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�©|^�¥I�K|ïá�U°(O� (ýó) ,V�f©f>f� P �Xu�Ì��Ôn#úª, Ägï
Ä
 VO ©fl>f� 2∆3/2 �[�>f� 12∆3/2 � (0, 0) �[�¥� P �Xu�Ì�. ¼��ïÄ(JØ=
E
¢�þ®��$=Ä�Ì�êâ, ���(ýó
T�[�3¢�þJ±°(ÿþ�=Äþfê J = 80.5

±S�p�=-u�� P �Xu�1Ì.�ïÄ VO ©fSÜ(�Jø
��Ôn&E.
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1 Ú ó

éu�f©fÔn!-11ÌÆÚ©Ûÿþ
�Æ�Æ�ó, ïÄ©f��[Ì�´��
��+�. �
�Ð/�N©fSÜ��&E,

I�¼���°(��[Ì�êâcÙ´p�=
-u��Ì�êâ [1−4]. 3UNÔn!�lfN
Ôn�kàÆ�+�¥, °(�Ì�êâc�
� [5]. CÏ<���'5� VO NX, ¢�þ8c
¼��Ì�êâ�=Äþfê J = 47.5 ±S�Ü
©êâ [6−10], ¦<�ØU¿©
) VO ©f�S
Ü(�.

��zÆ5��©½, 3 300 ◦C �p§e
vk²w��zy�. XÝép���.¤[j½
Ø¤�Ê. ,�¥�\��,��, BC�éy,

´�, ����\\¬¦��5��)ã��Cz.

,��¡, ��zÔ3Øó�!�>³!ZLxz
J�õ�¡���
A^ÚïÄ, ®¤�zÆó�

¥�ZxzJ��, k “zÆ¡�” �¡. ,	, 3
�
ãL(��í�¥�uy
 VO, ¯¢þ, VO

1Ì�´ M .L(�©aÄ: [6], ùéuïÄ(
N�/¤Jø
ë��â. Ïd¿©
) VO ©
f(�´äk�ÆÚy¢¿Â�, 1Ì�´�N
©f(���Ãã. �©é VO ©fl 2∆3/2 �
� 12∆3/2 �¥ (0, 0) �[�� P �Xu�Ì�?
1ïÄ, ´L
 VO ©f�1Ì&E,�I� VO ©
f°(�[Ì��ïÄó�Jøêâ| .

2 nØ��{

éu,V�fNX, du¢���°Ý!�{
�g��Û�, y�¢�Eâ  J±¼�NX�
p�=-u��°(�[Ì�. �o�±¼�Ü©
°(��$U?�[Ì�f8Ü [νJ ] Úù
NX
��Ä��©f~ê Dυ ��(êâ. �âù
¯
¢, �¥I�K|$^õg�©�g�, (Ü²;
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�V�f©f�[Ì�L�ª, ïá
°(O�V
�f©f P �X�[Ì��Ôn#úª [11,12]

νJ16 = (νJ15 + νJ14 − νJ13)

+ (νJ12 − νJ11 − νJ10 + νJ9)
S5

S6

+(νJ8 − νJ7 − νJ6 + νJ5)
S2

S6

− (νJ4 − νJ3 − νJ2 + νJ1)
S1

S6

+Dυ′

(
S3

S6
− S7

S6

)
+Dυ′′

(
S8

S6
− S4

S6

)
, (1)

ª¥, (vJ1 · · · vJ15) �l®�¢�êâ¥çÀ�U
�ÐL�,NX�[�ý¢Ôn&E� 15 ^Ì�
êâ, v16 �éA=Äþf� J16 ���Ì�êâ,

¼ê (S1 · · ·S8) ��=Äþfê (J1 · · · J15) k',

(Dυ′ , Dυ′′) �NX,�[�éA�þe�Ä��
l%ÆC=Ä~ê. l (1) ª�±wÑ, éu,V�
f©f>f�[� P �X�[�, ��¼� 15 ^
°(��[Ì�±9�p�Ä�Ú�$�Ä�é
A�l%ÆC~ê Dυ′ Ú Dυ′′ ��(êâ, 3(
�ÐmXê (S1 · · ·S8) Ø�"�cJe, Ò�±O
�Ñ°(����[Ì� v16, ¿�O�(J��
=Äþfê J16 ���ØÓØÓ.

e®�,V�f©f>f�� m(m > 15) ^
�[Ì��¢�êâ, B�l m ^®�Ì�¥ç
ÀÑ�| 15 ^�[Ì��¤��Ì�f8Ü, �
k N = C15

m «À{, ,�¦)�§ (1) N g. Ù
¥ok�|�[Ì�f8ÜU�Ð/÷v±e�
â [11,12]:

|νJ,exp t − νJ,cal| → 0, (2)

|∆J,exp t − ∆J,cal| → 0,∆J = νJ−1 − νJ , (3)

|∆J,exp t/νJ−1,exp t| − |∆J,cal/νJ−1,cal| → 0.(4)

@où|�[Ì�êâÒ´T©fNXý¢�[
Ì�8Ü��|�ZÔnL�. 3í��§ (1) �
L§¥, vk¦^?ÛêÆ�.Ú#�ÔnCq.

ÏL�E¦)�§ (1), Ïé÷vÔn�â (2)—(4)

ª��[Ì���Zf8Ü [vJ ], l¼�TV�
f©fA½>f�[�p�=-u�[&E�Ì
�8Ü. I�`²�´, ÏLù«�{¦Ñ5�#
�Ì�8Ü�°(ÝA���/d¤À 15 ^¢�
Ì��°(Ýû½, =¢�Ì��Ø���, ¤�

)�#Ì��Ø�Ò��.

3 A^�?Ø

� © | ^ (1) ª Ä g ï Ä 
 VO © f
3 2∆3/2—12∆3/2 �[NX¥ (0, 0) �[�� P

|u�1Ì, ¼�
éÐ�nØ(J. L 1 ¥�Ñ

¢�þ¼��l%ÆC~ê (D′

υ, Dυ′′) ��, ±
9ÏLO�����U�Ð/L���[�Ì�
8Ü�ý¢Ôn&E� 15 ^u�Ì�¤éA�
=Äþfê (J1 · · · J15). ÏLL 1 �±wÑ, 3|
^ (1) ª?1O��, é 15 ^u�Ì��À�´Ã
5Æ�, (J1 · · · J15) �À��´�
¦�ªO�(
JU�Ð/÷v (2)—(4) ª�Ôn�â.

L 1 VO ©f 2∆3/2—12∆3/2 >f��[ (0, 0) �[��=Ä
~ê Dυ (cm−1) ±9À�|^ (1) ªO�� 15 ^ P |¢�Ì�

éA�=Äþfê

Ônþ ê�

Dυ
6.38×10−7 (υ = 0)

6.85×10−7 (υ = 0)

J1 8.5

J2 10.5

J3 11.5

J4 12.5

J5 14.5

J6 16.5

J7 17.5

J8 20.5

J9 21.5

J10 28.5

J11 32.5

J12 33.5

J13 34.5

J14 36.5

J15 40.5

5: 1Ì~ê Dυ ���5g©z [9].

L 2 © O � Ñ 
©z [9] ¥ VO © f
3 2∆3/2—12∆3/2 N X (0,0) � = � [ � � P

| u � 1 Ì � ¢ � ê â, Ú | ^ (1) ª O
� � � � � ¹ p � = - u � J = 80.5 3
S � u � 1 Ì � � n Ø ê â, ± 9 ¢ � �
n Ø ( J � ý éØ� (νJ,exp t − νJ,cal)! Ì �
� � g Å � (∆J = νJ−1 − νJ)! Å � � Ì �
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� ' (RateJ = ∆J/νJ−1)! Å � � Ì � ' �
� (∆RateJ = RateJ,exp t − RateJ,cal). O�¦^
� 15 ^®�¢�Ì�êâ®^çNIÑ, §�

©OéAuL 1 ¥�Ñ� 15 �=Äþfê. d
L¥Ø RateJ , ∆RateJ 	�¤kêâþ±Åê�
ü .

L 2 VO ©f 2∆3/2—12∆3/2 >f��[ (0, 0) �[� P |�[Ì��¢��nØêâ'�

(Ø RateJ,exp t, RateJ,cal, ∆RateJ 	, ü � cm−1)

J VJ,exp VJ,cal exp t. − cal. ∆J,exp t ∆J,cal RateJ,exp t RateJ,cal ∆RateJ

0.5 22037.2765

1.5 22036.1159 1.1606 5.2665×10−5

2.5 22034.8404 1.2755 5.7882×10−5

3.5 22033.4502 1.3902 6.3091×10−5

4.5 22031.9453 1.5049 6.8301×10−5

5.5 22030.3257 1.6196 7.3511×10−5

6.5 22028.5914 1.7343 7.8723×10−5

7.5 22026.7424 1.8490 8.3936×10−5

8.5 22024.7800 22024.7788 0.0012 1.9636 8.9146×10−5

9.5 22022.6970 22022.7005 –0.0035 2.0830 2.0783 9.4575×10−5 9.4362×10−5 2.1339×10−7

10.5 22020.5160 22020.5077 0.0083 2.1810 2.1928 9.9034×10−5 9.9570×10−5 –5.3580×10−7

11.5 22018.2050 22018.2003 0.0047 2.3110 2.3074 1.0495×10−4 1.0478×10−4 1.6344×10−7

12.5 22015.7840 22015.7784 0.0056 2.4210 2.4219 1.0995×10−4 1.1000×10−4 –4.0899×10−8

13.5 22013.2230 22013.2419 –0.0189 2.5610 2.5365 1.1633×10−4 1.1521×10−4 1.1128×10−6

14.5 22010.5860 22010.5910 –0.0050 2.6370 2.6509 1.1979×10−4 1.2042×10−4 –6.3134×10−7

15.5 22007.8410 22007.8257 0.0153 2.7450 2.7653 1.2471×10−4 1.2563×10−4 –9.2225×10−7

16.5 22004.9500 22004.9459 0.0041 2.8910 2.8798 1.3136×10−4 1.3085×10−4 5.0882×10−7

17.5 22001.9510 22001.9517 –0.0007 2.9990 2.9942 1.3629×10−4 1.3607×10−4 2.1811×10−7

18.5 21998.8370 21998.8433 –0.0063 3.1140 3.1084 1.4153×10−4 1.4128×10−4 2.5453×10−7

19.5 21995.6205 3.2228 1.4650×10−4

20.5 21992.2980 21992.2834 0.0146 3.3371 1.5172×10−4

21.5 21988.8300 21988.8321 –0.0021 3.4680 3.4513 1.5769×10−4 1.5693×10−4 7.5925×10−7

22.5 21985.2660 21985.2666 –0.0006 3.5640 3.5655 1.6208×10−4 1.6215×10−4 -6.8201×10−8

23.5 21981.5610 21981.5870 –0.0260 3.7050 3.6796 1.6852×10−4 1.6737×10−4 1.1553×10−6

24.5 21977.7932 3.7938 1.7259×10−4

25.5 21973.8854 3.9078 1.7781×10−4

26.5 21969.7970 21969.8636 –0.0666 4.0218 1.8303×10−4

27.5 21965.7278 4.1358 1.8825×10−4

28.5 21961.5280 21961.4781 0.0499 4.2497 1.9347×10−4

29.5 21957.1144 4.3637 1.9870×10−4

30.5 21952.6400 21952.6370 0.0030 4.4774 2.0392×10−4

31.5 21948.0460 21948.0457 0.0003 4.5940 4.5913 2.0927×10−4 2.0915×10−4 1.2296×10−7

32.5 21943.3480 21943.3408 0.0072 4.6980 4.7049 2.1405×10−4 2.1437×10−4 –3.1438×10−7

33.5 21938.5230 21938.5221 0.0009 4.8250 4.8187 2.1988×10−4 2.1960×10−4 2.8703×10−7

34.5 21933.5480 21933.5898 –0.0418 4.9750 4.9323 2.2677×10−4 2.2482×10−4 1.9463×10−6

35.5 21928.5670 21928.5440 0.0230 4.9810 5.0458 2.2710×10−4 2.3005×10−4 –2.9539×10−6

36.5 21923.4070 21923.3846 0.0224 5.1600 5.1594 2.3531×10−4 2.3528×10−4 2.7115×10−8

37.5 21918.1150 21918.1118 0.0032 5.2920 5.2728 2.4139×10−4 2.4051×10−4 8.7553×10−7
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L 1 (Y)

J VJ,exp VJ,cal exp t. − cal. ∆J,exp t ∆J,cal RateJ,exp t RateJ,cal ∆RateJ

38.5 21912.7250 21912.7255 –0.0005 5.3900 5.3863 2.4592×10−4 2.4575×10−4 1.6877×10−7

39.5 21907.2000 21907.2260 –0.0260 5.5250 5.4995 2.5214×10−4 2.5097×10−4 1.1637×10−6

40.5 21901.5990 21901.6131 –0.0141 5.6010 5.6129 2.5567×10−4 2.5621×10−4 –5.4290×10−7

41.5 21895.8960 21895.8870 0.0090 5.7030 5.7261 2.6039×10−4 2.6145×10−4 –1.0545×10−6

42.5 21890.0530 21890.0477 0.0053 5.8430 5.8393 2.6685×10−4 2.6668×10−4 1.6887×10−7

43.5 21884.1010 21884.0954 0.0056 5.9520 5.9523 2.7190×10−4 2.7192×10−4 –1.3771×10−8

44.5 21878.0350 21878.0300 0.0050 6.0660 6.0654 2.7719×10−4 2.7716×10−4 2.7346×10−8

45.5 21871.8490 21871.8516 –0.0026 6.1860 6.1784 2.8275×10−4 2.8240×10−4 3.4732×10−7

46.5 21865.5450 21865.5604 –0.0154 6.3040 6.2912 2.8822×10−4 2.8764×10−4 5.8526×10−7

47.5 21859.1563 6.4041 2.9289×10−4

48.5 21852.6394 6.5169 2.9813×10−4

49.5 21846.0098 6.6296 3.0338×10−4

50.5 21839.2677 6.7421 3.0862×10−4

51.5 21832.4129 6.8548 3.1387×10−4

52.5 21825.4457 6.9672 3.1912×10−4

53.5 21818.3661 7.0796 3.2437×10−4

54.5 21811.1741 7.1920 3.2963×10−4

55.5 21803.8699 7.3042 3.3488×10−4

56.5 21796.4535 7.4164 3.4014×10−4

57.5 21788.9251 7.5284 3.4540×10−4

58.5 21781.2846 7.6405 3.5066×10−4

59.5 21773.5321 7.7525 3.5592×10−4

60.5 21765.6679 7.8642 3.6118×10−4

61.5 21757.6918 7.9761 3.6645×10−4

62.5 21749.6041 8.0877 3.7172×10−4

63.5 21741.4048 8.1993 3.7699×10−4

64.5 21733.0939 8.3109 3.8226×10−4

65.5 21724.6717 8.4222 3.8753×10−4

66.5 21716.1381 8.5336 3.9281×10−4

67.5 21707.4932 8.6449 3.9809×10−4

68.5 21698.7373 8.7559 4.0336×10−4

69.5 21689.8702 8.8671 4.0865×10−4

70.5 21680.8922 8.9780 4.1393×10−4

71.5 21671.8033 9.0889 4.1921×10−4

72.5 21662.6037 9.1996 4.2450×10−4

73.5 21653.2933 9.3104 4.2979×10−4

74.5 21643.8724 9.4209 4.3508×10−4

75.5 21634.3410 9.5314 4.4037×10−4

76.5 21624.6993 9.6417 4.4567×10−4

77.5 21614.9472 9.7521 4.5097×10−4

78.5 21605.0850 9.8622 4.5627×10−4

79.5 21595.1127 9.9723 4.6157×10−4

80.5 21585.0304 10.0823 4.6688×10−4

* �[Ì�U?� ∆J = νJ−1 − νJ , �[Ì�Å�'�� ∆RateJ = RateJ,exp t − RateJ,cal.
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lL 2 ¥�±wÑ, |^ (1) ªO����u
�1ÌØ=U
°(/E®�¢�1Ì, �¼
�
¢�þJ±����(�p-u�Ì�êâ.

Ram �< [9] *ÿ�
TÌ�X� 34 ^ P |u�
1Ì�, ±ù|Ì� (m = 34) ��Ñ\êâ, ��

�¹p-u=Ä� J = 80.5 3S�¤k�[Ì
�, ò§�Ú®��¢�Ì��'�, ýéØ�þ
Ø�u 0.07 cm−1. Ù¥�)¢�þÿ��Ñ�õ
^�$�[Ì�, X=Äþfê J = 29.5 �=Ä
�, �gO�ýÿT=Ä��u�1Ì�� v29.5 =

21957.1144 cm−1. 3ØÈ�ò5, e¢�þU¼�
T=Ä��°(êâ, @o§�nØêâ'��Ø
�ATØ¬�L 0.1 cm−1.

ã 1 VO ©f 2∆3/2—12∆3/2 >f�[ (0, 0) �[� P |
�¢��[Ì�Å� ∆J = νJ−1 − νJ (“◦”) �nØÌ�Å
� (“+”) �'�

�
�Ð/`²¤ýÿ� P �XÌ���
( 5, Ï L ã 1 ¥ ¤ « � � g Ì � Å � ∆J =

νJ−1 − νJ �*/£ã
 (0, 0) �=�[�Ì�
�Cz5Æ. ã¥� “◦” L«T�[��®�¢�
Ì�Å�, “+” L«�´d (1) ªO�¼��nØÌ
��Å�. Tã�ß/`²
ü«Ì�Å�ÎÜ�
�~Ð, �nØÅ�òY
¢�Å���5uÐª

³. ù
êâÚã'�¿©/`²
^ (1) ªÚÔ
n�â (2)—(4) ª¼��p-u�=��u�Ì�
´�(�&�.

4 ( Ø

du VO ©fp�=-u���[éØ½,

¢�þJ±°(¼�ùÜ©�Ì�êâ, �©|
^�¥I�K|ïá� (1) ª�¢�þÿþ� 15

^°(��[Ì�, ÚéA�þe�Ä��l%
ÆC=Ä~ê (D′

υ, Dυ′′), Ägé VO ©fl>f
� 2∆3/2 � 12∆3/2 >f�[¥ (0, 0) �[�� P

�X�[Ì�?1
O�ïÄ, ïÄ¼��O�
(JØ=Uy®��¢�êâ, ���(/
ýÿ
T�=�[��¹
=Äþfê J = 80.5

3S� P �Xu�1Ì, Ó�¤��nØêâ�
®��¢�êâ��Ø�Ø�L 0.07 cm−1. éu
Ø����=Äþfê J = 26.5 �=Ä�, du
3ÙNC J = 25.5, J = 27.5 �=Ä��¢�ê
âÑvk¼�, �±íä VO 3T=Ä�NC�
�[&ÒéØ½, J±��°(�¢�êâ, Ï
d J = 26.5 �¢�êâ�Uk��Ø�. ¯¢þ,

ÏLnØO�Ñ5�êâ��é', exp t. − cal. =

0.0666 cm−1, �TÐ`²
ù�:.

�©�<���(!���/@£ VO ©f
�p�=-u�[(�Jø
�´L�Ôn&E,

�I� VO ©f°(�[Ì�êâ�ïÄó�J
ø
7��êâ. (1) ª�ïÄV�f©f>f�
�p�=-u� P �X�[Ì�Jø
�«�~
k�q²L��{, ´&¢©fSÜ(���«k
åóä.
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Abstract

The accurate P-branch emission spectra of the (0, 0) band in the 2∆3/2—12∆3/2 system of the VO molecule are studied in

this work using the analytical formula derived by Sun group in their previous work. The calculated results generate correct values

of the unknown spectral lines up to J = 80.5 which are not available experimentally for this band, as well as reproduce all known

experimental spectral lines accurately.
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