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Âïåðâûå ïðèâåäåíû ðåçóëüòàòû ðàñ÷åòà ìèêðîâîëíîâîãî (ÌÂ) ñïåêòðà çàïðåùåííûõ ïåðåõîäîâ Q-

âåòâè: (J, ±1) – (J, m2) ìîëåêóëû CH3D. Ýòîò òèï ÌÂ-ïåðåõîäîâ CH3D ðàñïîëàãàåòñÿ â îáëàñòè 3–4 ñì–1, 
òîãäà êàê â áàçå äàííûõ HITRAN-2000 ÌÂ R-âåòâü íà÷èíàåòñÿ ñ 7 ñì–1. Êîýôôèöèåíò ïîãëîùåíèÿ íàèáî-
ëåå ñèëüíîãî ÌÂ-ïåðåõîäà (11, +1) – (11, –2) ñîñòàâëÿåò âåëè÷èíó αmax = 0,0149 ⋅ 10–3 ñì–1.  

Ïðèâåäåííûå âû÷èñëåíèÿ «çàïðåùåííîãî» ñïåêòðà CH3D óêàçûâàþò íà âîçìîæíîñòü íàáëþäåíèÿ ýòîãî 
òèïà íèçêî÷àñòîòíîãî ñïåêòðà ñóùåñòâóþùèìè ÌÂ-ñïåêòðîìåòðàìè ñî øòàðêîâñêîé ìîäóëÿöèåé, ÌÂ-
ñïåêòðîìåòðîì íà áàçå îðîòðîíà. 

 Ïðåäëîæåíà ìîäåëü ýôôåêòèâíîãî öåíòðîáåæíîãî äèïîëüíîãî ìîìåíòà äëÿ ìîëåêóë òðèãîíàëüíîé 
ñèììåòðèè íà îñíîâå ïðåäåëüíîé ñõåìû óïîðÿäî÷åíèÿ – «ñâåðõáûñòðûé» ðîòàòîð, îáñóæäåíà âîçìîæíîñòü 
ïîñòðîåíèÿ íåïîëèíîìèàëüíûõ ìîäåëåé ãàìèëüòîíèàíà è ýôôåêòèâíîãî äèïîëüíîãî ìîìåíòà íà îñíîâå íå-
ëèíåéíûõ ïðåîáðàçîâàíèé ðÿäà ïî âðàùàòåëüíûì ïåðåìåííûì. 

 

Ââåäåíèå 
 
Â äâîéíîì ãàðìîíè÷åñêîì ïðèáëèæåíèè è ïðè-

áëèæåíèè æåñòêîãî ðîòàòîðà êîëåáàòåëüíî-âðàùà- 
òåëüíûå ïåðåõîäû â îñíîâíûõ ïîëîñàõ è âðàùàòåëü-
íûå ïåðåõîäû â îñíîâíîì ýëåêòðîííî-êîëåáàòåëü- 
íîì (âèáðîííîì) ñîñòîÿíèè íîðìàëüíûõ ìîëåêóë 
óäîâëåòâîðÿþò îãðàíè÷åííûì ïðàâèëàì îòáîðà [1]. 
Â ïîëÿðíûõ ìîëåêóëàõ âîçìîæíû â ýòîì ïðèáëèæå-
íèè äèïîëüíûå âðàùàòåëüíûå ïåðåõîäû ñ ïðàâèëàìè 

îòáîðà ∆J = 0, ±1, ∆K = 0, ãäå J – êâàíòîâîå ÷èñëî 
ïîëíîãî óãëîâîãî ìîìåíòà; K =  k  – êâàíòîâîå ÷èñ-
ëî ïðîåêöèè ïîëíîãî óãëîâîãî ìîìåíòà íà îñü ñèì-
ìåòðèè ìîëåêóëû [2].  

Âðàùàòåëüíûå ïåðåõîäû ñ ïðàâèëàìè îòáîðà ∆K = 
= ±3 â ïîëÿðíûõ ìîëåêóëàõ òðèãîíàëüíîé ñèììåò-
ðèè áûëè òåîðåòè÷åñêè ïðåäñêàçàíû â [3, 4] è ýêñ-
ïåðèìåíòàëüíî èññëåäîâàíû ìåòîäàìè ìèêðîâîëíî-
âîé (ÌÂ), ñóáìèëëèìåòðîâîé (Ñóáìì), äëèííîâîë-
íîâîé ÈÊ (ÄÈÊ) ñïåêòðîñêîïèè äëÿ ìîëåêóë NH3, 
PH3, AsH3, CH3D è îáîáùåíû â îáçîðàõ [5–8].  
Â ðåçóëüòàòå ýòèõ èññëåäîâàíèé íàéäåí ïîëíûé íà-
áîð êîëåáàòåëüíî-âðàùàòåëüíûõ êîíñòàíò äëÿ äàí-
íûõ ìîëåêóë, âêëþ÷àÿ è òàêèå êîíñòàíòû, êàê A0, 
Dk, Hk è äð., çíà÷åíèÿ êîòîðûõ íå ìîãóò áûòü îï-
ðåäåëåíû ïî ÷àñòîòàì ðàçðåøåííûõ ïåðåõîäîâ. 

Ñëåäóåò îòìåòèòü, ÷òî íàéäåííûå â [5–8] çíà÷å-
íèÿ ñåêñòè÷íûõ öåíòðîáåæíûõ ïîñòîÿííûõ ìîãóò 

áûòü èñïîëüçîâàíû ïðè ðåøåíèè îáðàòíîé ñïåêòðî-
ñêîïè÷åñêîé çàäà÷è ïî îïðåäåëåíèþ àíãàðìîíè÷å-
ñêèõ ñèëîâûõ ïîñòîÿííûõ [9]. 

Â [10] áûëè ïðåäñòàâëåíû âû÷èñëåíèÿ «çàïðå-
ùåííîãî» âðàùàòåëüíîãî ñïåêòðà êâàçèïîëÿðíîé 

ìîëåêóëû CH3D, R-âåòâè è íåêîòîðûõ ïåðåõîäîâ 
Q-âåòâè, ÷àñòîòû êîòîðûõ ëåæàò â Ñóáìì-îáëàñòè. 

Â íàñòîÿùåé ñòàòüå ïðèâåäåíû ðåçóëüòàòû ðàñ÷åòà 
ÌÂ-ïåðåõîäîâ ∆K = ±3 äëÿ ìîíîäåéòåðîìåòàíà, êî-
òîðûå îòñóòñòâóþò â òåîðåòè÷åñêèõ ðàáîòàõ [4, 10]  
è íå èññëåäîâàíû â ÌÂ-îáëàñòè ýêñïåðèìåíòàëüíî 
(è, ñîîòâåòñòâåííî, íå ïðåäñòàâëåíû â ÁÄ HITRAN-
2000) â îòëè÷èå îò Ñóáìì- è ÄÈÊ-îáëàñòåé [11–13]. 

Âû÷èñëåíèÿ äëÿ CH3D êîýôôèöèåíòîâ ïîãëî-
ùåíèÿ â ïèêå ëèíèè çàïðåùåííûõ ∆K = ±3 âðàùà-

òåëüíûõ ïåðåõîäîâ, à èìåííî (J, ±1) – (J, m2) â Q-
âåòâè, ïîïàäàþùèõ â ÌÂ-îáëàñòü 3–4 ñì–1, óêàçû-
âàþò íà òî, ÷òî îíè ñðàâíèìû ïî âåëè÷èíå ñ êîýô-
ôèöèåíòàìè ïîãëîùåíèÿ äëÿ äðóãèõ ïîëÿðíûõ ìî-
ëåêóë ýòîãî òèïà, â ÷àñòíîñòè äëÿ NH3 [12], PH3 [14], 
êîòîðûå âïåðâûå áûëè îáíàðóæåíû ñ ïîìîùüþ 

îáû÷íûõ ìèêðîâîëíîâûõ ñïåêòðîìåòðîâ ñî øòàðêîâ-
ñêîé ìîäóëÿöèåé. Ñëåäóåò îòìåòèòü, ÷òî ïåðåõîäû 
∆K = ±3 â ïîëÿðíûõ ìîëåêóëàõ (NH3, CH3D, CD3H, 
CH3F, CD3Cl, CH3I, SiH3D, CDF3, POF3) â ÌÂ-  
è Cóáìì-îáëàñòÿõ èçó÷åíû òàêæå ñïåêòðîñêîïè÷å-
ñêèìè ìåòîäàìè òèïà äâîéíîãî ðåçîíàíñà, ñ ïîìîùüþ 
îáû÷íûõ ÄÈÊ-ñïåêòðîìåòðîâ ñ íàêîïëåíèåì ñèãíà-
ëà è Ñóáìì-ÐÀÄ-ñïåêòðîìåòðà [5–7]. 

Ñïåêòðîñêîïè÷åñêèå êîíñòàíòû è öåíòðîáåæíûå 
ìîìåíòû ïåðåõîäîâ, îïðåäåëåííûå â ðåçóëüòàòå àíà-
ëèçà çàïðåùåííûõ ∆K = ±3 ñïåêòðîâ, äëÿ ðÿäà ïî-
ëÿðíûõ ìîëåêóë ïðèâåäåíû â [6, 7]. 

 

Ýôôåêòèâíûé ãàìèëüòîíèàí, ÷àñòîòû 
è ñèëû ïåðåõîäîâ ∆∆∆∆K = ±±±±3, ∆∆∆∆J = 0  

â ìîëåêóëàõ òðèãîíàëüíîé ñèììåòðèè 
 

Äëÿ ðàññìàòðèâàåìîé ïðîáëåìû èññëåäîâàíèÿ 
÷èñòî âðàùàòåëüíûõ ñïåêòðîâ, ôîðìèðóåìûõ ýëåê-
òðîäèïîëüíûìè ïåðåõîäàìè â îñíîâíîì âèáðîííîì 
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ñîñòîÿíèè, ïðåäñòàâëÿåòñÿ íàèáîëåå ðàöèîíàëüíûì 
ïðèìåíÿòü ïðè ïîñòðîåíèè ýôôåêòèâíîãî ãàìèëüòî-
íèàíà è îïåðàòîðà ýôôåêòèâíîãî äèïîëüíîãî ìîìåí-
òà ñïåêòðîñêîïè÷åñêèõ ìîäåëåé ñõåìû óïîðÿäî÷è-
âàíèÿ êîëåáàòåëüíî-âðàùàòåëüíûõ âçàèìîäåéñòâèé 
òèïà ñõåìû ñâåðõáûñòðîãî ðîòàòîðà [15]. Ýòà ñõåìà 
õàðàêòåðèçóåòñÿ ñëåäóþùèìè óñëîâèÿìè íà ïîðÿä-
êè âåëè÷èí êîëåáàòåëüíûõ è âðàùàòåëüíûõ îïåðà-
òîðîâ è êîììóòàòîðîâ [15, 16]: 

 J ∼  χ0,   J ∼  χ–2+ε,   [p, q] = –i, 

  [Jα, Jβ] = –iχ–2+ε ∑
γ
 eαβγ Jγ, ε → 0,  (1) 

ãäå χ – ïàðàìåòð Áîðíà–Îïïåíãåéìåðà; [a, b] = 
= ab – ba; eαβγ – åäèíè÷íûé àíòèñèììåòðè÷íûé òåí-
çîð. Â ýòîé ñõåìå ýôôåêòèâíûé ãàìèëüòîíèàí â îñ-
íîâíîì è âîçáóæäåííûõ èçîëèðîâàííûõ êîëåáàòåëü-
íûõ ñîñòîÿíèÿõ èìååò âèä ðÿäà ïî ñòåïåíÿì ïîëíîãî 
óãëîâîãî ìîìåíòà äëÿ êàæäîé ñòåïåíè ïî êîëåáà-
òåëüíûì ïåðåìåííûì [15, 16]: 
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à îïåðàòîð ýôôåêòèâíîãî äèïîëüíîãî ìîìåíòà âðà-
ùàòåëüíûõ ïåðåõîäîâ â îñíîâíîì âèáðîííîì ñîñòîÿ-
íèè äëÿ ìîëåêóë òðèãîíàëüíîé ñèììåòðèè ïðèíèìà-
åò âèä êîíêðåòíîãî ðÿäà [10, 17]: 
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ãäå µJ, µk – ïàðàìåòðû â îïåðàòîðå ýôôåêòèâíîãî 
äèïîëüíîãî ìîìåíòà.  

Äëÿ CH3D ïðèâåäåì îöåíêè Θ â ýôôåêòèâíîì 
äèïîëüíîì ìîìåíòå çàïðåùåííûõ ïåðåõîäîâ ∆K = ±3: 
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Îöåíêè ( )Θ
xx
z eff ñ ìîëåêóëÿðíûìè êîíñòàíòàìè 

èç ðàáîò [4, 10] äàþò ñëåäóþùèå âåëè÷èíû äëÿ Θ
xx
x  = 

= m1,025 Ä è ∼  10–3 Θ
xx
x  äëÿ âòîðîãî ñëàãàåìîãî. 

Ñîîòíîøåíèå µJ, µK ñ òåíçîðíûìè ïàðàìåòðàìè 
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ìîëåêóëÿðíûå ïîñòîÿííûå ïðèâåäåíû â [10]. Ñîîò-
íîøåíèå ñïåêòðîñêîïè÷åñêèõ ïàðàìåòðîâ , ,JJ JKµ µ  
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ìîãóò áûòü ïîëó÷åíû èç îáùèõ âûðàæåíèé äëÿ ïà-
ðàìåòðîâ â 
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èç [15, 16]. Â íàñòîÿùåé ñòàòüå áóäåò äàí ïðÿìîé 
÷èñëåííûé àíàëèç ÌÂ-ñïåêòðà CH3D â ñåêñòè÷íîì 
ïðèáëèæåíèè äëÿ âðàùàòåëüíûõ óðîâíåé ýíåðãèè  

è ïðèáëèæåíèè 0,1 0,3( )M R M M= +% % %
 äëÿ ýôôåêòèâíî-

ãî äèïîëüíîãî ìîìåíòà çàïðåùåííûõ ∆J = 0, ∆K = ±3 
ïåðåõîäîâ. Áóäåò ïðîâåäåí ñðàâíèòåëüíûé àíàëèç ïî 
äèàïàçîíó ÷àñòîò ÌÂ çàïðåùåííûõ ñïåêòðîâ è âû-
÷èñëåííûõ íàìè â [10] ñïåêòðà ðàçðåøåííûõ ∆K = 0, 
∆J = ±1 ïåðåõîäîâ äëÿ îäíèõ è òåõ æå çíà÷åíèé êâàí-
òîâûõ ÷èñåë J è K íèæíèõ óðîâíåé ïåðåõîäîâ 
(J, ±1) – (J, m2). Îòìåòèì, ÷òî äëÿ ∆J = 0 íàïðàâëÿþ-
ùèå êîñèíóñû îïðåäåëÿþòñÿ ñîîòíîøåíèåì [8–10]: 
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Äëÿ ÌÂ-ïåðåõîäîâ (J, ±1) (J, m2) ÷àñòîòû è ñèëû 
ëèíèé îïðåäåëÿþòñÿ ñîîòíîøåíèÿìè  
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×èñëåííîå ìîäåëèðîâàíèå  
ÌÂ-ñïåêòðà CH3D 

 
Êîýôôèöèåíò ïîãëîùåíèÿ â ïèêå ëèíèè ïåðåõî-

äà Jk – J′k′ äëÿ ìîëåêóë òèïà ñèììåòðè÷íîãî âîë÷êà 
ïðèâåäåí â [2] è àäàïòèðîâàí äëÿ CH3D è îáû÷íûõ 
óñëîâèé ýêñïåðèìåíòà â [10]. Äëÿ ýôôåêòèâíûõ äè-
ïîëüíûõ ìîìåíòîâ (3), ïðåäñòàâëåííûõ äëÿ ìîëåêóë 
òðèãîíàëüíîé ñèììåòðèè óðàâíåíèÿìè (4), ìîãóò áûòü 

ïðèìåíåíû ìåòîäû íåëèíåéíîãî ïðåîáðàçîâàíèÿ ðÿ-
äîâ, â ÷àñòíîñòè ìåòîä Ïàäå-àïïðîêñèìàíò [18]. Ïðî-
âåäåííûé ðàíåå àíàëèç öåíòðîáåæíûõ äèïîëüíûõ 
ìîìåíòîâ âûñøèõ ïîðÿäêîâ ìîëåêóëû ìåòàíà â ïî-
ëèíîìèàëüíîé ôîðìå (3) è â ôîðìå Ïàäå-àïïðîê- 
ñèìàíò [19] óêàçûâàåò íà ïðèíöèïèàëüíóþ âîçìîæ-
íîñòü ðàñøèðåíèÿ ìíîæåñòâà ñïåêòðîñêîïè÷åñêèõ 
ìîäåëåé äëÿ èíòåíñèâíîñòåé ÌÂ è ÈÊ ìîëåêóëÿð-
íûõ ñïåêòðîâ, âûâîäÿ åãî çà ðàìêè òðàäèöèîííûõ 
ïîëèíîìèàëüíûõ ìîäåëåé. 

Â ðàñ÷åòàõ ìèêðîâîëíîâîãî ñïåêòðà CH3D èñïîëü-
çîâàíû âðàùàòåëüíûå è öåíòðîáåæíûå ïîñòîÿííûå 

âïëîòü äî ñåêñòè÷íûõ èç ðàáîòû [20] (òàáë. 1). 
 

Ò à á ë è ö à  1  

Ìîëåêóëÿðíûå ïîñòîÿííûå äëÿ îñíîâíîãî  
êîëåáàòåëüíîãî ñîñòîÿíèÿ ìîíîäåéòåðîìåòàíà 

B0 3,88019606±0,00000055 116,3253514±1,64886 ⋅ 10–5

A0–B0 1,3706270±0,0000037 41,09036373±0,000110923

D
J

0 (5,26221±0,00022) ⋅ 10–5 0,001577571±6,59543 ⋅ 10–8

D
K

0
  (–7,869±0,0023)  ⋅ 10–5 –0,002359067±6,89523 ⋅ 10–7

D
JK

0  (1,26337±0,00013)  ⋅ 10–4 0,003787488±3,8973 ⋅ 10–7

H
J

0 (1,4035±0,003)  ⋅ 10–9 4,20759 ⋅ 10–8±8,99377 ⋅ 10–11

H
JK

0  (1,1521±0,0027)  ⋅ 10–8 3,34332 ⋅ 10–7±8,0944 ⋅ 10–10

H
KJ

0  (–6,26±0,061)  ⋅ 10–9 –1,8767 ⋅ 10–7±1,82873 ⋅ 10–9

_____________  

Ï ð è ì å ÷ à í è å .  Âî âòîðîé ãðàôå çíà÷åíèÿ äàíû  

â îáðàòíûõ ñàíòèìåòðàõ, â òðåòüåé – â ãèãàãåðöàõ. 
 
Êîíñòàíòû (â ÃÃö) ïîëó÷àþòñÿ ïî ñîîòíîøåíèþ 

[21] (1 ñì–1 = 299 792 458 ⋅ 10–7 ÃÃö). Äëÿ âñåõ ïî-
ñòîÿííûõ èç  ðàáîòû  [20]  äàíû îøèáêè èçìåðåíèé. 

Ðåçóëüòàòû ðàñ÷åòà ÷àñòîò ìèêðîâîëíîâûõ ïå-
ðåõîäîâ è êîýôôèöèåíòîâ ïîãëîùåíèÿ â ïèêå ëèíèé 
ïðèâåäåíû â òàáë. 2 è íà ðèñóíêå. 

 

Ò à á ë è ö à  2  

×àñòîòû è êîýôôèöèåíòû ïîãëîùåíèÿ  
ÌÂ-ïåðåõîäîâ CH3D 

×àñòîòà 
J 

ÃÃö  ñì–1 
αmax ⋅ 107, 

ñì–1  

1 2 3 4 
 3 123,17076 4,10853 5,81408 
 4 123,08107 4,10554 15,56438 
 5 122,96987 4,10183 32,24899 
 6 122,83775 4,09743 55,60832 
 7 122,68544 4,09235 83,14783 
 8 122,51378 4,08662 110,61716 
 9 122,32372 4,08028 133,21326 
10 122,11637 4,07336 146,99872 
11 121,89291 4,06591 149,96930 

Î ê î í ÷ à í è å  ò à á ë .  2  

1 2 3 4 
12 121,65467 4,05796 142,41481 
13 121,40310 4,04957 126,54934 
14 121,13976 4,04079 105,66629 
15 120,86633 4,03167 83,18798 
16 120,58463 4,02227 61,92264 
17 120,29657 4,01266 43,68399 
18 120,00421 4,00291 29,26474 
19 119,70970 3,99309 18,64923 
20 119,41535 3,98327 11,32188 
21 119,12354 3,97353  6,55673 
22 118,83682 3,96397  3,62638 
23 118,55783 3,95466  1,91748 
24 118,28933 3,94571  0,97023 
25 118,03422 3,93720  0,47019 
26 117,79551 3,92924  0,21842 
27 117,57632 3,92192  0,09733 
28 117,37990 3,91537  0,04163 
29 117,20963 3,90969  0,01710 
30 117,06900 3,90500  0,00675 

 

 
Ðåçóëüòàòû ðàñ÷åòà ÷àñòîò è êîýôôèöèåíòîâ ïîãëîùåíèÿ 
  ÌÂ-ïåðåõîäîâ CH3D 

 

Ñåêñòè÷íàÿ öåíòðîáåæíàÿ ïîñòîÿííàÿ Hk CH3D, 
êîòîðàÿ íå îïðåäåëÿåòñÿ èç ÷àñòîò ðàçðåøåííûõ ïå-
ðåõîäîâ (9) è íå ïðèâåäåíà â [20], ïîëàãàëàñü ðàâíîé 
íóëþ ïðè ðàñ÷åòå ÷àñòîò çàïðåùåííûõ ïåðåõîäîâ ïî 
ôîðìóëå (7). 

 

Îáñóæäåíèå 
 

Ïðîâåäåííûå âû÷èñëåíèÿ íèçêî÷àñòîòíîãî ÌÂ-
ñïåêòðà CH3D, ôîðìèðóåìîãî çàïðåùåííûìè ïåðå-
õîäàìè (J, ±1) – (J, m2) â îñíîâíîì âèáðîííîì ñî-
ñòîÿíèè, ïîêàçûâàþò, ÷òî íàèáîëåå ñèëüíûå ëèíèè 
ýòîãî òèïà ñïåêòðà ðàñïîëàãàþòñÿ â îáëàñòè 3–4 ñì–1 

(117–123 ÃÃö). Ñèëüíûå ëèíèè Q-âåòâè çàïðåùåí-
íûõ ∆K = 3 ïåðåõîäîâ ñ K = 0, 3, 6… ïðîñòèðàþòñÿ 
íà÷èíàÿ îò 370 ÃÃö ñ êîýôôèöèåíòàìè ïîãëîùåíèÿ 
ïîðÿäêà 10–6

 ñì–1, à ñèëüíûå ëèíèè R-âåòâè ðàçðå-
øåííûõ ïåðåõîäîâ – íà÷èíàÿ ñ 7 ñì–1 (830 ÃÃö). Òà-
êèì îáðàçîì, íèçêî÷àñòîòíûé ñïåêòð çàïðåùåííûõ 

ÌÂ-ïåðåõîäîâ CH3D ðàñïîëîæåí â îáëàñòè, óäà-
ëåííîé îò ñïåêòðîâ, ôîðìèðóåìûõ äðóãèìè òèïàìè 
ÌÂ-ïåðåõîäîâ. 

Â áàíêå äàííûõ HITRAN-2000 ïîìåùåíû ëèíèè 
ÑÍ3D íà÷èíàÿ ñ 7 ñì–1, ëèíèè çàïðåùåííûõ ïåðå-
õîäîâ äîëæíû íàõîäèòüñÿ ñîãëàñíî íàøèì îöåíêàì 
â äèàïàçîíå 3–4 ñì–1. Ïðèâåäåííûå âû÷èñëåíèÿ  
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çàïðåùåííîãî ñïåêòðà CH3D óêàçûâàþò íà âîçìîæ-
íîñòü íàáëþäåíèÿ ýòîãî òèïà íèçêî÷àñòîòíîãî ñïåê-
òðà ñóùåñòâóþùèìè ÌÂ-ñïåêòðîìåòðàìè ñî øòàð-
êîâñêîé ìîäóëÿöèåé, ÌÂ-ñïåêòðîìåòðîì íà áàçå 
îðîòðîíà. Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ îáñóæ-
äàåìûõ â ðàáîòå ÌÂ-ñïåêòðîâ ìîíîäåéòåðîìåòàíà 

âàæíû ïðè ðåøåíèè çàäà÷ ÌÂ-àñòðîíîìèè è ïðåä-
ñòàâëÿþò èíòåðåñ â ïðèêëàäíîé ìîëåêóëÿðíîé ñïåê-
òðîñêîïèè ñ òî÷êè çðåíèÿ ïðèìåíåíèÿ íåïîëèíîìè-
àëüíûõ ìîäåëåé äëÿ óðîâíåé ýíåðãèè è äèïîëüíûõ 
ìîìåíòîâ ÌÂ-ïåðåõîäîâ â ñèììåòðè÷åñêèõ ìîëåêóëàõ. 

Ðàáîòà ïðåäñòàâëåíà íà X Ìåæäóíàðîäíîì ñèì-
ïîçèóìå «Îïòèêà àòìîñôåðû è îêåàíà. Ôèçèêà àò-
ìîñôåðû» [22]. 

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ÐÔÔÈ, ãðàíòû 

¹ 02-03-32512, 03-02-16471, è Ïðîãðàììû ÎÔÍ 
ÐÀÍ ¹ 2.10 «Îïòè÷åñêàÿ ñïåêòðîñêîïèÿ è ñòàí-
äàðòû ÷àñòîòû». 

 

1. Ãåðöáåðã Ã. Êîëåáàòåëüíûå è âðàùàòåëüíûå ñïåêòðû 

ìíîãîàòîìíûõ ìîëåêóë. Ì.: Èçä. èíîñòð. ëèò-ðû, 1949. 
520 ñ. 

2. Gordy W., Cook R.L. Microwave molecular Spectra. 
Second Ed. N.-Y.: Interscience Publ., 1984. 728 p. 

3. Oka T., Shimizu F.O., Shimizu T., Watson J.K.G. 
Possible rotationalequlibrium of interstellar ammonia by 
radioactive ∆K = ±3 transitions // Astrophys. J. 1971. 
V. 165. ¹ 15. P. 215–219. 

4. Aliev M.R., Mikhaylov V.M. Forbidden rotational 
spectra of axially symmetric polar molecules // J. Mol. 
Spectrosc. 1974. V. 49. P. 18–26.  

5. Oka T. Forbidden rotational transitions // Mol. Spec-
trosc.: Modern Research / Ed. K.N. Rao. N.-Y.: Aca-
demic Press, 1976. P. 229–253. 

6. Àëèåâ Ì.Ð. Çàïðåùåííûå âðàùàòåëüíûå ïåðåõîäû â 
ìîëåêóëàõ // Óñïåõè ôèç. íàóê. 1976. T. 119. C. 557.  

7. Papous
∨
ek D. Forbidden rotation transitions in molecular 

vibrational-rotational spectroscopy // Collect. Czechosl. 
Chem. Commun. 1989. V. 34. P. 2555–2630. 

8. Papous
∨
ek D., Aliev M.R. Molecular vibrational-rota- 

tional spectra. Amsterdam: Elsevier, 1982. 
9. Aliev M.R., Watson J.K.G. Calculated sextic centrifu-

gal distortion constants of molecules // J. Mol. Spec-
trosc. 1976. V. 61. ¹ 1. P. 29. 

10. Ìèõàéëîâ Â.Ì., Âîðîíèíà C.C., Ïøåíè÷íèêîâ À.Ì. 
Âû÷èñëåííûé «çàïðåùåííûé» âðàùàòåëüíûé ñïåêòð 
ìîíîäåéòåðîìåòàíà // Îïòèêà àòìîñô. è îêåàíà. 2001. 
Ò. 14. ¹ 9. Ñ. 809–817. 

11. Ozier I., Ho W., Birnfaum G.J. Pure rotational spec- 
trum and electric dipole momentum of ÑH3D // J. 
Chem. Phys. 1969. V. 51. P. 4873. 

12. Olson W.B. Infrared spectrum of CH3D. Graund state 
constants and perturbation allowed transitions // J. Mol. 
Spectrosc. 1972. V. 43. P. 190. 

13. Chu F.Y., Oka T. // 28-th Symposium on Molecular 
structure and spectroscopy. Columbus. Ohio, 1973. 

14. Chu F.Y., Oka T. Microwave spectrum of ∆K = ±3 tran- 
sition of PH3 // J. Mol. Spectrosc. 1973. V. 48. ¹ 3. P. 612. 

15. Ìèõàéëîâ Â.Ì. Äèïîëüíûå ìîìåíòû âðàùàòåëüíûõ è 
êîëåáàòåëüíî-âðàùàòåëüíûõ ïåðåõîäîâ â ëèíåéíûõ 
ìîëåêóëàõ; ôóíêöèÿ äèïîëüíîãî ìîìåíòà ñåðîîêñèäà 
óãëåðîäà // Ìèêðîâîëíîâàÿ ñïåêòðîñêîïèÿ è åå ïðè-
ìåíåíèÿ. Ì.: ÍÑÑ, 1985. C. 235–328. 

16. Aliev M.R., Watson J.K.G. Higher order effects in the 
vibration-rotation spectra of semirigid molecules // Mol. 
Spectrosc.: Modern Research. N.-Y.: Academic Press, 
1985. V. 3. P. 2–67. 

17. Ìèõàéëîâ Â.Ì. Ñõåìû óïîðÿäî÷èâàíèÿ (ãðóïïèðîâ-
êè) êîëåáàòåëüíî-âðàùàòåëüíûõ âîçìóùåíèé â êâàçè-
æåñòêèõ ìîëåêóëàõ // Îïòèêà àòìîñô. è îêåàíà. 2001. 
Ò. 14. ¹ 1. C. 20–33. 

18. Weniger E.J. Nonlinear sequence transformations for the 

acceleration of convergence and the summation of diver- 
gent series // Comp. Phys. Rep. 1989. V. 10. P. 189–371. 

19. Ìèõàéëîâ Â.Ì., Ñìèðíîâ Ì.À. Àíàëèç öåíòðîáåæíûõ 
äèïîëüíûõ ìîìåíòîâ âûñøèõ ïîðÿäêîâ ìîëåêóëû ìåòàíà 

// Îïòèêà è ñïåêòðñêîïèÿ. 2001. Ò. 90. Âûï. 1. Ñ. 33–35. 
20. Chackerian C., Jr., Bus E.S., Olson W.B., Guelachvili G. 

Determination of A0 for CH3D from perturbation-allowed 
transitions // J. Mol. Spectrosc. 1986. V. 117. P. 355–360. 

21. Mohr Peter J. and Taylor Barry N. CODATA Recom- 
mended Values of the Fundamental Physical Constants 
// J. Phys. and Chem. Ref. Data. 1999. V. 28. ¹ 6. 
P. 1713–1852 (http://physics.nist.gov/cuu/Constants) 

22. Mikhailov V.M., Voronina S.S., Voronin B.A. 
Calculated microwave spectrum of CH3D ∆K = 3 
rotational transitions // X Joint International 
Symposium «Atmospheric and ocean optics. Atmospheric 
physics». Institute of Atmosph. Optics SÂ RAS. Tomsk, 
Russia. 24–28 July 2003. P. 53. 

 
V.M. Mikhaylov, B.A. Voronin. Calculated microwave spectrum of CH3D in the region of 3–4 cm–1. 
The microwave (MW) spectrum of forbidden Q-branch transitions of CH3D has been calculated for the 

first time. This-type MW transitions of CH3D lie in the 3–4 cm–1 region, while the MW R-branch of CH3D, 
according to HITRAN-2000 database is spread above 7 cm–1. For the strongest CH3D MW transition 
(11, +1) – (11, –2) the absorption coefficient is αmax = 0.0149 ⋅ 10–3 cm–1.  

This calculations of the forbidden spectrum of CH3D show that it can be recorded by existing MW Stark 
modulation spectrometers or orotron spectrometers. 

The effective centrifugal distortion dipole moment model for trigonal symmetry on the basis of the limi- 
ting ordering scheme of ultraspeed rotator is suggested, the possibilities of construction of the nonpolynomial 
model for centrifugal distortion dipole moment on the basis of nonlinear series transformation are demonstraded. 
 

 


