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SUMMARY

Application of neural networks for automatic classification of
uroflowgrams

Î.E. Kvyatkovsky, E.A. Kvyatkovsky, T.O. Kvyatkovska

Uroflowmetry (UFM) is a clinical method for non-invasive study
of the urodynamics of the lower urinary tract, which can be used
as a screening method. Not always quantitative values of indicators
that are within the age norm indicate the absence of urination
disorders. In the interpretation of uroflowgrams, great importance
is attached to the graphic type of curves. Several methods of
automatic classification of uroflowgrams proposed earlier, including
the use of neural networks, determined a limited number of types
of uroflowgrams and had insufficiently high accuracy. The aim of
the study is to improve computer methods for processing UVM
results using neural networks and to create a method that makes it
possible to conduct screening studies of urination and determine
up to nine types of uroflowgrams.
To develop a system for recognizing UFM data based on a neural
network classifier, a set of 7843 UFM results was used. The data
were classified into 9 types based on the study of scientific literature
and many years of our own experience in conducting UFM. The
UFM results were randomly divided into training and test samples
in a ratio of 70% and 30%. The system was tested on 2352
uroflowgrams. To ensure that the results obtained were independent
of the partitioning of the dataset, we used a sequential random
sampling validation. The age of the patients ranged from 18 to 90
years. Uroflowmetry was performed using a Potok-K uroflowmeter
(developed by O.Ye. Kvyatkovsky).
As a result of testing various variants of neural networks, we have
chosen a five-layer architecture of the Fully Convolutional Network
(FCN). Improvements have been made to its original architecture.
In addition to the quantitative parameters of the UFM, the sex
and age of the patient were taken into account, and the percentiles
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of the nomograms of the maximum and average volumetric urine
flow rate were calculated. A special feature was that, in addition to
the quantitative parameters of the UFM, the entire graph of the
volumetric flow rate of urine during urination was fed to the
input of the neural network.
In the process of improving the classification system, the share of
correct answers was increased from 82.9% at the beginning to
93.4% in the final version. The method of automatic classification
with the allocation of 9 types of uroflowgrams provides the ability
to determine normal urination with high accuracy – 96.3%. Among
the pathological types of uroflowgrams, the accuracy of identification
of intermittent and obstructive-intermittent urination, which most
often determines the syndrome of detrusor sphincter dyssynergia,
was 92.8% and 96.4%, rapid urination, which characterizes
overactive bladder syndrome, was 93.3%, obstructive and obstructive-
interrupted urination, which mainly determines infravesical
obstruction – 90.2% and 91.3%, interrupted urination and urination
with a high start – 92.3% and 80.8%. For screening urination,
the positive is that the computer program allows you to identify
the initial disorders of urination: uroflowgram type “inactive flow”
(pre-obstructive urination), is determined with an accuracy of
92.3%.
The results obtained have been tested on a large number of
uroflowgrams and are sufficient for practical use. It is possible to
issue automatic conclusions during mass screening uroflowmetric
studies of the urodynamics of the lower urinary tract. Proposed
by Î.Ye. Kvyatkovsky, a computer program using neural networks
saves time in the diagnostic process and makes the assessment of
uroflowgrams more reliable.

ÂÑÒÓÏ

Óðîôëîóìåòð³ÿ (ÓÔÌ) – êë³í³÷íèé ìåòîä íå-
³íâàç³éíîãî äîñë³äæåííÿ óðîäèíàì³êè íèæí³õ ñå-
÷îâèõ øëÿõ³â, ÿêèé ìîæå âèêîðèñòîâóâàòèñÿ ÿê
ñêðèí³íãîâèé. Ó òðàêòóâàíí³ óðîôëîóãðàì âàæ-
ëèâå çíà÷åííÿ íàäàþòü ãðàô³÷íîìó òèïó êðè-
âèõ, îñê³ëüêè íå çàâæäè ê³ëüê³ñí³ çíà÷åííÿ ïî-
êàçíèê³â, ùî çíàõîäÿòüñÿ â ìåæàõ â³êîâî¿ íîð-
ìè, ñâ³ä÷àòü ïðî â³äñóòí³ñòü ïîðóøåíü ñå÷îâè-
ïóñêàííÿ. Ò³ëüêè êîìïëåêñíà îö³íêà ê³ëüê³ñíèõ
ïàðàìåòð³â ³ ÿê³ñíî¿ õàðàêòåðèñòèêè êðèâî¿ ìîæå
äîñòåìåííî âèÿâèòè ³ ³äåíòèô³êóâàòè ïàòîëîã³÷-
íèé ñòàí ñå÷îâèïóñêàííÿ. Ðåçóëüòàòè ÓÔÌ íå
º ñóòî ñïåöèô³÷íèìè äëÿ òîãî ÷è ³íøîãî çà-
õâîðþâàííÿ, àëå âîíè â³äîáðàæàþòü ôóíêö³î-
íàëüíèé ñòàí íèæí³õ ñå÷îâèõ øëÿõ³â ³ ðàçîì ç
³íøèìè ìåòîäàìè äîñë³äæåííÿ äîïîìàãàþòü ó
âèçíà÷åíí³ ä³àãíîçó ³ ïðèçíà÷åíí³ ë³êóâàííÿ.

Äî ïåâíî¿ ì³ðè òðàêòîâêà óðîôëîóãðàì ïî-
ëåãøóºòüñÿ çàâäÿêè àâòîìàòèçîâàíîìó îá÷èñëåí-
íþ ïîêàçíèê³â óðîôëîóãðàì, çàêëàäåíîìó ó ïðî-
ãðàìàõ á³ëüøîñò³ óðîôëîóìåòð³â. Âèçíà÷àþòüñÿ
òàê³ ïàðàìåòðè, ÿê ìàêñèìàëüíà ³ ñåðåäíÿ îá’ºì-
íà øâèäê³ñòü ïîòîêó ñå÷³, ïðèñêîðåííÿ ïî-

òîêó ñå÷³, ÷àñ ñå÷îâèä³ëåííÿ, ñå÷îâèïóñêàííÿ, äî-
ñÿãíåííÿ ìàêñèìàëüíîãî ïîòîêó ñå÷³ òà î÷³êó-
âàííÿ ñå÷îâèïóñêàííÿ, îá’ºì ñå÷³, âèä³ëåíî¿ ïðè
ñå÷îâèïóñêàíí³. Ó ïðîãðàìàõ äåÿêèõ óðîôëîó-
ìåòð³â, ÿê òî «Ïîò³ê-Ê», äîäàòêîâî îá÷èñëþþòü-
ñÿ íîìîãðàìè ìàêñèìàëüíî¿ ³ ñåðåäíüî¿ îá’ºìíî¿
øâèäêîñò³ ïîòîêó ñå÷³ ç óðàõóâàííÿì îá’ºìó
âèä³ëåíî¿ ñå÷³ ³ â³êó ïàö³ºíòà. Îäíàê äëÿ âèçíà-
÷åííÿ ñèíäðîì³â, ÿê³ ñïîñòåð³ãàþòüñÿ ïðè çà-
õâîðþâàííÿõ íèæí³õ ñå÷îâèõ øëÿõ³â, òàêèõ, ÿê
ñèíäðîì ã³ïåðàêòèâíîãî ñå÷îâîãî ì³õóðà, äåòðó-
çîðíî-ñô³íêòåðíî¿ äèññèíåðã³¿, ³íôðàâåçèêàëüíî¿
îáñòðóêö³¿, äåêîìïåíñàö³¿ äåòðóçîðà ç «÷åðåâíèì
ñå÷îâèïóñêàííÿì», çíà÷åííÿ ìàº ÿê³ñíà îö³íêà
óðîôëîóãðàì. Ðàçîì ç òèì, â³çóàëüíà îö³íêà
óðîôëîóãðàì º îïåðàòîðçàëåæíîþ. Âîíà çàëå-
æèòü â³ä ñóá’ºêòèâíî¿ îö³íêè âèäó êðèâèõ
ë³êàðåì (îïåðàòîðîì), éîãî äîñâ³äó â ïðîâå-
äåíí³ äàíèõ äîñë³äæåíü, à òàêîæ âèìàãàº ïåâ-
íèõ âèòðàò ÷àñó.

Çàïðîïîíîâàíèé íàìè ðàí³øå ñïîñ³á àâòîìà-
òèçîâàíî¿ ä³àãíîñòèêè ïîðóøåíü óðîäèíàì³êè
íèæí³õ ñå÷îâèõ øëÿõ³â ³ç ïðîãðàìíîþ öèôðî-
âîþ ô³ëüòðàö³ºþ òà ñïåêòðàëüíèì àíàë³çîì
óðîôëîóãðàì ìàâ òî÷í³ñòü 75% òà áóâ òðóäî-
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ì³ñòêèì ÷åðåç ïðîöåäóðó ïîñë³äîâíîãî âè-
êëþ÷åííÿ çì³ííèõ, ùî â³äáèâàëîñÿ íà éîãî
òî÷íîñò³ [1, 2].

Ïðîòÿãîì îñòàíí³õ ðîê³â äîñÿãíóò³ çíà÷í³
âäîñêîíàëåííÿ ó ðîçðîáö³ ìåòîä³â øòó÷íîãî
³íòåëåêòó. Øòó÷í³ íåéðîíí³ ìåðåæ³ âèêîðèñòî-
âóþòüñÿ â ÿêîñò³ êë³í³÷íèõ ñèñòåì ïðèéíÿòòÿ
ð³øåíü äëÿ ìåäè÷íî¿ ä³àãíîñòèêè. Íåéðîíí³ ìå-
ðåæ³ íå ïðîãðàìóþòüñÿ â çâè÷íîìó ñåíñ³ öüîãî
ñëîâà, âîíè íàâ÷àþòüñÿ, ùî º îäí³ºþ ç ãîëîâíèõ
ïåðåâàã íåéðîííèõ ìåðåæ ïåðåä òðàäèö³éíèìè
àëãîðèòìàìè. Ìåòîäîëîã³ÿ ãëèáîêîãî íàâ÷àííÿ
âêëþ÷àº ê³ëüêà ïðèõîâàíèõ øàð³â øòó÷íèõ íåé-
ðîííèõ ìåðåæ, êîæåí íàñòóïíèé øàð îòðèìóº
íà âõîä³ âèõ³äí³ äàí³ ïîïåðåäíüîãî øàðó. Ïî-
÷àòêîâ³ øàðè âèâ÷àþòü ïåðøîðÿäí³ îçíàêè, ïî-
äàëüø³ øàðè âèâ÷àþòü îçíàêè á³ëüø âèñîêîãî
ïîðÿäêó, îçíàêè ï³äñóìêîâîãî øàðó ïîäàþòüñÿ
â øàðè êëàñèô³êàö³¿. Ê³ëüêà øàð³â ïðàöþþòü
ðàçîì äëÿ ôîðìóâàííÿ ïîë³ïøåíîãî ïðîñòîðó
â³äì³ííèõ îçíàê. Îòæå, âîíè äîñÿãàþòü á³ëüø
âèñîêîãî ð³âíÿ óçàãàëüíåííÿ.

Â³äîì³ äåê³ëüêà äîñë³äæåíü ç çàñòîñóâàííÿì
ñïîñîá³â êëàñèô³êàö³¿ äàíèõ óðîôëîóìåòð³¿ çà
äîïîìîãîþ ìàøèííîãî íàâ÷àííÿ ç âèêîðèñòàí-
íÿì íåéðîííèõ ìåðåæ. Áóëà ïðåäñòàâëåíà ìî-
äåëü íåéðîííî¿ ìåðåæ³, ÿêà ìîæå ðîçð³çíÿòè ³
êëàñèô³êóâàòè çäîðîâèõ ³ õâîðèõ ïàö³ºíò³â ³ç
íåâðîëîã³÷íèìè ïîðóøåííÿìè, ùî ñóïðîâîäæó-
þòüñÿ óðîëîã³÷íèìè ðîçëàäàìè [3]. Çàïðîïîíî-
âàíà ñèñòåìà ç âèêîðèñòàííÿì çàãàëüíîêë³í³÷-
íèõ äàíèõ, ÓÔÌ ³ öèñòîìåòð³¿, çäàòíà ïåðåäáà÷à-
òè, ÷è º äèñôóíêö³ÿ íèæí³õ ñå÷îâèõ øëÿõ³â ÷è
í³ [4]. Ðåçóëüòàòè òåñòóâàííÿ ö³º¿ ñèñòåìè ïîêà-
çàëè 85% äîñòîâ³ðíîñò³. Â ³íøîìó äîñë³äæåíí³
íàâ÷àííÿ øòó÷íî¿ òðèøàðîâî¿ íåéðîííî¿ ìåðåæ³
ïðîâîäèëè çà äàíèìè íåâåëèêî¿ ê³ëüêîñò³
â³ä³áðàíèõ óðîôëîóãðàì: íîðìà – 58, äîáðîÿê³ñ-
íà ã³ïåðïëàç³ÿ ïåðåäì³õóðîâî¿ çàëîçè (ÄÃÏÇ) –
107, ñòðèêòóðà óðåòðè – 25, äåòðóçîðíî-ñô³íêòåð-
íà äèññèíåðã³ÿ – 20 óðîôëîóãðàì, òåñòóâàëè ñèñ-
òåìó ëèøå íà 40 ïðèêëàäàõ óðîôëîóãðàì [5].
Âõ³äíèé øàð ì³ñòèâ òàê³ âõ³äí³ ïàðàìåòðè, ÿê
â³ê ïàö³ºíòà, îá’ºì ñå÷îâèïóñêàííÿ, ÷àñ äîñÿã-
íåííÿ ìàêñèìàëüíî¿ øâèäêîñò³ ñå÷îâèïóñêàííÿ,
ñåðåäíÿ òà ìàêñèìàëüíà îá’ºìíà øâèäê³ñòü ïî-
òîêó ñå÷³, ÷àñ ñå÷îâèïóñêàííÿ, à òàêîæ êîåô³ö³-
ºíòè, ùî ïîòðåáóâàëè äîäàòêîâîãî ðîçðàõóâàí-
íÿ. Àëå ïðè ÄÃÏÇ ³ ñòðèêòóð³ óðåòðè çóñòð³÷à-
þòüñÿ ð³çí³ òèïè óðîôëîóãðàì [6, 7], òîìó çàâ-
äàííÿ íå áóëî êîðåêòíèì. Äåêëàðîâàíèé ó âèñ-
íîâêàõ çàãàëüíèé ñòóï³íü òî÷íîñò³ 95% áåç êîí-
êðåòèçàö³¿ çà òèïàìè óðîôëîóãðàì ³ ïîïåðåäíüî-
ãî íàâåäåííÿ ï³äòâåðäæóþ÷èõ äàíèõ òà ç îãëÿ-
äó íà íåêîðåêòí³ñòü çàâäàííÿ âèêëèêàº ñóìí³-
âè. Íàéá³ëüø äîö³ëüíèé êëàñèô³êàòîð áóâ ðîç-

ðîáëåíèé â ïðîãðàìíîìó ñåðåäîâèù³ MATLAB ³
ðåàë³çóâàâñÿ ÷åðåç ãðàô³÷íèé ³íòåðôåéñ ç âè-
çíà÷åííÿì ïëîù³ ï³ä êðèâîþ òà çàñòîñóâàííÿì
äåÿêèõ ôóíêö³é, òàêèõ ÿê ëîêàëüí³ ìàêñèìóìè ³
ì³í³ìóìè óðîôëîóãðàìè, àëå â íüîìó âèõîäè
øòó÷íèõ íåéðîííèõ ìåðåæ ï³äðîçä³ëÿëèñÿ ëèøå
íà òðè êëàñè óðîôëîóãðàì: «çäîðîâ³», «ìîæëèâ³
ïàòîëîã³÷í³» ³ «ïàòîëîã³÷í³» [8]. Ê³ëüê³ñòü óðî-
ôëîóãðàì, âèêîðèñòàíèõ äëÿ ìàøèííîãî íàâ÷àííÿ,
ñòàíîâèëà 72, òåñòóâàëè ñèñòåìó çà äàíèìè
78 óðîôëîóãðàì. Ïîêàçíèê «óñï³øíîñò³» (òî÷-
íîñò³) äëÿ âèçíà÷åííÿ óðîôëîóãðàì ÿê «çäîðîâ³»
ñêëàâ 88%, «ìîæëèâ³ ïàòîëîã³÷í³» – 73% ³ «ïàòî-
ëîã³÷í³» – 77%, ñåðåäí³é ïîêàçíèê «óñï³øíîñò³»
(òî÷íîñò³) ñèñòåìè ñêëàâ 79%. Ïîêðàùåííÿ òî÷-
íîñò³ êëàñèô³êàö³¿ óðîôëîóãðàì òà çá³ëüøåííÿ
ìîæëèâîñòåé äëÿ äèôåðåíö³þâàííÿ ð³çíèõ òèï³â
óðîôëîóãðàì çàëèøàþòüñÿ àêòóàëüíèìè.

Ìåòa äîñë³äæåííÿ: óäîñêîíàëåííÿ êîìï’þ-
òåðíèõ ñïîñîá³â îáðîáêè ðåçóëüòàò³â ÓÔÌ ³ç
çàñòîñóâàííÿì íåéðîííèõ ìåðåæ òà ñòâîðåííÿ
ñïîñîáó, ÿêèé äàº ìîæëèâ³ñòü ïðîâåäåííÿ ñêðè-
í³íãîâèõ äîñë³äæåíü ñå÷îâèïóñêàííÿ ³ âèçíà÷åí-
íÿ äî äåâ’ÿòè òèï³â óðîôëîóãðàì.

ÌÀÒÅÐ²ÀËÈ I ÌÅÒÎÄÈ ÄÎÑËIÄÆÅÍÍß

Äëÿ ðîçðîáêè ñèñòåìè ðîçï³çíàâàííÿ äàíèõ
ÓÔÌ íà îñíîâ³ íåéðîìåðåæåâîãî êëàñèô³êàòî-
ðà ³ òåñòóâàííÿ íåéðîííî¿ ìåðåæ³ ìè âèêîðèñ-
òàëè íàá³ð ç 7843 ðåçóëüòàò³â ÓÔÌ, ùî çàäî-
âîëüíÿëè óìîâàì êîðåêòíîãî óðîôëîóìåòðè÷íîãî
äîñë³äæåííÿ. Äàí³ áóëè êëàñèô³êîâàí³ íàìè çà
9 òèïàìè íà ï³äñòàâ³ âèâ÷åííÿ íàóêîâî¿ ë³òåðà-
òóðè ³ áàãàòîð³÷íîãî âëàñíîãî äîñâ³äó ïðîâåäåííÿ
ÓÔÌ [6, 7]. Äàí³ âèïàäêîâèì ÷èíîì ðîçáèâàëè-
ñÿ íà íàâ÷àëüíó ³ òåñòîâó âèá³ðêè â ñï³ââ³äíî-
øåíí³ 70% ³ 30%, òîáòî, òåñòóâàííÿ ñèñòåìè âè-
êîíóâàëîñÿ íà 2352 óðîôëîóãðàìàõ, ùî ñêëàäàëî
30% â³ä çàãàëüíî¿ ê³ëüêîñò³ äîñë³äæåíü. Ñåðåä
îáñòåæåíèõ áóëî 66% ÷îëîâ³ê³â ³ 34% æ³íîê. Â³ê
ïàö³ºíò³â âàð³þâàâ â³ä 18 äî 90 ðîê³â. Óðîôëîó-
ìåòð³þ ïðîâîäèëè çà äîïîìîãîþ óðîôëîóìåòðà
«Ïîò³ê-Ê» (ðîçðîáíèê Î.ª. Êâÿòêîâñüêèé). Îá-
÷èñëþâàëüí³ åêñïåðèìåíòè ïðîâîäèëèñÿ íà GPU
Nvidia GTX 1080, CPU Intel i7-4790, âèêîðèñòî-
âóâàëàñÿ ìîâà ïðîãðàìóâàííÿ Python ³ á³áë³îòå-
êè Tensorflow ³ Keras.

Òèïè óðîôëîóãðàì âèçíà÷àëè çà íàñòóïíèìè
îñíîâíèìè õàðàêòåðèñòèêàìè. Íîðìàëüíèé
òèï – áåçïåðåðâíà â³äíîñíî ð³âíà êðèâà ó âèã-
ëÿä³ àñèìåòðè÷íîãî äçâîíà ç òðîõè ïîäîâæåíîþ
íèçõ³äíîþ ñêëàäîâîþ (ðèñ. 1à). Êðèâà òèïó «íå-
àêòèâíèé ïîò³ê» (ïåðåäîáñòðóêòèâíèé òèï) –
êðèâà äåùî ïîäîâæåíà, âèñîòà êóïîëà êðèâî¿
çíèæåíà, îñíîâà éîãî ðîçøèðåíà (ðèñ. 1á). Îá-
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÷îâèä³ëåííÿ â³äíîñíî ÷àñó ñå÷îâèïóñêàííÿ
(ðèñ. 1ä). Øâèäê³ñòü ïîòîêó ñå÷³ ìîæå â³äïîâ³äàòè
çíà÷åííÿì íîðìè, ïðîòå ÷àñò³øå çíèæåíà – îá-
ñòðóêòèâíî-ïåðåðâíèé òèï óðîôëîóãðàìè (ðèñ. 1å).
Çíèæåííÿ ìàêñèìàëüíî¿ îá’ºìíî¿ øâèäêîñò³ ïî-
òîêó ñå÷³ ïðè ïåðåðâíîìó òèï³ êðèâî¿ â ïîºäíàíí³
ç âåëèêèì îá’ºìîì çàëèøêîâî¿ ñå÷³ ï³äòâåðäæóº
íàÿâí³ñòü ³íôðàâåçèêàëüíî¿ îáñòðóêö³¿. Ïåðåðèâàííÿ
êðèâî¿ ÷àñò³øå â³äîáðàæàº âèäàâëþâàííÿ ñå÷³ ïîð-
ö³ÿìè çà ðàõóíîê ñêîðî÷åííÿ ì’ÿç³â ÷åðåâíîãî ïðåñà,
ùî ìîæå ñâ³ä÷èòè ïðî äåêîìïåíñàö³þ äåòðóçîðà
îáñòðóêòèâíîãî àáî íåéðîãåííîãî ãåíåçó. Ñòð³ìêèé
òèï – êðèâà ó âèãëÿä³ âåæ³, õàðàêòåðèçóºòüñÿ
ð³çêèì çðîñòàííÿì âèñõ³äíî¿ ÷àñòèíè, âèñîêèì êó-
ïîëîì, âóçüêîþ îñíîâîþ ³ øâèäêèì ïàä³ííÿì íèç-
õ³äíî¿ ÷àñòèíè äî «0» (ðèñ. 1º), ìàêñèìàëüíà
îá’ºìíà øâèäê³ñòü ïîòîêó ñå÷³ çàçâè÷àé ïåðåâè-
ùóº 40 ìë/ñ. Òàêèé âèãëÿä êðèâî¿ â îñíîâíîìó
ïðèòàìàííèé õâîðèì ç ã³ïåðàêòèâíèì ñå÷îâèì
ì³õóðîì. Òèï «âèñîêèé ñòàðò» – êðèâà äóæå øâèäêî
äîñÿãàº ñâîãî ìàêñèìóìó íà ñàìîìó ïî÷àòêó ñå-
÷îâèïóñêàííÿ ç ïëàâíèì, ïîâ³ëüíèì ³ òðèâàëèì
çíèæåííÿì êðèâî¿ äî «0» (ðèñ.1æ). Âêàçóº íà çíè-
æåííÿ åëàñòè÷íîñò³ ñå÷³âíèêà, ðèã³äí³ñòü éîãî
ñò³íêè, ìîæå ñïîñòåð³ãàòèñÿ ïðè âåëèêèõ ïîë³ïàõ
óðåòðè.

ñòðóêòèâíèé òèï – êðèâà çíà÷íî ïîäîâæåíà ³
àñèìåòðè÷íà çà ðàõóíîê çíà÷íî ïîäîâæåíî¿ íèç-
õ³äíî¿ ÷àñòèíè, ìàº ïîëîãèé âèãëÿä ç³ çãëàäæå-
íèì íåâèðàæåíèì êóïîëîì àáî ñïëîùåíà (ðèñ. 1â);
á³ëüøà ÷àñòèíà çàãàëüíîãî îáñÿãó ñå÷³ âèä³ëÿºòü-
ñÿ ïðè ïîñò³éíî íèçüê³é øâèäêîñò³ ïîòîêó ñå÷³.
Òàêà óðîôëîóãðàìà íàéá³ëüø òèïîâà äëÿ ³íôðà-
âåçèêàëüíî¿ îáñòðóêö³¿. Ïåðåðèâ÷àñòèé òèï –
êðèâà ó âèãëÿä³ õâèëü ð³çíî¿ àìïë³òóäè, ùî íå
äîõîäÿòü äî ³çîë³í³¿, øâèäê³ñòü ïîòîêó ñå÷³ çà-
çíàº çíà÷íèõ êîëèâàíü, àëå íå ñóïðîâîäæóºòüñÿ
â³äõèëåííÿì ê³ëüê³ñíèõ ïîêàçíèê³â â³ä íîðìè
(ðèñ. 1ã). Õâèëåïîä³áí³ çì³íè ìîæóòü íàêëàäàòè-
ñÿ ÿê íà îãèíàþ÷ó êðèâó, ÿêà îïèñóº íîðìàëü-
íèé ïîò³ê ñå÷³, òàê ³ íà êðèâó îáñòðóêòèâíîãî
ñå÷îâèïóñêàííÿ – îáñòðóêòèâíî-ïåðåðèâ÷àñòèé
òèï óðîôëîóãðàìè (ðèñ. 1μ), ùî â³äîáðàæàº ôëóê-
òóàö³éíó ôóíêö³îíàëüíó íåïîâíó îáñòðóêö³þ. Ö³
ïðîÿâè â îñíîâíîìó ïîâ’ÿçóþòü ç äåòðóçîðíî-
ñô³íêòåðíîþ äèññèíåðã³ºþ, ïðè÷èíîþ ÿêî¿ º íå-
óçãîäæåíå ñêîðî÷åííÿ àáî íåäîñòàòíÿ ðåëàêñà-
ö³ÿ âíóòð³øíüîãî àáî çîâí³øíüîãî ñô³íêòåðà
óðåòðè ïðè îäíî÷àñíîìó ñêîðî÷åíí³ äåòðóçîðà.
Ïåðåðâíèé òèï – êðèâà ìàº õâèëåïîä³áíèé âèã-
ëÿä òà íåîäíîðàçîâî ïåðåðèâàºòüñÿ, äîñÿãàþ÷è
³çîë³í³¿, õàðàêòåðèçóºòüñÿ ïîäîâæåííÿì ÷àñó ñå-

ÐÈÑÓÍÎÊ 1. Íàéá³ëüø õàðàêòåðí³ ïðèêëàäè ð³çíèõ òèï³â óðîôëîóãðàì: íîðìà, «íåàêòèâíèé ïîò³ê»,
îáñòðóêòèâíèé, ïåðåðèâ÷àñòèé, îáñòðóêòèâíî-ïåðåðèâ÷àñòèé, ïåðåðâíèé, îáñòðóêòèâíî-ïåðåðâíèé,
ñòð³ìêèé, «âèñîêèé ñòàðò»
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ÐÅÇÓËÜÒÀÒÈ ÒÀ ̄ Õ ÎÁÃÎÂÎÐÅÍÍß

Â ðåçóëüòàò³ àïðîáàö³¿ ð³çíèõ âàð³àíò³â àðõ³-
òåêòóð íåéðîííèõ ìåðåæ, òàêèõ ÿê ResNet, LSTM-
FCN, GRU-FCN, WaveletFCNN, InceptionTime,
OS-CNN, ROCKET, íàìè áóëà îáðàíà ï’ÿòèøàðî-
âà àðõ³òåêòóðà ìåðåæ³ Fully Convolutional Network
(FCN), çàïðîïîíîâàíà â ðîáîò³ Z. Wang ³ ñï³âàâ. [9],
ÿêà çàðåêîìåíäóâàëà ñåáå îäí³ºþ ç êðàùèõ [10].
Áóëè âíåñåí³ äåÿê³ ïîë³ïøåííÿ â îðèã³íàëüíó àð-
õ³òåêòóðó FCN: ³ñòîòíèé ïðèð³ñò òî÷íîñò³ êëàñè-
ô³êàö³¿ äàëè çá³ëüøåííÿ ðîçì³ðó ô³ëüòð³â, à òàêîæ
îáë³ê 13 ÷èñåëüíèõ ïàðàìåòð³â øëÿõîì âïðîâàä-
æåííÿ ¿õ ïåðåä øàðîì Softmax [11]. Ùîá ïåðåêîíà-
òèñÿ â íåçàëåæíîñò³ îäåðæóâàíèõ ðåçóëüòàò³â â³ä
ðîçáèòòÿ íàáîðó äàíèõ, âèêîðèñòîâóâàëàñÿ âàë³äà-
ö³ÿ ïîñë³äîâíèì âèïàäêîâèì ñåìïëþâàííÿì. Äàí³
ï’ÿòü ðàç³â âèïàäêîâèì ÷èíîì ðîçáèâàëèñÿ íà íà-
â÷àëüíó ³ òåñòîâó âèá³ðêó â ñï³ââ³äíîøåíí³ 70% ³
30%, ï³ñëÿ ÷îãî êîæåí ðàç òðèðàçîâî çàïóñêàëîñÿ
íàâ÷àííÿ ìåðåæ³ ç âèïàäêîâîþ ³í³ö³àë³çàö³ºþ ³
âèáèðàâñÿ êðàùèé ðåçóëüòàò. Ó ïîð³âíÿíí³ ç ïîïå-
ðåäíüîþ íàøîþ ðîáîòîþ [12] ðîçì³ð íàáîðó äà-
íèõ áóâ çá³ëüøåíèé á³ëüø í³æ ó äâà ðàçè. Îñê³ëü-
êè çóñòð³÷àëüí³ñòü îêðåìèõ òèï³â óðîôëîóãðàì
ð³çíèòüñÿ, äëÿ çáàëàíñóâàííÿ íàáîðó äàíèõ âèêî-
ðèñòîâóâàëèñÿ âàãè êëàñ³â, ùîá ïðèì³ðíèêè ç ìåíø
ïðåäñòàâëåíèõ êëàñ³â ÷àñò³øå ïðåä’ÿâëÿëèñÿ äëÿ
íàâ÷àííÿ, ùî äîçâîëèëî ïîë³ïøèòè òî÷í³ñòü ¿õ êëà-
ñèô³êàö³¿.

Äàí³ â³äïîâ³äíî äî íàøî¿ êîìï’þòåðíî¿ ïðî-
ãðàìè ïîäàþòüñÿ íà âõ³ä íåéðîííî¿ ìåðåæ³, ïðåä-
ñòàâëÿþòü ñîáîþ 13 ñêàëÿðíèõ çíà÷åíü – ÷è-
ñåëüí³ ïàðàìåòðè óðîôëîóãðàìè, ïðîöåíòèë³ íî-
ìîãðàì ìàêñèìàëüíî¿ ³ ñåðåäíüî¿ îá’ºìíî¿ øâèä-
êîñò³ ïîòîêó ñå÷³, à òàêîæ äàí³ ïàö³ºíòà – ñòàòü
³ â³ê. ×èñåëüí³ ïàðàìåòðè óðîôëîóãðàìè âêëþ-
÷àþòü ìàêñèìàëüíó ³ ñåðåäíþ îá’ºìíó øâèäê³ñòü
ïîòîêó ñå÷³, ïðèñêîðåííÿ ïîòîêó ñå÷³, óðîôëîó-
ìåòðè÷íèé ³íäåêñ ÷àñ ñå÷îâèä³ëåííÿ òà ñå÷îâè-
ïóñêàííÿ, ÷àñ äîñÿãíåííÿ ìàêñèìàëüíîãî ïîòî-
êó ñå÷³ òà î÷³êóâàííÿ ñå÷îâèïóñêàííÿ, îá’ºì ñå÷³,
âèä³ëåíî¿ ïðè ñå÷îâèïóñêàíí³. Êð³ì òîãî, íà âõ³ä
íåéðîííî¿ ìåðåæ³ ïîäàºòüñÿ ãðàô³ê øâèäêîñò³
ñå÷îâèïóñêàííÿ (óðîôëîóãðàìà), çàïèñàíèé ç

÷àñòîòîþ 56 âèì³ðþâàíü â ñåêóíäó òà ïîäàíèé
íà âõ³ä ï³ñëÿ ñòèñêàííÿ ç ÷àñòîòîþ 14 âèì³ðþ-
âàíü â ñåêóíäó, â ðåçóëüòàò³ ÷îãî îòðèìóºòüñÿ
÷àñîâèé ðÿä ç 2000 çíà÷åíü, ùî â³äïîâ³äàº óðî-
ôëîóãðàì³ ç ìàêñèìàëüíîþ òðèâàë³ñòþ â 143 ñå-
êóíäè. Òàêèì ÷èíîì, äàí³, ÿê³ ïîäàþòüñÿ íàìè
íà âõ³ä íåéðîííî¿ ìåðåæ³ â³äð³çíÿþòüñÿ òèì, ùî,
îêð³ì ñêàëÿðíèõ ÷èñåëüíèõ ïàðàìåòð³â ÓÔÌ,
ïîäàºòüñÿ óâåñü ãðàô³ê îá’ºìíî¿ øâèäêîñò³ ïî-
òîêó ñå÷³ ïðè ñå÷îâèïóñêàíí³.

Âèá³ð îçíàê (features) º ïîïóëÿðíèì ìåòî-
äîì âäîñêîíàëåííÿ âèêîíàííÿ ³íäóêòèâíèõ àë-
ãîðèòì³â ìàøèííîãî íàâ÷àííÿ. Âèòÿã ëèøå êî-
ðèñíèõ îçíàê äëÿ íàâ÷àííÿ çíà÷íî ïîêðàùóº
åôåêòèâí³ñòü ñàìîíàâ÷àëüíî¿ íåéðîííî¿ ìåðåæ³,
ïðîòå ìåíø âàæëèâ³ îçíàêè ìîæóòü íàäàòè âå-
ëèêèé âíåñîê ó ðåçóëüòàò ³ ¿õ ö³ëêîâèòå âèêè-
äàííÿ ìîæå ïåðåøêîäèòè òî÷íîñò³. Òîìó ïîäàí-
íÿ íà âõ³ä ï’ÿòèøàðîâî¿ íåéðîííî¿ ìåðåæ³ ãðà-
ô³êà óðîôëîóãðàìè ö³ëêîì ó âèãëÿä³ ÷àñîâîãî
ðÿäó ç 2000 çíà÷åíü, äîïîìàãàº ï³äâèùåííþ òî÷-
íîñò³ íà âèõîä³ íåéðîííî¿ ìåðåæ³.

×àñòêà â³ðíèõ â³äïîâ³äåé àâòîìàòè÷íî¿ êëàñè-
ô³êàö³¿ óðîôëîóãðàì ó çàëåæíîñò³ â³ä çàñòîñîâà-
íèõ óäîñêîíàëåíü, â³äîáðàæåíà â òàáë. 1.

Ó òàáë. 2 ïðåäñòàâëåíà ìàòðèöÿ íåâ³äïîâ³ä-
íîñòåé êëàñèô³êàö³¿ óðîôëîóãðàì çà 9 òèïàìè,
îòðèìàíà ç âèêîðèñòàííÿì ñàìîíàâ÷àëüíèõ íåé-
ðîííèõ ìåðåæ çà äîïîìîãîþ çàïðîïîíîâàíî¿
êîìï’þòåðíî¿ ïðîãðàìè.

Çàïðîïîíîâàíà êîìï’þòåðíà ïðîãðàìà ³ ñïîñ³á
àâòîìàòè÷íî¿ êëàñèô³êàö³¿ óðîôëîóãðàì ç âèä³-
ëåííÿì 9 òèï³â óðîôëîóãðàì çàáåçïå÷óº ìîæ-
ëèâ³ñòü òåñòóâàííÿ íîðìàëüíîãî ñå÷îâèïóñêàí-
íÿ ç òî÷í³ñòþ 96,3%, íåàêòèâíîãî ïîòîêó ñå÷³ ç
òî÷í³ñòþ 92,8%, ïåðåðèâ÷àñòîãî, ïåðåðâíîãî, îá-
ñòðóêòèâíîãî, îáñòðóêòèâíî-ïåðåðâíîãî, îáñòðóê-
òèâíî-ïåðåðèâ÷àñòîãî, ñòð³ìêîãî ñå÷îâèïóñêàí-
íÿ òà ñå÷îâèïóñêàííÿ ç âèñîêèì ñòàðòîì ç òî÷-
í³ñòþ 92,8%, 92,3%, 90,2%, 91,3%, 96,4%, 93,3%,
80,8% â³äïîâ³äíî, ç çàãàëüíîþ òî÷í³ñòþ 93,4%.

Îòæå, çàïðîïîíîâàíèé ñïîñ³á àâòîìàòè÷íî¿
êëàñèô³êàö³¿ ðåçóëüòàò³â óðîôëîóìåòð³¿ ç çàñòî-
ñóâàííÿì ñàìîíàâ÷àëüíèõ íåéðîííèõ ìåðåæ äàº
ìîæëèâ³ñòü àâòîìàòè÷íî âèçíà÷àòè óñ³ îñíîâí³

ÒÀÁËÈÖß 1. ×àñòêà â³ðíèõ â³äïîâ³äåé àâòîìàòè÷íî¿ êëàñèô³êàö³¿ óðîôëîóãðàì ³ç âèêîðèñòàííÿì

ñàìîíàâ÷àëüíèõ íåéðîííèõ ìåðåæ ó çàëåæíîñò³ â³ä óäîñêîíàëåíü êëàñèô³êàòîðà (â %)

Óäîñêîíàëåííÿ êëàñèô³êàòîðà ×àñòêà â³ðíèõ â³äïîâ³äåé ïðè òåñòóâàíí³ ìåðåæ³

FCN 82,9%

+ çá³ëüøåí³ ô³ëüòðè 83,9%

+ âðàõóâàííÿ ïàðàìåòð³â 87,3%

+ çá³ëüøåííÿ ðîçì³ðó íàáîðó äàíèõ 92,7%

+ âàãè êëàñ³â 93,4%
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9 òèï³â óðîôëîóãðàì. Óñ³ òèïè óðîôëîóãðàì (çà
âèêëþ÷åííÿì òèïó «âèñîêèé ñòàðò») àâòîìàòè÷-
íî âèçíà÷àþòüñÿ ç òî÷í³ñòþ ïîíàä 90%. Çàãàëüíå
çá³ëüøåííÿ ñåðåäíüîãî ïîêàçíèêà òî÷íîñò³ äî
íàéá³ëüø áëèçüêî¿ íåéðîìåðåæåâî¿ ñèñòåìè êëà-
ñèô³êàö³¿ [8] äîñÿãëî 14,4%, ï³äâèùåííÿ òî÷íîñò³
³äåíòèô³êàö³¿ íîðìàëüíîãî ñå÷îâèïóñêàííÿ ñêëà-
ëî 8,3% ³ ïåðåâèùèëî 96%. Òî÷íå âèçíà÷åííÿ ð³çíèõ
òèï³â îáñòðóêòèâíîãî ñå÷îâèïóñêàííÿ äîñÿãëî
90,2%–96,4%. Ñåðåä ïàòîëîã³÷íèõ òèï³â óðîôëîó-
ãðàì íàéá³ëüø âèñîêà òî÷í³ñòü áóëà â ³äåíòèô³-
êàö³¿ îáñòðóêòèâíî-ïåðåðèâ÷àñòîãî (96,4%) òà ïå-
ðåðèâ÷àñòîãî ñå÷îâèïóñêàííÿ (92,8%), ùî íàé÷àñ-
ò³øå âèçíà÷àº äåòðóçîðíî-ñô³íêòåðíó äèññèíåð-
ã³þ, à òàêîæ ñòð³ìêå ñå÷îâèïóñêàííÿ (93,3%),
ùî çâè÷àéíî õàðàêòåðèçóº ã³ïåðàêòèâíèé ñå÷î-
âèé ì³õóð. Äëÿ ñêðèí³íãó ñå÷îâèïóñêàííÿ ïîçè-
òèâíèì º òå, ùî êîìï’þòåðíà ïðîãðàìà äîçâîëÿº
âèÿâèòè ïî÷àòêîâ³ ïîðóøåííÿ ñå÷îâèïóñêàííÿ:
óðîôëîóãðàìà òèïó «íåàêòèâíèé ïîò³ê» (ïåðåäîá-
ñòðóêòèâíå ñå÷îâèïóñêàííÿ), âèçíà÷àºòüñÿ ç äî-
ñèòü âèñîêîþ òî÷í³ñòþ – 92,3%.

ÂÈÑÍÎÂÊÈ

Çàñòîñóâàííÿ ñàìîíàâ÷àëüíî¿ íåéðîííî¿ ìå-
ðåæ³ ç íàïðàöüîâàíèìè óäîñêîíàëåííÿìè êîì-
ï’þòåðíî¿ ïðîãðàìè äîçâîëèëî äîñÿãòè âèñîêî¿
çàãàëüíî¿ òî÷íîñò³ (93,4%) àâòîìàòè÷íî¿ êëà-
ñèô³êàö³¿ óðîôëîóãðàì çà íàéá³ëüøîþ ê³ëüê³ñòþ
òèï³â (9 òèïàìè), ùî âàæëèâî äëÿ ïðîâåäåííÿ
ä³àãíîñòè÷íîãî ïðîöåñó ïîðóøåíü ñå÷îâèïóñêàí-
íÿ. Âèçíà÷åííÿ íîðìàëüíîãî òèïó óðîôëîóãðàì
äîñÿãëî 96,3%. Îòðèìàí³ ðåçóëüòàòè ïðîéøëè
òåñòóâàííÿ íà âåëèê³é ê³ëüêîñò³ óðîôëîóãðàì
(2352 êðèâ³) ³ äîñòàòí³ äëÿ ïðàêòè÷íîãî çàñòî-
ñóâàííÿ, ðåêîìåíäàö³é ë³êàðþ â ïðîöåñ³ îñâîºí-
íÿ íèì ÓÔÌ, îïòèì³çàö³¿ ³ ïðèñêîðåííÿ éîãî

ðîáîòè â ïîäàëüøîìó. Ìîæëèâà âèäà÷à àâòîìà-
òè÷íèõ âèñíîâê³â ïðè ìàñîâèõ ñêðèí³íãîâèõ
óðîôëîóìåòðè÷íèõ äîñë³äæåííÿõ óðîäèíàì³êè
íèæí³õ ñå÷îâèõ øëÿõ³â äëÿ ïîëåãøåííÿ àíàë³çó
âåëèêî¿ ê³ëüêîñò³ óðîôëîóãðàì. Íåéðîìåðåæåâèé
àâòîìàòè÷íèé àíàë³ç óðîôëîóìåòðè÷íèõ êðèâèõ,
çâàæàþ÷è íà ¿õ çíà÷íó âàð³àáåëüí³ñòü, ìîæå íå
ëèøå çàîùàäèòè ÷àñ, àëå ³ çðîáèòè îö³íêó óðî-
ôëîóãðàì á³ëüø íàä³éíîþ.
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ùî ïîâ’ÿçàí³ ç öèì ðóêîïèñîì, íà ìîìåíò ïóá-
ë³êàö³¿ íå ³ñíóº òà íå ïåðåäáà÷àºòüñÿ.

CÏÈÑÎÊ ËIÒÅÐÀÒÓÐÈ

1. Êâÿòêîâñêèé À.Å., Êâÿòêîâñêèé Å.À., Êâÿò-
êîâñêàÿ Ò.À., Ãëóõîâà Í.Â. Àâòîìàòèçèðîâàííàÿ
îáðàáîòêà ðåçóëüòàòîâ óðîôëîóìåòðèè â äèàã-
íîñòèêå íàðóøåíèé óðîäèíàìèêè íèæíèõ ìî-
÷åâûõ ïóòåé. Óðîëîã³ÿ. 2011. ¹ 3. Ñ. 22–27.

2. Ñïîñ³á àâòîìàòèçîâàíî¿ ä³àãíîñòèêè ïîðó-
øåíü óðîäèíàì³êè íèæí³õ ñå÷îâèõ øëÿõ³â. Êâÿò-
êîâñüêèé Î.ª., Ãëóõîâà Í.Â., Êâÿòêîâñüêà Ò.Î.,
Êâÿòêîâñüêèé ª.À. Ïàòåíò ¹ 72778 Óêðà¿íà:
ÌÏÊ (20.12.01) A61B 8/00. ¹ u 2012 02410;
çàÿâë. 29.02.2012; îïóáë. 27.08.2012, Áþë. ¹ 16.

3. Gil D., Johnsson M., Chamizo J.M.G., Paya
A.S., Fernandez D.R. Application of artificial neural
networks in the diagnosis of urological dysfunctions.
Expert systems with applications. 2009. Vol. 36 (3).
Ð. 5754–5760.

4. Paya A.S., Fernandez D.R., Mendez D.G.,
Hernandez K.A.M. Development of an artificial
neural network for helping to diagnose diseases in

ÒÀÁËÈÖß 2. Ìàòðèöÿ íåâ³äïîâ³äíîñòåé êëàñèô³êàö³¿ óðîôëîóãðàì

Òèïè óðîôëîóãðàì 1 2 3 4 5 6 7 8 9 ΣΣΣΣΣ %

Íîðìà 1 545 7 0 0 0 0 11 2 1 566 96,3

Íåàêòèâíèé ïîò³ê 2 12 359 0 0 3 2 8 1 2 387 92,8

Ïåðåðèâ÷àñòèé 3 0 0 321 11 9 0 4 0 1 346 92,8

Ïåðåðâíèé 4 0 1 12 410 9 8 4 0 0 444 92,3

Îáñòðóêòèâíèé 5 0 2 3 8 148 0 3 0 0 164 90,2

Îáñòðóêòèâíî-ïåðåðâíèé 6 0 5 0 3 1 115 2 0 0 126 91,3

Îáñòðóêòèâíî-ïåðåðèâ÷àñòèé 7 2 3 1 2 0 0 214 0 0 222 96,4

Ñòð³ìêèé 8 0 3 0 0 0 0 0 42 0 45 93,3

Âèñîêèé ñòàðò 9 2 4 0 0 1 0 3 0 42 52 80,8

ΣΣΣΣΣ 2352 93,4

Ïðèì³òêà: ó çàò³íåíèõ êë³òèíêàõ òàáëèö³ âêàçàíà ê³ëüê³ñòü ïðàâèëüíî àâòîìàòè÷íî ðîçï³çíàíèõ óðîôëîóãðàì,

â îñòàííüîìó ñòîâïö³ – ¿õ ïðîöåíòíå â³äíîøåííÿ ùîäî çàãàëüíî¿ ê³ëüêîñò³ òåñòîâèõ óðîôëîóãðàì äàíîãî êëàñó, âêàçàíî¿

â ïåðåäîñòàííüîìó ñòîâïö³.



68 urologiya.dmu.edu.ua                                UROLOGIYA journal ÓÐÎËÎÃ²ß

urology. BIONETICS 06: Proceedings of the 1st
international conference on Bio inspired models of
network, information and computing systems. Article.
2006. P. 9-es.

5. Åðøîâ À.Â., Êàïñàðãèí Ô.Ï., Áåðåæíîé À.Ã.,
Ìûëòûãàøåâ Ì.Ï. Ýêñïåðòíûå ñèñòåìû â îöåí-
êå äàííûõ óðîôëîóãðàìì. Âåñòíèê óðîëîãèè. 2018.
Ò. 6, ¹ 3. C. 12–16.

6. Âèøíåâñêèé Å.Ë., Ïóøêàðü Ä.Þ., Ëîðàí Î.Á.,
Äàíèëîâ Â.Â., Âèøíåâñêèé À.Å. Óðîôëîóìåòðèÿ.
Ì.: Ïå÷àòíûé Ãîðîä, 2004. 220 ñ.

7. Êâÿòêîâñêàÿ Ò.À., Êâÿòêîâñêèé Å.À., Êâÿò-
êîâñêèé À.Å. Óðîôëîóìåòðèÿ: ìîíîãðàôèÿ.
Äíåïð: Ëèðà, 2019. 276 ñ.

8. Altunay S., Telatar Z., Erogul O., Aydur A. A
new approach to urinary system dynamics problems:
Evaluation and classification of uroflowmeter signals
using artificial neural networks. Expert Systems with

Applications. 2009. Vol. 36. P. 4891–4895.
9. Wang Z., Yan W., Oates T. Time series classification

from scratch with deep neural networks: A strong
baseline. International joint conference on neural
networks (IJCNN), 2017. P. 1578–1585.

10. Fawaz H.I., Forestier G., Weber J., Idoumg-
har L., Muller P.-A. Deep learning for time series
classification: a review. Data Mining and Knowledge

Discovery. 2019. Vol. 33, No. 4. P. 917–963.
11. Ñïîñ³á àâòîìàòèçîâàíî¿ êëàñèô³êàö³¿ ðå-

çóëüòàò³â óðîôëîóìåòð³¿ ç âèêîðèñòàííÿì ñàìî-

íàâ÷àëüíèõ íåéðîííèõ ìåðåæ. Êâÿòêîâñüêèé Î.ª.,
Êâÿòêîâñüêà Ò.Î., Êâÿòêîâñüêèé ª.À. Ïàòåíò
¹ 146433 Óêðà¿íà: ÌÏÊ (2021.01) A61B 8/00.
¹ u 2020 04194; çàÿâë. 08.07.2020; îïóáë.
24.02.2021, áþë. ¹ 8.

12. Êâÿòêîâñêèé À.Å., Êâÿòêîâñêèé Å.À.,
Êâÿòêîâñêàÿ Ò.À. Àâòîìàòè÷åñêàÿ êëàññèôèêà-
öèÿ ðåçóëüòàòîâ óðîôëîóìåòðèè ìåòîäîì ìàøèí-
íîãî îáó÷åíèÿ. Ìàòåð³àëè íàóêîâî-ïðàêòè÷íî¿
êîíôåðåíö³¿ «Ñó÷àñí³ ìåòîäè ä³àãíîñòèêè òà
ë³êóâàííÿ â óðîëîã³¿, àíäðîëîã³¿ òà îíêîóðîëîã³¿».
Óðîëîã³ÿ. 2019. ¹ 3. Ñ. 282–283.

REFERENCES

1. Gil, D., Johnsson, M., Chamizo, J.M.G.,
Paya, A.S., & Fernandez, D.R. (2009). Application of
artificial neural networks in the diagnosis of
urological dysfunctions. Expert systems with

applications, 36 (3), 5754–5760.
2. Altunay, S., Telatar, Z., Erogul, O., & Aydur, A.

(2009). A new approach to urinary system dynamics
problems: Evaluation and classification of
uroflowmeter signals using artificial neural networks.
Expert Systems with Applications, 36, 4891–4895.

3. Fawaz, H.I., Forestier, G., Weber, J.,
Idoumghar, L., & Muller, P.-A. (2019). Deep learning
for time series classification: a review. Data Mining

and Knowledge Discovery, 33, 4, 917–963.

ÐÅÔÅÐÀÒ

Çàñòîñóâàííÿ íåéðîííèõ ìåðåæ äëÿ
àâòîìàòè÷íî¿ êëàñèô³êàö³¿ óðîôëîóãðàì

Î.ª. Êâÿòêîâñüêèé, ª.À. Êâÿòêîâñüêèé,
Ò.Î. Êâÿòêîâñüêà

Óðîôëîóìåòð³ÿ (ÓÔÌ) – êë³í³÷íèé ìåòîä íå-
³íâàç³éíîãî äîñë³äæåííÿ óðîäèíàì³êè íèæí³õ ñå-
÷îâèõ øëÿõ³â, ÿêèé ìîæå âèêîðèñòîâóâàòèñÿ ÿê
ñêðèí³íãîâèé. Íå çàâæäè ê³ëüê³ñí³ çíà÷åííÿ
ïîêàçíèê³â, ùî çíàõîäÿòüñÿ â ìåæàõ â³êîâî¿ íîðìè,
ñâ³ä÷àòü ïðî â³äñóòí³ñòü ïîðóøåíü ñå÷îâèïóñ-
êàííÿ. Ó òðàêòóâàíí³ óðîôëîóãðàì âàæëèâå çíà-
÷åííÿ íàäàþòü ãðàô³÷íîìó òèïó êðèâèõ. Ïðîïî-
íîâàí³ ðàí³øå äåê³ëüêà ñïîñîá³â àâòîìàòè÷íî¿ êëà-
ñèô³êàö³¿ óðîôëîóãðàì, â òîìó ÷èñë³ ³ç çàñòîñóâàí-
íÿì íåéðîííèõ ìåðåæ, âèçíà÷àëè îáìåæåíó
ê³ëüê³ñòü òèï³â óðîôëîóãðàì ³ ìàëè íåäîñòàòíüî
âèñîêó òî÷í³ñòü. Ìåòîþ äîñë³äæåííÿ º óäîñêî-
íàëåííÿ êîìï’þòåðíèõ ñïîñîá³â îáðîáêè ðåçóëü-
òàò³â ÓÔÌ ³ç çàñòîñóâàííÿì íåéðîííèõ ìåðåæ òà
ñòâîðåííÿ ñïîñîáó, ÿêèé äàº ìîæëèâ³ñòü ïðîâå-
äåííÿ ñêðèí³íãîâèõ äîñë³äæåíü ñå÷îâèïóñêàííÿ ³
âèçíà÷åííÿ äî äåâ’ÿòè òèï³â óðîôëîóãðàì.

ÐÅÔÅÐÀÒ

Ïðèìåíåíèå íåéðîííûõ ñåòåé äëÿ
àâòîìàòè÷åñêîé êëàññèôèêàöèè óðîôëîóãðàì

À.Å. Êâÿòêîâñêèé, Å.À. Êâÿòêîâñêèé,
Ò.À. Êâÿòêîâñêàÿ

Óðîôëîóìåòðèÿ (ÓÔÌ) – êëèíè÷åñêèé ìå-
òîä íåèíâàçèâíîãî èññëåäîâàíèÿ óðîäèíàìèêè
íèæíèõ ìî÷åâûõ ïóòåé, êîòîðûé ìîæåò èñïîëü-
çîâàòüñÿ êàê ñêðèíèíãîâûé. Íå âñåãäà êîëè÷å-
ñòâåííûå çíà÷åíèÿ ïîêàçàòåëåé, êîòîðûå íàõî-
äÿòñÿ â ïðåäåëàõ âîçðàñòíîé íîðìû, ñâèäåòåëü-
ñòâóþò îá îòñóòñòâèè íàðóøåíèé ìî÷åèñïóñêà-
íèÿ. Â òðàêòîâêå óðîôëîóãðàìì âàæíîå çíà÷åíèå
ïðèäàþò ãðàôè÷åñêîìó òèïó êðèâûõ. Ïðåäëî-
æåííûå ðàíåå íåñêîëüêî ñïîñîáîâ àâòîìàòè÷åñ-
êîé êëàññèôèêàöèè óðîôëîóãðàìì, â òîì ÷èñëå
ñ ïðèìåíåíèåì íåéðîííûõ ñåòåé, îïðåäåëÿëè îã-
ðàíè÷åííîå êîëè÷åñòâî òèïîâ óðîôëîóãðàìì è
èìåëè íåäîñòàòî÷íî âûñîêóþ òî÷íîñòü. Öåëüþ
èññëåäîâàíèÿ ÿâëÿåòñÿ ñîâåðøåíñòâîâàíèå êîì-
ïüþòåðíûõ ñïîñîáîâ îáðàáîòêè ðåçóëüòàòîâ ÓÔÌ
ñ ïðèìåíåíèåì íåéðîííûõ ñåòåé è ñîçäàíèå ñïî-
ñîáà, êîòîðûé äàåò âîçìîæíîñòü ïðîâåäåíèÿ
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Äëÿ ðîçðîáêè ñèñòåìè ðîçï³çíàâàííÿ äàíèõ
ÓÔÌ íà îñíîâ³ íåéðîìåðåæåâîãî êëàñèô³êàòî-
ðà áóâ âèêîðèñòàíèé íàá³ð ç 7843 ðåçóëüòàò³â
ÓÔÌ. Äàí³ áóëè êëàñèô³êîâàí³ çà 9 òèïàìè íà
ï³äñòàâ³ âèâ÷åííÿ íàóêîâî¿ ë³òåðàòóðè ³ áàãàòî-
ð³÷íîãî âëàñíîãî äîñâ³äó ïðîâåäåííÿ ÓÔÌ. Ðå-
çóëüòàòè ÓÔÌ âèïàäêîâèì ÷èíîì ðîçáèâàëèñÿ
íà íàâ÷àëüíó ³ òåñòîâó âèá³ðêè â ñï³ââ³äíîøåíí³
70% ³ 30%. Òåñòóâàííÿ ñèñòåìè âèêîíóâàëîñÿ
íà 2352 óðîôëîóãðàìàõ. Ùîá ïåðåêîíàòèñÿ â íå-
çàëåæíîñò³ îäåðæóâàíèõ ðåçóëüòàò³â â³ä ðîçáèò-
òÿ íàáîðó äàíèõ, âèêîðèñòîâóâàëàñÿ âàë³äàö³ÿ ïî-
ñë³äîâíèì âèïàäêîâèì ñåìïëþâàííÿì. Â³ê
ïàö³ºíò³â âàð³þâàâ â³ä 18 äî 90 ðîê³â. Óðîôëîó-
ìåòð³þ ïðîâîäèëè çà äîïîìîãîþ óðîôëîóìåòðà
«Ïîò³ê-Ê» (ðîçðîáíèê Î.ª. Êâÿòêîâñüêèé).

Ó ðåçóëüòàò³ àïðîáàö³¿ ð³çíèõ âàð³àíò³â íåé-
ðîííèõ ìåðåæ íàìè áóëà îáðàíà ï’ÿòèøàðîâà
àðõ³òåêòóðà ìåðåæ³ Fully Convolutional Network
(FCN). Â ¿¿ îðèã³íàëüíó àðõ³òåêòóðó áóëè âíå-
ñåí³ ïîë³ïøåííÿ. Îêð³ì ÷èñåëüíèõ ïàðàìåòð³â
ÓÔÌ âðàõîâóâàëèñÿ ñòàòü ³ â³ê ïàö³ºíòà, à òà-
êîæ îá÷èñëþâàëèñÿ ïðîöåíòèë³ íîìîãðàì ìàê-
ñèìàëüíî¿ ³ ñåðåäíüî¿ îá’ºìíî¿ øâèäêîñò³ ïîòî-
êó ñå÷³. Îñîáëèâ³ñòþ áóëî òå, ùî íà âõ³ä íåé-
ðîííî¿ ìåðåæ³, îêð³ì ÷èñåëüíèõ ïàðàìåòð³â ÓÔÌ,
ïîäàâàâñÿ óâåñü ãðàô³ê îá’ºìíî¿ øâèäêîñò³ ïî-
òîêó ñå÷³ ïðè ñå÷îâèïóñêàíí³.

Ó ïðîöåñ³ óäîñêîíàëåííÿ ñèñòåìè êëàñèô³-
êàö³¿ ÷àñòêà â³ðíèõ â³äïîâ³äåé áóëà ï³äâèùåíà ç
82,9 % íà ïî÷àòêó äî 93,4% ó ô³íàëüí³é âåðñ³¿.
Ñïîñ³á àâòîìàòè÷íî¿ êëàñèô³êàö³¿ ç âèä³ëåííÿì
9 òèï³â óðîôëîóãðàì çàáåçïå÷óº ìîæëèâ³ñòü âè-
çíà÷åííÿ íîðìàëüíîãî ñå÷îâèïóñêàííÿ ç âèñî-
êîþ òî÷í³ñòþ – 96,3%. Ñåðåä ïàòîëîã³÷íèõ òèï³â
óðîôëîóãðàì òî÷í³ñòü ³äåíòèô³êàö³¿ ïåðåðèâ÷àñ-
òîãî òà îáñòðóêòèâíî-ïåðåðèâ÷àñòîãî ñå÷îâè-
ïóñêàííÿ, ùî íàé÷àñò³øå âèçíà÷àº ñèíäðîì äåò-
ðóçîðíî-ñô³íêòåðíî¿ äèññèíåðã³¿, ñêëàëà 92,8% ³
96,4%, ñòð³ìêîãî ñå÷îâèïóñêàííÿ, ùî õàðàêòåðè-
çóº ñèíäðîì ã³ïåðàêòèâíîãî ñå÷îâîãî ì³õóðà, –
93,3%, îáñòðóêòèâíîãî ³ îáñòðóêòèâíî-ïåðåðâ-
íîãî ñå÷îâèïóñêàííÿ, ùî â îñíîâíîìó âèçíà-
÷àº ³íôðàâåçèêàëüíó îáñòðóêö³þ, – 90,2% ³
91,3%, ïåðåðâíîãî ñå÷îâèïóñêàííÿ ³ ñå÷îâèïóñ-
êàííÿ ç âèñîêèì ñòàðòîì – 92,3% ³ 80,8%. Äëÿ
ñêðèí³íãó ñå÷îâèïóñêàííÿ ïîçèòèâíèì º òå, ùî
êîìï’þòåðíà ïðîãðàìà äîçâîëÿº âèÿâèòè ïî÷àò-
êîâ³ ïîðóøåííÿ ñå÷îâèïóñêàííÿ: óðîôëîóãðàìà
òèïó «íåàêòèâíèé ïîò³ê» (ïåðåäîáñòðóêòèâíå ñå-
÷îâèïóñêàííÿ), âèçíà÷àºòüñÿ ç òî÷í³ñòþ 92,3%.

Îòðèìàí³ ðåçóëüòàòè ïðîéøëè òåñòóâàííÿ íà
âåëèê³é ê³ëüêîñò³ óðîôëîóãðàì ³ äîñòàòí³ äëÿ
ïðàêòè÷íîãî çàñòîñóâàííÿ. Ìîæëèâà âèäà÷à àâ-
òîìàòè÷íèõ âèñíîâê³â ïðè ìàñîâèõ ñêðèí³íãî-
âèõ óðîôëîóìåòðè÷íèõ äîñë³äæåííÿõ óðîäèíàì³-

ñêðèíèíãîâûõ èññëåäîâàíèé ìî÷åèñïóñêàíèÿ è
îïðåäåëåíèÿ äî äåâÿòè òèïîâ óðîôëîóãðàìì.

Äëÿ ðàçðàáîòêè ñèñòåìû ðàñïîçíàâàíèÿ äàí-
íûõ ÓÔÌ íà îñíîâå íåéðîñåòåâîãî êëàññèôè-
êàòîðà áûë èñïîëüçîâàí íàáîð èç 7843 ðåçóëü-
òàòîâ ÓÔÌ. Äàííûå áûëè êëàññèôèöèðîâàíû ïî
9 òèïàì íà îñíîâàíèè èçó÷åíèÿ íàó÷íîé ëèòå-
ðàòóðû è ìíîãîëåòíåãî ñîáñòâåííîãî îïûòà ïðî-
âåäåíèÿ ÓÔÌ. Ðåçóëüòàòû ÓÔÌ ñëó÷àéíûì îá-
ðàçîì ðàçáèâàëèñü íà ó÷åáíóþ è òåñòîâóþ âû-
áîðêè â ñîîòíîøåíèè 70% è 30%. Òåñòèðîâàíèå
ñèñòåìû âûïîëíÿëîñü íà 2352 óðîôëîóãðàììàõ.
×òîáû óáåäèòüñÿ â íåçàâèñèìîñòè ïîëó÷àåìûõ
ðåçóëüòàòîâ îò ðàçáèåíèÿ íàáîðà äàííûõ, èñïîëü-
çîâàëàñü âàëèäàöèÿ ïîñëåäîâàòåëüíûì ñëó÷àé-
íûì ñýìïëèðîâàíèåì. Âîçðàñò ïàöèåíòîâ âàðü-
èðîâàë îò 18 äî 90 ëåò. Óðîôëîóìåòðèþ ïðîâî-
äèëè ñ ïîìîùüþ óðîôëîóìåòðà «Ïîòîê-Ê» (ðàç-
ðàáîò÷èê À.Å. Êâÿòêîâñêèé).

Â ðåçóëüòàòå àïðîáàöèè ðàçëè÷íûõ âàðèàíòîâ
íåéðîííûõ ñåòåé íàìè áûëà èçáðàíà ïÿòèñëîé-
íàÿ àðõèòåêòóðà ñåòè Fully Convolutional Network
(FCN). Â åå îðèãèíàëüíóþ àðõèòåêòóðó áûëè
âíåñåíû óëó÷øåíèÿ. Êðîìå êîëè÷åñòâåííûõ ïà-
ðàìåòðîâ ÓÔÌ ó÷èòûâàëèñü ïîë è âîçðàñò ïà-
öèåíòà, à òàêæå âû÷èñëÿëèñü ïðîöåíòèëè íîìî-
ãðàìì ìàêñèìàëüíîé è ñðåäíåé îáúåìíîé ñêîðî-
ñòè ïîòîêà ìî÷è. Îñîáåííîñòüþ áûëî òî, ÷òî íà
âõîä íåéðîííîé ñåòè, êðîìå êîëè÷åñòâåííûõ ïà-
ðàìåòðîâ ÓÔÌ, ïîäàâàëñÿ âåñü ãðàôèê îáúåì-
íîé ñêîðîñòè ïîòîêà ìî÷è ïðè ìî÷åèñïóñêàíèè.

Â ïðîöåññå ñîâåðøåíñòâîâàíèÿ ñèñòåìû êëàñ-
ñèôèêàöèè äîëÿ âåðíûõ îòâåòîâ áûëà óâåëè÷å-
íà ñ 82,9% â íà÷àëå äî 93,4% â ôèíàëüíîé âåð-
ñèè. Ñïîñîá àâòîìàòè÷åñêîé êëàññèôèêàöèè ñ
âûäåëåíèåì 9 òèïîâ óðîôëîóãðàìì îáåñïå÷èâà-
åò âîçìîæíîñòü îïðåäåëåíèÿ íîðìàëüíîãî ìî-
÷åèñïóñêàíèÿ ñ âûñîêîé òî÷íîñòüþ – 96,3%.
Ñðåäè ïàòîëîãè÷åñêèõ òèïîâ óðîôëîóãðàìì òî÷-
íîñòü èäåíòèôèêàöèè ïðåðûâèñòîãî è îáñòðóê-
òèâíî-ïðåðûâèñòîãî ìî÷åèñïóñêàíèÿ, êîòîðîå
íàèáîëåå ÷àñòî îïðåäåëÿåò ñèíäðîì äåòðóçîðíî-
ñôèíêòåðíîé äèññèíåðãèè, ñîñòàâèëà 92,8% è
96,4%, ñòðåìèòåëüíîãî ìî÷åèñïóñêàíèÿ, õàðàê-
òåðèçóþùåãî ñèíäðîì ãèïåðàêòèâíîãî ìî÷åâî-
ãî ïóçûðÿ, – 93,3%, îáñòðóêòèâíîãî è îáñòðóê-
òèâíî-ïðåðâàííîãî ìî÷åèñïóñêàíèÿ, â îñíîâíîì
îïðåäåëÿþùåãî èíôðàâåçèêàëüíóþ îáñòðóêöèþ,
– 90,2% è 91,3%, ïðåðâàííîãî ìî÷åèñïóñêàíèÿ
è ìî÷åèñïóñêàíèÿ ñ âûñîêèì ñòàðòîì – 92,3%
è 80,8%. Äëÿ ñêðèíèíãà ìî÷åèñïóñêàíèÿ ïîëî-
æèòåëüíûì ÿâëÿåòñÿ òî, ÷òî êîìïüþòåðíàÿ ïðî-
ãðàììà ïîçâîëÿåò âûÿâèòü íà÷àëüíûå íàðóøå-
íèÿ ìî÷åèñïóñêàíèÿ: óðîôëîóãðàììà òèïà «íå-
àêòèâíûé ïîòîê» (ïåðåäîáñòðóêòèâíîå ìî÷åèñ-
ïóñêàíèå), îïðåäåëÿåòñÿ ñ òî÷íîñòüþ 92,3%.
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êè íèæí³õ ñå÷îâèõ øëÿõ³â. Çàïðîïîíîâàíà
Î.ª. Êâÿòêîâñüêèì êîìï’þòåðíà ïðîãðàìà ç âè-
êîðèñòàííÿì íåéðîííèõ ìåðåæ äîçâîëÿº çà-
îùàäèòè ÷àñ ä³àãíîñòè÷íîãî ïðîöåñó òà çðîáèòè
îö³íêó óðîôëîóãðàì á³ëüø íàä³éíîþ.

Êëþ÷îâ³ ñëîâà: óðîôëîóìåòð³ÿ, íåéðîíí³
ìåðåæ³,  àâòîìàòè÷íà êëàñèô³êàö³ÿ óðîôëîóãðàì.

Ïîëó÷åííûå ðåçóëüòàòû ïðîøëè òåñòèðîâà-
íèå íà áîëüøîì êîëè÷åñòâå óðîôëîóãðàìì è äî-
ñòàòî÷íû äëÿ ïðàêòè÷åñêîãî ïðèìåíåíèÿ. Âîç-
ìîæíà âûäà÷à àâòîìàòè÷åñêèõ çàêëþ÷åíèé ïðè
ìàññîâûõ ñêðèíèíãîâûõ óðîôëîóìåòðè÷åñêèõ èñ-
ñëåäîâàíèÿõ óðîäèíàìèêè íèæíèõ ìî÷åâûõ ïó-
òåé. Ïðåäëîæåííàÿ À.Å. Êâÿòêîâñêèì êîìïüþ-
òåðíàÿ ïðîãðàììà ñ èñïîëüçîâàíèåì íåéðîííûõ
ñåòåé ïîçâîëÿåò ñýêîíîìèòü âðåìÿ äèàãíîñòè-
÷åñêîãî ïðîöåññà è ñäåëàòü îöåíêó óðîôëîó-
ãðàìì áîëåå íàäåæíîé.

Êëþ÷åâûå ñëîâà: óðîôëîóìåòðèÿ, íåéðîííûå
ñåòè,  àâòîìàòè÷åñêàÿ êëàññèôèêàöèÿ óðîôëîó-
ãðàìì.


