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FLOOD FORECASTING SY STEM DEVELOPED FOR UKRAINIAN
PARTS OF PRUT AND SIRET RIVER BASINS
O. Pylypenké? M. Zheleznyak O. Boykd, I. Kovaletd?, S. Kivvad?,
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nstitute of Mathematical Machines and Systems, National Academy of
Sciences of Ukraine, Ukraine
2Ukrainian Centef Environmental and Water Projects, Ukraine
3Institute of Environmental Radioactivity, Fukushima University, Japan
4University of Siegen, Germany

Prut and Siret rivers are two neighbouring rivers the upper parts of which
are located in souttvestern Ukaine on the eastern slopes of the Carpathian
Mountains. The upper reaches of Prut are located in Haaokivsk and
Chernivtsi oblast of Ukraine, while the middle and lower reaches of Prut river
flow along the border between Moldova and Romania. Mosteo$iret river
basin is located in Romania and only a small portion of its uppefi part
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Chernivtsi obl ast of Ukraine. Withi
vention and flood protection in Siret and Prut river basins through the imple-
mentationofamogir n moni toring system with
tion to the strengthening of the monitoring system in the basins there were
plans for modernization of the flood forecasting system in all three countries
of these transboundary basins, as well asithalation of flood inundation
zones.

The modeling system developed for the Ukrainian part of the Prut and
Siret rivers is based on the chain of the following models.

1. The regional numerical weather prediction model, based on the cus-
tomization of theopen source mesoscale model WRF [1]. The developed
software system provides automatic computing of the up to 7 day weather
forecast for the Prut and Siret basins in Ukraine four times per day with spa-
tial resolution 3*3 km.

2. The distributed physicallysbs e d fir amaoaf al model o
UKRAINE predicting the lateral inflow from watershed to river network. The
parallel code of the model was developed on the basis of the equations of
TOPKAPI model [2,3].

3. The flood routing river hydrodynamics il D model RIVTOX, de-
ployed in the versions based on the full SMehant equations and its diffu-
sive wave approximation.

4. The two dimensional model COASTOX_UN [4] of the flow in the river
channels and within the floodplains, based on the numerical sadwfdhe
2D shallow water equation on unstructured grids.

The specialized software shell HYDROS was developed in Java. Its func-
tions include the coupling of the model chain, data retrieval from data bases
of the monitoring systems, data transfer fromdal 2D hydraulic models
and GIS servers, graphical user interface for each module of the system. Two
dimensional model COASTOX_UN was used to simulate the flood zoning
for the 12 sites of these rivers selected on the criteria of the highest risk for
the pgulation. These results of2 modeling were used for the calibration
of 1-D model RIVTOX customized for whole length of the main river chan-
nels for flood forecasting and operational flood inundation mapping during
the high floods. The system is installiedthe regional operational units of
Ukrainian Hydrometeorological Service and in the regional branch of Water
Management Agency of Ukraine for pilot operation and testing. The sources
of uncertainties of system forecasting are analyzed on the basishoitiee-
ical results and monitoring data received in the initial period of the system
use in operational mode and on the basis of the archive data/historical sce-
nario consideration.

40

n

au

TOP



References

lL.w. stoOdzjy’', [. mOdkzyjdSse, . ¢dk
o dzij HtsedetsL zo Odzdaw B s setsdztse ' ydzd -
fOoasHE 8 E sOtfOlOR. [ Olsj 30BKR dz dOh

2. Liu Z. L., Todini E.(2002) The TOPKAPI modelHydrology and
Earth System Science$ pp. 859 881

3. ¢. 1 sR.GG,dz) L(EMFy | s desdzse v  § Ot Odzdzj dz
BIsC d ftesmMistcOdzmise j dedes t6OMY toj Hj dzj dzdzt
ted Wdets 6 5 oftRjtChistdad@izis dzd te 87 (0),opg7/4111.

4. Zheleznyak M., Kivva S., levdin I., Boyko O., Kolomiets P., Sorokin
M., Mikhalskyi O.,Gheorghiu D(2016)Hydrological Dispersion Module of
JRODOS: renewed chain of the emergency response models of radionuclide
dispersion through watersheds and rivers. Radioprotectigmi 129131

uvrs 532.517

dbroltvoAwc wrRuyffuest

{11 drvidrvrc {vift1d
lwryovrpruilc

L

cea

w. 1. stsoOdzj y+, t.J[. &
whzhisdlskzls fetsBdzj &3 dZEOIsJ d3

. 5. uwutdztse j 2,

VEete® dgf' €2 yJ dzlste JledztsG'qdz.q’: Is ©
r.9. 1 stesh jdSts, c.l1. 1Eddy

rel c¢créssyjdlstce, vCteO® dzO

[ .. [oH' dz

ANJHjtoOdz dzgf o' HBd@Mlseats L ©OH' Oy' 2 da
. vtdekhdd?2, v. zdrljdz, v. [¢
vdz' e jtefdisjls sOwdntelz], 1 & W

Y=

U OBCOR ftsjCllk fscteO®Rd § HY ®OGEH
dzts’ B JINSE)j Cldo ¥ sC ' ' ° MmdMsj dgz W Hj todatsc
tdr{uy OHOfltso Odzs HdzW Edise Yy tstedzse d dz' f
dz '8 L LOHOYy ftesjSlsk BEds LOBJjLTj Ui

tOH'' Oy' 2dzdr dzOfpdz' HEC ' & dz' f)tdsotfd WiRts Y jrydz
Yy! ses MdMmlsj BO t [r{ue BEAEZO ' dsjctetsa OdzC
teddzez (dust ) I vystedese ddzr iy € L sdz

[ a1l c[ Sty delstcé . [ Odz dbustf GittOlsdo
Yyjdalsted [ jtey Qo desets OG | delsilse O Aj déistfetizO 9 d
ftoscdesL 2o Odzgdz? dzOMdz' HE " © tOH" Oy' 2 dzd n

stelz (A¥1t ¢ vifA) kO ' dgh' (tedfm. 1).

41



T X ¥

[
PeriasansHi LINHPA nipus Kpracemit Uy | o

odich [ | ¥TMUOCHC EHxepraaran RAR a8

™ WRF g b ACORD

f

[ [ [ [ 1

RAEC HI¥AEC FaAEC JAEC EKGUEHTR
,,| AN ,,| AT ,,| AL ,.| AL - [ i |
S

Has s Has s
vesimopy weringmy sesiropray | veimprry | |wuw|

tdm. 1. sttedmlskzes OY' sO ff sMlsOyOdz' dzd "
VLEetO dzO, ofttso OHY J dzs’™ HdzW Y Btedztse d dz

v MdMmisj &' f o dzWRAVSATAEYAZOY (s CotdHO dzts o dz

Al11¢6 vy if A BEdd o9djMmjd’ L3 ded StsdalV ' G Iz
sy 2, "B LOBjJuYGAdEBY HQdeddd udfj d dat
fsesHd Hd&Y Ijtedltte’ ' yYtedssdd M! S’ 1L
[ ilbsbH f tcwEvdeBattaof@dz e HY j dedz? 6 OH ' tsdzkz € dz
NdY', LOftsfsdtsesOdd?2 bk el [ 2] BlES®
SO ttLtesBdzj dz2d?2 o  Hytse Hdegd2 ' dalsjteW j 2
mMdMmisj iz BEdzO oftcso OHY j d20O C OtelsO L OBtolkzH
ykeyj dedrdffl8 sz Bkdzs o dStstedMmlsOdets [ j te)y Oo
dzsets toj Oclzo Odzdzy vVCte® dad " H YOMm ftsy] Y
2).

== |

I

l ~

l - ,—7 - i 3 MA*”“' \
tq’fn 2. wdzlsj c O IO [CdsWay§ diis/ted®d3y]’ WL @ H
NdXY'-3@®906. 2017 to, MftescdetsL s OdzO® fdfyls g
ftoj HMNlsOo dzj dese s ftosGdetsL o Odede? o S tsted fiyls

rwctv o' H 30.06.2017 t [4].

42



I‘BJmOBBmO

lL.rjdjLrdvye [. w., stoeaOdiy' w.l., 10
JSIs OHOf IsOiRODOSﬁ)tsffr]lbujz,dg@ YyStedzsB J dz' fp+ € 5
Nd dzdzw /] e} s’ Ml ddOfe. S tsdaW . ¢ tetse dzj d3qd
SOy tBO6' CIs' 9 wWHittdsts' Jjdzitecilbdsd IscC
Hitso d INOBECO2 016 ( &dzOo zlsd2y, Suet tdsianelzCp, 0 1265
48-56

2.s890dzj y R. 1. (t6B30dj deSts ¢.71., ¢dzkzdz
cO@ydsdzdzts? eMisOdtso Cd ots ot &Y 5y O
Yy Hjddvy fm dnf sd IROPASd] j d3 Bfyd fijlsy diz” 1 0
Mis Odzy ' 2 dets-ff to QAL ustatds C tsdal . L d3' 3 dzOts.
f Histed 8¢ d f todiddeIgIlsw2 O0td'5hoj, dz'( s d o7 08 1
sduwl:f[u 1 ¢1 U8 c®R dzd .

3. Kashparov V.A,, Lundin S.M., Khomutinin Yu.V. [et al] (2001) Soil
contamination with 90Sr in the near zone of the Chernobyl accident // Journal
of Environmental Radioactivity, 56: 2828

4.1 j o) O9 dzO Cdzf g S ytow WHJjtodztse 5 tc
Af SHj dz6 9 Odgdz? OlsBEsMW jtedesets ff jtoj desfylz
&z Mses’™ Yy in' kB Lesd o' Hykyj dedgw Mo
stedOlsde dzd » L dzOyJ dz Cody] gsR@a]" ' steO
dzj dzdzv 09 0 8. BO{Liy daz H thitpldvengvisnrcgov.uanu-
clearuk/publisharticle368160

vrs 551.326.7 (292.3)
IirrIchbllc At IQJM rR1¢Jf wsRr
VitRrJUuirm w zrM?hfdgRrRYwwr [2ALr LIRSS
t111 wf ?myrto
UJtstJuJQO s. 1., [OHjtedy 1. 4.
wdzn s qlistiztéss dzj &3 [ Ols j BOIsd yded n [ Ob q’dz
VSO dzO

Msedzdeo ' Mist dBstew | jH] &0 * Wsttdkkze O
dzs® &OMmd (61 1) LO ©LORkzdsS LdB@ss s’
arnini et al . (1993) B ' dhj f cdztse
el MOz wvo' btsotsets CjOdz, dBOHABHJ
d hBtstew JJHHjdZdZO (41 1) Wtstedzzt Is! fr
sH" 8 ydna B ~Odz L &3 o Ctsdzoa j Cy'

fdes 3" dzC sotsHded 3 ( H 5L GD'OH dB) 2 hy Qiy
(2

]

T @ DO e

) cdzdeitsatsHd Ctdejty" o
sH ' H " jd ¥ dd tdzjste @ odf@ stdd 4

TQoO oo IFro
©® sTIIOoOTT

@ &

43



UV tejLbEzd O MC EZOHdSEE ¢ HioBlsj ed3sH d
BOY' "’ hjd Wsedn oftH ' H ] dzr NHEMSER & s
Bz s Mv ftedHsddzO Isjy' v o dedLddz A" dz A
BOE st Isj B3 jtcOkztck L O] tcL Odedzy ¢ j Odzfn €
cO2dz Mjdz Wsosets dz' sHisa SO ( tsdedgj L O
sfemMCOsIs: Mv E L O OHddabdzd " mts dzl B0 G o RS 5 ER
fjtcOlkzteO IsOdzj dzdzv dz' sHlz o dh O, Ists sz dz
B'dz2h o' Mdetss, fsls' &5 oatsHO (o jtelsO Is! f
fleslbtsCk o' ¥ shstesotd 1 jtel dzj tcO, f' Hdz
pjeRdy Y' SCE d BHEBo OO, dafji gk tc Olddz t§ O ozt
sj B jteOlkteO L OM®jteL Oczdz Bstef:! Ct5° otsH,
. 8 Ctdzy' C'dzy'e, Whttdkz' k! MW f tedH s dzdz
B'dzh fto! MdzgO dz' 3 IO asHO, hts ols' €O (¢
YdtejL dedzt §depte® &2 o dedzv H' GteOo ' sOY"' 2 dat
9 " Haddzw'® ys Ijy' ¥ dz2©O LOR'H (tdfMm. 18) .

Y 3 Weddell Soa

. (BY)(O Y st OdzW stecdkOYy" ° M jdz Wis
dz sHso S BB dd Edimpjec®L f sH' dz cdzdBddz £ tetsL
s o Or " Hdg 2 yofmlsddz dstew 1 jH

44



[ it HOdets® tetsBtslsd * fHtetse jHJjdedz? yd
EsfsetOW ' dO ct®s " IsOYy' ' 2d Ijy '~ , w¢
LOR" Hdz 2 yOHHsjdddzzO d3ts@ wazAfigh sOB ' HJ €' dz! !
izt 9 Odgdz? o dSstedfmssoalk’ Is! MW dBsHjdzr SCHI
MtezC lskztcso Odgs®s ' Ctss SO kL OCOdz! dzj dafs
otsdzw s Ist RBsH] &zt 90Isd to' L desBOMh sOB dz' 1 to
COdz! dets o ptz@Bd i3dz0& d dzz € tsdzls d dzj dzls O dz! dats ¢

1 G " Hdes L HOdzdd3d MysMmisjtejndd (Fol dy
csoadded AN dz RdgjtcO tetsLfsoMmMEHuyk Is! Mw s
CteO hjdz Wk, jtjlsddzOr yd tsBdHOo9 O " HO
Mo Hdas e s Entdgedeias 47 tjoB s O .

10 tdfm. 2 twLicOntso Odzd? L fBH' dz (&
f'  Mzv fsyolkslkz odhsllkz Yt ades ‘' Is! iMw HO
2004) o tsBM&OMIS' odH"' dzj dats’ Yytslsdted $ kz ks
jdz Wk H&ZO o HOdMo =B dfO et i Zd2eaasd Bfis
" LOR ' HdesEB L bkdizseseo ddes®r &3y ded d3d.
Fazsetsodded A" dz' ndzd €O aqb'QO‘ L kdzsewsoe
otSHO o jtlsO' dO LOs"H ' H H''¥ Mmddzd
20 o 'dzd 1 O ff la ¢z uombquo fsksCk LOk' €O

LsBOIs dzgO@ L OR " H, dzh 0 fse jtelsO dzO
HoBBO rtejBlOR] UBB‘@ s €O 9 OB
(tdm. 28) . [JLE&JBOBq esL eOn @Y Ods ! ([ C
y'2 MaJdd', LO addwlksCtsdyz sjy 2 o Ctd
Ctsy EBZLEBHYERs IS MW L tjLEzd OISO dsHJ
2009), LG ' Hdts wCedds tsls' € HtedHtsdzadzgdrn o

a 6
tdm. 2. ({BLYtH &z ftedHizsdealzgR s lgptzBc B o

AN dz Rdzj 6O LO HOdedd3d odd3'" e @ ( Fol dvi k

LcOrnlzdzS 2z " Mz 1000 H'B L fsyoOlsSlz od
8 s

D fskjdy 2z s s jeOktel Hisd

45



o B

tdfm. 3 [ " OCtcOBO Isj BYf j eOlktcd/ M dzs dats iy
BOMiT ¢ @I ted ( Huhn Tdotj Ld&ld ®G6E) ydmn( s dzts
dzs o O dzdzgv
tdLbkd sOlsd BsHj dzt 9 Odgdz? § ¢ OL Odzd, hts
sstc’' sdz' MO O Isjtlsw £k b Gl dadasHize S ¢
AN dz Rdgj s 2O SO M jdzr WO ' RBOjtdS ot
sHddz ftsls* € fls® €O £ OB MOdzr ststew | j HE
dzj dels Odz! desects Mrddzz, IsH' WwWC IIstgcjlsw, dzO2 |
hjdzr W ° LOfBsoedzs, WHdebd oz dims dzdzi H @ dz'
1 etsBdzj degts o dMmdeso ¢, Fs tojydteSkezdzwvy' v dz
of dzddzlzlsd dzO Y deSd ftesHkZC Yy ' ftedH tsdadad
{ sBSISO BE&ZO ' HIsted BOdZO 1 Oy' t5dzOdz' dzd i
Is tc ts L O HisCE tse20elisids ¢ as@udkddy W tstc 5z o O dzdz
tetsLf sofms Hy Jdedew cdzdB ddzdzd s o tSH o dste’ 1
GiBBRBOGd sdzs”™ OCIsdo desMls’ dzO OlsdBEsMmW § todz'
sdydeddz ' atsMmistetso sd3e

] " bjtcOiztO

1.Locarnini, R., Whitworth 1ll, A.T., Nowlin, W. D. Jr. 1993. The im-
portance of the Scotia Sea on the outflow of Weddell Sea Deep Water. J.
Marine Res. 51, 135%53.

2.Zhang, Y.J., Baptista, A.M.2008. SELFE: A seémplicit Euleriari La-
grangian finiteelement model for crosscale ocean circulation. Ocean Mod-

elling, 21, 7196.
3Fol dvi k, A., Gammel srRd, T., Tsterh
Schro°oder, G. , Ni chol I s, K. W. , Padman

water overflow and bottom water formation in the southern Weddell Sea. J.
GeophysRes., 109, C02015, doi: 129/ 2003JC002008.

4f OHjtedy 1 .4., vjtedzjycow .1 ., 1ttse
BdECO ctOodlsOydidzdz = Isj yd dzd2 dz0 MmM¢< dzts dzj

46



fsH dzj HdedAtddy Filegetzd otsH o sty L4 HHJ
sOt¢Ilsdyd M&d?2 r Iz ts dz0O dz. 2 01 evo. B
URL:http://www.uac.gov.ua/custom_content_source_list/uaj/uaj9/UAJ_N_
9 263270.pdf

5.Huhn, O, Hellmer, HH, Rhein, M, Rodehacke, C, Roether, W, Scho-
dl ok, MP and Schr ° dardbottonwaté foimdtiemirc e o f
the western Weddell Sea. // Deep $asearch Part II: Topical Studies in
Oceanography2008- 55(8-9). P. 10981116

s 351:630 (477)
bevuvfeauvldrrc AU WAwygr RMm wvRrRuBU[ [ |
fdrwsftrRLUv P {ldrmamifr yrtlwgwlae?s ]
JI1] dvuvw
l . w. 10OyjtwE&tsoded2, [ .1. 1 d&
sd’  af! ¢d2 dzOy' sdzOdz. dz PtcO@Oo % & iy dLls 4

ur
1

IISSJtG dzj o' otHd tBO6' CIsd o Mddzz Mo k
3 Qo da O dZ OHM dg MisteOlsdodzdr S tstoH 5d
H 5 d202d34dzh OoBHBLOBJLYJyddzedr HJjtY OO0 |
dz' s dz Hdded, Mislshdz o w3 MY, 5 BolAHHSD O
M steH, Mdmisjd osHBYsMsOYUOdkdY kO ofs
ttsHdze 6" HEetsEtOW ' ydzk dBjteiyxkz o ' HJdk
fMsj Bz, wWECO oddBOGO Hdzw L OB j LY juj dedav
s e s, 26 L fctraldls s o Odazdzts fztf dc Pte Rialzj o d d&3d
sBO' ClsOBBd. 1 tOCIsdqydes o' Htsojterndzj o
tetsL a3 h jdadey fslskzydedrn ftosdidmdzisa dn '
fdzj €' o, 9" Hykze O Is! OdzZlstesy 56 j dedzd 2 s«
dzj dgdz , o9 dMmdzOy jdzdz' SO HjGEtOHOY"' .

0C IO dz Mls! Hisfd HYj dedgw L EBse dzj dzj I

filskzeo Odzdz? [ 2] ©® LSO dg L H' 2Mdes " 51 Mw
HIlesq’adz 9dlstcOIsd oH, LB ' d hE' Iss Mmw

9 SHdzd m difmMeztem' o adzOfr]dz‘ HSS L OB teigH dzj dzd:
dzts 9 dz' tGJ utsa ddzd, w¢' i ®dsHMIS ! 9 OIS LA
kOdz' o, MitsdkzSd OLtkbkz kO Wshistk, dOY
Ctsdzyd dgste©Oy" v, wg fitcjodhizs s L dzO y
tej Ctsd3j dzH OY° lotetsy j 2! Cscts tshytizef dsf (-

w
wa 9
stedOdz' LOY" " wasd [ 3] . uwdMmlsj 30 Hjtey Oo dzis ¢
fslstcjBl’ daj o' HC ZOH dzsets toj W stcd3lz o O dadaw

9 O0dzse s kZftcOodz dzdzv o BHdAddBd tj MztemOdid .
ojtondzjodn oftsH SO W' fls dzde O ) Oddal As O'te
O jf' Hjd ydsets BdOEs sdZzyyY d&OMj dj

47



fMilse stcj dzdzv SO oftctso OH Y j dadaW GJ t5' daW tste d3C
sBtetsB C d Odzdrn Bsdz sstcddzcz ftso jtendzj ©dn

B dzj d3tsts O M torOt) Bﬂz@ﬂz{sdzﬁfc;ls :

tc ts
MlsOdedz?y Y tso jtorndzgj odms oBH Y jtedz ¢' ofp! C5°
LOdzdh O Is!' mMw HdlsOdede "' 7 L OBtelzH dzj dedev . |
ddr tBO' CIs' @ B d&zOfls' * Hosddmdzscs® o
dZzscts e sHOMIsdOs WECd H @Bejla 't Shiffg toyda® o S5+

1 dlsOdzdzy, fwSo06wLOd "L odoyj dzdzv s ostsdz
dzj adr otH, & Oy LOBtwkzH s ydrn toj yt
fteOyv s B OGO tsn i@ Qzff*.C1d. R, EZugjded ~dzv |
! CEts ¢ . ). gz, BB &zv C 500 [ .| ., [EC
.., M d&zyjesm: ¢ses 1 .s., mojmds [ . ¢.
]dz.Oudz.lz o Oclz B RSt UtecfH‘dszzts y' 2 ftetsB
inte" HO ., | Otejdz MO t . , MtsteO ., g1 to

1 0 MmdaseteH yStso® IO i JtGdZ HiBdzd dzd * dzls,

sOC 5y 1J’trachaichfls;J Hts Ld3 dz2d G' HicBd@sttW 5
sLite. 1 ' HYBo Hdzts, dzgjtsBRr' Hdzt ftetsosHdISd
odnr ddMmMftdwisdzdoadnrs MmMyd dzOte’ " ® L a3 dzd G ' H
fted2dzv slsw dzj sBrm' Hdzdr HtedtetsH tstsn tStets dzdzd n
d&z' dzfn? €dr " hj dz .

I Bdz ssteddze L OBlolzH dzj dzdzv ftso jtorndzi o dn o
dzd ¢ Odzd { tets o tshdd otdj wy Cd@xE  1s38 dzOMls E 20 fMmls
[sted 30Odz tjL Ezdz sOIsd Jjd§kn {fipitcdsiGhacSiBe] M jo 1 tc
9.2. 10 Hftdksetss | wy dBsydO o dL dOydlsd
fsmMisOr. wdWsttdzkOYy' v o' HBEBKOYO' Is: Mw E o
&' Misdls! : LOcCOdZ d2@ o Hd@sMIs'® ftets tsBO' €
sB' " Cls' 8 dzO ({diwdel IO P ddgtmizz HIS s tdsdO B dzd y*  ( ted

tdfm. 1 1 0dg MmMismlsjteinjd MlsOdlkz o tsH s
f zdzS IsOR

O HEf Sdisetsy | wy dBEydz0 o dL dzOydisd L o

on. wde¥ stedzOy' W o' HBBWOY O' s Mw Bk o dc

Misdls’ 9 'LHAsc=dIsdz’ ff s BBO' Cls, HOdZ MYt

n B' ‘" Cl'e dO fkdIsOR Bsde ssteddelz



] Odz LS9 OdZO L OHOYO OolstsdiBOIsdL 5o Odesc s
o' wiLCd) @' Htsrn' B ydsets fzdlisk mf shmisj
JHdzg "8 L dpepd@shgStcd MisOdzdzy | we H
tctsdeisL f SH ' dzj dzgdm HOdzdm ' By dzde ' Mmis!
odedzvH' Isj BOIdydzedrs € Otcls, tHddB L f°
Hdz" dBsdg ststeddec 2 wCsfls® Yo jtendzj adn
tod dzc IzsFC mdes® WEtsMls' oo jtendzijodnm o
toj cdzv dzgklsd j CBdzse ydzd?2 MmMlsOdz Mize B OMmy
fts fowvlksd ¢ dkzOMO LG  Hdzs HB destedzZOIlsd o

S o .

P
bk

tdf. 2 s0OkO dBsd kseddksk jCtdse' yc
[d Mdz® Y jteds ¢' afy! €87 5B d&ZOMis'

OSSO ' dWBE®BRBOY' W &y G§itjHOe Oldmw
OdzOdz' Lo Olsdmw o BGINOR L we ° ° LOMBBTM
tjo' ©Cd.

10 tsfdese ™ ¢ dzr €' Mdedr SO wC' fMmdzed = R O
BiolzH dzj dzdzv ( MSufsH PRz tc L W dedzdr)dz O ISOC 5y
yddedgd sO T Rdz 2 eofdzde Bkdzs Mmlse st des M
tojdz LOBtelzH dzj dzgdz" o MmEBBOMj2dz to ysd
LicsBdzj ded?2 Ltlkzyded? " desjteW¥ j?2fm, hMts HBLO
dzt o Odgdz" pBHdz'ftisfg tof we, deOdetsfydlsd " Hfted"
CotcHd ZOIOBBd, Oolt®OIsdyds * Bf stclskzo Ols
sB' ‘¢l HEts BOLJd HOdR .

{jLEd SOIstsds BSHj dzs o Odgdzy  *° ftsdzj §h
dzs s ydm tojuysoddz dzO Htsfdz HY o BHztlzB G 5 '
5BO' ClO, wWCd2 dzOC ZOHO' 5! v &O € Otelsts@

{df. 3 uRjdBO LSOz Odzdz? ksYS so R
fj2d te. 1 jMmdzO

49



vt " hded 2 mBLSOWLBQ BOGOIs! sr @' Htctsdzisa
&Bad” i3 IstsH d ydzd - OMmMtse " & HESMdz' HY J dzdzv
&O tc' HQBSM@&¢®MQQW@ MfiSlsdoadedrn N dzwrn' o

odweodzj dedlzv L d3° dz o CBMdhbJ@‘ﬂ&d@BM&BLE
dzd = $kﬁ%&m@$&@d" ftesyd M o. uOQqQ i
Wsted3 '  HeBIskzoa Olsd s € sy %B@t tc' uQGaBG
fsCOLddSORd, Mt HO @waqa fmls: sy’ ded Is
Hstsnstetsdzdzdn L OAtsH ' 9 SO Co d LHdzCdepddsSdd |, o tsdaG
dzi 5Br' Hdzs L Of zOdzk o Olsd SO ftetso j Misd HESH
LOBtolzHdzj dzdzv Y tso jterndzj odm otsHdzedr tsB' ‘' Cls

VftcOo dz' dzdzv o tsHdzdd3d 6 MkztemOd3d, 9 HtsME
teddzez SO sy &z¢ O wltsmis' fsojtendzj odn ot
OB tolzH dzj dzdzv , PHsME B8dzOdzj dzdzv o tSH detsets L C
"H dzgj eOIsdoadzedr offidzdo ' © Odastetst ¢ j dedetsdt
OHY jdagj deO BMdese " HBMo '  HE L OMistsiizo Odad
sBtey MiBJ L Ot Ctsd3j dzH iz 9 O dzth) ddg® J d3e[O Hldsd y
sdzw b Is sy ddlsd y' dz ez COwlsddzz L OB te
OCItsted, ®filsddOd des tj OcGzo Olsd dzO Isj - dz
Odzz sOCIsdSkz * MlstcOlsjce' &8 HftodesHBE Sted

® =20 IT VO

] " bjtOkikztcO

1. z26866" ydz0 HBffo " H! ftos MMOGzIs QtedsHs (S ¢
dT " HiB ydzkz mMdbkzOy' & O tjLlzd OIS H® W,
LEteO dzd . 2016 t' ¢ [/ [J71 uvStwcDOsded9, 1 v
20171516 f.

2. 1OMmjdSts [.41. [(SBdse' ydzO tsy' dz€ O Ml
ZticOnrlzo Odzdzv d3 tcj G 'dis dp@idef ~dzdis-m =6B° dadtetds-mis § 2/
r.Jd. ljtcfd Ysz&s, [ . u. s OdzjdeS s [ SO
vl r " oim. , 210t1j0y . Hsmiskzy z: http://-www. nb
tural/ponp/2010/ 201@vrtic les/UkrNDIEP_2010_04.pdf

3. Directive 2000/60/EC of the Enpean Parliament and of the Council
of establishing a framework for Community action in the field of water pol-
icy/ OJ L 327, 22.12.01. 2001.

4. 10yjti&sodzd?2 1. w. | it dWstedzOy' 2dz
l . w. 10O0yjteSCtsoaded?2, w. ll. " FiQdefdemm. Iy.r vl *
.. | tetsdb5102Mm1l6.

50






2 .
sjrds ydzed?2 Ekdzg o jtemdisjls v¢
dzd 2 " defplsdlsizls ' &i3j dz' wetstew o' Cste

[ Olj BOIdUdzO® dBsHjd HBLoBdY' sfdnokd
SB' ‘SO LO HBY s sEO ddGly dtgdad s ez dzg y
v d . 1 O0fted S ZOH , HE &3Ol j B8O d yded 7 dsts
fwis! % L OCOd dtso ' Hsds L OCtded Iswy * dada? ,
OB yded: fesyjfm' o sdistdmissak 5! MW fd

hts HOSIs! L BSEk ko ‘o Sa{m@dal ied Hisdg'dazn dz' 2
Bsess o' Hddn. [ Olj BOkgEdE fk66 Y ik O d
d&q o j wth ftod kdsse' HEMsOld B ° da¥f tsteds
Sdsc' yddh LOStdsd tdshlksj?.

o dzj msqussg bjndsdse 2 MkzyoBtesmls' H
Ndkzdosfls' L OMistsikze Odzdz?y MOB) KO RO d yd
HdzW stsH j dzs o0 Odzdz? ftetsfmisdn fMdmlsj &, Odzj 2
[ O] BOdudsj ESH,j & oOdedz" HBLO GBS HEI
ddr MdMmlsjds 8 Edkse OR, W' toddsd ofCCddd Horzts
sz jSMyjteddjdls' . 2z2J BHd2 '8 f§jtcjoOGE
BsH j dz' Mty ddz? yOfmlkz HBMdz' HY j dade
HsfMsObd 5 90dzd¢E ¢' dz ¢ Mils! By dzd e d =
ftesd3 y5¢ Yyomkz. uvOCty Wwblsj Ol dyuzd O dgteH |
‘ ' CkzoOdzdz?d rRostetsB, tMe"  d ¢d odzO { t
' hjdzdzy L OfdlOdzy , wC' (Bsykls: o ddadS dz
fsB dzdo tsfyls® BtSH j dz¥ o Odadz? otetsHY jdedn &
detsd3 dz¢ Hdzd ME ZOH O’ lSJfr]WGJ,dZBEdZCfLJ' ¢ dx!
L dedr odStdzzs s Mmet’ thdsedz Wk
d ROdkd®d Esdj SOk kO KOS tsdsdj ¢ ¢
Mz’ HSS of' 7 yYdrR oL O d&sH' 2 Wsttdz' ¢
kO tvs [1]. JttsHy]dz])§tddadidz’ gf 5@
cfudz,ls o0t Oy' ', Odzj W,Jjdeslsdf rottetss
C
d

L
o d
{
A

' sdz0dz dats’ B dzd EZteOy j detsets ¢ j dedets G
jdzdzv L Qo' WL C' 9 5 Cdz Isddedzd 5 3§ to
dZz¢d odStdzkze Is Cdz' sdapdeZC BshdsC YL Cd &1
|54 9 jdzdSlz " HBBJtejk oMmjtejHdd dzs

L
L

&

52



sCEWE MdzO C Ol Witejy' GHoslsj dsor
dzv Hdzv L bE2d dzdzy L Om o tSte® 9 Odg [ 4] .
Zd3j dalsORBd d3jtejjots’ %wﬂdm¢¢ﬁd®ﬁ¢45
dz'Ld3cf, hts dzj 3 Ols! o tsMmdz 1Y [, e
@z 11f O "dhddizd L ORo tG“SOdZdZWCBCf
sdse ' ydz d3j ted X ° dzj odtf OHC ts9 d d30
‘9. Jtsdch dzij d®BOEIs: BOMhIsOBE,

‘def O HJE dz2 SO obkLdz & L BOGOIs! d
2] . ¢ty 29 0Odz’ L roBttsB Od

&3, O &Os Is! SjdzgHjdzy' & oL O BB
dn L RottktsBOdd B' 2§ ' of ‘Gl 2
2 ' ®SHbRdjd Setstssd [2]. A
d [6] O fjtmMsdOd L s Oded &3
Y BsHEZEY @3, dz2O0 of dzde B©Ctej
) Bd to' L dz2 dOCedstas oLOREY dz! dis:
b sBOYOId fjtjnrntej mde Wi dets
Odz |, sO¢dr Ww¢ R HOfEEdzdzY L, O FOsfiy

ZOS ' HAasHd HB djtjyjos’ djHJYyd da
dudzsce s 8 o WEdzdgy Is] ¥efsf6 § dzdets’ Gz
st fwOClsdydsts dz@ ofy' B' BR' & YC
8 BOEOL! 57 GtteOdz 9. w' ©OWKLA" " YdzC
B odoyj dzdz" otesHY jdzdr R dazsE
ts
74

orggIIgRocIR QIO

oOF PN, 00 FTROFLYRNE . 05

ostesBPAMI M [ydO 15 ctlzf O L O
olz¥ yd detse’ " defistelzd3j delsd d3j ted X d
o
B

e o=

“Cls 11 MftcOoaH' tecOd Ltso O
¢ soedr Le'wLC'e f wC owsdzd
[ dzv fsHOdZY" Gdadev f €dz" dz' Yydets®™ L dzOyd d3ts iyl
LGdzw dzlzlsts o' Hdzsfpdded 11 f L " dhdd3d L Ore

&
7]
T

1Yf, " dzsjcttsoOdzz BOLE HOddA, kOCE Ww¢
Sdssdzse” ©, W jdskdfd sLdOSHd IO §tidd
Y dfz

19" wLisC 1]

l s’ |
Lo' WL Odzd n 1
SSI EM, 427

] 6 J dats Isq’u’ s Hdded Y SHO' Is
1296 mis® 2¢ddiqd Lo wiL € Odi
Jdz' 9, dsybkzls! OMtsy' ¥ 9 Olsdfy
9

G j dzg' 9 ;0Mmiskhyf 2 Odzdr B W€ o Ods z dzd dz¥ wm Jndzl
CGOdz L &3 . VU d&3j Y On -OdgBRyttRiIseo OdZzGF 6 B &' o
oMlsOdzso ddzd 706 oL O ddsH' 2 &' 3 MsBBE ,

HOdzdz? 11 E odedwH' <cteOWk (tedfp. 1), H
dz' Mls! HB ctlkzfd djOd@PB.tsdz' ydzdr L Ornotstes o

53



. .
b ‘ L]
] : =
. L]
+ .

{d ik s jXE0 s d ydz

LSBtOY jdedz? Lo WL C' 9
11

] fsHOd "sd&k L bkf) 6t CLOYO HjSSHESL
ftso' Hdzsfls' HEs ftoddzOdzj s desls’ f§jodz 2 ¢
slsi fw L bsySd LstkroumGk] tdMEJE o td B,
LS9 ctkzf rottesB o3 ¥ Mtsetss (tedMm. 3) .
n=68 n=37 n=14 n=68 n=23 n=10 n=18 n=25 n=43 =24 n=5 n=25 =35

: Oo@ .'o'. Yot

. ‘ ".‘.' ...a " [ ]

o P A S T . M

s | [ e s ] Y ] (]

t Mz dimtH j2AEs W' SOy ' v dsHEzd o ctkzf L OR.

54



tdMEzdigQeOX Lo WL EC & & ¥ to' LddBd Gl
tc¥ o Odz

[ 'Isj cOlskzttO

1. Schadt EE (2009) Molecular networks sensors and drivers of
common human diseases. Nature 461i228.
https://doi.org/10.1038/nature08454

2 . Bar alh &udbahceAN, Loscalzo J (2011) Network medicine: a
networkbased approach to human disease. Nat Rev Genet 12:56
https://doi.org/10.188/nrg2918

3.Vidal M, C u s i-lc(RO11MIBteractBreernatviogks and A
human disease. Cell 144:9898.
https://doi.org/10.1016/j.cell.2011.02.016

4.Luck K, Sheynkman GM, Zhang |, Vidal M (2017) Proteescale
human Interactomics. Trends Biochem Sci 42:342354.
https://doi.org/10.1016/j.tibs.2017.02.006

5.Goh K, Cusick M, Valle D et al (2007) The human disease network.
Proc Natl Acad Sci 104:8688690

6. Kitsak M, Sharma A, Menche J, Guney E (2016) Tissue specificity of
human disease module. Nat  Sci Rep:112.
https://doi.org/10.1038/srep35241

7. Menche J, Guney E, Sharma A et al (2017) Integrating personalized
gene expression profiles into predictive diseassociated gene pools. Syst
Biol Appl 3:10. https://doi.org/10.1038/s4158Q7-00090

8. Argmann CA, Houten SM, Zhu J, Schadt EE (2016) Perspective a next
generation multiscale view of inborn errors of metabolism. Cell Metab
23:1326. https://doi.org/10.1016/j.cmet.2015.11.012

9. www.omim.org

10. www.ssiem.org/resources/IEC.asp

Ca

55



urs 614. 88
Prorovlovrvce tLar[qvdrr uztd R sfw rgd 11
[ - . SBtsBtso O
10y sdzOdz dzd?2 Isjnrde ydzd?2 bkdz o jtemdisjls v
dz2' ydzd?2 ' deflsdlsizls ' d3j d2 wetstew o' ¢

sz B O hodHCts' dzj o' HE ZOHdes™ HEGY SdBRSE(d
BEHICBE G totsBOKYdzd dzO 0 @Dz ¢ j oh 5~ d3,
s’ HBYIBEBBEd thMtsBOdR k MsOdOR, s L OG
dzj " Ofdzdn o dfOHS ' ® (fted Y tsteOdsj dedg” 5, 1 j
N dedz jzj Sktedydedds Mstekdsd Istshts), O
sjtcf " dzdr” Hts dz' COtej dz .

[ WilsYodzO, L ZzOGBHYJjdZO SO Bdlsls' 9 0 tisB Sk
-Cdzr ysod2 WOCIktste HBS LBjtejjdedzw Y dlslsw
dzdhj o' H o yOfMmdets dzOHOdes’ BBjHJydets' HEH s

VvV ajdzdSsdB &' Mis' YMmlsO' tetsedzj BO daj o
GOHd dzO o3, Mljs o e H S sd3 " dzg" d R f tetsB d
dzOMmj dzj dedz? IsO dgj ftotsW " dz' dedr oS dzdC " o, B

U BOCGOI! s7 o9dfOHCOR fHtosBdz BO o dded C O
OHYj otdd L &ZOSBHWIS! fw E MlsOd BLOSE ¢
@' 2Mdats Ctedlsdudse O 920y dzdes’ odCddSd

[z ke, htse ftdhodHhdlsd §jtejHOYL
sddz MORBdd L 3§ d&z" Jeh d yYyoOf O 2wcet tsBMdzk
sdLEZoOlsd ttsBtslsk HdMY jyjtem' Csets fEdelIs

t sLedzwdzi d3s MisOdzy' ¥ hodHC B OHE fldise d
L sOCdr Jjdzjd3jdals’ ©9: cetsdzseoadzd?2 HMYy jlsyjte
od’ L dg Bted e OH ( o' Ldzdr ftosW ' dz' 9.

1 OH"  wdg tesdz bk fttsyjMHdBE hHkns o &5 @tz

fMsOdzy' ', HdMf jlydte "  HfMsOdzy' ° O od’ L
1 OHOYO HdMY jsisyjfidoD digsjdtsiplsitc iz o Olsd o d ¢ dz
Yy! st 9" dz 3O L H' 2Mmdedisd OS¢ CtwsCd:

odL &Oudlsd fteduddk odS ddSk;

H' LdOIsdmwy Istsydsj & Myj L dzOn sH Y J dzdzy
pdzj lsd ' dWsted®OY' s Hts COwlsd od¢Cdd L
odL dzOUdlsd dzjsBR' Hdzz ' HflsOdzy' ¥ dzO
‘BB &sds;

fjcjHOlsd adSddS 'L SCOwlts® odCddlLh

&
- O —_—l — —] —
<

56



Nauient
GPs N
Ouecnetyep IOJIOBHN 5 / D[

cTaHuii

( / Web cepsep

[ymcnetyep niacTaHuji

Bpurana

tdfm. 1 HOJjBO oL 0O BBH'  tsdj?2 k& ft
10 "  HilsOdzy' WA L &zOABHYIS! MW HdMmfjly
Csdzso des’ MlsOdzy’ . wr LOHOYO, H€E2dvo

dzj SBr' ' Hdzs o  HftOoadlsd dzO0 & fmMyd HH' .
16 " Hdzs L ftsMmsOdesoatss [ [7 uvCteO® ded [ 1
fzdC sk dO ' HfMsOdzy' ~ ° qqus% od¢dzd¢
"0 o d¢ tdzOdzdzy . sz fjthdd St sd
dzlz o Odgdz? Y JE B'da@dadzc 5 oS dzd S 2, BOL k¥ yd
C Y dets”’ Btcd ¢ OH C' dz ¢ sMmis dzj 5B R " H dzq
oSSk, O LOSCHY oY) MiGttdso Odkscs tfs
1 My ke, W HdMfjlbyjtesd §° HisOdy
(SHdZ ‘¢ @BBBH,] “Chis d® & My BOECOLME
fMlsOdzy' ¢ BedcOH' fedotsHdlk! COtlsO od¢ d
His fslsjtef' dsets [2] .
1 Mdzv Yo jtodzj dedzy L odCdzdCbk Whttdkz' Is!
2O ctdztseodiz MisOdzy' & Hdew tatos tEldsAze. O dzdzy o
[ &zv Isets, htsB tsLod6wWLOIsd odh jtsfdmoOd
LOffssMmizeo Olsd twH d&OIsj BOIsdydedr djlstsH ' o
[ ilstsHd tetsLo 0w L Odzdz?y f sfisOo dzj dzdr L OH C
[ d&Z2¥ OoltsikOlIsdL 5o OdesEts tetsL 90w L Odzday
tdMsOlsd dzOMisky dz d5j lstsHd:
T {sBHB9 0O IsOdzaptf ¢ BwPMW " COy' 2 desects H

tesL o' WL Odgdz?" LOHOY SdzOMmd¥W* ™ SOy' ' ftedy
T &jlssHd BocossgquJm‘omes’ sy dz€ d
dvlslsw ' hjdz, Hdv odestk § ' HMlsOdy'

T bitste' w @®@OMseotsets tBMdizzetso o Odzdz?y OE
C zOH &z CHidizveo Ofdddzy o S dzd Sk dzO ' HMlsOdey" " ;

T LOHOYO HBOtehtokzlsdL Oy’ ° IstcOde stelsded
sd 3ZOdz! detsets hdzw iz Hts flsjtcf dzsets O f6
Bklslsw hodHCt ;

T i3BOIsj BOIsd ydz0 MlsOldMmMisd¢ O Hdzw ¥ sted3ze

57



{SLEdvdj B 08 Oyk ¢ @G@IGyudded o dS dzdS k.
]OHOI{O CdzomdW¥ " COoy" ' ftedydded odSdzdsk
14 ~0O23dasy ddzO 9 O’ Odels" 9 Hftedydde Hdzw o d!
d

n fTedydidZ)(,n IsSHO, nY:
Y={Fy 1 y2.yn} (1)
widzz® o dL dzOyj &z0 RBdetsy d dz0 fd Bf tefseB' o m
d3j dzls ' o :

X={F x 1£ x 2,.xm} (2)
sty dz0 fteduydd® y_i (0 < i O n) oy J
' Hodzsy ddzss Mg B ssdB o X.
rdzv o dweodzj dzdzv M3y Istsdz" @ ¢ tcOter " ydat

Is O dzg! K, Hj o9 ' Hfftseo' H! 2O Cydzp ' § dIsOdad
Mizlsd fMiss §jodscets MdBfssdz x _j .
1JISB.-.'HdZIS q’tsfr]dz'Hisadz.is telzr O ydm: LO M
dZhkz ¢ dz ¢ st CtesC ' & k echd20uq’lso[ ot
flssBOB] x_j. ltd Yy sdz Ssj¥' y' ‘ dbs
udded y_i @O dzs bzt ds. BOC
dzv tesLoOWL Odedz yY' '’ LOHOY By dzO o
"hijdg, "t hqdiesCts odSttedmstsolz’ Is! |
CteOBREZo Odzdz", BjHIYJd&zO (H' OCdesfilsd
Bz odfOHSE, dzOO tolf Bac@Ej dzdg'c ' te2SOF b
(0]
w
.

©
LEN

f dmodz mMdBflsssd (¢Oltedelzlsde) ,

o cdzdfmis' e L Of dMmddgetcd yde@ ezda”
¢ 288 Cd&OMd% SkoOld fteduddlk od
Z Hts dzdls O L' dz@yfjHdgxtsvd. o * HY tso ' H daj
L dzOyd dsts dzOfMlsiztf dad?2 M tetsh jdzd?2 f shmdz H
wodz fls! Mo HesdksMls', HJROde', f§kd Mk,
y' dz sedR WhkdSy' 2: Ldzjftdlsdds dedz?, L Os
mMaizd s, §O0LOd y, o' H&cEtdd&d ] toff ASIBSC s
Cdzs ysodds OlstcdBlzlstsdz dzOw 9 dz' fMls: Mo ' His
Cste' dz HjtejoO.

JdedvH CdkOMdY SOy 2dsct HjtjoO o dOcs
O twdmikzdSkz 2.

1 syddzOs yd L $stejd? Hjtejo0O, (shmdz Hiso b
slsted BHZOMRE dadzy y' &z sets’ WkdSy' o (ftdydd
dzd 2 BOwkh tekzls ftod Y sd@kz BEH,j ' oded?2 d3dzs

{M&¢" dzr € Bdesy dded MdBYIssdz" @ SO §todydc
(OBts L d3 dgssls! Mw HBMJIS! " HEBB) , Hjtej ot
dz' fmls! Odze @b stz o tzdz" j C'dz € Mls Ctets @
dzs 9 0Isd €' dz2 CsMls’ M B IstscB' 9 k H' OcdatsL

To=I—-=5 =S3g
N _ § .0
- ES

o, %+~ O NN
FOQU G
Q—ﬁ_n “Ou:t'm‘
0o

[ o

58



Hi ax.

H Tax Hi

“ N —

© nynec? € KposoTeNa?
BHENPUTOMHEHHA

’ T Tax
/ H Ta<\ /H / 'rm\\A H( T

326HTTA AHXENEHUX j BiakpuTuit nepenom

Mo3xe DyxaTHeR?

" 3a6MTTA QUXENEHX
KniisHa crepts e Napania

{ -1  AOtedzj S &ZOMdW' COY' 2dzj HJ

bolsdkOdLOY ¥ woBBlsd HIMYjlsyjso kO
pOdsets fted2dgvlslsw o' h jlezsH dz® 8@ 'dztso dsj deO
@O fjtjHOUE odSddSk djHduds 2 BEdcEOH'
@O HdMYjlyjto.

[ ' sj cOlskztcO:

1. fwmwevsptesl [ ImftJyvrR Y ftfl"c vs
hsHEs EZHEGME SdzOdzj dedz dzOH Odzdz § CMlste] dets’
) VLSO dz' dzd 2y dzje§ Itz tedg ] / [w weast ey
11rdtdlc Vst QUNIRT JNdd3 HEBMsEfE HE
http://search.ligazakon.ua/l_doc2.nsf/link1/an/3106/M0OZ8796.html#3106.

2. THOdso O [ . 1. ltedd tedaj ¢ tsdztsy j dadaw
JSMmistejdes” (M odHCEd) [dgjdrdusdets dzdadtd§ tedptdn
rHOdetso ©®. 29. i t ddd3 Hsiiskz] iz H S
http://search.ligazakon.ua/l_doc2.nsf/link1/TF005276.html.

3. dzj CIstetsdzgded?2 ' HtekydedS L' WisPisdmls
N dd3 HsMiskf &z H S te
http://statsoft.ru/home/textbook/moles/stclatre.html.

uvrs 004.925. 8

w1/\itl¢ﬂwu[&\1 Rfuy1 ¢ wrRuv( @
SIKRA?UJNHMIC

{
fdrefsloéernc 9 [
1. estesCtso d2
l sdzs@o ! € d2 dzOu sdzOdz) dzd 2 Isjmdz yded?2
s CO, VSO dO

[ jlsO HBsmdzL HY Hizdz® s d fipisoysdedjodisiayls 'L O H s
MzyOmdedn OHdlsdodedn Isjmdesdzse' 2 dEtsH j dzj
dzd &3d :

ABBj Hdydzsets H' OcdzsMmisduydetse s tsB Mlsj 3 j dadh

59



AfsHOdz "sets fjtejlse
LtesL 23" dzd T AMdzi d &) D o3;
Acj HOCGWK o Otzdfl ' * Is | todz
f zOdzls ' o ;

Amiso stoj dgdz” Isj mdetsczse ' ydes® S Otwlsd silsdd
BsHjdj?2 ¢ MissStsddzs FfEaBdzls & 3D
dlstczCIsktedzs HEMdz HYJ dedg? B d2O Lo j Mmisd
hjdedey ydwtesoe s’ " dalzdcdgdzottcts ¢ O dgdzdedsd 1 to s
Emkzdzj dzdev &3 dzO© S sy desdzz j IsOf ftesBdzj d3 €
dse s dOzOh skzo Odedz? f OttOBj e’ 9 Y jteOy' 2
sjrdetsdzise ' ydes' COwlsd ftetsyy Mk tslsted &30 dzdz”

St dzdz®  o8j Hquded s H

5 BsHjd& 2 0O

Hdzv o ¢ steidnkOfiafay’ o' 2 - tckztec ' ~ . 1 O
Bdzs B dgi sy dzdoedd3 BjL Hdz' Hdes™ M " off O
fiHdydes® MsBEOsdZse ™ L " Bf zO0dglstsdztse "

s kO sd&se ' yds' OSOH] &

— P

k- - —
. — AUTODESK
N | =™ pPOWERSHAPE
-
--..-— InTepnpeTauin PeparysaHusa 3D ppyKyBaHHs
TOMQrpamm STL channy 3a JONOMOroK
Tomorpama cTBOpeHHs niarotoBka oo npuHTepa ao )
STL dasiny 3D apyKyBaHHA o6pobka aetani
a6o o6pobku Ha Ha BepcTarti
BepcTarti 3 UMK 3 YUNK

tdmedtse 1. wbtekClktedz® fnj O H
[ dzv tettstsIC d stedo d 3 todets’ yYdWietsots'  dSH
ydets' e itdikilte’’ B’ Clk (¢ fMCd) O &'
9JfOHSCE HOdE sBO' BBdkzse s yYydWtese sets L s
sets sBcctOW O, wWed2 Wtttz Mptds H
Ndde odezlste’ hde 57 yOfmsdded BB'  ClsO 'L
Lde 3¢ d LB dz hzsIst ' dW sted3Olsdo dz' Mls! H' C
iWiClkdoede "j odBbkHEZoOld  dzOdz dz' € ko Odedz”
BsH j dzs 9 Olsd Istedoe dd3’ teded 2 tsHENED LH.Y J [disiey d dB@BdE
' cO¥ st o Myjy' Odz dzsdzz W sted3Ols’ MiIsOdzH ©
HOY' SO o' LkEOd LOyYy" "’ Bd Hdudzed s L t5BGOY
DICOM [2].
1 sHOd PO " dsjteftejlsOY" W HOdedr su ftsist
Bdzsets L OB LY jyjazdawls z ® & dzitz®ts sddsOtctso 56
sCtej Bdr Ldz BE' 9 i@y sBlzHEZzoOlsd Mt j yd

60



Axial slice B Sagittal slice

tdmezdes ¢ 2. Uth’aq’d3 tGdZGVd:SBHJdZJ LO

[ dzw dzoh dr Htsfpdz HYy jde2 BRdzs 9 dEBstedMmisc
ZOkzSCsodm HEsMdzZ HYlj.dz2 W O nVesjad §f juglz ‘3 dz@
WEdSCy' 8 Micdsj dzZlsOy’ " L BteOyjd L odits
(Hde. tdfmp. 2). stdaj ydedds tej L zdz! SO
BsHjdz o B' dOtedzd? Wsted3OIls STL (ulsjtejrt
fMoOdz: dg' sedzOdze @dzv y*' w " BjL ftosBdzj &g * «
ded B HtetsW j M \CABH dfds EYAD Isjtcded 3d f OC j 5O
tcOdd " .

10 tjLiEzd IsOOBd fBHOd hdr Hisfd HYJ

hs t6j HOGEZO OIS Istc" OdzG zdzw y' 2 dzz i3S H § dz!

Me s h MitxdfrOdg ° Autodesk (uz¢), fHtosj sk
h 58 totsL totsB € 58 l;’tstsuc;frjlz aq’GtSlstsadZJ,ddeW
Power Mil Il [1,5]. 10 o' HiMklsdzsMmils®™ ¢ sists
f zOdzz o Odzgdzy r ' tolztee ' yYydets’® s jteOy’' ", dBEH
o' Cdz ftsecteOMd, l;’tsaJtGls Buq’ "7 IsO dzOsB
Csf" ¢ sy dzO Blsted &30Isd OMmMlssmMikze O h d Mt
HiclzGClzo Odzdzw [ 6] .

dbHdIsdeo dzO IsgD s tzdzc P W H d 203 Yydzd 2 dzOf tov
Codsg mndzg’ ydese s f tets¢ tcj Mz ,dz0fictisdrzd W dzdd  fintiz!
dzse s Istedodd3 tedzse s tsB' * CIskz, MmMydqtoOr ydHt

61



BsetcOW¥ fsh Otseots MOz dstHum: € ' dzfs,
dz" Hsodets o  Hseastes ' fJtesW' d Yy COets’ dzOd3
cOsmMw dz0 HEBMISOIYetcf dzlB |f 8 I5 J 5 detf 2zs @ D iz
0 Odzdzy ff dzOo dzj dzdzv d3 ( Fu 8 eedD MD e pgsdds iotdiSasne dNhd:
dzv d3 dz@2B "' dz' h fshdtej dzedm BOIsjittPL®dz" © OH
fdzOmsdSk (JjStdztse’ ydsiRdMmsldac §f isdz' azOK &)
Bsf zOMis d Yydets’ fn d3ts dzd AOBHS  dzfI€ dotd tiialz,dz'  |190atzf:
Acrylonitrile Butadiene StymHegmwe) toedl tcd
Mz deS4d 3

t dMEzdesC 3. | OHkS o OO dstsH j dz'  dac

10 kjfjte' hdz 2 yOff sefmisjyjds 62 0Oy "

GtsLB' yd2 Ms! o §' &hGegs14fBdfOHO@D O sk

WOClkd LGBLOY jddz" o' H BjlsOdzjodn ' 3 dzOdz
Mz d3sH j dzt .

{ dzdsS 4. ftH,jd ddxyds s° 0 jd

62



] BjkOizKLO

1. ustesSsad?2 [ . w. , cm* ¢ w. . s sd3tf
ftessjLk hPjdifd E Del daml Rg wé€ tcSHABHzY [
"l dmsg¢’ s mdztsdztse ' ' T lots dedigd od@izts B Izts1dizisn) Qudpdz'
4. 1B

2. DI COM / [ [ dzd € Istetsidzdedj?y d dg § frkzdild &2 ff
http://dicom.nema.org/standard.html
3. I nVesalius / [ [ dzd € Js¥edbdpdzdnts ) s ig ti

https://www.di.gov.br/invesalius

4. zCOdzO mOEzdmMW ' dzH © [/ [ i § Btc = tedp &
https:// uk. W|k|ped|a org/ wi kil z%0OdzOo_
5, ustetsCtso d?2 . w. 1 d¢ sted fls Odzda Is ts
Del cam Power SHAPE 9o &&0Oo yOdz desdizj -f tetsy
ndzdRdzL B ttdzd & cujndz YdzsO jMlsilsdéO ' HC
dzd?2 tjHOGCIBteld. w.s |ckiseE,d. 2A0BD tc.

6. d¢HdIsd o dz Isj - detsdztse ' ' i Model of actesso ni ¢
https://uk.wi kipedia.org/ wiki/¢Hdlsdo

vrs 004. 9

lwrlrRavc {riftwrryésw v
gl Jovrtrrrilic JorLopR1L RS
s/l oerAws ot L] [l
b otcOd3d s 0. 4.
ded 2 kzdz' o jtemdlsg L

dzS
YjtCOMm! $d2 dzOy' tdz0dz
&3

I mdztse dzgd 53 L O 9 H O dadzw SjrRdsdzsd ' 2 diRsds |
GOY' ' & ROw©OCIs ] tod st ORdzjtsB'6 ‘ LSO Lfisidal .
BOY" ‘¢ fesyjmkz fted2dwislsw ' h jd . wdaW
BisHj &z o Odzdz? o &ZOMsdotsiisj?2 ©BO' SO s
BOdzd R o fwsyjm' odd ¥ o Odede® ydMmi dz ded

| Bdzso ded d3 L Oo H Cigrep™ dg dlissHdg’ disf totddf dz6 ts9 -

BdLOJyddedgw " deWstedzdOy' ‘¢ sy Mk §tod? dz
BzoO ' Is! W LO tjLbkd sOO®R] &sHj d* o Odad
tcddzc 2 dzO0 tMdese® HOddrR, BGlsted@3Odzedr o

tOCkjtedmMlsdSOYy! st BO' Cls

#O0d3j LOwOL f§jtmfjCisdeddBd MdMilsj B0
Mdeso Ode' 2O Isjrdegsdzse' ° B OGOIststc' 9dzj 9 5@
900 k odedvH' = dWsttdhzOy' 2dats’  fdMmlsj B3
stsf OO sted yded a BsH jdzj2 [ 1] .

vOC'  BsHj A f)dsdildsjfssls ¢ fijwdzHz@ s 9 dzd A
dzj 2tetsdzdzed n B ey, cjdzgj sdydzedrn Odzgtsted s

63



Ote" 2 odBttel Odzetstedlsdiz MddasjiL k2 B (
) tJOd LtsoOdes "N dweatsdz ftsMmdz' Hise datsc &
sets [1] . Odf@ &’ dBisHpdzdzR | Wisdc gz * Is+ Mmw
ddz¢ dzO0 S By desdzz 6 9 dz " teOtn ' T tefsi
stoj dgdg?" HOdzdr. 1 sOCdr ' teOten " yded n
Cs” ¢ & CsMmls’ dBHjdZj2, O MOBI, o
ftetsyd ' dissdz ldnEtdsoza@eyl 2 ¢ o dlzOddsd(» smls
n HOddr (fMmis' 2des L 3" dgs 6 Is! mw . U s i3z
SHd&ZO OB HJGC '  dz €O BSHJ dzj 2 By kls: f
Olsd . rdzv odfftcOodzj dgdgv I1sOC dm ¢ tsh

dz', LO2 BO HsMdIls! Isted o Odzd
I 9" H C'dz2 Ctsfylst dtsH j dzj 2 o
19008 yd ddOdistsg On "GstepL sotsets dtsdz Iststed ¢
' dz' 9 d H “3dz"='olgf digfwdz, dzj© Bo'dz@ fiplsid o2s fr
ZOds" ydets, * dgjtsBR' Hdz Mls! 9o L
fdMmisj 8 dsHjdj?2. [d y! set HI
ftesyij Mz CEPesels ¢uf 'L ' Mmdek® ysets o Mmdrc
ltesyifp Iz Hcodesets oadiftetsBlzo Odedzy ¢ o [

L 209 Odzdz? 2t CtcOhséts 90Ot OdelsO® Mj tej H

hdzw Ctsd3 L OfMistsmize Odzdg?y o dte’ "8 ysets fwwBod
iz detsdz’ Odz dets™ dBsHjdz', hts Mddelsj L s9 OdzO

[ Odz0 dtsH jdz2 CdzOfmdW " Sk [l HB o' HfBo'

L
dlsjLl EM' 5 ¢cishCoHyjddne
o)
Is

"
dZ““lSJfI’]W HCf
o

ME[ 1 I - L Hnacudixatop 1 l_ ACM 1
o R
: i
[
< :
MB[ 2 — :E_ — !_ ——f Hnacudisatop 2 ACM 2
“m i
R
1] 4 e iciccmsssmemsmmmEmE—————— -
=
&
MBf n - s Hnacudikatopm ACM m

t dfmMedese 1. wnj B0 o9adSttedmilsOdedzy ¢
ldB' tc dz02B"' dz " ftedHObdetsets duf Htoso tsH
tcBOIsd o dzad » Iff @ac@dRyIstcf ptco ddzdetsd s s dfmkz [ 3

64



T C7dz €' Ml MYsMmisjtefy]d ;

T €' dzt €' Mls!  dagjL Odzjydedrn L 3 deded = ;

T €' dz €' Mls! fOtOBjste” 8 BOC M BOdz' dats

T €' dz €' fMlsy dzgf MR hjddn fOLORilste’ o

T fMijteindg 2 CsjW'  y " dzes Ctstej dzvy' °  dzj L

T Mitwinds 2 Sy’ y' daels OzfsisdedzB L 3' dadac
®Bd Isqd;

T Mdtejrdzg 2 Csj ¥ vy dzls Hjlsjtodz' dzOy" °

T MdtejHdzg 2 SjW' y' " dzls Hjlsjteds dzOy' °
®Bd Isqd;

T adL dz2Oyded & destcdBtso Odes’ IsOBdzdy® f j teo

T adL dzOyded & destedstse Odats’™  d3Q lse dflagled ~L; dzO y

o d&zOfmdzj yYydmdzs desteBso Odets’ IsOBdzdy'
T 9 dzOfdzj ydMmdzs BOIstedy' L dzOyjde dzgjL O
T BOCMd 3Odz! dzj Mddec zdzv tsdzj ydmdzts dested

sfdmkz;

T BOCMd BOdz! dzf Mddeelzdzv tedzsj ydMmdzs dEOIs
L o3 dzdzd n .

[ dzv el W Ldd@ReCOudl se s Odze stedIlsdzz fd dzls
S sdmlscoko Olsd &sH,jd' , §sBkHBo Odk
i ZOf ted C ZOH, 3jlstHBE Ctkfsoscts kZORkos
kOdzdz? € dZOMdY¥ ' C OO 20 GfMdss ' ®&sHj d
e ZOHO ' Us ' Hp 57 jlsOf ' o: L dzORtGHY j dedz" ¢
SO dzOo yOdadz" BsHj 2 RO kOBEJY' , it L O
MsOdadz?y Mo tstej des’ BsHjdz' Hddzw tetsL ' L dzO
sjLk dstsHj dzj 2.

[ Odzd 2 dBBjlstsH Bko LOftes sdzso OdzfBdls®d
ted Mils Odedz' ¢ dZzOMdW* COy" " hoadHC' M §jtoj
Yy sd@kz Ltsmls0 ' §sRdBSCO |BSH, d¢ o Odadz" .

vOCtsY o tejLbizd O Htsfdz HY j dada? L O t
odWwoedzyg des tWH diHtsd ¢ 9. ¢ MORBI, (s
b sl dz0o YOdzdz" © ZOMJW ' COSE o W' fdadc
Bdzs L dzG2Isd [l , w¢° HBtey dzOo YO Is! M
Btz duf OdctstedlsBORd. sl Ctyjd kO

L Mslsjde Isdmvy Mysmlsjedy]d, meQE

9 Y O dzdz’ CdzOfnq"”‘COls ' 9, O Hdv W mdets 6
sdz2 OBts Isdmwy' cf: fnijtsfr]lscjtegxgdz,i. U
kZdets® ¢ dz Cfis’ Efmddz Hdzw L OB J LY J Y.
slsted d30ded » L dzd = fntjtsfn dteiyd de .

65



[ dv kMl dzj tedztz) gy GZOWRE L Of oy sdzse O dats
hjdgdz" ) sSHE CazOMmdW' SOy' ' ouf hdvIEsdg
ediissokzs 5! MW Hdvw dzOs yOdzdz" € &zOMdW ' €Ot

KNACTEP 1 — AM1
RNACTEP 2 e AMI
MB/ | opsa | MB[]
]
- RAawginaTopa
HAACTEP r L  AMm

tdflzdse 2. whRjdO sdCsEdhlsOdd ¢ o,
' 9

wm
7]
X~
qQ—
&

C zOMmisjtcf g ey ' GOEDEHE S edmisds I
s YOt 2t fslste' Bdats BEZH] €
slsted BOdes dzj tHdzj MYytsmisjtejyj dz
9 CdzOfmlsjtedL Oy . 1 0O0dd?2 ' HRA
mmaqmmagmz dz0 9 Y O dzdz™ .

Jlstss y' '’ tetsBtlsd ‘ L dgj dgh j dedev Yy Ofk

' BJL LdOydsts’ oltcOld btydasfls' tc,

[o+ B e B O
:o%
Oy

N O0R2FF 27 0 2

v e dsj dedgy § SMsOo dzj dgs’  dsjsd B b d
IsJ toj ) BEagalrd oots [AOMIsjtcdL 2o Olsd IsO
X 0o yOlsd tSCtjBs. styjd ¢ dzOMIsjtc B
MisdS kO fo'2 dO2CLON 2 ¢uf HE WEAET
BdLYjyudls! odt"h jddz? ftetsBdzj Bd L &' dz
dz

:I‘S‘&J‘
g

dz2v S zOfipd W ' C Ol tste

Stedizdz' S0 0dz0 ¢  ftslsjL O BRZ&ZO fjtejo’ te
EYyJ fteOQoaddzts Mmlse ster 9 Odzts iy LO HBYf sBsE
Ve [2]. 1 WwCtfls' CkOMY' COY' 2ddrn L
tt ROOCkjtedMmisdS, LOftosftsdtseo Odzd2 o |
r dzv ftotso j HY fledetzy Hs Mzt istcz 3] dels* B kZ dzts ¢
zOMmils j todinjGay Hdz' §, B3 dz' BOdz! detsGts  Hjtej o (
B

tc

m‘b—\j

"ClsOd3d odL dz20yoOs s MW L O HGSfSRsSEtsE 9
®d [5].



bz stedlsds §syddzO’ s v L slstd dOddzy 1 [
Oty CtsStsd ' odCttdmlsOdadzy 58 tcOdzsc
[ 10k Ctyjd CkOmlsjtt SBEtB A& ‘ Is! fw
Qo YyOdedz? EfM" &3O L Of tetstf sdetso Odad i3 oduf
tdHOIdd?2 ¢uf. Ok L CdOfik] co3.clktedd
sted 5Odzd 2 dzO@B' 6 RO®OCkjtdMmsdS f§d hO
"HYfBeo HdzsGts ¢uf .

[ dzv MddalsjL k2 dBsHjdzj?2 HOdMSE Htsfdz HY
Bsds' sstcddzcz L ORoatste®s 9 Odztsfyls dzOf j dzj dzdz"
20002014 ttsC' o [1].

NNNNN

—o—Mosuuii nepeGip 8 Knacudil Ges i i 3 knac

t zdasS 3dzv ) ®ecfyis dz ldalzts” 55 B € C

[ sfpdz HY j dedzv OB Msdz® sdesets (Hdoe. tdfy. !
fMlstsmkzeo Odzdz® fesyjm' o CkOMsjtedL Oy~ HO
Hjdzt 9 Odgdg? o MmjtejHdz sdBz HEs 10 %.

Cek.

uuuuuuuuuuu

—=—MosHM i nepeGip o Knacudi 3 kna —o— Kna Ge3 knacrepusauli

{t dizdatsS 4. 156’ o dgv dzdzv YOMmkz dz0s y

67



1tod HBMdz B Y ge@dzy Oup@l) disHjdzj?2 (Hdeo. ftof
dz2v &5 € dzOfmlsj tedL Oy" ° Blzdzs o dweo dzj dzts dzj L da
MisOdzH Otelsdzgd 3 d3j ssHisdz € dZzOMdW ' SOy~ o B
Il ftesyjm' HsMd HYjdzdzw BRdzs o dwoe dzj dats,
CazOmMdW ' COstcOo @ ® s dbOdzHisdo se s MY O
o Moty yYjteeck HftedLotsHdls! HB offtse’ dz' dzj da
B ssHBR CdZOMIsjtedL Oy®° © HOddr LkdBtse OR
tj o0, O dzO2CtOh ¢ -dpjtdsly] C 5 o' HMlsOde L
1 Oflskzf dz HsMdz vy j dfissn @lzH Zisdslz f foif fyy i iyl
B stedydes’ wlsddi' L Oy fidMOodscects djlstsH
dzd o ° Mfsmtsed of " L dzOdzdz?y ¢ dzOMd¥® ™ COlststcOC
wetsfis' tBteOdzdr duf 1O "7 tOdy k9o Odzdzv .
1 tetsMisOdadzy fsedBSCd RBsHj dzv 9 Odadz? o ) Ist
Ugedz" yOfMmkz MmMddelsjL z dBsHjdzi 2. 1900408 yd d
Yy 2des’ MmdMmisj 8 BOCOBic oadzgj o sets ff jtojlse
BsHjdzi2 * B dhj, o9HO' ! MW HtMWedkIlsd
Yy MmbtekzClikted MdMmisj &3d HEs L & tadfd teodsfifss d
Bsdz' sstcddzgcz IsOC' tejLbkzd sOsd HO¥Is! dzOH
Bsdz sscddzcsodnrn ' dW sted3EOY’ 2dedn MdMmisj o3
fjtei sostej dzgdzg? HOdzgdrmr HdzW § HisteddRBSd ¢ tod?2
&z HE" & dOHL O dyuO2dedr MdlkzOy"' 2.

ltetslsj dorn HOjd'COH C Of HOMZO ¢ dzOlsOe dzj HBG
oddzj dz otcORsokzoaOlsd yj. vtz LOftesf sdatse
HsLotsdzw* dzOBdzdL dIsd fssrdBSCEZ diB3BSHJ dz¢ 9 Odzdz
Bstelz. |1 MmMjtejHdy Bz o ste' adgWdade L 50
odhflkz 10%. | HOsKBEZ dGjIstsH' L d&3j dgh j dazdaw
Bsdz' ssteddzd sots’ f daW sted3OY 2 dets’ MdMilsj d&3d
BZOHLOdUyuO2dedrn MdlslkzOy' 2 w¢ ° tcOdz h j
Oy L' L dz0sOdd? CtcOh s¢ o Pditsds,tcd Is o3
Motstejdzagj L O BOCOIttWHId]HB OddstdIlsdst
Lzdz sOIs" & stsH j dzs 9 Odzdz?y HEBMWGEO' s Mw L
HOdzd» HdzW dzOo YO dzdz CazOmMdW¥ ' ¢COlsste’ 8, Nt
wetsfps' IO ¢ dzr Sl , f tetd @ K &dzdf & lsOEzdZ
fjtejHndg 2 d&BjIstsH.

vOCdds yddesds L Oftetstf sdetso Odzed?2 o HBME t5dzO
BOMdolz on' Hdzgdr HOdedrmr o " deW stedzOYy"' 2 dzd n
Iststed dz@ Iz .

[ 'sjtcOlsktcO

1. 1 OcOltstc’ adej o j BsHj dzs 0o Ocdedz? o Isj r dats
B Yysets MjGsj/H e . dIn. | sdzlzB -Is; ‘i3 te O O fip.d3j diz® wlzd yk
-yjteCofmd : -218, M2007.

—7F 00
T 11

68



2. R9OmdzgjdzgSts . 1. ROUZHESGISdodzr 2 d3j IstsH
Mzsy der = MdMmlsjdzZ. sdje: 102¢. 1ERCO, 1
3. stsdzsfmp 1. [. 1 dL dzOy§ dedzv d3datsy d ded
s Qe y' fitcodddese s Sfdmikz tBO' CIsO d&SHJ
Edz o jtemdisi sy j s Phtfe¢ 1d&4. vyyl2B1 2009.
4. Avramenko A.: Classification models in information systems for
social and environmental crisis monitoring / Avramenko AoluB S. //
Engineer of XXI Century We design the future: Wydawnictwo Naukowe
Akademii TechnicznéHumanistycznej w BielskiBialej - BielskuBiala :
ATH, 2016.7 928 p.
5. J. Kogan, C. Nicholas, M. Teboulleg C| ust ering Large
Di mensi onal d a tttp:/Bvww.csee.umbc.edu/
nicholas/clustering/tutorial.pdf).

urs 657+0014
Ytd o dwf v Yt hotuahvdoayeorrce rfc
IrRs{tRrRevOLVLC Huyh (Asuff cm 1 omysplfiudr t ¢
J4 ] wsv
1.[ . dhjdeSts
Yjtedz ¢ of! Cd2 Oy sd&zOdz' dzd 2 Isj 7 dats dzts

ssdif Odz' v fgfljug, Ok’ ' 5! v &0 L B
edd3y’ CoBfoOrlsjtedzdr fSEtcOd3 H' dzseo BG s
fsssydsdkdkz ¥ MCOd dokkz ttsy', o' HYf tse ' H
ltejLrdHjdelssdy 2€OLE ~133/2017, hts 99" 9
dzts’  efj L'f jEBStetsdzd LSO dzgd o' H 28.04. 2
MOdS y' 2 fteslsd tsm' [1], daj BEHj HBY
odesdzsz MjCltste’ . ste' &3 cluwe, MOdSy' '
Mjteo ' M' o usWildkO2d |tk s #)d §ydgz gz gt
ClOdZOCISdC O Ajdzsteé ' v ]l c¢csttfsttOy' W
CoRf-@tel esBdzad Cd ftesctecORBdasets L OBJ L § U
VEtO d2© Juvre [2], [3].

© 1 HY GaZOBHs sitses’ 'O BEZREOdSj ! C
Cstedmlsizo OYUO B ' st '3 060 Usift®’ d§' ts d
WstedgOy' v, Mt wslteddikz’ s v 14,

MmMijtwoajted. w 2H] LotteIlsds 2 Laﬁ
J Blzlsd oadSiBstedMmlsOdzO o ' dalsj e MO

n sE@®gEyd] 2, tCtjdBdrs M Skt o |
j X 4 dedzv dzO o (¢
jtejH ftodo Olsdsd
e $d2 fHE

0O

- o
11%—-— T oh.)s"&H
§ =,
OUHQ&h .
W o @
GG N
Q—.q_.0—.

fMjClstesd § sl
IEncods]td,

WO £SO

N'ﬁ-b

stedMlsOdedz" ¢ lue
(014 C
Cls.

@
S8

69



Ltk * HOd daj¥ Ctstedmlskze Okdmw, Odzj
YJdet " wadd dBsy kst odded S dzzlsd ftetsedzi d3d [ 5
hs omdzsH' Y JOoOBBd d20 odStsted Mmis Odadzy Ist
fso' HE®RJdd, s fEwds L OBt Dl S-S st
T dy de 3O . 1Y Mmdz' 8 toj HWAdSGDmg@CL" te, CwiLdst
Efddzd ftesHbkzSy' 5 c¢cluwée ' dzgj UslteOof dd
ftesHOQoOIsd ' ¢ dzyjodds Cttdfisize O
"fdelzr yder Cdz' C delst 99 j lstsh ke i tedzB af dijsdae
dzd o yOfmdetse [5]. 1t qsdrBc] 9N st
EEHESCY' W clueé ®Bsyj fsoltstwdlsd h dvn
fslstcOfdos ' H LOBBWwtsdzz o vVCtO d&
W f syOdzd ff ts®©H @O ¢ Yl Hid ydzke M
ko O WOR oy &9, Od lsjtedzOlsdodaj
Odzj cetdzsodzsj HdlOdzdzy ME ZOH detsyls
N4 dedzg" fosctcOd © fjtoj dzOo yOdedzw f jtefts
dz! dzgd 2 Bj dziSHb| s BRLOdE L oTddst al Sof t  { .
]
H

S T110 X O
rgn el )
. = O =

o)
CE

H
(0]

"fdzv L OBstetsdzd ¢clué MlsteOlsj e’ ydg ¢ °
sHECIsd SAP OBts Oracle. ¢JHMAE®B LOf kO
fp. dsyj k' d ¢d ojddcd?2 yd fMmjtejHd 2
tt@Hddztcj y! Csets oL tesBddS O Logo, w2
. AkdfSy B&Odk SOk tBdjNjdd2, Odj Hd
BEtO®RO BLEHj §hlskzia s dzOdgddsh jt .0 50 Yl
B' dz' N THGjINQitel fge Qs @CRdzld s
AFCO0Odzlsjtc' & dzi L sy kzlst Mls
s+ v’ Hftftctdsds” teo@iiphidsor ts ec, wdBds) |

¢C0O.
10 M! sésHdz §teO®Cdydz®H @ugY disy €20 L dzO2
ftoscteOREz f o Csteidslely] i3 WL dOR ‘THsdzdf{dg ¥ ¢ Is! Mmw L
i Is

FE-GFoSIQOF_ 00§~ N

ICGSQRGS TF O

dzt ded = dz' y ‘ (sOBdz. ). sttedmkskze Oy d&ts
ttdmistso zo Olsgv ¢'d'n,Hdev IsBeplz ydmdz® Ctsd3jtey’ 2
®Bdbdmy L feddydfodd °~° twsetld, L& ddl
e Hds MBY My syddr Tolstejs, * fhd
BsHdW ' Cso0Odzz o jtefm' ¥ [ 6] .

]l dz &2 fescteORBd LHOId LOR ddlsd B OGC
¢c'a ' YOfglsts getsdzOdz O odMsStsdikz otk
9" Hdzsfmw Is+ Mmw 1)

dzj H s s QlgfdzvL tef tel & Odzta A s
Of dMOdz StBOdZH OB], o
idaiftg ' dalslg’ thils] Hfs'frpls Ols dz! 5 o d
; WikdCy' °, dzi sBR"' HdZ H
OOz O CtBjtey’ 2dedrn ftoseteOk.

70



U OB dziflyttd C d&zOHd o' dz' dese s ftesetO@dEsE
tcdMlsOdadz? B ' Ldgj Msds @ y' dzv 7 BEZ- e Odzlsj tefy

1 02 &3j d
9 O dzdzv , - .
¢ 16 O dsdzt 1 OcO0dz dzO R OLOSIs] t6
fiotsH 2§

lwf?27rw sftrRuSOLGADSw w rffrcov

WINDOWS

I dLdzi | tetse tdfQaigd@ dzOyj dzO Hdzv flse ts
CGOdzsjtem! CSdr HBSEdj dals' o

GrossBee 1 JjLSBMIstso dzO oGrossBEe XX ihaf dgis ')
XXI Freeware| B ts & f so dzsW 2 dzS y' tsdzQalf tadlo (
sstee’ o jdz! dzgddsd *° o dtetss dzd
ded s B d3j 3 4 dedzv o5 ° 9 ' HMmizlIs dz
CstedMmlsizo Oy’ €57 ctsBIsqd Od
ajtem v f tcd isdz@@ R dz@3dzjH itz
flsw dsd M din@GY s, 'H @ d ¢ sted
dB3j oy’ 2ded m w2z B R ¢ O gizislg i
dz' dzfp! Csets tsBdZ €2 ROdzts@ 5
Cohlssodes’ o jtefn' ~ dg@ylsitse
fMlsj 3. 1 0O0d3 dzg' 1 s

ltedC dzOHdze Ctdi3foslsjtedsd ftoseteOdd
MdMmisi d3d GNU, dzgi LO-dhjdg (Olsj dz
E

RP5 l sodesW zdzC y' sdzOdz! dgj te" h §

Enterprise tedMmlsOdzdz ftesdzdmdztseo d d3d
dzd - EPmMsOdzse On . ERP5 1
http://www.erp5.com/web page module/22/3

GnuCash Ad smtse dMmilsj ‘ fesWjm 2d

Hdzw W' dzOdziseo sets Gedz Clz.
HdzZw o  HMIsj ) jdedz?" B OdzS ' o fiy!
" dbBtOls dzO ' HMisO9 " fts
sdShdo. s sBOIsdLEZz € dzr €O L O
tosLtcOrlzdzCd OBt L O dzOdzts o
LledgerSMB |Aj ERP (kffiteOo dz' dadevy tcj ME
CGOdzsjtem! € fHtescteORBdzj L O
BOdEsets ' MjtejHdy BEts B ' L
Cdedeclz, bkfttOod dzdzg?" OCIsde
f smlsOo ¢, 9' Hdesd dzOdsd L
AlzdzeC y' 5dzOdz! dz' Mmis! dsts ) dzO
C sadzmldj d3kz

71


http://freesource.info/wiki/Windows/Desktop/GrossBee?v=15on&
https://directory.fsf.org/wiki/ERP5_Enterprise
https://directory.fsf.org/wiki/ERP5_Enterprise
http://www.erp5.com/web_page_module/22/3
https://directory.fsf.org/wiki/LedgerSMB

1 02 3§ d
9 O dzdzv
G tc O d3dats
ftetsH Iz
Odoo (fAj] dzOB' t8 ftesctcOdZ, M HBH
OpenERP 90Isd Mo dS¢wBlcdiidgmo 21 Is! Mw
sBMwe' &9 ftesHOY o, ©JHJdz
Cilsddeetsa dn LORtSH' " 9, i
Odoo LOMlsMmtse Molsishw 2z L&O
odzj ftoscteOdzdzj te-s¥ ] fptlzy H &5
dkZse s W' Mk

Pbooks Ad Mmdmlsj O BEZRcOdlsj tefy! €
9dSstedMmisOdedzy 30 dzd d3 B ' L dz
SQL-Ledger |1 OcObtsS stedMmiskzg OW sHO ' 1 telas|
Accounting Mlsj BO B d' € Iz. 1 " Hsted i3z °
tedMisOdzdz" di3 Isj EMissoadr OBt
dzj ¥ dz© o' H CtO dzd ' f ' HIst
ey H HiJedfE0Ede " Mis! odSEtedMmlsseoze Olsd
dsodoh d, daj M zOyks yd Ststedfmiskze Oy-
Euyd) " MOy 2ded2 CtsH; (2) e’
fsodz Misse fitcj2id HB od¢sted Mmils O©dadew
devs fHjdyO Yy 2 des’ MdMmilsj d&dd Li nux, L OMmlsts

1 0cOd &zO ROOCkt

] " bjtcOlikzttO

1. lwets LOMIssMize Odedzy  j eMsdzOdz! dzdm MY
hdr BRI EZoOd dds LORBH' & (MOdSy' 2) :
f4¢d ' wettetsded VSO dd ©°H 28.04.201
2. VEEBO d2 LOBBEdddzd dO2YsfEzdvicd: h
e |/ L1 wd . 16.05. 20177 teddds wg fisicts
https://www.unian.ua/business/1924556ikrajini-zaboronilk
naypopulyarnishibuhgalterskeprogramuls.html

3. 1 uvCtO dz. L PeiastsF i@ dD O Hdzv BER GC
LEtO dzO. 16.05. 2017 tei t d[dae € Is ts 5 Hzlizt B
https://fakty.ictv.ua/ua/ukraine/201705%6@ikrayini-zaboronylyls
alternatyvadlya-buhgalteriv/

4 . 1 OBBBtetsdzO 1u MistsMmizo Olsd dgdilss afrpv /dzd b §
17.05.2017 tc. [ [ dzd 1S |9 tgitsideody 2 H &y IdridA{tdAn ]
https://lwww.5.ua/ekonomika/zaborofapryvatnyistosuvatymetsityshe
derzhavnykbkstruktursbu145639.html

7
z
274

72


https://directory.fsf.org/wiki/SQL-Ledger_Accounting
https://directory.fsf.org/wiki/SQL-Ledger_Accounting

5. 10BttetsdzO ¢cldé o vStO d: MlsOdzts
17.05. 2017 Istets.dzdzd P [ dzja§ fiy 7 ts fig]d3 HsMiskz] k2
https://ukr.segodnya.ua/economics/business/zdgretukrainestalo
izvestnochto-delatbuhgalterar021599.html

6. [ Obttkzdzdy ¢ tsdzmMOdzlsd dict J > ofixlp € s tis iy lsiArAf] ¢
http://matrunich.com/publications/flo$s-sociology-research/].

7. dwotBBHdAS] 1 [ HdAdvY [u Wi hndgwygdi[ [ &
HsMiskzf &z http://freesource.infol wi

8. [fitLOy' 2d0 MmdMmilsj B0 GNUY § @3dzj €iglsis

. https://directory.fsf.org/wiki/Category/Business/accounting

urs 621-713: 62
FLrefstoevic oluvffbhoRIw vrReU IR
dUOURBURY T J W ruvwmdsiry fJlawst [ [ smvst RY]T R

b1t 40wl
J. 1. utBttdzjem: ¢O

sd e €d2 dz2Oy' sdzOdz' dgd? Ekdg o jtemdlsjls
LSO dz0

s Yyomdz0 o btesjdzjtecjlsdS O * gL js2
‘Hdzso dzs 9 Odes’  jdzj G jIsdCd. vStO dzO
“dzt h jdadgw tsBO' 3 9 o dtetsBdzadylse O | dzj
tedydzdr OCGtejcOl' 8. 1 OCOdz detss
94 oMisOdzse dzj dzdls-te tg@iz 1L jIstdaidlsusdimf =°
[0). Aj Lbdsodzjdets Isdadg, Nt fjtey
VCte® dad 5B ZOH ZOdzO® L Ofls OEl00kzd dzd |
9
o

L
i te
Cls
sls

' L wedrn o) d odttseBddzd Mme' ' 2 f
Uydne ' n Oo lsits d@laigts fpdsod@agdd ~( ofpcf ) Is Jo
" Hodh dIlsd dzOH" 2dz Mils! ' YGBHEBS
| Bdztse detss  3j s HOdts' twseslsd 0 s d
ctedlsds’ © ' fosctcOddzsets L OB JL T J yd dadaw,
9 0dzdz" 3 tojLbzdz sO9 g H fdztfg &8 H Mz o B dzdz
dzdr ' BBse ' tedz Mdzedr dBSHJdZi2 H' OcdesMmisd yd
y'' kO Ld3 gk Stklkwytset Bsdi dzlskz dzO o O
wdzt stedzOyY" 2 dzd 35 Mde dzOdzOdz, h s Mz tetso 51
ydzsets Octej cOIskz, o dzOMisdo OIs figls g Bz0 M ls ¢ 1 dz&
&zt ydg' s+ ) [1]. uvOCO fjt' sHdyds Mis! tsB
(Gtdzso dzsGts o9 Oz, totslstste® G j dzj tOlstcO,
MCdzOHE Jrd. [JHdd 'L Bsyddedrs ¢dazOMm' o
9tOrlzo Olsd ISOCEz vysfdwdzydazthHsy dz'* d30ds'j dztad
odfOHSBBadr ftesyifm' e ([JVI11V) [1].

73



[ Olj B3OIsdyde dBsHjdz , "'t BfdhEzels! ftotsy
dz' Mls! LB ded B jtolssoadnrn dBsdkjdels 9, w¢C' o
Nkls! BEZHEZo OldMm! d&O BOL' Isj ts(tef R )dz' le@d 2 d
JY1Y., tiLkzd IsOd OdzOdz' Lz 9C OL Odzdr dBsH
te

SLedzvdlzlss 9 [1]. v o' Hftte HdesMIs® L y
9 ' BtoOY' 2 HBMdzZ HYykeoaOdzdr obkLdz' o Jr¢ (tej
sdudzsée s fd e dzO dzlz , wWCdQOltisj o @ dzs ™ w
9 Odz! dzts”’ mMdMmisj d&3d L " B zdz? Mdatss f jtejn' H
Jdzj Bggdzls' 9 Isjtste’ ” [ 11 dz2OHOdzts Btsy dzde ' fls
OdzOdz' L. ftetsyd Mk , hts, o Mews yYjtek, H

dzdL S H' Ocdztsfyisd yGey & datlzt dzl®§ - dzH tztlzts ® H L fifds C
sokLrdz'" o Jo¢.

djtejH MdedOdz' 9, w¢€' 9o fjijtthbk yYyjtck b
sjndg ydzgd?2 MmkOdz ekLdz o, fts H' OcCdesflskzs |
dz' fMlst hoadHSEsMI' tBjlsOddz" 9 O0OdzO OCGtej ¢ O
eslsCts Ligy ddzd dtssMdzso dzedr H' O desMmisd ydzd = 5
stso Odzts L O tojLbkzdz OO Htsfdz' HY j dedzy d3ts
CS LOLdZOYyoOatsm: o ttseBtlsOs [1, 2], ftd
BsHjd o BLOY 2 obkiLd o Ilrd o wWCtsfls' H
tcdMmlsso zo Olsd:

ftod IiNGQda& sliatsj dzvw ' 2 dzgs Bz 1O 'L * adzlsde Oy
) © dadz™ , O yOmbtlkd §OLOkjted

fted HsfMdz HYj dedz Tty deflz ffas' ysdds@us'o 2 -
tOdz dzdrn dBEBj deEls' 9, O OCBYy ROLOCIjte Cts
tedztsfyls ' .

lted odStstedMmls Qddlz tc& 0 OWASE fisls 'Md& dzO dzlz  dzj te
Cklssoats’ hodHSBMI® tBjtolsOdzdz?y o90O0dzz 1 ¢,
tdfMsOdzO o wCsfls' H' Ocdshsdyddr L dOC
s B tedz Mls: 26t Cklsots’ hodHSBM' . st
dshisd e @edls! odMmiskzy Old o j ddyddd B
[Mdzsodzk ko Oek ftod twsLtesBYy' BilssHdSCd
LE st fw o0 ¢ &zOMmdydedn i ssHOR fjtejo  t¢
SOdzdz" d3 BtsH jdz' [ 11, ftodH"' dzj dats Htsfdz' H Y
Myes@igs L O dz02 ' dW sttd@Okdodz " qdsd H' OC
9' Hdedr ftosMiststcOR, O OCtsy dzO tetsL 9 &
L dzOI]’JtGJ LOHOdd &3 Itsyds Mlss sO o
dzts G 5 JWJ sz B eokLd&zOr Il ¢, hts H'C
dz €' dz fMdzdn By desS Jj St j ted d&3j dals O dz
u’tsqﬁjawujdzts tesetslsd [ 2, 3].

10 tedfm. 1 dzOo jHjdets tsMdese dz' J dzj dzgd dzls d
H' OG dats s o ydzisy [ W ;dzt itplc@EOqM I8 d Y dzO i ISl ;) t6j H dz

U]
h s
HY
S
gJ
3 0O
1y

[530)
)
otz
¢

74



ftesmls' 6 Myisids;] qd@e dgO MEE B dzicfisbo O W L Izt
ftcOoididks H' OcdesMmldq Ydzj to' M j dadew

18l yy dRdesy ddz0 Isdr L dzgOyjdz §OcOd3i Iste’
MftcQo dzsdzz MisOdzk t8B' * Clskz H' Ocdzsfiskzo Oc
dzOw o dz' Milss tSHdEts L HJjW]jCIs' o, hts H' O@G

| un t:giﬂ co F—>| 1c

A 4

HC PIT

'

/P

tdm. 1 [Mdesedz Jjdzj d3j dzelsd L OHOY'

ldL dzOyj dedzy € dzr €' mded s By desS L Of tetst
tej Odz' LE Is! Mw LO HfBBsEeE odur MisOIsdm
9ddzdzO L OHBBowdz dgwilsd dzOMiskzy ded d3 o d s G O ¢

1. 10BjLtfjuyukzoOlsd oaddimtcg O@dertiz’ @' BEtcOW|
tsOGttj GO o .

2 10BjLtijudlsd odd3 tcr o Odzdzy B dzlslz
tcj GOIIz.

3. 10BJjLfjykoOlsd HBocectMmMbtcsCtse j yd
dzdr, Glstedd3Odzdes £k tjLEzd ISOIs' odd3 te¥ o C
BCEZ 2 0OdzOdz' L.

I SL tots ez H dz@z! LeOLCO ey MEEZOHO' Is+ Mw
az' 9 :

I dsHizdz odd3 to¥ 9o Odzdzy ' L BtStelz ' daW Ste
I dsHkzdzr fjtejlsotste]j dzdzv ' tsBtetsBC 'dz,¥
[ 5 dBsHEEY odd3 tos o Odzdzy LBBBtelz ' de¥ s

HO9 Oy’ (OCMj dzj esd3j sted lsGBdHtsﬂaGlugtstr&IztsIler
edzOyY" .

| BHEdz U’Jtsglsa toj dzdzv ' BB Sd ' daW s
fjtejHdy Sets " Hipddzj dede" MmMdc dzOdz' ©; B dZBE
B34 dzlsOdz? dzd - HOdzdm; BdBSCE jto]lse sStej dzdzn
9d?2 SCBH; ftotsddhdsolss o t&dsCdtfO 1 disdj ~te &; te e

75



]_Ol;’ s cdzso Odzj ftesetcOd3gdzy L OB L J ud dzde

HY Jdedgw R OtOSCIjtedmisds yoOmsedrs wWH' 8, &
dzsmisdydz MdedzOdzd. 1 d&zv kOSdrs yYyoOmtsedn to
sjiL O ' dtsd3j dzlsadC dastsy dgg,ls o6 ‘tedzusjcas’ .

1telsGteOd3dzJ LOBJ LY jyjdzdgy HBLOBAY® odLd
B34 dzls* 9 Y dzstcOdz! dzgdrmn dBRBsd3j dzls* @ HB ydls
Ofnd di3j st SO jS¢myjmkz, " disjtcoOdzz o Otc' ¥
HY ko Olsd n s MdMsE &GS sF tegp oy ko @B dzO¢
sy d¢d MmMfjShte" 9 fslskydtsmls® * oL O d3ded n
HdMy Jtem' ~ GbteddB30ddr ty' ds¢ My jClste’ 9.

r dzv fteOClsdydese s L Ofmistsmizeo Odzdzy ¢ H
sdS¢d o EdicoOR 9o Istesjdzi Slsted yded n Ofls Odzy"
dzt dzgz BissHdCEZ H' Ocdesflskzeo Odzdzv . 1 ted Mmilse
fjtejHBO ‘udbd ftotso j H ] dzde" J Sy jtedd3j dals® o
stste' 9 SO Wttedgdzo Odzdzr E ydrm fesmststeOn &
fso' HOBIs! destedzOdz! desdiz s Odzb, sBisO®cHj o d
GOk, wC¢d2 H' OcdetsMiskz* Is+ fyw .

l dfmdztse € d:

1 1 O jHjdes MbtekzCIskztek &sHjd ZzOBSEKLO

et BsHEZEZ SO tsLtesBdzj dogj Hdzw dzdr ff tets
2. 10 Hftksensy tiLtcsBdz] deseéts ftesEtcO

dzd i3 H' Oc dzsfls ff ydzdf 3B B SEz@ O d3 dz0 9 Yy O dz! dz'

9 ' Hftseo " HOBIs! Hjodzdds Isjrnde ydzddz fMmls 0OdzO 3

[ 5jcOEEO

1. Il sdz sjtefy ¢. [. [ dmzsedy [ . , o s
dzedrn ° dz' dg' 2dzedr fjto’ tsHJyded A aq’q’OHQtsaq’:
" de Bt dz@dP dets 9 Odzr dzgd R M Misj BOR H' OC¢ dats Ml
sduyded = BO" d dz Il v jnda Jdzi CIstetsH d 2O’
Bdzi 3 MkyoOmdes’™ J dzj SilsteSiBF~dz €. v. 2.

2. [ Oteyj dzS s 1. . frimzsedy [ . 1. 1 dE
Csorn kL dztse 4dz@z{st¢gfmjﬁ]€q)ﬂgd3{lhgt5d3gfrﬂ 19

3. Isdkzljtemy ¢. ., [dimseady [. , dtsB
B s o Odzdz? HOdzdm W Stegkzo Odadz” danuOB ud
tetsls tstedzd - - IC@GB dedz.©Ocdzd VI 1 [° ) dzOtetSH dzlsG 5 o,
9 0dz dz2@ 1 tets J Bdz' Edzg S st j-3n®, iy p € fed? ,dz02 O
d . 1-108.

4. I dz Isjtefy [ didzsea dy f . B

9 yos ydra Mk

1., b s
¢ L bdfseodn HjWjSClk"
H' Ocdesfisd S d q

4 2 W
tSJdZ.JtGGJIsq’ dzd = BOh d dz

76



vjBOlsduded?2 odybkfmS. 1tsedj dd Mzyomds’
75-80.

UDK 004.94
SIMULATION MODELING: ANALYSISOFTHEENTERPRI SE 6 S
BUSINESS PROCESSES NDER CONDITIONS OF
UNCERTAINTY
T. Medinskay
Colledge of Economics and Trade, Ukraine

Simulation maleling is a widely used approach to tackling various prob-
lems and achieving goals under conditions of uncertainty and risks at all
stages of production: from supplying raw materials to distributing finished
products with available optimal solutions in ogtgsnal conditions and loRrg
term strategies of the enterprise. Conducting experiments applying the model
eliminates the necessity for experiments in the reality and does not interfere
with the production work flow.

There are two variants of the analysistis and dynamic. Applying the
static analysis enables to explore one business process resources of which are
not related to other processes. Whereas applying the dynamic analysis allows
you to simulate several processes that can be executed simultgneousl

Imitation models are undeniably irreplaceable in the dynamic study of
business processes; they basically allow you to consider the intersection of
independent events, their impact on operations that are interconnected, which
is very difficult to calculée in a large flow of information.

The application of simulation is mainly viewed as an effective tool for
such systems that are subject to the effects of random events. Consequently
they include organizations and enterprises the activities of whichiargeat
to the conditions of the market economy, especially in view of inflation, un-
employment, the state budget deficit, a lack of balance in foreign trade and
the conduct of war. This method allows assessing the appropriateness and
relevance of the decimis taken, calculating the risks, considering possible
scenarios, predicting employeesd beh

The simulation process includes:

1. creating this model of business process;

2. passing the model through processing in the right irdition system;

3. evaluating the expected result;

4. analyzing other possible variants of the process.

The collected data about the business processes that are to be investigated
are transferred to the computer, the relevant software performs their pro-
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cessing and publishes the simulation results, which are explained in the pro-
cess of simulation. Evaluation of the results allows identifying the cost of the
executable process, tracing the dynamics of execution, etc.

By analyzing the results of simulatiomodeling, it becomes quite possible
to obtain the following parameters:

Aefficiency in managing flows;

Aduration of the process;

Aimplementation of regulatory requirements during the process of imple-
mentation;

Athe presence of repetitions and unneagsaetions;

Aefficiency of embedded systems.

Creating a simulation model allows performing a rigorous analysis and
visualizing all possible ways of implementing the process.

In order to simulate the business processes of an enterprise, you can use
the folowing software products:

AArena (developed by Rockwell Automation Inc., Wexford, US -
plies building simulation models, playing them out and analyzing results for
a variety of industries production and technological operations, warehous-
ing, banking customer service, etc .;

AAnyLogic (developed by The AnyLogic Compariyallows simulating
any business systems and processes: from production lines and logistics to
marketing campaigns and social change. This is the first and the only tool that
offersthe possibility of multithreaded simulationdiscreteevent, agent and
system dynamics;

AAnLogistix E (ALX E) offeiispgi-by t he
marily aimed at analyzing supply networks, combining simulation and opti-
mization techniques; analyican explore the supply chain in detail and vis-
ualizes it as an unreachable level for traditional tools [3];

ABusiness Studio (developer of "Modern Technologies of Management",
Russia) is aimed at simulating business processes and allows designing an
effective organization;

AActor Pilgrim (developers Yemelyanov A. A., Emelyanova N. Z., Mos-
cow) i is for simulation of the temporal, spatial and financial dynamics of
economic processes,

AAutoMod (developed by Brooks Automation, USA$ designed to
model bgistics and production systems;

AAweSim (developed by Symix Systems Inc., USA) is a universal simu-
lation system for a discrete or continuous interpretation network. This soft-
ware can be applied in the following areas: business, industry, health and
military affairs. Being compatible witiisual SLAM simulation language,
the product includes the construction of an interactive model, simultaneous
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and subsequent animation, statistical information in text and graphical views,
interactive presentation and script selection;

AFlexSim (developety FlexSim Software Products Inc. (FSP), Orem,
Utah, USA)T is applied for modeling and visualizing business processes.
With the help of the program it is quite possible to determine the company's
throughput capacities and balance of production linestifgeyottlenecks,
check new planning methods, optimize production figures and substantiate
investments [4];

Al SSOP (developed by DUALI SE GmbH
many)i is mainly designed for simulation and optimization in manufacturing
and logistis;

APlant Simulation (developed by Siemens Industry Software, U$A)

a software product for modeling production, logistics, transport systems and
business processes;

AReThink (developer company Gensym, U$A3 applied for modeling
business processds allows increasing the level of justifying the relevance
of projects on restructuring and ree
searching and forecasting the organization's work according to various pos-
sible variants of behavior on the market. e

The implementation of simulation in analyses under uncertainty allows
taking the interconnections of all business processes of the company into
complete account and finding ways to optimize and predict the company's
future work.
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UDK 519.6: 544.344.01
APPLICATION OF STATI STICAL METHODS FOR M ODELING
OF "LIQUID -GAS" THER MODYNAMIC SYSTEMS OF REAL
SUBSTANCES
S.0. Zayika, A.T. Loburets
Poltava State Technical University named after Yuri Kondratyuk,
Ukraine

An important problem ofatural and technical sciences still remains the
creation of a physically accurate model of the system "ligaisl’, which
would work equally well throughout the temperature range of the existence
of a vapotliquid equilibrium of real substances or theiixtares. As a result,
empirical state equations have to be widely used, which determine the con-
nection between the physical parameters of the system with the help of ap-
proximating functions [1].

When creating empirical equations of state, the true valtigar@mbles
describing the thermodynamic state of a given system are unknown. When
optimally determining the parameters, the empirical correlation equations can
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reproduce true physical connections with sufficient accuracy. Measured val-
ues of variables coain measurement errors of independent and dependent
variables and these errors do not depend on each other. Systematic errors may
occur in the data sets during the process of measurement. They can be found
by way of a critical comparison of the resultsaibed by different authors.
There are areas of variables that have been studied in detail for given sub-
stance or mixture. But there are also areas of variables where experimental
data are very small or completely absent. If this system was studied by dif-
ferent authors, it is difficult to assess the consistency of such results. Such
situation may be prevented by the various investigated areas of the existence
of the phase equilibrium, application of the various methods of studying this
system or the fact théhe measurement of system parameters in these studies
was done with different accuracy.

If there is a very good equation of state adapted to thedughracy val-
ues of the variables describing the state of the system, then it will be useful
for a rigorais evaluation of the values of measured state parameters for dif-
ferent systems. The quality of the empirical equation strongly depends on the
choice of its mathematical structure. The method of simple selection of struc-
tures very rarely succeeds in obtaimpigood results. The way out of the situ-
ation is to apply methods of optimizing the equation structure. Optimization
of the structure of the empirical equation is the choice of such a structure that
maximally approximates the results of approximation ¢dtthe values of the
variables describing this thermodynamic systerd][2The reproduction of
measured values can be improved by adding new members in different vari-
ations. Consequently, the structure optimization method must be used to de-
termine the effetive members of the equation, which enables us to find the
shortest empirical equation that best matches the experimental data.

We set the task of finding a universal mathematical structure, the use of
which allows reproducing both branches of the bih@dth good accuracy
and performing extrapolation in those areas of coexistence of phases which,
due to abnormally high values of temperatures and pressures and, accord-
ingly, high reactivity of the studied substances are inaccessible to study with
the helpof modern scientific equipment. The equation, which consists of lin-
ear and power members, was used as the basis.

The method of regression analysis can be realized by selecting only those
members that are most effective, taking them as an initial solTt@n ex-
clude members that do not affect the quality of approximation. You can first
select the member that most improves the equation and add new ones until
the specified length of the equation is reached. But both approaches are not
effective. We appliedtepby-step regression analysis to achieve the goal [2].
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The method is based on a certain set of data and a general approach that con-
tains all the terms that are considered effective. This creates a regression ma-
trix in which mathematical algorithms cée used to find an effective com-
bination of terms. The sum of the smallest squares is used as a criterion for
estimation. The mathematical algorithm of sbgpstep regression analysis
initially includes a term chosen from the general approach, whichesdioe
largest sum of the smallest squares, being included in the corresponding equa-
tion. After adding a member, the individual members of the equation are
checked for significance, becoming the coefficients of the equation. If it turns
out that the coeftiient is slightly different from zero, it is considered ineffec-
tive, and it is excluded from the equation. Those terms that help reduce the
amount of squared errors are also tested. Thanks to these tests, the effective-
ness of the method can be greatly ioyad.

An advanced stepy-step regression analysis becomes very uncomforta-
ble when the number of members exceeds a hundred. We made an attempt to
apply the evolution optimization method. It resembles the mechanism of bi-
ological evolution. A certain set phrallel equations (first generation) is con-
sidered. The equations use Mutation and Crossing over methods, and the sec-
ond generation equations are formed. The method has been successfully ap-
plied in [4] to develop a fundamental equation for oxygen. Howeke ap-
plication of this approach involves the presence of sufficiently powerful com-
puters. We succeeded in using the physical approach to creating a universal
approximating state equation to overcome this problem withintstegep
optimization. As aesult, an analytical expression was obtained that does not
have adaptive coefficients that do not have physical content and which de-
scribes the entire temperature region of the coexistence of liquid and gas with
high accuracy.
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UDC 004.8
USING OF INFORMATION TECHNOLOGIES OF VI DEO
CONFERENCING IN THE EDUCATIONAL PROCESS
O.M Gaytan,
Poltava National Technical Yuri Kondratyuk University, Ukraine

The development of distance andelarning systems in recent years leads
to the expansion ofdrdware and software used in the educational process to
bring it closer to -seabecobmmuBucht i
clude video conferencing. The effectiveness of using vaederencing in
the learning process is determined by the foll@afectors:

T providebmédbenl sual contact bet wee

T supports using of different types of media content, combining hand-
written documents, text, audio and video materials, as well as a virtual class-
room desk or desktop.

1 allowscommunication with students located in geographically remote
regions;

1 provides access to training for students with specific needs;

1 Along with the advantages, the use of videoconferencing technology
has its drawbacks:

1 the initial price of equipment and ffia fee can be very high;

1 codecs from different companies are often incompatible, because of
using their own methods of compression;

1 if the capacity of the information transmission line is not sufficient,
students can observe ftigdemdnsirhtedsndealwh e n
time;

1 if the system is not adjusted, sound background may appear, which
reduces the quality of the learning.

The domains of Videoconferencing Systems using in education are rep-
resented in fig. 1.

E-training Satellite education

E-learning Virtual Training Labs

B _

Figure 1i The domains of Videmnferencing Systems using in education
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1 Classification of Videoconferencing Systems

T Small room videoconferencing. This system is designed primarily for
small groups (412 participants) at all sites seated around a conference table.

T Classroom videoconfeneing. This type of system usually uses high
quality AV components, codecs, and an interface that allows all participants
to be seen on the monitors.

Desktop videoconferencing. This system utilizes a personal computer and
videoconferencing software. Thesgstems are less expensive, but offer lim-
ited resolution. They are most effective for individual and small group use.

Software solutions for video communication and videoconferencing re-
quire for work of a personal computer with a webcam and a headset con-
nected to it. Programs of this kind are divided into paid and free. In particular,
commercial products offer: Adobe Connect, BlueJeans, ClikMeeting, Fuze,
Google Hangouts, GoToMeeting, Skype for Business (formerly Microsoft
Lync), Mind, Mirapolis, Pexip, Ske, TrueConf, Videomost, Vidyo, We-
bEx, Webinar.ru, etc.

The suppliers of free technologies are valbwn services as Skype, QIP,
Tango or ICQ, and applications VideoPort, Microsoft NetMeeting, VC soft-
ware, Ekiga, HoneyQ, ooVoo, etc.

Paid solutions proviel greater functionality for conferences (for example,

a large number of participants are supported) and compatibility with video
conferencing hardware solutions from different vendors (through the use of
open SIP and H.323 standards).

The main advantage sbftware solutions for video conferencing is the
minimum initial investment. It can be cheap (in comparison with hardware
solutions) or even free systems. Their main disadvantage for a long time have
been low quality of video images (low resolution and foame rate), as well
as sharp deterioration in quality in the videoconferencing mode. However,
since 2014, technologies already allow video communication in the super
high quality 4K Ultra HD.

Webinar and Online Conference Software such as GoToWebioar pr
vides an opportunity for a teacher and student to conduct video lecture using
only a laptop with a builin camera. The student receives in advance a link
to the lecture, which must be opened in the browser.

The main feaures, possibilities, benefits dizhdvantages of these means
were researched and described.

The modes of video conferencing systems working are represented in fig.
2.

One of the main tools that bring students closer to the conditions of real
seminars is the virtual whiteboard, which &ed in nearly all video confer-
encing systems. It is desirable to have the ability to edit text directly with
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subsequent saving, and to create marks on top of the source text, as well as
using a remote pointer.

/ s
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Speaker2 Student4

Figure 2i The modes of video conferencing systems working
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For convenience materials can be formed on the board in the form of sep-

arate fislideso, the change of which
number. In other s, the whiteboard is presented in the form of a multi
page notepad, separate fipageso which

index of page numbers.

The practice of video lectures at the Poltava National Technical Yuri Kon-
dratyuk University made fiossible to reveal some features of this technology
application:

T It is necessary to prepare in advance the paper and electronic docu-
ments and illustrative materials used, taking into account the technical capa-
bilities of their display on television androputer screens.

T |Ifitis possible to control the cameras, then it is necessary to coordi-
nate with the remote participants the management order.
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T You need to adjust the sound level. It is possible that an echo will be
heard during the first words. Next, yoeed to adjust the echo and noise re-
duction parameters.

It is necessary to adjust the preset positions of the came6afof4ach:
the general plan, the first person, the place for the speaker, the group of par-
ticipants on the middle plans, etc.) andttyuse them in the session. Switch
positions depending on the development of the action.

So, computer video conferencing systems are one of the most powerful
means of increasing of thel&arning effectiveness. The possibility of natural
communication, inluding not only the ability to see and hear each other, but
also to use joint viewing and mutual commentary of graphic materials deter-
mines the essential advantages of computer video conferencing systems in
comparison with other types of remote interacsio

So, the ability to effectively conduct ret@ne lectures, workshops, sem-
inars, as well as the possibility of implementing various forms of testing and
monitoring knowledge at a distance, have led to the fact that computer video
conferencing systems stgms have already turned into such countries as the
USA, Finland, Germany, etc. into one of the main means of supporting the
learning process in distance education systems.
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UDC 004.8
ANALYSIS OF THE SYSTEMS OF SCIENTIFIC AN D ACADEMIC
TEXTS ORIGINALITY CH ECKING
O.M Gaytan, A.l. Goroshko
Poltava National Technical Yuri Kondratyuk University, Ukraine

At this stageof society development people have wide access to various
information sources due to Internet and high development of the information
and communication technologies. It is easier to find and store necessary in-
formation. Today it is enough to enter théetin the search system and copy
the necessary information. As a result, students use method of writing works
that is the simple copying information from one or more sources with mini-
mal editing. One of the problem solutions is using of automatic cheoking
the text originality in order to improve the organization and control of the
educational process at the university, ensuring the independence of comple-
tion of graduation and course papers, preserving intellectual property rights,
aswellasimprovingte qual ity and originality of
So, the question of comparing of information systems of this kind is very
important.
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The purpose of this work is research of the functioning and effectiveness
of various information systems for tamatic texts checking to improve the
quality of analysis of academic and scientific works on originality.

Different approaches are used in the process of research of the automatic
texts checking systems. Some of them are based on using of their own text
base, while others can work correctly only through Internet.

We believe that the following systems are most popular:

1. Antilagiat.rui Russian system, has been introduced since 2005. It is
constantly updated, but checks only texts in Russian. Thereimspsaved
versioni Antiplagiat University, which has a large base of texts and articles
for verification, but it is not used in Ukraine. The disadvantage of the Anti
Plagiarism system is that full audit reports are displayed only at a fee.

2. ETXT antiplagiarism (https://www.etxt.ru/antiplagiat/) is commonly
used in Ukraine. It is a system for checking the texts originality that uses a
comparison of the text with queries in search engines (Yandex Google, Bing,
and others). Online version is feased, bubffline version (downloaded
from the site) is free of charge. This system checks texts in Ukrainian, Rus-
sian, English and other languages. It can detect a translation from Russian to
Ukrainian and consideres it as plagiarism (similarly for translating fice
Ukrainian language into Russian). The disadvantage of the system is very
slow checking of large documents (they can be downloaded fully, but the test
lasts 3650 minutes per document).

3. AdvegoePlagiatus (http://advego.ru/plagiatus/) is often usedur
country. The program works just like the ETXT aplthgiarism. Large files
checking is problematic.

4. Another popular system is textAunti-Plagiarism (http://text.ru/ an-
tiplagiat). Text verification is also possible in Ukrainian. The imporfaat
ture of this system is the detection of Rusditkmainian translation (and vice
versa) and a slight periphrasis. However, the system is imperfect because it
checks only small parts of the text.

5. The Polish information system Antiflagyat (https://wwiagat.pl/
webplagiat/main.action?hl=en&page=page&lang=en& lang2 = en) was cho-
sen as the next for our further study, because this system is used by many
Ukrainian universities. It works like ETXT. Testing is done online with up-
load document, but thereastext size limitation. The system checks texts in
Ukrainian and Russian. The system is fully-Bsesed, which in our opinion
is also a disadvantage, since the fee is high.

For comparing of the services at checking of the text originality, we con-
ducted thdollowing experiment.

Several texts were prepared:
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1. Text created on the basis of a lecture on discipline "Modeling systems"
with special terminology.

2. Text received on the basis of an article from an electronic journal re-
placing some words with synomg using special terms.

3. Text without terms, but with the presence of complex revolutions, com-
plicated and complex sentences. The text is completely original because it
was created by the author for participation in the journalism contest and is a
fragment of literary prose.

The results of systems testing obtained during the research revealed a
number of disadvantages associated with their work. Differences in the ob-
tained results are primarily due to differences in the bases of systems, where
the downloded text is checked. Some systems check the text only through
Internet, on certain sites, but some systems also have their bases. For exam-
ple, the ETXT AntiPlagiarist system does not search for all documents avail-
able on the Internet. This is especiatlya for thematic sites and news portals:

a large number of borrowings is made from these sources. Secondly, free ver-
sions have restrictions on the sources size, as well as the text size and the
limited viewing of documents that partly correspond to thé tex

In our view, in order to obtain the most optimal and objective testing it is
necessary to create a hybrid version, or to use several existing information
systems.

Thus, the use of informational systems for automatic checking of texts
allows students ansicholars to ensure the originality of scientific thinking
and the preservation of intellectual property.
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UDC 378.146
IMPLEMENTATION OF TH E COMPETENT APPROACH BY
MOODLE PLATFORM
0. Rabotai, O. Chornoivan, H. Trunova
Chernihiv National University of Technology

The National Strategy for the Development of Education in Ukraine for
20122021 providegor a radical modernization of the structure, content, and
organization of education on the basis of a competent approach [4]. Its
implementation is a complex process that requires solving a whole range of
problems, one of which is the creation and impletaton of a competent
approach to the system of assessment of student achievements.

Homeland pedagogical science has a great workout in a competent
approach implementation[3,6], but the proper attention wasn't paid to the
evaluation system, oriented onetlttompetent approach. The evaluation
implementation based on the competencies will contribute the real changes
in the students and lecturers worldview. If the control works, laboratory
works, abstracts, etc. aren't the main evaluation objects, but thetsomies
students acquire, lecturers will be encouraged to optimize the content of the
disciplines and curriculums in terms of competencies formatting efficiency.
A student will gain a better vision of the main goal of his education as a
forming and confimation of competencies. It is also about the choice of
competencies that are not mandatory and the choice of educational disciplines
and activities that these competencies can form and validate. Then from a
simple executor of his proposed tasks, the stuthbecomes a conscious
designer of his trajectory of training. Of course, such system is -much
complicated than the traditional one, after all, every competence can be
confirmed by the results of many educational activities of various of
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disciplines. It is hrd to imagine that the task of this evaluation summarizing
possible to solve without usage of the modern information technology.

This evaluation method has been accomplished in the "Competencies
Repository™ the system widely known as Moodle in Ukraimelavorld. The
module has been created by Jean Fruitet from the Nant University (France)
for nationwide certification of the students' and trainees' -info
communicational competencies C2i (Certificat Informatique et Internet) [1,
2]. Since 2011, the C2i céitate has become a necessary document for the
employment of graduates of French higher education, as well as a diploma in
higher education. The module is universal, which allows it to be freely used
to evaluate any competencies we will add to the remysit

The conducted research shows that Competencies Repository module,
which was developed for C2i certification, can be used for any competency
evaluation on the Moodle platform. The module featured by advanced and
flexible functionality. Also, the modal satisfies the needs of such a great
nationwide project as a C2i certification of the Higher Education system in
France, so this guarantee that this module will be supported and modified by
its creator though it doesn't belong to a basic core of the Magydktem. A
free license, based on which this module applies, allows anyone to use it for
free and, if necessary, make any changes to it. The module is now available
for Moodle version 2.8. The software that includes the module itself, block
and report cabe downloaded from the developer page [1] along with their
localization.

The "Repository of Competencies" displays information about repository
samples available on the site, courses in which their instances are located, as
well as data on student actiyiin each of them. By default, such a report is
only available to the site administrator. In the course of Moodle, an instance
of the repository is one of the activities. Unlike all other activities (such as
tests, tasks, etc.), posted rates of a studeatsingle course are available in
other ones, if they are the units of the global repository based on the same
template. This allows you to work with the same repository in the courses of
various academic disciplines that are involved in the formation of
competencies described in it. If the global repository is available in several
courses, then the main question is how to divide rights and responsibilities on
the evaluation of student work of the lecturer. In particular, to avoid a
situation where the asssment is deliberately or mistakenly raised by a
teacher who is not authorized to do so.

The module does not restrict hardly the capabilities of the teachers. This
allows the teaching staff to more flexibly organize their work. The
competencies formatioms a complicated process which does not pass
according to the calendar schedule for all students. But, wherever it happens,
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a student has a right to declare the existence of the appropriate competencies,
bring the confirming materials, and teachers shoatd them.

Also, the module provides an opportunity to evaluate items not only in
binary (confirmed / not confirmed) but also on arbitrary scales defined at the
site or course level.

In May 2016 the new Moodle 3.1 released. For the first time in theryisto
of this learning management system, the tools for evaluating competencies
have not featured in the additional pling but in the core itself. The study
showed that the new tools for assessing competencies in Moodle 3.1 largely
exceed the capabilities f oprevious versions of the "Repository of
Competencies” module.

A prerequisite for its application is the development and constant
updating of the nomenclature of branches, competencies, and points of the
repository. The nomenclature of areas and compietesbould be developed
at the level of national standards of higher education and be in line with
international standards. Specialists of the CNUT joined the development of
the points on which competencies are rated, this will allow taking into
account laal features of the organization of the educational process. In our
opinion, the tools considered for evaluating competencies can play an
important role in implementing a competent approach in educational
institutions in Ukraine.
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ExecutorService executor =
Executors.newFixedThreadPool (2);
for (int i=0;i<5;i++){
Runnable worker = new Worker();
executor.execute(worker);

}1
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UDC 004.02
STRUCTURAL METHODS O F SIGNAL AND IMAGE
PROCESSINGUSING VARIABLE RESO LUTION
Anton Sharypanov, Vladimir Kalmykov
IMMSP, prosp. acad. Glushkova 42, 03680, Kiev 187, Ukraine

The aim of our research is to introduce new method for processing signals
and images to get their structural description for further classification and
comparison, in particular, to develop a new algorithm for segmenting
experimental curves suitable fortamated signal processing based on these
methods and finally, tapply this algorithm to on&limensional signals
distorted by interference.

The digital string model of halftone image allows presenting the halftone
image as a set of experimental one dimamsi curves measured across
horizontal and vertical lines of the image where brightness level in specific
point is considered as a measurement result.

In 70s of the last century, neurophysiologists discovered changes in sizes
of recept i v e zdnesmithd\dstal syskem naurarts,which was
investigated and confirmed latdj [If at the beginning of visual act receptive
field consists of maximum number (tens, sometimes hundreds) of receptors,
then by the end of visual act this amount decretsasinimum possible
amount- 1-2 receptors. Thus, we can assume that: 1) for visual system, there
exists a variable resolution that is changing during visual act and is
determined by size of excitatory zone of neuron receptive field at each
moment of time;2) the receptive field of neuron is a discrete analogue of
neighborhood of point in a continuousiEnensional space.

To analyze continuity of a function in continuous tdicmensional space,
the classical definition of continuity of a functionén ¢ formis successfully
used: if for eache>0 there exists such#(€) >0 that for any value of

variable x that belongs ta¥ -neighborhood of point the values of function
X belong toe-neighborhood of (¢). Pay attention to how the continuity of

function is checked at a point. Starting with a certain vatuecl, the
neighborhood of pointc decreaseg|x - c[>|x,- c|, |% - c]P|x3- c|, -...)
tending to 0. f() is assumed to beontinuous at pointc if the
neighborhood of f(®) also tends to O (IT0)- FEOPM0)- fOI,
1T0e)- F@M f06)- (A1, ...). So to analyze the continuity of a function at a

point, changing neighborhood of this point is used.
The decrease in the size of receptive field excitatory zone can be
considered as a decrease in proportions of point neighborhdloel canter
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of the receptive field. The process, which is used in the analysis of continuity
of a function at a point in clagal mathematical analysis, is repeated in visual
system of human and animals each visual act. The essential difference
between resolution changes in visual system from analysis of continuity of a
function at a point is that the elements of the receffigeé are objects of a
discrete space. Similarly, the classical definition is unsuitable for analyzing
continuity of experimental curves, since they mgresentationsf unknown
functions and are identified as sequences of values, which in turn aoé sets
points in some discrete space. However, at the initial moments of visual act,
the excitatory zones of neurons contain many points (receptors) and until the
receptor sets in the excitatory zones of the receptive fields are not empty, the
definition of cantinuity can be applied to the brightness function determined
in the discrete space of receptors and it does not contradict to classical theory
of discontinuity. Thus, the above phenomenon of resolution changes in
human visual system can be used to create method of signal processing
based on the concept of variable resolution.

At the moment, the idea to consider initial data with variable resolution is
used by researchers and developers spontaneously, most often to effectively
solve problems of large agputational complexity that arise when processing
the visual representation of signals. 2h p review of methods from the field
of signal processing that use the idea of variable resolution to save
computational resources is presented. The originalénmgonsidered with
several reduced resolutions in each of them.

In the automated processing of noisy images, preliminary processing of
the input image using different filters is used to eliminate undesirable details.
In the simplest case, a Gausdiidter is applied and the processing algorithm
receives a blurred image on the input. Such a procedure is used, for example,
in the Canny algorithm [3]. The result of his work depends on the unknown
p ar a me"bla"t whigh has the meaning of dispersiom general, if you
use a filter to preprocess a noisy image, the result will depend on the size of
the filter aperture. It was shown in [2] that the artificial blurring of the original
image allows solving the task of recognizing text on a textural lbackd,
which in principle can not be solved by traditional methods of recognition,
but nothing has been said about the sufficient degree of blurring.

As you can see, regardless of the purpose for which the idea of variable
resolution is applied, thexactresolutionat which it is necessary to consider
this or that image has not yet been evaluated.

For the first time, an algorithm for segmenting an experimental curve
using a variable resolution has been developed and implemestea
computer progranfFigure 1). Fig.1 a.1, b.1 shows the numbers of samples
of the experimental curve along the abscissa axis and the number of
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resolutions at which the experimental curve is investigated on the ordinate
axis. The segments in Fig. 1 a.1, b.1 correspond to the dtgervthe region

of the exact samples on which discontinuities in the continuity of the
experimental curve are found. Figure 1b.1 shows that information on the
available jumps in the experimental curve obtained at low resolutions makes
it possible to exclde from consideration regions at maximum resolution in
which jumps are detected due to the presence of noise.

With minor additions, the algorithm was also applied in the casiggmal
segmentation application, and was tested on more than 100 samples. The
results of segmentation for the-88cond cardiac signal are shown in Fig. 2.

The automatic separation of the cardiac signal into cardiac cycles usually
occurs along the ®Rvave, the amplitude of which is usually much greater than
the amplitude of theothe component s of the cycle.
applied to the signal on Fig. 2 due to the presence of interference, which
causes the drift of the zetevel isoline from cycle to cycle. The proposed
algorithm, based on the concept of variable resmhytmade it possible to
perform segmentation in this case.

Thus, the segmentation of the experimental curve can be carried out as a
search for the points of discontinuity wriknownpiecewise smooth function
that generates it. In the proposed algorithnpiteeessing results for all used
resolution values are taken in consideration when makiegjsion on
segmentation.
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Figure 1- Segmentation example of normal (a) and nois
(b) lines of images based on variable resolution concef
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Figure 2- Segmentation of distorted cardiac signals

For the first time [4] it was proposed and experimentally verified curve
segmentation algorithm that used variable resolution in the decis#ing
process. Similar principle was found and studiedhi@ visual system of
ani mal s [ 1] . -tdfisd" prigciple ihigpossibleotasucceassfully
execute segmentation of experimental curves distorted by noise, which are
the implementations of piecewise smooth functions.

It was shown that proposetyarithm was capable of obtaining results of
segmentation based on artificially acquired information about graph
resolution. No additional a priori information about noise level was used
while processing graphs distorted by noise.

These solutions will besed in the development of new methods for
halftone imagerocessing.
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Usage of software and networks in almost all areas of modern life signif-
icantly increases the importance of the stability of their operation and hence
the quaity of the performance. A tight QA process is a powerful instrument
in improving the elimination of system failures. However, providing a-high
quality level requires considering the impact of all system compor@uts.
rent investigation is dedicated to tissues of testing in a real time environ-
ment under conditions similar to the problems experienced by the end users.

QA in such an environment is determined as a cyclic process formed by
the detection of the differences in real and described system opejHLi
This includes:

- software verification

- defect identification

- produces error (bug) report

- sending bug report to developers

- bug fixing

- verification of modified software

The whole QA process is completed when the results obtained corre-
sponds to thepecified requirements.

There are two main approaches to QA in software development. The first
approach is a QA process integrated at each stage of the software develop-
ment viz. analysis of requirements, design, implementation and integration.
The second@proach is QA after implementation to detect problems before
integration i.e. during testing. By comparing these approaches, a conclusion
can be made that the first approach is most widely used for big projects due
the complexity and higher cost involvdalt better coverage of possible test
cases and problems. Second approach is typical for small projects because of
lower cost (money, timegsources) and covers a smaller number of test cases
[2].

However eveuge number of testing tools and testing duegjuarantee
a high | evel of system quality if it
using 6pured testing servers and sta
acteristics obtained using the bladoéx technique of testing are often far from
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theressl ts obtained in real conditions.

conditions (also often used on pgsbduction stages) will provide many de-
fects not discovered in the testing environment.

There are a variety of problems that appear in a reélaemuent because
of the features of network operation. The most widely met issues are prob-
lems encountered during resource loading, slow data processing and data
loses. Low system performance is often the reason for the appearance of un-
expected scenarioso user behavior that hasnoét
processes under the lab conditions.

To prevent failures due to these reasons additional QA scenarios, which
includes different network settings, should be undertaken during the QA pro-
cess. Adoptincuch an approach all ows the

neckso and so the processes involved

the development stage without waiting for the failures to occur in operational
software [3].

The possible results of suehQA approach are:

- disabling of Ul components after data submission or before neces-
sary data obtaining

- optimization of network requestagynchronous techniques, static
data caching and preload étc.

- implementation of alternative operation scenarios ftfeint per-
centage of loaded data

- preparation of user instruction to reduce network impact (i.e. deac-
tivate graphics).

A task to simulate different network performance during the QA process
is not typical for and not implemented in the most availablenggtols.

Only some of them have option to manage settings of certain browsers to
simulate different loading process [4].

There are some approaches that can be used to implement this task. These
methods are based around changing the network performatiogsef a
client side. These are:

- usage of external proxserver as an intermediate point between cli-
ent side and remote servers with the deployed system to test

- establishing VPN connection with controlled data channel settings

- usage of intermediate netvk devices (routers, switches) with dif-
ferent settings.

The methods listed above allow the network performance to be man-
aged by including additional delays. Delay values can vary from a few milli-
seconds up to 60 seconds. These methods can be usedify idgnvalues
of delay, which will create problems in system operation. The map of key
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delay values and the corresponding system problems is a good source for fur-
ther analytical performance issues aimed at improving the overall system op-
eration.

Exhausive testing before system release can help to make signifi-
cant savings in the area of software maintenancedgling studied a hum-
ber of IT projects Pressman [6] concluded that the financial cost of fixing
problems in the field is likely to be of the ardof 100 greater than fixing the
same problem much earlier in the cycle. Fig. 1 indicates the relative costs
found.

1200
1000
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200

Reg Design Code DevTest SystemTest  Field
Operations

Fig. 1. Relative Cost of Correcting an Error

Savings can relate not only to the financial part but also there are hidden
costs. The Quality Iceberg can be seen in Fig. 2, depicted by an iceberg hav-
ing a larger area under the waterline than above. It shows a set of issues that
are not obvious and soeaoften not considered during calculation of the cost
of failures [7].

Waste Quality Iceberg

Visible Costs
Complaints Rework
Refunds
Overtime Arguments
Hidden Costs .
Disputed Costs Sick Leave
Poor Productivity \
Bad Publicity
Staff Turnover
Low Morale
Duplicated Effort

Fig. 2. Hidden cost of system failures
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Considering the fact that not all providers of external services (Cloud, in-
ternet etc.) provides the quality of service on the level deteudriim agree-
ments, the conclusion can be made tkat time testing of the system is es-
sential to ensure high quality level of its operation.
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b=i 1 w g h 2 n- 2h’ @)
b (f s dsd)elzS @OC N j

s stej C lstets tyflsd W to kz 600 didimvtc o3z gzl W He@M) Is k2 f dats
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3. ¢c¢h A&, 0", IstHam(- AmodM ))=n- Han(A).
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UDC 004412:519.237.5
THE NON-LINEAR REGRE SSION MODELSTO ESTIMATE THE
SOFTWARE SIZE OF INFORMATION SYSTEMS
S.B. PrykhodkoN.V. PrykhodkoA.V. Mandra
Admiral Makarov National University of Shipbuilding, Ukraine

Software size is one of the most important internal metrics of software
including software of information systems. The information obtained from
estimating the software size are useful for predicting the software develop-
ment effort by such weknown modelas COCOMO II. This leads to the
need to develop appropriate models to estimate the software size [1]. The
paper [1] proposed the linear regression equations for estimating the software
size of some programming languages, such as VBA, PHP andadawnéor-
mation systemsThe proposed equations are constructed by multiple linear
regression analysis on the basis of the metrics that can be measured from class
diagram. However, there are four basic assumptions that justify the use of
linear regression modelsne of which is normality of the error distribution.

But this assumption is valid only in particular cases. This leads to the need to
use the noitinear regression models including for estimating the software
size of information systems.

A normalizing traasformation is often a good way to build the equations
models, confidence and prediction intervals of multiply -finear regres-
sions[2-4]. According P] transformations are used for essentially four pur-
poses, two of which are: first, to obtain approxienabrmality for the distri-
bution of the error term (residuals), second, to transform the response and/or
the predictor in such a way that the strength of the linear relationship between
new variables (normalized variables) is better than the linear redatpbe-
tween dependent and independent random variables:kn@ain techniques
for building the equations, confidence and prediction intervals of multivariate
nontlinear regressions are based on the univariate normalizing transfor-
mations, which do not t&kinto account the correlation between random var-
iables in the case of normalization of multivariate 4@&@aussian data. This
leads to the need to use the multivariate normalizing transformations.

The goal of the paper is to construct theinaar regressn models for
estimating the software size of information systems. The software size pre-
diction results by constructed models should be better in comparison with
other regression equations, both linear and nonlinear, primarily on such
standard evaluatiorss the multiple coefficient of determination and mean
magnitude of relative error. In this paper, we build the models, equations,
confidence and prediction intervals of multivariate fioear regressions for
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estimating the software size of informatiors®ms on the basis of the John-
son multivariate normalizing transformation (the Johnson normalizing trans-
lation) with the help of appropriate techniques proposed in [3].

Suppose that there are bijective multivariate normalizing transformation

of nonGaussia random vectoP ={Y, X, X,,2 , X,}' to Gaussian random

vector T ={2,,2,,Z,.2 ,Z,}" is given by

T=y(P) (1)
and the inverse transformation for (1)
P=y (7). (2)

It is required to build the nelinear regression model in the form
Y =Y(X,, X5, X3,€) on the basis of the transformations (1) and (2). Mere

is actual software size in KLOCX, is the total number of classeX,, isthe
total number of relationshipsX; is the average number of attributes per
class, e is the Gaussian random variable which defines residustsiN(0;1)

ZY:fY+e:ZY+(Z;)I§+e. (3)
After that the nodinear regression model is built on the basis of the linear
regression model (3) for the normalized data and the transformations (1) and
(2). The norinear regression model will have the form

v=yHZ, +(zy)Ere . @)
After normalizing the data from [1] bhe Johnson multivariate transfor-
mationthelinear regression model is built for normalized data

ZY:£Y+e:l%+Ezl+k%ZZ+EZS+e- )
Parameters of tHaear regression model (1@jre estimated by the least
square methodestimators for parameters of the equation (5) for the-four
dimensional nofGaussian data set from 30 information systems developed
u§ing the Java Qrogramming Ivanguage WitthSP, HTML and &8Isuch:
t5 =1.0200°°, 5 =056085, 5 =0.42491, 5 =0.05846. Estimators for
parameters of the equation (5) for the data set from 32 information systems

developed using the PHP language are given in [5].
After that the nodinear regression model (4) is built

Y= +|Eygl+e-(g+e§)/ﬁgl' (6)
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Xj-

whereZ. =g, +h;lIn—————
e X

V) <Xy<j+ly, (=123,

Table 1 contains the lower (LB) and upper (UB) bounds of the prediction
intervals of linear and nelinear regressions for estimating the software size
of Javabased systems of on the basis of univariate and multivariate transfor-
mations respectively for 0.05 significance level. Note the lower bounds of the
prediction interval of linear regression from [1] are negative for the eight
rows of data. All the lowebounds of the prediction interval of néinear
regressions are positive.

Table 11 The bounds of the prediction intervals for Jé¥esed systems

Bounds for norinear regression

Bounds for linear r§ decimal logarithm
gression univariatetransfor-

mation

LB UB LB UB LB UB LB UB

No Johnsorunivariate | Johnson multivariat

transformation transformation

1]-0.004 |22.413 |8.120 18.321 |5.679 22412 |7.536 19.277
2 140.441 |63.127 |35.391 |80.116 [32.573 [75.467 |36.600 [68.504
3 |73.784 |100.194 |59.275 |138.222 [77.736 [91.114 |73.863 [96.264
4 |23.365 [45.680 [22.478 |50.385 |17.436 |58.472 |21.814 [48.847
5128.521 |51.009 |26.145 |58.331 [20.726 [63.360 |25.763 [54.772
6 10.799 26.232  |7.034 17.019 |5.559 24105 |7.061 19.398
7 114424 |38.305 |16.005 |36.757 [11.701 [46.283 |14.924 [36.873
8 124.378 |49.497 |23.102 |53.107 [18.875 [61.455 |22.764 [51.145
9 150.614 |74.418 |40.099 |91.972 [40.607 [80.655 |45.398 [77.523
10|12.164 |[34.321 |15.219 |33.781 [10.693 [42.556 |14.102 [34.502
11]9.699 33.192 ]12.990 |29.854 [9.052 37.791 [11.900 |30.337
12129.427 |51.566 |26.788 |59.618 [21.431 |64.236 |26.458 [55.673
13]|57.169 [80.319 |45.795 |103.385 [49.028 [83.854 |52.398 [82.637
14142.730 |65.325 |35.207 |79.001 [32.094 |74.958 |37.508 [69.345
15]-2.759 [19.733 |6.678 15.143 |4.920 18.108 6.290 15.899
16|56.425 [84.914 |41.058 |95.661 [51.026 [85.596 |52.840 [84.458
17128.727 |50.935 |25.736 |57.458 [20.068 [62.454 |25.536 [54.455
18|53.275 |77.527 |41.847 |94.874 [43.924 [81.998 |48.094 [79.560
19|33.105 |57.082 |28.374 |65.541 [25.246 |70.052 |29.796 [61.411
20(-10.250 |12.651 |1.998 4.865 3.009 4.748 2.516 4.443
21(43.250 [72.859 |35.669 |[84.374 |45.506 |84.384 [44.137 |78.697
22169.156 [94.951 |59.998 |142.294 |78.586 |91.334 [74.127 [97.180
23(21.307 |44.755 |19.724 |45.134 |15.088 |54.334 [19.782 |45.949

24|-5.754 |17.138 |5.155 12.104 |4.077 13.054 4.988 12.419
25(-5.682 |16.927 |5.233 11.988 |4.203 13.643 |5.062 12.421
26]13.902 |36.014 [16.198 |35.999 |11.471 |44.858 |15.245 |36.852
27(-10.316 |12.711 |2.466 5.842 3.048 5.105 2.834 5.520

28(7.380 30.503 |11.715 |27.340 |6.446 29.640 |9.577 26.119
29(-4.546 |18.186 |5.807 13.443 |4.360 14.963 |5.483 13.826

w
o

-2.942  |21.438 |4.599 11.199 |[4.206 14.773 |4.601 11.617
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The widths of the prediction interval of ndinear regression on the basis
of the Johnson multivariate transformatiare less for more data rows than
for linear regression from [1] and ndinear regressionfllowing the uni-
variate transformations, both decimal logarithm and the Johnson.

The values of R, MMRE and PRED(0.25) equal respectively 0.962,
0.173 and 0.767 for linear regression equation from [1], and equal respec-
tively 0.954, 0.144 and 0.867 for the model based on decimal logarithm, and
equal respectively 0.957, 0.158 and 0.800 for the moddb(@he Johnson

univariate transformatioriThe values of R, MMRE and PRED(0.25) are
better for the model (11) for the Johnsualtivariate transformatioim com-
parison with all previous equations, and are 0.967, 0.139 and 0.867 respec-
tively. Approximately the same results are obtained for models for estimating
the software size of PHPased systems.

The scientific noveltyof obtained results is that the techniques to build
the nonlinear regression model for multivariate RGaussian dta on the
basis of the multivariate normalizing transformations is firstly proposed. The
nonlinear regression models to estimate the software size of information sys-
tems is constructed on the basis of the Johnson multivariate transformation
for Sg family. The models, in comparison with other regression models

(both linear and nofinear), have a larger multiple coefficient of determina-
tion, a smaller value of the mean magnitude of relative error, a larger value
of percentage of predion and smaller widths of the confidence and predic-
tion intervals.
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UDC 621/-9:620.1:6229
MODERN METHODS OF MO DELLING IN TESTING A ND
SERTIFICATION OF SPE CIAL TECHNIQUE
V.A.Dmytriyev, V.M.Chupryna, E.K.Chimbanga
State Scientific Research and Test Center of Armed Forces of Ukraine

Testing of the special equipment, namely an armament, military
equipment and the duplurpose equipment, is carried out to provide the
defensive forces of Ukraine with high quality machinery. The important part
in the life cycle of the machinery is its teg. It is an integral part of the
process of production and modernization of the special purpose machinery.
All kinds of new and upgraded machinery which are accepted for supplying
Ukrainian Armed Forces are tested. Tests are divided into preliminary,
determinative departmental and governmental.

The purpose of testing is to determine and to evaluate the appropriateness
of the military, technical and operational specifications of provided special
purpose machinery samples for cust ome

The main testing Authority in Ukraine is State Scientific Research and
Test Center of Armed Forces of Ukraine, which is planned to be converted
into a State Scientific Research Institute of Armament and Military
Equipment Testing and Certifications.

The centeprovides:

T reasoning, developing and realization of the methodological and
organizational bases for realization of the military equipment policy in a field
of armament and military machinery testing;

T direct testing of all types of samples of military equgnt and dual
purpose equipment ; providing further
acceptance and approving of it for serial production;

T development and approval of programs and methods of State
(determinative departmental, interdepartmental, specialczadrol, flying,
research, preliminary, standard) testing of new and modernized samples
(complexes, systems) of armament of the military equipment;

1 scientific and technical (methodical) support of research and
development proceedings of all types of tegtitight-methodical support of
procedures within aviation;

T reasoning, developing and realization of ways for development and
usage of the training field, laboratory and experimental training base of the
Armed Forces of Ukraine;
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T certification and productioof aviation equipment;

T preparation and certification of flight, engineering testing
composition of parachute testers, aviation rescue team and diving specialists;
T development and improvement of the general technical
requirements, normative, legal and hwtological documentation which

conducts tests.

1 scientific and technical expertise conduction.

Testing of technical objects may be conducted in two methods:

1. Experimental method full-time testing of an object in certain
conditions of functioning for itstgdying (in other words, active observation).

2. Object modelingassembl ing of a model or
studying it; herewith one may significantly amplify a number of settings for
modeling as well as set various types of impacts on an object (s@setim
even beyond realistic capabilities).

At the modern stage of development of calculating machinery more and
more attention is brought to modeling. During the process of development
and testing various types of modeling are used:

1. Mathematical modeling, imhich the interaction of elements of the
system is fixed in the form of functional mathematical relations.

2. Simulation, as a reproduction of the modeling system's operation in
time (especially convenient for complex systems).

3. Statistical simulation- simulaion of tests through statistical
methods (for example, the Monte Carlo method).

During modeling of special equipment common simulation environments
are used. Those are mathematical software packages and engineering
packages, as well as speqmairpose prgrams. As a rule, in the process of
testing the results of mathematical and simulation modeling of special
equipment are confirmed experimentally (as the criterion of truth is always
practice). In this case, abstract models are specified as much asepossibl
order to guarantee the increase of their adequacy. Mathematical and
simulation modeling of objects is an important component of the
development of special equipment, which significantly expands the
capabilities of design, production and testing of damentally new
technology, created on the basis of modern technology. The main advantages
of using modeling are as follows:

- transferring real tests to the virtual environment;

- expanding spectrum of test parameters;

- imitation of various influences on thejebt;

- reduction of testing times;

- testds total cost reduction.
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In general, mathematical and simulation modeling of technical objects
provides a significant increase in the efficiency of development and testing
of military equipment and speciplrpose eqgiment.

Due to planned approximation of Ukraine's military standards to NATO
standards, a gradual transition to weapons and warfare testing as well as cer-
tification schemes adopted in the West will be planned at the State Scientific
Research and Test CentdrArmed Forces of Ukraine.
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