegomn  m3Bodogry@mdols  mgoligdsl, @mIgeno
bolosmegds LolBgdol gdldenys@oiool s g9bjiombodgbol ba@olboo.

A9dbogg®o  dmILobydgdols  M3Godogu@o  LEA@sGgyool  os@hggs
Lodgogmgdsls 335de g3l dogomfomn Loy ggmglie ‘d909890L
9JL3ggo@oiEool  Tglgdol @gm@ysbobsizools  Lobsgmme, ©ods@dgdbomo
dogrgdols o Lodygoengdgdols Jobowgol aomgdy.
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Fgaemds  (sedmbgbowo ddggbgos), d-Tobgg ofggds Hadbogydo LoliHgds
sEagbs,  @mdaol  dgdwgaoi  0fyges  3@ma@sdol  wodsboby gdymo
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bofoamols 2obdgm@gbdomo dgldyemgds; 0y 535@5F YO PS>  JMbRA@MEds
390 omdmashobs  yggas  Lobol  dgaemds  ob  Ggdbogy®  Lolgdsdo

‘dgdogoemo ggges dmTymdommdbs 5@ dgoogl o3G5 YO 3mbG®menls,
d5dob saomo gdbgds S350 YO Yo jobA@maol dJog@d  s@dmyhgbow
JBY9bgdol;  sSlgm  dgdmbgggedo  sp@dgangdl  ogsagdols  dgldygan gdsls
dobod, Lobod o os@odg®gds s@dmhgboo  IRYyPbgds ob 5O oy gd
3900mygmmo  3obB@maol  ©sfygdol  dmdgbGo. ™@ogg dgdmbgggedo

A9dboga®o  LolRgds aoogmol  BglRy®  gobd@meml  ©s hoyBodmgds
SEagbomo  bodygdomgbdo. o3 dmpgendo  pomgomolifobgdymmos  mgom

535M5B GO0 3bBOMEol s@sls0dgmmds.

odgom, Mmd IHYybgdoms bogopo  aobsfomgdagmos  3golmbols
3obmbom A 063 gblogmdom,  GmIgamoi  dJmoEsgl  Losgmb@®meanm

535M5@ YO0l ABYybgdoms  bogowols ﬂk 063 gblogmdsbs. d®ygubgdols

5dmhgbols sendsmmds  53wgbodbmm  s@agbol WOmoOl asbsfoemgdols R,
oA gbol  AMmolL  gobsfomgdols gybjizos  sgwbodbme G (1), beoem
39Momygemo  gob@@mmols  baba@danogmbols  aobsfoemgdol  g3ybios

‘g(t) A9dbogy®o LoliGgdol dogd DgbOyagdyemo ©ogoemgds dgloggds

gOmbso®o  3obmbom  gobsFogdyano n 9Bo30Lo20b,  AMAgaoliss

530bodbogmn  F(t). Jglodengdgemos gmggero  g@o3ol dmeoml  domgdyano
998900l boodgome sdoblmg@gds.

sgogmo  dobobggo®os, smdmbgbogo  d@gubgdgdol  0bBgblogmds
a=A+R(A-14), bogmo s@dmbgbspols jo f=(1-R)(A-4).

0o o5Jgb a+ =1 Foemdsl. my d9dmzgodebon sedsmmdsl
@ (1) o0dobs, GmMI Eogo@gds  Vgdaodo 1 gBo30loyeb,  mommgyao
aobofoemgdyano  F (f) gobmbom, dgb@geegds £-bg bogangd o®dmTo, oy
dobo  dglerygangds ©s0fygds J(j=1,n) 930056 35Tob  swgogo  9dbgds
999092 B9bJ30mbogr @ mobsgo® ML
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®,(1)=] e I(t-u)d F"7™ (u)+
0

n—j+l ¢ 4 . t-u
+ 3 Jae  [EOw-F @ w]du [0, (1-u-9)dG (9)+
1= 0 0

+J-(1—e’ﬂ“)dFi”’j”) () f®j(t—u—v)d3(v)+

0

+j.ae_”(1—e_ﬂ”)[l—F i”_j”)(u)]dutrq) (t—u-v)dG(v),  (36)

0 0

Lolobwgam 3o@mdom @, (1) = Kt).

o FPu) oéol F(u) pobsfomgdol g396Jiool i—@oaol bobgggo.

(3.6) 063 gaOo@ @0 3obB M@ gds domgdageos SE0dom YOO

Jbx gamdols Loggydgge by.

09y (3.6)-0s dododm aodmgoygbgdm @ 53@sb-bEoa @ glols

0b@gaGoy® yoMEsddbsls dogowgdo:

3(s)

N

H(s)=¢,(s)=

ﬁbj(s)/aj(s). (3.7)

5 a (s)=1=[f " (s+a)-f " (s+2)]9(s)-

@ [1—f(s+/1)g(s)]_[f”’j”(s+/1)—1_f"'j”(s+0¢)—1

s+A s+A sta

}ag(S);

b(s)=f (s+A)—ag(s)f (s+A)x

X[f"-f(s+/1)—1_f"--f(s+a)—1}_

s+A s+a

(S s+ a) =" s+ D) | f (s+2) 8 (s);
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Hj(s)=CDj(s)=fe_“CDj(t)dt; g(s):Te”dG(t);

0
© ©

$)=[eravy (=] e aray;

0 0

];:|S(01(S)

n
/ = .
sm0=Tt2d [ /a ;s
=1

:1+a 7, {

boga(3 d, [1-f D ]-[f @- D) (@) }+

/ a

+7 . [ (@=f D] " (@) ;

a,=fQpf W Dralii o ==80): ==¢'(0).

32.1. 3mdLobyydg m@obm Lbgsesbbgs Lobols 3@9bgdoom.

g3mJgom, Loghome  Fgdbogy®o  LobEgdgool aodmmgmol  3@mi3gLdo
‘dgodgrgds Jmbogls IByybgdol m@o Godo, dglodsdobsw dywdogo o s B
06 gblomdom.

IBYnbgdoll  3odggmo  Godo  sgegdodgdymmos  dgalGyga gdgeno
MGa5bml  33gmobmsb ol Ygogaswei, Yomglgds  Bgdbogydo
LolbiGgdgdol 39domdoll Lobyl@g. hogmgommm, GM3 53 Godol dGynbgdols
d9©093900 dgodemgds s@dmgxnbg®omn Lodm@mem ©sdydsggdol @M, g.0.
JBY9bgdol gl Godo hogmgommm s@oyoyRsliy@gbdow, @owysb IGYybgdols
9L 3030 ©o303d0Mgdymos  odydoggdol  3rmdoamgdols oy gbslmsb,
5doRMdsz ©odydoggdol LobylLEol JMbEOMEo FoMEgds Aobbobwg@d e
Imdgb®gddo.  (9Ho3goow),  Gmdmol  dmeml  sedmhbogds (33900l
JBY9b9d0l  s@OLgdmds. o3 Godol dByybgdol swdmbgbols dgdmge  dgoligy
ofyggds dobo (o@mdmdmdols dobgbol sedmgbgds. 3@yybgdol o3  Godl

‘dgdegmddo 39Vmogdm 9Vy3960 535M5F YO0 3MbGOmaols
Lo'dygoamgdgdom s@dmyhgbgan d@gbgdsb.
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JBYubgdol 3o@ggao @odolaob aoblbgoggdom dgm@g Godol 3BYyynbgdsl
9793900 30bGOM@o s@dmohgbl dgolgg dobo [o@dmdmdol dmdgbEdo. >3

Jd®Ygnbgool Vggagdo 0dwgbsw 360dgbgermgsbos (go@sLEHMMAYos), H™3
03690 oy9Eomgdmmds  2oM3399e00 @mbolidogdgdols ho@o®gdol dgdwagy

537353900l mogosb sfygods.

33. 989J®9Ombdol 3Mo@dgMoxydo

69d0Ldog® dmyger LolBgdsl aobgobomsgm, GEam®AE gO®m dJmeosh
®609JH90b (9 9dgbBadl, JgabobBgdgdl s bbgo), dmdmados sbGymgdgb
d3500© 25bLobrgd g, asdigggeo geosbols 5dm3obgdl. oy Loli@gdol
dobobo o sdmEebs 2oblob@gdymos o oM 33gmos, dodob dgodangds
©s3lgom gombgs dJobo g9bJiEombodmgdols dgxslgdols dglobgd.

aogeo  bobEgdol  @ybjaombo®gdol  bo@olbl  dggoxsLgom
999JO9Omdol  dohggbgdemols  obdo®gdom.  989dBO®mdol  dohggbgdasw
9bs  aogoamo  olgmo  @oabmddogo  dobobosmgdangdo,  @mIganog
dgox3oligdl  LobEgdol  dgdpmgdermdol  bo®@olbl  sldygmo  sdmiEsbols
Fobsdy.

>@Lo0msE,  989dH Ol dohggbgdmaw  ygggeobgds  Lobgdol
sdmsbol s dobobol  LEoool  @ob@dyangdol  gm@dgeodgde.
0obodgodmgg  Gogmo  LobEgdgdo  gopagds oo  MsmEgbmdols
90 9d96@ gd0loaob, bgdolidogmo g gdgb@do  gybjiaombo®gdols 3Gmz9Ldo
‘dgodangds  godmgogl  Fymodb@owsb, ®mdamgdoi Pbws dgoigegml  ob
@gdmb@o sbko®ogl.

Lboodgommdol  dggnoligds  bpgds  L3g@osmy®e  sdm@bgygao
396J30mboggbom, M gdlsi gfmegds Loodgommdols dshggbgdangdo.

Oogao  LolBgdol boodgommdol dggolgds, @mam®3 dosmomso:
JBy9bgdol  Lodygomm  @omEgbmds, dodwggdmdomo  3BYybgdol @AMl
aobofoagbols  gobmbo s 0.9 gl Joboslbosmgdbangdo  2oblabrg@gds
9JL39603gb@ Yo b bondgommdol dgxsbgools bbgswslbgs dgmmegdoo.

A9db039® Lob@gdgddo sdLEHGSIH Yo dmwgmagdol obsgobl o3l
dmene  dobbols  Jobow(gge  m3@odogrydo  aoesfyggdol  bgdmddgogds
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LobEgdol  3@mg]Bodgdols ob gJldemmo@siool @AML. Gmameig  Fglo,
©5330mgJBgoegdo s  IFo@dmgoengdo  doogn@gosb  LEH®YJB YO0
LolBgdol  4gggesbg  9g9mgbo  go®osbBol  sdmlbo@dbggo, @sdmegbody
‘Igbodangdgaro  go®osb@Ggbowsb. 0dolomgol, GMI @o3mwgbody Ser@Bg@be-
Aogeo  dgomegdoesb ob dmJdggdgdoesb dgodhgl  dgos®gdol gbom
999JO9Omdol  Iohggbgdangdo,  asdmdwobodyg  3oMggmo  dmbs9dgdols
bodxbg  oyg3omgdgmos  LobEgdol  Iygdomdol  obsfyoli'do  domgdbyano
065l gooVyggBomgds @sdwgbosw Londgoms aows(ygg@ommgdol dJomgds
Lbbgowolbbgs dobbgdol dglsb@yen gdas.

aobbogogeno  obogngdol  sbognobds  ohggbs, M3 Loodgommdols
35JBma0  aomgomolfobgdygemo  9bws  0dbgl  3MmgJBodgdol  gBe3by
A9dbm@maoydo  gosfyzgBogdol wsdydoggdolsl, o3gods@  sdmygbyg-

b0 bad@mgdBem  aowofyggdomgdgdol  @g9dbogn®  ggmbmdogydo  sbe-
@wobol  dgomegdo  odgrggs  Lsodgommdol  bo@oblosbs  dgxsbgdols

Lodgogngdsl.

34. 3sGomgag@o Bodol mAdsbdsbosbo godmmgeomo
LobEgdol 3F5®M3mgdermds dobo Loodgpmmdol
3omngseolifobgdom.

aobgobogomm  Bgdbogyg®o  LolBgds  3s@oggma@o  Bodol, ®®o
539 300gdgeo  asdmdmgemgeno  dobgobom,  OmIgmoi  powsfyg0dogl
d9@o© Lodko®m sdmEsbsl.

3090m05bgds @0 asdmImgmgao  dobJobols  gdm Lol gdsdo,
2obloggm@gdom  9939dB®os  0bgm@dsgoygmo —  bodogdm  sdmzobgdols
sdmboblbgans,  obggg  Loddgfggerm o Lodgabogdm  mdogddgools
domgol sdmiEobgdolomgol. sdol aodm sdmzsboli sdmblbols Lsodgommds
0bOEgds s I300E ds Mgogobsiools @M.

0y geolbdgods, @md  aodmmgangdols  dmEyemds, 53 sdmzsbol
sdmblbobomgol, s@ol dgdmbgggomo Lowowgy.
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30myMsds  geggds MO0 ©sdmygzoegdgemo  bofogologsb,
amdemgdo  odmoblbgds  om@Esemgg ™M@ asdmdmgmgan  dobJoboby.
aodmmgmomno  30maEgbol  m3@odsgygdo  m@gsbobsizools  dobboom,
30 ®5dol mommgyeo bsfoao mogol dbMog ogmas dgbsdsdolop n @
m 30393006000 gBs30Lopsb Igbd e gdol MM, sGol sIMY 0Lgdgeno
dgdmbgggomo  Lowpowyg, #  0bBgblomdom  gOmbso®o  yobsfoemgdom
dohggbgdamosbo 3obmbols dobgwgoom.

Aadboga®o  LobEgdol dBYynbgdols bosgowo gdm@hoangds  3ygolmbols
3o6mbl,  bmgm  seagbol  ©OHm - A s u 0bdgblogmdom
dohggbgoemosb  3obmbl.  ogyg@olbdgds,  @md  Fgdbogy@o  LobGgdol
JBY9bgdosh  Jbmeme  sdm@Esbols  sdmblbols  3@migLdo.  Fgdbogyg®o
LolBgdol  3ydomdols  Lolfmdg dm(dogds  o35G0G G0 bygdbom,
amdgamoi  dgobog@o,  d5Tobgg  swdmhbgds.  jmbA@mao  s@ols
0go@@0. gOmghon Bgdbogg®o Lolgdol dByynbgools s@dmbgbolmsbsgy,
OO 0bs@xgds ¥Jdoe sdmgodbogro g@s3ol godgm@gdobomgol s oI
A9dboga®0  LolRgdol dgpubgdol smEagbsby. mommgymo  Ggdbogy®o
LobEgds  sdmogdgdl  mogolbo  bofomol  ©sdydoggdol  @odmyzogdaow
odobs, dgmerg Ggdbogn@o LobEgdol @gdmb@do ogm oy o@s. sdol dgdwgy
0fygds  ©odyndoggds  sdm@isboll  wo®hgboano  dgmedg  bsfogol, oy @
sdmogAs  gobo@gdmb@gdgeo  Bgdbogy®@o  LolBgdol oweygbs. @M,
Omdgeo Loko@ms sdm@i3obols dgmég s>dmgodebogno 930l
5379 doggoolomgol, Gm@Es Jgm@g dobdsbs o I9domds @ omgmgds, >@
doowgds  dbgoggemdsdo.  Bgdbogn®  LobEgdoby  IPdomdl  gdmo
bo@9dmbBm dMopses. dowgdyeos, M 0y  m®ogg Bgdbogg®o Loli@gdol
50dmhbpgds  gOmamymsw gdmb@ddo, 35dob ols Ggdbogydo Lol@gds,
Omdgeoi3 SOy godmgos MgdmbBosb  gosa®dgangdl  sdmisbols
>dmblbols 30Mgga g@o3b.

sdmEsbol sdmblbol gBodo aodmdmgmger Lol gdsdo goboboangds,
AmamaA 3 bobggdowds®imgyamo  3Om3glo  Jpymds®gmbdol  Lodmenemm

GomEgbmdom  ©s  dgdmwols q)j’kﬁ— obgmo  sgdsmmdol  aobsfoggdols

396J30s, ™I aodmmngmomno LobEgdol sdmEsbols s3mblibs sdmog@mgds
®Mdo, OEdgmoi bogangdos =Dy, 0y 5ImEobol s3mblLbol 3o®ggeno
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9Bo30 oofygds j—ymdo g@o3osb, bmenm Jgmeg — k—ydo gBsdowsb,
0b@gdgomols  slofgoldo  0+7, aodmdmgmgano  dobdobols  dgdwgao
AMJo00m0 s gemdoo.

00 — mM0gg aodmdmge geno 3sbdsbs smagbognos,
10 — @gdmb@Bdos 30Mggeo asdmdmgangeno dobdsbs,

11 — ®9dmb@egds mM0gg aodmdmgegeno dobsbs,
01 — dgmdg 36756 Ggdmb@ dos.

hggaegdb@ogoe, samdosmy®do dbxgemdols Lsdygsmgdbon dogowgdm
(D’fkﬂ (1)—=bogol dgdgy 0bBga@ommyu® asbGmagdsms LoliGgdsl.

@, (1)= j 1@, , 1)+ (1)+
FADY (t-u)+ D% ()] Exp(-2(e+ Au)du ;
D (t)=tﬂ7®‘}°k (t —u)+ @, (1-u)+
FAD'L (t-u)] Exp(—(e+ Ay u)du;

DY () j [y @ (t—u)+ @), (t-u)+

AP (t-u)]  Exp(~(pe+Atp)u)du;

@, (r>:jy<1>°1 (t=w)Exp (~yu)du;

glk(t) I[ +1 i (E—u)du+
+AD,  (t—10)] Exp(—(pe+A)u) du ;

Y, (1) j Mo (=) +
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+/1CD3’1”H1 (t—u)] Exp((1+-A)u) du ;
Y, L (1) I @, . ()@, (-u)+
+A D" i (1) Exp(—(ge-A+y)u)du

O, (1)= j (1@, . (=) +y D (1-u)+

+AD!!,, (t=u)] Exp(~(ue+Ap)u)du;

O\, ()= jy " (t=) Exp(—yu)du;

(Dilmﬂ ()= I7/CD, mi (1—u) Exp(—yu)du; j=1,n; k=1,n

2

Lo@o q)?,/jﬁl (t) ©o o Zfl k (t) Sendsmmdols  aobsfogngdols
3960 0dols, G®I  gOMgA®Is  godmdmgengenr  dobobod  osdmsgde
mogobo  bofoamol  ©sdydoggds o  @odhs  Lbgs  bofomol  g@osdols
©odydoggool  sdmogdgds  j-gdo  ob kb g@adol  dgbsdedolsw
aodmdgmangano  3obJobgdoll  aoblsbmgdymo  dpamdsdgmdol O™

(af=00 011G 1D .

Lolbobpgdem 30&)(*)?)360;9 3393200b9ds
00 10
O n+l, m+1 (t) +1 m+1 (t) q)n+1 m+l _1.

3odmgoygbemm de g9y 063 ga @@ 3obB M@ gdoms
LobBgdolomgol eod3esl-LEom@Eglol gomws]dbgdo, dogowgdo:

%k L (5) /U( -+, k(S)+(D Jo ket (S)+/1(CD10 (S)"’(D (5));
¢jk (s)= 7(0 (S)"'/U(”}?kﬂ (S)+ﬂ’¢ljlk (s);
B @y (5)=7@) 5)+10)) . (5)+A0 (5);
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(=705 (9);
P4(0n+1 ( (8)= (0 n+1 f+1 (S)+ﬂ‘¢n+l ( (5);

B@Y o )=} ($)HAD, (5);
B i )Py 1y (VP (8) TP, (5)
B ¢}f’m+1 )=HP 1 it (VP s ()F A (5);
Ok (=P () B (=200 . (5);

1 .
¢?z(-)i—l, m+1 (S ) ¢n+l m+1 (S) @ n+1 m+1 (S):§9 .]: 1’”’ k: l’m’

Lowo ¢?kﬁ: e ™ q)j'{lf ()dt;  P=s+2(u+i);

0
B =s+ut+A+y; B=sty;  B=s+ut+i.
dmgne  asbGmagdoms LobEgdgdols dmblbol dggyem dogowgdm

DL(S), o, Boggham ¢ woodo  Fgboumogs  smbsmmdol
aobofoemgdols 5396300l ®3g@s@ om0 gsdmlbasbyagds, 0y godmmgaomno
LolBgdol  @ogoengdol  dgbdyagds  ofggds  Lofygobo (=1, k=1)
gbsdsdobo Jpamdsdgmdols gBo3gdom.

X0 9Omo,  3@sJGogamo  yodmygbgdobogol  do@omswae
Jmombmggds  JmEgdygee  300mdgddo  syEogdms  (3mbs  dmgdyeno
sgomgools bodygognem 360dgbgamdols, sdo@dmd 5dol aomgogolifobgdom

af —
S¢] (SX T]k ‘dgodangds og( gomm

o7

=1 (oo
20”'2)7'00 =1+u(T; J+1 k T00k+1 )+A( T(J)'}c +T?'11c );
(AT =y T )y +AT G3)

(AT S =y T+l (AAT

V ];lkl :1+7/ r ;)li ) (:LH—J’)T n+l, ke 1+IUT n+l, k+1 +ﬂ’T n+l, ko
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(AT 3,0 et =1L 331, w1 TAT iO ml 2
(u+Aty )7:)431 g =l+ud 2J1r1, v TVT 231, (AT Lil,k’

(petA+y )];,Omﬂ =l+ul }21, w1 VT v et TAT .

7 j, m+l?

yTV =T o T =y T

n+l, k ntl, k° J, ml J,

T =T =T =0, j=Ln; k=1, m,

nHl, ml T opH, meH T

(3.8) Lobgdol @sdmegbody goMs]dbgdols dgogyom Tl.(,)co dodo®m

30gdg@mdm dol dgdwgy Lobgl:

24 T = Ay 4 (T, +T,%2+1>+z{<aozbglz?:>+

i=j

te 2 al (T + ﬂaoZbé"T,?} (39)
p=k

i=1

n 1 n m
oo Au :l+/1{aj ;+b](. T ey +d T +

m
+Acy Y d? (@ + T} }
p=k

n+l,p

1] ! "
zﬁk:‘{EZM&kVWu+ﬂ&kF¥”*“+”D£t_?l}

i=A+1"

! \ n n A+
Tﬁ?”” :_{Z [#Bi—j—l _(lu+7)Bi—j]Di( )_(ﬂ"‘?/)DJ(' = }/7_};

i=j+1

jm+l T

n m
10 n . 10 — (m) .
T __ElDi( )Bi_ja Tn+1,k - : k:Di Bi7k7
i= i=

LN

i—

B.,=) AB, ., i=23,. B, =1

1

PRV (ﬂjf
uu+A+y) p(p+A+y)\ u+a

>~
I

k=23,.
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sdobomgol dodpgz®mdom, ©ofygdygmo j=n ©o

db0dgbgaomdgdol n s m aoblobwgdogm T,

pu+A+y)| 26 -1 pu y

bl:L; ay = 4 ; by = £ ;
2(u+2) H+y Hty
o= = LA )
7 7
d :L, c”:;’ d(m) dm k+1
HU+A+y You+ Aty
(m)_ d(;n—k+1.
K A+y

(39) Lobgds Fo®dmowagbl aobGmengdoms @930 9bd e LoliGgdsl,

3609gbgemdals T3 (j=1n; k=1m).

dogomomas©

2(11’l+ﬂ’)Tn(;)7(t):Anm+lu(Tn(lolm Tn(fgt+l)+NTn(l)1?’

2+ AT, = Ay + (TR 4T )+ NI, + MT;
2(#—}—1)]—’”0; 1 _An,m—l +lu(Tn(lolm 1+T00)+NTn021 1+LT11(1)¢?’
2(ﬂ+/I)T01m 1 :An—l,m—l +,U(Tn021 1 +T001 m)+NT01m 1 +MTnO?n 1t

+LT) , +KT;

n,m?>

Lows(s
Aay(1+2c)+ e, |=N; A+ Acy)ah, =M

Ay +day)c,d, =L; a,b,c,d,A* = k.

k=m, gdgdboom yggens

©S aodemmgan gdols 3oaMdga gdols ‘dgdwg, dm 399900

” , beoogne (3.8) LoliBgdol Lodo
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asb@mmgdols T\, TV, T\ 353mygbgdom. g.0. sdmisbol  sdmblbols
Lbodgogoe @M  dob dglodsdols dpamds@gmdsdo  sdmEsbol  sdmblibols
sliofygols dmdgb®do (m®03g9 Aodmdmngan geno dobgobo dds
Mo gmdsdos, dg3gmgdmos, o5Jgesb ghmo ob m®ogyg aodmdmgen geno
dobgobs 0dgmezgds Mgdmb@ do).

Sbogmpoy@oe, dgodergds  dJmgbsbmm  sdm3obol  sdmblbol @A™
aodmmgmono LobGgds, AmEs 3OMAMsds domo sdmblbolols 5@ dgodaogds
Fo®dmagoagl M@0 ©odmyggzogdgao  bofogologsh, s®sdgo  ©s0ymegs
@53 gb0dg oMo gan@-30d©gg™mbdom bofoggdo, @Mol serdbommdols
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