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ÁÀªÑÎÂ² ÏÐÎÖÅÄÓÐÈ ÐÎÇÏ²ÇÍÀÂÀÍÍß ÄËß ÀÍÀË²ÇÓ

Á²ËÊÎÂÈÕ ÑÒÐÓÒÊÓÐ ÏËÀÇÌÈ ÊÐÎÂ² ÇÀ ÏÎÊÀÇÍÈÊÀÌÈ

ËÀÇÅÐÍÎÃÎ ÑÏÅÊÒÐÎÃÐÀÔÀ Ó ÏÀÖ²ªÍÒ²Â Ç ÏÓÕËÈÍÀÌÈ

ÃÎËÎÂÍÎÃÎ ÌÎÇÊÓ

Àíîòàö³ÿ. Ðîçãëÿíóòî çàñòîñóâàííÿ Áàºñîâèõ ïðîöåäóð ðîçï³çíàâàííÿ äî âèâ÷åííÿ çàïàëü-
íèõ ïðîöåñ³â ïðè ãë³îìàõ. Ïðîàíàë³çîâàíî ïîêàçíèêè á³ëêîâèõ ñòðóêòóð ïëàçìè êðîâ³ ïðè
ãë³îìàõ, ìåòàñòàçàõ òà ÷åðåïíî-ìîçêîâîìó ñòðóñ³, îòðèìàíèõ çà äîïîìîãîþ ëàçåðíîãî
ñïåêòðîãðàôà. Çðîáëåíî ïîð³âíÿëüíèé àíàë³ç ðåçóëüòàò³â ðîçï³çíàâàííÿ íà áàç³ á³ëêîâèõ
ñòðóêòóð çà ïîêàçíèêàìè ïîâåðõíåâîãî ïëàçìîâîãî ðåçîíàíñó òà ìîäèô³êîâàíî¿ øâèäêîñò³
îñ³äàííÿ åðèòðîöèò³â ïðè ãë³îìàõ.

Êëþ÷îâ³ ñëîâà: Áàºñîâ³ ïðîöåäóðè ðîçï³çíàâàííÿ, ãë³îìè ãîëîâíîãî ìîçêó, ìåòàñòàçè,
ëàçåðíèé ñïåêòðîãðàô, á³ëêîâ³ ñòðóêòóðè ïëàçìè êðîâ³.

Ó çàïðîïîíîâàí³é ðîáîò³ îïèñàíî çàñòîñóâàííÿ Áàºñîâèõ ïðîöåäóð ðîçï³çíàâàí-

íÿ (ÁÏÐ) äî çàïàëüíèõ ïðîöåñ³â, îáóìîâëåíèõ ãë³îìàìè, ìåòàñòàçàìè òà ÷åðåï-

íî-ìîçêîâèì ñòðóñîì (×ÌÑ). Ïðîàíàë³çîâàíî ïîêàçíèêè á³ëêîâèõ ñòðóêòóð

(ÁÑ) [1] ïëàçìè êðîâ³, ÿê³ îòðèìàíî çà äîïîìîãîþ ëàçåðíîãî ñïåêòðîãðàôà

ó ïàö³ºíò³â ç³ çàçíà÷åíèìè ä³àãíîçàìè òà äëÿ ãðóïè çäîðîâèõ ëþäåé. Ñïåêòðîã-

ðàô âèì³ðþº ³íòåíñèâí³ñòü â³äáèòòÿ ëàçåðíîãî ïðîì³ííÿ â³ä ïîâåðõí³ ïëàñòèíè

ç ïëàçìîþ êðîâ³ â ä³àïàçîí³ õâèëü â³ä 1 äî 1000 íì. Òàêîæ âèì³ðþºòüñÿ

â³äïîâ³äíèé îá’ºì òà ê³ëüê³ñòü ìîëåêóë, ÿê³ ñïðè÷èíÿþòü òàêó ³íòåíñèâí³ñòü

â³äáèòòÿ. Âñ³ òðè ïîêàçíèêè âèì³ðþþòüñÿ ó â³äñîòêàõ â çàëåæíîñò³ â³ä äîâæè-

íè õâèë³ ç òî÷í³ñòþ 0.1. Çðîáëåíî ïîð³âíÿëüíèé àíàë³ç çàñòîñóâàííÿ ÁÏÐ äëÿ

ïîêàçíèê³â ÁÑ ùîäî ïîâåðõíåâîãî ïëàçìîâîãî ðåçîíàíñó (ÏÏÐ) — ìåòîäèêè

âèì³ðþâàííÿ ïîâåðõíåâîãî ðåçîíàíñó çà äîïîìîãîþ ëàçåðíîãî ïðîìåíÿ [2], òà

ìîäèô³êîâàíî¿ øâèäêîñò³ îñ³äàííÿ åðèòðîöèò³â (ÌØÎÅ) — ìåòîäèêè âèì³ðþ-

âàííÿ îñ³äàííÿ åðèòðîöèò³â ó äèíàì³ö³ ç ³íòåðâàëîì ó ï’ÿòü õâèëèí [3, 4].

Ãë³îìè — ð³çíîâèä ïóõëèí ãîëîâíîãî ìîçêó, ÿê³ êëàñèô³êóþòüñÿ â çàëåæ-

íîñò³ â³ä âàæêîñò³ ïåðåá³ãó õâîðîáè, à ñàìå: çëîÿê³ñí³ (ãë³îìè III òà IV ñòóïåí³â);

óìîâíî äîáðîÿê³ñí³ (ãë³îìè I òà II ñòóïåí³â, ÿê³ ïîâ³ëüíî ïðîãðåñóþòü ó çëî-

ÿê³ñíó ôîðìó). Íà æàëü ñüîãîäí³ ãë³îìè º íåâèë³êîâíèìè.

Ìåòàñòàçè ãîëîâíîãî ìîçêó — êë³òèíí³ óòâîðåííÿ, ÿê³ ç’ÿâëÿþòüñÿ â ìîçêó

âíàñë³äîê ¿õíüî¿ ì³ãðàö³¿ ç ³íøîãî ïîçàìîçêîâîãî ïóõëèííîãî îñåðåäêà. Ìåòà-

ñòàçè º çëîÿê³ñí³øèìè àí³æ ãë³îìè.
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Ìåí³íã³îìè — äîáðîÿê³ñí³ ïóõëèíè ãîëîâíîãî ìîçêó, ÿê³ äóæå ð³äêî ïðî-

ãðåñóþòü â çëîÿê³ñíó ôîðìó òà ë³êóþòüñÿ çàçâè÷àé çà äîïîìîãîþ õ³ðóðã³÷íîãî

âòðó÷àííÿ (äàíèõ ùîäî ìåí³íã³îì äëÿ ÁÑ íåìàº, àëå âîíè íàâåäåí³ ó ö³é ñòàòò³

â êîíòåêñò³ ðîçï³çíàâàííÿ çà ïîêàçíèêàìè ÏÏÐ).

Çà äîïîìîãîþ ìåòîä³â â³çóàë³çàö³¿ ìàãí³òíî-ðåçîíàíñíî¿ òîìîãðàô³¿ òà êîìï’þ-

òåðíî¿ òîìîãðàô³¿ íå çàâæäè âäàºòüñÿ ä³àãíîñòóâàòè ñòóï³íü çëîÿê³ñíîñò³ ãë³îì.

Îñòàòî÷íèé ä³àãíîç âñòàíîâëþþòü ï³ä ÷àñ ã³ñòîëîã³÷íîãî àíàë³çó õ³ðóðã³÷íî âèëó-

÷åíî¿ ïóõëèíè. Òîìó ñüîãîäí³ àêòóàëüíèì º ðîçðîáëåííÿ äîïîì³æíèõ ä³àãíîñòèê,

ùî äàþòü çìîãó âèçíà÷èòè ñòóï³íü çëîÿê³ñíîñò³ ãë³îì ùå äî îïåðàö³¿.

Òîé ôàêò, ùî ïîêàçíèêè ³íòåíñèâíîñò³ â³äáèòòÿ, îá’ºìó òà ê³ëüêîñò³ ìîëåêóë

âèì³ðþþòüñÿ íà ð³çíèõ äîâæèíàõ õâèëü, ïîòðåáóº ââåäåííÿ ïîíÿòòÿ âèïàäêîâî¿

âåëè÷èíè (åôåêòèâí³ñòü ðîçï³çíàâàííÿ äëÿ îá’ºìó òà ê³ëüêîñò³ ìîëåêóë âèÿâèëàñü

íèæ÷îþ çà ³íòåíñèâí³ñòü â³äáèòòÿ, òîìó âîíà äàë³ íå ðîçãëÿäàºòüñÿ). ßê ïðèêëàä ó

òàáë. 1 âèä³ëåíî æèðíèì øðèôòîì ïîêàçíèêè îäíîãî ïàö³ºíòà ùîäî ³íòåíñèâ-

íîñò³ â³äáèòòÿ, îá’ºìó òà ê³ëüêîñò³ ìîëåêóë ó ³íòåðâàë³ 1–35 íì. Ó ðåçóëüòàò³ îò-

ðèìóºìî ñóìó 0.9% — ³íòåíñèâí³ñòü â³äáèòòÿ. Äëÿ ðîáîòè ÁÏÐ àíàëîã³÷íî [2, 3]

ïðîâîäèìî äèñêðåòèçàö³þ îòðèìàíèõ âåëè÷èí ³íòåíñèâíîñò³ â³äáèòòÿ, íàâåäåíèõ

ó òàáë. 2. Ó ö³é òàáëèö³ ì³ñòÿòüñÿ ïîêàçíèêè ³íòåíñèâíîñò³ â³äáèòòÿ äëÿ 20

ïàö³ºíò³â ç ãë³îìàìè III òà IV ñòóïåí³â ³ íîìåðà ³íòåðâàë³â, ó ÿê³ ïîòðàïëÿþòü ö³
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Äîâæèíà õâèë³, íì Â³äáèòòÿ ìîëåêóë,% Îá’ºì ìîëåêóë, % Ê³ëüê³ñòü ìîëåêóë, %

23.9 0 12.7 21.6

29.0 0.9 28.8 46.6

35.3 0.5 19.7 28.3

42.9 0 3.5 3.3

113.6 0 0.3 0

138.0 1.9 1.7 0

167.7 11.1 4.3 0

203.8 23.4 6.4 0

247.7 29.3 7.4 0

301.0 23.7 7.6 0

365.8 9.2 5.7 0

444.5 0 1.9 0

Ò à á ë è ö ÿ 1. Ïîêàçíèêè ÁÑ äëÿ îäíîãî ïàö³ºíòà

Ðèñ. 1. Ðîçïîä³ë ïîêàçíèê³â ÁÑ çà ³íòåðâàëàìè

Ãë³îìè IV ñòóïåíÿ

Ãë³îìè III ñòóïåíÿ

Ê³ëüê³ñòü ïîêàçíèê³â
ÁÑ çà ³íòåðâàëàìè — 20



âåëè÷èíè ³íòåíñèâíîñò³. Íà ðèñ. 1 ïîêàçàíî ðîçïîä³ë öèõ ïîêàçíèê³â â³äáèòòÿ

ïî ³íòåðâàëàõ, äîâæèíîþ 7.6%, ó âèãëÿä³ íàòóðàëüíèõ ÷èñåë.

Ó îñòàòî÷íèõ ðåçóëüòàòàõ äîâæèíà ³íòåðâàë³â õâèëü òà êîíêðåòíèé ³íòåðâàë

ö³º¿ äîâæèíè, íà ÿêîìó îòðèìóºìî íàéêðàùèé ðåçóëüòàò ðîçï³çíàâàííÿ,

âèáèðàºòüñÿ çà äîïîìîãîþ ïðîãðàìè. Öå ìîæíà âèêîíàòè íà çâè÷àéíîìó ïåðñî-

íàëüíîìó êîìï’þòåð³ çàâäÿêè òîìó, ùî ÁÏÐ — ïîë³íîì³àëüíà ïðîöåäóðà, ÿêà

âèêîíóºòüñÿ äóæå øâèäêî.

Ó ñêîðî÷åíîìó âèãëÿä³ ÁÏÐ ç îäí³ºþ îçíàêîþ âèêîíóºòüñÿ â ïðîöåñ³

ðîçï³çíàâàííÿ íà ïðèêëàä³ ãë³îì III òà IV ñòóïåí³â ó òàêèé ñïîñ³á:
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äå A x j( )1 � — ñòàí îá’ºêòà (ãë³îìè III àáî IV ñòóïåíÿ), j — íîìåð ³íòåðâàëó,

44 ISSN 1019-5262. Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç, 2022, òîì 58, ¹ 3

Ãë³îìè III ñòóïåíÿ Ãë³îìè IVñòóïåíÿ

Íîìåð

ïàö³ºíòà
Ïîêàçíèê, % ²íòåðâàë

Íîìåð

ïàö³ºíòà
Ïîêàçíèê, % ²íòåðâàë

1 3.3 1 1 0.4 1

2 4.5 1 2 3.3 1

3 2.1 1 3 7.8 2

4 6.1 1 4 8.1 2

5 7.8 2 5 10.2 2

6 11.1 2 6 12.6 2

7 12.3 2 7 9.7 2

8 15.4 3 8 15.3 3

9 20.1 3 9 16.7 3

10 21.8 3 10 20.1 3

11 23.1 4 11 23.5 4

12 24.2 4 12 30.1 4

13 25.3 4 13 32.4 5

14 26.1 4 14 35.6 5

15 31.1 5 15 31.1 5

16 32.3 5 16 39.2 6

17 39.1 6 17 40.3 6

18 40.2 6 18 41.6 6

19 43.1 6 19 44.4 6

20 44.5 6 20 45.5 6

Ò à á ë è ö ÿ 2. Ïîêàçíèêè ÁÑ ³íòåíñèâíîñò³ â³äáèòòÿ äëÿ ïàö³ºíò³â ç ãë³îìà-
ìè III ³ IV ñòóïåí³â



â ÿêèé ïîòðàïëÿº ïîêàçíèê ÁÑ, m j III — ê³ëüê³ñòü ïîêàçíèê³â ÁÑ, ÿê³ ïîòðàïèëè

ó ³íòåðâàë j, m j IV — ê³ëüê³ñòü ïîêàçíèê³â ÁÑ, ÿê³ ïîòðàïèëè ó ³íòåðâàë j.

Òîáòî, çã³äíî ç (1) ìîæíà ëåãêî ïîð³âíÿòè ê³ëüê³ñòü ïîêàçíèê³â, ÿê³ ïîòðàï-

ëÿþòü ó ïåâí³ ³íòåðâàëè (äèâ. ðèñ. 1). Â³äïîâ³äíî ìàºìî ðîçï³çíàâàííÿ 40%

ãë³îì III ñòóïåíÿ òà 65% ãë³îì IV ñòóïåíÿ.

Ó ðåçóëüòàò³ àíàëîã³÷íî ðîçï³çíàâàííþ çà ïîêàçíèêàìè ÌØÎÅ àáî ÏÏÐ

óâîäèìî ïîíÿòòÿ (êîìïëåêñíèé ïàðàìåòð), ÿêèé õàðàêòåðèçóºòüñÿ òàêèìè ïîêàç-

íèêàìè: ³íòåíñèâí³ñòü â³äáèòòÿ, ³íòåðâàë õâèëü, ³íòåðâàë ðîçáèòòÿ çíà÷åíü âè-

ïàäêîâî¿ âåëè÷èíè, ðîçïîä³ë ïîêàçíèê³â ÁÑ ïî ³íòåðâàëàõ (äèâ. ðèñ. 1).

Ó òàáë. 3 íàâåäåíî îñòàòî÷í³ ïîð³âíÿëüí³ ðåçóëüòàòè ðîçï³çíàâàííÿ äëÿ ìå-

òîäèê ÁÑ, ÏÏÐ òà ÌØÎÅ äëÿ äâîõ, òðüîõ àáî ÷îòèðüîõ ä³àãíîç³â. Íàéêðàùèé

ðåçóëüòàò ðîçï³çíàâàííÿ çà äàíèìè ÁÑ º ó ïàðè ä³àãíîç³â ãë³îì II òà III ñòóïåí³â

— 91.43%. Ó âèïàäêó ðîçï³çíàâàííÿ òðüîõ ä³àãíîç³â ãë³îì II, III òà IV ñòóïåí³â

íàéêðàùèé ðåçóëüòàò ìàºìî äëÿ ÁÑ — 65.71%. Öå äàº ìîæëèâ³ñòü ðîáèòè ïåâí³

äîîïåðàö³éí³ çàõîäè ùîäî ãë³îì.

ßê ³ â ðàç³ âèêîðèñòàííÿ ìåòîäèê ÌØÎÅ òà ÏÏÐ îñîáëèâà óâàãà

ïðèä³ëÿºòüñÿ ðîçï³çíàâàííþ çàïàëüíèõ ïðîöåñ³â íà ðàíí³õ ñòàä³ÿõ ðîçâèòêó

ãë³îì, à ñàìå ãë³îì II ñòóïåíÿ äëÿ ãðóïè çäîðîâèõ ëþäåé. Çà äàíèìè ÁÑ òàêå
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Ä³àãíîçè
ÁÑ ÏÏÐ,

åôåêòèâí³ñòü %

ÌØÎÅ,

åôåêòèâí³ñòü %Ä³àïàçîí, íì Åôåêòèâí³ñòü, %

II, III 15.1 – 115 91.43 – 88.23

II, IV 22.6 – 112.1 78.57 31.25 88.88

II, Ç 22.6 – 133.5 85.71 76.19 84.37

II, Mt 47.9 – 128.5 85.71 – 88.88

II, ×ÌÑ 21.9 – 47.3 86.36 – 93.33

III, IV 32.6 – 125.8 77.14 88.88 88.23

III, Ç 23.7 – 203.1 86.11 – 91.66

III, Mt 63.3 – 101 82.86 84.21 88.23

III, ×ÌÑ 7.5 – 46.2 82.86 84.61 93.75

IV, Ç 9.7 – 169.2 77.05 – 90.9

IV, Mt 50.2 – 99.2 76.92 80 85

IV, ×ÌÑ 28.5 – 197.3 81.82 88.88 93.33

Ç, Mt 95.9 – 197.8 84.62 80.95 88.88

Mt, ×ÌÑ 58.4 – 109.4 84.62 77.77 91.3

Mt, Mn – – 91.3 86.66

II, III, IV 15.1 – 116 65.71 – 60.86

II, III, Mt 22.6 – 46.9 53.85 – 64.7

III, IV, Mt 47.8 – 161.9 54.29 – 64.1

II, III, IV, Mt – – – 51.61

Ò à á ë è ö ÿ 3. Ïîð³âíÿëüí³ ðåçóëüòàòè ðîçï³çíàâàííÿ êîìïëåêñíèõ ïàðà-

ìåòð³â äëÿ ÁÑ, ÏÏÐ òà ÌØÎÅ

Ïðèì³òêà. Òóò II, III, IV — ãë³îìè; Ç — çäîðîâ³; Mt — ìåòàñòàçè; ×ÌÑ — ÷åðåïíî-ìîçêîâèé

ñòðóñ; Mn — ìåí³íã³îìè I, II, III ñòóïåí³â ðàçîì.



ðîçï³çíàâàííÿ ñòàíîâèòü 85.71%, äëÿ ÌØÎÅ — 84.35%, à äëÿ ÏÏÐ — 76.2%.

Òîáòî çà äàíèìè ÁÑ ìîæíà ðîçï³çíàâàòè çàïàëüí³ ïðîöåñè íà ðàíí³õ ñòàä³ÿõ

êðàùå, í³æ çà äàíèìè ÌØÎÅ àáî ÏÏÐ.

Òàêîæ àíàëîã³÷íî ÌØÎÅ òà ÏÏÐ ó çàïðîïîíîâàí³é ðîáîò³ îòðèìàíî ðå-

çóëüòàòè ðîçï³çíàâàííÿ ×ÌÑ ùîäî ãë³îì òà ìåòàñòàç³â. Ó òàêîìó âèïàäêó ìîâà

éäå ïðî äèôåðåíö³éíó ä³àãíîñòèêó (ó öüîìó êîíòåêñò³ — ìåäè÷íèé òåðì³í),

êîëè ðîçï³çíàþòüñÿ çàïàëüí³ ïðîöåñè îíêîëîã³÷íî¿ òà íåîíêîëîã³÷íî¿ ïðèðîäè.

Òàêèì ÷èíîì, ìîæíà çðîáèòè òàê³ âèñíîâêè. Â ïðîöåñ³ àíàë³çó ðåçóëüòàò³â

ðîçï³çíàâàííÿ çà äîïîìîãîþ äàíèõ ÁÑ, ÏÏÐ òà ÌØÎÅ çàçíà÷åí³ ìåòîäèêè äîïîâíþ-

þòü îäíà îäíó. Ï³ä ÷àñ ðîçï³çíàâàííÿ ïåâíèõ êîìá³íàö³é ä³àãíîç³â êîæíà ç òðüîõ ìå-

òîäèê ìàº ïåâí³ ïåðåâàãè ïåðåä ³íøèìè. Ìåòîäè ÁÑ, ÏÏÐ òà ÌØÎÅ º äîïîì³æíèìè

ä³àãíîñòè÷íèìè ³íñòðóìåíòàìè äëÿ êîìï’þòåðíî¿ òîìîãðàô³¿ àáî ìàãí³òíî-ðåçîíàí-

ñíî¿ òîìîãðàô³¿. Íàé÷àñò³øå ÌØÎÅ äàº êðàù³ ðåçóëüòàòè, í³æ äàí³ ÁÑ òà ÏÏÐ, àëå â

äåÿêèõ âèïàäêàõ, òàêèõ ÿê ðîçï³çíàâàííÿ ãë³îì II, III òà IV ñòóïåí³â àáî ðîçï³çíàâàí-

íÿ ãë³îì íà ïî÷àòêîâèõ ñòàä³ÿõ ðîçâèòêó ïîêàçíèêè ÁÑ ìàþòü ïåðåâàãó ïåðåä

ÌØÎÅ òà ÏÏÐ. Öå äàº ìîæëèâ³ñòü ïðîâîäèòè ïåâí³ äîîïåðàö³éí³ çàõîäè ë³êóâàííÿ.

Ðîçï³çíàâàííÿ çà ïîêàçíèêàìè ÏÏÐ ïîñòóïàºòüñÿ ìåòîäèêàì ÁÑ òà ÌØÎÅ, àëå ó ðàç³

ðîçï³çíàâàííÿ ìåí³íã³îì ùîäî ìåòàñòàç³â ìàº íàéêðàùèé ðåçóëüòàò.

ßê ³ çà ïîêàçíèêàìè ÌØÎÅ, äàí³ çà ÁÑ äàþòü âèñîêó åôåêòèâí³ñòü

ðîçï³çíàâàííÿ çàïàëüíèõ ïðîöåñ³â ï³ä ÷àñ ×ÌÑ ùîäî çàïàëüíèõ ïðîöåñ³â îíêî-

ëîã³÷íîãî ïîõîäæåííÿ. Öå äàº ïðèâ³ä ãîâîðèòè ïðî ð³çíó ïðèðîäó çàïàëüíèõ

ïðîöåñ³â îíêîëîã³÷íîãî òà íåîíêîëîã³÷íîãî ïîõîäæåííÿ.
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A.M. Gupal, A.L. Tarasov
BAYESIAN RECOGNITION PROCEDURES IN THE ANALYSIS OF BLOOD PLASMA

PROTEIN STRUCTURES ACCORDING TO LASER SPECTROGRAPH MEASUREMENTS

IN BRAIN TUMORS

Abstract. Application of Bayesian recognition procedures to the analysis of inflammatory
processes in gliomas is considered. Parameters of protein structures of blood plasma in
gliomas, metastases, and cerebral concussion obtained by a laser spectrograph are analyzed. A
comparative analysis is carried out for the results of recognition on the basis of protein
structures in relation to the parameters of surface plasmon resonance and modified erythrocyte
sedimentation rate in gliomas.

Keywords: Bayesian recognition procedure, brain gliomas, metastases, craniocerebral
concussion, laser spectrograph, protein structures of blood plasma.
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