
Ì²Í²ÑÒÅÐÑÒÂÎ ÎÑÂ²ÒÈ ² ÍÀÓÊÈ ÓÊÐÀ¯ÍÈ

MINISTRY OF EDUCATION AND SCIENCE UKRAINE

ÍÀÖ²ÎÍÀËÜÍÈÉ ÒÅÕÍ²×ÍÈÉ ÓÍ²ÂÅÐÑÈÒÅÒ ÓÊÐÀ¯ÍÈ 
«ÊÈ¯ÂÑÜÊÈÉ ÏÎË²ÒÅÕÍ²×ÍÈÉ ²ÍÑÒÈÒÓÒ ²ÌÅÍ² ²ÃÎÐß Ñ²ÊÎÐÑÜÊÎÃÎ»

NATIONAL TECHNICAL UNIVERSITY OF UKRAINE 
«IGOR SIKORSKY KYIV POLYTECHNIC INSTITUTE»

ÄÓ «ÍÀÖ²ÎÍÀËÜÍÈÉ ÍÀÓÊÎÂÎ-ÄÎÑË²ÄÍÈÉ ²ÍÑÒÈÒÓÒ 
ÏÐÎÌÈÑËÎÂÎ¯ ÁÅÇÏÅÊÈ ÒÀ ÎÕÎÐÎÍÈ ÏÐÀÖ²»

PUBLIC AGENCY «NATIONAL SCIENTIFIC AND RESEARCH INSTITUTE 
OF INDUSTRIAL SAFETY AND OCCUPATIONAL SAFETY AND HEALTH»

ÊÈ¯ÂÑÜÊÈÉ ÍÀÖ²ÎÍÀËÜÍÈÉ ÓÍ²ÂÅÐÑÈÒÅÒ ÒÅÕÍÎËÎÃ²É ÒÀ ÄÈÇÀÉÍÓ

KYIV NATIONAL UNIVERSITY OF TECHNOLOGIES AND DESIGN

EНЕРГОЗБЕРЕЖЕННЯ 

ТА ПРОМИСЛОВА БЕЗПЕКА: 

ВИКЛИКИ ТА ПЕРСПЕКТИВИ

ENERGY SAVING 

AND OCCUPATION SAFETY: 

CHALLENGES AND OPPORTUNITIES

Науково�технічний збірник

Матеріали
ІІ Міжнародної науково�практичної конференції

(4–5 червня 2019 року, м. Київ)

Київ/Kyiv
Україна/Ukraine

«Основа»
2019



E61
Eíåðãîçáåðåæåííÿ òà ïðîìèñëîâà áåçïåêà: âèêëèêè òà ïåðñïåêòèâè:

íàóê.-òåõí. çá.: ìàòåð³àëè II Ì³æíàð. íàóê.-ïð. êîíô. (Êè¿â, 4–5 ÷åðâíÿ
2019 ð.). – Ê. : «Îñíîâà», 2019. – 352 ñ.

ISBN 978-966-984-010-3

Çá³ðíèê ì³ñòèòü ìàòåð³àëè II Ì³æíàðîäíî¿ íàóêîâî-ïðàêòè÷íî¿ êîíôå-
ðåíö³¿ «Eíåðãîçáåðåæåííÿ òà ïðîìèñëîâà áåçïåêà: âèêëèêè òà ïåðñïåêòèâè», ÿêó
ïðîâåëè Ì³í³ñòåðñòâî îñâ³òè ³ íàóêè Óêðà¿íè, Íàö³îíàëüíèé òåõí³÷íèé óí³âåð-
ñèòåò Óêðà¿íè «Êè¿âñüêèé ïîë³òåõí³÷íèé ³íñòèòóò ³ìåí³ ²ãîðÿ Ñ³êîðñüêîãî»,
³íñòèòóò åíåðãîçáåðåæåííÿ òà åíåðãîìåíåäæìåíòó, Äåðæàâíà Óñòàíîâà «Íàö³î-
íàëüíèé íàóêîâî-äîñë³äíèé ³íñòèòóò ïðîìèñëîâî¿ áåçïåêè òà îõîðîíè ïðàö³»,
Êè¿âñüêèé Íàö³îíàëüíèé óí³âåðñèòåò òåõíîëîã³é òà äèçàéíó 4–5 ÷åðâíÿ 2019 ðî-
êó ó ì. Êèºâ³. Ðîçãëÿíóòî àêòóàëüí³ ñâ³òîâ³ ïðîáëåìè ç åíåðãîçáåðåæåííÿ òà áåç-
ïåêè æèòòºä³ÿëüíîñò³ ëþäèíè, â òîìó ÷èñë³, òåîðåòè÷í³ îñíîâè òà ñòðàòåã³÷í³ íà-
ïðÿìè ðåàë³çàö³¿ åíåðãîçáåð³ãàþ÷èõ òåõíîëîã³é, áåçïåêè æèòòºä³ÿëüíîñò³ íàñå-
ëåííÿ â ñó÷àñíèõ óìîâàõ, ïðîìèñëîâà áåçïåêà òà îõîðîíà ïðàö³, áåçïåêà òåõíî-
ëîã³÷íèõ ïðîöåñ³â, ìåòîäîëîã³÷í³ îñíîâè êåðóâàííÿ áåçïåêîþ ïðàö³ íà òðàíñ-
ïîðò³, áóä³âíèöòâ³, ã³ðíèöòâ³ òà ó æèòëîâî-êîìóíàëüíîìó ãîñïîäàðñòâ³, íîâ³òí³
åíåðãîåôåêòèâí³ òà áåçïå÷í³ òåõíîëîã³¿, ïèòàííÿ ï³äãîòîâêè ôàõ³âö³â ç áåçïåêè
ëþäèíè ó âèùèõ íàâ÷àëüíèõ çàêëàäàõ êðà¿í ªâðîïåéñüêîãî Ñîþçó, Àçåéáàðäæà-
íó, Êàíàäè, Êèòàéñüêî¿ Íàðîäíî¿ Ðåñïóáë³êè, ßïîí³¿, Óêðà¿íè.

Çá³ðíèê ðîçðàõîâàíî íà íàóêîâèõ òà ³íæåíåðíî-òåõí³÷íèõ ïðàö³âíèê³â,
àñï³ðàíò³â, ñòóäåíò³â, à òàêîæ óñ³õ, õòî ö³êàâèòüñÿ ïðîáëåìàìè åíåðãîçáåðåæåí-
íÿ, áåçïåêè æèòòºä³ÿëüíîñò³, ïðîìèñëîâî¿ áåçïåêè òà îõîðîíè ïðàö³.

УДК 331.45:502/504:614.8

ISBN 978-966-984-010-3

УДК 331.45:502/504:614.8

Ïåðåäðóêóâàííÿ çàáîðîíåíî
© «Îñíîâà», îðèã³íàë-ìàêåò âèäàâíèöòâà, 2019



ВСТУП 

Íàóêîâö³ Íàö³îíàëüíîãî òåõí³÷íîãî óí³âåðñèòåòó Óêðà¿íè «Êè¿â-
ñüêèé ïîë³òåõí³÷íèé ³íñòèòóò ³ìåí³ ²ãîðÿ Ñ³êîðñüêîãî» ñï³ëüíî ç
íàóêîâöÿìè Äåðæàâíî¿ Óñòàíîâè «Íàö³îíàëüíèé íàóêîâî-äîñë³ä-
íèé ³íñòèòóò ïðîìèñëîâî¿ áåçïåêè òà îõîðîíè ïðàö³» òà Êè¿âñüêî-
ãî Íàö³îíàëüíîãî óí³âåðñèòåòó òåõíîëîã³é òà äèçàéíó îðãàí³çóâàëè
òà ïðîâåëè 4 ³ 5 ÷åðâíÿ 2019 ðîêó Ì³æíàðîäíó íàóêîâî-ïðàêòè÷-
íó êîíôåðåíö³þ íà òåìó: «Eíåðãîçáåðåæåííÿ òà ïðîìèñëîâà áåç-
ïåêà: âèêëèêè òà ïåðñïåêòèâè».

Ó ñó÷àñíèì óìîâàõ ïèòàííÿ ðåàë³çàö³¿ åíåðãåòè÷íî¿ áåçïåêè äëÿ
êîæíî¿ êðà¿íè º âàæëèâèì òà àêòóàëüíèì çàâäàííÿì. Äîñÿãòè òàêó
ìåòó ìîæëèâî äåê³ëüêîìà ñïîñîáàìè: çá³ëüøåííÿì âèäîáóòêó âëàñ-
íèõ åíåðãîíîñ³¿â çà óìîâè çàïðîâàäæåííÿ íîâ³òí³õ åíåðãîçáåð³ãàþ÷èõ
òåõíîëîã³é â åíåðãîºìíèõ âèðîáíèöòâàõ; ñòâîðåííÿ íîâîãî åôåêòèâ-
íîãî åíåðãîîùàäíîãî óñòàòêóâàííÿ. Ñâ³òîâèé äîñâ³ä ó âèð³øåíí³ ïî-
ñòàâëåíèõ çàâäàíü ñâ³ä÷èòü, ùî âñ³ åíåðãåòè÷í³ ïðîöåñè òà óñòàòêó-
âàííÿ óòâîðþþòü àãðåñèâíå âèðîáíè÷å ñåðåäîâèùå, âïëèâ ÿêîãî íà
ïðàö³âíèê³â, íàñåëåííÿ òà äîâê³ëëÿ ïðèçâîäèòü äî âêðàé íåãàòèâíèõ
íàñë³äê³â. Òîìó ïîðÿä ç òåõíîëîã³÷íèìè ïèòàííÿìè âåëèêó óâàãó íà-
óêîâö³ ïðèä³ëèëè áåçïåö³ âèêîíàííÿ ðîá³ò, îö³íö³ íàñë³äê³â âïëèâó
åíåðãåòèêè íà äîâê³ëëÿ, îõîðîí³ çäîðîâ’ÿ ïðàö³âíèê³â. 

Ìåòà êîíôåðåíö³¿ – îáì³í íàóêîâî-òåõí³÷íîþ ³íôîðìàö³ºþ ç
àêòóàëüíèõ ïèòàíü:

– åíåðãîçáåðåæåííÿ òà ïåðñïåêòèâíèõ íàïðÿì³â ñòâîðåííÿ òà
ðîçâèòêó íîâ³òí³õ åíåðãîåôåêòèâíèõ ³ áåçïå÷íèõ òåõíîëîã³é;

– âèçíà÷åííÿ ñòðàòåã³÷íèõ íàïðÿì³â ó âèð³øåíí³ åêîëîã³÷íèõ,
åêîíîì³÷íèõ ³ ïðàâîâèõ ïèòàíü ï³ä ÷àñ âïðîâàäæåííÿ íîâîãî åíåð-
ãåòè÷íîãî óñòàòêóâàííÿ;

– âèñâ³òëåííÿ ïðîáëåì ³ äîñÿãíåíü ó ãàëóç³ îõîðîíè ïðàö³ òà
ñïîñîá³â ñòâîðåííÿ áåçïå÷íèõ óìîâ ïðàö³.

Ó íàäàíèõ ïðàöÿõ âèêîðèñòàíî ïðèíöèï ñèñòåìíîãî ï³äõîäó ó
âèð³øåíí³ çàâäàíü åíåðãîçáåðåæåííÿ ç îäíî÷àñíèì ï³äâèùåííÿì
áåçïåêè âèðîáíèöòâà ³ êîìôîðòíîñò³ óìîâ ïðàö³. Âðàõîâóþ÷è øè-
ðîêèé ñïåêòð ïèòàíü, ÿê³ ðîçãëÿíóòî ó äàíîìó çá³ðíèêó, 44 ñòàò³
ðîçì³ùåíî çà ÷îòèðìà ðîçä³ëàìè: 

1. Óïðàâë³íñüê³, åêîëîã³÷í³, åêîíîì³÷í³ òà ïðàâîâ³ àñïåêòè âè-
êîðèñòàííÿ åíåðãîåôåêòèâíèõ òåõíîëîã³é;

2. Íîâ³òí³ òåõíîëîã³¿ òà óñòàòêóâàííÿ äëÿ îòðèìàííÿ, òðàíñ-
ïîðòóâàííÿ òà çáåðåæåííÿ åíåðã³¿;
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3. Ïðîìèñëîâà áåçïåêà ó ñó÷àñíèõ åíåðãîºìíèõ òà åíåðãîíå-
áåçïå÷íèõ óìîâàõ âèðîáíèöòâà; 

4. Íîâ³òí³ çàõîäè òà çàñîáè ç åíåðãîìåíåäæìåíòó, îõîðîíè
ïðàö³ òà áåçïåêè æèòòºä³ÿëüíîñò³ ëþäèíè.

Ó ðîáîò³ êîíôåðåíö³¿ âçÿëè ó÷àñòü 90 íàóêîâö³â ç 6 êðà¿í. Ñå-
ðåä ó÷àñíèê³â êîíôåðåíö³¿ íàéá³ëüøó ÷àñòèíó ñòàíîâèëè ïðåä-
ñòàâíèêè íàóêîâèõ ê³ë Óêðà¿íè, à òàêîæ íàóêîâö³ Àçåðáàéäæàíó,
ßïîí³¿, Êàíàäè, Ñïîëó÷åíèõ Øòàò³â Àìåðèêè, Áîëãàð³¿. Óêðà¿íñü-
ê³ íàóêîâö³ òà ôàõ³âö³ ç ïèòàíü åíåðãîçáåðåæåííÿ, åíåðãîìåíåäæ-
ìåíòó, áåçïåêè æèòòºä³ÿëüíîñò³ òà îõîðîíè ïðàö³ ïðåäñòàâëÿëè 
15 âèùèõ íàâ÷àëüíèõ çàêëàä³â, çîêðåìà: Äåðæàâíèé âèùèé íàâ÷àëü-
íèé çàêëàä Íàö³îíàëüíèé òåõí³÷íèé óí³âåðñèòåò «Äí³ïðîâñüêà ïîë³-
òåõí³êà», ì. Äí³ïðî; Íàö³îíàëüíèé óí³âåðñèòåò öèâ³ëüíîãî çàõèñòó
Óêðà¿íè, ì. Õàðê³â; Îäåñüêèé íàö³îíàëüíèé ïîë³òåõí³÷íèé óí³âåðñèòåò,
ì. Îäåñà, Õìåëüíèöüêèé íàö³îíàëüíèé óí³âåðñèòåò, ì. Õìåëüíèöü-
êèé; Êè¿âñüêèé Ì³æíàðîäíèé Óí³âåðñèòåò, ì. Êè¿â; ²âàíî-Ôðàí-
ê³âñüêèé Íàö³îíàëüíèé òåõí³÷íèé óí³âåðñèòåò íàôòè ³ ãàçó, ì. ²âà-
íî-Ôðàíê³âñüê; Êè¿âñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ì. Òàðàñà Øåâ-
÷åíêà, ì. Êè¿â, Òàâð³éñüêèé óí³âåðñèòåò ³ì. Â.². Âåðíàäñüêîãî, 
ì. Êè¿â; ×åðêàñüêèé ³íñòèòóò ïîæåæíî¿ áåçïåêè ³ìåí³ Ãåðî¿â ×îðíî-
áèëÿ Íàö³îíàëüíîãî óí³âåðñèòåòó öèâ³ëüíîãî çàõèñòó Óêðà¿íè, ì. ×åð-
êàñè, Íàö³îíàëüíîãî óí³âåðñèòåòó õàð÷îâèõ òåõíîëîã³é, ì. Êè¿â.

Ó êîíôåðåíö³¿ ïðèéíÿëè ó÷àñòü ôàõ³âö³ ç íàóêîâèõ óñòàíîâ Íà-
ö³îíàëüíî¿ àêàäåì³¿ íàóê Óêðà¿íè: ²íñòèòóò ã³äðîìåõàí³êè Íàö³îíàëü-
íî¿ àêàäåì³¿ íàóê Óêðà¿íè, ²íñòèòóò òåõí³÷íî¿ òåïëîô³çèêè Íàö³î-
íàëüíî¿ àêàäåì³¿ íàóê Óêðà¿íè; ÄÓ «Íàö³îíàëüíèé íàóêîâî-äîñë³ä-
íèé ³íñòèòóò ïðîìèñëîâî¿ áåçïåêè ³ îõîðîíè ïðàö³», ²íñòèòóò åâî-
ëþö³éíî¿ åêîëîã³¿ Íàö³îíàëüíî¿ àêàäåì³¿ íàóê Óêðà¿íè, ì. Êè¿â, ²íñòèòóò
åëåêòðîçâàðþâàííÿ ³ì. ª. Î. Ïàòîíà Íàö³îíàëüíî¿ àêàäåì³¿ íàóê Óê-
ðà¿íè, ì. Êè¿â, ²íñòèò êîëî¿äíî¿ õ³ì³¿ òà õ³ì³¿ âîäè ³ì. À. Â. Äóìàíñüêî-
ãî Íàö³îíàëüíî¿ àêàäåì³¿ íàóê Óêðà¿íè, ì. Êè¿â.

Ñåðåä ó÷àñíèê³â êîíôåðåíö³¿ ÷ëåíè êîðåñïîíäåíòè Íàö³î-
íàëüíî¿ àêàäåì³¿ íàóê Óêðà¿íè, 22 äîêòîðè òåõí³÷íèõ íàóê.

Ó÷àñíèêè êîíôåðåíö³¿ çàñëóõàëè 36 äîïîâ³äåé ³ ïðèéíÿëè ó÷àñòü
ó îáãîâîðþâàíí³ òà äèñêóñ³ÿõ ç òàêèõ ïèòàíü åíåðãîçáåðåæåííÿ, åêî-
ëîã³¿, áåçïåêè æèòòºä³ÿëüíîñò³:

– îñîáëèâîñò³ âèêîðèñòàííÿ â³äíîâëþâàíèõ äæåðåë åëåêòðè÷-
íî¿ åíåðã³¿; 

– ñïîñîáè ï³äâèùåííÿ áåçïåêè ã³äðîòåõí³÷íèõ ñïîðóä Óêðà¿íè;
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– åíåðãîçáåð³ãàþ÷³ òåõíîëîã³¿ ï³äçåìíî¿ ãàçèô³êàö³¿ âóã³ëëÿ ÿê
çàñîáè çàáåçïå÷åííÿ Óêðà¿íè âòîðèííèì ïàëèâîì;

– ïàðîãàçîòóðá³ííà åíåðãåòè÷íà óñòàíîâêà çì³ííî¿ ñòðóêòóðè;
– åêîëîã³÷í³ àñïåêòè áåçïåêè ëþäèíè ó ñó÷àñíèõ óìîâàõ Óê-

ðà¿íè, Êàíàäè, Àçåðáàéäæàíó;
– êë³ìàòè÷í³ çì³íè òà ¿õ íàñë³äêè: âèíèêíåííÿ ïîâåíåé ³ çà-

ñóõ â Àôðèö³;
– ñïîñîáè ï³äâèùåííÿ åíåðãîåôåêòèâíîñò³ òà çíèæåííÿ âèêè-

ä³â ïàðíèêîâèõ ãàç³â.
Ï³äâèùåíó óâàãó ïðèâåðíóëè äîïîâ³ä³, ïîâ’ÿçàí³ ç ðåàë³çàö³ºþ

îñíîâíèõ âèìîã ùîäî îõîðîíè ïðàö³ òà áåçïåêè âèðîáíèöòâà:
– àíàë³ç ñó÷àñíîãî ñòàíó ³íôîðìàö³éíèõ ñèñòåì Äåðæàâíî¿ ñëóæ-

áè ç îõîðîíè ïðàö³ òà ôîðìóâàííÿ ðåêîìåíäàö³¿ ç ¿õ âäîñêîíàëåííÿ;
– àíàë³ç ïàðàìåòð³â ðîáî÷îãî ïðîöåñó, ùî âïëèâàþòü íà ðè-

çèê âèíèêíåííÿ çàõâîðþâàíü îðãàí³â äèõàííÿ øàõòàð³â;
– îñîáëèâîñò³ ïðîåêòóâàííÿ òà çàñòîñóâàííÿ íîâ³òí³õ âèä³â çà-

ñîá³â ³íäèâ³äóàëüíîãî çàõèñòó.

²íôîðìàö³éí³ ïàðòíåðè êîíôåðåíö³¿: 
Çá³ðíèê íàóêîâèõ ïðàöü. Ïðîáëåìè îõîðîíè ïðàö³ â Óêðà¿í³. 
²íôîðìàö³éíèé áþëåòåíü ç îõîðîíè ïðàö³.
Íàóêîâèé æóðíàë. Åíåðãåòèêà Åêîíîì³êà, Òåõíîëîã³¿, Åêîëîã³ÿ.
Âèäàâíèöòâî «Îñíîâà».
Ïðîàíàë³çóâàâøè òà óçàãàëüíèâøè äîïîâ³ä³ é ïðîïîçèö³¿, Ó÷àñ-

íèêè êîíôåðåíö³¿ ïðèéíÿëè â³äïîâ³äíå Ð³øåííÿ, â ÿêîìó âèêëàëè
ñâî¿ ïðîïîçèö³¿ ùîäî ïîäàëüøîãî âïðîâàäæåííÿ íàóêîâèõ çäîáóòê³â
ó ïðàêòè÷íó ñôåðó æèòòºä³ÿëüíîñò³ òà ñêåðóâàëè éîãî ó äðóêó ó â³ä-
ïîâ³äí³ äðóêîâàí³ âèäàííÿ.

Ó÷àñíèêè êîíôåðåíö³¿ âèñëîâèëè âäÿ÷í³ñòü – ñï³âðîá³òíèêàì
êàôåäðè îõîðîíè ïðàö³, ïðîìèñëîâî¿ òà öèâ³ëüíî¿ áåçïåêè òà êà-
ôåäðè åíåðãîïîñòà÷àííÿ ³íñòèòóò åíåðãîçáåðåæåííÿ òà åíåðãîìå-
íåäæìåíòó, ÿê³ áðàëè ó÷àñòü ó ï³äãîòîâö³, îðãàí³çàö³¿ òà ïðîâåäåíí³
êîíôåðåíö³¿. 

×ËÅÍÈ ÎÐÃÀÍ²ÇÀÖ²ÉÍÎÃÎ ÊÎÌ²ÒÅÒÓ
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INTRODUCTION

The scientists of National Technical University of Ukraine «Igor
Sikorsky Kyiv Polytechnic Institute», Institute of Energy Saving and
Energy Management jointly with the scientists of Kyiv National
University of Technologies and Design and Public Agency «National
Scientific and Research Institute of Industrial Safety and Occupational
Safety and Health», organized and held from June 4th to June 5th, 2019
International Symposium «Energy Saving and Occupation Safety:
Challenges and Opportunities». 

In modern conditions, the issue of implementing energy security
for each country is an important and actual problems. There are seve-
ral ways to achieve this goal: increase own energy production; develop-
ment and introduction of energy-saving technologies for energy-inten-
sive industries; creation of a new energy-saving equipment. In Ukraine,
all energy processes and equipment create an aggressive production
environment, the impact of which on workers, population and environ-
ment leads to extremely negative effects. Therefore, as well as techno-
logical problem, scientists paid great attention to the safety of work, the
assessment of the impact of energy on the environment, and the prob-
lem of electrical protection of workers.

The purpose of the symposium is the exchange of scientific and
technical information concerning the following actual problems:

– energy saving and perspective directions of creation and deve-
lopment of the latest energy-efficient and safe technologies;

– definition of strategic directions for increasing industrial safety; 
– coverage of problems and achievements in the field of labor pro-

tection and ways to create safe working conditions.
The system approach principle for decision energy saving problems

with the simultaneous increase of safety of production and comfort for
working conditions was used in Conference presentations. 

Given a wide range of issues that are considered in this Proceedings
of Conference, 44 papers were given in four chapters:

1. The actual problem as to receiving saving energy;
2. Human security in modern energy-intensive and energy-saving

conditions; 
3. New technologies and equipment for energy-dangerous works; 
4. Labor protection as a guarantee of safety of modern energy-

saving technologies.

7



Participants of the conference have listened to 38 reports presenta-
tions and participated in discussions on following issues of energy saving:

– ways to increase the safety of hydraulic engineering structures in
Ukraine; 

– energy-saving technologies of underground gasification of coal as
a means of ensuring Ukraine’s secondary fuels; 

– combined steam and gas turbine power plant of variable structure;
– environmental aspects of human security in the modern condi-

tions of Ukraine; 
– methods of experimental research on biogas production from

organic waste;
– ways regarding to increase energy efficiency and reduce green-

house gas emissions.
Special attention was devoted to the presentations regarding imple-

mentation of the basic requirements for occupational safety and safety
of production:

– analysis of the modern state of information systems of State
Service for Labor Protection and formation of recommendations for
their improvement;

– ways of solving the problem of energy saving for improving safe-
ty of life;

– analysis of floods and droughts for past and future climates in the
bago river basin; 

– expert opinion-based power substation; 
– risk assessment for accident prevention; 
– analysis of parameters of working process, which affect risk of

respiratory diseases of miners.
After analyzing and summarizing the reports and proposals, the

Conference participants have adopted an appropriate decision, in which
their proposals for the further realization of scientific achievements in
the practical sphere of life activity were presented.

The conference participants expressed their gratitude to the staff of
Department of Occupational Safety, Industrial and Civil Security and
Energy Supply Department of Institute of Energy Saving and Energy
Management who participated in the preparation, organization and
holding of the symposium.

MEMBERS OF THE ORGANIZING COMMITTEE
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I. УПРАВЛІНСЬКІ, ЕКОЛОГІЧНІ, ЕКОНОМІЧНІ 

ТА ПРАВОВІ АСПЕКТИ ВИКОРИСТАННЯ 

ЕНЕРГОЕФЕКТИВНИХ ТЕХНОЛОГІЙ

УДК 697.12; 628.87

БАСОК Б. І., член�кореспондент НАН України, докт. техн. наук, професор,
ДАВИДЕНКО Б. В., докт. техн. наук, 
ГОНЧАРУК С. М., канд. техн. наук, 
НОВІЦЬКА М. П., канд. техн. наук,
Інститут технічної теплофізики НАН України

ТЕПЛОФІЗИЧНЕ МОДЕЛЮВАННЯ 

ТЕПЛОВОГО РЕЖИМУ БУДІВЛІ

Àíîòàö³ÿ. Ó ñòàòò³ íàâåäåíî ðåçóëüòàòè ÷èñåëüíîãî ìîäåëþâàííÿ
òåìïåðàòóðíîãî ðåæèìó áóä³âë³ â ö³ëîìó. Çàäà÷à ðîçãëÿäàºòüñÿ â ñòà-
ö³îíàðí³é òà íåñòàö³îíàðí³é ïîñòàíîâêàõ. Ðåçóëüòàòè òåîðåòè÷íîãî
ðîçðàõóíêó ç âèêîðèñòàííÿì ðîçðîáëåíî¿ íàáëèæåíî¿ òåïëîô³çè÷íî¿ ìî-
äåë³ òåìïåðàòóðíîãî ðåæèìó áóä³âë³ çàäîâ³ëüíî óçãîäæóþòüñÿ ç äàíè-
ìè åêñïåðèìåíòàëüíèõ äîñë³äæåíü.

Êëþ÷îâ³ ñëîâà: òåïëîâòðàòè, òåïëîâèé ðåæèì, áóä³âëÿ, åíåðãîìå-
íåäæìåíò, òåïëîô³çè÷íå ìîäåëþâàííÿ.

Abstract The article presents the results of numerical modeling of the tem-
perature regime of the building as a whole. The problem is considered in the
stationary and non-stationary formulations. The results of the theoretical cal-
culation using the developed approximate thermal-physical model of the tem-
perature regime of the building are satisfactorily consistent with the data of
experimental studies.

Êeywords: heat loss, thermal regime, building, energy management, ther-
mophysical simulation.

Ïåðåâ³ðêà òåïëîâîãî ñòàíó îãîðîäæóâàëüíèõ êîíñòðóêö³é (ÎÊ),
åôåêòèâíîñò³ ðîáîòè ñèñòåì îïàëåííÿ òà âåíòèëÿö³¿ áóä³âåëü, à òà-
êîæ âèçíà÷åííÿ ïàðàìåòð³â ì³êðîêë³ìàòó ïðèì³ùåíü áóä³âë³ ìîæå
çä³éñíþâàòèñÿ øëÿõîì òåïëîâ³ç³éíîãî îáñòåæåííÿ, íàòóðíîãî åêñ-
ïåðèìåíòó àáî òåïëîô³çè÷íîãî ìîäåëþâàííÿ. ²íôðà÷åðâîíå îáñòå-
æåííÿ äàº ìîæëèâ³ñòü âèÿâëåííÿ çîí ç ïîã³ðøåíîþ òåïëî³çîëÿ-
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ö³ºþ ÎÊ òà àíàë³çó ðîáîòè ñèñòåì âåíòèëÿö³¿ òà îïàëåííÿ. Éîãî
çàñòîñóâàííÿ ïðîâîäÿòü äëÿ âèÿâëåííÿ ì³ñöü ðîçòàøóâàííÿ ä³ëÿ-
íîê ç òåïëîâèìè â³äìîâàìè òà ëîêàë³çàö³¿ çîí íàäì³ðíî¿ ³íô³ëüò-
ðàö³¿ ïîâ³òðÿ êð³çü îãîðîäæóâàëüí³ êîíñòðóêö³¿. Àëå çà äîïîìîãîþ
òåïëîâ³ç³éíî¿ ä³àãíîñòèêè íå ìîæëèâî âèçíà÷èòè ÿê³ñòü òåïëîâî¿
³çîëÿö³¿ òà ïîâ³òðîïðîíèêíîñò³ êîíñòðóêö³é. Äëÿ ê³ëüê³ñíîãî âèç-
íà÷åííÿ òåïëîâòðàò ÷åðåç ñò³íîâ³ òà ñâ³òëîïðîçîð³ êîíñòðóêö³¿ íå-
îáõ³äíî ïðîâîäèòè îáñòåæåííÿ ³íøèìè ìåòîäàìè òà ïðèëàäàìè.
Ìåòîäè äëÿ âèçíà÷åííÿ ÿêîñò³ òåïëîâî¿ ³çîëÿö³¿ âñòàíîâëåíî ó òà-
êèõ ñòàíäàðòàõ: ÄÑÒÓ Á Â.2.6-101:2010 Êîíñòðóêö³¿ áóäèíê³â ³
ñïîðóä. Ìåòîä âèçíà÷åííÿ îïîðó òåïëîïåðåäà÷³ îãîðîäæóâàëüíèõ
êîíñòðóêö³é; ÄÑÒÓ Á Â.2.2-19:2007 Áóäèíêè ³ ñïîðóäè. Ìåòîä âèç-
íà÷åííÿ ïîâ³òðîïðîíèêíîñò³ â íàòóðíèõ óìîâàõ òîùî. Åôåêòèâ-
íèì òà åêîíîì³÷íèì ñïîñîáîì äîñë³äæåííÿ òåïëîâèõ ðåæèì³â áó-
ä³âåëü º òåïëîô³çè÷íå ÷èñåëüíå ìîäåëþâàííÿ. ×èñëîâ³ ìåòîäè
äîñë³äæåíü òåïëîâèõ ïðîöåñ³â ìîæóòü áóòè âèêîðèñòàí³ äëÿ äîñë³-
äæåííÿ òåïëîìàñîïåðåíîñó, òåìïåðàòóðíèõ ïîë³â òà ñòóïåíÿ êîì-
ôîðòíîñò³ ïåðåáóâàííÿ ëþäåé â ïðèì³ùåííÿõ ð³çíèõ êîíñòðóêö³é
òà ç ð³çíèìè ñèñòåìàìè îïàëþâàííÿ. Ñàìå äîñë³äæåííÿ òåïëîâîãî
ðåæèìó áóä³âë³ â ö³ëîìó ç âèêîðèñòàííÿì òåïëîô³çè÷íîãî ìîäåëþ-
âàííÿ ïðîâîäÿòüñÿ òà àíàë³çóþòüñÿ â äàí³é ðîáîò³.

Ó ðîáîòàõ [1–3] íàâåäåíî ðåçóëüòàòè ðîçðàõóíêó òåìïåðàòóð-
íîãî ðåæèìó ïðèì³ùåííÿ ç êîíâåêòîðíîþ ñèñòåìîþ îïàëåííÿ, ùî
îäåðæàí³ ç ðîçâ’ÿçàííÿ òðèâèì³ðíî¿ ñèñòåìè ð³âíÿíü ã³äðîäèíàì³-
êè òà òåïëîïåðåíîñó. Äëÿ ñïðîùåíîãî ðîçâ’ÿçàííÿ òàêî¿ çàäà÷³ âè-
êîðèñòàíà íàáëèæåíà òåïëîô³çè÷íà ìîäåëü ïðèì³ùåííÿ ç çîñåðå-
äæåíèìè ïàðàìåòðàìè. Çã³äíî ç ö³ºþ ìîäåëëþ, â äîñë³äæóâàíîìó
ïðèì³ùåíí³ ðîçãëÿäàþòüñÿ îêðåì³ òåïëîîáì³íí³ ïîâåðõí³, òåìïå-
ðàòóðè ÿêèõ ââàæàþòüñÿ îäíîð³äíèìè. Êîæí³é ç òàêèõ ïîâåðõîíü
ñòàâèòüñÿ ó â³äïîâ³äí³ñòü äåÿêèé ðîçðàõóíêîâèé âóçîë, çíà÷åííÿ
òåìïåðàòóðè â ÿêîìó â³äïîâ³äàº óñåðåäíåí³é ïî ïëîù³ òåìïåðàòóð³
ïîâåðõí³, ùî ðîçãëÿäàºòüñÿ (ðèñ. 1). Íóìåðàö³ÿ âóçë³â ïðèéíÿòà ç
óðàõóâàííÿì òîãî, ùî òåìïåðàòóðè ïðîòèëåæíî¿ â³ä â³êíà ñò³íè,
ï³äëîãè, ñòåë³, à òàêîæ ë³âî¿ òà ïðàâî¿ ñò³íè íàáëèæåíî ââàæàþòü-
ñÿ ð³âíîì³ðíî ðîçïîä³ëåíèìè ïî ïîâåðõíÿõ. Âîäíî÷àñ òåìïåðàòó-
ðè â³êîííîãî ñêëà, çàêîíâåêòîðíî¿ ä³ëÿíêè òà ³íøî¿ ÷àñòèíè çîâ-
í³øíüî¿ òà âíóòð³øíüî¿ ïîâåðõí³ çîâí³øíüî¿ ñò³íè ìîæóòü ì³æ ñî-
áîþ ³ñòîòíî â³äð³çíÿòèñÿ. Òîìó íà çîâí³øí³é ñò³í³ ðîçãëÿäàþòüñÿ
òðè õàðàêòåðí³ çîíè ç âíóòð³øíüî¿ ñòîðîíè òà òðè çîíè ç çîâí³ø-
íüî¿ ñòîðîíè. 
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Ðèñ. 1. Íîìåðà ðîçðàõóíêîâèõ âóçë³â â ñõåì³ ç çîñåðåäæåíèìè ïàðàìåòðàìè
Íîìåðè âóçë³â âñòàíîâëåíî ó òàêèé ñïîñ³á:

1 – ñò³íà, ïðîòèëåæíà â³êîíí³é êîíñòðóêö³¿; 2 – ë³âà â³ä â³êíà ñò³íà; 3 –
ïðàâà â³ä â³êíà ñò³íà; 4 – ï³äëîãà; 5 – ñòåëÿ; 6 – âíóòð³øíÿ ïîâåðõíÿ â³ê-
íà; 7 – ä³ëÿíêà âíóòð³øíüî¿ ïîâåðõí³ çîâí³øíüî¿ ñò³íè, ùî íå íàëåæèòü
äî â³êíà ³ çàêîíâåêòîðí³é ä³ëÿíö³; 8 – çàêîíâåêòîðíà ä³ëÿíêà âíóòð³øíüî¿
ïîâåðõí³ çîâí³øíüî¿ ñò³íè, á³ëÿ ÿêî¿ ðîçì³ùåíèé êîíâåêòîð. Ïëîùà çà-
êîíâåêòîðíî¿ ä³ëÿíêè ïðèéìàºòüñÿ ð³âíîþ ïëîù³ êîíâåêòîðà. 9 – çîâí³ø-
íÿ ïîâåðõíÿ â³êíà; 10 – ä³ëÿíêà çîâí³øíüî¿ ïîâåðõí³ çîâí³øíüî¿ ñò³íè,
ùî íå íàëåæèòü äî â³êíà ³ çàêîíâåêòîðíî¿ ä³ëÿíêè; 11 – çàêîíâåêòîðíà
ä³ëÿíêà íà çîâí³øí³é ïîâåðõí³ çîâí³øíüî¿ ñò³íè

Íîìåð 12 ïðèñâîºíî âóçëó, ÿêèé õàðàêòåðèçóº òåìïåðàòóðó ïî-
â³òðÿ â ïðèì³ùåíí³. Òåìïåðàòóðà ïîâ³òðÿ â ïðèì³ùåíí³ íàáëèæåíî
ââàæàºòüñÿ îäíîð³äíîþ.

Çã³äíî ç ïðèéíÿòèìè ïðèïóùåííÿìè ïðî òåïëîîáì³í ì³æ ð³çíè-
ìè ïîâåðõíÿìè â ïðèì³ùåíí³ ââàæàºòüñÿ, ùî ïðîìåíåâèé òåïëîâèé
ïîò³ê â³ä êîíâåêòîðà íàäõîäèòü äî ñò³íè, ùî ïðîòèëåæíà â³êíó
(Qïðîì

ê–1 ); äî ë³âî¿ (Qïðîì
ê–2 ) òà ïðàâî¿ (Qïðîì

ê–3 ) á³÷íèõ ñò³í; äî ï³äëîãè
(Qïðîì

ê–4 ); äî ñòåë³ (Qïðîì
ê–5 ), à òàêîæ äî çàêîíâåêòîðíî¿ ä³ëÿíêè çîâí³ø-

íüî¿ ñò³íè (Qïðîì
ê–8 ). Êð³ì òîãî ââàæàºòüñÿ, ùî ïðîìåíåâèé òåïëîâèé

ïîò³ê äî ïîâåðõí³ â³êíà íàäõîäèòü â³ä ñò³íè, ùî ïðîòèëåæíà â³êíó
(Qïðîì

6–1 ); â³ä ë³âî¿ (Qïðîì
6–2 ) òà ïðàâî¿ (Qïðîì

6–3 ) á³÷íèõ ñò³í; â³ä ï³äëîãè
(Qïðîì

6–4 ) òà â³ä ñòåë³ (Qïðîì
6–5 ). Äî ä³ëÿíêè çîâí³øíüî¿ ñò³íè (áåç â³êíà ³

çàêîíâåêòîðíî¿ ä³ëÿíêè) ïðîìåíåâèé òåïëîâèé ïîò³ê òàêîæ íàäõî-
äèòü â³ä ñò³íè, ùî ïðîòèëåæíà â³êíó (Qïðîì

7–1 ); â³ä ë³âî¿ á³÷íî¿ ñò³íè
(Qïðîì

7–2 ) òà ïðàâî¿ á³÷íî¿ ñò³íè (Qïðîì
7–3 ); â³ä ï³äëîãè (Qïðîì

7–4 ) òà â³ä ñòåë³
(Qïðîì

7–5 ). Êîíâåêö³éíèé òåïëîîáì³í â³äáóâàºòüñÿ ì³æ ïîâ³òðÿíèì ñå-
ðåäîâèùåì â ïðèì³ùåíí³ òà: ñò³íîþ, ùî ïðîòèëåæíà â³êíó (Qïðîì

12–1 );
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ë³âîþ á³÷íîþ ñò³íîþ (Qïðîì
12–2); ïðàâîþ á³÷íîþ ñò³íîþ (Qïðîì

12–3); ï³äëî-
ãîþ (Qïðîì

12–4); ñòåëåþ (Qïðîì
12–5); â³êíîì (Qïðîì

12–6); ä³ëÿíêîþ çîâí³øíüî¿ ñò³-
íè (áåç â³êíà ³ çàêîíâåêòîðíî¿ ä³ëÿíêè) (Qïðîì

12–7); çàêîíâåêòîðíîþ
ä³ëÿíêîþ çîâí³øíüî¿ ñò³íè (Qïðîì

12–8); êîíâåêòîðîì (Qïðîì
12–ê). 

Ç âèêîðèñòàííÿì ïðåäñòàâëåíî¿ ìåòîäèêè ðîçðàõóíêó áóëè
ïðîâåäåí³ ÷èñåëüí³ äîñë³äæåííÿ ïîâ³òðÿíî-òåìïåðàòóðíîãî ðåæè-
ìó áóä³âë³ ²ÒÒÔ ÍÀÍ Óêðà¿íè (ì. Êè¿â, âóë. Áóëàõîâñüêîãî 2) ó
çèìîâèé ïåð³îä (ðèñ. 2).

Òðåò³é ïîâåðõ

Ðèñ. 2. Ðîçïîä³ë òåìïåðàòóðè (°Ñ) â ïðèì³ùåííÿõ 
(ùî îêðåñëåí³ ïðÿìîêóòíèêàìè) ïîâåðõ³â äîñë³äæóâàíî¿ áóä³âë³ 

ïðè t = –15,5°Ñ; tòí
âõ.îñ = 86,6°Ñ; Gòí

âõ.îñ = 3,25 ì3/÷, 
v0 = 5 ì/ñ, â³òåð – ï³âäåííèé

Ïåðøèé ïîâåðõ

Äðóãèé ïîâåðõ



Íà ðèñ. 2 ïðåäñòàâëåí³ çíà÷åííÿ òåìïåðàòóðè â êîæíîìó ïðè-
ì³ùåíí³ áóä³âë³ çà òàêèõ ñòàö³îíàðíèõ óìîâ: òåìïåðàòóðà çîâí³ø-
íüîãî ïîâ³òðÿ: t = –15,5°Ñ; òåìïåðàòóðà òåïëîíîñ³ÿ íà âõîä³ â ñè-
ñòåìó òåïëîïîñòà÷àííÿ áóä³âë³ tòí

âõ.îñ = 86,6°Ñ; âèòðàòà òåïëîíîñ³ÿ
â ñèñòåì³ îïàëåííÿ Gòí

âõ.îñ = 3,25 ì3/÷. Ðîçðàõóíêè ïðîâåäåíî äëÿ
øâèäêîñò³ íåçáóðåíîãî â³òðîâîãî ïîòîêó v0 = 5 ì/ñ. Íàïðÿìîê
â³òðó – ï³âäåííèé (ïîïåðå÷íèé äî ôàñàäó ñïîðóäè). 

Ðåçóëüòàòè ðîçðàõóíêó ðîçïîä³ëó êîåô³ö³ºíò³â òèñêó â³òðîâîãî
ïîòîêó Kp ïî ïîâåðõí³ ÎÊ, ùî õàðàêòåðí³ äëÿ ðîçãëÿíóòîãî âèïàä-
êó, ïðåäñòàâëåí³ â ðîáîòàõ [4–7]. Ö³ äàí³ âèêîðèñòàíî äëÿ ðîçðà-
õóíêó íåîðãàí³çîâàíîãî ïðèïëèâó (ïðîíèêíåííÿ) ïîâ³òðÿ ÷åðåç
íåù³ëüíîñò³ â ÎÊ. Âåëè÷èíè êîåô³ö³ºíò³â òåïëîâ³ääà÷³ íà çîâí³ø-
í³õ ïîâåðõíÿõ ÎÊ áóä³âë³, ùî õàðàêòåðí³ äëÿ ðîçãëÿíóòîãî âèïàä-
êó, çíàéäåí³ ç âèêîðèñòàííÿì ìåòîäó, ðîçãëÿíóòîãî â [4–7]. Ðåçóëü-
òàòè ðîçðàõóíêó òåìïåðàòóð êîíâåêòîð³â äëÿ ï³âí³÷íî-ñõ³äíî¿ ã³ëêè
ñèñòåìè îïàëåííÿ áóä³âë³ ïðåäñòàâëåí³ â òàáë. 1. Ðåçóëüòàòè ðîçðà-
õóíê³â âòðàò òåïëîòè äëÿ äîñë³äæóâàíî¿ áóä³âë³ íàâåäåíî â òàáë. 2.

Òàáëèöÿ 1
Ðåçóëüòàòè ðîçðàõóíê³â òåìïåðàòóð (°Ñ) êîíâåêòîð³â 

äëÿ ï³âí³÷íî-ñõ³äíî¿ ã³ëêè

Òàáëèöÿ 2
Ðåçóëüòàòè ðîçðàõóíê³â òåïëîâèõ âòðàò äîñë³äæóâàíî¿ áóä³âë³

Gïðèò., ì
3/ãîä Q³íô, êÂò Qîê, êÂò Qñóì, êÂò

1784 24,5 96,65 121,14

Íîìåð 
êîíòóðó 

îïàëþâàëüíèõ
ïðèëàä³â 

Íîìåð êîíâåêòîðà â êîíòóð³

1 2 3 4 5 6

1 82,84 76,30 70,34 64,71 59,84 55,47

2 82,05 75,15 69,10 63,41 58,53 53,97

3 81,15 73,85 67,51 61,57 56,54 51,88

4 80,28 72,78 66,26 60,18 55,05 50,41

5 79,71 72,83 66,72 60,77 55,44 50,59

6 78,22 71,50 65,54 60,10 55,61 51,82
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Çà ðîçãëÿíóòîþ ìåòîäèêîþ äîñë³äæóâàëàñÿ äèíàì³êà òåìïåðà-
òóðíîãî ðåæèìó áóä³âë³ ïðè çì³ííèõ ó ÷àñ³ çíà÷åííÿõ òåìïåðàòóðè
çîâí³øíüîãî ïîâ³òðÿ. Â ÿêîñò³ âèõ³äíèõ äàíèõ äëÿ ðîçðàõóíêó áóëè
âèêîðèñòàí³ ðåçóëüòàòè âèì³ðþâàííÿ çà ïåâíèé ïåð³îä ÷àñó òåìïå-
ðàòóðè çîâí³øíüîãî ïîâ³òðÿ, òåìïåðàòóðè ³ âèòðàòè òåïëîíîñ³ÿ íà
âõîä³ â ñèñòåìó îïàëåííÿ áóä³âë³, ùî äîñë³äæóºòüñÿ. Çàçíà÷åí³ äàí³
ó âèãëÿä³ ãðàô³÷íèõ çàëåæíîñòåé â³äïîâ³äíèõ âåëè÷èí â³ä ÷àñó
ïðåäñòàâëåí³ íà ðèñ. 3–5. Ðîçðàõóíêè ïðîâåäåí³ äëÿ òèõ æå çíà÷åíü
øâèäêîñò³ ³ íàïðÿìêó â³òðó, ÿê ³ äëÿ âèïàäêó ñòàö³îíàðíîãî ðåæè-
ìó. Øâèäê³ñòü ³ íàïðÿìîê â³òðó â ðîçãëÿíóòèé ïåð³îä ÷àñó ââàæà-
ëèñÿ ïîñò³éíèìè. Â ðåçóëüòàò³ ðîçðàõóíêîâèõ äîñë³äæåíü âèçíà÷à-
ëèñÿ çàëåæíîñò³ â³ä ÷àñó òåìïåðàòóðè òåïëîíîñ³ÿ íà âèõîä³ ç ñèñòå-
ìè îïàëåííÿ áóä³âë³, à òàêîæ éîãî ñóìàðí³ òåïëîâòðàòè. Îòðèìàí³
ðîçðàõóíêîâèì øëÿõîì çíà÷åííÿ òåìïåðàòóðè òåïëîíîñ³ÿ íà âèõîä³
ç ñèñòåìè îïàëåííÿ ïîð³âíþâàëèñÿ ç äàíèìè âèì³ðþâàíü (ðèñ. 6).
ßê âèäíî ç ðèñóíêó, ðîçðàõóíêîâ³ çíà÷åííÿ òåìïåðàòóð òåïëîíîñ³ÿ
äåùî ïåðåâèùóþòü åêñïåðèìåíòàëüí³. Íàéá³ëüøå â³äõèëåííÿ ñïî-
ñòåð³ãàºòüñÿ íà ïî÷àòêîâîìó ïåð³îä³, ùî º íàñë³äêîì íå ïîâíî¿ â³ä-
ïîâ³äíîñò³ ïî÷àòêîâèõ óìîâ, ïðèéíÿòèõ äëÿ ðîçðàõóíêó, ðåàëüíèì
óìîâàì. Ç ïëèíîì ÷àñó, ó ì³ðó çíèæåííÿ âïëèâó ïî÷àòêîâèõ óìîâ
íà ðåçóëüòàòè îá÷èñëåíü, ð³çíèöÿ ì³æ ðîçðàõóíêîâèìè ³ åêñïåðè-
ìåíòàëüíèìè âåëè÷èíàìè çìåíøóºòüñÿ. Ïîä³áíà êàðòèíà ñïîñòåð³-
ãàºòüñÿ òàêîæ ïðè ïîð³âíÿíí³ ðîçðàõóíêîâèõ çíà÷åíü òåïëîâòðàò
áóä³âë³ òà åêñïåðèìåíòàëüíî çíàéäåíèõ âåëè÷èí ñóìàðíî¿ ïîòóæ-
íîñò³ îïàëþâàëüíèõ ñèñòåì (ðèñ. 7). Ñóìàðíà ïîòóæí³ñòü îïàëþ-
âàëüíèõ ñèñòåì Qâòð îö³íþºòüñÿ çà ôîðìóëîþ: 

Qâòð = Gòí
âõ.îñCp(t

âõ
òí – tòí

âèõ).

Â ö³ëîìó æ ñë³ä çàçíà÷èòè, ùî çíàéäåí³ ðîçðàõóíêîâèì øëÿ-
õîì çíà÷åííÿ òåïëîâòðàò âèÿâëÿþòüñÿ ìåíøèìè, í³æ åêñïåðèìåí-
òàëüí³. Ïðè÷èíà öüîãî ïîëÿãàº â íåäîñòàòí³é òî÷íîñò³ ìîäåë³ ç çî-
ñåðåäæåíèìè ïàðàìåòðàìè, ùî âèêîðèñòîâóºòüñÿ äëÿ ðîçðàõóíê³â,
â íåïîâí³é â³äïîâ³äíîñò³ ïðèéíÿòèõ äëÿ ðîçðàõóíêó äàíèõ ïî òåð-
ì³÷íèì ³ ã³äðàâë³÷íèì îïîðàõ, à òàêîæ ó íåïîâíîìó îáë³êó âñ³õ íà-
ÿâíèõ òåïëîâòðàò áóä³âë³. Ñë³ä òàêîæ çàçíà÷èòè, ùî åêñïåðèìåí-
òàëüí³ çíà÷åííÿ òåïëîâòðàò, ùî âèçíà÷àþòüñÿ çà ñóìàðíîþ ïîòóæ-
í³ñòþ ñèñòåìè îïàëåííÿ, â³äïîâ³äàþòü ¿ì ëèøå â óìîâàõ ñòàö³î-
íàðíîãî ðåæèìó. Ïðè íåñòàö³îíàðíîìó ðåæèì³ òåïëîòà, îòðèìàíà
â³ä îïàëþâàëüíî¿ ñèñòåìè, âèòðà÷àºòüñÿ òàêîæ íà çì³íó òåïëî-
âì³ñòó áóä³âåëüíèõ êîíñòðóêö³é, à íå ò³ëüêè âòðà÷àºòüñÿ â íàâêî-
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ëèøí³é ïðîñò³ð. Íà ðèñ. 8 ïðåäñòàâëåí³ êðèâ³, ùî â³äîáðàæàþòü
â³äíîøåííÿ òåïëîâòðàò ÷åðåç ÎÊ (1), òà òåïëîâòðàò çà ðàõóíîê
ïîâ³òðîîáì³íó (2) äî ñóìàðíèõ òåïëîâòðàò. Ç ïîð³âíÿííÿ âêàçàíèõ
êðèâèõ âèïëèâàº, ùî âòðàòè çà ðàõóíîê ïîâ³òðîîáì³íó ñêëàäàþòü
â³ä 20 % äî 30 % â³ä ñóìàðíèõ òåïëîâòðàò. Íà ðèñ. 9 ïðåäñòàâëåíî
ïîð³âíÿííÿ ³íòåãðàëüíèõ âòðàò òåïëîòè êð³çü á³÷í³ (âåðòèêàëüí³)
ïîâåðõí³ OK. Êðèâà 1 â³äïîâ³äàº òåïëîâòðàòàì ÷åðåç ñò³íè, à êðè-
âà 2 – ÷åðåç â³êíà. Ç ïîð³âíÿííÿ ïðåäñòàâëåíèõ íà ðèñóíêó ðåçóëü-
òàò³â âèïëèâàº, ùî õî÷à ñóìàðíà ïëîùà ñò³í â³äíîñèòüñÿ äî ñóìàð-
íî¿ ïëîù³ â³êîí ÿê 5:4, âòðàòè òåïëîòè ÷åðåç â³êîíí³ êîíñòðóêö³¿
ñóòòºâî ïåðåâèùóþòü âòðàòè òåïëîòè ÷åðåç ñò³íè âíàñë³äîê á³ëüø
íèçüêîãî òåðì³÷íîãî îïîðó â³êîí.
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Ðèñ. 3. Çì³íà â ÷àñ³ òåìïåðàòóðè
çîâí³øíüîãî ïîâ³òðÿ 

ç 4 ïî 7 ëþòîãî 2012 ð. 

Ðèñ. 4. Çì³íà â ÷àñ³ òåìïåðàòóðè
òåïëîíîñ³ÿ íà âõîä³ 

â îïàëþâàëüíó ñèñòåìó 
ç 4 ïî 7 ëþòîãî 2012 ð.

Ðèñ. 5. Çì³íà â ÷àñ³ âèòðàòè 
òåïëîíîñ³ÿ íà âõîä³ 

â îïàëþâàëüíó ñèñòåìó 
ç 4 ïî 7 ëþòîãî 2012 ð. 

Ðèñ. 6. Çì³íà â ÷àñ³ òåìïåðàòóðè
òåïëîíîñ³ÿ íà âèõîä³ 

ç îïàëþâàëüíî¿ ñèñòåìè 
ç 4 ïî 7 ëþòîãî 2012 ð.: 

1 – òåîð³ÿ; 2 – åêñïåðèìåíò
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Ðèñ. 7. Çàëåæí³ñòü 
â³ä ÷àñó ñóìàðíèõ òåïëîâèõ âèòðàò
áóä³âë³ ç 4 ïî 7 ëþòîãî 2012 ð.: 

1 – ðîçðàõóíîê; 2 – åêñïåðèìåíò 

Ðèñ. 8. Â³äíîøåííÿ òåïëîâòðàò 
÷åðåç îãîðîäæóâàëüí³ êîíñòðóêö³¿ (1) 

òà çà ðàõóíîê ³íô³ëüòðàö³¿ (2) 
äî ñóìàðíèõ òåïëîâòðàò áóä³âë³ 

ç 4 ïî 7 ëþòîãî 2012 ð.

Ðèñ. 9. Çì³íà â ÷àñ³ òåïëîâòðàò 
÷åðåç á³÷í³ ñò³íè (1) òà â³êíà (2) 
â áóä³âë³ ç 4 ïî 7 ëþòîãî 2012 ð. 

Ðèñ. 10. Òåïëîâòðàòè 
÷åðåç á³÷í³ îãîðîæ³ 
(ñò³íè òà â³êíà (1)), 

äàõ (2) òà ôóíäàìåíò (3) 
ç 4 ïî 7 ëþòîãî 2012 ð.

Ðèñ. 11. Òåïëîâèä³ëåííÿ 
â³ä êîíâåêòîðà òà òåïëîâòðàòè 
÷åðåç çîâí³øíþ òà âíóòð³øíþ 
ïîâåðõíþ çîâí³øíüî¿ ñò³íè

ïðèì³ùåííÿ ç 4 ïî 7 ëþòîãî 2012 ð. 

Ðèñ. 12. Çì³íà â ÷àñ³ òåìïåðàòóðè
ïîâ³òðÿ â ïðèì³ùåíí³ 

ç 4 ïî 7 ëþòîãî 2012 ð.: 
1 – ðîçðàõóíîê; 2 – åêñïåðèìåíò



Ïîð³âíÿííÿ òåïëîâòðàò ÷åðåç á³÷í³ îãîðîæ³, äàõ òà ôóíäàìåíò
ïðåäñòàâëåí³ íà ðèñ. 10. Ç ðèñóíêó âèäíî, ùî âòðàòè òåïëîòè ÷å-
ðåç á³÷í³ ïîâåðõí³ çíà÷íî ïåðåâèùóþòü àíàëîã³÷í³ ïîêàçíèêè äëÿ
äàõó òà ôóíäàìåíòó. Ì³í³ìàëüí³ âòðàòè ÷åðåç ôóíäàìåíò îáóìîâ-
ëåí³ òèì, ùî ï³ä áóä³âëåþ óòâîðþºòüñÿ îáëàñòü, â ÿê³é òåìïåðàòó-
ðè íåñóòòºâî â³äð³çíÿþòüñÿ â³ä òåìïåðàòóð íà ïåðøîìó ïîâåðñ³
áóä³âë³. Öÿ îáëàñòü íå ñõèëüíà äî âïëèâó â³òðó ³ ÷àñòêîâî òåïëî³çî-
ëüîâàíà â³ä íàâêîëèøíüîãî ñåðåäîâèùà ñàìîþ áóä³âëåþ. Íà ãëè-
áèí³ 2–3 ìåòðè â³ä çåìíî¿ ïîâåðõí³ òåìïåðàòóðí³ óìîâè ñòàá³ëüí³
ïðîòÿãîì ö³ëîãî ðîêó.

Êð³ì ðîçãëÿíóòî¿ âèùå äèíàì³êè òåìïåðàòóðíîãî ðåæèìó âñüî-
ãî êîðïóñó äîäàòêîâî íàâåäåí³ ðåçóëüòàòè ÷èñåëüíèõ äîñë³äæåíü
òåìïåðàòóðíîãî ðåæèìó îêðåìîãî ïðèì³ùåííÿ äîñë³äæóâàíî¿ áó-
ä³âë³, â ÿêîìó áóëè âñòàíîâëåí³ òåðìîìåòðè îïîðó ³ ïåðåòâîðþâà÷³
òåïëîâîãî ïîòîêó íà çîâí³øí³é ñò³í³.

Çì³íà â ÷àñ³ ïîòóæíîñò³ êîíâåêòîðà, à òàêîæ çì³íà â ÷àñ³ òåï-
ëîâèõ ïîòîê³â íà âíóòð³øí³é ³ çîâí³øí³é ïîâåðõíÿõ çîâí³øíüî¿
ñò³íè ïðåäñòàâëåíî íà ðèñ. 11. ßê âèäíî ç ðèñóíêó, òåïëîâ³ ïîòî-
êè ÷åðåç çîâí³øíþ ñò³íó íà 200–250 Âò íèæ÷³, í³æ ïîòóæí³ñòü
êîíâåêòîðà. Öå ïîâ’ÿçàíî ç òèì, ùî ÷àñòèíà ïîòóæíîñò³ êîíâåê-
òîðà âèòðà÷àºòüñÿ íà ïðîìåíåâèé òåïëîâèé ïîò³ê äî âíóòð³øí³õ
ñò³í öüîãî ïðèì³ùåííÿ, à òàêîæ íà êîíâåêòèâíèé íàãð³â ïîâ³òðÿ â
ïðèì³ùåíí³. Ö³ òåïëîâ³ ïîòîêè ïåðåíîñÿòüñÿ òåïëîïðîâ³äí³ñòþ òà
êîíâåêö³ºþ äî ñóñ³äí³õ ïðèì³ùåíü òà â êîðèäîð. Ð³çíèöÿ æ ó çíà-
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Ðèñ. 13. Çì³íà â ÷àñ³ òåìïåðàòóðè
âíóòð³øíüî¿ ïîâåðõí³ çîâí³øíüî¿
ñò³íîâî¿ êîíñòðóêö³¿ ïðèì³ùåííÿ

äîñë³äæóâàíî¿ áóä³âë³ 
ç 4 ïî 7 ëþòîãî 2012 ð.: 

1 – ðîçðàõóíîê; 2 – åêñïåðèìåíò

Ðèñ. 14. Çì³íà â ÷àñ³ òåìïåðàòóðè
òåïëîíîñ³ÿ (1 – ðîçðàõóíîê) 

òà òåìïåðàòóðè ïîâåðõí³ êîíâåêòîðà
(2 – åêñïåðèìåíò) â îêðåìîìó

ïðèì³ùåíí³ äîñë³äæóâàíî¿ áóä³âë³ 
ç 4 ïî 7 ëþòîãî 2012 ð.



÷åííÿõ òåïëîâèõ ïîòîê³â íà çîâí³øí³é ³ âíóòð³øí³é ïîâåðõíÿõ
çîâí³øíüî¿ ñò³íè ïîâ’ÿçàíà ç òèì, ùî ïðè íåñòàö³îíàðíîìó ðåæèì³
òåïëîîáì³íó ÷àñòèíà òåïëîòè, ùî íàäõîäèòü äî âíóòð³øíüî¿ ïî-
âåðõí³, âèòðà÷àºòüñÿ íà çá³ëüøåííÿ òåïëîâì³ñòó ñàìî¿ ñò³íè. Ïî-
ð³âíÿííÿ ðîçðàõóíêîâèõ ðåçóëüòàò³â ç åêñïåðèìåíòàëüíèìè äàíè-
ìè ùîäî çì³íè â ÷àñ³ òåìïåðàòóðè ïîâ³òðÿíîãî ñåðåäîâèùà â ïðè-
ì³ùåíí³, à òàêîæ òåìïåðàòóðè âíóòð³øíüî¿ ïîâåðõí³ çîâí³øíüî¿
ñò³íè, ïðåäñòàâëåí³ íà ðèñ. 12 ³ 13. Ïîð³âíÿííÿ ðîçðàõóíêîâèõ ðå-
çóëüòàò³â ç åêñïåðèìåíòàëüíèìè äàíèìè ïîêàçóº ¿õ çàäîâ³ëüíå óç-
ãîäæåííÿ (â³äì³íí³ñòü â ìåæàõ 0,5°Ñ).

Íà ðèñ. 14 ïðåäñòàâëåíî çì³íåííÿ â ÷àñ³ òåìïåðàòóðè òåïëî-
íîñ³ÿ â êîíâåêòîð³, âñòàíîâëåíîìó â äîñë³äæóâàíîìó ïðèì³ùåíí³,
à òàêîæ âèçíà÷åíî¿ ç åêñïåðèìåíòó òåìïåðàòóðè çîâí³øíüî¿ ïî-
âåðõí³ êîíâåêòîðà. ßê âèäíî ç ïîð³âíÿííÿ âêàçàíèõ çàëåæíîñòåé,
âîíè ÿê³ñíî ïîä³áí³. Ê³ëüê³ñíà ð³çíèöÿ ì³æ ïðåäñòàâëåíèìè äàíè-
ìè (ïîðÿäêó 10°Ñ) çóìîâëåíà íàÿâí³ñòþ òåðì³÷íîãî îïîðó ñò³íêè
êîíâåêòîðà, ³ òèì, ùî âñòàíîâëåíèé íà çîâí³øí³é ïîâåðõí³ êîí-
âåêòîðà òåðìîìåòð îïîðó íå áóâ òåïëî³çîëüîâàíèé â³ä çîâí³øíüî-
ãî ñåðåäîâèùà ïðèì³ùåííÿ, ³, âíàñë³äîê öüîãî, â³ääàâàâ ïîâ³òðÿ-
íîìó ñåðåäîâèùó òåïëîòó, îòðèìàíó â³ä êîíâåêòîðà. Ôàêòè÷íî
öåé äàò÷èê ïîêàçóâàâ ñåðåäíº çíà÷åííÿ ì³æ òåìïåðàòóðîþ ñò³íêè
êîíâåêòîðà ³ òåìïåðàòóðîþ ïðèñò³íêîâîãî ãðàíè÷íîãî øàðó ïîâ³ò-
ðÿ íàâêîëî êîíâåêòîðà.

Âèñíîâîê. Ó ðåçóëüòàò³ áóëî âäîñêîíàëåíî ÷èñåëüíó ìîäåëü
òåïëîïåðåíîñó âñåðåäèí³ àäì³í³ñòðàòèâíî¿ áóä³âë³. Ðîçðîáëåíî íà-
áëèæåíèé ìåòîä ÷èñåëüíîãî àíàë³çó òåìïåðàòóðíîãî ñòàíó ïîâ³òðÿ-
íîãî ñåðåäîâèùà, ÎÊ òà ñèñòåìè îïàëåííÿ àäì³í³ñòðàòèâíî¿ áó-
ä³âë³, ùî ´ðóíòóºòüñÿ íà âèð³øåíí³ çàäà÷³ òåïëîïåðåíîñó ç çîñåðå-
äæåíèìè ïàðàìåòðàìè. Ç âèêîðèñòàííÿì äàíîãî ìåòîäó ïðîâåäåíî
àíàë³ç äèíàì³êè òåìïåðàòóðíîãî ðåæèìó àäì³í³ñòðàòèâíî¿ áóä³âë³ â
çèìîâèé ïåð³îä ðîêó, âèçíà÷åíî ð³âí³ òåïëîâòðàò ç ïîâåðõîíü éîãî
îãîðîäæóâàëüíèõ êîíñòðóêö³é, à òàêîæ çà ðàõóíîê ³íô³ëüòðàö³¿.
Çíàéäåíî õàðàêòåðí³ îñîáëèâîñò³ ðîçïîä³ëó òåìïåðàòóðè â áóä³âë³
çàëåæíî â³ä ðîçì³ùåííÿ ïðèì³ùåíü â ¿¿ çàãàëüíîìó îá’ºì³.
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ЗАСТОСУВАННЯ ІНФОРМАЦІЙНИХ ТЕХНОЛОГІЙ 

ДЛЯ ОЦІНКИ ПРОФЕСІЙНИХ РИЗИКІВ

Àíîòàö³ÿ. Ïðîàíàë³çîâàíî íîðìàòèâíî-ïðàâîâ³ àêòè ç óïðàâë³ííÿ
ðèçèêàìè â ãàëóç³ îõîðîíè ïðàö³. Âñòàíîâëåíî, ùî îäíèì ³ç ÷èííèê³â, ùî
ïåðåøêîäæàþòü âïðîâàäæåííþ ñó÷àñíèõ ìåòîä³â ³äåíòèô³êàö³¿ íåáåç-
ïåê òà îö³íþâàííÿ ðèçèê³â, º â³äñóòí³ñòü ñïåö³àë³çîâàíèõ ³íôîðìàö³é-
íèõ ñèñòåì. Ðîçðîáëåíî îñíîâí³ âèìîãè äî ñòâîðåííÿ ³íôîðìàö³éíî¿ ñè-
ñòåìè îö³íþâàííÿ ïðîôåñ³éíèõ ðèçèê³â.

Êëþ÷îâ³ ñëîâà: ïðîôåñ³éíèé ðèçèê, ³äåíòèô³êàö³ÿ íåáåçïåê, ³íôîð-
ìàö³éíà ñèñòåìà. 

Abstract. The normative-legal acts on risk management in the field of labor
protection were analyzed. It is established that one of the factors hindering the
introduction of modern methods of identifying hazards and risk assessment is the
lack of specialized information systems. The basic requirements for creating an
information system for assessing occupational risks have been developed.

Êeywords: professional risk, hazard identification, information system.

Ñó÷àñíèé åòàï ðîçâèòêó ñóñï³ëüñòâà õàðàêòåðèçóºòüñÿ øèðîêèì
âïðîâàäæåííÿì çàñîá³â êîìï’þòåðíî¿ òåõí³êè äëÿ âèð³øåííÿ ð³çíî-
ìàí³òíèõ çàâäàíü óïðàâë³ííÿ. Çàíåñåííÿ íà ìàãí³òí³ íîñ³¿ òà ôîðìó-
âàííÿ áàç äàíèõ ïðî ïîêàçíèêè îõîðîíè ïðàö³ äîçâîëÿº ðåàë³çóâàòè
ïðèíöèï îäíîêðàòíîãî ââåäåííÿ äàíèõ òà ¿õ áàãàòîðàçîâîãî òà áàãà-
òîö³ëüîâîãî âèêîðèñòàííÿ. Îñíîâíèìè çàâäàííÿìè, ùî âèð³øóâà-
ëèñü ïðè ñòâîðåíí³ ³íôîðìàö³éíèõ ñèñòåì â ãàëóç³ îõîðîíè ïðàö³ ó
ìèíóë³ ðîêè, áóëè àâòîìàòèçàö³ÿ çáîðó äàíèõ, íàñàìïåðåä, ïðî âè-
ðîáíè÷èé òðàâìàòèçì, ãðóïóâàííÿ òà ñîðòóâàííÿ ç³áðàíèõ äàíèõ, à
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òàêîæ ôîðìóâàííÿ çâ³ò³â. Äîñâ³ä ïðàêòè÷íîãî âèêîðèñòàííÿ ñâ³ä-
÷èòü, ùî òàê³ ñèñòåìè äîçâîëèëè ñêîðîòèòè ÷àñ îáðîáêè äàíèõ, ï³ä-
âèùèòè òî÷í³ñòü ðîçðàõóíê³â, çá³ëüøèòè ê³ëüê³ñòü ôîðì çâ³ò³â. 

Íåîáõ³äí³ñòü ðåàë³çàö³¿ ïðîöåäóð ö³ëåñïðÿìîâàíîãî óïðàâë³ííÿ
ðèçèêàìè âèçíà÷åíî Ðàìî÷íîþ Äèðåêòèâîþ ¹ 89/391/ªÅÑ «Ùîäî
çàïðîâàäæåííÿ çàõîä³â çàîõî÷åííÿ ïîë³ïøåííÿ áåçïåêè òà îõîðîíè
çäîðîâ’ÿ ïðàö³âíèê³â ï³ä ÷àñ ðîáîòè» (³ìïëåìåíòîâàíî â çàêîíîäàâ-
ñòâî Óêðà¿íè). Âîíà º îñíîâîþ äëÿ íèçêè ³íøèõ äèðåêòèâ, çàêîí³â ³
íîðìàòèâíèõ àêò³â â ãàëóç³ îõîðîíè ïðàö³, òîìó ¿¿ âèìîãè ìîæíà ââà-
æàòè áàçîâèìè äëÿ êðà¿í ªÑ òà äëÿ Óêðà¿íè. Çà ðåçóëüòàòàìè ïðîâå-
äåíîãî àíàë³çó ñòðóêòóðè ºâðîïåéñüêîãî çàêîíîäàâñòâà [1] òà ç óðàõó-
âàííÿì ïîð³âíÿëüíèõ õàðàêòåðèñòèê ºâðîïåéñüêî¿ òà óêðà¿íñüêî¿
íîðìàòèâíî-ïðàâîâî¿ áàçè ó ñôåð³ îõîðîíè ïðàö³ ìîæíà óìîâíî ðîç-
ïîä³ëèòè âèìîãè ªÑ ³ç áåçïåêè òà çäîðîâ’ÿ íà çàêîíîäàâ÷³ òà îð-
ãàí³çàö³éí³. Çàêîíîäàâ÷³ âèìîãè ªÑ ñêëàäàþòüñÿ ³ç äåê³ëüêîõ ïîâ’ÿ-
çàíèõ ì³æ ñîáîþ êîìïîíåíò³â: ïåðâèííîãî çàêîíîäàâñòâà (äîãîâîðè
òà õàðò³¿), âòîðèííîãî çàêîíîäàâñòâà (äèðåêòèâè, ðåãëàìåíòè, íàñòà-
íîâè, ñòàíäàðòè, ð³øåííÿ, ïðîãðàìè, îô³ö³éí³ âèäàííÿ).Îðãàí³çàö³é-
í³ âèìîãè ªÑ – öå âèìîãè íåçàëåæíèõ îá’ºäíàíü òà îðãàí³çàö³é,
ñâ³òîâèõ òà ºâðîïåéñüêèõ, ÿê³ âèêîíóþòüñÿ êðà¿íàìè-÷ëåíàìè ªÑ àáî
¿õí³ìè ñóá’ºêòàìè: ðåçîëþö³¿ òà äåêëàðàö³¿ ÎÎÍ, ÂÎÎÇ, êîíâåíö³¿ òà
ðåêîìåíäàö³¿ ÌÎÏ (ILO), ñòàíäàðòè ISO/IEC, ñòàíäàðòè êðà¿í-
÷ëåí³â ªÑ, ïðîãðàìè òà ðåêîìåíäàö³¿ EU-OHSA, âèìîãè ùîäî âåäåí-
íÿ ñòàòèñòè÷íèõ äàíèõ ILOSTAT, EUROSTAT òîùî. 

Âèìîãè ì³æíàðîäíèõ òà ºâðîïåéñüêèõ îðãàí³çàö³é âèêîíóþòüñÿ
äåðæàâàìè íà äîáðîâ³ëüíèõ çàñàäàõ, àëå ñàìå òàê³ âèìîãè ñòèìóëþ-
þòü ïîñò³éíèé ðîçâèòîê áåçïåêè ïðàö³. Ìîæíà ñòâåðäæóâàòè, ùî
ñåðåä îðãàí³çàö³éíèõ âèìîã ó ãàëóç³ îõîðîíè ïðàö³ ªÑ Óêðà¿íà äî-
òðèìóºòüñÿ ãîëîâíèì ÷èíîì ëèøå êîíâåíö³é ÌÎÏ, âèêîíàííÿ
³íøèõ âèìîã ïîòðåáóº ðîçðîáëåííÿ ñïåö³àëüíèõ ïðîãðàì òà ïëàí³â
òà ðåêîìåíäàö³é ùîäî ¿õ çàñòîñóâàííÿ ÿê íà äåðæàâíîìó ð³âí³, òàê
³ íà ð³âí³ ñóá’ºêò³â ãîñïîäàðñüêî¿ ä³ÿëüíîñò³ – ðåçèäåíòàìè Óêðà¿íè.

×èííå çàêîíîäàâñòâî Óêðà¿íè ç îõîðîíè ïðàö³ íå ì³ñòèòü îáî-
â’ÿçêîâèõ âèìîã ñòîñîâíî íåîáõ³äíîñò³ ðîçñë³äóâàííÿ ïîòåíö³éíî
íåáåçïå÷íèõ âèïàäê³â, ðàçîì ç òèì ºâðîïåéñüêèìè ñòàíäàðòàìè ³ç
ðèçèê-ìåíåäæìåíòó ïåðåäáà÷åíå ïðîâåäåííÿ âíóòð³øíüîãî ðîç-
ñë³äóâàííÿ ïðè÷èí òàêèõ âèïàäê³â, ðåàë³çàö³þ çàõîä³â ç óñóíåííÿ
¿õ ïðè÷èí. Òàêèì ÷èíîì, ñòàòèñòèêà â³äîáðàæàº íå ëèøå ê³ëüê³ñòü
íåùàñíèõ âèïàäê³â, à òàêîæ ïðîöåíòíå ñï³ââ³äíîøåííÿ ê³ëüêîñò³
óñóíóòèõ ïðè÷èí ïîòåíö³éíî íåáåçïå÷íèõ âèïàäê³â äî çàãàëüíî¿
ê³ëüêîñò³ âèÿâëåíèõ ïîòåíö³éíî íåáåçïå÷íèõ âèïàäê³â [1].
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Âèêîðèñòàííÿ çâ³ò³â òà àíàë³òè÷íèõ äîâ³äîê äëÿ ï³äòðèìêè óï-
ðàâë³íñüêî¿ ä³ÿëüíîñò³ áóëî ñïðîùåíèì, â ïåðåâàæí³é á³ëüøîñò³
âèïàäê³â âèêîíóâàëîñü ñï³âñòàâëåííÿ îêðåìèõ ïîêàçíèê³â çà çâ³ò-
íèé òà ìèíóëèé ïåð³îäè, ùî äîçâîëÿëî êåð³âíèöòâó ðîáèòè âèñ-
íîâêè ïðî ïîã³ðøåííÿ àáî ïîêðàùåííÿ ñòàíó ñïðàâ íà îá’ºêòàõ
óïðàâë³ííÿ òà ïðèéìàòè â³äïîâ³äí³ óïðàâë³íñüê³ ð³øåííÿ. Òàêå
ñòàíîâèùå äî îñòàííüîãî ÷àñó êîìïåíñóâàëàñü êîìïåòåíòí³ñòþ òà
³íòó¿ö³ºþ êåð³âíèê³â òà ôàõ³âö³â, à ñïðîáè íàóêîâö³â çàïðîïîíóâà-
òè äëÿ âèêîðèñòàííÿ ñïåö³àë³çîâàí³ çàñîáè ï³äòðèìêè óïðàâë³íñü-
êî¿ ä³ÿëüíîñò³ ñïðèéìàëèñü, çäåá³ëüøîãî, íåãàòèâíî. Ñàìå öèìè
îáñòàâèíàìè ìîæíà ïîÿñíèòè çàñòîñóâàííÿ äî îñòàííüîãî ÷àñó â
ñôåðè îõîðîíè ïðàö³ ñïðîùåíèõ ìàòåìàòè÷íèõ ìîäåëåé, ÿê³ â ïå-
ðåâàæí³é á³ëüøîñò³ âèïàäê³â íå äîçâîëÿþòü âðàõóâàòè çíà÷íó ê³ëü-
ê³ñòü ÷èííèê³â. Òîìó ïðè ïðèéíÿòò³ óïðàâë³íñüêèõ ð³øåíü äîíå-
äàâíà ïåðåâàæàëè ñóá’ºêòèâí³ îö³íêè, çàñíîâàí³ íà äîñâ³ä³ âèð³-
øåííÿ àíàëîã³÷íèõ çàâäàíü òà ³íòó¿ö³¿ êåð³âíèê³â òà ôàõ³âö³â.

Äîñë³äæåííÿ ïðîôåñ³éíîãî ðèçèêó äîçâîëÿº âñòàíîâèòè çàêî-
íîì³ðíîñò³ äëÿ ïðîãíîçóâàííÿ ð³âíÿ òðàâìàòèçìó íà ï³äïðèºìñò-
âàõ, âèêîðèñòàííÿ ÿêèõ çàáåçïå÷èëî ïëàíóâàííÿ îá´ðóíòîâàíèõ çà-
õîä³â. Âñòàíîâëåíî ðÿä çàëåæíîñòåé, òàêèõ ÿê âïëèâ ñòàæó ðîáîòè
ïðàö³âíèêà òà éîãî â³êó íà ð³âåíü ïðîôåñ³éíîãî ðèçèêó. Îòðèìàí³
ìàòåìàòè÷í³ ð³âíÿííÿ, ùî õàðàêòåðèçóþòü öåé âïëèâ òà ìîæóòü áó-
òè âèêîðèñòàí³ íà ïðàêòèö³ äëÿ ïðîãíîçóâàííÿ ðèçèêó. Ïðàêòè÷íà
ðåàë³çàö³ÿ òàêîãî òà ïîä³áíèõ ï³äõîä³â ïîòðåáóº íàÿâíîñò³ ñïåö³-
àë³çîâàíèõ ³íôîðìàö³éíèõ ñèñòåì, ÿê³ äîçâîëÿòü àâòîìàòèçóâàòè
ïðîöåñ àíàë³çó ïî÷àòêîâèõ äàíèõ òà ðîçðàõóíêó ïðîãíîçó. 

Ñòâîðþâàíà ³íôîðìàö³éíà ñèñòåìà ïîâèííà áóòè îð³ºíòîâà-
íîþ íà ï³äòðèìêó óïðàâë³ííÿ ïðîôåñ³éíèìè ðèçèêàìè. Ïåðåäáà-
÷åíî çàñòîñóâàííÿ ìåòîä³â ìàòåìàòè÷íîãî ìîäåëþâàííÿ òà ïðî-
ãíîçóâàííÿ, ìåòîä³â òåîð³¿ ïðèéíÿòòÿ ð³øåíü òà åêñïåðòíèõ. Ñë³ä
çàçíà÷èòè, ùî ñòâîðåííÿ ïîä³áíèõ ñèñòåì â ãàëóç³ îõîðîíè ïðàö³,
çàñíîâàíèõ íà çàñòîñóâàíí³ ñó÷àñíîãî ìàòåìàòè÷íîãî àïàðàòà, âè-
ìàãàº ³ñòîòíèõ òðóäîâèòðàò, ÿê ç áîêó ðîçðîáíèê³â ìàòåìàòè÷íîãî,
àëãîðèòì³÷íîãî é ïðîãðàìíîãî çàáåçïå÷åííÿ, òàê ³ ç áîêó ïîñòà-
íîâíèê³â çàâäàííÿ. Öå ïîÿñíþºòüñÿ, ç îäíîãî áîêó, äîñèòü ñêëàä-
íèì îá÷èñëþâàëüíèìè àëãîðèòìàìè, ç ³íøîãî áîêó, ïðåäìåòíîþ
îáëàñòþ, ùî ïîãàíî ôîðìàë³çóºòüñÿ.

Äëÿ àâòîìàòèçàö³¿ ïðîöåñ³â ðîçðàõóíêó ð³âí³â ðèçèê³â, ó ÄÓ
«ÍÍÄ²ÏÁÎÏ» ðîçðîáëåíî ³íôîðìàö³éíó ñèñòåìó (²Ñ ÑÎÐÒ). Âêà-
çàíà ñèñòåìà ðîçðîáëÿëàñü ÿê ï³ëîòíèé ïðîåêò òà âèêîðèñòîâóâà-
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ëàñü äëÿ ïðîâåäåííÿ ðÿäó íàóêîâî-ïðèêëàäíèõ äîñë³äæåíü [2].
Ðîçãëÿíåìî îñíîâí³ ìîæëèâîñò³ ²Ñ ÑÎÐÒ.

²íôîðìàö³ÿ, ùî çáåð³ãàºòüñÿ ó áàçàõ äàíèõ ³ âèêîðèñòîâóºòüñÿ ïðè
îá´ðóíòóâàíí³ óïðàâë³íñüêèõ ð³øåíü, ìàº ð³çíîïëàíîâèé õàðàêòåð, âî-
íà ïîâ’ÿçàíà ³ç ìîæëèâèìè òðàâìàòè÷íèìè ïîä³ÿìè, ïðè÷èíàìè íå-
ùàñíèõ âèïàäê³â, íåáåçïå÷íèìè òà øê³äëèâèì ÷èííèêàìè òîùî. 

Îö³íþâàííÿ âèðîáíè÷èõ ðèçèê³â òà ïîäàëüøå ðàíæóâàííÿ ðèçè-
êó íàñòàííÿ òðàâìàòè÷íî¿ ïîä³¿ çà ð³âíåì ðèçèêó â³äáóâàºòüñÿ àâòîìà-
òè÷íî. Ñë³ä â³äçíà÷èòè, ùî ïðè ôîðìóâàíí³ ìàñèâ³â çàõîä³â çä³éñíþ-
ºòüñÿ ¿õ ãðóïóâàííÿ çà ð³âíåì ðèçèêó. Ôîðìóâàííÿ ìíîæèíè çàõîä³â
äëÿ çíèæåííÿ ð³âíÿ ðèçèêó çä³éñíþºòüñÿ îêðåìî äëÿ êîæíî¿ ãðóïè.
Çàõîäè ââîäÿòüñÿ âðó÷íó àáî øëÿõîì êîï³þâàííÿ. Ï³ñëÿ ôîðìóâàííÿ
ìàñèâ³â çàõîä³â, ïðîâîäèòüñÿ ¿õ åêñïåðòíå îö³íþâàííÿ. Ðîáîòà åêñ-
ïåðò³â ïåðåäáà÷àº ñïî÷àòêó îö³íêó êðèòåð³¿â. Íà íàñòóïíîìó åòàï³
çä³éñíþºòüñÿ áåçïîñåðåäíº îö³íþâàííÿ çàõîä³â åêñïåðòàìè (ðèñ. 1). 

Ðèñ. 1. Çàêëàäèíêà «Îö³íêà çàõîä³â»
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Ïðè öüîìó âèêîðèñòîâóºòüñÿ ñïèñîê òðàâìàòè÷íèõ ïîä³é, îá-
ðàíèé ç óðàõóâàííÿì ð³âíÿ ðèçèêó. Êîæí³é ç ïîä³é ïîñòàâëåíî ó
â³äïîâ³äí³ñòü çàõîäè, ÿê³ ïîòð³áíî îö³íèòè åêñïåðòàì [2]. Îö³íêè
ââîäÿòüñÿ âðó÷íó.

Ðåçóëüòàòè åêñïåðòíîãî îö³íþâàííÿ çàõîä³â ç³ çíèæåííÿ ð³âíÿ âè-
ðîáíè÷îãî ðèçèêó ïðåäñòàâëåíî íà çàêëàäèíö³ «Ðåçóëüòàòè» (ðèñ. 2).

Ðèñ. 2. Ðåçóëüòàòè åêñïåðòíîãî îö³íþâàííÿ çàõîä³â
ç³ çíèæåííÿ ð³âíÿ âèðîáíè÷îãî ðèçèêó

Êð³ì òîãî, ó ²Ñ ÑÎÐÒ ïåðåäáà÷åíî òàê³ äîïîì³æí³ ðåæèìè:
 «Çáåðåãòè äàí³». Íà áóäü-ÿêîìó åòàï³ ðîçðàõóíê³â ìîæíà çáå-

ðåãòè ðåçóëüòàòè, çàíåñåí³ äàí³ òà ðåçóëüòàòè ðîçðàõóíê³â;

24



 «Åêñïîðòóâàòè äàí³». Íà áóäü-ÿêîìó åòàï³ ðîçðàõóíê³â ìîæ-
íà åêñïîðòóâàòè ðåçóëüòàòè ðîáîòè ó Excel;

 «Çàâàíòàæèòè äàí³». Çáåðåæåí³ ðàí³øå ðåçóëüòàòè ìîæíà çà-
âàíòàæèòè äëÿ ïðîâåäåííÿ íîâèõ ðîçðàõóíê³â. 

Íàãàëüíîþ ïîòðåáîþ ñüîãîäåííÿ á³ëüøîñò³ ïðîìèñëîâèõ ï³äïðè-
ºìñòâ º ïåðåõ³ä äî óïðàâë³ííÿ îõîðîíîþ ïðàö³ íà îñíîâ³ ðèçèê-îð³ºí-
òîâàíîãî ï³äõîäó. Íåîáõ³äíîþ óìîâîþ çàïðîâàäæåííÿ òàêî¿ ñèñòåìè º
íàÿâí³ñòü åêñïåðò³â, ñïðîìîæíèõ ïðîâåñòè îö³íþâàííÿ àëüòåðíàòèâ-
íèõ âàð³àíò³â çàõîä³â ç³ çíèæåííÿ âèðîáíè÷èõ ðèçèê³â. Ïðàêòè÷íà ðå-
àë³çàö³ÿ âêàçàíîãî ï³äõîäó ïåðåäáà÷àº íàÿâí³ñòü â³äïîâ³äíî¿ ³íôîð-
ìàö³éíî¿ ñèñòåìè, ÿêà äîçâîëèòü àâòîìàòèçóâàòè ïðîöåñ ðîçðàõóíê³â
íà âñ³õ åòàïàõ ïëàíóâàííÿ çàõîä³â ç³ çíèæåííÿ âèðîáíè÷îãî ðèçèêó.

Îñíîâí³ âèìîãè äî ñòâîðþâàíî¿ ñèñòåìè îö³íþâàííÿ ïðîôå-
ñ³éíèõ ðèçèê³â.

²íôîðìàö³éíà ñèñòåìà ïîâèííà âèêîíóâàòè òàê³ ôóíêö³¿:
 çàíåñåííÿ ïåðâèííèõ äàíèõ;
 óçàãàëüíåííÿ äàíèõ;
 ïðîâåäåííÿ ðîçðàõóíê³â;
 çàñòîñóâàííÿ ô³ëüòð³â (ôîðìóâàííÿ âèá³ðîê);
 ôîðìóâàííÿ çâ³ò³â çà âñòàíîâëåíèìè ôîðìàìè;
 ôîðìóâàííÿ àíàë³òè÷íèõ òà äîâ³äêîâèõ äîêóìåíò³â;
 ³ìïîðò òà åêñïîðò äàíèõ òà ðåçóëüòàò³â;
 ñòâîðåííÿ ðåçåðâíèõ êîï³é áàç äàíèõ;
 çàõèñò â³ä íåñàíêö³îíîâàíîãî äîñòóïó.
Ïðîãðàìíå çàáåçïå÷åííÿ ñèñòåìè ìàº ãíó÷êî íàëàøòîâóâàòè-

ñÿ ïðè óñòàíîâö³. 
Ïðàêòè÷íà ðåàë³çàö³ÿ ðèçèê-îð³ºíòîâàíîãî ï³äõîäó ïåðåäáà÷àº

íàÿâí³ñòü â³äïîâ³äíî¿ ³íôîðìàö³éíî¿ ñèñòåìè, ÿêà äîçâîëèòü àâòî-
ìàòèçóâàòè ïðîöåñ ðîçðàõóíê³â íà âñ³õ åòàïàõ ïëàíóâàííÿ çàõîä³â
ç³ çíèæåííÿ âèðîáíè÷îãî ðèçèêó.
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Àíîòàö³ÿ. Îñòàíí³ìè ðîêàìè â³äáóëèñÿ åôåêòèâí³ çðóøåííÿ â åêî-
íîì³ö³ Àçåðáàéäæàíó ³ ðîçâèíóëîñÿ áàãàòî ãàëóçåé. Ñüîãîäí³ êðà¿íà íà-
ìàãàºòüñÿ ðîçâèâàòè íåíàôòîâ³ ãàëóç³ íà ï³äïðèºìñòâàõ â ñó÷àñíèõ
óìîâàõ. Çì³íè ââàæàþòüñÿ íàéîñíîâí³øîþ õàðàêòåðèñòèêîþ ðîçâèòêó
åêîíîì³êè Àçåðáàéäæàíó.

Êëþ÷îâ³ ñëîâà: ïðîìèñëîâ³ñòü, äîðîæíÿ êàðòà, ³ííîâàö³éí³ ³íâåñ-
òèö³¿, ³ííîâàö³éíå ï³äïðèºìíèöòâî, ðåíòàáåëüí³ñòü ï³äïðèºìíèöòâà,
åôåêòèâí³ñòü ñòèìóëþâàííÿ, ³ííîâàö³¿ ó ïðîìèñëîâ³é åêîíîì³ö³.

Abstract. In recent years, there have been effective shifts in the eco-
nomy of Azerbaijan and many industries have developed. Today our count-
ry is trying to develop non-oil industries at enterprises in modern condi-
tions. Change is considered the most basic characteristic in the development
of our country’s economy. 

Keywords: industry, road map, innovation investment, innovative entre-
preneurship, profitability of entrepreneurship and effectiveness of stimulating
innovation in industrial economy.

The industry is developing well in Azerbaijan in recent year, sothe
year 2014 was declared the year of Industry. The economic develop-
ment of Azerbaijan’s innovative model has found its significance in the
concept of «Azerbaijan 2020’s perspective on the future». The main
objectives of the concept were: economic and technological moderniza-
tion, development of scientific and technical activities and the tasks of
high efficiency of innovation activities.

In order to achieve its goals, the state should use all its capabilities
as efficiently as possible. To effectively use all these opportunities, first
you need to know the concept of innovation, secondly, the composition
and factors that influence innovation policy.
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Under the decree of the President of the Republic of Azerbaijan
IlhamAliyev, the Strategic Roadmap was developed in 2016. It is based
on the main direction of the national economy.

The document is intended not only for the purpose of developing
the principles of global trends, but also in turn contributes to all the fac-
tors that help economic development, including, communication
between representatives of the local and international private sector.

The strategic «road map» will ensure the development of the social
welfare of our country and the competitiveness of the economy. Our
country will enter the group of high-income countries by attracting
investment, free competition, and the development of human capital.

Innovation or innovation consists of the generation of a new idea
and its implementation in a new product, leading to a dynamic growth
of the economy and increasing employment as well as creating a net
profit for an innovative commercial enterprise.

Macro-level analysis of innovative activity in industrial enterprises
of our country surrounds such stages. These include:

1. Performance of scientific and technological work of new stimu-
lating products or technologies.

2. Testing new stimulating products or stimulating processes of
technology.

3. Development and creation of infrastructure.
4. Training for the development of innovative activities.
5. Preservation of intellectual properties.
6. Creating new or stimulating products.
The products of innovative enterprises are: innovative projects;

technological processes; scientific and technical achievements, princi-
pally new and improved products.

In order to develop macro level of the economy, it is necessary to
determine its criteria. These criteria provide an effective solution to the
development of innovative economy, environmental protection.

In scientific research of economic practice, the main criterion is the
Gross Domestic Product.

Factors for the creation of GDP are as follows:qualitative and
quantitative benefits of natural resources;quality of parameters and vol-
ume of fixed capital;within the framework of the factors of the nation-
al economy, an optimal division of high quality.

In addition to these criteria, there are the following criteria on the
basis of which an innovative economy is chosen: direction of the envi-
ronmental problem; the product level of innovation; social and eco-
nomic relationship.

27



The economic parallel with the political reputation of Azerbaijan
continues to grow. Azerbaijan, with its stable socio-economic develop-
ment, has become an exporter of the model of the social state. Long-
term and systematic activities are carried out in the Republic of
Azerbaijan in the field of stable and competitive economic development.
As a result of sustainable economic reforms and the diversity of the
economy, the development of the non-oil sector has been achieved, in
this area significant growth. As a result, our country, which has achieved
success in such areas as science, education, infrastructure, social secu-
rity and business, has become an example for the countries of the world.
It is no coincidence that President IlhamAliyev stated that social prob-
lems are also solved in Azerbaijan: «Social policy has always been one
of our top priorities». Over the past period, decrees and orders of the
head of state, as well as approved state programs have led to the com-
prehensive and long-term socio-economic development of Azerbaijan.
The purposefulness of the reform of the head of state allowed to suc-
ceed in such a situation, continue social and economic stability in the
republic, increase non-oil industry and agriculture, while serious and
serious difficulties for the world economy, oil prices fell by 3–4 times.
Especially in such harsh conditions, the implementation of reliable
social protection of the population is taken into account.

In modern conditions, innovation develops not only through the
production of new products or the use of technology, and this gives an
opportunity to swiftly flow to society, thanks to which for a short time
new products are produced.

P. Drucker – an American scientist, a management theorist, noted
that in the development of any organization, innovation is important.

There are provisions on innovations in a number of state programs
and regulatory legal documents in Azerbaijan.

First of all, the Law of the Republic of Azerbaijan «On Science» in
2011 determines the main principles of state policy in the field of organ-
ization, management and development of scientific activities in Azer-
baijan, the goals of science and scientific and innovative activity, mech-
anisms for financing science and stimulating scientific achievements.

According to the Law «Main Directions of the State Policy in the
Field of Scientific Innovations», the family creates equal conditions for
the functioning of all institutions and organizations engaged in scienti-
fic innovation activities.

A state policy in the field of scientific innovation is being created
in these areas:
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– definition of strategic directions of education and development
of the state innovation system;

– formation of favorable conditions for financing innovative pro-
jects, attracting and encouraging investments;

– formation of an information bank of scientific innovation sub-
jects;

– integration centers of science, education and entrepreneurship,
technology parks, scientific and technological parks, technological incu-
bator, innovation funds, innovations;

– creation of high-tech industries, markets and access to foreign
markets;

– to study innovative development experience, to use it for devel-
opment strategy development.

The activation of innovation activity depends on the effectiveness
of the innovative activity of society. Thanks to this, the state must carry
out work on effectiveness. They are as follows:

– formation of the legislative base for innovation;
– use of the information base;
– training personnel in the field of innovation.
On the part of the state, innovation is stimulated through two

methods: state implementation of scientific research and verification
projects;

The peculiarities of these projects are the subdivision of scientific
resources in various scientific research fields, depending on the state
scientific structure.

Stimulation of science by the state, features are taxation, deprecia-
tion, patents, preservation of small businesses through foreign policy.

In our republic, economic and strategic development enables the use
of scientific and technical changes at enterprises within the country.

Scientists in distinguish three types of effectiveness of industrial
enterprises:

1. The primary economic effect is determined during the work with
the plan, therefore it is considered an economic effect.

2. The expected economic effect that is determined after making
decisions.

3. The actual effect is determined after work.
We can draw a conclusion that the economic effect is a general

indicator of profit and loss.
For the purpose of economic efficiency, the following costs should

be minimized:
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D + K  Sn  min,

WhereD – cost price; K – capital investments; Sn – is the normative factor of
the comparative evaluation.

On the topic of assessing the effectiveness of foreign scientists also
said their opinion. They believe that in market relations in order to
determine profitability, you need to compare profitability with sales fig-
ures. Performance indicators are calculated thus:

E =      
L

(Kn + Ki)
,

Where E – economic efficiency; L –  economic indicator during the count-
down; Kn – innovation costs; Ki – investment costs [1].

Innovative policy and innovative economy are one of the priority
issues in the strategic documents of Azerbaijan. In 2016, approved by
the Decree of the President of the Republic of Azerbaijan «On the
Approval of the Strategic Roadmap for the National Economy and the
Main Sectors of the Economy» is widely covered in innovations. The
Declaration signed with the Decree, with the purpose of definition of
target indicators of a steady and non-oil sector. 

«The National Strategy for the Information Society Development
for 2014–2020», approved by the Presidential Decree of April 2, 2014,
says that it forms a competitive and high-tech sector of high technolo-
gies, the formation of an innovative system that ensures their use is the
main goal of the high-tech sector. Special features were also created to
promote innovative entrepreneurship, the formation of new innovative
companies, science-intensive and high-tech products and their access to
world markets; development of techno-parks, business incubators and
innovative structures for the development and application of new
knowledge and technologies [4].

Similar goals were also considered in the Development Concept
«Azerbaijan 2020 vision for the future», approved by the Decree of the
President of the Republic of Azerbaijan on December 29, 2012.

Let’s note that in 2010, the cost of technological innovation in the
country’s industry amounted to 8.1 million AZN, while in 2017 this fig-
ure 1 was 16.1 million AZN. According to the figure 1, the industry
development on innovations will become possible due to the formation of
scientific and technical capabilities and the development of opportunities
in the field of education. Adjusted for production, economic growth and
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important areas with comparative achievements are necessary. The dia-
gram is aimed at moving to the stage of overall productivity and innova-
tion characteristics. The use of innovative technologies in industrial enter-
prises will be developed, specialized and general technical industrial cam-
puses will be formed and adopted, measures will be taken to create favor-
able conditions for the development of investments in innovation and
creativity, and sustainable development of the creative economy.

The effectiveness of innovative activity is assessed by the competi-
tiveness of new products and its representation in the domestic and fo-
reign markets.

In the conditions of a market economy, an increase in the impor-
tance of the effectiveness of the use of various works with the goal of
creating innovations is required. The principle of effectiveness evalua-
tion – in production is its relation and comparison of effect and costs.
Three techno-parks have been formed, and various projects are expec-
ted to be implemented with the aim of implementing regional techno-
parks. After the formation they must undergo an examination.

Figure 1. Dynamics of costs for technological innovation by type 
of innovation in industry, percentage

There were written 5 concepts of macro-level analysis of industrial
enterprises:

– promotion of innovative entrepreneurship and the formation of
favorable conditions for the development of new types of activities, the
strengthening of advanced technologies for transfer and use;

– formation of technology parks and innovation zones for the de-
velopment and use of high technology products and technologies;

– organization of the State Fund for the Development of Informa-
tion Technologies for Innovative Business and the Development of the
Knowledge Economy;
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– promoting the development of innovative potential, in the State
Program of the National Strategy for the long-term period;

– formation of a national innovation system in Azerbaijan, obtai-
ning and expanding new knowledge and technologies in Azerbaijan.

The document considers the formation of favorable conditions for
the creation of scientific research and innovation in higher educational
institutions of the country.

The State Program for the Development of Industry in the Repub-
lic of Azerbaijan for 2015–2020, approved by the Decree of the Presi-
dent of the Republic of Azerbaijan, states that innovations play an
important role in increasing the competitiveness of the industry. The
document notes that industry support features include, inter alia, the
creation of special economic zones, industrial parks and industrial clus-
ters, a specific approach to specific sectors in the region, support for
technology transfer and innovation.

In many countries, the policy of innovation can be divided into 
4 groups depending on the level of development of countries: techno-
logy transfer; increase of internal technological potential; strengthening
the innovative orientation of small and medium-sized enterprises;
development of new and high-tech companies (start-ups).

We can also note about the startups of the Azerbaijan Technical
University, which was carried out this year on the topic of innovation.

In the Global Competitiveness Report 2017–2018 of the World
Economic Forum, Azerbaijan ranks 35th in the rating, doubling its ra-
ting. Thus, Azerbaijan still leads the CIS in the prestigious world ran-
king, leaving 4 out of 4 developed countries of the world. Even coun-
tries like Italy, Russia, Indonesia, India, Turkey and South Africa,
which are included in the G20, also lag behind Azerbaijan due to the
index of economic competitiveness [5].

There were shown two indicators in the article: the first is the
macroeconomic environment, the second is technological readiness.
Despite the influence of external influences, our country ranks 37th out
of 140 countries in the category «macroeconomic environment». The
only negative indicator of Azerbaijan in the macroeconomic environ-
ment was inflation. According to the market volume, the report does
not change our position, despite the fact that there are problems in the
Global Competitiveness Report 2017–2018.
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Abstract. LEED certification provides independent, third-party verification
that a building, homeor community was designed and built using strategies
aimed at achieving high performance in key areas of human and environmen-
tal health: location and transportation, sustainable site development, water sav-
ings, energy efficiency, materials selection and indoor environmental quality. 
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Àíîòàö³ÿ. Ó ñòàòò³ ðîçãëÿíóòî ïåðåâàãè âèêîðèñòàííÿ LEED ñåð-
òèô³êàö³¿, ÿêà çàáåçïå÷óº íåçàëåæíó ïåðåâ³ðêó áóä³âåëü çà ïîêàçíèêàìè
ÿêîñò³ íàâêîëèøíüîãî ñåðåäîâèù³ ³ áåçïåêè æèòòºä³ÿëüíîñò³. Æèòëîâ³
³ ãðîìàäñüê³ áóä³âë³ íåîáõ³äíî ïðîåêòóâàòè ³ áóäóâàòè ç âèêîðèñòàííÿì
òåõíîëîã³é, ñïðÿìîâàíèõ íà äîñÿãíåííÿ âèñîêî¿ åôåêòèâíîñò³ â êëþ÷î-
âèõ ñôåðàõ çäîðîâ’ÿ ëþäèíè òà íàâêîëèøíüîãî ñåðåäîâèùà: âèá³ð ðîçòà-
øóâàííÿ òà òðàíñïîðòíî¿ ñèñòåìè,åêîëîã³÷íà ÷èñòîòà çåìåëüíî¿
ä³ëÿíêè, åêîíîì³ÿ âîäè, åíåðãîåôåêòèâí³ñòü, âèá³ð åêîëîã³÷íèõ ìà-
òåð³àë³â ³ ÿê³ñòü íàâêîëèøíüîãî ñåðåäîâèùà.

Êëþ÷îâ³ ñëîâà: åêîëîã³÷íî ÷èñòå áóä³âíèöòâî, ñåðòèô³êàö³ÿ, ñòà-
ëèé ðîçâèòîê, ïðîåêòóâàííÿ.

Buildings have a substantial impact on the health and well-being of
people and the planet. Buildings use resources, generate waste and are
costly to maintain and operate. Green building is the practice of design-
ing, constructing and operating buildings to maximize occupant health
and productivity, use fewer resources, reduce waste and negative envi-
ronmental impacts, and decrease life cycle costs. This article is
aboutLeadership in Energy and Environmental Design (LEED) certifi-
cation – the most prolific green building rating system in the United
States and Canada. 

LEED is a building certification program designed to promote
energy saving in the building industry. By following the program guide-
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lines, new projects have been known to generate up to 30 percent ener-
gy savings and 35 percent reduction of carbon emissions, use 30 to 
50 percent less water, and generate 50 to 90 percent waste cost savings,
all for only a 1 to 7 percent increase in construction costs. First imple-
mented for new commercial construction, LEED rating systems are
now in place for existing buildings, schools, retail and healthcare, as
well as systems under development for laboratories. 

The first version of LEED was solidified, adopted by the U.S.
Green Building Council, and launched with the help of the Federal
Energy Management Program in August of 1998.Canada began to
incorporate the program and LEED Canada NC-1.0 was released in
2004. Canada has been ranked second in the U.S. Green Building
Council’s annual Top 10 Countries and Regions for LEED certified
projects. LEED buildings are also designed to support Canada’s climate
action efforts and goals. Since 2005, LEED certified buildings have
reduced over three million MT of greenhouse gases, 16.7 million MWh
of energy and 30 billion litres of water.

The basis of LEED is a point system where building projects are
required to fulfill all prerequisites and minimum program requirements,
while LEED credits are optional. Project teams must pursue a mini-
mum of 40 LEED points with any combination of credits of their
choosing. The LEED rating systems measure performance in seven key
areas: sustainable site development, water efficiency, energy and atmos-
phere, materials and resources, indoor environmental quality, innovative
design, and regional priority. Collective scores in each of these key areas
are used to award four levels of certification. The four levels of LEED
accreditation, ranked in order are Certified, Silver, Gold and Platinum,
where 40–49 points achieve LEED certification, 50–59 points are
awarded silver, 60–79 points earns gold certification, and 80 points or
more earns a platinum certification.

LEED Certification applies to all building types at all phases of
development. Because the LEED standards are flexible enough to apply
to all project types, there are unique categories called LEED Rating
Systems that project teams use to organize their process and documen-
tation for a specific building type. The LEED rating systems are
grouped into five main categories: Building Design and Construction;
Interior Design and Construction; Operations and Maintenance;
Homes and Neighborhood Development. 

Canada has embraced the LEED program in nationwide building
design projects, becoming the second largest ranked country for LEED
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participation in the world. 2018 saw 282 LEEDCertifications, bringing
the total projects certified in Canada to 3712 by the end of the year. Of
the 3712 certified projects in Canada, 1396 are in Ontario. The LEED
program is one of several sustainability programs included in GBCI
Canada. Jointly owned by the Canada Green Building Council (CaGBC)
and Green Business Certification Inc. (GBCI), GBCI Canada acceler-
ates green building market transformation and impact in Canada. GBCI
Canada exclusively administers project certifications, professional cre-
dentials and certificates within the framework of the LEED green build-
ing rating systems. 

LEED has transformed the design, construction, operations and
maintenance industry in Canada and the US, increasing property value,
reducing day-to day costs, reducing environmental impacts and impro-
ving human health, and the program aims to continue to push the sus-
tainability dial further. LEED is revolutionizing the way buildings are
constructed in Canada and US. However, as the building industry
moves forward into a new era, are workers rights and safety being pro-
perly considered? How could such a leap affect the health and safety of
construction workers? 

The Identification of Safety Risks for High-Performance
Sustainable Construction Projects study looked into construction pro-
jects with LEEDcertification. In the study, dozens of designers and con-
tractors were interviewed, each with an average of 100 traditional con-
struction jobs and about four LEED jobs. Out of the results, 12 LEED
guidelines lead to an increase in safety risk compared to non-LEED.

Many of the problems have to do with height coupled with unfa-
miliar, new technology. The high-risk tasks include constructing atria
and installing solar panels, attributing to a 24 percent increase in falls.

There are also more electrical currents near unstable soils and an
increased use of heavy equipment on LEED projects. Even wastewater
technologies have about 14 percent more exposure to harmful substances.

The Bureau of Labor and Statistics also conducted the Occupatio-
nal Employment Statistics, or OES, survey. Along with the O*NET
green occupational categories, about 90 percent of the construction
workforce is now employed in green-related industries. Again, the
increased risk of falls is a big factor when dealing with solar or wind
power, as well as skylights or atriums. They also found extra exposure
to hazardous materials because of weatherization.

Although LEED’s push for greener, more sustainable buildings is
commendable, with new evidence of injury risks to workers at LEED
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sites, theGreen Building Council must consider new safety guideli-
nes.United States Green Building Council added a new «pilot credit»
for Prevention through Design to its Leadership in Energy and
Environmental Design LEED rating system. The credit encourages
early consideration of occupational safety and health issues throughout
a building’s life cycle. 

Prevention through Design is a National Institute of Occupational
Safety and Health’s effort to prevent or reduce occupational injuries, ill-
nesses, and fatalities through inclusion of prevention considerations in
all designs that affect workers. The integration of Prevention through
Design with LEED, a certification system for green buildings, arose
from a National Institute of Occupational Safety and Health andUnited
States Green Building Council partnership to explore connections
between occupational safety and health issues and sustainable building
practices.

United States Green Building Council tests new concepts for pos-
sible integration into LEED through the use of pilot credits, according
to the organization’s website. Project teams seeking LEED certification
are encouraged to try to meet the criteria specified in pilot credits and
are asked to provide feedback on those criteria. USGBC uses the feed-
back to refine the pilot credits and submits successful credits to a vote
of its membership for final inclusion in LEED.

For Prevention through Design to be more broadly adopted as part
of sustainable construction, practice and research opportunities (grants
and funding) which include architects and designers and allow them to
take the lead in Prevention through Design and own rights to the
processes involved should be considered. The concept should also be
included as part of the Integrative Process credit rather than a stand-
alone credit. Higher order controls are more likely to be identified dur-
ing the design phase compared to the construction phase.

Currently Leadership in Energy and Environmental Design is the
world’s most widely used green building rating system with more than
94,000 projects participating in 167 countries and territories. In addi-
tion to focusing on strategies that help address climate change, LEED
prioritizes actions that promote the health and wellbeing of the people
within buildings and spaces.

According to a 2018 survey released by the United States Green
Building Council, employees who work in LEED-certified green buil-
dings are happier, healthier and more productive than employees in
conventional and non-LEED buildings. The survey also shows that a
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majority of office workers want to work for companies that are value-
oriented, take stances on important issues like sustainability, and do
their part for making a positive difference in the world. In fact, 84 per-
cent of respondents prefer to work for a company that has a strong,
concrete mission and positive values. 

LEED buildings are linked to improved productivity, health and
wellness, and the survey showed that these attributes, as well as a space
that provides clean and high-quality indoor air, directly contribute to
employees feeling happy and fulfilled at work. More than 80 percent of
respondents say that being productive on the job and having access to
clean, high-quality indoor air contributes to their overall workplace
happiness.
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ЕНЕРГОСБЕРЕЖEНІЯ ТА БЕЗПЕКИ РОБОТИ 
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ТРАНСПОРТУ СУСПЕНЗІЙ

Àíîòàö³ÿ. Ó äàí³é ñòàòò³ îáãîâîðþþòüñÿ îñíîâè òåîðåòè÷íîãî ³
÷èñåëüíîãî ìîäåëþâàííÿ íåñòàö³îíàðíîãî òóðáóëåíòíîãî ïåðåíåñåííÿ
øèðîêîãî êëàñó òâåðäèõ äèñïåðñíèõ ìàòåð³àë³â â ð³çíèõ ã³äðàâë³÷íèõ ñè-
ñòåìàõ òðóáîïðîâ³äíîãî òðàíñïîðòó.

Êëþ÷îâ³ ñëîâà: òðóáîïðîâ³äíèé ã³äðàâë³÷íèé òðàíñïîðò, íåñòàö³î-
íàðí³ ïîòîêè, ñóñïåíç³ÿ, äèñïåðñíèé ìàòåð³aë, ÷èñåëüíå ìîäåëþâàííÿ.

Abstract. The theoretical approachand numerical modeling for non-
steady turbulent transport of wideclass of solid dispersion material in different
hydraulic pipeline systems are discussed in thispaper.

Keywords: hydraulic pipeline transport, non-steady flows, slurry, disper-
sion material, numerical modeling.

Âñòóï. Çã³äíî ³ç çàãàëüíîïðèéíÿòèì ï³äõîäîì, ÿê ïåðøî÷åðãî-
âå çàâäàííÿ â ãàëóç³ òðóáîïðîâ³äíîãî ã³äðîòðàíñïîðòó òâåðäèõ äèñ-
ïåðñíèõ ìàòåð³àë³â, ñë³ä ðîçãëÿäàòè âèâ÷åííÿ ñòàëèõ ðåæèì³â
òðàíñïîðòóâàííÿ. Ñàìå òîìó, îñíîâíà óâàãà â ë³òåðàòóð³ ïðèä³ëåíî
ðîçãëÿäó ïîä³áíîãî ðîäó ïèòàíü. Ðàçîì ç òèì, íå ìåíøèé ³íòåðåñ
äëÿ ïðàêòèêè ïðåäñòàâëÿº òàêîæ ðîçðîáêà ã³äðîäèíàì³÷íèõ ìåòîä³â
ðîçðàõóíêó ³ äëÿ âèïàäêó íåñòàö³îíàðíîãî ðóõó â òðóáàõ ð³çíîãî ðî-
äó ñóñïåíç³é. Âàæëèâ³ñòü ðîçãëÿíóòèõ çàâäàíü îáóìîâëåíà, ïåðø çà
âñå, âèñîêèìè âèìîãàìè äî íàä³éíîñò³ (áåçïåêè) òðóáîïðîâ³äíèõ
ã³äðîñèñòåì, îñîáëèâî äëÿ ñèñòåì ç³ ñêëàäíîþ ñòðóêòóðîþ.

Ç äîñâ³äó åêñïëóàòàö³¿ òàêîãî ðîäó ñèñòåì â³äîìî, ùî â ïðî-
öåñ³ ðîáîòè ìîæëèâ³ ïîñò³éí³ çì³íè óìîâ òðàíñïîðòóâàííÿ, à öå, â
ñâîþ ÷åðãó, ìîæå âèêëèêàòè ð³çê³ ³ ÷àñòî íåáåçïå÷í³ êîëèâàííÿ
òèñêó ³ âèòðàò.
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Ó çâ’ÿçêó ç öèì âæå íà ñòàä³¿ ïðîåêòóâàííÿ íåîáõ³äí³ çðó÷í³
ìåòîäè ðîçðàõóíêó íåñòàëîãî ðóõó, ùî äîçâîëÿþòü âèçíà÷èòè ìîæ-
ëèâ³ êîëèâàííÿ òèñêó ³ âèòðàòè ïðè ð³çíèõ ðåæèìàõ åêñïëóàòàö³³
òðóáîïðîâ³äíèõ ñèñòåì. Íà îñíîâ³ öèõ ìåòîä³â ìîæíà îòðèìàòè
íåîáõ³äí³ äàí³ äëÿ ðîçðàõóíêó ³ âèáîðó ñèñòåìè çàõèñòó òðóáîïðî-
âîä³â â³ä íàäì³ðíî âèñîêîãî òèñêó, à òàêîæ äëÿ ðîçðàõóíêó ³ íàëà-
ãîäæåííÿ ñèñòåì àâòîìàòè÷íîãî óïðàâë³ííÿ ³ çàõèñòó.

1. Ðîçðîáêà ÷èñåëüíèõ àëãîðèòì³â ðîçðàõóíêó íåñòàö³îíàðíîãî ðó-
õó ñóñïåíç³é â òðóáàõ

ßê âæå çàçíà÷àëîñÿ âèùå, ïðè ðîáîò³ ïðîìèñëîâèõ ³, îñîáëèâî,
ñêëàäíèõ ã³äðîòðàíñïîðòíèõ ñèñòåì ïðàêòè÷íî ïîñò³éíî ìîæóòü
ìàòè ì³ñöå ð³çê³ êîëèâàííÿ òèñêó, ùî ³íîä³ ïðèçâîäèòü äî íåáàæà-
íèõ àâàð³éíèõ ñèòóàö³é. Ïîä³áíîãî ðîäó ïåðåõ³äí³ (íåñòàö³îíàðí³)
ðåæèìè ðîáîòè âèíèêàþòü ïðè ïóñêàõ ³ çóïèíêàõ ïîäà÷³ ñóì³ø³ àáî
íåñó÷î¿ ñåðåäè, ï³ä ÷àñ çàïîâíåííÿ àáî ñïîðîæíåííÿ ñèñòåìè, à òà-
êîæ ïðè ð³çêèõ çì³íàõ øâèäêîñò³ àáî êîíöåíòðàö³¿ ñóì³ø³, ÿêà
òðàíñïîðòóºòüñÿ. Ïîâíèé îáë³ê íåñòàö³îíàðíîñò³ äîçâîëèòü çàáåç-
ïå÷èòè ñò³éêó ³ åíåðãîçáåð³ãàþ÷ó ðîáîòó âñ³º¿ òðàíñïîðòíî¿ ñèñòåìè,
ï³äâèùèòü íàä³éí³ñòü ðîáîòè, äîâãîâ³÷í³ñòü ³ áåçïåêó íàï³ðíèõ òðó-
áîïðîâîä³â ³ âñüîãî ã³äðîìåõàí³÷íîãî îáëàäíàííÿ.

Íà öåé ÷àñ â³äîìà íåçíà÷íà ê³ëüê³ñòü ðîá³ò, ùî â³äíîñÿòüñÿ äî
âèð³øåííÿ äåÿêèõ ç ñôîðìóëüîâàíèõ âèùå çàâäàíü íåñòàö³îíàðíî-
ãî ðóõó äèñïåðñíèõ ñóì³øåé â òðóáàõ. Ïðîïîíîâàí³ â öèõ ðîáîòàõ
ï³äõîäè, ÿê ïðàâèëî, ì³ñòÿòü ðÿä ïðèïóùåíü, ùî â îêðåìèõ âèïàä-
êàõ ìîæå âïëèíóòè ÿê íà õàðàêòåð, òàê ³ íà âåëè÷èíè, ÿê³ âèçíà-
÷àþòü ã³äðîäèíàì³÷í³ ïàðàìåòðè [1].

Ó íàéçàãàëüí³øîìó âèãëÿä³ çàäà÷à íåñòàö³îíàðíîãî ðóõó ñòèñ-
êàº ìîãî ãåòåðîãåííîãî ñåðåäîâèùà äëÿ âèïàäêó, íàïðèêëàä, îä-
íîâèì³ðíîãî òà ³çîòåðì³÷íîãî íàáëèæåííÿ ïîâèííà âèð³øóâàòèñÿ
íà îñíîâ³ îòðèìàíî¿ â [2, 3] çàãàëüíî¿ ñèñòåìè ð³âíÿíü. Äëÿ ïîâíî-
ãî çàìèêàííÿ äî äàíî¿ ñèñòåìè íåîáõ³äíî äîäàòè òàêîæ â³äïîâ³äí³
ïî÷àòêîâ³ ³ ãðàíè÷í³ óìîâè.

Ó äàí³é ðîáîò³ äëÿ ïðîñòîòè ³ çðó÷íîñò³ ³íæåíåðíèõ ðîçðà-
õóíê³â îáãîâîðþºòüñÿ îäèí ³ç ñïðîùåíèõ ìåòîä³â ìîäåëþâàííÿ
ïîä³áíîãî ðîäó ïîòîê³â. Ïðè öüîìó çðîáëåíî ñïðîáó çàïðîïîíóâà-
òè óí³âåðñàëüíèé ìåòîä ðîçðàõóíêó, ÿêèé îäíî÷àñíî ìîæå áóòè
âèêîðèñòàíèé ÿê äëÿ ã³äðî-, òàê ³ ïíåâìîòðàíñïîòíèõ íåñòàö³î-
íàðíèõ ïîòîê³â.

Òàê äëÿ âèçíà÷åíîñò³, ñï³ëüíå çàâäàííÿ íåñòàö³îíàðíîãî ðóõó,
íàïðèêëàä, ã³äðîñóì³ø³, ÿêà ñôîðìóëüîâàíà â ðàìêàõ îäíîâèì³ð-
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íî¿ çàäà÷³, º îêðåìèì âèïàäêîì ñèñòåìè ð³âíÿíü, âèêëàäåíî¿ â ðî-
áîò³ [2, 3], ³ çâîäèòüñÿ äî âèð³øåííÿ ñèñòåìè äâîõ ð³âíÿíü â ÷àñ-
òèííèõ ïîõ³äíèõ:

(V )

t  
+ 

(P )

x
+ *

V |V |

2D 
= 0;

(1)
(P )

t
+ 

(V )

x
= 0,

äå V – øâèäê³ñòü ðóõó ã³äðîñóì³ø³, P – òèñê â ñèñòåì³,  – ù³ëüí³ñòü ã³ä-
ðîñóì³ø³, a – øâèäê³ñòü ïîøèðåííÿ çâóêó, * – êîåô³ö³ºíò ã³äðàâë³÷íèõ
îïîð³â, D – ä³àìåòð òðóáîïðîâîäó.

ßñíî, ùî ùå â á³ëüø ñïðîùåíîìó âàð³àíò³ ñèñòåìà (1) ïðè çà-
ì³í³ â³äïîâ³äíèõ âèõ³äíèõ ïàðàìåòð³â (, * òà a) íà ïîñò³éí³ âåëè-
÷èíè, ð³âíÿííÿ (1) ïåðåõîäèòü â ñèñòåìó, ùî îïèñóº íåñòàö³îíàð-
íèé ðóõ îäíîð³äíî¿ ð³äèíè.

ßê ³ á³ëüø çàãàëüíà ñèñòåìà ð³âíÿíü ðóõó ñóñïåíç³¿ [3], òàê ³
ñïðîùåíà ñèñòåìà ð³âíÿíü (1) â³äíîñèòüñÿ äî ã³ïåðáîë³÷íîãî òèïó
³ ïðè ¿õ âèð³øåíí³ ìîæóòü áóòè âèêîðèñòàí³ îäí³ é ò³ æ àíàë³òè÷í³
àáî ÷èñåëüí³ ìåòîäè. Íàäàë³, íå ïîðóøóþ÷è ñï³ëüíîñò³ ì³ðêóâàíü,
âèêëþ÷íî ç òî÷êè çîðó ïðîñòîòè âèêëàäó ñàìîãî àëãîðèòìó ðîçðà-
õóíêó, çà îñíîâó ïðèéìåìî ñèñòåìó ñïðîùåíèõ ð³âíÿíü (1).

Îòæå, çàäàþ÷è ïî÷àòêîâ³ ³ ãðàíè÷í³ óìîâè (çíàþ÷è ïðè öüîìó
çàêîí çì³íè , *, ³ a), ñèñòåìà ð³âíÿíü (1) ìîæå áóòè, â ïðèíöèï³,
âèð³øåíà äëÿ ð³çíèõ ðåæèì³â ðîáîòè íàï³ðíèõ ã³äðîòðàíñïîðòíèõ
ñèñòåì.

Ðàçîì ç òèì, ñë³ä çàçíà÷èòè, ùî êîðåêòíå çàâäàííÿ ãðàíè÷íèõ
óìîâ ³ âèá³ð çðó÷íîãî ñïîñîáó ðîçâ’ÿçàííÿ ñèñòåìè (1) íàé÷àñò³øå
ïîâ’ÿçàíå ç ïåâíèìè òðóäíîùàìè. Çóïèíèìîñÿ äåòàëüí³øå íà ìå-
òîä³ âèð³øåííÿ ö³º¿ ñèñòåìè ð³âíÿíü.

Ó ë³òåðàòóð³ â³äîì³ ÿê àíàë³òè÷í³, òàê ³ ÷èñåëüí³ ìåòîäè âèð³-
øåííÿ ñèñòåì ð³âíÿíü ã³ïåðáîë³÷íîãî òèïó. Ïðè âèêîðèñòàíí³ àíà-
ë³òè÷íèõ ìåòîä³â ð³øåííÿ, ÷åðåç íåë³í³éí³ñòü ñèñòåìè (1), ïåðåäáà-
÷àºòüñÿ ïîïåðåäíüî âèêîíàòè ë³íåàðèçàö³þ âèõ³äíèõ ð³âíÿíü.
Á³ëüø³ñòü àâòîð³â, ñòîñîâíî ïîä³áíîãî ðîäó çàâäàíü, ïðîâîäèëè ë³-

íåàðèçàö³þ ñèñòåìè (1) øëÿõîì çàì³íè ÷ëåíà *|V|
2D

íà éîãî ïîñò³é-

íó âåëè÷èíó, ÿêà äîð³âíþº ñåðåäíüîìó çíà÷åííþ çà êîîðäèíàòîþ
³ ÷àñîì. Êð³ì òîãî, ïðè âèð³øåíí³ êîíêðåòíèõ çàâäàíü ïðèéìà-
ºòüñÿ  = const, ùî âèêëþ÷àº ìîæëèâ³ñòü ôàçîâèõ ïåðåõîä³â. Çà-
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çíà÷åí³ âèùå äîïóùåííÿ ïðèçâîäÿòü äî òîãî, ùî íå çàâæäè âäà-
ºòüñÿ äîìîãòèñÿ çàäîâ³ëüíî¿ â³äïîâ³äíîñò³ ì³æ ðîçðàõóíêîâèìè ³
åêñïåðèìåíòàëüíèìè äàíèìè.

Ó çâ’ÿçêó ç öèì âèíèêàº íåîáõ³äí³ñòü ðîçðîáêè óí³âåðñàëüíîãî
ìåòîäó âèð³øåííÿ ñèñòåìè (1). Ö³ëêîì î÷åâèäíî, ùî â òàê³é ñèòó-
àö³¿ ìîæëèâî âèêîðèñòîâóâàòè ëèøå ÷èñåëüí³ ìåòîäè ðîçðàõóíêó.

Ï³ñëÿ àíàë³çó ð³çíèõ ÷èñåëüíèõ àëãîðèòì³â çà îñíîâó áóëè
ïðèéíÿò³ ÿâí³ ð³çíèöåâ³ ñõåìè Ëàêñà ³ Ëàêñà-Âåíäðîôôà, ÿê³ äîáðå
çàðåêîìåíäóâàëè ñåáå â îáëàñò³ ã³äðî- ³ ãàçîäèíàì³êè. Ó òàê³é ïî-
ñòàíîâö³ âèõ³äíó ñèñòåìó ð³âíÿíü (1) ìîæíà âèð³øèòè ç óðàõóâàí-
íÿì çì³ííîãî çíà÷åííÿ ïàðàìåòð³â , *, ³ a. Ùå ðàç â³äçíà÷èìî, ùî
ñèñòåìà ð³âíÿíü (1), çàãàëîì êàæó÷è, ìîäåëþº ðóõ ñóì³ø³ â ðàìêàõ
îäíîâèì³ðíî¿ çàäà÷³. Îäíàê, âèêîðèñòàííÿ ÷èñåëüíèõ ìåòîä³â ð³-
øåííÿ, äîçâîëèëî íàì äî íèçêè ïåâíèõ çàäà÷ íà êîæíîìó ðîçðà-
õóíêîâîìó êðîö³ çà êîîðäèíàòîþ ³ ÷àñîì ïðîâîäèòè ïåðåðàõóíîê
ïàðàìåòð³â , *, ³ a ç óìîâè ñòàö³îíàðíîãî ðóõó ñóñïåíç³¿ íåñó÷îãî
ïîòîêó. Òàêèé ï³äõ³ä áåçóìîâíî, ìàº íîâèçíó ³ âïðîâàäæåííÿ.

Íà áàç³ çàïðîïîíîâàíî¿ ñõåìè íàìè áóëè ïðîâåäåí³ ÷èñåëåíí³
ðîçðàõóíêè íåñòàö³îíàðíîãî ðóõó îäíîð³äíî¿ ð³äèíè ³ ã³äðîñóì³ø³.
Çîêðåìà, ðîçãëÿäàëèñÿ çàâäàííÿ çàïóñêó ³ çóïèíêè òðóáîïðîâ³äíèõ
ñèñòåì, çàâàíòàæåííÿ òðóáîïðîâîäó òâåðäèì äèñïåðñíèì ìàòåð³-
àëîì. Êð³ì òîãî, ïðîâîäèëîñÿ ïîð³âíÿííÿ ç â³äîìèìè åêñïåðèìåí-
òàëüíèìè äàíèìè. Âñ³ ö³ ðîçðàõóíêè ³ ïîð³âíÿííÿ ïîêàçàëè äî-
ñòàòíüî âèñîêó íàä³éí³ñòü çàïðîïîíîâàíîãî ìåòîäó ðîçðàõóíêó.

Ðîçãëÿíåìî ÿê ïðèêëàä, ðåàë³çàö³þ ïðîïîíîâàíîãî àëãîðèòìó
äëÿ âèïàäêó ðàïòîâî¿ àáî ïëàíîâî¿ çóïèíêè òðóáîïðîâ³äíî¿ ã³äðî-
òðàíñïîðòíî¿ ñèñòåìè. Â öüîìó âèïàäêó ïðè ðàïòîâ³é çóïèíö³ –
øâèäê³ñòü ñóì³ø³ ïîáëèçó çàñóâêè ïîêëàäàºòüñÿ ð³âíîþ íóëþ, à
ïðè ïëàíîâîìó â³äêëþ÷åíí³ – øâèäê³ñòü çàäàºòüñÿ çã³äíî ³ç çàêî-
íîì çàêðèòòÿ çàñóâêè. Òèñê æå ïîáëèçó çàñóâêè ïåðåðàõîâóºòüñÿ
ÿê ãðàíè÷íà óìîâà â³äïîâ³äíî äî ñèñòåìè ð³âíÿíü (1).

2. Äîñë³äæåííÿ ïåðåõ³äíèõ ïðîöåñ³â ïðè ïëàíîâèõ ³ àâàð³éíèõ çó-
ïèíêàõ òðóáîïðîâ³äíèõ ã³äðîòðàíñïîðòíèõ ñèñòåì. Ðîçðàõóíîê ã³äðàâ-
ë³÷íîãî óäàðó ïðè ðàïòîâîìó ³ ïëàíîâîìó çàêðèòò³ çàñóâêè

Ïðèéíÿâøè çà îñíîâó ñèñòåìó ð³âíÿíü (1), ÷èñåëüíà ðåàë³çà-
ö³ÿ ìåòîäó ðîçðàõóíêó ìîæå ïðîâîäèòèñÿ çà òàêîþ ñõåìîþ.

Çà çàäàíèìè âèõ³äíèìè ïàðàìåòðàìè (ä³àìåòð òðóáîïðîâîäó,
õàðàêòåðèñòèêè òâåðäîãî ìàòåð³àëó ³ ñåðåäíÿ îá’ºìíà êîíöåíòðà-
ö³ÿ ã³äðîñóì³ø³) âèçíà÷àþòü ñåðåäíþ øâèäê³ñòü ïîòîêó, ïðè ÿê³é
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âñ³ òâåðä³ ÷àñòèíêè, ùî çíàõîäÿòüñÿ â ïîòîö³, ïîâí³ñòþ ³ ñòàá³ëüíî
òðàíñïîðòóþòüñÿ ïî òðóáîïðîâîäó. Öÿ âåëè÷èíà, ÿê â³äîìî, â ë³òå-
ðàòóð³ ìàº ñåíñ êðèòè÷íî¿ øâèäêîñò³ (Vk). Äëÿ âèçíà÷åííÿ Vk â
ðîáîò³ âèêîðèñòîâóâàëàñÿ óí³âåðñàëüíà ìåòîäèêà, ÿêà áóëà ðîçðîá-
ëåíà â ²íñòèòóò³ ã³äðîìåõàí³êè ÍÀÍÓ (ì. Êè¿â). Îñíîâè ö³º¿ ìåòî-
äèêè äîñèòü äåòàëüíî âèêëàäåíî â ðîáîòàõ [4, 5]. Äàë³ ïðèïóñ-
êàºòüñÿ, ùî ÿêùî ïðè çàäàíîìó ðîçðàõóíêîâîìó êðîö³ çà êîîðäè-
íàòîþ ³ ÷àñîì âåëè÷èíà V > Vk, òî êîåô³ö³ºíò ã³äðàâë³÷íèõ îïîð³â
íà öüîìó êðîö³ îá÷èñëþºòüñÿ â³äïîâ³äíî äî çàïðîïîíîâàíî¿ â [4, 5]
ôîðìóëè äëÿ ã³äðîñóì³ø³ ç ù³ëüí³ñòþ . Êîëè ìàº ì³ñöå äîêðèòè÷-
íèé ðåæèì òå÷³¿ (V < Vk), òî ðóõ ã³äðîñóì³ø³ çàì³íþºòüñÿ ðóõîì
ð³äèíè â îñâ³òëåí³é â³ä îñàäó îáëàñò³. Äëÿ öèõ óìîâ êîåô³ö³ºíò ã³ä-
ðàâë³÷íèõ îïîð³â * âèçíà÷àºòüñÿ ÷åðåç ã³äðàâë³÷íèé ðàä³óñ îñâ³ò-
ëåíî¿ îáëàñò³. Ïðè öüîìó äëÿ òàêèõ ðåæèì³â âðàõîâóâàâñÿ ÷àñ îñ³-
äàííÿ ÷àñòèíîê ð³çíî¿ êðóïíîñò³ íà íèæíþ ñò³íêó òðóáîïðîâîäó.

Íà îñíîâ³ çàïðîïîíîâàíî¿ ñõåìè áóëî ðîçãëÿíóòî ðÿä çàäà÷
íåñòàö³îíàðíîãî ðóõó îäíî- ³ äâîôàçíèõ ñóì³øåé.

Íà ðèñ. 1, ÿê ïðèêëàä, íàâåäåíà õàðàêòåðíà çàëåæí³ñòü óäàðíî-
ãî òèñêó ïîáëèçó çàñóâêè ïðè ðóñ³ äâîõ òèï³â ã³äðîñóì³øåé – âî-
äîï³ùàíî¿ ñóñïåíç³¿ ³ ñóñïåíç³¿ çàë³çîðóäíîãî êîíöåíòðàòó. Ïðèí-
öèïîâèì â öèõ ðîçðàõóíêàõ º ð³çí³ ù³ëüíîñò³ ã³äðîñóì³øåé ³ äîâ-
æèíà òðàíñïîðòíîãî òðóáîïðîâîäó.

a) b)

Ðèñ. 1. Çàëåæí³ñòü òèñêó â³ä ÷àñó ïðè ìèòòºâîìó (ã³äðàâë³÷íèé óäàð) 
³ ïîñòóïîâîìó çàêðèòò³ çàñóâêè D = 0,5 ì:

a) ã³äðîòðàíñïîðò âîäî ï³ùàíî¿ ñóì³ø³, äîâæèíà òðóáîïðîâîäó L = 500 ì:
1 – ìèòòºâå çàêðèòòÿ; 2 – Òç = 20 ñåê; 3 – Òç = 100 ñåê;
b) ã³äðîòðàíñïîðò ñóñïåíç³¿ çàë³çîðóäíîãî êîíöåíòðàòó, äîâæèíà òðóáîïðî-
âîäó L = 500 ì: 1 – ìèòòºâå çàêðèòòÿ, 2 – Òç = 10 ñåê; 3 – Òç = 100 ñåê
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ßê âèäíî ç öüîãî ðèñóíêà, çàãàëüíèé õàðàêòåð çì³íè óäàðíîãî
òèñêó â ñóì³øàõ ïîä³áíèé äî àíàëîã³÷íîãî ïðîöåñó â îäíîð³äíî¿
ð³äèí³. ²ñòîòíà â³äì³íí³ñòü ïîëÿãàº, â îñíîâíîìó, â âåëè÷èí³ ³
øâèäêîñò³ çàòóõàííÿ ã³äðàâë³÷íîãî óäàðó.

Ïðè öüîìó, ÿê âèäíî ç ðèñ. 1, âåëè÷èíà ³ øâèäê³ñòü çì³íè
óäàðíîãî òèñêó ³ñòîòíî çàëåæèòü â³ä ù³ëüíîñò³ ìàòåð³àëó, ùî òðàí-
ñïîðòóºòüñÿ.

Ïðè öüîìó, ÿê âèäíî ç ðèñ. 1, âåëè÷èíà ³ øâèäê³ñòü çì³íè óäàð-
íîãî òèñêó ³ñòîòíî çàëåæèòü â³ä ù³ëüíîñò³ ìàòåð³àëó, ùî òðàíñïîð-
òóºòüñÿ.

Ðîçãëÿíóòèé ïðîñòèé ïðèêëàä ðîçðàõóíêó äîçâîëÿº ñóäèòè ïðî
òå, ÿê íà îñíîâ³ ð³øåííÿ ñèñòåìè (1) ìîæíà ðîçðàõóâàòè ³ óïðàâ-
ëÿòè ïåðåõ³äíèìè ïðîöåñàìè â ñèñòåìàõ òðóáîïðîâ³äíîãî ã³äðî-
òðàíñïîðòó. ²íøèìè ñëîâàìè, íà îñíîâ³ ïîä³áíèõ ðîçðàõóíê³â
ìîæíà çàçäàëåã³äü ïðîãíîçóâàòè îïòèìàëüíó (åíåðãîçáåð³ãàþ÷ó) ³
áåçàâàð³éíó (áåçïå÷íó) ðîáîòó âñ³º¿ ã³äðîòðàíñïîðòíî¿ ñèñòåìè ³
â³äïîâ³äíîãî ðåãóëþþ÷îãî îáëàäíàííÿ.

Âèñíîâêè. Ó ðîáîò³ îáãîâîðþºòüñÿ ìåòîä òåîðåòè÷íîãî ³ ÷è-
ñåëüíîãî ìîäåëþâàííÿ íåñòàö³îíàðíîãî òóðáóëåíòíîãî ïåðåíåñåí-
íÿ òâåðäèõ äèñïåðñíèõ ìàòåð³àë³â â òðóáàõ. Çàãàëüíà ñèñòåìà óñå-
ðåäíåíèõ äèôåðåíö³àëüíèõ ð³âíÿíü ³ ìåòîä çàìèêàííÿ öèõ ð³âíÿíü
òàêîæ º ïðåäìåòîì äîñë³äæåíü äàíî¿ ðîáîòè. Ïðåäñòàâëåí òåñòî-
âèé ïðèêëàä ðîçðàõóíêó äâîõ òèï³â ñóñïåíç³é â òðóáîïðîâîä³ çàäà-
íîãî ä³àìåòðà ³ äîâæèíè. Ïðîïîíîâàíèé àëãîðèòì ðîçðàõóíê³â ìî-
æå áóòè âèêîðèñòàíèé äëÿ ïðîåêòóâàííÿ êîíêðåòíèõ ñèñòåì
ã³äðàâë³÷íîãî òðóáîïðîâäíîãî òðàíñïîðòó ñóñïåíç³é.
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æèì³â îïàëåííÿ. Ïðåäñòàâëåíî çàëåæí³ñòü ì³æ çì³íîþ ³íäåêñó òåïëî-
âîãî êîìôîðòó òà ïàðàìåòð³â äîâê³ëëÿ.

Êëþ÷îâ³ ñëîâà: åíåðãîïîòðåáà, óìîâè êîìôîðòó, ðàä³àö³éíà òåìïå-
ðàòóðà, ïåðåðèâ÷àñòå îïàëåííÿ.

Abstract. The energy demand and thermal comfort indicators are ana-
lyzed for representative premises with different thermal protection, orientation
and subject to the use of energy-saving heating modes. The relationship
between the change in the index of thermal comfort and environmental
parameters is presented.

Êeywords: energy need, comfort conditions, radiation temperature, inter-
mittent heating.

Â³ä ÿêîñò³ ì³êðîêë³ìàòó ó ïðèì³ùåííÿõ çàëåæèòü ïðîäóêòèâ-
í³ñòü ïðàö³ òà êîìôîðò ìåøêàíö³â, ÿêèé âèçíà÷àºòüñÿ ñóá’ºêòèâ-
íèìè òà îá’ºêòèâíèìè ïàðàìåòðàìè, à â³äïîâ³äíî äî îáðàíî¿ ìî-
äåë³ òåïëîâîãî êîìôîðòó ðîçð³çíÿþòü ùå é ð³çí³ ïîêàçíèêè. Çàáåç-
ïå÷åííÿ òà îö³íêà êîìôîðòíèõ óìîâ º àêòóàëüíèì ïèòàííÿì ³ â
Óêðà¿í³ ðåãëàìåíòóºòüñÿ òàêèìè ñòàíäàðòàìè [1–3], íà îñíîâ³
ÿêèõ ðîçðàõîâóþòü ³íäåêñ òåïëîâîãî êîìôîðòó PMV (³íäåêñ òåïëî-
âîãî êîìôîðòó ëþäèíè), PPD (ïðîãíîçîâàíèé ïðîöåíò íåçàäîâî-
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ëåíèõ òåïëîâèì ñåðåäîâèùåì) òà âèçíà÷àþòü êàòåãîð³þ áóä³âë³
ùîäî çàáåçïå÷åííÿ êîìôîðòíèõ óìîâ.

Åíåðãîñïîæèâàííÿ áóä³âë³ çàëåæèòü â³ä ð³çíèõ ÷èííèê³â, à
ð³âåíü êîìôîðòó âèçíà÷àºòüñÿ íà îñíîâ³ òåìïåðàòóðè ïîâ³òðÿ ó
ïðèì³ùåíí³. Òàêå óÿâëåííÿ ïîêëàäåíî â îñíîâó ñòàíäàðò³â ç åíåð-
ãîåôåêòèâíîñò³. Îäíàê òåìïåðàòóðà ó ïðèì³ùåíí³ íå çàâæäè àäåê-
âàòíî â³äîáðàæóº ïî÷óòòÿ òåïëîâîãî êîìôîðòó. Â îñòàíí³ äåñÿ-
òèë³òòÿ ñòð³ìêî çðîñòàº ê³ëüê³ñòü ïðàöü, ïðèñâÿ÷åíèõ ïèòàííþ
òåïëîâîãî êîìôîðòó [4, 5]. Îñîáëèâà óâàãà ïðèä³ëÿºòüñÿ àäàïòèâ-
íèì ìîäåëÿì [6] òà åêñåðãåòè÷íîìó ï³äõîäó äî òåïëîâîãî êîìôîð-
òó [7]. Îá’ºêòèâíîþ º íåîáõ³äí³ñòü ïîãëèáëåííÿ âèâ÷åííÿ òà ì³æ-
äèñöèïë³íàðíèé ï³äõ³ä äî âèâ÷åííÿ òåïëîâ³ä÷óòò³â ëþäèíè òà çà-
áåçïå÷åííÿ íàëåæíîãî ð³âíÿ òåïëîâîãî êîìôîðòó. Òàê³ äîñë³äæåí-
íÿ º êðîêîì óïåðåä ó âèð³øåíí³ ïèòàííÿ çàáåçïå÷åííÿ íàëåæíîãî
ð³âíÿ òåïëîâîãî êîìôîðòó ï³ä ÷àñ ñòâîðåííÿ åíåðãîåôåêòèâíèõ
áóä³âåëü.

Ìåòîþ ðîáîòè º àíàë³ç âïëèâó íà ³íäåêñ òåïëîâîãî êîìôîðòó
(PMV) çì³íåííÿ ïàðàìåòð³â òåïëî³çîëÿö³éíî¿ îáîëîíêè çîâí³øí³õ
ñò³í, ÿê³ ìàþòü ð³çíó ãåîãðàô³÷íó îð³ºíòàö³þ, çà óìîâè âèêîðèñ-
òàííÿ ïåðåðèâ÷àñòèõ ðåæèì³â îïàëåííÿ ïðè çàñòîñóâàíí³ äèíàì³÷-
íîãî ìîäåëþâàííÿ òåïëîåíåðãåòè÷íèõ ïðîöåñ³â â áóä³âë³.

Äëÿ äîñë³äæåííÿ áóä³âë³ ñòâîðåíî äèíàì³÷í³ ³ì³òàö³éí³ ìîäåë³
ê³ìíàò ç ïåâíèìè òåïëîô³çè÷íèìè âëàñòèâîñòÿìè îãîðîäæåíü, ÿê³
îð³ºíòîâàí³ íà ï³âí³÷íó (Ïí) òà ï³âäåííó (Ïä) ñòîðîíè. Ðîçì³ðè
ê³ìíàòè 5,5  6,1 ì, âèñîòà ïðèì³ùåííÿ 3,2 ì, êîåô³ö³ºíò çàñêëåí-
íÿ 0,4. Ê³ìíàòà ìàº îäíó çîâí³øíþ ñò³íó äîâæèíîþ 5,5 ì òà â³êíî,
ÿêå îáëàäíàíå äâîêàìåðíèì ìåòàëîïëàñòèêîâèì ñêëîïàêåòîì ç
ïîâ³òðÿíèì çàïîâíåííÿì. Íåñó÷à ÷àñòèíà çîâí³øíüî¿ ñò³íè âèêî-
íàíà ç öåãåëüíî¿ êëàäêè â äâ³ öåãëè (500 ìì). Íåñó÷à ÷àñòèíà âíóò-
ð³øí³õ ñò³í âèêîíàíà ç öåãëÿíî¿ êëàäêè â ï³âöåãëè. Ïåðåêðèòòÿ íàä
îïàëþâàëüíèìè ïðèì³ùåííÿìè º çàë³çîáåòîíí³ òîâùèíîþ 20 ñì.
Âåíòèëÿö³ÿ – ïðèðîäíà ç êðàòí³ñòþ ïîâ³òðîîáì³íó 1 ãîä–1. Øàð
óòåïëþâà÷à – 10 ñì. Ñèñòåìà îïàëåííÿ ïîâ³òðÿíà. Â äîñë³äæåí³
âèêîðèñòàíî ïîãîäèíí³ êë³ìàòè÷í³ äàí³ òèïîâîãî ðîêó ì³æíàðîä-
íîãî ïîãîäíîãî ôàéëó IWEC äëÿ óìîâ ì³ñòà Êèºâà, ÿê³ ïðåäñòàâ-
ëåí³ â ðîçøèðåíí³ «EPW» äëÿ ëåãêî¿ ñèíõðîí³çàö³¿ ç ³ì³òàö³éíîþ
ìîäåëëþ, ÿêó ðîçðîáëåíî ç âèêîðèñòàííÿì ïðîãðàìíîãî ïðîäóêòó
EnergyPlus. Ñóá’ºêòèâí³ ïàðàìåòðè êîìôîðòíîñò³, ÿê³ âïëèâàþòü
íà PMV, ïðèéíÿòî òàê³: òåðì³÷íèé îï³ð îäÿãó ëþäèíè Iclo = 0,155
(ì2  °Ñ/Âò); àêòèâí³ñòü ëþäèíè (ìåòàáîë³çì) Ì = 70 (Âò/ì2).
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1. Åíåðãîïîòðåáà òà íàâàíòàæåííÿ íà ñèñòåìó îïàëåííÿ äëÿ
ð³çíèõ ãðàô³ê³â òåìïåðàòóðè ó ïðèì³ùåíí³

Íà ðèñ. 1 íàâåäåíî ð³÷íó åíåðãîïîòðåáó íà îïàëåííÿ ó ðåïðå-
çåíòàòèâíèõ ïðèì³ùåííÿõ íîâîáóäîâ òà ñòàðèõ áóä³âåëü ç ð³çíèìè
ãðàô³êàìè ðåãóëþâàííÿ òåìïåðàòóðè ïîâ³òðÿ â ê³ìíàò³ (ïðîâàë) òà
áåç ðåãóëþâàííÿ.

à)

á)

Ðèñ. 1. Åíåðãîïîòðåáà íà îïàëåííÿ ó âïðîâàäæåí³ ïåðåðèâ÷àñòèõ ðåæèì³â
îïàëåííÿ äëÿ ïðèì³ùåíü, îð³ºíòîâàíèõ íà ï³âäåíü (à) òà ï³âí³÷ (á): 

– òîâùèíà íåñó÷îãî øàðó ÷åðâîíî¿ öåãëè 50 ñì; 
– òîâùèíà íåñó÷îãî øàðó ÷åðâîíî¿ öåãëè 50 ñì òà íàÿâí³ñòü

óòåïëþâà÷à ì³íåðàëüíà âàòà 10 ñì; áåç ðåã. – áåç ðåãóëþâàííÿ îïàëåííÿ,
òåìïåðàòóðà â ïðèì³ùåíí³ 20°Ñ; ïðîâàë 16 òà 18 – ð³âåíü òåìïåðàòóðè â
íåðîáî÷³ ãîäèíè ó âïðîâàäæåíí³ ïåðåðèâ÷àñòèõ ðåæèì³â îïàëåííÿ, °Ñ.

Ç ðèñ. 1 âèïëèâàº, ùî åíåðãîïîòðåáà íà îïàëåííÿ äëÿ çèìî-
âèõ ì³ñÿö³â â³äð³çíÿºòüñÿ äëÿ ï³âí³÷íî¿ (Ïí) òà ï³âäåííî¿ (Ïä)
îð³ºíòàö³é íà (15–20) %, äëÿ á³ëüø òåïëèõ ì³ñÿö³â îïàëþâàëüíîãî
ñåçîíó òàêà â³äì³íí³ñòü á³ëüøà òà çíàõîäèòüñÿ â ìåæàõ (40–65) %. 

Âïðîâàäæåííÿ ïåðåðèâ÷àñòèõ ðåæèì³â îïàëåííÿ ïðèçâîäèòü
äî çìåíøåííÿ ñïîæèâàííÿ òåïëà äî 13 % óïðîäîâæ óñüîãî îïàëþ-
âàëüíîãî ïåð³îäó. Äëÿ çèìîâîãî ïåð³îäó ðîêó òàêà åêîíîì³ÿ ñòàíî-
âèòü (8–10) %, à äëÿ ïåð³îäó ì³æñåçîííÿ äî 25 %.
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Äëÿ äåòàëüíîãî àíàë³çó ïîãîäèííèõ êîëèâàíü íàâàíòàæåííÿ
âèä³ëåíî äâà ì³ñÿö³: äëÿ õîëîäíîãî ïåð³îäó ðîêó ç íèçüêîþ ñîíÿ÷-
íîþ àêòèâí³ñòþ – ãðóäåíü (ðèñ. 2, à), äëÿ ïåð³îäó ì³æñåçîííÿ –
áåðåçåíü (ðèñ. 2, á). 

à)

á)

Ðèñ. 2. Íàâàíòàæåííÿ íà ñèñòåìó îïàëåííÿ äëÿ ãðóäíÿ (à) òà áåðåçíÿ (á): 
S – ïðèì³ùåííÿ îð³ºíòîâàí³ íà ï³âäåíü; N – ïðèì³ùåííÿ îð³ºíòîâàí³ íà
ï³âí³÷

Äëÿ ï³âí³÷íî¿ îð³ºíòàö³¿ òà áåçñîíÿ÷íèõ äí³â áóäü-ÿêî¿ îð³ºí-
òàö³¿ íàíåñåííÿ óòåïëþâà÷à á³ëüø â³ä÷óòíî âïëèâàº íà íàâàíòà-
æåííÿ â ñèñòåì³ îïàëåííÿ. Íà ðèñ. 2à ðàçîâ³ ñóòòºâ³ çíèæåííÿ íà-
âàíòàæåííÿ äëÿ ï³âäåííî¿ îð³ºíòàö³¿ ïîÿñíþþòüñÿ îäíîäåííèìè
ñïëåñêàìè ñîíÿ÷íî¿ àêòèâíîñò³. Íà ðèñ. 2á äëÿ ï³âäåííî¿ îð³ºí-
òàö³¿ äëÿ òåïëèõ ì³ñÿö³â îïàëþâàëüíîãî ïåð³îäó õàðàêòåðí³ ÷àñò³
êîðîòêîñòðîêîâ³ â³äêëþ÷åííÿ îïàëåííÿ. 

2. ²íäåêñ òåïëîâîãî êîìôîðòó çà ð³çíèõ òåìïåðàòóðíèõ ðåæè-
ì³â ó ïðèì³ùåíí³

²íäåêñ òåïëîâîãî êîìôîðòó PMV ðîçðàõîâàíî äëÿ ðîáî÷èõ ãî-
äèí îïàëþâàëüíîãî ïåð³îäó â ðåïðåçåíòàòèâíèõ ïðèì³ùåííÿõ ³ç
çîâí³øí³ìè ñò³íàìè, îð³ºíòîâàíèìè íà Ïí òà Ïä, ï³ä ÷àñ çàñòîñó-
âàííÿ åíåðãîîùàäíèõ ðåæèì³â îïàëåííÿ. PMV äëÿ çèìîâèõ ì³ñÿ-
ö³â ìàº ñåðåäíº çíà÷åííÿ íà ð³âí³ – (0,4–0,5) ç ïîãîäèííèìè
çá³ëüøåííÿìè àìïë³òóäè êîëèâàíü ó ïåð³îä ì³æñåçîííÿ äî 0,9–1,1.
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Àìïë³òóäè êîëèâàíü ó ïåð³îä ì³æñåçîííÿ äëÿ Ïí îð³ºíòàö³¿ º
â³ä’ºìí³, äëÿ Ïä – äîäàòí³. Êð³ì òîãî, äëÿ Ïä îð³ºíòàö³¿ ñïîñòåð³-
ãàþòüñÿ îêðåì³ ï³êè PMV äëÿ âñüîãî õîëîäíîãî ïåð³îäó â ñîíÿ÷í³
ãîäèíè.

Âïðîâàäæåííÿ ïåðåðèâ÷àñòèõ ðåæèì³â îïàëåííÿ ïðèçâîäèòü äî
çìåíøåííÿ ñïîæèâàííÿ òåïëà òà çíèæåííÿ PMV ó ñåðåäíüîìó íà
20 %. Äëÿ çèìîâîãî ïåð³îäó çíèæåííÿ PMV ñòàíîâèòü (18–25) %,
äëÿ ïåð³îäó ì³æñåçîííÿ äî 100 %. Âñòàíîâëåííÿ äîäàòêîâîãî øà-
ðó òåïëî³çîëÿö³¿ ï³äâèùóº PMV íà (5–40) % äëÿ ñò³íè Ïí îð³ºíòà-
ö³¿ òà íà (6–80) % äëÿ Ïä îð³ºíòàö³¿.

Äëÿ äåòàëüíîãî àíàë³çó ïîãîäèííèõ êîëèâàíü PMV òà ñåðåäíüî¿
ðàä³àö³éíî¿ òåìïåðàòóðè tr âèä³ëåíî äâà ì³ñÿö³: äëÿ õîëîäíîãî ïåð³î-
äó ðîêó ç íèçüêîþ ñîíÿ÷íîþ àêòèâí³ñòþ – ãðóäåíü (ðèñ. 3, 4à), äëÿ
ïåð³îäó ì³æñåçîííÿ – áåðåçåíü (ðèñ. 3, 4á). 

à) á)

Ðèñ. 3. Çíà÷åííÿ PMV ó ãðóäí³ (à) òà áåðåçí³ (á) â ðîáî÷³ ãîäèíè ç 8 äî 20.00: 
Ïí      1 – áåç ðåãóëþâàííÿ;       2 – ïðîâàë 16°Ñ; Ïä      3 – áåç ðåãó-
ëþâàííÿ;       4 – ïðîâàë 16°Ñ

à) á)
Ðèñ. 4. Ñåðåäíÿ ðàä³àö³éíà òåìïåðàòóðà ïîâ³òðÿ ó ãðóäí³ (à) 

òà áåðåçí³ (á) â ðîáî÷³ ãîäèíè ç 8 äî 20.00: 
Ïí       1 – áåç ðåãóëþâàííÿ;      2 – ïðîâàë 16°Ñ; Ïä      3 – áåç ðåãó-
ëþâàííÿ;       4 – ïðîâàë 16°Ñ
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Àíàë³ç äàíèõ ðèñ. 3, 4 ïîêàçóº, ùî çì³íè PMV ï³ë ÷àñ ðîçãëÿ-
äó ïðèì³ùåíü ð³çíî¿ îð³ºíòàö³¿ âèêëèêàí³ çìåíøåííÿì ñåðåäíüî¿
ðàä³àö³éíî¿ òåìïåðàòóðè äëÿ Ïí, à ï³ä ÷àñ çàñòîñóâàííÿ åíåðãîî-
ùàäíèõ ðåæèì³â îïàëåííÿ ùå é âïëèâîì íà ðàä³àö³éíó òåìïåðàòó-
ðó â ðîáî÷³ ãîäèíè çíèæåííÿ òåìïåðàòóðè ïîâ³òðÿ ó ïðèì³ùåíí³ â
íåðîáî÷³ ãîäèíè. Ó ãðóäí³ íàéíèæ÷³ çíà÷åííÿ PMV ñòàíîâèòü ì³-
íóñ 0,59, ùî çóìîâëåíî çíèæåííÿì ñåðåäíüî¿ ðàä³àö³éíî¿ òåìïåðà-
òóðè äî 17°Ñ, à íàéâèù³ – ì³íóñ 0,13 çà òåìïåðàòóðè tr = 22°Ñ.
Îòæå ó ãðóäí³ ðåãóëþâàííÿ äëÿ ïðèì³ùåííÿ ³ç Ïí îð³ºíòàö³ºþ çó-
ìîâëþº çíèæåííÿ PMV íà (16–24) %, à ç Ïä ñòîðîíè íà (16–64) %.
Ó áåðåçí³ íàéíèæ÷³ çíà÷åííÿ PMV äîñÿãàþòü ì³íóñ 0,55, çà tr =
17,5°Ñ, à íàéâèù³ – 0,45, çà tr = 25°Ñ. Òàê³ ïîêàçíèêè çóìîâëåíî
íàäõîäæåííÿì ñîíÿ÷íîãî âèïðîì³íþâàííÿ òà äàº ìîæëèâ³ñòü ó
ïðèì³ùåííÿõ Ïä îð³ºíòàö³¿ âïðîâàäèòè äîäàòêîâå çíèæåííÿ òåì-
ïåðàòóðè ïîâ³òðÿ â ïðèì³ùåíí³ ó ãîäèíè ìàêñèìóìó ñîíÿ÷íèõ
íàäõîäæåíü áåç ïîã³ðøåííÿ óìîâ òåïëîâîãî êîìôîðòó.

Âèñíîâêè
Ïðîâåäåíî äîñë³äæåííÿ åíåðãîïîòðåáè áóä³âë³ òà ³íäåêñó òåï-

ëîâîãî êîìôîðòó äëÿ óòåïëåíîãî òà íåóòåïëåíîãî ðåïðåçåíòàòèâ-
íèõ ïðèì³ùåíü ç îð³ºíòàö³ºþ çîâí³øí³õ ñò³í íà ï³âäåíü ³ ï³âí³÷ çà
óìîâè çàñòîñóâàííÿ åíåðãîîùàäíèõ ðåæèì³â îïàëåííÿ íà îñíîâ³
äèíàì³÷íî¿ åíåðãåòè÷íî¿ ìîäåë³, ñòâîðåíî¿ â ïðîãðàìíîìó ïðî-
äóêò³ EnergyPlus. Îòðèìàíî òàê³ ðåçóëüòàòè:

 âïðîâàäæåííÿ ïåðåðèâ÷àñòèõ ðåæèì³â îïàëåííÿ ïðèçâîäèòü
äî çìåíøåííÿ ñïîæèâàííÿ òåïëà äî 13 % äëÿ âñüîãî îïàëþâàëü-
íîãî ïåð³îäó. Äëÿ çèìîâîãî ïåð³îäó ðîêó åêîíîì³ÿ ñòàíîâèòü
(8–10) %, äëÿ ïåð³îäó ì³æñåçîííÿ – äî 25 %.

 âïðîâàäæåííÿ ïåðåðèâ÷àñòèõ ðåæèì³â îïàëåííÿ ïðèçâîäèòü
íå ëèøå äî çìåíøåííÿ ñïîæèâàííÿ òåïëà, à é äî çíèæåííÿ â³-
ä’ºìíèõ PMV â ñåðåäíüîìó íà 20 %, íå âèõîäÿ÷è ç äîïóñòèìîãî
ä³àïàçîíó óìîâ êîìôîðòíîñò³ (0,5–0,5). Äëÿ ïðèì³ùåíü ç ï³âäåí-
íîþ îð³ºíòàö³ºþ â ïåð³îä ì³æñåçîííÿ ìîæëèâî äîäàòêîâå çíèæåí-
íÿ ð³âíÿ îïàëåííÿ ç³ çáåðåæåííÿì PMV ó ä³àïàçîí³ óìîâ êîìôîðò-
íîñò³.

 âñòàíîâëåííÿ äîäàòêîâîãî øàðó òåïëî³çîëÿö³¿ ï³äâèùóº óìî-
âè êîìôîðòíîñò³ çà ïîêàçíèêîì PMV, îñîáëèâî äëÿ ñò³í ç ï³âí³÷-
íîþ îð³ºíòàö³ºþ. 
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ПРОБЛЕМАТИКА ЕНЕРГОЗБЕРЕЖЕННЯ 

В ГАЛУЗІ ЖИТЛОВО"КОМУНАЛЬНОГО ГОСПОДАРСТВА

Àíîòàö³ÿ. Ðîçãëÿíóòà ïðîáëåìàòèêà ðåôîðìóâàííÿ æèòëîâî-êî-
ìóíàëüíîãî ãîñïîäàðñòâà ç àñïåêòó çìåíøåííÿ åíåðãîñïîæèâàííÿ øëÿ-
õîì çàñòîñóâàííÿ åíåðãîçáåð³ãàþ÷èõ òåõíîëîã³é.

Êëþ÷îâ³ ñëîâà: åíåðãîçáåðåæåííÿ, ÆÊÃ, ðåôîðìóâàííÿ, åíåðãîàó-
äèò, åôåêòèâí³ñòü, ³íîâàö³ÿ.

Abstract. The problems of housing and communal services reformation on
the aspect of reducing energy consumption by applying energy saving technolo-
gies are considered.

Êeywords: energy saving, housing and utilities, reform, energy audit, effi-
ciency, innovation.

Ï³ñëÿ çäîáóòòÿ íåçàëåæíîñò³ ïåðåä åíåðãåòè÷íèì ñåêòîðîì íà-
ðîäíîãî ãîñïîäàðñòâà êðà¿íè âèíèêëè òàê³ ïðîáëåìè:

 çíèçèòè ð³âåíü åíåðãîºìíîñò³ âèðîáëåíî¿ ïðîäóêö³¿;
 çìåíøèòè çàëåæí³ñòü â³ä ³ìïîðòó ãàçó, íàôòè òà ÿäåðíîãî ïà-

ëèâà;
 çá³ëüøèòè åôåêòèâí³ñòü âèêîðèñòàííÿ åíåðã³¿. 
Ñüîãîäí³ ñåðåäí³é ïîêàçíèê ïèòîìîãî åíåðãîñïîæèâàííÿ íà

äóøó íàñåëåííÿ â Óêðà¿í³ ïåðåâèùóº òàêèé â ÑØÀ, Í³ìå÷÷èí³,
Âåëèê³é Áðèòàí³¿ ³ ñåðåäí³é ïî ªÑ ó 4,3–4,7 ðàç³â, à ùî ñòîñóºòüñÿ
ßïîí³¿, òî öåé ïîêàçíèê ó 7,4 ðàçà â³äð³çíÿºòüñÿ â³ä õàðàêòåðíîãî
äëÿ ñó÷àñíî¿ ßïîí³¿.

Æèòëîâî-êîìóíàëüíå ãîñïîäàðñòâî (ÆÊÃ), ÿê ³ ³íø³ ãàëóç³
åêîíîì³êè Óêðà¿íè, ñòî¿òü ïåðåä íàãàëüíîþ ïðîáëåìîþ ³ñòîòíîãî
ðåôîðìóâàííÿ. Ãîëîâíà ìåòà, ê³íöåâà ö³ëü, åòàïè ³ ï³äõîäè äî
âèð³øåííÿ ïðîáëåìè ñôîðìóëüîâàí³ Ïðîãðàìîþ ðåôîðìóâàííÿ
ãàëóç³. Îäíèì ç íàïðÿìê³â, ÿêèì ñë³ä ðóõàòèñÿ äëÿ ðåàë³çàö³¿ çàâ-
äàíü, ùî ñòîÿòü ïåðåä ãàëóççþ, º âèð³øåííÿ ïðîáëåì åíåðãî- òà
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ðåñóðñîçáåðåæåííÿ íà ï³äïðèºìñòâàõ ÆÊÃ. Åêîíîì³ÿ ïàëèâíèõ
ðåñóðñ³â (à öå ³ º îäèí ç àñïåêò³â åíåðãîçáåðåæåííÿ) îäíîçíà÷íî
ñïðèÿº íå ò³ëüêè íîðìàë³çàö³¿ åêîíîì³÷íîãî æèòòÿ êðà¿íè (îñê³ëü-
êè ³ìïîðò åíåðãîíîñ³¿â ïîãëèíàº ÷èìàëó ÷àñòêó íàö³îíàëüíîãî
áþäæåòó òà ùå é ñòàâèòü íàøó äåðæàâó â çàëåæí³ñòü â³ä «äîáðî¿
âîë³» ïîñòà÷àëüíèê³â ïàëèâà), àëå é ïîêðàùåííþ îòî÷óþ÷îãî ñå-
ðåäîâèùà ³ ñòâîðþº ï³äâàëèíè äëÿ ï³äâèùåííÿ ñòàíäàðò³â æèòòÿ. 

Âèð³øåííÿ ïðîáëåìè åíåðãîçáåðåæåííÿ ìîæå ³ ïîâèííî â³ä-
áóâàòèñÿ äåê³ëüêîìà øëÿõàìè, ãîëîâíèìè ç ÿêèõ º íàñòóïí³:

 íîðìàòèâíî-îðãàí³çàö³éíèé, ÿêèé ïåðåäáà÷àº ñòâîðåííÿ óìîâ
äëÿ ñòèìóëþâàííÿ åíåðãîçáåð³ãàþ÷èõ çàõîä³â øëÿõîì ðîçðîáëåí-
íÿ â³äïîâ³äíèõ çàêîíîäàâ÷èõ àêò³â, íîðìàòèâ³â, óïðàâë³íñüêèõ òà
êîíòðîëþþ÷èõ ñòðóêòóð, çàîõî÷óâàëüíèõ ôîíä³â òîùî;

 òåõíîëîã³÷íèé, ÿêèé ïåðåäáà÷àº íàéá³ëüø ðàö³îíàëüíå âèêî-
ðèñòàííÿ ³ñíóþ÷èõ òåõíîëîã³é øëÿõîì ¿õíüî¿ îïòèì³çàö³¿ íà áàç³
øèðîêîãî çàñòîñóâàííÿ êîìï’þòåðíî¿ òåõí³êè, àáî âèêîðèñòàííÿ
ïðèíöèïîâî íîâèõ òåõíîëîã³é;

 äîñë³äíî-êîíñòðóêòîðñüêèé, ÿêèé ïåðåäáà÷àº ðîçðîáêó é âïðî-
âàäæåííÿ íîâèõ êîíñòðóêö³é åíåðãîãåíåðóþ÷èõ àãðåãàò³â, êîìïîíåí-
ò³â ³ âóçë³â äëÿ çáåð³ãàííÿ, ïåðåòâîðþâàííÿ òà òðàíñïîðòóâàííÿ
åíåðã³¿, à òàêîæ äëÿ ¿¿ åôåêòèâíîãî âèêîðèñòàííÿ;

 ñèñòåìíèé, ÿêèé ïåðåäáà÷àº ðîçðîáêó íàéá³ëüø åôåêòèâíèõ
(ç óñ³õ òî÷îê çîðó) ñèñòåì òðàíñïîðòóâàííÿ åíåðã³¿ â³ä âèðîáíèê³â
äî ñïîæèâà÷³â òà ¿¿ ïîäàëüøîãî ðîçïîä³ëó ì³æ ñïîæèâà÷àìè;

 ìîí³òîðèíãîâèé, ÿêèé ïåðåäáà÷àº ðîçðîáêó ìåòîä³â òà çàõîä³â
äëÿ ñòàëîãî êîíòðîëþ çà ê³ëüê³ñòþ òà ÿê³ñòþ ÿê ò³º¿ åíåðã³¿, ùî âè-
ðîáëåíà, òàê ³ ò³º¿, ùî áóëà âèêîðèñòàíà ñïîæèâà÷àìè, à òàêîæ çà
ñòàíîì îòî÷óþ÷îãî ñåðåäîâèùà â çîí³ âïëèâó åíåðãîãåíåðóþ÷èõ
àãðåãàò³â; 

 óòèë³çàö³éíèé, ÿêèé ïåðåäáà÷àº ðîçðîáêó çàõîä³â äëÿ âèêîðè-
ñòàííÿ ò³º¿ ÷àñòêè åíåðã³¿, ÿêà â çâè÷àéíèõ óìîâàõ âòðà÷àºòüñÿ
(ðîçñ³þºòüñÿ), àáî äëÿ âèêîðèñòàííÿ ÿê ïàëèâî òâåðäèõ â³äõîä³â,
á³îìàñè òà ïðîäóêò³â æèòòºä³ÿëüíîñò³;

 àëüòåðíàòèâíèé, ÿêèé ïåðåäáà÷àº âèêîðèñòàííÿ àëüòåðíà-
òèâíèõ («â³äíîâëþâàíèõ») äæåðåë åíåðã³¿ çàì³ñòü (àáî íà äîäàòîê
äî) «òðàäèö³éíèõ».

Çàçíà÷åí³ âèùå øëÿõè ìîæíà óçàãàëüíèòè ó íàñòóïí³ òðè íà-
ïðÿìêè ä³ÿëüíîñò³:

 àóäèò, òîáòî âèÿâëåííÿ «âóçüêèõ ì³ñöü» ó ïðîöåñàõ ãåíåðó-
âàííÿ, òðàíñïîðòóâàííÿ òà âèêîðèñòàííÿ óñ³õ âèä³â åíåðã³¿;
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 ³ííîâàö³¿, òîáòî çàïðîâàäæåííÿ ñó÷àñíèõ ìåòîä³â ãåíåðóâàííÿ,
ïåðåòâîðåííÿ òà òðàíñïîðòóâàííÿ åíåðã³¿, åêîíîì³¿ âè÷åðïíèõ åíåð-
ãîðåñóðñ³â íà áàç³ âèêîðèñòàííÿ íîâèõ òåõíîëîã³é, à òàêîæ øëÿõîì
âèêîðèñòàííÿ íåòðàäèö³éíèõ, â³äíîâëþâàíèõ äæåðåë åíåðã³¿;

 ìåíåäæìåíò, òîáòî ö³ëüîâå âèêîðèñòàííÿ åíåðãîðåñóðñ³â ç
óðàõóâàííÿì òàêèõ êðèòåð³¿â, ÿê åôåêòèâí³ñòü/âàðò³ñòü, åôåêòèâ-
í³ñòü/åêîëîã³÷í³ñòü, åôåêòèâí³ñòü/ðèçèê òîùî.

Ïåðøèì êðîêîì ïðè âèð³øåíí³ ïðîáëåìè åíåðãîçáåðåæåííÿ º
åíåðãîàóäèò, îñê³ëüêè íåîáõ³äíî ìàòè îá’ºêòèâíó ³íôîðìàö³þ ïðî
òå, ÿê ôàêòè÷íî ñïîæèâàºòüñÿ ³ âèòðà÷àºòüñÿ åíåðã³ÿ, òîáòî
ñê³ëüêè åíåðã³¿ ³ íàñê³ëüêè åôåêòèâíî âèòðà÷àºòüñÿ, ñê³ëüêè åíåð-
ã³¿ âòðà÷àºòüñÿ çà ðàõóíîê íåîïòèìàëüíèõ ñõåì òðàíñïîðòóâàííÿ
àáî ïåðåòâîðþâàííÿ åíåðã³¿ òà çà ðàõóíîê íåâäàëî îáðàíèõ òåõíî-
ëîã³é. Ïðîáëåìà àóäèòà, ÿêà ìàº äâ³ ñêëàäîâ³ (îòðèìàííÿ îá’ºêòèâ-
íî¿ ³íôîðìàö³¿ íà ï³äñòàâ³ âèêîðèñòàííÿ ñòàíäàðòíèõ ìåòîäèê ³
ïðèëàä³â, ³ àíàë³ç îòðèìàíèõ äàíèõ ç ìåòîþ îö³íþâàííÿ ðåçóëü-
òàò³â àóäèòó) º ïî ñóò³ ïðîáëåìîþ âèÿâëåííÿ «âóçüêèõ ì³ñöü» íà
óñ³é ëàíö³ â³ä ãåíåðóâàííÿ åíåðã³¿, ¿¿ ïåðåòâîðåííÿ, òðàíñïîðòó-
âàííÿ é âèêîðèñòàííÿ. Öÿ ïðîáëåìà âèìàãàº äëÿ ñâîãî óñï³øíîãî
âèð³øåííÿ âæèâàííÿ ìåòîä³â ³ çàñîá³â òåîð³¿ ãðàô³â (ïîøóê êðè-
òè÷íèõ ìàðøðóò³â), òåîð³¿ éìîâ³ðíîñòåé ³ ìàòåìàòè÷íî¿ ñòàòèñòè-
êè (ïîøóê ðîçïîä³ë³â âèïàäêîâèõ âåëè÷èí òàêèõ ÷èííèê³â, ÿê
ïðèðîäí³ ôàêòîðè, çàïèòè íà ñïîæèâàííÿ òèõ ÷è ³íøèõ ïîñëóã
ÆÊÃ òà ÿê³ñòü öèõ ïîñëóã, ðîçïîä³ë³â âèïàäê³â ñóòòºâîãî
ïîã³ðøåííÿ ôóíêö³îíóâàííÿ îêðåìèõ âóçë³â ñèñòåì ÆÊÃ òîùî),
òåîð³¿ ³ãîð (ìîäåëþâàííÿ êîíôë³êòíèõ ñèòóàö³é ó ñôåð³ ÆÊÃ), ñè-
ñòåìíîãî àíàë³çó (âèÿâëåííÿ ïðèõîâàíèõ çàëåæíîñòåé åôåêòèâ-
íîñò³ ôóíêö³îíóâàííÿ îêðåìèõ ñèñòåì ÆÊÃ â³ä çîâí³øí³õ ÷èí-
íèê³â, ó òîìó ÷èñë³ â³ä ðîáîòè ³íøèõ ñêëàäîâèõ íàðîäíîãî ãîñïî-
äàðñòâà òà ïðèðîäíèõ ÿâèù), òåîð³¿ êàòàñòðîô (âèâ÷åííÿ ðîçâèòêó
êàòàñòðîô ó áóäü-ÿêèõ ñôåðàõ ä³ÿëüíîñò³ ñóñï³ëüñòâà ç ìåòîþ âè-
ÿâëåííÿ ïåâíèõ çàêîíîì³ðíîñòåé òà âèçíà÷åííÿ îçíàê çàðîäæåííÿ
êàòàñòðîô íà ðàííüîìó åòàï³, êîëè ùå ìîæíà çàïîá³ãòè öèì ïðî-
öåñàì, àáî ïðèíàéìí³ ñóòòºâî çìåíøèòè íàñë³äêè êàòàñòðîôè), òå-
îð³¿ íå÷³òêèõ ìíîæèí (âèçíà÷åííÿ îá’ºêòèâíî¿ ³íôîðìàö³¿, îñîá-
ëèâî ñòîñîâíî äèíàì³êè ïðîöåñ³â, íà ï³äñòàâ³ íå÷³òêèõ ³ íåïîâíèõ
äàíèõ). ²íàêøå êàæó÷è, åíåðãîàóäèò – öå êîìïëåêñíå åíåðãåòè÷-
íå îáñòåæåííÿ ï³äïðèºìñòâà, ÿêå ïåðåäáà÷àº çáèðàííÿ âèõ³äíèõ
äàíèõ, ñêëàäàííÿ áàëàíñ³â ñïîæèâàííÿ é ðîçïîä³ëó åíåðã³¿, àíàë³ç
ô³íàíñîâî¿ òà òåõí³÷íî¿ ³íôîðìàö³¿, âèÿâëåííÿ íåðàö³îíàëüíèõ
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âòðàò, ðîçðîáêó åíåðãîçáåð³ãàþ÷èõ çàõîä³â, âèäà÷ó ðåêîìåíäàö³é é
âèçíà÷åííÿ åôåêòó â³ä ¿õíüîãî âïðîâàäæåííÿ. Ìåòà ïðîâåäåííÿ
åíåðãîàóäèòó – çàáåçïå÷åííÿ åíåðãîåôåêòèâíîñò³, òîáòî ï³äâè-
ùåííÿ íàä³éíîñò³ åíåðãîïîñòà÷àííÿ, ðîçðîáêà ïð³îðèòåòíèõ çà-
õîä³â ç åíåðãîçáåðåæåííÿ, åêîíîì³ÿ êîøò³â òà åíåðãîðåñóðñ³â, ìî-
äåðí³çàö³ÿ âèðîáíèöòâà, ï³äâèùåííÿ ô³íàíñîâî¿ ñò³éêîñò³, äîñÿ-
ãíåííÿ åíåðãîíåçàëåæíîñò³ ï³äïðèºìñòâà, ñêîðî÷åííÿ ïðÿìèõ òà
îïîñåðåäêîâàíèõ âèòðàò íà âèðîáíèöòâî, ñêîðî÷åííÿ ñîá³âàðòîñò³
ïðîäóêö³¿ ³ ïîñëóã. Àëãîðèòì ïðîâåäåííÿ åíåðãîàóäèòó ïåðåäáà÷àº
âèêîíàííÿ òðüîõ ïîñë³äîâíèõ êðîê³â: àíàë³ç ê³ëüê³ñíèõ ïîêàçíèê³â
åôåêòèâíîñò³ âèêîðèñòàííÿ åíåðã³¿; ðîçðîáêà çàõîä³â ç åíåðãîçáå-
ðåæåííÿ; àíàë³ç ÿê³ñíèõ ïîêàçíèê³â, ÿê³ â³äîáðàæóþòü ïðîöåñ ñêî-
ðî÷åííÿ ïèòîìîãî åíåðãîñïîæèâàííÿ.

Ðîçðîáêà çàõîä³â ç åíåðãîçáåðåæåííÿ ïî ñóò³ òðàíñôîðìóºòüñÿ
ó îêðåìèé íàïðÿìîê ä³ÿëüíîñò³ – ³ííîâàö³þ. ßêùî åíåðãîàóäèò
âèçíà÷àº «âóçüê³ ì³ñöÿ» íà ï³äïðèºìñòâ³, òî çàâäàííÿ ³ííîâàö³éíèõ
çóñèëü ïîëÿãàº ó íàéá³ëüø åôåêòèâíîìó âèð³øåíí³ ïðîáëåìè
«âóçüêèõ ì³ñöü», ÿê³ âèÿâëåí³. Öå îçíà÷àº, ùî êîæíîìó «âóçüêîìó
ì³ñöþ» íåîáõ³äíî ïðîòèñòàâèòè äåê³ëüêà àëüòåðíàòèâ éîãî ïîäî-
ëàííÿ ç îö³íêîþ óñ³õ ïîçèòèâíèõ òà íåãàòèâíèõ ðèñ êîæíî¿ ç àëü-
òåðíàòèâ íà ï³äñòàâ³ îáðàíîãî (àáî çàäàíîãî) êðèòåð³þ åôåêòèâ-
íîñò³ òà ³ñíóþ÷èõ ðåñóðñ³â ï³äïðèºìñòâà ³ îáðàòè îïòèìàëüíèé
âàð³àíò ð³øåííÿ. ²ííîâàö³éí³ ïðîöåäóðè ìîæóòü çàïðîâàäæóâàòè-
ñÿ ÿê îäíî÷àñíî, òàê ³ ïîñë³äîâíî, ïî÷èíàþ÷è ç íàéá³ëüø ïðîá-
ëåìíîãî «âóçüêîãî ì³ñöÿ».

Ï³ñëÿ çàïðîâàäæåííÿ ³ííîâàö³é íàñòàº ÷àñ åôåêòèâíîãî ìå-
íåäæìåíòó, òîáòî êåðóâàííÿ óñ³ì êîìïëåêñîì òåõí³÷íèõ çàñîá³â,
òåõíîëîã³÷íèõ ïðîöåñ³â, ³íôîðìàö³éíèõ òà ìàòåð³àëüíèõ ïîòîê³â ç
ìåòîþ äîñÿãíåííÿ ì³í³ì³çàö³¿ åíåðãîâèòðàò íà øëÿõó ñòâîðåííÿ
ïðîäóêö³¿ àáî ïîñëóã ³ç çàäàíèìè ê³ëüê³ñíèìè òà ÿê³ñíèìè ïîêàç-
íèêàìè. Ïðîöåäóðà îïðàöþâàííÿ ò³º¿ ÷è ³íøî¿ ñòðàòåã³¿ ìåíåäæ-
ìåíòó ìîæå áóòè îõàðàêòåðèçîâàíà íàñòóïíèì êîðòåæåì:

ÏÐ:  Ê < A, TA, E, PA, R >,

äå A – ìíîæèíà àëüòåðíàòèâ, òîáòî âàð³àíò³â ð³øåíü, ÿê³ çàäîâîëüíÿþòü
îáìåæåííÿì çàäà÷³ ³ º çàñîáàìè äîñÿãíåííÿ ìåòè, ùî ñôîðìóëüîâàíà îñî-
áîþ, ùî ïðèéìàº ð³øåííÿ (ÎÏÐ), à òàêîæ ïðèòàìàíí³ ¿ì ìíîæèíè
«äð³áíèöü» TA, ÿê³ ìîæóòü çà ïåâíèìè óìîâàìè ³í³ö³þâàòè òîé ÷è ³íøèé
íåáàæàíèé ðîçâèòîê ïîä³é; E – ñåðåäîâèùå çàäà÷³ ÏÐ, òîáòî óìîâè, çà
ÿêèìè â³äáóâàºòüñÿ ÏÐ, ó òîìó ÷èñë³ é óìîâè ôóíêö³îíóâàííÿ äàíî¿ êîí-
êðåòíî¿ îðãàí³çàö³éíî-òåõí³÷íî¿ ñèñòåìè, ³ ÿê³ òðåáà âðàõîâóâàòè ïðè
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ôîðìàë³çàö³¿ é âèð³øåíí³ çàäà÷³; PA – ñèñòåìà ïåðåâàã ÎÏÐ (òîáòî ñó-
êóïí³ñòü óÿâëåíü ÎÏÐ ïðî êðèòåð³¿ äîñÿãíåííÿ ìåòè, ïåðåâàãè òà íå-
äîë³êè îêðåìèõ àëüòåðíàòèâ, ùî ðîçãëÿäàþòüñÿ, ç òî÷êè çîðó ðåàë³é êîí-
êðåòíîãî ï³äïðèºìñòâà, à òàêîæ ç òî÷êè çîðó ìîæëèâîñò³ óðàõóâàííÿ òèõ
÷è ³íøèõ «äð³áíèöü»), ÿêà äîçâîëÿº âèêîíóâàòè ö³ëåñïðÿìîâàíèé âèá³ð
åëåìåíò³â ç ìíîæèíè A â³äïîâ³äíî ç ïåâíîþ ïðîöåäóðîþ R íàä ìíîæè-
íîþ àëüòåðíàòèâ A, ïðè÷îìó R õàðàêòåðèçóº òèï çàäà÷³ ÏÐ (ïîøóê
íàéá³ëüø ïðèâàáëèâî¿ àëüòåðíàòèâè, â³äîêðåìëåííÿ ìíîæèíè àëüòåðíà-
òèâ, ÿê³ íå º äîì³íóþ÷èìè, ë³í³éíå óïîðÿäêóâàííÿ ìíîæèíè àëüòåðíàòèâ,
ÿê³ º ïðèïóñòèì³ òîùî).

Òðåáà â³äçíà÷èòè, ùî ñàìå ñèñòåìà ïåðåâàã ÎÏÐ ³ º âèð³øàëü-
íèì êîìïîíåíòîì ÏÐ. Îäíàê öÿ ñèñòåìà «ñïðàöüîâóº» çâè÷àéíî
çà óìîâ «ïðîçîðîñò³» òà îäíîçíà÷íîñò³ êðèòåð³¿â, ùî âèçíà÷àþòü
áàæàíó îïòèìàëüíó àëüòåðíàòèâó. Ó ðåàëüíèõ îáñòàâèíàõ PA ÷àñòî
õàðàêòåðèçóºòüñÿ êîíöåïòóàëüíîþ íåâèçíà÷åí³ñòþ («íåïðîçîð³ñ-
òþ»), â³äñóòí³ñòþ ÷³òêèõ ìåæ (ðîçìèò³ñòþ), ùî íå äîçâîëÿþòü
âïåâíåíî îáðàòè òó ÷è ³íøó àëüòåðíàòèâó ç ï³äìíîæèíè íàéá³ëüø
ç òî÷êè çîðó ÎÏÐ ïåðñïåêòèâíèõ. Ó òàêèõ îáñòàâèíàõ âàðòî çâåð-
íóòèñÿ äî âèêîðèñòàííÿ ó ïðîöåñ³ ÏÐ íàñòóïíîãî ï³äõîäó. Éîãî
çì³ñò ïîëÿãàº ó òîìó, ùî óñ³ äàí³, ùî õàðàêòåðèçóþòü êîíêðåòíó
àëüòåðíàòèâó, ôîðìóþòüñÿ ó ñâîãî ðîäó ñïåêòðàëüíó õàðàêòåðèñòè-
êó, â ÿê³é êîæíèé êîìïîíåíò «ñïåêòðà» ðîçì³ùóºòüñÿ ó ðàç ³ íà-
çàâæäè çàêð³ïëåíîìó äëÿ íüîãî ì³ñö³ («æîðñòêèé ôîðìàò»), ïðè-
÷îìó àìïë³òóäà «ñïåêòðàëüíî¿» ë³í³¿ (àáî ¿¿ çâîðîòíà âåëè÷èíà, ÿê-
ùî âîíà º íåãàòèâíîþ ðèñîþ àëüòåðíàòèâè) õàðàêòåðèçóº â³äíîñ-
íå çíà÷åííÿ â³äïîâ³äíîãî êîìïîíåíòó, ÿêå ìîæå ìàòè àáî âèãëÿä
â³äñîòêó â³ä ìàêñèìàëüíî ìîæëèâîãî çíà÷åííÿ, àáî æ õàðàêòåðè-
çóâàòèñÿ ïåâíèìè ïîíÿòòÿìè ç öàðèíè òåîð³¿ ìîæëèâîñòåé (ÿê, íà-
ïðèêëàä, «ðåëåâàíòíèé», «êîíôîðìíèé», «òîòîæí³é» òîùî), ÿê³
òåæ íàäàþòüñÿ ó âèãëÿä³ ÷èñåë â³ä 0 äî 1 (â³äñóòí³ñòü òîãî ÷è ³íøî-
ãî êîìïîíåíòó «ñïåêòðà» â ðåàëüí³é õàðàêòåðèñòèö³ ïðè öüîìó
âèãëÿäàº ÿê êîìïîíåíò ç íóëüîâîþ àìïë³òóäîþ òàê ùî, íàïðè-
êëàä, êîìïîíåíò, ÿêèé íå ìàº í³ÿêîãî â³äíîøåííÿ äî ïðîáëåìè,
ùî ðîçãëÿäàºòüñÿ, õàðàêòåðèçóºòüñÿ ÷èñëîì 0, äî ïåâíîãî ñòóï³íþ
ðåëåâàíòíèé äî ïðîáëåìè – ÷èñëîì 0,25, ñóòòºâî ðåëåâàíòíèé –
÷èñëîì 0,50, êîíôîðìíèé – ÷èñëîì 0,75, à òîòîæí³é – ÷èñëîì
1,00). Ïðè öüîìó êðèâà, ùî îãèíàº «³äåàëüíó» ñïåêòðàëüíó õàðàê-
òåðèñòèêó (òîáòî õàðàêòåðèñòèêó, «ñïåêòðàëüí³» ë³í³¿ ÿêî¿ ìàþòü
îäèíè÷í³ çíà÷åííÿ) áóäå ìàòè âèãëÿä ïðÿìî¿, ïàðàëåëüíî¿ îñ³ àá-
ñöèñ. Êðèâ³, ÿê³ îáãèíàþòü ðåàëüí³ ñïåêòðàëüí³ õàðàêòåðèñòèêè,
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áóäóòü ó ò³é ÷è ³íø³é ì³ð³ â³äð³çíÿòèñÿ â³ä «³äåàëüíî¿». ßê ì³ðà
íåâ³äïîâ³äíîñò³ ðåàëüíî¿ õàðàêòåðèñòèêè ³äåàëüí³é (ó äàíîìó êîí-
êðåòíîìó âèïàäêó) ìîæå áóòè âèêîðèñòàíà íàñòóïíà åâêë³äîâà ìå-
òðèêà, ÿêà º çâîðîòíîþ äî ôóíêö³¿ íàëåæíîñò³:

Dr
r =1,R

= (  
1

j – 1)
j–1,n

[1 – xrj]
2,

äå J – çàãàëüíà ê³ëüê³ñòü «ñïåêòðàëüíèõ» ë³í³é, ÿê³ âêëþ÷àþòü òàêîæ ³
«ñïåêòðè äð³áíîò», R – çàãàëüíà ê³ëüê³ñòü àëüòåðíàòèâ, ùî ðîçãëÿäàþòüñÿ
(â³äïîâ³äíî, j òà r – íîìåðè «ñïåêòð³â» òà àëüòåðíàòèâ, ùî ðîçãëÿäàþòüñÿ
ó äàíèé ìîìåíò), xrj – ÷èñëîâå çíà÷åííÿ j-¿ «ñïåêòðàëüíî¿» ë³í³¿ r-¿ àëü-
òåðíàòèâè. 

Ïðè öüîìó îïòèìàëüíîþ àëüòåðíàòèâîþ áóäå àëüòåðíàòèâà,
ÿêó õàðàêòåðèçóº ì³í³ìàëüíà ìåòðèêà, òîáòî òàêà, ÿêà â³äïîâ³äàº
íàñòóïí³é óìîâ³:

Dr(opt) = max [D1,..., DR].

²íàêøå êàæó÷è, ïîñë³äîâíî âèçíà÷àºòüñÿ k-òà îïòèìàëüíà àëü-
òåðíàòèâà ç ìíîæèíè àëüòåðíàòèâ, ó ÿêèõ çàì³ñòü êîæíî¿ ïîïåðåä-
íüî âèçíà÷åíî¿ îïòèìàëüíî¿ (ì³í³ìàëüíî¿) ìåòðèêè ï³äñòàâëÿºòüñÿ ¿¿
ìàêñèìàëüíå (îäèíè÷íå) çíà÷åííÿ Dr(opt): 1, ïðè÷îìó ÿêùî ÷åð-
ãîâà ìåòðèêà äîð³âíþº àáî ïåðåâèùóº ïðèïóñòèì³ ìåæ³ Dk  D(max),
ïîäàëüøèé ïîøóê àëüòåðíàòèâ ïðèïèíÿºòüñÿ, ÿê ³ ó ðàç³, êîëè
ê³ëüê³ñòü ïîñë³äîâíî âèçíà÷åíèõ àëüòåðíàòèâ äîñÿãíå çàãàëüíî¿
ê³ëüêîñò³ àëüòåðíàòèâ ó ìíîæèí³ A, òîáòî êîëè k = R. Ïðè öüîìó
óñ³ âèçíà÷åí³ òàêèì ÷èíîì àëüòåðíàòèâè àâòîìàòè÷íî óïîðÿäêîâó-
þòüñÿ çã³äíî ç ìîíîòîííî íàðîñòàþ÷èìè çíà÷åííÿìè ìåòðèêè é
îòðèìóþòü â³äïîâ³äí³ íîìåðè (k).

Çàçíà÷åíèé ï³äõ³ä äî ïðèéíÿòòÿ ð³øåíü äîçâîëÿº óí³ô³êóâàòè
ñàìó ïðîöåäóðó, çðîáèòè ¿¿ ñòàíäàðòíîþ äëÿ âèð³øåííÿ áóäü-ÿêèõ
ïðîáëåì ÿê ìåíåäæìåíòó, òàê ³ ³ííîâàö³é.

Îêðåìî ñë³ä çóïèíèòèñÿ íà ãîëîâíèõ íàïðÿìêàõ åíåðãîçáåðå-
æåííÿ â ð³çíèõ ï³äãàëóçÿõ ÆÊÃ. Ó ñôåð³ òåïëîïîñòà÷àííÿ «âóçü-
êèìè ì³ñöÿìè» º, ç îäíîãî áîêó, ñàìà ïðîáëåìà ãåíåðóâàííÿ òåï-
ëà, òîáòî ïàëèâí³ ðåñóðñè, à ç ³íøîãî – òðàíñïîðòóâàííÿ òåïëà.
Ïåðøà ïðîáëåìà ìîæå áóòè êàðäèíàëüíî âèð³øåíà ëèøå çà ðàõó-
íîê âèêîðèñòàííÿ ÿê ïàëèâà îðãàí³÷íî¿ ñêëàäîâî¿ òâåðäèõ ïîáóòî-
âèõ â³äõîä³â (ÒÏÂ) øëÿõîì ãàçèô³êàö³¿ (ï³ðîë³çó) ç âèêîðèñòàííÿì
îòðèìàíèõ ãîðþ÷èõ ãàç³â ó êîìá³íîâàíèõ êîìïëåêñàõ «Ãàçîâà
òóðá³íà + ïàðîâà òóðá³íà + åëåêòðîãåíåðàòîð» àáî æ øëÿõîì áåç-
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ïîñåðåäíüîãî ÷è êîìá³íîâàíîãî ñïàëþâàííÿ ç îòðèìàííÿì òåïëî-
âî¿ òà åëåêòðè÷íî¿ åíåðã³¿. Äðóãà ïðîáëåìà (âòðàòè åíåðã³¿ ï³ä ÷àñ
òðàíñïîðòóâàííÿ é ðîçïîä³ëó) ìàº âèð³øàòèñÿ ÿê øëÿõîì âèêîðè-
ñòàííÿ íîâèõ ìåòîä³â ïðîêëàäàííÿ çàçäàëåã³äü ³çîëüîâàíèõ òðóáî-
ïðîâîä³â, òàê ³ øëÿõîì ñêîðî÷åííÿ òåïëîòðàñ çà ðàõóíîê ïîøè-
ðåííÿ ëîêàëüíèõ òà àâòîíîìíèõ ñèñòåì òåïëîïîñòà÷àííÿ. Ó ñôåð³
âîäîïîñòà÷àííÿ òàêîæ ³ñíóº äâà ãîëîâí³ íàïðÿìêè åíåðãîçáåðå-
æåííÿ: ñóòòºâå ïîêðàùàííÿ ñèñòåì âîäîïîñòà÷àííÿ òà âîäîðîç-
ïîä³ëó (ó òîìó ÷èñë³ é ðîáîòè íàñîñíèõ àãðåãàò³â çà ðàõóíîê ÷àñ-
òîòíîãî ðåãóëþâàííÿ îáåðò³â) ³ îïòèì³çàö³ÿ ïðîöåñ³â î÷èùåííÿ
âîäè. Ó ñôåð³ ì³ñüêîãî òðàíñïîðòó ãîëîâí³ ïðîáëåìè: îïòèì³çàö³ÿ
ìàðøðóò³â, ñòâîðåííÿ òðàíñïîðòíèõ ðîçâ’ÿçóâàíü, ðîçáóäîâà é ìî-
äåðí³çàö³ÿ øëÿõ³â – ç îäíîãî áîêó, ³ ïåðåõ³ä íà åêîëîã³÷í³ âèäè ïà-
ëèâà (ñêðàïëåíèé ãàç, äèçåëüíå ïàëüíå, åëåêòðèô³êàö³ÿ òðàíñïîð-
òó) – ç ³íøîãî. Ó ñôåð³ ïîâîäæåííÿ ç ÒÏÂ º ñâî¿ «âóçüê³ ì³ñöÿ»:
âèð³øåííÿ ïðîáëåìè ðîçä³ëüíîãî çáèðàííÿ â³äõîä³â (ùî ñïðèÿòè-
ìå ó ê³íöåâîìó ðåçóëüòàò³ åêîíîì³¿ åíåðã³¿ òà ðåñóðñ³â); ì³í³ì³çàö³ÿ
ïîë³ãîí³â çà ðàõóíîê çàïðîâàäæåííÿ ðåöèêë³íãó òà óòèë³çàö³¿ îð-
ãàí³÷íèõ ñêëàäîâèõ ÒÏÂ â ÿêîñò³ ïàëèâà. 

Óñï³øíå âèð³øåííÿ ïðîáëåì, ïðî ÿê³ éøëîñÿ, çàáåçïå÷èòü íà-
øå ãîñïîäàðñòâî íå ò³ëüêè äîäàòêîâîþ åëåêòðè÷íîþ òà òåïëîâîþ
åíåðã³ºþ, àëå é äîçâîëèòü çåêîíîìèòè ÷èìàëó ê³ëüê³ñòü åíåðã³¿ òà
ðåñóðñ³â. 

²íôîðìàö³ÿ ïðî àâòîð³â: ªùåíêî Î. ²., êàíä. òåõí. íàóê, äîöåíò, 
aieschenko@ukr.net
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ВИДОБУТОК БУРОГО ВУГІЛЛЯ З ПОДАЛЬШОЮ 

ЙОГО ГАЗИФІКАЦІЄЮ ДЛЯ ВИРІШЕННЯ 

ПАЛИВНОЇ ПРОБЛЕМИ В УКРАЇНІ

Àíîòàö³ÿ. Îá´ðóíòîâàíî äîö³ëüí³ñòü ðîçðîáêè áóðîâóã³ëüíèõ ðîäî-
âèù Óêðà¿íè ç ïîäàëüøîþ ãàçèô³êàö³ºþ âèäîáóòîãî áóðîãî âóã³ëëÿ äëÿ çà-
áåçïå÷åííÿ ïîòðåá ïðîìèñëîâèõ ï³äïðèºìñòâ òà íàñåëåííÿ ó çâ’ÿçêó ç³
çðîñòàííÿì ö³í íà åíåðãîíîñ³¿. Öå äîçâîëèòü çåêîíîìèòè ïîíàä 3000 ãðí.
íà êîæí³é 1000 ì3 çàì³ùåíîãî ïðèðîäíîãî ãàçó. Íîâèçíà ïîëÿãàº ó âïðî-
âàäæåíí³ ïðîìèñëîâî¿ ãàçèô³êàö³¿ áóðîãî âóã³ëëÿ, ÿêà íà äàíèé ÷àñ â Óê-
ðà¿í³ íå çàñòîñîâóºòüñÿ.

Êëþ÷îâ³ ñëîâà: áóðå âóã³ëëÿ, ãåîëîã³÷í³ çàïàñè, ãàçèô³êàö³ÿ, ãàçîãå-
íåðàòîð, çàáðóäíåííÿ äîâê³ëëÿ.

Abstract. The expediency of the development of brownfield coal deposits
of Ukraine with further gasification of the extracted brown coal for the needs
of industrial enterprises and the population in connection with the growth of
energy prices has been substantiated. This will save you more than 3000 UAH.
for every 1000 m3 of replaced natural gas. Novelty is the introduction of com-
mercial gasification of brown coal, which is currently not applicable in
Ukraine.

Keywords: brown coal, geological reserves, gasification, gas generator,
pollution of the environment.

Íà ñüîãîäí³, ó çâ’ÿçêó ç òðóäíîùàìè â çàáåçïå÷åíí³ Óêðà¿íè
íàôòîþ ³ ãàçîì, îñîáëèâî¿ àêòóàëüíîñò³ íàáóâàº âèêîðèñòàííÿ íå-
òðàäèö³éíèõ äæåðåë åíåðã³¿ – â³òðó, ñîíöÿ, á³îãàçó. Îäíèì ç³ ñïî-
ñîá³â âèð³øåííÿ ïðîáëåìè ìîæå áóòè ðîçøèðåííÿ ñôåðè âèêîðè-
ñòàííÿ ó âåëèê³é ³ ìàë³ é òåïëîåíåðãåòèö³ áóðîãî âóã³ëëÿ, ùî ïåâ-
íîþ ì³ðîþ ñïðèÿòèìå ñòàá³ë³çàö³¿ ïàëèâíî-åíåðãåòè÷íîãî áàëàíñó
êðà¿íè òà ñòâîðåííþ ðåçåðâó ÷àñó äëÿ ðîçâèòêó âóã³ëüíî¿ ïðîìèñ-
ëîâîñò³. Òðàäèö³éíå ñïàëþâàííÿ áóðîãî âóã³ëëÿ ïðèçâîäèòü äî çà-
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áðóäíåííÿ äîâê³ëëÿ îêñèäàìè àçîòó, ñ³ðêè, âóãëåâîäíÿìè òà³íøè-
ìè øê³äëèâèìè ðå÷îâèíàìè. Çðîñòàííÿ ñïîæèâàííÿ âèäîáóâíîãî
âóã³ëëÿ ñóïðîâîäæóºòüñÿ çá³ëüøåííÿì åêîëîã³÷íîãî íàâàíòàæåííÿ
íà äîâê³ëëÿ, îñê³ëüêè ïðè ñïàëþâàíí³ òà ïåðåðîáö³ âóã³ëëÿ óòâî-
ðþºòüñÿ á³ëüøå øê³äëèâèõ ïîá³÷íèõ ïðîäóêò³â ó ïîð³âíÿíí³ ç íàô-
òîþ ³ ãàçîì. Çàïàñè áóðîãî âóã³ëëÿ â Óêðà¿í³ äîñèòü ïîøèðåí³ òà
ïðåäñòàâëåí³ âåëèêîþ ê³ëüê³ñòþ ðîäîâèù. Áàëàíñîâ³ ãåîëîã³÷í³ çà-
ïàñè îö³íþþòüñÿ â 6–8 ìëðä òîíí [1, 2]. Ñï³ââ³äíîøåííÿ çàïàñ³â
ïàëèâíèõ êîðèñíèõ êîïàëèí â Óêðà¿í³ òàêå: âóã³ëëÿ – 86,5 %, íàô-
òà – 0,46 %, ãàç – 1,45 %, ãîðþ÷³ ñëàíö³ – 9,7 %, òîðô – 1,88 %,
à ñï³ââ³äíîøåííÿ ñïîæèâàííÿ ïàëèâíèõ êîðèñíèõ êîïàëèí â Óê-
ðà¿í³ ñòàíîâèòü: âóã³ëëÿ – 37,75 %, íàôòà – 16,8 %, ãàç – 43,45 %,
ãîðþ÷³ ñëàíö³ – 1,4 %, òîðô – 0,6 %.

Äî 90-õ ðîê³â ìèíóëîãî ñòîë³òòÿ âèäîáóòîê áóðîãî âóã³ëëÿ â³ä-
áóâàâñÿ íà òàêèõ ðîçð³çàõ, ÿê Âåðáîëîç³âñüêèé, Êîñòÿíòèí³âñüêèé,
Íîâî-Îëåêñàíäð³âñüêèé, Áàëàõîâñüêèé, Ñóëà-Óäàéñüêèé. Áóëè
ðîçðîáëåí³ ïðîåêòè âèäîáóòêó áóðîãî âóã³ëëÿ íà ðîçð³çàõ Áå-
ðåç³âñüêèé, Âåðõíüîäí³ïðîâñüêèé, Àíäðóø³âñüêèé òà ³í. Âèäîáóòå
âóã³ëëÿ ïðèçíà÷àëîñÿ äëÿ áðèêåòóâàííÿ òà ñïàëþâàííÿ íà ÒÅÖ.

Îñê³ëüêè çíà÷íó ê³ëüê³ñòü òåïëîâèõ ñòàíö³é (ÒÅÖ) áóëî ïåðå-
âåäåíî íà ïðèðîäíèé ãàç, ðîáîòó áóðîâóã³ëüíèõ ï³äïðèºìñòâ áóëî
çóïèíåíî, ïîäàëüøà ¿õ ðîçðîáêà ââàæàëàñü íåäîö³ëüíîþ. Ó çâ’ÿç-
êó ç³ ñêîðî÷åííÿì çàïàñ³â íàôòè ³ ãàçó òà çíà÷íèì çðîñòàííÿì ö³í
íà åíåðãîíîñ³¿, àêòóàëüíèì äëÿ Óêðà¿íè º ïîøóê íîâèõ åíåðãîðå-
ñóðñ³â. Îäíèì ³ç ïàëèâíèõ ðåñóðñ³â, ÿêèé ìîæå ñïðèÿòè ñòàá³ë³çà-
ö³¿ ïàëèâíî-åíåðãåòè÷íîãî áàëàíñó êðà¿íè º áóðå âóã³ëëÿ.

Çá³ëüøèòè âèäîáóòîê áóðîãî âóã³ëëÿ ìîæíà ëèøå øëÿõîì äî-
êîð³ííî¿ ðåêîíñòðóêö³¿ òà áóä³âíèöòâà íîâèõ âóã³ëüíèõ ðîçð³ç³â ³
øàõò. Ó ñâîþ ÷åðãó, öå âèìàãàº òðèâàëîãî ÷àñó ³ âåëèêèõ êàï³òàëü-
íèõ âêëàäåíü.

ßê ïðèêëàä ìîæíà íàâåñòè Áåðåç³âñüêèé ðîçð³ç ³ç ãåîëîã³÷íè-
ìè çàïàñàìè19,95 ìëí. òîíí. Âîëîã³ñòü âèõ³äíîãî âóã³ëëÿ äëÿ ïðî-
öåñó ãàçèô³êàö³¿ – äî 65 %, çîëüí³ñòü – äî 40 %. Îïòèìàëüíà
çîëüí³ñòü – 20 %. 

Âèäîáóòîê òà ïîäàëüøà ãàçèô³êàö³ÿ áóðîãî âóã³ëëÿ ìîæóòü äî-
ñòàòíüîþ ì³ðîþ çàáåçïå÷èòè ãàçîì Îëåêñàíäð³éñüêèé ðàéîí, ó
ÿêîìó 70 % ñïîæèâà÷³â ïðèðîäíîãî ãàçó – öå íàñåëåííÿ, 25 % –
ï³äïðèºìñòâà òåïëîåíåðãåòèêè, 5 % – îá’ºêòè ïðîìèñëîâîñò³. 

Çàãàëüíà ÷èñåëüí³ñòü íàñåëåííÿ Îëåêñàíäð³éñüêîãî ðàéîíó
ñòàíîâèòü 41 òèñ. îñ³á. Ó ñåðåäíüîìó îáñÿãè ñïîæèâàííÿ ïðèðîä-
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íîãî ãàçó – 434,3 ì3/(îñ.·ð³ê). Ùîð³÷íà ïîòðåáà â ñïîæèâàíí³ ãà-
çó íàñåëåííÿì íà îïàëåííÿ òà ³íø³ ïîòðåáè ñòàíîâèòü 17,8 ìëí ì3.
Ï³äïðèºìñòâà òåïëîåíåðãåòèêè òà ïðîìèñëîâîñò³ ñïîæèâàþòü ãàç
îáñÿãîì – 7,65 ìëí ì3/ð³ê. Çàãàëüíà ê³ëüê³ñòü ñïîæèòîãî ãàçó â
Îëåêñàíäð³éñüêîìó ðàéîí³ äîð³âíþº 25, 5 ìëí ì3/ð³ê.

Ãàçèô³êàö³ÿ ìàº íàéá³ëüøå çíà÷åííÿ äëÿ ì³ñöåâîãî ãàçîïîñòà-
÷àííÿ ðàéîí³â, â³ääàëåíèõ â³ä ðîäîâèù ïðèðîäíîãî ãàçó ³ íàôòè
àáî â³ä ìàã³ñòðàëüíèõ òðóáîïðîâîä³â. Ïåðåä ïðîöåñîì ãàçèô³êàö³¿
áóðå âóã³ëëÿ ïîäð³áíþþòü òà, çà íåîáõ³äíîñò³, ï³äñóøóþòü (íå-
îáõ³äíà âîëîã³ñòü â ìåæàõ 10–65 %). Äóæå âàæëèâî ïðèâåñòè áóðå
âóã³ëëÿ äî íåîáõ³äíî¿ êðóïíîñò³ – öå ìîæå áóòè ãàçèô³êàö³ÿ êóñ-
êîâîãî (> 3ìì), äð³áíîäèñïåðñíîãî (1–3 ìì) ³ òîíêî äèñïåðñíîãî
(<0,1 ìì) âóã³ëëÿ [3]. 

Îñíîâí³ íàïðÿìè ãàçèô³êàö³¿ âóã³ëëÿ ³ ñêëàä ïðîäóêò³â íàâåäå-
íî íà ðèñ. 1.

Âóã³ëëÿ

Ðèñ. 1. Ñïîñîáè ãàçèô³êàö³¿ âóã³ëëÿ

Íà ðèñ. 2 çîáðàæåíî òåõíîëîã³÷íó ñõåìó ìîäóëüíî¿ óñòàíîâêè
äëÿ ïåðåðîáêè âóã³ëëÿ â ïàëèâí³ êîìïîíåíòè.

Íà ðèñ. 3 íàâåäåíî ïðèíöèïîâó ñõåìó ãàçîãåíåðàòîðà ³ ãàçîãå-
íåðàòîðíîãî ïðîöåñó [3]. Ãàçîãåíåðàòîð ÿâëÿº ñîáîþ âåðòèêàëüíó
êàìåðó (øàõòó), âèãîòîâëåíó ç áóä³âåëüíî¿ öåãëè ³ âèêëàäåíó âñå-
ðåäèí³ âîãíåòðèâîì 2. ×åðåç îòâ³ð 3, ðîçòàøîâàíèé ó âåðõí³é ÷àñ-
òèí³ ãàçîãåíåðàòîðà, â êàìåðó çàâàíòàæóºòüñÿ øàð ïàëèâà (âóã³ëëÿ,
êîêñó) ð³çíî¿ ôðàêö³¿, ï³äòðèìóâàíèé êîëîñíèêîâèìè ´ðàòàìè 4,
ï³ä ÿê³ ÷åðåç ñïåö³àëüíèé îòâ³ð 5 ïîäàºòüñÿ ïîâ³òðÿ, êèñåíü àáî
ïàð çàëåæíî â³ä çàñòîñîâàíî¿ òåõíîëîã³¿.
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Ðèñ. 2. Òåõíîëîã³÷íà ñõåìà ìîäóëüíî¿ óñòàíîâêè äëÿ ïåðåðîáêè âóã³ëëÿ
1 – âóçîë ïîäð³áíåííÿ âóã³ëëÿ; 2 – ãðîõîò; 3 – âóçîë ñóøêè âóã³ëëÿ; 4 –
ãàçîãåíåðàòîð; 5 – áëîê î÷èñòêè ãàç³â

Óòâîðåíèé â øàð³ ïàëèâà ãàç â³äâîäÿòü ÷åðåç îòâ³ð 6, ðîçòàøî-
âàíèé íàä øàðîì ïàëèâà â ñò³íö³ ãàçîãåíåðàòîðà. Øëàêè òà çîëà
âèäàëÿþòüñÿ ÷åðåç äâåðöÿòà 7, ùî çíàõîäÿòüñÿ ó ñò³íö³ øàõòè. Ïà-
ëèâî, ùî çàâàíòàæóºòüñÿ â ãàçîãåíåðàòîð çàâäÿêè áåçïåðåðâíîìó
éîãî âèòðà÷àííþ ïîñòóïîâî ñïóñêàºòüñÿ âíèç. Ó âåðõí³é ÷àñòèí³
øàðó ïàëèâà, ùî íàçèâàºòüñÿ çîíîþ ï³äñóøóâàííÿ, ïàëèâî ïðî-
ãð³âàºòüñÿ ³ ï³äñóøóºòüñÿ ãàðÿ÷èìè ãàçàìè, ùî íàäõîäÿòü çíèçó.

Ðèñ. 3. Ñõåìà ãàçîãåíåðàòîðà òà ãàçîãåíåðàòîðíîãî ïðîöåñó:
1 – ãàçîãåíåðàòîð ç ëèñòîâî¿ ñòàë³; 2 – òåïëî³çîëÿö³ÿ (âîãíåòðèâêà öåãëà);
3 – áóíêåð çàâàíòàæåííÿ ïàëèâà; 4 – êîëîñíèêîâ³ ãðàòè; 5 – îòâ³ð äëÿ ïî-
äà÷³ ïîâ³òðÿ òà ïàðó; 6 – îòâ³ð äëÿ â³äâåäåííÿ ãàçó; 7 – äâåðöÿòà äëÿ âè-
äàëåííÿ øëàêó ³ çîëè
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Ó ñåðåäí³é ÷àñòèí³ øàðó, ÿêà íàçèâàºòüñÿ çîíîþ ñóõî¿ ïåðå-
ãîíêè, ïàëèâî ï³ä âïëèâîì ãàç³â ç òåìïåðàòóðîþ 550–800°Ñ ï³ääà-
ºòüñÿ ðîçêëàäàííþ: óòâîðþþòüñÿ ãàçè, ïàðè ñìîëè, âîëîãà; ïàëè-
âî ïåðåòâîðþºòüñÿ â íàï³âêîêñ ³ êîêñ. Íèæ÷å, â çîí³ ãàçèô³êàö³¿,
äå òåìïåðàòóðà ïåðåâèùóº 1000°Ñ, êîêñ âçàºìîä³º ç ãàçàìè äóòòÿ.
Ó ðåçóëüòàò³ ðåàêö³é ç â³ëüíèì êèñíåì äóòòÿ, ÿêèé â çîí³ ãàçèô³-
êàö³¿ ïîâí³ñòþ âèòðà÷àºòüñÿ, âóãëåöü ïàëèâà ïåðåòâîðþºòüñÿ â CO
³ CO2, âîäÿíà ïàðà ðåàãóº ç âóãëåöåì ç óòâîðåííÿì H, CO òà CO2.

Ãàçèô³êàö³ÿ âóã³ëëÿ º ñêëàäíèì áàãàòîñòàä³éíèì ãåòåðîãåííèì
ô³çèêî-õ³ì³÷íèì ïðîöåñîì.

Ïðè öüîìó ïðîò³êàþòü îñíîâí³ ïåðâèíí³ ðåàêö³¿ âóãëåöþ âó-
ã³ëëÿ ç êèñíåì ³ âîäÿíîþ ïàðîþ.

Ãàçîïîä³áí³ ïðîäóêòè, ùî óòâîðþþòüñÿ çà ðåàêö³ÿìè, ðåàãóþòü
ì³æ ñîáîþ, à òàêîæ âñòóïàþòü ó âçàºìîä³þ ç ïåðâèííèìè âóãëåöåì
ïàëèâà òà îêèñíþâà÷àìè. Ìîæëèâå òàêîæ çàñòîñóâàííÿ ã³äðîãà-
çèô³êàö³¿ – ãàçèô³êàö³¿ âîäíåì. Ïðè öüîìó ìåòàí ìîæå âñòóïàòè â
ðåàêö³¿ êîíâåðñ³¿ ç âîäÿíîþ ïàðîþ ³ îêñèäîì âóãëåöþ.

Ãàçèô³êóþ÷èìè àãåíòàìè ñëóæàòü ïîâ³òðÿ, êèñåíü ³ âîäÿíà ïàðà. 
Òåìïåðàòóðà ãàçèô³êàö³¿ â çàëåæíîñò³ â³ä çàñòîñîâàíî¿ òåõíî-

ëîã³¿ ìîæå êîëèâàòèñÿ â øèðîêèõ ìåæàõ 850–2000°Ñ. ×èì âèùå
âîëîã³ñòü ñèðîâèíè, òèì âèùå òåìïåðàòóðà ãàçèô³êàö³¿. Ä³àïàçîí
òèñê³â ãàçèô³êàö³¿ â³ä 0,1 äî 10,0 ÌÏà ³ âèùå.

Ãàçèô³êàö³ÿ ï³ä òèñêîì äîö³ëüíà ó âèïàäêàõ îòðèìàííÿ ãàçó,
ùî âèêîðèñòîâóºòüñÿ ïîò³ì â ñèíòåçàõ, ÿê³ ïðîâîäÿòüñÿ ïðè âèñî-
êèõ òèñêàõ (çíèæóþòüñÿ âèòðàòè íà ñòèñêàííÿ ñèíòåç-ãàçó).

Ïðè ï³äâèùåíí³ òåìïåðàòóðè ìîæíà ïåðåðîáëÿòè ìàëîðå-
àêö³éíå òà êîêñ³âíå âóã³ëëÿ øèðîêîãî ãðàíóëîìåòðè÷íîãî ñêëàäó.

Äëÿ ãàçèô³êàö³¿ ï³ä âèñîêèì òèñêîì ïèëîïîä³áíèõ ïàëèâ ó ãà-
çîãåíåðàòîð ñë³ä ïîäàâàòè âîäÿíó ñóñïåíç³þ âóã³ëëÿ êîíöåíò-
ðàö³ºþ äî 70 %. Íåäîë³êîì öüîãî ñïîñîáó ïîäà÷³ âóã³ëëÿ º çíà÷íà
âèòðàòà òåïëà íà âèïàðîâóâàííÿ âîäè â ãàçîãåíåðàòîð³, àëå âóã³ëëÿ
íå ïîòðåáóº ïîïåðåäíüîãî ï³äñóøóâàííÿ, ³ âèêëþ÷àºòüñÿ ïîäà÷à
ïàðè â ãàçîãåíåðàòîð.

Ãàçèô³êàòîð áóðîãî âóã³ëëÿ ç 1 òîííè ñèðîâèíè âèðîáëÿº 
3800 ì3/ãîä ãåíåðàòîðíîãî ãàçó êàëîð³éí³ñòþ 1200 êêàë/ì3, ùî
åêâ³âàëåíòíî 550–600 ì3 ïðèðîäíîãî. Äëÿ îòðèìàííÿ ãåíåðàòîð-
íîãîãàçó, åêâ³âàëåíòíîãî1000 ì3 ïðèðîäíîãî íåîáõ³äíî 1,3 òîííè
áóðîãî âóã³ëëÿ.

Ñïîæèâàííÿ åëåêòðîåíåðã³¿ ñòàíîâèòü 55 êÂò  ãîä/ò. Ïðîïî-
íóºòüñÿ óñòàíîâêà êîãåíåðàö³¿ – ñï³ëüíå âèðîáëåííÿ åëåêòðè÷íî¿ ³
òåïëîâî¿ åíåðã³¿. Óñòàíîâêà áëîêó êîãåíåðàö³¿ äîçâîëèòü âèðîáèòè
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ç ãåíåðàòîðíîãî ãàçó òåïëîâó òà åëåêòðè÷íó åíåðã³þ. Ñîá³âàðò³ñòü
îäíîãî êÂò íå ïåðåâèùóº 55 êîï., ùî äîçâîëèòü çåêîíîìèòè 50 %
âàðòîñò³ åëåêòðîåíåðã³¿. Ùîá âèðîáèòè ãåíåðàòîðíèé ãàç äëÿ
çàì³ùåííÿ 1000 ì3 ïðèðîäíîãî íåîáõ³äíî âèòðàòèòè 95,7 êÂò  ãîä.

Ñîá³âàðò³ñòü ãåíåðàòîðíîãî ãàçó åêâ³âàëåíòíîãî çà òåïëîòâîð-
í³ñòþ 1000 ì3 ïðèðîäíîãî, âðàõîâóþ÷è ñîá³âàðò³ñòü âóã³ëëÿ, ñòàíî-
âèòü 365,2 ãðí./òèñ. ì3.

Åêîíîì³ÿ â³ä âèêîðèñòàííÿ ãåíåðàòîðíîãî ãàçó ñòàíîâèòü ïî-
íàä 3000 ãðí. íà êîæí³ 1000 ì3 çàì³ùåíîãî ïðèðîäíîãî ãàçó.

Îëåêñàíäð³éñüêèé ðàéîí ùîð³÷íî ñïîæèâàº 25,5 ìëí ì3/ð³ê.
ãàçó, âàðò³ñòþ 89,2 ìëðä ãðí/ð³ê. Ïðè âèêîðèñòàíí³ óñòàíîâîê ãà-
çèô³êàö³¿ áóðîãî âóã³ëëÿ, ÿêèì áàãàòèé ðåã³îí, åêîíîì³ÿ ñòàíîâèòü
9,31 ìëðä ãðí./ð³ê.

Âèñíîâêè. Âïðîâàäæåííÿ íîâ³òí³õ òåõíîëîã³é ãàçèô³êàö³¿ áóðî-
ãî âóã³ëëÿ äîçâîëèòü âèð³øèòè ïðîáëåìó ñòàá³ë³çàö³¿ ïàëèâíî-
åíåðãåòè÷íîãî áàëàíñó Óêðà¿íè òà ñòâîðåííÿ ðåçåðâó ÷àñó äëÿ ðîç-
âèòêó âóã³ëüíî¿ ïðîìèñëîâîñò³. Öåé íàïðÿì äîçâîëÿº çàáåçïå÷èòè
ãàçîì ðàéîíè, â³ääàëåí³ â³ä ðîäîâèù ïðèðîäíîãî ãàçó ³ íàôòè àáî
â³ä ìàã³ñòðàëüíèõ òðóáîïðîâîä³â. 

Åêîíîì³ÿ â³ä âèêîðèñòàííÿ ãåíåðàòîðíîãî ãàçó ñòàíîâèòèìå
1760 ãðí./òèñ. ì3 íà êîæí³ 1 òèñ. ì3 çàì³ùåíîãî ïðèðîäíîãî ãàçó.

Óêðà¿íà, ìàþ÷è çíà÷íèé íàóêîâèé òà âèðîáíè÷èé ïîòåíö³àë,
ìàº ðåàëüíó ìîæëèâ³ñòü âèð³øèòè ïàëèâíî-åíåðãåòè÷íó ïðîáëåìó
øëÿõîì ãàçèô³êàö³¿ áóðîãî âóã³ëëÿ, ùî äîçâîëèòü âèâåñòè êðà¿íó ç
ðîçðÿäó åíåðãîäåô³öèòíèõ.
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ПІДВИЩЕННЯ ЕНЕРГОЕФЕТИВНОСТІ БУДІВЕЛЬ –

ПЕРШИЙ КРОК У ПІДВИЩЕННІ ЗАГАЛЬНОЇ

ЕНЕРГОЕФЕКТИВНОСТІ ЕКОНОМІКИ ДЕРЖАВИ

Àíîòàö³ÿ. Íàö³îíàëüíèé ïëàí ä³é ç åíåðãîåôåêòèâíîñò³ íà ïåð³îä
äî 2020 ðîêó çàçíà÷èâ, ùî ïîêàçíèêè ïåðâèííî¿ åíåðãîºìíîñò³ òà ê³íöå-
âî¿ åíåðãîºìíîñò³ â Óêðà¿í³ çàëèøàþòüñÿ íà çíà÷íî âèùîìó ð³âí³ ïîð³â-
íÿíî ç êðà¿íàìè-÷ëåíàìè ªÑ. Çä³éñíåííÿ çàõîä³â ó ðàìêàõ âïðîâàäæåí-
íÿ öüîãî ïëàíó ïîâèííî äàòè çìîãó äîñÿãòè ö³ëüîâîãî ïîêàçíèêà ó 
2020 ðîö³ – íàö³îíàëüíî¿ ³íäèêàòèâíî¿ ìåòè åíåðãîçáåðåæåííÿ – íà
ð³âí³ 9 % ñåðåäíüîãî ïîêàçíèêà ê³íöåâîãî âíóòð³øíüîãî åíåðãîñïîæèâàí-
íÿ çà ïåð³îä 2005–2009 ðð. Ïðèéíÿòòÿ Çàêîíó «Ïðî åíåðãåòè÷íó åôåê-
òèâí³ñòü áóä³âåëü», ÿêèì çàïðîâàäæóºòüñÿ îáîâ’ÿçêîâà åíåðãåòè÷íà
ñåðòèô³êàö³ÿ òà âèçíà÷åííÿ êëàñ³â áóä³âåëü çã³äíî ç ºâðîïåéñüêîþ ìå-
òîäèêîþ, íàáëèæàº êðà¿íó äî ïîÿâè áóäèíê³â ³ç íóëüîâèì ñïîæèâàííÿì
åíåðãîðåñóðñ³â, ùî â³äïîâ³äàº ì³æíàðîäíèì ñòàíäàðòàì ³ äîçâîëèòü
³ñòîòíî åêîíîìèòè íà æèòëîâî-êîìóíàëüíèõ ïîñëóãàõ.

Êëþ÷îâ³ ñëîâà: åíåðãîåôåêòèâí³ñòü, åíåðãîºìí³ñòü, åíåðãîçáåðå-
æåííÿ, òåðìîìîäåðí³çàö³ÿ æèòëîâèõ áóä³âåëü.

Abstract. The National Energy Efficiency Action Plan for the period up
to 2020 noted that the primary energy intensity and final energy intensity in
Ukraine remain at a much higher level than the EU member states. Measures
to implement this plan should enable 2020 target achievement, the national
indicative energy saving target, at 9% of the average end-of-year energy con-
sumption for the period 2005–2009. The adoption of the Law «On Energy
Efficiency of Buildings», which introduces compulsory energy certification and
the definition of building classes according to the European methodology,
brings the country closer to the emergence of houses with zero energy con-
sumption that meets international standards and will significantly save on
housing and communal services.

Keywords: energy efficiency, energy consumption, energy saving, thermo-
modernization of residential buildings.
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Äîâãèé ÷àñ â íàø³é êðà¿í³ éøëè ïóñòî-ïîðîæí³ áàëà÷êè ùîäî
åíåðãîåôåêòèâíîñò³ íàøî¿ åêîíîì³êè äîêè 25 ëèñòîïàäà 2015 ðîêó
íà çàñ³äàíí³ Êàá³íåòó Ì³í³ñòð³â Óêðà¿íè íå áóëî ñõâàëåíî ïðîåêò
ðîçïîðÿäæåííÿ «Ïðî Íàö³îíàëüíèé ïëàí ä³é ç åíåðãîåôåêòèâíîñò³
íà ïåð³îä äî 2020 ðîêó» [1]. Ó öüîìó äîêóìåíò³ áóëî çàçíà÷åíî, ùî
ïîêàçíèêè ïåðâèííî¿ òà ê³íöåâî¿ åíåðãîºìíîñò³ â Óêðà¿í³ çàëèøà-
þòüñÿ íà çíà÷íî âèùîìó ð³âí³ ïîð³âíÿíî ç êðà¿íàìè-÷ëåíàìè ªÑ.
ßêùî ïîð³âíÿòè ç òàêèìè êðà¿íàìè ÿê Ëèòâà, Ïîëüùà, Øâåö³ÿ,
Í³ìå÷÷èíà öå ïåðåâèùåííÿ ñòàíîâèòü 5–13 ðàç (ä³àãðàìè 1 ³ 2).

Íàö³îíàëüíèé ïëàí ðîçðîáëÿâñÿ â ò³ñí³é ñï³âïðàö³ ³ç ºâðî-
ïåéñüêèìè òà â³ò÷èçíÿíèìè åêñïåðòàìè ³ íàóêîâöÿìè. Ïðèéíÿòòÿ
Óêðà¿íîþ Íàö³îíàëüíîãî ïëàíó ä³é º îäíèì ³ç îñíîâíèõ çîáîâ’ÿ-
çàíü â ðàìêàõ ³ìïëåìåíòàö³¿ Äèðåêòèâè 2006/32/ªC ùîäî åíåðãå-
òè÷íî¿ åôåêòèâíîñò³ ê³íöåâîãî âèêîðèñòàííÿ åíåðã³¿ òà åíåðãåòè÷-
íèõ ïîñëóã [2] (äàë³ – Äèðåêòèâà). ²ìïëåìåíòàö³ÿ öüîãî äîêóìåí-
òà ïåðåäáà÷åíà Óãîäîþ ïðî Àñîö³àö³þ â ðàìêàõ ðåàë³çàö³¿ Äîãîâî-
ðó ïðî çàñíóâàííÿ Åíåðãåòè÷íîãî Ñï³âòîâàðèñòâà [3]. 

Çã³äíî ç Ïëàíîì, ïåðåäáà÷åíî äîñÿãíåííÿ ó 2020 ðîö³ íàö³î-
íàëüíî¿ ³íäèêàòèâíî¿ ìåòè ùîäî åíåðãîçáåðåæåííÿ ó ðîçì³ð³ 9 %
â³ä ñåðåäíüîãî ïîêàçíèêà ê³íöåâîãî âíóòð³øíüîãî åíåðãîñïîæè-
âàííÿ çà ïåð³îä 2005–2009 ðð., ùî ñòàíîâèòü 6,5 ìëí òîíí íàôòî-
âîãî åêâ³âàëåíòó. Äîñÿãòè öèõ ïîêàçíèê³â ïëàíóºòüñÿ øëÿõîì ðå-
àë³çàö³¿ çàõîä³â ó ÷îòèðüîõ îñíîâíèõ ñåêòîðàõ ê³íöåâîãî ñïîæèâàí-
íÿ åíåðã³¿. Ïåðøèé – ïîáóòîâèé ñåêòîð, ó ÿêîìó î÷³êóºòüñÿ íàé-
á³ëüøèé åôåêò. Äàë³ ñåêòîð ïîñëóã, äî ÿêîãî âõîäèòü åíåðãîñïî-
æèâàííÿ áþäæåòíèõ óñòàíîâ, òðåò³é ñåêòîð – ïðîìèñëîâ³ñòü, ñ³ëü-
ñüêå ãîñïîäàðñòâî òîùî òà ÷åòâåðòèé – òðàíñïîðò. 

Ä³àãðàìà 1. Çàãàëüíå ïîñòà÷àííÿ ïåðâèííî¿ åíåðã³¿ â Óêðà¿í³ 
òà ³íøèõ êðà¿íàõ ñâ³òó, 2002–2012 ðð., òíå*/ÂÂÏ 1000 äîëàð³â ÑØÀ (2005)
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Ä³àãðàìà 2. Äèíàì³êà ê³íöåâî¿ åíåðãîºìíîñò³ çà äåÿêèìè êðà¿íàìè ñâ³òó,
2002–2012 ðð., òíå*/ÂÂÏ 1000 äîë. ÑØÀ (2005) 

*òíå – òîí íàôòîâîãî åêâ³âàëåíòó

Ñåðåä îñíîâíèõ çàõîä³â: ñïðèÿííÿ çàëó÷åííþ ³íâåñòèö³é â òåð-
ìîìîäåðí³çàö³þ æèòëîâèõ áóä³âåëü òà áóä³âíèöòâî ñïîðóä ç áëèçü-
êèì äî íóëüîâîãî ñïîæèâàííÿì åíåðã³¿; àäàïòàö³ÿ ñòàíäàðò³â ïàëè-
âà òà òåõíîëîã³é éîãî âèêîðèñòàííÿ äî ºâðîïåéñüêèõ; çàïðîâàäæåí-
íÿ ñåðòèô³êàö³¿ åíåðãåòè÷íî¿ åôåêòèâíîñò³ áóä³âåëü, ñèñòåìè åíåð-
ãîàóäèòó òà åíåðãîìåíåäæìåíòó; âñòàíîâëåííÿ ì³í³ìàëüíèõ âèìîã
äî åíåðãîåôåêòèâíîñò³ áóä³âåëü òà åíåðãîñïîæèâ÷èõ ïðîäóêò³â (îá-
ëàäíàííÿ); çàáåçïå÷åííÿ ôóíêö³îíóâàííÿ ñèñòåìè åíåðãåòè÷íîãî
ìàðêóâàííÿ åëåêòðîîáëàäíàííÿ ïîáóòîâîãî ïðèçíà÷åííÿ. Òàêîæ çà-
áåçïå÷åííÿ 100-â³äñîòêîâîãî êîìåðö³éíîãî îáë³êó ñïîæèâàííÿ ãàçó,
òåïëîâî¿ åíåðã³¿ òà âîäè ³ âïðîâàäæåííÿ ðàõóíê³â ïðî îïëàòó ñïîæè-
òî¿ åíåðã³¿ ç ³íôîðìàö³éíî-àíàë³òè÷íèìè äàíèìè ùîäî äèíàì³êè
îáñÿã³â ñïîæèâàííÿ åíåðã³¿ òà êîìóíàëüíèõ ïîñëóã òà ðÿä ³íøèõ.

Çàãàëîì ïðèéíÿòòÿ Íàö³îíàëüíîãî ïëàíó – öå ïîñë³äîâíå çà-
ïðîâàäæåííÿ Óðÿäîì ºâðîïåéñüêèõ ï³äõîä³â äî ðåàë³çàö³¿ äåðæàâ-
íî¿ ïîë³òèêè ó ñôåð³ åíãåðãîåôåêòèâíîñò³.

Çä³éñíåííÿ çàõîä³â ó ðàìêàõ âïðîâàäæåííÿ Íàö³îíàëüíîãî
ïëàíó ïîâèííî äàòè çìîãó äîñÿãòè ö³ëüîâîãî ïîêàçíèêà ó 2020 ðî-
ö³ – íàö³îíàëüíî¿ ³íäèêàòèâíî¿ ìåòè åíåðãîçáåðåæåííÿ íà ð³âí³ 
9 % ñåðåäíüîãî ïîêàçíèêà ê³íöåâîãî âíóòð³øíüîãî åíåðãîñïîæè-
âàííÿ çà ïåð³îä 2005–2009 ðð. Êð³ì òîãî, Íàö³îíàëüíèì ïëàíîì
ïåðåäáà÷àëîñü äîñÿãíåííÿ ïðîì³æíîãî ïîêàçíèêà åíåðãîçáåðå-
æåííÿ ó 2017 ðîö³ íà ð³âí³ 5 %.

Íà ïî÷àòêó äðóãîãî òèñÿ÷îë³òòÿ 60 % çàãàëüíîãî ïîñòà÷àííÿ
ïåðâèííî¿ åíåðã³¿ çàáåçïå÷óâàëîñÿ çà ðàõóíîê âíóòð³øí³õ ðåñóðñ³â,
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ç ÿêèõ 21,8–25,6 % çà ðàõóíîê âóã³ëëÿ, 9,2–11,3 % – ïðèðîäíîãî
ãàçó, 2,6–2,8 % – íàôòè òà íàôòîïðîäóêò³â ³ 11,5–16,0 % – åíåðã³¿,
âèðîáëåíî¿ íà àòîìíèõ òà ã³äðîåëåêòðîñòàíö³ÿõ. Íà ñüîãîäí³
ñòðóêòóðà çàãàëüíîãî ïîñòà÷àííÿ ïåðâèííî¿ åíåðã³¿ íå â³äïîâ³äàº
ðåñóðñíîìó ïîòåíö³àëó Óêðà¿íè.

Äèíàì³êà ê³íöåâîãî ñïîæèâàííÿ åíåðã³¿ ïåðåáóâàëà ï³ä âïëè-
âîì òèõ æå ôàêòîð³â, ùî ³ ïîêàçíèêè çàãàëüíîãî ïîñòà÷àííÿ åíåð-
ã³¿ òà íå õàðàêòåðèçóâàëàñÿ ÿñêðàâî âèðàæåíèìè ñò³éêèìè òåíäåí-
ö³ÿìè.

Íà ï³äñòàâ³ ñòàòèñòè÷íèõ äàíèõ ùîäî ê³íöåâîãî åíåðãîñïîæè-
âàííÿ çà ïåð³îä 2005–2009 ðð. áóëà âèçíà÷åíà ïðîì³æíà íàö³î-
íàëüíà ³íäèêàòèâíà ìåòà åíåðãîçáåðåæåííÿ, ùî ñòàíîâèòü 
3612 òèñ. òîíí íàôòîâîãî åêâ³âàëåíòó ó 2017 ðîö³, òà çàãàëüíà íà-
ö³îíàëüíà ³íäèêàòèâíà ìåòà åíåðãîçáåðåæåííÿ – 6 501 òèñ. òîíí ó
2020 ðîö³.

Äîñÿãíåííÿ ö³º¿ ³íäèêàòèâíî¿ ìåòè ïåðåäáà÷àºòüñÿ â ïðîöåñ³
ðåàë³çàö³¿ Íàö³îíàëüíîãî ïëàíó – Óêðà¿íà ïîâèííà âïðîâàäæóâà-
òè íîðìàòèâíî-ïðàâîâ³, ô³íàíñîâ³ òà ³íø³ çàõîäè ç ìåòîþ ïîâíî¿
³ìïëåìåíòàö³¿ ïîëîæåíü Äèðåêòèâè 2006/32/ªÑ ùîäî åíåðãåòè÷-
íî¿ åôåêòèâíîñò³ ê³íöåâîãî âèêîðèñòàííÿ åíåðã³¿ òà åíåðãåòè÷íèõ
ïîñëóã [2].

Äëÿ ïîáóòîâîãî ñåêòîðó çàõîäè ç ï³äâèùåííÿ åíåðãîåôåêòèâ-
íîñò³ âêëþ÷àþòü:

 çàïðîâàäæåííÿ 100-â³äñîòêîâîãî êîìåðö³éíîãî îáë³êó âèêî-
ðèñòàííÿ åíåðã³¿; 

 óäîñêîíàëåííÿ áóä³âåëüíèõ íîðì òà ñòàíäàðò³â (çîêðåìà çà-
áåçïå÷åííÿ ùîð³÷íîãî çá³ëüøåííÿ ê³ëüêîñò³ íîâîçáóäîâàíèõ
áóä³âåëü ç áëèçüêèì äî íóëüîâîãî ñïîæèâàííÿì åíåðã³¿); 

 âïðîâàäæåííÿ ñõåì åíåðãîàóäèòó òà ñåðòèô³êàö³¿, åíåðãåòè÷-
íîãî ìàðêóâàííÿ òà çàçíà÷åííÿ ³íôîðìàö³¿ ïðî îáñÿã ñïîæèâàííÿ
åíåðã³¿ äëÿ åíåðãîñïîæèâ÷èõ ïðèëàä³â; 

 ââåäåííÿ ì³í³ìàëüíèõ ñòàíäàðò³â åíåðãîåôåêòèâíîñò³; 
 ô³íàíñîâó ï³äòðèìêó äîìîãîñïîäàðñòâ äëÿ çä³éñíåííÿ çà-

õîä³â ³ç ï³äâèùåííÿ ð³âíÿ åíåðãîåôåêòèâíîñò³ æèòëîâèõ áóäèíê³â; 
 ïðîâåäåííÿ ³íôîðìàö³éíèõ êàìïàí³é äëÿ çàáåçïå÷åííÿ åêî-

íîì³¿ åíåðãîðåñóðñ³â ÷åðåç çì³íó ïîâåä³íêè ñïîæèâà÷³â åíåðã³¿ òà
á³ëüø ìàñøòàáíèõ çàõîä³â.

Àíàëîã³÷í³ îö³íêè áóëè çðîáëåí³ äëÿ ðîçïîä³ëåííÿ ö³ëüîâîãî
ñêîðî÷åííÿ ê³íöåâîãî åíåðãîñïîæèâàííÿ çà ñåêòîðàìè åêîíîì³êè
(òàáëèöÿ 1). 
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Òàáëèöÿ 1
Ðîçïîä³ë îð³ºíòîâíèõ î÷³êóâàíèõ ðåçóëüòàò³â çà ñåêòîðàìè åêîíîì³êè

Ç îãëÿäó íà îòðèìàí³ ðåçóëüòàòè ìîæíà çðîáèòè âèñíîâîê, ùî
âñ³ ñåêòîðè ìàþòü çíà÷íèé ïîòåíö³àë äëÿ åíåðãîçáåðåæåííÿ, àëå
íàéá³ëüøèé âíåñîê ó öüîìó ïðîöåñ³ ìîæå çðîáèòè íàñåëåííÿ
(ìàéæå ïîëîâèíà, – 49,6 %). Äåùî íåçíà÷íà ÷àñòêà ïðîìèñëîâîñò³
â åíåðãîçáåðåæåíí³ ïîð³âíÿíî ç îáñÿãàìè ¿¿ ñïîæèâàííÿ ìîæå áó-
òè ïîÿñíåíà òèì, ùî çàõîäè â æèòëîâèõ ïðèì³ùåííÿõ º á³ëüø åêî-
íîì³÷íî ïðèâàáëèâèìè ³ ñòðîê ïîâåðíåííÿ ³íâåñòèö³é º á³ëüø êî-
ðîòêèì. Ìîæíà î÷³êóâàòè, ùî ï³ä ÷àñ ðåàë³çàö³¿ çàçíà÷åíîãî ïî-
òåíö³àëó åíåðãîçáåðåæåííÿ â æèòëîâîìó ñåêòîð³ ï³ñëÿ 2020 ðîêó
÷àñòêà ïðîìèñëîâîñò³ áóäå çíà÷íî á³ëüøîþ.

Ó æèòëîâîìó ñåêòîð³ íàéá³ëüøèé âíåñîê (78 %) â åíåðãîçáå-
ðåæåííÿ ìîæå çàáåçïå÷èòè ìîäåðí³çàö³ÿ ñèñòåì îïàëåííÿ ïðèì³-
ùåíü (ó òîìó ÷èñë³, ñàíàö³ÿ, çàì³íà êîòë³â, òåïëîâ³ íàñîñè), çá³ëü-
øåííÿ ÷àñòêè öåíòðàë³çîâàíîãî òåïëîïîñòà÷àííÿ, à òàêîæ âîäî-
íàãð³âàëüíîãî îáëàäíàííÿ (ç ìîæëèâèì âèêîðèñòàííÿì ñîíÿ÷íèõ
êîëåêòîð³â). Åêîíîì³ÿ åíåðã³¿ ìîæå áóòè äîñÿãíóòà òàêîæ çà ðàõó-
íîê âèêîðèñòàííÿ åíåðãîåôåêòèâíèõ (åëåêòðè÷íèõ) ïðèëàä³â òà
ñó÷àñíèõ çàñîá³â îñâ³òëåííÿ.

Ó ñòðóêòóð³ åíåðãîçáåðåæåííÿ â ñåêòîð³ ïîñëóã, ÿê ³ â æèòëî-
âîìó ñåêòîð³, á³ëüøó ÷àñòêó çàéìàº ìîäåðí³çàö³ÿ ñèñòåì îïàëåííÿ
ïðèì³ùåíü (57 %), äå ìîæóòü áóòè çàñòîñîâàí³ òàê³ æ çàõîäè. Âàæ-
ëèâå ì³ñöå â åíåðãîçáåðåæåíí³ â ñåêòîð³ ïîñëóã çàéìàº ìîäåðí³çà-
ö³ÿ (çàì³íà) ³ñíóþ÷èõ ñèñòåì âíóòð³øíüîãî òà âóëè÷íîãî îñâ³òëåí-
íÿ ³ ãàðÿ÷îãî âîäîïîñòà÷àííÿ.

ßê â³äì³÷àëîñü ó ñòàòò³ ðàí³øå, Íàö³îíàëüíèé ïëàí ä³é âèçíà÷àº
ïðîì³æíó ìåòó – ó 2017 ðîö³ ñêîðîòèòè åíåðãîñïîæèâàííÿ â ðîçì³ð³

Ñåêòîðè – ê³íöåâ³ ñïîæèâà÷³ åíåðã³¿

Ðîçïîä³ë 
î÷³êóâàíèõ ðåçóëüòàò³â

×àñòêà ó ñòðóêòóð³ 
î÷³êóâàíèõ ðåçóëüòàò³â, 

ïîêàçíèê

òèñ. òîíí %

Ïîáóòîâèé ñåêòîð 3226 49,6

Ïðîìèñëîâ³ñòü òà ñ³ëüñüêå ãîñ-
ïîäàðñòâî 1610 24,8

Ñôåðà ïîñëóã 1041 16,0

Òðàíñïîðò 624 9,6

Ðàçîì 6501 100
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5 %. Íà æàëü, ó äîñòóïíèõ äæåðåëàõ òàêî¿ ³íôîðìàö³¿ àâòîð íå çíàé-
øîâ, çàòå â³äì³÷àº, ùî òîãî ðîêó áóëî ïðèéíÿòî Çàêîí ¹ 2118-VIII
«Ïðî åíåðãåòè÷íó åôåêòèâí³ñòü áóä³âåëü» [4], ÿêèé íàáëèæàº êðà¿íó
äî ïîÿâè áóäèíê³â ³ç íóëüîâèì ñïîæèâàííÿì åíåðãîðåñóðñ³â, ùî
â³äïîâ³äàº ì³æíàðîäíèì ñòàíäàðòàì, ³ äîçâîëèòü ëþäÿì ³ñòîòíî åêî-
íîìèòè íà æèòëîâî-êîìóíàëüíèõ ïîñëóãàõ. Ãîëîâíîþ ìåòîþ Çàêîíó
º âèçíà÷åííÿ ïðàâîâèõ, åêîíîì³÷íèõ òà îðãàí³çàö³éíèõ îñíîâ ä³ÿëü-
íîñò³ ó ñôåð³ çàáåçïå÷åííÿ åíåðãåòè÷íî¿ åôåêòèâíîñò³ áóä³âåëü, à òà-
êîæ ñòâîðåííÿ óìîâ äëÿ ðàö³îíàëüíîãî ñïîæèâàííÿ â íèõ åíåðãå-
òè÷íèõ ðåñóðñ³â. Öå îçíà÷àº, ùî íà ïðàêòèö³ Çàêîí ïîâèíåí ñïðèÿ-
òè çìåíøåííþ âèòðàò íà îïëàòó êîìóíàëüíèõ ïëàòåæ³â, à ñàìå çà
îïàëåííÿ, ï³äâåäåííÿ ãàðÿ÷î¿ âîäè òà åëåêòðîåíåðã³þ.

Çàêîíîì ââîäèòüñÿ îáîâ’ÿçêîâà åíåðãåòè÷íà ñåðòèô³êàö³ÿ òà
âèçíà÷åííÿ êëàñ³â áóä³âåëü çã³äíî ç ºâðîïåéñüêîþ ìåòîäèêîþ. 

Çàêîí âèçíà÷àº ñåðòèô³êàö³þ åíåðãåòè÷íî¿ åôåêòèâíîñò³ ÿê âèä
åíåðãåòè÷íîãî àóäèòó, ï³ä ÷àñ ÿêîãî çä³éñíþºòüñÿ àíàë³ç ³íôîðìàö³¿
ùîäî ôàêòè÷íèõ àáî ïðîåêòíèõ õàðàêòåðèñòèê îãîðîäæóâàëüíèõ
êîíñòðóêö³é òà ³íæåíåðíèõ ñèñòåì, îö³íþºòüñÿ â³äïîâ³äí³ñòü ðîçðà-
õóíêîâîãî ð³âíÿ åíåðãåòè÷íî¿ åôåêòèâíîñò³ âñòàíîâëåíèì ì³í³ìàëü-
íèì âèìîãàì äî åíåðãåòè÷íî¿ åôåêòèâíîñò³ áóä³âåëü òà íàäàþòüñÿ ðå-
êîìåíäàö³¿ ùîäî ï³äâèùåííÿ ð³âíÿ åíåðãåòè÷íî¿ åôåêòèâíîñò³ áóä³-
âåëü, ùî âðàõîâóþòü ì³ñöåâ³ êë³ìàòè÷í³ óìîâè, º òåõí³÷íî òà åêî-
íîì³÷íî îá´ðóíòîâàíèìè. Ïîðÿäîê ïðîâåäåííÿ ñåðòèô³êàö³¿ åíåðãå-
òè÷íî¿ åôåêòèâíîñò³ áóä³âåëü âñòàíîâëþºòüñÿ ñòàòòåþ 7 Çàêîíó. 

Çîêðåìà, îá’ºêòè áóä³âíèöòâà òà âæå ïîáóäîâàí³ áóä³âë³ ïî-
âèíí³ áóäóòü ïðîéòè ñåðòèô³êàö³þ åíåðãåòè÷íî¿ åôåêòèâíîñò³ ç
ìåòîþ âèçíà÷åííÿ ôàêòè÷íèõ ¿¿ ïîêàçíèê³â, ïðîâåäåííÿ îö³íêè
â³äïîâ³äíîñò³ çàçíà÷åíèõ ïîêàçíèê³â âñòàíîâëåíèì ì³í³ìàëüíèì
âèìîãàì äî åíåðãåòè÷íî¿ åôåêòèâíîñò³ áóä³âåëü. Çà ðåçóëüòàòàìè
îö³íêè êîæíîìó áóäèíêó ïðèñâîþºòüñÿ ïåâíèé êëàñ. Á³ëüøå òîãî,
ÿêùî áóäèíîê ïîêðàùóº ñâ³é êëàñ åíåðãîåôåêòèâíîñò³, éîìó áóäå
íàäàâàòèñÿ äåðæàâíà ï³äòðèìêà.

Îáîâ’ÿçêîâ³é ñåðòèô³êàö³¿ åíåðãîåôåêòèâíîñò³ ï³äëÿãàþòü:
– îá’ºêòè áóä³âíèöòâà, áóä³âåëü ³ ÷àñòèí áóä³âåëü, ùî çäàþòü-

ñÿ â îðåíäó íà òåðì³í ïîíàä ð³ê;
– áóä³âë³ ç îïàëþâàëüíîþ ïëîùåþ ïîíàä 250 ì2, ó ÿêèõ ðîç-

òàøîâàí³ äåðæàâí³ îðãàíè ³ ïðîâîäèòüñÿ ïðèéîì ãðîìàäÿí;
– áóä³âë³, â ÿêèõ çä³éñíþºòüñÿ òåðìîìîäåðí³çàö³ÿ, íà ÿêó íà-

äàºòüñÿ äåðæàâíà ï³äòðèìêà ³ ÿêà ñïðÿìîâàíà íà äîñÿãíåííÿ êëà-
ñó åíåðãîåôåêòèâíîñò³ áóä³âë³ íå íèæ÷å ì³í³ìàëüíèõ âèìîã.
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Ïîëîæåííÿ çàêîíó íå ïîøèðþþòüñÿ íà îá’ºêòè êóëüòóðíî¿ ñïàä-
ùèíè; áóä³âë³ ïðîìèñëîâîãî ³ ñ³ëüñüêîãîñïîäàðñüêîãî ïðèçíà÷åí-
íÿ, åíåðãåòèêè, òðàíñïîðòó, çâ’ÿçêó, îáîðîíè; êóëüòîâ³ ñïîðóäè;
òèì÷àñîâ³ ñïîðóäè òà íà ³íäèâ³äóàëüí³ áóäèíêè. Ïðè öüîìó, ñë³ä
çàçíà÷èòè, ùî îñòàííÿ êàòåãîð³ÿ ï³äëÿãàòèìå ñåðòèô³êàö³¿ ó âè-
ïàäêàõ îòðèìàííÿ äåðæàâíî¿ ï³äòðèìêè íà çä³éñíåííÿ òåðìîìî-
äåðí³çàö³¿ àáî ñåðòèô³êàö³¿ çà áàæàííÿì âëàñíèêà.

Ñåðòèô³êàö³ÿ áóäå ïðîâîäèòèñÿ íà äîãîâ³ðíèõ çàñàäàõ ³ç ìåòîþ
âèçíà÷åííÿ ôàêòè÷íèõ ïîêàçíèê³â åíåðãîåôåêòèâíîñò³ áóä³âåëü ³
îö³íêè ¿õ â³äïîâ³äíîñò³ ì³í³ìàëüíèì âèìîãàì äî åíåðãîåôåêòèâ-
íîñò³, ÿê³ áóäóòü âñòàíîâëþâàòèñÿ Ì³í³ñòåðñòâîì ðåã³îíàëüíîãî
ðîçâèòêó, áóä³âíèöòâà òà æèòëîâî-êîìóíàëüíîãî ãîñïîäàðñòâà. ¯õ
ïåðåãëÿä áóäå çä³éñíþâàòèñÿ ðàç íà ï’ÿòü ðîê³â. Âèãîòîâëåííÿ
åíåðãåòè÷íîãî ñåðòèô³êàòó áóä³âë³ ïî îá’ºêòó áóä³âíèöòâà ïîêëà-
äàºòüñÿ íà çàìîâíèêà áóä³âíèöòâà äî ïðèéíÿòòÿ òàêîãî îá’ºêòà â
åêñïëóàòàö³þ. Òåðì³í ä³¿ äîêóìåíòó ñòàíîâèòèìå 10 ðîê³â.

Ñë³ä çàçíà÷èòè, ùî Çàêîí «Ïðî åíåðãåòè÷íó åôåêòèâí³ñòü áó-
ä³âåëü» òàêîæ ïåðåäáà÷àº âïðîâàäæåííÿ ñèñòåìè îáîâ’ÿçêîâîãî àó-
äèòó åíåðãîåôåêòèâíîñò³ áóä³âåëü, ÿêèé ïðîâîäèòèìóòü ñåðòèô³êî-
âàí³ êîìïàí³¿, åíåðãîàóäèòîðè. Äëÿ öüîãî â íüîìó ïðîïèñàíî îñ-
íîâí³ âèìîãè äî åíåðãîàóäèòó òà åíåðãîàóäèòîð³â (õòî âîíè, ÿêèì
÷èíîì áóäóòü ñåðòèô³êóâàòèñÿ, õòî ¿ì áóäå âèäàâàòè äîçâ³ë), à òà-
êîæ îñíîâí³ ïðèíöèïè ðîáîòè ñèñòåìè. Çàêîí âñòàíîâëþº ïðàâà
òà îáîâ’ÿçêè åíåðãîàóäèòîð³â òà ôàõ³âö³â ç îáñòåæåííÿ ³íæåíåðíèõ
ñèñòåì ó ñôåð³ åíåðãåòè÷íî¿ åôåêòèâíîñò³ áóä³âåëü, îñíîâí³ çàõî-
äè ³ç çàáåçïå÷åííÿ (ï³äâèùåííÿ ð³âíÿ) åíåðãåòè÷íî¿ åôåêòèâíîñò³
áóä³âåëü, íåçàëåæíèé ìîí³òîðèíã åíåðãåòè÷íèõ ñåðòèô³êàò³â òà
çâ³ò³â ïðî ðåçóëüòàòè îáñòåæåííÿ ³íæåíåðíèõ ñèñòåì.

Êð³ì òîãî, Çàêîí âèçíà÷àº Íàö³îíàëüíèé ïëàí çá³ëüøåííÿ
ê³ëüêîñò³ áóä³âåëü ç áëèçüêèì äî íóëüîâîãî ð³âíåì ñïîæèâàííÿ
åíåðã³¿, âñòàíîâëþº ùî ðîçðîáëÿºòüñÿ â³í ç óðàõóâàííÿì âèìîã àêò³â
çàêîíîäàâñòâà ªâðîïåéñüêîãî Ñîþçó òà Åíåðãåòè÷íîãî Ñï³âòîâàðè-
ñòâà, ïåðåãëÿäàºòüñÿ êîæí³ ï’ÿòü ðîê³â, à ñêëàäîâîþ ÷àñòèíîþ éîãî
º ïåðåë³ê íàÿâíèõ òà, çà íåîáõ³äíîñò³, çàïëàíîâàíèõ çàõîä³â ³ç çá³ëü-
øåííÿ ê³ëüêîñò³ áóä³âåëü ç áëèçüêèì äî íóëüîâîãî ð³âíåì ñïîæè-
âàííÿ åíåðã³¿, âêëþ÷àþ÷è ò³, ùî ïîòðåáóþòü ô³íàíñóâàííÿ.

Î÷³êóºòüñÿ, ùî Çàêîí «Ïðî åíåðãåòè÷íó åôåêòèâí³ñòü áóä³-
âåëü» äîçâîëèòü çíèçèòè åíåðãîñïîæèâàííÿ â áóäèíêàõ äî 70 %, à
âæå ïåðøèé íàö³îíàëüíèé ïëàí çá³ëüøåííÿ ê³ëüêîñò³ áóä³âåëü ç
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áëèçüêèì äî íóëüîâîãî ð³âíåì ñïîæèâàííÿ åíåðã³¿ ìè ìîæåìî îò-
ðèìàòè ïðîòÿãîì íàñòóïíèõ äâîõ ðîê³â.

Ë³òåðàòóðà
1. Íàö³îíàëüíèé ïëàí ä³é ç åíåðãîåôåêòèâíîñò³ íà ïåð³îä äî

2020 ðîêó. Ñõâàëåíî ðîçïîðÿäæåííÿì Êàá³íåòó Ì³í³ñòð³â Óêðà¿íè
â³ä 25 ëèñòîïàäà 2015 ð. ¹ 1228-ð.

2. Ïðî åôåêòèâí³ñòü ê³íöåâîãî âèêîðèñòàííÿ åíåðã³¿ òà åíåðãå-
òè÷í³ ïîñëóãè, à òàêîæ ïðî ñêàñóâàííÿ Äèðåêòèâè Ðàäè 93/76/ªÅÑ.
Äèðåêòèâà 2006/32/ªÑ ªâðîïåéñüêîãî ïàðëàìåíòó ³ Ðàäè â³ä 5 êâ³ò-
íÿ 2006 ðîêó.

3. Óêðà¿íà òà Åíåðãåòè÷íå Ñï³âòîâàðèñòâî. Êðèòåð³¿ â³äïîâ³ä-
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ВПЛИВ МАЛИХ ГІДРОЕЛЕКТРОСТАНЦІЙ 

НА ЕКОСИСТЕМУ РІЧКИ РОСЬ

Àíîòàö³ÿ. Çà ìàòåð³àëàìè êîìïëåêñíèõ äîñë³äæåíü îö³íåíî âïëèâ
ðîáîòè ã³äðîñïîðóä ìàëèõ ã³äðîåëåêòðîñòàíö³é íà ñòàí åêîñèñòåìè
ð³âíèííî¿ ð³÷êè Ðîñü, Óêðà¿íà. Ïîêàçàíî, ùî ðîáîòà ìàëèõ ã³äðîåëåê-
òðîñòàíö³é íà ìîäåëüíèõ âîäîñõîâèùàõ çàáåçïå÷óº äîáðó òà çàäîâ³ëüíó
ÿê³ñòü âîäíî¿ åêîñèñòåìè. Âîäîñõîâèùà, ã³äðîâóçîë ÿêèõ âèêîíàíèé çà
äåðèâàö³éíîþ ñõåìîþ õàðàêòåðèçóâàëèñÿ âèùèìè ïîêàçíèêàìè ÿêîñò³
âîäè òà ñòàíîì åêîñèñòåìè. 

Êëþ÷îâ³ ñëîâà: ã³äðîåíåðãåòèêà, îö³íêà ÿêîñò³ âîäè, ìàë³ ã³äðîåëåê-
òðîñòàíö³¿, åêîñèñòåìà, âîäîñõîâèùå. 

Abstract. The impact of the operation of small hydroelectric power plants
on the ecosystem of the plain river Ros (Ukraine) was estimated according to
the materials of complex studies. It was shown that the work of small hydro-
electric power plants on model water reservoirs provided a good and satisfac-
tory quality of the water ecosystem. The water reservoirs, which were built
according to the derivative scheme, were characterized by higher indicators of
water quality and the state of the ecosystem.

Êeywords: hydropower, water quality assessment, small hydroelectric
power plants, ecosystem, reservoir.

Ã³äðîåíåðãåòèêó íå ìîæíà áåççàïåðå÷íî ââàæàòè â³äíîâëþ-
âàëüíèì äæåðåëîì åíåðã³¿, ÿê, íàïðèêëàä, åíåðã³þ â³òðó, ñîíöÿ ÷è
á³îìàñè. Áóä³âíèöòâî ã³äðîâóçë³â ã³äðîåëåêòðîñòàíö³é (ÃÅÑ), ó òî-
ìó ÷èñë³ ³ ìàëèõ (ÌÃÅÑ), çàçâè÷àé ïðèçâîäèòü äî ñóòòºâèõ ïîðó-
øåíü ïðèðîäíîãî ñòàíó ð³÷êîâèõ åêîñèñòåì. ²íòåíñèâí³ñòü öèõ ïî-
ðóøåíü çàëåæèòü â³ä ðåã³îíó áóä³âíèöòâà ÌÃÅÑ. Íà ã³ðñüêèõ
ð³÷êàõ áóä³âíèöòâî ã³äðîâóçë³â ïåðåâàæíî â³äáóâàºòüñÿ çà äåðè-
âàö³éíèì òèïîì, íà ð³âíèííèõ âîíî çàçâè÷àé ñóïðîâîäæóºòüñÿ
áóä³âíèöòâîì ãðåáåëü. Ñàìå òîìó áóä³âíèöòâî ÌÃÅÑ íà ð³âíèí-
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íèõ ð³÷êàõ ïðèçâîäèòü äî ôðàãìåíòàö³¿ ð³÷êè, ùî ïåðåøêîäæàº
ïðèðîäíîìó ¿¿ ïðîò³êàííþ. Ñòâîðåí³ âîäîñõîâèùà ïîâí³ñòþ òðàíñ-
ôîðìóþòü ð³÷êîâ³ åêîñèñòåìè, íàäàþ÷è ¿ì ðèñ îçåðíèõ. Íàäì³ðíå
çàðåãóëþâàííÿ âîäîòîêó â ðåçóëüòàò³ áóä³âíèöòâà êàñêàä³â ÃÅÑ
ñïðè÷èíÿº ñóòòºâ³ åêîëîã³÷í³ çì³íè. Âîíè ñòàþòü ïðè÷èíîþ ïîðó-
øåííÿ ïðèðîäíîãî ã³äðîëîã³÷íîãî ðåæèìó âîäîòîêó, âòðàòè ñó-
ö³ëüíîñò³ ð³÷êè òà ïîä³ëó ¿¿ íà îêðåì³ åêîñèñòåìè. Ðîáîòà ÃÅÑ ñó-
ïðîâîäæóºòüñÿ íå âëàñòèâèìè ð³÷ö³ ð³÷íèìè òà äîáîâèìè êîëè-
âàííÿìè ð³âí³â, ïîðóøåííÿì ïðèðîäíèõ ñåçîííèõ ðèòì³â, íàñàì-
ïåðåä, ïðîõîäæåííÿ âåñíÿíîãî âîäîï³ëëÿ.

Ïðîòå ìàë³ ÃÅÑ â³äçíà÷àþòüñÿ çíà÷íî ìåíøèì âïëèâîì íà
äîâê³ëëÿ, í³æ ÒÅÖ òà ÀÅÑ, ïðîñòîòîþ ³ íàä³éí³ñòþ âèðîáíèöòâà
åëåêòðîåíåðã³¿, âèñîêîþ òåõíîëîã³÷í³ñòþ, íåâåëèêèìè òåðì³íàìè
áóä³âíèöòâà. Â³äïîâ³äíî äî Íàö³îíàëüíîãî ïëàíó ä³é ç â³äíîâëþâà-
íî¿ åíåðãåòèêè, â Óêðà¿í³ çàïëàíîâàíî äî 2020 ðîêó çá³ëüøèòè âè-
ðîáíèöòâî åëåêòðîåíåðã³¿ ìàëèõ ã³äðîåëåêòðîñòàíö³é âäâ³÷³. Ïëà-
íóºòüñÿ çðîáèòè öå çà ðàõóíîê ðåêîíñòðóêö³¿ íàÿâíèõ ìàëèõ ã³äðî-
åëåêòðîñòàíö³é, áóä³âíèöòâà òà ââåäåííÿ â åêñïëóàòàö³þ íîâèõ. 

Òàêå çá³ëüøåííÿ ðîë³ ìàëî¿ ã³äðîåíåðãåòèêè ó ôóíêö³îíóâàíí³
ïåâíèõ ðåã³îí³â äåðæàâè íàäçâè÷àéíî âàãîìå é âèìàãàº äåòàëüíèõ
íàóêîâèõ äîñë³äæåíü äëÿ ïðîãíîçóâàííÿ ¿õ âïëèâó íà íàâêîëèøíº
ïðèðîäíå ñåðåäîâèùå. 

Çà ìàòåð³àëàìè êîìïëåêñíèõ ã³äðîá³îëîã³÷íèõ, ã³äðîõ³ì³÷íèõ ³
ã³äðîòåõí³÷íèõ äîñë³äæåíü, îö³íåíî âïëèâ ðîáîòè òðüîõ ã³äðîñïî-
ðóä ìàëèõ ÃÅÑ íà ã³äðîô³çè÷í³ ïîêàçíèêè òà á³îòè÷íå ð³çíî-
ìàí³òòÿ ð³âíèííî¿ ð³÷êè â óìîâàõ ë³ñîñòåïîâî¿ çîíè. Äîñë³äæåííÿ
ïðîâîäèëèñÿ ó ë³òí³é ïåð³îä íà ð³÷ö³ Ðîñü. Îö³íþâàâñÿ âïëèâ ðî-
áîòè Áîãóñëàâñüêî¿, Ñóòèñüêî¿ òà Êîðñóíü-Øåâ÷åíê³âñüêî¿ ìàëèõ
ÃÅÑ. Òàêîæ îö³íþâàâñÿ ñòàí ã³äðîåêîñèñòåìè íà íåçàðåãóëüîâàí³é
ä³ëÿíö³ ð³÷êè â ðàéîí³ ñ. ßáëóí³âêà òà Á³ëîöåðê³âñüêîìó âåðõíüî-
ìó âîäîñõîâèù³ äå â³äñóòíÿ ÃÅÑ. Âèêîðèñòàí³ ìåòîäèêè îö³íêè
åêîëîã³÷íîãî ñòàíó çà ðåçóëüòàòàìè áàãàòîêðèòåð³àëüíîãî àíàë³çó
ñêëàäîâèõ âîäíî¿ åêîñèñòåìè: ã³äðîëîã³÷íèõ ïàðàìåòð³â, ã³äðîõ³-
ì³÷íèõ ïîêàçíèê³â, ñêëàäó îñíîâíèõ ãðóï ã³äðîá³îíò³â (ô³òî-, çîî-
ïëàíêòîí òà âîäí³ ðîñëèíè). Îö³íåíî ïîêàçíèêè á³îãåííîãî íà-
âàíòàæåííÿ, ÿê ÷èííèêà àíòðîïîãåííîãî âïëèâó. 

Áàñåéí ð. Ðîñü õàðàêòåðèçóºòüñÿ çíà÷íîþ ïëîùåþ àãðîëàíä-
øàôò³â òà äóæå íèçüêèì â³äñîòêîì ïðèðîäíèõ êîìïëåêñ³â. Ëèøå
20 % òåðèòîð³é áàñåéíó çàéìàþòü ïðèðîäí³ ë³ñè, ëóêè òà áîëîòà.
Çà îñòàíí³ 20–25 ðîê³â ê³ëüê³ñòü àíòðîïîãåííî òðàíñôîðìîâàíèõ òå-
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ðèòîð³é òóò çá³ëüøèëàñÿ íà 6 %. Ðîñü íàëåæèòü äî íàéá³ëüø çàðåãó-
ëüîâàíèõ ð³÷îê Óêðà¿íè. Çàãàëüíà ê³ëüê³ñòü ñòàâê³â òà âîäîñõîâèù,
ÿê³ áóëè ñïîðóäæåí³ íà ð³÷ö³ òà ¿¿ ïðèòîêàõ – 2167 øò. (1 % ïëîù³
ð³÷êîâîãî áàñåéíó ïåðåáóâàº ï³ä âîäîþ). Íà ð³÷ö³ ñïîðóäæåíî 10 ðóñ-
ëîâèõ âîäîñõîâèù, ñóìàðíèé îá’ºì ÿêèõ ñêëàäàº 59,97 ìëí ì3.
Ï’ÿòü ³ç íèõ – ïðè ä³þ÷èõ ìàëèõ ÃÅÑ. Ñàìå ðîáîòà ìàëèõ ã³äðî-
âóçë³â ñüîãîäí³ âèçíà÷àº åêîëîã³÷íèé ðåæèìè ð³÷êè.

Âèêîíàííÿ îö³íêè åêîëîã³÷íîãî ñòàíó ïîâåðõíåâèõ âîä çã³äíî
ç Âîäíîþ Ðàìêîâîþ Äèðåêòèâîþ ªÑ 2000/60/ÅÑ [1–3] ïåðåäáà-
÷àº: âèçíà÷åííÿ åêîðåã³îíó òà òèïó âîäíîãî îá’ºêòà; îö³íêà ñïå-
öèô³êè ïîâåðõíåâèõ âîä íà îñíîâ³ ñèñòåì òèï³çàö³¿ âîäíèõ îá’ºê-
ò³â â³äïîâ³äíîãî òèïó; âèä³ëåííÿ îñíîâíèõ òèï³â á³îòîï³â ó âîäíî-
ìó îá’ºêò³; àíàë³ç ïîðóøåííÿ ã³äðîìîðôîëîã³÷íèõ õàðàêòåðèñòèê,
ïðèòàìàííèõ âîäíîìó îá’ºêòó ÷è éîãî ÷àñòèí³; âèçíà÷åííÿ åòà-
ëîííèõ óìîâ òà åòàëîííîãî ñòàíó á³îòè÷íèõ êîìïîíåíò³â âîäíîãî
îá’ºêòà; ïîð³âíÿííÿ çíà÷åíü äîñë³äæåíèõ ïîêàçíèê³â ÿêîñò³ ïî-
âåðõíåâèõ âîä ç â³äïîâ³äíèìè ïîêàçíèêàìè â åòàëîííèõ óìîâàõ .

Óçàãàëüíèâøè ðåçóëüòàòè äîñë³äæåíü, ðîçâèíóâøè ï³äõîäè EU
Water Framework Directive 2000/60/EC òà ìåòîäèêè, çàïðîïîíîâàí³
ñï³âðîá³òíèêàìè ²íñòèòóòó ã³äðîá³îëîã³¿ ÍÀÍ Óêðà¿íè [4–6], ìè
ñòâîðèëè îö³íî÷íó øêàëó åêîëîã³÷íîãî ñòàíó ã³äðîåêîñèñòåì âîäî-
ñõîâèù ïðè ìàëèõ ÃÅÑ (òàáë. 1). Âîíà ìàº âèãëÿä ìàòðèö³ äëÿ 
5 êàòåãîð³é, â³ä íàéêðàùîãî ñòàíó äî íàéã³ðøîãî, çàëåæíî â³ä çíà-
÷åíü âîñüìè îñíîâíèõ ïîêàçíèê³â åêîñèñòåìè: ÿê³ñòü âîäè, ñàï-
ðîáí³ñòü, òðîôí³ñòü, á³îòè÷íå ð³çíîìàí³òòÿ (âèäè òà óãðóïîâàííÿ),
ñòðóêòóðà óãðóïîâàíü, ïðîäóêòèâí³ñòü (ð³âåíü ðîçâèòêó á³îìàñ),
îñîáëèâîñò³ á³îòîï³÷íî¿ ñòðóêòóðè òà íàÿâí³ñòü ðàðèòåíòèõ âèä³â
òà óãðóïîâàíü, ùî ïîòðåáóþòü îõîðîíè. Çàçíà÷èìî, ùî òàáëèöÿ
ñòâîðåíà äëÿ óìîâ Ë³ñîñòåïîâî¿ çîíè Óêðà¿íè.

Çà «â³äì³ííèé» ñòàí áðàëèñÿ óìîâè åêîñèñòåìè íåçàðåãóëüîâà-
íî¿ ä³ëÿíêè ð³÷êè, ùî õàðàêòåðèçóþòüñÿ ñåðåäí³ìè ïîêàçíèêàìè
ê³ëüê³ñíîãî òà ÿê³ñíîãî ñêëàäó á³îòè÷íîãî ð³çíîìàí³òòÿ (ñåðåäí³
çíà÷åííÿ âèäîâîãî áàãàòñòâà òà óãðóïîâàíü çà ðàõóíîê ïåðåâàæàí-
íÿ ñòåíîá³îíòíèõ ÷è ðåîô³ëüíèõ âèä³â), äåùî ñïðîùåíîþ ñòðóêòó-
ðîþ óãðóïîâàíü (â³äñóòí³ñòü àáî íåçíà÷íà ÷àñòêà ó ñòðóêòóð³ ë³ì-
íîô³ëüíîãî òà åâòðîôî-áîëîòíîãî êîìïîíåíò³â), íåçíà÷íèì ð³çíî-
ìàí³òòÿì á³îòîï³â (çà ðàõóíîê âèð³âíåíîñò³ óìîâ ñåðåäîâèùà) òà
çíà÷íîþ ÷àñòêîþ ðàðèòåòíèõ âèä³â (ð³äê³ñíèõ, ðåë³êòîâèõ, åíäå-
ì³÷íèõ ÷è òèõ, ùî ìàþòü ñòàòóñ îõîðîíè ð³çíîãî ð³âíÿ).
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Òàáëèöÿ 1 
Ìàòðèöÿ îö³íêè åêîëîã³÷íîãî ñòàíó ã³äðîåêîñèñòåì ïðè ìàëèõ ÃÅÑ

â óìîâàõ Ë³ñîñòåïîâî¿ çîíè Óêðà¿íè

Ïîêàçíèêè
Êàòåãîð³¿ åêîëîã³÷íîãî ñòàíó

Â³äì³ííå Äîáðå Çàäîâ³ëüíå Ïîãàíå Äóæå 
ïîãàíå

1 2 3 4 5 6

1. Êëàñè ÿêîñò³ âîäè 1–2 3 4–5 6 7
2. Ñàïðîáí³ñòü -îë³ãî-

ñàïðîáí³ -ìåçîñàïðîáíà -ìåçî-
ñàïðîáí³

Ïîë³-
ñàïðîáí³

3. Òðîôí³ñòü 
(ïåðåâàæàþ÷èé
òèï)

Ìåçî-
òðîôí³ 
âîäè

Ìåçî-
åâòðîôí³

âîäè

Åâ-
òðîôí³ 
âîäè

Ïîë³-
òðîôí³

Ã³ïåð-
òðîôí³ 
âîäè 

4. Âèäîâå áàòàòñòâî

Ê³ëüê³ñòü âèä³â* Ñåðåäíº Ñåðåäíº Âèñîêå Íèçüêå Äóæå
íèçüêå

– ô³òîïëàíêòîí 50 30–60 >60 15–29 <15
– çîîïëàíêòîí 20 15–30 >30 5–14 <5
– áåíòîñ 25 11–30 >30 5–10 <5
– ìàêðîô³òè 20 11–25 >25 5–9 <5
5. Ñòðóêòóðà óãðóïîâàíü

Ñï³ââ³äíîøåííÿ
åêîëîã³÷íèõ ãðóï
(ðåîô³ëüí³: ë³ìíî-
ô³ëüí³: åâòðîôí³
âèäè)

3:1:0 2:1:0 1:1:1 0:1:1 0:0:1

Ð³âåíü ðîçâèòêó
ïëàíêòîíó 
çà ÷èñåëüí³ñòþ 

Ñåðåäí³é Âèñîêèé Íèçüêèé Äóæå 
âèñîêèé

Äóæå
íèçüêèé

ô³òîïëàíêòîí,
mln.cel/dm3 10–15 20–40 5–9 >40 <5

çîîïëàíêòîí, 
òèñ. th.ind/m3 50–100 110–300 10–49 >300 <10

Ðÿñí³ñòü áåíòîñíèõ
óãðóïîâàíü Âèñîêèé Ñåðåäí³é Íèçüêèé Íèçüêèé Äóæå

íèçüêèé
th.ind/m3 >30 10–30 5–9,5 2–4,5 <2
6. Ïðîäóêö³éí³ ïîêàçíèêè
Ð³âåíü ðîçâèòêó
á³îìàñ Ñåðåäí³é Âèñîêèé Íèçüêèé Äóæå 

âèñîêèé
Äóæå

íèçüêèé

ô³òîïëàíêòîí, mg/ì3 5–10 11–50 1–5 >50 <1

çîîïëàíêòîí, kg/m3 1–3 4–6 0,1–0,9 >6 <0,1

áåíòîñ, g/ì2 10–20 21–60 6,0–10,0 >60 <6,0
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Çàê³í÷åííÿ òàáëèö³ 1

²íòåãðàëüíà îö³íêà ÿêîñò³ âîäè äîñë³äæåíèõ ã³äðîîá’ºêò³â ïîêà-
çàëà çíà÷íó àíòðîïîãåííó åâòðîô³êàö³þ âîäîñõîâèù, ñïîðóäæåíèõ
ïðè ìàëèõ ÃÅÑ. ßê³ñòü âîäè òóò ìîæíà îö³íèòè ÿê «çàäîâ³ëüíà» 
(III êëàñ), 4–5 êàòåãîð³é – «çàäîâ³ëüí³ òà ïîñåðåäí³ (ñëàáêî çàáðóä-
íåí³ òà ïîì³ðíî çàáðóäíåí³) âîäè». Âîäîñõîâèùà Áîãóñëàâñüêå òà
Êîðñóíü-Øåâ÷åíê³âñüêå, ã³äðîâóçåë ÿêèõ âèêîíàíèé çà äåðèâàö³é-
íîþ ñõåìîþ õàðàêòåðèçóâàëèñÿ âèùèìè ïîêàçíèêàìè ÿêîñò³ âîäè. 

Îáñòåæåí³ âîäîñõîâèùà õàðàêòåðèçóþòüñÿ ñôîðìîâàíèìè óã-
ðóïîâàííÿìè âîäíèõ ã³äðîá³îíò³â, ÿê³ çà ñâîºþ ñòðóêòóðîþ ïîä³áí³
äî ã³äðîá³îíò³â íåçàðåãóëüîâàíèõ ä³ëÿíîê ð. Ðîñü ó ¿¿ ñåðåäí³é òå÷³¿.
Ïåðåâàæíà á³ëüø³ñòü âèä³â ã³äðîá³îíò³â â³äíîñèòüñÿ äî ë³ìíîô³ëü-
íîãî òà åâòðîôíî-áîëîòíîãî êîìïëåêñ³â, ê³ëüê³ñòü ðåîô³ëüíèõ âè-
ä³â âêðàé îáìåæåíà. Åêîñèñòåìè õàðàêòåðèçóâàëèñÿ á³ëüøèì âè-
äîâèì ñêëàäîì ïðîäóöåíò³â (ô³òîïëàíêòîíó òà ìàêðîô³ò³â) ³ ìåí-
øèì – ðåäóöåíò³â (çîîïëàíêòîíó) ó ïîð³âíÿíí³ ç Á³ëîöåðê³âñüêèì
âåðõí³ì âîäîñõîâèùåì, äå ÃÅÑ â³äñóòíÿ.

Ïðîâåäåí³ äîñë³äæåííÿ ïîêàçàëè, ùî ç ïëèíîì ÷àñó òåõíî-
ãåíí³ çà ïîõîäæåííÿì âîäîñõîâèùà ñòàþòü íåâ³ä’ºìíèìè êîìïî-
íåíòàìè äîâê³ëëÿ ³ ïåðåáèðàþòü íà ñåáå ôóíêö³¿ âòðà÷åíèõ ïðè-
ðîäíèõ çàïëàâíèõ êîìïëåêñ³â.

Çà òðîô³÷íèì ñòàòóñîì ³ ïðîäóêö³éíèìè ïîêàçíèêàìè óñ³
äîñë³äæåí³ âîäîñõîâèùà â³äíîñÿòüñÿ äî åâòðîôíîãî òèïó. Çíà÷åí-
íÿ ²íäåêñó ñàïðîáíîñò³ (çà ìåòîäîì Ïàíòëå é Áóêêà â ìîäèô³êàö³¿
Ñëàäå÷åêà) êîëèâàëèñÿ â ìåæàõ 1,5–2,0; ùî â³äïîâ³äàº -ìåçîñàï-
ðîáí³é çîí³. Äëÿ Ñòåáë³âñüêîãî òà Êîðñóíü-Øåâ÷åíê³âñüêîãî âî-
äîñõîâèù ñïîñòåð³ãàºòüñÿ òåíäåíö³ÿ äî íàðîñòàííÿ çíà÷åíü ³íäåê-
ñó ñàïðîáíîñò³ çâåðõó äî íèçó âîäîéìè. Äëÿ Áîãóñëàâñüêîãî – çâî-
ðîòíà òåíäåíö³ÿ.
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1 2 3 4 5 6

7. Ð³çíîìàí³òòÿ 
á³îòîï³â Ñåðåäíº Âèñîêå Íèçüêå

Ñåðåäî-
âèùå 
îäíî-
ð³äíå

Ñåðåäî-
âèùå 
îäíî-
ð³äíå

Ê³ëüê³ñòü ïîÿñ³â 
ìàêðîô³ò³â 2–3 3 4 2 1

8. Íàÿâí³ñòü âèä³â,
ùî ïîòðåáóþòü 
îõîðîíè

+ + – – –



Çà ñêëàäîì âîäíèõ îðãàí³çì³â âîäîñõîâèùà ìàëèõ ÃÅÑ â óìî-
âàõ ë³ñîñòåïîâî¿ çîíè Óêðà¿íè º âîäíèìè îá’ºêòàìè ç åêîñèñòåìà-
ìè îçåðíîãî òèïó, ùî îáóìîâëþº ï³äòðèìàííÿ â íèõ ïðèéíÿòíî¿
ÿêîñò³ âîäè òà ð³âí³â ïðîäóêòèâíîñò³ óãðóïîâàíü ã³äðîá³îíò³â, äî-
ñòàòí³õ äëÿ çàáåçïå÷åííÿ ñàìîî÷èùåííÿ òà ñàìîâ³äíîâëåííÿ.

Íà âñ³õ âîäîñõîâèùàõ ïðîñë³äêîâóºòüñÿ òåíäåíö³ÿ äî ñïðàöþ-
âàííÿ ñàìîî÷èñíîãî ïîòåíö³àëó âîäîéìè.

Â³äïîâ³äíî, äîñë³äæåí³ âîäîñõîâèùà êëàñèô³êóþòüñÿ ÿê òàê³, ùî
çáåð³ãàþòü äîáðèé òà çàäîâ³ëüíèé ñòàí âîäíèõ åêîñèñòåì (òàáë. 2).

Òàáëèöÿ 2 
Îö³íêè åêîëîã³÷íîãî ñòàíó ã³äðîåêîñèñòåì ìîäåëüíèõ âîäîñõîâèù

79

Ê³ëüê³ñòü âèä³â 

Åêîëîã³÷í³ ãðóïè

Áîãóñëàâñüêå Ñòåáë³âñüêå Êîðñóíü-Øåâ÷åíê³âñüêå

Âåðõ. Ñåð. Íèæ. Âåðõ. Ñåð. Íèæ. Âåðõ. Ñåð. Íèæ.

1 2 3 4 5 6 7 8 9 10
ßê³ñòü 
ñåðåäîâèùà Çàäîâ³ëüíà Äîáðà Çàäîâ³ëüíà Äîáðà Çàäîâ³ëüíà

Ê³ëüê³ñòü
âèä³â

Ô³òîïëàíêòîí 36 47 19 33 45 45 39 35 40

Çîîïëàíêòîí 21 20 11 32 25 28 31 33 26

Ìàêðîô³òè 20 21 15 17 18 10 14 21 16

Á³îìàñà

Ô³òîïëàíêòîí,
mg/m3 1,2 2,4 0,3 51,1 4.6 6,8 4,2 5,5 10,3

Çîîïëàíêòîí,
êg/m3 0,05 0,03 0,8 3,0 1,9 3,2 0,9 2,0 1,1

Ðÿñí³ñòü

Ô³òîïëàíêòîí
mln.cel/l 5 7 2 42 25 45 26 21 48

Çîîïëàíêòîí,
ind/m3 6 2 1 178 112 119 49 153 43

Ñï³ââ³äíîøåí-
íÿ ãåëîô³òè:
ã³äðîô³òè

2:1 1:1 1:1 1:2 1:2 1:2 1:1 1:2 1:2

Ê³ëüê³ñòü ïî-
ÿñ³â ìàêðîô³ò³â 3 2 3 3 3 3 2 3 3

Íàÿâí³ñòü âè-
ä³â, ùî ïîòðå-
áóþòü îõîðîíè

+ + + + +



Çàê³í÷åííÿ òàáëèö³ 2

Íàñàìê³íåöü õî÷åìî âêàçàòè íà íåîáõ³äí³ñòü äîòðèìàííÿ åêî-
ëîã³÷íèõ âèìîã ùîäî ðîáîòè ã³äðîâóçë³â, íàïðàâëåíèõ íà ï³äòðè-
ìàííÿ/³ì³òàö³þ ïðèðîäíèõ ïðîöåñ³â. Åêîëîã³÷í³ âèìîãè ðîáîòè
ã³äðîâóçëà ìàþòü ðîçðîáëÿòèñÿ ³íäèâ³äóàëüíî äëÿ êîæíî¿ ð³÷êè ÷è
¿¿ ÷àñòèíè. Ñèñòåìà åêîëîã³÷íîãî ìîí³òîðèíãó ðîáîòè ìàëèõ ÃÅÑ
â óìîâàõ ð³âíèííèõ ð³÷îê ïîâèííà áóòè ñïðÿìîâàíà íà â³äñòåæåí-
íÿ/çàïîá³ãàííÿ çì³í ó:

 ñòðóêòóð³ óãðóïîâàíü ã³äðîá³îíò³â;
 õîä³ ïðîäóêö³éíèõ ïðîöåñ³â âèä³â-³íäèêàòîð³â ÿêîñò³ âîäè;
 òðîô³÷íîìó ñòàòóñ³ åêîñèñòåìè;
 ñòàí³ ïîïóëÿö³é ð³äê³ñíèõ âèä³â òà óãðóïîâàíü;
 ñòðóêòóð³ á³îòîï³â.
Âåäåííÿ ñïåö³àëüíî¿ ñèñòåìè åêîëîã³÷íîãî ìîí³òîðèíãó âïëè-

âó ìàëèõ ÃÅÑ íà ã³äðîåêîñèñòåìè äîçâîëèòü îïòèì³çóâàòè ðîáîòó
ã³äðîâóçë³â ³ ì³í³ì³çóâàòè âïëèâ íà äîâê³ëëÿ. Çà òàêèõ óìîâ ã³äðî-
åíåðãåòèêó ìîæíà ââàæàòè ÿê àëüòåðíàòèâíèé, «çåëåíèé» òèï
åíåðãåòèêè.

Âèñíîâîê. Óãðóïîâàííÿ âîäíèõ ã³äðîá³îíò³â â îáñòåæåíèõ âî-
äîñõîâèùàõ çà ñâîºþ âèäîâîþ ñòðóêòóðîþ ³ ê³ëüê³ñíèìè ïîêàçíè-
êàìè ïîä³áí³ äî óãðóïóâàíü ó ñåðåäí³õ ³ íèæí³õ ä³ëÿíêàõ ð. Ðîñü.

Âîäîñõîâèùà, óòâîðåí³ ïðè ìàëèõ ÃÅÑ â óìîâàõ ë³ñîñòåïîâî¿
çîíè Óêðà¿íè, ÿâëÿþòü ñîáîþ âîäí³ îá’ºêòè ç åêîñèñòåìàìè îçåð-
íîãî òèïó. Âîíè õàðàêòåðèçóþòüñÿ íåâåëèêèìè ïëîùàìè çàðîñëèõ
ì³ëêîâîäü, â³äíîñíî âèñîêîþ ïðîäóêòèâí³ñòþ ã³äðîá³îöåíîç³â, çà-
äîâ³ëüíèì ãàçîâèì ðåæèìîì òà çíà÷íèì á³îòè÷íèì ð³çíîìàí³òòÿì.

1 2 3 4 5 6 7 8 9 10

Çíà÷åííÿ
³íòåãðàëüíèõ
ïîêàçíèê³â
ÿêîñò³ âîäè

3,9 3,6 3,4 4,1 4,3 4,2 3,3 4,1 4,0

Á³îëîã³÷íèõ
ïîêàçíèê³â 3,5 2,5 2,5 2,5 3,5 3,5 3,0 3,5 3,0

Òðîôî-ã³äðî-
õ³ì³÷íèõ 4,4 4,6 4,3 5,7 5,1 4,8 4,5 4,7 5,1

ßê³ñòü âîäè Ñëàáêî 
çàáðóäíåí³ Äîáð³ Ñëàáêî 

çàáðóäíåí³ Äîáð³ Ñëàáêî 
çàáðóäíåí³

ßê³ñòü 
ñåðåäîâèùà Çàäîâ³ëüíà Äîáðà Çàäîâ³ëüíà Äîáðà Çàäîâ³ëüíà
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Öå îáóìîâëþº ï³äòðèìàííÿ â íèõ ïðèéíÿòíî¿ ÿêîñò³ âîäè òà ð³âí³â
ðîçâèòêó á³îöåíîç³â, äîñòàòí³õ äëÿ çàáåçïå÷åííÿ ñàìîî÷èùåííÿ òà
ñàìîâ³äíîâëåííÿ. 

Ðîáîòà ìàëèõ ÃÅÑ íà ìîäåëüíèõ âîäîñõîâèùàõ çàáåçïå÷óº äîáðó
òà çàäîâ³ëüíó ÿê³ñòü âîäíî¿ åêîñèñòåìè. Áîãóñëàâñüêå òà Êîðñóíü-
Øåâ÷åíê³âñüêå âîäîñõîâèùà, ã³äðîâóçåë ÿêèõ âèêîíàíèé çà äåðè-
âàö³éíîþ ñõåìîþ õàðàêòåðèçóþòüñÿ âèùèìè ïîêàçíèêàìè ÿêîñò³ âî-
äè òà ñòàíîì åêîñèñòåìè.

Óïðàâë³ííÿ ä³ÿëüí³ñòþ âîäîñõîâèù ìàº çàáåçïå÷óâàòè ï³äòðè-
ìàííÿ ã³äðîëîã³÷íîãî, ã³äðîõ³ì³÷íîãî òà ã³äðîá³îëîã³÷íîãî ðåæèì³â,
ùî ìàêñèìàëüíî íàáëèæåí³ äî ïðèðîäíèõ. Íà öå ìàº áóòè ñïðÿìî-
âàíèé åêîëîã³÷íèé ìîí³òîðèíã òà ìåòîäè îö³íêè ÿêîñò³ ñåðåäîâèùà.
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CLIMATE CHANGE DROUGHT AND FLOOD ASSESSMENT

IN THE MANYAME CATCHMENT, ZIMBABWE 

Àíîòàö³ÿ. Ó ñòàòò³ íàâåäåíî ðåçóëüòàòè äîñë³äæåííÿ, ÿêå ïðè-
ñâÿ÷åíî àíàë³çó ïîñóõ ³ ïîâåíåé ó âîäîçáîð³ Ìàíüÿàìå â áàñåéí³ ð³÷êè
Çàìáåç³. Ó ñòàòò³ íàâåäåíî ³íôîðìàö³þ ùîäî àíàë³çó ìèíóâøèõ ³ ïðèé-
äåøí³õ òåíäåíö³é, ÷àñòîòè òà ³íòåíñèâíîñò³ îïàä³â ç âèêîðèñòàííÿì
äåê³ëüêîõ êë³ìàòîëîã³÷íèõ ³ ñòàíäàðòèçîâàíèõ ïîêàçíèê³â ³ ÷èñåëüíèõ
ìîäåëåé. Ðåçóëüòàò äàíî¿ îö³íêè îïàä³â ñâ³ä÷èòü ïðî òåíäåíö³þ çðîñ-
òàííÿ âîëîãîãî ñåðåäîâèùà ïðèáëèçíî íà 15 %, à ñóõèõ – ïðèáëèçíî íà
33 %, îñîáëèâî â ïåð³îä çàñóõè ñåðåäíüîãî ñåçîíó. 

Êëþ÷îâ³ ñëîâà: âîäîçàá³ð, îïàäè, ïîâåí³, ïîñóõè, çì³íà êë³ìàòó.

Abstract. This study was focused on analysis of droughts and floods in
the Manyame catchment of Zimbabwe in the Zambezi River basin. The study
conducted the analysis of historical and future precipitation trends, frequen-
cies and severities using several climatological and standardised indices, and
numerical models. The result of the present precipitation assessment indicates
an increasing trend of the wet conditions by about 15% and of dry conditions
by about 33 % particularly the mid-season droughts. 

Keywords: water intake, precipitation, floods, droughts, climate change.

Introduction. In Africa, Zimbabwe is a vulnerable country in sub-
Saharan Africa to the devastating effects of water related disasters with
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floods causing the greatest fatalities and damages while droughts affect
the largest number of people due to its semi-arid climate [1]. 

Being the worst in recorded history, the 1992 drought reduced cere-
al production up to 25 % of the annual requirement crippling the food
security in the country, and resulting in unconceivable consequences
such as starvation, hunger and thirst of over 80 % of the population [2].
In March 2000, the country was hit by tropical cyclone Eline causing
infrastructure damages over 300 million USD and displacing 40,000
people [1]. In addition, frequency and intensity of the extreme preci-
pitation events have been increasing over the past 25 years [3].

This study aims at characterising the past and present trends, fre-
quencies and severities of floods and droughts in the Manyame catch-
ment, which is one of the main economically important basins in
Zimbabwe and is a part of the Zambezi River basin. The future flood
and drought risk is estimated to establish a baseline for the integrated
water resources management considering a balance between flood and
drought disasters. 

Study area and data. The study was done in the Manyame catch-
ment located in the Zambezi River basin, which is the 4th largest basin
in Africa with an area of 1,390,000 km2 covering and 54.6 % of Zim-
babwe and spreading over eight countries (Figure 1). The Manyame
catchment has an area of 25,497 km2 covering about 15 % of Zimbabwe
and has many dams that can be used to control the impacts of floods
in the catchment such as Mazvikadei and Darwendale dams (Figure
1A). The Manyame catchment outlet lies low lying flood prone area of
the middle Zambezi basin between Kariba and Cahora Bassa Dams and
is a confluence of four large rivers leading to frequent flooding such as
the inundation of the 2001 flood event from January 31st to February
13th (Figure 1B). 

Daily and monthly precipitation data obtained from Zimbabwe
rainfall gauges was utilised for historical analysis of the Manyame catch-
ment. The flood inundation of the Zambezi River Basin was simulated
with the Princeton University Global Forcing (PGF) dataset [4], which
has the high resolution dataset for Africa made for Flood and Drought
Monitoring (AFDM) satellite rainfall.

For climate change simulations, the daily precipitation datasets
projected with MRI-AGCM3.2S [5] were bias-corrected with PGF-
AFDM reference dataset using a non-parametric method [6].
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Figure 1. A) Study area in the Zambezi River basin with the Manyame catchment;
B) Landsat image of the 2001 flood near the confluence of Manyame River outlet

Methods. Historical precipitation was analysed in order to ascertain
trends and frequencies in precipitation anomalies. Extreme dry and wet
precipitation was analysed with several climatological indices, namely
Annual mean Rainy Day Index (RDI), Consecutive Dry Days (CDD),
Consecutive Wet Days (CWD), Maximum 5-Day rainfall total (R5d),
Simple Daily Intensity Index (SDII), Annual Maximum Daily rainfall
(R1d), and Heavy Precipitation (>10 mm) days, and standardized
indices such as Standardised Precipitation Index (SPI) [7] and Standar-
dised Precipitation and Evaporation Index (SPEI) [8]. 

The historical damages of floods and droughts were correlated to
the standardised indices in order to establish relationships that can be
used to predict the disaster risk in the future using statistical methods.
For the climate change assessment, the MRI-AGCM3.2S precipitation
was bias corrected using daily PGF-AFDM precipitation dataset for the
present and future Representative Concentration Pathway 8.5 (RCP8.5)
scenario with 4 sea surface temperature distributions. Precipitation was
analysed using the aforementioned climatological indices for the pres-
ent and future climates while the comparative SPI (cSPI) [9, 10] was
used to evaluate future flood and drought frequency and severity based
on the present climate conditions as described by [11, 12].

The block-wise TOPMODEL (BTOP) [13, 14] models was used to
simulate past and future flood hazards after calibration using the avail-
able river discharge data with the 20-km global BTOP model [15, 16].
The output was then analysed to quantify the future floods by compa-
ring the changes in discharges indices such as mean flow rate, peak dis-
charge, days above a threshold and days of low flow.

Results and Discussion. Standardised indices of 12-month SPI and
SPEI are demonstrated from 1972 to 2015 in Figure 2. These standar-
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dised indices indicate past floods and droughts such as the 1982 and
1992 droughts as well as the 2000 flood with values of -2 and +2, respec-
tively (Figure 2). The past extreme precipitation have a strong corelation
with the extreme Southern Oscillation Index (SOI), which is an indica-
tor of the El Nino and La Nina phenomena causing rainfal variability
Southern Africa, and demostrate a strong positive correlation between
standardised drought indices (SPI and SPI) and SOI. Therefore, these
can be used to predict the occurrence of future drought as well as an
early warning to prepare for the drought disaster management.

However, the period after 2002 the SPI and SPEI are showing
incongruity with the indices showing different patterns. This is an indi-
cation of the increase in seasonal variability temporal distribution of
rainfall within the season. The results of the extreme precipitation
analysis using climatological indices demonstrates a slight increase of
dry conditions and the rainy season is becoming dryer that may lead to
a reduction in yield of corn by 16–60 % compromising food security in
the household and national levels [17]. 

Figure 2. 12-month SPI and SPEI time series 
for the Banket gauge in the Manyame catchment

Assessing annual crops and vulnerability data, we observe that past
extreme events of meteorological drought result in the socio-economic
droughts with food and water shortages (Figure 3). 

In Figure 3a, the 6-month SPEI has a non-linear relationship har-
vested area indicating the lowest planted area during meteorological
droughts. This is also confirmed by the household cereal production
with the minimum productivity during the worst drought demonstrated
by 6-month SPEI value of -2, see Figure 3b. Since both floods and
drought have an effect on the cereal production, received rainfall
exceeds the normal to severe wetness conditions (Figure 3c). 
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During drought years the catchment can only on average produce
less than 40 % of the household cereal requirements leading to high lev-
els of food insecurity. The impact of drought and flood disasters is
shown by the prevalence of food insecurity among all the households. 

Figure 3. (a) SPEI vs harvested area, (b) SPEI vs household food production,
(c) Household food production vs food insecurity.

For the climate change assessment, the average precipitation (Pav)
demonstrates an average increase of 7.85 % in in future climate of the
RCP8.5 scenario (Table 2). In Table 2, results of extreme precipitation
show an increase in extreme precipitation indices such as heavy precip-
itation days, CWD and R5d. The severity of dry conditions increase as
demonstrated by the CDD increase from of 28 to 32 days per year. The
12-month median cSPI values indicates a shift towards wetter condition
with while other cSPI values of 1- and 3-month demonstrate a shift
towards the dry conditions. For the late season (February–April), 3-month
SPI showing a 10 fold decrease thus signifying the dry conditions in the
late season. This leads to the revision of the cropping calendar to avoid
dry period in the future climates. According to the 1-month cSPI analy-
sis, 33 % of the floods for the RCP8.5 period between 2075 and 2099
occur in January representing a shift from the present climate scenario
between 1979 and 2003 with flood peaks occurring in February. This
was complimented by the simulated river discharge in Table 2 and these
river discharge demonstrate an increase in the days above a threshold of
900 m3/s are going to be increase by 42 % from an average of 43 to 
61 days per year. The average days of low flow (<150 m3/s) are going
to be 6 % lower. In addition, the maximum days of low flow per year
is also going to decrease by 12 % [18]. As a result, there is a need to
develop an integrated water resources management to mitigate future
floods and droughts in the Manyame catchment. 
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Table 1
Ensemble average of future extreme precipitation analysis 

for the Banket Station

Table 2
Future discharge analysis using BTOP model outputs 

for the Mhangura gauging station

Conclusion. Past water related disasters in the Manyame catchment
have a remarkable effect on Zimbabwe’s food security, which is a major
deterrent of economic and societal growth. Based on the results of this
study, more severe floods and droughts may occur under the future
RCP8.5 climate to have a devastating effect on the country. In addition,
the timing of the floods and droughts in future may shift requiring appro-
priate management measures that comply with the future extreme rain-

Index Mean %
Change Present RCP 8.5 RCP 8.5

C1
RCP 8.5

C2
RCP 8.5

C3

Mean discharge (m3/s) 40 2399 3750 3535 2935 3246

Max discharge (m3/s) 69 4902 9809 7584 7149 8568

Min discharge (m3/s) 10 688 619 566 549 743

Mean days (>900 m3/s) 45 44 21 26 19 14

Max days (>900 m3/s) 42 104 66 77 58 42

Mean days (<150 m3/s) –6 93 97 90 105 106

Max days (<150 m3/s) –12 126 145 146 159 142

Index Present % Change Future mean

R1d (mm) 143.6 –13.7 124.0

Pav (mm) 615.2 7.85 636.5

Rainy days 49.0 5.6 51.8

SDII (mm) 11.4 –1.3 11.3

Annual heavy rainfall days 18.0 9.7 19.8

CDD 28.0 17.0 32.8

R5d (mm) 173.9 34.6 234.0

CWD 10.1 20.2 12.2

Median 12-month cSPI 0.1 102.0 0.3

February–April median 3-month cSPI –0.1 –10 –0.5
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fall patterns. Although rainfall patterns are the major drivers of flooding
in Manyame catchment, dam operation is also playing a key role in the
flooding in the low lying areas of the catchment’s disaster, but these dams
were not investigated in this study. Therefore, there is need for an inte-
grated dam management system as well as revision of dam operation rules
in next study to reduce. This can be complimented with the improvement
of community’s vulnerability awareness, and enhancement of early warn-
ing systems to improve society’s coping capacity and resilience.
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ПРИНЦИПИ ПОБУДОВИ СИСТЕМИ МОНІТОРИНГУ

НЕБЕЗПЕЧНИХ ТА ШКІДЛИВИХ ФАКТОРІВ

ВИРОБНИЧОГО СЕРЕДОВИЩА 

Àíîòàö³ÿ. Ó ñòàòò³ ðîçãëÿíóòî ìåòîäîëîã³þ ïîáóäîâè ñèñòåìè
ìîí³òîðèíãó íåáåçïå÷íèõ ÷èííèê³â âèðîáíè÷î¿ ñèñòåìè. Âñòàíîâëåíî,
ùî ñóòí³ñòü ñèñòåìè ìîí³òîðèíãó íåáåçïå÷íèõ ÷èííèê³â ïîëÿãàº ó
âçàºìîçâ’ÿçêó òåõí³÷íîãî, ïðîãðàìíîãî ³ ìåòîäè÷íîãî çàáåçïå÷åííÿ ç íå-
îáõ³äí³ñòþ âçàºìíîãî êîíòðîëþ ðåçóëüòàò³â ñïîñòåðåæåííÿ, êîðåãó-
âàííÿ ïðàêòè÷íèõ ä³é ó ñôåð³ áåçïåêè òà îõîðîíè ïðàö³. Íàâåäåíî ì³ñöå
ìîí³òîðèíãó íåáåçïå÷íèõ ôàêòîð³â ó ôóíêö³îíàëüí³é ìîäåë³ ñèñòåìè óï-
ðàâë³ííÿ îõîðîíîþ ïðàö³ âèðîáíè÷î¿ ñèñòåìè. Ïîêàçàíî, ñèñòåìà ìîí³-
òîðèíãó íåáåçïå÷íèõ ôàêòîð³â âèñòóïàº ñêëàäîâîþ ñèñòåìè ðîçïîä³ëó
òà ïåðåðîçïîä³ëó åêîíîì³÷íèõ ðåñóðñ³â íà çàõîäè ³ç îõîðîíè ïðàö³.

Êëþ÷îâ³ ñëîâà: îõîðîíà ïðàö³, íåáåçïå÷í³ ÷èííèêè, âèðîáíè÷à ñèñ-
òåìà, ìîí³òîðèíã, óïðàâë³ííÿ áåçïåêîþ.

Abstract. The methodology of designing systems for hazards monitoring in
manufacturing systems is described in the article. It is defined, that the essence
of the system for hazards monitoring is in interrelation of technical, program-
matic and methodological ware with a requirement for mutual control of
observation results, correcting actions in the field of occupational health and
safety. The position of hazards monitoring in the functional model of the OHS
management system in manufacturing was established. It is shown, that ha-
zards monitoring system is a component of distribution and redistribution sys-
tem of economical resources for the OHS measures.

Keywords: occupational health and safety, hazards (hazardous factors),
manufacturing system, safety management.

Âèñîêèé ð³âåíü âèðîáíè÷îãî òðàâìàòèçìó òà àâàð³éíîñò³ íà
ï³äïðèºìñòâàõ ìîæíà ïîÿñíèòè òðóäíîùàìè åêîíîì³÷íîãî, ñîö³-
àëüíîãî òà òåõíîëîã³÷íîãî õàðàêòåðó. Îäíàê ãîëîâíà ïðè÷èíà ïî-
ëÿãàº â òîìó, ùî ³ñíóþ÷³ íà ï³äïðèºìñòâàõ ñèñòåìè óïðàâë³ííÿ
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áåçïåêîþ àáî íå ôóíêö³îíóþòü, àáî ôóíêö³îíóþòü íååôåêòèâíî òà
íå äîñÿãàþòü ïîñòàâëåíèõ ö³ëåé.

ßê ïîêàçóþòü äîñë³äæåííÿ [1], íåùàñí³ âèïàäêè òà àâàð³¿ â³ä-
áóâàþòüñÿ, ïåðø çà âñå, íà òèõ ï³äïðèºìñòâàõ, äå ïîðóøóþòüñÿ
ñòðóêòóðà òà ôóíêö³¿ ñèñòåìè óïðàâë³ííÿ áåçïåêîþ, ÿêà ìîæå íà-
ä³éíî ôóíêö³îíóâàòè ëèøå çà íàÿâíîñò³ êîíöåïö³¿ òà ºäèíî¿ ñòðà-
òåã³¿ â ñêëàä³ ºäèíî¿ ãàëóçåâî¿ ñèñòåìè óïðàâë³ííÿ áåçïåêîþ òà áåç-
àâàð³éíîþ ðîáîòîþ ï³äïðèºìñòâ.

Ìåòîþ ðîáîòè º âäîñêîíàëåííÿ ñòðóêòóðè óïðàâë³ííÿ îõîðî-
íîþ ïðàö³ çà ðàõóíîê åôåêòèâíîãî ìîí³òîðèíãó íåáåçïå÷íèõ ÷èí-
íèê³â.

Ñòðàòåã³÷íèì íàïðÿìîì çàáåçïå÷åííÿ áåçïåêè ïîâèíåí áóòè
ïåðåõ³ä íà ôóíêö³îíóþ÷ó â ºäèíîìó ³íôîðìàö³éíîìó ïðîñòîð³ ãà-
ëóçåâó ñèñòåìó êîîðäèíîâàíîãî óïðàâë³ííÿ âèðîáíè÷èìè ðèçèêà-
ìè íà îñíîâ³ åôåêòèâíèõ ïðàâîâèõ, åêîíîì³÷íèõ, àäì³í³ñòðàòè-
âíèõ ìåõàí³çì³â çíèæåííÿ ðèçèê³â ïðè äîòðèìàíí³ ïð³îðèòåòó
æèòòÿ ³ çäîðîâ’ÿ ïðàö³âíèê³â.

Äîñë³äæåííÿìè âñòàíîâëåíî, ùî âèðîáíè÷èé òðàâìàòèçì òà
àâàð³éí³ñòü º áàãàòîïðè÷èííèì âèïàäêîâèì ÿâèùåì, ÿêå ôîðìó-
ºòüñÿ ï³ä âïëèâîì âåëèêî¿ ê³ëüêîñò³ ôàêòîð³â òà îáñòàâèí. Òîìó
äëÿ åôåêòèâíî¿ ïðîô³ëàêòèêè òðàâìàòèçìó òà àâàð³éíîñò³ íåîáõ³ä-
íî âðàõîâóâàòè âñ³ ôàêòîðè, â òîìó ÷èñë³ âèïàäêîâîãî õàðàêòåðó.

Áåçïåêà âèðîáíèöòâà çàáåçïå÷óºòüñÿ ò³ëüêè çà ïîñò³éíî¿ îö³í-
êè òà åôåêòèâíîìó êîíòðîë³ çà âèðîáíè÷èìè ðèçèêàìè, çà ñâîº-
÷àñíîãî âïðîâàäæåííÿ åôåêòèâíèõ óïðàâë³íñüêèõ ð³øåíü ³ âæèòòÿ
íåîáõ³äíèõ çàõîä³â íà îñíîâ³ äîñòîâ³ðíî¿ òà ïîâíî¿ ³íôîðìàö³¿
îá’ºêòà óïðàâë³ííÿ. Îñê³ëüêè îñíîâíîþ ïðè÷èíîþ àâàð³é ³ íåùàñ-
íèõ âèïàäê³â º â³äõèëåííÿ â ñèñòåì³ «ëþäèíà – íåáåçïå÷íèé âè-
ðîáíè÷èé îá’ºêò – ñåðåäîâèùå» â³ä âèìîã ïðàâèë ³ íîðì áåçïåêè,
òî îñíîâîþ ôóíêö³îíóâàííÿ ñèñòåìè óïðàâë³ííÿ áåçïåêîþ ïîâè-
íåí áóòè ïðèíöèï êîìïåíñàö³¿ öèõ â³äõèëåíü. Ó öüîìó âèïàäêó
ïðàâèëà òà íîðìè áåçïåêè ñë³ä ðîçãëÿäàòè ÿê ïðîãðàìó óïðàâë³ííÿ
áåçïåêîþ.

Ïåðåõ³ä äî ³íôîðìàö³éíèõ òåõíîëîã³é ñòàâèòü äîäàòêîâ³ çàâäàí-
íÿ äî òåõíîëîã³¿ ï³äãîòîâêè ³íôîðìàö³¿, à ñàìå öå âèá³ð ñèñòåìè
àíàë³çó, ôîðìàë³çàö³þ ³íôîðìàö³¿ ð³çíîð³äíî¿ ÿêîñò³ â ºäèí³é ñèñ-
òåì³ â³äîáðàæåííÿ òà àíàë³çó, ðîçðîáêà àíàë³òè÷íîãî âèäó âçàºìîä³¿
òà ðîçðîáêà àëãîðèòìó ¿õ âçàºìîä³¿.

Ñóêóïí³ñòü ôàêòîð³â, ùî çóìîâëþþòü òàêèé ñòàí ç îõîðîíîþ
ïðàö³, îá’ºêòèâíî õàðàêòåðèçóº áàãàòîãðàíí³ñòü ³ ñèñòåìí³ñòü ñó-
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÷àñíèõ âèðîáíè÷èõ â³äíîñèí, º âèçíà÷àëüíèì ôàêòîðîì óïðàâë³í-
íÿ áåçïåêîþ òà îõîðîíîþ ïðàö³.

Îñíîâíîþ âèìîãîþ äî ðîçðîáêè ñèñòåìè óïðàâë³ííÿ áåçïå÷-
íèìè óìîâàìè ïðàö³ òà îõîðîíè ïðàö³ º âèêëþ÷åííÿ íåïîâíîòè
âçàºìîçâ’ÿçê³â ì³æ íåîáõ³äíîþ ³íôîðìàö³ºþ òà ðîçâ’ÿçóâàíèõ âñå-
ðåäèí³ çàâäàíü, ùî äàº ìîæëèâ³ñòü ðåàë³çîâóâàòè òàêó â³äêðèòó ñè-
ñòåìó óïðàâë³ííÿ, ÿêà â äàíèõ óìîâàõ äàâàòèìå ìîæëèâ³ñòü ðå-
àë³çîâóâàòè ö³ëüîâ³ ôóíêö³¿ áåçïåêè òà îõîðîíè ïðàö³.

Òåõí³÷í³, îðãàí³çàö³éí³ òà ïñèõîëîã³÷í³ ïðè÷èíè âèðîáíè÷îãî
òðàâìàòèçìó â óìîâàõ øòàòíèõ ñèòóàö³é ïîâ’ÿçàí³ çíà÷íîþ ì³ðîþ
ç ïîðóøåííÿìè ïðàâèë áåçïåêè òà ³íøèõ íîðìàòèâíèõ äîêóìåíò³â,
ùî âñòàíîâëþþòü ³ ðåãëàìåíòóþòü ä³ÿëüí³ñòü ïðàö³âíèê³â.

Ó ïðîöåñ³ àíàë³çó ïîêàçíèê³â âïëèâó ñåðåä óñ³º¿ ¿õ ñóêóïíîñò³
âèíèêàº ïîòðåáà âèáðàòè íàéá³ëüø âïëèâîâ³ ç òî÷êè çîðó äîñÿ-
ãíåííÿ ê³íöåâîãî ÿê³ñíîãî ðåçóëüòàòó – âïëèâó ³ ìîæëèâîñò³ êîí-
òðîëþ òà àíàë³çó ð³âíÿ áåçïåêè òà îõîðîíè ïðàö³. Çàïðîïîíîâàíó
ñòðóêòóðó ïîáóäîâè óïðàâë³ííÿ ðèçèêàìè ìîæíà âèêîðèñòîâóâàòè
äëÿ îö³íêè ÿêîñò³ îõîðîíè ïðàö³ íà áóäü-ÿêîìó àáñòðàêòíîìó
ï³äïðèºìñòâ³ òà â ö³é ñòðóêòóð³ îñíîâíèì ÿäðîì º ñèñòåìà ìîí³òî-
ðèíãó íåáåçïå÷íèõ ÷èííèê³â.

Ñóòí³ñòü ñèñòåìè ìîí³òîðèíãó íåáåçïå÷íèõ ÷èííèê³â ïîëÿãàº
ó âçàºìîçâ’ÿçêó òåõí³÷íîãî, ïðîãðàìíîãî òà ìåòîäè÷íîãî çàáåçïå-
÷åííÿ ç íåîáõ³äí³ñòþ âçàºìíîãî êîíòðîëþ ðåçóëüòàò³â ñïîñòåðå-
æåííÿ, êîðåãóâàííÿ ïðàêòè÷íèõ ä³é ó ñôåð³ áåçïåêè òà îõîðîíè
ïðàö³. Òàêà ñèñòåìà äàº ìîæëèâ³ñòü îòðèìóâàòè ³íôîðìàö³þ ïî
îá’ºêòó äîñë³äæåííÿ – âèðîáíè÷î¿ ñèñòåìè, â ðåçóëüòàò³ ÷îãî,
ïðèéìàòè îïåðàòèâí³ ð³øåííÿ ç óïðàâë³ííÿ îõîðîíîþ ïðàö³.

Ìåòîþ ìîí³òîðèíãó íåáåçïå÷íèõ ÷èííèê³â º âïðîâàäæåííÿ
áåçïå÷íèõ óìîâ, äîñÿãíåííÿ çàïëàíîâàíèõ çàâäàíü ç îõîðîíè ïðà-
ö³, ì³í³ì³çàö³ÿ íåãàòèâíèõ íàñë³äê³â, âèçíà÷åííÿ ìîæëèâîñòåé âè-
áîðó ïðîåêò³â ç îõîðîíè ïðàö³.

Ìîí³òîðèíã íåáåçïå÷íèõ ÷èííèê³â ñïðÿìîâàíèé íà:
 ï³äâèùåííÿ îïåðàòèâíîñò³ ³ ÿêîñò³ ðåàãóâàííÿ â ãàëóç³ îõî-

ðîíè ïðàö³ íà âñ³õ ð³âíÿõ êîíòðîëþ;
 ï³äâèùåííÿ ÿêîñò³ îá´ðóíòóâàííÿ ïðîåêò³â â ãàëóç³ îõîðîíè

ïðàö³ òà åôåêòèâíîñò³ ¿õ âèáîðó;
 âèÿâëåííÿ çì³í ïðè âåäåíí³ áåçïå÷íèõ óìîâ ïðàö³;
 äîñòîâ³ðíå íàóêîâî-³íôîðìàö³éíå çàáåçïå÷åííÿ ïðîãðàì ðîç-

âèòêó â ãàëóç³ îõîðîíè ïðàö³;
 îïòèìàëüíèé âèá³ð ö³ëåé ³ çàâäàíü â ãàëóç³ îõîðîíè ïðàö³.
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Âèçíà÷èìî íèçêó õàðàêòåðíèõ åòàï³â, âèêîíàííÿ ÿêèõ º îáî-
â’ÿçêîâèì äëÿ åôåêòèâíîãî ôóíêö³îíóâàííÿ ñèñòåìè ìîí³òîðèíãó:

 ðîçðîáêà êîíöåïö³¿ âïðîâàäæåííÿ ï³äñèñòåìè ìîí³òîðèíãó
íåáåçïå÷íèõ ôàêòîð³â;

 ðîçðîáêà ïðîãðàì ìîòèâàö³¿ íàâ÷àííÿ ïåðñîíàëó â ãàëóç³
îõîðîíè ïðàö³;

 ñòâîðåííÿ âíóòð³øí³õ ñòàíäàðò³â ³ ïðàâèë ï³äñèñòåìè ìîí³-
òîðèíãó íåáåçïå÷íèõ ôàêòîð³â.

Ïðè öüîìó âïðîâàäæåííÿ ñèñòåìè ìîí³òîðèíãó íåáåçïå÷íèõ
÷èííèê³â âèðîáíè÷èõ ñèñòåì ïîâèííî ïðîâîäèòèñÿ ïîåòàïíî òà ç
âèêîíàííÿì ö³ëîãî êîìïëåêñó íåîáõ³äíèõ óìîâ:

 ñèñòåìà ìîí³òîðèíãó ïîâèííà ïðîåêòóâàòèñÿ, âèõîäÿ÷è ç ¿¿
ïðèçíà÷åííÿ, ö³ëüîâî¿ îð³ºíòàö³¿ ³ óìîâ ôóíêö³îíóâàííÿ;

 âäîñêîíàëåííÿ âñ³õ ñèñòåìîóòâîðþþ÷èõ åëåìåíò³â ñèñòåìè
ìîí³òîðèíãó íåáåçïå÷íèõ ÷èííèê³â ìàº áàçóâàòèñÿ íà ºäèí³é ñèñ-
òåìí³é îñíîâ³ – ñèñòåìíîìó ïðîåêò³;

 ³íòåãðàö³ÿ åëåìåíò³â îðãàí³çàö³éíî¿ ñòðóêòóðè ì³æ ñîáîþ òà
³íøèìè ñèñòåìàìè ïîâèííà çä³éñíþâàòèñÿ çà äîïîìîãîþ àâòîìà-
òèçîâàíèõ ³íôîðìàö³éíèõ ñèñòåì, ùî çàáåçïå÷óþòü ðåàë³çàö³þ
òåõíîëîã³¿ îáðîáêè äàíèõ ³ ï³äòðèìêó îðãàí³çàö³éíî-åêîíîì³÷íî¿
âçàºìîä³¿ âñ³õ ëàíîê.

Âåëèêå çíà÷åííÿ íà ñòàä³¿ ñòðóêòóðèçàö³¿ ñèñòåìè ìîí³òîðèí-
ãó íàäàºòüñÿ ïðîåêòóâàííþ. Ïðîåêòóâàííÿ ñèñòåìè ìàº ïîëÿãàº ó
ñòâîðåíí³ ôóíêö³îíàëüíî¿ ìîäåë³ ¿¿ ðîáîòè àáî â ïëàíóâàíí³ âñüî-
ãî òåõíîëîã³÷íîãî ëàíöþæêà îòðèìàííÿ ³íôîðìàö³¿ ïðî ñòàí îõî-
ðîíè ïðàö³. Îñê³ëüêè âñ³ åòàïè îòðèìàííÿ ³íôîðìàö³¿ ò³ñíî ïîâ’ÿ-
çàí³ ì³æ ñîáîþ, íåäîñòàòíÿ óâàãà äî ðîçðîáêè áóäü-ÿêîãî ç íèõ
ïðèçâåäå äî ð³çêîãî çíèæåííÿ ¿¿ ö³ííîñò³ ³ íåïðàâäîïîä³áíîñò³, ùî
ïðèçâåäå äî ïîìèëêîâèõ âèñíîâê³â ³ ðåçóëüòàò³â.

Òîìó âàæëèâèì º ôîðìóëþâàííÿ îñíîâíèõ âèìîã äî ïðîåêòó-
âàííÿ òàêèõ ñèñòåì. Ö³ âèìîãè ïîâèíí³ âêëþ÷àòè íàñòóïí³ åòàïè:

 âèçíà÷åííÿ ãîëîâíèõ çàâäàíü ñèñòåìè ìîí³òîðèíãó íåáåç-
ïå÷íèõ ôàêòîð³â ³ âèìîã äî âèõ³äíî¿ ³íôîðìàö³¿;

 ñòâîðåííÿ îðãàí³çàö³éíî¿ ñòðóêòóðè ñïîñòåðåæåíü ³ ðîçðîáêè
ïðèíöèï³â ïðîâåäåííÿ àíàë³çó òåõí³÷íî¿ ³íôîðìàö³¿;

 ïîáóäîâà ñòðóêòóðè ñèñòåìè ìîí³òîðèíãó íåáåçïå÷íèõ ôàê-
òîð³â;

 ðîçðîáêà ñèñòåìè îòðèìàííÿ äàíèõ òà ïîäàííÿ ³íôîðìàö³¿ â
çðó÷íîìó äëÿ àíàë³çó âèãëÿä³;
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 ïîáóäîâà ñèñòåìè ïåðåâ³ðêè îòðèìàíî¿ ³íôîðìàö³¿ íà â³äïî-
â³äíîñò³ âèõ³äíèì âèìîãàì ñèñòåìè ìîí³òîðèíãó.

Ñêëàäîâèìè ñèñòåìè ìîí³òîðèíãó íåáåçïå÷íèõ ôàêòîð³â º ìå-
òîäîëîã³÷íå, ìàòåìàòè÷íå, àëãîðèòì³÷íå òà ïðîãðàìíå çàáåçïå÷åí-
íÿ ïðîöåñ³â ïðèéíÿòòÿ ð³øåíü ïðî ñòàí îõîðîíè ïðàö³ âèðîáíè-
÷èõ ñèñòåì. Ç ïðè÷èíè óí³ô³êîâàíîñò³ (çà ñâîºþ ñóòòþ) âèõ³äíî¿
³íôîðìàö³¿, îäåðæóâàíî¿ â³ä ³íôîðìàö³éíèõ êîìïëåêñ³â ï³äïðè-
ºìñòâà, âèíèêàº íåîáõ³äí³ñòü ó ñòâîðåíí³ àâòîìàòèçîâàíèõ ñèñòåì
îáë³êó òà êîíòðîëþ íåáåçïå÷íèõ ÷èííèê³â. Âèíèêàº òàêîæ íå-
îáõ³äí³ñòü âïðîâàäæåííÿ óí³ô³êîâàíèõ ìåòîä³â ³ ìåòîäèê ïîáóäî-
âè ìàòåìàòè÷íîãî òà ïðîãðàìíîãî çàáåçïå÷åííÿ äëÿ âèÿâëåííÿ,
ðîçï³çíàâàííÿ ³ ³äåíòèô³êàö³¿ íåáåçïå÷íèõ ôàêòîð³â, çàñíîâàíîãî
íà ìåòîäàõ ìàòåìàòè÷íîãî ìîäåëþâàííÿ òà ïðîãíîçóâàííÿ.

Àíàë³çóþ÷è ñèñòåìó ìîí³òîðèíãó íåáåçïå÷íèõ ôàêòîð³â, ìîæ-
íà çðîáèòè âèñíîâîê ïðî òå, ùî âîíà âèñòóïàº ñêëàäîâîþ ñèñòå-
ìè ðîçïîä³ëó òà ïåðåðîçïîä³ëó åêîíîì³÷íèõ ðåñóðñ³â íà çàõîäè ç
îõîðîíè ïðàö³. Ðîçïîä³ë ³ ïåðåðîçïîä³ë åêîíîì³÷íèõ ðåñóðñ³â âèñ-
òóïàº îäíèì ³ç ïð³îðèòåòíèõ çàâäàíü.

Äîñÿãòè ìàêñèìàëüíî¿ åôåêòèâíîñò³ âèêîðèñòàííÿ åêîíîì³÷-
íèõ ðåñóðñ³â, ñïðÿìîâàíèõ íà ïîë³ïøåííÿ óìîâ îõîðîíè ïðàö³,
ìîæëèâî, ÿêùî îá’ºäíàòè ïðîöåñ ðîçïîä³ëó ðåñóðñ³â ç ¿õ ïåðåðîç-
ïîä³ëîì. Ó òàêèõ ñèñòåìàõ ìîæíà êðàùå âðàõóâàòè íåîáõ³äí³ñòü
äëÿ âèðîáíè÷èõ ñèñòåì åêîíîì³÷íèõ ðåñóðñ³â íà ñòàä³¿ ¿õ ðîç-
ïîä³ëåííÿ, óíèêàþ÷è íàäàë³ ¿õ ³ñòîòíèõ ïåðåðîçïîä³ë³â.

Ìîí³òîðèíã öå êîìïëåêñ ð³çíîìàí³òíèõ çàõîä³â, ÿê³ çàáåçïå÷ó-
þòü ñèñòåìàòè÷íèé êîíòðîëü çà ñòàíîì òà òåíäåíö³ÿìè ðîçâèòêó
ïðèðîäíèõ òà òåõíîãåííèõ ïðîöåñ³â.

Çà ð³âíåì ïðîâåäåííÿ ìîí³òîðèíã ìîæå áóòè [2, 3].
1. Ãëîáàëüíèé ìîí³òîðèíã, çä³éñíþâàíèé íà îñíîâ³ ì³æíàðîä-

íîãî ñï³âðîá³òíèöòâà.
2. Íàö³îíàëüíèé ìîí³òîðèíã, ÿêèé îðãàí³çîâóºòüñÿ â ìåæàõ

äåðæàâè ñïåö³àëüíî ñòâîðåíèìè ñòðóêòóðàìè.
3. Ðåã³îíàëüíèé ìîí³òîðèíã, ÿêèé ä³º â ìåæàõ îêðåìèõ ðåã³îí³â.
4. Ëîêàëüíèé ìîí³òîðèíã, ùî âðàõîâóº çì³íè ÿêîñò³ ñåðåäîâè-

ùà â ìåæàõ ïðîìèñëîâèõ ³ ñ³ëüñüêîãîñïîäàðñüêèõ ï³äïðèºìñòâ.
5. Ïåðñîí³ô³êîâàíèé ìîí³òîðèíã, âðàõîâóº ñòàí çäîðîâ’ÿ ïðà-

öþþ÷èõ ó â³äïîâ³äíîñò³ ç ôàêòîðàìè ñåðåäîâèùà ¿õ ðîáîòè, ó òî-
ìó ÷èñë³: á³îëîã³÷íèìè, õ³ì³÷íèìè, ô³çè÷íèìè (øóì,â³áðàö³ÿ, óëü-
òðàçâóê, ³íôðàçâóê, òåïëîâå, ³îí³çóþ÷å, íå³îí³çóþ÷å òà ³í.), ñîö³-
àëüíèìè, ïñèõîëîã³÷íèìè.
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Çà ïåð³îäè÷í³ñòþ ìîí³òîðèíã º ð³÷íèé, êâàðòàëüíèé, ì³ñÿ÷íèé
òà ùîäåííèé.

Çà ñóá’ºêòîì – ìîí³òîðèíã ìîæå áóòè çîâí³øí³ì ³ âíóòð³øí³ì [6].
Çîâí³øí³é ìîí³òîðèíã ïåâíîãî ÷èñëà îá’ºêò³â ïðîâîäèòüñÿ ñòîðîí-
íüîþ, òðåòüîþ îðãàí³çàö³ºþ. Âíóòð³øí³é ìîí³òîðèíã ïðîâîäèòüñÿ
ñëóæáàìè îêðåìîãî ï³äïðèºìñòâà çà çàäàíèìè íàïðÿìêàìè ³ âïëè-
âàº áåçïîñåðåäíüî ò³ëüêè íà ïîâîäæåííÿ ñàìîãî ï³äïðèºìñòâà.

Çà ïîâíîòîþ îõâàòó ìîí³òîðèíã áóâàº âèá³ðêîâèì, ëîêàëüíèì
òà ñóö³ëüíèì.

Ìîí³òîðèíã çàéìàº âàæëèâå ì³ñöå â äåðæàâí³é ñèñòåì³ îõîðî-
íè ïðàö³ ³ ñàìå òîìó â áàãàòüîõ êðà¿íàõ ä³º êîìïëåêñíà àâòîìàòè÷-
íà ñèñòåìà ìîí³òîðèíãó óìîâ ³ áåçïåêè ïðàö³ [7]. 

Îá’ºêòàìè ìîí³òîðèíãó º: íîðìàòèâíî-ïðàâîâ³ àêòè ó ñôåð³
óìîâ òà îõîðîíè ïðàö³; ïîêàçíèêè âèðîáíè÷îãî òðàâìàòèçìó ³
ïðîôåñ³éíî¿ çàõâîðþâàíîñò³; óìîâè ïðàö³; ñîö³àëüíå çàáåçïå÷åííÿ
ïîòåðï³ëèõ íà âèðîáíèöòâ³; ïðîôåñ³éí³ ³ ñîö³àëüí³ ðèçèêè; çàõîäè
ç ïîë³ïøåííÿ óìîâ ³ áåçïåêè ïðàö³ ³ ¿õ åêîíîì³÷íà åôåêòèâí³ñòü;
ìîäåðí³çàö³ÿ âèðîáíè÷èõ îá’ºêò³â ³ òåõíîëîã³÷íèõ ïðîöåñ³â; ôàê-
òîðè âèðîáíè÷îãî ñåðåäîâèùà, ðåçóëüòàòè àòåñòàö³¿ ðîáî÷èõ ì³ñöü
çà óìîâàìè ïðàö³ íà ï³äïðèºìñòâàõ òà ³íø³.

Åòàïàìè ìîí³òîðèíãó óìîâ ³ áåçïåêè ïðàö³ º çá³ð äàíèõ, ¿õ ñè-
ñòåìàòèçàö³ÿ, îáðîáëåííÿ, àíàë³ç, âèçíà÷åííÿ òåíäåíö³é.

Îòæå, ìîí³òîðèíã íåáåçïå÷íèõ òà øê³äëèâèõ ôàêòîð³â – îäíà
ç îñíîâíèõ ôóíêö³é ñèñòåìè óïðàâë³ííÿ îõîðîíîþ ïðàö³, ÿêà ñïðÿ-
ìîâàíà íà ï³äâèùåííÿ îïåðàòèâíîñò³ òà ÿêîñò³ ðåàãóâàííÿ ó ñôåð³
îõîðîíè ïðàö³ íà âñ³õ ð³âíÿõ êîíòðîëþ, äîòðèìàííÿ íîðì, ïðàâèë
òà ðåæèì³â áåçïå÷íîãî ôóíêö³îíóâàííÿ âèðîáíè÷î¿ ñèñòåìè.

Âèñíîâêè. Ñóòü ñèñòåìè ìîí³òîðèíãó øê³äëèâèõ òà íåáåçïå÷-
íèõ âèðîáíè÷èõ ôàêòîð³â ïîëÿãàº ó âçàºìîçâ’ÿçêó òåõí³÷íîãî, ïðî-
ãðàìíîãî òà ìåòîäè÷íîãî çàáåçïå÷åííÿ ç íåîáõ³äí³ñòþ âçàºìíîãî
êîíòðîëþ ðåçóëüòàò³â ñïîñòåðåæåííÿ, êîðåãóâàííÿ ïðàêòè÷íèõ ä³é
ó ãàëóç³ áåçïåêè òà îõîðîíè ïðàö³. Ìîí³òîðèíã íåáåçïå÷íèõ ôàê-
òîð³â º ñêëàäîâîþ ôóíêö³îíàëüíî¿ ìîäåë³ ñèñòåìè óïðàâë³ííÿ îõî-
ðîíîþ ïðàö³ âèðîáíè÷î¿ ñèñòåìè, à òàêîæ ñèñòåìè ðîçïîä³ëó òà
ïåðåðîçïîä³ëó åêîíîì³÷íèõ ðåñóðñ³â íà çàõîäè ç îõîðîíè ïðàö³.
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ЕЛЕКТРОСТАНЦІЙ – ЗАГРОЗА БЕЗПЕЦІ ПОСТАЧАННЯ

ЕЛЕКТРИЧНОЇ ЕНЕРГІЇ 

Àíîòàö³ÿ. Ó ñòàòò³ ðîçãëÿíóòî âïëèâ çðîñòàííÿ âèðîáíèöòâà
åëåêòðè÷íî¿ åíåðã³¿ íà ñîíÿ÷íèõ åëåêòðîñòàíö³ÿõ íà íåð³âíîì³ðí³ñòü äî-
áîâèõ ãðàô³ê³â íàâàíòàæåííÿ òåïëîâî¿ ãåíåðàö³¿ â Óêðà¿í³. Àâòîðàìè
çàïðîïîíîâàíî ìåòîäè÷í³ îñíîâè îö³íêè äîäàòêîâèõ ãðîøîâèõ âèòðàò
òåïëîâî¿ ãåíåðàö³¿ ï³ä ÷àñ âèêîðèñòàííÿ â åíåðãîñèñòåì³ ñîíÿ÷íèõ åëåê-
òðîñòàíö³é.

Êëþ÷îâ³ ñëîâà: ñîíÿ÷íà åëåêòðîñòàíö³ÿ, îá’ºäíàíà åíåðãåòè÷íà ñè-
ñòåìà, òåïëîâèé åíåðãîáëîê.

Abstract. The paper examines the influence of the growth of electric ener-
gy production on solar power plants on the unevenness of the daily load sched-
ules of the thermal generation in Ukraine. The authors propose methodologi-
cal bases for estimating the additional monetary costs of thermal generation
when used in the power system of solar power plants.

Êeywords: solar power plant, consolidated power system, thermal power-
generating unit.

Åíåðãåòè÷íà ãàëóçü Óêðà¿íè ìàº íèçêó ïðîáëåì, íàÿâí³ñòü
ÿêèõ íåãàòèâíî ïîçíà÷àºòüñÿ íà áåçïåö³ ïîñòà÷àííÿ åëåêòðè÷íî¿
åíåðã³¿, ôóíêö³îíóâàíí³ ãàëóç³ çàðàç ³ ìîæå ñóòòºâî óñêëàäíèòè ïî-
äàëüøèé ðîçâèòîê â³ò÷èçíÿíî¿ åíåðãåòèêè. Ïåðø çà âñå, éäåòüñÿ
ïðî äóæå âåëèêèé â³äñîòîê ô³çè÷íî çíîøåíèõ ãåíåðóþ÷èõ ïîòóæ-
íîñòåé â åíåðãîñèñòåì³, íåñïðèÿòëèâó ¿õ ñòðóêòóðó, íåð³âíîì³ðíå
åëåêòðè÷íå íàâàíòàæåííÿ, íåäîñòàòíþ ïðîïóñêíó çäàòí³ñòü åëåê-
òðè÷íèõ ìåðåæ òîùî.

Âàæëèâîþ òà àêòóàëüíîþ º òåíäåíö³ÿ ñòð³ìêîãî ðîçâèòêó â Óê-
ðà¿í³ â³äíîâëþâàíî¿ åíåðãåòèêè, ³ â ïåðøó ÷åðãó, ñòâîðåííÿ òà âè-
êîðèñòàííÿ ÷èñëåííèõ ñîíÿ÷íèõ åëåêòðîñòàíö³é (ÑÅÑ) [1–3]. Áåç-
óìîâíî, öÿ òåíäåíö³ÿ º ïîçèòèâíîþ ç îãëÿäó íà ïðîãðåñèâíèé ñâ³-
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òîâèé äîñâ³ä. Îäíàê â Óêðà¿í³ ñòâîðåííÿ ³ âèêîðèñòàííÿ îá’ºêò³â
â³äíîâëþâàíî¿ åíåðãåòèêè ñïðèéìàºòüñÿ ÿê ïðîöåñ, àáñîëþòíî
â³äîêðåìëåíèé â³ä ôóíêö³îíóâàííÿ ³ ïîäàëüøîãî ðîçâèòêó ³ñíóþ÷î¿
îá’ºäíàíî¿ åíåðãåòè÷íî¿ ñèñòåìè (ÎÅÑ) â ö³ëîìó. Ïðè öüîìó íå-
îáõ³äíî áðàòè äî óâàãè, ùî ôóíêö³îíóâàííÿ ÑÅÑ ìàº íèçêó îñîá-
ëèâîñòåé, îñíîâíèìè ç ÿêèõ º äîñòàòíüî âóçüêèé ïðîì³æîê ÷àñó
ïðîòÿãîì äîáè, êîëè âîíè çäàòí³ ãåíåðóâàòè åëåêòðîåíåðã³þ, ïîãà-
íà ïðîãíîçîâàí³ñòü ¿õ ðîáî÷î¿ ïîòóæíîñò³ íà êîðîòêîñòðîêîâó ïåð-
ñïåêòèâó, à òàêîæ çíà÷í³ êîëèâàííÿ îáñÿãó âèðîáíèöòâà åëåêòðè÷-
íî¿ åíåðã³¿ ó ð³çí³ ïåð³îäè âíàñë³äîê âïëèâó ìåòåîðîëîã³÷íèõ óìîâ.

Âðàõîâóþ÷è ö³ îñîáëèâîñò³, ìîæíà ñòâåðäæóâàòè, ùî áåçêîí-
òðîëüíå (íåêåðîâàíå) âèêîðèñòàííÿ ÑÅÑ ïîñòóïîâî âñå á³ëüø çà-
ãîñòðþâàòèìå ïðîáëåìó ÎÅÑ Óêðà¿íè – íåð³âíîì³ðí³ñòü äîáîâèõ
ãðàô³ê³â íàâàíòàæåííÿ òðàäèö³éíî¿ ãåíåðàö³¿, çîêðåìà òåïëîâèõ
åëåêòðîñòàíö³é (ÒÅÑ), ùî ïðèçâåäå äî ïîðóøåííÿ áåçïåêè ïîñòà-
÷àííÿ åëåêòðè÷íî¿ åíåðã³¿ ñïîæèâà÷àì òà íåìèíó÷å âïëèíå íà ïî-
ÿâó çíà÷íèõ äîäàòêîâèõ âèòðàò íà âèðîáíèöòâî åëåêòðîåíåðã³¿.

Îòæå, ìåòîþ ö³º¿ ïóáë³êàö³¿ º íàî÷íî ïðîäåìîíñòðóâàòè íåãà-
òèâíèé âïëèâ íà ôóíêö³îíóâàííÿ ÎÅÑ Óêðà¿íè íåêîíòðîëüîâàíî-
ãî âèêîðèñòàííÿ ÑÅÑ, à òàêîæ çàïðîïîíóâàòè ìåòîäè÷í³ îñíîâè
îö³íêè äîäàòêîâèõ ãðîøîâèõ âèòðàò ÒÅÑ, ÿê³ âèíèêàþòü âíàñë³-
äîê ïîÿâè íàäëèøêó íåðåãóëüîâàíî¿ åëåêòðè÷íî¿ ïîòóæíîñò³, ùî
ãåíåðóºòüñÿ îá’ºêòàìè ñîíÿ÷íî¿ åíåðãåòèêè.

Ï³äòðèìàííÿ íåîáõ³äíîãî áàëàíñó âèðîáíèöòâà òà ñïîæèâàí-
íÿ åëåêòðè÷íî¿ ïîòóæíîñò³ â ÎÅÑ Óêðà¿íè çä³éñíþºòüñÿ ãîëîâíèì
÷èíîì çà ðàõóíîê âèêîðèñòàííÿ ìàíåâðåíèõ ìîæëèâîñòåé åíåð-
ãîáëîê³â ÒÅÑ, à òàêîæ øëÿõîì çì³íè ê³ëüêîñò³ öèõ åíåðãîáëîê³â,
ÿê³ çíàõîäÿòüñÿ â ðîáîò³ ïðîòÿãîì äîáè. Äëÿ çàáåçïå÷åííÿ íîð-
ìàëüíîãî ïðîõîäæåííÿ í³÷íîãî ì³í³ìóìó åëåêòðè÷íîãî íàâàíòà-
æåííÿ â åíåðãîñèñòåì³ ùîäîáîâî íà 4–6 ãîäèí âèâîäÿòüñÿ ó õî-
ëîäíèé ðåçåðâ (ïîâí³ñòþ çóïèíÿþòüñÿ) äî 9–16 åíåðãîáëîê³â ÒÅÑ
ç ïîäàëüøèì ¿õ «ï³äéîìîì» íà äåííèé ïåð³îä. Êð³ì òîãî, äëÿ çà-
áåçïå÷åííÿ ïðîõîäæåííÿ âå÷³ðíüîãî ìàêñèìóìó íàâàíòàæåííÿ
åíåðãîñèñòåìè ùîäîáîâî íà äåê³ëüêà ãîäèí âêëþ÷àþòüñÿ â ðîáîòó
ùå äî 8 åíåðãîáëîê³â ÒÅÑ [4].

Ïîâí³ñòþ âèêëþ÷èòè õî÷à á ÷àñòèíó òåïëîâèõ åíåðãîáëîê³â ç
äîáîâîãî ãðàô³êà ïîêðèòòÿ íàâàíòàæåííÿ ÎÅÑ ç ìåòîþ ñêîðî÷åí-
íÿ ùîäîáîâèõ ¿õ ïóñê³â-çóïèíåíü º íåìîæëèâèì ÷åðåç íåîáõ³ä-
í³ñòü çàáåçïå÷èòè ïîêðèòòÿ íåð³âíîì³ðíîãî ïîïèòó ñïîæèâà÷³â íà
åëåêòðè÷íó ïîòóæí³ñòü ó äåííèé ÷àñ.
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Âèìóøåíå âèêîðèñòàííÿ åíåðãîáëîê³â ÒÅÑ ó ÿêîñò³ ìàíåâðå-
íèõ ãåíåðóþ÷èõ ïîòóæíîñòåé åíåðãîñèñòåìè ïîâ’ÿçàíî ç³ çíà÷íè-
ìè äîäàòêîâèìè âèòðàòàìè íà ùîäîáîâ³ ¿õ ïóñêè. Êð³ì òîãî, òàêèé
ðåæèì ðîáîòè íå ïåðåäáà÷åíî êîíñòðóêö³ºþ òåïëîâèõ åíåðãîá-
ëîê³â, ùî ïðèçâîäèòü äî ï³äâèùåíî¿ çíîøåíîñò³ îáëàäíàííÿ, çíè-
æåííÿ íàä³éíîñò³ éîãî ðîáîòè, çá³ëüøåííÿ âèòðàò íà ïëàíîâ³ òà
ï³ñëÿàâàð³éí³ ðåìîíòè òàêèõ åíåðãîáëîê³â [5, 6], à òàêîæ â³äáè-
âàºòüñÿ íà åêîíîì³÷íîñò³ ôóíêö³îíóâàííÿ ÎÅÑ â ö³ëîìó, òà º
îäí³ºþ ç ïðè÷èí ï³äâèùåííÿ îïòîâèõ ö³í òà ðîçäð³áíèõ òàðèô³â
íà åëåêòðè÷íó åíåðã³þ [7].

ßê âæå çàçíà÷àëîñÿ, â Óêðà¿í³ çàðàç â³äáóâàºòüñÿ ³íòåíñèâíèé
ðîçâèòîê ñîíÿ÷íî¿ åíåðãåòèêè. Ïîêè çàãàëüíà âñòàíîâëåíà ïî-
òóæí³ñòü îá’ºêò³â ÑÅÑ ùå íåâåëèêà, çîêðåìà, íà ïî÷àòîê 2018 ðî-
êó âîíà ñêëàäàëà áëèçüêî 750 ÌÂò [2]. Îäíàê, âðàõîâóþ÷è øâèäê³
òåìïè çðîñòàííÿ ïîòóæíîñò³ ÑÅÑ, à òàêîæ íàâåäåí³ ó âñòóï³ îñîá-
ëèâîñò³ ¿õ ôóíêö³îíóâàííÿ, ñë³ä î÷³êóâàòè, ùî íåêåðîâàíå âèêîðè-
ñòàííÿ ÑÅÑ ïîñòóïîâî áóäå âñå á³ëüøå çàãîñòðþâàòè ³ñíóþ÷ó â
ÎÅÑ ïðîáëåìó ïîêðèòòÿ íåð³âíîì³ðíîãî ¿¿ íàâàíòàæåííÿ. Îòæå,
áåçêîíòðîëüíèé ðîçâèòîê ñîíÿ÷íî¿ åíåðãåòèêè íå çìåíøóâàòèìå,
à çá³ëüøóâàòèìå ïîòðåáó âèêîðèñòàííÿ òðàäèö³éíî¿ ãåíåðàö³¿, çî-
êðåìà ÒÅÑ, ïðè öüîìó ñóòòºâî ïîã³ðøèòü ðåæèìè ¿õ ðîáîòè ³
ïîì³òíî óñêëàäíèòü äèñïåò÷åðñüêå óïðàâë³ííÿ ôóíêö³îíóâàííÿì
åíåðãîñèñòåìè â ö³ëîìó [2].

Ïåðø çà âñå, éäåòüñÿ ïðî äîäàòêîâ³ âèòðàòè ïàëèâà íà ùî-
äåíí³ ïîâòîðí³ ïóñêè òåïëîâèõ åíåðãîáëîê³â, ÿê³ âðàíö³ âæå áóëî
âèâåäåíî íà ðîáî÷èé ðåæèì ³ ÿê³ äîâåäåòüñÿ çóïèíÿòè ó äåííèé
ïåð³îä ó çâ’ÿçêó ç ïîÿâîþ â åíåðãîñèñòåì³ íàäëèøêó íåðåãóëüîâà-
íî¿ åëåêòðè÷íî¿ ïîòóæíîñò³, ùî ãåíåðóâàòèìåòüñÿ ÑÅÑ. Ïðè öüî-
ìó îö³íêà âåëè÷èíè äîäàòêîâèõ âèòðàò ÒÅÑ íà çàçíà÷åí³ ùîäîáîâ³
ïîâòîðí³ ïóñêè ¿õ åíåðãîáëîê³â (³, â³äïîâ³äíî, ïîòåíö³àëó çíèæåí-
íÿ öèõ âèòðàò) ìîæíà îòðèìàòè íà ï³äñòàâ³ òàêèõ ì³ðêóâàíü. Íà
÷àñ í³÷íîãî ïðîâàëó íàâàíòàæåííÿ åíåðãîñèñòåìè â îñíîâíîìó âè-
âîäÿòüñÿ â õîëîäíèé ðåçåðâ (çóïèíÿþòüñÿ) òåïëîâ³ åíåðãîáëîêè
ïîòóæí³ñòþ 150 òà 200 ÌÂò, à òàêîæ êîðïóñè áëîê³â 300 ÌÂò. Òîá-
òî, ìîæíà ïðèéíÿòè, ùî ñåðåäíÿ ïîòóæí³ñòü åíåðãîáëîê³â ÒÅÑ,
ÿê³ âèêîðèñòîâóþòüñÿ äëÿ ðåãóëþâàííÿ ïîòóæíîñò³, ùî ãåíåðóºòü-
ñÿ â åíåðãîñèñòåì³, ñêëàäàº 200 ÌÂò.

Òàêèì ÷èíîì, âèõîäÿ÷è ç êîíô³ãóðàö³¿ çì³íåíèõ äîáîâèõ ãðà-
ô³ê³â åëåêòðè÷íîãî íàâàíòàæåííÿ ÒÅÑ, ìîæíà âèçíà÷èòè çàãàëü-
íó ïîòóæí³ñòü åíåðãîáëîê³â ÒÅÑ (Ððåã.òåñ), ÿê³ ùîäîáîâî ïîòð³á-
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íî áóäå çóïèíÿòè ó äåííèé ïåð³îä ³ ïîâòîðíî ïóñêàòè âíàñë³äîê
íåêîíòðîëüîâàíîãî ãåíåðóâàííÿ åëåêòðîåíåðã³¿ ÑÅÑ, à òàêîæ ñå-
ðåäíþ ê³ëüê³ñòü öèõ åíåðãîáëîê³â (Nðåã.òåñ):

Nðåã.òåñ = 
Pðåã.òåñ

200  
. (1)

Î÷åâèäíî, ùî ùîäîáîâ³ ïîâòîðí³ ïóñêè åíåðãîáëîê³â ÒÅÑ ïî-
â’ÿçàí³ ç³ çíà÷íîþ äîäàòêîâîþ âèòðàòîþ ïàëèâà äëÿ ðîçïàëó êîò-
ëîàãðåãàò³â, ïðè÷îìó ìîâà éäå ïðî íàéá³ëüø äîðîãå ïàëèâî: ïðè-
ðîäíèé ãàç àáî ìàçóò. Òàê, äëÿ ïóñêó îäíîãî åíåðãîáëîêó ÒÅÑ ç
õîëîäíîãî ðåçåðâó íåîáõ³äíî âèòðàòèòè â³ä 50 äî 100 òèñ. êóá. ì
ïðèðîäíîãî ãàçó (òîáòî, â ñåðåäíüîìó 75 òèñ. êóá. ì). Îòæå, ïðè
ùîäîáîâîìó ïîâòîðíîìó âèâåäåíí³ â õîëîäíèé ðåçåðâ ó äåííèé
ïåð³îä â³äïîâ³äíî¿ ê³ëüêîñò³ (Nðåã.òåñ) åíåðãîáëîê³â ÒÅÑ äîäàòêîâ³
ð³÷í³ âèòðàòè íà ïàëèâî äëÿ ¿õ ïóñê³â (Çï.ïóñê) ìîæíà âèçíà÷èòè ÿê

Çï.ïóñê = Nðåã.òåñ 75 365 Öï.ã., (2)

äå Öï.ã. – ö³íà ïðèðîäíîãî ãàçó, ãðí./òèñ. êóá. ì.

Ùå îäíà ñêëàäîâà äîäàòêîâèõ âèòðàò ÒÅÑ, ÷àñòèíà åíåðãîá-
ëîê³â ÿêèõ áóäå çàä³ÿíà äëÿ ðåãóëþâàííÿ ðîáî÷î¿ ïîòóæíîñò³ åíåð-
ãîñèñòåìè ó äåííèé ïåð³îä ó çâ’ÿçêó ç ïîÿâîþ â åíåðãîñèñòåì³ íàä-
ëèøêó íåðåãóëüîâàíî¿ åëåêòðè÷íî¿ ïîòóæíîñò³, ÿêà ãåíåðóâàòè-
ìåòüñÿ ÑÅÑ, ïîâ’ÿçàíà ç³ çíèæåííÿì åíåðãåòè÷íî¿ åôåêòèâíîñò³
öèõ åíåðãîáëîê³â ï³ä ÷àñ ¿õ ðîáîòè ç³ çì³ííèì íàâàíòàæåííÿì. Ìî-
âà éäå ïðî òå, ùî íà òåïëîâèõ åíåðãîáëîêàõ, ÿê³ ïðèéìàþòü ó÷àñòü
ó ðåãóëþâàíí³ ãðàô³ê³â ïîêðèòòÿ íàâàíòàæåííÿ åíåðãîñèñòåìè,
çíèæóºòüñÿ êîåô³ö³ºíò âèêîðèñòàííÿ ¿õ âñòàíîâëåíî¿ ïîòóæíîñò³ òà
çðîñòàº ïèòîìà âèòðàòà ïàëèâà íà âèðîáíèöòâî åëåêòðîåíåðã³¿.
Ê³ëüê³ñíó îö³íêó äîäàòêîâèõ âèòðàò ÒÅÑ, ïîâ’ÿçàíèõ ç³ çíèæåííÿì
åíåðãåòè÷íî¿ åôåêòèâíîñò³ ¿õ åíåðãîáëîê³â, ÿê³ âèêîðèñòîâóþòü ÿê
ìàíåâðîâ³ ãåíåðóþ÷³ ïîòóæíîñò³ (³, â³äïîâ³äíî, ïîòåíö³àëó çíèæåí-
íÿ öèõ âèòðàò), ìîæíà îòðèìàòè íà ï³äñòàâ³ â³äïîâ³äíèõ ñòàòèñòè÷-
íèõ äàíèõ. Çîêðåìà, ÍÅÊ «Óêðåíåðãî» â ùîð³÷íèõ çâ³òàõ íàâîäèòü
äàí³ ïðî ñåðåäí³ ôàêòè÷í³ çíà÷åííÿ êîåô³ö³ºíò³â âèêîðèñòàííÿ
âñòàíîâëåíî¿ ïîòóæíîñò³ (ÊÂÂÏ) åíåðãîáëîê³â ÒÅÑ ³ ñåðåäí³ âåëè-
÷èíè ¿õ ïèòîìî¿ âèòðàòè óìîâíîãî ïàëèâà (bó.ï).

Ðåçóëüòàòè àíàë³çó öèõ ïîêàçíèê³â ñâ³ä÷àòü, ùî ì³æ íèìè
³ñíóº ò³ñíà ñòàòèñòè÷íà çàëåæí³ñòü. Îòæå, äëÿ ê³ëüê³ñíî¿ îö³íêè
äîäàòêîâèõ âèòðàò ÒÅÑ, ïîâ’ÿçàíèõ ç âèêîðèñòàííÿì ¿õ åíåðãîá-
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ëîê³â äëÿ ðåãóëþâàííÿ ðîáî÷î¿ ïîòóæíîñò³ åíåðãîñèñòåìè ó äåí-
íèé ïåð³îä ìîæíà çàïðîïîíóâàòè ìàòåìàòè÷íó ìîäåëü ì³æ âêàçà-
íèìè ïîêàçíèêàìè. Â äåùî ñïðîùåíîìó âèãëÿä³ òàêó ìîäåëü ìîæ-
íà ïðåäñòàâèòè ë³í³éíèì ð³âíÿííÿì ðåãðåñ³¿:

bó.ï = À + Â  ÊÂÂÏ, (3)

äå À òà Â – ïàðàìåòðè (êîíñòàíòè) ð³âíÿííÿ ðåãðåñ³¿.

Âèêîðèñòîâóþ÷è ìàòåìàòè÷íó ìîäåëü (3), ìîæíà âèçíà÷èòè,
ÿê ó ñåðåäíüîìó çì³íèòüñÿ ïèòîìà âèòðàòà óìîâíîãî ïàëèâà íà
ÒÅÑ çà ò³é ÷è ³íø³é çì³í³ ñåðåäíüîãî ÊÂÂÏ ¿õ åíåðãîáëîê³â. Ç ö³ºþ
ìåòîþ íà ï³äñòàâ³ äàíî¿ çàëåæíîñò³ íåîáõ³äíî âèçíà÷èòè äâà çíà-
÷åííÿ öüîãî ïîêàçíèêà, ùî â³äïîâ³äàþòü ð³çíèì âåëè÷èíàì ÊÂÂÏ
åíåðãîáëîê³â ÒÅÑ. Ïåðøå ³ç çíà÷åíü ïèòîìî¿ âèòðàòè ïàëèâà ñë³ä
âèçíà÷àòè, âèõîäÿ÷è ç ³ñíóþ÷îãî ãðàô³êó íàâàíòàæåííÿ ÒÅÑ, åíåð-
ãîáëîêè ÿêèõ âèêîðèñòîâóþòüñÿ ³ â áàçîâ³é, ³ â ðåãóëüîâàí³é ÷àñ-
òèí³ ãðàô³ê³â íàâàíòàæåííÿ åíåðãîñèñòåìè. Ïðè öüîìó äëÿ ³ñíóþ-
÷îãî ãðàô³êà íàâàíòàæåííÿ íåîáõ³äíî ðîçðàõîâóâàòè ñåðåäíþ ðîáî-
÷ó ïîòóæí³ñòü âñ³õ òåïëîâèõ åíåðãîáëîê³â (Ð³ñí.òåñ), çàä³ÿíèõ äî âè-
ðîáíèöòâà åëåêòðîåíåðã³¿. Çàãàëüíà âñòàíîâëåíà ïîòóæí³ñòü ³ñíóþ-
÷èõ â Óêðà¿í³ òåïëîâèõ åíåðãîáëîê³â ñòàíîâèòü 28700 ÌÂò. Îòæå,
âåëè÷èíà ñåðåäíüîãî ÊÂÂÏ åíåðãîáëîê³â ÒÅÑ ó â³äñîòêàõ äî ³ñíó-
þ÷îãî ãðàô³êó íàâàíòàæåííÿ åíåðãîñèñòåìè äîð³âíþº:

ÊÂÂÏ³ñí. = (
Ð³ñí.òåñ

28700
)  100. (4)

Ñåðåäíÿ ïèòîìà âèòðàòà óìîâíîãî ïàëèâà òåïëîâèìè åíåðãîá-
ëîêàìè, ÿê³ âèêîðèñòîâóþòü äëÿ ïîêðèòòÿ ³ñíóþ÷îãî ãðàô³êó íà-
âàíòàæåííÿ åíåðãîñèñòåìè (bó.ï.³ñí.), âèçíà÷àºòüñÿ çà äîïîìîãîþ
âèðàçó (4) ïðè ï³äñòàíîâö³ äî íüîãî â³äïîâ³äíîãî çíà÷åííÿ ñåðåä-
íüîãî ÊÂÂÏ ÒÅÑ (ÊÂÂÏ³ñí.).

Äðóãå çíà÷åííÿ ïèòîìî¿ âèòðàòè óìîâíîãî ïàëèâà íåîáõ³äíî
ðîçðàõîâóâàòè, ïðèïóñêàþ÷è, ùî ³ñíóþ÷èé ãðàô³ê íàâàíòàæåííÿ
ÒÅÑ çì³íèòüñÿ ò³ºþ ÷è ³íøîþ ì³ðîþ ó çâ’ÿçêó ç òèì, ùî ÷àñòèíó
öèõ åíåðãîáëîê³â äîâåäåòüñÿ çóïèíÿòè ó äåííèé ïåð³îä ó íàñë³äîê
ïîÿâè â åíåðãîñèñòåì³ íàäëèøêó íåðåãóëüîâàíî¿ åëåêòðè÷íî¿ ïî-
òóæíîñò³, ùî ãåíåðóâàòèìåòüñÿ ÑÅÑ. Ïðè öüîìó ê³ëüê³ñòü åëåê-
òðîåíåðã³¿, ùî âèðîáëÿòèìåòüñÿ åíåðãîáëîêàìè ÒÅÑ, çìåíøèòüñÿ,
à îòæå çìåíøèòüñÿ ñåðåäíÿ ðîáî÷à ïîòóæí³ñòü òåïëîâèõ åíåðãîá-
ëîê³â (Ðçì.òåñ) ³, â³äïîâ³äíî, ¿õ ñåðåäí³é ÊÂÂÏ (ÊÂÂÏçì.). Ñåðåäíÿ
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ïèòîìà âèòðàòà óìîâíîãî ïàëèâà òåïëîâèìè åíåðãîáëîêàìè, ùî
âèêîðèñòîâóþòüñÿ äëÿ ïîêðèòòÿ ¿õ çì³íåíîãî ãðàô³êó íàâàíòàæåí-
íÿ (bó.ï.çì.) òàêîæ âèçíà÷àºòüñÿ íà ï³äñòàâ³ ð³âíÿííÿ ðåãðåñ³¿ (3)
ïðè ï³äñòàíîâö³ â íüîãî â³äïîâ³äíîãî çíà÷åííÿ ñåðåäíüîãî ÊÂÂÏ
ÒÅÑ (ÊÂÂÏçì.).

Î÷åâèäíî, ùî ðåãðåñ³éíà çàëåæí³ñòü (3) ìàº ïåâíó ïîõèáêó ìî-
äåëþâàííÿ. Òîáòî, ³íäèâ³äóàëüí³ çíà÷åííÿ ñåðåäíüî¿ ïèòîìî¿ âèò-
ðàòè óìîâíîãî ïàëèâà, îòðèìàí³ íà ï³äñòàâ³ öüîãî ð³âíÿííÿ ðåã-
ðåñ³¿, ò³ºþ ÷è ³íøîþ ì³ðîþ áóäóòü â³äð³çíÿòèñÿ â³ä ôàêòè÷íèõ çíà-
÷åíü öüîãî ïîêàçíèêà, çàô³êñîâàíèõ çà òèõ æå çíà÷åííÿõ ÊÂÂÏ
åíåðãîáëîê³â ÒÅÑ. Òîìó äëÿ îäåðæàííÿ á³ëüø òî÷íî¿ ê³ëüê³ñíî¿
îö³íêè äîäàòêîâèõ âèòðàò ÒÅÑ, ïîâ’ÿçàíèõ ç åíåðãåòè÷íî íååôåê-
òèâíèìè ðåæèìàìè ðîáîòè ÷àñòèíè ¿õ åíåðãîáëîê³â, ÿê³ áóäóòü
çàä³ÿí³ äëÿ ðåãóëþâàííÿ ðîáî÷î¿ ïîòóæíîñò³ åíåðãîñèñòåìè ó
çâ’ÿçêó ç ïîÿâîþ â åíåðãîñèñòåì³ íàäëèøêó íåðåãóëüîâàíî¿ åëåê-
òðè÷íî¿ ïîòóæíîñò³, ùî ãåíåðóâàòèìåòüñÿ ÑÅÑ, íåîáõ³äíî âèõîäè-
òè ç âåëè÷èíè â³äíîñíîãî çíèæåííÿ ñåðåäíüî¿ ïèòîìî¿ âèòðàòè
óìîâíîãî ïàëèâà òåïëîâèõ åíåðãîáëîê³â ïðè â³äïîâ³äí³é çì³í³ ¿õ
äîáîâèõ ãðàô³ê³â íàâàíòàæåííÿ:

bó.ï = 
(bó.ï.³ñí – bó.ï.çì)

bó.ï.³ñí        

 100 %. (5)

Òàêèì ÷èíîì, âåëè÷èíà çàçíà÷åíèõ äîäàòêîâèõ âèòðàò ÒÅÑ,
ïîâ’ÿçàíèõ ç³ çíèæåííÿì åíåðãåòè÷íî¿ åôåêòèâíîñò³ ¿õ ðîáîòè
(Çäîä.ðåæ.), ìîæå áóòè âèçíà÷åíà:

Çäîä.ðåæ = Wâèð.òåñ  Ñï.âèð  bó.ï, (6)

äå Wâèð.òåñ – ê³ëüê³ñòü åëåêòðîåíåðã³¿, âèðîáëåíî¿ âñ³ìà òåïëîâèìè åíåð-
ãîáëîêàìè ïðîòÿãîì â³äïîâ³äíîãî ïåð³îäó (ðîêó); Ñï.âèð. – ñåðåäíÿ âåëè÷è-
íà ïàëèâíî¿ ñêëàäîâî¿ â ñîá³âàðòîñò³ åëåêòðîåíåðã³¿, ùî âèðîáëÿºòüñÿ íà
ÒÅÑ, ãðí. /êÂò  ãîä.

Ïðèêëàä ðîçðàõóíê³â, âèêîíàíèõ â ïðîöåñ³ äîñë³äæåííÿ
Ïîñòóïîâå çðîñòàííÿ íåãàòèâíîãî âïëèâó íåêåðîâàíîãî âèêî-

ðèñòàííÿ ÑÅÑ íà ðåæèìè ðîáîòè åíåðãîáëîê³â ÒÅÑ ìîæíà ïðî-
³ëþñòðóâàòè, ðîçãëÿíóâøè äåê³ëüêà ñöåíàð³¿â, ÿê³ â³äïîâ³äàþòü
çá³ëüøåííþ çàãàëüíî¿ âñòàíîâëåíî¿ ïîòóæíîñò³ ÑÅÑ, íàïðèêëàä,
äî 4000 ÌÂò (ñöåíàð³é 1), äî 5000 ÌÂò (ñöåíàð³é 2), äî 6000 ÌÂò
(ñöåíàð³é 3) àáî äî 7000 ÌÂò (ñöåíàð³é 4). Òàê³ âåëè÷èíè âñòàíîâ-
ëåíî¿ ïîòóæíîñò³ ÑÅÑ º ö³ëêîì ìîæëèâèìè, âèõîäÿ÷è ç òîãî, ùî
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çã³äíî «Åíåðãåòè÷íî¿ ñòðàòåã³¿ Óêðà¿íè äî 2035 ðîêó» ÷àñòêà â³ä-
íîâëþâàíèõ äæåðåë åëåêòðè÷íî¿ åíåðã³¿, ïðèáëèçíî ïîëîâèíó ïîòóæ-
íîñò³ ÿêèõ ñêëàäàþòü ÑÅÑ, äî 2020 ðîêó ïîâèííà äîñÿãòè 11 % çà-
ãàëüíîãî îáñÿãó âèðîáíèöòâà åëåêòðîåíåðã³¿, à äî 2035 ðîêó – 20 %.
Äëÿ äåÿêîãî ñïðîùåííÿ ïîäàëüøèõ ðîçðàõóíê³â ìîæíà ïðèéíÿòè,
ùî îáñÿãè âèðîáíèöòâà åëåêòðè÷íî¿ åíåðã³¿ åíåðãîáëîêàìè ÒÅÑ
çàëèøàþòüñÿ íåçì³ííèìè òà äëÿ êîæíîãî ³ç çàçíà÷åíèõ ñöåíàð³¿â
çá³ëüøåííÿ âñòàíîâëåíî¿ ïîòóæíîñò³ ÑÅÑ º îäíàêîâèìè. Ó ðå-
çóëüòàò³ ïîÿâè â ÎÅÑ íàäëèøêó íåðåãóëüîâàíî¿ åëåêòðè÷íî¿ ïî-
òóæíîñò³, ÿêà ãåíåðóâàòèìåòüñÿ ÑÅÑ, ïðè íåçì³ííîìó ïîïèò³ íà
ïîòóæí³ñòü ç áîêó ñïîæèâà÷³â äîáîâèé ãðàô³ê íàâàíòàæåííÿ ÒÅÑ
ñóòòºâî çì³íèòüñÿ. 

Ìîæëèâó çì³íó êîíô³ãóðàö³¿ äîáîâîãî ãðàô³êà íàâàíòàæåííÿ
ÒÅÑ âíàñë³äîê íåêîíòðîëüîâàíî¿ ÑÅÑ íàéá³ëüø íàî÷íî ìîæíà
ïðî³ëþñòðóâàòè, ïðîàíàë³çóâàâøè ãëèáèíó òà ñïîñîáè äîäàòêîâî-
ãî ðåãóëþâàííÿ ðîáî÷î¿ ïîòóæíîñò³ ÒÅÑ, íåîáõ³äí³ñòü ó ÿêîìó âè-
íèêíå ó ðàç³ ðåàë³çàö³¿ ñöåíàð³þ 4 çá³ëüøåííÿ âñòàíîâëåíî¿ ïîòóæ-
íîñò³ ÑÅÑ. Ùîãîäèíí³ çíà÷åííÿ ôàêòè÷íî¿ ðîáî÷î¿ ïîòóæí³ñòü
ÒÅÑ ó ë³òí³é ðåæèìíèé äåíü 2017 ðîêó, î÷³êóâàí³ âåëè÷èíè ðîáî-
÷î¿ ïîòóæíîñò³ ÑÅÑ çà çàçíà÷åíèì ñöåíàð³ºì ðîçâèòêó ¿õ âñòàíîâ-
ëåíî¿ ïîòóæíîñò³, à òàêîæ îáñÿãè íàäëèøêó ÷è äåô³öèòó ïîòóæ-
íîñò³, ùî ç’ÿâëÿòèìåòüñÿ â åíåðãîñèñòåì³ ó ãîäèíè äîáè, â ÿê³ ñî-
íÿ÷íà ãåíåðàö³ÿ áóäå çíà÷íîþ, íàâåäåíî ó òàáëèö³ 1. 

Òàáëèöÿ 1
Ùîãîäèííà ðîáî÷à ïîòóæí³ñòü åíåðãîáëîê³â ÒÅÑ òà ÑÅÑ, 

à òàêîæ íàäëèøîê ÷è äåô³öèò ïîòóæíîñò³, 
ùî ç’ÿâëÿòèìåòüñÿ â åíåðãîñèñòåì³ ó ðàç³ ðåàë³çàö³¿ ñöåíàð³þ 4

çá³ëüøåííÿ âñòàíîâëåíî¿ ïîòóæíîñò³ ÑÅÑ

Ãîäèíà
äîáè

Ôàêòè÷íà ðî-
áî÷à 

ïîòóæí³ñòü
ÒÅÑ, ÌÂò

Ïðèð³ñò 
íàâàíòàæåííÿ

ÒÅÑ, ÌÂò

Î÷³êóâàíà
ðîáî÷à 

ïîòóæí³ñòü
ÑÅÑ, ÌÂò

Ïðèð³ñò 
ïîòóæíîñò³
ÑÅÑ, ÌÂò

Íàäëèøîê (–)/
äåô³öèò(+) 
ãåíåðàö³¿, 

ÌÂò

5 4891 –32 555,142 457,534 489,534

6 4949 58 1488,522 933,38 875,38

7 5057 108 2281,587 793,065 685,065

… … … … … …

19 6510 –8 97,608 –457,534 –449,534
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Íàâåäåí³ â òàáëèö³ 1 îáñÿãè íàäëèøêó ÷è äåô³öèòó ïîòóæíîñò³
â åíåðãîñèñòåì³ ìîæóòü áóòè ñêîìïåíñîâàí³ ò³ëüêè øëÿõîì â³äïî-
â³äíîãî äîäàòêîâîãî ðåãóëþâàííÿ ðîáî÷î¿ ïîòóæíîñò³ ÒÅÑ. Ðå-
çóëüòàòè àíàë³çó ìîæëèâèõ ñïîñîá³â òà ãëèáèíè òàêîãî ðåãóëþâàí-
íÿ â ñèòóàö³¿, ùî ðîçãëÿäàºòüñÿ, íàâåäåíî â òàáëèö³ 2.

Øëÿõîì ïðîâåäåííÿ ïîä³áíîãî àíàë³çó ìîæíà âèçíà÷èòè ðå-
æèìè ðîáîòè òåïëîâèõ åíåðãîáëîê³â, íåîáõ³äí³ äëÿ êîìïåíñóâàííÿ
íàäëèøêó íåðåãóëüîâàíî¿ åëåêòðè÷íî¿ ïîòóæíîñò³, ùî ãåíåðóâàòè-
ìåòüñÿ ÑÅÑ, â³äïîâ³äíî ç ³íøèìè çàçíà÷åíèìè ñöåíàð³ÿìè çðîñ-
òàííÿ ¿õ âñòàíîâëåíî¿ ïîòóæíîñò³. 

Òàáëèöÿ 2
Äîäàòêîâå ðåãóëþâàííÿ ðîáî÷î¿ ïîòóæíîñò³ åíåðãîáëîê³â ÒÅÑ 

ó ðàç³ ðåàë³çàö³¿ ñöåíàð³þ 4 çá³ëüøåííÿ âñòàíîâëåíî¿ ïîòóæíîñò³ ÑÅÑ 

Çã³äíî ç äàíèìè òàáëèö³ 2, ó âèïàäêó ðåàë³çàö³¿ ñöåíàð³þ 4 çðî-
ñòàííÿ âñòàíîâëåíî¿ ïîòóæíîñò³ ÑÅÑ (äî 7000 ÌÂò) áàëàíñ ì³æ ãå-
íåðóâàííÿì åëåêòðè÷íî¿ ïîòóæíîñò³ â ÎÅÑ ³ ïîïèòîì íà íå¿ ñïîæè-
âà÷³â ò³ëüêè ÷àñòêîâî ìîæå áóòè çàáåçïå÷åíî çà ðàõóíîê ìàíåâðåíèõ
ìîæëèâîñòåé ÒÅÑ. ×àñòèíó íàäëèøêó ïîòóæíîñò³, ùî ãåíåðóâàòè-
ìåòüñÿ ÑÅÑ, ó öüîìó âèïàäêó äîâåäåòüñÿ êîìïåíñóâàòè øëÿõîì ïî-
âòîðíîãî çóïèíåííÿ ó äåíí³ ãîäèíè ÷àñòèíè òåïëîâèõ åíåðãîáëîê³â
çàãàëüíîþ ïîòóæí³ñòþ áëèçüêî 600 ÌÂò, ÿê³ áóëî «ï³äíÿòî» íà ïî-
÷àòêó äîáè, ùî â³äïîâ³äàº 3 åíåðãîáëîêàì ç ñåðåäíüîþ âñòàíîâëå-
íîþ ïîòóæí³ñòþ 200 ÌÂò (1). Î÷åâèäíèì º, ùî äëÿ íîðìàëüíîãî
ïðîõîäæåííÿ âå÷³ðíüîãî ìàêñèìóìó íàâàíòàæåííÿ åíåðãîñèñòåìè ö³
æ 3 åíåðãîáëîêè ÒÅÑ ìàþòü áóòè çíîâó âèâåäåí³ íà ðîáî÷èé ðåæèì. 

Äîäàòêîâ³ ð³÷í³ âèòðàòè ïðèðîäíîãî ãàçó íà ïîâòîðí³ ïóñêè
òåïëîâèõ åíåðãîáëîê³â, ÿê³ ùîäîáè íà äåííèé ïåð³îä âèâîäÿòüñÿ â

Ãîäèíà 
äîáè

Íàäëèøîê (–)/
äåô³öèò (+) 

ãåíåðàö³¿, ÌÂò

Íåîáõ³äíà
ðîáî÷à 

ïîòóæí³ñòü
ÒÅÑ, ÌÂò

Ìàíåâðåíà
çäàòí³ñòü

ÒÅÑ, ÌÂò

Ñïîñ³á òà ãëèáèíà (ÌÂò) 
ðåãóëþâàííÿ ðîáî÷î¿ 

ïîòóæíîñò³ ÒÅÑ

Ìàíåâðåíà
çäàòí³ñòü

Çóïèíêà
åíåðãî-
áëîê³â

Ïóñê 
åíåðãî-
áëîê³â

5 489,534 4401,466 733,65 –489,534 0 0

6 875,38 3526,086 660,2199 –660,2199 –215,1601 0

7 685,065 2841,021 528,9129 –528,9129 –156,1521 0

… … … … … … …

19 –449,534 6478 904,2699 449,534 0 0
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ðåçåðâ ó çâ’ÿçêó ç íàäëèøêîì íåðåãóëüîâàíî¿ ïîòóæíîñò³, ùî ãå-
íåðóâàòèìåòüñÿ ÑÅÑ, â ñåðåäíüîìó ñêëàäàòèìóòü:

3  365  75  103 = 82,125 ìëí. êóá. ì.

Ïðèéìàþ÷è ö³íó íà ïðèðîäíèé ãàç, ÿêà ç 01.02.2019 ðîêó äëÿ
ïðîìèñëîâèõ ñïîæèâà÷³â äîð³âíþº 9549 ãðí. çà 1000 êóá. ì, äîäàò-
êîâ³ âèòðàòè êîøò³â íà ïàëèâî, íåîáõ³äíå äëÿ ùîäîáîâèõ ïîâòîð-
íèõ ïóñê³â åíåðãîáëîê³â ÒÅÑ (Çï.ïóñê), çã³äíî ç ôîðìóëîþ (2) ñòà-
íîâèòèìóòü ó ñåðåäíüîìó:

82,125  9549 = 784,212 ìëí. ãðí. / ð³ê.

Äëÿ îäåðæàííÿ ê³ëüê³ñíî¿ îö³íêè äîäàòêîâèõ âèòðàò ÒÅÑ, ïî-
â’ÿçàíèõ ç âèêîðèñòàííÿì ¿õ åíåðãîáëîê³â äëÿ ðåãóëþâàííÿ ðîáî÷î¿
ïîòóæíîñò³ åíåðãîñèñòåìè ó äåííèé ïåð³îä, ìàº áóòè ïîáóäîâàíà
ìàòåìàòè÷íà ìîäåëü (3) çàëåæíîñò³ ì³æ ñåðåäí³ìè ôàêòè÷íèìè êî-
åô³ö³ºíòàìè âèêîðèñòàííÿ âñòàíîâëåíî¿ ïîòóæíîñò³ (ÊÂÂÏ) åíåð-
ãîáëîê³â ÒÅÑ ³ ñåðåäí³ìè âåëè÷èíàìè ¿õ ïèòîìî¿ âèòðàòè óìîâíîãî
ïàëèâà. Â ïðîöåñ³ âèêîíàííÿ ïîïåðåäí³õ äîñë³äæåíü áóëî âèçíà÷å-
íî ð³âíÿííÿ ðåãðåñ³¿ ì³æ çàçíà÷åíèìè ïîêàçíèêàìè, ÿêå ìàº âèãëÿä:

bó.ë = 572,8098 – (6,20397  ÊÂÂÏ).

Çã³äíî ç ôàêòè÷íèì ãðàô³êîì åëåêòðè÷íîãî íàâàíòàæåííÿ åíåð-
ãîáëîê³â ÒÅÑ ïðîòÿãîì ë³òíüîãî ðåæèìíîãî äíÿ 21.06.2017 ðîêó ñå-
ðåäíÿ ¿õ ðîáî÷à ïîòóæí³ñòü äîð³âíþâàëà 5945 ÌÂò. Òîáòî, ôàêòè÷-
íèé ñåðåäí³é ÊÂÂÏ öèõ åíåðãîáëîê³â ó çàçíà÷åíèé ðåæèìíèé äåíü,
âèçíà÷åíèé çà ôîðìóëîþ (4), ñòàíîâèâ:

ÊÂÂÏôàêò. = (5945 / 28700)  100 = 20,7 %.

Çàñòîñîâóþ÷è íàâåäåíå âèùå ð³âíÿííÿ ðåãðåñ³¿ (3), ìîæíà
âèçíà÷èòè ñåðåäíº çíà÷åííÿ ïèòîìî¿ âèòðàòè óìîâíîãî ïàëèâà
òåïëîâèìè åíåðãîáëîêàìè, ÿêå â³äïîâ³äàº ðîçðàõîâàí³é ñåðåäí³é
âåëè÷èí³ ¿õ ÊÂÂÏ:

bó.ï = 572,8098 – 6,20397  20,7 = 444,39 ã ó.ï. / êÂò ãîä.

ßêùî äîáîâèé ãðàô³ê åëåêòðè÷íîãî íàâàíòàæåííÿ åíåðãîá-
ëîê³â ÒÅÑ çì³íèòüñÿ òàê, ÿê î÷³êóºòüñÿ ó âèïàäêó ðåàë³çàö³¿ ñöå-
íàð³þ 4 çá³ëüøåííÿ íåðåãóëüîâàíî¿ ïîòóæíîñò³ ÑÅÑ, ñåðåäíÿ ðî-
áî÷à ïîòóæí³ñòü òåïëîâèõ åíåðãîáëîê³â çìåíøèòüñÿ äî 3456,8 ÌÂò,
³ â³äïîâ³äíî, çìåíøèòüñÿ ñåðåäí³é ÊÂÂÏ:

ÊÂÂÏçì. = (3456,8 / 28700)  100 = 12,05 %.
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Íà ï³äñòàâ³ ð³âíÿííÿ ðåãðåñ³¿ (3) ïðè òàêîìó çíà÷åíí³ ÊÂÂÏ
ñåðåäíÿ ïèòîìà âèòðàòà óìîâíîãî ïàëèâà òåïëîâèõ åíåðãîáëîê³â
áóäå ñêëàäàòè:

bó.ï = 572,8098 – 6,20397  12,05 = 498,05 ã ó.ï. / êÂò  ãîä.

Òàêèì ÷èíîì, ó ñèòóàö³¿, ùî ðîçãëÿäàºòüñÿ, ñë³ä î÷³êóâàòè, ùî
ñåðåäíÿ ïèòîìà âèòðàòà óìîâíîãî ïàëèâà åíåðãîáëîêàìè ÒÅÑ ó
ïîð³âíÿíí³ ç ¿¿ âåëè÷èíîþ, ùî â³äïîâ³äàº ôàêòè÷íîìó ÊÂÂÏ öèõ
åíåðãîáëîê³â äëÿ ðåæèìíîãî äíÿ 21.06.2017 ðîêó, çã³äíî ç ôîðìó-
ëîþ (5) çðîñòå íà 12,08 %.

Îáñÿã âèðîáíèöòâà åëåêòðè÷íî¿ åíåðã³¿ ÒÅÑ â Óêðà¿í³ ó 2017
ðîö³ ñêëàäàâ 44,96 ìëðä êÂò  ãîä., à âàðò³ñòü ïàëèâà, ùî âèòðà÷à-
ëîñÿ öèìè áëîêàìè â ñåðåäíüîìó ñòàíîâèëà 0,91 ãðí. / êÂò  ãîä. 

Îòæå, ÿêùî ñåðåäíÿ ïèòîìà âèòðàòà óìîâíîãî ïàëèâà íà ÒÅÑ
ó ïîð³âíÿíí³ ç ¿¿ ôàêòè÷íîþ âåëè÷èíîþ çðîñòå íà 12,08 %, çàãàëü-
íà âàðò³ñòü ðîáî÷îãî ïàëèâà íà âèðîáíèöòâî åëåêòðîåíåðã³¿ öèìè
åíåðãîáëîêàìè òàêîæ çá³ëüøèòüñÿ ïðîïîðö³éíî, òîáòî âåëè÷èíà
äîäàòêîâèõ âèòðàò ÒÅÑ, ïîâ’ÿçàíèõ ç³ çíèæåííÿì åíåðãåòè÷íî¿
åôåêòèâíîñò³ ¿õ ðîáîòè (Çäîä.ðåæ.), çà ôîðìóëîþ (6) áóäå ñêëàäàòè:

Çäîä.ðåæ = 44,96  0,91  0,1208 = 4,94 ìëðä ãðí. /ð³ê.

Òàêèì ÷èíîì, çàãàëüí³ äîäàòêîâ³ âèòðàòè ÒÅÑ, ïîâ’ÿçàí³ ç
ïîã³ðøåííÿì ðåæèì³â ¿õ ðîáîòè â íàñë³äîê ïîÿâè â åíåðãîñèñòåì³
íàäëèøêó íåðåãóëüîâàíî¿ åëåêòðè÷íî¿ ïîòóæíîñò³, ùî ãåíåðóâàòè-
ìåòüñÿ ÑÅÑ, ó âèïàäêó ðåàë³çàö³¿ ñöåíàð³þ 4 íåêîíòðîëüîâàíîãî
çðîñòàííÿ ¿õ âñòàíîâëåíî¿ ïîòóæíîñò³, âðàõîâóþ÷è îáèäâ³ íàâåäåí³
âèùå ñêëàäîâ³ öèõ âèòðàò, ñòàíîâèòèìóòü 5,72 ìëðä ãðí./ð³ê.

Î÷åâèäíèì º, ùî ðîçì³ð öèõ äîäàòêîâèõ âèòðàò (à òî÷í³øå,
âòðàò) º çíà÷íèì, à òîìó íå óñâ³äîìëþâàòè íåâ³äâîðîòí³ñòü ¿õ ïî-
ÿâè ó íåäàëåêîìó ìàéáóòíüîìó òà íå âðàõîâóâàòè ¿õ ó ïðîöåñ³ ïî-
äàëüøîãî ðîçâèòêó ñîíÿ÷íî¿ åíåðãåòèêè íå ìîæíà. 

Âèñíîâêè.
1. Áåçêîíòðîëüíå (íåêåðîâàíå) âèêîðèñòàííÿ ÑÅÑ ó ì³ðó çðî-

ñòàííÿ ¿õ âñòàíîâëåíî¿ ïîòóæíîñò³ ïîñòóïîâî âñå á³ëüø çàãîñòðþ-
âàòèìå îäíó ç íàéá³ëüøèõ â³ä÷óòíèõ ïðîáëåì ÎÅÑ Óêðà¿íè –
íåð³âíîì³ðí³ñòü äîáîâèõ ãðàô³ê³â íàâàíòàæåííÿ òðàäèö³éíî¿ ãåíå-
ðàö³¿, çîêðåìà ÒÅÑ, ùî ïðèçâåäå äî çíèæåííÿ íàä³éíîñò³ òà åêî-
íîì³÷íîñò³ ôóíêö³îíóâàííÿ åíåðãîñèñòåìè.

2. Íåîáõ³äí³ñòü êîìïåíñóâàííÿ íàäëèøêó íåðåãóëüîâàíî¿ åëåêò-
ðè÷íî¿ ïîòóæíîñò³, ùî ãåíåðóâàòèìåòüñÿ ÑÅÑ, øëÿõîì ñóòòºâî¿ çì³-
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íè ó äåííèé ïåð³îä ðåæèì³â ðîáîòè ÒÅÑ âèêëèêàº ïîÿâó çíà÷íèõ äî-
äàòêîâèõ âèòðàò íà âèðîáíèöòâî åëåêòðè÷íî¿ åíåðã³¿ òåïëîâèìè åíåð-
ãîáëîêàìè, ùî ñòàíå ùå îäí³ºþ âàãîìîþ ïðè÷èíîþ äëÿ ïîäàëüøîãî
ï³äâèùåííÿ îïòîâèõ ö³í òà ðîçäð³áíèõ òàðèô³â íà åëåêòðîåíåðã³þ.

3. Çàçíà÷åíèõ äîäàòêîâèõ âèòðàò íà âèðîáíèöòâî åëåêòðîå-
íåðã³¿ (³ â³äïîâ³äíî, ï³äâèùåííÿ ö³í ³ òàðèô³â íà íå¿) ìîæíà óíèê-
íóòè àáî, ïðèíàéìí³, ñóòòºâî ¿õ çìåíøèòè, óçãîäæóþ÷è ðåæèìè
ðîáîòè ÑÅÑ ç õàðàêòåðîì ïîïèòó ñïîæèâà÷³â íà åëåêòðè÷íó ïî-
òóæí³ñòü, ç ðåæèìàìè ôóíêö³îíóâàííÿ îá’ºêò³â òðàäèö³éíî¿ ãåíå-
ðàö³¿, ñïðèÿþ÷è òèì ñàìèì çìåíøåííþ íåð³âíîì³ðíîñò³ íàâàíòà-
æåííÿ åíåðãîñèñòåìè ³ ãðàô³ê³â éîãî ïîêðèòòÿ.
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МОНІТОРИНГ ЕКОЛОГІЧНОЇ БЕЗПЕКИ 

ЗА ДОПОМОГОЮ БЕЗПІЛОТНИХ ЛІТАЛЬНИХ АПАРАТІВ

Àíîòàö³ÿ. Â ñòàòò³ ðîçãëÿíóòî ïèòàííÿ ìîí³òîðèíãó åêîëîã³÷íî¿
áåçïåêè òåõíîãåííèõ îá’ºêò³â òà îïòèì³çàö³¿ ïðîâåäåííÿ ñïîñòåðåæåíü
ï³ä ÷àñ âèêîíàííÿ åêîëîã³÷íèõ çàâäàíü çà äîïîìîãîþ áåçï³ëîòíèõ ë³òàëü-
íèõ àïàðàò³â (ÁÏËÀ). Ïðåäñòàâëåíî ðåçóëüòàòè àíàë³òè÷íîãî îãëÿäó
ïîçèòèâíèõ òà íåãàòèâíèõ ìîæëèâîñòåé çàñòîñóâàííÿ ÁÏËÀ â ïðîöåñ³
ñïîñòåðåæåííÿ òà îòðèìàííÿ äàíèõ â³ä îá’ºêò³â åêîëîã³÷íîãî ìîí³òî-
ðèíãó ³ âèçíà÷åíí³ çàâäàííÿ ¿õ âèð³øåííÿ.

Êëþ÷îâ³ ñëîâà: áåçï³ëîòí³ ë³òàëüí³ àïàðàòè, åêîëîã³÷íèé ìîí³òî-
ðèíã, ñïîñòåðåæåííÿ, âèÿâëåííÿ, âèçíà÷åííÿ õàðàêòåðó âïëèâó, íàâêî-
ëèøíº ïðèðîäíå ñåðåäîâèùå.

Abstract. The article deals with the monitoring of environmental safety of
man-made objects and optimization of observations during the execution of envi-
ronmental tasks with the help of unmanned aerial vehicles (UAVs). The results of
the analytical review of the positive and negative possibilities of UAV application
in the process of observation and data acquisition from the objects of environmen-
tal monitoring and determination of the problem of their solution are presented.

Keywords: unmanned aerial vehicles, environmental monitoring, obser-
vation, detection, determination of the nature of the impact, environment.

Âñòóï. Ó ïåð³îä ³íòåíñèâíîãî ðîçâèòêó ãîñïîäàðñüêî¿ ä³ÿëü-
íîñò³ âèíèêàº íåîáõ³äí³ñòü îö³íèòè âïëèâ íà íàâêîëèøíº ñåðåäî-
âèùå ðåã³îíó ç ïðîìèñëîâèì âèðîáíèöòâîì ³ âèçíà÷èòè éîãî ñòó-
ï³íü. Äëÿ îáë³êó àíòðîïîãåííîãî âïëèâó íåîáõ³äíî â ïåðøó ÷åðãó
çíàòè ìàñøòàá ³ ãëèáèíó âïëèâó íà ñåðåäîâèùå ïðîæèâàííÿ òà
çì³íè á³îñôåðè Çåìë³. Öå îáóìîâëþº íåîáõ³äí³ñòü ïðîâåäåííÿ
åêîëîã³÷íîãî ìîí³òîðèíãó ðåã³îíó ç ìîæëèâ³ñòþ ïîäàëüøîãî îö³-
íþâàííÿ òà ïðîãíîçóâàííÿ ñòàíó äîâê³ëëÿ.

Ï³ä ìîí³òîðèíãîì áóäåìî ðîçóì³òè êîìïëåêñíó ñèñòåìó ðåãó-
ëÿðíèõ òðèâàëèõ ñïîñòåðåæåíü ó ïðîñòîð³ òà â ÷àñ³, ùî äàº ³íôîð-
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ìàö³þ ïðî ìèíóëèé ñòàí íàâêîëèøíüîãî ñåðåäîâèùà ³ çàðàç. Òàê
ñàìî ñèñòåìà ìîí³òîðèíãó äîçâîëÿº çä³éñíèòè ïðîãíîçóâàííÿ çì³í
ïàðàìåòð³â çîâí³øíüîãî ñåðåäîâèùà â íàñë³äîê àíòðîïîãåííîãî
âïëèâó, ùî ìàº îñîáëèâå çíà÷åííÿ äëÿ á³îòè.

Àíàë³ç ñòàíó ïèòàííÿ. Ñó÷àñí³ ôóíäàìåíòàëüí³ äîñë³äæåííÿ ïîêà-
çàëè, ùî äëÿ äîñòîâ³ðíî¿ îö³íêè ñòàíó íàâêîëèøíüîãî ñåðåäîâèùà
íåîáõ³äíî âèêîðèñòîâóâàòè êîìïëåêñíèé ï³äõ³ä äî îòðèìàííÿ ³íôîð-
ìàö³¿. Êîìïëåêñíèé ï³äõ³ä ïðè ïðîâåäåíí³ ìîí³òîðèíãó äîâê³ëëÿ íà-
äàº á³ëüøîãî çíà÷åííÿ äëÿ çàáåçïå÷åííÿ ñòàëîãî ðîçâèòêó òåðèòîð³¿
òà ¿¿ åêîëîã³÷íî¿ áåçïåêè [1–3]. Ó äàíîìó âèïàäêó ìîæëèâî ñòâåðäæó-
âàòè, ùî ÷èì á³ëüø ÿê³ñíî ïðîâåäåíî ñïîñòåðåæåííÿ (âèçíà÷åííÿ
ð³çíèõ ïàðàìåòð³â íàâêîëèøíüîãî ïðèðîäíîãî ñåðåäîâèùà) òèì
á³ëüø òî÷íî ìîæíà ñïðîãíîçóâàòè ðîçâèòîê ä³é òà íàñë³äê³â â óìîâàõ
òåõíîãåííîãî âïëèâó. Êð³ì öüîãî, âèíèêàþòü ñèòóàö³¿, êîëè íå-
îáõ³äíî îïåðàòèâíî ïðîâåñòè ³ îö³íèòè ñòàí íàâêîëèøíüîãî ñåðåäî-
âèùà â óìîâàõ âèêèäó â àòìîñôåðíå (âîäíå, çåìíå) ñåðåäîâèùå [2].

Àíàë³çóþ÷è [1–3], ìîæíà ïðèéòè äî âèñíîâêó, ùî ïðè ïðîâå-
äåíí³ åêîëîã³÷íîãî ìîí³òîðèíãó âåëèêèõ òåðèòîð³é îñîáëèâå çíà-
÷åííÿ çàéìàþòü äèñòàíö³éí³ ìåòîäè ç âèêîðèñòàííÿì àåðîêîñì³÷-
íèõ òåõíîëîã³é. Ïðè öüîìó, ³íôîðìàö³ÿ, ùî ïîñòóïàº ç äèñòàíö³é-
íèõ ë³òàëüíèõ àïàðàò³â (íåçàëåæíî â³ä çàñòîñóâàííÿ ÷è òî êîñ-
ì³÷íèõ, ÷è òî àâ³àö³éíèõ) çàëåæèòü â³ä íåñó÷èõ áîðòîâèõ ñèñòåì.
Îäíàê äî ã³äíîñò³ áåçï³ëîòíèõ àâ³àö³éíèõ ñèñòåì, º íå ò³ëüêè îïå-
ðàòèâíå ¿õ âèêîðèñòàííÿ â çàäàíîìó ðàéîí³, à é ìîæëèâ³ñòü ñïîñòå-
ðåæåííÿ ç ïîòî÷íîþ ä³ÿëüí³ñòþ ðåàëüíîãî ÷àñó ç ìîæëèâ³ñòþ çí³-
ìàííÿ ïàðàìåòð³â ñòàíó íàâêîëèøíüîãî ñåðåäîâèùà. Òàêå óÿâëåííÿ
äîçâîëÿº îòðèìàòè ñèñòåìíå óÿâëåííÿ äàíèõ ³ á³ëüø ÷³òêî îö³íèòè
àíòðîïîãåííèé âïëèâ íà ñòàí íàâêîëèøíüîãî ñåðåäîâèùà [2].

Ìåòà ðîáîòè. Ìåòîþ ñòàòò³ º ðîçêðèòòÿ îñîáëèâîñòåé âèêîðè-
ñòàííÿ áåçï³ëîòíèõ ë³òàëüíèõ àïàðàò³â â åêîëîã³÷íîìó ìîí³òîðèí-
ãó òà âèçíà÷åííÿ íàïðÿìê³â ¿õ çàñòîñóâàííÿ äëÿ ïðîâåäåííÿ êîíò-
ðîëþ çà ïàðàìåòðàìè ñòàíó íàâêîëèøíüîãî ïðèðîäíîãî ñåðåäîâè-
ùà çàäàíèõ òåðèòîð³é.

Çàâäàííÿ. Ïðîâåñòè àíàë³ç ìîæëèâîñò³ âèêîðèñòàííÿ ÁÏËÀ â
ñèñòåì³ åêîëîã³÷íîãî ìîí³òîðèíãó; âèñâ³òëèòè îñîáëèâ³ âëàñòèâîñò³
çàñòîñóâàííÿ ÁÏËÀ â ñèñòåì³ ñïîñòåðåæåííÿ; âèçíà÷èòè ìîæëèâîñò³
ÁÏËÀ äëÿ ôîðìóâàííÿ ïðîöåäóðè ïðîâåäåííÿ åêîëîã³÷íîãî ìîí³òî-
ðèíãó òà âèçíà÷èòè êîëî åêîëîã³÷íèõ çàâäàíü äëÿ ¿õ âèð³øåííÿ çà
äîïîìîãîþ ÁÏËÀ; ðîçãëÿíóòè ìîæëèâîñò³ çàñòîñóâàííÿ ÁÏËÀ â ñè-
ñòåì³ ñïîñòåðåæåííÿ òà çí³ìàííÿ ïàðàìåòð³â íàâêîëèøíüîãî ñåðåäî-
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âèùà, ùî º ï³ä´ðóíòÿì äëÿ ïðîâåäåííÿ ðîá³ò, ùî ïîâ’ÿçàí³ ç ïðîâå-
äåííÿì åêîëîã³÷íîãî ìîí³òîðèíãó.

Ìåòîäè, ìàòåð³àëè ³ ðåçóëüòàòè äîñë³äæåíü. Ó äîñë³äæåí³ âèêîðèñ-
òàíî íàñòóïí³ ìåòîäè: ñèñòåìíèé ï³äõ³ä äî ðîçðîáêè ñêëàäíèõ ñèñòåì,
ïðîâåäåííÿ ïîð³âíÿëüíîãî àíàë³çó ïàðàìåòð³â òà âëàñòèâîñòåé ÁÏËÀ,
ìàòåìàòè÷í³ ìîäåë³ îïòèì³çàö³¿ äëÿ ïîáóäîâè ñêëàäíèõ ñèñòåì.

Àíàë³ç îñíîâíèõ íàóêîâî-äîñë³äíèõ ðîá³ò ³ äîñë³äíî-êîíñòðóê-
òîðñüêèõ ðîçðîáîê ñâ³ä÷èòü ïðî ðåàë³çàö³þ ñïðÿìîâàíèõ äîñë³äæåíü
íà ñòâîðåííÿ ³ çàñòîñóâàííÿ áåçï³ëîòíèõ ë³òàëüíèõ àïàðàò³â (ÁÏËÀ)
ùîäî íàÿâíèõ (íåñó÷èõ) áîðòîâèõ íàâàíòàæåíü [1]. Îñíîâà âèêîðè-
ñòàííÿ ÁÏËÀ áàçóºòüñÿ íà ð³çí³é áîðòîâî¿ àïàðàòóð³, îñíàùåí³é òå-
ëåâ³ç³éíèìè êàìåðàìè, á³îõ³ì³÷íèìè, ðàä³àö³éíèìè òà àêóñòè÷íèìè
äàò÷èêàìè òà ³íøèõ ñïåö³àë³çîâàíèõ äàò÷èêàõ.

Â äàíèé ÷àñ ñòâîðåííÿ ÁÏËÀ ïîêè íå âèéøëî ç³ ñòàä³¿ çàâåð-
øåíèõ êîíöåïòóàëüíèõ äîñë³äæåíü. [1] Òàê áàãàòî ôàõ³âö³â ââàæà-
þòü, ùî çàñòîñóâàííÿ ÁÏËÀ â á³ëüø³é ì³ð³ çàëåæèòü â³ä òîãî íà-
âàíòàæåííÿ, ÿêå íåñóòü íà ñîá³ áîðòîâ³ ñèñòåìè [2]. Îäíàê íå-
îáõ³äíî ðîçóì³òè, ùî ð³øåííÿ ïîñòàâëåíèõ çàâäàíü òàêîæ ìîæóòü
çàëåæàòè â³ä ôóíêö³îíàëüíèõ ìîæëèâîñòåé ÁÏËÀ (â òîìó ÷èñë³ ³
ïî ïåðåäà÷³ ³íôîðìàö³¿). Êð³ì öüîãî, â³ä ïðèíöèï³â ôóíêö³îíóâàí-
íÿ ÁÏËÀ ìîæóòü çì³íþâàòèñÿ ÿê ÿê³ñí³, òàê ³ ê³ëüê³ñí³ õàðàêòåðè-
ñòèêè ö³ëüîâîãî ïðèçíà÷åííÿ.

Òàêîæ ñâ³òîâ³ âèðîáíèêè ïðîâîäÿòü ðîáîòè, ñïðÿìîâàí³ íà
ñòâîðåííÿ ïåðñïåêòèâíèõ çðàçê³â ³ ðîçâèòîê ÁÏËÀ [3]. Òàê, íà ñó-
÷àñíîìó åòàï³ ïðîÿâèëàñÿ òåíäåíö³ÿ, ïîâ’ÿçàíà ç óäîñêîíàëåííÿì
áîðòîâèõ çàñîá³â îáðîáêè ³íôîðìàö³¿, ÿê³ ïðèçâîäÿòü äî ñòâîðåííÿ
íåîáõ³äíèõ îá’ºì³â îáì³íó ³íôîðìàö³ºþ. Öå ïîâ’ÿçàíî ç ³íøèìè
òåõíîëîã³÷íèìè ð³øåííÿìè: ÷èì á³ëüø ïîâíî áóäå çä³éñíåíî îá-
ðîáêó ³íôîðìàö³¿ íà áîðòó ÁÏËÀ, òèì ìåíø³ îáñÿãè ³íôîðìàö³¿ äî-
âåäåòüñÿ ïåðåäàâàòè íà ïóíêòè óïðàâë³ííÿ. Êð³ì öüîãî, âèä³ëÿºòüñÿ
íàïðÿìîê ïîâ’ÿçàíèé ç âäîñêîíàëåííÿì áîðòîâèõ çàñîá³â îáðîáêè
³íôîðìàö³¿ ùîäî ðîçï³çíàâàííÿ îá’ºêò³â, ùî º ïåðøî÷åðãîâèì íà
åòàïàõ àâòîìàòè÷íîãî óïðàâë³ííÿ, ïîâ’ÿçàíèõ ç ïîâíîþ àâòîìàòè-
çàö³ºþ ïðîöåñ³â óïðàâë³ííÿ ðåæèìàìè ïîëüîòó ÁÏËÀ.

Òàêîæ ðîçãëÿäàþòüñÿ ïèòàííÿ, ïîâ’ÿçàí³ ç ïîðóøåííÿì çâ’ÿçêó
ÁÏËÀ. Íàïðèêëàä, ÿêùî â ïðîöåñ³ âèëüîòó â³äáóëàñÿ âòðàòà çâ’ÿçêó
ç êîìàíäíèì ë³òàêîì àáî íàçåìíèì ïóíêòîì, áîðòîâà ñèñòåìà àâòî-
ìàòè÷íîãî óïðàâë³ííÿ áåçï³ëîòíîãî ë³òàëüíîãî àïàðàòó ïîâèííà ñà-
ìîñò³éíî ïðèéíÿòè ð³øåííÿ ³ çàáåçïå÷èòè ïðîäîâæåííÿ ïîëüîòó äî
îá’ºêòà ñïîñòåðåæåííÿ àáî ïîâåðíåííÿ â ðàéîí ïîñàäêè [3].
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Ç îãëÿäó íà âñå âèùåñêàçàíå, ìîæíà âèä³ëèòè îñíîâí³ íàïðÿìè
äîñë³äæåíü, ùî ïðîâîäÿòüñÿ, ÿê³ âèâ÷àþòü ïèòàííÿ, ñïðÿìîâàí³ íà:
ðîçðîáêó ³ âäîñêîíàëåííÿ ñèñòåìè àâòîìàòè÷íîãî ðîçï³çíàâàííÿ
ð³çíèõ îá’ºêò³â (ç óðàõóâàííÿì ð³øåííÿ íàéïðîñò³øèõ çàâäàíü, â òî-
ìó ÷èñë³ ³ àâòîìàòè÷íîãî âèçíà÷åííÿ êàòåãîð³é ð³çíèõ îá’ºêò³â); çà-
áåçïå÷åííÿ íàä³éíîãî ðàä³îçâ’ÿçêó ÁÏËÀ ç ïóíêòîì óïðàâë³ííÿ
(íàçåìíèì àáî ïîâ³òðÿíèì); íàäàííÿ ÁÏËÀ âëàñòèâîñòåé, ùî äî-
çâîëÿþòü âðàõîâóâàòè çì³íè â íàâêîëèøíüîìó ñåðåäîâèù³ ïðè âè-
êîíàíí³ çàâäàíü â àâòîíîìíîìó ðåæèì³; ðîçðîáêó áîðòîâî¿ ñèñòåìè
îáðîáêè ³íôîðìàö³¿, ÿêà ìîãëà á ç óñüîãî ïîòîêó ñïåö³àë³çîâàíèõ
äàíèõ, ÿê³ íàäõîäÿòü äî ÁÏËÀ, âèä³ëÿòè íàéá³ëüø âàæëèâ³ â³äî-
ìîñò³ ïðî îá’ºêòè, ùî äîçâîëèòü ³ñòîòíî ñêîðîòèòè îáñÿã äàíèõ ïðè
ïåðåäà÷³ íà ³íø³ ë³òàëüí³ àïàðàòè àáî íàçåìí³ ïóíêòè óïðàâë³ííÿ;
îáðîáêó ïðîãðàì íàâ³ãàö³éíîãî çàáåçïå÷åííÿ ÁÏËÀ, ÿê³ äîçâîëÿòü
¿ì âèêîíóâàòè ïîëüîòè â ñêëàä³ ãðóïè, àáî âèáðàòè àëüòåðíàòèâí³
ìàðøðóòè ³ çä³éñíèòè âçàºìîä³þ ç ïóíêòîì óïðàâë³ííÿ.

Òàêèì ÷èíîì, îñíîâíîþ ïåðåâàãîþ çàñòîñóâàííÿ ÁÏËÀ ïðè
ïðîâåäåíí³ åêîëîã³÷íîãî ìîí³òîðèíãó, º çä³éñíåííÿ ñïîñòåðåæåí-
íÿ ç ìîæëèâèì îòðèìàííÿì äàíèõ äèñòàíö³éíèìè ïðèëàäàìè.
Êð³ì öüîãî, ìîæëèâ³ñòü âèêîðèñòàííÿ ÁÏËÀ äàº äàí³ ïðî åêî-
ëîã³÷íèé îá’ºêò ñïîñòåðåæåííÿ òà ì³ñöåâ³ñòü, ïðî ñòàí íàâêîëèø-
íüîãî ñåðåäîâèùà, à òàêîæ â³çóàë³çàö³þ òåðèòîð³¿ íà ÿê³é âåäåòüñÿ
ñïîñòåðåæåííÿ ³ ìîæëèâ³ñòü îö³íêè â ðåàëüíîìó ìàñøòàá³ ÷àñó.

²íòåíñèâíå çàñòîñóâàííÿ ÁÏËÀ â åêîëîã³÷íîìó ìîí³òîðèíãó
ïîâ’ÿçàíî ç ðîçðîáêîþ ð³çíèõ ïðèëàä³â ³ ïðèñòðî¿â äëÿ çä³éñíåííÿ
îö³íêè ñòàíó íàâêîëèøíüîãî ñåðåäîâèùà, ùî äàº ìîæëèâ³ñòü ðîç-
øèðèòè ñïåêòð çàâäàíü ñïîñòåðåæåííÿ ç ¿õ âèêîðèñòàííÿì [4–5].
Òîìó âàæëèâèì ôàêòîðîì, ùî âèçíà÷àº ìîæëèâîñò³ êîíòðîëþ ³
îö³íêè íàâêîëèøíüîãî ñåðåäîâèùà º âèá³ð ÁÏËÀ ³ áîðòîâèõ ñèñ-
òåì, íåîáõ³äíèõ äëÿ âèð³øåííÿ ïîñòàâëåíèõ çàâäàíü äëÿ ïðîâåäåí-
íÿ åêîëîã³÷íîãî ìîí³òîðèíãó òåðèòîð³é.

Ó ë³òåðàòóð³ [4] äîñèòü äåòàëüíî ïðåäñòàâëåíà êëàñèô³êàö³ÿ ÁÏËÀ
òà ³ñíóþ÷³ áîðòîâ³ ñèñòåìè. Îäíàê, íà æàëü, íà ñüîãîäí³øí³é äåíü íå-
ìàº âçàºìîçâ’ÿçêó õàðàêòåðèñòèê áîðòîâèõ ñèñòåì ÁÏËÀ ç ¿õ ìîæëè-
âîñòÿìè äëÿ çàñòîñóâàííÿ òà âèð³øåííÿ êîíêðåòíèõ åêîëîã³÷íèõ çàâ-
äàíü. Íåîáõ³äí³ñòü âèçíà÷åííÿ öüîãî âçàºìîçâ’ÿçêó ïîëÿãàº íå ò³ëüêè
ó âèáîð³ áîðòîâèõ ñèñòåì ÁÏËÀ òà ¿õ ìîæëèâîñòåé çàñòîñóâàííÿ, àëå
³ ïîøóêó ð³øåííÿ îïòèì³çàö³éíèõ çàäà÷ ç ïðîâåäåííÿì åêîëîã³÷íîãî
ìîí³òîðèíãó òà ìîæëèâ³ñòþ çàñòîñóâàííÿ â³äïîâ³äíîãî ³íñòðóìåí-
òàð³þ ïðè ïðèéíÿòò³ êåðóþ÷îãî ð³øåííÿ äëÿ ë³êâ³äàö³¿ íàñë³äê³â.
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Òàêèì ÷èíîì, ðîçãëÿíåìî îñíîâí³ çàâäàííÿ åêîëîã³÷íîãî ìî-
í³òîðèíãó äëÿ âèÿâëåííÿ ³ îö³íþâàííÿ àíòðîïîãåííîãî âïëèâó òå-
ðèòîð³é: ñïîñòåðåæåííÿ çà äæåðåëàìè àíòðîïîãåííîãî âïëèâó;
ñïîñòåðåæåííÿ çà ôàêòîðàìè àíòðîïîãåííîãî âïëèâó; ñïîñòåðå-
æåííÿ çà ñòàíîì ïðèðîäíîãî ñåðåäîâèùà òà ïðîöåñàìè,ùî â³äáó-
âàþòüñÿ ï³ä âïëèâîì ôàêòîð³â àíòðîïîãåííîãî âïëèâó; îö³íþâàí-
íÿ ñòàíó ïðèðîäíîãî ñåðåäîâèùà; ïðîãíîçóâàííÿ çì³íè ïðèðîäíî-
ãî ñåðåäîâèùà ï³ä âïëèâîì ôàêòîð³â àíòðîïîãåííîãî âïëèâó ³
îö³íêà ïðîãíîçîâàíîãî ñòàíó ïðèðîäíîãî ñåðåäîâèùà.

Ðîçóì³þ÷è, ùî åêîëîã³÷íèé ìîí³òîðèíã ïîëÿãàº ó âèçíà÷åíí³
ñòàíó íàâêîëèøíüîãî ñåðåäîâèùà äëÿ îïòèì³çàö³¿ âçàºìîä³¿ ëþäè-
íè ç ïðèðîäîþ, à òàêîæ ó åêîëîã³÷í³é ñïðÿìîâàíîñò³ ãîñïîäàðñü-
êî¿ ä³ÿëüíîñò³, íåîáõ³äíî âèä³ëèòè ðÿä åòàï³â äëÿ äîñÿãíåííÿ òà ¿õ
ðåàë³çàö³¿ íà îñíîâ³ âèêîíàííÿ ïîñòàâëåíèõ çàâäàíü [5–6]:

 çä³éñíåííÿ ïëàíóâàííÿ äëÿ ïðîâåäåííÿ åêîëîã³÷íîãî ìîí³òî-
ðèíãó çà ïåâíîþ (ïðîìèñëîâîþ) òåðèòîð³ºþ ðåã³îíó;

 âèçíà÷åííÿ âèìîã äî ïðîâåäåííÿ åêîëîã³÷íîãî ìîí³òîðèíãó;
 âèá³ð îáëàäíàííÿ òà áîðòîâèõ ñèñòåì ÁÏËÀ;
 ïðîâåäåííÿ ñïîñòåðåæåíü ³ç çàñòîñóâàííÿì ÁÏËÀ;
 âèÿâëåííÿ äæåðåë âïëèâó ç âèêîðèñòàííÿì áîðòîâèõ ñèñòåì

ÁÏËÀ;
 âèÿâëåííÿ äæåðåë âïëèâîâèõ ôàêòîð³â;
 àíàë³ç ïàðàìåòð³â íàâêîëèøíüîãî ñåðåäîâèùà ç ìîæëèâ³ñòþ

îö³íêè ¿¿ ñòàíó;
 ïðîãíîçóâàííÿ ñòàíó íàâêîëèøíüîãî ñåðåäîâèùà äëÿ âèçíà-

÷åííÿ õàðàêòåðó âïëèâó.
Íà åòàï³ áåçïîñåðåäíüîãî ïðîâåäåííÿ åêîëîã³÷íîãî ñïîñòåðå-

æåííÿ, íåîáõ³äíî çä³éñíèòè:
 âèá³ð îá’ºêòà ñïîñòåðåæåííÿ;
 äåòàëüíå âèâ÷åííÿ, îáñòåæåííÿ, îö³íþâàííÿ äàíîãî îá’ºêòà

(ïðîöåñó);
 ôîðìóâàííÿ ³íôîðìàö³éíî¿ ìîäåë³, àáî ñõåìè ñïîñòåðåæóâà-

íîãî îá’ºêòà (ïðîöåñó);
 àíàë³ç ñòàíó îá’ºêòà (ïðîöåñó), ³äåíòèô³êàö³ÿ éîãî ñõåìàòè÷-

íî¿ ³íôîðìàö³éíî¿ ìîäåë³;
 îö³íþâàííÿ ñêëàäàííÿ îá’ºêòà (ïðîöåñó) ìîí³òîðèíãó;
 ìîäåëþâàííÿ ìîæëèâèõ çì³í ñòàíó îá’ºêòà (ïðîöåñó) ñïîñ-

òåðåæåííÿ;
 ðîçðàõóíîê òà ñèñòåìàòèçàö³ÿ ³íôîðìàö³¿ äëÿ ¿¿ ïåðåäà÷³ íà

ïóíêò óïðàâë³ííÿ.
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Êð³ì òîãî, íåîáõ³äíî íà ï³äãîòîâ÷îìó åòàï³ çä³éñíèòè:
 ìåòðîëîã³÷íå çàáåçïå÷åííÿ ñèñòåì ÁÏËÀ;
 êàë³áðóâàííÿ áîðòîâèõ ñèñòåì ÁÏËÀ.
Ó òàáëèö³ 1 íàâåäåíî âçàºìîçâ’ÿçîê îñíîâíèõ çàäà÷ ïðè ïðîâå-

äåíí³ åêîëîã³÷íîãî ìîí³òîðèíãó ç ìîæëèâ³ñòþ çàñòîñóâàííÿ ÁÏËÀ.
Â ïåðøó ÷åðãó öå ïîâ’ÿçàíî ç ìîæëèâ³ñòþ ïðîâåäåííÿ äèñòàíö³é-
íîãî ñïîñòåðåæåííÿ çà òåðèòîð³ºþ, íàÿâí³ñòþ áîðòîâèõ ñèñòåì òà
ìîæëèâ³ñòþ ¿õ çàñòîñóâàííÿ.

Òàáëèöÿ 1
Âèêîíàííÿ çàâäàíü çà äîïîìîãîþ ÁÏËÀ 
ïðè ïðîâåäåíí³ åêîëîã³÷íîãî ìîí³òîðèíãó

¹ Çàâäàííÿ Ð³øåííÿ çàâäàíü (ÁÏËÀ) Ïåðåâàãè ð³øåííÿ

1. Ñïîñòåðåæåííÿ çà
äæåðåëàìè àíòðîïî-
ãåííîãî âïëèâó

Ïðîâåäåííÿ ñïîñòå-
ðåæåííÿ çà åêîëîã³÷-
íèì îá’ºêòîì, àáî
ïðîöåñîì âïëèâó íà
íàâêîëèøíº ñåðåäî-
âèùà çà äîïîìîãîþ
áîðòîâèõ ñèñòåì

Îïåðàòèâíå ïðîâåäåííÿ
ñïîñòåðåæåííÿ

22. Ñïîñòåðåæåííÿ çà
ôàêòîðàìè àíòðîïî-
ãåííîãî âïëèâó

Çàñòîñóâàííÿ ð³çíèõ
ñó÷àñíèõ áîðòîâèõ
ïðèñòðî¿â äëÿ âèÿâ-
ëåííÿ àíòðîïîãåííî-
ãî âïëèâó

Ñâîº÷àñí³ñòü âèçíà÷åííÿ
ïàðàìåòð³â ñòàíó íàâêî-
ëèøíüîãî ïðèðîäíîãî
ñåðåäîâèùà çà äîïîìî-
ãîþ: ð³çíî¿ äèíàì³êè ïî-
ëüîòó ÁÏËÀ òà îïòèì³-
çàö³¿ éîãî ìàðøðóòó ïî-
ëüîòó, âèêîðèñòàííÿ ð³ç-
íèõ ñó÷àñíèõ ïðèñòðî¿â
äëÿ âèçíà÷åííÿ âïëèâó

33. Ñïîñòåðåæåííÿ çà
ñòàíîì ïðèðîäíîãî
ñåðåäîâèùà òà ùî
â³äáóâàþòüñÿ â íèõ
ïðîöåñàìè ï³ä âïëè-
âîì ôàêòîð³â àíòðî-
ïîãåííîãî âïëèâó

Âèçíà÷åííÿ õàðàêòå-
ðó òà åï³öåíòðó. Àíà-
ë³ç ñòàíó ñåðåäîâèùà

Çàáåçïå÷åííÿ â ðåàëüíî-
ìó ìàñøòàá³ ÷àñó ìîæëè-
âîñò³ âèçíà÷åííÿ õàðàê-
òåðó âïëèâó íà åêîëîã³÷í³
îá’ºêòè íà îñíîâ³ âèêî-
ðèñòàííÿ ð³çíèõ áîðòî-
âèõ ïðèñòðî¿â ÁÏËÀ

44. Îö³íþâàííÿ ô³çè÷-
íîãî ñòàíó ïðèðîä-
íîãî ñåðåäîâèùà.

Ïðîâåäåííÿ îö³íþ-
âàííÿ ñòàíó òåðèòîð³¿

Âèçíà÷åííÿ ñòàíó òåðè-
òîð³¿ äëÿ ïðèéíÿòòÿ óï-
ðàâë³íñüêèõ ð³øåíü

55. Ïðîãíîç çì³íè ïðè-
ðîäíîãî ñåðåäîâèùà
ï³ä âïëèâîì ôàêòîð³â
àíòðîïîãåííîãî âïëè-
âó òà îö³íêà ïðîãíîç-
íîãî ñòàíó ïðèðîäíî-
ãî ñåðåäîâèùà

Âèçíà÷åííÿ ïàðàìåò-
ð³â ïîòî÷íîãî ñòàíó
íàâêîëèøíüîãî ïðè-
ðîäíîãî ñåðåäîâèùà
äëÿ ìîäåëþâàííÿ òà
ïðîãíîçóâàííÿ

Ïðîãíîçóâàííÿ ïîòî÷íî-
ãî ñòàíó òåðèòîð³¿ òà ìî-
äåëþâàííÿ çì³í àíòðîïî-
ãåííîãî âïëèâó íà ñòàí
òåðèòîð³¿ äëÿ ïðèéíÿòòÿ
óïðàâë³íñüêèõ ð³øåíü
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Íà åòàï³ àåðîçéîìêè íåîáõ³äíî çä³éñíèòè ðóõ ÁÏËÀ ïî çàäà-
íîìó ìàðøðóòó ç ìîæëèâ³ñòþ àäàïòèâíî éîãî çì³íèòè â ðàç³ íå-
îáõ³äíîñò³. Òàê ñàìî íà äàíîìó åòàï³ çä³éñíþºòüñÿ ïîïåðåäí³é
ðîçðàõóíîê äàíèõ äëÿ ïîëüîòó ÁÏËÀ ó â³äïîâ³äíîñò³ îòðèìàíèõ
ïàðàìåòð³â íàâêîëèøíüîãî ñåðåäîâèùà. Ïðè öüîìó, íåîáõ³äíî
âðàõîâóâàòè: ïîâíîòó ïîêðèòòÿ, òî÷í³ñòü òà ÿê³ñòü ï³ëîòóâàííÿ.
Ï³ñëÿ ïåðåäà÷³ ñïåö³àë³çîâàíèõ äàíèõ íà åòàïàõ ¿õ îáðîáêè íå-
îáõ³äíî ïðîâåñòè: ãåîêîäóâàííÿ òî÷îê; âèä³ëåííÿ ³ñòèííî¿ ïî-
âåðõí³ Çåìë³, ðîñëèííîñò³, âîäíî¿ ïîâåðõí³; ñòâîðåííÿ îðòîôîòî-
ìîçà¿êè; ñòâîðåííÿ ñåìàíòè÷íèõ 3D ìîäåëåé; äåøèôðîâêó çí³ì-
ê³â, âèä³ëåííÿ íåîáõ³äíèõ êîíòóð³â îá’ºêò³â (ïðîöåñ³â). Ïðè öüî-
ìó, ïåðø³ òðè åòàïè îáðîáêè º çàãàëüíî òîïîãðàô³÷íîþ îáðîáêîþ,
à íàñòóïí³ º ñåìàíòè÷íîþ îáðîáêîþ.

Îòðèìàí³ ðåçóëüòàòè. Ïðîâåäåíî ïîð³âíÿëüíèé àíàë³ç âëàñòè-
âîñòåé ÁÏËÀ, âèñâ³òëåíî ïðîöåñ îáðîáêè ³íôîðìàö³¿ â ñèñòåì³
åêîëîã³÷íîãî ìîí³òîðèíãó ïðè çä³éñíåíí³ âèáîðó îïòèìàëüíî¿
ñòðóêòóðè ñèñòåìè åêîëîã³÷íîãî ìîí³òîðèíãó çà äîïîìîãîþ âèêî-
ðèñòàííÿ ÁÏËÀ. Íà îñíîâ³ ñèñòåìíîãî àíàë³çó ð³çíèõ òåõí³÷íèõ
ïîêàçíèê³â òà âëàñòèâîñòåé ÁÏËÀ ìîæëèâî çä³éñíèòè âèâ÷åííÿ
ñòðóêòóðíî-ïàðàìåòðè÷íèõ õàðàêòåðèñòèê òà äîñë³äèòè ðåæèìè
ðîáîòè ë³òàëüíèõ àïàðàò³â â ð³çíèõ óìîâàõ ïðè ïîáóäîâ³ ñèñòåìè
åêîëîã³÷íîãî ìîí³òîðèíãó.

Âèñíîâêè. Íàóêîâà íîâèçíà îòðèìàíèõ ðåçóëüòàò³â ïîëÿãàº â
íàñòóïíîìó: ïðîâåäåíî àíàë³ç âëàñòèâîñòåé ÁÏËÀ, âèçíà÷åíî õà-
ðàêòåðèñòèêè òà ïàðàìåòðè, ùî âïëèâàþòü íà ñïîñòåðåæåííÿ â ñè-
ñòåì³ åêîëîã³÷íîãî ìîí³òîðèíãó, òàêîæ âèñâ³òëåíî êîëî ïèòàíü,
ÿê³ íåîáõ³äíî âðàõîâóâàòè ïðè ïîáóäîâ³ ñèñòåìè åêîëîã³÷íîãî ìî-
í³òîðèíãó ç âèêîðèñòàííÿì äèñòàíö³éíî êåðîâàíèõ ë³òàëüíèõ àïà-
ðàò³â.

Ó õîä³ àíàë³çó ïðîâåäåíîãî äîñë³äæåííÿ â ðîáîò³ ïðåäñòàâëåí³
ðåçóëüòàòè, ïîâ’ÿçàí³ ç ìîæëèâ³ñòþ âèêîðèñòàííÿ ÁÏËÀ äëÿ âèð³-
øåííÿ åêîëîã³÷íèõ çàâäàíü.Åôåêòèâí³ñòü âèð³øåííÿ åêîëîã³÷íèõ
çàâäàíü çàëåæèòü â³ä âèçíà÷åííÿ íàéá³ëüø ïîâíèõ äàíèõ ïðî ñòàí
íàâêîëèøíüîãî ñåðåäîâèùà òà îö³íêè ìîæëèâèõ çàãðîç ó ðåã³îí³.
Âèêîðèñòàííÿ ÁÏËÀ äëÿ äîñë³äæåííÿ òà êîíòðîëþ ñòàíó íàâêî-
ëèøíüîãî ñåðåäîâèùà çàëåæèòü â³ä áîðòîâèõ ñèñòåì òà ¿õ ìîæëè-
âîñòåé ï³ä ÷àñ ïðîâåäåííÿ åêîëîã³÷íîãî ìîí³òîðèíãó.

Ïðè öüîìó âèíèêàº íåîáõ³äí³ñòü óòî÷íåííÿ çàäà÷ ñïîñòåðå-
æåííÿ çà ñòàíîì íàâêîëèøíüîãî ñåðåäîâèùà. Öå îáóìîâëåíî îá-
ìåæåííÿìè áîðòîâîãî íàâàíòàæåííÿ ÁÏËÀ òà ìàñî-ãàáàðèòíèìè
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õàðàêòåðèñòèêàìè áîðòîâèõ ïðèëàä³â. Êð³ì öüîãî âèíèêàº ðÿä ïè-
òàíü ïîâ’ÿçàíèõ ç ð³øåííÿì äîñòàâêè îòðèìàíèõ äàíèõ ï³ä ÷àñ
ïðîâåäåííÿ ñïîñòåðåæåííÿ íà ïåâí³é òåðèòîð³¿,òîìó ùî åíåðãå-
òè÷í³ õàðàêòåðèñòèêè îáìåæåí³ çà ñâî¿ìè ìîæëèâîñòÿìè.

Óñ³ âèùå ïåðåë³÷åí³ ïðè÷èíè çìóøóþòü äîòðèìóâàòèñü ñòðî-
ãîãî ïîðÿäêó ñêëàäàííÿ çàäà÷ åêîëîã³÷íîãî ìîí³òîðèíãó òà îáìå-
æóþòü ìîæëèâîñò³ äîñòàâêè ïåðâèííî¿ ³íôîðìàö³¿ ç ÁÏËÀ. Òîìó
â ñòàòò³ ïðåäñòàâëåí³ ðåçóëüòàòè àíàë³òè÷íîãî îãëÿäó ìîæëèâîñò³
çàñòîñóâàííÿ ÁÏËÀ â ñïîñòåðåæåíí³ òà îòðèìàíí³ äàíèõ â³ä îá’ºê-
ò³â åêîëîã³÷íîãî ìîí³òîðèíãó òà âèçíà÷åí³ çàâäàííÿ ¿õ âèð³øåííÿ.
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ВИРІШЕННЯ ПРОБЛЕМ БЕЗПЕКИ ПРАЦІ 

НА ВУГІЛЬНИХ ШАХТАХ УКРАЇНИ ЗА РАХУНОК

РЕСУРСО" ТА ЕНЕРГОЗБЕРЕЖЕННЯ

Àíîòàö³ÿ. Ó ñòàòò³ ðîçãëÿäàþòüñÿ ïðîáëåìè òà øëÿõè ¿õ âèð³øåí-
íÿ ó ñôåð³ áåçïåêè ïðàö³ íà âóã³ëüíèõ ï³äïðèºìñòâàõ Óêðà¿íè çà ðàõóíîê
ðåñóðñî- òà åíåðãîçáåð³ãàþ÷èõ òåõíîëîã³é. Òàêèé ï³äõ³ä äàº ìîæëèâ³ñòü
ï³äâèùèòè áåçïåêó ðîáîòè øàõòàð³â òà ïîêðàùèòè åêîëîã³÷íèé ñòàí
äîâê³ëëÿ. 

Êëþ÷îâ³ ñëîâà: åíåðãîçáåðåæåííÿ, ðåñóðñîçáåðåæåííÿ, áåçïåêà, ï³ä-
çåìíèé, ãàç, ìåòàí.

Abstract. The article deals with the problems and ways of their solution
in the field of labor safety at coal enterprises of Ukraine at the expense of
resource and energy-saving technologies. This approach provides an opportu-
nity to increase the safety of life with respect to the use of manmade gas
methane gas.

Keywords: energy conservation, resource conservation, safety, under-
ground, gas, methane.

Íèçüê³ ïîêàçíèêè åíåðãåòè÷íî¿ åôåêòèâíîñò³ âóãëåâèäîáóòêó
º ïðè÷èíîþ âèñîêî¿ âàðòîñò³ âóã³ëëÿ, éîãî íèçüêî¿ êîíêóðåíòîñ-
ïðîìîæíîñò³. ßêùî â ìèíóëîìó åëåêòðîåíåðã³ÿ â çàãàëüí³é âàð-
òîñò³ âóã³ëëÿ ñêëàäàëà 4–5 %, òî çàðàç öÿ öèôðà çðîñëà äî 20 %, à
äëÿ äåÿêèõ âóãëåâèäîáóâíèõ êîìïàí³é – äî 50 %. Òàêîìó ñòàíó
ñïðèÿþòü çðîñòàííÿ ö³í íà åëåêòðîåíåðã³þ, íèçüê³ òåìïè çðîñòàí-
íÿ âóã³ëüíî¿ ïðîìèñëîâîñò³ òà ¿¿ ìîäåðí³çàö³¿. Ó ö³ëîìó æ, íåçâà-
æàþ÷è íà òå, ùî ç 1997 îêó ó ãàëóç³ ç`ÿâèëàñÿ òåíäåíö³ÿ ðîñòó âè-
äîáóòêó âóã³ëëÿ ³ çíèæåííÿ ïèòîìèõ âèòðàò åëåêòðîåíåðã³¿, îñòàíí³
ïðîäîâæóþòü çàëèøàòèñÿ ïðàêòè÷íî íà êîëèøíüîìó ð³âí³ ÷åðåç
íåçíà÷íå çàãàëüíå çíèæåííÿ ñïîæèâàííÿ åëåêòðîåíåðã³¿ øàõòàìè. 

Ã³ðíè÷î-ãåîëîã³÷í³ óìîâè âèäîáóòêó òàêîæ âïëèâàþòü íà ïî-
êàçíèêè åíåðãîâèòðàò. ²ñòîòíî â³äð³çíÿþòüñÿ ïèòîì³ âèòðàòè åëåê-
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òðîåíåðã³¿ íà â³äêðèòèõ âóã³ëüíèõ ðîçðîáêàõ (5–10 êÂò/ò) ³ ïðè
ï³äçåìíîìó âèäîáóòêó. Îäíàê Óêðà¿íà íå ìàº ìîæëèâîñòåé äëÿ
ðîçøèðåííÿ îáñÿã³â âèäîáóòêó âóã³ëëÿ êàð`ºðíèì ñïîñîáîì [1].
Òîìó ïîòð³áíå âïðîâàäæåííÿ ðåñóðñî- òà åíåðãîçáåð³ãàþ÷èõ òåõ-
íîëîã³é ó âóã³ëüí³é ïðîìèñëîâîñò³ äëÿ çìåíøåííÿ ñîá³âàðòîñò³ âè-
äîáóâàííÿ âóã³ëëÿ.

Ó äàíèé ÷àñ ñêëàäí³ ã³ðíè÷î-òåõí³÷í³ óìîâè, íèçüêèé ð³âåíü
ìåõàí³çàö³¿ òåõíîëîã³÷íèõ ïðîöåñ³â, íåâ³äïîâ³äí³ñòü ïàðàìåòð³â
âóãëåâèäîáóâíî¿ òåõí³êè êîíêðåòíèì óìîâàì çàëÿãàííÿ ïëàñò³â, à
òàêîæ äåô³öèò íàÿâíîñò³ êîíòðîëüíî-âèì³ðþâàëüíî¿ àïàðàòóðè ç
âèñîêèì ñòóïåíåì íàä³éíîñò³ òà â³äñóòí³ñòü êâàë³ô³êîâàíèõ êàäð³â
º ïðè÷èíîþ äîñòàòíüî âèñîêîãî ð³âíÿ àâàð³éíîñò³ òà òðàâìàòèçìó. 

Ó òîé æå ÷àñ â ö³ëîìó ó âóã³ëüí³é ïðîìèñëîâîñò³ Óêðà¿íè ñïî-
ñòåð³ãàºòüñÿ ñò³éêà òåíäåíö³ÿ ñóòòºâîãî çíèæåííÿ çàãàëüíîãî òà
ñìåðòåëüíîãî òðàâìàòèçìó â³äíîñíî ÂÂÏ.

Ïîòð³áíî îêðåìî â³äì³òèòè, ùî âóã³ëüí³ ïëàñòè âì³ùóþòü ó
ñîá³ ãàçè ó âèãëÿä³ ñóì³ø³ ìàòàìîðôîãåííèõ ãàç³â òà ãàçîâèõ êîì-
ïîíåíò³â: ìåòàí (0–99 %), âóãëåêèñëèé ãàç (0–20 %), åòàí (0–3 %)
òà ì³êðîäîì³øêè (áóòàí, ïðîïàí, ïåíòàí, âîäåíü, ñ³ðêîâîäåíü,
êðèïòîí, êñåíîí, àðãîí, ãåë³é, íåîí òà ³í.) – ìåíøå 1 %. 

Ó â³äïîâ³äíîñò³ ç çàãàëüíîïðèéíÿòèìè óÿâëåííÿìè øàõòíèé
ãàç (âñüîãî çíàéäåíî 16 éîãî êîìïîíåíò³â), ãîëîâíîþ ñêëàäîâîþ
ÿêîãî º ìåòàí ÑÍ4, óòâîðþºòüñÿ ïðè óãëåô³êàö³¿, ÿêà º ô³çèêî-
õ³ì³÷íèì ïåðåòâîðåííÿì ðîñëèííèõ çàëèøê³â âóã³ëëÿ ïðè âèñîê³é
òåìïåðàòóð³ òà âåëè÷åçíèì òèñêîì. 

Ãàçîäèíàì³÷í³ ÿâèùà, ÿê³ âêëþ÷àþòü â ñåáå ðàïòîâ³ âèêèäè
âóã³ëëÿ òà ãàçó, ñòàíîâëÿòü áàãàòî ïðîáëåì, âèð³øåííÿ ÿêèõ ñòàº
âñå á³ëüø àêòóàëüíèì. Ñìåðòåëüíèé òðàâìàòèçì, ÿêèé ïîâ`ÿçàíèé
ç ãàçîäèíàì³÷íèìè ÿâèùàìè, ìàº òåíäåíö³þ â îñòàíí³ ðîêè çðîñ-
òàòè. Âåíòèëÿö³ÿ äîçâîëÿº çìåíøèòè ïðîöåíòíå â³äíîøåííÿ ìåòà-
íó ó øàõòíîìó ãàç³, ùî äàº çìîãó çìåíøèòè ñòóï³íü íåáåçïåêè âè-
ðîáíè÷èõ ïðîöåñ³â. Îñòàíí³ì ÷àñîì âñå øèðøå âèêîðèñòîâóþòüñÿ
ñèñòåìè ïîâåðõíåâèõ äåãàö³éíèõñêâàæèí äëÿ äåãàçàö³¿ âóã³ëüíèõ
ïëàñò³â ïåðåä ¿õ ðîçðîáêîþ. Äóæå âàæëèâî ãàç ìåòàí íå âèêèäàòè ó
àòìîñôåðó, à âèêîðèñòîâóâàòè éîãî ÿê ÿê³ñíå ïàëèâî. ßê ïîêàçóº
äîñâ³ä âèêîðèñòàííÿ ìåòàíó ó ìèðíèõ ö³ëÿõ íà øàõòàõ äîíåöüêî¿
îáëàñò³, ò³ëüêè á³ëÿ 15,5 %âèäîáóòîãî ãàçó âèêîðèñòîâóºòüñÿ.

Îêð³ì ñòâîðåííÿ íåáåçïå÷íèõ óìîâ ïðàö³ òà çàãðîçè çäîðîâ’þ
òà æèòòþ ëþäåé, âèä³ëåííÿ ìåòàíó ó ïîâ³òðÿ âèêëèêàº çíà÷íå
ïîã³ðøåííÿ åêîëîã³÷íîãî ñòàíó íàâêîëèøíüîãî ñåðåäîâèùà.
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Ñïðàâà â òîìó, ùî ìåòàí º îäíèì ³ç øåñòè îñíîâíèõ ïàðíè-
êîâèõ ãàç³â, ùî çà ñòîë³òí³é ïåð³îä çäàòíèé óòðèìàòè òåïëà â àò-
ìîñôåð³ â 21 ðàç³â á³ëüøå, í³æ âóãëåêèñëèé ãàç. Ïðîòÿãîì îñòàíí³õ
äâîõ ñòîë³òü êîíöåíòðàö³ÿ ìåòàíó â àòìîñôåð³ çá³ëüøèëàñÿ á³ëüøå
í³æ óäâ³÷³. Ïåðåâàæíî öå ñòàëîñÿ â ðåçóëüòàò³ ä³ÿëüíîñò³ ëþäèíè,
â òîìó ÷èñë³ âíàñë³äîê âèäîáóâàííÿ âóã³ëëÿ. 

Ó ñòðóêòóð³ âèêèä³â ïàðíèêîâèõ ãàç³â â Óêðà¿í³ ìåòàí çàéìàº
áëèçüêî 35 %. Îñíîâíèì äæåðåëîì âèêèä³â ìåòàíó ó ïîâ³òðÿ òðà-
äèö³éíî çàëèøàºòüñÿ åíåðãåòèêà. Ïðè öüîìó, ó ïðîöåñ³ âèäîáóòêó
âóã³ëëÿ âèêèäè ìåòàíó ñêëàäàþòü 80 % â³ä óñ³õ âèêèä³â ìåòàíó â
åíåðãåòèö³ Óêðà¿íè.

Îñíîâíèìè äæåðåëàìè âèêèä³â ìåòàíó ç âóã³ëüíèõ ðîäîâèù º
âèä³ëåííÿ ìåòàíó âíàñë³äîê åì³ñ³¿ ç âóã³ëüíèõ øàõò ÷åðåç ñèñòåìè
âåíòèëÿö³¿ òà äåãàçàö³¿. 

Âèêèäè ìåòàíó â ðåçóëüòàò³ ä³ÿëüíîñò³ øàõò ìîæóòü áóòè çìåí-
øåí³ çà ðàõóíîê âèëó÷åííÿ òà óòèë³çàö³¿ øàõòíîãî ìåòàíó ç ï³äçåì-
íèõ øàõò.

Íèí³ øàõòíèé ìåòàí Äîíáàñó âèêîðèñòîâóºòüñÿ çäåá³ëüøîãî
íà øàõòíèõ êîòåëüíÿõ äëÿ âèðîáíèöòâà òåïëà, õî÷à é ³ñíóþòü íà-
áàãàòî åôåêòèâí³ø³ ñïîñîáè éîãî çàñòîñóâàííÿ.

Íàéíîâ³ø³ òåõíîëîã³÷í³ ðîçðîáêè îñòàíí³õ ðîê³â, ÿêèìè Óêðà¿-
íà âîëîä³º, äîçâîëÿþòü äîñèòü ïðîñòî ñêîðèñòàòèñÿ òàêèì ï³äõîäîì. 

Óêðà¿íà ìàº âåëè÷åçí³, ôàêòè÷íî íå ðîçðîáëåí³ ðåñóðñè ìåòà-
íó âóã³ëüíèõ ðîäîâèù. Ïî éîãî çàïàñàõ íàøà êðà¿íà çàéìàº ÷åò-
âåðòå ì³ñöå ó ñâ³ò³. Â îñíîâíèõ âóã³ëüíèõ áàñåéíàõ – Äîíåöüêîìó
³ Ëüâ³âñüêî-Âîëèíñüêîìó, çà îö³íêàìè ôàõ³âö³â, âóã³ëüí³ ïëàñòè òà
âì³ùàþ÷³ ïîðîäè ì³ñòÿòü 12–22 òðëí. êóá. ì ìåòàíó. Çàïàñè ìåòà-
íó íà îêðåìèõ øàõòàõ êîëèâàþòüñÿ â³ä 0,2 äî 4,7 ìëðä. êóá. ì. Íà
ñüîãîäí³ ç ãëèáèí äîíåöüêèõ øàõò ìîæíà âèäîáóâàòè é âèêîðèñ-
òîâóâàòè â åíåðãåòè÷íèõ ö³ëÿõ á³ëüø 3 ìëðä. êóá. ì ìåòàíó íà ð³ê. 

Àëå íà äàíèé ÷àñ ìàéæå âåñü âåëè÷åçíèé ïîòåíö³àë ìåòàíó
âóã³ëüíèõ ðîäîâèù çàëèøàºòüñÿ çàäåêëàðîâàíèì ò³ëüêè íà ïàïåð³
òà ìàº íåãàòèâíèé åôåêò, òîìó ùî ÷åðåç âèáóõè ãàçó ó âóã³ëüíèõ
øàõòàõ ãèíóòü ëþäè. Ç äâîõ ñîòåíü øàõò Óêðà¿íè 87 % – íåáåç-
ïå÷í³ çà ãàçîì. Ùîð³÷íî ÷åðåç ï³äçåìí³ êàòàñòðîôè ãèíóòü ñîòí³
ã³ðíèê³â. ² íàéá³ëüø òðàã³÷íå â òîìó, ùî äåðæàâà íà ñüîãîäí³ êîí-
òðîëþâàòè öåé ïðîöåñ íå â çìîç³. Âèäîáóòîê ³ ïåðåðîáêà ãàçó íà-
ëàãîäæåíà äóæå ñëàáêî, à øàõòíèé ìåòàí ó áóêâàëüíîìó çíà÷åíí³
ñëîâà âèêèäàºòüñÿ íà â³òåð. 
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Âåëèêîìàñøòàáíèé âèäîáóòîê ³ óòèë³çàö³ÿ ìåòàíó âóã³ëüíèõ
ðîäîâèù äîçâîëèòü ó çíà÷í³é ì³ð³ çàäîâîëüíèòè ïîòðåáè Óêðà¿íè
â åíåðãîíîñ³ÿõ.

Çà âèñíîâêîì ²íñòèòóòó ãåîëîã³¿ òà ãåîõ³ì³¿ ãîðþ÷èõ êîïàëèí
ÍÀÍ Óêðà¿íè, ìåòàí âóã³ëüíèõ ðîäîâèù ïîâèíåí ñòàòè íîâîþ
àëüòåðíàòèâíîþ áàçîþ ðîçâèòêó åíåðãåòèêè êðà¿íè. Âóã³ëüí³ ðîäî-
âèùà, íà äóìêó ôàõ³âö³â, òðåáà ðîçãëÿäàòè ÿê êîìïëåêñí³ ìåòàíî-
âóã³ëüí³ ³, â³äïîâ³äíî, âåñòè ¿õ, ðîçðîáêó. ²íñòèòóò îö³íèâ ðåñóðñè
Ëüâ³âñüêî-Âîëèíñüêîãî òà Äîíåöüêîãî âóã³ëüíèõ áàñåéí³â, íà íà-
óêîâîìó ð³âí³ îá´ðóíòîâàíî ¿õ åôåêòèâí³ñòü òà ðîçðîáëåí³ ñïîñîáè
òà òåõíîëîã³¿ âèäîáóòêó òà ïðîìèñëîâîãî âèêîðèñòàííÿ.

Íà ñüîãîäí³øí³é äåíü ï³äçåìíà äåãàçàö³ÿ ³ñíóº íà 62 øàõòàõ, àëå
³ç çàãàëüíî¿ ê³ëüêîñò³ äîáóòîãî ìåòàíó óòèë³çóºòüñÿ 80 ìëí. ì êóá.,
ùî ñêëàäàº âñüîãî 4 % â³ä çàãàëüíîãî ãàçîâèä³ëåííÿ. À öå ìàéæå ó
4–5 ðàç³â íèæ÷å í³æ ºâðîïåéñüê³ ïîêàçíèêè.

Âðàõîâóþ÷è ð³çíîìàí³òí³ñòü ñïîñîá³â òà òåõíîëîã³é âèäîáóâàííÿ
òà âèêîðèñòàííÿ âóã³ëüíîãî ìåòàíó, äî îêðåìî¿ øàõòè òà îêðåìîãî
îá’ºêòó ïîâèíåí áóòè çàñòîñîâàíèé ³íäèâ³äóàëüíèé ï³äõ³ä, íåîáõ³ä-
íèé êîíêðåòíèé íàóêîâî-òåõí³÷íèé ïðîåêò. Öå çóìîâëåíî ïðèðîä-
íèìè îñîáëèâîñòÿìè âóã³ëüíîãî ìåòàíó ÿê êîðèñíî¿ êîïàëèíè.

Îñê³ëüêè âóã³ëüíèé ìåòàí â³äíåñåíèé äî êàòåãîð³¿ êîðèñíèõ
êîïàëèí çàãàëüíîäåðæàâíîãî çíà÷åííÿ, òî íà íüîãî ïîøèðþºòüñÿ
çàãàëüíèé ïîðÿäîê âèäîáóâàííÿ òà ë³öåíçóâàííÿ ó ö³é ñôåð³. Àëå
íà ä³þ÷èé ÷àñ â³äñóòíÿ ìåòîäèêà îö³íêè çàïàñ³â ãàçó (ìåòàíó) âó-
ã³ëüíèõ ðîäîâèù, ùî íå äîçâîëÿº çä³éñíþâàòè âèäîáóâàííÿ ìåòà-
íó îêðåìî, ùå äî ðîçðîáêè âóã³ëüíèõ ðîäîâèù. Êð³ì öüîãî, ó
â³äïðàöüîâàíèõ âóã³ëüíèõ øàðàõ ïîðóøåíà ö³ë³ñí³ñòü ïîðîäè ³
â³äáóâàºòüñÿ ïåðåò³ê ìåòàíó ì³æ ãîðèçîíòàìè âïðèòóë äî ïîâåðõí³.
Ïðè âèäîáóâàíí³ âóã³ëëÿ çàñòîñîâóºòüñÿ äåãàçàö³ÿ âóã³ëüíîãî øà-
ðó, ÿêà òåæ ïðèçâîäèòü äî ÷àñòêîâîãî âèä³ëåííÿ ìåòàíó. Óñå öå íå
äîçâîëÿº çä³éñíèòè ïîâíó îö³íêó çàïàñ³â ìåòàíó. Ó çâ’ÿçêó ç öèì
ç ìåòîþ âèäîáóâàííÿ ìåòàíó íåîáõ³äíî îäðàçó ï³ñëÿ ãåîëîãî-
ðîçâ³äêè ïåðåõîäèòè äî âèäîáóâàííÿ ìåòàíó äî ïîâíîãî éîãî âè-
ëó÷åííÿ, òîáòî, äî ïðèïèíåííÿ âèä³ëåííÿ éîãî ç³ ñâåðäëîâèíè.
Çàçíà÷åí³ îñîáëèâîñò³ âóã³ëüíîãî ìåòàíó ïîçíà÷àþòüñÿ òàêîæ íà
âèð³øåíí³ ïèòàíü ë³öåíçóâàííÿ éîãî âèäîáóâàííÿ. 

Âèäîáóâàííÿ âóã³ëüíîãî ìåòàíó òà ïðèðîäíîãî ãàçó ñóòòºâî
â³äð³çíÿþòüñÿ ì³æ ñîáîþ. Ìåòàí ì³ñòèòüñÿ ó âóã³ëüíèõ ïëàñòàõ, à
íå ó âåëèêèõ ãàçîâèõ êóïîëàõ, ÿê ïðèðîäíèé ãàç. Â³äïîâ³äíî, äëÿ
ïðîìèñëîâîãî âèäîáóâàííÿ âóã³ëüíîãî ìåòàíó íåîáõ³äíî çíà÷íî
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á³ëüø ñâåðäëîâèí, í³æ äëÿ ïðèðîäíîãî ãàçó, òîìó âèäîáóâàííÿ éî-
ãî ñóïðîâîäæóºòüñÿ çíà÷íèìè âèòðàòàìè, à ³íâåñòèö³¿ ó âèäîáó-
âàííÿ ìåòàíó ïîâ’ÿçàí³ ³ç çíà÷íèì ñòóïåíåì ðèçèêó. 

Íà öåé ÷àñ æîäåí çàêîí íå ì³ñòèòü îñîáëèâîñòåé, ïîâ’ÿçàíèõ
ç âèäîáóâàííÿì âóã³ëüíîãî ìåòàíó òà éîãî ïîäàëüøèì âèêîðèñòàí-
íÿì. ªäèíèé çàêîíîäàâ÷èé àêò, ÿêèé çãàäóº ïðî ìåòàí âóã³ëüíèõ
ðîäîâèù, º Çàêîí «Ïðî àëüòåðíàòèâí³ âèäè ð³äêîãî òà ãàçîâîãî ïà-
ëèâà». Çàçíà÷åíèì çàêîíîì âóã³ëüíèé ìåòàí ëèøå â³äíîñèòüñÿ äî
àëüòåðíàòèâíîãî âèäó ïàëèâà.

Âíàñë³äîê çàçíà÷åíèõ ìîìåíò³â, íåâðåãóëþâàííÿ ïðàâîâîãî
ñòàòóñó òà ïîðÿäêó ä³ÿëüíîñò³ ïðàêòè÷íî íå çíàéøëè ïîøèðåííÿ
ï³äïðèºìñòâà, ùî çä³éñíþþòü óòèë³çàö³þ ìåòàíó âóã³ëüíèõ ðîäî-
âèù, àäæå òàê³ ï³äïðèºìñòâà âèð³øóþòü åêîëîã³÷íó ïðîáëåìó,
çíèæóþòü âèêèäè øê³äëèâèõ ãàç³â â àòìîñôåðó, à òîìó ¿õ ä³ÿëü-
í³ñòü ïîâèííà çàîõî÷óâàòèñÿ äåðæàâîþ. Óñ³ ö³ òà äåÿê³ ³íø³ ìî-
ìåíòè íåãàòèâíî âïëèâàþòü íà ïðîöåñ âèäîáóâàííÿ ìåòàíó.

Âèêëàäåíå âèùå äàº ï³äñòàâó çðîáèòè âèñíîâîê, ùî ìàñøòàá-
íèé âèäîáóòîê ³ óòèë³çàö³ÿ øàõòíîãî ìåòàíó äîçâîëÿº âåëèêîþ
ì³ðîþ âèð³øèòè íàñòóïí³ ïðîáëåìè:

1. Ïîêðàùèòè óìîâè áåçïå÷íî¿ ïðàö³ øàõòàð³â. 
2. Ïîêðàùèòè åêîëîã³÷íèé ñòàí íàâêîëèøíüîãî ïðèðîäíîãî

ñåðåäîâèùà.
3. Âïðîâàäèòè íà âóã³ëüíèõ øàõòàõ ðåñóðñî- òà åíåðãîçáåð³ãà-

þ÷³ òåõíîëîã³¿.
4. Çìåíøèòè ñîá³âàðò³ñòü 1 òîííè âèäîáóâàííÿ âóã³ëëÿ.
5. Çá³ëüøèòè êîíêóðåíòîñïðîìîæí³ñòü âóã³ëëÿ íà ðèíêó.

Ë³òåðàòóðà
1. Åíåðãîåôåêòèâí³ñòü òà â³äíîâëþâàëüí³ äæåðåëà åíåðã³¿ / Çà

çàã. ðåä. À. Ê. Øèäëîâñüêîãî, Êè¿â: Óêðà¿íñüê³ åíöèêëîïåäè÷í³
çíàííÿ, 2007. – 560 ñ.

²íôîðìàö³ÿ ïðî àâòîð³â: Øóëüãà Þ. ². êàíä. òåõí. íàóê, äîöåíò. 
Åmail shulgau@ukr.net
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ТА УСТАТКУВАННЯ ДЛЯ ОТРИМАННЯ, 

ТРАНСПОРТУВАННЯ ТА ЗБЕРЕЖЕННЯ ЕНЕРГІЇ

УДК 517.927 

ИСЛАМОВ И. ДЖ., канд. техн. наук, доцент
Азербайджанский Технический Университет, г. Баку
ИСМИБЕЙЛИ Э. Г., доктор техн. наук, профессор
Азербайджанский Технический Университет, г. Баку 

МОДЕЛИРОВАНИЕ 

КРУГЛОГО ДИЭЛЕКТРИЧЕСКОГО ВОЛНОВОДА

ПЕРЕДАЧИ ЭЛЕКТРОМАГНИТНОЙ ЭНЕРГИИ 

Àííîòàöèÿ. Â äàííîé ñòàòüå èçó÷àþòñÿ ÒÌ-ïîëÿðèçîâàííûå ýëåê-
òðîìàãíèòíûå âîëíû, ðàñïðîñòðàíÿþùèåñÿ â äèýëåêòðè÷åñêîì âîëíî-
âîäå êðóãîâîãî ñå÷åíèÿ, çàïîëíåííîé ñðåäîé. Ðàçðàáîòàí èòåðàöèîííûé
àëãîðèòì, ñ ïîìîùüþ êîòîðîãî îïðåäåëÿþòñÿ çíà÷åíèÿ ñîáñòâåííûõ
ôóíêöèé è ñïåêòðàëüíîãî ïàðàìåòðà ïðè ñîîòâåòñòâóþùèõ êðàåâûõ
óñëîâèÿõ. Ïðåäñòàâëåíû ÷èñëåííûå ðåçóëüòàòû ðàñ÷åòîâ.

Êëþ÷åâûå ñëîâà: ýëåêòðîìàãíèòíîå ïîëå, äèýëåêòðè÷åñêèé âîëíî-
âîä, íåëèíåéíàÿ çàäà÷à, ÷èñëåííûå ðåçóëüòàòû, ðàñ÷åò.

Abstract. The article deals with TM-polarized electromagnetic waves
propagating in a dielectric waveguide of circular cross section filled with a
medium. An iterative algorithm has been developed, with the help of which
the values of the eigenfunctions and the spectral parameter are determined
under corresponding boundary conditions. Numerical results of calculations
are presented.

Êeywords: electromagnetic field, dielectric waveguide, nonlinear problem,
numerical results, calculation.

Ðàññìîòðèì òðåõìåðíîå ïðîñòðàíñòâî R3 ñ äåêàðòîâûìè êîîð-
äèíàòàìè Îxyz. Ýòî ïðîñòðàíñòâî çàïîëíåíî èçîòðîïíîé ñðåäîé
áåç èñòî÷íèêîâ ñ äèýëåêòðè÷åñêîé ïðîíèöàåìîñòüþ 3 = const. Â
ýòó ñðåäó ïîìåùåí êðóãëûé äèýëåêòðè÷åñêèé âîëíîâîä ñ îáðàçó-
þùåé, ïàðàëëåëüíîé îñè Îz è êðóãîâûì ïîïåðå÷íîì ñå÷åíèåì 
W = {x : 0  x2 + y2  R2

2}.
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Ýëåêòðîìàãíèòíîå ïîëå ãàðìîíè÷åñêè çàâèñèò îò âðåìåíè [1–3]:

E

(r, , z, t) = E+(r, , z)cos t + E–(r, , z)sin t,

(1)
H

(r, , z, t) = H+(r, , z)cos t + H–(r, , z)sin t,

ãäå  – êðóãîâàÿ ÷àñòîòà; E

, E+, E–, H


, H+, H– – äåéñòâèòåëüíûå ôóíêöèè.

Âåçäå íèæå âðåìåííîé ìíîæèòåëü ïðîïóùåí. 
Îáðàçóåì êîìïëåêñíûå àìïëèòóäû ïîëåé E, H

E = E+ + iE–,
(2)

H = H+ + iH–,

ãäå E(Er, E, Ez)
T, H(Hr, H, Hz)

T è ()T îçíà÷àåò îïåðàöèþ òðàíñïîíèðî-
âàíèÿ. Êàæäàÿ êîìïîíåíòà E, H ÿâëÿåòñÿ ôóíêöèåé òðåõ ïðîñòðàíñòâåí-
íûõ ïåðåìåííûõ.

Ýëåêòðîìàãíèòíîå ïîëå E, H óäîâëåòâîðÿåò ñèñòåìå óðàâíåíèé
Ìàêñâåëëà [1–3]

rotH


= –iE

, (3)

rotE


= –iH

, (4)

óñëîâèÿì íåïðåðûâíîñòè êàñàòåëüíûõ ñîñòàâëÿþùèõ ïîëåé E, H
íà ãðàíèöàõ ðàçäåëà ñðåä r = R1 è r = R2 è óñëîâèþ èçëó÷åíèÿ íà
áåñêîíå÷íîñòè: ýëåêòðîìàãíèòíîå ïîëå ýêñïîíåíöèàëüíî çàòóõàåò
ïðè r .

Ïóñòü äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü âíóòðè âîëíîâîäà ÿâ-
ëÿåòñÿ ñêàëÿðíîé ôóíêöèåé è âíóòðè, è âíå âîëíîâîäà è îïðåäå-
ëÿåòñÿ ñëåäóþùèì îáðàçîì:

1, 0, 0 < r < R1,

 =   (1,8 + E)0, R1 < r < R2, (5)

3, 0, r >R2,

ãäå 1, 2, 3 – âåùåñòâåííûå ïîëîæèòåëüíûå ïîñòîÿííûå. Ñðåäà ïðåäïîëà-
ãàåòñÿ èçîòðîïíîé è íåìàãíèòíîé, âî âñåì ïðîñòðàíñòâå ïîëàãàåì  = 0.

Ïîâåðõíîñòíûå âîëíû, ðàñïðîñòðàíÿþùèåñÿ âäîëü îáðàçóþ-
ùåé âîëíîâîäà, îïðåäåëÿåì ïðè ðåøåíèè óðàâíåíèé Ìàêñâåëëà
âî âñåì ïðîñòðàíñòâå.

Íà ðèñ. 1 ïðåäñòàâëåíà ãåîìåòðèÿ çàäà÷è. Öèëèíäð íåîãðàíè-
÷åííî ïðîäîëæàåòñÿ â íàïðàâëåíèè îñè z.
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Ðèñ. 1. Ãåîìåòðèÿ çàäà÷è

Ðàññìîòðèì ÒÌ-âîëíû 

E = (Er, 0, Ez)
T, H = (0, H, 0)T, (6)

ãäå Er = Er(r, , z), E = E(r, , z), H = H(r, , z).

Ìîæåì ïîêàçàòü, ÷òî äëÿ ðàññìàòðèâàåìîé ãåîìåòðèè è âû-
áðàííîé íåëèíåéíîñòè êîìïîíåíòû ïîëåé ìîãóò áûòü ïðåäñòàâëå-
íû â ôîðìå: 

Er = Er(r)e
iz, Ez = Ez(r)e

iz, H = H(r)e
iz, (7)

ãäå  – íåèçâåñòíûé âåùåñòâåííûé ñïåêòðàëüíûé ïàðàìåòð (ïîñòîÿííàÿ
ðàñïðîñòðàíåíèÿ ýëåêòðîìàãíèòíîé âîëíû).

Îáîçíà÷èì k2
0 = 200. Ïîäñòàâèâ êîìïîíåíòû (7) â (3) ïîëó÷èì

{2Er + i
Ez

r
= k2

0
Er, i i

1
r

r

(rEr) – 
1
r

r

(r
Ez

r
) = k2

0
Ez, (8)

ãäå k2
0 = 200 è  = 0, 0, 0 –äèýëåêòðè÷åñêàÿ è ìàãíèòíàÿ ïðî-

íèöàåìîñòè ñâîáîäíîãî ïðîñòðàíñòâà.

Îáîçíà÷àÿ 
Er(r, ) = 1(r, ), (9)
iEz(r, ) = 2(r, ),

ïîëó÷èì èç (8)

{22 + ( – k2
0
)1 = 0, – 

1
r (r1) – 

1
r (r2) = k2

0
2 = 0, (10)

ãäå ïðîèçâîäíàÿ îáîçíà÷àåò äèôôåðåíöèðîâàíèå ïî r ; 1(r, ), 2(r, ) –
âåùåñòâåííûå ôóíêöèè.

Íàéäåì òå äåéñòâèòåëüíûå çíà÷åíèÿ ñïåêòðàëüíîãî ïàðàìåòðà ,
äëÿ êîòîðûõ ñóùåñòâóþò äåéñòâèòåëüíûå íå ðàâíûå òîæäåñòâåííî
íóëþ ðåøåíèÿ 1(r, ), 2(r, ), ñèñòåìû óðàâíåíèé (10).
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Ïîëàãàåì, ÷òî ôóíêöèè 1(r, ), 2(r, ) äèôôåðåíöèðóåìû òà-
êèì îáðàçîì, ÷òî 

1C [0,R1]C[R1,R2]C[R2,+]C1[0,R1]C1[R1,R2]C1[R2,+],
(11)

2C[0,+]C 1[0,R1]C1[R1,R2]C1[R2,+]C2[0,R1]C2[R1,R2]C2[R2,+],

Ïðèíèìàåì, ÷òî 2 > 3.
Ïðè r > R1 ïîëó÷èì  = 10 è ñèñòåìà (10) áóäåò èìåòü âèä

{22 + k2
11 = 0, – 

1
r (r1) – 

1
r (r2) = k2

012 = 0, (12)

ãäå k2
1 = 2 –  k2

01.

Âûðàæàÿ ôóíêöèþ 1 èç ïåðâîãî óðàâíåíèÿ è ïîäñòàâëÿÿ åãî
âî âòîðîå óðàâíåíèå ñèñòåìû, ïîëó÷èì óðàâíåíèå äëÿ ôóíêöèè 2:

– 


k2
1

1
r (r2) – 

1
r (r2) – k2

012 = 0. (13)

Óðàâíåíèå (13) ÿâëÿåòñÿ óðàâíåíèåì Áåññåëÿ è åãî ìîæíî çà-
ïèñàòü â âèäå 

1
r (r2) + k2

012 = 0. (14)

Òîãäà ðåøåíèå ñèñòåìû (11) èìååò âèä

1(r) =  


k1

(C1I 0(k1r) + C1K 0(k1r)),
(15)

2(r) = (C1I0(k1r) + C2K0(k1r)),

Ôóíêöèè I0 è K0 – ìîäèôèöèðîâàííàÿ ôóíêöèÿ Áåññåëÿ è
ôóíêöèÿ Ìàêäîíàëüäà íóëåâûõ ïîðÿäêîâ ñîîòâåòñòâåííî. Ôóíê-
öèÿ Ìàêäîíàëüäà K0(r) ñòðåìèòñÿ ê áåñêîíå÷íîñòè ïðè r  à
ôóíêöèÿ Áåññåëÿ I0(r) îãðàíè÷åíà ïðè r . Ïðèíèìàÿ âî âíè-
ìàíèå óñëîâèå îãðàíè÷åííîñòè ïîëÿ âî âñÿêîé êîíå÷íîé îáëàñòè
è ó÷èòûâàÿ, ÷òî I 0(r) = I1(r), ïîëó÷àåì èç (12)

1(r) =  


k1

C1K1(k1r),
(16)

2(r) = C1I0(k1r).

Ïðè R1 < r < R2 èìååì  = (1,8 + E)0. Òîãäà ñèñòåìà (10)
ïðèìåò âèä

{2 + ((2 – k2
0(1,8 + (2

1 + 2
2))1 = 0,

(17)
–

1
r (r) – 

1
r (r2) – k2

0(1,8 + (2
1 + 2

2))2 = 0.
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Ïðè r > R2 èìååì  = 30. Òîãäà ñèñòåìà (10) ïðèìåò âèä

{2 + k2
31 = 0,

(18)
–

1
r (r) – 

1
r (r2) – k2

032 = 0,

ãäå k2
3 = 2 – k2

03.

Ðåøåíèå ñèñòåìû (18) áóäåò èìåòü ñëåäóþùèé âèä

1(r) =  


k2
1

(C3I 0(k3r) + C4K 0(k3r),
(19)

2(r) = C3I 0(k3r) + C4K0(k3r).

Èçâåñòíî, ÷òî ôóíêöèÿ I0(r) ñòðåìèòñÿ ê áåñêîíå÷íîñòè ïðè 
r , a ôóíêöèÿ K0(r) ñòðåìèòñÿ ê íóëþ ïðè  r . Ïðèíèìàÿ
âî âíèìàíèå äàííûå óñëîâèÿ è ó÷èòûâàÿ òî, ÷òî K 0(r) = –K1(r), ïî-
ëó÷àåì èç (19)

1(r) =  


k2
3

C4K1(k3r),
(20)

2(r) = C4K0(k3r).

Êàê èçâåñòíî, êàñàòåëüíûå ñîñòàâëÿþùèå ýëåêòðîìàãíèòíîãî
ïîëÿ íåïðåðûâíû íà ãðàíèöå ðàçäåëà ñðåä. Â ðàññìàòðèâàåìîì
ñëó÷àå êàñàòåëüíûì ñîñòàâëÿþùèìè ÿâëÿþòñÿ êîìïîíåíòû Ez è
H. Èç ýòîãî óñëîâèÿ ïîëó÷àåì 

Ez(R1 + 0) = Ez(R1 – 0), H(R1 + 0) = H(R1 – 0),
(21)

Ez(R2 + 0) = Ez(R2 – 0), H(R2 + 0) = H(R3 – 0).

Êîìïîíåíòà Er ÿâëÿåòñÿ íîðìàëüíîé êîìïîíåíòîé è íà ãðà-
íèöå ðàçäåëà ñðåä íåïðåðûâíà. 

Èç âûøåñêàçàííîãî ïîëó÷àåì óñëîâèÿ ñîïðÿæåíèÿ äëÿ ôóíê-
öèé 1 è 2: 

[1]|r=R
1

= 0, [2]|r=R
1

= 0, [1]|r=R
2

= 0, [2]|r=R
2

= 0, (22)

ãäå [ f ]|
x=x0

= lim
xx0–0

f (x) –  lim
xx0+0

f (x).

Òîãäà èç (22) ïîëó÷àåì 

1(R1 – 0) = (1,8 + )(R1 + 0), (R1 – 0) = (R1 + 0), (23)

(1,8 + )(R2 – 0) = 3(R2 + 0), (R2 – 0) = (R2 + 0), (24)

ãäå  =  + ,  = (, )
T.
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Ìîæíî óâèäåòü, ÷òî ïðè óìíîæåíèè â (3) ïîëåé E, H íà ïðî-
èçâîëüíóþ ïîñòîÿííóþ C0  0 è êîýôôèöèåíòà íåëèíåéíîñòè íà
C–2

0 ñèñòåìà óðàâíåíèé Ìàêñâåëëà íå èçìåíÿåòñÿ. Îäíàêî ýòî îáñòî-
ÿòåëüñòâî íå äàåò âîçìîæíîñòè âûáîðà äîïîëíèòåëüíîãî óñëîâèÿ
íîðìèðîâêè. Ïîñêîëüêó ïðè ðàñ÷åòàõ ñ êîíêðåòíûì êîýôôèöèåí-
òîì  îêàæåòñÿ, ÷òî ýòîò êîýôôèöèåíò íîðìèðîâàí íà íåèçâåñòíóþ
ïîñòîÿííóþ C–2

0 . Ñ÷èòàÿ ïîñòîÿííóþ Ñ1 çàäàííîé è ðàâíîé åäèíè-
öå, èç (16), (20), (23), (24) ïîëó÷àåì äèñïåðñèîííîå óðàâíåíèå 

() = (2 + r =R2–0)(R2 – 0) – 
3
k3

K1(k3R2)

K0(k3R2)
(R2 – 0). (25)

Òåïåðü ìû ìîæåì ñôîðìóëèðîâàòü íåëèíåéíóþ çàäà÷ó ñîïðÿ-
æåíèÿ íà ñîáñòâåííûå çíà÷åíèÿ, ê êîòîðîé ñâåëàñü èñõîäíàÿ çà-
äà÷à î ðàñïðîñòðàíåíèè âîëí. Òðåáóåòñÿ îòûñêàòüñîáñòâåííûå
çíà÷åíèÿ  è ñîîòâåòñòâóþùèå èì íå ðàâíûå òîæäåñòâåííî íóëþ
ôóíêöèè 1, 2, îïðåäåëÿåìûå âûðàæåíèÿìè (16) ïðè r < R1 è
(20) ïðè  r < R2, óäîâëåòâîðÿþùèå ñèñòåìå óðàâíåíèé (17) ïðè  R1
< r < R2 óñëîâèÿì ñîïðÿæåíèÿ (22).

Äëÿ ïîëó÷åíèÿ ÷èñëåííûõ ðåçóëüòàòîâ ðåøàëàñü ñèñòåìà äèô-
ôåðåíöèàëüíûõ óðàâíåíèé (17) ïðè j = 0 + jh0, j = 0, N – 1

______
, ñ íå-

êîòîðûì øàãîì h0, ãäå   (3, *), * < max(1, 2) (â ëèíåéíîé çà-
äà÷å) è (â íåëèíåéíîé çàäà÷å). Çàòåì âû÷èñëèì çíà÷åíèå (j) è
îïðåäåëèì îòðåçêè èçìåíåíèÿ çíàê ôóíêöèè  (j). Íà êàæäîì îò-
ðåçêå çíà÷åíèå ëîêàëèçèðîâàííîãî êîðíÿ óðàâíåíèÿ () = 0 óòî÷-
íÿëîñü ìåòîäîì äèõîòîìèè.

Ðåçóëüòàòû ðàñ÷åòîâ ïðåäñòàâëåíû íà ðèñ. 2–6.
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Ðèñ. 2. Çàâèñèìîñòü ïîñòîÿííîé
ðàñïðîñòðàíåíèÿ 2 îò ðàäèóñà R2.

Ïðè ðàñ÷åòå èñïîëüçîâàëèñü 
ñëåäóþùèå çíà÷åíèå ïàðàìåòðîâ: 

1 = 4, 2 = 9, 3 = 1, 
R1 = 2,2 < R2 < 12,  = 0, k0 = 1

Ðèñ. 3. Çàâèñèìîñòü ïîñòîÿííîé 
ðàñïðîñòðàíåíèÿ 2 îò ðàäèóñà R2. 

Ïðè ðàñ÷åòå èñïîëüçîâàëèñü 
ñëåäóþùèå çíà÷åíèå ïàðàìåòðîâ: 

1 = 4, 2 = 9, 3 = 1, 
R1 = 2,2 < R2 < 12,  = 0,01



Ëèòåðàòóðà
1. Jun-Sheng Zhao, Weng Cho Chew. Integral equation solution of

Maxwell’s equations from zero frequency to microwave frequencies.
IEEE Transactions on Antennas and Propagation. Vol. 48, Issue 10, 
pp. 1635–1645, 2000.

2. Ismibayli, E. G., Islamov, I. J. and Gaziyev, Y. G. Calculation
Of The Electromagnetic Field Of The Microwave Of Devices With Use
Of Method FDTD and Integral Kirchhoff. International Journal of
Engineering Innovation and Research (IJEIR), Volume 5, Issue 1, 
pp. 103–106, 2016. 

3. Islamov, I. J. Numerical method for analysis of electromagnetic
field of microwave waveguide. International Conference on Antenna
Theory and Techniques. September 9–12, Sevastopol, Ukraine, pp. 45–50,
2003.

127

Ðèñ. 6. Çàâèñèìîñòü ïîñòîÿííîé ðàñïðîñòðàíåíèÿ 2 îò ïîñòîÿííîé Ñ4. 
Ïðè ðàñ÷åòå èñïîëüçîâàëèñü ñëåäóþùèå çíà÷åíèå ïàðàìåòðîâ: 

1 = 4, 2 = 9, 3 = 1, R1 = 2, R2 = 4,  = 0,01, k0 = 1

Ðèñ. 5. Çàâèñèìîñòü ïîñòîÿííîé 
ðàñïðîñòðàíåíèÿ 2 îò êîýôôèöèåíòà

íåëèíåéíîñòè . Ïðè ðàñ÷åòå 
èñïîëüçîâàëèñü ñëåäóþùèå 

çíà÷åíèå ïàðàìåòðîâ: 
1 = 4, 2 = 9, 3 = 1, R1 = 2, 

R2 = 4, k0 = 1

Ðèñ. 5. Çàâèñèìîñòü ïîñòîÿííîé 
ðàñïðîñòðàíåíèÿ 2 îò êîýôôèöèåíòà

íåëèíåéíîñòè . Ïðè ðàñ÷åòå 
èñïîëüçîâàëèñü ñëåäóþùèå 

çíà÷åíèå ïàðàìåòðîâ: 
1 = 4, 2 = 9, 3 = 1, R1 = 2, 

R2 = 4, k0 = 1
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Abstract. Non-stationary processes of heat exchange in a solar plant sys-
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Àíîòàö³ÿ. Äîñë³äæåíî íåñòàö³îíàðí³ ïðîöåñè òåïëîîáì³íó â ãåë³î-
ñèñòåì³ ç òåïëîâèì íàñîñîì ³ ñåçîííèì àêóìóëÿòîðîì òåïëà ç äåâ’ÿòü-
ìà ´ðóíòîâèìè âåðòèêàëüíèìè òåïëîîáì³ííèêàìè â ïðîöåñ³ ïåð³îäè÷íî¿
çàðÿäêè àêóìóëÿòîðà â ë³òí³é ïåð³îä ³ ðîçðÿäêè â çèìîâèé äëÿ ð³çíèõ
ðåã³îí³â Óêðà¿íè. Çàïðîïîíîâàí³ ðåêîìåíäàö³¿ ç âèçíà÷åííÿ êðîêó çîíä³â
ïîâåðõí³ òà ¿õíþ ãëèáèíè çà óìîâè ïîâíîãî çàáåçïå÷åííÿ ñïîæèâà÷à
òåïëà ïðîòÿãîì óñüîãî çèìîâîãî ïåð³îäó.

Êëþ÷îâ³ ñëîâà: ñåçîííèé àêóìóëÿòîð, ãåë³îñèñòåìà, òåïëîâèé íàñîñ.

Introduction. The structure of solar systems of heating is made by
solar collectors, seasonal accumulators of heat and thermal pumps. The
most widespread design of seasonal accumulators of heat are vertical soil
designs from many heat exchangers [1, 2], possessing convenient config-
uration and good operational indicators. Much individual (sectional)
structures of accumulators differ with spatial placing, quantity and their
sizes. The listed structural factors are defined by accumulator working
conditions in a ground, and also the interfaced solar system. A variety of
working conditions of systems of a heat supply demands the reliable sub-
stantiations considering of many factors of operation. For designers pres-
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ence of methodical recommendations for choice constructive and ope-
rational parametres of the interfaced elements of system is important.

The analysis of last researches and publications. Usually the struc-
ture of the soil accumulator is offered to be carried out in the form of
rectangular in respect of a bush with equal step between heat exchan-
gers [2, 3, 4]. Such bushes differ with quantity of heat exchangers, their
length and step. Data [2, 4, 5] shows that the step of an arrangement
of heat exchangers to a bush and their length make essential impact on
quantity of heat saved up in a ground. The step increase leads to growth
of the thermal maintenance of a file. However the step increase leads
to reduction of level of temperatures in a ground that is reflected in
overall performance of the thermal pump. In [4] results of research on
optimization of a step and lengths of heat exchangers on the basis of the
multifactorial mathematical model describing system of interfaced solar
collectors, the soil accumulator and the thermal pump are resulted.
However influence of a temperature mode of charging of the accumu-
lator has not been considered. In [5] results of research on influence of
a step on heat transfer conditions in a soil file proceeding from condi-
tions of a discharge of the accumulator are resulted. Such data cannot
be extended to various service conditions with optimisation regime and
structural factors. In [6–7] techniques and results of calculations are offered
according to heat accumulation in rock at interface of the accumulator to
solar system. The tasks was solved in the simplified statement – at harmo-
nious influences at system a ground-heat exchanger [6], and – at inte-
raction of the soil heat exchanger with a file which temperature was
accepted by a constant [7]. Such statement does not give possibility to
extend results for wide practical realisation. 

The aim. Definition of rational parametres of structure of the sec-
tional soil accumulator of solar system – a step and length of the heat
exchangers, working in an all-the-year-round cycle in various regions,
and also loading characteristics of system on the basis of mathematical
model with multifactorial criterion function.

Statement of the basic material. The architecture of modelling
object included solar system with flat solar collectors (SC), the thermal
pump (TP) and the soil accumulator consisting of 9 vertical in parallel
included heat exchangers of coaxial type in height h and cross-section
step S. The problem was solved in the adjoint the form with conside-
ration of processes of absorption of radiant energy in SC, heat carrying
over to the heat exchanger and a ground, and also energy transforma-
tions in TP. Heat exchange in the soil heat exchanger is described by
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system of the differential equations of power balance of all elements [1]:
the heat-carrier of an internal pipe (submitting) and external (return),
walls of pipes. Heat exchange in a ground is described by the equation
of non-stationary heat conductivity in three-dimensional rectangular
co-ordinates. Boundary conditions are formulated so that to capture
process of carrying over and heat accumulation in a ground both in a
zone of heat exchangers, and in the interfaced peripheral areas. The sys-
tem of the equations was solved acertainly-difference method. 

Material of pipes of the heat exchanger-plastic, heat conductivity
of a wall w = 0,28 W/(m  Ê). Diameter of external pipes of the heat
exchanger according to [1] was accepted equal 180 mm. The heat-car-
rier – water. Therefore heat-carrier cooling in evaporator TP was li-
mited to temperature 1°Ñ. At the analysis work ÒP with different tem-
peratures of the heat-carrier circulating between heat exchangers and
evaporator TP was modelled, and also at change of thermal loading.
Mathematical model TP is developed on the basis of consideration ther-
modynamic and heat-massexchange processes in its elements. The
model researches, allowed to offer the well-founded analytical method
supplementing integrated models of systems of a heat supply of any
configuration with use of heat pumps are conducted. The dependence
of connecting coefficient transformation of heat energy in TP (COP)
with key parametres, being conditions of formation of duty TP is found
and described: temperatures in the evaporator, the condenser, and heat
source in linking to other elements of integrated systems. 

Working conditions of solar system were concretised by co-ordinates
of various regions of Ukraine with latitude from 45 to 51 degrees during
the period which began on April, 15th (the cold season termination) and
came to an end in 6 months (180 days). For research are accepted mod-
ern flat SC with the resulted characteristic U = 4,4W/(m2Ê), where 
U – warmth loss factor; () – optical characteristic SC. The heating
season embraced 6 winter months.

At the solution of system of the equations of mathematical model
temperature patterns in the heat exchanger and a soil file, heat content
of a file of a ground, temperature and speed of heat-transfer agent cir-
culating in solar system in development of daily and seasonal work of
solar system were defined. Iterative calculation of process download heat
defined total area SC which thermal productivity was limited by achieve-
ment of the maximum speed of heat-transfer agent (2 m/s) in soil heat
exchangers at the fixed temperature of heat-transfer agent on an entry in
the heat exchanger. Also iterative calculation defined settlement thermal
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loading of heating and matching settlement (nominal) thermal loading
of evaporator TP. Heating load Qh it was defined on a condition of sa-
tisfaction daily, depending on temperature of outdoor air, the schedule
of thermal loading of a user during all period of heating in various
regions. The algorithm of model allowed to release warmth to a user in
a regime of droppings depending on heat-transfer agent temperature on
an exit from the soil heat exchanger. The bottom criteria of definition
Qh were or a daily deficiency of warmth of a current of any days of the
heating period, or achievement of the minimum temperature of a ground
(background) on average distance between heat exchangers and on depth
to equal semialtitude of a one (ground super-cooling). 

On fig. 1 dependence of optimum depth of the heat exchanger on
a settlement heating load of a user is presented at different temperatures
of heat-transfer agent on an entry to the heat exchanger (tin), and also
thermal diffusivity of a ground (a). Locality latitude  = 46,5deg. The
heating load was defined on all bush consisting of nine heat exchangers.
It is visible that at the same loading depth of the heat exchanger
depends on physical properties of a ground (a) and heat-transfer agent
temperatures. Thermal diffusivity growth leads to decrease of demanded
depth of the heat exchanger. However for depth decrease it is necessary
to reduce at charging heat-transfer agent temperature on an entry in the
heat exchanger. With growth of thermal diffusivity of a ground agency
of temperature of charging decreases. It is connected with speed of
rearrangement of temperature pattern in a ground in variable regimes
download and heat selection. 

Fig. 1. Dependence of optimum depth of the heat exchanger on a settlement
heating load of a user, heat-transfer agent temperatures on an entry 

in the heat exchanger at download and thermal diffusivity of a ground: 
à = 5,510–7m2/s, temperature, °Ñ: 1 – 90; 2 – 70; 3 – 50; à = 9,610–7m2/s,
temperature, °Ñ: 4 – 90; 5 – 70; 6 – 50
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The increase in latitude of locality reduces necessary depth of the
heat exchanger. The analysis of this phenomenon shows that the grea-
test influence on overall performance of solar system in an annual cycle
renders process of a discharge of the accumulator. At charging latitude
influence is shown a little. Features of process of a discharge of the
accumulator lead to that the residual, after full end of seasonal selec-
tion, the quantity of warmth in a ground decreases with latitude growth.
These features are caused by a combination of some factors: a relation-
ship of the periods of work and a pause interval of the TP in the con-
ditions of satisfaction of daily thermal loading, speed of rearrangement
of temperature pattern in a ground, the temperature of outdoor air
influencing the schedule of thermal loading, etc. 

Generalisation of the presented data for optimum depth of the heat
exchanger is optainad in an aspect, m

hopt = 0,444(63,5 – ) – 0,311  Qh(51,3 – ) + 
72 + 12,02  Qh(31,14 – )

a  107(41,4 – )     
,

B = 0,73 – 0,005  tin +  
2,61  Qh

127,7 – tin
.

Area of diagnostic variables Qk = (0,5–25) êW; a = (2,8–9,6)10–7 m2/s;
tin = (50–90)°Ñ;  = (45–51) deg.

Researches on revealing of an optimum step of heat exchangers in
a bush have been spent at change of depth of one, latitudes of locality,
physical properties of a ground and heat-transfer agent temperature on
entry to the heat exchanger at injection heat. The optimum step was
chosen proceeding from a condition of achievement of the greatest
value of a settlement heating load at different productivity of the TP.
The analysis of the gained data showed that naturally resistant to fac-
tors of agency are thermal diffusivity of a ground, temperature of heat-
transfer agent and depth of a heat exchanger (h). Such three-factorial
dependence in generalisation is presented on fig. 2. It is visible that
growth of thermal diffusivity of a ground leads to increase in an opti-
mum step. It is connected with dependence of storing up ability of a file
of a ground on its physical properties. The increase in an optimum step
means impovement of conditions of filling up of a ground by warmth.
Growth of temperature of heat-transfer agent on an entry in the heat
exchanger at download to return the influence – the step decreases.
Thus the influence of depth of a heat exchanger decreases. The gene-
ralising settlement relationship is found in an aspect, m

132



Sopt = 4,4 – 
5,9
h 

+ 
72,7

tin
+ (5,47 – ln tin)(7,3  1012a2 – 6,03  106a)

Area of diagnostic variables: h = 10…100 m, a = (2,8–9,6)10–7 m2/s,
tin = (50–90)°Ñ.

Fig. 2. Dependence of an optimum step of heat exchangers on thermal diffusivity
of a ground, depth of a one and heat-transfer agent temperature 

at charging, h, m/tin, °Ñ: 
1 – 50 /90; 2 – 50/70; 3 – 24/ 50; 4 – 50/50

Conclusions. For the seasonal soil accumulator with nine heat
exchangers the basic influence on a step of heat exchangers on condi-
tions of the greatest calculated load of heating is rendered the thermal
diffusivity of a ground, temperature of heat-transfer agent and depth of
a heat exchanger. With growth of thermal diffusivity the step of heat
exchangers under condition of a full independent heat supply of a user
on a heating load increases, and for soils, for example, with properties
of limestone 6 m attain; in step increase results also growth of temper-
ature of heat-transfer agent in summer download and growth of depth
of a heat exchanger

Depth of heat exchangers should be defined taking into account a
calculated load of heating, thermal diffusivity of a ground, temperature
of heat-transfer agent and locality latitude. With growth of thermal dif-
fusivity of a ground temperature influence becomes considerable, thus
its decrease reduces necessary depth of the heat exchanger.

The generalising dependences allowing on a condition of a ration-
al operating mode of solar system of heating in an all-the-year-round
regime of charging and heat accumulator discharging to define a step of
heat exchangers to a bush and their depth are offered.
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ОТРИМАННЯ ТЕПЛОВОЇ ЕНЕРГІЇ 

ВІД УТИЛІЗАЦІЇ ВІДХОДІВ ДЕРЕВООБРОБКИ 

Àíîòàö³ÿ. Ðîçãëÿíóòî ïèòàííÿ îòðèìàííÿ òåïëîâî¿ åíåðã³¿ ïðè
ñïàëþâàíí³ â³äõîä³â äåðåâîîáðîáíèõ ï³äïðèºìñòâ. Ïðîàíàë³çîâàíî ïîêàç-
íèêè ïåëëåò³â òà äîâåäåíî äîö³ëüí³ñòü ¿õ âèêîðèñòàííÿ ÿê åíåðãåòè÷-
íîãî ðåñóðñó. Ïðîïîíóºòüñÿ âèêîðèñòàííÿ â³äõîä³â äåðåâèíè äëÿ âèãî-
òîâëåííÿ ñåíäâ³÷-ïàíåëåé ç ïîäàëüøèì âèêîðèñòàííÿì ó áóä³âíèöòâ³.

Êëþ÷îâ³ ñëîâà: â³äõîäè äåðåâîîáðîáêè, ïåëëåòè, SIP-ïàíåë³, òåïëî-
òà çãîðÿííÿ, ù³ëüí³ñòü, òåïëîïðîâ³äí³ñòü, ìîðîçîñò³éê³ñòü.

Abstract. The question of receipt of thermal energy is considered at incin-
eration of wastes of woodworking enterprises. The indexes of pellets are ana-
lyzed and expediency of the use is well-proven as a power resource. Utilization
of wastes of wood is offered for making of panels of sandwich with the further
use in building

Keywords: wastes of woodworking, ïåëëåòè, SIP- of panel, warmth of
combustion, closeness, heat-conducting, frost-resistance.

Íà ñüîãîäí³ ðîçâèòîê åíåðãåòèêè ïîòðåáóº çàì³ùåííÿ òðàäè-
ö³éíèõ âèä³â ïàëèâà àëüòåðíàòèâíèìè äæåðåëàìè åíåðã³¿ ç ï³äâè-
ùåííÿì åôåêòèâíîñò³ ¿õ âèêîðèñòàííÿ. Âðàõîâóþ÷è òå, ùî â³äõî-
äè äåðåâîîáðîáêè ñêëàäàþòü âåëèêó ÷àñòèíó â³ä çàãàëüíîãî îáñÿãó
âèêîðèñòàíî¿ ï³äïðèºìñòâàìè äåðåâèíè, ìîæëèâî ðîçãëÿäàòè ¿õ ÿê
îäíå ç òàêèõ äæåðåë [1, 2].

Â³äõîäè, ÿê³ óòâîðèëèñÿ â òåõíîëîã³÷íîìó ïðîöåñ³ îáðîáêè äåðå-
âèíè ïîä³ëÿþòüñÿ íà òåõíîëîã³÷íî îá´ðóíòîâàí³ òà íåîá´ðóíòîâàí³. 

Îñòàíí³ì ÷àñîì ñòâîðåíî íîâ³ òåõíîëîã³¿ ïåðåðîáêè â³äõîä³â äå-
ðåâîîáðîáêè: âèðîáíèöòâî ïëèò (ÄÑÏ); âèãîòîâëåííÿ ïàëèâíèõ
áðèêåò³â; âèðîáíèöòâî áðóñó; âèãîòîâëåííÿ îáëèöüîâóâàëüíèõ ïëèò;
âèðîáíèöòâî òåïëî³çîëÿö³éíèõ ìàòåð³àë³â [3].

Îäíèì ç íàéïåðñïåêòèâí³øèõ ñïîñîá³â âèêîðèñòàííÿ â³äõîä³â
äåðåâîîáðîáêè ìîæëèâî ââàæàòè âèðîáëåííÿ ïàëèâíèõ ãðàíóë
(ïåëëåò) òà âèãîòîâëåííÿ òåðìî³çîëÿö³éíèõ ïàíåëåé (SIP-ïàíåëåé).
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Ðèñ. 1. Ïàëèâí³ ãðàíóëè (ïåëëåòè) òà òåðìî³çîëÿö³éí³ ïàíåë³

Ó êðà¿íàõ ªâðîïè ó âèðîáíèöòâ³ ïåëëåò çàä³ÿíî ïîíàä 250 ï³ä-
ïðèºìñòâ (ðèñ. 2).

Ðèñ. 2. Ïðîâ³äí³ êðà¿íè-âèðîáíèêè ³ ñïîæèâà÷³ ïåëëåò ó ªâðîï³

Âèðîáíèöòâî ïåëëåò â Óêðà¿í³ òàêîæ ðîçâèâàºòüñÿ (ðèñ. 3).

Ðèñ. 3. Âèðîáíèöòâî ãðàíóë â Óêðà¿í³

Îñíîâí³ ïîêàçíèêè, ùî õàðàêòåðèçóþòü ïåëëåòè, íàâåäåíî â
òàáë. 1.
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Òàáëèöÿ 1 
Îñíîâí³ ïîêàçíèêè ïåëëåò

Òåïëîòâîðíà çäàòí³ñòü òàêîãî ïàëèâà º äîñòàòíüî âèñîêîþ –
4,9 êÂò  ãîä/êã, ùî â 1,5 ðàçà á³ëüøå, í³æ ó äåðåâèíè ³ áëèçüêà äî
òåïëîòè çãîðÿííÿ âóã³ëëÿ. Òàê, íàïðèêëàä, âíàñë³äîê ñïàëþâàííÿ
2000 êã ïàëèâíèõ ãðàíóë âèä³ëÿºòüñÿ ñò³ëüêè æ òåïëîâî¿ åíåðã³¿, ÿê
ïðè ñïàëþâàíí³ 957 ì3 ãàçó àáî 1000 ë äèçåëüíîãî ïàëèâà, àáî 1370 ë
ìàçóòó.

Ïîäàëüøèé ðîçâèòîê áóä³âíèöòâà ïîòðåáóº âèêîðèñòàííÿ íî-
â³òí³õ ìàòåð³àë³â, ÿê³ â³äïîâ³äàþòü ñó÷àñíèì âèìîãàì ùîäî åíåð-
ãîçáåðåæåííÿ, åêîëîã³÷íî¿ áåçïåêè òà åêîíîì³÷íî¿ äîö³ëüíîñò³.
Îäí³ºþ ç òàêèõ òåõíîëîã³é º âèðîáíèöòâî ñåíäâ³÷-ïàíåëåé (SIP-
ïàíåëåé).

Ñåíäâ³÷-ïàíåë³ â³äð³çíÿþòüñÿ çíà÷íîþ ì³öí³ñòþ, íåâåëèêîþ
ìàñîþ ³ âèñîêîþ íåñó÷îþ çäàòí³ñòþ, øâèäê³ñòþ ³ çðó÷í³ñòþ ìîí-
òàæó, âèñîêèìè òåïëî- ³ çâóêî³çîëÿö³ºþ, âîëîãîçàõèùåí³ñòþ òà âî-
ãíåñò³éê³ñòþ. Âîíè ïðèäàòí³ äî âèêîðèñòàííÿ ó ð³çíèõ êë³ìàòè÷-
íèõ çîíàõ. Ïàíåë³ ìàþòü âèñîê³ òåïëî³çîëÿö³éí³ âëàñòèâîñò³ òà
ðîçðàõîâàí³ íà òåìïåðàòóðí³ êîëèâàííÿ â³ä –50 äî +50°Ñ. Òàê³ ñà-
ìî íèçüê³ òåïëîâòðàòè ìàº öåãëÿíà ñò³íà òîâùèíîþ 2–3 ìåòðè àáî
ç äîäàòêîâèì óòåïëþâàííÿì (ðèñ. 4).

Äëÿ âèðîáíèöòâà ñò³íîê ñåíäâ³÷-ïàíåëåé âèêîðèñòîâóþòüñÿ
ïëèòè OSB àáî ñòðóæêîâ³ ïëèòè. Â ÿêîñò³ óòåïëþâà÷à âèêîðèñòî-
âóºòüñÿ ï³íîïëàñò ù³ëüí³ñòþ 15–35 êã/ì3. Îñíîâí³ ïîêàçíèêè
ñåíäâ³÷-ïàíåëåé íàâåäåíî â òàáë. 2.

Ïîêàçíèê Çíà÷åííÿ

Òåïëîòà çãîðÿííÿ 4,9 (êÂò  ãîä)/êã

Ù³ëüí³ñòü 1,2–1,3 ò/ì3

Ä³àìåòð 4–10 ìì

Äîâæèíà 20–40 ìì

Âì³ñò âîëîãè 7 %

Âì³ñò çîëè 2 %

Âì³ñò ñ³ðêè 0,1 %

Âì³ñò ïèëó 10 %
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Òàáëèöÿ 2
Îñíîâí³ ïîêàçíèêè ñåíäâ³÷-ïàíåëåé

Ðèñ. 4. Ïîð³âíÿëüíà òîâùèíà áóä³âåëüíèõ ìàòåð³àë³â, ì

ßê ïðèêëàä, ìîæëèâî íàâåñòè Êè¿âñüêèé äåðåâîîáðîáíèé çà-
âîä, äå îö³íþâàëàñü åêîëîãî-åêîíîì³÷íà åôåêòèâí³ñòü ðîçãëÿíóòèõ
òåõíîëîã³é óòèë³çàö³¿ â³äõîä³â äåðåâîîáðîáêè. 

Çàâîä âèêîðèñòîâóº 2200 ì3/ð³ê äåðåâèíè. ×àñòêà â³äõîä³â
(òèðñà, ñòðóæêà, îáð³çêè, äåðåâíå áîðîøíî) ñòàíîâèòü 350 ò/ð³ê ³
âèêîðèñòîâóºòüñÿ â ÿêîñò³ ïàëèâà â êîòëîâîìó àãðåãàò³ ÄÊÂÐ 4/13
äëÿ òåïëîïîñòà÷àííÿ ñóøèëüíîãî ãîñïîäàðñòâà. Äëÿ çìåíøåííÿ
àíòðîïîãåííîãî íàâàíòàæåííÿ íà äîâê³ëëÿ áóëî çàïðîïîíîâàíî
âèùåíàâåäåí³ ìåòîäè óòèë³çàö³¿ â³äõîä³â äåðåâîîáðîáêè.

Äëÿ âèãîòîâëåííÿ ïåëëåò çàïðîïîíîâàíî âñòàíîâëåííÿ ïðåñ-
ãðàíóëÿòîðà KAHL 38–600, à òàêîæ òâåðäîïàëèâíîãî êîòëà Viadrus
Hercules ECO/10 SD äëÿ ¿õ ñïàëþâàííÿ ç ìåòîþ òåïëîçàáåçïå÷åí-
íÿ ñóøèëüíîãî ãîñïîäàðñòâà. Ðîçì³ð ÷èñòîãî åêîíîì³÷íîãî åôåêòó
áëèçüêî 100 000 ãðí. Òåðì³í îêóïíîñò³ òåõíîëîã³¿ âèãîòîâëåííÿ äå-
ðåâíèõ ïåëëåò ñòàíîâèòü 2 ðîêè 9 ì³ñÿö³â.

Ïîêàçíèê Çíà÷åííÿ 

Ì³öí³ñòü 5–10 êã/ñì2

Ù³ëüí³ñòü 30–50 êã/ì3

Òåïëîïðîâ³äí³ñòü 0,03–0,09 Âò/(ì  Ê)

Ìîðîçîñò³éê³ñòü 20–50 öèêë³â

Óñàäêà 0,5–1 % ìì/ì

Âîäîïîãëèíàííÿ 5–10 %

138



Äëÿ âèãîòîâëåííÿ SIP-ïàíåëåé áóëî çàïðîïîíîâàíî âñòàíîâ-
ëåííÿ ôîðìóâàëüíî¿ ë³í³¿ äëÿ OSB ïàíåëåé «Crown Former» ç ïðå-
ñîì «Conti Roll» òà ë³í³¿ «ÌÊÌ-2» äëÿ ïðåñóâàííÿ SIP-ïàíåëåé.
Ðîçì³ð ÷èñòîãî åêîíîì³÷íîãî åôåêòó 4 ìëí 200 òèñ. ãðí. Òåðì³í
îêóïíîñò³ òåõíîëîã³¿ âèãîòîâëåííÿ SIP-ïàíåëåé 1 ð³ê 8 ì³ñÿö³â.

Êàï³òàëüí³ âèòðàòè íà âñòàíîâëåííÿ òåõíîëîã³÷íîãî îáëàäíàí-
íÿ ñòàíîâëÿòü 1,15 ìëí. ãðí.

Âèñíîâêè. Âïðîâàäæåííÿ óòèë³çàö³¿ äåðåâíèõ â³äõîä³â äîçâîëèòü
îòðèìàòè äîäàòêîâó òåïëîâó åíåðã³þ, çìåíøèòè àíòðîïîãåííå íà-
âàíòàæåííÿ íà äîâê³ëëÿ òà ïîêðàùèòè åêîíîì³÷í³ ïîêàçíèêè ï³ä-
ïðèºìñòâ. Îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü ïðî âèñîêó åôåêòèâí³ñòü, à
îòæå – äîö³ëüí³ñòü ðåàë³çàö³¿ âèùåíàâåäåíèõ òåõíîëîã³é.

Ë³òåðàòóðà
1. Âîéöèöüêèé À. Ï., Ìóëÿð Î. Ä., Êðàâåöü Ë. Ã., Íåçäâåöüêà ². Â.

²íæåíåðíà åêîëîã³ÿ. Æèòîìèð: Æèòîìèðñüêèé íàö³îíàëüíèé àãðî-
åêîëîã³÷íèé óí³âåðñèòåò, 2014. – 488 ñ.

2. Ëîòîø Â.Å.Ïåðåðàáîòêà îòõîäîâ ïðèðîäîïîëüçîâàíèÿ. –
Åêàòåðèíáóðã: Ïîëèãðàôèñò, 2007. – 503 ñ.

3. Ñàôîíîâ À. Î. Òåíäåíöèè ðàçâèòèÿ ïðîèçâîäñòâà êîìïîçè-
öèîííûõ ìàòåðèàëîâ èç îòõîäîâ äðåâåñèíû. Íàó÷íûé æóðíàë
ÊóáÃÀÓ. 2012. ¹ 75 (01). – Ñ. 12–18.

²íôîðìàö³ÿ ïðî àâòîð³â: Æóêîâà Í. ²., êàíä. òåõí. íàóê, äîöåíò. 
Email: NataliaZ127@ukr.net
Tel. 095-01-33-974; 067-6962-433

139



УДК 614.8 

КАШТАНОВ С. Ф., канд. техн. наук, доцент 
Національний технічний університет України «КПІ імені Ігоря Сікорського»,
м. Київ, Україна
ОЛІЙНИК А. П., керівник техн. відділу 
«Ітон Електрик», м. Київ, Україна
ДЕМЧУК Г. В., канд. техн. наук, доцент 
Національний технічний університет України «КПІ імені Ігоря Сікорського»,
м. Київ, Україна

ФУНКЦІОНАЛЬНІ МОЖЛИВОСТІ РЕЛЕ БЕЗПЕКИ 

СЕРІЇ ESR5 ТА ОСОБЛИВОСТІ 

ЇХ ЗАСТОСУВАННЯ В СИСТЕМАХ УПРАВЛІННЯ

ВИРОБНИЧИМ ОБЛАДНАННЯМ

Àíîòàö³ÿ. Ïðîàíàë³çîâàí³ ôóíêö³îíàëüí³ ìîæëèâîñò³ íîâ³òí³õ ðåëå
áåçïåêè ñåð³¿ ESR5, ðîçðîáëåíèõ çà ³ííîâàö³éíèìè òåõíîëîã³ÿìè åëåê-
òðîòåõí³÷íîþ Ãðóïîþ «EATON» òà âèçíà÷åí³ îñíîâí³ îñîáëèâîñò³ ¿õ çà-
ñòîñóâàííÿ â ïîâ’ÿçàíèõ ç áåçïåêîþ ñèñòåìàõ óïðàâë³ííÿ ïðîìèñëîâèì
îáëàäíàííÿì ³ íàäàí³ â³äïîâ³äí³ ïðàêòè÷í³ ðåêîìåíäàö³¿. 

Êëþ÷îâ³ ñëîâà: áåçïåêà, ðèçèêè, ñèñòåìè óïðàâë³ííÿ, ïðîìèñëîâå îá-
ëàäíàííÿ.

Abstract. The functional capabilities of the innovative safety relays of the
ESR5 series of the electro technical group «EATON» are analyzed and the
main features of their application in industrial equipment security management
systems are determined and relevant practical recommendations are given.

Keywords: safety, risks, control systems, industrial equipment.

Ì³æíàðîäíà êîðïîðàö³ÿ «EATON», äî ñêëàäó ÿêî¿ óâ³éøëè êîì-
ïàí³¿ «MOELLER» òà «COOPER», ðîçðîáèëà çà ³ííîâàö³éíèìè òåõ-
íîëîã³ÿìè íîâ³òí³ ðåëå áåçïåêè ñåð³¿ ESR5, ùî äàþòü ìîæëèâ³ñòü
åôåêòèâíî òà ÿê³ñíî âèð³øóâàòè áóäü-ÿê³ çàäà÷³ ç áåçïåêè åêñïëóà-
òàö³¿ ïðîìèñëîâîãî îáëàäíàííÿ. Ö³ ðåëå áåçïåêè â³äïîâ³äàþòü âñ³ì
³ñíóþ÷èì âèìîãàì Äèðåêòèâ ³ Òåõí³÷íèõ ðåãëàìåíò³â òà ñòàíäàðò³â
ªâðîïåéñüêîãî Ñîþçó ³ Óêðà¿íè ç áåçïåêè åêñïëóàòàö³¿ âèðîáíè÷î-
ãî îáëàäíàííÿ [1–6], â òîìó ÷èñë³ ³ âèìîãàì EN 954-1 (ÄÑÒÓ 
EN 954-1EN), ISO 13849-1/-2 (ÄÑÒÓ EN ISO 13849-1) òà IEC 62061. 
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Îñíîâíîþ ìåòîþ ö³º¿ ðîáîòè º îçíàéîìëåííÿ ñïåö³àë³ñò³â, ÿê³
ïðîåêòóþòü ñèñòåìè óïðàâë³ííÿ áåçïåêîþ âèðîáíè÷îãî îáëàäíàí-
íÿ, ç íîâèìè ³ííîâàö³éíèìè òåõíîëîã³ÿìè òà äîñÿãíåííÿìè êîð-
ïîðàö³¿ «EATON» â ö³é ñôåð³, à ñàìå ç îñîáëèâîñòÿìè ôóíêö³îíó-
âàííÿ òà çàñòîñóâàííÿ ðåëå áåçïåêè îñòàííüî¿ ñåð³¿ ESR5.

Îñíîâí³ ôóíêö³¿ áåçïåêè, ÿê³ ìîæóòü áóòè ðåàë³çîâàí³ çà äîïî-
ìîãîþ çàõèñíèõ ðåëå ñåð³¿ ESR5, öå: 

 àâàð³éíå â³äêëþ÷åííÿ îáëàäíàííÿ; 
 êîíòðîëü ðóõîìèõ (ç’ºìíèõ) çàõèñíèõ îãîðîäæåíü (áåç áëî-

êóâàííÿ àáî ç áëîêóâàííÿì);
 êîíòðîëü â³äêðèòèõ çîí íåáåçïåêè;
 êîíòðîëü ñâ³òëîâèõ áàð’ºð³â;
 êîíòðîëü äâîïîçèö³éíîãî (äâîðó÷íîãî) óïðàâë³ííÿ (òèïó I, II

àáî III);
 çàïîá³ãàííÿ íåïåðåäáà÷åíîãî çàïóñêó îáëàäíàííÿ (ïîâòîð-

íèõ ïåðåçàïóñê³â).
Ó ðàç³ àâàð³éíîãî â³äêëþ÷åííÿ òà êîíòðîëþ ðóõîìèõ çàõèñíèõ

îãîðîæ, âíóòð³øíÿ ëîã³êà çàõèñíèõ ðåëå êîíòðîëþº ëàíöþã çàáåç-
ïå÷åííÿ áåçïåêè (àâàð³éíà çóïèíêà, çàõèñíå áëîêóâàííÿ) ³ çàïóñ-
êàº àëãîðèòì ðîçáëîêóâàííÿ ëèøå ò³ëüêè ï³ñëÿ óñóíåííÿ ³ñíóþ÷èõ
íåñïðàâíîñòåé. Ïðè öüîìó ëàíöþã óïðàâë³ííÿ ðîçáëîêóâàííÿì
â³äêëþ÷àºòüñÿ ÿê ó âèïàäêó ïðèâåäåííÿ â ä³þ çàõèñíèõ ïðèñòðî¿â,
òàê ³ ó ðàç³ íàÿâíîñò³ íåñïðàâíîñò³ îáëàäíàííÿ. Òàêîæ ñë³ä çàçíà-
÷èòè, ùî íåñïðàâíîñò³, ÿê³ ìîæóòü ìàòè ì³ñöå â ëàíöþãàõ óïðàâ-
ë³ííÿ îáëàäíàííÿì, âêëþ÷àþ÷è êîðîòêå çàìèêàííÿ íà çåìëþ, êî-
ðîòêå çàìèêàííÿ ì³æ ïðîâîäàìè àáî îáðèâè â ëàíöþãàõ óïðàâë³í-
íÿ, ìîæóòü áóòè íàä³éíî ³ øâèäêî âèÿâëåí³. Êð³ì òîãî, ³ öå äóæå
âàæëèâî, ïðèâåäåííÿ â ä³þ àëãîðèòìó ðîçáëîêóâàííÿ, â ðàç³ íå-
ñïðàâíîñò³ îáëàäíàííÿ, ïîâí³ñòþ âèêëþ÷åíî.

Òàêîæ â îêðåìèõ òèïàõ çàõèñíèõ ðåëå
ñåð³¿ ESR5 ïåðåäáà÷åíî ìîæëèâ³ñòü çàñòîñó-
âàííÿ â³äïîâ³äíî¿ çàòðèìêè ¿õ ñïðàöþâàííÿ,
íàïðèêëàä, äëÿ ESR5-VE3-42 ä³àïàçîí ðåãó-
ëþâàííÿ çàòðèìêè ñêëàäàº â³ä 0,3 ñ. äî 3 ñ.,
äëÿ ESR5-NV-30 öå âæå ä³àïàçîí â³ä 0,1 ñ.
äî 30 ñ., à äëÿ ESR5-NV-300 ìîæëèâèé ä³-
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àïàçîí ðåãóëþâàííÿ çàòðèìêè ñïðàöþâàííÿ çàõèñíîãî ðåëå ñêëà-
äàº ùå á³ëüøå, à ñàìå â³ä 0,2 ñ. äî 300 ñ., ùî áåçóìîâíî, äàº ìîæ-
ëèâ³ñòü ìàêñèìàëüíî ï³äâèùèòè ð³âåíü áåçïåêè ïðîìèñëîâîãî îá-
ëàäíàííÿ.

Ïðè âèêîðèñòàíí³ çàõèñíèõ ðåëå ñåð³¿ ESR5 ó ñèñòåìàõ óï-
ðàâë³ííÿ áåçïåêîþ îáëàäíàííÿ, ïîçèö³ÿ ðóõîìèõ (ç’ºìíèõ) çàõèñ-
íèõ îãîðîäæåíü âèçíà÷àºòüñÿ çàâäÿêè âèêîðèñòàííþ ïîçèö³éíèõ
ïåðåìèêà÷³â ³ áåçêîíòàêòíèõ äàò÷èê³â, ñòàí ÿêèõ ïîñò³éíî êîíòðî-
ëþºòüñÿ ³ îö³íþºòüñÿ ëîã³÷íèìè åëåìåíòàìè çàõèñíèõ ðåëå, ùî ³ íà-
äàº ìîæëèâ³ñòü çàáåçïå÷èòè íåîáõ³äíèé ñòóï³íü çíèæåííÿ ðèçèêó.

Ó ðàç³ âèêîðèñòàííÿ ñâ³òëîâèõ áàð’ºð³â, âñ³ âèïàäêîâ³ àáî íå-
ñàíêö³îíîâàí³ ïðîíèêíåííÿ â íåáåçïå÷í³ çîíè òàêîæ ìèòòºâî ³
íàä³éíî âèçíà÷àþòüñÿ ³ îö³íþþòüñÿ ëîã³÷íèìè åëåìåíòàìè çàõèñ-
íèìè ðåëå ñåð³¿ ESR5.

Äëÿ êîíòðîëþ äâîïîçèö³éíîãî (äâîðó÷íîãî) óïðàâë³ííÿ ðîç-
ðîáëåíî ñïåö³àë³çîâàíå çàõèñíå ðåëå ESR5-NZ-21-24VAC-DC, à
òàêîæ äâîïîçèö³éíèé (äâîðó÷íèé) ïóëüò êåðóâàííÿ «Two-hand
control panel», âèêîðèñòàííÿ ÿêèõ çàáåçïå÷óº:

 äâîïîçèö³éíå (äâîðó÷íå) óïðàâë³ííÿ ç êîíòðîëåì îäíî÷àñ-
íîñò³ (ñèíõðîí³çìó) <0,5 ñ, ùî çã³äíî ç EN 574 â³äïîâ³äàº òèïó
IIIC, ³ òàêîæ äàº ìîæëèâ³ñòü îòðèìàííÿ ìàêñèìàëüíî¿ 4-¿ êàòåãîð³¿
áåçïåêè;

 êîíòðîëü êåðóþ÷èõ òà çàõèñíèõ ïðèñòðî¿â ó â³äïîâ³äíîñò³ äî
âèìîã EN 1088 ç êîíòðîëåì îäíî÷àñíîñò³ (ñèíõðîí³çìó) <0,5 ñ., ³
òàêîæ äàº ìîæëèâ³ñòü îòðèìàííÿ ìàêñèìàëüíî¿ 4-¿ êàòåãîð³¿ áåç-
ïåêè.

Íåîáõ³äíî òàêîæ çàçíà÷èòè, ùî êîíòðîëü ³ìïóëüñíî¿ ïîñë³äî-
âíîñò³ ìîæå çä³éñíþâàòèñÿ â ESR5-NZ-21-24VAC-DC ÿê ó ðàç³
æèâëåííÿ â³ä äæåðåëà çì³ííîãî, òàê ³ ïîñò³éíîãî ñòðóìó.

Ùî ñòîñóºòüñÿ çàïîá³ãàííÿ íåïåðåäáà÷óâàíèõ çàïóñê³â îáëàä-
íàííÿ àáî éîãî ïîâòîðíîãî ïåðåçàïóñêó, òî ðåëå áåçïåêè ñåð³¿
ESR5 ïðàêòè÷íî ïîâí³ñòþ âèêëþ÷àþòü òàêó ìîæëèâ³ñòü, â òîìó
÷èñë³ ³ ìîæëèâ³ñòü àâòîìàòè÷íîãî ïåðåçàïóñêó îáëàäíàííÿ ïðè
â³äíîâëåíí³ íàïðóãè, îñê³ëüêè öå ìîæå ïðèâåñòè äî âèíèêíåííÿ
äóæå íåáåçïå÷íèõ ñèòóàö³é. Òàêîæ çàâäÿêè àëãîðèòìó ðîáîòè
ëîã³êè çàõèñíèõ ðåëå ESR5, ó ðàç³ â³äíîâëåííÿ íàïðóãè â åëåêòðî-
ìåðåæ³, îáëàäíàííÿ ìîæå áóòè çàïóùåíî ëèøå çà äîïîìîãîþ ïðè-
ìóñîâî¿ êîìàíäè «Ïóñê».

Ðåëå áåçïåêè ñåð³¿ ESR5 çàëåæíî â³ä ¿õ òèïó, çàáåçïå÷óþòü
ð³çí³ êàòåãîð³¿ áåçïåêè, à òàêîæ ìàþòü ð³çí³ ñòðóêòóðè ùîäî ìîæ-
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ëèâîñò³ çàáåçïå÷åííÿ êîíòðîëþ çà áåçïå-
êîþ ñèñòåì óïðàâë³ííÿ ³ç çàäàíèìè õàðàê-
òåðèñòèêàìè (EN 954-1 òà EN ISO 13849-1).
Ó òàáëèö³ 1 íàâåäåíî ïåðåë³ê îñíîâíèõ
òèï³â çàõèñíèõ ðåëå ñåð³¿ ESR5 òà ¿õ îñíîâ-
íèõ ïîêàçíèê³â ùîäî êàòåãîð³¿ áåçïåêè Cat
(EN 954-1, ÄÑÒÓ EN 954-1), ñòðóêòóðè òà
ð³âí³â åêñïëóàòàö³éíî¿ áåçïåêè PL (EN ISO 13849, ÄÑÒÓ EN 
ISO 13849-1) ³ ïîâíîòè áåçïåêè SIL (IEC 62061).

Òàáëèöÿ 1 
Îñíîâí³ ïîêàçíèêè áåçïåêè çàõèñíèõ ðåëå ñåð³¿ ESR5

Ïðèêäàä ðåàë³çàö³¿ ñõåìè ìîí³òîðèíãó ðó-
õîìîãî çàõèñíîãî îãîðîäæåííÿ ³ç çàõèñíèì ðå-
ëå ESR5-NO-41-24VAC-DC ç îäíîêàíàëüíîþ
ñòðóêòóðîþ ïðèâåäåíèé íà ðèñ. 1.

Òèï çàõèñíîãî 
ðåëå ñåð³¿ ESR5

Êàòåãîð³ÿ
áåçïåêè

Cat
Ñòðóêòóðà

Ð³âåíü 
åêñïëóàòàö³éíî¿

áåçïåêè 

Ð³âåíü
ïîâíîòè
áåçïåêè 

ESR5-NO-21-24VAC-DC 4 Äâîêàíàëüíà, 
ñàìîêîíòðîëü PLe SIL 3

ESR5-NO-31-24VAC-DC 4 Äâîêàíàëüíà, 
ñàìîêîíòðîëü PLe SIL 3

ESR5-NO-31-230VAC 4 Äâîêàíàëüíà, 
ñàìîêîíòðîëü PLe SIL 3

ESR5-NO-31-AC-DC 4 Äâîêàíàëüíà, 
ñàìîêîíòðîëü PLe SIL 3

ESR5-NV-30 4 Äâîêàíàëüíà, 
ñàìîêîíòðîëü PLe SIL 3

ESR5-NV-300 4 Äâîêàíàëüíà, 
ñàìîêîíòðîëü PLe SIL 3

ESR5-NO-41-24VAC-DC 2 Îäíîêàíàëüíà,
êîíòðîëüîâàíà PLd SIL 3

ESR5-NO-51-24VAC-DC 4 Äâîêàíàëüíà, 
ñàìîêîíòðîëü PLe SIL 3

ESR5-NZ-21_24VAC-DC 4 Äâîêàíàëüíà, 
ñàìîêîíòðîëü PLe SIL 3

ESR5-VE3-42 2 Îäíîêàíàëüíà,
êîíòðîëüîâàíà PLd SIL 3
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Çã³äíî ç ïðîâåäåíèìè ðîçðàõóíêàìè, ó ðàç³ çàñòîñóâàííÿ çà-
õèñíèõ ðåëå ñåð³¿ ESR5 [7], öå òåõí³÷íå ð³øåííÿ, ÿê ³ ³íø³, ùî
ïðîïîíóþòüñÿ ñïåö³àë³ñòàìè åëåêòðîòåõí³÷íî¿ Ãðóïè «EATON»,
äîçâîëÿº ãàðàíòîâàíî çàáåçïå÷èòè íåîáõ³äí³ ñòàíäàðòè áåçïåêè
âèðîáíè÷îãî îáëàäíàííÿ ³ âèêîíàííÿ âñ³õ âèìîã EN ISO 13849 òà
IEC 62061 çà òàêèìè ïîêàçíèêàìè (äèâ. òàáëèöþ 2). 

Òàáëèöÿ 2 
Ïîêàçíèêè áåçïåêè ñõåìè ìîí³òîðèíãó ðóõîìîãî çàõèñíîãî îãîðîäæåííÿ

³ç ðåëå áåçïåêè ESR5-NO-41-24VAC-DC

Âèñíîâêè. Íàâåäåí³ äàí³ ñâ³ä÷àòü ïðî òå, ùî çàñòîñóâàííÿ çà-
õèñíèõ ðåëå îñòàííüî¿ ñåð³¿ ESR5, ïðè âèêîíàíí³ âñ³õ ðåêîìåíäàö³é
ñïåö³àë³ñò³â åëåêòðîòåõí³÷íî¿ Ãðóïè «EATON» äîçâîëÿº ãàðàíòîâà-
íî çàáåçïå÷èòè ó â³äïîâ³äíîñò³ äî ³ñíóþ÷èõ âèìîã EN 954-1 (ÄÑÒÓ
EN 954-1), EN ISO 13849 (ÄÑÒÓ EN ISO 13849) òà IEC 62061, âè-
ñîê³é ð³âåíü áåçïåêè âèðîáíè÷îãî îáëàäíàííÿ òà íàä³éíó ðîáîòó
ñèñòåì óïðàâë³ííÿ ïðè éîãî åêñïëóàòàö³¿.

Ïîêàçíèêè áåçïåêè EN ISO 13849 Ïîêàçíèêè áåçïåêè IEC 62061

Ñòðóêòóðà Ñòðóêòóðà Cat. 1 Ñòðóêòóðà Ñòðóêòóðà SS A

MTTFd 100 years PFHd 5.24  10–8

Â10d
B1: 20000000,

Q1–Q3: 1300000 B10 B1: 4000000,
Q1–Q3: 975000

nop
B1, Q1: 12960,
Q2–Q3: 6500

d/
B1: 0.2, 

Q1–Q3: 0.75

DCavg 90.79 %  0.05

PL C DC
B1: 0 %, 
K1: 90 %,

Q1–Q3: 99 %

T10d

K1: 10 years, 
all others: 
> 20 years

SIL 1
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Ðèñ. 1. Ìîí³òîðèíã ðóõîìîãî çàõèñíîãî îãîðîäæåííÿ 
³ç çàñòîñóâàííÿì ðåëå áåçïåêè ESR5-NO-41-24VAC-DC

Ë³òåðàòóðà
1. Machinery Directive: Directive 2006/42/EC of the European

Parliament and of the Council of 17 May 2006. / Official Journal of the
European Union – 09.06.2006. L157. – Pp. 24–86.

2. On approval of Technical regulation safety of machines /
Cabinet of Ministers of Ukraine of January 30, 2013 ¹ 62 (as amend-
ed according to CM number 632 (632-2013-P) on 08.28.2013).

3. EN ISO 12100-1/2. Safety of machinery General principles for
design and risk evaluation. Basic concepts.
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4. ÄÑÒÓ EN 954-1:2003. Áåçïå÷í³ñòü ìàøèí. Åëåìåíòè áåçïå÷-
íîñò³ ñèñòåì êåðóâàííÿ. ×àñòèíà 1. Çàãàëüí³ ïðèíöèïè ïðîåêòóâàííÿ.

5. ÄÑÒÓ EN ISO 13849-1:2016. Áåçïå÷í³ñòü ìàøèí. Äåòàë³ ñè-
ñòåì óïðàâë³ííÿ, ïîâ’ÿçàí³ ç çàáåçïå÷åííÿì áåçïåêè. ×àñòèíà 1.
Çàãàëüí³ ïðèíöèïè ïðîåêòóâàííÿ.

6. IEC 62061. Safety of machinery – Functional safety of safety-rela-
ted electrical, electronic and programmable electronic control systems.

7. Safety Manual. Safety technology for machines and systems in ac-
cordance with the international standards EN ISO 13849-1 and IEC 62061.

²íôîðìàö³ÿ ïðî àâòîð³â:
http://moeller.kiev.ua/rukovodstvo-po-bezopasnosti
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ОСОБЛИВОСТІ КОМУТАЦІЙНИХ ПРИСТРОЇВ 

З РІДИННО"МЕТАЛЕВИМИ КОНТАКТАМИ

Àíîòàö³ÿ. Ðîçãëÿíóòî òåõíîëîã³÷í³ ð³øåííÿ, ñïðÿìîâàí³ íà ñòâîðåí-
íÿ ñèëüíîñòðóìîâèõ âèáóõîáåçïå÷íèõ åëåêòðè÷íèõ àïàðàò³â, çäàòíèõ
ïðàöþâàòè â óìîâàõ àãðåñèâíîãî âïëèâó çîâí³øíüîãî ñåðåäîâèùà. Âèêîíà-
íî àíàë³ç ðîáîòè åëåêòðè÷íèõ àïàðàò³â íà îñíîâ³ ðîçïëàâëåíèõ ìåòàë³â.

Êëþ÷îâ³ ñëîâà: ð³äèííî-ìåòàëåâ³ êîíòàêòè (ÐÌÊ), êîìóòàö³éíèé
àïàðàò, äóãîãàñ³ííÿ, êëàñèô³êàö³ÿ.

Abstract. The technological solutions aimed at creation of high-voltage
explosion-proof electrical apparatus capable of operating in conditions of
aggressive influence of the external environment are considered. An analysis of
the work of electric apparatuses based on molten metals has been performed.

Keywords: Liquid metal contacts (LMC), commutation device, arc-field,
classifying.

Âñòóï. Óñï³øíå ôóíêö³îíóâàííÿ åëåêòðîóñòàòêóâàííÿ â çíà÷-
í³é ì³ð³ çàëåæèòü â³ä ÷³òêî¿ ðîáîòè ÷èñëåííèõ åëåêòðè÷íèõ êîí-
òàêò³â, ùî â³ä³ãðàþòü äóæå âàæëèâó ðîëü ó ñó÷àñíèõ åëåêòðîòåõí³÷-
íèõ òà åëåêòðîòåõíîëîã³÷íèõ óñòàíîâêàõ.

Çà îñòàíí³ ðîêè îñíîâè òåîð³¿ êîíòàêòíî¿ êîìóòàö³¿ çáàãà÷åí³
òåîðåòè÷íèìè ³ åêñïåðèìåíòàëüíèìè äîñë³äæåííÿìè [4]. Á³ëü-
ø³ñòü äîñë³äæåíü ³ ïðàêòè÷íèõ ðîçðîáîê ñïðÿìîâàí³ íà âèð³øåí-
íÿ êîíêðåòíèõ ïðîáëåì, íàïðèêëàä, ñòâîðåííÿ âèáóõîáåçïå÷íî¿ òà
ïðàöþþ÷î¿ ïðè áóäü-ÿê³é îð³ºíòàö³¿ êîìóòàö³éíî¿ àïàðàòóðè,
îäåðæàííÿ ì³í³ìàëüíîãî ïåðåõ³äíîãî êîíòàêòíîãî îïîðó, ì³í³-
ìàëüíîãî åëåêòðè÷íîãî çíîøóâàííÿ, íàéá³ëüøî¿ äîïóñòèìî¿ ù³ëü-
íîñò³ ñòðóìó, íàéìåíøî¿ çâàðþâàíîñò³ òîùî. Ïðè öüîìó âñå á³ëü-
øà óâàãà ïðèä³ëÿºòüñÿ òàêîìó ð³øåííþ ïðîáëåìè, ó ÿêîìó åêîíî-
ì³÷íèé ôàêòîð º îäíèì ç âèð³øàëüíèõ.
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Ó ãàëóç³ äîñë³äæåíü òðàäèö³éíèõ òâåðäîìåòàëåâèõ êîíòàêò³â
òðèâàþòü ³íòåíñèâí³ ïîøóêè íîâîãî á³ëüø äåøåâîãî êîíòàêòíîãî
ìàòåð³àëó, çäàòíîãî çàì³íèòè àáî íàâ³òü ïåðåâåðøèòè ïî ñâî¿õ âëà-
ñòèâîñòÿõ â³äîìó êîìïîçèö³þ AgÑdo. Ïðè öüîìó ïåðåâàãà â³ääà-
ºòüñÿ ìàòåð³àëàì, îòðèìàíèì ìåòîäîì âíóòð³øíüîãî îêèñíåííÿ ç
âîëîêíèñòîþ ñòðóêòóðîþ [4].

Ïðàãíåííÿ äî îäåðæàííÿ ìàêñèìàëüíî¿ ù³ëüíîñò³ ñòðóìó â
êîíòàêòíîìó ïåðåõîä³, ì³í³ìàëüíèõ ãàáàðèò³â, ìîæëèâîñò³ åêñïëó-
àòàö³¿ â åêñòðåìàëüíèõ óìîâàõ ³ ðÿä ³íøèõ ì³ðêóâàíü ³ ôàêòîð³â
îáóìîâèëè áóðõëèâèé ðîçâèòîê ³ ñòàíîâëåííÿ ð³äèííî-ìåòàëåâî¿
êîíòàêòíî¿ òåõí³êè [6, 7, 9, 14].

Ìåòà ðîáîòè – àíàë³ç âëàñòèâîñòåé ð³äèííî-ìåòàëåâèõ êîí-
òàêò³â òà ¿õ êëàñèô³êàö³ÿ.

ÐÌÊ ìàþòü ö³ëèé ðÿä ïîçèòèâíèõ âëàñòèâîñòåé:
1. Íèçüêèé ³ ñòàá³ëüíèé ïåðåõ³äíèé îï³ð.
Ïåðåõ³äíèé îï³ð ÐÌÊ ñêëàäàºòüñÿ ç îïîðó ïîâåðõíåâî¿ ïë³âêè

ì³æ òâåðäèì åëåêòðîäîì ³ ð³äêèì ìåòàëîì, à òàêîæ îïîðó ð³äêîãî
ìåòàëó àáî, ùî óòâîðþþòüñÿ ³íòåðìåòàëåâèõ ñïëàâ³â ³ ç’ºäíàíü. Ïå-
ðåõ³äíèé îï³ð íå çàëåæèòü â³ä ïîëÿðíîñò³ íàïðóãè äæåðåëà ³ âåëè÷è-
íè ñòðóìó, à âèçíà÷àºòüñÿ ô³çèêî-õ³ì³÷íèìè âëàñòèâîñòÿìè òâåðäî-
ìåòàëåâîãî åëåêòðîäà ³ ð³äêîãî ìåòàëó, ¿õ òåìïåðàòóðîþ, íàâêîëèø-
í³ì ñåðåäîâèùåì òà êîíñòðóêö³ºþ êîíòàêòíîãî ïåðåõîäó. Ç ïîãëÿäó
ñòàá³ëüíîñò³ îïîðó âèáèðàºòüñÿ òàêà êîíòàêòíà ïàðà ìåòàë³â, ùîá
ð³äêèé ìåòàë çìî÷óâàâ òâåðäèé. Ïðè öüîìó ïîâ³òðÿ íå ìîæå ïðîíèê-
íóòè â çîíó êîíòàêòó òà ó ñèëó öüîãî îêèñíà ïë³âêà íå ìîæå óòâî-
ðþâàòèñÿ íà òâåðä³é ïîâåðõí³. B äåÿêèõ âèïàäêàõ äëÿ çàáåçïå÷åííÿ
ô³òèíãó ïî âñ³é ïîâåðõí³ êîíòàêòóâàííÿ ð³äêîãî ìåòàëó òâåðäîìåòà-
ëåâà ïîâåðõíÿ õ³ì³÷íî àêòèâóºòüñÿ êèñëîòîþ ç íàñòóïíèì êîíòàêò-
íèì ì³äíþâàííÿì, ùî âèêëþ÷àº óòâîðåííÿ îê³ñíèõ ïë³âîê. Òîíêèé
øàð ì³äíîãî ïîêðèòòÿ ó âèêîðèñòîâóâàíèõ ð³äêèõ ìåòàëàõ ëåãêî ðîç-
÷èíÿºòüñÿ, çàáåçïå÷óþ÷è íèçüêèé ïåðåõ³äíèé îï³ð. Íèçüêèé ïå-
ðåõ³äíèé îï³ð äîçâîëÿº äîñÿãòè â ÐÌÊ ù³ëüíîñò³ ñòðóì³â, ùî ïåðå-
âèùóþòü äåñÿòêè ³ ñîòí³ àìïåð íà êâàäðàòíèé ì³ë³ìåòð.

2. Â³äñóòí³ñòü íåîáõ³äíîñò³ â êîíòàêòíîìó íàòèñêàíí³.
Âèõ³äíèìè ïîêàçíèêàìè äëÿ êîíñòðóþâàííÿ ïðèâîä³â ÐÌÊ ³

âèçíà÷åííÿ ¿õ ïîòóæíîñò³ º øâèäêîä³ÿ, îá’ºì ³ âàãà ð³äêîãî ìåòàëó.
Äëÿ ïðèâîä³â ð³äèííî-ìåòàëåâèõ êîíòàêòíèõ ïðèñòðî¿â õàðàêòåðí³
ïðîñòîòà, íèçüê³ âàãî-ãàáàðèòí³ ïîêàçíèêè òà ìàëà ïîòóæí³ñòü. B
ÐÌÊ â³äêðèâàºòüñÿ ìîæëèâ³ñòü ñòâîðåííÿ ïðèâîä³â ç âèêîðèñòàí-
íÿì äëÿ êîìóòàö³¿ åíåðã³¿ ëàíöþãà, ùî ðîçìèêàºòüñÿ (ï³í÷-åôåêò).
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3. Â³äñóòí³ñòü ìåõàí³÷íî¿ â³áðàö³¿, çâàðþâàííÿ òà çëèïàííÿ êîí-
òàêò³â.

Öÿ õàðàêòåðèñòèêà ÐÌÊ âèçíà÷àºòüñÿ âëàñòèâ³ñòþ òåêó÷îñò³
ð³äêîãî ìåòàëó ³ º î÷åâèäíîþ.

4. Ìîæëèâ³ñòü ðîáîòè ïðè âèñîêèõ çîâí³øí³õ òèñêàõ, âèñîêèõ
òåìïåðàòóðàõ ³ â ãëèáîêîìó âàêóóì³.

Âèñîêèé çîâí³øí³é òèñê, ÿê ³ ãëèáîêèé âàêóóì ìîæíà âèêî-
ðèñòîâóâàòè â äåÿêèõ êîíñòðóêö³ÿõ ÐÌÊ äëÿ ïîë³ïøåííÿ ¿õ òåõ-
í³÷íèõ õàðàêòåðèñòèê çà ðàõóíîê ïîêðàùåííÿ óìîâ äóãîãàñ³ííÿ
àáî ñòàá³ëüíîñò³ ïåðåõ³äíîãî îïîðó. Òåìïåðàòóðí³ ðåæèìè ÐÌÊ
âèçíà÷àþòüñÿ âëàñòèâîñòÿìè âèêîðèñòîâóâàíèõ ìåòàë³â. Íåîáõ³ä-
íå ïåðåâèùåííÿ òåìïåðàòóðè ð³äêîãî ìåòàëó íàä òåìïåðàòóðîþ
éîãî ïëàâëåííÿ âèçíà÷àºòüñÿ âëàñòèâîñòÿìè ìåòàëó é êîíñòðóê-
ö³ºþ ïðèñòðîþ. B ÐÌÊ â³äêðèâàºòüñÿ ìîæëèâ³ñòü ñòâîðåííÿ äî-
äàòêîâîãî êîíâåêòèâíîãî òåïëîîáì³íó.

5. Ìîæëèâ³ñòü ì³í³àòþðèçàö³¿ êîíòàêòíèõ ïðèñòðî¿â.
Öÿ õàðàêòåðèñòèêà ÐÌÊ çàáåçïå÷óºòüñÿ íàñàìïåðåä á³ëüøîþ

ù³ëüí³ñòþ ñòðóìó ³ ìàëèìè ãàáàðèòàìè ïðèâîäíèõ ìåõàí³çì³â.
Ð³äèííî-ìåòàëåâ³ êîíòàêòè ìàþòü ³ ñâî¿ íåäîë³êè, ÿê³ â ðÿä³

âèïàäê³â º ïåðåøêîäîþ äëÿ øèðîêîãî çàñòîñóâàííÿ ÐÌÊ. Äî íèõ
ñë³ä â³äíåñòè íàñòóïíå:

1) Íåîáõ³äí³ñòü ðåòåëüíî¿ ãåðìåòèçàö³¿ êîíòàêòíîãî âóçëà.
Ãåðìåòèçàö³ÿ ÐÌÊ ó ðÿä³ âèïàäê³â âèêëèêàíà àãðåñèâí³ñòþ

çàñòîñîâóâàíèõ ð³äêèõ ìåòàë³â, íåîáõ³äí³ñòþ âèêëþ÷åííÿ âïëèâó
íà êîíòàêò çîâí³øíüîãî ñåðåäîâèùà, à òàêîæ âèìîãàìè íàä³éíîñò³
êîìóòàö³¿. Öåé íåäîë³ê âëàñòèâèé ³ òâåðäîêîíòàêòíèì ïàðàì, òîá-
òî éîãî íåîáõ³äíî ðîçãëÿäàòè ÿê çàãàëüíó âèìîãó äî åëåêòðè÷íèõ
êîíòàêò³â.

2) Â³äíîñíî âèñîêà òåìïåðàòóðà ïëàâëåííÿ ³ñíóþ÷èõ ð³äêèõ
ìåòàë³â ³ ñïëàâ³â.

Îñê³ëüêè íèæíÿ ìåæà åêñïëóàòàö³éíî¿ òåìïåðàòóðè ñó÷àñíèõ
åëåêòðè÷íèõ àïàðàò³â ïîâèííà áóòè íà ð³âí³ – 60°Ñ, òî íàéá³ëüø
³ñòîòíèì çàñîáîì áîðîòüáè ³ç öèì íåäîë³êîì º ïðèìóñîâèé ï³ä³ãð³â
êîíòàêòíîãî âóçëà äî òåìïåðàòóðè, ïðè ÿê³é îá’ºì ìåòàëó – ñòðó-
ìîíîñ³ÿ ïåðåõîäèòü ³ç òâåðäî¿ â ð³äêó ôàçó. Íà òåïåð³øí³é ÷àñ
³ñíóþòü ðîçðîáêè ëåãêîïëàâêèõ åâòåêòèê íà îñíîâ³ ëóæíèõ ìåòàë³â
Na, Ka, Ga, Cs ç òåìïåðàòóðîþ ïëàâëåííÿ äî –78°Ñ, ùî äîçâîëÿº
ñïîä³âàòèñÿ íà ïîÿâó íàéáëèæ÷èì ÷àñîì íèçüêîòåìïåðàòóðíèõ
ëåãêîïëàâêèõ ñïëàâ³â.

3) Çàëåæí³ñòü ôóíêö³îíóâàííÿ ÐÌÊ â³ä ïîëîæåííÿ â ïðîñòîð³.
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Ð³äêèé ìåòàë ó ñèëó ñâîº¿ âëàñòèâîñò³ òåêó÷îñò³ ìîæå ïðèâî-
äèòè äî ïîðóøåííÿ ôóíêö³îíóâàííÿ êîíòàêòíîãî âóçëà. Îñê³ëüêè
öåé âïëèâ ìîæíà âèêëþ÷èòè ðîçðîáêîþ â³äïîâ³äíèõ êîíñòðóêö³é
ÐÌÊ, òî çãàäàíèé íåäîë³ê íå ñë³ä ââàæàòè ³ñòîòíèì.

4) Â³äíîñíî âèñîêà âàðò³ñòü ð³äêèõ ìåòàë³â.
Âàðò³ñòü ð³äêèõ ìåòàë³â º îäíèì ç âèçíà÷àëüíèõ ôàêòîð³â äëÿ

êîíòàêòó. Âèçíà÷àþ÷è ¿¿, íåîáõ³äíî ïðîâåñòè ïîâíèé òåõí³êî-åêî-
íîì³÷íèé ðîçðàõóíîê.

Íà øëÿõó ïîäàëüøîãî ðîçâèòêó ð³äèííî-ìåòàëåâèõ êîíòàêò³â
³ñíóº ðÿä ïðîáëåì ÿê òåîðåòè÷íîãî, òàê ³ êîíñòðóêòîðñüêî-òåõíî-
ëîã³÷íîãî ïëàíó, ð³øåííÿ ÿêèõ äîçâîëèòü á³ëüø øèðîêî âèêîðèñ-
òîâóâàòè ð³äèííî-ìåòàëåâå ðîáî÷å ò³ëî â êîìóòàö³éíèõ ïðèñòðîÿõ.

Íà ñüîãîäí³ ðîçðîáíèêè åëåêòðîòåõí³÷íèõ àïàðàò³â â³äíîâëþ-
þòü ñâîþ óâàãó äî ïðèñòðî¿â ç ð³äèííî-ìåòàëåâèì ðîáî÷èì ò³ëîì,
ùî îáóìîâèëî ïîÿâó ð³çíèõ âèä³â ÐÌÊ:

1. Ñòðóìîç’ºìí³ ÐÌÊ;
2. Ð³äèííî-ìåòàëåâ³ ðîç’ºäíóâà÷³, ùî çä³éñíþþòü áåçñòðóìîâó

êîìóòàö³þ åëåêòðè÷íîãî ëàíöþãà;
3. Ñëàáêîñòðóìîâ³ ÐÌÊ (ðåëåéíîãî ä³àïàçîíó ñòðóì³â);
4. ÐÌÊ íà ñòðóìè äî äåê³ëüêîõ äåñÿòê³â òèñÿ÷ àìïåð.
5. Àâòîìàòè÷í³ çàïîá³æíèêè (ñàìîâ³äíîâëþâàí³).
B ðîçâèòêó ÐÌÊ ìîæíà âèä³ëèòè äâà îñíîâí³ íàïðÿìêè:
1) Ðîçâèòîê ÐÌÊ ³ç ðóõëèâèì ð³äêèì ìåòàëîì, ùî âèêîðèñòî-

âóþòü âëàñòèâ³ñòü òåêó÷îñò³ ð³äêîãî ìåòàëó.
2) Ðîçâèòîê ÐÌÊ ³ç ïðîñî÷åíèì ð³äêèì ìåòàëîì òâåðäèìè àáî

åëàñòè÷íèìè êîíòàêòàìè (êîìïîçèö³éí³ ÐÌÊ), ùî âèêîðèñòîâó-
þòü âëàñòèâ³ñòü, ïîâåðõíåâîãî íàòÿãó. Òàê³ êîíòàêòè ïðàöþþòü çà
ðàõóíîê âïëèâó åëåêòðîìàãí³òíîãî ïîëÿ íà ôåðîìàãí³òíèé ïëóí-
æåð, çàâäÿêè ä³¿ êàï³ëÿðíèõ ñèë. Â ÿêîñò³ ð³äêîãî ìåòàëó âèêîðè-
ñòîâóþòüñÿ ëåãêîïëàâê³ ñïëàâè ãàë³þ, ³íä³þ, îëîâà, à òàêîæ ðòóòü,
ëóæí³ ìåòàëè, öåç³é [11, 13]. Ö³ åëåìåíòè çàì³íèëè ñð³áëî, àëå âñå
ùå ìàþòü âèñîêó âàðò³ñòü.

Äëÿ ï³äáîðó åëåêòðîïðîâ³äíîãî ñïëàâó âèêîíóþòü ðîçðàõóíîê
ïèòîìî¿ ïðîâ³äíîñò³ ìàòåð³àëó. Öåé ðîçðàõóíîê áàçóºòüñÿ íà êóá³÷-
í³é ìîäåë³ ìåòàëåâî¿ ìàòðèö³. Òàêîæ ïðîâîäÿòü äîñë³äæåííÿ ç îã-
ëÿäó íà õ³ì³÷í³ ïðîöåñè â ñêëàä³ ñïëàâó, ï³ääàþ÷è éîãî ð³çíèì òåì-
ïåðàòóðàì, ÿê³ ìîæóòü ìàòè ì³ñöå, êîëè áóäå ïðîò³êàòè ñòðóì [2].
Êîíòàêòè ì³æ ïðîâ³äíèêàìè, ñôîðìîâàíèìè ïðè â³äíîñíî íèçü-
êîìó òèñêó, ìîæíà ðîçãëÿäàòè ÿê êâàç³ïëàíàðí³. Ïëàâëåííÿ ìà-
òåð³àëó òàêèõ êîíòàêò³â ïðè ïðîõîäæåíí³ åëåêòðè÷íîãî ñòðóìó âè-
êîðèñòîâóºòüñÿ â äåÿêèõ òåõíîëîã³÷íèõ ïðîöåñàõ [15].
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Îñê³ëüêè êîíòàêòè, âèêîíàí³ òâåðäèì ìåòàëîì, ìàþòü øîðñò-
ê³ñòü, òî ïðîâ³äí³ñòü åëåêòðè÷íîãî ñòðóìó áóäå íèæ÷å. Äëÿ âèêëþ-
÷åííÿ öüîãî íåäîë³êó âèêîðèñòîâóþòü ð³äêèé ìåòàë. Êîíòàêòè, âè-
ãîòîâëåí³ ç ÐÌÊ, ìàþòü ìàëèé ïåðåõ³äíèé îï³ð, ÿêèé ïðàêòè÷íî
íå çàëåæèòü â³ä êîíòàêòíîãî íàòèñêàííÿ, âîíè íå ñõèëüí³ äî çàëè-
ïàííÿ, óñóâàºòüñÿ â³áðàö³ÿ ïðè çàìèêàíí³ êîíòàêò³â òîùî [8].
²ñòîòíèé ïðîãðåñ â îáëàñò³ êîâçàþ÷èõ åëåêòðè÷íèõ êîíòàêò³â ìîæå
áóòè äîñÿãíóòèé ïðè âèêîðèñòàíí³ êîìïîçèö³éíèõ ð³äèííî-ìåòà-
ëåâèõ ìàòåð³àë³â ç òâåðäîìåòàëåâèì ïîðèñòèì êàðêàñîì, ïðîñî÷å-
íèì ð³äêèì ìåòàëîì àáî ñïëàâîì. Ñòðóêòóðà öèõ êîíòàêò³â ïîâèí-
íà çàáåçïå÷óâàòè çáåðåæåííÿ ³ ïîñò³éíå ï³äæèâëåííÿ òîíêîãî øà-
ðó ð³äêîãî ìåòàëó íà êîíòàêòíèõ ïîâåðõíÿõ â çîí³ òåðòÿ, ùî º íå-
îáõ³äíîþ óìîâîþ ôóíêö³îíóâàííÿ ÐÌÊ ïðè êîâçàíí³. Â öåé ÷àñ
ðîçðîáëåíî øèðîêèé êëàñ êîìïîçèö³éíèõ ÐÌÊ ç æîðñòêèìè ³ åëà-
ñòè÷íèìè êàðêàñàìè, ÿê³ ìàþòü ïåðåâàãè ð³äèííî-ìåòàëåâèõ ³
òâåðäîìåòàëåâèõ êîíòàêò³â. Îð³ºíòîâàí³ âîíè â îñíîâíîìó íà çà-
ñòîñóâàííÿ â âàêóóìíèõ âèìèêà÷àõ ³ ïåðåìèêà÷àõ [5].

Ùå îäí³ºþ ïåðåâàãîþ ÐÌÊ º òå, ùî ïðè âèêîðèñòàíí³ ð³äêî-
ìåòàëåâèõ êîíòàêò³â çíà÷íî çìåíøóþòüñÿ ãàáàðèòè ìåõàí³çì³â [10].
Â äàíèé ÷àñ âèêîðèñòîâóþòüñÿ ð³øåííÿ çá³ëüøåííÿ ïëîù³ êîíòàê-
òóâàííÿ áåç çá³ëüøåííÿ êîíòàêòíîãî íàòèñêàííÿ. Çàâäÿêè çàñòîñó-
âàííþ ÐÌÊ çàáåçïå÷óºòüñÿ âåëèêà ïëîùà êîíòàêòóâàííÿ. 

Äëÿ ñòâîðåííÿ êîìóòàö³éíèõ àïàðàò³â, ùî ïðàöþþòü â ðåæèì³
ïåð³îäè÷íîãî çàìèêàííÿ ³ ðîçìèêàííÿ ëàíöþãà, íåîáõ³äíî îðãà-
í³çóâàòè çîííèé ÐÌÊ, òîáòî àïàðàòè, ùî ïðàöþþòü â ðåæèì³
ïîâòîðíî-êîðîòêî÷àñíîãî íàâàíòàæåííÿ ³ îáìåæåí³ â ÷àñ³ ³ ïðî-
ñòîð³ [3]. 

Êîìóòàö³ÿ âåëèêèõ ñòðóì³â âèêëèêàº åðîç³éí³ ïîøêîäæåííÿ
äóãîãàñíèõ êîíòàêò³â. Ðîçðàõóíîê îïòèìàëüíèõ ïàðàìåòð³â ñòðó-
ìîâîãî ÷àñòîòíîãî êîìóòàòîðà º äîñèòü ñêëàäíèì çàâäàííÿì ç îã-
ëÿäó íà íåë³í³éíèé õàðàêòåð çàâ’ÿçê³â, ùî ³ñíóþòü ì³æ öèìè ïà-
ðàìåòðàìè. Â ÿêîñò³ ãîëîâíîãî êðèòåð³þ îïòèì³çàö³¿ âèáèðàþòü
âèòðàòè ð³äêîãî ìåòàëó ïðè êîìóòàö³¿. Äëÿ îö³íêè âèòðàò ð³äêîãî
ìåòàëó ðîçãëÿäàþòü îäèí öèêë ðîáîòè ñòðóìîâîãî ÷àñòîòíîãî êî-
ìóòàòîðà. Ïðè çàñòîñóâàíí³ â ÿêîñò³ ïðîì³æíîãî ðîáî÷îãî ò³ëà åâ-
òåêòèêè Ga-In-Sn ìîæíà îòðèìàòè çíà÷íî á³ëüøó ù³ëüí³ñòü ñòðó-
ìó â ìåæàõ òåðì³÷íî¿ ³ åëåêòðîäèíàì³÷íî¿ ñò³éêîñò³ â ïîð³âíÿíí³ ç
ðòóòòþ òà Na-K.

Êîìóòàö³éí³ àïàðàòè ç ÐÌÊ âèêîðèñòîâóþòü äëÿ êîìóòàö³¿
ïîòóæíèõ ãåíåðàòîð³â, êîíäåíñàòîðíèõ áàòàðåé, øóíòóþ÷èõ ðåàê-
òîð³â ³ åëåêòðîäâèãóí³â íàôòîïðîìèñëîâèõ ñâåðäëîâèí, ÿê â ðå-
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æèì³ ïåðåìèêàíü, òàê ³ â àâàð³éíèõ ðåæèìàõ [1]. Âèêîðèñòàííÿ
ð³äêîãî ìåòàëó â ì³æêîíòàêòíîìó ïðîñòîð³ âèìèêà÷à ïðè êîìó-
òàö³ÿõ ³ ï³ä íàâàíòàæåííÿì ìîæå âèð³øèòè ðÿä ïðîáëåì: çíèæåí-
íÿ ïåðåíàïðóã ïðè êîìóòàö³ÿõ, çìåíøåííÿ øâèäêîñò³ íàðîñòàííÿ
ñòðóìó, øâèäêîñò³ çì³íè ñòðóìó ïðè â³äêëþ÷åíí³, çíèæåííÿ âòðàò
åëåêòðîåíåðã³¿ ïðè ïðîò³êàíí³ ñòðóìó íàâàíòàæåííÿ. Çà ðàõóíîê
ð³äêîãî ìåòàëó çá³ëüøóºòüñÿ ïëîùà äîòèêó êîíòàêò³â âèìèêà÷à,
ùî çíèæóº åëåêòðè÷íèé îï³ð êîíòàêòíîãî ïåðåõîäó ³ ïðèçâîäèòü
äî çíèæåííÿ âòðàò åëåêòðîåíåðã³¿. Ïðè â³äêëþ÷åíí³ âèìèêà÷à ðîç-
ìèêàííÿ êîíòàêò³â â³äáóâàºòüñÿ ïðè íàÿâíîñò³ ð³äèííî-ìåòàëåâî¿
ïë³âêè íà êîíòàêòíèõ ïîâåðõíÿõ. Ïðè öüîìó óòâîðþþòüñÿ ïàðà-
ëåëüí³ äóãè, ùî âèêëèêàº îáìåæåííÿ, ³ ïðèçâîäèòü äî çíåñòðóì-
ëåííÿ. Öå ïðèçâîäèòü äî çìåíøåííÿ çð³çó ñòðóìó âèìèêà÷à, çíè-
æåííÿ ð³âíÿ ïåðåíàïðóã ³ åðîç³¿ ñàìèõ êîíòàêò³â.

Äëÿ óíèêíåííÿ íåäîë³ê³â ÐÌÊ, à ñàìå íåñòàá³ëüí³ñòü âëàñòè-
âîñòåé ³ òîêñè÷í³ñòü ìåòàë³â, ðîçðîáëåíî íîâó êîíòàêòíó ïàðó, ÿêà
ïîºäíóº âëàñòèâîñò³ òâåðäèõ ³ ÐÌÊ çà ðàõóíîê çì³íè àãðåãàòíîãî
ñòàíó â òî÷êàõ êîíòàêòóâàííÿ [11]. Òàêà êîìïîçèö³ÿ åëåêòðè÷íèõ
êîíòàêò³â ìàº íèçüêèé ïåðåõ³äíèé îï³ð. 

Ñó÷àñí³ êîíòàêòí³ êîìïîçèö³¿ ÐÌÊ, äëÿ àâòîìàòè÷íèõ âèìè-
êà÷³â íà âåëèê³ ñòðóìè, ñêëàäàþòüñÿ ç ïîðèñòèõ àáî ñ³ò÷àñòèõ ìà-
òåð³àë³â, ïðîñî÷åíèõ àáî çìî÷åíèõ ð³äêèì ìåòàëîì [12]. Ïðèíöèï
ä³¿ òàêèõ êîíòàêò³â áàçóºòüñÿ íà ð³äèííî-ìåòàëåâîìó åôåêò³, ÿêèé
ïîëÿãàº â ðîçòàøóâàíí³ òâåðäèõ åëåêòðîä³â â ñåðåäîâèù³ ð³äêîãî
ëåãêîïëàâêîãî ìåòàëó ³ ó âçàºìîä³¿ íåîáõ³äíèõ åëåìåíò³â, ùî áå-
ðóòü ó÷àñòü â ðîáîò³ êîíòàêòíî¿ ñèñòåìè.

Âëàñòèâ³ñòü òåêó÷îñò³ ð³äêîãî ìåòàëó âèçíà÷èëà ïîÿâà êîí-
òàêò³â ç ð³çíèìè ïðèíöèïàìè ðîáîòè, ñåðåä ÿêèõ ìîæíà âèä³ëèòè
íàñòóïí³ òèïè: ³íåðö³éí³, ïåðåæèìí³, ð³æó÷³, âèò³ñíÿþ÷³, ïîðø-
íåâ³, ôåðîð³äèíí³, ìàãí³òîã³äðîäèíàì³÷í³ ³íäóêö³éí³, ìàãí³òîã³äðî-
äèíàì³÷í³ êîíäóêö³éí³, åëåêòðîñòàòè÷í³, çàãëèáëþþ÷³, ð³âíåâ³,
ñòðóìåíåâ³, êîâçàþ÷³.

Âèñíîâîê. 
Á³ëüø³ñòü äîñë³äæåíü ³ ïðàêòè÷íèõ ðîçðîáîê â òåîð³¿ êîíòàêò-

íî¿ êîìóòàö³¿ ñïðÿìîâàí³ íà âèð³øåííÿ êîíêðåòíèõ ïðîáëåì, íà-
ïðèêëàä, ñòâîðåííÿ âèáóõîáåçïå÷íî¿, ïðàöþþ÷î¿ ïðè áóäü-ÿê³é
îð³ºíòàö³¿ â ïðîñòîð³ êîìóòàö³éíî¿ àïàðàòóðè, îäåðæàííÿ ì³í³-
ìàëüíîãî ïåðåõ³äíîãî êîíòàêòíîãî îïîðó, ì³í³ìàëüíîãî åëåêòðè÷-
íîãî çíîøóâàííÿ, íàéá³ëüøî¿ ïðèïóñòèìî¿ ù³ëüíîñò³ ñòðóìó, íàé-
ìåíøî¿ çâàðþâàíîñò³ òîùî. Ïðè öüîìó âñå á³ëüøà óâàãà ïðèä³ëÿ-
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ºòüñÿ òàêîìó ð³øåííþ ïðîáëåìè, ó ÿêîìó åêîíîì³÷íèé ôàêòîð º
îäíèì ç âèð³øàëüíèõ.

Ð³çíîìàí³òòÿ ïðåäñòàâëåíèõ êîíñòðóêö³é ð³äèííî-ìåòàëåâèõ
êîíòàêò³â ãîâîðèòü ïðî òå, ùî íà ñüîãîäí³ ïîêè íå ³ñíóº ºäèíî¿ êîí-
öåïö³¿ ðîçâèòêó öèõ êîíòàêò³â. Ðîçðîáêà ¿õ â³äáóâàºòüñÿ, âèõîäÿ÷è ç
êîíêðåòíèõ âèìîã òîãî àáî ³íøîãî çàâäàííÿ, òèõ àáî ³íøèõ óìîâ
ôóíêö³îíóâàííÿ. Îäíàê ïðè öüîìó âñå á³ëüøà óâàãà ïðèä³ëÿºòüñÿ òà-
êîìó âèð³øåííþ ïðîáëåì, ó ÿêîìó åêîíîì³÷íèé ôàêòîð º îäíèì ç
âèð³øàëüíèõ. Ïðàãíåííÿ ðîçðîáíèê³â äî á³ëüø åôåêòèâíîãî âèêî-
ðèñòàííÿ ð³äêèõ ìåòàë³â ³ êîíñòðóêòèâíèõ ìàòåð³àë³â âèçíà÷àºòüñÿ
áàæàííÿì á³ëüø øâèäêîãî âïðîâàäæåííÿ êîíòàêò³â ó ïðàêòèêó.
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АВТОМАТИЧНИЙ ТЕПЛОЗАХИСНИЙ ПРИСТРІЙ

РЯТУВАЛЬНИКА ДЛЯ ЗАБЕЗПЕЧЕННЯ БЕЗПЕКИ 

НА ПОЧАТКОВИХ ЕТАПАХ ЛІКВІДАЦІЇ АВАРІЙ

Àíîòàö³ÿ. Çàïðîïîíîâàíî àâòîíîìíèé çàñ³á ³íäèâ³äóàëüíîãî ïðîòè-
òåïëîâîãî çàõèñòó ðÿòóâàëüíèê³â íà ïî÷àòêîâ³é ñòàä³¿ ë³êâ³äàö³¿ àâàð³¿.
Âèãîòîâëåíî ³ âèïðîáóâàíî â ëàáîðàòîðíèõ óìîâàõ ìàêåòíèé çðàçîê
ïðèñòðîþ. Ðåçóëüòàòè âèïðîáóâàíü ïðîäåìîíñòðóâàëè åôåêòèâí³ñòü
îõîëîäæåííÿ îðãàí³çìó ðÿòóâàëüíèêà øëÿõîì ïåð³îäè÷íîãî çðîøåííÿ ïî-
âåðõí³ áîéîâîãî îäÿãó. Êîðîòêî÷àñíå îõîëîäæåííÿ äîçâîëèòü ðÿòóâàëü-
íèêó áåçïå÷íî ïîêèíóòè çîíó òåïëîâîãî óðàæåííÿ.

Êëþ÷îâ³ ñëîâà: ðÿòóâàëüíèê, òåïëîâå óðàæåííÿ, àâòîìàòè÷íèé
ïðèñòð³é, áîéîâèé îäÿã, ³íäèâ³äóàëüíèé çàõèñò.

Abstract. Proposed Independent Means Individual heat protection res-
cuers in the initial stage of a emergency. The test results demonstrated the
effectiveness of the rescuer’s body cooling by periodic irrigation of the surface
of protective clothing. Short-term cooling will allow the rescuer to safely leave
the zone of thermal damage.

Keywords: rescuer, heat damage, automatic device, fighting clothing,
individual protection.

Ïðîöåñ ë³êâ³äàö³¿ ïîæåæ ðÿòóâàëüíèêàìè óìîâíî ìîæíà ïîä³-
ëèòè íà äâà åòàïè. Íà ïî÷àòêîâîìó åòàï³ àâàð³éíî-ðÿòóâàëüíî¿ îïå-
ðàö³¿ ïðîâîäÿòü ðîçâ³äêó îá’ºêòà, ðÿòóâàííÿ é åâàêóàö³þ ïîñòðàæ-
äàëèõ ëþäåé, à òàêîæ âèêîíóþòü íåâ³äêëàäí³ ä³¿ ùîäî ëîêàë³çàö³¿
íàäçâè÷àéíî¿ ñèòóàö³¿. Â ö³é ïåð³îä íå ðîçãîðíóò³ ñèñòåìè âîäîïî-
ñòà÷àííÿ òà â³äñóòí³ ³íø³ äæåðåëà õîëîäîàãåíò³â, ðÿòóâàëüíèêè âè-
êîðèñòîâóþòü çàõèñíèé îäÿã çàãàëüíîãî ïðèçíà÷åííÿ. Äëÿ öüîãî
ïåð³îäó âåäåííÿ ðîá³ò õàðàêòåðíèé äåô³öèò ³íôîðìàö³¿ ïðî çîíè
óðàæåííÿ, òåïëîâ³ ïîëÿ, çîíè çàäèìëåííÿ é çàãàçîâàíîñò³ òîêñè÷-
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íèìè òà îòðóéíèìè ðå÷îâèíàìè. Âîäíî÷àñ íà öüîìó åòàï³ çàçâè÷àé
íå ðîçãîðíóò³ çàñîáè âîäÿíîãî, ïîðîøêîâîãî é ï³ííîãî ãàñ³ííÿ ïî-
æåæ³, à òàêîæ íå çàñòîñîâóþòü ãàçîäèìîçàõèñíó àïàðàòóðó. Äîäàò-
êîâîþ ïðîáëåìîþ º äåô³öèò ÷àñó äëÿ ðåàãóâàííÿ ðÿòóâàëüíèêà íà
íåî÷³êóâàíó çì³íó îáñòàíîâêè. Â³äîìî, ùî îðãàí³çìîâ³ ïîòð³áíî
15–20 ñ, ùîá â³äïîâ³ñòè íà ðàïòîâó çì³íó ñèòóàö³¿. Íà ïîæåæàõ ç
ìîæëèâèì ñòð³ìêèì ï³äâèùåííÿ òåìïåðàòóðè òåïëîâèõ ïîòîê³â (äî
1000 ãðàä/ñ ³ á³ëüøå) íåîáõ³äíî çàñòîñóâàòè äîäàòêîâ³ çàñîáè çàõè-
ñòó, ÿê³ ïðàöþþòü íåçàëåæíî â³ä ðåàêö³¿ ëþäèíè. Òîìó, ç ìåòîþ
ïîïåðåäæåííÿ òðàâìàòèçìó, âàæëèâî âèêîðèñòàòè øâèäêîä³þ÷³ àâ-
òîìàòè÷í³ çàñîáè ³íäèâ³äóàëüíîãî çàõèñòó â³ä òåïëîâîãî óðàæåííÿ. 

Àêòóàëüíèì â òàêèõ óìîâàõ ìîæå áóòè àâòîìàòè÷íèé àâòîíîì-
íèé òåïëîçàõèñíèé ïðèñòð³é [1], êîíñòðóêòèâíà ñõåìà ÿêîãî
âêëþ÷àº ã³äðàâë³÷íó é àâòîìàòè÷íó ÷àñòèíè òà ìàº íàñòóïíèé âèã-
ëÿä (ðèñ. 1). Ã³äðàâë³÷íà ÷àñòèíà ì³ñòèòü ðåçåðâóàð, íàïîâíåíèé
õîëîäîàãåíòîì, ùî ïåðåáóâàº ï³ä òèñêîì. Äî íüîãî ïðèºäíàí³ òðó-
áîïðîâîäè äëÿ ïîäàâàííÿ õîëîäîàãåíòó â³ä ðåçåðâóàðà äî çàêð³ïëå-
íîãî íà êàñö³ ðÿòóâàëüíèêà ðîçïèëþâà÷à. Êð³ì òîãî, ã³äðàâë³÷íà
÷àñòèíà âêëþ÷àº çàñë³íêó åëåêòðîìàãí³òíîãî êëàïàíà, ðîçòàøîâà-
íó íà ãîðëîâèí³ ðåçåðâóàðà. Ó ïî÷àòêîâîìó ñòàí³ çàñë³íêà ïåðå-
êðèâàº òðóáîïðîâ³ä. Àâòîìàòè÷íà ÷àñòèíà ïðèñòðîþ ñêëàäàºòüñÿ ç
ðîçì³ùåíîãî â ï³äêîñòþìíîìó ïðîñòîð³ áëîêà óïðàâë³ííÿ ç àâòî-
íîìíèì åëåìåíòîì æèâëåííÿ, ç’ºäíàíîãî ïðîâîäàìè ç äàò÷èêîì
òåìïåðàòóðè òà ïðèâ³äíîþ ÷àñòèíîþ åëåêòðîìàãí³òíîãî êëàïàíà.

Ó ðåçåðâóàð³ ïðèñòðîþ çàâ÷àñíî ñòâîðåíî òèñê ïîâ³òðÿ, ùî º
äæåðåëîì âèøòîâõóâàííÿ õîëîäîàãåíòó äî òðóáîïðîâîäó. Óñòàíîâ-
ëåíèé íà ãîðëîâèí³ ðåçåðâóàðà åëåêòðîìàãí³òíèé êëàïàí ó ïî÷àò-
êîâîìó ñòàí³ óòðèìóº òðóáîïðîâ³ä ïåðåêðèòèì. Áàæàíî çàáåçïå÷è-
òè ìîæëèâ³ñòü åêñòðåíîãî â³ä’ºäíàííÿ ðåçåðâóàðà ç êëàïàíîì ó
ðàç³ âè÷åðïàííÿ õîëîäîàãåíòó äëÿ ïîëåãøåííÿ çàâàíòàæåííÿ ðÿòó-
âàëüíèêà. Áëîê óïðàâë³ííÿ ðîçì³ùóþòü ó âíóòð³øí³é êèøåí³ îäÿ-
ãó, äðîòè â³ä áëîêà ï³äêëþ÷àþòü äî äàò÷èêà òåìïåðàòóðè òà ïðè-
â³äíî¿ ÷àñòèíè åëåêòðîìàãí³òíîãî êëàïàíà. Òåìïåðàòóðíèé äàò÷èê,
íàëàøòîâàíèé íà ìàêñèìàëüíî äîïóñòèìó äëÿ ëþäñüêîãî îðãàí³ç-
ìó òåìïåðàòóðó (50°Ñ), çàêð³ïëþþòü íà ãðóäÿõ ðÿòóâàëüíèêà â
ä³ëÿíö³ ñåðöÿ ì³æ ò³ëîì ³ âíóòð³øí³ì øàðîì á³ëèçíè. Íà êàñö³
çàêð³ïëþþòü ðîçïèëþâà÷-ôîðñóíêó, ÿêà ãíó÷êèì òðóáîïðîâîäîì
ç’ºäíàíà ç êëàïàíîì. Ìîæå áóòè îäíà ôîðñóíêà àáî äåê³ëüêà. Ôà-
êåë ðîçïèëåííÿ ñòðóìåí³â ñïðÿìîâàíèé íà ïåðåäíþ ÷àñòèíó çà-
õèñíîãî îäÿãó ðÿòóâàëüíèêà äëÿ ð³âíîì³ðíîãî ¿¿ çðîøåííÿ. 
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Ðèñ. 1. Êîíñòðóêòèâíà ñõåìà 
àâòîìàòè÷íîãî àâòîíîìíîãî òåïëîçàõèñíîãî ïðèñòðîþ: 

1 – äàò÷èê òåìïåðàòóðè; 2 – ðåçåðâóàð; 3 – òðóáîïðîâîäè; 4 – áëîê óïðàâ-
ë³ííÿ; 5 – åëåêòðîìàãí³òíèé êëàïàí; 6 – ðîçïèëþâà÷; òåìí³ ñòð³ëêè – íà-
ïðÿì ïîäàííÿ åëåêòðè÷íèõ ñèãíàë³â, ñâ³òë³ – õîëîäîàãåíòó

Ï³ä ÷àñ âèêîíàííÿ îïåðàòèâíèõ ä³é ðÿòóâàëüíèê ïîòðàïëÿº â
çîíó åêñòðåìàëüíîãî òåïëîâîãî óðàæåííÿ, ïðè÷îìó â³äáóâàºòüñÿ
³íòåíñèâíå íàãð³âàííÿ ïîâåðõí³ áîéîâîãî îäÿãó òà (óíàñë³äîê ¿¿
òåïëîïðîíèêíîñò³) ³ ò³ëà äî òåìïåðàòóðè 50°Ñ. Ëþäèíà íå çäàòíà
ñâîº÷àñíî é ÷³òêî îö³íþâàòè ð³âåíü òåìïåðàòóðè â ï³äêîñòþìíîìó
ïðîñòîð³, öå ñòâîðþº çàãðîçó òåïëîâîãî óðàæåííÿ ó âèãëÿä³ ïå-
ðåãð³âó îðãàí³çìó àáî òåïëîâîãî óäàðó, âòðàòè ñâ³äîìîñò³ òîùî.
Íàÿâí³ñòü äàò÷èêà òåìïåðàòóðè äàº çìîãó ï³äâèùèòè òî÷í³ñòü
îö³íþâàííÿ ñòóïåíÿ íàãð³âàííÿ ò³ëà é çðîáèòè àâòîìàòè÷íèì ïðî-
öåñ ïðèâåäåííÿ â ä³þ îõîëîäæóâàëüíîãî ïðèñòðîþ. Ï³ñëÿ äîñÿ-
ãíåííÿ êðèòè÷íîãî ð³âíÿ òåìïåðàòóðè (50°Ñ) äàò÷èê âèäàº åëåê-
òðè÷íèé ñèãíàë, ÿêèé ïîòðàïëÿº äî áëîêà óïðàâë³ííÿ, äå íàäõî-
äèòü êîìàíäà êëàïàíîâ³ â³äêðèòè çàñë³íêó â òðóáîïðîâîä³. ×åðåç
â³äêðèòèé òðóáîïðîâ³ä õîëîäîàãåíò ³ç ðåçåðâóàðà ï³ä âïëèâîì íàä-
ëèøêîâîãî òèñêó ïîâ³òðÿ ïîòðàïëÿº äî ðîçïèëþâà÷à. Òðèâàë³ñòü
ïîäàâàííÿ õîëîäîàãåíòó ðåãóëüîâàíà óñòàíîâêàìè íà áëîö³ óï-
ðàâë³ííÿ é ïåðåäáà÷àº 3–8 ñ, ï³ñëÿ çàê³í÷åííÿ âñòàíîâëåíîãî ÷à-
ñó é ðîçïèëåííÿ ïîðö³¿ õîëîäîàãåíòó áëîê óïðàâë³ííÿ ïîäàº êî-
ìàíäó çàêðèòè êëàïàí. Çðîøåííÿ ïîâåðõí³ çàõèñíîãî îäÿãó ïðè-
çâîäèòü äî çíèæåííÿ òåìïåðàòóðè ò³ëà ðÿòóâàëüíèêà çà ðàõóíîê
îõîëîäæåííÿ ïîâåðõí³ îäÿãó õîëîäîàãåíòîì, à òàêîæ ïîãëèíàííÿ
åíåðã³¿ ï³ä ÷àñ âèïàðîâóâàííÿ õîëîäîàãåíòó. Êîðîòêî÷àñíå îõîëî-
äæåííÿ äàº ðÿòóâàëüíèêîâ³ çìîãó áåçïå÷íî ïîêèíóòè çîíó òåïëî-
âîãî óðàæåííÿ. Çà óìîâè ïðîäîâæåííÿ ïðîâåäåííÿ íåâ³äêëàäíèõ
ä³¿ â çîí³ òåïëîâîãî óðàæåííÿ àâòîìàòè÷íèé àâòîíîìíèé òåïëîçà-
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õèñíèé ïðèñòð³é çàáåçïå÷óº ïåð³îäè÷íå îõîëîäæåííÿ â ³ìïóëüñíî-
ìó ðåæèì³ äî âè÷åðïàííÿ ðåñóðñó õîëîäîàãåíòó. ²ìïóëüñíå ïîäà-
âàííÿ õîëîäîàãåíòó, ÿêå ïî÷èíàºòüñÿ çà äîñÿãíåííÿ êðèòè÷íî¿
òåìïåðàòóðè â ï³äêîñòþìíîìó ïðîñòîð³ é ïðèïèíÿºòüñÿ ï³ñëÿ îõî-
ëîäæåííÿ äî áåçïå÷íîãî ð³âíÿ, äàº çìîãó åêîíîìíî éîãî âèòðà÷à-
òè, ùî çá³ëüøóº òåðì³í çàõèñíî¿ ä³¿ ïðèñòðîþ. Îõîëîäæåííÿ ïî-
âåðõí³ çàõèñíîãî îäÿãó äîçâîëÿº çìåíøèòè òåðìîäåñòðóêö³þ ìà-
òåð³àëó ³ çá³ëüøèòè òåðì³í éîãî åêñïëóàòàö³¿.

Äëÿ ï³äòâåðäæåííÿ äîö³ëüíîñò³ ñòâîðåííÿ àâòîìàòè÷íîãî àâ-
òîíîìíîãî òåïëîçàõèñíîãî ïðèñòðîþ áóëî âèãîòîâëåíî é âèïðîáó-
âàíî éîãî ìîäåëü. ßê äàò÷èê òåìïåðàòóðè âèêîðèñòàíî òåðì³ñòîð
NTC 10k 1 % 3950 âîëîãîçàõèùåíèé, ùî ìîæå âèì³ðþâàòè òåìïå-
ðàòóðó â ä³àïàçîí³ â³ä –20 äî +105°Ñ. Äàò÷èê áóâ ç’ºäíàíèé ³ç áëî-
êîì óïðàâë³ííÿ, ñòâîðåíèì íà áàç³ ì³êðîïðîöåñîðà AT MEGA 32
(âèðîáíèê – êîðïîðàö³ÿ AtmelCo, Ãîíêîíã) [2]. 

Â ÿêîñò³ õîëîäîàãåíòó áóëè òðè ë³òðè âîäè ê³ìíàòíî¿ òåìïåðà-
òóðè (áëèçüêî 21°C), çàëèòî¿ â ìåòàëåâèé ðåçåðâóàð îá’ºìîì ï’ÿòü
ë³òð³â. Ó ðåçåðâóàð çàêà÷àëè ïîâ³òðÿ ï³ä òèñêîì 0,02 ÌÏà. Íà ãîð-
ëîâèí³ ðåçåðâóàðà áóâ óñòàíîâëåíèé åëåêòðîìàãí³òíèé êëàïàí,
çäàòíèé âèòðèìàòè ìàêñèìàëüíèé òèñê ó ñèñòåì³ 0,17 ÌÏà.

ßê àíàëîã ëþäñüêîãî ò³ëà âèêîðèñòàíî ïëàñòèêîâó öèë³íäðè÷-
íó ºìí³ñòü îá’ºìîì ø³ñòü ë³òð³â, çàïîâíåíó âîäîþ, íàãð³òîþ äî
37°Ñ. Äàò÷èê òåìïåðàòóðè, çàçäàëåã³äü íàëàøòîâàíèé íà ñïðàöþ-
âàííÿ ïðè íàãð³âàíí³ äî 50°Ñ, áóâ ðîçì³ùåíèé íà ïîâåðõí³ ºìíîñò³
òà íàêðèòèé òêàíèíîþ. Íàãð³âàëè ìîäåëüíó ºìí³ñòü çà äîïîìîãîþ
³íôðà÷åðâîíîãî îá³ãð³âà÷à òèïó UFO Ecoline / 30 (Òóðå÷÷èíà), ïî-
òóæí³ñòþ 2900–3200 Âò, ðîçòàøîâàíîãî íà â³äñòàí³ áëèçüêî îäíî-
ãî ìåòðà â³ä ìîäåë³. Êîíòðîëþâàëè òåìïåðàòóðó â ä³ëÿíö³ ðîçì³-
ùåííÿ äàò÷èêà çà äîïîìîãîþ òåðìîìåòðà òèïó Mastech ÌS 6531a
(Êèòàé). Âèì³ðþâàëè òåìïåðàòóðó ç ³íòåðâàëîì ï’ÿòü ñåêóíä, à òà-
êîæ çà óìîâè ñïðàöüîâóâàííÿ êëàïàíà, ïî÷àòêó ðîáîòè àáî ïðè-
ïèíåííÿ ðîçïèëåííÿ âîäè êð³çü ôîðñóíêó íà ºìí³ñòü. Ïîäàâàííÿ
âîäè êð³çü ôîðñóíêó ñòàíîâèëî 0,1 ë ñ–1. Òðèâàë³ñòü ïîäàâàííÿ âî-
äè âèçíà÷àëè íàëàøòóâàííÿì áëîêà óïðàâë³ííÿ, âîíà ñòàíîâèëà
ï’ÿòü ñåêóíä. Ïðèñòð³é â÷àñíî ðåàãóâàâ íà çì³íó òåìïåðàòóðè ïî-
âåðõí³ ºìíîñò³ òà îõîëîäæóâàâ ¿¿ ïðîòÿãîì ï’ÿòè ñåêóíä â àâòîìà-
òè÷íîìó ðåæèì³. Àâòîìàòè÷íèé ïðèñòð³é ñïðàöüîâóâàâ ïðè íàãð³â³
ïîâåðõí³ ºìíîñò³ – àíàëîãó äî âñòàíîâëåíîãî ð³âíÿ t = 50°Ñ. Ïî-
äàâàííÿ õîëîäîàãåíòó òðèâàëî ïðîòÿãîì Ò = 5 ñ ï³ñëÿ ñïðàöüîâó-
âàííÿ ïðèñòðîþ, öå çàáåçïå÷óâàëî îõîëîäæåííÿ ïîâåðõí³ ºìíîñò³
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äî ð³âíÿ ìîäåë³ ò³ëà ëþäèíè – 37°Ñ. Îòðèìàí³ äàí³ çàñâ³ä÷èëè
ä³ºâ³ñòü çàïðîïîíîâàíîãî òåõí³÷íîãî ð³øåííÿ.

Óðàõóâàâøè ðåçóëüòàòè âèïðîáóâàíü íà áàç³ åëåìåíò³â ìîäåë³,
ðîçðîáíèêè ñòâîðèëè é âèïðîáóâàëè â ëàáîðàòîðíèõ óìîâàõ ìà-
êåòíèé çðàçîê [3] àâòîìàòè÷íîãî àâòîíîìíîãî òåïëîçàõèñíîãî
ïðèñòðîþ (ðèñ. 2). Äàò÷èê äëÿ âèì³ðþâàííÿ òåìïåðàòóðè â ï³äêî-
ñòþìíîìó ïðîñòîð³ íàëàøòîâàíèé ç óðàõóâàííÿì ³íåðö³éíîñò³
ï³äñèñòåìè «îäÿã – ò³ëî». Äàò÷èê ðîçòàøîâàíèé ï³ä ïîâåðõíåþ çà-
õèñíîãî îäÿãó ïîæåæíèêà. Ñïðàöþâàííÿ â³äáóâàºòüñÿ ï³ä ÷àñ
íàãð³âàííÿ äî òåìïåðàòóðè 45°Ñ. Äîäàòêîâî òåìïåðàòóðó â ï³äêîñ-
òþìíîìó ïðîñòîð³ âèì³ðþâàëè çà äîïîìîãîþ òåðìîïàðè, à òåìïå-
ðàòóðó çîâí³øíüî¿ ïîâåðõí³ çàõèñíîãî îäÿãó â ì³ñö³ íàãð³âàííÿ –
çà äîïîìîãîþ áåçêîíòàêòíîãî òåðìîìåòðà òèïó Mastech ÌS 6531À
(Êèòàé). Íàãð³âàëè çà äîïîìîãîþ äæåðåëà â³äêðèòîãî ïîëóì’ÿ (ãà-
çîâèé ïàëüíèê), ùî áóâ ðîçòàøîâàíèé íà â³äñòàí³ áëèçüêî 0,3 ì
â³ä ïîâåðõí³ áîéîâîãî îäÿãó. Âèì³ðþâàííÿ òåìïåðàòóðè ïðîâàäè-
ëè ç ³íòåðâàëîì 10 ñ. Ïîäàâàííÿ âîäè êð³çü ôîðñóíêó ñòàíîâèëî
0,1 ë  ñ–1. Òðèâàë³ñòü ïîäàâàííÿ âîäè âèçíà÷àëè íàëàøòóâàííÿì
áëîêà óïðàâë³ííÿ, âîíà ñòàíîâèëà 5 ñ.

à) á)
Ðèñ. 2. Ìàêåòíèé çðàçîê àâòîìàòè÷íîãî àâòîíîìíîãî ïðîòèòåïëîâîãî ïðèñòðîþ: 
à – çîâí³øí³é âèãëÿä ðÿòóâàëüíèêà â çàõèñíîìó îäÿç³ ç ïðèñòðîºì; á –
ëàáîðàòîðí³ âîãíåâ³ âèïðîáóâàííÿ: 1 – äàò÷èê òåìïåðàòóðè; 2 – ðåçåðâó-
àð; 3 – òðóáîïðîâîäè; 4 – áëîê óïðàâë³ííÿ; 5 – åëåêòðîìàãí³òíèé êëàïàí;
6 – ðîçïèëþâà÷
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Âèì³ðþâàííÿ âèêîíóâàëè íà ïîðîæíüîìó îäÿç³, îñê³ëüêè äëÿ
çàëó÷åííÿ âîëîíòåð³â ïîòð³áí³ ñïåö³àëüí³ çàõîäè áåçïåêè. Âñüîãî
áóëî ïðîâåäåíî 12 öèêë³â âèïðîáóâàíü ïðîòÿãîì ï’ÿòüîõ ä³á. Ïðè
öüîìó îòðèìàí³ ³äåíòè÷í³ ïîêàçíèêè äèíàì³êè òåìïåðàòóðè â
ï³äêîñòþìíîìó ïðîñòîð³ ï³ä ÷àñ ðîáîòè àâòîíîìíîãî àâòîìàòè÷-
íîãî òåïëîçàõèñíîãî ïðèñòðîþ. 

Ðåçóëüòàòè âèïðîáóâàíü ìàêåòíîãî çðàçêà îõîëîäæóâàëüíîãî
ïðèñòðîþ ñâ³ä÷àòü ïðî åôåêòèâí³ñòü éîãî ðîáîòè ùîäî çàõèñòó ðÿ-
òóâàëüíèêà. Àâòîìàòè÷íèé ðåæèì ðîáîòè ïðèñòðîþ çàáåçïå÷óº
íàä³éíå îö³íþâàííÿ òåïëîâî¿ îáñòàíîâêè â ï³äêîñòþìíîìó ïðî-
ñòîð³ é çàõèñò â³ä «ëþäñüêîãî ÷èííèêà». ²ìïóëüñíèé ðåæèì ðîáî-
òè ïðèñòðîþ çàáåçïå÷óº åêîíîìíó âèòðàòó õîëîäîàãåíòó é çá³ëü-
øåííÿ òðèâàëîñò³ çàõèñòó ðÿòóâàëüíèêà â³ä òåïëîâîãî óðàæåííÿ.
Òåìïåðàòóðà (tóñò), çà ÿêî¿ ñïðàöüîâóâàâ ïðèñòð³é, ñòàíîâèëà 45°Ñ.
Ðåçóëüòàòè âèïðîáóâàíü, à ñàìå çì³íà òåìïåðàòóðè ï³ä ÷àñ íàãð³-
âàííÿ òà ñïðàöþâàííÿ àâòîìàòè÷íîãî ïðèñòðîþ â ï³äêîñòþìíîìó
ïðîñòîð³, íàâåäåí³ íà ðèñ. 3. 

Ðèñ. 3. Äèíàì³êà òåìïåðàòóðè â ï³äêîñòþìíîìó ïðîñòîð³ 
ï³ä ÷àñ ðîáîòè àâòîíîìíîãî àâòîìàòè÷íîãî òåïëîçàõèñíîãî ïðèñòðîþ

Îòðèìàíèé ðåçóëüòàò âèïðîáóâàíü ñâ³ä÷èòü ïðî ìîæëèâ³ñòü
çä³éñíåííÿ çàõèñòó ðÿòóâàëüíèê³â â³ä ä³¿ íåãàòèâíèõ ÷èííèê³â ïî-
æåæ³ íà ïî÷àòêîâîìó åòàï³ âåäåííÿ ðîá³ò ç ë³êâ³äàö³¿ íàäçâè÷àéíî¿
ñèòóàö³¿. Ïîð³âíÿíî ç â³äîìèìè çàñîáàìè çàõèñòó â³ä òåïëîâîãî âðà-
æåííÿ ïðèñòð³é ïðè åêñïëóàòàö³¿ íå ïîòðåáóº äîäàòêîâèõ äæåðåë
åíåðã³¿ àáî ìàòåð³àë³â. Çàïðàâëåííÿ õîëîäîàãåíòîì òà çàðÿäæàííÿ
àêóìóëÿòîðó âèêîíóþòü çàâ÷àñíî â ïîæåæí³é ÷àñòèí³. Ïðèâåäåííÿ
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ïðèñòðîþ äî ãîòîâíîñò³ çä³éñíþºòüñÿ ïðè îäÿãàíí³ ðÿòóâàëüíèêà â
ñïåö³àëüíèé îäÿã çàãàëüíîãî ïðèçíà÷åííÿ. Ìàëèé çà âàãîþ òà ãàáà-
ðèòàìè àâòîìàòè÷íèé àâòîíîìíèé ïðèñòð³é çàõèñòó â³ä òåïëîâîãî
âïëèâó ïîâèíåí âõîäèòè äî îñíàùåííÿ ðÿòóâàëüíèê³â ðàçîì ç äè-
õàëüíî¿ àïàðàòóðîþ. Âàæëèâèì º àâòîìàòè÷íèé ðåæèì ðîáîòè ïðè-
ñòðîþ, ùî äîçâîëÿº óíèêíóòè ñóá’ºêòèâíèõ îö³íîê ñòàíó îòî÷óþ÷î-
ãî ñåðåäîâèùà. Íà â³äì³íó â³ä ³ñíóþ÷èõ çàñîá³â çàïðîïîíîâàíèé
ïðèñòð³é ñàìîñò³éíî îö³íþº ñòàí çîâí³øíüîãî ñåðåäîâèùà ³ äàº ñè-
ãíàë íà ñïðàöþâàííÿ ã³äðàâë³÷íî¿ ñèñòåìè çðîøåííÿ. Á³ëüø³ñòü
³ñíóþ÷èõ çàñîá³â çàõèñòó â³ä òåïëà íåñóòü ñèãíàëüíó ôóíêö³þ, ñïî-
â³ùàþ÷è ïðî íåáåçïåêó. ×àñòèíó çàñîá³â çàõèñòó äîö³ëüíî çàñòîñî-
âóâàòè äëÿ âåäåííÿ ðîá³ò ëèøå â ðîçâ³äàíèõ çîíàõ òåïëîâîãî âðà-
æåííÿ. Ìîá³ëüí³ñòü, ìàë³ âàãà ³ ãàáàðèòè çàïðîïîíîâàíîãî àâòîìà-
òè÷íîãî àâòîíîìíîãî ïðèñòðîþ çàõèñòó ðÿòóâàëüíèê³â â³ä òåïëîâî-
ãî âïëèâó äàþòü çíà÷íó ïåðåâàãó ïåðåä ³ñíóþ÷èìè êîíñòðóêö³ÿìè.
Öÿ ïåðåâàãà ïðîÿâëÿºòüñÿ íå ò³ëüêè ï³ä ÷àñ âèêîðèñòàííÿ â ïî÷àò-
êîâ³é ñòàä³¿, à òàêîæ ³ â ³íøèõ ñòàä³ÿõ ë³êâ³äàö³¿ ïîæåæ³.

Ó ïåðñïåêòèâ³ òàêó êîíñòðóêö³þ ìîæíà äîâåñòè äî ñåð³éíîãî âè-
ãîòîâëåííÿ é îñíàñòèòè íåþ ï³äðîçä³ëè ÄÑÍÑ Óêðà¿íè. Äëÿ öüîãî
ïîòð³áíå êîíñòðóêòîðñüêå é äèçàéíåðñüêå äîîïðàöþâàííÿ îêðåìèõ
âóçë³â ³ ñèñòåìè â ö³ëîìó. Âàðòî îïòèì³çóâàòè ìàñó ðåçåðâóàðà ³ éîãî
îáñÿã, çìåíøèòè âàãó îêðåìèõ åëåìåíò³â, îïðàöþâàòè ïèòàííÿ íàä³é-
íîñò³ é òåðìîñò³éêîñò³ òðóáîïðîâîä³â, ïðîâîä³â òîùî. Äëÿ äîñë³äíèõ
çðàçê³â íåîáõ³äíî ïðîâåñòè âîãíåâ³ âèïðîáóâàííÿ íà ïîë³ãîí³.
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ASSESSMENT OF SPACER BAR DESIGN 

ON THE THERMAL PERFORMANCE OF WINDOWS

Àíîòàö³ÿ. Ñêëîïàêåòè, ùî õàðàêòåðèçóþòüñÿ âèñîêîþ åíåðãîåôåê-
òèâí³ñòþ, âêëþ÷àþòü íèçüêîåì³ñ³éíå ïîêðèòòÿ ïîâåðõí³ ñêëà, çàïîâíåí-
íÿ ïîðîæíèíè ì³æ ñêë³ííÿì ãàçîì ç íèçüêèì êîåô³ö³ºíòîì òåïëîïðîâ³ä-
íîñò³ òà çàñòîñóâàííÿ òåïëî³çîëÿö³éíèõ äèñòàíö³éí³ ðàìîê çàì³ñòü çâè-
÷àéíèõ ìåòàëåâèõ êîíñòðóêö³é. Ïîêðàùåíà êîíñòðóêö³ÿ â³êîí òà â³äïî-
â³äíèé âèá³ð ìàòåð³àëó äëÿ äèñòàíö³éíèõ ðàìîê ïðèçâîäÿòü äî ïîêðàùåí-
íÿ çàãàëüíèõ òåïëîâèõ õàðàêòåðèñòèê òà çàïîá³ãàííþ óòâîðåííÿ êîí-
äåíñàòó íà ïîâåðõí³ ñêë³ííÿ, îñîáëèâî â éîãî íèæí³é îáëàñò³.

Ó ðîáîò³ ïðîâåäåíî ïîð³âíÿííÿ òåìïåðàòóð ïîâåðõí³ ñêëà ïðè âèêî-
ðèñòàíí³ ó ñêëîïàêåòàõ äèñòàíö³éíèõ ðàìîê, âèãîòîâëåíèõ ç ð³çíèõ ìà-
òåð³àë³â, à ñàìå: ç àëþì³í³þ, ç íåðæàâ³þ÷î¿ ñòàë³ òà ç ïëàñòèêó. Äëÿ
âñ³õ ðîçãëÿíóòèõ âèïàäê³â îäíå ñêëî ìàº íèçüêîåì³ñ³éíå ïîêðèòòÿ, çâåð-
íåíå äî âíóòð³øíüî¿ ïîðîæíèíè ñêëîïàêåòó. ×èñåëüíå ìîäåëþâàííÿ äëÿ
âèçíà÷åííÿ ðîçïîä³ëó òåìïåðàòóð âèêîíàíî â³äïîâ³äíî äî ISO 15099.

Êëþ÷îâ³ ñëîâà: òåïëî³çîëÿö³éí³ ñêëîïàêåòè, îï³ð êîíäåíñàö³¿, êî-
åô³ö³ºíò òåïëîïåðåäà÷³, åíåðãåòè÷í³ õàðàêòåðèñòèêè, äèñòàíö³éí³ ðàì-
êè, â³êíà.

Abstract. High-performance glazing systems incorporate low-emissivity
coating on glass, heavy gas fill in the glazing cavity and thermally improved
spacer bars instead of the conventional metal bars. The improved design and
proper selection of material for spacer bars provide means to improve the ove-
rall thermal characteristics and condensation resistance of windows, particu-
larly in the edge-of-glass region.

In this paper a comparison of glazing temperatures are performed for
three different glazing/spacer configurations; one double glazing with an alu-
minum spacer, one double glazing with a stainless steel spacer, and one dou-
ble glazing with a plastic spacer. For all the glazing one of the glass panes has
a low emissivity coating facing the glazing cavity. Numerical simulations
according to ISO 15099 are performed.

Keywords: insulating glass units, condensation resistance, U-factor, ener-
gy performance, spacer bars, windows
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1. Introduction
The thermal performance of windows has an important influence

on the energy budget of a building. A large amount of energy may be
transported out of buildings through the windows, i.e. a heat loss which
in colder climates must be compensated by increased energy use for
heating. In addition, there may also be large energy transport into build-
ings through windows due to solar radiation. A careful selection of win-
dow components (i.e. glass, spacer and frame) is necessary to obtain
windows with the desired properties (i.e. magnitudes of thermal trans-
mittance and solar heat gain coefficient).

Commonly, spacers have been made of aluminum, which is a
material with a high thermal conductivity. This results in low tempera-
tures on the interior glass, especially near the lower edge, which again
may lead to condensation. New spacer technologies (materials and
geometries) have therefore been developed and investigated [1].
Numerical investigations show that the total window U-value is reduced
by 6 % if the aluminum spacer is replaced with an insulating spacer in
a standard double-glazed wood framed window (no low emissivity coat-
ing on any of the glass panes). The corresponding difference was report-
ed to be 12 % for high-performance windows [2]. Experimental and
numerical studies [3] have been performed to investigate the effect of
the spacer design on the glazing temperatures and glazing heat transfer
rates for insulating glass units not mounted in a frame.

In this study, numerical simulations have been performed to assess
the effect of various spacers on the inner glass surface temperatures.
Results from numerical investigations are presented.

2. Materials and methods
2.1. Description of window frame, spacers and glazing
Double glazing mounted in the same wood frame were simulated;

with an aluminum spacer, stainless steel spacer as well as a plastic spacer. 
Figure 1 displays the simplified cross section of a window unit used

for the numerical simulation.
The glazing system consisted of double glazing. The emissivity of

the glazing panes was 0.84. The gap between the glazing panes was filled
with air. The thickness of each glazing pane was 5 mm, and the thick-
ness of the air gap was 16.510 mm. The efficient thermal conductivity
of the air layer was 0.049 W/(m  K) whereas the U-factor of the over-
all glazing system was 1.935 W/(m2K).
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Figure 1. Scheme of the window unit simulated: 
1 – air layer; 2 – glazing pane; 3 – spacer; 4 – sach; 5 – frame; 6 – frame cavity

The thermal conductivity of the wood sash was 0.11 W/(m  K)
whereas the thermal conductivity of the wood frame was 0.14 W/(m  K).

The highly conductive spacer (aluminum or stainless steel) with
sealing is shown in Figure 2.

Figure 2. Metal spacer (aluminum or stainless steel) with sealing: 
1 – silica gel; 2 – butyl rubber; 3 – metal (aluminum or stainless steel); 4 –
polyvinylchloride (PVC) with 40 % softer

The thermal characteristics of the materials from which the metal
spacers are consisted are represented in Table 1.

Table 1 
Thermal characteristics of metal spacers and sealings

Material Thermal conductivity, W/(m  K).

aluminum alloy 160.0

stainless steel 17.0

silica gel 0.03

butyl rubber 0.24

polyvinylchloride (PVC) with 40 % softer 0.14
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The plastic spacer had a thermal conductivity of 0.17 W/(m  K)
and was like a parallelepiped in shape.

2.2. Numerical Procedure
The numerical simulations were performed with the computer pro-

grams WINDOW 7.4 and THERM 7.4 [4], according to the procedures
prescribed in ISO 15099 [5], which is a standard for determining the
thermal performance of windows, doors and shading devices by detailed
calculations. WINDOW 7.4 is a computer program for calculating total
window thermal performance indices, i.e. U-values, solar heat gain
coefficients, shading coefficients, and visible transmittances. THERM is
a two dimensional building component thermal simulations program.
U-values for frame and edge-of-glass were calculated in THERM and
thereafter imported to WINDOW, which calculated the U-values for
the center – of glass and the entire window.

2.4. Boundary Conditions
On the interior side the temperature Ti was 21°C and the convec-

tive heat transfer coefficient was 2.64 W/(m2K) for the glazing pane and
3.09 W/(m2K) for the frame. On the exterior side the temperature Te was
–18°C and the convective heat transfer coefficient was 26 W/(m2K).

3. Results and Discussion
3.2. Temperature Comparison
Figure 3 shows profiles of temperature for the window with a 

15-mm-thick aluminum spacer. Figure 4 displays similar results for the
window with a 15-mm-thick stainless steel spacer. Finally, Figure 5
shows temperature distribution for the window with a plastic spacer. It
is seen that the glass surface temperature is affected by the material of
spacer bar in the edge-of-glass region (about 67 mm from the sight
line). This is demonstrated in Figure 5 when comparing the glass sur-
face temperature. For a plastic spacer, the glass surface temperature
would be higher than that of a highly conductive spacer bar such as a
conventional metal spacer (e.g., aluminum or stainless steel). However,
the glass surface temperature will be higher in the case of stainless steel
spacer compared with the aluminum one.

It is also seen that the lowest temperature (–2,1°C) is attained at
the lowest point of the inner glaze surface for windows equipped with
an aluminum spacer. The temperature increases up to 0°C for the win-
dow equipped with a stainless steel spacer. The highest value of the tem-
perature is achieved in the case of using a plastic spacer.
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Figure 3. The temperature profiles for 
the window system equipped with an aluminum spacer

Figure 4. The temperature profiles for 
the window system equipped with a stainless spacer

Figure 5. The temperature profiles for 
the window system equipped with a plastic spacer

Figure 6. The inner glazing temperature as a function 
of the distance from the lower glazing edge 

( – aluminum spacer;  – stainless spacer;  – plastic spacer)
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4. Conclusions and further investigations
The conclusions are as follows.
Numerical simulations showed that the thermal performance as

well as inner glazing surface temperature is affected by the design of
spacer. The simulated results showed that the lowest inner glazing sur-
face temperature had the window equipped with an aluminum spacer.
The highest inner glazing surface temperature was attributable to the
window equipped with a plastic spacer. In the case of the use of a stain-
less spacer the temperature of the inner glazing surface was higher com-
pared to the case if aluminum spacer was used.

This paper presents information that could be used as guidelines for
window design. The data should not be generalized for all windows of
similar materials. Window size, frame design, manufacturing tolerances
and other factors would affect the final results.
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ПЕРСПЕКТИВИ ЗМЕНШЕННЯ ВИКИДІВ 

ШКІДЛИВИХ РЕЧОВИН В КОМБІНОВАНИХ

ПАРОГАЗОВИХ ЕНЕРГЕТИЧНИХ УСТАНОВКАХ

Àíîòàö³ÿ. Ïðîàíàë³çîâàíèé ñòàí îá’ºêò³â òåïëîâî¿ ãåíåðàö³¿ åëåê-
òðîåíåðã³¿, ÿê³ çíàõîäÿòüñÿ â êðèòè÷íîìó ñòàí³ ÷åðåç â³äïðàöþâàííÿ
ñâîãî ðåñóðñó îñíîâíèì òåõíîëîã³÷íèì îáëàäíàííÿì, à ÒÅÑ âõîäÿòü ó
ñïèñîê íàéá³ëüø åêîëîã³÷íèõ íåáåçïå÷íèõ îá’ºêò³â. ÎÅÑ Óêðà¿íè õàðàê-
òåðèçóºòüñÿ íåñòà÷åþ ìàíåâðîâèõ ïîòóæíîñòåé. Â³äíîâëåííÿ òåïëî-
âîþ åíåðãåòèêè ïîòð³áíî ðîáèòè íà áàç³ êîìá³íîâàíèõ ïàðîãàçî-
òóðá³ííèõ óñòàíîâîê, ÿê³ ïðàöþþòü íà òâåðäîìó ïàëèâ³.

Êëþ÷îâ³ ñëîâà: îá’ºêò òåïëîâî¿ ãåíåðàö³¿, êîìá³íîâàí³ ïàðîãàçîâ³
åíåðãåòè÷í³ óñòàíîâêè, ìåìáðàííèé ðîçä³ëþâà÷ ïîâ³òðÿ, äîäàòêîâà
òîïêà öèêëîííîãî òèïó.

Abstract. It has been analyzed the state of thermal power generation
objects, which are in critical condition due to expired service time of main tech-
nological equipment, while TPPs are among the most environmentally haz-
ardous objects. The United Power System of Ukraine is characterized by a lack
of maneuver capacity. The restoration of thermal power should be done on the
basis of combined steam and gas turbine plants that operate on solid fuels.

Keywords: thermal generation object, combined steam and gas power
plants, membrane air separa separator, additional furnace of cyclone type.

Îá’ºäíàíà åíåðãåòè÷íà ñèñòåìà (ÎÅÑ) Óêðà¿íè âêëþ÷àº íà-
ñòóïí³ äæåðåëà ãåíåðàö³¿ åëåêòðè÷íî¿ åíåðã³¿ – òåïëîâ³ (ÒÅÑ), àòîì-
í³ (ÀÅÑ) åëåêòðîñòàíö³¿, ã³äðî- òà ã³äðîàêóìóëþ÷³ åëåêòðîñòàíö³¿
(ÃÅÑ, ÃÀÅÑ) à òàêîæ àëüòåðíàòèâí³ ³ ïîíîâëþâàëüí³ äæåðåëà. Çà-
ãàëüíà ïîòóæí³ñòü âñ³õ äæåðåë çíàõîäèòüñÿ íà ð³âí³ 50–54 ÃÂò, à îá-
ñÿãè âèðîáíèöòâà åëåêòðîåíåðã³¿ ÎÅÑ Óêðà¿íè êîëèâàºòüñÿ â ìåæàõ
170–200 ìëí. êâò  ãîä (íà ìîìåíò ÷àñó äî àíåêñ³¿ Êðèìó ³ áîéîâèõ
ä³é â îêðåìèõ ðàéîíàõ Äîíåöüêî¿ òà Ëóãàíñüêî¿ îáëàñòåé).

Ñï³ââ³äíîøåííÿ ì³æ âèäàìè ãåíåðàö³¿ â ïðîöåñ³ âèðîáíèöòâà
åëåêòðîåíåðã³¿ íå º ïîñò³éíèì â ÷àñ³ òà ïðèáëèçíî ìàº [1, 2] íà-
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ñòóïíèé âèãëÿä: ÷àñòêà ÒÅÑ ³ ÀÅÑ ñêëàäàº 40–55 % äëÿ êîæíîãî
âèäó â³äïîâ³äíî, ÃÅÑ òà ÃÀÅÑ 10–15 % ðàçîì, òà íà ïîíîâëþ-
âàëüí³ ³ àëüòåðíàòèâí³ äæåðåëà ãåíåðàö³¿ ïðèïàäàº 9–12 % ïîòóæ-
íîñòåé. ²ç öüîãî âèò³êàº, ùî äî îñíîâíèõ íåäîë³ê³â ÎÅÑ ñë³ä
â³äíåñòè íåäîñòàòí³ñòü ìàíåâðîâèõ ïîòóæíîñòåé äëÿ ïîêðèòòÿ
íåð³âíîì³ðíèõ ãðàô³ê³â ñïîæèâàííÿ åëåêòðîåíåðã³¿. Äëÿ âèïàäêó
íîì³íàëüíîãî çàâàíòàæåííÿ ïðîìèñëîâèõ ï³äïðèºìñòâ, áþäæåò-
íèõ îðãàí³çàö³é òà êîìóíàëüíèõ ñïîæèâà÷³â íåîáõ³äíà ÷àñòêà ãåíå-
ðóþ÷èõ ïîòóæíîñòåé, çäàòíèõ ïðàöþâàòè â ï³êîâèõ òà íàï³âï³êî-
âèõ ðåæèìàõ, ïîâèííà çíàõîäèòèñÿ â ìåæàõ 25–30 %.

Ó çâ’ÿçêó ç òèì, ùî ïîòóæíîñòåé ÃÅÑ òà ÃÀÅÑ íå äîñòàòíüî
äëÿ ïîêðèòòÿ ï³êîâèõ íàâàíòàæåíü, îñòàíí³ì ÷àñîì äëÿ ö³º¿ ìåòè
âèêîðèñòîâóþòü îêðåì³ âóã³ëüí³ áëîêè ÒÅÑ, ÿê³ ïðè öüîìó ïðàöþ-
þòü ó íåïðîåêòíèõ ðåæèìàõ, à ³íîä³ íà ïåâíèé ÷àñ ¿õ â³äêëþ÷àþòü,
òðèìàþ÷è ¿õ â ãàðÿ÷îìó ðåçåðâ³. Âóã³ëüí³ áëîêè îá’ºêò³â òåïëîâî¿
ãåíåðàö³¿ ïîáóäîâàí³ ó 60–70-õ ðîêàõ ìèíóëîãî ñòîë³òòÿ, à ìàéæå
90 % ¿õ ÷èñëà, â îñíîâíîìó âè÷åðïàëè ñâ³é òåõíîëîã³÷íèé ðåñóðñ
[3, 4]. À ÷àñò³ ïóñêè òà çóïèíêè ùå äîäàòêîâî ïîã³ðøóþòü ¿õ êðè-
òè÷íèé ñòàí.

Ï³ä ÷àñ ðîáîòè äæåðåë òåïëîâî¿ ãåíåðàö³¿ â äèìîâèõ ãàçàõ
åëåêòðîñòàíö³é ïðèñóòí³ øê³äëèâ³ ðå÷îâèíè – îêèñëè àçîòó(ïà-
ëèâí³, øâèäê³, òåðì³÷í³), ñ³ð÷èñòèé òà ñ³ð÷àíèé àíã³äðèä, âóãëå-
êèñëèé ãàç ÑÎ2 òà îêèñ âóãëåöþ ÑÎ (àáî ÷àäíèé ãàç), ñàæà, çîëà
òà ÷àñòèíêè íåçãîð³ëîãî ïàëèâà, à òàêîæ êàíöåðîãåíí³ ðå÷îâè-
íè(çîêðåìà 1,2 áåíç(à)ï³ðåí – ðå÷îâèíà íàéâèùîãî ïåðøîãî êëà-
ñó íåáåçïåêè). À ç âðàõóâàííÿì âèñîòè äèìîâèõ òðóá (à âîíà ñÿãàº
äîñèòü âåëè÷èíè 250–320 ìåòð³â) âêàçàí³ øê³äëèâ³ ðå÷îâèíè ðîç-
íîñÿòüñÿ â³òðàìè íà âåëèê³ â³äñòàí³, à äåÿê³ ³ç íàçâàíèõ ³íãðåä³-
ºíò³â º äæåðåëîì ôîðìóâàííÿ êèñëîòíèõ äîù³â.

Îñíîâíèé íàéá³ëüøèé âíåñîê ó çàãàëüíèé ³íäåêñ òîêñè÷íîñò³
äèìîâèõ ãàç³â âíîñÿòü îêèñëè àçîòó, õ³ì³÷íà ðåàêö³ÿ óòâîðåííÿ
ÿêèõ º åíäîòåðì³÷íîþ (âîíà ïðîò³êàº ç ïîãëèíàííÿì òåïëîòè).
Çìåíøåííÿ òåìïåðàòóðè ó ôàêåë³ íå ò³ëüêè ïðèâîäèòü äî çíèæåí-
íÿ çàãàëüíîãî êîåô³ö³ºíòà êîðèñíî¿ ä³¿ åíåðãåòè÷íîãî áëîêà. Öå
çíèæåííÿ òåìïåðàòóðè ãîð³ííÿ ð³âíîâàæíó êîíöåíòðàö³þ îêñèä³â
àçîòó, òà îäíî÷àñíî çá³ëüøóº ÷àñ, íåîáõ³äíèé äëÿ äîñÿãíåííÿ ö³º¿
ð³âíîâàæíî¿ êîíöåíòðàö³¿. ×àñ ïåðåáóâàííÿ ïðîäóêò³â çãîðàííÿ ó
ôàêåë³ òîïêè ïðè òåìïåðàòóð³ 1400–1500°Ñ ìàéæå â 100 ðàç³â ìåí-
øèé çà íåîáõ³äíèé äëÿ äîñÿãíåííÿ ð³âíîâàæíî¿ êîíöåíòðàö³¿.
Íàäëèøîê àçîòó ïðèñêîðþº ðåàêö³þ, àëå îäíî÷àñíî éîãî çá³ëü-
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øåííÿ çíèæóº òåìïåðàòóðó ãîð³ííÿ, ùî óïîâ³ëüíþº õ³ì³÷íó ðåàê-
ö³þ. Ïðè ìàëèõ íàäëèøêàõ ïîâ³òðÿ â³ä÷óòí³øèé âïëèâ ïåðøîãî
÷èííèêà, à ïðè á³ëüøèõ – äðóãîãî. 

ßê³ñòü îñíîâíîãî ïàëèâà – ïîìåëåíîãî äî ïåâíî¿ òîíèíè êà-
ì’ÿíîãî âóã³ëëÿ, îñòàíí³ì ÷àñîì ïîñò³éíî ïîã³ðøóþòüñÿ, ùî ïðè-
âîäèòü ùå é äî ïîã³ðøåííÿ åêîëîã³÷íî¿ ñèòóàö³¿ â ðàéîíàõ ðîçòà-
øóâàííÿ ÒÅÑ. À âîíè âñ³ ³ áåç öüîãî çíàõîäÿòüñÿ ðàçîì ³ç ìåòà-
ëóðã³éíèìè ï³äïðèºìñòâàìè äî ñîòí³ íàéá³ëüøèõ çàáðóäíþâà÷³â
íàâêîëèøíüîãî ñåðåäîâèùà, â òîìó ÷èñë³ àòìîñôåðíîãî ïîâ³òðÿ òà
âîäíèõ îá’ºêò³â, à ðîçì³ùåííÿ òâåðäèõ â³äõîä³â, çîêðåìà çîëè, ïî-
òðåáóº äîñèòü âåëèêèõ çåìåëüíèõ ïëîù. Â³äâàëè çîëè õàðàêòåðèçó-
þòüñÿ ùå é ïîã³ðøåííÿì ðàä³àö³éíî¿ îáñòàíîâêè òà çàáðóäíåííÿì
äæåðåë ïèòíî¿ âîäè òà ´ðóíò³â ñîëÿìè âàæêèõ ìåòàë³â.

²ç âèêëàäåíîãî âèùå âèò³êàº, ùî îá’ºêòè òåïëîâî¿ ãåíåðàö³¿ ?
îäèí ³ç äâîõ äîíîð³â ÎÅÑ Óêðà¿íè ðàçîì ³ç ÀÅÑ, çíàõîäÿòüñÿ â
êðèòè÷íîìó ñòàí³ ç ïðè÷èíè íàäì³ðíîãî çíîøåííÿ îñíîâíîãî òåõ-
íîëîã³÷íîãî îáëàäíàííÿ, çíà÷íîãî çàáðóäíåííÿ íàâêîëèøíüîãî
ñåðåäîâèùà øê³äëèâèìè ðå÷îâèíàìè. Â çàãàëüíîìó íà äîäà÷ó
ÎÅÑ õàðàêòåðèçóºòüñÿ íåñòà÷åþ ìàíåâðîâèõ ïîòóæíîñòåé, ùî
ìîãëî áè çãëàäèòè ãðàô³êè äîáîâîãî, ñåçîííîãî òà ð³÷íîãî ñïîæè-
âàííÿ. Âêàçàíèé ôàêò ï³äòâåðäæóºòüñÿ [5, 6] øèðîêèì êîëîì
ïðåäñòàâíèê³â íàóêîâèõ óñòàíîâ, äåðæàâíèõ îðãàí³â òà åêñïåðò³â
â³ò÷èçíÿíî¿ òà ì³æíàðîäíî¿ ïðîôåñ³éíî¿ ñï³ëüíîòè.

Òðàäèö³éíèì ìåòîäîì ôîðìóâàííÿ ìàíåâðîâèõ ïîòóæíîñòåé [7]
º ðîçâèòîê ã³äðîåíåðãåòèêè, àëå â óìîâàõ Óêðà¿íè òàêèé øëÿõ íå
ìîæíà ââàæàòè ðåàëüíèì. Íàâ³òü îíîâëåíà Åíåðãåòè÷íà Ñòðàòåã³ÿ
Óêðà¿íè äî 2035 ðîêó íå ïåðåäáà÷àº ïîâíîö³ííèõ øâèäêèõ êðîê³â
â öüîìó íàïðÿìêó [8, 9]. Ðîçâèíóò³ êðà¿íè ñâ³òó òà ªâðîïè âèð³øó-
þòü òàêå çàâäàííÿ øëÿõîì âèêîðèñòàííÿ ñó÷àñíèõ ãàçîòóðá³ííèõ
òåõíîëîã³é, ÿê³ ìàþòü ó ïîð³âíÿíí³ ³ç ïàðîòóðá³ííèìè åëåêòðîñ-
òàíö³ÿìè ñóòòºâ³ ïåðåâàãè. Â óìîâàõ Óêðà¿íè òàêèé øëÿõ ìàâ áè
ïåðñïåêòèâè, àëå ðîáîòà ãàçîòóðá³ííèõ óñòàíîâîê (ÃÒÓ) ïîòðåáóº
äåô³öèòíîãî òà äîñèòü äîðîãîãî ãàçîòóðá³ííîãî ïàëèâà. 

Ïîºäíàííÿ â îäí³é êîìá³íîâàí³é åíåðãåòè÷í³é óñòàíîâö³ äâîõ
ìåòîä³â ãåíåðàö³¿ åëåêòðè÷íî¿ åíåðã³¿ ìîæå çàáåçïå÷èòè íåîáõ³äíó
ìàíåâðîâ³ñòü òà ìîá³ëüí³ñòü [10] (òîáòî øâèäê³ñòü íàáîðó ÷è çíè-
æåííÿ ïîòóæíîñò³ áëîêà). Ïðèíöèïîâà ñõåìà òàêî¿ óñòàíîâêè ïðè-
âåäåíà íà ðèñ. 1.

Àíàë³çóþ÷è áëîê-ñõåìó êîìá³íîâàíî¿ óñòàíîâêè íåîáõ³äíî çà-
óâàæèòè, ùî çà ðàõóíîê íàÿâíîñò³ ó íèæíüîìó òðüîõ áëîê³â ïåðå-
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òâîðåííÿ, ïðè ÷îòèðüîõ åòàïàõ ó âåðõíüîìó ëàíöþæêó, çàãàëüíèé
êîåô³ö³ºíò êîðèñíî¿ ä³¿ ïàðàëåëüíîãî ç’ºäíàííÿ áóäå, ÿê ì³í³ìóì
íà 5 % âèùå, í³æ ïðè îêðåì³é ðîáîò³ ñêëàäîâèõ ÷àñòèí ïàðîâî¿ ³
ãàçîâî¿ ãåíåðàö³¿ ïðè ò³é æå ê³ëüêîñò³ ñïàëþâàíîãî âóã³ëëÿ. 

Ðèñ. 1. Áëîê-ñõåìà êîìá³íîâàíî¿ ïàðîãàçîâî¿ åíåðãåòè÷íî¿ óñòàíîâêè 
áåç êàìåðè ñïàëþâàííÿ â ãàçîâ³é ÷àñòèí³

Á³ëüø³ ïåðñïåêòèâè â ïëàí³ íàðîùóâàííÿ ìàíåâðîâèõ ïîòóæ-
íîñòåé ³ñíóþòü ó âèïàäêó çàáåçïå÷åííÿ ðîáîòè ïàðîãàçîâèõ óñòà-
íîâîê íà òâåðäîìó ïàëèâ³, çàïàñè ÿêîãî ó ñâ³ò³ îö³íþþòüñÿ ïðè
ñüîãîäí³øí³õ òåìïàõ ñïîæèâàííÿ íà ïåð³îä äî 400–450 ðîê³â. Äëÿ
Óêðà¿íè, íà ïîãëÿä äåÿêèõ àâòîð³â, á³ëüø ïåðñïåêòèâíèì áóâ áè
øëÿõ ñï³ëüíîãî âèêîðèñòàííÿ ïàðîâîãî òà ãàçîâîãî ìåòîäó ãåíå-
ðàö³¿ â îäí³é êîìá³íîâàí³é åíåðãåòè÷í³é óñòàíîâö³ ïðè ïðàâèëüíî-
ìó ñï³ââ³äíîøåíí³ ïîòóæíîñòåé ãàçîâî¿ ³ ïàðîâî¿ ÷àñòèíè, à òàêîæ
âèêîðèñòàííÿ äëÿ ôîðìóâàííÿ ðîáî÷îãî ò³ëà ãàçîâî¿ ÷àñòèíè òåï-
ëà â³ä ñïàëþâàííÿ ÷àñòêè ìåëåíîãî âóã³ëëÿ â äîäàòêîâ³é öèê-
ëîíí³é òîïö³ ç ñîðî÷êîþ îõîëîäæåííÿ. 

Íà ðèñ. 2 ïðèâåäåíà áëîê-ñõåìà êîìá³íîâàíî¿ ïàðîãàçîâî¿
åíåðãåòè÷íî¿ óñòàíîâêè, êîëè â öèêëîííèé ïåðåäòîïîê (àáî äî-
äàòêîâó òîïêó) íà ñïàëþâàííÿ ïîäàºòüñÿ àòìîñôåðíå ïîâ³òðÿ, çáà-
ãà÷åíå êèñíåì ïðè äîïîìîç³ [11] ðîçä³ëþâà÷à ìåìáðàííîãî òèïó.
Ïðè öüîìó, ïðè çáàãà÷åíîìó êèñíåì àòìîñôåðíîìó ïîâ³òð³ ò³ëüêè
íà 10 % ³ â³äñóòíîñò³ íàäëèøêó ïîâ³òðÿ (à öå ùå 15 %), îá’ºì äè-
ìîâèõ ãàç³â çíèçèòüñÿ íà 25 %.

Äëÿ ï³äòâåðäæåííÿ äåÿêèõ äîïóùåíü, âèñëîâëåíèõ âèùå, íà-
âåäåìî äåÿê³ ðåçóëüòàòè òåîðåòè÷íèõ äîñë³äæåíü ïðîöåñó ñïàëþ-
âàííÿ êàì’ÿíîãî âóã³ëëÿ ìàðêè Ã Ëüâ³âñüêî-Âîëèíñüêîãî áàñåéíó
íà åíåðãîáëîö³ 150 ÌÂò ç êîòëîì ÒÏ-92 Äîáðîòâ³ðñüêî¿ ÒÅÑ. Ïðè
öüîìó áóäåìî ââàæàòè, ùî êàì’ÿíå âóã³ëëÿ (ÿê³ñòü ÿêîãî â ïåð-
ñïåêòèâ³ ìîæå ïîã³ðøóâàòèñÿ) ìàº òàêèé ñêëàä íà ðîáî÷ó ìàñó ïà-
ëèâà: çîëüí³ñòü Ap = 29 %; âîëîã³ñòü Wp = 10 %; íèæ÷à òåïëîòâîð-
íà çäàòí³ñòü Qi

ä = 4650 êêàë/êã (19,47 ÌÄæ/êã).
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Ðèñ. 2. Áëîê-ñõåìà êîìá³íîâàíî¿ ÏÃÒÓ ç äîäàòêîâîþ òîïêîþ öèêëîííîãî òèïó
òà ìåìáðàííèì ðîçä³ëþâà÷åì ïîâ³òðÿ.

Íàÿâíà âèòðàòà ïèëó òâåðäîãî ïàëèâà íà êîòåë ÒÏ-92 âèçíà-
÷åíà çà ôîðìóëîþ [5, 6], ò/ãîä:
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ÂÂ = ÂÌ  Z  ÊÃ, (1)

äå Z – ê³ëüê³ñòü ïðàöþþ÷èõ ìëèí³â; ÊÃ – êîåô³ö³ºíò ãîòîâíîñò³ ïèëîñè-
ñòåìè; äëÿ áàçîâèõ ðåæèì³â ðîáîòè ÊÃ = 0,9.

Êîðèñíå òåïëîâèä³ëåííÿ âèçíà÷àºòüñÿ çà ôîðìóëîþ [5, 6],
ÃÄæ/ãîä:

QT = BB  QP
H  áð

K  10–2, (2)

äå QP
H – êàëîð³éí³ñòü âóã³ëëÿ, ÌÄæ/êã; áð

K – ÊÊÄ áðóòòî êîòëà, %.

Âèòðàòà òåïëà íà òóðáîàãðåãàò [5, 6], ÃÄæ/ãîä:

Q0 = 
QT  ÒÏ

1 – Ô
 10–2, (3)

äå ÒÏ – êîåô³ö³ºíò òåïëîâîãî ïîòîêó, %; Ô – ÷àñòêà òåïëà â³ä çàãàëüíî-
ãî òåïëîâèä³ëåííÿ ó âèïàäêó ï³äñâ³÷óâàííÿ ïèëîâóã³ëüíîãî ôàêåëà ìàçó-
òîì àáî ïðèðîäíèì ãàçîì (Ô = 0,2).

Çàëåæí³ñòü ìàêñèìàëüíî¿ ïîòóæíîñò³ åíåðãîáëîêó â³ä âèòðàòè
òåïëà íà òóðáîàãðåãàò áåðåòüñÿ ç íîðìàòèâíèõ (ïàñïîðòíèõ) äàíèõ
äëÿ òóðáîàãðåãàòó Ê-160-130.

Ó ðåçóëüòàò³ ðîçðàõóíê³â îòðèìàºìî âèòðàòè âóã³ëëÿ âèùåâêà-
çàíèõ õàðàêòåðèñòèê íà êîòåë ÒÏ-92 çàëåæíî â³ä ïîòóæíîñò³ åíåð-
ãîáëîêó, ÿê³ çâåäåíî äî òàáëèö³ 1.

Òàáëèöÿ 1

Ðåçóëüòàòè ðîçðàõóíê³â âèòðàò ïîâ³òðÿ äëÿ ñïàëþâàííÿ âóã³ëëÿ â
êîòë³ ÒÏ-92 çàëåæíî â³ä ïîòóæíîñò³ åíåðãîáëîêó çâåäåíî â òàáëèöþ 2.

Òàáëèöÿ 2

Âàðòî òàêîæ çàóâàæèòè, ùî â îá’ºìàõ ïðîäóêò³â çãîðàííÿ íå âðà-
õîâàíî ïðèñìîêòè ïîâ³òðÿ â êîíâåêòèâí³é øàõò³ òà ãàçîõîäàõ êîòëà.

Åëåêòðè÷íà ïîòóæí³ñòü åíåðãîáëîêó Nåë, ÌÂò 90 120 150

Òåîðåòè÷íà ê³ëüê³ñòü ïîâ³òðÿ, íì3/ãîä 207240 285398 345394

Îá’ºìíà âèòðàòà ïîâ³òðÿ ïðè  = 1,15, íì3/ãîä 238322 328205 397201
Îá’ºìíà âèòðàòà ïðîäóêò³â çãîðàííÿ ïðè 
 = 1,15, íì3/ãîä 256241 352880 427065

Åëåêòðè÷íà ïîòóæí³ñòü åíåðãîáëîêó Nåë, ÌÂò 90 120 150

Âèòðàòà ïàëèâà BB, ò/ãîä 43 55 68
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Äëÿ çìåíøåííÿ íåãàòèâíîãî âïëèâó íà îòî÷óþ÷å ñåðåäîâèùå
êîòëà ÒÏ-92, çîêðåìà çíèæåííÿ âèêèä³â îêñèä³â àçîòó, ðîçãëÿíå-
ìî çá³ëüøåííÿ ÷àñòêè êèñíþ, ³ â³äïîâ³äíî çìåíøåííÿ ÷àñòêè àçî-
òó â ïîâ³òð³, ùî ïîäàºòüñÿ äëÿ ñïàëþâàííÿ ïàëèâà.

Äîñë³äèìî, ÿê çì³íèòüñÿ âèòðàòà ïîâ³òðÿ òà äèìîâèõ ãàç³â, ÿê-
ùî ñï³ââ³äíîøåííÿ ì³æ êèñíåì òà àçîòîì â ïîâ³òð³, ùî ïîäàºòüñÿ
äëÿ ñïàëþâàííÿ âóã³ëëÿ çì³íèòè íà 30/70, 40/60 â³äïîâ³äíî. Ðå-
çóëüòàòè ðîçðàõóíêó çâåäåíî â òàáëèöþ 3.

Òàáëèöÿ 3

Ç òàáëèö³ 3 âèïëèâàº, ùî äëÿ åíåðãîáëîêó ïîòóæí³ñòþ 150 ÌÂò,
çà óìîâè íåñåííÿ íîì³íàëüíî¿ ïîòóæíîñò³, çá³ëüøåííÿ êèñíþ â
ïîâ³òð³ äî 30 % ïðèçâîäèòü äî çìåíøåííÿ îá’ºìíî¿ âèòðàòè ïðî-
äóêò³â çãîðàííÿ íà 36425 íì3/ãîä., à ïðè 40 % – 53805 íì3/ãîä.

Îòæå, â ðåçóëüòàò³ çá³ëüøåííÿ âì³ñòó êèñíþ â ïîâ³òð³, ùî ïî-
äàºòüñÿ äëÿ ñïàëþâàííÿ âóã³ëëÿ çíèæóºòüñÿ âèòðàòà ïðîäóêò³â çãî-
ðàííÿ òà âì³ñò àçîòó, ùî äîçâîëÿº ï³äâèùèòè òåõí³÷í³ õàðàêòåðè-
ñòèêè êîòëà ÒÏ-92 – çà ðàõóíîê çíèæåííÿ âòðàòè ç â³äõ³äíèìè ãà-
çàìè, çìåíøåííÿ âèòðàòè åëåêòðîåíåðã³¿ íà òðàíñïîðòóâàííÿ äè-
ìîâèõ ãàç³â, òà åêîëîã³÷í³ ïîêàçíèêè – çà ðàõóíîê çìåíøåííÿ ó
â³äïîâ³äí³é ïðîïîðö³¿ âèêèä³â îêñèä³â àçîòó.

Êîìá³íîâàíà ïàðîãàçîâà åíåðãåòè÷íà óñòàíîâêà ç äîäàòêîâîþ
òîïêîþ öèêëîííîãî òèïó, â ñîðî÷ö³ ÿêî¿ ôîðìóºòüñÿ ðîáî÷å ò³ëî
äëÿ ãàçîâî¿ ãåíåðàö³¿, õàðàêòåðèçóºòüñÿ á³ëüøîþ ìàíåâðîâ³ñòþ òà
ìîá³ëüí³ñòþ. Â ðîáîò³ çàïðîïîíîâàíî íîâèé ï³äõ³ä, ùîäî ï³äâèùåí-
íÿ åôåêòèâíîñò³ ñïàëþâàííÿ òâåðäîãî íèçüêîñîðòíîãî îðãàí³÷íîãî
ïàëèâà â åíåðãåòè÷íèõ êîòëàõ, ùî ïîëÿãàº â îðãàí³çàö³¿ ïðîöåñó
ãîð³ííÿ ïàëèâà ³ç ïîâ³òðÿì, â ÿêîìó ï³äâèùåíî âì³ñò êèñíþ. Â òà-
êîìó âèïàäêó ñïîñòåð³ãàºòüñÿ çíèæåííÿ âèêèä³â îêñèä³â àçîòó ó
âèõëîïíèõ ãàçàõ, ï³äâèùåííÿ åôåêòèâíîñò³ âèãîðàííÿ òâåðäîãî ïà-
ëèâà, çíèæåííÿ âèòðàòè åíåðã³¿ íà âëàñí³ ïîòðåáè, à îòæå çá³ëüøåí-
íÿ ÊÊÄ êîòåëüíîãî àãðåãàòó. Îñíîâí³ ðîçðàõóíêè âèòðàò ïîâ³òðÿ òà
äèìîâèõ ãàç³â âèêîíàíî íà ïðèêëàä³ êîòåëüíîãî àãðåãàòó ÒÏ-92.

Ïîòóæí³ñòü åíåðãîáëîêó Nåë, ÌÂò 90 120 150

Îá’ºìíà âèòðàòà ïðîäóêò³â çãîðàííÿ ïðè 
 = 1,15, íì3/ãîä 256241 352880 427065

Îá’ºìíà âèòðàòà ïðîäóêò³â çãîðàííÿ ïðè âì³ñò³
êèñíþ â ïîâ³òð³ 30 %, íì3/ãîä 234385 312510 390640

Îá’ºìíà âèòðàòà ïðîäóêò³â çãîðàííÿ ïðè âì³ñò³
êèñíþ â ïîâ³òð³ 40 %, íì3/ãîä 223960 298606 373260
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СТАН ТА ПЕРСПЕКТИВИ РОЗВИТКУ

ТЕПЛОЕНЕРГЕТИКИ У СВІТІ

Àíîòàö³ÿ. Ïðåäñòàâëåíî àíàë³òè÷íèé îãëÿä äîñë³äæåíü ïåðñïåêòèâ
ðîçâèòêó òåïëîåíåðãåòèêè ó ñâ³ò³. Ðîçãëÿíóòî îñíîâí³ ïðîáëåìè ðîç-
âèòêó òåïëîåíåðãåòèêè ó ñâ³ò³: ðåñóðñí³ ïðîáëåìè, åêîëîã³÷í³ ïðîáëåìè,
äåìîãðàô³÷í³ ïîòðåáè ó åíåðã³¿, ïàëèâí³ ïåðñïåêòèâè. Ïðîãíîçóºòüñÿ ùî
ó ïåð³îä äî 2040 ðîêó íàéá³ëüø çàòðåáóâàíèì åíåðãîðåñóðñîì ñòàíå ãàç.
Ãîëîâíå çàâäàííÿ òåïëîåíåðãåòèêè â XXI ñòîë³òò³ – øèðîêîìàñøòàá-
íå ³ á³ëüø åôåêòèâíå âèêîðèñòàííÿ ïîíîâëþâàíèõ åíåðãîðåñóðñ³â.

Êëþ÷îâ³ ñëîâà: åíåðãîðåñóðñè, çì³íà êë³ìàòó, òåïëîåíåðãåòèêà,
åíåðãîñïîæèâàííÿ, äåìîãðàô³÷í³ ïîòðåáè.

Abstract. An analytical review of the prospects of the development of heat
power engineering in the world is presented. The main problems of heat ener-
gy development in the world are considered: resource problems, environmen-
tal problems, demographic energy needs, fuel prospects. It is forecasted that in
the period until 2040 the most demanded energy will be gas. The main task
of thermal power engineering in the XXI century is the large-scale and more
efficient use of renewable energy resources.

Êeywords: energy, climate change, heat power engineering, energy con-
sumption, demographic needs.

Ñâ³òîâå ñïîæèâàííÿ åíåðã³¿ ïðîäîâæóº çðîñòàòè âèñîêèìè
òåìïàìè. Ò³ëüêè çà îñòàíí³ 50–60 ðîê³â ïðèðîäíèõ åíåðãîðåñóðñ³â
áóëî âèòðà÷åíî â òðè ðàçè á³ëüøå, í³æ çà âñ³ ïîïåðåäí³ ñòîë³òòÿ. Â
îñòàíí³ äåñÿòèë³òòÿ ðåñóðñí³ òà åêîëîã³÷í³ ïðîáëåìè åíåðãåòèêè
çíàõîäÿòü â³äîáðàæåííÿ â ÷èñëåííèõ ïóáë³êàö³ÿõ, íèìè çàéìàþòü-
ñÿ ïðîâ³äí³ ì³æíàðîäí³ îðãàí³çàö³¿ òà ³íñòèòóòè. Îäíàê äî ñèõ ï³ð
äîñèòü çíà÷íèé ðîçêèä â îö³íêàõ ÿê ïåðñïåêòèâ ðîçâèòêó åíåðãå-
òèêè, òàê ³ ìàñøòàá³â, ïîâ’ÿçàíèõ ç ð³âíåì ¿¿ âïëèâó íà íàâêî-
ëèøíº ñåðåäîâèùå, íà ãëîáàëüí³ çì³íè ïðèðîäíîãî ñåðåäîâèùà, â
òîìó ÷èñë³ íà çì³íó êë³ìàòó ïëàíåòè, à òàêîæ íà çàáðóäíåííÿ íà-
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âêîëèøíüîãî ñåðåäîâèùà. Ñòóðáîâàí³ñòü ìàñøòàáàìè ãëîáàëüíèõ
çì³í ïðèðîäíîãî ñåðåäîâèùà ³ ñòàíîì ðåñóðñíî¿ áàçè ïëàíåòè ðî-
áèòü ñó÷àñíó åíåðãåòè÷íó òà åêîëîã³÷íó ïîë³òèêè îäíèìè ç ãîëîâ-
íèõ ðåãóëÿòîð³â ïîäàëüøîãî ðîçâèòêó ñâ³òîâî¿ åíåðãåòè÷íî¿ ãàëóç³.
Â³ä åôåêòèâíîñò³ ¿¿ ðîáîòè çàëåæèòü ìîæëèâ³ñòü âèð³øåííÿ îñíîâ-
íèõ ãëîáàëüíèõ åêîëîã³÷íèõ ïðîáëåì ëþäñòâà.

Ðåñóðñí³ ïðîáëåìè ñâ³òîâî¿ òåïëîåíåðãåòèêè. Çà îñòàíí³ 50 ðî-
ê³â íàñåëåííÿ ïëàíåòè çá³ëüøèëîñü ó äâà ðàçè, ³ äîñÿãëî ó 2016 ðîö³
ïîíàä 7 ìëðä ëþäåé. Çðîñòàº ì³ñüêå íàñåëåííÿ ³ ñòàíîâèòü  60 %
â³ä çàãàëüíî¿ ÷èñåëüíîñò³. Ñïîñòåð³ãàºòüñÿ ñåìèðàçîâå çðîñòàííÿ
åêîíîì³÷íî¿ àêòèâíîñò³ (çðîñòàííÿ ãëîáàëüíîãî âíóòð³øíüîãî âà-
ëîâîãî ïðîäóêòó) ïðè çá³ëüøåíí³ îáñÿã³â ð³÷íîãî âèêîðèñòàííÿ
ïåðâèííèõ åíåðãîíîñ³¿â ç 4,9 äî 13,1 ìëðä òîíí íàôòîâîãî åêâ³âà-
ëåíòà (ò í. å.), à, â³äïîâ³äíî, ³ çá³ëüøåííÿ ñåðåäíüîñâ³òîâîãî ð³÷íî-
ãî ïèòîìîãî åíåðãîñïîæèâàííÿ ç 1,4 äî 1,8 ò í. å. / (ëþä. íà ð³ê).
Âàæëèâèì íà ñó÷àñíîìó åòàï³ º òå, ùî â ïðîìèñëîâî ðîçâèíåíèõ
êðà¿íàõ ìàéæå 50 % áþäæåòó âèòðà÷àºòüñÿ ñàìå íà çàáåçïå÷åííÿ
ñóñï³ëüñòâà åíåðã³ºþ [1–6].

Ñë³ä îñîáëèâî â³äçíà÷èòè, ùî áåçïðåöåäåíòíî âèñîê³ òåìïè
ðîçâèòêó ñâ³òîâî¿ åêîíîì³êè áàãàòî â ÷îìó äîñÿãíóò³ çà ðàõóíîê
³íòåíñèâíîãî ñïîæèâàííÿ íåâ³äíîâëþâàíèõ ïðèðîäíèõ ðåñóðñ³â
ïðè ãëîáàëüí³é çì³íè ïðèðîäíîãî ñåðåäîâèùà, âêëþ÷àþ÷è äåãðà-
äàö³þ ¿¿ ðåãóëÿòîðíèõ ôóíêö³é ç íåñïðèÿòëèâèìè íàñë³äêàìè äëÿ
ëþäñòâà. Îáñÿã íàäëèøêîâîãî òåõíîãåííîãî íàâàíòàæåííÿ íà ïðè-
ðîäó â çàçíà÷åíèé ïåð³îä ñòàâ çàíàäòî âåëèêèé ³ íàáëèçèâñÿ äî ìåæ³
ñò³éêîñò³ âñ³º¿ á³îñôåðè. Òîìó íà íàéáëèæ÷³ äåñÿòèë³òòÿ ìîæíà
â³äçíà÷èòè òðè ñöåíàð³¿ ïîäàëüøîãî ðîçâèòêó ñâ³òîâî¿ òåïëîåíåðãå-
òèêè ç óðàõóâàííÿì âèêîðèñòàííÿ ÿê òðàäèö³éíèõ (íåâ³äíîâëþâà-
íèõ) ïðèðîäíèõ åíåðãîðåñóðñ³â, òàê ³ àëüòåðíàòèâíèõ åíåðãîíîñ³¿â:

 ðàäèêàëüíèé åíåðãåòè÷íèé ñöåíàð³é öå – ïîäàëüøå ïîäâîºí-
íÿ – ïîòðîºííÿ ñïîæèâàííÿ åíåðã³¿ ïðîòÿãîì ïîòî÷íîãî ñòîð³÷÷ÿ,
â òîìó ÷èñë³ çà ðàõóíîê çðîñòàííÿ âèêîðèñòàííÿ òðàäèö³éíèõ âè-
êîïíèõ âóãëåâîäíåâèõ åíåðãîíîñ³¿â. Äàí³ ïî åíåðãîñïîæèâàííþ îñ-
òàíí³õ ï’ÿòè ðîê³â ñâ³ä÷àòü ïðî çðîñòàííÿ ð³âí³â âèêîðèñòàííÿ òðà-
äèö³éíèõ åíåðãîíîñ³¿â, â òîìó ÷èñë³ âóã³ëëÿ, ïåðåâàæíî çà ðàõóíîê
Êèòàþ òà ²íä³¿;

 ñòàá³ë³çàö³ÿ ïèòîìîãî åíåðãîñïîæèâàííÿ íà äóøó íàñåëåííÿ
íà ð³âí³, âèçíà÷åíîìó êë³ìàòè÷íèìè òà ãåîãðàô³÷íèìè ôàêòîðàìè
³, â îñíîâíîìó, çà ðàõóíîê ï³äâèùåííÿ åôåêòèâíîñò³ òåõíîëîã³é ÿê
âèðîáíèöòâà, òàê ³ âèêîðèñòàííÿ åíåðã³¿; 
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 ïîñò³éíå ³ñòîòíå çíèæåííÿ ñïîæèâàííÿ òðàäèö³éíèõ âèêîïíèõ
âóãëåâîäíåâèõ åíåðãîíîñ³¿â çà ðàõóíîê âèêîðèñòàííÿ á³ëüø ñêëàä-
íèõ «çàêîíñåðâîâàíèõ» åíåðãîíîñ³¿â, ðîçøèðåííÿ îáñÿã³â ³ á³ëüø
åôåêòèâíîãî çàñòîñóâàííÿ â³äíîâëþâàíèõ äæåðåë åíåðã³¿ (ÂÄÅ),
ñèíòåòè÷íèõ âóãëåâîäíåâèõ åíåðãîíîñ³¿â, îäåðæóâàíèõ â òîìó
÷èñë³ ç âóã³ëëÿ, à òàêîæ á³îïàëèâ, âîäíþ òîùî. 

Íàéâàæëèâ³ø³ åêîëîã³÷í³ ïðîáëåìè ñâ³òîâî¿ òåïëîåíåðãåòèêè.
Çðîñòàííÿ ÷èñåëüíîñò³ íàñåëåííÿ ïëàíåòè, íåóõèëüíå ðîçøèðåííÿ
îáñÿã³â ñïîæèâàííÿ ðåñóðñ³â Çåìë³ òà ¿õ íååôåêòèâíå âèêîðèñòàí-
íÿ ç ïðèðîäíèõ ðåñóðñ³â, ùî âèäîáóâàþòüñÿ, âèðîáëÿºòüñÿ íå á³ëü-
øå í³æ 5 % êîðèñíî¿ ïðîäóêö³¿, à ðåøòà âèêèäàºòüñÿ ó âèãëÿä³ â³ä-
õîä³â, çàáðóäíþþ÷è äîâê³ëëÿ, çðîñòàííÿ ð³âí³â âèðîáíèöòâà â
åíåðãåòèö³, ïðîìèñëîâîñò³, ñ³ëüñüêîìó ãîñïîäàðñòâ³, íà òðàíñ-
ïîðò³, ðîçøèðåííÿ ³ óñêëàäíåííÿ ì³æíàðîäíèõ ãîñïîäàðñüêèõ çà-
â’ÿçê³â – âñ³ ö³ ³ áàãàòî ³íøèõ ÷èííèê³â ïðèçâåëè äî çðîñòàííÿ
òåõíîãåííîãî íàâàíòàæåííÿ íà ïðèðîäó, ð³çíèõ ôîðì ¿¿ äåãðàäàö³¿,
ðóéíóâàííÿ ³ çíèùåííÿ á³îñôåðíèõ ñèñòåì, âêëþ÷àþ÷è ãëîáàëüíó
á³îòó, ³ ïðèçâîäÿòü, â³äïîâ³äíî, äî çíèæåííÿ ÿêîñò³ ¿õ ôóíêö³îíó-
âàííÿ, ç íåãàòèâíèìè íàñë³äêàìè äëÿ ëþäñòâà [1–5, 8, 9].

Äåìîãðàô³÷í³ ïîòðåáè. Êëþ÷îâèì ïîêàçíèêîì äëÿ åíåðãåòè÷-
íîãî ïðîãíîçó º ïîïèò íà åíåðã³þ. Â³í, ïðèðîäíî, âèçíà÷àºòüñÿ
äèíàì³êîþ ðîçâèòêó äåìîãðàô³¿ òà åêîíîì³êè êðà¿í. Çà îñòàíí³ì
äåìîãðàô³÷íèì ïðîãíîçîì ÎÎÍ, äî 2040 ðîêó íàñåëåííÿ ïëàíåòè
äîñÿãíå 8,9 ìëðä îñ³á. Ó ðåçóëüòàò³ ïðèð³ñò íàñåëåííÿ, ï³ê ÿêîãî
ïðèïàâ íà 1970-ò³ ðîêè, çíèçèòüñÿ â ïîð³âíÿíí³ ç ïîòî÷íèì âäâ³÷³.
Áàãàòî â ÷îìó öèì àâòîðè äîñë³äæåííÿ ³ ïîÿñíþþòü î÷³êóâàíå
óïîâ³ëüíåííÿ çðîñòàííÿ åíåðãîñïîæèâàííÿ. Îñíîâíèé ïðèð³ñò íà-
ñåëåííÿ çì³ùóºòüñÿ â Àôðèêó (áëèçüêî 85 %) ³ ²íä³þ (33 %). Íà
³íø³ êðà¿íè Àç³¿, ùî ðîçâèâàþòüñÿ, ïðèïàäå 90 % àáñîëþòíîãî
ïðèðîñòó íàñåëåííÿ ñâ³òó, ùî áóäå íàéâàæëèâ³øèì äðàéâåðîì ïî-
ïèòó íà åíåðã³þ. Äî 2040 ðîêó 73 % íàñåëåííÿ Çåìë³ áóäå æèòè â
Àç³àòñüêî-Òèõîîêåàíñüêîìó ðåã³îí³ òà Àôðèö³, à íàéá³ëüø íàñåëå-
íîþ êðà¿íîþ ñòàíå ²íä³ÿ. Ç êðà¿í ÎÅÑÐ ³ñòîòíèé ïðèð³ñò íàñåëåí-
íÿ (24 %) ïåðåäáà÷àºòüñÿ ò³ëüêè â Ï³âí³÷í³é Àìåðèö³.

Ùî ñòîñóºòüñÿ åêîíîì³÷íîãî çðîñòàííÿ, òî â íàéáëèæ÷³ òðèä-
öÿòü ðîê³â íàâðÿä ÷è áóäå â³äáóâàòèñÿ çðîñòàííÿ ñâ³òîâîãî ÂÂÏ.
Ñåðåä ïðè÷èí àâòîðè ïðîãíîçó íàçèâàþòü çíèæåííÿ ³íòåíñèâíîñò³
îñíîâíèõ ôàêòîð³â âèðîáíèöòâà, óïîâ³ëüíåííÿ çðîñòàííÿ íàñå-
ëåííÿ, îáìåæåííÿ ìîæëèâîñòåé ïðèðîñòó òåðèòîð³é ç³ çðîñòàþ÷è-
ìè ïðîáëåìàìè âîäîïîñòà÷àííÿ, à òàêîæ ïîäîðîæ÷àííÿ îñíîâíèõ
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ðåñóðñ³â (çîêðåìà, ÷åðãîâå ïîäâîºííÿ ö³í âóãëåâîäí³â ùîäî ñå-
ðåäí³õ çà îñòàíí³ 30 ðîê³â).

Ó ðîçâèíåíèõ êðà¿íàõ ïðîäîâæàòüñÿ òåíäåíö³¿ ïîñò³íäóñòð³-
àëüíîãî ðîçâèòêó ç ïîäàëüøèì çðóøåííÿì â ñôåðó ïîñëóã. Ó çâ’ÿç-
êó ç³ çíèæåííÿì òåìï³â åêîíîì³÷íîãî çðîñòàííÿ ïðèïóñêàþòü
êîíöåíòðàö³þ êàï³òàëó â á³ëüø³é ì³ð³ íà çðîñòàíí³ åôåêòèâíîñò³ òà
ïðîäóêòèâíîñò³, í³æ ïðèð³ñò ïîòóæíîñòåé.

Äîñë³äíèêè ââàæàþòü, ùî â ïîäàëüøîìó çáåðåæóòüñÿ ñüîãîä-
í³øí³ ïð³îðèòåòè åíåðãåòè÷íî¿ ïîë³òèêè ñâ³òîâèõ ãðàâö³â: âåëèê³
³ìïîðòåðè (á³ëüø³ñòü êðà¿í ÎÅÑÐ, Êèòàé, ³íø³ êðà¿íè Àç³¿) çàö³êàâ-
ëåí³ â ïîì³ðíèõ ö³íàõ íà åíåðãîðåñóðñè, ùî êîðèñíî ¿õ åêîíîì³êàì.
À åêñïîðòåðè åíåðãîðåñóðñ³â – â îñíîâíîìó êðà¿íè ÎÏÅÊ ³ ÑÍÄ –
ïðàãíóòü ìàêñèì³çóâàòè äîõîäè â³ä åêñïîðòó. Ç³ñòàâëÿþ÷è ïðîãíîç-
íó äèíàì³êó åíåðãîñïîæèâàííÿ ç äåìîãðàô³÷íîþ ³ åêîíîì³÷íîãî
çðîñòàííÿ, àâòîðè ïðîãíîçó ä³éøëè âèñíîâêó, ùî âèòðàòà ïåðâèí-
íî¿ åíåðã³¿ â ñâ³ò³ â 2020–2040 ðð. çá³ëüøèòüñÿ íà 40 % àáî â ñåðåä-
íüîìó íà 1,1 % ùîð³÷íî. Öå âòðè÷³ ìåíøå í³æ ñåðåäíüîð³÷í³ ïðè-
ðîñòè ÂÂÏ ³ ïîì³òíî ïîâ³ëüí³øå çðîñòàííÿ åíåðãîñïîæèâàííÿ çà
îñòàíí³ òðèäöÿòü ðîê³â. Ïðè öüîìó, ÿêùî ÑØÀ òà ³íø³ ðîçâèíåí³
êðà¿íè áóäóòü äåìîíñòðóâàòè çíèæåííÿ äóøîâîãî åíåðãîñïîæèâàí-
íÿ, òî Êèòàé, íàâïàêè, áóäå ñòð³ìêî ï³äâèùóâàòè öåé ïîêàçíèê. Ó
çâ’ÿçêó ç öèì ïîì³òíî çì³íþºòüñÿ ðîçì³ùåííÿ åíåðãîñïîæèâàííÿ:
ç³ çðîñòàííÿì íàñåëåííÿ â êðà¿íàõ, ùî ðîçâèâàþòüñÿ, éäå äåäàë³ àê-
òèâí³øå çì³ùåííÿ òóäè ³ öåíòð³â åíåðãîñïîæèâàííÿ. Ïðè öüîìó
ðîçâèíåí³ êðà¿íè äî 2040 ðîêó ï³äâèùàòü ñïîæèâàííÿ ëèøå íà 3 %,
à ÑØÀ òà ³íø³ êðà¿íè ÎÅÑÐ ï³ñëÿ 2020 ðîêó ïðàêòè÷íî çóïèíÿòü
çðîñòàííÿ ïîïèòó íà åíåðã³þ.

Ïàëèâí³ ïåðñïåêòèâè. Ó òðèäöÿòèð³÷í³é ïåðñïåêòèâ³ íå î÷³êó-
ºòüñÿ ðàäèêàëüíèõ çì³í ãëîáàëüíî¿ ïàëèâíî¿ êîðçèíè – ñâ³ò ÿê ³
ðàí³øå íå ãîòîâèé çíèçèòè çàëåæí³ñòü â³ä âèêîïíèõ âèä³â ïàëèâà.
Âóãëåâîäí³ çáåðåæóòü áåçóìîâíå äîì³íóâàííÿ â ïàëèâíîìó êîøè-
êó – ¿õ ÷àñòêà â 2040 ðîö³ ñòàíîâèòèìå 51,4 %, ùî ïðàêòè÷íî â³ä-
ïîâ³äàº ïîêàçíèêó 2010 ðîêó – 53,6 %. Ñåðéîçí³ çì³íè òîðêíóòü-
ñÿ îêðåìèõ âèä³â âóãëåâîäíåâî¿ ñèðîâèíè, ³, â ïåðøó ÷åðãó, íàô-
òè. ¯¿ ÷àñòêà â ñïîæèâàíí³ ïåðâèííî¿ åíåðã³¿ ñêîðîòèòüñÿ ç 32 % äî
27 %. ×àñòêà âóã³ëëÿ, ÿêèé äåìîíñòðóâàâ íàéâèù³ òåìïè çðîñòàííÿ
â ïåðøå äåñÿòèë³òòÿ äâàäöÿòü ïåðøîãî ñòîë³òòÿ, çíèçèòüñÿ ç 28 %
äî 25 %. Éîãî âèêîðèñòàííÿ áóäå îáìåæåíî â îñíîâíîìó ç åêîëî-
ã³÷íèõ ì³ðêóâàíü íå ò³ëüêè â ðîçâèíåíèõ, àëå ³ â êðà¿íàõ, ùî ðîç-
âèâàþòüñÿ. ×àñòêà àòîìíî¿ åíåðãåòèêè íå çì³íèòüñÿ – 6 %.
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Íàéâèù³ òåìïè çðîñòàííÿ â ïðîãíîçíèé ïåð³îä ìàþòü ïîíîâ-
ëþâàí³ äæåðåëà åíåðã³¿ (ÏÄÅ) (áåç óðàõóâàííÿ ã³äðîåíåðã³¿, àëå ç
óðàõóâàííÿì á³îïàëèâà). Äî 2040 ðîêó íà íèõ ïðèïàäå 13,8 % ñâ³-
òîâîãî åíåðãîñïîæèâàííÿ ³ 12 % âèðîáëåííÿ åëåêòðîåíåðã³¿ (ïðîòè
10,9 % ³ 3,7 % â 2010 ðîö³). Îäíàê çà àáñîëþòíèìè îáñÿãàìè ïðè-
ðîñòó ñïîæèâàííÿ â ïàëèâíîãî êîøèêà áóäå ë³äèðóâàòè ãàç, ÿêèé ³
ñòàíå íàéá³ëüø çàòðåáóâàíèì âèäîì ïàëèâà â íàéáëèæ÷³ 30 ðîê³â.

Ïîïèò íà ð³äê³ ïàëèâà áóäå, ÿê ³ ðàí³øå, âèçíà÷àòèñÿ çðîñòà-
þ÷èì òðàíñïîðòíèì ñåêòîðîì (äî 80 % â³ä çàãàëüíîãî îáñÿãó ïî-
ïèòó íà íàôòó äî 2040 ðîêó). Îñíîâíèì ôàêòîðîì ñòðèìóâàííÿ
çðîñòàííÿ ñïîæèâàííÿ ïàëèâ íà òðàíñïîðò³, ÿê ³ ðàí³øå, çàëè-
øàºòüñÿ ï³äâèùåííÿ åíåðãîåôåêòèâíîñò³ òðàíñïîðòíèõ çàñîá³â. Ó
áàçîâîìó ñöåíàð³¿, ïðåäñòàâëåíîìó ñâ³òîâèìè åêñïåðòàìè, ñâ³òî-
âèé ïîïèò íà ð³äê³ ïàëèâà äî 2040 ðîêó áóäå ðîñòè â ñåðåäíüîìó
íà 0,5 % ùîð³÷íî ³ ñêëàäå 5,1 ìëðä òîíí, òîáòî çá³ëüøèòüñÿ íà 
26 %. Ïðèñêîðåíå çðîñòàííÿ ïîïèòó î÷³êóºòüñÿ â êðà¿íàõ, ùî ðîç-
âèâàþòüñÿ. Ðîçâèíåí³ êðà¿íè ïîêàæóòü ïðîòèëåæíó äèíàì³êó: çó-
ïèíÿºòüñÿ ð³ñò ïîïèòó íà ð³äê³ âèäè ïàëèâà â ªâðîï³ ³ ÑØÀ, à â
ðîçâèíåíèõ êðà¿íàõ Àç³¿ (îñîáëèâî â ßïîí³¿) âçàãàë³ î÷³êóºòüñÿ
ïîì³òíå çíèæåííÿ ñïîæèâàííÿ. Ñâîþ ðîëü òóò ç³ãðàëà òåõíîëîã³ÿ
âèäîáóòêó ñëàíöåâî¿ íàôòè â ÑØÀ. Ïîòåíö³àë íàôòè ñëàíöåâèõ
ïëå¿â â ÑØÀ áóâ ÿâíî íåäîîö³íåíèé â åêñïåðòíîìó ñï³âòîâà-
ðèñòâ³. Óæå â 2012 ðîö³ âèäîáóòîê öèõ âèä³â íàôòè, çà ïîâ³äîìëåí-
íÿì Äåïàðòàìåíòó åíåðãåòèêè ÑØÀ, ñêëàëà áëèçüêî 100 ìëí
òîíí, ³ â 2013 ðîö³ ÑØÀ íàáëèçÿòüñÿ çà îáñÿãîì âèäîáóòêó íàô-
òîâèõ ïàëèâ äî Ñàóä³âñüêî¿ Àðàâ³¿. Ó ïåðñïåêòèâ³ äî 2040 ðîêó â
áàçîâîìó ñöåíàð³¿ î÷³êóºòüñÿ çíà÷íå çðîñòàííÿ âèäîáóòêó íàôòè â
ÑØÀ – äî 594 ìëí òîíí. Ïðèð³ñò áóäå çàáåçïå÷åíèé ñàìå íàôòîþ
ñëàíöåâèõ ïëå¿â ³ ñêëàäå 416 ìëí òîíí. Çðîñòàííÿ âèäîáóòêó òðà-
äèö³éíî¿ íàôòè ï³ñëÿ 2030 ðîêó î÷³êóºòüñÿ ìàéæå âèêëþ÷íî çà ðà-
õóíîê ãàçîâîãî êîíäåíñàòó. Ó áàçîâîìó ñöåíàð³¿ ñâ³òîâèé âèäîáó-
òîê íàôòè ñëàíöåâèõ ïëå¿â îö³íþºòüñÿ â 420 ìëí òîíí äî ê³íöÿ
ïåð³îäó. Â îñíîâíîìó ¿¿ çàáåçïå÷àòü ðîäîâèùà Ï³âí³÷íî¿ Àìåðèêè.
Âèðîáíèöòâà íàôòè ³ ãàçîâîãî êîíäåíñàòó ñëàíöåâèõ ïëå¿â âèñòà-
÷èòü, ùîá ñâ³òîâî¿ ðèíîê íå ïåðåêëþ÷àâñÿ íà àëüòåðíàòèâí³ âèäè
ïàëèâà ç ãàçó àáî âóã³ëëÿ.

Âñåñâ³òíÿ ãàçèô³êàö³ÿ. Äî 2040 ðîêó çðîñòàííÿ ñâ³òîâîãî ñïî-
æèâàííÿ ãàçó ìîæå çðîñòè äî 5,3 òðëí ì3, ùî á³ëüø í³æ íà 60 %
ïåðåâèùóº ð³âåíü 2010 ðîêó. ßê ³ ïî ð³äêèì âèäàì ïàëèâà, îñíîâ-
íèé ïðèð³ñò ïîïèòó (81 %) çàáåçïå÷àòü êðà¿íè, ùî ðîçâèâàþòüñÿ.
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Àíàë³ç ðîäîâèù ³ ðàéîí³â âèäîáóòêó ãàçó ïîêàçóº, ùî â ñâ³ò³ ïî-
òåíö³éíî ³ñíóþòü äîñòàòí³ îáñÿãè éîãî äîñòóïíèõ çàïàñ³â, ÿê³ ìîæ-
íà äîáóòè äî 2040 ðîêó çà ö³íîþ íèæ÷å $ 150 çà òèñÿ÷ó ì3. Ðîçâè-
òîê ñëàíöåâîãî ãàçîâèäîáóòêó, ÿê ³ ñëàíöåâî¿ íàôòè, âæå ïîá³÷íî
ñïðàâèâ çíà÷íèé âïëèâ ³ íà ñâ³òîâ³ ðèíêè, íàñàìïåðåä, â ÷àñòèí³
ïåðåðîçïîä³ëó ïîòîê³â çð³äæåíîãî ïðèðîäíîãî ãàçó (ÇÏÃ). Ç 2016–
2018 ðð. öåé âïëèâ ò³ëüêè çðîñòå ç ìîæëèâèì ïî÷àòêîì åêñïîðòó
ÇÏÃ ³ç ÑØÀ ³ Êàíàäè. Öåé ãàç, øâèäøå çà âñå, ï³äå íà ïðåì³àëüí³
ðèíêè ÀÒÐ, Ëàòèíñüêî¿ Àìåðèêè ³ ªâðîïè. Íàéá³ëüø âïëèâîâèìè
ó÷àñíèêàìè ãàçîâîãî ðèíêó â ðîçãëÿíóò³é ïåðñïåêòèâ³, êð³ì Ðîñ³¿,
ñòàíóòü ÑØÀ ³ Êèòàé. Ïîñòóïàþ÷èñü Ðîñ³¿ çà îáñÿãàìè âèäîáóòêó
åêñïîðòó ãàçó äî 2040 ðîêó, ÑØÀ, ïðîòå, ïîì³òíî ïîñèëÿòü ñâ³é
âïëèâ çà ðàõóíîê âèõîäó íà ðèíîê ÇÏÃ. À êðà¿íè ÎÏÅÊ íà ãàçî-
âîìó ðèíêó ïîñòóïîâî âòðà÷àþòü ñâî¿ ïîçèö³¿ ÿê ÷åðåç ïîÿâó íî-
âèõ ïîòóæíèõ ãðàâö³â (ÑØÀ, Àâñòðàë³ÿ), òàê ³ ç-çà âèáóõîâîãî çðî-
ñòàííÿ âíóòð³øíüîãî ïîïèòó íà ãàç ³ íåîáõ³äíîñò³ çàäîâîëüíÿòè
éîãî, ùîá óíèêíóòè ñîö³àëüíèõ ïðîáëåì íàâ³òü íà øêîäó åêñïîð-
òó ãàçó.

Âèñíîâêè. Óïîâ³ëüíåííÿ ãëîáàëüíîãî åíåðãîñïîæèâàííÿ, ÿêå
ñüîãîäí³ íàì³òèëîñÿ íà ñâ³òîâèõ åíåðãåòè÷íèõ ðèíêàõ, ñâ³ä÷èòü
ïðî íàñòàííÿ íîâîãî åòàïó ðîçâèòêó ñâ³òîâî¿ åíåðãåòèêè, â³äçíà÷à-
þòü åêñïåðòè. Ó ïåð³îä äî 2040 ðîêó åíåðãîñïîæèâàííÿ â ñâ³ò³
ïðîäîâæèòü ñïîâ³ëüíþâàòèñÿ, õî÷à òàê³ òðèäöÿòü ðîê³â ëþäñòâî íå
çáèðàºòüñÿ â³äìîâëÿòèñÿ â³ä âóãëåâîäí³â. Ó öåé ïåð³îä íàéá³ëüø
çàòðåáóâàíèì åíåðãîðåñóðñîì ñòàíå ãàç. Ïåðåä ñâ³òîâîþ òåïëîå-
íåðãåòèêîþ â XXI ñòîë³òò³ ïîñòàâëåí³ âàæëèâ³ çàâäàííÿ ùîäî ¿¿
ïîäàëüøîãî ðîçâèòêó ç óðàõóâàííÿì îáìåæåíèõ çàïàñ³â òðàäèö³é-
íèõ âèêîïíèõ åíåðãîíîñ³¿â, øèðîêîìàñøòàáíîãî ³ á³ëüø åôåêòèâ-
íîãî âèêîðèñòàííÿ ïîíîâëþâàíèõ åíåðãîðåñóðñ³â ïðè ³ñòîòíîìó
çíèæåíí³ òåõíîãåííîãî (åêîëîã³÷íî íåáåçïå÷íîãî) íàâàíòàæåííÿ
íà ïðèðîäíå ñåðåäîâèùå ³ ëþäèíó. Ðîçâ’ÿçàííÿ íàéâàæëèâ³øèõ
äëÿ ëþäñòâà ðåñóðñíèõ, åíåðãåòè÷íèõ òà åêîëîã³÷íèõ ïðîáëåì,
âêëþ÷àþ÷è ãëîáàëüíó çì³íó êë³ìàòó ³ çàáðóäíåííÿ æèòòºâîãî ñå-
ðåäîâèùà ãîëîâíå çàâäàííÿ íå ò³ëüêè äëÿ åíåðãåòèêè, à â ö³ëîìó
äëÿ ñóñï³ëüñòâà.
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ОПТИМИЗАЦІЯ ЕНЕРГЕТИЧНОЇ ЭФЕКТИВНОСТІ

АСИНХРОННИХ ЕЛЕКТРОПРИВОДІВ

Àíîòàö³ÿ. Ðîçãëÿíóòî ñïîñîáè ï³äâèùåííÿ åêîíîì³÷íîñò³ àñèíõðîí-
íèõ åëåêòðîïðèâîä³â øëÿõîì çì³íè íàïðóãè íà ñòàòîð³ àñèíõðîííîãî
äâèãóíà. Â ÿêîñò³ îñíîâíîãî ïðèéíÿòèé àëãîðèòì ñòàá³ë³çàö³¿ åêâ³âà-
ëåíòíîãî ôàçîâîãî êóòà íàâàíòàæåííÿ íà ð³âí³, ð³âíîìó íîì³íàëüíîìó
çíà÷åííþ äëÿ äàíîãî äâèãóíà ³ õàðàêòåðèçóº ñï³ââ³äíîøåííÿ àêòèâíèõ ³
³íäóêòèâíèõ ïàðàìåòð³â éîãî ñõåìè çàì³ùåííÿ. Ïðåäñòàâëåíèé àëãî-
ðèòì îá÷èñëåííÿ öüîãî êóòà çà çíà÷åííÿì êóòà çàï³çíþâàííÿ ñòðóìó ³
êóòà óïðàâë³ííÿ òèðèñòîðàìè. Ðîçãëÿíóòî ì³êðîïðîöåñîðíà ñèñòåìà
óïðàâë³ííÿ, ÿêà çä³éñíþº ðîçðàõóíîê ³ ñòàá³ë³çàö³þ íà çàäàíîìó ð³âí³
åêâ³âàëåíòíîãî ôàçîâîãî êóòà íàâàíòàæåííÿ. Íàâåäåíî ðåçóëüòàòè
åêñïåðèìåíòàëüíèõ äîñë³äæåíü.

Êëþ÷îâ³ ñëîâà: àñèíõðîííèé åëåêòðîïðèâîä, òèðèñòîðíèé ïåðåòâî-
ðþâà÷ íàïðóãè, åíåðãåòè÷íà åôåêòèâí³ñòü, êðèòåð³¿ îïòèì³çàö³¿, êî-
åô³ö³ºíò ïîòóæíîñò³.

Abstract. The ways of increasing the efficiency of asynchronous electric
drives by changing the voltage on the stator of an asynchronous motor are
considered. As the main accepted algorithm for stabilizing the equivalent phase
load angle at the level equal to the nominal value for this engine and char-
acterizes the ratio of active and inductive parameters of its replacement
scheme. The algorithm for calculating this angle is represented by the value of
the angle of the current lag and the angle of control of the thyristors. The
microprocessor control system, which performs the calculation and stabiliza-
tion at a given level of equivalent phase load angle, is considered. The results
of experimental research are presented.

Êeywords: asynchronous electric drive, thyristor voltage converter, ener-
gy efficiency, optimization criteria, power factor.

Ó íèçö³ ãàëóçåé ïðîìèñëîâîñò³ ñïåöèô³êà òåõíîëîã³÷íèõ ïðî-
öåñ³â çóìîâëþº òðèâàëó ðîáîòó ìåõàí³çì³â ç àñèíõðîííèìè äâèãó-
íàìè (ÀÄ) ç íàâàíòàæåííÿì, çíà÷íî ìåíøîþ çà íîì³íàëüíó. Òàêå

183



âèêîðèñòàííÿ ÀÄ âèçíà÷àº çíà÷íî íèæ÷³ â ïîð³âíÿíí³ ç íîì³íà-
ëüíèìè çíà÷åííÿ ÊÊÄ ³ êîåô³ö³ºíòà ïîòóæíîñò³ ³, îòæå, äî ³ñòîò-
íèõ âòðàò åëåêòðîåíåðã³¿. Òîìó âèð³øåííÿ ïèòàíü îïòèì³çàö³¿
åíåðãåòè÷íèõ õàðàêòåðèñòèê ÀÄ, ùî ïðàöþþòü â çàçíà÷åíèõ ðå-
æèìàõ, ÿâëÿº ñîáîþ àêòóàëüíó çàäà÷ó.

Â³äîìî, ùî ïðè ðîáîò³ ÀÄ ç ïîñò³éíîþ ÷àñòîòîþ æèâëÿ÷î¿ íà-
ïðóãè âòðàòè â äâèãóí³ â ñòàëîìó ðåæèì³ º ôóíêö³ºþ ìîìåíòó íà-
âàíòàæåííÿ ³ ñòðóìó íàìàãí³÷óâàííÿ. Îñê³ëüêè çàëåæí³ñòü âòðàò
â³ä ñòðóìó íàìàãí³÷óâàííÿ ïðè ïîñò³éíèõ çíà÷åííÿõ ìîìåíòó íà-
âàíòàæåííÿ ìàº åêñòðåìàëüíèé õàðàêòåð, òî äëÿ êîæíîãî çíà÷åí-
íÿ ìîìåíòó íàâàíòàæåííÿ âòðàòè â äâèãóí³ ìîæíà çâîäèòè äî ì³-
í³ìóìó øëÿõîì ðåãóëþâàííÿ ñòðóìó íàìàãí³÷óâàííÿ.

Ìåòà ðîáîòè – ðîçðîáêà ñèñòåìè îïòèì³çàö³¿ êîåô³ö³ºíòà ïî-
òóæíîñò³ àñèíõðîííîãî äâèãóíà, ðåàë³çîâàíî¿ íà áàç³ òèðèñòîðíî-
ãî ïåðåòâîðþâà÷à íàïðóãè.

Àíàë³ç âàð³àíò³â îïòèìàëüíîãî çà ð³çíèìè êðèòåð³ÿìè óïðàâ-
ë³ííÿ ÀÄ ïîêàçàâ, ùî îñíîâíèì êðèòåð³ºì îïòèì³çàö³¿ åíåðãåòè÷-
íèõ õàðàêòåðèñòèê ïîâèíåí áóòò³ ì³í³ìóì ïîâíîãî ñòðóìó ñòàòîðà
àáî ïîñò³éíèé êîåô³ö³ºíò ïîòóæíîñò³, ð³âíèé íîì³íàëüíîìó. Ñè-
ñòåìè óïðàâë³ííÿ ÀÄ ç êîåô³ö³ºíòîì ïîòóæíîñò³ â ÿêîñò³ ðåãóëüî-
âàíîãî ïàðàìåòðà íàáóëè ïîøèðåííÿ ï³ä íàçâîþ ðåãóëÿòîð³â êî-
åô³ö³ºíòà ïîòóæíîñò³. ²íôîðìàö³ÿ ïðî êîåô³ö³ºíò ïîòóæíîñò³ â
öèõ ïðèñòðîÿõ âèçíà÷àºòüñÿ êóòîì  çàï³çíþâàííÿ ñòðóìó ÷åðåç
òèðèñòîðè. Ïåðåäáà÷àºòüñÿ, ùî êóò ³ êîåô³ö³ºíò ïîòóæíîñò³, ùî
äîð³âíþº â³äíîøåííþ àêòèâíî¿ ïîòóæíîñò³ P äî ïîâíî¿ S, â ð³âí³é
ì³ð³ õàðàêòåðèçóþòü åíåðãåòè÷í³ ïàðàìåòðè ÀÄ. Îäíàê òàêå ïðè-
ïóùåííÿ ïðèéíÿòíî ò³ëüêè äëÿ ÀÄ ìàëî¿ ïîòóæíîñò³. Ïàðàìåòðîì,
àäåêâàòíèì êîåô³ö³ºíòó ïîòóæíîñò³ áóäü-ÿêîãî ÀÒ, º åêâ³âàëåíò-
íèé ôàçîâèé êóò íàâàíòàæåííÿ ý = atctg0LÝ /RÝ, äå 0 – êóòîâà
÷àñòîòà ìåðåæ³ æèâëåííÿ; LÝ ³ RÝ – åêâ³âàëåíòí³ ³íäóêòèâí³ñòü ³
àêòèâíèé îï³ð ÀÄ, íàâåäåí³ äî âõîäó.

ßêùî â ÿêîñò³ ÒÏÍ çàñòîñóâàòè ïåðåòâîðþâà÷, ùî ì³ñòèòü â êîæ-
í³é ôàç³ çóñòð³÷íî-ïàðàëåëüíî âêëþ÷åí³ òèðèñòîðè, òî êóòè  ³ ý áó-
äóòü ïîâ’ÿçàí³ ç êóòîì â³äêðèâàííÿ òèðèñòîð³â ñï³ââ³äíîøåííÿì [1]:

e  


3tgÝ –e  
2

3tgÝ –2e 


tgÝ

e  


3tgÝ –e 
2

3tgÝ + 2   

, (1)

ãðàô³÷íà ³íòåðïðåòàö³ÿ ÿêîãî íàâåäåíà íà ðèñ 1. 
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Ðèñ. 1. Ãðàô³÷íà ³íòåðïðåòàö³ÿ ð³âíÿííÿ (1)

ßê âèïëèâàº ç ðèñ. 1, óïðàâë³ííÿ äâèãóíîì â ôóíêö³¿ êóòà íå
çàáåçïå÷èòü òî÷íî¿ ï³äòðèìêè êóòà, à, îòæå, ³ êîåô³ö³ºíòà ïîòóæ-
íîñò³ ÀÄ. Â³äçíà÷èìî, ùî çì³ííà ñòàíó ÀÒ íåäîñòóïíà äëÿ áåçïî-
ñåðåäíüîãî âèì³ðþâàííÿ. Äëÿ âèð³øåííÿ çàâäàííÿ óïðàâë³ííÿ â
öüîìó âèïàäêó äîö³ëüíî âèêîðèñòîâóâàòè ³äåíòèô³êàòîð ñòàíó
(ñïîñòåð³ãà÷), ÿêèé ìîæå íà ï³äñòàâ³ ð³âíÿííÿ (1) â³äíîâëþâàòè
çì³ííó çà ðåçóëüòàòàìè âèì³ðþâàíü ³. Îäíàê â ðåàëüíîìó ìàñøòàá³
÷àñó âèçíà÷èòè â ïðîöåñ³ óïðàâë³ííÿ êóò ïî (1) íå ïðåäñòàâëÿºòüñÿ
ìîæëèâèì ÷åðåç âåëèêó ÷àñó îá÷èñëåííÿ.

Äëÿ ñêîðî÷åííÿ ÷àñó ðîçðàõóíêó êóòà ñïðîñòèìî ôîðìóëó (1)
³ â³äïîâ³äíî ïåðåáóäóºìî ãðàô³ê çàëåæíîñò³ ý = f () çà óìîâè 
 = const (ðèñ. 2).

Âèäíî, ùî â ä³àïàçîí³ ý = 20° – 50° öþ çàëåæí³ñòü ìîæíà àï-
ðîêñèìóâàòè ïðÿìèìè, ùî ìàþòü ð³çíèé íàõèë äëÿ ð³çíèõ çíà÷åíü
. Öåé ä³àïàçîí çì³íè ý ïåðåêðèâàº íîì³íàëüí³ çíà÷åííÿ  äëÿ
âñ³õ äâèãóí³â îñíîâíîãî âèêîíàííÿ.

Ôóíêö³ÿ ý = f (, ) ìàº îñîáëèâó òî÷êó ç êîîðäèíàòàìè (0,
0), òîìó ð³âíÿííÿ ïðÿìèõ ìîæíà çàïèñàòè ó âèãëÿä³:

ý = a( – 0) + 0, (2)

äå 0 = 0 = 56,5°, a – êîåô³ö³ºíò íàõèëó ïðÿìèõ, ùî çàëåæèòü â³ä êóòà
. Çàñòîñóâàâøè ìàòåìàòè÷í³ ìåòîäè ³äåíòèô³êàö³¿, çíàéäåìî çàëåæí³ñòü,
ùî çâ’ÿçóº a ³ :
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,
 ã

ðà
ä

, ãðàä

 = 5°
 = 15°
 = 25°
 = 35°
 = 45°
 = 55°
 = 65°
 = 75°
 = 85°



a =     
b

0 – 
+ 0, (3)

äå  = 120° – ãðàíè÷íèé êóò; b = 44° – êîåô³ö³ºíò.

Ðèñ. 2. Çàëåæí³ñòü çà ý = f () çà  = const

Îòðèìàíå ð³âíÿííÿ º äëÿ âèð³øåííÿ íà ì³êðîêîíòðîëåð³ â ðå-
àëüíîìó ìàñøòàá³ ÷àñó ³ äîçâîëÿº â çàçíà÷åíîìó ä³àïàçîí³ çíà÷åíü
çàì³íèòè ð³âíÿííÿ (1) ç ïîõèáêîþ íå á³ëüøå í³æ 1 %.

Ôóíêö³îíàëüíà ñõåìà åëåêòðîïðèâîäó ç îïòèì³çàö³ºþ êîåô³ö³-
ºíòà ïîòóæíîñò³ ÀÄ íà îñíîâ³ ñïîñòåð³ãà÷à ïðèâåäåíà íà ðèñ. 3.

Ðèñ. 3. Ôóíêö³îíàëüíà ñõåìà åëåêòðîïðèâîäó 
ç îïòèì³çàö³ºþ êîåô³ö³ºíòà ïîòóæíîñò³ ÀÄ íà îñíîâ³ ñïîñòåð³ãà÷à

186

,
°

, °

 = 30°

 = 40°

 = 50°

 = 60°

 = 70°



Ôóíêö³¿ ñèñòåìè ³ìïóëüñíî-ôàçîâîãî óïðàâë³ííÿ (Ñ²ÔÓ), ñïî-
ñòåð³ãà÷à ³ ðåãóëÿòîðà âèêîíóº ì³êðîêîíòðîëåð. Äàò÷èê êóòà  ðå-
àë³çîâàíèé íà ïðîãðàìîâàíîìó òàéìåð³, ÿêèé çä³éñíþº â³äë³ê òàê-
òîâèõ ³ìïóëüñ³â â ³íòåðâàë³ ì³æ ïåðåõîäîì íàïðóãè ìåðåæ³ ÷åðåç
íóëü ³ çàê³í÷åííÿì ñòðóìó â ö³é ôàç³. Â ðåçóëüòàò³ â òàéìåð³ ôîð-
ìóºòüñÿ êîä, ïðîïîðö³éíèé êóòó çàï³çíþâàííÿ ñòðóìó. Çà öèì êî-
äîì ì³êðîêîíòðîëåð âèçíà÷àº ïîòî÷íå çíà÷åííÿ êóòà . Ïîò³ì íà
îñíîâ³ ³íôîðìàö³¿ ïðî êóòè  ³  ïî ôîðìóë³ (4) ç âèêîðèñòàííÿì
òàáëè÷íèõ ìåòîä³â îá÷èñëþºòüñÿ ïîòî÷íå çíà÷åííÿ åêâ³âàëåíòíîãî
ôàçîâîãî êóòà íàâàíòàæåííÿ ý.

Óïðàâë³ííÿ òèðèñòîðàìè çä³éñíþºòüñÿ áàãàòîêàíàëüíîþ ñèí-
õðîííîþ Ñ²ÔÓ. Àëãîðèòì ðîáîòè Ñ²ÔÓ ïåðåäáà÷àº ñèíõðîí³çàö³þ
ç ìåðåæåþ (ðèñ. 4), ôîðìóâàííÿ îïîðíèõ ñèãíàë³â íà ë³÷èëüíèêàõ
òàéìåðà, ïîð³âíÿííÿ öèõ ñèãíàë³â ç çàä, ³ âèäà÷ó êîìàíäè íà
âêëþ÷åííÿ òèðèñòîð³â â ìîìåíò çá³ãó îïîðíîãî ñèãíàëó ç ý.

Ï³ñëÿ âèäà÷³ êîìàíäè íà âêëþ÷åííÿ òèðèñòîð³â ì³êðîêîíòðî-
ëåð ïî êîäó, çàïèñàíîãî â ë³÷èëüíèêàõ äàò÷èêà êóòà , âèçíà÷àº
ïîòî÷íå çíà÷åííÿ êóòà çàï³çíþâàííÿ ñòðóìó, îá÷èñëþº ïî (4) ïî-
òî÷íå çíà÷åííÿ êóòà ý, ïîð³âíþº éîãî ³ç çàäàíèì ³ çì³íþº çàä òàê,
ùîá êîìïåíñóâàòè íåóçãîäæåí³ñòü ì³æ ïîòî÷íèì ³ çàäàíèì çíà-
÷åííÿìè êóòà ý. Öåé öèêë ì³êðîêîíòðîëåð ïîâòîðþº ø³ñòü ðàç³â
çà ïåð³îä, ïðè ðîçðàõóíêó êóò³â âêëþ÷åííÿ êîæíîãî òèðèñòîðà.

Ç ìåòîþ ï³äòâåðäæåííÿ ïðèïóùåííÿ òâåðäæåííÿ, ùî â àñèí-
õðîííîìó åëåêòðîïðèâîä³ åêâ³âàëåíòíèé ôàçîâèé êóò íàâàíòàæåí-
íÿ àäåêâàòíèé ïîêàçíèêîì. âèêîíàí³ åêñïåðèìåíòàëüí³ äîñë³-
äæåííÿ ðåæèì³â ÀÄ, êåðîâàíîãî ÒÏÍ ç³ çâîðîòíèì çâ’ÿçêîì ïî
åêâ³âàëåíòíîìó ôàçîâîãî êóòà íàâàíòàæåííÿ. Îòðèìàí³ äëÿ äâèãó-
íà 4ÀÕ80À6 åêñïåðèìåíòàëüí³ çàëåæíîñò³ êîåô³ö³ºíòà ïîòóæíîñò³
KM = f (M), cose = f (M), ñòðóìó ñòàòîðà Ise = f (M), àêòèâíî¿ ïî-
òóæíîñò³ Pe = f (M), äå Ì – ìîìåíò äâèãóíà ïðè íîì³íàëüí³é íà-
ïðóç³ æèâëåííÿ, íàâåäåí³ íà ðèñ. 5 [2, 3]. Âñ³ âåëè÷èíè ïðåäñòàâ-
ëåí³ ó â³äíîñíèõ îäèíèöÿõ. Áàçîâèìè º íîì³íàëüí³ çíà÷åííÿ ñïî-
æèâàíî¿ àêòèâíî¿ ïîòóæíîñò³ Píîì, ïîâíîãî ñòðóìó ñòàòîðà Is íîì ³
ìîìåíòó íàâàíòàæåííÿ Míîì.

Êîåô³ö³ºíò ïîòóæíîñò³ KM ³ cosý â åêñïåðèìåíòàëüíèõ äîñë³-
äæåííÿõ âèì³ðþâàëèñÿ äâîìà ñïîñîáàìè äëÿ êîæíîãî çíà÷åííÿ
ìîìåíòó íàâàíòàæåííÿ. Ïðè ïåðøîìó ñïîñîá³ ïðîâîäèëè âèì³ðþ-
âàííÿ êóòà  ³ ïàðàìåòðà , ïîò³ì ïî (1) ðîçðàõîâóâàëèñÿ çíà÷åí-
íÿ ý ³ cosý. Ðåçóëüòàòè âèì³ðþâàíü ³ ðîçðàõóíê³â â³äîáðàæåí³
ãðàô³êîì KM ³ ý íà ðèñ. 5.
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Ðèñ. 4. Áëîê-ñõåìà àëãîðèòìó îïòèì³çàö³¿ êîåô³ö³ºíòà ïîòóæíîñò³ ÀÄ
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Ðèñ. 5. Ðåçóëüòàòè âèì³ðþâàíü ³ ðîçðàõóíê³â cosý, KM

Äðóãèé ñïîñ³á âèêîðèñòîâóº âèì³ðþâàííÿ ïîòóæíîñò³ P, ñòðó-
ìó Is ³ íàïðóãè Us, ³ îá÷èñëåííÿ çíà÷åííÿ KM. Ðåçóëüòàòè âèì³ðþ-
âàíü ³ ðîçðàõóíê³â â³äîáðàæåí³ íà ðèñ. 5 ãðàô³êàìè cosý, KMU ³
KMS. Ïðè âèì³ð³ íàïðóãè Us íà âõîä³ ÀÄ âðàõîâàíî, ùî íà îáìîòö³
äâèãóíà, êåðîâàíîãî ÒÏÍ, ïðîòÿãîì íàï³âïåð³îäó ïðèñóòí³é ÿê
ôàêòè÷íå íàïðóãà, ùî íàäõîäèòü äî íüîãî â³ä ìåðåæ³ ÷åðåç ÒÏÍ,
òàê ³ ÅÐÑ îáåðòàííÿ, ùî íàâîäèòüñÿ â îáìîòêàõ ñòàòîðà.

Îïòèìàëüíå êåðóâàííÿ äîçâîëÿº íà ÀÒ äàíîãî òèïîðîçì³ðó
ïðèáëèçíî íà 30 % çíèçèòè ñïîæèâàíó àêòèâíó ïîòóæí³ñòü ³ âäâ³÷³
çìåíøèòè ñòðóì ñòàòîðà. Òóò æå äëÿ ïîð³âíÿííÿ ïðèâåäåíà çà-
ëåæí³ñòü, çíÿòà åêñïåðèìåíòàëüíî ïðè óïðàâë³íí³ ïî ì³í³ìóìó ïî-
âíîãî ñòðóìó ñòàòîðà. Ð³çíèöÿ â çíà÷åííÿõ ñòðóì³â ³ äëÿ îäíîãî ³
òîãî æ ìîìåíòó íàâàíòàæåííÿ íå ïåðåâèùóº 7 % ó âñüîìó ä³àïà-
çîí³ çì³íè. Çíà÷åííÿ ³ ÿê ïðè óïðàâë³íí³ ç êîîðäèíóâàííÿ, òàê ³
ïðè óïðàâë³íí³ ïî ì³í³ìóìó ñòðóìó ïðàêòè÷íî çá³ãàþòüñÿ [2].

Âèñíîâêè. Ñïðàâåäëèâèì º òâåðäæåííÿ, ùî â àñèíõðîííîìó
åëåêòðîïðèâîä³ åíåðãåòè÷í³ ïîêàçíèêè âèçíà÷àº êîåô³ö³ºíò ïîòóæ-
íîñò³. Çàïðîïîíîâàíî ìåòîä îïòèì³çàö³¿, ÿêèé çàáåçïå÷óº ïðàêòè÷-
íî ïîñò³éíèé ³ íåçàëåæíèé â³ä íàâàíòàæåííÿ êîåô³ö³ºíò ïîòóæ-
íîñò³ ÀÄ. Ñë³ä çàçíà÷èòè, ùî íåñèíóñî³äàëüí³ñòü ñòðóìó ñòàòîðà,
ÿêà âèíèêàº ó ðåãóëþâàíí³ íàïðóãè çà äîïîìîãîþ ÒÏÍ, ïðèçâî-
äèòü äî äîäàòêîâèõ âòðàò ó ÀÄ â³ä âèùèõ ãàðìîí³ê. Öå ÿâèùå íå
äàº ìîæëèâîñò³ ïðè âèð³øåíí³ çàäà÷³ îïòèì³çàö³¿ îòðèìàòè áåç çíè-
æåííÿ ÊÊÄ êîåô³ö³ºíò, ÿêèé äîð³âíþº íîì³íàëüíîìó.
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Àíîòàö³ÿ. Ó ñòàòò³ ðîçãëÿíóòî ðîáîòó ïðèíöèïîâî íîâî¿ ñèñòåìè
ñòàá³ë³çàö³¿ øâèäêîñò³ âíóòð³øíüîòðóáíèõ ä³àãíîñòè÷íèõ ïðèñòðî¿â
ìàã³ñòðàëüíèõ ãàçîâèõ òðóáîïðîâîä³â. Ðîçðîáëåíà ñèñòåìà ñòàá³ë³çàö³¿
øâèäêîñò³ âíóòð³øíüîòðóáíèõ ä³àãíîñòè÷íèõ ïðèñòðî¿â äîçâîëÿº çíèçè-
òè ³ ñòàá³ë³çóâàòè øâèäê³ñòü ðóõó, ùî â ñâîþ ÷åðãó äîçâîëèòü âèêîðè-
ñòàòè ³ñíóþ÷³ ìåòîäè ³ çàñîáè ä³àãíîñòóâàííÿ íàôòîïðîâîä³â. Â îñíîâó
ðîáîòè ñèñòåìè ñòàá³ë³çàö³¿ øâèäêîñò³ âíóòð³øíüîòðóáíîãî ïðèñòðîþ
ïîêëàäåíî ³íåðö³éíèé ïðèíöèï íàêîïè÷åííÿ åíåðã³¿ ìàõîâèêà. Îáìåæåí-
íÿ øâèäêîñò³ ðóõó ïðèñòðîþ äîñÿãàºòüñÿ íàÿâí³ñòþ íàñêð³çíèõ äðîñå-
ëþþ÷èõ îòâîð³â, ÿê³ äîçâîëÿþòü ðåãóëþâàòè ïîòóæí³ñòü ïîòîêó íîñ³ÿ.

Êëþ÷îâ³ ñëîâà: âíóòð³øíüîòðóáíèé ä³àãíîñòè÷íèé ïðèñòð³é, ñèñ-
òåìà ñòàá³ë³çàö³¿, ìàõîâèê, ãàçîâèé òðóáîïðîâ³ä.

Abstract. The article describes the work of a fundamentally new system for
stabilizing the speed of in-line diagnostic devices of main gas pipelines. The
developed system for stabilizing the speed of in-line diagnostic devices allows
reducing and stabilizing the speed of movement. This system will allow the use
of existing methods and tools for diagnosing oil pipelines. The inertial principle
of the accumulation of flywheel energy is based on the system for stabilizing the
speed of the in-line device. The speed limit of the device is achieved by the
presence of through throttling holes, which allows you to adjust the power flow.

Êeywords: intratrumpet diagnostic device, stabilization system, flywheel,
gas pipeline.

Òðàíñïîðòóâàííÿ ð³äêèõ ðå÷îâèí çà äîïîìîãîþ òðóáîïðîâîä³â
º îäíèì ç íàéá³ëüø ðîçïîâñþäæåíèõ ó ñâ³ò³ çàñîá³â ¿õ òðàíñïîðòó-
âàííÿ â³ä âèðîáíèêà äî ñïîæèâà÷³â, îñîáëèâî êîëè â³äñòàíü ì³æ
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íèìè º ñóòòºâîþ. Çã³äíî ç Çàêîíîì Óêðà¿íè «Ïðî òðóáîïðîâ³äíèé
òðàíñïîðò» ìàã³ñòðàëüíèé òðóáîïðîâ³ä º òåõíîëîã³÷íèì êîìïëåê-
ñîì, ÿêèé ôóíêö³îíóº ÿê ºäèíà ñèñòåìà òà äî ÿêîãî âõîäèòü îêðå-
ìèé òðóáîïðîâ³ä ç óñ³ìà îá’ºêòàìè òà ñïîðóäàìè, ÿê³ çâ’ÿçàí³ ç
íèì ºäèíèì òåõíîëîã³÷íèì ïðîöåñîì, àáî ê³ëüêà òðóáîïðîâîä³â,
ÿêèìè çä³éñíþþòüñÿ òðàíçèòí³, ì³æäåðæàâí³, ì³æðåã³îíàëüí³ ïî-
ñòàâêè ïðîäóêò³â òðàíñïîðòóâàííÿ ñïîæèâà÷àì. Â Óêðà¿í³ òðóáîï-
ðîâ³äíèé òðàíñïîðò âèêîðèñòîâóþòü äëÿ ïåðåêà÷óâàííÿ ãàçó, íàô-
òîïðîäóêò³â, íàôòè òà àì³àêó. Ïîð³âíÿíî ç ³íøèìè âèäàìè òðàíñ-
ïîðòó âîíè á³ëüø ïðàêòè÷í³ òà åêîíîì³÷íî äîö³ëüí³ äëÿ òðàíñïîð-
òóâàííÿ âåëèêèõ îáñÿã³â, îäíàê ìàþòü ÷èííèêè íåáåçïåêè. Çîêðå-
ìà, ³ñíóº ðèçèê ïîøêîäæåííÿ òðóáîïðîâîä³â, ùî ìîæå ïðèçâåñòè
äî åêîëîã³÷íîãî çàáðóäíåííÿ çíà÷íèõ òåðèòîð³é íàâêîëî íüîãî.
Ï³ä ÷àñ àâàð³¿ íà ãàçîïðîâîä³ ÷è íàôòîïðîâîä³ â àòìîñôåðó ïî-
òðàïëÿº ìåòàí òà éîãî ãîìîëîãè, âóãëåêèñëèé ãàç ³ ïàðè íàôòè, ÿê³
âïëèâàþòü íà öåíòðàëüíó íåðâîâó ñèñòåìó, îðãàíè äèõàííÿ òâàðèí
³ ëþäåé, îêð³ì öüîãî ï³äâèùóºòüñÿ ïàðíèêîâèé åôåêò.

Ñó÷àñíèé åòàï ðîçâèòêó çàñîá³â ä³àãíîñòóâàííÿ ãåîòåõí³÷íèõ
îá’ºêò³â õàðàêòåðèçóºòüñÿ çàñòîñóâàííÿì îñòàíí³õ äîñÿãíåíü ìå-
õàí³êè, ³íôîðìàö³éíèõ òåõíîëîã³é, åëåêòðîòåõí³êè òà òåîð³¿ óï-
ðàâë³ííÿ. Çàñòîñóâàííÿ òàêèõ íàïðÿì³â ðîçâèòêó íàóêè òà òåõí³êè
ó ïîºäíàíí³ ç ãåîãðàô³ºþ òà ãåîëîã³ºþ äîçâîëèëî ñòâîðèòè ÿê³ñíî
íîâ³ íàïðÿìè òåõí³÷íîãî ïðîãðåñó ãåî³íôîðìàòèêó (ãåî³íôîð-
ìàö³éí³ ñèñòåìè), òåëåìåòð³þ ñâåðäëîâèí, âíóòð³øíüîòðóáíîþ äå-
ôåêòîñêîï³ºþ òà ³íø³. Ö³ ñèñòåìè º ³íòåãðîâàí³ êîìï’þòåðí³ ñèñ-
òåìè ôàõ³âö³â-àíàë³òèê³â, ùî çíàõîäÿòüñÿ ï³ä óïðàâë³ííÿì, ÿê³
çä³éñíþþòü çá³ð, çáåð³ãàííÿ, ìàí³ïóëþâàííÿ, àíàë³ç, ìîäåëþâàííÿ
³ â³äîáðàæåííÿ ïðîñòîðîâî-ñï³ââ³äíåñåíí³ äàí³ [1]. Ç ïðè÷èíè íà-
ÿâíîñò³ õàðàêòåðíèõ îçíàê, òàêèõ ÿê IT-òåõíîëîã³¿, åëåêòðîíí³ ñè-
ñòåìè, ñèñòåìè óïðàâë³ííÿ, ð³çí³ òèïè äàò÷èê³â, ìåõàí³÷íèõ, îï-
òè÷íèõ òà ³íøèõ ñèñòåì çáîðó ³íôîðìàö³¿, òàê³ ñèñòåìè ìîæíà
êëàñèô³êóâàòè ÿê ìåõàòðîíí³ [1–3]. Ç ìåòîþ ñòâîðåííÿ àâòîìàòè-
çîâàíèõ ñèñòåì ä³àãíîñòóâàííÿ òðóáîïðîâîä³â âèíèêàº íåîáõ³ä-
í³ñòü ñòâîðåííÿ â³ò÷èçíÿíîãî ìåõàòðîííîãî âíóòð³øíüîòðóáíîãî
êîìïëåêñó áàãàòîö³ëüîâîãî ïðèçíà÷åííÿ. Îñíîâíèì ïðèçíà÷åí-
íÿì öüîãî êîìïëåêñó º âñòàíîâëåííÿ ä³éñíîãî ïîëîæåííÿ òðóáî-
ïðîâîä³â (òðàñóâàííÿ). Âñòàíîâëåííÿ ä³éñíîãî ïîëîæåííÿ òðóáîï-
ðîâîäó äîçâîëÿº âñòàíîâèòè äåôåêòè, ïîâ’ÿçàí³ ç³ çì³íîþ ïðîåêò-
íîãî ïîëîæåííÿ òðóáîïðîâîäó, éîãî äåôîðìàö³¿ ³ íàïðóãè. Ïîä³áí³
ðîáîòèçîâàí³ ãåî³íôîðìàö³éí³ êîìïëåêñè óñï³øíî çàðåêîìåíäóâà-
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ëè ñåáå â äîñë³äæåííÿõ, çà ÿêèõ ïðèñóòí³ñòü ëþäèíè óñêëàäíåíà:
ä³àãíîñòóâàííÿ íàôòîâèõ òðóáîïðîâîä³â, ðîçâ³äêè âóëêàí³â, ñâåðä-
ëîâèí, ïóñòåëü, ìîðñüêîãî äíà, íàôòî-, ãàçîñõîâèù òà ³íøèõ.

Îñíîâíîþ ïðîáëåìîþ âèêîðèñòàííÿ ³ñíóþ÷èõ ìåòîä³â ³ çà-
ñîá³â ä³àãíîñòóâàííÿ äëÿ ãàçîâèõ òðóáîïðîâîä³â º ð³çíà øâèäê³ñòü,
ïðóæí³ñòü ³ ïèòîìà ïîòóæí³ñòü ðóõó ïîòîêó íîñ³ÿ (íàôòè ³ ãàçó).
Òàê äëÿ íàôòîïðîâîä³â øâèäê³ñòü ïîòîêó ñòàíîâèòü 2,5–3,5 ì/ñ
ïðè ïèòîì³é ïîòóæíîñò³ ïîòîêó 3,1–6,1  103 Äæ/ì3, â òîé ÷àñ ÿê
äëÿ ãàçó øâèäê³ñòü ñêëàäàº äî 25 ì/ñ ïðè ïèòîì³é ïîòóæíîñò³ ïî-
òîêó 3,1  104 Äæ/ì3. Òàêà ñóòòºâà ð³çíèöÿ ïàðàìåòð³â ïîòîêó íîñ³ÿ
ó âèïàäêó âèêîðèñòàííÿ ïîðøíåâîãî ïðèâîäó âíóòð³øíüîòðóáíèõ
ä³àãíîñòè÷íèõ ïðèñòðî¿â ïðèçâåäå äî ñóòòºâîãî ï³äâèùåííÿ øâèä-
êîñò³ ðóõó. Òàêîæ çóñòð³÷ ç ìîæëèâèìè ïåðåøêîäàìè (çâàðí³ øâè,
çàêðóãëåííÿ, ïîâîðîòè òà ³íøå) ÷åðåç âèñîêó ñòèñë³ñòü ãàç³â ïîð³â-
íÿíî ç ð³äèíàìè ïðèçâåäå äî çóïèíêè ïðèñòðîþ ç ï³äâèùåííÿì
òèñêó ³ íàêîïè÷åííÿì åíåðã³¿ ñòèñíåíèõ ãàç³â. Ï³äâèùåííÿ òèñêó
òà íàêîïè÷åííÿ åíåðã³¿ ñòèñíåíèõ ãàç³â ïðèçâåäå äî àêóìóëÿòèâíî-
ãî åôåêòó ç ïîäàëüøèì âèâ³ëüíåííÿì åíåðã³¿ ó âèãëÿä³ ðîçãîíó
ïðèñòðîþ äî øâèäêîñò³ çíà÷íî âèùî¿ øâèäêîñò³ ïîòîêó íîñ³ÿ. Ðóõ
ç âèñîêèìè øâèäêîñòÿìè ïðèçâåäå äî ðóéíóâàííÿ ÿê åëåìåíò³â
óù³ëüíåííÿ, òàê ³ ä³àãíîñòè÷íèõ áëîê³â. Âèêîðèñòàííÿ ìåòîä³â ³
çàñîá³â ä³àãíîñòóâàííÿ íàôòîâèõ òðóáîïðîâîä³â òàêîæ íàêëàäàº
îáìåæåííÿ øâèäêîñò³ ç³ ñòîðîíè ä³àãíîñòè÷íîãî îáëàäíàííÿ ³
ñêëàäàº â ìåæàõ 1–2 ì/ñ.

Ìåòîþ äàíîãî äîñë³äæåííÿ º ðîçðîáêà ³ îá´ðóíòóâàííÿ ïàðà-
ìåòð³â ñèñòåìè ñòàá³ë³çàö³¿ øâèäêîñò³ ïîðøíåâèõ âíóòð³øíüîòðóá-
íèõ ä³àãíîñòè÷íèõ ïðèñòðî¿â ãàçîâèõ òðóáîïðîâîä³â.

Äëÿ ð³øåííÿ äàíî¿ ïðîáëåìè ðîçðîáëåíî ñèñòåìó ñòàá³ë³çàö³¿
øâèäêîñò³ ïîðøíåâèõ âíóòð³øíüîòðóáíèõ ïðèñòðî¿â ãàçîâèõ òðó-
áîïðîâîä³â (ðèñ. 1), ÿêà âèêîðèñòîâóº ³íåðö³éíèé ïðèíöèï íàêî-
ïè÷åííÿ åíåðã³¿ ìàõîâèêà. Îñíîâíèìè åëåìåíòàìè ñèñòåìè ñòàá³-
ë³çàö³¿ º ðàìà 1, íà ÿêó âñòàíîâëåíî ïåðåäí³é 2 ³ çàäí³é 3 ìàõîâè-
êè, êîëåñà ïðèâîäó 4 ³ 5, ÿê³ ïðèòèñíóò³ äî ïîâåðõí³ òðóáè ïàðîþ
ïðóæèí 6, 7. Ê³íåìàòè÷íèé çâ’ÿçîê ì³æ êîëåñàìè ïðèâîäó 4, 5 ³
ïåðåäí³ì ³ çàäí³ì 2, 3 ìàõîâèêàìè âèêîíàíî çà äîïîìîãîþ ëàíöþ-
ãîâîãî ïðèâîäó. Òàêîæ íà ðàìó 1 âñòàíîâëåíî óù³ëüíþþ÷³ ³ ï³ä-
òðèìóþ÷³ ìàíæåòè 8, 9 ç äðîñåëþþ÷èìè îòâîðàìè 10, 11.

Ïðîöåñ ðóõó ïðèñòðîþ ïðîõîäèòü ï³ä ä³ºþ ð³çíèö³ òèñê³â, ÿê³
âèíèêàþòü âíàñë³äîê îïîðó ñïðè÷èíåíèì òåðòÿì Ffr ìàíæåò ïî
ïîâåðõí³ ñò³íîê òðóáè. Ñèëà òåðòÿ ïðîïîðö³éíà ìàñ³ âíóòð³øíüîò-
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ðóáíîãî ä³àãíîñòè÷íîãî ïðèñòðîþ m, ïî÷àòêîâèì êîíòàêòíèì òè-
ñêàì p ì³æ ìàíæåòàìè ³ ïîâåðõíåþ ñò³íîê òðóáè S ³ òåðòþ êî÷åí-
íþ êîëåñà ïðèâîäó.

Ffr = fm + pS + kF, (1)

äå f – êîåô³ö³ºíò òåðòÿ ìàòåð³àëó ìàíæåò ³ ñòàë³; k – êîåô³ö³ºíò òåðòÿ êî-
÷åííÿ êîë³ñ ïðèâîäó; F – ñèëà ïðèòèñêàííÿ êîë³ñ ïðèâîäó ³ ïðóæèíè.

Ñâîºþ ÷åðãîþ ñèëà Fgas, ÿêà âèíèêàº â³ä ä³¿ ïåðåïàäó òèñê³â ãàç³â:

Fgas = 
D2

4 
P(P2 – P1), (2)

äå D – âíóòð³øí³é ä³àìåòð òðóáîïðîâîäó; P – ïåðåïàä òèñê³â:

P = P2 – P1, (3)

äå P1 ³ P2 – òèñê ãàç³â ïåðåä ³ ïîçàäó ä³àãíîñòè÷íîãî ïðèñòðîþ.

Ðèñ. 1. Ê³íåìàòè÷íà ñõåìà ñèñòåìè ñòàá³ë³çàö³¿ øâèäêîñò³ ïîðøíåâèõ
âíóòð³øíüîòðóáíèõ ä³àãíîñòè÷íèõ ïðèñòðî¿â ãàçîâèõ òðóáîïðîâîä³â 

(ä³àãíîñòè÷íå îáëàäíàííÿ íå çîáðàæåíî)

Äëÿ çàáåçïå÷åííÿ íåîáõ³äíîãî ïåðåïàäó òèñêó P óù³ëüíþþ÷³
³ ï³äòðèìóþ÷³ ìàíæåòè ìàþòü äðîñåëþþ÷³ îòâîðè ïåâíîãî ä³àìåò-
ðó d. Íåîáõ³äíèé ä³àìåòð äðîñåëþþ÷èõ îòâîð³â ìîæëèâî âñòàíîâè-
òè ç â³äîìî¿ çàëåæíîñò³ ïðîò³êàííÿ ãàçó ÷åðåç îòâ³ð:
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Q = F
2
P, (4)

äå Q – îá’ºìí³ âèòðàòè ãàçó;  – êîåô³ö³ºíò âèòðàòè; F – ïëîùà ïåðåòè-
íó îòâîð³â;  – ãóñòèíà ãàçó; p – ð³çíèöÿ òèñê³â.

Îñîáëèâ³ñòþ çàïðîïîíîâàíîãî ïðèñòðîþ º íàÿâí³ñòü ³íåðö³é-
íî¿ ñèñòåìè ó âèãëÿä³ äâîõ ìàõîâèê³â, ÿê³ çàáåçïå÷óþòü ðóõ ïðè-
ñòðîþ ó âèïàäêó âèíèêíåííÿ ïåðåøêîä. Îñíîâíîþ ðîçðàõóíêó íà-
âåäåíî¿ ñèñòåìè º âèçíà÷åííÿ ìàëîãàáàðèòíèõ ïàðàìåòð³â ìàõî-
âèê³â ³ ïðèòèñêàþ÷èõ êîë³ñ, ê³íåìàòè÷í³ ïàðàìåòðè ïðèâîäó.

Äëÿ ïîäîëàííÿ ïåðåøêîäè äîâæèíîþ L ³ îï³ð Flet ä³àãíîñòè÷-
íèé ïðèñòð³é ïîâèíåí ìàòè íåîáõ³äíèé çàïàñ ê³íåòè÷íî¿ åíåðã³¿
ÿêèé ñêëàäàºòüñÿ ç åíåðã³¿ ïîñòóïîâîãî ðóõó ³ åíåðã³¿ îáåðòàëüíî-
ãî ðóõó ÷àñòèí ïðèñòðîþ:

W = Wforw + Wrot, (5)

äå Wforw – ê³íåòè÷íà åíåðã³ÿ ïîñòóïîâîãî ðóõó åëåìåíò³â ïðèñòðîþ; Wrot –
ê³íåòè÷íà åíåðã³ÿ îáåðòàëüíîãî ðóõó åëåìåíò³â ïðèñòðîþ.

Åíåðã³ÿ ïîñòóïàëüíîãî ðóõó åëåìåíò³â ïðèñòðîþ:

Wforw = 
mv2

2 , (6)

äå v – øâèäê³ñòü ïðèñòðîþ.

Åíåðã³ÿ îáåðòàëüíîãî ðóõó åëåìåíò³â ïðèñòðîþ:

Wrot = 
n

i=1

Jii
2

2 
, (7) 

äå Ji – ìîìåíò ³íåðö³¿ i-ãî åëåìåíòà ñèñòåìè; i – êóòîâà øâèäê³ñòü i-ãî
åëåìåíòà ñèñòåìè; n – ê³ëüê³ñòü åëåìåíò³â ñèñòåìè.

Ïðè ðîçãëÿä³ ê³íåìàòè÷íî¿ ñõåìè ìîæëèâî âèä³ëèòè ãîëîâíèõ
÷îòèðè åëåìåíòà ñèñòåìè, ÿê³ îáåðòàþòüñÿ: ïåðåäí³é ³ çàäí³é ìà-
õîâèê ³ êîëåñà ïðèâîäó.

Êóòîâà øâèäê³ñòü êîëåñà ïðèâîäó:

1 = 
v
r , (8)

äå r – ðàä³óñ êîëåñà ïðèâîäó.
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Êóòîâà øâèäê³ñòü ìàõîâèêà:

2 = 1i = 
v
r i, (9)

äå i – ïåðåäàòî÷íå â³äíîøåííÿ ëàíöþãîâî¿ ïåðåäà÷³.

Ï³äñòàâèâøè ð³âíÿííÿ (6–9) ó ð³âíÿííÿ 5, îòðèìàºìî ãîëîâ-
íå ð³âíÿííÿ óìîâè ïðîõîäæåííÿ ïåðåøêîäè âíóòð³øíüîòðóáíèì
ïðèñòðîºì:

FletL = mv2 2 + 
v
r (J1 + 2J2i

2), (10)

äå J1 – ìîìåíò ³íåðö³¿ êîëåñà ïðèâîäó; J2 – ìîìåíò ³íåðö³¿ ìàõîâèêà.

Íà îñíîâ³ çàïðîïîíîâàíî¿ çàëåæíîñò³ ðîçðîáëåíî ïðèâîäíó ÷à-
ñòèíó ä³àãíîñòè÷íîãî âíóòð³øíüîòðóáíîãî ïðèñòðîþ (ðèñ. 2).

Ðèñ. 2. Çîâí³øí³é âèä ïðèâîäíî¿ ÷àñòèíè 
ä³àãíîñòè÷íîãî âíóòð³øíüîòðóáíîãî ïðèñòðîþ

Ðîçðîáëåíà ñèñòåìà ñòàá³ë³çàö³¿ ðóõó âíóòð³øíüîòðóáíèõ ä³àã-
íîñòè÷íèõ ïðèñòðî¿â äîçâîëèòü ïîïåðåäèòè àâàð³éí³ ñèòóàö³¿ íà

196











ãàçîâèõ òðóáîïðîâîäàõ çà ðàõóíîê âïðîâàäæåííÿ ³ñíóþ÷³ õ åôåê-
òèâíèõ ìåòîäèê êîíòðîëþ òà ³íñïåêö³¿ íàôòîïðîâîä³â.
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ОСОБЛИВОСТІ РЕФОРМУВАННЯ 

ЄВРОПЕЙСЬКОГО ТА НАЦІОНАЛЬНОГО

ЗАКОНОДАВСТВА З ПРОМИСЛОВОЇ БЕЗПЕКИ 

Àíîòàö³ÿ. Ïðîàíàë³çîâàíî îñîáëèâîñò³ ðåôîðìóâàííÿ ºâðîïåéñüêî-
ãî òà íàö³îíàëüíîãî çàêîíîäàâñòâà â ñôåð³ ïðîìèñëîâî¿ áåçïåêè ç òî÷-
êè çîðó ïîäàëüøî¿ ³íòåãðàö³¿ Óêðà¿íè ç êðà¿íàìè ªâðîïåéñüêîãî Ñîþçó.
Òàêîæ âèçíà÷åíî îñíîâí³ âèìîãè ùîäî ïðîâåäåííÿ ïðîöåäóð íîòèô³êà-
ö³¿, ñåðòèô³êàö³¿ òà ìàðêóâàííÿ ïðîìèñëîâîãî îáëàäíàííÿ ³ ïðîäóêö³¿. 

Êëþ÷îâ³ ñëîâà: äèðåêòèâà, ðåãëàìåíò, áåçïåêà, íîòèô³êàö³ÿ, ñåð-
òèô³êàö³ÿ, ïðîìèñëîâå îáëàäíàííÿ.

Abstract. The peculiarities of reforming the European and national leg-
islation in the field of industrial safety from the point of view of further inte-
gration of Ukraine with the countries of the European Union are analyzed.
The basic requirements for carrying out of procedures of notification, certifi-
cation and marking of industrial equipment and products are defined.

Keywords: directive, regulations, safety, notification, certification, indus-
trial equipment.

²ñíóþ÷³ íà ñüîãîäí³ â Óêðà¿í³ òåíäåíö³¿ ùîäî ïîäàëüøîãî ðîç-
âèòêó íàö³îíàëüíî¿ ñèñòåìè ïðîìèñëîâî¿ áåçïåêè âèçíà÷àþòüñÿ
ö³ëÿìè, ÿê³ çàäåêëàðîâàí³ ó Äîãîâîð³ ïðî àñîö³àö³þ ì³æ Óêðà¿íîþ
ç îäí³º¿ ñòîðîíè òà ªâðîïåéñüêèì Ñîþçîì (ªÑ) ³ äåðæàâàìè ÷ëå-
íàìè ç ³íøî¿ ñòîðîíè [1]. Äîãîâîðîì ïðî àñîö³àö³þ, ÿê ³ ³íøèìè
â³äïîâ³äíèìè íîðìàòèâíèìè äîêóìåíòàìè ó ö³é ñôåð³ [2, 3], ïå-
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ðåäáà÷åíî ïîäàëüøó ³ìïëåìåíòàö³þ ºâðîïåéñüêîãî òà óêðà¿íñüêî-
ãî çàêîíîäàâñòâà ç ïðîìèñëîâî¿ áåçïåêè, à òàêîæ êîð³ííå ðåôîð-
ìóâàííÿ íàö³îíàëüíî¿ ñèñòåìè ïðîìèñëîâî¿ áåçïåêè â Óêðà¿í³ ñòî-
ñîâíî óçãîäæåííÿ ïèòàíü òåõí³÷íîãî ðåãóëþâàííÿ, ñòàíäàðò³â òà
îö³íêè â³äïîâ³äíîñò³ ïðîìèñëîâîãî îáëàäíàííÿ òà ïðîäóêö³¿ âèìî-
ãàì áåçïåêè. Áåçóìîâíî, ùî çðîáèòè öå ÿê³ñíî ³ åôåêòèâíî ìîæ-
ëèâî ëèøå çà óìîâè ãëèáîêîãî ðîçóì³ííÿ âñ³õ îñîáëèâîñòåé ïîñë³-
äîâíîãî ðîçâèòêó ºâðîïåéñüêîãî çàêîíîäàâñòâà ç ïðîìèñëîâî¿ áåç-
ïåêè, à òàêîæ ³ñíóþ÷èõ îñîáëèâîñòåé éîãî ôóíêö³îíóâàííÿ òà çà-
ñòîñóâàííÿ íà ñó÷àñíîìó åòàï³ ðîçâèòêó. Ùîíàéïåðøå öå ñòî-
ñóºòüñÿ òàêèõ âàæëèâèõ ñêëàäîâèõ ºâðîïåéñüêîãî çàêîíîäàâñòâà,
ÿê ïðîöåäóðà ï³äòâåðäæåííÿ â³äïîâ³äíîñò³ ïðîìèñëîâîãî îáëàä-
íàííÿ ³ ïðîäóêö³¿ Äèðåêòèâàì ªÑ òà Ãàðìîí³çîâàíèì Ñòàíäàðòàì
EN, îñîáëèâîñòåé ¿õ íîòèô³êàö³¿, ñåðòèô³êàö³¿ òà ìàðêóâàííÿ, à
òàêîæ ñïåöèô³êè ðîáîòè åêñïåðòíèõ îðãàí³çàö³é, ïîðÿäêó äîïóñêó
îñîáëèâî íåáåçïå÷íîãî îáëàäíàííÿ äî åêñïëóàòàö³¿ òîùî. 

Ìåòîþ äàíî¿ ðîáîòè º âèçíà÷åííÿ îñíîâíèõ îñîáëèâîñòåé ðå-
ôîðìóâàííÿ ºâðîïåéñüêîãî òà íàö³îíàëüíîãî çàêîíîäàâñòâà ç ïðî-
ìèñëîâî¿ áåçïåêè, ³, â ïåðøó ÷åðãó, òàêèõ éîãî ñêëàäîâèõ, ÿê íî-
òèô³êàö³ÿ, ñåðòèô³êàö³ÿ òà ìàðêóâàííÿ ïðîìèñëîâîãî îáëàäíàííÿ
³ ïðîäóêö³¿.

Äëÿ êðàùîãî ðîçóì³ííÿ ïðè÷èí, çà ÿêèìè ³ áóâ çàïî÷àòêîâàíèé
ïðîöåñ ðåôîðìóâàííÿ, íåîáõ³äíî ñïî÷àòêó ðîçãëÿíóòè íàéá³ëüø
âàæëèâ³ åòàïè ïîñë³äîâíîãî ðîçâèòêó ºâðîïåéñüêîãî òà íàö³îíàëü-
íîãî çàêîíîäàâñòâ ç ïðîìèñëîâî¿ áåçïåêè òà îñíîâí³ îñîáëèâîñò³ çà-
ñòîñóâàííÿ Íîâîãî Ãëîáàëüíîãî Ï³äõîäó, ÿêèé ðåãëàìåíòóº âèìîãè
áåçïåêè äî îêðåìèõ ãðóï ïðîìèñëîâîãî îáëàäíàííÿ. 

ßê ñâ³ä÷èòü ºâðîïåéñüêèé äîñâ³ä ó ñôåð³ åêñïåðòíî¿ îö³íêè
â³äïîâ³äíîñò³ ïðîìèñëîâîãî îáëàäíàííÿ òà ïðîäóêö³¿, äîñÿãòè íå-
îáõ³äíîãî ð³âíÿ ÿêîñò³ ïðè âèêîíàíí³ òàêèõ ðîá³ò, ³ öå íåîáõ³äíî
÷³òêî óñâ³äîìèòè, ìîæëèâî ëèøå ó ðàç³ âèêîíàííÿ ñòîðîíîþ, ÿêà
çä³éñíþº ïîä³áí³ ðîáîòè, ö³ëîãî ðÿäó áàçîâèõ âèìîã, ÿê³ âèçíà÷åí³
â ñòàíäàðòàõ ISO ñåð³¿ 17000 [4]. 

Ó ïåðøó ÷åðãó, öå íåîáõ³äí³ñòü âèêîíàííÿ ðîáîòè â ñôåð³
îö³íêè â³äïîâ³äíîñò³ ëèøå îðãàí³çàö³ÿìè, ùî ìàþòü â³äïîâ³äíó
îðãàí³çàö³éíó ñòðóêòóðó òà äîêóìåíòàö³þ, ÿê³ ÷³òêî âèçíà÷àþòü ¿¿
ôóíêö³¿ òà â³äïîâ³äàëüí³ñòü, à òàêîæ íàÿâí³ñòü â³äïîâ³äíî¿ ñèñòåìè
ìåíåäæìåíòó ÿêîñò³, ñèñòåìè ï³äãîòîâêè ïåðñîíàëó. 

Ë³áåðàë³çàö³ÿ ðèíêó òà ôàêòè÷íà â³äìîâà â³ä äåðæàâíîãî ðåãó-
ëþâàííÿ ó ñôåð³ åêñïåðòíî¿ ä³ÿëüíîñò³ ïðèâåëè äî ñóòòºâîãî çá³ëü-
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øåííÿ ê³ëüêîñò³ ³ñíóþ÷èõ åêñïåðòíèõ îðãàí³çàö³é, ÿê³ ïðàöþâàëè
â ñôåð³ îö³íêè â³äïîâ³äíîñò³ òà ñåðòèô³êàö³¿ ïðîìèñëîâîãî îáëàä-
íàííÿ ³ ïðîäóêö³¿, ïðè öüîìó äåðæàâíèé êîíòðîëü òà íàãëÿä çà
ä³ÿëüí³ñòþ öèõ åêñïåðòíèõ îðãàí³çàö³é íà òîé ÷àñ áóâ ìàéæå â³ä-
ñóòí³é. Áåçóìîâíî, ùî âñå öå íå ìîãëî öå ïðèçâåñòè äî çíèæåííÿ
ÿêîñò³ ïîñëóã â ñôåð³ îö³íêè â³äïîâ³äíîñò³ òà ñåðòèô³êàö³¿ ïðîìèñ-
ëîâîãî îáëàäíàííÿ ³ ïðîäóêö³¿. 

Âèõîäîì ç ö³º¿ ñèòóàö³¿ ñòàëî ââåäåííÿ ìåõàí³çìó ñàìîðåãóëþ-
âàííÿ ðèíêó ïîñëóã ó ö³é ñôåð³, ³ â ïåðøó ÷åðãó, öå ñòîñóºòüñÿ:

 ñòâîðåííÿ íà òåðèòîð³¿ äåðæàâ ªÑ ïðîôåñ³éíèõ ñï³ëîê åêñ-
ïåðòíèõ îðãàí³çàö³é, à ñàìå àñîö³àö³é, ñîþç³â òîùî, ÿê³ ìîãëè áè
çä³éñíþâàòè ð³çíîìàí³òí³ âèäè ä³ÿëüíîñò³ â ñôåð³ îö³íêè â³äïî-
â³äíîñò³ òà ñåðòèô³êàö³¿ ïðîìèñëîâîãî îáëàäíàííÿ òà ïðîäóêö³¿, ³
ÿê³ áóëè áè ñôîðìîâàí³ çà ïðèíöèïîì ââåäåííÿ ºäèíèõ çàãàëüíî-
îáîâ’ÿçêîâèõ ðåãëàìåíò³â ùîäî ¿õ ä³ÿëüíîñò³ òà âñòàíîâëåííÿ ì³í³-
ìàëüíî¿ ê³ëüêîñò³ êðèòåð³¿â ùîäî ÷ëåíñòâà ó öèõ ñï³ëêàõ;

 âñòàíîâëåííÿ çã³äíî ç ïîëîæåííÿìè ñòàíäàðò³â ISO ñåð³¿
17000 ºäèíèõ âèìîã äî îðãàí³çàö³é, ùî çä³éñíþþòü îö³íêó â³äïî-
â³äíîñò³ òà ñåðòèô³êàö³¿ ïðîìèñëîâîãî îáëàäíàííÿ ³ ïðîäóêö³¿, ³
ÿê³, â ñâîþ ÷åðãó, ïîâèíí³ áóòè îñíîâîþ äëÿ ïðîâåäåííÿ àêðåäè-
òàö³¿ äàíèõ îðãàí³çàö³é.

Òàêèì ÷èíîì, áóäü ÿêà îðãàí³çàö³ÿ, ÿêà çä³éñíþº ñâîþ ä³ÿëü-
í³ñòü ó ñôåð³ îö³íêè â³äïîâ³äíîñò³ òà ñåðòèô³êàö³¿ ïðîìèñëîâîãî
îáëàäíàííÿ ³ ïðîäóêö³¿, íå ò³ëüêè íå ìîæå ñòàòè ÷ëåíîì âèùåçãà-
äàíî¿ ïðîôåñ³éíî¿ ñï³ëêè, àëå ³ íå ìîæå áóòè äîïóùåíîþ äî âèêî-
íàííÿ áóäü-ÿêîãî ðîáîòè ó ö³é ñôåð³ áåç â³äïîâ³äíî¿ àêðåäèòàö³¿.
Â³äïîâ³äíî äî ðåãëàìåíòó ªÑ ¹ 765/2008 ïðîâåäåííÿ àêðåäèòàö³¿
â êîæí³é ç äåðæàâ ªâðîïåéñüêî¿ ñï³ëüíîòè ìîæå áóòè çä³éñíåíî
ëèøå ºäèíèì íàö³îíàëüíèì îðãàíîì ç àêðåäèòàö³¿. Íàÿâí³ñòü îáî-
â’ÿçêîâîãî ï³äòâåðäæåííÿ êîìïåòåíòíîñò³, à ñàìå àêðåäèòàö³¿ åêñ-
ïåðòèçè ç ïðîìèñëîâî¿ áåçïåêè òà àòåñòàö³¿ ïðàö³âíèê³â ç ïðîìèñ-
ëîâî¿ áåçïåêè º äóæå âàæëèâîþ ñêëàäîâîþ â ïàêåò³ îáîâ’ÿçêîâèõ
âèìîã äî ÷ëåí³â ñàìîðåãóëþ÷èõ åêñïåðòíèõ îðãàí³çàö³é.

Íåîáõ³äíî òàêîæ â³äçíà÷èòè, ùî â³äïîâ³äíî äî ³ñíóþ÷îãî íà
äàíèé ÷àñ ºâðîïåéñüêîãî çàêîíîäàâñòâà ç ïðîìèñëîâî¿ áåçïåêè
ï³äâèùóºòüñÿ ³ ð³âåíü â³äïîâ³äàëüíîñò³ åêñïåðòíèõ îðãàí³çàö³é çàâ-
äÿêè âïðîâàäæåííþ îáîâ’ÿçêîâîãî ñòðàõóâàííÿ ìàòåð³àëüíî¿ (ìàé-
íîâî¿) â³äïîâ³äàëüíîñò³ ÷ëåí³â åêñïåðòíî¿ ñï³ëêè.

Òàêèì ÷èíîì ìîæíà êîíñòàòóâàòè, ùî ãàðìîí³çàö³ÿ ñòàíäàðò³â
òà íîðì øëÿõîì ââåäåííÿ ãàðìîí³çîâàíèõ ñòàíäàðò³â EN òà âçàºì-
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íå âèçíàííÿ ðåçóëüòàò³â ñåðòèô³êàö³¿ ïðîìèñëîâîãî îáëàäíàííÿ òà
ïðîäóêö³¿ ñòàëè îñíîâîþ äëÿ âçàºìíî¿ äîâ³ðè êðà¿í ªâðîïåéñüêî-
ãî Ñîþçó ç ïðîìèñëîâî¿ áåçïåêè. 

Ó òîé æå ÷àñ ïðàêòè÷íà ä³ÿëüí³ñòü â öüîìó íàïðÿì³ âèÿâèëà ³
ðÿä ñóòòºâèõ ïðîáëåì. Íàïðèêëàä, ï³ä ãàñëîì áîðîòüáè çà ÿê³ñòü,
ìîæíà ëåãêî îá´ðóíòóâàòè íåîáõ³äí³ñòü ãëîáàëüíî¿ ñåðòèô³êàö³¿
âñüîãî âèðîáíè÷îãî îáëàäíàííÿ òà ïðîäóêö³¿. Áåçóìîâíî, ùî
ïðàêòè÷íå çàñòîñóâàííÿ òàêîãî ï³äõîäó ìîæå ïðèâåñòè äî ¿õ ñóò-
òºâîãî ïîäîðîæ÷àííÿ, îñê³ëüêè â ¿¿ ñîá³âàðò³ñòü âèðîáíèê çìóøå-
íèé çàêëàäàòè ñåðòèô³êàö³éí³ âèïðîáóâàííÿ ³ ïðîöåäóðè âçàºìíî-
ãî âèçíàííÿ ñåðòèô³êàò³â.

Íåîáõ³äíî òàêîæ â³äçíà÷èòè, ùî ïðàêòè÷íî â óñ³õ êðà¿íàõ
ªâðîïè óñå âèðîáíè÷å îáëàäíàííÿ òà ïðîäóêö³ÿ áóëè óìîâíî
ïîä³ëåí³ íà äâ³ âåëèê³ ãðóïè: ïåðøà ãðóïà – çàêîíîäàâ÷î ðåãóëüî-
âàíà, äðóãà – çàêîíîäàâ÷î íåðåãóëüîâàíà. Ïðè öüîìó äåðæàâà áå-
ðå íà ñåáå çîáîâ’ÿçàííÿ êîíòðîëþâàòè ñåðòèô³êàö³þ ò³ëüêè òàêî-
ãî âèðîáíè÷îãî îáëàäíàííÿ òà ïðîäóêö³¿ (³ ëèøå òèõ ¿õ ïàðàìåò-
ð³â), ÿê³ ìîæóòü çàâäàòè øêîäè çäîðîâ’þ ëþäèíè ³ íàâêîëèøíüî-
ìó ñåðåäîâèùó. Ñåðòèô³êàö³ÿ âñüîãî ³íøîãî âèðîáíè÷îãî îáëàä-
íàííÿ òà ïðîäóêö³¿ ³ âèïðîáóâàííÿ ùîäî âèçíà÷åííÿ ñóêóïíîñò³ ¿õ
ïàðàìåòð³â ÿêîñò³ º ñïðàâîþ äîáðîâ³ëüíîþ ³ çä³éñíþºòüñÿ çà çãî-
äîþ ì³æ ïîñòà÷àëüíèêîì ³ ñïîæèâà÷åì.

Ó ïîäàëüøîìó äîìîâëåíîñò³ ïðî òå, ùî íå ìîæíà ï³äì³íÿòè
áîðîòüáó çà ÿê³ñòü òîòàëüíîþ ñåðòèô³êàö³ºþ, ïðèçâåëè äî ñòâîðåí-
íÿ â ðàìêàõ Êîì³ñ³¿ ªâðîïåéñüêîãî Ñîþçó â³äïîâ³äíèõ Äèðåêòèâ
òà Ðåãëàìåíò³â ªÑ, ÿê³ ì³ñòÿòü îáîâ’ÿçêîâ³ âèìîãè äî áåçïåêè ïåâ-
íèõ ãðóï ïðîäóêö³¿ àáî ¿õ ïàðàìåòð³â. Äèðåêòèâè òà Ðåãëàìåíòè ªÑ
áóëè âêëþ÷åí³ â íàö³îíàëüí³ çàêîíîäàâñòâà âñ³õ êðà¿í ªÑ. 

Òàêèì ÷èíîì, çàïðîâàäæåíà â êðà¿íàõ ªÑ ãàðìîí³çàö³ÿ ñòàí-
äàðò³â òà íîðì øëÿõîì ââåäåííÿ íîâèõ ºäèíèõ ñòàíäàðò³â EN, à
òàêîæ ââåäåííÿ â³äïîâ³äíèõ Äèðåêòèâ òà Ðåãëàìåíò³â ªÑ òàê çâà-
íîãî Íîâîãî Ãëîáàëüíîãî Ï³äõîäó, ÿê³ âêëþ÷åí³ â íàö³îíàëüí³ çà-
êîíîäàâñòâà âñ³õ êðà¿í ªÑ ³ ðåãëàìåíòóþòü âèìîãè áåçïåêè äî îê-
ðåìèõ ãðóï ïðîìèñëîâîãî îáëàäíàííÿ òà ïðîäóêö³¿ ³ ¿õ ìàðêóâàí-
íÿ çíàêîì ÑÅ, äîçâîëèëè çðîáèòè ñóòòºâèé êðîê íà øëÿõó ïîäàëü-
øîãî ôîðìóâàííÿ âçàºìíî¿ äîâ³ðè êðà¿í ªÑ ó ñôåð³ ðèíêó åêñ-
ïåðòíèõ ïîñëóã ç ïðîöåäóð îö³íêè (ï³äòâåðäæåííÿ) â³äïîâ³äíîñò³
òà ñåðòèô³êàö³¿ ïðîìèñëîâîãî îáëàäíàííÿ ³ ïðîäóêö³¿ [3?7]. Â Óê-
ðà¿í³ òàêîæ âåäåòüñÿ àêòèâíà ðîáîòà ùîäî óçãîäæåííÿ òåõí³÷íîãî
ðåãóëþâàííÿ, ñòàíäàðò³â òà îö³íêè â³äïîâ³äíîñò³ ç êðà¿íàìè ªÑ.
Òàê âæå ðîçðîáëåí³ ³ íàáóëè ÷èííîñò³ â³äïîâ³äí³ ÄÑÒÓ ISO (â òî-
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ìó ÷èñë³ ³ ñåð³¿ 17000) ùîäî îö³íþâàííÿ â³äïîâ³äíîñò³ (Conformity
assessment) ïðîìèñëîâîãî îáëàäíàííÿ òà ïðîäóêö³¿.

Çã³äíî ³ñíóþ÷îãî çàêîíîäàâñòâà ªÑ íà âèðîáíè÷å îáëàäíàííÿ
òà ïðîäóêö³þ, ÿê³ ïðîéøëè íîòèô³êàö³þ â ðàìêàõ ³ñíóþ÷èõ Äè-
ðåêòèâ òà Ðåãëàìåíò³â ªÑ, îáîâ’ÿçêîâî ïîâèíåí áóòè íàíåñåíèé
â³äïîâ³äíèé çíàê ÑÅ [4], [8]. Ïðîäàæ âèðîáíè÷îãî îáëàäíàííÿ òà
ïðîäóêö³¿ áåç çíàêà ÑÅ, òîáòî ó âèïàäêó êîëè âîíè íå ïðîéøëè
ïðîöåäóðó íîòèô³êàö³¿ (îö³íêó â³äïîâ³äíîñò³ âèìîãàì áåçïåêè â
ðàìêàõ Äèðåêòèâ ªÑ), â ªâðîïåéñüêîìó Ñîþç³ çàáîðîíåíà.

Ñë³ä çàóâàæèòè, ùî Äèðåêòèâè òà Ðåãëàìåíòè Íîâîãî Ãëî-
áàëüíîãî Ï³äõîäó ïåðåäáà÷àþòü íàíåñåííÿ çíàêà ÑÅ íà ïðîäóêö³þ
(ìàðêóâàííÿ ÑÅ) ç äåÿêèìè âèíÿòêàìè, íàïðèêëàä ³ñíóþòü Äè-
ðåêòèâè, ùî íå ïåðåäáà÷àþòü íàíåñåííÿ çíàêà ÑÅ. Ñàì ïðîöåñ
ìàðêóâàííÿ âèðîáíè÷îãî îáëàäíàííÿ òà ïðîäóêö³¿ çíàêîì ÑÅ
ñêëàäàºòüñÿ ³ç âîñüìè îñíîâíèõ åòàï³â (äèâ. ðèñ. 1).

Ìàðêóâàííÿ âèðîáíè÷îãî îáëàäíàííÿ òà ïðîäóêö³¿ çíàêîì ÑÅ
ñâ³ä÷èòü ïðî âèêîíàííÿ âèìîã ä³þ÷èõ Äèðåêòèâ ªÑ ³ íàäàº ïðàâî
ùîäî ïðèñóòíîñò³ òàêîãî âèðîáíè÷îãî îáëàäíàííÿ òà ïðîäóêö³¿ íà
ªâðîïåéñüêîìó ðèíêó ³ óíåìîæëèâëþº ââåäåííÿ áóäü-ÿêèõ îáìå-
æåíü ç áîêó êðà¿í-÷ëåí³â ªÑ ùîäî ñâîáîäè ¿õ îáåðòàííÿ íà öüîìó
ðèíêó. Ìàðêóâàííÿ ÑÅ îáîâ’ÿçêîâî ïîâèííî áóòè íàíåñåíî íà:

 íîâ³òíº âèðîáíè÷å îáëàäíàííÿ òà ïðîäóêö³þ, ÿê³ âèðîáëåí³
â êðà¿íàõ-÷ëåíàõ ªÑ àáî òðåò³õ êðà¿íàõ;

 áóäü-ÿê³ ïðîäóêòè âòîðèííîãî êîðèñòóâàííÿ, ³ìïîðòîâàí³ ç
äåðæàâ, ÿê³ íå º ÷ëåíàìè ªÑ;

 ³ñíóþ÷³ ìîäèô³êàö³¿ âèðîáíè÷îãî îáëàäíàííÿ òà ïðîäóêö³¿,
ÿê³ îäíîãî ðàçó âæå áóëè ìàðêîâàí³ çíàêîì ÑÅ.

Ïðîöåäóðè îö³íêè â³äïîâ³äíîñò³ [4–9] ïðîìèñëîâîãî îáëàä-
íàííÿ òà ïðîäóêö³¿ âèìîãàì Äèðåêòèâ ªÑ ñêëàäàþòü íàá³ð ³ç âîñü-
ìè ìîäóë³â (ðèñ. 2). Îäðàçó æ ñë³ä çàóâàæèòè, ùî ó ñåìè ç öèõ ìî-
äóë³â (ìîäóë³: B, C, D, E, F, G ³ H) ïåðåäáà÷åíà ó÷àñòü òðåòüî¿ ñòî-
ðîíè – â³äïîâ³äíîãî íîòèô³êîâàíîãî îðãàíó, ³ ëèøå â îäíîìó ìî-
äóë³ (ìîäóëü À) – ó÷àñòü òðåòüî¿ ñòîðîíè íå ïåðåäáà÷åíà. 

Ó á³ëüøîñò³ ðîçãëÿíóòèõ ìîäóë³â çãàäóþòüñÿ íåçàëåæí³ îð-
ãàí³çàö³¿, òàê çâàí³ íîòèô³êîâàí³ îðãàíè. Ôóíêö³¿ öèõ îðãàí³â ùî-
äî âèêîíàííÿ â ðàìêàõ ìîäóë³â ïðîöåäóð îö³íêè â³äïîâ³äíîñò³ Äè-
ðåêòèâàì ªÑ âèêîíóþòü íåçàëåæí³ òà êîìïåòåíòí³ îðãàí³çàö³¿, ÿê³
ïðèçíà÷àþòüñÿ â ðàìêàõ Êîì³ñ³¿ ªÑ ³ ÿê³ ââàæàþòüñÿ íîòèô³êîâà-
íèìè (ïðèçíà÷åíèìè) îðãàíàìè ëèøå ï³ñëÿ âíåñåííÿ ¿õ äî â³äïî-
â³äíîãî Áþëåòåíÿ. Íà ïðàêòèö³ ôóíêö³¿ íîòèô³êîâàíîãî îðãàíó, ÿê
ïðàâèëî, ìîæå âèêîíóâàòè ³ îðãàí ³ç ñåðòèô³êàö³¿.
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Ðèñ. 1. Îñíîâí³ åòàïè ìàðêóâàííÿ âèðîáíè÷îãî îáëàäíàííÿ 
òà ïðîäóêö³¿ çíàêîì ÑÅ

Ñë³ä ï³äêðåñëèòè, ùî ïðîöåäóðè íîòèô³êàö³¿ òà ñåðòèô³êàö³¿
äîñèòü ñóòòºâî â³äð³çíÿþòüñÿ îäíà â³ä ³íøî¿. Îñíîâí³ â³äì³ííîñò³
ïðîöåäóð íîòèô³êàö³¿ òà ñåðòèô³êàö³¿ ïðèâåäåí³ íà ðèñ. 3.
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Ðèñ. 2.  Ìîäóë³ ïðîöåäóð îö³íêè â³äïîâ³äíîñò³ Äèðåêòèâàì ªÑ

Ó êðà¿íàõ ªâðîïåéñüêîãî Ñîþçó çàïðîâàäæåí³ òàê³ íàéâàæ-
ëèâ³ø³ åëåìåíòè ùîäî âèìîã äî îðãàíó ç íîòèô³êàö³¿:
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 íåçàëåæí³ñòü â³ä áóäü-ÿêîãî ñòîðîííüîãî âïëèâó íà ðåçóëü-
òàòè ïåðåâ³ðîê òà âèïðîáóâàíü;

 ñòàá³ëüí³ñòü þðèäè÷íî¿ îñîáè;
 òåõí³÷íà êîìïåòåíòí³ñòü;
 ïðîôåñ³éíèé ïåðñîíàë;
 êîíô³äåíö³éí³ñòü;
 ãàðàíòîâàíà êîìïåòåíòí³ñòü ñóáï³äðÿäíèê³â;
 íàÿâí³ñòü äîãîâîðó ãàðàíò³éíîãî ñòðàõóâàííÿ;
 ìîæëèâ³ñòü â ïîâíîìó îá’ºì³ âèêîíóâàòè çàâäàííÿ â³äïîâ³ä-

íî¿ Äèðåêòèâè.
Ì³í³ìàëüí³ âèìîãè ùîäî ïîñòà÷àëüíèêà ïðîäóêö³¿:
 ïîâèíåí âèêîíóâàòè âèìîãè â³äïîâ³äíèõ Äèðåêòèâ ÅÑ;
 ïîâèíåí óçãîäèòè ç íîòèô³êîâàíèì îðãàíîì ïðîöåäóðó ïå-

ðåâ³ðêè â³äïîâ³äíîñò³ Äèðåêòèâàì (âèáðàòè â³äïîâ³äíèé ìîäóëü);
 íå ïîâèíåí áåç äîçâîëó çä³éñíþâàòè ìàðêóâàííÿ âèðîáíè÷î-

ãî îáëàäíàííÿ òà ïðîäóêö³¿ çíàêîì ÑÅ;
 ïîâèíåí ñòàòè ðåçèäåíòîì â áóäü-ÿê³é ³ç êðà¿í ªÑ (ìàòè çà-

ðåºñòðîâàíå ïðåäñòàâíèöòâî) àáî çä³éñíþâàòè ïîñòàâêè ÷åðåç â³ä-
ïîâ³äíîãî ðåçèäåíòà.

Âðàõîâóþ÷³ âñå âèùåíàâåäåíå, ìîæíà êîíñòàòóâàòè, ùî çàïðî-
âàäæåíà â êðà¿íàõ ªÑ ãàðìîí³çàö³ÿ ñòàíäàðò³â òà íîðì øëÿõîì
ââåäåííÿ íîâèõ ºäèíèõ ãàðìîí³çîâàíèõ ñòàíäàðò³â EN, à òàêîæ
â³äïîâ³äíèõ Äèðåêòèâ òà Ðåãëàìåíò³â ªÑ (EU) òàê çâàíîãî Íîâî-
ãî Ãëîáàëüíîãî Ï³äõîäó äî ïðîìèñëîâî¿ áåçïåêè, äîçâîëèëè çíà÷-
íî ï³äâèùèòè ð³âåíü âçàºìíî¿ äîâ³ðè ì³æ êðà¿íàìè ªÑ ó ö³é ñôåð³. 

Óñ³ ö³ ïðîöåñè áåçïîñåðåäíüî ñòîñóþòüñÿ ³ íàøî¿ äåðæàâè, ÿêà
ïîñë³äîâíî ïðîäîâæóº ïðîâîäèòè ïîë³òèêó ïîäàëüøî¿ ³íòåãðàö³¿ ç
êðà¿íàìè ªâðîïåéñüêîãî Ñîþçó. Òàê â Óêðà¿í³ â³äïîâ³äíî äî Çàêî-
íó Óêðà¿íè «Ïðî òåõí³÷í³ ðåãëàìåíòè òà îö³íêó â³äïîâ³äíîñò³» [10]
íà îñíîâ³ ä³þ÷èõ Äèðåêòèâ òà Ðåãëàìåíò³â ªÑ (EU) âæå ðîçðîá-
ëåí³ ³ çàòâåðäæåí³ Êàá³íåòîì Ì³í³ñòð³â Óêðà¿íè â³äïîâ³äí³ íàö³î-
íàëüí³ Òåõí³÷í³ Ðåãëàìåíòè ç áåçïåêè âèðîáíè÷îãî îáëàäíàííÿ òà
ïðîäóêö³¿. Íà öåé ÷àñ äî ðåºñòðó ä³þ÷èõ â Óêðà¿í³ Òåõí³÷íèõ ðåã-
ëàìåíò³â ç áåçïåêè ïðîìèñëîâîãî îáëàäíàííÿ òà ïðîäóêö³¿ âõîäèòü
âæå ìàéæå 50 íàéìåíóâàíü ³ öÿ ðîáîòà ïðîäîâæóºòüñÿ. 
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ПРОБЛЕМИ ЕЛЕКТРОМАГНІТНОЇ БЕЗПЕКИ

КОНТАКТНОГО СТИКОВОГО ЗВАРЮВАННЯ ОПОРОМ

Àíîòàö³ÿ. Âèçíà÷åíî äæåðåëà ìàãí³òíèõ ïîë³â ïðè êîíòàêòíîìó
ñòèêîâîìó çâàðþâàíí³ îïîðîì òà íàâåäåíî ðåçóëüòàòè äîñë³äæåííÿ
ð³âí³â ìàãí³òíèõ ïîë³â ó â³äïîâ³äíîñò³ ç äåðæàâíèìè ñàí³òàðíèìè íîð-
ìàìè ³ ïðàâèëàìè ïðè ðîáîò³ ç äæåðåëàìè åëåêòðîìàãí³òíèõ ïîë³â
ÄÑÍ 3.3.6.096-2002. Ç ìåòîþ çàõèñòó îïåðàòîð³â-çâàðíèê³â â³ä íåáåç-
ïå÷íîãî âïëèâó ìàãí³òíèõ ïîë³â ðîçðîáëåíî çàõèñíèé ôàðòóõ çâàðíèêà.

Êëþ÷îâ³ ñëîâà: åëåêòðîìàãí³òíà áåçïåêà, êîíòàêòíå ñòèêîâå çâà-
ðþâàííÿ, ìàãí³òí³ ïîëÿ, çàõèñíèé ôàðòóõ çâàðíèêà.

Abstract. In this paper, the sources of magnetic fields at contact buckling
resistance are determined and the results of the study of levels of magnetic
fields in accordance with the state sanitary norms and rules when working
with sources of electromagnetic fields DSN 3.3.6.096-2002 are given. In order
to protect the operators of welders from the dangerous effects of magnetic
fields, a protective wallet apron was developed.

Keywords: electromagnetic safety, contact welding, magnetic fields, pro-
tective welder apron.

Êîíòàêòíå åëåêòðîçâàðþâàííÿ çíàõîäèòü âñå á³ëüøå çàñòîñó-
âàííÿ â ð³çíèõ ãàëóçÿõ íàðîäíîãî ãîñïîäàðñòâà Óêðà¿íè. Â³ä ñòó-
ïåíÿ éîãî ðîçâèòêó òà äîñêîíàëîñò³ â áàãàòüîõ âèïàäêàõ çàëåæèòü
ð³âåíü òåõíîëîã³÷íîãî ïðîãðåñó â êðà¿í³. Àëå ï³ä ÷àñ åêñïëóàòàö³¿
çàçíà÷åíîãî îáëàäíàííÿ íà ðîáî÷èõ ì³ñöÿõ îáñëóãîâóþ÷îãî ïåðñî-
íàëó ìîæóòü ñòâîðþâàòèñÿ ìàãí³òí³ ïîëÿ (ÌÏ) ç íàïðóæåí³ñòþ,
ùî çà ïåâíèõ óìîâ ïåðåâèùóº âñòàíîâëåí³ ñàí³òàðí³ íîðìè ïðè
ðîáîò³ ç äæåðåëàìè åëåêòðîìàãí³òíèõ ïîë³â ÄÑÍ 3.3.6.096-2002 [1]
â äåê³ëüêà ðàç³â. Äî òàêîãî îáëàäíàííÿ â³äíîñèòüñÿ ³ êîíòàêòíå
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ñòèêîâå çâàðþâàííÿ, âîíî øèðîêî çàñòîñîâóºòüñÿ â ìåòàëóðã³éíî-
ìó âèðîáíèöòâ³ òà çâàðþâàíí³ ñòð³÷îê, äðîò³â ³ ñòðèæí³â (ðèñ. 1),
ðåéîê ïðè ïðîêëàäàíí³ çàë³çíè÷íèõ êîë³é, ëàíîê ëàíöþãà, îáîä³â
àâòîìîá³ëüíèõ êîë³ñ, òðóá ïðè áóäóâàíí³ êîòë³â [2].

Ðèñ. 1. Ñòàëåâèé ñòðèæåíü, çâàðåíèé êîíòàêòíèì ñòèêîâèì çâàðþâàííÿì

Ï³ä ÷àñ ñòèêîâîãî çâàðþâàííÿ îïîðîì òîðö³ äåòàë³ ñïî÷àòêó
çàòèñêóþòüñÿ, à ïîò³ì äî íèõ ï³äâîäèòüñÿ ñòðóì. Ìåòîä çâàðþâàí-
íÿ îïîðîì ïîëÿãàº â òîìó, ùî ï³ä ÷àñ çâàðþâàííÿ ñòðóì ïðîõî-
äèòü ÷åðåç ù³ëüíî çæàò³ òîðö³ â ì³ñö³ ìàéáóòíüîãî çâàðþâàëüíîãî
ç’ºäíàííÿ. Ó êîæíîìó åëåìåíòàðíîìó îá’ºì³ ìåòàëó âèä³ëÿºòüñÿ
òåïëî, ê³ëüê³ñòü ÿêîãî ïî çàêîíó Äæîóëÿ-Ëåíöà ïðîïîðö³éíà êâà-
äðàòó ù³ëüíîñò³ ñòðóìó, ïèòîìîìó îïîðó ìåòàëó òà ÷àñó ïðîõî-
äæåííÿ ñòðóìó. Çîíó çâàðþâàííÿ â á³ëüøîñò³ âèïàäê³â ìîæíà ðîç-
ïîä³ëèòè íà ï’ÿòü õàðàêòåðíèõ ä³ëÿíîê: ä³ëÿíêà óòâîðåííÿ çâàðíî-
ãî ç’ºäíàííÿ – êîíòàêò ì³æ çâàðþâàëüíèìè äåòàëÿìè, äâ³ ä³ëÿíêè
êîíòàêòó åëåêòðîä³â ç äåòàëÿìè òà ÷àñòèíè äåòàëåé, ÿê³ çíàõîäÿòü-
ñÿ ì³æ çàçíà÷åíèìè ä³ëÿíêàìè [3, 4].

Äæåðåëàìè ÌÏ ó ñòèêîâèõ çâàðþâàëüíèõ ìàøèíàõ, ïðèçíà÷å-
íèõ äëÿ çâàðþâàííÿ ñòðèæí³â, òðóá òà ³íøèõ âèðîá³â, º ÷àñòèíè
ïðèòèñêóâàëüíîãî ïðèñòðîþ, ñòðóìîïðîâ³äí³ øèíè ³ ÷àñòèíè çâà-
ðþâàëüíèõ âèðîá³â. Ïðè ñòèêîâîìó çâàðþâàíí³ âèðîá³â çàìêíóòî¿
ôîðìè äæåðåëàìè ÌÏ º çâàðí³ âèðîáè, ÿê³ îáò³êàº ñòðóì øóíòó-
âàííÿ, à òàêîæ ñòðóìîïðîâ³äí³ øèíè òà ïðèòèñêóâàëüí³ ãóáêè çâà-
ðþâàëüíîãî îáëàäíàííÿ. ÌÏ íà ðîáî÷îìó ì³ñö³ ïðè öüîìó âèçíà-
÷àºòüñÿ ïåðåâàæíî ñòðóìàìè øóíòóâàííÿ [5–7].

Â ²íñòèòóò³ åëåêòðîçâàðþâàííÿ ³ì. ª. Î. Ïàòîíà ÍÀÍ Óêðà¿íè çà
ó÷àñòþ ôàõ³âö³â êàôåäðè îõîðîíè ïðàö³, ïðîìèñëîâî¿ òà öèâ³ëüíî¿
áåçïåêè ÊÏ² ³ì. ²ãîðÿ Ñ³êîðñüêîãî áóëî âèêîíàíî âèçíà÷åííÿ ð³âí³â
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ìàãí³òíèõ ïîë³â ïðè êîíòàêòíîìó ñòèêîâîìó çâàðþâàíí³ îïîðîì ñòà-
ëåâèõ ñòðèæí³â ä³àìåòðîì 6 ìì íà ñòàö³îíàðí³é ìàøèí³ «Schlatter»
çì³ííèì ñòðóìîì 50 Ãö áåç ôàçîâîãî ðåãóëþâàííÿ ñòðóìó.

Îö³íþâàííÿ ïàðàìåòð³â ÌÏ íà ðîáî÷îìó ì³ñö³ çâàðíèêà âè-
êîíóâàëîñü ó òàê³é ïîñë³äîâíîñò³:

áóëî âèçíà÷åíî ä³ëÿíêè ìîæëèâîãî çíàõîäæåííÿ ïðàö³âíèêà
ï³ä ÷àñ ïðîõîäæåííÿ çâàðþâàëüíîãî ñòðóìó òà âèä³ëåíî òî÷êè,
ìàêñèìàëüíî íàáëèæåí³ äî äæåðåë æèâëåííÿ ÌÏ;

âèì³ðÿíî íàïðóæåí³ñòü ÌÏ ó âèä³ëåíèõ òî÷êàõ;
âèçíà÷åíî ÷àñîâ³ õàðàêòåðèñòèêè ä³¿ ÌÏ.
Íà îñíîâ³ ðîçðîáëåíèõ â ²ÅÇ ³ì. ª. Î. Ïàòîíà ìåòîäèê ç äî-

ñë³äæåííÿ ð³âí³â ÌÏ äëÿ ð³çíèõ ñïîñîá³â çâàðþâàííÿ [8], ç óðàõó-
âàííÿì ñàí³òàðíèõ íîðì ³ ïðàâèë ïðè ðîáîò³ ç äæåðåëàìè åëåêòðî-
ìàãí³òíèõ ïîë³â ÄÑÍ 3.3.6.096-2002, äëÿ âèì³ðþâàííÿ íàïðóæå-
íîñò³ ÌÏ ïðè êîíòàêòíîìó ñòèêîâîìó çâàðþâàíí³ âèêîðèñòîâóâà-
ëè òàê³ ïðèëàäè:

³íäóêö³éíèé äàò÷èê ìàãí³òíîãî ïîëÿ ÄÏÌ-1;
âèì³ðþâà÷ ³íäóêö³¿ ìàãí³òíîãî ïîëÿ ÃÔÈ-1 (äàò÷èê Õîëëà);
îñöèëîãðàô öèôðîâèé çàïàì’ÿòîâóþ÷èé ÒÄÑ-1002 ç ôóíê-

ö³ºþ ØÏÔ.
Íåë³í³éí³ñòü àìïë³òóäíî-÷àñòîòíî¿ õàðàêòåðèñòèêè ÄÏÌ-1 â

ä³àïàçîí³ ÷àñòîò (40–500) Ãö íå ïåðåâèùóâàëà ±10 %, à äàò÷èêà
Õîëëà â ä³àïàçîí³ (0,2–2000) Ãö ±5 %.

Ïðè âèì³ðþâàíí³ íàïðóæåíîñò³ ìàãí³òíîãî ïîëÿ äàò÷èê âíî-
ñèòüñÿ â äîñë³äæóâàíå ïîëå, îð³ºíòóºòüñÿ â ïðîñòîð³ çà ìàêñèìàëü-
íèì çíà÷åííÿì ðåºñòðóþ÷îãî ïðèëàäó ³ çàêð³ïëþºòüñÿ â öüîìó ïî-
ëîæåíí³ â øòàòèâ³ äëÿ âèêîíàííÿ íåîáõ³äíèõ ñïîñòåðåæåíü òà
âèì³ðþâàíü.

Âåëè÷èíà íàïðóæåíîñò³ ìàãí³òíîãî ïîëÿ, ùî ñòâîðþºòüñÿ ïðè
ðîáîò³ îáëàäíàííÿ íà çàçíà÷åí³é â³äñòàí³, íå ïîâèííà ïåðåâèùó-
âàòè ãðàíè÷íî äîïóñòèìèé ð³âåíü (ÃÄÐ), âñòàíîâëåíîãî äëÿ 5-ãî-
äèííî¿ åêñïîçèö³¿.

Âèì³ðþâàííÿ ïàðàìåòð³â ÌÏ âèêîíóâàëîñü ó ðåæèì³ óñåðåä-
íåííÿ. ßê âèäíî ³ç îñöèëîãðàìè (ðèñ. 2), ñèãíàëè ÌÏ ìàþòü çîâ-
í³øí³é âèãëÿä, ùî íàãàäóº ñèíóñî¿äàëüíèé. Ñïåêòðè ìàþòü äèñ-
êðåòíèé õàðàêòåð, éîãî àíàë³ç ïîêàçàâ, ùî íà âèñîò³ 1,8 â³ä ï³äëî-
ãè òà â³äñòàí³ â³ä ìàøèíè 0,3 ì íàïðóæåí³ñòü ìàãí³òíîãî ïîëÿ â
óñ³õ ÷àñòîòíèõ ä³àïàçîíàõ (0–5, 5–50, 50–1000, 1000–2000) Ãö íå
ïåðåâèùóº ÃÄÐ. À íà âèñîò³ 1 ì â³ä ï³äëîãè òà â³äñòàí³ 0,3 ì â³ä
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çâàðþâàëüíîãî ñòèêó (0,4 ì â³ä çâàðþâàëüíî¿ ìàøèíè, ðîáî÷à çî-
íà) ñïîñòåð³ãàëèñü ìàêñèìàëüí³ àìïë³òóäí³ çíà÷åííÿ ÌÏ â óñ³õ ÷à-
ñòîòíèõ ä³àïàçîíàõ. Âèõîäÿ÷è ç öüîãî, ðîçðàõóíêîâèé äîïóñòèìèé
÷àñ ðîáîòè îïåðàòîðà-çâàðíèêà áóäå ñòàíîâèòè 1,9 ãîäèíè.

Çâè÷àéíî æ, ùî ïðè çá³ëüøåíí³ ä³àìåòðà (ïëîù³) çâàðþâàëü-
íèõ äåòàëåé, íàïðèêëàä äî 1000 ìì2, çâàðþâàííÿ íà æîðñòêèõ ðå-
æèìàõ òà ôàçîâîìó ðåãóëþâàíí³ â ïðîöåñ³ çâàðþâàííÿ â ðåçóëüòàò³
çá³ëüøåííÿ çâàðþâàëüíîãî ñòðóìó òà ðîçøèðåííÿ éîãî ñïåêòðà îò-
ðèìàíèé ðåçóëüòàò ìîæå ïîã³ðøèòèñü.

Ðèñ. 2. Îñöèëîãðàìà òà ñïåêòðîãðàìà íàïðóæåíîñò³ ÌÏ 
â ðîáî÷³é çîí³ çâàðíèêà ïðè êîíòàêòíîìó ñòèêîâîìó çâàðþâàíí³ ïðóòê³â

ä³àìåòðîì 6 ìì (÷àñ ïðîò³êàííÿ ñòðóìó – 2,6 ñ)

Ç ìåòîþ çàõèñòó îïåðàòîð³â-çâàðíèê³â â³ä íåáåçïå÷íîãî âïëè-
âó ìàãí³òíèõ ïîë³â â ²íñòèòóò³ åëåêòðîçâàðþâàííÿ ³ì. ª. Î. Ïàòî-
íà ÍÀÍ Óêðà¿íè áóëî ðîçðîáëåíî òà âèãîòîâëåíî ôóíêö³îíàëüíèé
çðàçîê çàõèñíîãî ôàðòóõà çâàðíèêà (ðèñ. 3) [9] äëÿ ðîáîòè íà ñòà-
ö³îíàðíèõ ìàøèíàõ êîíòàêòíîãî çâàðþâàííÿ. 

Äàíèé çàõèñíèé ôàðòóõ çâàðíèêà ñêëàäàºòüñÿ ç ìàãíèòîì,
ÿêèõ ñòð³÷îê àìîðôíèõ ñïëàâ³â íà îñíîâ³ êîáàëüòó CoFeCrSi. Çà
äîñòàòíüî¿ ìåõàí³÷íî¿ ôóíêö³îíàëüíîñò³ ôàðòóõ çàáåçïå÷óº íåîá-
õ³äíèé ð³âåíü çàõèñòó çâàðíèêà â áëèæí³é ðîáî÷³é çîí³. Éîãî ìîæ-
íà âèêîðèñòîâóâàòè ÿê åëàñòè÷íèé íåçàìêíóòèé åêðàí â ìàãí³òíî-
ìó ïîë³ ç ñåðåäíüîþ íàïðóæåí³ñòþ äî 1000 À/ì ó ÷àñòîòíîìó ä³-
àïàçîí³ 50–1000 Ãö. Åôåêòèâí³ñòü çìåíøåííÿ ð³âí³â ìàãí³òíèõ
ïîë³â îäíîøàðîâèì åêðàíîì ñêëàäàº 14 ðàç, äâîøàðîâèì 26 ðàç. 
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Ðèñ. 3. Äîñë³äíèé çðàçîê çàõèñíîãî ôàðòóõà çâàðíèêà 
íà îñíîâ³ àìîðôíîãî êîáàëüòîâîãî ñïëàâó CoFeCrSiB 

(âèä ç³ çâîðîòíîãî áîêó áåç ï³äêëàäêè)

Äàíèé çàñ³á ³íäèâ³äóàëüíîãî çàõèñòó (Ç²Ç) â³ä ÌÏ îäÿãàºòüñÿ ÿê
çâè÷àéíèé ôàðòóõ, ù³ëüíî îáëÿãàþ÷è ïåðåäíþ òà áîêîâ³ ÷àñòèíè
ò³ëà çâàðíèêà, òà çàõèùàº êîë³íà. Âàãà çàõèñíîãî ôàðòóõà – 0,6 êã.
Â³í äîñòàòíüî åëàñòè÷íèé, ëåãêèé òà ïðèäàòíèé äî øèðîêîãî âæèò-
êó, òåðì³í éîãî âèêîðèñòàííÿ – íå ìåíøå, í³æ ó ñïåöîäÿãó. Ï³ñëÿ
â³äïîâ³äíîãî âèïðîáóâàííÿ ÿê Ç²Ç â³í ìîæå âèêîðèñòîâóâàòèñü ïåð-
ñîíàëîì, ùî îáñëóãîâóº ìàøèíè êîíòàêòíîãî çâàðþâàííÿ, â êîì-
ïëåêò³ ç³ çâè÷àéíèì ñïåöîäÿãîì òà çàõèñíèìè îêóëÿðàìè, çàáåçïå-
÷óþ÷è íàä³éíèé çàõèñò îïåðàòîð³â â³ä íàäì³ðíî¿ ä³¿ ÌÏ.

Ïðîâåäåíî äîñë³äæåííÿ çàëåæíîñòåé ð³âíÿ ÌÏ â ðîáî÷³é çîí³
â³ä â³äñòàí³ äî åëåêòðîä³â ìàøèíè êîíòàêòíîãî çâàðþâàííÿ ÌÒ-2202
ïðè çàõèñíîìó åêðàíóâàíí³ ò³ëà çâàðíèêà åêñïåðèìåíòàëüíèì åëà-
ñòè÷íèì ôàðòóõîì. Îòðèìàí³ ðåçóëüòàòè ïîêàçàëè, ùî åôåêòèâ-
í³ñòü åêðàíóâàííÿ íà ð³çíèõ â³äñòàíÿõ â³ä åëåêòðîä³â çâàðþâàëüíî¿
ìàøèíè â çàëåæíîñò³ â³ä íàïðóæåíîñò³ ÌÏ, ôîðìè éîãî ñèãíàëó
òà êîíñòðóêö³¿ åêðàíà (ê³ëüêîñò³ øàð³â) çíà÷íî çì³íþºòüñÿ. Òàê, íà
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ñòàíäàðòíîìó ðåæèì³ çâàðþâàííÿ (îäíîïà÷êîâèé ñèãíàë ÌÏ ç 
10-òè ñèíóñî¿äàëüíèõ ³ìïóëüñ³â ÷àñòîòîþ 50 Ãö íà ïåðøîìó ñòó-
ïåí³ ðåãóëþâàííÿ çâàðþâàëüíîãî òðàíñôîðìàòîðà) íà â³äñòàí³ 200
òà 300 ìì åôåêòèâí³ñòü åêðàíóâàííÿ ñòàíîâèòü 1,2 òà 3,6 ðàç³â,
â³äïîâ³äíî. 

Ïðè çâàðþâàíí³ îäí³ºþ ïà÷êîþ ñòðóìó ç 10-òè ³ìïóëüñ³â ç³
çð³çàíèìè âíàñë³äîê ôàçîâîãî ðåãóëþâàííÿ íàãð³âàííÿ ïåðåäí³ìè
ôðîíòàìè (= 45°) åôåêòèâí³ñòü åêðàíóâàííÿ ð³çêî çá³ëüøóºòüñÿ
³ äëÿ â³äñòàíåé 200 òà 230 ìì â³äïîâ³äíî ñêëàäàº 4,4 òà 12,5 ðàç³â
³ âæå ç â³äñòàí³ 230 ìì íå ïåðåâèùóº ðåãëàìåíòîâàíèõ çíà÷åíü ð³â-
íÿ ìàãí³òíîãî ïîëÿ (îäíîøàðîâèé åêðàí). Ç³ çá³ëüøåííÿì ïîòóæ-
íîñòåé ðåæèì³â çâàðþâàííÿ åôåêòèâí³ñòü åêðàíóâàííÿ çíèæóºòü-
ñÿ, àëå ñóòòºâèì ðåçåðâîì ¿¿ ï³äâèùåííÿ â öüîìó âèïàäêó º ìîæ-
ëèâ³ñòü çá³ëüøåííÿ ê³ëüêîñò³ øàð³â åêðàíóþ÷îãî ìàòåð³àëó (ç 1-ãî
äî 3-õ). 

Òàêèì ÷èíîì, çàáåçïå÷åííÿ åëåêòðîìàãí³òíî¿ áåçïåêè îïåðà-
òîð³â êîíòàêòíîãî ñòèêîâîãî çâàðþâàííÿ îïîðîì ìîæíà äîñÿãòè
âïðîâàäæåííÿì êîìïëåêñíî¿ ñèñòåìè çàõèñòó, ÿêà âêëþ÷àòèìå çà-
õèñò ÷àñîì ³ â³äñòàííþ, à òàêîæ âèêîðèñòàííÿì åêðàíóþ÷îãî ôàð-
òóõà çâàðíèêà.
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ОСОБЛИВОСТІ ЗАБЕЗПЕЧЕННЯ БЕЗПЕКИ 

ПІД ЧАС ЕВАКУАЦІЇ ПОТЕРПІЛИХ 

З БАГАТОПОВЕРХОВИХ ТА ВИСОТНИХ БУДІВЕЛЬ

Àíîòàö³ÿ. Âèçíà÷åíî, ùî ³ñíóº ïðîòèð³÷÷ÿ ì³æ âèìîãàìè êåð³âíèõ
äîêóìåíò³â, ÿê³ íå ðîçãëÿäàþòü ï³ä ÷àñ ïîæåæ áàãàòîïîâåðõîâèõ òà
âèñîòíèõ áóä³âåëü îñîáëèâîñò³ åâàêóàö³¿ ïîòåðï³ëèõ áåç òÿìè âçäîâæ
çîâí³øí³õ ñò³íîê ñïîðóä, òà ïðàêòèêîþ òàêèõ ä³é ó ïîæåæíî-ðÿòó-
âàëüíèõ ï³äðîçä³ëàõ. Â³äì³÷åíî, ùî íà öåé ÷àñ âæå º ïðèñòðî¿, ÿê³ äî-
çâîëÿþòü ïðîâîäèòè òàêèé âèä àâàð³éíî-ðÿòóâàëüíèõ ðîá³ò. Íà ïðè-
êëàä³ íîø ðÿòóâàëüíèõ âîãíåçàõèñíèõ ïðîâåäåíî ïîð³âíÿëüíèé àíàë³ç ðÿ-
òóâàííÿ ïîòåðï³ëèõ áåç òÿìè ð³çíèìè ñïîñîáàìè. Ïîêàçàíî, ùî ö³ îñîá-
ëèâîñò³ ïîâèíí³ áóòè âðàõîâàíèìè ï³ä ÷àñ êîðèãóâàííÿ ðåêîìåíäàö³é
ùîäî çàáåçïå÷åííÿ áåçïåêè ÿê ïîòåðï³ëîãî, òàê ³ ðÿòóâàëüíèê³â.

Êëþ÷îâ³ ñëîâà: ïîòåðï³ëèé, ïîðÿòóíîê, áàãàòîïîâåðõîâ³ áóä³âë³,
íîø³ ðÿòóâàëüí³ âîãíåçàõèñí³, ðîçïîä³ë ÷àñó âèêîíàííÿ, ñòàòèñòè÷íèé
àíàë³ç, áåçïåêà.

Abstract. It has been determined that there is a contradiction between the
requirements of the guideline documents that are not considered during the
fires of multistory and high-rise buildings, especially the evacuation of victims
without the perception along the walls of the buildings, and the practice of such
actions in the fire and rescue units. It is noted that at this time already there
are devices that allow to carry out such kind of emergency rescue works. For
example, a rescue flame retardant has carried out a comparative analysis of
the rescue of victims without any intimidation. It has been shown that these
peculiarities should be taken into account when adjusting the safety recom-
mendations of both the victim and the rescuers.

Keywords: tank truck, operational deployment, distribution time of exe-
cution, statistical analysis, fire brigade victim, salvage, multistory buildings,
rescue fire protection sleeves, time distribution, statistical analysis, safety.

Øèðîêå âèêîðèñòàííÿ ï³ä ÷àñ çàáóäîâè ñó÷àñíèõ ì³ñöü áóä³-
âåëü ï³äâèùåíî¿ ïîâåðõîâîñò³ ñóòòºâî óñêëàäíèëî ïîæåæíî-ðÿòó-
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âàëüíèì ï³äðîçä³ëàì ïðîâåäåííÿ àâàð³éíî-ðÿòóâàëüíèõ ðîá³ò.
Îñîáëèâî öå ñòîñóºòüñÿ ïðîâåäåííÿ ðÿòóâàëüíèõ îïåðàö³é ïî åâà-
êóàö³¿ ïîòåðï³ëèõ, ÿê³ íå ìîæóòü ðóõàòèñü ñàìîñò³éíî, ó òîìó ðàç³
âçäîâæ çîâí³øí³õ ñò³íîê áàãàòîïîâåðõîâî¿ áóä³âë³. 

Àíàë³ç îñòàíí³õ äîñÿãíåíü ³ ïóáë³êàö³é ïîêàçàâ, ùî ó ïðîâ³äíèõ
êðà¿íàõ ñâ³òó ïèòàííÿì ðÿòóâàííÿ ëþäåé ï³ä ÷àñ ïîæåæ³ â áàãàòî-
ïîâåðõîâèõ òà âèñîòíèõ áóä³âëÿõ ïðèä³ëÿºòüñÿ äîñòàòíüî áàãàòî óâà-
ãè. Òàê, â ÑØÀ îñîáëèâîñò³ ä³é ðÿòóâàëüíèê³â ï³ä ÷àñ òàêèõ ïîæåæ
äîêëàäíî ðîçãëÿíóò³ â Òåõí³÷íîìó çâ³ò³ TR-082 [1], ïðîòå òàì îñíîâ-
íà óâàãà ïðèä³ëÿºòüñÿ åêñïëóàòàö³éíèì àñïåêòàì âèñîòíîãî ïîæå-
æîãàñ³ííÿ. Ç óðàõóâàííÿì öüîãî â [2, 3] ðîçãëÿäàþòüñÿ ïèòàííÿ íàâ-
÷àííÿ åâàêóàö³¿ ÿê êëþ÷îâîãî ôàêòîðó âèæèâàííÿ. Ïðè öüîìó â [4]
â³äì³÷åíî, ùî ïëàíóâàííÿ åâàêóàö³¿ ïîòåðï³ëèõ ç áàãàòîïîâåðõîâèõ
áóä³âåëü, íàâ³òü çà ïîâíîãî äîòðèìàííÿ áóä³âåëüíèõ íîðì, ñóòòºâî
óñêëàäíÿºòüñÿ íàÿâí³ñòþ ëþäñüêîãî ôàêòîðó ó ïîòåðï³ëèõ, ÿêèé âè-
ñòóïàº íàâ³òü ïðîòè ñàìèõ ïåðåäîâèõ òåõíîëîã³é. 

Öå ï³äòâåðäæóºòüñÿ ³ ðåçóëüòàòàìè ïîæåæíèõ ðîçñë³äóâàíü
â³äïîâ³äíèì äåïàðòàìåíòîì NFPA. Íàïðèêëàä, íåãàòèâí³ íàñë³äêè
ïîæåæ³ â áàãàòîïîâåðõîâ³é îô³ñí³é áóä³âë³ Five Fatality áóëè îáó-
ìîâëåí³ [5], ñåðåä ³íøîãî, ïîìèëêàìè â ä³ÿõ ïîæåæíèõ. Â òîé æå
÷àñ, àíàë³ç [6] àâàð³éíî-ðÿòóâàëüíèõ ðîá³ò ï³ä ÷àñ ãàñ³ííÿ ïîæåæ³
âèñîòíî¿ æèëî¿ áóä³âë³ ó Ï³âí³÷íîìó Éîðêó 6.01.1995 ð. ïîêàçàâ,
ùî óíèêíåííþ çàãèáëèõ ñïðèÿëè, â ïåðøó ÷åðãó, ä³¿ ïåðøîãî ïî-
æåæíîãî ï³äðîçä³ëó. Ç óðàõóâàííÿì ä³é ïîæåæíèõ Íüþ-Éîðêà ï³ä
÷àñ ïîä³é 11.09.2001 ð. íà 605 ñåñ³¿ Êîíôåðåíö³¿ ïî ïðîôåñ³îíàëü-
íîìó ðîçâèòêó ³íæåíåð³â ç áåçïåêè [7] áóëî â³äì³÷åíå îñîáëèâå
ì³ñöå ä³é ïîæåæíèõ ïåðøîãî ðÿòóâàëüíîãî ï³äðîçä³ëó, ÿê³ çóìîâ-
ëåí³ ÿê ¿õ îñíàùåííÿì, ÿêå ïîâèííî â³äïîâ³äàòè ì³ñöåâèì îñîáëè-
âîñòÿì, òàê ³ ð³âíåì ï³äãîòîâëåíîñò³. Â óçàãàëüíåíîìó âèãëÿä³ öå
íàâåäåíî â ñòàíäàðò³ NFPA 1500-2002 [8, 9], à òàêîæ ñòàíäàðòàõ
OSHA 1910.120 [10] òà OSHA 1910.156 [11], ÿê³ óòî÷íþþòü, ùî
ïåðñîíàë, ÿêèé ïðèéìàº ó÷àñòü â ïðîâåäåíí³ àâàð³éíî-ðÿòóâàëü-
íèõ ðîá³ò, ïîâèíåí ïðîéòè ñïåö³àëüíó ï³äãîòîâêó äî êâàë³ô³êîâà-
íîãî çàñòîñóâàííÿ ñïåöèô³÷íîãî äëÿ êîíêðåòíî¿ ïðîôåñ³éíî¿ ïî-
æåæíî¿ ñòàíö³¿ àâàð³éíî-ðÿòóâàëüíîãî îáëàäíàííÿ [12]. Ïðîòå
îñîáëèâîñò³ çàáåçïå÷åííÿ áåçïåêè ÿê ïîòåðï³ëèõ áåç òÿìè, òàê ³
ñàìèõ ðÿòóâàëüíèê³â ï³ä ÷àñ ïðîâåäåííÿ àâàð³éíî-ðÿòóâàëüíèõ
ðîá³ò ç áàãàòîïîâåðõîâèõ òà âèñîòíèõ áóä³âåëü íå âèçíà÷åí³.

Òàê³ ïèòàííÿ ðîçãëÿäàëèñü â [13], äå áóëè ðîçêðèò³ çàêîíîì³ð-
íîñò³ ä³é ãàçîäèìîçàõèñíèê³â ï³ä ÷àñ ïðîâåäåííÿ àâàð³éíî-ðÿòó-
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âàëüíèõ ðîá³ò âñåðåäèí³ áàãàòîïîâåðõîâèõ áóä³âåëü. Àëå ³ òóò, ÿê³
â [14], äå ðîçãëÿäàþòüñÿ ñòàö³îíàðí³ ïîæåæí³ ðÿòóâàëüí³ ïðèñòðî¿,
àáî [15], äå ðîçãëÿäàþòüñÿ ìîá³ëüí³ ïîæåæí³ ðÿòóâàëüí³ ïðèñòðî¿,
îñîáëèâîñò³ åâàêóàö³¿ ïîòåðï³ëèõ, ÿê³ íå ìîæóòü ðóõàòèñü ñàìî-
ñò³éíî, âçäîâæ çîâí³øí³õ ñò³íîê áàãàòîïîâåðõîâî¿ áóä³âë³ íå âèç-
íà÷àëèñü. Õî÷à â [16] ïðåäñòàâëåí³ íîø³ ðÿòóâàëüí³ âîãíåçàõèñí³
(ÍÐÂ), ÿê³ äîçâîëÿþòü ¿¿ ðîçâ’ÿçàòè, ïðîòå çà äîïîìîãîþ öèõ íîø
ðÿòóâàííÿ ìîæíà çä³éñíèòè ïî ð³çíîìó.

Ó çâ’ÿçêó ç öèì íåîáõ³äíî áóëî âèçíà÷èòè îñîáëèâîñò³ çàáåç-
ïå÷åííÿ áåçïåêè ÿê ðÿòóâàëüíèê³â, òàê ³ áåçïîñåðåäíüî ïîòåðï³ëèõ
ï³ä ÷àñ ïðîâåäåííÿ àâàð³éíî-ðÿòóâàëüíèõ ó âèïàäêó íàäçâè÷àéíèõ
ñèòóàö³é ³ç áàãàòîïîâåðõîâèìè òà âèñîòíèìè áóä³âëÿìè.

Äëÿ äîñÿãíåííÿ ö³º¿ ìåòè áóëè ïðîâåäåí³ åêñïåðèìåíòàëüí³
äîñë³äæåííÿ â ïîæåæíî-ðÿòóâàëüíèõ ï³äðîçä³ëàõ. Ñïî÷àòêó îñîáî-
âèé ñêëàä âèêîíóâàâ ðÿòóâàííÿ ïîñòðàæäàëîãî â ÍÐÂ ç 4-ãî ïî-
âåðõó ð³çíèìè ñïîñîáàìè: 1) ñïóñê ïîñòðàæäàëîãî, ÿêèé çíàõî-
äèòüñÿ â íîøàõ ó ãîðèçîíòàëüíîìó ñòàí³ (äèâ. ôîòîãðàô³ÿ 1); 
2) ñïóñê ïîñòðàæäàëîãî, ÿêèé çíàõîäèòüñÿ â íîøàõ ó âåðòèêàëüíî-
ìó ñòàí³ (äèâ. ôîòîãðàô³ÿ 2); 3) ñïóñê ïîñòðàæäàëîãî, ÿêèé çíàõî-
äèòüñÿ â íîøàõ ó ãîðèçîíòàëüíîìó ñòàí³, ó ñóïðîâîä³ ðÿòóâàëüíè-
êà (äèâ. ôîòîãðàô³ÿ 3). 

Ñòàòèñòè÷íèé àíàë³ç ðÿòóâàííÿ ïîòåðï³ëèõ çà äîïîìîãîþ
íîø ðÿòóâàëüíèõ âîãíåçàõèñíèõ, ÿê³ ïåðåäáà÷àºòüñÿ ïîñòàâèòè íà
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Ôîòîãðàô³ÿ 1. 
Ñïóñê ïîñòðàæäàëîãî, 

ÿêèé çíàõîäèòüñÿ 
â ÍÐÂ 

ó ãîðèçîíòàëüíîìó
ñòàí³

Ôîòîãðàô³ÿ 2. 
Ñïóñê ïîñòðàæäàëîãî, 

ÿêèé çíàõîäèòüñÿ â ÍÐÂ 
ó âåðòèêàëüíîìó ñòàí³

Ôîòîãðàô³ÿ 3. 
Ñïóñê ïîñòðàæäàëîãî

ó ñóïðîâîä³ 
ðÿòóâàëüíèêà



îçáðîºííÿ â ïîæåæíî-ðÿòóâàëüí³ ï³äðîçä³ëè ÄÑÍÑ Óêðà¿íè, ïî-
êàçàâ, ùî ðîçïîä³ë ÷àñó ïðîâåäåííÿ òèïîâèõ àâàð³éíî-ðÿòóâàëüíèõ
ðîá³ò ç ð³âíåì çíà÷èìîñò³  = 0,05 º íîðìàëüíèì. 

Íàÿâí³ñòü îö³íîê ìàòåìàòè÷íèõ î÷³êóâàíü ³ ñåðåäíüîêâàäðà-
òè÷íèõ â³äõèëåíü ÷àñó ðÿòóâàííÿ ð³çíèìè ñïîñîáàìè ïîòåðï³ëîãî
áåç òÿìè çà äîïîìîãîþ ÍÐÂ äîçâîëèëî âèêîíàòè ïåðåâ³ðêó òîãî,
íàñê³ëüêè çíà÷èìî ð³çíÿòüñÿ ñåðåäí³ çíà÷åííÿ (ðèñ. 1), îòðèìàí³
ïî íåçàëåæíèõ âèá³ðêàõ äîñë³äæåííÿ, âèêîðèñòîâóþ÷è t-êðèòåð³é
Ñòüþäåíòà [19].

Ðèñ. 1. Ðîçïîä³ëè ÷àñó ðÿòóâàííÿ ïîòåðï³ëîãî áåç òÿìè 
çà äîïîìîãîþ íîø ðÿòóâàëüíèõ âîãíåçàõèñíèõ ð³çíèìè ñïîñîáàìè

(1 – ïîòåðï³ëèé çíàõîäèòüñÿ â ãîðèçîíòàëüíîìó ñòàí³; 2 – ó âåðòèêàëüíî-
ìó; 3 – ïîòåðï³ëîãî ñóïðîâîäæóº ðÿòóâàëüíèê)

Ïîêàçàíî, ùî ïðè ð³âí³ çíà÷èìîñò³  = 0,05 ðåçóëüòàòè, îòðè-
ìàíí³ ï³ä ÷àñ ðÿòóâàííÿ ïîòåðï³ëèõ çà äîïîìîãîþ ÍÐÂ ð³çíèìè
ñïîñîáàìè ìîæíà ââàæàòè ð³âíèìè. Öå äîçâîëÿº ðîçøèðèòè ìîæ-
ëèâîñò³ êîìàíäèðà îïåðàòèâíîãî ðîçðàõóíêó ùîäî ñàìîñò³éíîãî
âèáîðó òîãî âàð³àíòó ðÿòóâàëüíèõ ðîá³ò, ÿêèé íå ò³ëüêè â³äïîâ³äàº
éîãî ³íäèâ³äóàëüíèì çä³áíîñòÿì, àëå é çàáåçïå÷óº ìîæëèâ³ñòü âè-
ñîêîãî ð³âíÿ áåçïåêè ïîòåðï³ëîãî, ÿêîãî íåîáõ³äíî åâàêóþâàòè. Â
ïåðøó ÷åðãó öå ñòîñóºòüñÿ ñïóñêó ïîòåðï³ëîãî ó ñóïðîâîä³ ðÿòó-
âàëüíèêîì.

Êð³ì öüîãî ðîçãëÿäàâñÿ âèïàäîê, êîëè ãàçîäèìîçàõèñíèêè (ðÿ-
òóâàëüíèêè â ³çîëþþ÷èõ àïàðàòàõ) âèêîíóâàëè åêñòðåìàëüíî-íàñè-
÷åíó îïåðàö³þ – ñòðàõóâàííÿ ïîòåðï³ëîãî â òÿì³ ïåðåä éîãî ñïóñ-
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êîì âçäîâæ çîâí³øíüî¿ ñò³íêè áàãàòîïîâåðõîâî¿ áóä³âë³ çà äîïîìî-
ãîþ ðÿòóâàëüíîãî ëàíöþãà. 

Õàðàêòåðíîþ îñîáëèâ³ñòþ ðîçïîä³ëó ÷àñó âèêîíàííÿ ö³º¿ ïñè-
õîëîã³÷íî íàñè÷åíî¿ îïåðàö³¿ (ðèñ. 2) äîáðå ï³äãîòîâëåíèìè ðÿòó-
âàëüíèêàìè º íàÿâí³ñòü äâîõ âåðøèí. 

Ðèñ. 2. Ã³ñòîãðàìà ðîçïîä³ëó ÷àñó ñòðàõóâàííÿ ïîòåðï³ëîãî â òÿì³ 
çà äîïîìîãîþ ðÿòóâàëüíîãî ëàíöþãà äîáðå ï³äãîòîâëåíèìè ðÿòóâàëüíèêàìè

ïåðåä ñïóñêîì âçäîâæ çîâí³øíüî¿ ñò³íêè áàãàòîïîâåðõîâî¿ áóä³âë³ 

Àíàë³ç îòðèìàíèõ ðåçóëüòàò³â ïîêàçàâ, ùî ó äåÿêèõ ðÿòóâàëü-
íèê³â (áëèçüêî 10–20 %) íåñòàíäàðòíà åêñòðåìàëüíà ñèòóàö³ÿ
ð³çêî ïîã³ðøóº ðåçóëüòàòè âèêîíàííÿ íàâ³òü äîáðå â³äïðàöüîâàíèõ
â ïðîöåñ³ âèêîíàííÿ ñïåö³àëüíèõ òàêòè÷íèõ ïðèéîì³â, ïîâ’ÿçàíèõ
ç áåçïåêîþ ïîòåðï³ëèõ â òÿì³, íå êàæó÷è âæå ïðî ò³ îïåðàö³¿, ïî-
ðÿäîê âèêîíàííÿ ÿêèõ íåîáõ³äíî áóäå îáèðàòè ñàìîñò³éíî, âèõî-
äÿ÷è ç êîíêðåòíî¿ îáñòàíîâêè.
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ПРОБЛЕМИ ОХОРОНИ ПРАЦІ ТА ЕКОЛОГІЇ 

НА ПІДПРИЄМСТВАХ З ГАЛЬВАНІЧНИМИ ВІДХОДАМИ

Àíîòàö³ÿ. Ðîçãëÿíóòî ïèòàííÿ óòâîðåííÿ â³äõîä³â ãàëüâàí³÷íîãî
âèðîáíèöòâà íà òåðèòîð³¿ Óêðà¿íè òà ïèòàííÿ îõîðîíè ïðàö³, ã³ã³ºíè
ï³ä ÷àñ óòèë³çàö³¿ ³ ïåðåðîáêè. Çàïðîïîíîâàíî îêðåì³ çàõîäè äëÿ ïîêðà-
ùåííÿ çäîðîâ’ÿ ïðàöþþ÷èõ òà óíåìîæëèâëåííÿ íàäçâè÷àéíèõ ñèòóàö³é.

Êëþ÷îâ³ ñëîâà: â³äõîäè, çàáðóäíåííÿ, óòèë³çàö³ÿ, íàâêîëèøíº ñåðå-
äîâèùå, òåõíîãåííèé ïðåñ, òîêñè÷í³ â³äõîäè.

Abstract. The issues of generation of waste products of galvanic produc-
tion in the territory of Ukraine and the issues of labor protection, hygiene dur-
ing recycling and processing are considered. Individual measures are proposed
for improving the health of workers and eliminating emergency situations.

Keywords: wastes, contaminations, utilization, environment, technogenic
press, toxic wastes.

Íàâêîëèøíº ñåðåäîâèùå ââàæàºòüñÿ áåçïå÷íèì, êîëè éîãî
ñòàí â³äïîâ³äàº âñòàíîâëåíèì ó çàêîíîäàâñòâ³ êðèòåð³ÿì, ñòàíäàð-
òàì, ë³ì³òàì ³ íîðìàòèâàì, ÿê³ ñòîñóþòüñÿ éîãî ÷èñòîòè (íå çà-
áðóäíåííÿ), ðåñóðñîâì³ñòêîñò³, åêîëîã³÷íî¿ ñò³éêîñò³, ñàí³òàðíèì
âèìîãàì, çäàòíîñò³ çàäîâîëüíÿòè ³íòåðåñè ãðîìàäÿí.

Ïðîáëåìà óòèë³çàö³¿ â³äõîä³â ïðîìèñëîâîãî ³ ïîáóòîâîãî ïîõî-
äæåííÿ, ñòàí îõîðîíè ïðàö³ â ö³é öàðèí³ ïðè ïåðåðîáö³ ïåâíî¿ ÷à-
ñòèíè âòîðèííî¿ ñèðîâèíè íàáóâàº â äàíèé ÷àñ âñå á³ëüø ãîñòðîãî
õàðàêòåðó ó çâ’ÿçêó ç òèì, ùî îáñÿãè ãåíåðóâàííÿ â³äõîä³â ïîñò³éíî
çðîñòàþòü, òîä³ ÿê òåìïè ¿õ ïåðåðîáêè íåçð³âíÿííî ìàë³. Â ðåçóëü-
òàò³ äîíèí³ íàêîïè÷åíî ñîòí³ ì³ëüéîí³â òîíí ð³çíèõ òâåðäèõ â³äõî-
ä³â, ÿê³ íåîáõ³äíî ïåðåðîáëÿòè ³ çíåøêîäæóâàòè. Îäíèì ³ç âèä³â òà-
êèõ â³äõîä³â º ãàëüâàí³÷í³ øëàìè – òîêñè÷í³ â³äõîäè, òîêñè÷í³ñòü
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ÿêèõ çàëåæèòü â³ä òåõíîëîã³¿ ãàëüâàí³÷íîãî ïðîöåñó òà òåõíîëîã³¿
î÷èùåííÿ ñò³÷íèõ âîä. Äî ñêëàäó ãàëüâàí³÷íèõ øëàì³â âõîäÿòü ñïî-
ëóêè çàë³çà, âàæêèõ ìåòàë³â, õðîì, ì³äü, ñâèíåöü, êàäì³é òà ³í.
Çáåð³ãàííÿ òàêèõ â³äõîä³â íà òåðèòîð³ÿõ ï³äïðèºìñòâ ìîæå ïðèâåñ-
òè äî íåâ³äòâîðíîãî çàáðóäíåííÿ íàâêîëèøíüîãî ñåðåäîâèùà. Ìàñ-
øòàáè ùîð³÷íîãî ïðîäóêóâàííÿ ³ íàêîïè÷åííÿ òâåðäèõ â³äõîä³â âè-
ìàãàþòü ñòâîðåííÿ ïîòóæíèõ ïåðåðîáíèõ óñòàíîâîê ïðîäóê-
òèâí³ñòþ, ÿêà âèì³ðþºòüñÿ ì³ëüéîíàìè òîíí â ð³ê ç ¿õ ïðîìèñëîâèì
îñâîºííÿì. À öå îçíà÷àº çðîñòàííÿ ïðîáëåì, ïîâ’ÿçàíèõ ç îõîðî-
íîþ ïðàö³ ïðè óòèë³çàö³¿ â³äõîä³â ãàëüâàí³÷íîãî âèðîáíèöòâà.

Àíàë³ç ñòàíó ïèòàííÿ. Ç âåëèêîãî îáñÿãó ïðîìèñëîâèõ âèêèä³â,
ùî ïîòðàïëÿþòü ó íàâêîëèøíº ñåðåäîâèùå, íà ìàøèíîáóäóâàííÿ
ïðèïàäàº ëèøå íåçíà÷íà éîãî ÷àñòèíà – 1–2 %. Ó öåé îáñÿã âõî-
äÿòü ³ âèêèäè ï³äïðèºìñòâ çàéíÿòèõ âèïóñêîì åëåêòðîííî¿ ïðî-
äóêö³¿, îêðåìèõ ï³äïðèºìñòâ, ùî º çíà÷íîþ ñêëàäîâîþ ÷àñòèíîþ
ìàøèíîáóä³âíîãî êîìïëåêñó [1]. Çàãàëüíèé òåõíîãåííèé ïðåñ â
Óêðà¿í³ ìîæíà ïîáà÷èòè ó òàáë. 1.

Ê³ëüê³ñòü â³äõîä³â, ÿê âèäíî ç òàáëèö³ 1, º çíà÷íîþ ³ âèìàãàº
êîíêðåòíèõ ð³øåíü ùîäî ¿õ çìåíøåííÿ çà ðàõóíîê óòèë³çàö³¿ àáî
ïîâòîðíîãî âèêîðèñòàííÿ.

Òàáëèöÿ 1
Òåõíîãåííèé ïðåñ â Óêðà¿í³

Ïàðàìåòðè

Âèêèäè çàáðóäíþþ÷èõ ðå÷îâèí â àòìîñôåðó, òèñ. ò

2011 ð. 2012 ð. 2013 ð. *2014 ð. *2015 ð.

6877 6821 6719 5346 4521

Âîäîïîñòà÷àííÿ òà âîäîâ³äâåäåííÿ â Óêðà¿í³, ìëí. ì3

Çàáðàíî âîäè 14651 14651 13625 11505 9699

Ñêèäè âîäè â ò. ÷.
çàáðóäíåíèõ

7725 7788 7440 6354 5334

1612 1521 1717 923 875

Óòâîðåííÿ â³äõîä³â, òèñ. ò

Âñ³õ â³äõîä³â â ò. ÷.
â³äõîäè I–III êëà-
ñ³â íåáåçïåêè

447641,2 450726, 448117,6 355000,4 312267,6

1434,5 1368,1 919,1 739,7 587,3

Íàêîïè÷åííÿ â³ä-
õîä³â 14422372,1 14910104,7 15167368 12205388 12505915

Ïðèì³òêà. *²íôîðìàö³ÿ çà 2014 òà 2015 ðð. íàâåäåíà áåç óðàõóâàííÿ òèì-
÷àñîâî îêóïîâàíèõ òåðèòîð³é Àâòîíîìíî¿ Ðåñïóáë³êè Êðèì ³ ì³ñòà Ñåâà-
ñòîïîëÿ òà ÷àñòèíè çîíè ïðîâåäåííÿ àíòèòåðîðèñòè÷íî¿ îïåðàö³¿.
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Ìåòà. Ìåòîþ ñòàòò³ º âèçíà÷åííÿ ïðîáëåì, ïîâ’ÿçàíèõ ç íàêî-
ïè÷åííÿì â³äõîä³â òà ðîçðîáëåííÿ êîìïëåêñó çàõîä³â áåçïåêè ï³ä
÷àñ ñêëàäóâàííÿ òà óòèë³çàö³¿.

Ìåòîäèêè, ìàòåð³àëè ³ ðåçóëüòàòè äîñë³äæåíü. Ð³âåíü çàáðóä-
íåííÿ íàâêîëèøíüîãî ñåðåäîâèùà â ðàéîíàõ ãàëüâàí³÷íèõ ³ ôàð-
áóâàëüíèõ öåõ³â ÿê³ º íàéá³ëüøèìè äæåðåëàìè åêîëîã³÷íî¿ íåáåç-
ïåêè, íàñò³ëüêè ñóòòºâèé, ùî ö³ öåõà ìîæíà â³äíåñòè äî ÷èñëà îñ-
íîâíèõ çàáðóäíþâà÷³â. Òîìó ìàøèíîáóä³âíèé êîìïëåêñ â ö³ëîìó
º ïîòåíö³éíèì çàáðóäíþâà÷åì íàâêîëèøíüîãî ñåðåäîâèùà: ïîâ³ò-
ðÿíîãî ïðîñòîðó, ïîâåðõíåâèõ âîäíèõ äæåðåë, ´ðóíòó [2]. Îäíàê íà
ìàøèíîáóä³âíèõ ï³äïðèºìñòâàõ º îñíîâí³ öåõè, ùî çàáåçïå÷óþòü
òåõíîëîã³÷í³ ïðîöåñè âèðîáíèöòâà ç äóæå âèñîêèì ð³âíåì çàáðóä-
íåííÿ íàâêîëèøíüîãî ñåðåäîâèùà. Äî íèõ â³äíîñÿòüñÿ: öåõè, ÿê³
âèêîðèñòîâóþòü ïðîöåñè ñïàëþâàííÿ ïàëèâà, ñåðåä ÿêèõ ñóøêà
äåòàëåé òà âèðîá³â ï³ñëÿ ïîêðèòòÿ â ñóøèëüíèõ ïðèì³ùåííÿõ ç âè-
êîðèñòàííÿì â ÿêîñò³ ïàëèâà ïðèðîäíîãî ãàçó, ëèâàðíå âèðîáíèö-
òâî. Ð³âåíü çàáðóäíåííÿ ïîâ³òðÿ ïðè ïîä³áíèõ ïðîöåñàõ âèìàãàº
ïðîâåäåííÿ òà çàáåçïå÷åííÿ äîñòàòíüî¿ âåíòèëÿö³¿. Ïðè÷îìó íàé-
êðàùèì ìåòîäîì ìîæíà íàçâàòè âèòÿæíó âåíòèëÿö³þ, ÿêà ñïðèÿº
ñâîº÷àñíîìó î÷èùåííþ ïîâ³òðÿ âñåðåäèí³ öèõ ïðèì³ùåíü,¿õíüîìó
îõîëîäæåííþ, ÷èì íîðìàë³çóº ñàí³òàðíî-ã³ã³ºí³÷íèé ñòàí ïîâ³òðÿ
òà äîçâîëÿº çáåð³ãàòè çäîðîâ’ÿ ïðàöþþ÷èõ.

Áåçïåêà àòìîñôåðè, ì³í³ì³çàö³ÿ âèêèä³â çàáðóäíþþ÷èõ ðå÷î-
âèí ìîæå áóòè çàáåçïå÷åíà çàñòîñóâàííÿì ìåòîä³â çíåøêîäæåííÿ
çàáðóäíþâà÷³â, âèêîðèñòàííÿì áåçâ³äõîäíèõ òåõíîëîã³é, à òàêîæ
ðîçáóäîâîþ ñó÷àñíèõ î÷èñíèõ ñïîðóä. Ïðîáëåìîþ ñâ³òîâîãî ìàñ-
øòàáó º îõîðîíà íàâêîëèøíüîãî ñåðåäîâèùà â³ä çàáðóäíåííÿ òîê-
ñè÷íèìè ïðîìèñëîâèìè â³äõîäàìè. Äî òàêèõ â³äíîñÿòüñÿ ò³ ç íèõ,
ÿê³ ïðè ïðÿìîìó ÷è îïîñåðåäêîâàíîìó êîíòàêò³ ç îðãàí³çìîì ëþ-
äèíè çäàòí³ íàäàâàòè ïðÿìèé ÷è â³ääàëåíèé òîêñè÷íèé âïëèâ àáî
æ âïëèíóòè íà óìîâè ïðîæèâàííÿ ëþäåé ³ íàâêîëèøíº ñåðåäîâè-
ùå. Öå ïîÿñíþºòüñÿ òèì, ùî ïðîìèñëîâ³ â³äõîäè, áóäó÷è âòîðèí-
íèì ïðîäóêòîì âèðîáíèöòâà, çáàãà÷åí³ òîêñè÷íèìè êîìïîíåíòà-
ìè ÿê îðãàí³÷íîãî, òàê ³ íåîðãàí³÷íîãî õàðàêòåðó. Òîìó ðîáîòà ç
òàêèìè â³äõîäàìè ìàº ïî÷èíàòèñü ç âèâ÷åííÿ ñêëàäó, íàâ÷àííÿ
ëþäåé áåçïå÷íèì ïðèéîìàì ïðàö³ òà ã³ã³ºíè äëÿ óáåçïå÷åííÿ â³ä
íåùàñíèõ âèïàäê³â òà ïðîôåñ³éíèõ çàõâîðþâàíü.

Ó ñâ³òîâ³é ïðàêòèö³ íàêîïè÷åíî çíà÷íèé äîñâ³ä ç ïèòàíü çà-
ïîá³ãàííÿ íåñïðèÿòëèâîãî âïëèâó òîêñè÷íèõ ïðîìèñëîâèõ â³äõî-
ä³â íà íàâêîëèøíº ñåðåäîâèùå. Äî òàêèõ çàõîä³â íàëåæàòü ¿õ çàõî-
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ðîíåííÿ íà ïîë³ãîíàõ, à òàêîæ âèêîðèñòàííÿ â ÿêîñò³ âòîðèííî¿
ñèðîâèíè â íàðîäíîìó ãîñïîäàðñòâ³, çîêðåìà, â áóä³âåëüí³é ³í-
äóñòð³¿. Ïîõîâàííÿ ïåâíèõ âèä³â â³äõîä³â íà ïîë³ãîíàõ º íåâèã³ä-
íèì â åêîíîì³÷íîìó ñåíñ³ ÷åðåç çàíÿòòÿ ñ³ëüñüêîãîñïîäàðñüêèõ
óã³äü, à òàêîæ ñïîðóäæåííÿ äîðîãèõ ñïåö³àëüíèõ ïîë³ãîí³â.

Ïîõîâàííÿ â³äõîä³â íåáåçïå÷íî ³ ç òî÷êè çîðó îõîðîíè íàâêî-
ëèøíüîãî ñåðåäîâèùà, îñê³ëüêè â³äõîäè, áóäó÷è ïðîäóêòàìè ç òîê-
ñè÷íèìè âëàñòèâîñòÿìè íåñòàá³ëüíîãî õ³ì³÷íîãî õàðàêòåðó, ìîæóòü
ì³ãðóâàòè ó ïîâ³òðÿíå ñåðåäîâèùå àáî æ ó ôîðì³ ð³çíîìàí³òíèõ
ðîç÷èííèõ ñïîëóê ïåðåõîäèòè ó ´ðóíòîâ³ âîäè, à ïîò³ì àñèì³ëþâà-
òèñÿ â ðîñëèíàõ ³ ïîòðàïëÿòè â êîðì òâàðèí ³ â ¿æó ëþäåé. Á³ëüø
ïåðñïåêòèâíèì º øëÿõ óòèë³çàö³¿ ðÿäó â³äõîä³â ó áóä³âíèöòâî, à òà-
êîæ ¿õ âèêîðèñòàííÿ â ÿêîñò³ íàï³âïðîäóêò³â ó ïðîìèñëîâîñò³ [3]. 

Íà öåé ÷àñ áëèçüêî 25 % âèðîáëåíèõ â íàø³é êðà¿í³ õ³ì³÷íèõ
â³äõîä³â âèêîðèñòîâóºòüñÿ ïîâòîðíî. Ó áàãàòüîõ êðà¿íàõ ñâ³òó íà-
êîïè÷åíî äîñâ³ä ç ðåöèðêóëÿö³¿ ìåòàë³â, ÿê³ ì³ñòÿòüñÿ ó â³äõîäàõ,
äî ÿêèõ, çîêðåìà, â³äíîñÿòüñÿ ³ â³äõîäè ãàëüâàí³÷íèõ âèðîáíèöòâ.
Íàïðèêëàä, ó Í³ìå÷÷èí³ ïîâòîðíå âèêîðèñòàííÿ çàë³çà äîñÿãàº 
38 %, îëîâà – 34 % ³ öèíêó – 33 %; â ÑØÀ – ì³ä³ – 43 %, ó Âå-
ëèêîáðèòàí³¿ – ñâèíöþ – 60 % ³ àëþì³í³þ – 33 % [2]. 

Îäíàê, ñë³ä çàçíà÷èòè, ùî ïðîöåñè ðåöèðêóëÿö³¿ ìåòàë³â ç â³ä-
õîä³â åêîíîì³÷íî âèã³äí³ â òèõ âèïàäêàõ, êîëè ¿õ êîíöåíòðàö³ÿ äî-
ñèòü âèñîêà, à òåõíîëîã³ÿ ðåöèðêóëÿö³¿ ìàëîåíåðãîºìíà. Ãàëü-
âàí³÷í³ â³äõîäè, ÿê ïðàâèëî, ì³ñòÿòü â³äíîñíî íåâèñîê³ êîíöåíò-
ðàö³¿ êîëüîðîâèõ ö³ííèõ ìåòàë³â. Êð³ì òîãî, ôîðìà ¿õ ïåðåáóâàííÿ
ó ñêëàä³ ãàëüâàí³÷íèõ â³äõîä³â ³ áëèçüê³ñòü ¿õ õ³ì³÷íèõ âëàñòèâîñ-
òåé âèìàãàþòü ðîçóì³ííÿ ñïåö³àëüíèõ õ³ì³÷íèõ ìåòîä³â âèä³ëåííÿ.
Òîìó ðåöèðêóëÿö³ÿ ìåòàë³â ç ãàëüâàí³÷íèõ â³äõîä³â º åêîíîì³÷íî
íå âèã³äíèì çàõîäîì. ªäèíèì, ïåðñïåêòèâíèì, ÿêèé ìàº ðîçâèòîê
â ³íøèõ êðà¿íàõ ñïîñîáîì óòèë³çàö³¿ ãàëüâàí³÷íèõ â³äõîä³â, º ¿õ çà-
ñòîñóâàííÿ â ÿêîñò³ äîáàâîê ó ð³çíèõ áóä³âåëüíèõ ìàòåð³àëàõ [3].

Ç îäíîãî áîêó, çà äàíèìè â³ò÷èçíÿíèõ ³ çàðóá³æíèõ äîñë³ä-
íèê³â, äîáàâêè ãàëüâàí³÷íèõ â³äõîä³â ó áóä³âåëüíèõ ìàòåð³àëàõ ïî-
êðàùóþòü åêñïëóàòàö³éíî-òåõí³÷í³ ÿêîñò³ îñòàíí³õ, ç ³íøîãî – íå
âèìàãàþòü åêîíîì³÷íèõ âèòðàò íà çàõîäè, ñïðÿìîâàí³ íà çàïîá³-
ãàííÿ ¿õ íåñïðèÿòëèâîãî âïëèâó íà íàâêîëèøíº ñåðåäîâèùå. Îä-
íàê ïðè öüîìó ñë³ä çàçíà÷èòè, ùî óòèë³çàö³ÿ â³äõîä³â ãàëüâàí³÷íèõ
åëåìåíò³â â áóä³âåëüí³ ìàòåð³àëè âèìàãàº ñàí³òàðíî-ã³ã³ºí³÷íî¿
îö³íêè ÿê ñàìèõ ãàëüâàí³÷íèõ â³äõîä³â, òàê ³ ìàòåð³àë³â ç ¿õ äîáàâ-
êàìè. Öå ïîÿñíþºòüñÿ òèì, ùî ãàëüâàí³÷í³ â³äõîäè ì³ñòÿòü ó
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ñâîºìó ñêëàä³ êàò³îíè á³îëîã³÷íî-àêòèâíèõ ìåòàë³â, ñêëàä ÿêèõ,
çàëåæíî â³ä âèðîáíèöòâà, äîñèòü íåîäíîð³äíèé [4].

Âèõîäÿ÷è ç òåõíîëîã³÷íèõ ïðîöåñ³â ð³çíèõ ãàëüâàí³÷íèõ âèðîá-
íèöòâ (ë³í³¿ öèíêóâàííÿ, í³êåëþâàííÿ, õðîìóâàííÿ), îñíîâíèìè
íàéá³ëüø íåáåçïå÷íèìè ³íãðåä³ºíòàìè ãàëüâàí³÷íèõ â³äõîä³â º öèíê,
í³êåëü, õðîì, îëîâî, â³ñìóò, ñâèíåöü, êàäì³é, ðòóòü, çàë³çî, ì³äü. Ó
çâ’ÿçêó ç ð³çíîìàí³òí³ñòþ õ³ì³÷íèõ åëåìåíò³â, ÿê³ âèÿâëÿþòüñÿ â
ãàëüâàí³÷íèõ â³äõîäàõ âèðîáíèöòâ ð³çíèõ ãàëóçåé ïðîìèñëîâîñò³ (ìå-
òàëóðã³éíà, âåðñòàòîáóä³âíà, õ³ì³÷íà, åëåêòðîííà) âèíèêàº ã³ã³ºí³÷íà
ïðîáëåìà ïîâîäæåííÿ ç íèìè ç ìåòîþ ïîïåðåäæåííÿ âïëèâó ¿õ
àãåíò³â íà íàâêîëèøíº ñåðåäîâèùå òà çäîðîâ’ÿ íàñåëåííÿ.

Çíà÷í³ êîíöåíòðàö³¿ âàæêèõ ìåòàë³â ìîæóòü âèêëèêàòè ³øå-
ì³÷íó õâîðîáó ñåðöÿ òà âèñòóïàòè â ÿêîñò³ ìîæëèâèõ õ³ì³÷íèõ êàí-
öåðîãåí³â, â³ä ¿õ âïëèâó âèíèêàº áðîíõ³àëüíà àñòìà, ð³çí³ çàõâîðþ-
âàííÿ êðîâ³. Îñîáëèâó íåáåçïåêó äëÿ çäîðîâ’ÿ ëþäèíè ìàº ñâè-
íåöü. Â³í âèêëèêàº íåéðîòîêñè÷íó ä³þ, õðîí³÷íó íåôðîïàò³þ, ñåð-
öåâî-ñóäèíí³ çàõâîðþâàííÿ, à ñï³ëüíèé éîãî âïëèâ ç êàäì³ºì ïðè-
çâîäèòü äî âðîäæåíèõ àíîìàë³é ðîçâèòêó íîâîíàðîäæåíèõ ä³òåé.
Ñïîëóêè âàæêèõ ìåòàë³â, çîêðåìà ñâèíöþ ³ ðòóò³, íàâ³òü ó â³äíîñ-
íî íåâåëèêèõ êîíöåíòðàö³ÿõ âèêëèêàþòü çì³íè ôóíêö³é ìåòà-
áîë³çìó ³ ñòðóêòóðè ðÿäó îðãàí³â ³ ñèñòåì, âèçíà÷àþòü á³ëüø âèñî-
êèé ð³âåíü çàõâîðþâàíîñò³. Âñòàíîâëåíî âïëèâ ñâèíöþ, öèíêó ³
ì³ä³ íà ïåðèôåðè÷íó íåðâîâó ïðîâ³äí³ñòü. Ñïîëóêè õðîìó âèêëè-
êàþòü åêçåìó, ïðîðèâ íîñîâî¿ ïåðåãîðîäêè, ðàê øê³ðè, ïàòîëîã³÷í³
çì³íè â íèðêàõ. Íåáåçïå÷íèìè äëÿ çäîðîâ’ÿ íàñåëåííÿ º ³ ³íø³
âàæê³ ìåòàëè, ùî âèêëèêàþòü íåãàòèâíèé âïëèâ íà îðãàí³çì.

Ñòóï³íü òàêîãî âïëèâó â ïåâí³é ì³ð³ çàëåæèòü â³ä ô³çèêî-õ³-
ì³÷íèõ âëàñòèâîñòåé öèõ åëåìåíò³â, â³ä ôîðìè ¿õ çíàõîäæåííÿ ó
ñêëàä³ ç’ºäíàíü, êîíöåíòðàö³é, â³ä îï³ðíîñò³ îðãàí³çìó äî ¿õ ä³¿ òà
³í. Âñòàíîâëåíî, ùî ñïîëóêè ì³ä³ òà öèíêó íàâ³òü ïðè ìàëèõ êîí-
öåíòðàö³ÿõ (0,001 ã/ë) ãàëüìóþòü ðîçâèòîê, à ïðè âåëèêèõ (á³ëüøå
í³æ 0,004 ã/ë) âèêëèêàþòü òîêñè÷íó ä³þ íà âîäíó ôàóíó [5]. Ïè-
òîìà âàãà âòîðèííî¿ ñèðîâèíè ïðè âèðîáíèöòâ³ êîëüîðîâèõ ìå-
òàë³â â Óêðà¿í³ ïîñò³éíî çðîñòàº. Ó ïåðñïåêòèâ³ âòîðèííà ñèðîâè-
íà ìàº ñòàòè îñíîâíèì äæåðåëîì îòðèìàííÿ áàãàòüîõ êîëüîðîâèõ
ìåòàë³â, çîêðåìà, ì³ä³. Çàëó÷åííÿ âòîðèííî¿ ñèðîâèíè â ìåòàëóð-
ã³éíèé öèêë âèðîáíèöòâà ìàº âåëèêå åêîíîì³÷íå çíà÷åííÿ, òàê ÿê
äîçâîëÿº ðàö³îíàëüíî âèòðà÷àòè íå ïîíîâëþâàí³ ïðèðîäí³ ðåñóð-
ñè, çíèçèòè òåõíîãåííå íàâàíòàæåííÿ íà íàâêîëèøíº ñåðåäîâèùå,
îòðèìóâàòè ìåòàë á³ëüø ïðîñòèìè ³ äåøåâèìè ñïîñîáàìè.
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Îäíèì ³ç åôåêòèâíèõ ñïîñîá³â ïîâòîðíîãî âèêîðèñòàííÿ õðî-
ìîâîãî àíã³äðèäó ñòàëî ñòâîðåííÿ â ÍÒÓÓ «Êè¿âñüêèé ïîë³òåõí³÷-
íèé ³íñòèòóò ³ìåí³ ²ãîðÿ Ñ³êîðñüêîãî» çàòâåðäæóâà÷à äëÿ îðãàí³÷-
íèõ â’ÿæó÷èõ ìàòåð³àë³â íà îñíîâ³ òåõí³÷íèõ ë³ãíîñóëüôîíàò³â. Çà-
òâåðäæóâà÷ äëÿ îðãàí³÷íèõ ñïîëó÷íèõ ìàòåð³àë³â íà îñíîâ³ ë³ãíî-
ñóëüôîíàò³â ì³ñòèòü õðîìîâèé àíã³äðèä ÑrÎ3 ³ âîäó, à òàêîæ äîäàò-
êîâî ì³ñòèòü îêñèõëîð³ä àëþì³í³þ Àl(OH)2Ñl (ïðè òàêîìó ñï³ââ³ä-
íîøåíí³ êîìïîíåíò³â, % ìàc.: õðîìîâèé àíã³äðèä 8–30, îêñèõëî-
ðèä àëþì³í³þ 3–25, âîäà ³íøå). Âèíàõ³ä â³äíîñèòüñÿ äî ëèâàðíî-
ãî âèðîáíèöòâà, à ñàìå, äî ïðèãîòóâàííÿ â’ÿçêîïëàñòè÷íèõ ³ ð³ä-
êîðóõîìèõ ñàìîòâåðäíó÷èõ ñóì³øåé ç îðãàí³÷íèìè ñïîëó÷íèìè
ìàòåð³àëàìè íà îñíîâ³ òåõí³÷íèõ ë³ãíîñóëüôîíàò³â [6]. 

Âðàõîâóþ÷è òå, ùî âàæê³ ìåòàëè çíàõîäÿòüñÿ â ãàëüâàí³÷íèõ
â³äõîäàõ ïåðåâàæíî â çâ’ÿçàíîìó ñòàí³, òàê³ â³äõîäè â îñíîâíîìó
â³äíîñÿòüñÿ äî III àáî IV êëàñó íåáåçïåêè. Ç óðàõóâàííÿì âèùå-
âèêëàäåíîãî âèçíà÷àºòüñÿ ¿õ ñïîñ³á óòèë³çàö³¿. Ñë³ä çàçíà÷èòè, ùî
ïðîáëåìà ïîâîäæåííÿ, â òîìó ÷èñë³ ³ óòèë³çàö³¿ â³äõîä³â ãàëüâà-
í³÷íèõ âèðîáíèöòâ â êðà¿í³, ïîêè ùî ñòî¿òü íå íà íàëåæíîìó íà-
óêîâî-òåõí³÷íîìó ð³âí³. Â îäíèõ âèïàäêàõ âîíè âèêîðèñòîâóþòüñÿ
ÿê äîáàâêè ïðè âèãîòîâëåíí³ áóä³âåëüíèõ ìàòåð³àë³â (çàë³çîáåòîíí³
áëîêè ³ ïëèòè, öåãëà), â ³íøèõ – âèâîçÿòüñÿ íà ïîë³ãîíè ÒÏÂ, íà-
êîïè÷óþòüñÿ â ºìíîñòÿõ íà òåðèòîð³¿ ïðîìèñëîâèõ ï³äïðèºìñòâ. Ç
íàøî¿ òî÷êè çîðó, íàéá³ëüø ðàö³îíàëüíèì øëÿõîì ¿õ óòèë³çàö³¿ º
âèêîðèñòàííÿ öèõ â³äõîä³â äëÿ âèãîòîâëåííÿ áóä³âåëüíèõ ìàòåð³à-
ë³â, çâè÷àéíî ç îáîâ’ÿçêîâèì ã³ã³ºí³÷íèì äîñë³äæåííÿì ¿õ ³, îñîá-
ëèâî, áóä³âåëüíèõ ìàòåð³àë³â, âèãîòîâëåíèõ íà ¿õ îñíîâ³. 

Ç ìåòîþ ïîïåðåäæåííÿ ìîæëèâîãî íàäõîäæåííÿ ³íãðåä³ºíò³â
â³äõîä³â ãàëüâàí³÷íèõ âèðîáíèöòâ íà òåðèòîð³þ ï³äïðèºìñòâ ³ íà-
âêîëèøíº ¿õ ñåðåäîâèùå íåîáõ³äíî ïîñò³éíî äîòðèìóâàòèñÿ ñàí³-
òàðíî-ã³ã³ºí³÷íèõ âèìîã äî ¿õ çáåð³ãàííÿ, òðàíñïîðòóâàííÿ, îáðîá-
êè òà óòèë³çàö³¿. Ïåðø çà âñå, íà ï³äïðèºìñòâ³ ìàº áóòè íàëàãîäæå-
íèé òî÷íèé îáë³ê íàêîïè÷óâàíèõ â³äõîä³â. Çáåð³ãàííÿ òà òðàíñïîð-
òóâàííÿ ¿õ ïîâèííî áóòè â ñïåö³àëüíî ï³äãîòîâëåíîìó äëÿ öèõ
ö³ëåé ºìíîñòÿõ òà òðàíñïîðò³. Â ðàéîí³ ðîçì³ùåííÿ òàêèõ öåõ³â, à
òàêîæ ó ñàí³òàðíî-çàõèñí³é çîí³, à ïðè íåîáõ³äíîñò³, ³ çà ¿¿ ìåæàìè
ïîâèíåí ïîñò³éíî âåñòèñÿ ñàí³òàðíèé êîíòðîëü çà ñòàíîì ´ðóíòó.

Âèñíîâêè. Ïðîàíàë³çîâàíî íàêîïè÷åííÿ â³äõîä³â ãàëüâàí³÷íèõ
åëåìåíò³â òà ¿õ òåõíîãåííèé âëèâ íà ðîá³òíèê³â ð³çíèõ ãàëóçåé âè-
ðîáíèöòâà òà íàñåëåííÿ â Óêðà¿í³. Âèçíà÷åí³ êðèòè÷í³ ñèòóàö³¿,
ÿê³ âèìàãàþòü âèêîíàííÿ ö³ëîãî êîìïëåêñó çàõîä³â ùîäî óñóíåí-
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íÿ íåáåçïåêè äëÿ æèòòÿ ëþäåé, çàáåçïå÷åííÿ íîðìàëüíî¿ ðîáîòè
ïî ïåðåðîáö³ â³äõîä³â, ùî çàëèøèëèñü â³ä ä³ÿëüíîñò³ ï³äïðèºìñòâ
òà áàãàòî ³íøèõ çàõîä³â.
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ЗАХОДИ БЕЗПЕКИ 

ПІД ЧАС ДЕЗАКТИВАЦІЇ ПРОМИСЛОВОГО УСТАТКУВАННЯ

Àíîòàö³ÿ: Ðîçãëÿíóòî ïèòàííÿ ùîäî áåçïå÷íîñò³ ñèíòåòè÷íèõ
ìèéíèõ çàñîá³â íà îñíîâ³ ïîâåðõíåâî-àêòèâíèõ ðå÷îâèí äëÿ çäîðîâ’ÿ ëþ-
äèíè. Ðîçãëÿíóòî äîêóìåíòè, ùî ðåãëàìåíòóþòü ïèòàííÿ áåçïåêè âè-
êîðèñòàííÿ ñèíòåòè÷íèõ ìèéíèõ çàñîá³â â Óêðà¿í³. Ïðîàíàë³çîâàíî ïî-
êàçíèêè, ÿê³ áåðóòüñÿ äî óâàãè ï³ä ÷àñ îö³íêè ðèçèêó ñèíòåòè÷íèõ ìèé-
íèõ çàñîá³â,òà íàäàíî ðåêîìåíäàö³¿ ùîäî ¿õ ì³í³ì³çàö³¿, ÿê³ ïîâ’ÿçàí³ ç
âèêîðèñòàííÿì çàñîá³â ïîáóòîâî¿ õ³ì³¿.

Êëþ÷îâ³ ñëîâà: ñèíòåòè÷í³ ìèéí³ çàñîáè, ïîâåðõíåâî-àêòèâí³ ðå÷î-
âèíè, áåçïå÷íå çàñòîñóâàííÿ, ïîêàçíèêè îö³íêè ðèçèêó, ðåãëàìåíòóþ÷³
äîêóìåíòè.

Abstract: The is sueofsafetyofdetergentsbasedonsurfactantsforhuman-
healthwasconsidered. The documents regulating the safety of the use of syn-
thetic deter gents in Ukraine are considered. The indicators, whicharetake-
nintoaccountwhenassessingtheriskofsyntheticdetergents, are analyzed. Recom-
mendationsforminimizingtherisksassociatedwiththeuseofhouseholdchemical-
saregiven.

Keywords: detergents, surfactants, safeuse, riskassessment indicators, reg-
ulatory documents.

Âñòóï. Ñèíòåòè÷í³ ìèéí³ çàñîáè (ÑÌÇ) º òîâàðàìè ïåðøî¿ íå-
îáõ³äíîñò³, ¿õ ðèíîê õàðàêòåðèçóºòüñÿ âèñîêèì ñòóïåíåì òîâàðíî-
ãî íàñè÷åííÿ ³ âèñîêîþ êîíêóðåíö³ºþ. Çðîñòàííÿ âèðîáíèöòâà
ÑÌÇ çóìîâëåíî çðîñòàþ÷èìè ïîòðåáàìè â öèõ ïðåïàðàòàõ áàãà-
òüîõ ãàëóçåé ïðîìèñëîâîñò³, ï³äâèùåííÿì îáñÿã³â âèêîðèñòàííÿ
ìèéíèõ çàñîá³â. Ðîçâèòêó âèðîáíèöòâà ÑÌÇ ñïðèÿº òàêîæ ïîÿâà
íîâèõ âèìîã ñïîæèâà÷à: âèäàëåííÿ êîëüîðîâèõ ïëÿì, çíÿòòÿ á³ë-

229



êîâèõ çàáðóäíåíü, íàäàííÿ àíòèñòàòè÷íèõ âëàñòèâîñòåé âèðîáàì
òîùî [1–3]. Àíàë³ç ñòàíó ðèíêó ÑÌÇ â Óêðà¿í³ âêàçóº, ùî ÷àñòêà
çàñîá³â äëÿ ïðàííÿ ñòàíîâèòü 57,5 %, ÷àñòêà çàñîá³â, ÿê³ äîïîâíþ-
þòü ä³þ ïðàëüíîãî ïîðîøêó – 14 %, óí³âåðñàëüíèõ çàñîá³â äëÿ ÷è-
ùåííÿ – 12,1 %, çàñîá³â äëÿ ìèòòÿ ïîñóäó – 11,9 %, çàñîá³â äëÿ
òóàëåò³â 1,6 %. Îòæå àñîðòèìåíò ÑÌÇ ñüîãîäí³ ÿê â Óêðà¿í³ òàê ³
ó ñâ³ò³ º äîñòàòíüî øèðîêèì, îäíàê çà õ³ì³÷íèì ñêëàäîì äàíèé âèä
ïðîäóêö³¿ äîâîë³ îäíîòèïíèé. Äëÿ çàáåçïå÷åííÿ íàéåôåêòèâí³øèõ
ìèéíèõ âëàñòèâîñòåé öèõ ñèíòåòè÷íèõ çàñîá³â âèêîðèñòîâóþòü
ñïåö³àëüí³ êîìïîçèö³¿ ç 5–12 ³íãðåä³ºíò³â. Ñåðåä ÿêèõ ïåðåâàæíó
÷àñòêó ñòàíîâëÿòü ñèíòåòè÷í³ ÏÀÐ, ñòðóêòóðà ìîëåêóë ÿêèõ âèçíà-
÷àº ïîâåðõíåâó àêòèâí³ñòü öèõ ñïîëóê, ç ÿêîþ ïîâ’ÿçàí³ âëàñòè-
âîñò³ ùîäî ìèòòÿ, ï³íîóòâîðåííÿ, çìî÷óâàííÿ. Ó ïðåïàðàòàõ äëÿ
ïðàííÿ âì³ñò ïîâåðõíåâî-àêòèâíèõ ðå÷îâèí ìîæå ïåðåâèùóâàòè
30 %. Ó çàñîáàõ äëÿ ìèòòÿ ³ ÷èùåííÿ ïîñóäó â 3–5 ðàç³â çíèæåíèé
âì³ñò ÏÀÐ ³ ôîñôàò³â, àëå çá³ëüøåíèé âì³ñò ëóã³â ³ êèñëîò. Â ãðóï³
òåõí³÷íèõ ìèéíèõ çàñîá³â ÏÀÐ ìîæóòü áóòè â äóæå ìàëèõ ê³ëüêî-
ñòÿõ àáî çîâñ³ì â³äñóòí³ [4].

ÑÌÇ ð³çíîìàí³òí³ òàêîæ çà àãðåãàòíèì ñòàíîì. Çà äàíèìè AC
Nielsen Ukraine [5], çàëåæíî â³ä òèïó êîíñèñòåíö³¿, íà ÷àñòêó ïî-
ðîøê³â ïðèïàäàº 54,7 %, ãåë³â – 20,4 %, ð³äèí – 16,3 %, êðåì³â –
7,9 %, àåðîçîë³â – 0,6 % òà 0,1 % ðèíêó çàéìàþòü ïàñòîïîä³áí³ çà-
ñîáè. Ïðîòå ïîðîøêè ïðè çáåð³ãàíí³ ÷àñòî çëåæóþòüñÿ, à ïðè âè-
êîðèñòàíí³ ðîçïîðîøóþòüñÿ, ïîäðàçíþþ÷è âåðõí³ äèõàëüí³ øëÿõè.

Îòæå øèðîêå âèêîðèñòàííÿ ÑÌÇ, îñîáëèâî â ïîáóò³, ïîòðå-
áóº îá’ºêòèâíî¿ ³íôîðìàö³¿ ùîäî áåçïå÷íîñò³ äàíî¿ ïðîäóêö³¿ òà
ïðàâèë ¿õ áåçïå÷íîãî âèêîðèñòàííÿ.

Ìåòà ðîáîòè ïîëÿãàëà â îö³íö³ ³ñíóþ÷èõ äàíèõ ùîäî áåçïå÷-
íîñò³ ÑÌÇ íà îñíîâ³ ïîâåðõíåâî-àêòèâíèõ ðå÷îâèí òà ïðàâèë ¿õ
áåçïå÷íîãî âèêîðèñòàííÿ.

Ìåòîäèêè, ìàòåð³àëè ³ ðåçóëüòàòè äîñë³äæåíü.
Òàê ÿê ó ðåöåïòóðàõ ÑÌÇ ³ ïðåïàðàò³â äëÿ ÷èùåííÿ äî ïð³îðè-

òåòíèõ ÷èííèê³â âïëèâó íà ëþäèíó â³äíîñÿòü ÏÀÐ, òî â äàí³é ðî-
áîò³ áóäå ðîçãëÿíóòî ñàìå ¿õ áåçïå÷í³ñòü. ÏÀÐ ëåãêî ïîãëèíàþòü-
ñÿ øëóíêîâî-êèøêîâèì òðàêòîì, øèðîêî ïîøèðþþòüñÿ ïî âñüî-
ìó îðãàí³çìó é çíà÷íîþ ì³ðîþ ï³ääàþòüñÿ õ³ì³÷íèì çì³íàì, òîáòî
- ³ -îêèñëþâàííþ. Îñíîâí³ ïðîäóêòè ³ ìåòàáîë³òè âèä³ëÿþòüñÿ
ãîëîâíèì ÷èíîì ÷åðåç íèðêè, õî÷à ÷àñòèíà àáñîðáîâàíî¿ äîçè ìî-
æå áóòè âèä³ëåíà æîâ÷íèìè øëÿõàìè. Ò³ëüêè ì³í³ìàëüí³ ê³ëüêîñò³
ÏÀÐ ïîãëèíàþòüñÿ ÷åðåç øê³ðó, õî÷à ïðè òðèâàëîìó êîíòàêò³ ìî-
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æå áóòè ï³ääàíà ðèçèêó ÷èñòîòà øê³ðÿíîãî ïîêðèòòÿ, ùî ìîæå
ïðèçâåñòè äî á³ëüøîãî ïîãëèíàííÿ; âèñîê³ êîíöåíòðàö³¿ ìîæíà
çíèçèòè çìåíøåííÿì ÷àñó êîíòàêòó.

Øèðîêå âèêîðèñòàííÿ é ðîçïîâñþäæåííÿ ÏÀÐ îáóìîâëþº
ð³çí³ øëÿõè ¿õíüîãî íàäõîäæåííÿ äî îðãàí³çìó ëþäèíè. Òàê, íà-
ïðèêëàä, çàáðóäíåííÿ ïîâ³òðÿ äåòåðãåíòàìè íîñèòü êîðîòêî÷àñ-
íèé ëîêàëüíèé õàðàêòåð. Îäíàê çàâäÿêè êîíâåêòèâíèì ïîâ³òðÿ-
íèì ïîòîêàì, ÏÀÐ ìîæóòü ïîøèðþâàòèñÿ ïî ³íøèõ ïðèì³ùåííÿõ
³ óòâîðþâàòè íå âèðàæåíå, àëå ñòàá³ëüíå çàáðóäíåííÿ. Ïàðàìåòðè
ì³êðîêë³ìàòó ³ñòîòíî âïëèâàþòü íà âì³ñò ÏÀÐ â ïîâ³òð³, çá³ëüøåí-
íÿ ïîâ³òðîîáì³íó ³ ï³äâèùåííÿ â³äíîñíî¿ âîëîãîñò³ ïîâ³òðÿ çíà÷-
íî çíèæóþòü éîãî [6, 7]. 

Òàê ÿê ÏÀÐ íàéá³ëüø øèðîêî çàñòîñîâóþòüñÿ â ïðàëüíèõ ïî-
ðîøêàõ, ó ìèþ÷èõ ³ ÷èñòÿ÷³õ çàñîáàõ, òà çàñîáàõ îñîáèñòî¿ ã³ã³ºíè,
òî îñíîâíèé øëÿõ âïëèâó íà ëþäèíó – ÷åðåç øê³ðÿíèé êîíòàêò.
Ó ïðîöåñ³ çàñòîñóâàííÿ â ïîáóò³ ñèíòåòè÷íèõ ìèþ÷èõ çàñîá³â
â³äáóâàºòüñÿ ïîñò³éíèé êîíòàêò ³ç íèìè øê³ðè ðóê ëþäèíè. Ïðè
öüîìó äåòåðãåíòè àäñîðáóþòüñÿ íà øê³ð³, ³ ¿õí³é âì³ñò çàëåæèòü â³ä
ñêëàäó êîìïîçèö³¿ ÑÌÇ. Çàáðóäíåííÿ øê³ðè ÏÀÐ ìîæå ïåðåâèùó-
âàòè 10 ìêã/ñì2 [8]. Ðåçóëüòàòè ïðîâåäåíèõ òåñò³â ïîêàçóþòü [9],
ùî ëþäñüêà øê³ðà ìîæå âèòðèìàòè êîíòàêò ³ç ðîç÷èíàìè, ùî
ì³ñòÿòü àæ äî 1 % ÏÀÐ (àëêèëáåíçîëñóëüôîíàò³â, àëêèëñóëüôîíà-
ò³â òà àëêèëñóëüôàò³â) ïðîòÿãîì 24 ãîäèí ò³ëüêè ç íåçíà÷íèìè ïî-
äðàçíåííÿìè. À âçàãàë³ ÏÀÐ, ïîòðàïëÿþ÷è íà øê³ðó, âïëèâàþòü
íà ¿¿ ôóíêö³îíàëüíèé ñòàí: çì³íþþòü ðÍ, âì³ñò ë³ï³ä³â, çàãàëüíó
ê³ëüê³ñòü àì³íîêèñëîò, âèêëèêàþ÷è ïðè öüîìó çíåæèðåííÿ ïî-
âåðõí³ øê³ðè, óñóíåííÿ ïðèðîäíîãî çâîëîæóþ÷îãî ïîêàçíèêà, äå-
íàòóðàö³þ á³ëê³â çîâí³øíüîãî øàðó øê³ðè, ï³äâèùåííÿ ïðîíèê-
íîñò³ ³ ïðèïóõë³ñòü çîâí³øíüîãî øàðó. Ïðè öüîìó, òàê ÿê í³õòî íå
âèñëîâèâ áàæàííÿ áóòè äîáðîâîëüöåì ïðè äîñë³äæåí³ âïëèâó ÏÀÐ
íà øê³ðó, íåìàº íåçàïåðå÷íîãî äîêàçó, ÿêèé âêàçóâàâ áè íà âè-
íèêíåííÿ åêçåìè ïðè êîíòàêò³ ç ÏÀÐ. Âèïàäêîâ³ êîíòàêòè ëþäåé
ç öèìè ðåàãåíòàìè íå âèÿâèëè í³ÿêèõ ñåðéîçíèõ óøêîäæåíü øê³-
ðè, òàêîæ íå ñïîñòåð³ãàëîñÿ ëåòàëüíèõ âèïàäê³â [9].

Íà ð³âåíü äåòåðãåíò³â íà ïîâåðõí³ øê³ðè âïëèâàþòü òàêîæ çàëèø-
êîâ³ ê³ëüêîñò³ ÏÀÐ íà òêàíèí³, ÿê³ ìîæóòü ïðè âèêîðèñòàíí³ ÑÌÇ äëÿ
ïðàííÿ òðèâàëèé ÷àñ çáåð³ãàòèñÿ íà òåêñòèëüíèõ òêàíèíàõ ó ê³ëüêîñ-
òÿõ, ùî ïåðåâèùóþòü ¿õí³é ïðèïóñòèìèé ð³âåíü – 5 ìêã/ñì2 [10]. 

Îäíàê íå ìîæíà íå âðàõîâóâàòè ³ ïåðîðàëüíèé øëÿõ ïîòðàï-
ëÿííÿ â îðãàí³çì ëþäèíè ïîâåðõíåâî-àêòèâíèõ ðå÷îâèí ç ïèòíîþ
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âîäîþ ³ çà ðàõóíîê øèðîêîãî çàñòîñóâàííÿ ñèíòåòè÷íèõ çàñîá³â
äëÿ ìèòòÿ ³ ÷èùåííÿ ïîñóäó. Ïðè öüîìó ÏÀÐ çäàòí³ óòâîðþâàòè
íà ïîâåðõí³ ïîñóäó ïîãàíî çìèâàí³ ïë³âêè, íà ÿêèõ çàëèøàþòüñÿ
äåÿê³ ê³ëüêîñò³ ÏÀÐ íàâ³òü ï³ñëÿ 3–5 îïîë³ñêóâàíü [11]. Êð³ì òî-
ãî, ðîçðîáëÿþòü ³ âæå çàñòîñîâóþòü ñïåö³àëüí³ çàñîáè, ïðèçíà÷åí³
íå ò³ëüêè äëÿ ìèòòÿ ïîñóäó ³ êóõîííîãî óñòàòêóâàííÿ, àëå é äëÿ
ìèòòÿ îâî÷³â òà ôðóêò³â [11]. Òàê, ³ñíóº ³íôîðìàö³ÿ, ùî äîçâîëÿº
ñòâåðäæóâàòè, ùî ùîäåííå ïåðîðàëüíå ñïîæèâàííÿ ÏÀÐ ìîæå äî-
ñÿãàòè áëèçüêî 5 ìã/ëþäèíó [9].

Ñë³ä çàçíà÷èòè, ùî íåçâàæàþ÷è íà òå, ùî ïåðåâàæíà á³ëüø³ñòü
ÏÀÐ ìàº â³äíîñíî íèçüêó òîêñè÷í³ñòü,âîíè ìîæóòü ïðîÿâëÿòè ïî-
äðàçíþþ÷ó ³ ðåçîðáòèâíó ä³þ íà øê³ðó ³ ñëèçîâ³ îáîëîíêè, àëå íàé-
á³ëüøà íåáåçïåêà ÏÀÐ ³ ïðåïàðàò³â íà ¿õ îñíîâ³ äëÿ ëþäåé ì³ñòèòüñÿ
â ¿õ ñåíñèá³ë³çóþ÷èé ä³¿, çäàòíîñò³ âèêëèêàòè àëåðã³÷í³ ðåàêö³¿ [4].
Ñâîºð³äí³ñòü á³îëîã³÷íî¿ ä³¿ ïîâåðõíåâî-àêòèâíèõ ðå÷îâèí ïîëÿãàº â
òîìó, ùî âîíè ìîæóòü íå ò³ëüêè âëàñíå âèÿâëÿòè çàãàëüíîòîêñè÷íó ³
àëåðãåííó ä³þ íà îðãàí³çì ëþäèíè, à é ïîñèëþâàòè òîêñè÷íó, êàíöå-
ðîãåííó, ñåíñèá³ë³çóþ÷ó, ìóòàãåííó ä³þ ³íøèõ õ³ì³÷íèõ ðå÷îâèí ïðè
êîìïëåêñíîìó òà êîìá³íîâàíîìó íàäõîäæåíí³ äî îðãàí³çìó [7, 13].
Ìåõàí³çì ä³¿ ÏÀÐ íà ïðîöåñè â îðãàí³çì³ áàçóºòüñÿ íà âïëèâ³ íà
ñòðóêòóðó ³ ïðîíèêí³ñòü á³îëîã³÷íèõ ìåìáðàí, ùî ñïðè÷èíÿº íàé-
á³ëüø âèðàæåí³ åôåêòè ç áîêó öåíòðàëüíî¿ íåðâîâî¿ ñèñòåìè, îðãàí³â
çîâí³øíüîãî äèõàííÿ, õàð÷îâîãî êàíàëó ³ êðîâ³. 

Â Óêðà¿í³ ä³þòü òàê³ îñíîâí³ äîêóìåíòè, ùî ðåãóëþþòü áåçïå-
êó ìèéíèõ çàñîá³â: Òåõí³÷íèé ðåãëàìåíò ìèéíèõ çàñîá³â, çàòâåðä-
æåíèé íàêàçîì ÊÌ Óêðà¿íè 20.08.2008, ¹ 717 (ó ðåäàêö³¿ ïîñòà-
íîâè ÊÌ Óêðà¿íè â³ä12.06.2013 ¹ 408 – ç ãðóäíÿ 2013 ð.) [14];
ÄÑÒÓ 2972:2010 «Çàñîáè ìèéí³ ñèíòåòè÷í³ ïîðîøêîïîä³áí³. Çà-
ãàëüí³ òåõí³÷í³ âèìîãè òà ìåòîäè âèïðîáóâàííÿ»; ÑàíÏèÍ ¹ 6026
Á-91 «Ñàíèòàðíûå ïðàâèëà è íîðìû ïî ïðîèçâîäñòâó è ïðèìåíå-
íèþ òîâàðîâ áûòîâîé õèìèè»; «Ìåòîäè÷åñêèå óêàçàíèÿ ïî ãèãèå-
íè÷åñêîé îöåíêå òîâàðîâ áûòîâîé õèìèè», ¹ 6026 Â-91; «Ìåòî-
äè÷åñêèå óêàçàíèÿ ïî ñàíèòàðíî-ãèãèåíè÷åñêîìó êîíòðîëþ çà
ïðèìåíåíèåì ÷èñòÿùèõ ñðåäñòâ äëÿ îáðàáîòêè èçäåëèé, êîíòàêòè-
ðóþùèõ ñ ïèùåâûìè ïðîäóêòàìè», ¹ ¹4548-87. Ïðè öüîìó ãî-
ëîâíèì çàêîíîäàâ÷èì äîêóìåíòîì êðà¿íè, â ÿêîìó âèñâ³òëþþòüñÿ
ïèòàííÿ áåçïåêè ÑÌÇ ââàæàºòüñÿ Òåõí³÷íèé ðåãëàìåíò ìèéíèõ
çàñîá³â. Ïðè ñòâîðåíí³ Òåõí³÷íîãî ðåãëàìåíòó â îñíîâó áóëè ïî-
êëàäåí³ âèìîãè äî ìèéíèõ çàñîá³â, âñòàíîâëåí³ â Regulation (EC)
¹ 648/2004 òà Regulation (EU) ¹ 259/2012 [15–16], ÿêèé äîïî-
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âíþº ïîïåðåäí³é ùîäî âèêîðèñòàííÿ ôîñôàò³â òà ³íøèõ ñïîëóê
ôîñôîðó â ìèéíèõ çàñîáàõ äëÿ ïðàííÿ ³ çàñîáàõ äëÿ àâòîìàòè÷íèõ
ïîñóäîìèéíèõ ìàøèí, ð³âíÿ á³îëîã³÷íîãî ðîçêëàäó ÏÀÐ, ÿê³ âõî-
äÿòü äî éîãî ñêëàäó òà ìàðêóâàííÿ ìèéíîãî çàñîáó. 

Îòæå ïðè âèð³øåíí³ ïèòàíü ùîäî áåçïåêè ÑÌÇ ðîçãëÿäàþòü-
ñÿ 4 âèäè ïîêàçíèê³â, ùî â³äîáðàæåíî â çàêîíîäàâ÷èõ äîêóìåíòàõ,
ÿê³ çàáåçïå÷óþòü áåçïå÷íå âèêîðèñòàííÿ ñèíòåòè÷íèõ ìèéíèõ çà-
ñîá³â â Óêðà¿í³ [4]:

 òîêñèêîëîã³÷í³ òà ñàí³òàðíî-ã³ã³ºí³÷í³ ïîêàçíèêè (òîêñè÷-
í³ñòü ïðè íàíåñåíí³ íà øê³ðó, ïîäðàçíþþ÷à ä³ÿ íà øê³ðó òà ñëè-
çîâ³ îáîëîíêè, ñåíñèá³ë³çóþ÷à ä³ÿ);

 ô³çè÷í³ ïîêàçíèêè (ïîæåæî-, âèáóõîáåçïå÷í³ñòü);
 ô³çèêî-õ³ì³÷í³ ïîêàçíèêè áåçïåêè (ïîêàçíèê ðÍ, ìàñîâ³ ÷àñò-

êè ëóæíèõ êîìïîíåíò³â,êèñëîò, àêòèâíîãî õëîðó òà êèñíþ, çäàò-
í³ñòü äî ï³íîóòâîðåííÿ, çìèâàºì³ñòü ç ïîñóäó);

 åêîòîêñèêîëîã³÷í³ ïîêàçíèêè (á³îðîçêëàäàííÿ, ìàñîâà ÷àñò-
êà ôîñôîðíîêèñëèõ ñîëåé).

Òîêñèëîã³÷í³ òà ñàí³òàðíî-õ³ì³÷í³ ïîêàçíèêè áåçïåêè ÑÌÑ,
ÿê³ ä³þòü â Óêðà¿í³, íàâåäåíî â òàáë. 1.

Òàáëèöÿ 1
Ïîêàçíèêè, íîðìàòèâè ³ ðåãëàìåíòè, ÿê³ âðàõîâóþòüñÿ 

ïðè îö³íö³ ðèçèêó ñèíòåòè÷íèõ ìèéíèõ çàñîá³â â Óêðà¿í³ [4]

Ïîêàçíèêè, íîðìàòèâè ³ ðåãëàìåíòè,
ÿê³ âðàõîâóþòüñÿ ïðè îö³íö³ ðèçèêó Íîðìàòèâí³ âåëè÷èíè ³ ðåãëàìåíòè

Òîêñèêîëîã³÷í³

ä³ÿ íà øê³ðó ³ ñëèçîâ³ îáîëîíêè â³äñóòí³ñòü ïîäðàçíþþ÷î¿ ä³¿ ïðè äî-
òðèìàíí³ ðåæèìó âèêîðèñòàííÿ;

àëåðãåííà ä³ÿ â³äñóòí³ñòü àëåðãåííî¿ ä³¿ ïðè äîòðè-
ìàíí³ ðåæèìó âèêîðèñòàííÿ;

çäàòí³ñòü âèêëèêàòè â³ääàëåí³
åôåêòè

â³äñóòí³ñòü êàíöåðîãåííî¿ ìóòàãåííî¿
òåðàòîãåííî¿ åìáð³îòîêñè÷íî¿ ä³¿

Ñàí³òàðíî-õ³ì³÷í³

ðÍ 7,0–11,5 (äëÿ 1 % ðîç÷èíó)

äîïóñòèìèé âì³ñò ÏÀÐ
íà òåêñòèëüíèõ ìàòåð³àëàõ 5 ìêã/ñì2,
íà ïîñóä³ – 0,15 ìêã/ñì2, íà øê³ð³ ðóê
1 ìêã/ñì2

óòâîðåííÿ ïèëó ìàñîâà ÷àñòêà ïèëó – íå á³ëüøå 3 %

ï³íîóòâîðåííÿ âèñîòà ï³íè íå á³ëüøå 20 ñì
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Ñåðåä äîêóìåíò³â ªÑ ùîäî äåòåðãåíò³â º ãðóïà ïîñòàíîâ, ÿêà
íå º çàêîíîäàâ÷îþ, àëå âèçíà÷àº îñíîâí³ âèìîãè, ùî ñïðÿìîâàí³
íà ïîñèëåííÿ çàõîä³â çàõèñòó çäîðîâ’ÿ ëþäèíè ³ îõîðîíè íàâêî-
ëèøíüîãî ñåðåäîâèùà, íàïðèêëàä, ð³øåííÿ Êîì³ñ³¿ â³ä 28.11.2011
ïðî âñòàíîâëåííÿ åêîëîã³÷íèõ êðèòåð³¿â äëÿ ïðèñóäæåííÿ ìàðêó-
âàííÿ «EC ECOLABLE». Öåé çíàê íàäàºòüñÿ ïðîäóêòàì ³ç çíèæå-
íèì âïëèâîì íà íàâêîëèøíº ñåðåäîâèùå ïðîòÿãîì âñüîãî ¿õ æèò-
òºâîãî öèêëó. Êð³ì òîãî íà óïàêîâêàõ ïðåïàðàò³â ïîáóòîâî¿ õ³ì³¿ çà-
ñòîñîâóþòüñÿ ³ ³íø³ ïîïåðåäæóâàëüí³ ïîçíà÷êè ïðî õàðàêòåð íåáåç-
ïåêè, íàïðèêëàä: ðå÷îâèíè, ùî ïîäðàçíþþòü ñëèçîâ³ îáîëîíêè
(ë³òåðí³ ïîçíà÷êè: Õn àáî Õ³), òîêñè÷í³ ðå÷îâèíè (ë³òåðíà ïîçíà÷-
êà: Ò) òà âîãíåíåáåçïå÷í³ ðå÷îâèíè (ë³òåðíà ïîçíà÷êà: F).

Ñë³ä çàçíà÷èòè, ùî íå âèïàäêîâî äî ñèíòåòè÷íèõ ìèéíèõ çà-
ñîá³â âèñóâàþòüñÿ âèìîãè ùîäî ìàðêóâàííÿ, ÿêå äîâîäèòü äî ïî-
êóïöÿ â³äîìîñò³ ïðî ïðîäóêö³þ òà ïðàâèëà ïîâîäæåííÿ ç íåþ. ßê-
ùî äîäåðæóâàòèñÿ ïðàâèë, ùî çàçíà÷åí³ íà óïàêîâêàõ, òîä³ âèêî-
ðèñòàííÿ ÑÌÇ áóäå ö³ëêîì áåçïå÷íèì.

Âçàãàë³, ùîá ì³í³ì³çóâàòè ðèçèêè, ïîâ’ÿçàí³ ç âèêîðèñòàííÿì
çàñîá³â ïîáóòîâî¿ õ³ì³¿, íåîáõ³äíî:

 çâåðòàòè óâàãó íà ìàðêóâàííÿ òîâàð³â ïîáóòîâî¿ õ³ì³¿;
 íàäàâàòè ïåðåâàãè òîâàðàì áåçïå÷íèì äëÿ çäîðîâ’ÿ ³ äîâê³ë-

ëÿ, íà óïàêîâêàõ ÿêèõ º åêîìàðêóâàííÿ;
 åêîíîìíî âèêîðèñòîâóâàòè çàñîáè äëÿ ìèòòÿ, ÷èùåííÿ, ïðàííÿ;
 ñîðòóâàòè ñì³òòÿ ³ óòèë³çóâàòè.
Âèñíîâêè. Íà ñüîãîäí³ àñîðòèìåíò ñèíòåòè÷íèõ ìèéíèõ çà-

ñîá³â º äîñèòü øèðîêèì ³ ïðåäñòàâëåíèé òîâàðàìè ð³çíîìàí³òíîãî
ïðèçíà÷åííÿ. Ïðè âèðîáíèöòâ³ òà âèêîðèñòàíí³ ñèíòåòè÷íèõ ìèé-
íèõ çàñîá³â îäíèì ³ç âàæëèâèõ ôàêòîð³â º ¿õ áåçïå÷í³ñòü äëÿ çäî-
ðîâ’ÿ ëþäèíè òà íàâêîëèøíüîãî ñåðåäîâèùà. Îñíîâí³ âèìîãè ùî-
äî ÿêîñò³ òà áåçïå÷íîñò³ ñèíòåòè÷íèõ ìèéíèõ çàñîá³â ì³ñòÿòüñÿ ó
çàãàëüíèõ íîðìàòèâíèõ äîêóìåíòàõ íà òîâàðè ïîáóòîâî¿ õ³ì³¿ òà
çàñîáè äëÿ ïðàííÿ. Áåçïåêà ñèíòåòè÷íèõ ìèéíèõ çàñîá³â òà âçà-
ãàë³, òîâàð³â ïîáóòîâî¿ õ³ì³¿ ïîâèííà çàáåçïå÷óâàòèñÿ ñóêóïí³ñòþ
âèìîã äî ñèðîâèíè, ñêëàäó ÑÌÇ ³ òîâàð³â ïîáóòîâî¿ õ³ì³¿ ïðè âè-
êîðèñòàíí³ çà ïðèçíà÷åííÿì ç óðàõóâàííÿì çàõèñíèõ çàõîä³â, à òà-
êîæ âèìîã äî ïàêóâàííÿ, ìàðêóâàííÿ, óìîâ çáåð³ãàííÿ ³ òðàíñïîð-
òóâàííÿ. Íåïðàâèëüíå êîðèñòóâàííÿ çàñîáàìè ïîáóòîâî¿ õ³ì³¿ ñòàº
ïðè÷èíîþ áàãàòüîõ íåùàñíèõ âèïàäê³â.
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ОСНОВНІ ВИМОГИ БЕЗПЕКИ 

ДО ВИРОБНИЧОГО ОБЛАДНАННЯ 

ТА ТЕХНОЛОГІЧНИХ ПРОЦЕСІВ 

ПРИ ВИРОБНИЦТВІ ТОВАРІВ ШИРОКОГО ВЖИТКУ

Àíîòàö³ÿ. Ïðîàíàë³çîâàíî âèìîãè äî ðîçì³ùåííÿ, åêñïëóàòàö³¿ òà
îáñëóãîâóâàííÿ òåõíîëîã³÷íîãî îáëàäíàííÿ, ïðèçíà÷åíîãî äëÿ âèðîáíèö-
òâà òîâàð³â øèðîêîãî âæèòêó. Â³äïîâ³äíî äî ïðàâèë îõîðîíè ïðàö³ äëÿ
ïðàö³âíèê³â âèðîáíèöòâà îäÿãó ³ âçóòòÿ âèçíà÷åí³ âèìîãè äî çàñòîñó-
âàííÿ îáëàäíàííÿ ³ ïðèñòðî¿â äëÿ çàáåçïå÷åííÿ áåçïå÷íèõ óìîâ ïðàö³ ó
âèðîáíè÷èõ ïðèì³ùåííÿõ.

Êëþ÷îâ³ ñëîâà: áåçïå÷í³ñòü âèðîáíè÷îãî ïðîöåñó,òåõíîëîã³÷íèé ïðî-
öåñ, îáëàäíàííÿ.

Abstract. Requirements for the placement, operation and maintenance of
technological equipment intended for the production of consumer goods are
analyzed. In accordance with the rules of labor protection for workers in the
production of clothing and footwear, requirements for the use of equipment
and devices to ensure safe working conditions in industrial premises.

Keywords: consumer goods, technological processes, equipment, require-
ments.

Ðîçâèòîê âèðîáíè÷î¿ ñôåðè, ïîÿâà íîâèõ âèä³â ä³ÿëüíîñò³ ï³ä-
âèùóº çíà÷èì³ñòü îõîðîíè ïðàö³ òà áåçïåêè âèðîáíè÷îãî ïðîöåñó.
Íåñïðèÿòëèâ³ óìîâè ïðàö³, ÿê³ ïðèçâîäÿòü äî âèðîáíè÷îãî òðàâ-
ìàòèçìó, ìîæóòü áóòè îáóìîâëåí³ ïðîáëåìàìè â óïðàâë³íí³ îõîðî-
íîþ ïðàö³: ïîñëàáëåííÿ êîíòðîëþ çà òåõí³êîþ áåçïåêè íà âèðîá-
íèöòâ³, ñêîðî÷åííÿ àáî íàâ³òü ë³êâ³äàö³ÿ ñëóæá îõîðîíè ïðàö³ íà
âèðîáíèöòâ³, ïîñëàáëåííÿ êîíòðîëþ çà ñòàíîì âèðîáíè÷î¿ òà òåõ-
íîëîã³÷íî¿ äèñöèïë³íè, à òàêîæ ðåçóëüòàòîì: ñòàð³ííÿ îñíîâíèõ
âèðîáíè÷èõ ôîíä³â, ñêîðî÷åííÿ îáñÿã³â êàï³òàëüíîãî òà ïðîô³ëàê-
òè÷íîãî ðåìîíò³â ìàøèí òà óñòàòêóâàííÿ, îáìåæåííÿ ³íâåñòèö³é,
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ñïðÿìîâàíèõ íà ñòâîðåííÿ íîâî¿, á³ëüø áåçïå÷íî¿ òåõí³êè òà òåõ-
íîëîã³é, òåõí³÷íîãî îíîâëåííÿ âèðîáíèöòâà 1.

Áåçïå÷í³ñòü âèðîáíè÷îãî ïðîöåñó – öå âëàñòèâ³ñòü âèðîáíè÷î-
ãî ïðîöåñó çáåð³ãàòè â³äïîâ³äí³ñòü âèìîãàì áåçïåêè ïðàö³ â óìîâàõ,
âñòàíîâëåíèõ íîðìàòèâíî-òåõí³÷íîþ äîêóìåíòàö³ºþ. Çàáåçïå-
÷óºòüñÿ áåçïå÷í³ñòü âèðîáíè÷èõ ïðîöåñ³â êîìïëåêñîì êîíñòðóê-
òîðñüêèõ, ïðîåêòíèõ òà îðãàí³çàö³éíèõ ð³øåíü, ÿê³ ïåðåäáà÷àþòü:

 â³äïîâ³äíèé âèá³ð òåõíîëîã³÷íèõ ïðîöåñ³â, ðîáî÷èõ îïåðàö³é;
 ãðàìîòíå îáñëóãîâóâàííÿ îáëàäíàííÿ, âèðîáíè÷èõ ïðèì³ùåíü;
 ðàö³îíàëüíó îðãàí³çàö³þ ðîáî÷èõ ì³ñöü;
 âèá³ð ñïîñîá³â çáåð³ãàííÿ òà òðàíñïîðòóâàííÿ âèõ³äíèõ ìà-

òåð³àë³â, çàãîòîâîê, íàï³âôàáðèêàò³â, ãîòîâî¿ ïðîäóêö³¿ òà â³äõîä³â
âèðîáíèöòâà;

 ðîçïîä³ë ôóíêö³é ì³æ ëþäèíîþ òà óñòàòêóâàííÿì ç ìåòîþ
çì³íè óìîâ ïðàö³; 

 ïðîôåñ³éíèé â³äá³ð òà íàâ÷àííÿì ïðàö³âíèê³â;
 çàñòîñóâàííÿ çàñîá³â çàõèñòó ïðàö³âíèê³â;
 ðîçðîáêó òà âïðîâàäæåííÿ âèìîã áåçïåêè â íîðìàòèâíî-

òåõí³÷íó òà òåõíîëîã³÷íó äîêóìåíòàö³þ.
Ïðàâèëüíî îðãàí³çîâàíà ðîáîòà ³ç çàáåçïå÷åííÿ áåçïåêè ïðàö³

ï³äâèùóº äèñöèïë³íîâàí³ñòü ðîá³òíèê³â, ùî ñâîþ ÷åðãó, ñïðèÿº
ï³äâèùåííþ ïðîäóêòèâíîñò³ ïðàö³, çíèæåííþ ê³ëüêîñò³ íåùàñíèõ
âèïàäê³â, íåñïðàâíîñòåé îáëàäíàííÿ, òîáòî áåçïåêà ïðàö³ áåçïî-
ñåðåäíüî ñïðèÿº åôåêòèâíîñò³ âèðîáíèöòâà 2 .

Íà ï³äïðèºìñòâàõ ³íäóñòð³¿ ìîäè âñå îáëàäíàííÿ, ùî âñòàíîâ-
ëþºòüñÿ, ìîäåðí³çóºòüñÿ òà âèêîðèñòîâóºòüñÿ â òåõíîëîã³÷íîìó
ïðîöåñ³, ïîâèííî â³äïîâ³äàòè âèìîãàì áåçïåêè ïðàö³.

Âèðîáíè÷å îáëàäíàííÿ ïîâèííî áóòè ðîçì³ùåíå ðàö³îíàëüíî,
ùîá éîãî åêñïëóàòàö³ÿ, îáñëóãîâóâàííÿ òà ðåìîíò áóëè çðó÷íèìè,
áåçïå÷íèìè é çàáåçïå÷óâàëè áåçïåðåðâí³ñòü òåõíîëîã³÷íîãî ïðîöå-
ñó. Íà âñå óñòàòêóâàííÿ ïîâèíí³ áóòè ³íñòðóêö³¿ ç åêñïëóàòàö³¿, îá-
ñëóãîâóâàííÿ òà ðåìîíòó. Óñ³ ñòàö³îíàðí³ ìàøèíè, àïàðàòè òà
³íøå óñòàòêóâàííÿ ïîâèíí³ âñòàíîâëþâàòèñü òàê, ùîá áóëà âèêëþ-
÷åíà ìîæëèâ³ñòü ¿õíüîãî çñóâó ï³ä ÷àñ ðîáîòè. Ï³ñëÿ âñòàíîâëåííÿ
íîâîãî îáëàäíàííÿ, ðåìîíòó òà ìîäåðí³çàö³¿ îáîâ’ÿçêîâî ïîâèíåí
áóòè ñêëàäåíèé àêò ïðî ïðèäàòí³ñòü îáëàäíàííÿ äî ðîáîòè òà íà-
ÿâí³ñòü ñèñòåì çàõèñòó â³äïîâ³äíî äî âèìîã áåçïåêè ïðàö³.

Íà ìàøèíàõ, âåðñòàòàõ, àïàðàòàõ òà ³íøèõ ïðèñòðîÿõ âñ³ íå-
áåçïå÷í³ ÷àñòèíè, ÿê³ ðóõàþòüñÿ, ïîâèíí³ áóòè îãîðîäæåí³. Óñ³ ìà-
øèíè, ùî ìàþòü õîëîñòèé òà ðîáî÷èé øê³âè, ïîâèíí³ ìàòè çàêðè-
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òèé êîæóõîì ïðèñòð³é äëÿ ïåðåêëàäó ðåìåíÿ, ïåðåêëàäí³ êà÷àíè
àáî âàæåë³ ç çàï³ðíèìè ïðèñòðîÿìè, ùî óíåìîæëèâëþþòü ñàìî-
â³ëüíèé ïåðåõ³ä ðåìåíÿ ç õîëîñòîãî øê³âà íà ðîáî÷èé.

Êð³ïëåííÿ øëàíã³â äî ïóëüâåðèçàòîð³â ³ òðóáîïðîâîä³â ïîâèí-
íî ìàòè ïðèñòðî¿-ô³êñàòîðè, ùî âèêëþ÷àþòü çðèâ øëàíã³â. Íà
ã³äðàâë³÷íîìó ïðåñ³ ðåìîíò³ ðîáîòè ïîâèíí³ ïðîâîäèòèñü ëèøå
ïðè çíÿòîìó òèñêó ïàðè òà ð³äèíè â ñèñòåì³. Âñå îáëàäíàííÿ, íà
ÿêîìó âèêîðèñòîâóºòüñÿ ïàðà ï³ä òèñêîì, ïîâèííå ìàòè çàïîá³æ-
íèé êëàïàí.

Ôîðìà ³ êîë³ð çíàê³â áåçïåêè ïîâèíí³ â³äïîâ³äàòè âèìîãàì Òåõ-
í³÷íîãî ðåãëàìåíòó çíàê³â áåçïåêè ³ çàõèñòó çäîðîâ’ÿ ïðàö³âíèê³â, çà-
òâåðäæåíîãî ïîñòàíîâîþ Êàá³íåòó Ì³í³ñòð³â Óêðà¿íè â³ä 25.11.2009
¹ 1262.

Îôîðìëåííÿ çíàê³â áåçïåêè ïîâèííå â³äïîâ³äàòè ÄÑÒÓ ISO
3864-1:2005 «Ãðàô³÷í³ ñèìâîëè. Êîëüîðè òà çíàêè áåçïåêè. ×àñòè-
íà 1. Ïðèíöèïè ïðîåêòóâàííÿ çíàê³â áåçïåêè äëÿ ðîáî÷èõ ì³ñöü
òà ì³ñöü ãðîìàäñüêîãî ïðèçíà÷åííÿ».

Îôîðìëåííÿ çíàê³â ïîæåæíî¿ áåçïåêè ïîâèííå â³äïîâ³äàòè
ÄÑÒÓ ISO 6309:2007 «Ïðîòèïîæåæíèé çàõèñò. Çíàêè áåçïåêè.
Ôîðìà òà êîë³ð».

Äëÿ ðîçìîòóâàííÿ, ïåðåì³ðêè òà ðîçáðàêîâêè òêàíèíó ðîçì³ùó-
þòü íà âàëó òàêèì ÷èíîì, ùîá íå áóëî ¿¿ ïîòðàïëÿííÿ â ðîáî÷³ ÷àñ-
òèíè, îñê³ëüêè öå ìîæå ïðèçâåñòè äî âèêèäàííÿ âàëó ç ï³äøèïíèê³â.

Ïðîì³ðþâàëüíî-áðàêóâàëüí³ ñòîëè ³ ìàøèíè ïîâèíí³ áóòè îá-
ëàäíàí³ ïðèñòðîÿìè äëÿ çíÿòòÿ çàðÿä³â ñòàòè÷íî¿ åëåêòðèêè ç ïî-
âåðõí³ ñòîëó, òêàíèí òà ìàòåð³àë³â. Ìåõàí³÷í³ â³çêè ïîâèíí³ âñòà-
íîâëþâàòèñü ñòðîãî ãîðèçîíòàëüíî íà ðåéêîâ³ êîë³¿, ðåéêè ïîâèí-
í³ óòîïëþâàòèñÿ âð³âåíü ç ï³äëîãîþ. Ïóñêîâ³ ïðèñòðî¿ íà ìàøèíàõ
ïîâèíí³ áóòè ðîçì³ùåí³ â îäíîìó ì³ñö³.

Ìàøèíè, ùî îáñëóãîâóþòüñÿ ç äâîõ áîê³â äâîìà ïðàö³âíèêà-
ìè, ïîâèíí³ ìàòè êíîïêîâ³ ïîñòè, ÿê³ äàþòü çìîãó çóïèíè ìàøè-
íó êîæíîìó ç ïðàö³âíèê³â, òà áóòè îáëàäíàí³ çâóêîâîþ òà ñâ³òëî-
âîþ ñèãíàë³çàö³ºþ, ÿêà ïîïåðåäæàº ïðî çàïóñê ìàøèíè.

Ìàøèíà, íà ÿê³é ïðàöþþòü äâà ïðàö³âíèêè, ïîâèííà ìàòè ñè-
ãíàë³çàö³þ àáî áëîêóâàëüíèé ïðèñòð³é, ùî âèêëþ÷àº çàïóñê ìà-
øèíè îäíèì ïðàö³âíèêîì. Ïóñêîâèé ïðèñòð³é ïîâèíåí ìàòè áëî-
êóâàííÿ, ÿêå óíåìîæëèâëþº ñàìîñò³éíå âêëþ÷åííÿ ìàøèíè â ìî-
ìåíò çàïðàâêè òêàíèíè ì³æ âàëèêàìè.

Íà ñòð³÷êîâèõ ðîçêð³éíèõ ìàøèíàõ âñ³ øê³âè òà ñòð³÷êîâèé
í³æ, îêð³ì éîãî ðîáî÷î¿ ÷àñòèíè, äîâæèíà ÿêî¿ â³äïîâ³äàº ìàêñè-
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ìàëüí³é âèñîò³ ðîçêð³éíîãî íàñòèëó, ïîâèíí³ áóòè çàêðèò³ êîæóõà-
ìè. Îãîðîäæåííÿ ñòð³÷êîâîãî íîæà òà øê³â³â, ùî çí³ìàþòüñÿ ³ â³ä-
êðèâàþòüñÿ, ïîâèíí³ ìàòè íàäïèñè «Íå â³äêðèâàòè íà õîäó». Ìà-
øèíè ïîâèíí³ áóòè îáëàäíàí³ ïðèñòðîºì, ùî ðåãóëþº âèñîòó íà-
ñòèëó òà çàïîá³ãàº ïîïàäàííþ ïàëüö³â ðóê ïðàö³âíèêà ï³ä ñòð³÷êî-
âèé í³æ. Ñòð³÷êîâ³ ðîçêð³éí³ ìàøèíè ïîâèíí³ áóòè îáëàäíàí³:

 ãàëüìàìè;
 óëîâëþâà÷àìè ñòð³÷îê, ÿê³ àâòîìàòè÷íî ä³þòü ï³ä ÷àñ ¿õ ðîç-

ðèâó;
 àâòîìàòè÷íîþ çóïèíêîþ åëåêòðîäâèãóíà;
 çàòî÷óâàëüíèì ïðèñòðîºì, ïèëîâëîâëþâà÷åì;
 ì³ñöåâèì îñâ³òëåííÿì.
Íîæîâ³ ïîëîòíà ñòð³÷êè ïîâèíí³ çáåð³ãàòèñü ó ñïåö³àëüíèõ ôóò-

ëÿðàõ. ßêùî çàñòîñîâóþòü ñïåö³àëüíî¿ åìóëüñ³¿, òî ìàøèíè ïîâèíí³
áóòè îáëàäíàí³ ï³ääîíàìè äëÿ çáèðàííÿ â³äïðàöüîâàíî¿ åìóëüñ³¿. 

Íà ïåðåñóâíèõ ðîçêð³éíèõ ìàøèíàõ íîæ³ ïîâèíí³ ìàòè çàõèñ-
íå îãîðîäæåííÿ, ÿêå ðåãóëþºòüñÿ ïî âèñîò³ íàñòèëó. 

Íå äîçâîëÿºòüñÿ âèêîðèñòîâóâàòè òðîëåéíó ë³í³þ äëÿ ïîäà÷³
ñòðóìó äî ïåðåñóâíèõ ðîçêð³éíèõ ìàøèí. Ï³äêëþ÷åííÿ ïåðåñóâ-
íèõ ðîçêð³éíèõ ìàøèí äî ìåðåæ³ åëåêòðîïåðåäà÷³ ïîâèííî â³äïî-
â³äàòè âèìîãàì ÏÓÅ òà ìàòè çàõèñíå çàçåìëåííÿ (çàíóëåííÿ).

Ð³æó÷èé ³íñòðóìåíò ìåõàí³÷íèõ òà åëåêòðîõ³ì³÷íèõ ë³í³éîê
äëÿ îáð³çêè ê³íöÿ íàñòèëó òêàíèí, ìàòåð³àëó ïîâèíåí îáîâ’ÿçêîâî
ìàòè îãîðîäæåííÿ, ùî äîçâîëèòü óíèêíóòè ïîðàíåííÿ ðóê ðîá³ò-
íèê³â. ²ç ö³ºþ æ ìåòîþ ïîâèíí³ áóòè çàêðèò³ êîæóõàìè òà êðèø-
êàìè âñ³ ðóõîì³ òà îáåðòàëüí³ ÷àñòèíè. Ðîçêð³éí³ ñòîëè òà ìåòàëå-
âà îêàíòîâêà ëåêàë ïîâèíí³ ìàòè ãëàäêó áåç çàäèðîê ïîâåðõíþ.

Çàòî÷åííÿ íîæ³â åëåêòðîðîçêð³éíèõ ìàøèí ïîâèííî âèêîíó-
âàòèñÿ íà çàòî÷óâàëüíîìó ïðèñòðî¿ ç âèêëþ÷åíèì äâèãóíîì òà ó
ïîëîæåíí³, êîëè ìàøèíà â³äâåäåíà ç ïîâåðõí³ íàñòèëó. 

Íà ñòð³÷êîâ³é ðîçêð³éí³é ìàøèí³ ïîâèíí³ áóòè ñïåö³àëüí³
ïðèñòðî¿, ÿê³ âèêëþ÷àþòü ìîæëèâ³ñòü òðàâìóâàííÿ ïðàö³âíèêà ï³ä
÷àñ âèð³çàííÿ äð³áíèõ äåòàëåé.

Íà ìàøèíàõ ç³ çâîðîòíî-ïîñòóïàëüíèì ðóõîì çàòî÷åííÿ íîæà
çä³éñíþºòüñÿ âðó÷íó, êîëè âèìêíåíà ìàøèíà, òîáòî çíåñòðóìëåíà.

Â³äõîäè â³ä ñòð³÷êîâèõ ðîçêð³éíèõ ìàøèí ïîâèíí³ çáèðàòèñÿ ³
òðàíñïîðòóâàòèñÿ ìåõàí³÷íèìè àáî ïíåâìàòè÷íèìè ïðèñòðîÿìè.
Ð³çàííÿ ð³çíîìàí³òíèõ ïë³âîê ïîâèííî âèêîíóâàòèñü íà ñïåö³àëü-
íî îáëàäíàíèõ äëÿ öüîãî ìàøèíàõ. Ðîçêð³é ïîëîòíà ³ç ñèíòåòè÷-
íèõ âîëîêîí ïîâèíåí ìàòè çàïîá³æíó îïåðàö³þ – íàêëàäàííÿ íà
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âåðõí³é øàð êðîþ ëèñòêà ïàïåðó ³ çàòèñêàííÿ éîãî çàòèñêà÷àìè ç
áîêó, ïðîòèëåæíîãî òîìó, ÿêèé ðîçêðîþºòüñÿ, ùîá óíèêíóòè çñó-
âàííÿ øàð³â òà òðàâìóâàííÿ ïðàö³âíèê³â.

Ï³ä ÷àñ ðîçêðîþâàííÿ ñèíòåòè÷íèõ ìàòåð³àë³â òðåáà óíèêàòè
îïëàâëåííÿ êðà¿â ìàòåð³àëó, äëÿ öüîãî íåîáõ³äíî çàñòîñîâóâàòè
ñïåö³àëüíå çìàùóâàííÿ ñòð³÷êîâîãî íîæà. ßêùî òêàíèíà ïîòðàïè-
ëà â ïàç ïëîñêîãî íàïðÿìëþâà÷à ñòð³÷êîâîãî íîæà, òî âèòÿãóâàòè
¿¿ ïîòð³áíî ò³ëüêè ï³ñëÿ âèìêíåííÿ ìàøèíè òà ïîâíî¿ ¿¿ çóïèíêè.
Î÷èùåííÿ øê³âà ñòð³÷êîâî¿ ðîçêð³éíî¿ ìàøèíè ïîâèííå ïðîâîäè-
òèñü ñïåö³àëüíèì ³íñòðóìåíòîì.

Óñ³ óí³âåðñàëüí³ ìàøèíè ïîâèíí³ áóòè îáëàäíàí³ çàïîá³æíè-
ìè ïðèñòðîÿìè â³ä ïðîêîëó ïàëüö³â ãîëêîþ. Íèòêîïðîòÿãóâà÷³ ìà-
øèíè, ùî çíà÷íî âèñòóïàþòü çà êîðïóñ ó á³ê ïðàö³âíèêà, ïîâèíí³
â³äãîðîäæóâàòèñÿ ñêîáàìè, à ðîòàö³éí³ íèòêîïðîòÿãóâà÷³ ïîâèíí³
áóòè çàêðèò³ îãîðîæåþ. Ðîáî÷³ ñòîëè øâåéíèõ ìàøèí ïîâèíí³ ìà-
òè ãëàäåíüêó ïîâåðõíþ.

Ìàøèíè äëÿ ïðèøèâàííÿ ´óäçèê³â òà ôóðí³òóðè ïîâèíí³ áóòè
îáëàäíàí³ ïðîçîðèìè ùèòêàìè, ÿê³ ïîâèíí³ áóòè çáëîêîâàí³ ç ïó-
ñêîâèì ïðèñòðîºì. Íà ´óäçèêîâèõ òà çàêð³ïëþâàëüíèõ ìàøèíàõ
÷îâíèêîâèé ïðèñòð³é ïîâèíåí çàêðèâàòèñÿ ùèòêîì. Ïàñîâà ïåðå-
äà÷à â³ä åëåêòðîïðèâîäó äî ãîëîâêè ìàøèíè ïîâèííà ìàòè îãîðî-
äæåííÿ. Íà êîæí³é ìàøèí³ ïîâèíåí áóòè ïðèñòð³é äëÿ íàä³éíî¿
ô³êñàö³¿ ãîëîâêè ìàøèíè ó â³äêèíóòîìó ïîëîæåíí³, à äëÿ çàõèñòó
ïðàö³âíèê³â â³ä âïëèâó åëåêòðîìàãí³òíèõ ïîë³â åëåêòðîäâèãóíà íà
ïðîìèñëîâ³ ñòîëè ÷åðåç ãóìîâ³ øàéáè-âñòàâêè ïîâèíí³ áóòè âñòàâ-
ëåí³ â³äïîâ³äí³ åêðàíè. Ï³ä í³æêè ïðîìñòîë³â ïîâèíí³ ï³äêëàäàòè-
ñÿ ïðîêëàäêè ç â³áðîïîãëèíàëüíîãî ìàòåð³àëó.

Äëÿ çàïîá³ãàííÿ ïîòðàïëÿííþ ðóê ïðàö³âíèêà ì³æ ïîäóøêè ïðå-
ñà, âêëþ÷àòè éîãî ìîæíà ò³ëüêè îäíî÷àñíèì íàòèñêàííÿì íà êíîïêè
îáîìà ðóêàìè, òðèìàþ÷è ¿õ òàì äî ïîâíîãî çàêðèòòÿ ïðåñà. Ì³æ ïóñ-
êîâèìè êíîïêàìè ïîâèíåí áóòè çàïîá³æíèé ïðèñòð³é, ÿêèé ãàðàíòóº
óòðèìàííÿ âåðõí³õ ïîäóøîê â³ä îïóñêàííÿ ó ðàç³ ïîëîìêè òà çàïîá³ãàº
ñàìîâ³ëüíîìó ñïðàöþâàííþ ïóñêîâîãî ïðèñòðîþ, à òàêîæ ïîâèííà
áóòè ïåðåäáà÷åíà êíîïêà äëÿ àâàð³éíîãî ðîçêðèòòÿ ïîäóøîê. Ïðîïà-
ðþâàëüí³ àïàðàòè ïîâèíí³ ìàòè òåðìî³çîëÿö³þ äëÿ çàïîá³ãàííÿ îï³ê³â
ïðàö³âíèê³â ³ çìåíøåííþ òåïëîâèä³ëåííÿ ó âèðîáíè÷å ñåðåäîâèùå.
Òðóáîïðîâ³ä äëÿ ïîäà÷³ âîäè ç ìåðåæ³ äî ïðîïàðþâàëüíîãî àïàðàòà â
ì³ñö³ ïðèºäíàííÿ ïîâèíåí ìàòè çàïîá³æíèé êëàïàí.

Ïàðîðîçïîä³ëüí³ ïðèñòðî¿ òà òðóáîïðîâîäè ïðåñà â äîñòóïíèõ
ì³ñöÿõ ïîâèíí³ áóòè òåïëî³çîëüîâàí³ àáî çàêðèò³ çàõèñíèìè êîæó-
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õàìè, â³äïîâ³äíî äî âèìîã «Ïðàâèëà áóäîâè ³ áåçïå÷íî¿ åêñïëóà-
òàö³¿ ïîñóäèí, ùî ïðàöþþòü ï³ä òèñêîì» (ÄÍÀÎÏ 0.00-1.07-94).
Ïàðîâ³ ïðåñè øâåéíèõ öåõ³â ïîâèíí³ áóòè îáëàäíàí³ ïðèñòðîÿìè
äëÿ çàïîá³ãàííÿ ïîòðàïëÿííþ ïàðè â ðîáî÷å ïðèì³ùåííÿ.

Ñòðóìîï³äâ³äí³ êîíòàêòè ïðàñîê ïîâèíí³ ìàòè ñïåö³àëüí³ çà-
õèñí³ çàñîáè â³äïîâ³äíî äî ÄÍÀÎÏ 0.00-1.21-98. Ðó÷êè ïðàñîê ïî-
âèíí³ áóòè âèãîòîâëåí³ ç òåïëîñò³éêèõ ä³åëåêòðè÷íèõ ìàòåð³àë³â.
Ìåòàëåâèé êîðïóñ ïðàñîê ïîâèíåí áóòè çàçåìëåíèé. Ïðàñóâàëüí³
ñòîëè ïîâèíí³ ìàòè ïðèñòðî¿ äëÿ ïðîïàðþâàííÿ àáî çâîëîæåííÿ
ìàòåð³àëó. Åëåêòðè÷í³ ïðàñêè ïîâèíí³ ìàòè àâòîìàòè÷íèé ðåãóëÿ-
òîð òåìïåðàòóðè. Ï³äîøâà ïðàñêè ïîâèííà ìàòè ÷èñòó â³äïîë³ðî-
âàíó ïîâåðõíþ.

Ìåõàí³÷í³ ù³òêè ïîâèíí³ ìàòè ì³ñöåâ³ â³äñìîêòóâà÷³, à òàêîæ ïî-
âèíí³ áóòè îáëàäíàí³ ïðèñòðîÿìè äëÿ çíÿòòÿ çàðÿä³â ñòàòè÷íî¿ åëåê-
òðèêè. Çàçîð ì³æ ù³òêîþ òà ñòîëîì íå ïîâèíåí ïåðåâèùóâàòè 5 ìì.
Ìåõàí³÷í³ ù³òêè ïîâèíí³ ðîçì³ùóâàòèñÿ â îêðåì³é ä³ëÿíö³ öåõó. 

Îñîáëèâîñò³ áåçïå÷íî¿ îðãàí³çàö³¿ âèðîáíè÷èõ ïðîöåñ³â íà
ï³äïðèºìñòâàõ ³íäóñòð³¿ ìîäè ïîëÿãàþòü â îðãàí³çàö³¿ ðîáî÷îãî
ì³ñöÿ, îñíàùåíí³ éîãî ³íñòðóìåíòàìè òà äîïîì³æíèìè ïðèñòðîÿ-
ìè çã³äíî ç âèìîãàìè òèïîâèõ ïðîåêò³â îðãàí³çàö³¿ ðîáî÷îãî ì³ñöÿ
â³äïîâ³äíî äî ïðîôåñ³¿. Â óñ³õ òåõíîëîã³÷íèõ ïðîöåñàõ ïåðåäáà-
÷àºòüñÿ çàõèñò ïðàö³âíèê³â â³ä ìîæëèâî¿ ä³¿ íåáåçïå÷íèõ ôàêòîð³â.

Îðãàí óïðàâë³ííÿ (êíîïêè, ðóêîÿòêè òîùî) ïîòð³áíî ðîçì³ùó-
âàòè íà âèñîò³ â ìåæàõ 0,8–1,6 ì ï³ä ÷àñ ðîáîòè «ñòîÿ÷è» òà
0,6–1,2 ì ï³ä ÷àñ ðîáîòè «ñèäÿ÷è» òàêèì ÷èíîì, ùîá çàáåçïå÷óâà-
òè ëåãêèé äîñòóï äî íèõ. Ìîæëèâ³ñòü âèêîðèñòàííÿ ç áóäü-ÿêî¿
ðîáî÷î¿ ïîçèö³¿ àâàð³éíèõ âèìèêà÷³â, êíîïîê äèñòàíö³éíîãî óï-
ðàâë³ííÿ îáëàäíàííÿì òà ³íøèìè ïðèñòðîÿìè ïîâèííî çàáåçïå÷ó-
âàòèñÿ ðîçì³ùåííÿì ³ êîíñòðóêö³ºþ ñàìèõ âèìèêà÷³â òà êíîïîê.

Ï³ä ÷àñ ðîáîòè «ñòîÿ÷è» ïîáëèçó ðîáî÷îãî ì³ñöÿ ïîâèíí³ áó-
òè ñò³ëüö³ ñòàíäàðòíèõ çðàçê³â äëÿ â³äïî÷èíêó ïðàö³âíèê³â ï³ä ÷àñ
ïåðåðâè. Ñò³ëüöÿìè ïîâèíí³ áóòè çàáåçïå÷åí³ âñ³ ïðàö³âíèêè, ÿê³
ïðàöþþòü «ñòîÿ÷è». 

Ðîáî÷³ ì³ñöÿ äëÿ îáñëóãîâóâàííÿ ïðåñ³â, ïàðîïîâ³òðÿíèõ ìà-
íåêåí³â ³ ñòð³÷êîâèõ ðîçêð³éíèõ ìàøèí ïîâèíí³ áóòè çàáåçïå÷åí³
ïëîùàäêàìè, ðîçòàøîâàíèìè â³äïîâ³äíî äî ðîñòó ïðàö³âíèê³â, ÿê³
îáñëóãîâóþòü òàêå îáëàäíàííÿ. 

Ï³äëîãà ðîáî÷èõ ì³ñöü ïðàñóâàëüíèê³â ïîâèííà áóòè âêðèòà
ñòðóìî³çîëÿö³éíèìè ïðîêëàäêàìè àáî êèëèìêàìè. Óñ³ ïîâåðõí³ ðî-
áî÷èõ ì³ñöü ïîâèíí³ óíåìîæëèâëþâàòè òðàâìóâàííÿ ïðàöþþ÷èõ.
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Íà îïåðàö³ÿõ ïðàñóâàííÿ ³ ïðåñóâàííÿ íåîáõ³äíî ïðîâîäèòè
çâîëîæóâàííÿ âèðîá³â âîäîþ ³ç ñïåö³àëüíèõ ðîçïèëþâà÷³â. Ðîáî÷³
ì³ñöÿ ïîâèíí³ áóòè îáëàäíàí³ âèòÿæíèìè ïðèñòðîÿìè. Ï³ä ÷àñ
îïåðàö³¿ îáð³çêè äåòàëåé øâåéíèõ âèðîá³â íåîáõ³äíî âèêîðèñòîâó-
âàòè ïðèñòðî¿ äëÿ çáèðàííÿ îáð³çê³â.

Êîíòðîëü ³ ðåãóëþâàííÿ ïðîöåñ³â âîëîãî-òåïëîâî¿ îáðîáêè
òêàíèí ³ ìàòåð³àë³â ïîâèíí³ âèêîíóâàòèñü àâòîìàòè÷íî. Êàìåðà
äëÿ âîëîãî-òåïëîâîãî îáðîáëåííÿ çàòÿãíóòèõ çàãîòîâîê âçóòòÿ ïî-
âèííà ìàòè îãîðîäæåííÿ ïðèâîäíî¿, íàòÿæíî¿ ñòàíö³¿ òà òðàíñïîð-
òåðà. Êàìåðà ïîâèííà ìàòè íà âõîä³ òåïëî³çîëÿö³þ òà øòîðêè ç òåð-
ìîñò³éêîãî ìàòåð³àëó. Òåìïåðàòóðà óñåðåäèí³ êàìåðè ïîâèííà ðå-
ãóëþâàòèñÿ àâòîìàòè÷íî. Ïóëüò óïðàâë³ííÿ ïîâèíåí áóòè ðîçì³ùå-
íèé ó ì³ñö³ çàïóñêó âçóòòÿ â óñòàíîâêó òà ðîçòàøîâàíèé íà â³äñòàí³
íå á³ëüøå 0,5–0,8 ì â³ä ðîáî÷îãî îòâîðó çàâàíòàæåííÿ. Òåïëî³çî-
ëÿö³ÿ çîâí³øí³õ ïîâåðõîíü ñóøàðîê, âåíòèëÿòîð³â, ïîâ³òðîâîä³â òà
çîâí³øí³õ ñò³íîê êàëîðèôåð³â, ðîçòàøîâàíèõ ïîçà ñóøàðêàìè, ïî-
âèííà óíåìîæëèâëþâàòè íàäõîäæåííÿ òåïëà ó ïðèì³ùåííÿ.

Âèãîòîâëåííÿ âèðîá³â ç âèêîðèñòàííÿì êëå¿â òà ³íøèõ õ³ì³÷-
íèõ ðå÷îâèí, ÿê³ º äæåðåëàìè âèä³ëåííÿ â ïîâ³òðÿ øê³äëèâèõ ðå-
÷îâèí òà ïèëó, ïîâèííî âèêîíóâàòèñü íà ì³ñöÿõ, îáëàäíàíèõ ñèñ-
òåìè ì³ñöåâî¿ âåíòèëÿö³¿ çã³äíî ç ÄÑÍ 3.3.6.042-99.

Ðó÷í³ îïåðàö³¿ ãîëêîþ íåîáõ³äíî âèêîíóâàòè â íàïåðñòêó ç îá-
â³äêîþ, ùî â³äïîâ³äàº ðîçì³ðó ïàëüöÿ ïðàö³âíèêà, à éîãî ðîáî÷å
ì³ñöå ïîâèííî áóòè îáëàäíàíî ïðèñòðîÿìè äëÿ çáåð³ãàííÿ ãîëîê.

Òåõíîëîã³÷íèé ïðîöåñ øâåéíîãî âèðîáíèöòâà ïîáóäîâàíèé
òàêèì ÷èíîì, ùî ðîçïàêóâàííÿ, çáåð³ãàííÿ òêàíèí òà ìàòåð³àë³â
çä³éñíþºòüñÿ áåçïîñåðåäíüî â öåõó, îñê³ëüêè ¿õ çáåð³ãàííÿ â ³íøèõ
öåõàõ íå ðåêîìåíäóºòüñÿ. Ï³ä ÷àñ ñêëàäóâàííÿ òêàíèí òà ìàòåð³à-
ë³â íà ï³ääîíè ¿õ âèñîòà íå ïîâèííà ïåðåâèùóâàòè 2 ì. Òðàïè ïî-
âèíí³ áóòè ì³öíèìè, ïåðåâ³ðÿòèñü íå ð³äøå äâîõ ðàç³â íà ì³ñÿöü òà
ìàòè øèðèíó íå ìåíøå 1 ì. Ï³ääîíè äëÿ òêàíèíè òà ìàòåð³àë³â
ïîâèíí³ ðîçì³ùóâàòèñÿ íà â³äñòàí³ íå ìåíøå 1 ì â³ä îïàëþâàëü-
íèõ ñèñòåì ³ íàãð³âàëüíèõ ïðèëàä³â.

Ì³ñöÿ çáåð³ãàííÿ òêàíèí ³ ìàòåð³àë³â ïîâèíí³ áóòè îáëàäíàí³
ñèñòåìàìè îïàëåííÿ, âåíòèëÿö³¿, çâîëîæåííÿ òà ñèñòåìàìè ðåãó-
ëþâàííÿ òåìïåðàòóðè ³ âîëîãîñò³ ïîâ³òðÿ. Äëÿ çàïîá³ãàííÿ ñàìî-
çàéìàííÿ ïðîìèñëîâèõ â³äõîä³â íå ìîæíà â ºìêîñò³, äå âîíè çáåð³-
ãàþòüñÿ, ñêèäàòè ïðîìèñëîâ³ â³äõîäè. Â áóä³âëÿõ, ïðèì³ùåííÿõ òà
ñïîðóäàõ íå äîçâîëÿºòüñÿ ðîçêèäàòè é çàëèøàòè íå ïðèáðàíèìè
ïðîìàñëåí³ ìàòåð³àëè. ¯õ ïîòð³áíî ïðèáèðàòè â ìåòàëåâ³ ÿùèêè,
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ù³ëüíî çàêðèâàòè êðèøêàìè, òà â ê³íö³ ðîáî÷î¿ çì³íè âèäàëÿòè ó
ñïåö³àëüí³ ì³ñöÿ. Ó ì³ñöÿõ ñêëàäóâàííÿ ìàòåð³àë³â íåîáõ³äíî çà-
áåçïå÷èòè â³ëüíèé äîñòóï äî çàñîá³â ïîæåæîãàñ³ííÿ (ïîæåæí³ êðà-
íè, âîãíåãàñíèêè òîùî).

Óñ³ âåëèêîãàáàðèòí³ ÷àñòèíè, ùî çí³ìàþòüñÿ ï³ä ÷àñ ðåìîíò-
íèõ ðîá³ò, ïîâèíí³ áóòè ðîçì³ùåí³ íà ðàí³øå âèçíà÷åíèõ ì³ñöÿõ,
ì³öíî òà íàä³éíî óêëàäåí³ ç çàñòîñóâàííÿì ïðîêëàäîê. Ï³ä ÷àñ
ïðîâåäåííÿ ðåìîíòíèõ ðîá³ò íà âèñîò³ ïîâèíí³ âèêîðèñòîâóâàòè-
ñÿ îáëàäíàí³ ïðèñòðî¿, ÿê³ âèêëþ÷àþòü ïàä³ííÿ äåòàëåé òà ³íñòðó-
ìåíòó âíèç, â³äïîâ³äíî äî âèìîã ³íñòðóêö³¿ ç îõîðîíè ïðàö³ ï³ä ÷àñ
âèêîíàííÿ ðîá³ò íà âèñîò³ ç âèêîðèñòàííÿì ñïåö³àëüíèõ ñòðàõó-
âàëüíèõ çàñîá³â, çàòâåðäæåíèõ Äåðæïðîìã³ðíàãëÿäîì Óêðà¿íè â³ä
09.10.2003 ¹ 190.

Òðàïè, ïðèñòàâí³ äðàáèíè òà ³íø³ ïðèñòîñóâàííÿ äëÿ çàáåçïå-
÷åííÿ áåçïåêè âèêîíàííÿ ðîá³ò íà âèñîò³ ïîâèíí³ â³äïîâ³äàòè âè-
ìîãàì ñïåö³àëüíèõ ³íñòðóêö³é äëÿ êîæíî¿ ä³ëüíèö³ öåõó íåçàëåæ-
íî â³ä óìîâ ïðàö³. Ðîáîòè íà âèñîò³ ïîâèíí³ ïðîâîäèòèñü â³äïîâ³ä-
íî äî âèìîã áåçïåêè ïðàö³.

Áàëîíè ç ãàçîì, ÿê³ çáåð³ãàþòüñÿ ó âèðîáíè÷èõ ïðèì³ùåííÿõ,
ïîâèíí³ ðîçì³ùóâàòèñü â³ä ðàä³àòîð³â îïàëåííÿ òà ³íøèõ íàãð³-
âàëüíèõ ïðèëàä³â, ïå÷åé íà â³äñòàí³ íå ìåíøå 1 ì, à â³ä äæåðåë
òåïëà ç â³äêðèòèì âîãíåì – íå ìåíøå 5 ì. Áàëîíè ç îòðóéíèì ãà-
çîì ïîâèíí³ çáåð³ãàòèñü ó ñïåö³àëüíèõ îêðåìèõ ïðèì³ùåííÿõ, ùîá
íà íèõ íå ïîòðàïëÿëè ñîíÿ÷í³ ïðîìåí³.

Äîäåðæàííÿ áåçïå÷íèõ óìîâ ïðàö³ ï³ä ÷àñ âèêîíàííÿ âèðîá-
íè÷èõ ïðîöåñ³â íà ï³äïðèºìñòâàõ ïî âèãîòîâëåííþ òîâàð³â øèðî-
êîãî âæèòêó áåçïîñåðåäíüî âïëèâàº íà:

 ïðîäóêòèâí³ñòü, áåçïåêó ïðàö³, çäîðîâ’ÿ ïðàö³âíèê³â;
 åôåêòèâí³ñòü âèðîáíèöòâà ÿê âàæëèâèé åëåìåíò êîíêóðåí-

òîçäàòíîñò³ ï³äïðèºìñòâà;
 çðîñòàííÿ ïðîäóêòèâíîñò³ ïðàö³ â ðåçóëüòàò³ çá³ëüøåííÿ ôîí-

äó ðîáî÷îãî ÷àñó.
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ЧЕБЕРЯЧКО Ю. І., д�р техн. наук, професор
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НТУ «Дніпровська політехніка», м. Дніпро

ТЕНДЕНЦІЇ РОЗВИТКУ СУЧАСНИХ ФІЛЬТРУВАЛЬНИХ

ПРОТИАЕРОЗОЛЬНИХ ПІВМАСОК

Àíîòàö³ÿ. Ìåòîþ ðîáîòè º óçàãàëüíåííÿ ñó÷àñíèõ òåíäåíö³é ðîç-
âèòêó êîíñòðóêö³é ô³ëüòðóâàëüíèõ ï³âìàñîê äëÿ çàáåçïå÷åííÿ âèñîêîãî
ð³âíÿ çàõèñòó ïðàö³âíèê³â. Âèçíà÷åíî, ùî îñíîâíèìè ïîêàçíèêàìè ï³â-
ìàñîê, â³ä ÿêèõ çàëåæèòü ¿õ åôåêòèâí³ñòü, º íàä³éíå ³çîëþâàííÿ îð-
ãàí³â äèõàííÿ, âèñîêîÿê³ñíå î÷èùåííÿ ïîâ³òðÿ ³ ñâîº÷àñíå âèêîðèñòàí-
íÿ ï³âìàñîê. Çàïðîïîíîâàíî, íàïðÿìêè ç óäîñêîíàëåííÿ êîíñòðóêö³é
ñêëàäîâèõ åëåìåíò³â ô³ëüòðóâàëüíèõ ðåñï³ðàòîð³â, ÿê³ ï³äâèùàòü ñòó-
ï³íü çàõèñòó ïðàö³âíèê³â.

Êëþ÷îâ³ ñëîâà. Ðåñï³ðàòîð, êîåô³ö³ºíò çàõèñòó, çàñîáè ³íäèâ³äó-
àëüíîãî çàõèñòó îðãàí³â äèõàííÿ, ïðîôåñ³éí³ çàõâîðþâàííÿ, àåðîçîëüíèé
ô³ëüòð, ïèëîì³ñòê³ñòü.

Abstract. The aim of the work is to summarize the current trends in the
development of filter camshafts designs to provide a high level of protection for
workers. It is determined that the main indicators of semi-masks, on which
their effectiveness depends, is reliable isolation of respiratory organs, high-
quality air purification and timely use of semi-masks. In the article proposed
improvements directions for the design components of the filtering respirators
which will increase protection degree of the workers.

Keywords. Respirator, protective coefficient, professional disease, particle
filter. 

Â Óêðà¿í³ íàéá³ëüø ïîøèðåíèìè ïðîôåñ³éíèìè çàõâîðþâàí-
íÿìè çà äàíèìè Ôîíäó ñîö³àëüíîãî ñòðàõóâàííÿ º çàõâîðþâàííÿ
îðãàí³â äèõàííÿ, ñïðè÷èíåí³ ä³ºþ ð³çíèõ ïðîìèñëîâèõ àåðîçîë³â.
Öå ïðèçâîäèòü äî íåîáõ³äíîñò³ ðîçðîáêè íîâèõ òà óäîñêîíàëåííÿ
³ñíóþ÷èõ çàñîá³â ³íäèâ³äóàëüíîãî çàõèñòó îðãàí³â äèõàííÿ (Ç²ÇÎÄ)
ïðàö³âíèê³â íà îñíîâ³ ³ííîâàö³éíèõ ï³äõîä³â. Äàíèé ïðîöåñ ïîòðå-
áóº îêðåñëåííÿ âèìîã, ÿê³ âèçíà÷àòü ïðèçíà÷åííÿ é îáëàñòü âèêî-
ðèñòàííÿ çàõèñíèõ ïðèñòðî¿â, ùî ìîæå áóòè òàêîæ ³ îñíîâîþ ¿õ
êëàñèô³êàö³¿ (ðèñ. 1).
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Ðèñ. 1. Êëàñèô³êàö³ÿ çàñîá³â ³íäèâ³äóàëüíîãî çàõèñòó îðãàí³â äèõàííÿ

Óñ³ Ç²ÇÎÄ ïîâèíí³ çàáåçïå÷èòè âèñîêèé ñòóï³íü î÷èùåííÿ
ïîâ³òðÿ, íàä³éíå ³çîëþâàííÿ îðãàí³â äèõàííÿ â³ä íàâêîëèøíüîãî
ñåðåäîâèùà òà çàäàíèé òåðì³í çàõèñíî¿ ä³¿. Òîìó íèçêîþ íîðìà-
òèâíèõ àêò³â, çîêðåìà ÄÑÒÓ ÃÎÑÒ 12.4.041:2006. «Ñðåäñòâà èíäè-
âèäóàëüíîé çàùèòû îðãàíîâ äûõàíèÿ ôèëüòðóþùèå. Îáùèå òåõ-
íè÷åñêèå òðåáîâàíèÿ», ÄÑÒÓ EN 136:2003 «Çàñîáè ³íäèâ³äóàëüíî-
ãî çàõèñòó îðãàí³â äèõàííÿ. Ìàñêè. Âèìîãè, âèïðîáîâóâàííÿ, ìàð-
êóâàííÿ» (EN 136:1998, IDÒ); ÄÑÒÓ EN 149:2017 «Çàñîáè ³íäèâ³-
äóàëüíîãî çàõèñòó îðãàí³â äèõàííÿ. Ï³âìàñêè ô³ëüòðóâàëüí³ äëÿ
çàõèñòó â³ä àåðîçîë³â», âñ³ Ç²ÇÎÄ ïðîõîäÿòü ïåðåâ³ðêó ç âèçíà÷åí-
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íÿ çàõèñíèõ òà åðãîíîì³÷íèõ ïîêàçíèê³â. Çàõèñí³ ïîêàçíèêè îö³-
íþþòü çà íîì³íàëüíèì êîåô³ö³ºíòîì çàõèñòó Êç, ÿêèé ïîêàçóº
êðàòí³ñòü çíèæåííÿ êîíöåíòðàö³¿ øê³äëèâî¿ ðå÷îâèíè òà âèçíà-
÷àºòüñÿ çà ôîðìóëîþ [1]:

ÊÇ =    
100

Êï + Êï³ä

, % (1)

äå Êï – êîåô³ö³ºíò ïðîíèêíåííÿ ô³ëüòð³â; Êï³ä. – êîåô³ö³ºíò ï³äñìîêòó-
âàííÿ ï³âìàñîê àáî êëàïàí³â âèäèõó.

Åðãîíîì³÷í³ ïîêàçíèêè õàðàêòåðèçóþòüñÿ îïîðîì äèõàííþ, ìà-
ñîþ òà îá’ºìíîþ ÷àñòêîþ ä³îêñèäó âóãëåöþ ó ï³äìàñêîâîìó ïðî-
ñòîð³. Â³äçíà÷èìî, ùî îñîáëèâó óâàãó íà â³äïîâ³äí³ñòü çàñîá³â
³íäèâ³äóàëüíîãî çàõèñòó (Ç²Ç) åðãîíîì³÷íèì âèìîãàì ïðèä³ëåíî â
ÄÑÒÓ 7239:2011. Ñèñòåìà ñòàíäàðò³â áåçïåêè ïðàö³. Çàñîáè ³íäèâ³-
äóàëüíîãî çàõèñòó. Çàãàëüí³ âèìîãè òà êëàñèô³êàö³ÿ, äå â ï. 5.3 âêà-
çàíî, ùî âñ³ Ç²Ç ìàþòü â³äïîâ³äàòè âèìîãàì åðãîíîì³êè òà äèçàéíó.
Ïåðåâ³ðêà ÿêîñò³ Ç²ÇÎÄ íå ìîæëèâà áåç âèçíà÷åííÿ ¿õ îïîðó äèõàí-
íþ. Öåé ïîêàçíèê º îäíèì ç ãîëîâíèõ, îñê³ëüêè â³í äàº ìîæëèâ³ñòü
îö³íèòè åíåðãåòè÷í³ çàòðàòè îðãàí³çìó ëþäèíè ÷åðåç çì³íó ïàðà-
ìåòð³â ëåãåíåâîãî ãàçîîáì³íó òà íàñè÷åíîñò³ êðîâ³ êèñíåì.

Êîåô³ö³ºíò ïðîíèêíåííÿ Êï (%) âèðàæàº äîëþ äèñïåðñíèõ ÷à-
ñòèíîê, ÿê³ ïðîíèêëè ÷åðåç ô³ëüòðè àáî ëèöåâ³ ô³ëüòðóâàëüí³ ÷àñ-
òèíè Ç²ÇÎÄ. Éîãî íèçüê³ ïîêàçíèêè çàáåçïå÷óþòüñÿ çà ðàõóíîê
âèêîðèñòàííÿ âèñîêîåôåêòèâíèõ áàãàòîøàðîâèõ ô³ëüòðóâàëüíèõ
ìàòåð³àë³â. ¯õ òèï ï³äáèðàþòü çàëåæíî â³ä êëàñó ðåñï³ðàòîðà òà
óìîâ éîãî âèêîðèñòàííÿ. Äëÿ ï³äâèùåííÿ åôåêòó óëîâëþâàííÿ àå-
ðîçîëüíèõ ÷àñòèíîê íà íèõ ÷àñòî íàíîñÿòü åëåêòðîñòàòè÷í³ çàðÿ-
äè, ÿê³ â äåñÿòêè ðàç³â ïîêðàùóþòü çàõèñí³ õàðàêòåðèñòèêè. Îä-
íàê, çàâäÿêè ð³çíèì òåõíîëîã³÷íèì îïåðàö³ÿì: ôîðìóâàííÿ çà-
ãîò³âîê ô³ëüòð³â, çâàðþâàííÿ ð³çíèõ ïîâåðõîíü òà ³íøå ìîæëèâà
âòðàòà ÷àñòèíè çàðÿä³â ³ ïîã³ðøåííÿ êîåô³ö³ºíòà çàõèñòó ãîòîâîãî
âèðîáó. Îñîáëèâî öåé ïðîöåñ õàðàêòåðíèé äëÿ ô³ëüòðóâàëüíèõ ïî-
ëîòåí ç íàíåñåíèì åëåêòðîñòàòè÷íèì çàðÿäîì ó ïîë³ êîðîííîãî
ðîçðÿäó. Çà ïðàâèëüíèõ òåõíîëîã³é âèãîòîâëåííÿ êîåô³ö³ºíò ïðî-
íèêíåííÿ ô³ëüòð³â ñòàíîâèòü äî 0,1.

Êîåô³ö³ºíò ï³äñìîêòóâàííÿ Êï³ä (%) âèðàæàº ÷àñòêó äèñïåð-
ñíèõ ÷àñòèíîê, ÿê³ ïðîíèêëè ÷åðåç íåù³ëüíîñò³ ñìóãè îáòþðàö³¿
Ç²ÇÎÄ àáî êëàïàííî¿ ñèñòåìè. Â³í çàëåæèòü â³ä äåê³ëüêîõ ïàðà-
ìåòð³â. Çîêðåìà, êîíñòðóêö³¿ îáòþðàòîðà, íàãîë³â’ÿ òà êëàïàí³â âè-

248



äèõó ³ âäèõó (çà íàÿâí³ñòþ), íîñîâîãî çàòèñêà÷à. Îñíîâíà ïðîáëå-
ìà – öå íåìîæëèâ³ñòü çàáåçïå÷åííÿ íàä³éíîãî â³äîêðåìëåííÿ îð-
ãàí³â äèõàííÿ â³ä øê³äëèâîãî ñåðåäîâèùà ÷åðåç ð³çíó àíòðîïî-
ìåòð³þ îáëè÷ ïðàö³âíèê³â òà çì³íåííÿ ì³ì³êè ï³ä ÷àñ ð³çíèõ ðóõ³â
òà ðîçìîâ. Îäíèì ³ç åôåêòèâíèõ ñïîñîá³â âèð³øåííÿ öüîãî ïèòàí-
íÿ º âèãîòîâëåííÿ ï³âìàñîê ç³ ñïåö³àëüíèì êàðêàñîì, ÿêèé çà ðà-
õóíîê çì³íåííÿ ñâîº¿ ãåîìåòð³¿ áóäå çáåð³ãàòè çàäàíó ôîðìó ëèöå-
âî¿ ÷àñòèíè ó ð³çíèõ òèï³â îáëè÷ òà äîñòàòíþ ïëîùó ñìóãè îáòþ-
ðàö³¿ ï³ä ÷àñ ðîçìîâ òà ðóõ³â ãîëîâè. Çàóâàæìî, ùî äåÿê³ âèðîáíè-
êè ïðîïîíóþòü êàðêàñ âèêîðèñòîâóâàòè ³ äëÿ çàõèñòó ô³ëüòðà â³ä
âïëèâó ð³çíèõ øê³äëèâèõ ÷èííèê³â. Òàêîæ äëÿ ï³äâèùåííÿ ù³ëü-
íîñò³ ïðèëÿãàííÿ ï³âìàñêè äî îáëè÷÷ÿ, îáòþðàòîð ï³äñèëþþòü
ïîâí³ñòþ àáî ÷àñòêîâî (â îáëàñò³ ïåðåí³ññÿ) äîäàòêîâèì óù³ëüíþ-
âà÷åì ç ï³íîïîë³óðåòàíó, ì’ÿêîãî êàó÷óêó àáî ñèë³êîíó. Á³ëüø³ñòü
âèðîáíèê³â äëÿ çìåíøåííÿ ï³äñìîêòóâàíü îñîáëèâî â îáëàñò³ ïå-
ðåí³ññÿ âèêîðèñòîâóþòü íîñîâèé çàòèñêà÷ ó âèãëÿä³ âóçüêî¿ ïëàñ-
òèíêè ç àëþì³í³þ àáî ³íøîãî ìàòåð³àëó, ÿêà ëåãêî çãèáàºòüñÿ òà
ìîæå ïîâòîðþâàòè ôîðìó ïåðåí³ññÿ. Ùå îäíèì åëåìåíòîì, â³ä
ÿêîãî çàëåæèòü ãåðìåòè÷í³ñòü ï³âìàñêè, – öå íàãîë³â’ÿ, ÿêå ïî-
âèííå ð³âíîì³ðíî ðîçïîä³ëèòè ïðèòèñêí³ çóñèëëÿ çà ïëîùåþ îá-
òþðàòîðà. Éîãî çàâäàííÿ – çáåðåãòè íåîáõ³äíå çóñèëëÿ ï³ñëÿ ê³ëü-
êà ðàçîâîãî çí³ìàííÿ ï³âìàñêè. Ì³æ ³íøèì âîíî â³äïîâ³äàº çà
êîìôîðòí³ â³ä÷óòòÿ ó íîñ³íí³ ðåñï³ðàòîðà.

Âèñîê³ çàõèñí³ âëàñòèâîñò³ ëåãêèõ ðåñï³ðàòîð³â íåìîæëèâî çà-
áåçïå÷èòè áåç âèêîðèñòàííÿ â³äïîâ³äíî¿ ÿêîñò³ êëàïàí³â âèäèõó.
Âîíè âèð³øóþòü âàæëèâå çàâäàííÿ – çìåíøóþòü íàÿâí³ñòü âîëî-
ãè ó ï³äìàñêîâîìó ïðîñòîð³. Îäíàê ÷åðåç çàáðóäíåííÿ êëàïàííî¿
ñ³äëîâèíè àáî êîíñòðóêòèâí³ íåäîë³êè ìîæóòü ñóòòºâî ïîã³ðøèòè
³çîëþâàëüí³ âëàñòèâîñò³ ï³âìàñîê. Òîìó äî âèáîðó ¿õ ôîðìè, ìà-
òåð³àëó òà ðîçòàøóâàííÿ âèðîáíèêè â³äíîñÿòüñÿ äóæå ðåòåëüíî.
Íàéêðàùèìè åëåìåíòàìè ââàæàþòü ãðèáêîâ³ êëàïàíè. Íàé÷àñò³øå
çóñòð³÷àþòüñÿ äèñêîâ³. Îäíàê ¿õ ãåðìåòè÷í³ñòü çàëåæèòü â³ä êîí-
ñòðóêö³¿ ñ³äëîâèíè. ²ñíóþòü ïåëþñòêîâ³ êëàïàíè, ÿê³ ìîíòóþòü äëÿ
ìîæëèâîñò³ âèêîðèñòàííÿ ï³âìàñêè ç îãëÿäîâèìè ùèòêàìè, ùîá
óíèêíóòè ¿õ çàïîò³âàííÿ. Îäíîáîêå êð³ïëåííÿ – íàéã³ðøå, ÷àñòî
ïðèçâîäèòü äî çìèíàííÿ êëàïàíó, ùî âèìàãàº âèðîáíèê³â çá³ëü-
øóâàòè éîãî òîâùèíó àáî æîðñòê³ñòü.

Äëÿ ì³í³ì³çàö³¿ îïîðó äèõàííÿ ñó÷àñíèé ô³ëüòð çäåá³ëüøîãî
ñêëàäàºòüñÿ ç òðüîõ øàð³â ô³ëüòðóâàëüíèõ ìàòåð³àë³â: ïåðøèé –
âèêîíóº ôóíêö³¿ çàõèñòó ï³âìàñîê â³ä ìåõàí³÷íèõ ïîøêîäæåíü, õà-
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ðàêòåðèçóºòüñÿ íèçüêèì îïîðîì äèõàííþ. Éîãî ïðèçíà÷åííÿì º
âèäàëÿòè ç ïîâ³òðÿíîãî ïîòîêó àåðîçîëüí³ ÷àñòèíêè âåëèêèõ ðîç-
ì³ð³â. Äðóãèé – ô³ëüòðóâàëüíèé, î÷èùóº ïîâ³òðÿ â³ä ð³çíèõ àåðî-
çîë³â çà òèïîì ³ ðîçì³ðîì. Çà éîãî õàðàêòåðèñòèêàìè âèçíà÷àºòüñÿ
êëàñ ô³ëüòðà àáî ï³âìàñêè. Òðåò³é – êàðêàñíèé àáî âîëîãî ïîãëè-
íàëüíèé, çàáåçïå÷óº êîìôîðòí³ óìîâè ó âèêîðèñòàíí³, ñïðèÿº
çìåíøåííþ çðîñòàííÿ îïîðó ïîâ³òðÿíîìó ïîòîêó îñíîâíîãî
ô³ëüòðà ÷åðåç ïîòðàïëÿííÿ íà íüîãî âîëîãè.

Îòæå, ÿê³ñíà ïðîòèïèëîâà ô³ëüòðóâàëüíà ï³âìàñêà çäåá³ëüøî-
ãî ñêëàäàºòüñÿ ç: áàãàòîøàðîâîãî ô³ëüòðó, ÿêèé ïîêðèâàº ïðàêòè÷-
íî âñþ ëèöåâó ÷àñòèíó; îáòþðàòîðà, ùî ìîæå çì³íþâàòè ôîðìó
çàëåæíî â³ä àíòðîïîìåòðè÷íèõ â³äì³ííîñòåé; íàä³éíîãî ïðîñòîãî
íàãîë³â’ÿ òà ÿê³ñíèõ êëàïàí³â âèäèõó. ßê ïðèêëàä, ðîçãëÿíåìî
êîíñòðóêö³þ ïðîòèïèëîâî¿ ï³âìàñêè «Ñí³æîê» ÊFFP2[2]. Âîíà
ñêëàäàºòüñÿ ç³ ñïåö³àëüíîãî êàðêàñó ç ðîçòàøîâàíèì âóçëîì êëà-
ïàíó âèäèõó. Íà íüîãî íàêëàäåíî çì³ííèé áàãàòîøàðîâèé ïðîòè-
ïèëîâèé ô³ëüòðóâàëüíèé åëåìåíò ç³ çàãîðíóòèì êðàºì. Ô³êñàö³ÿ
ô³ëüòðà íà êàðêàñ³ â³äáóâàºòüñÿ «ñòÿãóâàííÿì» íà éîãî âíóòð³øí³é
ïîâåðõí³ åëàñòè÷íîãî øíóðà, ÿêèé ðîçì³ùåíî çà ïåðèìåòðîì. Òèì
ñàìèì óòâîðåíî îáòþðàòîð, êîíñòðóêö³ÿ ÿêîãî çà ðàõóíîê â³äïî-
â³äíî¿ ãåîìåòð³¿ òà ïðóæíîñò³ êàðêàñó, çäàòíà óðàõîâóâàòè àíòðî-
ïîìåòðè÷í³ îñîáëèâîñò³ îáëè÷÷ÿ. Òàêîæ ï³äâèùåííþ ³çîëþâàëü-
íèõ âëàñòèâîñòåé ö³º¿ ï³âìàñêè òà çìåíøåííþ ¿¿ òèñêó íà îáëè÷÷ÿ
ñïðèÿº óí³êàëüíà êîíñòðóêö³ÿ êð³ïëåííÿ íàãîë³â’ÿ. Âîíà ñêëà-
äàºòüñÿ äâîõ ÷àñòèí: ïåðøà – âèêîíàíà ñóö³ëüíî ç ïîë³ìåðíîãî
ìàòåð³àëó, äðóãà – ç äâîõ åëàñòè÷íèõ ñòð³÷îê, ÿê³ ç’ºäíóþòüñÿ ç
ïåðøîþ çà äîïîìîãîþ ïðÿæîê. 

Äî îñîáëèâîñòåé òàêî¿ êîíñòðóêö³¿ òàêîæ â³äíåñåìî íàÿâí³ñòü
äîäàòêîâîãî ô³ëüòðóâàëüíîãî øàðó – ôîðô³ëüòðó äëÿ çá³ëüøåííÿ
ïèëîì³ñêîñò³. Éîãî ñòðóêòóðà çàáåçïå÷óº óòâîðåííÿ, òàê çâàíîãî,
àâòîô³ëüòðóâàëüíîãî øàðó ïèëó, òèì ñàìèì çíà÷íî çá³ëüøóº òåð-
ì³í çàõèñíî¿ ä³¿.

Âèñíîâîê. ßê³ñòü ñó÷àñíîãî ðåñï³ðàòîðà çàëåæèòü â³ä òðüîõ
ñêëàäíèê³â: ÿêîñò³ ô³ëüòðà; íàä³éíî¿ ãåðìåòèçàö³¿ ì³æ îáëè÷÷ÿì ³
ï³âìàñêîþ; ñâîº÷àñíèì éîãî âèêîðèñòàííÿì ïðîòÿãîì âñ³º¿ çì³íè.
Ñüîãîäí³ ïðîìèñëîâ³ñòþ îñâîºíî âèãîòîâëåííÿ âèñîêîåôåêòèâíèõ
ô³ëüòðóâàëüíèõ åëåìåíò³â. Äëÿ çá³ëüøåííÿ òåðì³íó çàõèñíî¿ ä³¿ íå-
îáõ³äíî ï³ä³áðàòè, ðîçðàõóâàòè ñïåö³àëüí³ ô³ëüòðè ïîïåðåäíüîãî
î÷èùåííÿ, ÿê³ ïðàöþâàòèìå â ðåæèì³ àâòîô³ëüòðóâàííÿ. Íàä³é-
í³ñòü ãåðìåòèçàö³¿ º ñêëàäíèì çàâäàííÿì, ÿêå âèìàãàº ïîñò³éíîãî
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ïîøóêó íîâèõ ð³øåíü: â îö³íö³ âïëèâó àíòðîïîìåòðè÷íèõ ïàðà-
ìåòð³â îáëè÷÷ÿ: ï³ä ÷àñ ðîçðàõóíêó êàðêàñó ï³âìàñîê, ðîçì³ùåííÿ
íàãîë³â’ÿ; ó ï³äáîð³ â³äïîâ³äíîãî ìàòåð³àëó äëÿ êëàïàí³â âäèõàííÿ
òà âèäèõàííÿ. Â êîìïëåêñ³ âñ³ ð³øåííÿ ïîâèíí³ áóòè íàïðàâëåí³
íà ï³äâèùåííÿ êîìôîðòó âèêîðèñòàííÿ ï³âìàñîê, çìåíøåííÿ íå-
ãàòèâíîãî âïëèâó, áîëüîâîãî â³ä÷óòòÿ, óòðóäíåííÿ äèõàííÿ, òîáòî
çàáåçïå÷åííÿ áåçïåðåðâíîãî âèêîðèñòàííÿ Ç²ÇÎÄ ïðîòÿãîì ðîáî-
òè ó íåáåçïå÷íèõ çîíàõ.
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CURRENT PROBLEMS 

AND CAUSES OF LABOR PROTECTION WORK IN CHINA

Àíîòàö³ÿ. Ðîçãëÿíóòî ïèòàííÿ ôîðìóâàííÿ êóëüòóðè îõîðîíè ïðà-
ö³ íà ï³äïðèºìñòâàõ â Êèòà¿. Ïðîàíàë³çîâàí³ îñíîâí³ ïðîáëåìè ñòàíó
áåçïåêè ïðàö³ â Êèòà¿, îäíà ç ÿêèõ – íèçüêèé ð³âåíü çíàíü ùîäî âàæ-
ëèâîñò³ òà àêòóàëüíîñò³ öüîãî ïèòàííÿ ç áîêó ÿê ðîáîòîäàâö³â, òàê ³
ïðàö³âíèê³â. Âèçíà÷åíî îñîáëèâîñò³ ïèòàííÿ íèçüêî¿ çàö³êàâëåíîñò³ â
ïðîáëåìàõ çàõèñòó çäîðîâ’ÿ ïðàö³âíèê³â ï³äïðèºìñòâ â Êèòà¿ òà íàäà-
íî ïðîïîçèö³¿ ïîêðàùåííÿ âèðîáíè÷îãî ñåðåäîâèùà çàâäÿêè ïðîñâ³òíèöü-
ê³é ä³ÿëüíîñò³ ç ïèòàíü îõîðîíè ïðàö³. 

Êëþ÷îâ³ ñëîâà: îõîðîíà ïðàö³, ï³äïðèºìñòâà â Êèòà¿, óïðàâë³ííÿ
îõîðîíîþ ïðàö³, ñèñòåìà çàîõî÷åíü òà îáìåæåíü, îñâ³òà ç ïèòàíü
îõîðîíè ïðàö³.

Abstract. Building a safety culture in Chinese enterprises. One of the
main problems of the building of such a culture is the low level of knowledge
on labor protection from both employers and workers.The purpose of the arti-
cle is to study the issue of low interest in the health safety of enterprise work-
ers in China and to create proposals for improving the production environment
through education activities on occupational safety.

Keywords: labor protection, Chinese enterprises, safe production manage-
ment system, site safety education and training system, safe production award
and punishment system.
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1. The current problems in the work of labor protection
People are not aware of the importance of labor protection work

awareness. The investigation found that in actual work, some employees
did not realize the importance of labor protection. On the one hand, its
awareness of labor protection only stays in the supervision of the opera-
tion of safety regulations and the use and supervision of labor protection
articles such as simple helmets, safety belts and insulated shoes. Deeper
labor protection such as labor protection work standards and labor pro-
tections norms of protection supervision and inspection, the damage of
the production labor environment to the physical health of production
workers have not yet taken root in the hearts of employees. On the other
hand, the concept of full-scale labor protection has not been formed. It
is believed that safe production and labor protection are matters of on-
the-spot workers. The labor protection rules and regulations are indiffe-
rent, and there is a passive situation that must be supervised.

There is a lack of construction of employee labor protection organi-
zations. Despite the relevant regulations on labor protection in trade
unions, the branch established a network of labor protection supervision
and inspection organizations for trade unions, trade union branchesand
trade union groups. However, due to the lack of hard indicators, the three-
level labor protection supervision and inspection organization network is
often unnamed, most of the work is only to deal with the situation can
not be reached, so that the implementation of the relevant duties of labor
protection supervision and inspection is not in place, not specific [1].

The labor protection supervision and inspection personnel’s duties
are not fulfilled.In the company, the position of the labor protection
supervisor is a «virtual job». Many companies do not have a dedicated
position, or they are unnecessarily present in the workshop or team.
Because it is not an «official», it is said that no one listens, showing the
embarrassing situation of no one to ask, no one to control, invisible to
slack off the sense of responsibility, can’t be classified as accidents and
occupational hazards in the team, the workshop is listed as tracking the
objectives of supervision and inspection make it impossible for the
supervision and assistance of administrative implementation to be rec-
tified in a timely and effective manner. The main reasons for the above
problems: first, the labor protection team of the trade unions is relative-
ly weak. At present, most of the labor protection supervision and
inspectors of the branch are part-time. On the one hand, the specific
duties of labor protection are not very clear. In actual work, there are
situations in which opinions and work cannot be supervised on labor
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protection work; on the other hand, it is easy for them to be truly
responsible for their ideology – less control and supervision. The sec-
ond is insufficient coordination. Trade unions, employee representatives
and security departments have the responsibility to protect and super-
vise labor protection, employee rights, safety and health and labor envi-
ronment. However, due to the fact that employees’ understanding of the
duties of trade unions, employee representatives and security depart-
ments is not very clear, cooperation is not easy to be in place, and they
are not complemented, forming a situation in which trade unions are
«single-handedly fighting» in the labor protection work of employees.
Third, the incentive mechanism is not enough. It is understood that our
company has a status quo with fewer penalties, and it is no exception
in terms of labor protection. There are few or no rewards for the excel-
lent work, but the punishment is increased. As a result, the initiative
and enthusiasm of many employees’ work are not fully exerted and their
functions are limited [2].

2. The grassroots trade unions strengthen the countermeasures of
labor protection

Improve the labor protection system so that labor protection can be
implemented. Strengthening labor protection and building a stable labor
protection system are prerequisites for doing a good job in labor protec-
tion for trade unions.

Improve the organization system of labor protection network.A
sound labor protection system is the guarantee for the development of
enterprises. Our branch office should strengthen the construction of the
labor protection supervision and inspection team of the trade unions,
and establish and improve the labor protection supervision and inspec-
tion committee of the enterprise trade unions. Equipped with special-
ized and part-time labor protection supervision inspectors, group labor
protection inspectors, and clear responsible persons.Giving them the
corresponding rights and interests, so that the labor safety team has the
motivation and peace of mind.

Work hard on team training, proceed from reality, level, flexible
and practical. For example, trade union cadres and labor protection
supervision and inspectors responsible for labor protection work should
regularly train and work hard on the word «special»; train the labor pro-
tection cadres of trade unions, staged and batched, adopt different types
of lectures, special seminars, etc.. The labor protection inspectors of the
grassroots trade union group should have adaptive, targeted and oper-
ability training methods.
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Improve their theory, policy and professional skills through various
channels and methods, and gradually establish a high quality that under-
stands theory, understands policies, understands laws, understands tech-
nology, and has the ability to conduct research, comprehensive analysis
and problem solving. The union labor protection is a backbone team.

Improve the safety supervision and inspection system. Establish «Safe
Production Management System», «Site Safety Education and Training
System», «Safe Production Award and Punishment System». The on-site
safety production management system, such as the «Safe Production
Responsibility System», clearly defines the responsibilities and tasks of
leaders and departments in safety management in the responsibility sys-
tem, and signs safety production responsibility books at all levels, and uses
this as a safety target. Linked with the vital interests of the employees, the
cadres and workers will further clarify their responsibilities and improve
the ability of cadres and workers to safely produce and protect labor.

Play the role of the Staff Representative Conference in labor pro-
tection. It is necessary to take the workers’ congress as a carrier, focus
on investigation and research, do a good job in collecting occupational
safety and health proposals, and inspecting employee representatives,
strengthen supervision, and ensure that the contents of labor protection
work approved by the workers’ congress can be implemented.

Incorporate labor protection into the content of collective con-
tracts. The contents of labor protection listed in the collective contract
shall be comprehensive, standardized and collective. It must be opera-
ble and feasible. In the process of performing collective contracts, the
trade unions must regularly organize employee representatives to con-
duct inspections. If there is a breach of contract, the relevant depart-
ments are required to promptly correct them [3].

Establish a system of mass participation in supervision.The branch
trade union organization plays a role as a bridge. Trade union organi-
zations should use their own advantages, start from education propagan-
da, and strengthen the safety awareness and self-protection awareness of
all employees, especially young workers, through various effective meth-
ods, consciously resist illegal command and illegal operations, and vio-
late labor discipline. Employees do something in their work to reduce
or eliminate casualties.

Proactively create an atmosphere that values labor protection and
improve employees’ safety production quality and self-protection abili-
ty. The banner clearly promotes the policy of «safety first, prevention
first» and increases the breadth and depth of safety promotion and safe-
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ty education. Do a good job in the «Trade Union Law», «Labor
Contract Law», «Safe Production Law» and the promotion of safety
knowledge, and strive to achieve «group prevention and prevention» in
labor protection work, so that the focus of labor protection work from
passive protection to active prevention, Afterwards, the post-treatment
will be changed to the precautionary measures, and the labor protection
work of the employees will be moved forward, so that each employee
becomes the master and supervisor of safe labor protection.

Vigorously carry out mass safety production supervision and inspec-
tion activities, establish appropriate mass reporting and investigation
mechanisms, unblock the channels for reporting by the masses, and
conduct key investigations and treatments on the labor safety and health
issues reported by the masses. Reward and protect whistle-blowers, so
that the trade unions, together with departmental safety management
personnel and front-line workers, strengthen supervision over the pro-
duction site, strengthen labor safety and democratic supervision and
democratic management, document the hidden dangers of accidents,
and track supervision and rectification work.

Move the center of gravity down and do a good job in service gui-
dance.The first is to choose a typical unit of trees. Good job was made
of the «demonstration» unit effect, organize learning exchanges, and
promote it in a comprehensive manner. The effective monitoring and
strengthening of the team safety infrastructure and the establishment of
the «safe production standardization team» activities can be combined
to consolidate the foundation of team safety construction. The second
is to carry out the «Safety in My Heart» employee safety culture series
activities, and take safety culture activities as a new content of corpo-
rate culture and spiritual civilization construction. Through the organi-
zation of a series of safety and cultural activities, such as safe cultural
performances, knowledge contests, calligraphy comics, (photographs),
safe aphorisms, etc., which are popular among employees, we strive to
form a «people-oriented», «care for life» and «care for safety» in the
enterprise. Atmosphere. The third is to actively carry out education
activities for the popularization of workers’ safety production know-
ledge. The trade unions should give full play to their own advantages
and adopt various forms, combining the «Ankang Cup» competition and
the «Safe Production Month» activities to popularize the knowledge of
safe production among employees, so that employees can understand
their rights in safety production and their obligations. Consciously fol-
low the rules and discipline.
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Giving full play to the supervision and inspection of grassroots trade
unions and escorting safety. Dynamic monitoring to implement. In the
implementation process, dynamic monitoring is realized from three
aspects, one is the process and technical measures. Dynamically link the
level of enterprise technology and equipment to the level of monitor-
ing, and change accordingly. Second, in the process of production and
operation, with the continuous change of production and management
and systematic changes, each link and process form a system of mutu-
al connection and mutual restraint. The third is the aspect of human
behavior constraints. It is necessary to shift from the monitoring of
physical and environmental factors to the comprehensive monitoring of
people and the environment, and resolutely stop violations of labor dis-
cipline and other violations of labor discipline, and eliminate artificial
insecurity. Persist in understanding the situation, clear goals, high stan-
dards, strict requirements, constantly looking for gaps, re-regulation,
and then improve. It is necessary to actively cooperate with the securi-
ty department and do a good job in labor protection. 

The labor protection work of the trade union has close working
relations with the labor and personnel department, the production com-
petent department and the safety competent department, and all have
common safety work objectives. Among them, the trade union organi-
zation is at the junction of the safety performance department and the
grassroots security work. Therefore, the trade union organization to
carry out the labor protection work of the employees must actively com-
municate with the administration, be a good assistant, and properly
handle the relationship between the enterprise benefits and the emp-
loyees’ interests. It is necessary to take the labor protection work as the
core, supervise the safety performance of the competent departments,
coordinate and deal with the problems existing in the grassroots safety
work and labor protection work, and grasp the initiative of the labor
protection supervision and inspection work. It is necessary to actively
assist the safety authorities to formulate labor protection work plans,
supervise and inspect the implementation of labor protection measures,
and actively create a good corporate safety work environment and
atmosphere. It is the work of enterprise safety production throughout
the mass labor protection work. It is necessary to urge labor protection
supervision and inspectors to play their role [3]. 

The team is the ultimate goal of the security review work of the
grassroots units. The labor protection of the team is particularly impor-
tant. On the basis of establishing a three-level labor protection supervi-
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sion and inspection organization network of trade unions, trade union
branches (workshops) and trade union groups (teams), the grassroots
trade unions implement a regular meeting system to urge labor supervi-
sors and inspectors to define their duties and division of labor, and to
play their role in supervision and inspection. To enable them to provide
timely feedback on problems existing in the supervision and inspection
of labor protection, so that all problems can be effectively implemented.

The conclusion. In short, grassroots trade union organizations
should make full use of their own characteristics and advantages, exten-
sively carry out mass labor protection supervision and inspection activ-
ities, improve employees’ safety awareness and professional quality,
mobilize the enthusiasm of employees, and achieve «win-win» for
enterprise benefits and employees’ physical and mental health.
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РОЗРОБКА ЗАХОДІВ ДЛЯ ЗАПОБІГАННЯ ВТОМИ 

ТА ПІДВИЩЕННЯ БЕЗПЕКИ ТРУДОВОГО ПРОЦЕСУ

Àíîòàö³ÿ. Ó ñòàòò³ ðîçãëÿíóòî ïðîöåñ âòîìëþâàíîñò³ ÿê ñîö³àëü-
íèé àñïåêò ñó÷àñíîãî ñòàíó ïðîôåñ³éíî¿ ä³ÿëüíîñò³, ïîêàçíèêè òà êðè-
òåð³¿ âòîìè. Âèçíà÷åíî ñòóï³íü âòîìè êîæíîãî ïðàö³âíèêà øâåéíîãî
öåõó çà ô³ç³îëîã³÷íèìè ³ ïñèõîëîã³÷íèìè ïîêàçíèêàìè åìï³ðè÷íèì òà
òåîðåòè÷íèì ìåòîäàìè. Ðîçðîáëåíî êîìïëåêñ ô³çè÷íèõ âïðàâ äëÿ çíÿò-
òÿ âòîìè íà ðîáî÷èõ ì³ñöÿõ, ùî íå âèìàãàþòü ñïåö³àëüíîãî îáëàäíàí-
íÿ òà ñïîðòèâíî¿ ï³äãîòîâêè. Âñòàíîâëåíî çàëåæí³ñòü â³äíîâëåííÿ ñèë
³ ïðàöåçäàòíîñò³ ïðàö³âíèê³â â³ä ñèñòåìíîãî âèêîíàííÿ ðîçðîáëåíîãî
êîìïëåêñó.

Êëþ÷îâ³ ñëîâà: âòîìà, âòîìëþâàí³ñòü, ñòóï³íü âòîìè, êîìïëåêñ
ô³çè÷íèõ âïðàâ, ïðàöåçäàòí³ñòü.

Abstract. The process of fatigue as the social aspect of current state of
professional activity, the fatigue index and criteria was examined in the arti-
cle. The degree of each employee fatigue at sewing workshop were defined by
physiological and psychological indexes with empirical and theoretical meth-
ods. The complex of physical exercises against the employees fatigue at work-
ing spot that does not require special equipment and sport training was ascer-
tained. The dependence of recuperation and efficiency of sewing workshop
staff and systematic implementation of designed complex were defined. 

Keywords: fatigue, degree of fatigue, physical exercises, performance.

Âñòóï. Çà äàíèìè ÌÎÏ, ùîðîêó â ñâ³ò³ íàë³÷óþòü áëèçüêî 
125 ìëí íåùàñíèõ âèïàäê³â, ïîâ’ÿçàíèõ ç âèðîáíèöòâîì, â òîìó
÷èñë³ 10 ìëí ç òÿæêèìè ³ 220 òèñ. ç³ ñìåðòåëüíèìè íàñë³äêàìè. Íà
ï³äïðèºìñòâàõ, óñòàíîâàõ ³ îðãàí³çàö³ÿõ Óêðà¿íè óñ³õ ôîðì âëàñ-
íîñò³ ùîäåííî òðàâìóºòüñÿ ïîíàä 200 ïðàö³âíèê³â, â òîìó ÷èñë³ 30
ñòàþòü ³íâàë³äàìè ³ 5–6 îäåðæóþòü òðàâìè ç³ ñìåðòåëüíèìè íà-
ñë³äêàìè [1].

260



Ó ñòàòò³ 43 Êîíñòèòóö³¿ Óêðà¿íè çàïèñàíî: «Êîæåí ìàº ïðàâî
íà íàëåæí³, áåçïå÷í³ ³ çäîðîâ³ óìîâè ïðàö³…». Òîæ ³íâåñòóâàííÿ â
îõîðîíó ïðàö³ â ïåðøó ÷åðãó â³äáóâàºòüñÿ ñàìå ç ìåòîþ çáåðåæåí-
íÿ çäîðîâ’ÿ ëþäèíè [2]. Àëå íàâ³òü äîòðèìóþ÷èñü ïîëîæåíü íîð-
ìàòèâíî-ïðàâîâèõ àêò³â ç îõîðîíè ïðàö³, êîæíîãî ðîêó ÷àñòèíà
ï³äïðèºìñòâ ñòèêàºòüñÿ ç íåùàñíèìè âèïàäêàìè íà âèðîáíèöòâ³.

Çã³äíî ç äàíèìè ì³æíàðîäíî¿ ñòàòèñòèêè, ãîëîâíèì âèíóâàò-
öåì íåùàñíèõ âèïàäê³â º çäåá³ëüøîãî íå òåõí³êà, íå îðãàí³çàö³ÿ
ïðàö³, à ñàìà ëþäèíà [3]. Ñàìå ïñèõîëîã³÷í³ ïðè÷èíè, çîêðåìà
âòîìëþâàí³ñòü ïðàö³âíèêà ïðèçâîäÿòü äî éîãî ïîìèëêîâèõ ä³é â
ðîáîò³ ÷è ïðè íåáåçïå÷í³é ñèòóàö³¿. 

Ïðîáëåìà âòîìè íàëåæèòü äî íàéïîøèðåí³øèõ òà íàéñêëàä-
í³øèõ ó ïñèõîëîã³¿ ïðàö³. Íàä íåþ ïðàöþâàëè äîñë³äíèêè áàãàòü-
îõ ãàëóçåé íàóêè, ñåðåä íèõ Ãàë³ëåé, Ïðîõàñêà. Âèâ÷åííÿ ïðîöåñ³â
âòîìè ñèñòåìàòè÷íî ïî÷àëîñü ç ñåðåäèíè ÕIÕ ñò. ³ äîñ³ òðèâàº. 

Âòîìà – öå ïðîöåñ òèì÷àñîâîãî çíèæåííÿ ôóíêö³îíàëüíèõ
ìîæëèâîñòåé îðãàí³çìó (ñèñòåìè, îðãàíà) ï³ä âïëèâîì ³íòåíñèâíî¿
àáî òðèâàëî¿ ðîáîòè, ùî âèçíà÷àºòüñÿ ïîã³ðøåííÿì ê³ëüê³ñíèõ òà
ÿê³ñíèõ ïîêàçíèê³â ö³º¿ ðîáîòè, çíèæåííÿì ïðàöåçäàòíîñò³, äèñ-
êîîðäèíàö³ºþ ô³ç³îëîã³÷íèõ ôóíêö³é [4].

Âòîìëþâàí³ñòü âïëèâàº íà ïðàö³âíèêà çíèæóþ÷è ïðîäóêòèâ-
í³ñòü ³ ÿê³ñòü ïðàö³, ó îêðåìèõ âèïàäêàõ ñïîñòåð³ãàþòüñÿ ïîìèë-
êîâ³ ä³¿, íàñë³äêè ÿêèõ ìîæóòü áóòè ñìåðòåëüíèìè. ×èì âèùà ñòó-
ï³íü âòîìëåíîñò³ ëþäèíè, òèì á³ëüøå ÷àñó ¿é ïîòð³áíî äëÿ ñïðèé-
íÿòòÿ ³íôîðìàö³¿ ³ ðåàêö³¿ íà íåáåçïå÷íó ñèòóàö³þ. Ñàìå âòîìëþ-
âàí³ñòü ìîæå çàâàäèòè ïðàö³âíèêîâ³ â÷àñíî óñâ³äîìèòè íåáåç-
ïå÷í³ñòü ñèòóàö³¿ ³ ïðèéíÿòè àäåêâàòí³ çàõîäè ùîá çàïîá³ãòè íå-
ùàñíèì âèïàäêàì. Òàê³ âèïàäêè ìîæóòü ðîçãëÿäàòèñÿ ÿê íàñë³äîê
íåàäåêâàòíî¿ ïîâåä³íêè ñàìî¿ ëþäèíè â íåáåçïå÷í³é ñèòóàö³¿.

Ìåòîþ äîñë³äæåííÿ º ðîçãëÿä ïðîöåñó âòîìëþâàíîñò³, ïîêàçíè-
ê³â òà êðèòåð³¿â âòîìè, âèçíà÷åííÿ ñòóïåíÿ âòîìè êîæíîãî ïðàö³âíè-
êà øâåéíîãî öåõó çà ô³ç³îëîã³÷íèìè ³ ïñèõîëîã³÷íèìè ïîêàçíèêàìè
åìï³ðè÷íèì òà òåîðåòè÷íèì ìåòîäàìè òà ðîçðîáêà êîìïëåêñó ô³çè÷-
íèõ âïðàâ äëÿ ïðèñêîðåííÿ â³äíîâëåííÿ ñèë ³ ïðàöåçäàòíîñò³, ùî íå
âèìàãàþòü ñïåö³àëüíîãî îáëàäíàííÿ òà ñïîðòèâíî¿ ï³äãîòîâêè.

Àêòóàëüí³ñòü. Âèâ÷åííÿ ïðîöåñó âòîìëþâàíîñò³ òà ðîçðîáêà ³
âïðîâàäæåííÿ çàõîä³â, ùîäî óíèêíåííÿ ïåðåâòîìè íà ï³äïðèºìñò-
âàõ º ïåðøî÷åðãîâèìè çàâäàííÿìè, âèð³øåííÿ ÿêèõ íå ò³ëüêè
ñïðèÿº ï³äâèùåííþ ïðàöåçäàòíîñò³ ïðàö³âíèê³â, à é ðÿòóº æèòòÿ
ì³ëüéîí³â ëþäåé.
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Ðåçóëüòàòè äîñë³äæåíü. Ïðîàíàë³çóâàâøè ïðîöåñ âòîìëþâàíîñ-
ò³, ìîæíà âèä³ëèòè çàãàëüíó ïðè÷èíó âòîìè – êðèòè÷íà âåëè÷èíà
âèòðàò ô³ç³îëîã³÷íîãî ïîòåíö³àëó ³ ôîðìóâàííÿ íåéðîô³ç³îëîã³÷íî-
ãî êîíôë³êòó ì³æ ä³ÿëüí³ñòþ ³ â³äíîâëþâàëüíèìè ïðîöåñàìè.

Âòîìà ÿê ñêëàäíèé ïðîöåñ òèì÷àñîâèõ çðóøåíü ó ô³ç³îëîã³÷-
íîìó ³ ïñèõîëîã³÷íîìó ñòàí³ ïðàö³âíèêà â ðåçóëüòàò³ íàïðóæåíî¿
÷è òðèâàëî¿ ðîáîòè õàðàêòåðèçóºòüñÿ ñóá’ºêòèâíèìè ³ îá’ºêòèâíè-
ìè ïîêàçíèêàìè [5]. 

Ñóá’ºêòèâíîþ îçíàêîþ âòîìè º: â³ä÷óòòÿ ñòîìëåíîñò³, ÿêå â³ä÷ó-
âàº ïðàö³âíèê ÿê ñâîºð³äíèé ïñèõ³÷íèé ñòàí. Éîãî ñêëàäîâèìè º:
â³ä÷óòòÿ çíåñèëåííÿ (êîëè ëþäèíà â³ä÷óâàº, ùî íå â çìîç³ íàëåæíèì
÷èíîì ïðîäîâæóâàòè ðîáîòó), íåñò³éê³ñòü ³ â³äâîë³êàííÿ óâàãè, ïîðó-
øåííÿ â ìîòîðí³é ñôåð³ (ðóõè ñïîâ³ëüíþþòüñÿ àáî ñòàþòü ïîñï³ø-
íèìè, íåñêîîðäèíîâàíèìè), ïîã³ðøåííÿ ïàì’ÿò³ ³ ìèñëåííÿ, ïî-
ñëàáëåííÿ âîë³, ð³øó÷îñò³, âèòðèìêè, ñàìîêîíòðîëþ òà ñîíëèâ³ñòü.
Ñóá’ºêòèâí³ îö³íêè âòîìè ìîæóòü çàëåæàòè â³ä ìîòèâàö³¿, çà³íòåðå-
ñîâàíîñò³ â ðîáîò³, ð³âíÿ â³äïîâ³äàëüíîñò³, åìîö³éíîãî ñòàíó.

Äî îá’ºêòèâíèõ ïîêàçíèê³â âòîìè â³äíîñÿòüñÿ: ïîêàçíèêè åôåê-
òèâíîñò³ ðîáîòè òà çì³íè â ð³çíèõ ô³ç³îëîã³÷íèõ ñèñòåìàõ ³ ïñèõ³÷íèõ
ôóíêö³ÿõ.

Ô³ç³îëîã³÷íèìè ïîêàçíèêàìè ðîçâèòêó âòîìè º: àðòåð³àëüíèé
êðîâ’ÿíèé òèñê; ÷àñòîòà ïóëüñó; ñèñòîë³÷íèé ³ õâèëèííèé îá’ºì
êðîâ³; çì³íè ó ñêëàä³ êðîâ³ [6].

Ïñèõ³÷íèìè ïîêàçíèêàìè ðîçâèòêó âòîìè º: ïîã³ðøåííÿ ñïðèé-
íÿòòÿ ïîäðàçíèê³â; çìåíøåííÿ çäàòíîñò³ êîíöåíòðóâàòè óâàãó, ñâ³äî-
ìî ¿¿ ðåãóëþâàòè; ïîñèëåííÿ ìèìîâ³ëüíî¿ óâàãè äî ïîá³÷íèõ ïîäðàç-
íèê³â, ÿê³ â³äâîë³êàþòü ïðàö³âíèêà â³ä òðóäîâîãî ïðîöåñó; ïîã³ðøåí-
íÿ ïàì’ÿò³ òà òðóäíîù³ ïðèãàäóâàííÿ ³íôîðìàö³¿, ùî çíèæóº åôåê-
òèâí³ñòü ïðîôåñ³éíèõ çíàíü; ñïîâ³ëüíåííÿ ïðîöåñ³â ìèñëåííÿ, âòðà-
òà ¿õ ãíó÷êîñò³, øèðîòè, ãëèáèíè ³ êðèòè÷íîñò³; ï³äâèùåííÿ äðàò³â-
ëèâîñò³; ïîÿâà äåïðåñèâíèõ ñòàí³â; ïîðóøåííÿ ñåíñîìîòîðíî¿ êîîð-
äèíàö³¿; çá³ëüøåííÿ ÷àñó ðåàêö³é íà ïîäðàçíèêè; çì³íè ÷àñòîòè ñëó-
õó, çîðó [6].

Çàëåæíî â³ä ôóíêö³îíàëüíèõ çðóøåíü â îðãàí³çì³ ïðàöþþ÷èõ
ï³ä âïëèâîì ð³çíèõ òðóäîâèõ íàâàíòàæåíü ðîçð³çíÿþòü ÷îòèðè ñòó-
ïåíÿ âòîìè (òàáë. 1) [5].

Ó ñòàí³ íåâåëèêî¿ òà ïîì³ðíî¿ âòîìè òðóäîâà ä³ÿëüí³ñòü ìîæ-
ëèâà, àëå ìîæå ïðîäîâæóâàòèñÿ ò³ëüêè ïðîòÿãîì òðåòèíè ðîáî÷î-
ãî ÷àñó. Ó ðàç³ ñóòòºâî¿ âòîìè ïðàöåçäàòí³ñòü çíà÷íî çíèæóºòüñÿ,
â³äíîâëþâàëüí³ ïðîöåñè ïðîòÿãîì 16–24 ãîäèí ï³ñëÿ ðîáîòè ìî-
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æóòü áóòè íåäîñòàòí³ìè. Ó çâ’ÿçêó ç öèì íåñïðèÿòëèâ³ çì³íè â îð-
ãàí³çì³ àêóìóëþþòüñÿ. ßêùî òàê³ çðóøåííÿ íå ïðîõîäÿòü ³ çà ÷àñ
â³äïî÷èíêó ÷è çà âèõ³äí³ äí³, òî ðîçâèâàºòüñÿ õðîí³÷íà âòîìà.

Òàáëèöÿ 1
Ñòóïåí³ âòîìè çàëåæíî 

â³ä ôóíêö³îíàëüíèõ çì³í â îðãàí³çì³ ïðàö³âíèê³â

Íîìåð
ñòóïåíÿ
âòîìè

Íàçâà 
ñòóïåíÿ âòîìè Õàðàêòåðèñòèêà Ñèìïòîìè

Îñîáëèâîñò³ 
âèêîíàííÿ 

ðîáîòè

I Ìàëîâèðàæå-
íà (àáî ôàçà
ïî÷àòêîâèõ
ïîðóøåíü ðå-
àêö³é)

Ìàëî ÷èì â³ä-
ð³çíÿºòüñÿ â³ä
ïî÷àòêîâîãî
ôóíêö³îíàëü-
íîãî ñòàíó

Ïîìèëêè ïðè âèêî-
íàíí³ òî÷íèõ ðóõ³â ç
íåçíà÷íèìè ì’ÿçî-
âèìè çóñèëëÿìè â
çâ’ÿçêó ç íåâ³äïîâ³ä-
í³ñòþ ñèëîâèõ ä³é ç
áîêó ïðàö³âíèêà

Ðîáîòà âèêî-
íóºòüñÿ áåç ³ñ-
òîòíèõ çì³í

II Ïîì³ðíà Íåçíà÷íå çíè-
æåííÿ ïðàöåç-
äàòíîñò³ ³ âèò-
ðèâàëîñò³

Çá³ëüøåííÿ ê³ëü-
êîñò³ ïîìèëîê ïðè
âèêîíàíí³ ä³é, ÿê³
âèìàãàþòü íåçíà÷-
íèõ àáî ìàêñèìàëü-
íèõ ì’ÿçîâèõ çóñèëü

Ïåðø³ âèêî-
íóþòüñÿ ç íàä-
ì³ðíèìè çóñè-
ëëÿìè, à äðóã³
– ç ìåíøèìè,
ó ïîð³âíÿíí³ ç
ïî÷àòêîâèìè
çíà÷åííÿìè

III Âèðàæåíà Â ³ ä ÷ ó ò í å
çìåíøåííÿì
ï ð à ö å ç ä à ò -
íîñò³ ³ âèòðè-
âàëîñò³ ðóõî-
âîãî àïàðàòó.

×àñ ðåàêö³é çá³ëü-
øóºòüñÿ, øâèäê³ñòü
îïòèìàëüíèõ ³ ìàê-
ñèìàëüíèõ ðîáî÷èõ
ðåàêö³é óïîâ³ëüíþ-
ºòüñÿ, ì’ÿçîâà ñèëà
ïðè âèêîíàíí³ ìàê-
ñèìàëüíèõ çóñèëü
çìåíøóºòüñÿ. Ì³í³-
ìàëüí³ ì’ÿçîâ³ çó-
ñèëëÿ âèêîíóþòüñÿ
ç íàäì³ðíîþ ñèëîþ
â 2–2,5 ðàçà

Çàãàëüíà ïðà-
öåçäàòí ³ñòü
çìåíøóºòüñÿ

IV Ñèëüíîâèðà-
æåíà

Ñóïðîâîäæó-
ºòüñÿ óëüòðà-
ïàðàäîêñàëü-
íèìè ðåàêö³-
ÿìè

Âñ³ ïîçèòèâí³ ñèãíà-
ëè ïðàö³âíèêîì íå
ñïðèéìàþòüñÿ, à íå-
ãàòèâí³ âèêëèêàþòü
ïîçèòèâí³ ðåàêö³¿

Â³äáóâàþòüñÿ
ïîìèëêè, àâà-
ð³¿, íåùàñí³
âèïàäêè òîùî

263



Âòîìà, ÿêà ðîçâèâàºòüñÿ ï³ä âïëèâîì òðóäîâî¿ ä³ÿëüíîñò³, íà-
çèâàºòüñÿ ïðîôåñ³éíîþ. Öå ÿâèùå íàêîïè÷óâàëüíîãî õàðàêòåðó. Ç
íåþ ïîâ’ÿçóþòü òàê³ ñóá’ºêòèâí³ â³ä÷óòòÿ, ÿê íåáàæàííÿ ïðàöþâà-
òè, çàãàëüíà ñëàáê³ñòü, äðàò³âëèâ³ñòü, ñîíëèâ³ñòü, çíèæåííÿ óâàãè,
áàæàííÿ ñêîð³øå ðîçïðàâèòèñÿ ³ç çàâäàííÿì, çíèæåííÿ ïðàöåçäàò-
íîñò³ òà ïîã³ðøåííÿ â³äíîñèí ç êîëåãàìè.

Âíàñë³äîê íàêîïè÷åííÿ âòîìè ìîæå âèíèêíóòè ïåðåâòîìà –
ñóêóïí³ñòü ñò³éêèõ íåñïðèÿòëèâèõ äëÿ çäîðîâ’ÿ ôóíêö³îíàëüíèõ
çðóøåíü â îðãàí³çì³.

Ïåðåâòîìà – öå ïàòîëîã³÷íèé ñòàí, ÿêèé ñóïðîâîäæóºòüñÿ ð³ç-
êèì çíèæåííÿì ïðîäóêòèâíîñò³ ïðàö³ ³ ïîòðåáóº ë³êóâàëüíèõ òà ðå-
àá³ë³òàö³éíèõ çàõîä³â [7]. Îñíîâíîþ â³äì³íí³ñòþ âòîìè â³ä ïåðåâòîìè
º çâîðîòí³ñòü çðóøåíü ïðè âòîì³ ³ íåïîâíà çâîðîòí³ñòü ïðè ïåðåâòîì³.
Ñïîñòåð³ãàþòüñÿ ïîðóøåííÿ êîîðäèíàö³¿ ðóõ³â, çîðîâ³ ðîçëàäè, íå-
óâàæí³ñòü, âòðàòà ïèëüíîñò³ òà êîíòðîëþ ðåàëüíî¿ ñèòóàö³¿. Ïðè öüî-
ìó ïðàö³âíèê ïîðóøóº âèìîãè òåõíîëîã³÷íèõ ³íñòðóêö³é, ïðèïóñ-
êàºòüñÿ ïîìèëîê òà íåóçãîäæåíîñò³ â ðîáîò³; çíèæóºòüñÿ â³ä÷óòòÿ íå-
áåçïåêè. Êð³ì òîãî, ïåðåâòîìà ñóïðîâîäæóºòüñÿ õðîí³÷íîþ ã³ïîêñ³ºþ
(êèñíåâîþ íåäîñòàòí³ñòþ), ïîðóøåííÿì íåðâîâî¿ ä³ÿëüíîñò³. 

Ïðîÿâàìè ïåðåâòîìè º: ãîëîâíèé á³ëü, ï³äâèùåíà ñòîìëþâàí³ñòü,
äðàò³âëèâ³ñòü, íåðâîçí³ñòü, ïîðóøåííÿ ñíó, à òàêîæ òàê³ çàõâîðþâàí-
íÿ, ÿê âåãåòî-ñóäèííà äèñòîí³ÿ, àðòåð³àëüíà ã³ïåðòîí³ÿ, âèðàçêîâà õâî-
ðîáà, ³øåì³÷íà õâîðîáà ñåðöÿ, ³íø³ ïðîôåñ³éí³ çàõâîðþâàííÿ [5].

Äëÿ îö³íêè âòîìè âèêîðèñòàíî âåëè÷èíó çì³íè â ê³íö³ ðîáî÷î-
ãî äíÿ òàêèõ ïîêàçíèê³â, ÿê âèòðèâàë³ñòü â³äíîñíî ñòàíäàðòíîãî
ì’ÿçîâîãî çóñèëëÿ (ÂÑÌÇ), îá’ºì êîðîòêîòðèâàëî¿ ïàì’ÿò³ (ÊÏ),
÷àñ ïåðåêëþ÷åííÿ óâàãè (ÏÓ) òà êðèòè÷íà ÷àñòîòà çëèòòÿ ìå-
ðåõò³íü (Ê×ÇÌ). Êðèòåð³¿ îö³íêè ñòóïåíÿ âòîìè òà ¿õ äîïóñòèì³
çíà÷åííÿ íàâåäåíî â òàáë. 2.

Òàáëèöÿ 2
Êðèòåð³¿ îö³íêè ñòóïåíÿ âòîìè 

çà ô³ç³îëîã³÷íèìè ³ ïñèõîëîã³÷íèìè ïîêàçíèêàìè

Ñòóï³íü âòîìè
Çì³íà ïîêàçíèêà â ê³íö³ ðîáî÷îãî äíÿ, %

ÂÑÌÇ ÊÏ ÏÓ Ê×ÇÌ

Ìàëîâèðàæåíà (I) Äî 5 Äî 5 Äî 5 Äî 2

Ïîì³ðíà (II) 6–20 6–20 6–20 3–8

Âèðàæåíà (III) 21–35 21–35 21–40 9–15

Ñèëüíîâèðàæåíà (IV) >36 >36 >41 >16
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Äîñë³äæåííÿ ïðîâåäåíî íà áàç³ ï³äïðèºìñòâà ÒÎÂ «Ñèëóåò», â
ÿêèõ ïðèéìàëè ó÷àñòü óñ³ ïðàö³âíèêè ïåðøî¿ çì³íè øâåéíîãî öåõó. 

Ïîêàçíèêè âèòðèâàëîñò³ â³äíîñíî ñòàíäàðòíîãî ì’ÿçîâîãî çó-
ñèëëÿ (ÂÑÌÇ) òà êðèòè÷íó ÷àñòîòó çëèòòÿ ìåðåõò³íü (Ê×ÇÌ) âèç-
íà÷åíî çà äîïîìîãîþ äèíàìîìåòðà òà ñòðîáîñêîïà ïåðåì³ííî¿ ÷à-
ñòîòè; îá’ºì êîðîòêîòðèâàëî¿ ïàì’ÿò³ (ÊÏ) òà ÷àñ ïåðåêëþ÷åííÿ
óâàãè (ÏÓ) âèçíà÷åíî ïðîâ³âøè ïñèõîëîã³÷í³ òåñòè «Ïåðåë³ê ñë³â»
òà «Òàáëèö³ Øóëüòå» â³äïîâ³äíî. Îñòàòî÷í³ ðåçóëüòàòè îá÷èñëþ-
âàëüíèõ çíà÷åíü íàâåäåíî â òàáë. 3.

Òàáëèöÿ 3
Îö³íêà ñòóïåíÿ âòîìè 

çà ô³ç³îëîã³÷íèìè ³ ïñèõîëîã³÷íèìè ïîêàçíèêàìè 
ïðàö³âíèê³â øâåéíîãî öåõó ÒÎÂ «Ñèëóåò»

Îòðèìàí³ ðåçóëüòàòè ïîêàçàëè, ùî ó 25 % ïðàö³âíèê³â – ïåð-
øà ñòóï³íü âòîìè, ó 50 % – äðóãà ñòóï³íü ³ ó 25 % – òðåòÿ ñòóï³íü
âòîìè. Òàêà ð³çíîìàí³òí³ñòü ðåçóëüòàò³â ïðàö³âíèê³â øâåéíîãî öå-

Ïîðÿäêîâèé 
íîìåð

Çì³íà ïîêàçíèêà â ê³íö³ ðîáî÷îãî äíÿ, %

ÂÑÌÇ ÊÏ ÏÓ Ê×ÇÌ

Ïðàö³âíèê 1 7,3 6,6 8,1 4,0

Ïðàö³âíèê 2 4,2 3,0 3,8 1,2

Ïðàö³âíèê 3 23,4 22,2 18,5 9,3

Ïðàö³âíèê 4 9,8 10,8 8,4 4,9

Ïðàö³âíèê 5 4,1 3,5 4,2 1,0

Ïðàö³âíèê 6 27,2 23,6 22,0 11,8

Ïðàö³âíèê 7 18,4 8,8 10,1 5,6

Ïðàö³âíèê 8 16,7 12,0 17,9 7,2

Ïðàö³âíèê 9 2,5 2,8 4,1 1,5

Ïðàö³âíèê 10 31,5 26,3 31,9 12,0

Ïðàö³âíèê 11 6,3 8,8 10,2 4,7

Ïðàö³âíèê 12 3,8 3,0 2,8 4,1

Ïðàö³âíèê 13 23,4 26,3 22,1 10,1

Ïðàö³âíèê 14 6,9 7,2 6,8 4,4

Ïðàö³âíèê 15 6,8 6,9 8,3 3,5

Ïðàö³âíèê 16 13,5 9,0 10,2 5,6
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õó, ÿê³ âèêîíóþòü îäíàêîâó ðîáîòó ³ çíàõîäÿòüñÿ â îäíàêîâèõ óìî-
âàõ ì³êðîêë³ìàòó çóìîâëåíà âåëèêîþ ð³çíèöåþ ó â³ö³ òà ð³çíèìè
ô³çè÷íèìè ñòàíàìè. Â³ê íàéñòàðøîãî ïðàö³âíèêà ñòàíîâèòü 62 ðî-
êè, à íàéìîëîäøîãî – 22. Òîìó ³ ñïîñòåð³ãàºòüñÿ òðåò³é ñòóï³íü
âòîìè ó íàéñòàðøèõ, à ïåðøèé – ó íàéìîëîäøèõ â³äïîâ³äíî.

Ç óðàõóâàííÿì óñ³õ ðåçóëüòàò³â äîñë³äæåííÿ, ðîçðîáëåíî êîì-
ïëåêñ ô³çè÷íèõ âïðàâ äëÿ ïðèñêîðåííÿ â³äíîâëåííÿ ñèë ³ ïðàöå-
çäàòíîñò³ ïðàö³âíèê³â øâåéíîãî öåõó íà ðîáî÷îìó ì³ñö³. Âîíè íå
âèìàãàþòü ñïåö³àëüíîãî îáëàäíàííÿ òà ñïîðòèâíî¿ ï³äãîòîâêè.
Êîìïëåêñ ñêëàäàºòüñÿ ç ø³ñòüîõ âïðàâ:

1. Ïîòÿãóâàííÿ (ðèñ. 1. à);
2. Íàõèëè, ïîâîðîòè, êîëîâ³ ðóõè ãîëîâè (ðèñ. 1. á);
3. Íàõèëè òóëóáà (ðèñ. 1. â);
4. Â³áðîã³ìíàñòèêà (ðèñ. 1. ã);
5. Ñàìîìàñàæ ì’ÿç³â øè¿ (ðèñ. 1. ä);
6. Îá³éìè (ðèñ. 1.å)

à) á) â) ã) ä) å)
Ðèñ. 1. Ñõåìàòè÷íå çîáðàæåííÿ êîìïëåêñó ô³çè÷íèõ âïðàâ 

äëÿ ïðèñêîðåííÿ â³äíîâëåííÿ ñèë ³ ïðàöåçäàòíîñò³ ïðàö³âíèê³â øâåéíîãî öåõó
íà ðîáî÷îìó ì³ñö³: 

à) ïîòÿãóâàííÿ; á) íàõèëè, ïîâîðîòè, êîëîâ³ ðóõè ãîëîâè; â) íàõèëè òóëó-
áà; ã) â³áðîã³ìíàñòèêà; ä) ñàìîìàñàæ ì’ÿç³â øè¿; å) îá³éìè

Çâè÷àéí³ ïîòÿãóâàííÿ (ðèñ. 1, à) ïîêðàùóþòü êðîâîîá³ã ³ çí³-
ìàþòü íàïðóãó â ì’ÿçàõ. Âîíè äîïîìàãàþòü ðîçñëàáèòèñÿ.

Îáåðòàííÿ ãîëîâîþ (ðèñ. 1, á) ñïðèÿþòü çá³ëüøåííþ ìîçêîâî-
ãî êðîâîîá³ãó, ùî, ó ñâîþ ÷åðãó, ï³äâèùóº òîíóñ íåðâîâî¿ ñèñòå-
ìè, à òàêîæ ðîçóìîâó ³ ô³çè÷íó ïðàöåçäàòí³ñòü îðãàí³çìó. Îáåð-
òàííÿ ãîëîâîþ (ïîâîðîòè, íàõèëè, êðóãîâ³ ðóõè) ïîòð³áíî âèêîíó-
âàòè ïëàâíî, â íåâèñîêîìó òåìï³.

Íàõèëè òóëóáà (ðèñ. 1, â) âïëèâàþòü íà ðîçâèòîê ãíó÷êîñò³, ðóõ-
ëèâîñò³ õðåáòà, í³ã, òîìó ùî ñïðèÿþòü ðîçòÿãóâàííþ çâ’ÿçîê, à öå âè-
çíà÷àº àíàòîì³÷íó ðóõëèâ³ñòü ñóãëîá³â. Òàê³ âïðàâè ñïðàâëÿþòü âïëèâ
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íà ïîêðàùåííÿ êîîðäèíàö³¿, ïðîñòîðîâèõ îð³ºíòóâàíü. Ïîâîðîòè,
îáåðòàííÿ ÷àñòèí ò³ëà ïî â³äíîøåííþ äî éîãî öåíòðó âàãè àêòèâ³çó-
þòü ðîáîòó âåñòèáóëÿðíîãî àïàðàòó, ùî ïîêðàùóº ôóíêö³þ ð³âíîâà-
ãè. Öå çíà÷íî ï³äâèùóº îáì³íí³ ïðîöåñè, ðîçâèâàº ñèëó ì’ÿç³â.

Ïðîñòà âïðàâà, ÿêó ìîæóòü âèêîíóâàòè íàâ³òü ò³ ëþäè, ÿêèì
çàáîðîíåíèé á³ã – â³áðîã³ìíàñòèêà (ðèñ. 1, ã), îñîáëèâî êîðèñíà
äëÿ ëþäåé ç ðîáîòîþ â ïîëîæåíí³ ñòîÿ÷è òà ñèäÿ÷³. Â³ä÷óòòÿ òÿæ-
êîñò³ â ãîëîâ³ çìåíøóºòüñÿ çàâäÿêè òîìó, ùî ³íåðö³éí³ ñèëè åíåð-
ã³éíî ïðîñóâàþòü âåíîçíó êðîâ â³ä ãîëîâè äî ñåðöÿ. Ïðè ï³äíÿòò³
íà íîñêè òàê, ùîá ï’ÿòêè â³ä³ðâàëèñü â³ä ï³äëîãè íà 1 ñì ³ ð³çêî-
ìó îïóùåíí³ íà ï³äëîãó â³ä÷óâàºòüñÿ ïåâíèé óäàð, ñòðóñ (1 ñ/ñ).
Ïðè öüîìó â³äáóâàºòüñÿ òå ñàìå, ùî ³ ï³ä ÷àñ á³ãó – êðîâ îòðèìóº
äîäàòêîâèé ³ìïóëüñ äëÿ ðóõó âãîðó [8].

Ñàìîìàñàæ ì’ÿç³â øè¿ (ðèñ. 1, ä) äîïîìàãàº äîäàòè áàäüîðîñò³,
â³äíîâèòè íîðìàëüíèé êðîâîîá³ã ãîëîâíîãî ìîçêó. 

Îá³éìè (ðèñ. 1, å) ïîêðàùóþòü íàñòð³é, äàþòü â³ä÷óòòÿ ô³çè÷-
íîãî êîìôîðòó, äîïîìàãàþòü áîðîòèñÿ ç³ ñòðåñîì ³ íàâ³òü íîðìàë³-
çóþòü êðîâ`ÿíèé òèñê. Ïîçèòèâí³ åìîö³¿, âèêëèêàí³ îá³éìàìè, ìî-
æóòü ñòèìóëþâàòè êîðèñí³ äëÿ îðãàí³çìó ô³ç³îëîã³÷í³ òà á³îëîã³÷í³
ïðîöåñè. Îá³éìè çíà÷íî çíèæóþòü ð³âåíü ñòðåñó. Öå â³äáóâàºòüñÿ
òîìó, ùî îðãàí³çì ïî÷èíàº ³íòåíñèâíî âèä³ëÿòè äîñèòü âåëèêó
ê³ëüê³ñòü åíäîðô³í³â (ðå÷îâèíè, ÿê³ º çíåáîëþþ÷èìè äëÿ ëþäèíè,
à òàêîæ âèêëèêàþòü åéôîð³þ). Êð³ì òîãî îá³éìè ïîçèòèâíî ä³þòü
íà ³ìóííó ñèñòåìó, çí³ìàþòü çàéâó íàïðóãó ³ â³ä÷óòòÿ òðèâîãè.

Äîñë³äæåííÿ ïîêàçàëè, ùî ïðàâèëüíå âèêîíàííÿ êîìïëåêñó
âïðàâ ïîêðàùóº êðîâîîá³ã, çí³ìàº íàïðóãó â ì’ÿçàõ, ïðèøâèäøóº
â³äíîâëåííÿ ñèë ïðàö³âíèê³â øâåéíîãî öåõó. Òàêîæ âïðàâè ñïðè-
ÿþòü çá³ëüøåííþ ìîçêîâîãî êðîâîîá³ãó, ùî, ó ñâîþ ÷åðãó, ï³äâè-
ùóº òîíóñ íåðâîâî¿ ñèñòåìè.

Âèñíîâêè. Ó ðîáîò³ ðîçãëÿíóòî ïðîöåñ âòîìëþâàíîñò³ ÿê ñîö³-
àëüíèé àñïåêò ñó÷àñíîãî ñòàíó ïðîôåñ³éíî¿ ä³ÿëüíîñò³. 

Ïðîâåäåíî ðÿä äîñë³äæåíü òà âèçíà÷åíî ñòóï³íü âòîìè êîæíî-
ãî ïðàö³âíèêà øâåéíîãî öåõó çà òàêèìè ïîêàçíèêàìè ÿê: âèòðè-
âàë³ñòü â³äíîñíî ñòàíäàðòíîãî ì’ÿçîâîãî çóñèëëÿ (ÂÑÌÇ), êðèòè÷-
íà ÷àñòîòà çëèòòÿ ìåðåõò³íü (Ê×ÇÌ), îá’ºì êîðîòêîòðèâàëî¿ ïà-
ì’ÿò³ (ÊÏ) òà ÷àñ ïåðåêëþ÷åííÿ óâàãè (ÏÓ) 

Âèçíà÷åíî ñòóïåí³ âòîìè â çàëåæíîñò³ â³ä ôóíêö³îíàëüíèõ
çì³í â îðãàí³çì³ êîæíîãî ïðàö³âíèêà.

Äàíà ðîáîòà äîçâîëèëà âñòàíîâèòè çàëåæí³ñòü ñòóïåíÿ âòîìè
â³ä òàêèõ ôàêòîð³â, ÿê ÷àñ ³íòåíñèâíîãî òðóäîâîãî ïðîöåñó, â³êó
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ïðàö³âíèê³â, ô³çè÷íîãî ñòàíó, ìîíîòîííîñò³ ïðàö³, ðîáî÷î¿ ïîçè
òà óìîâ âèðîáíè÷îãî ñåðåäîâèùà, ùî âæå äîçâîëèëî íà öüîìó åòà-
ï³ äîñë³äæåíü ðîçðîáèòè êîìïëåêñ ô³çè÷íèõ âïðàâ äëÿ çíÿòòÿ âòî-
ìè íà ðîáî÷èõ ì³ñöÿõ, ùî íå âèìàãàþòü ñïåö³àëüíîãî îáëàäíàííÿ
òà ñïîðòèâíî¿ ï³äãîòîâêè. 

Âñòàíîâëåíî ïðèñêîðåíå â³äíîâëåííÿ ñèë ³ ïðàöåçäàòíîñò³
ïðàö³âíèê³â ïðè ñèñòåìíîìó âèêîíàíí³ ðîçðîáëåíîãî êîìïëåêñó. 

Îòðèìàí³ ðåçóëüòàòè ï³äêðåñëþþòü íåîáõ³äí³ñòü ïðîâåäåííÿ
ïîäàëüøèõ äîñë³äæåíü â íàïðÿìêó çíèæåííÿ âïëèâó øê³äëèâèõ
âèðîáíè÷èõ ôàêòîð³â íà ïñèõîëîã³÷íèé ³ ô³çè÷íèé ñòàí ïðàö³âíè-
ê³â, ùî, áåçóìîâíî, ïîçèòèâíî âïëèíå íà ñîö³àëüíå ³ åêîíîì³÷íå
áëàãîïîëó÷÷ÿ ñóñï³ëüñòâà.
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ДОСЛІДЖЕННЯ ВИРОБНИЧОГО ТРАВМАТИЗМУ 

НА ПІДПРИЄМСТВАХ НАФТОГАЗОВИДОБУВНОЇ

ПРОМИСЛОВОСТІ УКРАЇНИ

Àíîòàö³ÿ. Ïðîàíàë³çîâàíî ñòàí âèðîáíè÷îãî òðàâìàòèçìó â Óêðà¿-
í³, âèçíà÷åíî íàéá³ëüø òðàâìîíåáåçïå÷í³ âèäè åêîíîì³÷íî¿ ä³ÿëüíîñò³.
Á³ëüø äåòàëüíî ïðîàíàë³çîâàíî ñòàí âèðîáíè÷îãî òðàâìàòèçìó íà
ï³äïðèºìñòâàõ íàôòîãàçîâèäîáóâíî¿ ïðîìèñëîâîñò³. Ïðîàíàë³çîâàíî îñ-
íîâí³ ïðè÷èíè, âèäè ïîä³é òà îáñòàâèíè íåùàñíèõ âèïàäê³â. Çàïðîïîíî-
âàíî îñíîâí³ íàïðÿìêè óäîñêîíàëåííÿ ñèñòåìè óïðàâë³ííÿ îõîðîíîþ ïðàö³. 

Êëþ÷îâ³ ñëîâà: âèðîáíè÷èé òðàâìàòèçì, íàôòîãàçîâèäîáóâíà ïðî-
ìèñëîâ³ñòü, ñèñòåìà óïðàâë³ííÿ îõîðîíîþ ïðàö³.

Abstract. The state of occupational injuries in Ukraine was analyzed, the
most traumatic types of economic activity were defined. More detailed analy-
sis of the state of occupational injuries at the enterprises of oil and gas indus-
try was conducted. The main reasons, types of events and circumstances of
accidents were analyzed. The main directions of improvement of the system of
management of labor protection were offered.

Êeywords: occupational injuries, oil and gas industry, management sys-
tem of labor protection.

Íåùàñí³ âèïàäêè íà âèðîáíèöòâ³ áóëè é çàëèøàþòüñÿ âåëè÷åç-
íîþ ëþäñüêîþ òðàãåä³ºþ, ñòàþòü ïðè÷èíàìè ìàñøòàáíèõ ñîö³àëü-
íî-åêîíîì³÷íèõ âòðàò. Íå çâàæàþ÷è íà òå, ùî ð³âåíü âèðîáíè÷îãî
òðàâìàòèçìó ïðîòÿãîì îñòàíí³õ ðîê³â çíèçèâñÿ, õàðàêòåðíîþ îñîá-
ëèâ³ñòþ ñó÷àñíîãî âèðîáíèöòâà Óêðà¿íè º øê³äëèâ³ é íåáåçïå÷í³
óìîâè ïðàö³, à òàêîæ âèñîê³ ïðîôåñ³éí³ ðèçèêè, ÿê³ â îêðåìèõ ãà-
ëóçÿõ òà âèäàõ åêîíîì³÷íî¿ ä³ÿëüíîñò³ äîñÿãàþòü íåïðèéíÿòíèõ çíà-
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÷åíü, âíàñë³äîê ÷îãî ð³âåíü âèðîáíè÷îãî òðàâìàòèçìó (ç³ ñìåðòåëü-
íèì òà íåñìåðòåëüíèìè íàñë³äêàìè) çàëèøàºòüñÿ äîñòàòíüî âèñî-
êèì.Ïðè öüîìó, ð³âí³ âèðîáíè÷îãî òðàâìàòèçìó òà ïðîôåñ³éíî¿ çà-
õâîðþâàíîñò³ çàëèøàþòüñÿ íàéá³ëüø âàæëèâèìè ïîêàçíèêàìè, çà
ÿêèìè îö³íþºòüñÿ åôåêòèâí³ñòü óïðàâë³ííÿ îõîðîíîþ ïðàö³. 

Àíàë³ç ìåòîäè÷íèõ ï³äõîä³â ó ñôåð³ îõîðîíè ïðàö³ ïîêàçóº, ùî
áðàêóº ñèñòåìíîãî ï³äõîäó äî âèð³øåííÿ ïðîáëåìíèõ ïèòàíü óï-
ðàâë³ííÿ íà äåðæàâíîìó ð³âí³, íå âèçíà÷åíî òåõíîëîã³é âèáîðó
ñòðàòåã³é ³ ïð³îðèòåò³â ðîçâèòêó ñèñòåìè îõîðîíè ïðàö³, ìåòîäè÷-
íèõ îñíîâ ðîçðîáëåííÿ ïðîô³ëàêòè÷íèõ çàõîä³â ùîäî ïîêðàùåííÿ
¿¿ ñòàíó. Íåäîñòàòíº íàóêîâî-ìåòîäè÷íå çàáåçïå÷åííÿ öüîãî ïðîöå-
ñó îáóìîâëþº â³äñóòí³ñòü ö³ëüîâî¿ ñïðÿìîâàíîñò³ îêðåìèõ çàõîä³â,
íåäîñêîíàë³ñòü ïðîöåñó ðîçïîä³ëó êîøò³â íà ö³ çàõîäè, âèíèêíåí-
íÿ íåîá´ðóíòîâàíîñò³ óïðàâë³íñüêèõ ð³øåíü, ùî ïðèéìàþòüñÿ.

Äëÿ åôåêòèâíîãî óïðàâë³ííÿ îõîðîíîþ ïðàö³, âèáîðó òà çàñòî-
ñóâàííÿ íàä³éíèõ ³ äîñòóïíèõ çàõîä³â ³ çàñîá³â ïðîô³ëàêòèêè íåùàñ-
íèõ âèïàäê³â íà âèðîáíèöòâ³ íåîáõ³äíî çíàòè, ÿê³ ôàêòîðè, ïðè÷è-
íè òà äæåðåëà íåáåçïåê ìîæóòü âèêëèêàòè â êîíêðåòíèõ óìîâàõ, íà
ïåâíîìó ðîáî÷îìó ì³ñö³ (ä³ëüíèö³, ï³äïðèºìñòâ³, â ãàëóç³ ÷è äåðæàâ³
çàãàëîì) òðàâìóâàííÿ ïðàö³âíèêà. Òîìó âèÿâëåííÿ, àíàë³ç òà îö³-
íþâàííÿ ïðè÷èííî-íàñë³äêîâèõ çâ’ÿçê³â â ïðîöåñ³ òðàâìóâàííÿ º
îäíèì ç íàéá³ëüø àêòóàëüíèõ çàâäàíü â îõîðîí³ ïðàö³.

Ïðîáëåìà âèçíà÷åííÿ ïðè÷èí âèðîáíè÷îãî òðàâìàòèçìó º êëþ-
÷îâîþ äëÿ çàáåçïå÷åííÿ åôåêòèâíî¿ ïðîô³ëàêòèêè öüîãî íåáàæàíî-
ãî ÿâèùà íà âñ³õ ð³âíÿõ óïðàâë³ííÿ îõîðîíîþ ïðàö³. Äëÿ âèð³øåí-
íÿ ö³º¿ ïðîáëåìè âæå áàãàòî çðîáëåíî íàéá³ëüøå ç íàïðÿìê³â ðîç-
ñë³äóâàííÿ, îáë³êó òà àíàë³çó áåçïîñåðåäí³õ ïðè÷èí âèðîáíè÷îãî
òðàâìàòèçìó [1]. Ïðîòå îäíîçíà÷íèõ â³äïîâ³äåé íà ïèòàííÿ, ÿêèì
÷èíîì âïëèâàþòü íà âèðîáíè÷èé òðàâìàòèçì çàãàëüí³ õàðàêòåðèñ-
òèêè âèðîáíèöòâà, ñòàí îñíîâíèõ ôîíä³â, äåðæàâíèé íàãëÿä çà îõî-
ðîíîþ ïðàö³ òà ðåñóðñíå çàáåçïå÷åííÿ ïîòðåá áåçïåêè ïðàö³. Òîáòî
çîâí³øí³õ ôàêòîð³â, ïîòåíö³éíî ñïðîìîæíèõ âïëèâàòè íà âèðîáíè-
÷èé òðàâìàòèçì, íåìàº íà ñüîãîäí³ (êð³ì çàãàëüíèõ ì³ðêóâàíü, ùî
áàçóþòüñÿ íà ëîã³÷íèõ óçàãàëüíåííÿõ òà ñóá’ºêòèâíèõ óÿâëåííÿõ). Ó
â³äîìèõ íèí³ äîñë³äæåííÿõ òà â ïðàêòèö³ àíàë³çó, ùî îð³ºíòóþòüñÿ
íà óðàõóâàííÿ âïëèâó çîâí³øí³õ ÷èííèê³â íà òðàâìàòèçì, âèêîðèñ-
òîâóþòüñÿ: ñï³âñòàâëåííÿ äèíàì³êè âíóòð³øíüîãî âàëîâîãî ïðîäóê-
òó òà ð³âí³â òðàâìàòèçìó, îö³íþâàííÿ òðàâìàòèçìó ïîêàçíèêàìè
ê³ëüêîñò³ òðàâì íà îäèíèöþ âèðîáëåíî¿ ïðîäóêö³¿, åêñïåðòí³ îö³íêè
âïëèâó çîâí³øí³õ ÷èííèê³â íà âèðîáíè÷èé òðàâìàòèçì òîùî. Òîá-
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òî óðàõîâóþòüñÿ ëèøå îêðåì³ õàðàêòåðèñòèêè çîâí³øí³õ ôàêòîð³â,
ùî íå äîçâîëÿº âèêîíóâàòè êîìïëåêñíå îö³íþâàííÿ âïëèâó íà
òðàâìàòèçì óñüîãî ñïåêòðó âèðîáíè÷èõ ³ ñîö³àëüíî-åêîíîì³÷íèõ
÷èííèê³â, à öå ñóòòºâî çá³äíþº ðåçóëüòàòè àíàë³çó ³ íå äîçâîëÿº óðà-
õîâóâàòè òåíäåíö³¿ çì³í çîâí³øí³õ ôàêòîð³â äëÿ êîðèãóâàííÿ
ïðîô³ëàêòèêè âèðîáíè÷îãî òðàâìàòèçìó [2]. 

Ïðîáëåìà âèÿâëåííÿ òà ôîðìóâàííÿ óçàãàëüíþþ÷îãî ïîêàçíèêà
ìàº òó îñîáëèâ³ñòü, ùî ïðè éîãî ôîðìóâàíí³ íåîáõ³äíî óðàõîâóâàòè
ò³ ÷è ³íø³ çàêîíîì³ðíîñò³ ôóíêö³îíóâàííÿ (íàïðèêëàä, âèðîáíèöòâà
àáî ³íøîãî îá’ºêòà äîñë³äæåíü). Âèÿâëåííÿ öèõ çàêîíîì³ðíîñòåé
çä³éñíþºòüñÿ ïåðåâàæíî ³íòó¿òèâíèì, ñóá’ºêòèâíèì øëÿõîì, à òîìó
ôàêòîðíèé àíàë³ç ÿê ìåòîä îòðèìàííÿ îá’ºêòèâíîãî çíà÷åííÿ ùîäî
ïðèõîâàíèõ âíóòð³øí³õ ïðè÷èí ïðîöåñ³â ÷è ÿâèù ìîæå áóòè êîðèñ-
íèì ³ äëÿ âèçíà÷åííÿ íåâ³äîìèõ ðàí³øå çàêîíîì³ðíîñòåé, ÿê³ ìîæ-
íà òðàíñôîðìóâàòè â óçàãàëüíþþ÷³ ïîêàçíèêè.

Äëÿ åôåêòèâíî¿ ïðîô³ëàêòèêè âèðîáíè÷îãî òðàâìàòèçìó âèð³-
øàëüíå çíà÷åííÿ ìàº âèçíà÷åííÿ éìîâ³ðíèõ ïðè÷èí íåùàñíèõ âè-
ïàäê³â òà âèá³ð àäåêâàòíèõ ñïîñîá³â ðåàãóâàííÿ íà íèõ øëÿõîì çà-
ïðîâàäæåííÿ â³äïîâ³äíèõ çàõîä³â ³ çàñîá³â ç îõîðîíè ïðàö³. Î÷å-
âèäíà íà ïåðøèé ïîãëÿä ñõåìà ïîïåðåäæåííÿ âèðîáíè÷èõ òðàâì
ïðè äåòàëüíîìó àíàë³ç³ ïåðåðîñòàº â îäíó ç îñíîâíèõ ïðîáëåì áåç-
ïåêè ïðàö³ – ïðîáëåìó âèçíà÷åííÿ çâ’ÿçê³â ì³æ ðèçèêàìè (çàãðî-
çàìè, íåáåçïåêàìè) òðàâìóâàííÿ òà çàõîäàìè, ùî ìîæóòü éîãî
çìåíøèòè àáî íåéòðàë³çóâàòè ïîâí³ñòþ. 

Ïðè âèð³øåíí³ ö³º¿ ïðîáëåìè âèä³ëÿþòüñÿ äâà ï³äõîäè – åìï³-
ðè÷íèé, ùî çàñòîñîâóºòüñÿ â óïðàâë³íí³ îõîðîíîþ ïðàö³ ïðàêòèêó-
þ÷èìè ôàõ³âöÿìè ç îõîðîíè ïðàö³ òà ìåíåäæåðàìè ï³äïðèºìñòâ ³
àíàë³òè÷íèé, íà îñíîâ³ òåîðåòè÷íèõ ðîçðîáîê òà ìàòåìàòè÷íèõ ìî-
äåëåé. Çàâäàííÿ, ùî âèð³øóþòüñÿ çà äîïîìîãîþ îáîõ ï³äõîä³â – â
óìîâàõ îáìåæåíèõ ðåñóðñ³â âèáðàòè òàê³ çàõîäè é çàñîáè ç îõîðîíè
ïðàö³, ùî íàéá³ëüøîþ ì³ðîþ ñïðèÿëè á çíèæåííþ ðèçèê³â òðàâìó-
âàííÿ íà âèðîáíèöòâ³ [1]. Ïðè åìï³ðè÷íîìó ï³äõîä³ çàñòîñîâóþòüñÿ
ïåðåâàæíî ìåòîäè ñóá’ºêòèâíîãî âèáîðó ð³øåíü, ùî áàçóþòüñÿ íà
³íòó¿ö³¿ îñîáè, â³äïîâ³äàëüíî¿ çà ïðèéíÿòòÿ ð³øåííÿ, ëîã³÷íîìó àíà-
ë³ç³ ñòàíó òåõí³êè é òåõíîëîã³é, ³íôîðìàö³¿ ïðî òðàâìàòèçì, éîãî
ïðè÷èíè òà çàõîäè áîðîòüáè ç íèìè, ùî çàñòîñîâóâàëèñÿ íà ï³äïðè-
ºìñòâ³ ó ìèíóëîìó àáî íà ³íøèõ ï³äïðèºìñòâàõ òîùî. Ïðîòå, çà
ñâî¿ì çì³ñòîì, åìï³ðè÷íèé ï³äõ³ä – öå ñóá’ºêòèâíèé ìåòîä ç âëàñòè-
âèìè äëÿ íüîãî íåäîë³êàìè: íåâèñîêà äîñòîâ³ðí³ñòü îòðèìóâàíèõ
îö³íîê òà ïðîãíîç³â; íåìîæëèâ³ñòü, ó á³ëüøîñò³ âèïàäê³â, âèáîðó îï-
òèìàëüíèõ ç òî÷êè çîðó ðåçóëüòàòèâíîñò³ òà îáìåæåíü íà ðåñóðñè.
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Äëÿ îïòèì³çàö³¿ ïðîô³ëàêòè÷íî¿ ä³ÿëüíîñò³ ó ñôåð³ îõîðîíè
ïðàö³ (ìàºòüñÿ íà óâàç³ ïðîô³ëàêòèêà âèðîáíè÷îãî òðàâìàòèçìó)
íåîáõ³äí³ ê³ëüê³ñí³ õàðàêòåðèñòèêè òà îö³íêè ðèçèê³â çà âèäàìè,
äæåðåëàìè íåáåçïåê ³ ïðè÷èíàìè íåùàñíèõ âèïàäê³â íà âèðîá-
íèöòâ³ òà çàõîä³â ç ¿õ ì³í³ì³çàö³¿ àáî íåéòðàë³çàö³¿.

Íà æàëü ïðîáëåìà ïðîãíîçóâàííÿ òà îö³íþâàííÿ âïëèâó îêðå-
ìîãî ïðîô³ëàêòè÷íîãî çàõîäó íà ñòàí òðàâìàòèçìó â îõîðîí³ ïðàö³
îñòàòî÷íî íå âèð³øåíà. Ïîÿñíþºòüñÿ öå íå ëèøå â³äñóòí³ñòþ ñïå-
ö³àëüíèõ äîñë³äæåíü, à é íàäçâè÷àéíî ñêëàäíèì õàðàêòåðîì ñàìî¿
ïðîáëåìè. Îñê³ëüêè ñòàí òðàâìàòèçìó ÷è ðèçèê íåùàñíîãî âèïàä-
êó íà âèðîáíèöòâ³ ìàº âèïàäêîâèé õàðàêòåð ç âåëèêîþ äîëåþ íå-
âèçíà÷åíîñò³, òî ïîøóê òà âèçíà÷åííÿ çâ’ÿçê³â ó âèãëÿä³ ìàòåìà-
òè÷íèõ çàëåæíîñòåé ì³æ çàõîäàìè ïðîô³ëàêòè÷íîãî õàðàêòåðó òà
ðèçèêîì òðàâìóâàííÿ º íàäçâè÷àéíî ñêëàäíîþ ïðîöåäóðîþ. Òîìó
â ïðàêòèö³ óïðàâë³ííÿ îõîðîíîþ ïðàö³ íàé÷àñò³øå çàñòîñîâóºòüñÿ
ï³äõ³ä íà îñíîâ³ ëîã³÷íîãî àíàë³çó, ñóá’ºêòèâíèõ óçàãàëüíåíü. Ìå-
òîäè ôîðìàë³çàö³¿ òà âèçíà÷åííÿ çâ’ÿçê³â íà îñíîâ³ ìàòåìàòè÷íèõ
çàëåæíîñòåé ì³æ õàðàêòåðèñòèêàìè çàõîä³â ç îõîðîíè ïðàö³ òà ïî-
êàçíèêàìè òðàâìàòèçìó àáî ðèçèêó ïðàêòè÷íî íå çàñòîñîâóþòüñÿ.
ª ëèøå ïîîäèíîê³ ñïðîáè ïîøóêó òàêèõ çàëåæíîñòåé, ÿê³ íå äî-
çâîëÿþòü øèðîêî çàñòîñîâóâàòè ¿õ äëÿ ïëàíóâàííÿ òà ïðîãíîçó-
âàííÿ â óïðàâë³íí³ áåçïåêîþ ïðàö³ òà âèðîáíè÷îãî ñåðåäîâèùà.

Áåçïîñåðåäíº âèçíà÷åííÿ çàëåæíîñò³ àáî çàëåæíîñòåé çà äîïîìî-
ãîþ àíàë³çó ñòàòèñòè÷íèõ äàíèõ ó äàíèé ÷àñ íåìîæëèâî ÷åðåç ìàéæå
ïîâíó â³äñóòí³ñòü çàõîä³â ç îõîðîíè ïðàö³. Çàñòîñóâàííÿ äàíèõ ïðî õà-
ðàêòåð òà ê³ëüê³ñí³ ïîêàçíèêè ïðîô³ëàêòè÷íèõ çàõîä³â íà îêðåìîìó
ï³äïðèºìñòâ³ àáî ãðóï³ ï³äïðèºìñòâ äëÿ îòðèìàííÿ òàêèõ çàëåæíîñòåé
òàêîæ íå âèð³øóº ïðîáëåìó (âîíè ìàòèìóòü îáìåæåíèé, ëîêàëüíèé
õàðàêòåð). Ðàö³îíàëüíèì íà äóìêó àâòîð³â º øëÿõ, ùî áàçóºòüñÿ íà çà-
ñòîñóâàíí³ ñèñòåìíîãî ï³äõîäó äî ïðîô³ëàêòè÷íèõ çàõîä³â.

Ñèñòåìíèé ï³äõ³ä äî àíàë³çó çàõîä³â ç ïðîô³ëàêòèêè òðàâìà-
òèçìó ìàº äîïîìîãòè âèä³ëèòè çàõîäè, ÿêèìè ìîæíà îïåðóâàòè
(«êåðîâàí³» çàõîäè). Ó ôîðìàë³çîâàíîìó âèãëÿä³ çâ’ÿçîê ðèçèêó
òðàâìóâàííÿ íà âèðîáíèöòâ³ ³ç çàõîäàìè ïðîô³ëàêòè÷íîãî (ïîïå-
ðåäæóâàëüíîãî) õàðàêòåðó, ìîæíà çîáðàçèòè ó âèãëÿä³

Rs = Rm + fi(Zi), (1)

äå Rs – ðèçèêó òðàâìóâàííÿ íà âèðîáíèöòâ³, Rm – íåêåðîâàíèé ðèçèê,
fi(Zi) – ôóíêö³ÿ âïëèâó i-ãî çàõîäó ïðîô³ëàêòè÷íîãî (ïîïåðåäæóâàëüíîãî)
õàðàêòåðó Z³ íà ðèçèê òðàâìóâàííÿ íà âèðîáíèöòâ³.
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Äëÿ îêðåìîãî ïðîô³ëàêòè÷íîãî çàõîäó çàëåæí³ñòü (1) ìîæíà
òðàíñôîðìóâàòè çà äâîìà âàð³àíòàìè. 

Ïåðøèé âàð³àíò ïåðåäáà÷àºâèçíà÷åííÿ âïëèâó íà çàãàëüíèé
ðèçèê öüîãî çàõîäó:

Rs = Ro + fi(Zi), (2)

äå Ro – ðèçèê äî âïðîâàäæåííÿ çàõîäó, fi(Zi) – ôóíêö³ÿ âïëèâó i-ãî çàõî-
äó ïðîô³ëàêòè÷íîãî (ïîïåðåäæóâàëüíîãî) õàðàêòåðó Z³ íà ðèçèê òðàâìó-
âàííÿ íà âèðîáíèöòâ³.

Äðóãèé âàð³àíò ïåðåäáà÷àº âèçíà÷åííÿ âïëèâó íà ðèçèê òðàâ-
ìóâàííÿ, çóìîâëåíèé êîíêðåòíîþ âèðîáíè÷îþ íåáåçïåêîþ:

Rj = Roj
+ fi(Zi), (3)

äå Rj – ðèçèê òðàâìóâàííÿ â³ä j-òî¿ âèðîáíè÷î¿ íåáåçïåêè ï³ñëÿ çàïðîâà-
äæåííÿ i-ãî ïðîô³ëàêòè÷íîãî çàõîäó, Roj

– ðèçèê òðàâìóâàííÿ äî çàïðî-
âàäæåííÿ ³-ãî ïðîô³ëàêòè÷íîãî çàõîäó, fi(Zi) – ôóíêö³ÿ âïëèâó i-ãî çàõî-
äó ïðîô³ëàêòè÷íîãî (ïîïåðåäæóâàëüíîãî) õàðàêòåðó Z³ íà ðèçèê òðàâìó-
âàííÿ íà âèðîáíèöòâ³.

Äëÿ àíàë³çó âèðîáíè÷îãî òðàâìàòèçìó çàñòîñîâóþòüñÿ ð³çíî-
ìàí³òí³ ìåòîäè, îïèñ ÿêèõ íàâåäåíèé ó ï³äðó÷íèêàõ òà íàóêîâèõ âè-
äàííÿõ ç îõîðîíè ïðàö³. Íàéá³ëüø â³äîì³ ìåòîäè àíàë³çó òðàâìàòèç-
ìó, ÿê³ â³äîáðàæàþòü ð³çí³ àñïåêòè öüîãî íåãàòèâíîãî ÿâèùà, ìîæíà
ïîä³ëèòè íà òàê³ ãðóïè: ñòàòèñòè÷í³, òîïîãðàô³÷í³, åêîíîì³÷í³, åêñ-
ïåðòíèõ îö³íîê òà ³íø³. Ñë³ä â³äçíà÷èòè ïåâíó óìîâí³ñòü òàêîãî ãðó-
ïóâàííÿ, îñê³ëüêè íà ñüîãîäí³øí³é äåíü ñïîñòåð³ãàºòüñÿ ïîºäíàííÿ
îêðåìèõ ìåòîä³â àíàë³çó òðàâìàòèçìó. Ïðàêòè÷íà ä³ÿëüí³ñòü â ñôåð³
îõîðîíè ïðàö³ ñâ³ä÷èòü ïðî íåîáõ³äí³ñòü ñèñòåìíîãî ï³äõîäó äî
àíàë³çó âèðîáíè÷îãî òðàâìàòèçìó, ùî ïåðåäáà÷àº êîìïëåêñíå çàñòî-
ñóâàííÿ ð³çíèõ ìåòîä³â äëÿ ðîçðîáêè êîíêðåòíèõ, íàóêîâî-îá´ðóíòî-
âàíèõ ðåêîìåíäàö³é ç ïðîô³ëàêòèêè íåùàñíèõ âèïàäê³â. 

Ñóòü «ï³ðàì³äàëüíîãî» ï³äõîäó äëÿ çàïîá³ãàííÿ íåùàñíèì âè-
ïàäêàì ïîëÿãàº ó â÷àñíîìó âèÿâëåíí³ òà ë³êâ³äàö³¿ ïðè÷èí ïîòåí-
ö³éíî íåáåçïå÷íèõ âèïàäê³â (îñíîâè ï³ðàì³äè), ïîêè âîíè íå ïðè-
çâåëè äî íåùàñíîãî âèïàäêó. Òàê, çà ï³ðàì³äîþ Áåðäà, 600 ë³êâ³-
äîâàíèõ ïðè÷èí ïîòåíö³éíî íåáåçïå÷íèõ âèïàäê³â âåäå äî çàïîá³-
ãàííÿ 30 âèïàäê³â ïîøêîäæåííÿ ìàéíà, 10 âèïàäê³â ëåãêèõ òðàâì
(òèì÷àñîâà âòðàòà ïðàöåçäàòíîñò³ â³ä 0 äî 3 äí³â) òà 1 âèïàäêó âàæ-
êîãî òðàâìàòèçìó (òèì÷àñîâà âòðàòà ïðàöåçäàòíîñò³ á³ëüøå í³æ 3
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äí³) [3]. Òàêèé ïðåâåíòèâíèé ìåòîä ³ íàðàç³ çàëèøàºòüñÿ íàéïî-
øèðåí³øèì íà ï³äïðèºìñòâàõ ðîçâèíåíèõ êðà¿í. 

Íåãàòèâíèì ôàêòîðîì ïðè çàñòîñóâàííÿ ï³ðàì³äè òðàâìàòèçìó
ñòàëî òå, ùî àêöåíò íåïðîïîðö³éíî áóâ çì³ùåíèé ³ç á³ëüø ñåðéîç-
íèõ òðàâì íà ìåíø ñåðéîçí³ [1, 3]. Ôîêóñóþ÷èñü íà óñóíåíí³ ïðè-
÷èí ïîòåíö³éíî íåáåçïå÷íèõ âèïàäê³â áåç íàñë³äê³â, êåð³âíèöòâî
êîìïàí³é î÷³êóâàëî ³ çíèæåííÿ ê³ëüêîñò³ âèïàäê³â âàæêîãî òðàâìà-
òèçìó, à òàêîæ ñìåðòåëüíèõ âèïàäê³â. Àëå ôàêòè÷íî â³äáóëîñÿ ëè-
øå çíèæåííÿ ëåãêîãî òðàâìàòèçìó, ó òîé ÷àñ ÿê âàæêèé òðàâìàòèçì
çíèæóâàâñÿ íåçíà÷íî, çàëèøàâñÿ ñòàá³ëüíèì àáî íàâ³òü çðîñòàâ, ùî
ï³äòâåðäæóºòüñÿ ñòàòèñòè÷íèìè äàíèìè.

Ðåçóëüòàòè àíàë³çó âèðîáíè÷îãî òðàâìàòèçìó çà âèäàìè åêîíî-
ì³÷íî¿ ä³ÿëüíîñò³ ó 2018 ðîö³ îòðèìàíî äàí³, ïîäàí³ ó òàáë. 1.

Òàáëèöÿ 1
Êîåô³ö³ºíòè òðàâìàòèçìó çà âèäàìè åêîíîì³÷íî¿ ä³ÿëüíîñò³

Êîåô³ö³ºíò ÷àñòîòè òðàâìàòèçìó Ê÷ç (ê-òü ïîòåðï. / ñåðåäí.-îáë³ê. ê-òü
ïðàöþþ÷èõ) * 1000).
Êîåô³ö³ºíò ÷àñòîòè ñìåðòåëüíîãî òðàâìàòèçìó Ê÷ñ ((ê-òü ïîòåðï. ç³ ñìåðò.
íàñë. / ñåðåäí.-îáë³ê. ê-òü ïðàöþþ÷èõ) * 1000).
Êîåô³ö³ºíò òÿæêîñò³ òðàâìàòèçìó Êò (ê-òü ëþäèíî-äí³â íåïðàöåçä. / ê-òü
ïîòåðï.).

Âèä åêîíîì³÷íî¿ ä³ÿëüíîñò³

Êîåô³ö³ºíòè 
òðàâìàòèçìó

Ê÷ç Ê÷ñ Êò

Âóã³ëüíà ïðîìèñëîâ³ñòü 2,19 0,04 26,37

Öåëþëîçíî-ïàïåðîâà ïðîìèñëîâ³ñòü 0,50 0,01 25,88

Ìåòàëóðã³éíà ïðîìèñëîâ³ñòü 0,35 0,03 9,55

Ã³ðíè÷îðóäíà ³ íåðóäíà ïðîìèñëîâ³ñòü 0,34 0,05 77,08

Ìàøèíîáóäóâàííÿ 0,17 0,02 22,43

Ë³ñîâå ãîñïîäàðñòâî 0,15 0,06 48,67

Àâòîìîá³ëüíèé òðàíñïîðò 0,14 0,04 37,59

Õ³ì³÷íà, íàôòîõ³ì³÷íà, íàôòîïåðåðîáíà ïðîìèñëîâ³ñòü 0,13 0,02 24,35

Âèðîáíèöòâî äåðåâèíè òà âèðîá³â ç äåðåâèíè 0,13 0,01 23,17

Íàôòîãàçîâèäîáóâíà ïðîìèñëîâ³ñòü 0,12 0,01 11,67

Âèäàâíè÷à ñïðàâà 0,11 0,01 106,67

Ïîøòà, çâ’ÿçîê 0,11 0,01 34,78
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Îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü ïðî òå, ùî çà óìîâè çíèæåííÿ
ê³ëüêîñò³ íåùàñíèõ âèïàäê³â îñíîâí³ êîåô³ö³ºíòè òðàâìàòèçìó çàëè-
øàþòüñÿ äîñòàòíüî âèñîêèìè. Îñîáëèâî öå ñòîñóºòüñÿ òàêèõ âèä³â
åêîíîì³÷íî¿ ä³ÿëüíîñò³ ÿê ã³ðíè÷îðóäíà ³ íåðóäíà ïðîìèñëîâ³ñòü,
ë³ñîâå ãîñïîäàðñòâî, íàôòîãàçîâèäîáóâíà ïðîìèñëîâ³ñòü òîùî.

Ïðîàíàë³çóºìî ñòàí âèðîáíè÷îãî òðàâìàòèçìó ó íàôòîãàçîâè-
äîáóâí³é ïðîìèñëîâîñò³. Ó 2018 ðîö³ íåùàñí³ âèïàäêè ñòàëèñÿ
óíàñë³äîê òàêèõ ïîä³é:

13 ïðàö³âíèê³â (36 % â³ä çàãàëüíî¿ ê³ëüêîñò³ ïîòåðï³ëèõ) òðàâ-
ìîâàíî óíàñë³äîê ïàä³ííÿ ïîòåðï³ëîãî, ç ÿêèõ 1 ³ç ñìåðòåëüíèì
íàñë³äêîì, ó òîìó ÷èñë³: 6 – ó ðåçóëüòàò³ ïàä³ííÿ ïîòåðï³ëîãî ï³ä
÷àñ ïåðåñóâàííÿ; 6 – óíàñë³äîê ïàä³ííÿ ïîòåðï³ëîãî ç âèñîòè;

9 – (25 %) ó ðåçóëüòàò³ ä³¿ ïðåäìåò³â òà äåòàëåé, ùî ðóõàþòüñÿ,
ðîçë³òàþòüñÿ, îáåðòàþòüñÿ, ó òîìó ÷èñë³: 4 – óíàñë³äîê ä³¿ ðóõîìèõ
³ òàêèõ, ùî îáåðòàþòüñÿ, äåòàëåé îáëàäíàííÿ, ìàøèí ³ ìåõàí³çì³â;

3 – (8 %) ó ðåçóëüòàò³ ïàä³ííÿ óñòàòêóâàííÿ (îáëàäíàííÿ) àáî
¿õ êîíñòðóêòèâíèõ åëåìåíò³â;

3 – (8 %) óíàñë³äîê äîðîæíüî-òðàíñïîðòíèõ ïðèãîä íà äîðî-
ãàõ çàãàëüíîãî êîðèñòóâàííÿ;

2 ïðàö³âíèêè (5,5 %) ïîñòðàæäàëè ó ðåçóëüòàò³ ä³¿ øê³äëèâèõ ³
òîêñè÷íèõ ðå÷îâèí;

1 – (3 %) óíàñë³äîê óðàæåííÿ åëåêòðè÷íèì ñòðóìîì (³ç ñìåð-
òåëüíèì íàñë³äêîì);

1 – ïðàö³âíèê (3 %) ïîìåð ó ðåçóëüòàò³ ïîã³ðøåííÿ ñòàíó çäîðîâ’ÿ;
1 – ïðàö³âíèê (3 %) ïîñòðàæäàâ óíàñë³äîê ä³¿ ï³äâèùåíèõ òåì-

ïåðàòóð;
1 – ïðàö³âíèêà (3 %) òðàâìîâàíî ó ðåçóëüòàò³ íàâìèñíî¿ òðàâ-

ìè, çàïîä³ÿíî¿ ³íøîþ îñîáîþ;
1 – (3 %) óíàñë³äîê ³íøèõ âèä³â ïîä³é.
Îñíîâí³ ïðè÷èíè íàñòàííÿ íåùàñíèõ âèïàäê³â:
26 íåùàñíèõ âèïàäê³â (76 % â³ä çàãàëüíî¿ ê³ëüêîñò³ íåùàñíèõ

âèïàäê³â), ç ÿêèõ 2 ãðóïîâ³, ñòàëèñÿ ç îðãàí³çàö³éíèõ ïðè÷èí, óíàñ-
ë³äîê ÿêèõ òðàâìîâàíî 28 ïðàö³âíèê³â (78 % â³ä çàãàëüíî¿ ê³ëüêîñò³
ïîòåðï³ëèõ), ó òîìó ÷èñë³ 3 ³ç ñìåðòåëüíèì íàñë³äêîì;

1 – íåùàñíèé âèïàäîê ç òåõí³÷íèõ ïðè÷èí, óíàñë³äîê ÿêîãî
òðàâìîâàíî 3 ïðàö³âíèêè;

1 – íåùàñíèé âèïàäîê ç ïñèõîô³ç³îëîã³÷íèõ ïðè÷èí, óíàñë³-
äîê ÿêèõ òðàâìîâàíî 5 ïðàö³âíèê³â.

Îðãàí³çàö³éí³ ïðè÷èíè:íåâèêîíàííÿ âèìîã ³íñòðóêö³é ç îõî-
ðîíè ïðàö³ (êîä êëàñèô³êàòîðà – «24.2») – òðàâìîâàíî 12 ïðàö³â-
íèê³â, ó òîìó ÷èñë³ 1 ³ç ñìåðòåëüíèì íàñë³äêîì; íåâèêîíàííÿ ïî-

275



ñàäîâèõ îáîâ’ÿçê³â (êîä êëàñèô³êàòîðà – «24.1») – òðàâìîâàíî 
6 ïðàö³âíèê³â, ó òîìó ÷èñë³ 1 ³ç Ñìåðòåëüíèì íàñë³äêîì; ïîðóøåí-
íÿ òåõíîëîã³÷íîãî ïðîöåñó (êîä êëàñèô³êàòîðà – «18») – òðàâìî-
âàíî 3 ïðàö³âíèê³â; ïîðóøåííÿ ïðàâèë áåçïåêè ðóõó (êîä êëàñèô³-
êàòîðà – «21») – òðàâìîâàíî 2 ïðàö³âíèê³â; çàëó÷åííÿ äî ðîáîòè
ïðàö³âíèê³â íå çà ñïåö³àëüí³ñòþ (ïðîôåñ³ºþ) (êîä êëàñèô³êàòîðà –
«17») – òðàâìîâàíî 1 ïðàö³âíèêà; ïîðóøåííÿ òðóäîâî¿ ³ âèðîáíè-
÷î¿ äèñöèïë³íè (êîä êëàñèô³êàòîðà – «24») – òðàâìîâàíî 1 ïðà-
ö³âíèêà; ³íø³ (êîä êëàñèô³êàòîðà – «25») – òðàâìîâàíî 3 ïðàö³â-
íèê³â, ó òîìó ÷èñë³ 1 ³ç ñìåðòåëüíèì íàñë³äêîì.

Òåõí³÷í³ ïðè÷èíè: â³äñóòí³ñòü ïðîåêòíî¿ äîêóìåíòàö³¿ íà áóä³â-
íèöòâî âèðîáíè÷èõ îá’ºêò³â, ñïîðóä, îáëàäíàííÿ, óñòàòêóâàííÿ òîùî
(êîä êëàñèô³êàòîðà – «03») – òðàâìîâàíî 1 ïðàö³âíèêà;íåçàäîâ³ëüíèé
òåõí³÷íèé ñòàí çàñîá³â âèðîáíèöòâà (êîä êëàñèô³êàòîðà «06.2») –
òðàâìîâàíî 1 ïðàö³âíèêà; íåçàäîâ³ëüíèé òåõí³÷íèé ñòàí òðàíñïîðò-
íèõ çàñîá³â (êîä êëàñèô³êàòîðà – «06.3») – òðàâìîâàíî 1 ïðàö³âíèêà.

Ïñèõîô³ç³îëîã³÷í³ ïðè÷èíè:îñîáèñòà íåîáåðåæí³ñòü ïîòåðï³ëîãî
(êîä êëàñèô³êàòîðà – «32») – òðàâìîâàíî 3 ïðàö³âíèê³â; íåçàäîâ³ëüí³
ô³çè÷í³ äàí³ àáî ñòàí çäîðîâ’ÿ (êîä êëàñèô³êàòîðà – «29») – òðàâìî-
âàíî 1 ïðàö³âíèêà; òðàâìóâàííÿ âíàñë³äîê ïðîòèïðàâíèõ ä³é ³íøèõ
îñ³á (êîä êëàñèô³êàòîðà – «31») – òðàâìîâàíî 1 ïðàö³âíèêà.

Ïðîâåäåíèé àíàë³ç âèðîáíè÷îãî òðàâìàòèçìó äîçâîëÿº âèçíà-
÷èòè ïðîáëåìí³ íàïðÿìêè â îõîðîí³ ïðàö³ íà ï³äïðèºìñòâàõ,
ñôîðìóâàòè ïðîô³ëàêòè÷í³ çàõîäè ç ï³äâèùåííÿ áåçïåêè íà ðîáî-
÷èõ ì³ñöÿõ òà îö³íèòè ¿õ ç òî÷êè çîðó çíèæåííÿ ðèçèêó íåùàñíèõ
âèïàäê³â íà âèðîáíèöòâ³.
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Àíîòàö³ÿ. Äëÿ âèçíà÷åííÿ òîêñè÷íîñò³ àåðîçîë³â, ùî óòâîðþþòüñÿ
ïðè åëåêòðîäóãîâîìó çâàðþâàíí³, çàñòîñîâàíî åêñïðåñ-ìåòîä âèçíà÷åííÿ
ïîêàçíèê³â ¿õ öèòîòîêñè÷íîñò³, ð³âí³â âèä³ëåíü òà õ³ì³÷íîãî ñêëàäó, à
òàêîæ ¿õ ðîçðàõóíêîâ³ ã³ã³ºí³÷í³ ïîêàçíèìè ó â³äïîâ³äíîñò³ ç ì³æíàðîä-
íèì ñòàíäàðòîì ÄÑÒÓ ISO 15011-4:2008. Ïîêàçàíî, ùî äëÿ ñòâîðåííÿ
íîâèõ ìàðîê çâàðþâàëüíèõ åëåêòðîä³â ç ïîë³ïøåíèìè ã³ã³ºí³÷íèìè õàðàê-
òåðèñòèêàìè âàðòî ìàòè íå ò³ëüêè äàí³ ïåðâèííî¿ ñàí³òàðíî-ã³ã³ºí³÷íî¿
îö³íêè, à é ðåçóëüòàòè á³îëîã³÷íèõ äîñë³äæåíü òîêñè÷íîñò³ ÇÀ. 

Êëþ÷îâ³ ñëîâà: ïîêðèò³ åëåêòðîäè, çâàðþâàëüí³ àåðîçîë³, øåñòèâà-
ëåíòíèé õðîì, ³íäåêñ öèòîòîêñè÷íîñò³.

Annotation. To determine the toxicity of aerosols that are forming by an
electric arc welding was used an express method of determining the parame-
ters of their cytotoxicity, levels of separations and chemical composition, as
well as their calculated hygienic indicators in accordance with international
standard ISO 15011-4: 2008. It was shown, that in order to create new
brands of welding electrodes with improved hygienic characteristics, thou you
should have not only primary sanitary-hygienic assessment data, but also
results for biological toxicity studies of WA. 

Keywords: coated electrodes, welding aerosols, hexavalent chrome, cyto-
toxicity index

Åëåêòðîäóãîâå çâàðþâàííÿ õàðàêòåðèçóºòüñÿ âèä³ëåííÿì ó ïîâ³òðÿ
ðîáî÷î¿ çîíè øê³äëèâèõ äëÿ îðãàí³çìó ëþäèíè àåðîçîë³â, òîêñè÷íà ä³ÿ
ÿêèõ âèçíà÷àºòüñÿ õ³ì³÷íèì ñêëàäîì çâàðþâàëüíèõ åëåêòðîä³â [1]. Òî-
ìó ñòâîðåííÿ íîâèõ ìàðîê çâàðþâàëüíèõ ìàòåð³àë³â îáîâ’ÿçêîâî ìàº
ñóïðîâîäæóâàòèñü ¿õ ïåðâèííîþ ñàí³òàðíî-ã³ã³ºí³÷íîþ îö³íêîþ ó â³ä-
ïîâ³äíîñò³ ç ì³æíàðîäíèìè ñòàíäàðòàìè ÄÑÒÓ ISO 15011-1:2008 [2]
òà ÄÑÒÓ ISO 15011-4:2008 [3]. Ö³ ñòàíäàðòè äîçâîëÿþòü îòðèìàòè íå-
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îáõ³äíó ³íôîðìàö³þ ïðî õ³ì³÷íèé ñêëàä çâàðþâàëüíèõ àåðîçîë³â (ÇÀ)
òà îð³ºíòîâíî ðîçðàõóâàòè ðèçèê ¿õ øê³äëèâî¿ ä³¿ íà îðãàí³çì çâàðíè-
êà. Äëÿ ñòâîðåííÿ íîâèõ ìàðîê çâàðþâàëüíèõ åëåêòðîä³â ç ïîë³ïøå-
íèìè ã³ã³ºí³÷íèìè õàðàêòåðèñòèêàìè âàðòî ìàòè íå ò³ëüêè äàí³ ïåð-
âèííî¿ ñàí³òàðíî-ã³ã³ºí³÷íî¿ îö³íêè, à é ðåçóëüòàòè á³îëîã³÷íèõ
äîñë³äæåíü òîêñè÷íîñò³ ÇÀ. Òàê³ äîñë³äæåííÿ, îñîáëèâî ç âèêîðèñ-
òàííÿì äîñë³äíèõ òâàðèí, ðåàë³çóþòüñÿ íà ïðîòÿç³ äîâîë³ òðèâàëîãî
÷àñó é ïîòðåáóþòü çíà÷íèõ âèòðàò.

Äëÿ îö³íþâàííÿ òîêñè÷íî¿ ä³¿ ìàëîðîç÷èííèõ ïðîìèñëîâèõ àå-
ðîçîë³â, ó òîìó ÷èñë³ çâàðþâàëüíèõ, íàéá³ëüøå çíà÷åííÿ ìàº òàêà ¿õ
êëþ÷îâà âëàñòèâ³ñòü ÿê öèòîòîêñè÷í³ñòü, ùî âèçíà÷àº íåáåçïåêó âè-
íèêíåííÿ ïðîôåñ³éíîãî çàõâîðþâàííÿ – ïíåâìîêîí³îçó [4]. Öèòî-
òîêñè÷í³ñòü ÿê âëàñòèâ³ñòü ÷àñòèíîê ïèëó (àåðîçîëþ) º âèçíà÷àëüíèì
ôàêòîðîì äëÿ îö³íþâàííÿ ñòóïåíÿ éîãî ä³¿ íà îðãàí³çì ëþäèíè òà
ìàòåìàòè÷íîãî ïðîãíîçóâàííÿ ïîð³âíÿëüíî¿ íåáåçïåêè ðîçâèòêó
ïíåâìîêîí³îçó. Öèòîòîêñè÷í³ñòü âèçíà÷àº ê³íåòèêó íàêîïè÷åííÿ òà
çàòðèìêè ïèëó â ëåãåíÿõ ³ ë³ìôîâóçëàõ ëþäèíè, à òàêîæ ³íòåí-
ñèâí³ñòü øê³äëèâî¿ ä³¿ íà òêàíèíó öèõ îðãàí³â. Öþ õàðàêòåðèñòèêó
îö³íþþòü ó ð³çíèõ êîðîòêî÷àñíèõ òåñòàõ, ùî ïîâ’ÿçàíî ç ïàíóþ÷èìè
óÿâëåííÿìè ïðî êëþ÷îâó ðîëü ïîøêîäæåííÿ ïèëîâèìè ÷àñòèíêàìè
ìàêðîôàã³â ó ïàòîãåíåç³ ñèë³êîçó òà ³íøèõ âèä³â ïíåâìîêîí³îçó. Âè-
êîðèñòîâóþòüñÿ òàêîæ òåñòè, çàñíîâàí³ íà ðåºñòðàö³¿ ôåíîìåí³â àê-
òèâàö³¿ ìàêðîôàã³â àáî íà òîìó ÷è ³íøîìó ïîºäíàíí³ öèõ ÿâèù. Ïðî-
òå òðàêòóâàííÿ ðåçóëüòàò³â òåñòóâàííÿ òà ¿õ âèêîðèñòàííÿ äëÿ ïðîãíî-
çóâàííÿ ä³¿ àåðîçîë³â íà îðãàí³çì ÷àñòî ïðîâîäÿòüñÿ áåç óðàõóâàííÿ
ðîë³ ïðîöåñ³â àêòèâàö³¿ òà ïîøêîäæåííÿ ìàêðîôàãà ÿê ó ìåõàí³çìàõ,
ùî ëåæàòü â îñíîâ³ òåñòó, òàê ³ â ïàòîãåíåç³ ïíåâìîêîí³îçó [5].

Âèêîðèñòàííÿ òàê çâàíèõ àëüòåðíàòèâíèõ òîêñèêîëîã³÷íèõ
ìîäåëåé (êóëüòóð êë³òèí, åêñïðåñ-òåñò³â òà ³í.) äîçâîëÿº îäåðæóâà-
òè ³íôîðìàö³þ ïðî òîêñè÷í³ñòü òà íåáåçïåêó õ³ì³÷íèõ ñïîëóê ³ ìà-
òåð³àë³â ìåíø çàòðàòíèìè ñïîñîáàìè ÷è ï³äõîäàìè â êîðîòø³
ñòðîêè òà á³ëüø ãóìàííî ç ïîçèö³é á³îåòèêè ïîð³âíÿíî ç òðàäèö³é-
íèìè ìåòîäàìè åêñïåðèìåíòàëüíèõ äîñë³äæåíü íà ëàáîðàòîðíèõ
òâàðèíàõ invivo. Ó ñâîþ ÷åðãó, ³íôîðìàö³ÿ, îòðèìàíà â åêñïåðè-
ìåíòàõ invitro, ìîæå áóòè âèêîðèñòàíà äëÿ ñêðèí³íãó çâàðþâàëü-
íèõ ìàòåð³àë³â ó ÿêîñò³ «âåêòîðà» äëÿ ïðîâåäåííÿ ïîãëèáëåíèõ åê-
ñïåðèìåíòàëüíèõ äîñë³äæåíü invivo. Çîêðåìà, åêñïðåñ-îö³íêà òîê-
ñè÷íîñò³ ÇÀ ç âèêîðèñòàííÿì ÿê òåñò-îá’ºêòà êîðîòêî÷àñíî¿ ñóñ-
ïåíç³éíî¿ êóëüòóðè ñïåðìàòîçî¿ä³â áèêà ð³çêî çíèæóº ïðàöåì³ñò-
ê³ñòü ³ âàðò³ñòü âèïðîáóâàíü. Ìåòîä äîçâîëÿº îö³íèòè ñóìàðíèé
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åôåêò â³ä âïëèâó íà êóëüòóðó âñ³º¿ ñóêóïíîñò³ òîêñèêàíò³â, ïðè-
ñóòí³õ ó ÇÀ, çà á³îëîã³÷íîþ ä³ºþ ¿¿ åêñòðàêòó íà òåñò-îá’ºêò çà ÷àñ,
ùî íå ïåðåâèùóº 3 ãîäèíè [5].

Ó ðîáîò³ [6] áóëî ï³äòâåðäæåíî ìîæëèâ³ñòü çàñòîñóâàííÿ çàçíà÷å-
íî¿ ìåòîäèêè åêñïðåñ-îö³íêè äëÿ ïîð³âíÿëüíî¿ ã³ã³ºí³÷íî¿ îö³íêè çâà-
ðþâàëüíèõ åëåêòðîä³â. Ïðè öüîìó áóëî ï³äòâåðäæåíî, ùî òîêñè÷í³ñòü
ÇÀ, ÿê³ óòâîðþþòüñÿ ï³ä ÷àñ çâàðþâàííÿ âèñîêîëåãîâàíèõ ñòàëåé,
çíà÷íî âèùà, í³æ ïðè çâàðþâàíí³ âóãëåöåâèõ òà íèçüêîëåãîâàíèõ
ñòàëåé ³, ïåðåâàæíî, âèçíà÷àºòüñÿ âì³ñòîì ó ïîêðèòò³ åëåêòðîä³â êàí-
öåðîãåííîãî øåñòèâàëåíòíîãî õðîìó (Cr6+) òà í³êåëþ [7]. Ðàçîì ç òèì,
ÿê ïîêàçàíî â ðîáîò³ [8], òîêñè÷í³ñòü ÇÀ ñóòòºâî çàëåæèòü â³ä ñï³â-
â³äíîøåííÿ ó ñêëàä³ çâ’ÿçóþ÷îãî (ð³äêîãî ñêëà) åëåêòðîäíîãî ïîêðèò-
òÿ ë³ò³þ, íàòð³þ é êàë³þ (Li–Na–K), ùî ³ âèçíà÷àº íàÿâí³ñòü ó ñêëàä³
ÇÀ êàíöåðîãåííîãî øåñòèâàëåíòíîãî õðîìó (Cr6+). 

Ìåòîþ ðîáîòè áóëî âèçíà÷åííÿ çà äîïîìîãîþ çàçíà÷åíèõ ìå-
òîäèê âïëèâó õ³ì³÷íîãî ñêëàäó Li–Na–K çâ’ÿçóþ÷îãî ïîêðèòòÿ
åëåêòðîä³â äëÿ çâàðþâàííÿ âèñîêîëåãîâàíèõ õðîìîí³êåëåâèõ ñòà-
ëåé íà öèòîòîêñè÷í³ñòü ÇÀ, ùî óòâîðþþòüñÿ ïðè ¿õ çàñòîñóâàíí³.

Â³äáèðàííÿ ïðîá ÇÀ äëÿ âèçíà÷åííÿ ¿õ ñàí³òàðíî-ã³ã³ºí³÷íèõ
õàðàêòåðèñòèê çä³éñíþâàëîñü ó â³äïîâ³äíîñò³ ç³ ñòàíäàðòîì [2] ìå-
òîäîì ïîâíîãî óëîâëþâàííÿ àåðîçîëþ, ùî óòâîðþºòüñÿ ï³ä ÷àñ çâà-
ðþâàííÿ, çà äîïîìîãîþ ñïåö³àëüíîãî ñòåíäó ç ô³ëüòðîì ÔÏÏ, âñòà-
íîâëåíîãî íà øëÿõó ðóõó ÇÀ ç óêðèòòÿ çîíè çâàðþâàííÿ. Âèçíà÷àëè
íàñòóïí³ ïîêàçíèêè óòâîðåííÿ ÇÀ: ³íòåíñèâí³ñòü âèä³ëåííÿ Va, ã/õâ;
ïèòîìå âèä³ëåííÿ (ìàñà ÇÀ, ùî óòâîðþºòüñÿ ïðè ðîçïëàâëåíí³ ê³ëî-
ãðàìà çâàðþâàëüíèõ åëåêòðîä³â) Ga, ã/êã; õ³ì³÷íèé ñêëàä ÇÀ, % ìàñ.:
õðîì øåñòèâàëåíòíèé Cr6+ òà òðèâàëåíòíèé Cr3+, ìàðãàíåöü Mn,
í³êåëü Ni, ôòîð ðîç÷èííèé Fð ³ íåðîç÷èííèé Fíð).

Îö³íþâàííÿ òîêñè÷íîñò³ çä³éñíþâàëè íà ï³äñòàâ³ åêñïåðèìåí-
òàëüíî âèçíà÷åíîãî ³íäåêñó öèòîòîêñè÷íîñò³ It çà ìåòîäèêîþ [5]
åêñïðåñ-îö³íêè òîêñè÷íîñò³ ÇÀ invitro íà ñåð³éíîìó àíàë³çàòîð³
ÀÒ-05 òà (äëÿ ïîð³âíÿííÿ) íà îñíîâ³ ðîçðàõóíêîâèõ ã³ã³ºí³÷íèõ ïî-
êàçíèê³â – ãðàíè÷íîãî çíà÷åííÿ òà êëàñó ÇÀ çã³äíî ç ÄÑÒÓ ISO
15011-4:2008 [3]. Äëÿ öüîãî êîðèñòóâàëèñü âèùå çàçíà÷åíèìè ïî-
êàçíèêàìè ³íòåíñèâíîñò³ âèä³ëåíü ÇÀ Va, ìã/ñ òà éîãî õ³ì³÷íèì
ñêëàäîì ó â³äïîâ³äíîñò³ ç ìåòîäèêàìè [2, 9].

Äëÿ â³äáèðàííÿ ïðîá ÇÀ âèêîðèñòîâóâàëè äîñë³äí³ ìàðêè çâà-
ðþâàëüíèõ åëåêòðîä³â òèïó Ý-08Õ20Í9Ã2Á ç ð³çíèì ñêëàäîì ð³ä-
êîãî ñêëà-çâ’ÿçóþ÷îãî â ïîêðèòò³ (òàáë. 1). Íàïëàâëåííÿ çä³éñíþ-
âàëè íà ïëàñòèíè ñòàë³ 12Õ18Í10Ò ïîñò³éíèì ñòðóìîì (150 À)
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çâîðîòíî¿ ïîëÿðíîñò³ ç âèêîðèñòàííÿì âèïðÿìëÿ÷à ÂÄÓ-504. Äëÿ
êîæíîãî âàð³àíòà âèêîíóâàëè ì³í³ìóì òðè äîñë³äè.

Òàáëèöÿ 1 
Ïîêàçíèêè âèä³ëåíü òà õ³ì³÷íèéñêëàä ÇÀ

Îòðèìàí³ ðåçóëüòàòè äîñë³äæåíü (òàáë. 1) ïîêàçóþòü, ùî çàñòî-
ñóâàííÿ â ïîêðèòò³ åëåêòðîä³â ó ÿêîñò³ çâ’ÿçóþ÷îãî Li–Na–K ð³äêî-
ãî ñêëà çàì³ñòü K–Na äîçâîëÿº (çàëåæíî â³ä âì³ñòó â íüîìó Li) ïðè-
áëèçíî ó 1,2–1,5 ðàçà çìåíøèòè ïîêàçíèêè âèä³ëåíü ÇÀ ³ äî 1,4 ðà-
çà – âì³ñò ó íüîìó âèñîêîòîêñè÷íîãî øåñòèâàëåíòíîãî õðîìó (Cr6+),
à çàñòîñóâàííÿ Li–Na çâ’ÿçóþ÷îãî äàº ìîæëèâ³ñòü ó 2 ðàçè çíèçèòè
âèä³ëåííÿ ÇÀ ³ ó 2,2 ðàçè âì³ñò ó íüîìó Cr6+ (ðèñ. 1). Âèêîðèñòàí-
íÿ æ ó ïîêðèòò³ Li ð³äêîãî ñêëà äîçâîëÿº çìåíøèòè âèä³ëåííÿ ÇÀ â
2,5 ðàçè ³ çàïîá³ãòè óòâîðåííþ â íüîìó Cr6+ (ðèñ. 2).

Â³äñóòí³ñòü ó äàíîìó âèïàäêó â ñêëàä³ ÇÀ Cr6+ ìîæíà ïîÿñíèòè
õ³ì³÷íèìè âëàñòèâîñòÿìè ð³äêîçåìåëüíèõ åëåìåíò³â. Â³äîìî, ùî ï³ä
÷àñ ïëàâëåííÿ ³ óòâîðåííÿ ÇÀ íàÿâí³ñòü ó ïîêðèòò³ åëåêòðîä³â K ³
Na, ÿê ïðàâèëî, ïðèçâîäèòü äî óòâîðåííÿ â ðåçóëüòàò³ âçàºìîä³¿ öèõ
ðå÷îâèí ç õðîìîì ¿õ õðîìàò³â òà á³õðîìàò³â:

Cr + K2O, Na2O  K2CrO4, Na2CrO4,
Cr + K2O, Na2O  K2Cr2O7, Na2Cr2O7.

Ñàìå ö³ õ³ì³÷í³ ñïîëóêè ³ º íàäçâè÷àéíî íåáåçïå÷íèìè (êàíöåðî-
ãåííèìè) ðå÷îâèíàìè, ÿê³ âèçíà÷àþòü ó äàíîìó âèïàäêó âåëè÷èíó
òîêñè÷íîñò³ ÇÀ. Çàñòîñóâàííÿ æ ó ïîêðèòò³ åëåêòðîä³â Li2Î âíàñë³äîê
îñîáëèâîñòåé éîãî õ³ì³÷íèõ âëàñòèâîñòåé íå ïðèçâîäèòü äî óòâîðþ-
âàííÿ àíàëîã³÷íèõ õðîìàò³â [8, 10–12]. Óòâîðåííÿ æ ³íøèõ íàäçâè÷àé-
íî íåáåçïå÷íèõ ñïîëóê øåñòèâàëåíòíîãî õðîìó CrO3, îêð³ì ïîì³ðíî
òîêñè÷íîãî òðèâàëåíòíîãî Cr2O3, òàêîæ íå ï³äòâåðäæåíî [13].

Âèä ð³äêîãî 
ñêëà (çâ’ÿçóþ÷îãî

ïîêðèòòÿ)

²íòåí-
ñèâí³ñòü
âèä³ëåííÿ
Va, ã/õâ

Ïèòîìå
âèä³ëåííÿ
Ga, ã/êã

Ìàñîâà ÷àñòêà, % â ÇÀ

Cr6+ Cr3+ Mn Ni Fð Fíð

K–Na (0 %) 0,51 11,58 1,96 2,62 4,81 1,47 11,68 1,30

Li–Na–K (0,7 %) 0,45 10,10 1,77 2,67 5,27 1,38 10,24 1,69

Li–Na–K (1,8 %) 0,35 7,28 1,44 2,82 5,69 1,29 10,35 1,88

Li–Na (2,7 %) 0,26 5,52 0,89 3,04 5,73 1,62 11,65 1,34

Li (3,2 %) 0,20 4,52 – 3,91 5,20 1,39 5,76 1,56

Ïðèì³òêà. Ó ñêîáêàõ çàçíà÷åíà ìàñîâà ÷àñòêà Li2O â ð³äêîìó ñêë³.
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Ðèñ. 1. Çàëåæí³ñòü ³íòåíñèâíîñò³ âèä³ëåííÿ Va ÇÀ 
â³ä âì³ñòó â íèõ øåñòèâàëåíòíîãî õðîìó Cr6+

(ó ñêîáêàõ çàçíà÷åíà ìàñîâà ÷àñòêà Li2O â ð³äêîìó ñêë³)

Ðèñ. 2. Çàëåæí³ñòü øåñòèâàëåíòíîãî õðîìó Cr6+

â³ä âì³ñòó ë³ò³þ Li â ð³äêîìó ñêë³
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Íàñòóïíèì åòàïîì äàíî¿ ðîáîòè áóëî âèçíà÷åííÿ âïëèâó ñêëà-
äó ð³äêîãî ñêëà íà âåëè÷èíó òîêñè÷íîñò³ ÇÀ [14]. Äëÿ öüîãî âèçíà-
÷èëè òà ïðîàíàë³çóâàëè ðîçðàõóíêîâ³ ïîêàçíèêè òîêñè÷íîñò³ [3]:
ãðàíè÷íå çíà÷åííÿ ÇÀ LVWF(A) òà ã³ã³ºí³÷íèé êëàñ åëåêòðîä³â,
ÿêèé, â ñâîþ ÷åðãó, âèçíà÷àºòüñÿ öèì ãðàíè÷íèì çíà÷åííÿì òà ³í-
òåíñèâí³ñòþ âèä³ëåííÿ ÇÀ (òàáë. 2), à òàêîæ åêñïåðèìåíòàëüíî
âèçíà÷åíèé ³íäåêñ öèòîòîêñè÷íîñò³. 

Òàáëèöÿ 2 
Êëàñèô³êàö³ÿ çâàðþâàëüíèõ ìàòåð³àë³â â çàëåæíîñò³ 

â³ä ð³âíÿ âèä³ëåíü ³ ðîçðàõóíêîâîãî ãðàíè÷íîãî çíà÷åííÿ ÇÀ [3]

Ðåçóëüòàòè äîñë³äæåíü (òàáë. 3) ïîêàçàëè, ùî ãðàíè÷íå çíà÷åí-
íÿ ÇÀLVWF(A) çìåíøóºòüñÿ ç³ çðîñòàííÿì âì³ñòó â ïîêðèòò³ åëåê-
òðîä³â øåñòèâàëåíòíîãî õðîìó: âîíî ì³í³ìàëüíå (0,31 ìã/ì3) ó âè-
ïàäêó çâàðþâàííÿ åëåêòðîäàìè ç K–Na çâ’ÿçóþ÷èì, çðîñòàº ç ï³äâè-
ùåííÿì ó íüîìó ë³ò³þ Li òà ìàº ìàêñèìàëüíó âåëè÷èíó (0,97 ìã/ì3)
ïðè çàñòîñóâàíí³ â ïîêðèòò³ ð³äêîãî ñêëà íà îñíîâ³ ÷èñòîãî ë³ò³þ.
Ì³í³ìàëüíå çíà÷åííÿ LVWF(A) ñâ³ä÷èòü ïðî ìàêñèìàëüíó â³äíîñíó
òîêñè÷í³ñòü ÇÀ (äëÿ ïîð³âíÿííÿ ÇÀ îäí³º¿ ìàñè) ³, â³äïîâ³äíî, ìàê-
ñèìàëüíå – ïðî ìåíøó òîêñè÷í³ñòü, õàðàêòåðíó äëÿ ÇÀ, îòðèìàíèõ
ïðè çâàðþâàíí³ åëåêòðîäàìè ç ïîêðèòòÿì ³ç ë³ò³ºì. 

Çà âñòàíîâëåíîþ âåëè÷èíîþ LVWF(A) ìîæíà çðîáèòè âèñíî-
âîê, ùî òîêñè÷í³ñòü ÇÀ, îòðèìàíèõ ïðè çâàðþâàíí³ åëåêòðîäàìè
ç³ çâ’ÿçóþ÷èì ç ë³ò³ºì ïðèáëèçíî â òðè ðàçè ìåíøà, í³æ ÇÀ, ÿê³
óòâîðþþòüñÿ ïðè çàñòîñóâàíí³ Na–K ð³äêîãî ñêëà, ùî ïîÿñíþºòü-
ñÿ â³äñóòí³ñòþ â ÇÀ øåñòèâàëåíòíîãî õðîìó (ðèñ. 3).

Ãðàíè÷íå çíà÷åííÿ
ÇÀLVWF(A), ìã/ì3

²íòåíñèâí³ñòü
âèä³ëåííÿ ÇÀ Va,

ìã/ñ
<3 Â³ä 3

äî 8
Â³ä 8
äî 15

Â³ä 15
äî 25 >25

Êëàñ çâàðþâàëüíîãî
ìàòåð³àëó À B Ñ D E

>4,5 5 5a 5b 5c 5d 5e

Â³ä 3,5 äî 4,5 4 4a 4b 4c 4d 4e

Â³ä 2,5 äî 3,5 3 3a 3b 3c 3d 3e

Â³ä 1,5 äî 2,5 2 2a 2b 2c 2d 2e

Â³ä 0,5 äî 1,5 1 1a 1b 1c 1d 1e

<0,5 0 0a 0b 0c 0d 0e
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Òàáëèöÿ 3 
Ã³ã³ºí³÷íà õàðàêòåðèñòèêà ÇÀ

Ùî ñòîñóºòüñÿ ã³ã³ºí³÷íîãî êëàñó åëåêòðîä³â ÿê óçàãàëüíþþ÷îãî
(ïðàêòè÷íî àáñîëþòíîãî) ïîêàçíèêà òîêñè÷íîñò³, òî â³í ìàº íóëüîâå
«0» çíà÷åííÿ äëÿ âñ³õ åëåêòðîä³â, êð³ì åëåêòðîä³â ç ë³ò³ºâèì çâ’ÿçóþ-
÷èì ó ïîêðèòò³, ÿêèé â³äíîñèòüñÿ äî êëàñó 1 ³ ñâ³ä÷èòü ïðî ìåíøó
òîêñè÷í³ñòü ÇÀ. Òàêèì ÷èíîì, åëåêòðîäè ç Na–K òà Li–Na–K çâ’ÿçó-
þ÷èì â³äíîñÿòüñÿ äî íàéã³ðøîãî ã³ã³ºí³÷íîãî êëàñó, îñê³ëüêè ó
ñêëàä³ ÇÀ, ÿê³ óòâîðþþòüñÿ ïðè çâàðþâàíí³ íèìè, ïðèñóòí³é øå-
ñòèâàëåíòíèé õðîì, à åëåêòðîäè ç ë³ò³ºâèì çâ’ÿçóþ÷èì â³äíîñÿòü-
ñÿ äî ìåíø íåáåçïå÷íîãî êëàñó «1».

Ðèñ. 3. Çàëåæí³ñòü ãðàíè÷íîãî çíà÷åííÿ ÇÀ 
â³ä âì³ñòó â íüîìó øåñòèâàëåíòíîãî õðîìó Cr6+

(ó ñêîáêàõ çàçíà÷åíà ìàñîâà ÷àñòêà Li2O ó ð³äêîìó ñêë³)
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Âèä ð³äêîãî ñêëà 
(çâ’ÿçóþ÷îãî ïîêðèòòÿ)

²íòåíñèâí³ñòü
âèä³ëåííÿ ÇÀVa,

ìã/ñ

Ãðàíè÷íå 
çíà÷åííÿ

ÇÀLVWF(A),
ìã/ì3

Êëàñ 
åëåêòðîä³â

Öèòîòîê-
ñè÷í³ñòü ²t,

%

K-Na (0 %) 8,3 0,31 0C 22,3

Li-Na-K (0,7 %) 7,5 0,33 0Â 12,5

Li-Na-K (1,8 %) 5,8 0,37 0B 18,8

Li-Na (2,7 %) 4,3 0,44 0B 29,0

Li (3,2 %) 3,3 0,97 1Â 66,2

Ïðèì³òêà. Ó ñêîáêàõ çàçíà÷åíà ìàñîâà ÷àñòêà Li2O â ð³äêîìó ñêë³.



Ðàçîì ç òèì, âðàõîâóþ÷è ïîêàçíèê ³íòåíñèâíîñò³ âèä³ëåííÿ ÇÀ,
óòî÷íþºìî äî ÿêîãî óçàãàëüíþþ÷îãî êëàñó åëåêòðîä³â âîíè â³äíî-
ñÿòüñÿ. Òàê, åëåêòðîäè ç Na–K çâ’ÿçóþ÷èì ïîêðèòòÿ â³äíîñÿòüñÿ äî
íàéã³ðøîãî ã³ã³ºí³÷íîãî êëàñó – «0Ñ» ç ìàêñèìàëüíîþ ³íòåíñèâ-
í³ñòü âèä³ëåííÿ ÇÀ (Va = 8,3 ìã/ñ), à åëåêòðîäè ç ë³ò³ºâèì çâ’ÿçóþ-
÷èì – äî íàéêðàùîãî â äàíîìó âèïàäêó êëàñó (Va = 3,3 ìã/ñ). Ïðè
öüîìó ñë³ä çàçíà÷èòè, ùî ïðàêòè÷íî âñ³ åëåêòðîäè äëÿ çâàðþâàííÿ
âèñîêîëåãîâàíèõ õðîìîí³êåëåâèõ ñòàëåé â³äíîñÿòüñÿ äî êëàñó «0»,
ïîêàçíèê ãðàíè÷íîãî çíà÷åííÿ LVWF(A)ÿêîãî íå ïîâèíåí ïåðåâè-
ùóâàòè íàéá³ëüø æîðñòêå çíà÷åííÿ 0,5 ìã/ì3 (äèâ. òàáë. 2) çã³äíî
ñòàíäàðòó ÄÑÒÓ ISO 15011-4:2008 [3]. Òàêèì ÷èíîì, äëÿ çâàðþâàí-
íÿ âèñîêîëåãîâàíèõ õðîìîí³êåëåâèõ ñòàëåé áàæàíî çàñòîñîâóâàòè
åëåêòðîäè ç³ çâ’ÿçóþ÷èì íà îñíîâ³ ÷èñòîãî ë³ò³ºâîãî ð³äêîãî ñêëà.
Öå äîçâîëÿº âèéòè çà ìåæ³ íàéá³ëüø òîêñè÷íîãî ã³ã³ºí³÷íîãî êëàñó
«0», òîáòî ïîë³ïøèòè ã³ã³ºí³÷í³ õàðàêòåðèñòèêè åëåêòðîä³â.

² íàðåøò³, âèçíà÷èòè ÷èñëîâå çíà÷åííÿ òîêñè÷íîñò³ ÇÀ äîçâîëèâ
ïîêàçíèê ¿õ öèòîòîêñè÷íîñò³ It (äèâ. òàáë. 3). Òàê, ïðè çàñòîñóâàíí³
â ïîêðèòò³ åëåêòðîä³â ë³ò³ºâîãî çâ’ÿçóþ÷îãî â³í ìàº ìàêñèìàëüíó âå-
ëè÷èíó (It = 62,1 %), ùî ñâ³ä÷èòü ïðî ì³í³ìàëüíó òîêñè÷í³ñòü ÇÀ
(îñê³ëüêè ïðè çíà÷åííÿõ It = 70–120 % äîñë³äíèé ìàòåð³àë ââàæà-
ºòüñÿ íåòîêñè÷íèì). Ïðè çâàðþâàíí³ åëåêòðîäàìè ç ³íøèìè çâ’ÿçó-
þ÷èìè â çàëåæíîñò³ â³ä ¿õ ñêëàäó â³í çì³íþºòüñÿ â³ä 12,5 äî 29,0 %,
ùî ñâ³ä÷èòü ïðî òåíäåíö³þ äî ï³äâèùåííÿ òîêñè÷íîñò³ ÇÀ ïðè çìåí-
øåíí³ ó ñêëàä³ ð³äêîãî ñêëà âì³ñòó ë³ò³þ. Çâè÷àéíî, ùî öå, â ñâîþ
÷åðãó, ïîÿñíþºòüñÿ âì³ñòîì ó ÇÀ øåñòèâàëåíòíîãî õðîìó: ç ï³äâè-
ùåííÿì éîãî êîíöåíòðàö³¿ ó ñêëàä³ ÇÀ çìåíøóºòüñÿ ³íäåêñ öèòîòîê-
ñè÷íîñò³, òîáòî ï³äâèùóºòüñÿ òîêñè÷í³ñòü ÇÀ (ðèñ. 4).

Ñë³ä çàçíà÷èòè, ùî çàñòîñóâàííÿ äàíîãî ñêðèí³íãîâîãî ìåòîäó [5]
â ïðàêòèö³ ñàí³òàðíî-ã³ã³ºí³÷íî¿ îö³íêè çâàðþâàëüíèõ åëåêòðîä³â íå
äîçâîëÿº çðîáèòè îäíîçíà÷íèé âèñíîâîê ïðî çàëåæí³ñòü òîêñè÷íîñò³
ÇÀ â³ä âì³ñòó â ïîêðèòò³ Li, Na, K òà øåñòèâàëåíòíîãî õðîìó, îñê³ëü-
êè íà òîêñè÷í³ñòü ÇÀ òàêîæ âïëèâàþòü ³ ³íø³ ñêëàäîâ³ ïîêðèòòÿ åëåê-
òðîä³â, òàê³ ÿê í³êåëü, ìàðãàíåöü, ðîç÷èíí³ ôòîðèäè òîùî. 

Òàêèì ÷èíîì, âðàõîâóþ÷è òå, ùî ñòàíäàðòèçîâàí³ ïîêàçíèêè
ÄÑÒÓ ISO 15011-4:2008 íå âðàõîâóþòü êîìïëåêñíèé âïëèâ êîìïî-
íåíò³â àåðîçîëþ íà éîãî òîêñè÷í³ñòü ³ äëÿ çàñòîñóâàííÿ ÿêèõ íå-
îáõ³äíî âèêîíóâàòè äîðîãèé ³ òðóäîì³ñòêèé õ³ì³÷íèé àíàë³ç ÇÀ, à
òàêîæ ïðîâîäèòè ñêëàäí³ ðîçðàõóíêè, äëÿ ñàí³òàðíî-ã³ã³ºí³÷íî¿
îö³íêè çâàðþâàëüíèõ åëåêòðîä³â âàðòî âèêîðèñòîâóâàòè ³íäåêñ öè-
òîòîêñè÷íîñò³ çâàðþâàëüíèõ àåðîçîë³â, ùî óòâîðþþòüñÿ ïðè çà-
ñòîñóâàíí³ öèõ åëåêòðîä³â.
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Ðèñ. 4. Çàëåæí³ñòü ³íäåêñó öèòîòîêñè÷íîñò³ It â³ä âì³ñòó 
â ÇÀ øåñòèâàëåíòíîãî õðîìó Cr6+

(ó ñêîáêàõ çàçíà÷åíà ìàñîâà ÷àñòêà Li2O â ð³äêîìó ñêë³)

Âèñíîâîê. Ïîêàçàíî, ùî ³íäåêñîì öèòîòîêñè÷íîñò³ çâàðþâàëü-
íèõ àåðîçîë³â ìîæíà êîðèñòóâàòèñü ÿê ïîêàçíèêîì ¿õ òîêñè÷íîñò³.
Âñòàíîâëåíî, ùî äàíèé ã³ã³ºí³÷íèé ïîêàçíèê ìàº îäíîçíà÷íèé çâ’ÿ-
çîê ç³ ñòàíäàðòèçîâàíèìè ðîçðàõóíêîâèìè ïîêàçíèêàìè (ãðàíè÷íèì
çíà÷åííÿì ÇÀ) ó â³äïîâ³äíîñò³ äî ì³æíàðîäíîãî ìåòîäè÷íîãî ñòàí-
äàðòó ÄÑÒÓ ISO 15011-4:2008, ùî ï³äòâåðäæóº ìîæëèâ³ñòü éîãî çà-
ñòîñóâàííÿ â ïðàêòèö³ ñàí³òàðíî-ã³ã³ºí³÷íî¿ îö³íêè çâàðþâàëüíèõ ìà-
òåð³àë³â, ó âñÿêîìó ðàç³, õî÷à á äëÿ åêñïåðòíî¿ ïîð³âíÿëüíî¿ îö³íêè. 

Âèêîðèñòàííÿ â³äîìèõ ì³æíàðîäíèõ ñòàíäàðòèçîâàíèõ ìåòîä³â
ñàí³òàðíî-ã³ã³ºí³÷íî¿ îö³íêè çâàðþâàëüíèõ ìàòåð³àë³â ó êîìïëåêñ³ ç
ìåòîäîì âèçíà÷åííÿ ³íäåêñó öèòîòîêñè÷íîñò³ çâàðþâàëüíèõ àåðî-
çîë³â äîçâîëèâ óñòàíîâèòè, ùî çàñòîñóâàííÿ â ïîêðèòò³ åëåêòðîä³â
äëÿ çâàðþâàííÿ âèñîêîëåãîâàíèõ õðîìîí³êåëåâèõ ñòàëåé çâ’ÿçóþ÷îãî
íà îñíîâ³ ÷èñòîãî ë³ò³ºâîãî àáî ë³ò³é-íàòð³é êàë³ºâîãî ð³äêîãî ñêëà
çàì³ñòü êàë³ºâî-íàòð³ºâîãî äîçâîëÿº çìåíøèòè ð³âåíü âèä³ëåííÿ â ïî-
â³òðÿ çâàðþâàëüíîãî àåðîçîëþ, âì³ñò ó íüîìó âèñîêîòîêñè÷íîãî øå-
ñòèâàëåíòíîãî õðîìó ³ çà ðàõóíîê öüîãî çàãàëüíó éîãî òîêñè÷í³ñòü. 

Ë³òåðàòóðà 
1. Ëåâ÷åíêî Î. Ã. Ñâàðî÷íûå àýðîçîëè è ãàçû: ïðîöåññû îáðà-

çîâàíèÿ, ìåòîäû íåéòðàëèçàöèè è ñðåäñòâà çàùèòû. Êèåâ: Íàóêî-
âà äóìêà, 2015. – 248 ñ.
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МЕТОДИЧНЕ ЗАБЕЗПЕЧЕННЯ ВИБОРУ 

СУЧАСНИХ ЗАСОБІВ ІНДИВІДУАЛЬНОГО ЗАХИСТУ

ОРГАНІВ ДИХАННЯ

Àíîòàö³ÿ. Íàâåäåí³ ðåêîìåíäàö³¿ ùîäî âèáîðó çàñîá³â ³íäèâ³äóàëü-
íîãî çàõèñòó îðãàí³â äèõàííÿ, â³äïîâ³äíî äî ÄÍÀÎÏ 0.00-1.04-07 òà
ÄÑÒÓ ÅN 529:2006. Âêàçàí³ îñíîâí³ â³äì³ííîñò³ ³ ïðîòèð³÷÷ÿ àëãîðèò-
ì³â âèáîðó âêàçàíèõ ó âèùåçãàäàíèõ íîðìàòèâíèõ äîêóìåíòàõ. Íàäàíà
³íôîðìàö³ÿ ùîäî âèáîðó ³ çàáåçïå÷åííÿ åôåêòèâíîãî çàõèñòó îðãàí³â äè-
õàííÿ ïðè âèêîðèñòàíí³ ô³ëüòðóâàëüíèõ ðåñï³ðàòîð³â.

Êëþ÷îâ³ ñëîâà: ô³ëüòðóâàëüíèé ðåñï³ðàòîð, êîåô³ö³ºíò çàõèñòó,
ïèëîâå íàâàíòàæåííÿ, ï³âìàñêà, çàõèñíà åôåêòèâí³ñòü.

Abstract. In the article recommendations are given for choosing of the
respiratory protective devices according to DNAOP 0.00-1.04-07 and DSTU
EN 529:2006. In the article described main differences and contradictions of
the choice algorithms that shown in above-mentioned normative documents.
Information about choosing and providing of effective respiratory protection at
filtering respiratory protective devices using are given. 

Keywords: filtering respiratory protective device, protective coefficient,
dust loading, half mask, protective efficiency.

Îõîðîíà ïðàö³ íà ï³äïðèºìñòâàõ ã³ðíè÷îäîáóâíî¿ ãàëóç³ ïðî-
ìèñëîâîñò³ Óêðà¿íè çà îñòàííº äåñÿòèð³÷÷ÿ ñóòòºâî ïîã³ðøèëàñÿ,
íåçâàæàþ÷è íà íèçêó ïðèéíÿòèõ íîðìàòèâíèõ àêò³â, ñïðÿìîâàíèõ
íà ïîêðàùåííÿ óìîâ ïðàö³ ³ çàïîá³ãàííÿ ïðîôåñ³éíèõ çàõâîðþ-
âàíü, óäîñêîíàëåííÿ ìåõàí³çì³â ñîö³àëüíîãî çàõèñòó øàõòàð³â: Çà-
êîí Óêðà¿íè «Ïðî îõîðîíó ïðàö³» â³ä 14.10.1992 ¹ 2694-XII (ç³ çì³-
íàìè), Óêàç Ïðåçèäåíòà Óêðà¿íè «Ïðî ñòðóêòóðíó ïåðåáóäîâó
âóã³ëüíî¿ ïðîìèñëîâîñò³» â³ä 07.02.1996 ¹ 116/96 (âòðàòèâ ÷èíí³ñòü
06.08.2005), Ïîñòàíîâà Êàá³íåòó ì³í³ñòð³â «Ïðî õ³ä ñòðóêòóðíî¿ ïå-
ðåáóäîâè âóã³ëüíî¿ ïðîìèñëîâîñò³» â³ä 28.03.1997 ¹ 280 (ç³ çì³íà-
ìè), Çàêîí Óêðà¿íè «Ïðî çàãàëüíîîáîâ’ÿçêîâå äåðæàâíå ñîö³àëüíå
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ñòðàõóâàííÿ» â³ä 23.09.1999 ¹ 1105-XIV (ç³ çì³íàìè), Ïîñòàíîâà
ÊÌÓ «Ïðî çàòâåðäæåííÿ Ïðîãðàìè ï³äâèùåííÿ áåçïåêè ïðàö³ íà
âóãëåäîáóâíèõ òà øàõòîáóä³âíèõ ï³äïðèºìñòâàõ» â³ä 29.03.2006 
¹ 374 (ç³ çì³íàìè).

Ïðîòå, çà ñòàòèñòèêîþ Ôîíäó ñîö³àëüíîãî ñòðàõóâàííÿ â³ä íå-
ùàñíèõ âèïàäê³â íà âèðîáíèöòâ³ òà ïðîôåñ³éíèõ çàõâîðþâàíü Óê-
ðà¿íè çà 2015 ð³ê (http://www.social.org.ua/view/5456) íàéá³ëüøå ïðî-
ôåñ³éíèõ çàõâîðþâàíü ô³êñóºòüñÿ â ãàëóç³ äîáóâíî¿ ïðîìèñëîâîñò³ –
77,4 % â³ä çàãàëüíî¿ ê³ëüêîñò³ ïî Óêðà¿í³. Çà äàíèìè Ì³í³ñòåðñòâà
îõîðîíè çäîðîâ’ÿ Óêðà¿íè ïðîôïàòîëîã³ÿ ç ïèëîâî¿ åòèìîëîã³¿ –
íàñë³äîê íåäîñêîíàëîñò³ òåõíîëîã³¿ òà îáëàäíàííÿ – 67 %, â³äñóò-
íîñò³ àáî íåñïðàâíîñò³ ñàíòåõóñòàíîâîê – 3 %, âèêîðèñòàííÿ
Ç²ÇÎÄ íå çà ïðèçíà÷åííÿì – 25 %, ïîðóøåííÿ ïðàâèë òåõí³êè áåç-
ïåêè, ðåæèì³â ïðàö³ ³ â³äïî÷èíêó ïðàö³âíèêàìè – 5 %. Íàé÷àñò³øå
õâîð³þòü ã³ðíèêè, ùî íàéáëèæ÷å ðîçòàøîâàí³ äî äæåðåë ïèëîóòâî-
ðþâàííÿ, – çàá³éíèêè, êîòð³ âèéìàþòü âóã³ëëÿ çà äîïîìîãîþ â³ä-
á³éíèõ ìîëîòê³â íà êðóòèõ ïëàñòàõ (400 õâîðèõ íà 10 òèñ. çàá³é-
íèê³â); âäâ³÷³ ìåíøå – ã³ðíèêè î÷èñíèõ çàáî¿â, âòðè÷³ ìåíøå –
ïðîõ³äíèêè. Ñåðåä ðîáî÷èõ ñóì³æíèõ ïðîôåñ³é âèÿâëåíî 43–59 âè-
ïàäê³â çàõâîðþâàííÿ íà 10 òèñ. îñ³á.

Çðîçóì³ëî, ùî â óìîâàõ åêîíîì³÷íî¿ êðèçè íåìîæëèâî íå ò³ëü-
êè âïðîâàäæåííÿ íîâ³òí³õ ðîçðîáîê (òåõíîëîã³é ³ îáëàäíàííÿ) ³í-
íîâàö³éíîãî ð³âíÿ, à é ñó÷àñíèõ çàñîá³â êîëåêòèâíîãî çàõèñòó (ñè-
ñòåì âåíòèëÿö³¿, âìîíòîâàíèõ òà ïðèëàøòîâàíèõ äî îáëàäíàííÿ
â³äñìîêòóâà÷³â ïîâ³òðÿ). ªäèíî ìîæëèâå ïàë³àòèâíå ð³øåííÿ –
âïðîâàäæåííÿ ïðîòèïèëîâèõ ðåñï³ðàòîð³â, òåõí³÷í³ ³ åðãîíîì³÷í³
õàðàêòåðèñòèêè êîòðèõ â³äïîâ³äàþòü óìîâàì åêñïëóàòàö³¿, à òàêîæ
êâàë³ô³êîâàíå ³ ðàö³îíàëüíå ¿õ âèêîðèñòàííÿ øàõòàðÿìè ³ ðîáî÷è-
ìè ñóì³æíèõ ïðîôåñ³é. Íàæàëü, çãàäàí³ âèùå íîðìàòèâí³ äîêó-
ìåíòè íå äàþòü â³äïîâ³ä³ íà âåëüìè âàæëèâ³ ïèòàííÿ ùîäî ñòâî-
ðåííÿ áåçïå÷íèõ óìîâ ïðàö³, çîêðåìà, çàáåçïå÷åííÿ çàñîáàìè ³í-
äèâ³äóàëüíîãî çàõèñòó îðãàí³â äèõàííÿ (Ç²ÇÎÄ) øàõòàð³â. Î÷åâèä-
íî, ç óðàõóâàííÿì îñòàííüîãî ³ ºâðîïåéñüêî¿ îð³ºíòàö³¿ Óêðà¿íè
ò³ëüêè ó 2007 ðîö³ áóëà çðîáëåíà ïåðøà, íà íàø ïîãëÿä, íå çîâñ³ì
âäàëà ñïðîáà ãàðìîí³çàö³¿ âèìîã ùîäî óìîâ åôåêòèâíîãî çàõèñòó
øàõòàð³â: íà ï³äïðèºìñòâàõ ãàëóç³ îäíî÷àñíî áóëè âïðîâàäæåí³
ÄÍÀÎÏ 0.00-1.04-07 «Ïðàâèëà âèáîðó òà çàñòîñóâàííÿ çàñîá³â
³íäèâ³äóàëüíîãî çàõèñòó îðãàí³â äèõàííÿ» (ÿêèé âèäàíî Äåðæàâ-
íèì êîì³òåòîì Óêðà¿íè ç ïðîìèñëîâî¿ áåçïåêè, îõîðîíè ïðàö³ òà
ã³ðíè÷îãî íàãëÿäó çà íàêàçîì ¹ 331 â³ä 28.12.2007 ð.), ÿêèìè çà-
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ðàç êîðèñòóþòüñÿ äëÿ âèáîðó ô³ëüòðóâàëüíèõ ðåñï³ðàòîð³â íà ã³ð-
íè÷î-âèäîáóâíèõ ï³äïðèºìñòâàõ.

Â òîé æå ð³ê áóâ ââåäåíèé â ä³þ íàö³îíàëüíèé ñòàíäàðò ÄÑÒÓ
ÅN 529:2006 «Ðåêîìåíäàö³¿ ùîäî âèáîðó, âèêîðèñòàííÿ, äîãëÿäó ³
îáñëóãîâóâàííÿ Ç²ÇÎÄ» (ÿêèé çàòâåðäæåíî íàêàçîì ÊÌÓ â³ä
29.06.2006 ¹ 179 «Ïðî çàòâåðäæåííÿ òà ñêàñóâàííÿ íàö³îíàëüíèõ
ñòàíäàðò³â Óêðà¿íè» ââåäåíî âä³þ 1.10.2007 ð.), ÿêèé ÷îìóñü áóâ
ìàëî ïîì³÷åíèé íà âóã³ëüíèõ ï³äïðèºìñòâàõ, ÿê³ ³ äî ñüîãîäí³ êî-
ðèñòóþòüñÿ ÄÍÀÎÏ 0.00-1.04-07. 

Ïðè óâàæíîìó âèâ÷åí³ âèùåíàçâàíèõ äîêóìåíò³â, çàö³êàâëå-
íèé ÷èòà÷ âèÿâèòü ñóòòºâ³ ñóïåðå÷íîñò³: ïî-ïåðøå, ó òåðì³íîëîã³¿,
ïî-äðóãå, ó ïðîöåäóð³ âèáîðó ðåñï³ðàòîðà. Íàïðèêëàä, ó îñòàííüî-
ãî, íà â³äì³ííó â³ä ÄÍÀÎÏ 0.00-1.04-07 â³äïîâ³äíî äî ºâðîïåéñü-
êî¿ ïðàêòèêè ç’ÿâëÿþòüñÿ äåê³ëüêà ïîíÿòü êîåô³ö³ºíòó çàõèñòó: 

 âèçíà÷åíèé êîåô³ö³ºíò çàõèñòó (ÂÊÇ) – ïîêàçóº ð³âåíü çàõè-
ñòó, ùî î÷³êóºòüñÿ ðåàëüíî äîñÿãòè íà ðîáî÷îìó ì³ñö³ äëÿ 95 % â³ä-
ïîâ³äíî òðåíîâàíèõ ³ ïåðåâ³ðåíèõ êîðèñòóâà÷³â, ÿê³ âèêîðèñòîâóþòü
Ç²ÇÎÄ, ùî ïðàöþº íàëåæíèì ÷èíîì ³ ïðàâèëüíî ïðèïàñîâàíèé;

 íîì³íàëüíèé êîåô³ö³ºíò çàõèñòó (ÍÊÇ) – ÷èñëî îòðèìàíå ç
ìàêñèìàëüíîãî çíà÷åííÿ çàãàëüíîãî êîåô³ö³ºíòó ïðîíèêíåííÿ âñòà-
íîâëåíîãî ó â³äïîâ³äíîìó ñòàíäàðò³ äëÿ âèçíà÷åíîãî êëàñó Ç²ÇÎÄ;

 êîåô³ö³ºíò çàõèñòó íà ðîáî÷îìó ì³ñö³ (ÊÇÐÌ) – ñï³ââ³äíî-
øåííÿ ì³æ êîíöåíòðàö³ºþ â çîí³ äèõàííÿ ³ êîíöåíòðàö³ºþ øê³ä-
ëèâî¿ ðå÷îâèíè âñåðåäèí³ ëèöåâî¿ ÷àñòèíè.

Òàêà ñêëàäíà òåðì³íîëîã³ÿ ò³ëüêè îäíîãî ïîêàçíèêà âèêëèêà-
íà ïåðø çà âñå íåîáõ³äí³ñòþ çàáåçïå÷èòè, â óìîâàõ éîãî íå-
ñòàá³ëüíîñò³, íàä³éíèé çàõèñò ïðàö³âíèê³â. Òàê, »âèçíà÷åíèé êî-
åô³ö³ºíò çàõèñòó» ðîçðàõîâóºòüñÿ, âèõîäÿ÷è ç ñåðåäí³õ âåëè÷èí êî-
åô³ö³ºíò³â çàõèñòó íà ðîáî÷îìó ì³ñö³ çà ôîðìóëîþ (1)

ÂÊÇ = 
ÊÇÐÌñð

z      
, (1)

äå ÊÇÐÌñð – ñåðåäíº ãåîìåòðè÷íå çíà÷åííÿ êîåô³ö³ºíòó çàõèñòó íà ðîáî-
÷îìó ì³ñö³;  – ñòàíäàðòíå ãåîìåòðè÷íå â³äõèëåííÿ; z – êîåô³ö³ºíò, ùî
çàëåæèòü â³ä çàäàíîãî äîâ³ð÷îãî ³íòåðâàëó (â÷åí³ Äîíàëüä Êýìïáåëë è
Ñòèâåí Ëåíõàðò, ïðîâ³âøè ñòàòè÷íó îáðîáêó äåê³ëüêîõ äåñÿòê³â çâ³ò³â ïðî
çàì³ðè çàõèñíèõ âëàñòèâîñòåé Ç²ÇÎÄ íà ðîáî÷èõ ì³ñöÿõ çàïðîïîíóâàëè
îáìåæèòè âèêîðèñòàííÿ ðåñï³ðàòîð³â, ùîá ó 95 % ¿õ âèêîðèñòàííÿ
ñòóï³íü çàõèñòó áóëà âèùà ÷èì çàïèëåí³ñòü).
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Çàóâàæìî, ïðèíöèïîâîþ â³äì³íí³ñòþ ÄÑÒÓ ÅN 529:2006 º òå
ùî äëÿ âèáîðó ðåñï³ðàòîðà ï³ñëÿ âèçíà÷åííÿ ì³í³ìàëüíîãî êîåô³-
ö³ºíòà çàõèñòó â³í ïîð³âíþºòüñÿ íå ç «íîì³íàëüíèì», à ç «âèçíà÷å-
íèì». Òîä³ ÿê ó ÄÍÀÎÏ 0.00-1.04-07 ðåêîìåíäóºòüñÿ âñå ðîáèòè
íàâïàêè. Á³ëüøå òîãî, â íüîìó º êîíêðåòí³ ðåêîìåíäàö³¿ ç âèêîðè-
ñòàííÿ äåÿêèõ ìàðîê â³äîìèõ ðåñï³ðàòîð³â äëÿ çàäàíèõ óìîâ ïðàö³,
ùî º íåïðèïóñòèìî, îñê³ëüêè íå âðàõîâóºòüñÿ ö³ëà íèçêà ôàêòîð³â
(êë³ìàòè÷í³ óìîâè, ðåæèì ïðàö³, àíòðîïîìåòðè÷í³ âëàñòèâîñò³ îá-
ëè÷÷ÿ òà ³íø³), ÿê³ ìîæóòü ïîã³ðøèòè çàõèñí³ âëàñòèâîñò³ ï³âìàñîê.
Âèá³ð, ÿêèé áàçóºòüñÿ ëèøå íà çíàíí³ íîì³íàëüíîãî êîåô³ö³ºíòà
çàõèñòó, ùî âèçíà÷àºòüñÿ â ëàáîðàòîðíèõ óìîâàõ, ïðèçâîäèòü äî çà-
âèùåííÿ çàõèñíèõ ìîæëèâîñòåé ô³ëüòðóâàëüíèõ ï³âìàñîê. ßê ðå-
çóëüòàò ï³äâèùåíà éìîâ³ðí³ñòü ðîçâèòêó ïðîôåñ³éíèõ çàõâîðþâàíü.
Õîò³ëîñü áè â³äì³òèòè, ùî ð³çíèöÿ ì³æ äåêëàðîâàíîþ âèðîáíèêà-
ìè ³ ðåàëüíîþ ñòóïåíþ çàõèñòó âæå äàâíî â³äîìà â³ò÷èçíÿíèì
ñïåö³àë³ñòàì ³ç âèçíà÷åííÿ ïèëîâîãî íàâàíòàæåííÿ ã³ðíèê³â. Ùå â
«²íñòðóêö³¿ ç âèì³ðó êîíöåíòðàö³¿ ïèëó â øàõòàõ òà îáë³êó ïèëîâèõ
íàâàíòàæåíü», ÿêà ïîãîäæåíà ç Äåðæàâíèì êîì³òåòîì Óêðà¿íè ³ç
íàãëÿäó çà îõîðîíîþ ïðàö³ òà ââåäåíà â ä³þ ç 01.01.2003, íàÿâí³ñòü
âèêîðèñòàííÿ ëþáî¿ ìàðêè ô³ëüòðóâàëüíîãî ðåñï³ðàòîðà âðàõîâó-
ºòüñÿ ºäèíèì çíà÷åííÿ êîåô³ö³ºíòó, ÿêèé äîð³âíþº 0,1(2) 

Ï = 0,001kCQtN, (2)

äå Ï – ïèëîâå íàâàíòàæåííÿ, ã; k – êîåô³ö³ºíò, ÿêèé âðàõîâóº íàÿâí³ñòü
ðåñï³ðàòîðà (ïðè íàÿâíîñò³ ðåñï³ðàòîðà 0,1; ïðè â³äñóòíîñò³ 1); Ñ – êîí-
öåíòðàö³ÿ ïèëó â ðîáî÷³é çîí³, ìã/ì3; Q – âèòðàòà ïîâ³òðÿ, äì3/õâ.; t –
÷àñ ðîáî÷î¿ çì³íè, õâ.; N – ê³ëüê³ñòü çì³í.

Àíàë³ç ñóòíîñò³ öüîãî êîåô³ö³ºíòà, äîçâîëÿº ïðèð³âíÿòè éîãî
äî êîåô³ö³ºíòà ïðîíèêíåííÿ Ç²ÇÎÄ. Òîä³ êîåô³ö³ºíò çàõèñòó
ðåñï³ðàòîð³â, âåëè÷èíà îáåðíåíî ïðîïîðö³éíà áóäå ñêëàäàòè 10.
Äî òàêèõ ñàìèõ ðåçóëüòàò³â, íà îñíîâ³ ÷èñåëüíèõ åêñïåðèìåíòàëü-
íèõ äàíèõ ç âèçíà÷åííÿ çàõèñíèõ âëàñòèâîñòåé ï³âìàñîê íà ðîáî-
÷èõ ì³ñöÿõ, ïðèéøëè ó êðà¿íàõ ªâðîïè. Òîìó, â ¿õ íîðìàòèâíèõ
äîêóìåíòàõ áóëî îáìåæåíî âèçíà÷åíèé êîåô³ö³ºíò çàõèñòó äëÿ
ðåñï³ðàòîð³â ç ëèöåâîþ ÷àñòèíîþ â³ä 10 äî 30 ÏÄÊ (òàáë. 1). Â³ä-
ì³òèìî, ùî îñòàíí³é çàëåæèòü â³ä êëàñó çàõèñòó ðåñï³ðàòîðà.

Ïîð³âíþþ÷è âèìîãè íàâåäåíèõ íîðìàòèâíèõ àêò³â ç âèáîðó
Ç²ÇÎÄ áà÷èìî, ùî ó ÄÍÀÎÏ 0.00-1.04-07 â³äñóòíÿ ö³ëà íèçêà ïðî-
öåäóð (òàáë. 2). Ïåðø çà âñå öå âèçíà÷åííÿ êðèòåð³¿â âèêîðèñòàí-
íÿ ðåñï³ðàòîð³â. Öå ïðèçâîäèòü äî òîãî, ùî ñïîæèâà÷³â ïåðø çà
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âñå ö³êàâèòü ö³íà ï³âìàñîê, à ïîò³ì ó âñ³ ³íø³ ïîêàçíèêè. Çðîçó-
ì³ëî, íà ³ñíóþ÷èé ï³äõ³ä äî âèáîðó Ç²ÇÎÄ â äåÿê³é ì³ð³ âïëèíóëî
³ òå, ùî â ÄÍÀÎÏ 0.00-1.04-07 íå ìàº ÷³òêî¿ ïðîöåäóðè, ÿêà á
ïîñë³äîâíî êðîê çà êðîêîì äîçâîëèëà âèçíà÷èòèñü ç íåîáõ³äíèì,
ñàìå äëÿ çàäàíèõ óìîâ, åôåêòèâíèì ðåñï³ðàòîðîì.

Òàáëèöÿ 1
Ïîð³âíÿííÿ âèìîã äî ô³ëüòðóâàëüíèõ Ç²ÇÎÄ ð³çíèõ êîíñòðóêö³é

ùîäî çàõèñíî¿ åôåêòèâíîñò³ ³ îáëàñò³ âèêîðèñòàííÿ

Ïîçíà÷åííÿ: * 42 Code of Federal Register Part 84 Respiratory Protective
Devices; ** BS EH 136:1998 Full face masks. Requirements, testing, marking;
***. Bureau of Mines «Respirator Approval Schedule 21B» (1965); **** DIN
EN 529:2006-01 Atemschutzgera

..
te – Empfehlungen fu

..
r Auswahl, Einsatz,

Pflege und Instandhaltung – Leitfaden.

Çîâñ³ì ïî-³íøîìó ïðîïîíóºòüñÿ âèáèðàòè Ç²ÇÎÄ ó ÄÑÒÓ EN
529:2006. Ñïî÷àòêó âèçíà÷àºìîñü ç óìîâàìè ïðàö³, ìîæëèâèìè
êîíöåíòðàö³ÿìè øê³äëèâî¿ ðå÷îâèíè ¿¿ êîëèâàííÿì, åêñòðåìàëü-
íèìè óìîâàìè. Ïîò³ì îö³íþºìî ìîæëèâ³ ðèçèêè äëÿ çäîðîâ’ÿ ëþ-
äèíè ïðè ðîáîò³ â òàêèõ óìîâàõ. ² ò³ëüêè ï³ñëÿ öüîãî ìîæíà íà îñ-
íîâ³ îòðèìàíî¿ ³íôîðìàö³¿ ìîæíà çâåðíóòèñü äî âèðîáíèêà çà
ï³äáîðîì íåîáõ³äíî¿ ìàðêè Ç²ÇÎÄ. Íàñòóïíèé êðîê – öå îá´ðóí-
òóâàííÿ ïðàâèëüíîñò³ ³ àäåêâàòíîñò³ âèáîðó, ùî ïîëÿãàº ó
ïîð³âíÿíí³ ì³í³ìàëüíî íåîáõ³äíîãî ñòóïåí³ çàõèñòó ç âèçíà÷åíèì
êîåô³ö³ºíòîì çàõèñòó. Êð³ì òîãî, îáîâ’ÿçêîâî ïåðåâ³ðÿºòüñÿ âèá-
ðàíèé ðåñï³ðàòîð íà ñóì³ñí³ñòü ç âèêîíóâàíîþ ðîáîòîþ, ñòàíîì
çäîðîâ’ÿ ïðàö³âíèêà, êë³ìàòè÷íèìè óìîâàìè, ñóì³ñí³ñòü ç ³íøèìè
çàñîáàìè çàõèñòó, ùî ìîæóòü áóòè çàñòîñîâàí³ â ïðîöåñ³ ïðàö³. 

Òèï Ç²ÇÎÄ

Êîåô³ö³ºíò çàõèñòó Îáìåæåííÿ âèçíà÷åíîãî
êîåô³ö³ºíòà çàõèñòó

âèìîãè ïðè
ñåðòèô³êàö³¿

ì³í³ìàëüí³
âèì³ðÿí³ 

ï³ä ÷àñ ðîáîòè
äî 2013 ð. ï³ñëÿ 2013 ð.

Ï³âìàñêà ç ëèöåâîþ
÷àñòèíîþ (ÑØÀ) 25 000*

2.2, 2.5, 2.8, 4
…

10 ÃÄÊ ç 1965***

Ï³âìàñêà ç ëèöåâîþ
÷àñòèíîþ (Âåëèêîáðè-
òàí³ÿ)

50 20 ÃÄÊ ç 1992**

Ï³âìàñêà ç ëèöåâîþ
÷àñòèíîþ (Í³ìå÷÷èíà) 250 000* 11, 17, 24…[4] 50 ÃÄÊ 30ÃÄÊ****
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Òàáëèöÿ 2
Ïîð³âíÿííÿ âèìîã äî âèáîðó ïðîòèïèëîâèõ ðåñï³ðàòîð³â

Çàóâàæèìî, ùî îñòàííÿ âèìîãà ïåðåäáà÷àº ³ ìîæëèâ³ñòü âèáî-
ðó òàêî¿ ìàðêè ðåñï³ðàòîðà, ÿêà á íàéêðàùå â³äïîâ³äàëà àíòðîïî-
ìåòðè÷íèì õàðàêòåðèñòèêàì îáëè÷÷ÿ ³ çàáåçïå÷óâàëà ì³í³ìàëüíå
ï³äñìîêòóâàííÿ íåô³ëüòðîâàíîãî ïîâ³òðÿ çà ñìóãîþ îáòþðàö³¿.

Îñòàííº – öå «òðåí³íã ç åêñïëóàòàö³¿ òà îáñëóãîâóâàííÿ»,
îñê³ëüêè íàâ³òü äëÿ îäíàêîâèõ óìîâ åêñïëóàòàö³¿, ð³çíèì ïðà-
ö³âíèêàì ìîæóòü áóòè ï³ä³áðàí³ â³äì³íí³ ìàðêè ðåñï³ðàòîð³â. Öÿ
ïðîöåäóðà çîâñ³ì â³äñóòíÿ â ÄÍÀÎÏ 0.00-1.04-07. Îäíàê âîíà º
äóæå âàæëèâîþ, íàâ³òü ÿê³ñíèé ðåñï³ðàòîð íå çìîæå çàáåçïå÷èòè
çàõèñò ïðè íåïðàâèëüíîìó éîãî âèêîðèñòàíí³. 

Äîñë³äæåííÿ åôåêòèâíîñò³ âèêîðèñòàííÿ ðåñï³ðàòîð³â íà âè-
ðîáíèöòâ³ ãîâîðÿòü, ùî öå îäíà ç íàéá³ëüøèõ ïðîáëåì. Íàâ³òü
ï³ñëÿ íàâ÷àííÿ ³ñíóº áëèçüêî 10 % ïðàö³âíèê³â, ÿê³ íåïðàâèëüíî
êîðèñòóþòüñÿ ï³âìàñêàìè [3], òîä³ ùî ãîâîðèòè êîëè òàêà ïðîöå-
äóðà â³äñóòíÿ àáî ïðîâîäèòèñÿ ôîðìàëüíî.

Âèñíîâîê. Äëÿ îðãàí³çàö³¿ åôåêòèâíîãî çàõèñòó ðîá³òíèê³â íå-
îáõ³äíå âèêîíàííÿ òàêèõ óìîâ:

 ðîçóì³ííÿ êåð³âíèöòâîì ï³äïðèºìñòâà ðèçèê³â äëÿ ëþäèíè
ïîâ’ÿçàíèõ ç âèðîáíè÷èì ïðîöåñîì ³ íåîáõ³äíîñò³ âèêîðèñòàííÿ
ÿê³ñíèõ ðåñï³ðàòîð³â; 

 ãàðàíòóâàííÿ êåð³âíèöòâîì ï³äïðèºìñòâà äîñòàòíüî¿ ê³ëü-
êîñò³ Ç²ÇÎÄ äëÿ çàáåçïå÷åííÿ íàä³éíîãî ñòóïåíþ çàõèñòó;
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¹
ï/ï

Çã³äíî ç ÄÍÀÎÏ 0.00-1.04-07 Çã³äíî ç ÄÑÒÓ EN 529:2006

Ïðîöåäóðà

1
Ïåðåâ³ðêà íàÿâíîñò³ íåîáõ³äíî¿
ê³ëüêîñò³ êèñíþ â ïîâ³òð³ ðîáî-
÷î¿ çîíè

1 Âèçíà÷åííÿ êðèòåð³¿â íåáåçïå÷-
íîãî âèêîðèñòàííÿ

2 Âèçíà÷åííÿ çàõèñíî¿ åôåêòèâ-
íîñò³ 2 Îö³íþâàííÿ ðèçèê³â ïðè âèêî-

ðèñòàíí³

3 Âèçíà÷åííÿ îïîðó äèõàííþ 3 Îá´ðóíòóâàííÿ âèáîðó

4 Âèçíà÷åííÿ ÷àñó çàõèñíî¿ ä³¿ 4
Âèá³ð ðåñï³ðàòîðà (âèçíà÷åííÿ
åôåêòèâíîñò³ çàõèñòó ³ïåðåâ³ðêà
íà ïðèäàòí³ñòü â óìîâàõ ïðàö³) 

5
Òðåí³íã ç åêñïëóàòàö³¿ òà îáñëó-
ãîâóâàííÿ â³äïîâ³äíî äî âèìîã
âèðîáíèêà



 ðîçóì³ííÿ ïðàö³âíèêàìè ñâîº¿ ðîë³ â åôåêòèâíîìó âèêîðèñ-
òàíí³ Ç²ÇÎÄ äëÿ çáåðåæåííÿ ñâîãî çäîðîâ’ÿ;

 ïðàâèëüíèé âèá³ð Ç²ÇÎÄ, âèõîäÿ÷è ç êîíêðåòíèõ óìîâ åêñ-
ïëóàòàö³¿;

 êîìôîðòí³ñòü Ç²ÇÎÄ, òîáòî íàäàòè ìîæëèâ³ñòü ïðàö³âíèêàì
ñàìèì âèáðàòè ñîá³ ï³âìàñêó ç äåê³ëüêîõ íàéá³ëüø ï³äõîäÿùèõ äî
óìîâ ðîáîòè;

 çàáåçïå÷åííÿ ÿê³ñíîãî çáåð³ãàííÿ î÷èùåííÿ òà îáñëóãîâó-
âàííÿ Ç²ÇÎÄ.
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ЄВРОПЕЙСЬКА КОНЦЕПЦІЯ ПІДГОТОВКИ ФАХІВЦІВ 

З ПИТАНЬ БЕЗПЕКИ

Àíîòàö³ÿ. Ó ñòàòò³ ðîçãëÿíóòî ñèñòåìó ï³äãîòîâêè â ïîëüñüêèõ
óí³âåðñèòåòàõ ôàõ³âö³â ç áåçïåêè æèòòºä³ÿëüíîñò³ òà îõîðîíè ïðàö³.
Íàóêà ïðî áåçïåêó âïðîâàäæåíà ÿê íàïðÿì ï³äãîòîâêè ç 2011 ðîêó.
Ñòóäåíòè íàâ÷àþòüñÿ çà ñïåö³àëüíîñòÿìè «Íàö³îíàëüíà áåçïåêà»,
«Âíóòð³øíÿ áåçïåêà», «²íæåíåð³ÿ áåçïåêè». Çà ðåçóëüòàòàìè íàâ÷àííÿ
íà ïåðøîìó ð³âí³ âïðîäîâæ øåñòè ñåìåñòð³â âèïóñêíèêè îòðèìàþòü
îñâ³òíüî-ïðîôåñ³éíèé ñòóï³íü «áàêàëàâð», íà äðóãîìó ð³âí³ âïðîäîâæ
÷îòèðüîõ ñåìåñòð³â – ñòóï³íü «ìàã³ñòð». 

Êëþ÷îâ³ ñëîâà: óí³âåðñèòåò, íàâ÷àííÿ, íàóêà ïðî áåçïåêó. 

Abstract. The article deals with the system of training specialists in occu-
pational safety and health management in Polish universities. The science of
safety has been introduced as a training direction since 2011. Students study
in the specialties «National Security», «Internal Security», «Security Engi-
neering». As a result of studying at the first level during the six semesters,
graduates will receive an educational-professional degree «bachelor», at the
second level for four semesters – the master’s degree.

Êeywords: university, education, safety science.

Ïðîìèñëîâå âèðîáíèöòâî êðà¿í ªâðîïåéñüêîãî Ñîþçó ðîçâè-
âàºòüñÿ çà ïåâíèìè òåíäåíö³ÿìè, ÿê³ çóìîâëåíî íåîáõ³äí³ñòþ çà-
áåçïå÷åííÿ ìîæëèâîñòåé êîíêóðåíö³¿ ç ðîçâèíóòèìè ñâ³òîâèìè
âèðîáíèêàìè. ªâðîïåéñüêà ³íòåãðàö³ÿ äîïîìîãëà êðà¿íàì Ñõ³äíî¿
ªâðîïè äîñÿãíóòè óñï³õ³â ó ãîñïîäàð÷îìó ðîçâèòêó òà ñòàòè äæå-
ðåëîì äîáðîáóòó äëÿ ñâî¿õ ãðîìàäÿí. Îäíàê íîâ³ âèìîãè, ÿê³ ïî-
â’ÿçàí³ ç ãëîáàë³çàö³ºþ òà çðîñòàþ÷èõ ç áîêó ³íøèõ ñâ³òîâèõ âè-
ðîáíèê³â ð³âí³â êîíêóðåíö³¿, ïðèçâåëè äî ïîÿâè â êðà¿íàõ ñòðóê-
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òóðíèõ áàð’ºð³â, ÿê³ îáìåæóþòü ñòðóêòóðèçàö³þ ïðîìèñëîâîãî âè-
ðîáíèöòâà òà òåìïè éîãî çðîñòàííÿ, à òàêîæ ñïðè÷èíÿþòü âèñî-
êèé ð³âåíü áåçðîá³òòÿ. Òàê³ ÷èííèêè çóìîâèëè íåîáõ³äí³ñòü ðîç-
ðîáêè òà âïðîâàäæåííÿ íèçêè ðåôîðì ó ñôåðàõ îñâ³òè òà ï³äâè-
ùåííÿ êâàë³ô³êàö³¿ ïðàêòè÷íî â óñ³õ êðà¿íàõ Ñõ³äíî¿ ªâðîïè. Ó
çâ³ò³ Ì³æíàðîäíî¿ êîì³ñ³¿ ç ïðîáëåì îñâ³òè UNESCO ï³ä ÷àñ
âèñâ³òëåííÿ îñíîâíèõ çàâäàíü íà ïåðñïåêòèâó ó ÕÕI ñòîð³÷÷³ êîí-
ñòàòóþòü, ùî «íà ïîðîç³ ÕÕI ñòîë³òòÿ äåðæàâí³ ³íòåðåñè â öàðèí³
îñâ³òè ïîâèíí³ çàáåçïå÷óâàòè â ïðèòàìàííèõ ìåæàõ îñîáëèâó
ì³ñ³þ ÷åðåç âïðîâàäæåííÿ ð³çíîìàí³òíèõ ôîðì ³ âñåá³÷íèõ ïðîöå-
äóð íàâ÷àííÿ, ïî÷èíàþ÷è â³ä äèòèíñòâà òà ïðîäîâæóâàòèñÿ ÷åðåç
âñå æèòòÿ, ùî äàñòü ìîæëèâ³ñòü êîæí³é îñîáèñòîñò³ ï³çíàòè äè-
íàì³êó ðîçâèòêó ñâ³òó, ³íøèõ ëþäåé ³ ñåáå ñàìîãî ÷åðåç ïîñë³äîâíå
ç’ºäíàííÿ ñòàëèõ ôóíäàìåíòàëüíèõ íàóêîâèõ îñíîâ» [1].

Êîíöåïö³ÿ ºâðîïåéñüêî¿ îñâ³òè áàçóºòüñÿ íà ÷îòèðüîõ îñíîâ-
íèõ àñïåêòàõ: íàâ÷àííÿ – öå ïðîöåñ, ÿêèé òðèâàº âïðîäîâæ óñüî-
ãî æèòòÿ êîæíî¿ îñîáèñòîñò³, âèçíà÷àþ÷è ¿¿ êîìïåòåíö³¿; íàâ÷àòè-
ñÿ ïîòð³áíî äëÿ òîãî, ùîá çäîáóòè ìåòîäè òà çíàííÿ ñâ³òîâèõ òðåí-
ä³â, ðîçóì³ííÿ ïîòåíö³éíèõ âèêëèê³â ³ çàãðîç; íàâ÷àòèñÿ ïîòð³áíî
äëÿ òîãî, ùîá ïðàöþâàòè òà âèêîíóâàòè ïåâí³ çàâäàííÿ; íàâ÷àòè-
ñÿ – äëÿ òîãî, ùîá ìàòè ìîæëèâ³ñòü çàáåçïå÷èòè êîìôîðòíèé
ð³âåíü æèòòÿ òà ìîæëèâ³ñòü ñï³âïðàö³ ç ³íøèìè ³íäèâ³äóóìè íà
âñ³õ ð³âíÿõ ä³ÿëüíîñò³. Òàê³ ÷îòèðè íàïðÿìè ñïðèÿþòü âïðîâà-
äæåííþ áàãàòüîõ ³íäèâ³äóàëüíèõ ³ ñóñï³ëüíèõ ñïîñîá³â ðîçâèòêó.
Òîáòî ð³âåíü çíàíü ³ êîìïåòåíö³é, ÿê³ îòðèìàº îñîáèñò³ñòü ó ïðî-
öåñ³ íàâ÷àííÿ, âèçíà÷àº ð³âåíü ¿¿ ïðàöåâëàøòóâàííÿ òà ³ñíóâàííÿ.

Ó êðà¿íàõ Ñõ³äíî¿ ªâðîïè (Ïîëüùà, Ñëîâà÷÷èíà) â³äáóâàþòü-
ñÿ çì³íè, ÿê³ ñòîñóþòüñÿ ö³ëåé ³ ìîäåëåé íàâ÷àííÿ. Îñíîâíà ìåòà
íàâ÷àííÿ ïîëÿãàº â ñïðÿìóâàíí³ ïðîöåñó íàâ÷àííÿ íà éîãî åôåêò.
Âïðîâàäæåíî ºäèíó ñèñòåìó îö³íêè íàáóòèõ çíàíü, ÿêà ìàº íàçâó
ªâðîïåéñüêà êâàë³ô³êàö³ÿ (ERK). Êâàë³ô³êàö³ÿ îçíà÷àº çàòâåðä-
æåííÿ òà ëåãàë³çàö³þ îö³íîê, òîáòî òàê³ ôîðìàëüí³ ðåçóëüòàòè ïðî-
öåñó íàâ÷àííÿ, ÿê³ îòðèìàíî â³äïîâ³äíî äî çàòâåðäæåíî¿ ïðîöåäó-
ðè. Çàïðîâàäæåíà ïðîöåäóðà ô³êñóº ïîëîæåííÿ, ùî äàíà îñîáà äî-
ñÿãëà åôåêòó íàâ÷àííÿ â³äïîâ³äíî äî âèçíà÷åíèõ ñòàíäàðò³â. Ñòàí-
äàðòè íàïðÿì³â ³ ñïåö³àëüíîñòåé ó âèùèõ øêîëàõ Ïîëüù³ ³ Ñëî-
âà÷÷èíè ìàþòü ï’ÿòü ñòóïåí³â (ð³âí³â):

 íàâ÷àííÿ ïåðøîãî ð³âíÿ ïåðåäáà÷àº ï³äãîòîâêó çà âñ³ìà íà-
ïðÿìàìè (òåõí³÷íèì, ìåäè÷íèì, þðèäè÷íèì òîùî). Âèïóñêíèêè
îòðèìàþòü ñòóï³íü áàêàëàâðà àáî ³íæåíåðà;
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 íàâ÷àííÿ äðóãîãî ð³âíÿ – ìàã³ñòåðñüêå, ïåðåäáà÷àº îòðèìàí-
íÿ ñòóïåíþ ìàã³ñòðà;

 íàâ÷àííÿ òðåòüîãî ð³âíÿ – äîêòîðàíòñüêå, äàº ìîæëèâ³ñòü
îòðèìàòè ñòóï³íü íàóêîâîãî äîêòîðà;

 íàâ÷àííÿ ï³ñëÿäèïëîìíå;
 êóðñè ï³äâèùåííÿ êâàë³ô³êàö³¿. 
Êîíöåïö³ÿ ªâðîïåéñüêî¿ âèùî¿ øêîëè (ÅÎSW) äàº ìîæëèâ³ñòü

âïðîâàäæåííÿ ð³çíîìàí³òíèõ ïðîãðàì, ôîðì îðãàí³çàö³¿ òà ìåòîä³â
íàâ÷àííÿ [2]. Ó Ïîëüù³ íà àêàäåì³÷íîìó ð³âí³ òàêèé ï³äõ³ä ðåàë³çó-
ºòüñÿ ç 2003 ðîêó ï³ä ÷àñ âèêëàäàííÿ äèñöèïë³íè «Êåðóâàííÿ áåç-
ïåêîþ» ç ïîäàëüøîþ ï³äãîòîâêîþ ñïåö³àë³ñò³â ïåðøîãî ð³âíÿ çà
ñïåö³àëüíîñòÿìè «Êåðóâàííÿ áåçïåêîþ» òà «ªâðîïåéñüêà áåçïåêà». 

Âèïóñêíèêè òàêèõ ñïåö³àëüíîñòåé áóëè ï³äãîòîâëåí³ äî óï-
ðàâë³ííÿ íà ðîáî÷èõ ì³ñöÿõ òà îêðåìèõ ä³ëÿíêàõ ïðîöåñîì îõîðîíè
çäîðîâ’ÿ ãðîìàäÿí ³ ñïîñîá³â çáåðåæåííÿ ìàéíà. Ó ïðîöåñ³ íàâ÷àí-
íÿ âèâ÷åíî òåõí³÷í³ òà îðãàí³çàö³éí³ çàõîäè ùîäî çáåðåæåííÿ ìà-
òåð³àëüíèõ ö³ííîñòåé, âèçíà÷åíî ï³äõîäè äî ïëàíóâàííÿ òà âïðîâà-
äæåííÿ ïåâíèõ äîö³ëüíèõ çàõîä³â çàëåæíî â³ä óìîâ ïðàö³, âèðîáíè-
÷îãî ïðîöåñó òà ö³ëåé âèðîáíèöòâà. Âèâ÷åíî îðãàí³çàö³þ òà óï-
ðàâë³ííÿ îõîðîííèìè ñòðóêòóðàìè, âèêîíàííÿ ôóíêö³é ³ ä³é â îç-
áðîºíèõ îõîðîííèõ ñòðóêòóðàõ. Îòðèìàíî ïðàêòè÷í³ íàâè÷êè âèêî-
íàííÿ âèìîã áåçïåêè, ÿê³ ïîâ’ÿçàí³ ç îõîðîíîþ ëþäåé, êîíòðîëþ-
âàííÿì òà íàãëÿäîì ïðàö³âíèê³â îõîðîíè çà çàõîäàìè òà çàñîáàìè
áåçïåêè, âïðîâàäæåííÿì çàñîá³â ³ âèêîðèñòàííÿì çáðî¿ â³äïîâ³äíî
äî ïðàâîâèõ ïðèïèñ³â. Äåÿê³ ç öèõ ïðîãðàì îòðèìàëè çàòâåðäæåííÿ
â ì³í³ñòåðñòâ³ âíóòð³øí³õ ñòðàâ, ùî çà íàÿâíîñò³ äèïëîì³â òàêèõ âè-
ïóñêíèê³â áóëî äîñòàòíüîþ ï³äñòàâîþ äëÿ îòðèìàííÿ ë³öåíç³¿ ïðî-
ôåñ³éíîãî ïðàö³âíèêà ó ñôåð³ îõîðîíè ëþäåé òà ìàéíà. 

Ç 2006 ðîêó ì³í³ñòåðñòâî îñâ³òè òà íàóêè âïðîâàäèëî íîâ³ íà-
ïðÿìè ï³äãîòîâêè â³äïîâ³äíî äî ªâðîïåéñüêîãî ñòàíäàðòó ï³äãî-
òîâêè ñïåö³àë³ñò³â ïåðøîãî òà äðóãîãî ð³âíÿ çà ñïåö³àëüíîñòÿìè
«Íàö³îíàëüíà áåçïåêà», «Âíóòð³øíÿ áåçïåêà», «²íæåíåð³ÿ áåçïå-
êè» òà «Ïîðÿòóíîê ìåäè÷íèé» [3]. Ç 2011 ðîêó ó Ïîëüù³ âïðîâà-
äæåíî ñòàíäàðòè íàâ÷àííÿ, äå âèçíà÷åíî íåîáõ³äíèé ³ äîñòàòí³é
ïåðåë³ê çíàíü, óì³íü, ñîö³àëüíî¿ êîìïåòåíö³¿, ó ðàç³ âèâ÷åííÿ íà-
óêè ïðî áåçïåêó â ìåæàõ ñóñï³ëüíèõ ³ òåõí³÷íèõ ñïåö³àëüíîñòåé.
Ðîçãëÿíåìî îñíîâí³ ïîëîæåííÿ ñòàíäàðò³â ç ï³äãîòîâêè ôàõ³âö³â ó
ñôåð³ áåçïåêè.

1. Çàãàëüí³ âèìîãè òà êâàë³ô³êàö³ÿ âèïóñêíèê³â çà ñïåö³àëü-
í³ñòþ «Íàö³îíàëüíà áåçïåêà»
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Òðèâàë³ñòü íàâ÷àííÿ äëÿ âèïóñêíèê³â ïåðøîãî ð³âíÿ íå ìåíø
í6³æ ø³ñòü ñåìåñòð³â. Çàãàëüíà ê³ëüê³ñòü ãîäèí ñòàíîâèòü íå ìåíø
í³æ 2 000. Ê³ëüê³ñòü êðåäèò³â ÅÑÒS (European Credit Transfer System)
íå ìåíø í³æ 180.

Ðîçãëÿíåìî îñíîâí³ âèìîãè ùîäî êâàë³ô³êàö³¿, ÿêó îòðèìàþòü
ñòóäåíòè ó ïðîöåñ³ íàâ÷àííÿ. Âèïóñêíèêè ïîâèíí³ çíàòè çàãàëüí³ áà-
çîâ³ íàóêîâ³ äèñöèïë³íè â ñôåð³ þðèäè÷íèõ ³ ñóñï³ëüíèõ íàóê ³ ìàòè
óì³ííÿ âèêîðèñòîâóâàòè îòðèìàí³ çíàííÿ â ïðîôåñ³éí³é ä³ÿëüíîñò³ òà
æèòò³ ç³ çáåðåæåííÿì åòè÷íèõ ïðèíöèï³â. Ïîâèíí³ ðîçóì³òè òà âì³òè
àíàë³çóâàòè ³ âèêîðèñòîâóâàòè ïîëîæåííÿ ÷èííèõ ñòàíäàðò³â òà þðè-
äè÷íèõ äîêóìåíò³â, ÿê³ ñòîñóþòüñÿ íàö³îíàëüíî¿ áåçïåêè, ïðîöåäóðè
áåçïåêè, ïðàâèë ïîâåä³íêè òà ìåòîä³â êåðóâàííÿ â íàäçâè÷àéíèõ ³
êðèçîâèõ ñèòóàö³ÿõ íà ãëîáàëüíîìó, çàãàëüíîäåðæàâíîìó, ðåã³îíàëü-
íîìó ³ ì³ñöåâîìó ð³âíÿõ. Ïîâèíí³ çíàòè òåõí³êî-îðãàí³çàö³éí³ çàõîäè
òà çàñîáè áåçïåêè òà ìåòîäè ¿õ âïðîâàäæåííÿ. Ïîâèíí³ çíàòè îñíîâè
ôóíêö³îíóâàííÿ äåðæàâíèõ ³ â³äîì÷èõ ï³äðîçä³ë³â áåçïåêè òà öèâ³ëü-
íîãî çàõèñòó. Ïîâèíí³ âì³òè âèð³øóâàòè ïðîôåñ³éí³ çàâäàííÿ, çîñå-
ðåäæóþ÷èñü íà ïðèäáàíí³, âïðîâàäæåíí³ òà íàäàâàíí³ ³íôîðìàö³¿ ç
âèêîðèñòàííÿì íîâ³òí³õ òåõíîëîã³é. Âèïóñêíèêè ïîâèíí³ çíàòè òà
âì³òè áðàòè ó÷àñòü ó êîëåêòèâí³é ðîáîò³ ç äîòðèìàííÿì åòè÷íèõ
ïðèíöèï³â. Ôàõ³âö³ ç ïèòàíü ðåàë³çàö³¿ áåçïåêè æèòòºä³ÿëüíîñò³ ïî-
âèíí³ ìàòè òàê³ åòè÷í³ ïðèíöèïè:

 ñóìë³íí³ñòü: ïîâîäèòèñÿ â³äïîâ³äíî äî åòè÷íèõ ïðèíöèï³â ³
ä³ÿòè, âèõîäÿ÷è ç äîáðèõ íàì³ð³â, ³íòåëåêòóàëüíî¿ ÷åñíîñò³ òà
ñïðàâåäëèâîñò³;

 ï³äçâ³òí³ñòü: íåñòè â³äïîâ³äàëüí³ñòü çà ñâî¿ ä³¿, ð³øåííÿ òà ¿õ
íàñë³äêè;

 íåçàëåæí³ñòü ³ íåóïåðåäæåí³ñòü: ä³ÿòè âèíÿòêîâî â ³íòåðåñàõ
ëþäèíè òà â³äïîâ³äíî äî äåðæàâíèõ íîðìàòèâíèõ äîêóìåíò³â.
Îñîáèñò³ ïîãëÿäè òà ïåðåêîíàííÿ íå ïîâèíí³ ïåðåøêîäæàëè äî-
òðèìàííþ îô³ö³éíèõ çîáîâ’ÿçàíü;

 ïîâàãà: ïîâàæàòè ã³äí³ñòü, ÷åñòü, ð³âí³ñòü, ð³çíîìàí³òòÿ ³
ïðèâàòíå æèòòÿ óñ³õ ëþäåé;

 â³ðí³ñòü ïðîôåñ³éíèì çîáîâ’ÿçàííÿì: ïðîÿâëÿòè âèñîêèé
ð³âåíü ïðîôåñ³îíàë³çìó òà â³ðí³ñòü ö³ëÿì ðîáîòè.

Ñòóäåíòè çäàþòü åêçàìåí ç ³íîçåìíî¿ ìîâè òà ïîâèíí³ ïîêàçà-
òè çíàííÿ íà ð³âí³ Â2 â³äïîâ³äíî äî ªâðîïåéñüêî¿ ñèñòåìè îö³íêè
âèâ÷åííÿ ìîâè òà óì³òè âèêîðèñòîâóâàòè ³íîçåìíó ñïåö³àëüíó
òåðì³íîëîã³þ, ÿêà íåîáõ³äíà äëÿ âèêîíàííÿ ïðîôåñ³éíî¿ ä³ÿëü-
íîñò³. Âèïóñêíèêà ïîòð³áíî ï³äãîòóâàòè äî ïðàö³ â äåðæàâíèõ
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ñòðóêòóðàõ, ÿê³ âèêîíóþòü ôóíêö³¿ îðãàí³çàö³¿ áåçïåêè íàñåëåííÿ ³
âèðîáíè÷èõ îá’ºêò³â àáî ó ñêëàä³ ñèë êðèòè÷íîãî ðåàãóâàííÿ. Ñòó-
äåíòè, ÿê³ çàê³í÷èëè ïåðøèé ð³âåíü íàâ÷àííÿ, º ïðèãîòîâëåí³ äî
âèìîã íàâ÷àííÿ íà äðóãîìó ð³âí³. 

Íàâ÷àííÿ äðóãîãî ð³âíÿ òðèâàº íå ìåíøå í³æ ÷îòèðè ñåìåñò-
ðè. Çàãàëüíà ê³ëüê³ñòü ãîäèí ñòàíîâèòü íå ìåíø í³æ 800. Ê³ëüê³ñòü
êðåäèò³â ÅÑÒS – íå ìåíø í³æ 120.

Âèïóñêíèìè ïîâèíí³ îòðèìóâàòè ðîçøèðåí³ çíàííÿ ïîð³âíÿíî ç
íàâ÷àííÿì íà ïåðøîìó ð³âí³, ÿê³ ñòîñóþòüñÿ çíàíü òà óì³íü ç ïèòàíü
áåçïåêè òà êåðóâàííÿ â íàäçâè÷àéíèõ ñèòóàö³ÿõ, à òàêîæ ó íåñòàí-
äàðòíèõ ñèòóàö³ÿõ. Ñòóäåíòàì ïîòð³áíî íàäàòè óì³ííÿ òâîð÷îãî
ðîçâ’ÿçàííÿ ñêëàäíèõ ïðîáëåì â óìîâàõ íåïîâíî¿, íå÷³òêî¿ àáî
³ìîâ³ðíî¿ ³íôîðìàö³¿. Îòðèìàí³ çíàííÿ òà íàâè÷êè ïîòð³áíî âì³òè
âèêîðèñòîâóâàòè â ïðîôåñ³éí³é ä³ÿëüíîñò³ ç äîòðèìàííÿì äåðæàâíèõ
íîðì, þðèäè÷íèõ îñíîâ òà åòè÷íèõ ïðàâèë. Âèïóñêíèêè ïîâèíí³
ìàòè çíàííÿ äî ðîáîòè íà êåð³âíè÷èõ ïîñàäàõ, äîñêîíàëî âì³òè êå-
ðóâàòè êîëåêòèâàìè â³äïîâ³äíî ç åòè÷íèìè ïðèíöèïàìè. Âèïóñê-
íèê³â ïîòð³áíî ï³äãîòóâàòè äî ðîáîòè â íàóêîâî-äîñë³äíèõ, îñâ³òí³õ
òà àêàäåì³÷íèõ óñòàíîâàõ, ÿê³ çàéìàþòüñÿ ïðîáëåìàìè áåçïåêè, à òà-
êîæ ó äåðæàâíèõ ñòðóêòóðàõ íà ïîñàä³ êåð³âíèêà, ÿêèé îðãàí³çóº
ä³ÿëüí³ñòü â îáëàñò³ ì³æíàðîäíî¿ òà äåðæàâíî¿ áåçïåêè, ïëàíóº òà ðå-
àë³çóº îïåðàö³¿ ðåàãóâàííÿ òà âçàºìîä³¿ â êðèçîâèõ ³ íàäçâè÷àéíèõ
ñèòóàö³ÿõ. Âèïóñêíèêè ïîâèíí³ îòðèìàòè ïîãëèáëåí³ çíàííÿ ç áàçî-
âî¿ îñâ³òè äëÿ ïîäàëüøîãî ïðîôåñ³éíîãî ðîçâèòêó òà áóòè ï³äãîòîâ-
ëåíèì äî ïðèéíÿòòÿ äîñë³äíèöüêèõ âèêëèê³â ³ ïðîäîâæåííÿ íàâ÷àí-
íÿ â îñâ³òí³õ çàêëàäàõ òðåòüîãî ð³âíÿ (äîêòîðàíòñüêèõ).

Ñïåö³àë³çàö³þ «Íàö³îíàëüíà áåçïåêà» âïðîâàäæåíî ó 55 áàçî-
âèõ íàâ÷àëüíèõ çàêëàäàõ ïåðøîãî ð³âíÿ, à òàêîæ ó 37 íàâ÷àëüíèõ
çàêëàäàõ äðóãîãî ð³âíÿ. Â³äïîâ³äíî äî âèìîã ñòàíäàðòó íàâ÷àííÿ
òà, â³äïîâ³äàþ÷è íà î÷³êóâàííÿ íà ðèíêó ïðàö³, ê³ëüê³ñòü âèïóñê-
íèê³â ïåðøîãî ð³âíÿ ç íàïðÿìîì çàãàëüíî-àêàäåì³÷íèì äîð³âíþº
ê³ëüêîñò³ âèïóñêíèê³â ï³äãîòîâêè ç ïðàêòè÷íèì íàïðÿìîì. Á³ëü-
ø³ñòü äèñöèïë³í (äî 55 %), ÿê³ âèâ÷àþòü ó õîä³ ï³äãîòîâêè ôàõ³âö³â
ç «Íàö³îíàëüíî¿ áåçïåêè», íàëåæàòü äî äèñöèïë³í ñóñï³ëüíèõ, 
25 % – äî ãóìàí³òàðíèõ íàóê ³ 20 % – äî þðèäè÷íèõ íàóê. 

2. Çàãàëüí³ âèìîãè òà êâàë³ô³êàö³ÿ âèïóñêíèê³â çà ñïåö³àëü-
í³ñòþ «Âíóòð³øíÿ áåçïåêà»

Òðèâàë³ñòü íàâ÷àííÿ äëÿ âèïóñêíèê³â ïåðøîãî ð³âíÿ ñòàíîâèòü
íå ìåíø í³æ ø³ñòü ñåìåñòð³â. Çàãàëüíà ê³ëüê³ñòü ãîäèí – íå ìåíø
í³æ 2 000 ãîäèí. Ê³ëüê³ñòü êðåäèò³â ÅÑÒS – íå ìåíø í³æ 180.
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Âèïóñêíèêè ïîâèíí³ çíàòè çàãàëüí³ áàçîâ³ íàóêîâ³ äèñöèïë³íè
â ñôåð³ þðèäè÷íèõ, ñóñï³ëüíèõ íàóê, ÿê³ ñòâîðþþòü áàçó äëÿ ðî-
çóì³ííÿ îñíîâ âíóòð³øíüî¿ áåçïåêè. Âîíè ïîâèíí³ ðîçóì³òè òà
âì³òè àíàë³çóâàòè ÿâèùà, ÿê³ â³äïîâ³äíî äî äåðæàâíî¿ êëàñèô³êà-
ö³¿, ïîâ’ÿçàí³ ç áåçïåêîþ íà ãëîáàëüíîìó, äåðæàâíîìó, ðåã³îíàëü-
íîìó òà ì³ñöåâîìó ð³âíÿõ. Âèïóñêíèêè ïîâèíí³ ìàòè îñíîâè çíàíü
ó öàðèí³ ñóñï³ëüíèõ ïðàâ ëþäèíè òà ôóíêö³îíóâàííÿ äåðæàâè, ¿¿
âíóòð³øíüîãî óñòðîþ òà ñòðóêòóðîâàíîñò³: ðîçïîä³ë âëàäè ó äåð-
æàâ³; çàâäàííÿ òà çàñàäè ôóíêö³îíóâàííÿ îðãàí³â âëàäè; ðîëü äåð-
æàâíî¿ àäì³í³ñòðàö³¿, ÿêà â³äïîâ³äàº çà âíóòð³øíþ áåçïåêó. Âè-
ïóñêíèêè ïîâèíí³ çíàòè âèìîãè, ÿê³ ïîâ’ÿçàí³ ç âíóòð³øíüîþ áåç-
ïåêîþ, ìàòè çíàííÿ þðèäè÷íî¿ ðåãóëÿö³¿ ïðàâ òà îáîâ’ÿçê³â ó ö³é
ñôåð³. Âîíè îòðèìàþòü çíàííÿ áàçîâèõ ïîëîæåíü, ùîäî ôóíêö³î-
íóâàííÿ äåðæàâíèõ ³íñòèòóö³é, òà ïðîáëåìàòèêó âèìîã ó íàäçâè-
÷àéíèõ ³ êðèòè÷íèõ ñèòóàö³ÿõ. Âèïóñêíèêè ïîâèíí³ ìàòè óì³ííÿ
ðîçâ’ÿçóâàòè ïðîñò³ ïðîôåñ³éí³ ïðîáëåìè òà áðàòè ó÷àñòü ó êîëåê-
òèâí³é ïðàö³. Âîíè ïîâèíí³ âì³òè: 

 êåðóâàòè íåâåëèêèìè êîëåêòèâàìè;
 ñï³ëêóâàòèñÿ ç êîëåãàìè ó âèðîáíè÷èõ óìîâàõ;
 çáèðàòè, ñèñòåìàòèçóâàòè, ïåðåòâîðþâàòè òà ïåðåäàâàòè ³í-

ôîðìàö³þ. 
Ñòóäåíòè çäàþòü â³äïîâ³äíèé åêçàìåí ç ³íîçåìíî¿ ìîâè òà ïî-

âèíí³ ïîêàçàòè çíàííÿ íà ð³âí³ Â2 ªâðîïåéñüêî¿ ñèñòåìè îö³íîê
âèâ÷åííÿ ìîâè òà óì³òè âèêîðèñòîâóâàòè ³íîçåìíó ìîâíó ñïåö³-
àëüíó òåðì³íîëîã³þ, ÿêà íåîáõ³äíà äëÿ âèêîíàííÿ ïðîôåñ³éíî¿
ä³ÿëüíîñò³. Âèïóñêíèê³â ïîòð³áíî ï³äãîòóâàòè äî ïðàö³ ó äåðæàâ-
íèõ àäì³í³ñòðàö³ÿõ ç³ ñêåðóâàííÿì íà îðãàí³çàö³éí³ â³ää³ëè àáî äî
äåðæàâíèõ ñëóæá, ÿê³ â³äïîâ³äàþòü çà âíóòð³øíþ áåçïåêó. Ñòóäåí-
òè, ÿê³ çàê³í÷èëè ïåðøèé ð³âåíü íàâ÷àííÿ, ìàþòü áóòè ïðèãîòîâ-
ëåí³ äî âèìîã íàâ÷àííÿ íà äðóãîìó ð³âí³. 

Íàâ÷àííÿ äðóãîãî ð³âíÿ òðèâàº íå ìåíø ÷îòèðüîõ ñåìåñòð³â.
Çàãàëüíà ê³ëüê³ñòü ãîäèí ñòàíîâèòü íå ìåíø í³æ 800. Ê³ëüê³ñòü
êðåäèò³â ÅÑÒS – íå ìåíø í³æ 120.

Âèïóñêíèêè ïîâèíí³ ìàòè ïîãëèáëåí³ çíàííÿ ó ñôåð³ ñîö³àëü-
íî-ïñèõîëîã³÷íèõ ïðîáëåì òà óìîâ âèíèêíåííÿ âíóòð³øíüî¿ êîí-
ôðîíòàö³¿ ì³æ îêðåìèìè åëåìåíòàìè ñèñòåìè íà òë³ çì³ííèõ âíóò-
ð³øí³õ ïðîòèð³÷ òà îö³íèòè ¿õ âïëèâ íà ñòàí âíóòð³øíüî¿ áåçïåêè.
Âîíè ïîâèíí³ ìàòè çíàííÿ òà óì³ííÿ àáñòðàêòíîãî ñïðèéíÿòòÿ ³äå¿
áåçïåêè òà âèáîðó ïåâíèõ òà îïòèìàëüíèõ çà äàíèõ îáñòàâèí ñïî-
ñîá³â ïðèéíÿòòÿ ð³øåíü ³ ïðàâèë ïîâåä³íêè. Ïîâèíí³ âì³òè îö³íè-
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òè ðèçèêè ³ ïåðåäáà÷èòè íàñë³äêè â³ä ïðèéíÿòèõ ð³øåíü. Âèïóñê-
íèêè ïîâèíí³ ìàòè íàâè÷êè ðîçâ’ÿçàííÿ ïîêëàäåíèõ íà íèõ ïðî-
ôåñ³éíèõ ïðîáëåì, ÿê³ âèíèêàþòü ó ìåæàõ ¿õ êîìïåòåíö³¿. Êåðóâà-
òè ç âïðîâàäæåííÿì êðåàòèâíèõ ìåòîä³â, áðàòè ó÷àñòü ó êîëåê-
òèâí³é ïðàö³ òà ìàòè ïðàêòè÷íèé äîñâ³ä êåðóâàííÿ êîëåêòèâàìè.
Âèïóñêíèêè ïîâèíí³ âì³òè îá´ðóíòîâóâàòè íåîáõ³äí³ñòü ïðèéíÿò-
òÿ ïåâíèõ ð³øåíü ó êîëåêòèâ³ òà ïîíåñòè â³äïîâ³äàëüí³ñòü çà ä³ÿëü-
í³ñòü íåâëàñòèâó àáî ïîìèëêîâó. Âèïóñêíèê³â ïîòð³áíî ï³äãîòóâà-
òè äî ïðàö³ íà êåð³âíèõ ïîñàäàõ ó äåðæàâíèõ àäì³í³ñòðàö³ÿõ, çâåð-
òàþ÷è îñîáëèâó óâàãó íà ðîáîòó â îðãàí³çàö³éíèõ ñòðóêòóðàõ äåð-
æàâíèõ ñëóæá, ÿê³ â³äïîâ³äàþòü çà âíóòð³øíþ áåçïåêó. Âèïóñêíè-
êè ïîâèíí³ îòðèìàòè ïîãëèáëåí³ çíàííÿ ç áàçîâî¿ îñâ³òè äëÿ ïî-
äàëüøîãî ïðîôåñ³éíîãî ðîçâèòêó òà áóòè ï³äãîòîâëåíèìè äî ïðèé-
íÿòòÿ äîñë³äíèöüêèõ âèêëèê³â ³ ïðîäîâæåííÿ íàâ÷àííÿ â îñâ³òí³õ
çàêëàäàõ òðåòüîãî ð³âíÿ (äîêòîðàíòñüêèõ).

Ñïåö³àëüí³ñòü «Âíóòð³øíÿ áåçïåêà» âèâ÷àþòü ó 95 ãðóïàõ ïåðøî-
ãî ð³âíÿ, à òàêîæ ó 32 ãðóïàõ äðóãîãî ð³âíÿ. Â³äïîâ³äíî äî âèìîã ñòàí-
äàðòó íàâ÷àííÿ òà, â³äïîâ³äàþ÷è íà î÷³êóâàííÿ íà ðèíêó ïðàö³,
ê³ëüê³ñòü âèïóñêíèê³â ïåðøîãî ð³âíÿ ç íàïðÿìîì çàãàëüíî àêà-
äåì³÷íèì ñòàíîâèòü 44 ãðóïè, ê³ëüê³ñòü ãðóï ç ïðàêòè÷íèì íàïðÿìîì
ï³äãîòîâêè ñòàíîâèòü 40 ãðóï òà ç³ çì³øàíîþ ôîðìîþ íàâ÷àííÿ – 
39 ãðóï. Á³ëüø³ñòü äèñöèïë³í (äî 75 %), ÿê³ âèâ÷àþòü ó ïðîöåñ³ ï³äãî-
òîâêè ôàõ³âö³â ç äèñöèïë³íè «Âíóòð³øíÿ áåçïåêà», íàëåæàòü äî ñóñ-
ï³ëüíèõ äèñöèïë³í, 15 % – åêîíîì³÷íèõ; 10 % – þðèäè÷íèõ.

3. Çàãàëüí³ âèìîãè òà êâàë³ô³êàö³ÿ âèïóñêíèê³â çà ñïåö³àëüí³ñ-
òþ «²íæåíåð³ÿ áåçïåêè»

Òðèâàë³ñòü íàâ÷àííÿ äëÿ âèïóñêíèê³â ïåðøîãî ð³âíÿ íå ìåíø
í³æ ñ³ì ñåìåñòð³â. Çàãàëüíà ê³ëüê³ñòü ãîäèí ñòàíîâèòü íå ìåíø í³æ
2 500. Ê³ëüê³ñòü êðåäèò³â ÅÑÒS – íå ìåíø í³æ 210.

Âèïóñêíèêè ïîâèíí³ ìàòè çíàííÿ ç òàêèõ äèñöèïë³í:
 çàãàëüí³ áàçîâ³ òåõí³÷í³ äèñöèïë³íè;
 ïðîìèñëîâà áåçïåêà, à ñàìå ç áåçïåêè åêñïëóàòàö³¿ ìàøèí,

ÿê³ ðóõàþòüñÿ òà îáåðòàþòüñÿ, åëåêòðî- ³ òåïëîòåõí³÷íîãî óñòàòêó-
âàííÿ òà ³íøîãî òåõí³÷íîãî îáëàäíàííÿ;

 îðãàí³çàö³ÿ áåçïåêè â óìîâàõ ïðîìèñëîâîãî âèðîáíèöòâà;
 ñïîñîáè êîìóí³êàö³¿ ç âíóòð³øí³ì ³ çîâí³øí³ì îòî÷åííÿì;
 þðèäè÷íà òà åêîíîì³÷íà ïðîáëåìàòèêà. 
Âèïóñêíèêè ïîâèíí³ ìàòè óì³ííÿ:
 â îðãàí³çàö³¿ áåçïå÷íî¿ ïðàö³;
 â îðãàí³çàö³¿ ðÿòóâàëüíèõ, àâàð³éíèõ ³ ï³ñëÿ àâàð³éíèõ ðîá³ò;
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 âïðîâàäæåííÿ çàõîä³â, ÿê³ çàïîá³ãàþòü âèíèêíåííþ íåáåçïå-
êè íà ðîáî÷èõ ì³ñöÿõ, íåùàñíèì âèïàäêàì òà àâàð³ÿì;

 ñïîñîáè ñòâîðåííÿ áåçïå÷íèõ óìîâ ïðàö³; 
 ïðîâîäèòè ìîí³òîðèíã ùîäî ð³âíÿ íåáåçïå÷íèõ ³ øê³äëèâèõ

âèðîáíè÷èõ ÷èííèê³â íà ðîáî÷èõ ä³ëÿíêàõ;
 àíàë³çóâàòè ð³âåíü íåáåçïåê ³ ðèçèê³â;
 êîíòðîëþâàòè âèêîíàííÿ ïîëîæåíü íîðìàòèâíèõ äîêóìåíò³â

ùîäî âèðîáíè÷î¿ áåçïåêè;
 êîíòðîëþâàòè óìîâè ïðàö³ òà âïðîâàäæóâàòè ñòàíäàðòè áåç-

ïåêè.
Âèïóñêíèêè ïîâèíí³ ìàòè ïðàêòè÷í³ íàâè÷êè ùîäî:
 îðãàí³çàö³¿ òà çä³éñíåííÿ ðÿòóâàëüíèõ ðîá³ò; 
 àíàë³çó ³íôîðìàö³¿ ùîäî óìîâ âèíèêíåííÿ àâàð³é ³ íåùàñíèõ

âèïàäê³â;
 ïðîâåäåííÿ íàâ÷àííÿ ç ïðîìèñëîâî¿ áåçïåêè;
 âèêîíàííÿ îðãàí³çàö³éíèõ ôóíêö³é ó ñôåð³ îõîðîíè çäîðîâ’ÿ

òà ïðàöåçäàòíîñò³ ïðàö³âíèê³â;
 ïðîâàäæåííÿ äîêóìåíòàö³¿ òà çâ³òíîñò³ ñòîñîâíî óìîâ ïðàö³

òà çàïîá³ãàííÿ óìîâ âèíèêíåííÿ íåùàñíèõ âèïàäê³â òà àâàð³é. 
Âèïóñêíèêè ïîâèíí³ ìàòè óì³ííÿ ðîçâ’ÿçóâàòè ïðîñò³ ïðî-

ôåñ³éí³ ïðîáëåìè òà áðàòè ó÷àñòü ó êîëåêòèâí³é ïðàö³. 
Âèïóñêíèêè ïîâèíí³ áóòè ï³äãîòîâëåí³:
 äî âèêîíàííÿ ñëóæáîâèõ îáîâ’ÿçê³â ó ôóíêö³îíàëüíèõ ñèñ-

òåìàõ áåçïåêè, äëÿ ÿêèõ ãîëîâíèì íàïðÿìîì ä³ÿëüíîñò³ º îõîðîíà
æèòòÿ, çäîðîâ’ÿ òà ðÿòóâàííÿ æèòòÿ ó ðàç³ íàñòàííÿ âèðîáíè÷èõ
ðèçèê³â ³ íåáåçïåê;

 äî ïðàö³ òà ñëóæáè ó â³ää³ëàõ îõîðîíè íà ïðîìèñëîâèõ ï³ä-
ïðèºìñòâàõ;

 äî ïðàö³ â äåðæàâíèõ ñòðóêòóðàõ, ÿê³ çàéìàþòüñÿ ïèòàííÿìè
áåçïåêè.

Ñòóäåíòè çäàþòü åêçàìåí ç ³íîçåìíî¿ ìîâè òà ïîâèíí³ ïîêàçà-
òè çíàííÿ íà ð³âí³ Â2 â³äïîâ³äíî äî ªâðîïåéñüêî¿ ñèñòåìè îö³íêè
âèâ÷åííÿ ìîâè òà óì³òè âèêîðèñòîâóâàòè ³íîçåìíó ìîâíó ñïåö³-
àëüíó òåõí³÷íó òåðì³íîëîã³þ, ÿêà íåîáõ³äíà äëÿ âèêîíàííÿ ïðî-
ôåñ³éíî¿ ä³ÿëüíîñò³.

Ñòóäåíòè, ÿê³ çàê³í÷èëè ïåðøèé ð³âåíü íàâ÷àííÿ, ìàþòü áóòè
ï³äãîòîâëåí³ äî âèìîã íàâ÷àííÿ íà äðóãîìó ð³âí³. 

Íàâ÷àííÿ äðóãîãî ð³âíÿ òðèâàº íå ìåíø í³æ òðè ñåìåñòðè. Çà-
ãàëüíà ê³ëüê³ñòü ãîäèí ñòàíîâèòü íå ìåíø í³æ 900. Ê³ëüê³ñòü êðå-
äèò³â ÅÑÒS – íå ìåíø í³æ 90.
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Âèïóñêíèêè ïîâèíí³ ìàòè ïîãëèáëåí³ çíàííÿ, ïîð³âíÿíî ç
íàâ÷àííÿì íà ïåðøîìó ð³âí³, ç ìàòåìàòèêè, òåõí³÷íèõ òà åêî-
íîì³÷íèõ íàóê òà óì³ííÿ ùîäî âèð³øåííÿ ïðîáëåì ó ñôåð³ ³íæå-
íåð³¿ áåçïåêè. Ïîâèíí³ óì³òè: 

 âèêîðèñòîâóâàòè ñó÷àñíå êîìï’þòåðíå çàáåçïå÷åííÿ;
 âèêîíóâàòè êîìï’þòåðí³, åêñïåðèìåíòàëüí³ òà íàòóðí³ äî-

ñë³äæåííÿ;
 àíàë³çóâàòè, îö³íþâàòè òà çä³éñíþâàòè ïîð³âíÿëüíèé àíàë³ç

ìîæëèâèõ àëüòåðíàòèâíèõ ð³øåíü;
 îö³íèòè ðèçèêè òà ïåðåäáà÷èòè óìîâè äëÿ ïðèéíÿòòÿ ð³-

øåíü, îñîáëèâî â íàäçâè÷àéíèõ ñèòóàö³ÿõ;
 ïëàíóâàòè òà ðåàë³çîâóâàòè ä³¿ òà ïðîöåñè â ñôåð³ áåçïåêè

ïðàö³âíèê³â â óìîâàõ íàäçâè÷àéíèõ ñèòóàö³é.
Âèïóñêíèêè ïîâèíí³ áóòè ï³äãîòîâëåíèìè äî ïðèéíÿòòÿ ð³-

øåíü ç óðàõóâàííÿì òåõí³÷íèõ ³ ëîã³ñòè÷íèõ óìîâ, íà ï³äñòàâ³
þðèäè÷íèõ íîðì òà àäì³í³ñòðàòèâíèõ ðîçïîðÿäæåíü â óìîâàõ
ìîæëèâîãî ñòðåñó, îñîáëèâî â íåáåçïå÷íèõ ñèòóàö³ÿõ. Ïîâèíí³
óñâ³äîìëþâàòè â³äïîâ³äàëüí³ñòü çà ïðèéíÿò³ ð³øåííÿ. Ïîâèíí³
ïðèéìàòè ð³øåííÿ â³äïîâ³äíî äî ïîëîæåíü ïðîôåñ³éíî¿ åòèêè. 

Âèïóñêíèêè ïîâèíí³ áóòè ï³äãîòîâëåí³:
 äî ïðàö³ àáî ñëóæáè ó â³ää³ëàõ ç áåçïåêè íà âèðîáíèöòâàõ;
 äî ïðàö³ â ñòðóêòóðàõ äåðæàâíèõ àäì³í³ñòðàö³é, ðîáîòà ÿêèõ

ñêåðîâàíà íà ðåàë³çàö³þ çàõîä³â áåçïåêè.
Óïðîäîâæ ï’ÿòè ðîê³â ñïåö³àëüí³ñòü «²íæåíåð³ÿ áåçïåêà» âèâ-

÷àþòü ó 27 ãðóïàõ ïåðøîãî ð³âíÿ, à òàêîæ ó 12 ãðóïàõ äðóãîãî ð³âíÿ.
Ãðóïè ïðîâîäÿòü íàâ÷àííÿ çà òåõí³÷íèìè íàïðÿìàìè ï³äãîòîâêè,
ÿê³ îð³ºíòîâàíî íà ìåõàí³÷í³ ñïåö³àëüíîñò³, ³íæåíåð³þ ïðîäóêö³¿;
ïðîåêòóâàííÿ òà åêñïëóàòàö³þ ìåõàí³çì³â; ³íæåíåð³þ ã³ðíèöòâà òà
ãåîëîã³¿. Ó õîä³ íàâ÷àííÿ ñòóäåíòè âèâ÷àþòü ìàòåìàòèêó, òåõí³÷í³
äèñöèïë³íè, õ³ì³þ, ñîö³àëüí³ äèñöèïë³íè, åêîíîì³êó.

Âèñíîâîê. Ó âèùèõ øêîëàõ Ïîëüù³ òà Ñëîâà÷÷èíè íàïðÿìè
ï³äãîòîâêè ôàõ³âö³â âèçíà÷åíî â³äïîâ³äíî äî âèìîã ºâðîïåéñüêèõ
ñòàíäàðò³â îñâ³òè òà îñîáëèâîñòåé íàö³îíàëüíèõ óìîâ, ÿê³ âèíèêà-
þòü íà ðèíêó ïðàö³. Íèí³ ñïåö³àë³ñò³â ïåðøîãî ð³âíÿ ç îñâ³òíüîþ
êâàë³ô³êàö³ºþ «áàêàëàâð» àáî «³íæåíåð» ³ äðóãîãî ð³âíÿ «ìàã³ñòð»
ç ïèòàíü áåçïåêè ãîòóþòü çà ñïåö³àëüíîñòÿìè «Íàö³îíàëüíà áåçïå-
êà», «Âíóòð³øíÿ áåçïåêà», «²íæåíåð³ÿ áåçïåêè». 
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УДК 331.101

СТРІЛЕЦЬ В. М., д�р техн. наук, доцент
БЕЛЮЧЕНКО Д. Ю., магістр, викладач
Національний університет цивільного захисту України, м. Харків

ПРОБЛЕМНІ ПИТАННЯ ОПЕРАТИВНОГО РОЗГОРТАННЯ

СУЧАСНИХ ЕНЕРГОЕФЕКТИВНИХ 

ПОЖЕЖНИХ АВТОЦИСТЕРН

Àíîòàö³ÿ. Ïîêàçàíî, ùî ³ñíóº ïðîòèð³÷÷ÿ ì³æ ïîæåæíèìè àâòî-
öèñòåðíàìè, äëÿ ÿêèõ áóëè ðîçðîáëåí³ ³ñíóþ÷³ êåð³âí³ äîêóìåíòè, òà
â³äïîâ³äíîþ ñó÷àñíîþ òåõí³êîþ, ñåðåä ÿêî¿ âèä³ëÿþòüñÿ åíåðãîåôåê-
òèâí³ ïîæåæí³ àâòîöèñòåðíè, òàê çâàíîãî âàæêîãî êëàñó. Ïðîâåäåí³
åêñïåðèìåíòàëüí³ äîñë³äæåííÿ ïîêàçàëè, ùî ÷àñ îïåðàòèâíîãî ðîçãîð-
òàííÿ çàëåæèòü ÿê â³ä ð³âíÿ ï³äãîòîâëåíîñò³ îñîáîâîãî ñêëàäó, òàê ³
â³ä êëàñó ïîæåæíî¿ àâòîöèñòåðíè. 

Êëþ÷îâ³ ñëîâà: àâòîöèñòåðíà, îïåðàòèâíå ðîçãîðòàííÿ, ðîçïîä³ë
÷àñó âèêîíàííÿ, ñòàòèñòè÷íèé àíàë³ç, îïåðàòèâíèé ðîçðàõóíîê

Abstract. It has been shown that there are contradictions between fire
truck tankers, for which existing management documents have been developed,
and the corresponding modern technology, among which energy-efficient fire
truck of the so-called heavy class are allocated. The conducted experimental
researches have shown that the time of operational deployment depends both
on the level of preparedness of the personnel and on the class of fire truck.

Keywords: tank truck, operational deployment, distribution time of exe-
cution, statistical analysis, fire brigade

Îñíîâíèì ïîæåæíî-ðÿòóâàëüíèì àâòîìîá³ëåì, ÿêèé âèêîðèñ-
òîâóºòüñÿ îñîáîâèì ñêëàäîì ïîæåæíî-ðÿòóâàëüíèõ ï³äðîçä³ë³â ï³ä
÷àñ ãàñ³ííÿ ïîæåæ òà ïðîâåäåííÿ àâàð³éíî-ðÿòóâàëüíèõ ðîá³ò, º
àâòîöèñòåðíà. Ïðîòå åôåêòèâíå ïðîâåäåííÿ îïåðàòèâíî¿ ðîáîòè
îñîáîâèì ñêëàäîì ñóïðîâîäæóºòüñÿ ïðîòèð³÷÷ÿì ì³æ ò³ºþ ïîæåæ-
íîþ òåõí³êîþ, äëÿ ÿêî¿ áóëè ðîçðîáëåí³ ³ñíóþ÷³ êåð³âí³ äîêóìåí-
òè (â ïåðøó ÷åðãó, öå ÀÖ-40 (131), òà ñó÷àñíîþ òåõí³êîþ, ÿêà ïî-
ñòóïàº íà îçáðîºííÿ ïîæåæíî-ðÿòóâàëüíèõ ï³äðîçä³ë³â.

Ïîð³âíÿëüíèé àíàë³ç ñòðóêòóðè ä³é ïåðøèõ ïîæåæíî-ðÿòó-
âàëüíèõ ï³äðîçä³ë³â ï³ä ÷àñ îïåðàòèâíèõ ðîçãîðòàíü ïîæåæíèõ àâ-
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òîöèñòåðí â Óêðà¿í³ (ðèñ. 1) òà â ì. Êè¿â (ðèñ. 2) ïîêàçàâ, ùî â
Êèºâ³ îñíîâíó ÷àñòêó (á³ëüøå í³æ 50 %) ñêëàäàþòü îïåðàòèâí³
ðîçãîðòàííÿ, ïîâ’ÿçàí³ ç ïîäà÷åþ ñòâîëà (ñòâîë³â) áåçïîñåðåäíüî
â³ä ïîæåæíî-ðÿòóâàëüíîãî àâòîìîá³ëÿ, à â ðåã³îíàõ ó á³ëüøîñò³ âè-
ïàäê³â (50–60 %) âèêîðèñòîâóþòüñÿ îïåðàòèâí³ ðîçãîðòàííÿ, ïî-
â’ÿçàí³ ç óñòàíîâêîþ íà âîäîäæåðåëî, ùî â ðàçè çá³ëüøóº ÷àñ
ãàñ³ííÿ ïîæåæ àáî ë³êâ³äàö³¿ íàäçâè÷àéíèõ ñèòóàö³é. Öå îáóìîâëå-
íî òèì, ùî â Êèºâ³ ó á³ëüøîñò³ ïîæåæíî-ðÿòóâàëüíèõ ï³äðîçä³ë³â
ó ÿêîñò³ ïåðøîãî õîäó âèêîðèñòîâóþòüñÿ ñó÷àñí³ åíåðãîåôåêòèâí³
ïîæåæíî-ðÿòóâàëüí³ àâòîìîá³ë³ âàæêîãî êëàñó, òîä³ ÿê â á³ëüøîñò³
ðåã³îí³â äëÿ ë³êâ³äàö³¿ íàäçâè÷àéíèõ ñèòóàö³é âèêîðèñòîâóþòüñÿ
ïîæåæí³ àâòîìîá³ë³ ëåãêîãî òà ñåðåäíüîãî êëàñ³â.

Ðèñ. 1. Ñòðóêòóðà îïåðàòèâíèõ ðîçãîðòàíü 
ïîæåæíî-ðÿòóâàëüíèìè ï³äðîçä³ëàìè â Óêðà¿í³

Àíàë³ç îñòàíí³õ äîñÿãíåíü ³ ïóáë³êàö³é ïîêàçàâ, ùî ó ïðîâ³äíèõ
êðà¿íàõ ñâ³òó ðîçâ’ÿçàííþ öüîãî ïðîòèð³÷÷ÿ ïðèä³ëåíî äîñòàòíüî
óâàãè. Òàê, ó ÑØÀ Ôåäåðàëüíå àãåíòñòâî ïî ðåàãóâàííþ íà íàäçâè-
÷àéí³ ñèòóàö³¿ FEMA íå ò³ëüêè êîîðäèíóº ä³¿ âñ³õ äåðæàâíèõ ñëóæá
ùîäî ëîêàë³çàö³¿ òà ë³êâ³äàö³¿ ð³çíîìàí³òíèõ ñèòóàö³é, àëå é áåçïî-
ñåðåäíüî â³äïîâ³äàº çà ï³äãîòîâêó ïîæåæíî-ðÿòóâàëüíèõ ï³äðîçä³ë³â
ç óðàõóâàííÿì, â³äïîâ³äíî äî ñòàíäàðòó NFPA 1500-2002 [1], ÿê
ì³ñöåâèõ îñîáëèâîñòåé, òàê ³ ïîæåæíî¿ òåõí³êè, ÿêà óæå º ó íèõ íà
îçáðîºíí³. 
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Ðèñ. 2. Ñòðóêòóðà îïåðàòèâíèõ ðîçãîðòàíü 
ïîæåæíî-ðÿòóâàëüíèìè ï³äðîçä³ëàìè â ì. Êè¿â

Âðàõîâóþ÷è âèìîãè Êîäåêñó ïîâåä³íêè ïîæåæíèõ, Ñòàíäàðòè
OSHA 1910.120 [2] òà OSHA 1910.156 [3], óòî÷íþþòü, ùî ïåðñî-
íàë, ÿêèé áåðå ó÷àñòü â ïðîâåäåíí³ àâàð³éíî-ðÿòóâàëüíèõ ðîá³ò,
ïîâèíåí ïðîéòè ñïåö³àëüíó ï³äãîòîâêó ùîäî êâàë³ô³êîâàíîãî çà-
ñòîñóâàííÿ ñïåöèô³÷íîãî äëÿ êîíêðåòíî¿ ïðîôåñ³éíî¿ ïîæåæíî¿
ñòàíö³¿ àâàð³éíî-ðÿòóâàëüíîãî îáëàäíàííÿ òåõí³êè.

Êåð³âíèêè ÿê ïðîôåñ³éíèõ, òàê ³ ïîæåæíèõ êîìàíä, ÿê³ ñêëà-
äàþòüñÿ ç äîáðîâîëüö³â, ïîâèíí³ ìàòè íàâè÷êè íå ò³ëüêè ïî âèêî-
íàííþ áåçïîìèëêîâîãî îïåðàòèâíîãî ðîçãîðòàííÿ ïîæåæíèõ àâ-
òîìîá³ë³â, ÿê³ ñòîÿòü ó íèõ íà îçáðîºíí³, àëå é àäàïòóâàòè ¿õ äî âè-
ìîã êîíêðåòíî¿ ñèòóàö³¿. Ïðè öüîìó ðåãëàìåíòóþòüñÿ ÷àñîâ³ ñòàí-
äàðòè äëÿ îñíîâíèõ åòàï³â ðåàãóâàííÿ (ó öüîìó ðàç³ ÷àñ îïåðàòèâ-
íîãî ðîçãîðòàííÿ) ÿê äëÿ ïðîôåñ³éíèõ ï³äðîçä³ë³â àâàð³éíî-ðÿòó-
âàëüíèõ ôîðìóâàíü ó â³äïîâ³äíîìó íàñåëåíîìó ïóíêò³, òàê ³ äëÿ
âîëîíòåðñüêèõ ï³äðîçä³ë³â.

Ó Í³ìå÷÷èí³ òåõí³÷íå îñíàùåííÿ àâàð³éíî-ðÿòóâàëüíîãî ôîð-
ìóâàííÿ, à â³äïîâ³äíî òèïè ïîæåæíèõ àâòîìîá³ë³â, âèçíà÷àºòüñÿ
êîíêðåòíèìè ìîæëèâîñòÿìè êîæíî¿ ãðîìàäè àáî ì³ñòà [13]. Áàçî-
âèì ñòàíäàðòîì, ÿê ³ äëÿ ³íøèõ êðà¿í ªÑ, º ñòàíäàðò EN 1846 [14],
ÿêèé, ñåðåä ³íøîãî, ïîä³ëÿº ïîæåæí³ àâòîìîá³ë³ íà òðè ìàñîâèõ
êëàñè (ëåãêèé, ñåðåäí³é òà ñóïåð), ç óðàõóâàííÿì ÷îãî, à òàêîæ
ì³ñöåâèõ óìîâ â³äáóâàºòüñÿ ï³äãîòîâêà ïîæåæíîãî åê³ïàæó (òðè
ïîæåæíèõ) àáî ïîæåæíî¿ «åñêàäðèëü¿» (ø³ñòü ïîæåæíèõ) [15].
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Êðà¿íîþ, äå îðãàí³çàö³ÿ ïîæåæíî¿ îõîðîíè ââàæàºòüñÿ îäí³ºþ ç
íàéêðàùèõ, ââàæàºòüñÿ ßïîí³ÿ. ¯¿ ï³äõ³ä äî ðîáîòè ïðîòèïîæåæíî¿
ñëóæáè âçÿëè çà îñíîâó â Ãîíêîíç³, Íîâ³é Çåëàíä³¿, Àâñòðàë³¿ [16]. 
Ó öèõ êðà¿íàõ ï³äðîçä³ëè Äîáðîâ³ëüíîãî ïîæåæíîãî êîðïóñó ìà-
þòü ò³ëüêè ïîæåæí³ àâòîìîá³ë³ äâîõ êëàñ³â (ìàëîãàáàðèòí³ íàñîñí³
òà íàñîñí³ ïîæåæí³ àâòîìîá³ë³ íîðìàëüíîãî ðîçì³ðó) [17]. Ó òîé
æå ÷àñ, íà ïðèêëàä³ ïîæåæíîãî äåïàðòàìåíòó Òîê³î (äî ñêëàäó
âõîäÿòü òðè öåíòðè ïðîòèïîæåæíîãî çàõèñòó, 80 ïîæåæíèõ ñòàí-
ö³é òà 206 ô³ë³àë³â) [18], ïðîôåñ³éí³ ï³äðîçä³ëè çàáåçïå÷óþòüñÿ íå
ò³ëüêè ïîæåæíèìè àâòîìîá³ëÿìè (à ¿õ âæå ñ³ì êëàñ³â, âêëþ÷àþ÷è
äâîòîíí³ òà ï’ÿòèòîíí³ íàñîñí³ òàíêè, àâòîäðàáèíè òà êîë³í÷àñò³
ï³äéîìíèêè, ïîæåæí³ àâòîìîá³ë³ äëÿ äàëüíüî¿ íàñîñíî¿ ïîäà÷³ âî-
äè òîùî), àëå é ðÿòóâàëüíèìè âàíòàæ³âêàìè òðüîõ òèï³â, ã³ðíè÷î-
ðÿòóâàëüíèìè àâòîìîá³ëÿìè, HAZMAT âàíòàæ³âêàìè ÷îòèðüîõ
êëàñ³â, à òàêîæ, ç óðàõóâàííÿì îñîáëèâîñòåé ìåãàïîë³ñó, ìàøèíà-
ìè øâèäêî¿ äîïîìîãè, ãâèíòîêðèëàìè, ìîòîöèêëàìè òà ïîæåæíè-
ìè êàòåðàìè. Òîáòî, ðåàëüíî âèêîðèñòîâóþòüñÿ àâòîöèñòåðíè òà-
êîæ òðüîõ ìàñîâèõ êëàñ³â.

Ñòîñîâíî îñíîâíèõ ïîæåæíèõ àâòîìîá³ë³â àíàëîã³÷íà ñèòóàö³ÿ
ìàº ì³ñöå ³ â Óêðà¿í³, äå ïîðÿä ç áàçîâîþ àâòîöèñòåðíîþ ÀÖ-40 (131),
ÿêà â³äíîñèòüñÿ äî ñåðåäíüîãî êëàñó, â ïîæåæíî-ðÿòóâàëüíèõ ï³ä-
ðîçä³ëàõ âèêîðèñòîâóþòü ïîæåæí³ àâòîöèñòåðíè ÌÀÇ ÀÖ-4-60 (âàæ-
êèé êëàñ) òà ÀÏÏÄ-2 «Âàëäàé» (ëåãêèé êëàñ). Ïðè öüîìó íîðìà-
òèâí³ âèìîãè äî ð³âíÿ ï³äãîòîâëåíîñò³ îñîáîâîãî ñêëàäó êîíêðåòèçî-
âàí³ ò³ëüêè äëÿ áîéîâèõ ðîçãîðòàíü ÀÖ-40 (131) [19], õî÷à â êðà¿í³ º
ïðèéíÿòèì ð³øåííÿ ùîäî ãàðìîí³çàö³¿ âèìîã ç EN 1846 [20]. Òîáòî,
íå º â³äîìèì, ÷è âèìàãàþòü äîîïðàöþâàííÿ ÷èíí³ ðåêîìåíäàö³¿ ïî
â³äíîøåííþ äî áîéîâèõ ðîçãîðòàíü ïîæåæíèõ àâòîöèñòåðí «ëåãêî-
ãî» òà «âàæêîãî» êëàñó. Öå ìîæíà óòî÷íèòè, ñïèðàþ÷èñü íà íàóêî-
âî-ìåòîäè÷íèé àïàðàò îá´ðóíòóâàííÿ íîðìàòèâ³â, â îñíîâ³ ÿêîãî ëå-
æèòü âèêîðèñòàííÿ ïîêàçíèê³â ðîçïîä³ëó ÷àñó (øâèäêîñò³) âèêîíàí-
íÿ îêðåìèõ îïåðàö³é òà ïðîöåñ³â, ÿê³ ñêëàäàþòü çàãàëüíèé êîìïëåêñ
ïîæåæíî-ðÿòóâàëüíèõ ðîá³ò [21, 22].

Ó çâ’ÿçêó ç òàêèìè ðîçá³æíîñòÿìè áóëî çä³éñíåíî ïîð³âíÿëüíèé
àíàë³ç âèêîíàííÿ òèïîâèõ îïåðàòèâíèõ ðîçãîðòàíü íà ïîæåæíèõ àâ-
òîöèñòåðíàõ òðüîõ ð³çíèõ êëàñ³â, ó òîìó ÷èñë³ åíåðãîåôåêòèâíèõ ç
òî÷êè çîðó ë³êâ³äàö³¿ ìàñøòàáíèõ ïîæåæ ³ íàäçâè÷àéíèõ ñèòóàö³é ïî-
æåæíèõ àâòîöèñòåðí âàæêîãî êëàñó. Åêñïåðèìåíòàëüí³ äîñë³äæåííÿ
âêëþ÷àëè âèêîíàííÿ ðÿòóâàëüíèêàìè ð³çíîãî ð³âíÿ ï³äãîòîâëåíîñò³
îïåðàòèâíèõ ðîçãîðòàíü «Ïîäà÷à ñòâîëà ÃÏÑ-600 ÷åðåç ðîáî÷ó ë³í³þ
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íà òðè ðóêàâè ä³àìåòðîì 51 ìì â³ä àâòîöèñòåðíè» (ÎÐ1) òà «Ïîäà÷à
îäíîãî ñòâîëà «À» òà îäíîãî ñòâîëà «Á» ç ïðîêëàäàííÿì ìàã³ñòðàëü-
íî¿ ë³í³¿ íà äâà ðóêàâè ä³àìåòðîì 77 ìì òà äâîõ ðîáî÷èõ ë³í³é ç óñòà-
íîâêîþ àâòîöèñòåðíè íà ïîæåæíèé ã³äðàíò» (ÎÐ2) â³ä àâòîöèñòåðí
ÀÖ-40 (131) ìîäåëü 137À (ÀÖñåð), ÌÀÇ ÀÖ-4-60 (5309)-505ì (ÀÖâàæê)
òà ÀÏÏÄ-2 «Âàëäàé» (ÀÖëåãê).

Ñòàòèñòè÷íà îáðîáêà îòðèìàíèõ åêñïåðèìåíòàëüíèõ ðåçóëü-
òàò³â ïîêàçàëà, ùî ç ð³âíåì çíà÷èìîñò³  = 0,05 ¿õ ìîæíà ââàæàòè
íîðìàëüíèìè. Ïðè öüîìó ìàòåìàòè÷íå î÷³êóâàííÿ ÷àñó îïåðàòèâ-
íîãî ðîçãîðòàííÿ (ïåðåâ³ðêà òîãî, íàñê³ëüêè çíà÷èìî ð³çíÿòüñÿ ñå-
ðåäí³ çíà÷åííÿ, îòðèìàí³ çà íåçàëåæíèìè âèá³ðêàìè äîñë³äæåííÿ,
âèêîíàíà âèêîðèñòîâóþ÷è t-êðèòåð³é Ñòüþäåíòà) äëÿ îäíîòèïíèõ
âàð³àíò³â ñóòòºâî â³äð³çíÿºòüñÿ íå ò³ëüêè â³ä ð³âíÿ ï³äãîòîâëåíîñò³
îñîáîâîãî ñêëàäó, àëå é çàëåæíî â³ä êëàñó ïîæåæíî¿ àâòîöèñòåð-
íè. Â óçàãàëüíåíîìó âèãëÿä³ îòðèìàí³ ðåçóëüòàòè ï³ñëÿ ñòàòèñòè÷-
íî¿ îáðîáêè äëÿ ÎÐ1 íàâåäåí³ íà ðèñ. 1, à äëÿ ÎÐ2 – íà ðèñ. 2.
Àíàë³ç îòðèìàíèõ ðåçóëüòàò³â ïîêàçóº, ùî çàãàëüíîïðèéíÿòîþ
òåíäåíö³ºþ º âèêîðèñòàííÿ â ï³äðîçä³ëàõ ïîæåæíèõ àâòîöèñòåðí
òðüîõ êëàñ³â: ëåãêèõ, ñåðåäí³õ òà âàæêèõ. Ïðè÷îìó âèêîðèñòàííÿ
ñàìå åíåðãîåôåêòèâíèõ ïîæåæíèõ ÀÖ ñàìå âàæêîãî êëàñó äîçâî-
ëÿº ñóòòºâî ñêîðîòèòè ÷àñ ãàñ³ííÿ ïîæåæ òà ë³êâ³äàö³¿ ÍÑ íà
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Ðèñ. 3. Ðîçïîä³ëè ÷àñó ïîäà÷³ ñòâîëà ÃÏÑ-600 
÷åðåç ðîáî÷ó ë³í³þ íà òðè ðóêàâè ä³àìåòðîì 51 ìì â³ä àâòîöèñòåðíè

(ï – îïåðàòèâíå ðîçãîðòàííÿ çä³éñíþâàëè ïîæåæí³ øòàòíèõ 
ïîæåæíî-ðÿòóâàëüíèõ ï³äðîçä³ë³â ÄÑÍÑ Óêðà¿íè; 

ê – ðÿòóâàëüíèêè ï³ñëÿ ïðîõîäæåííÿ ïåðâèííî¿ ï³äãîòîâêè)



îá’ºêòàõ êðèòè÷íî¿ ³íôðàñòðóêòóðè. Îòðèìàí³ åêñïåðèìåíòàëüí³
ðåçóëüòàòè äîçâîëÿþòü ïåðåéòè äî îá´ðóíòóâàííÿ êîíêðåòíèõ ðå-
êîìåíäàö³é ùîäî ï³äâèùåííÿ åôåêòèâíîñò³ çàñòîñóâàííÿ åíåðãî-
åôåêòèâíèõ ïîæåæíèõ ÀÖ øëÿõîì ðîçðîáêè, íàïðèêëàä, íîâèõ
íîðìàòèâ³â äëÿ îö³íþâàííÿ ð³âíÿ ï³äãîòîâëåíîñò³ îñîáîâîãî ñêëà-
äó ÄÑÍÑ Óêðà¿íè, òà âäîñêîíàëåííÿ íà áàç³ öüîãî ïåðâèííî¿ ï³ä-
ãîòîâêè ïîæåæíèõ-ðÿòóâàëüíèê³â. 

Ðèñ. 4. Ðîçïîä³ëè ÷àñó ïîäà÷³ îäíîãî ñòâîëà «À» òà îäíîãî ñòâîëà «Á» 
ç ïðîêëàäàííÿì ìàã³ñòðàëüíî¿ ë³í³¿ íà äâà ðóêàâè ä³àìåòðîì 77 ìì 

òà äâîõ ðîáî÷èõ ë³í³é ç óñòàíîâêîþ àâòîöèñòåðíè íà ïîæåæíèé ã³äðàíò
(ï – îïåðàòèâíå ðîçãîðòàííÿ çä³éñíþâàëè ïîæåæí³ øòàòíèõ 

ïîæåæíî-ðÿòóâàëüíèõ ï³äðîçä³ë³â ÄÑÍÑ Óêðà¿íè; 
ê – ðÿòóâàëüíèêè ï³ñëÿ ïðîõîäæåííÿ ïåðâèííî¿ ï³äãîòîâêè)

Ë³òåðàòóðà
1. NFPA 1500 Standard on Fire Department Occupational Safety

and Health Program. 2002 Edition. Ðåæèì äîñòóïó: http://www.fsans.
ns.ca/pdf/research/nfpa1500.pdf

2. OSHA 1910.120 Hazardouswaste operations and emergen cyre-
sponse. Ðåæèì äîñòóïó: https://www.osha.gov/pls/oshaweb/owares.
do_search?p_doc_type=STANDARDS&p_search_str=1910.120

3. OSHA 1910.156 Fire brigades. Ðåæèì äîñòóïó: https://www.
osha.gov/pls/oshaweb/owadisp.show_document?p_table=STAN-
DARDS&p_id=9810

²íôîðìàö³ÿ ïðî àâòîð³â: Ñòð³ëåöü Â. Ì., äîêòîð òåõí. íàóê, äîöåíò

310



УДК 331.454

ТАІРОВА Т. М., канд. хім. наук, с.н.с.
ДУ «Національний науково+дослідний інститут промислової безпеки та
охорони праці», м. Київ.
МІТЮК Л. О., канд. техн. наук, доцент 
ПРАХОВНІК Н. А., канд. техн. наук, доцент
ІЛЬЧУК О. С., канд. техн. наук 
Національний технічний університет України «Київський політехнічний
інститут імені Ігоря Сікорського», м. Київ

ПІДВИЩЕННЯ РЕЗУЛЬТАТИВНОСТІ СИСТЕМИ

УПРАВЛІННЯ ОХОРОНОЮ ПРАЦІ 

Àíîòàö³ÿ. Ïðîâåäåíî àíàë³ç ñòàíó ðåçóëüòàòèâíîñò³ ñèñòåìè óï-
ðàâë³ííÿ îõîðîíîþ ïðàö³ â Óêðà¿í³. Â³äì³÷åíî, ùî âèñîêèé ð³âåíü âèðîá-
íè÷îãî òðàâìàòèçìó â êðà¿í³ ïîâ’ÿçàíèé ç íååôåêòèâí³ñòþ ñèñòåìè
óïðàâë³ííÿ îõîðîíîþ ïðàö³ òà ïîâ³ëüíèìè òåìïàìè àäàïòàö³¿ íàö³î-
íàëüíîãî çàêîíîäàâñòâà ç îõîðîíè ïðàö³ äî ºâðîïåéñüêèõ âèìîã, â³äñóò-
í³ñòþ êîìïëåêñíîãî îö³íþâàííÿ ðåçóëüòàòèâíîñò³ ôóíêö³îíóâàííÿ ñè-
ñòåìè «îõîðîíà ïðàö³». Ç ìåòîþ ï³äâèùåííÿ ðåçóëüòàòèâíîñò³ ôóíêö³-
îíóâàííÿ ñèñòåìè óïðàâë³ííÿ îõîðîíîþ ïðàö³ äîñë³äæåíî ðåçóëüòà-
òèâí³ñòü ôóíêö³îíóâàííÿ ¿¿ ï³äñèñòåìè – ñèñòåìè «îõîðîíà ïðàö³», ïî-
áóäîâàíî ìàòåìàòè÷íó ìîäåëü, çà ðåçóëüòàòàìè àíàë³çó ÿêî¿ ðîçðîáëå-
íî çàõîäè, ñïðÿìîâàí³ íà çàïîá³ãàííÿ âèðîáíè÷îìó òðàâìàòèçìó.

Êëþ÷îâ³ ñëîâà: ñèñòåìà óïðàâë³ííÿ îõîðîíîþ ïðàö³, âèðîáíè÷èé
òðàâìàòèçì, ðåçóëüòàòèâí³ñòü, ìàòåìàòè÷íà ìîäåëü.

Abstract. The analysis of the effectiveness of the labor protection man-
agement system in Ukraine was carried out. It was noted that a high level of
industrial injuries in the country, associated with the ineffectiveness of the
labor protection management system and the slow pace of adaptation of
national legislation on labor protection to European requirements, the lack of
a comprehensive assessment of the performance of the «labor protection» sys-
tem. In order to improve the performance of the labor protection management
system, the effectiveness of the functioning of its subsystem, the «labor protec-
tion» system were investigated, the mathematical model of the «labor protec-
tion» system was built, that based on the results of analysis its subsystem. The
measures to prevent industrial injuries were developed 

Keywords: labor protection management system, industrial injuries, effec-
tiveness, mathematical model.

311



Àêòóàëüí³ñòü. Ïðîáëåìà âèðîáíè÷îãî òðàâìàòèçìó â Óêðà¿í³ ÿê
îäíà ç íàéàêòóàëüí³øèõ â äåðæàâ³, íà ñó÷àñíîìó åòàï³ íàáóâàº
îñîáëèâîãî çíà÷åííÿ òà ïîòðåáóº ñèñòåìíîãî âèâ÷åííÿ âïëèâó âè-
ðîáíè÷èõ, ñîö³àëüíî-åêîíîì³÷íèõ, ïðàâîâèõ îðãàí³çàö³éíî-òåõ-
í³÷íèõ òà ³íøèõ ÷èííèê³â íà æèòòÿ òà çäîðîâ’ÿ ïðàö³âíèê³â ó ïðî-
öåñ³ òðóäîâî¿ ä³ÿëüíîñò³, ç ìåòîþ ðîçðîáëåííÿ çàõîä³â òà çàñîá³â,
ñïðÿìîâàíèõ íà çàáåçïå÷åííÿ çäîðîâèõ óìîâ ïðàö³ ëþäèíè. Ùå ó
2014 ðîö³ ñòàí âèðîáíè÷îãî òðàâìàòèçìó â Óêðà¿í³ ïðîôñï³ëêè
îö³íþâàëè ÿê êðèòè÷íèé, à ñåðåä áàãàòüîõ ôàêòîð³â, ùî çóìîâëþ-
þòü éîãî âèñîêèé ð³âåíü, âèä³ëÿëè íåçàäîâ³ëüíèé ñòàí óìîâ ³ áåç-
ïåêè ïðàö³, íåäîñòàòí³é ð³âåíü â³äïîâ³äàëüíîñò³ ðîáîòîäàâöÿ çà
ñòâîðåííÿ áåçïå÷íèõ óìîâ ïðàö³, âåëèê³ îáñÿãè ò³íüîâî¿ çàéíÿòîñò³
òà ïðèõîâóâàííÿ â³ä ðîçñë³äóâàííÿ çíà÷íî¿ ê³ëüêîñò³ âèðîáíè÷èõ
òðàâì. Ïðîòå ñèòóàö³ÿ ç ðîêó â ð³ê ìàéæå íå çì³íþºòüñÿ, à â äåÿ-
êèõ ãàëóçÿõ, çîêðåìà áóä³âíèöòâ³, íàâ³òü ïîã³ðøóºòüñÿ. 

Äëÿ åôåêòèâíîãî ïîøóêó øëÿõ³â çíèæåííÿ ð³âíÿ âèðîáíè÷î-
ãî òðàâìàòèçìó ³ ðîçðîáëåííÿ ³íñòðóìåíòàð³þ ïðèéíÿòòÿ óïðàâë³í-
ñüêèõ ð³øåíü ÿê íà ð³âí³ ï³äïðèºìñòâà, òàê ³ íà ð³âí³ äåðæàâè ïðî-
âîäÿòüñÿ äîñë³äæåííÿ, ñïðÿìîâàí³ íà ï³äâèùåííÿ ðåçóëüòàòèâ-
íîñò³ ñèñòåìè óïðàâë³ííÿ îõîðîíîþ ïðàö³ (äàë³ – ÑÓÎÏ), äåðæàâ-
íîãî óïðàâë³ííÿ îõîðîíîþ ïðàö³, ñòàíó çàêîíîäàâñòâà ç îõîðîíè
ïðàö³ òà âèçíà÷åííÿ âïëèâó íà ð³âåíü âèðîáíè÷îãî òðàâìàòèçìó
øê³äëèâèõ òà íåáåçïå÷íèõ ôàêòîð³â [1, 2] Íàóêîâö³ ïðîïîíóþòü
ð³çí³ ï³äõîäè äî ï³äâèùåííÿ ðåçóëüòàòèâíîñò³ ÑÓÎÏ, ùî, â îñíîâ-
íîìó, ´ðóíòóþòüñÿ íà ï³äâèùåíí³ åôåêòèâíîñò³ óïðàâë³íñüêèõ ð³-
øåíü, ïðè öüîìó àêöåíò ðîáèòüñÿ íà ï³äâèùåííÿ ðåçóëüòàòèâíîñò³
ôóíêö³îíóâàííÿ îêðåìèõ ï³äñèñòåì ñèñòåìè óïðàâë³ííÿ îõîðîíîþ
ïðàö³, çîêðåìà òåõí³÷íî¿, – øëÿõîì óäîñêîíàëåííÿ îêðåìèõ âóçë³â
îáëàäíàííÿ, îðãàí³çàö³éíî¿, – òàê çâàíîìó, «ëþäñüêîìó ôàêòîð³»
òà ïðàâîâî¿ – ï³äâèùåíí³ åôåêòèâíîñò³ íàãëÿäîâî¿ ä³ÿëüíîñò³ ç
îõîðîíè ïðàö³.

Ïðîòå â³äñóòí³ñòü ñèñòåìíîãî ï³äõîäó äî äîñë³äæåííÿ ñèñòåìè
óïðàâë³ííÿ îõîðîíîþ ïðàö³ óíåìîæëèâëþº ðîçðîáëåííÿ ðåçóëüòà-
òèâíèõ óïðàâë³íñüêèõ ð³øåíü òà âæèòòÿ íàóêîâî îá´ðóíòîâàíèõ çà-
õîä³â. 

Îñíîâíèìè ôàêòîðàìè, ùî íåãàòèâíî âïëèâàþòü íà ñòàí îõî-
ðîíè ïðàö³ Óêðà¿íè òà ïðèçâîäÿòü äî íåùàñíèõ âèïàäê³â íà âè-
ðîáíèöòâ³, äî öüîãî ÷àñó çàëèøàþòüñÿ: 

 âèñîêà çíîøåí³ñòü îñíîâíèõ çàñîá³â âèðîáíèöòâà, íå ñòâî-
ðåíî çäîðîâ³ òà áåçïå÷í³ óìîâè ïðàö³ íà êîæíîìó ðîáî÷îìó ì³ñö³;
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 íåäîñòàòí³é ð³âåíü ôàõîâî¿ ï³äãîòîâêè ïðàö³âíèê³â ç ïèòàíü
îõîðîíè ïðàö³ òà ð³âåíü êîíòðîëþ çà ñòàíîì äîòðèìàííÿ ó÷àñíè-
êàìè òðóäîâîãî ïðîöåñó âèìîã íîðìàòèâíèõ àêò³â ç îõîðîíè ïðàö³;

 â³äñóòí³ñòü â óêðà¿íñüêîìó çàêîíîäàâñòâ³ áóäü-ÿêèõ ñàíêö³é
äî ðîáîòîäàâö³â çà ïîðóøåííÿ íîðìàòèâíèõ àêò³â ç îõîðîíè ïðàö³;

 íåäîñòàòí³é ð³âåíü çàáåçïå÷åíîñò³ ïðàöþþ÷èõ çàñîáàìè ³í-
äèâ³äóàëüíîãî òà êîëåêòèâíîãî çàõèñòó;

 íåäîñòàòíÿ îðãàí³çàö³ÿ ðîáîòè ç ³íôîðìàö³éíîãî çàáåçïå÷åí-
íÿ îõîðîíè ïðàö³.

Ìåòà ñòàòò³ òà íàóêîâà íîâèçíà. Ìåòîþ ñòàòò³ º âèñâ³òëåííÿ
ðåçóëüòàò³â àíàë³çó ³ñíóþ÷îãî ñòàíó ðåçóëüòàòèâíîñò³ ôóíêö³îíó-
âàííÿ ñèñòåìè óïðàâë³ííÿ îõîðîíîþ ïðàö³ òà ðîçðîáëåííÿ ïðîïî-
çèö³é ùîäî éîãî ï³äâèùåííÿ.

Ìàòåð³àëè òà ìåòîäè äîñë³äæåííÿ. Äëÿ ïðîâåäåííÿ äîñë³äæåíü
âèêîðèñòàíî ³ñíóþ÷³ ìåòîäè àíàë³çó ðåçóëüòàòèâíîñò³ ñèñòåìè óï-
ðàâë³ííÿ îõîðîíîþ ïðàö³.

Ðåçóëüòàòè äîñë³äæåííÿ. Îö³íþâàííÿ ðåçóëüòàòèâíîñò³ ôóíê-
ö³îíóâàííÿ ñèñòåìè óïðàâë³ííÿ îõîðîíîþ ïðàö³ ïðîâåäåíî øëÿ-
õîì ïîð³âíÿííÿ ïîêàçíèê³â âèðîáíè÷îãî òðàâìàòèçìó â Óêðà¿í³ òà
â êðà¿íàõ ñâ³òó. Ðåçóëüòàòè îö³íêè ïîêàçàëè, ùî â Óêðà¿í³ ð³âåíü
ñìåðòåëüíîãî òðàâìàòèçìó º âèùèì í³æ â êðà¿íàõ ªâðîïåéñüêîãî
Ñîþçó, ÑØÀ, ßïîí³¿ òà ³íøèõ (çà äàíèìè Ì³æíàðîäíî¿ îðãàí³çà-
ö³¿ ïðàö³ â ðîçðàõóíêó íà 100 òèñ. ïðàö³âíèê³â). Òàê, ïîð³âíÿíî ç
Í³ìå÷÷èíîþ, ð³âåíü ñìåðòåëüíîãî òðàâìàòèçìó âèùèé ó 2,5 ðàçà,
ÑØÀ – ó 2 ðàçè, ²òàë³ºþ – 1,3 ðàçà). Çà îñòàíí³ 5 ðîê³â íà âèðîá-
íèöòâàõ Óêðà¿íè çàãèíóëî á³ëüøå í³æ 3 000 ïðàö³âíèê³â ³ ïîíàä 47
òèñÿ÷ áóëî òÿæêî òðàâìîâàíî. Â Óêðà¿í³ êîæíèé 10-é íåùàñíèé
âèïàäîê íà âèðîáíèöòâ³ – öå âèïàäîê ç³ ñìåðòåëüíèì íàñë³äêîì,
à â äåÿêèõ ãàëóçÿõ, çîêðåìà â áóä³âíèöòâ³, íàâ³òü êîæåí 5-é, ³ öå
ïðè òîìó, ùî ó êðà¿íàõ Çàõ³äíî¿ ªâðîïè íà 1 ñìåðòåëüíèé âèïà-
äîê ïðèïàäàº 400–1200 òðàâìîâàíèõ. 

Äîòåïåð íàóêîâ³ äîñë³äæåííÿ ç ïèòàíü îö³íþâàííÿ ðåçóëüòàòèâ-
íîñò³ ôóíêö³îíóâàííÿ ÑÓÎÏ íà âñ³õ ð³âíÿõ óïðàâë³ííÿ õàðàêòåðè-
çóâàëèñü â³äñóòí³ñòþ ºäèíîãî ï³äõîäó, íå âðàõîâóâàâñÿ òîé ôàêò, ùî
ÑÓÎÏ, ÿê ³ áóäü-ÿêà ñèñòåìà óïðàâë³ííÿ, ñêëàäàºòüñÿ ç ìíîæèíè
åëåìåíò³â ³ ï³äñèñòåì, ³ òîìó ìàº äîñë³äæóâàòèñü ç ïîçèö³é ñèñòåì-
íîãî ï³äõîäó. Ñóòü ñèñòåìíîãî ï³äõîäó ïîëÿãàº â ïîøóêó ïðîñòîãî ó
ñêëàäíîìó, òîáòî äåêîìïîçèö³¿ ñèñòåìè íà ïåâíó ê³ëüê³ñòü âçàºìî-
ïîâ’ÿçàíèõ åëåìåíò³â, òà áàçóºòüñÿ íà çàãàëüí³é òåîð³¿ ñèñòåì, ôóí-
äàòîðîì ÿêî¿ ââàæàºòüñÿ Ë. ôîí Áåðòàëàíô³ (1901–1971). Äî ðå÷³,
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Ì³æíàðîäíà îðãàí³çàö³ÿ ïðàö³ (ÌÎÏ), âñåá³÷íî îáãîâîðèâøè ïè-
òàííÿ îõîðîíè ïðàö³, ä³éøëà âèñíîâêó ïðî íåîáõ³äí³ñòü ñèñòåìíî-
ãî ï³äõîäó äî âèð³øåííÿ ïðîáëåì â îõîðîí³ ïðàö³, ùî çíàéøëî
â³äîáðàæåííÿ â Êîíâåíö³¿ N155 òà â Êåð³âíèöòâ³ ç óïðàâë³ííÿ ñè-
ñòåìàìè îõîðîíè ïðàö³ (ÌÎÏ-ÑÓÎÏ 2001), ÿê³ º óí³âåðñàëüíèì
ì³æíàðîäíèì êåð³âíèöòâîì ç îðãàí³çàö³¿ ñèñòåìè ÎÏ íà ï³äïðè-
ºìñòâàõ, òà â ÿêèõ ïðîïîíóºòüñÿ âèêîðèñòàííÿ ñèñòåìíîãî ï³äõî-
äó äî ñòâîðåííÿ ³ ðîçâèòêó íà ï³äïðèºìñòâàõ ñèñòåìè óïðàâë³ííÿ
îõîðîíîþ ïðàö³.

Ñàìå ç ïîçèö³é ñèñòåìíîãî ï³äõîäó, ÿêèé âèçíà÷àº «ñèñòåìó
óïðàâë³ííÿ îõîðîíîþ ïðàö³», ÿê ö³ë³ñíó ºäí³ñòü, óòâîðåíó ìíîæè-
íîþ âçàºìîïîâ’ÿçàíèõ êîìïîíåíò³â, ïðè ¿¿ âèâ÷åíí³ ìàþòü äîñë³-
äæóâàòèñü îñíîâí³ ¿¿ ï³äñèñòåìè – êåðóþ÷à òà êåðîâàíà.

Â³äñóòí³ñòü ñèñòåìíîãî ï³äõîäó äî äîñë³äæåííÿ ñèñòåìè óï-
ðàâë³ííÿ îõîðîíîþ ïðàö³ íà âñ³õ ð³âíÿõ óïðàâë³ííÿ º îñíîâíîþ
ïðè÷èíîþ íèçüêîãî ð³âíÿ ðåçóëüòàòèâíîñò³ ÑÓÎÏ â Óêðà¿í³, ïðî
ùî, ïåðø çà âñå, ñâ³ä÷àòü ïîêàçíèêè âèðîáíè÷îãî òðàâìàòèçìó,
ÿê³ çíà÷íî ïåðåâèùóþòü òàê³ æ ïîêàçíèêè â ºâðîïåéñüêèõ êðà¿íàõ.
Çàçíà÷åíèé ôàêò çíàéøîâ â³äîáðàæåííÿ â Êîíöåïö³¿ ðåôîðìóâàí-
íÿ ñèñòåìè óïðàâë³ííÿ îõîðîíè ïðàö³, ÿêó áóëî ñõâàëåíî ðîçïîðÿ-
äæåííÿì ÊÌÓ â³ä 12 ãðóäíÿ 2018 ð. ¹ 989-ð., òà â ÿê³é îô³ö³éíî
âèçíàíî, ùî «ä³þ÷à ñèñòåìà óïðàâë³ííÿ îõîðîíîþ ïðàö³ íà âñ³õ
ð³âíÿõ ñôîðìîâàíà çà ïðèíöèïîì «êîðèãóâàëüíèõ ä³é» (ðåàêòèâ-
íèì ïðèíöèïîì), òîáòî ðåàãóâàííÿ íà íåáåçïå÷í³ âèïàäêè òà ñè-
òóàö³¿, à íå çà ïðèíöèïîì «çàïîá³æíèõ ä³é» (ïðîàêòèâíèì), òîáòî
ïðîô³ëàêòèêè íåáåçïå÷íèõ âèïàäê³â òà ñèòóàö³é, ùî óíåìîæëèâ-
ëþº âèçíà÷åííÿ ïð³îðèòåòíîñò³ ïðîô³ëàêòè÷íèõ çàõîä³â ç áåçïåêè
òà ã³ã³ºíè ïðàö³ íà êîæíîìó ç åòàï³â ä³ÿëüíîñò³ ï³äïðèºìñòâà. Òà-
êèé ï³äõ³ä íå ñïðèÿº çàïðîâàäæåííþ åôåêòèâíîãî ìåõàí³çìó åêî-
íîì³÷íîãî ñòèìóëþâàííÿ ðîáîòîäàâö³â äî ñòâîðåííÿ íàëåæíèõ,
áåçïå÷íèõ ³ çäîðîâèõ óìîâ ïðàö³ ³ íå äàº çìîãè ðîáîòîäàâöÿì âè-
áèðàòè íàéåôåêòèâí³øèé ñïîñ³á óïðàâë³ííÿ òà ³íòåãðóâàòè ñèñòå-
ìó óïðàâë³ííÿ îõîðîíîþ ïðàö³ â çàãàëüíó ñèñòåìó óïðàâë³ííÿ
ï³äïðèºìñòâîì».

Ó Êîíöåïö³¿ çàçíà÷åíî, ùî íà ñüîãîäí³ â Óêðà¿í³ ä³º ñèñòåìà
óïðàâë³ííÿ îõîðîíîþ ïðàö³, ùî ñôîðìîâàíà çà ÷àñ³â ïëàíîâî-
àäì³í³ñòðàòèâíî¿ åêîíîì³÷íî¿ ñèñòåìè, ÿêà ïîêàçàëà ñâîþ åôåê-
òèâí³ñòü ó ïåð³îä ìîíîïîë³¿ äåðæàâíî¿ âëàñíîñò³ ó âñ³õ ãàëóçÿõ íà-
ðîäíîãî ãîñïîäàðñòâà, ïëàíóâàííÿ ðîçâèòêó òåõí³÷íèõ ñèñòåì òà
çíà÷íîãî ðåãëàìåíòóâàííÿ ïðîöåäóð ³ ïðàâèë, ïîâ’ÿçàíèõ ³ç çàñòî-
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ñóâàííÿì ðîáî÷îãî îáëàäíàííÿ òà âèêîíàííÿì ðîá³ò. Æîðñòêà
ðåãëàìåíòàö³ÿ ïðàâèë âèêîíàííÿ ðîá³ò ³ âèêîðèñòàííÿ ìàøèí ³
ìåõàí³çì³â ïðèçâåëà äî íàêîïè÷åííÿ çíà÷íîãî îáñÿãó íîðìàòèâíî-
ïðàâîâèõ àêò³â ç áåçïåêè òà ã³ã³ºíè ïðàö³, ùî íå äàº ìîæëèâîñò³
îïåðàòèâíî òà ñâîº÷àñíî ðåàãóâàòè íà øâèäêèé ðîçâèòîê òåõíî-
ëîã³é òà åêîíîì³êè, õàðàêòåðèçóºòüñÿ íååôåêòèâíèì âèêîðèñòàí-
íÿì ðåñóðñ³â, òà íåâèêîíàííÿì ¿õ âèìîã â ïîâíîìó îáñÿç³ í³ ïðà-
ö³âíèêàìè, í³ ðîáîòîäàâöÿìè. ßê íàñë³äîê – íà á³ëüøîñò³ ï³äïðè-
ºìñòâ êðà¿íè íå ñòâîðåíî áåçïå÷í³ óìîâè ïðàö³. Êîíöåïö³ÿ ñòàëà
ïåðøèì íîðìàòèâíî-ïðàâîâèì àêòîì â Óêðà¿í³, â ÿêîìó áóëî îô³-
ö³éíî âèçíàíî íååôåêòèâí³ñòü ³ñíóþ÷î¿ ÑÓÎÏ.

Îñîáëèâó ðîëü ó çàêîíîäàâñòâ³ ìàéæå âñ³õ ïðîìèñëîâî ðîçâè-
íåíèõ êðà¿í ªâðîïåéñüêîãî Ñîþçó ùîäî çàáåçïå÷åííÿ áåçïå÷íîãî
òà çäîðîâîãî âèðîáíè÷îãî ñåðåäîâèùà â³äâåäåíî ðîáîòîäàâöþ,
ÿêèé íåñå áåçïîñåðåäíþ â³äïîâ³äàëüí³ñòü çà áåçïåêó òà çäîðîâ’ÿ
ïðàö³âíèêà íà âèðîáíèöòâ³ òà ðåãóëþº ïèòàííÿ îõîðîíè ïðàö³ íà
ï³äïðèºìñòâ³ øëÿõîì ñòâîðåííÿ ñèñòåìè óïðàâë³ííÿ îõîðîíîþ
ïðàö³, îö³íêè ðèçèê³â ³ óðàõóâàííÿ ðåçóëüòàò³â ö³º¿ îö³íêè äëÿ êî-
ðèãóâàííÿ ïîë³òèêè óïðàâë³ííÿ íà á³ëüø åôåêòèâíó. Ïðîòå óê-
ðà¿íñüêèì çàêîíîäàâñòâîì ç îõîðîíè ïðàö³ íå ïåðåäáà÷åíî ô³íàí-
ñîâó â³äïîâ³äàëüí³ñòü ðîáîòîäàâöÿ çà íå ñòâîðåííÿ áåçïå÷íèõ óìîâ
ïðàö³ íà êîæíîìó ðîáî÷îìó ì³ñö³. Íà òåïåð ³ñíóþ÷à ÑÓÎÏ íå äî-
çâîëÿº çàïðîâàäèòè åôåêòèâíèé ìåõàí³çì åêîíîì³÷íîãî ñòèìóëþ-
âàííÿ ðîáîòîäàâö³â äî ñòâîðåííÿ áåçïå÷íèõ ³ çäîðîâèõ óìîâ ïðàö³,
à òàêîæ íå äàº ìîæëèâîñò³ ðîáîòîäàâöþ âèáèðàòè ìåòîäèêó óï-
ðàâë³ííÿ ï³äïðèºìñòâîì ç óðàõóâàííÿì ñó÷àñíèõ äîñÿãíåíü ó
ñôåð³ ìåíåäæìåíòó òà ì³æíàðîäíèõ ñòàíäàðò³â ó ñôåð³ óïðàâë³ííÿ
áåçïåêîþ ³ ã³ã³ºíîþ ïðàö³ òà ³íòåãðóâàòè òàêó ÑÓÎÏ â çàãàëüíó ñè-
ñòåìó óïðàâë³ííÿ ï³äïðèºìñòâîì.

Ñèñòåìà óïðàâë³ííÿ ï³äïðèºìñòâîì ðîçãëÿäàºòüñÿ ÿê ñóêóï-
í³ñòü ñóá’ºêòà óïðàâë³ííÿ, òîáòî àïàðàòó, ùî áåçïîñåðåäíüî çä³éñ-
íþº ïðîöåñè óïðàâë³ííÿ (êåðóþ÷î¿ ñèñòåìè), òà îá’ºêòà óïðàâ-
ë³ííÿ (êåðîâàíî¿ ñèñòåìè), ùî çíàõîäÿòüñÿ ó ïåâíîìó ñåðåäîâèù³
òà ³íôîðìàòèâíî çâ’ÿçàí³ ÿê ì³æ ñîáîþ, òàê ³ ç çîâí³øí³ì ñåðåäî-
âèùåì, âçàºìîçàëåæí³ òà óòâîðþþòü ºäèíå ³ íåðîçðèâíå ö³ëå, –
ö³ë³ñíó ñèñòåìó óïðàâë³ííÿ. Ñèñòåìà óïðàâë³ííÿ îõîðîíîþ ïðàö³
íå º âèêëþ÷åííÿì, ¿¿ ìîæíà ðîçãëÿäàòè, ÿê ñèñòåìó, ùî ñêëàäà-
ºòüñÿ ç äâîõ â³äíîñíî ñàìîñò³éíèõ, àëå îðãàí³÷íî âçàºìîçàëåæíèõ
³ âçàºìîä³þ÷èõ ï³äñèñòåì. Ñàìå ïðè âèâ÷åíí³ ÑÓÎÏ, ç ïîçèö³é
ñèñòåìíîãî ï³äõîäó, ÿêèé âèçíà÷àº «ñèñòåìó óïðàâë³ííÿ îõîðîíîþ
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ïðàö³», ÿê ö³ë³ñíó ºäí³ñòü, óòâîðåíó ìíîæèíîþ âçàºìîïîâ’ÿçàíèõ
êîìïîíåíò³â, òà ïåðåäáà÷àº äåêîìïîçèö³þ ¿¿ ÿê ñèñòåìè íà ï³äñè-
ñòåìè, ìàþòü ïðîâîäèòèñü äîñë³äæåííÿ ç îö³íþâàííÿ ðåçóëüòàòèâ-
íîñò³ ¿¿ îñíîâíèõ ï³äñèñòåì – êåðóþ÷î¿ òà êåðîâàíî¿.

Óïðàâë³ííÿ ñèñòåìîþ «îõîðîíà ïðàö³» ÿâëÿº ñîáîþ ïðîöåñ
ôîðìóâàííÿ êåðóþ÷îþ ï³äñèñòåìîþ ö³ëåñïðÿìîâàíî¿ ïîâåä³íêè
êåðîâàíî¿ ï³äñèñòåìè ï³ä âïëèâîì çì³í ñòàíó çîâí³øíüîãî ñåðåäî-
âèùà, îñê³ëüêè ³íôîðìàö³ÿ ïðî ñòàí çîâí³øíüîãî ñåðåäîâèùà òà
êåðîâàíî¿ ñèñòåìè ïåðåäàºòüñÿ äî êåðóþ÷î¿ ñèñòåìè, ÿêà ìàº çà-
áåçïå÷óâàòè âèõ³äí³ õàðàêòåðèñòèêè òà çàáåçïå÷óâàòè ñòàí ñèñòåìè
«îõîðîíà ïðàö³» ó çàäàíèõ ìåæàõ. Äëÿ çä³éñíåííÿ êåðóâàííÿ êåðó-
þ÷à ñèñòåìà ìîæå âæèâàòè çàõîäè, ñïðÿìîâàí³ ÿê íà ï³äñèëåííÿ
ïîçèòèâíî¿ ä³¿ àáî íà ïîñëàáëåííÿ íåãàòèâíîãî âïëèâó òîãî ÷è
³íøîãî çáóðþþ÷îãî âïëèâó, ÿêîãî çàçíàâ îá’ºêò óïðàâë³ííÿ (êåðî-
âàíà ñèñòåìà). Ï³äñòàâîþ äëÿ ïðèéíÿòòÿ ð³øåíü º çíà÷åííÿ ïîêàç-
íèê³â êîìïëåêñíîãî îö³íþâàííÿ ðåçóëüòàòèâíîñò³ ôóíêö³îíóâàí-
íÿ êåðîâàíî¿ ñèñòåìè – ñèñòåìè «îõîðîíà ïðàö³», çà ðåçóëüòàòàìè
àíàë³çó ÿêèõ êåðóþ÷à ñèñòåìà ðîçðîáëÿº çàõîäè, ñïðÿìîâàí³ íà
çì³íó ïàðàìåòð³â ñèñòåìè «îõîðîíà ïðàö³» (äàë³ – ñèñòåìà ÎÏ) ó
ïåâíèõ ìåæàõ.

Ñòðóêòóðó êåðîâàíî¿ ï³äñèñòåìè ÑÓÎÏ, ÿê îá’ºêòà óïðàâë³ííÿ
(ñèñòåìà ÎÏ), âèçíà÷àº Çàêîí [1], â³äïîâ³äíî äî ÿêîãî ñèñòåìà
«îõîðîíà ïðàö³» ñêëàäàºòüñÿ ç ìíîæèíè ï³äñèñòåì òà åëåìåíò³â,
ùî çíàõîäÿòüñÿ â ïåâíèõ çâ’ÿçêàõ ³ ñï³ââ³äíîøåííÿõ îäèí ³ç îäíèì
òà ñòâîðþþòü ¿¿ îðãàí³çàö³éíî-ñòðóêòóðíó ö³ë³ñí³ñòü, ïðè öüîìó
êîæåí ³ç åëåìåíò³â ï³äñèñòåì ðîáèòü ñâ³é âíåñîê ó õàðàêòåðèñòè-
êè ñèñòåìè (ö³ëîãî) [3, 4], à ñàìå:

 òåõí³÷íà – ïîºäíóº îêðåì³ òåõí³÷í³ çàñîáè òà òåõíîëîã³÷íà –
ïðåäìåòè ïðàö³, îêðåì³ îïåðàö³¿ òà ïðîöåäóðè; 

 ïðàâîâà – ÿâëÿº ñîáîþ íàá³ð ïðàâèë ³ íîðì, ùî âèçíà÷àþòü
ïîñë³äîâí³ñòü îïåðàö³é ó ïðîöåñ³ âèðîáíèöòâà ³ óïðàâë³ííÿ íèìè; 

 îðãàí³çàö³éíà – ñïðèÿº äîñÿãíåííþ ìåòè çà äîïîìîãîþ óï-
ðàâë³ííÿ, ìîòèâàö³¿, êîîðäèíàö³¿ òà êîíòðîëþ çà âèêîíàííÿì
â³äïîâ³äíèõ ÍÏÀÎÏ, ïîëîæåíü òà ³íñòðóêö³é, ³ ðàö³îíàëüíîìó âè-
êîðèñòàííþ òåõí³÷íèõ çàñîá³â, ïðåäìåò³â ïðàö³, ³íôîðìàö³¿, ïëîù
³ òðóäîâèõ ðåñóðñ³â; 

 ñàí³òàðíî-ã³ã³ºí³÷íà – ÿê ñóêóïí³ñòü îðãàí³çàö³éíèõ ³ òåõí³÷-
íèõ çàõîä³â ñïðèÿº çàïîá³ãàííþ íåáåçïå÷íèì óìîâàì ïðàö³ äëÿ
çìåíøåííÿ âïëèâó íà ïðàöþþ÷èõ øê³äëèâèõ âèðîáíè÷èõ ôàê-
òîð³â;
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 åêîíîì³÷íà – öå ºäí³ñòü ãîñïîäàðñüêèõ ³ ô³íàíñîâèõ ïðîöå-
ñ³â ³ çâ’ÿçê³â; 

 ñîö³àëüíà – öå ñóêóïí³ñòü ñîö³àëüíèõ â³äíîñèí, ùî óòâîðè-
ëèñü ó ðåçóëüòàò³ ñï³ëüíî¿ ä³ÿëüíîñò³ ïðàö³âíèê³â. 

Îïèñ ñòðóêòóðè ñèñòåìè ÎÏ òà âèçíà÷åííÿ ¿¿ ï³äñèñòåì íàäàº
çàêîí, â³äïîâ³äíî äî ÿêîãî îõîðîíà ïðàö³ ðîçãëÿäàºòüñÿ ÿê ñèñòå-
ìà, ÿêà ñêëàäàºòüñÿ ç âèùåçàçíà÷åíèõ ï³äñèñòåì, ôóíêö³îíóâàííÿ
ÿêèõ ñïðÿìîâàíå íà çáåðåæåííÿ æèòòÿ, çäîðîâ’ÿ ³ ïðàöåçäàòíîñò³
ëþäèíè ó ïðîöåñ³ òðóäîâî¿ ä³ÿëüíîñò³. Â óçàãàëüíåíîìó âèãëÿä³
ñòðóêòóðó ñèñòåìè ÎÏ â³äîáðàæàº âèðàç (1): 

S(t) = S(E, P, T, O, G, Y, t), (1)

äå E – åêîíîì³÷íà ï³äñèñòåìà ñèñòåìè ÎÏ; P – ïðàâîâà ï³äñèñòåìà ñèñ-
òåìè ÎÏ; T – òåõí³÷íà ï³äñèñòåìà ñèñòåìà ÎÏ; O – îðãàí³çàö³éíà ï³äñè-
ñòåìà ñèñòåìà ÎÏ; G – ñàí³òàðíî-ã³ã³ºí³÷íà ï³äñèñòåìà ñèñòåìà ÎÏ; Y –
ïîêàçíèê, çà ÿêèì îö³íþºòüñÿ ðåçóëüòàòèâí³ñòü ôóíêö³îíóâàííÿ ñèñòåìè
ÎÏ – ïîêàçíèê âèðîáíè÷îãî òðàâìàòèçìó.

Ìàòåìàòè÷íà ìîäåëü ñèñòåìè «îõîðîíà ïðàö³» íà ïðèêëàä³ äëÿ
áóä³âåëüíî¿ ãàëóç³ ç óðàõóâàííÿì ìàòåìàòè÷íîãî îïèñó êîæíî¿ ï³ä-
ñèñòåìè ñèñòåìè ÎÏ òà âèÿâëåíèõ çàêîíîì³ðíîñòåé âïëèâó ÷èí-
íèê³â çîâí³øíüîãî ³ âíóòð³øíüîãî ñåðåäîâèùà íà ïîêàçíèê âèðîá-
íè÷îãî òðàâìàòèçìó ïðåäñòàâëåíà ð³âíÿííÿì (2): 

YR = 18,1 – 0,0042x1
2 + 0,3058x1 –0,0576(xR

2)
2 + 1,0608xR

2 –

– 0,0008(xR
3)

2 + 0,3547xR
3 + 0,0002(xR

2)
2x1 – 0,0071xR

2x1 – 

– 0,00138(xR
3)

2xR
2 + 0,05373xR

2x
R
3 + 0,00002x1

2xR
3 – 0,00122xR

3x1. (2)

Àíàë³ç çàçíà÷åíî¿ ìîäåë³ äîçâîëÿº âèçíà÷àòè ÷èííèêè, ùî
íàéá³ëüøèì ÷èíîì âïëèâàþòü íà ðåçóëüòàòèâí³ñòü ¿¿ ôóíêö³îíó-
âàííÿ òà ðîçðîáèòè çàõîäè, ñïðÿìîâàí³ íà ï³äâèùåííÿ ðåçóëüòà-
òèâíîñò³ ¿¿ ôóíêö³îíóâàííÿ, øëÿõîì ïîñèëåííÿ â³äïîâ³äàëüíîñò³
ïðàö³âíèêà òà ðîáîòîäàâöÿ çà ïîðóøåííÿ âñòàíîâëåíèõ íîðì ³
ïðàâèë ç îõîðîíè ïðàö³. 
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КОНСТРУКТИВНО#ТЕХНОЛОГІЧНІ РІШЕННЯ

ТАКТИЧНИХ РЮКЗАКІВ 

ТА РОЗВАНТАЖУВАЛЬНИХ РЕМЕНІВ

Àíîòàö³ÿ. Ó ñòàòò³ ïðîàíàë³çîâàíî òà ñèñòåìàòèçîâàíî ð³çíîâè-
äè ³ñíóþ÷èõ òàêòè÷íèõ ðþêçàê³â òà ðîçâàíòàæóâàëüíèõ ðåìåí³â. Âèâ-
÷åíî òà óçàãàëüíåíî ³íôîðìàö³þ ùîäî êîíñòðóêòèâíî-òåõíîëîã³÷íèõ
ð³øåíü öèõ âèðîá³â òà ðîçðîáëåíî êëàñèô³êàö³þ ¿õ åëåìåíò³â çà ð³çíèìè
îçíàêàìè. Ðîçãëÿíóòî çàñòîñóâàííÿ ñèñòåìè ìîäóëüíîãî ïîëåãøåíîãî
ñïîðÿäæåííÿ äëÿ ïåðåíåñåííÿ âàíòàæó òà ¿¿ ð³çíîâèäè. Âèâ÷åíî àñîð-
òèìåíòó ñó÷àñíèõ ìàòåð³àë³â íà ðèíêó Óêðà¿íè òà çà ¿¿ ìåæàìè äëÿ
âèãîòîâëåííÿ ðîçâàíòàæóâàëüíèõ æèëåò³â ç ìåòîþ ñèñòåìíî-ñòðóê-
òóðíîãî àíàë³çó.

Êëþ÷îâ³ ñëîâà: áîéîâå åê³ï³ðóâàííÿ, òàêòè÷íèé ðþêçàê, â³éñüêî-
âîñëóæáîâåöü, çíîñîñò³éê³ ìàòåð³àëè.

Abstract. The article was analysed and systematized the varieties of exist-
ing tactical backpacks and unloading belts. The information on the structur-
al and technological decisions of these products has been studied and summa-
rized, and the classification of their elements has been developed on various
grounds. The application of the modular systemof light equipment for materi-
als handling and its variants was considered. The assortment of modern mate-
rials in Ukraine and abroad for the purpose of manufacturing of unloading
vests for the purpose of system-structural analysis was studied.

Keywords: Military equipment, tactical backpack, military servant, wear-
resistant material

Áîéîâå åê³ï³ðóâàííÿ â³éñüêîâîñëóæáîâöÿ çàëèøàºòüñÿ îäíèì
³ç íàéâàæëèâ³øèõ ñêëàäíèê³â, ÿê³ âïëèâàþòü íà ï³äâèùåííÿ áîé-
îâî¿ åôåêòèâíîñò³ òà çíèæåííÿ âòðàò îñîáîâîãî ñêëàäó ï³ä ÷àñ âè-
êîíàííÿ áîéîâèõ çàâäàíü. 

Â³äïîâ³äíî äî [1] çàòâåðäæåíî íîâ³ íîðìè çàáåçïå÷åííÿ â³éñü-
êîâîñëóæáîâö³â Çáðîéíèõ Ñèë Óêðà¿íè (ÇÑÓ) ïðåäìåòàìè áîéî-
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âîãî îáìóíäèðóâàííÿ òà åê³ï³ðóâàííÿ. Ïðîáëåìè îñíàùåííÿ â³é-
ñüêîâèõ ôîðìóâàíü ñåêòîðó áåçïåêè òà îáîðîíè íîâèìè çðàçêàìè
çóìîâëåí³ âåëèêîþ ê³ëüê³ñòü íàÿâíîãî åê³ï³ðóâàííÿ, ÿêå ìîðàëüíî
³ ô³çè÷íî çàñòàð³ëî òà ïîòðåáóº ìîäåðí³çàö³¿ òà çàì³íè.

Ñó÷àñí³ âèìîãè äî áîéîâîãî åê³ï³ðóâàííÿ â³éñüêîâîñëóæáîâ-
ö³â ³ ðÿò³âíèê³â âèçíà÷åíî ó ñòàíäàðòàõ, ³ ñåðåä íèõ îñíîâíèìè âè-
ìîãàìè º òàê³: òðèâàëèé ãàðàíòîâàíèé òåðì³í âèêîðèñòàííÿ (äî 
6 ì³ñÿö³â) ³ âèñîêèé ð³âåíü íàä³éíîñò³; çíîñîñò³éê³ñòü; îáìåæåíà
ìàñà;ï³äâèùåíà ì³öí³ñòþ äî ìåõàí³÷íèõ íàâàíòàæåíü (ðîçðèâó,
ðîçäèðó, ïðîêîëó, ñòèðàííÿ); âîãíåñò³éê³ñòü.

Ñòâîðåííÿì åê³ï³ðóâàííÿ «ñîëäàòà ìàéáóòíüîãî» çàéìàþòüñÿ
ïðîâ³äí³ ô³ðìè ñâ³òó, ÿê³ çàáåçïå÷èëè âèïóñê íîâ³òí³õ ìîäåëåé:
«FUTURE SOLDIER» (ÑØÀ), «FIST» (Âåëèêîáðèòàí³ÿ), «COMFUT»
(²ñïàí³ÿ), «FELIN» (Ôðàíö³ÿ), «PROJEKT TYTAN» (Ïîëüùà) [2].

Òàêèì ÷èíîì, ïîñòàº íàãàëüíà ïîòðåáà â îñíàùåíí³ â³éñüêî-
âîñëóæáîâö³â ³ ðÿò³âíèê³â â³éñüêîâèõ ï³äðîçä³ë³â Óêðà¿íè íîâèìè
êîìïëåêñàìè áîéîâîãî åê³ï³ðóâàííÿ (ÊÁÅ), ùî çàáåçïå÷àòü åôåê-
òèâíå âèêîíàííÿ ïîñòàâëåíèõ çàâäàíü ³ äàñòü ìîæëèâ³ñòü çáåðåãòè
æèòòÿ òà çäîðîâ’ÿ â³éñüêîâîñëóæáîâö³â.

ÊÁÅ â³éñüêîâîñëóæáîâöÿ ïåðåäáà÷àº çàáåçïå÷åííÿ ñó÷àñíîþ
çáðîºþ, à òàêîæ çàñîáàìè æèòòºä³ÿëüíîñò³, åíåðãîçàáåçïå÷åííÿ,
çàõèñòó òà óïðàâë³ííÿ, ùî äàº ìîæëèâ³ñòü ï³äâèùèòè åôåêòèâí³ñòü
¿õ ä³é ï³ä ÷àñ âèêîíàííÿ áîéîâèõ çàâäàíü, çîêðåìà, ó ðàç³ ïîðó-
øåííÿ îáì³íó ³íôîðìàö³ºþ â áîþ, ï³äâèùèòè ìîá³ëüí³ñòü òà æè-
âó÷³ñòü áîéîâèõ ï³äðîçä³ë³â. Äî ñêëàäó ÊÁÅ ïîðÿä ç êîìïëåêòîì
çàñîá³â ³íäèâ³äóàëüíîãî çàõèñòó íàëåæèòü áîéîâèé ³íäèâ³äóàëüíèé
ðþêçàê òàêòè÷íèé ³ ðîçâàíòàæóâàëüíèé ðåì³íü. OSHA 1910.156
Òàêòè÷í³ ðþêçàêè ìàþòü íèçêó ñïåö³àëüíèõ ôóíêö³é:

 çäàòí³ñòü ðîçøèðþâàòè òà çá³ëüøóâàòè â³ää³ëåííÿ äëÿ
çáåð³ãàííÿ òà òðàíñïîðòóâàííÿ ðå÷åé;

 ñïåö³àëüí³ ñèñòåìè ïîÿñíî¿ òà ïëå÷îâî¿ ô³êñàö³¿;
 â³ää³ëåííÿ äëÿ äîêóìåíò³â, ðàö³é, íîóòáóê³â òà ³íøèõ ´àäæåò³â;
 ñïåö³àëüí³ ñèñòåìè êð³ïëåíü;
 íàÿâí³ñòü êàðêàñà, ÿêèé äàº ìîæëèâ³ñòüçìåíøóâàòè íàâàíòà-

æåííÿ íà ëþäèíó òà óòðèìóâàòè ôîðìó;
 ñïåö³àëüí³ êð³ïëåííÿ ³ êàðàá³íè äëÿ ô³êñàö³¿ ðå÷åé;
 ìîæëèâ³ñòü ïðèñò³áàòè äîäàòêîâ³ ñóìêè ³ ÷îõëè.
Êëàñèô³êàö³þ ð³çíîâèä³â òàêòè÷íèõ ðþêçàê³â íàäàíî íà ðè-

ñóíêó 1.
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Ãîëîâíîþ â³äì³íí³ñòþ ñó÷àñíèõ òàêòè÷íèõ ðþêçàê³â òà ðîçâàí-
òàæóâàëüíèõ ðåìåí³â ³ æèëåò³â º çàñòîñóâàííÿ ñèñòåìè ìîäóëüíîãî
ïîëåãøåíîãî ñïîðÿäæåííÿ äëÿ ïåðåíåñåííÿ âàíòàæó – Mîdular
Lightweight Load-carrying Equipment (MOLLE), ÿêà ðîçðîáëåíà ó
1998 ðîö³. Ãîëîâíîþ ¿¿ ïåðåâàãîþ º ìîæëèâ³ñòü ³íäèâ³äóàëüíîãî ï³ä-
áîðó òà êîìïîíóâàííÿ åëåìåíò³â åê³ï³ðîâêè çàëåæíî â³ä ïåâíèõ áîé-
îâèõ óìîâ. Ó ñèñòåì³ MOLLE âèêîðèñòàíî ìåòîä æîðñòêîãî êð³ïëåí-
íÿ ï³äñóìê³â, êîáóð, íîæ³â, à òàêîæ ³íøèõ íåîáõ³äíèõ ïðåäìåò³â äî
ðîçâàíòàæóâàëüíèõ æèëåò³â, ðþêçàê³â òà ïîÿñ³â çà äîïîìîãîþ íàñòðî-
÷åíèõ ì³öíèõ íåéëîíîâèõ ñòð³÷îê. Çàâäÿêè òàê³é ñèñòåì³ â³éñüêîâîñ-
ëóæáîâåöü ìîæå çí³ìàòè àáî çàì³íþâàòè ï³äñóìêè, ïðèºäíóâàòè äî-
äàòêîâ³, à òàêîæ ðîçì³ùóâàòè äåòàë³ ñïîðÿäæåííÿ çà ïîòðåáè â ð³çí³
ì³ñöÿ ³íäèâ³äóàëüíî. Íàÿâí³ñòü ìîäóëüíîãî ïðèíöèïó äàº ìîæëèâ³ñòü
êîìïëåêòóâàòè æèëåò àáî ðþêçàê çàëåæíî â³ä ïîñòàâëåíèõ çàâäàíü,
óìîâ åêñïëóàòàö³¿, âèäó çáðî¿, à òàêîæ îñîáèñòèõ ïîòðåá.

Ñåðåä ð³çíîâèä³â MOLLE-êð³ïëåííÿ âèîêðåìëåíî òðè îñíîâí³
âèäè:

«NatickSnap» – íåéëîíîâà òàñüìà, ÿêà ïîïåðåì³ííî ïðîïóñ-
êàºòüñÿ ÷åðåç êîì³ðêè íà æèëåò³ òà íà ï³äñóìêîâ³, äëÿ íàä³éíîñò³
çàñò³áàºòüñÿ íà êíîïêó(ðèñ. 2.): 

Ðèñ. 2. Êð³ïëåííÿ «NatickSnap»

«Malice» – ïîë³ìåðíà êë³ïñà, ÿêà òàêîæ ïðîïóñêàºòüñÿ ÷åðåç
êîì³ðêè íà æèëåò³ òà íà ï³äñóìêîâ³, â³äêðèâàºòüñÿ çà äîïîìîãîþ
âèêðóòêè (ðèñ. 3): 

Ðèñ. 3. Êð³ïëåííÿ «Malice»

«Blade-techmollelok» – æîðñòê³ ñìóæêè, ÿê³ êð³ïëÿòüñÿ çà äî-
ïîìîãîþ áîëò³â.

«BlackhawkspeedClips» – ïîë³ìåðíà êë³ïñà, øâèäêî ïå-
ðåïë³òàºòüñÿ, àëå ïîòðåáóº äîäàòêîâèõ êîì³ðîê, ùî ìîæå âïëèíó-
òè íà ðîçì³ùåííÿ ³íøîãî ñïîðÿäæåííÿ
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«Weave&Tuck» – íåéëîíîâà òàñüìà, ÿêà ïî ÷åðç³ ïðîïóñ-
êàºòüñÿ ÷åðåç êîì³ðêè íà æèëåò³ òà íà ï³äñóìêîâ³, ê³íåöü ñòð³÷êè
çàïðàâëÿºòüñÿ ì³æ æèëåòîì òà ï³äñóìêîì.

Âñòàíîâëåíî îñíîâí³ ð³çíîâèäè íàñòðî÷óâàííÿ òàñüìè ñèñòå-
ìè MOLLE íà ïîâåðõíþ æèëåòó àáî ðþêçàêà. Â³äïîâ³äíî ñòàíäàð-
òó øèðèíà òàñüìè ìàº áóòè 25 ìì; øèðèíà êðîêó ì³æ çàñòðî÷óâà-
íèìè òàñüìàìè – 25 ìì (ñï³ââ³äíîøåííÿ 1:1 äî øèðèíè òàñüìè);
øèðèíà êîì³ðîê – 35–38,1 ìì (ñï³ââ³äíîøåííÿ 1,5:1 äî øèðèíè
òàñüìè); íà äåòàëü íåîáõ³äíî íàñòðî÷óâàòè íå ìåíøå í³æ äâ³ òàñü-
ìè äëÿ çàáåçïå÷åííÿ íàä³éíî¿ ô³êñàö³¿) (ðèñ. 4).

Ðèñ. 4. Ð³çíîâèäè ðîçòàøóâàííÿ òàñüìè ñèñòåìè MOLLE

Íèí³ íåîáõ³äíîþ âèìîãîþ º çìåíøåííÿ ìàñè ñïîðÿäæåííÿ
â³éñüêîâîñëóæáîâöÿ. Ðîçðîáíèêè çíàéøëè ñïîñ³á, ÿê âò³ëèòè ¿¿ é
ó ñèñòåì³ MOLLE. Çàïðîïîíîâàíî çàì³ñòü çàñòðî÷óâàííÿ òàñüìè
çàñòîñîâóâàòè òåõíîëîã³þ Lasercut. Âîíà ïîëÿãàº ó âèð³çàíí³ ëàçå-
ðîì ïðÿìîêóòíèõ îòâîð³â øèðèíîþ 2 ìì òà äîâæèíîþ 3,2 ìì íà
äîäàòêîâîìó øàð³ ìàòåð³àëó, ÿêèé íàñòðî÷óºòüñÿ íà îñíîâíèé. Çà-
ëåæíî â³ä ìàòåð³àëó ïîòð³áíî çàñòîñîâóâàòè äåê³ëüêà äîäàòêîâèõ
øàð³â ìàòåð³àëó òà ïðîêëàäàòè òàñüìó â ì³ñöÿõ ç ï³äâèùåíèì íà-
âàíòàæåííÿì. Öÿ òåõíîëîã³ÿ äàº ìîæëèâ³ñòü çìåíøèòè ìàñó âèðî-
á³â äî 30 %, çà îäíî÷àñíîãî ï³äâèùåííÿ ïðàöåâèòðàò (ðèñ. 5).

à) á) â)
Ðèñ. 5. Ð³çíîâèäè âèêîíàííÿ ñèñòåìè MOLLE òåõíîëîã³ºþ Lasercut:

à) ãîðèçîíòàëüíå ðîçì³ùåííÿ îòâîð³â; á) ðîçì³ùåííÿ îòâîð³â ï³ä êóòîì
45°; â) ðîçì³ùåííÿ îòâîð³â ï³ä êóòîì 30î òà çàêð³ïëåííÿ âåðõíüîãî øàðó
ïîäâ³éíîþ ñòðî÷êîþ

Öÿ òåõíîëîã³ÿ âèÿâèëàñÿ íàñò³ëüêè ïîïóëÿðíîþ, ùî ñïðîáóâà-
ëà ïîòèñíóòè ïðàêòè÷íî âñ³ ñïîñîáè êð³ïëåííÿ, ùî çàñòîñîâóâà-
ëèñü äî öüîãî (êë³ïñè, ëèïó÷êè, êíîïêè). Ñó÷àñí³ â³éñüêîâ³ âèêî-
ðèñòîâóþòü òåðì³í MOLLE íå ò³ëüêè ÿê ïîçíà÷åííÿ êîíêðåòíî¿
ðîçâàíòàæóâàëüíî¿ ñèñòåìè, àëå é ó ö³ëÿõ ³äåíòèô³êàö³¿ ³íøèõ ñè-
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ñòåì òà ¿õí³õ åëåìåíò³â. Ï³ñëÿ ïîÿâè òåõíîëîã³¿ MOLLE, ¿¿ ïî÷àëè
âèêîðèñòîâóâàòè íå ò³ëüêè äëÿ â³éñüêîâèõ ö³ëåé, àëå é äëÿ öèâ³ëü-
íèõ. Íèí³ ïðàêòè÷íî áóäü-ÿêà ñèñòåìà, ùî âèêîðèñòîâóº ó ñâî¿é
òåõíîëîã³¿ ìîäóëüíó ìåòîäèêó êð³ïëåííÿ íàçèâàºòüñÿ «MOLLE-
ñóì³ñíà». MOLLE-ñóì³ñí³ òåõíîëîã³¿ âæå âñåñâ³òíüî âèçíàí³ òà íà-
áóëè ñâîº ïðàêòè÷íå çàñòîñóâàííÿ ó âèðîáíèöòâ³ ðÿòóâàëüíîãî,
ñïîðòèâíîãî, òóðèñòè÷íîãî òà îõîðîííîãî îáëàäíàííÿ.

Ç âèêîðèñòàííÿì òàêî¿ òåõíîëîã³¿ ðîçðîáëåíî ðþêçàê ³ ðîçâàíòà-
æóâàëüíèé ðåì³íü, ÿê³ ïðèçíà÷åíî äî çàáåçïå÷åííÿ ÇÑÓ (ðèñ. 6, 7).

Ðèñ. 6. Ðþêçàê áîéîâèé óí³âåðñàëüíèé 30 ë

Â³éñüêîâå ñïîðÿäæåííÿ, çîêðåìà òàêòè÷íèé ðþêçàê òà ðåì³í-
íî-ïëå÷îâà ñèñòåìà, ìàþòü â³äïîâ³äàòè êîìïëåêñó æîðñòêèõ âèìîã:
ïðèçíà÷åííÿ, íàä³éíîñò³, åðãîíîì³÷íîñò³, åñòåòè÷íîñò³, òåõíîëî-
ã³÷íîñò³, åêîíîì³÷íîñò³òà åêîëîã³÷íîñò³. Â³äïîâ³äí³ñòü òàêèì âè-
ìîãàì çàáåçïå÷åíî îá´ðóíòîâàíèì âèáîðîì ìàòåð³àë³â:

 ìàòåð³àëè âåðõó – ì³öí³ ç ñèíòåòè÷íèõ âîëîêîí; ñò³éê³ äî ñè-
ëîâèõ íàâàíòàæåíü, ç âèñîêîþ çíîñîñò³éê³ñòþ òà âîäîíåïðîíèêí³;

 ìàòåð³àëè ï³äêëàäêè – ç îá’ºìíîþ ñ³ò÷àñòîþ ñòðóêòóðîþ äëÿ
çàáåçïå÷åííÿ öèðêóëÿö³¿ ïîâ³òðÿ;

 ìàòåð³àëè ïðîêëàäêè – õ³ì³÷í³ ìàòåð³àëè ñò³éê³ äî äåôîð-
ìàö³¿ òà ðîçðèâó, ç àìîðòèçàö³éíèìè âëàñòèâîñòÿìè.
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Ðèñ. 7. Ïðåäìåòè, ÿê³ âèêîðèñòîâóþòüñÿ ç ðåì³ííî-ïëå÷îâîþ ñèñòåìîþ: 
1 – ðåì³íü ðîçâàíòàæóâàëüíèé òàêòè÷íèé çàõèñíèé òà ëÿìêè ïëå÷îâ³ ðîç-
âàíòàæóâàëüí³ äî ðåìåíÿ ðîçâàíòàæóâàëüíîãî òàêòè÷íîãî çàõèñíîãî; 2 –
ñóìêà-óêëàäêà ìåäè÷íà; 3 – ñóìêà-ï³äñóìîê òðàíñïîðòíà áîéîâà; 4 –
ï³äñóìîê òðàíñïîðòíèé áîéîâèé óí³âåðñàëüíèé; 5 – ñóìêà-ï³äñóìîê ðîç-
êëàäíà óí³âåðñàëüíà; 6 – ñóìêà-ï³äñóìîê àäì³í³ñòðàòèâíà; 7 – ñóìêà-
ï³äñóìîê áîéîâà-Â; 8 – ñóìêà-ï³äñóìîê áîéîâà-Ñ; 9 – ñóìêà-ï³äñóìîê
áîéîâà-Ã; 10 – ñóìêà-ï³äñóìîê áîéîâà-À; 11 – ñóìêà-ï³äñóìîê áîéîâà-Ê;
12 – ñóìêà-ï³äñóìîê áîéîâà-Ï; 13 – ñóìêà-ï³äñóìîê áîéîâà-Ð; 14 – êî-
áóðà ï³ñòîëåòíà óí³âåðñàëüíà

Âèêîðèñòîâóâàí³ ñèíòåòè÷í³ òêàíèíè ç ïðîñî÷óâàííÿì ì³ñòÿòü
òàê³ âîëîêíà, ÿê íåéëîí, ïîë³àì³ä, ïîë³åô³ð òîùî. Îäíèì ³ç ñïî-
ñîá³â ïðîñî÷óâàííÿ º áåçïîñåðåäíº ââåäåííÿ â ðîç÷èí ïîë³ìåðó
íàïîâíþâà÷à, ùî çàáåçïå÷óº ñò³éê³ñòü äî áàãàòîðàçîâîãî ÷èùåííÿ.
Äî ï³äêëàäêîâèõ ìàòåð³àë³â íàëåæàòü, îá’ºìíà ñ³òêà ç ñèíòåòè÷íèõ
âîëîêîí, âèêîíàíà â òåõí³ö³ òðüîõâèì³ðíîãî ïåðåïëåòåííÿ ç êî-
ì³ðêàìè ð³çíîãî ðîçì³ðó òà òîâùèíè. Çàâäÿêè òàê³é ñòðóêòóð³ çà-
áåçïå÷óºòüñÿ ïîâ³òðîîáì³í, àìîðòèçàö³ÿ, ëåãê³ñòü, ì³öí³ñòü, øâèä-
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êå âèñèõàííÿ ïðè íàìîêàíí³, äîâãîâ³÷í³ñòü. Çîêðåìà, ïðîêëàäêîâ³
ìàòåð³àëè – öå õ³ì³÷íî çøèòèé ñï³íåíèé ïîë³åòèëåí ð³çíî¿ òîâùè-
íè òà ãóñòèíè.

Âíàñë³äîê íàÿâíîñò³ âåëèêî¿ ê³ëüêîñò³ ñïåö³àëüíèõ êèøåíü,
ï³äñóìê³â òà ³íøèõ åëåìåíò³â, ïðèçíà÷åíèõ äëÿ êîìôîðòíîãî íîñ³í-
íÿ çáðî¿ òà ìàãàçèí³â äî íå¿, çîêðåìà, ãðàíàò, ôëÿãè, àïòå÷êè, äîêó-
ìåíò³â, ðàö³¿, âàæëèâèì º âèêîðèñòàííÿ ÿê³ñíî¿ ôóðí³òóðè òà íèòîê.

Âñòàíîâëåíî, ùî ð³çíîâèäè òàêòè÷íèõ ðþêçàê³â òà ðåì³ííî-
ïëå÷îâèõ ñèñòåì ïðåäñòàâëåíèõ íà ñó÷àñíîìó ðèíêó, â³äð³çíÿþòü-
ñÿ ð³çíîìàí³òí³ñòþ êîíñòðóêòèâíèõ åëåìåíò³â, ç ð³çíèìè âèäàìè
ç’ºäíàíü, ïîÿñ³â, ñèíêè, ïëå÷îâèõ ëÿìîê, åâàêóàö³éíèõïåòåëü. Íà
îñíîâ³ àíàë³çó êîíñòðóêòèâíî-òåõíîëîã³÷íèõ åëåìåíò³â çà ïîêàç-
íèêàìè åðãîíîì³÷íîñò³ òà íàä³éíîñò³ âèðîáó, îñíîâíèìè îçíàêà-
ìè ÿêèõ º çàáåçïå÷åííÿ ñòàòè÷íî¿ òà äèíàì³÷íî¿ â³äïîâ³äíîñò³ âè-
ðîáó, ôîðìîñò³éêîñò³ ïî çîíàì, çðó÷íîñò³ ïðè åêñïëóàòàö³¿, ðåãó-
ëþâàííÿ ïî ðîçì³ðó òà çðîñòó, êîìïëåêòí³ñòü òîùî. Äëÿ ô³êñàö³¿
âèðîáó òà éîãî ðåãóëþâàíí³ ïî ðîçì³ðó òà çðîñòó íà ô³ãóð³ â³éñüêî-
âîñëóæáîâöÿ âèêîðèñòîâóþòüñÿ òåêñòèëüíà çàñò³áêà òà çàñò³áêà òè-
ïó «ôàñòåêñ». Îñíîâíèìè âèìîãàìè äî íèõ º ¿õ áåçøóìí³ñòü ï³ä
÷àñ ðóõó òà øâèäêå îäÿãàííÿ òà çí³ìàííÿ. Çäàòí³ñòü ìàòåð³àë³â àáî
âèðîáó óòðèìóâàòè ñòàá³ëüíó ôîðìó ïðîòÿãîì òðèâàëîãî òåðì³íó
åêñïëóàòàö³¿ çàáåçïå÷óºòüñÿ òàêèìè åëåìåíòàìè, ÿê ïëå÷îâ³ ëÿìêè
òà ïîÿñ. Ï³äñóìêè ìàëèõ ðîçì³ð³â êð³ïëÿòüñÿ íà ïîÿñ³ ñïåðåäó àáî
íà ëÿìêàõ, âåëèê³ ï³äñóìêè íà ñïèí³. Ðîçðîáêà ìîäóëüíî¿ ñèñòåìè
äàº ìîæëèâ³ñòü çàëåæíî â³ä íàÿâíîãî îçáðîºííÿ òà ñïåöèô³êè
â³éñüêîâèõ îïåðàö³é çì³íþâàòè ì³ñöå ðîçì³ùåííÿ ï³äñóìê³â. 

Âèñíîâêè. Ïðîàíàë³çîâàíî ñó÷àñíèé ñòàí ïðîáëåìè ïðîåêòó-
âàííÿ òàêòè÷íèõ ðþêçàê³â òà ðåì³ííî-ïëå÷îâèõ ñèñòåì äëÿ â³éñüêî-
âîñëóæáîâö³â, âèçíà÷åíî íàÿâí³ ð³çíîâèäè çà êîíñòðóêòèâíèì òà
òåõíîëîã³÷íèì ð³øåííÿì òà ñôîðìóëüîâàíî îñíîâí³ âèìîãè äî ¿õ
ðîçðîáêè. Çàïðîïîíîâàíî ìîäåëü òàêòè÷íîãî ðþêçàêà ³ç çàñòîñóâàí-
íÿì ñèñòåìè ìîäóëüíîãî ïîëåãøåíîãî ñïîðÿäæåííÿ. Íà îñíîâ³
àíàë³òè÷íèõ äîñë³äæåíü ñèñòåìàòèçîâàíî ³íôîðìàö³þ ïðî ð³çíîâè-
äè ñó÷àñíèõ ìàòåð³àë³â ³ çàïðîïîíîâàíî ìàòåð³àëè äëÿ âèãîòîâëåí-
íÿ ñêëàäîâèõ òàêòè÷íèõ ðþêçàê³â òà ðåì³ííî-ïëå÷îâèõ ñèñòåì.
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ПРОЕКТУВАННЯ НОВИХ ФІЛЬТРУВАЛЬНИХ ЗАСОБІВ

ІНДИВІДУАЛЬНОГОЗАХИСТУ ОРГАНІВ ДИХАННЯ 

Àíîòàö³ÿ. Ðîçãëÿíóòî îñíîâí³ ïðèíöèïè ïðîåêòóâàííÿ çàñîá³â ³íäè-
â³äóàëüíîãî çàõèñòó îðãàí³â äèõàííÿ. Íàâåäåíî ñó÷àñí³ ï³äõîäè äî ïîáó-
äîâè ô³ëüòðóâàëüíîãî ðåñï³ðàòîðà ¿õ íåäîë³êè òà øëÿõè óäîñêîíàëåííÿ
³ñíóþ÷îãî àëãîðèòìó.

Êëþ÷îâ³ ñëîâà: çàñîáè ³íäèâ³äóàëüíîãî çàõèñòó îðãàí³â äèõàííÿ,
êîíñòðóþâàííÿ, ñìóãà îáòþðàö³¿, ô³ëüòð, ìîäåëü.

Abstract. In the article was considered the basic principles of respiratory
protective devices designing. The modern approaches for the filtering respira-
tors designing, their deficiencies and ways of algorithm existing improving are
presented in the article.

Keywords. Respiratory protective devices, designing, sealing line, filter,
model.

Ïðîöåñ êîíñòðóþâàííÿ çàõèñíèõ çàñîá³â ìîæíà îõàðàêòåðèçó-
âàòè ÿê êîìïëåêñ ðîá³ò ç ïîøóêó ³äåé, ïðèíöèï³â, â³äïîâ³äíèõ
ðîçðàõóíê³â òà äîñë³äæåíü, ñïðÿìîâàíèõ íà çàáåçïå÷åííÿ çàäàíèõ
õàðàêòåðèñòèê òà ðîçðîáëåííÿ òåõí³÷íî¿ äîêóìåíòàö³¿, íåîáõ³äíî¿
äëÿ ñòâîðåííÿ òà âèãîòîâëåííÿ íîâîãî ïðîäóêòó â³äïîâ³äíî äî âè-
ìîã òåõí³÷íîãî çàâäàííÿ. Öåé ïðîöåñ ìîæíà íàäàòè ó âèãëÿä³
ï’ÿòè ñòàä³é: ïðîåêòíî¿, ï³äãîòîâ÷î¿, âèðîáíè÷î¿, îö³íêè â³äïîâ³ä-
íîñò³ òà ïîñòâèðîáíè÷î¿ [1]. Íà ïðîåêòí³é ñòàä³¿ âèêîíóþòüñÿ ìàð-
êåòèíãîâ³ òà ïåðåäïðîåêòí³ äîñë³äæåííÿ, ôîðìóºòüñÿ ³íôîðìàö³ÿ
äëÿ ï³äãîòîâ÷î¿ ñòàä³¿, íà ÿê³é â³äáóâàºòüñÿ îðãàí³çàö³éíî-åêîíî-
ì³÷íà ï³äãîòîâêà âèðîáíèöòâà ³ ï³äãîòîâêà ìàòåð³àë³â. Êîíñòðóþ-
âàííÿ çàñîá³â ³íäèâ³äóàëüíîãî çàõèñòó îðãàí³â äèõàííÿ (Ç²ÇÎÄ) íà
ñüîãîäí³ ó á³ëüøîñò³ âèïàäê³â âèêîíóºòüñÿ åâðèñòè÷íèìè ìåòîäà-
ìè, ÿê³ îñíîâàí³ ïåðåâàæíî íà åðóäèö³¿ òà ³íòó¿ö³¿ ðîçðîáíèê³â,
äîñâ³ä³ ïîïåðåäí³õ ðîçðîáîê, áàç äàíèõ ïðî â³äîì³ àíàëîãè. Òîìó
éîãî ìîæíà ïðåäñòàâèòè òàêîþ ñõåìîþ (ðèñ. 1):
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Ðèñ. 1. Ñõåìà ïðîöåäóðè ðîçðîáêè íîâèõ Ç²ÇÎÄ 

ßê³ñòü êîíñòðóêö³é, ùî ðîçðîáëÿþòüñÿ, ÿê â³äîìî, âèçíà÷à-
þòüñÿ õàðàêòåðèñòèêàìè êîíñòðóêòèâíèõ åëåìåíò³â, ÿê³ ïîâèíí³
â³äïîâ³äàòè çàçíà÷åíèì âèìîãàì, âêàçàíèì ó íîðìàòèâíèõ äîêó-
ìåíòàõ. Íàéá³ëüø âàæëèâèìè º òàê³ [2]:

 ïîêàçíèêè ïðèçíà÷åííÿ ô³ëüòðóþ÷èõ åëåìåíò³â, ÿê³ âèçíà-
÷àþòüñÿ ôóíêö³îíàëüíèì ïðèçíà÷åííÿì Ç²ÇÎÄ: êîåô³ö³ºíò ïðî-
íèêàííÿ, ïèëîì³ñòê³ñòü;

 åðãîíîì³÷í³ ïîêàçíèêè âóçë³â êëàïàííèõ ñèñòåì âäèõó-âèäè-
õó, ñìóãè îáòþðàö³¿, åëåìåíò³â êð³ïëåííÿ ëèöåâî¿ ÷àñòèíè: îï³ð
âäèõó òà âèäèõó, âì³ñò ä³îêñèäó âóãëåöþ ó âäèõóâàíîìó ïîâ³òð³,
â³äïîâ³äí³ñòü ëèöåâî¿ ÷àñòèíè àíòðîïîìåòðè÷íèì ðîçì³ðàì îáëè÷-
÷ÿ, ïîëå çîðó, ðîçá³ðëèâ³ñòü ìîâè;

 ïîêàçíèêè íàä³éíîñò³ (ìîæëèâ³ñòü çáåðåæåííÿ âëàñòèâîñòåé
ïðîòÿãîì çàäåêëàðîâàíîãî òåðì³íó çáåð³ãàííÿ): ÷àñ çàõèñíî¿ ä³¿.

Äîñÿãíåííÿ çàäàíèõ ïîêàçíèê³â ÿêîñò³ ìîæëèâå ò³ëüêè ï³ä ÷àñ
âèêîðèñòàííÿ â³äïîâ³äíèõ îñíîâíèõ òà äîïîì³æíèõ ìàòåð³àë³â, çà
óìîâè ¿õ ïåðåðîáêè ó âèðîáè â³äïîâ³äíî äî ðîçðîáëåíèõ òåõíî-
ëîã³÷íèõ ïðèéîì³â ç ïîäàëüøèì êîíòðîëåì îòðèìàíèõ òåõí³÷íèõ
õàðàêòåðèñòèê ó ïðîöåñ³ ëàáîðàòîðíèõ âèïðîáóâàíü, âèêîíàííÿ
êîðèãóâàëüíèõ ä³é ó ðàç³ ¿õ â³äõèëåíí³ â³ä çàïëàíîâàíèõ ó òåõí³÷-
íîìó çàâäàíí³ (ÒÇ). 

Ó ô³ëüòðóâàëüíèõ Ç²ÇÎÄ çàõèñò îðãàí³â äèõàííÿ çàáåçïå÷ó-
ºòüñÿ òðüîìà ïðîöåñàìè: 

 ³çîëþâàííÿì îðãàí³â äèõàííÿ â³ä íàâêîëèøíüîãî ñåðåäîâè-
ùà [3, 4];

 óëîâëþâàííÿì àåðîçîë³â ð³çíîãî ïîõîäæåííÿ (ïèë, äèì, òó-
ìàí) ô³ëüòðóâàëüíèìè åëåìåíòàìè;

 î÷èùåííÿì ïîâ³òðÿ â³ä ãàç³â òà ïàð³â õåìîñîðáåíòàìè, ³îíî-
îáì³ííèìè ìàòåð³àëàìè, àêòèâîâàíèìè âóãëåöåâèìè âîëîêíèñòè-
ìè ìàòåð³àëàìè òà êàòàë³çàòîðàìè.

Îòæå, ô³ëüòðóþ÷³ Ç²ÇÎÄ, â³äïîâ³äíî äî ñâîãî ôóíêö³îíàëüíî-
ãî ïðèçíà÷åííÿ, ïîâèíí³ çàáåçïå÷óâàòè î÷èùåííÿ âäèõóâàíîãî ïî-
â³òðÿ â³ä øê³äëèâèõ ðå÷îâèí äî êîíöåíòðàö³¿, ÿêà íå ïåðåâèùóº
ãðàíè÷íî äîïóñòèìó. Ïðèíöèï çàõèñòó ó íèõ áàçóºòüñÿ íà îáîâ’ÿç-
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êîâ³é ³çîëÿö³¿ îðãàí³â äèõàííÿ â³ä íàâêîëèøíüîãî ñåðåäîâèùà, âè-
êîðèñòàííÿ ìàòåð³àë³â, ùî çàáåçïå÷óþòü î÷èñòêó ïîâ³òðÿ â³ä àåðî-
äèñïåðñíèõ ÷àñòîê ð³çíîãî ïîõîäæåííÿ (ïèë, äèì, òóìàí), ãàç³â
³/àáî ïàð³â. Ó òàáë. 1 íàâåäåíî äàí³ ñòîñîâíî ï³äáîðó êîíñòðóêòèâ-
íèõ åëåìåíò³â, ðåñï³ðàòîð³â âèõîäÿ÷è ³ç ïîñòàâëåíîãî çàâäàííÿ –
çàõèñòó ïðàö³âíèê³â â³ä êîíêðåòíîãî øê³äëèâîãî ôàêòîðó.

ßê âèäíî ç òàáë. 1, íà çàõèñí³ òà åðãîíîì³÷í³ âëàñòèâîñò³ òà
íàä³éí³ñòü Ç²ÇÎÄ âïëèâàþòü îñîáëèâîñò³ êîíñòðóêòèâíèõ åëåìåíò³â
ëèöåâî¿ ÷àñòèíè ô³ëüòðóâàëüíèõ êîðîáîê òà âëàñòèâîñò³ îñíîâíèõ ³
äîïîì³æíèõ ô³ëüòðóâàëüíèõ ìàòåð³àë³â. Ëèöüîâ³ ÷àñòèíè Ç²ÇÎÄ ìî-
æóòü áóòè ù³ëüíîïðèëåãëèìè àáî â³ëüíîïðèëåãëèìè. Äî ïåðøèõ
â³äíîñÿòü ÷âåðòü ìàñêè, ùî çàêðèâàþòü ðîò ³ í³ñ; ï³âìàñêè, ùî ³çî-
ëþþòü í³ñ, ðîò ³ ï³äáîð³ääÿ; ìàñêè, ùî çàêðèâàþòü óñå îáëè÷÷ÿ: â³ä
ï³äáîð³ääÿ äî ãðàíèö³ âîëîñÿíî¿ ÷àñòèíè íà ÷îë³ â³ä îäíîãî âóõà äî
äðóãîãî; øîëîì-ìàñêè, ÿê³ ïîêðèâàþòü îáëè÷÷ÿ òà ãîëîâó ïîâí³ñòþ.

Ù³ëüíîïðèëåãë³ ëèöüîâ³ ÷àñòèíè õàðàêòåðèçóþòüñÿ íàÿâí³ñòþ
ñìóãè îáòþðàö³¿, ÿêà, ÿê ³ ëèöüîâà ÷àñòèíà, ìîæå áóòè âèãîòîâëå-
íà ç ïîâ³òðîíåïðîíèêíîãî ìàòåð³àëó, ç ô³ëüòðóþ÷îãî ìàòåð³àëó,
àáî ç ô³ëüòðóþ÷îãî ó ïîºäíàíí³ ç ñîðáö³éíî-ô³ëüòðóþ÷èì. Ó á³ëü-
øîñò³ âèïàäê³â òàê³ ï³âìàñêè ñïîðÿäæåí³ âóçëàìè êëàïàí³â âäèõó ³
âèäèõó. ¯õ ê³ëüê³ñòü çàëåæèòü â³ä êîíñòðóêö³¿ âèðîáó. Îäí³ºþ ç
îáîâ’ÿçêîâèõ âèìîã äî êîíñòðóêö³¿ êëàïàííèõ ñèñòåì º íàÿâí³ñòü
çàõèñíîãî åêðàíó, ÿêèé çàõèùàº êëàïàí â³ä ìåõàí³÷íèõ ïîøêî-
äæåíü Ôóíêö³îíàëüíå ïðèçíà÷åííÿ êëàïàííèõ ñèñòåì – çìåíøåí-
íÿ îá’ºìó øê³äëèâîãî ïðîñòîðó ëèöåâî¿ ÷àñòèíè.

Â³ëüíîïðèëåãë³ ëèöüîâ³ ÷àñòèíè, íàïðèêëàä øîëîìè, ïîâèíí³
ïîâí³ñòþ ïîêðèâàòè ãîëîâó ³ øèþ ³, â³äïîâ³äíî äî êîíñòðóêö³¿,
ìîæóòü ìàòè îäèí ÷è äâà îáòþðàòîðè, ó òîìó ÷èñë³ øèéíèé.

Âàæëèâèì êîíñòðóêòèâíèì åëåìåíòîì Ç²ÇÎÄ º ô³ëüòðè. Âîíè
ìîæóòü óòâîðþâàòè ëèöüîâó ÷àñòèíó, ðîçòàøîâóâàòèñü ïîâåðõ êàð-
êàñ³â, ðîçì³ùóâàòèñü ó êîðïóñàõ çì³ííèõ ô³ëüòð³â àáî â ñïåö³àëü-
íèõ êîðîáêàõ, ÿê³ ïðèºäíóþòüñÿ äî øîëîì³â, ï³âìàñîê ³ ïàíîðàì-
íèõ ìàñîê ÷åðåç ñïåö³àëüí³ ç’ºäíàííÿ àáî ãîôðîâàíèìè øëàíãàìè.

Ùå îäíèì êîíñòðóêòèâíèì åëåìåíòîì ëèöüîâèõ ÷àñòèí Ç²ÇÎÄ
º ñèñòåìà êð³ïëåííÿ íà îáëè÷÷³ òà ãîëîâ³ ëþäèíè. Íàïðèêëàä, ïà-
íîðàìí³ ìàñêè îñíàùåí³ êîìïëåêòîì åëàñòè÷íèõ ðåì³íö³â ðåãóëü-
îâàíî¿ äîâæèíè, ùî ïðèêð³ïëþþòüñÿ ïî ïåðèìåòðó ìàñêè ó ï’ÿòè
àáî øåñòè òî÷êàõ, à íàÿâí³ñòü øèðîêî¿ ñìóãè îáòþðàö³¿ òà ìîæ-
ëèâ³ñòü ðåãóëþâàííÿ íàòÿãó ðåì³íö³â çàáåçïå÷óº íàä³éíå ³ äîñòàò-
íüî êîìôîðòíå óòðèìàííÿ ³ ïðè âèêîíàíí³ âèðîáíè÷èõ îïåðàö³é. 
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Íàâåäåíèé ï³äõ³ä ðîçðîáêè Ç²ÇÎÄ äîâãîòðèâàëèé ³ ïðèçâîäèòü
äî ñèòóàö³é, êîëè ñïðîåêòîâàíà òà âèãîòîâëåíà ï³âìàñêà ìîðàëüíî
çàñòàð³ëà àáî íå â³äïîâ³äàº øâèäêîçì³ííèì óìîâàì. Òîìó â³äîì³ çà-
ðóá³æí³ êîìïàí³¿ øèðîêî âèêîðèñòîâóþòü äëÿ ïðîåêòóâàííÿ ï³âìà-
ñîê ³íôîðìàö³éí³ òåõíîëîã³¿. Àëãîðèòì ðîçðîáêè íîâèõ Ç²ÇÎÄ òà-
êèé [5]:

 äîñë³äæåííÿ àíòðîïîìåòðè÷íèõ õàðàêòåðèñòèê îáëè÷ ïðà-
ö³âíèê³â, äëÿ ÷îãî îñòàíí³ì ÷àñîì øèðîêî âèêîðèñòîâóþòü 3Ä
ñêàíóâàííÿ;

 ïîáóäîâà öèôðîâèõ ìîäåëåé ãîëîâè ïðàö³âíèê³â äåê³ëüêîõ
òèïîðîçì³ð³â ç âèçíà÷åíèìè êîîðäèíàòàìè êëþ÷îâèõ ïàðàìåòð³â,
çà ÿêèìè áóäóºòüñÿ ïîâåðõíÿ ï³âìàñîê. Íàéá³ëüø ñóòòºâèìè º øè-
ðèíà òà äîâæèíà îáëè÷÷ÿ, âèñîòà íîñà, äîâæèíà ãóá;

 ïîáóäîâà 3D ïîâåðõí³ ï³âìàñêè çà äîïîìîãîþ NURBS-ïî-
âåðõîíü, Â-ñïëàéí³â àáî çà ðàõóíîê ³íøîãî öèôðîâîãî ³íñòðóìåí-
òàð³þ òà â³äïîâ³äíîãî ïðîãðàìíîãî çàáåçïå÷åííÿ. Âàæëèâèì åòà-
ïîì º óí³ô³êàö³ÿ êîíñòðóêö³é çà ñõîæèìè àíòðîïîìåòðè÷íèìè äà-
íèìè, ôóíêö³îíàëüíèì ïðèçíà÷åííÿì òà ³íøå;

 ï³äáîð â³äïîâ³äíîãî ïàêåòó ô³ëüòðóâàëüíèõ ìàòåð³àë³â äî âè-
ãîòîâëåííÿ ï³âìàñêè, íàïðèêëàä, ïîë³ôóíêö³îíàëüíèõ õåìîñîð-
áåíò³â äëÿ óëîâëþâàííÿ òîêñè÷íèõ ãàç³â òà ïàð³â àáî ô³ëüòð³â ³ç çà-
äàíèì òåðì³íîì çàõèñíî¿ ä³¿ â³äïîâ³äíî äî óìîâ åêñïëóàòàö³¿;

 ðîçðîáêà ïðîåêòíî-êîíñòðóêòîðñüêî¿ äîêóìåíòàö³¿.
Çàóâàæóþ÷è, ùî ç êîæíèì ðîêîì ï³äâèùóþòüñÿ âèìîãè äî çà-

õèñòó ïðàö³âíèê³â, à òàêîæ êîíêóðåíòíó áîðîòüáó ì³æ ïðîâ³äíèìè
âèðîáíèêàìè çàñîá³â ³íäèâ³äóàëüíîãî çàõèñòó îðãàí³â äèõàííÿ çà
ðèíêè çáóòó, öåé àëãîðèòì íåîáõ³äíî ïîñò³éíî ìîäåðí³çîâóâàòè ³
óäîñêîíàëþâàòè ç ìåòîþ ñêîðî÷åííÿ ÷àñó âèãîòîâëåííÿ ï³âìàñêè
³ ï³äâèùåííÿ ÿêîñò³ ê³íöåâîãî ïðîäóêòó. Òîìó ïðè ðîçðîáö³
ô³ëüòðóâàëüíèõ ðåñï³ðàòîð³â âàæëèâî âðàõóâàòè:

 îñîáëèâîñò³ ôîðìóâàííÿ êàðêàñó ï³âìàñêè ï³ä ÷àñ âèçíà÷å-
íîãî âïëèâó êîìïëåêñó ôàêòîð³â, ÿê³ á âðàõîâóâàëè çì³íó àíòðî-
ïîìåòðè÷íèõ õàðàêòåðèñòèê îáëè÷÷ÿ ïðàö³âíèê³â â òîìó ÷èñë³ çà
â³êîì òà ñòàòòþ;

 ïàðàìåòðè âèðîáíè÷îãî ñåðåäîâèùà (ì³êðîêë³ìàò, ÿê³ñíèé ³
ê³ëüê³ñíèé ñêëàä íåáåçïå÷íèõ òà øê³äëèâèõ âèðîáíè÷èõ ÷èííèê³â
(ÍØÂ×), âëàñòèâîñò³ ñó÷àñíèõ ìàòåð³àë³â; 

 ðåæèìè âèêîðèñòàííÿ (òðèâàë³ñòü, öèêë³÷í³ñòü, ïåð³îäè÷-
í³ñòü), âàæê³ñòü ³ íàïðóæåí³ñòü ä³ÿëüíîñò³ ïðàö³âíèê³â ç ì³í³ì³çà-
ö³ºþ äîäàòêîâèõ ðèçèê³â, ïîâ’ÿçàíèõ ç åëåêòðèçàö³ºþ ³ ïåðåãð³âàí-
íÿì ïðàö³âíèê³â ï³ä ÷àñ âèêîíàííÿ òðóäîâèõ çàâäàíü;
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 âçàºìîçâ’ÿçêè ì³æ ñòðóêòóðíèìè åëåìåíòàìè Ç²ÇÎÄ äëÿ çà-
áåçïå÷åííÿ ôóíêö³îíàëüíî¿ ¿õ ö³ë³ñíîñò³;

 îïòèì³çàö³éí³ ìîäåë³ Ç²ÇÎÄ çà êðèòåð³ÿìè çàõèñòó, íàä³éíîñò³
òà åðãîíîì³÷íîñò³ ç óðàõóâàííÿì âèìîã íîðìàòèâíèõ äîêóìåíò³â,
ùî äàº çìîãó ïîäîëàòè ïðîáëåìè, ÿê³ ðàí³øå íå áóëî âèð³øåíî.

Àíàë³çóþ÷è ñó÷àñí³ òåíäåíö³¿, ìîæíà ñïðîãíîçóâàòè, ùî ïî-
êðàùåííÿ àëãîðèòìó ðîçðîáêè ï³âìàñîê áóäåâ³äáóâàòèñü ó ñôåð³
ïîøóêó íîâèõ åôåêòèâíèõ ìåòîä³â:

 øâèäêî¿ îáðîáêè ñòàòèñòè÷íèõ äàíèõ àíòðîïîìåòðè÷íèõ ïà-
ðàìåòð³â îáëè÷ ç ìåòîþ ïîáóäîâè àóòåíòè÷íî¿ öèôðîâî¿ ìîäåë³ ãî-
ëîâè, ÿêà äàâàòèìå ìîæëèâ³ñòü âðàõóâàííÿ ó öèôðîâîìó çîáðà-
æåíí³ çì³íè ðèñ îáëè÷÷ÿ ïðàö³âíèê³â çà â³êîì, ñòàòòþ òà íàö³î-
íàëüí³ñòþ;

 êîðåêòíî¿ ïîáóäîâè 3Ä ïîâåðõí³ ï³âìàñêè, ÿê³ äàâàòèìå
ìîæëèâ³ñòü âðàõîâóâàòè çì³íè ³íäèâ³äóàëüíèõ ðèñ ëþäèíè ó âèãî-
òîâëåíí³ îáòþðàòîðà ï³âìàñêè;

 ïåðåâ³ðêè ÿêîñò³ ðåñï³ðàòîð³â, íà åòàï³ ðîçðîáêè ³ íà åòàï³
âèãîòîâëåííÿ ïðîåêòíîãî çðàçêà, ùî äàâàòèìå ìîæëèâ³ñòü âíîñè-
òè êîðåêòèâè ó ïîáóäîâàíó ìîäåëü äëÿ çàáåçïå÷åííÿ âèñîêî¿ ù³ëü-
íîñò³ ïðèëÿãàííÿ;

 îáðàõóíêó ÷àñó çàõèñíî¿ ä³¿ ç óðàõóâàííÿì ð³çíèõ êë³ìàòè÷íèõ
òà åêñïëóàòàö³éíèõ ïàðàìåòð³â, ùî âèìàãàº ïîøóêó íîâ³òí³õ ô³ëüò-
ðóâàëüíèõ ìàòåð³àë³â ç â³äïîâ³äíîþ ³íäèêàö³ºþ ¿õ âëàñòèâîñòåé;

 òåîðåòè÷íîãî ðîçðàõóíêó çàõèñíî¿ åôåêòèâíîñò³ ðåñï³ðà-
òîð³â, ùî äàº çìîãó íà åòàï³ ïðîåêòóâàííÿ îö³íèòè çàõèñí³ âëàñòè-
âîñò³ ðåñï³ðàòîð³â ç óðàõóâàííÿì ôóíêö³îíàëüíèõ òà åêñïëóà-
òàö³éíèõ ïàðàìåòð³â.

Çàñòîñóâàííÿ ñó÷àñíèõ ï³äõîä³â äî ïðîåêòóâàííÿ Ç²ÇÎÄ äàº
ìîæëèâ³ñòü çíèçèòè âèòðàòè, çìåíøèòè òåðì³íè âèêîíàííÿ êîí-
ñòðóêòîðñüêèõ ðîá³ò, à òàêîæ çàáåçïå÷èòè øâèäêå òà ÿê³ñíå âèãî-
òîâëåííÿ îñíàùåííÿ.
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ФОРМУВАННЯ БЕЗПЕКОВОЇ МОДЕЛІ

КОМПЕТЕНТНОСТІ ПЕРСОНАЛУ ПІДПРИЄМСТВА 

Àíîòàö³ÿ. Íà ï³äñòàâ³ àíàë³çó âèðîáíè÷îãî òðàâìàòèçìó çà ê³ëüêà
ðîê³â çðîáëåíî âèñíîâîê, ùî îñíîâíîþ ïðè÷èíîþ íåùàñíèõ âèïàäê³â º
ëþäñüêèé ôàêòîð, ÿê³é çóìîâëåíèé íåäîñòàòí³ì ð³âíåì êîìïåòåíö³¿ âè-
ðîáíè÷îãî ïåðñîíàëó íà âñ³õ ð³âíÿõ – â³ä ïðàö³âíèêà äî ðîáîòîäàâöÿ.
Íàâåäåíî ïðèêëàä ôîðìóâàííÿ ìîäåë³ êîìïåòåíòíîñò³, ùî ïîêàçóº, ó
ÿêèé ñïîñ³á ïîòð³áíî ôîðìóâàòè òàê³ ìîäåë³ äî âñ³õ ð³âí³â êåðóâàííÿ
áåçïåêîþ ïðàö³âíèê³â. Çàïðîïîíîâàíî ïðîâåäåííÿ îö³íþâàííÿ êîìïå-
òåíö³¿ ïåðñîíàëó ç ìåòîþ ç’ÿñóâàííÿ ¿õ ñïðîìîæíîñò³ ðåàë³çàö³¿ ïðî-
öåñ³â ç áåçïåêè ïðàö³âíèê³â.

Êëþ÷îâ³ ñëîâà: ëþäñüêèé ôàêòîð, áåçïåêà ïðàö³âíèê³â, êîìïå-
òåíö³ÿ ïåðñîíàëó, îö³íêà êîìïåòåíö³¿.

Abstract. On the basis of the analysis of occupational injuries over the
years, it was concluded that the main causes of accidents are not technical rea-
sons, but a human factor, which is caused by an inadequate level of compe-
tence of production personnel at all levels from the employee to the employer.
An example of developing a model of competence is presented, which shows
how to design such models for all levels of employee safety management.
Proposed assessment of personnel competence to determine their ability to
implement processes to ensure the safety of employees

Keywords: human factor safety of employees, competence of personnel,
assessment of competence.

Àíàë³ç âèðîáíè÷îãî òðàâìàòèçìó ïîêàçóº, ùî íàéá³ëüø òðàâ-
ìîíåáåçïå÷íèì åëåìåíòîì ñèñòåìè «òåõí³êà – âèðîáíè÷å ñåðåäî-
âèùå – ëþäèíà» º ñàìå ëþäèíà. Íà ï³äñòàâ³ äàíèõ, íàâåäåíèõ ó
ñòàòèñòè÷íîìó ùîð³÷íèêó [1], ìîæåìî ñôîðìóâàòè òàáë. 1. 

Ç àíàë³çó äàíèõ ö³º¿ òàáëèö³ ìîæíà çðîáèòè âèñíîâîê, ùî ïðà-
ö³âíèê ñàì º òâîðöåì ³ ìîæå ñòàòè æåðòâîþ âèðîáíè÷èõ ðèçèê³â.
Öåé âèñíîâîê ëåãêî ï³äòâåðäæóº âñòàíîâëåíà â ð³çíèõ êðà¿íàõ çà-
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êîíîì³ðí³ñòü – ïðè÷èíîþ 70–90 % íåùàñíèõ âèïàäê³â ³ àâàð³é º
íåêîìïåòåíòí³ ä³¿ ïåðñîíàëó ï³äïðèºìñòâà:

 ñàìîãî ïîòåðï³ëîãî ïðàö³âíèêà;
 ïîñàäîâî¿ îñîáè (ñïåö³àë³ñòà), ÿêà ïîâèííà îðãàí³çîâóâàòè ³

êåðóâàòè áåçïå÷íèì ³ íåøê³äëèâèì ïðîâåäåííÿì âèðîáíè÷èõ ïðî-
öåñ³â. Íà óïðàâë³íñüê³é ëàíö³ ëåæèòü â³äïîâ³äàëüí³ñòü çà åôåê-
òèâí³ñòü çàáåçïå÷åííÿ áåçïå÷íèõ óìîâ òðóäîâîãî ïðîöåñó;

 ðîáîòîäàâöÿ, ÿêèé º îðãàí³çàòîðîì íà ï³äïðèºìñòâ³ âñ³õ âè-
ðîáíè÷èõ ³ ïîâ’ÿçàíèõ ç íèìè ïðîöåñ³â, ìàº îáëàäíàííÿ, ñèðîâè-
íó, ãîòîâèé ïðîäóêò, à íà ïåð³îä âèêîíàííÿ òðóäîâî¿ ôóíêö³¿ çà-
ñòîñîâóº ïðàö³âíèê³â, º çà çàêîíîì îñíîâíèì çàïîä³þâà÷åì øêî-
äè ³ â³äïîâ³äà÷åì çà âèðîáíè÷³ ðèçèêè. Íà íüîãî ïîêëàäåíî ùå é
îáîâ’ÿçîê îðãàí³çàö³¿ ðîá³ò ç îõîðîíè ïðàö³. Ðîáîòîäàâåöü çî-
áîâ’ÿçàíèé ñòâîðèòè íà ðîáî÷îìó ì³ñö³ â êîæíîìó ñòðóêòóðíîìó
ï³äðîçä³ë³ óìîâè ïðàö³ â³äïîâ³äíî äî íîðìàòèâíî-ïðàâîâèõ àêò³â,
à òàêîæ çàáåçïå÷èòè äîäåðæàííÿ âèìîã çàêîíîäàâñòâà ùîäî ïðàâ
ïðàö³âíèê³â ó ãàëóç³ îõîðîíè ïðàö³ [2]. 

Ëþäèíà ñõèëüíà äî òàêîãî âåëèêîãî ÷èñëà çì³ííèõ ôàêòîð³â,
ð³çíèõ ñèòóàö³é òà îáñòàâèí, ùî ïåðåäáà÷èòè ¿õ âñ³ äóæå ñêëàäíî.
Òîìó íàéïèëüí³øà óâàãà ìàº ïðèä³ëÿòèñÿ âñ³ì ôàêòîðàì, ÿê³ ìî-
æóòü âïëèâàòè íà êîíêðåòíó ëþäèíó. ²íøèìè ñëîâàìè, òðåáà
àíàë³çóâàòè íå ò³ëüêè ñàì³ ïîìèëêè ëþäèíè, à é ïðè÷èíè, ÷åðåç
ÿê³ âîíè ñòàëèñÿ. Ïåðåä òèì, ÿê âèêîíàòè áóäü-ÿêó îïåðàö³þ,
ïðàö³âíèê ïîâèíåí «âêëþ÷èòè» ïðîöåäóðó ¿¿ âèêîíàííÿ. Çàçâè÷àé
â³ðíà îö³íêà ³ ïðàâèëüíå ð³øåííÿ º íàñë³äêîì ïðîôåñ³éíî¿ ï³äãî-
òîâêè, äîñâ³äó ³ ïðàâèëüíîãî ñïðèéíÿòòÿ. Ïðè íåäîñòàòí³õ êîìïå-
òåíö³ÿõ ïðàö³âíèêà ³, îñîáëèâî â óìîâàõ äåô³öèòó ÷àñó, ìîæëèâî
äîïóùåííÿ ïîìèëîê, ÿê³ ìîæíà ðîçä³ëèòè íà íåôàòàëüí³ (ÿê³ ìî-
æóòü íå ïðèâåñòè äî íåùàñíîãî âèïàäêó) ³ ôàòàëüí³ (ÿê³ ïðèçâî-
äÿòü äî íåùàñíîãî âèïàäêó), íà ïåðåäáà÷óâàí³ (ÿê³ ìîæíà ïåðåä-
áà÷óâàòè ³ ëåãêî ë³êâ³äóâàòè). Ïðè÷èíè ïîìèëîê ìîæíà êëàñèô³-
êóâàòè òàêèì ÷èíîì:

 ïîìèëêè â îð³ºíòàö³¿;
 ïîìèëêè ïðèéíÿòòÿ ð³øåííÿ;
 ïîìèëêè âèêîíàííÿ.
Ïîìèëêè â îð³ºíòàö³¿ íàéá³ëüø ïîøèðåí³: â îäíîìó âèïàäêó º

íåîáõ³äíà ³íôîðìàö³ÿ, àëå ð³øåííÿ ïðèéíÿòî íåïðàâèëüíî, ³ öå
ìîæå ïðèçâåñòè äî íåùàñíîãî âèïàäêó; â ³íøîìó âèïàäêó ³íôîð-
ìàö³ÿ òà ïðèéíÿòå ð³øåííÿ ìîæóòü áóòè ïðàâèëüíèìè, àëå ä³ÿ ïî-
ìèëêîâà. Òàêèì ÷èíîì, ìîæíà ñòâåðäæóâàòè, ùî äîì³íóþ÷îþ
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ïðè÷èíîþ òðàâìàòèçìó º íåäîñòàòíÿ êîìïåòåíòí³ñòü ïðàö³âíèê³â
ó ñôåð³ áåçïåêè ïðàö³, â òîìó ÷èñë³ ÷åðåç íåäîñêîíàë³ñòü òåõíî-
ëîã³é íàâ÷àííÿ, ÿê³ ïîâèíí³ çàáåçïå÷óâàòè íåîáõ³äíèé ð³âåíü êîì-
ïåòåíòíîñò³ ïðàö³âíèê³â. Ç öüîãî âèïëèâàº, ùî ïîòð³áíî ñôîðìó-
âàòè ó ïðàö³âíèêà (áåçïîñåðåäíüîãî âèêîíàâöÿ) íåîáõ³äí³ êîìïå-
òåíö³¿ ïðè îòðèìàíí³, ñïðèéíÿòò³ òà ïåðåðîáö³ ³íôîðìàö³¿, ïðèé-
íÿòòÿ ð³øåíü â óìîâàõ êîíêðåòíèõ ³íôîðìàö³éíèõ íàáîð³â ³ âèêî-
íàííÿ ïåðåäáà÷åíèõ ä³é, òîáòî ïðàö³âíèê ïîâèíåí áóòè ïî³íôîð-
ìîâàíèé ïðî âñå, ùî â³í ïîâèíåí çíàòè ³ âì³òè. Éîìó íåîáõ³äíî
çàáåçïå÷èòè îïòèìàëüí³ óìîâè äëÿ ïåðåðîáêè ³íôîðìàö³¿ òà ïðà-
âèëüíîãî ðåàãóâàííÿ, ùîá â³í ì³ã ïðèéíÿòè îïòèìàëüí³ ð³øåííÿ
äëÿ áåçïîìèëêîâèõ ä³é.

Äëÿ òîãî, ùîá ïåðñîíàë ðîçóì³â ñâî¿ çàâäàííÿ òà îáîâ’ÿçêè, à
òàêîæ øëÿõè ¿õ çä³éñíåííÿ, íåîáõ³äíà ÷³òêî ðîçðîáëåíà òåõí³÷íà
äîêóìåíòàö³ÿ, â ÿê³é âñòàíîâëåí³ âñ³ ïðîöåäóðè áåçïå÷íîãî âåäåí-
íÿ âèðîáíè÷èõ ïðîöåñ³â. Ïîâèíí³ áóòè ñêëàäåí³ òàê³, ùî ëåãêî
ñïðèéìàþòüñÿ ³ îäíîçíà÷íî çä³éñíåíí³, ðîçïîðÿäæåííÿ, ³íñòðóê-
ö³¿, êåð³âíèöòâà, òåæ ñàìå ïîâèííî ïîøèðþâàòèñÿ ³ íà óñí³ ðîç-
ïîðÿäæåííÿ, îñê³ëüêè íåçðîçóì³ëó âèêîíàâöåì âêàç³âêó ìîæå áó-
òè âèêîíàíî íåïðàâèëüíî àáî íå âèêîíàíî âçàãàë³.

Ôîðìóâàííÿ òåõí³÷íî¿ äîêóìåíòàö³¿ òà âèäà÷à óñíèõ ðîçïîðÿ-
äæåíü ïîòðåáóº âèêîðèñòàííÿ ÿñíî¿, ïðîñòî¿ òà ëàêîí³÷íî¿ ìîâè.
Àäåêâàòíå âèêîíàííÿ ðîçïîðÿäæåíü ³ âêàç³âîê â ïåðøó ÷åðãó ´ðóí-
òóºòüñÿ íà ðîçóì³íí³ ¿õ íåîáõ³äíîñò³. Òîìó êåðóþ÷èé àïàðàò ïåðø
çà âñå ïîâèíåí âèçíà÷àòè, ÷è ä³éñíî íåîáõ³äíî íàäàâàòè òó ÷è ³íøó
âêàç³âêó ³, ÿêùî òàê, òî çàáåçïå÷óâàòè, ùîá ïåðñîíàë çíàâ ïðè÷è-
íè, ùî ëåæàòü â ¿¿ îñíîâ³, ðîçóì³â øëÿõè òà ìåòîäè ¿õ âèêîíàííÿ.

Íåùàñí³ âèïàäêè ïîïåðåäæàþòüñÿ íå óçàãàëüíåíèìè «íîðìà-
òèâíèìè» àêòàìè àáî àáñòðàêòíèìè «çàõîäàìè» ³ âçàãàë³ íå âñå-
îñÿæíîþ «îõîðîíîþ ïðàö³», à ïðèéíÿòòÿì êîíêðåòíèõ îðãàí³çà-
ö³éíî-òåõí³÷íèõ çàõîä³â, ñïðÿìîâàíèõ íà íåäîïóùåííÿ íåùàñíèõ
âèïàäê³â ó êîíêðåòíèõ óìîâàõ, íà êîíêðåòíèõ ðîáî÷èõ ì³ñöÿõ ç
êîíêðåòíèìè ïðàö³âíèêàìè, ç âèêîðèñòàííÿì íàÿâíèõ ó êîí-
êðåòí³é îðãàí³çàö³¿ ìîæëèâîñòåé ³ êîìïåòåíö³é ïåðñîíàëó. Â³äïî-
â³äíî ìîæíà çðîáèòè òàêèé âèñíîâîê: ï³äãîòîâêà ïðàö³âíèê³â ó
ñôåð³ áåçïåêè ïðàö³ ïîëÿãàº â ïðèñê³ïëèâîìó âèâ÷åíí³ òåõíîëîã³é
âèðîáíè÷èõ ïðîöåñ³â; â ïðàêòè÷íèõ íàâè÷êàõ ó âèêîðèñòàíí³ îá-
ëàäíàííÿ, ìàøèí ³ ìåõàí³çì³â. Çàõîäè ç áåçïåêè ïðàö³âíèê³â ïî-
òð³áíî îðãàí³÷íî âïðîâàäæóâàòè ï³ä ÷àñ âèðîáíè÷èõ ïðîöåñ³â.
Íàâ÷àòè ïåðñîíàë íåîáõ³äíî ïðîöåäóðàì áåçïå÷íîãî âåäåííÿ ðî-

339



á³ò, à íå âèìîãàì çàãàëüíîäåðæàâíèõ íîðìàòèâíî-ïðàâîâèõ àêò³â ç
îõîðîíè ïðàö³, ÿê³ íîñÿòü àáñòðàêòíèé, â á³ëüøîñò³ âèïàäê³â, çà-
áîðîííèé õàðàêòåð.

Íèí³ ðîáîòîäàâåöü ïðèéìàº ð³øåííÿ ïðî ïðèéîì íà ðîáîòó
ïðàö³âíèêà, ôàõ³âöÿ (ïîñàäîâó îñîáó) êåðóþ÷èñü íàÿâí³ñòþ äîêó-
ìåíòà ïðî îñâ³òó ³ äîñâ³äó ïîïåðåäíüî¿ ðîáîòè. Îäíàê â³äïîâ³äí³ñòü
ôàõ³âöÿ ò³ëüêè öèì âèìîãàì, íà æàëü, íå ìîæå ñëóæèòè ãàðàíò³ºþ
âèñîêèõ ðåçóëüòàò³â éîãî ðîáîòè, ÿêùî ëþäèíà íå ìàº â³äïîâ³äíèõ
êîìïåòåíö³é. Êîìïåòåíòí³ñíèé ï³äõ³ä, ðîçøèðþþ÷è ìåæ³ çíàíü,
óì³íü ³ íàâè÷îê, îð³ºíòîâàíèé íà ìåòó ³ ðåçóëüòàò íàâ÷àííÿ ç ïî-
çèö³é âäîñêîíàëåííÿ ïðîôåñ³éíèõ êîìïåòåíö³é. Îñíîâíèì ðåçóëü-
òàòîì ä³ÿëüíîñò³ ìàº ñòàòè çäàòí³ñòü ïðàö³âíèêà åôåêòèâíî çàñòî-
ñîâóâàòè îòðèìàí³ çíàííÿ òà íàáóò³ êîìïåòåíòíîñò³ äëÿ îð³ºíòàö³¿
³ ä³é â êîíêðåòíèõ âèðîáíè÷èõ ñèòóàö³ÿõ. Êîìïåòåíòí³ñòü ìàº íà
ìåò³ íàÿâí³ñòü óì³íü ³ íàâè÷îê â ðåàëüíèõ ðîáî÷èõ ñèòóàö³ÿõ, à íå
ò³ëüêè çíàííÿ òåîð³¿ àáî ðîçóì³ííÿ òîãî, ÿê öå ðîáèòüñÿ. Çàâäàííÿ
íàâ÷àííÿ ïîëÿãàº â òîìó, ùîá ïðèùåïèòè ïåâí³ çíàííÿ, âì³ííÿ ³
íàâè÷êè ³ ñêîìïîíóâàòè ¿õ â ïîòð³áí³ êîìïåòåíö³¿, ÿê³ íåîáõ³äí³ â
êîíêðåòí³é ïðîôåñ³éí³é ñôåð³ ä³ÿëüíîñò³. Íàéá³ëüø ïðîñòî öåé
ï³äõ³ä ìîæíà ïîêàçàòè íà ìîäåë³ êîìïåòåíòíîñò³.

Ìîäåëü êîìïåòåíòíîñò³ (ÌÊ) – öå íàá³ð êîìïåòåíö³é, íåîá-
õ³äíèõ äëÿ óñï³øíîãî âèêîíàííÿ äàíî¿ ðîáîòè â äàí³é îðãàí³çàö³¿.
Ìîäåëü êîìïåòåíö³é ìîæå âêëþ÷àòè â ñåáå íàéð³çíîìàí³òí³ø³ çíàí-
íÿ, âì³ííÿ, íàâè÷êè òà ³íäèâ³äóàëüíî-îñîáèñò³ñí³ õàðàêòåðèñòèêè.

Äëÿ ðîçðîáêè ÌÊ áóëà âçÿòà îäíà ç íàéá³ëüø ïîøèðåíèõ ïî-
ñàä íà áóäü-ÿêîìó ï³äïðèºìñòâ³ ³, îäíî÷àñíî, íàéá³ëüø âàæëèâà ç
òî÷êè çîðó çàáåçïå÷åííÿ îõîðîíè ïðàö³ òà ïðîìèñëîâî¿ áåçïåêè –
íà÷àëüíèê ï³äðîçä³ëó. Öå øòàòíèé ïðàö³âíèê, ³íòåãðîâàíèé â ñè-
ñòåìó óïðàâë³ííÿ îõîðîíîþ ïðàö³, îð³ºíòîâàíèé íà äîñÿãíåííÿ
ðåàëüíèõ ðåçóëüòàò³â ó ñâîºìó ï³äðîçä³ë³. Ìåòà éîãî ä³ÿëüíîñò³ –
çíèæåííÿ ðèçèê³â ³ çàáåçïå÷åííÿ áåçïåêè ïðàö³ ïðàö³âíèê³â ³
ïîñë³äîâíå ïîë³ïøåííÿ óìîâ ³ îõîðîíè ïðàö³ â îðãàí³çàö³¿. 

ÌÊ íà÷àëüíèêà ï³äðîçä³ëó ì³ñòèòü áàçîâ³ õàðàêòåðèñòèêè êîì-
ïåòåíö³é, à ñàìå:

 îðãàí³çàö³ÿ. Çäàòí³ñòü ïëàíóâàòè, îðãàí³çîâóâàòè ³ åôåêòèâíî
ðîçïîä³ëÿòè ðîáî÷èé ÷àñ;

 íàâ÷àííÿ, ÿêå ñïðÿìîâàíî íà ôîðìóâàííÿ áåçïå÷íî¿ ïîâåä³í-
êè ïðàö³âíèê³â, ï³ä´ðóíòÿì ÿêîãî º çíàííÿ, óì³ííÿ ³ íàâè÷êè áåç-
ïå÷íî¿ ðîáîòè, à òàêîæ ôîðìóâàííÿ â îðãàí³çàö³¿ ïîçèòèâíîãî ñòàâ-
ëåííÿ äî îõîðîíè ïðàö³;
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 íàïîëåãëèâ³ñòü. Öÿ êîìïåòåíö³ÿ â³äîáðàæàº, íàñê³ëüêè ïîñà-
äîâà îñîáà åôåêòèâíî êåðóº ïåðñîíàëîì â ì³íëèâèõ óìîâàõ;

 êîíòðîëü. Äëÿ ïðîâåäåííÿ êîíòðîëþ êåð³âíèê ï³äðîçä³ëó ïî-
âèíåí ìàòè ó ñâîºìó ðîçïîðÿäæåíí³ äîñòàòí³é îáñÿã çíàíü, íàâè-
÷îê òà ìàêåò³â ð³øåíü. Âì³òè êëàñèô³êóâàòè ð³âí³ ðèçèê³â ³ ïðèé-
ìàòè, çàëåæíî â³ä öüîãî, â³äïîâ³äí³ ð³øåííÿ;

 ïðîôåñ³éíà ï³äãîòîâêà, âèçíà÷àº âîëîä³ííÿ ³ â³ëüíå îïåðóâàííÿ
íåîáõ³äíèì â ðîáîò³ îáñÿãîì ïðîôåñ³éíèõ çíàíü, óì³íü ³ íàâè÷îê;

 àíàë³ç ³íôîðìàö³¿ òà îïðàöþâàííÿ ð³øåíü. Óì³ííÿ îòðèìóâàòè,
àíàë³çóâàòè ³íôîðìàö³þ, ðàíæóâàòè çà ð³âíÿìè ¿¿ âàæëèâ³ñòü, çíà-
÷èì³ñòü, ³íôîðìàòèâí³ñòü ³ ñâîº÷àñí³ñòü. Óì³ííÿ ïåðåðîáëÿòè ³í-
ôîðìàö³þ ³ íà ö³é îñíîâ³ ïîêðàùóâàòè ëîêàëüí³ ïîêàçíèêè áåçïå-
êè ïðàö³âíèê³â ï³äðîçä³ëó;

 óðàõóâàííÿ ïîìèëîê. «Âèêîðèñòàííÿ ïîìèëîê» ïðîÿâëÿºòüñÿ
ïðè îö³íö³ ðåçóëüòàò³â âëàñíî¿ ðîáîòè òà ðîáîòè ï³äëåãëèõ ³ ïîëÿ-
ãàº â ¿õ óñâ³äîìëåíí³ ³ ðîçðîáö³ çàõîä³â (ìàêåò³â ð³øåíü) ç ¿õ íåäî-
ïóùåííÿ íàäàë³.

 êîìóí³êàòèâí³ñòü. Õîðîø³ êîìóí³êàòèâí³ çâ’ÿçêè ³ç ñëóæáîþ
îõîðîíè ïðàö³, ïðîôñï³ëêîþ ÷è óïîâíîâàæåíèìè ç ïèòàíü îõîðî-
íè ïðàö³.

Àíàëîã³÷íà ìîäåëü êîìïåòåíö³é ñôîðìîâàíà íàìè äëÿ ñïåö³-
àë³ñòà ç îõîðîíè ïðàö³ ï³äïðèºìñòâà. Ö³ ìîäåë³ í³ â ÿêîìó ðàç³ íå
çàì³íþþòü ñîáîþ ôàõîâîãî íàâ÷àííÿ ïî â³äïîâ³äíèõ ïðîôåñ³ÿõ.
Âîíè ñëóæàòü ò³ëüêè, ÿê ìîäåëü, äëÿ ï³äâèùåííÿ êâàë³ô³êàö³¿ ïî
âèçíà÷åíèì íàïðÿìàì.

Ìåõàí³çì ðîçâèòêó êîìïåòåíòíîñò³ ïîëÿãàº â ïîñò³éíîìó ïðè-
âåäåíí³ ó â³äïîâ³äí³ñòü ôóíêö³é ³ çàâäàíü ï³äïðèºìñòâà ïðîôåñ³é-
íèõ âèìîã äî ïðàö³âíèêà, îáñÿãó íåîáõ³äíèõ éîìó êîìïåòåíö³é,
ùî çì³íþþòüñÿ. Çíà÷íå ì³ñöå â ï³äâèùåíí³ êîìïåòåíòíîñò³, â îð-
ãàí³çàö³¿ áåçïå÷íî¿ ïîâåä³íêè çàéìàº ïðîöåñ íàâ÷àííÿ ïðàö³âíèê³â
ïðîöåäóðàì âèêîíàííÿ âèðîáíè÷èõ äîðó÷åíü. Äëÿ öüîãî íåîáõ³ä-
íî óñóâàòè íåäîë³êè, ïîâ’ÿçàí³, ïåðø çà âñå, ç ÿê³ñòþ òà òåõíî-
ëîã³ºþ âèêëàäàííÿ, ï³äâèùåííÿ ð³âíÿ àóä³îâ³çóàë³çàö³¿ ëåêö³éíîãî
ìàòåð³àëó, øèðîêå âèêîðèñòàííÿ òåìàòè÷íèõ äèñêóñ³é òà ïðàêòè÷-
íèõ çàíÿòü.

Íåîáõ³äíî çàëó÷èòè äî ïðîâåäåííÿ íàâ÷àííÿ ôàõ³âö³â, ÿê³ ìà-
þòü äîñâ³ä âèêëàäàöüêî¿ ðîáîòè. Ïîòð³áíî óñâ³äîìëåííÿ òîãî, ùî
ç ïîäàëüøèì ðîçâèòêîì òåõíîñôåðè êîìïåòåíòí³ñòü â ãàëóç³ îõî-
ðîíè ïðàö³ ñòàíå ³ñòîòíèì, à ³íîä³ ³ êëþ÷îâèì ìîìåíòîì, ùî âèç-
íà÷àº ð³âåíü ïðîôåñ³éíîãî ðèçèêó ïðàö³âíèêà.
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Âèõîäÿ÷è ç öüîãî, íàâ÷àííÿ ïîñàäîâèõ îñ³á ³ ñïåö³àë³ñò³â ìàº
ïðîâîäèòèñÿ íå ñóòî ç îõîðîíè ïðàö³, à ïî âñüîìó ìàñèâó ïîñàäî-
âèõ îáîâ’ÿçê³â, âêëþ÷àþ÷è ñïîñîáè òà ïðîöåäóðè ç ¿õ âèêîíàííÿ ç
âèçíà÷åííÿì íåáåçïåê ³ ðèçèê³â òðàâìóâàííÿ ïåðñîíàëó, ÿê³ ìî-
æóòü íàñòàòè ï³ä ÷àñ ïðîâåäåííÿ âèðîáíè÷èõ ïðîöåñ³â. 

Ç ïîçèö³¿ îïòèì³çàö³¿ âèòðàò ï³äïðèºìñòâà íà íàâ÷àííÿ ïðîâå-
äåííÿ íàâ÷àííÿ íà ï³äïðèºìñòâ³ ñèëàìè íàâ÷àëüíî¿ îðãàí³çàö³¿ –
íàéêðàùà ôîðìà íàâ÷àííÿ äëÿ òèõ, õòî îðãàí³çîâóº ³ ïðîâîäèòü
âèðîáíè÷³ ïðîöåñè. ¯õ ðàö³îíàëüíî íàâ÷àòè äëÿ ï³äâèùåííÿ êîì-
ïåòåíòíîñò³ çà íàïðÿìêàìè âèð³øåííÿ êîíêðåòíèõ çàâäàíü ï³ä-
ïðèºìñòâà. Ö³é ôîðì³ íàâ÷àííÿ íåìàº àëüòåðíàòèâè. Âñå ³íøå –
ôîðìàëüíå âèêîíàííÿ âèìîã çàòâåðäæåíèõ íîðìàòèâíèõ àêò³â.
Ôàõ³âö³â ç îõîðîíè ïðàö³ ïîòð³áíî ãîòóâàòè â òåõí³÷íèõ âóçàõ, äå
º êàôåäðè áåçïåêè æèòòºä³ÿëüíîñò³ àáî ïðîìèñëîâî¿ áåçïåêè. Ó
íîðìàòèâíî-ïðàâîâèõ äîêóìåíòàõ ñë³ä ïåðåäáà÷èòè ïðîôåñ³éíó
ïåðåï³äãîòîâêó äëÿ ôîðìóâàííÿ êîìïåòåíö³é, ÿê³ íåîáõ³äí³ äëÿ
ïîñàäîâèõ îñ³á òà ôàõ³âöÿ ï³äïðèºìñòâ. Ïðè ïåð³îäè÷íîìó íàâ-
÷àíí³ ñëóõà÷³ ïîâèíí³ áóòè çàéíÿò³ íå «çàçóáðþâàííÿì» Ïðàâèë, à
ïîâèíí³ íàáóâàòè çíàííÿ òà íàâè÷êè ç ïðîöåäóð áåçïå÷íîãî âåäåí-
íÿ âèðîáíè÷èõ ïðîöåñ³â, ÿê â³ä âèêëàäà÷³â, òàê ³ îäèí â³ä îäíîãî.

Ïðîöåñ íàâ÷àííÿ çä³éñíþºòüñÿ ïî îêðåìèõ ìîäóëÿõ, ÿê³ â³ä-
ïîâ³äàþòü íàïðÿìàì êîìïåòåíö³é. Íà ëåêö³ÿõ-äèñêóñ³ÿõ ðîçãëÿäà-
þòüñÿ ò³ëüêè áàçîâ³, êëþ÷îâ³ åëåìåíòè ïðîáëåì â³äïîâ³äíîãî ìî-
äóëÿ. Îñíîâíèé óïîð ïåðåäáà÷àºòüñÿ ó ïðîâåäåíí³ òåìàòè÷íèõ äè-
ñêóñ³é ïî êîæíîìó ïèòàííþ, ÿê³ ïðèòàìàíí³ ò³é àáî ³íø³é êîìïå-
òåíö³¿. Ïî íàñë³äêàõ ñï³âáåñ³äè ç îñîáàìè, ÿê³ ïðîõîäÿòü íàâ÷àííÿ
(òðåí³íã) ïåðåäáà÷àºòüñÿ ôîðìóâàííÿ îö³íêè çà ï’ÿòèáàëüíîþ ñè-
ñòåìîþ. Ñóìàðíèé áàë âèçíà÷àºòüñÿ ï³äñóìîâóâàííÿì áàë³â çà îê-
ðåìèìè êîìïåòåíö³ÿìè. 

Ê0 = 
n

i=1
Qi, (1)

äå Ê0 – ñóìàðíà îö³íêà êîìïåòåíö³¿; n – ê³ëüê³ñòü îêðåìèõ ìîäóë³â, ÿêó
ìîæíà âèçíà÷èòè äå ïåâíî¿ ãðóïè ïðàö³âíèê³â; Qi – îö³íêà çà îêðåìèé
ìîäóëü êîìïåòåíö³¿.

Ïîçèòèâíà îö³íêà çàðàõîâóºòüñÿ, ÿêùî íå áóëî æîäíî¿ íåãà-
òèâíî¿ îö³íêè çà îêðåì³ êîìïåòåíö³¿, òîáòî â³äñóòí³ îö³íêè 1, 2.

Ìàêñèìàëüíà îö³íêà Êmàõ âèçíà÷àºòüñÿ çà ôîðìóëîþ: 

Êmàõ = 5  n. (2)
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Â³äíîñíà îö³íêà Êrel âèçíà÷àºòüñÿ çà ôîðìóëîþ:

Êrel =  
K0

Kmax
. (3)

Çà â³äíîñíîþ îö³íêîþ ìîæíà ïîð³âíþâàòè ð³âåíü êîìïåòåíò-
íîñò³ îêðåìèõ ïðàö³âíèê³â ó òàêèé ñïîñ³á: 

1) âèñîêèé ð³âåíü êîìïåòåíö³¿ (Êrel – 0,81–1,0) – áåçóìîâíî
çäàòíèé âèêîíóâàòè ñàìîñò³éíî âñ³ âèðîáíè÷³ äîðó÷åííÿ, çàáåçïå-
÷óâàòè ïðîâåäåííÿ âèðîáíè÷èõ ïðîöåñ³â ç ì³í³ìàëüíèìè ðèçèêàìè;

2) êîìïåòåíòíèé (Êrel – 0,7–0,8) – çäàòíèé, âèêîíóâàòè âè-
ðîáíè÷³ äîðó÷åííÿ, çàáåçïå÷óâàòè ïðîâåäåííÿ âèðîáíè÷èõ ïðî-
öåñ³â ï³ä ïåð³îäè÷íèì êîíòðîëåì, äîïóñêàº ïîìèëêè ïðè ³äåí-
òèô³êàö³¿ íàÿâíèõ ðèçèê³â, ìîæå ðåàë³çîâóâàòè ñòðàòåã³þ ¿õ çíè-
æåííÿ àáî ë³êâ³äàö³¿;

3) íåäîñòàòíüî êîìïåòåíòíèé (Êrel – 0,6–0,7) – ìîæå ïðàöþ-
âàòè ò³ëüêè ï³ä ïîñò³éíèì êîíòðîëåì.

4) íèçüêèé ð³âåíü êîìïåòåíö³¿ (Êrel < 0,6) – âèðîáíè÷³ ïðîöå-
ñè ìîæå ïðîâîäèòè ç ãðóáèìè ïîðóøåííÿìè, ÷èì ñòâîðþº äîäàò-
êîâ³ íåáåçïåêè òà ðèçèêè, ïîðóøóº âèìîãè ³íñòðóêö³é òà Ïðàâèë,
íå ðåêîìåíäîâàíî äîïóñêàòè äî ðîáîòè.
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1. Òðàâìàòèçì íà âèðîáíèöòâ³ â Óêðà¿í³ ó 2017 ðîö³, ñòàòèñ-
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email: shishkov@ukr.net
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Науково�технічний збірник 

Матеріали ІІ Міжнародної науково�практичної конференції

(4–5 червня 2019 року, м. Київ)

(укр., англ., рос. мовами)

Комп’ютерне верстання 
ФОП Васильковська К. М.

Ï³äïèñàíî äî äðóêó 26.06.2019 ð.
Ôîðìàò 6084/16. Ïàï³ð îôñåòíèé ¹ 1.

Ãàðí³òóðà Times. Äðóê îôñåòíèé.
Óì.-äðóê. àðê. 20,46.
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Ñâ³äîöòâî ïðî âíåñåííÿ ñóá’ºêòà âèäàâíè÷î¿ ñïðàâè

äî Äåðæàâíîãî ðåºñòðó âèäàâö³â ÄÊ ¹ 1981 â³ä 21.10.2004 ð.
01032, ì. Êè¿â-32, âóë. Æèëÿíñüêà, 87/30.

Òåë.: (044) 584-38-97, ò/ô: 584-38-95, 584-38-96.


