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ÏÐÎÁËÅÌÈ ÏÎÁÓÄÎÂÈ ÏÐÎÃÐÀÌÍÎÃÎ
ÇÀÁÅÇÏÅ×ÅÍÍß ÄËß ÐÅÀËIÇÀÖI� ÇÀÄÀ×I ÐÎÑÒÓ

ÐÀÊÎÂÎ� ÏÓÕËÈÍÈ

Àíäðié Êàâåöüêèé
Óêðà¨íà, Ëüâiâ

Ëüâiâñüêèé Íàöiîíàëüíèé Óíiâåðñèòåò iìåíi Iâàíà Ôðàíêà
Ôàêóëüòåò Ïðèêëàäíî¨ Ìàòåìàòèêè òà Iíôîðìàòèêè

andriykavetsky@gmail.com

Ðèñ. 1: Äîñëiäæóâàíà îáëàñòü ç ðàêîâîþ ïóõëèíîþ.

Ó ðîáîòi ðîçãëÿäà¹òüñÿ çàäà÷à ÷èñåëüíîãî ìîäåëþâàííÿ àâàñêó-
ëÿðíîãî ðîñòó ðàêîâèõ ïóõëèí â æèâèõ òêàíèíàõ (ðèñ. 1.). Ìàòåìà-
òè÷íà ìîäåëü, ùî âèêîðèñòîâó¹òüñÿ äëÿ äîñëiäæåííÿ öüîãî ïðîöåñó,
îïèñàíà â ðîáîòi [1], ìîæå áóòè ïîäàíà ó âèãëÿäi ïî÷àòêîâî-êðàéîâèõ
çàäà÷ iç çìiííîþ ãðàíèöåþ:

0 = ∇2c− c â ΩT , (1)

0 = ∇2c â ΩH , (2)

cH |Σ = cT íà Σ, (3)

∂cH
∂n̄1

= −∂cT
∂n̄2

íà Σ, (4)

7



c = 1 íà S, (5)

äå c - øóêàíà ôóíêöiÿ êîíöåíòðàöi¨, ÿêà çàëåæèòü âiä x òà t, D =
DH/DT � âiäíîøåííÿ êîåôiöi¹íòà äèôóçi¨ â çäîðîâié òêàíèíi äî êîå-
ôiöi¹íòà äèôóçi¨ â ïóõëèííié òêàíèíi;

0 = ∇2p â ΩT , (6)

p = k + (G− χ)(c)Σ −G−AG
x · x
2d

íà Σ, (7)

òóò ïðèéíÿòi ïîçíà÷åííÿ: p � ïàðöiàëüíèé òèñê, k - ëîêàëüíà ïîâíà
êðèâèçíà, A � êîåôiöi¹íò, ùî îïèñó¹ âiäíîñíó ñèëó äi¨ àïîïòîçó i ìiòî-
çó êëiòèí, G � êîåôiöi¹íò âiäíîñíî¨ äi¨ êëiòèííîãî ìiòîçó äî ìåõàíiçìiâ
ðåëàêñàöi¨(ìiæêëiòèííî¨ àäãåçi¨), d � âèìiðíiñòü ïðîñòîðó, x � ïîëîæå-
ííÿ â ïðîñòîði.
Îòðèìàíi ðîçâ'ÿçêè, äàþòü çìîãó çíàéòè øâèäêiñòü çìiíè òî÷îê ãðà-
íèöi ïóõëèíè, ÿêà çàëåæèòü âiä êîíöåíòðàöi¨, ïàðöiàëüíîãî òèñêó òà
ãåîìåòði¨ îáëàñòi. Öÿ çàëåæíiñòü îïèñó¹òüñÿ ñïiââiäíîøåííÿì:

V = −n · (∇p)Σ +Gn · (∇c)Σ −AG
n · (x)Σ

d
, (8)

äå V - øâèäêiñòü çìiíè ãðàíèöi ïóõëèíè ó íàïðÿìêó çîâíiøíüî¨ íîð-
ìàëi, n - çîâíiøíÿ íîðìàëü äî ãðàíèöi Σ.

Äëÿ ÷èñåëüíîãî äîñëiäæåííÿ âèêîðèñòîâóþòüñÿ ñõåìè ìåòîäó ñêií-
÷åííèõ åëåìåíòiâ, ñõåìà Êðàíêà-Íiêîëñîí òà ñõåìà ëiíåàðèçàöi¨ Íüþòîíà-
Ðàôñîíà [3]. Ïîáóäîâàíèé ïðîãðàìíèé êîìïëåêñ íà ìîâi C]. Ïðè ñòâî-
ðåííi ïðîãðàìíîãî çàáåçïå÷åííÿ äëÿ ïîäiáíîãî êëàñó çàäà÷ âèíèêà¹
ðÿä òðóäíîùiâ i àñïåêòiâ, ÿêi ïîòðiáíî âðàõîâóâàòè íà åòàïi ïðîãðàìó-
âàííÿ, ÿêi ñëiä çàçíà÷èòè áiëüø äåòàëüíî:

1. Çàäàííÿ äàíèõ äëÿ ïðîãðàìè. Çðîçóìiëî, ùî â ðåàëiÿõ ìè ìà-
òèìåìî ñïðàâó iç òðèâèìiðíèì ñåðåäîâèùåì i çàäà÷à ðîçãëÿäà-
òèìåòüñÿ â ÷àñi. Íà åòàïi íàóêîâèõ äîñëiäæåíü, äëÿ âåðèôiêàöi¨
ïiäõîäiâ òà ìåòîäiâ ÷àñòî ðîçãëÿäàþòü äâîâèìiðíi çàäà÷i. Çîêðå-
ìà çðó÷íî ìàòè òðè ôîðìè ïîäà÷i:

• Çàäàííÿ ãðàíèöü ó âèãëÿäi íàáîðó òî÷îê.

• Ó âèãëÿäi ðiâíÿíü ãðàíèöü ïîâåðõîíü îáëàñòåé.

• Ó âèãëÿäi çîáðàæåíü iç ðîçïiçíàâàííÿì îáëàñòåé.

2. Ïðîãðàìà ìóñèòü ïåðåäáà÷àòè ðîáîòó iç íåîäíîçâ'ÿçíèìè, íåêà-
íîíi÷íèìè îáëàñòÿìè, îñêiëüêè æèâi òêàíèíè é îðãàíè ìàþòü
íåïðàâèëüíó ôîðìó. Îòæå, ìåòîä ïîáóäîâè ñiòêè ñêií÷åííèõ åëå-
ìåíòiâ ïîâèíåí âðàõîâóâàòè öi îñîáëèâîñòi.
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3. Îñêiëüêè ãðàíèöi îáëàñòåé äîñëiäæåííÿ çìiíþòüñÿ, ïîòðiáíî öå
âðàõîâóâàòè ïðè çàäàííi ãðàíè÷íèõ óìîâ. Òîìó çðó÷íî ïîäiëèòè
êîæíó ç ãðàíèöü íà îêðåìi ñåãìåíòè, äå çàäàþòüñÿ ðiçíîãî ðî-
äó ãðàíè÷íi óìîâè. Öå ïðèâåäå äî òîãî, ùî äëÿ çàäàííÿ ãðàíèöü
îáëàñòåé ïîòðiáíî âèêîðèñòàòè ñêëàäíiøi i¹ðàðõi÷íi ñòðóêòóðè
äëÿ çáåðåæåííÿ äàíèõ. Â ïðîãðàìi äëÿ çáåðåæåííÿ äàíèõ ãðà-
íèöü âèêîðèñòîâó¹òüñÿ ñïèñîê ñïèñêiâ, ùî äà¹ çìîãó çäiéñíþâà-
òè ïîäië îáëàñòi íà ïiäîáëàñòi. Ó ïîäàëüøîìó äëÿ îá÷èñëåííÿ
ãðàíè÷íèõ iíòåãðàëiâ ïî îáëàñòi ñëiä âðàõîâóâàòè íàïðÿì îáõîäó
êîæíî¨ iç ãðàíèöü.

4. Äëÿ ñêií÷åííèõ åëåìåíòiâ ìîæóòü áóòè âèêîðèñòàíi ðiçíi àïðî-
êñèìàöi¨ òà ñòðàòåãi¨. Òîìó ïðè ñòâîðåííi ïðîãðàìíîãî çàáåçïå-
÷åííÿ ñëiä âèêîðèñòàòè ïàòåðíè Àáñòðàêòíà Ôàáðèêà, Áóäiâåëü-
íèê, Ôàñàä, Ñòðàòåãiÿ, Êîìïîíóâàëüíèê.

5. Çàäà÷à íà òèñê òà êîíöåíòðàöiþ ðîçâ'ÿçóþòüñÿ îêðåìî, àëå äëÿ
çíàõîäæåííÿ ïåðåìiùåííÿ ãðàíèöi íàì ïîòðiáíî îòðèìàòè çíà÷å-
ííÿ â îäíàêîâèõ âóçëàõ, òîìó ñiòêè ñêií÷åííèõ åëåìåíòiâ äëÿ öèõ
çàäà÷ ìàþòü àäàïòîâóâàòèñÿ íåçàëåæíî âiä òîãî ÿê ìè ðîçâ'ÿçó¹ìî
öi çàäà÷i.

6. Ïîáóäîâà íîðìàëi òà âiäîáðàæåííÿ ñiòêè. Íà êîæíîìó êðîöi ìî-
æå âiäáóâàòèñü çìiíà ñiòêè, àëå, çðîçóìiëî, ùî îñíîâíà ÷àñòèíà
öèõ çìií áóäå íà ïðèìåæîâîìó øàði. Òîìó ïîòðiáíî ðåàëiçóâà-
òè àëãîðèòì, ÿêèé äîçâîëèòü íà îêðåìèõ êðîêàõ ïåðåáóäîâóâàòè
ëèøå ÷àñòèíó ñiòêè.

Ìíîþ ðîçðîáëåíèé ïðîãðàìíèé êîìïëåêñ, ðåçóëüòàòè ðîáîòè ÿêî-
ãî áóäóòü ïðîäåìîíñòðîâàíi ïiä ÷àñ âèñòóïó íà êîíôåðåíöi¨.
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Ó çàäà÷àõ iç ðiçíèõ ãàëóçåé ÷àñòî âèíèêà¹ ïîòðåáà ïðàöþâàòè
ç äàíèìè, ïðåäñòàâëåíèìè áàãàòîâèìiðíèìè ìàñèâàìè � òåíçîðàìè.
Âîäíî÷àñ, îïåðóâàòè íèìè â ¾ïðèðîäíîìó¿ âèãëÿäi íå çàâæäè çðó÷íî
òà åôåêòèâíî, îñîáëèâî ó âèïàäêó âèñîêèõ ïîðÿäêiâ (êiëüêîñòi âèìi-
ðiâ).

Äëÿ âèðiøåííÿ ïîäiáíèõ ïðîáëåì çàñòîñîâóþòü ìåòîäè äåêîìïî-

çèöi¨, òîáòî ïðåäñòàâëåííÿ ñêëàäíîãî òà ãðîìiçäêîãî ìàñèâó ó âèãëÿäi
äåÿêîãî ïî¹äíàííÿ (ñóìè, äîáóòêó) ìåíøèõ. Áiëüøiñòü öèõ ìåòîäiâ ¹
n-âèìiðíèìè óçàãàëüíåííÿìè ðîçêëàäiâ ìàòðèöi.

Ðèñ. 1: Òåíçîð 3-ãî ïîðÿäêó òà éîãî iíäåêñóâàííÿ

N-âèìiðíèé òåíçîð X ∈ RI1×I2×...×IN ¹ ïåðøîãî ðàíãó, ÿêùî
éîãî ìîæíà çàïèñàòè ó âèãëÿäi òåíçîðíîãî äîáóòêó N âåêòîðiâ: X =
a(1) ◦a(2) ◦ ...◦a(N). Iíàêøå êàæó÷è, êîæåí åëåìåíò òåíçîðà ¹ äîáóòêîì
åëåìåíòiâ öèõ âåêòîðiâ ç âiäïîâiäíèìè iíäåêñàìè:

xi1i2...iN = a
(1)
i1
a

(2)
i2
...a

(N)
iN

, in = 1, 2, ...In

Âåêòîðèçàöiÿ òà ìàòðèöèçàöiÿ (àáî ðîçãîðòàííÿ çà âèìiðîì

n, ïîçí. X(n)) ïðåäñòàâëÿþòü òåíçîð ó âèãëÿäi âåêòîðà ÷è ìàòðèöi,
íå çìiíþþ÷è éîãî åëåìåíòiâ i ¨õ ïîðÿäêó. Íà îñíîâi âëàñíî¨ ïðîãðàì-
íî¨ ðåàëiçàöi¨ ìîâîþ MATLAB äîñëiäæåíî ðåçóëüòàòè ðiçíèõ âàðiàíòiâ
îãîëîøåííÿ öèõ îïåðàöié òà ¨õ ñóìiñíiñòü iç ïîäàëüøèìè îá÷èñëåííÿ-
ìè.

Ðàíã òåíçîðà X � öå íàéìåíøà êiëüêiñòü òåíçîðiâ ïåðøîãî ðàíãó,
ÿêi â ïîåëåìåíòíié ñóìi äàþòü X . Âiäïîâiäíî, ðàíãîâèé ðîçêëàä �
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öå ïðåäñòàâëåííÿ òåíçîðà ó âèãëÿäi òàêî¨ ñóìè. Çàãàëîì, âèçíà÷åííÿ
ðàíãó ¹ NP-ïîâíîþ çàäà÷åþ.

Ðèñ. 2: Ðàíãîâèé ðîçêëàä òåíçîðà 3-ãî ïîðÿäêó ðàíãó R

Iäåÿ CP-äåêîìïîçèöi¨ òåíçîðiâ áàçó¹òüñÿ íà ðàíãîâîìó ðîçêëà-
äi. Äëÿ íàïåðåä çàäàíîãî R íåîáõiäíî ìiíiìiçóâàòè íîðìó ïîõèáêè:

min
X̃
‖X − X̃‖, X̃ =

R∑
r=1

λr a
(1)
r ◦ a(2)

r ◦ ... ◦ a(N)
r , (9)

äå λr ¹ íåîáîâ'ÿçêîâèìè êîåôiöi¹íòàìè íîðìàëiçàöi¨. ßêùî âåêòîðè

a
(k)
r êîíêàòåíóâàòè ÿê ñòîâïöi A(k) = [a

(k)
1 a

(k)
2 ... a

(k)
R ] i ñêîðèñòàòèñü

âëàñòèâîñòÿìè ìàòðè÷íèõ äîáóòêiâ Êðîíåêåðà, Õàòði-Ðàî é Àäàìàðà,
ìîæíà ìàòðè÷íî çàïèñàòè àëãîðèòì ALS çíàõîäæåííÿ ðîçêëàäó:

1: function candecomp_parafac(X , R)
2: for n = 1, ..., N do A(n) ← ìàòðèöÿ(In ×R)
3: end for
4: repeat
5: for n = 1, ..., N do
6: V← A(1)>A(1) ∗ ... ∗A(n−1)>A(n−1) ∗A(n+1)>A(n+1) ∗ ... ∗

A(N)>A(N)

7: A(n) ← X(n)(A
(N) � ...�A(n+1) �A(n−1) � ...�A(1))V†

8: íîðìàëiçóâàòè ñòîâïöi ìàòðèöü A(n), λ← íîðìè
9: end for

10: until íåìà ïîêðàùåííÿ ðåçóëüòàòiâ or ìàêñèìóì iòåðàöié
return λ,A(1),A(2), ...,A(N)

11: end function
V† � ïñåâäîîáåðíåíà ìàòðèöÿ R×R, ∗ � ïîåëåìåíòíèé äîáóòîê, � �
äîáóòîê Õàòði-Ðàî.

Âïëèâ íîðìàëiçàöi¨ òà ðiçíèõ ñïîñîáiâ iíiöiàëiçàöi¨ àëãîðèòìó íà
ðåçóëüòàò âèâ÷åíî çà äîïîìîãîþ ÿê âëàñíî¨ ðåàëiçàöi¨, òàê i ïàêåòó
Tensor Toolbox äëÿ MATLAB.
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Îäíèì iç ñüîãîäåííèõ çàñòîñóâàíü CP-ðîçêëàäó ¹ çàäà÷à êëà-
ñòåðèçàöi¨ äîêóìåíòiâ. Ïðèïóñêàþ÷è, ùî: ïîðÿäîê ñëiâ ó äîêóìåíòi
íå ìà¹ çíà÷åííÿ; êîæåí äîêóìåíò ìiñòèòü R òåì tr, i éìîâiðíiñòü ïîÿâè
ñëîâà çàëåæèòü âiä òåìè T ; ñëîâà â äîêóìåíòi íåçàëåæíi é îäíàêîâî
ðîçïîäiëåíi � ìîæíà çàïèñàòè iìîâiðíiñòü ïîÿâè äåÿêîãî ñëîâà w ÿê

P (w) =

R∑
r=1

P (T = tr) · P (w |T = tr)

Ç iíøîãî áîêó, P (w) ìîæíà îá÷èñëèòè ñòàòèñòè÷íî ÿê êiëüêiñòü ïîÿâ
ñëîâà, ïîäiëåíó íà çàãàëüíó êiëüêiñòü ñëiâ. Ïðîòå âñå îäíî íåìîæëèâî
îäíîçíà÷íî âiäíîâèòè óìîâíi iìîâiðíîñòi ç öi¹¨ ôîðìóëè.

Ðiøåííÿì ïðîáëåìè ¹ îá÷èñëåííÿ iìîâiðíîñòi ïîÿâè òðiéêè ñëiâ.
Òîäi ðiâíÿííÿ ñòàíå àíàëîãi÷íèì äî ôîðìóëè CP-äåêîìïîçèöi¨, ùî
ç óðàõóâàííÿì ¹äèíîñòi öüîãî ðîçêëàäó çà îòðèìàíèõ óìîâ äà¹ ìî-
æëèâiñòü îá÷èñëèòè óìîâíi iìîâiðíîñòi, i äàëi çà ôîðìóëîþ Áàé¹ñà
� P (T = tr |w1, w2, w3). Òåîðåòè÷íi çàñàäè ïåðåâiðåíî íà ïðàêòèöi çà
äîïîìîãîþ Python iç áiáëiîòåêîþ TensorLy.
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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, AI in games is more geared towards games which
can be played using a �xed 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 e�ect, 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 bene�ts.
It can lead to systems that can take decisions in complex tasks like games,
and demonstrate the e�ectiveness of arti�cially 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 e�ective veri�cation
of algorithms, it might be better to test on simulations �rst, 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-
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rithm, we �nd 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 �aws 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 e�ectiveness, and as can be seen from the following �gure,
the method far outperforms the previous one. But it is signi�cantly slower
to use in game at high enough FPS.

Figure 2: Advanced Lane Detection

End-to-end learning based methods

Two di�erent datasets were created by recording a player while play-
ing live, recording both the screen as well as keys pressed. The di�erences

14



between the datasets are illustrated in the table below:

Video Resolution Dataset Size
Key-Combinations
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 di�erent Con-
volutional Neural Networks were used, namely Alexnet [3] and Inception-
v2 [4]. All of these neural networks and dataset combinations gave di�ering
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 e�ectiveness of model, as in the real world situation of
playing the game, di�erent models presented non-ideal behaviours despite
having a good testing set accuracy.
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Ãåïàòèò Ñ � iíôåêöiéíå çàõâîðþâàííÿ, ñïðè÷èíåíå âiðóñîì ãåïà-
òèòó òèïó Ñ, i ïåðåäà¹òüñÿ ÷åðåç ïðÿìèé êîíòàêò iç êðîâ'þ iíôiêîâàíî¨
ëþäèíè. Âiðóñ ãåïàòèòó Ñ çàðàæà¹ êëiòèíè ïå÷iíêè - ãåïàòîöèòè - i
ðîçìíîæó¹òüñÿ â íèõ. Ó äàíèé ÷àñ íå iñíó¹ âàêöèíè ïðîòè öüîãî âi-
ðóñó ãåïàòèòó. Òîìó ïîðÿä iç êëiíi÷íèìè äîñëiäæåííÿìè àêòóàëüíîþ
çàäà÷åþ ¹ ìàòåìàòè÷íå ìîäåëþâàííÿ, ÿê ïðîöåñó ïîøèðåííÿ çàõâîðþ-
âàííÿ, òàê i ïðîöåñó éîãî ïåðåáiãó.

Âiäîìà ìàòåìàòè÷íà ìîäåëü iìóííî¨ âiäïîâiäi ïðè çàõâîðþâàíîñòi
íà âiðóñíèé ãåïàòèò Ñ [1], ÿêà  ðóíòó¹òüñÿ íà ìîäåëi Ã.I. Ìàð÷óêà [2],
i çàäà¹òüñÿ ñèñòåìîþ äèôåðåíöiàëüíèõ ðiâíÿíü iç çàïiçíåííÿì. Òàêîæ
âiäîìà ìîäåëü Âîäàðöà, ÿêîþ îïèñó¹òüñÿ äèíàìiêà êîíêóðåíöi¨ ìiæ âi-
ðóñîì òà iìóííîþ ñèñòåìîþ [3,4]. Ó äàíié ìîäåëi çàëåæíî âiä çíà÷åííÿ
ïàðàìåòðiâ iñíó¹ ï'ÿòü ïîëîæåíü ðiâíîâàãè. Ó äàíié ðîáîòi ðîçðîáëå-
íî ïðîãðàìó çíàõîäæåííÿ òà àíàëiçó ñòiéêîñòi ïîëîæåíü ðiâíîâàãè, à
òàêîæ äèíàìiêè ôàêòîðiâ ìîäåëi.

Ìîäåëü Âîäàðöà óçàãàëüíåíà øëÿõîì âðàõóâàííÿ ôàêòîðó çàáðó-
äíåííÿ íàâêîëèøíüîãî ñåðåäîâèùà, ÿêèé ìîæå çíèçèòè ðiâåíü iìóííî¨
âiäïîâiäi i óñêëàäíèòè ïåðåáiã õâîðîáè.

Íåõàé E(t) � óñåðåäåíåíèé ïîêàçíèê çàáðóäíåííÿ, t � ÷àñ, äå t≥t0 .
ßêùî ôàêòîð E ôîðìó¹òüñÿ äåêiëüêîìà ÷èííèêàìè, òî

E(t) = α1E1(t) + . . .+ αnEn(t), äå αi ≥ 0 i α1 + . . .+ αn = 1.
Ïîçíà÷èìî ÷åðåç T (t) - êiëüêiñòü íåiíôiêîâàíèõ ãåïàòîöèòiâ (êëi-

òèí ïå÷iíêè), à I(t) � iíôiêîâàíèõ, V (t) � âåëè÷èíó âiðóñíîãî íàâàíòà-
æåííÿ, Z(t) � êiëüêiñòü öèòîòîêñè÷íèõ T- ëiìôîöèòiâ (ÖÒË àáî CD8)
iW (t) � êiëüêiñòü àíòèòië â îðãàíiçìi. Ñòàí íàâêîëèøíüîãî ñåðåäîâè-
ùà íå ¹ ñòàáiëüíèì, íà ïðîòèâàãó çàáðóäíåííþ, äîâêiëëÿ ìà¹ çäàòíiñòü
âiäíîâëþâàòèñü ÷åðåç äåÿêèé ÷àñ τ > 0, i éîãî çíà÷åííÿ êîëèâà¹òüñÿ
íàâêîëî ðiâíîâàæíîãî ñòàíó K>0. Òîìó ââàæà¹ìî, ùî âåëè÷èíà E(t)
� îïèñó¹òüñÿ ðiâíÿííÿì Õàò÷iíñîíà [5]:

Ė (t) = r ( 1− E (t− τ)/ K ) ∗ E(t) (10)

äå 0 < r � êîåôiöi¹íò ëiíiéíîãî ðîñòó. Iç óðàõóâàííÿì âïëèâó ôàêòîðó
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E(t) íà ïiäñòàâi ìîäåëi Âîäàðöà îäåðæèìî òàêó ñèñòåìó ðiâíÿíü:

Ṫ = s− dT − βV T − χE,
İ = βV T − αI − pIZ,
V̇ = kI − µV − qV W,
Ż = cIZ − bZ,
Ẇ = gV W − hW

(11)

Ïîëîæåííÿ ðiâíîâàãè E = K ðiâíÿííÿ (10) àñèìïòîòè÷íî ñòiéêå,
ÿêùî 0 <rτ<π/2.

Â óçàãàëüíåíié ìîäåëi âðàõîâóþòüñÿ, ùî ðiñò çàáðóäíåíîñòi äîâêi-
ëëÿ E(t) âåäå äî ðîñòó øâèäêîñòi iíôiêóâàííÿ ãåïàòîöèòiâ i âiäïîâiä-
íî äî çìåíøåííÿ øâèäêîñòi ôîðìóâàííÿ íåiíôiêîâàíèõ îñiá. Ñèñòåìà
ðiâíÿíü äëÿ äîñëiäæåííÿ ïîëîæåíü ðiâíîâàãè ìà¹ òàêèé âèãëÿä:

s− dT − βV T − E = 0, βV T − αI − pIZ = 0
kI − µV − qV W = 0, cIZ − bZ = 0, gV W − hW = 0

(12)

Äîñëiäæåíî ñòiéêiñòü âiäñóòíîñòi çàõâîðþâàííÿ, êîëè E = K,
T = s−χK

d , I = V = Z = W = 0. Òàêå ïîëîæåííÿ ðiâíîâàãè äîñÿãà¹òüñÿ
i ëîêàëüíî àñèìïòîòè÷íî ñòiéêå ïðè âèêîíàííi óìîâ:

s−K > 0, 0 < rτ <
π

2
, αµd > Kβ (s− χK) .

Ðîçðîáëåíî ïðîãðàìó äîñëiäæåííÿ äèíàìiêè ôàêòîðiâ ìîäåëi, ïðî-
âåäåíî ÷èñëîâå ìîäåëþâàííÿ äèíàìiêè ñèñòåì ðiâíÿíü (11), (12) òà
ïðîiëþñòðîâàíî iíøi ÷îòèðè ïîëîæåííÿ ðiâíîâàãè.

Ëiòåðàòóðà
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èíôåêöèîííûõ çàáîëåâàíèé. Ò.2. Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå // Ì.:
Íàóêà, 2005. � Ñ. 352-404.

[2] Ìàð÷óê Ã.È. Ìàòåìàòè÷åñêèå ìîäåëè â èììóíîëîãèè: âû÷èñëèòåëüíûå
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ons // Springer, 2008. � C. 123.

[4] Dahari H., Lo A., Ribeiro R., Perelson A.Modeling hepatitis C virus dynami-
cs // I. of Theoretical Biology, 2007. � Ñ. 371-381.
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ÂÈÊÎÐÈÑÒÀÍÍß ÌÎÍÎËIÒÍÎ� ÀÐÕIÒÅÊÒÓÐÈ IÇ
ÏÀÒÒÅÐÍÎÌ MVC ÏÐÈ ÐÎÇÐÎÁÖI

ÂÅÁ-ÇÀÑÒÎÑÓÂÀÍÜ

Âåðìié Âîëîäèìèð
Óêðà¨íà, Ëüâiâ

Ëüâiâñüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Iâàíà Ôðàíêà
Ôàêóëüòåò ïðèêëàäíî¨ ìàòåìàòèêè òà iíôîðìàòèêè

volodymyr33929@gmail.com

Áiëüøiñòü òðàäèöiéíèõ çàñòîñóíêiâ .NET ðîçãîðòàþòüñÿ ó âèãëÿ-
äi îäíîãî âèêîíóâàíîãî ôàéëó, àáî îäíîãî âåá-äîäàòêó, ùî âèêîíó¹òüñÿ
â äîìåíi äîäàòêiâ ñëóæá IIS. Öå íàéïðîñòiøà ìîäåëü ðîçãîðòàííÿ, ÿêà
îïòèìàëüíî ïiäõîäèòü äëÿ áåçëi÷i âíóòðiøíiõ i íåâåëèêèõ çàãàëüíî-
äîñòóïíèõ äîäàòêiâ. Ïðîòå íàâiòü ó òàêié ïðîñòié ìîäåëi ðîçãîðòàííÿ
áiëüøiñòü áiçíåñ-äîäàòêiâ âèêîðèñòîâó¹ ïåðåâàãè ëîãi÷íîãî ïîäiëó íà
øàðè.

Ìîíîëiòíèé äîäàòîê ïîâíiñòþ çàìêíåíèé â ñâî¨é ïîâåäiíöi. Ïiä
÷àñ ðîáîòè âií ìîæå âçà¹ìîäiÿòè ðàçîì ç iíøèìè ñëóæáàìè àáî áàçàìè
äàíèõ, àëå â îñíîâíîìó éîãî ïîâåäiíêà ðåàëiçó¹òüñÿ â îäíîìó ïðîöåñi,
à âåñü çàñòîñóíîê ðîçãîðòà¹òüñÿ ÿê îäèí åëåìåíò.

Àðõiòåêòóðà çàñòîñóíêó ïîâèííà ìàòè ÿê ìiíiìóì îäèí ïðîåêò. Â
öüîìó âèïàäêó âñÿ ëîãiêà çíàõîäèòüñÿ â îäíîìó ïðîåêòi, òàêîæ âîíà
êîìïiëþ¹òüñÿ ÿê îäèí åëåìåíò.

Ðèñ. 1: Ìîíîëiòíà àðõiòåêòóðà
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Ïðîåêò ASP.NET Core ó Visual Studio íà ïî÷àòêó ïðåäñòàâëÿ¹ ñî-
áîþ êîìïëåêñíèé ìîíîëiòíèé ïðîåêò. Â íüîìó áóäå çíàõîäèòèñü óñÿ
ïîâåäiíêà äîäàòêó, âêëþ÷àþ÷è: áiçíåñ-ëîãiêó, ëîãiêó-äîñòóïà äî äà-
íèõ. Íà ðèñóíêó ïîêàçàíà ôàéëîâà ñòðóêòóðà äàíîãî çàñòîñóíêó, ÿêèé
ñêëàäà¹òüñÿ ç îäíîãî ïðîåêòó.

Â ñöåíàði¨ ç îäíèì ïðîåêòîì ðîçäië çàäà÷ ðåàëiçó¹òüñÿ çà äî-
ïîìîãîþ ïàïîê. Øàáëîí MVC âêëþ÷à¹ îêðåìi ïàïêè (models, view,
controller), à òàêîæ äîäàòêîâi ïàïêè äëÿ çàäàíèõ ñëóæá. Çà òàêî¨ îðãà-
íiçàöi¨ äåòàëi ÿêi âiäïîâiäàþòü çà ïðåäñòàâëåííÿ äàíèõ ìàêñèìàëüíî
ìîæëèâî ðîçìiùóþòüñÿ â ïàïöi ïðåäñòàâëåíü (Views). Äåòàëi ðåàëi-
çàöi¨ äîñòóïó ïîâèííi áóòè îáìåæåíèìè êëàñàìè, ÿêi çáåðiãàþòüñÿ â
ïàïöi (Data). Áiçíåñ-ëîãiêà ðîçìiùó¹òüñÿ â ñëóæáàõ i êëàñàõ, ùî çíà-
õîäÿòüñÿ â ïàïöi ìîäåëåé (Models).

Ïåðåâàãè:
Ãîëîâíà ïåðåâàãà ìîíîëiòíî¨ àðõiòåêòóðè öå òå, ùî áiëüøiñòü çà-

ñòîñóíêiâ âèêîðèñòîâóþòü îäíå i òå æ � òèïîâèé ôóíêöiîíàë: ëîãiíó-
âàííÿ, ïðàâà äîñòóïó i ò.ä.

Êîëè âñi äi¨ âiäáóâàþòüñÿ ÷åðåç îäèí äîäàòîê, äóæå ëåãêî ïðè¹ä-
íàòè òèïîâèé ôóíêöiîíàë äî êîìïîíåíòiâ.

Òàêîæ ¹ ïåðåâàãà ó ïðîäóêòèâíîñòi, àäæå çàãàëüíèé äîñòóï äî
ïàì'ÿòi øâèäøèé íiæ êîìóíiêàöiÿ ìiæ ïðîöåñàìè (IPC).

Íåäîëiêè:
Ìîíîëiòíi äîäàòêè ñèëüíî çâ'ÿçàíi i ñòàþòü íåçðîçóìiëèìè ç �ðîç-

âèòêîì� çàñòîñóíêó. Ç ÷àñîì ñòà¹ ñêëàäíiøå içîëþâàòè ñåðâiñè îäèí
âiä îäíîãî.

Ìîíîëiòíà àðõiòåêòóðà òàêîæ ñêëàäíiøà äëÿ ðîçóìiííÿ, òîìó ùî
çàëåæíîñòi ç ÷àñîì ñòàþòü ñêëàäíiøèìè, i íå çðîçóìiëî, ÿêèé åëåìåíò
çà ÿêó çàäà÷ó âiäïîâiäà¹.

Ëiòåðàòóðà

[1] Adam Freeman Pro ASP.NET Core MVC 5.
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ÂÈÊÎÐÈÑÒÀÍÍß ÁÀÃÀÒÎÐIÂÍÅÂÎ� ÀÐÕIÒÅÊÒÓÐÈ
(N-TIER) ÄËß ÑÒÂÎÐÅÍÍß ÂÅÁ-ÀÏËIÊÀÖI�

Ãóòié Òåòÿíà
Óêðà¨íà, Ëüâiâ

Ëüâiâñüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Iâàíà Ôðàíêà
Ôàêóëüòåò ïðèêëàäíî¨ ìàòåìàòèêè òà iíôîðìàòèêè

tatiana.gutiy@gmail.com

Ñó÷àñíi òåõíîëîãi÷íi ìîæëèâîñòi çíà÷íî ïîëåãøóþòü ïåðåäà÷ó
iíôîðìàöi¨, ïiäâèùóþòü åôåêòèâíiñòü ¨¨ îáðîáêè òà ñïðèÿþòü çáiëü-
øåííþ ïðîäóêòèâíîñòi ðîáîòè ïðîãðàìè, â çàëåæíîñòi âiä ïîòðåá âåá-
àïëiêàöi¨ ðîçðîáíèê âèáèðà¹ òàêó àðõiòåêòóðíó ìîäåëü, ÿêà íàéêðàùå
çàäîâîëüíÿ¹ ïîòðåáè çàñòîñóíêó.

Ïî÷èíàþ÷è ðîçðîáëÿòè ñâîþ âåá-àïëiêàöiþ, áóëî ðîçãëÿíóòî áà-
ãàòî âàðiàíòiâ ïîáóäîâè ¨¨ àðõiòåêòóðè, àëå âèáið ïàâ ñàìå íà áàãàòî-
ðiâíåâó àðõiòåêòóðó, çîêðåìà íà 3-ðiâíåâó, àäæå ¨¨ êîíöåïöiÿ ìîäåëi
¹ äàâíî âiäîìîþ òà íàéïîïóëÿðíiøîþ íà äàíèé ÷àñ, âîíà áàçó¹òüñÿ
íà ðîçïîäiëi âñi¹¨ ñèñòåìè íà îêðåìi êëþ÷îâi ôóíêöiîíàëüíi ÷àñòèíè
òà âêëþ÷à¹ â ñåáå øàð äîñòóïó äî äàíèõ, øàð áiçíåñ ïðàâèë òà øàð
ïðåäñòàâëåííÿ.

Íà ðèñ. 1 çîáðàæåíî îñíîâíi êîìïîíåíòè 3-ðiâíåâî¨ àðõiòåêòóðè..

Ðèñ. 1: N-Tier àðõiòåêòóðà

Ïîáóäóâàâøè àïëiêàöiþ íà MVC ASP.NET, àäàïòóâàâøè ¨¨ òàê,
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ÿê ïîêàçàíî íà ðèñ.2.

Ðèñ. 2: MVC àäàïòîâàíèé äî àðõiòåêòóðè N-Tier

Â ïðîöåñi ðîçðîáêè áóëî çäiéñíåíî i àíàëiç 3-ðiâíåâî¨ àðõiòåêòóðè
òà åôåêòèâíiñòü, â ðåçóëüòàòi ÿêî¨ áóëè âèÿâëåííi ÿê ïåðåâàãè òàê i
íåäîëiêè, íàä iíøèìè ìîäåëÿìè.

Ïåðåâàãè:

• Âèñîêèé ðiâåíü áåçïåêè

• Ìàñøòàáîâàíiñòü

• Âèñîêà íàäiéíiñòü

• Êîíôiãóðîâàíiñòü

• Äîñòóïíiñòü

• Íèçüêi âèìîãè äî ïðîäóêòèâíîñòi i òåõíi÷íèõ õàðàêòåðèñòèê òåð-
ìiíàëiâ, ÿê íàñëiäîê çíèæåííÿ ¨õíüî¨ âàðòîñòi

Íåäîëiêè:

• Ñêëàäíiøà ó ðîçãîðòàííi i àäìiíiñòðóâàííi

• Âèùà ñêëàäíiñòü ñòâîðåííÿ çàñòîñóíêiâ

• Ñêëàäíiøà ó ðîçãîðòàííi i àäìiíiñòðóâàííi

• Âèñîêi âèìîãè äî ïðîäóêòèâíîñòi ñåðâåðiâ çàñòîñóíêiâ i ñåðâåðà
áàçè äàíèõ, à, îòæå, i âèñîêà âàðòiñòü ñåðâåðíîãî îáëàäíàííÿ
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Þëiÿ Ïóêà÷, êåðiâíèê - äîö. Ãàéäó÷îê Î. Â.
Óêðà¨íà, Ëüâiâ

Íàöiîíàëüíèé óíiâåðñèòåò "Ëüâiâñüêà ïîëiòåõíiêà"
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Ïàðëàìåíòñüêi âèáîðè, âèáîðè ïðåçèäåíòà, ìiñöåâi âèáîðè çàâæäè
áóëè, ¹ i áóäóòü ñêëàäíèì ïðîöåñîì, ÿêèé ïîòðåáó¹ çíà÷íèõ çàòðàò ÿê
çi ñòîðîíè êàíäèäàòiâ, òàê i çi ñòîðîíè âèáîðöiâ.

Îñêiëüêè ïåðøi ìàþòü ïðàâèëüíî ïîáóäóâàòè òà ïðîâåñòè ïåðåä-
âèáîð÷ó êàìïàíiþ, çíàéòè, ðîçïîäiëèòè ðåñóðñè íà ïiäãîòîâêó öi¹¨ êàì-
ïàíi¨, à äðóãi, â ñâîþ ÷åðãó, ìàþòü ïðîàíàëiçóâàòè îòðèìàíó iíôîðìà-
öiþ, îöiíèòè ðèçèêè, ïåðåâàãè é íåäîëiêè òà çäiéñíèòè âàæëèâèé âè-
áið,âiä ÿêîãî â ïîäàëüøîìó çàëåæàòèìå ïîëiòè÷íà ñèòóàöiÿ i çàãàëîì
æèòòÿ â êðà¨íi.

Òîìó îñíîâíèì çàâäàííÿì äàíî¨ ðîáîòè ¹ çäiéñíèòè àíàëiç iíòåðå-
ñiâ ãðîìàäÿí òà êàíäèäàòiâ, âèêîðèñòîâóþ÷è ìîäåëþâàííÿ ïîëiòè÷íî¨
ñèòóàöi¨ â êðà¨íi çà äîïîìîãîþ òåîði¨ iãîð.

Ñüîãîäíi äàíà òåìà ¹ îñîáëèâî àêòóàëüíîþ, àäæå öå ìîãëî á äîïî-
ìîãòè ïðè ïîáóäîâi ïåðåäâèáîð÷î¨ êàìïàíi¨ òà çäiéñíåííi îïòèìàëüíîãî
òà ðàöiîíàëüíîãî âèáîðó â ðàìêàõ iíòåðåñiâ ñòîðií, ÿêèé âïëèâàòèìå
íà ïîäàëüøèé ðîçâèòîê äié â êðà¨íi.

Ñïèðàþ÷èñü íà ïðàöþ [3], â ÿêié ðîçãëÿíóòî òåîðåòèêî-iãðîâå ìî-
äåëþâàííÿ ñóñïiëüíî-åêîíîìi÷íèõ ïðîöåñiâ, à ñàìå òåîðåòèêî-iãðîâi ìî-
äåëi äëÿ óðàõóâàííÿ åêîíîìi÷íèõ íàñëiäêiâ âiä ïðèéíÿòòÿ ïîëiòè÷íèõ
ðiøåíü â Ðîñi¨, ïîáóäîâàíî àíàëîãi÷íi ìîäåëi íà ïðèêëàäi Óêðà¨íè.

Îñíîâíèìè ïîíÿòòÿìè äàíîãî äîñëiäæåííÿ ¹:
Ãðà � ìàòåìàòè÷íà ìîäåëü ñèòóàöi¨, ÿêà õàðàêòåðèçó¹òüñÿ òàêèìè

îçíàêàìè, ÿê 1) íàÿâíiñòü äåêiëüêîõ (äâà i áiëüøå) ó÷àñíèêiâ; 2) íåâè-
çíà÷åíiñòü ïîâåäiíêè ó÷àñíèêiâ, ÿêà ïîâ'ÿçàíà ç íàÿâíiñòþ ó êîæíîãî ç
íèõ äåêiëüêîõ (äâà i áiëüøå) âàðiàíòiâ ïîâåäiíêè; 3) âiäìiííîñòi iíòåðå-
ñiâ ó÷àñíèêiâ; 4) âçà¹ìîçàëåæíiñòü ïîâåäiíêè ó÷àñíèêiâ; 5) çàëåæíiñòü
ðåçóëüòàòó, ÿêèé îòðèìó¹ êîæåí ó÷àñíèê, âiä ïîâåäiíêè iíøèõ ó÷àñíè-
êiâ; 6) íàÿâíiñòü ïðàâèë ïîâåäiíêè, ÿêi âiäîìi âñiì ó÷àñíèêàì.

Ãðàâöi � ñòîðîíè, ÿêi ïðèéìàþòü ó÷àñòü â ñèòóàöi¨ i âïëèâàþòü
íà äi¨ òà ðåçóëüòàòè iíøèõ ó÷àñíèêiâ.

Ðiøåííÿ, ÿêi ïðèéìàþòü ãðàâöi â ðàìêàõ ïðàâèë ãðè, i âiäïîâiäíî
äî öèõ ðiøåíü ïîñëiäîâíi àáî îäíî÷àñíi äi¨ íàçèâàþòüñÿ ñòðàòåãiÿìè.
Êîæíîìó ãðàâöþ i âiäïîâiäà¹ äåÿêà ìíîæèíà ñòðàòåãié Yi, i = 1, n.
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Íàáið ñòðàòåãié, ÿêi âèáðàâ êîæåí ãðàâåöü, âèçíà÷à¹ ïðîôiëü (âåêòîð)
ñòðàòåãié y = (y1, y2, · · · , yn), ÿêèé òàêîæ íàçèâàþòü ñèòóàöi¹þ ãðè, äå
yi - ñòðàòåãiÿ i-ãî ãðàâöÿ. Â çàãàëüíîìó âèïàäêó ñòðàòåãiÿ ãðàâöÿ - öå
ïîâíèé ïëàí äié ïðè âñåìîæëèâèõ ñèòóàöiÿõ, ÿêi ìîæóòü âèíèêíóòè.
Âiä âåêòîðà ñòðàòåãié çàëåæèòü ðåçóëüòàò, ÿêèé îòðèìà¹ ãðàâåöü.

Ãðàâöþ i â êîæíié ñèòóàöi¨ y ïðèïèñó¹òüñÿ äåÿêå ÷èñëî, ÿêå âè-
ðàæà¹ ñòóïiíü çàäîâîëåííÿ éîãî iíòåðåñiâ â äàíié ñèòóàöi¨. Öå ÷èñëî
íàçèâà¹òüñÿ ïëàòåæåì [1].

Ïîíÿòòÿ ðiâíîâàãè õàðàêòåðèçó¹ ñèòóàöiþ â ãði, ÿêà çàäîâiëüíÿ¹
(ïðèíàéìíi òåîðåòè÷íî) óñiõ ãðàâöiâ. Ñèòóàöi¨ ðiâíîâàãè âîëîäiþòü òà-
êîþ âëàñòèâiñòþ, ùî áóäü-ÿêèé ãðàâåöü, ÿêèé âiäõèëÿ¹òüñÿ âiä òàêî¨
ñèòóàöi¨ (çà óìîâè, ùî é iíøi ãðàâöi òàêîæ äîòðèìóâàëèñü ñâî¨õ ñòðà-
òåãié), íå çáiëüøèòü ïðè öüîìó ñâié âèãðàø.

Â äàíîìó äîñëiäæåííi âèêîðèñòîâóþòüñÿ íàñòóïíi ðiâíîâàãè:
Ðiâíîâàãà (îïòèìóì) çà Ïàðåòî - ñèòóàöiÿ, ÿêà âèçíà÷à¹òüñÿ íà-

ñòóïíèì ÷èíîì. Ñòðàòåãi÷íà ñèòóàöiÿ y∗ äîìiíó¹ çà Ïàðåòî ñèòóàöiþ y,
ÿêùî 1)äëÿ áóäü-ÿêîãî ãðàâöÿ éîãî âèãðàø ó ñèòóàöi¨ y íå áiëüøèé çà
âèãðàø ó ñèòóàöi¨ y∗, i 2)iñíó¹ õî÷à á îäèí ãðàâåöü, äëÿ ÿêîãî âèãðàø
ó ñèòóàöi¨ y∗ ñòðîãî áiëüøèé, íiæ â ñèòóàöi¨ y.

Ðiâíîâàãîþ çà Øòàêåëüáåðãîì ç ëiäåðñòâîì ïåðøîãî ãðàâöÿ íàçè-
âà¹òüñÿ ñèòóàöiÿ, ÿêà âèçíà÷à¹òüñÿ íàñòóïíèì ÷èíîì. Ïåðøèé ãðàâåöü
âèáèðà¹ ñâîþ ÷èñòó ñòðàòåãiþ òà îãîëîøó¹ ïðî öå äðóãîìó ãðàâöþ, à
äðóãèé ãðàâåöü âèáèðà¹ ñâîþ ÷èñòó ñòðàòåãiþ íà îñíîâi öi¹¨ iíôîðìàöi¨
òàê, ùîá ìiíiìiçóâàòè ñâié ïðîãðàø. Òàêèì ÷èíîì, âèáið äðóãîãî ãðàâ-
öÿ âiäîìèé ïåðøîìó ãðàâöþ, i ïåðøèé ãðàâåöü âèáèðà¹ ñâîþ ÷èñòó
ñòðàòåãiþ òàê, ùîá ìiíiìiçóâàòè ñâié ïðîãðàø. Àíàëîãi÷íî âèçíà÷à¹-
òüñÿ ðiâíîâàãà çà Øòàêåëüáåðãîì ç ëiäåðñòâîì äðóãîãî ãðàâöÿ [2].

Ðiâíîâàãà Íåøà ïåðåäáà÷à¹ òàêó ñèòóàöiþ â ãði (òàêó ìíîæèíó
ñòðàòåãié), ïðè ÿêié æîäíîìó ãðàâöþ íå âèãiäíî âiäõèëÿòèñÿ âiä îáðà-
íî¨ ñòðàòåãi¨, çà óìîâè, ùî iíøi ãðàâöi äîòðèìóþòüñÿ ñâî¨õ ñòðàòåãié.
Öå - ñèòóàöiÿ, â ÿêié æîäåí ãðàâåöü íå ìîæå çáiëüøèòè ñâié âèãðàø çà
ðàõóíîê âëàñíèõ äié [4].

Íà îñíîâi ãðè, ùî ðîçãëÿäà¹òüñÿ â ðîáîòi [3], ïîáóäîâàíî òåîðåòèêî-
iãðîâó ìîäåëü "íîâà ïîëiòè÷íà ñèëà (ÍÏÑ)- âèáîðöi".

Ïîÿâà ÍÏÑ ïîâ'ÿçàíà iç çíà÷íèì íåçàäîâîëåííÿì âèáîðöiâ ó ìå-
òîäàõ òà ïiäõîäàõ äî ïðàâëiííÿ ïîòî÷íèìè ïîëiòè÷íèìè ñèëàìè, òîáòî
âèáîðåöü íåçàäîâîëåíèé ÿê i âëàäîþ, òàê é iñíóþ÷îþ îïîçèöi¹þ.

Äëÿ ÍÏÑ ¹ äâi ìîæëèâi ñòðàòåãi¨: ¾ãðàòè¿ i ¾íå ãðàòè¿,à äëÿ âè-
áîðöÿ ìîæëèâi ñòðàòåãi¨: ¾ïiäòðèìàòè¿ i ¾íå ïiäòðèìàòè¿.

Ó ïîáóäîâi ìàòðè÷íî¨ äèñêðåòíî¨ ãðè äëÿ òàêî¨ ìîäåëi âèêîðè-
ñòîâóþòüñÿ äàíi îòðèìàíi â ðåçóëüòàòi ñîöiîëîãi÷íèõ îïèòóâàíü, ÿêi
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ïðîâîäÿòüñÿ öåíòðîì ¾Ñîöiàëüíèé ìîíiòîðèíã¿ ñïiëüíî ç Óêðà¨íñüêèì
iíñòèòóòîì ñîöiàëüíèõ äîñëiäæåíü iì. Î. ßðåìåíêî [5],[6], à òàêîæ ó
ðåçóëüòàòi äîñëiäæåííÿ, ïðîâåäåíîãî êîìïàíi¹þ Kantar TNS [7], i öÿ
ãðà ìà¹ íàñòóïíèé âèãëÿä:

Âèáîðåöü
Ïiäòðèìàòè Íå ïiäòðèìàòè

Íîâà
Ãðàòè

82 0
ïîëiòè÷íà 22 -26

ñèëà
Íå ãðàòè

82 0
(ÍÏÑ) -8 -7

Âèãðàøi ÍÏÑ ðîçòàøîâàíi â íèæíüîìó ïðàâîìó êóòi, à âèãðà-
øi âèáîðöÿ - ó âåðõíüîìó ëiâîìó. ßêùî âèáîðåöü ïiäòðèìó¹ ÍÏÑ,
òî 1) âèáið ñòðàòåãi¨ ¾ãðàòè¿ ïðèíîñèòü ¨é ïîçèòèâíèé âèãðàø, ÿêèé
îïèñó¹òüñÿ ðiâíåì ïiäòðèìêè äàíîãî êàíäèäàòà âèáîðöÿìè, à 2) âèáið
ñòðàòåãi¨ ¾íå ãðàòè¿ - ïðèâîäèòü äî ïðîãðàøó ÍÏÑ, îñêiëüêè îïèñó¹
¾âòðà÷åíèé¿ ðiâåíü ïiäòðèìêè íà ìîìåíò, êîëè âèáîðöi ëèøå çäîãà-
äóâàëèñü ïðî ìîæëèâiñòü ïîÿâè íîâîãî êàíäèäàòà. ßêùî æ âèáîðåöü
äîòðèìó¹òüñÿ ñòðàòåãi¨ - ¾íå ïiäòðèìàòè¿, òî 1) âèáið ñòðàòåãi¨ ¾ãðàòè¿
ïðèâîäèòü äî ïðîãðàøó, òîáòî äàðåìíî âèòðà÷åíèõ êîøòiâ i ðåñóðñiâ
íà ïðîâåäåííÿ âèáîð÷î¨ êàìïàíi¨ (i òîìó âií ¹ íàéáiëüøèì), à 2) âèáið
ñòðàòåãi¨ ¾íå ãðàòè¿ òåæ ïðèâîäèòü äî ïðîãðàøó, îñêiëüêè âiä÷óâà¹-
òüñÿ ¾ëåãêà äîñàäà¿ ùîäî íåðîçñóäëèâîñòi âèáîðöiâ i îïèñó¹òüñÿ ðiâ-
íåì ïiäòðèìêè ïîòî÷íî¨ âëàäè. Âïîðÿäêóâàííÿ âèãðàøiâ äëÿ âèáîðöÿ
¹ íàñòóïíèì : 1) âèáið ñòðàòåãi¨ ¾ïiäòðèìàòè¿ ïðèâîäèòü äî âèãðàøó,
ÿêèé îïèñó¹òüñÿ ðiâåíü íåçàäîâîëåííÿ âëàäîþ, îñêiëüêè âèáîðåöü áà-
æà¹ áóäü-ùî çìiíèòè ïîëiòè÷íó ñèòóàöiþ, à 2) âèáðàâøè ñòðàòåãiþ ¾íå
ïiäòðèìàòè¿, çìiíèòè íi÷îãî íåìîæëèâî [3].

Ðîçâ'ÿçêîì äàíî¨ ãðè áóäå íàáið ðàöiîíàëüíèõ ñòðàòåãié, òîáòî êî-
æåí ç ãðàâöiâ ïðàãíå øëÿõîì âèáîðó ñâî¹¨ ñòðàòåãi¨ ìàêñèìiçóâàòè ñâié
âèãðàø. Îòæå, ðiâíîâàãîþ Øòàêåëüáåðãà, Íåøà òà ðiâíîâàãîþ çà Ïà-
ðåòî äëÿ äàíî¨ ãðè áóäå ñèòóàöiÿ ¾ãðàòè¿ - ¾ïiäòðèìàòè¿ iç âiäïîâiä-
íèì âèãðàøåì (22,82).

Îòæå, çâàæàþ÷è íà ðiâåíü íåçàäîâîëåííÿ íàñåëåííÿ ïîòî÷íèìè
ïîëiòè÷íèìè ñèëàìè òà âèõîäÿ÷è iç ðîçâ'ÿçêiâ ìàòðè÷íî¨ ãðè, ìîæíà
çðîáèòè âèñíîâîê, ùî íîâié ïîëiòè÷íié ñèëi âèãiäíî çàÿâèòè ïðî ñåáå,
à âèáîðöÿì âèãiäíî ïiäòðèìàòè ¨¨. Òàêèì ÷èíîì îáèäâi ñòîðîíè îòðè-
ìóþòü ìàêñèìàëüíî ïîçèòèâíèé ðåçóëüòàò çà óìîâè äîòðèìàííÿ íèìè
ñâî¨õ ñòðàòåãié.
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Ó æèòòi íàì ÷àñòî äîâîäèòüñÿ ïðàöþâàòè ç äàíèìè, ÿêi, çà-
çâè÷àé, ïîäàíi ó ãðàôi÷íîìó âèãëÿäi: ãðàôiêàõ, òàáëèöÿõ, äiàãðàìàõ
òîùî. Òàêà âiçóàëiçàöiÿ, áåçóìîâíî, ¹ êîðèñíîþ. Ïðîòå áóâàþòü ñèòó-
àöi¨, êîëè äàíi ïðî ÿêèéñü ïðîöåñ ïîäàíi ó âèãëÿäi ãðàôiêà ôóíêöi¨, i
äëÿ òîãî, ùîá éîãî ïðîàíàëiçóâàòè òà ïåðåäáà÷èòè, ÿê ñàìå âií áóäå
ðîçâèâàòèñÿ äàëi, ïîòðiáíî ñïåðøó îòðèìàòè ÷èñëîâi äàíi ç òàêî¨ âi-
çóàëiçàöi¨ çà ïåâíèé ïðîìiæîê ÷àñó. Íàïðèêëàä, öå ìîæóòü áóòè ÿêiñü
òåìïåðàòóðíi ïîêàçíèêè ïîãîäè ÷è êóðñè âàëþò. Òîìó âèíèêà¹ ïîòðå-
áà ó âèêîðèñòàííi äîñòóïíîãî ïðîãðàìíîãî ïiäõîäó äëÿ îáðîáêè òàêî¨
iíôîðìàöi¨.

Ìåòîþ öi¹¨ ðîáîòè áóëî äîñëiäæåííÿ òà ðîçðîáêà ïðîãðàìíî-
ãî çàáåçïå÷åííÿ, çà äîïîìîãîþ ÿêîãî ìîæíà îáðîáëÿòè çîáðàæåííÿ
ãðàôiêà ôóíêöi¨, çàäàíîãî â äåêàðòîâié ñèñòåìi êîîðäèíàò, òà ðîáèòè
ïåâíèé ïðîãíîç ùîäî ïðîöåñó, ùî ìîäåëþ¹òüñÿ, íà îñíîâi îòðèìàíèõ
äàíèõ. Ïîñòàâëåíó çàäà÷ó óìîâíî ìîæíà ïîäiëèòè íà äâà åòàïè:

1. îáðîáêà çîáðàæåííÿ (îöèôðóâàííÿ ãðàôiêà ôóíêöi¨);

2. ïîáóäîâà ïðîãíîçó ìàéáóòíiõ äàíèõ.

1. Îáðîáêà çîáðàæåííÿ ãðàôiêà ôóíêöi¨, çàäàíîãî â äåêàðòîâié ñèñòåìi
êîîðäèíàò

Çàäà÷i ðîçïiçíàâàííÿ îáðàçiâ, ÿêi, â ñâîþ ÷åðãó, íàëåæàòü äî êîëà
çàäà÷ øòó÷íîãî iíòåëåêòó, âñå ÷àñòiøå âèíèêàþòü ïðè ðîçâ'ÿçóâàííi
àêòóàëüíèõ ïðîáëåì ó ðiçíèõ ñôåðàõ æèòòÿ ñóñïiëüñòâà. Òîìó, ñòàíîì
íà ñüîãîäíi, iñíó¹ áåçëi÷ àëãîðèòìiâ, ùî øèðîêî âèêîðèñòîâóþòüñÿ ïðè
îáðîáöi òà àíàëiçi çîáðàæåíü.

Äëÿ òîãî, ùîá âèÿâèòè âëàñíå ãðàôiê ôóíêöi¨, áóëî ïðîâåäåíî
ñåãìåíòàöiþ çîáðàæåííÿ, çàñòîñóâàâøè ìåòîä Îöó (Otsu's method [1]),
îñíîâíîþ iäå¹þ ÿêîãî ¹ êëàñòåðèçàöiÿ çà iíòåíñèâíiñòþ, ïiñëÿ ÷îãî áóëî
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çäiéñíåíî ïîøóê íàéáiëüøîãî çà ïëîùåþ ôðàãìåíòà çîáðàæåííÿ, ùî i
¹ øóêàíèì îá'¹êòîì. Òàêèé ïiäõiä áóâ ðåàëiçîâàíèé ç âèêîðèñòàííÿì
äîñèòü ïîøèðåíî¨ áiáëiîòåêè êîìï'þòåðíîãî çîðó - OpenCV [2].

Íàñòóïíèì êðîêîì áóëî ðîçïiçíàâàííÿ ÷èñåë (ïiäïèñiâ), ðîç-
òàøîâàíèõ íà îñÿõ Ox òà Oy. Ïåðåä òèì, ÿê çàñòîñóâàòè àëãîðèòì
îïòè÷íîãî ðîçïiçíàâàííÿ òåêñòó, áóëî âèçíà÷åíî äâà ôðàãìåíòè çî-
áðàæåííÿ, â ìåæàõ ÿêèõ ìà¹ çäiéñíþâàòèñÿ ïîøóê îá'¹êòiâ. Ó ðîáîòi
âèêîðèñòàíî àëãîðèòì ç áiáëiîòåêè Tesseract, ðåàëiçîâàíèé íà îñíîâi
ðåêóðåíòíèõ íåéðîííèõ ìåðåæ ç àðõiòåêòóðîþ äîâãî¨ êîðîòêî÷àñíî¨
ïàì'ÿòi (LSTM RNN architecture) [3].

Ìàþ÷è iíôîðìàöiþ ïðî òå, ùî íà çîáðàæåííi ¹ ãðàôiêîì ôóí-
êöi¨ f(x) = y òà ÿêèõ çíà÷åíü íàáóâàþòü çìiííi, íåîáõiäíî îòðèìàòè
íàáið êîíêðåòíèõ çíà÷åíü ôóíêöi¨. Äëÿ öüîãî ïîòðiáíî ïðîåêòóâàòè
òî÷êè ãðàôiêà ç ïåâíèì êðîêîì h, ÿêèé ìîæíà ðåãóëþâàòè.

2. Ïîáóäîâà ïðîãíîçó ìàéáóòíiõ äàíèõ

×èñëîâi çíà÷åííÿ, îäåðæàíi â ðåçóëüòàòi ïîïåðåäíüîãî åòàïó, ìî-
æíà âèêîðèñòàòè äëÿ ïîáóäîâè ïðîãíîçó äåÿêîãî ïðîöåñó, îïèñàíîãî
ãðàôi÷íî. Äëÿ ðîçãëÿíóòèõ ïðèêëàäiâ òåìïåðàòóðíèõ ïîêàçíèêiâ òà
êóðñó îáìiíó âàëþò çà ïåâíèé ïåðiîä ÷àñó áóëî îáðàíî ìåòîä ïðîñòîãî
êîâçíîãî (ðóõîìîãî) ñåðåäíüîãî (Simple Moving Average [4], [5]):

fk = f(xk) =
1

N

N∑
i=1

yk−i, (13)

äå yk−i - ðåàëüíå çíà÷åííÿ ó ìîìåíò ÷àñó (òî÷öi) xk, N - ÷èñëî ïîïå-
ðåäíiõ ìîìåíòiâ ÷àñó, fk - ïðîãíîç íà ìîìåíò ÷àñó xk.

Ïiäñóìîâóþ÷è âèùå îïèñàíå, äëÿ ñòâîðåííÿ âiäïîâiäíîãî ïðî-
ãðàìíîãî çàáåçïå÷åííÿ áóëî âèêîðèñòàíî òàêi òåõíîëîãi¨:

• ìîâà ïðîãðàìóâàííÿ C++;

• áiáëiîòåêà OpenCV 2.4.13.6;

• áiáëiîòåêà Tesseract 4.0.0;

• iíñòðóìåíòàðié Qt5.
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Ïðîöåñ ðåàëiçàöi¨ àëãîðèòìi÷íî¨ ÷àñòèíè ðîáîòè ñõåìàòè÷íî îïèñàíèé
íà ðèñ. 1.

Ðèñ. 1: Ñõåìà ïðîöåñó ðîáîòè
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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 �rst
instance, POD is coupled with various Radial Basis Functions (RBF)� a
smoothing technique� to provide compact, accurate and computationally
e�cient representations of ODEs of high-order dynamical systems in envi-
ronmental economics.

Theoretically, for POD, the function Y(t) is approximated in
the domain Ω using a linear combination of some orthonormal basis func-
tion φi (x) (constructed with Singular Value Decomposition (SVD) in this

paper) such that Y (t) ≈
∑M
i=1 ai.φ

i (t) , where the unknown ai am-
plitudes are determined by a minimization process of the error of ap-
proximation ||Y (t) −

∑M
i=1 aiφ

i(t)||L2 [2]. Here, the number of basis vec-
tors to be used in approximation is decided by setting a desired error
margin εPOD and choosing minimum k such that the cumulative energy
E(k) =

∑k
i=1 σ

2
i /
∑d
i=1 σ

2
i captured by �rst k singular values is less than

1-εPOD [1].

Next, RBF is applied to the reduced dimensional space Yk 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 ≈ φ.B.g(p), where φ 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 �nal approxima-
tion is called the surrogate model that is constructed using POD-RBF
approach. Two types of RBF linear spline:gj(p) = ||p − pj || and cubic
spline:gj(p) = ||p−pj ||3 are used for analysis in this paper. The algorithm
for application of POD-RBF technique is summarized in �gure 1.
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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 e�ective utilization, formulated in [3] as following:

min J = −(
∫ T

0
(p− c)u(t)e(−ρt)(1− ae−bt)dt),

x′(t) = rx(t)(1− x(t)
N )− u(t),

x(0) = x0, x(T ) = xT ; 0 ≤ u(t) ≤ ū
(14)

Here, p is revenue per unit in $ per ton, c is cost per unit in $ per
ton, u/ū is exploitation amount in tons (control function), ρ is instanta-
neous social rate of discount, a and b are derived from e�ective 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, c, ū, ρ, a, b, r,N ] = [38, 20, 20000, 0.1, 0.4, 0.05, 4.4, 100000].
The initial condition x(0) is 5000 and the optimization constraint de�ned
at �nal time T = 1 is x(T ) = 15000.

Latin Hypercube sampling is used to generate various number
of sampling points ns for u(t) (interpolated using n = 2 optimization
parameters) at nt = 100 time instances. The tolerance is εPOD = 0.01
and the number of test points, for which the model was tested, ng = 10.
The relative information criteria E(k) ≤ 1 − εPOD led to POD basis of
dimension k = 4 for various ns and RBF techniques. The system in 14 was
then solved for ng points using both original and surrogate models and the
errors are summarized in Table 1. The system responses for one test point
are illustrated in Figure 2. Table 1 shows that among all the surrogate
models that were trained using di�erent number of sample points, the
cubic spline RBF showed the lowest error for the state variable x. Also,
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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 ns= 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

Figure 2: Original vs Approximated System Responses

For the �nal step, the constrained optimization problem in 14 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 e�cient 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 �le. The
di�erence 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 classi�cation. 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 speci�c features of the problem image is learned.

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 ∈ Rh×w×d where h is the height, w is the width and d is the number of
input channels. We are also given p number of �lters, k with dimension
k ∈ Rf×f×d×p and for every �lter a bias b having dimensions b ∈ Rp.
For the convolution layer, the input image from the sample is convolved
with p �lters where each �lter aims to extract and learn speci�c features
from the image. The �lter is passed in equal and �nite strides over local
regions(receptive �elds) 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 �eld as well as adds the bias per �lter. 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

(x ∗ k)ij =

f−1∑
m=0

f−1∑
n=0

d∑
l=1

k(m,n)x(i−m, j − n) + b (1)

=

f−1∑
m=0

f−1∑
n=0

d∑
l=1

km,n,l · xi+m,j+n,d + b (2)

=

f−1∑
m=0

f−1∑
n=0

km,n · xi+m,j+n + b if #d = 1 (3)

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 signi�cant information. The
output matrix is then vectorized and sent to a fully connected layer with
a Softmax/Sigmoid classi�er which trains and classi�es the images using
Back-propagation and predicts the label class of the input image.
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(a) Loss graph (b) Accuracy graph

Figure 2: The Loss and Accuracy for the �rst training of the Malaria
Dataset

Results

In Figure 2, the graphs showed some over�tting 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 over�tting.

(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
classi�cation 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 f1-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: Classi�cation 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 �elds.

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 [1] Willox et al. established the bi-Hamiltonian structure
and constructed the recursive operator for the following modi�ed vector
derivative nonlinear Schrödinger (MVDNLSE) equation

wt =

(
u
v

)
t

=

(
−u
(
u2 + v2

)
− βu+ vx

−v
(
u2 + v2

)
− ux

)
x

= K [w] = K [u, v] , (15)

where K : M → T (M) is a Fréchet smooth polynomial vector �eld which
is de�ned on in�nite dimensional functional manifold M = C∞l

(
R1;R2

)
,

R1
+ 3 l <∞ is a period, t ∈ R1 is the evolution parameter.

In the present work, we investigated Eq.(15) for the complete inte-
grability utilizing a di�erent 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 in�nite hierarchy of conservation laws (integrals of motion),
which is a necessary condition for the system to be completely integrable
(in the Liouville sence). Hence, �rst three conservation laws for Eq. (15)
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have the following form:

γ0 = i

x0+l∫
x0

u2 + v2 +
β

4
dx; (16)

γ1 =
1

2
4
√
−1

x0+l∫
x0

(
u2 + v2

)2
+ β

(
u2 − v2

)
− 4uvx +

β2

16
− C1 dx; (17)

γ2 =

x0+l∫
x0

1

2

[
(vx)

2 − (ux)
2

+ βuxv
]
− 1

3

[
(1 + 4i)u3vx + (1− 4i) v3ux

]
+

+
i

2

[(
u2 + v2

)3
+

1

4
β
(
u2 + v2

)2
+ β

(
u4 − v4

)
+ (ux + vx)

2

]
+

+
i

4

[
β2u2 − 2

(
u2
)
x
v2 − 2C2

]
dx.

(18)

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

ϑ =

(
∂ 0
0 ∂

)
, (19)

η =

(
β∂ + 2u1∂u1 − 2u1,x∂

−1u1,x 2v1∂u1 − 2u1,x∂
−1v1,x

∂2 + 2u1∂v1 − 2v1,x∂
−1u1,x 2v1∂v1 − 2v1,x∂

−1v1,x

)
, (20)

which exactly coincides with the one given in [1].
Hence, for system (15) the in�nite 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
di�erent methodology in [1].
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How to do Speech Recognition with Deep Learning

The �rst 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 �ngerprint of sorts for this audio snippet.

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 �rst paragraph. But before we need
to teach our neural networabout k what to answerIn 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
�xed size feature vector that encodes only the important information in the
sequence while losing the unnecessary information. You can visualize data
�ow in the encoder along the time axis, as the �ow of local information
from one end of the sequence to another.

Figure 2: Simple example Sequence To Sequence model

Each hidden state in�uences the next hidden state and the �nal 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 in�uenced
by the context and the previously generated symbols.
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Introduction

Partial di�erential equations are in the core of modern Applied math-
ematics. They describe a variety of di�erent processes in many �elds 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 coe�cients can depend on the free variables
(1 space and 1 time dimension). It can be written in the canonical form:

−ut + µux + 1
2σ

2uxx − vu+ f = 0 x ∈ D, t ∈ (0,+∞)

u(x, t) = ϕ(x, t) x ∈ ∂D, t ∈ (0,+∞)

u(x, 0) = ψ(x) x ∈ D,

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

µ− advection (drift) σ − di�usion

v − reaction f − forcing term (source)

ϕ− boundary condition ψ − initial condition

42



Proposed method

Applying some of these processes to a Brownian motion[1], and us-
ing a result, that is Feynman-Kac formula[2], we can get the following
representation of the solution:

u(x, t) = E
[∫ x

0

R(r)f(Xr, r)dr +R(0)β(Xτ , τ) |Xt = x

]

with R(r) = e−
∫ x
r
v(Xq,q)dq and β(x, t) =

{
ϕ(x, t) t > 0

ψ(x) t = 0

Therefore, our second order PDE becomes �rst order explicit SDE:

dXt = µ(Xt, t)dt+ σ(Xt, t)dWt

We can use some of the established numerical methods for solution of
stochastic di�erential equation[4], simulating this process from Brownian
motion Wt. After we have the values of Xt 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 di�erent 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 in�nite domain (we can calculate solution on a bounded
sub-mesh of it), or in a speci�c, interesting to us point.
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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 signi�cant 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× n matrices.

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

A = USV T . (21)

Here, U is an orthogonal m×m matrix,

U = [u1, u2, . . . , ur, ur+1, . . . , um] (22)

where column vectors ui ∀i = 1, 2, . . . ,m form an orthonormal set:

uTi uj = δij =

{
1, if i = j,

0, if i 6= j.
(23)

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

V = [v1, v2, . . . , vr, vr+1, . . . , vn] (24)

where column vectors vi ∀i = 1, 2, . . . , n form an orthonormal set:

vTi vj = δij =

{
1, if i = j,

0, if i 6= j.
(25)
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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 �rst singular value stores the majority of
image's information. Let us illustrate the SVD image compression process
[1]. Consider the following:

A = USV T =

r∑
i=1

σiuiv
T
i (26)

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

A = σ1u1v
T
1 + σ2u2v

T
2 + · · ·+ σrurv

T
r (27)

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

Ak = σ1u1v
T
1 + σ2u2v

T
2 + · · ·+ σkukv

T
k (28)

In this case, the total storage for matrix Ak will be k(m+n+1). The
integer k can be much less then n, and the digital image corresponding to
Ak 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:

CR =
mn

k(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 di�erence. 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:
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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
25 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 �le size,
which, on the other hand, can be seen through the decrease of compression
ratio CR. 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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Ïîñòàíîâêà çàäà÷i

Ðîçãëÿíåìî çàäà÷ó, ÿêà ìîäåëþ¹ ïðîöåñ ïåðåíåñåííÿ çàáðóäíåíü
â ñåðåäîâèùi â îäíîâèìiðíîìó âèïàäêó.

Äàíó çàäà÷ó îïèñó¹ äèôåðåíöiàëüíå ðiâíÿííÿ

− pd
2u

dx2
+ Pe

du

dx
+ qu = f(x), x ∈ (a, b) (30)

òà ãðàíè÷íi óìîâè

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

äå Pe - ÷èñëî Ïåêëå, áåçðîçìiðíà ñòàëà, p, q - ñòàëi, f(x) - çàäàíà
ôóíêöiÿ.

Âàðiàöiéíå ôîðìóëþâàííÿ

Äàíà çàäà÷à ïîëÿãà¹ ó çíàõîäæåííi òàêî¨ ôóíêöi¨ u(x) ∈ V0 =
{v(x) ∈ C[a, b], v′-êóñêîâî íåïåðåðâíi òà îáìåæåíi,v(a) = 0, v(b) = 0},
ÿêà çàäîâîëüíÿ¹ âàðiàöiéíå ðiâíÿííÿ

(Lu, v) = (f, v) ∀v ∈ V0. (32)

Iç âèêîðèñòàííÿì ôîðìóëè iíòåãðóâàííÿ ÷àñòèíàìè îòðèìà¹ìî

(Lu, v) =

∫ b

a

(p
du

dx

dv

dx
+ Pe

du

dx
v + quv)dx, (33)

(f, v) =

∫ b

a

fvdx ∀v ∈ V0. (34)
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Ñïåêòðàëüíèé ìåòîä ñêií÷åííèõ åëåìåíòiâ

Ðîçiá'¹ìî [a, b] ðiâíîâiääàëåíèìè òî÷êàìè íà ïiäâiäðiçêè. Íà êî-
æíîìó ç ïiäâiäðiçêiâ ïîáóäó¹ìî áàçîâi ôóíêöié iç äîäàòêîâèìè âóçëà-
ìè, ùî ðîçìiùåíi â íóëÿõ ñiìåéñòâà îðòîãîíàëüíèõ ìíîãî÷ëåíiâ Ëî-
áàòòî(íàïðèêëàä, 3 ñòåïåíÿ).

Ìàòðè÷íèé çàïèñ íàáëèæåíîãî ðîçâ'ÿçêó íà ïiäâiäðiçêó [xi−1, xi]
ìà¹ âèãëÿä

uhi = Ni(x)Qi, (35)

äå
Ni(x) = (ϕi−1, ϕi−2/3, ϕi−1/3, ϕi),

Qi(x) = (ui−1, ui−2/3, ui−1/3, ui)
T

Iç âèêîðèñòàííÿì (6) òà âàðiàöiéíîãî ôîðìóëþâàííÿ (4),(5) îòðè-
ìà¹ìî âèãëÿä ìàòðèöü íà ïiäâiäðiçêàõ

Ki = p

∫ xi

xi−1

(
d

dx
Ni(x))T

d

dx
Ni(x)dx,

Si = Pe

∫ xi

xi−1

(Ni(x))T
d

dx
Ni(x)dx,

Mi = q

∫ xi

xi−1

(Ni(x))TNi(x)dx,

Bi =

∫ xi

xi−1

(Ni(x))T f(x)dx,

Ai = Ki + Si +Mi.

Iç âèêîðèñòàííÿì âëàñòèâîñòåé áàçèñíèõ ôóíêöié ñôîðìó¹ìî ÑËÀÐ,
ÿêó ðîçâ'ÿçóòü âiäîìèìè ÷èñåëüíèìè ìåòîäàìè.

Àíàëiç ïîõèáêè òà ïîðÿäêó çáiæíîñòi

Ïðîñòåæèìî çà õàðàêòåðîì çìiíè ïîõèáîê íà ðiçíèõ ñiòêàõ òà ÷è-
ñëi Ïåêëå. Çíàéäåìî àáñîëþòíó i âiäíîñíó ïîõèáêè ñiòêîâîãî ðîçâ'ÿçêó
øëÿõîì ïîðiâíÿííÿ ç àíàëiòè÷íèì ðîçâ'ÿçêîì. Äëÿ öüîãî âèêîðèñòà-

¹ìî íîðìè â ïðîñòîðàõ L2 òà W
(1)
2 . Ïðè îá÷èñëåííi ïîõèáîê ó íîðìi

W
(1)
2 ïîõiäíi âiä ÷èñåëüíîãî ðîçâ'ÿçêó óñåðåäíþþòüñÿ ó âóçëîâèõ òî-

÷êàõ.
Äëÿ îöiíêè ïîðÿäêó çáiæíîñòi ñêîðèñòà¹ìîñü ñïiââiäíîøåííÿì

p =
lnδh − lnδh

2

ln2
,
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äå δh - àáñîëþòíà ïîõèáêà ïðè êðîöi äèñêðåòèçàöi¨ h ó âiäïîâiä-
íîìó ïðîñòîði.
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Âñòóï

Ó íàø ÷àñ âåá-ñòîðiíêè âèêîíóþòü íàéðiçíîìàíiòíiøi ôóíêöi¨,
âiä äæåðåëà iíôîðìàöi¨ äî ìèòò¹âî¨ êîìóíiêàöi¨ ìiæ ëþäüìè. Ãîëîâ-
íîþ ¨õ ïåðåâàãîþ ¹ äîñòóïíiñòü, àäæå äëÿ òîãî ùîá âèêîðèñòàòè âåá-
çàñòîñóíîê äîñòàòíüî ìàòè áóäü ÿêèé ïðèñòðié ç äîñòóïîì äî ìåðåæi
iíòåðíåò.

Àêòóàëüíiñòü äàíî¨ ðîáîòè ïîëÿãà¹ â òîìó, ùî Ìåòîä ñêií÷åííèõ
åëåìåíòiâ(ÌÑÅ) äëÿ çíàõîäæåííÿ ðîçâ'ÿçêiâ iíòåãðàëüíèõ òà äèôå-
ðåíöiàëüíèõ ðiâíÿíü ó ÷àñòèííèõ ïîõiäíèõ íàáóâà¹ ïîïóëÿðíîñòi, àäæå
ðîçðîáëåíèé äëÿ ÷èñåëüíîãî ðîçâ'ÿçóâàííÿ ñêëàäíèõ ïðîáëåì ó ìåõà-
íiöi êîíñòðóêöié òà iíøèõ ìàòåìàòè÷íèõ çàäà÷. Íàðàçi øèðîêî çàñòî-
ñîâó¹òüñÿ äëÿ ðîçâ'ÿçóâàííÿ ñêëàäíèõ ñèñòåì. ßê íàñëiäîê ïîñòà¹ ïè-
òàííÿ àâòîìàòèçàöi¨ ðîáîòè, ùî ñïðîñòèòü i ïðèøâèäøèòü îá÷èñëåííÿ.

Ïåðøèì åòàïîì ÌÑÅ ¹ âèäiëåííÿ îáëàñòi òà ðîçáèòòÿ ¨¨ íà ïiäî-
áëàñòi. Ñàìå òàêó ôóíêöiîíàëüíiñòü áóëî âèðiøåíî ïîêëàñòè ÿê îñíîâó
ó äàíó âåá-àïëiêàöiþ. Îòæå, Ìåòà äîñëiäæåííÿ ïîëÿãà¹ â ðîçðîáöi âåá-
äîäàòêó äëÿ àâòîìàòèçàöi¨ ïîøóêó òà òðiàíãóëÿöi¨ îáëàñòåé çðó÷íèõ
äëÿ ïîäàëüøîãî çàñòîñóâàííÿ ÌÑÅ.

Ãîëîâíà iäåÿ

Ïðîöåñ ðîçðîáêè êåðóâàâñÿ òàêèì ïðàâèëîì: âåá-çàñòîñóíîê ïî-
âèíåí áóòè çðó÷íèé òà ïðîñòèé ó çàñòîñóâàííi áóäü-ÿêèì êîðèñòóâà-
÷àì. Òîìó âñå ùî ïîòðiáíî êîðèñòóâà÷åâi öå äîäàòè ôîòîãðàôiþ òà
íàòèñíóòè êíîïêó òðiàíãóëÿöi¨.

Òåõíi÷íî âñå ìîæíà óÿâèòè ÿê íà ìàëþíêó íèæ÷å. Êîðèñòóâà÷ ìî-
æå áà÷èòè òiëüêè çîâíiøíié ðiâåíü âåá-àïëiêàöi¨ ïîçíà÷åíèé çåëåíèì
êîëüîðîì. Òóò âèêîðèñòîâó¹òüñÿ Vue.Js ÿê ñó÷àñíèé JavaScript ôðåéì-
âîðê äëÿ ðîçðîáêè àïëiêàöié, à òàêîæ Bulma � CSS ôðåéìâîðê äëÿ
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çðó÷íîãî òà ïðè¹ìíîãî äèçàéíó âåá-àïëiêàöi¨. Öåé ðiâåíü êîìóíiêó¹ iç
Node.Js ñåðâåðîì, ÿêèé ¹ êåðiâíèêîì îïåðàöié àïëiêàöi¨ òà âèêîíó¹ äâi
îñíîâíi ôóíêöi¨:

• Ïåðåâiðÿ¹ äîñòóï âèïàäêîâèõ êîðèñòóâà÷iâ äî ôóíêöiîíàëüíîñòi
àïëiêàöi¨

• Çáåðiãà¹ ôîòîãðàôiþ òà iíôîðìó¹ Python ñåðâåð ïðî íåîáõiäíiñòü
òðiàíãóëÿöi¨

Áàçà äàíèõ âèêîíó¹ ìiñöå ñõîâèùà iíôîðìàöi¨ ÿê ïðî þçåðiâ, ùî
ìàþòü äîñòóï äî àïëiêàöi¨, òàê i äî ìiñöåçíàõîäæåííÿ ôîòîãðàôié þçå-
ðiâ

Ñàì ïðîöåñ ðîçïiçíàâàííÿ âiäáóâà¹òüñÿ íà ñåðâåði Python. Ïiñëÿ
îòðèìàííÿ ôîòîãðàôi¨, ìè çàáèðà¹ìî øóì ç çîáðàæåííÿ i çãëàäæó¹ìî
éîãî äëÿ ëåãøîãî ðîçïiçíàâàííÿ. Äàëi ìàøèííèì íàâ÷àííÿì ðîçäiëÿ¹-
ìî îáëàñòü íà ïiäîáëàñòi (øêiðó i çàõâîðþâàííÿ). Îòðèìó¹ìî êîíòóðè
çàõâîðþâàííÿ i àïðîêñèìó¹ìî ¨õ äëÿ òîãî ùîá çìåíøèòè êiëüêiñòü òî-
÷îê ó êîíòóði. Ïiñëÿ ÷îãî ïðîâîäèìî òðèàíãóëÿöiþ ïî âèõiäíèõ òî÷êàõ
i ïîâåðòà¹ìî âæå òðèàíãóëüîâàíó îáëàñòü.

Àïëiêàöiÿ ìîãëà áóòè ðåàëiçîâàíà i áåç âèêîðèñòàííÿ âåá-çàñòîñóâàííÿ,
àëå òîäi êîðèñòóâà÷ó äîâåëîñü á âèâ÷àòè ñïåöèôiêó âèêîðèñòàííÿ REST
api ñåðâåðó. Öå çàãàëüíî ïðèéíÿòi ïðèíöèïè ïîáóäîâè âåá-çàñòîñóíêiâ,
äå âñÿ ðîáîòà ç äàíèìè âiäáóâà¹òüñÿ íà çàõèùåíîìó ñåðâåði, ùî ðîáèòü
êîðèñòóâàííÿ àïëiêàöi¹þ:

• Çàõèùåíèì (Ïðè ëîãóâàííi êîðèñòóâà÷iâ ç áàçîþ çâiðÿþòüñÿ íå
îñíîâíi ïàðîëi, ÿêi ìîæíà á áóëî ëåãêî îòðèìàòè iç äîñòóïîì äî
áàçè äàíèõ, à õåøîâàíà âåðñiÿ ÿêó ïðàêòè÷íî íåìîæëèâî îòðè-
ìàòè, ÿêùî íå ïðîéòè ÷åðåç åòàï õåøóâàííÿ íà Node.Js ñåðâåði)

• Øâèäêèì i ïðîñòèì (Íàâàíòàæåííÿ îïðàöþâàííÿ äàíèõ iäå íà
ñåðâåð, à íå íà êëi¹íò êîðèñòóâà÷à, òîìó êîðèñòóâàííÿ àïëiêàöi-
¹þ ìîæëèâå íà ìiíiìàëüíèõ ñèñòåìíèõ âèìîãàõ)

Íà îñíîâi âèùå çàçíà÷åíèõ ïëþñiâ âåá-çàñòîñóíêó ìè ïåðåêîíà-
ëèñü ó ïðàâèëüíîñòi âèáîðó âåá-ñòîðiíêè ÿê ãðàôi÷íîãî iíòåðôåéñó
íàøî¨ ôóíêöiîíàëüíî¨ ÷àñòèíè.
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Âèñíîâîê

Âåá-çàñòîñóíêè ó ñó÷àñíèõ iíôîðìàöiéíèõ òåõíîëîãiÿõ ¹ íåçà-
ìiííèìè äæåðåëàìè iíôîðìàöi¨, àäæå ïîëåãøóþòü ðîáîòó ç äàíèìè òà
îäíî÷àñíî äîçâîëÿþòü ïðàöþâàòè ç iíôîðìàöi¹þ â çàõèùåíîìó ðåæè-
ìi.

Ïiäñóìîâóþ÷è óñå âèùå ñêàçàíå, ìîæåìî çðîáèòè âèñíîâîê, ùî
íàøà âåá-àïëiêàöiÿ ìîæå â ïîäàëüøîìó âèêîðèñòîâóâàòèñü äëÿ ãåíå-
ðàöi¨ áàçîâèõ ñiòîê äëÿ ÌÑÅ, àäæå âîíà äîçâîëèòü êîðèñòóâà÷àì ó
äåêiëüêà íàòèñêàíü îòðèìàòè ïðîòðèàíãóëüîâàíó îáëàñòü ç âõiäíî¨ ôî-
òîãðàôi¨.
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Ðîçãëÿíåìî çàäà÷ó áåçóìîâíî¨ ìiíiìiçàöi¨ f (x)→ inf, xεRn (1)

Áóäü-ÿêèé ÷èñëîâèé ìåòîä ðîçâ`ÿçóâàííÿ çàäà÷i îïòèìiçàöi¨  ðóíòó¹-
òüñÿ íà òî÷íîìó àáî íàáëèæåíîìó îá÷èñëåííi ïåâíèõ õàðàêòåðèñòèê(çíà÷åííÿ
ôóíêöi¨ ìåòè, çíà÷åííÿ ïîõiäíèõ òîùî). Íà îñíîâi îòðèìàíî¨ iíôîðìà-
öi¨ áóäó¹ìî íàáëèæåííÿ äî ðîçâ'ÿçêó çàäà÷i. Äëÿ êîæíî¨ êîíêðåòíî¨
çàäà÷i ïèòàííÿ ïðî õàðàêòåðèñòèêè ôóíêöi¨, ÿêi ïîòðiáíî áðàòè äî
óâàãè ïiä ÷àñ ðîçâ'ÿçóâàííÿ çàäà÷i, çàëåæèòü âiä âëàñòèâîñòåé ôóí-
êöi¨.
Äëÿ ìiíiìiçàöi¨ ôóíêöié áàãàòüîõ çìiííèõ âèêîðèñòîâó¹ìî ïîñëiäîâíi
àëãîðèòìè, êîëè âèáið íàñòóïíîãî íàáëèæåííÿ çàëåæèòü âiä ïîïåðå-
äíiõ ðåçóëüòàòiâ ó öüîìó âèïàäêó çàñòîñîâó¹ìî àëãîðèòì âèãëÿäó.

xk+1 = xk + αkhk, äå αk ∈ R, hk ∈ Rn, k = 0, 1, . . .

Ðîçãëÿíåìî ïðîñòèé ãðàäi¹íòíèé ìåòîä â ÿêîìó hk = −f ′(xk), îòæå
ïîñëiäîâíiñòü âèçíà÷à¹òüñÿ çà ôîðìóëîþ

xk+1 = xk − αkf ′(xk), αk > 0, k = 0, 1, . . .

Îñêiëüêè ðåàëüíèé îá÷èñëþâàëüíèé ïðîöåñ ïîâèíåí áóòè ñêií÷åííèì,
îòæå, äëÿ âiäïîâiäíîãî ìåòîäó ïîâèííi iñíóâàòè óìîâè çóïèíêè. Íàé-
÷àñòiøå íà ïðàêòèöi âèêîðèñòîâóþòü òàêi:

||xk+1 − xk|| ≤ ε1

||f(xk+1)− f(xk)|| ≤ ε2

||f ′(xk+1)|| ≤ ε3

Âèêîðèñòàâøè ñõåìó ïîáóäîâè òðèêðîêîâèõ iòåðàöiíèõ ìåòîäiâ óòâî-
ðþ¹ìî ìåòîä, ÿêèé ìà¹ âèãëÿä:

vk = xk − αkf ′(xk),

uk = xk − γk (λf ′ (xk) + (1− λ) f ′ (vk)) , λε (0, 1) ,
55



xk+1 = uk − βk(uk − vk),

äå
f(uk − βk(uk − vk)) = min

β
(uk − β(uk − vk)).

Ïîðó÷ ç çàïðîïîíîâàíèìè àëãîðèòìàìè, ðîçãëÿíóòî äåÿêi ìîäèôiêà-
öi¨:
Äëÿ öüîãî ââåäåìî òàêi ïîçíà÷åííÿ

N = {1, 2, . . . ,n} , Ni = {i1, . . . , is} , äå 1 ≤ ij ≤ n,

ij 6= iv, i = 1, 2, . . . , k ≤ n, ∪Ni = N, Ni 6= Nj

Ðîçãëÿíåìî âåêòîðè

hi = (h1
i , . . . , h

n
i )
T
äå hji (x) =

{
0, i /∈ Ni

∂f(x)
∂xi , i ∈ Ni

Ëåãêî ïîêàçàòè âèêîíàííÿ óìîâè (hi, f
′ (x)) > 0, òîáòî âåêòîð -hi ¹ âå-

êòîðîì ñïàäàííÿ ôóíêöi¨ f (x) ó òî÷öi x. Êðiì òîãî âèêîíó¹òüñÿ óìîâà
(hi, hj) ≥ 0, òîáòî -hi, -hj âåêòîðè ñïàäàííÿ ôóíêöi¨ f (x) ó òî÷öi x,
ïðè÷îìó êóò ìiæ âåêòîðàìè hi, hj íå òóïèé.
Òåïåð ðîçãëÿíåìî àëãîðèòì xk+1 = xk− αkh−[ k

s ]s+k+1 k = 0, 1, . . .

Ïðè âèêîíàííi óìîâ ïîñëiäîâíiñòü {xk} çáiãà¹òüñÿ äî òî÷êè x∗, ÿêà ¹
ñòàöiîíàðíîþ òî÷êîþ ôóíêöi¨ f (x). Ó âèïàäêó Ni = {i} ìè ìàòèìå-
ìî ïîêîîðäèíàòíèé ìåòîä ñïóñêó. Ó âèïàäêó si = sj > 1 ìàòèìåìî
áëî÷íèé ìåòîä. Âðàõîâóþ÷è öåé ôàêò ìîæíà ïîáóäóâàòè òðèêðîêîâi
àëãîðèòìè ðîçâ'ÿçóâàííÿ çàäà÷i (1), à ñàìå

uk = xk − αkh−[ k
s ]s+k+1

vk+1 = xk − βkh−[ k+1
s ]s+k+2

xk+1 = argmin
γ

f( uk + γ(vk − uk)). k = 0, 1, . . .

Äàíèé àëãîðèòì ¹ ïî ñâî¨é ñòðóêòóði ó âèïàäêàõ âåëèêèõ n i âiäïîâiä-
íîìó âèáîði hi ìåíø òðóäîìiñòêèé íiæ êëàñè÷íèé, ãðàäi¹íòíèé ìåòîä
â ñåíñi êiëüêîñòi îá÷èñëåíü.

1. Ì.ß.Áàðòiø Ìåòîäè îïòèìiçàöi¨. Òåîðiÿ i àëãîðèòìè. Ëüâiâ Âèäàâ-
íè÷èé öåíòð ËÍÓ iìåíi Iâàíà Ôðàíêà, 2006, - 222 ñ.

2. https://stud�les.net/preview/5401509/page:2/

3. https://uk.wikipedia.org/wiki/
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Ïîáóäîâà êëàñòåðiâ íà ìíîæèííi âèïàäêîâèõ îá'¹êòiâ. Çà äîïî-
ìîãîþ ìîäèôiêàöié iòåðàöiéíèõ àëãîðèòìiâ K-Mean [1,3] òà FOREL
[2,4,5] çäiéñíåíî ïîáóäîâó êëàñòåðiâ. Ïðè öüîìó çàêëàäåíî âèïàäêîâèé
õàðàêòåð ïî÷àòêîâîãî íàáëèæåííÿ êëàñòåðiâ. Ìîäèôiêàöiÿ âêàçàíèõ
àëãîðèòìiâ ïîëÿãà¹ â îáðîáöi íîâèõ äàíèõ, ùî òåæ ìàþòü âèïàäêîâó
ïðèðîäó.

Çîêðåìà, ó ìåòîäi K-Mean çàäà¹òüñÿ âèïàäêîâå ïî÷àòêîâå íàáëè-
æåííÿ òà âèïàäêîâà êiëüêiñòü êëàñòåðiâ. Òàêi óìîâè â îá'¹äíàííi ç
ïîëåì âèïàäêîâèõ îá'¹êòiâ ãàðàíòóþòü ðiçíi ðåçóëüòàòè ðîáîòè àëãî-
ðèòìó. Ó àëãîðèòìi FOREL âèïàäêîâî çãåíåðîâàíî öåíòð ãiïåðñôåðè,
ùî çìiíèòü êiëüêiñòü òà îáñÿã êëàñòåðiâ.

Ïðîâåäåíî äîñëiäæåííÿ íåäîëiêó ìåòîäó K-Mean , à ñàìå éîãî íå
çáiæíiñòü [6]. Çàïðîïîíîâàíî âàðiàíòè âèïðàâëåííÿ äàíî¨ ïðîáëåìè.
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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 in�uence 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 e�cient means of studying several factors
and shows great �exibility in dealing with sparse or rich samplings.

Firstly, we aimed to establish the place of PopPK-PD modelling, using
non linear mixed e�ects models to obtain PK-PD information in drug de-
velopment in sixty-�ve healthy adults ages 20 to 85 years by constant rate
infusion of 1 to 8 µg−kg−1. 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 identi�ed the in�uence 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 e�ects
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-
�les 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 di�erential equations:

Ċ1(t) = v − (k12 + k13 + k)C1(t) + k21C2(t) + k31C3(t)

Ċ2(t) = k12C1(t)− k21C2(t)

Ċ3(t) = k13C1(t)− k31C3(t)

(36)

with initial conditions


C1(t) = 0 for t = tD

C2(t) = 0 for t = tD

C3(t) = 0 for t = tD

C1(tD) = D
v

The corresponding solution to equation (1) is giving as

A =
1

v

K21 − α
α− β

K31 − α
α− γ

, B =
1

v

K21 − β
β − α

K31 − β
β − γ

, C =
1

v

K21 − γ
γ − β

K31 − γ
γ − α

C(t) =



D
Tinf [Aα (1− exp−α(t− tD)

+B
β (1− exp−β(t− tD)

+C
γ (1− exp−γ(t− tD)], if (t− tD) ≤ Tinf

D
Tinf

A
α (1− expαTinf)(exp−α(t− tD − Tinf))

+B
β (1− expβT inf)(exp−β(t− tD − Tinf))

+C
γ (1− exp γT inf)(exp−γ(t− tD − 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, α, β and γ are the �rst rate constant,
second rate constant and third rate constant respectively. K12, K21 are
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the distribution rate constant from compartment 1 to compartment 2 and
from compartment 2 to compartment 1 respectively. K13, K31 are distri-
bution rate constant from compartment 1 to 3 and from compartment 3
to 1 respectively and c0 is the initial drug intake.

Once the base model is identi�ed, 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 di�erent 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
�nal covariate model with an inclusion of LBM on all parameters with
AGE on k21 , AGE on k13, AGE on v, AGE on k. To improve the �nal
covariate model, we considered correlations between the random e�ects ,
a Wald test which strongly relies on the standard error was performed and
it thus suggest to remove k13 and k31 from LBM with the corresponding
β coe�cients, βk31LBM , βk13LBM 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 �nal model.
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Çàäà÷à àâòîìàòè÷íîãî ðîçïiçíàâàííÿ òåêñòó íà çîáðàæåííi ìà¹
áàãàòî ñôåð ïðàêòè÷íîãî çàñòîñóâàííÿ: ðîçïiçíàâàííÿ íîìåðíèõ çíà-
êiâ ìàøèí, îòðèìàííÿ iíôîðìàöi¨ ïðî ïðîäóêò, îöèôðóâàííÿ ðóêîïè-
ñíèõ äîêóìåíòiâ òîùî. Îñêiëüêè öþ çàäà÷ó âàæêî âèðiøèòè ìåòîäàìè
òðàäèöiéíîãî ïðîãðàìóâàííÿ, íà äîïîìîãó ïðèõîäÿòü íåéðîííi ìåðåæi

Çàãàëüíà ïîñòàíîâêà çàäà÷i ðîáîòè iç çîáðàæåííÿì

Çîáðàæåííÿ ìîæíà ðîçãëÿäàòè ÿê ìàòðèöþ ÷èñåë, äå êîæåí åëå-
ìåíò ìàòðèöi ðåïðåçåíòó¹ âiäïîâiäíèé ïiêñåëü çîáðàæåííÿ ç çàäàíîþ
iíòåíñèâíiñòþ (êîëüîðîì). Òàêå ïîäàííÿ çîáðàæåííÿ äà¹ çìîãó ïðåä-
ñòàâèòè éîãî ó âèãëÿäi äèñêðåòíî¨ äâîâèìiðíî¨ ôóíêöi¨

I(x, y)

Çàäàííÿ çîáðàæåííÿ øëÿõîì ôóíêöi¨ âiäêðèâà¹ øèðîêi ìîæëèâîñòi
âèêîðèñòàííÿ ìàòåìàòè÷íîãî àïàðàòó. Ïðîòå, î÷åâèäíî, ùî ñêëàäíi
çàäà÷i ç îáëàñòi êîìï'þòåðíîãî áà÷åííÿ âàæêî ðîçâ'ÿçàòè ïðÿìèìè
àëãîðèòìàìè. Öå çàâäàííÿ ìîæíà âèðiøóâàòè íåéðîííèìè ìåðåæàìè

Êîíöåïöiÿ íåéðîííèõ ìåðåæ

Øòó÷íi íåéðîííi ìåðåæi ïîêëèêàíi çíàõîäèòè çàëåæíîñòi ìiæ
âõiäíèìè òà âèõiäíèìè äàíèìè. Òàêi òèïè çàëåæîñòåé âäà¹òüñÿ âñòà-
íîâèòè çàâäÿêè ñòàòèñòè÷íîìó àíàëiçi äàíèõ. Î÷åâèäíî, ùî áiëüøà
êiëüêiñòü äàíèõ çàáåçïå÷èòü êðàùèé ðåçóëüòàò. Â çàãàëüíîìó, âèãëÿä
íåéðîííî¨ ìåðåæi ìîæíà çâåñòè äî ìàòåìàòè÷íî¨ ôóíêöi¨

f(x,w) = y

äå x - âõiäíi äàííi, y - ðåçóëüòàò ðîáîòè ìåðåæi, w - âíóòðiøíi ïà-
ðàìåòðè (âàãè) ìåðåæi. Ïðîöåñ òðåíóâàííÿ ïîëÿãà¹ ó àâòîìàòè÷íîìó
ïîøóêó óñiõ ïàðàìåòðiâ wi ∈ w. Äëÿ òðåíóâàííÿ íåîáõiäíî ïiäãîòóâàòè
íàáið äàíèõ ç î÷iêóâàíèìè âèõîäàìè íåéðîííî¨ ìåðåæi

X = {x0,x1,..., xn}, Y ∈ {y0,y1,..., yn}61



Âèêîðèñòîâóþ÷è îïòèìiçàöiéíi ìåòîäè ìè ìîæåìî âiäøóêàòè íàéêðà-
ùi çíà÷åííÿ ïàðàìåòðiâ wi ∈ w
Ïàðàìåòðè x, y ¹ ñòàëèìè, wi ∈ w âiäøóêóþòüñÿ ïiä ÷àñ òðåíóâàííÿ.
Ïîòðiáíî çíàéòè ùàãàëüíèé âèãëÿä ôóíêöi¨ f . Iñíó¹ áàãàòî àðõiòåêòóð
íåéðîííèõ ìåðåæ, àëå áiëüøiñòü ç íèõ ñêëàäàþòüñÿ ç áàçîâèõ ÷àñòèí
� øàðiâ.

f(x,w) = ln(ln−1(...l2(l1(x, x1), w2)...wn−1), wn)

w = w1 ∪ w1 ∪ ... ∪ wb
Ó íàéïðîñòiøié ùiëüíî ç'¹äíàíié ìåðåæi (fully conected) áàçîâèì áëî-
êîì ¹ îäíîéìåííè øàð, ÿêèé âèêîíó¹ ìíîæåííÿ âåêòîðà x íà ìàòðèöþ
w òà çàñòîâó¹ íåëiíiéíó ôóíêöiþ àêòèâàöi¨. Ïðîòå, öåé òèï ìåðåæ íå
¹ íàéêðàùèì äëÿ îáðîáêè çîáðàæåíü.

Çãîðòêîâi íåéðîííi ìåðåæi (CNN)

Ðèñ. 1: Äèñêðåòíà îïåðàöiÿ
çãîðòêè

Ó ðåàëüíèõ çîáðàæåííÿ ëåã-
êî ïðîñëiäêîâó¹òüñÿ êîðåëÿöiÿ ìiæ
ñóñiäíiìè ïiêñåëÿìè. Âiäïîâiäíî äî
òåîði¨ iíôîðìàöi¨, ÷èì áiëüøà ñòà-
òèñòè÷íà çàëåæíiñòü äàíèõ � òèì
ìåíøó iíôîðìàöiþ öi äàíi íåñóòü.
Çãîðòêîâi øàðè âîäíî÷àñ îïðàöüîâó-
þòü ïåâíó ëîêàëüíó îáëàòü çîáðà-
æåííÿ òà íå âðàõîâóþòü êîðåëÿöi¨
ç äàëåêèìè ÷àñòèíàìè, âèêîðèñòî-
âóþòü ìàòåìàòè÷íó îïåðàöiþ çãîð-
òêè.

(f ∗ g)(t) =

∫ ∞
−∞

(f(τ)g(t− τ)) dτ

Âèêîðèñòàííÿ öi¹¨ òåõíîëîãi¨ â ïî¹äíàíi ç ùiëüíèìè øàðàìè íåéðîííèõ
ìåðåæ äà¹ ïîòóæíèé àïàðò äëÿ êëàñèôiêàöi¨, ñåãìåíòàöi¨ çîáðàæåíü
òîùî.

Ðåêóðåíòíi øàðè (RNN)
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Ðèñ. 2: Ðåêóðåíòíèé øàð

Îïèñàíi âèùå øàðè íåéðîííèõ ìå-
ðåæ ïðàöþþòü ÿê ñòðîãà ìàòåìàòè-
÷íà ôóíêöiÿ. Îäèíàêîâi âõiäíi äàí-
íi ñïðè÷èíÿòü çàâæäè îäíàêîâèé ðå-
çóëüòàò. Äëÿ ïåâíîãî êëàñó çàäà÷
íåîáõiäíî ïàì'ÿòàòè ïîïåðåäíi ïî-
äi¨ (íàïðèêëàä, çàäà÷à ðîçïiçíàâà-
ííÿ ãîëîñîâîãî òåêñòó). Ðåêóðåíòíi
øàðè ïðîïîíóþòü äîäàòêîâi àêóìó-
ëÿòîðè ïàì'ÿòi âñåðåäèíi øàðó. Êî-

æåí ðåçóëüòàò ìåðåæi ïîäà¹òüñÿ äîäàòêîâèì âõiäíèì ïàðàìåòðîì â
íàñòóïíèé ìîìåíò ÷àñó. Çâiäñè i íàçâà � ðåêóðåíòíi íåéðîííi ìåðåæi.

Çãîðòêîâî-ðåêóðåíòíi ìåðåæi äëÿ ðîçïiçíàâàííÿ òåêñòó (CRNN)

Ðèñ. 3: Âèãëÿä
CRNN

Çàâäàííÿ ðîçïiçíàâàííÿ òåêñòó ìîæíà çâå-
ñòè äî çàâäàííÿ ðîçïiçíàâàííÿ îêðåìîãî ñëî-
âà, îñêiëüêè ñåãìåíòàöiÿ ñëiâ íà çîáðàæåííi
� çàäà÷à ïiäâëàäíà òðàäèöiéíèì àëãîðèòìàì
êîìï'þòåðíîãî áà÷åííÿ. Çãîðòêîâà ÷àñòèíà ìå-
ðåæi âèêîðèñòîâó¹òüñÿ äëÿ âèòÿãóâàííÿ îñîáëè-
âîñòåé ëîêàëüíèõ ÷àñòèí çîáðàæåííÿ. Ðîçóìíî
î÷iêóâàòè, ùî îòðèìàíà iíôîðìàöiÿ áóäå ïðèäà-
òíîþ äëÿ êëàñèôiêàöi¨ îêðåìèõ ëiòåð. Ïðîòå, äà-
íà êëàñèôiêàöiÿ íå ¹ ñòiéêîþ, îñêiëüêè éìîâið-
íiñòü ïðàâèëüíî ðîçïiçíàòè ñëîâî ¹ äîñèòü ìà-
ëîþ

p = p1 · p2 · .. · pn
i ñêëàäà¹òüñÿ ç äîáóòêó éìîâiðíîñòåé ïðàâèëüíî¨
êëàñèôiêàöi¨ ëiòåð. Àëå éìîâiðíiñòü íàñòóïíîãî
ñèìâîëó áåñïîñåðåäíüî çàëåæèòü âiä ïîïåðåäíiõ
ñèìâîëiâ. Ðåêóðåíòíi øàðè â ïðîöåñi íàâ÷àííÿ óñïiøíî âèâ÷àþòü çà-
ãàëüíi ïðàâèëà íàïèñàííÿ ñëiâ òà ïðàâèëüíî �÷èòàþòü� íàâiòü ïîìèë-
êîâî íàïèñàíó ëiòåðó.

Äëÿ åêñïåðèìåíòó áóëî îáðàíó íàâ÷àëüíó áàçó àíãëiéñüêèõ
ñëiâ IAM Handwriting database, 115 òèñÿ÷ çîáðàæåíü ñëiâ. Îòðèìàíi

ðåçóëüòàòè:

• Òî÷íiñòü: 75%

• Ñåðåäíÿ edit distance: 0.1
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Ðîçãëÿíåìî ÊäÔ ðiâííÿ Áþðãåðñà[1]:

ut + puux + qu2ux + ruxx − suxxx = 0, qs > 0 (1)

Çíàéäåìî éîãî ðîçâ'ÿçîê ìåòîäîì (G'/G)-ðîçøèðåííÿ[2].
Äàíå ðiâíÿííÿ äîñëiäæó¹ìî âèêîðèñòîâóþ÷è òàêó ïîñëiäîâíiñòü êðî-
êiâ.
Êðîê 1. Ââåäåìî çìiííó ξ òà âèêîíà¹ìî òàêó çàìiíó:

u(x, t) = u(ξ), ξ = x�Vt ,

äå V � êîíñòàíòà. Âíàñëiäîê äàíî¨ çàìiíè îòðèìó¹ìî çâè÷àéíå äèôå-
ðåíöiàëüíå ðiâíÿííÿ
−Vu ′ + puu ′ + qu2u′ + rx − su ′′′ = 0. (2)
Êðîê 2. Ðîçâ'ÿçêè ðiâíÿííÿ (2) øóêà¹ìî ó âèãëÿäi∑m
i=0 ai(

G′

G )i, am 6= 0. (3)
Äëÿ çíàõîäæåííÿ m ðîçãëÿíóòî îäíîðiäíèé áàëàíñ ìiæ u2u′ i u′′′.
Îòðèìàíî m = 1. Îòæå ðîçâ'ÿçîê ðiâíÿííÿ (1) áóäå ìàòè âèãëÿä

u (ξ) = a1

(
G′

G

)
+ a0, a1 6=0 (4)

äå
(
G′

G

)
çàäîâîëüíÿ¹ çâè÷àéíå äèôåðåíöiàëüíå ðiâíÿííÿ

G′′ + λG′ + µG = 0 (5)
Êðîê 3. Ïiäñòàâëÿþ÷è (4) ó (2) òà çâiâøè ÷ëåíè áiëÿ îäíàêîâèõ ñòå-

ïåíiâ
(
G′

G

)
, îòðèìó¹ìî ìíîãî÷ëåí âiä

(
G′

G

)
ó ëiâié ÷àñòèíi ðiâíîñòi i

ïðèðiâíþ¹ìî êîæåí êîåôiöi¹íò öüîãî ìíîãî÷ëåíà äî íóëÿ. Â ðåçóëüòà-
òi îòðèìà¹ìî ñèñòåìó àëãåáðè÷íèõ ðiâíÿíü ùîäî ïàðàìåòðiâ
a0, a1, µ, λ, V, p, q, s, r .
Êðîê 4. Ðîçâ'ÿçàâøè ñèñòåìó ç ïîïåðåäíüîãî êðîêó îòðèìà¹ìî
a0, a1, µ, λ, V, p, q, s, r . Ðîçãëÿíåìî îäèí iç îòðèìàíèõ ðîçâ'ÿçêiâ:

v = 0, µ =
−3sp2 + 2qr2

24qs2
, λ = 0,
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a0 = −p
q
−
r
√

s
q

√
6s

a1 = −
√

6s

q

äå p,q,s,r � äîâiëüíi êîíñòàíòè.
Ïiäñòàâëÿ¹ìî ðîçâ'ÿçêè àëãåáðè÷íî¨ ñèñòåìè ó (4) òà îòðèìó¹ìî ãiïåð-
áîëi÷íèé, òðèãîíîìåòðè÷íèé òà ðàöiîíàëüíèé ðîçâ'ÿçêè.
Ãðàôiêè ðàöiîíàëüíîãî, ãiïåðáîëi÷íîãî òà òðèãîíîìåòðè÷íîãî ðîçâ'ÿçêiâ:
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Â åïîõó iíôîðìàöiéíèõ òåõíîëîãié ïðîöåñ ñëiäêóâàííÿ âèêëàäà÷à
çà âèêîíàííÿì ñòóäåíòàìè ëàáîðàòîðíèõ ðîáiò âèìàãà¹ àâòîìàòèçàöi¨.

Ó çâ'ÿçêó iç àêòèâíèì ðîçâèòêîì âåá-òåõíîëîãié, âåëèêî¨ ïîïóëÿð-
íîñòi íàáóâàþòü âåá-äîäàòêè, ùî íàäàþòü äîñâiä êîðèñòóâà÷à áëèçü-
êèé äî êîðèñòóâàííÿ çâè÷àéíèìè Desktop-äîäàòêàìè. Âñå áiëüøå äî-
äàòêiâ òåïåð ìîæóòü ïîõèçóâàòèñÿ âåá-âåðñiÿìè, â òîé æå ÷àñ iñíóþ-
÷i âåá-äîäàòêè ïåðåíîñÿòü áiëüøå ëîãiêè íà êëi¹íòñüêó ñòîðîíó � íà
Front-End.

Áóëî âèðiøåíî ðîçðîáèòè òàêèé äîäàòîê, òàê çâàíèé Single-Page
application. Äîäàòîê äîçâîëÿ¹ âèêëàäà÷ó ñòâîðèòè ïåâíèé ðîáî÷èé ïðî-
ñòið. Âèêëàäà÷ ìîæå çà ïîñèëàííÿì çàïðîñèòè ñòóäåíòiâ. Ó êîæíîìó
ðîáî÷îìó ïðîñòîði ìîæíà ñòâîðèòè ñïðèíò, i òóäè äîäàâàòè âàðiàíòè
ëàáîðàòîðíèõ ðîáiò. Ñòóäåíò ìîæå áà÷èòè ïåðåëiê ðîáî÷èõ îáëàñòåé,
êóäè éîãî çàïðîñèëè. Ñòóäåíò ìà¹ ñâîþ äîøêó, äå âií ìîæå áà÷èòè
ñòîâïöi iç ãðóïàìè çàâäàíü (Todo, In Progress, Done). Ñòóäåíò ìîæå
ïåðåòÿãíóòè çàâäàííÿ iç ñïðèíòà ç êîëîíêè "Todo"â "In Progress". Âè-
êëàäà÷ ìà¹ ïîâíèé äîñòóï äî äîøêè êîðæíîãî ñòóäåíòà. Ïiñëÿ âèêî-
íàííÿ çàâäàííÿ éîãî òðåáà ïåðåòÿãíóòè â "Done".

Ïðè ðîçðîáöi Single-Page äîäàòêiâ äîâîäèòüñÿ ìîíîëiòíèé äîäà-
òîê ðîçáèâàòè íà 2 îêðåìi äîäàòêè: êëi¹íòñüêèé i ñåðâåðíèé. Ñïiëêóþ-
òüñÿ âîíè ìiæ ñîáîþ ïî REST. Äëÿ çáåðåæåííÿ äàíèõ íà êëi¹íòñüêié
ñòîðîíi âèêîðèñòàíî WebStorage API.

Äëÿ ðîçðîáêè Front-End áóëî âèêîðèñòàíî øèðîêî âiäîìó áiáëiî-
òåêó React [1]. Âîíà äîçâîëÿ¹ äåêëàðàòèâíî îïèñóâàòè ñêëàäíi iíòåð-
ôåéñè âåá òà ìîáiëüíèõ äîäàòêiâ. Çà ðàõóíîê âèêîðèñòàííÿ òåõíîëîãi¨
Virtual DOM ïðè áóäü-ÿêèõ çìiíàõ â iíòåðôåéñi ïåðåðåíäóâàòèñÿ áóäå
òiëüêè òå, ùî çìiíèëîñÿ, à íå öiëà ñòîðiíêà.

Â ÿêîñòi ÑÊÁÄ îáðàíî íåðåëÿöiéíó äîêóìåíòîîði¹íòîâàíó ÑÊÁÄ
MongoDB [3]. Âîíà êëàñèôiêó¹òüñÿ ÿê NOSQL, âèêîðèñòîâó¹ JSON-
ïîäiáíi äîêóìåíòè äëÿ ñõåìè äàíèõ. Îñíîâíîþ ïåðåâàãîþ ¹ ïðîñòîòà
òà ãíó÷êiñòü JSON ôîðìàòó, âiäñóòíiñòü æîðñòêî çàäàíî¨ ñõåìè, ùî
ïðèçâîäèòü äî âèñîêî¨ øâèäêîñòi ðîçðîáêè.

Ñåðâåðíà ÷àñòèíà (Back-End) ðåàëiçîâàíà íà Node.js [2]. Öå ñå-
ðåäîâèùå JavaScript, ÿêå íàäà¹ íåáëîêóþ÷ó àñèíõðîííó ìîäåëü äëÿ
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îïåðàöié ââîäó-âèâîäó.
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Â åïîõó öèôðîâèõ òåõíîëîãié äåöåíòðàëiçîâàíiñòü äàíèõ ãðà¹ âå-
ëèêó ðîëü â çàõèñòi iíôîðìàöi¨ âiä ïiäðîáîê, ¨¨ öiëiñíîñòi. Ñàìå òóò ó
ãðó âñòóïà¹ áëîê÷åéí, òåõíîëîãiÿ, ùî íàáóëà âåëèêî¨ ïîïóëÿðíîñòi â
îñòàííi ðîêè. Âîíî é íå äèâíî, àäæå çàâäÿêè íüîìó ìè ìîæåìî áåç-
ïå÷íî çáåðiãàòè ñâî¨ äàíi, íå ïåðåæèâàþ÷è çà ¨õ öiëiñíiñòü, ðîçïîðÿ-
äæàòèñü ñâî¨ìè ôiíàíñàìè, âèêîíóâàòè âàæêi îá÷èñëåííÿ íà äåêiëüêîõ
ìàøèíàõ îäíî÷àñíî é áàãàòî iíøîãî.

Áëîê÷åéí äîñëiâíî îçíà÷à¹ ¾ëàíöþæîê áëîêiâ¿. Öå áàçà äàíèõ,
ÿêà çáåðiãà¹òüñÿ îäíî÷àñíî íà áåçëi÷i êîìï'þòåðiâ. Íîâi áëîêè â öié
áàçi-ëàíöþæêó ñòâîðþþòüñÿ ïîñòiéíî. Êîæåí íîâîñòâîðåíèé áëîê ìi-
ñòèòü ãðóïó âïîðÿäêîâàíèõ çàïèñiâ (òðàíçàêöié), ùî íàêîïè÷èëèñÿ çà
îñòàííié ÷àñ, à òàêîæ çàãîëîâîê. Êîëè áëîê ñôîðìîâàíèé, âií ïåðåâiðÿ-
¹òüñÿ iíøèìè ó÷àñíèêàìè ìåðåæi i ïîòiì, ÿêùî âñi çãîäíi, ïiä'¹äíó¹òüñÿ
äî êiíöÿ ëàíöþæêà. ßê òiëüêè öå ñòàëîñÿ, âíåñòè â íüîãî çìiíè âæå íå-
ìîæëèâî. Êðiì íîâî¨ iíôîðìàöi¨ áëîê òàêîæ çáåðiãà¹ â çàøèôðîâàíîìó
âèãëÿäi äàíi ïðî ïîïåðåäíi áëîêè. À áàçà àâòîìàòè÷íî îíîâëþ¹òüñÿ íà
âñiõ ïiäêëþ÷åíèõ äî ñèñòåìè ïðèñòðîÿõ.

Îäíà ç íàéïîïóëÿðíiøèõ ïëàòôîðì, ùî ñòâîðåíà íà áàçi áëîê÷åé-
íó - Åòåðióì [1]. Öå ïëàòôîðìà äëÿ ñòâîðåííÿ ïðàêòè÷íî áóäü-ÿêèõ
äåöåíòðàëiçîâàíèõ îíëàéí-ñåðâiñiâ íà áàçi áëîê÷åéíà (Dapps), ùî ïðà-
öþþòü íà áàçi ðîçóìíèõ êîíòðàêòiâ. Ðåàëiçîâàíà ÿê ¹äèíà äåöåíòðà-
ëiçîâàíà âiðòóàëüíà ìàøèíà. Iäåÿ áóëà âòiëåíà 30 ëèïíÿ 2015 ðîêó.
Îñêiëüêè Ethereum ñèëüíî ñïðîùó¹ i çäåøåâëþ¹ âïðîâàäæåííÿ áëî-
ê÷åéíà, éîãî âïðîâàäæóþòü ÿê âåëèêi ãðàâöi, òàêi ÿê Microsoft, IBM,
Acronis, Ñáåðáàíê, áàíêiâñüêèé êîíñîðöióì R3, òàê i íîâi ñòàðòàïè.

Äëÿ íàïèñàííÿ ñìàðò-êîíòðàêòiâ íà áàçi Åòåðióì âèêîðèñòîâó¹-
òüñÿ îá'¹êòíî-îði¹íòîâàíà òà ïðåäìåòíî-îði¹íòîâàíà ìîâà ïðîãðàìóâà-
ííÿ Solidity [2]. Öå ñòàòè÷íî òèïiçîâàíà JavaScript-ïîäiáíà ìîâà ïðî-
ãðàìóâàííÿ, ñòâîðåíà äëÿ ðîçðîáêè ðîçóìíèõ êîíòðàêòiâ, ÿêi ïðàöþ-
þòü íà âiðòóàëüíié ìàøèíi Ethereum (EVM). Ïðîãðàìè íà ìîâi Solidity
òðàíñëþþòüñÿ â áàéòêîä EVM. Solidity äîçâîëÿ¹ ðîçðîáíèêàì ñòâî-
ðþâàòè ñàìîäîñòàòíi ïðîãðàìè, ùî ìiñòÿòü áiçíåñ-ëîãiêó, ðåçóëüòóþ÷ó
â òðàíçàêöiéíi çàïèñè áëîê÷åéíó. Ïiäòðèìóþòüñÿ êîìïëåêñíi çìiííi
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êîíòðàêòiâ, âêëþ÷àþ÷è äîâiëüíi i¹ðàðõi÷íi âiäîáðàæåííÿ (mappings)
i ñòðóêòóðè. Êîíòðàêòè ïiäòðèìóþòü ñïàäêóâàííÿ, âêëþ÷àþ÷è ìíî-
æèííå i C3-ëiíåàðèçàöiþ. Ïiäòðèìó¹òüñÿ áiíàðíèé iíòåðôåéñ ïðîãðà-
ìóâàííÿ (ABI), ùî ìà¹ áåçëi÷ òèïîáåçïå÷íèõ ôóíêöié â êîæíîìó êîí-
òðàêòi.

Äëÿ âçà¹ìîäi¨ çi Ethereum íîäàìè âèêîðèñòîâóþ÷è HTTP àáî
IPC ç'¹äíàííÿ áóëà çàäiÿíà êîëåêöiÿ áiáëiîòåê web3.j [3]. Çàâäÿêè íié
ìè ìîæåìî îòðèìóâàòè iíôîðìàöiþ ç äåöåíòðàëiçîâàíî¨ áàçè äàíèõ,
ðîçïîðÿäæàòèñü âëàñíèìè òîêåíàìè, íàäñèëàòè iíôîðìàöiþ íà íîäè,
òîùî.

MetaMask - öå ðîçøèðåííÿ äëÿ äîñòóïó äî ðîçïîäiëåíèõ äîäà-
òêiâ Ethereum, àáî "Dapps"ó áðàóçåði. Ðîçøèðåííÿ âáóäîâó¹ API Web2
Ethereum ó êîíòåêñò JavaScript êîæíîãî âåá-ñàéòó, òàê ùî dapps ìî-
æóòü ÷èòàòè ç áëîê÷åéí ìåðåæi. MetaMask äîçâîëÿ¹ êîðèñòóâà÷åâi
ñòâîðþâàòè i êåðóâàòè âëàñíèìè iäåíòèôiêàöiÿìè, òîìó, êîëè äåöåí-
òðàëiçîâàíèé äîäàòîê õî÷å âèêîíàòè òðàíçàêöiþ i çàïèñàòè â áëîê÷åéí,
êîðèñòóâà÷ ìà¹ çìîãó çàòâåðäèòè àáî âiäõèëèòè ¨¨.

Ïiä ÷àñ ðîçðîáêè áóëî ñòâîðåíî äîäàòîê, çà äîïîìîãîþ ÿêîãî ñå-
ðåä âñi¹¨ ãðóïè êîðèñòóâà÷iâ îáèðà¹òüñÿ êåðiâíèê ìåòîäîì ãîëîñóâàí-
íÿ. Êîæíèé ç êîðèñòóâà÷iâ ñïî÷àòêó ìà¹ ïðè¹äíàòèñÿ äî ãîëîñóâàííÿ.
Äàëi âií ìîæå ïîäàòè ñâîþ êàíäèäàòóðó òà ïðîãîëîñóâàòè çà ñåáå àáî
çà iíøîãî êàíäèäàòà. Çàðå¹ñòðîâàíèé â ãîëîñóâàííi êîðèñòóâà÷ ìîæå
áà÷èòè õòî ïðè¹äíàâñÿ äî ãîëîñóâàííÿ, õòî ïîäàâ êàíäèäàòóðó òà õòî
âæå ïðîãîëîñóâàâ. Â êiíöi âií ìîæå ïîäèâèòèñü ÷è âñi çàðå¹ñòðîâàíi
êîðèñòóâà÷i ïðîãîëîñóâàëè òà ïîáà÷èòè ðåçóëüòàò öüîãî ãîëîñóâàííÿ.

Îñîáëèâiñòþ ïëàòôîðìè Ethereum ¹ äîâîëi ëåãêà ìåòîäèêà ñòâî-
ðåííÿ âëàñíèõ òîêåíiâ. Íàéïðîñòiøèì ¹ ñòàíäàðò ERC-20 [4], ùî âèçíà-
÷à¹ íàáið ïðàâèë, ÿêi ïîâèííi áóòè äîòðèìàíi äëÿ òîãî, ùîá òîêåí áóâ
ïðèéíÿòèé i ìàâ ìîæëèâiñòü âçà¹ìîäiÿòè ç iíøèìè òîêåíàìè â ìåðå-
æi. Ñàìi òîêåíè ¹ áëîê÷åéí-àêòèâè, ÿêi ìîæóòü ìàòè öiííiñòü, à òàêîæ
ìîæóòü áóòè âiäïðàâëåíi é îòðèìàíi ÿê áóäü-ÿêà iíøà êðèïòîâàëþòà.

Òàêîæ áóëî ñòâîðåíî äîäàòîê, ùî äà¹ çìîãó áëèæ÷å îçíàéîìè-
òèñÿ ç ðîçðîáêîþ âëàñíîãî òîêåíó òà ðîçãëÿíóòè ñôåðó âèêîðèñòàííÿ
òîêåíà ÿê âàëþòè. À ñàìå äîäàòîê, ùî äîçâîëÿ¹ êîðèñòóâà÷àì áðàòè
ó÷àñòü â ëîòåðå¨, ïåðåãëÿäàòè ïîïåðåäíi òðàíçàêöi¨ òà iãðè, âèêîðèñòî-
âóþ÷è òåõíîëîãiþ áëîê÷åéí òà àëãîðèòì Keccak äëÿ çíàõîäæåííÿ âè-
ïàäêîâîãî ÷èñëà, ðîçïîðÿäæàþ÷èñü âëàñíèìè òîêåíàìè, à òàêîæ ìàòè
çìîãó êîíâåðòàöi¨ âàëþòè Ethreum â òîêåíè òà íàâïàêè.

Äëÿ âiäîáðàæåííÿ iíôîðìàöi¨ áóëî âèêîðèñòàíî javascript ôðåéì-
âîðê Vue.js [5]. Vue âèêîðèñòîâó¹ ñèíòàêñèñ øàáëîíiâ íà îñíîâi HTML,
ùî äîçâîëÿ¹ äåêëàðàòèâíî çâ'ÿçóâàòè ðåíäåðèíã DOM ç îñíîâíèìè
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åêçåìïëÿðàìè äàíèõ â Vue. Âñi Vue øàáëîíè âàëiäíi HTML, i ìîæóòü
áóòè ðîçïàðñåíi áðàóçåðàìè òà HTML ïàðñåðàìè. Âñåðåäèíi Vue êîìïi-
ëþ¹ øàáëîíè â ðåíäåðèíãîâi ôóíêöi¨ âiðòóàëüíîãî DOM. Â ïî¹äíàííi ç
ðåàêòèâíîþ ñèñòåìîþ, Vue çäàòíèé ðîçóìíî îá÷èñëèòè êiëüêiñòü êîì-
ïîíåíòiâ äëÿ ðå-ðåíäèíãó òà çàñòîñóâàòè ìiíiìàëüíó êiëüêiñòü ìàíi-
ïóëÿöié ç DOM, êîëè ñòàí çàñòîñóíêó çìiíèòüñÿ. Äëÿ ñòèëiçàöi¨ êîì-
ïîíåíòiâ íà ñòîðîíöi âèêîðèñòîâóâàâ Vue-Bootstrap - áiáëiîòåêó ÿêà
íàäà¹ ìîæëèâiñòü, øâèäêî é ïðîñòî êîðèñòóâàòèñü ãîòîâèìè, ñòèëiçî-
âàíèìè âiçóàëüíèìè îá'¹êòàìè.

Ó ïðîöåñi ðîçðîáêè áóâ ñòâîðåíèé ùå îäèí äîäàòîê, ùî äîçâîëÿ¹
êîðèñòóâà÷àì ïðîâîäèòè àóêöiîí ç ïðîäàæó ìàéíà, âèêîðèñòîâóþ÷è
òåõíîëîãiþ áëîê÷åéí òà ðîçïîðÿäæàòèñü âëàñíèìè òîêåíàìè. Êîðèñòó-
âà÷ ìà¹ çìîãó âèñòàâèòè ìàéíî íà ïðîäàæ, âêàçàâøè éîãî ìiíiìàëüíó
öiíó, ÷àñ âïðîäîâæ ÿêîãî éîãî ìîæíà áóäå ïðèäáàòè, çà ïîòðåáè âiä-
ìiíèòè çàìîâëåííÿ ïðî ïðîäàæ. Â ñâîþ ÷åðãó ïîòåíöiéíèé ïîêóïåöü
ìîæå çàïðîïîíóâàòè âëàñíó öiíó çà òîâàð, ÿêèé éîãî çàöiêàâèâ àáî
êóïèòè òîâàð çà ôiêñîâàíîþ âàðòiñòþ.

Â ðåçóëüòàòi áóëî ðîçðîáëåíî òðè ïîâíîöiííèõ äîäàòêà íà îñíî-
âi òåõíîëîãi¨ áëîê÷åéí, íà áàçi Åòåðióì. Ïðîåêòè áóëè ñòâîðåíi â íà-
â÷àëüíèõ öiëÿõ, ¨õíi ñèðöåâi êîäè áóëè âèñòàâëåíi ó âiäêðèòèé äîñòóï,
äëÿ òîãî ùîá äîïîìîãòè iíøèì ðîçðîáíèêàì ëåãøå ïðîåêòóâàòè ñõîæi
äîäàòêè.
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Âñòóï

Ó íàø ÷àñ âñå áiëüøå i áiëüøå íàáèðàþòü ïîïóëÿðíiñòü ñîöiàëü-
íi ìåðåæi òà ìåñåíäæåðè, ÿêi çàáåçïå÷óþòü êîìóíiêàöiþ ìiæ ëþäüìè.
Ðàçîì iç öèì, òàêîæ ñòàþòü ïîïóëÿðíèìè òàê çâàíi �÷àòáîòè� - ïðîãðà-
ìè, ùî íà îñíîâi ìîäåëi ìàøèííîãî íàâ÷àííÿ, ðîçïiçíàâàííÿ ìîâè òà
íåéðîííèõ ìåðåæ iìiòóþòü ðîçìîâó. Ïåðøi ÷àòáîòè áóëè ñòâîðåíi ùå â
60-õ ðîêàõ ÕÕ ñò. , àëå ç ðîçâèòêîì iíòåðíåò òåõíîëîãié òà ìåñåíäæå-
ðiâ, öÿ êîíöåïöiÿ ïî÷àëà ñòðiìêî íàáèðàòè ïîïóëÿðíiñòü ó íàø ÷àñ. Ó
öié ðîáîòi ðîçãëÿíóòî ñïîñiá ïîáóäîâè òàêèõ ñèñòåì, ñòâîðåííÿ UI/UX,
äîñëiäæåííÿ ñåðâiñiâ, ÿêi äîçâîëÿþòüñÿ íà îñíîâi http çàïèòiâ, êëàñè-
ôiêóâàòè òåêñò êîðèñòóâà÷à. Ç âèñîêîãî ðiâíÿ ðîáîòà áîòà ïîëÿãà¹ â
òîìó, ùîá ìàòè ìîæëèâiñòü âèçíà÷àòè íàéêðàùó âiäïîâiäü äëÿ áóäü-
ÿêîãî îòðèìàíîãî ïîâiäîìëåííÿ. Öÿ "íàéêðàùà"âiäïîâiäü ïîâèííà (1)
âiäïîâiñòè íà çàïèòàííÿ âiäïðàâíèêà, (2) íàäàòè âiäïîâiäíó iíôîðìà-
öiþ âiäïðàâíèêó, (3) ïîñòàâèòè çàïèòàííÿ ùîäî ïîäàëüøèõ ïèòàíü,
(4) ïðîäîâæèòè ðîçìîâó ðåàëiñòè÷íèì ñïîñîáîì. Öå äîñèòü âèñîêèé
ïîðÿäîê. Áîò ïîâèíåí ìàòè ìîæëèâiñòü çðîçóìiòè íàìiðè ïîâiäîìëå-
ííÿ âiäïðàâíèêà, âèçíà÷èòè, ÿêèé ïîòðiáíî âèáðàòè òèï âiäïîâiäíîãî
ïîâiäîìëåííÿ (íàñòóïíèé çàïèò, ïðÿìèé âiäãóê òîùî), à òàêîæ çàáåç-
ïå÷óâàòè âèêîíàííÿ ïðàâèëüíèõ ãðàìàòè÷íèõ òà ëåêñè÷íèõ ïðàâèë ïiä
÷àñ ôîðìóâàííÿ âiäïîâiäi.

Ãîëîâíà iäåÿ

Iäåÿ ñòâîðåííÿ ñèñòåì ÷àòáîòiâ äëÿ ìåñåíäæåðiâ(íà ïðèêëàäi
facebook messenger) áàçó¹òüñÿ íà http çàïèòàõ. Ó ðîëi êëi¹íòà âèñòóïà¹
âåáñàéò àáî ìîáiëüíà àïëiêàöiÿ ìåñåíäæåðà. Òåõíi÷íî âñå âiäáóâà¹òüñÿ
çà ñõåìîþ ïîäàíîþ íà ðèñóíêó (Ðèñ.1). Ó íàñ ¹ êëi¹íò � îäèí iç ïî-
ïóëÿðíèõ ìåñåíäæåðiâ, ùî âçà¹ìîäi¹ ç êîðèñòóâà÷åì, îòðèìàâøè ïîâi-
äîìëåííÿ âiä íüîãî, ôîðìó¹ òà âiäïðàâëÿ¹ çàïèò íà ñåðâåð. Âií îòðè-
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ìàâøè öåé çàïèò, îáðîáëÿ¹ éîãî. Òåêñò êîðèñòóâà÷à, çàçâè÷àé, ñåðâåð
âiäïðàâëÿ¹ íà NLP ñåðâiñ, ÿêèé, îáðîáèâøè öåé òåêñò, ïîâåðòà¹ äàíi
ïðî íüîãî íàçàä. Òîäi ñåðâåð, ìàþ÷è óñi öi äàíi ïðî òåêñò êîðèñòóâà-
÷à, àíàëiçó¹ éîãî, òà ôîðìó¹ âiäïîâiäü, ÿêó âiäïðàâëÿ¹ íàçàä íà ìå-
ñåíäæåð, i òàì âií ïåðåäà¹òüñÿ êîðèñòóâà÷ó. Ñòâîðèòè ÷àòáîò, ìîæíà
i áåç âèêîðèñòàííÿ NLP ñåðâiñiâ, âèêîðèñòîâóþ÷è òðèâiàëüíó îáðîá-
êó ïîâiäîìëåííÿ êîðèñòóâà÷à íà ñåðâåði. Çàñòîñóâàííÿ òàêèõ ñåðâiñiâ
íàäà¹ çíà÷íó ïåðåâàãó òà áiëüøi ìîæëèâîñòi. Çà äîïîìîãîþ òàêèõ ñåð-
âiñiâ ìîæíà ñòâîðèòè çíà÷íî êðàùó ñèñòåìó, ÿêà çìîæå âiäïîâiäàòè
íà øèðøèé íàáið ïèòàíü. Òàêèõ ñåðâiñiâ âíàñëiäîê ðîçâèòêó öi¹¨ iíäó-
ñòði¨ ¹ ÷èìàëî. Êîæåí iç íèõ ïðîïîíó¹ ùîñü, ùî ìîæå ñòàòè â ïðèãîäi
â êîíêðåòíîìó âèïàäêó. Îäíèì iç íàéïîïóëÿðíiøèõ äëÿ NLP â íàø
÷àñ ¹ Dialog�ow, ÿêèé ðàíiøå íàçèâàâñÿ Api.ai. Öåé ïðîäóêò áóâ êó-
ïëåíèé êîìïàíi¹þ Google òà ïðàöþ¹ íà îñíîâi ìàøèííîãî íàâ÷àííÿ
òà íåéðîííèõ ìåðåæ. Ó öié ñèñòåìi âàðòî çàçíà÷èòè êiëüêà âàæëèâèõ
äëÿ ðîáîòè iç íåþ òåðìiíiâ, íàïðèêëàä: Àãåíò � îá'¹êò, ùî ìiñòèòü
ó ñîái âñþ iíôîðìàöiþ äëÿ âèêîðèñòàííÿ, òà ¹ îäèíèöåþ, ÿêó ÷àòáîòè
âèêîðèñòîâóþòü äëÿ ðîçïiçíàâàííÿ òåêñòó. Ñàìå ðîçïiçíàâàííÿ òà òðå-
íóâàííÿ àãåíòà âiäáóâà¹òüñÿ íà îñíîâi äàííèõ. Òðåíóâàííÿ âiäáóâà¹-
òüñÿ çà ìîäåëÿìè Intent, Entity, ïðî ÿêi áiëüø äåòàëüíî áóäå ðîçêàçàíî
íà ñàìié ïðåçåíòàöi¨. Òàêîæ àãåíò ïîêðàùó¹òüñÿ çàâäÿêè âçà¹ìîäi¨ ç
íèì êîðèñòóâà÷iâ. Íà îñíîâi äàíèõ, ÿêi âií îòðèìó¹ â ïðîöåñi îáðîáêè
òåêñòiâ êîðèñòóâà÷à, âií òåæ íàâ÷à¹òüñÿ òà ñòà¹ êðàùèì.

Ó íàøîìó âèïàäêó, êëi¹íòîì âèñòóïà¹ Facebook messenger àáî
Telegram, ÿêèé îòðèìàâøè ïîâiäîìëåííÿ âiä êîðèñòóâà÷à , ôîðìó¹ òà
âiäïðàâëÿ¹ çàïèò íà ñåðâåð, ÿêèé ïiñëÿ öüîãî, îáðîáëÿ¹ éîãî. Òåêñò
êîðèñòóâà÷à, çàçâè÷àé, ñåðâåð âiäïðàâëÿ¹ íà NLP(Natural Language
Processing) ñåðâåð, äëÿ òîãî, ùîá çðîçóìiòè íàìið êîðèñòóâà÷à, òà,
îòðèìàâøè äàíi ïðî íàìiðè êîðèñòóâà÷à, âiäïîâiäíèì ÷èíîì ôîðìó¹
òó ÷è iíøó âiäïîâiäü äëÿ êîðèñòóâà÷à òà âiäïðàâëÿ¹ íàçàä äî êëi¹íòó.
Ñàì ñåðâåð ðåàëiçîâàíèé çà äîïîìîãîþ òåõíîëîãi¨ Node.js, ÿêèé çàâäÿ-
êè ñâî¨é àðõiòåêòóði, ùî áàçó¹òüñÿ íà ïîäiÿõ(Event driven architecture),
¹ îäíèì iç íàéêðàùèõ iíñòðóìåíòiâ äëÿ ïîäiáíèõ äîäàòêiâ ç ìiðêóâàíü
øâèäêîäi¨.

Ãîëîâíà iäåÿ UI/UX ÷àòáîòiâ

Ó ÷àòáîòàõ, äóæå âàæëèâî ïîáóäóâàòè ïðàâèëüíèé õiä âçà¹ìîäi¨ ç
êîðèñòóâà÷åì. Íà îñíîâi äîñëiäæåíü òà âëàñíîãî äîñâiäó, ìè ðáèìî âè-
ñíîâîê, ùî ÷èì áiëüø âóçüêîþ ¹ ñïåöiàëiçàöiÿ ÷àòáîòà, òèì áiëüøå âií
áóâ åôåêòèâíèì òà òî÷íèì. Äóæå âàæëèâèì ó ñòâîðåííi ïðèêëàäíîãî
ïðîãðàìíîãî çàáåçïå÷åííÿ áóäü-ÿêîãî ïðèçíà÷åííÿ, íå òiëüêè ÷àòáîòiâ,
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¹ çàáåçïå÷åííÿ ïðîñòî¨ òà iíòó¨òèâíî çðîçóìiëî¨ âçà¹ìîäi¨ ç êiíöåâèìè
êîðèñòóâà÷àìè ïðîäóêòiâ. Îñíîâi äîñëiäiâ, òà îïèòóâàíü, ñòàëî âiäîìî
òå, ùî ÷èì áiëüøå ïiäêàçîê ÷àòáîò íàäà¹ êîðèñòóâà÷åâi, òèì êðàùîþ
áóäå âçà¹ìîäiÿ iç íèì.

Ëiòåðàòóðà

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

[2] https://dialog�ow.com/docs/getting-started/basics
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ÐÎÇÐÎÁËÅÍÍß ÃÐÀÔI×ÍÎÃÎ ÌÎÄÓËß
IÍÔÎÐÌÀÖIÉÍÎ� ÑÈÑÒÅÌÈ ÏÐÎÃÍÎÇÓÂÀÍÍß

ÏÎÃÎÄÈ

Îëåã Áëèñòiâ, Óêðà¨íà
Íàöiîíàëüíèé ëiñîòåõíi÷íèé óíiâåðñèòåò Óêðà¨íè

Íàâ÷àëüíî-íàóêîâèé iíñòèòóò äåðåâîîáðîáíèõ òà êîìï'þòåðíèõ
òåõíîëîãié i äèçàéíó

Âñòóï.Æèòòÿ ëþäåé â çíà÷íié ìiði çàëåæèòü âiä ïîãîäíèõ óìîâ
òà âìiííÿ ¨õ ïðîãíîçóâàòè. Íà ñüîãîäíiøíié äåíü ïðîãíîçóâàííÿ ïî-
ãîäè ïðîâîäèòüñÿ íà íàóêîâié îñíîâi ç âèêîðèñòàííÿì ïîòóæíèõ îá-
÷èñëþâàëüíèõ ñåðâåðiâ i âåëèêîãî îá'¹ìó ìåòåîðîëîãi÷íèõ äàíèõ, ÿêi
íèìè îáðîáëÿþòüñÿ. Ïðîíîçîâàíi ïàðàìåòðè ïîãîäè ðiçíî¨ çàâ÷àñíîñòi
âiäîáðàæàþòü ó ìåðåæi Iíòåðíåò íà ðiçíîìàíiòíèõ ñàéòàõ ó âèãëÿäi
òåêñòó, òàáëèöü, êàðò, ãðàôiêiâ.

Âàæëèâèì çàëèøà¹òüñÿ çàâäàííÿ ïîñòiéíîãî ìîíiòîðèíãó òà ïðåä-
ñòàâëåííÿ ìåòåîðîëîãi÷íèõ äàíèõ ïðîãíîçó ó ôîðìi, çðó÷íié äëÿ ñïðèéíÿ-
òòÿ êîðèñòóâà÷àìè ó Iíòåðíåòi. Òîìó çàäà÷à àâòîìàòè÷íîãî êîíòðîëþ
òà âiäîáðàæåííÿ öèõ äàíèõ ¹ àêòóàëüíîþ çàäà÷åþ ÿê â íàóêîâîìó òàê
i â ïðàêòè÷íîìó ïëàíi.

Ìåòà ðîáîòè ïîëÿãà¹ â ðîçðîáëåííi ãðàôi÷íîãî ìîäóëÿ iíôîð-
ìàöiéíî¨ ñèñòåìè ïðîãíîçóâàííÿ ïîãîäè.

Âèêëàä îñíîâíîãî ìàòåðiàëó. ßêiñòü ïîäàííÿ ÷èñëîâèõ äà-
íèõ â iíôîðìàöiéíèõ ñèñòåìàõ iñòîòíèì ÷èíîì çàëåæèòü âiä äîñòî-
âiðíîñòi òà ñïîñîáó ¨õ ïðåäñòàâëåííÿ. Ïðè ðîçðîáëåííi ïðîãðàìíîãî
çàáåçïå÷åííÿ ãðàôi÷íîãî ìîäóëÿ iíôîðìàöiéíî¨ ñèñòåìè ïðîãíîçóâà-
ííÿ ïîãîäè, äàíi îòðèìóþòüñÿ â ðåàëüíîìó ÷àñi øëÿõîì ñèíòàêñè-
÷íîãî àíàëiçó âåá-ðåñóðñó Óêðà¨íñüêîãî ãiäðîìåòåîðîëîãi÷íîãî öåíòðó
(https://meteo.ua/ua). Ç öi¹þ ìåòîþ çàñòîñîâàíî áiáëiîòåêó DiDom ìî-
âè ïðîãðàìóâàííÿ PHP. Äëÿ ïîøóêó íåîáõiäíèõ HTML-åëåìåíòiâ âè-
êîðèñòîâó¹òüñÿ ìåòîä:

�nd (ïàðàìåòð1, ïàðàìåòð2),

äå ïàðàìåòð1 � íàçâà CSS-ñåëåêòîðà;
ïàðàìåòð2 � òèï CSS-ñåëåêòîðà (çà çàìîâ÷óâàííÿì Querry::TYPE CSS).

Îòðèìàíi äàíi çáåðiãàþòüñÿ ó ôîðìàòi JSON ç ìåòîþ çàáåçïå÷å-
ííÿ êîìïàêòíîñòi òà øâèäêî¨ ¨õ îáðîáêè.

Äëÿ ãðàôi÷íî¨ âiçóàëiçàöi¨ ïîãîäíèõ äàíèõ âèêîðèñòàíî JavaScript-
áiáëiîòåêó Chartist.js. Äàíà áiáëiîòåêà çàñòîñîâó¹ ôîðìàò âåêòîðíî¨
ãðàôiêè SVG òà ïiäòðèìó¹òüñÿ âñiìà ñó÷àñíèìè áðàóçåðàìè.
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Ðîçðîáëåíå ïðîãðàìíå çàáåçïå÷åííÿ ïðåäñòàâëÿ¹ âåá-ñàéò, ãîëîâ-
íà ñòîðiíêà ÿêîãî ïðåäñòàâëåíà íà ðèñóíêó 1.

Äëÿ âiäîáðàæåííÿ ïðîãíîçó ïîãîäè â ïåâíîìó íàñåëåíîìó ïóíêòi
Óêðà¨íè íåîáõiäíî ââåñòè éîãî íàçâó ó ïîëi ïîøóêó ó âåðõíié ëiâié
÷àñòèíi ñòîðiíêè.

Ðèñ. 1: Ãîëîâíà ñòîðiíêà âåá-ñàéòó

Ãðàôi÷íå ïðåäñòàâëåííÿ ïàðàìåòðiâ ïðîãíîçó (òåìïåðàòóðè, âî-
ëîãîñòi, òèñêó) íà ïîòî÷íèé òèæäåíü äåìîíñòðó¹òüñÿ â íèæíié ÷àñòèíi
öi¹¨ ñòîðiíêè (ðèñ. 2)

Ðèñ. 2: Ãðàôi÷íå ïðåäñòàâëåííÿ ïàðàìåòðiâ ïðîãíîçó íà ïîòî÷íèé òè-
æäåíü
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Äëÿ ïåðåãëÿäó ãðàôiêiâ ïàðàìåòðiâ ïðîãíîçó ïîãîäè íà ïåâíèé
äåíü (ðèñ. 3) òèæíÿ ïîòðiáíî âèáðàòè éîãî çi ñïèñêó ïðåäñòàâëåíîãî
íà ñòîðiíöi.

Ðèñ. 3: Ãðàôiêè ïàðàìåòðiâ ïðîãíîçó ïîãîäè íà ïåâíèé äåíü òèæíÿ

Âèñíîâêè. Ðîçðîáëåíî ïðîãðàìíå çàáåçïå÷åííÿ ãðàôi÷íîãî ìî-
äóëÿ iíôîðìàöiéíî¨ ñèñòåìè ïðîãíîçóâàííÿ ïîãîäè. Äàíó âåá-ñèñòåìó
ìîæíà çàñòîñîâóâàòè äëÿ îòðèìàííÿ â çðó÷íîìó ãðàôi÷íîìó âèãëÿäi
äåòàëüíî¨ iíôîðìàöi¨ ïðî ïîãîäíi óìîâè ó ðiçíèõ ìiñòàõ Óêðà¨íè.

Ëiòåðàòóðà

[1] DiDOM [Åëåêòðîííèé ðåñóðñ] : [Âåá-ñàéò]. � Ðåæèì äîñòóïó:
https://github.com/Imangazaliev/DiDOM (äàòà çâåðíåííÿ 10.03.2019). �
Íàçâà ç åêðàíà

[2] Chartist.js [Åëåêòðîííèé ðåñóðñ] : [Âåá-ñàéò]. � Ðåæèì äîñòóïó:
https://gionkunz.github.io/chartist-js/ (äàòà çâåðíåííÿ 17.03.2019). � Íà-
çâà ç åêðàíà.
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×ÈÑËÎÂÅ ÐÎÇÂ'ßÇÓÂÀÍÍß ÇÀÄÀ×I
ÀÄÂÅÊÖI�-ÄÈÔÓÇI� IÇ ÇÀÑÒÎÑÓÂÀÍÍßÌ

ÀËÃÎÐÈÒÌÓ ÄIÐIÕËÅ-ÍÅÉÌÀÍÀ

Ñïîäàð Iðèíà Âîëîäèìèðiâíà, Ôëèñ Ñîôiÿ Òàðàñiâíà
Óêðà¨íà, Ëüâiâ

Ëüâiâñüêèé íàöiîíàëüíèé óíiâåðñèòåò iì. Iâàíà Ôðàíêà
ôàêóëüòåò ïðèêëàäíî¨ ìàòåìàòèêè òà iíôîðìàòèêè

irynka-ww@ukr.net, sophia_sone4ko@ukr.net

Âñòóï

×èñëîâå äîñëiäæåííÿ ïðîöåñiâ àäâåêöi¨-äèôóçi¨ âiäiãðà¹ âàæëèâó
ðîëü ïðè ìàòåìàòè÷íîìó ìîäåëþâàííi çàäà÷i ïåðåíîñó çàáðóäíåíü ó
ñåðåäîâèùi. Ïðîòå âiäîìèì ¹ òîé ôàêò, ùî çàñòîñóâàííÿ ìåòîäó ñêií-
÷åííèõ åëåìåíòiâ (ÌÑÅ) [1] äî ðîçâ'ÿçóâàííÿ öi¹¨ çàäà÷i ó âèïàäêó
âåëèêèõ ÷èñåë Ïåêëå ¹ íååôåêòèâíèì ç îãëÿäó íà çíà÷íi îñöèëÿöi¨. Â
äàíié ðîáîòi çàñòîñîâàíî àëãîðèòì Äiðiõëå-Íåéìàíà [2] ç âèêîðèñòà-
ííÿì ñïåöiàëüíèõ ïðîáíèõ ôóíêöié äëÿ óñóíåííÿ öi¹¨ ïðîáëåìè. Äëÿ
àíàëiçó ðåçóëüòàòiâ çäiéñíåíî âåðèôiêàöiþ îòðèìàíîãî ðîçâ'ÿçêó.

Àëãîðèòì Äiðiõëå-Íåéìàíà

Ðîçãëÿíåìî çàäà÷ó àäâåêöi¨-äèôóçi¨

A1u1 = div(bu1) + b0u1 = f â Ω1,

A2u2 = div(−ν∇u2 + bu2) + b0u2 = f â Ω2,

u1 = g1 íà ∂Ω1\Γ,
u2 = g2 íà ∂Ω2\Γ,
u1 = u2 íà Γ, ‘

−b · nΓu1 = ν ∂u2

∂nΓ
− b · nΓu2 íà Γ.

Ãîëîâíà iäåÿ ìåòîäó Äiðiõëå-Íåéìàíà ïîëÿãà¹ â òîìó, ùî íà îäíié ç
ïiäîáëàñòåé ôîðìóëþþòü çàäà÷ó ç êðàéîâèìè óìîâàìè Äiðiõëå, à íà
iíøié � ç êðàéîâèìè óìîâàìè Íåéìàíà. Ðîçâ'ÿçóþ÷è iòåðàöiéíî îòðè-
ìàíi çàäà÷i, çíàõîäÿòü ïîñëiäîâíîñòi ôóíêöié {u1

(k)}∈ Ω1, {u2
(k)}∈ Ω2

ùî çáiãàþòüñÿ äî ðîçâ'ÿçêiâ âèõiäíî¨ ãåòåðîãåííî¨ çàäà÷i u1 i u2 âiäïî-
âiäíî. Ñïiâïàäiííÿ ðîçâ'ÿçêiâ u1 i u2 íà ñïiëüíié ìåæi ïiäîáëàñòåé Ω1

i Ω2 çàáåçïå÷ó¹òüñÿ óìîâàìè ñïðÿæåííÿ.
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Ðèñ. 1: Çîáðàæåííÿ ïðîáíèõ ôóíêöié ψi(x1, x2)

Âèáið ïðîáíèõ ôóíêöié

Ââåäåìî ñïåöiàëüíi ïðîáíi ôóíêöi¨ [3]

ψi(x1, x2) = φi(x1, x2)− αγ(x1, x2),

γ(x1, x2) = wnφi(x1, x2)φj(x1, x2)φm(x1, x2),

äå φi, φj , φm - áiëiíiéíi áàçèñíi ôóíêöi¨ ÌÑÅ, wn - íîðìàëüíà ñêëàäî-
âà âåêòîðà øâèäêîñòi, α - ïàðàìåòð, ùî äîçâîëÿ¹ êîíòðîëþâàòè âïëèâ
äîïîìiæíî¨ ôóíêöi¨ γ(x1, x2). Ââåäåíi ìîäèôiêîâàíi ïðîáíi ôóíêöi¨ çî-
áðàæåíi íà ðèñ. 1.

Âåðèôiêàöiÿ ðåçóëüòàòiâ

Äëÿ âåðèôiêàöi¨ ðîçâ'ÿçêó çàäà¹ìî íà äâîõ ïðîòèëåæíèõ ãðàíè-
öÿõ îáëàñòi îäíîðiäíó óìîâó Íåéìàíà, à íà äâîõ iíøèõ � îäíîðiäíó
óìîâó Äiðiõëå. Ðîçâ'ÿçîê ìàòèìå âèãëÿä öèëiíäðà, òîáòî íà êîæíié ç
ïðÿìèõ x2 = a, äå a ∈ [0, 2], âií áóäå îäíàêîâèì. Òîìó ÿêùî òåïåð çà-
ôiêñó¹ìî êîîðäèíàòó x2, òî îòðèìà¹ìî àíàëîã îäíîâèìiðíîãî âèïàäêó,
ÿêèé ìîæåìî ïîðiâíÿòè ç àíàëiòè÷íèì ðîçâ'ÿçêîì. Ç ðèñ. 2, 3 áà÷èìî,
ùî ðîçâ'ÿçêè ¹ äóæå ïîäiáíèìè.

Åêñïåðèìåíòàëüíèé ïîðÿäîê çáiæíîñòi îá÷èñëèìî çà ôîðìóëîþ:

p = ln(e1)−ln(e2)
ln(h1)−ln(h2)

Ðåçóëüòàòè íàâåäåíî â òàáë. 1.
Òàêîæ çäiéñíèìî âåðèôiêàöiþ ðîçâ'ÿçêó øëÿõîì âèêîðèñòàííÿ

ñõåìè Åéòêåíà. Äëÿ åêñïåðèìåíòàëüíîãî ïîðÿäêó çáiæíîñòi çàñòîñó¹ìî
ôîðìóëó (1).

p =
ln(δ1)− ln(δ2)

ln(q)
. (38)
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Ðèñ. 2: Ðîçâ'ÿçîê íà ôi-
êñîâàíié ïðÿìié

Ðèñ. 3: Àíàëiòè÷íèé
ðîçâ'ÿçîê

L2 W
(1)
2

Àïðiîðíèé ïîðÿäîê çáiæíîñòi 2 1
Åêñïåðèìåíòàëüíèé ïîðÿäîê çáiæíîñòi 2.02 0.93

Òàáë. 1: Ïîðÿäîê çáiæíîñòi ó ïîðiâíÿííi ç àíàëiòè÷íèì ðîçâ'ÿçêîì

Ðåçóëüòàòè íàâåäåíi â òàáë. 2.

L2 W
(1)
2

Ïîðÿäîê çáiæíîñòi 1.97 0.94

Òàáë. 2: Ïîðÿäîê çáiæíîñòi çà ñõåìîþ Åéòêåíà

Âèñíîâîê

Ðîçãëÿíóòî ãåòåðîãåííó ìîäåëü çàäà÷i àäâåêöi¨-äèôóçi¨. Äëÿ çíà-
õîäæåííÿ ðîçâ'ÿçêó çàäà÷i çàñòîñîâàíî àëãîðèòì äåêîìïîçèöi¨ îáëàñòi
Äiðiõëå-Íåéìàíà ç âèêîðèñòàííÿì ìîäèôiêîâàíèõ ïðîáíèõ ôóíêöié.
Ïðîâåäåíî âåðèôiêàöiþ îòðèìàíîãî ðîçâ'ÿçêó øëÿõîì ïîðiâíÿííÿ éî-
ãî îäíîâèìiðíî¨ ïðîåêöi¨ ç àíàëiòè÷íèì ðîçâ'ÿçêîì òà øëÿõîì âèêîðè-
ñòàííÿ ñõåìè Åéòêåíà. Îòðèìàíi ðåçóëüòàòè äåìîíñòðóþòü, ùî åêñïå-
ðèìåíòàëüíèé ïîðÿäîê çáiæíîñòi áëèçüêèé äî àïðiîðíîãî.

Ëiòåðàòóðà

[1] Ñàâóëà ß. Ã. ×èñëîâèé àíàëiç çàäà÷ ìàòåìàòè÷íî¨ ôiçèêè âàðiàöiéíèìè
ìåòîäàìè // ß. Ã. Ñàâóëà. - Ëüâiâ: âèäàâíè÷èé öåíòð ËÍÓ iìåíi Iâàíà
Ôðàíêà, Ëüâiâ, 2004. � 221 ñ.
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[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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Ó äàíié ðîáîòi ïðåäñòàâëåíî ïðîãðàìíó ðåàëiçàöiþ â ñåðåäîâè-
ùi MATLAB àëãîðèòìó äëÿ h-àäàïòèâíîãî ìåòîäó ãðàíè÷íèõ åëåìåí-
òiâ(ÌÃÅ) äëÿ ðîçâ'ÿçóâàííÿ çàäà÷ ðîçïîäiëó åëåêòðîñòàòè÷íîãî ïîòåí-
öiàëó ç âèêîðèñòàííÿì çâàæåíî¨ àïîñòåðiîðíî¨ îöiíêè ïîõèáêè êóñêîâî
ëiíiéíèõ àïðîêñèìàöié öüîãî ìåòîäó. Ïðîñòîðîâèé ðîçïîäië åëåêòðè-
÷íîãî ïîòåíöiàëó φ ó íàïiâïðîâiäíèêó ìîæíà çíàéòè øëÿõîì ðîçâ'ÿçêó
ðiâíÿííÿ Ïóàññîíà

∆ϕ = − 1

εε0
ρ(~r) (39)

äå ε � âiäíîñíà äiåëåêòðè÷íà ïðîíèêíiñòü ìàòåðiàëó, ε0 � åëåêòðè÷íà
ïîñòiéíà, ρ(r) ãóñòèíà îá'¹ìíîãî çàðÿäó, ÿêèé âèçíà÷à¹òüñÿ çàðÿäîì
iîíiçîâàíèõ äîìiøîê òà âiëüíèìè íîñiÿìè. Äëÿ âèïàäêó íåâèðîäæåíî¨
ñòàòèñòèêè âiëüíèõ íîñi¨â çàðÿäó

ρ(r) = −e
[
n0 exp

( eϕ
kT

)
− p0 exp

(
− eϕ
kT

)
+NA −ND

]
(40)

äå n0, p0 � êîíöåíòðàöi¨ âiëüíèõ åëåêòðîíiâ òà äiðîê çà óìîâè âiäñóòíî-
ñòi ïîâåðõíåâîãî çàðÿäó, NA, ND � êîíöåíòðàöi¨ iîíiçîâàíèõ àêöåïòîðiâ
òà äîíîðiâ.
Ðiâíÿííÿ (2) íåîáõiäíî äîïîâíèòè äâîìà ãðàíè÷íèìè óìîâàìè. Ïåðøà
ç íèõ âèïëèâà¹ iç óìîâè ñèìåòði¨ (ïîñåðåäèíi ìiæ ïîðàìè ïîòåíöiàë
ïîâèíåí äîñÿãàòè åêñòðåìóìó), à äðóãà çàäà¹ íîðìàëüíó ñêëàäîâó íà-
ïðóæåíîñòi åëåêòðè÷íîãî ïîëÿ íà ïîâåðõíi ïîðè ðàäióñà r0

dϕ

dr

∣∣∣∣
r=R

= 0 (41)

dϕ

dr

∣∣∣∣
r=r0

= − σ

εε0
(42)

Äëÿ äîñëiäæåííÿ çàäà÷i ââåäåìî çàãàëüíèé ôîðìîëþâàííÿ íàøî¨ çà-
äà÷i â íàñòóïíîìó âèãëÿäi :

−∆u = f â Ω (43)
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∂u

∂n
= φ íà Γ (44)

Ðîçâ'ÿçàííÿ çàäà÷i (5)�(6) åêâiâàëåíòíå ðîçâ'ÿçàííþ iíòåãðàëüíîãî ðiâ-
íÿííÿ âèãëÿäó:

u(x) = Ñf(x) + Ṽ φ(x)− K̃g(x) for all x ∈ Ω (45)

Ñïðÿìóâàâøè x íà ãðàíèöþ îòðèìà¹ìî:

Wu = (/−K ′)φ−Nf on Γ (46)

V - ïîòåíöiàë ïðîñòîãî øàðó, K - ïîòåíöiàë ïîäâiéíîãî øàðó, K ′ ñïðÿ-
æåíèé îïåðàòîð äî K, W ãiïåðñèíãóëÿðíèé îïåðàòîð, N1 ïîõiäíà ïî
íîðìàëi âiä îïåðàòîðà ïîòåíöiàëó Íüþòîíà N0

Iíòåãðàëüíå ðiâíÿííÿ ðîçâ'ÿçó¹ìî ìåòîäîì Ãàëüîðêiíà. Äëÿ àïîñòåði-
îðíîãî îöiíþâàííÿ ïîõèáêè ÌÃÅ ñêîðèñòà¹ìîñÿ âiäïîâiäíîþ çâàæå-
íîþ ïîõèáêîþ çàïðîïîíîâàíó ó ðîáîòi [1]:

%̃` :=
∥∥∥h1/2

` (WU` − (1/2−K ′) (Φ` + Λ`))
∥∥∥
L2(Γ)

(47)

Äå Λ` ¹ ðîçâ'ÿçêîì òàêîãî äîïîìiæíîãî ðiâíÿííÿ

〈V Λ`,Ψ`〉Γ = 〈N0F`,Ψ`〉Γ (48)

Äëÿ ëîêàëüíîãî àäàïòóâàííÿ ñiòêè ñêîðèñòà¹ìîñÿ àëãîðèòìîì Äþð-
ôíåðà. Îá÷èñëèìî çíà÷åííÿ ïîõèáêè çà ôîðìóëîþ (9) äëÿ êîæíîãî
ñêií÷åííîãî åëåìåíòà, âèçíà÷èìî ìíîæèíó åëåìåíòiâ ÿêî¨ âèêîíó¹òüñÿ
óìîâà:

θ%̃2
` = θ

∑
τ∈E`∪T`

%̃`(τ)2 ≤
∑
τ∈M`

%̃`(τ)2 (49)

θ � ïàðàìåòð àäàïòàöi¨, E−ñiòêà ìåòîäó,M - ïiäìíîæèíà åëåìåíòiâ äëÿ
ïåðåðàõóíêó. Ïiñëÿ çíàõîäæåííÿ äàíî¨ ìíîæèíè, ïîäðiáíèìî êîæåí
åëåìåíò äëÿ çàäàííÿ íîâî¨ ñiòêè.

×èñëîâi ðåçóëüòàòè

Äëÿ ïåðåâiðêè ðîáîòè ïðîãðàìíîãî çàáåçïå÷åííÿ ðîçãëÿíåìî òàêó ñïðî-
ùåííó òåñòîâó çàäà÷ó :

−∆u =  â Ω (50)

∂u

∂n
=

{
0, íà ΓR

5, íà Γr0

(51)

Íà ðèñóíêó ïîêàçàíà ñiòêà îòðèìàíà ïðè ñiòöi ç 30 åëåìåíòiâ.
Òàáë. 1 äåìîíñòðó¹ ðåçóëüòàòè, îäåðæàíi â ïåâíèõ òî÷êàõ âñåðåäèíi
îáëàñòi ïðè çãóùåííi ñiòêè çà äîïîìîãîþ h-àäàïòèâíî¨ ñõåìè.
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åëåìåíòiâ (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

Òàáë. 1
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Ñëiäêóþ÷è çà òðåíäàìè òà òåíäåíöiÿìè ðîçâèòêó ìåòîäiâ ðîçðîá-
êè ïðîãðàìíîãî çàáåçïå÷åííÿ, ìîæíà çàóâàæèòè, ùî ñàìå ìiêðîñåðâi-
ñíà àðõiòåêòóðà ñòà¹ äóæå ïîïóëÿðíîþ, îñêiëüêè íàäà¹ îïòèìàëüíå
âèðiøåííÿ äëÿ ïîáóäîâè âåá-àïëiêàöié, ÿêi ëåãêî ïiäòðèìóâàòè òà ðîç-
øèðþâàòè.

Áóäóþ÷è âåá-àïëiêàöiþ ç âèêîðèñòàííÿì ïðèíöèïiâ ìiêðîñåðâi-
ñíî¨ àðõiòåêòóðè (MSA), ðîçðîáíèê ðîçøèðþ¹ ïðîñòið ñâî¨õ ìîæëèâî-
ñòåé, àäæå êîæåí êîìïîíåíò (ìiêðîñåðâiñ) òàêîãî äîäàòêó ¹ íåçàëå-
æíèìè, êðiì òîãî óñi ìîäóëi ìîæóòü áóòè íàïèñàíèìè íà ðiçíèõ ìîâàõ
ïðîãðàìóâàííÿ.

Ðèñ. 1: Àðõiòåêòóðè

Ãîëîâíèì çàâäàííÿì ìiêðîñåðâiñó ¹ íàäàòè êëi¹íòó ïåâíèé API (ó
âèïàäêó âåá-àïëiêàöi¨ WebAPI), ÿêèé áóäå îáðîáëÿòè çàïèòè êîðèñòó-
âà÷à òà íàäàâàòè âiäïîâiäi â î÷iêóâàíîìó ôîðìàòi.

85



Âàæëèâèì ¹ òå, ùî ìiêðîñåðâiñ ìà¹ âèêîíóâàòè ëèøå êîíêðåòíó
�îäèíèöþ� ðîáîòè i âèêîíóâàòè ¨¨ äîñèòü ÿêiñíî. Ñàìi æ ñåðâiñè òåæ
ìîæóòü âçà¹ìîäiÿòè çà äîïîìîãîþ ïðîñòèõ ñèñòåì îáìiíó ïîâiäîìëåí-
íÿìè.

Ïîáóäîâó àïëiêàöi¨ (â ðiçíèõ âàðiàöiÿõ) ç âèêîðèñòàííÿì ñòðàòå-
ãi¨ MSA ïðîäåìîíñòðîâàíî íà ïðèêëàäi ñòâîðåííÿ iíòåðíåò-ìàãàçèíó.
Ïðîòÿãîì ðîçðîáêè âèùåçãàäàíîãî äîäàòêó, ïðîéäåíî ìiãðàöiþ âiä MVC
ASP.NET Core 2.1 àïëiêàöi¨ äî ÷èñòî¨ MSA ç âèêîðèñòàííÿì òåõíîëîãi¨
SPA (Angular 7), ïðîàíàëiçîâàíî øëÿõè âèðiøåííÿ ïðîáëåì, ÿêi âèíè-
êàþòü ó õîäi òàêî¨ ìiãðàöi¨. Îòðèìóþ÷è ãiáðèäíi àðõiòåêòóðè, ïðîàíà-
ëiçóâàâ ïåðåâàãè, íåäîëiêè òà äîöiëüíiñòü òàêèõ ìàíiïóëÿöié.

Ðèñ. 2: Ãiáðèäíà àðõiòåêòóðà

Òàêà òåìà ¹ äîâîëi àêòóàëüíîþ, îñêiëüêè áàãàòî àïëiêàöié äîñòó-
ïíèõ ó ìåðåæi Iíòåðíåò ¹ ðîçðîáëåíèìè ñàìå çà øàáëîíîì MVC, òîìó
ìàòè âiäîìîñòi ùîäî îñó÷àñíåííÿ ¨õ øëÿõîì ïåðåâåäåííÿ íà ìîäåðíi
òà áiëüø �ëåãêi� àðõiòåêòóðè ¹ ùîíàéìåíøå êîðèñíèì, à âçàãàëi âà-
æëèâèì.

Àäàïòàöiÿ MVC àïëiêàöi¨ ïiä MSA äà¹ é øèðîêèé ñïåêòð ïåðåâàã
ïðè ¨¨ ïóáëiêàöi¨ â Iíòåðíåòi. Ñåðåä íèõ òàêi ÿê âèñîêà äîñòóïíiñòü,
ìàñøòàáîâàíiñòü îêðåìèõ êîìïîíåíò àïëiêàöi¨, ìîæëèâiñòü ïîâòîðíî-
ãî âèêîðèñòàííÿ ñåðâiñiâ, ïðîñòà çàìiíà ìîäóëiâ, òà ìåíøà âàðòiñòü
óòðèìóâàííÿ ¨¨ íà ïðîñòîðàõ Iíòåðíåòó. Ñåðåä íåäîëiêiâ � ðÿä ïðîáëåì
ïîâ'ÿçàíèõ ç âèçíà÷åííÿì ïðàâ äîñòóïó äî ðåñóðñiâ ó ïåâíèõ âèïàäêàõ.
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