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Distribution function on the rotational (RDF,  = 1–5), and vibrational (VDF,  = 0–2) levels of the hydrogen molecule in the  excited state are investigated by the method of emission spectroscopy in the plasma of the dipolar discharge in hydrogen (the source of plasma under conditions of electron-cyclotron resonance) [1]: the vibrational temperature  of the ground state  of the hydrogen molecule, rotational  and translational  temperatures are determined. It is established that the measured RDFs of the hydrogen molecules in the  excited state are the Boltzmann distribution. The values of  lie in the range of 205–325 K. The VDF of the hydrogen molecules in the  excited state are different from the Boltzmann distribution. Results of the VDF measurement are consistent with a model in which the  state is excited due to collisions of the electrons with vibrationally excited molecules of hydrogen  and died by its radiative decay. Calculations performed within the model: confirm the presence of population inversion, which is observed for the level  = 1; show that the VDF in the ground  and excited  states depend upon the values of the Frank-Condon factors for transition . The values of  obtained using the Franck-Condon factors from [2] are too high and are outside the range of the vibrational temperature ever measured by the methods of the CARS spectroscopy in radiofrequency and microwave discharges in hydrogen [3]. This is due to the problem of the correct determination of the Frank-Condon factors for transition  from [2]. The use of the Frank-Condon factors for transition  from [3] gives a reasonable value of , which is equal to 3100400 K. It is confirmed by numerical modeling of vibrational kinetics of the hydrogen molecules. The obtained value of  is significantly higher than the measured values of  = 420–650 K. Ratio these values indicate that the plasma of the dipolar discharge is an effective source of the vibrationally excited molecules of hydrogen .
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