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Â ñòàòò³ ðîçãëÿíóòî ïðîáëåìó âèêîðèñòàííÿ âåëèêèõ äàíèõ ó ñó÷àñí³é åêîíîì³ö³ òà

ñóñï³ëüíîìó æèòò³. Îáñÿãè òà ñêëàäí³ñòü ³íôîðìàö³¿ ñòð³ìêî çðîñòàþòü, àëå ñó÷àñí³

òåõíîëîã³¿ íå ìîæóòü çàáåçïå÷èòè åôåêòèâíå ¿õ âèêîðèñòàííÿ. ²ñíóº â³äñòàâàííÿ â

òåõíîëîã³ÿõ, àëãîðèòìàõ òà ïðàêòèö³ âèêîðèñòàííÿ âåëèêèõ äàíèõ. Òàêó äèñïðî-

ïîðö³þ çäàòí³ çì³íèòè ñåìàíòè÷í³ òåõíîëîã³¿, ÿê³ õàðàêòåðèçóþòüñÿ ³íøèì ï³äõî-

äîì äî îáðîáêè òà âèêîðèñòàííÿ äàíèõ. Äàíèé ï³äõ³ä çàñíîâàíèé íà âèêîðèñòàíí³

çíàíü. Äîñë³äæåíî, ùî íåçâàæàþ÷è íà äîâîë³ òðèâàëèé ÷àñ ³ñíóâàííÿ ñåìàíòè÷íèõ

òåõíîëîã³é ³ ñåìàíòè÷íèõ ìåðåæ ³ñíóº áàãàòî ïåðåïîí äëÿ ¿õ åôåêòèâíîãî âïðîâàä-

æåííÿ. Öå ïðîáëåìè äîñòóïíîñò³ ñåìàíòè÷íîãî êîíòåíòó, äîñòóïíîñò³ îíòîëîã³é, ¿õ

åâîëþö³¿, ìàñøòàáîâàíîñò³ òà áàãàòîìîâíîñò³. À îñê³ëüêè äàëåêî íå âñ³ äàí³, ïîäàí³

ó ìåðåæ³, ñòâîðåí³ ó òåðì³íàõ ñåìàíòè÷íî¿ ðîçì³òêè ³ íàâðÿä ÷è áóäóòü ïðèâåäåí³ äî

íå¿ ó ïåðñïåêòèâ³, òî ïðîáëåìà äîñòóïíîñò³ ñåìàíòè÷íîãî êîíòåíòó º îäí³ºþ ç îñ-

íîâíèõ. Â ñòàòò³ ïîêàçàíî â³äì³íí³ñòü ñåìàíòè÷íî¿ ìåðåæ³ ³ ñåìàíòè÷íîãî Âåáà, à

òàêîæ âêàçàí³ òåõíîëîã³¿ ðîçâèòêó îñòàííüîãî. Â ÿêîñò³ ïðåäìåòà äîñë³äæåííÿ îá-

ðàíî ìîäóëü êóðñ³â ÂÍÇ «Óí³âåðñèòåò ³ìåí³ Àëüôðåäà Íîáåëÿ». Äåòàëüíî ðîçãëÿíó-

òî ñêëàä îêðåìîãî ìîäóëÿ àáî îêðåìîãî êóðñó: äàí³ ùîäî çàêëàäó âèùî¿ îñâ³òè

(ÇÂÎ), âèêëàäà÷à-ëåêòîðà, äàí³ ùîäî çàáåçïå÷åííÿ êóðñó òà ìîâè éîãî âèêëàäàííÿ,

íàáóòèõ íàâè÷îê, âì³íü, ðåçóëüòàò³â òîùî. Ïîáóäîâàíî ãðàô ìîäóëÿ êóðñ³â íà ïðè-

êëàä³ Óí³âåðñèòåòó ³ìåí³ Àëüôðåäà Íîáåëÿ â òåðì³íàõ îíòîëîã³¿, ðîçãëÿíóò³ éîãî

îêðåì³, íàéá³ëüø çíà÷óù³ êëàñè – ñêëàäîâ³ ÷àñòèíè. Ðîçãëÿíóò³ îñíîâí³ êëàñè,

ï³äêëàñè òà ¿õ íàïîâíåííÿ, âêàçàíî òèïè äàíèõ (äàòà, òåêñò, URL). Ïåðåâåäåíî

îíòîëîã³÷íó ñõåìó ó RDF-ôîðìàò, ÿê òàêîãî, ùî íåîáõ³äíèé äëÿ ìîäåëþâàííÿ äà-

íèõ äëÿ ñåìàíòè÷íî¿ ìåðåæ³ òà ïîäàëüøîãî äîñë³äæåííÿ. Îêðåñëåíî ïåðñïåêòèâè

ïîäàëüøèõ äîñë³äæåíü ùîäî çàñòîñóâàííÿ îáðàíî¿ ìîäåë³ ïðåäñòàâëåííÿ çíàíü,

âèêîðèñòàííÿ ìîâè çàïèò³â, îòðèìàííÿ òà ³íòåðïðåòàö³¿ äàíèõ ³íøèõ ÇÂÎ òîùî.
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Ïîñòàíîâêà ïðîáëåìè

Ñüîãîäí³ ñåìàíòè÷í³ òåõíîëîã³¿ ñòàþòü âñå
á³ëüø ïîïóëÿðíèìè òà çàòðåáóâàíèìè. Íàñàì-
ïåðåä öå ïîâ’ÿçàíî ç³ çðîñòàííÿì ê³ëüêîñò³ òà
ñêëàäíîñò³ ³íôîðìàö³¿. Çà ï³äðàõóíêàìè ì³æíà-
ðîäíèõ åêñïåðò³â [1] âæå ñüîãîäí³ ³ñíóº âåëèêå
â³äñòàâàííÿ ì³æ îáñÿãàìè äàíèõ ³ òåõíîëîã³ÿìè
³ ñèñòåìàìè, ùî çàáåçïå÷óþòü ¿õ åôåêòèâíå âè-
êîðèñòàííÿ. Ïðè÷îìó öå ñòîñóºòüñÿ íå ò³ëüêè
àëãîðèòì³â ³ òåõíîëîã³é îáðîáêè, à é ¿õ çáåð³ãàí-
íÿ. Çà îö³íþâàííÿìè ñïåö³àë³ñò³â, ðåàëüíèé
ð³âåíü âèêîðèñòàííÿ íàÿâíèõ ó êîìïàí³é ñèñ-

òåì çáåð³ãàííÿ â ñåðåäíüîìó ñòàíîâèòü 25–
35% [2].

Ïðî çðîñòàííÿ ê³ëüêîñò³ äàíèõ ñâ³ä÷àòü ³
ðåçóëüòàòè äîñë³äæåííÿ êîìïàí³¿ IDC. Çà ¿õ
ï³äðàõóíêàìè, íàäàíèìè ó àíàë³òè÷íîìó çâ³ò³ [3],
ãëîáàëüíèé îáñÿã äàíèõ çðîñòå ç 33 Çåòàáàéò ó
2018 ð. äî 175 Çåòàáàéò ó 2025 ð.

Âñ³ ö³ äàí³ ñâ³ä÷àòü ïðî òå, ùî ê³ëüê³ñòü
äàíèõ ó ñó÷àñíîìó ñâ³ò³ çðîñòàº ïîñò³éíî, à âå-
ëèê³ ìàñèâè äàíèõ çðîñëè á³ëüø í³æ íà ïîðÿ-
äîê. Êîðèñòóâà÷³ ³ òåõíîëîã³¿ íàðàç³ â³äñòàþòü
â³ä öüîãî çðîñòàííÿ ³ â³äðèâ ñòð³ìêî çðîñòàº.
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Àêòóàëüíèì äëÿ êîìïàí³é ñòàº ïèòàííÿ çáåð³-
ãàííÿ âåëèêèõ äàíèõ, ÿê³ ç³áðàí³ ó ð³çíèé ÷àñ
ð³çíèìè ï³äðîçä³ëàìè, ç êîíòðîëåì ¿õ ÿêîñò³ òà
óçãîäæåíîñò³. Íàñë³äîê öüîãî – çðîñòàííÿ âèò-
ðàò íà ³íôðàñòðóêòóðó òà ïåðåðîáêó äàíèõ. Êîì-
ïàí³¿ íàêîïè÷óþòü äàí³, íå ïðèä³ëÿþ÷è îñîáëè-
âî¿ óâàãè ¿õ ³íòåãðàö³¿, ³ íå çàâæäè òî÷íî çíàþòü,
ÿêà ³íôîðìàö³ÿ º ó ¿õ ðîçïîðÿäæåíí³. Ñàì ôàêò
çáåð³ãàííÿ ñòâîðþº ïîìèëêîâå óÿâëåííÿ ïåðå-
ðîáêè äàíèõ, ó ðàç³ ïîòðåáè, íà ùîñü ö³ííå òà
êîðèñíå, ñïðÿìîâàíå íà áëàãî êîìïàí³¿. Àëå öå
óÿâëåííÿ õèáíå, à êîìïàí³¿ ÷àñòî íåäîîö³íþþòü
âèòðàòè íà ïîøóê, îáðîáêó òà àíàë³ç äàíèõ. Çà
äàíèìè àíàë³òèê³â [4], ò³ëüêè 3% ç³áðàíèõ íà-
áîð³â äàíèõ êîìïàí³é, ÿê³ â³äîáðàæàþòü ¿¿ êëþ-
÷îâ³ ïîêàçíèêè ðîáîòè, íå ì³ñòèëè ïîìèëîê ÷è
êðèòè÷íèõ ïîìèëîê. Òàêîæ ñòàº íåîáõ³äíîþ
ñòàíäàðòèçàö³ÿ òåðì³íîëîã³¿ îäí³º¿ îðãàí³çàö³¿,
îñê³ëüêè âì³ííÿ ç³ñòàâëÿòè ³íôîðìàö³þ ç ð³çíèõ
äæåðåë ³ øâèäêî ðåàãóâàòè íà çîâí³øí³ çì³íè
ö³ëêîì ìîæå ñòàòè âèçíà÷àëüíèì ôàêòîðîì ¿¿
ô³íàíñîâîãî óñï³õó.

Ó çâ’ÿçêó ç öèì àêòóàëüíèì ñòàº ïåðåõ³ä
â³ä îáðîáêè äàíèõ äî îáðîáêè çíàíü, òîáòî çì³íà
õàðàêòåðó ðîáîòè ç ³íôîðìàö³ºþ. Îäíèì ç øëÿõ³â
ðåàë³çàö³¿ îáðîáêè çíàíü º âèêîðèñòàííÿ ñåìàí-
òè÷íèõ ìåðåæ, ÿê íåîáõ³äí³é ³íñòðóìåíò ìîäå-
ëþâàííÿ òà ñòðóêòóðóâàííÿ îíòîëîã³é; çàñòîñó-
âàííÿ ï³äõîäó ôîðìàëüíîãî ïðåäñòàâëåííÿ çíàíü
â áàç³ çíàíü àáî â ãðàôàõ çíàíü (Knowledge
Graph). ² õî÷à áàçè çíàíü, ÿê ³ áàçè äàíèõ ç’ÿâè-
ëèñÿ äàâíî, ò³ëüêè çàðàç êîìïàí³¿ ïî÷èíàþòü
çàìèñëþâàòèñÿ íàä âèêîðèñòàííÿì îíòîëîã³é,
ëîã³÷íèõ âèñíîâê³â òîùî. Öå ñâ³ä÷èòü ïðî ïî-
ñòóïîâå çì³ùåííÿ àêöåíòó â³ä âåäåííÿ á³çíåñó
íà îñíîâ³ äàíèõ äî âåäåííÿ á³çíåñó íà îñíîâ³
çíàíü, à îòæå ÿê³ñíîãî âèêîðèñòàííÿ á³çíåñ-
³íôîðìàö³¿.

Ìåòà ñòàòò³

Ìåòîþ ñòàòò³ º äîñë³äæåííÿ âèêîðèñòàííÿ
ñåìàíòè÷íèõ òåõíîëîã³é, ìîäåë³ ãðàôó çíàíü (îí-
òîëîã³÷íî¿ ìîäåë³) ó ïðàêòè÷í³é ä³ÿëüíîñò³ ÇÂÎ.

Àíàë³ç îñòàíí³õ äîñë³äæåíü ³ ïóáë³êàö³é

²äåÿ ñåìàíòè÷íî¿ ìåðåæ³ áóëà ðîçðîáëåíà
êîíñîðö³óìîì W3 â ñåðåäèí³ 90-õ ðîê³â. Ïðî-
äîâæåííÿ òà ðîçâèòêó âîíè íàáóëè ó 2001 ð. ó
æóðíàë³ Scientific Americanó â ñòàòò³ Ò³ìà Áåð-
íåðñà-Ë³, Äæåéìñà Õåíäëåðà ³ Îðè Ëàññèëà ï³ä
íàçâîþ «The Semantic WEB» [5].

Ñüîãîäí³ ïðîáëåìàòèêîþ ñåìàíòè÷íèõ ìå-
ðåæ, îíòîëîã³é çàéìàþòüñÿ òàê³ ïðîâ³äí³ â³ò÷èç-
íÿí³ òà çàðóá³æí³ â÷åí³, ÿê: Ãð³íüêîâ Â.Î. [2],
Õëèçîâ ª. [4], Õîðîøåâñüêèé Â.Ô. [6], Ëè-
àíã Þ. [7], Ïåòðåíêî Ì.Ã., Çåëåíöîâ Ä.Ã. [8] òà ³í.

Îòæå, ³äå¿ àâòîìàòèçîâàíî¿ îáðîáêè çíàíü
âèñóâàþòüñÿ âæå äàâíî, àëå ïîâíîö³ííî âèêî-
ðèñòîâóâàòèñÿ ïî÷àëè ëèøå çàðàç. Íà ñüîãîäí³
ñòâîðåí³ âñ³ íåîáõ³äí³ êîìïîíåíòè ìåòîäèê ³
òåõíîëîã³é, ïîòð³áíèõ äëÿ ðîáîòè ç îíòîëîã³÷-
íèìè ìîäåëÿìè, ÿê³ º ïðåäìåòîì îáðîáêè çà
äîïîìîãîþ ñåìàíòè÷íèõ òåõíîëîã³é. Îäíàê, íà
øëÿõó âïðîâàäæåííÿ öèõ òåõíîëîã³é òà ìåòîäèê
º äåê³ëüêà ïðîáëåì íàóêîâî-òåõí³÷íîãî òà ëþäñü-
êîãî õàðàêòåðó, à ñàìå: äîñòóïí³ñòü ñåìàíòè÷-
íîãî êîíòåíòó òà îíòîëîã³é, åâîëþö³ÿ îíòîëîã³é,
¿õ ìàñøòàáîâàí³ñòü òà áàãàòîìîâí³ñòü. Ó çâ’ÿçêó
ç öèì îñîáëèâîãî çíà÷åííÿ íàáóâàþòü ïðîáëå-
ìè îíòîëîã³÷íîãî ³íæèí³ðèíãó òà ðîáîòè ç ³ñíó-
þ÷èìè îíòîëîã³ÿìè, îáðîáêè òà çáåð³ãàííÿ âå-
ëèêèõ îáñÿã³â çíàíü, ¿õ â³çóàë³çàö³ÿ.

Âèêëàäåííÿ îñíîâíîãî ìàòåð³àëó äîñë³äæåííÿ

Çàãàëüíîâ³äîìî, ùî ñåìàíòè÷í³ ìåðåæ³ º
òåõíîëîã³÷íèì âò³ëåííÿì ñåìàíòè÷íèõ òåõíî-
ëîã³é.

Ñüîãîäí³ ³ñíóº áàãàòî âèçíà÷åíü ñåìàíòè÷-
íî¿ ìåðåæ³. Ñêîðèñòàºìîñü âèçíà÷åííÿì, íàäà-
íèì â [9]: «Ñåìàíòè÷íà ìåðåæà – öå ìîäåëü
ïðåäìåòíî¿ îáëàñò³, íàäàíà ó âèãëÿä³ ãðàôà, äå ó
âåðøèíàõ ñòîÿòü ïîíÿòòÿ, à ðåáðà – â³äíîñèíè
ì³æ íèìè». Òîáòî ñåìàíòè÷íà ìåðåæà â³äîáðà-
æàº ñåìàíòèêó ïðåäìåòíî¿ îáëàñò³ ó âèãëÿä³ ïî-
íÿòü ³ â³äíîøåíü, ê³ëüê³ñòü òèï³â ÿêèõ âèçíà-
÷àºòüñÿ ¿¿ àâòîðîì. ²äå¿ ñåìàíòè÷íî¿ ìåðåæ³ âè-
êîðèñòîâóþòüñÿ ³ â ìåðåæ³ ²íòåðíåò – ñåìàí-
òè÷íèé Âåá (Semantic Web) àáî ñåìàíòè÷íå ïà-
âóòèííÿ. Ãîëîâíà ìåòà Semantic Web – ôîðìó-
âàííÿ ãëîáàëüíî¿ ñåìàíòè÷íî¿ ìåðåæ³, â ÿê³é
ðåñóðñè ²íòåðíåò ñòàíäàðòèçîâàí³ ³ ïðèäàòí³ äëÿ
ìàøèííî¿ îáðîáêè.

Òåõíîëîã³ÿìè ðîçâèòêó ñåìàíòè÷íîãî Âåá
º [7]:

– XML (eXtensible Markup Language) – ðîç-
øèðþâàíà ìîâà ðîçì³òêè;

– RDF (Resource Description Framework) –
ìîâà ìîäåëþâàííÿ äàíèõ äëÿ ñåìàíòè÷íî¿ ìå-
ðåæ³. Âñÿ ³íôîðìàö³ÿ ñåìàíòè÷íî¿ ïàâóòèíè çáå-
ð³ãàºòüñÿ ³ ïðåäñòàâëÿºòüñÿ â RDF;

– SPARQL (ïðîòîêîë SPARQL ³ ìîâà çà-
ïèò³â RDF) – ìîâà çàïèò³â ñåìàíòè÷íî¿ ìåðåæ³.
Â³í ñïåö³àëüíî ïðèçíà÷åíèé äëÿ çàïèòó äàíèõ â
ð³çíèõ ñèñòåìàõ;

– OWL (ìîâà âåáîíòîëîã³é) – ìîâà ñõåìè
àáî ìîâà ïîäàííÿ çíàíü ñåìàíòè÷íî¿ ìåðåæ³.
OWL äîçâîëÿº âèçíà÷àòè ïîíÿòòÿ ñï³ëüíî, ùîá
ö³ ïîíÿòòÿ ìîæíà áóëî âèêîðèñòîâóâàòè ÿê ìîæ-
íà ÷àñò³øå.

Îñíîâîþ äàíîãî äîñë³äæåííÿ º ïîáóäîâà
ãðàôó çíàíü ìîäóëÿ êóðñ³â ÇÂÎ, â³äïîâ³äíî äî
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ñòàíäàðò³â ðîçðîáêè ïðîãðàì Óí³âåðñèòåòó ³ìåí³
Àëüôðåäà Íîáåëÿ. Ñòâîðåííÿ òàêîãî ãðàôó òà
éîãî âèêîðèñòàííÿ ó ñêëàä³ ³íôîðìàö³éíî¿ ñèñ-
òåìè äîçâîëèòü òî÷íî òà øâèäêî îòðèìóâàòè íå-
îáõ³äíó ³íôîðìàö³þ, à îòæå á³ëüø åôåêòèâíî óï-
ðàâëÿòè ³íôîðìàö³ºþ ÇÂÎ.

Äëÿ á³ëüø çðó÷íîãî òà íàî÷íîãî íàäàííÿ
äàíèõ ãðàôó çíàíü âèêîðèñòîâóþòüñÿ ð³çí³ ïðî-
ãðàìè òà ôðåéìâîðêè. Îäíèì ç íàéá³ëüø ïîïó-
ëÿðíèõ º ôðåéìâîðê Protégé, ÿêèé äîçâîëÿº ðîç-
ì³ùóâàòè òà âèêîðèñòîâóâàòè îíòîëîã³þ ÿê ëî-
êàëüíî, òàê ³ ñï³ëüíî ó ôîðìàòàõ owl òà xml ³ ç
ïîâíîþ ï³äòðèìêîþ ñòàíäàðòó W3C. ²íñòðóìåí-
òàð³é ôðåéìâîðêó ðîçïîâñþäæóºòüñÿ ç â³äêðè-
òèì êîäîì [8].

Îäíàê, ç íàøî¿ òî÷êè çîðó, äëÿ â³çóàë³çàö³¿
òà ïåðåäà÷³ çíàíü á³ëüø äîðå÷íî âèêîðèñòîâó-
âàòè êîíöåïò-êàðòè. Âîíè äîçâîëÿþòü ïîáà÷è-
òè ñóòü ïðîáëåìè, âèÿâèòè íîâ³ çíàííÿ ó äàíèõ.
Êîíöåïò-êàðòè äîâîë³ øèðîêî âèêîðèñòîâóþòü-
ñÿ ÿê ó îñâ³ò³, òàê ³ â á³çíåñ³ ç ìåòîþ: êîðîòêîãî
âèêëàäåííÿ ïðîáëåìè;âèÿâëåííÿ çíàíü; âèÿâëåí-
íÿ êîíöåïö³é, âçàºìîä³é ³ºðàðõ³é ç àíàë³çó äæå-
ðåë; ãåíåðóâàííÿ íîâèõ çíàíü; òðàíñôîðìàö³¿
ïðèõîâàíèõ çíàíü â ÿâí³ ñòðóêòóðîâàí³; çáåðå-
æåííÿ äàíèõ â àñîö³àòèâíèõ çâ’ÿçêàõ; ìîäåëþ-
âàííÿ ñï³ëüíèõ ãðóïîâèõ çíàíü; îáì³í äóìêàìè
ç ïðîãíîçàìè, òåíäåíö³ÿìè â ðîáî÷èõ ãðóïàõ; âè-
áóäîâóâàííÿ ëàíöþæê³â àðãóìåíòàö³¿ òîùî [10].

Â ÿêîñò³ òàêî¿ êîíöåïò-êàðòè áóëî âèêîðè-
ñòàíî CmapTools, ÿêà º áåçêîøòîâíîþ, äîçâî-
ëÿº ñòèìóëþâàòè ñï³âïðàöþ ³ îáì³í äóìêàìè ïðè
ñòâîðåíí³ ìîäåëåé çíàíü, äîçâîëÿº çä³éñíþâàòè
ðîçðîáêó êîëåêòèâíèõ ìîäåëåé çíàíü.

Ïðèêëàä ãðàôà çíàíü ìîäóëÿ êóðñ³â Óí³-
âåðñèòåòó ³ìåí³ Àëüôðåäà Íîáåëÿ íàâåäåíî íà
ðèñ. 1.

Ñõåìà òèïîâîãî êóðñó, íàäàíà íà ðèñ. 1,
ñòâîðåíà çà äîïîìîãîþ ñåìàíòè÷íî¿ ðîçì³òêè
Shema.org ó ïðîãðàì³ CmapTools. Îñíîâíà ñõå-
ìà êóðñó ñêëàäàºòüñÿ ç ñóïåð (ãëîáàëüíèõ) êëàñ³â:
êóðñ àáî ìîäóëü êóðñ³â (Course); äèñöèïë³íà ç
êóðñó (¿õ ìîæå áóòè äåê³ëüêà; CreativeWork); âèê-
ëàäà÷ (Person) òà ³í. À òàêîæ ëîêàëüíèõ êëàñ³â:
äàí³ ùîäî êóðñó (Property Value Specification);
åëåìåíòè êóðñó (ItemList); ë³òåðàòóðà ç êóðñó
(Book, Article, Digital Document); ³íôîðìàö³ÿ
ùîäî ðåçóëüòàò³â íàâ÷àííÿ òà îñâ³òíüîãî ñòóïå-
íÿ (Educational Occupational Credential); äàí³
ùîäî ÇÂÎ (Organization) òà ³í.

Îòæå, êëàñ êóðñó Óí³âåðñèòåòó ìàº òàê³
îá’ºêòè òà ¿õ âëàñòèâîñò³:

– name (íàçâà), ÿêà ïîò³ì ìîæå áóòè
³í³ö³éîâàíà ó êëàñ³ CreativeWork/name. Íàïðèê-

ëàä, êóðñ «Âèùà ìàòåìàòèêà» ì³ñòèòü ê³ëüêà
áëîê³â, ÿê³ âèçíà÷åí³ íà ð³âí³ ðîáî÷î¿ ïðîãðàìè
êóðñó (ë³í³éíà àëãåáðà, äèñêðåòíà ìàòåìàòèêà,
òåîð³ÿ éìîâ³ðíîñòåé òîùî);

– inLanguage (ìîâà). Á³ëüø³ñòü êóðñ³â
(programs) âèêëàäàþòüñÿ óêðà¿íñüêîþ ìîâîþ, àëå
äëÿ ïðîãðàì, çàòâåðäæåíèõ Óí³âåðñèòåòîì Òð³éö³
Ñåíò-Äàâèä (Óåëüñ) àáî çà äåÿêèìè îêðåìèìè
êóðñàìè, ìîâà âèêëàäàííÿ – àíãë³éñüêà;

– datePublished (äàòà ïóáë³êàö³¿, âïðîâàä-
æåííÿ) ïðîãðàìè. Ìîæå ñï³âïàäàòè ç
copyrightYear (CreativeWork).

Öèòóâàííÿ êóðñó (ë³òåðàòóðà, citation) íà-
äàíî òðüîìà âèäàìè: öèôðîâèé äîêóìåíò
(DigitalDocument), ñòàòòÿ (Article) ³ êíèãà (Book).
Äëÿ êíèãè õàðàêòåðèñòèêàìè (âëàñòèâîñòÿìè) º:
àâòîð (author), âèäàâåöü (bookEdition) òà ê³ëüê³ñòü
ñòîð³íîê (numberOfPages). Äëÿ ñòàòò³: àâòîð
(author), íàçâà ñòàòò³ (headline), ä³àïàçîí ñòîð³íîê
(pagination). Äëÿ öèôðîâîãî äîêóìåíòà: àâòîð
(author) òà ³ì’ÿ âì³ñòó (name), ðîçòàøóâàííÿ
ìåðåæ³ (URL).

Êð³ì òîãî, ïðè îïèñ³ îá’ºêòà accountable
Person áóëî âèêîðèñòàíî êëàñ Person áåç çàçíà-
÷åííÿ Lecturer, îñê³ëüêè ëåêòîð â³äïîâ³äàº çà
ùîð³÷íó ïðîãðàìó íàâ÷àííÿ òà ¿¿ çì³ñò. Îá’ºêò
job Title äîäàíî äî êëàñó Person, îñê³ëüêè Óí³-
âåðñèòåò âêàçóº íå ò³ëüêè íàóêîâèé ðàíã
(honorific Prefix) òà ñòóï³íü (honorific Suffix), à é
ïîñàäó.

Òàêîæ äî êëàñó Organization äîäàíî îá’ºêò
êàôåäðè (department), îñê³ëüêè ïðîãðàìà âêàçóº
íå ò³ëüêè îðãàí³çàö³þ (ÇÂÎ), à é âèïóñêàþ÷ó
êàôåäðó. Ââåäåíî êëàñ Property Value
Specification, ÿêèé º ï³äêëàñîì Intangible, ÿêèé
îïèñóº äîäàòêîâ³ âëàñòèâîñò³ êóðñó: ôîðìè íà-
â÷àííÿ, áàëè ç êóðñó òîùî.

Çàóâàæèìî, ùî êëàñ Course º ï³äêëàñîì
á³ëüø ïîòóæíîãî êëàñó Creative Work, ïîâ’ÿçà-
íîãî ç Thing.

Òàêîæ äîäàíî ï³äêëàñ Educational
Occupational Credential, ÿêèé â³äïîâ³äàº çà ðå-
çóëüòàòè íàâ÷àííÿ, òåîðåòè÷í³ òà ïðàêòè÷í³ íà-
âè÷êè:

– competency Required – çíàííÿ, âì³ííÿ,
çä³áíîñò³, ÿê³ ïîâèíåí ïðîäåìîíñòðóâàòè ó÷åíü;

– educational Level – êóðñ;
– credential Category – êàòåãîð³ÿ àáî

«ñòóï³íü» áàêàëàâðà àáî ìàã³ñòðà.
Îòðèìàíó ñõåìó (ðèñ. 1) ìîæíà íàäàòè ó

RDF-ôîðìàò³, ôîðìàò³ íåîáõ³äíîìó äëÿ ìîäå-
ëþâàííÿ äàíèõ äëÿ ñåìàíòè÷íî¿ ìåðåæ³. Ôðàã-
ìåíò êîäó íàâåäåíî íà ðèñ. 2.
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Ðèñ. 2. ÔðàãìåíòRDF-êîäó ñåìàíòè÷íî¿ ìîäåë³ êóðñó

Âèñíîâêè

Â ñòàòò³ äîñë³äæåíî íåîáõ³äí³ñòü ïîñòóïî-
âîãî ïåðåõîäó äî âèêîðèñòàííÿ ñåìàíòè÷íèõ
òåõíîëîã³é, ùî îïåðóþòü çíàííÿìè, à íå äàíè-
ìè. Òàêà íåîáõ³äí³ñòü âèêëèêàíà çá³ëüøåííÿì
îáñÿã³â òà ñêëàäí³ñòþ äàíèõ, ùî íàñ îòî÷óþòü
òà áàæàííÿì á³ëüø åôåêòèâíîãî ¿õ âèêîðèñòàí-
íÿ. Ïîêàçàíî çàñòîñóâàííÿ ñåìàíòè÷íèõ òåõíî-
ëîã³é â ä³ÿëüíîñò³ ÇÂÎ äëÿ ï³äâèùåííÿ åôåê-
òèâíîñò³ ðîáîòè ç ³íôîðìàö³ºþ. Ïîáóäîâàíî ãðàô
çíàíü ìîäóëÿ êóðñ³â ÇÂÎ, âèçíà÷åíî ãëîáàëüí³
òà ëîêàëüí³ êëàñè, ¿õ íàïîâíåííÿ. Ðîçðîáëåíî
RDF-ìîäåëü. Êð³ì òîãî, ñòâîðåíà ìîäåëü âèï-
ðîáóâàíà äëÿ çáîðó ³íôîðìàö³¿ ùîäî îêðåìèõ
êóðñ³â ÇÂÎ, ùî áóäå ðîçâèíóòî òà îïèñàíî ó
ïîäàëüøèõ äîñë³äæåííÿõ. Òàêîæ ³ñíóº ìîæ-
ëèâ³ñòü ñòâîðåííÿ ïîâíîö³ííî¿ ³íôîðìàö³éíî¿
ñèñòåìè äëÿ çáîðó òà îáðîáêè ïîä³áíî¿ ³íôîð-
ìàö³¿ ó ÇÂÎ.
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ÈÑÏÎËÜÇÎÂÀÍÈÅ ÑÅÌÀÍÒÈ×ÅÑÊÈÕ ÒÅÕÍÎËÎÃÈÉ
Â ÄÅßÒÅËÜÍÎÑÒÈ ÂÓÇÀ: ÏÐÈÊËÀÄÍÛÅ ÀÑÏÅÊÒÛ

Áàðòàøåâñêàÿ Þ.Í.

Â ñòàòüå ðàññìîòðåíà ïðîáëåìà èñïîëüçîâàíèÿ áîëüøèõ
äàííûõ â ñîâðåìåííîé ýêîíîìèêå è îáùåñòâåííîé æèçíè. Îáúå-
ìû è ñëîæíîñòü èíôîðìàöèè ñòðåìèòåëüíî ðàñòóò, íî ñîâðå-
ìåííûå òåõíîëîãèè íå ìîãóò îáåñïå÷èòü ýôôåêòèâíîå èõ èñ-
ïîëüçîâàíèå. Ñóùåñòâóåò îòñòàâàíèå â òåõíîëîãèÿõ, ìåòî-
äàõ è ïðàêòèêå èñïîëüçîâàíèÿ áîëüøèõ äàííûõ. Òàêóþ äèñïðî-
ïîðöèþ ñïîñîáíû èçìåíèòü ñåìàíòè÷åñêèå òåõíîëîãèè, õàðàê-
òåðèçóþùèåñÿ äðóãèì ïîäõîäîì ê îáðàáîòêå è èñïîëüçîâàíèþ
äàííûõ. Äàííûé ïîäõîä îñíîâàí íà èñïîëüçîâàíèè çíàíèé. Äî-
êàçàíî, ÷òî íåñìîòðÿ íà äîâîëüíî äëèòåëüíîå âðåìÿ ñóùåñòâî-
âàíèÿ ñåìàíòè÷åñêèõ òåõíîëîãèé è ñåìàíòè÷åñêèõ ñåòåé ñó-
ùåñòâóåò ìíîãî ïðåïÿòñòâèé äëÿ èõ ýôôåêòèâíîãî ïðèìåíå-
íèÿ. Ýòî ïðîáëåìû äîñòóïíîñòè ñåìàíòè÷åñêîãî êîíòåíòà,
äîñòóïíîñòè îíòîëîãèé, èõ ýâîëþöèè, ìàñøòàáèðóåìîñòè è
ìíîãîÿçû÷èÿ. À ïîñêîëüêó äàëåêî íå âñå äàííûå, ïðåäñòàâëåí-
íûå â ñåòè, ñîçäàíû â òåðìèíàõ ñåìàíòè÷åñêîé ðàçìåòêè è
âðÿä ëè áóäóò ïðèâåäåíû ê íåé â ïåðñïåêòèâå, òî ïðîáëåìà
äîñòóïíîñòè ñåìàíòè÷åñêîãî êîíòåíòà ÿâëÿåòñÿ îäíîé èç îñ-
íîâíûõ. Â ñòàòüå ïîêàçàíî îòëè÷èå ñåìàíòè÷åñêîé ñåòè è
ñåìàíòè÷åñêîãî Âåáà, à òàêæå óêàçàíû òåõíîëîãèè ðàçâèòèÿ
ïîñëåäíåãî. Â êà÷åñòâå ïðåäìåòà èññëåäîâàíèÿ âûáðàí ìîäóëü
êóðñîâ ÂÓÇà «Óíèâåðñèòåò èìåíè Àëüôðåäà Íîáåëÿ». Ïîäðîá-
íî ðàññìîòðåí ñîñòàâ îòäåëüíîãî ìîäóëÿ èëè îòäåëüíîãî êóð-
ñà: äàííûå îòíîñèòåëüíî ÂÓÇà, ïðåïîäàâàòåëÿ-ëåêòîðà, äàí-
íûå ïî îáåñïå÷åíèþ êóðñà è ÿçûêà åãî ïðåïîäàâàíèÿ, ïðèîáðå-
òåííûõ íàâûêîâ, óìåíèé, ðåçóëüòàòîâ è òîìó ïîäîáíîå. Ïî-
ñòðîåí ãðàô ìîäóëÿ êóðñîâ íà ïðèìåðå ÂÓÇ «Óíèâåðñèòåò èìåíè
Àëüôðåäà Íîáåëÿ» â òåðìèíàõ îíòîëîãèè, ðàññìîòðåíû åãî
îòäåëüíûå, íàèáîëåå çíà÷èìûå êëàññû – ñîñòàâíûå ÷àñòè.
Ðàññìîòðåíû îñíîâíûå êëàññû, ïîäêëàññû è èõ íàïîëíåíèÿ,
óêàçàíû òèïû äàííûõ (äàòà, òåêñò, URL). Îíòîëîãè÷åñêàÿ
ñõåìà ïåðåâåäåíà â RDF-ôîðìàò, êàê òàêîé, êîòîðûé íåîáõî-
äèì äëÿ ìîäåëèðîâàíèÿ äàííûõ â ñåìàíòè÷åñêîé ñåòè è äàëü-
íåéøåãî èññëåäîâàíèÿ. Îïðåäåëåíû ïåðñïåêòèâû äàëüíåéøèõ
èññëåäîâàíèé ïî ïðèìåíåíèþ âûáðàííîé ìîäåëè ïðåäñòàâëåíèÿ
çíàíèé, èñïîëüçîâàíèÿ ÿçûêà çàïðîñîâ, ïîëó÷åíèå è èíòåðïðå-
òàöèÿ äàííûõ äðóãèõ ÂÓÇîâ è ò.ä.

Êëþ÷åâûå ñëîâà: ñåìàíòè÷åñêèå òåõíîëîãèè,
ñåìàíòè÷åñêèå ñåòè, îíòîëîãèè, CmapTools, ãðàô ìîäóëÿ
êóðñîâ.

THE USE OF SEMANTIC TECHNOLOGIES IN THE
ACTIVITIES OF THE UNIVERSITY: APPLIED ASPECTS

Bartashevskaya Yu.N.

Alfred Nobel University, Dnipro, Ukraine

The article considers the problem of using Big Data in a
modern economics and public life. The volumes and complexity of
information are growing rapidly, but modern technologies cannot
ensure their effective use. There is a lag in technologies, methods,
and practices for using Big Data. The imbalance can be changed by
semantic technologies, characterized by a different approach to the
processing and use of data. This approach is based on the use of
knowledge. Proved that despite the rather long time of the existence
of semantic technologies and semantic networks, there are many
obstacles to their effective application. These are the problems of
accessibility of semantic content, accessibility of ontologies, their
evolution, scalability and multilingualism. And since far from all the
data presented on the network is created in terms of semantic markup
and is unlikely to be brought to it in the future, the problem of
accessibility of semantic content is one of the main ones. The article
shows the difference between the semantic network and the semantic
Web, and also indicates the development technologies of the latter.
As the subject of study, the module of the courses of the Alfred Nobel
University was selected. The composition of a separate module or a
separate course is examined in detail: data on the university, lecturer,
data on the provision of the course and language of its teaching,
acquired skills, abilities, results and the like. A graph of the module
of courses has been built on the example of the Alfred Nobel University
in terms of ontology, its individual, most significant classes –
components are considered. The main classes, subclasses and their
contents are considered, data types (date, text, URL) are indicated.
The ontological scheme has been converted to the RDF format, such
as is necessary for modelling data in the semantic network and
further research. The prospects for further research on the application
of the selected model for representing knowledge, using the query
language, obtaining and interpreting data from other universities,
etc. are determined.

Keywords: semantic technologies, semantic networks, on-
tologies, CmapTools, course module graph.
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Óí³âåðñèòåò ³ìåí³ Àëüôðåäà Íîáåëÿ, ì. Äí³ïðî, Óêðà¿íà

Âèêîðèñòàííÿ ³íîçåìíèõ ³ âíóòð³øí³õ ô³íàíñîâèõ ³ ìàòåð³àëüíèõ ðåñóðñ³â º îäí³ºþ
ç³ ñêëàäîâèõ ñó÷àñíî¿ êîíöåïö³¿ åêîíîì³÷íîãî ³ ñîö³àëüíîãî ðîçâèòêó. Åôåêòèâíî-
ìó âèêîðèñòàííþ öèõ ðåñóðñ³â, ÿê â³äîìî, ïåðåøêîäæàº íå ò³ëüêè òðàäèö³éíà
ðîçá³æí³ñòü îáñÿã³â íàÿâíèõ ³ ïîòð³áíèõ ðåñóðñ³â, àëå ³ íååôåêòèâíå óïðàâë³ííÿ ¿õ
âèêîðèñòàííÿì. Öå óïðàâë³ííÿ ñïðÿìîâàíå íà âèð³øåííÿ çàäà÷: îðãàí³çàö³¿ ðîá³ò;
êîíòðîëþ íàä ö³ëüîâèì âèêîðèñòàííÿì êîøò³â; îá´ðóíòîâàíîãî ðîçïîä³ëó ðåñóðñ³â;
ïëàíóâàííÿ âêëàäåííÿ ðåñóðñ³â; íàóêîâî îá´ðóíòîâàíîãî ïðîãíîçóâàííÿ ðåàë³çàö³¿
ð³øåíü, ïðèéíÿòèõ íà åòàï³ ïëàíóâàííÿ. Ñòàòòÿ ïðèñâÿ÷åíà âèð³øåííþ îñòàííüî¿
ç çàçíà÷åíèõ çàäà÷. Ó äàí³é ðîáîò³, çà äîïîìîãîþ ïðèíöèïó êîìïðîì³ñó ³ ìåòîäó
ì³í³ìàêñó, ïðîïîíóºòüñÿ âàð³àíò çàñòîñóâàííÿ ìåòîäó ïåðåâ³ðêè ñòàòèñòè÷íèõ ã³ïîòåç
äëÿ îö³íêè ðåàë³çàö³¿ âàð³àíò³â âêëàäåííÿ ³íâåñòèö³é ó ñôåðó âèðîáíèöòâà äëÿ á³ëüø
îá´ðóíòîâàíîãî ïðèéíÿòòÿ ð³øåííÿ íà åòàï³ ïëàíóâàííÿ ðîçâèòêó ï³äïðèºìñòâà â
óìîâàõ íåâèçíà÷åíîñò³. Çàâäàííÿì ìîäåëþâàííÿ º âèçíà÷åííÿ òà îö³íêà éìîâ³ðíî-
ñòåé ðåàë³çàö³¿ ïëàíîâèõ îáñÿã³â ³íâåñòèö³é, ùî ñïðÿìîâàí³ íà ñïðèÿííÿ ñòðàòåã³÷-
íîãî ðîçâèòêó ï³äïðèºìñòâà ó âèïàäêó ïåðåòèíàííÿ ã³ïîòåç ïðî ôàêòè÷í³ ðîçïîä³-
ëè âàð³àíò³â äåðæàâíèõ ³ ïðèâàòíèõ äæåðåë ³íâåñòóâàííÿ â óìîâàõ íåâèçíà÷åíîñò³
âèïàäêîâîãî òà àíòàãîí³ñòè÷íîãî õàðàêòåðó. Äîñë³äæåíî, ùî äëÿ îö³íþâííÿ ìîæ-
ëèâîñò³ ðåàë³çàö³¿ âàð³àíò³â âêëàäåííÿ ³íâåñòèö³é, ùî çíàõîäÿòüñÿ â ðîçïîðÿäæåíí³
îðãàí³â óïðàâë³ííÿ åêîíîì³÷íèì ðîçâèòêîì, à òàêîæ ó â³äïîâ³äíèõ ñòàòèñòè÷íèõ
óïðàâë³ííÿõ, íàÿâíà ³íôîðìàö³ÿ ïðî çàïëàíîâàí³ ðîçïîä³ëè íàÿâíèõ àáî î÷³êóâà-
íèõ îáñÿã³â ³íâåñòóâàííÿ, òîáòî ñòàòèñòè÷íà ³íôîðìàö³ÿ ïðî îçíàêè, º ³íôîðìàö³é-
íîþ îñíîâîþ äëÿ âèð³øåííÿ çàçíà÷åíîãî çàâäàííÿ. Â³ðîã³äí³ñòü ïðîãíîçóâàííÿ
ðåàë³çàö³¿ êîæíîãî ç³ ñïîñòåðåæóâàíèõ âàð³àíò³â îö³íþþòüñÿ øëÿõîì îá÷èñëåííÿ
éìîâ³ðíîñò³ ïðèéíÿòòÿ ïðàâèëüíèõ ð³øåíü ³ ïîìèëîê ïðèéíÿòòÿ ð³øåíü ïðè ðîç-
ãëÿä³ ðîçïîä³ëó îáñÿã³â ³íâåñòèö³é, ÿê³ íàì³÷àþòüñÿ ç êîæíîãî âàð³àíòó ¿õ âèêîðèñ-
òàííÿ. Ðåçóëüòàòè îòðèìàí³ ìåòîäîì ïåðåâ³ðêè ñòàòèñòè÷íèõ ã³ïîòåç çà äîïîìîãîþ
çàñòîñóâàííÿ ïðèíöèïó êîìïðîì³ñó ³ ìåòîäó ì³í³ìàêñó. Ðåçóëüòàòè çàñòîñóâàííÿ
ìåòîäó ñïðèÿþòü óäîñêîíàëåííþ óïðàâë³ííÿ ðåàë³çàö³ºþ ³íâåñòèö³é ó ñôåðó âè-
ðîáíèöòâà â ñêëàäíèõ ðåàëüíèõ óìîâàõ.

Êëþ÷îâ³ ñëîâà: ðîçïîä³ë îáñÿã³â ³íâåñòèö³é, ìåòîä ïåðåâ³ðêè ñòàòèñòè÷íèõ ã³ïîòåç,
ñòîõàñòè÷íà ìîäåëü ïðîãíîçóâàííÿ ÿâèù, â³ðîã³äí³ñòü ðåàë³çàö³¿ ïëàíîâèõ îáñÿã³â
³íâåñòèö³é, êîìïðîì³ñíå âèçíà÷åííÿ.
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Ïîñòàíîâêà ïðîáëåìè
Îö³íêè â³ðîã³äíîñò³ ðåàë³çàö³¿ âàð³àíò³â

âêëàäåííÿ ³íâåñòèö³é ó âèðîáíè÷ó ñôåðó â ðàì-
êàõ ì³æäåðæàâíîãî ïàðòíåðñòâà â ð³çíèõ çà îá-
ñÿãîì ïîºäíàííÿõ ³íâåñòèö³é ïðè ôàêòè÷íîìó
ðîçïîä³ë³ îáñÿã³â ³íâåñòóâàííÿ (íåð³äêî çóñòð³-
÷àºòüñÿ â ðåàëüíèõ óìîâàõ) âèÿâëÿþòüñÿ îñîá-

ëèâî àêòóàëüíèìè â óìîâàõ ïåðåñ³÷íèõ ã³ïîòåç
ïðî ö³ îáñÿãè. Âèêîðèñòàííÿ ³íîçåìíèõ ³ â³ò÷èç-
íÿíèõ ô³íàíñîâèõ ³ ìàòåð³àëüíèõ ðåñóðñ³â º îä-
í³ºþ ç³ ñêëàäîâèõ ñó÷àñíî¿ êîíöåïö³¿ åêîíîì³÷-
íîãî ³ ñîö³àëüíîãî ðîçâèòêó. Åôåêòèâíîìó âè-
êîðèñòàííþ öèõ ðåñóðñ³â, ÿê â³äîìî, ïåðåøêîä-
æàº íå ò³ëüêè òðàäèö³éíà ðîçá³æí³ñòü îáñÿã³â
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íàÿâíèõ ³ ïîòð³áíèõ ðåñóðñ³â, àëå ³ íååôåêòèâíå
óïðàâë³ííÿ ¿õ âèêîðèñòàííÿì. Öå óïðàâë³ííÿ
ñïðÿìîâàíå íà âèð³øåííÿ çàâäàíü: îðãàí³çàö³¿
ðîá³ò; êîíòðîëþ íàä ö³ëüîâèì âèêîðèñòàííÿì
êîøò³â; îá´ðóíòîâàíîãî ðîçïîä³ëó ðåñóðñ³â; ïëà-
íóâàííÿ âêëàäåííÿ ðåñóðñ³â; íàóêîâî îá´ðóíòî-
âàíîãî ïðîãíîçóâàííÿ ðåàë³çàö³¿ ð³øåíü, ïðèé-
íÿòèõ íà åòàï³ ïëàíóâàííÿ. Ñòàòòÿ ïðèñâÿ÷åíà
âèð³øåííþ îñòàííüîãî ç çàçíà÷åíèõ çàâäàíü.
Ñàìå ö³ îáñòàâèíè ñïðè÷èíÿþòü äîö³ëüí³ñòü
êîìïðîì³ñíîãî âèçíà÷åííÿ éìîâ³ðíîñò³ ðåàë³-
çàö³¿ îáñÿãó ô³íàíñóâàííÿ âèðîáíè÷î¿ ñôåðè
ï³ñëÿ ðîçâ’ÿçàííÿ çàäà÷³ ïðîãíîçóâàííÿ éìîâ³ð-
íîñòåé ðåàë³çàö³¿ âàð³àíò³â ³íâåñòóâàííÿ ³ç äæå-
ðåë â³ò÷èçíÿíèõ ³ äæåðåë ³íîçåìíèõ. Íåîáõ³äíî
óðàõîâóâàòè, ùî ð³âåíü öèõ äæåðåë, ÿê ïðàâèëî,
º ñóòòºâî ðîçìèòèì çà îáñÿãîì ÷åðåç ä³þ ôàê-
òîð³â âèïàäêîâîãî òèïó. Á³ëüø òîãî, ç ìåòîþ
çá³ëüøåííÿ ãàðàíòîâàíîñò³ ê³íöåâîãî ðåçóëüòà-
òó ïðîãíîçóâàííÿ ðåàë³çàö³¿ ³íâåñòèö³é, äîö³ëü-
íî äàë³, ï³ä ÷àñ ðîçâ’ÿçàííÿ íàóêîâîãî çàâäàííÿ
âèçíà÷åííÿ ìîæëèâîñòåé ðåàë³çàö³¿ ïëàíîâîãî
îáñÿãó ô³íàíñóâàííÿ âèðîáíè÷î¿ ñôåðè, çàñòî-
ñîâóâàòè íå ò³ëüêè ïðèíöèï êîìïðîì³ñíîãî óñå-
ðåäíåííÿ, àëå òàêîæ ³ ìåòîä ì³í³ìàêñíîãî âèç-
íà÷åííÿ ãàðàíòîâàíîãî ðåçóëüòàòó ðåàë³çàö³¿ ³íâå-
ñòèö³é.

Àíàë³ç îñòàíí³õ äîñë³äæåíü ³ ïóáë³êàö³é
Íà ñó÷àñíîìó åòàï³ ðîçâèòêó ìåòîä³â îá-

´ðóíòóâàííÿ ð³øåíü òà ìîäåëåé ïðîãíîçóâàííÿ
ðîçâèòêó ïðîöåñ³â åêîíîì³÷íîãî ðîçâèòêó ñóò-
òºâó ðîëü â³ä³ãðàþòü ôóíäàìåíòàëüí³ ðîáîòè â³äî-
ìèõ â÷åíèõ Ò.Ë. Ñààò³, Ï. Ô³øáåðíà, Ñ.À. Ñàð-
ê³ñÿíà, Ä. Ìàðñ³, Å.Ñ. Âåíòöåëÿ, ùî ïðèñâÿ÷åí³
ïðîáëåì³ îá’ºêòèâíîãî îáë³êó ³íôîðìàö³éíèõ
îçíàê ³ç ñóêóïíîñò³ âèõ³äíèõ äàíèõ ³ ïðàêòè÷íî-
ãî çàñòîñóâàííÿ ¿õ â çàäà÷àõ ïðèéíÿòòÿ óïðàâë³í-
ñüêèõ ð³øåíü. Âîíè ñïðÿìîâàí³ íà àíàë³ç, âèç-
íà÷åííÿ êîðèñíîñò³ òà ðèçèêó äîñë³äæåííÿ îïå-
ðàö³é, ïðèéíÿòòÿ ð³øåíü òà ïðîãíîçóâàííÿ ¿õ
íàñë³äê³â [1,2]. Â³äîìèìè º ðîáîòè àêàäåì³ê³â
ÍÀÍ Óêðà¿íè òà â÷åíèõ ²íñòèòóòó ê³áåðíåòèêè
³ìåí³ Â.Ì. Ãëóøêîâà ÍÀÍ Óêðà¿íè. Îäíàê çà-
äà÷³ ïðîãíîçóâàííÿ ðåàë³çàö³¿ ïëàí³â ³ âèçíà÷åííÿ
îö³íîê â³ðîã³äíîñò³ ïðîãíîçóâàííÿ (ðåàë³çàö³¿
âàð³àíò³â îäíî÷àñíîãî ³íâåñòóâàííÿ) ïî îáìåæå-
íîìó ÷èñëó îçíàê ïðè ïåðåñ³÷íèõ ã³ïîòåçàõ ïðî
îáñÿãè ³íâåñòóâàííÿ äëÿ ðåàë³çàö³¿ öèõ âàð³àíò³â,
íà æàëü, ïðèä³ëÿºòüñÿ ìàëî óâàãè é â ñó÷àñíèõ
ïóáë³êàö³ÿõ. Â òîé ñàìèé ÷àñ, ÿê ïîêàçóº àíàë³ç,
ïîºäíàííÿ â ïîâíîìó îáñÿç³  îçíàê, ùî çá³ãà-
þòüñÿ, õàðàêòåðíèõ äëÿ òèïîâèõ âàð³àíò³â âêëà-
äåííÿ ³íâåñòèö³é, äîçâîëÿº äîñÿãàòè ïðèéíÿò-
íî¿ äëÿ ïðàêòèêè â³ðîã³äí³ñò³ [3,4]. Çîêðåìà, íà-

áóâàþòü àêòóàëüíîñò³ ïóáë³êàö³¿ ðåçóëüòàò³â
ð³øåííÿ çàäà÷ ïðîãíîçóâàííÿ ðåàë³çàö³¿ ïëàí³â ³
âèçíà÷åííÿ îö³íîê â³ðîã³äíîñò³ ïðîãíîçóâàííÿ
ðåàë³çàö³¿ âàð³àíò³â ô³íàíñóâàííÿ ³ ð³çíîãî ¿õ
ð³âíÿ çà óìîâ îáìåæåíîãî ÷èñëà îçíàê ïðè ïå-
ðåñ³÷íèõ ã³ïîòåçàõ ïðî ôàêòè÷í³ ðîçïîä³ëè îá-
ñÿã³â ÷åðåç áåçë³÷ âèïàäêîâèõ ôàêòîð³â, ùî âïëè-
âàþòü íà öþ ðåàë³çàö³þ îáñÿã³â ³íâåñòèö³é.
Ïîä³áí³ ðåçóëüòàòè âæå ïóáë³êóâàëè àâòîðè â [5–
7]. Äëÿ îö³íêè ìîæëèâîñò³ ðåàë³çàö³¿ âàð³àíò³â
âêëàäåííÿ ³íâåñòèö³é, ùî çíàõîäÿòüñÿ â ðîçïî-
ðÿäæåíí³ îðãàí³â óïðàâë³ííÿ åêîíîì³÷íèì ðîç-
âèòêîì, à òàêîæ ó â³äïîâ³äíèõ ñòàòèñòè÷íèõ óï-
ðàâë³ííÿõ, º ³íôîðìàö³ÿ ïðî çàïëàíîâàí³ ðîç-
ïîä³ëè íàÿâíèõ àáî î÷³êóâàíèõ îáñÿã³â ³íâåñòó-
âàííÿ, òîáòî ñòàòèñòè÷íà ³íôîðìàö³ÿ ïðî îçíà-
êè, ÿê³ º ³íôîðìàö³éíîþ îñíîâîþ äëÿ âèð³øåí-
íÿ çàçíà÷åíîãî çàâäàííÿ. Ó äàí³é ðîáîò³ ïðîïî-
íóºòüñÿ é îá´ðóíòîâóºòüñÿ âàð³àíò çàñòîñóâàííÿ
ìåòîäó ïåðåâ³ðêè ñòàòèñòè÷íèõ ã³ïîòåç äëÿ îö³-
íþâàííÿ ðåàë³çàö³¿ âàð³àíò³â âêëàäåííÿ ³íâåñ-
òèö³é ó ñôåðó âèðîáíèöòâà äëÿ á³ëüø îá´ðóíòî-
âàíîãî ïðèéíÿòòÿ ð³øåíü íà åòàï³ ïëàíóâàííÿ
ðîçâèòêó ï³äïðèºìñòâà â óìîâàõ íåâèçíà÷åíîñò³.
«Ïåðåâ³ðêà ñòàòèñòè÷íèõ ã³ïîòåç – êëàñ áàçîâèõ
çàäà÷ â ìàòåìàòè÷í³é ñòàòèñòèö³, ùî ïîëÿãàþòü
ó ïåðåâ³ðö³ ñòàòèñòè÷íèõ ã³ïîòåç íà îñíîâ³ äà-
íèõ ñïîñòåðåæåííÿ çà ïðîöåñîì, ÿêèé ìîäå-
ëþºòüñÿ çà äîïîìîãîþ ìíîæèíè âèïàäêîâèõ âå-
ëè÷èí» [8]. Òåîð³ÿ ïåðåâ³ðêè ñòàòèñòè÷íèõ ã³ïî-
òåç, îñíîâè ÿêî¿ çàêëàëè Å´îí Ï³ðñîí òà ªæè
Íåéìàí ìàéæå ñòîë³òòÿ òîìó, º îñíîâíèì ìàòå-
ìàòè÷íèì áàçèñîì, ùî çàñòîñîâóºòüñÿ äëÿ ñèí-
òåçó ìåòîä³â òà àëãîðèòì³â, ïðèçíà÷åíèõ äëÿ ðîç-
â’ÿçàííÿ çàäà÷ âèÿâëåííÿ ³ ðîçï³çíàâàííÿ ñèã-
íàë³â òà îáðàç³â. Íå ìåíø âàæëèâîþ ïðèêëàä-
íîþ ñôåðîþ çàñòîñóâàííÿ öüîãî ìàòåìàòè÷íîãî
àïàðàòó º ðîçðîáëåííÿ ìåòîäèê ñòàòèñòè÷íîãî
àíàë³çó åêîíîì³÷íèõ, á³îìåäè÷íèõ òà ñîö³àëüíèõ
äàíèõ. Íèí³ ³ñíóº çíà÷íèé äîðîáîê ó öüîìó íà-
ïðÿì³ òà âåëèêà ê³ëüê³ñòü ð³çíîìàí³òíèõ ìåòîä³â
ïåðåâ³ðêè ñòàòèñòè÷íèõ ã³ïîòåç. Àíàë³ç ñèòóàö³¿
âêàçóº íà òå, ùî íàéïîøèðåí³øèì º òàê çâà-
íèé áàéºñîâèé ï³äõ³ä, â³äïîâ³äíî äî ÿêîãî ñèí-
òåç ñòàòèñòè÷íèõ êðèòåð³¿â óçãîäæåííÿ òà ïðà-
âèë ïðèéíÿòòÿ ð³øåíü ´ðóíòóºòüñÿ íà ôîðìó-
âàíí³ â³äíîøåííÿ ïðàâäîïîä³áíîñò³. Òàêèé ï³äõ³ä
ïîòðåáóº ïîâíîãî îïèñó ñòàòèñòè÷íèõ äàíèõ ó
âèãëÿä³ ù³ëüíîñò³ ðîçïîä³ëó éìîâ³ðíîñòåé òà â
çàãàëüíîìó âèïàäêó âèìàãàº äîñòàòíüî ñêëàäíèõ
àíàë³òè÷íèõ âèêëàäåíü, íåîáõ³äíèõ äëÿ âèçíà-
÷åííÿ ÿê³ñíèõ õàðàêòåðèñòèê âèð³øíèõ ïðàâèë,
ÿê³ ÷àñòî âäàºòüñÿ îòðèìàòè ëèøå äëÿ àñèìïòî-
òè÷íîãî âèïàäêó, êîëè îáñÿã âèá³ðêè ïðÿìóº äî
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íåñê³í÷åííîñò³. Ðîçâ’ÿçàííÿ ïîä³áíèõ çàäà÷ çíà÷-
íî ñïðîùóºòüñÿ, ÿêùî ñòàòèñòè÷í³ äàí³ ìîæóòü
áóòè àäåêâàòíî îïèñàí³ Ãàóñîâèì ðîçïîä³ëîì.
Âèêîðèñòàííÿ ïîä³áíî¿ ìîäåë³ äàº çìîãó ñèíòå-
çóâàòè äîâîë³ ïðîñò³ òà åôåêòèâí³ âèð³øí³ ïðà-
âèëà, ÿê³, çàëåæíî â³ä êîíêðåòíî¿ ñèòóàö³¿, ìîæ-
íà ëåãêî îïòèì³çóâàòè çà ïåâíèì éìîâ³ðí³ñíèì
êðèòåð³ºì (Áàéºñà, Íåéìàíà–Ï³ðñîíà, ì³í³ìàê-
ñíèì òîùî) [9].

Ôîðìóëþâàííÿ ìåòè äîñë³äæåííÿ
Ìåòîþ äîñë³äæåííÿ º âèð³øåííÿ íàóêîâî-

åêîíîì³÷íî¿ óïðàâë³íñüêî¿ çàäà÷³ ïðîãíîçóâàí-
íÿ ìîæëèâîñòåé (òîáòî éìîâ³ðíîñòåé) ðåàë³çàö³¿
êîæíîãî ç îáñÿã³â (âàð³àíò³â) ³íâåñòèö³é ³ç ð³çíèõ
äæåðåë. Çàäà÷à âèð³øóºòüñÿ çà äîïîìîãîþ ìåòî-
äà ïåðåâ³ðêè ñòàòèñòè÷íèõ ã³ïîòåç íà îñíîâ³ ñòî-
õàñòè÷íî¿ ìîäåë³ äëÿ îö³íêè éìîâ³ðíîñòåé ðåà-
ë³çàö³¿ ð³øåíü, ùî ïðèéíÿò³ íà åòàï³ ïëàíóâàí-
íÿ ðîçâèòêó ï³äïðèºìñòâà â óìîâàõ íåâèçíà÷å-
íîñò³ òà îòðèìàííÿ àäåêâàòíî¿ ìîäåë³ äëÿ ïðî-
öåñ³â ³íâåñòóâàííÿ áåç íàñë³äê³â, ÿêà íàéá³ëüø
â³ðíî çîáðàæàº ñèñòåìó. Îö³íþâàííÿ â³ðîã³äíîñò³
ðåàë³çàö³¿ öèõ îáñÿã³â â óìîâàõ íåòî÷íèõ äàíèõ
ïðî ôàêòè÷íèé ðîçïîä³ë îáñÿã³â (ÿêèé íåð³äêî
çóñòð³÷àºòüñÿ â ðåàëüíèõ óìîâàõ) âèÿâëÿþòüñÿ
îñîáëèâî àêòóàëüíèìè é êîðèñíèìè â óìîâàõ
ïåðåñ³÷åííÿ ã³ïîòåç ³ çàñòîñóâàííÿ ìåòîäó
ì³í³ìàêñó ïîäîëàííÿ íåâèçíà÷åíîñò³ àíòàãîí³-
ñòè÷íîãî õàðàêòåðó.

Ïîñòàíîâêà çàâäàííÿ
Ð³øåííÿ çàâäàííÿ ïðîãíîçóâàííÿ éìîâ³ð-

íîñò³ ðåàë³çàö³¿ âàð³àíò³â âêëàäåííÿ ³íâåñòèö³é
äîö³ëüíî øóêàòè ìåòîäîì ïåðåâ³ðêè ñòàòèñòè÷-
íèõ ã³ïîòåç. Ð³øåííÿ òàêîãî çàâäàííÿ ìàº áàãà-
òî äîäàòê³â. Äëÿ âèçíà÷åíîñò³ ðîçãëÿíåìî ð³øåí-
íÿ çàäà÷³ íà ïðèêëàä³ ñôåðè âèðîáíèöòâà [10–
15]. Ïîáóäóºìî ìîäåëü äëÿ ïðîãíîçóâàííÿ ðåàë³-
çàö³¿ íàì³÷åíèõ âàð³àíò³â âêëàäåííÿ â³ò÷èçíÿíèõ
òà ³íîçåìíèõ ³íâåñòèö³é â óìîâàõ êîíêóðåíòíèõ
ã³ïîòåç ïðî ðîçð³çíåííÿ çà äâîìà îçíàêàìè êîæ-
íîãî, íàïðèêëàä, ç ÷îòèðüîõ çàïëàíîâàíèõ âàð³-
àíò³â âèêîðèñòàííÿ ³íâåñòèö³é [16]. Áóäåìî ââà-
æàòè, ùî îçíàêè ó âèãëÿä³ íàÿâíèõ îáñÿã³â Ð1 é
Ð2 ³íâåñòèö³é âèçíà÷àþòü ðåàë³çàö³þ âàð³àíò³â ³
ìàþòü òàêèé âèãëÿä: îçíàêà Ð1 – îáñÿã
âíóòð³øí³õ (â³ò÷èçíÿíèõ) ³íâåñòèö³é ó ñôåðó
âèðîáíèöòâà â ðàìêàõ ³íîçåìíîãî é âíóòð³ø-
íüîãî ïàðòíåðñòâà. Îçíàêà Ð2 – îáñÿãè çîâí³øí³õ
(³íîçåìíèõ) ³íâåñòèö³é ó âèðîáíè÷ó ñôåðó â ðàì-
êàõ çîâí³øíüîãî è âíóòð³øíüîãî ïàðòíåðñòâà.
Î÷³êóâàí³ âàð³àíòè ðåàë³çàö³¿ ³íâåñòèö³é ç óðà-
õóâàííÿì ðîçïîä³ëó îçíàê Ð1, Ð2 ïðåäñòàâèìî ó
âèãëÿä³ íàñòóïíîãî ïåðåë³êó:

1. Íèçüêèé ð³âåíü ÿê â³ò÷èçíÿíîãî, òàê ³

³íîçåìíîãî ³íâåñòóâàííÿ ó âèðîáíè÷ó ñôåðó.
2. Íèçüêèé ð³âåíü â³ò÷èçíÿíîãî ³ âåëèêèé

ð³âåíü ³íîçåìíîãî ³íâåñòóâàííÿ ó âèðîáíè÷ó
ñôåðó.

3. Âåëèêèé ð³âåíü ÿê â³ò÷èçíÿíîãî, òàê ³
³íîçåìíîãî ³íâåñòóâàííÿ â âèðîáíè÷ó ñôåðó.

4. Âåëèêèé ð³âåíü â³ò÷èçíÿíîãî ³ ìàëèé
ð³âåíü ³íîçåìíîãî ³íâåñòóâàííÿ â âèðîáíè÷ó
ñôåðó.

Ç òàêîãî ïåðåë³êó âàð³àíò³â ñë³äóº, ùî çà-
äà÷à îö³íþâàííÿ éìîâ³ðíîñòåé ðåàë³çàö³¿ êîæ-
íîãî ç âàð³àíò³â ³íâåñòóâàííÿ ïîâèííà áóòè âè-
ð³øåíà â óìîâàõ ïåðåñ³÷íèõ ã³ïîòåç. ²ç çàçíà÷å-
íîãî ïåðåë³êó òàêîæ âèïëèâàº, ùî õàðàêòåðèñ-
òèêè êîæíîãî ç âàð³àíò³â ìàþòü õî÷à á îäíó
â³äì³íí³ñòü â³ä õàðàêòåðèñòèê áóäü-ÿêîãî ç âàð³-
àíò³â. Ê³ëüê³ñí³ â³äì³ííîñò³ êîæíîãî ç ÷îòèðüîõ
âàð³àíò³â ³íâåñòóâàííÿ º íàñòóïíèìè:

1. Íèçüêîìó ð³âíþ â³ò÷èçíÿíîãî òà íèçü-
êîìó ð³âíþ ³íîçåìíîãî ³íâåñòóâàííÿ ó âèðîá-
íè÷ó ñôåðó â³äïîâ³äàº íèçüêèé ð³âåíü îçíàê ³
Ð1, ³ Ð2.

2. Íèçüêîìó ð³âíþ â³ò÷èçíÿíîãî ³ âåëèêî-
ìó ð³âíþ ³íîçåìíîãî ³íâåñòóâàííÿ ó âèðîáíè÷ó
ñôåðó â³äïîâ³äàº íèçüêèé ð³âåíü îçíàêè Ð1 ³ âå-
ëèêèé ð³âåíü îçíàêè Ð2.

3. Âåëèêîìó ð³âíþ â³ò÷èçíÿíîãî ³ âåëèêîãî
ð³âíÿ ³íîçåìíîãî ³íâåñòóâàííÿ ó âèðîáíè÷ó ñôå-
ðó â³äïîâ³äàº âåëèêèé ð³âåíü îçíàêè Ð1 ³ âåëè-
êèé ð³âåíü îçíàêè Ð2.

4. Âåëèêîìó ð³âíþ â³ò÷èçíÿíîãî òà íèçü-
êîìó ð³âíþ ³íîçåìíîãî ³íâåñòóâàííÿ ó âèðîá-
íè÷ó ñôåðó â³äïîâ³äàº âåëèêèé ð³âåíü îçíàêè Ð1

³ íèçüêèé ð³âåíü îçíàêè Ð2.
Â ðåçóëüòàò³ çàäà÷à çâîäèòüñÿ äî âèçíà÷åí-

íÿ çíà÷åíü éìîâ³ðíîñò³ ðåàë³çàö³¿ é óìîâíèõ éìî-
â³ðíîñòåé ïîìèëîê ïðîãíîçó ðåàë³çàö³¿ êîæíîãî
³ç çàçíà÷åíèõ ÷îòèðüîõ âàð³àíò³â âêëàäåííÿ ³íâå-
ñòèö³é (çà ðåçóëüòàòàìè ðåàëüíî¿ ðîçìèòîñò³ îç-
íàê, òîáòî çà ðåçóëüòàòàìè çàçâè÷àé íåòî÷íèõ
äàíèõ ïðî îáñÿã î÷³êóâàíèõ ³íâåñòèö³é ó ñôåðó
âèðîáíèöòâà).

Âèêëàäåííÿ îñíîâíîãî ìàòåð³àëó äîñë³äæåííÿ
Â ñèëó íåäîñòàòíüî¿ ðîçð³çíåíîñò³ âàð³àíò³â

ç êîæíèì ç îçíàê ñïîñòåðåæóâàíå çíà÷åííÿ îç-
íàêè Ð1 äîçâîëÿº âèñëîâèòè ëèøå äâ³ ã³ïîòåçè:

À1 (Ð1 – íèçüêîãî ð³âíÿ): ðåàë³çóºòüñÿ âàð³-
àíò 1 (âèïàäîê 1.1) àáî âàð³àíò 2 (âèïàäîê 1.2);

À2 (Ð1 – âåëèêîãî ð³âíÿ): ðåàë³çóºòüñÿ âàð³-
àíò 3 (âèïàäîê 2.2) àáî âàð³àíò 4 (âèïàäîê 2.1).

Àíàëîã³÷íî ñïîñòåðåæóâàíå çíà÷åííÿ îçíà-
êè Ð2 äîçâîëÿº ñóäèòè ïðî ñïðàâåäëèâ³ñòü îäí³º¿
ç äâîõ íàñòóïíèõ ã³ïîòåç:

Â1 (Ð2 – íèçüêîãî ð³âíÿ): ðåàë³çóºòüñÿ âàð³-
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àíò 1 (âèïàäîê 1.1) àáî âàð³àíò 4 (âèïàäîê 2.1);
Â2 (Ð2 – âåëèêîãî ð³âíÿ): ðåàë³çóºòüñÿ âàð³-

àíò 2 (âèïàäîê 1.2) àáî âàð³àíò 3 (âèïàäîê 2.2).
Óìîâí³ ù³ëüíîñò³ éìîâ³ðíîñòåé çíà÷åíü

îçíàê ÷åðåç âåëèêó ê³ëüê³ñòü âèïàäêîâèõ ôàê-
òîð³â, ÿê³ âïëèâàþòü íà ¿õ âåëè÷èíó, çà óìîâ
ñïðàâåäëèâîñò³ ââåäåíèõ ã³ïîòåç ââàæàòèìåìî
â³äîìèìè ôóíêö³ÿìè.

Äëÿ ã³ïîòåç À1, À2 òà Â1, Â2 ïîçíà÷èìî óìîâí³
ù³ëüíîñò³ éìîâ³ðíîñòåé â âèãëÿä³

1 1
1 2

1 2

P P
f ,  f ;

A A

   
   
   

2 2
1 2

1 2

P P
,  .

B B

   
    
   

Íåâàæêî ïåðåêîíàòèñÿ, ùî ö³ ù³ëüíîñò³
éìîâ³ðíîñòåé îçíàê ìàþòü âèãëÿä ðîçïîä³ëó Ðå-
ëåÿ. Ä³éñíî, ç äîñâ³äó â³äîìà åêñïîíåíö³àëüíà
çàëåæí³ñòü ð³âíÿ çíèæåííÿ éìîâ³ðíîñò³ ïðèé-
íÿòòÿ íåïðàâèëüíîãî ð³øåííÿ ïðî ðåàë³çàö³þ
âàð³àíòó ³íâåñòóâàííÿ. Ç ðîñòîì àáñîëþòíîãî
çíà÷åííÿ îçíàêè ðåàë³çîâàíîñò³ â óìîâàõ âèïàä-
êîâèõ ôàêòîð³â, ùî çàâàæàþòü ïðèéíÿòòþ
ð³øåíü, öÿ éìîâ³ðí³ñòü ìîíîòîííî çìåíøóºòü-
ñÿ, òîáòî ìàþòü ì³ñöå ôîðìóëè éìîâ³ðíîñòåé
íàñòóïíîãî âèãëÿäó:

 
2

1
1 1 2

i

P
F P exp ,  i 1,2;

2a

 
   

 

 
2

2
j 2 2

j

P
P exp ,  j 1,2,

2

 
    

  
(1)

äå 1/(2à2), 1/(22) – øâèäêîñò³ çíèæåííÿ â³ðîã³-
äíîñò³ ïðèéíÿòòÿ íåïðàâèëüíèõ ð³øåíü ïðî ðå-
àë³çàö³þ âàð³àíò³â ³íâåñòóâàííÿ. Îòæå, éìîâ³ð-
íîñò³ ïðèéíÿòòÿ ïðàâèëüíèõ ð³øåíü ìàþòü âèã-
ëÿä:

 
2

1
i 1 2

i

P
1 F P 1 exp ,  i 1, 2;

2a

 
     

 

 
2

2
j 2 2

j

P
1 P 1 exp ,  j 1, 2.

2

 
     

  

  Çâ³äñè (â ðåçóëüòàò³ äèôåðåíö³þâàííÿ
éìîâ³ðíîñòåé) îòðèìóºìî ù³ëüíîñò³ éìîâ³ðíî-
ñòåé â âèãëÿä³ ðîçïîä³ëó Ðåëåÿ (ðèñ. 1, 2):

 
2

1 1 1
1 2 2

j j j

P P P
f exp ,  j 1, 2;

A a 2a

   
           

2

2 2 2
j 2 2

j j j

P P P
exp ,  j 1, 2.

B 2

   
             

(2)

Ðèñ. 1. Ù³ëüíîñò³ éìîâ³ðíîñòåé ðåàë³çàö³¿ îáñÿã³â

³íâåñòèö³é äëÿ 1-ãî, 2-ãî òà 3-ãî, 4-ãî âàð³àíò³â

Ðèñ. 2. Ù³ëüíîñò³ éìîâ³ðíîñòåé ðåàë³çàö³¿ îáñÿã³â

³íâåñòèö³é äëÿ 1-ãî, 4-ãî òà 2-ãî, 3-ãî âàð³àíò³â

Êîæíà ç ã³ïîòåç Ài, Bj (i=1,2; j=1,2) º îá’ºä-
íàíÿì äâîõ ã³ïîòåç, ÿê³ îáèðàþòü ç íàñòóïíî¿
ìíîæèíè ã³ïîòåç (âèïàäê³â):

Ñ11 – âèïàäîê 1.1 (ð³øåííÿ ïðî ðåàë³çàö³þ
âàð³àíòó-1);

Ñ12 – âèïàäîê 1.2 (ð³øåííÿ ïðî ðåàë³çàö³þ
âàð³àíòó-2);

Ñ21 – âèïàäîê 2.1 (ð³øåííÿ ïðî ðåàë³çàö³þ
âàð³àíòó-4);

Ñ22 – âèïàäîê 2.2 (ð³øåííÿ ïðî ðåàë³çàö³þ
âàð³àíòó-3).

Ïðè öüîìó ìàþòü ì³ñöå òàê³ îá’ºäíàííÿ
ã³ïîòåç ó âèãëÿä³

A1=C11C12; A2=C21C22;
B1=C11C21; B2=C12C22.
Ñïîñòåðåæóâàí³ çíà÷åííÿ îçíàê Ð1, Ð2 ââà-

æàþòüñÿ ñòàòèñòè÷íî íåçàëåæíèìè, ùî ñïðàâåä-
ëèâî ïðè ñëàáêîìó âïëèâ³, ñïîòâîðþþòü çàãàëü-
íèõ âèïàäêîâèõ ôàêòîð³â íà ðåçóëüòàòè ñïîñòå-
ðåæåííÿ îçíàê.
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Ç ââåäåíèõ ÷îòèðüîõ ã³ïîòåç Ài, Bj (i=1,2;
j=1,2) ìîæíà îòðèìàòè ã³ïîòåçè Ñij ÿê ïåðåòèí
â³äïîâ³äíèõ ã³ïîòåç Ài, Bj, à ñàìå:

Cij=AiBj, i=1,2; j=1,2

ç äâîâèì³ðíèìè óìîâíèìè ù³ëüíîñòÿìè éìîâ³ð-
íîñòåé îçíàê Ð1 òà Ð2 â âèãëÿä³:

1 2 1 2
ij i j

i j i j

P P P P
, f ,  i 1, 2;  j 1,2.

A B A B

    
               

 (3)

Â³ðîã³äíîñò³ ïðîãíîçóâàííÿ ðåàë³çàö³¿ êîæ-
íîãî ç³ ñïîñòåðåæóâàíèõ âàð³àíò³â íåâàæêî îö³-
íèòè, îá÷èñëþþ÷è éìîâ³ðíîñò³ ïðèéíÿòòÿ ïðà-
âèëüíèõ ð³øåíü ³ ïîìèëîê ïðèéíÿòòÿ ð³øåíü ïðè
ðîçãëÿä³ ðîçïîä³ëó îáñÿã³â ³íâåñòèö³é, ùî º íà-
ì³÷óâàíèìè, ïî êîæíîìó ç âàð³àíò³â ¿õ âèêîðèñ-
òàííÿ. Äëÿ öüîãî íåîáõ³äíî ïîð³âíÿòè ñïîñòå-
ðåæóâàí³ çíà÷åííÿ îçíàê Ð1 òà Ð2 ç â³äïîâ³äíèìè
ïîðîãàìè Ð10 òà Ð20, îáðàíèìè, íàïðèêëàä, çà
êðèòåð³ºì «³äåàëüíîãî ñïîñòåð³ãà÷à». Óìîâí³
ù³ëüíîñò³ éìîâ³ðíîñòåé ïðàâèëüíèõ ³ ïîìèëêî-
âèõ ð³øåíü ïðî ðåàë³çàö³þ ³íâåñòóâàííÿ ïðè
öüîìó óòâîðþþòü ìàòðèöþ â íàñòóïíîìó âèã-
ëÿä³:

.

FFFF

FFFF

FFFF

FFFF

F

22
22

22
21

22
12

22
11

21
22

21
21

21
12

21
11

12
22

12
21

12
12

12
11

11
22

11
21

11
12

11
11





















  (4)

Åëåìåíòè ö³º¿ ìàòðèö³ F º ê³ëüê³ñíîþ îö³í-
êîþ â³äïîâ³äíèõ óìîâíèõ ù³ëüíîñòåé éìîâ³ð-
íîñò³ ðåàë³çàö³¿ ³íâåñòèö³é:

11
11F – éìîâ³ðí³ñòü ïðàâèëüíîãî ïðîãíîçó-

âàííÿ ðåàë³çàö³¿ âàð³àíòó-1, ÿêà ê³ëüê³ñíî äîð³â-
íþº éìîâ³ðíîñò³ ñï³ëüíî¿ ñïðàâåäëèâîñò³ ã³ïî-
òåç À1 òà Â1;

11
12F  – éìîâ³ðí³ñòü ïîìèëêîâîãî ïðîãíîçó-

âàííÿ ðåàë³çàö³¿ âàð³àíòó-1, ÿêà ê³ëüê³ñíî äîð³â-
íþº éìîâ³ðíîñò³ ñï³ëüíî¿ ñïðàâåäëèâîñò³ ã³ïî-
òåç À1 ÿê äëÿ âàð³àíòó-1, òàê ³ äëÿ âàð³àíòó-2, ùî
äîð³âíþº éìîâ³ðíîñò³ ñïðàâåäëèâîñò³ ã³ïîòåçè À1

³ íåñïðàâåäëèâîñò³ ã³ïîòåçè Â1;
11
21F  – éìîâ³ðí³ñòü ïîìèëêîâîãî ð³øåííÿ

ïðî ðåàë³çàö³þ âàð³àíòó-1, ÷åðåç ñï³ëüíîñò³ ã³ïî-
òåçè Â1 ÿê äëÿ âàð³àíòó-1, òàê ³ äëÿ âàð³àíòó-4,
ùî äîð³âíþº éìîâ³ðíîñò³ ñïðàâåäëèâîñò³ ã³ïî-
òåçè Â1 é íåñïðàâåäëèâîñò³ ã³ïîòåçè À1;

11
22F  – éìîâ³ðí³ñòü ïîìèëêîâîãî ð³øåííÿ

ïðî ðåàë³çàö³þ âàð³àíòó-1, ùî äîð³âíþº éìîâ³ð-
íîñò³ ñï³ëüíî¿ íåñïðàâåäëèâîñò³ é ã³ïîòåçè À1, ³
ã³ïîòåçè Â1; öÿ ïîä³ÿ ñï³ëüíî¿ íåñïðàâåäëèâîñò³

äîïîâíþº ïîä³¿, ïåðåðàõîâàí³ âèùå, äî ïîâíî¿
ãðóïè ïîä³é ç ã³ïîòåçàìè À1 òà Â1;

12
11F  – éìîâ³ðí³ñòü ïîìèëêîâîãî ð³øåííÿ

ïðî ðåàë³çàö³þ âàð³àíòó-2, ùî äîð³âíþº éìîâ³ð-
íîñò³ ñï³ëüíîãî ïîä³¿, à ñàìå, ñïðàâåäëèâîñò³
ã³ïîòåçèÀ1 ³ íåñïðàâåäëèâîñò³ ã³ïîòåçè Â2;

12
12F  – éìîâ³ðí³ñòü ïðàâèëüíîãî ïðîãíîçó-

âàííÿ ðåàë³çàö³¿ âàð³àíòó-2, ÿêà ê³ëüê³ñíî äîð³â-
íþº éìîâ³ðíîñò³ ñï³ëüíî¿ ñïðàâåäëèâîñò³ ³ ã³ïî-
òåçè À1, ³ ã³ïîòåçè Â2;

12
21F  – éìîâ³ðí³ñòü ïîìèëêîâîãî ð³øåííÿ

ïðî ðåàë³çàö³þ âàð³àíòó-2, ùî äîð³âíþº éìîâ³ð-
íîñò³ íåñïðàâåäëèâîñò³ é ã³ïîòåçè À1, ³ ã³ïîòåçè
Â2;

12
22F  – éìîâ³ðí³ñòü ïîìèëêîâîãî ð³øåííÿ

ïðî ðåàë³çàö³þ âàð³àíòó-2, ùî äîð³âíþº éìîâ³ð-
íîñò³ íåñïðàâåäëèâîñò³ ã³ïîòåçè À1 ³ ñïðàâåäëè-
âîñò³ ã³ïîòåçè Â2;

21
11F  – éìîâ³ðí³ñòü ïîìèëêîâîãî ð³øåííÿ

ïðî ðåàë³çàö³þ âàð³àíòó-4, ùî äîð³âíþº éìîâ³ð-
íîñò³ ñïðàâåäëèâîñò³ ã³ïîòåçè Â1 ³ íåñïðàâåäëè-
âîñò³ ã³ïîòåçè À2;

21
12F  – éìîâ³ðí³ñòü ïîìèëêîâîãî ð³øåííÿ

ïðî ðåàë³çàö³þ âàð³àíòó-4, ùî äîð³âíþº éìîâ³ð-
íîñò³ ñï³ëüíî¿ íåñïðàâåäëèâîñò³ ³ ã³ïîòåçè À2, ³
ã³ïîòåçè Â1;

21
21F  – éìîâ³ðí³ñòü ïðàâèëüíîãî ïðîãíîçó-

âàííÿ ðåàë³çàö³¿ âàð³àíòó-4, ùî äîð³âíþº éìîâ-
³ðíîñò³ ñï³ëüíî¿ ñïðàâåäëèâîñò³ é ã³ïîòåçè À2, ³
ã³ïîòåçè Â1;

21
22F  – éìîâ³ðí³ñòü ïîìèëêîâîãî ð³øåííÿ

ïðî ðåàë³çàö³þ âàð³àíòó-4, ùî äîð³âíþº éìîâ³ð-
íîñò³ ñïðàâåäëèâîñò³ ã³ïîòåçè À2 ³ íåñïðàâåäëè-
âîñò³ ã³ïîòåçè Â1;

22
11F - éìîâ³ðí³ñòü ïîìèëêîâîãî ð³øåííÿ ïðî

ðåàë³çàö³þ âàð³àíòó-3, ùî äîð³âíþº éìîâ³ðíîñò³
íåñïðàâåäëèâîñò³ é ã³ïîòåçè À2, ³ ã³ïîòåçè Â2;

22
12F  – éìîâ³ðí³ñòü ïîìèëêîâîãî ð³øåííÿ

ïðî ðåàë³çàö³þ âàð³àíòó-3, ùî äîð³âíþº éìîâ³ð-
íîñò³ íåñïðàâåäëèâîñò³ ã³ïîòåçè À2 ³ ñïðàâåäëè-
âîñò³ ã³ïîòåçè Â2;

22
21F  – éìîâ³ðí³ñòü ïîìèëêîâîãî ð³øåííÿ

ïðî ðåàë³çàö³þ âàð³àíòó-3, ùî äîð³âíþº éìîâ³ð-
íîñò³ ñïðàâåäëèâîñò³ ã³ïîòåçè À2 ³ íåñïðàâåäëè-
âîñò³ ã³ïîòåçè Â2;

22
22F  – éìîâ³ðí³ñòü ïðàâèëüíîãî ïðîãíîçó-

âàííÿ ðåàë³çàö³¿ âàð³àíòó-3, ùî äîð³âíþº éìîâ-
³ðíîñò³ ñï³ëüíî¿ ñïðàâåäëèâîñò³ é ã³ïîòåçè À2, ³
ã³ïîòåçè Â2.

Ïðè öüîìó, â ñèëó íåçàëåæíîñò³ ðåàë³çàö³é
îçíàê Ð1 òà Ð2, êîæåí åëåìåíò ìàòðèö³ F ÿâëÿº
ñîáîþ äîáóòîê éìîâ³ðíîñòåé â âèãëÿä³:

 ,2,1l,k,j,i,NRF
j
l

i
k

ij
kl

  (5)
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äå i
k

R  – éìîâ³ðí³ñòü ñïðàâåäëèâîñò³ ã³ïîòåçè À1,
ÿêà äîð³âíþº

,dx
A

x
fR
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p
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1
1
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







 

äå 1
1N  – éìîâ³ðí³ñòü ñïðàâåäëèâîñò³ ã³ïîòåçè Â1,

ÿêà äîð³âíþº

;dy
B

y
N

1

p

0
1

1
1

20









 

äå 1
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Âèäíî, ùî ìàòðèöÿ (6) (íàçâåìî ¿¿ ìàòðè-
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â³ðíîñòåé ïîä³é, ùî ñòàíîâëÿòü ¿õ ïîâíó ãðó-
ïó [1].
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Òàêèì ÷èíîì, ÿêùî ïàðàìåòðè ðîçïîä³ë³â
fi é j, i=1,2; j=1,2 â³äîì³, òî åëåìåíòè ìàòðèö³
â³ðîã³äíîñò³ òåæ â³äîì³. Öå äîçâîëÿº âèçÿòè ç íå¿
ïîâíó ³íôîðìàö³þ ïðî ìîæëèâîñò³ ïðàâèëüíîãî
ïðîãíîçóâàííÿ ìîæëèâîñò³ áóòè ðåàë³çîâàíèì
êîæíîãî ç âàð³àíò³â ³íâåñòóâàííÿ ì³æäåðæàâíî-
ãî ïàðòíåðñòâà, à òàêîæ ³íôîðìàö³þ ïðî ïîìèëêè
ïðîãíîçóâàííÿ. Éìîâ³ðíîñò³ ïðàâèëüíîãî ïðî-
ãíîçóâàííÿ ìîæëèâîñò³ áóòè ðåàë³çîâàíèì êîæ-
íîãî ç ÷îòèðüîõ âàð³àíò³â îá÷èñëèìî çà äîïîìî-
ãîþ ïðîñòèõ ñï³ââ³äíîøåíü:

1. Äëÿ âàð³àíòó-1 îòðèìóºìî 1
1

1
1NR .

2. Äëÿ âàð³àíòó-2 îòðèìóºìî  2
1

1
1 N1R  .

3. Äëÿ âàð³àíòó-3 îòðèìàºìî çíà÷åííÿ éìî-
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â³ðíîñò³, ùî äîð³âíþº   2
1

2
1 N1R1  .

4. Äëÿ âàð³àíòó-4 çíàõîäèìî éìîâ³ðí³ñòü
ïðàâèëüíîãî ïðîãíîçóâàííÿ éîãî ðåàë³çàö³¿ ó
âèãëÿä³   1

1
2
1 NR1 .

Áåçóìîâíà â³ðîã³äí³ñòü ïðàâèëüíîãî ïðîãíî-
çóâàííÿ ðåàë³çàö³¿ âñ³õ âàð³àíò³â ³íâåñòóâàííÿ
äîð³âíþº ñóì³ ä³àãîíàëüíèõ åëåìåíò³â ìàòðèö³
â³ðîã³äíîñò³ ðåàë³çàö³¿ âàð³àíò³â ³íâåñòóâàííÿ.
Ïðè ð³âíîìîæëèâèõ àïð³îðíèõ éìîâ³ðíîñòÿõ
ðîçãëÿäó öèõ âàð³àíò³â âîíà äîð³âíþº:

       2
1

2
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1
1

2
1

2
1

1
1

1
1

1
1 N1R1NR1N1RNR

4

1
D  , ( 9 )

à áåçóìîâíà éìîâ³ðí³ñòü ïîìèëêè ïðîãíîçóâàí-
íÿ ðåàë³çàö³¿ âñ³õ âàð³àíò³â ³íâåñòóâàííÿ äîð³â-
íþº

Q=1-D. (10)

Íåâàæêî ïåðåêîíàòèñÿ, ùî â³ðîã³äí³ñòü
ïðîãíîçóâàííÿ âèçíà÷àºòüñÿ ëèøå äâîìà ôàê-
òîðàìè: ñòóïåíåì ïåðåêðèòòÿ ù³ëüíîñò³ éìîâ³ð-
íîñò³ (ðèñ. 1, 2), òîáòî äèñïåðñ³ÿìè îçíàê (ðîç-
ìèò³ñòþ ³íôîðìàö³¿ ïðî ôàêòè÷í³ ìîæëèâ³ ñå-
ðåäí³ îáñÿãè ³íâåñòóâàííÿ ó ñôåðó âèðîáíèö-
òâà), òà ð³âíåì ðîçð³çíåííÿ ïåðåñ³÷íèõ ã³ïîòåç
õî÷à á çà îäí³ºþ îçíàêîþ. Îñòàííº, ó ñâîþ ÷åð-
ãó, çàëåæèòü â³ä ê³ëüê³ñíîãî ñï³ââ³äíîøåííÿ ì³æ
÷èñëîì Ê âàð³àíò³â, ÿê³ ï³äëÿãàþòü ðåàë³çàö³¿, òà
÷èñëîì n îçíàê, ÿê³ çàáåçïå÷óþòü âèð³øåííÿ
çàâäàííÿ â³ðîã³äíîãî ïðîãíîçóâàííÿ. Ó âñÿêîìó
ðàç³, âèìîãà ðîçð³çíåííÿ ïåðåñ³÷íèõ ã³ïîòåç õî÷à
á çà îäí³ºþ îçíàêîþ ç n âèêîðèñòîâóâàíèõ, ÿê
ìîæíà â öüîìó ïåðåêîíàòèñÿ, çàçâè÷àé âèêî-
íóºòüñÿ â òîìó âèïàäêó, ÿêùî ê³ëüê³ñòü äî ðîçã-
ëÿíóòèõ Ê âàð³àíò³â íå ïåðåâèùóº ÷èñëî 2n. Îòæå,
óìîâà íîðìàëüíîãî ðîçð³çíåííÿ âàð³àíò³â ïðè
ïðîãíîçóâàíí³ ¿õ ðåàë³çàö³¿, â óìîâàõ ïåðåñ³÷íèõ
ã³ïîòåç ³ ðîçð³çíåííÿ õî÷à á çà îäí³ºþ îçíàêîþ,
ìàº âèãëÿä:

Kmax2n
. (11)

Ïðèêëàä. Ðîçãëÿíåìî íà ïðèêëàä³ çàïðî-
ïîíîâàíèé ìåòîä ïåðåâ³ðêè ñòàòèñòè÷íèõ ã³ïî-
òåç äëÿ âèçíà÷åííÿ òà îö³íêè éìîâ³ðíîñòåé ðåà-
ë³çàö³¿ ïëàíîâèõ îáñÿã³â ³íâåñòèö³é, ùî ñïðÿìî-
âàí³ íà ñïðèÿííÿ ñòðàòåã³÷íîãî ðîçâèòêó
ï³äïðèºìñòâà ó âèïàäêó ïåðåòèíàííÿ ã³ïîòåç ïðî
ôàêòè÷í³ ðîçïîä³ëè âàð³àíò³â â³ò÷èçíÿíèõ ³ ³íî-
çåìíèõ äæåðåë ³íâåñòóâàííÿ â óìîâàõ íåâèçíà-
÷åíîñò³ âèïàäêîâîãî òà àíòàãîí³ñòè÷íîãî õàðàê-
òåðó. Íåõàé âñòàíîâëåíî, ùî íàéá³ëüø éìîâ³ðí³
çíà÷åííÿ îçíàê, òîáòî î÷³êóâàíèõ îáñÿã³â ³íâåñ-

òóâàííÿ ïî êîæíîìó ç âàð³àíò³â, â³äîì³ ³ äîð³â-
íþþòü:

– äëÿ âàð³àíòó 1 ³ âàð³àíòó 2 ñåðåäí³é î÷³-
êóâàíèé ð³âåíü ³íâåñòóâàííÿ ðåñóðñ³â ³ç â³ò÷èç-
íÿíîãî äæåðåëà (âíóòð³øí³õ ô³íàíñîâèõ ³ ìàòå-
ð³àëüíèõ ðåñóðñ³â) ó âèðîáíè÷ó ñôåðó (ùî â äà-
íèé ÷àñ íåäàëåêî â³ä ³ñòèíè) áëèçüêèé äî
íóëüîâîãî ³ äîð³âíþº 1=0,041;

– äëÿ âàð³àíòó 3 ³ âàð³àíòó 4 ñåðåäí³é î÷³-
êóâàíèé ð³âåíü ³íâåñòèö³é çàïëàíîâàíèé ³ç
â³ò÷èçíÿíîãî äæåðåëà ó âèðîáíè÷ó ñôåðó ³ñòîò-
íî âèùå ³ äîð³âíþº 2=0,653;

– äëÿ âàð³àíòó 1 ³ âàð³àíòó 4 ñåðåäí³é î÷³-
êóâàíèé ð³âåíü ³íâåñòèö³é çàïëàíîâàíèé ³ç ³íî-
çåìíîãî äæåðåëà º ïîð³âíÿíî íåâèñîêèì ³ äîð³-
âíþº 1=0,301;

– äëÿ âàð³àíòó 2 ³ âàð³àíòó 3 ñåðåäí³é î÷³-
êóâàíèé ð³âåíü ³íâåñòèö³é çàïëàíîâàíèé ³ç ³íî-
çåìíîãî äæåðåëà ïîì³òíî âèùå ³ äîð³âíþº
2=0,778.

Çà ðåçóëüòàòàìè î÷³êóâàíèõ ðîçïîä³ë³â îá-
ñÿã³â ³íâåñòèö³é ó âèðîáíè÷ó ñôåðó, â óìîâàõ,
êîëè ôàêòè÷íå çíà÷åííÿ êîæíîãî î÷³êóâàíîãî
îáñÿãó ³íâåñòèö³é çàçâè÷àé ìàº â³äõèëåííÿ â³ä
î÷³êóâàíîãî ³ ðîçïîä³ëåíîãî çã³äíî ³ç çàêîíîì
Ðåëåÿ, ïîòð³áíî âèçíà÷èòè:

à) çíà÷åííÿ éìîâ³ðíîñòåé ïðàâèëüíîãî ïðî-
ãíîçóâàííÿ ìîæëèâîñò³ ðåàë³çîâàíîñò³ êîæíîãî
ç âàð³àíò³â âèêîðèñòàííÿ ³íâåñòèö³é ³ óìîâí³
éìîâ³ðíîñò³ ïîìèëêîâèõ ð³øåíü ïðî ìîæëèâîñò³
áóòè ðåàë³çîâàíèì êîæíîãî ç âàð³àíò³â;

á) åëåìåíòè ìàòðèö³ â³ðîã³äíîñò³, ìàþ÷è íà
óâàç³ ðåàëüíî ìîæëèâèé ïîïàðíèé çá³ã ðîçïîä³ë³â
îáñÿã³â ³íâåñòóâàííÿ;

â) çíà÷åííÿ óìîâíèõ éìîâ³ðíîñòåé ïîìè-
ëîê ïðîãíîçóâàííÿ ìîæëèâîñò³ ðåàë³çîâàíîñò³
êîæíîãî âàð³àíòà;

ã) çíà÷åííÿ áåçóìîâíî¿ éìîâ³ðíîñò³ ïðà-
âèëüíîãî ïðîãíîçóâàííÿ ìîæëèâîñò³ ðåàë³çîâà-
íîñò³ âàð³àíò³â âèêîðèñòàííÿ ³íâåñòèö³é, ÿêùî
â³äîìî, ùî àïð³îðí³ éìîâ³ðíîñò³ ðîçãëÿäó âàð³-
àíò³â ñóì³ðí³;

ä) çíà÷åííÿ áåçóìîâíî¿ éìîâ³ðíîñò³ ïîìèë-
êîâîãî ïðîãíîçóâàííÿ ðåàë³çàö³¿ âàð³àíò³â.

Ð³øåííÿ: çã³äíî (8) ïîðîãîâ³ çíà÷åííÿ ðîç-
ïîä³ë³â îáñÿã³â ³íâåñòèö³é äîð³âíþþòü:
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Îòðèìàºìî øóêàí³ ð³øåííÿ çã³äíî ³ç çàäà-
íèìè óìîâàìè ïðèêëàäó.

Â³äïîâ³äíî äî (7) éìîâ³ðíîñò³ ïðàâèëüíîãî
ïðîãíîçóâàííÿ ìîæëèâîñò³ ðåàë³çîâàíîñò³ âàð³-
àíò³â ³íâåñòóâàííÿ õàðàêòåðèçóþòüñÿ íàñòóïíîþ
ñóêóïí³ñòþ ðåçóëüòàò³â.
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Çã³äíî (6) ç óðàõóâàííÿì (7) ìàòðèöÿ F
éìîâ³ðíîñòåé ïðîãíîçóâàííÿ ìîæëèâîñò³ ðåàë³-
çîâàíîñò³ âàð³àíò³â, òîáòî â³ðîã³äíîñò³ ¿¿ ïðîãíî-
çóâàííÿ, ìàº âèãëÿä:

  
.

855,0123,0019,0002,0

105,0873,0003,0019,0

003,0001,0870,0126,0

001,0003,0107,0889,0

F























Â³äïîâ³äíî äî (9), ç îãëÿäó íà (7), çíàõîäè-
ìî áåçóìîâíó éìîâ³ðí³ñòü ïðàâèëüíîãî ïðîãíî-
çóâàííÿ ìîæëèâîñò³ ðåàë³çîâàíîñò³ âñ³º¿ ñóêóï-
íîñò³ äîñë³äæóâàíèõ âàð³àíò³â:

       1 1 1 2

1 1 1 1

1
D R N R 1 N

4
   

    2 1 2 2

1 1 1 11 R N 1 R 1 N 0,87.     

²ìîâ³ðí³ñòü ïîìèëêîâîãî ïðîãíîçóâàííÿ
ðåàë³çàö³¿ âñ³º¿ ñóêóïíîñò³ âàð³àíò³â ³íâåñòóâàí-
íÿ â³äïîâ³äíî äî (10) äîð³âíþº

Q=1-D=0,13.

Éìîâ³ðíîñò³ ïîìèëêîâîãî ïðîãíîçóâàííÿ
ðåàë³çàö³¿ êîæíîãî ç êîíêðåòíèõ âàð³àíò³â âèç-
íà÷àþòüñÿ ï³äñóìîâóâàííÿì éìîâ³ðíîñòåé ïî-
ìèëîê â³äïîâ³äíîãî ðÿäêà ìàòðèö³ â³ðîã³äí³ñò³
(6), à ñàìå, íåä³àãîíàëüíèõ åëåìåíò³â ðÿäêà. Îò-
ðèìóºìî áåçóìîâí³ éìîâ³ðíîñò³ ïîìèëîê ïðî-
ãíîçóâàííÿ ðåàë³çàö³¿ âàð³àíò³â.

1. Äëÿ âàð³àíòó-1 çíàõîäèìî âåëè÷èíó ó
âèãëÿä³:

.111,0FFFQ 11
22

11
21

11
121 

2. Äëÿ âàð³àíòó-2 öÿ ïîìèëêà (çà óìîâàìè

ïðèêëàäó) òðîõè âèùå ³ äîð³âíþº

.130,0FFFQ 12
22

12
21

12
112 

3. Äëÿ âàð³àíòó-4 ïîìèëêà ïðàêòè÷íî íå
â³äð³çíÿºòüñÿ â³ä ïîïåðåäíüî¿

.127,0FFFQ 22
21

22
12

22
113 

4. Äëÿ âàð³àíòó-3 îòðèìóºìî áåçóìîâíó
éìîâ³ðí³ñòü ïîìèëêè

.145,0FFFQ 21
22

21
12

21
114 

Âèñíîâêè
1. Çàïðîïîíîâàíî ìåòîä ïåðåâ³ðêè ñòàòèñ-

òè÷íèõ ã³ïîòåç, ÿêèé õàðàêòåðèçóºòüñÿ òèì, ùî
çà äîïîìîãîþ çàñòîñóâàííÿ ïðèíöèïó êîìïðî-
ì³ñó ³ ìåòîäó ì³í³ìàêñó, ñòàº ìîæëèâîþ îö³íêà
ðåàë³çàö³¿ âàð³àíò³â âêëàäåííÿ ³íâåñòèö³é ó ñôå-
ðó âèðîáíèöòâà äëÿ á³ëüø îá´ðóíòîâàíîãî ïðèé-
íÿòòÿ ð³øåííÿ íà åòàï³ ïëàíóâàííÿ ðîçâèòêó
ï³äïðèºìñòâà â óìîâàõ íåâèçíà÷åíîñò³.

2. Âàæëèâîþ º âèìîãà ðîçð³çíåííÿ âàð³àíò³â
³íâåñòóâàííÿ ñôåðè âèðîáíèöòâà õî÷à á çà îä-
í³ºþ ç îçíàê (îáñÿã³â âèêîðèñòàííÿ ³íâåñòèö³é)
äëÿ êîæíîãî ç äîñë³äæóâàíèõ âàð³àíò³â.

3. Ðîçãëÿíóòà ìîäåëü äëÿ ïðîãíîçóâàííÿ ìîæ-
ëèâîñò³ ðåàë³çîâàíîñò³ âàð³àíò³â ³íâåñòóâàííÿ â
ñôåðó âèðîáíèöòâà, äîçâîëÿº îòðèìàòè äîñèòü
â³ðîã³äíó ³íôîðìàö³þ ³ ïðè ïîïàðí³é íåðîçð³çíå-
íîñò³ î÷³êóâàíèõ îáñÿã³â âêëàäåííÿ ³íâåñòèö³é â
óìîâàõ êîíêóðóþ÷èõ âàð³àíò³â ³íâåñòóâàííÿ.

4. Îòðèìàí³ àíàë³òè÷í³ âèðàçè, ÿê³ îïèñó-
þòü ðîçïîä³ë âèð³øíîãî ïðàâèëà ïðè ã³ïîòåç³ òà
àëüòåðíàòèâ³, ùî äàº çìîãó âèçíà÷àòè ìåæ³ êðè-
òè÷íèõ îáëàñòåé òà éìîâ³ðíîñò³ ïîìèëîê ÿê äëÿ
çàãàëüí³øîãî äâîñòîðîííüîãî êðèòåð³þ, òàê ³ äëÿ
ìîäèô³êîâàíîãî îäíîá³÷íîãî.

5. Íåîáõ³äíî çàçíà÷èòè, ùî öåé ìåòîä ìîæ-
íà ìîäèô³êóâàòè äëÿ ñêëàäí³øèõ âèïàäê³â
íåîäíàêîâî ðîçïîä³ëåíèõ òà ñòàòèñòè÷íî çàëåæ-
íèõ âèá³ðêîâèõ äàíèõ, ùî ³ º çàâäàííÿì ïîäàëü-
øèõ äîñë³äæåíü.
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ÏÐÈÌÅÍÅÍÈÅ ÌÅÒÎÄÀ ÏÐÎÂÅÐÊÈ
ÑÒÀÒÈÑÒÈ×ÅÑÊÈÕ ÃÈÏÎÒÅÇ ÄËß ÎÖÅÍÊÈ
ÐÅÀËÈÇÀÖÈÈ ÂÀÐÈÀÍÒÎÂ ÂËÎÆÅÍÈß
ÈÍÂÅÑÒÈÖÈÉ Â ÑÔÅÐÓ ÏÐÎÈÇÂÎÄÑÒÂÀ

Êîñàðåâ Â.Ì.

Èñïîëüçîâàíèå èíîñòðàííûõ è âíóòðåííèõ ôèíàíñîâûõ è
ìàòåðèàëüíûõ ðåñóðñîâ ÿâëÿåòñÿ îäíîé èç ñîñòàâëÿþùèõ ñî-
âðåìåííîé êîíöåïöèè ýêîíîìè÷åñêîãî è ñîöèàëüíîãî ðàçâèòèÿ.
Ýôôåêòèâíîìó èñïîëüçîâàíèþ ýòèõ ðåñóðñîâ, êàê èçâåñòíî,
ïðåïÿòñòâóåò íå òîëüêî òðàäèöèîííàÿ ðàñõîæäåíèå îáúåìîâ
èìåþùèõñÿ è íåîáõîäèìûõ ðåñóðñîâ, íî è íåýôôåêòèâíîå óï-
ðàâëåíèå èõ èñïîëüçîâàíèåì. Ýòî óïðàâëåíèå íàïðàâëåíî íà
ðåøåíèå çàäà÷: îðãàíèçàöèè ðàáîò; êîíòðîëÿ çà öåëåâûì èñ-
ïîëüçîâàíèåì ñðåäñòâ; îáîñíîâàííîãî ðàñïðåäåëåíèÿ ðåñóðñîâ;
ïëàíèðîâàíèþ âëîæåíèÿ ðåñóðñîâ; íàó÷íî îáîñíîâàííîãî ïðî-
ãíîçèðîâàíèÿ ðåàëèçàöèè ðåøåíèé, ïðèíÿòûõ íà ýòàïå ïëàíè-
ðîâàíèÿ. Ñòàòüÿ ïîñâÿùåíà ðåøåíèþ ïîñëåäíåé èç óêàçàííûõ
çàäà÷. Â äàííîé ðàáîòå, ñ ïîìîùüþ ïðèíöèïà êîìïðîìèññà è
ìåòîäà ìèíèìàêñà, ïðåäëàãàåòñÿ âàðèàíò ïðèìåíåíèÿ ìåòî-
äà ïðîâåðêè ñòàòèñòè÷åñêèõ ãèïîòåç äëÿ îöåíêè ðåàëèçàöèè
âàðèàíòîâ âëîæåíèÿ èíâåñòèöèé â ñôåðó ïðîèçâîäñòâà äëÿ áîëåå
îáîñíîâàííîãî ïðèíÿòèÿ ðåøåíèÿ íà ýòàïå ïëàíèðîâàíèÿ ðàç-
âèòèÿ ïðåäïðèÿòèÿ â óñëîâèÿõ íåîïðåäåëåííîñòè. Çàäà÷åé ìî-
äåëèðîâàíèÿ ÿâëÿåòñÿ îïðåäåëåíèå è îöåíêà âåðîÿòíîñòè ðåà-
ëèçàöèè ïëàíîâûõ îáúåìîâ èíâåñòèöèé, íàïðàâëåííûõ íà ñî-
äåéñòâèå ñòðàòåãè÷åñêîìó ðàçâèòèþ ïðåäïðèÿòèÿ â ñëó÷àå
ïåðåñå÷åíèÿ ãèïîòåç î ôàêòè÷åñêèõ ðàñïðåäåëåíèÿõ âàðèàíòîâ
ãîñóäàðñòâåííûõ è ÷àñòíûõ èñòî÷íèêîâ èíâåñòèðîâàíèÿ â óñ-
ëîâèÿõ íåîïðåäåëåííîñòè ñëó÷àéíîãî è àíòàãîíèñòè÷åñêîãî
õàðàêòåðà. Äîêàçàíî, ÷òî äëÿ îöåíêè âîçìîæíîñòè ðåàëèçà-
öèè âàðèàíòîâ âëîæåíèÿ èíâåñòèöèé, íàõîäÿùèõñÿ â ðàñïîðÿ-
æåíèè îðãàíîâ óïðàâëåíèÿ ýêîíîìè÷åñêèì ðàçâèòèåì, à òàê-
æå â ñîîòâåòñòâóþùèõ ñòàòèñòè÷åñêèõ óïðàâëåíèÿõ, èìåþ-
ùàÿñÿ èíôîðìàöèÿ î çàïëàíèðîâàííûõ ðàñïðåäåëåíèÿõ èìåþ-
ùèõñÿ èëè îæèäàåìûõ îáúåìîâ èíâåñòèðîâàíèÿ, òî åñòü ñòà-
òèñòè÷åñêàÿ èíôîðìàöèÿ î ïðèçíàêàõ, ÿâëÿåòñÿ èíôîðìà-
öèîííîé îñíîâîé äëÿ ðåøåíèÿ óêàçàííîãî çàäàíèÿ. Âåðîÿòíîñòü
ïðîãíîçèðîâàíèÿ ðåàëèçàöèè êàæäîãî èç íàáëþäàåìûõ âàðèàí-
òîâ îöåíèâàåòñÿ ïóòåì âû÷èñëåíèÿ âåðîÿòíîñòè ïðèíÿòèÿ
ïðàâèëüíûõ ðåøåíèé è îøèáîê ïðèíÿòèÿ ðåøåíèé ïðè ðàññìîò-
ðåíèè ðàñïðåäåëåíèÿ îáúåìîâ èíâåñòèöèé, êîòîðûå íàìå÷àþò-
ñÿ ïî êàæäîìó âàðèàíòó èõ èñïîëüçîâàíèÿ. Ðåçóëüòàòû ïðè-
ìåíåíèÿ ìåòîäà ñïîñîáñòâóþò ñîâåðøåíñòâîâàíèþ óïðàâëå-
íèÿ ðåàëèçàöèåé èíâåñòèöèé â ñôåðó ïðîèçâîäñòâà â ñëîæíûõ
ðåàëüíûõ óñëîâèÿõ.

Êëþ÷åâûå ñëîâà: ðàñïðåäåëåíèå îáúåìîâ èíâåñòèöèé,
ìåòîä ïðîâåðêè ñòàòèñòè÷åñêèõ ãèïîòåç, ñòîõàñòè÷åñêàÿ
ìîäåëü ïðîãíîçèðîâàíèÿ ÿâëåíèé, äîñòîâåðíîñòü ðåàëèçàöèè
ïëàíîâûõ îáúåìîâ èíâåñòèöèé, êîìïðîìèññíîå îïðåäåëåíèå.
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APPLICATION OF STATISTICAL HYPOTHESES TEST
METHOD FOR EVALUATION OF INVESTMENT
INVESTMENT OPTIONS IN THE PRODUCTION FIELD

Kosariev V.M.

Alfred Nobel University, Dnipro, Ukraine

The use of foreign and domestic financial and material
resources is one of the components of the modern concept of economic
and social development. The efficient use of these resources is known
to be hampered not only by the traditional discrepancy between the
amount of resources available and required, but also by the inefficient
management of their use. This management is aimed at solving
problems: organization of work; control over the targeted use of funds;
reasonable allocation of resources; resource investment planning;
scientifically sound forecasting of the implementation of decisions
made at the planning stage. The article is devoted to solving the last
of these problems. In this paper, using the principle of compromise
and the minimax method, we propose a variant of applying the method
of testing statistical hypotheses to assess the implementation of
investment options in the field of production for more informed
decision-making at the planning stage of enterprise development in
uncertainty. The task of modeling is to determine and estimate the
probabilities of implementation of planned investments aimed at
promoting the strategic development of the enterprise in case of
intersection of hypotheses about the actual distribution of public and
private sources of investment in conditions of random and antagonistic
uncertainty. It is investigated that to assess the feasibility of investment
options available to economic development management bodies, as
well as in the relevant statistical offices, available information on
the planned distribution of existing or expected investment, i.e.
statistical information on characteristics, is the information basis for
solving this. task. The probability of forecasting the implementation
of each of the observed options is estimated by calculating the
probability of making the right decisions and decision-making errors
when considering the distribution of investments that are planned for
each option of their use. The results of the method contribute to the
improvement of management of investments in the sphere of production
in difficult real conditions.

Keywords: distribution of investment volumes, method of
testing of statistical hypotheses, stochastic model of forecasting
of phenomena, reliability of realization of planned volumes of
investments, compromise determination.
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ÃÂÓÇ «Óêðàèíñêèé ãîñóäàðñòâåííûé õèìèêî-òåõíîëîãè÷åñêèé óíèâåðñèòåò», ã. Äíåïð, Óêðàèíà

Â äàííîé ðàáîòå îïòèìèçàöèîííûå ìîäåëè â åâêëèäîâîì ïðîñòðàíñòâå ðàçäåëåíû

íà ÷åòûðå êëàññû ñëîæíîñòè. Äëÿ ðåøåíèÿ çàäà÷ ïåðâûõ äâóõ êëàññîâ ñëîæíîñòè

ðàçðàáîòàíû ýôôåêòèâíûå àëãîðèòìû. Ýòî ïðÿìî-äâîéñòâåííûå ìåòîäû âíóòðåí-

íåé òî÷êè. Äèñêðåòíûå è êîìáèíàòîðíûå îïòèìèçàöèîííûå çàäà÷è òðåòüåãî êëàñ-

ñà ñëîæíîñòè ðåêîìåíäóåòñÿ ïðåîáðàçîâûâàòü ê ÷åòâåðòîìó êëàññó ñëîæíîñòè ñ

íåïðåðûâíûì èçìåíåíèåì ïåðåìåííûõ. Äëÿ çàäà÷ òðåòüåãî è ÷åòâåðòîãî êëàññà

ñëîæíîñòè â íàñòîÿùåå âðåìÿ íå ðàçðàáîòàíû ýôôåêòèâíûå àëãîðèòìû çà èñêëþ-

÷åíèåì óçêîãî êëàññà çàäà÷, êîòîðûå ÿâëÿþòñÿ óíèìîäàëüíûìè. Îáùàÿ çàäà÷à îï-

òèìèçàöèè ôîðìóëèðóåòñÿ êàê ìèíèìóì (ìàêñèìóì) öåëåâîé ôóíêöèè ïðè íàëè-

÷èè îãðàíè÷åíèé. Ñëîæíîñòü çàäà÷è çàâèñèò îò ñòðóêòóðû öåëåâîé ôóíêöèè è åå

îãðàíè÷åíèé. Åñëè ôóíêöèè, îïðåäåëÿþùèå îïòèìèçàöèîííóþ ìîäåëü ÿâëÿþòñÿ

êâàäðàòè÷íûìè èëè ïîëèíîìèàëüíûìè, òî äëÿ ïîëó÷åíèÿ îöåíîê ðåøåíèé â òàêèõ

çàäà÷àõ ìîæåò áûòü èñïîëüçîâàíî ïîëóîïðåäåëåííîå ïðîãðàììèðîâàíèÿ. Äëÿ çà-

äà÷ ïîëóîïðåäåëåííîé îïòèìèçàöèè ðàçðàáîòàíû ýôôåêòèâíûå ìåòîäû. Èíîãäà

äîñòàòî÷íî ðàçðàáîòàòü àëãîðèòì áåç ïîñòðîåíèÿ ìàòåìàòè÷åñêîé ìîäåëè. Òàêîé

ïðèìåð âèäèì ïðè ñîðòèðîâêå ìàññèâà ÷èñåë. Ðàçðàáîòàíû ýôôåêòèâíûå àëãîðèò-

ìû äëÿ ðåøåíèÿ ýòîé çàäà÷è. Â ðàáîòå äëÿ çàäà÷ ñîðòèðîâêè ïîñòðîåíà îïòèìèçà-

öèîííàÿ ìîäåëü, è îíà ñîâïàäàåò ñ ìîäåëüþ çàäà÷è î íàçíà÷åíèÿõ. Èç ýòîãî ñëåäó-

åò, ÷òî çàäà÷à ñîðòèðîâêè ÿâëÿåòñÿ óíèìîäàëüíîé. Äëÿ ðåøåíèÿ ìóëüòèìîäàëüíûõ

çàäà÷ ýôôåêòèâíûå àëãîðèòìû íå ðàçðàáîòàíû. Â ðàáîòå ïðåäëàãàåòñÿ ïðîñòîé è

ýôôåêòèâíûé àëãîðèòì äëÿ îïòèìàëüíîãî ðàñïðåäåëåíèÿ ðåñóðñîâ â ìíîãîïðîöåñ-

ñîðíûõ ñèñòåìàõ. Ýòà çàäà÷à ÿâëÿåòñÿ ìóëüòèìîäàëüíîé. Â îáùåì ñëó÷àå, äëÿ ðå-

øåíèÿ ìóëüòèìîäàëüíûõ çàäà÷ ïðåäëàãàåòñÿ ìåòîä òî÷íîé êâàäðàòè÷íîé ðåãóëÿðè-

çàöèè. Ýòîò ìåòîä äîêàçàë ñâîþ ñðàâíèòåëüíóþ ýôôåêòèâíîñòü ïðè ðåøåíèè ìíî-

ãèõ òåñòîâûõ çàäà÷ ðàçëè÷íîé ðàçìåðíîñòè.

Êëþ÷åâûå ñëîâà: åâêëèäîâîå ïðîñòðàíñòâî, îïòèìèçàöèÿ, óíèìîäàëüíûå çàäà÷è,
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DOI: 10.32434/2521-6406-2020-1-7-20-28

Ïîñòàíîâêà ïðîáëåìû

Â ïîñëåäíèå ãîäû îïòèìèçàöèÿ íàõîäèò
øèðîêîå ïðèìåíåíèå â ëþáîé ñôåðå ÷åëîâå÷åñ-
êîé äåÿòåëüíîñòè. Ýòî ýêîíîìèêà, ôèíàíñû,
òåõíîëîãè÷åñêèå ïðîèçâîäñòâà, óïðàâëåíèå, ïðî-
åêòèðîâàíèå, èíôîðìàòèêà è ìíîãèå äðóãèå îá-
ëàñòè. Îïòèìèçàöèÿ, êàê âûáîð íàèëó÷øèõ ðå-
øåíèé, íåîáõîäèìà âåçäå. Ñåé÷àñ îïòèìèçàöèþ
íà÷àëè îòíîñèòü ê ìåæäèñöèïëèíàðíîé îáëàñ-
òè èññëåäîâàíèé. Îíà âêëþ÷àåò äâå ñîñòàâëÿþ-
ùèå: ïîñòðîåíèå îïòèìèçàöèîííûõ ìîäåëåé
ñèñòåì è èõ ÷èñëåííîå ðåøåíèå. Ñóùåñòâóþò
êëàññû îïòèìèçàöèîííûõ ìîäåëåé è èññëåäóå-

ìóþ ñèñòåìó ìîæíî îïèñàòü òîé èëè èíîé îï-
òèìèçàöèîííîé ìîäåëüþ. Áîëüøèíñòâî ìîäåëåé
âêëþ÷àþò öåëåâóþ ôóíêöèþ, çàâèñÿùóþ îò
ìíîãèõ ïåðåìåííûõ. Íåîáõîäèìî íàéòè çíà÷å-
íèå ýòèõ ïåðåìåííûõ, ïðè êîòîðûõ öåëåâàÿ ôóí-
êöèÿ áóäåò ïðèíèìàòü ýêñòðåìàëüíîå (ìèíè-
ìàëüíîå èëè ìàêñèìàëüíîå) çíà÷åíèå. Îáû÷íî
íà èçìåíåíèå ïåðåìåííûõ íàêëàäûâàþòñÿ îã-
ðàíè÷åíèÿ, êîòîðûå çàäàþòñÿ íåðàâåíñòâàìè èëè
ðàâåíñòâàìè ïî îòíîøåíèþ ê íåêîòîðûì ôóíê-
öèÿì. Ýòè ôóíêöèè íåïðåðûâíû è, êàê ïðàâè-
ëî, äèôôåðåíöèðóåìûå. Äèôôåðåíöèðóåìîñòü
óïðîùàåò ïîñòðîåíèå ýôôåêòèâíûõ ÷èñëåííûõ
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àëãîðèòìîâ ïîèñêà ýêñòðåìàëüíîé òî÷êè. Íàïðè-
ìåð, î÷åíü ìíîãèå ñèñòåìû ìîãóò áûòü îïèñà-
íû îïòèìèçàöèîííûìè ìîäåëÿìè ñ êâàäðàòè÷-
íûìè ôóíêöèÿìè, êîòîðûå áåñêîíå÷íî ðàç äèô-
ôåðåíöèðóåìûå. Ýòî óïðîùàåò ïîñòðîåíèå ýô-
ôåêòèâíûõ àëãîðèòìîâ.

Îïòèìèçàöèîííûå ìîäåëè ìîæíî ðàçäåëèòü
íà êëàññû ïî èõ ñëîæíîñòè. Ñàìûìè ïðîñòûìè
ÿâëÿþòñÿ ëèíåéíûå ìîäåëè. Òàêèå ìîäåëè ìî-
ãóò áûòü ðåøåíû ïðàêòè÷åñêè äëÿ ëþáîé ðàç-
ìåðíîñòè ïðîñòðàíñòâà (ðàçìåðíîñòü ðàâíà ÷èñëó
ïåðåìåííûõ ìîäåëè). Ñëåäóþùèì êëàññîì ÿâ-
ëÿþòñÿ âûïóêëûå îïòèìèçàöèîííûå ìîäåëè, â
êîòîðûõ öåëåâàÿ ôóíêöèÿ ÿâëÿåòñÿ âûïóêëîé
ôóíêöèåé ïðè óñëîâèè åå ìèíèìèçàöèè è äî-
ïóñòèìîå ìíîæåñòâî èçìåíåíèÿ ïåðåìåííûõ
ìîäåëåé òàêæå âûïóêëîå. Äëÿ ýòîãî êëàññà ïî-
ñòðîåíû ýôôåêòèâíûå ïîëèíîìèàëüíûå àëãîðèò-
ìû. Òàêèå ìîäåëè òàêæå ìîãóò áûòü ðåøåíû
ïðàêòè÷åñêè äëÿ ëþáûõ ðàçìåðíîñòåé çàäà÷è.
Ñëåäóþùèé êëàññ äèñêðåòíûõ ìîäåëåé, â êîòî-
ðûõ ïåðåìåííûå ìîãóò ïðèíèìàòü òîëüêî äèñê-
ðåòíûå çíà÷åíèÿ. Íàïðèìåð, äëÿ ìíîãèõ êîì-
áèíàòîðíûõ çàäà÷ îïòèìèçàöèîííûå ìîäåëè
ñîäåðæàò áóëåâû ïåðåìåííûå, êîòîðûå ìîãóò
ïðèíèìàòü òîëüêî äâà çíà÷åíèÿ íóëü èëè åäè-
íèöà. Ýòà ïðîñòîòà çíà÷èòåëüíî óñëîæíÿåò ïî-
èñê ýêñòðåìàëüíîé òî÷êè. Çà èñêëþ÷åíèåì íå-
áîëüøîãî êëàññà çàäà÷, ýòè ìîäåëè ìîæíî îòíå-
ñòè ê òðåòüåìó êëàññó, äëÿ êîòîðîãî íå ðàçðàáî-
òàíû ýôôåêòèâíûå àëãîðèòìû ïîèñêà ýêñòðå-
ìàëüíîé òî÷êè. Ñóùåñòâóþùèå àëãîðèòìû èìå-
þò ýêñïîíåíöèàëüíóþ ñëîæíîñòü. Ýòî îçíà÷à-
åò, ÷òî âðåìÿ ðåøåíèÿ òàêèõ çàäà÷ áóäåò ðàñòè
ýêñïîíåíöèàëüíî ïðè óâåëè÷åíèè ðàçìåðíîñòè
çàäà÷è. Íàêîíåö, ÷åòâåðòûé êëàññ îáðàçóþò íå-
âûïóêëûå îïòèìèçàöèîííûå ìîäåëè. Â ýòèõ
ìîäåëÿõ íåêîòîðûå èç ôóíêöèé ìîãóò áûòü íå-
âûïóêëûìè. Ýòî ïîðîæäàåò ìíîãîýêñòðåìàëü-
íîñòü ìîäåëåé, èíîãäà èõ íàçûâàþò ìóëüòèìî-
äàëüíûìè ìîäåëÿìè. Ñóùåñòâóþùèå ìåòîäû äëÿ
ðåøåíèÿ òàêèõ çàäà÷ ïîçâîëÿþò íàõîäèòü òîëü-
êî òî÷êè ëîêàëüíîãî ýêñòðåìóìà. Îíè íå ïî-
çâîëÿþò îòâåòèòü íà âîïðîñ:  íàéäåíî ëó÷øåå
ðåøåíèå èëè òîëüêî ëîêàëüíî ëó÷øåå? Îïòè-
ìèçàöèîííàÿ ìîäåëü ìîæåò ñîäåðæàòü òîëüêî
âûïóêëûå ôóíêöèè è îòíîñèòñÿ ê ÷åòâåðòîìó
êëàññó ñëîæíîñòè. Ýòî áóäåò òîãäà, êîãäà ìàê-
ñèìèçèðóþò âûïóêëóþ ôóíêöèþ èëè îãðàíè÷å-
íèÿ èìåþò âèä ðàâåíñòâ. ×åòâåðòûé êëàññ ÿâëÿ-
åòñÿ íàèáîëåå áîëüøèì è áîëüøèíñòâî ðåàëü-
íûõ ñèñòåì îïèñûâàþòñÿ ìîäåëÿìè ýòîãî êëàñ-
ñà. Ïîýòîìó àêòóàëüíîé ÿâëÿåòñÿ çàäà÷à ðàçðà-
áîòêè ýôôåêòèâíûõ àëãîðèòìîâ äëÿ òðåòüåãî è

÷åòâåðòîãî êëàññà ìîäåëåé.
Öåëü ñòàòüè

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ ðàçðà-
áîòêà ýôôåêòèâíûõ àëãîðèòìîâ äëÿ çàäà÷ îïòè-
ìèçàöèè òðåòüåãî è ÷åòâåðòîãî êëàññà ñëîæíîñ-
òè â êîíå÷íîìåðíîì åâêëèäîâîì ïðîñòðàíñòâå.

Àíàëèç ïîñëåäíèõ èññëåäîâàíèé è ïóáëèêàöèé

Â íàñòîÿùåå âðåìÿ îïòèìèçàöèÿ ÿâëÿåòñÿ
äîñòàòî÷íî îáøèðíîé îáëàñòüþ èññëåäîâàíèé.
Ýíöèêëîïåäèÿ ïî îïòèìèçàöèè íàñ÷èòûâàåò
4646 ñòð. [1]. Óêàæåì ëó÷øèå êíèãè ïî îïòèìè-
çàöèè çàäà÷ ïåðâûõ äâóõ êëàññîâ ñëîæíîñòè [2,3].
Äëÿ ýòèõ çàäà÷ ðàçðàáîòàíî ïðîãðàììíîå îáåñ-
ïå÷åíèå, êîòîðîå âõîäèò, ïðàêòè÷åñêè âî âñå ìà-
òåìàòè÷åñêèå ïàêåòû, íàïðèìåð, MathLab,
Maple è äðóãèå [4,5]. Çàäà÷è äèñêðåòíîé è êîì-
áèíàòîðíîé îïòèìèçàöèè ðàññìàòðèâàþòñÿ â
êíèãàõ [6,7]. Â ïîñëåäíèå ãîäû äëÿ ðåøåíèÿ ýòèõ
çàäà÷ èñïîëüçóåòñÿ ïîëóîïðåäåëåííîå ïðîãðàì-
ìèðîâàíèå [8–10], êîòîðîå ïðåîáðàçóåò äèñêðåò-
íûå çàäà÷è ê êâàäðàòè÷íûì. Äëÿ çàäà÷ ÷åòâåð-
òîãî êëàññà ñëîæíîñòè òàêæå ðàçðàáîòàíî áîëü-
øîå ÷èñëî àëãîðèòìîâ [11,12]. Â ïîñëåäíèå ãîäû
ïðåîáëàäàþò ãåíåòè÷åñêèå è ýâîëþöèîííûå àë-
ãîðèòìû, îñíîâàííûå íà ñëó÷àéíîì ïîèñêå. Ñ
óâåëè÷åíèåì ðàçìåðíîñòè çàäà÷è ýôôåêòèâíîñòü
òàêèõ àëãîðèòìîâ ñèëüíî ñíèæàåòñÿ. Êîíêóðåí-
öèþ ýòèì àëãîðèòìàì ñîñòàâëÿåò ìåòîä òî÷íîé
êâàäðàòè÷íîé ðåãóëÿðèçàöèè [13].

Èçëîæåíèå îñíîâíîãî ìàòåðèàëà

Ëþáîé íàáîð âñåõ ïåðåìåííûõ ìîäåëè (èõ
ôèêñèðîâàííûå çíà÷åíèÿ) îïðåäåëÿåò òî÷êó â
ìíîãîìåðíîì ïðîñòðàíñòâå. Äëÿ òîãî, ÷òîáû
ìíîæåñòâî òî÷åê áûëî ïðîñòðàíñòâîì â íåì çà-
äàþò ìåòðèêó (ðàññòîÿíèå ìåæäó òî÷êàìè). Ðàç-
ëè÷íûå ìåòðèêè îïðåäåëÿþò ðàçíûå ïðîñòðàí-
ñòâà. Åñòåñòâåííîé ìåòðèêîé ÿâëÿåòñÿ åâêëèäî-
âà, êîòîðàÿ îïðåäåëÿåò ðàññòîÿíèå ìåæäó äâóìÿ
òî÷êàìè êàê äëèíó îòðåçêà, ñîåäèíÿþùåãî ýòè
òî÷êè. Áîëüøèíñòâî îïòèìèçàöèîííûõ ìîäåëåé
ðàññìàòðèâàþò â åâêëèäîâîì ïðîñòðàíñòâå.
Ñòðóêòóðà òàêèõ ìîäåëåé ÿâëÿåòñÿ áîëåå
ïðîñòîé.

Ïîñëå ïîñòðîåíèÿ îïòèìèçàöèîííîé ìî-
äåëè âûáèðàåòñÿ àëãîðèòì äëÿ åå ðåøåíèÿ. Íå-
îáõîäèìî âûáðàòü òàêîé àëãîðèòì, ÷òîáû ðåøèòü
çàäà÷ó çà ìèíèìàëüíîå êîìïüþòåðíîå âðåìÿ. Ýòî
íå ïðîñòàÿ çàäà÷à, òàê êàê ÷èñëî ðàçðàáîòàííûõ
àëãîðèòìîâ äëÿ ðåøåíèÿ îïòèìèçàöèîííûõ çà-
äà÷ î÷åíü áîëüøîå. Èíîãäà ïðîùå íå ñòðîèòü
ìàòåìàòè÷åñêóþ ìîäåëü, à ñðàçó íàõîäèòü ýô-
ôåêòèâíûé àëãîðèòì ðåøåíèÿ çàäà÷è. Â ýòîì
ñëó÷àå ãîâîðèòñÿ î êîìïüþòåðíîì ìîäåëèðîâà-
íèè, òàê êàê àëãîðèòì ðåàëèçóåòñÿ â âèäå êîì-
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ïüþòåðíîé ïðîãðàììû. Ðàññìîòðèì ïðèìåð óïî-
ðÿäî÷åíèÿ ìàññèâà n ÷èñåë ai ïî âîçðàñòàíèþ.
Ðàçðàáîòàíû ïðîñòûå è ýôôåêòèâíûå àëãîðèò-
ìû òàêîãî óïîðÿäî÷åíèÿ áåç ïîñòðîåíèÿ îïòè-
ìèçàöèîííîé ìîäåëè. Ïîñòðîèì òåïåðü äëÿ ýòîé
çàäà÷è îïòèìèçàöèîííóþ ìîäåëü. Èìååì:

n n

j ij j i 1j

j 1 j 1

n n

ij ij

i 1 j 1

a x a x , i 1,...,  n 1;

x 1, x 1,  x 0 1.


 

 

  

   

 

 

Çäåñü ïåðåìåííûå x ïðèíèìàþò òîëüêî áó-
ëåâû çíà÷åíèÿ. Çàìåòèì, ÷òî ñóììà

n 1

i 1 i n 1

i 1

(a a ) a a





  

ïðèíèìàåò ìàêñèìàëüíîå çíà÷åíèå, åñëè ïîñ-
ëåäîâàòåëüíîñòü ÷èñåë ai óïîðÿäî÷åíà ïî âîçðà-
ñòàíèþ. Îäíàêî îíà áóäåò ìàêñèìàëüíîé è äëÿ
äðóãèõ óïîðÿäî÷åíèé, êîòîðûå íå ìåíÿþò a1 è
an. Ïîýòîìó ðàññìîòðèì ñëåäóþùóþ ñóììó

.)aa(
1n

1i
11i




 

Ýòà ñóììà áóäåò ìàêñèìàëüíîé íà óïîðÿ-
äî÷åííîé ïî âîçðàñòàíèþ ïîñëåäîâàòåëüíîñòè
÷èñåë ai. Äåéñòâèòåëüíî, ëþáàÿ ïåðåñòàíîâêà
÷èñåë ïðèâåäåò ê óìåíüøåíèþ, ïî êðàéíåé ìåðå,
îäíîãî ñëàãàåìîãî ðàññìîòðåííîé ñóìû. Ýòî
ïðèâîäèò ê ñëåäóþùåé îïòèìèçàöèîííîé çàäà÷å

n 1 n n n

j i 1j j 1j ij

i 1 j 1 j 1 i 1

max{ a x a x | x 1,



   

 
  

 
   

n

ij

j 1

x 1, x 0 1}.


    (1)

Çàäà÷à (1) ñîâïàäàåò ñ çàäà÷åé î íàçíà÷åíèÿõ

n n n

ij ij ij

i 1 j 1 i 1

max{ c x | x 1,
  

 

              

n

ij

j 1

x 1, x 0 1}.


  

Äëÿ ðåøåíèÿ çàäà÷è (1) ðàçðàáîòàíû àëãî-
ðèòìû ñ ÷èñëîì îïåðàöèé ïîðÿäêà O(n3). Â òî
âðåìÿ êàê äëÿ ñîðòèðîâêè n ÷èñåë ðàçðàáîòàíû

àëãîðèòìû ñ ÷èñëîì èòåðàöèé ïîðÿäêà
O(nlog(n)). Òàêèì îáðàçîì, çàäà÷à ñîðòèðîâêè
÷èñåë ÿâëÿåòñÿ ÷àñòíûì ñëó÷àåì çàäà÷è î íà-
çíà÷åíèÿõ. Ñîîòâåòñòâóþùèå êîýôôèöèåíòû cij

äëÿ çàäà÷è (1) áóäóò ëèíåéíî çàâèñèìû.
Ïðèâåäåì åùå îäèí ïðèìåð çàäà÷è, äëÿ

êîòîðîé íåïîñðåäñòâåííîå ïîñòðîåíèå àëãîðèòìà
ÿâëÿåòñÿ áîëåå ïðåäïî÷òèòåëüíûì. Ðàññìîòðèì
çàäà÷ó ðàñïðåäåëåíèÿ çàäàíèé â ìíîãîïðîöåñ-
ñîðíîé âû÷èñëèòåëüíîé ñèñòåìå. Òàêàÿ ñèñòå-
ìà áóäåò ðàáîòàòü ýôôåêòèâíî ïðè ðàâíîìåð-
íîé çàãðóçêå âñåõ ïðîöåññîðîâ. Áóäåì ïðåäïî-
ëàãàòü, ÷òî èìååòñÿ m ïðîöåññîðîâ è n çàäàíèé,
à òàêæå âðåìÿ âûïîëíåíèÿ êàæäîãî çàäàíèÿ tj,
j=1,…,n. Îïòèìèçàöèîííàÿ ìîäåëü ýòîé çàäà÷è
áóäåò èìåòü âèä:

 

2
n m m

j ij ij

i 1 j 1 j 1

min{ t x | x 1,
  

 
 

 
  

i 1,..., n,  x 0 1},    (2)

ãäå ïåðåìåííûå ïðèíèìàþò òîëüêî áóëåâû çíà-
÷åíèÿ

ij

1,  если i-е задание 

x     выполняется j-м процессором;

0,  в противном случае.




 



Öåëåâàÿ ôóíêöèÿ ýòîé çàäà÷è ðàâíà ñóììå
êâàäðàòîâ âðåìåí ðàáîòû êàæäîãî ïðîöåññîðà.
Òàê êàê âðåìÿ îáðàáîòêè âñåõ çàäàíèé ïîñòîÿí-
íî, òî ðàçáèåíèå ýòîãî âðåìåíè íà ñóììó êâàä-
ðàòîâ ñëàãàåìûõ áóäåò ìèíèìàëüíûì, åñëè ýòè
ñëàãàåìûå ðàâíû. Ýòî ñîîòâåòñòâóåò ðàâíîìåð-
íîé çàãðóçêå ïðîöåññîðîâ. Çàäà÷à (2) ñîäåðæèò
áóëåâû ïåðåìåííûå. Òàêèå çàäà÷è ðåøàþòñÿ
ìåòîäîì âåòâåé è ãðàíèö. Îäíàêî äàæå äëÿ íå-
áîëüøèõ ðàçìåðíîñòåé m=6, n=24 âðåìÿ ðåøå-
íèÿ èñ÷èñëÿëîñü ÷àñàìè, è ïðè ýòîì íå âñåãäà
ðåøåíèå áûëî òî÷íûì.

Áûëè ðàññìîòðåíû äðóãèå ìîäåëè ýòîé çà-
äà÷è. Ýòà êîìáèíàòîðíàÿ çàäà÷à ïðåîáðàçóåòñÿ
ê êâàäðàòè÷íîé ìóëüòèìîäàëüíîé çàäà÷å

2
n m m

j ij ij j

i 1 j 1 j 1

min{ t x | x t ,
  

 
 

 
  

n m m
2 2

ij j

i 1 j 1 j 1

i 1,..., n,  x t }.
  

     (3)
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Â ýòîé ìîäåëè ïåðåìåííûå xij ðàâíû âðå-
ìåíè âûïîëíåíèÿ i-ãî çàäàíèÿ íà j-ì ïðîöåññî-
ðå. Ïîñëåäíåå îãðàíè÷åíèå èñêëþ÷àåò âîçìîæ-
íîñòü âûïîëíåíèÿ îäíîãî çàäàíèÿ ðàçíûìè ïðî-
öåññîðàìè. Äåéñòâèòåëüíî, åñëè ðàçáèòü âðåìÿ
âûïîëíåíèÿ êàêîãî-òî çàäàíèÿ íà ÷àñòè, òî ñóì-
ìà êâàäðàòîâ ýòèõ ÷àñòåé óìåíüøèòñÿ è ïîñëå-
äíåå îãðàíè÷åíèå çàäà÷è (3) áóäåò íàðóøåíî.
Çàäà÷à (3) ìóëüòèìîäàëüíàÿ, ÷òî ñâÿçàíî ñ ïîñ-
ëåäíèì íåâûïóêëûì îãðàíè÷åíèåì. Äëÿ åå ðå-
øåíèÿ èñïîëüçîâàëñÿ ýâîëþöèîííûé ïîèñê, è
îí ïîêàçàë ëó÷øèå ðåçóëüòàòû ïî ñðàâíåíèþ ñ
ìåòîäîì âåòâåé è ãðàíèö äëÿ çàäà÷è (2) êàê ïî
âðåìåíè ðåøåíèÿ, òàê è ïî åãî òî÷íîñòè. Åùå
ëó÷øèå ðåçóëüòàòû áûëè ïîëó÷åíû ïðè èñïîëü-
çîâàíèè ìåòîäà òî÷íîé êâàäðàòè÷íîé ðåãóëÿðè-
çàöèè äëÿ ðåøåíèÿ çàäà÷è (3).

Äàëåå, äëÿ çàäà÷è (3) áûë ðàçðàáîòàí ïðî-
ñòîé àëãîðèòì ðàñïðåäåëåíèÿ çàäàíèé ïî ïðî-
öåññîðàì, ýôôåêòèâíîñòü êîòîðîãî ïðåâçîøëà
âñå îæèäàíèÿ. Ýòîò àëãîðèòì âêëþ÷àåò ñëåäóþ-
ùóþ ïîñëåäîâàòåëüíîñòü øàãîâ.

Øàã 1. Óïîðÿäî÷èì ïîñëåäîâàòåëüíîñòü
âðåìåí tj ïî óáûâàíèþ, ðàçîáü¸ì åå íà ÷àñòè ïî
m çàäàíèé â êàæäîé ÷àñòè (ïîñëåäíÿÿ ÷àñòü ìî-
æåò áûòü íåïîëíîé) è ïðîíóìåðóåì ïðîöåññî-
ðû.

Øàã 2. Áóäåì íàçíà÷àòü êàæäûå m çàäàíèé
÷àñòè ïðîöåññîðàì â ïîðÿäêå âîçðàñòàíèÿ èõ
íîìåðîâ äëÿ íå÷åòíîé ÷àñòè çàäàíèé è â ïîðÿä-
êå óáûâàíèÿ íîìåðîâ ïðîöåññîðîâ äëÿ ÷åòíîé
÷àñòè çàäàíèé.

Øàã 3. Ïîñëå ðàñïðåäåëåíèÿ âñåõ çàäàíèé
îïðåäåëÿåì ïðîöåññîðû ñ ìàêñèìàëüíîé è ìè-
íèìàëüíîé çàãðóçêîé. Ïîñðåäñòâîì îáìåíà çà-
äàíèÿìè ìèíèìèçèðóåì ðàçíîñòü âðåìåí èõ ðà-
áîòû. Ýòîò ïðîöåññ ïîâòîðÿåì äî òåõ ïîð, ïîêà
óðàâíèâàíèå ñòàíåò íåâîçìîæíûì.

Ïðîãðàììíàÿ ðåàëèçàöèÿ ýòîãî àëãîðèòìà
ïîêàçàëà ëó÷øèå ðåçóëüòàòû ïðè ðåøåíèè ìíî-
ãèõ çàäà÷. Ïðåèìóùåñòâî áûëî êàê ïî ðàâíî-
ìåðíîñòè çàãðóçêè ïðîöåññîðîâ, òàê è ïî âðå-
ìåíè ðåøåíèÿ, êîòîðîå îñóùåñòâëÿëîñü çà äîëè
ñåêóíäû.

Ìîæíî ïðèâåñòè è äðóãèå ïðèìåðû çàäà÷,
êîãäà íåïîñðåäñòâåííàÿ ðàçðàáîòêà àëãîðèòìà
äàåò ëó÷øèå ðåçóëüòàòû. Íåñêîëüêî òàêèõ àëãî-
ðèòìîâ ðàçðàáîòàíî äëÿ ñåòåâûõ çàäà÷. Íåäîñòàò-
êîì íåïîñðåäñòâåííîé ðàçðàáîòêè àëãîðèòìîâ
ÿâëÿåòñÿ òî, ÷òî òàêèå àëãîðèòìû ÷àñòî ýâðèñ-
òè÷åñêèå è íå ãàðàíòèðóþò ïîëó÷åíèå íàèëó÷-
øåãî ðåøåíèÿ. Ïîñòðîåíèå òàêèõ àëãîðèòìîâ
ñëîæíåå ïîñòðîåíèÿ îïòèìèçàöèîííîé ìîäåëè.
Ïîýòîìó äëÿ îïòèìèçàöèîííûõ ìîäåëåé ðàçðà-

áîòàíî áîëüøîå ÷èñëî ìåòîäîâ è ïðîãðàìì, ãî-
òîâûõ äëÿ ðåøåíèÿ êîíêðåòíîé çàäà÷è. Ïðè÷åì
÷èñëî òàêèõ ìåòîäîâ è ïðîãðàìì ïîñòîÿííî ðà-
ñòåò.

Îñòàíîâèìñÿ íà ìåòîäàõ ðåøåíèÿ îïòèìè-
çàöèîííûõ çàäà÷. Â îáùåì ñëó÷àå ýòè çàäà÷è
ìîæíî çàïèñàòü â âèäå

},Ex,m,...,1i,0)x(f|)x(fmin{ n
i0 

ãäå x – èñêîìûé n-ìåðíûé âåêòîð (òî÷êà) åâê-
ëèäîâîãî ïðîñòðàíñòâà En.

×àñòü ýòèõ ìåòîäîâ, êîòîðûå èçëàãàþòñÿ â
óíèâåðñèòåòñêèõ êóðñàõ, óæå äàâíî íå èñïîëü-
çóþòñÿ â ïðàêòè÷åñêèõ ïðèëîæåíèÿõ. Íàïðèìåð,
ìåòîäû ïðîåêöèè ãðàäèåíòà èëè ïðèâåäåííîãî
ãðàäèåíòà ìàëîýôôåêòèâíû. Òàêèå ìåòîäû êàê
ãðàäèåíòíîãî ñïóñêà èëè Ôðàíêà-Âóëôà áûëè
ðàçðàáîòàíû î÷åíü äàâíî, íî â ïîñëåäíèå ãîäû
ìîäèôèöèðóþòñÿ. Ðàññìîòðèì íàèáîëåå ýôôåê-
òèâíûå ìåòîäû ðåøåíèÿ ïåðå÷èñëåííûõ âûøå
êëàññîâ ìîäåëåé. Äëÿ ëèíåéíûõ ìîäåëåé âíå
êîíêóðåíöèè îñòàþòñÿ ñèìïëåêñ-ìåòîä è ïðÿ-
ìî-äâîéñòâåííûé ìåòîä âíóòðåííåé òî÷êè. Çà-
äà÷è âûïóêëîé îïòèìèçàöèè ðàçáèâàþò íà äâà
ïîäêëàññà áåçóñëîâíîé è óñëîâíîé îïòèìèçàöèè.
Äëÿ áåçóñëîâíîé îïòèìèçàöèè íàèáîëåå ýôôåê-
òèâíûìè ÿâëÿþòñÿ ìåòîäû ñîïðÿæåííûõ íàïðàâ-
ëåíèé è êâàçèíüþòîíîâñêèå ìåòîäû. Äëÿ óñëîâ-
íîé îïòèìèçàöèè ëó÷øèå ðåçóëüòàòû ïîêàçûâà-
þò ïðÿìî-äâîéñòâåííûå ìåòîäû âíóòðåííåé òî÷-
êè. Äëÿ êëàññà äèñêðåòíûõ îïòèìèçàöèîííûõ
çàäà÷ ëó÷øèì ÿâëÿåòñÿ ìåòîä âåòâåé è ãðàíèö.
Íà íàø âçãëÿä çàäà÷è ýòîãî êëàññà ñëåäóåò ïðå-
îáðàçîâûâàòü ê çàäà÷àì ÷åòâåðòîãî êëàññà ñ íå-
ïðåðûâíûìè ïåðåìåííûìè. Òàêîå ïðåîáðàçîâà-
íèå îñóùåñòâèòü î÷åíü ïðîñòî. Íàïðèìåð, áó-
ëåâû ïåðåìåííûå ìîæíî çàìåíèòü êâàäðàòè÷-
íûì íåðàâåíñòâîì

,1x0,0)x1(x
n

1i
ii 



êîòîðîìó óäîâëåòâîðÿþò òîëüêî áóëåâû ïåðåìåí-
íûå. Ïðèìåð äðóãîãî ïðåîáðàçîâàíèÿ ïîêàçàí
âûøå, ïðè ïðåîáðàçîâàíèè çàäà÷è (2) ê çàäà-
÷å (3).

Îïòèìèçàöèîííûå çàäà÷è ÷åòâåðòîãî êëàññà
ïðåäñòàâëÿþò íàèáîëüøèé èíòåðåñ, òàê êàê áîëü-
øèíñòâî ïðèêëàäíûõ çàäà÷ îòíîñèòñÿ ê ýòîìó
êëàññó. Äîñòàòî÷íî áîëüøèì ïîäêëàññîì ÿâëÿ-
åòñÿ êëàññ îáùèõ êâàäðàòè÷íûõ çàäà÷, êîòîðûå
ôîðìóëèðóþòñÿ ñëåäóþùèì îáðàçîì:

}.m,...,1i,0cxbxAx|xbxAxmin{ i
T
ii

TT
00

T  (4)
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Çäåñü íåèçâåñòíàÿ ïåðåìåííàÿ xEn – òî÷-
êà n-ìåðíîãî åâêëèäîâîãî ïðîñòðàíñòâà, âñå
ìàòðèöû Ai – ñèììåòðè÷íûå. Åñëè âñå ìàòðèöû
Ai – ïîëîæèòåëüíî ïîëóîïðåäåëåííûå, òî çàäà-
÷à (4) ñòàíîâèòñÿ âûïóêëîé. Ñóùåñòâóåò áîëü-
øîå ÷èñëî ïðèêëàäíûõ çàäà÷, êîòîðûå ìîãóò
áûòü îïèñàíû ìîäåëüþ (4), â ÷àñòíîñòè, ðàñ-
ñìîòðåííàÿ âûøå çàäà÷à (3) ÿâëÿåòñÿ êâàäðàòè÷-
íîé. Çàäà÷à (4) ìîæåò èìåòü áîëüøîå ÷èñëî ëî-
êàëüíûõ ìèíèìóìîâ, íàïðèìåð, 2n. Ýôôåêòèâ-
íîñòü ðåøåíèÿ çàäà÷è (4) ëîêàëüíûì ìåòîäîì,
íàïðèìåð, ïðÿìî-äâîéñòâåííûì ìåòîäîì âíóò-
ðåííåé òî÷êè, çàâèñèò îò âûáîðà íà÷àëüíîé òî÷-
êè. Åñëè ýòà òî÷êà âûáðàíà âáëèçè òî÷êè ãëî-
áàëüíîãî ìèíèìóìà, òî çàäà÷à (4) áóäåò ðåøåíà.
Îäíàêî ïðîâåðèòü ýòî ïðàêòè÷åñêè íåâîçìîæ-
íî. Òåì íå ìåíåå, ïåðâûìè ìåòîäàìè äëÿ ðåøå-
íèÿ çàäà÷ ÷åòâåðòîãî êëàññà è çàäà÷ (4), â ÷àñò-
íîñòè, áûëè ìåòîäû ìóëüòèñòàðòà. Â ýòèõ ìåòî-
äàõ âûáèðàëîñü áîëüøîå ÷èñëî íà÷àëüíûõ òî-
÷åê, ïîêðûâàþùèõ äîïóñòèìóþ îáëàñòü çàäà÷è,
è äëÿ êàæäîé òàêîé òî÷êè ðåøàëàñü çàäà÷à ëî-
êàëüíûì ìåòîäîì. Ñðåäè íàéäåííûõ ðåøåíèé
âûáèðàëîñü íàèëó÷øåå. Îäíàêî òàêîé ìåòîä â
n-ìåðíîì ïðîñòðàíñòâå ÿâëÿåòñÿ íåýôôåêòèâ-
íûì. Äëÿ ìíîãèõ íà÷àëüíûõ òî÷åê áóäåì ïîëó-
÷àòü îäíî è òî æå ðåøåíèå, âîçìîæíîñòü ïî-
êðûòü äîñòàòî÷íî ïëîòíî äîïóñòèìîå ìíîæåñòâî
óæå äëÿ 10-ìåðíîãî ïðîñòðàíñòâà íåâîçìîæíî.
Ïðàêòè÷åñêèå çàäà÷è òðåáóþò ðåøåíèÿ â ïðî-
ñòðàíñòâå ðàçìåðíîñòè ñîòåí è äåñÿòêè òûñÿ÷
ïåðåìåííûõ. Êðîìå òîãî, äîïóñòèìàÿ îáëàñòü
çàäà÷è ÷àñòî èìååò ñëîæíóþ ñòðóêòóðó è ïîèñê
äàæå äîïóñòèìîé òî÷êè â òàêèõ çàäà÷àõ ÿâëÿåò-
ñÿ ïðîáëåìíûì. Â äàëüíåéøåì ìåòîä ìóëüòè-
ñòàðòà áûë ìîäèôèöèðîâàí è ïîñëåäîâàòåëü-
íîñòü íà÷àëüíûõ òî÷åê âûáèðàëàñü ñëó÷àéíûì
îáðàçîì â ñîîòâåòñòâèè ñ íåêîòîðûì àëãîðèò-
ìîì. Ðàñïðîñòðàíåíèå ïîëó÷èëè ãåíåòè÷åñêèå,
ýâîëþöèîííûå àëãîðèòìû è äðóãèå ïîäîáíûå
àëãîðèòìû, êîòîðûå èñïîëüçóþò ðåçóëüòàòû ïðå-
äûäóùèõ èòåðàöèé äëÿ ïîèñêà íîâûõ íà÷àëü-
íûõ òî÷åê. Äëÿ ïðîâåðêè ýôôåêòèâíîñòè ýòèõ
àëãîðèòìîâ áûëî ðàçðàáîòàíî áîëüøîå ÷èñëî
(áîëüøå òûñÿ÷è) ñëîæíûõ ìóëüòèìîäàëüíûõ òå-
ñòîâûõ çàäà÷. Áîëüøèíñòâî ýòèõ çàäà÷ èìåþò
èçâåñòíóþ òî÷êó ãëîáàëüíîãî ìèíèìóìà. Äëÿ
íåêîòîðûõ òàêèõ ìóëüòèìîäàëüíûõ çàäà÷ íîâûå
ìåòîäû ïîêàçàëè õîðîøèå ðåçóëüòàòû. Îäíàêî
äëÿ ìíîãèõ çàäà÷ ýòè ðåçóëüòàòû áûëè äàëåêè îò
îïòèìàëüíûõ. Ìîæíî ïðèñïîñîáèòü ýòè ìåòî-
äû äëÿ îäíèõ òåñòîâûõ çàäà÷, íî îíè íå áóäóò
ðàáîòàòü äëÿ äðóãèõ. Íåñìîòðÿ íà ïðîäîëæàþ-
ùèåñÿ èññëåäîâàíèÿ â ýòîé îáëàñòè ïðîãðåññ â

ýòîì íàïðàâëåíèè ìàëîâåðîÿòåí.
Îñîáåííîñòüþ ìóëüòèìîäàëüíûõ çàäà÷ ÿâ-

ëÿåòñÿ òî, ÷òî äëÿ íèõ íå ñóùåñòâóåò ïîäêëàñ-
ñîâ ñ ïðîñòûìè ðåøåíèÿìè.  Îäíèì èç îáùèõ
ïîäõîäîâ äëÿ ðåøåíèÿ çàäà÷ (4) ÿâëÿåòñÿ ïîëó-
îïðåäåëåííàÿ îïòèìèçàöèÿ. Çàäà÷ó (4) ìîæíî
çàïèñàòü â âèäå:

},0X,m,...,1i,0XQ|XQmin{ i0    (5)

ãäå íåèçâåñòíîé ÿâëÿåòñÿ ïåðåìåííàÿ ïîëóîï-
ðåäåëåííàÿ ìàòðèöà X ðàíãà åäèíèöà. Îáîçíà-
÷åíèå XC  îçíà÷àåò ñêàëÿðíîå ïðîèçâåäåíèå
äâóõ ìàòðèö


 


n

1i

n

1j
ijijxcXC .

Âñå ìàòðèöû Qi – ñèììåòðè÷íûå è âûðà-
æàþòñÿ ÷åðåç ïàðàìåòðû çàäà÷è (4) ñëåäóþùèì
îáðàçîì:

T

T

1     x
X ,

x   xx

 
   
   

T

0

0

0
0

b
0     

2Q ,
b

     A
2

 
 
 
 
 
 

 

T

i
i

i

i
i

b
c     

2Q .
b

     A
2

 
 
 
 
 
 

Åñëè îïóñòèòü óñëîâèå òîãî, ÷òî ðàíã ìàò-
ðèöû ðàâåí åäèíèöå, òî çàäà÷à (5) ñòàíåò âû-
ïóêëîé. Â ýòîì ñëó÷àå, åå ðåøåíèå áóäåò îïðå-
äåëÿòü ðåøåíèå çàäà÷è (4), åñëè ðàíã îïòèìàëü-
íîé ìàòðèöû X ðàâåí åäèíèöà. Â ïðîòèâíîì
ñëó÷àå, áóäåò ïîëó÷åíà íèæíÿÿ îöåíêà ðåøåíèÿ
çàäà÷è (4). Â ðàáîòå [8] ïîêàçàíî êàê ýòà íèæ-
íÿÿ îöåíêà ìîæåò áûòü óëó÷øåíà. Â ÷àñòíîñòè,
ðåøåíèå çàäà÷è (5) ìîæåò áûòü èñïîëüçîâàíî â
êà÷åñòâå íà÷àëüíîé òî÷êè äëÿ ðåøåíèÿ çàäà÷è
(4) ëîêàëüíûì ìåòîäîì. Äëÿ ðåøåíèÿ çàäà÷è (5)
ðàçðàáîòàíû ýôôåêòèâíûå ìåòîäû, ýòî – ïðÿ-
ìî-äâîéñòâåííûé ìåòîä âíóòðåííåé òî÷êè è
ïîëóîïðåäåëåííûé ñèìïëåêñ-ìåòîä. Ðåøåíèå
çàäà÷è (5) áóäåò äîñòèãàòüñÿ íà ãðàíèöå äîïóñ-
òèìîé îáëàñòè, ÷òî îáóñëîâëåíî ëèíåéíîé öå-
ëåâîé ôóíêöèåé ïî îòíîøåíèþ ìàòðèöû X. Ýòî
îçíà÷àåò, ÷òî ðåøåíèå çàäà÷è (5) áóäåò äîñòè-
ãàòüñÿ íà ãðàíèöå äîïóñòèìîé îáëàñòè, â ÷àñò-
íîñòè íà ãðàíèöå ïîëóîïðåäåëåííîãî êîíóñà X0.
Îáðàçóþùèìè ýòîãî êîíóñà ÿâëÿþòñÿ ìàòðèöû
ðàíãà åäèíèöà. Ïîýòîìó, åñëè ðåøåíèå äîñòè-
ãàåòñÿ íà îäíîé èç ýòèõ îáðàçóþùèõ, òî ïîëó÷à-
åì òî÷íîå ðåøåíèå. Âû÷èñëèòåëüíûå ýêñïåðè-
ìåíòû ïîêàçûâàþò, ÷òî âî ìíîãèõ ñëó÷àÿõ ïî-
ëó÷àåì íèæíèå îöåíêè äàëåêèå îò îïòèìàëüíûõ.
Ïðè ïåðåõîäå îò çàäà÷è (4) ê çàäà÷å (5) óâåëè-
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÷èâàåòñÿ ðàçìåðíîñòü çàäà÷è. Íàïðèìåð, ïðî-
ñòûå îãðàíè÷åíèÿ xi0 äëÿ êàæäîãî i íåîáõîäè-
ìî çàìåíèòü ìàòðè÷íûì îãðàíè÷åíèåì. Åñëè
ðàçìåðíîñòü çàäà÷è (4) n=100, òî â çàäà÷ó (5)
íåîáõîäèìî äîáàâèòü 100 ìàòðèö ðàçìåðà
(n+1)(n+1). Òåì íå ìåíåå, â ïîñëåäíèå ãîäû
äëÿ ðåøåíèÿ çàäà÷ (5) èñïîëüçóåòñÿ ïðåèìóùå-
ñòâåííî ïîëóîïðåäåëåííàÿ îïòèìèçàöèÿ. Îíà íå
îãðàíè÷èâàåòñÿ çàäà÷àìè (5) è èñïîëüçóåòñÿ òàê-
æå äëÿ ïîëèíîìèàëüíûõ çàäà÷.

Îäíîé èç ïðîáëåì â ðàçðàáîòêå ýôôåêòèâ-
íûõ ìåòîäîâ äëÿ ðåøåíèÿ ìóëüòèìîäàëüíûõ çà-
äà÷ ÿâëÿåòñÿ ñëîæíîñòü ñòðóêòóðû îãðàíè÷åíèé.
Íàïðèìåð, íåâûïóêëàÿ îáëàñòü

}4)xcos()1x(3)xcos()1x(4|x{ 2112  ,

èçîáðàæåííàÿ íà ðèñ. 1, ÿâëÿåòñÿ äîñòàòî÷íî
ñëîæíîé äëÿ ïîèñêà îïòèìàëüíîé òî÷êè.

Ðèñ.1. Íåâûïóêëàÿ äîïóñòèìàÿ îáëàñòü

Îäíàêî ïîñëå êâàäðàòè÷íîé ðåãóëÿðèçàöèè

2 1 1 2{x | 4(x 1)cos(x ) 3(x 1) cos(x )   

      2 2

1 210(x x ) 100}  

îíà ñòàíîâèòñÿ âûïóêëîé (ðèñ. 2).

Ðèñ. 2. Âûïóêëàÿ îáëàñòü

Äîïóñòèìóþ òî÷êó â âûïóêëîé îáëàñòè íàé-
òè î÷åíü ëåãêî, ÷òî íåëüçÿ ñêàçàòü î ïðåäûäó-
ùåé îáëàñòè.

Êâàäðàòè÷íàÿ ðåãóëÿðèçàöèÿ èñïîëüçóåòñÿ
äëÿ ïðåîáðàçîâàíèÿ çàäà÷ îïòèìèçàöèè ÷åòâåð-
òîãî êëàññà ê âèäó:

},Sx|||xmax{|| 2    (6)

ãäå ||x||2 – êâàäðàò åâêëèäîâîé íîðìû âåêòîðà, à
S – âûïóêëîå ìíîæåñòâî. Äëÿ çàäà÷è (5) ïðåîá-
ðàçîâàííàÿ çàäà÷à áóäåò èìåòü âèä:

2 T T 2

0 0max{| x || | x A x b x s (r 1) || x || d,    

T T 2

i i ix A x b x c r || x || d,  i 1,..., m},       (7)

ãäå ïàðàìåòð r>0 âûáèðàåòñÿ òàêèì, ÷òîáû äî-
ïóñòèìîå ìíîæåñòâî çàäà÷è (7) áûëî âûïóêëûì,
à ïàðàìåòð s òàêèì, ÷òîáû ïåðâîå îãðàíè÷åíèå
çàäà÷è (7) â òî÷êå ìàêñèìóìà áûëî àêòèâíûì.
Íîðìà âåêòîðà ||x|| ñîäåðæèò n+1 ïåðåìåííóþ.
Çàäà÷à (7) ñîäåðæèò åùå îäíó íîâóþ ïåðåìåí-
íóþ d, çíà÷åíèå êîòîðîé íàõîäèì ìåòîäîì äè-
õîòîìèè. Ïîñëåäîâàòåëüíî óâåëè÷èâàÿ çíà÷å-
íèå d, äëÿ êàæäîãî åãî çíà÷åíèÿ ðåøàåì çàäà÷ó
(7) ïðÿìî-äâîéñòâåííûì ìåòîäîì âíóòðåííåé
òî÷êè. Íàéäåííóþ òî÷êó x ïðîâåðÿåì íà âûïîë-
íèìîñòü óñëîâèÿ r||x||2=d. Åñëè ýòî óñëîâèå âû-
ïîëíÿåòñÿ ñ çàäàííîé òî÷íîñòüþ è çíà÷åíèå d
ìèíèìàëüíî, òî ðåøåíèå çàäà÷è (7) ñîâïàäàåò ñ
ðåøåíèåì çàäà÷è (5).

Çàäà÷à (6) â îáùåì ñëó÷àå ìóëüòèìîäàëü-
íàÿ, íî äëÿ íåêîòîðûõ âûïóêëûõ ìíîæåñòâ S
îíà ïðåîáðàçóåòñÿ ê óíèìîäàëüíîé. Ýòî áóäåò
òîãäà, êîãäà ìíîæåñòâî S – ïðàâèëüíûé ìíîãî-
ãðàííèê, ïðÿìîóãîëüíûé ïàðàëëåëåïèïåä, âïè-
ñàííûé â øàð ìíîãîãðàííèê, ëèáî â êàæäîé
òî÷êå âûïóêëîé ïîâåðõíîñòè S åå êðèâèçíà áîëü-
øå êðèâèçíû øàðà ñ öåíòðîì â íà÷àëå êîîðäè-
íàò. Ñåãîäíÿ ìåòîä òî÷íîé êâàäðàòè÷íîé ðåãó-
ëÿðèçàöèè ÿâëÿåòñÿ ëó÷øèì âûáîðîì ïðè ðå-
øåíèè ìóëüòèìîäàëüíûõ çàäà÷, ÷òî ïîäòâåðæ-
äàåòñÿ ìíîãî÷èñëåííûìè ñðàâíèòåëüíûìè ýêñ-
ïåðèìåíòàìè.

Ðàññìîòðèì ïðàêòèêó ðåøåíèÿ ìóëüòèìî-
äàëüíûõ çàäà÷ ìåòîäîì òî÷íîé êâàäðàòè÷íîé
ðåãóëÿðèçàöèè íà ïðèìåðå çàäà÷è (5). Âûáèðà-
åì çíà÷åíèå ïàðàìåòðà r>0 äëÿ êîòîðîãî âñå
ìàòðèöû Ai+(r-1)I áóäóò ïîëîæèòåëüíî îïðåäå-
ëåííûå. Äëÿ ýòîãî äîñòàòî÷íî, ÷òîáû îíè áûëè
ñ ïðåîáëàäàþùåé ãëàâíîé äèàãîíàëüþ. Ïàðàìåòð
s äîëæåí óäîâëåòâîðÿòü óñëîâèþ s³||x*||2–f0(x

*), ãäå
x* – ðåøåíèå çàäà÷è (5). Òàê êàê ðåøåíèå x* çà-
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äà÷è (5) íåèçâåñòíî, òî íåîáõîäèìî ïðîèçâåñòè
îöåíêó çíà÷åíèÿ s, êîòîðàÿ áóäåò óòî÷íÿòüñÿ â
õîäå ðåøåíèÿ çàäà÷è. Äàëåå âîñïîëüçóåìñÿ ïðî-
ãðàììîé ëîêàëüíîé îïòèìèçàöèè. Òàêèå ïðî-
ãðàììû åñòü â ìàòåìàòè÷åñêèõ ïàêåòàõ, íàïðè-
ìåð MathLab èëè Maple. Â îòêðûòîì äîñòóïå â
Internet åñòü ïðîãðàììà OpenSolver, ÿâëÿþùàÿ-
ñÿ íàäñòðîéêîé Excel. Äëÿ íà÷àëà ðåøåíèÿ çà-
äà÷è (7) ïîòðåáóåòñÿ ìèíèìàëüíîå çíà÷åíèå ïå-
ðåìåííîé d, êîòîðîå íàõîäèì, ðåøàÿ çàäà÷ó
âûïóêëîé îïòèìèçàöèè çàäàííîé ïðîãðàììîé

T T 2

0 0min{d | x A x b x s (r 1) || x || d,    

     T T 2

i i ix A x b x c r || x || d,   

     2i 1,...,m,  r || x || d}. 

Åñëè â íàéäåííîì ðåøåíèè x0, d0  ïîñëå-
äíåå îãðàíè÷åíèå ÿâëÿåòñÿ àêòèâíûì, ò.å.
r||x0||2=d0, òî x0 – ðåøåíèå çàäà÷è (5) ïðè óñëî-
âèè, ÷òî ïàðàìåòð s óäîâëåòâîðÿåò ïðèâåäåííûì
âûøå óñëîâèÿì. Åñëè æå r||x0||2<d0, òî çíà÷åíèå d
íåîáõîäèìî ïîñëåäîâàòåëüíî óâåëè÷èâàòü ñ îï-
ðåäåëåííûì øàãîì äî äîñòèæåíèÿ óñëîâèÿ
r||xk||2=dk, ãäå xk – ðåøåíèå çàäà÷è (7) ïðè d=dk.
Êàê ïðàâèëî, ñ ðîñòîì çíà÷åíèÿ d ïîñëåäîâà-
òåëüíîñòü f0(x

k) óáûâàåò. Åå âîçðàñòàíèå âîçìîæ-
íî, â òàêèõ ñëó÷àÿõ íåîáõîäèìî óìåíüøèòü øàã
èçìåíåíèÿ ïåðåìåííîé d. Òàêàÿ ïðîöåäóðà èç-
ìåíåíèÿ d íàçûâàåòñÿ äèõîòîìèåé. Ïðîöåññ èç-
ìåíåíèÿ d è ðåøåíèå çàäà÷è (7) ëîêàëüíûì ïî-
èñêîì ïðîäîëæàåòñÿ äî âûïîëíåíèÿ óñëîâèÿ
r||xk||2=dk ñ çàäàííîé òî÷íîñòüþ. Ýôôåêòèâíîñòü
ðàññìîòðåííîãî àëãîðèòìà ìîæíî óâåëè÷èòü
ïîñðåäñòâîì ñìåùåíèÿ äîïóñòèìîé îáëàñòè çà-
äà÷è âäîëü áèññåêòðèñû ïîëîæèòåëüíîãî îðòàíòà

},Ex,m,...,1i,0)hx(f|)hx(fmin{ n
i0 

ãäå h>0. Ïðè òàêîì ñìåùåíèè êðèâèçíà ïîâåð-
õíîñòè âûïóêëîãî ìíîæåñòâà S íå ìåíÿåòñÿ, à
êðèâèçíà øàðà óáûâàåò, ÷òî ïðèâîäèò ê óìåíü-
øåíèþ ìîäàëüíîñòè çàäà÷è.

Ýôôåêòèâíîñòü ðàññìîòðåííîãî ìåòîäà
òî÷íîé êâàäðàòè÷íîé ðåãóëÿðèçàöèè ïîäòâåðæ-
äàåòñÿ ìíîãî÷èñëåííûìè ñðàâíèòåëüíûìè ýêñ-
ïåðèìåíòàìè íà ðåøåíèè ñëîæíûõ òåñòîâûõ
çàäà÷. Ïðèâåäåì ïðèìåð ðåøåíèÿ çàäà÷è Rana â
100-ìåðíîì åâêëèäîâîì ïðîñòðàíñòâå:

   
n 1

i 1 i 1 i

i 1

min x 1 cos | x x 1|


 


      


   i 1 i i i 1 isin | x x 1| x cos | x x 1|       

  i 1 isin | x x 1| | 520 x 520 .
     


Íà ýòîé çàäà÷å â òå÷åíèè äåñÿòêîâ ëåò ïðî-
âåðÿþòñÿ âñå íîâûå àëãîðèòìû. Ëó÷øèé ðåçóëü-
òàò äëÿ ýòîé ôóíêöèè f(x*)=-41047,18, áåç óêàçà-
íèÿ òî÷êè ìèíèìóìà x*, ïðèâåäåí â ðàáîòå [14].
Â òîæå âðåìÿ ìåòîä òî÷íîé êâàäðàòè÷íîé ðåãó-
ëÿðèçàöèè ïîçâîëèë íàéòè çíà÷èòåëüíî ëó÷øåå
çíà÷åíèå ìèíèìóìà ýòîé ôóíêöèè
f(x*)=-50855,784.

Âûâîäû

Â äàííîé ðàáîòå îïòèìèçàöèîííûå çàäà÷è
ðàçáèòû íà ÷åòûðå êëàññà ñëîæíîñòè. Äëÿ ïåð-
âûõ äâóõ êëàññîâ ðàçðàáîòàíû ýôôåêòèâíûå
ìåòîäû ïîèñêà ýêñòðåìóìà. Äèñêðåòíûå çàäà÷è
ðåêîìåíäóåòñÿ ïðåîáðàçîâûâàòü ê íåïðåðûâíûì
êâàäðàòè÷íûì çàäà÷àì. Äëÿ ðåøåíèÿ çàäà÷ ÷åò-
âåðòîãî êëàññà ñëîæíîñòè ïðåäëàãàåòñÿ ìåòîä
òî÷íîé êâàäðàòè÷íîé ðåãóëÿðèçàöèè. Äëÿ íåêî-
òîðûõ ìóëüòèìîäàëüíûõ çàäà÷, íàïðèìåð, çàäà÷
îïòèìàëüíîãî ðàñïðåäåëåíèÿ ðåñóðñîâ â ìíîãî-
ïðîöåññîðíûõ ñèñòåìàõ â äàííîé ðàáîòå ïîñò-
ðîåíû ïðîñòûå è ýôôåêòèâíûå àëãîðèòìû áåç
ïîñòðîåíèÿ îïòèìèçàöèîííîé ìîäåëè.
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ÎÏÒÈÌ²ÇÀÖ²ß Â ÑÊ²Í×ÅÍÍÎÂÈÌ²ÐÍÎÌÓ
ÅÂÊË²ÄÎÂÎÌÓ ÏÐÎÑÒÎÐ²

Êîñîëàï À.².

Ó äàí³é ðîáîò³ îïòèì³çàö³éí³ ìîäåë³ â åâêë³äîâîìó ïðî-
ñòîð³ ðîçä³ëåí³ íà ÷îòèðè êëàñè ñêëàäíîñò³. Äëÿ ðîçâ’ÿçóâàííÿ
çàäà÷ ïåðøèõ äâîõ êëàñ³â ñêëàäíîñò³ ðîçðîáëåí³ åôåêòèâí³ àë-
ãîðèòìè. Öå ïðÿìî-äâî¿ñò³ ìåòîäè âíóòð³øíüî¿ òî÷êè. Äèñê-
ðåòí³ ³ êîìá³íàòîðí³ îïòèì³çàö³éí³ çàäà÷³ òðåòüîãî êëàñó ñêëàä-
íîñò³ ðåêîìåíäóºòüñÿ ïåðåòâîðþâàòè äî ÷åòâåðòîãî êëàñó
ñêëàäíîñò³ ç áåçïåðåðâíèìè çì³ííèìè. Äëÿ çàäà÷ òðåòüîãî ³
÷åòâåðòîãî êëàñó ñêëàäíîñò³ â äàíèé ÷àñ íå ðîçðîáëåí³ åôåê-
òèâí³ àëãîðèòìè çà âèíÿòêîì âóçüêîãî êëàñó çàäà÷, ÿê³ º óí³-
ìîäàëüíèìè. Çàãàëüíà çàäà÷à îïòèì³çàö³¿ ôîðìóëþºòüñÿ ÿê
ì³í³ìóì (ìàêñèìóì) ö³ëüîâî¿ ôóíêö³¿ ïðè íàÿâíîñò³ îáìåæåíü.
Ñêëàäí³ñòü òàêî¿ çàäà÷³ çàëåæèòü â³ä ñòðóêòóðè ö³ëüîâî¿
ôóíêö³¿ ³ ¿¿ îáìåæåíü. ßêùî ôóíêö³¿, ùî âèçíà÷àþòü îïòèì³-
çàö³éíó ìîäåëü º êâàäðàòè÷íèìè àáî ïîë³íîì³àëüíèìè, òî äëÿ
îòðèìàííÿ îö³íîê ðîçâ’ÿçê³â â òàêèõ çàäà÷àõ ìîæå áóòè âèêî-
ðèñòàíî íàï³ââèçíà÷åíå ïðîãðàìóâàííÿ. Äëÿ çàäà÷ íàï³ââèçíà-
÷åíî¿ îïòèì³çàö³¿ ðîçðîáëåí³ åôåêòèâí³ ìåòîäè. ²íîä³ äîñèòü
ðîçðîáèòè àëãîðèòì áåç ïîáóäîâè ìàòåìàòè÷íî¿ ìîäåë³. Òà-
êèé ïðèêëàä áà÷èìî ïðè ñîðòóâàíí³ ìàñèâó ÷èñåë. Ðîçðîáëåíî
åôåêòèâí³ àëãîðèòìè äëÿ ðîçâ’ÿçóâàííÿ ö³º¿ çàäà÷³. Â ðîáîò³
äëÿ çàäà÷ ñîðòóâàííÿ ïîáóäîâàíà îïòèì³çàö³éíà ìîäåëü, ³ âîíà
ñï³âïàäàº ç ìîäåëëþ çàäà÷³ ïðî ïðèçíà÷åííÿ. Ç öüîãî âèïëèâàº,
ùî çàäà÷à ñîðòóâàííÿ ÷èñåë º óí³ìîäàëüíîþ. Äëÿ ðîçâÿçóâàííÿ
ìóëüòèìîäàëüíèõ çàäà÷ åôåêòèâí³ àëãîðèòìè íå ðîçðîáëåí³. Ó
ðîáîò³ ïðîïîíóºòüñÿ ïðîñòèé ³ åôåêòèâíèé àëãîðèòì, äëÿ îï-
òèìàëüíîãî ðîçïîä³ëó ðåñóðñ³â â áàãàòîïðîöåñîðíèõ ñèñòåìàõ.
Öÿ çàäà÷à º ìóëüòèìîäàëüíîþ. Ó çàãàëüíîìó âèïàäêó, äëÿ ðîç-
â’ÿçóâàííÿ ìóëüòèìîäàëüíèõ çàäà÷ ïðîïîíóºòüñÿ ìåòîä òî÷-
íî¿ êâàäðàòè÷íî¿ ðåãóëÿðèçàö³¿. Öåé ìåòîä äîâ³â ñâîþ ïîð³âíÿëü-
íó åôåêòèâí³ñòü ïðè ðîçâ’ÿçóâàíí³ áàãàòüîõ òåñòîâèõ çàäà÷
ð³çíî¿ ðîçì³ðíîñò³.

Êëþ÷îâ³ ñëîâà: Åâêë³äîâèé ïðîñò³ð, îïòèì³çàö³ÿ,
óí³ìîäàëüíà çàäà÷à, ìóëüòèìîäàëüà³ çàäà÷à, êëàñè ñêëàäíîñò³,
÷èñåëüí³ ìåòîäè.

OPTIMIZATION IN A FINITE-DIMENSIONAL EUCLIDE
SPACE

Kosolap A.I.

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

In this paper, optimization models in Euclidean space are
divided into four complexity classes. Effective algorithms have been
developed to solve the problems of the first two classes of complexity.
These are the primal-dual interior-point methods. Discrete and
combinatorial optimization problems of the third complexity class
are recommended to be converted to the fourth complexity class with
continuous change of variables. Effective algorithms have not been
developed for problems of the third and fourth complexity classes,
with the exception of a narrow class of problems that are unimodal.
The general optimization problem is formulated as a minimum
(maximum) objective function in the presence of constraints. The
complexity of the problem depends on the structure of the objective
function and its feasible region. If the functions that determine the
optimization model are quadratic or polynomial, then semidefinite
programming can be used to obtain estimates of solutions in such
problems. Effective methods have been developed for semidefinite
optimization problems. Sometimes it’s enough to develop an algorithm
without building a mathematical model. We see such an example
when sorting an array of numbers. Effective algorithms have been
developed to solve this problem. In the work for sorting problems, an
optimization model is constructed, and it coincides with the model of
the assignment problem. It follows from this that the sorting problem
is unimodal. Effective algorithms have not been developed to solve
multimodal problems. The paper proposes a simple and effective
algorithm for the optimal allocation of resources in multiprocessor
systems. This problem is multimodal. In the general case, for solving
multimodal problems, a method of exact quadratic regularization is
proposed. This method has proven its comparative effectiveness in
solving many test problems of various dimensions.

Keywords: Euclidean space, optimization, unimodal prob-
lems, multimodal problems, complexity classes, numerical
methods.
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ÏÐÈ ÀÒÎÌÍÎ-ÀÁÑÎÐÁÖÈÎÍÍÎÌ ÑÏÅÊÒÐÀËÜÍÎÌ ÀÍÀËÈÇÅ ÄÎÍÍÛÕ

ÎÒËÎÆÅÍÈÉ

à ÃÂÓÇ «Íàöèîíàëüíûé òåõíè÷åñêèé óíèâåðñèòåò «Äíåïðîâñêàÿ ïîëèòåõíèêà», ã. Äíåïð, Óêðàèíà
á ÃÂÓÇ «Óêðàèíñêèé ãîñóäàðñòâåííûé õèìèêî-òåõíîëîãè÷åñêèé óíèâåðñèòåò», ã. Äíåïð, Óêðàèíà

â ÃÂÓÇ «Äíåïðîâñêèé íàöèîíàëüíûé óíèâåðñèòåò èìåíè Îëåñÿ Ãîí÷àðà», ã. Äíåïð, Óêðàèíà

Âñëåäñòâèå òåõíîãåííîãî âîçäåéñòâèÿ íà áèîñôåðó è åå ñîñòàâëÿþùèå, çíà÷èòåëü-

íîå êîëè÷åñòâî òÿæåëûõ ìåòàëëîâ è ðàäèîíóêëèäîâ îêàçûâàþòñÿ â îêðóæàþùåé

ñðåäå. Îäíèì èç îñíîâíûõ íàïðàâëåíèé óëó÷øåíèÿ ýêîëîãè÷åñêèõ ñîñòàâëÿþùèõ

áåçîïàñíîñòè îêðóæàþùåé ñðåäû ÿâëÿåòñÿ áèîòðàíñôîðìàöèÿ äîííûõ îòëîæåíèé

âîäîåìîâ, ñîäåðæàùèõ òÿæåëûå ìåòàëëû, ñ ïîìîùüþ âåðìèêóëüòóðû â áèîëîãè-

÷åñêè áåçîïàñíîå îðãàíè÷åñêîå óäîáðåíèå. Îöåíêà êîíöåíòðàöèè òÿæåëûõ ìåòàë-

ëîâ â äîííûõ îòëîæåíèÿõ ÿâëÿåòñÿ àêòóàëüíîé çàäà÷åé, ðåøåíèå êîòîðîé ïîçâîëèò

ñîõðàíèòü ïðèðîäíóþ ñðåäó, óëó÷øèòü ñîñòîÿíèå ïî÷â è êàê ñëåäñòâèå – çäîðîâüå

÷åëîâåêà. Ïðîáëåìîé èñïîëüçîâàíèÿ äîííûõ çàëåæåé â ýòîì ñëó÷àå ÿâëÿåòñÿ òî÷-

íîñòü îïðåäåëåíèÿ ñîäåðæàíèå â íèõ ðàçëè÷íûõ òÿæåëûõ ìåòàëëîâ, êîòîðûå âëèÿ-

þò íà æèçíåäåÿòåëüíîñòü äîæäåâûõ ÷åðâåé. Âàëîâóþ è ïîäâèæíóþ ôîðìû òÿæå-

ëûõ ìåòàëëîâ â îïûòíûõ ñóáñòðàòàõ íàèáîëåå òî÷íî ìîæíî îïðåäåëÿòü ìåòîäîì

àòîìíî-àáñîðáöèîííîãî ñïåêòðàëüíîãî àíàëèçà. Àòîìíî-àáñîðáöèîííûé àíàëèç –

ìåòîä àíàëèòè÷åñêîé õèìèè, îñíîâàííûé íà ñåëåêòèâíîì ïîãëîùåíèè (àáñîðá-

öèè) ýëåêòðîìàãíèòíîãî èçëó÷åíèÿ îïðåäåëåííîé äëèíû âîëíû ñâîáîäíûìè îò

âñåõ ìîëåêóëÿðíûõ ñâÿçåé íåéòðàëüíûìè àòîìàìè îïðåäåëÿåìîãî ýëåìåíòà. Â ïðî-

öåññå àáñîðáöèè ýëåêòðîí ïåðåõîäèò ñ îñíîâíîãî ýíåðãåòè÷åñêîãî óðîâíÿ íà áîëåå

âûñîêèé â ðåçóëüòàòå ôîòîííîãî âîçáóæäåíèÿ. Ïðè ýòîì èíòåíñèâíîñòü âîçáóæäà-

þùåãî ñâåòà äàííîé ÷àñòîòû óìåíüøàåòñÿ. Òî÷íîìó êîëè÷åñòâåííîìó îïðåäåëå-

íèþ çà÷àñòóþ ïðåïÿòñòâóþò çíà÷èòåëüíûå ìàòðè÷íûå ïîìåõè è íåîäíîðîäíîå ðàñ-

ïðåäåëåíèå àíàëèòà. Äëÿ äîñòèæåíèÿ òî÷íîñòè è äîñòîâåðíîñòè ìåòîäà, íåîáõîäè-

ìûõ äëÿ âåðìèêóëüòèâèðîâàíèÿ, â íàñòîÿùåé ðàáîòå ïðåäëàãàåòñÿ ìîäèôèêàöèÿ

ìåòîäà àíàëèçà ïóòåì ïðèìåíåíèÿ íå÷åòêîãî ìîäåëèðîâàíèÿ ðåçóëüòàòîâ ýêñïåðè-

ìåíòà. C ìàòåìàòè÷åñêîé òî÷êè çðåíèÿ ïðîöåññ ïîñòðîåíèÿ ãðàäóèðîâî÷íîãî ãðà-

ôèêà ìîæåò áûòü ðåàëèçîâàí ïðè ïîìîùè ïðîöåäóðû ïîñòðîåíèÿ íå÷åòêîé øêàëû

â ìåòîäå ðàñøèôðîâêè âåñà áåëêîâ ïðè ýëåêòðîôîðåçå. Îïèñàí àëãîðèòì îïðåäå-

ëåíèÿ íå÷åòêîé êîíöåíòðàöèè ìåòàëëà ïî äàííûì àòîìíî-àáñîðáöèîííîãî ñèãíà-

ëà ñ ïîñëåäóþùåé äåôàççèôèêàöèåé ïîëó÷åííîé íå÷åòêîé êîíöåíòðàöèè äëÿ àíà-

ëèçà è ïðàêòè÷åñêîãî èñïîëüçîâàíèÿ.

Êëþ÷åâûå ñëîâà: íå÷åòêîå ìîäåëèðîâàíèå, ñïåêòðàëüíûé àíàëèç, òÿæåëûå

ìåòàëëû.
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Ïîñòàíîâêà ïðîáëåìû â îáùåì âèäå è åå ñâÿçü
ñ âàæíûìè ïðàêòè÷åñêèìè çàäà÷àìè

Âñëåäñòâèå òåõíîãåííîãî âîçäåéñòâèÿ íà
áèîñôåðó è åå ñîñòàâëÿþùèå, çíà÷èòåëüíîå êî-
ëè÷åñòâî òÿæåëûõ ìåòàëëîâ è ðàäèîíóêëèäîâ

îêàçûâàåòñÿ â îêðóæàþùåé ñðåäå. Èíòåíñèôè-
êàöèÿ ìèãðàöèîííûõ ïðîöåññîâ ýòèõ ñîåäèíå-
íèé â ýêîñèñòåìàõ îáóñëàâëèâàåò àêòóàëüíîñòü
êîíòðîëÿ èõ ñîäåðæàíèÿ â îáúåêòàõ, â òîì ÷èñ-
ëå â äîííûõ îòëîæåíèÿõ âîäîåìîâ, íà êîòîðûõ
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ïðîèñõîäèò âëèÿíèå êàê ïðèðîäíûõ, òàê è àíò-
ðîïîãåííûõ ôàêòîðîâ. Ñëåäóåò îòìåòèòü, ÷òî
äîííûå îòëîæåíèÿ èìåþò ñâîéñòâî àêêóìóëè-
ðîâàòü òàêèå åêîïîëþòàíòû, êàê òÿæåëûå ìåòàë-
ëû. Ïîýòîìó, ó÷èòûâàÿ ýêîëîãè÷åñêèå ñîñòàâ-
ëÿþùèå áåçîïàñíîñòè îêðóæàþùåé ñðåäû, îñî-
áîãî âíèìàíèÿ çàñëóæèâàåò èçúÿòèÿ äîííûõ îò-
ëîæåíèé âîäîåìîâ, è èõ áèîòðàíñôîðìàöèÿ ñ
ïîìîùüþ âåðìèêóëüòóðû äîæäåâûõ ÷åðâåé â
áèîëîãè÷åñêè áåçîïàñíîå îðãàíè÷åñêîå óäîáðå-
íèå [1–3]. Ïðîáëåìîé èñïîëüçîâàíèÿ äîííûõ
çàëåæåé ÿâëÿåòñÿ îïðåäåëåíèå ñîäåðæàíèÿ â íèõ
ðàçëè÷íûõ òÿæåëûõ ìåòàëëîâ. Âñå äåëî â êîí-
öåíòðàöèè õèìè÷åñêîãî ýëåìåíòà â ñðåäå îáè-
òàíèÿ: ïðè äåôèöèòå åãî ñîäåðæàíèÿ äëÿ æèâûõ
îðãàíèçìîâ îí ðàññìàòðèâàåòñÿ êàê ìèêðîýëå-
ìåíò, ïðè èçáûòêå – êàê òÿæåëûé ìåòàëë [4].
Îöåíêà êîíöåíòðàöèè òÿæåëûõ ìåòàëëîâ â äîí-
íûõ îòëîæåíèÿõ ÿâëÿåòñÿ àêòóàëüíîé çàäà÷åé,
ðåøåíèå êîòîðîé ïîçâîëèò ñîõðàíèòü ïðèðîä-
íóþ ñðåäó, óëó÷øèòü ñîñòîÿíèå ïî÷â è êàê ñëåä-
ñòâèå – çäîðîâüå ÷åëîâåêà. Âàëîâóþ è ïîäâèæ-
íóþ ôîðìû òÿæåëûõ ìåòàëëîâ â îïûòíûõ ñóá-
ñòðàòàõ íàèáîëåå òî÷íî ìîæíî îïðåäåëÿòü ìå-
òîäîì àòîìíî-àáñîðáöèîííîãî ñïåêòðàëüíîãî
àíàëèçà [5–7]. Ìåòîä îáåñïå÷èâàåò íàõîæäåíèå
ýëåìåíòîâ ñ êîíöåíòðàöèåé 110-4610-3 ã/ì3,
÷òî äàåò âîçìîæíîñòü àíàëèçèðîâàòü äîííûå îò-
ëîæåíèÿ áåç ïðåäâàðèòåëüíîãî êîíöåíòðèðîâà-
íèÿ ýëåìåíòîâ. Òî÷íîìó êîëè÷åñòâåííîìó îï-
ðåäåëåíèþ çà÷àñòóþ ïðåïÿòñòâóþò çíà÷èòåëüíûå
ìàòðè÷íûå ïîìåõè è íåîäíîðîäíîå ðàñïðåäåëå-
íèå àíàëèòà [6]. Òàêèì îáðàçîì, ïîâûøåíèå òî÷-
íîñòè è íàäåæíîñòè ìåòîäà ïðåäñòàâëÿåò ñóùå-
ñòâåííûé ïðàêòè÷åñêèé èíòåðåñ.

Àíàëèç ïóáëèêàöèé, âûäåëåíèå íåðåø¸ííûõ
÷àñòåé ïðîáëåìû

Áëàãîäàðÿ àâòîìàòèçàöèè è êîìïüþòåðèçà-
öèè, àòîìíî-àáñîðáöèîííàÿ ñïåêòðîìåòðèÿ
(AAC) ïî-ïðåæíåìó, ÿâëÿåòñÿ îäíèì èç íàèáî-
ëåå óíèâåðñàëüíûõ, áûñòðûõ è íåäîðîãèõ ìåòî-
äîâ àíàëèçà ïðîá â ëþáîì ôèçè÷åñêîì ñîñòîÿ-
íèè, òàê êàê îáåñïå÷èâàåò ïðåäåëû îáíàðóæå-
íèÿ áîëüøèíñòâà ýëåìåíòîâ íà óðîâíå è íèæå
êëàðêîâûõ ñîäåðæàíèé è âûñîêóþ ãåîõèìè÷åñ-
êóþ èíôîðìàòèâíîñòü äàííûõ, êàê î âàëîâîì
ñîäåðæàíèè, òàê è î ôîðìàõ ïðèñóòñòâèÿ ýëå-
ìåíòà â ïðîáå [8]. Â AAC äëÿ àòîìèçàöèè âåùå-
ñòâà è âîçáóæäåíèÿ àòîìîâ èñïîëüçóþò ïëàìÿ,
äóãîâîé è èñêðîâîé ðàçðÿäû, èíäóêòèâíî ñâÿ-
çàííóþ ïëàçìó èëè ëàçåð. Ðàçíîîáðàçèå âàðè-
àíòîâ àòîìèçàöèè ïîçâîëÿåò øèðîêî èñïîëüçî-
âàòü ïðÿìûå ìåòîäèêè àíàëèçà ðàçëè÷íûõ ïî
ñîñòàâó è ñâîéñòâàì ïðîá. Îáùåé ïðîáëåìîé äëÿ

âñåõ òèïîâ àòîìíî-àáñîðáöèîííûõ ñïåêòðîìåò-
ðîâ ÿâëÿåòñÿ î÷åíü èíòåíñèâíîå íåñåëåêòèâíîå
ïîãëîùåíèå, âîçíèêàþùåå ïðè íåïîñðåäñòâåí-
íîé àòîìèçàöèè òàêèõ îáúåêòîâ, êàê ïî÷âà, ïè-
ùåâûå ïðîäóêòû, ãîðíûå ïîðîäû, íåôòü è ìíî-
ãèõ äðóãèõ. Ýòî ïðèâîäèò ê íåîïðåäåëåííîñòè
äàííûõ, ñíèæåíèþ ýôôåêòèâíîñòè ñïåêòðîìåò-
ðîâ è óõóäøåíèþ èõ ÷óâñòâèòåëüíîñòè.

Èìååòñÿ çíà÷èòåëüíîå êîëè÷åñòâî ðàáîò,
ïîñâÿùåííûõ èñïîëüçîâàíèþ AAC äëÿ àíàëèçà
òåõíîãåííûõ îòõîäîâ, ðåê, ïî÷â è äîííûõ îòëî-
æåíèé. Òàê, íàïðèìåð, â ðàáîòå [9] ïîêàçàíà
âàæíîñòü èçìåðåíèÿ òÿæåëûõ ìåòàëëîâ (ñâèíåö,
êàäìèé, ìàðãàíåö, öèíê, êîáàëüò, íèêåëü, ìåäü)
â ðåêå Äíåñòð è ïðîâåäåíî èõ èññëåäîâàíèå àòîì-
íî-àáñîðáöèîííûì ìåòîäîì ñ ïîìîùüþ ñïåêò-
ðîôîòîìåòðà ÀÀÑ-115-Ì1 ñ ïîëîé ëàìïîé äëÿ
ñîîòâåòñòâóþùèõ ìåòàëëîâ. Â ðàáîòå [10] ñðàâ-
íåíû ìåòîäû ïîäãîòîâêè ïðîá ïðè îïðåäåëåíèè
ìûøüÿêà è ðòóòè â ãðóíòàõ ñ èñïîëüçîâàíèåì
ìåòîäà àòîìíî-àáñîðáöèîííîé ñïåêòðîñêîïèè.
Ïîêàçàíà öåëåñîîáðàçíîñòü ïðèìåíåíèÿ ìåòî-
äà àòîìíî-àáñîðáöèîííîé ñïåêòðîñêîïèè ñ èñ-
ïîëüçîâàíèåì ñîâðåìåííûõ âûñîêîòåõíîëîãè÷-
íûõ ñïåêòðîìåòðîâ. Ïî ðåçóëüòàòàì èññëåäîâà-
íèÿ âûÿâëåíû ïðîáëåìíûå óçëû â ñóùåñòâóþ-
ùèõ ñõåìàõ àíàëèçà.

Ïåðå÷èñëåííûå ðàáîòû èìåþò ãëàâíîé öå-
ëüþ ïîâûøåíèå òî÷íîñòè ÀÀÑ ïðè àíàëèçå ðàç-
íîðîäíûõ âåùåñòâ çà ñ÷åò ìîäèôèêàöèè òåõíè-
÷åñêèõ ñðåäñòâ è ìåòîäîëîãèè ïîäãîòîâêè îá-
ðàçöîâ. Ïðè ýòîì ñóùåñòâóþò ðàáîòû, ãäå îñî-
áîå âíèìàíèå óäåëÿåòñÿ ñîâåðøåíñòâîâàíèþ
ìåòîäîâ îáðàáîòêè è èíòåðïðåòàöèè ðåçóëüòà-
òîâ èñïûòàíèé. Òàê, íàïðèìåð, â ðàáîòå [11]
ïðîàíàëèçèðîâàíî ñîâåðøåíñòâîâàíèå ñõåì àíà-
ëèçà ïî÷â è äîííûõ îòëîæåíèé ñ èñïîëüçîâàíè-
åì àòîìíî-àáñîðáöèîííîé ñïåêòðîìåòðèè. Ðà-
áîòà ñîñòîÿëà â ñîâåðøåíñòâîâàíèè ñõåì ýëå-
ìåíòíîãî àíàëèçà ãåîõèìè÷åñêèõ îáúåêòîâ è
îïòèìèçàöèè ñõåìû ýêñòðàêöèè äëÿ îïðåäåëå-
íèÿ ýëåìåíòîâ â ïî÷âàõ è äîííûõ îòëîæåíèÿõ
íà îñíîâå èñïîëüçîâàíèÿ êëàñòåðèçîâàííûõ ðàí-
æèðîâîê äëÿ âûáîðà ñî÷åòàíèÿ ñïîñîáîâ ïîäãî-
òîâêè ïðîá ñ ðàçëè÷íûìè âàðèàíòàìè àòîìíî-
àáñîðáöèîííîé ñïåêòðîìåòðèè. Àâòîðîì â ðàì-
êàõ òåîðèè ïðèíÿòèÿ ðåøåíèé ïîêàçàíî, ÷òî
ýôôåêòèâíûìè ÿâëÿþòñÿ ìåòîäû ïðèêëàäíîé
ñòàòèñòèêè îáúåêòîâ íå÷èñëîâîé ïðèðîäû, ïî-
çâîëÿþùèå ñîêðàòèòü ïðîäîëæèòåëüíîñòü àíà-
ëèçà è óëó÷øèòü ìåòðîëîãè÷åñêèå õàðàêòåðèñ-
òèêè ðåçóëüòàòîâ.

Òàêèì îáðàçîì, ïåðñïåêòèâíûì ïðåäñòàâ-
ëÿåòñÿ óëó÷øåíèå òî÷íîñòè è íàäåæíîñòè êîëè-
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÷åñòâåííîãî îïðåäåëåíèÿ êîíöåíòðàöèè òÿæå-
ëûõ ìåòàëëîâ â äîííûõ îòëîæåíèÿõ íà îñíîâå
êà÷åñòâåííî íîâûõ ìåòîäîâ ðàñøèôðîâêè ðå-
çóëüòàòîâ èñïûòàíèé îáðàçöîâ.

Ôîðìóëèðîâàíèå öåëåé ñòàòüè è ïîñòàíîâêà
çàäà÷è

Çàäà÷åé íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ ðàçðà-
áîòêà ìåòîäà íå÷åòêîãî îïðåäåëåíèÿ êîíöåíò-
ðàöèè òÿæåëûõ ìåòàëëîâ ïðè àòîìíî-àáñîðá-
öèîííîì ñïåêòðàëüíîì àíàëèçå äîííûõ îòëî-
æåíèé. Ñ ýòîé öåëüþ â ðàáîòå ïðîèçâîäèòñÿ
àäàïòàöèÿ ðàíåå ðàçðàáîòàííîãî íàìè ìåòîäà íå-
÷åòêîãî îïðåäåëåíèÿ ìàññû áåëêîâ ïðè ãåëü-
ýëåêòðîôîðåçå [12,13].

Èçëîæåíèå îñíîâíîãî ìàòåðèàëà èññëåäîâàíèÿ
Àòîìíî-àáñîðáöèîííûé àíàëèç – ìåòîä

àíàëèòè÷åñêîé õèìèè, îñíîâàííûé íà ñåëåêòèâ-
íîì ïîãëîùåíèè (àáñîðáöèè) ýëåêòðîìàãíèòíî-
ãî èçëó÷åíèÿ îïðåäåëåííîé äëèíû âîëíû ñâî-
áîäíûìè îò âñåõ ìîëåêóëÿðíûõ ñâÿçåé íåéòðàëü-
íûìè àòîìàìè îïðåäåëÿåìîãî ýëåìåíòà. Â ïðî-
öåññå àáñîðáöèè ýëåêòðîí ïåðåõîäèò ñ îñíîâ-
íîãî ýíåðãåòè÷åñêîãî óðîâíÿ íà áîëåå âûñîêèé
â ðåçóëüòàòå ôîòîííîãî âîçáóæäåíèÿ. Ïðè ýòîì
èíòåíñèâíîñòü âîçáóæäàþùåãî ñâåòà äàííîé
÷àñòîòû óìåíüøàåòñÿ (ðèñ. 1). Äëÿ ïîëó÷åíèÿ
ñïåêòðà íåîáõîäèìî ïðîèçâåñòè àòîìèçàöèþ
âåùåñòâà ïðîáû, ò.å. ïðåâðàùåíèå åå â àòîìíûå
ïàðû, äëÿ ÷åãî åãî ðàñòâîð ðàñïûëÿþò â ïëàìå-
íè èëè èñïàðÿþò ñóõîé îñòàòîê ðàñòâîðà â ýëåê-
òðè÷åñêîé ïå÷è â èíòåðâàëå òåìïåðàòóð 2000–
30000C. Â ýòîì òåìïåðàòóðíîì èíòåðâàëå áîëåå
90% àòîìîâ íàõîäÿòñÿ â íåâîçáóæäåííîì ñîñòî-
ÿíèè è îêðóæàþùèå àòîìû è ìîëåêóëû íå ìî-
ãóò åãî èçìåíèòü è, ñëåäîâàòåëüíî, íå ìîãóò ïî-
âëèÿòü íà âåëè÷èíó àòîìíîãî ïîãëîùåíèÿ. Ýòîò
ôàêò, íàðÿäó ñ ìàëûì êîëè÷åñòâîì ëèíèé ïî-
ãëîùåíèÿ, îáóñëàâëèâàåò âûñîêóþ èçáèðàòåëü-

íîñòü àòîìíî-àáñîðáöèîííîãî ìåòîäà.
Âñå ìåòîäû êîëè÷åñòâåííîãî ñïåêòðàëüíî-

ãî àíàëèçà ÿâëÿþòñÿ îòíîñèòåëüíûìè, îïðåäå-
ëåíèå íåèçâåñòíîé êîíöåíòðàöèè áàçèðóåòñÿ íà
ñðàâíåíèè èíòåíñèâíîñòåé ñïåêòðàëüíûõ ëèíèé
â ñïåêòðàõ ïðîá è ñòàíäàðòíûõ îáðàçöîâ. Ýòî
ñâÿçàíî ñ òåì, ÷òî ïðàêòè÷åñêè íåâîçìîæíî óñ-
òàíîâèòü òî÷íóþ êîëè÷åñòâåííóþ ñâÿçü ìåæäó
èíòåíñèâíîñòüþ èñïóñêàíèÿ èëè ïîãëîùåíèÿ
ñïåêòðàëüíîé ëèíèè àòîìà êàêîãî-ëèáî ýëåìåíòà
ñ åãî êîíöåíòðàöèåé â ïðîáå. Ïðîöåññû àòîìè-
çàöèè ïðîáû è âîçáóæäåíèÿ àòîìîâ â èñïîëüçó-
åìûõ èñòî÷íèêàõ ñâåòà ÷ðåçâû÷àéíî ñëîæíû è
äî íàñòîÿùåãî âðåìåíè íå ðàçðàáîòàíû ìåòîäû
èõ êîëè÷åñòâåííîãî îïèñàíèÿ [6,7]. Ïîýòîìó
«àáñîëþòíûå» ìåòîäû ñïåêòðàëüíîãî àíàëèçà
ïîêà íå ñóùåñòâóþò. Ïðàâèëüíîñòü ðåçóëüòàòîâ
â çíà÷èòåëüíîé ñòåïåíè îïðåäåëÿåòñÿ ñîîòâåò-
ñòâèåì ñîñòàâà è ôèçèêî-õèìè÷åñêèõ ñâîéñòâ
ñòàíäàðòíûõ îáðàçöîâ è àíàëèçèðóåìûõ ïðîá.

Òåîðåòè÷åñêè äëÿ àíàëèçà ðåçóëüòàòîâ ÀÀÑ
èñïîëüçóåòñÿ ëèíåéíàÿ çàâèñèìîñòü Áóãåðà-Ëàì-
áåðòà-Áåðà ìåæäó êîíöåíòðàöèåé ýëåìåíòà â
ïðîáå Ñ è îïòè÷åñêîé ïëîòíîñòüþ ïëàìåíè I
ïðè ïîñòîÿííîé äëèíå îïòè÷åñêîãî ïóòè l âèäà
I=kC1.

Ïðàêòè÷åñêè îïðåäåëåíèå êîíöåíòðàöèè
ïðîâîäÿò ìåòîäàìè ãðàäóèðîâî÷íîãî ãðàôèêà,
ñòàíäàðòíûõ äîáàâîê èëè îãðàíè÷èâàþùèõ ðà-
ñòâîðîâ [7]. Â ìåòîäå êàëèáðîâî÷íîãî ãðàôèêà,
êîòîðûé äàåò íàèáîëåå òî÷íîå îïèñàíèå çàâè-
ñèìîñòè, îïðåäåëåíèå ñîäåðæàíèÿ ýëåìåíòà â
ïðîáå ïðîâîäÿò ñ èñïîëüçîâàíèåì ýêñïåðèìåí-
òàëüíî óñòàíîâëåííîé ôóíêöèîíàëüíîé çàâèñè-
ìîñòè ìåæäó àíàëèòè÷åñêèì ñèãíàëîì è êîí-
öåíòðàöèåé ýëåìåíòà â ãðàäóèðîâî÷íîì ðàñòâî-
ðå. Íåèçâåñòíàÿ êîíöåíòðàöèÿ îïðåäåëÿåòñÿ
ñðàâíåíèåì èíòåíñèâíîñòåé ñïåêòðàëüíûõ ëè-
íèé â ñïåêòðàõ ïðîáû è ìàðêåðîâ. Ñòðîèòñÿ ãðà-
äóèðîâî÷íûé ãðàôèê çàâèñèìîñòè èíòåíñèâíî-
ñòè ëèíèé â ñïåêòðàõ àòîìà îïðåäåëÿåìîãî ýëå-
ìåíòà îò åãî êîíöåíòðàöèè â ìàðêåðàõ (ðèñ. 2).
Íåèçâåñòíàÿ êîíöåíòðàöèÿ îïðåäåëÿåòñÿ íà îñ-
íîâå èçìåðåííîé èíòåíñèâíîñòè â ñïåêòðå ïðî-
áû èíòåðïîëÿöèåé ïî ãðàäóèðîâî÷íîìó ãðàôè-
êó. Ïîñëå ýòîãî îïðåäåëÿþò îïòè÷åñêóþ ïëîò-
íîñòü ïðè àíàëèçå èññëåäóåìîãî îáðàçöà è, ïó-
òåì ñðàâíåíèÿ ñ ãðàôèêîì, íàõîäÿò êîíöåíòðà-
öèþ îïðåäåëÿåìîãî êîìïîíåíòà.

Âîçìîæíàÿ ôîðìà àòîìíî-àáñîðáöèîííî-
ãî ñèãíàëà, õàðàêòåðíîãî äëÿ ðåàëüíûõ ïðîá àíà-
ëèòà äîííûõ îòëîæåíèé, ïðèâåäåíà íà ðèñ. 3.

Àíàëèç ñèãíàëà àòîìíîãî ïîãëîùåíèÿ ïðè
ìàëîì øóìå (ðèñ. 3,à), à òàêæå ïðè ñðåäíåì

Ðèñ. 1. Èçìåíåíèå ñèãíàëà àòîìíîãî ïîãëîùåíèÿ âî

âðåìåíè ïðè ðàâíîìåðíîì ââåäåíèè ïðîáû: 1 – ìîìåíò

ââîäà ïðîáû; 2 – ìîìåíò óñòàíîâëåíèÿ ìàêñèìàëüíîãî

ïîñòîÿííîãî ñèãíàëà Amax; 3 – ìîìåíò âûêëþ÷åíèÿ ïîäà÷è

ïðîáû
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(ðèñ. 3,á) è áîëüøîì äîïóñòèìîì øóìå (ðèñ. 3,â)
ïðèâîäèò ê çàêëþ÷åíèþ, ÷òî èçó÷àåìàÿ âåëè÷è-
íà ÿâëÿåòñÿ íå÷åòêîé [10].

Ïîýòîìó èññëåäîâàíèÿ êîíöåíòðàöèè íå-
îáõîäèìî ïðîèçâîäèòü ñ ïîçèöèé íå÷åòêîãî àíà-
ëèçà äàííûõ. Íå òðóäíî çàìåòèòü, ÷òî ñ ìàòåìà-
òè÷åñêîé òî÷êè çðåíèÿ ïðîöåññ ïîñòðîåíèÿ ãðà-
äóèðîâî÷íîãî ãðàôèêà ñ ó÷åòîì ýòîãî ìîæåò áûòü
ðåàëèçîâàí ïðè ïîìîùè ïðîöåäóðû ïîñòðîåíèÿ
íå÷åòêîé øêàëû â ìåòîäå ðàñøèôðîâêå âåñà
áåëêîâ ïðè ýëåêòðîôîðåçå [12,13]. Äåéñòâèòåëü-
íî, ðàññìîòðèì îòîáðàæåíèå âåêòîðà  n

i i 1
X x




÷åòêèõ ÷èñëîâûõ çíà÷åíèé âëèÿþùèõ ôàêòîðîâ
â íå÷åòêîå çíà÷åíèå ôóíêöèè îòêëèêà yt â ôîð-
ìå:

y [min y,max y]

µ(yt, y)
X yt

y

   , (1)

ãäå µ(yt,t) – ôóíêöèÿ ïðèíàäëåæíîñòè íå÷åòêî-
ãî ÷èñëà yt íà íîñèòåëå [miny, maxy]

[miny,maxy]=supp(yt). (2)

Ïðåäïîëàãàåòñÿ, ÷òî èñêîìîå íå÷åòêîå ÷èñ-
ëî ìîæåò áûòü îïèñàíî ïàðàìåòðè÷åñêîé ôóíê-
öèåé ïðèíàäëåæíîñòè îäíîãî òèïà íà âñåì ôàê-

òîðíîì ïðîñòðàíñòâå. Îáîçíà÷èì ýòó ôóíêöèþ
ïðèíàäëåæíîñòè mf(y,Z), ãäå Z åñòü âåêòîð ïà-
ðàìåòðîâ ôóíêöèè ïðèíàäëåæíîñòè, è àïïðîê-
ñèìèðóåì çàâèñèìîñòü Z=f(X,P) ñèñòåìîé ðåã-
ðåññèîííûõ ìîäåëåé ñ êîýôôèöèåíòàìè P. Êàæ-
äàÿ èç íèõ ñâÿçûâàåò âëèÿþùèå ôàêòîðû ñ îä-
íèì ïàðàìåòðîì ôóíêöèè ïðèíàäëåæíîñòè íå-
÷åòêîãî ÷èñëà y. Òàêèì îáðàçîì, ïîëó÷àåòñÿ çà-
âèñèìîñòü âèäà

mf(y,Z)=mf(y,f(X,P)). (3)

Íå÷åòêàÿ îáó÷àþùàÿ âûáîðêà áåðåòñÿ äëÿ
m ïàð äàííûõ

r r(X , yt );  r 1,m, (4)

ãäå  n

r ri i 1
X x


 – âõîäíîé âåêòîð â r-îé ñòðîêå

îáðàçöà, è

r
r

y [min y,max y]

µ(yt , y)
yt

y
  (5)

ñîîòâåòñòâóþùèé îòêëèê â âèäå íå÷åòêîãî ÷èñ-
ëà.

Äëÿ ïîñòàâëåííîé çàäà÷è îáó÷àþùàÿ âû-
áîðêà çàäàåòñÿ çíà÷åíèÿìè êîíöåíòðàöèé ìàð-
êåðîâ è íå÷åòêèì çíà÷åíèåì èõ àòîìíî-àáñîðá-
öèîííîãî ñèãíàëà.

Çàäà÷à íå÷åòêîãî ðåãðåññèîííîãî àíàëèçà
äëÿ íå÷åòêîé âûáîðêè (3) ñîñòîèò â òîì, ÷òîáû
íàéòè òàêèå êîýôôèöèåíòû P, êîòîðûå îáåñïå-
÷èâàþò

m
2

r r

r 1

1
RMSE(yt , F(P, X )) min,

m 

 (6)

ãäå F(P,Xr) – íå÷åòêîå ÷èñëî ñ ôóíêöèåé ïðè-
íàäëåæíîñòè mf(y,f(Xr,P)), ïîëó÷åííîå äëÿ âõîä-
íîãî âåêòîðà Xr ïî ñèñòåìå ðåãðåññèîííûõ ìî-
äåëåé ñ êîýôôèöèåíòàìè P;
RMSE – ðàññòîÿíèå ìåæäó äâóìÿ íå÷åòêèìè

Ðèñ. 2. Ãðàäóèðîâî÷íûé ãðàôèê I=f(C)

     à                                                           á                                                         â

Ðèñ. 3. Àòîìíî-àáñîðáöèîííûé ñèãíàë: à – õîðîøåå ñîîòíîøåíèå ñèãíàë/øóì; á – ïëîõîå ñîîòíîøåíèå ñèãíàë/øóì;

â – ñèãíàë è ôîí íà ïðåäåëå îáíàðóæåíèÿ
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÷èñëàìè, ñîîòâåòñòâóþùèìè æåëàåìîìó è ôàê-
òè÷åñêîìó ïîâåäåíèþ ìîäåëè â òî÷êå Xr.

Â ñîîòâåòñòâèè ñ [14] èìååì â âèäó âûðà-
æåíèå RMSE â ôîðìå:

max y

2

min y

RMSE(A, B)

1
(µ(A,y)-µ(B,y)) dy

max y min y




    (7)

êàê ðàññòîÿíèå ìåæäó äâóìÿ íå÷åòêèìè ÷èñëà-
ìè A è B ñ ôóíêöèÿìè ïðèíàäëåæíîñòè µ(A,y)
è µ(B,y) íà íåïðåðûâíîì íîñèòåëå â èíòåðâàëå
[miny,maxy], è âûðàæåíèå âèäà:

k
2

i i

i 1

1
RMSE(A, B) (µ(A,y )-µ(B,y ))

k 

   (8)

â ñëó÷àå äèñêðåòíîãî íîñèòåëÿ 
k

i i 1{y } .
Åñëè íå÷åòêîå ÷èñëî y çàäàåòñÿ ãàóññîâîé

ôóíêöèåé ïðèíàäëåæíîñòè âèäà:

2
1 y b

µ(y) exp ,
2 c

        
  (9)

ãäå b – çíà÷åíèå ìàêñèìóìà ñèãíàëà, c – åãî
ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå, òî çàâèñè-
ìîñòü èìååò âèä Z=Z(b,c). Ïðè ýòîì çàâèñèìîñòü
ïàðàìåòðîâ îò ôàêòîðîâ X çàïèñûâàåòñÿ ñ èñ-
ïîëüçîâàíèåì ðåãðåññèîííûõ ìîäåëåé â âèäå:

n n

0 i i 0 i i

i 0 i 0

b b b x ,  c c c x ,
 

       (10)

ãäå P=(b0,b1,…,bn, c0,c1,…,cn) – êîýôôèöèåíòû

ðåãðåññèè.
Òàêèì îáðàçîì, ïðè ýòèõ ïðåäïîëîæåíèÿõ

ìîæíî ïîñòðîèòü íå÷åòêóþ ãðàäóèðîâî÷íóþ çà-
âèñèìîñòü àòîìíî-àáñîðáöèîííîãî ñèãíàëà îò
íå÷åòêèõ çíà÷åíèé êîíöåíòðàöèè âåùåñòâà.

Ïðè êîëè÷åñòâåííîì AAC äëÿ àíàëèòà êàæ-
äîãî èññëåäóåìîãî ìåòàëëà èñïîëüçóþòñÿ â êà-
÷åñòâå èñïîëüçóþòñÿ îáðàçöû, êîíöåíòðàöèÿ
ìåòàëëà â êîòîðûõ çàðàíåå èçâåñòíà [12]. Àòîì-
íî-àáñîðáöèîííûé ñèãíàë ïðèíèìàåòñÿ çà ôóí-
êöèþ íå÷åòêîãî îòêëèêà, ïðè ýòîì äëèíà îïòè-
÷åñêîãî ïóòè ñ÷èòàåòñÿ ïîñòîÿííîé. Ïðîèçâî-
äèòñÿ ïîñòðîåíèå ðåãðåññèè (10) ìåòîäîì íàè-
ìåíüøèõ êâàäðàòîâ, ïðè ýòîì äëÿ êàæäîãî ìàð-
êåðà âûáèðàþòñÿ â êà÷åñòâå çíà÷åíèé ïàðàìåò-
ðîâ ìàêñèìóì ïîãëîùåíèÿ è åãî ñòàíäàðòíîå
îòêëîíåíèå. Òîãäà ëèíåéíàÿ çàâèñèìîñòü I îò C
íàõîäèòñÿ èç óñëîâèÿ (6) ìåòîäîì íåëèíåéíîãî
ïðîãðàììèðîâàíèÿ.

Èñïîëüçóåì îïåðàöèþ íå÷åòêîãî ïåðåñå÷å-
íèÿ [14], ÷òîáû íàéòè íå÷åòêóþ êîíöåíòðàöèþ
ìåòàëëà Mr. Íàéäåì ïåðåñå÷åíèå ïîñòðîåííîé
íå÷åòêîé ãðàäóèðîâî÷íîé ôóíêöèè ñ íå÷åòêèì
àòîìíî-àáñîðáöèîííûì ñèãíàëîì. Ïîëó÷åííàÿ
çàâèñèìîñòü äîëæíà áûòü ïðèâåäåíà ê âèäó:

Mr=Mr(Z,Rf).  (11)

Ýòî ïîçâîëÿåò íàéòè äîâåðèòåëüíûå óðîâ-
íè çíà÷åíèé äëÿ êîíöåíòðàöèè ìåòàëëà.

Ïîñòðîèì íå÷åòêóþ ìîäåëü ãðàäóèðîâî÷-
íîé ôóíêöèè. Äëÿ ýòîãî èñïîëüçóþòñÿ èçìåðå-
íèÿ ïîãëîùåíèÿ èññëåäóåìîãî ìåòàëëà äëÿ ìàð-
êåðîâ (ðèñ. 4,à).

Êàæäûé ñëåä ìàðêåðà ðàçáèâàåòñÿ íà äèñ-
êðåòíûå çíà÷åíèÿ ñ èñïîëüçîâàíèåì âûáðàííîé
ñåòêè (ðèñ. 4,á). Òàêèì îáðàçîì, ïîëó÷àþòñÿ
ýêñïåðèìåíòàëüíûå ôóíêöèè ïðèíàäëåæíîñòè

                                           à                                                                                         á

Ðèñ. 4. Àòîìíî-àáñîðáöèîííûé ñèãíàë äëÿ àíàëèòà: à – äàííûå äàò÷èêà;

á – ðåçóëüòàò ðàçáèåíèÿ ñåðèè ñèãíàëîâ íà ñåòêå
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(mf) äëÿ àòîìíî-àáñîðáöèîííîãî ñèãíàëà, ñîîò-
âåòñòâóþùèå ìàðêåðàì ñ èçâåñòíîé êîíöåíòðà-
öèåé. Â ïåðâîì ïðèáëèæåíèè ðàññìàòðèâàåòñÿ
òîëüêî ðàññòîÿíèå y îò íà÷àëà êîîðäèíàò äî ðàñ-
ñìàòðèâàåìîé òî÷êè êàê ôàêòîð. Íå÷åòêàÿ ìî-
äåëü ãðàäóèðîâî÷íîé ôóíêöèè ñîäåðæèò 4 ïà-
ðàìåòðà – 2 ãðàíèöû íîñèòåëÿ minRf, maxRf (2),
ñðåäíåå çíà÷åíèå b è ñòàíäàðòíîå îòêëîíåíèå c
(8). Ñóùåñòâóåò ìíîãî ñïîñîáîâ àïïðîêñèìàöèè
íåëèíåéíûõ çàâèñèìîñòåé (8)–(9) [12–14]. Ïî-
ñòðîèì ëèíåéíûå ðåãðåññèè ñ êîýôôèöèåíòîì
äëÿ êàæäîãî èç ýòèõ ïàðàìåòðîâ ìåòîäîì íàè-
ìåíüøèõ êâàäðàòîâ â âèäå:

n n
i i

i i

i 0 i 0

n n
i i

i i

i 0 i 0

min Rf min y , max Rf max y , 

b b y ,  c c y .

 

 

 

 

 

  (12)

Ýòî çàâåðøàåò ïîñòðîåíèå ìîäåëè ìàñøòà-
áà â âèäå (11).

Â ðåçóëüòàòå ýêñïåðèìåíòà íåîáõîäèìî
ïîëó÷èòü íå÷åòêóþ îöåíêó êîíöåíòðàöèè ìåòàë-
ëà. Èñõîäíûìè äàííûìè ÿâëÿþòñÿ ñëåä èññëå-
äóåìîãî âåùåñòâà â âèäå àòîìíî-àáñîðáöèîííîãî
ñèãíàëà ñ íîñèòåëåì [min Mr, max Mr] è ïðè-
áëèæåííàÿ ôóíêöèÿ ïðèíàäëåæíîñòè â âèäå:

2

p

p

y b1
µ(y) exp .

2 c

  
        

  (13)

×òîáû íàéòè íå÷åòêîå çíà÷åíèå Mr, íåîá-
õîäèìî ðåøèòü ñèñòåìó óðàâíåíèé âèäà:

n n
i i

i i

i 0 i 0

max Mr min y , min Mr max y , 

y A Blg Mr,  mf (Mr) µ(y)Imf(y,f(X,P)).

 

 

  

 
(14)

Ñèñòåìà ðåøàåòñÿ ñ èñïîëüçîâàíèåì ÷èñ-
ëåííûõ ìåòîäîâ. Òàêèì îáðàçîì, ïîëó÷àåòñÿ
íîñèòåëü è ôóíêöèÿ ïðèíàäëåæíîñòè äëÿ Mr.

Äàëåå äëÿ ïðàêòè÷åñêèõ ðàñ÷åòîâ ïðîâîäèò-
ñÿ äåôàççèôèêàöèÿ ïîëó÷åííûõ íå÷åòêèõ äàí-
íûõ. Öåëü äåôàççèôèêàöèè – ïîëó÷èòü ÷åòêîå
çíà÷åíèå äëÿ Mr ìåòîäîì -ñå÷åíèé [14,15].
-ñå÷åíèå (èëè íàáîð -óðîâíÿ) íîðìàëèçîâàí-
íîãî íå÷åòêîãî ìíîæåñòâà – ýòî åãî ÷åòêîå ïîä-
ìíîæåñòâî, ýëåìåíòû êîòîðîãî èìåþò ñòåïåíè
ïðèíàäëåæíîñòè, áîëüøèå èëè ðàâíûå (ðèñ. 5):

A {u : (u) },  [0,1].        (15)

Ðèñ. 5. Ðåçóëüòàò äåôàççèôèêàöèè íå÷åòêîé êîíöåíòðàöèè

Íîñèòåëü íà÷àëüíîãî ìíîæåñòâà ìîæíî
ðàññìàòðèâàòü êàê ÷àñòü íå÷åòêîãî ìíîæåñòâà
íà íóëåâîì óðîâíå. Ïîñëå äåôàççèôèêàöèè ïî-
ëó÷àåì íàáîð ÷åòêèõ îòðåçêîâ, îòíîñÿùèõñÿ ê
-óðîâíÿì ôóíêöèè ïðèíàäëåæíîñòè Mr.

Âûâîäû
Â ðàáîòå ïðîâåäåí ìåòîä íå÷åòêîãî îïðå-

äåëåíèÿ êîíöåíòðàöèè òÿæåëûõ ìåòàëëîâ ïðè
àòîìíî-àáñîðáöèîííîì ñïåêòðàëüíîì àíàëèçå
äîííûõ îòëîæåíèé. Ïîêàçàíà âîçìîæíîñòü ïî-
ñòðîåíèÿ íå÷åòêîé ãðàäóèðîâî÷íîé ôóíêöèè ïðè
êîëè÷åñòâåííîì àòîìíî-àáñîðáöèîííîì ñïåêò-
ðàëüíîì àíàëèçå ìåòàëëîâ. Îïèñàí àëãîðèòì
îïðåäåëåíèÿ íå÷åòêîé êîíöåíòðàöèè ìåòàëëà ïî
äàííûì àòîìíî-àáñîðáöèîííîãî ñèãíàëà ñ ïîñ-
ëåäóþùåé äåôàççèôèêàöèåé ïîëó÷åííîé íå÷åò-
êîé êîíöåíòðàöèè äëÿ àíàëèçà è ïðàêòè÷åñêîãî
èñïîëüçîâàíèÿ.

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. Investigation of expression of high-molecular substances

as the consequence of exposure to laser light on the organism of

earth worm Eisenia veneta / K.I. Timchy, V.T. Smetanin,

O.I. Sidashenko, T.P. Kilochek and V.S. Nedzvetskii. – Problems

of Environmental Biotechnology, North America, 2. – 1-8 (2017).

2. Çì³íè êîíöåíòðàö³¿ ðîç÷èííèõ òà ìåìáðàííèõ á³ëê³â

â òêàíèíàõ ÷åðâ’ÿê³â åisenia foetida ï³ä âïëèâîì ëàçåðíîãî

îïðîì³íåííÿ / Â.Ò. Ñìåòàí³í, Ê.². Òèì÷³é, Â.Ñ. Íåäçâåëüñü-

êèé, Â.Â. Ðóäåíêî // Íàóêîâèé â³ñíèê ÍÓÁ³Ï Óêðà¿íè. Ñå-

ð³ÿ: Á³îëîã³ÿ, á³îòåõíîëîã³ÿ, åêîëîã³ÿ. – 2015. – ¹ 214. –

Ñ.308-314.

3. Ñìåòàíèí Â.Ò., Òûì÷èé Å.È., Ñòàðèøêî Ñ.Ï. Âëè-

ÿíèå áèîòðàíñôîðìàöèè ÷åðâÿìè âèäà Åisenia Foetida íà

êà÷åñòâî äîííûõ îòëîæåíèé / Âåñòíèê Äíåïðîïåòðîâñêîãî

ãîñóäàðñòâåííîãî àãðàðíî-ýêîíîìè÷åñêîãî óíèâåðñèòåòà. –

2015. – Ò.4. – ¹ 38. – Ñ.65-68.

4. Ñûñî À.È. Çàêîíîìåðíîñòè ðàñïðåäåëåíèÿ õèìè÷åñ-

êèõ ýëåìåíòîâ â ïî÷âîîáðàçóþùèõ ïîðîäàõ è ïî÷âàõ Çàïàä-

íîé Ñèáèðè. – Íîâîñèáèðñê: Èçä-âî ÑÎ ÐÀÍ, 2007. – 227 ñ.



The method of fuzzy determination of the concentration of heavy metals in the atomic absorption spectral
analysis of bottom sediments

35ISSN 2521-6406, Computer Modeling: Analysis, Control, Optimization, 2020, No. 1, pp. 29-36

5. Àëåìàñîâà À.Ñ., Ðîêóí À.Í., Øåâ÷óê È.À. Àíàëè-

òè÷åñêàÿ àòîìíî-àáñîðáöèîííàÿ ñïåêòðîñêîïèÿ. Ó÷åáíîå

ïîñîáèå. – Äîíåöê: Äîíåöêèé íàöèîíàëüíûé óíèâåðñèòåò,

2003. – 327 ñ.

6. Áåëÿöêèé Â.Í. Îñíîâû ìåòîäîâ àòîìíî-àáñîðáöè-

îííîé è àòîìíî-ýìèññèîííîé ñïåêòðîñêîïèè: ó÷åá.-ìåòîä.

ïîñîáèå. – Ìèíñê : ÁÃÌÓ, 2015. – 40 ñ.

7. Áåéçåëü Í.Ô. Àòîìíî-àáñîðáöèîííàÿ ñïåêòðîìåò-

ðèÿ: Ó÷åá. ïîñîáèå. – Íîâîñèáèðñê: Íîâîñèá. ãîñ. óí-ò.,

2008. – 72 ñ.

8. Âàñèëüåâà È.Å., Øàáàíîâà Å.Â. Äóãîâîé àòîìíî-

ýìèññèîííûé àíàëèç äëÿ èññëåäîâàíèÿ ãåîõèìè÷åñêèõ îáúåê-

òîâ / Çàâîäñêàÿ ëàáîðàòîðèÿ. Äèàãíîñòèêà ìàòåðèàëîâ. –

2012. – Ò.78. – ¹ 1(2). – Ñ.14-24.

9. Ñòàíüêî Î.Ì. Âàæê³ ìåòàëè ó âîä³: çàáðóäíåííÿ

ð³÷êè Äí³ñòåð çà îñòàíí³ 10 ðîê³â (òåðèòîð³ÿ Ëüâ³âñüêî¿ îá-

ëàñò³) / Ñó÷àñí³ ïðîáëåìè òîêñèêîëîã³¿. – 2012. – Ò.3. –

¹ 4. – Ñ.58-63.

10. Ìîäåðíèçàöèÿ ìåòîäèê àíàëèçà ïî÷âåííûõ ýêî-

ñèñòåì: àòîìíî-àáñîðáöèîííîå îïðåäåëåíèå ðòóòè è ìûøü-

ÿêà / Í.Â. Ìàçíÿê, Â.Í. Ëîñåâ, È.Á. Ìèëëåð, À.Ï. Âåðõîòó-

ðîâà // IX Íàó÷íàÿ êîíôåðåíöèÿ «Àíàëèòèêà Ñèáèðè è Äàëü-

íåãî Âîñòîêà», ñáîðíèê ìàòåðèàëîâ [Ýëåêòðîííûé ðåñóðñ].

— Êðàñíîÿðñê: Ñèáèðñêèé ôåäåðàëüíûé óí-ò, 2011. — Ðå-

æèì äîñòóïà: http://conf.sfu-kras.ru/conf/asfe12/

report?memb_id=4511

11. Ïðîéäàêîâà Î.À. Ñîâåðøåíñòâîâàíèå ñõåì àíàëè-

çà ãîðíûõ ïîðîä, ïî÷â è äîííûõ îòëîæåíèé ñ èñïîëüçîâà-

íèåì àòîìíî-àáñîðáöèîííîé ñïåêòðîìåòðèè: Äèñ... êàíä.

õèì. íàóê: 02.00.02 – Èðêóòñê: Èðêóò. ãîñ. óí-ò, 2009. – 175 ñ.

12. Olevskyi V.I., Smetanin V.T., and Olevska Yu. B.

“Fuzzy method of recognition of high molecular substances in

evidence-based biology,” in AMiTaNS’17, AIP Conference

Proceedings 1895, edited by M.D. Todorov. (American Institute

of Physics, Melville, NY, 2017), pp.070003-1–070003-9.

13. Olevska Yu. B., Olevskyi V.I., and Olevskyi O.V. «Using

of fuzzy mathematical models in automated systems for recognition

of high molecular substances,» in AMiTaNS’18, AIP Conference

Proceedings 2025 (1), edited by M. D. Todorov (American

Institute of Physics, Melville, NY, 2018), paper 060003, 9p.

https://doi.org/10.1063/1.5064911

14. Øòîâáà Ñ.Ä. Íå÷åòêàÿ èäåíòèôèêàöèÿ íà îñíîâå

ðåãðåññèîííûõ ìîäåëåé ïàðàìåòðè÷åñêîé ôóíêöèè ïðèíàä-

ëåæíîñòè // Ïðîáëåìû óïðàâëåíèÿ è èíôîðìàòèêè. – 2006.

– ¹ 6. – Ñ.38-44.

15. Fuzzy Systems in Bioinformatics and Computational

Biology, edited by Yaochu Jin and Lipo Wang (Springer, Berlin

Heidelberg, 2009). – 332 p.

Ïîñòóïèëà â ðåäàêöèþ 22.06.2020

ÌÅÒÎÄ ÍÅ×²ÒÊÎÃÎ ÂÈÇÍÀ×ÅÍÍß ÊÎÍÖÅÍÒÐÀÖ²¯
ÂÀÆÊÈÕ ÌÅÒÀË²Â ÏÐÈ ÀÒÎÌÍÎ-ÀÁÑÎÐÁÖ²ÉÍÎÌÓ
ÑÏÅÊÒÐÀËÜÍÎÌÓ ÀÍÀË²Ç² ÄÎÍÍÈÕ Â²ÄÊËÀÄÅÍÜ

Îëåâñüêà Þ.Á., Îëåâñüêèé Â.²., Òèì÷èé Ê.²., Îëåâñüêèé À.Â.

Âíàñë³äîê òåõíîãåííîãî âïëèâó íà á³îñôåðó òà ¿¿ ñêëà-
äîâ³, çíà÷íà ê³ëüê³ñòü âàæêèõ ìåòàë³â ³ ðàä³îíóêë³ä³â âèÿâëÿ-
þòüñÿ â íàâêîëèøíüîìó ñåðåäîâèù³. Îäíèì ç îñíîâíèõ íàïðÿìê³â
ïîë³ïøåííÿ åêîëîã³÷íèõ ñêëàäîâèõ áåçïåêè íàâêîëèøíüîãî ñåðå-
äîâèùà º á³îòðàíñôîðìàö³ÿ äîííèõ â³äêëàäåíü âîäîéì, ùî
ì³ñòÿòü âàæê³ ìåòàëè, çà äîïîìîãîþ âåðì³êóëüòóðè â á³îëîã-
³÷íî áåçïå÷íå îðãàí³÷íå äîáðèâî. Îö³íêà êîíöåíòðàö³¿ âàæêèõ
ìåòàë³â â äîííèõ â³äêëàäåííÿõ º àêòóàëüíèì çàâäàííÿì, ð³øåííÿ
ÿêî¿ äîçâîëèòü çáåðåãòè ïðèðîäíå ñåðåäîâèùå, ïîë³ïøèòè ñòàí
´ðóíò³â ³ ÿê íàñë³äîê – çäîðîâ’ÿ ëþäèíè. Ïðîáëåìîþ âèêîðèñ-
òàííÿ äîííèõ ïîêëàä³â â öüîìó âèïàäêó º òî÷í³ñòü âèçíà÷åííÿ
âì³ñò ó íèõ ð³çíèõ âàæêèõ ìåòàë³â, ÿê³ âïëèâàþòü íà æèòòº-
ä³ÿëüí³ñòü äîùîâèõ ÷åðâ’ÿê³â. Âàëîâó ³ ðóõëèâó ôîðìè âàæêèõ
ìåòàë³â â äîñë³äíèõ ñóáñòðàòàõ íàéá³ëüø òî÷íî ìîæíà âèçíà-
÷àòè ìåòîäîì àòîìíî-àáñîðáö³éíîãî ñïåêòðàëüíîãî àíàë³çó.
Àòîìíî-àáñîðáö³éíèé àíàë³ç – ìåòîä àíàë³òè÷íî¿ õ³ì³¿, çàñíî-
âàíèé íà ñåëåêòèâíîìó ïîãëèíàíí³ (àáñîðáö³¿) åëåêòðîìàãí³ò-
íîãî âèïðîì³íþâàííÿ ïåâíî¿ äîâæèíè õâèë³ â³ëüíèìè â³ä âñ³õ
ìîëåêóëÿðíèõ çâ’ÿçê³â íåéòðàëüíèìè àòîìàìè îáóìîâëåíîãî
åëåìåíòà. Ó ïðîöåñ³ àáñîðáö³¿ åëåêòðîí ïåðåõîäèòü ç îñíîâíîãî
åíåðãåòè÷íîãî ð³âíÿ íà á³ëüø âèñîêèé â ðåçóëüòàò³ ôîòîííîãî
çáóäæåííÿ. Ïðè öüîìó ³íòåíñèâí³ñòü çáóäæóþ÷îãî ñâ³òëà äàíî¿
÷àñòîòè çìåíøóºòüñÿ. Òî÷íîìó ê³ëüê³ñíîìó âèçíà÷åííþ ÷àñòî
ïåðåøêîäæàþòü çíà÷í³ ìàòðè÷í³ ïåðåøêîäè ³ íåîäíîð³äíèé
ðîçïîä³ë àíàë³òó. Äëÿ äîñÿãíåííÿ òî÷íîñò³ ³ äîñòîâ³ðíîñò³
ìåòîäó, íåîáõ³äíèõ äëÿ âåðìèêóëüòèâóâàíèÿ, â äàí³é ðîáîò³
ïðîïîíóºòüñÿ ìîäèô³êàö³ÿ ìåòîäó àíàë³çó øëÿõîì çàñòîñóâàííÿ
íå÷³òêîãî ìîäåëþâàííÿ ðåçóëüòàò³â åêñïåðèìåíòó. C ìàòå-
ìàòè÷íî¿ òî÷êè çîðó ïðîöåñ ïîáóäîâè ãðàäóþâàëüíîãî ãðàô³êà
ìîæå áóòè ðåàë³çîâàíèé çà äîïîìîãîþ ïðîöåäóðè ïîáóäîâè íå-
÷³òêî¿ øêàëè â ìåòîä³ ðîçøèôðîâêè âàãè á³ëê³â ïðè åëåêòðî-
ôîðåç³. Îïèñàíî àëãîðèòì âèçíà÷åííÿ íå÷³òêî¿ êîíöåíòðàö³¿
ìåòàëó çà äàíèìè àòîìíî-àáñîðáö³éíîãî ñèãíàëó ç ïîäàëüøîþ
äåôàçèô³êàö³ºþ îòðèìàíî¿ íå÷³òêî¿ êîíöåíòðàö³¿ äëÿ àíàë³çó ³
ïðàêòè÷íîãî âèêîðèñòàííÿ.

Êëþ÷îâ³ ñëîâà: íå÷³òêå ìîäåëþâàííÿ, ñïåêòðàëüíèé
àíàë³ç, âàæê³ ìåòàëè.
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ABSORPTION SPECTRAL ANALYSIS OF BOTTOM
SEDIMENTS
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a National Technical University «Dnipro Polytechnic», Dnipro,
Ukraine

b Ukrainian State University of Chemical Technology, Dnipro,
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Due to the technogenic impact on the biosphere and its
components, a significant amount of heavy metals and radionuclides
ends up in the environment. One of the main directions for improving
the ecological components of environmental safety is the
biotransformation of bottom sediments of reservoirs containing heavy
metals, with the help of vermiculture, into biologically safe organic
fertilizer. Assessment of the concentration of heavy metals in bottom
sediments is an urgent task, the solution of which will allow preserving
the natural environment, improving the condition of soils and, as a
result, human health. The problem of using bottom deposits in this
case is the accuracy of determining the content of various heavy
metals in them, which affect the vital activity of earthworms. The
gross and mobile forms of heavy metals in experimental substrates
can be most accurately determined by atomic absorption spectral
analysis. Atomic absorption analysis is a method of analytical
chemistry based on the selective absorption of electromagnetic
radiation of a certain wavelength by neutral atoms of the element
being determined free of all molecular bonds. In the process of
absorption, an electron moves from the main energy level to a higher
one as a result of photon excitation. In this case, the intensity of the
exciting light of a given frequency decreases. Accurate quantification
is often hampered by significant matrix interference and non-uniform
analyte distribution. To achieve the accuracy and reliability of the
method required for vermicultivation, this work proposes a modification
of the analysis method by applying fuzzy modeling of the experimental
results. From a mathematical point of view, the process of constructing
a calibration graph can be implemented using the procedure for
constructing a fuzzy scale in the method for decoding the weight of
proteins during electrophoresis. An algorithm is described for
determining the fuzzy concentration of a metal from the atomic
absorption signal data, followed by defuzzification of the obtained
fuzzy concentration for analysis and practical use.

Keywords: fuzzy modeling, spectral analysis, heavy
metals.
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Ê ÂÎÏÐÎÑÓ ÊÎÌÏÜÞÒÅÐÍÎÉ ÎÁÐÀÁÎÒÊÈ ÅÑÒÅÑÒÂÅÍÍÎ-ßÇÛÊÎÂÛÕ
ÒÅÊÑÒÎÂ

à Èíñòèòóò êèáåðíåòèêè èìåíè Â.Ì. Ãëóøêîâà ÍÀÍ Óêðàèíû, ã. Êèåâ, Óêðàèíà
á ÃÂÓÇ «Óêðàèíñêèé ãîñóäàðñòâåííûé õèìèêî-òåõíîëîãè÷åñêèé óíèâåðñèòåò», ã. Äíåïð, Óêðàèíà

Â ñòàòüå ðàññìîòðåí îáùèé ïîäõîä ê ïðîáëåìå àíàëèçà åñòåñòâåííî-ÿçûêîâîé èí-

ôîðìàöèè, âêëþ÷àþùèé ðåàëèçàöèþ ðÿäà èíôîðìàöèîííûõ òåõíîëîãèé, òåì èëè

èíûì îáðàçîì ñâÿçàííûõ ñ ÿçûêîâûì ìîäåëèðîâàíèåì. Êðîìå ðàçðàáîòêè óêàçàí-

íûõ èíôîðìàöèîííûõ òåõíîëîãèé, íåîáõîäèìî ðàçðàáîòàòü ôîðìàëüíóþ òåîðèþ

êîìïüþòåðíîé îáðàáîòêè çíàíèé, èçâëå÷åííûõ èç åñòåñòâåííî-ÿçûêîâûõ òåêñòîâ.

Ïðîàíàëèçèðîâàíû îñîáåííîñòè ïîñòðîåíèÿ ëèíãâèñòè÷åñêèõ ìîäåëåé è êðèòå-

ðèè ïîíèìàíèÿ åñòåñòâåííî-ÿçûêîâûõ òåêñòîâ. Ïðè ýòîì âîçíèêàåò ðÿä ïðîáëåì.

Ïåðâàÿ ïðîáëåìà ñâîäèòñÿ ê ïðîáëåìå àíàëèçà òåêñòîâîé èíôîðìàöèè, ïðåäñòàâ-

ëåííîé íà åñòåñòâåííîì ÿçûêå (ìîðôîëîãè÷åñêèé, ñèíòàêñè÷åñêèé, ñåìàíòè÷åñ-

êèé è ëîãè÷åñêèé àíàëèç) ñ öåëüþ èçâëå÷åíèÿ çíàíèé. Âòîðàÿ ïðîáëåìà ñâÿçàíà ñ

ïðîåêòèðîâàíèåì ñèñòåìû ïîèñêà, îáðàáîòêè è èçâëå÷åíèÿ çíàíèé, ðàçðàáîòêè è

ïîñòðîåíèÿ åå àðõèòåêòóðû, à òàêæå èíñòðóìåíòàðèÿ äëÿ ïîëüçîâàòåëÿ. È òðåòüåé

ïðîáëåìîé ÿâëÿåòñÿ ðàçðàáîòêà ïðîöåäóð èíòåãðàöèè çíàíèé èç íåñêîëüêèõ ïðåä-

ìåòíûõ îáëàñòåé äëÿ îáåñïå÷åíèÿ ýôôåêòèâíîñòè ïðîâåäåíèÿ èññëåäîâàíèé ìåæ-

äèñöèïëèíàðíîãî è òðàíñäèñöèïëèíàðíîãî õàðàêòåðà. Òàêæå íåîáõîäèìî óäåëèòü

îñîáîå âíèìàíèå âîïðîñàì èñïîëüçîâàíèÿ óæå íàðàáîòàííûõ òåîðåòè÷åñêèõ ïîëî-

æåíèé è ïðàêòè÷åñêèõ ðåøåíèé. Ïðåäëîæåíà ôîðìàëüíàÿ ïîñòàíîâêà çàäà÷è àíà-

ëèçà åñòåñòâåííî-ÿçûêîâûõ òåêñòîâ, â êîòîðîé âûäåëåíû îñíîâíûå ïîäçàäà÷è, ñâÿ-

çàííûå ñ âû÷èñëåíèåì îòíîøåíèé òèïèçàöèè ëåêñèêè åñòåñòâåííîãî ÿçûêà íà ëåê-

ñèêî-ñìûñëîâîì êîíòèíóóìå è èíòåðïðåòàöèåé íåêîòîðîãî òåêñòà íà çàäàííîé

ïðåäìåòíîé ìîäåëè. Â êîíòåêñòå ðàçðàáîòàííîé àðõèòåêòóðû ÿçûêîâî-îíòîëîãè-

÷åñêîé èíôîðìàöèîííîé ñèñòåìû ïðåäëîæåíà ôîðìàëüíàÿ ìîäåëü îáðàáîòêè åñ-

òåñòâåííî-ÿçûêîâûõ òåêñòîâ, äëÿ êîòîðîé ïîêàçàíî îäíîçíà÷íîå ñîîòâåòñòâèå ïðî-

öåññîâ îáðàáîòêè åñòåñòâåííî-ÿçûêîâîé èíôîðìàöèè è ñðåäñòâ (àðõèòåêòóðíûõ

áëîêîâ) èõ ðåàëèçàöèè.

Êëþ÷åâûå ñëîâà: ELRE åñòåñòâåííî-ÿçûêîâûé òåêñò, ëèíãâèñòè÷åñêàÿ ìîäåëü, ÿçû-

êîâî-îíòîëîãè÷åñêàÿ èíôîðìàöèîííàÿ ñèñòåìà, àíàëèç è ïîíèìàíèå åñòåñòâåííî-

ÿçûêîâûõ òåêñòîâ.

DOI: 10.32434/2521-6406-2020-1-7-37-45

Ïîñòàíîâêà ïðîáëåìû
Ñòåïåíü ðàçâèòèÿ è âíåäðåíèÿ êîìïüþòåð-

íûõ òåõíîëîãèé â çíà÷èòåëüíîé ìåðå îïðåäåëÿ-
åòñÿ íå ñòîëüêî âîçìîæíîñòÿìè òðàäèöèîííîé
âû÷èñëèòåëüíîé òåõíèêè, ñêîëüêî îñîáåííîñ-
òÿìè ïðåäìåòíûõ îáëàñòåé, è óñïåõ ýôôåêòèâ-
íîé êîìïüþòåðèçàöèè ïîñëåäíèõ ñóùåñòâåííûì
îáðàçîì çàâèñèò îò ãëóáèíû èññëåäîâàíèÿ è
ïîíèìàíèÿ ìîäåëèðóåìîãî ÿâëåíèÿ. Èñõîäÿ èç
ýòîãî ýòàï ôîðìèðîâàíèÿ èíôîðìàöèîííûõ òåõ-

íîëîãèé (ÈÒ) èñêëþ÷èòåëüíî ñ ïîçèöèé ïîòåí-
öèàëüíûõ âîçìîæíîñòåé âû÷èñëèòåëüíîé òåõíè-
êè ïîñòåïåííî ñìåùàåòñÿ â ñòîðîíó äèôôåðåí-
öèàöèè îòäåëüíûõ íàïðàâëåíèé ÈÒ, ãäå íà ïåð-
âûé ïëàí âûñòóïàþò îñîáåííîñòè êîíêðåòíûõ
ïðåäìåòíûõ îáëàñòåé (ÏäÎ). Ê òàêîìó íàïðàâ-
ëåíèþ ñëåäóåò îòíåñòè ÈÒ, êîòîðûå òåì èëè
èíûì îáðàçîì ñâÿçàíû ñ ÿçûêîâûì ìîäåëèðî-
âàíèåì ïîâåäåíèÿ ÷åëîâåêà, èëè ñèñòåìû, îðè-
åíòèðîâàííûå íà îáðàáîòêó åñòåñòâåííî-ÿçûêî-
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âîé èíôîðìàöèè. Ïðè÷åì ïîä îáðàáîòêîé åñòå-
ñòâåííî-ÿçûêîâûõ òåêñòîâ (ÅßÒ) ïîíèìàåòñÿ
ðåàëèçàöèÿ ðÿäà ÈÒ, êîíå÷íîé öåëüþ êîòîðûõ
ÿâëÿåòñÿ êîìïüþòåðíàÿ îáðàáîòêà çíàíèé êàê
âûñøåé ôîðìû óìñòâåííîé äåÿòåëüíîñòè ÷åëî-
âåêà.

Ðàçðàáîòêà ôîðìàëüíîé òåîðèè êîìïüþòåð-
íîé îáðàáîòêè çíàíèé ñîñòàâëÿåò îäíó èç íà-
ñóùíûõ ïðîáëåì â îáùåé òåîðèè èñêóññòâåí-
íîãî èíòåëëåêòà. Ñëîæíîñòü óêàçàííîé ïðîáëå-
ìû îïðåäåëÿåòñÿ, â ÷àñòíîñòè, íåîáõîäèìîñòüþ
ïðèâëå÷åíèÿ öåëîãî ðÿäà íàó÷íûõ òåîðèé (ìà-
òåìàòè÷åñêîé ëîãèêè, êîìïüþòåðíîé è ïñèõî-
ëîãè÷åñêîé ëèíãâèñòèêè, íåéðîôèçèîëîãèè,
íåéðîêèáåðíåòèêè è äð.), êîòîðûå â ñîâîêóï-
íîñòè, áóäó÷è ïðèìåíåííûìè ê ðåøåíèþ ïðî-
áëåìû ôîðìàëüíîãî ïðåäñòàâëåíèÿ è îáðàáîò-
êè çíàíèé, ñîñòàâèëè áû êîíöåïòóàëüíî åäè-
íóþ (ìåæäèñöèïëèíàðíóþ) ôîðìàëüíóþ òåîðèþ.
Ñîñòàâëÿþùèå óêàçàííîé òåîðèè äîëæíû ó÷è-
òûâàòü ñóùíîñòü ýòàïîâ ÿçûêîâîé è ïðåäìåò-
íîé îáðàáîòêè èíôîðìàöèîííûõ îáúåêòîâ (äëÿ
ïåðâîãî – ÅßÒ, à äëÿ âòîðîãî – èçâëå÷åííûå èç
ÅßÒ çíàíèÿ) è ôîðìàëüíîé ñâÿçè ìåæäó íèìè.
Â êîíå÷íîì èòîãå íåîáõîäèìî ðàçðàáîòàòü êîì-
ïëåêñ èíôîðìàöèîííûõ òåõíîëîãèé êîìïüþòåð-
íîé îáðàáîòêè ÅßÒ, ïðåäñòàâëåíèÿ çíàíèé è èõ
êîìïüþòåðíîé îáðàáîòêè. Ïðè ýòîì âîçíèêàåò
íåñêîëüêî ïðîáëåì [1–3].

Ïåðâîé ïðîáëåìîé (è îäíîé èç îñíîâíûõ)
ÿâëÿåòñÿ ïðîáëåìà àíàëèçà òåêñòîâîé èíôîðìà-
öèè, ïðåäñòàâëåííîé íà åñòåñòâåííîì ÿçûêå
(ìîðôîëîãè÷åñêèé, ñèíòàêñè÷åñêèé, ñåìàíòè-
÷åñêèé è ëîãè÷åñêèé àíàëèç) ñ öåëüþ èçâëå÷å-
íèÿ çíàíèé.

Âòîðîé ïðîáëåìîé ÿâëÿåòñÿ ïðîáëåìà ïðî-
åêòèðîâàíèÿ ñèñòåìû ïîèñêà, îáðàáîòêè è èç-
âëå÷åíèÿ çíàíèé, ðàçðàáîòêè è ïîñòðîåíèÿ åå
àðõèòåêòóðû, à òàêæå èíñòðóìåíòàðèÿ äëÿ
ïîëüçîâàòåëÿ.

Òðåòüåé ïðîáëåìîé ÿâëÿåòñÿ ïðîáëåìà èí-
òåãðàöèè çíàíèé èç íåñêîëüêèõ ïðåäìåòíûõ îá-
ëàñòåé äëÿ îáåñïå÷åíèÿ ýôôåêòèâíîñòè ïðîâå-
äåíèÿ èññëåäîâàíèé ìåæäèñöèïëèíàðíîãî õà-
ðàêòåðà, èñïîëüçîâàíèÿ óæå íàðàáîòàííûõ òåî-
ðåòè÷åñêèõ ïîëîæåíèé è ïðàêòè÷åñêèõ ðåøåíèé.

Öåëü ñòàòüè
Öåëüþ ñòàòüè ÿâëÿåòñÿ ðàçðàáîòêà ôîðìàëü-

íûõ ìîäåëåé èíôîðìàöèîííîãî ïðîöåññà êîì-
ïüþòåðíîãî àíàëèçà è ïîíèìàíèÿ åñòåñòâåííî-
ÿçûêîâûõ òåêñòîâ è àðõèòåêòóðû ñèñòåìû åãî
ðåàëèçàöèè.

Àíàëèç ïîñëåäíèõ èññëåäîâàíèé è ïóáëèêàöèé
Ïðè ðåøåíèè óêàçàííûõ ïðîáëåì (è ðàç-

ðàáîòêè ôîðìàëüíîé òåîðèè) âàæíîé çàäà÷åé
ÿâëÿåòñÿ ïîñòðîåíèå åñòåñòâåííî-ÿçûêîâûõ ëèí-
ãâèñòè÷åñêèõ ìîäåëåé è ñîçäàíèå íà èõ îñíîâå
ýôôåêòèâíûõ ëèíãâèñòè÷åñêèõ ïðîöåññîðîâ,
êîòîðûå â ñîâîêóïíîñòè ñ ÿçûêîâî-îíòîëîãè÷åñ-
êîé êàðòèíîé ìèðà (ßÎÊÌ) ïðåäñòàâëÿþò ÿçû-
êîâî-îíòîëîãè÷åñêóþ èíôîðìàöèîííóþ ñèñòå-
ìó.

Ëèíãâèñòè÷åñêèå ìîäåëè – ýòî, â ñóùíîñ-
òè, ôóíäàìåíòàëüíàÿ íàó÷íî-ïðèêëàäíàÿ îáëàñòü
èññëåäîâàíèé, ïîìîãàþùàÿ ñòðîèòü ñèñòåìû
îáðàáîòêè ÅßÒ. Ïîä ïîñëåäíåé ïîíèìàåòñÿ ïðî-
öåññ âçàèìîäåéñòâèÿ «Ñèñòåìà-ÅßÒ-Ïîëüçîâà-
òåëü», êîòîðûé âêëþ÷àåò â ñåáÿ ðàçíûå ñïîñîáû
âçàèìîäåéñòâèÿ ñ ÅßÒ, òàêèå êàê àíàëèç, ãåíå-
ðàöèÿ, èíòåðïðåòàöèÿ, òðàíñôîðìàöèÿ, ñèíòåç
è äð. Òàêîå îïðåäåëåíèå ëèíãâèñòè÷åñêèõ ìî-
äåëåé, îñíîâàííîå íà èõ ôóíêöèîíàëüíîì àñ-
ïåêòå, ÿâëÿåòñÿ ïîëåçíûì ñ ìåòîäîëîãè÷åñêîé
òî÷êè çðåíèÿ, îáåñïå÷èâàÿ êëàññèôèêàöèþ ìî-
äåëåé ïî èõ ïðàãìàòè÷åñêèì ïðèçíàêàì, ò.å. ïî
öåëè ðàçðàáîòêè è ñôåðå ïðèìåíåíèÿ. Âûäåëèì
ñëåäóþùèå êëàññû ëèíãâèñòè÷åñêèõ ìîäåëåé:

1) äèàëîãîâûå “çàïðîñ-îòâåò” èëè èíòåðàê-
òèâíûå ìîäåëè;

2) êîíöåïòóàëüíî-ôîðìàëüíûå ìîäåëè;
3) êîíöåïòóàëüíî-ôóíêöèîíàëüíûå ìîäåëè;
4) êîãíèòèâíûå (ñåìàíòèêî-êîíòåêñòíûå)

ìîäåëè.
Î÷åâèäíî, íàèáîëåå ñëîæíûìè ÿâëÿþòñÿ

ïîñëåäíèå ìîäåëè. Èìåííî îíè îáåñïå÷èâàþò
ãëóáèííîå ïðîíèêíîâåíèå â òåêóùèé êîíòåêñò
è åãî òðàíñôîðìàöèþ ñ ñîõðàíåíèåì ñìûñëà êàê
âíóòðè îäíîé ìîäåëè, òàê è ìåæäó ðàçíûìè
ìîäåëÿìè. Ïðè ýòîì îáúåêòîì èññëåäîâàíèÿ
ÿâëÿþòñÿ åñòåñòâåííî-ÿçûêîâûå òåêñòû, ïðåä-
ñòàâëåííûå â ýëåêòðîííîì âèäå è âçÿòûå èç ñåòè
Èíòåðíåò, ìîíîãðàôèé, ó÷åáíèêîâ, íàó÷íî-òåõ-
íè÷åñêèõ äîêóìåíòîâ è ò.ï., êîòîðûå â ñîâîêóï-
íîñòè ñîñòàâëÿþò èñõîäíûé ëèíãâèñòè÷åñêèé
êîðïóñ òåêñòîâ.

Â ñóùåñòâóþùèõ èíòåëëåêòóàëüíûõ ñèñòå-
ìàõ (ÈÑ) âûäåëÿþò ïÿòü îñíîâíûõ óðîâíåé ïî-
íèìàíèÿ ÅßÒ [4].

Ïåðâûé óðîâåíü. Õàðàêòåðèçóåòñÿ ñõåìîé,
ïîêàçûâàþùåé, ÷òî ëþáûå îòâåòû íà âîïðîñû
ñèñòåìà ôîðìèðóåò òîëüêî íà îñíîâå ïðÿìîãî
ñîäåðæàíèÿ, âûòåêàþùåãî èç òåêñòà. Â ëèíãâè-
ñòè÷åñêîì ïðîöåññîðå âûïîëíÿåòñÿ ìîðôîëîãè-
÷åñêèé, ñèíòàêñè÷åñêèé è ñåìàíòè÷åñêèé àíà-
ëèç òåêñòà è âîïðîñîâ, îòíîñÿùèõñÿ ê íåìó. Íà
âûõîäå ëèíãâèñòè÷åñêîãî ïðîöåññîðà ïîëó÷àåì
âíóòðåííåå ïðåäñòàâëåíèå òåêñòà è âîïðîñîâ, ñ
êîòîðûìè ìîæåò ðàáîòàòü áëîê âûâîäà. Îí ôîð-
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ìèðóåò îòâåòû, èñïîëüçóÿ ñïåöèàëüíûå ïðîöå-
äóðû. Äðóãèìè ñëîâàìè, óæå ïîíèìàíèå íà ïåð-
âîì óðîâíå òðåáóåò îò ÈÑ îïðåäåëåííûõ ñïîñî-
áîâ ïðåäñòàâëåíèÿ äàííûõ è âûâîäà íà ýòèõ äàí-
íûõ.

Âòîðîé óðîâåíü. Íà âòîðîì óðîâíå äîáàâ-
ëÿþòñÿ ñïîñîáû ëîãè÷åñêîãî âûâîäà, îñíîâàí-
íûå íà èíôîðìàöèè, ñîäåðæàùåéñÿ â òåêñòå. Ýòî
ðàçëè÷íûå ëîãèêè òåêñòà (âðåìåííàÿ, ïðîñòðàí-
ñòâåííàÿ, êàóçàëüíàÿ è äð.), ïîðîæäàþùèå èí-
ôîðìàöèþ, ÿâíî îòñóòñòâóþùóþ â òåêñòå. Àð-
õèòåêòóðà ÈÑ, ñ ïîìîùüþ êîòîðîé ìîæåò áûòü
ðåàëèçîâàí âòîðîé óðîâåíü ïîíèìàíèÿ, äîëæíà
èìåòü äîïîëíèòåëüíóþ áàçó çíàíèé, â êîòîðîé
õðàíÿòñÿ çàêîíîìåðíîñòè, îòíîñÿùèåñÿ ê âðå-
ìåííîé ñòðóêòóðå ñîáûòèé, âîçìîæíîé èõ ïðî-
ñòðàíñòâåííîé îðãàíèçàöèè, êàóçàëüíîé çàâèñè-
ìîñòè è ò.ä., à ëîãè÷åñêèé áëîê – âñå íåîáõîäè-
ìûå ñðåäñòâà äëÿ ðàáîòû ñ íåêëàññè÷åñêèìè
ëîãèêàìè.

Òðåòèé óðîâåíü. Ê ñðåäñòâàì âòîðîãî óðîâ-
íÿ äîáàâëÿþòñÿ ïðàâèëà ïîïîëíåíèÿ òåêñòà çíà-
íèÿìè ñèñòåìû î ñðåäå. Ýòè çíàíèÿ â ÈÑ, êàê
ïðàâèëî, íîñÿò ëîãè÷åñêèé õàðàêòåð è ôèêñè-
ðóþòñÿ â âèäå ñöåíàðèåâ èëè ïðîöåäóð äðóãîãî
òèïà. Àðõèòåêòóðà ÈÑ, â êîòîðîé ðåàëèçóåòñÿ
ïîíèìàíèå òðåòüåãî óðîâíÿ, âíåøíå íå îòëè÷à-
åòñÿ îò àðõèòåêòóðû ÈÑ âòîðîãî óðîâíÿ. Íî â
ëîãè÷åñêîì áëîêå äîëæíû áûòü ó÷òåíû ñðåäñòâà
íå òîëüêî äëÿ ÷èñòî äåäóêòèâíîãî âûâîäà, à è
äëÿ âûâîäà ïî ñöåíàðèÿì.

Òðè ïåðå÷èñëåííûå óðîâíÿ ïîíèìàíèÿ ïîë-
íîñòüþ èëè ÷àñòè÷íî ðåàëèçîâàíû ïðàêòè÷åñêè
âî âñåõ äåéñòâóþùèõ ÈÑ.

×åòâåðòûé óðîâåíü. Íà ýòîì óðîâíå ïðî-
èñõîäèò èçìåíåíèå ñîäåðæèìîãî áàçû çíàíèé.
Îíà äîïîëíÿåòñÿ ôàêòàìè, èçâåñòíûìè ñèñòåìå
è ñîäåðæàùèìèñÿ â òåõ òåêñòàõ, êîòîðûå ââåäå-
íû â ñèñòåìó. Ðàçíûå ÈÑ îòëè÷àþòñÿ îäíà îò
äðóãîé õàðàêòåðîì ïðàâèë ïîðîæäåíèÿ ôàêòîâ
èç çíàíèé, îïèðàÿñü íà ìåòîäû äåäóêòèâíîãî
âûâîäà è ðàñïîçíàâàíèÿ îáðàçîâ. Ïðàâèëà ìî-
ãóò áûòü îñíîâàíû íà ïðèíöèïàõ âåðîÿòíîñòåé,
ðàçìûòûõ âûâîäîâ è ò.ä. Íî âî âñåõ ñëó÷àÿõ áàçà
çíàíèé îêàçûâàåòñÿ àïðèîðíî íåïîëíîé. Â ÈÑ
âîçíèêàþò ñëîæíîñòè ñ ïîèñêîì îòâåòîâ íà çàï-
ðîñû. Â ÷àñòíîñòè, â áàçàõ çíàíèé ñòàíîâèòñÿ
íåîáõîäèìûì íåìîíîòîííûé âûâîä.

Ïÿòûé óðîâåíü. Íà ýòîì óðîâíå ïðîèñõî-
äèò ïîðîæäåíèå ìåòàôîðè÷åñêîãî çíàíèÿ. Ïðà-
âèëà ïîðîæäåíèÿ çíàíèé ìåòàôîðè÷åñêîãî óðîâ-
íÿ, èñïîëüçóåìûõ äëÿ ýòèõ öåëåé, ïðåäñòàâëÿþò
ñîáîé ñïåöèàëüíûå ïðîöåäóðû, îïèðàþùèåñÿ íà
âûâîäû ïî àíàëîãèè è àññîöèàöèè. Èçâåñòíûå

â íàñòîÿùåå âðåìÿ ñõåìû âûâîäà ïî àíàëîãèè
èñïîëüçóþò, êàê ïðàâèëî, äèàãðàììó Ëåéáíèöà,
êîòîðàÿ îòîáðàæàåò òîëüêî ÷àñòíûé ñëó÷àé ñóæ-
äåíèé ïî àíàëîãèè. Åùå ìåíüøå ðàçðàáîòàíû
ñõåìû àññîöèàòèâíûõ ñóæäåíèé.

Ñóùåñòâóþò è äðóãèå èíòåðïðåòàöèè ôå-
íîìåíà ïîíèìàíèÿ. Âîçìîæíî, íàïðèìåð, îöå-
íèâàòü óðîâåíü ïîíèìàíèÿ ïî ñïîñîáíîñòè ñè-
ñòåìû ê ïîÿñíåíèþ ïîëó÷åííîãî ðåçóëüòàòà.
Çäåñü âîçìîæåí íå òîëüêî óðîâåíü ïîÿñíåíèÿ,
êîãäà ñèñòåìà ïîÿñíÿåò, ÷òî îíà ñäåëàëà, íàïðè-
ìåð, íà îñíîâå ââåäåííîãî â íåå òåêñòà, à è óðî-
âåíü îáîñíîâàíèÿ (àðãóìåíòàöèè), êîãäà ñèñòå-
ìà îáîñíîâûâàåò ñâîé ðåçóëüòàò, ïîêàçûâàÿ, ÷òî
îí íå ïðîòèâîðå÷èò òîé ñèñòåìå çíàíèé è äàí-
íûõ, êîòîðûìè îíà âëàäååò. Â îòëè÷èå îò ïîÿñ-
íåíèÿ îáîñíîâàíèå âñåãäà ñâÿçàíî ñ ñóììîé
ôàêòîâ è çíàíèé, êîòîðûå îïðåäåëÿþòñÿ òåêó-
ùèì ìîìåíòîì ñóùåñòâîâàíèÿ ñèñòåìû. È ââå-
äåííûé äëÿ ïîíèìàíèÿ òåêñò â îäíèõ ñîñòîÿíè-
ÿõ ìîæåò áûòü âîñïðèíÿò ñèñòåìîé êàê èñòèí-
íûé, à â äðóãèõ – êàê ëîæíûé. Ñóùåñòâóþùèå
ÈÑ òèïà ýêñïåðòíûõ ñèñòåì, êàê ïðàâèëî, ñïî-
ñîáíû äàâàòü ïîÿñíåíèÿ è ëèøü ÷àñòè÷íî îáî-
ñíîâàíèÿ.

Îáîáùåííûé êðèòåðèé ïîíèìàíèÿ ÅßÒ
íàó÷íî-òåõíè÷åñêîãî ïðîôèëÿ ñîñòîèò â ñïî-
ñîáíîñòè ðåøàòü ïðèêëàäíûå çàäà÷è íà îñíîâå
ñîäåðæàùèõñÿ â íèõ çíàíèé.

Îñîáåííîñòè àíàëèçà ÅßÒ îïðåäåëÿþòñÿ
íàïðàâëåííîñòüþ íà ôîðìèðîâàíèå ñòðóêòóðû
ïîíÿòèé, òî åñòü, íà àâòîìàòè÷åñêîå èçâëå÷å-
íèå çíàíèé èç òåêñòîâ è èõ ïðàãìàòè÷åñêóþ
èíòåðïðåòàöèþ â òåðìèíàõ ïðèêëàäíîé çàäà÷è.
Ïðè ýòîì òåêñò ðàññìàòðèâàåòñÿ êàê îáúåêò ðàç-
íûõ óðîâíåé àíàëèçà: êàê çíàêîâàÿ ñèñòåìà, êàê
ãðàììàòè÷åñêàÿ ñèñòåìà è êàê ñèñòåìà çíàíèé
ïðî ÏäÎ. Êàæäûé óðîâåíü èìååò ñâîè îñîáåí-
íîñòè, ñâîè ñïîñîáû âûðàæåíèÿ è, ñëåäîâàòåëü-
íî, äîïóñêàåò íàëè÷èå ñïåöèôè÷åñêèõ ìåòîäîâ
îáðàáîòêè.

Èçëîæåíèå îñíîâíîãî ìàòåðèàëà
Îáùèå ïðèíöèïû àíàëèçà è ïîíèìàíèÿ ÅßÒ.

Èññëåäîâàíèå ïðîöåññîâ èíòåðïðåòàöèè è ïî-
íèìàíèÿ ÿçûêîâûõ âûñêàçûâàíèé, èìååò êàê
òåîðåòè÷åñêèé, òàê è ïðèêëàäíîé èíòåðåñ. Ðà-
áîòû â îáëàñòè àâòîìàòè÷åñêîãî àíàëèçà òåêñòà
è àâòîìàòè÷åñêîãî ðåøåíèÿ çàäà÷, ñôîðìóëèðî-
âàííûõ íà åñòåñòâåííîì ÿçûêå (èëè ÿçûêå, áëèç-
êèì ê íåìó), ïîêàçàëè àêòóàëüíîñòü ïîñòðîåíèÿ
èíòåðïðåòàöèîííîé òåîðèè ÿçûêà. Ïîíÿòèå “èí-
òåðïðåòàöèÿ” ñ ñàìîãî íà÷àëà ëåæàëî â îñíîâå
îáùåëèíãâèñòè÷åñêèõ òåîðèé, à òàêæå â îñíîâå
ëîãè÷åñêèõ èññëåäîâàíèé. Èíòåðïðåòàöèîííûé
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ïîäõîä ïðåäñòàâëåí êàê â ðàçíîîáðàçíûõ îáëàñ-
òÿõ ÷èñòî ëèíãâèñòè÷åñêîãî àíàëèçà (â òåîðèÿõ
ôîðìàëüíûõ ãðàììàòèê, â “òåîðèè ÿçûêîâûõ
àêòîâ” è ò.ï.), òàê è â èññëåäîâàíèÿõ ïî èñêóñ-
ñòâåííîìó èíòåëëåêòó. Ñîãëàñíî èíòåðïðåòàöèè
â îñíîâå âëàäåíèÿ ÿçûêîì è åãî èñïîëüçîâàíè-
åì ëåæèò îäèí è òîò æå èíòåðïðåòèðóþùèé ìå-
õàíèçì, îáñëóæèâàþùèé ðàçíûå ñôåðû ÿçûêî-
âîé äåÿòåëüíîñòè è èñïîëüçóþùèé ðàçíûå âèäû
çíàíèé. Ñðåäè ýòèõ ñôåð – ðå÷ü, ïîíèìàíèå,
ðåäàêòèðîâàíèå, êîììåíòèðîâàíèå, ïåðåôðàçè-
ðîâêà, ñîîáðàæåíèå, êîììóíèêàöèÿ, àðãóìåíòà-
öèÿ, îáó÷åíèå, ïåðåâîä è äð. Ñàìà æå èíòåð-
ïðåòàöèÿ, ÷åðåç êîòîðóþ è îïðåäåëÿþòñÿ óêà-
çàííûå ñôåðû, ïðåäñòàâëÿåò ñîáîé ïîëó÷åíèå íà
îñíîâå îäíîãî èñõîäíîãî îáúåêòà (îáúåêòà, êî-
òîðûé èíòåðïðåòèðóåòñÿ) äðóãîãî, îòëè÷íîãî
îáúåêòà, êîòîðûé äîïóñêàåòñÿ èíòåðïðåòàòîðîì
êàê ðàâíîçíà÷íûé èñõîäíîìó íà ôîíå êîíêðåò-
íîé ñèòóàöèè, íàáîðà çíàíèé [5]. Ñàìè æå çíà-
íèÿ íå âõîäÿò â ñòðóêòóðó ÿçûêà íåïîñðåäñòâåí-
íî, à “ïðèâëåêàþòñÿ” ê èíòåðïðåòàöèè, è òîëü-
êî îïîñðåäîâàííî îïðåäåëÿþò ðåçóëüòàò èíòåð-
ïðåòàöèè ÿçûêîâûõ âûñêàçûâàíèé.

Îäíîé èç îñíîâíûõ ïðîöåäóð îáðàáîòêè
ÅßÒ ÿâëÿåòñÿ ïðîöåäóðà ðàñïîçíàâàíèÿ, â ÷àñò-
íîñòè êîãíèòèâíîãî ðàñïîçíàâàíèÿ. Ïîä êîãíè-
òèâíûì ðàñïîçíàâàíèåì ÅßÒ ïîíèìàåòñÿ ïðî-
öåññ ôîðìàëèçàöèè èçâëå÷åíèÿ è ïðåäñòàâëå-
íèÿ çíàíèé ïðåäìåòíîé îáëàñòè, ñîäåðæàùèõñÿ
â ÅßÒ. Âõîäîì ïðîöåäóðû ðàñïîçíàâàíèÿ ÿâëÿ-
åòñÿ ÅßÒ, à âûõîäîì (ðåçóëüòàòîì) – ôîðìàëü-
íî-ëîãè÷åñêîå ïðåäñòàâëåíèå. Îíî ÿâëÿåòñÿ
ôîðìàëèçîâàííûì ïðåäñòàâëåíèåì çíàíèé î
ÏäÎ, îòðàæåííûì â îïðåäåëåííîì ÅßÒ.

Ïðîöåññ ðàñïîçíàâàíèÿ è èçâëå÷åíèÿ çíà-
íèé èç ÅßÒ áàçèðóåòñÿ íà êîìïüþòåðíîì ìîäå-
ëèðîâàíèè èíòåëëåêòóàëüíûõ ôóíêöèé ÷åëîâå-
êà, à èìåííî – íà ìîäåëèðîâàíèè ïðîöåññà ïî-
íèìàíèÿ ÷åëîâåêîì ÅßÒ. Ïðè ýòîì òåðìèí ïî-
íèìàíèå îïðåäåëÿåòñÿ ñ ïîìîùüþ òàêèõ êðèòå-
ðèåâ: óìåíèå ïåðåñêàçàòü “ñâîèìè” ñëîâàìè, ò.å.
äðóãèìè (ëåêñè÷åñêèìè, ñèíòàêñè÷åñêèìè) ñðåä-
ñòâàìè ïåðåäàòü ñîäåðæàíèå âõîäíîãî òåêñòà,
óìåíèå îòâåòèòü íà âîïðîñ îòíîñèòåëüíî îïðå-
äåëåííîãî òåêñòà è äð. Ïðîöåäóðà ðàñïîçíàâà-
íèÿ áàçèðóåòñÿ íà ñðåäñòâàõ ôîðìàëèçàöèè (ò.å.
ðàçðàáîòêè îíòîëîãè÷åñêèõ ìîäåëåé) çíàíèé îá
îïðåäåëåííîì ÿçûêå è çíàíèé îá îïðåäåëåííîé
ÏäÎ.

Îòìåòèì, ÷òî êîãíèòèâíîå ðàñïîçíàâàíèå
ÅßÒ èìååò ñâîè îñîáåííîñòè, à èìåííî:

– âíåÿçûêîâûå ñèòóàöèè, îïèñàííûå â òåê-
ñòàõ, îïðåäåëÿþòñÿ ëèøü çíàíèÿìè èç îïðåäå-

ëåííîé ÏäÎ;
– ñðåäñòâà âåðáàëèçàöèè ýòèõ çíàíèé îðè-

åíòèðîâàíû íà îïðåäåëåííûé óðîâåíü ïðîôåñ-
ñèîíàëüíîé ïîäãîòîâêè;

– ìåõàíèçìû âçàèìîäåéñòâèÿ çíàíèé â òåê-
ñòå ñ êîãíèòèâíîé êàðòèíîé ìèðà îñíîâûâàþò-
ñÿ íà ìîäåëè ïðåäñòàâëåíèÿ ÷åëîâåêîì çíàíèé
îá îïðåäåëåííîì ÿçûêå (ÿçûêîâàÿ êàðòèíà
ìèðà [6]) è çíàíèÿõ î ôðàãìåíòàõ ðåàëüíîé äåé-
ñòâèòåëüíîñòè (áàçû çíàíèé ÏäÎ).

Ôîðìàëüíàÿ ïîñòàíîâêà çàäà÷è àíàëèçà
ÅßÒ [7]. Ïóñòü T=t1, t2, …, tn åñòåñòâåííî-ÿçûêî-
âûé òåêñò â àëôàâèòå X, ò.å. TL(X), ãäå L(X) –
ÿçûê íàä àëôàâèòîì X, à tiT – ïðåäëîæåíèÿ,

n,1i  , n – ìîùíîñòü ìíîæåñòâà T.
Êàæäîå ïðåäëîæåíèå tiT, â ñâîþ î÷åðåäü,

èìååò ñòðóêòóðó 
m21 iii t,...,t,t , ãäå jit  ñîäåðæà-

òåëüíî îçíà÷àþò ãðàììàòè÷åñêèå åäèíèöû, èç
êîòîðûõ ïîñòðîåíî ïðåäëîæåíèå ti. Åñëè ii tt

j
 ,

òî  
 j 1 2 j 1L i i i iС t t , t ,..., t


  è  
   j mj 1 j 2R i i i iС t t , t ,..., t
 



áóäåì íàçûâàòü ëåâûì è ïðàâûì êîíòåêñòîì jit

ñîîòâåòñòâåííî.
Ñ òåêñòîì T ñâÿçàíû òàêèå îáúåêòû:
– S – ñëîâàðü ÿçûêà L(X), ãäå ñîäåðæàòñÿ

ñëîâà jit  ñî ñâîèìè îïðåäåëèòåëÿìè (â ÷àñòíî-
ñòè, ëèíãâî-ñåìàíòè÷åñêèìè õàðàêòåðèñòèêàìè
åäèíèö ñëîâàðÿ);

– TS – îòíîøåíèå, îïðåäåëÿþùåå âîç-

ìîæíûå çíà÷åíèÿ è òèïû ñëîâà â ñëîâàðå S;

– A=(D,Ï) – ïðåäìåòíàÿ ìîäåëü, íà êîòî-
ðîé èíòåðïðåòèðóåòñÿ òåêñò T;

–TA – îòíîøåíèå èíòåðïðåòàöèè òåê-

ñòà T íà îáëàñòè D.

Îïóñêàÿ ôîðìàëüíûå ïðåîáðàçîâàíèÿ, îò-
ìåòèì, ÷òî èç ýòîé ïîñòàíîâêè çàäà÷è àíàëèçà
ÅßÒ âûòåêàþò ñëåäóþùèå îñíîâíûå ïîäçàäà÷è:

– êîíêðåòèçèðîâàòü ïðåäìåòíóþ ìîäåëü À;
çàäà÷à ñâÿçàíà ñ òåì, ÷òî ïðåäìåòíàÿ ìîäåëü
ÿâëÿåòñÿ ïî ñóùåñòâó áàçîé çíàíèé (êîíêðåòè-
çàöèÿ ñîñòîèò â òîì, ÷òîáû îïðåäåëèòüñÿ ñ ôîð-
ìàëüíûì ëîãè÷åñêèì ÿçûêîì, ïðàâèëàìè âûâî-
äà, àêñèîìàòèêîé è ïð.);

– ïîêàçàòü âû÷èñëèìîñòü îòíîøåíèé  è 
íà ïðåäìåòíîé ìîäåëè À;

– ïîñòðîèòü àëãîðèòìû âû÷èñëåíèÿ îòíî-
øåíèé  è ;

– ïðè âû÷èñëåíèè îòíîøåíèé  è  êîíò-
ðîëèðîâàòü ñîîòâåòñòâèÿ òèïîâ àðãóìåíòîâ è
ïðåäèêàòîâ;

– îïðåäåëèòü âçàèìîäåéñòâèå àëãîðèòìîâ
âû÷èñëåíèÿ  è  ñ ñèñòåìàìè ëèíãâèñòè÷åñêî-
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ãî àíàëèçà òåêñòà.
Ïîäçàäà÷àìè âòîðîé î÷åðåäè ÿâëÿþòñÿ ïîä-

çàäà÷è, ñâÿçàííûå ñ:
– îïðåäåëåíèåì ñòðóêòóðû äàííûõ è èí-

ôîðìàöèè äëÿ ñëîâàðåé;
– îïðåäåëåíèåì ðåæèìà âçàèìîäåéñòâèÿ ñ

ïîëüçîâàòåëåì (àâòîìàòè÷åñêèé, ïîëóàâòîìàòè-
÷åñêèé èëè äèàëîãîâûé).

Ëåêñèêî-ãðàììàòè÷åñêèé àíàëèç. Ïóñòü L –
ÿçûê îòíîøåíèé, êîòîðûå ïðåäñòàâëÿþò çíàíèÿ,
V – ìíîæåñòâî ãðàììàòè÷åñêèõ õàðàêòåðèñòèê,
âêëþ÷àÿ ãðàììàòè÷åñêèå ðàçðÿäû åñòåñòâåííî-
ãî ÿçûêà (Åß), à D – îáëàñòü èíòåðïðåòàöèè.

Ëåêñèêî-ãðàììàòè÷åñêèé àíàëèç ïðèâîäèò
ê êîíêðåòèçàöèè èíòåðïðåòàöèè : VD è îò-
íîøåíèé RiL. Èíòåðïðåòàöèÿ  â äàííîì ñëó-
÷àå ïðåäñòàâëÿåò ñîáîé ñóïåðïîçèöèþ äâóõ ôóí-
êöèé 1 è 2, ò.å. (V)=2(1(V))=1*2(V), ãäå *
îáîçíà÷àåò ñóïåðïîçèöèþ ôóíêöèé. Ôóíêöèè 1

è 2 ðåàëèçóþò ïðîöåññ ñèíòàêñè÷åñêîãî è ñå-
ìàíòè÷åñêîãî àíàëèçà ïðåäëîæåíèé òåêñòà Ò, à
îòíîøåíèÿ R1 è R2 – ýòî ñèíòàêñè÷åñêèå (ïðà-
âèëà ÿçûêà, íà êîòîðîì íàïèñàí òåêñò Ò) è ñå-
ìàíòè÷åñêèå îãðàíè÷åíèÿ.

Îäíèì èç äàëüíåéøèõ âîçìîæíûõ óòî÷íå-
íèé ÿâëÿåòñÿ óòî÷íåíèå îòîáðàæåíèÿ 1. Ýòî îòî-
áðàæåíèå, â ñâîþ î÷åðåäü, ìîæíî ðàññìàòðè-
âàòü êàê ñóïåðïîçèöèþ äâóõ îòîáðàæåíèé, ðåà-
ëèçóþùèõ ìîðôîëîãè÷åñêèé è ñèíòàêñè÷åñêèé
àíàëèç ïðåäëîæåíèé ÅßÒ è âìåñòå ñ îòîáðàæå-
íèåì 2 îáðàçóþùèõ öåëîñòíóþ ñèñòåìó êëàñ-
ñè÷åñêîãî òèïà, ñõåìà êîòîðîé ïîêàçàíà íà
ðèñ. 1 [8]. Âîçìîæíàÿ ñòðóêòóðà ñëîâàðåé, êîòî-
ðûå èñïîëüçóþòñÿ â ïðèâåäåííîé ñõåìå, è íå-
êîòîðîå åå îáîñíîâàíèå îïèñàíû â ðàáîòàõ [9].

Èíôîðìàöèîííàÿ ìîäåëü ýòàïîâ ëèíãâèñòè-
÷åñêîãî àíàëèçà. Àðõèòåêòóðà ñîâðåìåííûõ çíà-
íèå-îðèåíòèðîâàííûõ èíôîðìàöèîííûõ ñèñòåì
ñ åñòåñòâåííî-ÿçûêîâûì ïðåäñòàâëåíèåì è îá-
ðàáîòêîé çíàíèé âêëþ÷àåò îíòîëîãè÷åñêóþ ñî-
ñòàâëÿþùóþ ýêñïëèöèòíî, êîòîðóþ â îáùåì

âèäå ìîæíî èíòåðïðåòèðîâàòü êàê êîíöåïòóàëü-
íóþ áàçó çíàíèé. Òàêàÿ áàçà çíàíèé ïðåäñòàâ-
ëÿåòñÿ â âèäå îðèåíòèðîâàííîãî ãðàôà, âåðøè-
íàìè êîòîðîãî ÿâëÿþòñÿ êîíöåïòû, à äóãàìè –
ìíîæåñòâî îòíîøåíèé, ñâÿçûâàþùèõ ìåæäó
ñîáîé êîíöåïòû. Äðóãîé âàæíîé îñîáåííîñòüþ
óêàçàííîé àðõèòåêòóðû ÿâëÿåòñÿ ðàçäåëåíèå è
îòäåëüíàÿ îáðàáîòêà ñåìàíòèêè ïåðâîé è âòî-
ðîé ñòóïåíè [10], ÷òî â îáùåì ñëó÷àå îçíà÷àåò
ðàçäåëåíèå âíóòðèÿçûêîâîãî è âíåÿçûêîâîãî
(ýêñòðàëèíãâèñòè÷åñêîãî) ïðîöåññèíãà è ïåðå-
õîä ê ôîðìàëüíî-ëîãè÷åñêîìó ïðåäñòàâëåíèþ
èñõîäíîãî òåêñòà.

Óêàçàííûå îñîáåííîñòè àðõèòåêòóðû ñîâðå-
ìåííûõ çíàíèå-îðèåíòèðîâàííûõ èíôîðìàöè-
îííûõ ñèñòåì òðàíñôîðìèðóþò òðàäèöèîííóþ
ìîäåëü îáðàáîòêè ÅßÒ â ôîðìàëüíóþ ìîäåëü
ñëåäóþùåãî âèäà [7]:

F=T,W,SS1,O,S2,I,

ãäå Ò – ìíîæåñòâî îáðàáàòûâàåìûõ ÅßÒ;
W – ìíîæåñòâî ñëîâîôîðì, âõîäÿùèõ â Ò;
SS1 – ìíîæåñòâî ñèíòàêòèêî-ñåìàíòè÷åñêèõ
ñòðóêòóð ïåðâîé ñòóïåíè, îïèñûâàþùèõ Ò;
O – ìíîæåñòâî îíòîëîãè÷åñêèõ ñòðóêòóð, îòî-
áðàæàþùèõ ìíîæåñòâà W è SS1 â S2; S2 – ìíî-
æåñòâî ñåìàíòè÷åñêèõ ñòðóêòóð âòîðîé ñòóïå-
íè, îïèñûâàþùèõ ìíîæåñòâî ñöåíàðèåâ Ò;
I – ìíîæåñòâî èíôîðìàöèîííî-êîäîâûõ ïðåä-
ñòàâëåíèé S2.

Îïèøåì îáúåêòû ôîðìàëüíîé ìîäåëè.
Ìíîæåñòâî Ò ïðåäñòàâëÿåò ñîâîêóïíîñòü ÅßÒ,
õàðàêòåðèçóþùèõñÿ ñòèëÿìè äåëîâîãî è íàó÷-
íî-òåõíè÷åñêîãî õàðàêòåðà.

Öåïî÷êà WSS1 â êëàññè÷åñêîì ïîíèìà-
íèè ïðåäñòàâëÿåò ãðàììàòè÷åñêèé àíàëèç ÅßÒ.
Â îòëè÷èå îò òðàäèöèîííûõ ëèíåéíîãî è ñèëü-
íî êîäèðîâàííîãî ìåòîäîâ àíàëèçà, çäåñü èñ-
ïîëüçîâàí ñìåøàííûé ìåòîä àíàëèçà. Ñóòü åãî
ñîñòîèò â òîì, ÷òî â ëåêñèêîãðàôè÷åñêîé áàçå

Морфологические
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Морфологический анализ Синтаксический анализ Семантический анализ
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Ðèñ. 1. Ñõåìà ëèíãâèñòè÷åñêîãî àíàëèçà ÅßÒ êëàññè÷åñêîãî òèïà
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äàííûõ ïîëíîå ìíîæåñòâî W ïðåäñòàâëåíî â
òàáëèöàõ äâóõ òèïîâ: òàáëèöàõ ëåêñåì ñ ñîîò-
âåòñòâóþùèìè ìîðôîëîãè÷åñêèìè, ñèíòàêñè-
÷åñêèìè è ñåìàíòè÷åñêèìè õàðàêòåðèñòèêàìè
è òàáëèöàõ ôëåêñèé äëÿ âñåõ ïîëíîçíà÷íûõ èç-
ìåíÿþùèõñÿ ÷àñòåé ðå÷è. Ïðè ýòîì àëãîðèòìû
ôîðìèðîâàíèÿ ïàðàäèãìû ëåêñåì ïðîñòû: â òàá-
ëèöàõ ëåêñåì óêàçàíû îñíîâû ëåêñåì è ñîîò-
âåòñòâóþùèå êîäû äëÿ âûáîðà çàïèñåé èç òàá-
ëèö ôëåêñèé. Íåôëåêñèéíûå èçìåíåíèÿ ó÷èòû-
âàþòñÿ ñîîòâåòñòâóþùèìè àëãîðèòìàìè.

Ìíîæåñòâî Î îíòîëîãè÷åñêèõ ñòðóêòóð â
èäåàëå ïðåäñòàâëÿåò ßÎÊÌ.

Öåïî÷êè ïðåîáðàçîâàíèÿ èíôîðìàöèè
TWSS1 è OS2I, ïî ñóòè, ïðåäñòàâëÿþò
ñîîòâåòñòâåííî áàçîâûå ïðîöåäóðû àíàëèçà è
ïîíèìàíèÿ ÅßÒ, ñðåäñòâàìè èíòåðïðåòàöèè
êîòîðûõ ÿâëÿþòñÿ ãðàììàòè÷åñêèé è ñåìàíòè-
÷åñêèé ïðîöåññîðû.

Ïðàêòè÷åñêàÿ öåííîñòü ïîëó÷àåìûõ ðåçóëü-
òàòîâ ïðè îáðàáîòêå ÅßÒ, â îñíîâíîì, çàâèñèò
îò ïîëíîòû èíòåðïðåòàöèîííûõ ìîäåëåé ñåìàí-
òè÷åñêèõ ñòðóêòóð ÅßÒ è èõ ôîðìàëüíîãî ïðåä-
ñòàâëåíèÿ. Ïîä ïîëíîòîé ïîíèìàåòñÿ âêëþ÷å-
íèå â ìîäåëü êàê ñîñòàâíîé ñåìàíòèêè ïåðâîé
ñòóïåíè (èëè îáúåêòíîé ñîñòàâëÿþùåé), òàê è
ñîñòàâíîé ñåìàíòèêè âòîðîé ñòóïåíè (èëè àê-
òîðíîé ñîñòàâëÿþùåé). Òàêîå ðàñïðåäåëåíèå
ñåìàíòèêè õîðîøî ñîãëàñîâûâàåòñÿ êàê ñ îíòî-
ëîãè÷åñêîé èåðàðõèåé êîíöåïòóàëüíûõ êàòåãî-
ðèé, òàê è ñî ñëîæíîñòüþ âûïîëíåíèÿ âû÷èñ-
ëèòåëüíûõ ïðîöåäóð ïðè êîìïüþòåðíîé îáðà-
áîòêå ÅßÒ.

Ñ òî÷êè çðåíèÿ ëèíãâèñòèêè, ñåìàíòè÷åñ-
êàÿ ñîñòàâëÿþùàÿ ïåðâîé ñòóïåíè îïèñûâàåòñÿ
íà óðîâíå ãðàììàòèêè îòäåëüíûõ ÷àñòåé ðå÷è, â
òî âðåìÿ êàê ñîñòàâëÿþùàÿ âòîðîé ñòóïåíè óæå
îïèñûâàåòñÿ ñèíòàêñè÷åñêèìè êîíñòðóêöèÿìè
òàêèõ åäèíèö ñèíòàêñèñà, êàê ïðåäëîæåíèå, àá-
çàö, ïàðàãðàô, ðàçäåë è òåêñò. Ñ òî÷êè çðåíèÿ
ìàòåìàòè÷åñêîé ëîãèêè, åñëè ïåðâóþ ñòóïåíü
ìîæíî îïèñàòü (äîâîëüíî óñëîâíî) èñ÷èñëåíè-
åì âûñêàçûâàíèé, òî âòîðàÿ ñòóïåíü äîëæíà
îïèñûâàòüñÿ èñ÷èñëåíèåì ïðåäèêàòîâ ñ êâàí-
òèôèöèðîâàííûìè ïåðåìåííûìè.

Íàèáîëüøåé ïîëíîòû (è ñîîòâåòñòâåííî
íàèáîëüøåé ñòåïåíè ñëîæíîñòè) ïðèîáðåòàþò
ìîäåëè, êîòîðûå îïèñûâàþò ÅßÒ â öåëîì. Òà-
êèå ìîäåëè îïèñûâàþò, â ÷àñòíîñòè, íåêîòîðûé
ñöåíàðèé, îòîáðàæàþùèé ñîäåðæàíèå ÅßÒ. Â
ñâîþ î÷åðåäü, êàê ÅßÒ äåëèòñÿ íà ñèíòàêñè÷åñ-
êèå åäèíèöû, òàê è îáùèé ñöåíàðèé ðàñêëàäû-
âàåòñÿ íà îòäåëüíûå ñöåíàðèè, ñèòóàöèè è ýëå-
ìåíòàðíûå ñèòóàöèè.

Îïèñàííîå âàæíîå ðàçëè÷èå ìåæäó îáúåê-
òíîé è àêòîðíîé ñîñòàâëÿþùèìè ñåìàíòèêè, à
òàêæå ìîðôîëîãî-ñèíòàêñè÷åñêèì àíàëèçîì, â
÷àñòíîñòè, â ñëîæíîñòè èõ èíòåðïðåòàöèîííûõ
ìîäåëåé, îáóñëîâèëà âûäåëåíèå äëÿ ìîäåëèðî-
âàíèÿ è èíòåðïðåòàöèè ñåìàíòèêè îòäåëüíîãî
ôóíêöèîíàëüíîãî ìîäóëÿ – ñåìàíòè÷åñêîãî ïðî-
öåññîðà. Ìîðôîëîãè÷åñêèé è ñèíòàêñè÷åñêèé
àíàëèç ïðè ýòîì âûïîëíÿåòñÿ ãðàììàòè÷åñêèì
ïðîöåññîðîì, à òî÷íåå îòäåëüíûìè åãî áëîêàìè
(ìîðôîëîãè÷åñêîãî è ñèíòàêñè÷åñêîãî àíàëèçà).
Îí ñîäåðæèò òàêæå ëèíãâèñòè÷åñêóþ ÑÓÁÄ ðå-
ëÿöèîííîãî òèïà è ñèíòàêñè÷åñêóþ áàçó çíàíèé.

Àðõèòåêòóðíàÿ îðãàíèçàöèÿ ßÎÈÑ [11,12].
Àðõèòåêòóðà ßÎÈÑ, ðàçðàáîòàííàÿ â ñîîòâåò-
ñòâèè ñ ìîäåëüþ (1) äëÿ ïðåäìåòíîé îáëàñòè
îáðàáîòêè ÅßÒ, ïðåäñòàâëåíà íà ðèñ. 2. Íà íåì
ïðèíÿòû ñëåäóþùèå îáîçíà÷åíèÿ: ËÁÄ – ëåê-
ñèêîãðàôè÷åñêàÿ áàçà äàííûõ; ßÎÊÌ – ÿçûêî-
âî-îíòîëîãè÷åñêàÿ êàðòèíà ìèðà.

ËÁÄ ïðåäñòàâëÿåò íàáîð òàáëèö, ñîîòâåò-
ñòâóþùèõ ãðàììàòè÷åñêîìó ñëîâàðþ äëÿ êàæ-
äîé ÷àñòè ðå÷è Åß, òàáëèö ïàäåæíûõ îêîí÷à-
íèé äëÿ ôîðìèðîâàíèÿ ñëîâîôîðì ëåêñåìû,
óíèêàëüíûõ èäåíòèôèêàòîðîâ ëåêñåì Åß è èõ
ñèíòàêñè÷åñêèõ è ñåìàíòè÷åñêèõ õàðàêòåðèñòèê.
Âñå ëåêñè÷åñêèå åäèíèöû â òàáëèöàõ ñîîòâåò-
ñòâóþùèì îáðàçîì ïðîèíäåêñèðîâàíû è èìåþò
îäèíàêîâîå èíòåðïðåòàöèîííîå çíà÷åíèå, êàê
äëÿ ãðàììàòè÷åñêîãî, òàê è ñåìàíòè÷åñêîãî ïðî-
öåññîðà. Çàìåòèì, ÷òî ôóíêöèè ËÁÄ çíà÷èòåëü-
íî ðàñøèðåíû ïî ñðàâíåíèþ ñ òðàäèöèîííûìè
ãðàììàòè÷åñêèìè ñëîâàðÿìè, è îíè ýôôåêòèâ-
íî ðåàëèçóþòñÿ àïïàðàòíûìè ñðåäñòâàìè.

ßÎÊÌ ïðåäñòàâëÿåò ëèíãâèñòè÷åñêóþ îí-
òîëîãèþ, îäíó èç öåíòðàëüíûõ êîìïîíåíò ßÎÈÑ
è ñîâìåñòíî ñ ËÁÄ ïðåäñòàâëÿåò áàçó çíàíèé
ëåêñèêè Åß. ßÎÊÌ – ýòî ôîðìàëèçîâàííàÿ
îíòîëîãèÿ, â êîòîðîé àêñèîìû è îïðåäåëåíèÿ
âõîäÿò â ñîñòàâ áàç çíàíèé ñèíòàêñèñà è ñåìàí-
òèêè ìîäóëÿ ãðàììàòè÷åñêîãî àíàëèçàòîðà (íà
ðèñóíêå íå ïîêàçàíû), à îãðàíè÷åíèÿ ÿâëÿþòñÿ
ñîñòàâíîé ÷àñòüþ ñèíòàêñè÷åñêèõ è ñåìàíòè÷åñ-
êèõ õàðàêòåðèñòèê ËÁÄ.

Ãðàììàòè÷åñêèé àíàëèçàòîð – ýòî êîìïî-
íåíòà, ðåàëèçóþùàÿ ïðîöåäóðû ãðàôåìíîãî,
ìîðôîëîãè÷åñêîãî è ñèíòàêñè÷åñêîãî àíàëèçà.
Îíà âçàèìîäåéñòâóåò ñ ëåêñèêîãðàôè÷åñêîé áà-
çîé äàííûõ, à ðåçóëüòàòû àíàëèçà (ñôîðìèðî-
âàííûå â âèäå èòîãîâîé ìîðôîëîãè÷åñêîé òàá-
ëèöû òåêñòà è ñèíòàêñè÷åñêèõ äåðåâüåâ ïðåäëî-
æåíèé, âõîäÿùèõ â òåêñò) ïåðåäàþòñÿ íà âõîä
ñåìàíòè÷åñêîãî àíàëèçàòîðà.

Ñåìàíòè÷åñêèé àíàëèçàòîð – ýòî êîìïî-
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íåíòà, ðåàëèçóþùàÿ ïðîöåäóðû ñåìàíòè÷åñêîãî
àíàëèçà ïðåäëîæåíèé òåêñòà, ðåøåíèÿ çàäà÷è
ãðàììàòè÷åñêîé è ëåêñè÷åñêîé íåîäíîçíà÷íîñ-
òè è ïîñòðîåíèÿ ôîðìàëüíî-ëîãè÷åñêîãî ïðåä-
ñòàâëåíèÿ ïðåäëîæåíèé òåêñòà. Ïðè ýòîì ïåð-
âûå äâå ïðîöåäóðû ìîãóò âûïîëíÿòüñÿ èòåðà-
öèîííî. Ñåìàíòè÷åñêèé àíàëèçàòîð âçàèìîäåé-
ñòâóåò ñ ËÁÄ è ßÎÊÌ, à ðåçóëüòàòû àíàëèçà
(ñôîðìèðîâàííûå äåðåâüÿ è ôîðìàëüíî-ëîãè÷åñ-
êèå ïðåäñòàâëåíèÿ ñåìàíòè÷åñêè ñâÿçàííûõ
ôðàãìåíòîâ òåêñòà) ïåðåäàþòñÿ íà âõîä ñåìàí-
òèêî-èíôîðìàöèîííîãî èíòåðïðåòàòîðà.

Ñåìàíòèêî-èíôîðìàöèîííûé èíòåðïðåòà-
òîð ðåàëèçóåò ïðîöåäóðû ïîñòðîåíèÿ èíôîðìà-
öèîííî-êîäîâîãî ïðåäñòàâëåíèÿ ñåìàíòèêè òåê-

ñòà è åãî èíòåðïðåòàöèîííîé ìîäåëè (çíàíèå-
îðèåíòèðîâàííîé êîìïîíåíòû). Ïðè÷åì, åñëè
ïîñòðîåíèå ïåðâîé ñîñòàâëÿþùåé îáåñïå÷èâàåò
ïðèêëàäíîé ïðîöåññèíã íåïîñðåäñòâåííî âõîä-
íîãî òåêñòà (ðåôåðèðîâàíèå, êëàññèôèêàöèþ,
ïîñòðîåíèå ïðîñòîé îíòîëîãèè äîêóìåíòà è äð.),
òî â ñîâîêóïíîñòè ñî âòîðîé ñîñòàâëÿþùåé îáåñ-
ïå÷èâàåòñÿ ïðèêëàäíîé ïðîöåññèíã äëÿ ðàçëè÷-
íûõ ïðîöåäóð îáðàáîòêè íå ïîëíîñòüþ ôîðìà-
ëèçîâàííûõ çíàíèé (èçâëå÷åíèå, èíòåãðàöèÿ,
íàêîïëåíèå çíàíèé è äð.).

Ìîäóëè ïðèêëàäíîãî ïðîöåññèíãà è áàçû
çíàíèé ïðåäìåòíîé îáëàñòè ïðåäíàçíà÷åíû äëÿ
ðåøåíèÿ êîíêðåòíûõ çàäà÷ ïîëüçîâàòåëÿ. Ïðè-
÷åì äëÿ ïðîñòûõ çàäà÷ îáðàáîòêè ÅßÒ ðåàëèçó-
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þùèå èõ àëãîðèòìû ìîãóò âîéòè â ñîñòàâ ßÎÈÑ.
Âûâîäû
Ðàññìîòðåí îáùèé ïîäõîä ê ïðîáëåìå àíà-

ëèçà ÅßÒ, îñîáåííîñòè ïîñòðîåíèÿ ëèíãâèñòè-
÷åñêèõ ìîäåëåé è êðèòåðèè ïîíèìàíèÿ ÅßÒ, â
ðåçóëüòàòå ÷åãî ïðåäëîæåíà ôîðìàëüíàÿ ïîñòà-
íîâêà çàäà÷è àíàëèçà ÅßÒ, â êîòîðîé âûäåëåíû
îñíîâíûå ïîäçàäà÷è, ñâÿçàííûå ñ âû÷èñëåíèåì
îòíîøåíèé òèïèçàöèè ëåêñèêè Åß íà ëåêñèêî-
ñìûñëîâîì êîíòèíóóìå è èíòåðïðåòàöèåé íå-
êîòîðîãî òåêñòà íà çàäàííîé ïðåäìåòíîé ìîäå-
ëè. Â êîíòåêñòå ðàçðàáîòàííîé àðõèòåêòóðû ïîä-
ñèñòåìû ßÎÈÑ ïðåäëîæåíà ôîðìàëüíàÿ ìîäåëü
îáðàáîòêè ÅßÒ, äëÿ êîòîðîé ïîêàçàíî îäíîçíà÷-
íîå ñîîòâåòñòâèå ïðîöåññîâ îáðàáîòêè åñòå-
ñòâåííî-ÿçûêîâîé èíôîðìàöèè è ñðåäñòâ (àð-
õèòåêòóðíî-ñòðóêòóðíûõ áëîêîâ) èõ ðåàëèçàöèè.
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Ïàëàã³í Î.Â., Ïåòðåíêî Ì.Ã., Çåëåíöîâ Ä.Ã.

Ðîçãëÿíóòî çàãàëüíèé ï³äõ³ä äî ïðîáëåìè àíàë³çó ïðèðîä-
íîìîâíî¿ ³íôîðìàö³¿, ÿêèé ì³ñòèòü ðåàë³çàö³þ íèçêèó ³íôîðìà-
ö³éíèõ òåõíîëîã³é, òèì ÷è ³íøèì ÷èíîì ïîâ’ÿçàíèõ ç ìîâíèì
ìîäåëþâàííÿì. Êð³ì ðîçðîáêè çàçíà÷åíèõ ³íôîðìàö³éíèõ òåõ-
íîëîã³é, íåîáõ³äíî ðîçðîáèòè ôîðìàëüíó òåîð³þ êîìï’þòåðíî¿
îáðîáêè çíàíü, âèëó÷åíèõ ç ïðèðîäíîìîâíèõ òåêñò³â. Ïðîàíà-
ë³çîâàíî îñîáëèâîñò³ ïîáóäîâè ë³íãâ³ñòè÷íèõ ìîäåëåé ³ êðèòåð³¿
ðîçóì³ííÿ ïðèðîäíî-ìîâíèõ òåêñò³â. Ïðè öüîìó âèíèêàº íèçêà
ïðîáëåì. Ïåðøà ïðîáëåìà çâîäèòüñÿ äî ïðîáëåìè àíàë³çó òåê-
ñòîâî¿ ³íôîðìàö³¿, íàäàíî¿ íà ïðèðîäí³é ìîâ³ (ìîðôîëîã³÷íèé,
ñèíòàêñè÷íèé, ñåìàíòè÷íèé ³ ëîã³÷íèé àíàë³ç) ç ìåòîþ îòðè-
ìàííÿ çíàíü. Äðóãà ïðîáëåìà ïîâ’ÿçàíà ç ïðîåêòóâàííÿì ñèñ-
òåìè ïîøóêó, îáðîáêè òà âèëó÷åííÿ çíàíü, ðîçðîáêè ³ ïîáóäîâè
¿¿ àðõ³òåêòóðè, à òàêîæ ³íñòðóìåíòàð³þ äëÿ êîðèñòóâà÷à. ²
òðåòüîþ ïðîáëåìîþ º ðîçðîáêà ïðîöåäóð ³íòåãðàö³¿ çíàíü ç
ê³ëüêîõ ïðåäìåòíèõ îáëàñòåé äëÿ çàáåçïå÷åííÿ åôåêòèâíîñò³
çä³éñíåííÿ äîñë³äæåíü ì³æäèñöèïë³íàðíîãî ³ òðàíñäèñöèïë³íàð-
íîãî õàðàêòåðó. Òàêîæ íåîáõ³äíî ïðèä³ëèòè îñîáëèâó óâàãó
ïèòàííÿì âèêîðèñòàííÿ âæå íàïðàöüîâàíèõ òåîðåòè÷íèõ ïî-
ëîæåíü ³ ïðàêòè÷íèõ ð³øåíü. Çàïðîïîíîâàíà ôîðìàëüíà ïîñòà-
íîâêà çàäà÷³ àíàë³çó ïðèðîäíîìîâíèõ òåêñò³â, â ÿê³é âèä³ëåí³
îñíîâí³ ï³äçàäà÷³, ïîâ’ÿçàí³ ç îá÷èñëåííÿì â³äíîøåíü òèï³çàö³¿
ëåêñèêè ïðèðîäíî¿ ìîâè íà ëåêñèêî-ñìèñëîâîìó êîíòèíóóì³ òà
³íòåðïðåòàö³ºþ äåÿêîãî òåêñòó íà çàäàí³é ïðåäìåòí³é ìîäåë³.
Ó êîíòåêñò³ ðîçðîáëåíî¿ àðõ³òåêòóðè ìîâíî-îíòîëîã³÷íî¿ ³íôîð-
ìàö³éíî¿ ñèñòåìè çàïðîïîíîâàíà ôîðìàëüíà ìîäåëü îáðîáêè
ïðèðîäíî-ìîâíèõ òåêñò³â, äëÿ ÿêî¿ ïîêàçàíî îäíîçíà÷íà
â³äïîâ³äí³ñòü ïðîöåñ³â îáðîáêè ïðèðîäíîìîâíî¿ ³íôîðìàö³¿ ³ çà-
ñîá³â (àðõ³òåêòóðíèõ áëîê³â) ¿õ ðåàë³çàö³¿.

Êëþ÷îâ³ ñëîâà: ïðèðîäíîìîâíèé òåêñò, ë³íãâ³ñòè÷íà
ìîäåëü, ìîâíî-îíòîëîã³÷íà ³íôîðìàö³éíà ñèñòåìà, àíàë³ç ³
ðîçóì³ííÿ ïðèðîäíîìîâíèõ òåêñò³â.
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The present paper deals with the general approach to the
problem of analyzing natural language information, including the
implementation of a number of information technologies related in
one way or another to language modeling. In addition to the
development of the aforementioned technologies, it is necessary to
develop a formal theory of computer processing of knowledge extracted
from natural language texts. The specific features of constructing
linguistic models and the criteria for understanding natural language
texts are analyzed. This raises a number of problems. The first problem
comes down to the problem of analyzing textual information presented
in natural language (morphological, syntactic, semantic and logical
analysis) in order to extract knowledge. The second problem is
associated with designing a system for searching, processing and
extracting knowledge, developing and constructing its architecture,
as well as tools for the user. The third problem is the development of
procedures for the integration of knowledge from several subject areas
to ensure the effectiveness of conducting studies of an interdisciplinary
and transdisciplinary nature. It is also necessary to pay special
attention to the use of already developed theoretical principles and
practical solutions. A formal statement of the problem of the analysis
of natural language texts is proposed, in which the main subtasks
are identified, associated with the calculation of typing relationships
of vocabulary of a natural language on a lexico-semantic continuum
and the interpretation of some text on a given subject model. In the
context of the developed architecture of the linguistic-ontological
information system, a formal model for processing natural-language
texts is proposed, for which an unambiguous correspondence of the
processes of processing natural-language information and means
(architectural blocks) of their implementation is shown.

Keywords: ELRE natural language text, linguistic model,
language ontological information system, analysis and understand-
ing of natural language texts.
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ÅÔÅÊÒÈÂÍ²ÑÒÜ ÇÀÑÒÎÑÓÂÀÍÍß ÑÎÍß×ÍÈÕ ÒÐÅÊ²ÍÃÎÂÈÕ ÑÈÑÒÅÌ Ç
ÄÂÎÌÀ ÑÒÓÏÅÍßÌÈ ÑÂÎÁÎÄÈ

ÄÂÍÇ «Óêðà¿íñüêèé äåðæàâíèé õ³ì³êî-òåõíîëîã³÷íèé óí³âåðñèòåò», ì. Äí³ïðî, Óêðà¿íà

Ó ñòàòò³ ïîðóøåíî ïðîáëåìó ï³äâèùåííÿ ïðîäóêòèâíîñò³ ôóíêö³îíóâàííÿ ñîíÿ÷-

íèõ åëåêòðîñòàíö³é. Åôåêòèâíèì øëÿõîì çá³ëüøåííÿ ïîòîêó ñîíÿ÷íî¿ åíåðã³¿ íà

ïîõèëó ïëîùèíó ôîòîïåðåòâîðþâà÷³â º âïðîâàäæåííÿ ñèñòåì, ùî çäàòí³ çì³íþâà-

òè ïðîñòîðîâó îð³ºíòàö³þ ñîíÿ÷íèõ ìîäóë³â ïðîòÿãîì ñâ³òëîâîãî äíÿ çà âåðòèêàëü-

íîþ òà ãîðèçîíòàëüíîþ òðàºêòîð³ºþ. Îñíîâíó óâàãó â ðîáîò³ àêöåíòîâàíî íà âèç-

íà÷åíí³ ê³ëüê³ñíèõ ïîêàçíèê³â ïðèéäåøíüî¿ ñîíÿ÷íî¿ åíåðã³¿, ïðè çàñòîñóâàíí³

îð³ºíòîâàíî¿ ó ïðîñòîð³ òà ñòàö³îíàðíî¿ ñèñòåìè ³íñòàëÿö³¿ ôîòîìîäóë³â. Îáðàíà

àâòîðàìè ìåòîäèêà ðîçðàõóíêó, äîçâîëÿº çíàéòè ³íòåíñèâí³ñòü ñîíÿ÷íîãî âèïðî-

ì³íþâàííÿ íà ïîâåðõí³ ïëîùèíè ñïðÿìîâàí³é â áóäü-ÿêîìó íàïðÿìêó, äëÿ òèïîâî-

ãî äíÿ òà çà ð³çíèõ ïîãîäíèõ óìîâ. Ïîðÿäêîì âèêîíàííÿ ðîçðàõóíêó ïåðåäáà÷åíî:

âèçíà÷åííÿ ñõèëåííÿ Ñîíöÿ äî ï³âí³÷íî¿ ï³âêóë³, ÷àñó ñõîäó òà çàõîäó íåáåñíîãî

ñâ³òèëà äëÿ îáðàíî¿ ì³ñöåâîñò³, âñòàíîâëåííÿ âèñîòè Ñîíöÿ ³ êóòà ïàä³ííÿ ñîíÿ÷-

íîãî âèïðîì³íþâàííÿ íà ïîâåðõíþ ïëîùåþ 1 ì2, îð³ºíòîâàíó ï³ä ð³çíèìè êóòàìè

äî ãîðèçîíòàëüíî¿ ïëîùèíè. Îá÷èñëåííÿ çàãàëüíî¿ ñîíÿ÷íî¿ ³íñîëÿö³¿ âèêîíàíî

øëÿõîì ³íòåãðóâàííÿ ïîïåðåäíüî çíàéäåíèõ âåëè÷èí ðàä³àö³éíîãî áàëàíñó, çà âèç-

íà÷åíî¿ òðèâàëîñò³ îäíîãî ñâ³òëîâîãî äíÿ. Ïîäàíî ïîð³âíÿííÿ ³íòåíñèâíîñò³ íàä-

õîäæåííÿ ñîíÿ÷íî¿ åíåðã³¿ íà ñòàö³îíàðíó òà îð³ºíòîâàíó ïëîùèíè, ïðîòÿãîì îä-

íîãî ðîêó åêñïëóàòàö³¿. Âñòàíîâëåíî, ùî íàéá³ëüø ñïðèÿòëèâèé ïåð³îä ÷àñó äëÿ

ìàêñèìàëüíîãî âèêîðèñòàííÿ ïîòåíö³àëó òðåê³íãîâèõ ñèñòåì âèçíà÷àºòüñÿ òðèâà-

ë³ñòþ ñâ³òëîâîãî äíÿ. Òàê, íàéá³ëüøà åôåêòèâí³ñòü âèêîðèñòàííÿ îð³ºíòîâàíî¿ òåõ-

íîëîã³¿ óñòàíîâêè ôîòîìîäóë³â, ñòàº äîñòóïíîþ ó âåñíÿíèé òà ë³òí³é ïåð³îäè ÷àñó.

Íàéìåíøà ïðîäóêòèâí³ñòü òàêèõ ñèñòåì â³äíîñíî ñòàö³îíàðíèõ ñïîñòåð³ãàºòüñÿ

ïðîòÿãîì çèìîâî¿ ïîðè ðîêó, êîëè òðèâàë³ñòü ñâ³òëîâîãî äíÿ º ì³í³ìàëüíîþ, à òîìó,

âèçíà÷åíî äîö³ëüíèì çì³íþâàòè ðåæèì ðîáîòè ñèñòåìè ó â³äïîâ³äí³ ïðîì³æêè ÷àñó.

Âèêîíàí³ ðîçðàõóíêè äîçâîëÿþòü ñïðîãíîçóâàòè åêîíîì³÷íèé åôåêò â³ä âïðîâàä-

æåííÿ ñèñòåì îð³ºíòàö³¿ ñîíÿ÷íèõ ôîòîìîäóë³â ç äâîìà ñòóïåíÿìè ñâîáîäè, â çà-

ëåæíîñò³ â³ä ðîáî÷èõ õàðàêòåðèñòèê ³ âàðòîñò³ îêðåìèõ ñèñòåì.

Êëþ÷îâ³ ñëîâà: ñîíÿ÷íà åíåðã³ÿ, òðåê³íã, ôîòîïåðåòâîðþâà÷, ðàä³àö³éíèé áàëàíñ,

âèïðîì³íþâàííÿ.

DOI: 10.32434/2521-6406-2020-1-7-46-50

Ïîñòàíîâêà ïðîáëåìè òà àíàë³ç îñòàíí³õ

äîñë³äæåíü ³ ïóáë³êàö³é

Ïðîòÿãîì îñòàíí³õ äåñÿòèë³òü ñïîñòåð³-
ãàºòüñÿ çá³ëüøåííÿ íàñåëåííÿ òà âèðîáíè÷èõ
ïîòóæíîñòåé â óñüîìó ñâ³ò³. Ñåðåä îñíîâíèõ âèä³â
åíåðã³¿, ùî çàáåçïå÷óþòü ïîòðåáè ëþäñòâà, îñ-
íîâí³ ïîçèö³¿ íà ñüîãîäí³øí³é äåíü çàéìàþòü
íåâ³äíîâëþâàëüí³ äæåðåëà (íàôòà, ãàç, âóã³ëëÿ).
Íå âèêëþ÷åííÿì ó äàíîìó âèïàäêó º ³ åíåðãå-
òè÷íèé ñåêòîð Óêðà¿íè.

Îñíîâíèìè íåäîë³êàìè âèêîðèñòàííÿ âè-
êîïíèõ äæåðåë åíåðã³¿ º ¿õ íåãàòèâíèé âïëèâ íà
åêîëîã³þ íàâêîëèøíüîãî ñåðåäîâèùà, çì³íà
êë³ìàòó òà îáìåæåíèé õàðàêòåð. Êð³ì òîãî, âàð-
òî â³äçíà÷èòè ãåîïîë³òè÷íó ñêëàäîâó âàðòîñò³
òðàäèö³éíèõ äæåðåë åíåðã³¿. Òàê, ïîë³òè÷íà íå-
ñòàá³ëüí³ñòü íà òåðèòîð³¿ Óêðà¿íè, ùî äîñÿãëà
ñâîãî ï³êà â 2014 ðîö³, äåâàëüâàö³ÿ ãðèâí³ òà
ïî÷àòîê â³ñüêîâîãî êîíôë³êòó íà ñõîä³ Óêðà¿íè,
íåãàòèâíî ïîçíà÷èëèñÿ íà åíåðãåòè÷íîìó ñåê-
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òîð³ äåðæàâè.
Çàçíà÷åí³ âèùå ïðîáëåìè, âèêëèêàëè çíà÷-

íèé ³íòåðåñ äî ñòð³ìêî çðîñòàþ÷îãî òðåíäó âïðî-
âàäæåííÿ àëüòåðíàòèâíèõ äæåðåë åíåðã³¿.
Íàéá³ëüø øâèäêîçðîñòàþ÷îþ â³äíîâëþâàëüíîþ
òåõíîëîã³ºþ âèäîáóòêó åëåêòðîåíðã³¿ º ñîíÿ÷íà
åíåðã³ÿ, ÿêà âîëîä³º íèçêîþ ïåðåâàã: ëåãêå ïî-
ºäíàííÿì ç òðàäèö³éíèìè äæåðåëàìè, ãíó÷ê³ñòü
³íñòàëÿö³¿, åêîëîã³÷í³ñòü ó ðîáîò³ òà ì³í³ìàëüíà
íåîáõ³äí³ñòü â îáñëóãîâóâàíí³. Îêð³ì öüîãî,
øèðîêå ðîçïîâñþäæåííÿ ñîíÿ÷íî¿ åíåðãåòèêè
íà òåðèòîð³¿ Óêðà¿íè çóìîâëåíî ñïðèÿòëèâèì
ïðàâîâèì ïîëåì ³ âèñîêèì ð³âíåì ³íñîëÿö³¿.

Ãóñòèíà ïîòóæíîñò³ ñîíÿ÷íîãî âèïðîì³íþ-
âàííÿ, ÿêå íàäõîäèòü íà ïîâåðõíþ çåìë³ ñêëà-
äàº áëèçüêî 1300 Âò/ì2. Îäíàê, â åëåêòðîåíåð-
ã³þ ïåðåòâîðþºòüñÿ ëèøå ÷àñòèíà âèïðîì³íþ-
âàííÿ, ùî âèçíà÷àºòüñÿ êîåô³ö³ºíòîì êîðèñíî¿
ä³¿ ôîòîïåðåòâîðþâà÷³â. Ñåðåä îñíîâàíèõ ôàê-
òîð³â âïëèâàþ÷èõ íà ðîáîòó ñîíÿ÷íèõ ïàíå-
ëåé [1], âèä³ëÿþòüñÿ ñòóï³íü îñâ³òëåííÿ òà ïðî-
ñòîðîâå ðîçòàøóâàííÿ ïàíåëåé.

Çàñòîñóâàííÿ äèíàì³÷íèõ ïðèñòðî¿â – ñî-
íÿ÷íèõ òðåêåð³â, äîçâîëÿº çíà÷íî ï³äâèùèòè
ê³ëüê³ñòü ïðîäóêîâàíî¿ åëåêòðîåíåðã³¿, øëÿõîì
ïåðïåíäèêóëÿðíî¿ îð³ºíòàö³¿ ïëîùèíè ôîòîïå-
ðåòâîðþâà÷à â³äíîñíî ñîíÿ÷íèõ ïðîìåí³â. Çà
ñòóïåíåì ñâîáîäè, ðîçð³çíÿþòü òðåêåðè ç îäí³ºþ
â³ññþ îáåðòàííÿ (ÿê ïðàâèëî àçèìóòàëüíîþ) òà
äâîìà (àçèìóòàëüíîþ ³ çåí³òíîþ).

Íàéïðîäóêòèâí³øèìè ç òî÷êè çîðó
çá³ëüøåííÿ îáñÿã³â âèðîáíèöòâà åëåêòðîåíåðã³¿
º òðåê³íãîâ³ óñòàíîâêè ç äâîìà ñòóïåíÿìè ñâî-
áîäè. Åôåêòèâí³ñòü ðîáîòè ñîíÿ÷íî¿ åëåêòðîñ-
òàíö³¿ ï³ñëÿ âïðîâàäæåííÿ äàíî¿ òåõíîëîã³¿
çá³ëüøóºòüñÿ â³ä 25% [2–3] òà çàëåæèòü â³ä íèç-
êè ôàêòîð³â – ïîãîäí³ óìîâè, ì³ñöå åêñïëóàòàö³¿
òà áåçóìîâíî âàðò³ñòü ñèñòåìè, îñê³ëüêè äàíèé
ð³çíîâèä óñòàíîâîê âîëîä³º ñêëàäí³øèì êîíñò-
ðóêòèâíèì âèêîíàííÿì ïîð³âíÿíî ç îäíîâ³ñíè-
ìè òà ñòàö³îíàðíèìè ñîíÿ÷íèìè ñòàíö³ÿìè.

Áëèçüêî 27% åêñïëóàòîâàíèõ ó ñâ³ò³ ñîíÿ÷-
íèõ åëåêòðîñòàíö³é îáëàäíàí³ ñèñòåìàìè ñòåæåí-
íÿ çà Ñîíöåì [4], ïðîòå íà ñüîãîäí³ äàíà òåõíî-
ëîã³ÿ çá³ëüøåííÿ êîåô³ö³ºíòà êîðèñíî¿ ä³¿ ñî-
íÿ÷íèõ ñèñòåì íå îòðèìàëà øèðîêîãî ðîçïîâ-
ñþäæåííÿ íà òåðèòîð³¿ íàøî¿ êðà¿íè.

Ïîñòàíîâêà çàäà÷³

Çàäà÷åþ äîñë³äæåííÿ º âèçíà÷åííÿ ïîêàç-
íèê³â ð³÷íî¿ åôåêòèâíîñò³ ðîáîòè òðåê³íãîâî¿
ñèñòåìè ç äâîìà ñòóïåíÿìè ñâîáîäè, ðîçòàøî-
âàíî¿ íà òåðèòîð³¿ Óêðà¿íè.

Âèêëàä îñíîâíîãî ìàòåð³àëó äîñë³äæåííÿ

Äëÿ ðîçðàõóíêó ïîêàçíèê³â åôåêòèâíîñò³

ðîáîòè ñèñòåìè îð³ºíòàö³¿ ñîíÿ÷íèõ ôîòîìî-
äóë³â, âèêîðèñòîâóºòüñÿ ìåòîäèêà [5], ÿêà äîç-
âîëÿº îá÷èñëèòè ïîãîäèííèé ïîò³ê çàãàëüíî¿
ñîíÿ÷íî¿ ðàä³àö³¿, ùî ïàäàº íà ïîâåðõíþ ïëî-
ùèíè ï³ä áóäü-ÿêèì êóòîì äî ãîðèçîíòó ³
îð³ºíòîâàíó â áóäü-ÿêîìó íàïðÿìêó.

Ðîçðàõóíîê ³íòåíñèâíîñò³ ñîíÿ÷íîãî ñâ³òëà,
ùî íàäõîäèòü íà ïîõèëó ïëîùèíó, â³äáóâàºòüñÿ
çà äîïîìîãîþ ñõåìè, çîáðàæåíî¿ íà ðèñ. 1.

Ðèñ. 1. Ä³àãðàìà âèçíà÷åííÿ ñîíÿ÷íîãî âèïðîì³íþâàííÿ

äëÿ îð³ºíòîâàíî¿ ïëîùèíè

Íà ðèñ. 1 íàâåäåíî íàñòóïí³ ïîçíà÷åííÿ:
A – âåðòèêàëüíà ïëîùèíà; B – ïîõèëà ïëîùèíà
ôîòîïåðåòâîðþâà÷à; C – ãîðèçîíòàëüíà ïðîåê-
ö³ÿ íîðìàë³ íà ïîõèëó ïëîùèíó; D – ãîðèçîí-
òàëüíà ïëîùèíà; E – ãîðèçîíòàëüíà ïðîåêö³ÿ
ñîíÿ÷íîãî ñâ³òëà; Z – íîðìàëü äî ãîðèçîíòàëü-
íî¿ ïëîùèíè; n – íîðìàëü äî ïîõèëî¿ ïëîùè-
íè; S – ïðÿìå ñîíÿ÷íå ñâ³òëî;  – ñîíÿ÷íà âè-
ñîòà;  – êóò àçèìóòó ñîíÿ÷íî¿ åíåðã³¿;  – êóò
àçèìóòó ïëîùèíè;  – êóò ïàä³ííÿ ïðÿìîãî ñî-
íÿ÷íîãî âèïðîì³íþâàííÿ; s – êóò íàõèëó ïëî-
ùèíè.

Ïðè îá÷èñëåíí³ çàãàëüíî¿ ñîíÿ÷íî¿ ðàä³àö³¿
(Qinc) âðàõîâóºòüñÿ òðè êîìïîíåíòè ðàä³àö³éíî-
ãî áàëàíñó [5]:

Q inc=S inc+D inc+R inc, (1)

äå Sinc – ïðÿìå ñîíÿ÷íå âèïðîì³íþâàííÿ íà ïî-
õèëó ïîâåðõíþ, Âò/ì2; Dinc – äèôóçíà ñîíÿ÷íà
åíåðã³ÿ, Âò/ì2; Rinc – âèïðîì³íþâàííÿ â³äáèòå
â³ä ïîâåðõí³ Çåìë³, Âò/ì2.

Ïðÿìå ñîíÿ÷íå âèïðîì³íþâàííÿ, ùî íàä-
õîäèòü íà çåìíó ïîâåðõíþ, çàëåæèòü â³ä âèïðî-
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ì³íþâàííÿ â îðòîãîíàëüí³é ïëîùèí³ òà êóòà ïà-
ä³ííÿ:

S inc=Sort+cos(), (2)

äå Sort – ïðÿìå ñîíÿ÷íå âèïðîì³íþâàííÿ, ÿêå
ïàäàº â îðòîãîíàëüíî îð³ºíòîâàí³é ïëîùèí³ äî
ïðîìåí³â Ñîíöÿ, Âò/ì2.

Ñîíÿ÷íå âèïðîì³íþâàííÿ îðòîãîíàëüíî¿
ïëîùèíè ðîçðàõîâóºòüñÿ çà ôîðìóëîþ

0
ort

S sin( )
S ,

sin( ) c

 


  (3)

äå S0 – ñîíÿ÷íà ïîñò³éíà, ùî äîð³âíþº ³íòåí-
ñèâíîñò³ ñîíÿ÷íî¿ ³íñîëÿö³¿ äëÿ îáðàíîãî ðå-
ã³îíó, Âò/ì2; ñ – áåçðîçì³ðíèé êîåô³ö³ºíò, õà-
ðàêòåðèçóþ÷èé ñòóï³íü ïðîçîðîñò³ àòìîñôåðè.

Ó âèïàäêó ñòàö³îíàðíî âñòàíîâëåíîãî ôî-
òîïåðåòâîðþâà÷à, ïàä³ííÿ ñîíÿ÷íîãî ñâ³òëà ï³ä
ð³çíèìè êóòàìè äî éîãî ïëîùèíè âèçíà÷àºòüñÿ:

cos()=sin()·sin()·cos(s)–
–sin()·cos()·sin(s)·cos()+
+cos()·cos()·cos(s)·cos()+
+cos()·sin()·sin(s)·cos()·cos()+
+cos()·sin(s)·sin()·sin(), (4)

äå  – ãåîãðàô³÷íà øèðîòà, ðàä;  – ñõèëåííÿ
ñîíöÿ, ðàä;  – êóò àçèìóòà ïëîùèíè, ðàä;  –
ãîäèííèé êóò, ðàä; s – êóò íàõèëó ïëîùèíè, ðàä.

Äèôóçíå ñîíÿ÷íå âèïðîì³íþâàííÿ, ùî íàä-
õîäèòü íà ïîâåðõíþ ìîäóëÿ, âèçíà÷àºòüñÿ çà
ôîðìóëîþ

Dinc=Dhor·(0,55+0,434·cos()+0,313·(cos())2),  (5)

äå Dhor – ïîò³ê äèôóçíîãî ñîíÿ÷íîãî âèïðîì³-
íþâàííÿ íà ãîðèçîíòàëüíó ïîâåðõíþ, Âò/ì2.

Îñê³ëüêè â³äáèòà ñîíÿ÷íà ðàä³àö³ÿ â³ä ïî-
âåðõí³ çåìë³, ùî ïàäàº íà ïîõèëó ïëîùèíó íå-
çíà÷íà, âîíà íå ìàº ñóòòºâîãî âïëèâó íà çàãàëü-
íó ê³ëüê³ñòü åíåðã³¿ Ñîíöÿ ïðèéäåøíüî¿ íà ïëà-
íåòó. Òàêèì ÷èíîì, âèêîðèñòîâóþ÷è íàâåäåí³
âèùå ôîðìóëè, ìîæíà îá÷èñëèòè çàãàëüíó ñî-
íÿ÷íó ðàä³àö³þ, ùî íàäõîäèòü íà ïîâåðõíþ
Çåìë³:

Qinc(,,,s,N)=(Sinc(,,,s,N)+Dinc(,,s,N)).  (6)

Çàãàëüíà ïèòîìà åíåðã³ÿ, ùî ïàäàº íà ïî-
âåðõíþ ôîòîìîäóëÿ ïëîùåþ 1 ì2, äîð³âíþº:

2

1

inc

24
Q ( ) d ,

2





   
 (7)

äå 1, 2 – ãîäèííèé êóò, ïîâ’ÿçàíèé ç ìîìåí-
òîì ïî÷àòêó ³ çàê³í÷åííÿ ðàä³àö³éíîãî ïðîöåñó
â³äïîâ³äíî, ðàä.

Òàêèì ÷èíîì, âèêîðèñòîâóþ÷è âèùåîïè-
ñàíó ìåòîäèêó, ðîçðàõîâóºòüñÿ ð³âåíü ïèòîìî¿
³íñîëÿö³¿ äëÿ òèïîâîãî äíÿ çà ð³çíèõ ïîãîäíèõ
óìîâ. Õàðàêòåðèñòèêè õìàðíîñò³ âèçíà÷àþòüñÿ
íà îñíîâ³ áàç äàíèõ ìåòåîðîëîã³÷íèõ ñïîñòåðå-
æåíü.

Â ÿêîñò³ ãåîãðàô³÷íèõ êîîðäèíàò óìîâíîãî
ðîçòàøóâàííÿ òðåê³íãîâî¿ ñèñòåìè òà ñòàö³îíàð-
íî âñòàíîâëåíèõ ôîòîìîäóë³â, âèçíà÷åíî ï³âäåí-
íó ÷àñòèíó îáëàñíîãî öåíòðó Äí³ïðîïåòðîâñü-
êî¿ îáëàñò³. Òî÷í³ ãåîãðàô³÷í³ êîîðäèíàòè ì³ñöå-
ðîçòàøóâàííÿ: 48,37 ãðàäóñ³â ï³âí³÷íî¿ øèðîòè
òà 35,04 ãðàäóñ³â ñõ³äíî¿ äîâãîòè. Âàð³àíò ñòàö³-
îíàðíîãî ðîçòàøóâàííÿ ñîíÿ÷íèõ ïàíåëåé ïå-
ðåäáà÷àº ¿õ îð³ºíòàö³þ íà ï³âäåíü, ç ô³êñîâàíèì
êóòîì íàõèëó ó 45 ãðàäóñ³â. Ñòóï³íü òðàºêòîð³¿
ðóõó òðåê³íãîâî¿ ñèñòåìè ìàº êóòè ïåðåì³ùåííÿ
200 òà 90 ãðàäóñ³â çà àçèìóòàëüíèì ³ çåí³òíèì
íàïðÿìêàìè â³äïîâ³äíî.

Ïîêàçíèêè åôåêòèâíîñò³ íàäõîäæåííÿ ñî-
íÿ÷íîãî âèïðîì³íþâàííÿ íà ñòàö³îíàðíó òà äâî-
â³ñíó ñîíÿ÷í³ ñèñòåìè âèçíà÷åí³ ç äîïîìîãîþ
âèñîêîð³âíåâî¿ ìîâè ïðîãðàìóâàííÿ Python, âè-
êîðèñòîâóþ÷è ìîäóë³ äëÿ â³çóàë³çàö³¿ (Matplotlib)
òà ðîçðàõóíê³â (SciPy).

Íà ðèñ. 2 çîáðàæåíî ïîð³âíÿëüíó õàðàêòå-
ðèñòèêó ðîáîòè ñòàö³îíàðíî¿ òà òðåê³íãîâî¿ ñè-
ñòåìè ïðîòÿãîì îäíîãî ðîêó åêñïëóàòàö³¿.

Ðèñ. 2. Õàðàêòåðèñòèêà ðîáîòè ñîíÿ÷íèõ ñèñòåì ïðîòÿãîì

îäíîãî ðîêó åêñïëóàòàö³¿

Â³äïîâ³äíî äî íàâåäåíèõ ãðàô³ê³â, ïðîäóê-
òèâí³ñòü òðåê³íãîâî¿ óñòàíîâêè ç äâîìà ñòóïå-
íÿìè ñâîáîäè º íàéá³ëüøîþ, ïðîòÿãîì ïåð³îäó
÷àñó ç êâ³òíÿ ïî âåðåñåíü. Âèðîáíèöòâî åëåêò-
ðîåíåðã³¿ äîñÿãàº ñâîãî ï³êó ó ÷åðâí³ (ðèñ. 3),
êîëè ôîòîìîäóë³, ðîçòàøîâàí³ íà òðåê³íãîâ³é
ñèñòåì³, çäàòí³ ãåíåðóâàòè íà 72,03% á³ëüøå
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åíåðã³¿, àí³æ ñòàö³îíàðíî âñòàíîâëåí³ ôîòîïå-
ðåòâîðþâà÷³.

Ðèñ. 3. Íàäõîäæåííÿ ñîíÿ÷íî¿ åíåðã³¿ íà 1 ì2

îð³ºíòîâàíîãî òà ñòàö³îíàðíî âñòàíîâëåíîãî

ôîòîïåðåòâîðþâà÷à ïðîòÿãîì 15 ÷åðâíÿ

Íàéìåíø îïòèìàëüíèì ïåð³îäîì äëÿ åêñ-
ïëóàòàö³¿ îð³ºíòîâàíî¿ ñèñòåìè ç òî÷êó çîðó ¿¿
åôåêòèâíîñò³ º çèìîâèé ïåð³îä ÷àñó. Ó ãðóäí³
ê³ëüê³ñòü ñîíÿ÷íî¿ åíåðã³¿, ïîãëèíóòî¿ ïîâåðõ-
íåþ ôîòîìîäóë³â òðåê³íãîâî¿ óñòàíîâêè,
çá³ëüøóºòüñÿ ëèøå íà 26,11% â³äíîñíî ñòàö³î-
íàðíî¿ ñèñòåìè (ðèñ. 4).

Ðèñ. 4. Íàäõîäæåííÿ ñîíÿ÷íî¿ åíåðã³¿ íà 1 ì2

îð³ºíòîâàíîãî òà ñòàö³îíàðíî âñòàíîâëåíîãî

ôîòîïåðåòâîðþâà÷à ïðîòÿãîì 15 ãðóäíÿ

Ç âèùå ïðåäñòàâëåíèõ ðèñóíê³â âèäíî, ùî
â ïåð³îä ñêîðî÷åííÿ òðèâàëîñò³ ñîíÿ÷íîãî äíÿ,
â³äáóâàºòüñÿ ÷àñòêîâå í³âåëþâàííÿ ïåðåâàãè
îð³ºíòîâàíî¿ ñèñòåìè, ñïðèéìàòè ïîâåðõíåþ ôî-

òîìîäóë³â á³ëüøó ê³ëüê³ñòü ñîíÿ÷íîãî âèïðîì³-
íþâàííÿ íà ïî÷àòêó òà çàê³í÷åíí³ ñâ³òëîâîãî äíÿ.

Òàêèì ÷èíîì, âðàõîâóþ÷è íèçüêå ïîëîæåí-
íÿ Ñîíöÿ íàä ãîðèçîíòîì òà êîðîòêó òðèâàë³ñòü
ñâ³òëî¿ ïîðè äîáè ïðîòÿãîì çèìîâîãî ïåð³îäó,
äëÿ îïòèì³çàö³¿ ñï³ââ³äíîøåííÿ «åôåêòèâí³ñòü
ðîáîòè – åíåðãîâèòðàòè» òðåê³íãîâî¿ ñèñòåìè,
ñë³ä ðîçãëÿíóòè ÷àñòêîâå îáìåæåííÿ àìïë³òóäè
ðîáîòè óñòàíîâêè çà äâîìà ïëîùèíàìè.

Çàãàëüíà ïèòîìà åíåðã³ÿ, ùî íàäõîäèòü íà
ïëîùèíó 1 ì2 ñòàö³îíàðíî âñòàíîâëåíîãî ôîòî-
ïåðåòâîðþâà÷à ïðîòÿãîì îäíîãî ðîêó åêñïëóà-
òàö³¿, ñòàíîâèòü 69937 Âò. Çàñòîñóâàííÿ òðåê³í-
ãîâî¿ ñèñòåìè ç äâîìà ñòóïåíÿìè ñâîáîäè äîç-
âîëÿº çá³ëüøèòè ê³ëüê³ñòü ïîãëèíóòî¿ ñîíÿ÷íî¿
åíåðã³¿ äî 101815 Âò.

Â³äòàê, åôåêòèâí³ñòü ðîáîòè ñîíÿ÷íî¿
ñòàíö³¿ ðîçòàøîâàíî¿ â ï³âäåíí³é ÷àñòèí³
ì. Äí³ïðî ç çàñòîñóâàííÿì òðåê³íãîâî¿ òåõíîëîã³¿
çá³ëüøóºòüñÿ â ñåðåäíüîð³÷í³é ïåðñïåêòèâ³ íà 45%.

Âèñíîâêè

Â ðåçóëüòàò³ çä³éñíåíîãî äîñë³äæåííÿ âèç-
íà÷åíî åôåêòèâí³ñòü ðîáîòè ôîòîïåðåòâîðþâà-
÷à, ðîçòàøîâàíîãî íà îð³ºíòîâàí³é â äâîõ ïëî-
ùèíàõ òà ñòàö³îíàðí³é êîíñòðóêö³¿, ïðîòÿãîì
îäíîãî ðîêó åêñïëóàòàö³¿. Îòðèìàí³ äàí³ äîçâî-
ëÿþòü ñïðîãíîçóâàòè åêîíîì³÷íó äîö³ëüí³ñòü â³ä
çàñòîñóâàííÿ òðåê³íãîâî¿ ñèñòåìè ç äâîìà ñòó-
ïåíÿìè ñâîáîäè, ðîçòàøîâàíî¿ íà òåðèòîð³¿
Äí³ïðîïåòðîâñüêî¿ îáëàñò³.
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ÝÔÔÅÊÒÈÂÍÎÑÒÜ ÏÐÈÌÅÍÅÍÈß ÑÎËÍÅ×ÍÛÕ
ÒÐÅÊÈÍÃÎÂÛÕ ÑÈÑÒÅÌ Ñ ÄÂÓÌß ÑÒÅÏÅÍßÌÈ
ÑÂÎÁÎÄÛ

Ïîäãîðîäåöêèé À.Â., Òèòîâà Å.Â., Êðàâåö Â.È.

Â ñòàòüå çàòðîíóòà ïðîáëåìà ïîâûøåíèÿ ïðîèçâîäè-
òåëüíîñòè ôóíêöèîíèðîâàíèÿ ñîëíå÷íûõ ýëåêòðîñòàíöèé. Ýô-
ôåêòèâíûì ïóòåì óâåëè÷åíèÿ ïîòîêà ñîëíå÷íîé ýíåðãèè íà
íàêëîííóþ ïëîñêîñòü ôîòîïðåîáðàçîâàòåëåé ÿâëÿåòñÿ âíåäðå-
íèå ñèñòåì, êîòîðûå ñïîñîáíû ìåíÿòü ïðîñòðàíñòâåííóþ îðè-
åíòàöèþ ñîëíå÷íûõ ìîäóëåé â òå÷åíèå ñâåòîâîãî äíÿ â âåðòè-
êàëüíîé è ãîðèçîíòàëüíîé ïëîñêîñòÿõ. Îñíîâíîå âíèìàíèå â
ðàáîòå àêöåíòèðîâàíî íà îïðåäåëåíèè êîëè÷åñòâåííûõ ïîêà-
çàòåëåé ïàäàþùåé ñîëíå÷íîé ýíåðãèè ïðè ïðèìåíåíèè îðèåí-
òèðîâàííîé â ïðîñòðàíñòâå è ñòàöèîíàðíîé ñèñòåìû èíñòàë-
ëÿöèè ôîòîìîäóëåé. Âûáðàííàÿ àâòîðàìè ìåòîäèêà ðàñ÷åòà
ïîçâîëÿåò íàéòè èíòåíñèâíîñòü ñîëíå÷íîãî èçëó÷åíèÿ íà ïî-
âåðõíîñòè ïëîñêîñòè íàïðàâëåííîé â ëþáîì íàïðàâëåíèè äëÿ
òèïè÷íîãî äíÿ è ïðè ðàçíûõ ïîãîäíûõ óñëîâèÿõ. Ïîðÿäêîì ïðî-
âåäåíèÿ ðàñ÷åòà ïðåäóñìîòðåíî: îïðåäåëåíèå ñêëîíåíèÿ Ñîëí-
öà ê ñåâåðíîìó ïîëóøàðèþ, âðåìåíè ðàññâåòà è çàêàòà íåáåñ-
íîãî ñâåòèëà äëÿ âûáðàííîé ìåñòíîñòè, óñòàíîâëåíèå âûñîòû
Ñîëíöà è óãëà ïàäåíèÿ ñîëíå÷íîãî èçëó÷åíèÿ íà ïîâåðõíîñòü
ïëîùàäüþ 1 ì2, îðèåíòèðîâàííóþ ïîä ðàçíûìè óãëàìè ê ãîðè-
çîíòàëüíîé ïëîñêîñòè. Âû÷èñëåíèÿ îáùåé ñîëíå÷íîé èíñîëÿöèè
âûïîëíåíî ïóòåì èíòåãðèðîâàíèÿ íàéäåííûõ âåëè÷èí ðàäèà-
öèîííîãî áàëàíñà, ïî îïðåäåëåííîé ïðîäîëæèòåëüíîñòè îäíîãî
ñâåòîâîãî äíÿ. Ïðåäñòàâëåíî ñðàâíåíèå èíòåíñèâíîñòè ïîñòóï-
ëåíèÿ ñîëíå÷íîé ýíåðãèè íà ñòàöèîíàðíóþ è îðèåíòèðîâàííóþ
ïëîñêîñòè â òå÷åíèå îäíîãî ãîäà ýêñïëóàòàöèè. Óñòàíîâëåíî,
÷òî íàèáîëåå áëàãîïðèÿòíûé ïåðèîä âðåìåíè äëÿ ìàêñèìàëü-
íîãî èñïîëüçîâàíèÿ ïîòåíöèàëà òðåêèíãîâûõ ñèñòåì îïðåäåëÿ-
åòñÿ ïðîäîëæèòåëüíîñòüþ ñâåòîâîãî äíÿ. Òàê, íàèáîëüøàÿ
ýôôåêòèâíîñòü èñïîëüçîâàíèÿ îðèåíòèðîâàííîé òåõíîëîãèè
óñòàíîâêè ôîòîìîäóëåé ñòàíîâèòñÿ äîñòóïíîé â âåñåííèé è
ëåòíèé ïåðèîäû âðåìåíè. Íàèìåíüøàÿ ïðîèçâîäèòåëüíîñòü
òàêèõ ñèñòåì îòíîñèòåëüíî ñòàöèîíàðíûõ íàáëþäàåòñÿ â
òå÷åíèå çèìíåãî âðåìåíè ãîäà, êîãäà ïðîäîëæèòåëüíîñòü ñâå-
òîâîãî äíÿ ìèíèìàëüíà, à ïîòîìó, îïðåäåëåíî öåëåñîîáðàçíûì
èçìåíÿòü ðåæèì ðàáîòû ñèñòåìû â ñîîòâåòñòâóþùèå ïðîìå-
æóòêè âðåìåíè. Ïðîâåäåííûå ðàñ÷åòû ïîçâîëÿþò ñïðîãíîçè-
ðîâàòü ýêîíîìè÷åñêèé ýôôåêò îò âíåäðåíèÿ ñèñòåì îðèåíòà-
öèè ñîëíå÷íûõ ôîòîìîäóëåé ñ äâóìÿ ñòåïåíÿìè ñâîáîäû â çà-
âèñèìîñòè îò ðàáî÷èõ õàðàêòåðèñòèê è ñòîèìîñòè îòäåëü-
íûõ ñèñòåì.

Êëþ÷åâûå ñëîâà: ñîëíå÷íàÿ ýíåðãèÿ, òðåêèíã,
ôîòîïðåîáðàçîâàòåëü, ðàäèàöèîííûé áàëàíñ, èçëó÷åíèå.

EFFICIENCY OF USING SOLAR TRACKING SYSTEMS
WITH TWO DEGREES OF FREEDOM

Pidhorodetskiy O.V., Titova O.V., Kravets V.I.

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

The article touches upon the problem of increasing the
efficiency of the functioning of solar power plants. An effective way
to increase the flow of solar energy to the inclined plane of photo
converters is the introduction of systems that are able to change the
spatial orientation of solar modules during daylight hours in the
vertical and horizontal planes. The work focuses on determining the
quantitative indicators of incident solar energy when using a space-
oriented and stationary installation system of photo modules. The
calculation method chosen by the authors allows finding the intensity
of solar radiation on the surface of a plane oriented in any direction,
for a typical day and under different weather conditions. The
calculation procedure is built for: determining the declination of the
Sun to the northern hemisphere, the time of sunrise and sunset of the
celestial body for the selected area, establishing the height of the
Sun and the angle of incidence of solar radiation on a surface of
1 m2, oriented at different angles to the horizontal plane. Calculation
of total solar insolation is performed by integrating the found values
of the radiation balance over a specific duration of daylight. A
comparison of the intensity of the supply of solar energy to a stationary
and oriented plane during one year of operation is presented. It has
been established that the most favourable period of time for maximum
use of the potential of tracking systems is determined by the length of
daylight hours. So, the highest efficiency of using oriented technology
for installing photomodules becomes available in spring and summer.
The lowest efficiency of such systems relative to stationary counterparts
is observed during the winter season, when the daylight hours are
minimal, and therefore, the change of the mode of operation of the
system at appropriate intervals is required. The calculations allow
predicting the economic effect of the introduction of orientation systems
for solar photomodules with two degrees of freedom, depending on
the performance and cost of individual systems.

Keywords: solar energy, tracking, photovoltaic converter,
radiation balance, radiation.
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ÄÈÍÀÌÈÊÀ ÌÅÕÀÍÈÇÌÀ ÓÄÅÐÆÀÍÈß ÎÏÐÀÂÊÈ ÏÐÎØÈÂÍÎÃÎ ÑÒÀÍÀ
ÒÐÓÁÎÏÐÎÊÀÒÍÎÃÎ ÀÃÐÅÃÀÒÀ
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á Íàöèîíàëüíàÿ ìåòàëëóðãè÷åñêàÿ àêàäåìèÿ Óêðàèíû, ã. Äíåïð, Óêðàèíà

Ïðèâåäåíû ðåçóëüòàòû âèáðîäèàãíîñòèêè öåíòðîâàòåëÿ ìåõàíèçìà óäåðæàíèÿ îï-

ðàâêè ïðîøèâíîãî ñòàíà ¹1 òðóáîïðîêàòíîãî àãðåãàòà (ÒÏÀ) 350. Óñòàíîâëåíî,

÷òî âèáðîóñêîðåíèå ðû÷àãà îïîðíîãî ðîëèêà öåíòðîâàòåëÿ ìåõàíèçìà óäåðæàíèÿ

îïðàâêè ïðè ïðîêàòêå ãèëüçû 282õ50 ìì, ñòàëü 20 äîñòèãàåò 5…12 ì/ñ2; à ÷àñòîòà

êîëåáàíèé âåðõíåãî ðîëèêà, ïðè ýòîì, ðàâíà 33,3 Ãö. Ïðåäñòàâëåíû ðåçóëüòàòû

òîëùèíîìåòðèè ãèëüçû ïîñëå ïðîøèâíîãî ñòàíà ¹1 ÒÏÀ 350 ïðè ïðîêàòêå ãèëü-

çû 282õ50 ìì, ñòàëü 20, ÷òî óêàçûâàþò íà õàðàêòåðíîå âëèÿíèå äèíàìèêè ñòåðæ-

íÿ ìåõàíèçìà óäåðæàíèÿ îïðàâêè. Èçëîæåíà ìåòîäèêà ðàñ÷åòà ýíåðãîñèëîâûõ ïà-

ðàìåòðîâ ïðè ðåàëèçàöèè òåõíîëîãè÷åñêîãî ïðîöåññà ïîëó÷åíèÿ ãèëüç çàäàííûõ

ðàçìåðîâ íà ïðîøèâíîì ñòàíå. Îïðåäåëåíà âåëè÷èíà îñåâîãî ñîïðîòèâëåíèÿ îï-

ðàâêè ïîòîêà ïðîøèâàåìîãî ìåòàëëà ñ ó÷åòîì åå êàëèáðîâêè. Ðàçðàáîòàíà óòî÷-

íåííàÿ ìåòîäèêà ïîñòðîåíèÿ äèíàìè÷åñêîé ìîäåëè ñòåðæíÿ ìåõàíèçìà óäåðæàíèÿ

îïðàâêè ïðîøèâíîãî ñòàíà ñ ó÷åòîì ïàðàìåòðîâ êàëèáðîâêè îïðàâêè. Ñîñòàâëåíî

äèôôåðåíöèàëüíîå óðàâíåíèå äâèæåíèÿ ñòåðæíÿ îïðàâêè äëÿ âûáðàííîé äèíàìè-

÷åñêîé ìîäåëè ìåõàíè÷åñêîé ñèñòåìû ïðîøèâíîãî ñòàíà ÒÏÀ. Óòî÷íåíû äèíàìè-

÷åñêèå õàðàêòåðèñòèêè ìåõàíè÷åñêîé ñèñòåìû, ÷òî ñëóæèò èñõîäíûì ìàòåðèàëîì

äëÿ ðåøåíèÿ çàäà÷ àíàëèçà ñîñòîÿíèÿ âèáðîàêòèâíîñòè ñòåðæíÿ îïðàâêè ïðîøèâ-

íîãî ñòàíà ÒÏÀ. Äëÿ ñíèæåíèÿ óðîâíÿ âèáðîàêòèâíîñòè ñòåðæíÿ ðåêîìåíäîâàíî

âûáðàòü ðàöèîíàëüíûå êàëèáðîâêè îïðàâîê è íàçíà÷èòü ðåæèìû ïðîêàòêè ãèëüç

ìîäåëèðîâàíèåì äèíàìèêè ìåõàíè÷åñêîé ñèñòåìû íà ñîîòâåòñòâóþùèõ ýòàïàõ ïðî-

åêòèðîâàíèÿ òåõíîëîãè÷åñêèõ ïðîöåññîâ. Ïðåäëîæåíà ñõåìà ìîäåðíèçàöèè âûõîä-

íîé ñòîðîíû ïðîøèâíîãî ñòàíà ÒÏÀ 350, ïóòåì ïåðåâîäà ïðèâîäà îïîðíûõ óçëîâ

öåíòðîâàòåëåé ñòåðæíåâîé ñèñòåìû íà ïðîïîðöèîíàëüíóþ ãèäðàâëèêó.

Êëþ÷åâûå ñëîâà: ïðîøèâíîé ñòàí, âèáðîäèàãíîñòèêà, òîëùèíîìåòðèÿ, ïðîøèâêà,

ãèëüçà, ðàçíîñòåííîñòü, ýíåðãîñèëîâûå ïàðàìåòðû, êàëèáðîâêà, îïðàâêà, âèáðîàê-

òèâíîñòü, äèíàìèêà, ìåõàíèçì óäåðæàíèÿ îïðàâêè.
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Ââåäåíèå

Ïóòè èíòåíñèôèêàöèè òåõíîëîãè÷åñêîãî
ïðîöåññà ïðîèçâîäñòâà è ïîâûøåíèÿ êà÷åñòâà
òðóá óêàçûâàþò íà ñîâåðøåíñòâîâàíèå êîíñòðóê-
öèè ïðîøèâíûõ ñòàíîâ òðóáîïðîêàòíûõ àãðåãà-
òîâ (ÒÏÀ). Î÷åâèäíî, ïîëó÷åíèå íàó÷íî îáî-
ñíîâàííûõ ïðåäëîæåíèé ïî ìîäåðíèçàöèè îáî-
ðóäîâàíèÿ ïðîøèâíûõ ñòàíîâ è ñîâåðøåíñòâî-
âàíèå òåõíîëîãè÷åñêîãî ïðîöåññà ïðîèçâîäñòâà
òðóá âîçìîæíî íà îñíîâå óñòàíîâëåíèÿ âëèÿ-
íèÿ ðàçëè÷íûõ ïàðàìåòðîâ è òåõíîëîãè÷åñêèõ
îñîáåííîñòåé íà ïîâåäåíèå ìåõàíè÷åñêîé ñèñ-

òåìû è êà÷åñòâî ãîòîâîé ïðîäóêöèè.
Òðóáîïðîêàòíûå àãðåãàòû ñ àâòîìàòè÷åñêè-

ìè ñòàíàìè ÿâëÿþòñÿ ëèäåðàìè ïî ïðîèçâîäñòâó
ãîðÿ÷åêàòàíûõ áåñøîâíûõ òðóá. Ñîâðåìåííûå
òðåáîâàíèÿ ê òî÷íîñòè ãîðÿ÷åêàòàíûõ òðóá ïðåä-
ïîëàãàþò ±5% ïî òîëùèíå ñòåíêè è ±0,5% ïî
äèàìåòðó. Îäíèì èç ôàêòîðîâ îïðåäåëÿþùèõ
ðàçíîñòåííîñòü ãèëüç, ÿâëÿåòñÿ âèáðîàêòèâíîñòü
ñòåðæíÿ ìåõàíèçìà óäåðæàíèÿ îïðàâêè, ÷òî îï-
ðåäåëÿåòñÿ óñëîâèÿ ôîðìèðîâàíèÿ ñèëîâûõ ïà-
ðàìåòðîâ î÷àãà äåôîðìàöèè è ôóíêöèîíèðîâà-
íèÿ ìåõàíèçìîâ ïðîøèâíîãî ñòàíà ÒÏÀ (ðèñ. 1).
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Ïîýòîìó ðàçðàáîòêà àëãîðèòìà ðàñ÷åòà ñè-
ëîâûõ ïàðàìåòðîâ ïðîöåññà ïðîøèâêè ãèëüçû ñ
ó÷åòîì ïàðàìåòðîâ òåõíîëîãè÷åñêîãî èíñòðóìåí-
òà, ôîðìèðóþùèõ äèíàìè÷åñêóþ óñòîé÷èâîñòü
ôóíêöèîíèðîâàíèÿ ñòåðæíåâîé ñèñòåìû ìåõà-
íèçìà óäåðæàíèÿ îïðàâêè, áåçóñëîâíî, àêòóàëü-
íû.

Ñëåäîâàòåëüíî, âûøåèçëîæåííîå òðåáóåò
ðàññìîòðåíèå óòî÷íåííîé ìàòåìàòè÷åñêîé ìî-
äåëè ïðîøèâíîãî ñòàíà ÒÏÀ, êîòîðàÿ àäåêâàò-
íî îòðàæàåò ðåàëüíûå ïðîöåññû, ïðîèñõîäÿùèå
â èñõîäíîé ìåõàíè÷åñêîé ñèñòåìå.

Ðåçóëüòàòû âèáðîäèàãíîñòèêè öåíòðîâàòå-
ëÿ ¹ 3 ìåõàíèçìà óäåðæàíèÿ îïðàâêè ïðîøèâ-
íîãî ñòàíà ¹ 1 ÒÏÀ 350 ïðè ïðîêàòêå ãèëüçû –
28250 ìì, ñòàëü 20 ïðåäñòàâëåíû íà ðèñ. 2.

                 à                                            á

Ðèñ. 1. Âèçóàëèçèðîâàííàÿ ñõåìà ïðîöåññà ïðîøèâêè

òðóáíîé çàãîòîâêè (à) è ñèëîâàÿ ñõåìà ôóíêöèîíèðîâàíèÿ

ìåõàíèçìà óäåðæàíèÿ îïðàâêè ïðîøèâíîãî ñòàíà (á):

1 – âàëîê; 2 – îïðàâêà; 3 – ñòåðæåíü; 4 – öåíòðîâàòåëü

ñòåðæíÿ îïðàâêè; 5 – ãèëüçà
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Ðèñ. 3. Ðåçóëüòàòû òîëùèíîìåòðèè ãèëüçû ïîñëå ïðîøèâíîãî ñòàíà ¹ 1 ÒÏÀ 350

(ðàçìåð ãèëüçû – 28250 ìì, ñòàëü 20)

              à                                                                                       á

Ðèñ. 2. Ìåñòî óñòàíîâêè äàò÷èêà âèáðàöèè (à) è ðåçóëüòàòû âèáðîäèàãíîñòèêè öåíòðîâàòåëÿ ¹3 ìåõàíèçìà óäåðæàíèÿ

îïðàâêè ïðîøèâíîãî ñòàíà ¹1 ÒÏÀ 350 (á) (ðàçìåð ãèëüçû – 28250 ìì, ñòàëü 20)
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Èç ðèñ. 2 âèäíî, ÷òî âèáðîóñêîðåíèå ðû-
÷àãà öåíòîðîâàòåëÿ ¹ 3 ìåõàíèçìà óäåðæàíèÿ
îïðàâêè ïðîøèâíîãî ñòàíà ¹ 1 ñîñòàâëÿåò –
a=5…12 ì/ñ2; à åå ÷àñòîòà êîëåáàíèé ðàâíà
33,3 Ãö).

Äëÿ óñòàíîâëåíèÿ âçàèìîñâÿçè ìåæäó ïà-
ðàìåòðàìè ãèëüçû ïîñëå ïðîøèâíîãî ñòàíà ¹ 1
ÒÏÀ 350 ðàññìîòðèì ðåçóëüòàòû òîëùèíîìåò-
ðèè ãèëüçû (ðàçìåð ãèëüçû – 28250 ìì,
ñòàëü 20) (ðèñ. 3).

Àíàëèç ïàðàìåòðîâ âèáðîäèàãíîñòèêè öåí-
òðîâàòåé ìåõàíèçìà óäåðæàíèÿ îïðàâêè è ðå-
çóëüòàòû òîëùèíîìåòðèè ãèëüçû ïîñëå ïðîøèâ-
íîãî ñòàíà ¹ 1 óêàçûâàþò íà òåñíóþ âçàèìî-
ñâÿçü ôàêòîðîâ, îïðåäåëÿþùèõ ðàçíîñòåííîñòü
ãèëüç è êîëåáàíèÿ ñòåðæíÿ ìåõàíèçìà óäåðæà-
íèÿ îïðàâêè.

Ïîñòàíîâêà çàäà÷è

Îáúåêòîì èññëåäîâàíèÿ ÿâëÿåòñÿ ìåõàíèçì
óäåðæàíèÿ îïðàâêè ïðîøèâíûõ è ðàñêàòíûõ
ñòàíîâ ÒÏÀ [1]. Â ðàáîòå [2] ïðèâåäåíû èññëå-
äîâàíèÿ íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòî-
ÿíèÿ ñòàíèíû àâòîìàòè÷åñêîãî ñòàíà ÒÏÀ 350.
Ïðè ðåàëèçàöèè òåõíîëîãè÷åñêèõ ïðîöåññîâ
ïðîèçâîäñòâà òðóá íà ïðîøèâíûõ ñòàíàõ â ñòåð-
æíå, óäåðæèâàþùåì îïðàâêó, âîçíèêàþò çíà÷è-
òåëüíûå ïî âåëè÷èíå è èçìåíÿþùèåñÿ âî âðå-
ìåíè äèíàìè÷åñêèå íàãðóçêè. Ýòî îáóñëîâëè-
âàåò îòêëîíåíèå ôîðìû ñòåðæíÿ îò ïðÿìîëè-
íåéíîé, ÷òî çíà÷èòåëüíî óñèëèâàåò âèáðîàêòèâ-
íîñòü ñòåðæíåâîé ñèñòåìû è îòðèöàòåëüíî âîç-
äåéñòâóåò íà ïðîöåññ ïðîêàòêè. Âëèÿíèå âî âðå-
ìåíè ìàññû òðóáíîé çàãîòîâêè, ïåðåìåùàþùåé-
ñÿ â ïðîöåññå ïðîøèâêè âäîëü ñòåðæíÿ, çíà÷è-
òåëüíî óñëîæíÿåò äèíàìè÷åñêèå ïðîöåññû íà
ïðîøèâíîì ñòàíå ÒÏÀ. Âèáðîàêòèâíîñòü ñòåð-
æíåâîé ñèñòåìû â õîäå ðåàëèçàöèè òðåáóåìûõ
òåõíîëîãè÷åñêèõ ïðîöåññîâ ýêâèâàëåíòíî ïåðå-
äàþòñÿ íà îïðàâêó. Ýòî ïðèâîäèò ê íåêîíòðî-
ëèðóåìîìó ïåðåìåæåíèþ îïðàâêè â ïåðåæèìå
ðàáî÷èõ âàëêîâ, óâåëè÷åíèþ óðîâíÿ ðàçíîñòåí-
íîñòè ãèëüç è â êîíå÷íîì èòîãå ê óõóäøåíèþ
êà÷åñòâà ïðîêàòûâàåìûõ òðóá.

Öåëü ðàáîòû

Ñîçäàíèå àëãîðèòìà ðàñ÷åòà ñèëîâûõ ïà-
ðàìåòðîâ ïðîöåññà ïðîøèâêè ãèëüçû ñ ó÷åòîì
ïàðàìåòðîâ òåõíîëîãè÷åñêîãî èíñòðóìåíòà, ôîð-
ìèðóþùèõ äèíàìè÷åñêóþ óñòîé÷èâîñòü ôóíê-
öèîíèðîâàíèÿ ñòåðæíåâîé ñèñòåìû ìåõàíèçìà
óäåðæàíèÿ îïðàâêè. Èññëåäîâàíèå äèíàìèêè
ìåõàíè÷åñêîé ñèñòåìû «ñòåðæíåâàÿ ñèñòåìà –
òðóáíàÿ çàãîòîâêà» ñ ó÷åòîì ýíåðãîñèëîâûõ ïà-
ðàìåòðîâ î÷àãà äåôîðìàöèè, ÷òî ïîçâîëèò îöå-
íèòü äèíàìè÷åñêîå ñîñòîÿíèå ñòåðæíåâîé ñèñ-

òåìû ñ îïðàâêîé â òå÷åíèå âñåãî òåõíîëîãè÷åñ-
êîãî ïðîöåññà ïðîêàòêè òðóá è íà ýòîé îñíîâå
ðåøèòü çàäà÷ó ïî ìîäåðíèçàöèè âûõîäíîé ñòî-
ðîíû ïðîøèâíûõ ñòàíîâ ÒÏÀ.

Ðàçðàáîòêà àëãîðèòìà ðàñ÷åòà ñèëîâûõ ïà-
ðàìåòðîâ ïðîöåññà ïðîøèâêè ãèëüçû ñ ó÷åòîì
âëèÿíèÿ ïàðàìåòðîâ òåõíîëîãè÷åñêîãî èíñòðó-
ìåíòà èìååò ïðàêòè÷åñêóþ öåííîñòü. Ðàñ÷åò
ýíåðãîñèëîâûõ ïàðàìåòðîâ ëþáîãî òåõíîëîãè÷åñ-
êîãî ïðîöåññà, â òîì ÷èñëå è ïðîöåññà ïîëó÷å-
íèÿ ãèëüç ìåòîäîì ïðîøèâêè íà ïðîøèâíîì
ñòàíå, ÿâëÿåòñÿ îáÿçàòåëüíûì êàê ïðè ïðîåêòè-
ðîâàíèè íîâîãî, òàê è ïðè èçìåíåíèè òåõíîëî-
ãè÷åñêèõ ïàðàìåòðîâ ðàáîòû ñóùåñòâóþùåãî
îáîðóäîâàíèÿ. Äëÿ ýòèõ öåëåé èñïîëüçóþò ìà-
òåìàòè÷åñêîå ìîäåëèðîâàíèå ïðîöåññà. Î÷åâèä-
íî, ÷òî èñïîëüçóåìàÿ ìàòåìàòè÷åñêàÿ ìîäåëü
äîëæíà ìàêñèìàëüíî äîñòîâåðíî îïèñûâàòü âñå
ôèçè÷åñêèå îñîáåííîñòè èññëåäóåìîãî îáúåêòà.

Àíàëèç ïîñëåäíèõ èññëåäîâàíèé è ïóáëèêàöèé

Â ðàáîòå ïðîâåäåí àíàëèç ñóùåñòâóþùèõ
ìàòåìàòè÷åñêèõ ìîäåëåé äëÿ ðàñ÷åòà ýíåðãîñè-
ëîâûõ ïàðàìåòðîâ ïðîöåññà ïðîøèâêè. Â ðåçóëü-
òàòå ïðîäåëàííîé ðàáîòû áûë ñäåëàí âûâîä î
òîì, ÷òî ñîâðåìåííûé óðîâåíü ðàçâèòèÿ âû÷èñ-
ëèòåëüíîé òåõíèêè ïîçâîëÿåò àíàëèçèðîâàòü
ïðîöåññ ïðîøèâêè ñ ó÷åòîì ôàêòîðîâ, êîòîðûå
â ðàíåå èçâåñòíûõ ìàòåìàòè÷åñêèõ ìîäåëÿõ ëèáî
ñóùåñòâåííî óïðîùàëèñü, ëèáî, âîîáùå, íå ïðè-
íèìàëèñü âî âíèìàíèå. Ðàçðàáîòàííàÿ ìàòåìà-
òè÷åñêàÿ ìîäåëü ïðîöåññà ïðîøèâêè îòëè÷àåò-
ñÿ îò ðàíåå èçâåñòíûõ ìîäåëåé [1,3–4] ïî ñëå-
äóþùèì îñíîâíûì ïàðàìåòðàì.

Îòëè÷èå ïåðâîå. Â èçâåñòíûõ ìàòåìàòè÷åñ-
êèõ ìîäåëÿõ ïðîöåññà ïîïåðå÷íî-âèíòîâîé ïðî-
êàòêè èñïîëüçóþò ñëåäóþùèé àëãîðèòì ïðîâå-
äåíèÿ âû÷èñëåíèé: îïðåäåëÿþò çíà÷åíèÿ ïàðà-
ìåòðîâ ïðîöåññà (÷àñòíûå îáæàòèÿ ïî ñòåíêå,
øèðèíà çîíû êîíòàêòà ìåòàëëà ñ âàëêîì, ñêî-
ðîñòü è ñòåïåíü äåôîðìàöèè, ñîïðîòèâëåíèå
äåôîðìàöèè, óäåëüíîå íîðìàëüíîå äàâëåíèå íà
êîíòàêòå ìåòàëëà ñ âàëêîì è äð.) â óçëîâûõ òî÷-
êàõ î÷àãà äåôîðìàöèè (êàê ïðàâèëî, – ïåðåä
íîñêîì îïðàâêè, â ïåðåæèìå âàëêîâ è â êîíöå
êîíóñà ðàñêàòêè [3,4], èëè òîëüêî â ïåðåæèìå
âàëêîâ [5]); óñðåäíÿþò ïîëó÷åííûå çíà÷åíèÿ ïî
äëèíå î÷àãà äåôîðìàöèè; ïî óñðåäíåííûì çíà-
÷åíèÿì ïàðàìåòðîâ ðàññ÷èòûâàþò îñíîâíûå
ýíåðãîñèëîâûå õàðàêòåðèñòèêè ïðîöåññà ïðî-
øèâêè (ïîëíîå äàâëåíèå ìåòàëëà íà âàëêè, ìî-
ìåíò è ìîùíîñòü ïðîêàòêè, äàâëåíèå ìåòàëëà
íà ëèíåéêè, îñåâîå äàâëåíèå íà îïðàâêó è ïð.).

Â ðàçðàáîòàííîé ìîäåëè ïàðàìåòðû ïðî-
öåññà ïðîøèâêè òðóáíîé çàãîòîâêè îïðåäåëÿ-
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þòñÿ íå äèñêðåòíî â íåñêîëüêèõ óçëîâûõ òî÷êàõ
î÷àãà äåôîðìàöèè, à íåïðåðûâíî êàê ôóíêöèè
ïîëîæåíèÿ ðàññìàòðèâàåìîãî ñå÷åíèÿ î÷àãà äå-
ôîðìàöèè îòíîñèòåëüíî îñè ïðîêàòêè x. Òàê,
íàïðèìåð, òåêóùàÿ ïî äëèíå î÷àãà äåôîðìàöèè
âåëè÷èíà óäåëüíîãî íîðìàëüíîãî äàâëåíèÿ ìå-
òàëëà íà âàëîê px îïðåäåëÿåòñÿ â ñîîòâåòñòâèè ñ
ôîðìóëîé

p x=n xK fx, (1)

ãäå nx – òåêóùåå ïî äëèíå î÷àãà äåôîðìàöèè
çíà÷åíèå êîýôôèöèåíòà íàïðÿæåííîãî ñîñòîÿ-
íèÿ (ìåòîäèêà îïðåäåëåíèÿ âåëè÷èíû êîýôôè-
öèåíòà ïîäïîðà nx èçëîæåíà â [4,6–8]); Kfx –
òåêóùåå ïî äëèíå î÷àãà çíà÷åíèå ñîïðîòèâëå-
íèÿ äåôîðìàöèè; x – èíäåêñ, óêàçûâàþùèé íà
òî, ÷òî ñîîòâåòñòâóþùàÿ âåëè÷èíà îïðåäåëåíà
êàê ïåðåìåííàÿ ïî äëèíå î÷àãà äåôîðìàöèè (ÿâ-
ëÿåòñÿ ôóíêöèåé êîîðäèíàòû X).

Ñõåìà ê îïðåäåëåíèþ âåëè÷èíû ÷àñòíîé
äåôîðìàöèè ïî ñòåíêå sx ïðè ïðîøèâêå òðóá-
íîé çàãîòîâêè ïðåäñòàâëåíà íà ðèñ. 4.

Ðèñ. 4. Ñõåìà ê îïðåäåëåíèþ âåëè÷èíû ÷àñòíîé

äåôîðìàöèè ïî ñòåíêå sx

Ðàñ÷åòíûì ïóòåì óñòàíîâëåíû çíà÷åíèÿ
èçìåíåíèÿ ïî äëèíå î÷àãà äåôîðìàöèè âåëè÷èí
Kfx è px, ïîëó÷åííûå ïðè ðåàëèçàöèè ðàçðàáî-
òàííîé ìàòåìàòè÷åñêîé ìîäåëè.

Îòëè÷èå âòîðîå. Â èçâåñòíûõ ìàòåìàòè÷åñ-
êèõ ìîäåëÿõ ïðè îïðåäåëåíèè ÷àñòíûõ äåôîð-
ìàöèé ïî ñòåíêå sx=(s0)x–(s1)x (çäåñü (s0)x, (s1)x

– ñîîòâåòñòâåííî òîëùèíà ñòåíêè çàãîòîâêè äî
è ïîñëå äåôîðìàöèè â äàííîì äèàìåòðàëüíîì
ñå÷åíèè ñ êîîðäèíàòîé x) ïðèíèìàþò, ÷òî âå-

ëè÷èíà (s0)x ðàâíà âåëè÷èíå  1 x t1/2
s


 â äèàìåò-

ðàëüíîì ñå÷åíèè, îòñòîÿùåì îò ðàññìàòðèâàå-
ìîãî íà âåëè÷èíó x1/2t , ðàâíóþ ïîëîâèíå øàãà
tx ïîäà÷è ãåëèêîèäàëüíîãî äâèæåíèÿ çàãîòîâêè
â ðàññìàòðèâàåìîì ñå÷åíèè. Èíûìè ñëîâàìè, â
èçâåñòíûõ ìàòåìàòè÷åñêèõ ìîäåëÿõ ïðè îïðå-
äåëåíèè îáæàòèÿ â äàííîì äèàìåòðàëüíîì ñå-
÷åíèè èçìåíåíèåì âûòÿæêè â ïðåäåëàõ ó÷àñòêà,
äëèíà êîòîðîãî ðàâíà ïîëîâèíå øàãà ïîäà÷è tx

ïðåíåáðåãàþò. Íà ñàìîì æå äåëå, ïðè îïðåäåëå-
íèè âåëè÷èíû   2/1tx1s   ñëåäóåò èñêàòü äèàìåò-
ðàëüíîå ñå÷åíèå, îòñòîÿùåå îò ðàññìàòðèâàåìîãî
íà âåëè÷èíó ïîëîâèíû øàãà ïîäà÷è, íå â ðàñ-
ñìàòðèâàåìîì ñå÷åíèè ñ êîîðäèíàòîé x, à â ñå-
÷åíèè ñ êîîðäèíàòîé 2/1xtx   (ðèñ. 4).

Âåëè÷èíà x1/2t  îïðåäåëÿåòñÿ êàê êîðåíü
èíòåãðàëüíîãî óðàâíåíèÿ

 x1/2

x
g o

x1/2 x

x1/2 t x t

d tan
t dx 0,

2t  

  
    

   (2)

ãäå dg – äèàìåòð ïðîêàòûâàåìîé ãèëüçû;
 – óãîë ïîäà÷è; 0, t – êîýôôèöèåíòû îñåâîãî
è òàíãåíöèàëüíîãî ñêîëüæåíèÿ íà âûõîäå èç î÷à-
ãà äåôîðìàöèè; S, x – ñóììàðíàÿ è òåêóùàÿ ïî
äëèíå î÷àãà äåôîðìàöèè âûòÿæêà.

Âåëè÷èíà ÷àñòíîé àáñîëþòíîé äåôîðìàöèè
ïî ñòåíêå îïðåäåëèòñÿ èç âûðàæåíèÿ

   x 1 1x x t1/2
s s s .


    (3)

Íà îñíîâàíèè àíàëîãè÷íûõ ðàññóæäåíèé
ñäåëàí âûâîä î òîì, ÷òî ðàäèóñ îáðàçóþùåé
íàðóæíîé ïîâåðõíîñòè çàãîòîâêè (r0)x, âõîäÿùåé
â çîíó äåôîðìàöèè â ñå÷åíèè ñ êîîðäèíàòîé x,
– ýòî ðàäèóñ îáðàçóþùåé âíåøíåé ïîâåðõíîñ-
òè çàãîòîâêè r1, ñôîðìèðîâàâøèéñÿ â ðåçóëüòà-
òå êîíòàêòà çàãîòîâêè ñ ëèíåéêîé â ñå÷åíèè,
îòñòîÿùåì îò ðàññìàòðèâàåìîãî ñå÷åíèÿ íà ðàñ-
ñòîÿíèå ÷åòâåðòè øàãà ïîäà÷è ïðîòèâ íàïðàâ-
ëåíèÿ ïðîêàòêè. Ò.å.      0 1x x t1/4 x t1/4

r r
 

    (çäåñü

x t1/4 ,  1 x t1/4
r

 – êîýôôèöèåíò îâàëèçàöèè è ïî-
ëîâèíà ðàññòîÿíèÿ ìåæäó ïîâåðõíîñòÿìè âàë-
êîâ â ñå÷åíèè, îòñòîÿùåì îò ðàññìàòðèâàåìîãî
ñå÷åíèÿ íà ðàññòîÿíèå ÷åòâåðòè øàãà ïîäà÷è

x t1/4
t  , ò.å. â ñå÷åíèè ñ êîîðäèíàòîé 

x1/4x t ). Âå-
ëè÷èíà ÷àñòíîé àáñîëþòíîé äåôîðìàöèè ïî
ðàäèóñó îïðåäåëèòñÿ èç âûðàæåíèÿ

     x 1 1x t1/4 x 1/4 x
r r r ,

 
     (4)

ãäå (r1)x – ðàäèóñ çàãîòîâêè â ñå÷åíèè ñ êîîðäè-
íàòîé x.
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Îòëè÷èå òðåòüå. Òîò ôàêò, ÷òî ïàðàìåòðû
ïðîêàòêè â ðàçðàáîòàííîé ìîäåëè îïðåäåëÿþò-
ñÿ êàê ôóíêöèè ïîëîæåíèÿ äèàìåòðàëüíîãî ñå-
÷åíèÿ î÷àãà äåôîðìàöèè îòíîñèòåëüíî îñè ïðî-
êàòêè X, ïîçâîëèë âû÷èñëÿòü ýíåðãîñèëîâûå
ïàðàìåòðû ïðîöåññà â “èíòåãðàëüíîé” ôîðìå.
Òàê, íàïðèìåð, èçâåñòíà ôîðìóëà äëÿ îïðåäå-
ëåíèÿ ìîìåíòà ïðîêàòêè [9].

/ B

З

D
M Pb 1 ,

d

 
   

 
  (5)

ãäå P – ïîëíîå äàâëåíèå ìåòàëëà íà âàëîê;
b – ñðåäíÿÿ ïî äëèíå î÷àãà äåôîðìàöèè øèðè-
íà êîíòàêòà ìåòàëëà ñ âàëêîì; / = 0,4…0,5 –
êîýôôèöèåíò, õàðàêòåðèçóþùèé ïîëîæåíèå ðàâ-
íîäåéñòâóþùåé ïî øèðèíå êîíòàêòíîé ïîâåðõ-
íîñòè; d3, DB – ñîîòâåòñòâåííî ñðåäíèå ïî äëè-
íå î÷àãà äåôîðìàöèè çíà÷åíèÿ äèàìåòðà çàãî-
òîâêè è äèàìåòðà âàëêà.

Â ðàçðàáîòàííîé ìîäåëè òà æå ôîðìóëà äëÿ
îïðåäåëåíèÿ ìîìåíòà ïðîêàòêè ïðèîáðåòàåò âèä:

L

/ 2 Bx
x x

Зх0

D
M p b 1 dx,

d

 
    

 
   (6)

ãäå L – äëèíà î÷àãà äåôîðìàöèè.
Ðàçðàáîòàííàÿ ìîäåëü ñîñòîèò èç òðåõ áëî-

êîâ: ðàñ÷åòà ãåîìåòðè÷åñêèõ ïàðàìåòðîâ; ðàñ÷å-
òà äåôîðìàöèîííûõ ïàðàìåòðîâ; ðàñ÷åòà ýíåð-
ãîñèëîâûõ ïàðàìåòðîâ ïðîöåññà.

Ïåðâûé áëîê âêëþ÷àåò â ñåáÿ ðàñ÷åò âñåõ
ãåîìåòðè÷åñêèõ ïàðàìåòðîâ ïðîöåññà (äëèíû çîí
äåôîðìàöèè, ðàññòîÿíèå ìåæäó îñÿìè âàëêîâ,
ðàññòîÿíèå ìåæäó ïîâåðõíîñòÿìè âàëêîâ è îï-
ðàâêè è ïð.).

Ñõåìà ê îïðåäåëåíèþ ãåîìåòðè÷åñêèõ ïà-

ðàìåòðîâ î÷àãà äåôîðìàöèè ïðîøèâíîãî ñòàíà
ñ áî÷êîîáðàçíûìè âàëêàìè ïðèâåäåíà íà ðèñ. 5.
Âñå ãåîìåòðè÷åñêèå ïàðàìåòðû ïðåäñòàâëåíû êàê
ôóíêöèè îò òåêóùåé êîîðäèíàòû x, ñîâïàäàþ-
ùåé ñ îñüþ ïðîêàòêè X.

Âòîðîé áëîê âêëþ÷àåò â ñåáÿ ðàñ÷åò ÷àñò-
íûõ äåôîðìàöèé ïî ñòåíêå sx è ðàäèóñó rx çà-
ãîòîâêè, îïðåäåëåíèå øèðèíû êîíòàêòà ìåòàë-
ëà ñ âàëêîì bx, ñóììàðíîé îòíîñèòåëüíîé äå-
ôîðìàöèè x, ñêîðîñòè äåôîðìàöèè ux, êîýô-
ôèöèåíòà nx è ñîïðîòèâëåíèÿ äåôîðìàöèè Kfx.
Âåëè÷èíó x îïðåäåëÿþò ïî ôîðìóëå

     
x x x

x

1 x 0 1 xx x x

s 2 r s
.

s s 2 r s s


   
  

       
  (7)

Ñêîðîñòü äåôîðìàöèè îïðåäåëÿþò ïî ôîð-
ìóëå

x B
x

x

u , 


   (8)

ãäå B – óãëîâàÿ ñêîðîñòü âðàùåíèÿ âàëêà; x –
óãîë êîíòàêòà ìåòàëëà ñ âàëêîì.

Ñîïðîòèâëåíèå äåôîðìàöèè Kf ðàññ÷èòû-
âàþò ïî ôîðìóëàì [5].

Ïðè x 0  

 
     

o
x 0 2 32

m m tn o

fx 1 x 1 x 4K n 1 m u exp m t ;
      

ïðè x 0  

     
o

2 3m m t o

fx 1 x 4 5 x 0K m u exp m t 1 m ,


     

ãäå n1, n2, m1, m2, m3, m4, m5, 0 – ýìïèðè÷åñêèå
êîýôôèöèåíòû, âåëè÷èíà êîòîðûõ çàâèñèò îò
ðåîëîãè÷åñêèõ õàðàêòåðèñòèê ìàòåðèàëà, ïîäâåð-

Ðèñ. 5. Ñõåìà ê îïðåäåëåíèþ ãåîìåòðè÷åñêèõ ïàðàìåòðîâ î÷àãà äåôîðìàöèè ïðîøèâíîãî ñòàíà ñ áî÷êîîáðàçíûìè

âàëêàìè: 1 – âàëîê; 2 – îïðàâêà; 3 – çàãîòîâêà; 4 – ëèíåéêà; 5 – ñòåðæåíü
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ãàþùåãîñÿ äåôîðìàöèè.
Òðåòèé áëîê âêëþ÷àåò ðàñ÷åò ýíåðãîñèëî-

âûõ ïàðàìåòðîâ ïðîêàòêè (óäåëüíîå íîðìàëüíîå
äàâëåíèå px, ïîëíîå äàâëåíèå ìåòàëëà íà âàëîê
P, ìîìåíò ïðîêàòêè M, ìîùíîñòü ïðîêàòêè W,
óäåëüíàÿ ðàáîòà äåôîðìàöèè Aóä). Âåëè÷èíó px

ðàññ÷èòûâàþò ïî ôîðìóëå (1). Âåëè÷èíó P îï-
ðåäåëÿþò ïî ôîðìóëå

 

3 4

3

x x 2

g fx

xs x

1 g0 x x

2s K
P b p dx dx,

2 r s
 

    (9)

ãäå bxs – øèðèíà çîíû îáæàòèÿ çàãîòîâêè ïî
ñòåíêå; sg – òîëùèíà ñòåíêè ãèëüçû; x3, x4 – êî-
îðäèíàòû òî÷åê îêîí÷àíèÿ îáæàòèÿ ïî ñòåíêå è
ïîäúåìà ãèëüçû ïî äèàìåòðó ñîîòâåòñòâåííî.

Ìîìåíò ïðîêàòêè íà îäíîì âàëêå îïðåäå-
ëÿþò â âèäå ñóììû ìîìåíòîâ

M=M s+M r+M0,  (10)

ãäå Ms, Mr, M0 – ìîìåíòû, îáóñëîâëåííûå îá-
æàòèåì çàãîòîâêè ïî ñòåíêå, îáæàòèåì çàãîòîâ-
êè ïî ðàäèóñó è îñåâûì ñîïðîòèâëåíèåì îïðàâ-
êè â ïîòîêå ìåòàëëà ñîîòâåòñòâåííî.

Ïîëíàÿ ìîùíîñòü ïðîöåññà ïðîøèâêè
òðóáíîé çàãîòîâêè ïðîêàòêè îïðåäåëÿåòñÿ ïî
ôîðìóëå

W=aMB,  (11)

ãäå a – ÷èñëî âàëêîâ â êëåòè ïðîøèâíîãî ñòàíà.
Óäåëüíóþ ðàáîòó äåôîðìàöèè îïðåäåëÿþò

ïî ôîðìóëå

уд 2

0 0 уд

4W
А ,

d V


    (12)

ãäå d0 – äèàìåòð çàãîòîâêè; V0 – îñåâàÿ ñêî-
ðîñòü çàãîòîâêè íà âõîäå â î÷àã äåôîðìàöèè;
óä – ïëîòíîñòü ìàòåðèàëà òðóáíîé çàãîòîâêè.

Îïðåäåëÿåì ñòàòè÷åñêóþ ñîñòàâëÿþùóþ
ñèëû N0, äåéñòâóþùóþ íà ñòåðæíåâóþ ñèñòåìó

ìåõàíèçìà óäåðæàíèÿ îïðàâêè âäîëü îñè ïðî-
øèâêè. Îíà îïðåäåëÿåòñÿ â âèäå:

3

1

x

ox
0 ox ox

x

d
N p b sin arctan( )

dx

      


ox
0

d
f cos arctan dx,

dx

      
   

 (13)

ãäå f0 – êîýôôèöèåíò òðåíèÿ íà êîíòàêòå ãèëü-
çû è îïðàâêè; x1 – êîîðäèíàòà íîñêà îïðàâêè;
pox – çàêîí ðàñïðåäåëåíèÿ ñðåäíèõ íîðìàëüíûõ
êîíòàêòíûõ íàïðÿæåíèé ïî äëèíå îïðàâêè;
box – øèðèíà êîíòàêòà ìåòàëëà ñ îïðàâêîé;
ox – çàêîí èçìåíåíèÿ ðàäèóñà îïðàâêè âäîëü
îñè ïðîêàòêè.

Äàëåå ïåðåõîäèì ê èññëåäîâàíèþ äèíàìè-
êè ìåõàíèçìà óäåðæàíèÿ îïðàâêè ïðîøèâíîãî
ñòàíà ÒÏÀ âî âçàèìîñâÿçè ñ ïàðàìåòðàìè ïðî-
øèâàåìîé òðóáíîé çàãîòîâêè è îïðàâêè.

Îáîáùåííàÿ ñõåìà ìåõàíèçìà óäåðæàíèÿ
îïðàâêè ïðîøèâíîãî ñòàíà ÒÏÀ ïðèâåäåíà íà
ðèñ. 6.

Â ðàìêàõ ïðèíÿòîé äèíàìè÷åñêîé ìîäåëè
ñòåðæíåâîé ñèñòåìû ïðîøèâíîãî ñòàíà ÒÏÀ
ðàñ÷åòíîé ñõåìîé ñèñòåìû ÿâëÿåòñÿ øàðíèðíî
îïåðòûé ïî êîíöàì ñòåðæåíü ïîñòîÿííîãî ñå-
÷åíèÿ. Ñòåðæåíü îïðàâêè óñòàíîâëåí íà îïîðàõ
(ðîëèêàõ öåíòðîâàòåëåé), âðàùàåòñÿ ñ óãëîâîé
ñêîðîñòüþ  âîêðóã îñè ïðîêàòêè è ïîäâåðãàåò-
ñÿ âîçäåéñòâèþ îñåâîãî (ïðîäîëüíîãî) óñèëèÿ
ïðîøèâêè òðóáíîé çàãîòîâêè N(t).

Ïðè ýòîì íà ñòåðæåíü íàäâèãàåòñÿ ñ ïî-
ñòîÿííîé ñêîðîñòüþ ïðîêàòêè V q  ðàâíîìåðíî
ðàñïðåäåëåííàÿ íàãðóçêà ïðîêàòûâàåìîé ãèëü-

çû èíòåíñèâíîñòè q  è ïîãîííîé ìàññû mq

(ðèñ. 7).

Ìåòîä ðåøåíèÿ çàäà÷è

Äëÿ ïîñòðîåíèÿ ìàòåìàòè÷åñêîé ìîäåëè
äèíàìè÷åñêîé ñèñòåìû âîñïîëüçóåìñÿ äèôôå-
ðåíöèàëüíûì óðàâíåíèåì êîëåáàíèé âðàùàþ-

Ðèñ. 6. Îáîáùåííàÿ ñõåìà ìåõàíèçìà óäåðæàíèÿ îïðàâêè ïðîøèâíîãî ñòàíà ÒÏÀ: 1– âàëîê; 2 – çàãîòîâêà; 3 – îïðàâêà;

4– ñòåðæåíü; 5 – öåíòðîâàòåëü; 6 – âûäàþùèå ðîëèêè; 7 – óïîðíàÿ ãîëîâêà; 8 – çàìîê óïîðà; 9 – ñòîë âûõîäíîé
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ùåãîñÿ ñòåðæíÿ íà óïðóãîì îñíîâàíèè öåíòðî-
âàòåëåé [3]:

2 2 3 22
y y y z

2 2 2 2 2

y 2

y 1 2

u u u u
m EI f

t x x x t x

u
k cu m [e cos( t) e sin( t)],

t

     
              


      


(14)

ãäå EI, m – ñîîòâåòñòâåííî èçãèáíàÿ æåñòêîñòü
ñòåðæíÿ è åãî ïîãîííàÿ ìàññà; uó, uz – ïåðåìå-
ùåíèÿ âäîëü îñåé y è z; c, k – êîýôôèöèåíòû
óïðóãîãî îñíîâàíèÿ öåíòðîâàòåëåé, çàâèñÿùèå
îò ïåðåìåùåíèÿ è ñêîðîñòè ñîîòâåòñòâåííî; f –
êîýôôèöèåíò, ó÷èòûâàþùèé âíóòðåííåå òðåíèå
â ïðîöåññå êîëåáàíèÿ âñåé ìåõàíè÷åñêîé ñèñ-
òåìû; e1(x), e2(x) – ýêñöåíòðèñèòåòû, õàðàêòå-
ðèçóþùèå íåóðàâíîâåøåííîñòü ìàññ ñòåðæíÿ â
ñîîòâåòñòâóþùèõ ïëîñêîñòÿõ.

Ðèñ. 7. Ðàñ÷åòíàÿ ñõåìà ñòåðæíåâîé ñèñòåìû ìåõàíèçìà

óäåðæàíèÿ îïðàâêè ïðîøèâíîãî ñòàíà ÒÏÀ

Ïðåäïîëàãàÿ, ÷òî âíóòðåííåå òðåíèå îòñóò-
ñòâóåò, è íåóðàâíîâåøåííîñòü ëåæèò â îäíîé
ïëîñêîñòè e1(x)=e(x), ïðèõîäèì ê óðàâíåíèþ
ñëåäóþùåãî âèäà ñîãëàñíî [3]:

2 4
2

2 4

u u
m EI cu m e(x)sin( t).

t x

 
    

 
  (15)

Çàìåíèâ êîíå÷íûì ÷èñëîì ïîäàòëèâûõ
îïîð öåíòðîâàòåëåé âûõîäíîé ñòîðîíû ïðîøèâ-
íîãî ñòàíà ÒÏÀ, óïðóãîå îñíîâàíèå ìåõàíè÷åñ-
êîé ñèñòåìû çàïèøåì òàê:

2 4 n

i oi2 4
i 1

2

u u
m EI c u (x x )

t x

m e(x)sin( t),



 
    

 

  


  (16)

ãäå d(x-x0i) – äåëüòà-ôóíêöèÿ Äèðàêà.
Ïðèíèìàÿ âî âíèìàíèå, ÷òî äàííàÿ ôóíê-

öèÿ îáëàäàåò ñëåäóþùèì ôèëüòðóþùèì ñâîé-

ñòâîì [6]

b

a

f (x) (x )dx f ( );     [a b],     (17)

ñ ó÷åòîì ãàðìîíè÷åñêîãî çàêîíà èçìåíåíèÿ ïðî-
äîëüíîé ñîñòàâëÿþùåé óñèëèÿ ïðîêàòêè ãèëü-
çû N(t)=No+N1cos(vt), ñîãëàñíî [1] è èíòåíñèâ-
íîñòè âîçäåéñòâèÿ ïðîøèâàåìîé òðóáû  q x, t



äèôôåðåíöèàëüíîå óðàâíåíèå (3) ïðèìåò âèä:

2 4 2 n

i oi2 4 2
i 1

2

u u u
m EI N(t) c u (x x )

t x x

q(x, t) m e(x)sin( t),



  
     

  

   


(18)

ãäå q(x,t) – èíòåíñèâíîñòü âîçäåéñòâèÿ ïðîêà-
òûâàåìîé ãèëüçû (ðàñïðåäåëåííàÿ íàãðóçêà),
îáëàäàþùàÿ îïðåäåëåííîé ìàññîé, ìîæåò áûòü
îïðåäåëåíà ñîãëàñíî [10,11]

2 2 2
2

o q 2 2

x t

u u u
q(x, t) q m V 2V ,

t x x t


   
        

(19)

ãäå qo, mq – ñîîòâåòñòâåííî èíòåíñèâíîñòü è
ïîãîííàÿ ìàññà ïðîêàòûâàåìîé ãèëüçû (òðóáû);
V – ñêîðîñòü ïðîêàòêè òðóáû â îñåâîì íàïðàâ-

ëåíèè; 
2 2 2

2

2 2

u u u
;  V ;  2V

t x x t

  
   

 – ó÷èòûâàþò ñîîò-

âåòñòâåííî îòíîñèòåëüíîå, ïåðåíîñíîå è êîðè-
îëèñîâî óñêîðåíèÿ ïðîêàòûâàåìîé ãèëüçû.

Â ïåðâîì ïðèáëèæåíèè ïðèìåì ýêñöåíò-
ðèñèòåò (ñìåøåíèå îñè ñòåðæíÿ ïî îòíîøåíèþ
îñè ïðîêàòêè ãèëüçû) â âèäå:

e(x) u f (t)sin( x / ).      (20)

Òîãäà ñ ó÷åòîì ýòîãî óðàâíåíèå (5) ôîðìè-
ðóåì â âèäå îïåðàòîðà:

2 4 2

2 4 2

n

i oi

i 1

2

u u u
L(u) m EI N(t)

t x x

c u (x x )

q(x, t) m f (t)sin( x / )sin( t) 0.



  
   

  

   

     


   (21)

Äëÿ ðåøåíèÿ ïðèìåíÿåì ïðîöåäóðó Áóá-
íîâà-Ãàëåðêèíà:
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0

L(u)sin( x / )dx 0. 


  (22)

Ïîñëå ïîäñòàíîâêè (8) â (9) è íåêîòîðûõ
î÷åâèäíûõ ïðåîáðàçîâàíèé îêîí÷àòåëüíî èìååì:

2
q

2

q

md f (t) Vt Vt
1 2 sin 2

dt 2 m

Vmdf (t) Vt
1 cos 2

dt m

              

       
  

 

 

4 n
2 oi

i

i 1

xEI 2
f (t) c sin

m m 

          
   


  

2

0 1

1
(N N cos( t))

m

     
 

2
q 2

2

m V Vt Vt
2 sin 2 sin( t)

m

           
    

02q Vt
1 cos .

m

         
 (23)

Äëÿ îáåçðàçìåðèâàíèÿ ñëàãàåìûõ â äèôôå-
ðåíöèàëüíîå óðàâíåíèå (22) ââåäåì íîâûå ïå-
ðåìåííûå:

2
q

2

mVt d f
,  ;  m M;  f ,  [0;1].

m d
      






Ïîñëå îïðåäåëåííûõ ïðåîáðàçîâàíèé ïî-
ëó÷àåì:

2

2

0 1 0 1

2

0
1
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V

2q
a ( ),

m V

          
 

     

 

   (24)

ãäå 0

1

a ( ) 1 (2 sin(2 ));
2

a ( ) 1 cos(2 );


     


   

     

2n
2 oi 0

i2 2
i 1 0

x N2
b 1 c sin ;

M M

       


 

      a( ) 2 sin(2 );    

2
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0

2 2
2

2 2

0 0

b( ) N cos v
M V

V
a( ) sin ,

V

        

                









ãäå 

4

2

0

EI

m

    
 

 – êâàäðàò ÷àñòîòû ñâîáîäíûõ

êîëåáàíèé ñòåðæíÿ îïðàâêè ïî ïåðâîé ôîðìå.
Âûïîëíèì ðàñ÷åò íà áàçå ìàòåìàòè÷åñêîé

ìîäåëè çàäà÷è î âûíóæäåííûõ êîëåáàíèÿõ îï-
ðàâêè ñî ñòåðæíåì äëÿ ïðîøèâíîãî ñòàíà ¹ 2
ÒÏÀ 350. Äëÿ ýòîãî âîñïîëüçóåìñÿ ñëåäóþùè-
ìè èñõîäíûìè äàííûìè: l=11,3 ì; N1=70000 Í;
N0=790000 Í; v=31,4 1/ñ; õ=0,35 ì/ñ; m=120 êã/ì;
mq=80 êã/ì; c1=16·106 Í/ì; c2=14·106 Í/ì;
c3=18·106 Í/ì; c4=18·106 Í/ì; c5=18·106 Í/ì;

c6=18·106 Í/ì;  t 0,16  c. Ðåçóëüòàòû ÷èñëåííî-

ãî àíàëèçà äèôôåðåíöèàëüíîãî óðàâíåíèÿ (22)
êîëåáàíèé ñòåðæíÿ ìåõàíèçìà åå óäåðæàíèÿ ïðè
ïðîêàòêå ãèëüç äèàìåòðîì 28250 ìì, ìàòåðè-
àë – ñòàëü 20 íà ïðîøèâíîì ñòàíå ¹ 2 ÒÏÀ 350
ñ ó÷åòîì êàëèáðîâêè îïðàâêè ïðåäñòàâëåíû íà
ðèñóíêå 8.

Äèíàìè÷åñêèå ïðîãèáû ñòåðæíåâîé ñèñòå-
ìû, äëÿ ðàçëè÷íûõ ðåæèìîâ ïðîêàòûâàåìûõ
ãèëüç íà ïðîøèâíîì ñòàíå ¹ 2ÒÏÀ 350 ïðèâå-
äåííûå íà ðèñ. 8, ïîêàçûâàþò íà êðàéíå íåóäîâ-
ëåòâîðèòåëüíûå óñëîâèÿ ôóíêöèîíèðîâàíèÿ
ñòåðæíÿ îïðàâêè. Äàííûå, ïîëó÷åííûå äëÿ âûá-
ðàííîé äèíàìè÷åñêîé ìîäåëè ìåõàíè÷åñêîé
ñèñòåìû, ñîãëàñóþòñÿ ñ ðåçóëüòàòàìè ìíîãî÷èñ-
ëåííûõ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ïðî-
øèâíîãî ñòàíà ÒÏÀ 350 [1,3,12].

Ðàçðàáîòêà ïðåäëîæåíèé ïî ìîäåðíèçàöèè
îáîðóäîâàíèÿ âûõîäíîé ñòîðîíû ïðîøèâíûõ
ñòàíîâ è ñîâåðøåíñòâîâàíèå òåõíîëîãèè ïðîèç-
âîäñòâà òðóá ñòàíîâÿòñÿ âîçìîæíûìè íà îñíîâå
óñòàíîâëåíèÿ âëèÿíèÿ ïàðàìåòðîâ ñòåðæíåâîé
ñèñòåìû è òåõíîëîãè÷åñêèõ îñîáåííîñòåé ïðî-
öåññà ïðîèçâîäñòâà òðóá íà ïîâåäåíèå äèíàìè-
÷åñêîé ìîäåëè ñèñòåìû. Õàðàêòåðíàÿ äèíàìèêà
ñòåðæíÿ ìåõàíèçìà óäåðæàíèÿ îïðàâêè ïðåäñòàâ-
ëåíà íà ðèñ. 8. Âûíóæäåííûå êîëåáàíèÿ ìåõà-
íè÷åñêîé ñèñòåìû ó÷èòûâàþò âëèÿíèå ñêîðîñ-
òè ïðîøèâêè, ñîîòíîøåíèÿ ìàññ ñèñòåìû, óñè-
ëèÿ ïðîøèâêè ñ ó÷åòîì êàëèáðîâêè îïðàâêè,
èíòåíñèâíîñòè âîçäåéñòâèÿ ïðîêàòûâàåìîé
ãèëüçû, ÷àñòîòû âðàùåíèÿ ñòåðæíÿ è æåñòêîñòè
îïîðíûõ óçëîâ öåíòðîâàòåëåé íà äèíàìè÷åñêîå
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Ðèñ. 8. Âûíóæäåííûå êîëåáàíèÿ îïðàâêè ñî ñòåðæíåì ïî íàïðàâëåíèþ îñè ïðîêàòêè íà ïðîøèâíîì ñòàíå ¹ 2 ÒÏÀ 350

(ðàçìåð ãèëüçû – 28250 ìì, ñòàëü 20) ñ ó÷åòîì êàëèáðîâêè îïðàâîê; (à) – îïðàâêà ñòàíäàðòíîé êàëèáðîâêè

(öåíòðîâàòåëè ñ ïíåìîïðèâîäîì); (á) – îïðàâêà ðàöèîíàëüíîé êàëèáðîâêè (öåíòðîâàòåëè ñ ïðîïîðöèîíàëüíûì

ãèäðîïðèâîäîì)

à

t

Ðèñ. 9. Ìîäåðíèçèðîâàííûé ìåõàíèçì óäåðæàíèÿ îïðàâêè ÏÑ ¹ 2 ÒÏÀ 350 íà áàçå öåíòðîâàòåëåé îòêðûòîãî òèïà ñ

àâòîìàòèçèðîâàííûì ïðîïîðöèîíàëüíûì ãèäðîïðèâîäîì: 1 – ðàáî÷àÿ êëåòü; 2, 3, 4, 5 – öåíòðîâàòåëè ñ ãèäðîïðèâîäîì;

6 – âûäàþùèå ðîëèêè; 7 – ïðèâîä âûäàþùèõ ðîëèêîâ; 8 – ãèäðîöèëèíäð ðîëèêîâ
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á

Ðèñ. 10. Ðåçóëüòàòû ñòåíêîìåòðèè ãèëüç ñ ó÷åòîì ìîäåðíèçàöèè ìåõàíèçìà óäåðæàíèÿ îïðàâêè äëÿ ïðîøèâíîãî ñòàíà

¹1 è ¹2 ÒÏÀ 350 äî (1) è ïîñëå ìîäåðíèçàöèè (2): (à) – çàêîí ðàñïðåäåëåíèÿ çíà÷åíèé òîëùèíû ñòåíêè ãèëüçû

28250 ìì ïîñëå ïðîøèâíîãî ñòàíà ¹ 1; (á) – çàêîí ðàñïðåäåëåíèÿ çíà÷åíèé òîëùèíû ñòåíêè ãèëüçû 32729 ìì

ïîñëå ïðîøèâíîãî ñòàíà ¹ 2

à
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ïîâåäåíèå ñòåðæíåâîé ñèñòåìû ìåõàíèçìà óäåð-
æàíèÿ îïðàâêè.

Ìîäåðíèçèðîâàííûå ìåõàíèçìû óäåðæàíèÿ
îïðàâêè äëÿ ïðîøèâíîãî ñòàíà ¹2 ÒÏÀ 350 ñ
øåñòüþ öåíòðîâàòåëÿìè îòêðûòîãî òèïà ñ óäëè-
íåííûìè ðîëèêàìè L=300–350 ìì ñ àâòîìàòè-
çèðîâàííûì ãèäðîïðèâîäîì (ïðèìåíåíà ïðîïîð-
öèîíàëüíàÿ ãèäðàâëèêà) ïðèâåäåíû íà ðèñ. 9.

Çàêîí ðàñïðåäåëåíèÿ çíà÷åíèé òîëùèíû
ñòåíêè ãèëüçû 28250 ìì ïðîøèâíîãî ñòàíà
¹ 1 è çàêîí ðàñïðåäåëåíèÿ çíà÷åíèé òîëùèíû
ñòåíêè ãèëüçû 32729 ìì ïðîøèâíîãî ñòàíà
¹ 2 ñ ó÷åòîì ñõåìû ìîäåðíèçàöèè ìåõàíèçìà
óäåðæàíèÿ îïðàâêè ñòàíîâ ÒÏÀ 350 ïðåäñòàâ-
ëåí íà ðèñ. 10.

Ðåçóëüòàòû ñòåíêîìåòðèè ãèëüç ñ ó÷åòîì
ìîäåðíèçàöèè ìåõàíèçìà óäåðæàíèÿ îïðàâêè
äëÿ ïðîøèâíîãî ñòàíà ¹ 1 è ¹ 2 ÒÏÀ 350 ïî-
êàçûâàþò, ÷òî ðåàëèçàöèÿ óñòîé÷èâûõ òåõíîëî-
ãè÷åñêèõ ïðîöåññîâ âîçìîæíà âûáîðîì ðàöèî-
íàëüíûõ ïàðàìåòðîâ äèíàìè÷åñêîé ìîäåëè ìå-
õàíè÷åñêîé ñèñòåìû, ðåæèìîâ ýêñïëóàòàöèè,
ðàöèîíàëüíîé êàëèáðîâêîé òåõíîëîãè÷åñêîãî
èíñòðóìåíòà è ìîäåðíèçàöèåé öåíòðîâàòåëåé
ìåõàíèçìà óäåðæàíèÿ îïðàâêè ñîîòâåòñòâóþùèõ
ñòàíîâ ÒÏÀ.

Ïëîòíîñòü ðàñïðåäåëåíèÿ ñòåíêè íà ðèñ. 10
óêàçûâàåò íà âûñîêóþ ýôôåêòèâíîñòü ìîäåðíè-
çàöèè âûõîäíîé ñòîðîíû ïðîøèâíûõ ñòàíîâ
ÒÏÀ 350. Ïðè ýòîì íåîáõîäèìî îòìåòèòü, ÷òî
îöåíêà âèáðîàêòèâíîñòè ñëîæíîé ìåõàíè÷åñêîé
ñèñòåìû ïðîâîäèòñÿ ìîäåëèðîâàíèåì äèíàìè-
÷åñêèõ ïðîöåññîâ, ÷òî ïîçâîëÿåò îòêàçàòüñÿ îò
äîðîãîñòîÿùèõ ýêñïåðèìåíòàëüíûõ èññëåäîâà-
íèé ïðîøèâíûõ ñòàíîâ ÒÏÀ 350.

Âûâîäû

1. Ïðèâåäåíû ðåçóëüòàòû âèáðîäèàãíîñòè-
êè öåíòðîâàòåëÿ ¹3 ìåõàíèçìà óäåðæàíèÿ îï-
ðàâêè ïðîøèâíîãî ñòàíà ¹ 1 ÒÏÀ 350 ïðè ïðî-
êàòêå ãèëüçû 28250 ìì, ñòàëü 20. Âèáðîóñêî-
ðåíèå ðû÷àãà îïîðíîãî ðîëèêà öåíòðîâàòåëÿ
¹ 3 ìåõàíèçìà óäåðæàíèÿ îïðàâêè äîñòèãàåò
5…12 ì/ñ2; à ÷àñòîòà êîëåáàíèé ðîëèêà, ïðè ýòîì,
ðàâíà 33, 3 Ãö. Ðåçóëüòàòû òîëùèíîìåòðèè ãèëü-
çû ïîñëå ïðîøèâíîãî ñòàíà ¹ 1 ÒÏÀ 350 ïðè
ïðîêàòêå ãèëüçû 28250 ìì, ñòàëü 20 è âèáðî-
äèàãíîñòèêè öåíòðîâàòåëåé ìåõàíèçìà óäåðæà-
íèÿ îïðàâêè óêàçûâàþò íà òåñíóþ âçàèìîñâÿçü
äèíàìèêè ìåõàíèçìà óäåðæàíèÿ îïðàâêè.

2. Ðàçðàáîòàí àëãîðèòì ðàñ÷åòà ñèëîâûõ
ïàðàìåòðîâ ïðîöåññà ïðîøèâêè òðóáíîé çàãî-
òîâêè íà ïðîøèâíîì ñòàíå ÒÏÀ ñ ó÷åòîì ïàðà-
ìåòðîâ êàëèáðîâêè îïðàâîê, ôîðìèðóþùèõ äè-
íàìè÷åñêóþ óñòîé÷èâîñòü ñòåðæíåâîé ñèñòåìû

ìåõàíèçìà åå óäåðæàíèÿ.
3. Èçëîæåíà ìåòîäèêà ïîñòðîåíèÿ äèíàìè-

÷åñêîé è ìàòåìàòè÷åñêîé ìîäåëåé ñòåðæíÿ ìå-
õàíèçìà óäåðæàíèÿ îïðàâêè ïðîøèâíîãî ñòàíà
ñ ó÷åòîì êàëèáðîâêè îïðàâêè.

3. Ïîëó÷åíî äèôôåðåíöèàëüíîå óðàâíåíèå
äâèæåíèÿ ñòåðæíÿ îïðàâêè äëÿ âûáðàííîé äè-
íàìè÷åñêîé ìîäåëè ìåõàíè÷åñêîé ñèñòåìû ïðî-
øèâíîãî ñòàíà ÒÏÀ.

4. Óòî÷íåíà äèíàìèêà ìåõàíè÷åñêîé ñèñ-
òåìû, ÷òî ñëóæèò èñõîäíûì ìàòåðèàëîì äëÿ ðå-
øåíèÿ çàäà÷ àíàëèçà ñîñòîÿíèÿ âèáðîàêòèâíîñ-
òè ìåõàíèçìà óäåðæàíèÿ îïðàâêè ïðîøèâíûõ
ñòàíîâ ÒÏÀ 350 íà ïðîöåññû ïðîêàòêè òðóá.

5. Äëÿ ñíèæåíèÿ óðîâíÿ âèáðîàêòèâíîñòè
ñòåðæíÿ ðåêîìåíäîâàíî âûáðàòü è íàçíà÷èòü
ðàöèîíàëüíûå êàëèáðîâêè îïðàâîê è ðåæèìû
ïðîêàòêè ãèëüç ìîäåëèðîâàíèåì äèíàìèêè ñè-
ñòåìû íà ñîîòâåòñòâóþùèõ ýòàïàõ ïðîåêòèðî-
âàíèÿ òåõíîëîãè÷åñêèõ ïðîöåññîâ.

6. Ïðåäëîæåíà ñõåìà ìîäåðíèçàöèè ìåõà-
íèçìà óäåðæàíèÿ îïðàâêè ïðîøèâíîãî ñòàíà
¹ 2 ÒÏÀ 350 ñ øåñòüþ öåíòðîâàòåëÿìè îòêðû-
òîãî òèïà ñ óäëèíåííûìè ðîëèêàìè L=300–
350 ìì ñ àâòîìàòèçèðîâàííûì ãèäðîïðèâîäîì
íà áàçå ïðîïîðöèîíàëüíîé ãèäðàâëèêè. Ïîêà-
çàíî ýôôåêòèâíîñòü ìîäåðíèçàöèè âûõîäíîé
ñòîðîíû ïðîøèâíûõ ñòàíîâ ÒÏÀ 350.
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ÄÈÍÀÌ²ÊÀ ÌÅÕÀÍ²ÇÌÓ ÓÒÐÈÌÀÍÍß ÎÏÐÀÂÊÈ
ÏÐÎØÈÂÍÎÃÎ ÑÒÀÍÓ ÒÐÓÁÎÏÐÎÊÀÒÍÎÃÎ
ÀÃÐÅÃÀÒÓ

Ðàõìàíîâ Ñ.Ð., Ãóëÿºâ Þ.Ã., Çäàíåâè÷ Ñ.Â.

Íàâåäåíî ðåçóëüòàòè â³áðîä³àãíîñòèêè öåíòðîâàòåëÿ
ìåõàí³çìó óòðèìàííÿ îïðàâêè ïðîøèâíîãî ñòàíó ¹1 òðóáî-
ïðîêàòíîãî àãðåãàòó (ÒÏÀ) 350. Âñòàíîâëåíî, ùî â³áðîïðèñ-
êîðåííÿ âàæåëÿ îïîðíîãî ðîëèêà öåíòðîâàòåëÿ ìåõàí³çìó óò-
ðèìàííÿ îïðàâêè ïðè ïðîêàòóâàíí³ ã³ëüçè 28250 ìì, ñòàëü 20
äîñÿãàº 5...12  ì/ñ2; à ÷àñòîòà êîëèâàíü âåðõíüîãî ðîëèêà, ïðè
öüîìó, äîð³âíþº 33,3 Ãö. Íàäàí³ ðåçóëüòàòè òîâùèíîìåòð³¿
ã³ëüçè ï³ñëÿ ïðîøèâíîãî ñòàíó ¹1 ÒÏÀ 350 ïðè ïðîêàòö³ ã³ëüçè
28250 ìì, ñòàëü 20, ùî âêàçóþòü íà õàðàêòåðíèé âïëèâ äè-
íàì³êè ñòåðæíÿ ìåõàí³çìó óòðèìàííÿ îïðàâêè. Âèêëàäåíî ìå-
òîäèêó ðîçðàõóíêó åíåðãîñèëîâèõ ïàðàìåòð³â ïðè ðåàë³çàö³¿ òåõ-
íîëîã³÷íîãî ïðîöåñó îòðèìàííÿ ã³ëüç çàäàíèõ ðîçì³ð³â íà ïðî-
øèâíîìó ñòàí³. Âèçíà÷åíî âåëè÷èíó îñüîâîãî îïîðó îïðàâëåííÿ
ïîòîêó ïðîøèâàíîãî ìåòàëó ç óðàõóâàííÿì ¿¿ êàë³áðóâàííÿ.
Ðîçðîáëåíî óòî÷íåíó ìåòîäèêó ïîáóäîâè äèíàì³÷íî¿ ìîäåë³ ñòåð-
æíÿ ìåõàí³çìó óòðèìàííÿ îïðàâêè ïðîøèâíîãî ñòàíó ç óðàõó-
âàííÿì ïàðàìåòð³â êàë³áðóâàííÿ îïðàâêè. Ñêëàäåíî äèôåðåí-
ö³àëüíå ð³âíÿííÿ ðóõó ñòåðæíÿ îïðàâêè äëÿ îáðàíî¿ äèíàì³÷íî¿
ìîäåë³ ìåõàí³÷íî¿ ñèñòåìè ïðîøèâíîãî ñòàíó ÒÏÀ. Óòî÷íåíî
äèíàì³÷í³ õàðàêòåðèñòèêè ìåõàí³÷íî¿ ñèñòåìè, ùî ñëóãóþòü
âèõ³äíèì ìàòåð³àëîì äëÿ âèð³øåííÿ çàäà÷ àíàë³çó ñòàíó â³áðî-
àêòèâíîñò³ ñòåðæíÿ îïðàâêè ïðîøèâíîãî ñòàíó ÒÏÀ. Äëÿ çíè-
æåííÿ ð³âíÿ â³áðîàêòèâíîñò³ ñòåðæíÿ ðåêîìåíäîâàíî âèáðà-
òè ðàö³îíàëüí³ êàë³áðóâàííÿ îïðàâîê ³ ïðèçíà÷èòè ðåæèìè ïðî-
êàòêè ã³ëüç ìîäåëþâàííÿì äèíàì³êè ìåõàí³÷íî¿ ñèñòåìè íà
â³äïîâ³äíèõ åòàïàõ ïðîåêòóâàííÿ òåõíîëîã³÷íèõ ïðîöåñ³â. Çàï-
ðîïîíîâàíî ñõåìó ìîäåðí³çàö³¿ âèõ³äíî¿ ñòîðîíè ïðîøèâíîãî
ñòàíó ÒÏÀ 350, øëÿõîì ïåðåêëàäó ïðèâîäó îïîðíèõ âóçë³â öåí-
òðîâàòåë³â ñòåðæíüîâî¿ ñèñòåìè íà ïðîïîðö³éíó ã³äðàâë³êó.

Êëþ÷îâ³ ñëîâà: ïðîøèâíèé ñòàí, â³áðîä³àãíîñòèêà,
òîëùèíîìåòð³ÿ, ïðîøèâàííÿ, ã³ëüçà, ð³çíîñò³íí³ñòü,
åíåðãîñèëîâ³ ïàðàìåòðè, êàë³áðóâàííÿ, îïðàâëåííÿ,
â³áðîàêòèâí³ñòü, äèíàì³êà, ìåõàí³çì óòðèìàííÿ îïðàâêè.

THE DYNAMICS OF THE CENTREING MECHANISM OF
PIERCING MILL MANDREL OF THE PIPE-ROLLING
PLANT

Rakhmanov S.R .a, Gulyaev Yu.G .a, Zdanevich S.V .b

a Scientigic and Production Enterprise «Vostok Plus», Dnipro,
Ukraine

b National Metallurgical Academy of Ukraine, Dnipro, Ukraine

The paper presents the results of the vibrodiagnostics of a
centering machine mechanism for holding piercing mill mandrel N1
of the pipe-rolling plant (PRP) 350. In the paper, it is established
that vibration acceleration of a bearing roller lever of the centering
machine mechanism for holding piercing mill mandrel during milling
of an 28250 mm shell, steel 20 reaches 5…12 m/s2, and of the
upper roller’s vibration frequency is 33.3 Hz. The paper presents the
results of the thickness measuring of the 28250 shell, steel 20
after using the piercing mill N1 350. The results shows the distinctive
influence of the dynamics of the milling holding mechanism rod.
The system is put forth for calculating the energy-power parameters
during the realization of the technical process for making shells of
the required specifications in a piercing mill. The paper establishes
the value of the milling axial resistance to the flow of the milled
metal (taking the calibration values into account). The paper presents
a refined system for making a dynamic model for the piercing bill
milling holding mechanism rod with the milling calibration parameters
taken fully included. A differential equation for the milling rod
movement is made, specifically for the dynamic model of the PRP
piercing mill mechanical system. The dynamic values of the
mechanical system are refined, which is used as a starting point for
solving the tasks dealing with the analysis of the PRP piercing mill
milling rod’s vibroactivity state. In order to decrease rod vibroactivity
levels, the paper recommends choosing rational milling calibration
and to set the shell milling modes using mechanical system dynamics
modelling during the corresponding stages of the design of technological
processes. The paper proposes a scheme for modernization of the
PRP 350 piercing bill exit side by switching the centering machine
rod system holding bridges gear to proportional hydraulics.

Keywords: piercing mill, vibration diagnostics, thickness
measurement, piercing, sleeve, difference in wall thickness, en-
ergy-power parameters, calibration, mandrel, vibroactivity, dy-
namics, mandrel retention mechanism.
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The paper discusses the development of a helper program «TypesetHelper», designed to

facilitate the process of creating and translating comics. An analysis of functions of translation

in modern society shows that translation, currently, is primarily a means of enabling

communication between people who speak different languages. This applies, among other

things, to such a specific niche as the translation of graphic novels, comics and manga. In

the modern world, comics have become an integral part of popular culture, but in Ukraine,

the culture of reading and translating comics is only at the stage of active formation. The

purpose of this work is to create software that would facilitate the process of work with the

inclusion of translated text in corresponding cleared illustrations. It is demonstrated that

the existing software, including both general-purpose graphic editors like Adobe Photoshop

and specialized programs for automatic recognition and translation of comics and manga,

has disadvantages with respect to the problem being solved and can not be considered as

a complete analogue of the software being developed. The functions that the program

should perform include opening an image file, placing a text in a selected area, centering

a text relative to a cloud, creating text layout, creating correct word division using automatic

hyphenation methods, saving the image to a file. An analysis of possible methods of text

layout when filling text clouds of various forms is given. The paper consider software

design using the Unified Modeling Language (Use Case diagram, State Diagram, User

Activity diagram) and its development using the C# programming language. Illustrations

of the program operation process are given, which demonstrate its interface and examples

of text division and layout using the selected methods. The developed helper program has

practical value and can be used in comics and manga publishing houses, or for amateur

translation.

Keywords: text processing, comics, text layout, UML, C#.
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Problem statement

The 21th century sets new challenges in the
information space of mankind. Because of mass
media, the role of translation in the life of mankind
is steadily increasing [1]. Today, translation relations
cover almost all spheres of human activity. The
movement of information flows knows no boundaries,
no time, no space. The infinite diversity of the
modern world is transmitted through the media in
the views and interpretations of numerous participants
in the international information process, like
journalists, correspondents, commentators,
cameramen. Therefore, the importance of translation
activities is constantly growing, and at the same time,
new translation problems also appear. The aggravation

of language problems dictates the search for new
solutions [2]. If earlier translation activity was
considered only in connection with the translation
of fiction, today translations of texts of a special
nature, like informational, economic, legal or
technical, began to occupy more and more important
place in terms of volume and social significance . At
the moment, specialists in highly specialized subjects,
such as technical, medical, economic, and many
others, are widely popular in translation activities.

To date, the requirements not only for
translation and its quality, but also for the translators
themselves have increased as much. In the modern
world, there is a very large number of translation
types: oral interpretation, written translation, machine
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translation, as well as a huge number of divisions for
each of these types of translation. A modern translator
must have a number of qualit ies, such as
responsibility, an objective assessment of their
knowledge and capabilities, and a sense of language.
No less important is the ability of a translator to
choose the right vocabulary and to recode the text
in the right way. For this purpose, in most cases,
special translation programs such as Trados or
thematic dictionaries become helpful.

Currently, the main function of translation is
informative or communicative, so translation is a
means to ensure the possibility of communication
between people who speak different languages. This
applies, among other things, to such a specific niche
as the translation of graphic novels, comics and
manga. In the modern world, comics have become
an integral part of popular culture and have gained
popularity in a variety of age and social groups, at
the same time, in Ukraine, the culture of reading
comics is at the stage of active formation.
Globalization and the establishment of a close
dialogue between cultures have determined the
growing interest to the problem of translating comics
into Ukrainian.

Analysis of recent research and publications

At the moment, there is quite a lot of software
that allows its users to process and create translations
of manga, comics, the main ones in use are
AdobePhotoshop and Paint.

Adobe Photoshop is mainly designed for editing
digital photos and creating bitmap graphics. Special
features of Adobe Photoshop include great variety
of tools for creating and processing bitmap images,
high quality processing of graphic images. However,
the disadvantages of the approach based on the use
of general-purpose image editors, such as Photoshop,
include the fact that all the necessary actions for
typesetting (filling in the text on the image) are carried
out manually. A typesetter must, first of all, select a
zone,  then insert a text, lay it out manually, then
select another tool and move the text so that it is
centered. All operations are performed at the
discretion of the user, often with errors. Automation
of some processes, such as word division, text layout,
text centring, will improve both the speed of
translation and its quality, given that a user still has
the ability to make additional adjustments, if
necessary, in manual mode. Creation of software
with such features will greatly facilitate the process
of translating manga and other types of comics for a
user.

The Mantra software, developed by students
and staff of the University of Tokyo, specializes in

translating from Japanese (the original) into five other
languages, including Korean, French, English, and
so on. The advantage of this program is that it detects
areas with text automatically using convolutional
neural networks, clears these areas, and inserts the
translated text in the desired location (cloud) [2–3].
However, there are also significant disadvantages,
namely: the program can not recognize a text if it
has a background, only single font is used, often a
size of resulted text is larger than a cloud itself, so a
word does not fit into necessary boundaries, the word
division is not carried out, so the layout itself does
not exist, in some cases, two languages are
superimposed in one cloud. In addition, despite the
significant development of machine translation tools
over the past decades, the quality of fully automated
translation is still significantly inferior to the quality
of human translation [4].

Formulation of the objectives of the paper

The objective of this work is to create the
software «TypesetHelper». As the name suggests, it
should help fill in the text in the clouds during the
translation of manga and comics. Creating a proper
layout (placing text relative to the cloud) is the main
task of development.

The functions that need to be implemented
include:

– opening an image file;
– placing text into a selected area;
– centering text relative to a cloud;
– creating the layout of a text;
– creating correct word hyphenation;
– saving the image to a file.
The correct word division mechanism should

present variants of splitting the word with all possible
hyphenations, after which the necessary word length
will be selected, and the rest will be transferred to
the next line [5].

Outline of the main research material

When developing the software, four methods
of text layout were proposed and compared.

The first proposed method consisted of
determining the length of a string based on the full
width of user-selected area. Its main drawback was
incorrect division of words, transferred part of the
word became too short, or too long. The second
method was based on calculation of the length of
each line as a specified percentage of the entire length
of the text in pixels. As in the previous case, because
of the uniqueness of the division of each word, it is
impossible to find a string length that coincides with
the ways of dividing the word, proposed by the word
division algorithm. The third method involved
counting a number of transfers and distributing them
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in rows according to the layout principles. The
advantage of this method over others is the fact that
it is possible to select a transferred part of the word
more accurately, disadvantage is the fact that spaces
between words destroy the layout, as they are not
considered when defining the text size. The fourth
and last of the proposed layout methods involved
filling each line with a certain number of syllables,
the advantage is the ability to accurately calculate
the required number of syllables for a particular line,
the disadvantage is that the length of the line may
be greater than the width of the selected area. This
disadvantage can be eliminated by automatically
reducing the font size. The layout in this case has a
better look compared to the other methods proposed
above. During the development, based on the analysis
of all the proposed methods, the fourth method of
layout was chosen.

When designing the software, UML diagrams
shown in figures 1–3 were created. Figure 1 shows a
Use Case diagram that includes main actions of a
user.

Fig. 1. Use Case diagram

The user first needs to upload an image, to
check how the image looks in full size, user’s optional
actions include: making adjustments to the program
settings, updating already created scripts, replacing,
deleting them, or adding new ones. In the process
of applying text to an image, the user can select the
desired area, enter a text that they want to fill this
area with, and get an automated result according to
the selected settings. On a last step, the user must
save their actions, namely save the updated image
in one of the types: png, jpg, bmp.

The State diagram is shown in fig. 2. It includes
four main states: program startup, initialization,
running the program, and saving all data. First, the
user starts the program, then initialization occurs so
that the system can use scripts and fonts. During
operation, the user can access the functions of the
program, described above, after completion of working
process, all activity is saved to a specific file.

Fig. 2. General State diagram

Figure 3 shows the Activity diagram. The
program has only one actor, which is the user, so
everyone has the opportunity to use it.

The user selects a necessary action using the
main form, optionally selects other functionality, if
the work is completed, exits the program.

Figure 4 shows the result of program operation.
In the program header, the user can change the font,
its size and style, frame color, interface language. In
the right panel, the user can edit scripts, select the
necessary action, like centering, and a certain type
of layout. This panel also contains a text field that
allows the user to get the available options for division
of an entered word. The text color is selected below.
The next component is a field for entering and editing

Fig. 3. Activity diagram for the user
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text. The last program control elements are buttons
for opening and saving images.

All the user needs to do is upload an image,
select a fill zone, insert a text in a special field and
click the «Execute» button. The program does not
guarantee the best version of the layout, it only offers
one of the options to which adjustments can be made
at a request of the user.

Conclusions

As noted in the paper, there is a growing
attention to the translation of multimedia texts
nowadays. The number of translations of comics into
other languages grows as well. At the same time,
amateur translation in this field has a much larger
scale than professional translation, which affects the
quality of translations. The developed software allows
its users to automate some stages of the translation
process, which makes it possible to make the
translation process faster and better. The analysis of
various methods of text layout when filling text clouds
is carried out, and the best of them is selected. The
work is of practical significance and can be used in
comics and manga publishing houses.
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Fig. 4. General view of text-filled clouds in the English interface
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ÐÅÀË²ÇÀÖ²ß ÏÐÎÃÐÀÌÈ-ÏÎÌ²×ÍÈÊÀ ÄËß
ÑÒÂÎÐÅÍÍß ÊÎÌ²ÊÑ²Â Ç ÂÈÊÎÐÈÑÒÀÍÍßÌ
ÌÅÒÎÄ²Â ÎÁÐÎÁÊÈ ÒÅÊÑÒÓ

Òðóáíèêîâ Ñ.Â., Äåíèñþê Î.Ð.

Ó ñòàòò³ ðîçãëÿäàºòüñÿ ðîçðîáêà ïðîãðàìè-ïîì³÷íèêà
TypesetHelper, ïðèçíà÷åíî¿ äëÿ ïîëåãøåííÿ ïðîöåñó ñòâîðåííÿ
òà ïåðåêëàäó êîì³êñ³â. Àíàë³ç ôóíêö³é ïåðåêëàäó â ñó÷àñíîìó
ñóñï³ëüñòâ³ äåìîíñòðóº, ùî ïåðåêëàä ÿâëÿº ñîáîþ ïåðø çà âñå
çàñ³á çàáåçïå÷èòè ìîæëèâ³ñòü êîìóí³êàö³¿ ì³æ ëþäüìè, ùî
ãîâîðÿòü íà ð³çíèõ ìîâàõ. Öå ñòîñóºòüñÿ, ïîì³æ ³íøîãî, òàêî¿
ñïåöèô³÷íî¿ í³ø³, ÿê ïåðåêëàä ãðàô³÷íèõ ðîìàí³â, êîì³êñ³â ³
ìàíãè. Ó ñó÷àñíîìó ñâ³ò³ êîì³êñ ñòàâ íåâ³ä’ºìíîþ ÷àñòèíîþ
ìàñîâî¿ êóëüòóðè, ïðîòå â Óêðà¿í³ êóëüòóðà ÷èòàííÿ òà ïåðå-
êëàäó êîì³êñ³â çíàõîäèòüñÿ ò³ëüêè íà ñòàä³¿ àêòèâíîãî ôîð-
ìóâàííÿ. Ìåòîþ äàíî¿ ðîáîòè º ñòâîðåííÿ ïðîãðàìíîãî çàáåç-
ïå÷åííÿ, ùî ïîâèííå ïîëåãøóâàòè ðîáîòó ç âêëþ÷åííÿì ïåðå-
êëàäåíîãî òåêñòó äî â³äïîâ³äíèõ î÷èùåíèõ ³ëþñòðàö³é. Äåìîí-
ñòðóºòüñÿ, ùî ³ñíóþ÷å ïðîãðàìíå çàáåçïå÷åííÿ, âêëþ÷àþ÷è ÿê
ãðàô³÷í³ ðåäàêòîðè çàãàëüíîãî ïðèçíà÷åííÿ, òàê ³ ñïåö³àë³çî-
âàí³ ïðîãðàìè äëÿ àâòîìàòè÷íîãî ðîçï³çíàâàííÿ òà ïåðåêëàäó
êîì³êñ³â òà ìàíãè, ìàþòü íåäîë³êè ñòîñîâíî âèð³øóâàíî¿ çà-
äà÷³ ³ íå ìîæóòü ðîçãëÿäàòèñÿ ÿê ïîâíèé àíàëîã ïðîãðàìíîãî
çàáåçïå÷åííÿ, ùî ðîçðîáëÿºòüñÿ. Ôóíêö³¿, ÿê³ ïîâèííà âèêîíó-
âàòè ïðîãðàìà: â³äêðèòòÿ ôàéëó çîáðàæåííÿ, ðîçì³ùåííÿ òåê-
ñòó ó âèáðàíó çîíó, öåíòðóâàííÿ òåêñòó ùîäî õìàðè, êîìïî-
íóâàííÿ òåêñòó, êîðåêòíå ïåðåíåñåííÿ ñëîâà ç âèêîðèñòàííÿì
ìåòîä³â àâòîìàòè÷íî¿ ðîçñòàíîâêè ïåðåíîñ³â, çáåðåæåííÿ çîá-
ðàæåííÿ äî ôàéëó. Íàâåäåíî àíàë³ç ìîæëèâèõ ìåòîä³â êîìïî-
íóâàííÿ òåêñòó ïðè çàïîâíåíí³ òåêñòîâèõ õìàð ð³çíî¿ ôîðìè.
Ðîçãëÿäàºòüñÿ ïðîåêòóâàííÿ ïðîãðàìíîãî çàáåçïå÷åííÿ çà äî-
ïîìîãîþ ìîâè Unified Modeling Language (ä³àãðàìà ïðåöåäåíò³â,
ä³àãðàìà ñòàí³â, ä³àãðàìà ä³ÿëüíîñò³ êîðèñòóâà÷à) òà éîãî
ðîçðîáêà ç âèêîðèñòàííÿì ìîâè ïðîãðàìóâàííÿ Ñ#. Íàâåäåíî
³ëþñòðàö³¿ ðîáîòè ïðîãðàìè, ÿê³ äåìîíñòðóþòü ¿¿ ³íòåðôåéñ
òà ïðèêëàäè ïåðåíåñåííÿ òà êîìïîíóâàííÿ òåêñòó çà äîïîìî-
ãîþ îáðàíèõ ìåòîä³â. Äàíà ïðîãðàìà-ïîì³÷íèê ìàº ïðàêòè÷íå
çíà÷åííÿ òà ìîæå áóòè âèêîðèñòàíà ó âèäàâíèöòâàõ êîì³êñ³â
³ ìàíãè, àáî äëÿ àìàòîðñüêîãî ïåðåêëàäó.

Keywords: text processing, comics, text layout, UML, C#.

ÐÅÀËÈÇÀÖÈß ÏÐÎÃÐÀÌÌÛ-ÏÎÌÎÙÍÈÊÀ ÄËß
ÑÎÇÄÀÍÈß ÊÎÌÈÊÑÎÂ Ñ ÈÑÏÎËÜÇÎÂÀÍÈÅÌ
ÌÅÒÎÄÎÂ ÎÁÐÀÁÎÒÊÈ ÒÅÊÑÒÀ

Òðóáíèêîâ Ñ.Â., Äåíèñþê Î.Ð.

Â ñòàòüå ðàññìàòðèâàåòñÿ ðàçðàáîòêà ïðîãðàììû-ïî-
ìîùíèêà TypesetHelper, ïðåäíàçíà÷åííîé äëÿ îáëåã÷åíèÿ ïðî-
öåññà ñîçäàíèÿ è ïåðåâîäà êîìèêñîâ. Àíàëèç ôóíêöèé ïåðåâîäà
â ñîâðåìåííîì îáùåñòâå ïîêàçûâàåò, ÷òî ïåðåâîä ïðåäñòàâ-
ëÿåò ñîáîé ïðåæäå âñåãî ñðåäñòâî îáåñïå÷åíèÿ âîçìîæíîñòè
êîììóíèêàöèè ìåæäó ëþäüìè, ãîâîðÿùèìè íà ðàçíûõ ÿçûêàõ.
Ýòî êàñàåòñÿ, ñðåäè ïðî÷åãî, òàêîé ñïåöèôè÷åñêîé íèøè, êàê
ïåðåâîä ãðàôè÷åñêèõ ðîìàíîâ, êîìèêñîâ è ìàíãè. Â ñîâðåìåí-
íîì ìèðå êîìèêñ ñòàë íåîòúåìëåìîé ÷àñòüþ ìàññîâîé êóëü-
òóðû, îäíàêî â Óêðàèíå êóëüòóðà ÷òåíèÿ è ïåðåâîäà êîìèêñîâ
íàõîäèòñÿ òîëüêî íà ñòàäèè àêòèâíîãî ôîðìèðîâàíèÿ. Öåëüþ
äàííîé ðàáîòû ÿâëÿåòñÿ ñîçäàíèå ïðîãðàììíîãî îáåñïå÷åíèÿ,
êîòîðîå äîëæíî îáëåã÷àòü ðàáîòó ñ âêëþ÷åíèåì ïåðåâåäåííîãî
òåêñòà â ñîîòâåòñòâóþùèå î÷èùåííûå èëëþñòðàöèè. Äåìîí-
ñòðèðóåòñÿ, ÷òî ñóùåñòâóþùåå ïðîãðàììíîå îáåñïå÷åíèå,
âêëþ÷àÿ êàê ãðàôè÷åñêèå ðåäàêòîðû îáùåãî íàçíà÷åíèÿ, òàê è
ñïåöèàëèçèðîâàííûå ïðîãðàììû äëÿ àâòîìàòè÷åñêîãî ðàñïîç-
íàâàíèÿ è ïåðåâîäà êîìèêñîâ è ìàíãè, èìåþò íåäîñòàòêè îò-
íîñèòåëüíî ðåøàåìîé çàäà÷è è íå ìîãóò ðàññìàòðèâàòüñÿ êàê
ïîëíûé àíàëîã ðàçðàáàòûâàåìîãî ïðîãðàììíîãî îáåñïå÷åíèÿ.
Ôóíêöèè, êîòîðûå äîëæíà âûïîëíÿòü ïðîãðàììà âêëþ÷àþò:
îòêðûòèå ôàéëà èçîáðàæåíèÿ, ðàçìåùåíèå òåêñòà â âûáðàí-
íóþ çîíó, öåíòðèðîâàíèå òåêñòà îòíîñèòåëüíî îáëàêà, êîì-
ïîíîâêà òåêñòà, êîððåêòíûé ïåðåíîñ ñëîâà ñ èñïîëüçîâàíèåì
ìåòîäîâ àâòîìàòè÷åñêîé ðàññòàíîâêè ïåðåíîñîâ, ñîõðàíåíèå
èçîáðàæåíèÿ â ôàéë. Ïðèâåäåí àíàëèç âîçìîæíûõ ìåòîäîâ
êîìïîíîâêè òåêñòà ïðè çàïîëíåíèè òåêñòîâûõ îáëàêîâ ðàç-
ëè÷íîé ôîðìû. Ðàññìàòðèâàåòñÿ ïðîåêòèðîâàíèÿ ïðîãðàìì-
íîãî îáåñïå÷åíèÿ ñ ïîìîùüþ ÿçûêà Unified Modeling Language
(äèàãðàììà ïðåöåäåíòîâ, äèàãðàììà ñîñòîÿíèé, äèàãðàììà
äåÿòåëüíîñòè ïîëüçîâàòåëÿ) è åãî ðàçðàáîòêà ñ èñïîëüçîâàíè-
åì ÿçûêà ïðîãðàììèðîâàíèÿ Ñ#. Ïðèâåäåíû èëëþñòðàöèè ðà-
áîòû ïðîãðàììû, äåìîíñòðèðóþùèå åå èíòåðôåéñ è ïðèìåðû
ïåðåíîñà è êîìïîíîâêè òåêñòà ñ ïîìîùüþ âûáðàííûõ ìåòî-
äîâ. Äàííàÿ ïðîãðàììà-ïîìîùíèê èìååò ïðàêòè÷åñêîå çíà÷å-
íèå è ìîæåò áûòü èñïîëüçîâàíà â èçäàòåëüñòâàõ êîìèêñîâ è
ìàíãè, à òàêæå äëÿ ëþáèòåëüñêîãî ïåðåâîäà.

Keywords: text processing, comics, text layout, UML, C#.
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IMPLEMENTATION OF A HELPER PROGRAM FOR
COMICS CREATION USING TEXT PROCESSING
METHODS

Trubnikov S.V., Denysiuk O.R.

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

The paper discusses the development of a helper program
«TypesetHelper», designed to facilitate the process of creating and
translating comics. An analysis of functions of translation in modern
society shows that translation, currently, is primarily a means of
enabling communication between people who speak different
languages. This applies, among other things, to such a specific niche
as the translation of graphic novels, comics and manga. In the modern
world, comics have become an integral part of popular culture, but
in Ukraine, the culture of reading and translating comics is only at
the stage of active formation. The purpose of this work is to create
software that would facilitate the process of work with the inclusion
of translated text in corresponding cleared illustrations. It is
demonstrated that the existing software, including both general-purpose
graphic editors like Adobe Photoshop and specialized programs for
automatic recognition and translation of comics and manga, has
disadvantages with respect to the problem being solved and can not
be considered as a complete analogue of the software being developed.
The functions that the program should perform include opening an
image file, placing a text in a selected area, centering a text relative
to a cloud, creating text layout, creating correct word division using
automatic hyphenation methods, saving the image to a file. An analysis
of possible methods of text layout when filling text clouds of various
forms is given. The paper consider software design using the Unified
Modeling Language (Use Case diagram, State Diagram, User Activity
diagram) and its development using the C# programming language.
Illustrations of the program operation process are given, which
demonstrate its interface and examples of text division and layout
using the selected methods. The developed helper program has
practical value and can be used in comics and manga publishing
houses, or for amateur translation.

Keywords: text processing, comics, text layout, UML, C#.
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ÇÀÑÒÎÑÓÂÀÍÍß ÄÂÎÏ²ÂÏÅÐ²ÎÄÍÎÃÎ Ï²ÄÑÈËÞÞ×ÎÃÎ ÂÈÏÐßÌËß×À
ÍÀÏÐÓÃÈ ÁÅÇ Ä²ÎÄ²Â ÍÀ ÎÏÅÐÀÖ²ÉÍÈÕ Ï²ÄÑÈËÞÂÀ×ÀÕ Ó

ÀÂÒÎÌÀÒÈÇÎÂÀÍ²É ÑÈÑÒÅÌ² ÂÈÏÐÎÁÓÂÀÍÜ ÍÀ ÐÎÇÐÈÂÍ²É ÌÀØÈÍ²

ÄÂÍÇ «Óêðà¿íñüêèé äåðæàâíèé õ³ì³êî-òåõíîëîã³÷íèé óí³âåðñèòåò», ì. Äí³ïðî, Óêðà¿íà

Ó ñòàòò³ ðîçãëÿíóòî ïðîáëåìó ïåðåòâîðåííÿ âèì³ðþâàëüíîãî ñèãíàëó äèôåðåíö³é-

íîãî òðàíñôîðìàòîðíîãî ïåðåòâîðþâà÷à óí³âåðñàëüíèõ âèïðîáóâàëüíèõ ìàøèí äëÿ

ïîäàëüøî¿ îáðîáêè ì³êðîïðîöåñîðíèì êîíòðîëåðîì. Äëÿ àâòîìàòèçàö³¿ ïðîöåñó

âèïðîáóâàíü íåîáõ³äíî çáèðàòè, îáðîáëÿòè òà ïåðåäàâàòè âèì³ðþâàí³ äàí³ äî àâòî-

ìàòèçîâàíîãî ðîáî÷îãî ì³ñöÿ çà äîïîìîãîþ ì³êðîïðîöåñîðíîãî êîíòðîëåðà. ×åðåç

òå, ùî çàçâè÷àé íà âòîðèííèõ îáìîòêàõ äèôåðåíö³éíèõ òðàíñôîðìàòîðíèõ ïåðå-

òâîðþâà÷³â óòâîðþºòüñÿ çì³ííà íàïðóãà äóæå ìàëî¿ âåëè÷èíè, òàêèé âèì³ðþâàëü-

íèé ñèãíàë íåìîæëèâî îáðîáèòè çà äîïîìîãîþ ñó÷àñíèõ ì³êðîïðîöåñîðíèõ êîíò-

ðîëåð³â áåç ïåðåòâîðåííÿ. Îñê³ëüêè àíàëîãî-öèôðîâèé ïåðåòâîðþâà÷ ì³êðîïðîöå-

ñîðíîãî êîíòðîëåðà íå ìîæå ïðàöþâàòè ç³ çì³ííîþ íàïðóãîþ, âèíèêàº íåîáõ³äí³ñòü

âèïðÿìëåííÿ òà ï³äñèëåííÿ âèì³ðþâàëüíîãî ñèãíàëó. Äëÿ íèçüêî¿ íàïðóãè (ìåíøå

0,6 Â) âèêîðèñòàííÿ çâè÷àéíèõ ðåçèñòîðíî-ä³îäíèõ âèïðÿìëÿ÷³â ñòàº íåìîæëèâèì

³ ç’ÿâëÿºòüñÿ íåîáõ³äí³ñòü çàñòîñóâàííÿ ³íøèõ ñïîñîá³â âèïðÿìëåííÿ çì³ííîãî åëåê-

òðè÷íîãî ñòðóìó. Çàïðîïîíîâàíî âèêîðèñòàííÿ äâîï³âïåð³îäíèõ àêòèâíèõ âèïðÿì-

ëÿ÷³â áåç ä³îä³â íà îïåðàö³éíèõ ï³äñèëþâà÷àõ äëÿ ïåðåòâîðåííÿ âèì³ðþâàëüíîãî

ñèãíàëó äèôåðåíö³éíèõ òðàíñôîðìàòîðíèõ ïåðåòâîðþâà÷³â, ðîçãëÿíóòî îñíîâí³

íåäîë³êè ä³îäíèõ âèïðÿìëÿ÷³â ³ ïåðåâàãè âèïðÿìëÿ÷³â íà îïåðàö³éíèõ ï³äñèëþâà-

÷àõ. Íàéá³ëüøîþ ïåðåâàãîþ âèïðÿìëÿ÷à, çàïðîïîíîâàíîãî äëÿ âèêîðèñòàííÿ ó

àâòîìàòèçîâàí³é ñèñòåì³ âèïðîáóâàíü, º çäàòí³ñòü îäíî÷àñíî âèïðÿìëÿòè òà ï³äñè-

ëþâàòè âèì³ðþâàëüíèé ñèãíàë ç íåîáõ³äíîþ òî÷í³ñòþ, ùî äîçâîëÿº îáðîáèòè éîãî

çà äîïîìîãîþ á³ëüøîñò³ ñó÷àñíèõ ì³êðîïðîöåñîðíèõ êîíòðîëåð³â. Âïåðøå áóëî

ðîçðîáëåíî àâòîìàòèçîâàíó ñèñòåìó âèïðîáóâàíü íà ðîçðèâí³é ìàøèí³ ç âèêîðèñ-

òàííÿì äâîï³âïåð³îäíîãî àêòèâíîãî âèïðÿìëÿ÷à íàïðóãè íà îïåðàö³éíèõ ï³äñèëþ-

âà÷àõ áåç âèêîðèñòàííÿ ä³îä³â. Ñõåìà, íàâåäåíà â ñòàòò³, äîçâîëÿº ïåðåòâîðèòè ñèã-

íàë äèôåðåíö³éíîãî òðàíñôîðìàòîðíîãî ïåðåòâîðþâà÷à äëÿ ïîäàëüøîãî îáðîáëåííÿ

çà äîïîìîãîþ ì³êðîêîíòðîëåðíî¿ ïëàòôîðìè Arduino. Àêòèâíèé äâîï³âïåð³îäíèé

ï³äñèëþþ÷èé âèïðÿìëÿ÷ íàïðóãè áåç ä³îä³â íà îïåðàö³éíèõ ï³äñèëþâà÷àõ ìîæå

áóòè âèêîðèñòàíèé äëÿ ìîäåðí³çàö³¿ âèïðîáóâàëüíî¿ àáî âèì³ðþâàëüíî¿ òåõí³êè,

ùî ì³ñòèòü äèôåðåíö³éíèé òðàíñôîðìàòîðíèé ïåðåòâîðþâà÷ âèì³ðþâàëüíîãî ñèã-

íàëó. Ðîçðîáëåíó ñõåìó âèïðÿìëÿ÷à áóëî çàñòîñîâàíî äëÿ àâòîìàòèçàö³¿ ïðîöåñó

âèïðîáóâàíü íà ðîçðèâí³é ìàøèí³ ìîäåë³ Ð-0,5.

Êëþ÷îâ³ ñëîâà: äèôåðåíö³éíèé òðàíñôîðìàòîðíèé ïåðåòâîðþâà÷, îïåðàö³éíèé ï³äñè-

ëþâà÷, âèïðÿìëÿ÷, ïåðåòâîðþâà÷ âèì³ðþâàëüíîãî ñèãíàëó, ðîçðèâíà ìàøèíà, àâ-

òîìàòèçîâàíà ñèñòåìà âèïðîáóâàíü.
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Ïîñòàíîâêà ïðîáëåìè

Ï³ä ÷àñ ïðîåêòóâàííÿ é ðîçðàõóíê³â íà
ì³öí³ñòü, æîðñòê³ñòü ³ ñò³éê³ñòü åëåìåíò³â ìå-
õàí³çì³â, ìàøèí ³ ñïîðóä òðåáà çíàòè âëàñòè-

âîñò³ ìàòåð³àë³â. Òîìó ìàòåð³àëè âèïðîáóþòü íà
ðîçòÿãàííÿ, ñòèñêàííÿ, çñóâ, êðó÷åííÿ, çãèíàí-
íÿ òà òâåðä³ñòü. Îäíèì ç îñíîâíèõ âèä³â âèïðî-
áóâàíü ìàòåð³àë³â º âèïðîáóâàííÿ íà ðîçòÿãàí-
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íÿ, îñê³ëüêè ïðè öüîìó âèÿâëÿþòüñÿ íàéâàæ-
ëèâ³ø³ ¿õ âëàñòèâîñò³. Äëÿ âèïðîáóâàíü íà ðîç-
òÿãàííÿ âèêîðèñòîâóþòü ðîçðèâí³ ìàøèíè, ùî
äàþòü çìîãó â ïðîöåñ³ âèïðîáóâàííÿ âèçíà÷èòè
çóñèëëÿ òà â³äïîâ³äí³ äî íèõ äåôîðìàö³¿ çðàçêà.
Íà îñíîâ³ äàíèõ, îòðèìàíèõ â ðåçóëüòàò³ âèïðî-
áóâàííÿ, áóäóþòü ä³àãðàìó ðîçòÿãàííÿ. Õàðàê-
òåð ä³àãðàìè çàëåæèòü â³ä âëàñòèâîñòåé âèïðî-
áóâàíîãî ìàòåð³àëó [1]. Äëÿ âèì³ðþâàííÿ çíà÷åí-
íÿ ñèëè, ïðèêëàäåíî¿ äî çðàçêà ó ðîçðèâíèõ ìà-
øèíàõ âèêîðèñòîâóþòüñÿ ìàÿòíèêîâ³, òîðñ³îíí³
àáî åëåêòðè÷í³ ñèëîâèì³ðþâà÷³. Ìàÿòíèêîâèé
ñèëîâèì³ðþâà÷ âèçíà÷àº ñèëó, ïðèêëàäåíó äî
çðàçêà çà êóòîì â³äõèëåííÿ ìàÿòíèêà, òîðñ³îí-
íèé – çà êóòîì çàêðó÷åííÿ òîðñ³îíó, åëåêòðè÷-
íèé – çà åëåêòðè÷íèì îïîðîì òåíçîäàò÷èêà [2].
Íàéá³ëüø ïîøèðåíèìè ç íèõ º ìàÿòíèêîâ³ òà
òîðñ³îíí³ ñèëîâèì³ðþâà÷³. Äëÿ ïåðåòâîðåííÿ
çíà÷åííÿ êóòà â³äõèëåííÿ ìàÿòíèêà àáî êóòà çàê-
ðó÷åííÿ òîðñ³îíó â åëåêòðè÷íèé ñèãíàë çàçâè-
÷àé çàñòîñîâóþòü äèôåðåíö³éí³ òðàíñôîðìàòîðí³
ïåðåòâîðþâà÷³. Ùîá âèçíà÷èòè çíà÷åííÿ ñèëè,
ïðèêëàäåíî¿ äî çðàçêà, íåîáõ³äíî òî÷íî âèì³ðÿ-
òè çíà÷åííÿ íàïðóãè íà îäí³é ç âèõ³äíèõ îáìî-
òîê äèôåðåíö³éíîãî òðàíñôîðìàòîðíîãî ïåðå-
òâîðþâà÷à ðîçðèâíî¿ ìàøèíè. Â³äîìî, ùî íà
âèõîä³ òðàíñôîðìàòîðà çàâæäè çì³ííèé åëåêò-
ðè÷íèé ñòðóì, à á³ëüø³ñòü ïðîãðàìîâàíèõ ëîã³-
÷íèõ êîíòðîëåð³â ìîæóòü ïðàöþâàòè ò³ëüêè ç
ïîñò³éíèì ñòðóìîì. Òîìó íåîáõ³äíî çàñòîñóâà-
òè âèïðÿìëÿ÷ çì³ííîãî ñòðóìó, ùîá ìàòè ìîæ-
ëèâ³ñòü îáðîáêè âèì³ðþâàëüíîãî ñèãíàëó çà äî-
ïîìîãîþ ì³êðîïðîöåñîðíîãî êîíòðîëåðà. Äîñ-
ë³äíèì øëÿõîì áóëî âèçíà÷åíî, ùî çíà÷åííÿ
âèõ³äíî¿ íàïðóãè äèôåðåíö³éíîãî òðàíñôîðìà-
òîðíîãî ïåðåòâîðþâà÷à ðîçðèâíî¿ ìàøèíè Ð-0,5
çì³íþºòüñÿ â ä³àïàçîí³ ïðèáëèçíî â³ä 370 äî
800 ìÂ. Äëÿ âèïðÿìëåííÿ çì³ííîãî ñòðóìó òàêî¿
ìàëî¿ íàïðóãè íåìîæëèâî âèêîðèñòîâóâàòè ä³î-
äè. Çâè÷àéí³ ðåçèñòîðíî-ä³îäí³ âèïðÿìëÿ÷³ íå-
çàäîâ³ëüíî ïðàöþþòü ïðè âèïðÿìëåíí³ íàïðóã,
ìåíøèõ çà 0,6 Â äëÿ êðåìí³ºâèõ òà 0,4 Â äëÿ ãåð-
ìàí³ºâèõ ä³îä³â, îñê³ëüêè íåìîæëèâî âèêëþ÷è-
òè âïëèâ ïðÿìîãî ïàä³ííÿ íàïðóãè íà ä³îä³.
Íàâ³òü ä³îäè Øîòêè, ùî ìàþòü íåâåëèêèé îï³ð
³ âèñîêó øâèäêîä³þ, íå çìîæóòü âèïðÿìèòè òàêó
ìàëó íàïðóãó ç íåâåëèêîþ ïîõèáêîþ.
Íåë³í³éí³ñòü âîëüò-àìïåðíî¿ õàðàêòåðèñòèêè
ä³îä³â º íàéá³ëüøèì íåäîë³êîì âèïðÿìëÿ÷³â íà
ä³îäàõ, ùî íå äîçâîëÿº âèêîðèñòîâóâàòè òàê³
ñõåìè äëÿ âèì³ðþâàëüíî¿ òåõí³êè.

Àíàë³ç îñòàíí³õ äîñë³äæåíü ³ ïóáë³êàö³é

Äëÿ òî÷íîãî âèì³ðþâàííÿ çì³ííî¿ íàïðóãè
ìàëî¿ âåëè÷èíè, êîëè âèêîðèñòàííÿ ä³îä³â ñòàº

íåìîæëèâèì, âèêîðèñòîâóþòü âèïðÿìëÿ÷³ íà
îïåðàö³éíèõ ï³äñèëþâà÷àõ [3–7]. Çàñòîñóâàííÿ
îïåðàö³éíèõ ï³äñèëþâà÷³â äîçâîëÿº â çíà÷í³é
ì³ð³ ïîñëàáèòè âïëèâ ðåàëüíèõ õàðàêòåðèñòèê
ä³îä³â. Ó áàãàòüîõ âèì³ðþâàëüíèõ ñõåìàõ íåîá-
õ³äíî âèä³ëåííÿ àáî ñêëàäîâèõ ò³ëüêè îäí³º¿ ïî-
ëÿðíîñò³ (îäíîï³âïåð³îäíå âèïðÿìëåííÿ), àáî
âèçíà÷åííÿ àáñîëþòíîãî çíà÷åííÿ ñèãíàëó (äâî-
ï³âïåð³îäíå âèïðÿìëåííÿ). Ó âèì³ðþâàëüí³é
òåõí³ö³ íàé÷àñò³øå âèêîðèñòîâóþòü ñàìå äâî-
ï³âïåð³îäíå âèïðÿìëåííÿ. Á³ëüø³ñòü ³ñíóþ÷èõ
ñõåì âèïðÿìëÿ÷³â íàïðóãè íà îñíîâ³ îïåðàö³é-
íèõ ï³äñèëþâà÷³â ì³ñòÿòü ó ñâî¿é ñõåì³ ä³îäè [3–
7]. Òàê³ ñõåìè º íàéá³ëüø â³äîìèìè òà øèðîêî
çàñòîñîâóþòüñÿ ó âèì³ðþâàëüí³é òåõí³ö³. Àëå
âèïðÿìëÿ÷ íà îñíîâ³ îïåðàö³éíèõ ï³äñèëþâà÷³â
ìîæå ïðàöþâàòè ³ áåç ä³îä³â [8]. Òàê³ ñõåìè íå
îòðèìàëè øèðîêîãî çàñòîñóâàííÿ ³ ðàí³øå íå âè-
êîðèñòîâóâàëèñÿ ó âèïðîáóâàëüí³é òåõí³ö³. Âïåð-
øå äâîï³âïåð³îäíèé àêòèâíèé âèïðÿìëÿ÷ áåç
ä³îä³â çàñòîñîâàíî äëÿ ïåðåòâîðåííÿ âèì³ðþâàëü-
íîãî ñèãíàëó äèôåðåíö³éíîãî òðàíñôîðìàòîð-
íîãî äàò÷èêà ðîçðèâíî¿ ìàøèíè äëÿ ïîäàëüøî-
ãî îáðîáëåííÿ ì³êðîïðîöåñîðíèì êîíòðîëåðîì.

Ïîñòàíîâêà çàâäàííÿ

Çàäà÷à àâòîìàòèçàö³¿ ïðîöåñó âèïðîáóâàíü
ìàòåð³àë³â íà ðîçòÿãàííÿ ïîëÿãàº â òîìó, ùî
âèì³ðþâàëüí³ ñèãíàëè ç ðîçðèâíî¿ ìàøèíè ìà-
þòü ïåðåäàâàòèñÿ äî àâòîìàòèçîâàíîãî ðîáî÷î-
ãî ì³ñöÿ (ÀÐÌ) îïåðàòîðà, äå àâòîìàòè÷íî ìàº
áóäóâàòèñü ä³àãðàìà ðîçòÿãàííÿ òà â³äîáðàæàòè-
ñÿ ³íø³ âèì³ðþâàí³ ïàðàìåòðè, òàê³ ÿê òåìïåðà-
òóðà íàâêîëèøíüîãî ñåðåäîâèùà òà øâèäê³ñòü
ðîçòÿãàííÿ. Äëÿ âèì³ðþâàííÿ çíà÷åííÿ ñèëè,
ïðèêëàäåíî¿ äî çðàçêó íåîáõ³äíî òî÷íî âèì³ðÿ-
òè çíà÷åííÿ íàïðóãè íà âòîðèíí³é îáìîòö³ äè-
ôåðåíö³éíîãî òðàíñôîðìàòîðíîãî äàò÷èêà. Îñ-
ê³ëüêè âèì³ðþâàëüíèé ñèãíàë äèôåðåíö³éíîãî
òðàíñôîðìàòîðíîãî äàò÷èêà ðîçðèâíî¿ ìàøèíè
ìàº ìàëó âåëè÷èíó éîãî íåîáõ³äíî âèïðÿìëÿòè
òà ï³äñèëþâàòè çà äîïîìîãîþ ñõåìè íà îñíîâ³
îïåðàö³éíèõ ï³äñèëþâà÷³â. Äëÿ îáðîáêè âèì³-
ðþâàëüíîãî ñèãíàëó ìîæå áóòè çàñòîñîâàíî
ì³êðîêîíòðîëåðíó ïëàòôîðìó Arduino.

Âèêëàä îñíîâíîãî ìàòåð³àëó äîñë³äæåííÿ

Äëÿ âèð³øåííÿ ïðîáëåìè âèïðÿìëåííÿ òà
ï³äñèëåííÿ âèì³ðþâàëüíîãî ñèãíàëó äèôåðåí-
ö³éíîãî òðàíñôîðìàòîðíîãî äàò÷èêà ðîçðèâíî¿
ìàøèíè áóëî çàñòîñîâàíî äâîï³âïåð³îäíèé
ï³äñèëþþ÷èé âèïðÿìëÿ÷ íà îïåðàö³éíèõ ï³äñè-
ëþâà÷àõ áåç âèêîðèñòàííÿ ä³îä³â. Äëÿ òàêîãî
âèïðÿìëÿ÷à íåîáõ³äíî çàñòîñóâàòè äâà îïåðà-
ö³éíèõ ï³äñèëþâà÷à. Ïðèäàòíîþ äëÿ öüîãî º
ì³êðîñõåìà LM358, îñê³ëüêè âîíà º íàéá³ëüø
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ïîøèðåíîþ òà íåäîðîãîþ ì³êðîñõåìîþ, ùî ñêëà-
äàºòüñÿ ç äâîõ îïåðàö³éíèõ ï³äñèëþâà÷³â, à òà-
êîæ â³äð³çíÿºòüñÿ íèçüêèì åíåðãîñïîæèâàííÿì,
ìîæëèâ³ñòþ ïðàöþâàòè â ñõåìàõ ç îäíîïîëÿð-
íèì æèâëåííÿì â³ä 3 äî 32 Âîëüò òà íàÿâí³ñòþ
çàõèñòó â³ä êîðîòêîãî çàìèêàííÿ. Êîåô³ö³ºíò
ï³äñèëåííÿ âñòàíîâëþºòüñÿ ä³ëüíèêàìè íàïðó-
ãè. Ðîçðîáëåíó ñõåìó âèïðÿìëÿ÷à íàïðóãè äëÿ
äèôåðåíö³éíîãî òðàíñôîðìàòîðíîãî ïåðåòâîðþ-
âà÷à óí³âåðñàëüíî¿ ðîçðèâíî¿ ìàøèíè íàâåäåíî
íà ðèñóíêó.

Äëÿ íîðìàëüíî¿ ðîáîòè ñõåìà ìàº æèâèòè-
ñÿ â³ä íàïðóãè 932 Â, îñê³ëüêè ìàêñèìàëüíî
ìîæëèâå çíà÷åííÿ íàïðóãè íà âèõîä³ îïåðàö³é-
íîãî ï³äñèëþâà÷à LM358 íà 1,5 Â ìåíøå çà íà-
ïðóãó æèâëåííÿ. Îòæå, ïðè âèêîðèñòàíí³ íàïðó-
ãè æèâëåííÿ 9 Â, ìàêñèìàëüíî ìîæëèâà íàïðó-
ãà íà âèõîä³ ï³äñèëþâà÷à áóäå äîð³âíþâàòè 7,5 Â.
Íà ñõåì³ äî Vin ïðèºäíóºòüñÿ âèõ³äíà îáìîòêà
äèôåðåíö³éíîãî òðàíñôîðìàòîðíîãî äàò÷èêà. Ðå-
çèñòîð R1 ìàº áóòè íîì³íàëîì íå ìåíøå 10 êÎì.
Ðåçèñòîð R7 íîì³íàëîì 1 êÎì íåîáõ³äíèé äëÿ
òîãî, ùîá çà â³äñóòíîñò³ ñèãíàëó íà âèõ³äí³é îá-
ìîòö³ äèôåðåíö³éíîãî òðàíñôîðìàòîðíîãî äàò-
÷èêà, íà âèõîä³ ï³äñèëþâà÷à íå áóëî ìàêñèìàëü-
íî ìîæëèâî¿ íàïðóãè (áëèçüêî 7,5 Â ïðè íàïðóç³
æèâëåííÿ ï³äñèëþâà÷à 9 Â), ÿêà ìîæå ñïðèéìà-
òèñÿ ì³êðîïðîöåñîðíèì êîíòðîëåðîì ÿê íàäâè-
ñîêå çíà÷åííÿ âèì³ðþâàíî¿ âåëè÷èíè. Ðåçèñòî-
ðè R2 òà R3 âèçíà÷àþòü êîåô³ö³ºíò ï³äñèëåííÿ
(Ê) çà ôîðìóëîþ 1 [8]. Íîì³íàëè ðåçèñòîð³â R4
òà R5 îáèðàþòü âèõîäÿ÷è ç âèðàçó 2 [8]:

R3
K ,

R2
   (1)

äå Ê – êîåô³ö³ºíò ï³äñèëåííÿ; R2, R3 – îïîðè
ðåçèñòîð³â ä³ëüíèêà äðóãîãî ï³äñèëþâà÷à.

R4 K 1
,

R5 K 1





  (2)

äå R4, R5 – îïîðè ðåçèñòîð³â ä³ëüíèêà ïåðøîãî
ï³äñèëþâà÷à.

Ó âèïàäêó, íàâåäåíîìó íà ðèñóíêó, êî-
åô³ö³ºíò ï³äñèëåííÿ äîð³âíþº 6,2, òîáòî âèï-
ðÿìëåíà íàïðóãà íà âèõîä³ ï³äñèëþâà÷à áóäå ó
6,2 ðàç³â á³ëüøà, í³æ çì³ííà íà âõîä³. Íà âèõîä³
äðóãîãî îïåðàö³éíîãî ï³äñèëþâà÷à âñòàíîâëåíî
RC-ô³ëüòð äëÿ çãëàäæóâàííÿ ìîæëèâèõ ïóëü-
ñàö³é. Ï³ñëÿ RC-ô³ëüòðà âñòàíîâëåíî ñòàá³ë³ò-
ðîí ç íîì³íàëüíîþ íàïðóãîþ 5,1 Â äëÿ òîãî, ùîá
ó âèïàäêó âèõîäó ç ëàäó ñõåìè àáî çíà÷íîãî ïå-
ðåâèùåííÿ ìàêñèìàëüíî äîïóñòèìîãî íàâàíòà-
æåííÿ ðîçðèâíî¿ ìàøèíè, íå ïîøêîäèòè àíà-
ëîãîâèé âõ³ä ïëàòè Arduino.

Âèñíîâêè

Äëÿ îáðîáêè âèì³ðþâàëüíîãî ñèãíàëó ìàëî¿
(ìåíøå 0,6 Â) çì³ííî¿ íàïðóãè ìîæíà âèêîðèñ-
òîâóâàòè äâîï³âïåð³îäíèé àêòèâíèé âèïðÿìëÿ÷
íà îïåðàö³éíèõ ï³äñèëþâà÷àõ áåç ä³îä³â, ÿêèé
äîçâîëÿº âèïðÿìëÿòè òà ï³äñèëþâàòè âèì³ðþ-
âàëüíèé ñèãíàë äëÿ ïîäàëüøîãî îáðîáëåííÿ çà
äîïîìîãîþ ì³êðîïðîöåñîðíîãî êîíòðîëåðó. Äî
ñõåìè âèïðÿìëÿ÷à, ðîçãëÿíóòîãî ó [8], áóëî äî-
äàíî RC-ô³ëüòð äëÿ çìåíøåííÿ ïóëüñàö³é âèõ³-
äíîãî ñèãíàëó òà ñòàá³ë³òðîí äëÿ ìîæëèâîñò³ áåç-
ïå÷íî¿ âçàºìîä³¿ ç ì³êðîêîíòðîëåðíîþ ïëàòôîð-
ìîþ Arduino. Ðîçðîáëåíó ñõåìó áóëî çàñòîñîâà-
íî äëÿ ðîçðîáêè àâòîìàòèçîâàíî¿ ñèñòåìè âèï-
ðîáóâàíü íà ðîçðèâí³é ìàøèí³ Ð-0,5.

Ïðèíöèïîâà ñõåìà äâîï³âïåð³îäíîãî ï³äñèëþþ÷îãî âèïðÿìëÿ÷à áåç ä³îä³â íà îïåðàö³éíèõ ï³äñèëþâà÷àõ.
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ÏÐÈÌÅÍÅÍÈÅ ÄÂÓÕÏÎËÓÏÅÐÈÎÄÍÎÃÎ
ÓÑÈËÈÂÀÞÙÅÃÎ ÂÛÏÐßÌÈÒÅËß ÍÀÏÐßÆÅÍÈß
ÁÅÇ ÄÈÎÄÎÂ ÍÀ ÎÏÅÐÀÖÈÎÍÍÛÕ ÓÑÈËÈÒÅËßÕ Â
ÀÂÒÎÌÀÒÈÇÈÐÎÂÀÍÍÎÉ ÑÈÑÒÅÌÅ ÈÑÏÛÒÀÍÈÉ
ÍÀ ÐÀÇÐÛÂÍÎÉ ÌÀØÈÍÅ
Øóëüãèí À.Ë., Ëîñèõèí Ä.À.

Â ñòàòüå ðàññìîòðåíà ïðîáëåìà ïðåîáðàçîâàíèÿ èçìå-
ðèòåëüíîãî ñèãíàëà äèôôåðåíöèàëüíîãî òðàíñôîðìàòîðíîãî
ïðåîáðàçîâàòåëÿ óíèâåðñàëüíûõ èñïûòàòåëüíûõ ìàøèí äëÿ
äàëüíåéøåé îáðàáîòêè ìèêðîïðîöåññîðíûì êîíòðîëëåðîì. Äëÿ
àâòîìàòèçàöèè ïðîöåññà èñïûòàíèé íåîáõîäèìî ñîáèðàòü,
îáðàáàòûâàòü è ïåðåäàâàòü èçìåðÿåìûå äàííûå íà àâòîìà-
òèçèðîâàííîå ðàáî÷åå ìåñòî ñ ïîìîùüþ ìèêðîïðîöåññîðíîãî
êîíòðîëëåðà. Òàê êàê îáû÷íî íà âòîðè÷íûõ îáìîòêàõ äèôôå-
ðåíöèàëüíûõ òðàíñôîðìàòîðíûõ ïðåîáðàçîâàòåëåé îáðàçóåò-
ñÿ ïåðåìåííîå íàïðÿæåíèå î÷åíü ìàëîé âåëè÷èíû, òàêîé èçìå-
ðèòåëüíûé ñèãíàë íåâîçìîæíî îáðàáîòàòü ñ ïîìîùüþ ñîâðå-
ìåííûõ ìèêðîïðîöåññîðíûõ êîíòðîëëåðîâ áåç ïðåîáðàçîâàíèÿ.
Ïîñêîëüêó àíàëîãî-öèôðîâîé ïðåîáðàçîâàòåëü ìèêðîïðîöåññîð-
íîãî êîíòðîëëåðà íå ìîæåò ðàáîòàòü ñ ïåðåìåííûì íàïðÿ-
æåíèåì, âîçíèêàåò íåîáõîäèìîñòü âûïðÿìëåíèÿ è óñèëåíèÿ
èçìåðèòåëüíîãî ñèãíàëà. Äëÿ íèçêîãî íàïðÿæåíèÿ (ìåíåå 0,6 Â)
èñïîëüçîâàíèå îáû÷íûõ ðåçèñòîðíî-äèîäíûõ âûïðÿìèòåëåé
ñòàíîâèòñÿ íåâîçìîæíûì è âîçíèêàåò íåîáõîäèìîñòü ïðèìå-
íåíèÿ äðóãèõ ñïîñîáîâ âûïðÿìëåíèÿ ïåðåìåííîãî ýëåêòðè÷åñêî-
ãî òîêà. Ïðåäëîæåíî èñïîëüçîâàíèå äâóõïîëóïåðèîäíûõ àêòèâ-
íûõ âûïðÿìèòåëåé áåç äèîäîâ íà îïåðàöèîííûõ óñèëèòåëÿõ äëÿ
ïðåîáðàçîâàíèÿ èçìåðèòåëüíîãî ñèãíàëà äèôôåðåíöèàëüíûõ
òðàíñôîðìàòîðíûõ ïðåîáðàçîâàòåëåé, ðàññìîòðåíû îñíîâíûå
íåäîñòàòêè äèîäíûõ âûïðÿìèòåëåé è ïðåèìóùåñòâà âûïðÿ-
ìèòåëåé íà îïåðàöèîííûõ óñèëèòåëÿõ. Íàèáîëüøèì ïðåèìóùå-
ñòâîì âûïðÿìèòåëÿ, ïðåäëîæåííîãî äëÿ èñïîëüçîâàíèÿ â àâ-
òîìàòèçèðîâàííîé ñèñòåìå èñïûòàíèé, ÿâëÿåòñÿ ñïîñîáíîñòü
îäíîâðåìåííî âûïðÿìëÿòü è óñèëèâàòü èçìåðèòåëüíûé ñèãíàë
ñ íåîáõîäèìîé òî÷íîñòüþ, ÷òî ïîçâîëÿåò îáðàáîòàòü åãî ñ
ïîìîùüþ áîëüøèíñòâà ñîâðåìåííûõ ìèêðîïðîöåññîðíûõ êîí-
òðîëëåðîâ. Âïåðâûå ðàçðàáîòàíà àâòîìàòèçèðîâàííàÿ ñèñòå-
ìà èñïûòàíèé íà ðàçðûâíîé ìàøèíå ñ èñïîëüçîâàíèåì äâóõïî-
ëóïåðèîäíîãî àêòèâíîãî âûïðÿìèòåëÿ íàïðÿæåíèÿ íà îïåðà-
öèîííûõ óñèëèòåëÿõ áåç èñïîëüçîâàíèÿ äèîäîâ. Ñõåìà, ïðèâå-
äåííàÿ â ñòàòüå, ïîçâîëÿåò ïðåîáðàçîâàòü ñèãíàë äèôôåðåí-
öèàëüíîãî òðàíñôîðìàòîðíîãî ïðåîáðàçîâàòåëÿ äëÿ äàëüíåé-
øåé îáðàáîòêè ñ ïîìîùüþ ìèêðîêîíòðîëëåðíîé ïëàòôîðìû
Arduino. Àêòèâíûé äâóõïîëóïåðèîäíûé óñèëèâàþùèé âûïðÿìè-
òåëü íàïðÿæåíèÿ áåç äèîäîâ íà îïåðàöèîííûõ óñèëèòåëÿõ ìî-
æåò áûòü èñïîëüçîâàí äëÿ ìîäåðíèçàöèè èñïûòàòåëüíîé èëè
èçìåðèòåëüíîé òåõíèêè, ñîäåðæàùåé äèôôåðåíöèàëüíûé òðàíñ-
ôîðìàòîðíûé ïðåîáðàçîâàòåëü èçìåðèòåëüíîãî ñèãíàëà. Ðàç-
ðàáîòàííàÿ ñõåìà âûïðÿìèòåëÿ áûëà ïðèìåíåíà äëÿ àâòîìà-
òèçàöèè ïðîöåññà èñïûòàíèé íà ðàçðûâíîé ìàøèíå ìîäåëè
Ð-0,5.

Êëþ÷åâûå ñëîâà: äèôôåðåíöèàëüíûé òðàíñôîðìà-
òîðíûé ïðåîáðàçîâàòåëü, îïåðàöèîííûé óñèëèòåëü,
âûïðÿìèòåëü, ïðåîáðàçîâàòåëü èçìåðèòåëüíîãî ñèãíàëà,
ðàçðûâíàÿ ìàøèíà, àâòîìàòèçèðîâàííàÿ ñèñòåìà èñïûòàíèé.
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THE USE OF A FULL-WAVE AMPLIFYING RECTIFIER
WITHOUT DIODES ON OPERATIONAL AMPLIFIERS IN
AN AUTOMATED TESTING SYSTEM ON A TENSILE
TESTING MACHINE

Shulhin A.L., Losikhin D.A.

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

The article discusses the problem of transformation of
measuring signal of differential transformer converter of universal
testing machines for further processing by microprocessor controller.
In order to automate the testing process, it is necessary to collect,
process and transmit the measured data to an automated workplace
using a microprocessor controller. Due to the fact that usually the
secondary windings of the differential transformer converters produce
an alternating voltage of very small magnitude, such a measurement
signal cannot be processed with the help of modern microprocessor
controllers without conversion. Since the analog-to-digital converter
of the microprocessor controller cannot operate with alternating
voltage, it becomes necessary to rectify and amplify the measuring
signal. For low voltages (less than 0.6 V), the use of conventional
resistor-diode rectifiers becomes impossible and there is a need for
other methods of rectifying alternating current. It is proposed to use
full-wave active rectifiers without diodes on operational amplifiers
for conversion of the measuring signal of differential transformer
converters, the main disadvantages of diode rectifiers and advantages
of rectifiers on operational amplifiers are considered. The biggest
advantage of a rectifier proposed for use in an automated testing
system is the ability to simultaneously rectify and amplify the
measurement signal with the required precision, allowing it to be
processed by most modern microprocessor controllers. For the first
time, an automated testing system on a tensile machine was developed
using an active full-wave voltage rectifier on operational amplifiers
without the use of diodes. The circuit shown in the article makes it
possible to convert the signal of a differential transformer converter
for further processing using the Arduino microcontroller platform. An
amplifying active full-wave voltage rectifier without diodes on
operational amplifiers can be used to modernize testing or measurement
equipment containing a differential transformer transducer of a
measuring signal. The developed electrical circuit of the rectifier was
applied to automate the process of testing on the breaking machine
of model P-0.5.

Keywords: differential transformer converter, operational
amplifier, rectifier, measuring signal converter, tensile testing
machine, automated test system.
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Èíñòèòóò îáùåé ìåõàíèêè, RWTH Àõåíñêèé óíèâåðñèòåò Òåìïëåðãðàáåí, ã.Ààõåí, Ãåðìàíèÿ

Ìèðîâàÿ íàóêà ïîíåñëà íåâîñïîëíèìóþ óò-
ðàòó – 20 Àâãóñòà 2020 ãîäà, ïîñëå òÿæ¸ëîé è
ïðîäîëæèòåëüíîé áîëåçíè ñêîí÷àëñÿ äîêòîð òåõ-
íè÷åñêèõ íàóê, ïðîôåññîð Ëåîíèä Èñààêîâè÷
Ìàíåâè÷, âñåìèðíî èçâåñòíûé ó÷¸íûé â îáëàñ-
òè ìåõàíèêè äåôîðìèðóåìîãî òâ¸ðäîãî òåëà, ìà-
òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ äèíàìè÷åñêèõ
ïðîöåññîâ è ôèçèêè ìàòåðèàëîâ.

Ë.È. Ìàíåâè÷ ðîäèëñÿ 2 àïðåëÿ 1938 ã. â
Ìîãèë¸âå. Ñðåäíåå è âûñøåå îáðàçîâàíèå ïî-
ëó÷èë â Äíåïðîïåòðîâñêå. Ïîñëå îêîí÷àíèÿ â
1959 ã. ìåõàíèêî-ìàòåìàòè÷åñêîãî ôàêóëüòåòà
Äíåïðîïåòðîâñêîãî óíèâåðñèòåòà ðàáîòàë â
Êîíñòðóêòîðñêîì áþðî «Þæíîå» è îäíîâðåìåí-
íî ó÷èëñÿ â çàî÷íîé àñïèðàíòóðå ïîä ðóêîâîä-
ñòâîì ïðîô. Þ.À. Øåâëÿêîâà. Â 1961 ãîäó çà-
ùèòèë êàíäèäàòñêóþ äèññåðòàöèþ ïî óñòîé÷è-
âîñòè îáîëî÷åê è ïåðåøåë íà ðàáîòó â Äíåïðî-
ïåòðîâñêèé óíèâåðñèòåò äîöåíòîì êàôåäðû
ïðèêëàäíîé òåîðèè óïðóãîñòè, êîòîðóþ âîçãëàâ-
ëÿë ïðîôåññîð Â.È. Ìîññàêîâñêèé. Â 1970 ã. çà-
ùèòèë äîêòîðñêóþ äèññåðòàöèþ, ïîñâÿù¸ííóþ

àñèìïòîòè÷åñêèì è ãðóïïîâûì ìåòîäàì â ìåõàíèêå äåôîðìèðóåìîãî òâåðäîãî
òåëà, è áûë èçáðàí ïðîôåññîðîì òîé æå êàôåäðû. Ñ 1976 ã., ïîñëå ïåðååçäà â
Ìîñêâó, ðàáîòàë ñòàðøèì íàó÷íûì ñîòðóäíèêîì, à çàòåì çàâåäóþùèì ñåêòîðîì
ôèçèêè è ìåõàíèêè ïîëèìåðîâ Èíñòèòóòà õèìè÷åñêîé ôèçèêè ÀÍ ÑÑÑÐ. Ñ 1984 ã.
îäíîâðåìåííî ðàáîòàë ïðîôåññîðîì êàôåäðû ôèçèêè ïîëèìåðîâ ÌÔÒÈ.

Â ïåðâûé ïåðèîä íàó÷íîé äåÿòåëüíîñòè Ë.È. Ìàíåâè÷à – â òå÷åíèå 15 ëåò – å¸
ãëàâíûìè íàïðàâëåíèÿìè áûëè àñèìïòîòè÷åñêèé àíàëèç ïðîáëåì òåîðèè óïðóãîñ-
òè àíèçîòðîïíûõ ñðåä, ïðî÷íîñòè è óñòîé÷èâîñòè àíèçîòðîïíûõ è ïîäêðåïë¸ííûõ
ïëàñòèí è îáîëî÷åê, ìîäåëèðîâàíèå è èññëåäîâàíèå íîðìàëüíûõ êîëåáàíèé â ñó-
ùåñòâåííî íåëèíåéíûõ ñèñòåìàõ. Ïðè ýòîì àñèìïòîòè÷åñêèå èäåè áûëè íå ïðîñòî
ñðåäñòâîì àíàëèçà ñëîæíûõ çàäà÷, îíè ñòàëè êðàåóãîëüíûì êàìíåì âñåãî íàó÷íîãî
ìèðîâîççðåíèÿ, êëþ÷îì ê ïîíèìàíèþ ðàçëè÷íûõ ÿâëåíèé è ôèçè÷åñêèõ òåîðèé.
Èìåííî íà ýòèõ èäåÿõ, ñïîñîáñòâóþùèõ ðàçâèòèþ ôèçè÷åñêîé è èíæåíåðíîé èí-
òóèöèè, íîâûõ ìåòîäîâ ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ, Ë.È. Ìàíåâè÷ âîñïèòàë
ìíîãî ó÷åíèêîâ è ñîçäàë â Äíåïðîïåòðîâñêå öåëóþ íàó÷íóþ øêîëó.

Îñîáåííîñòÿìè ïîäõîäà Ë.È. Ìàíåâè÷à áûëè èñïîëüçîâàíèå íîâûõ, ÷àñòî íå-
òðèâèàëüíûõ, ïàðàìåòðîâ àñèìïòîòè÷åñêîãî èíòåãðèðîâàíèÿ è ñî÷åòàíèå àñèìïòî-
òè÷åñêîãî ïîäõîäà ñ ìåòîäàìè òåîðèè ãðóïï, ÷òî ïîçâîëèëî íå òîëüêî ðàñøèðèòü
âîçìîæíîñòè àñèìïòîòè÷åñêîãî àíàëèçà, íî è îñìûñëèòü åãî ñ áîëåå îáùèõ ïîçè-
öèé.

Ðàçâèòûå â ýòîò ïåðèîä èäåè è ìåòîäû îêàçàëèñü âåñüìà ïîëåçíûìè è ýôôåê-
òèâíûìè è â ñëåäóþùåì ïåðèîäå íàó÷íîé äåÿòåëüíîñòè Ë.È. Ìàíåâè÷à, ñâÿçàí-
íîì ïðåèìóùåñòâåííî ñ ðåøåíèåì çàäà÷ ìåõàíèêè è ôèçèêè ïîëèìåðîâ è êîì-
ïîçèöèîííûõ ìàòåðèàëîâ. Â òî æå âðåìÿ îíè áûëè îðãàíè÷íî îáúåäèíåíû ñ ðÿ-
äîì íîâûõ èäåé è ïîäõîäîâ, âîçíèêøèõ â íåëèíåéíîé ôèçèêå, â ÷àñòíîñòè, íåëè-
íåéíîé òåîðèè âîëí. Èìåííî ñî÷åòàíèå àñèìèòîòè÷åñêîé èäåîëîãèè è äîñòèæå-
íèé íåëèíåéíîé ôèçèêè ïîçâîëèëî Ë.È. Ìàíåâè÷ó ðåøèòü ðÿä ñëîæíûõ ïðîáëåì
ìåõàíèêè ïîëèìåðîâ è êîìïîçèöèîííûõ ìàòåðèàëîâ.
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Â ïîñëåäóþùèå ãîäû íàó÷íàÿ äåÿòåëüíîñòü Ë.È. Ìàíåâè÷à áûëà ñâÿçàíà ïðå-
èìóùåñòâåííî ñ ïðîáëåìàìè ìåõàíèêè è ôèçèêè ïîëèìåðîâ è êîìïîçèòîâ, ìàòå-
ìàòè÷åñêîãî ìîäåëèðîâàíèÿ èõ ïîâåäåíèÿ. Ðàçâèòûå â äíåïðîïåòðîâñêèé ïåðèîä
èäåè è ìåòîäû áûëè îðãàíè÷íî îáúåäèíåíû ñ íîâûìè èäåÿìè è ïîäõîäàìè, âîç-
íèêøèìè â íåëèíåéíîé ôèçèêå. Îí ðàçðàáîòàë îáùóþ àñèìïòîòè÷åñêóþ òåîðèþ
äåôîðìèðîâàíèÿ è ðàçðóøåíèÿ ñèëüíî àíèçîòðîïíûõ êîìïîçèòîâ. Áûëà ðàçâèòà
òåîðèÿ ñòðóêòóðíûõ äåôåêòîâ è íåëèíåéíûõ âîçáóæäåíèé â ïîëèìåðíûõ êðèñ-
òàëëàõ, ïðåäñêàçàí è èññëåäîâàí íà íîâûõ ìàòåìàòè÷åñêèõ ìîäåëÿõ ñîëèòîííûé
ìåõàíèçì ðàñïðîñòðàíåíèÿ õèìè÷åñêèõ ðåàêöèé è ñòðóêòóðíûõ ïåðåõîäîâ íà àòîì-
íîì óðîâíå â ìîëåêóëÿðíûõ è ïîëèìåðíûõ êðèñòàëëàõ, âûÿâëåí ñîëèòîííûé ìå-
õàíèçì ìåõàíîäåñòðóêöèè ïîëèìåðíûõ öåïåé è äð.

Â ïîñëåäíèå 15 ëåò Ë.È. Ìàíåâè÷ èíòåíñèâíî ðàáîòàë íàä îáùèìè ïðîáëåìà-
ìè íåëèíåéíîé äèíàìèêè, èññëåäîâàíèÿìè ëîêàëèçîâàííûõ íåëèíåéíûõ íîðìàëü-
íûõ ìîä è ñîëèòîíîâ â îñöèëëÿòîðíûõ öåïÿõ ñëîæíîé ñòðóêòóðû è â ýíåðãåòè÷åñ-
êè íåâûðîæäåííûõ êâàçèîäíîìåðíûõ ìîäåëÿõ, à òàêæå ëèíåéíîé è íåëèíåéíîé
äèíàìèêè óãëåðîäíûõ íàíîòðóáîê. Ðàçâèò åäèíûé ïîäõîä ê îïèñàíèþ íåëèíåéíûõ
íîðìàëüíûõ ìîä è ëîêàëèçîâàííûõ êîëåáàòåëüíî-âîëíîâûõ âîçìóùåíèé («ñîëèòî-
íîâ îãèáàþùåé»), îñíîâàííûé íà êîìïëåêñíîé ôîðìå óðàâíåíèé äâèæåíèÿ. Âïåð-
âûå áûëà ñìîäåëèðîâàíà è èññëåäîâàíà íåëèíåéíàÿ äèíàìèêà ìàêðîìîëåêóëÿð-
íûõ öåïåé, îáðàçóþùèõ ïîëèìåðíûå êðèñòàëëû, êîòîðûå èìåþò çèãçàãîîáðàçíóþ
èëè ñïèðàëüíóþ ôîðìó, è àíàëèòè÷åñêè è ÷èñëåííî èçó÷åíû ëîêàëèçîâàííûå íå-
ëèíåéíûå âîçáóæäåíèÿ ñ êîëåáàòåëüíîé ñòåïåíüþ ñâîáîäû (áðèçåðû).

Â îáùåé äèíàìèêå íåëèíåéíûõ ñèñòåì èì áûëà ââåäåíà êîíöåïöèÿ ïðåäåëü-
íûõ ôàçîâûõ òðàåêòîðèé, ñîîòâåòñòâóþùèõ ìàêñèìàëüíî âîçìîæíîìó ïðè çàäàí-
íûõ óñëîâèÿõ ýíåðãîîáìåíó ìåæäó êëàñòåðàìè ÷àñòèö («ýôôåêòèâíûìè ÷àñòèöà-
ìè»), è ïîêàçàíà å¸ ýôôåêòèâíîñòü, â ÷àñòíîñòè, â òåîðèè ãàøåíèÿ êîëåáàíèé è
òåîðèè ñèíõðîíèçàöèè.

Íàó÷íûå ðåçóëüòàòû Ë.È. Ìàíåâè÷à îòðàæåíû â 20 ìîíîãðàôèÿõ, â òîì ÷èñëå
îïóáëèêîâàííûõ â èçäàòåëüñòâàõ Wiley (ÑØÀ), Springer (ÔÐÃ) è Kluwer (Ãîëëàí-
äèÿ), è ïðèìåðíî â 400 ñòàòüÿõ. Îí ìíîãîêðàòíî âûñòóïàë â êà÷åñòâå ïðèãëàøåí-
íîãî äîêëàä÷èêà íà ðîññèéñêèõ è ìåæäóíàðîäíûõ ñèìïîçèóìàõ è êîíôåðåíöèÿõ,
à òàêæå íà ñåìèíàðàõ âåäóùèõ óíèâåðñèòåòîâ ìèðà.

Â òå÷åíèå ìíîãèõ ëåò Ë.È. Ìàíåâè÷ ÿâëÿëñÿ ïðîôåññîðîì êàôåäðû ôèçèêè
ïîëèìåðîâ ÌÔÒÈ, ãäå ÷èòàë îðèãèíàëüíûå ñïåöêóðñû ïî ìåõàíèêå ïîëèìåðîâ è
êîìïîçèòîâ è ðóêîâîäèë íàó÷íîé ðàáîòîé äèïëîìíèêîâ è àñïèðàíòîâ.

Ïîä ðóêîâîäñòâîì Ë.È. Ìàíåâè÷à áûëî çàùèùåíî 35 êàíäèäàòñêèõ äèññåð-
òàöèé, à 12 åãî ó÷åíèêîâ ñòàëè äîêòîðàìè íàóê. Ïÿòü ðàç îí óäîñòàèâàëñÿ çâàíèÿ
«Ñîðîñîâñêèé ïðîôåññîð». Íàãðàæäåí Êàðãèíñêîé ïðåìèåé ÐÀÍ çà âûäàþùóþ-
ñÿ ðàáîòó â îáëàñòè ôèçèêè ïîëèìåðîâ.

Òðóäíî ïîâåðèòü, ÷òî òàê âíåçàïíî ïðåðâàëàñü ñòîëü òâîð÷åñêàÿ è ïðîäóêòèâ-
íàÿ æèçíü. Ëåîíèä Èñààêîâè÷  áûë âñåãäà íà ïîäúåìå è â ïîñòîÿííîì ðàçâèòèè,
ïðîäóêòèâíî ðàáîòàÿ âïëîòü äî ïîñëåäíèõ äíåé. Íåóòîìèìûé òðóæåíèê, îí ñóìåë
ñôîðìèðîâàòü ñåáÿ â ñïåöèàëèñòà óíèêàëüíîé êâàëèôèêàöèè. Åãî íåîáûêíîâåííî
øèðîêàÿ ýðóäèöèÿ, âûñî÷àéøèé ïðîôåññèîíàëèçì è îðèãèíàëüíîå âèäåíèå ïðî-
áëåì ïîçâîëÿëè åìó ïîñòîÿííî íàõîäèòü íîâûå ïóòè äëÿ ãåíåðàöèè ïåðñïåêòèâíûõ
èäåé è êîíöåïöèé, íàøåäøèõ âîïëîùåíèå â åãî ìíîãî÷èñëåííûõ è âûñîêîêâàëè-
ôèöèðîâàííûõ ïóáëèêàöèÿõ, ïîëó÷èâøèõ øèðîêîå ìåæäóíàðîäíîå ïðèçíàíèå.

Ïîòåðÿ ñòîëü âûäàþùåãîñÿ ñïåöèàëèñòà, êðóïíîãî ó÷¸íîãî è îáàÿòåëüíîãî
÷åëîâåêà íåâîñïîëíèìà. Åãî òðóäû ïðåäñòàâëÿþò ñîáîé ôóíäàìåíòàëüíûé âêëàä
â íåëèíåéíóþ äèíàìèêó, ìåõàíèêó, ôèçèêó ìàòåðèàëîâ, òåîðèþ ìàòåìàòè÷åñêîãî
ìîäåëèðîâàíèÿ è ïðîäîëæàþò åãî ïðîäóêòèâíóþ æèçíü. Áëåñòÿùèé ïåäàãîãè÷åñ-
êèé òàëàíò ïîçâîëèë Ëåîíèäó Èñààêîâè÷ó âîñïèòàòü ïëåÿäó òàëàíòëèâûõ ó÷åíè-
êîâ è ïîñëåäîâàòåëåé, âíîñÿùèõ ñâîé ñîáñòâåííûé çàìåòíûé âêëàä.

Åãî çàìå÷àòåëüíûå ÷åëîâå÷åñêèå êà÷åñòâà: òàêòè÷íîñòü, èíòåëëèãåíòíîñòü,
ñêðîìíîñòü íàäîëãî îñòàíóòñÿ â ïàìÿòè âñåõ, çíàâøèõ åãî.
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