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Iíòåðôåðîìåòðè÷íèì ìåòîäîì âèçíà÷åíî óñi íåçàëåæíi ï'¹çîîïòè÷íi πim êî-
åôiöi¹íòè êðèñòàëiâ ôòîðáåðèëàòó àìîíiþ (NH4)2BeF4. Íà îñíîâi πim òà
êîåôiöi¹íòiâ ïðóæíî¨ æîðñòêîñòi Cmk ðîçðàõîâàíî óñi íåçàëåæíi ïðóæíîî-
ïòè÷íi êîåôiöi¹íòè pik. Âèÿâëåíî, ùî äåÿêi êîåôiöi¹íòè πim ìàþòü íåòèïî-
âî âåëèêi çíà÷åííÿ (∼ 10�13 Áð). Âñòàíîâëåíî, ùî âñi íàéáiëüøi çíà÷åííÿ
ï'¹çîîïòè÷íîãî òà ïðóæíîîïòè÷íîãî åôåêòiâ âiäïîâiäàþòü ãîëîâíèì êîåôi-
öi¹íòàì π11, π23, π33 òà p11, p22 i p23. Öå äîçâîëÿ¹ âiäíåñòè ôòîðáåðèëàò
àìîíiþ äî êðàùèõ àêóñòîîïòè÷íèõ ìàòåðiàëiâ äëÿ óëüòðàôiîëåòîâî¨ îáëà-
ñòi ñïåêòðó, îñêiëüêè íèæíÿ ìåæà ñïåêòðó ïðîïóñêàííÿ ÔÁÀ çíàõîäèòüñÿ
ó ãëèáîêié ÓÔ îáëàñòi ∼ 250 íì.

Êëþ÷îâi ñëîâà: êðèñòàë, ôòîðáåðèëàò àìîíiþ, ï'¹çîîïòè÷íèé åôåêò,
ïðóæíîîïòè÷íèé åôåêò, îäíîâiñíèé òèñê, ïiâõâèëüîâå íàïðóæåííÿ,
ï'¹çîîïòè÷íi êîåôiöi¹íòè, ïðóæíîîïòè÷íi êîåôiöi¹íòè, ïîêàçíèê çàëîìëå-
ííÿ.

1. Âñòóï

Äëÿ âñòàíîâëåííÿ ïðóæíîîïòè÷íî¨ òà àêóñòîîïòè÷íî¨ åôåêòèâíîñòi ìàòåðià-
ëó íåîáõiäíî âèçíà÷èòè óñi êîìïîíåíòè pik òåíçîðà ïðóæíîîïòè÷íèõ êîåôiöi¹íòiâ
(ÏðÎÊ), òîáòî çàïîâíèòè ìàòðèöþ ÏðÎÊ. Íà îñíîâi ìàòðèöi ÏðÎÊ ñëiä ïîáóäóâà-
òè âêàçiâíi ïîâåðõíi (ÂÏ) ïðóæíîîïòè÷íîãî åôåêòó (ÏðÎÅ) [1�4].

Âèçíà÷åííÿ ÏðÎÊ pik (iíäåêñè i i k ïîçíà÷àþòü íàïðÿìêè ïîëÿðèçàöi¨ ñâiòëà i äå-
ôîðìàöi¨ âiäïîâiäíî) ¹ âàæêîþ çàäà÷åþ. Çà ñêëàäíèõ ãåîìåòðié åêñïåðèìåíòó âèðàçè
äëÿ påô ôîðìóþòüñÿ, çàçâè÷àé, ãðîìiçäêîþ ñóìîþ êîåôiöi¹íòiâ pik [5�7]. Òîìó âàæêî
âèçíà÷èòè é àáñîëþòíi çíà÷åííÿ pik, îñîáëèâî òîäi, êîëè iíäåêñè i, k ìàþòü çíà÷åííÿ
4, 5, 6. Âiäïîâiäíî, äëÿ âèçíà÷åííÿ óñiõ çíà÷åíü êîåôiöi¹íòiâ pik i ¨õ çíàêiâ ìåòîäîì
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Äiêñîíà�Êîóåíà íåîáõiäíî äîäàòêîâî âèêîðèñòàòè iíòåðôåðîìåòðè÷íèé ìåòîä [8,9],
à ìåòîäàìè Áåðãìàíà�Ôóåñà [10] òà Ïåòåðñîíà [11] ìîæíà çíàéòè ëèøå âiäíîøåííÿ
p12/p11 àáî ñêëàäíi êîìáiíàöi¨ êîåôiöi¹íòiâ pik òèïó (p11+p12+2p44)/(p11+p12�2p44)
äëÿ êóái÷íèõ êðèñòàëiâ. Äëÿ êðèñòàëiâ íèæ÷î¨ ñèìåòði¨ ïîäiáíi âèðàçè íå çàïèñàíî.
Äèôðàêöiéíèé ìåòîä Íàðàñiìõàìóðòi [9,12] ïðèäàòíèé ëèøå äëÿ çíàõîäæåííÿ êîì-
áiíàöié ÏðÎÊ òèïó (p33n

3
3)/(p13n

3
1) â òðèãîíàëüíèõ êðèñòàëàõ (êëàñè ñèìåòði¨ 3̄, 32,

3m), à ìåòîäîì ðîçñiþâàííÿ Áðiëþåíà ìîæíà âèçíà÷èòè êîåôiöi¹íòè pik êóái÷íèõ
êðèñòàëiâ [13,14] àáî ëèøå ãîëîâíi êîìïîíåíòè ìàòðèöi pik (i, n = 1, 2, 3) â êðèñòàëàõ
íèæ÷î¨ ñèìåòði¨ [15].

Â îñòàííi ðîêè äëÿ çàïîâíåíü ìàòðèöü ÏðÎÊ pik âèêîðèñòîâóþòü iíòåðôåðîìå-
òðè÷íi ìåòîäè [6, 7, 16�18]. À ñàìå, ç äîïîìîãîþ iíòåðôåðîìåòði¨ çíàõîäÿòü óñi êîì-
ïîíåíòè òåíçîðà ÏÎÊ πim (iíäåêñè i, m âêàçóþòü íàïðÿìêè ïîëÿðèçàöi¨ ñâiòëà òà
äi¨ îäíîâiñíîãî òèñêó âiäïîâiäíî), à óñi êîìïîíåíòè òåíçîðà ÏðÎÊ pik ðîçðàõîâóþòü
íà îñíîâi âiäîìîãî òåíçîðíîãî âèðàçó

pik = πimCmk, (1)

äå Cmk � êîåôiöi¹íòè ïðóæíîñòi.
Â äàíié ðîáîòi iíòåðôåðîìåòðè÷íèì ìåòîäîì äîñëiäæåíî ôîòîïðóæíiòü ðîì-

ái÷íèõ êðèñòàëiâ (êëàñ ñèìåòði¨ mmm) ôòîðáåðèëàòó àìîíiþ (NH4)2BeF4 (ÔÁÀ),
ÿêèé âiäíîñÿòü äî êðèñòàëi÷íî¨ ãðóïè A2BX4. Iíòåðåñ äî öi¹¨ ãðóïè çóìîâëå-
íèé òèì, ùî äåÿêi ïðåäñòàâíèêè ãðóïè ìàþòü âåëèêi ï'¹çî- i ïðóæíîîïòè÷íi êî-
åôiöi¹íòè. Íàïðèêëàä, íàéáiëüøèìè ÏÎÊ êðèñòàëó ñóëüôàòó àìîíiþ [18] ¹ êî-
åôiöi¹íòè π11, π12 òà π44, ÿêi ìàþòü çíà÷åííÿ 11.0, 6.5 òà 8.5 Áð âiäïîâiäíî
(1 Áð = 1 Brewster = 10−12 ì2/Í). Äëÿ ïîðiâíÿííÿ: íàéáiëüøi ÏÎÊ ìîäåëüíîãî àêó-
ñòîîïòè÷íîãî (ÀÎ) êðèñòàëó LiNbO3 ìàþòü çíà÷åííÿ π13 = 0.78 òà π44 = 2.25 Áð [20],
à ùå îäèí ïðåäñòàâíèê ãðóïè A2BX4, êðèñòàë K2ZnCl4, ìà¹ çìiíè ïîêàçíèêiâ çàëîì-
ëåííÿ ni, ùî âiäïîâiäà¹ âåëè÷èíi ÏÎÊ πim ∼ 10 Áð [20].

2. Ìåòîäèêà åêñïåðèìåíòó òà çðàçêè äëÿ äîñëiäæå-

ííÿ

Äëÿ äîñëiäæåííÿ ÏÎÊ âèêîðèñòàíà åêñïåðèìåíòàëüíà óñòàíîâêà íà îñíîâi îäíî-
ïðîõiäíîãî iíòåðôåðîìåòðà Ìàõà�Öåíäåðà [21]. ßêùî çà äi¨ îäíîâiñíîãî òèñêó íà
çðàçîê, ðîçìiùåíèé â îäíîìó ç ïëå÷åé iíòåðôåðîìåòðà, çìiíà îïòè÷íîãî øëÿõó äî-
ñÿãà¹ δ∆k = λ/2 (λ = 632.8 íì � äîâæèíà ñâiòëîâî¨ õâèëi), òî âèðàç äëÿ âèçíà÷åííÿ
ÏÎÊ πim ìà¹ âèãëÿä [18,22]:

πim = − λ

n3
iσ

o
im + 2Skm

ni−1
n3
i

, (2)

äå ni � ïîêàçíèê çàëîìëåííÿ, Skm � êîåôiöi¹íò ïðóæíî¨ ïîäàòëèâîñòi, σo
im = σimdk

� êåðóþ÷å íàïðóæåííÿ, πim � ïiâõâèëüîâå íàïðóæåííÿ, dk � òîâùèíà çðàçêà â íà-
ïðÿìêó ïîøèðåííÿ ïðîìåíÿ. Ãåîìåòðiÿ åêñïåðèìåíòó âiäïîâiäà¹ iíäåêñàì i, k òà m,
ÿêi âêàçóþòü íàïðÿìêè ïîëÿðèçàöi¨ i ïîøèðåííÿ ñâiòëà òà íàïðÿìîê äi¨ îäíîâiñíîãî
òèñêó âiäïîâiäíî.
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Âèðàç 2 ñïðàâåäëèâèé äëÿ çðàçêà ïðÿìèõ çðiçiâ, êîëè ãðàíi çðàçêà ¹ ïåðïåíäèêó-
ëÿðíèìè äî êðèñòàëîôiçè÷íèõ îñåé X, Y , Z (îñåé îïòè÷íî¨ iíäèêàòðèñè). Âiäïîâiäíi
ÏÎÊ πim (i,m = 1, 2, 3) íàçèâàþòü ãîëîâíèìè ÏÎÊ. Äëÿ âèçíà÷åííÿ ÏÎÊ π44, π55

i π66 ñëiä âèêîðèñòîâóâàòè çðàçêè X/45◦-, Y/45◦- òà Z/45◦-çðiçiâ. Ôîðìóëè äëÿ âè-
çíà÷åííÿ öèõ ÏÎÊ çàïèñàíî â [19, 22]. Íàïðèêëàä, äëÿ óìîâ åêñïåðèìåíòó k = 4̄
(íàïðÿìîê ïîøèðåííÿ ñâiòëà), i = 4, m = 4 îòðèìàíî âèðàç:

π22 + π23 + π32 + π33 + 2π44 = − 4λ

n3
4σ

o
44

+ 2(S22 + 2S23 + S33 − S44)
n4 − 1

n3
4

, (3)

äå σo
44 = σ44d4̄ � êåðóþ÷å íàïðóæåííÿ, σ44 � ïiâõâèëüîâå íàïðóæåííÿ, d4̄ � òîâùèíà

çðàçêà â íàïðÿìêó k = 4̄.
Äëÿ ñèìåòðè÷íèõ óìîâ åêñïåðèìåíòó (k = 4, i = 4̄, m = 4̄) â [22] òðèìàíî âèðàç,

òîòîæíèé âèðàçó 4 iç çàìiíîþ σo
44 íà σo

4̄4̄, òîáòî ìà¹ìî äâi ãåîìåòði¨ åêñïåðèìåíòó
äëÿ âèçíà÷åííÿ êîåôiöi¹íòà π44.

Íà öüîìó çðàçêó ìîæíà âèçíà÷èòè òàêîæ ñóìó ÏÎÊ π12 + π13. Äëÿ öüîãî âèêî-
ðèñòîâó¹ìî óìîâè åêñïåðèìåíòó k = 4̄, i = 1, m = 4, äëÿ ÿêèõ:

π12 + π13 = − 2λ

n3
1σ

o
14

+ (S22 + 2S23 + S33 − S44)
n1 − 1

n3
1

, (4)

äå σo
14 = σ14d4̄ � êåðóþ÷å íàïðóæåííÿ, σ14 � ïiâõâèëüîâå íàïðóæåííÿ.
Çàóâàæèìî, ùî ïîðiâíþþ÷è ñóìó ÏÎÊ, ùî âõîäèòü â (4), iç òàêîþ æ ñóìîþ íåçà-

ëåæíèõ ÏÎÊ, âèçíà÷åíèõ íà çðàçêó ïðÿìèõ çðiçiâ, ìîæåìî äîâîäèòè äîñòîâiðíiñòü
öèõ ÏÎÊ i ï'¹çîîïòè÷íó iäåíòè÷íiñòü äîñëiäæåíèõ çðàçêiâ.

Àíàëîãi÷íi âèðàçè ìîæíà çàïèñàòè äëÿ âèçíà÷åííÿ ÏÎÊ π55 òà ñóìè π21 + π23

íà çðàçêó Y/45◦-çðiçó, à òàêîæ äëÿ ÏÎÊ π66 i ñóìè π31 + π32 íà çðàçêó Z/45◦-çðiçó.
Äëÿ öüîãî ñëiä ñêîðèñòàòèñÿ ìåòîäîì ïåðåòèíó îïòè÷íî¨ iíäèêàòðèñè ïðÿìîþ, ÿêà
âiäïîâiäà¹ íàïðÿìêó ïîëÿðèçàöi¨ ñâiòëà çà äi¨ íà iíäèêàòðèñó ãîëîâíèõ σ1, σ2, σ3 ÷è
çñóâíèõ σ4, σ5, σ6 êîìïîíåíò òåíçîðà ìåõàíi÷íèõ íàïðóæåíü. Ìåòîä äåòàëüíî îïèñà-
íèé, íàïðèêëàä, â ðîáîòi [27]. Çíà÷íî ïðîñòiøå ìîæíà çàïèñàòè àíàëîãè âèðàçiâ 4 i
5 äëÿ çðàçêiâ Y/45◦- òà Z/45◦-çðiçiâ, âèêîðèñòîâóþ÷è ìåòîä öèêëi÷íî¨ ïåðåñòàíîâêè
iíäåêñiâ. ßêùî çðîáèòè öèêëi÷íó ïåðåñòàíîâêó iíäåêñiâ: 1 → 2 → 3 → 1, 4 → 5,
4̄ → 5̄, òî ìîæíà çíàéòè óìîâè åêñïåðèìåíòó äëÿ âèçíà÷åííÿ ÏÎÊ π55: k = 5̄, i = 5,
m = 5. À çàñòîñóâàâøè öþ æ ïåðåñòàíîâêó iíäåêñiâ äî âèðàçó 4, îòðèìà¹ìî âèðàç
äëÿ âèçíà÷åííÿ ÏÎÊ π55:

π11 + π13 + π31 + π33 + 2π55 = − 4λ

n3
5σ

o
55

+ 2(S11 + 2S13 + S33 − S55)
n5 − 1

n3
5

. (5)

Äëÿ äîñëiäæåííÿ âèãîòîâëåíî çðàçêè ó âèãëÿäi êóáèêiâ iç ðîçìiðàìè ∼ 6 × 6 ×
6 ìì òà âèñîêîþ ïàðàëåëüíiñòþ îïòè÷íèõ ãðàíåé: âiäõèëåííÿ òîâùèíè çðàçêiâ ïî
óñié ïëîùi òàêèõ ãðàíåé íå ïåðåâèùó¹ 1�2 ìêì. Â öüîìó âèïàäêó âiäñóòíÿ ïîõèáêà
âèçíà÷åííÿ πim, çóìîâëåíà ìiêðîêëèíîâèäíiñòþ îïòè÷íèõ ãðàíåé çðàçêiâ.

3. Ðåçóëüòàòè âèâ÷åííÿ ÏÎÅ òà ¨õ àíàëiç

Íåîáõiäíi äëÿ ðîçðàõóíêó ÏÎÊ πim òà ÏðÎÊ pik êîåôiöi¹íòè ïðóæíî¨ ïîäàòëè-
âîñòi Skm òà êîåôiöi¹íòè ïðóæíî¨ æîðñòêîñòi Cmk çàïîçè÷åíi ç ðîáîòè [24]. Ïðóæíi
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êîíñòàíòè êðèñòàëiâ (NH4)2BeF4 âèçíà÷åíî òàêîæ â ðîáîòi [25], îäíàê çáiæíiñòü
ðåçóëüòàòiâ, òîáòî ðiâíiñòü çíà÷åíü êîåôiöi¹íòiâ π11, π22, π33, îòðèìàíèõ iç ðiçíèõ
ãåîìåòðié åêñïåðèìåíòó, ÷è ðiâíiñòü ñóì ÏÎÊ òèïó π11+π12 ç òàêèìè æ ñóìàìè íå-
çàëåæíèõ ÏÎÊ π11 i π12 i ò.ï. ¹ íàéêðàùîþ ïðè âèêîðèñòàííi ïðóæíèõ êîåôiöi¹íòiâ
iç [24].

Ïîêàçíèêè çàëîìëåííÿ, íåîáõiäíi äëÿ ðîçðàõóíêó ÏÎÊ πim, âèçíà÷åíî â äàíié
ðîáîòi iìåðñiéíèì ìåòîäîì Îáðå¨ìîâà (äëÿ λ = 632.8 íì): n1 = 1.4001, n2 = 1.3931,
n3 = 1.3997. Çíà÷åííÿ ïîêàçíèêiâ çàëîìëåííÿ âçäîâæ íàïðÿìêiâ 4, 5, 6 âèçíà÷åíî
íà îñíîâi âiäîìèõ âèðàçiâ

n4 = n4̄ =
√
2/
√
a2 + a3, n5 = n5̄ =

√
2/
√
a1 + a3, n6 = n6̄ =

√
2/
√
a1 + a2, (6)

äå ai = 1/n2
i (i = 1, 2, 3) � ãîëîâíi ïîëÿðèçàöiéíi êîíñòàíòè. Ïiäñòàâëÿþ÷è â (6)

âêàçàíi âèùå çíà÷åííÿ n1, n2 òà n3, çíàõîäèìî: n4 = 1.3964, n5 = 1.3999, n6 = 1.3966.
Â òàáëèöi 1 ïîäàíî óìîâè åêñïåðèìåíòó òà åêñïåðèìåíòàëüíî âèçíà÷åíi âiäïîâiäíi

êåðóþ÷i íàïðóæåííÿ σo
im = σimdk(σim � ïiâõâèëüîâå íàïðóæåííÿ), ÿêi âèêîðèñòàíi

äëÿ ðîçðàõóíêó ÏÎÊ πim.

Òàáë. 1: Êåðóþ÷i íàïðóæåííÿ σo
im òà ï'¹çîîïòè÷íi πim ïðóæíîîïòè÷íi êîåôiöi¹íòè pin êðè-

ñòàëiâ ôòîðáåðèëàòó àìîíiþ êðèñòàëiâ (NH4)2BeF4 (λ = 632.8 íì, T = 20◦C).

� Óìîâè åêñïåðèìåíòó
σo
im, êã/ñì πim,∼Áðï/ï m k i

Çðàçîê ïðÿìèõ çðiçiâ
1

1 2
1 σo

11 = 20 π11 = 7.97± 1.19(15%)
2 3 σo

31 = 74 π31 = −0.61± 0.37(61%)
3

1 3
1 σo

11 = 16 π11 = 9.74± 1.49(15%)
4 2 σo

21 = 30 π21 = 3.01± 0.83(28%)
5

2 1
2 σo

22 = 26 π22 = 5.40± 0.94(17%)
6 3 σo

32 = 41 π32 = 1.95± 0.60(31%)
7

2 3
2 σo

22 = 24 π22 = 5.59± 1.02(18%)
8 1 σo

12 = 31 π12 = 3.21± 0.79(25%)
9

3 1
3 σo

33 = 12.5 π33 = 13.87± 1.90(14%)
10 2 σo

23 = 15.5 π23 = 10.46± 1.56(15%)
11

3 2
3 σo

33 = 13.5 π33 = 13.06± 1.76(13%)
12 1 σo

13 = 33.5 π13 = 2.65± 0.74(28%)
Çðàçîê X/45◦-çðiçó

13
4 4̄

4 σo
44 = 21 *π44 = 2.08± 2.66(128%)

14 1 σo
14 = 41 π12 + π13 = 6.93± 1.48(21%)

Çðàçîê Y/45◦-çðiçó
15

5 5̄
5 σo

55 = 21.5 π55 = 4.75± 2.66(56%)
16 2 σo

25 = 30 π21 + π23 = 10.97± 1.83(17%)
Çðàçîê Z/45◦-çðiçó

17
6 6̄

6 σo
66 = 29 π66 = −4.58± 2.17(47%)

18 3 σo
36 = 37.5 π31 + π32 = 1.91± 1.62(85%)

Ïðèìiòêà: çiðî÷êîþ (*) âêàçàíî ìàëèé ÏÎÊ, ìåíøèé, âiä ïîõèáêè éîãî âèçíà÷åííÿ.
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Òàáë. 2: Ïðóæíîîïòè÷íi êîåôiöi¹íòè pin êðèñòàëiâ ôòîðáåðèëàòó àìîíiþ êðèñòàëiâ
(NH4)2BeF4 (λ = 632.8 íì, T = 20◦C).

p11 0.44± 0.06 p31 0.22± 0.03
p12 0.31± 0.04 p32 0.25± 0.04
p13 0.24± 0.03 p33 0.35± 0.05
p21 0.37± 0.04 *p44 0.020± 0.026
p22 0.40± 0.05 p55 0.048± 0.027
p23 0.38± 0.04 p66 −0.036± 0.017

Ïðèìiòêà: çiðî÷êîþ (*) âêàçàíî ìàëèé ÏðÎÊ, ìåíøèé, âiä ïîõèáêè éîãî âèçíà÷åí-
íÿ.

Àíàëiç ðåçóëüòàòiâ, ïîäàíèõ â òàáë. 1 i 2 çâåäåìî äî íàñòóïíèõ êîìåíòàðiâ.

1. Êîæåí iç êîåôiöi¹íòiâ π11, π22 òà π33 âèçíà÷åíî iç äâîõ íåçàëåæíèõ ãåîìåòðié
åêñïåðèìåíòó. Ñåðåäíüîàðèôìåòè÷íi çíà÷åííÿ öèõ ÏÎÊ ñêëàäàþòü (â îä. Áð):

π11 = 8.86± 1.34, π22 = 5.50± 0.98, π33 = 13.47± 1.83. (7)

Êîæåí iç ðåçóëüòàòiâ äëÿ çðàçêiâ X/45◦-, Y/45◦- òà Z/45◦-çðiçiâ òàêîæ îòðè-
ìàíî iç äâîõ ãåîìåòðié åêñïåðèìåíòó: ïðÿìèõ i ñèìåòðè÷íèõ. Íàïðèêëàä, äëÿ
âèçíà÷åííÿ êåðóþ÷îãî íàïðóæåííÿ σo

44 âèêîðèñòàíî óìîâè m = 4, k = 4̄, i = 4,
à äëÿ ñèìåòðè÷íèõ óìîâ åêñïåðèìåíòó (m = 4̄, k = 4, i = 4̄) âèçíà÷åíî êåðóþ÷å
íàïðóæåííÿ σo

4̄4̄. Ó òàáë. 1 (ðÿäîê 13) âíåñåíî ñåðåäíüîàðèôìåòè÷íå çíà÷åííÿ
êåðóþ÷îãî íàïðóæåííÿ σo

44. Öå æ ñòîñó¹òüñÿ óñiõ iíøèõ êåðóþ÷èõ íàïðóæåíü,
âíåñåíèõ â ðÿäêè 14�18 òàáë. 1. Îòæå, ãîëîâíi ÏÎÊ π11, π22, π33 òà ïîâîðîòíî-
çñóâíi ÏÎÊ (öåé òåðìií ââåäåíî â [23]) π44, π55, π66 âèçíà÷åíî iç äâîõ ãåîìåòðié
åêñïåðèìåíòó, ùî ¹ îäíèì iç êðèòåði¹ì äîñòîâiðíîñòi ¨õ çíà÷åíü.

2. Äîñòîâiðíiñòü âèâ÷åííÿ ÏÎÅ â êðèñòàëàõ ÔÁÀ ìîæíà ïiäòâåðäèòè òàêîæ
íà îñíîâi âèçíà÷åíèõ åêñïåðèìåíòàëüíî ñóì êîåôiöi¹íòiâ πim. Íàïðèêëàä, ñó-
ìà ÏÎÊ π12 + π13 âèçíà÷åíà íà îñíîâi êåðóþ÷îãî íàïðóæåííÿ σo

14, ñêëàäà¹
6.93 ± 1.48 Áð, à çíà÷åííÿ öi¹¨ ñóìè, ñêëàäåíî¨ iç ÏÎÊ π12 i π13, âèçíà÷åíèõ
íà çðàçêó ïðÿìèõ çðiçiâ, ñòàíîâèòü 5.86 ± 1.08 Br. Òîáòî, â ìåæàõ ïîõèáêè
åêñïåðèìåíòó âêàçàíi ñóìè ÏÎÊ ¹ ðiâíèìè, ùî ïiäòâåðäæó¹ äîñòîâiðíiñòü öèõ
ÏÎÊ i äîâîäèòü ï'¹çîîïòè÷íó iäåíòè÷íiñòü çðàçêiâ, âèðiçàíèõ iç ðiçíèõ ÷àñòèí
êðèñòàëi÷íî¨ áóëi ÷è iç ðiçíèõ áóëü.

3. Ùå äâi ñóìè ÏÎÊ πim îòðèìàíi íà îñíîâi ãåîìåòðié åêñïåðèìåíòó, êîëè êóò
ìiæ âåêòîðîì i ïîëÿðèçàöi¨ ñâiòëà òà âåêòîðîìm äi¨ îäíîâiñíîãî òèñêó ñêëàäà¹
45◦. Äëÿ ïîëÿðèçàöi¨ ñâiòëà i = 1 îòðèìàëè åêñïåðèìåíòàëüíå çíà÷åííÿ êåðó-
þ÷îãî ìåõàíi÷íîãî íàïðóæåííÿ σo

16 = 24 êã/ñì, à äëÿ ïîëÿðèçàöi¨ ñâiòëà i = 2
îòðèìàëè σo

26 = 28 êã/ñì. Ïiäñòàâèâøè âêàçàíi çíà÷åííÿ σo
16 òà σ

o
26 ó âèðàçè (4)

òà (5) âiäïîâiäíî, îòðèìà¹ìî π11+π12 = 10.27±1.99 Áð, π21+π22 = 7.75±1.74 Áð.
ßêùî òàêi ñóìè ñêëàñòè íà îñíîâi íåçàëåæíèõ ÏÎÊ (äèâ. òàáë. 1), òî äiñòàíå-
ìî ñóìè π11 + π12 = 12.07 ± 1.56 Áð i π21 + π22 = 8.51 ± 1.28 Áð, ÿêi â ìåæàõ
ïîõèáîê ¨õ âèçíà÷åííÿ çáiãàþòüñÿ iç âiäïîâiäíèìè ñóìàìè, âêàçàíèìè âèùå. Öå
äîäàòêîâî ïiäòâåðäæó¹ äîñòîâiðíiñòü âèâ÷åííÿ ÏÎÅ â êðèñòàëàõ ÔÁÀ.
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4. Ïîõèáêè ãîëîâíèõ ÏÎÊ πim âèçíà÷åíî ÿê ñåðåäíüîêâàäðàòè÷íi çíà÷åííÿ ïî-
õèáîê äîäàíêiâ, ùî âõîäÿòü ó ôîðìóëó 2. Ïðè öüîìó ïîõèáêà ïåðøîãî äîäàíêà
ôîðìó¹òüñÿ òèïîâîþ ïîõèáêîþ (10%) âèçíà÷åííÿ êåðóþ÷îãî íàïðóæåííÿ σo

im,
à ïîõèáêà ïðóæíèõ êîåôiöi¹íòiâ áðàëàñÿ ÿê 5%, îñêiëüêè ðîçêèä çíà÷åíü ïðó-
æíèõ êîåôiöi¹íòiâ äëÿ ðÿäó êðèñòàëiâ çà ðiçíèìè äæåðåëàìè ñêëàäà¹ ∼ 2�5%.
Iç òàáë. 1 áà÷èìî, ùî âiäíîñíi ïîõèáêè âèçíà÷åííÿ ãîëîâíèõ ÏÎÊ πim ëåæàòü
ïåðåâàæíî â ìåæàõ 13�18%. Äëÿ ÏÎÊ π44, π55, π66 àáñîëþòíi i âiäíîñíi ïîõèá-
êè ¹ íàáàãàòî áiëüøi, íiæ âiäïîâiäíi ïîõèáêè ãîëîâíèõ ÏÎÊ πim. Öå çóìîâëåíî
òèì, ùî ó âèðàçè äëÿ ðîçðàõóíêó òàêèõ ÏÎÊ âõîäÿòü ñêëàäíi ñóìè πim òà êî-
åôiöi¹íòiâ Skm, ïîõèáêè ÿêèõ äîäàþòüñÿ.

5. Êðèñòàë ÔÁÀ ìà¹ òðè îñîáëèâî âåëèêi êîåôiöi¹íòè πim (π11, π23 òà π33), à çà
íàéáiëüøèì çíà÷åííÿì ÏÎÅ (13.47 Áð) âií ñóòò¹âî ïåðåâèùó¹ íàéáiëüøó âåëè-
÷èíó ÏÎÅ â iíøèõ êðèñòàëàõ ãðóïè A2BX4 ((NH4)2SO4 [19] òà K2ZnCl4 [20]).

6. Íà îñíîâi âñiõ êîìïîíåíò πim òåíçîðà ÏÎÊ ðîçðàõîâàíî óñi ïðóæíîîïòè÷íi
êîåôiöi¹íòè pik êðèñòàëiâ (NH4)2BeF4 (òàáë. 2). Áà÷èìî, ùî íàéáiëüøèìè ¹
êîåôiöi¹íòè p11 òà p22. Êðèñòàëè ÔÁÀ ìîæóòü áóòè ïðèäàòíèìè äëÿ ÀÎ ïðè-
ñòðî¨â ìîäóëÿöi¨ ñâiòëà â ÓÔ îáëàñòi ñïåêòðó (íèæíÿ ìåæà ñïåêòðó ïðîïóñêà-
ííÿ ÔÁÀ ëåæèòü ó ãëèáîêié ÓÔ îáëàñòi ∼ 250 íì [27]).

4. Âèñíîâêè

Iíòåðôåðîìåòðè÷íèì ìåòîäîì âèçíà÷åíî óñi êîìïîíåíòè πim òåíçîðà ÏÎÊ êðè-
ñòàëiâ ÔÁÀ. Âñòàíîâëåíî, ùî çà âåëè÷èíîþ íàéáiëüøèõ ÏÎÊ (8.86�13.47 Áð) öi
êðèñòàëè ñëiä âiäíåñòè äî íàéêðàùèõ ôîòîïðóæíèõ ìàòåðiàëiâ. Ïðóæíîîïòè÷íi êî-
åôiöi¹íòè pik ðîçðàõîâàíi íà îñíîâi òåíçîðíîãî âèðàçó pik = πimCmk. Âèÿâèëîñü,
ùî óñi íàéáiëüøi çíà÷åííÿ ÏÎÅ âiäïîâiäàþòü ãîëîâíèì ÏÎÊ π11, π23, π33. Ëèøå

îäíå âåëèêå çíà÷åííÿ ÏÎÅ (7.4 Áð) âiäïîâiäà¹ ìàêñèìóìó ïîïåðå÷íîãî ÏÎÅ π
′(i)
im ,

âçäîâæ íàïðÿìêó, ÿêèé ñêëàäà¹ êóò 44.7◦ iç âiññþ X1. Íàéáiëüøi çíà÷åííÿ ÏðÎÅ
çíàõîäÿòüñÿ íà ãîëîâíèõ îñÿõ âêàçiâíèõ ïîâåðõîíü ÏðÎÅ i âiäïîâiäàþòü ãîëîâíèì

êîåôiöi¹íòàì p11, p22 i p23. Ëèøå îäíå âåëèêå çíà÷åííÿ åôåêòó (p
′(i)
ik = 0.42) âiäïî-

âiäà¹ ïîïåðå÷íîìó ÏðÎÅ i ëåæèòü â ïëîùèíi X1, X2 ïiä êóòîì 44.7◦ äî îñi X1. Öå
äîçâîëÿ¹ âiäíåñòè ôòîðáåðèëàò àìîíiþ äî êðàùèõ àêóñòîîïòè÷íèõ ìàòåðiàëiâ äëÿ
óëüòðàôiîëåòîâî¨ îáëàñòi ñïåêòðó, îñêiëüêè íèæíÿ ìåæà ñïåêòðó ïðîïóñêàííÿ ÔÁÀ
çíàõîäèòüñÿ ó ãëèáîêié ÓÔ îáëàñòi ∼ 250 íì.

Ñòàòòÿ âèêîíàíà â ðàìêàõ ïðî¹êòó Íàöiîíàëüíîãî ôîíäó äîñëiäæåíü Óêðà¨-
íè 2020.02/0211 ¾Åêñïåðèìåíòàëüíî-òåîðåòè÷íå âèâ÷åííÿ i ïðîãíîçóâàííÿ ôîòîïðó-
æíèõ âëàñòèâîñòåé êðèñòàëi÷íèõ ìàòåðiàëiâ äëÿ ïðèñòðî¨â êåðóâàííÿ åëåêòðîìàãíi-
òíèì âèïðîìiíþâàííÿì¿.
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Photoelastic properties of ammonium
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All independent piezo-optic πim coe�cients of ammonium �uoroberylate
(NH4)2BeF4 crystals were determined by the interferometric method using
experimental setups based on a single-pass Mach�Zehnder interferometer. Note
that under the action of uniaxial pressure on the sample placed in one of the
shoulders of the interferometer, the expression for determining the coe�cients
πim has the form πim = − λ

n3
iσ

o
im

+2Skm
ni−1
n3
i

(ni is the index of refraction, Skm

is the coe�cient of elastic compliance, σo
imσimdk is the control stress, σim is

the half-wave stress and dk is the thickness of the sample in the direction of
light propagation). The geometry of the experiment corresponds to the indices
i, k, and m, which indicate the directions of polarization and expansion of li-
ght and the direction of action of uniaxial pressure, respectively. Based on πim

and elastic sti�ness coe�cients Cmk, all independent elasto-optical coe�cients
pik were calculated using the product pik = πimCmk. It was found that some
coe�cients πim have an atypically high value (∼ 10− 13 Br). It was established
that all the largest values of piezo-optic and elastic-optic e�ects correspond to
the main coe�cients π11, π23, π33 and p11, p22, and p23. This makes it possi-
ble to attribute ammonium �uoroberyllate to the best acousto-optical materials
for the ultraviolet region of the spectrum, since the lower limit of the FBA
transmission spectrum is in the deep UV region ∼ 250 nm. The relative errors
of determining the main piezo-optic coe�cients are mainly within 13�18%. For
coe�cients π44, π55, π66, the absolute and relative errors are slightly larger than
the corresponding errors of the main coe�cients πim. This is due to the fact
that the expressions for calculating such coe�cients include complex sums of
πim and Skm coe�cients, the errors of which get added up.

Key words: crystal, ammonium �uoroberyllate, piezo-optic e�ect, photoelastic
e�ect, uniaxial pressure, half-wave strain, piezo-optic coe�cients, photoelastic
coe�cients, refractive index.


