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Ïðîâåäåí àíàëèç êîðèîëèñîâà ðåçîíàíñà ïåðâîãî ïîðÿäêà ìåæäó íåâûðîæäåííûìè è âûðîæäåííûìè 
íîðìàëüíûìè êîëåáàíèÿìè â ìîëåêóëàõ òèïà ñèììåòðè÷íîãî âîë÷êà, ïðèâîäÿùåãî ê óäâîåíèþ ïîäóðîâíåé 
âûðîæäåííîãî êîëåáàíèÿ ñî çíà÷åíèÿìè êâàíòîâûõ ÷èñåë ïðîåêöèé ïîëíîãî è êîëåáàòåëüíîãî óãëîâûõ ìî-
ìåíòîâ, ðàâíûìè åäèíèöå (k = l = ±1), ïðè áîëüøèõ çíà÷åíèÿõ âðàùàòåëüíîãî âîçìóùåíèÿ. Ýôôåêòèâíûé 
ãàìèëüòîíèàí äëÿ «ãèãàíòñêîãî l-óäâîåíèÿ» Hg.d ïîñòðîåí íà îñíîâå òåîðèè ñâÿçàííûõ ñõåì óïîðÿäî÷åíèÿ 
êîëåáàòåëüíî-âðàùàòåëüíûõ âçàèìîäåéñòâèé. Òåîðèÿ íåëèíåéíûõ ïðåîáðàçîâàíèé ðÿäîâ ïðèìåíåíà ê àíà-
ëèçó ïîëó÷åííîãî ðÿäà ïî J2 â Hg.d. Ïåðâàÿ äèàãîíàëüíàÿ Ïàäå-àïïðîêñèìàíòà äëÿ âðàùàòåëüíîé çàâèñèìî-
ñòè ãèãàíòñêîãî l-óäâîåíèÿ ïðåäñòàâëåíà â âèäå 
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ãäå α, C2,J, C4,J – êîýôôèöèåíòû â îïåðàòîðàõ 21 23,H H� , 25H�  â Hg.d. Ïðèâåäåíû òàêæå äèàãîíàëüíûå Ïàäå-

àïïðîêñèìàíòû áîëåå âûñîêîãî ïîðÿäêà, â ÷àñòíîñòè [2/2], â òåðìèíàõ êîýôôèöèåíòîâ ðàçëîæåíèÿ ðÿäà 
äëÿ èññëåäîâàííîé âðàùàòåëüíîé çàâèñèìîñòè ãèãàíòñêîãî l-óäâîåíèÿ ïî J2. Ïîëó÷åíû ñîîòíîøåíèÿ äëÿ 
ïàðàìåòðîâ â ôàêòîðå Ãåðìàíà–Óîëëèñà ÷åðåç ìîëåêóëÿðíûå ïîñòîÿííûå â ñëó÷àå ñèëüíîãî (νA, νE) êîðèî-
ëèñîâà ðåçîíàíñà. Ïðèâåäåíû ðåçóëüòàòû ÷èñëåííûõ ðàñ÷åòîâ â ôàêòîðå Ãåðìàíà–Óîëëèñà äëÿ ìîëåêóë 
CH4, OCS, CO2 è HCN. 

 

Ââåäåíèå 

Â ìîëåêóëàõ òèïà ñèììåòðè÷íîãî âîë÷êà ãàð-
ìîíè÷åñêîå ñèëîâîå ïîëå òàêîâî, ÷òî ñóùåñòâóåò 
ïàðíûé ðåçîíàíñ ìåæäó íåêîòîðûìè ÷àñòîòàìè âû-
ðîæäåííûõ (νt) è íåâûðîæäåííûõ (νs) îñíîâíûõ 
êîëåáàòåëüíûõ ìîä. Âðàùàòåëüíûå ïîäóðîâíè ýòèõ 
ìîä ñèëüíî âîçìóùåíû ðåçîíàíñíûì âçàèìîäåéñò-
âèåì, íàçûâàåìûì ñëó÷àéíûì ðåçîíàíñîì òèïà Êî-
ðèîëèñà [1]. Ðåçîíàíñíîå âçàèìîäåéñòâèå ýòîãî òè-
ïà ïðèâîäèò (â ìîëåêóëàõ òðèãîíàëüíîé ñèììåò-
ðèè) ê óäâîåíèþ ïîäóðîâíåé ìîäû νt ñî çíà÷åíèÿ-
ìè êâàíòîâûõ ÷èñåë ïðîåêöèè ïîëíîãî óãëîâîãî 
ìîìåíòà J è êîëåáàòåëüíîãî óãëîâîãî ìîìåíòà L, 
ðàâíûìè åäèíèöå: k = l = ±1. Ïðè ýòîì âåëè÷èíà 
ðàñùåïëåíèÿ ïîäóðîâíåé ñîãëàñíî ñóùåñòâóþùèì 
òåîðèÿì [2, 3] ëèíåéíî çàâèñèò îò êâàíòîâîãî ÷èñëà 
ïîëíîãî óãëîâîãî ìîìåíòà J. Ýòîò ýôôåêò íåîäíî-
êðàòíî íàáëþäàëñÿ â ÈÊ-ñïåêòðàõ íåêîòîðûõ ìî-
ëåêóë ñèììåòðèè C3v (XH3, YXH3) è ïîëó÷èë íà-
çâàíèå «ãèãàíòñêîãî l-óäâîåíèÿ» [3]. Òåîðåòè÷åñêèå 
èññëåäîâàíèÿ ýòîãî ýôôåêòà îãðàíè÷èâàëèñü ðàñ-
ñìîòðåíèåì ïåðâîãî èñ÷åçàþùåãî âêëàäà â îïåðàòî-
ðå êîðèîëèñîâà âçàèìîäåéñòâèÿ, è íå ñòàâèëñÿ âî-
ïðîñ î ïîâåäåíèè ðàñùåïëåíèÿ óðîâíåé ïðè áîëü-
øèõ ýíåðãèÿõ âðàùåíèÿ – J. 

Öåëü íàñòîÿùåé ñòàòüè çàêëþ÷àåòñÿ â îïèñàíèè 
âðàùàòåëüíîé çàâèñèìîñòè ýôôåêòà ãèãàíòñêîãî  

l-óäâîåíèÿ â ñèììåòðè÷åñêîãî òèïà ìîëåêóëàõ â âèäå 
äðîáíî-ðàöèîíàëüíûõ ôóíêöèé êâàíòîâîãî ÷èñëà 
ïîëíîãî óãëîâîãî ìîìåíòà. 

Ïîñòðîåíèå îñíîâàíî íà êîíöåïöèè ñâÿçàííûõ 
ñõåì óïîðÿäî÷åíèÿ (ãðóïïèðîâîê) êîëåáàòåëüíî-
âðàùàòåëüíûõ âçàèìîäåéñòâèé [4] ýôôåêòèâíîãî 
ãàìèëüòîíèàíà äëÿ âðàùàòåëüíîé çàâèñèìîñòè êî-
ðèîëèñîâà òèïà ðåçîíàíñíîãî âçàèìîäåéñòâèÿ. 

Â äîìèíàíòíîì ïðèáëèæåíèè îïåðàòîð êîðèî-
ëèñîâà ðåçîíàíñíîãî âçàèìîäåéñòâèÿ â ðàçëîæåíèè 
èñõîäíîãî êîëåáàòåëüíî-âðàùàòåëüíîãî ãàìèëüòîíèà-
íà äëÿ ìîëåêóë ñèììåòðèè C3v ìîæåò áûòü ïðåä-
ñòàâëåí â ñëåäóþùèõ ýêâèâàëåíòíûõ âèäàõ [4–6]: 
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Â ôîðìóëå (1) èñïîëüçîâàíû îáùåïðèíÿòûå îáî-

çíà÷åíèÿ äëÿ ìîëåêóëÿðíûõ êîíñòàíò: e

x
B  –ðàâíî-

âåñíîå çíà÷åíèå âðàùàòåëüíîé ïîñòîÿííîé; ζnt2 –

êîðèîëèñîâà ïîñòîÿííàÿ; ωn, ωt – ãàðìîíè÷åñêèå 
÷àñòîòû íåâûðîæäåííîé è âûðîæäåííûõ ìîä. 

Ãàìèëüòîíèàí â íóëåâîì ïðèáëèæåíèè è ýô-
ôåêòèâíûé âðàùàòåëüíûé ãàìèëüòîíèàí â âîçáóæ-
äåííîì êîëåáàòåëüíîì ñîñòîÿíèè (V) ìîãóò áûòü 

4*. 
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ïðåäñòàâëåíû â âèäå ñóìì îïåðàòîðîâ (â ñèñòåìå 
îáîçíà÷åíèé Hmn [3]): 

 0 20 02,H H H= +  (2) 

 0 0 .
eff V R

H H H= +  (3) 

Äèàãîíàëüíàÿ â H20 ýíåðãèÿ êîðèîëèñîâà âçàè-
ìîäåéñòâèÿ îïðåäåëÿåòñÿ ñîîòíîøåíèåì 

 21 2 ,H J
α α

〈 〉 = 〈 π 〉  (4) 

ãäå ñêîáêà 〈 〉 îáîçíà÷àåò ñóïåðîïåðàòîð âûäåëåíèÿ 
äèàãîíàëüíîé â H20 ÷àñòè; π

α
 è J

α
 – êîìïîíåíòû 

êîëåáàòåëüíîãî è ïîëíîãî óãëîâîãî ìîìåíòîâ íà 
ìîëåêóëÿðíî-ôèêñèðîâàííóþ îñü α. 

Ìîæíî âêëþ÷èòü â 0

R
H  âñå îïåðàòîðû ,

mn
H�  

èìåþùèå òîò æå ïîðÿäîê âåëè÷èíû, ÷òî è âðàùà-

òåëüíûå ïîñòîÿííûå; 

2 4

evib∼ χ ω ∼ χ ω  (χ  – ïàðàìåòð 

Áîðíà–Îïïåíãåéìåðà), ò.å. 0

R
H  ìîæåò áûòü ïðåä-

ñòàâëåí â âèäå ñóììû ñëåäóþùèõ îïåðàòîðîâ: 

 0 02 21 40 .

R
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Äëÿ ìîëåêóëû òèïà ñèììåòðè÷íîãî âîë÷êà 0

R
H  

ìîæåò áûòü ïðåäñòàâëåí â âèäå: 
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ãäå 
1 2
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t t

z
t z t t l lBζ = ζ κ�  – ïîñòîÿííûå â îïåðàòîðå 
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ïðîåêöèè êîëåáàòåëüíîãî ìîìåíòà ìîäû íà îñü 
ñèììåòðèè çàïèñûâàåòñÿ ÷åðåç ëåñòíè÷íûå îïåðàòî-

ðû ta
στ  (ñì. Ïðèëîæåíèå) ñëåäóþùèì îáðàçîì [7]: 
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Ïðè ïåðåõîäå îò îïåðàòîðà lt ê íóëåâîìó îïå-

ðàòîðó ˆ ˆ ,0
z
t tl l→ ⋅  ÷òî ñîîòâåòñòâóåò ðåàëèçàöèè íå-

âûðîæäåííûõ êîëåáàòåëüíûõ ñîñòîÿíèé, îïåðàòîð 

G  ïåðåõîäèò â îïåðàòîð ˆ:
z z

J G J→ . Â ñèëó î÷å-

âèäíûõ óñëîâèé äëÿ êîììóòàòîðîâ 

 [ , ] [ , ] [ , ] 0
z zz t z t tJ l J G l G= = =  (8) 

äîëæíà âûïîëíÿòüñÿ êîììóòàòèâíîñòü 

 ˆ[ , ] [ , ] [ , ] .20 20 20 0z t tJ H l H G H= = =  (9) 

Òàêèì îáðàçîì, äëÿ ìîëåêóë òèïà ñèììåòðè÷-
íîãî âîë÷êà ãàðìîíè÷åñêèé ãàìèëüòîíèàí H20 è îïå-

ðàòîðû ïðîåêöèè óãëîâîãî ìîìåíòà ìîäû ˆ( , , )
a cbt t tl l l l  

íà îñü ñèììåòðèè, ,
ct

l  èìåþò îáùèé ñïåêòð ñîáñò-

âåííûõ çíà÷åíèé. Êîëåáàòåëüíî-âðàùàòåëüíûå ñî-
ñòîÿíèÿ âûðîæäåííîé ìîäû νt ìîæíî îïðåäåëÿòü 
êðîìå ãëàâíîãî êâàíòîâîãî ÷èñëà vt êâàíòîâûìè 

÷èñëàìè k, lt è G, ò.å. êâàíòîâîå ÷èñëî Gt ÿâëÿåòñÿ 
õîðîøèì êâàíòîâûì ÷èñëîì. Ïðè áîëüøèõ J, ò.å. 

êîãäà J >> χ–1, ïåðâûé ÷ëåí H21 â 0

R
H  ñòàíîâèòñÿ 

äîìèíèðóþùèì. Ñîîòíîøåíèÿ ÷èñòî âðàùàòåëüíîé 
è êîðèîëèñîâîé ýíåðãèé ïðè áîëüøèõ J äàíû â [8]. 
Â äàííîé ñòàòüå ïðåäëîæåíà ìîäåëü äëÿ îïèñàíèÿ 
âðàùàòåëüíîé çàâèñèìîñòè ãèãàíòñêîãî l-óäâîåíèÿ 
êàê â ïîëèíîìèàëüíîé, òàê è â íåïîëèíîìèàëüíîé 
ôîðìàõ. 

 

1. Ýôôåêòèâíûé ãàìèëüòîíèàí  
äëÿ ãèãàíòñêîãî l-óäâîåíèÿ 

Êîðèîëèñîâî âçàèìîäåéñòâèå â ìîëåêóëàõ òèïà 
ñèììåòðè÷íîãî âîë÷êà ìåæäó íåâûðîæäåííîé νs  
è äâàæäû âûðîæäåííîé νt ìîäàìè â ðàçëîæåíèè 
èñõîäíîãî ãàìèëüòîíèàíà â äîìèíàíòíîì ïðèáëè-
æåíèè îïðåäåëÿåòñÿ îïåðàòîðîì, çàïèñàííûì â îò-
ëè÷èå îò (1), ÷åðåç ëåñòíè÷íûå îïåðàòîðû: 
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Ïðè ðåçîíàíñå ìåæäó ãàðìîíè÷åñêèìè ÷àñòî-
òàìè s tω ≈ ω  âîçìîæíî àíàëèçèðîâàòü H21 â (10)  

â ðàìêàõ òåîðèè âîçìóùåíèé òîëüêî äëÿ íåðåçî-
íàíñíîé ÷àñòè: 
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Ñîîòâåòñòâóþùàÿ îïåðàòîðó H21 (11) S-ôóíêöèÿ 
ìåòîäà êîíòàêòíûõ ïðåîáðàçîâàíèé îïðåäåëÿåòñÿ 
ñîîòíîøåíèåì 
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Ðåçîíàíñíàÿ ÷àñòü îïåðàòîðà H21(νs, νt) â ñîîò-
âåòñòâèè ñ îïðåäåëåíèåì (10) èìååò âèä 
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Ïðè àíàëèçå ñëó÷àéíûõ ðåçîíàíñîâ â ìîëåêó-

ëàõ ñëåäóåò èñïîëüçîâàòü îïåðàòîð ( )
mn

S
∗  âìåñòî 

ïîëíîãî ãåíåðàòîðà êîíòàêòíûõ ïðåîáðàçîâàíèé Smn. 
 Ýôôåêòèâíûé ãàìèëüòîíèàí (ÝÃ), ó÷èòûâàþ-
ùèé ñëó÷àéíûå ðåçîíàíñû òèïà êîðèîëèñîâà è ñó-
ùåñòâåííûå ðåçîíàíñíûå âçàèìîäåéñòâèÿ â ìíîãî-
àòîìíûõ ìîëåêóëàõ è ðàäèêàëàõ, â ðàìêàõ ðàñ-
ñìàòðèâàåìîé ïðîáëåìû, íàèáîëåå ïðîñòûì ñïîñî-
áîì ìîæåò áûòü ñêîíñòðóèðîâàí â ïðåäåëüíîé 
ãðóïïèðîâêå (W), ïðåäëîæåííîé Âàòñîíîì [8]. 
Êîíöåïöèÿ óïîðÿäî÷åíèÿ êîëåáàòåëüíî-âðàùàòåëü- 
íûõ âçàèìîäåéñòâèé â êâàçèæåñòêèõ ìîëåêóëàõ 
ðàçâèòà  â  [9] è ïðåäñòàâëåíà â ñëåäóþùåé òàáëèöå. 
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Îïðåäåëåíèå ïîðÿäêîâ âåëè÷èí êîëåáàòåëüíûõ  
è âðàùàòåëüíûõ îïåðàòîðîâ è êîììóòàòîðîâ â ðàçíûõ 

ñõåìàõ óïîðÿäî÷åíèÿ 

Ïàðàìåòð W ÀN BOO M 

r 1 1 1 χ
–1+ε 

J χ
–2+ε 

χ
–1 1 1 

[p, q]v –i –i –i –iχ–2+2ε 

[Jα, Jβ]R –iχ–2+ε –iJγ 

χ
–1

 –iJγ –iJγ 
 

Â òàáëèöå ïðèíÿòû ñëåäóþùèå îáîçíà÷åíèÿ è ñî-
êðàùåíèÿ: q, p – íîðìàëüíûå êîîðäèíàòû è ñîïðÿ-
æåííûå èì èìïóëüñû; J

α
 – êîìïîíåíòû ïîëíîãî 

óãëîâîãî ìîìåíòà; i – ìíèìàÿ åäèíèöà; ε – ïàðà- 
ìåòð ìàëîñòè, ε → 0; W îáîçíà÷àåò ñîêðàùåííîå 
íàçâàíèå ñõåìû óïîðÿäî÷åíèÿ êîëåáàòåëüíî-âðàùà- 
òåëüíûõ âîçìóùåíèé (ãðóïïèðîâêè) Âàòñîíà è äàëåå 
ïî ýòîìó æå ïðèíöèïó: AN – Àìàòà–Íèëüñåíà; 
BOO – Áîðíà – Îïïåíãåéìåðà–Îêà; M – Ìèõàéëîâà. 
 Êðàòêî îáñóäèì äâå ñõåìû óïîðÿäî÷åíèÿ W  
è M, ïîëó÷èâøèå íàçâàíèÿ ïðåäåëüíûõ ñõåì óïî-
ðÿäî÷åíèÿ [4, 9, 11]. 

W-ñõåìà óïîðÿäî÷åíèÿ. Â ýòîé ñõåìå ïðèíÿòû 
â ñîîòâåòñòâèè ñ òàáëèöåé ñëåäóþùèå ïîðÿäêè âå-
ëè÷èí äëÿ îïåðàòîðîâ: 

 2

20 ,
e

H Eχ∼  (15) 

 4 –4

02 , 0.e eH E E
ε +ε

χ χ χ ε →∼ ∼  (16) 

M-ñõåìà óïîðÿäî÷åíèÿ. Â ýòîé ñõåìå ïðèíÿòû 
â ñîîòâåòñòâèè ñ òàáëèöåé ñëåäóþùèå ïîðÿäêè âå-
ëè÷èí äëÿ îïåðàòîðîâ: 

 2 –2 2

20 , 0,
e e

H E E
ε + ε

χ χ χ ε →∼ ∼  (17) 

 4 2

02 .e vibH Eχ χ ω∼ ∼  (18) 

Ôîðìà ÝÃ â ðàçëè÷íûõ ãðóïïèðîâêàõ êîëåáà-
òåëüíî-âðàùàòåëüíûõ âçàèìîäåéñòâèé ìîæåò áûòü 
ñâÿçàíà ñ ðàçëè÷íûìè òèïàìè òàáëèö [10]. Â ñõåìå 
óïîðÿäî÷åíèÿ Àìàòà–Íèëüñåíà ÝÃ ìîæåò áûòü ïðåä-
ñòàâëåí â âèäå êâàäðàòíîé óïîðÿäî÷åííîé òàáëèöû 
 

 , .

m
eff

mnH H m n
→

= ↓ =  (19) 

ÝÃ â ñõåìàõ óïîðÿäî÷åíèÿ W èëè M ìîæåò 
áûòü ïðåäñòàâëåí êàê ïðåäåëüíûå ñëó÷àè âûðîæäå-
íèÿ òàáëèö â ñòîëáåö èëè ñòðîêó: 

 

òèïàW òèïàM,

,

ñòðîêà ñòîëáåö.

mn mn
H m n H m n� �  (20) 

ÝÃ äëÿ îïèñàíèÿ âðàùàòåëüíîé çàâèñèìîñòè ýô-
ôåêòîâ l-óäâîåíèÿ, âêëþ÷àÿ «ãèãàíòñêîå l-óäâîåíèå», 
ìîæåò áûòü ââåäåí â ãðóïïèðîâêå W ñëåäóþùèì 
ðÿäîì: 

2,2 1 2,2

20 22 24 21 23 25

{ }

( ...) ( ...).

eff
cent n n centdH H H H H

H H H H H H

+
= + + = +

+ + + + + + + +

∑ � �

� � � � �

 
(21)

 

Ðåäóêöèÿ ÝÃ äëÿ ñëó÷àÿ ïàðíîãî ìåæìîäîâîãî 
ðåçîíàíñíîãî âçàèìîäåéñòâèÿ èññëåäîâàíà â ðàáîòå 

[11]. Íåîáõîäèìî îòìåòèòü, ÷òî ðåäóêöèÿ, â îáùåì 
âèäå, ÝÃ â äâàæäû âûðîæäåííûõ ñîñòîÿíèÿõ ìîëå-
êóë ñèììåòðèè C3v îáñóæäåíà â îáçîðå [12], äå-
òàëüíûå ñîîòíîøåíèÿ ñïåêòðîñêîïè÷åñêèõ è ìîëå-
êóëÿðíûõ ïîñòîÿííûõ ïðåäñòàâëåíû â [13]. Â íå-
ðåäóöèðîâàííîé ôîðìå è ïðèáëèæåíèè èçîëèðî-
âàííîãî êîëåáàòåëüíîãî ñîñòîÿíèÿ îáñóæäåíèå 
âðàùàòåëüíîé çàâèñèìîñòè êîðèîëèñîâà âçàèìîäåé-
ñòâèÿ ïåðâîãî ïîðÿäêà äàíî â ðàáîòå [8], à â äàí-
íîé ñòàòüå ðàçâèâàþòñÿ ñïåêòðîñêîïè÷åñêèå ìîäåëè 
äëÿ ðåäóöèðîâàííîãî ÝÃ, îïèñûâàþùåãî «ãèãàíò-
ñêîå l-óäâîåíèå» â ñèììåòðè÷åñêèõ ìîëåêóëàõ. 

ÝÃ äëÿ «ãèãàíòñêîãî l-óäâîåíèÿ» ïðåäñòàâèì 
ðÿäîì 

 11 2,2 1 1–1g.d ( ) ,
n

n

H P H P
+

= ∑�  (22) 

ãäå 11 1, 1tl kP P
= =

=  – îïåðàòîð ïðîåöèðîâàíèÿ íà îáî-

ëî÷êó ñîñòîÿíèé ñî çíà÷åíèÿìè ïðîåêöèé ïñåâäî-
êîëåáàòåëüíîãî è ïîëíîãî óãëîâûõ ìîìåíòîâ íà îñü 
ñèììåòðèè, ðàâíûìè åäèíèöå. Îïåðàòîðíàÿ ïîñëå-
äîâàòåëüíîñòü (22) äëÿ ðåçîíàíñà A–E â ìîëåêóëàõ 
àêñèàëüíîé, â òîì ÷èñëå òðèãîíàëüíîé, ñèììåòðèè 
ìîæåò áûòü ïðåäñòàâëåíà â âèäå ïðîèçâåäåíèÿ òåí-
çîðíîãî îïåðàòîðíîãî ìíîæèòåëÿ äëÿ èçó÷àåìîãî 
ðåçîíàíñà è ñêàëÿðíîãî îïåðàòîðíîãî ìíîæèòåëÿ 
êàê ôóíêöèè ïîëíîãî óãëîâîãî ìîìåíòà J è åãî 
ïðîåêöèè Jz. Ýòî óòâåðæäåíèå ëåãêî äîêàçûâàåòñÿ 
íà îñíîâå ïðåäñòàâëåííûõ âûøå ñâîéñòâ ñèììåòðèè 
êîëåáàòåëüíûõ è âðàùàòåëüíûõ îïåðàòîðîâ: 

 

– , 2
– 2

2 4 2 2
2 4 4

{1

...},

s Jd t

K z J JK z

H a a J C J

C J C J C J J

σ σ τ

τ

τ

= τ α + +

+ + + +

∑�

 

(23)

 

ãäå 2, 2,, ( ) ( )/ ,n nn J KC h h= α
� �  – êîýôôèöèåíòû â îïå-

ðàòîðàõ 2,nH� (ðåçîíàíñ). Ïðèíèìàÿ âî âíèìàíèå 

äåéñòâèå ïðîåêöèîííîãî îïåðàòîðà P11 â g.dH� , ïî-

ëó÷àåì ñëåäóþùåå îïðåäåëåíèå ýôôåêòèâíîãî ãà-

ìèëüòîíèàíà äëÿ âðàùàòåëüíîé çàâèñèìîñòè ãè-

ãàíòñêîãî l-óäâîåíèÿ: 

 

– 2
11 – 2 , 1 1g.d

– 2
11 – 1 1

1

( ).

n
s t n J

n

s t

H P a a J C J P

P a a J P f J

σ στ

τ −

σ στ

τ −

⎧ ⎫⎪ ⎪
= τ α + =⎨ ⎬

⎪ ⎪⎩ ⎭

= τ

∑ ∑

∑

�

 

(24)

 

Ê ïîñëåäîâàòåëüíîñòè â ôèãóðíûõ ñêîáêàõ 
ñëîæíî ïðèìåíèòü ìåòîäû óëó÷øåíèÿ ñõîäèìîñòè 
ðÿäîâ, òàê íàçûâàåìûå íåëèíåéíûå ïðåîáðàçîâàíèÿ 

ïîñëåäîâàòåëüíîñòåé, èìåÿ â âèäó 

2

0[ , ] 0R
J H =  è çà-

ìåíó J2 → J(J + 1). Äèàãîíàëüíàÿ Ïàäå-àïïðîêñè- 
ìàíòà äëÿ f(J2), êîòîðóþ óäîáíî ïðèìåíÿòü ïðè 
ïðàêòè÷åñêèõ îáðàáîòêàõ ñïåêòðîâ â íàèíèçøåì 
ïîðÿäêå, ñëåäóþùèì îáðàçîì ìîäèôèöèðóåò ÝÃ 
äëÿ ãèãàíòñêîãî l-óäâîåíèÿ: 

 
2

2– 2
11 – 1 1g.d 2

2 4

( )
1 ,

–

J
s t

J J

C
H P a a J P J

C C J

σ στ

τ −

⎧ ⎫⎪ ⎪
= τ α +⎨ ⎬

⎪ ⎪⎩ ⎭
∑�  (25) 
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ãäå α, C2J è C4J  – êîýôôèöèåíòû â ðåçîíàíñíûõ 

îïåðàòîðàõ 21 23,H H�  è 25H  ñîîòâåòñòâåííî. 

Åñòü äâà ïðåäåëüíûõ ñëó÷àÿ äëÿ Hg.d: â ïåðâîì 
(C4J << C2J) îí ïîÿâëÿåòñÿ â ïîëèíîìèàëüíîé ôîð-
ìå; âî-âòîðîì (C2J ∼ εC4J) îí îïðåäåëÿåò õàðàêòå-
ðèñòè÷åñêèå ñâîéñòâà àíàëèòè÷åñêîé ôóíêöèè f(J2) 
(ïðîñòûå ïîëþñû, òî÷êè âåòâëåíèÿ è ò.ä.). Â åäè-
íèöàõ J ðàññòîÿíèå äî ïåðâîãî ïîëþñà C2J –
 C4J ∼ 0 ìîæåò áûòü îöåíåíî ñëåäóþùåé ôîðìóëîé: 
 

 2

2 4/ ,J JJ C C〈 〉 ∼  (26) 

 2
2 4critical criticalmodul modul / .J JJ J C C〈 〉∼ ∼  (27) 

Ïðèâåäåííûå â òàáëèöå îïðåäåëåíèÿ ðàçëè÷-
íûõ ñõåì óïîðÿäî÷åíèÿ êîëåáàòåëüíî-âðàùàòåëüíûõ 
âçàèìîäåéñòâèé äàþò âîçìîæíîñòü ïîñòðîåíèÿ ýì-
ïèðè÷åñêèõ ìîäåëåé äëÿ îïèñàíèÿ ðàññìàòðèâàåìî-
ãî ýôôåêòà â òåðìèíàõ ïàðàìåòðà ðàçëîæåíèÿ λ, 
êîòîðûé åñòü ôóíêöèÿ ïàðàìåòðà Áîðíà–Îïïåí- 
ãåéìåðà, λ ∼ χa/b [9], è ïîëíîãî óãëîâîãî ìîìåíòà. 
Ñóììèðîâàíèå âîçíèêàþùèõ ïðè òàêîì ïîäõîäå 

ðÿäîâ òèïà m n

Jλ∑  âîçìîæíî ïðîâîäèòü ìåòîäàìè, 

îïèñàííûìè â [14–16]. Ïðèâåäåì â êà÷åñòâå ïðè-
ìåðà äâå ïîñëåäîâàòåëüíîñòè è ñîîòâåòñòâóþùèå 
Ïàäå-àïïðîêñèìàíòû. 

Çàïèøåì óïðîùåííóþ ìîäåëü äëÿ g.dH� : 

 – 2 2 –1 2
–g.d

3

( ) 1 ( ) ,n n

s t

n

H a a J J J

∞

σ στ

τ

=

⎧ ⎫⎪ ⎪
= α + λ + λ⎨ ⎬

⎪ ⎪⎩ ⎭
∑ ∑�  (28) 

ãäå λ ∼ χ1/2, ñóììèðîâàíèå ïî Ïàäå-ìåòîäó äàåò 
îäíî è òî æå âûðàæåíèå äëÿ âñåõ Ïàäå-
àïïðîêñèìàíò, èñêëþ÷àÿ òðèâèàëüíóþ: 

 

–
11 – 11g.d

2 2 3 2 4

2 2

( )

1 (– ) ( )
.

– 1

s tH P a a J P

J J

J

σ στ

τ
= α ×

⎧ ⎫+ λ + λ + λ + λ⎪ ⎪
×⎨ ⎬

λ +⎪ ⎪⎩ ⎭

∑�

 
(29)

 

Ñ äðóãîé ñòîðîíû, ðÿä äëÿ f(J2) ñ ñóììîé 

1 2 –1 2

3

(–1) ( )n n n

n

J
∞

+

=

λ∑  â ñêîáêàõ äàåò òîò æå ðåçóëü-

òàò, åñëè çàìåíèòü çíàê J2 â ôîðìóëå (28). 
Ýòî âûðàæåíèå áûëî ïîëó÷åíî äëÿ ðàññìàòðè-

âàåìûõ ðÿäîâ ïî J2 ñ ïîìîùüþ Ïàäå-àïïðîêñèìàíò 
äî øåñòîãî ïîðÿäêà âêëþ÷èòåëüíî. Äàííàÿ ôîðìó-
ëà ìîæåò áûòü èñïîëüçîâàíà äëÿ âû÷èñëåíèÿ âðà-
ùàòåëüíûõ âêëàäîâ â ãèãàíòñêîå l-óäâîåíèå äëÿ 
ìîëåêóë òèïà ñèììåòðè÷íîãî âîë÷êà. 

Ðàññìîòðèì ìàòðèöó ýíåðãèé äëÿ äàííîé ïðî-
áëåìû â áàçèñå ñèììåòðè÷íûõ ôóíêöèé [7, 8]: 

 
2

–e
| ; , , | (–1) | – ,

2
0,1.

{ }t t t

i S

l l S l

t tl
v J K S v JK v J K

S

π

〉 = 〉 + 〉

=

(30) 

Êëàññèôèêàöèÿ êîëåáàòåëüíî-âðàùàòåëüíûõ 
ôóíêöèé äëÿ ìîëåêóë ñèììåòðèè C3v â ïîäïðî-

ñòðàíñòâå ñ 1tk l= = ±  ïðèâîäèò ê ñëåäóþùåìó ðå-

çóëüòàòó [7]: 

 
2 1

1 2

|
| , ,1,

| .
t

even odd

l

t

J J

A A
v J S

A A

⎧ +〉⎪
〉 ⎨

−〉⎪⎩

 (31) 

Êîëåáàòåëüíî-âðàùàòåëüíûå ôóíêöèè äëÿ íå-
âûðîæäåííîé ìîäû ìîæíî êëàññèôèöèðîâàòü ñëå-
äóþùèì îáðàçîì: 

 0

1 2

| 10 0
.

even oddJ J
J

A A
〉  (32) 

Ýíåðãåòè÷åñêàÿ ìàòðèöà ãàìèëüòîíèàíà g.dH�   

â ñèììåòðèçîâàííîì áàçèñå | , , , ,t tv l J K S〉  èìååò ñëå-

äóþùèé âèä [7, 15]: 

 

1 2 3 1 2 3

11 11

22 22

33 33

0 0 0

0 0

0 0 0 ,

even oddJ J

E E b

E a b E

a E E

τ τ τ τ τ τ

 (33) 

ãäå 

1 2 3| | , | , | ,τ 〉 = +〉 τ 〉 τ 〉 = −〉  2g.d– | | ,a H= 〈 τ 〉�  

2g.d| |b H= 〈+ τ 〉� . 

Âûðàæåíèå äëÿ âðàùàòåëüíîé ýíåðãèè âûðîæäåí-
íîé ìîäû vt ìîæåò áûòü ïðåäñòàâëåíî â âèäå [3, 10]: 
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ãäå 
1 2

[ ] [ ]
2 ;t t

t t

v v z
z t t l lt Bζ = ζ χ�  – àíãàðìîíè÷åñêèå êîí-

ñòàíòû â îïåðàòîðå 
240; – .t z tH G J l=

�  Äâóìåðíûé 

äåòåðìèíàíò, âûáðàííûé èç ñîîòâåòñòâóþùèõ óðîâ- 

íåé äëÿ Jeven è Jodd â áàçèñå | ,iτ 〉  ìîæåò áûòü äèà-

ãîíàëèçèðîâàí ñëåäóþùèì îáðàçîì [5]: 

11 12

–
21 22

– 0
,

– 0

x y H H x y E

y x H H y x E

+⎡ ⎤σ σ⎡ ⎤ ⎡ ⎤ ⎡ ⎤
× × = ⎢ ⎥⎢ ⎥ ⎢ ⎥ ⎢ ⎥σ σ⎣ ⎦ ⎣ ⎦ ⎣ ⎦ ⎢ ⎥⎣ ⎦

 (35) 

ãäå H21 = H12 – âåùåñòâåííû, à ýíåðãèè 

 11 22

1 1
( ) ,

2 2
E H H

±
= + ± Δ  (36) 

ãäå 
1/2

12[ 4 ]HΔ = δ +  è 11 22– .H Hδ =  Êâàäðàòíûé 

êîðåíü âçÿò ïîëîæèòåëüíûì, òàê ÷òî âñåãäà âûïîë-

íÿåòñÿ –

.E E
+

≥  Ñîáñòâåííûå âåêòîðû çàäàþòñÿ 
ñëåäóþùèìè ñîîòíîøåíèÿìè: 

 
1 1

2 2[( )/2 ] ; [( – )/2 ] .x y= Δ + δ Δ = Δ δ Δ  (37) 

Êâàäðàòíûé êîðåíü âûáðàí òîæå ïîëîæèòåëüíûì, 
òàê ÷òî x è y – îáà ïîëîæèòåëüíûå, è x > y ïðè 
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δ > 0 è x < y ïðè δ < 0. Ñèìâîë çíàêà σ = + 1, êîãäà 
H12 (H12 = à è b) ïîëîæèòåëåí, è σ = –1, êîãäà H12 
îòðèöàòåëåí. 

Òàêèì îáðàçîì, âûðîæäåííûå óðîâíè ñ k = 
= l = ±1 ìîäû νt ðàñùåïëÿþòñÿ íà äâå êîìïîíåíòû: 
τ+ è τ–. Ïîäóðîâåíü τ– âçàèìîäåéñòâóåò ñ óðîâíåì 
k = 0 ìîäû νs, â òî âðåìÿ êàê ïîäóðîâåíü τ+ îñòàåò-
ñÿ íåâîçìóùåííûì. Äëÿ íå÷åòíûõ J ñèììåòðèÿ τ+ 
åñòü A1, ñèììåòðèÿ τ– åñòü A2, òîãäà êàê äëÿ ÷åòíûõ 
J íàîáîðîò. Ãèãàíòñêîå l-óäâîåíèå óðîâíåé ñ k = 
= l = ±1 áîëüøå íà äâà èëè òðè ïîðÿäêà âåëè÷èíû, 
íåæåëè íîðìàëüíîå l-óäâîåíèå â îïåðàòîðå H22. 
Òåì íå ìåíåå, êîãäà ðåçîíàíñ íå òàê ñèëåí è êîýô-
ôèöèåíòû óäâîåíèÿ â (36) ñòàíîâÿòñÿ îäíîãî ïî-
ðÿäêà ïî âåëè÷èíå ñ ïîñòîÿííîé α (14), âåëè÷èíà 
óäâîåíèÿ ïðîïîðöèîíàëüíà J(J + 1) [15, 17]. 

Ïðèâåäåì âûðàæåíèÿ äëÿ ÝÃ, îïèñûâàþùåãî 
âðàùàòåëüíóþ çàâèñèìîñòü ãèãàíòñêîãî l-óäâîåíèÿ 
â ìîëåêóëàõ òðèãîíàëüíîé ñèììåòðèè, â ïðèáëèæå-
íèè äèàãîíàëüíîé [2/2] Ïàäå-àïïðîêñèìàíòû èç 
[14], â òåðìèíàõ C-êîýôôèöèåíòîâ èñõîäíîãî ýô-
ôåêòèâíîãî ãàìèëüòîíèàíà (26): 
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  (38) 

Ïðèâåäåííûå â ýòîì ðàçäåëå ñîîòíîøåíèÿ äëÿ 
ïàðàìåòðîâ ÝÃ â Ïàäå-ôîðìå ñ ìîëåêóëÿðíûìè 
êîíñòàíòàìè ïðèìåíèìû ê àíàëèçó ðÿäà ìîëåêó-
ëÿðíûõ ñèñòåì, ïðåäñòàâëÿþùèõ àñòðîôèçè÷åñêèé 
èíòåðåñ: äëÿ àíàëèçà (E – F2)-ðåçîíàíñà â ìîëåêó-
ëå ìåòàíà, (A – E)-ðåçîíàíñà â ìîëåêóëå àììèàêà  
è â äðóãèõ ñèììåòðè÷åñêèõ ìîëåêóëàõ. 

2. Ôàêòîðû Ãåðìàíà–Óîëëèñà  

ïåðâîãî ïîðÿäêà â ñëó÷àå ñèëüíîãî 

êîðèîëèñîâà ðåçîíàíñà (νA, νE), 

(νE, νF2) 

Ýôôåêòèâíûé îïåðàòîð äèïîëüíîãî ìîìåíòà 
êîëåáàòåëüíîãî ïåðåõîäà â ãðóïïèðîâêå W ìîæåò 
áûòü ïðåäñòàâëåí â âèäå ðÿäà [11]: 

 11 12 13( 1) ... .M V M M MΔ = = + + +� � �  (39) 

Òåîðèÿ èíòåíñèâíîñòåé êîëåáàòåëüíî-âðàùà- 
òåëüíûõ ïåðåõîäîâ, èñïîëüçóþùèõ ïðåäåëüíûå 
ñõåìû óïîðÿäî÷åíèÿ, ïîçâîëÿåò ïðèìåíèòü ìåòîäû 
óñêîðåíèÿ ñõîäèìîñòè ðÿäîâ. Ââåäåì ñïåöèôè÷å-
ñêèé Ïàäå-àïïðîêñèìàíò [10, 14] äëÿ âðàùàòåëü-
íûõ îïåðàòîðîâ â ðÿäó (39): 
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 (40) 

Ýòîò ðÿä áîëåå ïðàâèëüíî îïèñûâàåò ïîâåäåíèå 
èíòåíñèâíîñòåé ëèíèé ïðè âûñîêèõ âðàùàòåëüíûõ 
êâàíòîâûõ ÷èñëàõ [9, 10]. Â äàííîé ñòàòüå ìû îã-

ðàíè÷èìñÿ ðàññìîòðåíèåì ôàêòîðîâ Ãåðìàíà–Óîë- 
ëèñà äëÿ ñëó÷àéíûõ (νA, νE) ðåçîíàíñîâ Êîðèîëèñà. 
 Ôàêòîðû Ãåðìàíà–Óîëëèñà ïåðâîãî ïîðÿäêà 

îïðåäåëÿþòñÿ îïåðàòîðîì 12M�  â ( 1).M VΔ =�  Îá-

ùåå âûðàæåíèå äëÿ îïåðàòîðà 12M�  èìååò âèä 
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ãäå – /k kp i q= ∂ ∂  – áåçðàçìåðíûé íîðìàëüíûé èì-

ïóëüñ; λAβ – íàïðàâëÿþùèå êîñèíóñû. Ñîîòíîøå-
íèÿ äëÿ íåíóëåâûõ ïàðàìåòðîâ â C3v ãðóïïå ñèì-
ìåòðèè ñëåäóþùèå: 
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Â ñëó÷àå ñèëüíîãî ñëó÷àéíîãî êîðèîëèñîâà ðåçî-

íàíñà H21(νm, νm′) ïàðàìåòðè÷åñêèé òåíçîð â 12M� -

îïåðàòîðå èìååò ìîäèôèöèðîâàííûé âèä 
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(43)

 

Âûðàæåíèÿ äëÿ çâåçäî÷íûõ ïàðàìåòðîâ èìåþò 
ñëåäóþùèé âèä: 
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(44)

 

Ïåðâîå ñëàãàåìîå â (44), â îòñóòñòâèå ðåçîíàí-
ñà, èìååò âèä [3]: 
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Àíàëèç ïàðàìåòðîâ 
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,
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β
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ïå ñèììåòðèè C3v, âåäåò ê óðàâíåíèÿì ìåæäó çâåç-

äî÷íûìè 
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 (46) 

Ðàññìîòðèì ïðèìåð ìîëåêóëû ìåòàíà. Äëÿ ìî-
ëåêóë òèïà ìåòàíà ãàðìîíè÷åñêîå ñèëîâîå ïîëå  
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òàêîâî, ÷òî ñóùåñòâóåò ðåçîíàíñ ìåæäó ÷àñòîòàìè 
âàëåíòíûõ èëè äåôîðìàöèîííûõ êîëåáàíèé. Â ÷à-
ñòíîñòè, óæå â íèæíåé ýíåðãåòè÷åñêîé îáëàñòè ñó-
ùåñòâóåò äèàäà (ν2, ν4) ñîñòîÿíèé. Â âåðõíåé îá-
ëàñòè ñóùåñòâóåò äèàäà (ν1, ν3) ñîñòîÿíèé. Ïðèâå-
äåì ÷èñëåííûå îöåíêè äëÿ Θ-ïàðàìåòðîâ â îïåðàòî-
ðå M12 äëÿ íèæíèõ (ν2, ν4) ñîñòîÿíèé [18]. Ñ ñèëî-
âûì ïîëåì Ãðåÿ–Ðîáèåòà [18] è ýëåêòðîîïòè÷åñêè-
ìè ïàðàìåòðàìè, ðàññ÷èòàííûìè ab initio â [11] 
äëÿ Θ -ïàðàìåòðîâ â M12 ìåòàíà, ïîëó÷èì ñëåäóþ-
ùèå âåëè÷èíû: 
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 (47) 

Èç ïðèâåäåííîãî âûøå àíàëèçà è òðàíñôîðìà-
öèîííûõ ñâîéñòâ ñèììåòðèè íîðìàëüíûõ êîîðäèíàò 
è êîìïîíåíòîâ ïîëíîãî óãëîâîãî ìîìåíòà [6] äëÿ 
òåòðàýäðè÷åñêèõ ìîëåêóë ñëåäóåò, ÷òî â îáëàñòè 
(ν2, ν4) ñîñòîÿíèé Θ-ïàðàìåòðû äëÿ ν4 ïîëîñû íå 
ìåíÿþòñÿ, òîãäà êàê äëÿ ν2 ïîëîñû Θ-ïàðàìåòð ìî-
äèôèöèðóåòñÿ â ñîîòâåòñòâèè ñ (44). Ýòîò âûâîä 
ïîäòâåðæäåí ïðèâåäåííûì ÷èñëåííûì ðàñ÷åòîì. 
 Êîýôôèöèåíòû ñìåøèâàíèÿ â èíòåíñèâíîñòè 
ëèíèé ïîëó÷àþòñÿ èç âîëíîâûõ ôóíêöèé äàííîãî 

ðàçäåëà è âûðàæåíèé äëÿ ( )∗
Θ -ïàðàìåòðîâ â 12M�  

(44) è ñîîòâåòñòâóþùèõ ìàòðè÷íûõ ýëåìåíòîâ îïå-
ðàòîðà äèïîëüíîãî ìîìåíòà ïåðåõîäà. 

Áåç ó÷åòà ðàññìîòðåííîãî â ñòàòüå ýôôåêòà 
ìåæìîäîâîãî (A–E) ðåçîíàíñíîãî âçàèìîäåéñòâèÿ  
â ñèììåòðè÷åñêèõ ìîëåêóëàõ F-ôàêòîðû äëÿ ïà-
ðàëëåëüíûõ è ïåðïåíäèêóëÿðíûõ ïîëîñ ëèíåéíûõ 
ìîëåêóë ïðèâåäåíû â [4]. Ïðèâåäåì èç [4] îáîá-
ùàþùóþ ôîðìóëó äëÿ F-ôàêòîðîâ: 
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÷òî êîëåáàòåëüíî-âðàùàòåëüíûé ïåðåõîä ñ DN = 1 
õàðàêòåðèçóåòñÿ êâàíòîâûìè ÷èñëàìè íà÷àëüíîãî 

ñîñòîÿíèÿ ( , )
s

v J  èëè ( , , )tl

tv J k  è òðåìÿ ÷èñëàìè 

( , ),τ

σ ρ  êîòîðûå èìåþò ñëåäóþùèå èçâåñòíûå îïðå-

äåëåíèÿ: 

σ = +1(–1) – ïîãëîùåíèå (èçëó÷åíèå); 

r = 1,0,1 – R-, Q-, P-âåòâè; 

t = +1, 0,–1 – r-, q-, p-ñóáâåòâè. 

Ýòè ñîîòíîøåíèÿ ñïðàâåäëèâû íå òîëüêî äëÿ 
ëèíåéíûõ ìîëåêóë, íî è äëÿ ìîëåêóë, ðàâíîâåñíàÿ 
êîíôèãóðàöèÿ êîòîðûõ îòíîñèòñÿ ê òî÷å÷íûì 
ãðóïïàì ñðåäíåé ñèììåòðèè. 

Çàâèñèìîñòü F-ôàêòîðà îò êâàíòîâîãî ÷èñëà J 
äëÿ ëèíèé ïåðåõîäà â îáëàñòè ãèãàíòñêîãî l-óäâî- 
åíèÿ òàêàÿ æå, êàê è â (47), (48) (v = 1), íî êîýô-
ôèöèåíòû Qn â (47), (48) çàìåíÿþòñÿ íà Q-êîýôôè- 
öèåíòû (44). 

Ðàñ÷åò Q-ïàðàìåòðîâ äëÿ ìîëåêóëû OCS äàåò 
ñëåäóþùèå çíà÷åíèÿ [4]: 
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 (49) 

Äëÿ ñðàâíåíèÿ ïðèâåäåì çíà÷åíèÿ Qn äëÿ 
HCN, DCN è CO2, îïðåäåëåííûå èç èçìåðåíèé 
îòíîøåíèÿ èíòåíñèâíîñòåé ëèíèé ñ îäíèì è òåì æå 
J â P- è R-âåòâÿõ [19]: 
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(HCN) 2,55,

(CO ) 1,50.
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 (50) 

Çàêëþ÷åíèå 

Â äàííîé ñòàòüå êîíöåïöèÿ ñâÿçàííûõ ñõåì 
óïîðÿäî÷åíèÿ êîëåáàòåëüíî-âðàùàòåëüíûõ âçàèìî-
äåéñòâèé âïåðâûå ïðèìåíåíà äëÿ àíàëèçà ñëó÷àé-
íûõ ðåçîíàíñîâ â ñïåêòðàõ êâàçèæåñòêèõ ìîëåêóë. 
Ìåòîä Ïàäå-àïïðîêñèìàíò ïîëîæåí â îñíîâó èññëå-
äîâàíèÿ âðàùàòåëüíîé çàâèñèìîñòè ïàðíûõ ðåçî-
íàíñíûõ âçàèìîäåéñòâèé â ìîëåêóëàõ. Äëÿ âðàùà-
òåëüíîé çàâèñèìîñòè ãèãàíòñêîãî l-óäâîåíèÿ â ñèì-
ìåòðè÷åñêèõ ìîëåêóëàõ ïðåäëîæåíû äâå Ïàäå-
àïïðîêñèìàíòû. Ïîëó÷åíû ñîîòíîøåíèÿ ïàðàìåò-
ðîâ â ôàêòîðå Ãåðìàíà–Óîëëèñà ñ ìîëåêóëÿðíûìè 
ïîñòîÿííûìè â ïðèñóòñòâèå êîðèîëèñîâà òèïà ðåçî-
íàíñà â ýíåðãåòè÷åñêîì ñïåêòðå ìîëåêóë. ×èñëåí-
íûå îöåíêè äëÿ ìåòàíà ïîäòâåðæäàþò òîò ôàêò, ÷òî 
ïàðàìåòðû â ôàêòîðå Ãåðìàíà–Óîëëèñà, îöåíåííûå 
áåç ó÷åòà ñëó÷àéíûõ ðåçîíàíñîâ, ìîãóò äàâàòü çà-
âûøåííûå çíà÷åíèÿ íà ïîðÿäêè âåëè÷èí. Ïðèâåäå-
íû ÷èñëåííûå îöåíêè äëÿ ïàðàìåòðîâ â F-ôàêòîðå 
äëÿ ðÿäà ëèíåéíûõ òðåõàòîìíûõ ìîëåêóë, äëÿ êî-
òîðûõ ñëó÷àéíûé êîðèîëèñîâ ðåçîíàíñ ïåðâîãî ïî-
ðÿäêà íå ñóùåñòâåí. 

 
Ïðèëîæåíèå 

 

Êîëåáàòåëüíûå è âðàùàòåëüíûå ëåñòíè÷íûå îïå-
ðàòîðû è ôàçîâûå ìíîæèòåëè äëÿ ìàòðè÷íûõ ýëå-
ìåíòîâ èìåþò òàêîé æå âèä, êàê â ðàáîòàõ [3–6]: 
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Ñ îïåðàòîðàìè, ââåäåííûìè Øåôôåðîì è Ëî-

óêîì [20], îïåðàòîðû ta
στ  äâóìåðíîãî îñöèëëÿòîðà 

ñâÿçàíû ñîîòíîøåíèåì [4]: 

 a++ = – iξ,   a+– = – iη+,   a–+ =  iη,  a–+ =  iξ+.    

Ñîîòíîøåíèÿ (Ï1) è (Ï2) ïðèìåíÿþòñÿ ïðè 
ïîñòðîåíèè ìàòðèöû ýíåðãèè (ñì. ðàçä. 1) è âû÷èñ-
ëåíèè ñèë ïåðåõîäîâ (ñì. ðàçä. 2) äëÿ èññëåäîâà-
íèÿ â ñòàòüå ïðîáëåìû ñëó÷àéíîãî êîðèîëèñîâà 
ðåçîíàíñà â ñèììåòðè÷åñêèõ ìîëåêóëàõ. 
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V.M. Mikhailov, M.A. Smirnov Rotational dependence of giant l-type doubling and dipole moments  
of IR transitions in Coriolis resonance region for polyatomic molecules. 

The first order Coriolis resonance between nondegenerate νs and degenerate νt fundamentals of symmetric 
polyatomic molecules give rise to the doubling of the sublevels of mode νt with values of quantum number 
(k = l = ±1) of the projection of full angular and vibrational momentà of double degenerate mode νt. In the 
dominant approximation, the energy splitting dependent lineary on the quantum member of full angular 
momentum J. Effective Hamiltonian for giant l-doubling in symmetric molecules has been developed on the 
base of theory of linked ordering schemes of rovibrational interactions. Theory of non-linear sequence 
transformation is applied to the analysis of obtained approximate series on J2. Diagonal Pade approximants for 
rovibrational dependence of giant l-doubling is presented in the form: 
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where α, C2,J, C4,J  are coefficients in operators 21H , 23H�  (Res) and 25H�  (Res) correspondingly; 2
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are generally accepted vibrational and rotational ladder operators. 
The simple estimation models for the parameters in rotational dependence of «l-type doubling» giving rise 

to the sum of convergence series are considered. The modification of the first order Herman–Wallis factors in 
the case of strong νA, νE Coriolis resonance have been analyzed. Numerical estimations for parameters in Her-
man–Walles factors for the CH4, OCS, CO2 and HCN molecules are given. 
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