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ÒÅÐÌÎÌÀÃÍÈÒÍÎÃÎ ÄÀÒ×ÈÊÀ ÊÈÑËÎÐÎÄÀ

Ðàññìàòðèâàþòñÿ âîïðîñû èçìåðåíèÿ êîíöåíòðàöèè êèñëîðîäà â ãàçîâûõ ñìåñÿõ è îñîáåííîñòè
êîíñòðóêöèè òåðìîìàãíèòíîãî äàò÷èêà êèñëîðîäà. Ïðèâîäÿòñÿ ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ
èññëåäîâàíèé ïî âëèÿíèþ èçìåíåíèÿ òåìïåðàòóðû è äàâëåíèÿ àçîòíî-êèñëîðîäíîé ñìåñè íà ïî-
êàçàíèÿ òåðìîìàãíèòíîãî äàò÷èêà êèñëîðîäà.

Êëþ÷åâûå ñëîâà: äàò÷èê; êèñëîðîä; òåðìîìàãíèòíàÿ êîíâåêöèÿ; ìèêðîïðîâîä.

Â íàñòîÿùåå âðåìÿ ðåçêî âîçðîñëî çíà÷åíèå ðåçóëü-

òàòîâ èçìåðåíèé êàê èñòî÷íèêà îáúåêòèâíîé èí-

ôîðìàöèè î âåëè÷èíàõ, õàðàêòåðèçóþùèõ ýôôåê-

òèâíîñòü è êà÷åñòâî ïðîèçâîäñòâåííûõ ïðîöåññîâ,

ñîñòîÿíèå è ñâîéñòâà îêðóæàþùåé ñðåäû. Â ñâÿçè

ñ ýòèì ê èçìåðèòåëüíûì ïðèáîðàì ïðåäúÿâëÿþòñÿ

ïîâûøåííûå òðåáîâàíèÿ ïî òî÷íîñòè èçìåðåíèé,

áûñòðîäåéñòâèþ, íàäåæíîñòè, ìàññå è ãàáàðèòíûì

ðàçìåðàì, ýêîíîìè÷íîñòè ïèòàíèÿ. Ïðèíöèïû äåé-

ñòâèÿ îñíîâíîé ìàññû èçìåðèòåëüíûõ ïðèáîðîâ áà-

çèðóþòñÿ íà ðàáîòå ïåðâè÷íûõ ïðåîáðàçîâàòåëåé, òàê

êàê èìåííî ïåðâè÷íûé ïðåîáðàçîâàòåëü è îñíîâàí-

íûé íà íåì äàò÷èê, êàê ïðàâèëî, îïðåäåëÿþò êîíñò-

ðóêöèþ ïðèáîðà, òî÷íîñòü è íàäåæíîñòü èçìåðåíèé.

Ñëåäîâàòåëüíî, ðàçðàáîòêà óñîâåðøåíñòâîâàííûõ

ïåðâè÷íûõ ïðåîáðàçîâàòåëåé, äàò÷èêîâ è èçìåðè-

òåëüíûõ ïðèáîðîâ, ðàáîòàþùèõ íà èõ îñíîâå, ïðåä-

ñòàâëÿåò ñîáîé àêòóàëüíóþ çàäà÷ó.

Â ïðîöåññå ïðîåêòèðîâàíèÿ ãàçîàíàëèçàòîðà

îñíîâíûì ýòàïîì ÿâëÿåòñÿ ïðîâåäåíèå ýêñïåðèìåí-

òîâ ñ öåëüþ äîêàçàòü àäåêâàòíîñòü àíàëèòè÷åñêèõ

ñîîòíîøåíèé, ïîëîæåííûõ â îñíîâó ìîäåëè ãàçî-

àíàëèçàòîðà, ðåàëüíûì ïàðàìåòðàì óçëîâ ïðèáîðà.

Íà îñíîâàíèè ýòîãî óòâåðæäåíèÿ ïðåäñòàâëÿåòñÿ

âîçìîæíûì èñïîëüçîâàòü èìèòàöèîííóþ ìîäåëü äëÿ

ïðîâåäåíèÿ ñåðèè ìàøèííûõ ýêñïåðèìåíòîâ â öå-

ëÿõ îïðåäåëåíèÿ îïòèìàëüíûõ ïàðàìåòðîâ ôóíêöè-

îíàëüíî çíà÷èìûõ óçëîâ ãàçîàíàëèçàòîðà.

Äàò÷èê ñîñòîèò èç äâóõ ÷óâñòâèòåëüíûõ ýëåìåí-

òîâ 1 è ìàãíèòíîé ñèñòåìû, â êîòîðóþ âõîäÿò äâà

ïîñòîÿííûõ ìàãíèòà 2, ñòàëüíûå (3) è àëþìèíèå-

âûå (4) ïëàñòèíû. Â êà÷åñòâå ïîñòîÿííûõ ìàãíèòîâ

â ýêñïåðèìåíòå èñïîëüçîâàëèñü íàèáîëåå ðàñïðî-

ñòðàíåííûå íåîäèìîâûå ìàãíèòû òîëùèíîé 3 ìì è

äèàìåòðîì 18 ìì. Âèä ñâåðõó íà áàçîâûé âàðèàíò

ìàãíèòíîé ñèñòåìû áåç îäíîãî èç ìàãíèòîâ è çàìû-

êàþùèõ âåðõíèõ ïëàñòèí ïðåäñòàâëåí íà ðèñ. 1.

×óâñòâèòåëüíûé ýëåìåíò äàò÷èêà (ðèñ. 2) ïðåä-

ñòàâëÿåò ñîáîé ñïèðàëü èç 5–6 âèòêîâ èç ïðîâîëîêè

òîëùèíîé 10–12 ìêì â ñïëàâëåííîé òåðìîñòîéêîé

îáîëî÷êå 1,0–1,5 ìêì, ñîïðîòèâëåíèåì 32–36 Îì.

Ñïèðàëü ÷óâñòâèòåëüíîãî ýëåìåíòà ïðèâàðèâàåòñÿ

íà òîêîïðîâîäÿùèå ïðîâîäíèêè, óñòàíîâëåííûå â

òðàíçèñòîðíûå ñòîéêè. Òàêîé äàò÷èê èìååò ìàëûå

(ïî÷òè òî÷å÷íûå) ðàçìåðû, ÷òî ïîçâîëÿåò óñòàíàâ-

ëèâàòü èõ â ëþáîå ìåñòî ìàãíèòíîé ñèñòåìû.

Â ýêñïåðèìåíòå ÷óâñòâèòåëüíûå ýëåìåíòû óñòà-

íàâëèâàëèñü ñèììåòðè÷íî â ìàãíèòíîé è íåìàãíèò-

íîé ÷àñòÿõ èçìåðèòåëüíîé ñèñòåìû íà ðàññòîÿíèè
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Ðèñ. 1. Áàçîâûé âàðèàíò ìàãíèòíîé ñèñòåìû áåç çàìûêàþùèõ

âåðõíèõ ïëàñòèí

Ðèñ. 2. ×óâñòâèòåëüíûé ýëåìåíò òåðìîìàãíèòíîãî äàò÷èêà



0,5 ìì îò âíåøíèõ êðàåâ ïëàñòèí â ñåðåäèíå çàçîðà

ïî òîëùèíå, ÷òî ïîçâîëèëî îáåñïå÷èòü íåîáõîäèìûé

òåìïåðàòóðíûé ðåæèì è ðåøèòü ïðîáëåìó âëèÿíèÿ

íåîïðåäåëÿåìûõ êîìïîíåíòîâ ãàçîâ.

Íà ðèñ. 3 ïðèâåäåíû ðàñ÷åòíàÿ çàâèñèìîñòü íà-

ïðÿæåííîñòè ìàãíèòíîãî ïîëÿ H (À�ì) â âîçäóøíîì

çàçîðå îò îñåâîé êîîðäèíàòû s (ñì. ðèñ. 1), åå àïïðîê-

ñèìàöèÿ â îêðåñòíîñòè ìàêñèìóìà è çàâèñèìîñòü

ïðîèçâåäåíèÿ Í·dH�ds îò îñåâîé êîîðäèíàòû s [2].

Èç ðèñ. 3 âèäíî, ÷òî êðèâàÿ çàâèñèìîñòè ïðî-

èçâåäåíèÿ Í·dH�ds îò îñåâîé êîîðäèíàòû s îêîëî

ìàêñèìóìîâ èìååò î÷åíü êðóòûå õàðàêòåðèñòèêè, ïî-

ýòîìó íåîáõîäèìî ÷óâñòâèòåëüíûå ýëåìåíòû ðàñ-

ïîëàãàòü â ìåñòàõ, ãäå ïðîèçâåäåíèå Í·dH�ds ìàê-

ñèìàëüíî.

Äëÿ ïðîâåäåíèÿ ýêñïåðèìåíòîâ ñ äàò÷èêîì òåð-

ìîìàãíèòíîãî ãàçîàíàëèçàòîðà áûë ðàçðàáîòàí èñïû-

òàòåëüíûé ñòåíä [2], ñîñòîÿùèé èç ïíåâìàòè÷åñêîé,

ñèëîâîé è èçìåðèòåëüíîé ÷àñòåé, ñìîíòèðîâàííûõ

íà êîðïóñå. Òåðìîìàãíèòíûé äàò÷èê ðàñïîëàãàëñÿ

â ãåðìåòè÷íîé êàìåðå, â êîòîðîé óñòàíîâëåí âåíòè-

ëÿòîð äëÿ áîëåå ðàâíîìåðíîãî ïåðåìåøèâàíèÿ â åå

îáúåìå ãàçîâîé ñìåñè. ×óâñòâèòåëüíûå ýëåìåíòû ñî-

åäèíÿëèñü ïî ìîñòîâîé ñõåìå. Ïîëåçíûé ñèãíàë ñíè-

ìàëñÿ ñ äèàãîíàëè èçìåðèòåëüíîãî ìîñòà.

Áûëè ïðîâåäåíû îïûòû ïî îïðåäåëåíèþ âëèÿ-

íèÿ òåìïåðàòóðû ãàçîâîé ñìåñè íà ïîêàçàíèÿ òåðìî-

ìàãíèòíîãî äàò÷èêà ïðè äàâëåíèè àçîòíî-êèñëîðîä-

íîé ãàçîâîé ñìåñè 1 àòì è ïèòàþùåì íàïðÿæåíèè

5 Â. Òåìïåðàòóðà ãàçîâîé ñìåñè èçìåíÿëàñü â èí-

òåðâàëå îò ìèíóñ 30 äî 30 °Ñ ñ øàãîì 10 °Ñ ñ ïî-

ìîùüþ êàìåðû òåïëà-õîëîäà ÊÒÕ-74. Âíåøíèé âèä

èñïûòàòåëüíîãî ñòåíäà ñ êàìåðîé òåïëà-õîëîäà òèïà

ÊÒÕ-74 ïðåäñòàâëåí íà ðèñ. 4.

Áûëà íàéäåíà àíàëèòè÷åñêàÿ ôîðìóëà f = y (x),

êîòîðàÿ àïïðîêñèìèðóåò ýêñïåðèìåíòàëüíóþ (òàá-

ëè÷íóþ) çàâèñèìîñòü ñ ïîìîùüþ ìíîãî÷ëåíà ïåðâîé

ñòåïåíè y (x) = kx + b. Îöåíêà ïîãðåøíîñòè ýêñïå-

ðèìåíòàëüíûõ äàííûõ îáðàáàòûâàëàñü ìåòîäîì íàè-

ìåíüøèõ êâàäðàòîâ. Ðåçóëüòàòû ôèçè÷åñêîãî ìîäå-

ëèðîâàíèÿ ïðè èçìåíåíèè êîíöåíòðàöèè êèñëîðîäà

â àçîòå îò 0 äî 100 % â âèäå ãðàôè÷åñêèõ çàâèñèìî-

ñòåé âûõîäíîãî íàïðÿæåíèÿ U (ìÂ) èçìåðèòåëüíî-

ãî ìîñòà îò êîíöåíòðàöèè êèñëîðîäà Ñ (%. îá) ïðè

ðàçëè÷íûõ çíà÷åíèÿõ òåìïåðàòóðû ãàçîâîé ñìåñè

ïðåäñòàâëåíû íà ðèñ. 5.

Êðîìå òîãî, áûëè ïðîâåäåíû îïûòû ïî îïðå-

äåëåíèþ çàâèñèìîñòè ïîêàçàíèé òåðìîìàãíèòíîãî

äàò÷èêà îò äàâëåíèÿ àçîòíî-êèñëîðîäíîé ñìåñè ïðè

çàäàííîé òåìïåðàòóðå è ïèòàþùåì íàïðÿæåíèè 5 Â
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Ðèñ. 3. Ðàñ÷åòíûå çàâèñèìîñòè H = f (s) äëÿ áàçîâîãî âàðè-

àíòà ìàãíèòíîé ñèñòåìû: 1 — îïûò; 2— àïïðîêñèìàöèÿ; 3 —

Í·dH�ds

Ðèñ. 4. Èñïûòàòåëüíûé ñòåíä ñ êàìåðîé òåïëà-õîëîäà òèïà

ÊÒÕ-74

Ðèñ. 5. Ýêñïåðèìåíòàëüíûå äàííûå è èõ àíàëèòè÷åñêàÿ çà-

âèñèìîñòü ïî îïðåäåëåíèþ òåìïåðàòóðíûõ ïîãðåøíîñòåé
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íà ýêñïåðèìåíòàëüíîé óñòàíîâêå, ïðåäñòàâëåííîé

íà ðèñ. 6.

Çàâèñèìîñòü âûõîäíîãî íàïðÿæåíèÿ èçìåðèòåëü-

íîãî ìîñòà îò äàâëåíèÿ ãàçîâîé ñìåñè ïðåäñòàâëåíà

íà ðèñ. 7.

Íîðìàëüíàÿ æèçíåäåÿòåëüíîñòü ÷åëîâåêà ìîæåò

áûòü îáåñïå÷åíà ïîääåðæàíèåì ïàðöèàëüíîãî äàâ-

ëåíèÿ êèñëîðîäà âî âäûõàåìîì âîçäóõå íà îïðåäå-

ëåííîì óðîâíå. Ïàðöèàëüíîå äàâëåíèå åñòü ïðîèç-

âåäåíèå äîëè ãàçà â ãàçîâîé ñìåñè íà îáùåå äàâëå-

íèå ñìåñè. Òàê, ïðè èçìåíåíèè äàâëåíèÿ ãàçîâîé

ñìåñè â 1,5 ðàçà ïîêàçàíèÿ äàò÷èêà èçìåíÿþòñÿ íà

ñòîëüêî æå. Ýòî ãîâîðèò î òîì, ÷òî äàò÷èê ïðîèç-

âîäèò èçìåðåíèÿ ïàðöèàëüíîãî äàâëåíèÿ, ÷òî äàåò

âîçìîæíîñòü ïðèìåíÿòü òåðìîìàãíèòíûé äàò÷èê

äëÿ îïðåäåëåíèÿ êîíöåíòðàöèè êèñëîðîäà â ãàçî-

âîé ñìåñè ñ òî÷êè çðåíèÿ âëèÿíèÿ êîëè÷åñòâà êèñ-

ëîðîäà íà ôèçèîëîãè÷åñêèå ðåàêöèè ÷åëîâåêà. Äëÿ

èçìåðåíèÿ ïðîñòî ïðîöåíòíîãî ñîäåðæàíèÿ êèñëî-

ðîäà íàäî ó÷èòûâàòü äàâëåíèå ãàçà.

Ñîâðåìåííîå ñîñòîÿíèå àíàëèòè÷åñêîãî ïðèáî-

ðîñòðîåíèÿ õàðàêòåðèçóåòñÿ êàê áîëüøèì ðàçíîîá-

ðàçèåì çàäà÷ ãàçîâîãî àíàëèçà, òàê è øèðîêèì äèà-

ïàçîíîì òðåáîâàíèé ê óñëîâèÿì ðàáîòû ãàçîàíà-

ëèçàòîðîâ. Òàê, ê ãàçîàíàëèçàòîðàì ïðåäúÿâëÿþòñÿ

íîâûå òðåáîâàíèÿ, òàêèå êàê äëèòåëüíàÿ ðàáîòà áåç

îáñëóæèâàíèÿ, ìèíèìàëüíàÿ ïîãðåøíîñòü èçìåðå-

íèé ïðè áîëüøèõ äèàïàçîíàõ èçìåíåíèÿ óñëîâèé

ýêñïëóàòàöèè (òåìïåðàòóðû, äàâëåíèÿ, èçìåíåíèÿ

óñêîðåíèÿ ñâîáîäíîãî ïàäåíèÿ, áîëüøîãî êîëè÷å-

ñòâà è ðàçëè÷èÿ íåèçìåðÿåìûõ êîìïîíåíòîâ). Îäíà-

êî ñîçäàíèå óíèâåðñàëüíîãî, òî÷íîãî, ÷óâñòâèòåëü-

íîãî, áûñòðîäåéñòâóþùåãî ãàçîàíàëèçàòîðà è ïðè-

ìåíåíèå åãî äëÿ ðåøåíèÿ ìíîãèõ çàäà÷ ãàçîâîãî

àíàëèçà ýêîíîìè÷åñêè íåöåëåñîîáðàçíî. Îäíèì èç

íàèáîëåå ðàöèîíàëüíûõ ïóòåé ÿâëÿåòñÿ ñîçäàíèå

ãàçîàíàëèçàòîðà ñ ãèáêîé, ïðîãðàììíî íàñòðàèâà-

åìîé ñòðóêòóðîé â çàâèñèìîñòè îò êëàññà ðåøàåìîé

çàäà÷è. Ïðè ýòîì íåêîòîðàÿ èçáûòî÷íîñòü àïïàðàò-

íûõ ñðåäñòâ êîìïåíñèðóåòñÿ âûñîêèì óðîâíåì

óíèôèêàöèè, òåõíîëîãè÷íîñòè, ÷òî, â ñâîþ î÷åðåäü,

íàðÿäó ñ ðàñøèðåíèåì ôóíêöèîíàëüíûõ âîçìîæ-

íîñòåé ãàçîàíàëèçàòîðîâ è ðîñòîì èõ íîìåíêëàòó-

ðû, ñóùåñòâåííî ñíèæàåò ñòîèìîñòü åäèíèöû ïðî-

äóêöèè.

Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé

äàþò îñíîâàíèå óòâåðæäàòü, ÷òî òåðìîìàãíèòíûé

äàò÷èê ÿâëÿåòñÿ íàèáîëåå ïåðñïåêòèâíûì äëÿ àíà-

ëèçà êèñëîðîäà â øèðîêîì äèàïàçîíå ïðè çíà÷è-

òåëüíûõ èçìåíåíèÿõ òåìïåðàòóðû è äàâëåíèÿ ãàçî-

âîé ñìåñè è ïî ñâîèì õàðàêòåðèñòèêàì ïðåâîñõîäèò

èçâåñòíûå îáðàçöû ñåíñîðîâ íà êèñëîðîä. Èñïîëü-

çîâàíèå â êà÷åñòâå ÷óâñòâèòåëüíîãî ýëåìåíòà ìèê-

ðîñïèðàëè èç ëèòîãî ìèêðîïðîâîäà ïîçâîëÿåò çíà-

÷èòåëüíî óëó÷øèòü ýêñïëóàòàöèîííûå õàðàêòåðèñ-

òèêè òåðìîìàãíèòíûõ ãàçîàíàëèçàòîðîâ.
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ABSTRACT

By measuring instruments there are increased requirements in terms of accuracy of measurements,

performance devices, increase their reliability, reduce weight and dimensions, power saving. The prin-

ciples of operation of the bulk of instrumentation are based on the work of the primary converters.

Thermomagnetic sensor consists of two sensing elements and the magnetic system. The sensing

element is a spiral of 5–6 turns of wire with a thickness of 10–12 microns in a thermally fused shell

of 1.0–1.5 mm. Such a sensor has a small size, which allows them to be installed in any location of

the magnetic system. Sensing elements should be placed in locations where the product H·dH�ds

maximum.

Experiments were carried out to determine the effect of temperature and pressure of nitrogen-

oxygen mixture to the testimony of the thermomagnetic sensor at a supply voltage of 5 V. The tem-

perature of the gas mixture was varied in the range from minus 30 to 30 °C in steps of 10 °C with the

camera heat-cold KTKh-74. It was found analytical formula f = y (x), which approximates the ex-

perimental (tabular) dependence using the first-degree polynomial y (x) = kx + b.

Results of experimental studies give reason to believe that the thermomagnetic sensor is the most

promising for the analysis of a wide range of oxygen at high temperature and pressure of the gas

mixture and outperforms known examples of sensors for oxygen. Using as a sensing element

microspiral of cast microwire can significantly improve the performance of the thermomagnetic

analyzers.

Keywords: sensor; oxygen; thermomagnetic convection; cast microwire.

REFERENCES

1. Krupin M. V., Zykov V. I. O termomagnitnom printsipe detektirovaniya kisloroda v gazovykh sme-

syakh [On the principle of thermomagnetic detection of oxygen in gas mixtures]. Pozhary i chrezvy-

chaynyye situatsii: predotvrashcheniye, likvidatsiya — Fire and Emergencies: Prevention, Elimination,

2012, no. 3, pp. 19–23.

2. Zykov V. I., Krupin M. V., Kopylov N. P., Tsarichenko S. G. Stend dlya ispytaniy termomagnitnykh

gazoanalizatorov kisloroda na obyektakh energetiki [Stand for testing gas oxygen thermomagnetic at

energy]. Pozhary i chrezvychaynyye situatsii: predotvrashcheniye, likvidatsiya — Fire and Emergen-

cies: Prevention, Elimination, 2012, no. 3, pp. 58–63.


