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Abstract

A thesis of Mr. Teimuraz Tabatadze entitled “Development and research
methods of Accelerated Testing for Reliability of Electronic Component 7 is
concerned with an active problem of reliability forecast. The thesis consists of 170
pages and pursuant to the Doctoral Thesis compilation instruction comprises the
following items: a title page, a signatures’ page, a copy-right page, two annotations (in
Georgian and English languages), a summary, a list of tables and drawings. The
general text consists of an introduction, a special literature survey, tree chapters, a
conclusion and a reference list and an appendix. .

In the introduction the thesis subject actuality value has been discussed, which
underscores that for efficiency providing in contemporary radio-electronic or
information technology devices it is crucial to utilize high reliable electric
components.

Traditional methods for testing efficiency of such components need considerable
time and economic expenses. Therefore, it is necessary to develop the accelerated
methods for their reliability forecast that would suggest different features of
reliability

relatively fast, using less amount of test elements, with enough precision and
reliability.

Consequently, the Goal of Thesis is claboration the methods, that allow using
accelerated testing to determine reliability features for radio-electronic elements and
devices such is Time of non-failure operation Mathematical expectation, Dispersion, etc.

Study of aging of real objects and regularity of resources consumption;
Investigation of statistic methods which application, in the case of the minor election,
allows to determine the random quantity distribution and its parameters with high
precision.

From the methodological point of view the Scientific Novelty of achieved
outcomes are as follows :

e Has been received reliability forecast probabilistic models for an enforced
testing as for tree-step, as well as for uninterrupted regimes.

e A theorem of so called Acceleration Function Linear Criterion has been
outlined and proved.

e Based upon reliability physical principle a method has been developed for an
extreme margin identification in enforced testing.

e Taking into consideration different circumstances exposed to the objects,
deterministic and stochastic chemical-kinetic models of the materials aging
had been elaborated.

e Nonclassic methods of comparative analyses for a random quantity
distribution function analyses has been carried out.

Applied Aspects:
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For products reliable working capability resource time determination has been
developed the accelerated test methods as for so called «break off method », as well as
for the continuously growing load circumstances.

For an empirical aging on the bases of the Arenius model it is also developed a
determinative enforced testing provision method.

Having utilized so called two-step «break off method », a formula for activation
of the energy measuring for the Arenius model is worked out.

A programming complex is worked out for building a random quantity
distribution function with a preliminary information and using a small number of
selection application.

As a Scientific Value of the thesis should be considered the results achieved
that anticipates a different approach to the reliability forecast accelerated methods.

In the First chapter the tasks concerned with the reliability forecast testing are
outlined . Here are introduced also the main definitions, such is so called acceleration
function. As a result of its definition in the case of a Linear Model of nonfilure
working capability resource consumption distribution integral function is determined.
A definition of the acceleration function linearity criterion has been offered. On the
ground of Mainer’s correlation generalized principle a reliability enforced test
performing methodic is developed for the continuous and the step-by-step load
options.

In the Second chapter deterministic and stochastic models (on the basis of the
Phenomenological approach) are considered, by which the kinetics of chemical
reaction is explored.

In the first approach material’s concentrations are given as a temporal, real
functions that are determined by wirtue of integral and differential equations of a
mechanism reactions description.

For a probabilistic approach the mentioned concentrations are characterized as
random processes, distribution of which is to be determined. For each of them the
formulas for concentration measuring is found. Using the achieved results a methodic
for application of enforced testing is suggested.

It is proved that W activation energy awareness fully resolves an enforced task
problem in the case of chemical-kinetic models and its determination is possible using
two-step accelerated testing.

In the Third chapter is considered random value distribution function building
nonclassic ways on the ground of rectangular pulse, a priori-empiric and lowering of
uncertainty) methods. By means of computer experiments is explored efficiency each
of them and their application recommendations are outlined. A programme complex
for building of random quantity distribution has been created.

In the Conclusion part in the theses explored issues are described. They are
concerned with the electronic components’ reliability determination accelerated
methods. Namely:

Taking into account the results of the enforced testing a probabilistic model of
reliability has been outlined and compiled.
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On the ground of the mentioned model the deterministic enforced testing
methods application is developed as for step-by-step as well as for continuous load
options. The circumstances are studied, when so called acceleration function is linear.

A chemical-kinetic model of the object aging and working capability resource
consumption is created and on its ground accelerated test provision methodic is
developed.

For applying nonclassic methods for a random quantity distribution function
building and for those methods investigation a program complex is compiled.
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8md96GHoLsM30L, bMwm k; -0m G508] 3OHM3MM(30EMmdOL 395303096¢0.

0Y) ©93999390m, GMI € FoLoerol Gomgbmds oM9gdmdo 09gbs
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A—K B, 2.2.7)
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0v)  (22.6) 0bsgsOOMdsdo  hogLgsdm  (2.2.4) s  (2.2.8)
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dX (t)/dt =—k - X (1), (2.2.9)
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153856M0L0s A9630boWMm JOM-gOMO Fomsbo, Bogowoms (2.2.9),
GHdol 5dmboblbo (2.2.3) Lsfyobo 30MGMmd9d0lL F9dmbgglzsdo 4odmobodgds
RMOINO:
X(t) =X, -exp(—k-1). (2.2.11)
5939900l 5ed5mYMm0 FMEIEOL 53900L5L F93msbbdgm, GMmd A
9599530L  X(t) 3mb396G®s305®@ Bogm3ommm  IMeng3sms  Momgbmds
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0939® G90mbggzom X(1) 3Mm3gLo. M9gog9gbBol 3mbi39bE™mo300L oMMTo
33%0eg00L  5©dfge 35090530360 FMmEIWs© 25dm3094gbgdm g.f. Hdobos
©o0v330L  bdqgdsl  [47], GMIgwoms  3MLEGHVIOGJO0  39MRO©  909bsgds
©5939gdoms  (2.2.7)  dmbgosl.  LOWMEo  sedsmmdOl  BmEmIMEol
Log3mdzgadyg, Bo3gMdOL  IEAMIMGMIOL  AsBboEzolsl  B39MEgd®030
390000 MO0 9HMT55)0056 sbermls dgmdo t s t+ At dmdgb@Egdolsmgzob,
At > 0 DE3OMEOo 25oL3eoL 999gas Qy(t) LoOoOLIM30L, (MIgEros
290mboGogl 090l 5¢dsMMdL, ™A t dmIgbETo Bo3zgomds 508mBBYds Qy(t)

3Mdocgmdsdo Ey(x=0,1,2...), ®m3dgedosg X(t) = X) dogowgdom:

% =-1,Q,()+1,Q,., (1) _

0<Xx<oo

(2.2.12)
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535033650, ™I Q56bogme Jgdmbgggzsdo

A, =k-X, (2.2.13)
Loog K ®959300L LoBJs@ol 3dogss.
50 565835MMB0L FoD03MOHO SHBOO 0L, MM IZYLIISMS Mo (300
9090b5Mm9MdL M dgMROLS S 390x 0L 356Mmbol 9Lsdsdobo.
Lofigobo 306Mmdgd0 F9dmgzo0mo 993gyo Laboom:
Q, (0)=1(x,>0)
0 .
Q,(0) =0(x#X,)

(2.2.14)

SLgmo  306MHMdJdOL  OML  (2.2.12.) 256G Mgdsms  MBsliGmEm  LolEGgdol
59mblibs 8fo0dmgdgmo i3mbdizool dgomoo dmy3;39dl:

Q,(t) = CXX0 -exp(—K - - t) - [1 — exp(—k - t)]* 0. (2.2.15)
X(t) 898mbgggomo  3Gmagbol  M[X(1)]  Bsmgds@ogmeo  @m@obo
29003003995 8990090 965935MMdOm:

M[X (1)]= i X-Q, (1) = X, -exp(—k - t). (2.2.16)

3obbommo  Imgeolsmzol  dga0dergds  ©o3wdzsm, MHmI  X(t)
3M6396GH®Mo305L 593l LogmEILs s M™MTo MfyzgBo BsM3M30L 3OMEgLOL
Lobg. 83  d90mbgzgzsdo  3mb3gb@®MsEo0l  sdsmIMo  Lod3zcmozg t
9md9bBHoLomM30L  HoMmBMmogbl  Bm3IgM-3esb3ol  Fg8gao  39bGMgdol

53mbsbbls:
P (Xt %,.t) 1 22Dt p(x,t/ %, t)] AV (1) p(X,t/ Xy, t)]
ot 2 57X X , 2.2.17)
0<x<oo

bogS3
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P(Xt/ Xy, 1) = %Prob{x (1)< X/ X () =X, } (2.2.18)

V(Xt) @5 D(Xt) 3mbJdgogdo 9gLs0530Ls@ OBMYDBOOLS @S 9GOl
30983030963 9005. 0bobo  9M30egdgWsE LoFoOMs Tguolfogwro  3MMmigLoL
©oLObOILOSMPOWHE.  3JMAM, JMBYMHROLS S  390x0oL  39bMboIH
399030656 ©539335m, MHMI OFMDBOOLS s F9IEHBOL 3M9IR03E0I5EHO0
36MHM3O 3090 X(1) 3mbi39bE®meEool X dgolo 860dgzbgwrmdols:

V(x,t)=k-x

DX — o (2.2.19)

boQS3

k>0 oo 0. (2.2.20)
(2.217)  05bo@sM©™ds  [oMmBmoabl  39MdMmwHo  BHodol
©ORIMIB305ME A5B6EHMEGdL, GMmIol sIMBsbLBOL gOHMIIMNMIOLIMZ0L
(2.2.19) 306HMd7d0L F90mbgzgz5d0  5930egdgeos Lofigolo s Lolsbwzmm

30600900 (30bs. 39MdM, 89230305 ©9349d35m, Brnd:
P(X,0/X,,t, =0)=0(X=X,), (2.2.21)
0(0,t/%,,t, =0)= p(o,t/x,,t, =0)=0, (2.2.22)

LoSE I() OMO30L IIES-3Y6J30ds.

SLgMo  306MHMBJGOOL OML (2.2.17) 456EMEgdol  53mbsblbols dowgds
dgbodargdgos  [48,49], ol 8903 X))  3MHmEgbol  8s0935EH03296M0
©mE0bo 50L5bgds 9990 BMOINWOom

M[X (1)]= Tx- P(X,t/%,,0)-dx. (2.2.23)

9B 36MdE9TS 25HYY0S MBOM FoMEH035©, 1Y) 3930035¢oL0bYdM
2 p(X,t/X,,0)

(2.2.23) 056585MH@MdL s ©93499390m, ™I p (X,t/X,,0) ©d >
X

doolMox3096 0-396, Gm@Es X —0, 05906 (2.2.17) 256GHMegds  dgodargds
2900507365l 99d9gabs0Mms:
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MIXO)_ e mfx o)
dt

Lo0IbsG:
M[X (t)]= x, exp(—k -1). (2.2.24)
5023905, (2.2.24) 5 (2.2.16) 50mLsobmengdgdo  3mb3gb@®msgool
36003690md900Lm30L  LEHMILAHOIMNG  (OMyMEOE  ©OLIOYGHMIWO,  S1Y39

2$9390) 3gobsmgol gdmbgggzs @g&gHdobobd o doymdol 39aoE
0090w (2.2.11) 359mbobwyergdsls.

3923000005 ©93335m, OMI 653900Mmd0L dBHYbads 393006930
3M6396GHMo300l 89830M905Lmab M50dg x, 3M0EH03 360336900 mdsdY. To-
dob H s@gz0mm3z0l dgdmbggzsdo T(H) ©Mm, H™Iol 496353¢mdsdos
MIX (1)] 50f93b X, 3G0d03me 8608369@md, 3360LsBOZMYds 30H@BOEE

X, =X, ~exp(k(H)-T(H)), (2.2.25)
Loog k(H) Mgodi00L bobds®ol 3mdogss H @o@300mmz0l otmb.

©53935m, O3 H s;)3000m35 0331905 bab@mdobgdtom At; dMmob
0639359030 @5 0gdmdl H; 3603369wmdgdL. i 0bwgduo dogfgegds 0d
©53300mMZL, OHMIgEBgsg M[X ()] 50693l X, 3G0EH03M 9603369 mdals.
35806  (2.2.25) @mOIMwol  LsxMdzgwwby, g L MBI0IY3OMdOM
399m3049gbgdo H ,H, | ,..H, ©053306003900b5030L, 0300900):

Xy =My -exp[— k(Hn)'Atn]: Mom—l) -exp[— k(Hn—l)'Atn—l]'eXp[_ k(Hn)'Atn]: =
=M,, -exp[— k(Hl)'Atl]-nexp[— k(Hn)-Atn],

Looog  M(i =1,n) 6ol A 9539630L 36396300l Fo09dsBH03EO
wmEobol 3603369cmds 653900md5Bg H; ©o;300m30L dmqdol dmdgb-
GoLOMZ0U, 535 0GOS Fgmobbdgds M, = X, . 530L 999IAS©

X, =X, -exp[— Zn:k(Hi) : Ati } (2.2.26)

00MMMII0 58 IGZOOMZ0LsMZ0U, (G0 3w9TozmdOL 30HMBYOT0)

BO-(39¢039 399033900905 3990930 39bsgstomds:
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X, =X, -exp(k(H;)-T(H;)(j=1,n), (2.2.27)

59 0™ MO0 BHMEWMOOL d9sMgd0m 33996905
> k(H)-at =k(H)-T(H)(j=1Ln), (2.2.28)
i=1

L50@IBSE LEdMW MM godMPOL EYbgdosMs HOHRO0Z0 55830l MOBBIMOMDS
Lx3gbMHIOMH030 WIBHZOMMZOLL:

o At
2T HY L. (2.2.29)

39Mdem  99dmbggzsdo, oy H,-L H -0l  Gows  dogoRbgzom
(6m30bsermH0 ©oGZ0MM35) s 890308350y gd0m J9dmnbzg30m, MMEs N=2,

dogoegdm (bmdoer  BmOINwsl T, =T, oGHYnbem 9985000l OOl
39bLsBEZMOLIMZ0L 9.§. "Im@Egbzol" dgommoom [10]

Tp = lAt 'Atl;(Tz ET(Hz), H2 > Hp) (2230)
| [—
T2

3009090 (8Ybgdsms HOHB0Z0 9x5330L) 006585MEMds 303mmgbols
Lobom 3565 Bsbos 893mEHboos Loodgommdol MgM®0580. oS sdoby,
50LB0bs300 9.0, 90EHMM-356H3M30L dmEgeo [29], GMIgoiE sfigdL
653900Mmd0L MLmOLOL gobomxgol 3GMMEILL, GOl LoxgwdzguHgz 99godergds
30090 0dbgl 83gmbgdsms HOHR030 5x5T30L 0BsBIMOMdS BrMYMOE 39MHAM
d9dmbgq3zs. B39 dogH FoMdmygboro 450m3393900m 30 ©0bgds, GJ
5939 gdoms  Jodowy©-3069@039M0 dMmYegdol 2sbboegslisg 90394ez356MHm
d®Ymbgdoms  OHR030  ox530L  MobsBIMEOMBSI®g @S 930l F9IRS©

BoMogds 23990930 3937PY30EMM Bo0dgMMdOL [obslifo®mdg@yzgugdol
59m 3965 MOLOMYIMO 45dMEIOOL 99900l dobgz00m.

2.3. ©3Bgdo6M9d0L 5316305 3390 gdMS Fo®3M30L dmEYEgdoLsm3z0l

©5939gdoms  Jodow®m-30693H03M9M0  IMmggdolsmzol  dgodergds
d90m300mm 9.0, "©0obdomgool  gmbjzool”  3bgds.  sdolomzol  LyFoGmms
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obslfot  990m303HbMmm  ©sdz9egdol  glodsdolbo  FobslosmMGdgo o
30300Mm®  236GMEgds, MHMIgEoa S0HgOl  mdogd@oL  3MFomdol  Mbsol
©535030L  3OmEgbl  FobBy  Bgdmddggdol  dmdbgb  BoJEHMMHJOMD
©59M30009dgd530.  @MY03M0s MHMI  ©IZ39gdol  Bmds  MHMYMEIY
©533930060m®»  Mmd0gdBHoL  R(t)  LodBzosgl, Mmool  3bso  Lsbom
0o63magbobmgol  Lo3dsMobos  ©I3Mdzsm, GMI t M™Mol  BOEOLLSL
306398300 M[X(1)] 8sm905303960  @m©obol 8903060985  ©5353-
3069005 m309dGHoL R(t) Lod@ 3030l 3OHM3MOE0ME 89930MgOLMb. 35dob
R(t) LodBH3oEol  dgobo  3b0d3z69EMdOL  Jgxstgds  dol  Lsfyol R,
0609369 mdsbmsb  GHmmo  odbgds  M[X(1)]  Bsmgdsogm®o  @wm@obol
3993560mgd0Ls Md0gJEHOL dobaeol X, Lohgol 3mb3gbEH®SE30LMG:

R _ MX(®)]
RO XO

_ (2.3.1)

5dob d90gy (2.2.11), (2.2.16) s (2.2.24) 0565835O@MOsmMs Log3mdzgeby
53975902

R(t) =R, -exp[-k(H)-t] (2.3..2)
©5939gd0l  Bmds  d9a30dwos  dog300m®»  Mmd0gJGHOL  LodG3oEoL

ROMOMOOMO (33COWYdS

&(t) :w:l—exp[— k(H)-t] (2.3.3)

OMIgbsg  [obolfo®o Fgmebbdgdom gwfimomo (339000l gmbdizos. 5ol
3900099 BMOLOMYIMWO IBHZOMMNZ0LS S IBJSOIOOL B6J300L TgdmEsbs
bgds §obs 9380 oboyemo dgommools b sgLo.

oMM SE, 300d3om, &£,(1) s &, (1) (3390006 B9bJ309005, OGMIgdoE3
5009696 B539mmdol  ©sd3zgegdol  3MmEgbl  Fglsdsdobs H, s H,
©SHZ0MHMZ0L0L. 335 dg39, MHMI  Y3gws  OPIYd0MO  t-;m30l:
& (1) < &, (1), boagom:

£()=£(0)=0
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%l_)rgol &)= %1_{{01 &) =1

b9 30639030 H, 3300358 gfimgds BmOLoMgdmo H, -ol
303560 s 030 Bs0fgmqds H, > H, 9@ memdol bsboom.

30md3om, sbaws t(H,,&)) 9®ol ol O™, Gmeolb 456d53crmdsdog H,
©H3060mM30L5L (339000L BbJ300 90fg3l G009 &, 960d369EMdSL, bmerm
t(H,,5,) 90l ©OM, OH®IgEoa dggLedsdgds 03539 &,-0b ©mbgl H, > H,
©5H3060HmM30L  F9dmbggzsdo. 35806  ©oBJoMgdol  Bmbdzosl  3fimgdm
R9964300L, HMIgeos mommgme t(H,,g,) -b 99mbsdsdgdl obgo t(H,,&,), O™

t(H,,&) =0(t(H,,&)). (2.3.4)

(3.3) gmOINNwom  2oblobrghwo (1) 33900l BbJzo0Lsl

©3BJo6M900L g 13bJE0s 39boLyBOZMGdS GHMEPMdOm
£ (t(H,.£)) = £ (9(t(H,.5,),

Lo0IBsE3

k(H,)

t(Hlago) = k(H )

t(H,, &,). (2.3.5)

5990056 96450930l 316300l HHT03MdOBLL

t(H,,5,)=C-t(H,,s,), (2.3.6)
bogS3
C =M-. (2.3.7)
k(H,)

C 06x03mdol  3m9n03096EH0Lsm30L  dgodegds  doegdme  0dbgl
Ubbgoollbgs  9bsemobm@mo  godmbobmargds. gl ©IM30EIYdYos  od
RodBHMOYRDY,  OMIWgdoms3  bgds  BOHBoZMM-Jodeo  3Om3gLgdoL
0b6@9bbogo3s:309.

3gboos, Hm3 03 3OM39LYdoL 0bEHIBLOG0ZIE00L §bgdo, GMIWIdO3
00130396  9BHYmbgdslL, Aoy  FMOZSERYOMZb0s,  Foa®sd  dsod  Fmob
396U 3MPMGIM HMWL SLEOWMEOL FHGI3gMSGHIMOLS s dsd30L AsDBM.. 3
35Bdo690gmo  530dBHMEMGO0L  Bgdmddggoolsl  Jglodergdgos 96 FsMEGHM
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393D5MOM» dEBYbgdsms 0bGHIBLOZMDY, 9539 F930385Mm® JargdEHOIEo
@5 ($H99396M5GHOHMWo ©sd39wgdol BsmgdsBozMo dmwgwgdoi [30,50-54].
Sbg 399 0mMO©,  9Mgbomlol  dmgedo  [55], GMmIgoi  9IYsMYIMOS
993960896 dmbo3gdgdl, H  @sG306MHm30L  Hmewdo  godmob
BLBMEYEHMO0  3Hgd3ghodmes OK, ®godsool  Lobds@ol dmwdogs 3o

93999905 BMOIMWO”
W
k=A. —— | 238
eXp( R, ®j (2.3.8)

BoQS3,

W 593030300l 9bghgoss, R mbogg®lsgnmMo soMol 8mdogs, A _
000355 MHMIGE0E ©sdM300YOME0s JMMYo00Mg 60300096MH9dg0DY, 9.0. 4o~
693mbs s Md0gIEHOL Fobogsby. sdol godm dmEgdero dmEgerobsmgol §39d-

C= exp(% . (@L — @LD (2.3.9)

3936006030, M3  Bmyoghmo  9Ju39gH0odgbEG o  Bmbs399gd0ol

Bgoo

d9Lodsdobo  [56] ULHmGg  sbgmo  ©sdm3090gds 543l babgzom-
39935Oo bgabisfymgdol bobgsddargmdsl 2o69dml ¢9d3gMo@Meby dsoo
d965b30L OMU.

5960950, 90000 FbMH03, M) OIS SMgboMLOL 356Mmbo, g35d3L:

t(Hl,gO)=exp[v%-(®i—®ln-tmz,go). (2.3.10)

dgmmg IbMH03, mOLIBIHMO060 IGHZOOMZOLSL:

At N At,
1(0©,&) UO,,&)

=1., (2.3.11)

Lo
At @00gdBHob  3odmaEol MMy OK - $9339Mod@aby;at,  8gdymdo

399m3olb Ohm O K  39339M5@ Moy, Lsbsd &(t) (339000L BMbJ30s SO
3050f93L Mo0dg &, 8600369 MdSL;. 1(O,8) _ OM, HGMIWOL 2o63s3mdsTos
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dmdog OK  $Hg9396ms@nmobg doowfgzs &) 339000L gbdisool &,
36003690 mds. (3.11) GHmEmd0sb godmoobl, Gmd
At

t(0,,6)=—""""—10,,5). 23.12
©0e)= (g a O 2312

(2.3.10) 5 (2.3.12) 0565835(:0Md700L 90090000 J0300900m

el [ Lo oA (2.3.13)
RO 0, 10,s&)-a,

50b0dbmeo  obBHMmegdol  Lodmowgdom  s30mi©  ©Eaobgds W
593030300l 9b9G00L  odMbIM3EgEo  FMOTINWS  MOLIRIHYOOSBO
"dm@EgbzoL" 3900Mm©om 300gdYo 999900l BoxgwdzgwbHy:

w=Rr- 2@ A (2.3.14)
®,-0, 0,,&)-A,

G0y 9900mbgz939080 $H9gd3gMHo@MMS G90degds 96 godmMmEOMPIL -
3060m30L OMEdo. dobgogs 53oby, MgoJ3ool Lobds®g 2sbolsHwzMgds
009dGHOoL 356M9IMLmb MOHM0gHNJIg00L 9696M00m (©MM3009dESE 53
9696200l BMOTOLY), 5d0EMI 5M9609LoL FMEOIMs [31] BoIOMAOL Mobsbdo
390d9ds Bo8M35945c00dMmm 256BDMysmgdrIemo Loboom

k=B- exp(— VE\/], (2.3.15)

Logss E ©959d300L 9bgMa0s5. ob Fo6dmoaqbl mdogd@ol go6mgdmbomsb
MOMN09JOHJd9ggd0L 9bgeosl, MdMIguog 890dwgds IIM30IIMWO 0gmb
©H3060mM35DY, 990degds — 569; B 399030355, HMIGe0E odm30@0gdw0s
36953009 b030009M9090bY. 50960MLOL gobBMYsIdMEo FMPYOLsMZ0L
©BJoM900L BMbd300 MRS M g030. C [HR03MdOL 3953030963030l

30 33996905 @I @wo

1 1

HMIol B3NS gdomsi 990dwgds Ly0dgEMMdOL [obslfsMdgdEyzgargdols
59m 3960l 25003FM0.
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2.4. 9900929000 dm3erg dgx 58905 s 336900

1. ©959OH0 Mmd09d3HJool OILMOLOL gobostxgols s IIZgEgdOL
3960mb6DM30gMH09d0, oDy dmddg BOJBHMOIODY M0 YIOMEGOOLU,
d9L5degdqw0s J930Lfo3emm 03039 89MmEYd0m MMIWoms3 begds Jodoeo
695430900l 306930308 FgLfogars. 9.0. OMYMEOE ©YEIMT0boLEMEo, 1939
LEH™JoLEGH03YO0 JoAMIoL byg3mdzgaby.

2. 6039 9900bz93580 ™d0gJBHOL FoLoerol ©sd39wgdol  3Mm3gLo
G®5dBH0M©Y0S OMYMO3 49M9IMLMD MO0 gMHMJIggdol Jodomemo GgodiEos,
56 ©9B9M0boLEHMEO, 96 LEHMJILGH03MOO, 5550 [oMmIMGd©O, OMIOL
09092905, v ©319390m, OMI Q5Mgdmb  d90500969w0 Bogmogmgds
0096 ©oos Mmd dobo  33oEgds  (Mdogd@olL 9oy gbgero
60300096M900L (330 gdLMLE FJMIOOm) TJA30dE0s  MAYGOIINZYMO),
dsdob ®d09J@BHob M IRTGH 29603300l 3999939390 39M5gdabsls

MBodMm9g399Ho dgdol Jobggzom.
3.  ©9HIMIobobGHMo  doamdolsl  MmdogdBHol  BogmogMgdol

3M6396GH®Ms30s X(t), ®mdgeroi dmoEgds HmMyme 3 Mmol 659300, Mfyzg@o
2BJ309, 39BoLEBOZMYOS 5939 gdol F9dsboBTol dmawrols sdfgMo (2.2.9)
©0xBIMIB(3050MO 256EMEGEgd0©sb.

4. bLAMJOLEBH03MMO oMLl MdOYJEHOL X(T) 3MbEIBEGHME0s Fmoigds
do63mgol  dgdmbggzomo  3MHmEglol  Lsbom  (oLlMgGHWw 6 MHY39d
9MIoMmgMdsms 1LogzM(39d0). FoLO SEBIMOO obsfogds ABOLIBOZMGdS
(2.2.12) ©0xgmg630s®H  45B6GHM@Wgdsms MLslitrmem  BobGHgdosb, b
(2.2.17) 8m396-3¢5630L 296¢3¢)Mgd0sb.

5. m009dBHol 6030009900l  X(1) 30mb396G®Ms300L  FomgdsEo3eo
wmobo M[X ()] LEmgsliEogm®o Joymdolsl (bmem ©gGgMIoBobEw@ols
©@OML 30 0300 3m6396¢M305) 500fgMgds 9658MMdOM

M[X ()] =, -exp(~Kk(H)-t),

boo3 X, -md09JdBolL  Lafiyobo  3mb6396¢®s30ss, bemwm k(H) _ Mgedzool
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LoRJsMOL 3MBLEHBESS M50 H oBH3060m35%y.

6. 00 5339000, MHMI 653900Md0L dEYmMbads 3530060 gdMwos X (t)
3M6396@GH®Ms300l 98306090556 Mo0dg X, 3M0GH03M 3608369053,
T(H) LooEY, HMIWOL O™ M[X (1)] 8500985303900 Wm©Obo gl X,
360093690 md5L H 003300003519, 3560L5B03609ds 35b@Megd0@sb

X, = X, -exp(—k-1).

7. 099 6539000085 25000305 (3390905 095090, HMIOL OHMLsE H
©OAH306MM35 0333w gds BobBHMIgdom Aty M™MOL Imbs339009d0L 90y o
©90)mdL Hi 8603369e0mdgdls, 35d0b

n

AL
ZT(Hi)_l’

i=1

Losg N 06gdlbo Bogfg®gds 08 sGH306mMZL, GOl EOMLsg M[X (1)]
50093l X, 3608369 mdsL.

8. v H ©0s@300m35 033egds fy39Bo©0 7 mmdo H(r) 3sbmbol
dobggzom, 35806

Losg T @Omol 0bGHgM350s, H@MIwol as68s3mdsTog (33WsO  H(r)
©53)300m30LsL M[X (1)] 8509853037960 @m@obo s0fggl X, 960836gmdals.
9. BB 93538060 900m, MM t LoEoOL BOHOLLL 3Mb3EIBEGHMGOOL
M[X (1)] 839853030 @m©obol 8903060985 0535380090905 0d0gdHOL
R(t) Lod@3o30L 3MMm3mGmEom  gdi3060905Lmsb, o3  m3965L369wobmaols
5Q0300 593L M9bITGIOOMASL
R(t) =R, -exp(—k(H)-t),

boog R, M3099@0ob 530530639000 bLod3H303gs.
10. ™d09d3Hob ©sd39wgd0L MomEabmdMogo sbosliosmgdeol bmds
0990935600005 dolo LoIE30EOL BIOOMBOMO (330 GdS
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_ Ro — R(t)

() ==—=—=1-exp|-k(H)-1}

OMIJLs3 (3399008 bdEos 9hmegds.

11. ov bgdobdogmo t>0-m30L LEWMEEIdS WEHMEMds & (1) < &,(1),
booG3 £,(1) ©d & (1) 3390l BMbJz0gd0s MHMIgdoE s0)gMgb odzgugdols
36MHmELL MgLsdsdols H, @ H, ©IGH3060mM30LsL, 35306 H, ©@o@30Mm35l
9hm©gds  BMOLOMYOMo  H -ob dodshod ©s gu  PRoofighgds  H, > H,
MEHM@MOOL Lobom. € (t) s &, (1) MbJE0gdo 30 53059MTB0EGdI6 30MMdJIL

£,(0) = £,(0) o 1% g ()= hrg & (t)=1

12. ©5339¢0gd0l Jodme-30693H039600 dmgerolsmzol gmmbo®mgdmeo
39930900l 58m3560L S3MbLBOL JoDsbl FoMdmoaqbl H, ©@s@30MHmM30L5L
& (1) 33900l Bmbjzool 8mdgdbs 00 & (1) BmbJzool Lodwswgdom MGMIgEros
396LsBEZOME0s H, IGHZ0MMZ0BsM30L, OM3S H, > H; .

13. gl 99m@Esbs FgodEgds oyzsbowo o0dbsl 7=g(t) @oBJoegdol
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6 0.329 0.220 0.112 0.073
9db306gbgo- 7 0.302 0215 0.110 0.066
S OO 3 0.284 0.214 0.098 0.068
9 0.267 0.210 0.071 0.052
10 0.252 0.208 0.065 0.051
20 0.187 0.199 0.057 0.040
3 0.455 0.166 0.142 0.119
4 0.411 0.157 0.120 0.091
5 0.374 0.152 0.120 0.079
6 0.337 0.148 0.097 0.070
990l 7 0.300 0.140 0.108 0.071
3 0.284 0.134 0.095 0.063
9 0.260 0.128 0.095 0.063
10 0.250 0.120 0.085 0.058
20 0.187 0.101 0.059 0.041
3 0.442 0.220 0.131 0.109
4 0.400 0.234 0.118 0.099
5 0.384 0.246 0.110 0.098
6 0.335 0.223 0.125 0.112
bG35 )Go 7 0.284 0.192 0.076 0.070
8 0.300 0.218 0.087 0.079
9 0.271 0.197 0.083 0.076
10 0.277 0.210 0.083 0.076
20 0.179 0.148 0.059 0.056
3 0.446 0.265 0.144 0.153
4 0.404 0.221 0.106 0.107
5 0.332 0.221 0.093 0.091
wog600dw 6 0.336 0.225 0.105 0.081
7 0.304 0.190 0.096 0.076
bOdsg6o 8 0.298 0.199 0.090 0.087
9 0.290 0.193 0.101 0.082
10 0.239 0.178 0.066 0.062
20 0.189 0.156 0.052 0.047

3.6.1 o 3.6.2 bGowgdol Fgsmgdom ULHBL, Gmd mogol dbMog

doOmm3Mmbs fi3erowms 3gmm©o Ms8gbsdg MBOM 9539dGHwM0s 300009 4o-
BmB03Mgmdol 9930609005, 0F3s 98 993965136900l M3oMmSEHIMdS©
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d9bodms Bogmzoemm ob, MM dolo Bsdswgdom 306MHEs306 TJodwrgds
5353Mm0  2965ogdol  gmbdios @O 930 gdgEo 9GOy igeroeol
33035 OH0 Logsbols owy9bo.

3. 33M0mEre-933060eo gvbdsool Igommo.

0939 OMAMmOE  JOMIMMbs  iIgeroms s gobBrzmgEmdol
9993060900L  890OM©YB0,  33MOMEOW-9d306MH0ME0  dJMPOE  0bsMBRMEIdL
M306M5GJLMOL  3oL0IMO  IJPMEOMD  FgIMGd0m 15331930  9653MYOMS
©o3bol Aoy 0s3sBmbTo. (3bMHowo 3.6.3)

gbGowo 3.6.3 M[D,] o G[Dm] 36003690 md900 53G0MOME-983060009wo gbJsool

99000l dgdmbggzsdo
X boool | 965360900 M[Dp] O'[Dm]
2965fowgdol | Mogbgo N
396mbo 305b03MM0 | 53MH0MOM- | 3WslOZMMO | 53OHOMOYIE-
dgoom©o 9930600 dgoom©o 9930600
3 0.474 0.184 0.148 0.089
4 0.401 0.166 0.134 0.080
5 0.352 0.151 0.089 0.054
05653560 6 0.330 0.148 0.088 0.053
7 0.277 0.124 0.089 0.053
©=0.4 8 0.294 0.139 0.086 0.051
9 0.273 0.131 0.077 0.046
10 0.245 0.117 0.070 0.042
20 0.194 0.101 0.062 0.037
3 0.447 0.256 0.131 0.121
4 0.400 0.252 0.132 0.129
5 0.376 0.254 0.099 0.096
9du3mbgbgo- 6 0.354 0.249 0.118 0.115
SQYMHO 7 0.319 0.228 0.106 0.107
=0 1 8 0.324 0.240 0.096 0.098
9 0.278 0.204 0.094 0.096
10 0.266 0.204 0.094 0.092
20 0.189 0.166 0.075 0.069
3 0.463 0.271 0.138 0.129
4 0.404 0.257 0.130 0.122
5 0.365 0.244 0.117 0.107
G9gob 6 0.333 0.226 0.108 0.104
7 0.304 0.217 0.099 0.090
®=0.1 8 0.292 0.212 0.088 0.082
9 0.266 0.191 0.090 0.089
10 0.257 0.190 0.075 0.074
20 0.174 0.140 0.059 0.054
3 0.468 0.292 0.145 0.142
4 0.393 0.257 0.107 0.104
5 0.347 0.234 0.108 0.101
BOGIoc®o 6 0.345 0.254 0.105 0.100
7 0.299 0.221 0.096 0.094
©=0.05 8 0.293 0.219 0.088 0.081
9 0.270 0.209 0.079 0.073
10 0.257 0.203 0.077 0.075
20 0.179 0.151 0.048 0.053
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X booolb | 965360900 M[Dn] O-[Dm ]
29bsfowgdols | Mogbgo N

396mbo 35b03MM0 | 53MH0MOMW- | 3WslOZMMO | 53MHOMOYIE-
d9oMm©O 9830600 | IgomEo 983060190

0.441 0.271 0.142 0.133 0.441

0.422 0.284 0.121 0.117 0.422

0.341 0.242 0.098 0.095 0.341

@OROONIYR | 0337 0.247 0.095 0.094 0.337

-bm@dsermeo 0.298 0.225 0.097 0.092 0.298

©=0.05 0.294 0.227 0.112 0.111 0.294

0.249 0.194 0.080 0.079 0.249

0.268 0.213 0.083 0.085 0.268

0.183 0.153 0.055 0.052 0.183

50 9900m©obymM30L  sdmPbs,  MHmd oo  9BIIGHYIOMDS
©59M 30009305 S3MHO0MOME0 0bxMmMT5300L LsbMMdOLl @ 3Mgn03E095EG-
by. 53560256 15650 FoBFowgdOLsM30L M[Dy] s o[D,,] 8608369wmmdgdo
Bo3argdos @ - BOHEOL OML, BmErm sbsMBIbo Q9bsHowgdolIM30lL 30
91839dBHWO™Mds  0BMHEYds  LEbEMMdOL  3m9gBRO0EO0I/BEGHOL  3EgdoLLL -
390L93MPMYd0m 9b530Mgd0L MoEbgzol BOEOL OML. gl GgodErgds S0bLbSL
0dom, MOmI Gog NBOM IgBHos F90mbzgz0m0 BLoOPOL  MJEODIFOSMS
(om9bmds, o NBOM 0BMHYds 9d30MH0Mwo 0bxgmMIsgool  Gmo
336MH0MOME  0bxgmMIs300l  OHMEWmIb  Jgscgdom. goHmy3z5M0 bogwo I
d9omEols 5MHoL ol, ®md dolbo ULsdwmogdom s39dwo X Jgdmbggzomo
LOEOEOUL 49650 gdOL 0bEHYAMIWMHO BMBI305 ITMIOEIOME0s OLIOY-
GM@mdolb A4 0bGgmzsmbg, OMIgwog godBmdo bgwlisfyml LobmlEGom
3560LsBE3MDS s  TgLodsToLOE  bgwlsfymlb  omdxmdglgds  (goBmAz0L
3M30gdol 890306995) 253egbsl Imsbgbls 3gomol 989JGHIMOMdIBY.

DMAOOMOOL  M35¢LsBOOLom  Bgdmmysbboymo  IgOMOYI0I6
390LO3MPOYPIMos  Fom3mmbs  zwowms  IgomEo.  FODESE, 0V
0539330600930 256 DO3Mgmdol  Jgd3060900L  IgmEL, MMl

©@OMLYG Xi P9OEGH0WT0 5edsmMdoL bsbMHo ﬁ 0565065 bsforgds [Xi.1,
_l_

Xi +1] 9moargbg, 35906 ol 8godwgds gobgzobomo MMM oM zmobs

f3e0@ms 3900mEO (33509050 d §3eoEol Logsbom, G®MAgEog [Xi-1 , Xi_+1] —
ol GM0s. 51939 93M0MOME-9930000)w0 BMbJaool dgom©o Fgodwgds
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29630bowmom  dsGm3Mmbs  iIgowms dgmmEe© OHmgLsg  Harowol d
Losbg OLIMYEHIWMOOL A 0BEHINZHEXOL GHMEO0s.

336M0MOM-9330009wo  3bdgool  Igom@ol  M30MH5EHILMdS©
d90dgds  Bs0om35cmml o, Mmd Lo  LsbMMdOL  3MgBR0E0YBEGH0Mm
©0RIMI630M9OME0s 53MOMMHIO s §I30MH0YIo 0bgMGmTs3zosms mbgdo

(a)i%), 39bLbge3900m ©BsMRIBO ™mGo dgomols s gl FsOOEs3
n+

00bgooadmo  Bodox0s,  Mosbs3  Lo0dgEMMdsHY  Boggmmdsms
33w930LoL  Hobolifo®  3bmdowo  s3MOMOWMWo  0bymMIs30s  Fg0odwgds
Lbgo@ollbgs 30B03MMmo dmbgdol oyml s oo FoGHMMGdS 9HG M35
993060 06x3mEOH5305L8msb 56 0ymlb doBsbdghimbowro.

g4m39o03g H990me0bodbo)erol godm 33930l M™L  Fglisdergdes
90935Pb0s 89909y ©9339605(3090D9 OYMHDbMDdS.

0¥) 99000b393000 LOOEOLIMZOL 3BMBOW0S AsbsHowgdol 356mbols
G030 85306 91399GHM0 06935 oM 3MMbs faerowms dgomo.

MOmEOgLSE 33w930 9O dmombmgl 335360 LOBMEHIL s LsgPnmE
3589005 (36Mmd0wo gobsfowgdols GHodol dglobgd Fglsdems s8mygbgdrco
0969L 2569030 Md0L 993060930l Igomeo dobo LodsGEHoz0L godm.

Mm9gbo3 d99mbggzomo Loool d9lobgd 33OHOMEO™MEO
063m®3o305Hg dgBHo dmbs399900 9MLYdIMBL s Tobo QoBMIZS 9GBS, 96
653009050005  ©93M300gdMo  bgarlsfyml LoBMLEIBY, FoBsbdghmboeros
536MH0MEOME-9330600v)0 53bJ300L 8g0MmEOL godmygbgds.

530603bmom  slig3g, GMI Jzo6g 9b530gdMs  F9gdmbggsdo, MHMEILS3
15330930 d90mb3930m0 LoEOEIL 593L  LOTgEHOOIEo  JobsfioEgds (Do,
B®3ocrm®o 25b65fowgdolsl), 35906 (3000L 999 oGO 5B53MJOMS
®o3b3o 9933000s 4935mEMToaMmm IM30M0L30Mg LOWOYJOOL ITSEHJdOM

@5 5000965 MBOM 3930 9BIJGHIOMdS 046905 Jowfgmero.
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33w930L 39095 dowgdeo 3mbs3gdgdol bogmdzgw by, Lbgswolbgs

3900MEOoLsmM30L, 3MHMYMHTS M350 0MBY3L M3FH0TSEME  35M539@MOL 96

39bBo3MMMGdM Fgdmbggzsdo dmabTsMgdgwl F9w9dw0s o35 dosHm@mL

obobo L3930 MOO BsBXMYOOL Lsdmsegdom.

d9L5degdg0s S1939 BMbJzool 3603369 Mdsms ToLogoL  Bsoedo

99L3MmOE0M9ds s 3MSB0ZOL 53M9F30.

3.8 99509 015301 953905 s sL33bgd0

1.

0)

15089MMB5BY IRJ>MGOIEO odME3PIOOL JO0I-96M0d ABIL HotBMoYgbL
3900b393000 LOoEOEOUL F565H0EgdOL BMBJ300L 53900L 5053 sLOIMMO
D900l 999mygbgds, Mol F9gIRO©s3,  9B3MGPMs  dzocg  Gosbzol
399y9gb9000, JooEgds Ls3FoMOLO 0bBMMTs30s s sdom doowfgzs od
@OMoL  Jgd306M90s  OMIgwos  B3gmEgd©mog  LoFoMms 653900000
15039EMMBOL Q9BLILEDBPYZMIZ5.
3OLYOMO  3OHMIGIOL  oaLY39GO© gbodergdgeros Lsdo Lbgosalbgs
365300030 FgomEOoL  godmygbgds,  GMIgdoEg  ddbsfowgdol
9930600 356Mbols obloBOZMOLIMZ0L 9gdysMgds MG doMmOMIE 0PI,
LobgEEMOM:

390339790 Loboom  dmEgdwo  93MoMGMwo  0bgm®mIs3zool
39035¢00L{0bg0s 36Md0 49bsfoEgdol MgmMomEo 39bmbolsmgzol;

g4mz9gwo  ©330603900L  MO30mbomMo  49dmygbgds  doLmgzol
LM EMMo 86033690 mdol domboFgdms. 9999y 30 ©s0dg ybom
GO390 ©75¢0Do300m  JogdMEo  0bBMMTSE00L  2oobsfocrgds
d9BMdg 560990DY. goblibgzo39ds Fom IMEMOL 0Y356935 00 0bFMOIs300l
390565Howgdol  bgebdyg, OMIglsg  39dg3l X d9dombggzomo

LOoEOEOL 3MbB3MYEHMEO BYo0DsEOs.
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10.

350 3MMbs §300wms 3gomm@ol 99d;mbgg35d0 953M0MOmIMS© 0M3egds,
MOmd  99dobggz0mo BLOEOY  MIBIOMHLS  QIBIHoEgdMo  dolio
33ogdol [a, b] 0b@gmgzsdo, bawrm Mgseobsgool HodEHowgddo 30
0653018 RS  GMbdool  bogaws  gobofioergdol  Lod33¢M03g
29560L5BM3M9ds 1/d LoEoOm Losg d 3ol Logsbgs.
2396B03Mgmdol 99930609008  FJNMEO  POMMIGME  MJO0DIEG00L
D9OG0do 5ed5mMmd0L Bob@GmAl ( 1/(n+1) ) 096sdMo© 53M39wgdL [Xi-1 |,
Xi_+1] 06 gM35c0D9.

336M0MOE-9330600990 3bd00L Igmmodo, X dgdmbgzgzomo Loowol
39bsfogdol 0bGHgadomMo  gmbdzos BmoEgds BmEIMEom
F'(X)=aF,(X)+(1-0)F,(X), Lsosg @ ULB@®mdoL 3019505096300
O0mdgmog  00035¢0bobgdl  s3HoMOMIo s 93MBEGHIMOMO™MEO
0b653m®3530900L Lb3gsslbgs H™bgdb.

3993393900 5839690, GMI 1bsdozg s0boIbMwo Fgmm@o 0bs®RMBHOL
23005@gbMdsL 3esliog MM IgmMmEmsb FgsMgdom s33w930 9653MJdMS
&oEbol g ©0s35Hmbdo (3-90 dy).

0500 3MMbY 300wms 3gom©Ool 95399dBHwIOHMds M 3I0JIY0S [3wo-
@ob d Logsbol 3603369 mdsbg s dolo M3E0Tsmo Loowy I306M-
0905 96536900l HoEbzol BOHILMD 9O M.
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396990309 mdol J983060900L 8900Mm©O0 3060306 TJOdEGOS 535300
3965§0wgdol BMbJ30s s 9Y(30wdYE0 9GS 30Ol Mm3EH0dser O
LoSbOL oIbs.

336M0MOM-9330009wo  dgomEol  9839dGHIOM™MIS  IFMIOIOVIC0S
33600MOMEo  06x8mMIs300L LobEMMdOL @ 3Mmgxn0309bEBY. SToLmMb

05650560 2965Hogdolsmgzol M[Dy] s o[D,, | 8608369 mdgd0 Bo3emgdos
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@b BOEOL O™, bmwm  BsMRBo  Asbsfowgdolsmzol 30
99393BIO™dS 0BMYds LEbEMMBOL 3Mm9B0E30IbEHOL 3€gOOLSL.
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bb3o@slbgs 5MMHO0mIoL LT SWgdOm.

111



Qo336

oLgMGH305d0 dgLHogwr0w0s 1y30bYd0, MHMIEWIOOE S3380MGONIC0S

99dGHOMbMmo  3m33mbg6@E ool Lo0dgEMMdOL oAbl sBJsMIGOM™

39000 q0msb6. LobguEMdG:

Bo0MYse0dgdM0s 939005 150dgEMmMdOL  [obslfoMdgEyzy-

©900L 5E0IMIMHO FMYO FMOLOMYGOMEO J5TIMEEIOOL F9IJOOL
dobgzom;

50 9mEgeol  Logmdzgabdg  99999053900s  3obaLsBL3Mgwo
BMOLOMIOIMO  45dMEPJOOL  BIGHIMJOOL  FJOMOOZS MMM
Log3gb 00560, 51939 MPY39G0 WIGHZ0OMZ0L 9dmbgg35d0;
d9LHogeowos ol 30MHMdJd0, MHMIwol OMLsg 9.f ©oBJsMYdOL
B309bdg0s fjO50305;
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5) d90mb3930m0 LoOEOL s65{ogdols BwbJz00l SMS3SLOIWEO
3900m©YBd0m 53980L L33wg30 3OMYMsaol BHoduGo

#include <vcl.h>

#pragma hdrstop

#include "math.h"

#include "math.hpp"

#include "main.h"

#pragma package(smart_init)

#pragma resource "*.dfm"

TForml *Forml;

lg3mbd30900 :

double * bubble(double *a , int m, int n);

void bubble(double a[][90] , int j, int m, int n);

/1 351030l LOESYRGI S BOPIE™IOL dobgzom
double simpson( int n, double (*f)(double),double a, doubleb ) ;
double f(double );

11" 5093bmbols Bm®IMErols Jobggz0m 0b3Moeol 2odmm3Es
double ganuz_shemc( double x, int n, int i, double lo, double up);
11 365§ogdols 06@9aMoem@mo 13mbdEools godmmagms 49bmBrgzmgEmdol
3993060900L 9O
double apr emp( double x, int n, int i, double lo, double up, double sandooba,
double delta);
11356550 q00L 0639690 3bd300L 4odmmMzs oMM 3Mmbs zeromms
d9MEOm
void mpv (double xdist[][90], double F_mpv_xv[][90], int n, int j, double Lower x,
double Upper x, double D opt);
/1965(0@qd0l 063960 36300l 2o8mm3zEs S3M0MOYIE-
99306090 53mbdizool dgomm@om
double sashualo( double *x, int n);
double sashkvad( double *x, int n);
11 558995¢0m LOEOEOUL S BOTMHEOM 335OIBHEO FOWIHBOOL YoTMMZEVS
double ¢[50][90]={0}, ct[500][90]; //masivebi [0:1] SualedSi Tanabrad ganawilebuli
double xdist[50][90]; // Lbgoaslibgs 35b6mbom asbsfiorgdwero dgdmbggzomo
Loool dslbogo
double fteor[50][90], fclasik[50][90], f gan shem[50][90], f aep[50][90],
F_mpv_xv[50][90];
11 56509d0l 0gme0mwo, 30050300, s B133eg30 IJNMPIIOM
9009090 g3bd30980L JoL039d0
double d_pl, d_min; / 000 qL0 ©s “330MHLO 35HBEOYOO JeolOIMMO
gm0l dgdmbggzsdo
double Lower_x, Upper_x; // X boo@ol 33w0gdol Dgws s 43900
LoBOZM0
double dift cl[50], diff gan[50], diff mpv[50],diff ap emp[50]; // *9009LO
39HEMGOOL FoL03900
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double sash_gadaxra=0, sigma ; // ©9©00@gLO 45IBGOOL LodwyoEIM

LoFMOM 33500MGIO LOWOY
int n, m=50, mm=500; // 56536905 ®0o3b30 s (30900L MomEIbMds

//
void__fastcall TForm1::TForm1(TComponent* Owner)
: TForm(Owner)
{
b
//
void __fastcall TForm1::GeneratorClick(TObject *Sender) //56536090m5 39bgMo305
{
ListBox3->Clear() ;
randomize();

ListBox2->Clear();
ListBox3->Clear();
inti=0, j=0;
AnsiString a="", b="", cc="", ck="";
n=StrTolnt(num->Text);
for (j=0; j<mm; j++)

{

for (i=0; i<n; i++)
{ if (distribution->ItemIndex==4)

{
ct[j][i]=exp( RandG(0,1)/0.4343);

if (ct[j][i] >=999.)

ct[j][i]=exp ( RandG(0,1)/0.4343);
else
if (distribution->ItemIndex==3)
ct[j][i]=RandG(0,1);

else
ct[j][i]=(rand()%1000+1) /1000.0;

}

bubble( ct, j, 0, n-1);
}

for (i=0; i<n; i++)

{ double 1j=0;

for (j=0; j<mm; j++)

{ mt=ct[j][i];
if (j%(mm/m)==mm/m-1)
{ c[j/(mm/m)][i]=rj/float(mm/m);
17=0;

N N
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for (j=0; j<m; j++)

{

for (i=0; i<n; i++)
{
switch (distribution->ItemIndex) // 9650 gd0l 356mbol s®bgzs
{
case 0 :
Lower x=0; Upper x=1;
xdist[j][i1]=c[j][i]; fteor[j][i] = xdist[j][i];
fclasik[j][i] = (double)i/n; break;
case 1 :
Lower x=0; Upper_ x=5;
xdist[j][1]=-log(c[j][n-i-1]);
if (xdist[j][i]>=5)
xdist[j][1]=5;
fteor[j][i]= 1- exp(- xdist[j][1]);
fclasik[j][i] = (double)i/n; break;
case 2 :
Lower x=0; Upper_x=4;
xdistj][i]=sqrt(-2*log(c[j][n-i-1]));
if (xdist[j][i]>=4)
xdist[j][1]=4;
fteor[j][1]= 1- exp(-xdist[j][1]*xdist[j][1]/2);
fclasik[j][i] = (double)i/n; break;
case 3 :
Lower x=-3; Upper_ x=3;
xdist[j][i]=c[j][il;
if (xdist[j][i]>=3)
xdist[j][1]=3;
if (xdist[j][i]<=-3)
xdist[j][1]=-3;
fteor[j][1] = 0.5 + (1/sqrt(2*M_PI))*simpson(1000, f, 0, xdist[j][i]);
fclasik[j][i] = (double)i/n; break;
case 4 : Lower x=0; Upper x=1000;
xdist[j][i]=c[j]lil;
/- if (xdist[j][i]>=1000)
// xdist[j][1]=1000;
fteor[j][1] =0.5 + 1/sqrt(2*M_PI)*simpson(1000, f, 0, log10(xdist[j][1]));
fclasik[j][i] = (double)i/n; break;
default : ;
}
b=b+ FloatToStrF(xdist[j][1], ffFixed, 5,3) +"'";
cc=cct+ FloatToStrF(fteor[j][i], ffFixed, 5,3) +'";
}
a="",;
ListBox2->Items->Add(b );
b="";
ListBox3->Items->Add(cc );
cc="";
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}

float sa=0;
for (i=0; i<n; i++)
{sa=0;
for (j=0; j<m; j++)
sa=satfteor[j][i];
{
sa=sa/50;
}
}
for (j=0; j<m; j++)
{
d pl=0;
d_min= 0;
for (i=0; i<n; i++)
{
d_pl=Max (d_pl, (double)(i+1)/n - fteor[j][i]);
d_min =Max (d_min, fteor[j][i] - (double)(i)/n ) ;

}

diff cl[j]= Max (d _pl, d _min);

}

sash gadaxra= sashualo(diff cl, m) ;

double y=0;
for (j=0; j<m; j++)
{

y=y+(diff cl[j] - sash gadaxra )*(diff cl[j]-sash_gadaxra);

}

sigma=sqrt(y/(m-1));
comp->Enabled=true;

}

void __ fastcall TForm1::compClick(TObject *Sender)
11m0@gLo A5bMOLY S BETMHEIM 335OSEIEO FOPIBEOOL FoTMMZEGOO
{ double maxi=0;
AnsiString ccc="";
if (method->ItemIndex==0)
{
double D opt, D, Sigma m, Min_D=100, L=0;
if (distribution->ItemIndex==4)
L=(Upper_x - Lower x)/5000.;
else
L=(Upper_x - Lower x)/40.;
D opt=L;
D=D opt;
while ( D_opt<Upper_x)
{

for (int j=0; j<m; j++)
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{ maxi=0;
mpv(xdist, F mpv_xv, n, j, Lower _x, Upper_x, D_opt);

{
ccc=ccct FloatToStrF(F_mpv_xv[j][i], ffFixed, 5,3) +'";

}
pr->Items->Add(ccc); */
for (int i=0; i<n; i++)
{
maxi = Max(maxi, fabs(fteor[j][i]-F_mpv_xv[j][i]) ) ;
}

diff mpv[j]=maxi;
}
if (sashualo(diff mpv, m)< Min_D)
{
Min_D =sashualo(diff mpv, m);
Sigma m= sashkvad(diff mpv, m);
D=D_ opt;
b
D opt=D opt+ L;
b
Memol->Lines->Add(FloatToStrF(Min_D, ffFixed, 5,4));
Memo3->Lines->Add(FloatToStrF(Sigma m, ffFixed, 5,4));
}
else
if (method->ItemIndex==1)
{  for (intj=0; j<m; j++)
{ maxi=0;
for (int i=0; i<n; i++)
{
f gan shem([j][i]=ganuz_shemc(xdist[j][i], n, i, Lower x, Upper x );
maxi = Max(maxi, fabs(fteor[j][i]-f gan shem][j][i]) ) ;
}
diff gan[j]=maxi;
}
Memol->Lines->Add(FloatToStrF(sashualo(diff gan, m), ffFixed, 5, 4));
Memo3->Lines->Add(FloatToStrF(sashkvad(diff gan, m), ffFixed, 5, 4));
H
else
if (method->ItemIndex==2)
{ double Fapx, delta, sandooba=0.5;
sand_k->Enabled=True;
sandooba=sand_k->Text.ToDouble();
if (distribution->ItemIndex==4)
delta = 0.0001 ;
else
delta = (Upper_x-Lower x)/50. ;
for (int j=0; j<m; j++)
{ maxi=0;
for (int i=0; i<n; i++)
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{

f aep[j][i]= apr_emp(xdist[j][i], n, i, Lower_x, Upper x, sandooba, delta) ;

maxi = Max(maxi, fabs(fteor[j][1]-f aep[j][i]) ) ;

}
diff gan[j]=maxi;
}
Memol->Lines->Add(sashualo(diff gan, m));
Memo3->Lines->Add(sashkvad(diff gan, m));
}

Memo2->Lines->Add(FloatToStrF(sash gadaxra, ffFixed, 5, 4));
Memo4->Lines->Add(FloatToStrF(sigma, ffFixed, 5, 4));

H
void __ fastcall TForm1::methodChange(TObject *Sender)

1153600699)e0-933060090 5329I64300L IgNMEOL YoodGH0MEMmGdS
{
if (method->ItemIndex==2)
sand_k->Enabled=True;
else
sand_k->Enabled=False;

}
1

double * bubble(double * a, int m, int n)
{
char is=1;
int i;
double c;
while(is)
{ 1s=0;
for (i=m+1; i<=n; it++)
if (a[i] <a[i-1])
{ c=a[i];
a[i]=a[i-1];
a[i-1]=c;
1s=1;
}
h
return(a);

}

1

void bubble(double a[][90] , int j, int m, int n)
{
char is=1;
int i;
double c;
while(is)
{ is=0;
for (i=m+1; i<=n; i++)

if (afj]li] <afjl(i-1])
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{ c=a[j][i];
a[j][i]=ap]0i-11;
a[j][i-1]=c;
1s=1;

}

}
}

double f(double x)
{

return exp(-x*x/2);
H
double simpson( int n, double (*f)(double),double a, double b )
{ doubleh; intk; doublesl1=0,s2=0;
h=(b-a)/(2*n);
for (k=1; k<=n; k++)
sl+=f(a+(2*k-1)*h) ;
s1*=4;
for (k=1; k<n; k++)
s2+=f(a+2*k*h);
§2*=2;
return  h/3 *( f(a) +f(b) + sl +s2);
}
double sashualo( double *x, int n)
{
double y=0; int i=0;
for (i=0; i<n; i++)
y=y+x[il;
return y/n;

}

double sashkvad( double *x, int n)
{
double sash=0, y=0; int i=0;
sash=sashualo(x, n);
for (i=0; i<n; i++)
y=y+(x[i] - sash )*(x[i]-sash);
return sqrt(y/(n));
}
double ganuz_shemc(double x, intn, inti, double lo, double up)
{
return 1.0/(n+ 1) * ((x - Lower_x) / (Upper_x - Lower x) + (i+1-0.5) );
}
double apr_emp(double x, int n, int i, double lo, double up, double sandooba,
double delta)

{
double Fapx = 1./(Upper_x-Lower x) + delta;

return sandooba * Fapx *x + ((1-sandooba)/n) * (i+0.5);

}
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void mpv(double xdist[][90], double F_ mpv_xv[][90], int n, int j, double Lower x,

double Upper_x, double D_opt)
{
double Diap=0, Ves=0, Mean=0, D opti[90], Psi_x[90],
X bord Lower[180],X bord Upper[180], X bord[180],
X bord non_equal[180], A delta[180], F_dif[180], Delta x[180];

Diap=Upper x - Lower Xx;
int Num_non_equal=0;
double* F_mpv = new double [180];
for (int i=0; i<n; i++)
{
if ((xdist[j][1]-D_opt/2.0)< Lower x)
D _opti[i]=xdist[j][i]-Lower x+ D opt/2.0;
else
if ((xdist[j][i]+D_opt/2.0) > Upper x)
D opti[i]=Upper_x - xdist[j][i] + D_opt/2.0;
else
D opti[i]=D_opt;
Psi_x[i]=1./D_opti[i];
}
for (int i=0; i<n; i++)
{
X bord[2*1]= xdist[j][i] - D_opt/2.;
X bord Lower([i]= xdist[j][i] - D_opt/2.;
if (X _bord[2*i] <= Lower _x)

ord[2*i]= Lower_x;

{
X
X bord Lower([i]= Lower x;

b
b

}

X bord[2*i+1]= xdist[j][i] + D_opt/2.;

X bord Upper[i] = xdist[j][i] + D_opt/2.;
if (X bord[2*i+1] >= Upper_x)

{
X bord[2*i+1] = Upper_x;
X bord Upper[i] = Upper_x;
¥
}
bubble(X bord, 0,2*n-1);  ////////111111]
X bord non_equal[Num_ non_equal]=X bord[0];
for (inti=1; i<=2*(n-1)+1; it++)
{
if (X _bord non_equal[Num_non equal] != X bord[i])
{
Num_non_equal=Num _non_equal+1;
X bord non_equal[Num non_equal] = X bord][i];
}
}

Num_non_equal=Num_non_equal+1;
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for (int i=0; i<2*(n-1)+1; i++)
{
Mean = (X _bord[i]+X bord[i+1])/2. ;
Ves=1./Diap;//50;
for (int g=0; q<n; q++)

if (X bord Lower[q] <Mean) && (X bord Upper[q] > Mean))
Ves=Ves+Psi_x[q];

}
A delta[i]=Ves;

for (int i=0; i<Num_non_equal; i++)
{
F_dif[i]=A_delta[i]/((n+1));//*Diap);//*50);
Delta x[i]=X bord non_equal[i+1]-X bord non equal[i];//X bord[i+1] -
X bord][i];
}
F mpv[0] =F _dif[0]*Delta x[0];
for (int i=1; i<2*n-1; i++) {
F mpv[i]=F _mpv[i-1]+F_dif[i]*Delta x][i];
}
for (int i=2*(n-1)+1; i>0; i--)
F_mpv[i]=F _mpv][i-1];
F_mpv[0]=0;
if (X _bord non_equal[Num_non equal-1] == Upper x)
F_mpv[Num non_equal-1]=1;
for (int i=0; i<n; i++)
{ for (int k=0; k<Num_non_equal-1; k++)
{
if (X bord non_equal[k]<=xdist[j][i] && X bord non_equal[k+1]>=xdist[j][i])
F mpv_xv[j][i]=((F_mpv[k+1]-F_mpv[k]) * (xdist[j][i]-
X bord non_equal[k])) /(X bord non_equal[k+1] -
X bord non_equal[k])+F mpv[k];
}
}
}
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0) 3569456960 9db3gMm0dgEHoL dggasE dorgdmo bMHowgdo

3b6omo 1. o603 0bs F3ewowol m3E0doerMo Lodsbol s65309dms MHoEbgzbg
5330090 gd MobBIMO 2obsfogdolsmzol

96536905 | Faeoemols fzamool M[Dn]
6oEb30 | m3GH005¢rM0 | m3EH0Tow Mo 3sb03960 | 560 zmmbo

n Logobg Logobg 3

10OM©O oo

oo, RMHEOMI00
9O gddo
de@)

3 0.975 0.975 0.457 0.08
4 0.975 0.975 0.392 0.077
5 0.975 0.975 0.353 0.08
6 0.975 0.975 0.334 0.081
7 0.975 0.975 0.312 0.076
8 0.975 0.975 0.282 0.076
9 0.975 0.975 0.281 0.079
10 0.975 0.975 0.264 0.076
20 0.975 0.975 0.191 0.075
30 0.65 0.65 0.147 0.066
40 0.625 0.625 0.135 0.061
50 0.625 0.625 0.119 0.06
60 0.6 0.6 0.117 0.061
70 0.6 0.6 0.105 0.059
80 0.6 0.6 0.1 0.053
90 0.575 0.575 0.092 0.05

300 2. JoOHMMobs 3000l Mm3E0ds¢rM0o Logsbol sbs3Mgdms Mosbzbg

©59m30090w)gds 9JudmbgbEosw Moo gobsfowgdolismzgol

96536905 | Faeowols fzemools M[Dn]
6oEb30 | m3BH005¢M0o | m3EH0To Mo 33603960 | BsG0mzmmbs

n Logyobg Logobg 3

N0Y™MO Peoms

dose, BOHOMO0M
960g)wgddo
de@)

3 1.375 0.275 0.472 0.191
4 1.25 0.25 0.388 0.173
5 1.375 0.275 0.368 0.178
6 1.375 0.275 0.319 0.138
7 1.25 0.25 0.3 0.139
8 1.125 0.225 0.283 0.139
9 1 0.2 0.262 0.134
10 1 0.2 0.241 0.128
20 0.875 0.175 0.17 0.099
30 0.875 0.175 0.149 0.094
40 0.75 0.15 0.137 0.087
50 0.75 0.15 0.121 0.078
60 0.75 0.15 0.112 0.074
70 0.625 0.125 0.1 0.068
80 0.5 0.1 0.094 0.062
90 0.5 0.1 0.088 0.06
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3bM0o 3. oMM IMobs H3e0wol Mm3E0ds¢Mo Logsbol sbs3Mgdms Mosbgzbg
5303090 gds Mgengol gobsfoergdobsmgzols

565369005 | fgerools fzeoeol M[Dn]
6o3b30 | m33H08oe©0o | Mm3EGH0TowG0 3003b0371H0 | Bo6rongrmbo
n Logobg Lbogobg 3
10OMEO ferowmo
dose, RBIOHOMO0M
960gwgddo
dm&@

3 2.3 0.575 0.448 0.158

4 2.2 0.55 0.414 0.161

5 1.9 0.475 0.349 0.142

6 1.8 0.45 0.309 0.124

7 1.7 0.425 0.278 0.116

8 1.7 0.425 0.279 0.121

9 1.6 0.4 0.259 0.113

10 14 0.35 0.244 0.104

20 1.4 0.35 0.167 0.073

30 1.4 0.35 0.155 0.076

40 1.3 0.325 0.131 0.068

50 1.2 0.3 0.116 0.06

60 1.1 0.275 0.111 0.059

70 1.1 0.275 0.102 0.056

80 0.9 0.225 0.091 0.052

90 0.9 0.225 0.085 0.051

300 4. oMM IMobs 3e0wol Mm3E0ds¢Mo ogsbol sbs3Mgdms Mosbzbg
53300090505 bmMTocrm®o obsfowgdolsmgzgols

565369005 | faeool fzaoeol M[Dn]
MoEbgo | ™330ds® | m3EH0Tow Mo 33b037960 | 3560 zmmbs
n 0 Lboasby Lo sbg 3
N0Y™MO Peoms
dose BOHOMO00
9609 gddo
de@)

3 2.7 0.45 0.442 0.186

4 2.25 0.375 0.4 0.162

5 2.55 0.425 0.384 0.175

6 2.4 0.4 0.335 0.146

7 2.1 0.35 0.284 0.131

8 2.25 0.375 0.3 0.135

9 2.25 0.375 0.271 0.113

10 2.25 0.375 0.277 0.135

20 1.8 0.3 0.179 0.095

30 1.65 0.275 0.147 0.087

40 15 0.25 0.129 0.074

50 1.5 0.25 0.123 0.078

60 15 0.25 0.108 0.061

70 1.35 0.225 0.105 0.061

80 1.35 0.225 0.092 0.057

90 1.35 0.225 0.089 0.05
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300 5. JoOHMMobs 3000l Mm3E0ds¢erMo ogsbol sbs3Mgdms Mosbzbg
533009090 W MYH00FNs© Moo dsbsfocngdolamgol

36536905 | fgeroeols fzaoeol M[Dn]
6oEb30 | m3BH005¢0 M0 | m3EH0To Mo 33603960 | BsG0mzmmbs
n Logobg bogobg 3
10OMEO oo
dose, BOHOMO0M
960gwgddo
de@)

3 1.5 0.0015 0.266 0.45

4 1 0.001 0.212 0.404

5 1 0.001 0.224 0.329

6 1 0.001 0.229 0.334

7 1 0.001 0.193 0.319

8 1 0.001 0.196 0.297

9 1 0.001 0.186 0.28

10 0.5 0.0005 0.179 0.239

20 0.5 0.0005 0.147 0.187

30 0.5 0.0005 0.119 0.151

40 0.5 0.0005 0.116 0.14

50 0.5 0.0005 0.103 0.123

60 0.5 0.0005 0.098 0.116

70 0.5 0.0005 0.09 0.1

80 0.5 0.0005 0.085 0.096

90 0.5 0.0005 0.084 0.086

) 99000b3930m0 LoEOEOL 365fogdol BMbJz00l sGB3WIBO NGO

39007000 533900 359mYygbgdomo 3MmM®Mmsdol GHgdb@o

#include <vcl.h>
#pragma hdrstop
#include<math.h>

#include "lowfraphic.h"
#pragma package(smart_init)
#pragma link "PERFGRAP"
#pragma resource "*.dfm"

#include "aep.h"
#include "mpv.h"

float *bubble(float *, int, int) ; /LmOEOMYOOL GMbI30s

float X v[150],D opti[150],X bord Lower[300],X bord Upper[300], Diap;
float Psi_x[150], A _delta[300], F_dif[300], Delta_x[300], Ves=0, Mean;
float D_opt, X bord[300], F mpv_xv[150];

int Num_non_equal=0;//D_opti[150];

double X bord non equal[300], F_mpv[300];
float Lower_x=0, Fapx=0, Upper_x=0;

Tgraphic *graphic;




1180753560 3oL Mmd0gJEHOL 3MbLEHOWYJEHMGOO
__fastcall Tgraphic::Tgraphic(TComponent®* Owner)

: TForm(Owner)
{
}
/1 8ebsi3gdms 8gobo

void __ fastcall Tgraphic::Edit1 KeyPress(TObject *Sender, char &Key)
{

if (Key==VK_RETURN)&&(Editl->Text !|=EmptyStr))

{
StrToFloaT (Editl->Text);

data->Items->Add(Edit1->Text);
Edit1->Clear();
}
{
Edit1->SetFocus();

}

if (1((Key>='0"&&(Key<='9")[|(Key=="")|[(Key=="-")||(Key==8)))
Key=27;

H
1

void __fastcall Tgraphic::deletel1 Click(TObject *Sender)
{

data->Items->Delete(data->ItemIndex);

j
/I

void __ fastcall Tgraphic::gamotvlaClick(TObject *Sender)

{
if (CheckBox2->Checked)

{
int number=data->Items->Count;
for (int i=1; i<=number; i++)
data->Items->Add(FloatToStr(StrToFloaT (data->Items->Strings[i-1])*(-1)));

§
int Min, i,j;

for (j = 0; j<= data->Items->Count-1; j++)
{
Min = j;
for (i =j; i<= data->Items->Count-1; i++)
if (StrToFloaT(data->Items->Strings[Min]) < StrToFloaT (data->Items-
>Strings[i]))
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Min = i;
data->Items->Insert(0, data->Items->Strings[Min]);
data->Items->Delete (Min+1);

}

float average=0, sigma=0;

1=0;

if (CheckBox1->Checked)
{
Lower x = StrToFloaT(Edit2->Text);
Upper_x = StrToFloaT(Edit3->Text);

}

else

-

while (i<data->Items->Count)

{
average+= StrToFloaT(data->Items->Strings[i]);
1++;
}
average/= data->Items->Count;
1=0;
while (i<data->Items->Count)
{

sigma+=(average-StrToFloaT(data->Items->Strings[i]))*(average-StrToFloaT (data-
>[tems->Strings[i]));

i++;

H
sigma=sqrt(sigma/data->Items->Count);
Lower x=average-3*sigma;

Upper x=average+3*sigma;
Edit2->Text=Lower_x;
Edit3->Text=Upper_x;

h

switch (metod->ItemIndex)

{ case 2:

for (i=1; i<=data->Items->Count; i++)
{
datay->Items->Add(FloatToStr((1.0/(data->Items->Count + 1) ) *
((StrToFloaT (data->Items->Strings[i-1]) - Lower x)/ (Upper_x - Lower_x) + (i-0.5)
N

J
break;

case 1:
Diap=Upper_x - Lower x;
D opt=StrToFloaT(mart_cvl->Editl->Text);
for (int i=0; i<data->Items->Count; i++)
{
X v[i]= StrToFloaT(data->Items->Strings[i]);
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}

{
if (X v[i]-D_opt/2.0)< Lower_x)
D opti[i]=X_ v[i]-Lower x+ D opt/2.0;
else
if (X v[i]*+D opt/2.0) > Upper x)
D opti[i]=Upper x - X v[i] + D opt/2.0;
else
D opti[i]=D_opt;
Psi_x[i]=/*1000*50*/1./D_opti[i];

for (i=0; i<=(data->Items->Count)-1; i++)

}

for (i=0; i<=(data->Items->Count-1); i++)
{
X bord[2*i]= X v[i] - D_opt/2.;
X bord Lower[i]= X _v[i] - D_opt/2.;
if (X _bord[2*i] <= Lower_x)

{

X bord[2*i]= Lower_x;

X bord Lower[i]= Lower x;

}

X bord[2*i+1]= X v[i] + D _opt/2.;

X bord Upper[i] = X v[i] + D opt/2.;
if (X_bord[2*i+1] >= Upper x)

{

X bord[2*i+1] = Upper_x;

X bord Upper[i] = Upper x;
}

¥

bubble(X bord, 0,2*(data->Items->Count-1));
X bord non_equal[Num non equal]=X_ bord[0];
for (i=1; i<=2*(data->Items->Count-1)+1; i++)
{
if (X bord non_equal[Num non_equal] != X bord[i])
{
Num_non_equal=Num_non_equal+1;
X bord non_equal[Num non_equal] = X bord][i];
¥
}
Num_non_equal=Num_non_equal+1;
for (i=0; i<2*(data->Items->Count-1)+1; i++)
{
Mean = (X_bord[i]+X bord[i+1])/2. ;
Ves=1./Diap;//50;
for (int j=0; j<data->Items->Count; j++)

if (X bord Lower[j] <Mean) && (X _bord Upper[j] > Mean))
Ves=Ves+Psi_x[j];

}
A delta[i]=Ves;



¥
for (i=0; i<Num_non_equal;/*=2*(data->Items->Count-1)+1; */ i++)
{
F_dif[i]=A_delta[i]/((data->Items->Count+1));//*Diap);//*50);
Delta x[i]=X bord non equal[i+1]-X bord non equal[i];//X bord[i+1] -
X bord[i];

¥

F mpv[0] =F _dif[0]*Delta x[0];

for (i=1; i<2*(data->Items->Count-1)+1; i++)

{
F mpv[i]=F_mpv[i-1]+F_dif[i]*Delta x[i];
for (i=2*(data->Items->Count-1)+1; i>0; i--)

F_mpv[i]=F _mpv][i-1];
F_mpv[0]=0;
if (X _bord non_equal[Num non equal-1] == Upper x )
F_mpv[Num_non_equal-1] =1;
for (i=0; i<Num_non_equal;/*i<=2*data->Items->Count-1;*/ i++)
dop->Items->Add(FloatToStr(F_mpv[i]));
for (i=0; i<Num_non_equal; i++)
tmp->Items->Add(FloatToStr(X bord non_equal[i]));
for (i=0; i<data->Items->Count; i++)
{ for (intj=0; j<Num_non_equal-1; j++)
{
if (X bord non_equal[j]<=X v[i] && X bord non_equal[j+1]>=X_v[i])
F mpv_xv[i]=((F_mpv[j+1]-F_mpv[j]) * (X _v[i]-
X bord non_equal[j]))/(X_bord non equal[j+1]- X bord non_equal[j])+F_mpv[j];
b
}

for (i=0; i<data->Items->Count; i++)

datay->Items->Add(FloatToStr(F_mpv_xv[i]));
break;

case 0:
Fapx = 1./(Upper_x-Lower x+StrToFloaT(apr emp->Edit2->Text));
for (i=1; i<=data->Items->Count; i++)

{
datay->Items->Add(FloatToStr(StrToFloaT(apr_emp->Editl-

>Text)*Fapx*(StrToFloaT (data->Items->Strings[i-1])-(Lower_ x-
StrToFloaT(apr_emp->Edit]->Text)/2))+(i-0.5)*(1-StrToFloaT (apr_emp->Edit1-
>Text))/data->Items->Count));

}

break;

}

}
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void __ fastcall Tgraphic::gasuptavebaClick(TObject *Sender)
{
data->Clear();
datay->Clear();
Series1->Clear();
dop->Clear();
tmp->Clear();
Num_non_equal=0;
for (int i=0; i<data->Items->Count; i++)
{
X v[i]=0;
F _mpv[i]=0;
F mpv_xv[i]=0;
X bord non_equal[i]=0 ;
X bord[i]=0;
}
metod->ItemIndex=1;
CheckBox1->Checked=true;
}
/]
void __ fastcall Tgraphic::graphikClick(TObject *Sender)
{
int i=0;
Chart1->Title->Visible=true;
Chart1->BottomAxis->Axis->Width=4;
Chart1->BottomAxis->Axis->Color=clBlack;
Chart1->LeftAxis->Axis->Width=4;
Series1->ClickableLine=true;
Series1->CalcVisiblePoints=true;
Series2->AddXY(0,0,1,cIBlack);
Series2->AddXY(0,1,1,clBlack);
if (metod->ItemIndex==0)
Series1->AddXY(Lower x-(StrToFloaT(apr _emp->Edit2->Text)/2),0,1,clGreen);
if (metod->ItemIndex==1)
{
for (i=0; i<Num_non_equal; i++)
Series1->AddXY(X bord non_equal[i],F_mpv[i], 1, clGreen);
for (i=0; i<data->Items->Count; i++)
Series1->AddXY (X v[i],F mpv_xv[i], 1, clGreen);
}
else
Series1->AddXY(Lower x,0,1,clGreen);
while (i<data->Items->Count)
{
Series1->AddXY (StrToFloaT(data->Items->Strings[i])+StrToFloaT(apr_emp-
>Edit2->Text)/2,StrToFloaT (datay->Items->Strings[i])+(1-StrToFloaT(apr_emp-
>Edit1->Text))/(2*data->Items->Count), 1,clGreen);
1=i++;
}

if (metod->ItemIndex == 0)
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Series1->AddXY (Upper_x+(StrToFloaT(apr_emp->Edit2->Text))/2,1,1,clGreen);

else
Series1->AddXY (Upper x,1,1,clGreen);

j
/I

void __fastcall Tgraphic::metodChange(TObject *Sender)
{

switch (metod->ItemIndex)

{case 0:

apr_emp->Show();

break;

case 1:

mart_cvI->Show();
mart_cvl->Edit2->Text=IntToStr(data->Items->Count);
break;

default : 2;

j
}

//
float * bubble(float * a , int m, int n)
{
char is=1;
int i;
float c;
while(is)
{ 1s=0;
for (i=m+1; i<=n; i++)
if (a[i] <a[i-1])
{ c=ali];
a[i]=a[i-1];
a[i-1]=c;
1s=1;
J
}
return(a);
}
void __ fastcall Tgraphic::FormCreate(TObject *Sender)
{
metod->ItemIndex=1;
CheckBox1->Checked=true;

j
/I

void __ fastcall Tgraphic::printClick(TObject *Sender)
{

PrintDialog1->Execute();

}

135



