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I. ÂÑÒÓÏ

Ó íàø ÷àñ óñå àêòóàëüíiøi äîñëiäæåííÿ ïðîáëåìè
àíàëiçó ñêëàäíèõ ãàçîâèõ ñóìiøåé. Òðàäèöiéíi ìåòî-
äè ãàçîâîãî àíàëiçó, ùî ìàþòü çíà÷íó ñåëåêòèâíiñòü
(äî ïðèêëàäó, ãàçîâà õðîìàòîãðàôiÿ), íå çàáåçïå÷ó-
þòü íåîáõiäíî¨ òåðìiíîâîñòi îòðèìàííÿ ðåçóëüòàòiâ.
Òîìó ñòðiìêîãî ðîçâèòêó íàáóëè ñàìå îïòè÷íi êîðå-
ëÿöiéíi ìåòîäè àíàëiçó, ÿêi õàðàêòåðèçóþòüñÿ âèñî-
êîþ ñåëåêòèâíiñòþ. Ïðèíöèï ¨õíüî¨ ðîáîòè áàçó¹òüñÿ
íà çáiãîâi ñïåêòðà àíàëiçîâàíîãî ãàçó çi ñïåêòðîì åòà-
ëîííîãî ãàçó ÷è ç òàê çâàíèì åòàëîííèì ñïåêòðîì, ùî
ôîðìóþòüñÿ çà äîïîìîãîþ äèôðàêöiéíî¨  ðàòêè i òàê
çâàíî¨ ìàñêè, ÿêà ïðîïóñêà¹ ïåâíi äiëÿíêè ñïåêòðà.
Ñàìå íà öüîìó ïðèíöèïi ñòâîðåíî öiëó íèçêó êëàñè-
÷íèõ ïðèëàäiâ ãàçîâîãî àíàëiçó [1].
Ñüîãîäíi Ôàáði�Ïåðî-iíòåðôåðîìåòðiþ âèêîðèñòî-

âóþòü äëÿ äîñëiäæåíü ó áàãàòüîõ ãàëóçåâèõ òà íàó-
êîâèõ íàïðÿìàõ. Òàê, ó êîìïëåêñíié ïðàöi [2] ðåòåëü-
íî îïèñàíî âèêîðèñòàííÿ iíòåðôåðîìåòðè÷íèõ ìåòî-
äiâ äîñëiäæåííÿ äëÿ ñòâîðåííÿ âîëîêîííî-îïòè÷íèõ
äàò÷èêiâ äëÿ âèìiðþâàííÿ ðiçíîìàíiòíèõ ôiçè÷íèõ
âåëè÷èí. Çíà÷íà ÷àñòèíà ñòàòòi ïðèñâÿ÷åíà ñàìå äà-
ò÷èêàì íà áàçi iíòåðôåðîìåòðà Ôàáði�Ïåðî. Ó ïðàöi
[3] àâòîðè ïðîäåìîíñòðóâàëè ìîæëèâîñòi âèêîðèñòàí-
íÿ çàïîâíåíîãî ìàãíiòíîþ ðiäèíîþ îïòè÷íîãî äàò÷è-
êà Ôàáði�Ïåðî äëÿ âèìiðþâàííÿ ìàãíiòíèõ ïîëiâ. Ó
ðîáîòi [4] äîñëiäæåíî âîëîêîííî-îïòè÷íi äàò÷èêè òè-
ñêó ç íå÷óòëèâiñòþ äî òåìïåðàòóðè íà îñíîâi iíòåð-
ôåðîìåòði¨ Ôàáði�Ïåðî. Ó ïðàöi [5] ïðîàíàëiçîâàíî
ìiíiàòþðíèé iíòåðôåðîìåòð Ôàáði�Ïåðî äëÿ âèìiðþ-
âàííÿ âèñîêèõ òåìïåðàòóð çà äîïîìîãîþ äâîÿäåðíîãî
ôîòîííî-êðèñòàëi÷íîãî âîëîêíà. Ïðàöÿ [6] ïðèñâÿ÷å-
íà ðîçðîáöi ïðîñòèõ âîëîêîííî-îïòè÷íèõ äàò÷èêiâ âî-
ëîãîñòi íà îñíîâi çîâíiøíüî¨ ïîðîæíèíè Ôàáði�Ïåðî,
âèãîòîâëåíî¨ ç ïëiâêè àöåòàòó áóòèðàòó öåëþëîçè.

Âèêîðèñòàííÿ iíòåðôåðîìåòðà Ôàáði�Ïåðî (áàãà-
òîïðîìåíåâî¨ iíòåðôåðåíöi¨) òàêîæ ¹ îäíèì iç ìî-
æëèâèõ ñïîñîáiâ îäåðæàòè ïðîñòîðîâèé ñïåêòðàëü-
íèé ðîçêëàä â iíñòðóìåíòàëüíié îïòèöi. Ïðè÷îìó ðî-
çóìíî ðîçðàõîâàíà ðiçíèöÿ õîäó iíòåðôåðîìåòðà äëÿ
îäíî÷àñíîãî îòðèìàííÿ áàãàòüîõ ÷àñòîò äà¹ çìîãó
ðåàëiçóâàòè Ôóð'¹-àíàëiç ñâiòëîâèõ iìïóëüñiâ, òîáòî
íàäêîðîòêèõ iìïóëüñiâ.
Íàâåäåíèé âèùå àíàëiç íàóêîâèõ ïðàöü ïiäòâåð-

äæó¹ àêòóàëüíiñòü äîñëiäæåíü ó ñôåði áàãàòîïðîìå-
íåâî¨ iíòåðôåðîìåòði¨ òà ïåðñïåêòèâíiñòü ðîçðîáêè
ìîäèôiêàöié iíòåðôåðîìåòðà Ôàáði�Ïåðî.

II. IÍÒÅÐÔÅÐÎÌÅÒÐÈ ÒÀ
IÍÒÅÐÔÅÐÅÍÖIÉÍÎ-ÏÎËßÐÈÇÀÖIÉÍI

ÔIËÜÒÐÈ

Âèêîðèñòàííÿ iíòåðôåðîìåòðiâ ÿê êîðåëÿöiéíèõ
ìàñîê äëÿ ãàçîâîãî àíàëiçó ÷åðåç ¨õíþ íîâèçíó
ùå íå íàáóëî øèðîêîãî çàñòîñóâàííÿ, òîìó êiëü-
êiñòü íàóêîâèõ ðîáiò ç öi¹¨ òåìàòèêè îáìåæå-
íà. Ôóíäàìåíòàëüíèìè ïðàöÿìè, äå îïèñàíî çàñòî-
ñóâàííÿ iíòåðôåðåíöiéíî-ïîëÿðèçàöiéíèõ ôiëüòðiâ
(IÏÔ) äëÿ ãàçîâîãî àíàëiçó êîìïîíåíòiâ, ùî ìà-
þòü êâàçiïåðiîäè÷íó ñòðóêòóðó ñïåêòðà ïîãëèíàííÿ, ¹
[7, 8]. Ïðèêëàäíó öiííiñòü ìà¹ ðåàëiçàöiÿ Ôàáði�Ïåðî-
iíòåðôåðîìåòði¨, îïèñàíà â ðîáîòi [9]. Âàðòî òàêîæ âè-
äiëèòè ïðàöþ [10], ó ÿêié îïèñàíî ðåçîíàòîð Ôàáði�
Ïåðî äëÿ äîñëiäæåííÿ ìiêðîâîëîêîí iç âèêîðèñòàí-
íÿì 193-íì ÓÔ-îïðîìiíåííÿ òà òåõíiêó ôàçîâî¨ ìà-
ñêè. Ó ðîáîòi ïîäàíî äåÿêi íîâi õàðàêòåðèñòèêè, ÿêi
ïðèïèñóþòüñÿ çìiíi iíäåêñó â  ðàòöi òà äèñïåðñi¨ åôå-
êòèâíî¨ äîâæèíè  ðàòêè. Êîíñòðóêòèâíi ðåçóëüòàòè
ðîáîòè ìîæóòü ìàòè ïîòåíöiàë äëÿ ñòâîðåííÿ óëü-
òðàçâóêîâèõ ïåðåòâîðþâà÷iâ òà ôîòîàêóñòè÷íèõ çî-
áðàæåíü.

Öþ ïðàöþ ìîæíà âèêîðèñòîâóâàòè íà óìîâàõ Ìiæíàðîäíî¨ Ïóáëi÷íî¨ Ëiöåíçi¨ Creative Commons 4.0 �Iç Çàçíà÷åííÿì
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Ôóíêöiÿ ïðîïóñêàííÿ ôiëüòðà iíòåðôåðîìåòðà
àíàëîãi÷íà ôóíêöi¨ ïðîïóñêàííÿ àíàëiçîâàíîãî ãà-
çó â éîãî ñìóçi ïîãëèíàííÿ. Íàãàäà¹ìî, ùî äiÿ
iíòåðôåðåíöiéíî-ïîëÿðèçàöiéíèõ ôiëüòðiâ áàçó¹òüñÿ
íà iíòåðôåðåíöi¨ ïîëÿðèçîâàíèõ ïðîìåíiâ ñâiòëà.
Íà ðèñ. 1 íàâåäåíî ñïåêòð ïîãëèíàííÿ NH3 â äiëÿí-

öi 190�255 íì i ïðîïóñêàííÿ IÏÔ, òîâùèíà ôàçîâî¨
ïëàñòèíè ÿêîãî äîðiâíþ¹:

d =
λ2
c

D(ne − no)
= 1.22ìì, (1)

äå no, ne � ïîêàçíèêè çàëîìëåííÿ çâè÷àéíîãî é
íåçâè÷àéíîãî ïðîìåíiâ âiäïîâiäíî; D � ñïåêòðàëü-
íèé ïåðiîä ñìóãè ïîãëèíàííÿ àíàëiçîâàíîãî ãàçó; λc

� äîâæèíà õâèëi ñåðåäèíè ñïåêòðàëüíîãî iíòåðâà-
ëó. Çíà÷åííÿ d = 1.22 ìì îòðèìàíî äëÿ çíà÷åííÿ
λc = 215 íì; àíàëiçîâàíèé ãàç � NH3; ìàòåðiàë ïëà-
ñòèíè � êðèñòàëi÷íèé êâàðö.
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Ðèñ. 1. Ñïåêòð ïîãëèíàííÿ NH3 i ôóíêöiÿ ïðîïóñêàííÿ
IÏÔ

Fig. 1. Absorption spectrum of NH3 and transmission functi-
on of IPF

Äëÿ ìîäóëÿöi¨ ñïåêòðà ïðîïóñêàííÿ IÏÔ (ïåðiîäè-
÷íîãî éîãî çñóâó ùîäî ñòðóêòóðè ñìóãè ïîãëèíàí-
íÿ àíàëiçîâàíî¨ ãàçîâî¨ êîìïîíåíòè) âèêîðèñòîâóþòü
àáî îáåðòàííÿ îäíîãî ç îïòè÷íèõ åëåìåíòiâ IÏÔ ùî-
äî îïòè÷íî¨ îñi ïðèëàäó, àáî âñòàíîâëåííÿ äîäàòêîâî-
ãî îïòè÷íîãî åëåìåíòà � ìîäóëÿòîðà. Òàêèì ìîäóëÿ-
òîðîì ìîæå ñëóãóâàòè åëåêòðîîïòè÷íèé àáî àêóñòî-
îïòè÷íèé êðèñòàë. Îäíàê ìîäóëÿöiÿ IÏÔ çà äîïîìî-
ãîþ åëåêòðîîïòè÷íèõ àáî àêóñòîîïòè÷íèõ êðèñòàëiâ ¹
äîâîëi ñêëàäíîþ, ó çâ'ÿçêó ç ÷èì ó ïðàöÿõ [11�13] çà-
ïðîïîíîâàíî âèêîðèñòîâóâàòè ÿê êîðåëÿöiéíó ìàñêó
iíòåðôåðîìåòð Ôàáði�Ïåðî (IÔÏ).
IÔÏ, ÿê âiäîìî, ¹ áàãàòîïðîìåíåâèì ïðèëàäîì i éî-

ãî ôóíêöiÿ ïðîïóñêàííÿ îïèñó¹òüñÿ ôóíêöi¹þ Åéði
[14]:

I =
I0(1−R)2

(I −R)2 + 4R sin2(δ/2)
, (2)

äå R =
√
r1r2, à r1, r2 � êîåôiöi¹íòè âiäáèâàííÿ êî-

æíîãî iç äçåðêàë IÔÏ; I0 � iíòåíñèâíiñòü ïàäàþ÷îãî
ñâiòëà; δ = 2π∆S/λ + φ, ∆S � ðiçíèöÿ õîäó; φ � ði-
çíèöÿ ôàç, ùî âðàõîâó¹ ìîæëèâiñòü çìiíè ôàçè ïiä
÷àñ âiäáèòòÿ.
Óâîäÿ÷è âåëè÷èíó F 2 = 4R/(I −R)2, îòðèìó¹ìî:

I =
I0

I + F 2 sin2(δ/2)
. (3)

Íà ðèñ. 2 íàâåäåíà çàëåæíiñòü (2) äëÿ ðiçíèõ çíà-
÷åíü êîåôiöi¹íòà âiäáèòòÿ R. Ìàêñèìóìè ïðîïóñêàí-
íÿ IÔÏ ðåàëiçóþòüñÿ çà âèêîíàííÿ óìîâ: δ = 2mπ,
m = 0, 1, . . . .
Ó öèõ ìàêñèìóìàõ Imax = I0. Iíòåðâàëè ÷àñòîò ìiæ

äâîìà ñóñiäíiìè ìàêñèìóìàìè � öå äiëÿíêà âiëüíî¨
äèñïåðñi¨ IÔÏ:

δν =
c

∆S
=

c

2nd
, (4)

äå n � ïîêàçíèê çàëîìëåííÿ ñåðåäîâèùà ìiæ âiäáè-
âàëüíèìè ïîâåðõíÿìè IÔÏ; d � áàçà IÔÏ; c � øâèä-
êiñòü ñâiòëà. Âèðàç (4) ñïðàâåäëèâèé çà íîðìàëüíîãî
ïàäiííÿ âèïðîìiíþâàííÿ íà IÔÏ.

2mπ 2(m+1)π δ

0,5

1,0
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ν1 ν1+c/2nd

R=0,1

R=0,55

ε ε

R=0,83

F*=1

F*=5

F*=50
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R=0,94

Ðèñ. 2. Ôóíêöiÿ ïðîïóñêàííÿ IÔÏ äëÿ ðiçíèõ çíà÷åíü êî-
åôiöi¹íòiâ âiäáèòòÿ R (F∗ = 2π/ε � ðiçêiñòü IÔÏ; ε �

øèðèíà éîãî ìàêñèìóìó ïðîïóñêàííÿ)
Fig. 2. Transmission function of IFP for di�erent values of
re�ection coe�cients R (F∗ = 2π/ε � sharpness of IFP; ε �

width of its transmission maximum)

Äiëÿíêà âiëüíî¨ äèñïåðñi¨ â îäèíèöÿõ äîâæèí õâèëü
âèðàæà¹òüñÿ òàê:

δλ =
λ2

2nd
. (5)

Òóò δλ � íå ñòàëà âåëè÷èíà i çàëåæèòü âiä äîâæèíè
õâèëi. Òîìó (5) ìîæíà âèêîðèñòîâóâàòè ó ðàçi, êîëè
δλ çíà÷íî ìåíøà âiä λ. ßê áà÷èìî, çìiíþþ÷è êîåôi-
öi¹íòè âiäáèòòÿ äçåðêàë àáî áàçó IÔÏ, ìîæíà ñóòò¹-
âî çìiíèòè ôóíêöiþ ïðîïóñêàííÿ IÔÏ, ìàêñèìàëüíî
íàáëèçèâøè ¨¨ äî ôóíêöi¨ ïîãëèíàííÿ àíàëiçîâàíîãî
ãàçó.
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Âèðàç (2) ñïðàâåäëèâèé çà âiäñóòíîñòi ïîãëèíàííÿ
â äçåðêàëàõ i çà âiäñóòíîñòi âiäõèëåíü ¨õíüî¨ ïîâåðõíi
âiä iäåàëüíî¨ ïëîùèíè. Ôóíêöiþ ïðîïóñêàííÿ IÔÏ â
ðàçi ðåàëüíèõ äçåðêàë îïèñàíî â ïðàöi [15].

III. ÑÓÒÜ ÌÅÒÎÄÓ ÒÀ ÑÏÎÑÎÁÈ
ÑÊÀÍÓÂÀÍÍß ÑÏÅÊÒÐÀ

ßê áà÷èìî, ôóíêöiÿ Åéði ñòàíîâèòü ñîáîþ ïåðiî-
äè÷íó ôóíêöiþ ç ïåðiîäîì, ùî äîðiâíþ¹ äiëÿíöi çâî-
ðîòíî¨ äèñïåðñi¨, i øèðèíîþ ìàêñèìóìó ïðîïóñêàííÿ,
ÿêèé âèçíà÷à¹òüñÿ êîåôiöi¹íòîì âiäáèòòÿ äçåðêàë, ¨õ
ïîãëèíàííÿì, äåôåêòàìè äçåðêàë òà ¨õ âçà¹ìíèì íà-
õèëîì. Îòæå, çìiíþþ÷è öi ïàðàìåòðè, ìîæíà îòðè-
ìàòè áóäü-ÿêó ïåðiîäè÷íó ôóíêöiþ ÷àñòîòè. Òîáòî,
ÿêùî ñïåêòð àíàëiçîâàíîãî ãàçó ìà¹ ïåðiîäè÷íó ñòðó-
êòóðó (îáåðòàëüíó àáî êîëèâàëüíó), òî, çìiíþþ÷è ïà-
ðàìåòðè IÔÏ, ìîæíà ¨¨ âiäòâîðèòè íà ïåâíîìó iíòåð-
âàëi äîâæèí õâèëü i òàêèì ñïîñîáîì ñòâîðèòè êîðå-
ëÿöiéíó ñïåêòðàëüíó ìàñêó äëÿ àíàëiçîâàíîãî ãàçó.
Â öüîìó é ïîëÿãà¹ îñíîâíà ñóòü ìåòîäó ñåëåêòèâíîãî
àíàëiçó ãàçîâèõ êîìïîíåíòiâ çà äîïîìîãîþ IÔÏ.
Óïåðøå IÔÏ çàïðîïîíóâàâ Ð. Âóä ó 1904 ðîöi òà

çàñòîñóâàâ äëÿ âèäiëåííÿ îäíi¹¨ ç êîìïîíåíò æîâòîãî
äóáëåòà íàòðiþ. Íàâåäåíèé íà ðèñ. 1 ñïåêòð ïðîïó-
ñêàííÿ IÏÔ Âóäà ìîæíà âiäíåñòè òàêîæ i äî ôóí-
êöi¨ ïðîïóñêàííÿ IÔÏ ç âiäñòàííþ ìiæ äçåðêàëàìè
d = 5.45 ìêì; R = 0.6, A = 0.1, äå A � ïîãëèíàííÿ
â äçåðêàëàõ. Îòæå, IÔÏ ¹ ÿêiñíîþ ñïåêòðàëüíîþ ìà-
ñêîþ i äëÿ àíàëiçó ãàçó NH3. Çðîçóìiëî, ùîá îòðèìà-
òè ïðîìîäóëüîâàíèé ñâiòëîâèé ïîòiê, íåîáõiäíî ðåàëi-
çóâàòè ñêàíóâàííÿ ìàêñèìóìiâ ïðîïóñêàííÿ iíòåðôå-
ðîìåòðà íà âåëè÷èíó, ùî äîðiâíþ¹ ïîëîâèíi äiëÿíêè
éîãî âiëüíî¨ äèñïåðñi¨.
Âiäîìèìè ¹ òðè ñïîñîáè ñêàíóâàííÿ iíòåðôåðåíöié-

íî¨ êàðòèíè, ÿêi ùå é íàáóëè øèðîêîãî çàñòîñóâàííÿ:
Ñêàíóâàííÿ ñïåêòðà çìiíîþ òèñêó âñåðåäèíi ií-

òåðôåðîìåòðà ¹ ïðîñòèì i íàäiéíèì ñïîñîáîì. Îäíàê
éîãî äîöiëüíî âèêîðèñòîâóâàòè çà äîñèòü çíà÷íèõ
òîâùèí IÔÏ. Ñïðàâäi, ïîêàçíèê çàëîìëåííÿ n ãàçó
çàëåæèòü âiä òèñêó P :

(n− 1) = (n0 − 1)P/P0, (6)

äå n0 � ïîêàçíèê çàëîìëåííÿ ãàçó çà ïî÷àòêîâîãî
òèñêó P0. Äëÿ ïîâiòðÿ n0 = 1.0003 çà òèñêó P0 =
760 ìì.ðò.ñò. Ç (6) ìîæíà îòðèìàòè, ùî ïðèðiñò àòìî-
ñôåðíîãî òèñêó P ñïðè÷èíÿ¹ çáiëüøåííÿ ∆n:

∆n = 4× 10−7∆P. (7)

Òîäi äëÿ ñêàíóâàííÿ IÔÏ íà âåëè÷èíó éîãî âiëüíî¨
äèñïåðñi¨ ∆λ íåîáõiäíî çìiíèòè òèñê:

∆P =
λ

8d× 107
. (8)

Äðóãèé ñïîñiá áàçó¹òüñÿ íà çìiíi êóòà ïàäiííÿ ñâi-

òëà íà IÔÏ, âiä ÿêîãî, çãiäíî ç óìîâîþ ìàêñèìóìó
2d cosΘ = mλ, çàëåæèòü ðiçíèöÿ õîäó. Äëÿ çìiíè êó-
òà Θ IÔÏ ïîâåðòàþòü âiäíîñíî âåðòèêàëüíî¨ îñi çà

äîïîìîãîþ, äî ïðèêëàäó, êðîêîâîãî äâèãóíà. Êóò, íà
ÿêèé íåîáõiäíî ïîâåðíóòè IÔÏ äëÿ ñêàíóâàííÿ íà âå-
ëè÷èíó éîãî äiëÿíêè âiëüíî¨ äèñïåðñi¨:

Θs =
1

2

λ0n

d
=

1

2n

2λ0∆s

104
, ∆s =

1

2nd
. (9)

Äëÿ åòàëîíiâ íåçíà÷íî¨ òîâùèíè êóòè íàõèëó ñòà-
íîâëÿòü ∼ 15◦ i ¹ öiëêîì äîñòóïíèìè. Ïðè öüîìó ¨õíi
ïàðàìåòðè, ïðîïóñêàííÿ â ìàêñèìóìi òà øèðèíà àïà-
ðàòíîãî êîíòóðó çìiíþþòüñÿ íåñóòò¹âî (∼ 10− 15%).
Äëÿ iíòåðôåðîìåòðiâ, ùî ìàþòü çíà÷íó òîâùèíó
(∼ 10 ìì i áiëüøå), òàêi íàõèëè íå äîïóñòèìi. Ó öüî-
ìó ðàçi ïðîìåíi çìiùóþòüñÿ îäèí äî îäíîãî, ÷àñòèíà
ç íèõ íå ïåðåêðèâà¹òüñÿ é íå iíòåðôåðó¹. Çàóâàæè-
ìî, ùî ïàðàëåëüíèé ïó÷îê ñâiòëà äiàìåòðîì D, ÿêèé
ïàäà¹ íà åòàëîí ïiä êóòîì Θ, çàçíà¹, êðiì ìîæëèâèõ
óòðàò âíàñëiäîê ïîãëèíàííÿ, òàêîæ i âòðàòè âíàñëi-
äîê âiäáèâàííÿ ïðîìåíiâ, ùî íå iíòåðôåðóþòü, êiëü-
êiñòü ÿêèõ çáiëüøóþòüñÿ çi çáiëüøåííÿì d i ïðîïîð-
öiéíà âiäíîøåííþ d/D (òîâùèíè åòàëîíà é äiàìåòðà
ïó÷êà).

Òðåòié ñïîñiá ñêàíóâàííÿ áàçó¹òüñÿ íà çìiíi âiä-

ñòàíi ìiæ ïëàñòèíàìè IÔÏ. Òî÷íiñòü ïåðåìiùåí-
íÿ îäíî¨ ç ïëàñòèí ìà¹ áóòè äóæå âèñîêà (0.0025 �
0.0075 ìêì). Çìiíó âiäñòàíi ìîæíà ðåàëiçóâàòè ìåõà-
íi÷íèìè àáî åëåêòðîìåõàíi÷íèìè ìåòîäàìè. Öi ìåòî-
äè õî÷ i ìîæëèâi, îäíàê ïîâ'ÿçàíi ç âåëèêèìè òåõíî-
ëîãi÷íèìè òðóäíîùàìè, ÿêi ¹ íàñëiäêîì íåîáõiäíîñòi
çàáåçïå÷åííÿ âèñîêî¨ òî÷íîñòi ïåðåìiùåííÿ.

Íàéáiëüø ïðîñòèì i ïîøèðåíèì ñïîñîáîì òðåòüîãî
òèïó ¹ çìiíà âiäñòàíi ìiæ ïëàñòèíàìè IÔÏ ç âèêîðè-
ñòàííÿì ï'¹çîåëåêòðè÷íîãî åôåêòó. Äëÿ öüîãî âèêî-
ðèñòîâóþòü ï'¹çîêåðàìiêó � ïîëiêðèñòàëi÷íó ðå÷îâè-
íó, â ñêëàäi ÿêî¨ ¹ òèòàíàò áàðiþ. Ðåàëiçó¹òüñÿ ìåòîä
íàÿâíiñòþ åëåêòðè÷íîãî ïîëÿ â ï'¹çîåëåêòðè÷íîìó
äèñêó, íà ÿêîìó çàêðiïëåíî îäíå iç äçåðêàë IÔÏ i
ÿêèé, ñâî¹þ ÷åðãîþ, ðå óëþ¹ âiäñòàíü ìiæ äçåðêàëà-
ìè. Ïðè÷îìó ÷àñòîòà ñêàíóâàííÿ öèì ìåòîäîì ìîæå
áóòè çíà÷íîþ (áëèçüêî äåñÿòêà êiëîãåðö).

Òîé ÷è òîé ñïîñiá ñêàíóâàííÿ ìîæå áóòè îáðàíèé,
çàëåæíî âiä êîíñòðóêöi¨ IÔÏ ÷è ãàçîàíàëiçàòîðà çà-
ãàëîì. Òàê, ÿêùî â ðîëi IÔÏ âèáðàíî ïëîñêó ïàðà-
ëåëüíó ïëàñòèíó (åòàëîí), òî ñêàíóâàííÿ ìîæå áóòè
ðåàëiçîâàíèì òiëüêè çìiíîþ íàõèëó äî îñi ïðèëàäó.
Îäíàê öå ïðèâîäèòü äî çìåíøåííÿ ïðîïóñêàííÿ â äi-
ëÿíöi ìàêñèìóìó, ðîçøèðåííÿ ìàêñèìóìó òà éîãî çñó-
âó. Îêðiì òîãî, äëÿ óëüòðàôiîëåòîâî¨ (ÓÔ) äiëÿíêè
ñïåêòðà òîâùèíà åòàëîíà ïîâèííà áóòè äóæå ìàëîþ
äëÿ äîñÿãíåííÿ çáiãó äiëÿíêè âiëüíî¨ äèñïåðñi¨ çi ñïå-
êòðàëüíèì iíòåðâàëîì ìiæ ëiíiÿìè êîëèâíî¨ ñòðóêòó-
ðè ñïåêòðà. Òîìó äëÿ ÓÔ-äiëÿíêè åòàëîíà íå âèêîðè-
ñòîâóþòü.

Îòæå, ìîæíà çðîáèòè âèñíîâîê, ùî â ÓÔ-äiëÿíöi
ñïåêòðà ÿê ñïåêòðàëüíó ìàñêó äîöiëüíî çàñòîñîâóâà-
òè IÔÏ ç ï'¹çîêåðàìi÷íèì ñêàíóâàííÿì ¨¨ ÷àñòîò. Â
iíôðà÷åðâîíié (I×) äiëÿíöi ìîæíà âèêîðèñòîâóâàòè
é åòàëîí, à ñêàíóâàòè íàõèëîì åòàëîíà äî îïòè÷íî¨
îñi ïðèëàäó.
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IV. ÅÊÑÏÅÐÈÌÅÍÒ

Äîñëiäæóâàëè ìîæëèâiñòü ñêàíóâàòè ñïåêòð ïîãëè-
íàííÿ SÎ2 â äiëÿíöi 220 íì. Íà ðèñ. 3 íàâåäåíà ôóí-
êöiÿ ïðîïóñêàííÿ äëÿ R ∼ 0, 7, λ ∼ 220 íì, ∆λ ∼
1.7 íì. Çà óìîâè, ùî λ/∆λ = k � ïàðíå çíà÷åííÿ,
I = I0, çà k íåïàðíîãî I = 0.006 · I0.

λ, nm

λ, nm

a

10

30

50

70

χ    cm-1

218 220 222

b

0,5

1,0

220

λ, nm

c

0,5

1,0

220

I/I0

I/I0

Ðèñ. 3. Ñïåêòð ïîãëèíàííÿ SO2 (a) i ïðîïóñêàííÿ iíòåð-
ôåðîìåòðà Ôàáði�Ïåðî (b, c)

Fig. 3. SO2 absorption spectrum (a) and Fabry�P�erot
interferometer transmission (b, c)

.

Äiëÿíêà âiëüíî¨ äèñïåðñi¨ 1.7 íì âiäïîâiäà¹ âiäñòà-
íi ìiæ äçåðêàëàìè iíòåðôåðîìåòðà d = 14.4 ìêì.
Ðèñ. 3,b âiäðiçíÿ¹òüñÿ âiä ðèñ. 3,c çìiíîþ d íà 0.11 ìêì
(λ/2). Íà ðèñ. 3a çîáðàæåíî ñïåêòð ïîãëèíàííÿ SO2

ó äiëÿíöi 220 íì. Ïðè÷îìó, iç ðèñ. 3 áà÷èìî, ùî ïiä
÷àñ ïðîõîäæåííÿ âèïðîìiíþâàííÿ ïîñëiäîâíî ÷åðåç
êþâåòó, ùî ìiñòèòü SO2, òà iíòåðôåðîìåòð ó âèïàä-
êó (b), ïiêè ïðîïóñêàííÿ iíòåðôåðîìåòðà çáiãàþòüñÿ
ç ìàêñèìóìàìè ïîãëèíàííÿ SO2. Îòæå, ÿêùî ðåàëi-
çóâàòè ñêàíóâàííÿ äîâæèíè iíòåðôåðîìåòðà íà âåëè-
÷èíó ±λ/2, òî âèïðîìiíþâàííÿ, ùî ïðîéøëî êþâåòó

ç SO2 òà iíòåðôåðîìåòð, áóäå ïðîìîäóëüîâàíî ïî ií-
òåíñèâíîñòi ç ÷àñòîòîþ, ïîäâî¹íîþ ùîäî ÷àñòîòè ñêà-
íóâàííÿ. Ïðè öüîìó ãëèáèíà ìîäóëÿöi¨ áóäå ïðîïîð-
öiéíîþ êîíöåíòðàöi¨ SO2 ó êþâåòi.
Iç óðàõóâàííÿì öüîãî ïðèíöèïó ìîäèôiêîâàíî âè-

ùå îïèñàíèé êîðåëÿöiéíèé àíàëiçàòîð SO2, ìîäèôi-
êîâàíà áëîê�ñõåìà ÿêîãî íàâåäåíà íà ðèñ. 4. Àíàëi-
çàòîð ñêëàäà¹òüñÿ ç äåéòåði¹âî¨ ëàìïè ÄÄÑ-30 1, êî-
ëiìàòîðà 2, êþâåòè 3, ÷åðåç ÿêó ïðîêà÷ó¹òüñÿ àíàëi-
çîâàíà ãàçîâà ñóìiø, ñâiòëîôiëüòðiâ 4, ñêàíóâàëüíî-
ãî iíòåðôåðîìåòðà Ôàáði�Ïåðî 5, îá'¹êòèâà 6, ÔÅÏ-
142 7, óçãîäæóâàëüíîãî ïiäñèëþâà÷à 8, ïiäñèëþâà÷à 9,
ùî ðå óëþ¹òüñÿ, ñåëåêòèâíîãî ôiëüòðà äðóãî¨ ãàðìî-
íiêè 10, ñèíõðîííîãî äåòåêòîðà 11, ôiëüòðà íèçüêèõ
÷àñòîò 12, ïiäñèëþâà÷à ñòàëîãî ñòðóìó 13, iíäèêàòî-
ðà 14,  åíåðàòîðà 15, ôàçîîáåðòà÷à 16, ñåëåêòèâíîãî
ôiëüòðà ïåðøî¨ ãàðìîíiêè 17, ñèíõðîííîãî äåòåêòîðà
18, ôiëüòðà íèçüêèõ ÷àñòîò 19 òà ïiäñèëþâà÷à ïîñòié-
íîãî ñòðóìó 20.

20

15 16
17 18 19

41 2 3

5 6

7 8 9 10 11 12 13 14

Ðèñ. 4. Áëîê-ñõåìà ìîäèôiêîâàíîãî àíàëiçàòîðà SO2

Fig. 4. Block diagram of the modi�ed SO2 analyzer

Àíàëiçàòîð ïðàöþ¹ òàê. Âèïðîìiíþâàííÿ âiä ëàì-
ïè ÄÄÑ-30 1 ôîðìó¹òüñÿ â êîëiìàòîði 2 i íàïðàâëÿ¹-
òüñÿ â êþâåòó 3 ç àíàëiçîâàíèì ãàçîì (SO2), íàáóâà-
þ÷è õàðàêòåðíî¨ ñïåêòðàëüíî¨ ñòðóêòóðè (ðèñ. 3,a).
Äàëi âèïðîìiíþâàííÿ ïðîõîäèòü ÷åðåç iíòåðôåðåí-
öiéíèé ñâiòëîôiëüòð 4, ÿêèé âèäiëÿ¹ ðîáî÷ó äiëÿí-
êó ñïåêòðà (äèâ. ðèñ. 4) i ïîòðàïëÿ¹ íà ñêàíóâàëü-
íèé IÔÏ 5, ùî óòâîðåíèé äçåðêàëàìè ç êîåôiöi¹íòà-
ìè âiäáèâàííÿ R = 0.7. Òîâùèíó iíòåðôåðîìåòðà d
âèáèðà¹ìî ç óìîâè ðiâíîñòi ïåðiîäó ñòðóêòóðè SO2

(∆λSO2
) i äiëÿíêè âiëüíî¨ äèñïåðñi¨ iíòåðôåðîìåòðà

(∆λu): ∆λSO2
= ∆λu = 1.7 íì (äèâ. ðèñ. 3,c). Ùîá

îòðèìàòè íà âèõîäi iíòåðôåðîìåòðà ïðîìîäóëüîâàíèé
ñâiòëîâèé ïîòiê, íà ñêàíóâàëüíèé IÔÏ ïîäà¹ìî êåðó-
þ÷ó íàïðóãó çâóêîâî¨ ÷àñòîòè (∼ 70 Ãö) âiä  åíåðà-
òîðà 15. Ïðè öüîìó ïîëîæåííÿ çà ÷àñòîòîþ iíòåðôå-
ðåíöiéíèõ ìàêñèìóìiâ ïåðiîäè÷íî êîëèâà¹òüñÿ ç òi¹þ
ñàìîþ ÷àñòîòîþ ùîäî ñâîãî ñåðåäíüîãî ïîëîæåííÿ,
ÿêå çáiãà¹òüñÿ ç ïîëîæåííÿì ñìóã ïðîïóñêàííÿ â ñïå-
êòði SO2, ùî âèêëèêà¹ àìïëiòóäíó ìîäóëÿöiþ ñâiòëî-
âîãî ïîòîêó, ÿêèé ïðîéøîâ ÷åðåç IÔÏ íà ïîäâî¹íié
÷àñòîòi (äèâ. ðèñ. 3). Ïðè÷îìó àìïëiòóäà ïðîìîäóëüî-
âàíîãî ñâiòëîâîãî ïîòîêó ïðîïîðöiéíà iíòåíñèâíîñòi
ñìóã ïîãëèíàííÿ SO2, òîáòî êîíöåíòðàöi¨ SO2 ó äî-
ñëiäæóâàíié ãàçîâié ïðîái. Ó ðîëi òåñòîâî¨ ñóìiøi, çà
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ÿêîþ ìîæíà êàëiáðóâàòè ïðèëàä ïî êîíöåíòðàöi¨, ìî-
æå ñëóãóâàòè CH4 [11].
Äëÿ îòðèìàííÿ ìàêñèìàëüíî¨ ãëèáèíè àìïëiòóäíî¨

ìîäóëÿöi¨ çà òàêî¨ ñàìî¨ êîíöåíòðàöi¨ SO2 íåîáõiäíî,
ùîá ÷àñòîòíå çìiùåííÿ iíòåðôåðåíöiéíèõ ìàêñèìó-
ìiâ âiäïîâiäàëî çìiíi ïîðÿäêó iíòåðôåðåíöi¨, òîáòî
â êðàéíiõ òî÷êàõ öüîãî çìiùåííÿ ÷àñòîòíå ïîëîæå-
ííÿ m-ãî iíòåðôåðåíöiéíîãî ìàêñèìóìó çàéìàâ, äî
ïðèêëàäó, (m− 1)-é ìàêñèìóì. Îñòàíí¹ âèêîíó¹òüñÿ,
ÿêùî ðiçíèöÿ õîäó ïðîìåíiâ, ùî iíòåðôåðóþòü∆, çìi-
íþ¹òüñÿ íà âåëè÷èíó, ÿêà äîðiâíþ¹ äîâæèíi õâèëi λ
öèõ ïðîìåíiâ. Îñêiëüêè ∆ = 2d, òî òîâùèíà iíòåðôå-
ðîìåòðà ìà¹ çìiíþâàòèñÿ íà λ/2. Äëÿ öüîãî àìïëiòóäà
 åíåðàòîðà 15 ïîâèííà ìàòè çíà÷åííÿ Ug = λ/2α, äå
α � êîåôiöi¹íò ëiíiéíîãî ïîäîâæåííÿ óïðàâëÿþ÷îãî
åëåìåíòà IÔÏ ïiä äi¹þ ïîäàíî¨ íàïðóãè.
Ïðîìîäóëüîâàíèé ó òàêèé ñïîñiá ñâiòëîâèé ïîòiê

ôîêóñó¹òüñÿ îá'¹êòèâîì 6 íà ôîòîêàòîä ÔÅÏ-142 7.
Ñè íàë, ùî çíiìà¹òüñÿ ç ÔÅÏ, ïîäà¹òüñÿ ÷åðåç ïîãî-
äæóâàëüíèé êàñêàä 8 íà ïiäñèëþâà÷ 9, äàëi íà ñåëå-
êòèâíèé ôiëüòð äðóãî¨ ãàðìîíiêè 10 òà ñèíõðîííèé
äåòåêòîð 11. Îïîðíèé ñè íàë ïîäà¹òüñÿ íà ñèíõðîí-
íèé äåòåêòîð âiä  åíåðàòîðà 15 ÷åðåç ïîäâîþâà÷ ÷à-
ñòîòè òà ôàçîîáåðòà÷ 16. Ñè íàë ñèíõðîííîãî äåòå-
êòîðà çãëàäæó¹òüñÿ ôiëüòðîì íèçüêèõ ÷àñòîò 12, ïiä-
ñèëþ¹òüñÿ ïiäñèëþâà÷åì ñòàëîãî ñòðóìó 13 i ïîñòóïà¹
íà iíäèêàòîð 14, ÿêèé ïðî ðàäóéîâàíèé â îäèíèöÿõ
êîíöåíòðàöi¨ SO2.
Äëÿ óñóíåííÿ ñàìîâiëüíîãî äðåéôó ñåðåäíüîãî ïî-

ëîæåííÿ ñìóã ïðîïóñêàííÿ IÔÏ (ìàñêè) ùîäî ñòðó-
êòóðè ñìóãè ïîãëèíàííÿ SO2 âèêîðèñòàíî ñèñòåìó àâ-
òîíàëàøòîâóâàííÿ ìàñêè. Äëÿ öüîãî ñè íàë, ùî çíi-
ìà¹òüñÿ ç ÔÅÏ 7, äîäàòêîâî íàäõîäèòü ÷åðåç ïiäñè-
ëþâà÷i 8 i 9 íà ñåëåêòèâíèé ôiëüòð ïåðøî¨ ãàðìîíiêè
17, ñèíõðîííèé äåòåêòîð 18 òà îïîðíèé ñè íàë, ÿêèé
ïîñòóïà¹ âiä  åíåðàòîðà 15. Ñè íàë ñèíõðîííîãî äåòå-
êòîðà çãëàäæó¹òüñÿ ôiëüòðîì íèçüêèõ ÷àñòîò 19, ïiä-
ñèëþ¹òüñÿ ïiäñèëþâà÷åì ñòàëîãî ñòðóìó 20 i íàäõî-
äèòü íà óïðàâëÿþ÷èé åëåìåíò ñêàíóâàëüíîãî IÔÏ 5.
ßê óæå çãàäóâàëîñü, çà çáiãó ñåðåäíüîãî ïîëîæåííÿ

iíòåðôåðåíöiéíèõ ìàêñèìóìiâ iç ìàêñèìóìàìè ïðîïó-
ñêàííÿ â ñïåêòði ïîãëèíàííÿ SO2 ìîäóëÿöiÿ äîâæèíè
iíòåðôåðîìåòðà ùîäî öi¹¨ ðîáî÷î¨ òî÷êè ñïðè÷èíÿ¹
ïîÿâó íà âèõîäi ÔÅÏ ñè íàëó íà ïîäâî¹íié ÷àñòîòi
 åíåðàòîðà 2ω, ïðè÷îìó ñè íàë íà ÷àñòîòi ω âiäñó-
òíié. Ïiä ÷àñ çìiùåííÿ ðîáî÷î¨ òî÷êè âiä ïî÷àòêîâî-
ãî ïîëîæåííÿ íà âèõîäi ÔÅÏ ç'ÿâëÿ¹òüñÿ ñè íàë iç
÷àñòîòîþ ω, ÿêèé ïiäñèëþ¹òüñÿ i ôiêñó¹òüñÿ ñèíõðîí-
íèì äåòåêòîðîì 18, íàäõîäèòü íà ïiäñèëþâà÷ ñòàëî-
ãî ñòðóìó 20 i ïîäà¹òüñÿ íà óïðàâëÿþ÷èé åëåìåíò
(ï'¹çîêåðàìiêó ÊÏ-1) ñêàíóâàëüíîãî IÔÏ. Ïðè÷îìó
âåëè÷èíà i çíàê íàïðóãè, ÿêà çíiìà¹òüñÿ ç ñèíõðîí-
íîãî äåòåêòîðà 18, çàëåæèòü âiä âåëè÷èíè é íàïðÿì-
êó çìiùåííÿ ðîáî÷î¨ òî÷êè ùîäî ñòðóêòóðè ñìóãè ïî-
ãëèíàííÿ SO2, à òàêîæ âiä ñïiââiäíîøåííÿ ôàç ñè íà-
ëiâ, ÿêi íàäõîäÿòü íà ñèíõðîííèé äåòåêòîð 18 ç ÔÅÏ
i  åíåðàòîðà 15. Òîìó ôàçîîáåðòà÷åì 16 äiáðàíî òà-
êå ¨õ ñïiââiäíîøåííÿ, ùîá íàïðóãà, ùî çíiìà¹òüñÿ ç
ñèíõðîííîãî äåòåêòîðà 18, ÿêà áóëà ðàíiøå ïiäñèëå-
íà i ÿêà äàëi ïîñòóïà¹ íà ï'¹çîêåðàìiêó, ïðèâîäèëà äî

çìiùåííÿ iíòåðôåðåíöiéíèõ ìàêñèìóìiâ äî ìàêñèìó-
ìiâ ïðîïóñêàííÿ ñïåêòðà SO2, òîáòî ïîâåðòàëà ¨õ äî
ñåðåäíüîãî ïîëîæåííÿ.
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Ëàáîðàòîðíi âèïðîáóâàííÿ îïèñàíîãî ìàêåòà àíàëi-
çàòîðà SO2 ïðîäåìîíñòðóâàëè éîãî âèñîêi ìåòðîëîãi-
÷íi ïàðàìåòðè. Îñíîâíà íàâåäåíà ïîõèáêà ñòàíîâèëà
1% íà øêàëi 0�10000 ppm i 10% íà øêàëi 0�1000 ppm.
Äîâæèíà êþâåòè äîðiâíþ¹ 170 ìì, ÷àñ ïðîãðiâó ìà-
êåòà ñòàíîâèâ 30 õâèëèí, ìiíiìàëüíà âèìiðþâàíà êîí-
öåíòðàöiÿ 25 ppm.
Ùîäî çîâíiøíiõ ÷èííèêiâ, òî çãiäíî ç àíàëiçîì, íà-

âåäåíèì ó ïðàöÿõ [15, 16], ïðè íàøèõ ðîçìiðàõ áà-
çè iíòåðôåðîìåòðà íà íüîãî íå ïîâèííi âïëèâàòè çìi-
íà àòìîñôåðíîãî òèñêó òà çìiíà òåìïåðàòóðè â óñüî-
ìó íàÿâíîìó â íàøèõ óìîâàõ äiàïàçîíi âèìiðþâàíü.
Ùîäî òèñêó, âñå ñïðàâäi òàê, îäíàê êîëèâàííÿ òåìïå-
ðàòóðè ñóòò¹âî âïëèâà¹ íà iíòåðôåðîìåòðè öi¹¨ êîí-
ñòðóêöi¨. Äëÿ âðàõóâàííÿ òåìïåðàòóðíî¨ çàëåæíîñòi
åêñïåðèìåíòàëüíî äîñëiäæåíî çàëåæíîñòi ïðîïóñêà-
ííÿ ëàçåðíîãî âèïðîìiíþâàííÿ 0.63 ìêì iíòåðôåðî-
ìåòðà âiä òåìïåðàòóðè òåðìîñòàòà, íà ÿêîìó âií áóâ
ðîçòàøîâàíèé [11, 17]. Ðåçóëüòàòè åêñïåðèìåíòó ñâiä-
÷àòü, ùî áàçà iíòåðôåðîìåòðà âñå æ íåçíà÷íî çìiíþ-
¹òüñÿ ç ïëèíîì ÷àñó, ùî ñâî¹þ ÷åðãîþ ïðèâîäèòü äî
çìiíè ðîáî÷î¨ òî÷êè ïiä ÷àñ ñêàíóâàííÿ ç äîïîìîãîþ
ï'¹çîêîðåêòîðà iíòåðôåðîìåòðà i, âiäïîâiäíî, äî çìiíè
ãàðìîíi÷íîãî ñêëàäó êîðèñíîãî ñè íàëó òà éîãî àì-
ïëiòóäè. Òîìó ìè ïåðåäáà÷èëè ñòàáiëiçàöiþ ïàðàìå-
òðiâ iíòåðôåðîìåòðà çà ñïåêòðàëüíèìè ïàðàìåòðàìè
àíàëiçîâàíîãî ãàçó.
Àíàëiçàòîð ìà¹ âèñîêó ñåëåêòèâíiñòü. Ïîõèáêà, âè-

êëèêàíà êîìïîíåíòàìè, ùî çàâàæàþòü (NH3, NO),
ñòàíîâèòü áëèçüêî 5% íà øêàëi (0�1000 ppm).
Çàçíà÷èìî, ùî íàâåäåíà ôóíêöiÿ Åéði ¹ äiéñíîþ

äëÿ iäåàëüíîãî IÔÏ. Äëÿ îòðèìàííÿ æ ðåàëüíîãî ðîç-
ïîäiëó iíòåíñèâíîñòi íåîáõiäíî âðàõîâóâàòè äåôåêòè
äçåðêàë iíòåðôåðîìåòðà, òîáòî ïîõèáêè ïiä ÷àñ ¨õ
âñòàíîâëåííÿ [15].
Ó öüîìó êîíêðåòíîìó ïðèêëàäi äëÿ çáiëüøåííÿ ÷ó-

òëèâîñòi, òîáòî çìåíøåííÿ ïîõèáêè, íåîáõiäíî, ÿê
ïîêàçó¹ ðîçðàõóíîê, çáiëüøèòè êîåôiöi¹íò âiäáèòòÿ
äçåðêàë äî 0.8�0.85 i âñòàíîâèòè äîâãîõâèëüîâó ìåæó
ïðîïóñêàííÿ ñâiòëîôiëüòðà íà ðiâíi 0.1 çà λ = 230 íì.
Âèêîðèñòàííÿ iíòåðôåðîìåòðà Ôàáði�Ïåðî ÿê êî-

ðåëÿöiéíî¨ ìàñêè äà¹ çìîãó ëåãêî ïåðåõîäèòè âiä âè-
ìiðþâàííÿ îäíîãî êîìïîíåíòà äî âèìiðþâàííÿ iíøèõ.
Òàê, âèêîðèñòîâóþ÷è òàêó ñàìó åëåìåíòíó áàçó, çìi-
íèâøè âiäñòàíü ìiæ äçåðêàëàìè, ìîæíà àíàëiçóâàòè
òàêi êîìïîíåíòè, ÿê NH3, NO, O3 òà iíøi.
Ó òàáëèöi 1 íàâåäåíi äiàïàçîíè äîâæèí õâèëü, ó

ÿêèõ ìîæëèâî àíàëiçóâàòè íàéáiëüø ïîøèðåíi ãàçî-
âi êîìïîíåíòè çà äîïîìîãîþ ïðîïîíîâàíîãî ìåòîäó,
ïåðiîäè õàðàêòåðíî¨ ñòðóêòóðè öèõ êîìïîíåíòiâ, âiä-
ñòàíü ìiæ äçåðêàëàìè iíòåðôåðîìåòðà Ôàáði�Ïåðî òà
ìàòåðiàë äçåðêàë. Ó äåÿêèõ ãàçiâ, óêàçàíèõ ó òàáëè-
öi, ñòðóêòóðà ñïåêòðà âiäìiííà âiä ïåðiîäè÷íî¨ (H2S,
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NO, O3). Ó öüîìó ðàçi íåîáõiäíî âèäiëèòè çà äîïîìî-
ãîþ ñâiòëîôiëüòðà äiëÿíêó ñïåêòðà, äå éîãî ñòðóêòó-
ðà êâàçiïåðiîäè÷íà. Îñòàíí¹ ìîæå ïðèâåñòè ëèøå äî
íåçíà÷íîãî çìåíøåííÿ êîðèñíîãî ñè íàëó íà îñíîâíié
÷àñòîòi é ïîÿâi ñè íàëó íà iíøèõ ÷àñòîòàõ. Ïðè öüî-

ìó â ñèñòåìó àâòîíàëàøòîâóâàííÿ ìàñêè íåîáõiäíî
ââåñòè ïîðîãîâèé ïðèñòðié, ÿêèé çàïîáiãàòèìå ïîÿâi
ñòàëî¨ íàïðóãè íà êåðóþ÷îìó åëåìåíòi iíòåðôåðîìå-
òðà ïiä ÷àñ éîãî îïòèìàëüíîãî íàëàøòîâóâàííÿ ùîäî
ñïåêòðà àíàëiçîâàíîãî ãàçó.

�

ç/ï

Âèìiðþâàíèé

êîìïîíåíò

Äîâæèíà õâèëi /

÷àñòîòà

Ïåðiîä

ñòðóêòóðè

Âiäñòàíü ìiæ

äçåðêàëàìè

Ìàòåðiàë

äçåðêàë

1 SO2 210 nm 1.67 nm 13 µm Êâàðö ÊÓ

300 nm 1.95 nm 23 µm Êâàðö ÊÓ

1127 ñm−1 13.4 ñm−1 1.47 mm Êåðàìiêà ÊÎ41

2 CO 2100 ñm−1 4.3 ñm−1 1.16 mm Êåðàìiêà ÊÎ1

200 nm 3.75 nm 5.3 µm Êâàðö ÊÓ

3 NO 210 nm 10.8 nm 2 µm Êâàðö ÊÓ

1912 cm−1 3.7 cm−1 1.36 mm Êåðàìiêà ÊÎ1

4 CH4 2930 cm−1 10.3 cm−1 0.49 mm Êâàðö ÊÈ

5 CO2 2300 ñm−1 2 ñm−1 2.5 mm Êåðàìiêà ÊÎ1

6 NH3 210 nm 3.8 nm 5.8 µm Êâàðö ÊÓ

3200 cm−1 20.1 cm−1 0.25 mm Êâàðö ÊÈ

1150 cm−1 19.5 cm−1 0.26 mm Êåðàìiêà ÊÎ41

7 O3 320 nm 2.6 nm 19.7 µm Êâàðö ÊÓ

8 H2S 1200 ñm−1 12 ñm−1 0.4 mm Êåðàìiêà ÊÎ41

9 NO2 440 nm 4.17 nm 23 µm Êâàðö ÊÂ

Òàáë. 1. Ïàðàìåòðè iíòåðôåðîìåòðè÷íèõ ìàñîê (íàâåäåíî äiëÿíêó äèñïåðñi¨ iíòåðôåðîìåòðà â îäèíèöÿõ äîâæèí õâèëü
òà ÷àñòîò (ñòàëà iíòåðôåðîìåòðà), òîáòî ∆ν = 1/(2L) [ñì−1])

Table 1. Parameters of interferometric masks (the interferometer dispersion range is given in units of wavelengths and
frequencies (interferometer constant), i. e., ∆ν = 1/(2L) [cm−1])

ßê áà÷èìî ç òàáëèöi 1, ìåòîä çàáåçïå÷ó¹ øèðîêi ìî-
æëèâîñòi äëÿ ñåëåêòèâíîãî àíàëiçó ãàçîâèõ ñóìiøåé.
Îòæå, êîðåëÿöiéíi ìàñêè íà îñíîâi IÔÏ ìîæíà øè-

ðîêî âèêîðèñòîâóâàòè äëÿ àíàëiçó ãàçîâèõ êîìïîíåí-
òiâ, ùî ìàþòü êâàçiïåðiîäè÷íó ñòðóêòóðó ñïåêòðà.
Ïîðiâíÿíî ç iíøèìè ïðèëàäàìè ïîäiáíîãî òèïó âîíè
ìàþòü íàáàãàòî áiëüøó ñâiòëîñèëó: U = ΩA, äå Ω �
òiëåñíèé êóò; A � ñâiòëîâèé äiàìåòð IÔÏ çà òàêî¨ ñà-
ìî¨ ðîçäiëüíî¨ çäàòíîñòi. Öå ìà¹ âèðiøàëüíå çíà÷åííÿ

äëÿ äèñòàíöiéíèõ ïðèëàäiâ [17]. Êðiì òîãî, íåâåëèêà
âàãà é  àáàðèòè, äàþòü çìîãó ñòâîðèòè íà ¨õíié îñíî-
âi ïåðåíîñíi ïðèëàäè. Îäíàê, îñêiëüêè IÔÏ � áàãà-
òîïðîìåíåâèé iíòåðôåðîìåòð, ïðîöåäóðà îïòèìiçàöi¨
éîãî ïàðàìåòðiâ äîñèòü ñêëàäíà, õî÷à òåõíi÷íi ìåòîäè
ðîçâ'ÿçàííÿ öi¹¨ ïðîáëåìè ¹ [12]. Êðiì òîãî, äëÿ äå-
ÿêèõ ñïåêòðàëüíèõ äiëÿíîê âiäñóòíÿ åëåìåíòíà áàçà
äëÿ ñòâîðåííÿ iíòåðôåðåíöiéíèõ ïðèëàäiâ, à ìåòîäè
ìîäóëÿöi¨ ¨õíiõ ïàðàìåòðiâ äîñòàòíüî ñêëàäíi.
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USING THE FABRY�P�EROT INTERFEROMETER AS A SPECTRAL MASK

Yu. Bilak, V. Kozubovskii, M. Rol
Uzhhorod National University, 3, Narodna Sq., Uzhhorod

Precise analysis of complex gas mixtures is an urgent task today, since its accuracy and quality is
important not only for human health, but also for the ecology of population centers or the planet as a
whole. Traditional methods of gas environment analysis are imperfect, and those that have the necessary
sensitivity and selectivity do not yield results in a particularly short time.

Nowadays, the Fabry�P�erot interferometry is used for research in a signi�cant number of industrial
and scienti�c areas. The analysis of the works presented in this paper con�rms the relevance of research
in the �eld of multibeam interferometry and the prospects of developing modi�cations of the Fabry�P�erot
interferometer.

The article is devoted to classical optical correlation methods for the analysis of gas mixtures with
a quasi-periodic structure of the spectrum. A modi�cation of the analyzer was developed and it was
shown that the use of the modi�ed Fabry�P�erot interferometer as a correlation mask ensures the express
realization of the selectivity of the measurement components.

An experimental study was conducted to test the possibility of scanning the SO2 absorption spectrum
in the 220 nm region. Laboratory tests of the described layout of the SO2 analyzer demonstrated its
high metrological parameters. The main reported error was 1% on the 0�10000 ppm scale and 10% on
the 0�1000 ppm scale. The length of the cuvette was 170 mm, the warm-up time of the model was 30
minutes, the minimum measured concentration was 25 ppm.

We can state that the correlation masks based on the IFP can be widely used for the analysis of gas
components with a quasi-periodic structure of the spectrum. Compared to other devices of a similar type,
they have a much higher luminous intensity: U = ΩA, where Ω is the solid angle; A is the light diameter
of the IFP with the same resolution. This is crucial for remote instruments [V. R. Kozubovskii, Yu. Yu.
Bilak, Ukr. J. Phys. 66, 664 (2021)]. In addition, their small weight and dimensions allow one to create
portable devices based on them. However, since the IFP is a multi-beam interferometer, the procedure
for optimizing its parameters is rather complicated, although technical methods for solving this problem
exist [V. R. Kozubovskii, V. L. Goldovskii, O. D. Kraysler, AS 1182345 USSR, MKI G01N 21/61].

The conducted analysis and research open up new opportunities for the optimization of interferometric
devices and interferometric methods of gas analysis.
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spectrum, spectrum scanning methods, analyzer, correlation mask.
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