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Mertoto kou(epeHIii € CIpUATH CHIBIPAIl MiXK CTYIEHTAMH, IO
BUBYAIOTH CIOPiAHEHI 00/1aCTi IPUKIAIHOI MATEMATHKHU Ta KOMIT IOTEPHUAX
HayK y pisumx ycraHonax. ['osoBui Temu: indopmariiiini Texnosorii Ta cu-
CTEMU, MOJIEJTIOBAHHS, iHKeHEepis Ta HAyKOBI 00paxXyHKH.

Oprasizamniiianii komiter

Junak IBan - nexkan GpakyabTeTy MPUKJIAIHOI MATEMATHKH Ta
indopmarukm

Topusau Biradiii - 3acTynnnk jnekana dakyabTeTy TPHKJIaIHOT
MareMaTuKH Ta iHpopMaTUKI

Onwurmrenko OpecT - T0/10Ba CTYIEHTCHKOI PaJd MTPUKJIATHOL
MareMaTuku ta ingopMaTuku

HoBocaa Harastis - cryzenTka GhakyaIbTeTy IPUKIAIHOT MaTe-
MAaTHKHU Ta iHQOPMATHKA

JleBkoBu4 PomaH - crysenT ¢pakyabTeTy IpUKJIAIHOI MaTeMa-
TUKH Ta iHHOPMATUKA

Tapuascbkuii Ilerpo - cryment dhakygabTeTy TPUKIAIHOT Ma-
TeMaTuKu Ta iHpOPMaATUKA

Cenummnna Ousena - crynenTka dakyIbTeTy MPUKIAIHOT MaTe-
MATHKW Ta iHdOpMATHKN

Hockau JleHuc - cTyneHT (pakyabTeTy MPUKIAIHOI MATEMATH-
KH Ta iHGOPMATHKI

Ta inmmi yjgeHn CTyIeHCTCHKOT pagu (DAKYIBTETY TPUKJIIAIHOT Ma-
TEeMATUKM Ta iIHPOPMATUKA
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ITPOBJIEMMN IIOBYAJO0OBU ITPOTPAMHOTO

3ABE3IIEYEHHS /11 PEAJIIBAIIIL 3ATAYI POCTY
PAKOBOI IIYXJIMTHU
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Puc. 1: HocaimkyBana 001aCTb 3 PAKOBOIO IIyX/THHOTO.

Y poboTi pO3rIAIaEThCA 3a/1a9a INCETHHOTO MOJETIOBAHHS aBAaCKY-
JIAPHOTO POCTY PAKOBUX MYyXJIMH B KUBMX TKanuHax (puc. 1.). Marema-
TUYIHA MOJIEJIb, 0 BUKOPUCTOBYETHCS I JOCIIIZKEHHS 1IHOTO TIPOIIECY,
OmnmcaHa B poOOTi , MOXKe OyTH MOJIaHa Y BUIJISI MOYATKOBO-KPAXOBUX
3a/1a4 i3 3MIHHOIO T'PAHUIIEIO:

0=V%c—cs Qrp, (1)
0= VZC B QH7 (2)
CH|E = CT Ha E, (3)
Ocw __0r oy, (4)

ony 78ﬁ2



c=1mnalh, (5)

Je ¢ - mykKaHa (DYHKIA KOHIEHTpAIii, ska 3ameKuThb Big x ta t, D =
Dy /Dr — Bimnomenns koedinienra audysil B 3M0pOBili TKAaHUHL 10 KOe-
dimienra nudysii B MyXJIMHHIN TKAHIHI;

0=V?psQrp, (6)
x-x
p=k+(G—X)(c)g—G—AGW HA X, (7)

TYT UPUIHATI MO3HAYEHHS: P — HAPHiaJIbHUN THUCK, Kk - JIOKAJIHHA ITOBHA
Kpupu3Ha, A — KoepilieHT, 110 OLUCYE BIAHOCHY CUJLy Jil alourosy i miro-
3y KiituH, G — KoedimieHT BiAHOCHOT il KIITHHHOTO MITO3y 10 MEXaHi3MiB
pesiakcarii( MiKKIITUHHOL ajre3ii), d — BAMIPHICTH TPOCTODPY, T — IIOJIOXKE-
HHSI B IIPOCTOPI.

Orpumani po3B’si3KH, AAIOTh 3MOIY 3HAWTH MIBUIKICTH 3MiHE TOYOK I'pa-
HUI MYXJIMHU, KA 3aJI€2KUTh BiJl KOHIEHTPAIll, NapIiaJibHOIO TUCKY Ta
reomerpil obsracti. Il 3a/1eKHICTH OMUCYETHCS CITiBBIJHOIIIEHHSIM

V=—n-(Vp)s +Gn- (Ve)g — AGL S”)E, (8)

ge V - mBUAKICTD 3MiHU I'DAHUIN TyXJIWHU Y HAIPSAMKY 30BHIITHBOI HOP-
MaJii, 1 - 30BHIIIHS HOPMAaJIb A0 FPAHUIL 2.

JL71st 9nCeIbHOTO TOCITi IXKEHHST BAKOPUCTOBYIOTHCST CXEMU METOJLY CKiH-
YeHHUX eJIeMeHTiB, cxema Kpamnka- Hikosrcon Ta cxema mineapuzariii HeroTona-
Padcona [3]. Ilo6ynoBanuii nporpamuuii kommsiekc ua Mosi Cf. Ilpu crBo-
peHHi mporpamMHOro 3abe3nedeHHs [Jjis MOMIOHOTO KJacy 3334 BUHUKAE
PsT TPYIHOIIIB i ACHEKTIiB, sIKi MOTPIOHO BPAXOBYBATH HA €TaIll IIPOTPAMY-
BaHHSI, SKi CJIiJ 3a3HAYUTH GBI JETATBHO:

1. 3aganusd gaHWX i OporpaMu. 3po3yMijo, MO0 B pPeasisgXx MU Ma-
TUMEMO CIIPAaBY 13 TPUBUMIDHUM CepPEJIOBHINEM i 3aja4a PO3IJisiia-
TUMeThcd B Haci. Ha erami HayKoOBUX JOCTiIKeHb, A9 Bepudikalii
MiIXO/IIB Ta METOIIB YacTO PO3TJISIAI0ThH JBOBUMIPHI 3a1adi. 30Kpe-
Ma 3py9HO MaTu Tpu GOPMHU TOAAI:

e 3a/IaHHs TPAHUIH Y BUTJIAI HAOOPY TOUOK.

e V BUIJIAA] PIBHSAHDb TPAHUI MOBEPXOHL OOJIACTEIH.

e VY BurudA i 300pakenb 13 po3nizHaBaHHAM 00JaCTel.

2. Ilporpama mycuth nepenbadaru pobOTy i3 HEOTHO3B’SI3BHUMH, HEKA-
HOHIYHUMHU OOJIACTAMU, OCKLIbKN KUBl TKAHWHH {i OpraHd MalOTb
HenpaBuabHy dopmy. OTKe, METO TOOYIOBY CITKYM CKIHUEHHUX €JIe-

MEeHTIiB IOBHHEH BPAXOBYBATH Iéi OCOOJTHBOCTI.



3. OckiyibKu rpanuni obJsiacTeil J0C/IiIzKeHHsT 3MiHIOThCs, MOTPIOHO 1ie
BPAXOBYBaTHU IIPY 33/IaHHI MPAHUYHAX YMOB. TOMy 3pPy4HO HOIiIUTH
KOXKHY 3 TPaAHUIIb Ha OKPEMi CerMeHTH, Jie 3aJal0ThCsA PIi3HOTO pO-
nay rpanudHi ymoBu. lle mpuBese 10 TOro, M0 A1 33 JaHHS TPAHUIT
obsracTeit MOTPIOHO BUKOPHCTATH CKJIAIHIINI i€papXidHi CTPYKTypH
a7s 30epexkeHHs maHux. B mporpami ayisa 30epekeHHsT JaHUX Tpa-
HUIb BUKOPUCTOBYETHCS CIUCOK CIUCKIB, IO JIa€ 3MOIY 3JiiicHIOBa-
TH O O0MacTi HA mMmobgacTi. ¥ MOJANBINIOMY IJis OOYHCJIEHHS
TPAHWYHUX IHTETPAJIB MO 00JIaCTi CJIiT BpaXOBYBATH HANPSIM OOXOLY
KOXKHOI i3 TPaHUIIb.

4. JIns cKiHYeHHUX €JIEeMEeHTIB MOXKYTh OyTH BHKOPHUCTAHI Pi3Hi ampo-
KcuMmariii Ta crparerii. ToMmy mpu cTBOpeHHI mporpaMHOro 3abe3me-
4JeHHs CJiij Bukopucrary narepau AbcrpakrHa Pabpuka, Byaisesib-
uuk, @acay, Crpareris, KoMnonyBajibHUK.

5. 3aJava HA THCK Ta KOHIEHTPAILIO PO3B’SA3YIOThCS OKPEMO, aje JJist
3HAXO/[YKEHHS IEPEMIIIEHHS TPAHUII HAM MOTPIOHO OTPUMATH 3HAYE-
HH$ B OJTHAKOBUX BY3JIaX, TOMY CITKU CKIHYEHHUX €JIEMEHTIB JJisl IINX
3a/1a4 MaIOTh &/IAITOBYBATUCS HE3AJIEXKHO Bi/l TONO SK MU PO3B’A3yEMO
mi 3aaadi.

6. ITobymoBa HopMmaJti Ta BimoOpaxkenHus citku. Ha KOKHOMY KpOIi MO-
Ke Bif0yBaTUCh 3MiHA, CITKHU, ajie, 3PO3yMLJIO, 0 OCHOBHA YACTHUHA,
nux 3MiH Oyzme Ha mpuMmeskoBoMmy Imapi. Tomy moTpibHO peamidysa-
TH QJITOPUTM, SKAN TO3BOJIUTH HA OKPEMHUX KPOKAX 1epedymoByBaTH
JIMIIIE YaCTUHY CITKH.

MHor0 po3pobIeHnil MPOrPpaMHNiT KOMILJIEKC, PE3YIbTATH POOOTH STKO-
10 OyIyTh TPOJEMOHCTPOBAHI i 9aC BUCTYIy Ha KOHMEPEHIII.

Jlireparypa
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CP-AEKOMIIO3UIIISI TEH30PIB I IPUKJIA ii
3ACTOCYBAHHSI

€scmuenece Bopuc Eszenosun
JIbBiBCHKMIT HalioHANBHMI yHiBepcuTeT iM. IBana @panka
QakyJIbTET TPUKJIAIHOI MATEMATUKY T iHGOPMATHKA
molnerats@gmail.com

YV 3ajavax i3 pi3HMX rasy3eil 9acTO BUHUKAE MOTPeOa MPAIIOBATH
3 JAHUMU, [IPE/ICTABIEHUMU OAraTOBUMIDHUMU MACHUBAMHU — TMEH30PAMU.
Boanouac, onepyBaTy HUMHU B «TIPUPOTHOMY > BUTJISAIL HE 3aBKIU 3PYIHO
Ta e)EKTUBHO, OCOOIMBO Y BUNAJKY BUCOKHUX 710paAdkie (KLIbKOCTI BUMIi-
piB).

st BupimedHs nogibHuX npobiieM 3aCTOCOBYIOTH METOIU JeKOoMNO-
3uyti, TOOTO MpeACTABIEHHS CKJIAJHOIO Ta, TPOMI3IKONO MACUBY Y BHUIJISI]
JIeSTKOTO ToeHaHHs (CyMU, JOOYTKY) MEHIUX. BUIbIICTh UX METOomiB €
N-BUMIDHUMHU y3araJbHEHHAMHI PO3KJIAIIB MATPHUIIL.

X S X3 : X5, : X231/
D /86 ¥ w /| n
AT @30~ i3
o g ) 4 ldell) o s
- 7 9 //\:1' ' - 9 \#//\ ' \@’/\

j=123

Puc. 1: Ternzop 3-ro mopsaaKy Ta #oro iHAeKCyBaHHS

N-Bumipuuit Temzop X € RIix 12X xIn ¢ IepIIoro paHry, dKIIo
WOTr0 MOXKHA 3aMMCATHA y BUIIAAL T€H30pHOTO 100yTKy N BekTOpiB: X' =
2o...0a™). Inakime KazKydu, KOKEH eIEMEHT TEH30Pa € J00YTKOM
eJIEMEHTIB IIUX BEKTOPiB 3 BiJMOBIIHUMHU 1HIEKCAMUA:

xilizmm G,Ell) 522)@55), Zn = ]., 2, In

a(l) o a(

BekTopusariisi Ta MmaTpuriusariisi (a00 po3zopmanhi 36 6UMIPOM
n, TO3H. X(n)) MIPE/ICTABSIOTh TE€H30p Y BUTJISII BEKTOPA UM MATPHIIL,
He 3MIiHIOI0YM Horo eeMeHTiB i X mopsaaky. Ha ocHOBI BiacHOi mporpam-
nol peanizauii Mmoporo MATLAB nociiiizkeHo pe3yabraTu pi3HUX BapiaHTiB
OTOJIOIIEHHSI IIUX OMepariiif Ta IX CyMiCHICTH i3 MOZaabIIUMu O0UNCIEHHS-
MH.

Panr tensopa X — 11e HaliMeHTIIa KITHKICTh TEH30PIB TIEPITIOTO PAHTY,
K1 B TTOeJIEMeHTHill cyMi JafoTh X. 1§i,ILHOBi,ZLHO, paHroBuii po3KJIag —



1€ TIPe/ICTABJIEHHs TEH30Pa y BUIJIS/] TAKOI CyMU. 3arajoM, BU3HAYEHHS
paury € NP-noBHOW0O 3a1a4€r0.

c, c, Cr
= %@ + %@ 4

| S I
e - b b, b,
a, a, Ay
X
N~ - N—
~— ~—
rank X =R rank =1 rank =1 rank =1

Puc. 2: Panrosuit po3kiazg Terzopa 3-ro mopsaky panry R

Ines CP-meKoMITO3UIIIT TeH30piB 0a3y€eThCs Ha PAHIOBOMY PO3KJia-
ai. s nanepen 3aganoro R neobxinno minimizyBaru HOpMy moxuOKu:

R
min || X — X|, /'E‘:Z)\Tagl)oa?)o...oas,]v), 9)
x r=1
ae A\, € HeoOOB’s3koBUME KoedimieHTamMu HOpMaJtizarmii. fKImo BekTopH
a(k) KOHKATEH i AR = [aF) o(F) )1 4
r yBaTH K CTOBIIIL = [a;" ay’ ... ay’] i ckopucraTnuch

BJIACTHBOCTSAME MaTpuaHux 100yTKiB Kporekepa, Xarpi-Pao it Amamapa,
MOYKHA MATPUIHO 3amucaru ansropur™ ALS 3HaxoIKeHHsS PO3KIALY:

1: function CANDECOMP _PARAFAC(X, R)

2 forn =1, ..., N do A™ « marpunsa(Il, x R)

3 end for

4: repeat

5: forn=1, .., Ndo
6: Ve ADTAM 5 5 An=DTAG=D 5 A+ DT AMFD 4

AMTAWN)
A — X (AM o Lo AMD o A o o AD) VT
: HopMadizysaru crosuui Marpuup A X < nopmu

9: end for
10: until Hema TMOKpaIeHHsT PE3yIbTATIB Or MAKCUMYM iTeparriii

return \, A, A®) AW
11: end function
VT — ncesnoobeprena marpuns R X R, * — moeneMeHnTHumii 106yTOK, O —
mobyTok Xarpi-Pao.
BruB nopmadizarii ta pisamx cmocobiB iximiasmizaril aaropurMmy Ha

pe3ynbTaT BUBYEHO 33 JIOTOMOTOIO K BJIACHOI peajtilallii, Tak i makeTry
Tensor Toolbox mns MATLAB. 1

=



OpuuM i3 cworozennux 3acrocyBanb CP-poskiiany € 3amada KJia-
crepm3arii JoKyMeHTiB. [Ipuiyckarouu, 10: HOpaA0K CJIiB Y JOKyMEeHTI
He Ma€ 3HAYEHHS; KOYKEH JOKYMEHT MiCTUTH R TeM t,., i UMOBIpHiCTH MOSBU
CJIOBA, 3AJIEKUTH Bi TemMu 1'; CIOBa B JTOKYMEHTI He3aJe:KHI i OJHAKOBO
PO3IOIiIeH — MOYXKHA 3aIIUCATH IMOBIPHICTb MOSIBU JIEAKOrO CJIOBA W K

Pw)=Y P(T=t,)-P(w|T =t,)

3 inmoro 60Ky, P(w) MOKHA O0YUCUTH CTATUCTUIHO K KUJIBKICTDH TOIB
CJIOBA, MOMiJEHy HA 3arajbHy KiTbKicTb ciiB. [Ipore Bce OHO HEMOXKTHBO
OIHO3HAYHO BiHOBATHU YMOBHI iMOBipHOCTI 3 11i€i popmyn.

Pimenusim mpobsieMu € 0OUMC/IeHHsT IMOBIDHOCTI TIOSIBM TPifiK¥ CJIiB.
Toxi piBusinust crame auajorigaum 10 dopmyan CP-aekommoswurii, 1o
3 ypaxyBaHHSAM €JIWHOCTI IIbOTO PO3KJIAAY 33 OTPUMAHUX YMOB A€ MO-
JKIUBICTH OOYMCIUTH YMOBHI iMoBipHOCTI, i mami 3a ¢opmynoio Baiteca
— P(T = t, |wy,ws,ws). Teopernuni 3acazu nepesBipeHo Ha NpPakTUIl 3a
goromoroo Python i3 6i6iiorekoio TensorLy.

Jlireparypa

[1] Tamara G. Kolda, Brett W. Bader. Tensor Decompositions and Applications.
— Society for Industrial and Applied Mathematics, 2009, Vol. 51, No. 3, P.
455-500.

[2] MATLAB Programming. (©)1984 - 2004 by The MathWorks, Inc.
[3] Brett W. Bader, Tamara G. Kolda and others. MATLAB Tensor Toolbox.

[4] Nick Vannieuwenhoven. Tensor decompositions for machine learning appli-
cations. — 2017, FWO / KU Leuven.
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Introduction

The main research problem this work investigates is the replication
of human behaviour in games which involve driving a vehicle, like in Need
for Speed or GTA, and designing a system which can mimic the actions of
humans in those games and drive the car successfully. This accomplishes
a two-fold task. Usually, AT in games is more geared towards games which
can be played using a fixed set of rules and logics, like chess or go. However,
here we demonstrate the emulation of (nearly) optimal decision making on
slightly more complex games, where decisions are not so clear cut and
fuzzy, like in NFS. Also, successful implementation will further the cause
of autonomous vehicles using only image data, which is the only data
available to humans from games. In effect, the goal of this project is to
investigate the possibilities of deriving means and methods which can aid
decision making for driving games. We shall try and focus on algorithmic
methods like lane and road detection, as well as end-to-end learning based
methods [1] using Convolutional Neural Networks (CNNs) and present an
analysis of which methods provide good results and under what conditions.
This kind of investigation has numerous practical applications and benefits.
It can lead to systems that can take decisions in complex tasks like games,
and demonstrate the effectiveness of artificially intelligent systems that
are more general, and not just narrow in their objective. Games are an
ideal environment to test complex decision making. Moreover, vehicle
automation is an ongoing research problem, which involves both hardware
and software aspects. For purposes of safety as well as effective verification
of algorithms, it might be better to test on simulations first, and hence
this kind of research might give good insights about how to approach such
problems.

Algorithmic Methods

A simple but fast algorithmic method that was used was the Hough
Line detection algorithm for lane detection. Using the Hough Lines algo-
13



rithm, we find all the straight lines in the image, and then among these
candidate lanes, we choose the longest two lines as the lane lines. This
method, despite its simplicity gave surprisingly good results in driving the
vehicle autonomously.

Figure 1: Lane Detection using Hough Lines

However, there are several flaws in this strategy, for example the
assumption that the longest two lines will be the lane is not always a
perfect assumption. There could be straight lines in the view that are not
lanes, such as stands or boundaries or the horizon itself. These problems
can lead to wrong lanes be detected.

To address these issues a more advanced lane detection technique was
used. This employed techniques such as perspective transform and sliding
windows [2]. This method was tried on a previously recorded video to
ascertain its effectiveness, and as can be seen from the following figure,
the method far outperforms the previous one. But it is significantly slower
to use in game at high enough FPS.

Curvature radius: 14211.45r

Offset from center: 0.50m

Figure 2: Advanced Lane Detection

End-to-end learning based methods

Two different datasets were created by recording a player while play-

ing live, recording both the screen as well as keys pressed. The differences
14



between the datasets are illustrated in the table below:

. . . Key-Combinations

Video Resolution Dataset Size Recorded (Labels)
Dataset 1 80x60 80,000 samples 4
Dataset 2 160x120 400,000 samples 8

Table 1: Dataset Comparison

Both these datasets were balanced. After balancing two different Con-
volutional Neural Networks were used, namely Alexnet [3] and Inception-
v2 [4]. All of these neural networks and dataset combinations gave differing
results, which is to be expected. But the combination that performed the
best was the one with 160x120 resolution and 4 labels, with a testing set
accuracy of 93.28%.

However, it should be noted that testing set accuracy is not the sole
criteria to judge the effectiveness of model, as in the real world situation of
playing the game, different models presented non-ideal behaviours despite
having a good testing set accuracy.
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Ouner Ykpaiuenp
Ykpaina,Yepwipri,
YepniBenpkuit Hamionaabunii yHiBepcurer imeni FOpis @enpkoBuda,
daKyabTeT MaTeMATHKA Ta iHHOPMATHKH
ukrainetsoleg@gmail.com

Tlenatur C — indekriiine 3aXBOPIOBAHHS, CIPUYMHEHE BipyCcOM rerma-
tury tuny C, i mepegaerbes depes npsiMuit KOHTAKT i3 KPOB'10 iH(DIKOBAHOT
miomuan. Bipyc renarury C 3apakae KIITUHU MEYiHKH - EATONUTH - 1
DPO3MHOXKYEThCSI B HUX. Y JAaHWH Yac HE iCHYy€ BAaKIIUMHU TPOTU IIHOTO Bi-
pycy renaruty. Tomy mopss i3 KIiHIYHUMA JOCTIIXKEHHAMA aKTyaJTbHOIO
3a/1a9€10 € MaTEMATUYIHE MOIETIOBAHHS, K MIPOIECY MOMUPEHHS 3aXBOPIO-
BaHHS, TaK 1 Iporecy #oro mepediry.

Bimoma maTemarwdaHa MOIETb iIMyHHOI BiITIOBiI TpK 3aXBOPIOBAHOCTI
na sipycuuii renarur C [1], ska rpynryerscs na mogesi I'I. Mapuyka [2],
i 3ama€ThCcs cucTeMO0 audepeHIliaIbHIX PiBHAHD 13 3ami3HenrsaM. Takox
Bimoma mojtenib Bomapiia, KO0 OMUCy€eThCs TUHAMIKA KOHKYPEHTIT MiXK Bi-
pycoM Ta imyHHOI0 cucremoro [3.4]. V naniii Mozesi 3a/1e2KHO Bl 3HAYEHHS
mapaMerpiB icHye m’sTh MOJIOXKeHb piBHOBaru. Y maHiit pobori po3pobiie-
HO IIPOIr'paMy 3HAXO/RKEHHS Ta aHAJI3y CTIHKOCTI II0JI02KeHb PiBHOBAaru, a
TaKOXK JIUHAMIKH (DAKTOPIB MOJIETi.

Mozens Bomapia y3arajbHeHa MIIsTXOM BpaxyBaHHsT (haKTOPy 3a0py-
JTHEHHST HABKOJIUIITHBOTO CEPEIOBUIIA, AKUIM MOYKE 3HU3UTH PiBEHb iIMyHHOT
BimmoBizi i yekaaaHuTH mmepedir XBOpooOH.

Hexaii E(t) — ycepenenenunii nokazuuk 3abpyHenssi, t —yac, ae t>tg .
Axmo dakrop E hopMyeThest AeKiTbKOMa YMHHUKAMU, TO

Et)=a1E1(t)+ ...+ apnEn(t), nea; >0ia; +...4+a, =1

IMosnaunmo 4depes T'(t) - KiapKicTb HeiHdIKOBaHUX remaroruTis (Kii-
TuH nedinku), a I(t) — indikosanux, V (t) — Besmuuny BipyCHOrO HaBaHTA-
KenHs, Z(t) — kiapkicts murorokcnyrux T- mimdbonuris (IITJI abo CD8)
iW(t) — xinbkicrs aprurin B opramizmi. Cran HABKOJIUIIHBOIO CEPeOBH-
1A He € CTablIbHIM, Ha, TPOTUBATY 3a0pPYIHEHHIO, TOBKIJLIS MA€ 3IATHICTD
BiJIHOBJTIOBATHUCH 4epe3 Jedakuit yac T > 0, i #ioro 3HaYeHHsT KOJMBAETHCS
HABKOJIO piBHOBaxkHOro crany K>0. Tomy BBaxkaemo, mo Beauunna E(t)
— ONUCYEThCs PiBHAHHAM Xardincona [5]:

Ety=r(1-E (t—1)/ K )*E(t) (10)

ne 0 < r — xoedirmienTt ginifinoro pocty. I3 ypaxyBanusM BIauBy (haxkTopy
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E(t) na nigcrasi mogeni Bomapua onepxkumo Taky cucreMmy piBHSHD:

T=s—dl'— VT — xE,

I= BVT — ol —plZ,

V==kI— uV—qVW, (11)
Z=clZ-bZ,

W =gVW — hW

Ilonoxkennsa pisaoBarn F = K piBHAHHS ACUMIITOTUYIHO CTiliKe,
axmo 0 <rt<m/2.

B y3arampHueniit Mmosesi BpaxoByOThCH, 10 PiCT 3a0pyIHEHOCT] JOBKi-
ans E(t) Bege no pocry mBuakocti iHdikyBaHHS TenaTonuTiB i BianoBi-
HO JI0 3MEHIIeHHs mBUAKOCcTI dhopmyBanus HeindikoBanux ocib. Cucrema
PIBHSIHB 1151 JTOCJIiIXKEHHS TIOJIOYKEHh PIBHOBATH MA€ TAKWUN BUTJIS;

s—dl — BVT —E=0, BVT — al —pIZ =0 12)
kI — pV — qVW = 0,cIZ —bZ = 0,gVW — hW =0

HocmimkeHo cTifikicTh BimcyTHOCTI 3axBOoproBanHsd, Komu F = K,

K .
T == 1=V =7Z7Z=W = 0. Taxe nonoxenns piBHOBAr" JOCATa€TbCH

i TOKaIhbHO ACHMIITOTHYHO CTiifKe TP BUKOHAHHI YMOB:

s—K >0, o<rT<g, apd > KB (s — xK).

Pospobeno nporpamy mociimzkenasa AuHaMiku (paKTOPiB MOIE, Tpo-
BEJIEHO YMCJIOBE MOJIEIOBaHHS AuHAMIKM cucteMm piBHsHb (11)), (12) Ta
IIPOLTIOCTPOBAHO iHII YOTUPHU TOJIOXKEHHSI PIBHOBAI'H.
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BUKOPUCTAHHS MOHOJIITHOI APXITEKTYPHU 13
ITATTEPHOM MVC IIPU PO3POBIII
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BinpmicTs Tpaaumniitanx 3acrocyukis NET po3ropraiorbes y BUTIS-
JIi OHOTO BUKOHYBAHOTO (aiiy, abo 0aHOTO BeO-101aTKY, 110 BUKOHYETHCS
B someni gogarkis ciayx06 IIS. e naitupocrima Mozesb po3ropTatHs, siKa
ONTUMAJIBLHO TiIXOANUTH JIsi 6€3/1iui BHYTPIMHIX i HEBEJUKUX 3arajbHO-
JoCcTymHUX AoaaTKiB. IIpore HaBiTh y Takiit mpocTiit MO/Ie/i pO3rOpTaHHS
Ol/bITicTh 6i3HEC-TOMATKIB BUKOPUCTOBYE TEPEBArU JIOTIYHOrO TOMIIY Ha
apu.

MounosniTHuil 100aTOK HOBHICTIO 3aMKHEHUH B cBOIM noseinmi. ITin
Jac poOOTH BiH MOXKE B3AEMOIIATH PA30M 3 iHITUME CJIy>kOaMu abo GazamMu
JAHUX, ajle B OCHOBHOMY HOTO TTOBEIHKA PeasIi3y€ThCsl B OJHOMY TIPOIIEC],
a BeCh 3aCTOCYHOK PO3TOPTAETHCS SIK OIUH €JIEMEHT.

ApxiTekTypa 3aCTOCYHKY IIOBUHHA MaTH K MIiHIMyM OJWH IIPOEKT. B
bOMY BHWIIAJIKYy BCH JIOTIKA 3HAXOAWTHCH B OJHOMY IPOEKTi, TAKOXK BOHA
KOMIILTIOETHCH $IK OJJUH €JIEMEHT.

Solution Bxplorer K
QE- o5 p=
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3] Solution MonchthSemple (1 roject)

G Connedted Senices
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b Propertes
b & wawont
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T bundieconfgisen
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Puc. 1: MonomiTna apxitekTypa
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IIpoekr ASP.NET Core y Visual Studio na mogarky npe/craBiisi€ co-
0010 KOMILTEKCHHII MOHOJITHHN MpoekT. B HbOMYy Oy/ie 3HAXOIUTHCH yCs
MOBEIIHKA MOJATKY, BKJIIOYAKYN: Oi3HEC-JIOTIKY, JIOTIKYy-IOCTYyTa 10 JIa-
wux. Ha pucysaky nokasana ¢aiijioBa CTpyKTypa JaHOTO 3aCTOCYHKY, SKUii
CKJIQTAETHCA 3 OJHOTO MPOEKTY.

B cuenapii 3 omHuM OpoeKTOM PO3/Iia 3a7ad peasi3yeTbcs 3a J10-
nomoro nanok. [labioon MVC skitouae okpemi nanku (models, view,
controller), a TakoX JOJATKOBI MATKY JJIs 33JaHUX CIyKO0. 3a Takoi opra-
Hizamil gerasi siki BiAMOBiZAIOTH 3a TPEICTABICHHS JAHUX MaKCUMAJIHHO
MOXKJIMBO PO3MIIIYIOThCA B mamni npezacrasjiedsb (Views). Hderami peai-
3aril JOCTYIy MOBHHHI OyTH OOMEKEHHMH KJIacaMu, siKi 30epiraiorhbcs B
nanui (Data). Bisnec-siorika posmiinyerbest B ciryk6ax 1 Kijiacax, o 3Ha-
xXomsaThest B namnti mogeneii (Models).

Tlepeparu:

TonoBHa mepeBara MOHOJIITHOI apxXiTEKTypH Iie Te, IO OLIBIICTD 3a-
CTOCYHKIB BUKOPHUCTOBYIOTH OJHE 1 T€ K — THUIOBHUIl (PYHKITIOHAJ: JOTIHY-
BaHHs, IPABA JAOCTYIY 1 T.1I.

Ko Bci aii BinOyBatoTbcs depe3 OIuH J0JATOK, Jy2Ke JIETKO IIPHUET-
HATU TUTOBUI (DYHKITIOHAJ 10 KOMIIOHEHTIB.

Takox € mepeBara y TpPOIyKTHBHOCTI, ajKe 3arajbHUil JTOCTYT 0
nam’ari mBunUi Hik KoMyHikanis mixk npomecamu (IPC).

Henoniku:

MomnosmiTHI 70aTKKA CHIBHO 3B’A3aHi 1 CTAI0Th HE3PO3yMiaumu 3 “po3-
BUTKOM” 3aCTOCYHKY. 3 YaCOM CTAa€ CKJIQIHIIINE i30/TFOBATH CEPBiCH OIWH
BiJl OgHOTO.

MomnomiTHa apXiTeKTypa TaKOXK CKJIAIHIIIA, JIJIT PO3YMIiHHS, TOMY IO
3aJI€2KHOCTIL 3 9aCOM CTalOTh CKJIAIHIIIIUMU, 1 He 3pO3yMLI0, SIKUil eJleMeHT
3a dKy 3aJa4y BiJIIIOBiIA€.

Jlireparypa

[1] Adam Freeman Pro ASP.NET Core MVC 5.

19



BUKOPUCTAHHSI BATATOPIBHEBOI APXITEKTYPU
(N-TIER) JJIsI CTBOPEHHS BEB-ATLJIIK AITII
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Cy4acHi TexHOJIOTiYHI MOXKJIMBOCTI 3HAYHO MOJErIIYIOTh IepeIady
incdopmarii, miaBUIYIOTH ePEKTUBHICTL 11 00POOKH Ta CHPHUSIOTH 30iTb-
IIEHHIO MPOAYKTUBHOCTI poOOTH TIPOrpaMu, B 3aJ€KHOCTI Bif moTped BeO-
amikarii po3poOHUK BHOMPAE TaKy apXiTEKTypHY MOJIE/b, AKa HARKPAIIE
33/TOBOJILHSIE TTOTPEON 3aCTOCYHKY.

IMounnaroun po3podIAATH CBOIO BeO-amIiKaIlio, Oya0 po3TasHyTO Oa-
raTo BapiaHTiB mobymoBH 11 apXiTeKTypH, aae BuOIp maB came Ha Oararto-
pPiBHEBY apXiTeKTypy, 30KpeMa Ha 3-piBHEBY, a/i2Ke ii KOHIEMIisA MOJeJi
€ JABHO BiJIOMOIO TA HAMNONYJIAPHINIO HA JAaHWI Yac, BOHA 0a3yeThC:H
Ha, PO3MOJLIL BCi€l CHCTEMM HA OKpeMi KJIF0UYOBI (DYHKINIOHATbHI YACTUHY
Ta BKJIIOYA€ B cebe map JOCTYIy 0 JaHWX, Map Oi3Hec MpaBwJl Ta Imap
IIpeJICTaBJIEHHS.

Ha puc. 1 306pazkeHo OCHOBHI KOMIIOHEHTH 3-DiBHEBOI apXiTeKTypPH..

‘ Presentation Layer

Business Logic Layer

3

Data Access Layer

Data
Source

Puc. 1: N-Tier apxiTekTypa

IlobynyBaBmiu ammikaiio Ha 1\@6/0 ASP.NET, amanrysaBumm ii Tax,



AK TOKA3aHO HA PUC.2.
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Puc. 2: MVC aganroBanwuii 10 apxirektypu N-Tier

B mpomeci po3pobku Oys10 3aiticHerHo i anami3 3-piBHEBOI apXiTeKTypH
Ta edeKTUBHICTH, B PE3y/IbTATI AKOI OyM BHSBIEHHI AK MepeBarw Tak i
HEJOJIKH, HAJI IHITUMU MO/JIEJISIMU.

Tleperaru:

e Bucokwuit piBenn 6e3mexn
e MacmraboBaHicTh

e Bucoka nHajiiiHicTh

Kondiryposanicts

HocTymHicTh

e Hwuspki BUMOru /10 MpOIyKTUBHOCTI 1 TEXHIYHIX XapaKTEPUCTHK Tep-
MiHaJiB, IK HACJII0K 3HUKEHHS IXHbOI BAPTOCTL

Henomikn:
e Ckuagnima y po3ropraHHi i aamiHicTpyBaHHI
e Buma ckagHiCTh CTBOpEHHS 3aCTOCYHKIB
e Ckuajnima y posropranti i aamMinicTpyBanHi

e Bucoki BuMorm o mpoayKTHBHOCTI C€PBEPIB 3aCTOCYHKIB i cepBepa
0a3n JaHux, a, OTKe, i BHCOKaﬁapTiCTb CEepBEPHOr0 O0JIATHAHHS
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3A JIOIIOMOTI'OIO TEOPII ITOP
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ITapnamenTchKi BuOOpH, BUOOpH MPE3uIeHTa, MiCIIeBl BHOOPH 3aBKIH
Oynu, € i OyayTh CKIAIHUM MPOIECOM, SKHUil TOTPeOye 3HATHUX 3aTPAT SIK
31 CTOPOHU KAHIMIATIB, TakK i 31 cTOpOHU BHOOPIIIB.

OckinbKy nepini MaloTh MPABUIBHO MOOY/yBATHA Ta IIPOBECTH [IEPE]i-
BUOOPUY KAMITIAHIIO, 3HAWTHU, PO3MOIIINTHA PECYPCH HA i ATOTOBKY IIi€l KaM-
maHii, a Apyri, B CBOIO Y€PTy, MAIOTh MPOAHAJI3YBATH OTPUMAHY iH(OpMa-
10, OIIHUTU PU3UKH, MepeBaru i HeJOJiKHM Ta 3iHICHUTA BaKJIUBHUI BU-
6ip,BiJ AKOr0O B MOJAJIBIIOMY 3aJ€KATUME TIOITHYIHA, CHTYAIIid 1 3arajioM
2KUTTS B KpaiHi.

Tomy OCHOBHMM 3aBIAHHSM JAHOI POOOTH € 3MIMCHUTH aHaJi3 iHTEpe-
CiB TPOMAJISH Ta KAHINUIATIB, BUKOPUCTOBYIOUN MOJIEJTIOBAHHS O THIHOL
CUTYyaIlil B KpaiHi 3a JOMOMOTOI0 TeOpil irop.

Croroani Jana TeMa € 0COOJIMBO aKTyaIbHOIO, a12Ke 1€ MOLJIO O J1010-
MOITH IIpH TOOYIO0BI mepeBrnOOpUOl KaMIaHii Ta 3aificHeHHI ONTHMATHHOTO
Ta PAIiOHAJILHOIO BUOOPY B PAMKAaX iHTEPECiB CTOPiH, AKHil BIJIUBATHME
Ha TIOJAJBINTNM PO3BUTOK iff B KpaiHi.

Crmparounch Ha npaio [3], B AKiil pO3MIAHYTO TEOPETHKO-IrpoBe MO-
JEJIOBAHHS CYCIILTbHO-eKOHOMIYHUX IIPOIIECIB, & CAMEe TEOPETUKO-irPOBi MO-
Jesii JIJIsg ypaxyBaHHsI eKOHOMIYHUX HACJIAKIB BiJl IPUAHATTS MOJITUIHUX
pimenn B Pocii, nobyzosano anasoriuni mozaesni Ha npuksiaai Y Kpainu.

OCHOBHUMHU TIOHSATTSMU JTAHOTO JOCJIiIXKEHHS €:

I'pa — MmaTemaTnaHa MOJETH CUTYAIIil, IKa XapaKTEPU3YEThCd TAKUMHA
O3HaKaMH, sK 1) HagBHICTH MEKiLIbKOX (z1Ba i GLIbIIE) YYACHUKIB; 2) HEBU-
3HAYEHICTh MOBEIIHKH YIACHUKIB, IKa [TOB’I3aHa 3 HASIBHICTIO ¥ KOKHOTO 3
HUX JIeKlabKOX (ABa i 6iibiie) BapianTis noBeinku; 3) Biaminnocti inTepe-
CiB yuacHUKiB; 4) B3a€MO3aJIEKHICTh TTOBEIIHKY YIACHUKIB; 5) 3aI€KHICTh
pe3ynbTaTy, AKUI OTPUMYE KOXKEH YIaCHUK, BiJl TOBEIIHKY 1HIITNX YYACHU-
KiB; 6) HASBHICTH MPABUJI MOBEIIHKHY, sIKi BiJIOMI BCIM yyacHUKaM.

T'paBui — cropomun, siki TPpUIMAOTh Yy9aCTh B CHTYaIlil i BILTHBAIOTH
Ha Jiil Ta pe3yJIbTaTh iHIIUX yYACHUKIB.

Pimenns, sxi npuiiMaioTh rpaBili B pAMKaX IIPABUJI I'PH, 1 BiIMOBiAHO
JIO IUX PileHb MOCTiIOoBHI ab0 OZHOYACHI Hil HA3WBAIOTHCA CTPATEriSIMU.
Koxknomy rpasiio ¢ Biamosizae /:Legga MHOMKWHa, cTpareriii Y;,i = 1,n.



Habip crpareriii, siki Bubpas KOxKeH rpaselib, BusHadae npodiib (BeKTop)
crpareriit y = (Y1,Y2, " ,Yn), AKUI TAKOK HAZUBAIOTH CUTYALIEIO I'PU, JI€
Y; - CTparerid i-ro rpasisg. B 3araibHOMY BUTAIKY CTpATETis TPAaBIA - TI€
TIOBHUH TIJTAH Jilf TPU BCEMOXKJIMBUAX CHUTYAIliSX, sIKi MOYXKYTh BUHUKHYTH.
Bizx BexTOpa crpareriii 3a7meXuTh PE3yIbTAT, AKUiI OTPUMAE IPABEIIb.

T'paBmio ¢ B KOXKHi#f cuTyallil y IPUIKACYETHCS JEsSKe IUCTO, sIKe BH-
pazkae CTYIiHb 33I0BOJIEHHs fioro inTepeciB B maniit curyamrii. Ile gmcio
HA3WBAEThCS myaTexkeM [1].

IlonsaTTs piBHOBArM XapaKTepW3y€e CHUTYAIlIO0 B T'pi, AKa 33/ 0BLIbHSIE
(mpunaiimui TeopeTuyHo) ycix rpasuis. Curyanii piBHOBaru BOJIOJIIOTE Ta~
KOIO BJIACTHBICTIO, IO OyIb-sIKW I'PaBEIllb, KU BIAXUISETHCA Bid TaKOL
curyauil (3a ymoBu, 10 i iHIIl rpaBii TAKOXK JOTPUMYBAJIUCH CBOIX CTPa-
Teriii), He 36IMBIUTH MPW IIHOMY CBiif BUTpAIl.

B nanomy mocsizkeHHI BHKOPHUCTOBYIOTHCS HACTYITHI piBHOBAru:

PiBroBara (omnrumym) 3a ITapero - curyanis, sika BU3HAYAETHCH Ha-
crymaum guaom. Crpareriana curyaris y* gominye 3a [Tapero curyariio y,
akio 1) 6yap-gKOro rpaBig Horo Burpail y curyauil y ue 6iiabinuii 3a
Burpauw y curyauii y*, 1 2)icuye xo4a 6 OiuH rpaBellb, i SKOIO BUIPAILL
y cutyarii y* cTporo OLIbINHil, HiXK B CHTYyAIll Y.

PisroBaroro 3a [lITakenn0epromM 3 J1igepCcTBOM MEPIIOrO TPABIIST HA3H-
BAETHCsI CUTYAIlisl, IKa BU3HAYAECTHCA HACTynHUM unHoM. [lepruit rpaBers
BUOUPAE CBOIO YUCTY CTPATErif0 Ta OTOJIOIIYE MPO I JAPYTOMY T'DABIO, &
JpPYTHil IpaBelb BUOMPAE CBOIO 9UCTy CTPATErito Ha OCHOBI i€l indopmartii
TaK, o0 MiHimMizyBaTu cBiit mporpart. Takum dnHOM, BUGIp IPyTrOro rpas-
I BiOMWI TEPIIOMY T'PABIO, i MEPIMUil TPABElb BUOWPAE CBOIO UHCTY
crpareriio Tak, 1mob MiHiMi3yBaTu CBili mporpari. AHAJIOTIYHO BU3HAYAE-
Thed piBHoBara 3a Illrakenpbeprom 3 siiziepcrBoM Apyroro rpasig [2].

PisnoBara Hewa nepenbauae raky curyaiiio B rpi (Taky MHOXKHHY
crpareriii), npu sKiii 2KOIHOMY I'PABIIO HE BUILAHO BiAXujsTuCs Bij o6pa-
HOI CTpaTerii, 3a YMOBH, IO iHIII TPABIi JOTPUMYIOTHCS CBOIX CTPATETIi.
Le - curyarisi, B gKiif KO7IeH IpaBellb He MOXKe 30LIbIIUTH CBiif BUTPAII 33
pPaxyHOK BjiacHuUX Aiil [4].

Ha ocHosi rpu, 1110 posriisigaerbes B podori [3], noby0BaHO TEOPETUKO-
irpoBy mouesnpb "nosa noairuuna cuna (HIIC)- Bubopui".

Iosira HIIC moB’si3ana i3 3HaYHUM HE33I0BOJIEHHSM BHOOPINB y Me-
TOJAX Ta MiIXO0JAX IO MPABJIIHHS MTOTOYHUMHE MOJITHIHUMH CUJIAMA, TOOTO
BUOOpEIh HE3AI0BOJICHHI K 1 BJIAI0I0, TaK i iCHYIOYOIO OMO3UINIE0.

s HITC € npi moxkuuBi cTparerii: «rpatus i «He rpaTus,a JJjisd BU-
OOpIIs MOXKJIMBI CTpATErii: «MATPUMATHY 1 «HE HATPUMATHY.

YV mobymoBi MATPUYHOI AUCKPETHOI TPU JJIs TAKOI MO BUKOPU-
CTOBYIOTHCS JTIaHI OTpWMAaHi B pe3yJabTaTi COIIOJOTIYHWX OMUTYBAaHb, SKi
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poBOAAThCs eHTPOM «ColliaiibHUit MOHITOPUHT» CHITBHO 3 Y KPATHCHKUM
incruryrom coujasnbuux gocaiazxens im. O. dpemenxko [5],[6], a Takox y
pe3ysbTari J0CTiIKeHHs, MpoBeaeHoro kommaniero Kantar TNS [7], i us

rpa Ma€ HACTYIHUN BUTJIA:

Bubopenn
Ilinrpumarn | He migrpumaru
Hogsa Tpari 82 0
[HOJIHTUYHA 22 -26
CUIIa He rparn 82 0
(HIIC) -8 -7

Burpami HIIC posramoBani B HUKHbOMY [pPABOMY KyTi, a BUIDa-
i BUOOPIA - y BEpXHBOMY JjiBomy. Armo Bubopens migrpumye HIIC,
10 1) Bubip crparerii «rpaTu» MPUHOCHTH il TTO3UTUBHUI BUIDAI, KW
OIIUCYETHCs PIBHEM IIITPUMKH JAHOIO KAHIUAATA BUOOPIAME, a 2) BUOID
crpareril «He rparuy - npuBoauTh 10 uporparry HIIC, ockinbku onwmcye
«BTpadeHuil» PiBE€Hb MiATPUMKHA HA MOMEHT, KOJU BHOOPII JIuIle 370ra-
JIyBAJIUCH TTPO MOYKJIUBICTH TIOSIBM HOBOTO KaHAUAATa. JAKINO K BUOODEITH
JIOTPUMYEThCS CTPATerii - «He miarpuMaruy, 7o 1) Bubip crparerii «rparus»
MPUBOJAUTH 7O MPOrpalny, TOOTO JapeMHO BUTPAYEHUX KOIITIB i pecypcis
Ha poBeJieHHs Bubopyol Kamuanii (1 roMy Bin € HaiiblibiuM), a 2) BUbIp
crparerii «He rparuy TeXK IPUBOIAUTDH JIO IPOrpally, OCKIJIbKU BidyBae-
ThCSL «JIETKA JOCAIay IOA0 HEPO3CYIJIMBOCTI BUOOPINB i OMUCYETHCSA PiB-
HEM TIATPUMKH TOTOYHOI BJIaau. BropsiakyBanHs BUTPAIIB Ijisi BUOODILS
€ macrynuum : 1) Bubip crpareril «IiATpUMATU» MPUBOJUTH JO BUTDAIILLY,
SAKUN ONMHUCYETHCA PiBEHb HE33I0BOJIEHHS BJIAJ0I0, OCKLIBKU BuOOpeIs Oa-
2Ka€ Oy/1b-1110 3MIHUTHU NOJITHYHY CUTYali0, & 2) BUOPABIIU CTPATEriO0 «HE
nigrpumarny, 3MiHATH HIYOrO0 HeMOXKIIUBO [3].

Po3p’sa3k0om ganoi rpu Oyae Habip pallioHaIbHUX CTPATETii, TOOTO KO-
JKeH 3 TPAaBIIiB ITparHe MIsXxoM BUOOPY CBOET cTpaTerii MakcuMi3yBaTh CBiit
purpami. Orxke, pisaoBarowo [lltakensGepra, Hemra ta pisaoBaroio 3a [Ta-
pero i JaHol rpu Oyae CHTyallisi «IpaThy - «MiATPUMATH» i3 BiAmOBiI-
HEM Burpamem (22,82).

Omke, 3BaXKAIOYM HA PIBEHH HE3AJOBOJIEHHS HACETEHHS MOTOYHUMHI
MOIITUIHAMA CHJIAMHU TA BUXOAAYN 13 PO3B’SI3KiB MATPUIHOI IPH, MOYKHA
3p0o0UTH BUCHOBOK, IO HOBiil MOJIiTWYHINM CUJIi BUTIAHO 3asiBUTHU PO cebe,
a BuOOpIAM BurizHO minrpumarn ii. TakuMm 9uHOM OOMIBI CTOPOHU OTPH-
MYIOTh MAKCAMAJIbHO NO3UTUBHUN PE3yJIbTaT 33 YMOBU JIOTPUMAHHA HUMU
CBOIX CTpaTeriii.
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OBPOBKA TA AHAJII3 T'PA®IYHO IIPEJCTABJIEHUX
JAHUX TA iX IPOTHO3YBAHHSA

Banamyk Codia Bonogumupisaa
VYkpaina, JIbBiB
JIbBiBCHKMIT HaIliOHAIBHMI yHiBepcuTeT iMeHi IBana @panka
dakyabTeT MPUKIATHOI MATEMATHKHA Ta iHMOPMATHKYI
sofia.banashchuk@gmail.com

Y KHUTTI HAM YacTO JIOBOJUTHLCS IMPAIIOBATH 3 JAHUMH, HAKi, 3a-
3BUdYail, mojani y rpadidtanomy BUrsmi: rpadikax, TabInISX, Jiarpamax
tomo. Taka Bizyasizariisi, 6e3yMOBHO, € KOpucHOWO. IIpore 6yBaiorsh cury-
arii, KoM IaHi mpo SKUiCh Tpolec nojgani y surismi rpadika dyHKIl, i
JJIS TOTO, 00 HOT0 MpOAHAMI3yBATH Ta TEpea0AYNTH, IK cCaMe BiH Oye
PO3BUBATHCS JAJIi, TOTPIOHO CHEPINy OTPUMATH YUCIOBI JaHi 3 Takoi Bi-
3yastisariii 3a meBHUH MPOMiXKOK dacy. Hampukiam, me MOXKXyTh OyTH AKiCh
TeMIIePaTyPHI OKA3HUKHU IIOr0IM YU KYPCU BAJIIOT. TOMy BHHUKAE [1OTPE-
0a y BUKOPUCTAHHI JOCTYIIHOI'O IIPOIPAMHOTO IiIX0ay jisi 0OpOOKH TaKoi
indopmarrii.

Meroro 1iel poboTu OyI0 JOCiIKEHHS Ta PO3pOOKA MPOrPAMHO-
ro 3a0e3mevYeHHs, 33 IOMOMOIOI KOO MOXKHA 00pOOIATH 300pakKeHHs
rpadika PyHKIII, 3aJaHOT0 B JAEKAPTOBi CHCTEMI KOOPIUHAT, Ta POOUTH
[EBHUI IIPOrHO3 IIOJ0 IPOIECY, [0 MOJETIOETHCS, HA OCHOBI OTPUMAHUX
nannx. [locraBneny 3ajady yMOBHO MOKHA TIOTIIUTH Ha, IBA €TATIN:

1. 06pobka 300pazkenns (orudpysants rpadika byHKIII);

2. nobyznoBa MPOrHO3y MalbyTHIX JaHMX.

1. O6pobka 300pazkents rpadika QyHKINT, 3aaHOTO B TEKAPTOBiil cucremi
KOOPJIHMHAT

Samadi po3nizHaBanHs 00pa3iB, fKi, B CBOIO 4€Pry, HATEXKATH JI0 KOJIA
3a7a9 IITY9IHOrO IHTEJEKTY, BCE YACTiIle BUHUKAIOTH IPU PO3B’si3yBaHHI
AKTyaJIbHUX TPOOJIEM y Pi3HUX chepax KUTTs CycrmiabcTBa. Tomy, cranom
Ha, CbOTOIHI, iCHY€E 0€3/1i7 aJITOPUTMIB, IO IITUPOKO BUKOPUCTOBYIOTHCS TIPH
00po0ITi Ta aHami3i 300paKeHb.

st Toro, mob BuABKATH BaacHe rpadik yHkIi, O6y10 mpoBeseHo

cerMenTaliio 306paxkenns, 3acrocysasiiu meros Ouy (Otsu’s method [1]),

OCHOBHOIO 1/IE€T0 IKOT'O € KJTAaCTEePU3allisi 33 IHTEHCUBHICTIO, IMiCJI 9010 OyJI10
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3IICHEHO MOMIYK HAWOLIBIIOro 3a mioimeio pparMeHTa 300parKeHHs, o i
€ mykannMm ob’ekroM. Takwmit miaxin OyB peasizoBaHuil 3 BUKOPUCTAHHIM
JIOCUTH TONMpeHoi 6i6mioTekn Komm'torepHoro 30py - OpenCV [2].

Hacrynuum kpokoM Oy/no po3mnisHaBamus ducen (Mianucis), pos-
tamoBanux Ha ocax Ox ta Oy. Ilepen TuMm, siK 3aCTOCYBATH aJIrOPUTM
ONTUYHOTO PO3MI3HABAHHSA TEKCTY, OyJI0 BH3HAYEHO JBa (PparMeHTu 30-
OpazkeHHsI, B MEXKAX SKUX Ma€ 3/iiCHIOBATHCA MOIIYK 00’eKkTiB. ¥ poboTi
BUKOpUCTAHO ajiroputm 3 Oibsiorexkn Tesseract, peasizoBanuii Ha OCHOBI
PEKYPEHTHUX HEHPOHHUX MeperK 3 apXiTeKTypOoio MTOBrol KOPOTKOYACHOI
nam’sri (LSTM RNN architecture) [3].

Maroun indopmariiio mpo Te, Mo Ha 300parkenHi € rpadikom dyH-
kuii f(x) = y Ta gkux 3HadeHb HaOyBalOTh 3MiHHI, HEOOXIIHO OTPUMATU
HaOIp KOHKpeTHHX 3HadeHb (QyHKIl. a1 nmporo morpibHO MpoeKkTyBaTH
TOYKHU Tpadika 3 MEBHUM KPOKOM h, SKUl MOYKHA PEryJIIOBATH.

2. [TobynoBa mporHo3y MaibyTHIX JaHUX

YucnoBi 3HadeHHs, ofepKaHi B Pe3y/IbTaTi MOMEPEIHBOrO eTaly, MO-
JKHA BUKOPHUCTATH JJjis M0OY/I0BU MPOrHO3Y IESKOrO IIPOIECY, OMUCAHOTO
rpadigro. s pO3riasgHyTAX NPUKIAJIB TEMIEPATYPHUX MOKA3HUKIB Ta
Kypcy oOMiHy BasioT 3a MmeBHUiT Tiepion yacy 6ys10 06paHo MeTos TPOCTOro
KOB3HOTO (pyxomoro) cepeanboro (Simple Moving Average [4], [5]):

1 N
fo=flan) = 5 > vk (13)
=1

Jle Yk—; - peajibHe 3HAYEHHs y MOMEHT 4dacy (roduii) xp, N - uucio nome-
penHiX MOMEHTIB Jacy, fr - IPOrHO3 HA MOMEHT Yacy Xj.

[lincymoBytoun BuINE ommcame, /i CTBOPEHHS BiIIOBIIHOrO Ipo-
rpaMHOro 3abe3nedeHns Oy10 BUKOPUCTAHO TaKi TEXHOJIOLI:

e mosa nporpamysanns C+-+;
e 0Gibmioreka OpenCV 2.4.13.6;
e Gibmioreka Tesseract 4.0.0;

e incrpymentapiit Qt5.
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IIpomec peanizariii amropuTMivHOI YACTHHN POOOTH CXEMATHUIHO OIMUCAHMI
Ha puc. 1.

Yy
po3nizHaBaHHA
rpacpika

NPOEKTYBAHHSA| \oTpuMaHi ', IDOrHO3YBaHHS
300paxeHHA To4oK rpadpika| /3HayeHHs / p y

2

po3ni3HaBaHHA
nignucie ocen

P —

Puc. 1: Cxema mporiecy poGoru
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Introduction and Mathematical Formulation

This paper employs Proper Orthogonal Decomposition (POD), a
surrogate modelling technique integrated in optimization framework for
dimension reduction by extracting hidden structures from high dimen-
sional data and projecting them on lower dimensional space. In the first
instance, POD is coupled with various Radial Basis Functions (RBF)— a
smoothing technique— to provide compact, accurate and computationally
efficient representations of ODEs of high-order dynamical systems in envi-
ronmental economics.

Theoretically, for POD, the function Y(t) is approximated in
the domain 2 using a linear combination of some orthonormal basis func-
tion ¢ (x) (constructed with Singular Value Decomposition (SVD) in this
paper) such that Y (¢) ~ Zf\il a;.¢* (t) , where the unknown a; am-
plitudes are determined by a minimization process of the error of ap-
proximation ||Y (t) — Zf\il a;¢'(t)||z22]. Here, the number of basis vec-
tors to be used in approximation is decided by setting a desired error
margin epop and choosing minimum & such that the cumulative energy
E(k) =0 02/3°%, 02 captured by first k singular values is less than
1‘€POD [1]

Next, RBF is applied to the reduced dimensional space Y} to contin-
uously interpolate the system responses using an approximation function
that is applicable over the entire domain. This results in the approxima-
tion y = ¢.B.g(p), where ¢ is the basis from SVD, B is the matrix of
RBF amplitudes and g(p) is the the function that needs to be calculated
for any arbitrary combination of parameters p [2]. This final approxima-
tion is called the surrogate model that is constructed using POD-RBF
approach. Two types of RBF linear spline:g;(p) = ||p — p;|| and cubic
spline:g;(p) = ||p — p;||* are used for analysis in this paper. The algorithm
for application of POD-RBF techni(%e is summarized in figure
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Figure 1: POD-RBF Algorithm Flowchart

Application of POD-RBF on Optimal Control Problem of Renewable
Resources

In this section, the performance of POD-RBF method is illustrated
on the optimal control problem of optimum exploitation of renewable re-
sources x(t) based on effective utilization, formulated in [3] as following:

min J = —(foT(p —c)u(t)el=P(1 — ae)dt),
' (t) = ra(t) (1 — 28y —u(t), (14)
2(0) =g, z(T) =2p; 0<u(t) <a

Here, p is revenue per unit in $ per ton, ¢ is cost per unit in $ per
ton, u/u is exploitation amount in tons (control function), p is instanta-
neous social rate of discount, a and b are derived from effective utilization
rate, r is intrinsic growth rate, and N is carrying capacity of ecosystem
in tons. The initial values of these parameters for numerical experiment
are set to be [p, ¢, @, p, a, b,r, N| = [38, 20, 20000, 0.1, 0.4, 0.05, 4.4, 100000].
The initial condition z(0) is 5000 and the optimization constraint defined
at final time T =1 is 2(T") = 15000.

Latin Hypercube sampling is used to generate various number
of sampling points n, for u(t) (interpolated using n = 2 optimization
parameters) at n; = 100 time instances. The tolerance is epop = 0.01
and the number of test points, for which the model was tested, n, = 10.
The relative information criteria F(k) < 1 — epop led to POD basis of
dimension k = 4 for various ns and RBF techniques. The system in [I4] was
then solved for n, points using both original and surrogate models and the
errors are summarized in Table[I] The system responses for one test point
are illustrated in Figure Table |1 shows that among all the surrogate
models that were trained using different number of sample points, the
cubic spline RBF showed the lowesg grror for the state variable x. Also,



as expected, the error of approximation shows a decreasing pattern as the
number of sampling points increase from 60 to 80.

RBF | ns =40 | ns=60 | n,= 80
Linear | 0.05917 | 0.05093 | 0.01346
Cubic | 0.02754 | 0.02336 | 0.01014

Table 1: Relative Maximum Absolute Errors(RMAE) of POD-RBF

<10* comparision of approximated and actual surface x

Figure 2: Original vs Approximated System Responses

For the final step, the constrained optimization problem in was
solved and timed using initial and surrogate models and RMAE was cal-
culated for the test points. The result showed that the RMAE was only
1.294138e-02 and average computational time was 20sec less for optimiza-
tion through surrogate models. Hence, a reduced 4-dimensional POD-RBF
model provided a highly accurate and computationally efficient parame-
terization of high dimensional system.
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Introduction

This paper focuses on implementing and analyzing a neural network
model on the "Malaria Cell Images Dataset" from Kaggle which contains
over 27,588 blood smears image patches from patients which is equally
separated into two distinct classes since there is no training label file. The
difference between the uninfected and the parasitized red blood cells is
that certain regions in varying locations of the cell contains the malaria
parasite for the parasitized cells. We implemented a Convolutional Neural
Network(CNN) with the Keras framework which we use for the medical
image classification. CNN’s are biologically inspired deep feedforward ,
backpropragate neural networks which are sparsely connected to the input
layer and are designed to process pixel data of an image in an alternating
manner till specific features of the problem image is learned.

Unifected - 1 Unifected - 1 Parasitized - 0

Figure 1: Cells from the Pre-processed Malaria Dataset
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Considering a number of m training image samples, a given input
image x which consists of an array of pixel intensities has input dimensions
x € RM*wxd where h is the height, w is the width and d is the number of
input channels. We are also given p number of filters, & with dimension
k € RF*Fxdxp and for every filter a bias b having dimensions b € RP.
For the convolution layer, the input image from the sample is convolved
with p filters where each filter aims to extract and learn specific features
from the image. The filter is passed in equal and finite strides over local
regions(receptive fields) in the image and at each location computes the
sum of the element-wise dot product between it’s element and the elements
of the connected receptive field as well as adds the bias per filter. Every
computation produces p extracted feature map of the input image as our
output for the next layer. Mathematically, the process which generates
the output of a convolution layer is given by

(xxk)y = ZZZk(m,n)x(i—m,j—n)+b (1)
=0
f-1f-
Z szmnl Litm,j+n,d +b (2)

m=0n=0 [=1

= Z Z Ko * Tismjon +0 if #d=1 (3)

m=0n=0

Then an activation function is then applied on the output of the convo-
lutions to introduce non-linearity into the network. We use the ReLU
activation to remove all non negative entries and replace them with 0.

For the pooling layer, the spatial size of the output gotten from the
activations is reduced by reducing the amount of parameters and compu-
tation in the network without much loss of significant information. The
output matrix is then vectorized and sent to a fully connected layer with
a Softmax/Sigmoid classifier which trains and classifies the images using
Back-propagation and predicts the label class of the input image.
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Figure 2: The Loss and Accuracy for the first training of the Malaria
Dataset

Results

In Figure 2, the graphs showed some overfitting although the accuracy
on the train was about 96% while the accuracy for the validation set was
very low, therefore an L1—regularization parameter, reg = 0.001 wass
introduced to correct the overfitting.

model loss

06

— train
test

model accuracy

— train B

test

05

loss.
accuracy

03

02

0 2 4 3 8 0 2

4 6
epoch epach

(a) Loss graph (b) Accuracy graph

Figure 3: Visualizing the Loss and Accuracy for the Malaria Dataset

The accuracy after training the model after a number of iterations
with a stochastic gradient descent optimizer and a categorical cross en-
tropy loss function was 0.9348 and the loss was 0.2135. The validation
accuracy was 0.9365 and validation loss as 0.2149. After computing the
confusion matrix on the test sample to determine the performance of our
classification model, we have that:
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Predicted
Negative Positive | Total
Actual Negative | TP: 2512 | FP: 248 | 2760
Positive FN: 177 | TP: 2575 | 2752
Total 2689 2823 5512

Table 1: Confusion Matrix

class Precision | recall | fl-score | support
0 0.93 0.91 0.92 2760
1 0.91 0.94 0.92 2752
average 0.92 0.92 0.92 5512

Table 2: Classification Report
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Ever since people realized that most of the real-world systems are
inherently nonlinear in nature, dealing with this kind of phenomena has
been one of the most challenging tasks for science. This is why the theory
of nonlinear dynamical systems is an important branch of contemporary
mathematics, and its problems and results are of interest for both "pure"
mathematicians and scientists from other fields.

Some of the key notions of the theory are those of the complete inte-
grability and the related class of completely integrable systems. Whereas
most of the nonlinear systems are not integrable (and usually manifest
chaotic behaviour), the study of completely integrable systems gives us
an insight into the nature of many phenomena. In particular, integrable
systems yield exact solutions for many problems of very advanced modern
mathematics and theoretical physics. [4]

In paper [I] Willox et al. established the bi-Hamiltonian structure
and constructed the recursive operator for the following modified vector
derivative nonlinear Schrédinger (MVDNLSE) equation

oy (u)t: (—u(u2—|—v2) —5u+vx)x CKll=Kud, (15

v —v (u2 + v2) — Uy

where K : M — T (M) is a Fréchet smooth polynomial vector field which
is defined on infinite dimensional functional manifold M = C}® (Rl; Rz),
R}r 31 < oo is a period, t € R! is the evolution parameter.

In the present work, we investigated Eq. for the complete inte-
grability utilizing a different methodology, namely the gradient-holonomic
and the small parameter methods [2 3].

Firstly, by means of the gradient-holonomic method we have con-
structed the infinite hierarchy of conservation laws (integrals of motion),
which is a necessary condition for the system to be completely integrable

(in the Liouville sence). Hence, first three conservation laws for Eq.
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have the following form:

xo+1
yozi/u2+v2+§dx; (16)
o
xo+1
1 4 2 2\ 2 2 2 52
7125\& (u? +v*)" + 8 (u —v)—4uvx+ﬁ—01d$% (17)
zo
xo+l

(18)

Secondly, utilizing the small parameter method we have rediscovered
the implectic pair of Noether operators of the form

9= (2 g) , (19)

- 53 + 2U18U1 — 2’[1,171(97111,1@ 2U18U1 — 2U1716711)17m (20)
o 82 + 2U18U1 — 2’0111871’&111 2'[)18'[)1 — 2111’m871’l)1,x ’

which exactly coincides with the one given in [I].

Hence, for system the infinite hierarchy of conservation laws and
the implectic pair of Noether operators were found. Furthermore, it was
shown that the obtained results agree with ones derived by means of a
different methodology in [I].
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How to do Speech Recognition with Deep Learning

The first step in speech recognition is simple - we need to convert
sound waves into some numeric representation. Sound waves are one-
dimensional, it means that at some moment in time, we have a single value
based on the height of the wave. To turn sound wave into numbers, we
just record the height of the wave at equally-spaced points this method is
called sampling. To make this data easier for a neural network to process,
we are going to break apart this complex sound wave into chunks. Then
by adding up how much energy is in each of those frequency bands (from
low to high), we create a fingerprint of sorts for this audio snippet.

Frequency (hz)

o0ooL

ooog

-|ooozc
-|oooe
-| 00Ot
-| 000S
-| 0009
-|000L

W I

Figure 1: Our 20 millisecond sound snippet

After we run our entire audio clip through the neural network (one
chunk at a time), we’ll end up with a mapping of each audio chunk to the
letters most likely said during that chunk.

How to build answer with chat bot

Our aim is to write bot which will be able to build a proper answer
for question ginve in sound wave from first paragraph. But before we need
to teach our neural networabout k what to answerIln teaching wasas used
simple set of question and answers. The question and answers are joined to

extract the total vocabulary, also we need to convert all words/characters
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into numeric representation In our Q & A approach, we used Sequence To
Sequence model using RNN Encoder-Decoder. It consists of two RNNs
(Recurrent Neural Network) : An Encoder and a Decoder. The encoder
takes a sequence(sentence) as input and processes one symbol(word) at
each time step. Its objective is to convert a sequence of symbols into a
fixed size feature vector that encodes only the important information in the
sequence while losing the unnecessary information. You can visualize data
flow in the encoder along the time axis, as the flow of local information
from one end of the sequence to another.

| am fine <EOL>

- e e

How are you <EOL>

LSTM Encoder LSTM Decoder

Figure 2: Simple example Sequence To Sequence model

Each hidden state influences the next hidden state and the final hid-
den state can be seen as the summary of the sequence. This state is
called the context or thought vector, as it represents the intention of the
sequence. From the context, the decoder generates another sequence, one
symbol(word) at a time. Here, at each time step, the decoder is influenced
by the context and the previously generated symbols.
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Introduction

Partial differential equations are in the core of modern Applied math-
ematics. They describe a variety of different processes in many fields of
study. That’s why having reliable methods for their solutions is extremely
important.

We are researching an alternative method of solving PDEs, parabolic
once in particular. It is a Monte Carlo method based on a link established
between such equations and Brownian motion. With progress of tech-
nology, we have enough computational power to simulate this Stochastic
process as many times as it takes to get an adequate approximation of its
expected value. It will be shown how to use this technique to construct
the solution to parabolic equation.

Problem statement

Out of all parabolic PDEs we will consider only well-posed linear
parabolic PDEs[3] where, the coefficients can depend on the free variables
(1 space and 1 time dimension). It can be written in the canonical form:

—utJr,uuer%UQumfvquf:O x €D, te(0,+00)
u(z,t) = @(z,1) z € 0D, te (0,+00)
u(z,0) = (x) reD,

Where, we can give physical description to each term of this equation
to better understand how to proceed with the simulations:

1 — advection (drift) o — diffusion
v — reaction f — forcing term (source)
¢ — boundary condition 1) — initial condition
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Proposed method

Applying some of these processes to a Brownian motion[l], and us-
ing a result, that is Feynman-Kac formula[2], we can get the following
representation of the solution:

w(zt) = E [/Oz RO (X r)dr + R(O)B(Xo, 7) | X, = 2
o(z,t) t>0

Y(x) t=0

Therefore, our second order PDE becomes first order explicit SDE:

with R(r) = e~ J: *(Xa:0)da and B(z,t) =

dXt = /.L(Xt, t)dt + O'(Xt, t)th

We can use some of the established numerical methods for solution of
stochastic differential equation[4], simulating this process from Brownian
motion W;. After we have the values of X; we can get an expected value
of the formula above relying on the Central Limit Theorem.

Implementation

Note, that to use this method, we don’t need values of the solu-
tion in any other point, so we can calculate it independently for all the
points in the mesh of our domain. This fact gives us great advantages
related to parallelization of the computation process and applications of
such method.

Since different threads of the program do not require any communica-
tion we can use high performance computing on GPU with CUDA library.
This decreases the time required for calculations more than an order of
magnitude.

There are many issues to consider here. Pseudo-random numbers,
that can be produced by a machine, slow down the convergence of expected
value calculation. Stochastic numerical methods have 2 times lower order
of convergence, then corresponding methods for ODEs. However, we can
still get a good result, and such method will work in fringe cases, for
example on an infinite domain (we can calculate solution on a bounded
sub-mesh of it), or in a specific, interesting to us point.

References

[1] Z. Brzezniak Basic Stochastic Processes // Springer, Berlin, 2002. 225 P.
[2] R. Kohn PDE for Finance // NYU4§\IGW York, 2015. - Lecture notes



[3] S. Salsa Partial Differential Equations // Springer, Milan, 2008. 556 P.

[4] T. Sauer Numerical Solution of Stochastic Differential Equations in Finance
// GMU, Fairfax, 2010 - Lecture notes

44



IMAGE COMPRESSION USING MACHINE LEARNING
TECHNIQUES

Yaroslav Khamar
Ukraine, Lviv
Ivan Franko National University of Lviv
Faculty of Applied Mathematics and Informatics
khamaryar@gmail.com

Digital image compression has been the focal point of a larger share
of research in recent years. The aim nowadays is to not only concentrate
on reducing the size of the image, but also concentrate on doing it without
losing quality and information, which that image provides.

We will try to apply singular value decomposition (SVD) as one
of possible machine learning image compression techniques. There are
primarily two ways of compressing an image: lossless and lossy. SVD
belongs to lossy image compression techniques. All the experiments will
be conducted on greyscale and color images.

SVD is a significant topic in linear algebra and has many practical
and theoretical values. What is special about SVD is the fact, that it can
be performed on any real m X n matrices.

Let’s say we have a matrix A with m rows and n columns, with rank
rand r < n < m. Then matrix A can be factorized into three matrices
as follows:

A=USVT. (21)
Here, U is an orthogonal m x m matrix,
U =[u1, g, «-oy UpyUpiiy -, Up] (22)
where column vectors u; Vi = 1,2,...,m form an orthonormal set:
1, ifi=y
T ) )
v {0, if i # j. (23)

S here is an m x n diagonal matrix with singular values on the diagonal.
Matrix V is an orthogonal n x n matrix,

V =1[v1, U2y --vy UpyUpit, -« Un] (24)

where column vectors v; Vi = 1,2,...,n form an orthonormal set:

1, ifi=j,
v =0y = { 0, ifi] (25)
A0 j.



As we know, every single image can be represented as a matrix of pix-
els. When an image is SVD transformed, it is not compressed, but rather,
the data takes form in which the first singular value stores the majority of
image’s information. Let us illustrate the SVD image compression process
[1]. Consider the following:

A=USVT = Z oiuv) (26)
i=1

With that being said, A can be represented by the outer product
expansion as follows:

A= Ululvf + aguwg + -+ Ururvz (27)

When compressing the image, the closest matrix of rank & is obtained
by truncating the sums after the first k& terms:

A = alulvlT + agugvg ++ Ukukv,z (28)

In this case, the total storage for matrix Ay will be k(m+mn+1). The
integer k can be much less then n, and the digital image corresponding to
Ay, can still be very close to the original image.

In order to estimate the SVD image compression method, we can
compute the compression factor as well as the quality of the obtained im-
age. Image compression factor can be obtained using the following formula:

mn

Cr = kE(m+n+1)

(29)

Here, the bigger k we take, the lower compression ratio we obtain.
This is actually understandable and can be explained by the fact, that
k represents the number of singular values of the matrix of the image.

In order to minimize the human factor in quality assessment of the
compression of the images, we shall introduce the structural similarity
index (SSIM) [2]. SSIM tries to solve the problems presented in using,
e.g. the MSE method [3] by taking advantage of the human visual system.
The idea of SSIM is to compute the similarity of structure between both
images, rather than a pixel-by-pixel difference. SSIM gives a quality value
assessment in the range of [0,1]

Having conducted several experiments, we shall analyze the obtained
results from both color and greyscale images.

The results of compression of greyscale and color images of rank 256
at k with values 5, 10, 15, 20 and 25 can be seen in Table 1 and Table 2
respectively below: 46



k | SSIM Cr

5 | 0.6611 | 25.55
10 | 0.7378 | 12.78
15 | 0.7762 | 8.52
20 | 0.8146 | 6.39
25| 0.8392 | 5.11

Table 1: SVD greyscale image compression

k | SSIM Cr

5 | 0.8117 | 42.45
10 | 0.8693 | 21.23
15 | 0.8890 | 14.17
20 | 0.9135 | 10.61
251 0.9294 | 8.63

Table 2: SVD RGB image compression

As for Table 1, we can see that, the bigger the number of singular
values, the bigger the SSIM is. But this also means the increase in file size,
which, on the other hand, can be seen through the decrease of compression
ratio Cg. Also, considering steady increase in the SSIM, we see, that there
is greater increase in image quality between each added singular value in
the beginning than towards the end. This makes intuitive sense because
singular values in the beginning are larger in magnitude than ones at the
end.

From Table 2, we observe, that the general patterns have remained,
but this technique requires more time and resources to execute, since for
a colored image the same algorithm, applied for a single channel of a
greyscale image, gets applied for each of 3 color channels of an RGB image.
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ITocranoska 3aj1a4i

Posrisuemo 3ama4y, sKa MOIEIIOE MPOIEC TepeHeceHHs 3a0py/IHEeHD
B CEPEIOBUIIN B OJHOBUMiDHOMY BUIIAJIKY.
Jamy 3amady ommcye audepeHIiaTbHe PiBHIHHI

d*u du
—p@—i—Pe%—&-qu—f(:c),x € (a,b) (30)
Ta TPAHWYHI YMOBHI

u(a) = 0,u(b) =0, (31)

ne Pe - auciio Ilekine, 6e3posmipua crana, p, q - cram, f(z) - 3agana
dyHKITS.

Bapiamiitne dopmymoBanHs

Hana 3amada nojidrae y 3uaxomzkenni takoi dyukiii u(z) € Vo
{v(z) € Cla,b],v'-kyckoBo HenepepsHi Ta oOMmesxkeni,v(a) = 0,v(b) =
AKa 33/I0BOJIbHSIE Bapiallifine piBHSAHHSA

o),

(Lu,v) = (f,v) Yv e V. (32)

I3 Bukopucranasm GhOpMysIn iIHTErpyBaHHS YaCTHHAMYA OTPUMAEMO

b
du dv du
(Lu,v) = /a (pﬁﬂ + Peﬁv + quv)dz, (33)
b
(f,v) = / fodx Vv e V. (34)
a
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CuekTpasibHuil METO/] CKIHYEHHUX EJIEMEHTIB

Pozi6’emo [a, b] piBHOBimIaeHNMI TOUYKaMu Ha Tiasiapizkn. Ha ko-
JKHOMY 3 T/IBipi3KiB moOyayemo 6a30Bi QyHKIIiN i3 J01aTKOBUMHI By3J1a-
MH, IO PO3MIIEHI B HYJIAX CiMeicTBa OPTOTOHAJIBHUX MHOTOYIEHIB Jlo-
GaTTO(HAIIPUKIA, 3 CTENEHS).

Marpuanuii 3anuc HAGTUKEHOTO PO3B’I3Ky HA MiABIAPI3KY [T;_1, 2]
Ma€ BUTJISI,
ui = Ni(z)Qs, (35)
Jie
Ni(z) = (<Pi—1790z'—2/3,901‘—1/37§0i)»
Qi(®) = (Uim1, ui—a/3,Uim1/3,u;) "

I3 BukopucrannsiM (6) Ta Bapianiitnoro dbopmysosanus (4),(5) orpu-
Ma€MO BUTIJISA MaTPUIlh Ha IiABIapi3Kax

Tiod d
K; = —Nj(z))T—N;
i p/m (d.%' (7)) dr i(z)dx,

i—1

S; = Pe /xi (Nl(x))T%NZ(m)dx,

M; = q/wi (Ni(x))TNi(x)dx,

B; = (Ni(2))" f(x)da,

Ti—1
A11K2+SZ+M1

I3 Bukopucranusam Biacrusocrei 6azucaux yukiiit cpopmyemo CJIAP,
Ky PO3B’sI3yTh BiJIOMUMHU YUCEJIHLHUMU METOIAMHU.

Anani3 noxubku Ta nopsaky 30i:KHOCTI

IIpocreknmMo 3a XxapakTepoM 3MiHU TTOXMOOK HA PI3HWX CITKAX Ta UW-
cni Ilexste. 3uaiileMo abCOMIOTHY 1 BITHOCHY MOXHOKH CITKOBOT'O PO3B’S3KY
MIJITXOM TOPIBHSHHS 3 AHAJITHUIHUM PO3B’si3kOM. JIjIs 1bOTO BUKOpPHCTA-
€MO HOpPMH B mpocropax Lo Ta Wz(l). IIpu obuucienni moxubOK y HOpMI

1 L
WQ( ) MOXiTHI Bif YMCETHPHOTO PO3B’SA3KY YCEPETHIOIOTHCS Y BY3JIOBUX TO-
9KaX.
JLTst OIiHKY TOPAIKY 3012KHOCTI CKOPUCTAEMOCH CITiBBiTHOIEHHIM

lnéh — ZTL(SE
p=——r735—",
50n2



ze Oy, - abconroTHa HOXMOKa IIpK KPOLi AucKperusanii h y Biamosia-
HOMY IIPOCTOPI.

Jlireparypa

[1] Casyaa . I Yucnosuit anais 3agad MareMarudHol (isuky Bapianifinnmu
veromavu. // Bupasawauit nenrp JIHY iveni IBama ®panka, JIbsis, 2004.
c1.30-37.

[2] C. Pozrikidis. Introduction to Finite and Spectral Element Methods Usi-
ng MATLAB, Second Edition. // CRC Press, Boca Raton, 2014. pages.154-
158,165-174.

[3] Patrick Knupp, Kambiz Salari Verification of computer codes in computati-
onal science and engineering. // Chapman and Hall/CRC, Boca Raton, 2003.
pages.24-30.

[4] Jan Pech Application of spectral element method in fluid dynamics. // Insti-
tute of Theoretical Physics, Czech Republic, 2013. pages.20-23.

o1



IIOBYAOBA BEB-ZACTOCYHKY IOJIfA
PO3IIIBHABAHHS TA TPUAHTYJILIIL ITKIPHUX
OBJIACTEW 3A JOIIOMOT' OO TEXHOJIOT'III NODE.JS
TA VUE.JS

Kopomsuyk dpocnas, Konmop Mapra, Mynpuk Aumgpiit
Yxpaina, JIbBiB
JIbBiBCHKMIT HalliOHAJBHNUI yHiBepcuTeT iMeHi IBana @panka
QakynbTET TPUKIAIHOI MATEMATUKH Ta iHGOPMATUKA
koroltchukjaroslav@gmail.com, martakondor17@gmail.com,
mudrykandrew@gmail.com

Beryn

Y Ham gac BeO-CTOPIHKK BUKOHYIOTH Halpi3HOMAaHITHINMN (yHKIIIT,
Bim mkepena imdopwmarii 10 MUTTEBOI KOMYHIKAIl MixK JT0abMu. [010B-
HOIO IX IePEeBaroio € JOCTYIHICTh, a/2Ke JJisd TOro 1mod BUKOPpHUCTATH BeO-
3aCTOCYHOK JOCTATHHO MATHU OyIb SIKWil MPUCTPiil 3 TOCTYTIOM JI0 Mepexi
iHTEpHeT.

AkryanpHicTb JaHOT POOOTH MOJIATAE B TOMY, 10 MeTos CKiHYeHHUX
enemenTiB(MCE) st 3naxospkenHs po3B’si3KiB iHTErpajbHuX Ta aude-
PEHIaNMbHUX PIBHAHD y YACTHHHUX MOXiTHUX HAOYBAE MOMYISIPHOCTI, a/12Ke
po3pobteHnit /i1 9UCETBHOTO PO3B’3yBaHHs CKAQJIHUX MIPOOJIEM y MeXa-
HIiIl KOHCTPYKIN# Ta iHmmMX MaTeMaTuaHux 3aaa4. Hapasi mmpoko 3acto-
COBYETDHCsI /11 PO3B’sI3yBaHHS CKJIQIHUX CHCTEM. SIK HACIIOK TOCTAE TIH-
TaHHSA aBTOMATU3AIll POOOTH, IO CIIPOCTUTH i MPUIBUIIIATH OOYUCTICHHS.

IMeprmm eratom MCE € Buainenns: obmacri Ta po3durTs i1 Ha mimo-
6stacri. Came Taky (yHKIIOHAJIBHICTD OYJI0O BUPINIEHO TOKIACTH SIK OCHOBY
y nany Beb-ammikamio. Orxe, MeTa D0C/TiIKEHHS TOJISITAE B pO3POOIIi BeO-
JOMATKY JJIs ABTOMATH3AIIll MOIIYKY Ta TPiaHTy/sIii obsacTeil 3pyIHux
JUIs momaJtbinoro 3acrocysanus MCOE.

Tonosua inea

IIpomnec po3pobKku KepyBaBCsA TAKUM IIPABUJIOM: BEO-3aCTOCYHOK ITO-
BUHEH OyTH 3pYdYHUI Ta MPOCTU y 3aCTOCYBAaHHI OYIb-IKUM KOPUCTYBA-
gam. Tomy Bce 110 mOTPIOHO KOpucTyBadeBi 1me momaru dororpadiro Ta
HATUCHYTU KHONKY TPIaHTYJIAII].

TexuigHO BCce MOXKHA ySIBUTH K HA MAJTIOHKY Huk4e. Kopucrysad mo-
Ke 6auuTy TiMbKM 30BHIIIHIN piBeHb BeO-allTiKallil MO3HAYEHUN 3eTeHIM
KoJIbOpoM. TyT BUKOpUCTOBY€EThCs Vue.Js sk cyuacuumii JavaScript dpeiim-

BOPK Il PO3pOOKM arurikariii, a Takoxk Bulma — CSS ¢peiimBopk st
52



3PYYHOrO Ta MPUEMHOrO nmu3aiiny BeO-amnmikarii. Ileit piBenb KOMyHIKYE i3
Node.Js cepsepowm, sikuii € KepiBHHKOM Onepariil ammikaril Ta BUKOHY€E 1Bl
ocHOBHI bYHKIIIT:

e IlepeBipsie 1OCTYN BUMAIKOBUX KOPUCTYBAUIB 10 (DYyHKIIOHAIBHOCTI
arrikargii

e 30epirae dororpadiro ta indopmye Python cepsep mpo HeobxinHicTh
TpiaHTyaATil

Baza manux BuUKOHy€ Miciie cxoBwuina iHdoOpMaliii K Tpo 03epis, 1o
MalOTh JOCTYII 0 AILTiKAIlil, TaK i 10 Micre3naxomKerHs (pororpadiit 1o3e-
piB

Cawm mporiec po3mizHaBaHHS BinOyBaeThcest Ha cepBepi Python. IMicas
orpumManHs ¢Gororpadii, Mu 3a0MPAEMO TIIyM 3 300paKEHHS 1 3TTIAIKYEMO
1Oro A1 JIETTIIOTO PO3Mi3HaBaHHsA. laji MaIMMHANM HaBYaHHSAM PO3/ILISE-
Mo obnactb Ha migobmacti (wkipy i 3axBoproBanis). OTpPUMYEMO KOHTY DU
3aXBOPIOBAHHSA 1 AIMPOKCHMY€EMO IX /I TOTO 00 3MEHIIUTH KiJTbKiCTh TO-
90K y KOHTYPi. [lic/is 90ro mpoBoarMO TPHUAHTYJISINIO 10 BUXITHAX TOUKAX
i MOBEPTAEMO BIKE TPUAHTYJIBOBAHY O0JIACTh.

Angikaris morta 6yTu peasiizoBana i 63 BAKOPUCTAHHS Be0-3aCTOCY BAHHSI,
aJie TOJii KOPUCTyBady JoBesioch 6 BuB4daru crnerudiky Bukopucranas REST
api cepsepy. e 3aranbuo npuitHaTi TpuHIUIN TOOYI0BH BEO-3aCTOCYHKIB,
Jie BCs1 poboTa 3 TaHWMHM BiIOYBAETHCS Ha 3aXUIIIEHOMY CepBepi, Mo poouTh
KOPHUCTYBAHHS AILJIIKAIII€IO:

e Saxumenum (IIpu joryBanni KopucTyBadis 3 63010 3BIPAIOTHCA HE
OCHOBHI TIapoJIi, siKi MOXKHA, O OyJI0 JIETKO OTPUMATH i3 TOCTYTIOM O
6a3u JaHWX, a XelOBAHA BEPCis sIKy MPAKTUIHO HEMOXKJIMBO OTPU-
MaTH, gKIIO He HpoiiTu Yepe3 eran xemrypanns na Node.Js cepsepi)

e IlBuakum i npocrum (HaBanraykeHusi onpaunoBaHHs JAaHUX iJe HA
cepBep, a He HA KJIEHT KOPUCTYyBa4da, TOMY KOPUCTYBAaHHS AILIiKalli-
€10 MOKJ/IUBE Ha MiHIMAJIHLHUX CUCTEMHUX BUMOTAX)

Ha ocHoBi BuIle 3a3HaYEHNX TIIIOCIB BEO-3aCTOCYHKY MU MEPEKOHA~
JINCh Yy TPABUJILHOCTI BHOOpPY BeO-CTOpiHKE K TpadidHoro inrtepdeiicy
Harol QyHKIIIOHAIHHOI YACTHHH.
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Bucuosok

Be6-3acTocynkn y cydacHux iHdoOpManiiHux TEXHOJOTiAX € He3a-
MiHHEME KepesiaMu iHdopMariii, ajxKe moIeriyoTh podoTy 3 JaHUMU Ta,
OJTHOYACHO JO3BOJISIOTH MPAIIOBATH 3 1H(OPMAIIIEID B 3aXUIIEHOMY DEXKU-
Mi.

IlincymoBytoun yce BuIe CKa3aHe, MOXKEMO 3POOUTH BHUCHOBOK, IO
HaIa, BeO-arIiKallis MOXKe B MOJAJIBIIOMY BUKOPUCTOBYBATUCH JIJIsT TE€HE-
parii 6azoBux citok mms MCE, amgxke BOHA HO3BOJUTH KOPUCTYyBAdaM Y
JeKLIbKa HATHCKAHDb OTPUMATH IPOTPUAHTYIBOBAHY 00IaCTh 3 BXiaHOT (ho-
Torpadii.

JlitepaTypa
[1] Casyaa A. I Qucnosuii ananis 3ana4 MaremMarudnol ¢isuku Bapiauifinumu
merogamu. // Bumasawmamit nenrp JIHY imeni IBana ®panka, JIbsis, 2004.
ct.30-37.
[2] https://nuxtjs.org/
[3] https://bulma.io/
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MOJIUN®PIKAIIIS TPUKOBOT'O I'PAJIIEHTHOTO
METOAY MIHIMI3AIIII ®VHKIIIL

Tlepunis Hazap Bormanosud, Ykpaina
JIHY imeni Isana ®@panka, dhakysbrer IPUKIAIHOI MATEMATUKHA Ta
indpopmaTukn
e-mail: nazarherylivl2@gmail.com

Posruisinemo 3azady 6e3ymoBHol minimizawil f (z) — inf, xzeR™ (1)

Byns-sxuit yncaoBuit MeTom po3B‘si3yBaHHS 3aa9i ONTUMI3AIl I'DYHTYE-

ThCH HA TOYHOMY a00 HAO/IMKEHOMY OOUMCIIEHH] IEBHUX XapaKTEPUCTUK (3HAUEHHSI

dbyukuil meru, 3navenss noxigaux roio). Ha ocnosi orpumanol indopma-
mii Oymyemo HabIMKEHHS [0 PO3B’a3Ky 3azadi. JIst KOKHOI KOHKPETHOL
3a7a49i OUTAHHS PO XapakKTepucTuku (PYyHKII, AKi morpibno Oparu 10
yBaru M 9ac po3B’si3yBAaHHS 33/1a4i, 3aJI€KUTh Bij BJacTUBOCTEH (hyH-
KI1il.

Jrs mimimizarii GyHKIiH 6araThoX 3MIHHAX BHKOPHCTOBYEMO ITOCTITOBHI
JITOPUTMHU, KOJU BUOID HACTYIHOIO HAOJIMKEHHS 3aJIe2KHUTh Bi/l momepe-
JIHIX PE3yJIbTATIB y [bOMY BHIIAJKY 3aCTOCOBYEMO AJIOPUTM BUIJISILY.

xk_,_l:karozkhk, ne ai € R, thRn, k=0, 1,...

PosrasiHemo mpocTwii rpajgieHTHHR Merox B KoMy hy = —f'(z1), orxke
MTOCJTiIOBHICTh BU3HAYAETHCS 33 (POPMYII0I0

Thp1 =xp — o f'(zy), >0, k= 0,1,...

Ockinpku peasnbHuit 06IUCIIOBAIBHUIT IPOIEC TIOBUHEH OYyTH CKIHYEHHUM,
OTIKe, NJIST BIATIOBIIHOTO METOMY TOBWHHI icHyBaTn ymoBm 3ynnukn. Hait-
JaCTilie Ha, MPAKTUIll BUKOPUCTOBYIOTH TaKi:

et — x| < e
I[f(zry1) — flap)l| < e

1 (@)l < €3

Bukopucrapmm cxemy moOyIOBY TPUKPOKOBUX ITEPAIIHUX METOIIB yTBO-
PIOEMO METO/I, IKU Ma€ BUTJIST:

v = x — arf'(xy,),

up = xp — S (ﬂfk)%él* A) ' (vk)) s Ae(0,1),



Try1 = up — Br(ur — vx),
ne
flug — Br(ur — vi)) = mﬁin(uk — Blur — wg)).

[Topyd 3 3ampONOHOBAHUME AJTOPUTMAMU, PO3TJISHYTO AesKi Moaudika-
il
st IbOro BBEIEMO TaKi MO3HATMEHHS

N:{LZ,...,H}, Ni:{il,...,is}, ﬂelgijgn,
ZJ#ZU,Z:1,2,,]€§’H, UNZ:N, NZ#NJ
Posrnsaemo BekTopu

- 0, i¢ N
ne i (r) = { 0@ iy,

ozt

T
hi = (h,... )

Jlerxo mokazaru Buxkonauus ymosu (h,, f’ (z)) > 0, To6To BeKTOp -h; € Be-
kTopoM crasanust GyHKuil f (z) y Touni x. Kpim Toro BUKOHYeThCST yMOBa
(hi, hj) > 0, T06TO -h;, -h; BexTOpHU cnamanus dyukmii f(r) y Toumi z,
OPUYOMY KyT MizXK BeKTOpamu h;, h; He Tymmii.

Ternep po3riIsiHEMO AJTOPUTM LTj11 = Tj — akh_[k

s

kst K=01,
ITpn BUKOHAHHI YMOB TOCTiIOBHICTD {x)} 30ira€ThCst 10 TOYKH I, SKA €
crarioHapHoio Toukoio dbyskuii f (r). YV Bumagky N; = {i} mMu marnme-
MO MOKOODAUHATHUH METOZ CIyCKy. ¥ BHIAIKY S; = S; > 1 MarumeMo
O6noununit Mmerosn. BpaxoByioun meit pakT MOkHA MOOYAyBATH TPUKPOKOBI
aJIrOpUTMHU PO3B A3yBanus 3a7a4i (1), a came

U = T — akh—[f}s-&-k-&-l

Vg+1 = Tk — 5kh—[k+1]s+k+2

s

Tpt1 = argmin f( ug +y(vp — uk)). k=0, 1, ...
¥

Januii aIropuTM € MO CBOI#l CTPYKTYpPi y BUTIQIKAX BEJIUKWX N i BifMOBig-
HOMY BHOOpi h; MEHIIT TPYIOMICTKUIN HiXK KJIACAIHAN, TPATIEHTHANR METOI
B CEHCi KiIbKOCTi OOYHUCIICHbD.

1. M.A.Bapmiw Mertomu onrmmizamii. Teopist i anropurmu. JIsBiB Bumas-
amuuit eatp JIHY imeni Isana ®@panka, 2006, - 222 c.

2. https://studfiles.net/preview /5401509 /page:2/
3. https://uk.wikipedia.org/wiki/
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KJ/JIACTEPU3ANIIA BUITAJKOBUX JAHUX
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JIpBiB, YKpaina
JIHY im. Isana ®panka
QakysbTeT MPUKIIAIHOI MATEMATHKY Ta iH(OpMaTHKH

oleg.stepaniak.01.07.1998@gmail.com

ITobymoBa kjacTepiB Ha MHOXKWHHI BHUIIQIKOBHX 00’€KTiB. 3a I0MO-
moroto Mozudikaniii irepaniitnux aaropurmis K-Mean [1,3] ta FOREL
[2,4,5] 3aiiicueno no6yoBy kiaacrepis. [Ipu npomy 3akiajieHo BUNAAKOBUI
XapakKTep MOYaTKOBOrO Hab/mzkeHHsi KiaacrepiB. Momudikarisa Brkazanux
AJITOPUTMIB TIOJISITAE B 0OpOOITi HOBUX JAHUX, IO TEXK MAIOTh BUIAIKOBY
MIPUPOLIY.-

3okpema, y meromai K-Mean 3a1aeThcsi BUTIAIKOBE TOYATKOBE HAOJIN-
JKEeHHS Ta BHIAIKOBA KiIbKICTh KJacTepiB. Taki ymoBu B 00’¢qHaHHI 3
IIOJIEM BHIIAIKOBUX O0’€KTIB rapaHTYIOTh Pi3Hi pe3yibTaTu poOOTH ajro-
purmy. ¥ anropurmi FOREL BunamgkoBo 3remepoBano 1menTp rinepcdepn,
10 3MIHUTH KUIHKICTH Ta 0OCAT KJIACTEPIB.

IIposeneno mocmimxenns Hemomiky meroxy K-Mean , a came fioro me
36ikHicTh [6]. 3anpoIOHOBAHO BapiaHTU BUNIPABJIEHHS JAAHOI IPOBIEMHU.

JIITEPATVYPA

1. Chandan K. Reddy ,Charu C. Aggarwal, “Data Clustering: Algorithms
and Applications” //CBC Press, 2013.pages.532.

2. Rui Xu, Donald C. Wunsch, “Clustering”, 2009.pages.358.

3. “What is Cluster Analysis?”

http://www.stat.columbia.edu/ madigan/W2025/notes/clustering.pdf

4. Tariqg Rashid,Osmar R. Zaiane, “A Tutorial on Clustering Algorithms”

http://www.stat.columbia.edu/

5. “Clustering in Machine Learning” ,

https://www.geeksforgeeks.org/clustering-in-machine-learning /par 6. Andrea
Trevino, “Introduction to K-Mean clustering” ,

https: //www.datascience.com/blog/k-means-clustering
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NON LINEAR MIXED EFFECT MODEL BASED
APPROACH ON THE
PHARMACOKINETICS-PHARMACODYNAMICS OF
REMIFENTANIL

Damilola Victoria Tomori
Ukraine, Lviv
Ivan Franko National University of Lviv
Faculty of Applied Mathematics and Informatics
damilola.tomori@intermaths.eu

A move towards the adoption of population pharmacokinet-
ics (PK) as a routine procedure during drug development should now be
encouraged. A number of studies have shown that it is possible to or-
ganise existing, routine data in such a way that valuable information on
pharmacokinetic-pharmacodynamics (PKPD) variability can be obtained.
In the last decade, population pharmacokinetic (PopPK) modeling has
spread its influence in the whole process of drug research and development.
This change in emphasis has been largely brought about by the develop-
ment of appropriate computer software (NONMEM: Nonlinear Mixed Ef-
fects Model) and its successful application to the retrospective analysis of
clinical data of a number of commonly used drugs, e.g. digoxin, phenytoin,
gentamicin, remifentanil, procainamide, mexiletine and lignocaine . While
targeting the construction of the dose-concentration of a drug based on a
population of patients, it is an efficient means of studying several factors
and shows great flexibility in dealing with sparse or rich samplings.

Firstly, we aimed to establish the place of PopPK-PD modelling, using
non linear mixed effects models to obtain PK-PD information in drug de-
velopment in sixty-five healthy adults ages 20 to 85 years by constant rate
infusion of 1 to 8 g~ kg~ '. Secondly, we statistically evaluate the dynam-
ics of the concentration administered to the subjects by using the relation-
ships established between model parameters to explain PKPD variability
and facilitate dose adjustment decisions. The data used in this study origi-
nally published in 1997 by American Society of Anesthesiologists where the
study identified the influence of age and gender on the PKPD of remifen-
tanil by the used of generalized additive model implemented in NONMEM.
MONOLIX, an advanced and simple solution for non-linear mixed effects
modeling which is based on the Stochastic Approximation Expectation-
Maximization(SAEM) in conjuction with R programming language will
be used for the analysis of this work.
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First step required in the development of PopPk model is to identify
the base or structural model, which is the model that best describes the
data in the absence of covariates. The observed concentration-time pro-
files of remifentanil were best described by a three-compartment model
with a linear elimination rate via an intraveneous infusion. PK three-
compartment model divided the body into central compartment and two
peripheral compartments. The central compartment (compartment 1) con-
sists of the plasma and tissues where the distribution of the drug is prac-
tically instantaneous. The peripheral compartments (compartments 2 and
3) consist of tissues where the distribution of the drug is slower compared
to compartment 1. Drug concentrations in the central and peripheral com-
partments is thus described with differential equations:

C’l (t) =V — (k’lg + klg + k’)Cl (t) + kgng(t) + kglcg(t)

Ca(t) = k1201 (t) — k21Ca(t) (36)

C3(t) = k1301 (t) — k31 C5(t)

Cl(t) =0 fort= tD
Co(t)=0 fort=t
with tnitial conditions 2(t) o b
Cs3(t)=0 fort=tp
Ci(tp) =2
The corresponding solution to equation (1) is giving as
A:lK21—04K31—04 _ 1Ky -fKu—-fF ., _ 1Kn-7Ks—-9
va-B a—q " vB-a B-7 " v ~-B -a
ngf [S(l —exp—at—tp)
+5 (1 —exp—B(t —tp)
+E(1 = exp —7(t — tn)], if (t—tp) < Tinf
Ct) =

Ti[:lf 41— expaTinf)(exp—a(t — tp — Tinf))
+%(1 —exp BTinf)(exp —B(t —tp — Tinf))
+%(1 —expyTinf)(exp —y(t —tp — Tinf)), otherwise

(37)
The equations express the concentration C(t) in the central compartment
at a time t after the last drug administration, D is the total dose admin-
istered, the duration of infusion is Tinf, v is the volume of distribution,
k is the elimination rate constant, a;, 8 and  are the first rate constant,
second rate constant and third raute5 gonstant respectively. Kio, Kop are




the distribution rate constant from compartment 1 to compartment 2 and
from compartment 2 to compartment 1 respectively. Ki3, K3, are distri-
bution rate constant from compartment 1 to 3 and from compartment 3
to 1 respectively and ¢ is the initial drug intake.

Once the base model is identified, covariate sub-models are developed.
We introduced age, lean body mass, gender and infusion categorical rate
to the structural model. A complete PopPK model consists of a structural
model, statistical model and a covariate model where the choice of the
structural model has implications for covariate selection. Approximately,
thirty different covariates submodels were considered. Bayesian informa-
tion criterion (BIC) value obtained for the based model (no covariates)
is 7438.66. After which, covariates was introduced, where a model with
the highest covariates (10 covariates) was selected by BIC (7347.41) as the
final covariate model with an inclusion of LBM on all parameters with
AGE on kg1 , AGE on ki3, AGE on v, AGE on k. To improve the final
covariate model, we considered correlations between the random effects ,
a Wald test which strongly relies on the standard error was performed and
it thus suggest to remove ki3 and k3; from LBM with the corresponding
B coefficients, Bk,, .M, Briszem With p values of 0.991 and 0.614 respec-
tively. The model BIC value is now 7113.02, which is an improvement to
the final model.
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HEVPOHHI MEPEXKI J1JIs1 PO3III3HABAHHS
PYKOIIICHOTO TEKCTY

Bapanos Mukosna
Yxpaina, JIbBiB
Abto Software
office@abtosoftware.com

Basaga aBTOMATHYHOrO PO3MI3HABAHHS TEKCTY Ha 300pasKeHHI Mage
G6araro cdep HpaKTUIHOrO 3aCTOCYBAHHS: PO3II3HABAHHA HOMEPHUX 3HA-
KiB MAIIUH, OTPUMAHHS iH(OpMAIIl TPO TPOAYKT, ONUMPYBAHHS PYKOIHU-
CHUX JOKyMeHTIB TOMmO. OCKIIbKY ITI0 33129y BAYKKO BUPIMIATH METOTAMHU
TPAIUIIHHOrNO TPOrpaMyBaHHS, HA JONOMOTI'Y TIPUXOASTh HEHPOHHI MepexKi

3arajbHa MMOCTAHOBKA 33/1a4i POOOTH i3 300parKeHHIM

300parkeHHsI MOXKHA PO3IJIAIATH K MATPUIO YUCE, 1€ KOXKEH eJie-
MEHT MATPHI PEIPE3eHTYE BiAMOBIIHUI MiKCeIb 300pasKeHHs 3 33,/ IaHOI0
inTencusHicTiO (KOMBOpOM). Take momanusa 300paskeHHs A€ 3MOTY MPEe-
CTABUTH HOTO y BUIJISAII JUCKPETHOI TBOBUMIPHOI (DyHKIIIT

I(z,y)

Baganasa 300pakeHHs MLIIXOM (DYHKIT BiIKPUBAE IMUPOKI MOXKJIMBOCTI
BUKOPHUCTaHHs MareMarudnoro amapary. IIpore, oyeBuamo, 1mo ckiiami
337349l 3 00aCTi KOMIT'IOTEPHOTO OAUeHHsST BAYXKKO PO3B’SI3aTH MPSIMUMU
asropuTmamu. lle 3aBaanHs MOXKHA, BUPIINIyBaTH HEHPOHHUMY MEPEKAMU

Konmerntrist HeipoOHHUX Mepek

IMITyuni HeipoHHI MepeKi MOKIMKAHI 3HAXOMUTH 3aTE€KHOCTI MiXK
BXIJHUMH Ta BUXIJHUMH JAaHUMH. Taki TUIINA 3aJie2KOCTell BIAETHCA BCTa-
HOBUTH 3aBJAKH CTaTUCTUYHOMY aHasi3l ganux. OueBupHO, 1O Olablia
KIJIBKICTh JaHuX 3a0e3meunTh Kpaluii pe3yabrar. B 3arajgbHOMY, BUTJIA
HEHPOHHOI MepexkKi MOXKHA, 3BECTH JI0 MATEMATUIHOI (DYHKITIT

f(wi) =Y

Je x - BXigHI JaHHi, Yy - pe3yabTaT poOOTH Mepexi, W - BHYTPIIHI ma-
pamerpu (Baru) mepexi. IIpouec TpenyBaHHs HOJISAra€ y aBTOMATHYHOMY
OILIYKY ycix napamerpis w; € w. g rpenyBanns HeoOXiqHO ninrorysaru
HabIp JAHUX 3 OYIKYBAHUMHU BUXOJAMU HEHPOHHOI MepexkKi

X = {$0,$1,~-~7$nél? € {Yo,y1,--»Yn}



BukopucroByoan onTuMizamiiiHi METOMN MU MOXKEMO BiIIITyKATH HAWKpPa-
Il 3HAYEHHs [1apaMeTpiB w; € W

[Tapamerpu z,y € ctamumMu, w; € W BIAMYKYIOTHCA i 9ac TPEeHYBaHHSI.
[ToTpibHo 3HaitTn maraxsuuit Bursg dysxnii f. Icaye 6araro apxitekTyp
HEHPOHHUX Mepek, aje OLIBIICTD 3 HUX CKIAIAI0ThCs 3 6A30BUX YACTHH
— mIapis.

fle,w) =1, (L—1 (- do (b (2, T1), W2) .. Whp_1), Wn)

w=wUwTU..Jw,

VY maitupocrimiii miibHo 3’eauaniit mepexi (fully conected) 6azoBum 6510~
KOM € OJTHOWMEHHHU Iap, AKUH BUKOHYE MHOXKEHHST BEKTOPA T HA MATPHUITIO
W Ta 3acTOBYE HemiHiliny ¢yHKIio akTuBamii. IIpore, tieit Tun mepex He
€ HafikpamM 1718 0OpoOKU 300parKeHb.

3roprkosi Heiiponni Mepexki (CNN)

YV peambHuXx 300parKeHHS JIer-
KO IPOCJIJIKOBYETHCSI KOPEJISAIlisd MixK
cycigaimpn mikcesnsimu. Biamosimao 10
Teopil indopmarii, yum OisbITa CTa-
TUCTUYIHA 3AJEKHICTH JAHUX — TUM
MeHIy iH(OpMAIo I MJaHI HECYTb.
3ropTKOBi IMIapu BOHOYAC ONPAIBOBY-
I0OTh II€BHY JIOKAJIbHY 00JaTh 300pa-
JKEHHSI T4 HE BPAXOBYIOTH KODPEJAIil
3 JAJIEKUMU YaCTUHAMY, BUKOPUCTO-
BYIOTh MaTeMATWYHY ONepaIiio 3rop- Pyc. 1: Jluckperna omeparis
TKH. 3TOPTKHA

(e = [ G- ir

— o0
BukopucranHs 11i€i TEXHOIOTIT B TTOEIHAHI 3 MIIILHUMY IMTapaMu HEHPOHHUX
MEpEX [a€ MOTYXKHUI amapr Jjs kiacudikarii, cermeHTariii 300pakeHb
TOIIIO.

Pekypenrni mapu (RNN)

62



®

Omucani Buiie mapu HEHPOHHUX Me-
PeXK HPALIOI0Th 4K CTPOra MareMaTu-

gna ¢yukiis. OauHAKOBI BXimHI JaH-

Hi COPUYUHSATH 3aBXK N OJTHAKOBHI pe-

gyabrar. s meBHOro Kjacy 3aiad

©

HEeOOXiTHO TaM’aTaTH TOMEPEIHi Io-

Al (Hanpukiaz, 3ajada po3Li3HaBa-

Puc. 2: PexypenTuuit map

HHSI TOJIOCOBOTO TeKcTy). Pekypenrtni

IMapyu TPOMOHYIOTh JTOJATKOBI aKyMy-
JIATOpU maMm’siTi BeepeauHi mapy. Ko-
JKEH PEe3YJIbTAT MEPEXKi MOJAEThCA MAOJATKOBAM BXiTHUM MapaMETPOM B
HACTYIHHUI MOMEHT Jacy. 3Bi/icH i Ha3Ba — PEKyPEHTHI HEHPOHHI Mepexi.

3roprroBo-pekypenrni Mepexi st po3uiznasanns rekcry (CRNN)

3aBmaHHsA PO3MTi3HABAHHS TEKCTY MOXKHA, 3B€-
CTH [0 3aBIAHHS PO3MI3HABAHHSA OKPEMOIO CJIO-
Ba, OCKIJIBKM CECMEHTAallisg CJIiB Ha 300parkeHHi
— 3aJia4a HiJBJIaJIHA TPAJIUIITHUM AJrOPUTMAaM
KOMTT'FOT€PHOTO OadueHHsi. 3rOpTKOBA YACTHHA Me-
peKi BUKOPUCTOBYETHCS [IJIsT BUTSATYBAHHS 0COOJIH-
BOCTEl JIOKAJIbHUX YaCTWH 300paxkeHus. Po3ymmHO
OUiKyBaTH, 10 OTPUMAaHA iHOpMaIisa Oymae mpumIa-
THOTO J71s1 Kiacudikariiil okpemux jitep. [Ipore, ma-
Ha Kjaacudikalis He € CTifiKoI0, OCKiTbKU HMOBIp-
HICTh TPABUJBHO PO3MI3HATH CJOBO € JOCUTH Ma-
JI0T0

P=pP1-P2"-Pn

i ckTamaeThes 3 10Oy TKY WMOBIpHOCTEH TPABUIHHOL
kaacudikamii gitep. Aje #MOBIpHICTH HACTYTHOTO
CUMBOJIy 0OECIOCepeIHbO 3aJIEKUTDh Bij TOMEpeTHiX

Transcription
Layer

Recurrent
Layers

Convolutional
Layers

Puc.
CRNN

"state"

[Is[-TE[-Tafalt[Ee]

.I‘

S
peae

g. . ) VH-E‘ E

3:  Burusan

CUMBOJIIB. PeKypeHTHi mapu B Mporieci HaBYaHHS YCIHINTHO BUBYAIOTH 3a-
raJbHI MPABUJIA HAMNCAHHS CJiB Ta IPABUIBHO ‘“UUTAIOTH’ HABITH ITOMMUJI-

KOBO HAaIlUCAHY JIiTEpY.

s ekcnepuMenty Oys0 obpaHy HaBYaabHY 0a3y aHIVIHCHKHAX
cnie TAM Handwriting database, 115 tucau 306paskennb ciiiB. Ompumari

DPEZYALTATIU:
e Tounictn: 75%
e Cepemms edit distance: 0.1
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TOYHI PO3B’SI3KI HEJITHIMHOTO PIBHSIHHS B
YACTKOBUX IIOXIJTHUX METOJOM
(G’/G)-PO3IINPEHHS

Kpasuyk Ozbra
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JIbBiBCHKUMI HamioHANbHWI yHiBepcuTer iMmeni Isana Ppanka
QakysbTeT TPUKIIAIHOI MaTEeMATUKH Ta iHdOpPMATUKI
germional8@gmail.com

Posrasinemo Ka® pisuusa Broprepca[l]:
uy + puu, + QU + Ty — SUgze = 0,qs >0 (1)

Buaiizgemo itoro poss’sasok Merogom (G’/QG)-posimmupentsi|2].

Jane piBHAHHS JOCTIIZKYEMO BUKOPUCTOBYIOUN TaKy MOCJiTOBHICTH KPO-
KiB.

Kpox 1. Beegemo 3minmy £ Ta BUKOHAEMO TaKy 3aMiHY:

u(z,t) = u(€), & = - Vt,

ae V — koncranta. Bracaimok maHol 3aMian oTpuMyeMo 3Budaiine aude-
PEeHITiaIbHe PiBHIHHS
—Vu' + pun’ + quPu’ + rz — su” = 0. (2)
Kpok 2. Po3p’si3ku piBHsAHHS (2) MIyKAEMO y BUIJIsII
m G/ .
Zi:o ai(ﬁ)za am # 0. (3)

JI71s1 3HAXOMZKEHHS M PO3IVIAHYTO OTHOPiAHmi Oamamc Mix u?

u 1 u”.
Orpumano m = 1. Orzke po3s’si30K piBusung (1) Oyue Maru BULIsiy
u(§) =a (%) +ao,a17#0 (4)

’

e (%) 3aI0BOJIbHSE 3BUYaiine audepeHiiaabHe PIBHIAHHA
G"+ NG+ uG =0 (5)

Kpok 3. Iigcrasnsroun (4) y (2) Ta 3BiBumM wieHn Olisg OJHAKOBHX CTe-

TIeHiB (%/), OTPUMYEMO MHOTOYJIEH Bif (%) y JiBiit yacTuHi piBHOCTI i
MPUPIBHIOEMO KOXKEH KOeMIIieHT IbOr0 MHOTOY/IEHA 10 HyJsA. B pe3ysibra-
Ti OTPUMAEMO CHCTEMY AJTEOPUIHUX PIBHIHD MIOJ0 TAapaMeTpiB

g, @1, M, )‘a ‘/ap, q,s,T.

Kpoxk 4. Po3p’s3aBmmu cucreMy 3 MOMEPEIHHOIO KPOKY OTPUMAEMO

ag, a1, t, A, V,p,q, s, . Po3rasgHemMo oauH i3 OTpUMaHUX PO3B’SA3KiB:

_ —3sp® 4 2qr?

24¢s? ’
65 e

1):0,/14 )‘:07



p r\/% 6s

ag = ——

q¢  /6s q

Je p,q,S,r — JIOBLIbHI KOHCTAHTH.

[MigcrasisiemMo po3s’s3ku anreOpudHOl cucremu y (4) Ta OTpUMy€EMO rimep-
OOMYHUI, TPUTOHOMETPUIHNH Ta PAIlOHATLHIN PO3B’I3KMH.

I'padikm parionanbHOTO, rinep6OAiTHOrO Ta TPUTOHOMETPUIHOIO PO3B’A3KiB:

-
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BEB-OPIEHTOBAHUI JOJATOK AJIsI BIACTEXKEHHS
JIABOPATOPHUIX POBIT TASKER

laiinykos Poctucias B’aueciaBoBuy
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QemproBuda, PakyIbTeT MATEMATHKY Ta, 1H(DOPMATUKH
rostyslav.haidukov@live.com

B enoxy indopmMariiiHux TeXHOJIOTIH MPOIEC CJIiIKYBAHHS BUKJIAIAYA
3a BUKOHAHHSAM CTyAeHTaMu JIaOOPATOPHUX POOIT BUMArae aBTOMAaTH3AIi].

V 3B’43Ky i3 aKTUBHUM PO3BUTKOM BEO-TEXHOJIOTIH, BEJITUKOI MOILYJIsIp-
HOCTI HAOyBaOTL BEO-IOJATKHU, IO HAMAIOTH AOCBiI KOPHUCTyBada OJU3b-
Kuii 10 KopuctyBauus 3suuaitanmu Desktop-momarkamu. Bee Oibie mo-
JATKIB Temep MOXKYTh MOXU3YBATHUCS BEO-BEPCisiME, B TOMH K€ 9ac iCHYIO-
4qi BeO-I0JATKM TEPEHOCATH OijIbIe JIOTIKM Ha, KJIIEHTCHKY CTOPOHY — HA
Front-End.

Byno Bupimeno po3pobutu Takuii 1oAaTOK, Tak 3BaHuil Single-Page
application. /TomaTok /103BOJIsi€ BUKJIAATy CTBOPUTH IEBHUM pOOOUIMit Ipo-
ctip. Bukmagast Moxke 3a MOCUIAHHAM 3aITPOCUTH CTYIEHTIB. Y KOKHOMY
pobOYOMy MPOCTOPI MOXKHA CTBOPUTH CIIPWHT, i TYIW J0JABATH BapiaHTH
nmaboparopaux podiT. CTyaeHT MoxKe OaduTH mepesik pobodux obiacreit,
Kyau #ioro 3anpocuiu. CTyZeHT Ma€ CBOIO JIONIKY, JIe BiH MOXKe 0aduTu
crosuui i3 rpynamu 3aBuanb (Todo, In Progress, Done). Cryuenr moxe
epeTITHYTH 3aBaanHs i3 cnpunTa 3 Koaouku "Todo"s "In Progress". Bu-
KJIaJ@4 Ma€ MOBHUM IOCTYM J0 JOIIKW KOPXKHOTO CTymeHTa. llicis BUKO-
HaHHS 3aBIaHHs fioro Tpeba mepersraytu B "Done".

IIpu po3pobii Single-Page momarkiB 10BOAUTHCS MOHOJITHUN I0/ma-
TOK pO30uBaTH HA 2 OKpeMi J0JaTKu: KIieHTCchKuil i cepepuuit. Crinkyro-
Thest BOHU Mik coboio mo REST. [lyist 36epekennss JaHWX HA KJIEHTCHKIi
croponi Bukopucrano WebStorage API.

s po3pobku Front-End 6ysmo BukopucTano mupoko Bigomy 6i0stio-
rexy React [1]. Bona 103BoJisl€ I€KIAPATUBHO OIUCYBATH CKJIAHI iHTEpP-
deiicu Be6 Ta MOOLIBHUX JOJATKIB. 3a PAXYHOK BUKOPHCTAHHS TEXHOIOIIT
Virtual DOM npu 6y/b-saxkux 3minax B inrepdeiici nepepenyBarucs 6yie
TIJIBKY Te, 110 3MIHUJIOCS, a He IIijla CTOPiHKA.

B akocti CKB/I obpano mepessiiiiay mokymenToopieaToany CKB /1
MongoDB [3]. Bona kiacudikyerbca sk NOSQL, sukopucrosye JSON-
mo/ibHI TOKyMeHTH Jis cxemu Janux. OCHOBHOIO TI€PEBAroi € MpocToTa
ta rayukictb JSON dopmary, BiicyTHiCTH KOPCTKO 3aJaHOT CXeMH, IO
MPU3BOIUTH 10 BUCOKOI IBUIKOCTI PO3POOKH.

Ceprepna vacrnna (Back-End) peasizoana Ha Node.js [2]. Ile ce-
penoswmine JavaScript, sKe HaIae Hg?nOKonqy ACHHXPOHHY MOJENb JIJIst



orepaitiiii BBO/Iy-BUBOLY.
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JIEIIEHTPAJII3OBAHI JJOJATK HA OCHOBI
BJIOKYEWH
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B enoxy mudpoBux TeXHOJIOTIH IEMEHTPAI30BAHICTh JAHUX IPAE Be-
JIUKY POJib B 3axucTi indopmaril i miapobok, it misicaocri. Came TyT y
rpy BcTymae OIOKUEiiH, TEXHOJIOTisS, M0 HaOy/Ia BEJIMKOl MOIYJISPHOCTI B
ocrauui poku. Bono #i He JUBHO, a/Ke 3aB/sKM HHOMY MH MOXKEMO 6e3-
mevHO 30epiraTv CBOI JIaHi, HE MEPEKWBAIYH 3 iX IUICHICTH, PO3MOPSI-
JKATUCH CBOIMU (hiHAHCAMY, BAKOHYBATH BaXKKi OOYMCIIEHHS HA JEK1THKOX
MaIlWHAX OJIHOYACHO i HaraTo iHImoro.

Bokueitn mocmiBHO O3HAYMAE <«JTAHIIOXKOK Os0KiB». Ile 6aza mammx,
sdKa 30epiraerbcsa omHOIACHO Ha Oe3idi komm'torepiB. Hosi 610ku B 1riit
6a3i-JIAHITIOKKY CTBOPIOIOTHCS TOCTiHHO. KOoyKeH HOBOCTBOpeHwMit OJIOK Mi-
CTUTDH TPYIy BIOPSAIKOBAHUX 3ANUCIB (TPAH3AKIIH), 0 HAKOMTUYUINC 38,
oCTaHHil Jac, a TakOXK 3arosioBoK. Kosu 0710k cchopmoBanuii, BiH mepesipsi-
€THCSA IHIMAMH YIACHUKAMHU MePexKi 1 MOTiM, sIKIMO BCi 3TO/IHi, i1 € THYETHCS
JIO KiHIIS JIAHIIOXKKA. fIK TITBKH 1€ CTAI0Csd, BHECTH B HHOT'O 3MIiHH ByKe He-
MoxkuBo. Kpim HOBOI indopmarii 6,10k Takozk 36epirae B 3amm@poBanomy
BUTJIAII JaHi Ipo monepeani 610ku. A 6a3a aBTOMaTUYHO OHOBJIIOETHCS HA
BCIX MAKJTIOYEHWX JI0 CUCTEMH TTPUCTPOTX.

OnHa 3 HaftnomynspHimux mwiardgopM, Mo cTBopena Ha 6a3i 610K Yeli-
uy - Erepiym [1]. e nnardopma s cTBOpeHHs NPAKTHYHO OylIb-sKUX
JlelleHTpaIi30BaHuX OHJIaliH-cepsiciB Ha 6a3i Guokueitna (Dapps), wo upa-
IIOI0Th Ha 0a3i pO3yMHMX KOHTPAKTIB. PeasizoBaHa sK €IWHA IEIEHTPA-
si3oBaHa BipryasbHa MmamuHa. Iges Oysa Brizena 30 junas 2015 poky.
Ockinbku Ethereum cuiibHO CHpOIIye 1 37€IMIEBIIIOE BIPOBAKEHHS 0J10-
KueiiHa, oro BIPOBaKYIOTh K BeJMKI rpasui, Taki sk Microsoft, IBM,
Acronis, Coepbank, 6ankiBcbkuit Koucopiiym R3, tak i HOBi crapraru.

Jl1st HATTMCAHHS CMAapT-KOHTPAKTIB Ha 0a3i Erepiym BuKOpHCTOBYE-
ThC 00’ €KTHO-OPIEHTOBAHA, TA MPEIMETHO-OPI€EHTOBAHA MOBA MPOrPaMyBa-
uug Solidity [2]. e craruuno tunizosana JavaScript-moaiGua moBa mpo-
rpaMyBaHHs, CTBOPEHA IJIsi PO3POOKK PO3YMHUX KOHTPAKTIB, SKi MPAIio-
10Th Ha Bipryasbhiii Mamubi Ethereum (EVM). ITporpamu na mosi Solidity
rpanciaoiorbes B Gaitrkox, EVM. Solidity s03Bosisie po3pobHUKaM CTBO-
PIOBATH CAMOIOCTATHI TTPOrPAMHY, IO MiCTSITh DI3HEC-JIOTIKY, PE3YIbTYIOUY
B TpaH3aKIiitHI 3anucu 6J10qu1'/’1Hy.6g[i,quHMy}0Tbcsi KOMIIJIEKCHI 3MiHHI



KOHTPAKTIB, BKJIIOYAIOYM JOBLIbHI iepapxiuni Binobpaxkenns (mappings)
i crpykrypu. Konrpakru niarpumyiors CHa/KyBaHHS, BKJIOYAIOYH MHO-
xunne i C3-mineapusarito. [ligTpumyersesa Ginapuuit inTepdeiic mporpa-
myBantga (ABI), mo mae 6e3stiv TunoGesnednux GyHKIIH B KOXKHOMY KOH-
TPAaKTi.

Jns B3aemomii 3i Ethereum momamu Bukopucroyioun HTTP a6o
IPC 3’ennanns Oyia 3aiisna kosekuis 6ibaiorek web3.j [3]. BaBusku niit
MH MOXKEMO OTPUMYBATH 1HMOPMAIIIO 3 JEIeHTPATI30BaHOI 6a3u JAHWUX,
PO3TOPSAIKATUCH BJIACHUMHU TOKEHAMH, HaJACUIaTH iH(OPMAII0 HA HOIH,
TOIIIO.

MetaMask - me posmupeHHs Ay AOCTYILY [0 PO3MOILIEHHX 01~
tkiB Ethereum, a6o "Dapps"y 6payzepi. Posmupenus soy1osye API Web2
Ethereum y kourekcr JavaScript koskHOTO BeO-caiiTy, Tax 1o dapps Mo-
KYTh dunTaTH 3 OMoKueitH Mepexi. MetaMask mo3Bossie KopmcTyBatieni
CTBOPIOBATH 1 KEPYBATHU BJIACHUMU iMeHTUMIKAMIAME, TOMY, KOJIHU JIEIEH-
TPaTI30BaHMI TOAATOK XOU€ BUKOHATH TPAH3AKIIIIO 1 3AIIMCATH B OJIOKYEHH,
KOPHUCTYBaYI MAa€ 3MOTy 3aTBEPAUTH 0O BiIXWUIUTH ii.

Ilin wac po3pobKu Oy/10 CTBOPEHO JTOJATOK, 38 JOMOMOIOI0 KOO Ce-
PeI BCIET TPy KOPUCTYBAUIB OOMPAETHCS KEPIBHUK METOIOM TOJIOCYBAH-
us. Kokl 3 KOPUCTYBAYiB CIOYATKY MAE MPUETHATHUCS O TOJIOCY BAHHS.
Jani BiH MOXKe TOJATH CBOIO KAHIUIATYPY Ta MPOTrOJOCyBaTh 3a cedbe abo
3a IHINOrO KaHIUIaTa. 3aPEECTPOBAHUN B TOJOCYBAHHI KOPUCTYBAY MOXKE
6a4uTH XTO IIPUEIHABCH /10 FOJIOCYBAHHS, XTO IIOJAB KAHIUIATYPY Ta XTO
BIKe TporoJjiocyBaB. B KiHTi BiH MOXKe TOIMBUTHCH YU BCi 3apEECTPOBAHI
KOPUCTYBAYi MPOrOJIOCYBAJIN Ta TOOAYUTH PE3YIHTAT IIHOTO TOJIOCY BAHHS.

Ocobnusicrio maardopmu Ethereum € moBoJIi JIerka METOINKA CTBO-
penns Biacaux Tokenis. Hadinpocrimum € crangapr ERC-20 [4], wo Busna-
qa€ Habip MpaBuJI, AKi MOBUHHI OyTH JOTPUMAHI JJisi TOTO, MO0 TOKEH OyB
OpuiiHATHH 1 MaB MOXKJIMBICTD B3a€EMOISATH 3 IHINMMHU TOKEHAMH B Mepe-
xi. Cami TOkeHU € OJIOKUEHH-AKTUBH, sIKi MOXKYTh MATH IIiHHICTD, 8 TAKOXK
MOXKYTh OyTH BifnpaBieHi #f orpuMaHi sk Oyab-siKa IHIIA KPUIITOBAJIIOTA.

Takox 6ys0 CTBOPEHO AOIATOK, IO JA€ 3MOTY OJMKYe O3HANOMMU-
THCs 3 PO3POOKOIO BJIACHOIO TOKEHY Ta PO3IVISAHYTH chepy BUKOPUCTAHHS
TOKEHA siK BaJIOTH. A came [10JIaTOK, IO J03BOJISIE KOPUCTYyBadaM OpaTu
y4JacTh B JIOTEpel, ePerIaIaTH TTOMepPeIHI TPAH3AKIIIT Ta, irpu, BAKOPUCTO-
BYIOUM TEXHOJIOTiI0 Oj10Kk4eiin Ta anroputm Keccak st 3HAXOMKEHHS BU-
MTaIKOBOTO YUCJIA, PO3TOPS?KAIOYUCH BJIACHUMHU TOKEHAMHU, 8 TAKOXK MATH
3Mory KouBepTaril Bagioru Ethreum B TOKeHH Ta HaBIAKH.

st BimoOpazkenns indopmairiii 0y/10 BAKOPHCTAHO javascript ¢ppeiim-
BOpK Vue.js [5]. Vue BukopucToBye cnarakcuc mabdaonis Ha ocnosi HTML,
10 03BOJISE JEeKJIaparuBHO 3B’sa3yBaru pergepuar DOM 3 ocHOBHUMMH
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exk3emiuigpavu ganux B Vue. Bei Vue mabmonu Banigai HTML, i moxyTh
6yru po3napceni 6paysepamu ta HTML napcepavu. Beepenuni Vue kommi-
JIIO€ TITa0JIOHN B peHIepruHroBi Dy HKINT BipTyaasaoro DOM. B noennamHi 3
PEAKTUBHOIO CHCTEMOIO, Vue 3[aTHUH PO3yMHO O0UMC/IUTH KiJIbKICTh KOM-
IIOHEHTIB JIjIsi pe-peHJUHTY Ta 3aCTOCYBATH MiHIMAJIBHY KiJMbKIiCTh MaHi-
nyasiiit 3 DOM, komu cran 3acrocyHky 3minuTbes. st crunizarii KkoM-
[IOHEHTIB HA CTOPOHII BHKOpucTOoByBaB Vue-Bootstrap - 6i6iioreky sika
HAIA€ MOXKJIUBICTh, MBUIKO i TTPOCTO KOPUCTYBATUCH TOTOBUMU, CTHII30-
BAHUMU Bi3yaJbHUMHU 00’€KTaAMMU.

VY mporieci po3pobku OyB CTBOPEHUIT I11e OJINH TOJATOK, IO T03BOJISE
KOPHCTYBa4aM IMPOBOJWATH AyKIIOH 3 MPOJAXKy MailHA, BUKOPUCTOBYIOUH
TEXHOJIOTiI0 OJIOK4YeliH Ta PO3IOPsXKATHCH BiacHuMu TokeHamu. Kopucry-
BAY Ma€ 3MOTY BHCTABUTU MAWHO HA MPOJAYK, BKA3ABIIHU HOTO MiHIMAJIBHY
I[iHy, 9aC BIPOIOBXK SIKOTO HOro MOXKHA Oyme mpuabaru, 3a moTpedu Bi-
MIHUTH 3aMOBJIEHHSI PO MPOJaK. B CBOIO 4epry MOTEHIIHWI MOKyIelb
MOXKE 3aIPOINOHYBATH BJIACHY IIHY 3a TOBAp, KUl HOTO 3aIikaBuB ado
KyIHUTH TOBApP 3a (PiKCOBAHOIO BAPTICTIO.

B pesynbrari 6ys10 po3pobsieHO TPU MOBHOIIHHKX H0JATKA HA OCHO-
Bi TexHosorii 6siokdveitn, Ha 6a3i Erepiym. IIpoektu Gysim cTBOpeHi B Ha-
BYAJIbHUX IIIAX, TXHI CHPIIEBI KOA¥ OyJiv BUCTABJIEH] y BiIKpUTHl TOCTYTI,
JIJIS TOTO 00 JOMOMOITH 1HIAM PO3POOHUKAM JIETTIIe TPOEKTYBATHA CXOXKi
JOIATKH.
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Beryn

Y mam gac Bce Oisbie i 6isibIlle HAOUPAIOTH MOMYJIAPHICTH COIIATh-
HI MEpexKi Ta MeceH/KepH, dKi 3a0e3Medy0Th KOMYHIKAIIIO MiXK JIIOIbMHA.
Pazowm i3 mum, TaKoK CTAIOTH MOMYIAPHAMHA TaK 3BaHi ‘gaTrborn’ - mporpa-
MH, IO HA OCHOBI MOJIEJIi MAIIMHHOIO HABYAHHS, PO3II3HABAHHS MOBH Ta
HEWPOHHWX MepeK iMITyIoTh po3MoBy. Ileprrti waTboTn Oyam cTBOpPEHi 111e B
60-x pokax XX CT. , aje 3 pO3BUTKOM iHTEpHET TEXHOJIOTi# Ta MeCeHIKe-
PiB, 151 KOHIIEMIIis T0Ya/Ia CTPIMKO HAOMpATH MOy ISIPHICTD y HAIl 9ac. Y
it po6oTi posrisiHyTo crocid nobymnoBu Takux cucreM, crsopentns UI/UX,
JIOCJTIT?KEHHSI CEePBICiB, AKi JMO3BOAIOTHCS Ha OCHOBI http 3amuris, Kmacu-
dikyBaTu TEKCT KOpUCTyBada. 3 BHCOKOro piBHs poOOTa 60TA MOJISraE B
TOMY, II00 MATH MOXKJIMBICTH BU3HAYATH HAWKDAIIY BiAMOBiAbL I OYIb-
AKOro oTpuMaHoro nosigomsenns. g "waiikpama"Biqnosins nosunua (1)
BiAOBiCTH HA 3anuWTaHHA BianpaBHUKa, (2) HagaTu BianoBiaHy iHdopma-
uio BianpaBHuky, (3) HOCTABUTH 3alUTAHHS IOAO MOAAJBIIMX [UTAHD,
(4) uponoBxkuTu po3MoBy peasicrudnum crocobom. Ile mocurb BUCOKMI
opAI0K. BOT MOBWHEH MATW MOMKJIWBICTH 3pO3YyMITH HAMIpW MOBiIOMJIE-
HH$ Bi/ITPABHUKA, BU3HAYUTHU, IKU{ TOTPiOHO BUOpATHU THI BiAOBIZHOTO
noBioMIIeH sl (HACTYIHMIA 3amuT, IPAMUI BIATYK TOINO), & TAKOXK 3a0€3-
[MeYyBaTH BUKOHAHHS MTPABUILHAX IPAMATUIHUX TA JIEKCUIHUX TPABHII ITi [T
qac (popMyBaHHS BiAmOBii.

TosnoBua ines

Inea crBopeHHsi cucTeM 4YarOOTIB s MECeHKepiB(Ha TpUKIaIi
facebook messenger) 6a3yerbca Ha http 3anurax. ¥ posii Kji€HTa BUCTYyIIA€
BebcaiiT abo MobiIbHA ammikarisa mecermkepa. TexHiTHO Bce BiIOyBaEThCs
3a cxeMO0 1ozxaHoio Ha pucyky (Puc.l). ¥V nac € kiienr — oxun i3 10-
MyJIPHAX MECEHIKEPiB, 10 B3aEMOJIIE 3 KOPUCTYyBAYEeM, OTPUMABITIHN TTOBi-
JOMJIEHHS BiZT HHOTO, (DOPMYE Ta BiAMpaBisie 3amuT Ha cepBep. Bin oTpu-
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MaBIIK Tiei 3amuT, 00pobse oro. TekcT KopucTyBada, 3a3Budaii, cepBep
Binnpasisie na NLP cepsic, axwuit, 00pobuBiin 1eif TEKCT, ITOBEPTAE IAHI
po HBOTO Hazad. Tomdi cepBep, MalOYM yCi Ii JaHi TPO TEKCT KOPUCTYBa-
4Ja, aHajidye #oro, Ta GopMye BiAMOBiIb, Ky BiAmpaB/se HA3aJ HA Me-
CeHKep, 1 TaM BiH mepeaeTbes kKopuctysady. CTBopuTH 9aThOT, MOKHA
i 6e3 Bukopuctanasg NLP cepsiciB, BUKOPHCTOBYIOUN TpHUBiaIbHY 0OpPOO-
Ky MOBLJIOMJIEHHSI KOPHCTYBada Ha cepBepi. 3aCTOCYBAHHS TAKUX CEPBICiB
HaJla€ 3HAYHY TTepeBary Ta OiabITi MOKJINBOCTI. 3a JOTIOMOTOI0 TAKUX Cep-
BiCiB MOYKHA CTBODWUTH 3HAYHO KpAIy CHUCTEMY, KA 3MOXKe BiIMOBimaTh
Ha, mupwit Habip mutanb. Takux CepBiCiB BHACIIAOK PO3BUTKY IT€l iHIy-
cTpil € ynmaso. KoxkeH i3 HUX MPOIOHYE MIOCH, IO MOXKE CTATH B IIPUTOIL
B KOHKperHomy Bunajky. Omaum i3 Hadtnonynaspuimux jgius NLP B nam
vac € Dialogflow, sikuii pamimme nasupascst Api.ai. Ieit npoaykT OyB Ky-
mwrennit kommaniero Google Ta mpaloe HA OCHOBI MAITMHHOTNO HABYAHHS
Ta HEHPOHHUX MepexK. ¥ Iiff cucTeMi BaApTO 3a3HAYNUTHU KiJIbKA BAXKJIUBUX
a1t poboTH i3 He TepMiHiB, HanpuKIad: AreHT — 00’€KT, 10 MICTUTH
y cobi Bcio iHdOpMaIiiio /1jiss BUKOPUCTAHHSA, Ta € OJWHUIIEIO, Ky 9aTO0TH
BHKODPUCTOBYIOTH JIJisi Po3ii3HaBanis rekcry. CaMe pos3iisHaBaHHs Ta TPe-
HYBaHHS areHTa BiI0YBAETHCSA HA OCHOBI JAHHWX. TpeHyBaHHS BimOyBae-
Thed 3a Mogensmu Intent, Entity, mpo sxi Gl geTanbHO Oy1e po3Ka3aHo
Ha camiii npe3enTariii. TakoX areHT MOKPAILYEThCs 3aBJIAKU B3a€MOJIIl 3
HUM KopucryBadiB. Ha ocHOBI manux, siki BiH OTpEMY€E B IPOIECi 00poOKH
TEKCTIB KOPUCTYBA4a, BIH T€2K HABYAETHCHA TA CTAE KPAIIUM.

YV mamomy BUMAIKY, KJIi€HTOM BHCTymae Facebook messenger abo
Telegram, sikuii OTpUMaBIIK TOBIOMJIEHHST Bil KOpUCTyBa4a , GopMmye Ta
BiJIIpaBJIsie 3amuT HA CEPBEP, AKUil MiC/asd mbOro, 00pobsse #oro. Texkcr
KopucryBauda, 3a3pudaii, cepsep Bimupasise na NLP(Natural Language
Processing) cepsep, Jjisi Toro, mo6 3po3yMiTu Hamip KOPUCTyBada, Ta,
OTPHUMABIIHU JIAHI PO HAMIPU KOPUCTYBada, BiAMOBimHHM IrHOM (HOPMYE
Ty Y7 iHITY BiMOBIAEL JJ1s KOPUCTYBAda Ta BiIMPaBd€e HA3a/I 0 KIIEHTY.
Cam cepBep peasizoBanwmii 3a 70moMoror Texuosorii Node.js, skuit 3aBms-
KU CBOI#i apxiTekTypi, mo 6asyersbes na nomiax(Event driven architecture),
€ OJTHUM 13 HAWKPAIUX IHCTPYMEHTIB JJisl MOMIOHUX JOMATKIB 3 MipKYBaHb
IIBUKO/III.

Tonosua inest UI/UX uarboris

VY garborax, /yzKe BayKJNBO MOOYAyBaTH MPABUIbHAIN XiJ] B3a€MO/Iil 3
KopuctyBadeM. Ha ocHOBI mocC/iIzKeHb Ta, BJIACHOTO IOCBiLy, MU POMMO BH-
CHOBOK, III0 9MM Oi/IbII BY3bKOIO € CHeriatiszaiisa 4arbora, Tum OiibIe BiH
OyB edeKTUBHUM Ta TOYHUM. JlyKe BaXKJIMBUM y CTBOPEHHI MPUKJIATHOTO
MIPOTPAMHOTO 3a0€3MeueHHs 6y;u>—sn<%o MpU3HAYEHHS, HE TITbKY 9aTOO0TIB,



€ 3a0e3MmedeHHs IPOCTOl Ta IHTYITUBHO 3pO3yMiIol B3a€MOIl 3 KiHIIEBUMHI
KopucryBadamu npoaykris. OCHOBI foci1i/iiB, Ta ONUTYBaHb, CTAIO BiIIOMO
Te, IO YuM OiIbITe TiAKA30K 4aTOOT HAMAE KOPUCTYBAYEBI, THM KPAIIOHO
Oyze B3a€MO/Iist i3 HUM.

Jlireparypa

[1] https://docs.microsoft.com/en-us/azure/bot-service/bot-service-design-first-
interaction

[2] https://dialogflow.com/docs/getting-started/basics
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PO3POBJIEHHA T'PA®IYHOI'O MO VYJIA

TH®OPMAIINHOI CUCTEMHU ITPOTHO3YBAHHSA
IIOTOIN

Ouer Baucris, Ykpaina
Hamionanasuuit micorexuiunmit yHiBepcuTeT YKpainu
HapuanbHO-HAyKOBHiT IHCTUTYT 1epeBOOOPOOHUX Ta KOMIT IOTEPHUX
TEeXHOJIOTiit 1 In3aiiny

Bceryn. ZKurTa gio/eit B 3HadHiit Mipi 3a7€KUTH BiJI MOTOIHIX YMOB
Ta BMiHHS 1X TporHO3yBaTw. Ha ChOrOmHINTHIN JeHb MPOTHO3YBAaHHS TO-
TOJIM TIPOBOJUTHCS HA HAYKOBil OCHOBI 3 BHKOPUCTAHHSAM IOTYXKHHUX 00-
YHUCTIOBAILHUX CEPBEPIB i BETUKOrO 00’€MYy METEOPOJOTiYHUX JAHUX, SIKi
HEME 00pobasgioThesd. [IpoHo3oBaHi mapamMeTpu mMOroau pi3HOl 3aBIACHOCTI
BimoOpazkarorb y mepexi IarepHer Ha pi3HOMaHITHHX CcafiTax y BUIVISII
TEKCTY, TaDJIUIb, KapT, rpadikis.

BaxamBuM 3amUIAETHCA 3aBAAHHS MTOCTIMHOTO MOHITOPWHTY Ta, TPE/I-

CTaBJIEHHS METEOPOTOTIYHUX JAHUX IIPOTHO3Y Yy (pOpMi, 3Py UHiH A7TsT CIIPUITHSI-

TTd KopucrtyBadamu y lurepueri. Tomy 3a7a4a aBTOMATHYIHOIO KOHTPOJIIO
Ta BiOOparkeHH IUX JAHUX € AKTYaJIbHOIO 33/I1a4€0 SK B HAYKOBOMY TaK
i B TpakKTUYHOMY TIJIaHi.

Metra pobortu nossarae B po3podsenti rpadiunoro Mmomyas iudop-
MaIifHOl CUCTEMU MPOTHO3YBAHHS MOTOIH.

Bukusasa ocHoBHOTro Martepiady. ZKicTb MOZAHHS YUCIOBHUX J1a-
HEX B iH(pOpMAIIfiHAX cHCTEeMaX iCTOTHHUM YHHOM 3aJIEKHTb Bij JOCTO-
BipHOCTI Ta crmocoby ix mpeacraBjenHs. [Ipu po3pobiaeHHI TPOrpaMHOro
3abe3medentst rpadidHOro Momyns iHdOPMAIitHOI CHCTEMU TTPOTHO3YBa-
HHS TIOTOJIW, JTAHI OTPUMYIOTHCS B PEAJTHHOMY dYaci MIIAXOM CHHTAKCH-
9HOTO aHaji3y Beb-pecypcy ¥YKPaiHCHKOIO ripoMeTeopOoIOriYHOrO EeHTPY
(https://meteo.ua/ua). 3 nieio mMeroio 3acrocoBano 6ibrioreky DiDom mo-
Bu nporpamyBanag PHP. g nomyky meooxiganx HTML-enementis Bu-
KOPUCTOBYETHCSA METO/T:

find (mapamerpl, napamerp2),

ne nmapamerpl — massa CSS-cemekTopa;
napamerp2 — run CSS-cenekropa (3a 3amosuyBanuam Querry:: TYPE CSS).

Orpumani maui 36epirajorses y dpopmari JSON 3 meroro 3abe3mete-
HHSI KOMITAKTHOCTI Ta IIBHUKOI IX 0OPOOKH.

st rpadivnoi Bizyanizanii morogaux Janux Bukopucraso JavaScript-
6ibmiorexky Chartist.js. /lana 6i6mioreka 3acrocoBye (opMar BEKTOPHOL
rpadikn SVG ta migTpuMyeThcs BciMa cydacHUMHU Opay3epami.
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Pospobiere mporpavue 3abe3medeHHs MPeICTABIIIE BEO-CAMT, TOJI0B-
Ha CTOPiHKA SKOI'O IIPEJICTABJIEHA HA PUCYHKY 1.
st BimoOpaskeHHs MPOTHO3Y MOTOAY B IEBHOMY HACEJIEHOMY MYHKTI

Ykpainn HeoOXi/IHO BBeCTH HOro Ha3BY y IOJI MOIIYKY Yy BepxHiil JiBiit
9aCTUHI CTOPIHKM.

5 oravica o]

B KueB

Ha TUXAGHE

+ 1 8 o O O Onaau: Xmapro 2 WeuAKicTs BiTpy: 3.8. M/C

O Bonoricrs: 43% N/ Hanpsmok sitpy: Misg

MporHo3 noroan Ha TUXAeHb

- Py (@) +10 +20
- Q e (@) 410 +18
L P — (@) +10+15
yr Q Onagu: XmapHo, cnabkuii gowy sy e 419

Puc. 1: TonoBHa cropinka Beb6-caiTy

Ipadivne npejcrasieHds mapaMeTpiB IpOrHO3y (TeMmeparypu, Bo-
JIOroCTi, TUCKY) HA NOTOYHUI THXKIEHb IEMOHCTPYETHCs B HUXKHIN yacTuni
uiei cropinku (puc. 2)

padikm

Teuneparypa potarou noss (0

Bonoricrs %

Tk, v pr. T

Puc. 2: I'padiune mpeacraBienss mapaMerpiB IPOrHO3y Ha MOTOYHUN TH-
KJIEHD
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Jlns nepernsgay rpadikiB mapaMerpiB IPOTHO3Yy MOTOAM Ha, MEBHUM

senb (puc. 3) ThKHs 10TpiObHO BUOpATU FIOro 31 CLUCKY LPEACTaB/IEHOIO
Ha, CTOPIHII.

Ipadikn

Puc. 3: I'padiku mapaMerpiB mpoOrHo3y MOTOAN HA MEBHUI JI€Hb THKHS

BucuoBku. Po3pobieno nporpavue 3abe3mnederts rpadigHOro Mo-
ynst indopManiifHol cucreMu MpPOrHo3yBanus noroau. Jlany Beb-cucremy
MOXKHA, 34CTOCOBYBATH [IjIsi OTPUMAHHS B 3py4YHOMY rpadidaomy BUTIISI
gerasnbHOl iHdopMaril mpo noroaHi yMoBH y pidHux micrax YKpaiHu.

Jlireparypa

[1] DiDOM [Esexmponnuti pecypc] : [Be6-catim]. — Peocum docmyny:
https://github.com/Imangazaliev/DiDOM (dama 3eeprennsa 10.03.2019). —
Hasea 3 expana

[2] Chartist.js [Eaexmponnuts pecypc] : [Beb-catim]. — Peowcum docmyny:

https://gionkunz.github.io/chartist-js/ (dama seepnenna 17.03.2019). — Ha-
360 3 EKPAHA.
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YNCJIOBE PO3B’sI3YBAHHZ{ 3ATAYI

AJBEKIII-IU®VY3II I3 3ACTOCYBAHHSIM
AJITOPUTMY JIPIXJIE-HEMIMAHA

Cuonap Ipuna Bomogumupisua, @suc Codia Tapaciua
VYxpaina, JInBiB
JIbBiBCHKMIT HarioHANBHMI yHiBepcuTeT iM. IBana @panka
dakynbTeT NPUKJIAIHOI MATEMATHKY Ta 1H(OOPMATHKY
irynka-ww@ukr.net, sophia__sonedko@ukr.net

Beryn

YucioBe J0CITiIKEHHS TTPOIIECiB aaBeKIli-ardy3ii Bimirpae BakaInBy
POJIb TIPU MATEMATUYHOMY MOJEIOBAHHI 331349l MEPEHOCY 3a0PYyIHEHD Y
cepenoButii. [Ipore Bimomum € Toit daxT, MO 3aCTOCYBAHHS METOIY CKiH-
gennnx enementis (MCE) [I] no posp’sa3yBanns 1iel 3aza4i y BUIAJIKY
Benuknx uncen [lexse € needpeKTUBHUM 3 OIVIALY HA 3HAYUHI ocrusrii. B
nmamiit pobori 3acrocoBano amropurm lipixse-Heiimana [2] 3 Bukopucra-
HHSIM CIEIAIbHUX TPOOHUX (DYHKINH [j1d ycyHeHHs Ii€i mpobmemu. s
aHaJIi3y pe3y/bTaTiB 37ificHeHO BepudiKaIio OTPUMAHOTO PO3B’A3KY.

Agnropurm /lipixie-Heiimana,

Posrnaremo 3agady agpekiiii-audysii

Aquy = div(buy) + bouy = f B Qy,

Asug = div(—vVug + bug) + bouz = f B Qo
u; = g1 va O \T,

U2 = g2 Ha 8QQ\F,

uy = ug Ha I, ¢
Ous
onr

—b-nru; =v —b-nrus Ha I

TlonoBua imes meromxy lipixme-Helimana momsrae B ToMy, 10 HA OIHIN 3
mimobsacreit hopMyIOITE 3amady 3 KpaiioBumu ymoBamu Jlipixie, a Ha
inmiit — 3 kpaitoBumu ymoBamu Heitmana. Po3s’sa3yroun itepariiiiao orpu-
Mami 3a1adi, 3naxoaaTh mocmgosrocti bynxmii {u; e Qp, {usM}e Q,
110 30irafoThes 10 pO3B’A3KiB BUXITHOI T€TEPOTEHHOI 3a1a4i U 1 Uy Biamo-
Biguo. CuiBuajinus po3s’s3KiB ©1 1 ug Ha CHiabHINA Mexki migobsacreil 24
i Q9 3a06e3mevTyeThCss YMOBAMY CITPSIYKEHHS.
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Puc. 1: 3o6paxenns npobuux GbyHkuii ¥;(xy, x2)

Bubip npobrux dyHKIii
Bgeznemo cuenianbui npobui dbyuxuii [3]
Vi(z1,22) = ¢i(T1,T2) — (w1, 72),

Y(z1, T2) = Wn@i(T1, T2)Pj (71, T2) (71, T2),
ze @i, @;, O, - Oiminiitai 6asncai dyskmii MCE, w,, - HOpMajbHa CKI3I0-
Ba BEKTOPA IMBUIKOCTI, (v - TAPaMeTP, MO JO3BOJISAE KOHTPOJIOBATH BILJINB
nonomizkuol dbyukuii (1, z2). Beegeni mogudikoBani npobui dyHKIHT 30-
Opazkeni Ha puc. 1.

Bepudikarist pesysbpraris

Jlms Bepudikariii po3B’si3Ky 331a€MO Ha IBOX MPOTUICIKHUX TPAHMU-
ngx obsmacti omHOpinHy ymoBy Heiimana, a Ha ABOX IHIIHX — OXHOPIAHY
ymoBy ipixite. Po3B’s130k MaTume BHUIVISA MUIIHAPA, TOOTO HA KOXKHIN 3
NpsMUX T2 = a, ge a € [0, 2], Bin 6yae onHakoBuM. ToMy SIKIIO Terep 3a-
GbIKCYyeEMO KOODIUHATY T3, TO OTPUMAEMO aHAJIOT OJHOBUMIPHOTO BUTIAJIKY,
KU MOYKEMO MOPIBHATH 3 AaHATITHIHUM PO3B’sI3KOM. 3 puc. 2, 3 6aaumo,
IO PO3B’SI3KHU € yzKe TOTiOHNMH.

Excrnepumenranbauii mopsaao0k 3612KHOCTI 009ucauMo 3a hOPMYII0I0:

_ In(e1)—In(e2)
D= tah)—in(ho)
PesynpraTn masemeno B Tabm. 1.
Takox 3zificunMo BepudIKaIliio PO3B’sa3KYy IIISIXOM BHKOPHCTAHHS
cxemu Eftrkena. lj1st ekCciepuMeHTaIbHOTO TTOPSIIKY 30i12KHOCTI 3aCTOCYEMO
dopmymy (1).
In(d1) — In(d2)

t5(q) (38)



Puc. 2: Po3s’siz0k Ha di- Puc.  3:  Awmamituunmii

KCOBaHiit mpaMiii pPO3B’s30K
Ly | w
Anpiopuuit mopsmok 36i:kHOCTI 2 1
Excriepumenrtansuuit mopsaok 30ikuocri | 2.02 | 0.93

Taba. 1: Iopsiaok 36i:KHOCTI y TOPIBHAHHI 3 AHAJITHYHUM PO3B’A3KOM

PesynpraTn masemeni B Tabs. 2.

Ly | wi
IMopsamok 30ixkuocti | 1.97 | 0.94

Tabu. 2: Ilopsanok 36ixkHOCTI 3a cxemoio E#iTkeHa

Bucuosok

PosrngamyTo rereporerty Momes b 3a1adi aapekiti-andy3ii. s 3ua-
XOIPKEHHST PO3B’SI3KY 337441 3aCTOCOBAHO AJITOPUTM JIEKOMIIO3UINT 001aCTi
Hipixne-Heitmama 3 BUKOPHCTAHHAM MOAMMDIKOBAHUX TPOOHUX (DYHKITIH.
[IpoBeneno Bepudikaliito OrpuMaHOro PO3B 43Ky MIJIAXOM IOPIBHAHHS HO-
T'0 OITHOBHMIPHOI MPOEKIIil 3 AHAJITHIHAM PO3B’I3KOM Ta ILISXOM BHKOPH-
cranng cxemu Eirkena. Orpumani pesyJibraru JeMOHCTPYIOTh, 110 €KCIIe-
PUMEHTAJIbLHUN MOpsI0K 30i1KHOCTI OIM3BbKUiT 10 ampiopHOTO.

Jlireparypa

[1] Casysa A. I Yucnosuii ananis 3anad Maremarndrol ¢isuku Bapiauifinumu
merogamu // f. I. Casysa. - JIbiB: Bumasuuunii nenrp JIHY iveni Isana
®panka, JIbBiB, 2004. — 221 c.

80



[2] Quarteroni A. Heterogeneous Mathematical Models in Fluid Dynamics and
Associated Solution Algorithms // A. Quarteroni — NY : Springer, 2012. — p.
57. — (Multiscale and Adaptivity: Modeling, Numerics and Applications).

[3] Fletcher C. Computational Galerkin Methods // Springer-Verlag New York,
1984.— p. 352.
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AJAIITUBHA CXEMA METOZAY I'PAHNYHNX
EJIEMEHTIB OJI¢f 3AJAYA POIIOALIIY
EJIEKTPOCTATUYHOI'O ITIOTEHIIAJIY

®ait Bacuab
Yxpaina, JI6BiB
Hamionannuauit yaisepcurer iMeni Isana ®@panka
DakyapTeT MPUKJIAJIHOI MATEMATUKK Ta iH(OpMaTHKY
vasylfay@gmail.com

VY nawiit poboTi npeaCcTaBIeHO IPOrPAMHY Peasii3aliio B CeperoBu-
i MATLAB anropurmy mjist h-aJanTUBHOTO METOLY MPAHUYHUX €JIEMEH-
1iB(MT'E) 7151 po3B’si3yBaHHs 33,189 PO3IO/LITY €JI€KTPOCTATHIHOrO IIOTEH-
iaJjIy 3 BUKOPHUCTAHHSIM 3BaYKEHOI altOCTEPIOPHOT OIIHKY NOXUOKN KYCKOBO
JMHIAHAX ampoKcuMaliiit mporo Meromy. IIpocTopoBuit po3momia enexkTpu-
9HOIO MMOTEHIATY ¢ Y HAIMBIPOBITHAKY MOXKHA 3HAMTH IILJISIXOM PO3B’A3KY
piBusinuasa Ilyaccona
g =——p(f) (39)
EED
Je € — BiIHOCHA JieJIeKTPUYIHA TPOHUKHICTh MaTepiaty, €9 — eTeKTPUIHA
nocriiina, p(r) ryctuHa 06’€MHOTO 3apsjly, KUl BU3HAYAETHCS 3aPSAI0M
i0HI30BAHUX JOMIIIOK Ta BiITbHUMHU HOCisiMHU. /I71s1 BUTIAAKY HEBUPOIZKEHOT
CTATUCTUKHU BLJIBHUX HOCIIB 3apsy

p(r)=—e {no exp (%) — Po €Xp (—%) + Ny — ND} (40)

JI€ N, Po — KOHIIEHTPAIlil BlJIbHUX €JIEKTPOHIB Ta JIIPOK 33 YMOBH BLJICYTHO-
cTi moBepxHEBOTO 3apaay, N4, Np — KOHIIEHTpAIlil i0HI30BaHWX aKIENTOPIB
Ta JOHOPIB.

PiBusinns (2) HeoOXiHO JONOBHUTHU JABOMA MpaHUIHUME yMoBaMu. Ilepina
3 HUX BUIUIUBAE i3 ymoBHM cumerpil (mocepeiuHi MixK mopamu IIOTEHIIAJ
LIOBUHEH JIOCAIaTH €KCTPEMYMY ), & APYyra 3a/1a€ HOPMaJIbHY CKJIQJIOBY Ha-
IPY’KEHOCTi eJIEKTPUTHOTO TOJIS Ha MOBEPXHI mopu pagiyca 7’

o =0 (41)
dr r=R
dy o
— =—— 42
dr|,._.o €€ (42)

st mocaigzKeHHsa 3a1adi BBEIEMO 3arajbHui (pOPMOJIOBAHHS HAIIOI 3a-
Jadi B HACTYIHOMY BUIVIA]L :

—Au §2f B {2 (43)



g—Z:gZ)HaF (44)

Posp’s3annsg 3a0a4i (5)—(6) ekBiBajeHTHE PO3B’A3aHHIO IHTErPATIHLHOTO PiB-
HSAHHS BUIJISLY:

u(x) = Nf(z) + Vé(z) — Kg(z) forall z € 2 (45)
CrpsiMmyBaBIIN X HA TPAHUIIIO OTPUMAEMO:
Wu=(1/2—K')¢—N,f onl (46)

V - morennian npocroro mapy, K - norennian mogsiiinoro mapy, K’ cups-
xennit oneparop n0 K, W rimepcunryngapumnii oneparop, N1 moxizna mo
HOpMaJIi Bij onmeparopa morenmiany Hriorona Ny

Iarerpasphe piBHsAHHS PO3B’d3yemMo Meromom lajwpopkina. s amocrepi-
opuoro oriuopanasa moxuOku MI'E ckoprcraemocss BiamoBimgHOIO 3BazKe-
HOIO LIOXMOKOIO 3alPOIIOHOBaHy y pobori [1]:

o = || (WU~ (172~ K) (24 M) (47)
L2(T)
e Ay € po3B’sI3KOM TAKOro JONOMIizKHOI'O PiBHSIHHS
(VA Wo)p = (NoFp, ¥p)1r (48)

s TOKAJIbHOTO QTANTYBAHHS CITKH CKOPUCTAEMOCS aJTrOpuTMOoM Jlfop-
dbuepa. O6uuciaumo 3HauenHs noxubKu 3a Gopmysnow (9) Ijsd KOKHOrO
CKIHYEHHOI'O €JIEMEHTA, BU3HAYMMO MHOXKUHY €JIeMEHTIB SKOI BUKOHYETbCs
yMOBA:
~2 ~ N2 ~ N2
00, =0 Y @) < D alr) (49)
TEEUTy TEM,

0 — napametp agantariii, £ —ciTka MeToxy, M - i IMHOXKWHA €TEMEHTIB [T
nepepaxyHky. Iliciss 3HaxomKeHHs JaHOI MHOXKHHHU, IMOAPIOHUMO KOXKEH
eJIeMEeHT /11 3a/IaHHS HOBOI CITKH.

YucoBi pe3yabraTn

JL1s1 mepeBipKu poOOTH TTPOTPAMHOTO 3a0€3MeUEHHST PO3TJISTHEMO TAaKy CIIPO-
IIIEHHY TEeCTOBY 3aJa4y :
—Au=181 (50)
ou 0, malp (51)
on 5, ma o
Ha pucynky nokazauna cirka orpumana upu cirni 3 30 ejgementis.
Tabn. 1 gemMoOHCTpPYE pe3ysbTaTh, ONEPKAHI B MEBHUX TOYKAX BCEPEIWHI
obJracTi mpwu 3rymieHHi CiTKu 3a Aongyom}o h-aganTuBHOI cxeMu.



erementis | (0,0) (0,0) (0,0) (0,0) (0,0)
10 2.3770 | 2.1987 | 2.0045 || 1.7890 | 1.5584
50 2.3774 | 2.1990 | 2.0047 || 1.7892 | 1.5586
150 2.3774 | 2.1990 | 2.0047 || 1.7892 | 1.5585
500 2.3775 | 2.1991 | 2.0048 || 1.7893 | 1.5585
Tabn. 1
Jlireparypa

[1] C. Carstensen, E.P. Stephan A posteriori error estimates for boundary
element methods, Math. Comp. 64 (1995), 483-500.

[2] O.C. Zienkiewicz, J. Z. Zhu A Communications in Applied Numerical
Methods, 1988

[38] /ZI.C. Monacmupcoxut, I.B. Oaenuu, B.C. Coxoaoscvruti MopemoBanns

PO3IOAITY €eIeKTPOCTAaTUYHOIO IIOTEHINaly y IOPYBATOMY KpeMmHil, JIbBiB-
CbKuil HamioHAJIBHUU yHIBepcutTeT imeni IBana ®panka, 2016
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MIKPOCEPBICHA APXITEKTVYPA IIP1 PO3POBIII TA
MOJIEPHI3AIIII BEB-3ACTOCYHKIB

Poman Mynuk
VYkpaina, JIbBiB
JIbBiBCHKMIT HaIliOHAIBHMI yHiBepcuTeT iMeHi IBana @panka
DaKyJIbTET TPUKJIAIHOT MATEMATUKY TA iHGOPMATHKA
work.mulykr@gmail.com

Chigkyroun 3a TPEHIAMY Ta TEHIEHIIIIMU PO3BUTKY METOIIB PO3P0O0-
KU TIPOTPAMHOTO 3a0e3MeYeHHsI, MOKHA 3ayBAaXKUTH, III0 CaAMe MiKpOCepBi-
CHA apXiTEeKTypa CTa€ JyzKe TOMyJISPHOI0, OCKITbKW HAJA€ ONTUMAJIbHE
BHUpIIEeHHs 71 MoOYI0BH BeO-aIlTiKaIlii, AKi JTerKo MiATPUMYBATH Ta PO3-
[IUPIOBATH.

Bynyroun Beb-ammikaiiio 3 BUKOPUCTAHHSIM IIPUHIMIINB MiKpOCepBi-
cuoi apxitekrypu (MSA), po3poGHUK PO3IIMPIOE TPOCTIP CBOIX MOXKJIHUBO-
creil, aJKe KOXKEH KOMIIOHEHT (MiKpOCEpBIC) TaKOro J0JaTKy € He3ajie-
KHUMHA, KPIM TOTO yCi MOIY/ MOXKYTb OyTH HAITMCAHMMH HA, PI3HUX MOBAX
IpOrpaMyBaHHS.

Monolith Microservices

Business
Logic N

Puc. 1: Apxirekrypu

TonoBuuM 3aBranHsM Mikpocepsicy € najgaru kiaieary nesuuii APT (y
Bunayky Be6-amiikaiii WebAPI), sikuii Gyne o6pobiisitu 3anuTu KOpUCTy-
Bava Ta HA/JABATHU BiAmOBiAl B odikyBaHoMy (hpopmarti.
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BazxksimBum € Te, mo MiKpocepBic Ma€ BUKOHYBATHU JIHIE KOHKDETHY
“opuuuio” poboru i BukonyBaru 11 gocuth sikicao. Cami k cepsicu Tex
MOXKYTh B3a€MOIIITH 38 JOMOMOTOI0 MTPOCTUX CHCTEM OOMIHY TTOBiIOMJIEH-
HMH.

IMo6ynosy armikanil (B pi3Hux Bapianigx) 3 BUKOPUCTAHHSAM CTPATE-
riit MSA nposeMOHCTPOBAHO HA MPUKJIAI CTBOPEHHS IHTEPHET-MAra3uHY.
[Iporsirom po3pobKu BUIIE3raJaHOrO I0AATKY, Ipoiiaeno mirparito Bix MVC
ASP.NET Core 2.1 amikaii 10 unctoi MSA 3 BUKOpHCTAHHSAM TEXHOJIOTIT
SPA (Angular 7), npoanaJii30BaHO IIJIAXH BUPIIIEHHS TPOOJIEM, SIKi BUHU-
KalOTh y X0/i Takol mirpamnii. Orpumyioun riOpugaHi apxiTeKTypu, IpoaHa-
JTI3yBaB MepeBaru, HeJOIKU Ta JOIIIbHICTh TAKUX MAaHIMTY/TATIN.

Hybrid architecture

@’\
Cookies /
/

JWT

N e

Puc. 2: T'i6puana apxiTekTypa

Taka Tema € TOBOJI aKTyaJbHOIO, OCKLJIbKU OaraTo ammikarii 10cTy-
nHuX y Mepexi [areprer € po3pobiaennmu came 3a mabiaonom MVC, Tomy
MaTU BiJIOMOCTI IIOAO OCYy4YaCHEHHS X IJIAXOM II€pEeBeJIeHHsI Ha MOJIepHi
Ta Oibmr “Jerki” apxiTeKTypu € IOHAlMeHIe KOPUCHUM, a B3araji Ba-
JKJIUBUM.

A nanranis MVC annikanii mig MSA nae it mmpokunii ClleKTp nepesar
npu i1 my6mikamnii B Iarepreri. Cepen HUX Taki sk BHCOKA JTOCTYIHICTD,
MacIITaboOBaHICTh OKPEMUX KOMIIOHEHT AILTiKAaIlil, MOKJIMBICTH TOBTOPHO-
0 BUKOPUCTAHHS CePBiCiB, IpocTa 3aMiHa MO/JLYJiB, Ta MEHIIA BapTiCTb
yTpuMmyBaHHs 11 Ha mpocropax [urepuery. Cepen HeIOTIKIB — ps TpobIeM
OB’ sI3aHUX 3 BU3HAUEHHSM IPAB JOCTYITY 10 PECYPCiB ¥ MEBHUX BUMATKAX.
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