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Âïåðâûå âûïîëíåí àíàëèç êîëåáàòåëüíî-âðàùàòåëüíîãî ÈÊ-ñïåêòðà âûñîêîãî ðàçðåøåíèÿ äåôîðìàöèîí- 

íûõ ïîëîñ ïîãëîùåíèÿ ν2 + ν4 (F1) è ν2 + ν4 (F2) ìîëåêóëû 
28SiH4 ñ ïîìîùüþ ïðîãðàììíîãî ïàêåòà SPHETOM. 

Ïðîèíòåðïðåòèðîâàíî îêîëî 618 ýêñïåðèìåíòàëüíûõ ïåðåõîäîâ ñ Jmax = 8. Èç ðåøåíèÿ îáðàòíîé ñïåêòðî-
ñêîïè÷åñêîé çàäà÷è îïðåäåëåíû âðàùàòåëüíûå, öåíòðîáåæíûå, ðåçîíàíñíûå ïàðàìåòðû è ïàðàìåòðû òåòðà-
ýäðè÷åñêèõ ðàñùåïëåíèé èññëåäóåìûõ êîëåáàòåëüíûõ ñîñòîÿíèé. Ïîëó÷åííûé íàáîð ïàðàìåòðîâ âîñïðîèç-
âîäèò èñõîäíûå ýêñïåðèìåíòàëüíûå äàííûå ñ òî÷íîñòüþ, áëèçêîé ê ýêñïåðèìåíòàëüíîé, drms = 8 ⋅ 10–4 ñì–1. 
 

Êëþ÷åâûå ñëîâà: äåôîðìàöèîííûå êîëåáàíèÿ, îáåðòîíû, òåòðàýäðè÷åñêèå ðàñùåïëåíèÿ, ðåçîíàíñíûå 
âçàèìîäåéñòâèÿ; bending vibrations, overtones, tetrahedral splittings, resonance interactions. 

 

Ââåäåíèå 
 

Êîëåáàòåëüíî-âðàùàòåëüíûì ñïåêòðàì ìîëåêóëû 
ñèëàíà 

28SiH4 ïîñâÿùåíû ðàçëè÷íûå ðàáîòû: îñíîâ-
íîå ñîñòîÿíèå ìîëåêóëû èçó÷åíî â [1, 2]; â [3–5] ïðî- 
àíàëèçèðîâàíû ïîëîñû äèàäû ν2/ν4; â [6, 7] íà îñ-
íîâå ñïåêòðîâ êîìáèíàöèîííîãî ðàññåÿíèÿ è Ôóðüå-
ñïåêòðîâ âûïîëíåí àíàëèç ñîñòîÿíèé ν1 è ν3. Âûñî-
êèé èíòåðåñ èññëåäîâàòåëåé îáúÿñíÿåòñÿ òåì ôàêòîì, 
÷òî ñèëàí íàõîäèò øèðîêîå ïðèìåíåíèå â ðàçëè÷íûõ 
îáëàñòÿõ íàóêè è òåõíèêè: ñïåêòðîñêîïèè, òåðìîõè-
ìèè, àñòðîôèçèêè, ïëàíåòîëîãèè è äð. [8–11]. Â ÷à-
ñòíîñòè, â ãàçîâîé ôàçå ñèëàí ñîäåðæèòñÿ â ïëàíå-
òàðíîé òóìàííîñòè, îêðóæàþùåé çâåçäó IRC+10216, 
à òàêæå â àòìîñôåðàõ ïëàíåò-ãèãàíòîâ (Þïèòåð, 
Ñàòóðí). Êðîìå òîãî, ïîñêîëüêó SiH4 – ìîëåêóëà 

òèïà ñôåðè÷åñêîãî âîë÷êà, ãðóïïà ñèììåòðèè êî- 
òîðîé èçîìîðôíà òî÷å÷íîé ãðóïïå ñèììåòðèè Td, 
èññëåäîâàíèå åå ñïåêòðîâ âûñîêîãî ðàçðåøåíèÿ 
ïðåäñòàâëÿåò èíòåðåñ è ñ ÷èñòî òåîðåòè÷åñêîé òî÷êè 
çðåíèÿ. 

Ïîäîáíî ìåòàíó è äðóãèì ìîëåêóëàì, îáëàäàþ-
ùèì òåòðàýäðè÷åñêîé ñèììåòðèåé â ðàâíîâåñíîé êîí- 
ôèãóðàöèè, ñèëàí «ãåíåðèðóåò» ñëîæíûå êîëåáàòåëü- 
íî-âðàùàòåëüíûå ñïåêòðû. Îäíàêî èçîòîïíûé ñîñ- 
òàâ ïðèðîäíîãî êðåìíèÿ áîãà÷å, ÷åì óãëåðîäà, ÷òî 
ïîçâîëÿåò áîëåå ïîäðîáíî èññëåäîâàòü âëèÿíèÿ èçî-
òîïíîãî ñìåùåíèÿ íà ìîëåêóëÿðíûå ïàðàìåòðû. Êðî-
ìå òîãî, â îòëè÷èå îò ìåòàíà, âòîðàÿ ãðóïïà ñèëüíî 
âçàèìîäåéñòâóþùèõ ôóíäàìåíòàëüíûõ ïîëîñ ν1 è ν3 
â ñïåêòðàõ ñèëàíà ðàñïîëîæåíà îòíîñèòåëüíî äåôîð- 
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ìàöèîííûõ 2ν2, 2ν4 è ν2 + ν4 â îáëàñòè áîëüøèõ 
÷àñòîò íà ðàññòîÿíèè, ïîçâîëÿþùåì ðàññìàòðèâàòü 
ýòè ãðóïïû ïîëîñ ðàçäåëüíî. 

Íåñìîòðÿ íà âñå âûøåñêàçàííîå, íà ñåãîäíÿø-
íèé äåíü â ëèòåðàòóðå îòñóòñòâóåò èíôîðìàöèÿ î òîí-
êîé êîëåáàòåëüíî-âðàùàòåëüíîé ñòðóêòóðå ñïåêòðîâ 
äâàæäû âîçáóæäåííûõ äåôîðìàöèîííûõ êîëåáàíèé. 
Ïîýòîìó äàííîå èññëåäîâàíèå íàïðàâëåíî íà âîñ-
ïîëíåíèå îòìå÷åííîãî ïðîáåëà, à èìåííî, íà îïðå-
äåëåíèå ñïåêòðîñêîïè÷åñêèõ ïàðàìåòðîâ ñîñòîÿíèé 
(0101, F1) è (0101, F2). 

 

Ýêñïåðèìåíòàëüíûå óñëîâèÿ  

è îïèñàíèå ñïåêòðà ïîãëîùåíèÿ 
 
Äëÿ ðåøåíèÿ âûøåîçâó÷åííîé çàäà÷è èñïîëü-

çîâàëñÿ ýêñïåðèìåíòàëüíûé ñïåêòð, çàðåãèñòðèðî-
âàííûé íà Ôóðüå-ñïåêòðîìåòðå âûñîêîãî ðàçðåøå-
íèÿ Bruker-120 HR â Òåõíè÷åñêîì óíèâåðñèòåòå 
Áðàóíøâåéãà (Ãåðìàíèÿ) â ñïåêòðàëüíîì äèàïàçîíå 
1600–2000 ñì–1, ïðè òåìïåðàòóðå 298 Ê ñ ðàçðåøå-
íèåì 0,0025 ñì–1 è äàâëåíèè 37 Ïà â êþâåòå èç íå-
ðæàâåþùåé ñòàëè äëèíîé 1,0 ì, îñíàùåííîé îêíàìè 
èç KBr. Ñïåêòð áûë ïîëó÷åí â ðåçóëüòàòå 1150 ñêà-
íèðîâàíèé è îòêàëèáðîâàí ïî ëèíèÿì âîäû. Íà ðè-
ñóíêå ïðåäñòàâëåí çàðåãèñòðèðîâàííûé ñïåêòð. Ñïðà-
âà ÷åòêî âèäíû ïîëîñû ν2 + ν4 (F1) è ν2 + ν4 (F2)  
ñ öåíòðàìè âáëèçè 1880 ñì–1, à ñëåâà – ëèíèè êà-
ëèáðîâî÷íîãî ãàçà H2O. Ïîëîñû 2ν4 è 2ν2 ñ öåí-
òðàìè âáëèçè 1820 è 1940 ñì–1 ñîîòâåòñòâåííî 
ïðàêòè÷åñêè íå âèäíû íà ôîíå ïîëîñ ν2 + ν4 (F1)  
è ν2 + ν4 (F2). 
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Ñïåêòð ïîãëîùåíèÿ ìîëåêóëû SiH4 â ðàéîíå ïîëîñ 2ν4/ν2 + ν4 è 2ν2 
 
Êàê óæå îòìå÷àëîñü ðàíåå, SiH4 – ýòî ìîëåêóëà 

òèïà ñôåðè÷åñêîãî âîë÷êà, ÷üÿ ãðóïïà ñèììåòðèè 
èçîìîðôíà òî÷å÷íîé ãðóïïå ñèììåòðèè Td. Êàê ñëåä-
ñòâèå, â ñïåêòðàõ ïîãëîùåíèÿ ïðîÿâëÿþòñÿ òîëüêî 
ïåðåõîäû ìåæäó êîëåáàòåëüíûìè ñîñòîÿíèÿìè (νΓ) 
è (ν′Γ′), äëÿ êîòîðûõ âûïîëíÿåòñÿ óñëîâèå 

 2.F′Γ ⊗ Γ ∈  (1) 

Çäåñü çíàê ⊗ îáîçíà÷àåò òåíçîðíîå ïðîèçâåäåíèå. 
Òàêèì îáðàçîì, èç îñíîâíîãî êîëåáàòåëüíîãî ñîñòîÿ-
íèÿ (ñèììåòðèÿ A1) ïåðåõîäû ðàçðåøåíû òîëüêî íà 
êîëåáàòåëüíûå ñîñòîÿíèÿ ñèììåòðèè F2, â íàøåì 
ñëó÷àå ýòî ïîëîñû ν2 + ν4 (F2) è 2ν4 (F2). Ïåðåõîäû 
íà êîëåáàòåëüíûå ñîñòîÿíèÿ ëþáîé äðóãîé ñèììåò-
ðèè ìîãóò ïîÿâëÿòüñÿ â ñïåêòðå ïîãëîùåíèÿ òîëüêî 
èç-çà ðåçîíàíñíûõ âçàèìîäåéñòâèé ñ ðàçðåøåííûìè 
êîëåáàòåëüíûìè ñîñòîÿíèÿìè. Îäíàêî, êàê âèäíî èç 

ðèñóíêà, êëàñòåðíàÿ ñòðóêòóðà, òèïè÷íàÿ äëÿ ïîëîñ 
ñèììåòðèè F2, ñóùåñòâåííî èñêàæàåòñÿ â âèäó ñèëü-
íûõ ðåçîíàíñíûõ âçàèìîäåéñòâèé. 

 

Ìàòåìàòè÷åñêàÿ ìîäåëü 
 

Èñïîëüçóåìûé â äàííîé ðàáîòå ïàêåò ïðîãðàìì 
SPHETOM (Spherical Top Molecules) [12–14] ðåà-
ëèçîâàí íà ÿçûêå FORTRAN. Ñ åãî ïîìîùüþ ìîæíî 
êàê ïðîèçâîäèòü ðàñ÷åòû ñïåêòðîâ âûñîêîãî ðàçðå-
øåíèÿ äëÿ ðàçëè÷íûõ ïîëèàä âçàèìîäåéñòâóþùèõ 
êîëåáàòåëüíûõ ñîñòîÿíèé, òàê è âûïîëíÿòü èíòåð-
ïðåòàöèþ ñïåêòðîâ è ðåøàòü îáðàòíóþ ñïåêòðîñêî-
ïè÷åñêóþ çàäà÷ó äëÿ ìîëåêóë òåòðàýäðè÷åñêîé ñèì-
ìåòðèè. Â åå îñíîâå ëåæèò ìîäåëü ýôôåêòèâíûõ 
âðàùàòåëüíûõ îïåðàòîðîâ (ñì., íàïðèìåð, [15–20]): 
 

 ,vib–rot

,

.

i j

i j

H i j H= ><∑  (2) 

Äëÿ ìîëåêóë âûñîêîé ñèììåòðèè äàííîå âûðàæåíèå 
ìîæíî ïðåäñòàâèòü â âèäå [21–24]: 

 ( )

1
vib–rot

,

,

A
n n

n

H H
Γ

Γ

′ ′υγ υ γ

′ ′υγ υ γ Γ

⎡ ⎤′ ′= υγ ⊗ υ γ ⊗ ≡
⎢ ⎥⎣ ⎦∑∑  

 ( )

1
( , )( , )
,

,

.

A
n nn

n

R Y
Γ

Ω Κ ΓΩ Κ Γ

′ ′υγ υ γ

′ ′υγ υ γ Γ ΩΚ

⎡ ⎤′ ′≡ υγ ⊗ υ γ ⊗
⎢ ⎥⎣ ⎦∑∑∑ (3) 

Çäåñü 
( , )
,

n

Y
Ω Κ Γ

′ ′υγ υ γ
 – ñïåêòðîñêîïè÷åñêèå ïàðàìåòðû, êî- 

òîðûå â ñëó÷àå, êîãäà υ = υ′ è γ = γ′, îïèñûâàþò 
âðàùàòåëüíóþ ñòðóêòóðó êîëåáàòåëüíîãî ñîñòîÿíèÿ 
(υγ); åñëè γ = γ′, íî υ ≠ υ′, ñïåêòðîñêîïè÷åñêèå ïà-
ðàìåòðû îïèñûâàþò âçàèìîäåéñòâèå Ôåðìè; â ñëó-
÷àå γ ≠ γ′ è äëÿ ëþáûõ υ è υ′ ( , )

,
n

Y
Ω Κ Γ

′ ′υγ υ γ
 – ïàðàìåòðû 

êîðèîëèñîâà âçàèìîäåéñòâèÿ; υγ  – ýòî ñèììåò- 
ðèçîâàííûå êîëåáàòåëüíî-âðàùàòåëüíûå âîëíîâûå 
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öèè, òàêæå ñèììåòðèçîâàííûå â ãðóïïå Td: 
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ðåäóêöèþ íåïðèâîäèìûõ ïðåäñòàâëåíèé ãðóïïû âðà- 
ùåíèé (SO3) íà íåïðèâîäèìûå ïðåäñòàâëåíèÿ ãðóï-
ïû òåòðàýäðà (Td). Ôóíêöèè Jk  – îáû÷íûå âðà-
ùàòåëüíûå ôóíêöèè, à ( )

m
R

Ω Κ  – íåïðèâîäèìûå îïå-
ðàòîðû ãðóïïû âðàùåíèé, äëÿ êîòîðûõ ñïðàâåäëè-
âû ñëåäóþùèå ñîîòíîøåíèÿ: 
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ýëåìåíòàðíûõ îïåðàòîðîâ J
α
, α = x, y, z; Κ – ðàíã 

âðàùàòåëüíîãî îïåðàòîðà; n è γ – íîìåð è ñèììåò-
ðèÿ âðàùàòåëüíîãî îïåðàòîðà â ãðóïïå ñèììåòðèè 
ìîëåêóëû. 

 

Îïðåäåëåíèå ñïåêòðîñêîïè÷åñêèõ 

ïàðàìåòðîâ 
 
Èíòåðïðåòàöèÿ ýêñïåðèìåíòàëüíûõ êîëåáàòåëü-

íî-âðàùàòåëüíûõ ëèíèé ïîëîñ (0101, F1) è (0101, F2) 

áûëà âûïîëíåíà ñ ïîìîùüþ ïðîãðàììíîãî ïàêåòà 
 

 SPHETOM. Íà ïåðâîì ýòàïå àíàëèçà èñïîëüçîâàë-
ñÿ ìåòîä êîìáèíàöèé ðàçíîñòåé [25–29]. Äëÿ ýòîãî 
áûëè ðàññ÷èòàíû çíà÷åíèÿ ýíåðãèè îñíîâíîãî êîëå-
áàòåëüíîãî ñîñòîÿíèÿ íà îñíîâå ïàðàìåòðîâ èç ðàáî-
òû [5], êîòîðûå çàòåì èñïîëüçîâàëèñü äëÿ èíòåðïðå-
òàöèè ëèíèé â ýêñïåðèìåíòàëüíîì ñïåêòðå. Â ðåçóëü-
òàòå àíàëèçà áûëî âïåðâûå íàéäåíî 618 ïåðåõîäîâ  
ñ ìàêñèìàëüíûì çíà÷åíèåì êâàíòîâîãî ÷èñëà J = 8, 
îòíîñÿùèõñÿ ê 237 çíà÷åíèÿì ýíåðãèè âåðõíèõ êîëå-
áàòåëüíî-âðàùàòåëüíûõ ñîñòîÿíèé èññëåäóåìûõ ïî-
ëîñ. Â êà÷åñòâå èëëþñòðàöèè íåáîëüøàÿ ÷àñòü ðå-
çóëüòàòîâ ïðèâåäåíà â òàáë. 1: â ïåðâûõ äâóõ ñòîëáöàõ 

äàíû ýêñïåðèìåíòàëüíûå çíà÷åíèÿ ýíåðãèé âðàùà-
òåëüíûõ ñîñòîÿíèé ñ êâàíòîâûìè ÷èñëàìè J, n, γ 
âîçáóæäåííîãî êîëåáàòåëüíîãî ñîñòîÿíèÿ, óêàçàí-
íîãî â ÷åòâåðòîì ñòîëáöå. 

Ïîëó÷åííûå çíà÷åíèÿ ýíåðãèé çàòåì èñïîëüçî-
âàëèñü äëÿ ðåøåíèÿ îáðàòíîé ñïåêòðîñêîïè÷åñêîé 
çàäà÷è ñ ãàìèëüòîíèàíîì (3). Ñëåäóåò îòìåòèòü, ÷òî 
ñîñòîÿíèÿ 2ν2 è 2ν4 èñïîëüçîâàëèñü êàê òåìíûå.  
Â èòîãå áûëè îïðåäåëåíû 39 ðàçëè÷íûõ ñïåêòðî-
ñêîïè÷åñêèõ ïàðàìåòðîâ 

( , )
,

n

Y
Ω Κ Γ

′ ′υγ υ γ
 (22 ïàðàìåòðà äèà-

ãîíàëüíûõ áëîêîâ è 17 ïàðàìåòðîâ ðåçîíàíñíîãî 
âçàèìîäåéñòâèÿ), êîòîðûå ïðåäñòàâëåíû â òàáë. 2 
âìåñòå ñ èõ 1σ ñòàòèñòè÷åñêèìè äîâåðèòåëüíûìè èí-
òåðâàëàìè (ïîñëåäíèå ïðèâåäåíû â ñêîáêàõ). 

Âûøåóïîìÿíóòûé íàáîð èç 39 ïàðàìåòðîâ âîñ-
ïðîèçâîäèò 237 íà÷àëüíûõ çíà÷åíèé ýêñïåðèìåíòàëü- 
íûõ êîëåáàòåëüíî-âðàùàòåëüíûõ ýíåðãèé ñ drms = 
= 8 ⋅ 10–4 ñì–1, ÷òî áëèçêî ê ýêñïåðèìåíòàëüíûì ïî-
ãðåøíîñòÿì. Ýòî ìîæíî ñ÷èòàòü õîðîøèì ïîäòâåð-
æäåíèåì ïðàâèëüíîñòè ïîëó÷åííîãî ðåçóëüòàòà. 

Èññëåäîâàíèå âûïîëíåíî ïðè ôèíàíñîâîé ïîä-
äåðæêå Òîìñêîãî ïîëèòåõíè÷åñêîãî óíèâåðñèòåòà ïî 
ïðîãðàììå ÂÈÓ-ÔÒÈ-72/2014. 

 
Ò à á ë è ö à  1  

Íåáîëüøàÿ ÷àñòü ïîëó÷åííûõ êîëåáàòåëüíî-âðàùàòåëüíûõ ýíåðãèé  
ìîëåêóëû 28SiH4 

J n   γ Å
ν
, cì–1 δ ⋅ 104, ñì–1 Ïîëîñà J n   γ Å

ν
, cì–1 δ ⋅ 104, ñì–1 Ïîëîñà 

3 4   A2 1926,7418 –1,0    (0101, F1) 4 8   F2 1926,6284 5,5   (0101, F2) 

3 5   E 1917,2588 –0,2    (0101, F1) 4 10 F2 1935,2238 –1,6   (0101, F2) 

3 10  F2 1928,7918 –9,9    (0101, F1) 4 7   E 1934,7019 –0,3   (0101, F2) 

3 2   A1 1907,6094 4,4    (0101, F1) 4 8   F1 1927,5542 4,5   (0101, F1) 

3 9   F1  1917,4917 –1,2    (0101, F1) 4 12 F2 1951,3358 0,9   (0101, F1) 

3 8   F1 1912,5469 –0,4    (0101, F2) 4 6   E 1926,6603 4,9   (0101, F2) 

3 9   E 1929,6841 0,4    (0101, F2) 4 4   A1 1940,2822 –0,1   (0101, F1) 

3 11  F1 1929,3722 0,3    (0101, F2) 4 13 F1 1956,3375 0,8   (0101, F2) 

3 4   E 1906,4824 0,1    (0101, F2) 5 11 F1 1953,6008 1,2   (0101, F2) 

3 3   A1 1928,2605 –6,2    (0101, F2) 5 13 F2 1970,3365 –8,8   (0101, F1) 

3 10  F1 1926,9153 9,2    (0101, F1) 5 16 F1 1985,2412 –1,0   (0101, F1) 

3 7   F1 1906,7537 3,6    (0101, F2) 5 3   A2 1934,5588 –11,7   (0101, F2) 

3 6   F2 1906,4394 –1,9    (0101, F2) 5 14 F1 1971,5148 0,3   (0101, F1) 

3 6   E 1928,9172 –1,1    (0101, F1) 5 16 F2 1989,9035 2,6   (0101, F2) 

4 11 F2 1939,9659 –3,7    (0101, F2) 5 9   F2 1952,4159 3,8   (0101, F2) 

4 13 F2 1954,0033 –0,5    (0101, F1) 5 6   A2 1990,4177 6,5   (0101, F2) 

4 10 F1 1942,2022 –4,6    (0101, F1) 5 12 F1 1962,3303 1,2   (0101, F2) 

4 7   F1 1926,7417 –9,4    (0101, F2) 5 7   E 1953,6989 11,6   (0101, F2) 

4 9   F1 1940,2733 –3,9    (0101, F1) 5 10 E 1985,0191 9,4   (0101, F1) 

4 14 F2 1956,9648 2,8    (0101, F2) 5 13 F1 1968,7290 0,1   (0101, F1) 



 

 Èññëåäîâàíèå êîëåáàòåëüíî-âðàùàòåëüíîé ýíåðãåòè÷åñêîé ñòðóêòóðû ñîñòîÿíèé (0101, F1) è (0101, F2)… 619 
 

 

Ò à á ë è ö à  2  

Ñïåêòðîñêîïè÷åñêèå ïàðàìåòðû 
′ ′

( , )
,

n

Y
Ω Κ Γ

υγ υ γ
 âçàèìîäåéñòâóþùèõ  

êîëåáàòåëüíûõ ñîñòîÿíèé ν2 + ν4 (F1) è ν2 + ν4 (F2) ìîëåêóëû SiH4 

υγ υ′γ′ Ω(Κ, nΓ) 28SiH4 

(0200, A1) (0200, A1) 0(0, A1) –4,4565(24) 
(0200, E) (0200, E) 0(0, A1) 0,893501(39) 
(0200, E) (0200, E) 3(3, A2) ⋅ 104 0,4682(29) 
(0200, E) (0101, F1) 1(1, F1) ⋅ 102 9,5913(79) 
(0200, E) (0101, F1) 2(2, F2) ⋅ 103 –0,9963(52) 
(0200, E) (0101, F2) 1(1, F1) ⋅ 102 2,4174(67) 
(0200, E) (0101, F2) 2(2, F2) ⋅ 102 –0,219(14) 
(0200, A1) (0002, A1) 0(0, A1) –5,6474(93) 
(0200, E) (0002, F2) 1(1, F1) 0,28566(41) 
(0101, F1) (0101, F1) 0(0, A1) 2,692743(25) 
(0101, F1) (0101, F1) 1(1, F1) ⋅ 102 –4,0247(55) 
(0101, F1) (0101, F1) 2(0, A1) ⋅ 102 –0,4036(17) 
(0101, F1) (0101, F1) 2(2, E) ⋅ 102 0,7411(26) 
(0101, F1) (0101, F1) 2(2, F2) ⋅ 102 0,1816(41) 
(0101, F1) (0101, F2) 1(1, F1) ⋅ 102 –9,715(10) 
(0101, F1) (0101, F2) 2(2, E) ⋅ 103 –0,5306(28) 
(0101, F1) (0101, F2) 2(2, F2) ⋅ 103 –0,8435(31) 
(0101, F1) (0101, F2) 3(1, F1) ⋅ 104 –0,3408(24) 
(0101, F1) (0101, F2) 3(3, A2) ⋅ 105 –0,437(16) 
(0101, F2) (0101, F2) 0(0, A1) –2,73279(26) 
(0101, F2) (0101, F2) 1(1, F1) –0,20044(41) 
(0101, F2) (0101, F2) 2(2, E) ⋅ 103 0,4109(29) 
(0101, F2) (0101, F2) 2(2, F2) ⋅ 102 0,18572(73) 
(0101, F2) (0101, F2) 3(1, F1) ⋅ 103 –0,16015(59) 
(0101, F1) (0002, F2) 1(1, F1) ⋅ 102 –4,981(15) 
(0101, F1) (0002, F2) 2(2, F2) ⋅ 102 –0,3841(11) 
(0101, F2) (0002, E) 1(1, F1) ⋅ 102 5,538(24) 
(0101, F2) (0002, E) 2(2, F2) ⋅ 104 0,737(32) 
(0101, F2) (0002, E) 3(1, F1) ⋅ 104 –0,5662(58) 
(0101, F2) (0002, F2) 0(0, A1) –4,1439(18) 
(0101, F2) (0002, F2) 2(0, A1) ⋅ 102 –0,11611(71) 
(0002, A1) (0002, A1) 0(0, A1) –14,9796(11) 
(0002, A1) (0002, E) 2(2, E) ⋅ 102 0,15136(57) 
(0002, E) (0002, E) 0(0, A1) 0,94349(14) 
(0002, E) (0002, E) 2(2, E) ⋅ 102 –0,10216(39) 
(0002, E) (0002, F2) 1(1, F1) ⋅ 102 2,6524(23) 
(0002, F2) (0002, F2) 0(0, A1) –2,4668(31) 
(0002, F2) (0002, F2) 1(1, F1) ⋅ 102 7,483(39) 
(0002, F2) (0002, F2) 2(2, F2) ⋅ 102 –0,21059(74) 
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N.I. Raspopova. Investigation of the ro-vibrational energy structure of (0101, F1) and (0101, F2) 
states of 28SiH4 molecule. 

The high-resolution analysis of the ro-vibrational IR spectrum of the absorption bending bands ν2 + ν4 (F1) 
and ν2 + ν4 (F2) of the 28SiH4 molecule is performed with the SPHETOM software package. About 618 experi-
mental transitions are assigned to ν2 + ν4 (F1) and ν2 + ν4 (F2) bands with Jmax = 8. Rotational, centrifugal dis-
tortion, tetrahedral splitting, and resonance interaction parameters for these vibrational bands are determined 
from the weighted fit of experimental line positions. The obtained set of parameters reproduces the initial ex-
perimental data with the accuracy closed to experimental uncertainties, drms = 8 ⋅ 10–4 cm–1. 

 
 


