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ABSTRACT

Krasiuk B. V. Mat hemat i cnaull tai nddi nteonnspi uot |
of i nformation warfare using approxi ma

Di ssertation for the degredeof i &bdt
1 Mat hemati cs and spPpeatastitgs 113717 Apphi
Shevchenko NationadlTaUasyv &ahsiviclheak o KWa
Kyi v, Kyi v, 2024.

The dissertation is devoted to the
mat hemati cal and comput er rneogdaerld otfo irnaf

Compared to t he considered model s
mat hemati cal engine IS more accurat e,
of the environment a-hgpmakohgihaébebactuosh & i

Particul ar emphasis iIs placed on th
mechani sms of information disseminatic
to ensure i nformation security.malhei
informati on makes it I mportant to stu
conflicts i n modern society. Model | i

processes.

The study covers the anal ysi scoonipeitnif

bet ween different types of I nformatio
conflict mo d e | t hat represents a Syste
over a common area of interest.

The devel oped syemndcmrcdnfsrisrttse md rmMad

use of computation separately from di.
use byatrhyrapplications. The3cliAdReagdt.
| eaves open t he npeorsocsu shmaldet d/y od futu soinmsg f
t he further devel OeEmeritt eoft ht e alybktd
responsi ble for the mathemati cal engi I
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use otf hselod If f | i br aorweeds , uswhti e h c@ast omi s
calculations as closAl yo,asamysisnbéemd
collected to verify the correctness of

The devel oped softwareabhtclubbwsi ans Dt
of i nformation threats, but al so to d

environment as a whole and for each sp

mo d e | makes it possifodremdtoi amr aicrk n éeeel
reaction to changes iIin the environmer
effective response to potential threat

Thutshki ssecobasafansnt r odtulcrceheep 8 ev ot ed
presentodt itche esesmolicth aedlaostef er ences.

The introduction noted the relevanc:
met hodol ogi cal foundati ons, pur pose an
novel tyctamdalprvaal ue of the research ar
results are given, and the structure o
of solving the tasks.

| n ftihrest, cwm®pltyese the problem in i1ts
community with an i ni thi,alwhpocphul a¢ a ©oin
information fTHEVEO dé&hesedi aBor mati on
ot her and mayl gveppbsiotaimpA®wo s mer ces
start broadcasting these information
This process can be accurately descri
given the sngesf beaweedi therstreams.

|t also describes the wuse of stocha
seliar kov switches. For exampl e, mo d e |
antagoni stic i nformati on war far e aade

environment and ot her factor s.
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The main assumptions of the model ar
"THOBHO, is spread in society through tv
fiext ®chalhnel i s charrmragatiiserd rmatmt hpear
T8 h m These parameters -iardee pansemed
i nt r niad i nterpersonal communi cati on
The intensity of this chdnnmil it8H detsc
which arenadlpendieme .

Wit hin t his channel |, i ndi vi dual sfilowh
(O 0) contribute to the recruitment of
from any Soarée (E 0 0).

A software I mpl ementation of a di s
i nformation warfare has been develope
Matplotlib 3.8.1.

| n t he foll owing section, we caom s
perturbations. Since the deterministic
real wor |l d.

An overview of the basic algorithms
IS of fered. Attenti on S focusned Pmn
approximation and Levy approximation
perturbations.

For exampl e, the averaging scheme I
equation:

'gb c‘) w y ) c‘) ™\
— O 0 ohw- O 1
Q0 -

Random pert urnbeadt iboyn sa aMer kdaedfid j mhmpi np r
standard pditp,segiswearceby a gener a'tit es

funct¢ iworisvt hat take numeri cal val ues:
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le @ Mo, 0dQwe @ * o .

We consider the diffusion approxi mat
of balance, which is dedd@&bmhhi aedd dhy t he
6w _ “Qabdohwk T
A software 1 mplementation has Ieeetnh
average trajectories for a particular

The software solution was buil't usi ng

package.

As a result, It i's confirmddttthat f
trajectories given in the discrete cas
The seconddeschafetesRoi sson and Levy a
anal ysesVdlhteerLroa kmmodel , whi ch consi der
prey and is a key model i n applied m:

studying a soci alt acnot mmuunmbteéyr, wdfth dp ema pclioas

possible information threats of t wo
community members. Each of t hese type
negati ve, and the craisetiod cpirmiadmnngi 3 \
which can |l ead to polarisation of SO

i nformation struggl e.
The nunibeéhedd ohisd who have perceived
ideas of type 1 and 2, respettively, I
The main drawback of the <c¢cl assical I
the intensity of i nformeaatnisont oi ntfalkuee nicne
unpredictable events that affect®&dtiwer.l
where information spreads i nstantly ar

take into account srafeilmdt ueingri. fi cant
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The proposed model I's a dynamic sy

influence of the external environment
we |l | as rare random outbursts thmabert e
fia d h edoefnttshe rel evant information threa

Il n addition, to-makmpbgi pyothases dandsw
software I mplementation i n the Python
Mat plotli b 3. 8. 1sewashec hcoasl ecru |l taad i winsu a lAi
o ftfhseh el f sol ution (Il i brary) was used |
control over the numeri cal solution. T

basis for f utr tohfe rt hdee vbeal cokpermedn f or t he d

Il n general, the secdepgtiseanhabwnsipsy oo
war fare modicll ,assiocead tihne intosd e | | s-Vdletser
equations, wicicolhint abel yneater nal and

di sseminati on.
The third chapept dreveéedpmemes of a dec

model l ing information warfare. The sy
opti mal strategies and tactics in the
system, whilké 1er réapanprbcessing and

the Python Il asHJua3g e,. Ot e aFfmewor k, and
use of modericl|l painn caiopplhd sb et yoar t o f |
functionality of the system,

The frontend was devel oped using Rea

4. 3.3 |library for graphing. Thi s inte
providing users with an i1intuitive wa:
modeg.l i n

The system was also tested on a real

soci al net wor ks among Ukraini ans. Th



e f

13

fectiveness and accuracy of the dec

war far e.

Based on the statistical dat a, I nf o
system took into account various fact
random environment al i nfl uences of wvar

Based on testingeawmldt anailtyscanobet b
effective in the <context of I nf or mat
include further | mprovement of the mo
and extension of (tfloe sy swia@m'rs rfanmget iodn

pr
k n

The dissertation ends with concl usi
actical resul ts presented i n the s
owl-lradged systenmsatihme mahtei cfaled dle dtlfc omp
Keywordbsor matb®% nohnrleiantear dynamic s
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Case 3 vs Case 1 (-0.99999) REMOVE

Intensity

-0.99999
tdf.i[3zj4akj dals ' dalsj oW j 2k Hdv dzOd&Oh sk
1 5B o O jsdRlfAs dzj dzls, IsOCtsYy HEtsL otsdzv ‘ , dzO dz(
Hdew C' dz Ss° " deW stedgOy' 2dedn L OGsL SHdsY

First Inf warfare

1

Second Inf warfare Case 3 vs Case 1 (-0.99999) REMOVE
3
Intensity Case 1 vs Case 2 (-0.98) REMOVE
-0.98

Case 1 vs Case 3 (-0.98) REMOVE

ADD
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t dMm.11D.dD"N Iszeo Odedzy SCtsdzW dz' Clsdes’™ oL O d3ts
L OGtetsL SH dztsyOfmdats

cCh s f ' He jMmisd f " HiMkz &S d, HigStE o MfdRVB' Iz H t
ftedhodHhdlsd ftesyjfm ftetsojH]jddzw MmdBzdzy y’
ftoesyj M. [ d 203" ydes dzOdzO"M Istsolzo Olsd o~ " H
mMddzz odf OHSCtSeatse syl Miz.

[ BtoOdzd 2 Isj - dztsdzts e ' ydzd 2 Mmisj ¢ HiL 9 tsdzv
totsh dqtoj dadzg? WhkdzC y' sdzOdzz, hoadHGCts' L 3 dad Is
tesLtcOrlzdzE " ® SO ° hFiSHES o9tcORlzo Odadzy Isj r o

3.2 ubtkzClikztc® ftetscteOdRdes’ toj Odz' L Oy"' °’

rdzv tesLtesBSd MdMmisjddd §° HisteddBS d ff tod 2 «
HSHOIS dzO BJjCjdzgH IsO Witsdalsj dzH MSC &zOH B9 Iz

HisGEtsH dz totshA@B CoO, oBjjBL Z ditso dets, MisOdzO
o' L desdzOdz' Isdzd = J' dishifasCiddydzjodziste dats fij © dddsjd, MAlstO dA
M zOH dz2' " d d&3d . { m! 202 o OY g azls ) dzH f tod v ¢ ded
©JBMO2I" 9 Mdz' H tetsLH' dzwis(d.

[ OMh sOB sy @df fBls'djicjetsd @dz W tots dzlénjOckHs Iz,
MC zOHd hj odwedlsd Skt Bdazbl da dtf el iz’ s

CS ' bkfmkzdzj dzdzy  dzj M teOo datsls j 2, oz jozeld
LOoHOdzdz" 5. 10 bkdiisead totsL H' dzj dedgw W tctsdzls j
yofmlsddz ftesctcOddztsc B 1 'L Odeg & § H Uzl dzdesQ dff) G s &
' HBERZ9 O Is! MW L dzOydets Htesmis® " j . s Sy c
f* ' H"  2Isd ¢ tcjORts,0 Mets fustsiysjidztclz  dzO@ d3j dz

ZzodHC] ttLeBelsOddy. Aj2 f§tdiksdf sk
MC ZzOHBsoadr o' Clsk @y 2O twtsBdlsd § OtcOdzj
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[ MC " diy CHO otE[eL'ts dglz ¥ Is ! Ctoydzz yYOfmisddzlz tot
LOo j teh j dzO yYOMmisddzO & jipORBELZ H g E T detord H H «
1 Od3' fyls ss¢ts, hse ygj $OIsd, fsCd eofmj
teLH" dz2 dzgd?2 " HR' H BsYyj BRI L dOydsts ¢ dzlz

l ftoctso OH Y J dedzg? dztso drn digHLzeOod 7 [fH jdds | & C
Wtetsdzls § dzH 2 sO BJjSjdHE ‘ zjcCO IsO jW
" dW e OMstczCIszic® o jBMO2Is 9 MIsO' eofmj B' &
dzsodrn BsHjdzj2 MO eofMmj B ' dh MEC dZOH dzd &3

cChs Wtotdzlsj dzH M O2 Iserg t€ 65 dbHs Iso' jfipvy € toj d3ts,
By dz0 fwOys 9 Olsd L ded &3 € toj d3ts, ¢ tsdzd
BsHEzdz 9. 10 fwOSIsdy’ yj 6LEZOYO' , o ¢ s
Hts fjtco jtodzsts MOYBMIsdislishy j © jeEzIsd L Oo j toh | dzts
" dls j W 2k o jBMO2iLE. Ml dz@a @B 5 s ekzdzd 2 dzd;
sdetso dzj dadz? L 3" dz' BOdz! dzgd i3 YyOMtsdZ f tetsMmistss

[ dz sdf dzOIsW tstcd3] dadz' sdztso dzj dedz? SO st
HSH OltsS dsy kls! o d¢ tstcd fiylstdCodzdg Ofistf j X listests{dy) Is 1
M setsHde odCBtedMmistsoakze s Mw dzO toj ¢ kzdzv tc dz'

1 d usid. 8f6) , dz09 jHj dets MlstezCIskztclz B OC j dzH
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v [ api

v [¢3J domain
@ _init__.py
@ inf_calc.py

@ jumps_calculator.py
@ ol_calculator.py
@ main_api.py
= requirements.txt
> [h External Libraries
=® Scratches and Consoles

t dB6.TulstczCIskzte® Bj CjdzgH HESHOIS

c ¢ o dHdzs L tc ofnfg Iz aeS & g d CWiERRLdz tc ts dz ¢ s
¢ s dzls te 5 dzdzj tc O, hts o HBHOd htsddz odSCtsted Mmls
MC zOH s 58 MdMmisj dzd .

g jtco ' Md, hts o' HYite" ' HOBIs! LO tomaoa:
i BLEGOREASd SCodi3fsd] dzsz HdW¥bkL cal o(@calB)pO!
tetsL tcOn lzdzC d jmusnepdss $C ol (G Ma)Blo® . ey L tcOn 2z dz§ d
e ZOH 8o t5° L odSttedmlsOdedzy ff tf jHcQHUE _~ af
(tced.8).).7
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def get_ou(n, t, kappa=3, theta=0.5, sigma=0.5, x0=2):
paths = 5000
t_vec, dt = np.linspace( start: @, t, n, retstep=True)

x = np.zeros((paths, n))
x[:, 0] = x0
w = ss.norm.rvs(loc=0, scale=1l, size=(paths, n - 1))

std_dt = np.sqrt(sigma ** 2 / (2 * kappa) * (1 - np.exp(-2 * kappa * dt)))
for t in range(®, n - 1):
x[:, t + 1] = theta + np.exp(-Kappa * dt) * (x[:, t] - theta) + std_dt » w[:, t]

return list(x[1, :1)

{ IB7iAOC &) delsts Cts@Msmstpl lEL ' 2 dese s € 550

def merton_jump_paths(S=100, T=1, r=0.02, sigma=0.2, lam=1, m=0, v=0.3, steps=10000, Npaths=1):
size =(steps, Npaths)
dt = T / steps
poi_rv = np.multiply(np.random.poisson(lam * dt, size=size),
np.random.normal(m, v, size=size)).cumsum(axis=0)

geo = np.cumsum(((r - sigma ** 2 / 2 = lam * (m + v ** 2 * 0.5)) * dt

+ sigma

* np.sqrt(dt)

* np.random.normal(size=size)), axis=0)

return np.exp(geo + poi_rv) * S

t dmM8. 1 ABtcOed3j dzls CtsHEz L L tcOdiptbdC Yt

for i in range(n):
if i +1 ==n:
break

for case_i in range(len(n_start)):
second_multiplier = n_zero
for n_iter in range(len(n_start)):
second_multiplier = second_multiplier - n_results[n_iter][i]

n_i_next = (((a_coef[case_i] + b_coef[case_i] * n_results[case_i][i])
* second_multiplier + n_results[case_i][i])
+ ol_values[case_i][i]
+ jumps_values[case_i][i][0])

t dBATAtcOedzj dzls StsHE L tLtOakzdStsd yd
ol StedzOy 't 2 dets’ B iStesils! B (
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v OCtygd Bilz@ sBicOY j dzgs fted € dzOH tsBtesBC d L
ydgmazsosets tesL 9o 6wL Sk dsHj dzf

@app.post("/calculate")
def calculate():
input_data = map_from_request(request. json)

response = inf_calculate(
input_data.n,
input_data.n_zero,
input_data.n_start,
input_data.a_coef,
input_data.b_coef,
input_data.t,
input_data.theta,
input_data.sigma,
input_data.x@,
input_data.with_random

)
return response

t M1 0 BOGdj dzs SCtsHk, tBttsBSCO LOfdIsk
ydMmatse séts tesLodWL Sz dBSH d

1 Offlsky dztss ¢ dzO Hieotsitls | fifigfsifdstzj Ctisflz € O to d. BB e ©
CS odHdzs L tdmbkzd &z, Bzt GBtOds CtSdi3f ts
HiSH OIS 2.
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~ CLIENT
> node_modules
> public
v src
> assets
v views
v calc
TS index.tsx
TS gueries.ts
v common
TS index.ts
TS App.tsx
TS main.tsx
TS vite-env.d.ts
® .eslintrc.cjs
¢ .gitignore
<> index.html
package-lock.json
package.json
® README.md
tsconfig.json
tsconfig.node.json

TS vite.config.ts

tdBliulskzC skztce® Wttsdzlsj dzH HBH C

v O0C BBy, o Otclsts L OL dzOydliIsd, hts Hdzw GBfs
W o ts dzlsHj siBHO IS € Iz, Bzdzs o d CAsxcidinssdIlstRem’'c B@BMHBIs
(tcd. B .2)1. zt8 o Mot yYjteclk o' HCtoddzs h dtotse
HSHOISCE, dOftceds dzOH € j N zo Odzdzw .
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const {
data: simulationData,
isloading,
refetch,
} = useQuery({
queryKey: "simulation",
queryFn: () =
getSimulation({
n: state.n,
n_zero: state.nZero,
n_start: state.nStart,
a_coef: state.aCoefficient.map((item: string | number) = +item),
b_coef: state.bCoefficient.map((item: string | number) => +item),
t: state.t,
theta: state.theta,
sigma: state.sigma,
x0: state.x0,

with_random: state.withRandom,

3,

enabled: false,

3);

t dB.2lAtcOc d3j dzls StsHEZ, ftdS dzOH BBEKtsB ¢
slsted &3O dzdzy yYdMmdzseo sets tesL o o6wWL SR

r dzw ftselzutsed cGtOW' €' o BCRzsr wdBBWEH M
o sdztsH '’ hqtesCddz M jSktetsd dzOdzOh Islz o O dac
odSCtcd Mists®Htzh IOtsaldzB .j L



const renderChart = useCallback(():
| Chart<"line", number[], number>
| ‘undefined = {
const data = {
labels: simulationData?.data?.x_row ?? [],
datasets:
simulationData?.data?.y_rows.map((row, i) = ({
label: ‘Case ${i + 1}%,
data: row,
yAxisID: ‘y*,
fill: false,
tension: 0.1,
borderWidth: 2,
pointStyle: false,
3)) 2 [1,
¥

const config = {
type: "line",
data: data,
options: {
scales: {
y: 1
display: true,

t dM.31 Btc@c d3j dzgls SCtsHE, HtodS¢ &zOH

v OC i3 uEERANdREs §J k] CBdOlsdnY,

91

dz0 dzOh Is iz

h s

fsfjtejHds 5 oMlsOdetso dzj dzd B o d BsE OB

tseslsd O BjLTjSd.

L
h SH s
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33) ©OCIkdudzj L OMistshize Oddg"

) B Istss o' LEzOd L Oy’ tojLEzdz sOIs’ o L
odStstedmlsOdzd ~ ', HdwW §jtejHBOYJ dedz? f tsh dt
C'dz ¢ 8n MOdMmMIsduyudzds odB ' t6¢ OR.

rdzv fjtehtsets HtsMdz' HY J dadzy 3dz] o S dztflz &0 O
Blzdzs fteso jHjdets s’  oaf! Sdd3 3 3 dzOtetsH dzd d3
Bijtejy [V Jt1d, Bt wWitsets BRkdts odL dOycr
Hise " towe ls! 1dgO2B " dz' hj .

' BSGESHdz 9 kd@ito Om o' 2dzd d3d H' Ol
FCtoO ldawH |oQC oW odzwe Is! Mw dese’ HY jtoj dzO, L
nSH' My’ tdzse' Yydesets s dlskzo Odadz™ B Iz dzts

o dCdzdC O Is! dzO2B" dz' hk(bB®B: B. i tcjH EZCtC
sOB.113 .91 dzZ HBs9  tady j#&jtcdd ' degl totc dgGsy

sy’ Odzr dz' diBJted ' 76, 6%
uJ dzj B Oy dzdaw 66, 7%
wdzls J tedzj Is (dzay o ¢ dz¥ yO*" 61, 2%
t OH' ts 28, 4%
' tseCs90dz [ w 15, 7%

16" @ dgds dIskz o O dadzv &zO2B' &z hddz s dlIs
sy’ Odz2 dz2 BiEPe. .3 02HOBJ

OB .T1BIXdzwtedz Mis! My’ Odz' dedma d3j tod y M

Tel egram 65, 7%

Youtube 61, 2%

Facebook 57, 8%
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Vi ber 4 8 %
I nstagram 29, 1%
Ti-Ko k 19, 5%
Twi tter 8, 9%
wdzh j§ 2 %

1 HBMdz" HY j dzdgv h 5 OQ tisf IsD'datlas 3tz Mw y° s
ZO2f s zdzwtedz hddz HYJtoj dzsdz ' daW sted3Oy "
Sistcd d3Odzdzy  dats o d da. v dzj BOYJ dzdzv  fsfy’ HO
oddagwIsCtsdz Mtsy T1Gsde jdsd = Ld3j6tdj, )% € st Bis z b Gyl
28, 4% ECtO dzy' ©, bkSH' WE§ HEkSSoaOH3] [ u

sy’ Odzr dz di3d t6d Y ° MisOdzd ¢ dz6 ysodad3 HYJ
(77,9%), kOS ° Hdw x' dsS (75,5%) . [tk
Isj dzj B Oyd dzd® H dZ2"0 , Yisedaizle ] € dzpls, LO oddavIsC s
(63,5%). rttkiso0d 1f w B3O s+ dzO2 d3j dz" d 2

g 53 do Odadzv dzso ddz to' L dzdIs! fmw L Odzj ) dzts
o MfsdzH j dzs" @ E 9" 4y’ ® " H 18 HB 39 wtsC'
feste" adzvdzs L 64% bk ctkzf" ' H 40 HBS 609
Is j dzj B Oy dzdzs ( f sdzOH 7 8 %) sO t©OH"' 5 (-
My Odzr dgdr Bjtoj ) SCttedmisizels! Mw § sdzOH 6
sSsH' WwWC HikzCtseBUNY | @f k@daddzddsd dzdh § M.
60 tos¢C' 9 * MkOth j.

wfdzlz & Is IsO¢ 8y dzj L dzOydz 9 Hd3 dzdzts s’
" dz M SIddBd Ndlsj dzvdd. & d @S ydbjd
64, 4% k & MsOR) 1O UYALOFB' {f BtlEd s Odz7 %
Yyofmils® hj slstcd d&iglz ¢ Is dzso ddzed ydtedtL wdzls j te
B Myjesmis' ), Mty Od &' Bitin' (79, 2%
[ 3]
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]l Otclsts IsO¢ 5 9" HL dzOydlisd i ds"y tsfde@dizdzlz"
102B ' dz hd2 o' HifslssE CwtedMmlskze OyY' o, w G
HiczCtsoaOdz' 1[fw (23,2%) IsO Mdzzr O Is! tOH'
1 © MatsH' CtcO’ dzgd dzO2B " dz' h j -IsfdiE, HEbB IS
dzso ddz2@6 3 wtsy' Odz' dg B3 o X ° OCIsdoe dzts o d
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1 OfMmiskz § dzj tf dIs Odzdzv , hts L OL dzOyJ dzts o H

HY jtoj dzOds ' daW sted3OYy*® ° toj MY tsdeH j delsd Htso " toV
Il dwofguizs P s dzO2eodh dd3 to' adzgj d3 Hise ' tod MmJ to]
(60, 5%) , HOdz 2HEIS! My’ Odzr dzg B3y o Y

oddzvIsStsds My’ Od dedf Bjtejy ( EBO2NJ 49 %)
99008 lIs! v d3j dzg' GzOB %2 deq dydf .ts dzH gzdfals ¥ ©  dzj
HYdted dz " @BhtedsOy’

vjdzjBOY) dedz? Glted BOds dzO2odh 2 ' o j dz

OzHdIstste’ (55,2% IsO 64,8% o HfBso "  His) .
Shdesso dzgd d3 H Y J o dzsd3 dztsS 8 ded?d wdgy difGte O jodBys o
Isd dzj B Oyd dedav : dzd h § 53, 7% ytdztse' €' 9 Is C

esLd3 hjdzg' 2 Bk My’ Odz dzgd-~ d3d 6 HYSOMH.lol2)¢ BD @
(21,6% IsO 24, 2% o' Hf s9 ' HddzB) SO t©OH' s
HYJtjdz ' deW stedsOy"° BdzdL ! €8s 5, 3% ytsdztse * ¢

dlstezCsktcO®O HBso ' tod HES ' Ldzdrm HYJloj dz °
1 02edhd2 ' o j d& Hiseo " tcd HB 1w Mfsmis,te
tetsC ' 9, ftwdytsdidz 80% L dzd r teOsHIS Isdg@i2joBdEy
Htso ' 6@ HE IsjdzjBOyYJ dedzw L dzdy k' s+ mw: fjt
Csdzd o O° Is+ MW7 08%, B ®r k6P = " dzh dr o' Ctso dn
&zdhj BddL!' ¢85 50% tj MftsdzH j dzls’ 9. | Ols tdsd f
dz¢ Hj2 MjtejHde Bets o' Ck CtstedMmlslkzes Isy Mw Mtsy
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569 ttsC'so HG207 BEE ' 8 ydls§ Olzdcdgly | ttdej I8 50 ¢
9" Yy-5950tts¢ " o Hts 5295 %€ ) .y' 1 @ABd3j dz" |
HtczCtso Odzd dft ‘"1 w( 2A55GF0 WALO 3 5% HdzW toj MY sdaH |
[sHd MsOhtsets o' €z, sCtc' d3 Isj dzj B OyJ ezdz
tj MzteMOd (32% * 38,6% MjtejH toj MY tsdiH3j]dzls

1 btySd Ltk -tajshbtcis dats' fagEm 3 Odedzets ifls ©
dzso ddz L " dz Mt Cs° sO i M ¢’ B Myj o
My Odzr degddz3 BwBjtei ¥ OdgE (57, 7% Hteslsd 46,-5%
tej MztemMOdz (51, 4% Hfteslsd 43, 8%). rrdlsjdz !
fteslsd 58, 4% MjtejH o M Cdrn Ydlsjdz o), Ht
(38, 7% fteslsd 31, 9%). &' dz s C° ydlsj dz
dzj His9 ' tod HB-5), [5W LWAassdftsdg % fmjtejH o M Cd:

1 029dhd2 t' o j dz Hisot jouf dgjsh GUs@ ddaj ‘BeO Yy @z
AJ dzlstc Odz! dats’ (64%) uvVSLO dzd. | Olstsdz Mis
BO2Y] dO 10%: 53, 4% d&3jh COdzy' 9 ' 9 HJ dadac
4 n tSH5 2, 2 %. sOCtsy fd3 Isdz 9" HA3 dedzts )% dzE
1OatsH' IsO 17,4% dzO 1" oHdz ) IsO t©OH' B (
‘dzls j-egzptcmt 8 Hjhts o  Hite' Ldgw‘ Is: v (46 %
Hso ' 6O HB MYy Odz degds dBjtejy (O ' 9 dg
VEtO dzed dz HBB' B HEtS My’ Odz' dzgd - d3j toj
tc' 9 j dz dzj H59 CtdG Rt weEHEO2 dzdy yud?2 MmdtedH
sBdzOMIsj2 vVCteO dad Tz, 8 %p HdZO B2 9 o) d 2

v W' dOdz! dz' 2 yOmisd dzg s dlskzeo Odzdzv ) Jste §
slstcd d3lz 8 Is ¢ desodded yYJtejL My O0dz dzg d3d te
odCtstcdMmMlstsokze Is! HoiW lsted B3Odzdz? datso d dz.

10 tfMlsodds & Mwy' dz02B' d h DelCé gr &
YouTube s®Eakéhbook wWE57tsBaslo dz H Y Y itcly ela
odSCtcdMmMistsoalzo Odzd U B %t &P W héay jidEOKk P tit e
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8, 9 %. 1 tod B dzd L dzts 2% L deQ dnd decfizH j deles’ o € tstod fi
sy’ Odz dzd d3dWhdgjttesjApCptges "H8Id n a |

wimdzlz e s+ SOCtsY o' HAZ dzdetsmls® d3' ¥ yYytsdztso
My Odz ded n d3d 6 d H dzw tsls toe d d30 dzdzW dzts 9 C
Csted Misrole T e (e 7o, g2%)MFABEBYoKISEB A, %D
(19, 5%wi t'ter L (OO 8%)s! Mw d3d dzh f s zdzw t
zO2B ' dz' h 58 f s 2dzw tedd efijlsesg r @tete (ds&z%)ls,! i a
YouTube nBYO%) , L HJWEdAB o0tc’ Oy 'Jjw dpd HoH C
fjtoj aO&Eo0ok (TIwGi,t5t%)r] tbIStH %) OL O hiE®B st A
f st &2dzv tc dz' MjtedJH tBBR MkOIsj2: 44,5% IO
MdtJH Y dets§C 9o HYy tse ' Hdzs.

2O SO odSCtstedMmMlsOdedzy to' L dzdrn Mgk P@
odweddzOmw HBMdIs! dzj M SH' 8 Odats® . [ sSdztsH !
CstedMmisTebefgy ‘am 12, 4% toj M sBOj dasS S alz H:
toj M sdzH j dzls-289 bBs&Nom)Tub® (57, 6% toj MY =BdAH J
tetsC " & H B tbddH j5d¥s ‘to2fff BESY " o 18 | ' dzh sE s Bt

MisOteh j o' HNOH BufbsifigOta ] 6CAG & % tc f g B dee' pHiZ
43,3% MjtedH tojMmMisdHjdzls' @ & o" y'  sdzOH
6 B9 /i bweldr. H)sj tegsdzddz sfzdzwtecdzd?2 Mmd ted H
52, 1% &g Hydzd G H 5 590 ;66080 ytizf@ ¢ e bloOWEK sy
fesfzdwtcdzed?2 MjtejH yYydr o CHhYrtotw'zd HD ‘!
66B9 ¢’ o) . vo " Islsjte wWEC HY jEajzdds ! dzipidds |
dz02 9 dh " fic&On dz2d O 7% HB -39, ©HI KJFowmdkHo o
fsflzdvteddds dzj dzdhj -} telgwC ‘BGasdfstd, %L s5BO
669 ttsC 9o (23, 4%).

MsYO 9o Hd3 dzdzets s E o d¢ sted Mmls Odgddn' Qed d3c
" d M Cqdd Y dlsd dzvdd daj o jdzd¢ ", oftsded § s5d
slstcd i3z Is+ dzEad dzth o QiktEF ISP %55, 9% Tk k @d Kls ©O.
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ftoeslsd 17, 3%). v d3 Tresl@GRg rea nifizc(sasf, 6% dz¥ % dzl
B Myl gJyefgB ub ef tQtBs6d% 5 Vi B o) Gst®HIS P %1 h s 8 We)r
Twi Btdzgfn ' €' LO sfkdzvteds Mis¥ MjtJH GBESA
1 btyf¢d LBttkz ttje' sdzOd dd- o' H A3 dzdzts !
Yyofmls' hj od¢CTaclddndnts @ Eodske'd 6 1, 1 % i dz@ r) PBEIs g
43% dzO0 YOurBub ¢ f(tc6sds,d9 % 9, 3 % TdeCk Tholkm t(HZES)S d
18, 4% 9o A j dzlstc OflA o RpOokKE tc @’ vz Y s5§ &z dzv te dzd 2
ftoeslsd 50, 6% Idz@t adg@AwOfMIs' h jso b Stcdzmlist
tcj 6" 5dzOr LvVCtcOwiziiz ¢ Bl dzZE &Pz BIFE (10, 6 %)
z2ts ) HB (tetse j H j=pdaO nfiizd degsizviys "2d, te jtatzdzw
BOL zs ydm! dzO0 flj@ dzdle 5o dBO LtedgO y d Is d h s ¢
o tolz ydzlz, HdzVv EWds ,dzj Gadatrd otfff®yj M tSL 6O 2
LicsMisOdzdzy OHjHIs" & L dzj sy dzdf ols Chipls ¥ 3tsB') dzg

vOB.T1DBPOWRI sted ' deW sted3Oy' 2 dzdrs L OGctetsL

w dzW ts te d3( N | I
LOGBL
1 0 0.00000070.0000000
2 0 0.0000006/0. 00000O0O
3 0 0.0000006/0. 000O0O0O0O
4 0 0.00000020.0000000O0
5 0 0.00000010.0000000O0
l1tccf pmmet=60000, Is O¢C 5y LO dzOfmlskzty dzd =

l'dzj ©Op h— ph, phow ¢ tjL Ezd Is s FOMBEZY dz'  (
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] Case 1 ] Case 2 Case 3 Case 4 Case 5
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