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Â äèàïàçîíå ÷àñòîò 226.5 349.6÷  ÃÃö èäåíòèôèöèðîâàíû ïåðåõîäû è èçìåðåíû ÷àñòîòû 168
ëèíèé ðåçîíàíñíîãî ïîãëîùåíèÿ ìîëåêóë C35Cl

3
F â äâàæäû âûðîæäåííîì êîëåáàòåëüíîì ñîñòî-

ÿíèè 6ν  ñ êâàíòîâûì ÷èñëîì 1=v  â äèàïàçîíå âðàùàòåëüíûõ êâàíòîâûõ ÷èñåë 45 70J = ÷  è
1 0, ..., 63.Kl − = ±  Íàéäåíû íàáîðû ìîëåêóëÿðíûõ êîíñòàíò äëÿ îïèñàíèÿ âðàùàòåëüíîãî ñïåê-

òðà ýòèõ ìîëåêóë â óêàçàííîì äèàïàçîíå ÷àñòîò ñ òî÷íîñòüþ 40±  êÃö.

Ó ä³àïàçîí³ ÷àñòîò 226.5 349.6÷  ÃÃö ³äåíòèô³êîâàíî ïåðåõîäè òà îáì³ðåíî ÷àñòîòè 168 ë³í³é
ðåçîíàíñíîãî ïîãëèíàííÿ ìîëåêóë C35Cl

3
F ó äâ³÷³ âèðîäæåíîìó êîëèâàëüíîìó ñòàí³ 6ν  ç êâàíòî-

âèì ÷èñëîì 1=v  ó ä³àïàçîí³ êâàíòîâèõ ÷èñåë 45 70J = ÷  ³ 1 0, ..., 63.Kl − = ±  Çíàéäåíî íàáîðè
ìîëåêóëÿðíèõ êîíñòàíò äëÿ îïèñó îáåðòàëüíîãî ñïåêòðà öèõ ìîëåêóë â óêàçàíîìó ä³àïàçîí³ ÷à-
ñòîò ³ç òî÷í³ñòþ 40±  êÃö.

1. Ââåäåíèå

Íàñòîÿùàÿ ñòàòüÿ ïðîäîëæàåò èññëåäîâàíèå
÷èñòî âðàùàòåëüíûõ ñïåêòðîâ ìîëåêóë ôðåî-
íà-11 (CCl

3
F). Â ïðåäûäóùèõ ðàáîòàõ [1, 2]

íàìè èçó÷àëèñü ñïåêòðû ïîãëîùåíèÿ ñèììåò-
ðè÷íûõ (C35Cl

3
F, C37Cl

3
F) è àñèììåòðè÷íûõ

(C35Cl
2
37Cl F, C37Cl

2
35Cl F) ôîðì ìîëåêóë ôðå-

îíà-11 â îñíîâíîì êîëåáàòåëüíîì ñîñòîÿíèè.
Â ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû ýêñïåðè-
ìåíòàëüíîãî è òåîðåòè÷åñêîãî èññëåäîâàíèÿ
âðàùàòåëüíîãî ñïåêòðà ìîëåêóë C35Cl

3
F â

äâàæäû âûðîæäåííîì âîçáóæäåííîì êîëåáà-
òåëüíîì ñîñòîÿíèè 6ν  ñ êâàíòîâûì ÷èñëîì

1.=v  Êîëåáàòåëüíàÿ ÷àñòîòà 6ν -ìîäû ðàâíà
241 ñì�1 [3]. Ñòîëü íèçêîå åå çíà÷åíèå îáóñ-
ëîâëèâàåò âûñîêóþ òåïëîâóþ çàñåëåííîñòü
ñîñòîÿíèÿ ν6. Èíòåíñèâíîñòü ÷èñòî âðàùàòåëü-
íûõ ëèíèé â ýòîì êîëåáàòåëüíîì ñîñòîÿíèè

âñåãî â 2 3÷  ðàçà ìåíüøå èíòåíñèâíîñòè ëè-
íèé ïîãëîùåíèÿ ìîëåêóë C35Cl

3
F â îñíîâíîì

êîëåáàòåëüíîì ñîñòîÿíèè, è ñëåäîâàòåëüíî,
îíè íå ìîãóò áûòü ïðîèãíîðèðîâàíû, êîãäà
ðå÷ü èäåò îá èññëåäîâàíèÿõ âðàùàòåëüíîãî
ñïåêòðà ïîãëîùåíèÿ â îáû÷íûõ óñëîâèÿõ íà-
áëþäåíèÿ. Ðàñ÷åò âðàùàòåëüíîãî ñïåêòðà ýòèõ
ìîëåêóë â êîëåáàòåëüíîì ñîñòîÿíèè 6ν  â ñî-
÷åòàíèè ñ ðàíåå ïîëó÷åííûìè äàííûìè äëÿ
îñíîâíîãî êîëåáàòåëüíîãî ñîñòîÿíèÿ è äàííû-
ìè ëàçåðíîé äèîäíîé ÈÊ ñïåêòðîñêîïèè ñäå-
ëàåò âîçìîæíûì âûñîêîòî÷íûé àíàëèç ÈÊ
ïîëîñû ïîãëîùåíèÿ C35Cl

3
F â êîëåáàòåëüíîì

ñîñòîÿíèè 6ν  ñ êâàíòîâûì ÷èñëîì 1.=v
Èçó÷åíèå âðàùàòåëüíîãî ñïåêòðà ìîëåêóë

C35Cl
3
F â êîëåáàòåëüíîì ñîñòîÿíèè 6ν  ( 1)=v

â ñàíòèìåòðîâîì äèàïàçîíå è äëèííîâîëíî-
âîé îáëàñòè ìèëëèìåòðîâîãî äèàïàçîíà çàò-
ðóäíåíî ÿðêî âûðàæåííîé ñâåðõòîíêîé ñòðóê-
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òóðîé âðàùàòåëüíûõ ïåðåõîäîâ, ïîýòîìó ïðåä-
ïðèíÿòûå äî ïîñëåäíåãî âðåìåíè èññëåäîâà-
íèÿ íåëüçÿ íàçâàòü óñïåøíûìè. Íàèáîëåå ðå-
çóëüòàòèâíîé, íåñîìíåííî, ñëåäóåò ñ÷èòàòü
ðàáîòó Êàðïåíòåðà è äð. [4]. Ýòè àâòîðû âû-
ïîëíèëè ýêñïåðèìåíò íà áîëåå âûñîêèõ
÷àñòîòàõ, âïëîòü äî 177 ÃÃö, íàáëþäàëè ìíî-
ãî ëèíèé ïîãëîùåíèÿ, èçìåðèëè èõ ÷àñòîòû,
èäåíòèôèöèðîâàëè è â êîíå÷íîì èòîãå ïîëó-
÷èëè íàáîð ìîëåêóëÿðíûõ êîíñòàíò, îïèñûâà-
þùèõ âðàùàòåëüíûé ñïåêòð 6ν -ñîñòîÿíèÿ ñî
ñòàíäàðòíîé îøèáêîé 0.211 ÌÃö.

Îäíàêî ïîïûòêè èñïîëüçîâàòü ïðèâîäè-
ìûé â ðàáîòå [4] íàáîð êîíñòàíò äëÿ ðàñ÷å-
òà âðàùàòåëüíîãî ñïåêòðà ñîñòîÿíèÿ 6ν  â
ñóáìèëëèìåòðîâîì äèàïàçîíå ÷àñòîò âåäóò
ê ñòîëü ñèëüíûì ðàñõîæäåíèÿì ðàñ÷åòíûõ
è èçìåðåííûõ çíà÷åíèé ÷àñòîò ëèíèé ïîãëî-
ùåíèÿ, ÷òî çàòðóäíåíà äàæå èäåíòèôèêàöèÿ
ëèíèé. Ýòî ïîáóäèëî íàñ ê ïîñòàíîâêå ñîîò-
âåòñòâóþùåãî ýêñïåðèìåíòà â ñóáìèëëèìåò-
ðîâîì äèàïàçîíå äëèí âîëí ñ öåëüþ íàõîæ-
äåíèÿ íîâîãî íàáîðà ìîëåêóëÿðíûõ êîí-
ñòàíò, êîòîðûé àäåêâàòíî îïèñûâàåò êàê
ìèëëèìåòðîâûé, òàê è ñóáìèëëèìåòðîâûé
âðàùàòåëüíûé ñïåêòð ïîãëîùåíèÿ C35Cl

3
F â

êîëåáàòåëüíîì ñîñòîÿíèè 6ν  ñ êâàíòîâûì
÷èñëîì 1.=v

2. Äåòàëè ýêñïåðèìåíòà

Çàïèñü ñïåêòðîâ ïîãëîùåíèÿ ôðåîíà-11
ïðîâåäåíà íà ËÎÂ ðàäèîñïåêòðîìåòðå Õàðü-
êîâñêîãî íàöèîíàëüíîãî óíèâåðñèòåòà ñ ñèí-
òåçàòîðîì ÷àñòîòû â ìèëëèìåòðîâîì è ñóá-
ìèëëèìåòðîâîì äèàïàçîíàõ äëèí âîëí. Õà-
ðàêòåðèñòèêè ýòîãî ïðèáîðà îïèñàíû íàìè
ðàíåå [1, 2]. Õîòÿ èíòåíñèâíîñòè ëèíèé ïî-
ãëîùåíèÿ ìîëåêóë C35Cl

3
F â âîçáóæäåííîì

ñîñòîÿíèè 6ν  áûëè íå íàìíîãî ñëàáåå ëè-
íèé îñíîâíîãî ñîñòîÿíèÿ, ñ öåëüþ óëó÷øå-
íèÿ îòíîøåíèÿ ñèãíàë/øóì ìû ïðèìåíÿëè
îõëàæäåíèå ïîãëîùàþùåé ÿ÷åéêè ïàðàìè
æèäêîãî àçîòà äî òåìïåðàòóðû ~ 200T °  Ê, à
òàêæå îáåñïå÷èâàëè ìíîãîêðàòíûé ïðîõîä
âûáðàííûõ ó÷àñòêîâ ñïåêòðîâ. Ïðèìåð çà-
ïèñè ó÷àñòêà ñïåêòðà ïîãëîùåíèÿ C35Cl

3
F â

êîëåáàòåëüíîì ñîñòîÿíèè 6ν  ñ êâàíòîâûì
÷èñëîì 1=v  äëÿ ïåðåõîäà 55 56,J J= → =

ãäå J � âðàùàòåëüíîå êâàíòîâîå ÷èñëî, ïî-
êàçàí íà ðèñóíêå.

3. Ðåçóëüòàòû è îáñóæäåíèå

Íà íà÷àëüíîì ýòàïå èññëåäîâàíèé ïðîâî-
äèëàñü èäåíòèôèêàöèÿ ïåðåõîäîâ, ïðèíàäëå-
æàùèõ ìîëåêóëàì C35Cl

3
F â êîëåáàòåëüíîì

ñîñòîÿíèè 6ν  â ñóáìèëëèìåòðîâîì äèàïàçîíå
äëèí âîëí. Õîòÿ ìîëåêóëà C35Cl

3
F � ñèììåò-

ðè÷íûé âîë÷îê, åå ñïåêòð ïîãëîùåíèÿ â äâàæ-
äû âûðîæäåííîì êîëåáàòåëüíîì ñîñòîÿíèè
çàìåòíî ñëîæíåå ñïåêòðà ïîãëîùåíèÿ â îñíîâ-
íîì è íåâûðîæäåííûõ êîëåáàòåëüíûõ ñîñòîÿ-
íèÿõ. Êðîìå òîãî, èäåíòèôèêàöèÿ ïåðåõîäîâ
îñëîæíÿëàñü ñëàáîé èíòåíñèâíîñòüþ ëèíèé â
ñîñòîÿíèè 6ν  è íàêëàäêîé ëèíèé, ïðèíàäëå-
æàùèõ èçîòîïíûì  ðàçíîâèäíîñòÿì ìîëåêóë
ôðåîíà-11: C35Cl

2
37Cl F, C37Cl

2
35Cl F. Ïåðå÷èñ-

ëåííûå çàòðóäíåíèÿ áûëè óñòðàíåíû ïîñëå
óëó÷øåíèÿ ñîîòíîøåíèÿ ñèãíàë/øóì è �îïîç-
íàíèÿ� ëèíèé îñíîâíîãî êîëåáàòåëüíîãî ñî-
ñòîÿíèÿ. Ê ýòîìó âðåìåíè ìû ðàñïîëàãàëè íà-
áîðîì êîíñòàíò äëÿ âûñîêîòî÷íîãî ðàñ÷åòà
âðàùàòåëüíîãî ñïåêòðà â îñíîâíîì êîëåáà-
òåëüíîì ñîñòîÿíèè âñåõ èçîòîïè÷åñêèõ ðàçíî-
âèäíîñòåé ìîëåêóë ôðåîíà-11: C35Cl

2
37ClF,

C37Cl
2
35Cl F è C37Cl

3
F. Çàòåì ïðîèçâîäèëñÿ ðàñ-

÷åò (ïðÿìàÿ è îáðàòíàÿ çàäà÷à ñïåêòðîñêîïèè)
âðàùàòåëüíîãî ñïåêòðà ïîãëîùåíèÿ â ñîñòîÿ-
íèè 6ν  ñ êâàíòîâûì ÷èñëîì 1=v  ñ èñïîëüçî-
âàíèåì ÷àñòîò, èçìåðåííûõ è èäåíòèôèöèðî-
âàííûõ àâòîðàìè ðàáîòû [4] â ìèëëèìåòðîâîì
äèàïàçîíå äëèí âîëí. Â ñóáìèëëèìåòðîâîì äè-
àïàçîíå ïî íàéäåííûì òàêèì îáðàçîì êîíñòàí-
òàì ðàñ÷åò äàâàë çíà÷èòåëüíîå ðàñõîæäåíèå

Ðèñ. Ôðàãìåíò çàïèñè ñïåêòðà ïîãëîùåíèÿ ìîëå-
êóë C35Cl

3
F â ñîñòîÿíèè 6ν  ñ êâàíòîâûì ÷èñëîì

= 1v  äëÿ ïåðåõîäà J = 55 J = 56→  è  Kl 1<0−
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ñ ýêñïåðèìåíòîì (âïëîòü äî 19 ÌÃö) äëÿ ëè-
íèé ñ áîëüøèìè çíà÷åíèÿìè âðàùàòåëüíîãî
êâàíòîâîãî ÷èñëà Ê, îäíàêî îí ïðàâèëüíî ïðåä-
ñêàçûâàë îáùèé âèä ñïåêòðà, è ýòî ñóùåñòâåí-
íî îáëåã÷àëî ïåðâè÷íóþ èäåíòèôèêàöèþ ðÿäà
ëèíèé, ïðèïèñûâàåìûõ ñîñòîÿíèþ 6.ν  Äàëåå,
ñîãëàñíî ñòàíäàðòíîé ïðîöåäóðå ðåøåíèÿ îá-
ðàòíîé è ïðÿìîé çàäà÷ ñïåêòðîñêîïèè, ñïåêòð
ðàññ÷èòûâàëñÿ âñå òî÷íåå è òî÷íåå, ÷òî ïîçâî-
ëèëî èäåíòèôèöèðîâàòü è íàéòè ìíîæåñòâî
íîâûõ ëèíèé ïîãëîùåíèÿ â ñóáìèëëèìåòðî-
âîì äèàïàçîíå è âîâëå÷ü èõ â îáðàáîòêó ñ öå-
ëüþ äàëüíåéøåãî óòî÷íåíèÿ ìîëåêóëÿðíûõ
êîíñòàíò âðàùàòåëüíîãî ãàìèëüòîíèàíà äëÿ
äâóêðàòíî âûðîæäåííîãî êîëåáàòåëüíîãî ñî-
ñòîÿíèÿ 6ν  ñ êâàíòîâûì ÷èñëîì 1.=v

Â íàøèõ èññëåäîâàíèÿõ èñïîëüçîâàëñÿ ãà-
ìèëüòîíèàí, ïðåäëîæåííûé àâòîðàìè ðàáî-
òû [5]. Åãî ìàòðè÷íûå ýëåìåíòû ïðåäñòàâëÿ-
þòñÿ â âèäå:

äèàãîíàëüíûå ýëåìåíòû �

µ 2
, , , , , ( ) ( 1)K KE J K l H J K l A B K BJ J= = − + + −

2 2 2 42 ( 1) ( 1)J JK KA K l D J J D J J K D K− ζ − + − + − +
3 3 2 2 2 4( 1) ( 1) ( 1)J JK K JH J J H J J K H J J K+ + + + + + +

6 3 2 2( 1) ( 1)K J K JJH K J J Kl K l J J Kl+ +η + +η +η + +
3 5( 1) ;JK KKJ J K l K l+η + + η (1)

äâà âèäà íåäèàãîíàëüíûõ ýëåìåíòîâ:

µ
, 2 , , , 2, 2K KQ J K l H J K l± = ± ± =

[ ] [ ]{1 4 ( 1) ( 1) ( 1)Jq q J J J J K K= + + + − ± ×v

[ ] }1 2
2 2( 1) ( 1)( 2) ( 1) ( 1) ,J J K K l × + − ± ± + − ± v

(2)

µ
, 1 , , , 1, 2K KR J K l H J K l± = ± =m

[ ]{ }1 2
2 2( 1) ( 1) ( 1) ( 1) (2 1),r J J K K l K = + − ± + − ± mv v

(3)

1.l = ±

Çäåñü À, Â � âðàùàòåëüíûå ïîñòîÿííûå; ,JD
,JKD  ,KD  ,JH  ,JKH  ,KJH  KH  � öåíòðîáåæ-

íûå êîíñòàíòû; ,Jη  ,Kη  ,JJη  ,JKη  KKη  � öåí-
òðîáåæíûå êîíñòàíòû ïðè êîðèîëèñîâîì ðå-
çîíàíñå; ζ  � êîíñòàíòà êîðèîëèñîâà âçàèìî-
äåéñòâèÿ; ,qv  Jq  � êîíñòàíòû l-óäâîåíèÿ è
ðåçîíàíñà (2,1); rv  � êîíñòàíòà âçàèìîäåéñòâèÿ
(1,�2) r � òèïà; v  � êîëåáàòåëüíîå êâàíòîâîå
÷èñëî â íàøåì ñëó÷àå (v = 1).

Çíà÷åíèå âðàùàòåëüíîé ïîñòîÿííîé À íå
ìîæåò áûòü îïðåäåëåíî òîëüêî íà îñíîâå äàí-
íûõ ìèêðîâîëíîâûõ èçìåðåíèé. Îíî áûëî
çàèìñòâîâàíî èç ðàáîòû [6] ïî èññëåäîâàíèþ
ÈÊ ñïåêòðîâ CCl

3
F è äëÿ ôðåîíà-11 ðàâíî

1730.1048 ÌÃö.
Â íàøåì àíàëèçå ó÷èòûâàëèñü òîëüêî ëè-

íèè ñ íåðàçðåøåííîé ñâåðõòîíêîé ñòðóêòóðîé.
×àñòè÷íîå ïðîÿâëåíèå ñâåðõòîíêîé ñòðóêòóðû
äëÿ ëèíèé ñ Ê, áëèçêèìè ïî âåëè÷èíå ê J, íà-
áëþäàëîñü â îáëàñòè ~ 45 70.J ÷  Òàêèå ìóëü-
òèïëåòû íå èñïîëüçîâàëèñü â ðàñ÷åòàõ.

Îáèëèå çàïèñàííûõ â õîäå ýêñïåðèìåíòà
ëèíèé ïîçâîëèëî èñêëþ÷èòü èç îáðàáîòêè
(ñ ïîìîùüþ ìåòîäà íàèìåíüøèõ êâàäðàòîâ)
ëèíèè, ÷àñòè÷íî ïåðåêðûâàþùèåñÿ ñ ëèíèÿ-
ìè äðóãèõ ìîëåêóë, òàê êàê äëÿ íèõ ÷àñòîòû
èçìåðÿëèñü ñî çíà÷èòåëüíûìè îøèáêàìè.

Â ðàññìàòðèâàåìîé çàäà÷å ìû èñïîëüçî-
âàëè ïðîãðàììó Ç.Êèøåëÿ (http://info.
ifpan.edu.pl/~kisiel/prospe.htm). Ïðîãðàììà
î÷åíü ýôôåêòèâíà, ïðîñòà â ïðèìåíåíèè, îáåñ-
ïå÷èâàåò áûñòðóþ ñõîäèìîñòü èòåðàöèîííî-
ãî ïðîöåññà, ïîçâîëÿåò íàõîäèòü òàêèå âàæ-
íûå äàííûå, êàê ýëåìåíòû ìàòðèöû êîððåëÿ-
öèè è äð.

Â îêîí÷àòåëüíîì ðàñ÷åòå ìû èñïîëüçîâàëè
185 ýêñïåðèìåíòàëüíûõ ÷àñòîò âðàùàòåëüíîãî
ñïåêòðà C35Cl

3
F â ñîñòîÿíèè 6ν  ñ êâàíòîâûì

÷èñëîì v = 1 è 11 35,J = ÷  1 0, ..., 23Kl − = ±
(ãäå J, Êl � âðàùàòåëüíûå êâàíòîâûå ÷èñëà
ñ ó÷åòîì ýôôåêòà l-óäâîåíèÿ), èçìåðåííûõ è
èäåíòèôèöèðîâàííûõ àâòîðàìè ðàáîòû [4]
â ìèëëèìåòðîâîì äèàïàçîíå, è 168 ÷àñòîò ñ

45 70J = ÷  è 1 0, ..., 63,Kl − = ±  êîòîðûå èçìå-
ðåíû íàìè â ñóáìèëëèìåòðîâîì äèàïàçîíå. Ðå-
çóëüòàòû èçìåðåíèé è ðàñ÷åòîâ ïðåäñòàâëåíû â
òàáë. 1, à íàáîð ìîëåêóëÿðíûõ êîíñòàíò ãàìèëü-
òîíèàíà (1) � (3) äëÿ ìîëåêóë C35Cl

3
F â äâàæäû

âûðîæäåííîì êîëåáàòåëüíîì ñîñòîÿíèè 6ν
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ñ êâàíòîâûì ÷èñëîì 1=v  ïðèâåäåí âî âòîðîé
êîëîíêå òàáë. 2. Íèæíÿÿ ñòðîêà ýòîé òàáëèöû
äàåò çíà÷åíèå ñðåäíåêâàäðàòè÷íîé îøèáêè îïè-

Òàáëèöà 1. Èçìåðåííûå (FObs ) è âû÷èñëåííûå (FCalc ) ÷àñòîòû â ÌÃö âðàùàòåëüíûõ ïåðåõîäîâ ìîëåêóë
C35Cl

3
F â äâàæäû âûðîæäåííîì âîçáóæäåííîì ñîñòîÿíèè 6ν  ñ êâàíòîâûì ÷èñëîì v = 1

�11 0 A� 59130.1120 0.0005
11 �1 E 59133.6700 0.0102
11 �2 E 59139.6060 �0.0605
11 �4 E 59147.8620 �0.0415
11 �5 E 59150.4430 �0.0341
11 �6 A+ 59152.5100 0.0077
11 �7 E 59154.2240 0.0458
11 4 E 59168.0450 0.0393
11 1 E 59181.8530 �0.0544
11 0 A+ 59185.3820 �0.0510

�14 0 A� 73910.3800 �0.0086
14 �1 E 73912.3900 �0.0327
14 �2 E 73917.0150 �0.0366
14 �4 E 73926.4950 0.0113
14 �5 E 73930.1890 0.0262
14 �6 A+ 73933.2510 0.0256
14 �7 E 73935.8520 0.0296
14 �8 E 73938.0980 0.0210
14 �9 A+ 73940.1080 0.0276
14 �10 E 73941.9000 0.0013
14 7 E 73955.5140 0.0283
14 5 E 73960.4520 �0.0096
14 4 E 73963.8820 �0.0023
14 2 E 73972.9160 �0.0586
14 1 E 73977.4920 �0.0260
14 0 A+ 73979.5030 �0.0207
15 �1 E 78838.5440 0.0049
15 4 E 78895.9040 0.0299
15 5 E 78892.2480 0.0317
15 6 A+ 78889.2120 0.0238
15 7 E 78886.6980 0.0117
15 8 E 78884.6090 0.0036

�17 0 A� 88689.1210 �0.0444
17 �1 E 88690.4320 0.0312
17 �2 E 88693.6590 0.0277
17 �4 E 88702.2890 �0.0146
17 �5 E 88706.4740 �0.0239
17 �6 A+ 88710.3060 �0.0002

17 �7 E 88713.7100 �0.0108
17 �8 E 88716.7790 �0.0084
17 �9 A+ 88719.5600 �0.0043
17 �10 E 88722.0990 �0.0071
17 �11 E 88724.4560 �0.0039
17 0 A+ 88772.1050 0.0020
17 1 E 88770.9050 0.0033
17 2 E 88767.7710 �0.0028
17 5 E 88755.6360 0.0112
17 6 A+ 88752.1980 0.0054
17 7 E 88749.2220 �0.0002
17 8 E 88746.6530 �0.0153
17 9 A+ 88744.4510 �0.0215

�22 0 A� 113316.3100 �0.0021
22 �1 E 113316.9600 0.0283
22 �2 E 113318.7100 0.0049
22 �4 E 113324.7400  �0.0205
22 �5 E 113328.4600 �0.0275
22 �6 A+ 113332.3400 �0.0354
22 �7 E 113336.2800 0.0046
22 �11 E 113350.7000 �0.0359
22 �12 A+ 113353.9900 �0.0009
22 �13 E 113357.1000 �0.0151
22 �14 E 113360.1000 �0.0225
22 �15 A+ 113363.0200 �0.0073
22 �16 E 113365.8600 0.0170
22 �17 E 113368.5800 �0.0022
22 �18 A+ 113371.2600 0.0037
22 �19 E 113373.9100 0.0347
22 �20 E 113376.4400 �0.0084
22 16 E 113383.8600 �0.0093
22 15 A+ 113385.3900 0.0588
22 14 E 113387.0500 0.0804
22 13 E 113388.8700 0.0719
22 12 A+ 113390.9000 0.0693
22 11 E 113393.1360 0.0545
22 10 E 113395.6080 0.0457
22 9 A+ 113398.3000 0.0199

ñàíèÿ ñïåêòðîâ σ  â ìèëëèìåòðîâîì è ñóáìèë-
ëèìåòðîâîì äèàïàçîíàõ äëèí âîëí ( 11 70)J = ÷
äëÿ íàéäåííîãî íàáîðà êîíñòàíò.

J Kl � 1 Sym FObs FObs � FCalc J Kl � 1 Sym FObs FObs � FCalc
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Òàáëèöà 1. (Ïðîäîëæåíèå)

J Kl � 1 Sym FObs FObs � FCalc J Kl � 1 Sym FObs FObs � FCalc

22 8 E 113401.2500 0.0178
22 5 E 113411.1600 0.0212
22 4 E 113414.4960 0.0230
22 2 E 113419.9560 �0.0485
22 1 E 113421.6360 �0.0110
22 0 A+ 113422.2120 �0.0110

�23 0 A� 118241.0500 0.0307
23 �1 E 118241.6400 0.0707
23 �2 E 118243.1900 0.0329
23 �4 E 118248.7000 �0.0264
23 �5 E 118252.2400 �0.0221
23 �6 A+ 118255.9800 �0.0513
23 �7 E 118259.8800 �0.0086
23 4 E 118344.5800 0.0387
23 2 E 118349.5300 �0.0340
23 1 E 118351.0500 0.0348
23 0 A+ 118351.6300 0.1104

�24 0 A� 23165.4300 �0.0301
24 �1 E 123166.0200 0.0691
24 �2 E 123167.3700 �0.0080
24 �4 E 123172.4900 �0.0069
24 �5 E 123175.7800 �0.0538
24 �6 A+ 123179.3900 �0.0706
24 �7 E 123183.1500 �0.0912
24 �8 E 123187.0200 �0.0544
24 �9 A+ 123190.8900 �0.0009
24 2 E 123278.7600 �0.0595
24 1 E 123280.1000 �0.0042
24 0 A+ 123280.6000 0.0524

�25 0 A� 128089.6500 0.0269
25 �2 E 128091.4100 0.0587
25 �4 E 128096.0000 �0.0572
25 �5 E 128099.1200 �0.0748
25 �6 A+ 128102.6100 �0.0537
25 �7 E 128106.3200 �0.0209
25 4 E 128203.6600 0.0088
25 1 E 128208.9100 0.0051

�26 0 A� 133013.5000 0.0025
26 �2 E 133015.0500 �0.0114
26 �4 E 133019.3300 �0.0615
26 �5 E 133022.2600 �0.0742
26 �6 A+ 133025.5600 �0.0769
26 1 E 133137.3700 �0.0375

�27 0 A� 137937.0900 0.0180

27 �2 E 137938.5300 0.0367
27 �4 E 137942.5000 0.0167
27 �5 E 137945.2900 0.0508
27 �6 A+ 137948.3700 �0.0028
27 �7 E 137951.8000 0.0095
27 �8 E 137955.3500 �0.0590
27 �9 A+ 137959.0500 �0.1084
27 1 E 138065.5900 �0.0120
27 0 A+ 138066.0100 0.1011

�28 0 A� 142860.4100 0.0743
28 �2 E 142861.6300 �0.0028
28 �4 E 142865.3200 0.0039
28 �5 E 142867.9200 0.0247
28 �6 A+ 142870.8700 0.0085
28 1 E 142993.5600 0.0816

�29 0 A� 147783.3000 0.0226
29 �2 E 147784.4300 �0.0359
29 �4 E 147787.8500 �0.0235
29 �5 E 147790.2600 �0.0275
29 �6 A+ 147793.1000 0.0091
29 �7 E 147796.2200 0.0027
29 �8 E 147799.6100 0.0070
29 �9 A+ 147803.1500 �0.0396

�30 0 A� 152706.0050 0.1189
30 �2 E 152707.0250 0.0455
30 �3 A+ 152708.2250 �0.0924
30 �4 E 152710.1530 0.0135
30 �5 E 152712.4450 0.0448
30 �6 A+ 152715.0850 0.0373
30 �7 E 152718.0170 �0.0103
30 �8 E 152721.2250 �0.0597
30 23 E 152805.1250 �0.0098
30 22 E 152806.4370 0.0038
30 21 A+ 152807.9030 0.0294
30 20 E 152809.4660 0.0103
30 19 E 152811.1260 �0.0520
30 18 A+ 152813.0460 0.0083
30 17 E 152815.0070 �0.0235
30 16 E 152817.1130 �0.0370
30 15 A+ 152819.3560 �0.0314
30 14 E 152821.6650 �0.0657
30 13 E 152824.1030 �0.0614

�31 0 A� 157628.1000 �0.0507
31 �2 E 157629.0800 �0.0805
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31 �4 E 157632.0000 �0.0985
31 �5 E 157634.1200 �0.0979

�32 0 A� 162550.1500 0.0898
32 �2 E 162551.0100 0.0137
32 �4 E 162553.6700 �0.0653
32 �6 A+ 162558.0500 �0.0362
32 �7 E 162560.7700 �0.0133
32 �8 E 162563.7600 �0.0187
32 �9 A+ 162567.0500 0.0156
32 �10 E 162570.4400 �0.0738

�33 0 A� 167471.5900 �0.0134
33 �2 E 167472.4200 �0.0544
33 �4 E 167474.9900 �0.0450
33 �5 E 167476.8500 �0.0560
33 �6 A+ 167479.0900 �0.0482
34 �4 E 172396.0700 0.0867
34 �5 E 172397.8000 0.0539
34 �6 A+ 172399.8300 �0.0287
35 �2 E 177314.3600 0.0507
35 �4 E 177316.6200 0.0537
35 �6 A+ 177320.3100 0.0772
45 �5 E 226500.5220 0.0262
45 �6 A+ 226501.7760 �0.0232
45 �7 E 226503.3280 �0.0126
45 �8 E 226505.1170 �0.0034
45 �9 A+ 226507.1310 �0.0077
45 �10 E 226509.4030 0.0072
45 �11 E 226511.8900 �0.0011
45 �12 A+ 226514.6240 �0.0003
45 �13 E 226517.5940 �0.0003
45 �14 E 226520.7800 �0.0196
45 �15 A+ 226524.2130 �0.0252
45 �16 E 226527.8930 �0.0143
45 �17 E 226531.8190 0.0155
45 �18 A+ 226535.9510 0.0283
45 �19 E 226540.2370 �0.0228
45 �20 E 226544.7900 �0.0191
45 �21 A+ 226549.5900 0.0261
46 �5 E 231416.1808 0.0006
46 �6 A+ 231417.4606 0.0172
46 �7 E 231418.9561 0.0178
46 �8 E 231420.6984 0.0328
46 �9 A+ 231422.6334 0.0074
46 �10 E 231424.8382 0.0180

46 �11 E 231427.2435 �0.0052
46 �12 A+ 231429.9263 0.0145
46 �13 E 231432.8095 0.0002
46 �14 E 231435.9395 �0.0013
46 �15 A+ 231439.3315 0.0261
46 �16 E 231442.9086 0.0071
46 �17 E 231446.7400 0.0130
46 �18 A+ 231450.7796 0.0006
46 �19 E 231455.0659 0.0119
46 �20 E 231459.5758 0.0283
46 �21 A+ 231464.2784 0.0242
46 �22 E 231469.1660 �0.0022
46 �23 E 231474.3697 0.0874
46 �24 A+ 231479.5426 �0.0463
46 �25 E 231485.1394 0.0599
46 �27 A+ 231496.6184 0.0434
55 �1 E 275630.6536 �0.0107
55 �5 E 275632.9149 �0.0052
55 �6 A+ 275633.9501 �0.0084
55 �7 E 275635.1928 0.0035
55 �8 E 275636.6043 �0.0100
55 �9 A+ 275638.2515 0.0160
55 �10 E 275640.0467 �0.0085
55 �11 E 275642.0682 �0.0075
55 �12 A+ 275644.3069 0.0070
55 �13 E 275646.7386 0.0081
55 �14 E 275649.3404 �0.0302
55 �15 A+ 275652.2250 0.0019
55 �16 E 275655.2926 0.0012
55 �17 E 275658.5521 �0.0265
55 �18 A+ 275662.0946 0.0066
55 �19 E 275665.8000 �0.0225
55 �20 E 275669.7792 �0.0062
55 �21 A+ 275673.9992 0.0200
55 �22 E 275678.4177 0.0111
55 �23 E 275683.0824 0.0127
55 �24 A+ 275687.9872 0.0169
55 �25 E 275693.1033 �0.0062
55 �26 E 275698.5135 0.0255
55 �27 A+ 275704.0492 �0.0566
55 �28 E 275709.9550 �0.0069
55 �29 E 275716.0623 0.0075
55 �30 A+ 275722.3675 �0.0144
55 �31 E 275728.9307 �0.0089

Òàáëèöà 1. (Ïðîäîëæåíèå)

J Kl � 1 Sym FObs FObs � FCalc J Kl � 1 Sym FObs FObs � FCalc
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55 �32 E 275735.7056 �0.0180
55 �33 A+ 275742.7370 0.0087
55 �34 E 275750.0085 0.0612
55 �35 E 275757.3867 0.0135
55 �36 A+ 275764.9390 �0.0587
55 �37 E 275772.8058 �0.0058
60 14 E 300457.4809 �0.0533
60 15 A+ 300458.2436 0.0660
60 16 E 300458.8643 0.0164
60 17 E 300459.5550 0.0135
60 18 A+ 300460.2378 �0.0171
60 19 E 300460.9388 �0.0458
60 20 E 300461.7641 0.0374
60 21 A+ 300462.4107 �0.0667
60 22 E 300463.2298 �0.0031
60 23 E 300464.0025 0.0130
60 24 A+ 300464.6772 �0.0661
60 27 A+ 300466.9231 �0.0302
60 28 E 300467.6634 0.0009
65 15 A+ 325010.2555 0.0317
65 16 E 325011.2916 0.0129
65 18 A+ 325013.5310 �0.0085
65 19 E 325014.7876 0.0488
65 20 E 325015.9561 �0.0233
65 21 A+ 325017.2225 �0.0351
65 22 E 325018.6030 0.0336
65 23 E 325019.9732 0.0622
65 25 E 325022.5991 �0.0676
65 27 A+ 325025.4926 0.0018
65 28 E 325026.8908 �0.0270
65 31 E 325031.1970 �0.0121
65 33 A+ 325034.0741 0.0333
65 34 E 325035.4918 0.0536
65 35 E 325036.8395 0.0193
65 36 A+ 325038.2502 0.0651
65 37 E 325039.5228 �0.0090
65 40 E 325043.4579 �0.0075
65 41 E 325044.8056 0.0589
65 51 A+ 325058.1344 �0.0511
70 �6 A+ 349213.7431 0.0511
70 �8 E 349216.1132 �0.0043
70 �9 A+ 349217.6016 0.0068
70 �10 E 349219.2282 �0.0219
70 �11 E 349221.0774 �0.0075

70 �12 A+ 349223.1097 0.0091
70 �14 E 349227.7152 0.0328
70 �15 A+ 349230.3084 0.0560
70 �16 E 349233.0132 0.0016
70 �17 E 349235.9199 �0.0424
70 �18 A+ 349239.0733 �0.0341
70 �20 E 349245.9276 �0.0641
70 �21 A+ 349249.7378 0.0005
70 �22 E 349253.7167 0.0270
70 �23 E 349257.8889 0.0363
70 �25 E 349266.7985 �0.0264
70 �26 E 349271.6066 �0.0359
70 �27 A+ 349276.6852 �0.0016
70 �28 E 349281.9703 0.0081
70 �30 A+ 349293.2370 0.0125
70 �31 E 349299.2065 �0.0144
70 �32 E 349305.4703 0.0033
70 �33 A+ 349311.9339 �0.0336
70 �34 E 349318.6930 �0.0342
70 �35 E 349325.7548 0.0043
70 �36 A+ 349333.0718 0.0301
70 �38 E 349348.4279 �0.0157
70 �39 A+ 349356.5994 0.0381
70 �40 E 349365.0077 0.0470
70 �41 E 349373.6631 0.0194
70 �42 A+ 349382.5767 �0.0351
70 �43 E 349391.8849 0.0192
70 �44 E 349401.3909 �0.0139
70 �47 E 349431.6405 �0.0754
70 �48 A+ 349442.3689 �0.0035
70 �49 E 349453.3100 0.0135
70 �50 E 349464.4338 �0.0473
70 �51 A+ 349475.9562 0.0382
70 9 A+ 349536.8676 �0.0624
70 11 E 349538.7928 0.0115
70 12 A+ 349539.8356 �0.0014
70 13 E 349540.9822 0.0050
70 14 E 349542.1676 �0.0322
70 15 A+ 349543.5564 0.0535
70 20 E 349551.2003 0.0598
70 21 A+ 349552.8922 0.0195
70 22 E 349554.6680 0.0022
70 23 E 349556.4860 �0.0302
70 27 A+ 349564.3778 �0.0351

Òàáëèöà 1. (Ïðîäîëæåíèå)

J Kl � 1 Sym FObs FObs � FCalc J Kl � 1 Sym FObs FObs � FCalc
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Òàáëèöà 1. (Ïðîäîëæåíèå)

J Kl � 1 Sym FObs FObs � FCalc J Kl � 1 Sym FObs FObs � FCalc

70 30 A+ 349570.7549 0.0174
70 32 E 349575.0704 �0.0073
70 36 A+ 349583.8626 �0.0277
70 37 E 349586.0883 �0.0075
70 38 E 349588.2677 �0.0269
70 40 E 349592.6192 �0.0406
70 41 E 349594.8191 �0.0026

70 43 E 349599.1145 0.0168
70 51 A+ 349615.8870 0.0568
70 55 E 349624.6273 �0.0174
70 57 A+ 349629.4490 �0.0031
70 59 E 349634.6361 �0.0322
70 63 A+ 349646.7914 0.0255

Òàáëèöà 2. Ñïåêòðîñêîïè÷åñêèå êîíñòàíòû äëÿ äâàæäû âûðîæäåííîãî êîëåáàòåëüíîãî ñîñòîÿíèÿ ν6
ñ êâàíòîâûì ÷èñëîì v = 1 ìîëåêóëû C35Cl3F

Ïàðàìåòðû Çíà÷åíèÿ

A, ÌÃö 1730.1048 (fixed) [6]
B, ÌÃö 2465.04452(14)
DJ, êÃö 0.465003(43)
DJK, êÃö �0.47536(26)
DK, êÃö �0.913(16)
HJ, ìÃö 0.1519(44)
HJK, ìÃö �0. 483(29)
HKJ, ìÃö 0. 405(35)
HK, Ãö 0.0134(19)

Aζ, ÌÃö �780.992(19)
ηJ, êÃö �3.930(16)
ηJJ, Ãö 0.0679(43)
ηJK, Ãö �0.126(12)
qv, ÌÃö 2.30605(30)
qJ, êÃö 0.003439(35)
σ, ÌÃö 0.0382

4. Çàêëþ÷åíèå

Èòîãîì íàñòîÿùåé ðàáîòû ñòàëî îïðåäåëå-
íèå íàáîðà ïàðàìåòðîâ âðàùàòåëüíîãî ãàìèëü-
òîíèàíà, êîòîðûé îïèñûâàåò íàáëþäàåìûé â
ìèëëèìåòðîâîì è ñóáìèëëèìåòðîâîì äèàïà-
çîíàõ äëèí âîëí ñïåêòð ïîãëîùåíèÿ ìîëåêóë
C35Cl

3
F â äâàæäû âûðîæäåííîì êîëåáàòåëüíîì

ñîñòîÿíèè 6ν  ñ êâàíòîâûì ÷èñëîì 1=v  ñ òî÷-
íîñòüþ 40±  êÃö.

Ïîëó÷åííûå äàííûå áóäóò ïîëåçíû ïðè
ðàñ÷åòàõ ñöåíàðèåâ ãëîáàëüíîãî ïîòåïëåíèÿ.

Îíè ïîòðåáóþòñÿ òàêæå ïðè âûñîêîòî÷íîì

àíàëèçå ÈÊ ïîëîñû ïîãëîùåíèÿ ýòèõ ìîëåêóë

â ñîñòîÿíèè 6.ν

Àâòîðû áëàãîäàðíû Ç. Êèøåëþ çà ïðå-

äîñòàâëåííóþ âîçìîæíîñòü âîñïîëüçîâàòü-

ñÿ åãî ïðîãðàììîé äëÿ àíàëèçà ñïåêòðîâ
äâàæäû âûðîæäåííûõ êîëåáàòåëüíûõ ñî-

ñòîÿíèé ñ êîëåáàòåëüíûì êâàíòîâûì ÷èñ-

ëîì 1.=v
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Spectroscopy of Freons:
Submillimeter-Wave Rotational Spectrum

of C35Cl3F Molecule (CFC-11)
in Double-Degenerated Excited

Vibrational State ννννν6
with Quantum Number v = 1

V. G. Gerasimov, S. F. Dyubko,
V. A. Efremov, A. A. Katrich

In the frequency range from 226.5 to 349.6 GHz
the frequencies of 168 resonance absorption lines
of C35Cl

3
F molecule in the double-degenerated

vibrational state 6ν  with the quantum number
1=v  were measured and assigned to transitions

with the quantum numbers ranging from 45 to 70
for J and from 0 to 63±  for ( 1).Kl −  The set of
molecular constants is determined that allows to
fit the rotational spectrum of this molecule in the
above mentioned frequency range with the accu-
racy 40±  kHz.


