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Анотація. В статті досліджено застосування поверхонь типу «Лупа» 

для моделювання складних багатофакторних процесів. Зокрема, введено 

назву «параболічна поверхня Балюби - БПП», що будується за 

емпіричними даними, зроблено її аналіз та виявлено властивості та оз-

наки, які пояснюють можливість перетворення БПП у площину, пряму, 

точку. Обґрунтовується, що БПП є композицією вихідних точок, а також 

можливість її застосування у способі розгортання-згортання чарунок. 

Ці дослідження обґрунтовують можливості застосування способу роз-

гортання-згортання чарунок для моделювання багатофакторних 

процесів. Цей спосіб, у подальшому, буде покладено у основу математич-

ного апарату в інформаційних системах підтримки управлінських рішень 

при впровадженні енергозберігаючих проектів.  

Ключові слова: моделювання, багатофакторний,  параболічний, поверх-

ня, точкове рівняння, комбінація, композиція, аналіз, суперпозиція. 

 

Ïîñòàíîâêà ïðîáëåìè. Çàñòîñóâàííÿ ïîâåðõîíü òèïó «Ëóïà» 

äëÿ ìîäåëþâàííÿ, çà åìï³ðè÷íèìè âèõ³äíèìè äàíèìè, òîïîãðàô³÷íèõ 

ïîâåðõîíü òà ñêëàäíèõ áàãàòîôàêòîðíèõ ïðîöåñ³â, âèêëèêàëî íåîá-

õ³äí³ñòü ¿õíüîãî âèçíà÷åííÿ, ç’ÿñóâàííÿ ¿õíüîãî ì³ñöÿ ñåðåä áàãàòüîõ 

³íøèõ ïîâåðõîíü, âèÿâëåííÿ âëàñòèâîñòåé, ùî ¿ì ïðèòàìàíí³. Óñâ³-

äîìëåííÿ ñïîñîáó ¿õíüîãî óòâîðåííÿ òà âëàñòèâîñòåé, ùî ¿ì ïðèòà-

ìàíí³, íàäàñòü ìîæëèâ³ñòü á³ëüø îá´ðóíòîâàíîãî ¿õ çàñòîñóâàííÿ ó 

òîìó ÷è ³íøîìó âèïàäêàõ. Òîìó ïðîâåäåííÿ àíàë³çó ïàðàáîë³÷íèõ ïî-

âåðõîíü òèïó «Ëóïà» ç ìåòîþ âèÿâëåííÿ ñïîñîá³â ¿õíüî¿ ïîáóäîâè, 

âñòàíîâëåííÿ îáìåæåíü òà ïðèòàìàííèõ ¿ì âëàñòèâîñòåé, º àêòóàëü-

íèì. Ç’ÿñóâàííþ îçíà÷åíèõ àêòóàëüíèõ ïèòàíü, ùîäî ïàðàáîë³÷íèõ 

ïîâåðõîíü òèïó «Ëóïà», ³ ïðèñâÿ÷åíî öþ ñòàòòþ. 

Îãëÿä ë³òåðàòóðíèõ äæåðåë. Ð³âíÿííÿ ïàðàáîëè ó òî÷êîâ³é ôî-

ðì³, ùî ïðîõîäèòü ÷åðåç íàïåðåä âèçíà÷åí³ òðè ä³éñíèõ ³ îäíó íåâëà-

ñíó òî÷êè, áóëî çàïðîïîíîâàíå Áàëþáîþ ².Ã. [1]. Ç éîãî âèêîðèñòàí-

íÿì áóëî ðîçðîáëåíî ñïîñ³á «Ëóïà» [2] äëÿ ïîáóäîâè çà åìï³ðè÷íèìè 
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äàíèìè â³äñ³êó ïàðàáîë³÷íî¿ ïîâåðõí³, ùî ïðîõîäèòü ÷åðåç ä³éñíèõ 

äåâ’ÿòü òî÷îê, ðåáðàìè ÿêî¿ º òî÷êîâ³ ð³âíÿííÿ ïàðàáîë. Ïðèêëàäè 

çàñòîñóâàííÿ ñïîñîáó «Ëóïà» ³ ïîäàëüøèé éîãî ðîçâèòîê ñïîñòåð³ãàº-

ìî ó ðîáîòàõ [3, 4]. Îäíàê, ó æîäí³é ç íàóêîâèõ ðîá³ò, ùîäî òåîðåòè-

÷íîãî àíàë³çó ñïîñîáó «Ëóïà», íå éäåòüñÿ. Òàêèé àíàë³ç ìîæíà çðî-

áèòè ò³ëüêè äîñë³äèâøè îêðåì³ ïèòàííÿ òåîð³¿ ôóíêö³é, íà ðîçâèòîê 

ÿêî¿ âïëèíóëè äîñë³äæåííÿ Î. Ã³ëüáåðòà, Í.Ê. Áàð³, Ä.ª. Ìåíüøîâà, 

À. Ëåáåãà [6], À.Í. Êîëìîãîðîâà [7]. Ó ïîäàëüøèõ äîñë³äæåííÿõ çíà-

äîáèòüñÿ ïîíÿòòÿ ñêëàäíî¿ ôóíêö³¿. Ñêëàäíà ôóíêö³ÿ [5], öå ôóíêö³ÿ, 

ùî ÿâëÿº ñîáîþ êîìïîçèö³þ äåê³ëüêîõ ïðîñòèõ ôóíêö³é. ßêùî ìíî-

æèíà çíà÷åíü Yi ôóíêö³é fi âì³ùóºòüñÿ ó ìíîæèí³ âèçíà÷åííÿ Xi+1 

ôóíêö³¿ fi+1: 1:i i i if X Y X +→ ⊂ , äëÿ i=1, n-1, òî ôóíêö³ÿ fn ◦ fn-1◦… ◦f1, 

äëÿ n≥2, ÿêà âèçíà÷àºòüñÿ ð³âí³ñòþ: (fn◦ fn-1◦… ◦f1)(x) =  

= fn(fn-1 (…f1(x)…)), äëÿ x X∈ , íàçèâàºòüñÿ ñêëàäíîþ ôóíêö³ºþ àáî 

(n-1) – êðàòíîþ êîìïîçèö³ºþ ôóíêö³é  f1, f2, …, fn. Ñêëàäí³ ôóíêö³¿ 

çáåð³ãàþòü âëàñòèâîñò³ ôóíêö³é, êîìïîçèö³ºþ ÿêèõ âîíè º.  

Óñ³ëÿêà ðàö³îíàëüíà ôóíêö³ÿ áóäü-ÿêî¿ ê³ëüêîñò³ çì³ííèõ º 

êîìïîçèö³ºþ ÷îòèðüîõ àðèôìåòè÷íèõ ä³é, òîáòî êîìïîçèö³ºþ ôóíê-

ö³é x+y, x-y, x·y, x/y.  

Ïðîñòîþ ôóíêö³ºþ íàçèâàºòüñÿ âèì³ðþâàíà ôóíêö³ÿ 
1: ,g X R→ g(x)=yn, yn≠yk ïðè n≠k, ÿêùî nx X∈ , 1 .n nU x x∞

− =  

Ïðîñòà ôóíêö³ÿ g íàçèâàºòüñÿ òàêîþ, ùî äîäàºòüñÿ, êîëè ðÿä 

1
n n

n

y x
∞

=

µ∑ çá³ãàºòüñÿ àáñîëþòíî; ñóìà öüîãî ðÿäó º ³íòåãðàëîì Ëåáåãà: 

gdµ∫ . 

Â³äîìî [5], ÿêùî ³íòåãðàëüíà ñóìà: 
1

( )
n

i i
i

M
=

σ = η µ∑ , ó ñåíñ³ Ëåáå-

ãà, ó ðàç³ íàáëèæåííÿ äî íóëÿ ìàêñèìàëüíî¿ ç ð³çíèöü yi-yi-1, òîáòî 

êîëè ³ñíóº òàêå ÷èñëî ², ùî äëÿ áóäü-ÿêîãî 0ε >  çíàéäåòüñÿ 0δ >  òà-

êå, ùî ºäèí³é óìîâ³ max(yi-yi-1)< δ  áóäå â³äïîâ³äàòè íåð³âí³ñòü 

Iσ − < ε . Ïðè öüîìó, âêàçàíà ìåæà ² íàçèâàºòüñÿ âèçíà÷åíèì ³íòåã-

ðàëîì Ëåáåãà â³ä ôóíêö³¿ f(x) íà â³äð³çêó [a, b]. ²íøèìè ñëîâàìè, ²-

³íòåãðàë Ëåáåãà äîð³âíþº ïëîù³ ì³æ ï³ä³íòåãðàëüíîþ êðèâîþ òà â³ññþ 

y ó ìåæàõ â³äð³çêó [a, b]. Çàì³ñòü â³äð³çêó [a, b] ó ³íòåãðàë³ Ëåáåãà 

ðîçãëÿäàºòüñÿ äîâ³ëüíà ìíîæèíà, ùî âèì³ðþºòüñÿ â³äíîñíî äåÿêî¿ 
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äîäàòíî¿ ïîâíî¿ ðàõóíêîâî-àäèòèâíî¿ ì³ðè, ï³ä ÿêîþ òðåáà ðîçóì³òè 

ôóíêö³þ ìíîæèí λ  äåÿêî¿ ìíîæèíè Õ íà êëàñ³ ï³äìíîæèí ε , êîëè 

1
1

( ) ( ),
n

n
i i i

i

U E E=
=

λ = λ∑  äå 1, ,n
i i i jE U E E E=∈ ε ∈ ε ∩ =Ø äëÿ i≠j, â³äïîâ³äíî, 

ïðè n=2, n – áóäü-ÿêå ê³íöåâå n < ∞ .  
ßêùî ðîçãëÿíóòè (ðèñ.1) ãåîìåòðè÷íó ñõåìó äëÿ ñòâîðåííÿ òî-

÷êîâîãî ð³âíÿííÿ äóãè ïàðàáîëè, ùî ïðîõîäèòü ÷åðåç òî÷êè A, C∞, C, 

B, äå òî÷êà C∞ º íåâëàñíîþ òà âèçíà÷àº íàïðÿì ã³ëîê ïàðàáîëè [8], òî 

äóãà ïàðàáîëè äðóãîãî ïîðÿäêó íà â³äð³çêó ÀÂ ó òî÷êîâ³é ôîðì³, ìà-

òèìå òî÷êîâå ð³âíÿííÿ: 

 
( ) ( )

,c c

c c c

t t t t t t tt
M A B C

t t t t

− −= + +  (1) 

äå 0 1t≤ ≤  - ïàðàìåòð, ùî âèçíà÷àº äóãó ïàðàáîëè; 

1t t= −  - äîïîâíåííÿ ïàðàìåòðà t äî îäèíèö³; 

tc – çíà÷åííÿ ïàðàìåòðó, ùî âèçíà÷àº íåâëàñíó òî÷êó äóãè ïàðàáîëè; 

1c ct t= −  - äîïîâíåííÿ ïàðàìåòðà tc äî îäèíèö³. 

 
Ðèñóíîê 1 – Ñõåìà ïîáóäîâè çì³íþâàíî¿ òî÷êè Ì ïàðàáîëè 

 

Îäíàê, í³ ó ö³é ðîáîò³ [8], í³ ó ³íøèõ [1, 2, 3, 4], äå éäåòüñÿ 

ïðî ïîä³áí³ ïàðàáîëè òà ïîâåðõí³ òèïó «Ëóïà», ÿê³ ïîáóäîâàí³ ç âè-

êîðèñòàííÿì àíàëîã³÷íèõ ïàðàáîë äðóãîãî ïîðÿäêó, íå íàäàþòüñÿ âè-

çíà÷åííÿ, àíàë³ç òà âëàñòèâîñò³ ïàðàáîë òà ïîâåðõîíü òèïó «Ëóïà». 

Ö³ëü òà çàâäàííÿ ñòàòò³. Ñôîðìóëþâàòè âèçíà÷åííÿ äëÿ ïîâåð-

õîíü òèïó «Ëóïà», âèêîíàòè àíàë³ç ¿õí³õ âëàñòèâîñòåé. 

Îñíîâíà ÷àñòèíà. Íåõàé çàäàíî äåâ’ÿòü ä³éñíèõ òî÷îê Õ11, …, 

Õ33 (ðèñ.2). 
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Ðèñóíîê 2 – Ïàðàáîë³÷íà ïîâåðõíÿ 

 

Ïî àíàëîã³¿ ç (1) ââåäåìî ïîçíà÷åííÿ: 

1

( )
;c

c

v v v
a

v

−=  2 ;
cc

vv
a

v v
=  3

( )
;c

c

v v v
a

v

−=   

1

( )
;c

c

u u u
b

u

−=  2 ;
cc

uu
b

u u
=  3

( )
;c

c

u u u
b

u

−=  

Òîä³  a11=a1b1; a21=a2b1; a31=a3b1; a12=a1b2; a22=a2b2;   

 a32=a3b2; a13=a1b3; a23=a2b3; a33=a3b3 (2) 
Ôóíêö³¿ ai, bj, aij – º ôóíêö³ÿìè îïåðàö³é äîäàâàííÿ, ð³çíèö³, 

ìíîæåííÿ òà ä³ëåííÿ ³ º ïðîñòèìè äîäàâàëüíèìè ôóíêö³ÿìè. ßêùî 

ðîçãëÿíóòè ñêëàäêó ôóíêö³þ, ùî óòâîðåíà ñóìîþ aij, òî ä³ñòàíåìî 

ñêëàäíó ôóíêö³þ 
3

1,

( ) ,ij ij
i j

f a a
=

= ∑  ÿêà áóäå ñóïåðïîçèö³ºþ ïðîñòèõ ôóí-

êö³é aij. Îñê³ëüêè ó òî÷êîâîìó ÁÍ-÷èñëåíí³ âèì³ðþâàííÿ â³äáóâàºòü-

ñÿ ÷åðåç â³äíîøåííÿ îäíîð³äíèõ ãåîìåòðè÷íèõ ô³ãóð, òî óñ³ ïàðàìåò-

ðè ïîâèíí³ çíàõîäèòèñÿ ó ìåæàõ 0 1, , , , , , .c cc cv u v u v u v u≤ ≤  Çàô³êñóºìî 

íàïðÿì îñ³ ïàðàáîëè, ïðèéíÿâøè 0 5, ,c cc cv u v u= = = =  òà ðîçðàõóºìî 

ôóíêö³¿ aij äëÿ ð³çíèõ çíà÷åíü ¿õí³õ ïàðàìåòð³â u òà v. Ðåçóëüòàòè 

ðîçðàõóíê³â çâåäåìî ó òàáëèöþ 1. 

Ãðàô³êè ïðîñòèõ ôóíêö³é ç òàáëèö³ 1 çîáðàçèìî íà ðèñóíêó 3. 

Ñóïåðïîçèö³ÿ ôóíêö³é-ïàðàìåòð³â aij çàâæäè áóäå äîð³âíþâàòè 

îäèíèö³: 
3

1

1
,

.ij
i j

a
=

=∑  Äîâåäåìî öå, ñêëàâøè òàáëèöþ: 

a1 a2 a3 b1 
a1 a2 a3 b2 
a1 a2 a3 b3 

Х23

Х33 
Х32

Х31

Х21 
Х11 

Х12
Х22 Х13
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Òàáëèöÿ 1 
Ðåçóëüòàòè ðîçðàõóíê³â ôóíêö³¿ aij  

äëÿ ð³çíèõ çíà÷åíü ïàðàìåòð³â u òà v 

 u, v 
aij 0 0,2 0,4 0,5 0,6 0,8 1 
a11 1 0,2304 0,0144 0 0,0064 0,0144 0 
a21 0 0,3072 0,1152 0 -0,0768 -0,0768 0 
a31 0 -0,0576 -0,0096 0 -0,0096 -0,0576 0 
a12 0 0,3072 0,1152 0 -0,0768 -0,0768 0 
a22 0 0,4096 0,9216 1 0,9216 0,4096 0 
a32 0 -0,0768 -0,0768 0 0,1152 0,3072 0 
a13 0 -0,0576 -0,0096 0 -0,0096 -0,0576 0 
a23 0 -0,0768 -0,0768 0 0,1152 0,3072 0 
a33 0 0,0144 0,0064 0 0,0144 0,2304 1 

 

 
Ðèñóíîê 3 – Ãðàô³êè ôóíêö³é aij 

 

Êîæåí ç ðÿäê³â ai â³äïîâ³äàº ïåðø³é, äðóã³é òà òðåò³é ïàðàáî-

ëàì, ùî ïîáóäîâàí³ çà âèõ³äíèìè äàíèìè õij. ßê â³äîìî ç [1,2,3,4,8], 

0,5 

0,5 
0 

1,0 

1,0 

u,v 
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0,5 

0,5 
0 

1,0 

1,0 

u,v 

a21 

0,5 

0,5 
0

1,0 

1,0 

u,

a3

0,

0,5 0 
1,0 

1,0 

u,v 

a12 

0,5 

0,5 
0 

1,

1,

u,v 

a22 

0,

0,5 
0

1,0 

1,0 

u,v 

a32 

0,

0,
0

1,0 

1,0 

u,v 
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0,5 

0,5 
0

1,0 

1,0 

u,v 
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0,5 

0,5 
0 

1,0 

1,0 
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ñóìà a1+a2+a3=1, çà òèìè íîðìàìè òàêîæ b1+b2+b3=1, çâ³äêè ñóìà äî-

áóòê³â a1b1+a2b1+a3b1=b1. Àíàëîã³÷íî a1b2+a2b2+a3b2=b2  òà 

a1b3+a2b3+a3b3=b3. Ñêëàäåìî ö³ òðè ð³âíÿííÿ, çðîáèìî â³äïîâ³äí³ çà-

ì³íè, ä³ñòàíåìî: 

 a1b1+a2b1+a3b1+a1b2+a2b2+a3b2+a1b3+a2b3+a3b3=b1+b2+b3; 

 a11+a21+a31+a12+a22+a32+a13+a23+a33=1  (3) 
Ç ãðàô³÷íî¿ òî÷êè çîðó, ë³âà ÷àñòèíà (3) îçíà÷àº ñóïåðïîçèö³þ 

óñ³õ ãðàô³ê³â (ðèñ.3) ³ áóäå ìàòè âèãëÿä (ðèñ.4). Ôóíêö³¿-ïàðàìåòðè aij 

(2) ïîáóäîâàí³ íà îñíîâ³ ïàðàáîëè (1), òîìó äëÿ óñ³õ çíà÷åíü u, v âîíè 

áóäóòü ïîñò³éíî òàêèìè, ÿê çîáðàæåíî íà ðèñ. 3. Äëÿ ³íøîãî òî÷êîâî-

ãî ð³âíÿííÿ, àíàëîã³÷íî (1), ³íøèìè áóäóòü ³ (2). ßê áà÷èìî (ðèñ.3), 

â³äíîñíî a22, ùî çíàõîäèòüñÿ âñåðåäèí³, a11 º ñèìåòðè÷íèì äî a33, 

(ðèñ.5) â³äíîñíî ïðÿìî¿ u,v=1. 

 
Ðèñóíîê 4 – Çîáðàæåííÿ ñóïåðïîçèö³¿ (3) 

 

²íø³ ø³ñòü ïàðàìåòð³â º ïîïàðíî ð³âíèìè: a13= a31; a12= a21; 

a23= a32. Îäíàê, a21 º ñèìåòðè÷íèì äî a32 â³äíîñíî ïðÿìî¿ u,v=0,5 

(ðèñ.5); a12 - ñèìåòðè÷íèé äî a23 â³äíîñíî ïðÿìî¿ u,v=0,5 (ðèñ.5). 

Îñê³ëüêè a12= a21, a23= a32, òî ¿õ çîáðàæåííÿ íà ðèñ.5 º îäíà-

êîâèìè, ³ ÿêùî ¿õ íàêëàñòè îäèí íà îäèí, âîíè ñï³âïàäóòü. 

Öÿ ñèìåòð³ÿ âèêëèêàíà òèì, ùî a1 òà b1 º îäíàêîâèìè çà ñòðó-

êòóðîþ íàïèñàííÿ, ò³ëüêè ïðèçíà÷åí³ äëÿ ð³çíèõ ïàðàìåòð³â (2) 

a1(u), b1(v). Àíàëîã³÷íî a2(u), b2(v) òà a3(u), b3(v). Îäíàê, êîëè 

ñòðóêòóðè íàïèñàííÿ a1 òà b1, a2 òà b2, a3 òà b3 áóäóòü ð³çíèìè, òî 

ãðàô³êè ôóíêö³é-ïàðàìåòð³â aij íå áóäóòü ñèìåòðè÷íèìè.  

 

 

1 

1 u,

v 

∑
=

3

1, ji
ija
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Ðèñóíîê 5 – Ñèìåòðè÷í³ñòü ïàðàìåòð³â 

 

ßêùî ïàðàìåòðè aij ç (3) ïîìíîæèòè íà â³äïîâ³äí³ âèõ³äí³ êî-

îðäèíàòè òî÷îê õij, îòðèìàºìî ð³âíÿííÿ  ïàðàáîë³÷íî¿ ïîâåðõí³ Ì: 

M=x11a11+x21a21+x31a31+x12a12+x22a22+x32a32+x13a13+x23a23+x33a33 (4) 
Îñê³ëüêè ³äåÿ ñòâîðåííÿ ïîâåðõîíü (4) áóëà âèñóíóòà ïðîôåñî-

ðîì Áàëþáîþ ².Ã., òî àâòîðè ïðîïîíóþòü ó ïîäàëüøîìó íàçèâàòè ¿õ 

ïàðàáîë³÷íèìè ïîâåðõíÿìè Áàëþáè çàì³ñòü ðàí³øå âæèâàíî¿ ¿õíüî¿ 

íàçâè «ïîâåðõíÿ òèïó Ëóïà». 

Òâåðäæåííÿ: ßêùî ó òî÷êîâîìó ð³âíÿíí³ (4) 
3

1,
ij ij

i j

M x a
=

= ∑  ñóïå-

ðïîçèö³ÿ ôóíêö³é-ïàðàìåòð³â 
3

1

1
,

,ij
i j

a
=

=∑  òî òî÷êîâå ð³âíÿííÿ Ì º ÁÏÏ 

(Áàëþáè ïàðàáîë³÷íà ïîâåðõíÿ).  

Âèùå áóëî ç’ÿñîâàíî, ùî ë³âà ÷àñòèíà ç (3) º ñóïåðïîçèö³ºþ 

äåâ’ÿòè ôóíêö³é-ïàðàìåòð³â aij, ÿêà ÿâëÿº ñîáîþ, çà âèçíà÷åííÿì, 

êîìïîçèö³þ. Îäíàê, òîòîæí³ñòü (3), â ö³ëîìó, º êîìá³íàö³ÿ, òîìó ùî 

ç³ çì³íîþ îäíîãî áóäü-ÿêîãî ç äåâ’ÿòè aij áóäóòü çì³íþâàòèñü óñ³ ³íø³. 

Çà âèçíà÷åííÿì [5], êîìá³íàö³ÿ – öå âçàºìíî çóìîâëåíå ïîºäíàííÿ 

îäíîð³äíèõ åëåìåíò³â ó á³ëüø ñêëàäíó äåòåðì³íîâàíó ôîðìó, ó ÿê³é 

çì³íà îäíîãî åëåìåíòó òÿãíå çà ñîáîþ çì³íó óñ³õ ³íøèõ. Êîìïîçèö³ÿ 

(ë³âà ÷àñòèíà ç (3)) ïåðåòâîðèëàñÿ ó êîìá³íàö³þ (3), òîìó ùî äîð³âíÿ-

ëè ¿¿ äî îäèíèö³. Ó òîé æå ÷àñ, áóäü-ÿêó êîìá³íàö³þ ìîæíà ïåðåòâî-

ðèòè ó êîìïîçèö³þ. ßê â³äîìî [5], êîìïîçèö³ÿ – öå ðåçóëüòàò ñêëà-

äàííÿ âçàºìíî íåçàëåæíèõ åëåìåíò³â ç ìåòîþ îòðèìàííÿ ïåâíèõ ð³-

øåíü, ïðè öüîìó, çì³íà áóäü-ÿêîãî ç åëåìåíò³â êîìïîçèö³¿ íå òÿãíå çà 

ñîáîþ çì³íè ³íøèõ. Äëÿ ïðèêëàäó ðîçãëÿíåìî òî÷êîâå ð³âíÿííÿ ÁÏÏ 

(4), ó ÿêîìó êîîðäèíàòè õij º âèõ³äíèìè óìîâàìè, ùî îáðàí³ ç îáëàñò³ 

âèçíà÷åííÿ. Êîæíó ç íèõ îáèðàºìî äîâ³ëüíî ³ ¿õ çíà÷åííÿ íå çàëå-

1 1 1 1 

1 
0 

0≡1 0,5 0,5 0,5 0≡1 

a11 a21a33 a32 
1 1 

0≡1 0,5 0≡1 

a21 a32
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æàòü îäíå â³ä îäíîãî, òîìó ñóìà ¿õí³õ äîáóòê³â íà â³äïîâ³äí³ ôóíêö³¿-

ïàðàìåòðè 
3

1,
ij ij

i j

x a
=
∑  ïîðóøóº êîìá³íàö³þ (3) ³ ïåðåòâîðþºòüñÿ ó êîìïî-

çèö³þ (4), çà äîïîìîãîþ ÿêî¿ âèçíà÷àºòüñÿ çì³íþâàíà òî÷êà Ì. Êîæåí 

ç åëåìåíò³â aij º ôóíêö³ºþ ïàðàìåòð³â u,v: aij(u,v), 0≤u, v≤1. Çì³íþþ÷è 

u òà v ó îçíà÷åíèõ ìåæàõ, ðîçðàõîâóºìî aij ç (2), ùî º ÷àñòèíàìè â³ä 

îäèíèö³ (3). Òîä³ çíà÷åííÿ Ìij º êîìïîçèö³ºþ ÷àñòèí â³ä îäèíèö³ êî-

æíî¿ ç âèõ³äíèõ òî÷îê õij. 

Òâåðäæåííÿ: çíà÷åííþ áóäü-ÿêî¿ çì³íþâàíî¿ òî÷êè Ìij ïàðàáî-

ë³÷íî¿ ïîâåðõí³ Áàëþáè, ïîäàíî¿ òî÷êîâèì ð³âíÿííÿì 
3

1,
ij ij

i j

M x a
=

= ∑ , 

â³äïîâ³äàº îäíà ³ ò³ëüêè îäíà êîìïîçèö³ÿ äîáóòê³â âèõ³äíèõ êîîðäè-

íàò õij òà â³äïîâ³äíèõ ¿ì åëåìåíò³â aij òîòîæíîñò³ 
3

1

1
,

ij
i j

a
=

=∑ . 

Ó çâ’ÿçêó ç öèì, çàäàþ÷è âèõ³äí³ äàí³ õij ïåâíèì ÷èíîì, ìî-

æåìî óòâîðèòè òàê³ ÷àñòèíè, ùî ïîâåðõíÿ ÁÏÏ âèðîäèòüñÿ ó ïëîùè-

íó àáî êðèâó ë³í³þ, àáî ó ïðÿìó ³, íàâ³òü, ó òî÷êó.  

Âèõîäÿ÷è ç³ ñêàçàíîãî âèùå, òî÷êîâå ð³âíÿííÿ ïàðàáîëè (1) 

òðåáà ðîçãëÿäàòè íå ñóòî ÿê ïàðàáîëó, à ÿê ñïîñ³á âñòàíîâëåííÿ âçàº-

ìíî çóìîâëåíîãî ïîºäíàííÿ ïàðàìåòð³â (êîìá³íàö³þ) äëÿ âèêîíàííÿ 

òîòîæíîñò³ (3), à çì³íþâàí³ ¿¿ òî÷êè Ìi òàêîæ ìîæíà ïîäàòè ÿê íàá³ð 

÷àñòèí â³ä îäèíèö³ òî÷îê À, Â, Ñ. Òàêà ïàðàáîëà òàêîæ ìîæå âèðîäè-

òèñü ó ïðÿìó àáî òî÷êó. 

Öþ âëàñòèâ³ñòü âèðîäæåííÿ ÁÏÏ ïîêëàäåíî â îñíîâó ñïîñîáó 

ðîçãîðòàííÿ-çãîðòàííÿ ÷àðóíîê [9]. Òàêîæ öå äîçâîëÿº íå âèêîíóâàòè 

àíàë³ç âèõ³äíèõ åìï³ðè÷íèõ äàíèõ, ùî çíà÷íî ñïðîùóº ¿õíº çàñòîñó-

âàííÿ. 

Ó òåîðåòè÷íîìó ïëàí³ ÁÏÏ, íà íàøó äóìêó, ñë³ä â³äíåñòè äî 

îêðåìî¿ ãðóïè êîìïîçèö³éíèõ ïîâåðõîíü. 

Âèñíîâêè òà íàïðÿìè ïîäàëüøèõ äîñë³äæåíü. Ðåçóëüòàòè äî-

ñë³äæåíü, âèêëàäåí³ â ö³ ñòàòò³, îòðèìàíî àâòîðàìè âïåðøå ³ º íàóêî-

âîþ íîâèçíîþ. Ñôîðìóëüîâàíî îçíà÷åííÿ òà âèêîíàíî àíàë³ç, âñòàíî-

âëåíî ³ äîñë³äæåíî âëàñòèâîñò³ òà îçíàêè ñòâîðåííÿ ïàðàáîë³÷íî¿ ïî-

âåðõí³ Áàëþáè (ÁÏÏ). Ö³ äîñë³äæåííÿ îá´ðóíòîâóþòü ñïðàâåäëèâ³ñòü 

ìîæëèâîñò³ ñïîñîáó ðîçãîðòàííÿ-çãîðòàííÿ ÷àðóíîê, ÿêèé, ó ïîäàëü-

øîìó, áóäå ïîêëàäåíî ó îñíîâó ìîäåëþâàííÿ áàãàòîôàêòîðíèõ ïðîöå-
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ñ³â, çîêðåìà, â ñèñòåìàõ ï³äòðèìêè óïðàâë³íñüêèõ ð³øåíü â ñôåð³ 

åíåðãîçáåðåæåííÿ. 
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ÑÅÃÌÅÍÒÀÖÈß ÑËÀÁÎÊÎÍÒÐÀÑÒÍÛÕ 

ÈÇÎÁÐÀÆÅÍÈÉ ÍÀ ÎÑÍÎÂÅ ÏÐÅÎÁÐÀÇÎÂÀÍÈß 

ÍÅ×ÅÒÊÎÉ ÔÓÍÊÖÈÈ ÏÐÈÍÀÄËÅÆÍÎÑÒÈ  

 
Аннотация. Исследованы информационные возможности метода сег-

ментации слабоконтрастных изображений, который обеспечивает по-

вышение ее чувствительности и точности. Суть его заключается в 

том, что к функциям принадлежности, получаемым в процессе нечеткой 

кластеризации на каждом шаге итерации применяется процедура пре-

образования на базе нечеткой логики. Представлены эксперименталь-

ные результаты на примере обработки рентгеновских снимков. 

Ключевые слова: цифровое слабоконтрастное изображение, функция 

принадлежности, сегментация, нечеткая логика. 

 
Ââåäåíèå. Â ñâÿçè ñî ñëîæíîñòüþ è íåîäíîçíà÷íîñòüþ âîçìîæ-

íîãî ðåøåíèÿ çàäà÷ ïðè àíàëèçå ñëàáîêîíòðàñòíûõ èçîáðàæåíèé çà 

ñ÷åò íàëè÷èÿ òàêèõ âèäîâ íåîïðåäåëåííîñòè êàê äâóñìûñëåííîñòü ñå-

ðîãî, ãåîìåòðè÷åñêàÿ íå÷åòêîñòü, îòñóòñòâèÿ çíàíèé î íàëè÷èè è õà-

ðàêòåðèñòèêàõ îáúåêòîâ èíòåðåñà, à òàêæå î ñèñòåìå èõ ôîðìèðîâà-

íèÿ, øèðîêî èñïîëüçóþò ìåòîäû âû÷èñëèòåëüíîãî èíòåëëåêòà, â ÷à-

ñòíîñòè, àïïàðàò íå÷åòêîé ëîãèêè [1]. Ïðè ýòîì, âî ìíîæåñòâå ïðàê-

òè÷åñêèõ çàäà÷,  íàïðèìåð, â ìåäèöèíå, ãåîëîãèè, ýêîëîãèè è ïð.  

òðåáóåòñÿ âûÿâëåíèå èñõîäíî  âèçóàëüíî íåðàçëè÷èìûõ îáëàñòåé 

(îáúåêòîâ èíòåðåñà) è èõ ãðàíèö. Òàêèå àíîìàëèè ÷àñòî ïðåäñòàâëÿþò 

ñîáîé íåáîëüøóþ îáëàñòü, êîòîðóþ ìîæíî ïðèíÿòü çà øóì èëè äå-

ôåêò ñíèìêà, à ïàðàìåòðû îáúåêòîâ èíòåðåñà ìîãóò íåñóùåñòâåííî 

îòëè÷àòüñÿ äðóã îò äðóãà è îò îáùåãî ôîíà, èìåòü íåèçâåñòíóþ ôîðìó 

è íå÷åòêèå ãðàíèöû.  

Êëþ÷åâîé ïðîáëåìîé äëÿ îñóùåñòâëåíèÿ  èõ âûÿâëåíèÿ ÿâëÿ-

åòñÿ ôîðìèðîâàíèå íîâîãî ïðîñòðàíñòâà ïðèçíàêîâ íà îñíîâå àíàëèçà 

èñõîäíîãî êîíòðàñòà åãî ýëåìåíòîâ. Âûáîð ðàçëè÷íûõ òèïîâ ïðåîáðà-

çîâàíèé èñõîäíîãî èçîáðàæåíèÿ è ìåòîäîâ îáðàáîòêè, ïðèâîäèò ê 

ðàçëè÷íûì ðåçóëüòàòàì. Äëÿ çàøóìëåííûõ èçîáðàæåíèé ñ íèçêîé 
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êîíòðàñòíîñòüþ äîïîëíèòåëüíî íåîáõîäèìî îñóùåñòâèòü åãî ïðåäâà-

ðèòåëüíîå óñèëåíèå.  

Ñîâðåìåííûé ïîäõîä, îñíîâàííûé íà íåéðî-ôàççè òåõíîëîãèÿõ, 

îáëàäàåò ïðåèìóùåñòâîì ïåðåä äåòåðìèíèñòè÷åñêèìè ìîäåëÿìè [1, 2]. 

Â ðàáîòå [3] ðàññìîòðåíû èíôîðìàöèîííûå âîçìîæíîñòè ìåòîäà àíàëèçà 

ñëàáîêîíòðàñòíûõ èçîáðàæåíèé, îñíîâàííîãî íà èñïîëüçîâàíèè ìåòîäà 

íå÷åòêîé êëàñòåðèçàöèè, êîòîðûé íàïðàâëåí íà ïîâûøåíèå äîñòîâåðíî-

ñòè è òî÷íîñòè ñåãìåíòàöèè ñ öåëüþ óëó÷øåíèÿ âîçìîæíîñòåé èõ âîñ-

ïðèÿòèÿ çðèòåëüíîé ñèñòåìîé ÷åëîâåêà. 

Öåëü äàííîé ðàáîòû − äåìîíñòðàöèÿ èíôîðìàöèîííûõ âîç-

ìîæíîñòåé ìåòîäà ñåãìåíòàöèè ñëàáîêîíòðàñòíûõ  èçîáðàæåíèé,  êî-

òîðûé çà ñ÷åò ïðåîáðàçîâàíèÿ íà êàæäîì øàãå èòåðàöèè íå÷åòêèõ 

ôóíêöèé ïðèíàäëåæíîñòè, ïîëó÷àåìûì â ïðîöåññå íå÷åòêîé êëàñòå-

ðèçàöèè, îáåñïå÷èâàåò ïîâûøåíèå åå ÷óâñòâèòåëüíîñòè. 

Îñíîâíàÿ ÷àñòü. Äëÿ ñåãìåíòàöèè ñëàáîêîíòðàñòíûõ èçîáðàæå-

íèé â äàííîé ðàáîòå ïðèìåíÿåòñÿ ìîäèôèöèðîâàííûé ìåòîä dFCM 

(áàçîâûé ìåòîä áûë ðàññìîòðåí â ðàáîòå [3]), àëãîðèòì êîòîðîãî 

âêëþ÷àåò ñëåäóþùèå øàãè: 

1. Èíèöèàëèçàöèÿ íà÷àëüíîãî ÷èñëà êëàñòåðîâ c  è çíà÷åíèé 

ìàòðèöû öåíòðîâ íå÷åòêèõ êëàñòåðîâ 0v ; ýêñïîíåíöèàëüíîãî âåñà íå-

÷åòêîé êëàñòåðèçàöèè m .  

2. Âû÷èñëåíèå òåêóùèõ ôóíêöèé ïðèíàäëåæíîñòè tu  ïî 

ôîðìóëå: 

{ }
{ }

2

1

1

1

1
,

,
,

,..., ,

,...,

mc
i kt

k i
L i L

k cD
u

i nD

−
−

=

   ∀ ∈
=    ∀ ∈    
∑ ,      (1) 

ãäå n  − êîëè÷åñòâî ýêçåìïëÿðîâ èñõîäíûõ äàííûõ X  Ìàòðèöà ðàñ-
ñòîÿíèé D  ðàññ÷èòûâàåòñÿ íà îñíîâå öåíòðîâ íå÷åòêèõ êëàñòåðîâ 

ïðåäûäóùåé èòåðàöèè 1tv − ïî ôîðìóëå: 

( ) ( ) { } { }( )1 1 1 1, , ,..., , ,...,
Tt t

i k i k i kD X v X v i n k c− −= − − ∀ ∈ ∀ ∈ .  (2) 

3. Äèíàìè÷åñêîå ïðåîáðàçîâàíèå ôóíêöèè ïðèíàäëåæíîñòè, 

êîòîðîå âûïîëíÿåòñÿ ñëåäóþùèì îáðàçîì:  

3.1. ôóíêöèè ïðèíàäëåæíîñòè êî âñåì íå÷åòêèì êëàñòåðàì â 
öåëîì èëè ê êàæäîìó íå÷åòêîìó êëàñòåðó èíòåðïðåòèðóþòñÿ êàê 

èçîáðàæåíèå. Òàêèì îáðàçîì, ïåðåä âûïîëíåíèåì äèíàìè÷åñêîãî ïðå-

îáðàçîâàíèÿ ôóíêöèè ïðèíàäëåæíîñòè ïîëó÷àåì èëè ïîëóòîíîâîå 



 1 (108) 2017 «Ñèñòåìíûå òåõíîëîãèè»  

ISSN 1562-9945 14 

èçîáðàæåíèå ðàçìåðíîñòüþ [ ]c n⋅ , èëè c-ìåðíîå èçîáðàæåíèå ðàçìåð-

íîñòüþ [ ]dy dx c⋅ ⋅ , ãäå dy  è dx  − êîëè÷åñòâî ïèêñåëåé ïî âåðòèêàëè 

è ãîðèçîíòàëè, ñîîòâåòñòâåííî, ó èñõîäíîãî ñíèìêà; 

3.2. âû÷èñëåíèå ïîêàçàòåëÿ íå÷åòêîñòè '
fzV  ïî ôîðìóëå [1]: 

( )2

1 1

'
, /

c n
t

fz k i
k i

V u n
= =

 =  
 
∑∑ ;       (3) 

3.3. ïîâûøåíèå êîíòðàñòà ñ ïîñëåäóþùèì ìàñøòàáèðîâàíèåì 
íà îòðåçîê [0, 1] äëÿ ñôîðìèðîâàííîãî èçîáðàæåíèÿ; 

3.4. âû÷èñëåíèå ïîêàçàòåëÿ íå÷åòêîñòè ''
fzV  ïî ôîðìóëå (3), íî 

ñ èñïîëüçîâàíèåì îáðàáîòàííîé ôóíêöèè ïðèíàäëåæíîñòåé. 

3.5. åñëè âûïîëíÿåòñÿ óñëîâèå ' ''
fz fzV V> , òî ïðîèñõîäèò ñëèÿíèå 

ìàòðèöû íå÷åòêèõ ôóíêöèé ïðèíàäëåæíîñòè äî è ïîñëå ( ( )'' t
u ) âû-

ïîëíåíèÿ ïóíêòà 3.3 ïî ôîðìóëå: 

( ) { } { }( )0 5 0 5 1 1''
, , ,

( . ) ( . ), ,..., , ,...,
tt t

k i k i v vk i
u u d u d k c i n= ⋅ + + ⋅ − ∀ ∈ ∀ ∈ , (4) 

ãäå ( )2
200 ' ''

v fz fzd V V= ⋅ − . 

3.6. ìàñøòàáèðîâàíèå ïîëó÷åííîé ôóíêöèè ïðèíàäëåæíîñòè, 
÷òîáû óäîâëåòâîðÿëîñü óñëîâèå: 

{ }( )
1

1 1, , ,...,
c

k i
k

u i n
=

= ∀ ∈∑ .       (5) 

4. Âû÷èñëåíèå ìàòðèöû öåíòðîâ íå÷åòêèõ êëàñòåðîâ äëÿ òå-

êóùåé èòåðàöèè tv  ïî ôîðìóëå: 

( ) ( ) { } { }( )
1 1

1 1, , , ,/ , ,..., , ,...,
n nm mt t t

k j k i i j k i
i i

v u X u k c j q
= =

 = ⋅ ∀ ∈ ∀ ∈ 
 
∑ ∑ ,  (6) 

ãäå q  − êîëè÷åñòâî èíôîðìàòèâíûõ ïðèçíàêîâ êàæäîãî âåêòîðà èñ-

õîäíûõ äàííûõ 

5. Âû÷èñëåíèå çíà÷åíèÿ t
v∆  êàê ñðåäíåãî ïî ìàòðèöå ðàñ-

ñòîÿíèé ìåæäó öåíòðàìè íå÷åòêèõ êëàñòåðîâ tv  è  1tv − , à òàêæå êðè-

òåðèåâ t
xbV  è t

fzV  (ïî ôîðìóëå (3)), êîòîðûå ÿâëÿþòñÿ ïîêàçàòåëÿìè 

Êñèå-Áèåíè è íå÷åòêîñòè òåêóùåé èòåðàöèè (óìåíüøåíèå ïåðâîãî è 

óâåëè÷åíèå âòîðîãî õàðàêòåðèçóþò óëó÷øåíèå êà÷åñòâà íå÷åòêîãî 

ðàçáèåíèÿ íà ãðóïïû), ñîîòâåòñòâåííî, ñëåäóþùèì îáðàçîì [1]: 
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( ) ( ) ( )( )2 2

1 1 1
, , , min/

qc n mt t t e
xb k i i j k j

k i j

V u X v n d
= = =

 
= ⋅ − ⋅ 
 
∑∑ ∑ ,   (7) 

ãäå min
ed  − ìèíèìàëüíîå Åâêëèäîâî ðàññòîÿíèå ìåæäó öåíòðàìè íå-

÷åòêèõ êëàñòåðîâ.  

6. Åñëè maxt
fz fzC C≥ , ïðè÷åì /t t t

fz fz xbC V V= , ãäå max
fzC  − ìàêñè-

ìàëüíûé èç êîýôôèöèåíòîâ t
fzC , ïîëó÷åííûõ â ïðîöåññå îáó÷åíèÿ, òî 

çàïîìèíàþòñÿ ñëåäóþùèå çíà÷åíèÿ: max t
v v∆ = ∆ , max t

fz fzC C= , max tu u=  è 

max tv v= .  

7. Åñëè íå âûïîëíÿåòñÿ óñëîâèå: 
t
v∆ < ε  èëè ( 1t t

xb xbV V −− < ε  è 1t t
fz fzV V −− < ε ), (8) 

ãäå 1t
xbV −  è  1t

fzV −  − ïîêàçàòåëè Êñèå-Áèåíè è íå÷åòêîñòè ïðåäûäóùåé 

èòåðàöèé, ñîîòâåòñòâåííî, òî ïåðåõîä ê ïóíêòó 2. 

8. Åñëè maxt
fz fzC C<  è  ( maxt

v v∆ > ∆  èëè ( maxt
v v∆ < ∆  è 

v
cp p

∆
> )),  

ïðè÷åì êîýôôèöèåíòû 
v

p
∆
 è cp  îïðåäåëÿþòñÿ âûðàæåíèÿìè: 

1
max

max max minmax( , )

t
fz fz

c t
fz fz fz fz

C C
p

C C C C

−
= ⋅

−
,      (9) 

( )
1

max

'max max minmax( , )v

t
v v

t
v v v v

p∆

∆ − ∆
= ⋅

∆ ∆ ∆ − ∆
, (10) 

ãäå min
fzC  è min

v∆  − ìèíèìàëüíûå çíà÷åíèÿ ïàðàìåòðîâ t
fzC  è t

v∆ , ñîîò-

âåòñòâåííî, à ( )'max
v∆  − ìàêñèìàëüíîå çíà÷åíèå êðèòåðèÿ t

v∆ , òî ïðîèñ-

õîäèò âîçâðàò ê ñîõðàíåííûì çíà÷åíèÿì ìàòðèö íå÷åòêîé ôóíêöèè 

ïðèíàäëåæíîñòè maxu  è öåíòðîâ íå÷åòêèõ êëàñòåðîâ maxv , êîòîðûå è 

ÿâëÿþòñÿ ðåçóëüòàòîì îáó÷åíèÿ. 

Ïðè âûïîëíåíèè ïóíêòà 3.3 ïðèâåäåííîãî âûøå àëãîðèòìà äëÿ 

ïîâûøåíèÿ êîíòðàñòà â äàííîé ðàáîòå ïðèìåíåí ìåòîä, îñíîâàííûé 

íà èñïîëüçîâàíèè âåðîÿòíîñòíûõ õàðàêòåðèñòèê ÿðêîñòè [4], êîòîðûé 

ïðåäïîëàãàåò âûïîëíåíèå ïðåîáðàçîâàíèÿ êàæäîãî êàíàëà èñõîäíîãî 

èçîáðàæåíèÿ ïî ñëåäóþùèì ïðàâèëàì: 

åñëè 1 1
1min ,x yI I≤ < β , òî 

2
1 1

1 1
2 ,

,

min

x y
x y

I I

I I

 −
 µ =
 − 

; (11) 
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åñëè 1 1
1 ,x yI Iβ ≤ < , òî 

2
1 1

1 1
1 2 ,

,

min

x y
x y

I I

I I

 −
 µ = −
 − 

; (12) 

åñëè 1 1
2,x yI I≤ < β , òî 

2
1 1

1 1
1 2 ,

,

max

x y
x y

I I

I I

 −
 µ = −
 − 

; (13) 

åñëè 1 1
2 , maxx yI Iβ ≤ < , òî 

2
1 1

1 1
2 ,

,

max

x y
x y

I I

I I

 −
 µ =
 − 

, (14) 

ãäå 1I  − ñðåäíåå çíà÷åíèå ÿðêîñòè äëÿ âûáðàííîãî öâåòîâîãî êàíàëà 

âõîäíîãî èçîáðàæåíèÿ; 
1 1

1 2
minI I+β = ; 

1 1

2 2
maxI I+β = ; ,x yµ  − çíà÷åíèå íå-

÷åòêîé ôóíêöèÿ ïðèíàäëåæíîñòè äëÿ ïèêñåëÿ ñ êîîðäèíàòàìè ,x y  

âõîäíîãî èçîáðàæåíèÿ, 1
minI  è 1

maxI  − ìèíèìàëüíîå è ìàêñèìàëüíîå 

çíà÷åíèÿ ÿðêîñòè äëÿ âûáðàííîãî öâåòîâîãî êàíàëà âõîäíîãî èçîáðà-

æåíèÿ, ñîîòâåòñòâåííî. Ïîñëå ýòîãî âûõîäíîå èçîáðàæåíèå ôîðìèðó-

åòñÿ ñëåäóþùèì îáðàçîì: 

( )22 1
, , ,x y x y x yI I= µ . (15) 

Ýêñïåðèìåíòàëüíûå ðåçóëüòàòû. Ïðåäñòàâëåííûé ìîäèôèöèðî-

âàííûé àëãîðèòì áûë ïðèìåíåí ïðè îáðàáîòêå ðàçëè÷íûõ ñëàáîêîí-

òðàñòíûõ ïîëóòîíîâûõ ìåäèöèíñêèõ èçîáðàæåíèé, ïðèìåðàìè êîòî-

ðûõ ÿâëÿþòñÿ ñíèìêè, ïðåäñòàâëåííûå íà ðèñ. 1 − 2. 

Íà ðèñ. 1 à ïðèâåäåíî ïîëóòîíîâîå ìåäèöèíñêîå èçîáðàæåíèå − 
òîìîãðàììà ãîëîâíîãî ìîçãà, âûïîëíåííàÿ ñ öåëüþ äèàãíîñòèêè íà-

ëè÷èÿ ãåìàòîìû, à òàêæå îïðåäåëåíèÿ îáëàñòè åå âëèÿíèÿ. Ãèñòî-

ãðàììà èñõîäíîãî èçîáðàæåíèÿ (ðèñ. 1 á) ïîêàçûâàåò, ÷òî èçîáðàæå-

íèå ñîäåðæèò âåñü äèàïàçîí óðîâíåé ÿðêîñòåé. Îäíàêî äèàãíîñòèðî-

âàíèå ãåìàòîìû ïî èñõîäíîìó ñíèìêó çàòðóäíåíî èç-çà åå ðàñïîëîæå-

íèÿ íà íèçêîêîíòðàñòíîì ó÷àñòêå èçîáðàæåíèÿ (ôðàãìåíò, îáâåäåí-

íûé ïðÿìîóãîëüíèêîì), à îáëàñòü åå âëèÿíèÿ âîîáùå âèçóàëüíî íå-

ðàçëè÷èìà. Òàêèì îáðàçîì, ýòî èçîáðàæåíèå ÿâëÿåòñÿ ñëàáîêîíòðàñò-

íûì. Ââåäåíèå ðåíòãåíîêîíòðàñòíîãî âåùåñòâà (ðèñ. 1 â) õîòü è ïî-

çâîëÿåò áîëåå ÷åòêî âûäåëèòü ãåìàòîìó, îäíàêî íå âûÿâëÿåò îáëàñòè 

åå âëèÿíèÿ.  

Íà ðèñ. 2 à ïðèâåäåíà ìàììîãðàììà, ïî ãèñòîãðàììå êîòîðîé 
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(ðèñ. 2 á) ýòîò ñíèìîê ñëåäóåò îòíåñòè ê âûñîêîêîíòðàñòíûì èçîáðà-

æåíèÿì, îäíàêî, ôðàãìåíò, âûäåëåííûé ïðÿìîóãîëüíèêîì, ÿâëÿåòñÿ 

íèçêîêîíòðàñòíûì. 

Ïðè ïðîâåäåíèè ýêñïåðèìåíòîâ áûëè âûáðàíû ñëåäóþùèå çíà-

÷åíèå óïðàâëÿþùèõ ïàðàìåòðîâ: 6c = , 2m = , 510−ε = . Âèçóàëèçàöèÿ 

ðåçóëüòàòîâ íå÷åòêîé êëàñòåðèçàöèè ïðîèçâîäèëàñü íà îñíîâå ïðèìå-

íåíèÿ ìåòîäà ñðàâíåíèÿ ñ èñõîäíûìè äàííûìè [3]. 

 
à                         á                                     â 

Ðèñóíîê 1 - Ðåíòãåíîâñêàÿ òîìîãðàììà ãîëîâíîãî ìîçãà:  

à − èñõîäíûé ïîëóòîíîâîé ñíèìîê (204õ201); á − åãî ãèñòîãðàì-
ìà; â − ðåçóëüòàòû ââåäåíèÿ ðåíòãåíîêîíòðàñòíîãî âåùåñòâà 

 

 
à                                           á 

Ðèñóíîê 2 - Ìàììîãðàììà: à − èñõîäíûé ñíèìîê (256õ256); 
á − åãî ãèñòîãðàììà 

пикселейIh ),(

.., еднормI

пикселейIh ),(

.., еднормI
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Íà ðèñ. 3 ïðåäñòàâëåíû ðåçóëüòàòû ñåãìåíòàöèè òîìîãðàììû 

(ðèñ. 1 à) ìîäèôèöèðîâàííûì ìåòîäîì dFCM. Ïðè ýòîì îòñóòñòâèå 

äèíàìè÷åñêîãî ñæàòèÿ ôóíêöèè ïðèíàäëåæíîñòè (ðèñ. 3 à) ïîçâîëèëî 

âûäåëèòü òîëüêî ãåìàòîìû. Íåâûïîëíåíèå ïóíêòà 3.5 ïðåäëîæåííîãî 

ìåòîäà õîòü è ïîçâîëÿåò äîáèòüñÿ âûÿâëåíèÿ îáëàñòè âëèÿíèÿ ãåìà-

òîìû, íî íå îáåñïå÷èâàåò ÷åòêîãî âûäåëåíèÿ åå ãðàíèö (ðèñ. 3 á). Â 

òîæå âðåìÿ, âûïîëíåíèå äèíàìè÷åñêîãî ïðåîáðàçîâàíèÿ ôóíêöèè 

ïðèíàäëåæíîñòè â ïîëíîì îáúåìå (ðèñ. 3 â), ïîçâîëèëî äîбèòüñÿ æå-

ëàåìîé ÷åòêîñòè ïðè âûäåëåíèè ãðàíèö îáëàñòè âëèÿíèÿ ãåìàòîìû. 

     
         à                                á                                â 

Ðèñóíîê 3 - Ñåãìåíòàöèÿ èçîáðàæåíèÿ (ðèñ. 1 à): à − áåç äèíàìè÷å-

ñêîãî ïðåîáðàçîâàíèÿ ôóíêöèè ïðèíàäëåæíîñòè,  á – áåç âûïîëíåíèÿ 

ï. 3.5; â − ñ âûïîëíåíèåì äèíàìè÷åñêîãî ïðåîáðàçîâàíèÿ ôóíêöèè 

ïðèíàäëåæíîñòè (ï. 3.1 − 3.6). 

 

Âûïîëíåíèå ñåãìåíòàöèè ïðåäëîæåííûì ìåòîäîì ìàììîãðàì-

ìû (ðèñ. 2 à), ðåçóëüòàòû êîòîðîé ïðèâåäåíû íà ðèñ. 4 ïîêàçûâàåò, 

÷òî ïðèìåíåíèå äèíàìè÷åñêîãî ïðåîáðàçîâàíèÿ ôóíêöèè ïðèíàäëåæ-

íîñòè (áåç âûïîëíåíèÿ ïóíêòà 3.5) ìîæåò ïðèâåñòè è ê ïîòåðå äåòà-

ëèçàöèè â îáëàñòè èíòåðåñà (ðèñ. 4. 2). Îäíàêî, ïðèìåíåíèå äèíàìè-

÷åñêîãî ïðåîáðàçîâàíèÿ ôóíêöèè ïðèíàäëåæíîñòè â ïîëíîì îáúåìå 

(ðèñ. 4 â) ïîçâîëÿåò óñïåøíî ñïðàâèòüñÿ ñ óñòðàíåíèåì îïèñàííîãî 

íåäîñòàòêà. Ñëåäóåò, ïðàâäà, îòìåòèòü, ÷òî äëÿ äàííîãî èçîáðàæåíèÿ 

âûïîëíåíèå äèíàìè÷åñêîãî ïðåîáðàçîâàíèÿ ôóíêöèè ïðèíàäëåæíîñòè 

(ðèñ. 4 â) íå ïðèâåëî ê ñóùåñòâåííîìó ïîâûøåíèþ óðîâíÿ äåòàëèçà-

öèè îáëàñòè èíòåðåñà ïî ñðàâíåíèþ ñåãìåíòàöèåé áåç âûïîëíåíèÿ 

ïóíêòà 3 â öåëîì (ðèñ. 4 à). 
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Âûâîäû. Íà îñíîâå àíàëèçà ïîëó÷åííûõ ýêñïåðèìåíòàëüíûõ 

ðåçóëüòàòîâ ìîæíî ñäåëàòü ñëåäóþùèå âûâîäû: 

− ñåãìåíòàöèÿ ñëàáîêîíòðàñòíûõ èçîáðàæåíèé ïðåäëîæåííûì 
ìîäèôèöèðîâàííûì ìåòîäîì dFCM ïîçâîëÿåò ïðè âûïîëíåíèè äèíà-

ìè÷åñêîãî ïðåîáðàçîâàíèÿ ôóíêöèè ïðèíàäëåæíîñòè äîáèòüñÿ áîëåå 

âûñîêîé ñòåïåíè äåòàëèçàöèè ïî ñðàâíåíèþ ñ áàçîâûì àëãîðèòìîì. 

− âûïîëíåíèå ïóíêòà 3.5 ïðåäëîæåííîãî ìåòîäà ÿâëÿåòñÿ 
âàæíûì øàãîì â «ñòàáèëèçàöèè» ðåçóëüòàòà ñåãìåíòàöèè ïðè «íå-

óäà÷íîì» ñðàáàòûâàíèè ìåòîäà ïîâûøåíèÿ êîíòðàñòà íà íåêîòîðûõ 

èòåðàöèÿõ. 

     
          à                                á                              â               

Ðèñóíîê – 4. Ñåãìåíòàöèÿ èçîáðàæåíèÿ (ðèñ. 2 à): à − áåç äèíàìè÷å-

ñêîãî ïðåîáðàçîâàíèÿ ôóíêöèè ïðèíàäëåæíîñòè,  á – áåç âûïîëíåíèÿ 

ï. 3.5; â − ñ âûïîëíåíèåì äèíàìè÷åñêîãî ïðåîáðàçîâàíèÿ ôóíêöèè 

ïðèíàäëåæíîñòè (ï. 3.1 − 3.6) 
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Ì.Ã. Áåðäíèê   

ÌÀÒÅÌÀÒÈ×ÍÅ ÌÎÄÅËÞÂÀÍÍß ÓÇÀÃÀËÜÍÅÍÎ¯ 
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ÏÎÐÎÆÍÜÎÃÎ ÊÓÑÊÎÂÎ-ÎÄÍÎÐ²ÄÍÎÃÎ ÖÈË²ÍÄÐÀ 

 
Анотація. Розроблена математична модель температурних розподілів у 

порожньому кусково-однорідному циліндрі, який обертається з постій-

ною кутовою швидкістю навколо осі OZ з урахуванням кінцевої швидко-

сті поширення тепла, у вигляді крайової задачі Неймана математичної 

фізики. Розроблено нове інтегральне перетворення для  кусково-

однорідного простору, за допомогою якого знайдено температурне поле 

порожнього кусково-однорідного кругового циліндра у вигляді збіжних 

ортогональних рядів по функціям Бесселя і Фур’є. 

Ключові слова: крайова задача Неймана, узагальнене рівняння переносу 

енергії, інтегральні перетворення  Лапласа, Фур'є, час релаксації.  

 
Âñòóï. Ó ôåíîìåíîëîã³÷í³é òåîð³¿ òåïëîïðîâ³äíîñò³ ïåðåäáà÷à-

ºòüñÿ, ùî øâèäê³ñòü ïîøèðåííÿ òåïëà º íåñê³í÷åííî âåëèêîþ[1, 2]. 

Îäíàê ïðè âèñîêèõ ³íòåíñèâíèõ íåñòàö³îíàðíèõ ïðîöåñàõ, ùî ñïîñòå-

ð³ãàþòüñÿ, íàïðèêëàä, ïðè âèáóõàõ, íàäçâóêîâèõ ïîòîêàõ, âåëèêèõ 

øâèäêîñòÿõ îáåðòàííÿ âèêîðèñòàííÿ öüîãî ïðèïóùåííÿ ïðèâîäèòü äî 

ïîìèëîê, òîìó íåîáõ³äíî âðàõîâóâàòè, ùî ðîçïîâñþäæåííÿ òåïëîòè  

ïðîõîäèòü ç ê³íöåâîþ øâèäê³ñòþ. 

ßê ïîêàçóº îãëÿä ë³òåðàòóðè òåïëîîáì³í â öèë³íäðàõ, ÿê³ îáåð-

òàþòüñÿ, âèâ÷åíèé â äàíèé ÷àñ ùå íåäîñòàòíüî [3, 4]. Ïîêàçàíî [1], 

ùî ÷èñåëüí³ ìåòîäè äîñë³äæåííÿ íåñòàö³îíàðíèõ íåîñåñèìåòðè÷íèõ 

çàäà÷ òåïëîîáì³íó öèë³íäð³â, ÿê³ îáåðòàþòüñÿ, º íå çàâæäè åôåêòèâ-

íèìè, ÿêùî ìîâà éäå ïðî îá÷èñëåííÿ ïðè âåëèêèõ øâèäêîñòÿõ îáåð-

òàííÿ. Òàê äîâîäèòüñÿ [1], ùî óìîâè ñò³éêîñò³ îá÷èñëåíü â ìåòîä³ ê³-

íöåâèõ åëåìåíò³â ³ ìåòîä³ ê³íöåâèõ ð³çíèöü, ùî çàñòîñîâóþòüñÿ äî 

ðîçðàõóíêó íåñòàö³îíàðíèõ íåîñåñèìåòðè÷íèõ òåìïåðàòóðíèõ ïîë³â 

öèë³íäð³â, ÿê³ îáåðòàþòüñÿ, âèçíà÷àþòüñÿ àíàëîã³÷íèìè õàðàêòåðèñ-

òèêàìè. Ö³ óìîâè ìàþòü âèãëÿä: 

 

                                 

 © Áåðäíèê Ì.Ã., 2017 
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0
2

1 0
F∆− ≥

∆φ
    ³    

1
0

2

Pd− ≥
∆φ

, 

äå 0F  – êðèòåð³é Ôóð'º, Pd  – êðèòåð³é Ïðåäâîä³òåëåâà. 

ßêùî 510Pd = , ùî â³äïîâ³äàº êóòîâ³é øâèäêîñò³ îáåðòàííÿ ìå-

òàëåâîãî öèë³íäðà 11 671,  ñåê−ω =  ðàä³óñîì 100 ìì, çì³íí³ ∆φ  è oF∆  

ïîâèíí³ áóòè ï³äïîðÿäêîâàí³ òàêèì óìîâàì: 
-5 2 10  ∆φ ≤ ⋅  ³ 2 -10 10oF∆ ≤ ⋅ . 

Äëÿ ð³âíîì³ðíî îõîëîäæóâàíîãî öèë³íäðà çà óìîâè Bi = 5 ÷àñ 

íåîáõ³äíèé äëÿ òîãî, ùîá òåìïåðàòóðà äîñÿãëà 90% ñòàö³îíàðíîãî 

ñòàíó, äîð³âíþº  0.025oF ≈ [1]. Öå îçíà÷àº, ùî ïîòð³áíî ïðèíàéìí³ 

çä³éñíèòè 81 3 10. ⋅  îïåðàö³é ïî ÷àñó äëÿ òîãî, ùîá áóëî äîñÿãíóòî ñòà-

ö³îíàðíèé ðîçïîä³ë òåìïåðàòóðè.  

Á³ëüøå òîãî, ïîòð³áíî â³äçíà÷èòè, ùî ïðîòÿãîì îäíîãî öèêëó 

îá÷èñëåíü ïîòð³áíî çä³éñíèòè 53.14 10⋅ îá÷èñëåíü, òàê ÿê âíóòð³øí³é 

ñòàí ó ê³ëüö³ õàðàêòåðèçóºòüñÿ 53.14 10⋅  òî÷êàìè. Ó ðåçóëüòàò³ âèä-

íî, ùî ÷èñëî îá÷èñëåíü, íåîáõ³äíèõ äëÿ îòðèìàííÿ ÷èñåëüíîãî ðå-

çóëüòàòó âèäàºòüñÿ íåðåàëüíèì. 

Òîìó äëÿ âèð³øåííÿ êðàéîâî¿ çàäà÷³, ÿêà âèíèêàþòü ïðè ìà-

òåìàòè÷íîìó ìîäåëþâàíí³ íåñòàö³îíàðíèõ ïðîöåñ³â òåïëîîáì³íó â öè-

ë³íäð³, ÿê³ îáåðòàþòüñÿ, áóäåìî çàñòîñîâóâàòè ³íòåãðàëüí³ ïåðåòâî-

ðåííÿ. 

Ìåòîþ ðîáîòè º ðîçðîáêà íîâî¿ óçàãàëüíåíî¿ ìàòåìàòè÷íî¿ ìî-

äåë³ òåìïåðàòóðíèõ ðîçïîä³ë³â ó êóñêîâî-îäíîð³äíîìó öèë³íäð³ ó âè-

ãëÿä³ êðàéîâî¿ çàäà÷³ Íåéìàíà ìàòåìàòè÷íî¿ ô³çèêè äëÿ ð³âíÿííÿ òå-

ïëîïðîâ³äíîñò³, òà ðîçâ’ÿçàííÿ îòðèìàíî¿ êðàéîâî¿ çàäà÷³, ðîçâ’ÿçêè 

ÿêî¿ âèêîðèñòîâóþòüñÿ ï³ä ÷àñ êåðóâàííÿ òåìïåðàòóðíèìè ïîëÿìè. 

Îñíîâíà ÷àñòèíà. Ðîçãëÿíåìî ðîçðàõóíîê íåñòàö³îíàðíîãî  òå-

ìïåðàòóðíîãî ïîëÿ ïîðîæíüîãî êðóãîâîãî öèë³íäðà çîâí³øíüîãî ðàä³-

óñà R â öèë³íäðè÷í³é ñèñòåìè êîîðäèíàò ( ), ,r zφ , êóñêîâî-îäíîð³äíîãî 

â íàïðÿìêó ïîëÿðíîãî ðàä³óñà r, ÿêèé îáåðòàºòüñÿ ç ïîñò³éíîþ êóòî-

âîþ øâèäê³ñòþ ω  íàâêîëî îñ³ OZ, ç óðàõóâàííÿì ê³íöåâî¿ øâèäêîñò³ 
ïîøèðåííÿ òåïëà. Òåïëîô³çè÷í³ âëàñòèâîñò³ ÿêîãî â êîæíîìó øàð³ íå 

çàëåæàòü â³ä òåìïåðàòóðè çà óìîâè ³äåàëüíîãî òåïëîâîãî êîíòàêòó 

ì³æ øàðàìè, à âíóòð³øí³ äæåðåëà òåïëà â³äñóòí³. Ó ïî÷àòêîâèé ìî-

ìåíò ÷àñó òåìïåðàòóðà öèë³íäðà ïîñò³éíà 0G , à íà çîâí³øí³é ³ âíóò-
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ð³øí³é ïîâåðõí³ öèë³íäðà â³äîì³ òåïëîâ³ ïîòîêè ( ) ( )1  ³    G Gφ φ  â³ä-

ïîâ³äíî. 

Â³äíîñíó òåìïåðàòóðó öèë³íäðà ( ), ,tθ ρ φ  ìîæíà ïðåäñòàâèòè ó 

âèãëÿä³: 

( ) ( ) ( )
( ) ( )

1 0 1

2 1 2

, ,  ,            ,  
, ,

, ,  ,          ,   

t ÿêùî
t

t ÿêùî

θ ρ φ ρ ∈ ρ ρθ ρ φ = θ ρ φ ρ ∈ ρ ρ
                   (1) 

Â³äíîñí³ òåìïåðàòóðè ( ), ,s tθ ρ φ  s–ãî øàðà öèë³íäðà îá÷èñëþ-

þòüñÿ ïî ôîðìóëàì: 

( ) ( ) 0

0max

, ,
, , s

s

T t G
t

T G

ρ φ −
θ ρ φ =

−
, 

äå ( ), ,sT tρ φ  - òåìïåðàòóðè s–ãî øàðà öèë³íäðà; maxT  - ìàêñèìàëüíà 

òåìïåðàòóðà öèë³íäðà; 
r

R
ρ = ; s=1,2.   

Â [1] îòðèìàíî óçàãàëüíåíå ð³âíÿííÿ ïåðåíîñó åíåðã³¿ äëÿ ðó-

ø³éíîãî åëåìåíòà ñóö³ëüíîãî ñåðåäîâèùà, ç óðàõóâàííÿì ñê³í÷åííîñò³ 

âåëè÷èíè øâèäêîñò³ ïîøèðåííÿ òåïëà. Çã³äíî [1] óçàãàëüíåíå ð³â-

íÿííÿ áàëàíñó åíåðã³¿ òâåðäîãî ò³ëà, ÿêèé îáåðòàºòüñÿ, ç ïîñò³éíîþ 

êóòîâîþ øâèäê³ñòþ ω  íàâêîëî îñ³ OZ, òåïëîô³çè÷í³  âëàñòèâîñò³ ÿêî-
ãî íå çàëåæàòü â³ä òåìïåðàòóðè, à âíóòð³øí³ äæåðåëà òåïëà â³äñóòí³ 

ïðèéìàº âèãëÿä: 
2 2 2 2 2

2 2 2 2 2

1 1T
 c

t r

T T T T T T T

t t r r r r z

    ∂ ∂ ∂ ∂ ∂ ∂ ∂ ∂ γ + ω + τ + ω = λ + + +    ∂ ∂φ ∂ ∂φ∂ ∂ ∂ ∂φ ∂     
,     (2) 

äå γ −ù³ëüí³ñòü ñåðåäîâèùà; ñ-ïèòîìà òåïëîºìí³ñòü; λ - êîåô³ö³ºíò 

òåïëîïðîâ³äíîñò³; ( ), ,T tρ φ  – òåìïåðàòóðà ñåðåäîâèùà; t – ÷àñ; rτ  -

 ÷àñ ðåëàêñàö³¿. 

Ìàòåìàòè÷íî çàäà÷à âèçíà÷åííÿ â³äíîñíî¿ òåìïåðàòóðè öèë³í-

äðà ( ), ,tθ ρ φ  ñêëàäàºòüñÿ â ³íòåãðóâàíí³ ã³ïåðáîë³÷íèõ äèôåðåíö³àëü-

íèõ ð³âíÿíü òåïëîïðîâ³äíîñò³ (2) â îáëàñò³ 

( ) ( ) ( ) ( ){ }1, ,  , , 0,2 , t 0,  s s sD t −= ρ φ ρ ∈ ρ ρ φ ∈ π ∈ ∞ , ùî ç óðàõóâàííÿì 

ïðèéíÿòèõ äîïóùåíü çàïèøåòüñÿ ó âèä³: 
2 2 2 2

2
2 2 2 2

1 1

      
s s s s s s s

r r st t t

 ∂θ ∂θ ∂ θ ∂ θ ∂ θ ∂θ ∂ θ+ ω + τ + τ ω = α + + ∂ ∂ φ ∂ ∂ φ∂ ∂ρ ρ ∂ρ ρ ∂ φ 
      (3) 

ñ ïî÷àòêîâèìè óìîâàìè 
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( ) ( )0
0 0 0

, ,
, , ,     

 
s

s t

∂θ ρ φ
θ ρ φ = =

∂
      (4) 

ãðàíè÷íèìè óìîâàìè 

( )
0

1

0

r

tt

e d W
ζ −
τ

ρ=ρ

∂θ ζ = φ
∂ρ∫ ,  ( )

2

2

0

r

tt

e d V
ζ −
τ

ρ=ρ

∂θ ζ = φ
∂ρ∫     (5) 

óìîâàìè ³äåàëüíîãî òåïëîâîãî êîíòàêòó 

( )1 1, ,tθ ρ φ = ( )2 1, ,tθ ρ φ         (6) 

( ) ( )1 1 2 1
1 2

, , , ,t t∂θ ρ φ ∂θ ρ φ
λ = λ

∂ρ ∂ρ
      (7) 

äå 1
1

R

R
ρ = ; 0

0

R

R
ρ = ; 2 1ρ = ; 0R - âíóòð³øí³é ðàä³óñ öèë³íäðà; 1R - ðàä³óñ 

ìåæ³ øàð³â; sλ  - êîåô³ö³ºíò òåïëîïðîâ³äíîñò³, sγ −ù³ëüí³ñòü, sc  -

ïèòîìà òåïëîºìí³ñòü, s
s

s s

a
c

λ=
γ
 - êîåô³ö³ºíò òåìïåðàòóðîïðîâ³äíîñò³ 

s –ãî øàðà öèë³íäðà; 2
2

  s
s

a

R
α = ; s=1,2; ( ) ( )

( )
1

1 0max

 rG
W

T G

φ τ
φ =

λ −
; 

( ) ( )
( )2 0max

 rG
V

T G

φ τ
φ =

λ −
;  ( ) ( ) ( )1  ,   C 0,2G Gφ φ ∈ π . 

Òîä³ ð³øåííÿ êðàéîâî¿ çàäà÷³ (3) - (7) ( ), ,s tθ ρ φ  º äâ³÷³ íåïåðå-

ðâíî äèôåðåíö³éîâàíèì ïîρ , φ , t â îáëàñò³ D ³ íåïåðåðâíèì íà D [5], 

òîáòî ( ) ( ) ( )2 1,, ,s t C D C Dθ ρ φ ∈ ∩ , à ôóíêö³¿ ( ),W φ  ( )V φ  , ( ), ,s tθ ρ φ , 

ìîæóòü áóòè ðîçêëàäåí³ â êîìïëåêñíèé ðÿä Ôóð'º [5]: 

( )
( )
( )

( )
( )

,, , ,

exp
s s n

n
n

n

t t

W W in

V V

+∞

=−∞

   θ ρ φ θ ρ
   φ = ⋅ φ   
   φ   

∑ ,     (8) 

äå 

( ) ( )
( )
( )

2

0

1

2

, , , ,

exp( )
s n s

n

n

t t

V W in d

V V

π
   θ ρ θ ρ φ
   = φ ⋅ − φ φ   π   φ   

∫ ,     

äå ( ) ( ) ( ) ( ) ( ) ( ) ( )1 11 1 2 2( ) ( )
, , , n n n n, , I , ; V  V ;  W  W ; s n s n s n n nt t t V I W Iθ ρ = θ ρ + θ ρ = + = +  

I – óÿâíà îäèíèöÿ. 
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Ç îãëÿäó íà òå, ùî ( ), ,s tθ ρ φ  ôóíêö³¿ ä³éñí³, îáìåæèìîñÿ íàäàë³ 

ðîçãëÿäîì ( ), ,s n tθ ρ  äëÿ n=0,1,2,…,òîìó ùî ( ), ,s n tθ ρ  ³  ( ), ,s n t−θ ρ  áóäóòü 

êîìïëåêñíî ñïðÿæåíèìè [5]. Ï³äñòàâëÿþ÷è çíà÷åííÿ ôóíêö³é ç (8) ó 

(3) - (7) îäåðæèìî ñèñòåìó äèôåðåíö³àëüíèõ ð³âíÿíü: 

( ) ( )
2 2 2

2
2 2 2

1
( )( ) ( ) ( ) ( )

( ), , , , , ( )
, ,  

   

i

i

mi i i i
i ims n s n s n s n s n i
n s n r r n s s n

n

t t t

 ∂θ ∂ θ ∂θ ∂ θ ∂θ
+ ϑ θ + τ + τ ϑ = α + − θ ∂ ∂ ∂ ∂ρ ρ ∂ρ ρ 

 (9) 

ñ ïî÷àòêîâèìè óìîâàìè 

( ) ( )0
0 0 0

( )
,( )

,

,
, ,    

i
s ni

s n t

∂θ ρ
θ ρ = =

∂
 (10) 

ãðàíè÷íèìè óìîâàìè 

( )

0

1

0

( )
, r

tit
in

ne d W
ζ−
τ

ρ=ρ

∂θ
ζ =

∂ρ∫ ,       ( )

2

2

0

( )
, r

tit
in

ne d V
ζ −
τ

ρ=ρ

∂θ
ζ =

∂ρ∫  (11) 

óìîâàìè ³äåàëüíîãî òåïëîâîãî êîíòàêòó 

( )1 1
( )
, ,i
n tθ ρ = ( )2 1

( )
, ,i
n tθ ρ  (12) 

( ) ( )1 1 2 1
1 2

( ) ( )
, ,, ,i i
n nt t∂θ ρ ∂θ ρ

λ = λ
∂ρ ∂ρ

 (13) 

äå ( )1 2
1 2;    ;  m 2,   m 1;  n nn nϑ = −ω ϑ = ω = = ; i,s=1,2. 

Çàñòîñîâóºìî äî ñèñòåìè äèôåðåíö³àëüíèõ ð³âíÿíü (10) ñ ãðà-

íè÷íèìè ³ ïî÷àòêîâèìè óìîâàìè (10) - (13) ³íòåãðàëüíå ïåðåòâîðåííÿ  

Ëàïëàñà [6]: 

( ) ( )
0

  dsf s f e
∞

− τ= τ τ∫ɶ . 

Â ðåçóëüòàò³ îäåðæóºìî ñèñòåìó  çâè÷àéíèõ äèôåðåíö³àëüíèõ 

ð³âíÿíü â³äíîñíî ( )
,
i
s nθɶ : 

( ) ( ) ( )( )
2 2

2 2
2 2

1( ) ( )
, ,( ) ( ) ( )

, , , ,  i i

i i
i m m s n s ni i i

s n n s n r n r s n s s n

d d n
s s s

d d

 θ θ
θ + ϑ θ + τ θ + τ θ = α + − θ ρ ρ ρ ρ  

ɶ ɶ
ɶ ɶ ɶ ɶ ɶ  (14) 

ãðàíè÷íèìè óìîâàìè 

( )

0

( )
,
i

is n
nW

ρ=

∂θ
=

∂ρ

ɶ
ɶ ,        ( )

1

( )
,
i

is n
nV

ρ=

∂θ
=

∂ρ

ɶ
ɶ , (15) 

óìîâàìè ³äåàëüíîãî òåïëîâîãî êîíòàêòó 

( )1 1
( )
, ,i
n tθ ρɶ = ( )2 1

( )
, ,i
n tθ ρɶ  (16) 
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( ) ( )1 1 2 1
1 2

( ) ( )
, ,, ,i i
n nt t∂θ ρ ∂θ ρ

λ = λ
∂ρ ∂ρ

ɶ ɶ
 (17) 

äå ( ) ( ) 1
1i i

n n
r

W W
s

 
= + τ 

ɶ ; ( ) ( ) 1
1i i

n n
r

V V
s

 
= + τ 

ɶ ;   (i=1,2). 

Äëÿ ðîçâ’ÿçàííÿ êðàéîâî¿ çàäà÷³ (14) - (17) ïîáóäóºìî ³íòåãðà-

ëüíå ïåðåòâîðåííÿ: 

( ) ( )
( ) ( ) ( ) ( )

2

0 1

2
0

2
1

, ,

,     f        f
s

s

n k s n k
n k

s s

Q Q
f d d

−

ρρ

=ρ ρ

µ ρ µ ρ
µ = ρ ρ ρ = ρ ρ ρ

α ρ α∑∫ ∫ , (18) 

äå  

( ) ( )
( )

( )

2
1 1 0 1

1

0

2
2 2 1 2

2

,

,

,

 ,                ,  

,             

,               ,   

n k

n k

n k

Q ÿêùî

Q

Q ÿêùî

 µ 
ρ α ρ ∈ ρ ρ  α  µ ρ α ρ = 

µ  ρ α ρ ∈ ρ ρ  α 

.      

Âëàñí³ ôóíêö³¿  ( )0 ,n kQ µ ρ  ³ âëàñí³ çíà÷åííÿ  ,n kµ  çíàõîäÿòüñÿ ³ç 

ðîçâ’ÿçêó çàäà÷³ Øòóðìà-Ë³óâ³ëëÿ: 
22 2

2 2 2

1
0, n ks s

s
s

d Q dQ n
Q

d d

µ
+ − + =

ρ ρ ρ ρ α
 (19) 

1 0
1 0

,n kQ
µ 

∂ ρ α  =
∂ρ

,  
2 2

2 0

,n kQ
µ 

∂ ρ α  =
∂ρ

, (20) 

1 1 2 1
1 2

, ,n k n kQ Q
µ µ   

ρ = ρ   α α   
, 

1 1 2 1
1 2

1 2

, ,

  

n k n kQ Q
µ µ   

∂ ρ ∂ ρ   α α   λ = λ
∂ρ ∂ρ

, (s=1,2) (21) 

Ðîçâ’ÿçàâøè çàäà÷ó Øòóðìà-Ë³óâ³ëëÿ  (19) - (21) îäåðæóºìî:  

1
1

1
1

1

,

,

,

  

n k

n k

n k

Q

µ 
Λ ρ µ α   ρ =  µα    Λ ρ α 

, 2
2

2
1

2

,

,

,

  

n k

n k

n k

Q

µ 
Ψ ρ µ α   ρ =  µα    Ψ ρ α 

 (22) 

äå 0 0
2 1 1 1 1 1

, , , , , ,   -  n k n k n k n k n k n k
n n n òY J J Y

 µ µ µ µ µ µ         ′ ′Λ ρ = ρ ρ ρ ρ          α α α α α α          
; 
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2 2
2 2 2 2 2 2

, , , , , ,  -  n k n k n k n k n k n k
n n n òY J J Y

 µ µ µ µ µ µ         ′ ′Ψ ρ = ρ ρ ρ ρ          α α α α α α          

( ) ( ),n nJ x Y x  – ôóíêö³¿ Áåññåëÿ 1ãî  ³ 2ãî  ðîäó ãîn  ïîðÿäêó â³äïîâ³äíî [5]. 

Âëàñí³ çíà÷åííÿ ,n kµ  çíàõîäÿòüñÿ ³ç ðîçâ’ÿçêó òðàíñöåíäåíòíî-

ãî ð³âíÿííÿ: 

1 1
1 2

1 1
1 2

, ,

, ,

 

   

 

n k n k

n k n k

H
µ µ   

Ω ρ ρ   α α   = σ
µ µ   

Λ ρ Ψ ρ   α α   

, (23) 

äå 0 0
2 1 1 1 1 1

, , , , , ,   -   n k n k n k n k n k n k
n n n nY J J Y

 µ µ µ µ µ µ         ′ ′ ′ ′Ω ρ = ρ ρ ρ ρ          α α α α α α          
; 

2 2
2 2 2 2 2 2

, , , , , ,  -  n k n k n k n k n k n k
n n n nH Y J J Y

 µ µ µ µ µ µ         ′ ′ ′ ′ρ = ρ ρ ρ ρ          α α α α α α          
; 2

1

 

 

λσ =
λ

. 

Ôîðìóëà îáåðíåíîãî ïåðåòâîðåííÿ ìàº âèãëÿä: 

( ) ( )
( )

( )0

2
1

0

,

,

,

f    n k
n k

n
n k

Q
f

Q

∞

=

µ ρ
ρ = µ

µ ρ
∑  (24) 

Êâàäðàò íîðìè âëàñíî¿ ôóíêö³¿ ( ) 2

0 ,n kQ µ ρ äîð³âíþº: 

( ) ( )
1

22

0 2
1

2

1 12
21

2 22
1 11

1
2

1

2

2
, ,

,

22 2
01

,,
,

         

 
n

 1-     
2 2

s

s

n k s n k
s s

n k

n kn k
n k

Q Q d
−

ρ

= ρ

 µ ρ = µ ρ ρ ρ = α

  µ 
 α Ω ρ    α ρρ α    = + − ⋅    µα α µ ρ   µ Λ ρ   α    

∑ ∫

 

2 2

0 22 2
1 21 2

22 2
20 2

1 1
1 2

1
2

2 2
2 1

2 2

2

, ,

2 2 2
2

, ,, ,

,

2 2
1 2

,

 
n n

1-   1-   
2

n
1-  

2

n k n k

n k n kn k n k

n k

n k

H

   µ µ   
Λ ρ Ψ ρ         α αα ρ α         + −
      µ µα   µ ρ µ ρ   Λ ρ Ψ ρ      α α         

µ 
ρ  αρ α  − +

 α µ ρ 

2

1
2

,

 .
n k

 
 
   µ  Ψ ρ   α    
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Çàñòîñîâóºìî äî ñèñòåìè äèôåðåíö³àëüíèõ ð³âíÿíü (14) ³íòåã-

ðàëüíå ïåðåòâîðåííÿ (18), äå âëàñí³ ôóíêö³¿ ,  n k
s

s

Q
µ 

ρ α 
 âèçíà÷àþòüñÿ 

ïî ôîðìóëàì (22), à âëàñí³ çíà÷åííÿ ,n kµ  çíàõîäÿòüñÿ ³ç ðîçâ’ÿçêó 

òðàíñöåíäåíòíîãî ð³âíÿííÿ (23) ³ âðàõîâóþ÷è ïîçíà÷åííÿ (1), â ðå-

çóëüòàò³ îäåðæóºìî ñèñòåìó çâè÷àéíèõ àëãåáðà¿÷íèõ ð³âíÿíü â³äíîñíî 

( )i
nθɶ : 

( ) ( ) ( ) ( )( ) ( )
( )

( )2
2

i
n,k

,
,

  
 

i ii i m m i i
n n n r n r n n k n

n k

s s s q
 Ω

θ + ϑ θ + τ θ + τ θ = − θ 
 µ 

ɶ ɶ ɶ ɶ ɶ  (25) 

äå 2
, , n k n kq = µ ;. ( ) ( ) ( )

0 1 0 2
1 2

i , ,
n,k  i in k n k

n nQ W Q V
µ µ   

Ω = ρ ρ +   α α   

ɶ ɶ ; i=1,2. 

Ðîçâ’ÿçàâøè ñèñòåìó ð³âíÿíü (25) îäåðæóºìî: 

( )
( ) ( ) ( ) ( ) ( ) ( )

( ) ( )

12

2 22 2 2

1 1

1

i
n,k n,k n,k

n,k

 q  
.  

 q  

i i
i m m

r n ri
n

r r

s s nV s

s s n s

+Ω τ + + + − ω Ω + τ
θ =

τ + + + ω + τ

ɶ
ɶ (i=1,2)(26) 

Çàñòîñîâóþ÷è äî çîáðàæåííÿ ôóíêö³é (26) ôîðìóëè îáåðíåíîãî 

ïåðåòâîðåííÿ Ëàïëàñà îäåðæóºìî îðèã³íàëè ôóíêö³é: 

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ){ }
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ){ }
( )

2
1

1

4

3

2 1 2 1

1 2 1 2 1

1

 

 

1 2
, ,  n,k   n,k   

1 2
,  n,k   n,k   

,

  

  ,                                

j

j

n n k n k j j r j r j r r j
j

s t
n k j j r j r j r r j

j

s t

t s s s nI s n s I

e s s s nI s n s I

e

=

=

   θ µ = ζ ⋅ Ω ⋅ τ + + τ ω + Ω ⋅ τ ω − τ + ⋅   

   − + ζ ⋅ Ω ⋅ τ + − τ ω + Ω ⋅ τ ω + τ +   

⋅ −

∑

∑

                                                                   

 (27)
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ){ }
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ){ }
( )

2
2

1

4

3

2 1 2 1

1 2 1 2 1

1

 

 

2 1
, ,  n,k   n,k   

2 1
,  n,k   n,k   

,

  

  ,                                 

j

j

n n k n k j j r j r j r r j
j

s t
n k j j r j r j r r j

j

s t

t s s s nI s n s I

e s s s nI s n s I

e

=

=

   θ µ = ζ ⋅ Ω ⋅ τ + + τ ω − Ω ⋅ τ ω − τ + ⋅   

   − + ζ ⋅ Ω ⋅ τ + − τ ω − Ω ⋅ τ ω + τ +   

−

∑

∑

                                                                      

 (28) 

äå ( )
( ) ( )

1

2 2

0 5

2 1
,  

 

.
  j

n k j

r j r

s
s

s n

−

ζ =
τ + + τ ω

, à çíà÷åííÿ js  äëÿ j=1,2,3,4 âèçíà-

÷àþòüñÿ çà ôîðìóëàìè 

( ) ( ) ( ) ( )2 2

1 2 3 4

1 1 4 1 1 4

2 2
, ,

, , ,,   .r r r n k r r r n k

r r

ni ni q ni ni q
s s

τ ω − ± + τ ω − τ τ ω + ± − τ ω − τ
= =

τ τ
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 Òàêèì ÷èíîì ç óðàõóâàííÿì ôîðìóë îáåðíåíèõ ïåðåòâîðåíü (8) ³ 

(24) îäåðæóºìî òåìïåðàòóðíå ïîëå êóñêîâî-îäíîð³äíîãî êðóãîâîãî öèë³íä-

ðà â íàïðÿìêó ïîëÿðíîãî ðàä³óñà, ÿêèé îáåðòàºòüñÿ ç ïîñò³éíîþ êóòîâîþ 

øâèäê³ñòþ ω  íàâêîëî îñ³ OZ, ç óðàõóâàííÿì ê³íöåâî¿ øâèäêîñò³ ïîøè-
ðåííÿ òåïëà: 

( ) ( ) ( ) ( ) ( ) ( )
( )
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äå çíà÷åííÿ ( ) ( ) ( ) ( )1 2
, ,, ³ ,n n k n n kt tθ µ θ µ  âèçíà÷àþòüñÿ ïî ôîðìóëàì (27), (28). 

Âèñíîâêè. Ó ñòàòò³ çà äîïîìîãîþ ðîçðîáëåíîãî íîâîãî ³íòåãðàëüíî-

ãî ïåðåòâîðåííÿ çíàéäåíî òåìïåðàòóðíå ïîëå (29), ïîðîæíüîãî êóñêîâî-

îäíîð³äíîãî êðóãîâîãî öèë³íäðà â íàïðÿìêó ïîëÿðíîãî ðàä³óñà, ÿêèé îáå-

ðòàºòüñÿ ç ïîñò³éíîþ êóòîâîþ øâèäê³ñòþ ω  íàâêîëî îñ³ OZ , ç óðàõóâàí-
íÿì ê³íöåâî¿ øâèäêîñò³ ïîøèðåííÿ òåïëà, ó âèãëÿä³ çá³æíèõ îðòîãîíàëü-

íèõ ðÿä³â ïî ôóíêö³ÿì Áåññåëÿ ³ Ôóð’º. Çíàéäåíèé àíàë³òè÷íèé ðîçâ’ÿçîê 

óçàãàëüíåíî¿ êðàéîâî¿ çàäà÷³  òåïëîîáì³íó  öèë³íäðà, ÿêèé îáåðòàºòüñÿ, ç 

óðàõóâàííÿì ñê³í÷åííîñò³ âåëè÷èíè øâèäêîñò³ ïîøèðåííÿ òåïëà ìîæå 

çíàéòè çàñòîñóâàííÿ ïðè ìîäóëþâàíí³ òåìïåðàòóðíèõ ïîë³â, ÿê³ âèíèêà-

þòü ó áàãàòüîõ òåõí³÷íèõ ñèñòåìàõ (â ñóïóòíèêàõ, ïðîêàòíèõ âàëêàõ, òóð-

á³íàõ ³ ò.³.). 
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Abstract. A program for determining linear resistance limiting the barrier cur-

rent in varistor materials was developed with the usage of HTML, CSS, 

JavaScript and jQuery library. The program calculates this resistance based on 

the data, obtained at scanning raster images of analog oscillograms, regis-

tered at a strong electric current for a sample of a varistor material. Any 

Internet browser can be used as a software environment for the program pre-

sented in this work. 

Keywords: software, languages HTML, CSS, JavaScript, library jQuery, varistor 

materials. 

 
Introduction. Ceramic materials based on zinc oxide (ZnO) are 

used for varistor production [1]. Varistors have found wide application 

in protecting electronic and electrotechnical devices from overvoltage. 

In particular, varistors are used for protecting power supplies of modern 

computers from overvoltage. 

The intergranular Schottky barriers are a cause of high nonlin-

earity of the current-voltage characteristic (CVC) of varistor mate-

rial [1]. Such barriers are formed in the near-surface region of ZnO 

grains. These barriers define CVC of varistors in the region of current 

density of 10-13 − 10 A cm-2. The nonlinear resistance of near-surface re-

gions of ZnO grains with barriers becomes comparable to the linear re-

sistance of grains volume at electric currents more than 10 A cm-2. 

Since the volume resistance of grains connects with barriers in series, it 

limits the electric current through barriers. Therefore, at the region of 

strong electric current, the nonlinearity of CVC decreases when the cur-

rent increases. This region of current may be used to determine the lin-

ear resistivity ρlin limiting the electric current through barriers in ce-

ramic varistor materials [2]. Volume resistivity of grains ρg in varistor 

ceramics determines the value of ρlin at a strong electric current. 
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The work [3] presents an approach to calculating ρg by scanning 

raster images of analog oscillograms obtained at applying a single volt-

age pulse of exponential form to a sample. This method uses special Mi-

crosoft Excel templates. Creation of a software for scanning oscillogram 

raster images and calculating the linear resistivity ρlin on the basis of 

scanned data is of interest. HTML, CSS, JavaScript languages and 

jQuery library give certain possibilities for solving such task. With 

HTML and CSS a convenient user interface can be created. Scripts im-

plemented with JavaScript and jQuery allow loading raster images, per-

forming scanning and conducting necessary calculations using the 

scanned data. Any Internet browser can be used as a software environ-

ment for the program created by the means mentioned above. 

Problem statement. The aim of this work is development of a 

software intended for scanning raster images of analog oscillograms and 

calculating the linear resistivity limiting the barrier current in varistor 

materials. The calculation should be done based on the scanned data. 

Major part. A method of determining linear resistivity ρlin is 

based on the relationship between differential resistivity ρdif and electric 

current density J in ceramic varistor materials. An equation describing 

such dependence is [2]: 
1*

dif lin A J−ρ = ρ + ,  (1) 

where A* is a constant. 

As it follows from the equation (1), ρdif has a linear relationship 

with the inverse current density J-1. Therefore, the linear resistivity ρlin 

limiting the barrier current in the region of current density J1≤ J ≤JK 

can be found by building a relationship ρdif ~ J
-1 using a region of CVC 

for this interval of current density. Linear extrapolation of such de-

pendence to the value J-1 = 0 allows to determine ρlin. A region of cur-

rent-voltage characteristic in any range of electric current can be regis-

tered by applying a single pulse of exponential form to a sample. Volt-

age and current oscillograms obtained this way represent CVC in para-

metric form, where time t is a parameter. These oscillograms allow to 

build the dependence (1) and to determine ρlin value for the given inter-

val of electric current density. 

In this work, oscillograms of voltage and current were registered 

with the analog double-beam storage oscilloscope C8-11. Raster images 
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of oscillograms for further processing by the program were obtained 

with the digital photo-camera “OLYMPUS”. Raster images of the cali-

bration voltage and the calibration electric current were used for deter-

mining scale factors MU and MI. The program calculates the values of 

MU and MI using the data scanned from these raster images. These scale 

factors are necessary for determining instantaneous values of voltage Uj 

and electric current Ij. Fig. 1 shows typical raster images of oscil-

lograms for calibration voltage and calibration current, as well as raster 

image of oscillograms obtained at applying a single voltage pulse of the 

exponential form to a sample. 

   
a b c 

Figure 1 - Raster images of oscillograms: a – calibration voltage 

(100 V between lines); b – calibration electric current (10 A between 

lines); c − voltage (1) and current (2) at applying a single voltage pulse 
of the exponential form to a sample. Straight lines in a bottom of os-

cillograms (1, 2) give zero levels for current and voltage.  

The scale of sweep – 10 µs/ division 
 

Scanning of oscillograms raster images (Fig. 1 c) was performed 

with step of 50 pixels in the positive direction of the time axis. Arrays 

of pixel coordinates YUj, YIj, XTj (1 ≤ j ≤ K) are the outcomes of scan-
ning. Program uses these arrays for calculating linear resistivity ρlin. 

Arrays of coordinates YUj and YIj correspond to voltage and electric 

current of a sample, accordingly. An array XTj corresponds to the 

points in time when instantaneous values of voltage Uj and current Ij 

were registered. Coordinates of zero lines for voltage YUZ and for elec-

tric current YIZ are determined by scanning too. Using the scanned 

data, the program calculates values of differential resistance Rdifi and 

current Ii (1 ≤ i ≤ N). For this purpose, it uses scale factors MU and MI, 
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which were found from the scan data obtained from the raster images 

shown on Fig. 1a and Fig. 1b. In addition, the program uses arrays of 

coordinates YUj, XTj (1 ≤ j ≤ K) for calculating the time constant τ for a 
voltage pulse of the exponential form. The calculation is done using the 

method described in [4]. 

The program uses increments of voltage and current for calculating 

the differential resistance Rdifi (1 ≤ i ≤ N). These increments are deter-
mined by changing the index j for arrays YUj, YIj, XTj with a step equal l. 

Therefore, if such arrays have a quantity of elements K, then the quantity 

of elements in the arrays Rdifi, Ii is determined as N = K – l. In the pro-

gram described in this work we used the values K = 13 and l = 3. It en-

sured the quantity of elements N = 10 for the arrays Rdifi and Ii. 

The differential resistance Rdifi and the electric current Ii were 

calculated as 

( )

( )
U j l j

difi
I j l j

M YU YU
R

M YI YI
+

+

−
=

−
, (2) 

1
2

2
( )i Z j l jI Mi YI YI YI+= − − . (3) 

Based on these formulas, taking into account geometrical sizes of 

a sample (L – thickness, S – area of electrodes), the program calculates 

the arrays ρdifi and 1/Ji (1 ≤ i ≤ N). Further, it performs linear regres-

sion using the least squares method for obtaining ρdif = aJ
-1 + b from 

the calculated data. According to the equation (1), b factor is the linear 

resistivity ρlin which limits the current through barriers in the range of 

electric current density J1 ≤ J ≤ JN. 

In Fig. 2 ρdif = aJ
-1 + b obtained by the least squares method is 

shown as a thick solid straight line. Extrapolation of this straight line 

to 1/J = 0 allows to determine the value of ρlin. The program uses the 

least squares method for calculating the value b = ρlin on the basis of ar-

rays ρdifi and 1/Ji (1 ≤ i ≤ N). 
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Figure 2 - Calculation of the error in ρlin  

 

The mean-square deviation ∆ of the array elements ρdifi(1/Ji) (1 ≤ 
i ≤ N) from the regression line can be calculated by the formula 

2

1

1 1
( )

N

difi
i i

a b
N J=

∆ = ± ρ − −∑ . (4) 

The value of ∆ gives the possibility to estimate absolute and rela-
tive errors in resistivity ρlin. As it can be seen in Fig. 2, different 

straight lines can be drawn through the range boundaries 1/J1 ≤ 1/J ≤ 
1/JN, taking into account ∆ parameter. These straight lines are located 
between the lines presented in the Fig. 2 by thick and thin dashed lines. 

Therefore, the positive absolute error is the difference ρlin1 − ρlin and the 

negative absolute error is the difference ρlin2 − ρlin (Fig. 2). These differ-

ences can be found by calculating the values of constants b1 = ρlin1 and 

b2 = ρlin2 for straight lines shown by the thick dashed lines in the Fig. 2. 

The moduli of such differences are equal. Calculation has shown, that 

the absolute error in the linear resistivity ρlin limiting the barrier cur-

rent in varistor materials is described by the expression: 

1

1

N
g

N

J J

J J

+∆ρ = ±∆
−

. (5) 

Taking into account that b = ρlin the relative error is equal 

1

1

100
( )

%
( )

N

N

J J

b J J

∆ +δ = ±
−

. (6) 

Figure 3 shows a window of the program at the final stage of its 

execution. The program is opened in Opera browser. The program has 
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menu options allowing to open a raster image and to control the data 

processing. Current cursor coordinates are shown in the top-left corner 

of the window. By clicking left mouse button these coordinates can be 

registered in the table located below. The menu option “Îáçîð” is in-

tended for opening files of raster images in the browser window. It pro-

vides access to the file system of a computer by means of a script using 

FileReader object. «Èíñòðóìåíòàðèé» is a component for performing 

different stages of data processing (Fig. 3). It contains control buttons 

and form fields for entering initial data and displaying output of proc-

essing outcomes. A detailed user instruction is displayed in this compo-

nent for every stage of data processing. 

The program has nine consecutive stages of processing: 1) Load-

ing a raster image to the browser window; 2). Entering thickness L and 

area of electrodes S for a sample of varistor ceramics; 3). Determining a 

scale factor for voltage MU; 4) Determining a scale factor for electric 

current MI; 5). Scanning coordinates for zero level of voltage YUZ; 6). 

Scanning coordinates for zero level of current YIZ; 7) Determining a 

scale factor for time MT; 8). Scanning voltage and current oscillograms 

of a sample being examined (Fig. 1c); 9). Running necessary calculations 

based on the scanned data using the formulas mentioned above. 

At the final stage, after a click on the button “Âû÷èñëèòü ro”, the 

processing outcomes are shown in the fields of the form (Fig. 3). The 

field «tau=» shows the time constant τ of the exponential impulse used 
for obtaining oscillograms of voltage and current for a sample of varistor 

ceramics. The fields «ro=» shows the value of ρlin and its absolute error. 

The value of relative error in ρlin is displayed in the field «Îøèáêà ro=». 

Moreover, at the final stage of processing, the program opens windows 

for displaying the range of current density J1 ≤ J ≤ JK where the value 

ρlin was determined, the average current density and the range of the 

nonlinearity factor of CVC in the interval J1 ≤ J ≤ JK (Fig. 3). 
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Figure 3 - Window of program at the final stage of execution  

 

Separate scripts implemented with JavaScript and jQuery support 

every stage of processing of the raster images oscillograms (Fig. 1). 

Scripts are triggered by events, associated with mouse. Event “mouse-

move” runs the script for determining current coordinates of the raster 

image. It uses properties “offsetX” and “offsetY” of the “event” object 

to get the current coordinates. A script intended for recording scan data 

to the table uses these properties too. It is triggered by “click” event, 

associated with a left mouse button click in a chosen point of the raster 

image. Menu item «Óäàëèòü ïîñëåäíþþ ñòðîêó» is used for data cor-

rection in the table of coordinates (Fig. 3). Menu items «Âåðíóòüñÿ íà-

çàä» and «Ïðîäîëæèòü» are used for returning to the previous stage 

and for continuing the processing after data correction. Any stage of 

processing can be skipped by a click on the menu item «Ïðîïóñòèòü 

ýòàï». The program interface contains a menu item «Ñáðîñ» for clean-

ing all form fields and the table. The program returns to the initial 

stage at a click on this menu item. 
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Conclusions. A program for determining linear resistivity ρlin 

limiting the barrier current in varistor materials was created by means 

of HTML, CSS, JavaScript languages and jQuery library. In the pro-

gram, determination of ρlin is performed by scanning raster images of 

oscillograms. The program uses oscillograms of voltage and current ob-

tained in the region of strong current at applying a single pulse of ex-

ponential form to a sample. Any Internet browser can be used as a soft-

ware environment for the designed program. 
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Abstract. Digitization method of analog oscillograms by the raster images was 

investigated as a tool for rising of accuracy at signal parameters determina-

tion. As was shown, the raster images of oscillograms at determining signal 

time parameters allow providing the measurement accuracy on a level of digi-

tal frequency meters. 

Key words: digitization, raster image, analog oscillogram, time parameters of 

signal. 

 

Introduction. Raster images are an effective method for digitiza-

tion of experimental data obtained in the image form. Microscopy data, 

the oscillograms obtained by analog oscilloscope, the satellite images and 

other relate to such data. For digitization of experimental image it is 

necessary to take a picture by a digital camera. As was shown in [1], the 

relative error at determining instantaneous voltages may be lower ± 
1.5% if to use a raster image of oscillogram obtained by the analog os-

cilloscope. Processing of experimental data obtained in the form of 

raster image is performed by scanning of the necessary coordinates for a 

studied object. Parameters of object can be calculated by scan coordi-

nates using the scale factors determined previously. These scale factors 

can be found by scanning of the calibration signal or by scanning of the 

length scale. Scanning can be performed at using graphics editors or 

specific programs [2]. 

Problem statement. The aim of present work is a comparative 

analysis of the signals parameters found from the raster images of oscil-

lograms obtained by analog oscilloscope and the same parameters meas-

ured by digital frequency meter ×3 – 34. 

Major part. The determining of object parameters in the raster 

image is based on coordinates scanning. If coordinates scanning is exe-

cuted for two points of a raster image, then these coordinates allow de-
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termining such parameters of object as the length, the instantaneous 

value of signal voltage, the duration of time interval. As it shown 

in [3], if we execute a scanning of coordinates for many points on the 

object border, then the object area can be determined. 

First of all it is necessary to define the scale factor MC for a cal-

culation of the object parameters by scanned coordinates. Raster images 

containing the calibration voltage or the length scale can be used for 

this aim. If perform a scanning of coordinates at the ends of such inter-

vals (x1C; y1C; x2C; y2C), then MC can be found as 

21 2 1 2/ ( ) ( )C C C C C CM L x x y y= − + − , (1) 

where LC is a value of calibration voltage, length scale or calibration 

time interval. 

In this work for determining the signal time parameters (fre-

quency, period and duration) were used the raster images of analog os-

cillograms. These oscillograms were registered by means of oscilloscope 

Ñ8 – 11. Raster images of oscillograms were obtained by means of the 

digital camera “OLYMPUS”. For a comparative analysis of the signal 

parameters obtained from the raster images same parameters were 

measured by means of frequency meter ×3-34. 

The calibrated rectangular pulse with duration LCT = 577.3 µs 
was used for determining the time scale MCT (Fig.1). Scanning of a 

pulse fronts on the level of 0.5 amplitude allows defining the value MCT 

= 0.4567 µs/pixel for the given sweep of oscilloscope. This oscilloscope 
sweep was saved at the oscillograms registration for all signals investi-

gated in the present work. 

 
Figure1 - Raster image of the calibrated rectangular pulse 
 

For determining the signal time parameters, a scanning of the os-

cillogram raster images was performed by means of the program de-
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scribed in [2]. Scan was executed along the oscilloscope time axis in two 

points corresponding to a period or duration of investigated signal. 

From the scanning data a value of the time interval ∆t is defined 
as 

1 2CTt M x x∆ = ⋅ − , (2) 

where x1 and x2 are coordinates in pixels for the interval ends. These 

coordinates must be obtained at y1 = y2. 

It should be noted, that the absolute error in scanning of the 

raster images amounts ± 1 pixel. If a thickness of line for oscillogram is 
identical in a range of oscilloscope display and has the clearly defined 

edges, then the absolute error in determining the interval length by 

raster image must be about ± 2 pixels. In this case the relative error δT 

can be found on the basis of equation (2) as 

2
100

1 2
%T x x

δ = ± ⋅
−

. (3) 

As it follows from the eguation (3), the relative error in deter-

mining of a time interval is decreasing inversely with increasing of the 

interval length |x1 – x2|. The value |x1 – x2| in pixels must be greater 

for digital photo cameras with a greater resolution for a same interval 

∆t. Therefore application of photo cameras with a greater resolution for 
obtaining the raster images of analog oscillograms reduces the relative 

error in determining of time intervals too. 

Fig. 2 shows the window of program used for scanning of oscil-

lograms in the raster image [2].  

 
Figure 2 - Window of program with the scanning data  

of sinusoidal signal 
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For a signal shown in the Fig. 2, the relative error in determining of pe-

riod by the scan data is equal ± 0,2%, as it was obtained from the equation (3). 
The time parameters for different signals tested in the present 

work were measured by means of the frequency meter ×3 – 34. Table 1 

shows a comparison of signals parameters calculated from the scan data 

of oscillograms in raster image and the same parameters measured by a 

frequency meter. The “Deviation” columns show the deviations (in per-

cents) for parameters measured by a frequency meter and the same pa-

rameters obtained at using the raster images of oscillograms. This de-

viation no more than 1 %, as it can see from the table 1. 

Table 1 

Comparative table of the signal time parameters 

Period, 
µs 

Frequency, 
kHz 

Duration, 
µs 

×3-
34 

Raster 
image 

Deviation 
% 

×3-34 
Raster 
image 

Deviation 
% ×3-

34 
Raster 
image 

Deviation 
% 

Type of 
signal 

− 494.6 − 2.003 2,022 +0.95 − − − Sinusoidal 
− 199.6 − 4.991 5,011 +0.40 − − − Sinusoidal 
− 99.41 − 10.052 10,06 +0.08 − − − Sinusoidal 
− 71.20 − 14.006 14,04 +0.23 − − − Sinusoidal 
− 59.92 − 17.856 17,89 +0.19 − − − Sinusoidal 

− − − − − − 293.7 296.4 +0.92 
Rectangular 

pulse 

191.4 191.8 + 0.21 5.219 5.214 −0.10 71.40 71.21 −0.28 Rectangular pulse 
 

Conclusions. The raster images of analog oscillograms allow de-

termining the signal time parameters with the accuracy close to accu-

racy of a digital frequency meter. 
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Анотація. Пропонується комп’ютерна система для зчитування та кори-

гування друкованого тексту на основі бібліотек з відкритим програм-

ним кодом Tesseract-OCR, EmguCV та NHunspell. Система розроблена на 

базі програмної платформи Microsoft .NET Framework та дозволяє вводи-

ти зображення з друкованим текстом (фото, відсканована сторінка 

тощо) у стандартних графічних форматах, виконувати його розпізна-

вання, перевіряти отриманий текст на орфографічні помилки та ви-

правляти їх. Система підтримує автоматичний режим коригування те-

ксту та інтерактивний режим для самостійного виправлення помилок.  

Ключові слова: розпізнавання тексту, перевірка орфографії, Tesseract-

OCR, EmguCV, NHunspell. 

 
Âñòóï 

²íòåëåêòóàëüíà îáðîáêà äðóêîâàíèõ òåêñò³â º îäíèì ³ç íàéâàæ-

ëèâ³øèõ íàïðÿìê³â ó ãàëóç³ ñó÷àñíèõ ³íôîðìàö³éíèõ òåõíîëîã³é, ùî 

ïîâ’ÿçàí³ ç äîêóìåíòîîá³ãîì òà àâòîìàòèçàö³ºþ â³äïîâ³äíèõ ïðîöåñ³â. 

Àêòóàëüí³ñòü òà âàæëèâ³ñòü ðîçâèòêó äàíîãî íàïðÿìêó îáóìîâëåíà ÿê 

íåîáõ³äí³ñòþ ñòâîðåííÿ öèôðîâèõ á³áë³îòåê ç³ ñòàðèõ äðóêîâàíèõ 

êíèã é âèäàíü, òàê ³ íåîáõ³äí³ñòþ ïîêðàùåííÿ â³çóàëüíî¿ ÿêîñò³ äî-

êóìåíò³â ç íèçüêèì ð³âíåì êîíòðàñòó òà, â ö³ëîìó, ï³äâèùåííÿ åôåê-

òèâíîñò³ ïðîöåñ³â äîêóìåíòîîá³ãó. Â ïîäàí³é ðîáîò³ ïðîïîíóºòüñÿ 

êîìï’þòåðíà ñèñòåìà äëÿ ç÷èòóâàííÿ òà êîðèãóâàííÿ äðóêîâàíîãî òå-

êñòó, ÿêà ñòâîðåíà îñíîâ³ á³áë³îòåê ç â³äêðèòèì ïðîãðàìíèì êîäîì 

Tesseract-OCR, EmguCV òà NHunspell. 

Ïîñòàíîâêà çàäà÷³ 

Ïîñòàíîâêà çàäà÷à ïîëÿãàº ó ñòâîðåíí³ êîìï’þòåðíî¿ ñèñòåìè ç 

â³äêðèòèì ïðîãðàìíèì êîäîì, ÿêà äîçâîëÿº âèð³øóâàòè çàäà÷³ ââå-

äåííÿ òà ïîïåðåäíüî¿ îáðîáêè çîáðàæåííÿ ç äðóêîâàíèì òåêñòîì, ðîç-

ï³çíàâàííÿ òåêñòó íà çîáðàæåíí³ é ðîáîòè ç³ ñëîâíèêîì äëÿ ïåðåâ³ðêè 

òà êîðèãóâàííÿ îòðèìàíîãî òåêñòó. 

                                 

 © Êîâàëüîâ Ä.Ê., Âîâê Ñ.Ì., 2017 
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Îñíîâíà ÷àñòèíà 

Ðîçâ’ÿçîê ïîñòàâëåíî¿ çàäà÷³ âèìàãàº íàÿâíîñò³ äâîõ îñíîâíèõ 

ïðîãðàìíèõ êîìïîíåíò³â, ÿê³ ïîâèíí³ îïðàöüîâóâàòè âõ³äíå çîáðà-

æåííÿ òà îòðèìàíèé ç íüîãî òåêñò, â³äïîâ³äíî. 

Ïåðøèé ïðîãðàìíèé êîìïîíåíò ìîæå áóòè ðîçðîáëåíèé ó òà-

êèé ñïîñ³á. Äëÿ ââåäåííÿ çîáðàæåíü ç äðóêîâàíèì òåêñòîì º äîö³ëü-

íèì âèêîðèñòàííÿ ñòàíäàðòíîãî êîìïîíåíòó System.Drawing ïëàòôî-

ðìè .NET Framework 4.0, ÿêèé äîçâîëÿº ââîäèòè çîáðàæåííÿ çà ôîð-

ìàòàìè JPEG, BMP, TIF, PNG, GIF òîùî. Íàñòóïíèì êðîêîì îïðà-

öþâàííÿ âõ³äíîãî çîáðàæåííÿ º éîãî ïîïåðåäíÿ îáðîáêà ç ìåòîþ âè-

ð³âíþâàííÿ êîíòðàñòó òà çìåíøåííÿ øóìó. Äëÿ âèêîíàííÿ ïîïåðå-

äíüî¿ îáðîáêè çîáðàæåíü ìîæíà âèêîðèñòàòè ôóíêö³¿ á³áë³îòåêè 

êîìï’þòåðíîãî çîðó EmguCV, ÿêà º àäàïòîâàíîþ âåðñ³ºþ á³áë³îòåêè 

OpenCV. Öå º äîö³ëüíèì ³ òîìó, ùî EmguCV ìîæå ïðàöþâàòè ç .NET-

ñóì³ñíèìè ìîâàìè, òàêèìè ÿê C#, VB, VC++ ³ ò.ä. òà ïðàöþº ç 

Windows, Linux, Android ³ Windows Phone. Âèêîðèñòàííÿ ö³º¿ á³áë³î-

òåêè äîçâîëÿº ñïðîñòèòè àðõ³òåêòóðó êîìï’þòåðíî¿ ÷åðåç âèêîðèñòàí-

íÿ ãîòîâèõ äî ðîáîòè àëãîðèòì³â ïîïåðåäíüî¿ îáðîáêè çîáðàæåíü. 

Îñòàíí³ì êðîêîì ïîïåðåäíüî¿ îáðîáêè º âèêîíàííÿ á³íàðèçàö³¿ çî-

áðàæåííÿ. Îäíèì ç íàéêðàùèõ àëãîðèòì³â á³íàðèçàö³¿ ââàæàºòüñÿ àë-

ãîðèòì Îòöó [1]. 

Íà åòàï³ ðîçï³çíàâàííÿ òåêñòó íà çîáðàæåíí³ òà éîãî êîíâåðòà-

ö³¿ â åëåêòðîííèé âèãëÿä òðàäèö³éíèì º âèêîðèñòàííÿ òåõíîëîã³¿ 

OCR (Optical Character Recognition). Â äàí³é ðîáîò³ âèêîðèñòîâóâàëà-

ñÿ áåçêîøòîâíà OCR-á³áë³îòåêà Tesseract â³ä Google [2], [3]. Öÿ á³áë³-

îòåêà ôîðìóº áëîáè (ç àíãë. «blob») – òåêñòîâ³ ðÿäêè, â ÿêèõ âèçíà-

÷àºòüñÿ ô³êñîâàíèé ðîçì³ð êðîêó ì³æ ñèìâîëàìè. Ñàìå âèçíà÷åííÿ 

äèñòàíö³é ì³æ ñèìâîëàìè äîçâîëÿº ïðàâèëüíî â³äð³çíÿòè ïðîá³ëè ì³æ 

ñëîâàìè â³ä ñòàíäàðòíî¿ äèñòàíö³¿ ì³æ ë³òåðàìè îäíîãî ñëîâà. Äàë³ â 

îäíîìó ðÿäêó ôîðìóþòüñÿ ñèìâîëüí³ êîì³ðêè ç êîíòóðàìè ë³òåð (îä-

íà ë³òåðà â êîì³ðö³). Ï³ñëÿ âèêîíàííÿ çàçíà÷åíîãî ïåðåòâîðåííÿ, 

ðîçï³çíàâàííÿ ïðîâîäèòüñÿ â äâà åòàïè. Íà ïåðøîìó åòàï³ êîæíå ñëî-

âî ðîçï³çíàºòüñÿ øëÿõîì ïîð³âíÿííÿ êîíòóð³â éîãî ë³òåð ç åòàëîíàìè 

â äîïîì³æíèõ ôàéëàõ Tesseract. Â õîä³ ðîçï³çíàâàííÿ, äëÿ êîæíî¿ ë³-

òåðè ôîðìóºòüñÿ ¿¿ åòàëîí â ìåæàõ ïîòî÷íîãî çîáðàæåííÿ. Ï³ñëÿ öüî-

ãî ïðîâîäèòüñÿ äðóãèé åòàï, ÿêèì º íîâå ðîçï³çíàâàííÿ, äå âðàõîâó-

þòüñÿ ïîòî÷í³ åòàëîíè. Öå ïîêðàùóº ÿê³ñòü ðîçï³çíàâàííÿ êîíòóðó 
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ë³òåðè òà äàº á³ëüø òî÷íèé ðåçóëüòàò. Íà äðóãîìó åòàï³ ïåðåâ³ðÿþòü-

ñÿ îáëàñò³ ì³æ êîì³ðêàìè, â ÿêèõ ìîæóòü ì³ñòèòèñÿ çíàêè ïóíêòóà-

ö³¿, êðàïêè ë³òåð íà çðàçîê óìëÿóò (ü, ö, ä), òîùî. 

Äðóãèé ïðîãðàìíèé êîìïîíåíò ñèñòåìè ïðèçíà÷åíèé äëÿ ïåðå-

â³ðêè òåêñòó òà êîðèãóâàííÿ îðôîãðàô³÷íèõ ïîìèëîê. Äëÿ ð³øåííÿ 

ö³º¿ çàäà÷³ äîö³ëüíèì º âèêîðèñòàííÿ ïðîãðàìíîãî äîäàòêó NHun-

spell [4]. NHunspell º â³ëüíîþ â çàñòîñóâàíí³ ïðîãðàìîþ-ñëîâíèêîì 

ïåðåâ³ðêè îðôîãðàô³¿, ùî ïðèçíà÷åíà äëÿ ìîâ ç³ ñêëàäíîþ ñèñòåìîþ 

ñëîâîòâîðåííÿ ³ âåëèêîþ ìîðôîëîã³ºþ. Äëÿ ïåðåâ³ðêè îðôîãðàô³¿ äî-

äàòîê NHunspell ïîòðåáóº äâà ôàéëè. Ïåðøèé ôàéë ì³ñòèòü ñëîâà, à 

äðóãèé º ôàéëîì àô³êñ³â, ÿêèé âèçíà÷àº çíà÷åííÿ ñïåö³àëüíèõ ì³òîê 

(ïðàïîðö³â) â ñëîâíèêó. Ôàéë ñëîâíèêà (.dic) ì³ñòèòü ñïèñîê ñë³â, ïî 

îäíîìó ñëîâó â ðÿäêó, à ôàéë àô³êñ³â (.aff) ìîæå ì³ñòèòè íåîáîâ'ÿç-

êîâ³ àòðèáóòè. Íàïðèêëàä, àòðèáóò SET âèçíà÷àº êîäóâàííÿ ñèìâîë³â 

ôàéë³â àô³êñ³â ³ ñëîâíèêà.  

Íà îñíîâ³ ðîçãëÿíóòèõ ïðîïîçèö³é áóëà ðîçðîáëåíà â³äïîâ³äíà 

êîìï’þòåðíà ñèñòåìà ó âèãëÿä³ Windows-äîäàòêó, ùî ìàº çðó÷íèé 

ãðàô³÷íèé ³íòåðôåéñ. Ó ãîëîâíîìó â³êí³ ïðîãðàìíîãî äîäàòêó êîðèñ-

òóâà÷ ìîæå îáðàòè ôàéë ç çîáðàæåííÿì äëÿ ðîçï³çíàâàííÿ, çàñòîñó-

âàòè îáðîáêó çîáðàæåííÿ òà îáðàòè ðåæèì êîðèãóâàííÿ ðîçï³çíàíîãî 

òåêñòó. Ïðîãðàìíå çàáåçïå÷åííÿ ðåàë³çîâàíî ìîâîþ C#. ßê ïðèêëàä, 

íà ðèñ. 1, çîáðàæåíî ìåòîä, ÿêèé ðåàë³çóº çàì³íó íåïðàâèëüíèõ ñë³â 

(â³äñóòí³õ â ñëîâíèêó îáðàíî¿ ìîâè) â ³íòåðàêòèâíîìó ðåæèì³. 

Íà ðèñ. 2 ïîêàçàíî ðåçóëüòàò îáðîáêè ôðàãìåíòó çîáðàæåííÿ 

ïîãàíî¿ ÿêîñò³, àëå ÿê³ñòü ðîçï³çíàâàííÿ áóëà çàäîâ³ëüíîþ. 

Íà ðèñ. 3 ïîäàíî çàãàëüíèé âèãëÿä ïðîãðàìíîãî äîäàòêó. Íà 

íüîìó îñíîâíå ïîëå çàéìàº çîáðàæåííÿ ç äðóêîâàíèì òåêñòîì, ÿêå 

ïîäàºòüñÿ íà îáðîáêó. Ïðàâîðó÷ ðîçòàøîâàíå ïîëå ç åëåêòðîííèì âà-

ð³àíòîì òåêñòó, ÿêèé áóâ îòðèìàíèé â ðåçóëüòàò³ îáðîáêè, òà ïåðåâ³-

ðåíèé íà îðôîãðàô³÷í³ ïîìèëêè â àâòîìàòè÷íîìó ðåæèì³. Ðåçóëüòàòè 

òåñòóâàííÿ äîâåëè ïðàöåçäàòí³ñòü ïðîãðàìíîãî äîäàòêó äëÿ òåñòîâèõ 

çîáðàæåíü, ÿê³ îòðèìàí³ çà äîïîìîãîþ êàìåðè ìîá³ëüíîãî òåëåôîíó ç 

àðêóøó ïàïåðó ç äðóêîâàíèì òåêñòîì. 

 



 1 (108) 2017 «Ñèñòåìíûå òåõíîëîãèè»  

ISSN 1562-9945 44 

 
Ðèñóíîê 1 - Ïðîãðàìíèé êîä ôóíêö³¿ âèïðàâëåííÿ òåêñòó 

 

 
Ðèñóíîê 2 - Âõ³äíå çîáðàæåííÿ (âãîð³)  

òà çîáðàæåííÿ ï³ñëÿ îáðîáêè (çíèçó) 
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Ðèñóíîê 3 - Ðîçðîáëåíèé ïðîãðàìíèé äîäàòîê  

ç ðåçóëüòàòîì òåñòóâàííÿ 

 

Âèñíîâêè 

Ðîçðîáëåíà êîìï’þòåðíà ñèñòåìà ìàº â³äêðèòèé ïðîãðàìíèé 

êîä òà äîçâîëÿº ç÷èòóâàòè äðóêîâàíèé òåêñò ç çîáðàæåíü, ïåðåòâîðþ-

âàòè éîãî â åëåêòðîííó ôîðìó òà ïåðåâ³ðÿòè îðôîãðàô³þ é âèïðàâëÿ-

òè ïîìèëêè.  

Ïîäàëüøèé ðîçâèòîê ðîçðîáëåíî¿ ñèñòåìè º äîö³ëüíèì ó âè-

ãëÿä³ free online-ñåðâ³ñó àáî ìîá³ëüíîãî äîäàòêó. 
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ÈÑÑËÅÄÎÂÀÍÈÅ ÓÑÒÎÉ×ÈÂÎÑÒÈ ÌÅÒÎÄÎÂ ÂÛÁÎÐÀ 
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ÏÅÐÅÌÅÍÍÛÅ ßÂËßÞÒÑß ÊÂÀÇÈÊÎËËÈÍÅÀÐÍÛÌÈ 

 
Аннотация. Проведен анализ эффективности выбора оптимальной моде-

ли множественной линейной регрессии при наличии сильной линейной за-

висимости между входными переменными. Исследование проводилось с 

помощью метода имитационного моделирования. Проанализированы 

пять методов выбора оптимальной МЛР (метод всех возможных регрес-

сий с исправленным коэффициентом детерминации в качестве критерия 

оптимальности; метод всех возможных регрессий с исправленным коэф-

фициентом детерминации в качестве критерия оптимальности и оцен-

кой значимости коэффициентов МЛР (на основе t-статистики); метод 

всех возможных регрессий с использованием статистики Маллоуза в каче-

стве критерия оптимальности; метод последовательного исключения; 

пошаговый метод) с точки зрения их устойчивости в условиях мульти-

колинеарности. Исследование проводилось с помощью специально разра-

ботанного в среде MATLAB программного обеспечения.  

Ключевые слова: множественная линейная регрессия, оптимальная модель, 

критерий оптимальности, мультиколлинеарность, имитационное модели-

рование. 

 
Ââåäåíèå. Èçâåñòíî, ÷òî ñåðü¸çíîé ïðîáëåìîé ïðè îöåíèâàíèè 

êîýôôèöèåíòîâ â ìîäåëè ìíîæåñòâåííîé ðåãðåññèè ÿâëÿåòñÿ íàëè÷èå 

ëèíåéíîé çàâèñèìîñòè ìåæäó íåêîòîðûìè èç âõîäíûõ ïåðåìåí-

íûõ. [1,4,5]. Ïðè÷åì íàëè÷èå òàêîé çàâèñèìîñòè íå ÿâëÿåòñÿ î÷åâèä-

íûì, åñëè çíà÷åíèÿ îäíîé èç ïåðåìåííûõ ïðåäñòàâëÿåò ñîáîé êîìáè-

íàöèþ çíà÷åíèé íåñêîëüêèõ äðóãèõ ïåðåìåííûõ [5]. Íà ïðàêòèêå 

ñòðîãàÿ (òî÷íàÿ) ìóëüòèêîëëèíåàðíîñòü ìàëîâåðîÿòíà, õîòÿ áû ïîòî-

ìó, ÷òî ëþáûå äàííûå íàáëþäàþòñÿ ñ îøèáêàìè, êîòîðûå ÿâëÿþòñÿ 

ñëó÷àéíûìè. Ïîýòîìó ñëåäóåò ãîâîðèòü î âîçìîæíîì íàëè÷èè êâàçè-

ìóëüòèêîëëèíåàðíîñòè ìåæäó âõîäíûìè ïåðåìåííûìè. Ñóùåñòâåí-

íûé èíòåðåñ ïðåäñòàâëÿåò èññëåäîâàíèå âëèÿíèÿ ìóëüòèêîëëèíåàð-
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íîñòè íà êà÷åñòâî îöåíèâàíèÿ êîýôôèöèåíòîâ ìîäåëè ìíîæåñòâåííîé 

ëèíåéíîé ðåãðåññèè. Â ÷àñòíîñòè, âàæíî ïîíÿòü, êàê ìóëüòèêîëëèíå-

àðíîñòü âëèÿåò íà óñòîé÷èâîñòü ðàçëè÷íûõ àëãîðèòìîâ âûáîðà îïòè-

ìàëüíîé, â ñìûñëå íàáîðà âõîäíûõ âîçäåéñòâèé, ìîäåëè ëèíåéíîé 

ðåãðåññèè. 

Àíàëèç ïóáëèêàöèé ïî òåìå èññëåäîâàíèÿ. Ðàññìîòðèì ìîäåëü 

ìíîæåñòâåííîé ëèíåéíîé ðåãðåññèè (ÌËÐ): 

0 1 1 1 2... , , ,...,i i k ki iY X X U i n= β + β + + β + =                            (1) 

ãäå i îáîçíà÷àåò íîìåð íàáëþäåíèÿ, 1 2, , ,...,jX j k=  - íåçàâèñèìûå 

(âõîäíûå, ïðåäèêòîðíûå) ïåðåìåííûå, Y - çàâèñèìàÿ (âûõîäíàÿ) ïå-

ðåìåííàÿ, iU - âîçìóùåíèÿ (îøèáêè ìîäåëè), 1 2, , ,...,j j kβ =  – êîýôôè-

öèåíòû ìîäåëè. 

Ñòîëáöû 1 2, , ,...,jX j k=  ìàòðèöû X  çíà÷åíèé âõîäíûõ ïåðå-

ìåííûõ íàçûâàþòñÿ ëèíåéíî íåçàâèñèìûìè, åñëè ðàâåíñòâî  

1 1 2 2 0... ,k kX X Xλ + λ + + λ =
�
  (2) 

âûïîëíÿåòñÿ åñëè è òîëüêî åñëè 0jλ = äëÿ  âñåõ 1 2, ,...,j k= . Èíûìè 

ñëîâàìè, åñëè ñòîëáöû ìàòðèöû X  ÿâëÿåòñÿ ëèíåéíî íåçàâèñèìûì, 

íè îäèí ñòîëáåö, íå ìîæåò áûòü ïðåäñòàâëåí êàê ëèíåéíàÿ êîìáèíà-

öèÿ äðóãèõ ñòîëáöîâ ýòîé ìàòðèöû. Åñëè æå â ñîîòíîøåíèè (2) íå âñå 

jλ  ðàâíû íóëþ, òî ñòîëáöû ìàòðèöû X  ÿâëÿþòñÿ ëèíåéíî çàâèñè-

ìûìè èëè ìóëòèêîëëèíåàðíûìè. 

Íà ïðàêòèêå íàëè÷èå ìóëòèêîëëèíåàðíîñòè îçíà÷àåò, ÷òî äå-

òåðìèíàíò ìàòðèöû ( )XX′  ðàâåí íóëþ è, êàê ñëåäñòâèå, ìàòðèöà 
1( )XX −′  íå ñóùåñòâóåò, èíûìè ñëîâàìè îöåíêè ìåòîäà íàèìåíüøèõ 

êâàäðàòîâ (ÎÌÍÊ) êîýôôèöèåíòîâ  ÌËÐ (1) 

1
ˆ

( )XX XY−′ ′β =                                                                 (3) 

âîîáùå íåâîçìîæíî âû÷èñëèòü. Òàêîé âûâîä ïîêàçûâàåò, íàñêîëüêî 

ñåðü¸çíîé ÿâëÿåòñÿ ïðîáëåìà ìóëòèêîëëèíåàðíîñòè.  

Îäíàêî íà ïðàêòèêå ðåäêî âñòðå÷àåòñÿ òî÷íàÿ (èëè ñòðîãàÿ) 

êîëëèíåàðíîñòü ìåæäó äàííûìè. Äàæå åñëè ðåàëüíûå äàííûå ñòðîãî 

êîëëèíåàðíû, îøèáêè èçìåðåíèÿ, èìåþùèå âñåãäà ñëó÷àéíóþ êîì-

ïîíåíòó, ïðèâîäÿò ê íåêîòîðîìó íàðóøåíèþ òî÷íîé êîëëèíåàðíîñòè. 

Èíûìè ñëîâàìè, ñëåäóåò îæèäàòü, ÷òî ðåàëüíî ìåæäó äàííûìè, èñ-
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ïîëüçóþùèìèñÿ â êà÷åñòâå íåçàâèñèìûõ ïåðåìåííûõ, ìîæåò ñóùåñò-

âîâàòü çàâèñèìîñòü, âûðàæåííàÿ ñëåäóþùèì îáðàçîì: 

1 1 2 2 0... ,k kX X Xλ + λ + + λ + ν =
�
    (4) 

ãäå íå âñå jλ  ðàâíû íóëþ, à ν  ÿâëÿåòñÿ íåêîòîðîé ñëó÷àéíîé âåëè-

÷èíîé.  

Åñëè ñòîëáöû ìàòðèöû X ñâÿçàíû ñîîòíîøåíèåì (4), òî ãîâî-

ðÿò, ÷òî ìåæäó íåçàâèñèìûìè ïåðåìåííûìè ñóùåñòâóåò ïî÷òè ëè-

íåéíàÿ çàâèñèìîñòü, èëè ïðèáëèçèòåëüíàÿ êîëëèíåàðíîñòü (èëè êâà-

çèêîëëèíåàðíîñòü). 

Çàìåòèì, ÷òî êîëëèíåàðíîñòü ëåãêî çàìåòèòü, êîãäà èìåþòñÿ 

âñåãî äâå íåçàâèñèìûå ïåðåìåííûå, òàê êàê â ýòîì ñëó÷àå çíà÷åíèÿ 

ïåðåìåííûõ ïðîïîðöèîíàëüíû (èëè ïî÷òè ïðîïîðöèîíàëüíû) ìåæäó 

ñîáîé. Îäíàêî, êîãäà ÷èñëî íåçàâèñèìûõ ïåðåìåííûõ âåëèêî, “âèçó-

àëüíî” çàìåòèòü íàëè÷èå ìóëüòèêîëëèíåàðíîñòè íå ïðåäñòàâëÿåòñÿ 

âîçìîæíûì. Ñëåäóåò îòìåòèòü òàêæå, ÷òî ïðîáëåìà ìóëüòèêîëëèíå-

àðíîñòè ýòî ïðîáëåìà èìåííî ñòðîãîé ëèíåéíîé çàâèñèìîñòè ìåæäó 

ïåðåìåííûìè. Åñëè ñóùåñòâóåò ñòðîãàÿ, îäíàêî íåëèíåéíàÿ çàâèñè-

ìîñòü, îöåíèâàíèå ïî ìåòîäó íàèìåíüøèõ êâàäðàòîâ âîçìîæíî, îäíà-

êî ñòàíäàðòíûå îøèáêè  îöåíîê êîýôôèöèåíòîâ îêàçûâàþòñÿ áîëü-

øèìè [1,5]. 

Îòìåòèì, ÷òî íàëè÷èå ïî÷òè ëèíåéíîé çàâèñèìîñòè ìåæäó íå-

çàâèñèìûìè ïåðåìåííûìè íå íàðóøàåò îïòèìàëüíûõ ñâîéñòâ ÎÌÍÊ. 

Òî åñòü, ýòè îöåíêè, â ñëó÷àå âûïîëíåíèÿ äðóãèõ ãèïîòåç êëàññè÷å-

ñêîé ìîäåëè ëèíåéíîé ðåãðåññèè, îñòàþòñÿ íàèëó÷øèìè ëèíåéíûìè 

íåñìåùåííûìè îöåíêàìè (ÍËÍÎ) [1]. Ýòî âàæíûé âûâîä, êîòîðûé 

ïîêàçûâàåò, ÷òî íå ñóùåñòâóåò äðóãîãî ëèíåéíîãî ìåòîäà îöåíèâàíèÿ, 

ïîçâîëÿþùåãî ïîëó÷èòü ëó÷øèå ðåçóëüòàòû â óñëîâèÿõ ïðèáëèçè-

òåëüíîé ìóëüòèêîëëèíåàðíîñòè, ÷åì ÌÍÊ.  

Íàëè÷èå êâàçèìóëüòèêîëëèíåàðíîñòè ïðèâîäèò ê òîìó, ÷òî 

ñòàíäàðòíûå îøèáêè íåêîòîðûõ îöåíîê êîýôôèöèåíòîâ ëèíåéíîé 

ðåãðåññèè ñòàíîâÿòñÿ î÷åíü áîëüøèìè [1]. Áîëåå òîãî, ïî ìåðå ïðè-

áëèæåíèÿ ê ñòðîãîé êîëëèíåàðíîñòè, ýòè îøèáêè ñòðåìÿòñÿ ê áåñêî-

íå÷íîñòè. Â ðåçóëüòàòå ïîÿâëÿåòñÿ ñëèøêîì áîëüøàÿ âûáîðî÷íàÿ èç-

ìåí÷èâîñòü îöåíîê (îöåíêè äëÿ îäíîé è òîé æå ìîäåëè ñèëüíî âàðüè-

ðóþò îò âûáîðêè ê âûáîðêå, ÷òî äåëàåò èõ êðàéíå íåíàä¸æíûìè). Íà 

ïðàêòèêå ýòî îçíà÷àåò, ÷òî íåáîëüøèå èçìåíåíèÿ â èñõîäíûõ äàííûõ, 

ïðèâîäÿò ê íåîïðàâäàííî áîëüøèì èçìåíåíèÿì îöåíîê êîýôôèöèåí-
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òîâ ðåãðåññèè. Ñ äðóãîé ñòîðîíû, áîëüøèå çíà÷åíèÿ ñòàíäàðòíûõ 

îøèáîê (ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé) ïðèâîäÿò ê ìàëåíüêèì 

çíà÷åíèÿì ñòàòèñòèêè t äëÿ îöåíîê êîýôôèöèåíòîâ ÌËÐ. Â ðåçóëüòà-

òå îíè îêàçûâàþòñÿ ñòàòèñòè÷åñêè íå çíà÷èìûìè â ñëó÷àå ïðîâåðêè 

íóëåâîé ãèïîòåçû. Òî åñòü èñòèííûå çíà÷åíèÿ êîýôôèöèåíòîâ ðåãðåñ-

ñèè, îöåíêè êîòîðûõ èìåþò áîëüøóþ ñòàíäàðòíóþ îøèáêó, òåñòèðó-

þòñÿ êàê íóëåâûå (èíûìè ñëîâàìè, ñîîòâåòñòâóþùàÿ íåçàâèñèìàÿ 

ïåðåìåííàÿ òåñòèðóåòñÿ êàê íå âëèÿþùàÿ íà ïîâåäåíèå çàâèñèìîé 

ïåðåìåííîé). Â òî æå âðåìÿ ñëåäóåò îòìåòèòü, ÷òî íàðÿäó ñ íåçíà÷è-

ìûìè îöåíêàìè äëÿ íåêîòîðûõ êîýôôèöèåíòîâ, çíà÷åíèå êîýôôèöè-

åíòà äåòåðìèíàöèè 2R  ìîæåò îêàçàòüñÿ äîñòàòî÷íî áîëüøèì  

( 2 0 9.R > ) [2, 5]. Ýòî ñâèäåòåëüñòâóåò î òîì, ÷òî ìîäåëü â öåëîì õîðî-

øî ñîîòâåòñòâóåò èìåþùèìñÿ äàííûì. Ïîä÷åðêí¸ì åù¸ ðàç, ÷òî âñ¸ 

âûøåèçëîæåííîå îòíîñèòñÿ ê ñëó÷àþ êâàçèêîëëèíåàðíîñòè, ò. ê. â 

ñëó÷àå ñòðîãîé êîëëèíåàðíîñòè îöåíêè êîýôôèöèåíòîâ ëèíåéíîé ðåã-

ðåññèè ïðîñòî íå ìîãóò áûòü âû÷èñëåíû. Èìåÿ ââèäó ñåðü¸çíûå ïî-

ñëåäñòâèÿ, êîòîðûå èìååò ìóëüòèêîëëèíåàðíîñòü ñ òî÷êè çðåíèÿ êà-

÷åñòâà îöåíèâàíèÿ ðåãðåññèîííîé ìîäåëè, âàæíî, âî-ïåðâûõ, èìåòü 

âîçìîæíîñòü îöåíèâàòü å¸ ïðèñóòñòâèå â ýêñïåðèìåíòàëüíûõ äàííûõ, 

à âî-âòîðûõ èìåòü ìåòîäû áîðüáû ñ ïîñëåäñòâèÿìè ìóëüòèêîëëèíåàð-

íîñòè. Ðåøåíèå ýòèõ çàäà÷ ïîäðîáíî ðàññìîòðåíî â pàáîòàõ [1, 4, 5]. 

Â äàííîé ñòàòüå ðàññìàòðèâàåòñÿ ëèøü âëèÿíèå êâàçèêîëëèíåàðíîñòè 

íà óñòîé÷èâîñòü ðàçëè÷íûõ ìåòîäîâ âûáîðà îïòèìàëüíîé ÌËÐ.  

Ïîä âûáîðîì îïòèìàëüíîé ìîäåëè ïîíèìàåòñÿ ñëåäóþùåå. 

Ïðåäïîëîæèì, ÷òî èìååòñÿ m ïåðåìåííûõ, êîòîðûå, âîçìîæíî, ÿâ-

ëÿþòñÿ âõîäíûìè âîçäåéñòâèÿìè. Íà ñàìîì äåëå, òîëüêî  k èç íèõ 

äåéñòâèòåëüíî ñóùåñòâåííî âëèÿþò íà ïîâåäåíèå âûõîäíîé ïåðåìåí-

íîé ÌËÐ (1), òî åñòü ÿâëÿþòñÿ “èñòèííûìè” âõîäíûìè ïåðåìåííûìè 

ÌËÐ. Îäíàêî ìû íå çíàåì “àïðèîðè”, êàêèå èç m ïåðåìåííûõ äåéñò-

âèòåëüíî âëèÿþò íà âûõîäíóþ ïåðåìåííóþ. Ïîýòîìó ñ ïîìîùüþ íå-

êîòîðîãî êðèòåðèÿ íóæíî îòîáðàòü èç âñåõ âîçìîæíûõ âõîäíûõ ïå-

ðåìåííûõ ïîäìíîæåñòâî, êîòîðîå íàèëó÷øèì îáðàçîì “îáúÿñíÿåò” 

ïîâåäåíèå çàâèñèìîé ïåðåìåííîé ÷åðåç ìåõàíèçì ëèíåéíîé ðåãðåñ-

ñèè (1). 

Äëÿ âûáîðà îïòèìàëüíîé â îïèñàííîì âûøå ñìûñëå ÌËÐ ïðè-

ìåíÿëèñü  5  êðèòåðèåâ, ïîäðîáíî îïèñàííûõ â [2,3]:  
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- ìåòîä âñåõ âîçìîæíûõ ðåãðåññèé ñ èñïðàâëåííûì êîýôôèöè-

åíòîì äåòåðìèíàöèè â êà÷åñòâå êðèòåðèÿ îïòèìàëüíîñòè (MR2); 

- ìåòîä âñåõ âîçìîæíûõ ðåãðåññèé ñ èñïðàâëåííûì êîýôôèöè-

åíòîì äåòåðìèíàöèè â êà÷åñòâå êðèòåðèÿ îïòèìàëüíîñòè è îöåíêîé 

çíà÷èìîñòè êîýôôèöèåíòîâ ÌËÐ (íà îñíîâå t-ñòàòèñòèêè) (MR2t);  

- ìåòîä âñåõ âîçìîæíûõ ðåãðåññèé ñ èñïîëüçîâàíèåì ñòàòèñòè-

êè Ìàëëîóçà â êà÷åñòâå êðèòåðèÿ  îïòèìàëüíîñòè (Mlz); 

- ìåòîä ïîñëåäîâàòåëüíîãî èñêëþ÷åíèÿ (BWE);  

- ïîøàãîâûé ìåòîä (SWP). 

Ïîñòàíîâêà çàäà÷è. Îöåíèòü âëèÿíèå ñòåïåíè ëèíåéíîé 

çàâèñèìîñòè ìåæäó âõîäíûìè ïåðåìåííûìè íà óñòîé÷èâîñòü 

ðàçëè÷íûõ àëãîðèòìîâ âûáîðà îïòèìàëüíîé ìîäåëè ëèíåéíîé 

ðåãðåññèè (ÌËÐ) ïóò¸ì èìèòàöèîííîãî ìîäåëèðîâàíèÿ. 

Îñíîâíàÿ ÷àñòü. Ýôôåêòèâíîñòü ýòèõ ìåòîäîâ ïðè íàëè÷èè 

êâàçèìóëüòèêîëëèíåàðíîñòè ñðåäè âõîäíûõ ïåðåìåííûõ 

èññëåäîâàëàñü ñ ïîìîùüþ èìèòàöèîííîãî ìîäåëèðîâàíèÿ. 

Íà ÝÂÌ ìîäåëèðîâàëîñü m ñëó÷àéíûõ ïîñëåäîâàòåëüíîñòåé, 

êîòîðûå èñïîëüçîâàëèñü â êà÷åñòâå âîçìîæíûõ çíà÷åíèé íåçàâèñè-

ìûõ ïåðåìåííûõ. Èç íèõ âûáèðàëèñü k ïîñëåäîâàòåëüíîñòåé â êà÷å-

ñòâå çíà÷åíèé ïåðåìåííûõ, ó÷àñòâóþùèõ â ïîñòðîåíèè ÌËÐ (1). Çà-

òåì ïðåäïîëàãàëîñü, ÷òî íåèçâåñòíî êàêèå è ñêîëüêî èç m íåçàâèñè-

ìûõ ïåðåìåííûõ âõîäÿò â èñòèííóþ ìîäåëü. Òàêèì îáðàçîì, ïîèñê 

ìîäåëè îñóùåñòâëÿëñÿ ñ èñïîëüçîâàíèåì ðàçëè÷íûõ âîçìîæíûõ êîì-

áèíàöèé èç m íåçàâèñèìûõ ïåðåìåííûõ íà îñíîâå ïåðå÷èñëåííûõ 

âûøå êðèòåðèåâ. 

Äëÿ âûÿñíåíèÿ êà÷åñòâà êàæäîãî èç ðàññìîòðåííûõ ìåòîäîâ 

îïòèìèçàöèè ïðîâîäèëèñü ÷èñëåííûå ýêñïåðèìåíòû, â êîòîðûõ ïîèñê 

îïòèìàëüíîé ìîäåëè ïðîèçâîäèëñÿ ìíîãîêðàòíî ïî ñòàòèñòè÷åñêè íå-

çàâèñèìûì äàííûì. À èìåííî, ãåíåðèðîâàëèñü N (÷èñëî ýêñïåðèìåí-

òîâ) íàáîðîâ èç m ïîñëåäîâàòåëüíîñòåé, êàæäàÿ èç êîòîðûõ ñîäåðæà-

ëà ïî n (îáú¸ì âûáîðêè) äàííûõ. Â êàæäîì èç N ýêñïåðèìåíòîâ îï-

ðåäåëÿëàñü íàèëó÷øàÿ ìîäåëü íà îñíîâå ïåðå÷èñëåííûõ âûøå ïÿòè 

êðèòåðèåâ. Òàê êàê èñòèííàÿ ÌËÐ çàðàíåå èçâåñòíà, îïèñàííàÿ ìåòî-

äèêà ïîçâîëÿåò îöåíèòü ïðîöåíò ïðàâèëüíûõ èäåíòèôèêàöèé êàæ-

äûì èç èññëåäóåìûõ ìåòîäîâ. Ýòà îöåíêà áóäåò äîñòàòî÷íî íàä¸æíîé, 

åñëè N äîñòàòî÷íî âåëèêî. Äëÿ ïðîâåäåíèÿ ÷èñëåííûõ ýêñïåðèìåíòîâ 
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íàìè áûëî ðàçðàáîòàíî â ñðåäå ÌÀÒËÀÁ ñîîòâåòñòâóþùåå ïðîãðàìì-

íîå îáåñïå÷åíèå.  

Ñ ïîìîùüþ îïèñàííîé ìåòîäèêè áûëî ïðîâåäåíî èññëåäîâàíèå 

âëèÿíèÿ óðîâíÿ ìóëüòèêîëëèíåàðíîñòè âõîäíûõ (ïðåäèêòîðíûõ) ïå-

ðåìåííûõ íà êà÷åñòâî èäåíòèôèêàöèè «ïðàâèëüíîé» èëè îïòèìàëü-

íîé ìîäåëè â îïèñàííîì âûøå ñìûñëå. 

Êâàçèêîëëèíåàðíîñòü ìåæäó äâóìÿ ïðåäèêòîðíûìè ïåðåìåí-

íûìè iX è jX  ìîäåëèðîâàëàñü  ñëåäóþùèì îáðàçîì: 

1 *i jX X mu= + ξ ,  (5) 

ãäå  ñëó÷àéíàÿ âåëè÷èíà.  

Ïàðàìåòð mu çàäàåò óðîâåíü îòêëîíåíèÿ  îò ñòðîãîé êîëëèíå-

àðíîñòè. Âåëè÷èíà ýòîãî ïàðàìåòðà ïðîïîðöèîíàëüíà ñòåïåíè çàâèñè-

ìîñòè ìåæäó âõîäíûìè ïåðåìåííûìè  iX è jX . 

Êîíå÷íî, ýòî ëèøü îäèí èç âîçìîæíûõ ñïîñîáîâ óïðàâëÿòü 

ñòåïåíüþ ìóëüòèêîëëèíåàðíîñòè, íî ýòîãî äîñòàòî÷íî, ÷òîáû ïðîàíà-

ëèçèðîâàòü å¸ âëèÿíèå íà âûáîð îïòèìàëüíîé ìîäåëè. 

Äëÿ òîãî, ÷òîáû ïðèâÿçàòü óðîâåíü mu ê êëàññè÷åñêîìó êðèòå-

ðèþ óðîâíÿ çàâèñèìîñòè ìåæäó äâóìÿ ïîñëåäîâàòåëüíîñòÿìè, ðàññ÷è-

òûâàëñÿ âûáîðî÷íûé êîýôôèöèåíò êîððåëÿöèè ìåæäó iX è jX  :   

1

2 2

1 1

[( ( ) ) * ( ( ) )]

( ( ) ) ( ( ) )

N

i j j j
k

N N

i i j j
k k

X k X X k X
r

X k X X k X

=

= =

− −
=

− −

∑

∑ ∑
 (6) 

Â ïðèâåäåííîé íèæå òàáëèöå 1 ïîêàçàíû ðåçóëüòàòû ÷èñëåí-

íûõ ýêñïåðèìåíòîâ ïî èçó÷åíèþ âëèÿíèÿ óðîâíÿ ìóëüòèêîëëèíåàð-

íîñòè íà ïðîöåíò ïðàâèëüíî èäåíòèôèöèðîâàííûõ ÌËÐ ïðè èñïîëü-

çîâàíèè êàæäîãî èç ïÿòè ïåðå÷èñëåííûõ ðàíåå ìåòîäîâ âûáîðà îïòè-

ìàëüíîé ìîäåëè.  

Ýêñïåðèìåíòû ïðîâîäèëèñü ïðè òàêèõ çíà÷åíèÿõ ïàðàìåòðîâ 

èìèòàöèîííîãî ìîäåëèðîâàíèÿ: 

- êîëè÷åñòâî âîçìîæíûõ âõîäíûõ ïåðåìåííûõ m = 10; 

- êîëè÷åñòâî âõîäíûõ ïåðåìåííûõ èñïîëüçîâàííûõ äëÿ ïî-

ñòðîåíèÿ ÌËÐ k = 5; 

- îáúåì âûáîðêè n = 50; 

- êîëè÷åñòâî ýêñïåðèìåíòîâ N = 500. 
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Âî âòîðîé êîëîíêå òàáëèöû 1 ïðèâåäåíî çíà÷åíèå ïàðàìåòðà 

mu, çàäàþùåãî óðîâåíü ìóëüòèêîëëèíåàðíîñòè (ôîðìóëà 5), à â 

òðåòüåé êîëîíêå - ñîîòâåòñòâóþùèé äàííîìó mu êîýôôèöèåíò âûáî-

ðî÷íîé êîððåëÿöèè (ôîðìóëà 6). Ïîä ïðàâèëüíîé èäåíòèôèêàöèåé 

ïîäðàçóìåâàåòñÿ âûáîð ÌËÐ, â êîòîðóþ â êà÷åñòâå ïðåäèêòîðíûõ ïå-

ðåìåííûõ âêëþ÷åíû â ïîëíîì îáúåìå òîëüêî òå âõîäíûå ïåðåìåííûå, 

êîòîðûå èñïîëüçîâàëèñü ïðè ìîäåëèðîâàíèè ðåãðåññèîííîé çàâèñèìî-

ñòè (1) (ò. å. “èñòèííûå” âõîäíûå ïåðåìåííûå) [1,2]. 

Îøèáêè ïðè èäåíòèôèêàöèè ÌËÐ ìîãóò áûòü äâóõ  òèïîâ [4]:  

- íå âêëþ÷èòü êàêèå-òî èç “èñòèííûõ” âõîäíûõ ïåðåìåííûõ; 

- âêëþ÷èòü êàêèå-òî “ëèøíèå” âõîäíûå ïåðåìåííûå.  

Òàáëèöà 1 

Êðèòåðèé 
îïòèìàëüíî-
ñòè 

Óðîâåíü 
ìóëüòè- 
êîëëèíå- 
àðíîñòè 
(mu) 

Êîýôôè- 
öèåíò 
êîððåëÿöèè 
(r) 

% ïðàâèëü-
íûõ 
èäåíòèôè-
êàöèé 

% èäåíò. 
ìîä. ñ íå-
äîñòàòêîì 
çíà÷èìûõ 
ïåðåìåííûõ 

Âðåìÿ  
ðàñ÷åòà 
(ñåê.) 

10  0,99999 7 30,8 (13,8) 88,90 
1  0,99995 14,40 0,4 (0) 88,50 
0,1 0,995 15,5 0 87,40 
0,01  0,699 15 0 87,20 

MR2 

0 0 14,4 0 87,30 
10 0,99999 23,8 29,4 (8,8) 88,60 
1 0,99995 46,4 0,4 (0) 91,56 
0,1 0,995 47,2 0 90,33 
0,01 0,699 47,2 0 90,25 

MR2t 

0 0 44,6 0 90,08 
10 0,99999 4,6 95,4(21,2) 39,40 
1 0,99995 53,4 46,6(0,2) 38,90 
0,1 0,995 100 0 38,70 
0,01 0,699 100 0 38,70 

Mlz 

0 0 100 0 39,00 
10 0,99999 65,8 28,6(8) 1,38 
1 0,99995 92,2 0 1,32 
0,1 0,995 92,2 0 1,29 
0,01 0,699 92,4 0 1,29 

BWE 

0 0 92,0 0 1,26 
10 0,99999 87,8 2,4(1) 8,74 
1 0,99995 83,2 7,6(3,8) 8,50 
0,1 0,995 45,4 52(20) 8,42 
0,01  0,699 72,0 19,2 (0,8) 9,41 

SWP 

0  0 82,6 8,6 (0,2) 8,34 
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Èçâåñòíî, ÷òî íå âêëþ÷åíèå “èñòèííûõ” âõîäíûõ ïåðåìåííûõ 

çíà÷èòåëüíî áîëåå ñóùåñòâåííàÿ îøèáêà, ÷åì âêëþ÷åíèå â èäåíòè-

ôèöèðîâàííóþ ìîäåëü “ëèøíèõ” ïåðåìåííûõ [2, 4]. Ïîýòîìó â ÷åò-

âåðòîé êîëîíêå òàáëèöû 1 ïîêàçàíî êîëè÷åñòâî èäåíòèôèöèðîâàííûõ 

ìîäåëåé ñ íå ïîëíûì íàáîðîì “èñòèííûõ” âõîäíûõ ïåðåìåííûõ. Îä-

íàêî, ïðè íàëè÷èè ñèëüíîé ìóëüòèêîëëèíåàðíîñòè ìåæäó äâóìÿ 

âõîäíûìè ïåðåìåííûìè, îäíà èç íèõ íåñåò ïî÷òè ïîëíóþ èíôîðìà-

öèþ î äðóãîé. Ïîýòîìó òîëüêî íå âêëþ÷åíèå â èäåíòèôèöèðîâàííóþ 

ìîäåëü îáåèõ ýòèõ ïåðåìåííûõ, ïðèâîäèò ê ñåðüåçíîé îøèáêå èäåí-

òèôèêàöèè. Êîëè÷åñòâî òàêèõ ñëó÷àåâ ïîêàçàíî â ÷åòâåðòîé êîëîíêå 

òàáëèöû 1 â ñêîáêàõ. 

Àíàëèç ïðèâåäåííûõ â òàáëèöå 1 äàííûõ ïîêàçûâàåò, ÷òî ïî-

øàãîâûé ìåòîä (SWP) âûáîðà îïòèìàëüíîé ÌËÐ äàåò ñàìûé âûñîêèé 

ïðîöåíò ïðàâèëüíûõ èäåíòèôèêàöèé ïðè î÷åíü ñèëüíîé ëèíåéíîé çà-

âèñèìîñòè ìåæäó äâóìÿ âõîäíûìè ïåðåìåííûìè (ò. å., êîãäà êîððå-

ëÿöèÿ ìåæäó íèìè ïðàêòè÷åñêè ðàâíà åäèíèöå). Â òî æå âðåìÿ, ýòîò 

ìåòîä ìàëî çàâèñèò îò óðîâíÿ ìóëüòèêîëëèíåàðíîñòè è äîâîëüíî ÷àñ-

òî îøèáêè èäåíòèôèêàöèè ñâÿçàíû ñ íå âêëþ÷åíèåì “èñòèííûõ” 

âõîäíûõ ïåðåìåííûõ. Ïðè óðîâíå êîððåëÿöèè ìåíüøå 0,995 ñòîïðî-

öåíòíóþ ïðàâèëüíóþ èäåíòèôèêàöèþ îáåñïå÷èâàåò ìåòîä âñåõ âîç-

ìîæíûõ ðåãðåññèé ñ èñïîëüçîâàíèåì ñòàòèñòèêè Ìàëëîóçà â êà÷åñòâå 

êðèòåðèÿ  îïòèìàëüíîñòè (Mlz). Íåäîñòàòêîì äàííîãî ìåòîäà èäåíòè-

ôèêàöèè ÿâëÿåòñÿ òî, ÷òî âðåìÿ ðàñ÷åòà áûñòðî âîçðàñòàåò ïðè óâå-

ëè÷åíèè ÷èñëà âîçìîæíûõ âõîäíûõ ïåðåìåííûõ.  

Çíà÷èòåëüíî áîëåå áûñòðûì ÿâëÿåòñÿ ìåòîä ïîñëåäîâàòåëüíîãî 

èñêëþ÷åíèÿ (BWE). Ýòîò ìåòîä îáåñïå÷èâàåò âûñîêèé ïðîöåíò ïðà-

âèëüíûõ èäåíòèôèêàöèé ÌËÐ (áîëåå 90 ïðîöåíòîâ), êîãäà êîððåëÿ-

öèÿ ìåæäó âõîäíûìè ïåðåìåííûìè ìåíåå 0,99995 è ïðè ýòîì íå ïî-

ÿâëÿþòñÿ îøèáêè, ñâÿçàííûå ñ íå âêëþ÷åíèåì “èñòèííûõ” âõîäíûõ 

ïåðåìåííûõ.  

Âûâîäû. Ñóùåñòâåííîå âëèÿíèå êâàçèêîëëèíåàðíîñòè ïðÿâëÿ-

åòñÿ òîëüêî ïðè î÷åíü âûñîêîé ñòåïåíè êîððåëèðîâàííîñòè ìåæäó 

âõîäíûìè ïåðåìåííûìè (áîëüøå 0,999). Â ñëó÷àå, êîãäà ñðåäè íåçà-

âèñèìûõ ïåðåìåííûõ èìååòñÿ ñèëüíàÿ ëèíåéíàÿ çàâèñèìîñòü (êâàçè-

êîëëèíåàðíîñòü), äëÿ âûáîðà îïòèìàëüíîé ÌËÐ ëó÷øå èñïîëüçîâàòü 

ìåòîä âñåõ âîçìîæíûõ ðåãðåññèé ñî ñòàòèñòèêîé Ìàëëîóçà â êà÷åñòâå 

êðèòåðèÿ îïòèìàëüíîñòè, åñëè ÷èñëî âîçìîæíûõ íåçàâèñèìûõ ïåðå-
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ìåííûõ íå ñëèøêîì âåëèêî. Íà ïðàêòèêå äàííûé ìåòîä èäåíòèôèêà-

öèè ìîæíî èñïîëüçîâàòü, åñëè ÷èñëî âîçìîæíûõ âõîäíûõ ïåðåìåí-

íûõ íå ïðåâûøàåò 15. Â ïðîòèâíîì ñëó÷àå ïðåäïî÷òèòåëüíåå èñïîëü-

çîâàòü ìåòîä ïîñëåäîâàòåëüíîãî èñêëþ÷åíèÿ.  
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A.A. Litvinov   

ON A FRAME-BASED LANGUAGE USED FOR 

SOFTWARE MODELING 

 
Abstract. The work is devoted to formalization of a frame-based language 

which is able to describe domain in a full, platform independent manner, con-

sidering all necessary information that could be effectively used by the trans-

formation mechanism for information system construction and maintenance. 

The solution is based on the descriptive power of facets used by both frame 

and slot structures.  

Keywords: frame-based knowledge representation, code generation, MDA, PIM. 

 
Importance and relevance of the research topic. Nowadays, de-

velopers face the tasks of building in short terms a highly maintainable 

multilayer system. One of the method to make it real is to implement 

reuse practice through all the phases of product life cycle, including de-

sign and management aspects [1]. Making the solutions standardized 

leads the organization to the condition when an incoming task or a prob-

lem triggers retrieving a set of typical solutions from the terminological 

knowledge base. One of the issues is the dependency of the solution on a 

variety of details linked with a programming language and/or a frame-

work, third-party components and services. This dependency blocks the 

port of the solution to another platform or language, makes the solution 

difficult to understand, even when the code is well structured and self-

documenting.  

One way to overcome such problems is to represent the solution 

as a set of models going down from more abstract business-oriented 

models towards more detailed and platform-specific ones. It is the way 

of model-driven architecture (MDA) provided by OMG (Object Manage-

ment Group) consortium. The key ideas of the approach are as follows: 

the description of the system by the models on different levels of ab-

straction connected to phases of a software development cycle; the pro-

ducing of the low-level models from the high-level ones through a set of 

transformations leading by the defined transformation rules. According 
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to MDA there are four levels of system description:  computation inde-

pendent model (CIM), also known as domain model, used to define busi-

ness processes of the organization for which the information system (IS) 

will be developed; platform independent model (PIM) defines the system 

architecture and specification can be implemented in various platforms; 

platform specific model (PSM) offers detailed technical specification of 

the system and can be transformed to implementation model (code) ac-

cording to transformation rules automatically or semi-automatically; 

implementation model (IM) – a set of artifacts represented using pro-

gramming languages define the information needed to create IS. The 

main problems of MDA appeared in practice are as follows: the lack of 

CIM formal description; accordingly, inability to build effective CIM-

PIM transformation; behavior description and the completeness of the 

generated code. Creation of CIM level is not unified but it is assumed 

that this level is represented by the model of business processes. For ex-

ample, in [3] authors suggest using of DFD (data-flow diagrams) as the 

language to describe CIM model. Evaluation summary of the methods 

described in [4].  

Thus, one of the actual questions connected to building strong 

foundation for maintainable system is to find an expressive language 

could be used to form a platform independent description of the solu-

tion, including all specific details for and its effective sequential trans-

formation into PIM, PSM, IM models. 

Analysis of recent publications. The work [5] presented the in-

terpretation of the model-based approach that simplifies the creation 

and maintenance of information system, which is based on the model de-

scribed with the use of frame approach of knowledge representation. The 

generation of a number of components is made on the basis of the de-

scribed model. It simplifies the process of developing a multi-tier appli-

cation, as well as the interpretation of the model is made in the course 

of operation of the system, eliminating the necessity to build and test 

the additional classes. The work [6] reviews the issues of functional 

components formation, which is based on the use of templates to make 

the generation of functional components. The work [7] provides an ap-

proach of simplifying the creation of functional components responsible 

for the full implementation of the business function. 
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Task definition. The main goal of the work is to find a simple, 

powerful, high-level language with a potential of detailed system de-

scription, which can be then interpreted as a transformation into a PIM, 

PSM model or even in components needed to realize the function.   

Main part. When we talk about software, we mainly talk about 

the knowledge of how to resolve the computing problem. This knowledge 

is represented in a form of mental models. Actually, programming and 

modelling languages, patterns, and solutions can be perceived as a set of 

tools with the only one purpose that is to provide an ability to represent 

the knowledge about the task and the solution. After the knowledge is 

acquired and formalized it can be automatically or semi-automatically 

transformed into executable form using another set of tools: model 

transformers, compilers or interpreters, libraries, frameworks, services 

provided by the operation system, third-party services etc.     

One of the powerful knowledge representation system is frame-

based paradigm which first provided by Minsky in [8], and which has 

been refining by the different languages and project during the last 30 

years. The best analysis of the frame-based representation systems can 

be found in [9]. According to [10] the main goal of the frame approach 

was to gather all relevant knowledge about a situation in one object in-

stead of distributing this knowledge across various axioms. Let’s take a 

look at the main three concepts of frame-based paradigm to understand 

the difference and the benefit of the model. 

Frames. According to [9] a frame is a data structure that is typi-

cally used to represent a single object or a class of related objects or a 

general concept or predicate. The main benefit of such structure is its 

compactness. Frames reflect the human thinking mechanism and though 

perceived by the humans naturally. In semantic networks, properties of 

the object are restricted to primitive, atomic ones. The properties in 

frame systems can be complex concepts described by other frames. 

Slots. The slots of a frame describe attributes or properties of the 

thing represented by that frame and can also describe binary relations 

between that frame and another frame. In addition to storing values 

slots also contain restrictions on their allowable values. 

Facets. Almost all systems specify a few other attributes for each 

slot besides its value such as a slot datatype and restrictions on the al-

lowable values for the slot 
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E → SuperClasses : F1, . . . , Fh  

MemberSlot : S1  

ValueClass : H1  

Cardinality.Min : m1  

Cardinality.Max : n1 · · ·  

MemberSlot : Sk  

ValueClass : Hk  

Cardinality.Min : mk  

Cardinality.Max : nk  

Fi denotes a frame name, Sj denotes a slot name, mj and nj denote 

positive integers, and Hj denotes slot constraints. Some researchers gen-

eralized this notion to allow slots to have arbitrary properties called fac-

ets of which name, value, datatype and value restriction are the usual 

complement. 

So, as we can see, frame-representation model appears as an ap-

proach which is much closed to object-oriented paradigm, with an im-

portant difference that it’s more general and more powerful in a sense 

of representing knowledge. It’s powerful because it’s free of restrictions 

dictated by the set of specified facets injected into the slot’s structure. 

Object-oriented paradigm has only two basic types of slots: fields and 

methods.  

Frame language formalization. In this paper we are going to 

provide a frame-based language as a basic modelling language which is 

able to represent all knowledge about the solution. All other models, 

structural and behavioral, can be regarded as the projections of the 

model described in such language.  To adopt the frame-based paradigm 

to our task of building such language we need to investigate it more 

precisely. First, in order to observe the potential of the language, we 

will provide a formalized abstract model and then we will discuss the 

aspects of its practical interpretation and its connection to the models of 

MDA. 
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Figure 1 – The structure of frame 

 

Generally, frame system defined as an algebraic system consisted 

of a set of concepts-frames C, a set of relations and a set of opera-

tions  

 . (1) 
Frame can be defined as a 3-tuple (Fig.1). 

 , (2) 

 denotes an internal structure of the frame represented as an ordered 

set of slots d represents the inheritance information, super-frames. Su-

per frames can be divided into several types: ordinal concept and inter-

face. 

 . (3) 
It’s notable that the inheritance mechanism could be restricted to 

a variant provided by the object-oriented languages: only one super-class 

and a number of interfaces. 

 denotes a vector of facets define the additional features of the 

frame. If we represent an object-oriented class by the frame, the level of 

its abstraction would be represented by the facets. For example, inter-

face and class will have different values of a facet named “type of con-

cept”. But the provided mechanism is more powerful. We can use the 

facets to map the concept on different system components. So compo-

nents appearance is governed by the values assigned to the facets. 

  . (4) 
Facet types make sets of values can be used for definition. So the 

facet will be defined over facet domains. 

For example, if we have a class Patient which inherits the class 

Person with a number of facets used to define that it’s suggested to be 
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stored in a storage, viewed, transferred among the service-client, and 

needs caching. We can simply represent all that features in a facets 

block. 

Patient : Person facets: entity, dto, optimized, viewable 

{…} 

Of course, we can also use xml notation, and even some graphical 

tools able to generate such script. 

Thus, using the facets in frame description expands the ability to 

represent all necessary information to define the concept. This informa-

tion will be used further to generate complete code structures. 

One of the issues we encounter is the inheritance of facets. There 

could be a number of variants: inheritance of all the facets of the super-

class, partial inheritance of the facets, no facets’ inheritance. Full in-

heritance of the facets can be represented as follows 

 , (5) 

 denotes the vector of facets including the facets of inherited concept; 

 – facets connected with the entire concept. More precisely we can rep-

resent this rule in terms of projections. 

 . (6) 
Another question is the consistent description of a concept by the 

facets: exclusion of appearance of irrelevant facets; causal relation be-

tween the facets. To resolve the problem, we should have a kind of on-

tology which defines the relations between facets’ types and a mecha-

nism of validating a vector of facets against the ontology. 

We can describe slot as an ordered set of facets. Thus, we have 

two general classes of facets describe frame and slot. 

 . (7) 
Domains represent the axes of slot’s definition. For example,  

can represent the type of slot with two available values {property, 

method},  – number restriction etc. 

Here also appears the known question of the consistent descrip-

tion of a slot by the facets. The resolution mechanisms are also seemed 

to be the same. 

Some notes on interpretation. A model of an abstract network of 

concepts is a system built using a set of principles, patterns and tech-
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nologies. Formally, we can think of architecture as a partially ordered 

set of layers. A collection of available architectures can be represented 

as a relation over a number of domains, each of which connected with an 

axis. 

  . (8) 
For example, we can perceive  axis as a set of all available so-

lutions linked with a task of data persistence,  – variants of banking 

services etc. 

An interpretation function, mapping a concept onto defined ar-

chitecture can be defined as follows: 

 . (9) 
As we see, an interpretation function is an ordered set of more 

specific functions each of which transforms an abstract definition to at 

least one or, generally, a number of assets. 

  . (10) 
Connection with MDA. According to [4] CIM usually includes 

several distinct models that describe system requirements, business 

processes and business objects and it covers the aspects of the system 

that are important from a domain expert’s point of view. The next level 

model (PIM) describes IS, but hides details in usage of concrete technol-

ogy. It creates specification for required services of IS without technical 

platform dependent details. Taking into account these two definitions 

we can think of the role of the model described using provided language 

as a core background model which can be mapped to CIM, PIM or PSM 

level on demand. Of course, the conventional script which represents the 

frames cannot be clearly understood by the experts, but this problem 

can be effectively solved by an introduction of more simple (graphical) 

language able to represent the projection of the frame in a form easily 

understood by the expert etc. Thus, we can think of a frame as a set of 

projections, some of which represent more abstract information that can 

be easily understood by the experts, some form more detailed view 

needed for generation of more complete and valuable assets. It could 

think of a frame described in such a way as of the complete synthesis-

oriented structure able to incorporate all necessary knowledge needed to 

produce the solution. 
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Summary. The work is devoted to formalization of a frame-based 

language able to describe domain in a full, platform independent man-

ner, considering all necessary information that could be effectively used 

by the transformation mechanism for system construction and mainte-

nance. The expressiveness of the language is based on detection of the 

descriptive power of facets used by the both frame and slot structures. 
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ON FORMALIZATION OF INTEGRATIVE COMPUTER-

AIDED LANGUAGE LEARNING SYSTEM SCENARIO 

 

Abstract. The given work is devoted to CALL system scenario formalization 

aimed to generalize the experience, estimate the potential of the integrative 

systems, define the problems and their solutions. 
Keywords: scenario, second language acquisition, language learning system, 

integrative approach. 

 

Actuality. Since the first CALL (computer-assisted language 

learning) system appeared in 1960s, many different systems have been 

built, books have been written and published [1], and even academic dis-

ciplines and courses have been introduced and studied in universities 

worldwide [2]. Despite of a plenty of the different systems and methods 

existed, we can define three classes of such systems connected to three 

language learning approaches: behavioristic, communicative, integra-

tive [3,4]. Warschauer [5] connected them to three phases of learning 

systems improvement and development: behavioristic, communicative, 

integrative. These systems cannot be regarded as competitors, but rather 

can be seen as three coexisted facets of a brilliant which effectively 

complement each other. 

Behavioristic systems are focused on using the computer as a tu-

tor governing by the “drill and practice” principle. A typical behavioris-

tic system is PLATO project. It is based on vocabulary drills, grammati-

cal rules and translation tests. However, behavioristic systems did not 

allow enough authentic communication to be of much value [5]. In fact, 

the linguistic environment for language acquisition is very important. It 

presses the students to communicate with other people in real time 

mode, brings a lot of examples of how to say something, a lot of varia-

tions of how to express a thought, gives many opportunities to experi-

ment with the language [6]. It is very different from the drill and prac-

tice approach used within the classroom. Communicative CALL systems 

involves the computer as stimulus, not as a tutor. The features of the 
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communicative CALL systems are as follows: teaching grammar implic-

itly; encouraging students to generate original utterances rather than 

manipulate prefabricated language; avoiding to tell students they are 

wrong and being flexible to a variety of student responses; creating an 

environment in which using the target language feels natural. Commu-

nicative CALL systems software include a number of programs which 

may not have been specifically designed for language learners. Computer 

system takes place of a passive mediator directed to connect the stu-

dents and teachers, helping them to build a community. 

Integrative systems are based on two technological components - 

multimedia computers and the Internet [5]. Multimedia resources can be 

used by the students on demand allowing to build an authentic linguistic 

environment able to affect the user through several channels of percep-

tion simultaneously (listening is combined with seeing, like in the real 

world). The main features of such systems are as follows: authentic lin-

guistic environment simulation, skills are easily integrated, because the 

media makes it natural to combine reading, writing, speaking and listen-

ing in a single activity; students studying in accordance with their indi-

vidual plans, honing in on particular aspects and skipping the oth-

ers; focusing on the content, without focus on language form or learn-

ing strategies. The typical integrative system is Dustin program devel-

oped by the Institute for Learning Sciences at Northwestern Univer-

sity [7]. The program was developed for use by foreign employees of 

Andersen Consulting. It helps employees to enhance their English skills 

within the context of actual environment they will encounter when they 

attend business meetings at the training center. Dustin includes a num-

ber of video scenarios that all employees will encounter (airport, check-

ing into a hotel, ordering food). User interacts with different persons 

from video-clips, posting his/her answers. If the answer is correct and 

trainee is successful with a scenario, he/she goes to the next one. But 

when the trainee is not successful, he/she gets notified by the system 

what they have to learn in a very direct way. Failure and its processing 

is a key element in Dustin, failing at a task make students interested in 

finding out what they need to know to succeed [7]. The correction of the 

user answers are made using a tutor agent, which in communicative 

user-centric manner suggests a correct way to convey the message [8]. 

Thus, the student feels engaged in the world of real life communica-
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tions, having a clear goal, learning through apprenticeship. Another 

project based on the same principles is SPELL developed and discussed 

in the works of Hazel Morton [9,10]. The main features of the project 

are as follows: automatic speech recognition; embodied 3D virtual agents 

and virtual worlds for the creation of scenarios; focused on developing 

oral skills in the target language. 

Task definition. Scenario is the most important component of an 

integrative system. The quality of the scenario and the ability of the 

system to play it can be seen as two key components affect the quality 

of the realistic language environment simulation aimed to help user to 

acquire language skills effectively. Secondly, the effect of the system 

depends on the variety and complexity of the situations represented by 

the scenarios. The system should be opened to add new scenarios and the 

scenarios should cover all the domains of knowledge (content) the users 

are interested in. One of the conditions to make it real, the operation of 

new scenario creation should be rather simple. As a result, the system 

will have a huge amount of scenarios and a search mechanism able to re-

trieve a number of similar scenarios with the properties the user is in-

terested in, compare different scenarios etc. The third important aspect 

should be considered is the ability of the system to be open for multiple 

foreign languages learning. 

To solve the given problems effectively, we should clearly under-

stand what the scenario is, or more precisely, what the scenario may be. 

The way of such understanding should be based on the strong founda-

tion of mathematical formalization. The formalization is directed to help 

us not only in terminological questions, but mostly in questions of sys-

tems’ potential, configurations and improvements. Despite of an excep-

tional role of the scenario concept for integrative CALL systems, author 

has not found any works devoted to its formalization. Thus, the given 

work is intended to fill this gap. 

Main part. Generally, the system of scenarios can be defined as 

an algebraic system composed of a set of scenarios , relations  and 

operations . 

 , (1) 
Each scenario composed of two required elements: scenario 

descriptor and a none-empty, ordered or partially ordered, finite set of 

steps. The set of steps defines an order and a specific of events each of 
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which aimed to pass a message to the end-user. The number of steps is 

limited. 

Scenario descriptor is used for scenario classification. It’s an ele-

ment of n-ary relation on n domains-classifiers (classification axes) 

 , (2) 

where  – i-th classifier. The typical classifiers are as follows: interest, 

language, skill level, rating. Classifiers can be represented as taxono-

mies.  

In general,  consists of required classification axes denoted by 

 and optional ones denoted by . 

 . (3) 
Scenarios are similar iff their descriptors’ projections on required 

domains are equal.  

 . (4) 
More precisely we can talk about a degree of similarity. Similar-

ity operation is widely used for scenario retrieval manually by the user 

and automatically by the information system unit responsible for mak-

ing an individual language acquisition plan. 

The step of scenario reflects a real world event (more precisely an 

event of linguistic environment) appeared in a definite time slice. Con-

sequently, a sequence of steps reflected a set of such events is very simi-

lar to a sequence of frames composed a movie. The key difference from 

the movie is the involvement of a user in the flow of events and the de-

pendence of the flow on the user’s activities. It looks like an interrupt 

caused by the movie and processed by the user. And in accordance with 

the results of the processing system chooses the next sequence of steps 

to play, including a switch to the alternative flow or even playing an-

other movie. 

Message. The key element of the step is the message responsible 

to pass the meaning of the event to the user. Some messages require 

user’s reaction. A set of messages can be described by the relation on a 

set of domains each of which represents objects of a type or a channel. 

We can say that a message consists of a number of objects, or a number 

of projections of the message on the domains 

  (5) 
M – the whole set of the messages registered in the system;  – a set 

of messages connected to the i-th scenario . 
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Typical examples of the message projections are as follows: text, 

formula, video-clip, audio, image, diagram, virtual agent actions etc. 

More general channels, such as audio, can be divided into sub-types such 

as speech audio and environment supplementary sounds (airport, cafe). 

A process of passing the message to end-user is shown in figure 

1. A, T, I, B, C – domains, and  – denote the projections of 

the message  on the domains, i.e.  . 

 
Figure 1 – A process of passing the message to end-user 

 

Each projection of the message takes some time. Consequently, 

the time needed to pass the message is defined by the slowest projection. 

  , (6) 

 , (7) 

 – denotes an operation of calculating a required time to 

pass the i-th projection of z-th message.  

After the message has passed, user needs some time to perceive 

the message. To make the simulation more closed to the real life the 

time should be defined for each message individually. 

There are two types of the messages: task-oriented messages 

which cause interrupts of the flow and require user reaction; infrastruc-

ture-oriented messages. Infrastructure or context-oriented messages 

form a background to make a natural involvement of the user into com-

munication based on task-oriented messages connected to the tasks.  
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Tasks and reaction. A task is the most important component 

which provides a feed-back, allowing the system to understand the prop-

erties and specific of the user and, as a result, to make the learning 

process more flexible and effective.  It is very important that the task-

oriented message could be connected to a number of tasks each of which 

requires user’s involvement. 

Can we say that only the group of tasks composes the core of the 

scenario and the minimum set of required steps to pass the scenario is 

the set of tasks? Not obviously, because some tasks can be connected to 

the infrastructure messages and no one can give a correct answer with-

out them. Consequently, the core of the scenario (minimalistic version) 

needed to pass the scenario by the user includes all tasks messages with 

the required context. Getting the minimalistic version is very important 

for the test-oriented users who don’t want to waste their time on a soft 

involvement. Thus, we have defined an operation of getting a minimalis-

tic version of the scenario. 

To understand the connection between the messages and the tasks 

we have to separate the domains of tasks and the domains of messages. 

  , (8) 

  , (9) 

 – a message,  – a vector of tasks each component requires user’s 

involvement. 

Each task is a 3-tuple “task definition – a set of weighted correct 

answers – a required time to perform the task”. 

 . (10) 

A set of weighted answers forms a pattern  . Generally, the 

pattern provides a set of pairs “expression - value”. An expression is not 

always textual and totally depends on the domain it belongs to, i.e. if 

the task connected with objects manipulation then the expression would 

be an ordered set of actions. A textual expression should be considered 

as a variant 

 . (11) 

We should introduce an operation  which can estimate a certain 

expression against a pattern of answers. 

 . (12) 
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A summary time needed to pass the tasks can be calculated in ac-

cordance with the formula 

 . (13) 

We should also define an operation  which can get a vector 

of estimations of the tasks performed by the user. 

 . (14) 
Thus, a message can be defined as a tuple 

 . (15) 
And a task collection connected with the message can be defined 

as 

 . (16) 

A set of tuples forms the foundation of the sce-

nario, where  is a subset of the general set of scenarios  defined in 

the system.  Index i indicates, that the subset is selected for i-th sce-

nario. 

  , (17) 

 . (18) 
Modes. An important operation should be considered is the func-

tion of modes switching. The function allows to transform the basic ver-

sion of the scenario into a form convenient for a user, it can be regarded 

as a key component of adaptation mechanism made system more flexible 

and highly adoptable for different kinds of users. For example, it can 

affect the speed of events flow, including/excluding the steps etc. 

  , (19) 

 - defines a transformation of j-th type which can transform the sce-

nario  into a form of . Generally, we can talk about the vector of 

transformations applied to a scenario in order to adopt it for the user. 

Next step definition. The definition of next step performed by the  

component included in scenario playing procedure. It depends on the results 

of user activities estimation (see (14)). Simple variant of the procedure takes 

the next step from the ordered set of messages. More sophisticated one goes 

in accordance with the scheme included a set of alternative flows directed by 

the conditions based on the vector of estimations 

  , (20) 
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where  – a scheme includes a set of alternative flows. 

The final definition of scenario  can be represented by the formulas 

 , (21) 
 , (22) 

where denotes the initial message. 

Summary. The given work represents a formal description of the sce-

nario of the scenario-based integrative language learning system. The de-

scription is presented in a compact form and based on mathematical back-

ground. It allows to understand the specific and potential can be achieved by 

the system; a set of operations should be considered; phases of evolution of 

such systems; make a flexible architectural solution. The similar mechanism 

can be used for other scenario-oriented systems. 
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Í.Î. Ìàòâººâà, Þ.Â. Ëàçîðåíêî  

ÐÎÇÏ²ÇÍÀÂÀÍÍß Â²ÇÓÀËÜÍÈÕ ÎÁÐÀÇ²Â ÑÈÃÍÀË²Â  

ÇÀ ÄÎÏÎÌÎÃÎÞ ÍÅÉÐÎÍÍÎ¯ ÌÅÐÅÆ² 

 
Анотація. Використання нейронних мереж на основі багатошарового 

персептрона запропоновано як метод для розпізнавання візуальних об-

разів. Продемонстрована працездатність мережі на прикладі розпізна-

вання та класифікації електромагнітних сигналів. Моделювання вико-

нувалось в середовищі MATLAB. 

Ключові слова: композитні матеріали, нейронні мережі, багатошаровий 

персептрон, візуальний образ сигналу, функції активації. 

 
Âñòóï. Â ïðîìèñëîâîñò³ îäíèì ³ç âàæëèâ³øèõ ïèòàíü º êîíò-

ðîëü ÿêîñò³ ïðîäóêö³¿. ²ñíóº âåëèêà ê³ëüê³ñòü ìåòîä³â êîíòðîëþ, îä-

íàê íàéá³ëüø âèêîðèñòîâóâàíèìè º ìåòîäè íåðóéí³âíîãî êîíòðîëþ, 

ÿê³ íå íàíîñÿòü øêîäè êîíòðîëüîâàíîìó âèðîáó.  

Îäíèì ç ìåòîä³â íåðóéí³âíîãî êîíòðîëþ êîìïîçèòíèõ ìàòåð³à-

ë³â º âèõîðîñòðóìîâèé. Éîãî ìîæíà ïðîâîäèòè áåç êîíòàêòó ïåðåòâî-

ðþâà÷à é îá'ºêòà òà îäåðæóâàòè ïðèéíÿòí³ ðåçóëüòàòè êîíòðîëþ íà-

â³òü ïðè âèñîêèõ øâèäêîñòÿõ ïåðåì³ùåííÿ ïåðåòâîðþâà÷à. Âèõîðîñò-

ðóìîâèé ìåòîä çàñíîâàíèé íà ðåºñòðàö³¿ çì³íè ãóñòèíè âèõîðîâèõ 

ñòðóì³â, òîìó íà îòðèìàíèé ñèãíàë ìîæóòü âïëèâàòè çîâí³øí³ âèõî-

ðîâ³ ñòðóìè. Ñë³ä âðàõîâóâàòè øîðñòê³ñòü ïîâåðõí³ êîìïîçèòíèõ ìà-

òåð³àë³â. Âèíèêàº çàäà÷à – ïðè àíàë³ç³ îáðîáëþâàíèõ ñèãíàë³â, íåîá-

õ³äíî îòðèìàòè ³íôîðìàö³þ ùîäî íàÿâíîñò³ òà ðîçì³ð³â äåôåêò³â.  

Ðîçðîáëåíî áàãàòî ìåòîä³â ðîçï³çíàâàííÿ îáðàç³â çà äîïîìîãîþ 

íåéðîííèõ ìåðåæ ç ð³çíîþ ñòðóêòóðîþ ³ ñïåöèô³êîþ, çàâäÿêè ÷îìó 

â³äêðèâàºòüñÿ øèðîêèé ïðîñò³ð äëÿ äîñë³äæåíü. Ñó÷àñí³ òåõíîëîã³¿ 

äîçâîëÿþòü ñòâîðþâàòè êîìï'þòåðí³ ñèñòåìè ³ç çàëó÷åííÿì íåéðîí-

íèõ ìåðåæ, äëÿ ÿêèõ â ÿêîñò³ âõ³äíèõ ïàðàìåòð³â ìîæóòü âèêîðèñòî-

âóâàòèñÿ õàðàêòåðèñòèêè åëåêòðîìàãí³òíèõ ñèãíàë³â [1,2].  

Âèçíà÷åííÿ ïðîáëåìè. Ìåòîþ ðîáîòè º ñòâîðåííÿ ãðàô³÷íèõ 

îáðàç³â åëåêòðîìàãí³òíèõ ñèãíàë³â, ÿê³ îòðèìóþòüñÿ ïðè ñêàíóâàíí³ 

êîìïîçèòíèõ ìàòåð³àë³, òà ¿õ äîñë³äæåííÿ çà äîïîìîãîþ ñòâîðåíî¿ 
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íåéðîííî¿ ìåðåæ³ äëÿ ðîçâ’ÿçàííÿ çàäà÷³ êëàñèô³êàö³¿ ñèãíàë³â äå-

ôåêòîñêîï³¿. 

Îñíîâíà ÷àñòèíà. Êîæíà øòó÷íà íåéðîííà ìåðåæà ÿâëÿº ñîáîþ 

ìíîæèíó ïðîñòèõ åëåìåíò³â − íåéðîí³â, ÿê³ ñïîëó÷åí³ ïåâíèì ÷èíîì. 

Êîíêðåòíèé âèãëÿä âèêîíóâàíîãî ìåðåæåþ ïåðåòâîðåííÿ äàíèõ îáó-

ìîâëþºòüñÿ íå ò³ëüêè õàðàêòåðèñòèêàìè íåéðîí³â, ÿê³  âõîäÿòü äî ¿¿ 

ñòðóêòóðè, àëå ³ îñîáëèâîñòÿìè ¿¿ àðõ³òåêòóðè, à ñàìå òîïîëîã³ºþ 

ì³æíåéðîííèõ çâ’ÿçê³â, íàïðÿìîì ³ ñïîñîáàìè ïåðåäà÷³ ³íôîðìàö³¿ 

ì³æ íåéðîíàìè, à òàêîæ çàñîáàìè íàâ÷àííÿ ìåðåæ³ [2, 3].  

Ïðè ïðîâåäåí³ àíàë³çó âõ³äíèõ ³ âèõ³äíèõ äàíèõ çíà÷åííÿ âàã òà 

çñóâ³â íåéðîííî¿ ìåðåæ³ àâòîìàòè÷íî íàëàãîäæóþòüñÿ òàê, ùîá ì³í³ì³-

çóâàòè ð³çíèöþ ì³æ áàæàíèì ñèãíàëîì òà îòðèìóâàíèì íà âèõîä³ â ðå-

çóëüòàò³ ìîäåëþâàííÿ. Öÿ ð³çíèöÿ íàçèâàºòüñÿ ïîìèëêîþ íàâ÷àííÿ ³ 

äëÿ êîíêðåòíî¿ êîíô³ãóðàö³¿ íåéðîííî¿ ìåðåæ³ âèçíà÷àºòüñÿ øëÿõîì 

ïðîïóñêàííÿ ÷åðåç ìåðåæó âñ³õ ñïîñòåðåæåíü, ÿê³ ìàþòüñÿ, òà ïîð³â-

íÿííÿ âèõ³äíèõ çíà÷åíü ç áàæàí³ì, ö³ëüîâèì çíà÷åííÿì. Òîáòî ôîðìó-

ºòüñÿ ôóíêö³ÿ ïîìèëêè (êðèòåð³é ÿêîñò³ íàâ÷àííÿ).  

Áàãàòîøàðîâ³ íåéðîíí³ ìåðåæ³ ïðÿìîãî ðîçïîâñþäæåííÿ ÿâëÿ-

þòü ñîáîþ íåë³í³éí³ ñèñòåìè, ÿê³ äîçâîëÿþòü êðàùå êâàë³ô³êóâàòè í³æ 

çâè÷àéí³ ñòàòèñòè÷í³ ìåòîäè. Áàãàòîøàðîâèé ïåðñåïòðîí (multilayer 

perceptron - MLP) ñêëàäàºòüñÿ ç ìíîæèíè âõ³äíèõ âóçë³â, ÿê³ ñòâîðþ-

þòü âõ³äíèé øàð, îäíîãî àáî äåê³ëüêîõ ïðèõîâàíèõ øàð³â íåéðîí³â ç 

ñèãìî¿äàëüíèìè ôóíêö³ÿìè àêòèâàö³¿, òà âèõ³äíîãî  øàðó íåéðîí³â ç 

ë³í³éíèìè ôóíêö³ÿìè àêòèâàö³¿. Ïðè íàâ÷àíí³ MLP âèêîðèñòîâóþòüñÿ 

àëãîðèòìè çâîðîòíîãî ðîçïîâñþäæåííÿ ïîìèëêè (back-propagation 

learning) [3]. Êîæíèé íåéðîí MLP, ÿêèé íàâ÷àºòüñÿ íà îñíîâ³ çâîðîò-

íîãî ðîçïîâñþäæåííÿ ìàº íåë³í³éíó ãëàäêó ôóíêö³þ àêòèâàö³¿, ÷àñòî 

âèêîðèñòîâóþòü íåë³í³éíó ñèãìî¿äàëüíó ôóíêö³þ òèïà ëîã³ñòè÷íî¿ àáî 

ã³ïåðáîë³÷íîãî òàíãåíñà [3, 4]. 

Àëãîðèòìè îïòèì³çàö³¿ íàâ÷àííÿ º ñòðàòåã³ÿìè, çàñíîâàíèìè 

íà ðåàë³çàö³¿ ³äå¿ ³òåðàòèâíîãî ñïóñêó, ÿê³ çàáåçïå÷óþòü ì³í³ì³çàö³þ 

ôóíêö³îíàëà íàâ÷àííÿ. Ó ïðîöåñ³ ðîáîòè àëãîðèòì³â, ÿê ïðàâèëî, âè-

íèêàº çàäà÷à îäíîâèì³ðíîãî ïîøóêó ì³í³ìóìó óçäîâæ çàäàíîãî íà-

ïðÿìêó [2, 3].  

Ïðîöåñ íàâ÷àííÿ ìåðåæ³ âêëþ÷àº íàëàøòóâàííÿ çíà÷åííÿ âàã ³ 

çñóâ³â ìåðåæ³ äëÿ îïòèì³çàö³¿ ïðîäóêòèâíîñò³ ìåðåæ³. Íàëàøòóâàííÿ 

ïðîäóêòèâíîñò³ äëÿ ìåðåæ ç ïðÿìèì ïîøèðåííÿì âèçíà÷àºòüñÿ çà ñå-
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ðåäíüîêâàäðàòè÷íîþ ôóíêö³ºþ (mse) ì³æ âèõîäàìè ìåðåæ³ (a) é ö³-

ëüîâèìè âèõîäàìè (t) òà  âèçíà÷àºòüñÿ çà ôîðìóëîþ [3] 

  (1) 

Íàéá³ëüøèé ³íòåðåñ ïðåäñòàâëÿþòü òàê³ ïîêàçíèêè ÿê âåëè÷è-

íà ïðîäóêòèâíîñò³ ãðàä³ºíòà ³ ê³ëüê³ñòü ïåðåâ³ðîê äîñòîâ³ðíîñò³, êîòð³  

âèêîðèñòîâóþòüñÿ äëÿ çàâåðøåííÿ íàâ÷àííÿ. Ïðè íàéìåíøîìó çíà-

÷åí³ ãðàä³ºíòó íàâ÷àííÿ äîñÿãàº ì³í³ìàëüíî¿ ïðîäóêòèâíîñò³. Âåëè-

÷èíó ãðàä³ºíòà ìîæíà  âèçíà÷àòè ñàìîñò³éíî. 

Ï³ñëÿ íàâ÷àííÿ ³ ïåðåâ³ðêè íåéðîííî¿ ìåðåæ³ îá'ºêò ìåðåæ³ 

ìîæíà âèêîðèñòîâóâàòè äëÿ ðîçðàõóíêó â³äïîâ³äåé íà áóäü-ÿêå âõ³äíå 

çíà÷åííÿ. 

Îñíîâíèé àëãîðèòì çâîðîòíîãî ðîçïîâñþäæåííÿ ïîìèëêè êîðå-

ãóº ïàðàìåòðè, ÿê³ íàëàãîäæóþòüñÿ, â íàïðÿìêó íàéñêîð³øîãî çìåí-

øåííÿ ôóíêö³îíàëó ïîìèëêè. Ìåòîäè äðóãîãî ïîðÿäêó âèìàãàþòü 

çíàííÿ äðóãèõ ïîõ³äíèõ öüîãî ôóíêö³îíàëó ïîìèëêè. Äî öèõ ìåòîä³â 

â³äíîñèòüñÿ ìåòîä Íüþòîíà, îñíîâíèé êðîê ÿêîãî çíàõîäèòüñÿ çà ôî-

ðìóëîþ: 

  (2) 

äå xk – âåêòîð çíà÷åíü ïàðàìåòð³â íà k-é ³òåðàö³¿; H – ìàòðèöÿ äðóãèõ 

÷àñòêîâèõ ïîõ³äíèõ ö³ëüîâî¿ ôóíêö³¿, àáî ìàòðèöÿ Ãåññå; gk – âåêòîð 

ãðàä³ºíòà íà k-¿ ³òåðàö³¿. Ìåòîä Íüþòîíà â áàãàòüîõ âèïàäêàõ ñõî-

äèòüñÿ ñêîð³øå, í³æ ìåòîäè ñïîëó÷åíîãî ãðàä³ºíòà, àëå ïîòðåáóº âå-

ëèêèõ çàòðàò ÷åðåç îá÷èñëåííÿ ãåññ³àíà. Äëÿ òîãî, ùîá óíèêíóòè îá-

÷èñëåííÿ ìàòðèö³ Ãåññåíà, ïðîïîíóþòüñÿ ð³çí³ çàñîáè ¿¿ çàì³ùåííÿ 

ïðèáëèçíèìè âèðàçàìè, öå ïîðîäæóº òàê çâàí³ êâàç³íüþòîíîâ³ àëãî-

ðèòìè (íàïðèêëàä, àëãîðèòì ìåòîäà ñ³÷íèõ ïëîñêîñòåé àáî àëãîðèòì 

Ëåâåíáåðãà-Ìàðêâàðäòà) [2 ÷. 4]. 

Àëãîðèòì Ëåâåíáåðãà – Ìàðêâàðäòà ðåàë³çóº íàñòóïíó ñòðàòå-

ã³þ äëÿ îö³íêè ìàòðèö³ Ãåññå. Ïðèïóñêàþ÷è, ùî ôóíêö³îíàë âèçíà-

÷àºòüñÿ ÿê ñóìà êâàäðàò³â ïîìèëîê, ùî õàðàêòåðíî ïðè íàâ÷àíí³ 

íåéðîííèõ ìåðåæ ç ïðÿìèì ðîçïîâñþäæåííÿì, ãåññ³àí ìîæíà íàáëè-

æåíî îá÷èñëèòè ÿê 

  , (3) 

à ãðàä³ºíò ðîçðàõóâàòè çà ôîðìóëîþ 

  ,  (4) 
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äå  - ìàòðèöÿ ßêîá³ ïîõ³äíèõ ôóíêö³îíàëó ïîìèëêè çà ïàðàìå-

òðàìè, ÿê³ íàëàøòîâóþòüñÿ; e - âåêòîð ïîìèëîê ìåðåæ³. 

Ìàòðèöÿ ßêîá³ ìîæå áóòè îá÷èñëåíà íà îñíîâ³ ñòàíäàðòíîãî 

ìåòîäó çâîðîòíîãî ðîçïîâñþäæåííÿ  ïîìèëêè, öå ³ñòîòíî ïðîñò³øå 

îá÷èñëåííÿ ìàòðèö³ Ãåññå. Àëãîðèòì Ëåâåíáåðãà – Ìàðêâàðäòà âèêî-

ðèñòîâóº àïðîêñèìàö³þ ãåññ³àíà òàêîãî âèãëÿäó: 

  .  (5) 

Êîëè êîåô³ö³ºíò  äîð³âíþº 0, îòðèìóºìî ìåòîä Íüþòîíà ç íà-

áëèæåííÿì äî ãåññ³àíà; êîëè çíà÷åííÿ  âåëèêå, îòðèìóºìî ìåòîä 

ãðàä³ºíòíîãî ñïóñêó ç ìàëåíüêèì êðîêîì. Îñê³ëüêè ìåòîä Íüþòîíà 

ìàº âåëèêó òî÷í³ñòü ³ øâèäê³ñòü çá³æíîñò³ ïîáëèçó ì³í³ìóìó, çàâäàííÿ 

ïîëÿãàº â òîìó, ùîá ó ïðîöåñ³ ì³í³ì³çàö³¿ ÿêîìîãà øâèäøå ïåðåéòè äî 

ìåòîäó Íüþòîíà. Ç ö³ºþ ìåòîþ ïàðàìåòð  çìåíøóþòü ï³ñëÿ êîæíî¿ 

óñï³øíèìè ³òåðàö³¿ ³ çá³ëüøóþòü ëèøå òîä³, êîëè ïðîáíèé êðîê ïîêà-

çóº, ùî ôóíêö³îíàë ïîìèëêè çðîñòàº. Òàêà ñòðàòåã³ÿ çàáåçïå÷óº çìåí-

øåííÿ ïîìèëêè ï³ñëÿ êîæíî¿ ³òåðàö³¿ àëãîðèòìó. 

Öåé àëãîðèòì ìàº äóæå åôåêòèâíó ðåàë³çàö³þ â ñèñòåì³ 

MATLAB, ùî º ³íòåðïðåòàòîðîì âåêòîðíî¿ ìàøèíè, äå îïåðàö³ÿ ñêà-

ëÿðíîãî äîáóòêó ðåàë³çóºòüñÿ ç âèñîêîþ òî÷í³ñòþ ³ øâèäêîä³ºþ íà 

ìàòåìàòè÷íîìó ñï³âïðîöåñîð³ êîìï'þòåðà. Ãîëîâíèé íåäîë³ê àëãîðè-

òìó Ëåâåíáåðãà – Ìàðêâàðäòà  ïîëÿãàº â òîìó, ùî â³í âèìàãàº áàãàòî 

ïàì'ÿò³ äëÿ çáåð³ãàííÿ ìàòðèöü âåëèêèõ ðîçì³ð³â [3, 4]. 

Íàâ÷àííÿ íåéðîííî¿ ìåðåæ³ ïðèïèíÿºòüñÿ ïðè âèêîíàí³ îäí³º¿ ç 

óìîâ: çíà÷åííÿ ôóíêö³¿ ÿêîñò³ íàâ÷àííÿ ñòàëî ìåíøå ãðàíè÷íîãî; ãðà-

ä³ºíò êðèòåð³þ ÿêîñò³ ñòàâ ìåíøå; äîñÿãíóòî ãðàíè÷íå ÷èñëî öèêë³â íà-

â÷àííÿ; ïåðåâèùåíî ìàêñèìàëüíèé ÷àñ, âèä³ëåíèé íà íàâ÷àííÿ. 

Åêñïåðèìåíòàëüí³ äîñë³äæåííÿ. Ïðè ïðîâåäåí³ ñêàíóâàííÿ 

êîìïîçèòíèõ ìàòåð³àë³â çà äîïîìîãîþ âèõîðîñòðóìîâîãî ïåðåòâîðþ-

âà÷à îòðèìóþòüñÿ òðè ôîðìè ñèãíàë³â óí³ìîäàëüíèé, ïîëîãèé óí³ìî-

äàëüíèé òà á³ìîäàëüí³é. Óí³ìîäàëüíèé ñèãíàë ç ìàêñèìàëüíîþ àìï-

ë³òóäîþ õàðàêòåðèçóº äåôåêòè, ÿê³ ïåðåâèùóþòü ðîçì³ðè ïåðåòâîðþ-

âà÷à, à á³ìîäàëüí³ ç íàéá³ëüøèì ïðîâàëîì âåðøèíè íàëåæàòü äî òî÷-

êîâèõ äåôåêò³â [6].  

Â ðîáîò³ çàïðîïîíîâàíî äîñë³äèòè ìîäåëüí³ ñèãíàëè, ÿê³ îäåð-

æóþòüñÿ  ïðè ñêàíóâàíí³ ïîâåðõí³ êîìïîçèò³â [5] òà îïèñóþòüñÿ ôî-

ðìóëîþ:  
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  (6) 

äå k  çì³íþºòüñÿ â³ä 0 äî 1: ïðè k = 0÷0.35  îäåðæóºìî âóçüêèé óí³-

ìîäàëüíèé ñèãíàë, êîòðèé  õàðàêòåðèçóº äîâã³ òð³ùèíè, äîâæèíà 

ÿêèõ ïåðåá³ëüøóº çîíó êîíòðîëþ. Ïðè çì³í³ k = 0.35÷0.55 îòðèìóºìî 

ïîëîæèñòèé óí³ìîäàëüíèé ñèãíàë, õàðàêòåðíèé äëÿ òð³ùèí ìåíøî¿ 

ðîçì³ðíîñò³. Áåðó÷è k = 0.6÷1 îòðèìóºìî á³ìîäàëüíèé ñèãíàë, ÿêèé 

ìàþòü  ìàëåíüê³ òð³ùèíè (ïðè k = 1 − òî÷êîâèé äåôåêò).  

Íà òåïåð³øí³é ÷àñ äëÿ ìîäåëþâàííÿ íåéðîííèõ ìåðåæ ³ñíóº 

âåëèêà ê³ëüê³ñòü ïðîãðàìíîãî çàáåçïå÷åííÿ. Â ðîáîò³ çàïðîïîíîâàíî 

âèêîðèñòîâóâàòè ³íñòðóìåíòàð³é Neural Networks Toolbox ïàêåòó 

ïðèêëàäíèõ ïðîãðàì MATLAB R2010b, êîòðèé çàáåçïå÷åíèé øèðî-

êèì íàáîðîì êîìàíä é ôóíêö³é äëÿ ïðîåêòóâàííÿ òà äîñë³äæåííÿ ÿê 

ñòàòè÷íèõ, òàê ³ äèíàì³÷íèõ íåéðîííèõ ìåðåæ. 

Ìåòà äîñë³äæåííÿ – ñòâîðèòè íåéðîííó ìåðåæó, êîòðà ñïðî-

ìîæíà ðîçï³çíàâàòè â³çóàëüíèé îáðàç ñèãíàë³â.  

Â ðîáîò³ çà äîïîìîãîþ ðîçðîáëåíî¿ ôóíêö³¿ create_pic_of_sign.m 

òà  ôîðìóëè (6) ñòâîðþþòüñÿ çîáðàæåííÿ ñèãíàë³â â ãðàäàö³ÿõ ñ³ðîãî 

ðîçì³ðîì 21õ13. Äàë³ âèêîíóºòüñÿ êîíâåðòàö³ÿ çíà÷åíü ñèãíàëó ç îä-

íîì³ðíî¿ ìàòðèö³ â äâîì³ðíó òà ïðîâîäèòüñÿ êîäóâàííÿ íàñòóïíèì 

÷èíîì. Çà êîæíîþ êîì³ðêîþ ïî øèðèí³ çàêð³ïëåí³ êîîðäèíàòè ïåðå-

òâîðþâà÷à ïî îñ³ x, à ïî âèñîò³ − çíà÷åííÿ ñèãíàëó ó öèõ òî÷êàõ òàê, 

ùîá ñàìà íèæíÿ êîì³ðêà ïðèéìàëà çíà÷åííÿ â³ä 0 äî 0,077, à íàé-

âèùà − â³ä 0,924 äî 1,001. Ï³ñëÿ âèêîíàííÿ êîíâåðòàö³¿ ñèãíàëó 

îòðèìóºìî äâîì³ðíó ìàòðèöþ, â ÿê³é êîæíà òî÷êà ñèãíàëó â³äïîâ³äàº 

íóëþ ó â³äïîâ³äí³é êîì³ðö³. Çà äîïîìîãîþ  âáóäîâàíî¿ â ñåðåäîâèùå 

Matlab ôóíêö³¿ imwrite(A,filename) ñòâîðþºìî çîáðàæåííÿ â ãðàäàö³-

ÿõ ñ³ðîãî.  

Äëÿ ïåðåãëÿäó çîáðàæåíü ñèãíàë³â ñòâîðåíà ôóíêö³ÿ 

plotsign(ñ), çà äîïîìîãîþ ÿêî¿ ìîæíà ïîáà÷èòè ñèãíàëè óí³ìîäàëüíî¿ 

(ðèñ. 1) òà á³ìîäàëüíî¿ (ðèñ 2) ôîðìè.  
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Ðèñóíîê 1 − Óí³ìîäàëüíèé ñèãíàë 

 

 
Ðèñóíîê 2 − Á³ìîäàëüíèé ñèãíàë 

 

Äëÿ âèêîðèñòàííÿ ñòâîðåíèõ çîáðàæåíü ó ñåðåäîâèù³ Matlab 

íåîáõ³äíî ³ìïîðòóâàòè òà îáðîáèòè ö³ çîáðàæåííÿ. Äëÿ öüîãî ñòâîðåíà 

ôóíêö³ÿ Imgread_m(õ), ÿêà ï³ñëÿ ³ìïîðòó ðèñóíêà îáðîáëÿº éîãî íà-

ñòóïíèì ÷èíîì. Îñê³ëüêè çîáðàæåííÿ çáåðåæåí³ â ãðàäàö³ÿõ ñ³ðîãî, 

òîáòî çíà÷åííÿ êîæíîãî ï³êñåëó ëåæàòü ó ïðîì³æêó  0 ÷ 255, à äëÿ 

åêñïåðèìåíò³â âèêîðèñòîâóºòüñÿ ëîã³÷íèé ôîðìàò êîäóâàííÿ «1» àáî 

«0». Íåîáõ³äíî ïðîâåñòè çàì³íó çíà÷åííÿ 0 íà 1, à 255 íà 0. Ï³ñëÿ îá-

ðîáêè äâîì³ðíà ìàòðèöÿ êîíâåðòóºòüñÿ ó âåêòîð ç 273 åëåìåíò³â, à ôó-

íêö³ÿ Imgread_m(õ) ïîâåðòàº ó ñåðåäîâèùå öåé âåêòîð. 

Â ïðîöåñ³ äîñë³äæåííÿ äî ñòâîðåíèõ ñèãíàë³â äîáàâëÿëèñü çíà-

÷åííÿ øóìó. Äëÿ öüîãî ðîçðîáëåíà ôóíêö³ÿ noise_img(img, n_p), ÿêà 

äîçâîëÿº äîäàâàòè øóì-òî÷êè íà çîáðàæåííÿ ñèãíàë³â. Íàïðèêëàä, äî-

äàìî 25 øóì-òî÷îê íà çîáðàæåííÿ óí³ìîäàëüíîãî ñèãíàëó (ðèñ. 3).  
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Ðèñóíîê 3 − Óí³ìîäàëüíèé ñèãíàë ç 25 øóì-òî÷êàìè 

 

Äëÿ ðîçï³çíàâàííÿ ñèãíàë³â âèêîðèñòîâóâàëàñü äâîøàðîâà íåé-

ðîííà ìåðåæà - áàãàòîøàðîâèé ïåðåñåïòðîí ç 273 íåéðîíàìè ó âõ³ä-

íîìó øàð³ (ê³ëüê³ñòü êîìïîíåíò³â âõ³äíîãî âåêòîðà), 30 íåéðîí³â ó 

ïðèõîâàíîìó øàð³ òà 2 íåéðîíè ó âèõ³äíîìó øàð³ (çà ê³ëüê³ñòþ êîì-

ïîíåíò âèõ³äíîãî âåêòîðà).  

Äëÿ ñòâîðåííÿ íåéðîííî¿ ìåðåæ³ ïðÿìîãî ïîøèðåííÿ çàñòîñî-

âóâàëè ôóíêö³þ feedforwardnet (hiddenSizes,trainFcn), äå hiddenSizes 

– âåêòîð-ðÿäîê ç îäíîãî àáî äåê³ëüêîõ ðîçì³ð³â ïðèõîâàíîãî øàðó;   

trainFcn – ôóíêö³ÿ íàâ÷àííÿ. 

Äëÿ ïåðåâ³ðêè åôåêòèâíîñò³ ñòâîðåíî¿ íåéðîííî¿ ìåðåæ³ òåñòó-

âàííÿ ïðîâîäèëîñü íà òðüîõ çîáðàæåííÿõ ñèãíàë³â: óí³ìîäàëüíà ôîð-

ìà, ïîëîãà óí³ìîäàëüíà ôîðìà òà ñèãíàëè á³ìîäàëüíî¿ ôîðìè. Ñïî÷à-

òêó íàâ÷àííÿ ïðîâîäèëîñü íà ìîäåëüíèõ ñèãíàëàõ áåç øóìó. Ïîò³ì íà 

ñèãíàëàõ, äî ÿêèõ äîäàâàëè 30 øóì-òî÷îê[6]. Ñòâîðåí³ äâ³ ñòðóêòóðè 

íåéðîííèõ ìåðåæ ì³ñòèëè â ïðèõîâàíîìó øàð³ 30 íåéðîí³â òà âèêî-

ðèñòîâóâàëè ëîã³ñòè÷íó ñèãìî¿äàëüíó ôóíêö³þ (logsig). Âèõ³äíèé øàð 

ñêëàäàâñÿ ç 3 íåéðîí³â (çà ê³ëüê³ñòþ ôîðì ñèãíàë³â) òà çàñòîñîâóâàâ 

ë³í³éíó ôóíêö³þ (purelin). 

Òåñòóâàííÿ ïðîâîäèëîñü íàñòóïíèì ÷èíîì: íà ñòâîðåíó íåéðîíó 

ìåðåæó ïîäàâàëèñü çîáðàæåííÿ ñèãíàë³â, äî ÿêèõ ïîñòóïîâî äîäàâàëèñü 

øóì-òî÷êè â ä³àïàçîí³ â³ä 0 äî 100. Äëÿ êîæíîãî çíà÷åííÿ øóì-òî÷îê 

ôîðìóâàëîñü 100 çàøóìîâàíèõ ïîñë³äîâíîñòåé ³ ï³äðàõîâóâàâñÿ âèõ³ä 

ìåðåæ³. Âèõ³äíèé ñèãíàë îáðîáëÿâñÿ Ì-ôóíêö³ºþ compet ç ìåòîþ âèá-

ðàòè îäèí ç òðüîõ ñèãíàë³â. Ï³ñëÿ öüîãî îö³íþâàëàñü ê³ëüê³ñòü ïîìèë-

êîâèõ êëàñèô³êàö³é òà ï³äðàõîâóâàâñÿ ïðîöåíò ïîìèëîê. Â³äïîâ³äíèé 

ãðàô³ê ïîõèáîê ìåðåæ³ íàâåäåíî íà ðèñ. 4. 
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Ðèñóíîê 4 – Ïîìèëêè ñòâîðåíî¿ ìåðåæ³ â³ä ê³ëüêîñò³ øóì-òî÷îê 

 

Â õîä³ ïîäàëüøèõ åêñïåðèìåíò³â ñòâîðåíó íåéðîííó ìåðåæó çàñòîñî-

âóâàëè  òàêèì ÷èíîì. Íàâ÷àííÿ ïðîâîäèëîñü íà çîáðàæåííÿõ äâîõ ñèãíà-

ëàõ óí³ìîäàëüíîìó (ïðè k=0.1) òà á³ìîäàëüíîìó (ïðè k=0.9). Âèêîðèñòî-

âóâàëàñü òà æ ñàìà äâîøàðîâà íåéðîííà ìåðåæà. Ò³ëüêè ó ïðèõîâàíîìó 

øàð³ çàñòîñîâóâàëîñü 30 íåéðîí³â, ó âèõ³äíîìó øàð³ âèêîðèñòîâóâàëîñü 2 

íåéðîíè, îñê³ëüêè ïðàöþâàëè ïî ÷åðç³ ç äâîìà ôîðìàìè ñèãíàë³â. Äëÿ 

êîæíîãî òèïó ñèãíàë³â âèêîðèñòîâóâàëîñü 1000 ïðèêëàä³â äëÿ íàâ÷àííÿ, 

ÿêå ïðîâîäèëîñü íà ìîäåëüíèõ òà îêðåìî íà çàøóìîâàíèõ ñèãíàëàõ.  

Òåñòóâàííÿ ìåðåæ³ ïðîâîäèëîñü äëÿ ð³çíèõ çíà÷åíü k ³ç ôîðìóëè 

(6), ÿê³ íå áðàëè ó÷àñò³ â ïðîöåñ³ íàâ÷àííÿ. Âèêîðèñòîâóâàëè 500 ïðèêëà-

ä³â äëÿ êîæíîãî òèïó ñèãíàë³â òà ïîñë³äîâíî äîäàâàëè øóì-òî÷êè â ä³àïà-

çîí³ â³ä 0 äî 70, ïîò³ì çíàõîäèëè ñåðåäíº çíà÷åííÿ äëÿ êîæíîãî çíà÷åííÿ 

øóì-òî÷êè. Îòðèìàí³ ðåçóëüòàòè íàâåäåí³ â òàáëèöÿõ 1 òà 2. 

Òàáëèöÿ 1  

Îö³íêà ïîõèáîê íåéðîííî¿ ìåðåæ³ ïðè íàâ÷àíí³  

íà ìîäåëüíèõ ñèãíàëàõ 
Ñèãíàë äëÿ 
òåñòóâàííÿ 
ðîáîòè ìå-
ðåæ³ 

0 10 20 30 40 45 50 55 60 65 70 

k=0 100 97.8 90.8 88.4 84.8 83.6 82.6 79.6 79.4 80.6 76.6 
k=0.2 100 98 95 92.4 89.2 89.4 88.8 86 83.8 86.2 88.2 
k=0.3 100 82.6 72.8 73 76.4 71 71.4 67.4 71.4 73 70.4 
k=0.6 100 99.6 99 95.6 92.2 91.4 88 87.4 82.4 82.4 78.2 
k=0.8 100 99.6 98.2 95.6 93.4 90.8 89.4 87 85.4 84.4 80.4 
k =1 100 99.8 98.4 95.4 92.4 92.6 89.6 87 84.8 81.2 81.6 
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Òàáëèöÿ 2  

Îö³íêà ïîõèáîê íåéðîííî¿ ìåðåæ³ ïðè íàâ÷àíí³ íà ñèãíàëàõ ç øóìîì 
Ñèãíàë 
äëÿ òåñ-
òóâàííÿ  
ðîáîòè 
ìåðåæ³  

0 10 20 25 30 35 40 45 50 55 60 65 70 

k =0 100 99 99.4 99.4 99 99.4 99.2 99.4 99.2 99 98.8 99 98.4 

k =0.2 100 100 100 100 100 100 100 100 99.8 99.6 99.8 99.8 99.4 

k =0.3 100 99.8 99 98.8 98.2 98.4 98.6 98.2 97.6 97.6 97.2 95.8 96.6 

k =0.6 100 99.6 98.8 98.4 96.6 95 96.2 95.6 92.2 93.2 89.2 86.4 87.2 

k =0.8 100 96.2 90.2 89.8 90 91.6 89.6 87 89.6 87.2 87.4 85.2 84 

k =1 100 100 100 100 100 100 100 100 100 99.8 99.8 99.8 99.6 
 

Âèñíîâêè. Ïðîâåäåí³ äîñë³äæåííÿ ïîêàçàëè ïðèíöèï³àëüíó 

ìîæëèâ³ñòü çàñòîñóâàííÿ íåéðîííèõ ìåðåæ äëÿ ðîçï³çíàâàííÿ ñèãíà-

ë³â, ÿê³ ïðåäñòàâëåí³ â³çóàëüíèìè îáðàçàìè. Íàâ÷àííÿ ìåðåæ³ íà ð³ç-

íèõ íàáîðàõ ñèãíàë³â ç øóìîì äîçâîëèëî íàâ÷èòè ¿¿ ïðàöþâàòè ç ñïî-

òâîðåíèìè äàíèìè, ùî õàðàêòåðíî ïðè ïðîâåäåí³ íåðóéí³âíîãî êîíò-

ðîëþ ó ðåàëüíèõ óìîâàõ.   

Ñòâîðåíà íåéðîííà ìåðåæà äåìîíñòðóº ÿê³ñòü ðîçï³çíàâàííÿ 

ïðèáëèçíî 90%, ÿêùî äî ³äåàëüíîãî ñèãíàëó äîäàºòüñÿ íå á³ëüøå 

30% øóì-òî÷îê â³ä çàãàëüíî¿ ê³ëüêîñò³ òî÷îê íà çîáðàæåí³. 

Äîñë³äæåííÿ ïîêàçàëè, ùî ïðè íàâ÷àíí³ íåéðîííî¿ ìåðåæ³ íà 

ñèãíàëàõ ç øóìîì, âîíà äåìîíñòðóº êðàù³ ðåçóëüòàòè ðîçï³çíàâàííÿ 

îáðàç³â ñèãíàë³â. 
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THE THEORETICAL BASIS OF THE INFORMATIONAL 

TECHNOLOGY OF NONSTATIONARY 

ELECTROMAGNETIC TESTING FOR ORTHOTROPIC 

DISSIPATIVE COMPOSITES 

 

Abstract. Analytical spacial-temporal distributions of tangential projections of 

eddy currents, induced by a rectangular contour of nonstationary external ex-

citement, under a composite surface have been obtained.  

Keywords: orthotropic composites, dissipative loss, eddy currents, skin-effect. 

 

Introduction. The electromagnetic field spreading is accompanied 

by a decrease of its characteristics intensity. An energy lost transmittes 

to electrodynamic system microparticles and its environment with the 

transformation to a heat. The dissipative loss taked into account gives 

rise to the self-consistent problem of electromagnetic field interacting 

with the microparticles ensemble of electrodynamic system [1].  

A more constructive approach that simplifies the problem concep-

tion is given by the macroscopic electrodynamic, based on the classic 

theory of electromagnetic field [1].  

Constructional elements of electrodynamic system are often made 

with the help of reinforcing fibrils or their twistes, providing best mass-

durability properties and a resistance to thermal and chemical influ-

ences. Thus, carbon and graphite composites are widely used in an engi-

neering. 

The unidirectional reinforcement is wide-spread and relativly to 

its orientation composites have the characteristics and properties sym-

metry, including an electrical conductivity, so they are called by 

orthotropic (orthogonal-anisotropic) [2]. Conductivities   

along and across to the reinforcing direction of carbon composites differ 

by no more than several times. If a conductivity of neighboring fibrils 

deteriorates locally towards to the direction of a reinforcing then it 

identifies the composite continuity defect.  

                                 

 © Pashchenko V.O., 2017 
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To create the information technology of nonstationary electro-

magnetic testing of orthotropic composites it is necessary to have 

mathematical models based on electrodynamics boundary problems solu-

tions. A simplification of such solutions is achieved by using the method 

of integral equations (IR), which has broad functionality, guaranteed ac-

curacy of calculations and a relatively small time of preparation for the 

problem computer solving [4]. 

When the secondary sources method is used the boundary prob-

lem is reduced to equivalent IP used Green function [5]. Thus, for the 

conductivity equation IP is an expression for the double layer poten-

tial [6], which is non-zero in the area, expanded over time, and given by 

both an external current density of exciting contour and its location. 

The fundamental solution of the conductivity equation is Green function 

therefore initial and boundary conditions can be replaced by a system of 

point sources [6], for which the problem is solved seperately; its general 

solution is a superposition of elementary solutions. 

For the electromagnetic testing of manufacted articles unbrokens 

most boundary problems of electrodynamics have been solved in a case 

of quasi-monochromatic fields that zound nondissipative electrodynamic 

systems. 

The aim of the study. To obtain analytically spatial-temporal dis-

tributions of tangential projections of eddy currents density, induced by 

a rectangular contour of external nonstationary excitation, under the 

plane surface of orthotropic dissipative composite.  

Main part. The geometric center of rectangular contour with size 

2a x 2b have been placed at the beginning of right system of Cartesian 

coordinates. The plane contour is distanted by a clearance h from the 

composite surface. Contour sides as abscissa and ordinate axises are ori-

ented along and across to the reinforcement direction (Fig. 1). Along the 

contour the external nonstationary current with density = f(t) 

runs, where   is the amplitude,  but f(t) is the bending (|f(t)| 1).  

The probing field generated by a rectangular contour of external 

current, that is parallel to the composite surface has three non-zero 

components of its characteristics: a) tangential Ex and Ey of electrical 

intensity; b) normal  of magnetic intensity.  
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x-, y-projection of electrical intensity polarizes the composite 

more than the air so far as ε0<ε. Since tangential projections of electri-

cal intensity are continuous on the border "air-composite", there are no 

free surface charges, but there are compensated surface charges [7], 

which form the so-called dipole layer (Fig. 1, a). 

Since the composite is a thicker environment, it contains more 

elementary dipoles (Fig. 1, a) on the border. The normal projection of 

magnetic intensity is discontinueous that is determined by the perme-

ability ratio [7]:  where indices ‘0’ and k’ indicate 

the air and the composite, respectively. Zero tangential projection of 

magnetic intensity ensures that surface currents no run [7] due to the 

movement of free charges. 

 
Figure 1 - The electromagnetic testing of orthotropic dissipative compos-

ite by the rectangular current contour, represented by point sources 

( ): a) composite cross-section, side view; b) view from above 
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Under the influence of the normal projection of magnetic inten-

sity the composite is magnetized, and near its surface molecular cur-

rents take place [7]. In consequence the non-zero total subsurface cur-

rent has been created. 

Based on IP for nonstationary differential equations of general 

electrical conductivity as a basic expression for double layer potential, in 

[8] it is showed that x-, y-projections of elementary eddy currents, induced 

in the composite by each of (m, n)-four (m [-a, a], n [-b,b]) point sources, 

located on opposite sides of the contour, with the coordinates (  

and ( , also ( a, and (a, , is given by equalities: 

 (1) 

if x- and y-projections of the distance of composite surface (x, y, h)-

point from contour ( - and ( a, -elements are equal: 

   (2) 

In the equality (1) following designations are used:  is the air 

permeability;  is the composite conductivity along the x-, y-

coordinate; t and τ are time and its delay; 

         (3) 

is x-, y-projection of composite surface passing characteristics,  is 

the single step function; and c are the dielectric constant and the field 

propagation speed in the air;  is the modified Bessel function 0-order, 

in particular, the outer one is depended from a complex argument, and 

the internal one has a real variable;   is the square root of dissipa-

tion factor  along the x-, y-coordinate.  

In curly brackets the equation (1) has an expression that ap-

proximates a delta-function [9]. The derivative from  with re-
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spect to the variable z equals to zero if z = h. Therefore, in transitional 

and stationary modes tangential projections of eddy currents density are 

equal to zero [7] on the dipole layer outside of the composite surface. 

After a differention with respect to the variable z the expression 

in curly brackets from an equation (1) has the damped exponent, which 

is functionally dependents on the depth square   in the composite 

(skin-effect) [10] and on the approaching (τ →t) to the border of field 

spreading domain in the transition mode. 

If we equate to zero the derivative from the equation (1) with re-

spect to the variable z an applicant gets the value 

, which is approached to the dipole layer in-

side near the border of field spreading domain (τ → t) on the composite 

surface. That's where extreme tangential projections of eddy currents 

density are induced by a point source: 

   (4) 

x - and y -projection of eddy currents density inducted in the composite 

are defined by differences of equation (1) taken with the sign "+" and "-

", then integrated for from –a to a if it uses the index "x" and for 

 from –b to b if it uses the index "a", respectively: 

,   (5) 

,     (6) 

,  defined by formula (2). 
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Conclusions. Theoretical foundations of the information technology 

of nonstationary electromagnetic testing of orthotropic dissipative compos-

ites have been laid. Based on the integral equation for general conductivity 

differential equation as an expression for double layer potential, analytical 

spatial-temporal distributions of tangential projections of eddy currents 

density, induced by the rectangular contour of external nonstationary ex-

citment, under the composite surface have been obtained. 

It is shown that during transient and stationary modes zero tangen-

tial projections of eddy currents density have place on the dipole layer out-

side of composite surface. 

It is proved that skin-effect has place when the exponential decrease 

of eddy currents density depends on the depth square into the composite 

and an approaching to the boundary of field spreading domain in the tran-

sient mode. 

It is shown that in a current time values of tangential projections of 

eddy currents density become extreme when an approaching both to the di-

pole layer inside on the composite surface and to the boundary of of field 

spreading domain in the transitient mode. 
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ÓÄÊ 621.3 

È.Â. Ïîíîìàðåâ, À.Ð. ×óõàëî   

ÎÑÎÁÅÍÍÎÑÒÈ ÐÀÇÐÀÁÎÒÊÈ ÑÀÉÒÀ  

Ñ ÏÎÌÎÙÜÞ ASP.NET MVC FRAMEWORK 

 

Аннотация. Предложена последовательность действий для создания 

сайта с помощью MVC технологии. В основе архитектуры разрабаты-

ваемого продукта используется шаблон послойной архитектуры, кото-

рый упрощает работу программиста. 

Ключевые слова: ASP.NET, FRAMEWORK, многослойная архитектурa, MVC, 

модель, представление, контроллер. 

 

Ââåäåíèå. Áóäó÷è àëüòåðíàòèâîé òåõíîëîãèè Web Forms, 

ASP.NET MVC èñïîëüçóåò äðóãîé ïîäõîä ê âîïðîñó ñòðóêòóðèðîâàíèÿ 

âåá-ïðèëîæåíèé. Ýòî îçíà÷àåò, ÷òî íå ïðèäåòñÿ èìåòü äåëî ñ ASPX-

ñòðàíèöàìè è ýëåìåíòàìè óïðàâëåíèÿ, îáðàòíûìè çàïðîñàìè èëè 

ViewState, à òàêæå æèçíåííûìè öèêëàìè ñëîæíûõ ñîáûòèé. Âìåñòî 

ýòîãî îïðåäåëÿþòñÿ êîíòðîëëåðû, äåéñòâèÿ è ïðåäñòàâëåíèÿ. 

Ïîñòàíîâêà çàäà÷è. Íåîáõîäèìî ðàññìîòðåòü îñîáåííîñòè ðàç-

ðàáîòêè ñàéòà ñ ïîìîùüþ ASP.NET MVC FRAMEWORK, êîòîðàÿ ïî-

çâîëÿåò ðåøèòü ïðîáëåìó êîñòíîãî äèçàéíà ïðèëîæåíèÿ è ñêîíöåí-

òðèðîâàòüñÿ íà ðàçðàáîòêå êîíêðåòíîãî ñëîÿ ïðîãðàììû. 

Îñíîâíàÿ ÷àñòü. 

Îïèñàíèå ASP.NET MVC FRAMEWORK. 

MVC — ýòî ôóíäàìåíòàëüíûé ïàòòåðí, êîòîðûé íàøåë ïðèìå-

íåíèå âî ìíîãèõ òåõíîëîãèÿõ, äàë ðàçâèòèå íîâûì òåõíîëîãèÿì è 

êàæäûé äåíü îáëåã÷àåò æèçíü ðàçðàáîò÷èêàì [1]. Ðàññìîòðèì ñîñòàâ-

íûå ÷àñòè ïëàòôîðìû [2]. 

Ìîäåëü. 

Ïîä ìîäåëüþ ïîíèìàåòñÿ ÷àñòü ïðîãðàììû, ñîäåðæàùàÿ â ñåáå 

ôóíêöèîíàëüíóþ áèçíåñ-ëîãèêó ïðèëîæåíèÿ. Ìîäåëü äîëæíà áûòü 

ïîëíîñòüþ íåçàâèñèìà îò îñòàëüíûõ ÷àñòåé ïðîäóêòà. Ìîäåëüíûé 

ñëîé íè÷åãî íå äîëæåí çíàòü îá ýëåìåíòàõ äèçàéíà, è êàêèì îáðàçîì 

îí áóäåò îòîáðàæàòüñÿ. Òàêèì îáðàçîì, äîñòèãàåòñÿ ðåçóëüòàò, ïîçâî-
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ëÿþùèé ìåíÿòü ïðåäñòàâëåíèå äàííûõ, è òî êàê îíè îòîáðàæàþòñÿ, 

íå òðîãàÿ ñàìó ìîäåëü. Ìîäåëü îáëàäàåò ñëåäóþùèìè ïðèçíàêàìè: 

• ìîäåëü — ýòî áèçíåñ-ëîãèêà ïðèëîæåíèÿ; 

• ìîäåëü îáëàäàåò çíàíèÿìè î ñåáå ñàìîé è íå çíàåò î êîí-

òðîëëåðàõ è ïðåäñòàâëåíèÿõ; 

• äëÿ íåêîòîðûõ ïðîåêòîâ ìîäåëü — ýòî ïðîñòî ñëîé äàííûõ 

(DAO, áàçà äàííûõ, XML-ôàéë); 

• äëÿ äðóãèõ ïðîåêòîâ ìîäåëü — ýòî ìåíåäæåð áàçû äàííûõ, 

íàáîð îáúåêòîâ èëè ïðîñòî ëîãèêà ïðèëîæåíèÿ. 

Ïðåäñòàâëåíèå. 

Â îáÿçàííîñòè ïðåäñòàâëåíèÿ âõîäèò îòîáðàæåíèå äàííûõ ïî-

ëó÷åííûõ îò ìîäåëè. Îäíàêî, ïðåäñòàâëåíèå íå ìîæåò íàïðÿìóþ 

âëèÿòü íà ìîäåëü. Ìîæíî ãîâîðèòü, ÷òî ïðåäñòàâëåíèå îáëàäàåò äîñ-

òóïîì «òîëüêî ÷òåíèÿ» äàííûõ. Ïðåäñòàâëåíèå îáëàäàåò ñëåäóþùèìè 

ïðèçíàêàìè: 

• â ïðåäñòàâëåíèè ðåàëèçóåòñÿ îòîáðàæåíèå äàííûõ, êîòî-

ðûå ïîëó÷àþòñÿ îò ìîäåëè ëþáûì ñïîñîáîì; 

• ïðåäñòàâëåíèå, â íåêîòîðûõ ñëó÷àÿõ,  ìîæåò èìåòü êîä, 

ðåàëèçóþùèé íåêóþ áèçíåñ-ëîãèêó. 

Ïðèìåðû ïðåäñòàâëåíèÿ: HTML-ñòðàíèöà, WPF ôîðìà, 

Windows Form. 

Êîíòðîëëåð. 

Êîíòðîëëåð ïðåîáðàçóåò äåéñòâèÿ ïîëüçîâàòåëÿ (â äàííîì êîí-

òåêñòå, ïîëüçîâàòåëü – íå îáÿçàòåëüíî ÷åëîâåê) âî âõîäÿùèå ïàðàìåò-

ðû äëÿ ìîäåëè è ïåðåäàåò óïðàâëåíèå â ìîäåëü: 

• çàãðóæàåò ïåðåìåííûå îêðóæåíèÿ (POST/GET ïåðåìåí-

íûå, ïàðàìåòðû êîìàíäíîé ñòðîêè, URL ïàðàìåòðû è ò. ä.); 

• âûïîëíÿåò ïåðâè÷íóþ îáðàáîòêó ïåðåìåííûõ îêðóæåíèÿ 

(ïðîâåðêà òèïîâ ïåðåìåííûõ, èõ íàëè÷èå, óñòàíîâêà çíà÷åíèé ïî 

óìîë÷àíèþ è ò. ä.); 

• ðåàëèçóåò ìåõàíèçìû êîíòðîëÿ çà âíåøòàòíûìè ñèòóà-

öèÿìè; 

• ðåàëèçóåò ìåõàíèçìû ëîãèðîâàíèÿ (íå àóòåíòèôèêàöèè, à 

âåäåíèå æóðíàëîâ). 

Ïîñëåäîâàòåëüíîñòü ðàçðàáîòêè ñàéòà. Äëÿ íà÷àëà íåîáõîäèìî 

ðàçðàáîòàòü ñïåöèôèêàöèè äëÿ ïîëüçîâàòåëüñêîé è àäìèíèñòðàòèâíîé 

÷àñòè. Îíè äîëæíû âêëþ÷àòü â ñåáÿ îïèñàíèå îñíîâíûõ View-



 1 (108) 2017 «Ñèñòåìíûå òåõíîëîãèè»  

ISSN 1562-9945 88 

ýëåìåíòîâ è ñîîòâåòñòâóþùèé ôóíêöèîíàë, êîòîðûé ìîæåò áûòü âû-

ïîëíåí. Â îñíîâå àðõèòåêòóðû ïðîäóêòà èñïîëüçóåòñÿ øàáëîí ïî-

ñëîéíîé àðõèòåêòóðû (View Model). Ïðè ýòîì  ðàçðàáîòàííîå ïðî-

ãðàììíîå ðåøåíèå ñîñòîèò èç ïÿòè ñëîåâ, êàæäûé èç êîòîðûõ íå 

èìååò æåñòêèõ ñâÿçåé ñ îñòàëüíûìè.  

1. Ñëîé ñåðâåð, êîòîðûé ñîäåðæèò â ñåáå èíòåðôåéñû ïîëüçîâà-

òåëüñêèõ è àäìèíèñòðàòèâíûõ ôîðì, èõ êîíòðîëëåðû. 

2. Ðåïîçèòîðèé, êîòîðûõ ñîäåðæèò â ñåáå èíòåðôåéñ ñ íàáîðîì 

îáùèõ CRUD îïåðàöèé è êëàññ ñ èõ ðåàëèçàöèåé.   

3. DAL-ñëîé, â êîòîðîì îñóùåñòâëÿåòñÿ ñîçäàíèå áàçû, ïîñðåä-

ñòâîì Entity Framework. 

4. Ñëîé áèçíåñ-ëîãèêè, êîòîðûé ðåàëèçóåò îñíîâíîé ôóíêöèî-

íàë äëÿ ñëîÿ ìîäåëåé. 

5. Ñëîé ìîäåëåé, êîòîðûå ÿâëÿþòñÿ ïðîìåæóòî÷íûì ñëîåì 

ìåæäó áàçîé äàííûõ è áèçíåñ-ëîãèêîé. 

Ïðèìåð ðåàëèçàöèè.  

Â êà÷åñòâå ïëàòôîðìû äëÿ ðåàëèçàöèè âûáðàí .Net 

Framework – ìîùíûé, ñîâðåìåííûé, óäîáíûé â èñïîëüçîâàíèè, èíñò-

ðóìåíò ðàçðàáîòêè ïðèêëàäíûõ ïðîãðàìì, ïðåäîñòàâëÿþùèé îáøèð-

íóþ ñòàíäàðòíóþ áèáëèîòåêó.  

 
Ðèñóíîê 1 - Äèàãðàììà ðåøåíèÿ è îñíîâíûõ ñëîåâ ñàéòà 

 

Â êà÷åñòâå ïðèìåðà ðåàëèçàöèè ðàçðàáîòàí ñàéò ïî ïðîäàæå 

ýëåêòðîíèêè «WebShop» (ðèñ.1). Ðàññìîòðèì ñòàòè÷åñêèå ñòðàíèöû 

ñàéòà «WebShop». 
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Òàáëèöû â áàçå: public class ShopEntities: DbContext   
 {         
public DbSet<Client> Clients { get; set; } 
public DbSet<ClState> ClStates { get; set; } 
public DbSet<Image> Images { get; set; } 
public DbSet<Order> Orders { get; set; } 
public DbSet<OrderState> OrderStates { get; set; } 
public DbSet<Product> Products { get; set; } 
public DbSet<ProductCategory> ProductCategories { get; set; } 
public DbSet<ProductOrder> ProductOrders { get; set; } 
public DbSet<PrCategory> PrCategories { get; set; } 
public DbSet<Static> Statics { get; set; } 
public DbSet<Cart> Carts { get; set; } 
public DbSet<OrderCart> OrderCarts { get; set; } 
public DbSet<Comment> Comments { get; set; } 
} 
 

Ìîäåëü äàííîé òàáëèöû:  

public class StaticModel : ViewModelBase<int> 
    { 
         public Int64 Static_id { get; set; } 
         public string About_shop { get; set; } 
       public string Sales { get; set; } 
         public string Delivery { get; set; } 
    } 
 

Áèçíåñ-ëîãèêà: 

public class StaticDomainModel : BaseDomainModel 
    { 
        public void AddStatic() 
        { 
            using (var repository = new BaseRepository<Static, 

int>()) 
            { 
                //repository.Insert(new Static { Title = "Test1" }); 
            } 
        } 
        public IEnumerable<StaticModel> GetAll() 
        { 
            using (var repository = new BaseRepository<Static, 

int>()) 
            { 
                var list = repository.Query().Select(x => new 

StaticModel  
{ Static_id = x.Static_id, About_shop = x.About_shop,  
Delivery = x.Delivery, Sales = x.Sales }).ToList(); 
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                return list; 
            } 
        } 
        public Static GetById(int id) 
        { 
            using (var repository = new BaseRepository<Static, 

int>()) 
            { 
                return repository.Get(id); 
            } 
        } 
 

Ïðèìåð ñòðàíèöû «Ñêèäêè»: 

@model IEnumerable<WebShop.Models.StaticModel> 
@{ 
    ViewBag.Title = "Àêöèè"; 
} 
<h2>@ViewBag.Title</h2> 
<p> 
    @foreach (var item in Model) 
            { 
        <tr> 
            @Html.DisplayFor(model => item.Sales) 
        </tr> 
    }</p> 
 

Âûâîäû. Â ðàáîòå ðàññìîòðåíà îñíîâà ïðîãðàììíîãî ðåøåíèÿ 

ñîçäàíèÿ ñàéòà ñ ïîìîùüþ òåõíîëîãèè MVC. Îïðåäåëÿåòñÿ àðõèòåê-

òóðà ïðîäóêòà, ðàçðàáàòûâàåòñÿ îáùàÿ ñõåìà âçàèìîäåéñòâèÿ ñëîåâ 

ïðîãðàììû. Ïëàòôîðìà ASP.NET MVC ïîçâîëÿåò ñîçäàâàòü ïðîãðàì-

ìû ñî ñëàáî ñâÿçàííûìè ñëîÿìè. Ýòî äàåò âîçìîæíîñòü ïðîãðàììèðî-

âàòü êàæäûé ñëîé íåçàâèñèìî äðóã îò äðóãà, òàêèì îáðàçîì, îáëåã÷àÿ 

ðàáîòó ðàçðàáîò÷èêîâ, ïîçâîëÿÿ ñêîíöåíòðèðîâàòüñÿ íà êîíêðåòíîé 

çàäà÷å. 
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Анотація. На основі бібліотеки OpenCV та додатково розроблених функ-

цій пропонується комп’ютерна система стереозору для візуального ви-

значення відстаней до об’єктів, поміж об’єктами та на об’єктах. Систе-

ма працює на базі програмної платформи Microsoft .NET Framework і ви-

користовує бібліотеку Emgu CV в якості бібліотеки-обгортки для 

OpenCV. Під час її роботи зображення отримуються або безпосередньо 

від камер стереопари, підключених до комп’ютера, або з файлів на диску. 

Визначення відстаней здійснюється або в автоматичному режимі через 

відповідні функції бібліотеки OpenCV, які пов’язані з розпізнаванням 

об’єктів за їх шаблонами, або в інтерактивному режимі шляхом викори-

стання додатково розроблених функцій, які пов’язані з виокремленням 

точок на об’єктах. 

Ключові слова: стереозір, автоматичний, OpenCV, Emgu CV. 

 

Âñòóï 

Àâòîìàòè÷íèé àíàë³ç ³ îáðîáêà â³çóàëüíèõ äàíèõ, îòðèìàíèõ 

â³ä ñèñòåì ñòåðåîñêîï³÷íîãî çîðó, º âàæëèâîþ ãàëóççþ ³íôîðìàö³éíèõ 

òåõíîëîã³é. Ðîçâèòîê äàíî¿ ãàëóç³ îáóìîâëþº ìîæëèâ³ñòü ñòâîðåííÿ 

äîñêîíàëèõ ñèñòåì íàâ³ãàö³¿ äëÿ àâòîíîìíèõ ðîáîò³â, ðîçøèðåííÿ 

ìîæëèâîñòåé â³äåîñïîñòåðåæåííÿ äëÿ öèâ³ëüíèõ òà â³éñüêîâèõ ïî-

òðåá, à òàêîæ äàº ïîøòîâõ äëÿ ³ííîâàö³é â ïðîìèñëîâîñò³ òà ñôåð³ 

ðîçâàã. Â ïîäàí³é ðîáîò³ ïðîïîíóºòüñÿ êîìï’þòåðíà ñèñòåìà ñòåðåîçî-

ðó, ÿêà íàäàº ìîæëèâ³ñòü ðîáîòè ÿê â àâòîìàòè÷íîìó ðåæèì³ çà äî-

ïîìîãîþ ôóíêö³é á³áë³îòåêè OpenCV, ÿê³ ïîâ’ÿçàí³ ç ðîçï³çíàâàííÿì 

øóêàíèõ îá’ºêò³â çà ¿õ øàáëîíàìè, òàê ³ â ³íòåðàêòèâíîìó ðåæèì³ 

øëÿõîì âèêîðèñòàííÿ äîäàòêîâî ðîçðîáëåíèõ ôóíêö³é, ÿê³ ïîâ’ÿçàí³ 

ç âèîêðåìëåíèìè òî÷êàìè (ìàðêåðàìè) íà îá’ºêòàõ. Ïðè öüîìó ôóíê-

ö³îíàë á³áë³îòåêè OpenCV âèêîðèñòîâóºòüñÿ ÷åðåç á³áë³îòåêó-îáãîðòêó 

Emgu CV. 
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Ïîñòàíîâêà çàâäàííÿ 

Ïîñòàíîâêà çàäà÷³ ïîëÿãàº ó ñòâîðåíí³ êîìï’þòåðíî¿ ñèñòåìè 

ñòåðåîçîðó íà áàç³ â³äïîâ³äíèõ á³áë³îòåê ç â³äêðèòèì ïðîãðàìíèì êî-

äîì òà ç ìîæëèâîñòÿìè àâòîìàòè÷íîãî é ³íòåðàêòèâíîãî àíàë³çó çî-

áðàæåíü ñòåðåîïàðè, ïîøóêó îá’ºêò³â ³ îá÷èñëåííÿ â³äñòàíåé äî íèõ, 

â³äñòàíåé ïîì³æ íèìè òà â³äñòàíåé íà íèõ. 

Îñíîâíà ÷àñòèíà 

Çâè÷àéíî ñèñòåìà êîìï’þòåðíîãî ñòåðåîçîðó ïîâèííà ïåðåäáà-

÷àòè ðîáîòó ç çîáðàæåííÿìè ñòåðåîïàðè íåçàëåæíî â³ä øëÿõó ¿õ 

îòðèìàííÿ (çàõîïëåííÿ ç öèôðîâèõ êàìåð, ç÷èòóâàííÿ ç ôàéë³â, 

îòðèìàííÿ îêðåìèõ êàäð³â ç â³äåî), à òàêîæ ìîæëèâ³ñòü àíàë³çó òà 

îáðîáêè çîáðàæåíü äëÿ âèáîðó áàæàíîãî àëãîðèòìó ðîáîòè. Äëÿ ðîç-

ðîáêè òàêî¿ ñèñòåìè ìîæíà âèêîðèñòàòè ïðîãðàìíó ïëàòôîðìó Micro-

soft .NET Framework 4.0, à äëÿ îáðîáêè çîáðàæåíü - ïîïóëÿðíó á³áë³-

îòåêó OpenCV 3.0 ç â³äêðèòèì ïðîãðàìíèì êîäîì. Â öüîìó âèïàäêó â 

ÿêîñò³ ìîâè ðîçðîáêè ìîæíà âèêîðèñòàòè Ñ#, ùî ïåðåäáà÷àº âèêîðè-

ñòàííÿ á³áë³îòåêè-îáãîðòêè Emgu CV äëÿ ìîæëèâîñò³ çâåðòàííÿ äî 

ôóíêö³é OpenCV. 

Ïåðøèé êðîê àëãîðèòìó ðîáîòè â³äïîâ³äíî¿ ñèñòåìè ïîëÿãàº ó 

ç÷èòóâàíí³ ïàðè çîáðàæåíü, îòðèìàíèõ çà ñòåðåñêîï³÷íèì ïðèíöè-

ïîì. Òàê³ çîáðàæåííÿ ìîæóòü áóòè îòðèìàí³ øëÿõîì áåçïîñåðåäíüî¿ 

ïåðåäà÷³ ç êàìåð, âèä³ëåí³ ó â³äåîðÿä³ àáî ç÷èòàí³ ç ôàéë³â íà äèñ-

êó [1]. Äëÿ òèïîâî¿ ñèñòåìè ñòåðåîçîðó ç äâîìà êàìåðàìè (ðèñ.1) âà-

æëèâèì º îäíî÷àñíå îòðèìàííÿ ³íôîðìàö³¿ ç îáîõ êàìåð. ßêùî ñöåíà, 

ùî ñïîñòåð³ãàºòüñÿ êàìåðàìè, º ñòàòè÷íîþ ³ ðóõ êàìåð íå ïåðåäáà÷à-

ºòüñÿ, òîä³ îäíî÷àñíà çéîìêà íå º êðèòè÷íèì ïàðàìåòðîì. Á³áë³îòåêà 

OpenCV íàäàº ñïåö³àë³çîâàíèé êëàñ CvCapture, ÿêèé äîçâîëÿº ðåàë³-

çóâàòè ðîáîòó ç êàìåðàìè òà â³äåî, ³ êëàñ IplImage äëÿ ðîáîòè ç ôàé-

ëàìè çîáðàæåíü. 

 
Ðèñóíîê 1 - Òèïîâå êîìïîíóâàííÿ ñèñòåìè ñòåðåîçîðó; 

Z1, Z2 – îïòè÷í³ îñ³; Õ - ñï³ëüíà ãîðèçîíòàëüíà ïëîùèíà 
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Äðóãèé êðîê àëãîðèòìó ðîáîòè ïåðåäáà÷àº ïîïåðåäí³ ïåðåòâî-

ðåííÿ çîáðàæåíü ç ìåòîþ ïîêðàùåííÿ ¿õ ÿêîñò³ äëÿ ïîäàëüøî¿ ðîáî-

òè, íàïðèêëàä, øëÿõîì çìåíøåííÿ øóìó íà çîáðàæåííÿõ çà äîïîìî-

ãîþ ïðîñòðîâî¿ ô³ëüòðàö³¿. Çà äîïîìîãîþ êëàñó Mat á³áë³îòåêè 

OpenCV ìîæíà âèêîíóâàòè øèðîêèé ñïåêòð ð³çíèõ ìàí³ïóëÿö³é íàä 

çîáðàæåííÿìè, âèêîðèñòîâóþ÷è ³ñíóþ÷³ ÷è âëàñí³ àëãîðèòìè îáðîá-

êè [2]. 

Äëÿ òðåòüîãî êðîêó àëãîðèòìó, ÿêèé ïåðåäáà÷àº ðîçï³çíàâàííÿ 

îêðåìèõ îá’ºêò³â íà çîáðàæåíí³ äëÿ ïîäàëüøîãî âèçíà÷åííÿ â³äñòàí³ 

äî íèõ, âèêîðèñòîâóºòüñÿ êëàñ Cascade Classification. Äàíèé êëàñ âè-

êîðèñòîâóº êàñêàä ôîðñîâàíèõ êëàñèô³êàòîð³â, ùî ïðàöþþòü ç Õààð-

ïîä³áíèìè ôóíêö³ÿìè. Êëàñ Cascade Classification âèìàãàº íàâ÷àëüíî¿ 

âèá³ðêè äëÿ ôîðìóâàííÿ ïîøóêîâîãî øàáëîíó àáî ìîæå âèêîðèñòîâó-

âàòè óæå ãîòîâ³ ôàéëè ç ðåçóëüòàòàìè íàâ÷àííÿ äëÿ  àíàë³çó çîáðà-

æåííÿ ³ âèÿâëåííÿ îá’ºêò³â ïåâíîãî òèïó. Ðåçóëüòàòè ðîáîòè ôîðìó-

þòüñÿ ó âèãëÿä³ ìàñèâó ç ³íôîðìàö³ºþ ïðî êîîðäèíàòè îáëàñòåé çî-

áðàæåííÿ, ÿê³ êëàñèô³êîâàí³ çã³äíî ïîøóêîâîãî øàáëîíó. 

Íà íàñòóïíîìó êðîö³ âèêîíóþòüñÿ ñòåðåîñêîï³÷í³ îá÷èñëåííÿ 

äëÿ âèçíà÷åííÿ â³äñòàí³ äî âèÿâëåíèõ íà çîáðàæåíí³ îá’ºêò³â. Á³áë³î-

òåêà OpenCV íàäàº ðåàë³çàö³þ àëãîðèòì³â ñòåðåîçîðó Block Matching 

(êëàñ StereoBinaryBM) ³ Semi Global Block Matching.(êëàñ StereoBi-

narySGBM). Äëÿ åôåêòèâíî¿ ðîáîòè äàíèõ àëãîðèòì³â íåîáõ³äíå âèêî-

íàííÿ ÷îòèðüîõ ïîñë³äîâíèõ åòàï³â: 

1) ñòåðåîêàë³áðóâàííÿ êàìåð â ñï³ëüí³é ñèñòåì³ êîîðäèíàò òà 
îòðèìàííÿ ìàòðèö³ ïðîåêö³é äëÿ êîæíî¿ ç êàìåð; 

2) ðåêòèô³êàö³ÿ âõ³äíèõ çîáðàæåíü ñòåðåîïàðè çà åï³ïîëÿðíè-
ìè ë³í³ÿìè íà îñíîâ³ äàíèõ ïðî ñòåðåîêàë³áðóâàííÿ êàìåð; 

3) ïîáóäîâà êàðòè äèñïàðàíòíîñò³ (ðîçá³æíîñò³) çîáðàæåííÿ, 
äå çàì³ñòü çíà÷åíü êîëüîðó çáåð³ãàºòüñÿ ³íôîðìàö³ÿ ïðî ðîçá³æí³ñòü 

â³äïîâ³äíèõ ï³êñåë³â; 

4) íà îñíîâ³ êàðòè äèñïàðàíòíîñò³ âèêîíóºòüñÿ òð³àíãóëÿö³ÿ òà 
âèçíà÷àºòüñÿ â³äñòàíü â ïðîñòîð³ äî êîæíî¿ ç òî÷îê çîáðàæåííÿ. 

Ðåçóëüòàòè ðîáîòè çàçíà÷åíèõ àëãîðèòì³â íå çàâæäè ìàþòü êî-

ðåêòí³ çíà÷åííÿ ÷åðåç âïëèâ ðÿäó íåãàòèâíèõ ÷èííèê³â (íåîáõ³äí³ñòü 

íèçêè ïî÷àòêîâèõ ïðèïóùåíü ïðî çîâí³øíº ñâ³òëî, ïðî ïåðåêðèòòÿ 

÷àñòèí îá’ºêò³â, ïðî íàÿâí³ñòü âåëèêî¿ ê³ëüêîñò³ îäíàêîâèõ çà ÿñêðà-

â³ñòþ îáëàñòåé íà çîáðàæåííÿõ òîùî). Õî÷à   äàí³ àëãîðèòìè äîçâî-
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ëÿþòü äîñòàòíüî øâèäêî âèêîíàòè îö³íêó â³äñòàí³ äî áàãàòüîõ òî÷îê 

íà çîáðàæåííÿõ [3], àëå âîíè íå ìîæóòü áóòè âèêîðèñòàí³ äëÿ ðîáîòè 

â ðåæèì³ ðåàëüíîãî ÷àñó íà ìàëîïîòóæíèõ êîìï’þòåðàõ. Ç³ñòàâëåííÿ 

äàíèõ ïðî êîîðäèíàòè îáëàñòåé âèÿâëåíèõ îá’ºêò³â òà â³äñòàíü äî òî-

÷îê â öèõ îáëàñòÿõ äîçâîëÿº âèêîíàòè îö³íêó â³äñòàí³ äî îá’ºêòà ç 

óñóíåííÿì âïëèâó íåâàë³äíèõ çíà÷åíü øëÿõîì óñåðåäíåííÿ çíà÷åíü 

â³äñòàí³, ÿê³ ïîòðàïèëè â ì³æêâàðòèëüíèé ðîçìàõ. 

Ó íàáëèæåíí³ ãåîìåòðè÷íî¿ îïòèêè òà íà áàç³ ìîäåë³ êàìåð-

îáñêóðà ñòåðåîñêîï³÷í³ îá÷èñëåííÿ ìîæíà ïðîâîäèòè çà ôîðìó-

ëîþ [4]: 

0

0
1 22

2
( ) | |

Bp
D

tg p p
= φ −

,     (1) 

äå D – ãåîìåòðè÷íà â³äñòàíü ì³æ ïëîùèíîþ êàìåð òà ïëîùèíîþ, äå 

çíàõîäèòüñÿ øóêàíà ïðîñòîðîâà òî÷êà, B – â³äñòàíü ì³æ îïòè÷íèìè 

îñÿìè êàìåð (áàçîâà â³äñòàíü), p0 – çàãàëüíà øèðèíà çîáðàæåííÿ â 

ï³êñåëÿõ, φ0 – êóò îãëÿäó êàìåð, p1 – ãîðèçîíòàëüíà êîîðäèíàòà òî÷-

êè íà ïåðøîìó çîáðàæåíí³ â ï³êñåëÿõ, p2 – ãîðèçîíòàëüíà êîîðäèíàòà 

òî÷êè íà ïðàâîìó çîáðàæåíí³ â ï³êñåëÿõ. Óâåäåííÿ ñèñòåìè êîîðäè-

íàò ç ¿¿ ïî÷àòêîì, íàïðèêëàä, â öåíòð³ ë³âî¿ êàìåðè, äîçâîëÿº îòðè-

ìóâàòè àáñîëþòí³ çíà÷åííÿ â³äïîâ³äíèõ ïðîñòîðîâèõ êîîðäèíàò.  

Íà îñíîâ³ äàíèõ ïðî ïðîñòîðîâ³ êîîðäèíàòè âèÿâëåíèõ îá’ºêò³â 

ìîæíà âèçíà÷èòè òî÷êè, ÿê³ âêàçóþòü íà ¿õ ãåîìåòðè÷í³ öåíòðè. Îá-

÷èñëåííÿ â³äñòàí³ äî öåíòðàëüíèõ òî÷îê îá’ºêò³â çã³äíî (1) äîçâîëÿº 

äîñèòü òî÷íî âèçíà÷àòè â³äñòàíü, ÿêùî îá’ºêò ìàº íåñêëàäíó ôîðìó. 

Çðîçóì³ëî, ùî òàêèé ï³äõ³ä çàáåçïå÷óº âèñîêó øâèäê³ñòü îòðèìàííÿ 

ðåçóëüòàò³â ÷åðåç çíà÷íî ìåíø³ âèìîãè äî ÿêîñò³ âõ³äíèõ çîáðàæåíü, 

õî÷à é íå äîçâîëÿº âèêîíóâàòè ïîâíèé àíàë³ç çîáðàæåíü ñòåðåîïàðè. 

Òàêèì ÷èíîì, (1) ìîæíà ââàæàòè îñíîâîþ äëÿ ³íòåðàêòèâíîãî ðåæè-

ìó ðîáîòè ñèñòåìè. 

Çàçíà÷åí³ àëãîðèòìè ðîáîòè ñèñòåìè âò³ëåíî ó âèãëÿä³ Win-

dows-äîäàòêó. Â³í íàäàº åëåìåíòè óïðàâë³ííÿ äëÿ âèáîðó âõ³äíèõ 

ôàéë³â àáî ïðèñòðî¿â, ìåòîä³â ïîïåðåäíüî¿ ô³ëüòðàö³¿ òà îáðîáêè çî-

áðàæåíü ñòåðåîïàðè, ³íòåðôåéñ âèáîðó ôàéë³â ç äàíèìè äëÿ êëàñèô³-

êàö³¿ îá’ºêò³â, à òàêîæ äîçâîëÿº îáèðàòè îäèí ³ç îïèñàíèõ àëãîðèòì³â 

ñòåðåîñêîï³÷íèõ îá÷èñëåíü. Â çàëåæíîñò³ â³ä âèáîðó ³ ðåñóðñ³â àïàðà-
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òíî¿ ïëàòôîðìè, íà ÿê³é ïðàöþº äîäàòîê, ìîæëèâà ðåàë³çàö³ÿ âñ³õ 

åòàï³â â ðåæèì³ ðåàëüíîãî ÷àñó. 

Íà ðèñ.2 íàâåäåíî ïðèêëàä çîáðàæåíü ñòåðåîïàðè, îòðèìàíèõ â 

àâòîìàòè÷íîìó ðåæèì³ ðîáîòè ï³ä ÷àñ îá÷èñëåííÿ â³äñòàí³ äî îáëè÷÷ÿ 

ëþäèíè øëÿõîì ïîñë³äîâíîãî âèêîíàííÿ îïåðàö³é çàõîïëåííÿ çîáðà-

æåíü ç äâîõ êàìåð, ¿õ ïîïåðåäíüî¿ îáðîáêè òà ïîøóêà îá’ºêòà çà øàá-

ëîíîì ç ïîçíà÷åííÿì â³äïîâ³äíîãî ðåçóëüòàòó. 

 
Ðèñóíîê 1 - Çîáðàæåííÿ ñòåðåîïàðè 

 

Âèñíîâêè 

Íà îñíîâ³ ôóíêö³îíàëó á³áë³îòåêè OpenCV òà ç âèêîðèñòàííÿì 

á³áë³îòåêè-îáãîðòêè Emgu CV ðîçðîáëåíà êîìï’þòåðíà ñèñòåìà ñòå-

ðåîçîðó ó âèãëÿä³ Windows-äîäàòêó, ùî ôóíêö³îíóº íà ïåðñîíàëüíîìó 

êîìï’þòåð³, òà äâîõ êàìåð. Àëãîðèòì ðîáîòè ñèñòåìè ïåðåäáà÷àº ãíó-

÷êèé âèá³ð âàð³àíò³â ¿¿ ôóíêö³îíóâàííÿ çàëåæíî â³ä ïîòðåá êîðèñòó-

âà÷à. Ðîçâèòîê ðîçðîáëåíî¿ ñèñòåìè ñïðÿìîâàíèé íà âäîñêîíàëåííÿ 

òà îïòèì³çàö³þ ïðîöåñó ¿¿ ðîáîòè, çîêðåìà ïåðåõ³ä íà àðõ³òåêòóðó 

CUDA äëÿ ï³äâèùåííÿ åôåêòèâíîñò³ òà ïðèñêîðåííÿ îáðîáêè çîáðà-

æåíü çà äîïîìîãîþ ãðàô³÷íèõ ïðîöåñîð³â. 
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SCALA ÄËß ÑÒÂÎÐÅÍÍß RESTFUL WEB-ÑÅÐÂ²Ñ²Â 

 
Анотація. Пропонується фреймворк на базі мови програмування Scala 

для розробки стандартизованих RESTful веб-сервісів. Проект націлений 

на застосовування іншими розробниками програмного забезпечення для 

полегшення розробки веб-додатків, створених за допомогою 

архітектури мікросервісів.  

Ключові слова: фреймворк, веб-сервіси, Scala, REST. 

 

Ïîñòàíîâêà ïðîáëåìè. Îäíèì ç íàéá³ëüø âàæëèâèõ ïèòàíü 

ðîçâèòêó âåá-äîäàòê³â º ïðîöåñ âçàºìîä³¿ êë³ºíòà ³ç ñåðâåðîì. Äîâãèé 

÷àñ öåé ïðîöåñ áóâ äîâ³ëüíèì äëÿ êîæíîãî äîäàòêó. Òàêà ñèòóàö³ÿ 

ïðî³ñíóâàëà äî ñòâîðåííÿ ïåðøèõ ïðîòîêîë³â ñåð³àë³çàö³¿ äàíèõ òà 

ìåõàí³çì³â äëÿ ñòâîðåííÿ äîâ³ëüíèõ çàïèò³â. Ïîÿâà ñòàíäàðò³â äëÿ 

êîìóí³êàö³¿ ì³æ êë³ºíòîì òà ñåðâåðîì äîçâîëèëà âèð³øèòè ïðîáëåìó 

ñòâîðåííÿ ð³çíèõ êë³ºíò³â äëÿ îäíîãî ³ òîãî æ ñåðâåðó. Ñë³ä çàçíà÷è-

òè, ùî íà äàíèé ìîìåíò ³ñíóº ðÿä ïðîáëåì ïðè ñòâîðåíí³ 

ñòàíäàðòèçîâàíî¿ òà åôåêòèâíî¿ ñåðâåðíî¿ ÷àñòèíè: âèñîêèé ïîð³ã 

âõîäó äëÿ ðåàë³çàö³¿ ïîä³áíèõ ñèñòåì (ïîâ'ÿçàíèé ç â³äñóòí³ñòþ êîì-

ïëåêñíèõ ³íñòðóìåíò³â äëÿ ïðîåêòóâàííÿ òà ðåàë³çàö³¿ âåá-ñåðâ³ñ³â); 

íàÿâí³ñòü ïåâíîãî äîñâ³äó â ðîçðîáö³ âåá-äîäàòê³â (RESTful âåá-

ñåðâ³ñè äîâîäèòüñÿ çáèðàòè ç îêðåìèõ êîìïîíåíò³â [1]); â³äñóòí³ñòü 

àáî ìàëà ê³ëüê³ñòü ïðèêëàä³â îðãàí³çàö³¿ âåá-ñåðâ³ñ³â â äîäàòêó 

(ïîâ’ÿçàíî ç çàêðèò³ñòþ âèõ³äíèõ êîä³â àáî íàâ³òü áóäü-ÿêèõ ïîäðî-

áèöü ðåàë³çàö³¿). Òîìó äîñë³äæåííÿ â íàïðÿìêó ðîçðîáêè ñåðâåðíî¿ 

÷àñòèíè íà îñíîâ³ âåá-ñåðâ³ñ³â º àêòóàëüíèìè. 

Àíàë³ç îñòàíí³õ äîñë³äæåíü. Çàðàç ñïîñòåð³ãàºòüñÿ äèíàì³÷íå 

çðîñòàííÿ àóäèòîð³¿ ìåðåæ³ Internet. Äëÿ íàäàííÿ ÿê³ñíèõ ïîñëóã êî-

ðèñòóâà÷àì ³íôðàñòðóêòóðà ñó÷àñíèõ âåá-äîäàòê³â ïîâèííà ëåãêî òà 

â÷àñíî ìàñøòàáóâàòèñÿ. Àëå ïðè çá³ëüøåíí³ ïðîåêòó ñòàº âñå 

ñêëàäí³øå äîòðèìóâàòèñÿ ñòàá³ëüíîñò³ äîäàòêó, à øâèäê³ñòü íàïèñàí-

íÿ íîâîãî ôóíêö³îíàëó çíèæóºòüñÿ. Âèð³øåííÿì ö³º¿ ïðîáëåìè º ðîç-
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áèòòÿ äîäàòêó íà âåá-ñåðâ³ñè, àëå öå çá³ëüøóº ê³ëüê³ñòü íåñïîä³âàíèõ 

ñèòóàö³é (ïðîáëåìè ç ìåðåæåþ, íåî÷³êóâàíå çì³íåííÿ ïðîòîêîëó 

ïåðåäà÷³ äàíèõ ³ ò.³í.) [2, 3]. Äëÿ ¿õ çàïîá³ãàííÿ íåîáõ³äíî âèêîðè-

ñòîâóâàòè ³íñòðóìåíòè, ÿê³ ïîïåðåäÿòü ðîçðîáíèêà ïðî íàÿâí³ñòü ïî-

ìèëîê. Åôåêòèâíèì çàñîáîì äëÿ öüîãî º âèá³ð ³íôðàñòðóêòóðè JVM 

òà ìîâè ïðîãðàìóâàííÿ Scala [4], ÿêà ìàº ïîòóæíèé ñòàòè÷íèé 

àíàë³çàòîð òà ï³äòðèìêó ÿê îá’ºêòíî-îð³ºíòîâíî¿ ïàðàäèãìè òàê ³ 

ôóíêö³îíàëüíî¿ ïàðàäèãìè ïðîãðàìóâàííÿ.  

Ìåòîþ ñòàòò³ º ñòâîðåííÿ ôðåéìâîðêó äëÿ øâèäêî¿ ðîçðîáêè 

RESTful âåá-ñåðâ³ñ³â íà áàç³ ìîâè ïðîãðàìóâàííÿ Scala, ÿêèé îðãàí³-

çóº ðîáîòó ì³æ êîìïîíåíòàìè ñèñòåìè òà âèð³øóâàòèìå íàñòóïí³ ïðî-

áëåìè: ñòâîðåííÿ ñòðóêòóðè äîäàòêà; óí³ô³êàö³¿ âçàºìîä³¿ ç âåá-

ñåðâ³ñîì; îðãàí³çàö³¿ àñèíõðîííî¿ ðîáîòè âåá-ñåðâ³ñó; íàëàøòóâàííÿ 

êåøóâàííÿ ñåðâ³ñó; çá³ðêè ãîòîâîãî äîäàòêó ³ äîñòàâêè éîãî íà ñåðâåð. 
Îñíîâíà ÷àñòèíà. Äëÿ ñòâîðåííÿ ôðåéìâîðêó áóëà îáðàíà ìîâà 

ïðîãðàìóâàííÿ Scala. Ç äîñòóïíèõ äëÿ JVM ïëàòôîðìè ³íñòðóìåíò³â 

ñêëàäàííÿ êîäó áóëà îáðàíà ñèñòåìà sbt [5]. Â ÿêîñò³ ðîáî÷îãî ñåðåäî-

âèùà âèêîðèñòîâóºòüñÿ êîìï’þòåð íà áàç³ ÎÑ OS X ç âèêîðèñòàííÿì 

â³ðòóàëüíî¿ ìàøèíè Java âåðñ³¿ 8 òà Scala êîìï³ëÿòîðó âåðñ³¿ 2.11.8. Â 

ÿêîñò³ ðåäàêòîðó êîäó îáðàíà IntelijIdea 2016.1.  

Íà ðèñ. 1 íàâåäåíî ñòðóêòóðó ôðåéìâîðêó.  

 
Ðèñóíîê 1 - Ñòðóêòóðà ôðåéìâîðêó 

 

Ïàïêà src â êîðåí³ ïðîåêòó ì³ñòèòü óñ³ ñèðöåâ³ êîäè ôðåéìâî-

ðêó, ïàïêà main - ñèðöåâ³ êîäè îñíîâíîãî äîäàòêó; ïàïêà resources 

ïðèçíà÷åíà äëÿ ñòàòè÷íèõ ôàéë³â òà scala - äëÿ êîäó äîäàòêó. 

Commands ì³ñòèòü êëàñè äëÿ ðåàë³çàö³¿ îñíîâíîãî ôóíêö³îíàëó ôðåé-

ìâîðêó, templates - îñíîâè äëÿ êëàñ³â, ÿê³ ôðåéìâîðê áóäå ñòâîðþâà-

òè ï³ä ÷àñ ðîáîòè. Ñòâîðåíèé êëàñ CommandPlugin âèêîðèñòîâóºòüñÿ 

â ÿêîñò³ àãðåãàòîðà óñ³õ äîñòóïíèõ êîìàíä òà º îñíîâíèì êëàñîì ïëà-

ã³íó. ResourceManagement º êëàñîì äëÿ âçàºìîä³¿ ç ôàéëîâîþ ñèñòå-

ìîþ êîðèñòóâà÷à ïëàã³íó.  
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Íàëàøòîâóºìî ³íñòðóìåíò ñêëàäàííÿ, ùîá ìàòè ìîæëèâ³ñòü 

ñòâîðþâàòè ñíàïøîòè äëÿ òåñòóâàííÿ. Äëÿ öüîãî ó êîðåí³ ïðîåêòó 

ñòâîðþºìî ôàéë build.sbt òà íàëàøòîâóºìî éîãî ïàðàìåòðè.  

Ñòâîðåííÿ ìåíåäæåðó ðåñóðñ³â. Îäíèì ç îñíîâíèõ êëàñ³â äëÿ 

ôðåéìâîðêó º ìåíåäæåð ðåñóðñ³â (âèêîðèñòîâóºòüñÿ äëÿ ñòâîðåííÿ òà 

íàïîâíåííÿ ôàéë³â ç êîäîì ïðîãðàìè êîðèñòóâà÷à). Öÿ çàäà÷à âèð³-

øóºòüñÿ çàâäÿêè ïàêåòó java.nio. Îñîáëèâ³ñòþ ðîáîòè ç ôàéëàìè ó 

ïàêåò³ java.nio º òå, ùî âçàºìîä³ÿ ç äàíèìè ó ôàéëîâ³é ñèñòåì³ â³äáó-

âàºòüñÿ çà äîïîìîãîþ áóôåð³â. Çàâäÿêè áóôåðàì º ìîæëèâ³ñòü ïðàöþ-

âàòè ç âåëèêèìè ôàéëàìè, ïîñë³äîâíî ç÷èòóþ÷è òà îáðîáëþþ÷è ¿õ ÷à-

ñòèíè. Äëÿ ñòâîðåííÿ ôðåéìâîðêó íåîáõ³äí³ òàê³ îïåðàö³¿ ÿê: ñòâî-

ðåííÿ äåðåâ êàòàëîã³â, ñòâîðåííÿ ôàéëó, ÷èòàííÿ òà çàïèñ ó ôàéë, 

çàïèñ ó ê³íåöü ôàéëó òà êîï³þâàííÿ. Ñàì êëàñ áóäå ðîçðîáëåíèé ó 

ôîðìàò³ òðåéòó – öå ³íòåðôåéñ ÿêèé ìîæå ìàòè áàçîâó ðåàë³çàö³þ. 

Îñíîâíîþ îñîáëèâ³ñòþ éîãî º òå, ùî êëàñ ìîæå óñïàäêîâóâàòèñÿ â³ä 

áåçë³÷³ òðåéò³â. 

Ñòâîðåííÿ êëàñ³â äëÿ çàïóñêó âåá-ñåðâåðà. Äëÿ òîãî, ùîá êîðè-

ñòóâà÷ ôðåéâîðêó ìàâ ìîæëèâ³ñòü îäðàçó ï³ñëÿ ñòâîðåííÿ ïðîåêòó çà-

ïóñòèòè âåá-ñåðâåð, íàì íåîáõ³äíî ñòâîðèòè áàçîâèé êëàñ. Äàë³ íàëà-

øòîâóºìî òà çàïóñêàºìî âåá-ñåðâåð. Â ÿêîñò³ âåá-ñåðâåðó áóäå âèêîðè-

ñòàíà á³áë³îòåêà akka-http, ÿêà íàäàº íàì http-server íàïèñàíèé íà 

ìîâ³ Scala. Îáðàíèé âåá-ñåðâåð º àñèíõðîííèì òà áàãàòî ïîòî÷íèì. 

Éîãî îñíîâíîþ êîíô³ãóðàö³ºþ º ôàéë ç ðîóòèíãîì çàïèò³â, ó íüîìó 

êîðèñòóâà÷ ôðåéìâîðêó ìàº îïèñàòè ñòðóêòóðó ïîñèëàíü äëÿ äîñòóïó 

äî RESTful ðåñóðñ³â. Ï³ñëÿ ñòâîðåííÿ ôóíêö³¿ äëÿ ãåíåðàö³¿ áàçîâèõ 

êëàñ³â ìè ìàºìî ïðèçíà÷èòè êîìàíäó ôðåéìâîðêà äëÿ âèêëèêó ö³º¿ 

ôóíêö³¿ ç êîíñîë³ ³íñòðóìåíòó ñêëàäàííÿ sbt. Äëÿ öüîãî âèêîðèñòîâó-

ºìî TaskKey ç íàçâîþ provision. Ðåçóëüòàòîì ðîáîòè áóäå ñòâîðåííÿ 

äâóõ êëàñ³â ó ñòàíäàðòíîìó ïàêåò³ êîðèñòóâà÷à: äëÿ îïèñó ðîóòèíãó, 

äëÿ çàïóñêó âåá-ñåðâ³ñó. 

Íàëàøòóâàííÿ ðîáîòè ç áàçîþ äàíèõ. Îäí³ºþ ç íàéâàæëèâ³øèõ 

îñîáëèâîñòåé RESTful âåá-ñåðâ³ñ³â º â³äñóòí³ñòü âíóòð³øíüîãî ñòàíó. Öå 

îçíà÷àº òå, ùî óñ³ äàí³ ïîâèíí³ çáåð³ãàòèñÿ îêðåìî, òîáòî ó áàçàõ äàíèõ. 

Âèêîðèñòîâóºìî JDBC äðàéâåð äëÿ íàäàííÿ äîñòóïó äî áàçè äàíèõ êî-

ðèñòóâà÷à ôðåéìâîðêó. Äëÿ òîãî, ùîá ïîëåãøèòè ðîçðîáêó âåá-ñåðâ³ñà 

íà ñòâîðåíîìó ôðåéìâîðêó äîäàºìî ùå îäèí ð³âåíü àáñòðàêö³¿ äëÿ ãåíå-

ðàö³¿ SQL êîäó. Äëÿ öüîãî áóäå âèêîðèñòàíà á³áë³îòåêà ìîâè ïðîãðàìó-



 1 (108) 2017 «Ñèñòåìíûå òåõíîëîãèè»  

ISSN 1562-9945 99 

âàííÿ Scala – Slick. Îñîáëèâ³ñòþ ö³º¿ á³áë³îòåêè º òå, ùî âîíà ïðèçâî-

äèòü êîíâåðòàö³þ Scala êîäó ó SQL ï³ä ÷àñ êîìï³ëÿö³¿ ïðîåêòó. Çàâäÿêè 

öüîìó ðåçóëüòàò ðîáîòè çàâæäè ïåðåâ³ðÿºòüñÿ ñòàòè÷íèì àíàë³çàòîðîì 

ìîâè Scala, à ôóíêö³îíàë á³áë³îòåêè íå âïëèâàº íà øâèäê³ñòü âèêîíàí-

íÿ êîäó ÿê ó âèïàäêó ç àíàëîãàìè íà ìîâ³ Java. Ç³ ñòîðîíè ôðåéìâîðêó 

ìè ïîâèíí³ íàäàòè êîðèñòóâà÷ó ñïîñ³á âèêîðèñòîâóâàòè âæå çêîíô³ãó-

ðîâàíó á³áë³îòåêó Slick ó ñâîºìó êîä³. Äëÿ öüîãî ñòâîðþºìî òðåéò 

DatabaseConfig, ÿêèé áóäå äîäàíèé äî êîæíîãî êëàñó êîðèñòóâà÷à, äå 

áóäå âèêîíóâàòèñü ðîáîòà ç áàçîþ äàíèõ.   

Ñòâîðåííÿ ìîäåë³ äàíèõ. Îñíîâîþ RESTful âåá-ñåðâ³ñó º ìîäåëü 

äàíèõ ç ÿêèìè â³í áóäå ïðàöþâàòè. Äëÿ öüîãî ñòâîðþºìî êîìàíäó, ùî 

áóäå çáèðàòè äàí³ êîðèñòóâà÷à ïðî íåîáõ³äí³ ìîäåë³ òà ãåíåðóâàòè êëàñ 

ç íåîáõ³äíèìè äàíèìè äëÿ çáåð³ãàííÿ ö³º¿ ìîäåë³ ó áàç³ äàíèõ. Äëÿ 

òîãî, ùîá çàä³ÿòè á³áë³îòåêó Slick, ï³äêëþ÷èìî âæå ñòâîðåíèé òðåéò 

DatabaseConfig äî ñòâîðåíîãî òðåéòó UserTable â ÿêîìó ³ìïîðòóºìî 

ñèíòàêñèñ á³áë³îòåêè çà äîïîìîãîþ êîìàíäè import driver.api._. Äëÿ 

ñòâîðåííÿ ìàïï³íãó ì³æ äàíèìè òà òàáëèöåþ â áàç³ äàíèõ ñòâîðþºìî 

êëàñ, ÿêèé áóäå íàñë³äóâàòèñÿ â³ä êëàñó Table. Â ñåðåäèí³ öüîãî êëàñó 

îïèñóºìî ïîëÿ çà äîïîìîãîþ ôóíêö³¿ column[Type](fieldname, flags). 

Ï³ñëÿ öüîãî ñòâîðþºìî àïë³êàòèâíó ôóíêö³þ ÿêà ì³ñòèòèìå ó ñîá³ 

³íôîðìàö³þ ïðî ñï³ââ³äíîøåííÿ ïîë³â êëàñó äî ïîë³â ó áàç³ äàíèõ. Ïðè 

ñòâîðåíí³ àïë³êàòèâíî¿ ôóíêö³¿ íàäàºìî á³áë³îòåö³ íàá³ð ïîë³â ó áàç³ 

äàíèõ òà ôóíêö³¿ êîíâåðòàö³¿ êëàñó ó íàá³ð äàíèõ òà íàáîðó äàíèõ ó 

êëàñ. Ö³ ôóíêö³¿ âæå íàäàí³ íàì ìîâîþ ïðîãðàìóâàííÿ Scala. Ï³ñëÿ 

öüîãî ñòâîðþºìî íàá³ð áàçîâèõ ä³é ç áàçîþ äàíèõ çà äîïîìîãîþ ìàêðîñó 

TableQuery[Type]. Öåé ìàêðîñ îòðèìóº äàí³ ìàï³íãó ìîäåë³ äî áàçè 

äàíèõ òà ãåíåðóº áàçîâ³ îïåðàö³¿ íàä òàáëèöåþ. 

Ñòâîðåííÿ áàçîâèõ ä³é REST ñåðâ³ñó òà ñòâîðåííÿ REST ðîó-

òèíãó äëÿ ðîáîòè ç ñåðâ³ñîì. Ìàþ÷è ìîäåëü äëÿ çáåð³ãàííÿ äàíèõ òà 

áàçîâ³ ä³¿ íàä áàçîþ äàíèõ ìè ìîæåìî çãåíåðóâàòè ñåðâ³ñ ÿêèé áóäå íà-

äàâàòè áàçîâ³ ä³¿ äëÿ REST ñåðâ³ñó. Äëÿ öüîãî çãåíåðóºìî òðåéò ÿêèé 

óíàñë³äóºòüñÿ â³ä òðåéòó ç îïèñîì ìàïï³íãó ì³æ áàçîþ äàíèõ òà ìîäåë-

ëþ, òà ðåàë³çóºìî îïåðàö³¿ ÿê³ áóäóòü: âèâîäèòè óñ³ çàïèñè, âèâîäèòè 

îêðåìèé çàïèñ íà îñíîâ³ éîãî ³äåíòèô³êàö³éíîãî êîäó, äîäàâàòè çàïèñ, 

îíîâëþâàòè òà âèäàëÿòè çàïèñè. Äëÿ ³ìïëåìåíòàö³¿ öèõ ä³é áóäåìî âè-

êîðèñòîâóâàòè á³áë³îòåêó Slick. Çà äîïîìîãîþ âæå ñòâîðåíèõ ìàêðîñîì 

áàçîâèõ ä³é ç áàçîþ äàíèõ, îïèñóºìî íåîáõ³äí³ ä³¿ òà âèêîíóºìî ¿õ çà 
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äîïîìîãîþ ôóíêö³¿ db.run. Ñòâîðèâøè óñ³ íåîáõ³äí³ ä³¿ äëÿ ðîáîòè ç 

ìîäåëëþ äàíèõ çâ’ÿçóºìî ¿õ ç çîâí³øí³ìè ïîñèëàííÿìè íà ñåðâ³ñ. Äëÿ 

öüîãî ðîçðîáëÿºìî êëàñ ðîóòèíãó, ÿêèé îïèøå REST ïðîòîêîë äëÿ ìî-

äåë³. Â ÿêîñò³ óìîâ, â ñèíòàêñèñ³ á³áë³îòåêè akka-http âèñòóïàþòü äèðå-

êòèâè. Âèêîðèñòîâóºìî íàñòóïí³ äèðåêòèâè: get, post, pathPrefix, 

pathEndOrSingleSlash, delete, put. PathPrefix âèêîðèñòîâóþòüñÿ äëÿ ïå-

ðåâ³ðêè ³ñíóâàííÿ äåÿêî¿ ÷àñòèíè øëÿõó ó çîâí³øíüîìó ïîñèëàíí³ òà 

äëÿ ç÷èòóâàííÿ ÷àñòèíè øëÿõó ó êîä ðîóòèíãó. PathEndOrSingleSlash 

ïåðåâ³ðÿº ÷è âæå íàñòàâ ê³íåöü ïîñèëàííÿ. Get, post, put, delete ïåðåâ³-

ðÿþòü ÷è çàïèò â³äíîñèòüñÿ äî îäíîãî ç öèõ òèï³â. Âàæëèâîþ ÷àñòèíîþ 

ðîáîòè ðîóòèíãó º îïèñ ïðîöåñó ñåð³àë³çàö³¿ òà äåñåð³àë³çàö³¿ äàíèõ. 

Îñê³ëüêè äëÿ îáì³íó ç êë³ºíòîì ìè âèêîðèñòîâóºìî ôîðìàò JSON, òî 

íàì íåîáõ³äíî çíàéòè ñïîñ³á ñòâîðåííÿ âíóòð³øíèõ îá’ºêò³â íà îñíîâ³ 

çàïèòó êîðèñòóâà÷à. Äëÿ öüîãî âèêîðèñòîâóºòüñÿ á³áë³îòåêà spray-json. 

Íà îñíîâ³ ìàêðîñó jsonFormatN(Type) âîíà ãåíåðóº ôóíêö³¿ äëÿ ñåð³àë³-

çàö³¿ òà äåñåð³àë³çàö³¿ îá’ºêò³â.  

Íàäàë³ ìè äîäàºìî ï³äòðèìêó ö³º¿ á³áë³îòåêè äî íàøîãî ðîóòèíãó 

³ îòðèìóºìî ìîæëèâ³ñòü âèêîðèñòîâóâàòè êîìàíäè _,toJson òà as[Type] 

äëÿ êîíâåðòàö³¿ äàíèõ. Ï³ñëÿ öüîãî êîðèñòóâà÷ó ôðåéìâîðêó 

çàëèøàºòüñÿ äîäàòè ñòâîðåíèé ðîóòèíã äî ãëîáàëüíîãî ìàïï³íãó. 

Ñòâîðåííÿ øàáëîí³â òà êîìàíä äëÿ ãåíåðàö³¿ êîìïîíåíò³â. 

Ìàþ÷è óñ³ íåîáõ³äí³ êîìïîíåíòè ñèñòåìè, ðîçðîáèìî øàáëîíè äëÿ 

ãåíåðàö³¿. Âîíè áóäóòü âèêîíàí³ ó âèãëÿä³ îá’ºêò³â ç ôóíêö³ºþ 

code(params). Â ÿêîñò³ ïàðàìåòð³â áóäóòü ïåðåäàâàòèñÿ íåîáõ³äí³ äàí³ 

äëÿ ãåíåðàö³¿ òîãî ÷è ³íøîãî êîìïîíåíòó. Âèä³ëèâ çàëåæí³ ÷àñòèíè ç³ 

ñòâîðåíèõ êîìïîíåíò³â ìè ìîæåìî ïåðåòâîðèòè ¿õ íà çì³íí³, ùî áóäóòü 

çàïîâíåí³ â çàëåæíîñò³ â³ä çîâí³øí³õ ïàðàìåòð³â. Ñòâîðèâøè óñ³ 

íåîáõ³äí³ øàáëîíè ïåðåõîäèìî äî íàïèñàííÿ êîìàíä äëÿ sbt (ðèñ.2). 

Äëÿ ÷èòàííÿ ç êîìàíäíî¿ ñòðîêè âèêîðèñòîâóºòüñÿ ñòàíäàðòíà ôóíêö³ÿ 

readLine. Äëÿ çàïèñó ó êîíñîëü âèêîðèñòîâóºòüñÿ ôóíêö³ÿ println. 

Âèêîðèñòîâóþ÷è ìåíåäæåð ðåñóðñ³â çàïèñóºìî çãåíåðîâàíèé øàáëîí ó 

ôàéë êëàñó. Äëÿ òîãî, ùîá çàðåºñòðóâàòè êîìàíäó âèêîðèñòîâóºòüñÿ 

ôóíêö³ÿ ç ïàêåòó sbt - taskKey.  
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Ðèñóíîê 2 – Ïðèêëàä êîìàíäè äëÿ ãåíåðàö³¿ ìîäåë³ 

 

Âèñíîâêè. Â ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü áóëî çàïðîïîíîâàíî 

ôðåéìâîðê äëÿ ñòâîðåííÿ RESTful âåá-ñåðâ³ñ³â, ÿêèé äîçâîëÿº 

ñòâîðþâàòè íîâ³ âåá-ñåðâ³ñè çàâäÿêè íàáîðó âáóäîâàíèõ êîìïîíåíò³â. 

Êîæåí êîìïîíåíò º íåçàëåæíîþ ÷àñòèíîþ òà ëåãêî êîìá³íóºòüñÿ ç 

³íøèìè ÷àñòèíàìè. Òàêîæ, äëÿ îïòèì³çàö³¿ ðîáîòè ðîçðîáëåíî ãåíåðàòîð 

êîäó, ùî äîçâîëÿº ñòâîðþâàòè êîíòðîëåðè äëÿ äîñòóïó äî ìîäåëåé 

äàíèõ. Ôóíêö³îíàë ðîçðîáëåíîãî ôðåéìâîðêó äîçâîëÿº ñòâîðþâàòè 

êîìïëåêñí³ âåá-äîäàòêè, ïîä³ëåí³ íà áåçë³÷ ñåðâ³ñ³â. Ïðè öüîìó êîæåí ç 

íèõ ñòâîðþºòüñÿ íà îñíîâ³ ãîòîâèõ êîìïîíåíò³â. 
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Анотація. Виконанано огляд основних напрямків, в яких ведуться робо-

ти по оптимізації розв’язання задач моделювання та візуалізації склад-

них тривимірних об'єктів цифрової моделі рельєфу. 

Ключові слова: цифрова модель рельєфу (ЦМР), геометричне моделюван-

ня, візуалізація, ГІС-аналіз, ВДГМ, БН-числення.  

 

Ïîñòàíîâêà ïðîáëåìè. Íà â³äì³íó â³ä öèôðîâèõ óÿâëåíü òî÷êî-

âèõ, ë³í³éíèõ ³ äâîâèì³ðíèõ îá'ºêò³â, òðèâèì³ðí³ îá'ºêòè âèìàãàþòü 

îñîáëèâèõ ôîðì óÿâëåííÿ. Îäíèì ç ïîøèðåíèõ òèï³â òðèâèì³ðíèõ 

îá'ºêò³â º òîïîãðàô³÷íèé ðåëüºô çåìíî¿ ïîâåðõí³. Çà äîïîìîãîþ 

òðèâèì³ðíèõ îá'ºêò³â ìîæóòü áóòè òàêîæ çìîäåëüîâàí³ êàðòè ù³ëüíîñò³ 

íàñåëåííÿ, àòìîñôåðíîãî òèñêó, âîëîãîñò³ ³ ò.³í. Òðèâèì³ðí³ ìîäåë³ òà-

êîãî òèïó òðàäèö³éíî ïîâ'ÿçóþòü ç öèôðîâèìè ìîäåëÿìè ðåëüºôó. ÖÌÐ 

äîçâîëÿþòü çà ê³íöåâèì íàáîðîì âèá³ðêîâèõ òî÷îê âèçíà÷àòè 

ï³äíåñåííÿ, êðóòèçíó ñõèëó, íàïðÿìîê ñêàòó â äîâ³ëüí³é òî÷ö³ íà 

ì³ñöåâîñò³. Ìîæëèâî âèÿâëåííÿ îñîáëèâîñòåé ì³ñöåâîñò³ - áàñåéí³â 

ð³÷îê, äðåíàæíèõ ìåðåæ, ï³ê³â, çàïàäèí ³ ò.³í. Òàê³ ìîäåë³ øèðîêî çà-

ñòîñîâóþòüñÿ â áàãàòüîõ ïðîöåäóðàõ Ã²Ñ-àíàë³çó: ïðè âèáîð³ ì³ñöÿ 

áóä³âíèöòâà áóä³âåëü òà êîìóí³êàö³é, â àíàë³ç³ äðåíàæíèõ ìåðåæ, â 

àíàë³ç³ âèäèìîñò³, ïðè âèáîð³ ìàðøðóòó ðóõó ïî ïåðåñ³÷åí³é ì³ñöåâîñò³. 

Îñîáëèâî øèðîêî öèôðîâ³ ìîäåë³ ðåëüºôó çàñòîñîâóþòüñÿ â ã³äðîëîã³¿. 

Îäíèì ç îñíîâíèõ åòàï³â ïîáóäîâè ÖÌÐ º â³çóàë³çàö³ÿ ïðîì³æíèõ ³ 

ê³íöåâèõ ðåçóëüòàò³â ìîäåëþâàííÿ. Íå äèâëÿ÷èñü íà òå, ùî öÿ ïðîáëå-

ìà âèâ÷àºòüñÿ äîñèòü äàâíî, îñòàíí³ì ÷àñîì ¿é ïðèä³ëÿºòüñÿ äîñèòü áà-

ãàòî óâàãè. Öå îáóìîâëåíî òèì, ùî ïðîáëåìà âèñîêî¿ øâèäêîñò³ îáðîáêè 

ãðàô³÷íî¿ ³íôîðìàö³¿ º çàâæäè àêòóàëüíîþ. Ó çâ'ÿçêó ç ð³çêî 

çá³ëüøåíèìè ìîæëèâîñòÿìè îá÷èñëþâàëüíî¿ òåõí³êè ñêëàäàºòüñÿ 

òåíäåíö³ÿ äî ïîáóäîâè âñå á³ëüø àäåêâàòíèõ ³ ñêëàäíèõ 

ãåîëîãîãåîô³çè÷íèõ ìîäåëåé. Çâ³äñè âèïëèâàº àêòóàëüí³ñòü ïðîáëåìè 

ìîäåëþâàííÿ òà â³çóàë³çàö³¿ òðèâèì³ðíèõ îá’ºêò³â ÖÌÐ. 

                                 

 © Ñï³ð³íöåâ Ä.Â., Íàéäèø À.Â., 2017 
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Àíàë³ç ïóáë³êàö³é ïî òåì³ äîñë³äæåííÿ. Äî êëàñè÷íèõ ñïîñîá³â 

â³çóàë³çàö³¿ äâîâèì³ðíèõ ïîë³â ïàðàìåòð³â (ïîâåðõîíü) ìîæíà 

â³äíåñòè [1]: êàðòè, êàðòè â ³çîë³í³ÿõ ³ òðèâèì³ðí³ ïîâåðõí³. Ñó÷àñí³ 

àëãîðèòìè ïîáóäîâè ë³í³é ð³âíÿ âèð³øóþòü ðÿä ïðîáëåì: ï³äâèùåííÿ 

øâèäêîñò³ â³äîáðàæåííÿ [2-4], áîðîòüáà ç øóìàìè ³ çãëàäæóâàííÿ 

³çîë³í³é [3, 4], îáë³ê îáìåæåíü, ùî íàêëàäàþòüñÿ [5, 6]. Ïðè 

â³äîáðàæåíí³ êàðòè ó âèãëÿä³ òðèâèì³ðíî¿ ïîâåðõí³ ñèòóàö³ÿ íàáàãàòî 

ñêëàäí³øå, í³æ ïðè â³äîáðàæåíí³ ³çîë³í³é. Îñíîâíîþ ïðîáëåìîþ òóò º 

øâèäê³ñòü â³çóàë³çàö³¿. Â³äîáðàæåííÿ âèñîêî äåòàëüíî¿ ìîäåë³ (íà-

ïðèêëàä, ïîáóäîâàíî¿ íà ð³âíîì³ðí³é ñ³òö³ ç ê³ëüê³ñòþ âóçë³â ïîðÿäêó 

10 000 000) ïðÿìèìè ìåòîäàìè âèÿâëÿºòüñÿ ñêðóòíèì [1]. Öå îáó-

ìîâëåíî äåê³ëüêîìà ïðè÷èíàìè: íåñòà÷à ïàì'ÿò³ êîìï'þòåðà, íèçüêà 

øâèäê³ñòü â³äîáðàæåííÿ âåëèêîãî îáñÿãó ³íôîðìàö³¿, âèêîðèñòàííÿ 

íåðàö³îíàëüíèõ àëãîðèòì³â. ßêùî ïåðø³ äâ³ ïðè÷èíè âèð³øóþòüñÿ 

çàâäÿêè íàðîùóâàííþ ïîòóæíîñò³ îá÷èñëþâàëüíî¿ òåõí³êè, òî òðåòÿ 

ïðè÷èíà âèìàãàº ðîçðîáêè â³äïîâ³äíèõ àëãîðèòì³â ³ ìåòîä³â ìîäåëþ-

âàííÿ, ùî ñâ³ä÷èòü ïðî àêòóàëüí³ñòü äàíî¿ ïðîáëåìè. 

Ôîðìóëþâàííÿ ö³ëåé ñòàòò³. Ìåòîþ äîñë³äæåííÿ º ðîçãëÿä 

îñíîâíèõ íàïðÿìê³â ç îïòèì³çàö³¿ ðîçâ’ÿçàííÿ çàäà÷³ â³çóàë³çàö³¿ 

ñêëàäíèõ ãåîô³çè÷íèõ îá’ºêò³â òà îñíîâíèõ íàïðÿì³â ãåîìåòðè÷íîãî 

ìîäåëþâàííÿ äëÿ ïîáóäîâè ÖÌÐ.  

Îñíîâíà ÷àñòèíà. Âèä³ëèìî îñíîâí³ íàïðÿìêàìè, â ÿêèõ 

âåäóòüñÿ ðîáîòè ïî îïòèì³çàö³¿ ð³øåííÿ çàäà÷ â³çóàë³çàö³¿ ñêëàäíèõ 

îá'ºêò³â: 

− áàãàòîìàñøòàáíå ïîäàííÿ ³íôîðìàö³¿ [2,7,8]. Ïîâåðõíÿ, 

çàäàíà ç âèñîêîþ ðîçä³ëüíîþ çäàòí³ñòþ, ðîçêëàäàºòüñÿ íà âåðñ³þ ç 

íèçüêèì ðîçøèðåííÿì ³ íàá³ð óòî÷íþþ÷èõ êîåô³ö³ºíò³â. Äàíèé ï³ä-

õ³ä äîçâîëÿº øâèäêî ïåðåõîäèòè â³ä ãðóáîãî ïðåäñòàâëåííÿ ïîâåðõí³ 

äî á³ëüø äåòàëüíîãî ïîäàííÿì. Òàêèì ÷èíîì ïðèñêîðåííÿ âèõîäèòü 

çà ðàõóíîê ñêîðî÷åííÿ îáñÿãó ³íôîðìàö³¿, ùî â³äîáðàæàºòüñÿ (â³äñ³-

êàííÿ íåñóòòºâèõ äåòàëåé). 

− Ïîáóäîâà àäàïòîâàíèõ ñ³òîê [2,7]. Áóäóþòüñÿ ñ³òêà, 

îòðèìàíà â ðåçóëüòàò³ àíàë³çó õàðàêòåðíî¿ ñòðóêòóðè äîñë³äæóâàíîãî 

îá'ºêòà. Òàêà ñ³òêà ïîâèííà ç îäíîãî áîêó ì³ñòèòè ÿêîìîãà ìåíøå âå-

ðøèí, ç ³íøîãî - çàáåçïå÷óâàòè íàéá³ëüø ïîâíå óÿâëåííÿ ïîâåðõí³. 

Çìåíøåííÿ ê³ëüêîñò³ âóçë³â äîçâîëÿº ïðèñêîðèòè ïðîöåñ â³çóàë³çàö³¿ 

ïîâåðõí³ - â³äòâîðåííÿ ¿¿ çîáðàæåííÿ, îáåðòàííÿ ³ ò.³í.  
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− Çàñòîñóâàííÿ âèñîêîïðîäóêòèâíèõ àëãîðèòì³â. Âèêîðèñ-

òàííÿ âèñîêîåôåêòèâíèõ àëãîðèòì³â º îñíîâîþ äëÿ ïîáóäîâè âèñîêî-

ïðîäóêòèâíèõ ïðîãðàì â³çóàë³çàö³¿ âåëèêèõ îáñÿç³â ³íôîðìàö³¿ çà 

óìîâè îïòèìàëüíîãî âèêîðèñòàííÿ òåõí³÷íîãî òà ïðîãðàìíîãî çàáåñ-

ïå÷åííÿ. 

Êîíòèíóàëüíèé õàðàêòåð ïðèðîäíèõ îáîëîíîê ãåîãðàô³÷íîãî 

ñåðåäîâèùà ìàº íà óâàç³ áåçïåðåðâíèé ðîçïîä³ë, â òîìó ÷èñë³, 

ïàðàìåòð³â ï³äñòèëàþ÷î¿ ïîâåðõí³, ùî ïðè ñó÷àñíèõ îñîáëèâîñòÿõ îò-

ðèìàííÿ ³íôîðìàö³¿ ó âèãëÿä³ äèñêðåòíèõ ñïîñòåðåæåíü â òî÷êàõ, 

ïðèâîäèòü íàñ äî íåîáõ³äíîñò³ âèêîðèñòîâóâàòè ìåòîäè ïðîñòîðîâî¿ 

³íòåðïîëÿö³¿ äëÿ çàïîâíåííÿ äîñë³äæóâàíîãî îá'ºêòà íåîáõ³äíèìè äà-

íèìè. Íåçâàæàþ÷è íà äåñÿòêè ðîá³ò, íåìàº îäíîçíà÷íî¿ äóìêè ùîäî 

êðàùîãî ³íòåðïîëÿö³éíîãî ìåòîäó. Â³ä ÿêîñò³ îáðîáêè âèõ³äíîãî ÷è-

ñëîâîãî ìàòåð³àëó ³ñòîòíî çàëåæèòü äîâ³ðà äî îòðèìóâàíèõ âèñíîâê³â. 

Òîìó, ðîçãëÿíåìî îñíîâí³ ìåòîäè 3D ³íòåðïîëÿö³¿, ùî çàñòîñîâóþòüñÿ 

â ãåî³íôîðìàö³éíèõ ñèñòåìàõ (Ã²Ñ). 

Ìåòîä íàéáëèæ÷î¿ òî÷êè [9,10]. Äàíèé ìåòîä º íàéïðîñò³øèì 

³íòåðïîëÿö³éíèì ìåòîäîì, ùî äîçâîëÿº ³íòåðïîëþâàòè áóäü-ÿê³ òèïè 

äàíèõ äëÿ áóäü-ÿêèõ òèï³â ðåø³òîê øëÿõîì ïðèñâîºííÿ àòðèáóò³â 

íàéáëèæ÷î¿ òî÷êè ïîòî÷íîãî âóçëà ðåø³òêè GRID àáî ñ³òêè MESH. 

Îñíîâíèì ³ ãîëîâíèì íåäîë³êîì öüîãî ìåòîäó º éîãî òî÷í³ñòü. 

Á³ë³í³éíà ³íòåðïîëÿö³ÿ [11,12]. Á³ë³í³éíà ³íòåðïîëÿö³ÿ º ðîç-

øèðåííÿì ë³í³éíî¿ ³íòåðïîëÿö³¿ äëÿ ôóíêö³¿ äâîõ çì³ííèõ. Â ÿêîñò³ 

âõ³äíèõ äàíèõ ïðèéìàþòüñÿ 4 êîîðäèíàòè, ïðîåêö³¿ ÿêèõ íà ïëîùèíó 

õÎó çíàõîäÿòüñÿ â âåðøèíàõ äåÿêîãî ïðÿìîêóòíèêà. Òàêîæ, äàíèé 

ìåòîä ìîæíà çàñòîñóâàòè äî áóäü-ÿêî¿ ðåãóëÿðíî¿ ñ³òö³, ïîñë³äîâíî 

çàñòîñóâàâøè éîãî äî êîæíî¿ «êîì³ðêè». Ïåðåâàãè äàíîãî ìåòîäó - 

ïðîñòîòà ³ âåëèêà øâèäê³ñòü îá÷èñëåííÿ, ïðè ðîçïàðàëåëþâàíí³ íà 

GPU. Îäíàê, ðåàëüí³ äàí³ ÷àñòî ïðåäñòàâëåí³ ó âèãëÿä³ íåðåãóëÿðíî¿ 

ñ³òêè, â ÿê³é ÷àñòîòà âóçë³â íå º ïîñò³éíîþ, ³ ìîæå ñèëüíî 

çì³íþâàòèñÿ â³ä îäí³º¿ îáëàñò³ äî ³íøî¿. 

Ìåòîä îáåðíåíî çâàæåíèõ â³äñòàíåé (ÎÇÂ) [9,10,12]. Â äàíîìó 

ìåòîä³ îá÷èñëþþòüñÿ âàãîâ³ êîåô³ö³ºíòè, íåîáõ³äí³ äëÿ ïîáóäîâè 

³íòåðïîëÿö³éíî¿ ôóíêö³¿. Ïðè öüîìó âàãà, ïðèñâîºíà îêðåì³é òî÷ö³ 

äàíèõ ïðè îá÷èñëåíí³ âóçëà ñ³òêè, ïðîïîðö³éíà ñòåïåí³ çâîðîòíî¿ 

â³äñòàí³ â³ä âèõ³äíî¿ òî÷êè äî ðîçðàõóíêîâîãî âóçëà ñ³òêè. Ïðè 

îá÷èñëåíí³ ³íòåðïîëÿö³éíî¿ ôóíêö³¿ â áóäü-ÿêîìó âóçë³ ñ³òêè ñóìà 
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âñ³õ ïðèçíà÷åíèõ âàã äîð³âíþº îäèíèö³. ßêùî òî÷êà ñïîñòåðåæåííÿ 

çá³ãàºòüñÿ ç âóçëîì ñ³òêè, òî äàíèé ìåòîä ïðàöþº ÿê òî÷íèé 

³íòåðïîëÿòîð. Âàãîâà ôóíêö³ÿ çàëåæèòü â³ä â³äñòàí³ ³ ðàä³àëüíî ñè-

ìåòðè÷íà ùîäî êîæíî¿ ðîçñ³ÿíî¿ òî÷êè. Íåäîë³êè ìåòîäó - ãåíåðàö³ÿ 

ñòðóêòóð òèïó "áè÷å îêî" íàâêîëî òî÷îê ñïîñòåðåæåíü ç åêñòðåìóì-

íèìè çíà÷åííÿìè ôóíêö³¿ [10], êð³ì òîãî äîâãî ïðàöþº ïðè âåëèê³é 

ê³ëüêîñò³ âèõ³äíèõ äàíèõ [12]. 

Ìåòîä ì³í³ìàëüíî¿ êðèâèíè (ìåòîä ñïëàéíó) [10]. 

Âèêîðèñòîâóºòüñÿ ìåòîä ³íòåðïîëÿö³¿, ÿêèé îö³íþº çíà÷åííÿ çà äîïî-

ìîãîþ ìàòåìàòè÷íèõ ôóíêö³é, ÿê³ ì³í³ì³çóþòü çàãàëüíó êðèâèíó 

ïîâåðõí³, ùî ïðèçâîäèòü äî çãëàäæåíî¿ ïîâåðõí³, ÿêà ïðîõîäèòü ÷å-

ðåç âõ³äí³ òî÷êè. Ìåòîä ì³í³ìàëüíî¿ êðèâèçíè, îäíàê, íå º òî÷íèì 

ìåòîäîì. Â³í ãåíåðóº íàéá³ëüø ãëàäêó ïîâåðõíþ, ÿêà ïðîõîäèòü 

íàñò³ëüêè áëèçüêî äî åêñïåðèìåíòàëüíèõ òî÷îê, íàñê³ëüêè öå ìîæëè-

âî, àëå ö³ åêñïåðèìåíòàëüí³ òî÷êè íå îáîâ'ÿçêîâî íàëåæàòü 

³íòåðïîëÿö³éíî¿ ïîâåðõí³ [13].  

Ìåòîä Êð³ãå (êð³ã³íã) [10]. Äàíèé ìåòîä º îäíèì ç 

íàéïîøèðåí³øèõ. Ïðè êð³ã³íãó ïåðåäáà÷àºòüñÿ, ùî â³äñòàíü àáî íà-

ïðÿìîê ì³æ îïîðíèìè òî÷êàìè â³äîáðàæàº ïðîñòîðîâó êîðåëÿö³þ, 

ÿêà ìîæå âèêîðèñòîâóâàòèñÿ äëÿ ïîÿñíåííÿ çì³íè íà ïîâåðõí³ [14]. 

Êð³ã³íã âèêîðèñòîâóº ìàòåìàòè÷íó ôóíêö³þ äëÿ ïåâíî¿ ê³ëüêîñò³ òî-

÷îê àáî âñ³õ òî÷îê â ìåæàõ çàäàíîãî ðàä³óñó, ùîá âèçíà÷èòè âèõ³äíå 

çíà÷åííÿ äëÿ âñ³õ íàïðÿìê³â. Êð³ã³íã àíàëîã³÷íèé ÎÇÂ, ïðîòå, òóò âà-

ãà çàëåæèòü â³ä âñòàíîâëåíî¿ ìîäåë³ äëÿ âèì³ðþâàíèõ òî÷îê, â³ä 

â³äñòàí³ äî ì³ñöÿ ðîçòàøóâàííÿ ïðîãíîçó ³ â³ä ïðîñòîðîâèõ â³äíîñèí 

ì³æ âèì³ðþâàíèìè çíà÷åííÿìè íàâêîëî ì³ñöÿ ðîçòàøóâàííÿ ïðîãíî-

çó. Âàð³àö³¿ ìåòîäó Êð³ãå âèçíà÷àþòüñÿ, ãîëîâíèì ÷èíîì, òðüîìà 

ñêëàäîâèìè - ìîäåëëþ âàð³îãðàììè (ïðèçíà÷åíà äëÿ çíàõîäæåííÿ 

ëîêàëüíî¿ îêîëèö³ òî÷êè ³ âèçíà÷åííÿ âàã ñïîñòåðåæåíèõ òî÷îê, âè-

êîðèñòîâóâàíèõ ïðè ³íòåðïîëÿö³¿ ôóíêö³¿ ó âóçë³ ìåðåæ³), òèïîì 

òðåíäà (âèçíà÷àº òåíäåíö³þ â õàðàêòåðí³é ïðîñòîðîâ³é çì³í³ äàíèõ) ³ 

«åôåêòîì ñàìîðîäêó» (äîçâîëÿº âðàõóâàòè ïîõèáêó âèçíà÷åííÿ 

ïàðàìåòð³â ó âóçëîâèõ òî÷êàõ). 

Ìåòîä ðàä³àëüíèõ áàçèñíèõ ôóíêö³é (ÐÁÔ) [10,15]. Äàíèé ìå-

òîä º ìåòîäîì æîðñòêî¿ ³íòåðïîëÿö³¿, òîáòî ³íòåðïîëÿö³éíà ïîâåðõíÿ 

ïîâèííà ïðîõîäèòè ÷åðåç êîæíå âèì³ðÿíå îïîðíå çíà÷åííÿ. Íà ïðî-

òèâàãó ìåòîäó ÎÇÂ, ÐÁÔ ìîæóòü ³íòåðïîëþâàòè çíà÷åííÿ âèùå ìàê-
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ñèìàëüíîãî àáî íèæ÷å ì³í³ìàëüíîãî âèì³ðÿíîãî çíà÷åííÿ. Ðàä³àëüí³ 

áàçèñí³ ôóíêö³¿ àíàëîã³÷í³ âàð³îãðàììàì, âèêîðèñòîâóâàíèì â ìåòîä³ 

Êð³ãå. Ö³ ôóíêö³¿ âèçíà÷àþòü îïòèìàëüíó ìåðåæó âàã, çà äîïîìîãîþ 

ÿêèõ çâàæóþòüñÿ çíà÷åííÿ ôóíêö³¿ â òî÷êàõ ñïîñòåðåæåíü ïðè 

ïîáóäîâ³ ³íòåðïîëÿö³éíî¿ ôóíêö³¿. 

Ìåòîä Øåïàðäà [10,16]. Äàíèé ìåòîä ïîä³áíèé äî ìåòîäó ÎÇÂ. 

Â³í òàêîæ âèêîðèñòîâóº çâîðîòí³ â³äñòàí³ ïðè îá÷èñëåíí³ âàãîâèõ 

êîåô³ö³ºíò³â, çà äîïîìîãîþ ÿêèõ çâàæóþòüñÿ çíà÷åííÿ åêñïåðèìåí-

òàëüíèõ Z-çíà÷åíü â òî÷êàõ ñïîñòåðåæåíü. Â³äì³íí³ñòü ïîëÿãàº â òî-

ìó, ùî ïðè ïîáóäîâ³ ³íòåðïîëÿö³éíî¿ ôóíêö³¿ â ëîêàëüíèõ îáëàñòÿõ 

âèêîðèñòîâóºòüñÿ ìåòîä íàéìåíøèõ êâàäðàò³â. Öå çìåíøóº 

éìîâ³ðí³ñòü ïîÿâè íà çãåíåðîâàíî¿ ïîâåðõí³ ñòðóêòóð òèïó "áè÷å 

îêî". 

Ìåòîä òð³àíãóëÿö³¿ ç ë³íåéíîþ ³íòåðïîëÿö³ºþ [10]. Â äàíîìó 

ìåòîä³ âèõ³äí³ òî÷êè äàíèõ ç'ºäíóþòüñÿ òàêèì ÷èíîì, ùî ðåçóëüòóþ-

÷à ïîâåðõíÿ ïîêðèâàºòüñÿ ïîâåðõíåþ ç ãðàíåé òðèêóòíèê³â, ôîðìó-

âàííÿ ÿêèõ â³äáóâàºòüñÿ çà äîïîìîãîþ ìåòîäó òð³àíãóëÿö³¿ Äåëîíå. 

Ïðè öüîìó æîäíà ç³ ñòîð³í òðèêóòíèêà íå ïåðåòèíàºòüñÿ ç³ ñòîðîíàìè 

³íøèõ òðèêóòíèê³â. Çíà÷åííÿ ôóíêö³¿ â âóçëàõ ðåãóëÿðíî¿ ñ³òêè, ùî 

ïîòðàïëÿþòü âñåðåäèíó öüîãî òðèêóòíèêà, íàëåæàòü ïëîùèí³, ùî 

ïðîõîäèòü ÷åðåç âåðøèíè òðèêóòíèêà. Îáîëîíêà òð³àíãóëÿö³éíî¿ 

ïîâåðõí³ ôîðìóºòüñÿ îäíèì àáî ê³ëüêîìà ïîë³ãîíàìè. Óñåðåäèí³ àáî 

íà ðåáð³ ïîë³ãîí³â îáîëîíêè ìîæíà ³íòåðïîëþâàòè Z-çíà÷åííÿ 

ïîâåðõí³, âèêîíóâàòè àíàë³ç ³ ãåíåðóâàòè â³äîáðàæåííÿ ïîâåðõí³. 

Ìåòîä ïðèðîäíî¿ îêîëèö³ (ïðèðîäíèõ ñóñ³ä³â) [9,10]. Äàíèé 

ìåòîä ³íòåðïîëÿö³¿ áóâ ââåäåíèé â ðîáîò³ [17], à äåòàëüíî îïèñàíèé â 

ðîáîò³ [18]. ßê ³ ÎÇÂ, äàíèé ìåòîä çàñíîâàíèé íà çâàæåíîìó óñåðåä-

íåííÿ çíà÷åíü. Îäíàê, çàì³ñòü îá÷èñëåííÿ çíà÷åííÿ íà ï³äñòàâ³ çíà-

÷åíü âñ³õ òî÷îê, çâîðîòíüî çâàæåíèõ ïî â³äñòàí³ äî íèõ, òóò çà 

âõ³äíèìè òî÷êàì áóäóºòüñÿ òð³àíãóëÿö³ÿ Äåëîíå, âèáèðàþòüñÿ 

íàéáëèæ÷³ âóçëè, ÿê³ ôîðìóþòü îïóêëó îáîëîíêó íàâêîëî 

³íòåðïîëüîâàíî¿ òî÷êè, à ïîò³ì ¿õ çíà÷åííÿì ïðèñâîþºòüñÿ âàãà, 

ïðîïîðö³éíà ïëîù³. Ìåòîä ÏÎ òàêîæ íå ìîæå åêñòðàïîëþâàòè äàíí³ 

çà ìåæ³ îïóêëî¿ îáîëîíêè ïîë³ãîí³â Äåëîíå. Íàéãîëîâí³øèé ïëþñ äà-

íîãî ìåòîäó - â³äñóòí³ñòü ïîòðåáè îáðîáëÿòè âñ³ â³äîì³ òî÷êè, à ò³ëüêè 

ò³, ÿê³ º íàéáëèæ÷èìè äî äåÿêèõ ðàñòð³â, ïðè ïîòî÷íîìó ð³âí³ 

äåòàë³çàö³¿ [12], êð³ì òîãî, äàíèé ìåòîä ìîæå åôåêòèâíî ïðàöþâàòè ç 
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âåëèêèìè íàáîðàìè âõ³äíèõ äàíèõ. 

Ìåòîäè òî÷êîâîãî ÷èñëåííÿ Áàëþáè-Íàéäèøà (ÁÍ-

÷èñëåííÿ) [19]. Îäèí ç ïðèêëàä³â º ñïîñ³á «Ëóïà». Ðîçðîáëåí³ àëãî-

ðèòìè äîçâîëÿþòü ïîçáóòèñÿ â³ä øóìîâèõ ñêëàäîâèõ öèôðîâî¿ ìîäåë³ 

çåìåëüíî¿ ïîâåðõí³ (ï³ä øóìîâèìè ñêëàäîâèìè ìàþòüñÿ íà óâàç³ òî÷-

êè, ÿê³ íå íàëåæàòü äî ðåëüºôó ì³ñöåâîñò³ - ðîñëèíí³ñòü ³ 

àðõ³òåêòóðí³ ñïîðóäè). Ñåðåä ïåðåâàã ÁÍ-÷èñëåííÿ ìîæíà çàçíà÷èòè: 

ìîæëèâ³ñòü ïîïåðåäíüîãî çàâäàííÿ íåîáõ³äíî¿ òî÷íîñò³ äàíèõ ùî ìî-

äåëþþòüñÿ; â îñíîâ³ àïðîêñèìàö³¿ ìîæóòü ëåæàòè êðèâ³ âèñîêîãî ïî-

ðÿäêó ãëàäêîñò³; âèêîíóºòüñÿ ôîðìàë³çàö³ÿ ìîäåëþºìî¿ ä³ëÿíêè 

çåìíî¿ ïîâåðõí³; â³äñóòí³ îïåðàö³¿ ïðîåêòóâàííÿ íà ïëîùèí³ ïîâåðõí³ 

(ðîçðàõóíêè âèêîíóþòüñÿ îäíî÷àñíî äëÿ âñ³õ êîîðäèíàò òî÷îê 

ïîâåðõí³, ùî, â ñâîþ ÷åðãó, äîçâîëÿº çíà÷íî ï³äâèùèòè øâèäê³ñòü 

ðîçðàõóíê³â); ðîçðàõóíîê ìîæå âèêîíóâàòèñÿ ÿê äëÿ ðåãóëÿðíèõ, òàê 

³ íåðåãóëÿðíèõ ñåãìåíò³â çåìåëüíî¿ ïîâåðõí³. Äëÿ á³ëüøî¿ íàî÷íîñò³ 

ìîæíà ïðîâåñòè òð³àíãóëÿö³þ îòðèìàíî¿ òî÷êîâî¿ ìîäåë³. 

Ìåòîäè âàð³àòèâíîãî äèñêðåòíîãî ãåîìåòðè÷íîãî ìîäåëþâàííÿ 

(ÂÄÃÌ) [20]. Ó öüîìó íàïðÿìêó ïîâåðõíÿ ìîæå ðîçãëÿäàòèñü àáî ÿê 

îäíîïàðàìåòðè÷íà ìíîæèíà êðèâèõ ë³í³é, àáî ÿê äâîïàðàìåòðè÷íà 

òî÷êîâà ìíîæèíà. Â³äïîâ³äíî äî êîæíîãî ç öèõ íàïðÿìê³â ðîçðîáëåí³ 

â³äïîâ³äí³ àëãîðèòì³÷í³ òà ïðîãðàìí³ ðåàë³çàö³¿ [20]. Ó ðåçóëüòàò³ çà-

ñòîñóâàííÿ äàíèõ àëãîðèòì³â ôîðìóºòüñÿ íîâà äèñêðåòíà ìíîæèíà 

òî÷îê ³ çíà÷åíü ïîõ³äíèõ  ó íèõ. Ïðè öüîìó â³äáóâàºòüñÿ ÿê çàâãîäíî 

ù³ëüíå çãóùåííÿ òî÷êîâîãî ìàñèâó, ÿê ëîêàëüíå òàê ³ ãëîáàëüíå, 

ï³ñëÿ ÷îãî íà ìíîæèí³ îòðèìàíèõ òî÷îê áóäóºòüñÿ áàãàòîãðàííà ïî-

âåðõíÿ, ùî ïðåäñòàâëÿº øóêàíó ïîâåðõíþ â íàñòóïíîìó ðîçâ’ÿçàíí³ 

ïðèêëàäíî¿ çàäà÷³. Êð³ì òîãî ìåòîäè ÂÄÃÌ ìîæóòü çàäîâîëüíÿòè 

äåê³ëüêîì óìîâàì ìîäåëþâàííÿ îäíî÷àñíî.  

Âèñíîâêè. Îòæå, îñíîâíèì íàïðÿìêîì îïòèì³çàö³¿ ðîçâ’ÿçàííÿ 

çàäà÷ â³çóàë³çàö³¿ ñêëàäíèõ îá'ºêò³â, º âèêîðèñòàííÿ 

âèñîêîåôåêòèâíèõ, åêîíîì³÷íèõ ³ ïðîñòèõ ó ðåàë³çàö³¿ àëãîðèòì³â 

äëÿ ïîáóäîâè áàãàòîìàñøòàáíîãî ïîäàííÿ ³íôîðìàö³¿ ³ ïîáóäîâè 

àäàïòèâíèõ ñ³òîê, ùî º îñíîâîþ äëÿ ïîáóäîâè âèñîêîïðîäóêòèâíèõ 

ïðîãðàì â³çóàë³çàö³¿ âåëèêîãî îáñÿãó ³íôîðìàö³¿.  

Ç ìåòîþ çìåíøåííÿ ê³ëüêîñò³ âõ³äíèõ äàíèõ (óñóíåííÿ ¿õ 

íàäëèøêîâîñò³) íåîáõ³äíî âèêîíàòè ïðîöåäóðó ïîïåðåäíüî¿ 

ï³äãîòîâêè äàíèõ. Òîáòî âèêëþ÷èòè ç âèõ³äíèõ äàíèõ àíîìàë³¿ ³ øó-
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ìè, âèêîðèñòîâóþ÷è äëÿ öüîãî ñïåö³àëüí³ àëãîðèòìè, íàïðèêëàä, 

ñïîñ³á «ëóïà» [19].  

Ç íàâåäåíîãî îãëÿäó íàéá³ëüø ïåðñïåêòèâíèìè ìîæíà ââàæàòè 

ìåòîäè êð³ã³íãó, ïðèðîäíî¿ îêîëèö³, ìåòîäè ÂÄÃÌ òà ìåòîäè ÁÍ-

÷èñëåííÿ. Îäíàê, ïðè á³ëüø äåòàëüíîìó ðîçãëÿä³ äàíèõ ìåòîä³â ¿ì 

òàêîæ ïðèòàìàíí³ äåÿê³ íåäîë³êè. Òîìó ïîäàëüø³ íàø³ äîñë³äæåííÿ 

áóäóòü ñïðÿìîâàí³ íà âäîñêîíàëåííÿ ³ñíóþ÷èõ òà ðîçðîáêó íîâèõ 

ìåòîä³â ïðîñòîðîâî¿ ³íòåðïîëÿö³¿ òðèâèì³ðíèõ îá’ºêò³â. 
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Î.V. Spirintseva  

FACTOR ANALYSIS FOR MULTISPECTRAL RASTER 

IMAGES PROCESSING 

 

Abstract. The alternative methodic of landscape data level optimization which 

are enough for its interpretation is studied in the paper. The landscape data 

level compression is executed by general factors based process description 

part. 

Keywords: multispectral image, factor analysis, data level minimizing. 

 

Problem. To increase the landscape data information value those 

data notably images are being recorded in a number of spectral radiation 

ranges. Fixed by the modern remote sensing optical complexes such images 

in the aggregate compose the united geometric object which is the multis-

pectral image. The minimizing of the initial landscape data level notably 

the number of the fixing spectral ranges is one of the basic factors that 

defines the utilization efficiency of those data in the automated processing 

systems including the geoinformation technologies.  

Analysis of researches. According to the numerous studies [1, 2] 

to detect the most data-intensive components  of the multispectral image 

the image intensity spatial distribution de-correlation is required, while 

the component images of the multispectral one are fixed in the different 

spectral ranges. There are information value definition methods applied 

for digital image intensity distributions fixed in separate spectral 

ranges. Such methods have an integral character thus the information 

contribution definition of separate raster represented cells of initial 

landscape data to image information value in whole becomes impossi-

ble [3, 4]. One of the basic tasks of the factor analysis methods is the 

data level compression by general factors based process description part. 

The quantity of the factors is less than the quantity of primarily kept 

features or parameters which are ensure the accurate feature correlation 

matrix restoration [5].  

The aim of the work is to study the factor analysis methods con-

cerning multispectral raster images processing in order to optimize the 
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fixing spectral ranges quantity of initial landscape data according to the 

information entropy maximum criterion.  

Major part. The correlation matrix built with Pearson ratio corre-

lation coefficient , where Z - standardized input data matrix, 

n - vector length, ' - transposition symbol, is the basic factor analysis 

method research object.  

The Aster initial (immediate) multispectral image, fixed in nine 

electromagnetic spectral ranges, as the testing one was taken and for the 

convenience placed together with research results as shown in figure 7. 

The image intensity spatial distribution numerical matrixes of 

the initial multispectral image bands are used as the factor analysis 

variables. There are Var2 - the 1st band (0.52 ìêì - 0.60 ìêì), Var3 - 

the 2d band (0.63 ìêì - 0.69 ìêì), Var4 - the 3d band (0.78 ìêì - 0.86 

ìêì), Var5 - the 4th band (1.60 ìêì - 1.70 ìêì), Var6 - the 5th band 

(2.145 ìêì - 2.185 ìêì), Var7 - the 6th band (2.185 ìêì - 2.225 ìêì;), 

Var8 - the 7th band (2.235 ìêì - 2.285 ìêì), Var9 - the 8th band (2.295 

ìêì - 2.365 ìêì), Var10 - the 9th band (2.360 ìêì - 2.430 ìêì) in 

ascending order of emission wavelength. The correlation matrix calcu-

lated for the variables complex is put in figure 1.  

 
Figure 1 - Correlation matrix  

 

To choose the definite considerable factors the eigenvalues for 

every variable (for every image of multispectral one) were calculated. 

The eigenvalue - its number diagram was built (Figure 2). 

 
Figure 2 - The eigenvalues diagram 
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As we can see from the eigenvalues diagram the first factor eigen-

value is amount to 6,28, the second one is amount to 2,36, the rest are 

less than 1. According to Kaiser criterion the two factors should be cho-

sen, and according to Cattell scree test one should choose two or three of 

the factors [6], so the both of solutions are studied.  

The correlations among factors and variables named the factor 

loadings are the most important information concerning the factor in-

terpretation. The factor loadings calculating for all nine factors showed 

that the two first factors have the greatest loadings (Figure 3). 

 
Figure 3 - Factor loadings  

 

To obtain the easiest for interpreting factor structure the factors 

were rotated using the "varimax" rotating method. The quantity of the 

factors reserved for rotation is amount to two and three. 

The Factor 1 has the largest loadings for variables Var4 - Var10, and 

the Factor 2 has the largest loadings for variables Var2 and Var3. The data 

obtained indicate the Factor 1 and Factor 2 factor importance. The deci-

sion diagram based on two chosen factors rotating is given in Figure 4. 

 
Figure 4 - The decision diagram 

 

The scatter chart of the two factors (Figure 4) shows the two load-

ings for every variable. The variables Var2 - Var5 are scattered on the 

diagram field one relative to another and other grouped variables. This 

means the presence of spectral distance between the image spectral 
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bands which correspond to the variables. The variables Var6 - Var10 are 

concentrated that means the absence of useful information of corre-

sponding image spectral bands one relative to another. Thus as the re-

sult of the factor analysis of the input multispectral image the five 

principal components are picked out (Figure 4).  

As far as the greatest quantity of contrast details is concentrated 

in the images of the principal components picked out, the aggregate of 

them allow reconstructing the image with minimum information loss.  

The initial images are given in figure 5 (a, d, g), the reconstructed 

images are given in figure 5 (b, e, h), the images of the difference be-

tween them are given in figure 5 (c, f, i). The low contrast of the im-

ages-differences indicates the little data loss when the only five princi-

pal components have been used for input image reconstruction [1]. 

   
à b c 

   
d e f 

   
g h i 

Figure 5 - The research results  
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The annotation to figure 5: (à) is the initial image of 1 to 3 multis-

pectral bands; (b) is the reconstructed image respective to (à) image; (c) is 

the difference between (à) and (b) images; (d) is the initial image of 4 to 6 

multispectral bands; (e) is the reconstructed image respective to (d) image; 

(f) is the difference between (d) and (e) images; (g) is the initial image of 7 

to 9 multispectral bands; (h) is the reconstructed image respective to (g) 

image; (i) is the difference between (g) and (h) images. 

One of the basic raster image information characteristics is the in-

formation entropy [7], the values of which were calculated for every spec-

tral band of initial and reconstructed images. The analysis of the obtained 

values confirms the considerable reconstructed images information value 

rising, especially for 1 to 3 bands of the multispectral image. 

Conclusions. The alternative methodic of landscape data level opti-

mization which are enough for its interpretation is studied in the paper. 

Further development with respect to subject matter is connected with pre-

sent landscape data level optimization methods effectiveness defining and 

analysis according to the criterion of maximum reconstructed images geo-

metric structure saving during their information value rising.  
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ÄÎÑË²ÄÆÅÍÍß ÍÅÉÐÎÍÍÈÕ ÌÅÐÅÆ ÄËß 

²ÄÅÍÒÈÔ²ÊÀÖ²¯ ÑÈÃÍÀË²Â ÂÈÕÎÐÎÑÒÐÓÌÎÂÎ¯ 

ÄÅÔÅÊÒÎÑÊÎÏ²¯ 
 

Анотація. За допомогою комп’ютерного моделювання визначено опти-

мальний тип, параметри навчання та настройки нейронної мережі для 

ідентифікації сигналу дефекту у вихрострумововій дефектоскопії ком-

позитних матеріалів.  

Ключові слова: нейронні мережі, вихорострумова дефектоскопія, компо-

зитні матеріали. 
 

Âñòóï. Îñíîâíîþ çàäà÷åþ ïðè ïîøóêàõ äåôåêò³â ñóö³ëüíîñò³ êîì-

ïîçèòíèõ ìàòåð³àë³â ³ç âèêîðèñòàííÿì âèõîðîñòðóìîâîãî ìåòîäó º ³äåíòè-

ô³êàö³ÿ ñèãíàëó äåôåêòó íà ôîí³ ä³¿ çàâàæàþ÷èõ ôàêòîð³â, ñïðè÷èíåíèõ 

îñîáëèâîñòÿìè ïîâåðõí³ êîìïîçèòíèõ ìàòåð³àë³â (øóì) òà ñïåöèô³êîþ 

ïðîâåäåííÿ äîñë³äæåíü [1]. 

Ôîðìà êëàñè÷íîãî ìîäóëÿö³éíîãî ñèãíàëó, ÿêèé îòðèìóºòüñÿ â³ä 

âèõîðîñòðóìîâîãî ïåðåòâîðþâà÷à ó âèïàäêó, êîëè éîãî òðàºêòîð³ÿ ñêàíó-

âàííÿ ïåðåòèíàº ïîâåðõíåâó òð³ùèíó, äîâæèíà ÿêî¿ çíà÷íî ìåíøå ä³àìåò-

ðà âèõîðîñòðóìîâîãî ïåðåòâîðþâà÷à, çîáðàæåíà íà ðèñ.1, à ó ïîð³âíÿíí³ ³ç 

øòó÷íî ñòâîðåíèìè øóìàìè ñï³âðîçì³ðíî¿ àìïë³òóäè - íà ðèñ. 2. 

  
Ðèñóíîê 1 - Ìîäóëÿö³éíèé ñèãíàë 

ïðè ïðîõîäæåíí³  
âèõîðîñòðóìîâîãî ïåðåòâîðþâà÷à 

íàä òî÷êîâèì äåôåêòîì 

Ðèñóíîê 2 - Ñèãíàë äåôåêòó  
³ âèá³ðêè øóìó ñï³âðîçì³ðíî¿  

àìïë³òóäè 
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Äëÿ ³äåíòèô³êàö³¿ ñèãíàëó äåôåêòó íà ôîí³ øóìó, îáóìîâëåíî-

ãî ñêëàäíèì ðåëüºôîì ïîâåðõí³ êîìïîçèòíîãî ìàòåð³àëó ç àðìóþ÷èìè 

âóãëåöåâèìè âîëîêíàìè, ïåðñïåêòèâíèì º äîñë³äæåííÿ ìîæëèâîñòåé 

íåéðîííèõ ìåðåæ (ÍÌ) [2]. 

Ïîñòàíîâêà çàâäàííÿ. Ìåòîþ ðîáîòè áóâ àíàë³ç ìîæëèâîñò³ 

âèêîðèñòàííÿ ÍÌ äëÿ ³äåíòèô³êàö³¿ ñèãíàëó äåôåêòó, àäèòèâíî çì³-

øàíîãî ç á³ëèì ãàóñîâèì øóìîì, à òàêîæ âèçíà÷åííÿ îïòèìàëüíîãî 

òèïó ÍÌ äëÿ ïðîâåäåííÿ òàêèõ äîñë³äæåíü. 

Îñíîâíà ÷àñòèíà. Äëÿ âèð³øåííÿ ïîñòàâëåíîãî çàâäàííÿ áóëî 

âèêîðèñòàíî êîìï’þòåðíèé ìàòåìàòè÷íèé ïàêåò Octave (freeware 

àíàëîã ïàêåòó Matlab). Â öüîìó ïàêåò³ áóëà ðîçðîáëåíà ïðîãðàìà, àë-

ãîðèòì ðîáîòè ÿêî¿ ïðåäñòàâëåíèé íà ðèñóíêó 4, òà ÿêà îïåðóâàëà ³ç 

íàñòóïíèìè âõ³äíèìè äàíèìè: 

- îäíîì³ðíîþ ìàòðèöåþ (1 ñòîâïåöü) ³ç 21 ñòðîêàìè (ðèñ.3), 

çíà÷åííÿ ÿêèõ â³äïîâ³äàþòü ïîñë³äîâíèì â³äë³êàì ñèãíàëó äåôåêòó, 

ïîêàçàíîìó íà ðèñ.1 (â³äñòàíü ì³æ â³äë³êàìè ïî îñ³ àáñöèñ äîð³âíþº 

0,2 ìì ïî òðàºêòîð³¿ ñêàíóâàííÿ);  

- çàäàíîþ ê³ëüê³ñòþ ìàòðèöü, ÿê³ ì³ñòÿòü âèá³ðêè øóìó ð³çíî¿ 

³íòåíñèâíîñò³, ùî â³äïîâ³äàþòü ñêàíóâàííþ áåçäåôåêòíî¿ ïîâåðõí³ 

êîìïîçèòó; 

- áàãàòîøàðîâèìè íåéðîííèìè ìåðåæàìè, ùî ì³ñòÿòü 2 øàðè 

íåéðîí³â ³ç ê³ëüê³ñòþ âõ³äíèõ ñèãíàë³â 21 (äëÿ ïîäàííÿ ïîñë³äîâíî íà 

êîæåí âõ³ä îäíîãî çíà÷åííÿ ³ç ìàòðèöü ñèãíàë³â), òà 1 âèõ³äíèì ñèã-

íàëîì (³ç çíà÷åííÿì «1» - ùî â³äïîâ³äàº íàÿâíîñò³ äåôåêòó òà «0» - 

éîãî â³äñóòíîñò³). 

Ïðè ïðîâåäåíí³ äîñë³äæåííÿ, ÿê ïåðñïåêòèâí³ òèïè ÍÌ ç òî÷-

êè çîðó â³äïîâ³äíîñò³ çàäà÷ âèõîðîñòðóìîâîãî ìåòîäó äåôåêòîñêîï³¿ 

êîëó çàäà÷ âèêîðèñòàííÿ ÍÌ [3,4,5], áóëè ðîçãëÿíóò³ íàñòóïí³ áàãà-

òîøàðîâ³ ÍÌ: 

- ÍÌ ïðÿìî¿ ïåðåäà÷³ ³ç çâîðîòí³ì íàïðÿìêîì ïîøèðåííÿ ïî-

ìèëêè; 

- äèíàì³÷íà ÍÌ ïðÿìî¿ ïåðåäà÷³ ³ç ë³í³ÿìè çàòðèìêè òà çâîðî-

òí³ì íàïðÿìêîì ïîøèðåííÿ ïîìèëêè; 

- ðåêóðåíòíà ÍÌ Õîïô³ëäà ³ç äèíàì³÷íèì çâîðîòíèì çâ’ÿçêîì; 

- ñàìîîðãàí³çóþ÷à ÍÌ ³ç êàðòîþ Êîõîíåíà; 

- éìîâ³ðí³ñíà ÍÌ; 

- ðàä³àëüíà áàçèñíà ÍÌ. 
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Ðèñóíîê 3 - Ôîðìóâàííÿ ìàòðèö³ â³äë³ê³â ñèãíàëó äåôåêòó 
 

Ó ÿêîñò³ ôóíêö³é àêòèâàö³¿ ÍÌ , áóëè âèêîðèñòàí³: 

- ã³ïåðáîë³÷íà òàíãåíö³àëüíà ôóíêö³ÿ; 

 äëÿ ë³í³éíèõ ÍÌ (òà íà âèõ³äíèé øàð áàãàòîøàðîâèõ ìåðåæ): 

 - ë³í³éíà ôóíêö³ÿ àêòèâàö³¿; 

 äëÿ ðàä³àëüíèõ áàçèñíèõ ÍÌ: 

 - ãàóñîâà ðàä³àëüíà áàçèñíà ôóíêö³ÿ; 

 äëÿ ñàìîîðãàí³çóþ÷èõ ÍÌ: 

 - êîíêóðóþ÷à ôóíêö³ÿ àêòèâàö³¿. 

ßê àëãîðèòìè íàâ÷àííÿ áóëè âèêîðèñòàí³, ïåðñïåêòèâí³ ùîäî âè-

â÷åííÿ íåôîðìàë³çîâàíèõ çàëåæíîñòåé, íàñòóïí³ àëãîðèòìè : 

- àëãîðèòì ãðàä³ºíòíîãî ñïóñêó ³ç âèáîðîì ïàðàìåòðà øâèäêîñò³ íà-

ñòðîéêè; 

- êâàç³íüþòîíîâèé àëãîðèòì Ëåâåíáåðãà - Ìàðêâàðäòà; 

- êâàç³íüþòîíîâèé àëãîðèòì Ëåâåíáåðãà - Ìàðêâàðäòà, äîïîâíåíèé 

ðåãóëÿðèçàö³ºþ ïî Áàéåñó; 

- ìåòîä ñïîëó÷åíîãî ãðàä³ºíòà ç³ çâîðîòíèì ïîøèðåííÿì ïîìèëêè â 

ìîäèô³êàö³¿ Ôëåò÷åðà – Ðèâñà; 

- ìåòîä ñïîëó÷åíîãî ãðàä³ºíòà ç³ çâîðîòíèì ïîøèðåííÿì ïîìèëêè â 

ìîäèô³êàö³¿ Ïîëàê – Ð³áåéðè; 
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- êîìá³íàö³ÿ ìåòîäó ñïîëó÷åíîãî ãðàä³ºíòà ç êâàç³íüþòîíîâèì ï³ä-

õîäîì â ìîäèô³êàö³¿ Ìîëëåðà. 

ßê ôóíêö³¿ íàñòðîéêè ïàðàìåòð³â ÍÌ äëÿ îá÷èñëåííÿ çá³ëüøåíü 

âàã ³ çñóâ³â ïðè íàâ÷àíí³ áóëè âèêîðèñòàí³ â³äïîâ³äí³ îáðàíèì òèïàì ÍÌ 

íàñòóïí³ ôóíêö³¿: 

- ôóíêö³ÿ äëÿ íàëàøòóâàííÿ ïàðàìåòð³â çà ìåòîäîì Â³äðîó – Õîô-

ôà; 

- ôóíêö³ÿ íàñòðîéêè ìåòîäîì ãðàä³ºíòíîãî ñïóñêó; 

- ôóíêö³ÿ íàñòðîéêè ìåòîäîì ãðàä³ºíòíîãî ñïóñêó ³ç çáóðþâàííÿì; 

- ôóíêö³ÿ íàñòðîéêè âàã LVQ-ìåðåæ³ çà ïðàâèëîì LVQ1; 

- ôóíêö³ÿ íàñòðîéêè âàã êàðòè Êîõîíåíà. 

Ó ÿêîñò³ êðèòåð³þ ÿêîñò³ íàâ÷àííÿ áóëè âèêîðèñòàí³ ñòàíäàðòí³ ìå-

òîäè îö³íêè ì³í³ì³çàö³¿ ïîìèëîê ÍÌ, ò. å. ð³çíèö³ ì³æ áàæàíèì ³ ðåàëüíèì 

ñèãíàëàìè íà âèõîä³ ÍÌ. Ç ìåòîþ ãåíåðàö³¿ íàâ÷àþ÷èõ âèá³ðîê âèêîðèñòî-

âóâàâñÿ á³ëèé øóì ðîçïîä³ëó Ãàóñà ³ç îáìåæåííÿì àìïë³òóäè øóìó äî ð³â-

íÿ ìàêñèìàëüíî¿ àìïë³òóäè ñèãíàëó äåôåêòó (íàäàë³ - Aäåô) [6]. Ïðîâîäèëî-

ñÿ íàâ÷àííÿ ÍÌ çàäàíîãî òèïó ç çàäàíèìè ïàðàìåòðàìè ç âèêîðèñòàííÿì: 

³äåàëüíîãî ñèãíàëó äåôåêòó, ³äåàëüíîãî ñèãíàëó äåôåêòó ç äîäàíèì äî íüîãî 

ìàêñèìàëüíèì ð³âíåì øóìó, ³äåàëüíîãî ñèãíàëó ³ç äîäàííÿì äî íüîãî ïî-

ëîâèíè ìàêñèìàëüíîãî ð³âíÿ øóìó ³ òàê äàë³. 

Ï³ñëÿ íàâ÷àííÿ ÍÌ ïðîâîäèëèñÿ íàñòóïí³ äîñë³äæåííÿ ç ¿¿ âèêîðè-

ñòàííÿì:  

- ãåíåðóâàëèñÿ âèá³ðêè øóìó ç àìïë³òóäîþ, ÿêà ïîñë³äîâíî çá³ëü-

øóâàëàñü íà 1% â³ä 0% äî 100% ð³âíÿ Aäåô, ùî äîäàâàëèñÿ äî çíà÷åíü ñè-

ãíàëó äåôåêòó; 

- çãåíåðîâàí³ ñèãíàëè ùîäî íàÿâíîñò³ òà â³äñóòíîñò³ ñèãíàëó äåôåêòó 

ïîäàâàëèñÿ íà âõîäè ÍÌ ³ ïåðåâ³ðÿëàñü ïðàâèëüí³ñòü ³äåíòèô³êàö³¿ ñèãíàëó 

äåôåêòó òà ïðàâèëüí³ñòü ³äåíòèô³êàö³¿ â³äñóòíîñò³ äåôåêòó; 

- îòðèìàí³ çàëåæíîñò³ ê³ëüêîñò³ âèïàäê³â ïðàâèëüíî¿ ³äåíòèô³êàö³¿ 

ñèãíàëó äåôåêòó òà ³äåíòèô³êàö³¿ â³äñóòíîñò³ ñèãíàëó äåôåêòó â³ä ð³âíÿ 

øóìó, äîäàíîãî äî ñèãíàëó, âèêîðèñòîâóâàëèñÿ äëÿ âèçíà÷åííÿ îïòèìàëü-

íî¿ ÍÌ òà ¿¿ ïàðàìåòð³â. 

Äëÿ àâòîìàòèçàö³¿ äîñë³äæåíü áóëà ðîçðîáëåíà ïðîãðàìà (ðèñ.4), ÿêà 

ñòâîðþâàëà ÍÌ, íàâ÷àëà ¿õ òà ïîñë³äîâíî àíàë³çóâàëà â³äñîòîê ïðàâèëüíî¿ 

³äåíòèô³êàö³¿ ñèãíàë³â ïðè çì³í³ òèïó òà ïàðàìåòð³â ÍÌ. 
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Ðèñóíîê 4 - Àëãîðèòì ðîáîòè ïðîãðàìè 

Ìàêñèìóì øóìó? 

Çàâàíòàæåííÿ âõ³äíèõ äàíèõ: 
- ìàòðèö³ ñèãíàë³â íàÿâíîñò³ äåôåêòó; òèïè ÍÌ, ùî 

Çàâäàííÿ âõ³äíèõ äàíèõ: 
- ê³ëüê³ñòü ìàòðèöü øóìó, ìàêñèìàëüíà àìïë³òóäà 

øóìó; 

Ãåíåðóâàííÿ äîäàòêîâèõ äàíèõ: 
- ìàòðèöü øóìó, ìàòåìàòè÷íèõ ôóíêö³é , ïåðåâ³ð-
êè ïîòî÷íîãî ð³âíÿ øóìó; ñòâîðåííÿ ÍÌ çàäàíèõ 

òèï³â. 

Ìàòðèöÿ øóìó çá³ãëàñÿ ³ç ìàòðèöåþ 
ñèãíàëó äåôåêòó ? 

 

Íàâ÷àííÿ ÍÌ (ïîòî÷íîãî òèïó ³ ïàðàìåòð³â)  

Îáðàííÿ ïîòî÷íîãî òèïó ÍÌ  

Îñòàíí³é êðèòåð³é 
ÿêîñò³ ? 

Äîêóìåíòóâàííÿ 
ðåçóëüòàò³â  

Îáðàííÿ ïîòî÷íî¿ ôóíêö³¿ àêòè-
âàö³¿  

Îáðàííÿ ïîòî÷íîãî àëãîðèòìó íà-
â÷àííÿ  

Îáðàííÿ ïîòî÷íî¿ ôóíêö³¿ íàñòðîéêè ïàðàìåòð³â 
ÍÌ 

Îáðàííÿ ïîòî÷íîãî êðèòåð³þ ÿêîñò³ 
íàâ÷àííÿ  

Îñòàííÿ ôóíêö³ÿ 
íàñòðîéêè ? 

 Îñòàíí³é àëãîðèòì 
íàâ÷àííÿ ? 

Îñòàííÿ ôóíêö³ÿ 
àêòèâàö³¿? 

Çá³ëüøåííÿ ð³âíÿ øóìó 
 

Îñòàíí³é òèï ÍÌ? 

Òàê 
 

Так 
Так 

Так 

Так 

Так 

Так 

Í³ 
 

Í³ 
 

Í³ 
 

Í³ 
 Í³ 

 

Í³ 
 

Í³ 
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Íàéá³ëüø ïðèäàòíîþ äëÿ ³äåíòèô³êàö³¿ ñèãíàëó äåôåêòó âè-

ÿâèëàñü ÍÌ ïðÿìî¿ ïåðåäà÷³ ³ç çâîðîòí³ì íàïðÿìêîì ïîøèðåííÿ ïî-

ìèëêè. Ðåçóëüòàòè ¿¿ âèïðîáóâàííÿ â³äîáðàæåí³ íà ðèñ.5 ³ â òàáë.1. 

Íà ðèñ. 5 íà ãðàô³êó ³ç äîäàòêîâèì ïîçíà÷åííÿì òî÷îê ãðàô³êó 

ñèìâîëîì «*» íàâåäåíî äîñë³äæåííÿ ÍÌ ïðÿìî¿ ïåðåäà÷³ ³ç çâîðîòí³ì 

íàïðÿìêîì ïîøèðåííÿ ïîìèëêè, ã³ïåðáîë³÷íîþ òàíãåíö³àëüíîþ ôóí-

êö³ºþ àêòèâàö³¿, êâàç³íüþòîíîâèì àëãîðèòìîì íàâ÷àííÿ Ëåâåíáåðãà – 

Ìàðêâàðäòà, ìåòîäîì ãðàä³ºíòíîãî ñïóñêó ³ç çáóðþâàííÿì òà êîìá³-

íîâàíèì êðèòåð³ºì ÿêîñò³ íàâ÷àííÿ (ùî ïîêàçàëà íàéêðàù³ ðåçóëüòà-

òè ïðè ìîäåëþâàíí³) íà ôîí³ ãðàô³ê³â ÍÌ ç ³íøèìè ïàðàìåòðàìè. 

Äîñòîâ³ðí³ñòü ³äåíòèô³êàö³¿ ñèãíàëó òèì âèùå, ÷èì á³ëüøå âî-

íà â³äð³çíÿºòüñÿ â³ä ïîðîãó ó 50% âèïàäê³â ïðàâèëüíî¿ ³äåíòèô³êàö³¿, 

òàêèì ÷èíîì ³ç ãðàô³êó íà ðèñ.5 î÷åâèäíî, ùî ïðèéíÿòíà äîñòîâ³ð-

í³ñòü ³äåíòèô³êàö³¿ äîñÿãàºòüñÿ ëèøå ïðè ð³âí³ øóìó äî 30%. 

 
Ðèñóíîê 5 - Çàëåæí³ñòü äîñòîâ³ðíîñò³ ³äåíòèô³êàö³¿ ñèãíàëó  

äåôåêòó â³ä ð³âíÿ øóìó 
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Òàáëèöÿ 1 

Çàëåæí³ñòü ïðàâèëüíîñò³ ³äåíòèô³êàö³¿ ñèãíàëó äåôåêòó ÍÌ ïðÿìî¿ 

ïåðåäà÷³ ³ç çâîðîòí³ì íàïðÿìêîì ïîøèðåííÿ ïîìèëêè â çàëåæíîñò³ 

â³ä âèêîðèñòàíèõ ïàðàìåòð³â ìåðåæ³ 
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Âèñíîâêè. Îòðèìàí³ ðåçóëüòàòè ìîäåëþâàííÿ ñâ³ä÷àòü ïðî äî-

ö³ëüí³ñòü âèêîðèñòàííÿ íåéðîííèõ ìåðåæ äëÿ ³äåíòèô³êàö³¿ ìîäóëÿ-

ö³éíîãî ñèãíàëó ïîâåðõíåâî¿ òð³ùèíè, îòðèìàíîãî ïðè ñêàíóâàíí³ 

âèõîðîñòðóìîâèì ïåðåòâîðþâà÷åì ïîâåðõí³ âèðîá³â ç êîìïîçèòíèõ 

ìàòåð³àë³â íà ôîí³ ³íòåíñèâíîãî øóìó, îáóìîâëåíîãî âïëèâîì øîðñò-

êîñò³ ïîâåðõí³.  

Çà ðåçóëüòàòàìè äîñë³äæåíü áóëî âèçíà÷åíî îïòèìàëüíèé òèï 

ìåðåæ³ òà ¿¿ ïàðàìåòðè. Öå ìåðåæà ïðÿìî¿ ïåðåäà÷³ ³ç çâîðîòí³ì íà-

ïðÿìêîì ïîøèðåííÿ ïîìèëêè ³ç âèêîðèñòàííÿì ó ÿêîñò³ àëãîðèòìó 

íàâ÷àííÿ êâàç³íüþòîíîâîãî àëãîðèòìó Ëåâåíáåðãà – Ìàðêâàðäòà òà 

íàñòðîéêîþ ïàðàìåòð³â ìåòîäîì ãðàä³ºíòíîãî ñïóñêó ³ç çáóðþâàííÿì.  

Ïðèéíÿòíà, ñ ïðàêòè÷íî¿ òî÷êè çîðó, äîñòîâ³ðí³ñòü ³äåíòèô³-

êàö³¿ äåôåêòó îòðèìóºòüñÿ ïðè ð³âí³ øóìó äî 30% â³ä ð³âíÿ àìïë³òó-

äè ñèãíàëó äåôåêòó. 
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Í.È. Òâåðäîñòóï  

ÀÍÀËÈÇ F-ÌÅÒÐÀ Ñ ÓÏÐÀÂËßÅÌÎÉ 

×ÓÂÑÒÂÈÒÅËÜÍÎÑÒÜÞ Ê ÏÐÈÐÀÙÅÍÈÞ ÐÅÀÊÒÀÍÑÀ 

ÈÍÄÓÊÒÈÂÍÎÃÎ ÄÀÒ×ÈÊÀ  

 

Аннотация. Цель работы – повышение чувствительности F-

метрического преобразователя индуктивности.  Найдены условия 

управления крутизной характеристики преобразования измерительного 

генератора на основе комбинированной операционной схемы путем из-

менения степени компенсации начальной индуктивности параметриче-

ского датчика, включенного в резонансный контур  генератора. 

Ключевые слова: индуктивность, сопротивление, импеданс, датчик, ге-

нератор, комбинированная операционная схема, приращение частоты, 

компенсация, чувствительность, F-метр. 

 

Ââåäåíèå. Â ñîâðåìåííûõ óñòðîéñòâàõ èçìåðåíèÿ è êîíòðîëÿ 

øèðîêî èñïîëüçóþò ìåòîä F-ìåòðà, ïîçâîëÿþùèé äîâîëüíî ïðîñòî 

ïðåîáðàçîâûâàòü ðåàêòàíñ äàò÷èêà â ÷àñòîòó ãàðìîíè÷åñêèõ êîëåáà-

íèé [1]. Íåäîñòàòêîì ìåòîäà ÿâëÿåòñÿ åãî îãðàíè÷åííàÿ ÷óâñòâèòåëü-

íîñòü ê èçìåíåíèþ êîíòðîëèðóåìîãî ïàðàìåòðà. Ïîýòîìó àêòóàëüíûì 

ÿâëÿåòñÿ ñîçäàíèå ñðåäñòâ, ïîçâîëÿþùèõ óâåëè÷èòü ÷óâñòâèòåëüíîñòü 

êîíòðîëÿ ìåòîäîì  F-ìåòðà. 

Â ðàáîòàõ [2,3] çàëîæåíû îñíîâû ñèíòåçà ïðåîáðàçîâàòåëåé èì-

ïåäàíñà íà îïåðàöèîííûõ óñèëèòåëÿõ. Âûâîäû èç [4] óêàçûâàþò íà 

öåëåñîîáðàçíîñòü èñïîëüçîâàíèÿ êîìáèíèðîâàííîé îïåðàöèîííîé 

ñõåìû äëÿ ñîçäàíèÿ èçìåðèòåëüíîãî ãåíåðàòîðà ñ óïðàâëÿåìîé ÷óâñò-

âèòåëüíîñòüþ.  

Ïîñòàíîâêà çàäà÷è. Öåëüþ ðàáîòû ÿâëÿåòñÿ ðàçðàáîòêà F-

ìåòðà ñ ïîâûøåííîé ÷óâñòâèòåëüíîñòüþ ê èçìåíåíèþ èíäóêòèâíîñòè 

ïàðàìåòðè÷åñêîãî äàò÷èêà. 

Îñíîâíàÿ ÷àñòü.  Èçìåðèòåëüíûé ãåíåðàòîð íà îñíîâå ëèíåéíîé 

êîìáèíèðîâàííîé îïåðàöèîííîé ñõåìû (ËÊÎÑ) ïîêàçàí íà ðèñ. 1.  

                                 

 © Òâåðäîñòóï Í.È., 2017 
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        à)                                             á) 

Ðèñóíîê 1 – Èçìåðèòåëüíûé ãåíåðàòîð íà îñíîâå ËÊÎÑ (à); 

ýêâèâàëåíòíîå ïðåäñòàâëåíèå ËÊÎÑ (á) 

 

Â ëèíåéíîé êîìáèíèðîâàííîé îïåðàöèîííîé ñõåìå ñ èíäóêòèâ-

íûì èìïåäàíñîì â öåïè îòðèöàòåëüíîé îáðàòíîé ñâÿçè õàðàêòåðíûì 

ÿâëÿåòñÿ íàëè÷èå êîìáèíèðîâàííîé îáðàòíîé ñâÿçè, à òàêæå òî, ÷òî 

âíåøíèå ñèãíàëû âîçáóæäåíèÿ U1 è U2 ïîñòóïàþò ñèíôàçíî íà îáà 

âõîäà îïåðàöèîííîãî óñèëèòåëÿ DA2. Èç âûâîäîâ ê ðàáîòå [4] ñëåäó-

åò, ÷òî âõîäíîé èìïåäàíñ ËÊÎÑ ðàâåí 

 = (                               (1) 

ãäå – êîìïëåêñíûé èìïåäàíñ èíäóêòèâíîñòè L1 ñ àêòèâ-

íûì ñîïðîòèâëåíèåì r1; R2,R3 – àêòèâíûå ñîïðîòèâëåíèÿ öåïè êîì-

áèíèðîâàííîé îáðàòíîé ñâÿçè óñèëèòåëÿ DA2;  – 

êîìïëåêñíûé èìïåäàíñ ïàðàëëåëüíî ñîåäèíåííûõ ñîïðîòèâëåíèÿ   

è åìêîñòè ; n = U2 /U1, U1 è U2 – íàïðÿæåíèÿ ñèãíàëîâ âîçáóæäå-

íèÿ. Ïîâòîðèòåëü íà óñèëèòåëå DA1 ñ ðåçèñòèâíûì äåëèòåëåì RÀ, RÂ 

ïðåäñòàâëÿåò ñîáîé èñòî÷íèê íàïðÿæåíèÿ âîçáóæäåíèÿ U2, ñèíôàçíî-

ãî âõîäíîìó íàïðÿæåíèþ U1. Îòíîøåíèå n íàïðÿæåíèé âîçáóæäåíèÿ 

ìîæíî ïðåäñòàâèòü ÷åðåç îòíîøåíèå ñîïðîòèâëåíèé äåëèòåëÿ â âèäå 

,                                    (2)  

òîãäà âõîäíîé èìïåäàíñ вхZɺ , âûðàæåííûé ÷åðåç ïàðàìåòðû ñõåìû, 

áóäåò  

           (3) 
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Ñïðàâåäëèâî òàêæå, ÷òî вхZɺ , ïðåäñòàâëåííûé ÷åðåç âõîäíûå 

ïàðàìåòðû, ðàâåí 

вхZɺ  = râõ + Lâõ,                                   (4) 

ãäå râõ, Lâõ – âõîäíûå àêòèâíîå ñîïðîòèâëåíèå è èíäóêòèâíîñòü. Òîãäà 

èç (3) è (4) ñëåäóþò âûðàæåíèÿ àêòèâíîé è èíäóêòèâíîé ñîñòàâëÿþ-

ùèõ âõîäíîãî èìïåäàíñà ËÊÎÑ 

                       (5) 

                        (6) 

ïîêàçûâàþùèå, ÷òî â íàñòîÿùåé ñõåìå èíäóêòèâíîñòü L1 ñ àêòèâíûì 

ñîïðîòèâëåíèåì  r1 ïðåîáðàçóþòñÿ âî âõîäíûå èíäóêòèâíîñòü   Lâõ è 

ñîïðîòèâëåíèå râõ ñ êîýôôèöèåíòîì óìíîæåíèÿ ðàâíûì 

                                    (7) 

êîòîðûé, ïðè RB >> RA, ìîæåò ïðèíèìàòü áîëüøèå çíà÷åíèÿ. Èç (5) 

ñëåäóåò, ÷òî óìíîæåíèå àêòèâíîãî ñîïðîòèâëåíèÿ r1 ñîïðîâîæäàåòñÿ 

åãî êîìïåíñàöèåé îòðèöàòåëüíîé àêòèâíîé ñîñòàâëÿþùåé âõîäíîãî 

èìïåäàíñà ËÊÎÑ ðàâíîé  

,                                   (8) 

ïðè  )(R − → r1 âõîäíîå ñîïðîòèâëåíèå râõ → 0, ÷òî óêàçûâàåò íà âîç-

ìîæíîñòü ñóùåñòâåííîãî ïîâûøåíèÿ äîáðîòíîñòè èíäóêòèâíîñòè.  

Èç (6) ñëåäóåò, ÷òî óìíîæåíèå èíäóêòèâíîñòè L1 íà êîýôôèöè-

åíò m ïðîèñõîäèò îäíîâðåìåííî ñ óìåíüøåíèåì åå íà÷àëüíîãî çíà÷å-

íèÿ íà âåëè÷èíó  , êîòîðóþ áóäåì íàçûâàòü êîìïåíñèðóþùåé 

èíäóêòèâíîñòüþ Lê. Âûðàæåíèå (6) ïðåäñòàâèì â âèäå 

 .                                    (9) 

Äîïóñòèì, ÷òî ïîä âîçäåéñòâèåì êîíòðîëèðóåìîãî ïàðàìåòðà 

èíäóêòèâíîñòü äàò÷èêà L1 èçìåíÿåòñÿ íà âåëè÷èíó ΔL1, òîãäà âõîäíàÿ 

èíäóêòèâíîñòü ËÊÎÑ ñòàíîâèòñÿ 

 .                       (10) 

Èç (9), (10) ñëåäóåò, ÷òî àáñîëþòíîå è îòíîñèòåëüíîå ïðèðàùå-

íèÿ âõîäíîé èíäóêòèâíîñòè ñîñòàâëÿþò 

                                       (11) 

                                (12) 
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ïðè÷åì, ïðè Âèäíî, ÷òî àáñîëþòíîå ïðèðàùåíèå 

âõîäíîé èíäóêòèâíîñòè îïðåäåëÿåòñÿ êîýôôèöèåíòîì óìíîæåíèÿ m, 

à îòíîñèòåëüíîå ïðèðàùåíèå – âåëè÷èíîé êîìïåíñèðóþùåé èíäóê-

òèâíîñòè Lê. Ýòî ïîêàçûâàåò, ÷òî â ËÊÎÑ âîçìîæíî ìàñøòàáèðîâàíèå 

èíäóêòèâíîñòè äàò÷èêà ñ óïðàâëåíèåì âåëè÷èíû ÷óâñòâèòåëüíîñòè ê 

êîíòðîëèðóåìîìó ïàðàìåòðó. 

Ê âõîäó ËÊÎÑ ïîäêëþ÷åíà åìêîñòü , êîòîðàÿ ñ âõîäíîé èí-

äóêòèâíîñòüþ   îáðàçóåò êîëåáàòåëüíûé êîíòóð ñ ðåçîíàíñíîé ÷àñ-

òîòîé 

  .                                    (13) 

Èç (5) ñëåäóåò, ÷òî ïðè âûïîëíåíèè óñëîâèÿ  r1<  â 

êîíòóðå ïðèñóòñòâóåò îòðèöàòåëüíàÿ àêòèâíàÿ ñîñòàâëÿþùàÿ âõîäíî-

ãî ñîïðîòèâëåíèÿ ËÊÎÑ, êîìïåíñèðóþùàÿ àêòèâíûå ïîòåðè â êîíòó-

ðå è îáåñïå÷èâàþùàÿ ñòàöèîíàðíûå ãàðìîíè÷åñêèå êîëåáàíèÿ íà ðå-

çîíàíñíîé ÷àñòîòå (13), êîòîðàÿ ñ ó÷åòîì (9) èìååò âèä 

  .                                  (14) 

Ïðè èçìåíåíèè èíäóêòèâíîñòè äàò÷èêà  ïðèðàùåíèå ÷àñòî-

òû ìîæíî îïðåäåëèòü â âèäå 

   =    ·  .                  (15) 

Èç (15) âèäíî, ÷òî ïðèðàùåíèå ÷àñòîòû ñóùåñòâåííî óâåëè÷è-

âàåòñÿ ïðè  Ïîñëåäíåå îáîñíîâûâàåò âîçìîæíîñòü ïîâûøåíèÿ 

÷óâñòâèòåëüíîñòè F-ìåòðà íà îñíîâå ËÊÎÑ ê èçìåíåíèþ èíäóêòèâíî-

ñòè L1 ïàðàìåòðè÷åñêîãî äàò÷èêà. 

Ýêñïåðèìåíòàëüíàÿ ïðîâåðêà âûðàæåíèé (14) è (15) áûëà ïðîâå-

äåíà íà èçìåðèòåëüíîì ãåíåðàòîðå (ðèñ.1), ñîáðàííîì íà îïåðàöèîííûõ 

óñèëèòåëÿõ ICL7650 ñ èíäóêòèâíîñòüþ L1 = 21 ìÃí, åìêîñòüþ  = 

1,106 ìêÔ è íà÷àëüíîé ÷àñòîòîé 460 Ãö. Íà ðèñ. 2 ïîêàçàíû ýêñïåðè-

ìåíòàëüíûå çàâèñèìîñòè ìîäóëÿ ïðèðàùåíèÿ ÷àñòîòû  ãåíåðàòîðà îò 

ïðèðàùåíèÿ èíäóêòèâíîñòè äàò÷èêà ïðè âàðèàöèè çíà÷åíèé êîì-

ïåíñèðóþùåé èíäóêòèâíîñòè  îò 0 äî 17,23 ìÃí. Ýêñïåðèìåíòàëüíûå 

äàííûå ïîêàçûâàþò, ÷òî çàâèñèìîñòè   ëèíåéíû; ïðè êîìïåíñè-
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ðóþùåé èíäóêòèâíîñòè  (çàâèñèìîñòü 5) ÷óâñòâèòåëüíîñòü ê 

ìèíèìàëüíàÿ è ñîñòàâëÿåò 7,5 Ãö/ìÃí, ïðè óâåëè÷åíèè çíà÷åíèÿ  

÷óâñòâèòåëüíîñòü âîçðàñòàåò (çàâèñèìîñòè 1– 4), òàê ïðè  ìÃí 

(çàâèñèìîñòü 1) ÷óâñòâèòåëüíîñòü óâåëè÷èâàåòñÿ â ïÿòü ðàç äî 

39,2 Ãö/ìÃí. Ýòî ïîäòâåðæäàåò, ÷òî âåëè÷èíîé êîìïåíñèðóþùåé èí-

äóêòèâíîñòè , îòíîñèòåëüíî íà÷àëüíîé èíäóêòèâíîñòè äàò÷èêà   

ìîæíî óïðàâëÿòü ÷óâñòâèòåëüíîñòüþ èçìåðèòåëüíîãî ãåíåðàòîðà â ïðå-

äåëàõ óñëîâèÿ  

 

Ðèñóíîê 2 – Ïðèðàùåíèå ÷àñòîòû  ãåíåðàòîðà êàê ôóíêöèÿ  

èíäóêòèâíîñòè äàò÷èêà  L1 äëÿ ðàçíûõ çíà÷åíèé  

êîìïåíñèðóþùåé èíäóêòèâíîñòè Lê 

 
Ðèñóíîê 3 – Õàðàêòåðèñòèêè ïðåîáðàçîâàíèÿ  

èçìåðèòåëüíîãî ãåíåðàòîðà 
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Ýêñïåðèìåíòàëüíîå ñåìåéñòâî õàðàêòåðèñòèê ïðåîáðàçîâàíèÿ 

(ðèñ.3) ïðè èçìåíåíèè êîìïåíñèðóþùåé èíäóêòèâíîñòè îò 0 (çàâèñè-

ìîñòü 5) äî 17,23 ìÃí (çàâèñèìîñòü 1) òàêæå ïîäòâåðæäàþò óâåëè÷å-

íèå êðóòèçíû õàðàêòåðèñòèêè ïðåîáðàçîâàíèÿ ïðè  

Ðàñ÷åòíûå çàâèñèìîñòè (14) è (15) äîñòàòî÷íî õîðîøî ñîãëàñó-

þòñÿ ñ ýêñïåðèìåíòàëüíûìè äàííûìè, îòëè÷èå (èç-çà íåèäåàëüíîñòè 

îïåðàöèîííûõ óñèëèòåëåé è ïîãðåøíîñòè èçìåðèòåëüíûõ ïðèáîðîâ)  

íå ïðåâûøàåò 5%.  

Âûâîä. Ïðîâåäåííûå èññëåäîâàíèÿ èçìåðèòåëüíîãî ãåíåðàòîðà 

íà îñíîâå ëèíåéíîé êîìáèíèðîâàííîé îïåðàöèîííîé ñõåìû ïîêàçàëè 

ñëåäóþùåå: 

- êîìïåíñàöèÿ íà÷àëüíîé èíäóêòèâíîñòè äàò÷èêà ñ îäíîâðå-

ìåííûì óìíîæåíèåì åå ïðèðàùåíèÿ ïîçâîëÿþò óïðàâëÿòü èçìåíåíè-

åì ÷àñòîòû êîëåáàíèé èçìåðèòåëüíîãî ãåíåðàòîðà; 

- ÷óâñòâèòåëüíîñòü èçìåíåíèÿ ÷àñòîòû èçìåðèòåëüíîãî ãåíåðà-

òîðà ñóùåñòâåííî îïðåäåëÿåòñÿ âåëè÷èíîé êîìïåíñèðóþùåé èíäóê-

òèâíîñòè; 

- èñïîëüçîâàíèå èçìåðèòåëüíîãî ãåíåðàòîðà íà îñíîâå ëèíåéíîé 

êîìáèíèðîâàííîé îïåðàöèîííîé ñõåìû ïîçâîëÿåò ïîâûñèòü ÷óâñòâè-

òåëüíîñòü F-ìåòðà ê èçìåíåíèþ èíäóêòèâíîñòè ïàðàìåòðè÷åñêîãî 

äàò÷èêà. 
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Î.Ñ. Òîíêîøêóð, ª.Ë. Ïîâçëî   

ÀËÃÎÐÈÒÌ ÎÁÐÎÁÊÈ ÄÀÍÈÕ Ê²ÍÅÒÈÊÈ Â²ÄÃÓÊÓ 

ÐÅÇÈÑÒÈÂÍÎÃÎ ÃÀÇÎÂÎÃÎ ÑÅÍÑÎÐÓ ÍÀ ÎÑÍÎÂ² 

ÌÎÄÅË² ÐÎÇÒßÃÍÓÒÎ¯ ÅÊÑÏÎÍÅÍÖ²ÀËÜÍÎ¯ ÔÓÍÊÖ²¯ 

 
Анотація. Проведено оцінку придатності алгоритму на основі моделі 

розтягнутої експоненціальної функції для обробки даних кінетики 

відгуку резистивних газових сенсорів з метою розширення 

функціональних властивостей відповідних інформаційно-вимірювальних 

технологій та практичного застосування. Апробація алгоритму на 

зразках газових сенсорів на основі керамічного оксиду цинку показала йо-

го ефективність для моделювання кінетики спаду відгуку після впливу 

активного газу (метану). Визначені параметри: статичне значення 

відгуку; середній час релаксації та його розподіл. 

Ключові слова: алгоритм, розтягнута експоненціальна функція, рези-

стивний газовий сенсор, кінетика, відгук. 

 
Âñòóï. Ðåçèñòèâí³ ãàçîâ³ ñåíñîðè íà îñíîâ³ íàï³âïðîâ³äíèê³â 

øèðîêî çàñòîñîâóþòüñÿ äëÿ äåòåêòóâàííÿ ð³çíîìàí³òíèõ ãàç³â [1]. Â 
ÿêîñò³ îñíîâíèõ ôóíêö³îíàëüíèõ õàðàêòåðèñòèê ïðè ¿õ çàñòîñóâàíí³ 

òà äîñë³äæåíí³ âèêîðèñòîâóþòü, ÿê ïðàâèëî, çàëåæíîñò³ ñòàòè÷íî¿ 

ãàçî÷óòëèâîñò³ (â³äãóêó) â³ä êîíöåíòðàö³¿ àêòèâíîãî ãàçó â ïîâ³òðÿí³é 

àòìîñôåð³ òà òåìïåðàòóðè [2]. Îäíèì ç íàïðÿìê³â îòðèìàííÿ 

äîäàòêîâî¿ ³íôîðìàö³¿ ïðî îñîáëèâîñò³ ô³çèêî-õ³ì³÷íèõ ïðîöåñ³â, 

â³äïîâ³äàëüíèõ çà ãàçî÷óòëèâ³ âëàñòèâîñò³ òàêîãî êëàñó ñåíñîð³â, º 

äîñë³äæåííÿ ê³íåòèêè ïðîöåñó äåòåêòóâàííÿ. 

Ñë³ä çàçíà÷èòè, ùî äî òåïåð³øíüîãî ÷àñó ê³íåòè÷í³ õàðàêòåðè-

ñòèêè á³ëüøîþ ì³ðîþ âèêîðèñòîâóâàëèñÿ äëÿ òåõí³÷íèõ ïîòðåá, çîê-

ðåìà, äëÿ åêñïåðèìåíòàëüíî¿ îö³íêè òà äåìîíñòðàö³¿ øâèäêîä³¿ ñåí-

ñîðíèõ åëåìåíò³â [3-5]. Çàñòîñóâàííÿ ñó÷àñíèõ ³íôîðìàö³éíî-

âèì³ðþâàëüíèõ çàñîá³â ³ñòîòíî ï³äâèùèëî åôåêòèâí³ñòü åêñïåðèìåí-

òàëüíèõ äîñë³äæåíü ðîçãëÿíóòèõ åôåêò³â íà ñòàä³¿ îòðèìàííÿ ³ 

çáåð³ãàííÿ âåëèêèõ ìàñèâ³â äàíèõ â öèôðîâîìó âèãëÿä³ [6]. Îäíàê, íà 

íàñòóïíèõ åòàïàõ ¿õ àíàë³çó ïîòð³áí³ ðîçðîáêè â³äïîâ³äíèõ 
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àëãîðèòì³â îáðîáêè äàíèõ, ÿê³, ç îäíîãî áîêó, ìîãëè á çàáåçïå÷èòè 

îòðèìàííÿ â³äîìîñòåé ïðî ïàðàìåòðè, ùî õàðàêòåðèçóþòü ê³íåòèêó 

ãàçîñåíñîðíèõ âëàñòèâîñòåé àíàë³çîâàíèõ îá'ºêò³â, à, ç ³íøîãî áîêó, 

ñòâîðèëè á òåîðåòè÷íó áàçó äëÿ ïîäàëüøî¿ àâòîìàòèçàö³¿ ñàìîãî 

âèì³ðþâàëüíîãî ïðîöåñó. 

Ïåðñïåêòèâíèì äëÿ âèð³øåííÿ òàêèõ çàâäàíü º âèêîðèñòàííÿ 

çàãàëüíèõ ôåíîìåíîëîã³÷íèõ ìîäåëåé íà îñíîâ³ ðîçòÿãíóòî¿ 

åêñïîíåíö³éíî¿ ôóíêö³¿ Êîëüðàóøà-Â³ëüÿìñà-Âîòòñà [7, 8] äëÿ îïèñó 

ê³íåòèêè ðåëàêñàö³éíèõ çàëåæíîñòåé â³äãóêó, çîêðåìà íà ñòàä³¿ 

â³äíîâëåííÿ. ¯¿ îñîáëèâ³ñòþ º ïðèäàòí³ñòü äëÿ îïèñó ðåëàêñàö³éíèõ 

ÿâèù â íåâïîðÿäêîâàíèõ ñèñòåìàõ, â ÿêèõ äèíàì³÷í³ ïðîöåñè 

â³äáóâàþòüñÿ îäíî÷àñíî â áàãàòüîõ ÷àñîâèõ ä³àïàçîíàõ [9]. 

Ïîñòàíîâêà çàâäàííÿ. Ìåòîþ ðîáîòè áóëî âèçíà÷åííÿ ð³âíÿ 

ïðèäàòíîñò³ àëãîðèòìó íà îñíîâ³ ìîäåë³ ðîçòÿãíóòî¿ åêñïîíåíö³àëüíî¿ 

ôóíêö³¿ äëÿ îáðîáêè äàíèõ ê³íåòèêè â³äãóêó ðåçèñòèâíèõ ãàçîâèõ ñåíñîð³â. 

Îñíîâíà ÷àñòèíà. Ðåàêö³ÿ (â³äãóê) ñåíñîðà âèçíà÷àëàñÿ ÿê 

( )0 0S = σ − σ σ , äå σ  ³ 0σ  − åëåêòðîïðîâ³äí³ñòü çðàçêà ñåíñîðà â 

ïðèñóòíîñò³ ³ â³äñóòíîñò³ äåòåêòîâàíîãî ãàçó â ïîâ³òð³. Ïðè 

âèì³ðþâàíí³ ê³íåòèêè, áóëà ðåàë³çîâàíà ñõåìà ç âèõîäàìè 

âèì³ðþâà÷à åëåêòðîïðîâ³äíîñò³ (öèôðîâîãî åëåêòðîìåòðà) ³ 

âèì³ðþâà÷à òåìïåðàòóðè (òåðìîïàðè), ÿê³ ÷åðåç óçãî �äæóâàëüíèé öèô-

ðîâèé ïðèñòð³é áóëè ñïîëó÷åí³ ç êîìï'þòåðîì [6]. 

Â³äë³ê ÷àñó çä³éñíþºòüñÿ çà äîïîìîãîþ êîìï'þòåðà. ²íòåðâàë 

÷àñó ì³æ ô³êñàö³ºþ äâîõ ïîñë³äîâíèõ âèì³ðþâàíü âåëè÷èíè S  ñòàíî-

âèòü 0,5 ñåêóíäè. Â³äë³êè åëåêòðè÷íî¿ ïðîâ³äíîñò³ ³ ÷àñó çáåð³ãàþòüñÿ 

â ôàéë ïàì'ÿò³ êîìï'þòåðà â ïðîöåñ³ åêñïåðèìåíòó. 

Ïðèêëàä òèïîâî¿ ê³íåòè÷íî¿ çàëåæíîñò³ â³äãóêó ðåçèñòèâíîãî ãàçî-

âîãî ñåíñîðà íà ³ìïóëüñíèé âïëèâ àêòèâíîãî ãàçó íàâåäåíèé íà ðèñ. 1. 

ßê âæå çàçíà÷àëîñÿ ðàí³øå, ðîçòÿãíóòà åêñïîíåíö³àëüíà 

ôóíêö³ÿ Êîëüðàóøà-Â³ëüÿìñà-Âîòòñà ïðèçíà÷åíà äëÿ àïðîêñèìàö³¿ 

ê³íåòèêè ðåëàêñàö³¿ ñèñòåì äî ñâî¿õ ð³âíîâàæíèõ çíà÷åíü, òîáòî äëÿ 

ïðîöåñ³â â³äíîâëåííÿ âèõ³äíîãî ñòàíó ñåíñîðà ï³ñëÿ ïðèïèíåííÿ 

âïëèâó àêòèâíîãî ãàçó ( )( )recS t  (ðèñ. 1). 

Ïðè ïîäàëüøîìó îïèñ³ ìîäåë³ ïðèéìåìî ùî ðîçòÿãíóòà 

åêñïîíåíö³àëüíà ôóíêö³ÿ ( )KWWf t  [10] â äàíîìó âèïàäêó ìîæå áóòè 

çàïèñàíà íàñòóïíèì ÷èíîì 
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( ) ( ) ( ) ( )0 0( ) expKWW KWWS t S f t S t
β = ⋅ = ⋅ − τ

 
.    (1) 

 
Ðèñóíîê 1 - Òèïîâà åêñïåðèìåíòàëüíà ê³íåòè÷íà çàëåæí³ñòü â³äãóêó 

çðàçêà ðåçèñòèâíîãî ãàçîâîãî ñåíñîðà (
( )rest  ³ 

( )rect  îñ³ ÷àñó, â³äïîâ³äí³ 

ïðîöåñàì äåòåêòóâàííÿ ³ â³äíîâëåííÿ) 

 

Ó âèðàç³ (1) ( )0S  − ñòàö³îíàðíå (ìàêñèìàëüíå) çíà÷åííÿ â³äãóêó 

ïðè 0t = . Ïàðàìåòð KWWτ  º õàðàêòåðèñòè÷íèì ÷àñîì, ÿêèé ïîâ'ÿçàíèé 

³ç ñåðåäí³ì ÷àñîì ðåëàêñàö³¿ íàñòóïíèì ñï³ââ³äíîøåííÿì [10-11]: 

( )
0

1KWW
rel KWWt f t dt

∞  τ= = Γ  β β 
∫ ,                               (2) 

äå ( )xΓ  − ãàìà ôóíêö³ÿ. 

Âåëè÷èíà β  − ïîêàçíèê, ÿêèé âêàçóº ñòóï³íü ðîçòÿãó ôóíêö³¿ 

( )KWWf t , ÿêà â³äïîâ³äíî [10,12] ìîæå áóòè ïðåäñòàâëåíà ó âèãëÿä³  

( ) ( ) ( ) ( )
0

exp , expKWW KWWf t t z t d
∞

β = − τ = τ β ⋅ − τ ⋅ τ
  ∫ ,  (3) 

äå ( ),z τ β  − ù³ëüí³ñòü ðîçïîä³ëó ïðîñòèõ åêñïîíåíö³àëüíèõ 

ðåëàêñàö³éíèõ ïðîöåñ³â, ë³í³éíà ñóïåðïîçèö³ÿ ÿêèõ ïðèçâîäèòü äî 

ðîçãëÿíóòî¿ ðîçòÿãíóòî¿ åêñïîíåíö³àëüíîþ ôóíêö³¿. 

Àëãîðèòì îáðîáêè åêñïåðèìåíòàëüíèõ äàíèõ íà îñíîâ³ 

çàçíà÷åíî¿ ìîäåë³ âêëþ÷àº íàñòóïí³ îïåðàö³¿: 

1. Ïåðâèííà (ïîïåðåäíÿ) îáðîáêà äàíèõ: â³äë³êè 

åëåêòðîïðîâ³äíîñò³ ³ ÷àñó, ÿê³ áóëè çàíåñåí³ ó ïàì'ÿòü êîìï'þòåðà â 

ïðîöåñ³ åêñïåðèìåíòó, ïðåäñòàâëÿþòüñÿ ó âèãëÿä³ òàáëè÷íèõ ôóíêö³é 

( )log kS  â³ä ( )log kt , äå 1 2, ,k K= … . Ê³ëüê³ñòü â³äë³ê³â ñêëàäàº âåëè-

÷èíó ïîðÿäêó äåê³ëüêîõ ñîòåíü ³ á³ëüøå òî÷îê. Öå äîçâîëÿº ïðîâîäè-
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òè ¿õ ïîïåðåäíþ ñòàòèñòè÷íó îáðîáêó øëÿõîì ïîáóäîâè åìï³ðè÷íî¿ 

ðåãðåñ³éíî¿ çàëåæíîñò³. Òîáòî âåñü ä³àïàçîí çíà÷åíü ( )log kt  ðîçáèâà-

þòü íà åëåìåíòàðí³ â³äð³çêè. Íà êîæíîìó åëåìåíòàðíîìó i -òîìó 

â³äð³çêó çíàõîäÿòü ñåðåäíº àðèôìåòè÷íå ( )log
i

S , ÿêîìó ñòàâèòüñÿ ó 

â³äïîâ³äí³ñòü êîîðäèíàòà ñåðåäèíè âêàçàíîãî â³äð³çêà ( )log
i

t . 

2. Çíàõîäæåííÿ âåëè÷èíè íåâ³äîìîãî êîåô³ö³ºíòà β  ³ç çàñòîñó-

âàííÿì êîîðäèíàò ( )logt d S t dt ×    ³ ( )log S t  äëÿ âèðàçó (1), â ÿêèõ 

âèõ³äíà çàëåæí³ñòü ñòàº ïðÿìîþ [12, 13] (ðèñ. 2à), à ñàì êîåô³ö³ºíò º 

òàíãåíñîì êóòà ¿¿ íàõèëó ( ){ } ( )log logt d S t dt S t β = ∆ × ∆  . Äëÿ 

îá÷èñëåííÿ ïîõ³äíèõ âèõ³äíà òàáëè÷íà çàëåæí³ñòü ïîïåðåäíüî ïðåä-

ñòàâëÿëàñü ó âèãëÿä³ ³íòåðïîëÿö³éíîãî ïîë³íîìà ³ç çàñòîñóâàííÿì 

êóá³÷íèõ ñïëàéí³â. 

  
à á 

Ðèñóíîê 2 - Ðåëàêñàö³ÿ â³äãóêó ðåçèñòèâíîãî ãàçîâîãî ñåíñîðà ï³ñëÿ 

ïðèïèíåííÿ âïëèâó àêòèâíîãî ãàçó â êîîðäèíàòàõ, ÿê³ âèêîðèñòîâó-

þòüñÿ äëÿ âèçíà÷åííÿ ïàðàìåòð³â β  (à) ³ KWWτ  (á).  

Åêñïåðèìåíò − êðàïêè, àïðîêñèìàö³ÿ ðîçòÿãíóòîþ åêñïîíåíö³àëüíîþ 
ôóíêö³ºþ − ñóö³ëüíà ë³í³ÿ 

 

3. Âèçíà÷åííÿ íåâ³äîìèõ ïàðàìåòð³â KWWτ  ³ ( )0S  øëÿõîì çàñòî-

ñóâàííÿ äëÿ åêñïåðèìåíòàëüíèõ äàíèõ êîîðäèíàò ( )tSln  ³ ( )βt . Âåëè-

÷èíà β  − âæå â³äîìà. Àïðîêñèìóþ÷à çàëåæí³ñòü òàêîæ çîáðàæóºòüñÿ 
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ïðÿìîþ ë³í³ºþ (ðèñ. 2á) ³, òàêèì ÷èíîì, ( ) ( )[ ] ββτ 1
ln

−
∆∆−= ttSKWW  ³ 

( ) ( ) ( ){ }βτ KWWttSS += lnexp0 . 

4. Ðîçðàõóíîê ñåðåäíüîãî ÷àñó ðåëàêñàö³¿ â³äïîâ³äíî äî (2). 

Ðåçóëüòàòè àïðîáàö³¿ äàíîãî àëãîðèòìó íàâåäåíî íà ðèñ. 3, äå 

ðîçãëÿíóòà çàëåæí³ñòü â êîîðäèíàòàõ ( )tS  ³ t . ßê âèäíî, 

åêñïåðèìåíòàëüí³ äàí³ çàäîâ³ëüíî îïèñóþòüñÿ ïðÿìèìè ë³í³ÿìè â âè-

êîðèñòàíèõ êîîðäèíàòàõ. Â³äíîñíà ïîõèáêà àïðîêñèìàö³¿ (êîåô³ö³ºíò 

âàð³àö³¿) åêñïåðèìåíòàëüíèõ çàëåæíîñòåé âèðàçîì (1) ñòàíîâèòü âå-

ëè÷èíó ìåíøó 3%. 

 
Ðèñóíîê 3 - Êðèâà ðåëàêñàö³¿ â³äãóêó çðàçêà ãàçîâîãî ñåíñîðà ïðè 

â³äíîâëåííÿ éîãî âèõ³äíîãî ñòàíó.  

Åêñïåðèìåíò - êðàïêè, àïðîêñèìàö³ÿ ðîçòÿãíóòîþ åêñïîíåíö³àëüíîþ 

ôóíêö³ºþ − ñóö³ëüíà ë³í³ÿ 
 

Îòðèìàí³ îö³íêè ïàðàìåòð³â: ñòàòè÷íîãî (ìàêñèìàëüíîãî) çíà-

÷åííÿ â³äãóêó ( )0S =2,5; ñåðåäíüîãî ÷àñó ðåëàêñàö³¿ relt =150 ñ ³ ïîêàçíè-

êà, ÿêèé õàðàêòåðèçóº øèðèíó ðîçïîä³ëó åëåìåíòàðíèõ 

åêñïîíåíö³àëüíèõ ðåëàêñàö³éíèõ ïðîöåñ³â =β 0,47, â³äïîâ³äàþòü 

â³äîìèì óÿâëåííÿì ïðî ïåðåõ³äí³ ïðîöåñè ðîçãëÿíóòîãî òèïó [3-5]. 

Âèñíîâêè.  

1. Îá´ðóíòîâàíà ìîæëèâ³ñòü çàñòîñóâàííÿ ðîçòÿãíóòî¿ 

åêñïîíåíö³àëüíî¿ ôóíêö³¿ äëÿ ìîäåëþâàííÿ ê³íåòèêè â³äãóêó ðåçèñòèâ-

íèõ ãàçîâèõ ñåíñîð³â íà ñòàä³¿ â³äíîâëåííÿ ¿õ âèõ³äíîãî ñòàíó. 

2. Ïîêàçàíà åôåêòèâí³ñòü íàâåäåíîãî àëãîðèòìó îáðîáêè äàíèõ 

ê³íåòèêè â³äãóêó äëÿ ðîçðàõóíêó ¿¿ ïàðàìåòð³â, ÿê³ ìîæóòü áóòè 

âèêîðèñòàí³ äëÿ ïîáóäîâè âèì³ðþâàëüíî-³íôîðìàö³éíèõ òåõíîëîã³é â åê-

ñïåðèìåíòàëüíèõ äîñë³äæåííÿõ ³ çàñòîñóâàííÿõ ðîçãëÿíóòèõ ñåíñîð³â. 
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Â.Ñ. Õàíäåöüêèé  

ÎÏÒÈÌ²ÇÀÖ²ß ÒÎÏÎËÎÃ²¯ ßÄÐÀ ÊÎÌÏ’ÞÒÅÐÍÎ¯ 

ÌÅÐÅÆ² OSPF ÍÀ ÎÑÍÎÂ² ÍÅßÂÍÎÃÎ 

ÁÀËÀÍÑÓÂÀÍÍß ÍÀÂÀÍÒÀÆÅÍÍß 

 

Анотація. Запропоновано модифікацію неявного коефіцієнту балансу-

вання навантаження ILBI, визначаючи його в залежності від відносної 

інтенсивності інформаційного трафіку в каналах ядра OSPF-мережі. До-

сліджено ядра з різною кількістю ABR маршрутизаторів. На цій основі 

проведено модифікацію топології ядра, що дозволило реалізувати більш 

рівномірний розподіл навантаження по каналам при значно більшій се-

редній швидкості переміщення пакетів в ядрі.  

Ключові слова: ядро, OSPF - мережа, неявне балансування навантаження. 

 

Âñòóï. Êîìï’þòåðí³ ìåðåæ³, îðãàí³çîâàí³ ç âèêîðèñòàííÿì ïðî-

òîêîëó ìàðøðóòèçàö³¿ âíóòð³øíüîãî øëþçó OSPF, ó òåïåð³øí³é ÷àñ 

çàéìàþòü ïðîâ³äíå ì³ñöå â Internet. Â ñïåöèô³êàö³¿ OSPF ðåêîìåíäó-

ºòüñÿ îôîðìëÿòè îêðåì³ ÷àñòèíè àâòîíîìíî¿ ñèñòåìè (AS) ó âèãëÿä³ 

îáëàñòåé, â ÿêèõ óñ³ ìàðøðóòèçàòîðè ì³ñòÿòü îäíàêîâ³ áàçè òîïîëîã³-

÷íî¿ ³íôîðìàö³¿ ³ âèêîíóþòü îäíàêîâ³ îá÷èñëåííÿ, ïåðåäáà÷åí³ äàíèì 

ïðîòîêîëîì [1]. Öå äîçâîëÿº ñóòòºâî ï³äâèñèòè ìàñøòàáîâàí³ñòü ìå-

ðåæ.  

Îáëàñòü 0 àâòîíîìíî¿ ñèñòåìè íàçèâàºòüñÿ ³¿ îïîðíîþ îáëàñòþ ³ 

ìîæå ðîçãëÿäàòèñÿ ÿê ÿäðî AS. Ç îïîðíîþ îáëàñòþ ïîâèíí³ 

ç’ºäíóâàòèñÿ óñ³ ³íø³ îáëàñò³ AS. Ïðè öüîìó âàæëèâèì äëÿ ìàðøðó-

òèçàö³¿ ³íôîðìàö³éíîãî òðàô³êà â ÿäð³ AS º îðãàí³çàö³ÿ ³íòåðôåéñ³â 

ìåæåâèõ ìàðøðóòèçàòîð³â ÿäðà (ABR), êîæåí ç ÿêèõ ðîçòàøîâóºòüñÿ 

â ì³ñö³ ç’ºäíàííÿ îäí³º¿ îáëàñò³ ç ³íøîþ ³ ìàº ³íòåðôåéñè, ùî â³äíî-

ñÿòüñÿ äî ð³çíèõ îáëàñòåé. Âíàñë³äîê âèñîêî¿ ³íòåíñèâíîñò³ òðàô³êà â 

íóëüîâ³é îáëàñò³ âåëüìè àêòóàëüíîþ ñòàº çàäà÷à áàëàíñóâàííÿ íàâàí-

òàæåííÿ ïî ³¿ ìàðøðóòàì. 

Ïîñòàíîâêà çàâäàííÿ. Ìåòîþ ðîáîòè º äîñë³äæåííÿ, ç âèêîðèñ-

òàííÿì íåÿâíîãî êîåô³ö³ºíòó áàëàíñóâàííÿ íàâàíòàæåííÿ, òîïîëîã³¿ 

ÿäðà, îð³ºíòîâàíî¿, â ïåðøó ÷åðãó, íà ðåàë³çàö³þ òóíåëþâàííÿ ì³æ 
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îáëàñòÿìè AS, ³ îïòèì³çàö³ÿ òîïîëîã³¿ ÿäðà äëÿ ðîçøèðåííÿ éîãî óí³-

âåðñàëüíîñò³ ³ ï³äâèùåííÿ ñòóïåíÿ áàëàíñóâàííÿ íàâàíòàæåííÿ. 

Îñíîâíà ÷àñòèíà. Íåÿâíèé êîåô³ö³ºíò áàëàíñóâàííÿ íàâàíòà-

æåííÿ (ILBI) λ âèçíà÷àºòüñÿ â³äíîøåííÿì ê³ëüêîñò³ êàíàë³â çâ’ÿçêó, 

ùî âèêîðèñòîâóþòüñÿ ïðè ïåðåäà÷³ ³íôîðìàö³éíîãî òðàô³êó, äî çàãà-

ëüíî¿ ê³ëüêîñò³ ³ñíóþ÷èõ êàíàë³â [2]. Íåÿâíå áàëàíñóâàííÿ íàâàíòà-

æåííÿ (ILB) ïîêàçóº, ÿêèì ÷èíîì ìàðøðóòè ç ð³çíîþ ìåòðèêîþ ðîç-

ïîä³ëÿþòü òðàô³ê ìåðåæ³ â ïðîöåñ³ ðîáîòè, ðåàëüíî âèêîðèñòîâóþ÷è 

óñ³ ³ñòî÷íèêè òà ïóíêòè ïðèçíà÷åííÿ. Áàëàíñóâàííÿ íàâàíòàæåííÿ 

ìàº ðÿä ïåðåâàã, çîêðåìà ùîäî ï³äâèùåííÿ íàä³éíîñò³ ïåðåäà÷³ ³íôî-

ðìàö³¿ [3], á³ëüø øâèäêîãî â³äíîâëåííÿ ïðàöåçäàòíîñò³ [4], âèòðèìêè 

ùîäî çíà÷íèõ êîëèâàíü ³íòåíñèâíîñò³ òðàô³êó [5].  

Ðîçãëÿíåìî òîïîëîã³þ ÿäðà (íóëüîâî¿ îáëàñò³), â ÿêîìó ãðàíè÷-

í³ ìàðøðóòèçàòîðè ABR A1 òà  A2 â³äïîâ³äíèõ îáëàñòåé ç’ºäíàí³ ìàã³-

ñòðàëüíèìè ìàðøðóòàìè ç ïîëîñîþ 10 Gbps. Òå æ â³äíîñèòüñÿ äî ìà-

ðøðóòèçàòîð³â Â1 òà Â2, Ñ1 òà Ñ2 ³ òàê äàë³. Ö³ ìàã³ñòðàëüí³ ìàðøðóòè 

âèêîðèñòîâóþòü, ÿê ì³í³ìóì, ïî îäíîìó ïðîì³æíîìó ìàðøðóòèçàòî-

ðó, â³äïîâ³äíî a, b, c ... . Òîáòî ïåðåäà÷à ì³æ A1 ³  A2 çä³éñíþºòüñÿ ÷å-

ðåç à, ì³æ Â1 ³ Â2 – ÷åðåç b, ì³æ Ñ1 ³ Ñ2 – ÷åðåç ñ ³ òàê äàë³. Äëÿ 

îá’ºäíàííÿ óñ³õ ìàðøðóòèçàòîð³â ÿäðà â ºäèíó ìåðåæó ³ çä³éñíåííÿ 

ðåçåðâóâóííÿ óñ³õ ìàã³ñòðàëüíèõ êàíàë³â ââåäåí³ êàíàëè ç ìåíø øè-

ðîêîþ ïîëîñîþ 1 Gbps (çã³äíî òåõíîëîã³¿ Ethernet), ÿê ïîêàçàíî íà 

ðèñ.1 äëÿ ê³ëüêîñò³ ABR N=10.  

 
Ðèñóíîê 1 - Ïî÷àòêîâà òîïîëîã³ÿ ÿäðà àâòîíîìíî¿ ñèñòåìè ïðè N=10 
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Íà ðèñ. 1 á³ëÿ êîæíîãî ðåáðà ãðàôó (êàíàëó çâ’ÿçêó) ïîêàçàíî 

éîãî âàðò³ñòü. Òîïîëîã³¿ òàêîãî òèïó îð³ºíòîâàí³, â ïåðøó ÷åðãó, íà 

ðåàë³çàö³þ òóíåëþâàííÿ ì³æ îáëàñòÿìè àâòîíîìíî¿ ñèñòåìè, ï³äêëþ-

÷åíèìè äî îäíî³ìåííèõ ABR ìàðøðóòèçàòîð³â À1-À2, Â1-Â2 ³ òàê äàë³. 

Ïðîòå äîö³ëüíèì º, ïðè çáåðåæåíí³ ö³º¿ îð³ºíòàö³¿, ðåàë³çóâàòè á³ëüø 

óí³âåðñàëüíó ìåðåæó, â ÿê³é âèñîêîøâèäê³ñíèé îáì³í ³íôîðìàö³ºþ 

çä³éñíþºòüñÿ ì³æ óñ³ìà ìàðøðóòèçàòîðàìè  ABR ÿäðà àâòîíîìíî¿ ñè-

ñòåìè. 

Ïðè âèçíà÷åíí³ îïòèìàëüíîãî ìàðøðóòó ç íàéìåíøîþ ìåòðè-

êîþ (âàðò³ñòþ) ïðîòîêîë OSPF âèêîðèñòîâóº Dijkstra Shortest Path 

Algorithm (DSPA) [1]. Ìîäåëþþ÷è ìåðåæó ó ÿêîñò³ ãðàôó, ùî íàë³÷óº 

n âåðøèí (âóçë³â) òà m äóã (ðåáåð), DSPA ñòàðòóº â³ä êîðåíåâîãî âóç-

ëà ³ ðîçøèðþº ïîêðèâàþ÷å äåðåâî ÷åðåç ãðàô, äîêè óñ³ âåðøèíè íå 

áóäóòü çâ’ÿçàí³ ç êîðåíåì íàéá³ëüø êîðîòêèìè ìîæëèâèìè øëÿõàìè. 

Íàéá³ëüø êîðîòêèì ââàæàºòüñÿ øëÿõ, ùî ìàº íàéìåíøó âàðò³ñòü. Â 

ïðàêòè÷íîìó âèêîðèñòàíí³ DSPA âàðò³ñòü çâè÷àéíî ðîçðàõîâóºòüñÿ 

³íâåðñíî äî áàçèñíî¿ øèðèíè êàíàëó, à âàðò³ñòü óñüîãî ìàðøðóòó âè-

çíà÷àºòüñÿ, ÿê ñóìà âàðòîñòåé éîãî ñêëàäîâèõ êàíàë³â (÷è ç’ºäíàíü). 

Ðîçãëÿíåìî ïðîöåñ îáì³íó ³íôîðìàö³ºþ ì³æ óñ³ìà ìàðøðóòèçà-

òîðàìè ABR ÿäðà (ðèñ.1). Áóäåìî ââàæàòè, ùî êîæíèé ABR â³äïðàâèâ 

ïî îäíîìó ³íôîðìàö³éíîìó ïàêåòó óñ³ì ³íøèì. Ðîçðàõóºìî âàðò³ñòü 

ìàðøðóòó äëÿ êîæíîãî ³íôîðìàö³éíîãî ïàêåòó ³ ê³ëüê³ñòü ïàêåò³â, ùî 

ïðîéøëè ïî êîæíîìó êàíàëó. Ìàðøðóòè äëÿ ïàêåò³â âèçíà÷èìî íà 

îñíîâ³ àëãîðèòìó DSPA. Òàê, íàïðèêëàä, ìàðøðóò â³ä Å2 äî À1 ìàº âà-

ðò³ñòü 41. Íà ðèñ.1 á³ëÿ êîæíîãî ABR íàâåäåíî ñóìàðíó âàðò³ñòü ìàð-

øðóò³â äî íüîãî â³ä óñ³õ ìàðøðóòèçàòîð³â ABR ÿäðà, íàïðèêëàä Ñ=130 

äëÿ ìàðøðóòèçàòîðà Ñ1. 

Áóäåì çì³íþâàòè ê³ëüê³ñòü ìàðøðóòèçàòîð³â ABR â ÿäð³ â³ä 6 

äî 14. Â³äïîâ³äí³ çíà÷åííÿ ñóìàðíî¿ âàðòîñò³ ìàðøðóò³â äëÿ òàêèõ 

ÿäåð íàâåäåí³ ó âåðõíüîìó ðÿäêó òàáëèö³ 1. 

Òàáëèöÿ 1 

Ñóìàðíà âàðò³ñòü ìàðøðóò³â äëÿ óñüîãî ÿäðà 

Ñóìà âàðòîñòåé äëÿ óñ³õ 

ìàðøðóòèçàòîð³â ABR ÿäðà 

N=6 N=8 N=10 N=12 N=14 

Ïî÷àòêîâà òîïîëîã³ÿ 356 864 1700 2944 4676 

Ìîäèô³êîâàíà òîïîëîã³ÿ 76 152 294 472 716 
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Íà ðèñ. 2 ïîêàçàí³ ãðàô³êè çì³íè ñóìàðíî¿ âàðòîñò³ ìàðøðóò³â 

äëÿ êîæíîãî ABR ïðè ïåðåì³ùåíí³ ó íàïðÿìêó À1→Â1→Ñ1...  

(÷è À2→Â2→Ñ2...); ïðè öüîìó öèôðà 1 íà îñ³ àáñöèñ ðèñ.2 â³äïîâ³äàº 

À1, öèôðà 2 – Â1, öèôðà 3 – Ñ1 ³ òàê äàë³.  

 

Ðèñóíîê 2 - Çì³íè ñóìàðíî¿ âàðòîñò³ ìàðøðóò³â äëÿ êîæíîãî ìàðøðó-

òèçàòîðà ABR ïî÷àòêîâî¿ òîïîëîã³¿ ÿäðà ïðè ïåðåñóâàíí³ ó íàïðÿìêó 

À1→Â1→Ñ1... äëÿ ÿäåð çð³çíèì ÷èñëîì ABR 

 

Âèçíà÷èìî ILBI λ0 äëÿ ÿäåð ç ð³çíèìè N. Íàïðèêëàä, äëÿ ÿäðà 

àâòîíîìíî¿ ñèñòåìè, ùî ïîêàçàíå íà ðèñ.1, çàãàëüíà ê³ëüê³ñòü êàíàë³â 

äîð³âíþº 22. Ç’ºäíàííÿ E1f, ef òà E2f íå âðàõîâóºìî, âîíè ïîêàçàí³ 

äëÿ ³ëþñòðàö³¿ òîãî, ùî ìåðåæà ìîæå ïîøèðþâàòèñü âïðàâî. Ê³ëü-

ê³ñòü êàíàë³â, ïî ÿêèõ ïðîõîäÿòü ïàêåòè, äîð³âíþº 21 (ïî êàíàëó ab 

ïàêåòè íå ïðîõîäÿòü). Òîìó λ0=21/22=0,95.  

Ìè ïðîïîíóºìî ìîäèô³êóâàòè êîåô³ö³ºíò ILBI λ, âèçíà÷àþ÷è 

éîãî â çàëåæíîñò³ â³ä â³äíîñòíî¿ ³íòåíñèâíîñò³ òðàô³êà â êàíàëàõ ÿä-

ðà. Ïîâåðíåìîñòü äî òîïîëîã³¿ ÿäðà, ïðåäñòàâëåíî¿ íà ðèñ.1. Àíàë³ç 

ê³ëüêîñò³ ïàêåò³â, ùî ïðîéøëè ïî éîãî êàíàëàõ, ïðè óìîâ³, ùî êîæ-

íèé ìàðøðóòèçàòîðà ABR íàä³ñëàâ ïî îäíîìó ³íôîðìàö³éíîìó ïàêåòó 

óñ³ì ³íøèì, ïîêàçàâ, ùî ìàêñèìàëüíà ê³ëüê³ñòü ïàêåò³â ïðîéøëà ïî 

êàíàëó cd. Öÿ ê³ëüê³ñòü äîð³âíþº Imax=32. Âèçíà÷èì êàíàëè, ïî ÿêèì 

ïðîõîäèòü ìåíøå 10%, 20% ³ 30%, â³ä ìàêñèìàëüíî¿ ê³ëüêîñò³, ïà-

êåò³â. Äëÿ ðîçãëÿäàºìî¿ íà ðèñ.1 òîïîëîã³¿ òàêèõ êàíàë³â íàë³÷óºòüñÿ 

â³äïîâ³äíî 3, 7 ³ 13. Â³äïîâ³äí³ çíà÷åííÿ ILBI ìè âèçíà÷èìî ÿê 

λ0,1=(22-3)/22=0,86,  λ0,2=(22-7)/22 = =0,68,  λ0,3=(22-13)/22=0,59. 
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Àíàëîã³÷íèì ÷èíîì â³äïîâ³äí³ çíà÷åííÿ λ ðîçðàõîâàí³ äëÿ ìåðåæ ç 

N=6, 8, 10, 12 ³ 14 [6]. Àíàë³çóþ÷è îäåðæàí³ çíà÷åííÿ, ìîæíà ñêàçà-

òè, ùî ïðè çá³ëüøåíí³ N âîíè ìîíîòîííî çìåíøóþòüñÿ. Â³äïîâ³äí³ 

ä³àïàçîíè ñêëàäàþòü: λ0,1(N=6)=0,92 - λ0,1(N=14)=0,78; λ0,2(N=6)=0,92 

- λ0,2(N=14) =0,53; λ0,3(N=6)=0,75 - λ0,3(N=14)=0,34. Öå óêàçóº íà çíà-

÷íó íåð³âíîì³ðí³ñòü ðîçïîä³ëó ³íôîðìàö³éíîãî òðàô³êó â ÿäð³ àâòîíî-

ìíî¿ ñèñòåìè. ßêùî âðàõîâóâàòè ò³ëüêè ò³ êàíàëè, ïî ÿêèì ïðîõî-

äèòü ³íôîðìàö³éíèé òðàô³ê, òî éîãî ñåðåäíÿ ³íòåíñèâí³ñòü ïðè çá³ëü-

øåíí³ N â³ä 6 äî 14 çá³ëüøèëàñÿ â³ä 6,18 äî 20,77, ïðè öüîìó êîåô³-

ö³ºíò ðîçñ³þâàííÿ çá³ëüøèâñÿ â³ä 47% ïðè N=6 äî 87% ïðè N=14. 

Ìîäèô³êàö³ÿ ÿäðà ìåðåæ³ áóëà íàïðàâëåíà íà çìåíøåííÿ íåð³-

âíîì³ðíîñò³ ðîçïîä³ëó ³íôîðìàö³éíîãî òðàô³êà òà çìåíøåííÿ âàðòîñò³ 

äîñòàâêè ïàêåò³â, òîáòî ôàêòè÷íî çíèæåííÿ ¿õ çàòðèìêè. Ìîäèô³êà-

ö³þ çä³éñíåíî ç âèêîðèñòàííÿì êîåô³ö³ºíòó λ0,3 íàñòóïíèì ÷èíîì: 

øèðîêîñìóãîâ³ êàíàëè (10Gbps) ç ³íòåíñèâí³ñòþ òðàô³êà ìåíøå 30% 

â³ä ìàêñèìàëüíî¿ çàì³íåíî êàíàëàìè ç ìåíø øèðîêîþ ïîëîñîþ 

(1Gbps), à òàê³ êàíàëè ç ³íòåíñèâí³ñòþ òðàô³êà á³ëüøîþ í³æ 30% çà-

ì³íåíî øèðîêîñìóãîâèìè. Òàêà  òîïîëîã³ÿ ïðè N=10 ïîêàçàíà íà 

ðèñ.3.  

 
Ðèñóíîê 3 - Ìîäèô³êîâàíà òîïîëîã³ÿ ÿäðà àâòîíîìíî¿ ñèñòåìè  

ïðè N=10 

 

Çíà÷åííÿ ñóìàðíî¿ âàðòîñò³ ìàðøðóò³â äëÿ óñüîãî ÿäðà, íàâå-

äåí³ äëÿ ð³çíèõ N ó äðóãîìó ðÿäêó òàáë.1. Àíàëîã³÷í³ ðèñ. 2 ãðàô³êè, 

ÿê³ õàðàêòåðèçóþòü òîïîëîã³¿ ìîäèô³êîâàíèõ ÿäåð, ïîêàçàí³ íà 

ðèñ. 4. Âèäíî, ùî äîñÿãíåíî çíà÷íå çìåíøåííÿ âàðòîñò³ äîñòàâêè ïà-
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êåò³â, òîáòî çíà÷íî ï³äâèùåíà øâèäê³ñòü ¿õ äîñòàâêè. Ïðè öüîìó â³ä-

íîñíå çìåíøåííÿ âàðòîñò³, ÿê âèõîäèòü ç òàáë.1 ñòàº á³ëüø âàãîìèì 

ïðè çá³ëüøåíí³ N (â³ä 4,68 ïðè N=6 äî äî 6,53 ïðè N=14). Ñòàòèñòè-

÷í³ ðåçóëüòàòè ðîáîòè ìîä³ô³êîâàíèõ ÿäåð àâòîíîìíèõ ñèñòåì 

êîìï’þòåðíèõ ìåðåæ OSPF ç³áðàí³ â òàáë.2. 

 
Ðèñóíîê 4 - Çì³íè ñóìàðíî¿ âàðòîñò³ ìàðøðóò³â äëÿ êîæíîãî ìàðøðó-

òèçàòîðà ABR ìîäèô³êîâàíî¿ òîïîëîã³¿ ÿäðà ïðè ïåðåñóâàíí³  

ó íàïðÿìêó À1→Â1→Ñ1... äëÿ ÿäåð ç ð³çíèì ÷èñëîì ABR 
 

Òàáëèöÿ 2 

Ñòàòèñòè÷í³ õàðàêòåðèñòèêè ðîáîòè ìîäèô³êîâàíèõ ÿäåð 

N γñð σ α,% ξ,% 

6 10,86 2,27 21 17 

8 16,0 4,22 26 25 

10 22,46 9,28 41 33 

12 29,5 14,78 50 33 

14 37,68 22,49 60 36 
 

Ñåðåäíÿ ³íòåíñèâí³ñòü òðàô³êó γñð â ìîäèô³êîâàíîìó ÿäð³ çíà÷-

íî ïåðåâèùóº â³äïîâ³äí³ çíà÷åííÿ äëÿ ïî÷àòêîâî¿ òîïîëîã³¿  (äëÿ N=6 

íà76%, äëÿ N=8 íà 78%, äëÿ N=10 íà 92%, äëÿ N=12 íà 81%, äëÿ 

N=14 íà 81%). Ñåðåäíüîêâàäðàòè÷íå â³äõèëåííÿ σ ³, îñîáëèâî, éîãî 

ïðèâåäåí³ çíà÷åííÿ (êîåô³ö³ºíò ðîçñ³þâàííÿ) ñóòòºâî ìåíøå, ÷èì äëÿ 

ïîïåðåäíüî¿ òîïîëîã³¿ (äëÿ N=6 íà 55%, äëÿ N=8 íà 51%, äëÿ N=10 

íà 35%, äëÿ N=12 íà 33%, äëÿ N=14 íà 31%). Ñë³ä â³äì³òèòè ïî-

ñò³éí³ñòü íåÿâíîãî êîåô³ö³ºíòó áàëàíñóâàííÿ íàâàíòàæåííÿ ïðè çì³-

íàõ ³íòåíñèâíîñò³ òðàô³êó -  λ0 = λ0,1 = λ0,2= λ0,3=0,59, ïðè öüîìó öå 

çíà÷åííÿ íå çàëåæèòü â³ä ÷èñëà N ìàðøðóòèçàòîð³â ABR, òîáòî â³ä 
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ðîçì³ð³â ÿäðà àâòîíîìíî¿ ñèñòåìè. Â îñòàííüîìó ñòîâï÷èêó òàáë.2 íà-

âåäåíå ïðîöåíòíå çá³ëüøåííÿ ê³ëüêîñò³ øèðîêîñìóãîâèõ êàíàë³â ξ 

ïðè ïåðåõîä³ äî ìîäèô³êîâàíî¿ òîïîëîã³¿. Âèäíî, ùî öå çá³ëüøåííÿ º 

ïîì³ðíèì. Êàíàëè ç ìåíøîþ øèðèíîþ ñìóãè  âèêîíóþòü âèêëþ÷íî 

ðåçåðâí³ ôóíêö³¿.  

Âèñíîâêè 

1. Ç âèêîðèñòàííÿì íåÿâíîãî êîåô³ö³ºíòó áàëàíñóâàííÿ íàâàí-

òàæåííÿ ILBI äîñë³äæåíî òîïîëîã³þ ÿäðà àâòîíîìíî¿ ñèñòåìè OSPF-

ìåðåæ³, îð³ºíòîâàíîãî íà ðåàë³çàö³þ òóíåëþâàííÿ ì³æ îáëàñòÿìè àâ-

òîíîìíî¿ ñèñòåìè, ï³äêëþ÷åíèìè äî îäíî³ìåííèõ ABR ìàðøðóòèçà-

òîð³â. 

2. Çàïðîïîíîâàíî ìîäèô³êàö³þ êîåô³ö³ºíòà ILBI, âèçíà÷àþ÷è 

éîãî â çàëåæíîñò³ â³ä â³äíîñíî¿ ³íòåíñèâíîñò³ ³íôîðìàö³éíîãî òðàô³êà 

â êàíàëàõ ÿäðà. Äîñë³äæåíî ÿäðà ç ð³çíîþ ê³ëüê³ñòþ ABR ìàðøðóòè-

çàòîð³â. Íà ö³é îñíîâ³ ïðîâåäåíî ìîäèô³êàö³þ òîïîëîã³¿ ÿäðà, ùî äî-

çâîëèëî ðåàë³çóâàòè á³ëüø ð³âíîì³ðíèé ðîçïîä³ë íàâàíòàæåííÿ ïî 

êàíàëàì çâ’ÿçêó ïðè çíà÷íî á³ëüø³é ñåðåäí³é øâèäêîñò³ ïåðåì³ùåííÿ 

ïàêåò³â â ÿäð³.  
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ÀÂÒÎÌÀÒÈÇÎÂÀÍÀ ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÀ ÓÑÒÀÍÎÂÊÀ 

ÄËß ÄÎÑË²ÄÆÅÍÍß Ê²ÍÅÒÈÊÈ ÔÎÒÎËÞÌ²ÍÅÑÖÅÍÖ²¯  

ÏÐÈ ²ÌÏÓËÜÑÍÎÌÓ ÇÁÓÄÆÅÍÍ² 
 

Анотація. Наведено опис експериментальної установки, призначеної для 

дослідження спектрів фотолюмінесценції при імпульсному збудженні від 

лазерного джерела. Це дозволяє за часом загасання сигналу, що реєстру-

ється на різних довжинах хвиль в діапазоні від 400 до 700 нм, отримати 

інформацію про індивідуальні складові інтегрального спектру. Реєстра-

ція здійснюється за допомогою АЦП, що запускається синхронно зі збу-

джуючим лазером. Представлені блок-схеми експериментальної устано-

вки та пристрою управління експериментом, описано його складові: під-

силювач ФЕП, АЦП подвійного інтегрування з пристроєм вибірки-

зберігання і дешифратором семисегментного коду в прямий двійковий 

код, АЦП послідовних наближень, комутатор виходів АЦП для LPT порту 

ЕОМ, контролер і формувач імпульсу запуску лазера. 

Дана робота буде цікавою для осіб, що займаються дослідженням опти-

чних характеристик різних напівпровідникових і діелектричних матері-

алів в об'ємних, плівкових і квантоворозмірних структурах. 

Ключові слова: Кінетика фотолюмінесценції, складові спектрів фото-

люмінесценції, імпульсний лазер, методика вимірювань. 
 

Âñòóï. Çâè÷àéíèìè çàñîáàìè çáóäæåííÿ îêðåì³ ñìóãè ñïåêòð³â 

ôîòîëþì³íåñöåíö³¿ íàï³âïðîâ³äíèêîâèõ êðèñòàë³â íå âèçíà÷àþòüñÿ 

çàâäÿêè ïåðåêðèòòþ îäí³º¿ ç ³íøîþ. Òàêèì ÷èíîì âîíè óòâîðþþòü 

øèðîê³ ³íòåãðàëüí³ ñìóãè âèïðîì³íþâàííÿ. 

Ïîñòàíîâêà çàâäàííÿ. Äëÿ äîñë³äæåííÿ ñïåêòð³â ôîòîëþì³íåñ-

öåíö³¿ òàêèõ êðèñòàë³â ïðè ê³ìíàòí³é òåìïåðàòóð³ áóâ îáðàíèé ³ìïó-

ëüñíèé ñïîñ³á çáóäæåííÿ [1]. Öåé ìåòîä â ïîð³âíÿíí³ ç òðàäèö³éíè-

ìè [2, 3] ìàº ïåðåâàãó, ÿêà äîçâîëÿº ïðè ê³ìíàòí³é òåìïåðàòóð³ åêñ-

ïåðèìåíòàëüíî îòðèìàòè ³íôîðìàö³þ ïðî ñïåêòðè îêðåìèõ ñìóã, ùî 

ìàþòü íàï³âøèðèíó 0,015-0,020 åÂ. 

Îñíîâíà ÷àñòèíà. Îñíîâí³ ïðèíöèïè çàïðîïîíîâàíîãî ìåòîäó 

ïîëÿãàþòü â ìàêñèìàëüíîìó îñëàáëåíí³ ³ìïóëüñó ëàçåðíîãî çáóäæåí-
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íÿ òà ì³í³ìàëüíèõ âòðàò ³íòåíñèâíîñò³ ôîòîëþì³íåñöåíö³¿ ïðè ¿¿ ðå-

ºñòðàö³¿. 

Öå äîñÿãàºòüñÿ çà ðàõóíîê íàñòóïíîãî: ³ìïóëüñíîãî çáóäæåííÿ 

ç ÷àñòîòîþ 10 Ãö, ðîçòàøóâàííÿ çðàçêà áåçïîñåðåäíüî íà âõ³äí³é ù³-

ëèí³ ìîíîõðîìàòîðó, ì³í³ìàëüíî ìîæëèâîãî éîãî çáóäæåííÿ ïðè ðå-

ºñòðàö³¿ ê³íåòèêè çàãàñàííÿ ³íòåíñèâíîñò³ âèïðîì³íþâàííÿ çðàçêà íà 

ìåæ³ òåõí³÷íèõ ìîæëèâîñòåé åêñïåðèìåíòàëüíî¿ óñòàíîâêè. 

Çàâäàííÿ ïðèñòðîþ óïðàâë³ííÿ åêñïåðèìåíòîì âêëþ÷àº, â ãî-

ëîâíîìó, çàïóñê ëàçåðó â ïåâíèé ÷àñ ³ ââåäåííÿ äî êîìï'þòåðó çíà-

÷åííÿ ôîòîëþì³íåñöåíòíîãî ³ìïóëüñó â³äãóêó â³ä êðèñòàëà ó â³äïîâ³-

äíèé ÷àñ. 

Ãàçîâèé ëàçåð áóâ âèêîðèñòàíèé â ÿêîñò³ äæåðåëà çáóäæóþ÷îãî 

âèïðîì³íþâàííÿ ç λ = 337 íì, Pñåð ~ 0,6 ìÂò, òðèâàë³ñòþ ³ìïóëüñó 

6 íñ < t < 8 íñ. Òàêèé ëàçåð áóëî îáðàíî çàâäÿêè ìîæëèâîñò³ çîâí³ø-

íüîãî çàïóñêó. Äîäàòêîâ³ ïàðàìåòðè çáóäæóþ÷î¿ ñèñòåìè: àìïë³òóäà 

³ìïóëüñó, ùî çàïóñêàº ëàçåð 40 ± 4 Â, ÷àñòîòà ïîâòîðåííÿ ³ìïóëüñ³â 

f = 5 -1000 Ãö, òðèâàë³ñòü ³ìïóëüñó 3 ± 0,3 ìêñ. Ðîáî÷èì ò³ëîì ëàçå-

ðó áóâ àçîò ï³ä òèñêîì 2,4 êÏà. 

Âñÿ îïòè÷íà ÷àñòèíà óñòàíîâêè (äèâ. åëåìåíòè 3 – 11 ðèñ. 1) 

áóëà çàõèùåíà ñâ³òëîíåïðîíèêíèì åêðàíîì ç³ ù³ëüíî¿ òêàíèíè, â 

ÿê³é âáóäîâàíà òðóáêà ä³àìåòðîì 8 ìì, äëÿ êîíöåíòðàö³¿ ëàçåðíîãî 

ïðîìåíÿ íà çðàçêó.  

 
1. Ãàçîâèé ëàçåð ³ç çîâí³øí³ì çàïóñêîì 

2. Òðóáêà, ÿêà â³äñ³êàº çàéâå ñâ³òëî 

3. Íåéòðàëüí³ ñâ³òëîô³ëüòðè 

4. Äçåðêàëî 

5. Ë³íçà 

6. Óòðèìóâà÷ çðàçêà 

7. Êîë³ìàòîð 

8. Êðîêîâèé äâèãóí áàðàáàíó 

9. Ìîíîõðîìàòîð 

10. Ôîòîïîìíîæóâà÷ 

11. Ïåðåäï³äñèëþâà÷ 

12. ÊÀÌÀÊ 

13. ÏÊ 

14. LPT ïîðò ÏÊ 

15. Ïðèñòð³é óïðàâë³ííÿ åêñïåðèìåí-
òîì 

Ðèñóíîê 1 - Áëîê-ñõåìà åêñïåðèìåíòàëüíî¿ óñòàíîâêè 
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Íà øëÿõó ïðîìåíÿ áóëà ðîçì³ùåíà êàñåòà ç íåéòðàëüíèìè ñâ³-

òëîô³ëüòðàìè (äî òðüîõ) äëÿ äîñÿãíåííÿ ëåäü ïîì³òíîãî ñâ³ò³ííÿ çðà-

çêó. Äàë³ ëàçåðíèé ïðîì³íü ïîñëàáëåíèé ñâ³òëîô³ëüòðàìè ôîêóñóºòü-

ñÿ â öåíòð³ êðèñòàëà çà äîïîìîãîþ ë³íçè (äèâ. åëåìåíò 5 íà ðèñ. 1). 

Ìîíîõðîìàòîð öå ïðèñòð³é, ÿêèé ðîçêëàäàº ôîòîëþì³íåñöåíò-

íèé ñâ³òëîâèé ³ìïóëüñ â³ä êðèñòàëà íà îáðàí³é äîâæèí³ õâèë³. Â³í 

ìàº âèñîêó ðîçä³ëüíó çäàòí³ñòü ç ì³í³ìàëüíèì êðîêîì ñêàíóâàííÿ 0,1 

íì ³ îáëàäíàíèé àâòîìàòè÷íèì ìåõàí³çìîì äëÿ îáåðòàííÿ ðåø³òêè. 

Áàðàáàí ìîíîõðîìàòîðó îáåðòàºòüñÿ êðîêîâèì äâèãóíîì (600 êðîê³â 

íà 1 íì), êåðîâàíèì êîìï'þòåðîì ÷åðåç ÊÀÌÀÊ. 

Ìåõàí³÷íà ñèñòåìà ìîíîõðîìàòîðó ìàº ïåâíèé çàçîð, ÿêèé ïî-

òð³áíî íåéòðàë³çóâàòè. ßêùî â ïðîöåñ³ âèçíà÷åííÿ ³íòåíñèâíîñò³ ôî-

òîëþì³íåñöåíòíîãî ³ìïóëüñó íà äîâæèí³ õâèë³ n íì, ÿêà ïðîïóñêà-

ºòüñÿ ìîíîõðîìàòîðîì, íåîáõ³äíî çá³ëüøèòè (çìåíøèòè) íà ∆n íì, òî 

öå ðåàë³çóºòüñÿ øëÿõîì îáåðòàííÿ áàðàáàíó ìîíîõðîìàòîðó íà ∆n - x 

íì (- ∆n - x íì). Ïîò³ì ïðîãðàìà, ÿêà óïðàâëÿº åêñïåðèìåíòîì, ðî-

áèòü ïàóçó çà ÷àñîì ³ çä³éñíþº çàâåðøàëüíèé ïîâîðîò íà x íì ó á³ê 

çá³ëüøåííÿ äîâæèíè õâèë³. Çàâäÿêè òîìó, ùî âñ³ ïîâîðîòè â³äáóâà-

þòüñÿ â îäèí á³ê, òî÷í³ñòü ïîçèö³îíóâàííÿ ðåø³òêè ïîêðàùóºòüñÿ. Â 

ÿêîñò³ x ìè âçÿëè çíà÷åííÿ 3 íì. 

Ï³ñëÿ âèä³ëåííÿ íà îáðàí³é äîâæèí³ õâèë³ ñêëàäîâî¿ ñïåêòðó 

ôîòîëþì³íåñöåíö³¿ ¿¿ ³íòåíñèâí³ñòü ïåðåòâîðþâàâ ôîòîïîìíîæóâà÷ ó 

åëåêòðè÷íèé ³ìïóëüñ íåãàòèâíî¿ ïîëÿðíîñò³ ç êðóòèì ïåðåäí³ì ôðîí-

òîì ³ ïëàâíèì ñïàäîì çàäíüîãî ôðîíòó çà åêñïîíåíö³àëüíèì çàêîíîì. 

Áàòàðåÿ òåðìîåëåìåíò³â Ïåëüòüº, ÿêà îõîëîäæóâàëàñÿ ïðîòî÷íîþ âî-

äîþ, âèêîðèñòîâóâàëàñü äëÿ çìåíøåííÿ òåïëîâîãî øóìó ôîòîïîìíî-

æóâà÷à. Æèâëåííÿ ÔÅÏ çä³éñíþâàëîñü ñòàá³ë³çîâàíîþ íàïðóãîþ U = 

1200 Â. 

Äàë³ öåé ³ìïóëüñ ï³äñèëþâàâ ïîïåðåäí³é ï³äñèëþâà÷ (äèâ. 11 

åëåìåíò ðèñ. 2), ÿêèé áóëî çìîíòîâàíî áåçïîñåðåäíüî â ãîëîâö³ ÔÅÏ. 

Ïîò³ì ³ìïóëüñ ï³äñèëþâà÷à, â³äïîâ³äíèé õâèë³ ÿñêðàâîñò³, ïåðåòâî-

ðþâàâñÿ â öèôðîâó ôîðìó ³ ïåðåäàâàâñÿ ÷åðåç LPT–ïîðò (14) â êîì-

ï'þòåð (13). 
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1. Îñíîâíèé ï³äñèëþâà÷ ôîòîïîìíîæóâà÷à (ÔÅÏ) 
2. Ñõåìà âèá³ðêè ³ çáåð³ãàííÿ 
3. ÀÖÏ ïîäâ³éíîãî ³íòåãðóâàííÿ 
4. Äæåðåëà îïîðíî¿ íàïðóãè 
5. Ñòàá³ë³çîâàíå á³ïîëÿðíå äæåðåëî æèâëåííÿ îáîõ ÀÖÏ 
6. ÀÖÏ ïîñë³äîâíèõ íàáëèæåíü 
7. Êîíòðîëåð 
8. Äåêîäåð ñåìèñåãìåíòíîãî êîäó â ïðÿìèé äâ³éêîâèé êîä 
9. Êîìóòàòîð 
10. LPT ïîðò êîìï'þòåðà 
11. Ôîðìóâà÷ ³ìïóëüñó çàïóñêó ëàçåðó 

Ðèñóíîê 2 - Áëîê-ñõåìà ïðèñòðîþ óïðàâë³ííÿ åêñïåðèìåíòîì 

 

Çíà÷åííÿ ñèãíàëó, ùî â³äïîâ³äàº îáðàí³é äîâæèí³ õâèë³, óñå-

ðåäíþâàëè íà 30 âèì³ðþâàííÿõ ³ çàïèñóâàëè â êîìï'þòåðíîìó ôàéë³ 

äëÿ ïîäàëüøî¿ îáðîáêè. 

Íà ðèñ. 2 ï³ä â³äïîâ³äíèìè íîìåðàìè íàâåäåíî: 

1. Îñíîâíèé ï³äñèëþâà÷ ÔÅÏ 

Îïåðàö³éí³ ï³äñèëþâà÷³ ç íèçüêèì øóìîì ³ áåç íåîáõ³äíîñò³ â 

çîâí³øí³õ êîëàõ êîðåêö³¿ âèêîðèñòîâóâàëèñÿ â îñíîâíîìó ï³äñèëþâà-

÷³ ñèãíàëó ôîòîåëåêòðîííîãî ïîìíîæóâà÷à. Ïåðøèé êàñêàä – öå ïî-

âòîðþâà÷ äëÿ óçãîäæåííÿ îïîð³â, ³ äðóãèé êàñêàä – ï³äñèëþâà÷ ç êî-

åô³ö³ºíòîì ï³äñèëåííÿ 1000, ÿêèé ³íâåðòóº åëåêòðîííèé ñèãíàë. Íà 

âèõîä³ ³ìïóëüñ âæå ìàº ïîçèòèâíó ïîëÿðí³ñòü. Âèõ³äíèé ñèãíàë íå 

ïîâèíåí ïåðåâèùóâàòè Uâèõ = 200 ìÂ äëÿ óíèêàííÿ ïåðåâàíòàæåííÿ 

ÀÖÏ. 

2. Ñõåìà âèá³ðêè-çáåð³ãàííÿ 
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×îòèðè àíàëîãîâ³ êîìóòàòîðè [4] (â ÿêîñò³ òðàíçèñòîðíèõ áåç-

êîíòàêòíèõ àíàëîã³â åëåêòðîìåõàí³÷íèõ ðåëå) áóëè ç’ºäíàí³ ïîïàðíî ³ 

âèêîðèñòîâóâàëèñü äëÿ çàðÿäêè àáî ðîçðÿäêè íàêîïè÷óâàëüíîãî êîí-

äåíñàòîðó ï³ä ä³ºþ ñèãíàë³â ÒÒË. 

Äâà îäíîâ³áðàòîðè â êîæí³é ì³êðîñõåì³ [5] ôîðìóþòü êåðóþ÷³ 

ñèãíàëè äëÿ äâîõ ïàð êîìóòàòîð³â. Ïåðøà ì³êðîñõåìà ôîðìóº ðåãó-

ëüîâàí³ ïàóçè çà ÷àñîì, çàòðèìàí³ â³ä ³ìïóëüñó çàïóñêó ëàçåðó: 

0 - 45 ìñ (äëÿ çàðÿäó Cíàêîï) ³ 50 - 90 ìñ (äëÿ ðîçðÿäó Cíàêîï). Äðóãà 

ì³êðîñõåìà ôîðìóº áåçïîñåðåäíüî ³ìïóëüñ çàðÿäó ç ðåãóëüîâàíîþ 

òðèâàë³ñòþ 0 - 5 ìñ ³ ïîò³ì ³ìïóëüñ ðîçðÿäó ç ðåãóëüîâàíîþ òðèâàë³ñ-

òþ â òèõ æå ìåæàõ. Òàêèì ÷èíîì, êîðîòêèé ñèãíàë "âèð³çàºòüñÿ" ç 

õâèë³ ÿñêðàâîñò³ ç âåëèêîþ òðèâàë³ñòþ, ï³ñëÿ öüîãî öÿ êâàç³ïîñò³éíà 

íàïðóãà êîíâåðòóºòüñÿ â öèôðîâó ôîðìó àíàëîãî-öèôðîâèì ïåðåòâî-

ðþâà÷åì ïîäâ³éíîãî ³íòåãðóâàííÿ. Êîëà îäíîâ³áðàòîð³â, ÿê³ âñòàíîâ-

ëþâàëè ÷àñ áóëè îá÷èñëåí³ çà ôîðìóëîþ: 
τ

3 p,, F
,

ms
C

R kOhm
µ = , äå R = 

100 ³ τp  = 45, 40, 5. 

3. ÀÖÏ ïîäâ³éíîãî ³íòåãðóâàííÿ 

Âèêîðèñòàíèé ÀÖÏ ïîäâ³éíîãî ³íòåãðóâàííÿ [6] ç àâòîìàòè÷-

íîþ êîðåêö³ºþ íóëÿ, âèçíà÷åííÿì âõ³äíî¿ ïîëÿðíîñò³, à òàêîæ ç âè-

õîäîì íà ñåìèñåãìåíòí³ ñâ³òëîä³îäí³ ³íäèêàòîðè. Éîãî õàðàêòåðèñòè-

êè: 

1. Ä³àïàçîí âõ³äíîãî ñèãíàëó âèçíà÷àºòüñÿ çîâí³øíüîþ îïîð-

íîþ íàïðóãîþ Uâõ = ± 1,999 Uîï (ó íàøîìó âèïàäêó Uîï = 100 ìÂ). 

2. Ñòðóì âèòîêó äëÿ âõîä³â ÀÖÏ ïîðÿäêó 10•10-12 A. 

3. Âõ³äíèé îï³ð äëÿ äèôåðåíö³àëüíîãî ³ ñèíôàçíîãî ñèãíàë³â 

20 ÌÎì. 

4. ×àñòîòà ïåðåòâîðåííÿ 3 – 12,5 Ãö (âîíà äîð³âíþº 

fòàêò/16•10
3) 

Äëÿ äîñÿãàííÿ ìàêñèìàëüíîãî ïîñëàáëåííÿ ìåðåæíî¿ çàâàäè 

òàêòîâà ÷àñòîòà ïîâèííà âèáèðàòèñü êðàòí³é ÷àñòîò³ ìåðåæ³: 40, 50, 

100, 200 êÃö. Ìè âèáðàëè ÷àñòîòó 200 êÃö ç óìîâè 

fÀÖÏ > fåêñïåð. = 10 Ãö, òîìó fïåðåòâ. = 12,5 Ãö. 

Âèêîðèñòàííÿ ñèãíàëó "Generation permit" (äèâ. ðèñ. 2) äîçâî-

ëÿº ïðèïèíÿòè (â³äíîâëþâàòè) ïîäà÷ó fòàêò ïðîãðàìíèì øëÿõîì. 

Êîíäåíñàòîðè Cèíò ³ Càê íåîáõ³äíî âèáèðàòè ç íèçüêîþ àáñîðá-

ö³ºþ ó ä³åëåêòðèêó. Ìè âèáðàëè êîíäåíñàòîðè òèïó [7]. 
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4. Äæåðåëà îïîðíî¿ íàïðóãè 

Â ÿêîñò³ äæåðåëà îïîðíî¿ íàïðóãè ÀÖÏ ïîäâ³éíîãî ³íòåãðóâàí-

íÿ âèêîðèñòàíèé ïîëüîâèé òðàíçèñòîð, ÿêèé ïðàöþâàâ â òàê çâàí³é 

"òåðìîñòàá³ëüí³é" òî÷ö³. Êîðåêòóâàííÿì îïîðó â êîë³ âèòîêó â øèðî-

êîìó òåìïåðàòóðíîìó ä³àïàçîí³, ìè äîñÿãëè ì³í³ìàëüíèõ çì³í Uîï = 

100 ìÂ íà âèõîä³. Äîïóñòèìèé ïîðÿäîê çì³í ±1 - 5•10-5 Â. 

Äæåðåëîì îïîðíî¿ íàïðóãè äëÿ ÀÖÏ ïîñë³äîâíèõ íàáëèæåíü 

âèñòóïèëà çâè÷àéíà ñõåìà êîìïåíñàö³éíîãî ñòàá³ë³çàòîðà ç òåðìîñòà-

á³ëüíèì ñòàá³ë³òðîíîì ç α ст = 0,5 %/ °C. 

5. Ñòàá³ë³çîâàíå á³ïîëÿðíå äæåðåëî æèâëåííÿ îáîõ ÀÖÏ. 

Äæåðåëî æèâëåííÿ áóëî ïîáóäîâàíå ïî â³äîì³é ñõåì³: 

Äëÿ ~18 Â âèêîðèñòîâóºòüñÿ òîðî¿äàëüíèé ôåðîìàãí³òíèé 

òðàíñôîðìàòîð ç äâîìà ³äåíòè÷íèìè âòîðèííèìè îáìîòêàìè. Çì³ííèé 

ñòðóì íàâàíòàæåííÿ îáîõ îáìîòîê íå ïåðåâèùóº 0,5 A. Ñòðóì âòî-

ðèííî¿ îáìîòêè âèïðÿìëÿºòüñÿ îêðåìèìè ìîñòàìè ç êîíäåíñàòîðàìè, 

ÿê³ çãëàäæóþòü ïóëüñàö³¿ íàïðóãè. 

Âèïðÿìëÿ÷³ çàáåçïå÷óþòü ïîñò³éíó íàïðóãó â³ä 17 äî 22 Â, 

çíà÷åííÿ ÿêî¿ âèçíà÷àº ñòðóì íàâàíòàæåííÿ, âàð³àö³¿ íàïðóãè, ³ ò.ä. 

Æèâèòè ÀÖÏ íåñòàá³ë³çîâàíîþ íàïðóãîþ íå ìîæíà, îñê³ëüêè ðåçóëü-

òàò ïåðåòâîðåííÿ â öèôðîâó ôîðìó áóäå âåñü ÷àñ çì³íþâàòèñü. Äëÿ 

ñòàá³ë³çàö³¿ âèïðÿìëåíî¿ íàïðóãè äî ±15V çàñòîñîâóþòüñÿ ³äåíòè÷í³ 

ñòàá³ë³çàòîðè íàïðóãè íà îïåðàö³éíîìó ï³äñèëþâà÷³ (ÎÏ) ç íåçâè÷àé-

íèì ñïîñîáîì âêëþ÷åííÿ: 

ÎÏ íàâàíòàæåíèé íå ÿê çàâæäè – íà âõ³ä ðåãóëþþ÷îãî åëåìåí-

òó, à íà ïîñò³éíèé îï³ð. Ïîð³âíÿííÿ ÷àñòèíè âèõ³äíî¿ íàïðóãè ñòàá³-

ë³çàòîðà ç åòàëîííîþ (íà òåðìîñòàá³ëüíîìó ñòàá³ë³òðîí³) â³äáóâàºòüñÿ, 

ÿê çàâæäè, çà âèíÿòêîì òîãî, ùî ñòàá³ë³òðîí æèâèòüñÿ âæå ñòàá³ë³çî-

âàíîþ íàïðóãîþ. 

Ïðè ïîÿâ³ ð³çíèö³ ïîòåíö³àë³â íà âõîäàõ ÎÏ çì³íþºòüñÿ ò³ëüêè 

ñòðóì ñïîæèâàííÿ ÎÏ, ÿêèé ó ñâîþ ÷åðãó, ïðèâîäèòü äî çì³íè îïîðó 

êîëåêòîð - åì³òåð ðåãóëþþ÷îãî òðàíçèñòîðà. ×àñòèíà âèõ³äíî¿ íàïðó-

ãè (ó íàøîìó âèïàäêó 15 Â), ÿêà çí³ìàºòüñÿ ç ðåçèñòèâíîãî ä³ëüíèêà, 

çíîâó ñòàíå ð³âíîþ åòàëîíí³é ³ âíàñë³äîê ÷îãî ïîòåíö³àëè íà âõîäàõ 

ÎÏ çð³âíÿþòüñÿ. 

Çàñòîñóâàííÿ òàêî¿ ñõåìè ñòàá³ë³çàòîðà äàº íàì äâ³ íåçàëåæíèõ 

ñòàá³ë³çîâàíèõ ð³çíîïîëÿðíèõ íàïðóãè ç íèçüêèìè ïóëüñàö³ÿìè. Â 
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ÿêîñò³ ñòàá³ë³çàòîðó "-15 Â", âèêîðèñòîâóºòüñÿ òàêèé ñàìèé ñòàá³ë³-

çàòîð, ÿê "+15 Â", àëå ç çàçåìëåíèì âèõîäîì ðåãóëþþ÷îãî åëåìåíòó. 

Äëÿ îòðèìàííÿ ñòàá³ë³çîâàíèõ íàïðóã ±5 Â ³ç ñòàá³ë³çîâàíèõ 

±15 Â âèêîðèñòîâóþòüñÿ äâà ³íòåãðàëüí³ ñòàá³ë³çàòîðè. 

6. ÀÖÏ ïîñë³äîâíèõ íàáëèæåíü 

Ç îãëÿäó íà éîãî øâèäêîä³þ ïåðåòâîðåííÿ (fìàêñ = 10 êÃö) öåé 

ÀÖÏ âèêîðèñòîâóºòüñÿ äëÿ ïåðåòâîðåííÿ â öèôðîâó ôîðìó ïîâíîãî 

ôîòîëþì³íåñöåíòíîãî â³äãóêó êðèñòàëà, ÿêèé ðåºñòðóºòüñÿ â³ä çáó-

äæóþ÷îãî ëàçåðíîãî ³ìïóëüñó (òàê çâàíå "ñêàíóâàííÿ âñ³º¿ õâèë³ ÿñê-

ðàâîñò³"). Â³í º çðó÷íèì äëÿ îö³íêè ÷àñîâèõ õàðàêòåðèñòèê, ÿê³ íå-

îáõ³äí³ äëÿ çàáåçïå÷åííÿ òî÷í³øîãî âèì³ðþâàííÿ ê³íåòèêè ÿñêðàâîñò³ 

çà äîïîìîãîþ ÀÖÏ ïîäâ³éíîãî ³íòåãðóâàííÿ. Öåé ÀÖÏ ñêëàäàºòüñÿ ç 

÷îòèðüîõ ÷àñòèí: áóôåðíèé ÎÏ, êîìïàðàòîð, 12-ðîçðÿäíèé ðåã³ñòð ïî-

ñë³äîâíèõ íàáëèæåíü ³ öèôðîàíàëîãîâèé ïåðåòâîðþâà÷ (ÖÀÏ) â îä-

íîìó êîðïóñ³. Äëÿ ôîðìóâàííÿ ³ìïóëüñó çàïóñêó ÀÖÏ ïîñë³äîâíèõ 

íàáëèæåíü âèêîðèñòîâóºòüñÿ îäíîâ³áðàòîð. Òðèâàë³ñòü ³ìïóëüñó çàïó-

ñêó ÀÖÏ ïîâèííà áóòè ìåíøå í³æ òðèâàë³ñòü òàêòîâèõ ³ìïóëüñ³â, 

ÿêà â íàøîìó âèïàäêó ð³âíà 5 ìêñ. Íàìè îáðàíà òðèâàë³ñòü ³ìïóëüñó 

çàïóñêó 3 ìêñ. 

Ñèãíàë â³ä îñíîâíîãî ï³äñèëþâà÷à ôîòîïîìíîæóâà÷à íàäõîäèòü 

íà ³íøèé áóôåðíèé ÎÏ, ÿêèé îêð³ì çàáåçïå÷åííÿ óçãîäæåííÿ îïîð³â 

ï³äñèëþº ñèãíàë ó 50 ðàç³â äî ð³âíÿ 10 Â, íåîáõ³äíîãî äëÿ ðîáîòè 

ÀÖÏ ïîñë³äîâíèõ íàáëèæåíü. 

Íà ïî÷àòêó öèêëó ïåðåòâîðåííÿ çà êîìàíäîþ â³ä êîìï'þòåðà 

"ADC start" íîðìîâàíèé îäíîâ³áðàòîðîì ³ìïóëüñ äîçâîëÿº ïîäà÷ó òà-

êòîâèõ ñèãíàë³â äî ðåã³ñòðó, ÿê³ íàäõîäÿòü äî ïîÿâè ñèãíàëó "Conver-

sion complete" â³ä îñòàííüîãî. Ï³ä ÷àñ ïåðåòâîðåííÿ íà àíàëîãîâîìó 

âèõîä³ ÖÀÏ ïðèñóòí³é ïîòåíö³àë, ÿê³é â³äïîâ³äàº ïîòåíö³àëó îïîðíî¿ 

íàïðóãè, ïîä³ëåíî¿ íà 4096 òà âîäíî÷àñ ïîìíîæåíî¿ íà ÷èñëî, ïîäàíå 

â äâ³éêîâîìó êîä³ äî âõîä³â ÖÀÏ. ßêùî UÖÀÏ âèõ < Uâèì³ð, òî âèõ³ä 

êîìïàðàòîðà åëåêòðè÷íî ç'ºäíóºòüñÿ ³ç çåìëåþ, ùî çàïèñóº ëîã³÷íèé 

0 ó ðîçðÿä ðåã³ñòðà. Øëÿõîì çì³íè ñòàíó êîæíîãî ðîçðÿäó ðåã³ñòðà 

(ïî÷èíàþ÷è ç³ ñòàðøîãî), ïîäàëüøî¿ ¿õ ïîäà÷³ äî âõîä³â ÖÀÏ, ïîð³â-

íÿíí³ ñèãíàëó íà éîãî àíàëîãîâîìó âèõîä³ ç âõ³äíîþ íàïðóãîþ (â ê³-

ëüêîñò³ 12 ðàç³â), îòðèìóºìî íà âèõîä³ ðåã³ñòðà ïðÿìèé äâ³éêîâèé 

êîä â³äïîâ³äíèé íàïðóç³, ùî âèì³ðþºòüñÿ. 
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Äëÿ ðîçï³çíàâàííÿ ëîã³÷íî¿ 1 ðåã³ñòðîì ïîñë³äîâíèõ íàáëèæåíü 

íà âèõîä³ êîìïàðàòîðó ïðèñóòíÿ ÷àñòêà íàïðóãè +15 Â çà äîïîìîãîþ 

çîâí³øíüîãî ä³ëüíèêà. Êîìï'þòåð ï³ñëÿ îòðèìàííÿ ñèãíàëó "Conver-

sion complete" ç÷èòóº ç LPT ïîðòó ðåçóëüòàò ïåðåòâîðåííÿ ñèãíàëó 

òðüîìà ïîðö³ÿìè ïî ÷îòèðè ðîçðÿäè. 

7. Êîíòðîëåð 

Êîíòðîëåð çàáåçïå÷óº ÷àñîâó ñèíõðîí³çàö³þ áëîê³â âñ³º¿ åêñïå-

ðèìåíòàëüíî¿ óñòàíîâêè â ö³ëîìó, à ñàìå: 

1) çàáåçïå÷óº ñòàá³ëüíîþ òàêòîâîþ ÷àñòîòîþ (200 êÃö) îáèäâà 

ÀÖÏ. Òàêà ÷àñòîòà óòâîðþºòüñÿ øëÿõîì ïîä³ëåííÿ â 16 òà 5 ðàç³â çà 

äîïîìîãîþ ì³êðîñõåì [8] áàçîâî¿ ÷àñòîòè 1,6 ÌÃö, ÿêà â ñâîþ ÷åðãó, 

ãåíåðóºòüñÿ êëàñè÷íèì êâàðöîâèì ãåíåðàòîðîì; 

2) ñèíõðîí³çóº çàïóñê ëàçåðó, ðîáîòó äåøèôðàòîðó ÀÖÏ ïî-

äâ³éíîãî ³íòåãðóâàííÿ òà ñõåìè âèá³ðêè ³ çáåð³ãàííÿ. 

Öèêë³÷íà ðîáîòà êîíòðîëåðà ìîæå áóòè ïðèçóïèíåíà ïðîãðàì-

íèì çàáåçïå÷åííÿì, ÿêå âñòàíîâëþº âõ³ä ñêèäàííÿ äâ³éêîâî-

äåñÿòêîâèõ ä³ëüíèê³â ÷àñòîòè äî ëîã³÷íîãî 0. 

Âèõîäÿ÷è ç âèìîã åêñïåðèìåíòó ÷àñòîòà çáóäæåííÿ ôîòîëþì³-

íåñöåíö³¿ ïîâèííà áóòè f = 10 Ãö (âîíà îòðèìóºòüñÿ ä³ëåííÿì 200 

êÃö ÷àñòîòè íà ÷èííèê 20000) öå áóëî çàáåçïå÷åíî âèáîðîì öèêëó ç 

äâàäöÿòè êðîê³â ç òðèâàë³ñòþ êðîêó t = 5 ìñ. ×àñîâà ïîñë³äîâí³ñòü 

ðîáîòè áëîê³â ïðèñòðîþ óïðàâë³ííÿ åêñïåðèìåíòó ïðîãðàìóâàëàñÿ â 

PROM [9], ÿê áóëî âêàçàíî ó òàáëèö³ 1. 

8. Äåêîäåð ñåìèñåãìåíòíîãî êîäó â ïðÿìèé äâ³éêîâèé êîä 

Ôóíêö³îíóâàííÿ äåøèôðàòîðó áóäóºòüñÿ íà íàäì³ðíîñò³ ñåìèñåãìåíò-

íîãî êîäó. Çâîðîòíå ïåðåòâîðåííÿ ñåìèñåãìåíòíîãî êîäó (÷èñëà â³ä 0 

äî 9) ó ïðÿìèé äâ³éêîâèé çä³éñíþâàëîñü øëÿõîì àíàë³çó ï’ÿòè ç ñåìè 

ñåãìåíò³â (ñåãìåíòè “c” ³ “d” íå àíàë³çóâàëèñÿ). Äëÿ êîæíîãî äåøèô-

ðàòîðó ³íäèêàòîðó âèêîðèñòîâóâàëèñü îäíàêîâî çàïðîãðàìîâàí³ PROM 

[9]. Ñèãíàëè ³íäèêàö³¿ áóäü-ÿêîãî äåñÿòêîâîãî ÷èñëà â³ä ñåìèñåãìåíò-

íîãî ³íäèêàòîðà áóëè ïîäàí³ íà âõîäè äåøèôðàòîðó. Öå ôîðìóº ïðÿ-

ìèé ³ çâîðîòíèé äâ³éêîâèé êîä, ÿêèé â³äïîâ³äàº ö³é öèôð³. Äëÿ âè-

çíà÷åííÿ ñòàíó òðüîõ ³íäèêàòîð³â (îäèíèö³, äåñÿòêè, ñîòí³ ìÂ) ÀÖÏ 

íà çàãàëüí³é øèí³ âèõîäè âñ³õ äåøèôðàòîð³â ïàðàëåëüíî ç'ºäíàí³ 

(ìîíòàæíå ÀÁÎ) çàâäÿêè ¿õ âèõ³äíèì êàñêàäàì ³ç çàãàëüíèì êîëåêòî-

ðîì. Íà âñ³ ÷îòèðè ïðîâ³äíèêà øèíè ïîäàíî ïî÷àòêîâ³ ð³âí³ ëîã³÷íî¿ 

1, øëÿõîì ç’ºäíàííÿ ¿õ ç Uæèâë = 5 Â ÷åðåç ðåçèñòîðè 1 êÎì. Êîíòðî-
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ëåð ñèãíàëàìè "Indic. select." ïî÷åðãîâî ç’ºäíóº âèõîäè äåøèôðàòîð³â 

³ç çàãàëüíîþ øèíîþ. Ìàêñèìàëüíå ìîæëèâå ÷èñëî ñòàí³â ö³º¿ ÷îòè-

ðüîõðîçðÿäíî¿ øèíè ïðè ïåðåäà÷³ ³íôîðìàö³¿ ñòàíîâèòü 16. Íà äîäà-

òîê äî òðüîõ äåñÿòêîâèõ ðîçðÿä³â, ÿê³ âèâîäÿòüñÿ íà ñåìèñåãìåíòí³ 

³íäèêàòîðè, ÀÖÏ âèäàº íà ÷åòâåðòîìó ñèãíàëè ïîëÿðí³ñòü "ì³íóñ" 

(ïîêàçóº ïîëÿðí³ñòü âèì³ðÿíî¿ íàïðóãè) òà "1" (òèñÿ÷³ àáî îçíàêà ïå-

ðåïîâíåííÿ). Äâà á³òà âñòàíîâëþþòüñÿ â ëîã³÷íó 1 (11XX - ä³àïàçîí 

÷èñåë 12 - 15) äëÿ ïåðåäà÷³ â ö³é æå ÷îòèðüîõðîçðÿäí³é øèí³. ²íø³ 

äâà âèêîðèñòîâóâàëèñÿ äëÿ ïåðåäà÷³ ñàìå ïîçíà÷îê çíàêó, òèñÿ÷ àáî 

ïåðåïîâíåííÿ. Òîìó êîìï'þòåðíå ðîçï³çíàâàííÿ òèïó äàíèõ â øèí³ 

ñòàº ìîæëèâèì: ÿêùî íà í³é ÷èñëî â³ä 12 äî 15, òî öå ïîçíà÷êè çíà-

êó, òèñÿ÷ (ïåðåïîâíåííÿ), ÿêùî ÷èñëî â øèí³ â³ä 0 äî 9, òî öå ñîòí³-

äåñÿòêè-îäèíèö³. ×èñëà 10 òà 11 âçàãàë³ íå ïîâèíí³ çíàõîäèòèñü íà 

øèí³ äàíèõ (âèõîäàõ äåøèôðàòîð³â). 

Òàáëèöÿ 1 

Öèêë ä³¿ êîíòðîëåðó 
Òàêòè Êîìàíäè êîíòðîëåðó Ïðèì³òêà 
1-10 Äîçâ³ë çàðÿäó íàêîïè÷óâàëüíîãî êîíäåíñàòîðó  
12-19 Äîçâ³ë ðîçðÿäó íàêîïè÷óâàëüíîãî êîíäåíñàòîðó  
12 Äåøèôðóâàííÿ ñåìèñåãìåíòíîãî êîäó ³íäèêàòîðó ÀÖÏ 

ïîäâ³éíîãî ³íòåãðóâàííÿ 
îäèíèö³ 

14 Äåøèôðóâàííÿ ñåìèñåãìåíòíîãî êîäó ³íäèêàòîðó ÀÖÏ 
ïîäâ³éíîãî ³íòåãðóâàííÿ 

äåñÿòêè 

16 Äåøèôðóâàííÿ ñåìèñåãìåíòíîãî êîäó ³íäèêàòîðó ÀÖÏ 
ïîäâ³éíîãî ³íòåãðóâàííÿ 

ñîòí³ 

18 Äåøèôðóâàííÿ ñåìèñåãìåíòíîãî êîäó ³íäèêàòîðó ÀÖÏ 
ïîäâ³éíîãî ³íòåãðóâàííÿ 

òèñÿ÷³, ïîëÿð-
í³ñòü 

13, 15, 
17, 19 

Äîçâ³ë ç÷èòóâàííÿ äåøèôðîâàíîãî ñåìèñåãìåíòíîãî êîäó 
³íäèêàòîðó ÀÖÏ ïîäâ³éíîãî ³íòåãðóâàííÿ 

 

20 Çàïóñê ëàçåðà íîâèé öèêë 
 

9. Êîìóòàòîð 

Çàëåæíî â³ä âèáîðó ïðîãðàìíîãî çàáåçïå÷åííÿ êîìóòàòîð ïåðå-

äàº ðåçóëüòàò ïåðåòâîðåííÿ ÀÖÏ, îáðàíîãî äëÿ ä³¿, â ïîðò LPT. Êî-

ìóòàòîð ìàº RS-òðèãåð, ÿêèé äîçâîëèòü âèäà÷ó òàêòîâèõ ³ìïóëüñ³â 

ï³ñëÿ ñèãíàëó â³ä êîìï'þòåðà "ADC start" òà çàáîðîíèòü âèäà÷ó òàê-

òîâèõ ³ìïóëüñ³â ï³ñëÿ ñèãíàëó â³ä ÀÖÏ "Conversion complete". 

10. LPT ïîðò êîìï'þòåðà 

Îäíîíàïðàâëåíèé (ò³ëüêè äëÿ ââåäåííÿ ³ ò³ëüêè äëÿ âèâåäåííÿ) 

ïàðàëåëüíèé ïîðò ÏÊ âèêîðèñòîâóºòüñÿ äëÿ ïåðåäà÷³ ñèãíàë³â ïåðå-

òâîðåííÿ â öèôðîâó ôîðìó ³ êîíòðîëþ çà õîäîì åêñïåðèìåíòó. Ðå-
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ã³ñòð äàíèõ íå âèêîðèñòîâóºòüñÿ, âèêîðèñòîâóþòüñÿ ò³ëüêè ðåã³ñòðè 

ñòàòóñó ³ êîíòðîëþ. 

11. Ôîðìóâà÷ ³ìïóëüñó çàïóñêó ëàçåðó 

Êîíòðîëåð äîçâîëÿº ôîðìóâàííÿ ³ìïóëüñó ç òðèâàë³ñòþ t = 

3 ìêñ îäíèì îäíîâ³áðàòîðîì [5] â äâàäöÿòîìó êðîö³ öèêëó. Ñôîðìî-

âàíèé ³ìïóëüñ ð³âíÿ ÒÒË ï³äñèëþºòüñÿ äî ð³âíÿ 40 Â ³ ïîäàºòüñÿ äî 

ñõåìè çîâí³øíüî¿ ñèíõðîí³çàö³¿ ëàçåðó. 

Âèñíîâêè. Çàïðîïîíîâàíèé ìåòîä äîçâîëÿº âèçíà÷èòè ³íäèâ³äó-

àëüí³ ñìóãè ñïåêòð³â ôîòîëþì³íåñöåíö³¿. Ö³ ñìóãè çàâäÿêè ïåðåêðèò-

òþ ôîðìóþòü åêñïåðèìåíòàëüíèé ñïåêòð ôîòîëþì³íåñöåíö³¿ îá’ºêò³â 

äîñë³äæåííÿ. ×óòëèâ³ñòü ìåòîäó äîçâîëÿº âèÿâèòè ³íäèâ³äóàëüí³ ñìó-

ãè, ïîâ’ÿçàí³ ç äîì³øêàìè, êîíöåíòðàö³ÿ ÿêìõ ìàº ïîðÿäîê 10-3 ã/ã 

òà ìåíøå. 
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N.V. Karpenko, L.Y. Martynovych   

THE FEATURES OF PROGRAMMING TEACHING  

AT THE UNIVERSITY 
 

Abstract. The assimilation of programming by the students of Dnipropetrovsk 

National University (majoring in Computer Engineering) was analyzed. The 

basic problems that the students face in programming were defined. The corre-

lation coefficient of success in students training in various disciplines was 

compared. 

Keywords: programming teaching, solving tasks, successful training and the 

coefficient of correlation. 

 

Introduction. The national market of information technologies is 

under active development in the XXI century. In particular, the level of 

computerization, Internet expansion rates, and the export of Ukrainian 

software products were increasing [1]. 

According to research of Ukraine Digital News and Fund of 

AVentures Capital the total number of programmers in Ukrainian IT 

market is 90 thousand people. Analysts are forecasting the growth of 

the number of programmers and software professionals up to 200 thou-

sand persons by 2020. Today the demand for software developers in 

Ukraine is more than supply [2]. However, Ukrainian specialists must be 

competitive in the labor market in developed countries. Thus, the impor-

tant role of the university is to improve the quality of training of the IT 

specialists. 

The aim of this work is to analyze mastering the basics of pro-

gramming and determine the main problems the students face during 

their training. 

Literature review. IT-specialist often solves tasks based on analy-

sis and mathematical concepts. Therefore, this specialist must have a 

basic level of mathematical training. The programmer also should have 

algorithmic thinking. However, the most of publications dedicated to 

the discussion on choices of a programming language, avoiding the as-

pects of teaching [3]. In this regard, the "Cone of Experience" proposed 
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by Edgar Dale [4-5] seems very interesting and useful (Fig. 1). During 

the 1960s, Edgar Dale assumed that learners retain more information by 

what they “do” as opposed to what they “heard”, “read” or “observed”. 

Today this “learning by doing” has become known as “experiential learn-

ing” or “action learning”. 

In other words, the lower the level of abstraction of material to 

be learned, the more effective results will be achieved. 

 
Figure 1 – Cone of experience offered by Edgar Dale [5] 

 

Main part. After analyzing the data presented at 

http://www.vstup.info, we can generally understand the abilities of fu-

ture students. For example, we can see the score of UPE and the school 

certificate score etc. However, it does not give us information on their 

abilities of logical thinking, i.e. abilities to recognize analogies and gen-

eralize the data, abilities of reasoning and proof? 

Each year during the practice in programming we face the fact 

that students don't see and cannot keep track of regularity in solving 
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tasks. So, the teacher must find tasks for the development of these 

skills. For example, the students must propose the solution for finding 

the proper ending of word (Tab. 1). Consequently, they should track 

natural numbers that give different endings of the word (ìàøèí_, ìà-

øèíà, ìàøèíè). 

Table 1 

Determining the regularities in occurrence of certain endings of words 

The word 

The regularity 
«ìàøèí_» «ìàøèíà» «ìàøèíè» 

The natural numbers leading 

to appropriate ending of word 
0, 5,6,7,8,9 1 2, 3, 4 

An exception 11, 12,13, 14   

Thus, the condition for solving the problem about the number of cars 

will take the following form: 
remain=car%10; 

if(remain==1 && car!=11) 

 printf("%d машина\n",car);  

else if (remain ==2 || remain==3 || remain==4 && car!=12 && 

car!=13 && car!=14) 

 printf("%d машини\n",car); 

else printf("%d машин\n",car); 

Another problem that is difficult for students is to determine the 

minimum time that passes before the hour and minute hands become 

perpendicular to each other. The students must remember that full circle 

covers 360°. Then the phrase “the hour and minute hands are perpen-

dicular to each other” should be written as the difference in absolute 

values (modulus): 90hour minuteφ − φ = � , where 
360

60minute mφ = ⋅
�

 and 

360 360

12 12 60hour h mφ = ⋅ + ⋅
⋅

� �

; h – number of hours, m – number of minutes 

(0 ≤ h ≤ 11; 0 ≤ m ≤ 59). 
The major problem of first-year students is inability to work in-

dependently when they learn subjects beyond the tutorial, to acquire op-

tional theoretical knowledge and practical skills systematically. They try 

to study the subject just before the exam. But it does not work for the 

subjects that require practical experience. 

Analyzing GPA school certificate, we have an idea to compare the 

overall level of students training depending on entering year (Fig. 2, a).  
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Figure 2 – Comparison of the successfulness in training students of dif-

ferent grade levels, the average mark of school certificate (a) as well as 

the correlation between the average school mark and average midyear 

examinations mark (b) for the following disciplines:  

"Mathematics - Programming" (c); "Physics-Programming" (d);  

«Web-design Programming" (e) 

a) 

b) 

c) 

d) 

e) 
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We can track the correlation between the average mark of the 

school certificate and the average mark that student receives during the 

first midyear examinations (Fig. 2, b). 

The correlation between these indices could be determined for 

2012-2013, but since 2013 we haven’t determined a sustainable relation. 

A comparison shows the coefficients of correlation between the different 

disciplines delivered to the students during the first semester (Fig. 2, c-

e). The relationship between the Higher Mathematics and Programming 

subjects is shown in Fig. 2, c. This coefficient of correlation has been 

decreasing during last three years. It happened because the students 

think of Higher Mathematics as of an abstraction far from satisfying 

the real-life needs, and therefore they are incapable to apply the knowl-

edge and skills acquired to solve the programming problems. 

The histogram (Fig. 2,d) shows a good correlation between the 

Physics and Programming subjects. The close relationship between these 

disciplines can be explained by the fact that students study the various 

natural phenomena experimentally. It develops the skills in analysis and 

synthesis. The students get a useful experience. It values highly for 

learning programming.  

The histogram (Fig. 2,e) shows the distribution of correlation co-

efficients between the Web-design and Programming disciplines. In the 

last two years, the similarity of the students’ marks is observed. This 

result may be explained by the fact that the first-year students (2015-

2016 years) are more creative than the senior students. Therefore, it 

would be a good practice to consider students’ abilities in planning the 

annual workload. The planning should be flexible. For example, the 

number of disciplines associated with individual workload and creativity 

(visual programming, web-design etc.) should be increased for practical-

result oriented creative students. But the curriculum should not be the 

same for analytically thinking person able to achieve the best results in 

system modeling and engineering, quality assurance etc. 

Conclusions. The starting point for the software specialist’s edu-

cation is testing and, depending on the testing results, development of 

their analytical capabilities. It can be achieved by reducing the high-

level abstraction material quota and increasing the number of practical 

lessons in the discipline. 
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USING THE NEGATIVE IMPEDANCE CONVERTER IN 

DEVICE FOR QUALITY TESTING OF LASER WELDING 

 

Annotation. The paper presents a method for increasing the sensitivity of the 

eddycurrent probe for testing of defects of laser welding and a means for this 

method implementation. It was practically applied in measurement device for 

monitoring of quality of laser welding in supercapasitors. For this purpose the 

eddy-current probe was connected to the negative resistance converter (NRC) 

which was especially designed on the base of the LC-oscillator.  

Keywords: eddy current probe, laser welding, supercapacitor, negative imped-

ance converter. 

  

Introduction. Currently exist the mass production of a wide 

range of supercapacitors for use in transport, for power backup of com-

puter systems, for improving the stability of solar power systems and 

other purposes [1,2]. 

The main part of the supercapacitor is the charge-storing device 

(CSD). In cylindrical supercapacitors, it designed as roll of aluminum 

strips of anode and cathode electrodes, covered on one side by porous 

material, for example, graphene [2]. Between the electrodes in the roll is 

a strip of separator made of dielectric material. The longitudinal section 

of the roll, as well as its fragment, showing the alternation order of lay-

ers in enlarged form, are schematically shown in Fig. 1. 

The edges of the positive and negative electrode strips are shap-

ing in a certain way before laser welding with positive and negative col-

lectors respectively. These collectors use as terminals of the CSD. The 

design of a typical cylindrical supercapacitor has shown in Fig 2. 

Objective of the work. The high discharge currents of superca-

pacitors require good ohmic contact of the electrodes with its collectors, 

so their laser welding should be of high quality. 
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Figure 1 − Charge-storing device (CSD): 1 − roll; 2 − strip of dielec-
trical separator; 3 - layer of porous material; 4 - strip of aluminum foil 

(anode or cathode electrode); 5 - cathode collector; 6 - anode collector;  

7 - welding  joint (places of welding) 

 

Figure 2 − The supercapacitor and its components: 1– aluminum cy-
lindrical case; 2 – roll of the charge storing device (CSD); 3 – anode col-

lector galvanically connected to the case; 4 – cathode collector;  

5,6 – place of welding the anode and cathode collectors with elec-

trodes of the CSD; 7 – insulating ring 

 

Obviously, the quality of welding we can check only after the col-

lectors already welded to the roll of CSD, so only non-destructive 

method we can use to evaluate this quality.  

Thus, the objective of this work was to select an effective method 

of testing and develop corresponding means required for its implementa-
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tion in the device for evaluating quality of laser welding in supercapasi-

tors.       

Testing method. Laser welding is performed in several places on 

the surface of collector. In our case they shape was as circular sectors 

(total 6 sectors on collector). It means that the welding seam is going 

along the perimeter of the sector. The welding quality first of all de-

pends on number and size of defects from the side of collector witch is 

reverse towards to side of action the laser beam. Consequently, the weld-

ing defects must be detected not only in thickness of the collector mate-

rial but mainly from its bottom side where collector is welded with foil 

of the electrodes. Considering that the collectors and electrodes are 

made of non-magnetic metal - aluminum, was selected the eddy-current 

method of weld testing. Its effectiveness in the context of the described 

here objectives is confirmed of the practical investigations and results 

of other authors [3-5].  

Implementation method. To implement the method it is necessary 

that the induced eddy currents could to penetrate through the weld on 

the bottom of the collector towards the foil of electrodes, i.e. in a direc-

tion perpendicular to the plane of the collector. This is possible when 

working on the tangential component of the vortex magnetic field. To 

create the necessary configuration of the field in the welded joint zone, 

we used a parametric eddy current probe with a U-shaped ferrite core. 

On the core spooled a three-section coil, which consist of 300 + 300 + 

300 = 900 turns of a copper wire with a diameter of 0.02 mm. Cores of 

the desired shape and size for the anode and cathode collectors were cut 

from the EPCOS ferrite cores of the EF series with µ ≅ 1700.  
The electrical model of the eddy-current probe and its impedance 

ZS are shown in Fig. 3. 

Investigations of the designed probes have shown that coil's ca-

pacitance CP has a significant influence on the impedance ZP beginning 

from frequencies the order of 1 MHz and higher. In our case, to ensure 

a significant depth of penetration of the probe field into the collector 

metal (aluminum), we worked at a frequency f = 1.5 kHz. At this fre-

quency, the influence of CP can be ignored. 
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ZP=Re(ZP)+jIm(ZP), 

Re(Z)=RP/D, 

Im(ZP)= [ωLP − ω CPRP
2−ω3LPCP

2]/D, 

D=[1+(ωCRP)
2+ω2 (ωLPCP)

2 −2ω2 LPCP)] 

 à á 

Figure 3 – Electrical model of the probe and its impedance ZP. a) the 

electrical model. b) impedance, where: RP and LP - the ohmic resistance 

of the wire and the inductance of the coil, respectively;  

CP − capacitance of the coil 
 

If the welded joint of the collector with the foil of roll is com-

pletely absent, the quality of welding is estimated as 0% – "DEFECT"; 

if the welding is fully matched to the standard, the quality of welding is 

estimated as 100% – "NORMAL". In general case the impedance of the 

probe will be: 

 ZX = j2π··f·(LP+LX)+(RP+RX),  LX ∈ [L0, L100],  RX ∈ [R0, R100], (1) 

where LX and RX – is an inductance and resistance that were added to 

the impedance of the probe in the result of interaction the probe field 

with tested welding seam. 

It was experimentally established that at the working frequency 

the introduced inductive constituent of the probe impedance practically 

does not change depending on the quality of the welding, i.e.: 

 (LP+LX) ≈ LP  

Therefore, value of the inductive constituent is not an informa-

tive parameter of the welding quality.   

On the other hand, the total ohmic resistance of the probe 

RSUM = RP + RX depends on the quality of the welded joint. Since the 

testing process is carried out at the practically constant frequency, the 

value of the ohmic resistance of the coil RP can be regarded as a con-

stant. Therefore, as informative parameter for estimation welding qual-

ity we can use only RX. 

Finally, the electrical model of the probe (1) can be simplified and 

presented as: 

 ZX=j2π··f·LP+(RP+RX) = j2π··f·LP+ RSUM. (2) 

CP 

RP LP 

ZP 
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For reception of the information concerning result of welding 

quality estimation, we used the resonant method. The required resonant 

circuit is realized by parallel connection of the sensor with additional 

capacitors. We selected the parallel circuit because one terminal of the 

probe and one terminal of each additional capacitor can be grounded. It 

increases the noise immunity of measurement results.  

Obviously that sensitivity of the sensor concerning to the welding 

defects depends on the ratio of the value RP and RX. The resistance RP 

for the anode and cathode sensors is slightly different and equal to an 

average of 60 ohms. Experiments have shown that such an RP value does 

not allow obtaining the required sensitivity. In order to increase the 

sensitivity, a negative resistance RNEG is introduced into the resonant 

circuit. This reduces the RP what increases the Q-factor of the resonant 

circuit. To introduce RNEG, the negative resistance converter (NRC) was 

used.  

As well known, all NRC's contain a circuit of positive feedback.  

Considering the features of the resonance method of measurement, the 

NRC using the circuit of sine wave oscillator based on Op-amp [6] was 

designed. It is important that In this case the NRC circuit and the reso-

nant circuit including the probe P be as single unit (Fig. 4).  
The main components of NRC that determine its functionality are 

such: a non-inverting operational amplifier (OA) DA1; the adjustable 

negative feedback (resistive divider R1*, R2, R3*); the positive feedback 

that consist of resistor R4 and the resonance circuit (probe P and ca-
pacitors C1*, C2*, C3*). 

The other components perform the service functions of the buffer 

repeater (C5, R5, OA DA2) and the scaling amplifier (R6, R7, OA DA3). 

Schemes of NRC for anodic and cathodic probes are identical. They dif-

fer only by the capacitances of additional capacitors C1*, C2*, C3*. 

The behavior of the NRC is determined by the loop gain between 

the output of the OA DA1 and its non-inverting input. The gain factor 

OA DA1: 

 KÀ = 
1+(R1+α⋅R2)

 R1* +(1−α) ⋅R2+R3* ,  0 ≤ α ≤ 1  (3) 
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Figure 4 − Negative resistance converter 

 

The voltage at the output of the OA DA1 is equal to:  

UA = KÀ⋅ U+, 

where: U+ − voltage on the non-inverting input of the OA DA1. 
This voltage is input to the positive feedback circuit, so the out-

put voltage at ZK is equal to: 

  UZ = UA⋅
ZK

 R4+ZK
 = KÀ⋅ U+⋅

ZK

 R4+ZK
 .  (4)  

Taking into account (2) we have: 

ZK =
−j(2jπLP+RSUM)

 −j+4jπ2f2CSUM LP+2πfCSUMRSUM
  

− impedance of a resonant circuit; CSUM = Ñ1*+Ñ2*+Ñ3*. 

Since UZ = U+ (see Fig. 4), the state of the NRC is determined by 

the behavior of the complex transmission coefficient K:  

 Ê = 
ÊÀ⋅ZÊ

 R4+ZK
 . (5) 

In the expanded form: 

 Ê = 
ÊÀ⋅(j⋅2π⋅fLP + RSUM)

 R4⋅ (1−4π 2⋅f2 CSUMLP+j⋅2π⋅fCSUMRSUM) + j⋅2π⋅fLP + RSUM
 .  (6) 

Herewith: 

Ô ( f) = arg Ê (j2πf)  
− phase frequency characteristic of Ê (PFC) and 

A(f) =  Ê (j2πf)  
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− amplitude frequency characteristic of Ê (AFC).  
If at some frequency f = FGEN  

Ô (FGEN) = 0   è   A(FGEN) = 1, 

NRC goes into self-excitation mode and it generates sinusoidal 

oscillations with a frequency of FGEN. This corresponds to a full compen-

sation of losses in the probe: RSUM=0, because RP+RX=RNEG. 

The working mode of NRC is the regime of partial loss compensa-

tion. In this mode, due to the negative resistance RNEG, which is created 

by NRC, the losses RP of the probe are reduced to the value providing 

the necessary sensitivity for RX. Consequently, we can write that  

RSUM =RP+RX−RNEG . 

The control of the RNEG value is achieved by adjusting the gain 

KA of the amplifier DA1. 

To determine the dependence of the absolute value of RNEG from 

KA, we simplify RSUM from (2), for what we delete temporarily from 

consideration of RX, so that RSUM = RP−RNEG. For clarity of definition 
of this dependence, we accept: 

 R4= 5.1 kOhm; LP=24 mH; CSUM =0.42 µF. (7) 

Assume that RSUM = 40 Ohm. The solution of the system of equa-

tions {Ô ( f ) = 0, A(f) = 1} with respect to f and KA gives: f = FGEN = 

1562.87 Hz,  ÊÀ = 4.5699. 

Now assume that RSUM = 60 Ohm. In this case: f = FGEN = 

1534.47 Hz,  ÊÀ = 6.3549. 

Therefore, increasing the gain KA of the OA DA1 from 4.5699 to 

6.3549 and RSUM = 60 Ohms is equivalent to reducing the RSUM from 

60 Ohms to 40 Ohms = 20 Ohms. On the other hand, it is equivalent to 

the fact that negative resistance RNEG increased from 0 to 20 Ohms. 

The calculated dependence of the negative resistance RNEG on the 

gain KA for the same values of the quantities (7) for RSUM from 1 to 60 

Ohm, we show in Table 1 and in Fig. 5. 
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Table 1 

Dependence of RNEG and RSUM on the gain factor KA 

FGEN 

[Hz] 
KÀ 

RNEG 

[Ohm] 
RSUM  
[Ohm] 

1534.47 6.3550 0.00 60.00 
1550.16 5.4625 10.00 50.00 
1562.87 4.5700 20.00 40.00 
1572.69 3.6775 30.00 30.00 
1579.66 2.7850 40.00 20.00 
1582.10 2.3388 45.00 15.00 
1583.83 1.8925 50.00 10.00 
1584.44 1.6694 52.50 7.50 
1584.87 1.4462 55.00 5.00 
1585.13 1.2231 57.50 2.50 
1585.21 1.0892 59.00 1.00 

 
Figure 5 − Dependence of the negative resistance RNEG on the gain KA.  

RNEG = 71,204−11,204⋅ÊÀ 

 

The dependence of RNEG (KA) was obtained under the following 

simplifying assumptions: 

− OA DA1 is an ideal operational amplifier; 

− The influence of the connecting circuit C5, R5 on the 

impedance ZK of the resonant circuit is not taken into account 

(in the practical scheme R5 = 2.2 MOhm).  

In view of the above, the Q-factor of the probe QPX, whose field 

interacts with the welding joint, also depends on RNEG. Taking into ac-

count the model (2) and RNEG, the Q-factor of the probe QPX is defined 

as: 
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 QÐX = 
2π··f·LP

 RP−RNEG+RX
 .  (8) 

Since the value of LP is practically independent from the quality 

of the welded seam, a numerical estimate of the informative parameter 

RX can be obtained by measuring the quality factor QPX. For this pur-

pose, the input IN of the NRC circuit is connected to a sinusoidal volt-
age source with a linearly varying frequency. In order to determine the 

numerical value of QPX, we used the usual method of three points of the 

resonant curve A(f). 

Conclusions. Partial compensation of active losses in parametric 

probes for eddy current testing is a promising method of increasing its 

sensitivity to defects of laser welding of supercapacitor collectors and 

electrodes. The developed NRC scheme has provided good sensitivity and 

stability at increasing Q-factor of the probes from QPX ≈ 3 to QPX ≈ 80. 
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ÇÀÑÒÎÑÓÂÀÍÍß ÇÃÎÐÒÊÎÂÈÕ ÍÅÉÐÎÍÍÈÕ ÌÅÐÅÆ  

ÄËß ÐÎÇÏ²ÇÍÀÂÀÍÍß ÇÎÁÐÀÆÅÍÜ ÂÈÁ²ÐÊÈ CIFAR-10 

 

Анотація. Задача розпізнавання зображень за допомогою комп’ютера 

надзвичайно складна, оскільки зображення може знаходитися під різни-

ми кутами, мати різну освітленість, може містити неповне зображен-

ням об’єкта, а також зображення об’єкту може мати різний фон. Прави-

льно спроектований алгоритм для розпізнавання об’єктів зображень до-

зволяє точно розпізнавати та класифікувати об’єкти за класами. 

Головна мета дослідження: розробка архітектури згорткової нейронної 

мережі  для розпізнавання зображень за наступними класами: літак, ав-

томобіль, пташка, кішка, олень, собака, жаба, кінь, човен, вантажівка. 

Об’єктом дослідження є елементи вибірки CIFAR-10. 

Предметом дослідження є згорткові нейронні мережі, їх використання 

та реалізація для задачі розпізнавання. 

Основні результати дослідження: запропонована архітектура спеціалі-

зованої згорткової нейронної мережі для розпізнавання об’єктів вказа-

них класів; отримано нейронну мережу з заданою архітектурою з рівнем 

точності 95.6%; проведено порівняльний аналіз даного методу з іншими 

методами розпізнавання. 

Ключові слова: Згорткова нейронна мережа, розпізнавання об’єктів зо-

браження, класифікація об’єктів, CIFAR-10. 

 

Âñòóï. Íà ñüîãîäí³øí³é äåíü äëÿ îáðîáêè â³çóàëüíî¿ ³íôîðìàö³¿ 

çàñòîñîâóþòü ñèñòåìè êîìï’þòåðíîãî áà÷åííÿ, â ÿêèõ îñíîâíîþ çàäà-

÷åþ º ðîçï³çíàâàííÿ îáðàç³â. 

Âèÿâëåííÿ îá'ºêò³â ââàæàºòüñÿ íàéãîëîâí³øèì çàâäàííÿì 

êîìï'þòåðíîãî çîðó. Îäí³ºþ ç çàäà÷ êîìï’þòåðíîãî çîðó º ðîçï³çíà-

âàííÿ îá’ºêò³â àáî êëàñèô³êàö³ÿ îá’ºêò³â, êîëè îäèí ÷è äåê³ëüêà ïî-

ïåðåäíüî çàäàíèõ ÷è âèâ÷åíèõ îá'ºêò³â àáî êëàñ³â îá'ºêò³â ìîæóòü áó-

òè ðîçï³çíàí³, çàçâè÷àé ðàçîì ç ¿õ äâîâèì³ðíèì ïîëîæåííÿì íà çî-

áðàæåíí³ ÷è òðèâèì³ðíèì ïîëîæåííÿì â ñöåí³ [1]. 

Îñíîâí³ ïðîáëåìè ðîçï³çíàâàííÿ: îäèí ³ òîé ñàìèé îá’ºêò çíà-

õîäèòüñÿ ï³ä ð³çíèì êóòîì íà çîáðàæåíí³, ìàº ð³çíó ÿñêðàâ³ñòü; 
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îá’ºêò ìîæå áóòè íåïîâí³ñòþ çîáðàæåíèì àáî áóòè çà÷óìëåíèì ôîíîì 

íà çàäíüîìó ïëàí³ çîáðàæåííÿ [2]. Ðîçâ’ÿçàòè âêàçàí³ ïðîáëåìè äîç-

âîëÿþòü çãîðòêîâ³ íåéðîíí³ ìåðåæ³. 

Â êîìï’þòåðíîìó áà÷åíí³ çãîðòêîâ³ íåéðîíí³ ìåðåæ³ – öå 

íîâ³òí³é ìåòîä ðîçï³çíàâàííÿ, ÿêèé íàáóâàº øèðîêî¿ 

ïîïóëÿðíîñò³ [3]. 

Àðõ³òåêòóðà çãîðòêîâî¿ íåéðîííî¿ ìåðåæ³ 

 
Ðèñóíîê 1 – Àðõ³òåêòóðà ÇÍÌ 

 

Çãîðòêîâà íåéðîííà ìåðåæà – öå íåéðîííà ìåðåæà, ÿêà ì³ñòèòü 

òðè îñíîí³ òèïè íåðîííèõ øàð³â: çãîðòêîâèé, ï³äâèá³ðêîâèé òà ïîâ-

íîçâ’ÿçíèé [3 - 4].  

Â³çóàë³çàö³ÿ çàñòîñîâàíî¿ àðõ³òåêòó ðèçãîðòêîâî¿ íåéðîííî¿ 

ìåðåæ³ íàâåäåíî íà ðèñ. 1. 
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Áóëî çàñòîñîâàíî íàñòóïíèé ìåòîä ïîïåðåäíüî¿ îáðîáêè äàíèõ: 

ïîâîðîò íà êóò  Òàêîæ áóëî âèêîðèñòàíî ìåòîä ïîïåðåäíüî¿ îá-

ðîáêè çîáðàæåííÿ: öåíòðóâàííÿ â³äíîñíî íóëÿ, íîðìàë³çàö³ÿäàíèõ 

(äèñïåðñ³ÿ = 1). 

Ìåðåæåâà â³çóàë³çàö³ÿ 

Âõ³äíå çîáðàæåííÿ (êëàñó ïòàøêà):  

 
Ñêàëÿðíèé äîáóòîê ïåðøèõ 8 ô³ëüòð³â ³ çîáðàæåííÿ(1 çãîðòêî-

âèé øàð): 

 

 

 

Çàñòîñóâàííÿ ôóíêö³¿ àêòèâàö³¿(ReLu): 

 

 

 

Çìåíøåííÿ ðîçì³ðíîñò³ çîáðàæåííÿ (1 ï³äâèá³ðêîâèé øàð): 

 

 

Îñòàíí³é çãîðòêîâèé øàð: 

 

  

Îñòàíí³é øàð (éìîâ³ðí³ñòü òîãî, ùî îá’ºêò äàííîãî êëàñó íà 

çîáðàæåíí³): 

Âñüîãî 10 êëàñ³â. 

 

Ðåçóëüòàòè íàâ÷àííÿ 

Äàíà íåéðîííà ìåðåæà ç âèñîêèì ñòóïåíåì òî÷íîñò³ ðîçï³çíàº 

îá’ºêòè âèá³ðêè CIFAR-10 [5]. 

Òî÷í³ñòü ðîáîòè ìåðåæ³ ñòàíîâèòü 95,6%, ùî º äóæå âèñîêèì 

ïîêàçíèêîì ðîçï³çíàâàííÿ [6]. 

Ãðàô³ê òî÷íîñò³ íàâåäåíî íà ðèñ. 2. 
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Ðèñóíîê 2 – Òî÷í³ñòü ðîáîòè ìåðåæ³ 

 

Çíà÷åííÿ ôóíêö³¿ âòðàò ñòàíîâèòü íà îñòàíí³é åïîñ³ íàâ÷àííÿ 

0.13. Ãðàô³ê ôóíêö³¿ âòðàò çîáðàæåíî íà ðèñ. 3.  

 
Ðèñóíîê 3– Çíà÷åííÿôóíêö³¿âòðàò 

 

Ïîð³âíÿííÿ ç ³íøèìè ìåòîäàìè ðîçï³çíàâàííÿ. 

Òàáëèöÿ 1 

Ïîð³âíÿííÿ ìåòîä³â ðîçï³çíàâàííÿ íà âèá³ðö³CIFAR-10 

Ìåòîä ðîçï³çíàâàííÿ Ê³ëüê³ñòü 

åïîõ (íàâ÷.) 

Òî÷í³ñòü(%) 

Ë³í³éíèé êëàñèô³êàòîð 100 34.3 

7-NN êëàñèô³êàòîð 50 38.6 

Çãîðòêîâà íåéðîííà ìåðåæà 100 95.6 
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Ïðîâåäåíî ïîð³âíÿííÿ ç äâîìà òðàäèö³éíèìè ìåòîäàìè 

ðîçï³çíàâàííÿ: ë³í³éíèé êëàñèô³êàòîð ³ k-NN êëàñèô³êàòîð [2]. Â 

òàáëèö³ 1 íàâåäåíî ðåçóëüòàòè ðîçï³çíàâàííÿ. Òî÷í³ñòü ðîçï³çíàâàííÿ 

çãîðòêîâîþ íåéðîííîþ ìåðåæåþ ñóòòºâî òî÷í³øå, í³æ äâîìà 

òðàäèö³éíèìè ìåòîäàìè. 

Âèñíîâîê 

Â äîñë³äæåíí³ ñïðîåêòîâàíî çãîðòêîâó íåéðîííó ìåðåæó íàâ-

÷åíîþ íà çîáðàæåííÿõ âèá³ðêè CIFAR-10, ÿêà ðîçï³çíàº îá’ºêòè ç âè-

ñîêèì ð³âíåì òî÷íîñò³ (95.6%). Òàêèì ÷èíîì äàíèé ìåòîä 

ðîçï³çíàâàííÿ ñóòòºâî êðàùèé, í³æòðàäèö³éí³ ìåòîäè ðîçï³çíàâàííÿ: 

ë³í³éíèé êëàñèô³êàòîð ³ k-NN êëàñèô³êàòîð. 
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ÐÅÔÅÐÀÒÛ 

 

УДК 514.18 

Адоньєв Є.О., Верещага В.М. Визначення та аналіз параболічної поверхні Балюби 

(БПП) // Системные технологии. Региональный межвузовский сборник научных работ. - 

Выпуск 1 (108). - Днепр, 2017. - С.3 - 11. 

В статті досліджено застосування поверхонь типу «Лупа» для моделювання складних 

багатофакторних процесів. Зокрема, введено назву «параболічна поверхня Балюби - 

БПП», що будується за емпіричними даними, зроблено її аналіз та виявлено властивості та 

ознаки, які пояснюють можливість перетворення БПП у площину, пряму, точку. 

Обґрунтовується, що БПП є композицією вихідних точок, а також можливість її застосуван-

ня у способі розгортання-згортання чарунок. Ці дослідження обґрунтовують можливості 

застосування способу розгортання-згортання чарунок для моделювання багатофакторних 

процесів. Цей спосіб, у подальшому, буде покладено у основу математичного апарату в 

інформаційних системах підтримки управлінських рішень при впровадженні 

енергозберігаючих проектів.  

Бібл. 8, іл. 5, табл. 1. 

УДК 004.93 

Ахметшина Л.Г., Єгоров А.О., Ахметшин К.О. Аналіз слабоконтрастних зобра-

жень на основі перетворення нечіткої функції приналежності // Системні техноло-

гії. Регіональний міжвузівський збірник наукових праць. – Випуск 1(108). – Дніпро, 

2017. – С.12 - 19. 

Розглянуто можливості методу сегментації слабоконтрастних зображень, який за-

безпечує підвищення її чутливості та достовірності. Суть його полягає у тому, що до функ-

цій приналежності, яки формуються методом dFCM, та інтерпретуються як зображення, на 

кожному кроці ітерації застосовується процедура перетворення на базі нечіткої логіки. 

Представлені експериментальні результати на прикладі обробки рентгенівських знімків. 

Бібл. 4, іл. 4. 

УДК 536.24  

Бердник М.Г. Математичне моделювання узагальненої крайової задачі Неймана те-

плообміну порожнього кусково-однорідного циліндра // Системні технології. Регіональ-

ний міжвузівський збірник наукових праць. – Випуск 1(108). – Дніпро, 2017. – С.20 - 28. 

Розроблена математична модель температурних розподілів у порожньому кусково-

однорідному циліндрі, який обертається з постійною кутовою швидкістю навколо осі OZ з 

урахуванням кінцевої швидкості поширення тепла, у вигляді крайової задачі Неймана ма-

тематичної фізики. Розроблено нове інтегральне перетворення для  кусково-однорідного 

простору, за допомогою якого  знайдено температурне поле порожнього кусково-

однорідного кругового циліндра у вигляді збіжних ортогональних рядів по функціям Бес-

селя і Фур’є. 

Бібл. 6. 

УДК 004.92+51-37 

Івон О.І., Івон Ю. О., Лавров Р.І. Програмне забезпечення для визначення ліній-

ного опору, що обмежує струм бар’єрів у варисторних матеріалах // Системні техноло-
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гії. Регіональний міжвузівський збірник наукових праць. – Випуск 1(108). – Дніпро, 2017. 

– С.29 - 36. 

Засобами HTML, CSS, JavaScript і бібліотеки jQuery розроблена програма для визна-

чення лінійного опору, що обмежує струм бар’єрів у варисторних матеріалах. Розрахунок 

цього опору програма здійснює за даними сканування растрових зображень аналогових 

осцилограм, отриманих для зразка варистора в області сильного електричного струму. 

Будь який браузер мережі Інтернет може бути використаний, як середовище для програ-

ми. 

Бібл. 4, іл. 3. 

УДК 004.92+51-37 

Івон О.І., Істушкін В.Ф. Оцифровування осцилограм за допомогою растрових зо-

бражень для підвищення точності визначення параметрів сигналів // Системні техно-

логії. Регіональний міжвузівський збірник наукових праць. – Випуск 1(108). – Дніпро, 

2017. – С.37 - 40. 

Досліджено спосіб оцифровування осцилограм аналогових осцилографів за допомо-

гою растрових зображень, як засіб підвищення точності визначення параметрів електрич-

них сигналів. Показано, що використання растрових зображень осцилограм для визначен-

ня часових параметрів сигналів дозволяє забезпечити точність вимірювання на рівні циф-

рових частотомірів. 

Бібл. 3, іл. 2, табл. 1. 

УДК 004.9 

Ковальов Д.К., Вовк С.М. Комп’ютерна система для зчитування друкованого текс-

ту та його коригування // Системні технології. Регіональний міжвузівський збірник нау-

кових праць. – Випуск 1(108). – Дніпро, 2017. – С.41 - 45. 

Пропонується комп’ютерна система для зчитування та коригування друкованого тек-

сту на основі бібліотек з відкритим програмним кодом Tesseract-OCR, EmguCV та NHunspell. 

Система розроблена на базі програмної платформи Microsoft .NET Framework та дозволяє 

вводити зображення з друкованим текстом (фото, відсканована сторінка тощо) у стандар-

тних графічних форматах, виконувати його розпізнавання, перевіряти отриманий текст на 

орфографічні помилки та виправляти їх. Система підтримує автоматичний режим коригу-

вання тексту та інтерактивний режим для самостійного виправлення помилок.  

Бібл. 4. 

УДК 519.21 : 519.24 

Крохин В.В. Исследование устойчивости методов выбора оптимальной модели 

множественной линейной регрессии в случае, когда независимые переменные яв-

ляются квазиколлинеарными // Системні технології. Регіональний міжвузівський збір-

ник наукових праць. – Випуск 1(108). – Дніпро, 2017. – С.46 - 54. 

Методом имитационного моделирования, с помощью оригинальной программы, раз-

работанной в среде МАТЛАБ, проводится исследование влияния  квазиколлинеарности 

между входными переменными на эффективность различных методов выбора оптималь-

ной модели множественной линейной регрессии (МЛР). Проанализированы пять различ-

ных методов выбора оптимальной МЛР.  

На основе полученных данных сделан вывод, что существенное влияние квазикол-

линеарности на выбор оптимальной МЛР проявляется только при очень высокой степени 
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коррелированности между входными переменными (больше 0,999). В случае наличия 

сильной линейной зависимости между входными переменными, рекомендуется  использо-

вать для выбора оптимальной  МЛР метод всех возможных регрессий с использованием 

статистики Маллоуза в качестве критерия оптимальности, когда  число возможных незави-

симых переменных меньше 15. В противном случае,  предпочтение следует отдать   методу 

последовательного исключения. 

Библ. 5, табл. 1. 

УДК 614.2+574/578+004.38 

Литвинов О.А. Фреймова мова для моделювання програмного забезпечення // 

Системні технології. Регіональний міжвузівський збірник наукових праць. – Випуск 

1(108). – Дніпро, 2017. – С.55 - 62. 

В роботі пропонується формальна модель фреймової мови, яка може застосовувати-

ся для опису домену, враховуючи всі деталі необхідні для ефективної трансформації мо-

делі в системні компоненти. 

Бібл. 5. іл.1. 

УДК 614.2+574/578+004.38 

Литвинов О.А. Формалізація системи сценаріїв лінгвістичної навчальної системи 

// Системні технології. Регіональний міжвузівський збірник наукових праць. – Випуск 

1(108). – Дніпро, 2017. – С.63 - 70. 

В роботі пропонується  формалізована модель системи сценаріїв, яка спрямована на 

узагальнення опиту та визначення потенціалу інтегративних лінгвістичних навчальних си-

стем, визначення проблем та шляхів до їх вирішень. 

Бібл. 8. іл.1. 

УДК 621.3  

Матвєєва Н.О., Лазoренко Ю.В. Розпізнавання візуальних образів сигналів за до-

помогою нейронних мереж // Системні технології. Регіональний міжвузівський збірник 

наукових праць. – Випуск 1(108). – Дніпро, 2017. – С.71 - 79. 

Використання нейронних мереж на основі багатошарового персептрона запропоно-

вано як метод для розпізнавання візуальних образів. Продемонстрована працездатність 

мережі на прикладі розпізнавання та класифікації електромагнітних сигналів. Моделю-

вання виконувалось в середовищі MATLAB. 

Бібл. 6, табл. 2, іл. 4. 

УДК 519.3:620.179 

Пащенко В.О. Теоретичні засади інформаційної технології нестаціонарного елек-

тромагнітного контролю ортотропних дисипативних композитів // Системні технології. 

Регіональний міжвузівський збірник наукових праць. – Випуск 1(108). – Дніпро, 2017. – 

С.80 - 85. 

Отримані аналітичні просторово-часові розподілення тангенціальних проекцій ви-

хорового струму, індукованого прямокутним контуром нестаціонарного стороннього збу-

рення, під поверхнею ортотропного дисипативного композита. 

Бібл. 10, іл. 1. 
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УДК 621.3 

Пономарьов І.В., Чухало А.Р. Особливості розробки сайту за допомогою ASP.Net 

MVC Framework // Системні технології. Регіональний міжвузівський збірник наукових 

праць. – Випуск 1(108). – Дніпро, 2017. – С.86 - 90. 

Описуються основні компоненти технології MVC. Запропоновані принципи створення 

архітектури сайтів й зазначають основні переваги цього підходу. 

Бібл. 2., іл.1 

УДК 004.9 

Прокопчук О.М. Комп’ютерна система стереозору для візуального визначення 

відстані до об’єктів / О.М. Прокопчук С.М. Вовк // Системні технології. Регіональний між-

вузівський збірник наукових праць. – Випуск 1(108). – Дніпро, 2017. – С.91 - 95. 

На основі бібліотеки OpenCV та додатково розроблених функцій пропонується 

комп’ютерна система стереозору для візуального визначення відстаней до об’єктів, поміж 

об’єктами та на об’єктах. Визначення відстаней здійснюється або в автоматичному режимі 

через відповідні функції бібліотеки OpenCV, або в інтерактивному режимі шляхом викори-

стання додатково розроблених функцій, які пов’язані з виокремленням точок на об’єктах.  

Бібл. 4, іл.2 

УДК 004.75 

Спірінцев В.В., Кушка А.А. Фреймворк на базі мови програмування Scala для 

створення Restful Web-сервісів // Системні технології. Регіональний міжвузівський збі-

рник наукових праць. – Випуск 1(108). – Дніпро, 2017. – С.96 - 101. 

Пропонується фреймворк на базі мови програмування Scala для розробки стандар-

тизованих RESTful веб-сервісів. Проект націлений на застосовування іншими розробника-

ми програмного забезпечення для полегшення розробки веб-додатків, створених за допо-

могою архітектури мікросервісів.  

Бібл. 5, іл. 6. 

УДК 514.182.7:519.65:004.9 

Спірінцев Д.В., Найдиш А.В. Методи геометричного моделювання та візуалізації 

цифрової моделі рельєфу // Системні технології. Регіональний міжвузівський збірник 

наукових праць. – Випуск 1(108). – Дніпро, 2017. – С.102 - 109. 

Виконанано огляд основних напрямків, в яких ведуться роботи по оптимізації 

розв’язання задач моделювання та візуалізації складних тривимірних об'єктів цифрової 

моделі рельєфу. Незважаючи на десятки робіт, немає однозначної думки щодо кращого 

методу геометричного моделювання. Тому у роботі показано, що  основним напрямком оп-

тимізації розв’язання задач візуалізації складних об'єктів, є використання високоефекти-

вних, економічних і простих у реалізації алгоритмів для побудови багатомасштабного по-

дання інформації і побудови адаптивних сіток, що є основою для побудови високопродук-

тивних програм візуалізації великого обсягу інформації. З наведеного огляду найбільш 

перспективними можна вважати методи крігінгу, природної околиці, методи ВДГМ та мето-

ди БН-числення.  

Бібл. 20. 
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УДК 004.9 

Спірінцева О.В. Застосування факторного аналізу до обробки багатоспектраль-

них растрових зображень // Системні технології. Регіональний міжвузівський збірник 

наукових праць. – Випуск 1(108). – Дніпро, 2017. – С.110 - 114. 

В роботі досліджений альтернативний спосіб оптимізації обсягів видових даних до-

статніх для їх (даних) інтерпретації. Стиснення обсягу видових даних здійснено шляхом 

опису процесу за допомогою загальних факторів. 

Бібл. 7, іл. 5. 

УДК 681.3.07 : 620.179.14 

Стародубцев О.Л. Дослідження нейронних мереж для ідентифікації сигналів ви-

хорострумової дефектоскопії // Системні технології. Регіональний міжвузівський збір-

ник наукових праць. – Випуск 1(108). – Дніпро, 2017. – С.115 - 122. 

Розглянуто питання визначення оптимального типу нейронної мережі та її парамет-

рів для ідентифікації модуляційного сигналу поверхневої тріщини при дефектоскопії ком-

позитних матеріалів зі значною шорсткістю поверхні. 

Найкращі результати при моделюванні показала мережа прямої передачі із зворот-

нім напрямком поширення помилки, гіперболічною тангенціальною функцією активації, 

квазіньютоновим алгоритмом навчання Левенберга – Марквардта та настройкою парамет-

рів методом градієнтного спуску із збурюванням.  

Прийнятна, з практичної точки зору, достовірність ідентифікації дефекту отримуєть-

ся при рівні шуму до 30% від рівня амплітуди сигналу дефекту. 

Бібл. 6, табл. 1, іл. 5. 

УДК 621.373 – 187.4  

Твердоступ М.І. Аналіз F-метра з керованою чутливістю до приросту реактанса 

індуктивного давача // Системні технології. Регіональний міжвузівський збірник науко-

вих праць. – Випуск 1(108). – Дніпро, 2017. – С.123 - 128. 

Знайдено умови управління крутизною характеристики перетворення вимірювально-

го генератора на основі комбінованої операційної схеми шляхом зміни ступеня компенса-

ції початкової індуктивності параметричного датчика, включеного в резонансний контур 

генератора. 

Бібл. 4, іл. 3 

УДК 680.179:681.513 

Тонкошкур О.С., Повзло Є.Л. Алгоритм обробки даних кінетики відгуку резистив-

ного газового сенсору на основі моделі розтягнутої експоненціальної функції // Сис-

темні технології. Регіональний міжвузівський збірник наукових праць. – Випуск 1(108). – 

Дніпро, 2017. – С.129 - 134. 

Проведено оцінку придатності алгоритму на основі моделі розтягнутої експоненціа-

льної функції для обробки даних кінетики відгуку резистивних газових сенсорів з метою 

розширення функціональних властивостей відповідних інформаційно-вимірювальних тех-

нологій та практичного застосування. Апробація алгоритму на зразках газових сенсорів на 

основі керамічного оксиду цинку показала його ефективність для моделювання кінетики 

спаду відгуку після впливу активного газу (метану). Визначені параметри: статичне зна-

чення відгуку; середній час релаксації та його розподіл. 

Бібл. 13, іл. 3. 
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УДК 681.3.07 

Хандецький В.С. Оптимізація топології ядра комп’ютерної мережі OSPF на основі 

неявного балансування навантаження // Системні технології. Регіональний міжвузівсь-

кий збірник наукових праць. – Випуск 1(108). – Дніпро, 2017. – С.135 - 141. 

Запропоновано модифікацію неявного коефіцієнту балансування навантаження 

ILBI, визначаючи його в залежності від відносної інтенсивності інформаційного трафіку в 

каналах ядра OSPF-мережі. Досліджено ядра з різною кількістю ABR маршрутизаторів. На 

цій основі проведено модифікацію топології ядра, що дозволило реалізувати більш рівно-

мірний розподіл навантаження по каналам  при значно більшій середній швидкості пере-

міщення пакетів в ядрі. 

Бібл. 6, іл. 4, табл. 2. 

УДК 535.37 

Морозов О. С., Коваленко О. В., Буланий М. Ф. Автоматизована експериментальна 

установка для дослідження кінетики фотолюмінесценції при імпульсному збудженні 

// Системні технології. Регіональний міжвузівський збірник наукових праць. – Випуск 

1(108). – Дніпро, 2017. – С.142-151. 

Наведено опис експериментальної установки, призначеної для дослідження спектрів 

фотолюмінесценції при імпульсному збудженні від лазерного джерела. Це дозволяє за 

часом загасання сигналу, що реєструється на різних довжинах хвиль в діапазоні від 400 до 

700 нм, отримати інформацію про індивідуальні складові інтегрального спектру. Реєстра-

ція здійснюється за допомогою АЦП, що запускається синхронно зі збуджуючим лазером. 

Представлені блок-схеми експериментальної установки та пристрою управління експери-

ментом, описано його складові: підсилювач ФЕП, АЦП подвійного інтегрування з пристро-

єм вибірки-зберігання і дешифратором семисегментного коду в прямий двійковий код, 

АЦП послідовних наближень, комутатор виходів АЦП для LPT порту ЕОМ, контролер і фор-

мувач імпульсу запуску лазера.  

Бібл. 9, іл. 2, табл. 1. 

УДК 004.021+378.147 

Карпенко Н.В., Мартынович Л.Я. Особенности преподавания программирования в 

ВУЗе // Системні технології. Регіональний міжвузівський збірник наукових праць. – Ви-

пуск 1(108). – Дніпро, 2017. – С.152-157. 

Проанализировано усвоение студентами Днепропетровского национального универ-

ситета им. О. Гончара (специальность – компьютерная инженерия) основ программирова-

ния, определены основные проблемы, с которыми сталкиваются студенты во время обуче-

ния данной дисциплине. Показано корреляцию успешности обучения студентов разным 

дисциплинам. 

Библ. 5, Табл. 1, Илл. 2. 

УДК 620. 179.14 

Сівцов Д.П., Хандецький В.С. Використання конвертора від’ємного опору у 

приладі для оцінки якості лазерного зварювання // Системні технології. Регіональний 

міжвузівський збірник наукових праць. – Випуск 1(108). – Дніпро, 2017. – С.158-166. 

Надається метод підвищення чутливості вихорострумового датчика для контролю 

дефектів лазерного зварювання та засоби для реалізації цього методу. Він був застосова-

ний на практиці у приладі для контролу якості лазерного зварювання у суперконденсато-
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рах. Для цього вихорострумовий датчик з’єднувався з конвертором від’ємного опору 

(КВО), який був спеціально розроблений на базе LC-генератору. 

Бібл. 6, табл. 1, іл. 4 

УДК:004.8 

Данилов В.Я., Данілов В.Я., Краснощок І.О. Застосування згорткових нейронних ме-

реж для розпізнавання зображень вибірки CIFAR-10 // Системні технології. Регіональний 

міжвузівський збірник наукових праць. – Випуск 1(108). – Дніпро, 2017. – С.167-171. 

Розроблено архітектуру загорткової нейронної мережі для розпізнавання зображень 

за наступними класами: літак, автомобіль, пташка, кішка, олень, собака, жаба, кінь, човен, 

вантажівка. Отримано нейронну мережу для розпізнавання об’єктів вибірки CIFAR-10 з 

точністю 95.6%. Порівняно результат роботи загорткової нейронной мережі з лінійним 

класифікатором і k-NN класифікатором. 

Бібл. 5, іл. 5, табл. 1. 
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UDC 514.18 

Adoniev Y.O., Vereshchyaga V.M. Identification and analysis of a parabolic surface 

Balyuby – PSB // System technologies. N 1(108) - Dnipro, 2017.- P.3 - 11. 

The article studied the application of surfaces "Magnifier" type for modelling of com-

plex multifactorial processes. In particular, introduced the term "parabolic surface Balyuby - 

PSB," which is based on empirical data, it carried out an analysis and determined its proper-

ties and characteristics that explain the possibility of PSB conversion into a plane, line, point. 

It is proved that PSB is a composition of the starting points as well as possibilities of its ap-

plication in the process of unfolding-folding cells. These researches substantiate the possibil-

ity of applying the method of folding-unfolding of the cells for modeling of the multifactorial 

processes. This method, in the future, will form the basis of the mathematical apparatus in the 

information systems for support management decisions in the implementation of energy-

saving-projects. 

Bibl. 8, ill. 5, tabl. 1. 

UDC 004.93 

Akhmetshina L.H, Yegorov А.O, Akhmetshin K.O. Segmentation of low contrast images on 

the basis of the transformation of fuzzy membership functions // System technologies. Re-

gional interuniversity collection of scientific papers. Issue 1(108). - Dnipro, 2017. – P.12 - 19. 

The possibilities of the method of segmentation of low-contrast image, which enhances 

its sensitivity and reliability. Its essence lies in the fact that the accessory functions formed 

by dFCM, which is interpreted as an image on each iteration step the procedure conversion 

based on fuzzy logic. Experimental results on X-ray image processing example. 

Bibl. 4, ill. 4. 

UDC 536.24  

Berdnyk M.H. Mathematical modeling of heat transfer fluid in the initial section hy-

drodynamycheskye // System technologies. Regional interuniversity collection of scientific 

papers. Issue 1(108). - Dnipro, 2017. – P.20 - 28. 

A mathematical model of the temperature distribution in the hollow piecewise uniform 

cylinder, which rotates at a constant angular velocity about the axis OZ, taking into account 

the finite speed of propagation of heat in the form of the Neumann boundary problem of 

mathematical physics. Created a new integral transform of a piecewise-homogeneous space, 

with which found the temperature field empty piecewise homogeneous circular cylinder in the 

form of convergent orthogonal series of Bessel functions and of Fourier. 

Bibl. 6. 

UDC 004.92+51-37 

Ivon A.I., Ivon Y. A., Lavrov R.I. Software for determining linear resistance limiting 

the barrier current in varistor materials // System technologies. Regional interuniversity 

collection of scientific papers. Issue 1(108). - Dnipro, 2017. – P.29 - 36. 

A program for determining linear resistance limiting the barrier current in varistor mate-

rials was developed with the usage of HTML, CSS, JavaScript and jQuery library. The program 

calculates this resistance based on the data, obtained at scanning raster images of analog os-

cillograms, registered at a strong electric current for a sample of a varistor material. Any 

Internet browser can be used as a software environment for the program presented in this 

work. 
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Bibl. 4, ill. 3. 

UDC 004.92+51-37 

Ivon A.I., Istushkin V.F. Digitization of oscillograms by raster images for rising of 

accuracy at signal parameters determination // System technologies. Regional interuni-

versity collection of scientific papers. Issue 1(108). - Dnipro, 2017. – P.37 - 40. 

The digitization method of analog oscillograms by means of raster images was investi-

gated as the means for rising of accuracy at signal parameters determination. As was shown, 

the use of raster images of analog oscillograms for determination of the signal time parame-

ters allows providing the measurement accuracy on a level of digital frequency meters. 

Bibl. 3, ill. 2, tabl. 1. 

UDC 004.9 

Kovalev D.K., Volk S. Kompyuternaya system for schytыvanyya printed text and ad-

justing the ego // System technologies. Regional interuniversity collection of scientific pa-

pers. Issue 1(108). - Dnipro, 2017. – P.41 - 45. 

A computer system for reading and adjustments printed text based on open source li-

braries Tesseract-OCR, EmguCV and NHunspell is proposed. It based on Microsoft .NET Frame-

work and allows to enter the printed text on images (photos, scanned pages, etc.) in standard 

graphic formats, fulfill recognition, check the resulting text for spelling errors and correct it. 

The system works in automatic mode or allows to correct text in interactive mode. 

Bibl. 4. 

UDC 519.21 : 519.24 

Krokhin V.V. Stability investigation of the methods of selection of optimum model 

of multiple linear regression in the case when the independent variables are quasicollin-

ear // System technologies. Regional interuniversity collection of scientific papers. Issue 

1(108). - Dnipro, 2017. – P.46 - 54. 

There has been undertaken an analysis of the effectiveness of choice of optimal model 

of multiple linear regression with a strong linear relationship between the input variables. 

The study was conducted using a simulation method. It was conducted by analyzing five 

methods for selecting the optimal MLR (method of all possible regressions with the corrected 

coefficient of determination as an optimality criterion, the method of all possible regressions 

with the corrected coefficient of determination as benchmarks, and assessment of the signifi-

cance of MDR ratios (based on t-statistics) method of all possible regressions using statistics  

of Mallouza as an optimality criterion, successive elimination method, incremental method) in 

terms of their stability under conditions of multi-collinearity. The study was conducted with 

the help of specially designed tion in the environment MATLAB software. 

Bibl. 5, tabl. 1. 

UDC 614.2+574/578+004.38 

Litvinov A.A. A frame-based language used for software modelling // System tech-

nologies. Regional interuniversity collection of scientific papers. Issue 1(108). - Dnipro, 

2017. – P.55 - 62. 

The given work is devoted to formalization of a frame-based language which is able to 

describe domain in a full, platform independent manner, considering all necessary information 

that could be effectively used by the transformation mechanism for information system con-

struction and maintenance.   



 1 (108) 2017 «Ñèñòåìíûå òåõíîëîãèè»  

ISSN 1562-9945 183

Bibl. 5, ill. 1. 

UDC 614.2+574/578+004.38 

Litvinov A.A. On formalization of computer-aided language learning system sce-

nario // System technologies. Regional interuniversity collection of scientific papers. Issue 

1(108). - Dnipro, 2017. – P.63 - 70. 

The given work is devoted to language learning system scenario formalization aimed to 

generalize the experience, estimate the potential of the integrative systems, clarify the prob-

lems and suggest their solutions.  

Bibl. 8, ill. 1. 

UDC 621.3  

Matveeva N.О, Lazorenko Y. Recognition visual images of signal using neural net-

works // System technologies. Regional interuniversity collection of scientific papers. Issue 

1(108). - Dnipro, 2017. – P.71 - 79. 

The use of neural networks based on multi-layer perceptron is presented as a method for 

the recognition of visual images. Network performance is demonstrated by the example of 

recognition and classification of electromagnetic signals. Modeling was performed in Matlab 

environment. 

Bibl. 6, tabl. 2, ill.4. 

UDC 519.3:620.179 

Pashchenko V.V. The theoretical basis of the informational technology of nonsta-

tionary electromagnetic testing for orthotropic dissipative composites // System tech-

nologies. Regional interuniversity collection of scientific papers. Issue 1(108). - Dnipro, 

2017. – P.80 - 85. 

Analytical spatial-temporal distributions of tangential projections of eddy currents, in-

duced by the rectangular contour of nonstationary external excitement, under a surface of 

orthotropic dissipative composites have been obtained. 

Bibl. 10, ill. 1. 

UDC 621.3 

Ponomarev I.V., Chuhalo A.R. Features of the development site with ASP.Net MVC 

Framework // System technologies. Regional interuniversity collection of scientific papers. 

Issue 1(108). - Dnipro, 2017. – P.86 - 90. 

Website development using ASP.NET MVC FRAMEWORK. It describes the basic compo-

nents of the MVC technology. The principles of construction of architectural sites and identi-

fies the main advantages of this approach. 

Bibl. 2, ill. 1. 

UDC 004.9 

Prokopchuk O.M. Computer stereo vision system for visually determining distance to 

objects / O.M. Prokopchuk, S.M. Vovk // System technologies. Regional interuniversity collec-

tion of scientific papers. Issue 1(108). - Dnipro, 2017. – P.91 - 95. 

Based on the OpenCV library and additionally developed functions the computer stereo 

vision system, that allows visually determining the distance to the objects, the distance be-

tween the objects and the distance on the objects, is proposed. Determining distances is ob-

tained either in automatic mode through the appropriate function of the OpenCV library re-
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lated to the searching of objects by their templates, or is interactive mode by using developed 

functions associated with the marked points on objects. 

Bibl. 4, il. 2. 

UDC 004.75 

Spirintsev V.V., Kushka A.A. Framework on the basis of the Scala programming lan-

guage for creation restful Web services // System technologies. Regional interuniversity 

collection of scientific papers. Issue 1(108). - Dnipro, 2017. – P.96 - 101. 

Framework on the basis of the Scala programming language for development of the 

standardized RESTful of web services is offered. The project is aimed at application by other 

software developers for facilitation of development of web applications created by means of 

microservices architecture. 

Bibl. 5, ill. 6. 

UDC 514.182.7:519.65:004.9 

Spirintsev D.V, Naydysh A.V. Methods geometric modeling and visualization of digital 

elevation models // System technologies. Regional interuniversity collection of scientific 

papers. Issue 1(108). - Dnipro, 2017. – P.102 - 109. 

A review of the main areas in which work is underway to optimize solutions simulation 

and visualization of complex three-dimensional objects DEM. Despite the dozens of works, 

there is no single opinion regarding the best method of geometric modeling. Therefore, we 

have shown that the main focus of optimization solutions visualization tasks of complex ob-

jects is the use of high-performance, cost-effective and easy-to-implement algorithms for the 

construction of multi-scale presentation and construction of adaptive grids, which subse-

quently forms the basis for building high-performance visualization of large amounts of in-

formation programs. From the review of the most promising can be considered as methods of 

kriging, natural surroundings, discrete method of variable geometric modeling and methods 

Balyuby-Naydysha calculus. 

Bibl. 20. 

UDC 004.9 

Spirintseva O.V. Factor analysis for multispectral raster images processing // System 

technologies. Regional interuniversity collection of scientific papers. Issue 1(108). - Dnipro, 

2017. – P.110 - 114. 

The alternative methodic of landscape data level optimization which are enough for its 

interpretation is studied in the paper. The landscape data level compression is executed by 

general factors based process description part. 

Bibl. 7, ill. 5. 

UDC 681.3.07 : 620.179.14 

Starodubtsev О.L. Research of neural networks for identification signals eddy cur-

rent flaw detection // System technologies. Regional interuniversity collection of scientific 

papers. Issue 1(108). - Dnipro, 2017. – P.115 - 122. 

The problems of determining the optimal type of neural network and its parameters for 

identification of the modulation signal at the surface crack inspection of composite materials 

with a large surface roughness were considered. 
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The best results in the simulation showed by feedforward neural network with backward 

propagation of errors, the hyperbolic tangent activation function, quasi-Newton learning 

Levenberg-Marquardt algorithm and settings gradient descent method with disturbance. 

Acceptable, from a practical point of view, the reliability of the identification defect 

that is obtained when the noise level up to 30% of the level of the defect signal amplitude. 

Bibl. 6, tabl. 1, ill.5. 

UDC 621.373 – 187.4  

Tverdostup N.I. Analysis of F-meters with controlled sensitivity to the increment of 

the reactance of the inductive sensor // System technologies. Regional interuniversity col-

lection of scientific papers. Issue 1(108). - Dnipro, 2017. – P.123 - 128. 

Found management conditions Slope conversion measuring generator on the basis of 

the combined operating scheme, we start by changing the degree of inductance compensation 

parametric encoder included in the oscillator resonant circuit. 

Bibl. 4, ill. 3. 

UDС 680.179:681.513 

Tonkoshkur A.S., Povzlo E.L. Algorithm of processing the response kinetics data for 

the resistance of gas sensor based on a stretched exponential function // System tech-

nologies. Regional interuniversity collection of scientific papers. Issue 1(108). - Dnipro, 

2017. – P.129 - 134. 

The evaluation of the suitability of the algorithm based on the model stretched expo-

nential function for handling the response kinetics data resistive gas sensors. This corre-

sponds to the task of expanding the functional properties of research information and meas-

urement systems and technical application problems. Testing of the algorithm on samples of 

gas sensors based on zinc oxide of the ceramic shown efficacy for modeling decay kinetics of 

the response after exposure to the detected gas (methane). Defined parameters: static re-

sponse value; average relaxation time and distribution of these times. 

Bibl. 13, ill. 3. 

UDC 681.3.07 

Khandetskyi V.S. Optimization of OSPF computer network core topology on implicit 

load balancing basis // System technologies. Regional interuniversity collection of scientific 

papers. Issue 1(108). - Dnipro, 2017. – P.135 - 141. 

It is proposed to assign of implicit load balancing index ILBI  dependent on relational 

intensity of information traffic in OSPF-network core channels. The cores with different num-

bers of ABR routers are studied. On this basis we performed modification of the core topology 

that allowed to realize a more uniform distribution of load in channels when much greater 

average movement velocity of packets in the core. 

Bibl. 6, ill. 4, tabl. 2. 

UDC 535.37 

Morozov A. S., Kovalenko A. V., Bulaniy M. F. Automatic experimental assembly for in-

vestigation of kinetics of photoluminescence by pulse excitation // System technologies. 

Regional interuniversity collection of scientific papers. Issue 1(108). - Dnipro, 2017. – 

P.142 - 151. 

This is a description of the research equipment, which designed for investigation of 

photoluminescence spectra, which was excited by pulsed laser excitation. Recording the de-
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cay time of signal at various wavelengths in the range from 400 to 700 nm allows obtaining 

information about the individual components of the experimental spectrum. The recording of 

the decay time of signal by analog-to-digital converter starts synchronously with the laser 

excitation. The block schemes of research equipment and experimental control components: 

switcher of ADC outputs for LPT port, controller, and starter of laser, successive approxima-

tions ADC and double integration ADC with sample-and-hold circuit and binary decoder from 

seven-segment code are described. 

Bibl. 9, ill. 2, tabl. 1. 

UDC 004.021+378.147 

Karpenko N.V., Martynovych L.Y. The features of teaching programming in the univer-

sity // System technologies. Regional interuniversity collection of scientific papers. Issue 

1(108). - Dnipro, 2017. – P.152 - 157. 

The assimilation of the programming by the students of Dnipropetrovsk National Uni-

versity (specialty - computer engineering) was analyzed. The basic problems the students 

face in programming were defined. The correlation coefficient of success in students training 

in various disciplines was compared. 

Bibl. 5, ill. 2, tabl. 1.  

UDC 620. 179.14 

Sivtsov D.P., Khandetsky V.S. Using the negative impedance converter in device for 

quality testing of laser welding // System technologies. Regional interuniversity collection 

of scientific papers. Issue 1(108). - Dnipro, 2017. –  P.158-166. 

The paper presents a method for increasing the sensitivity of the eddycurrent probe for 

testing of defects of laser welding and a means for this method implementation. It was prac-

tically applied in measurement device for monitoring of quality of laser welding in superca-

pasitors. For this purpose the eddy-current probe was connected to the negative resistance 

converter (NRC) which was especially designed on the base of the LC-oscillator.  

Bibl. 6, tabl. 1, fig. 4 

UDK 004.8 

Danilov V.Y., Danilov Vl. Y., Krasnoshchok I.O. Convolution neural network for CIFAR-

10 dataset // System technologies. Regional interuniversity collection of scientific papers. 

Issue 1(108). - Dnipro, 2017. –  P.167-171. 

Properly designed architecture of convolution neural netwokr for recognition images in 

classes: plane, car, bird, cat, deer, dog, frog, horse, shipandtruck. Obtained neral network with 

accuracy 95.6% on CIFAR-10 dataset. Compared recognition results of convolution neurual 

network with linear clissifier and k-NN classifier. 

Bibl. 5, il. 5, table 1. 
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