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Sažetak
Za šest decenija kvantne elektronike, razvijeno je mnogo novih vrsta kvantnih generatora, koji su obuhvatili ceo elektromagnetni spektar. Iako je princip inverzije naseljenosti ujedinio razne ceo elektromagnetni spektar (i tipove kvantnih generator), postojanje naslova laseri bez inverzije naseljenosti, čini da izuzetak potvrđuje pravilo, odnosno da ovaj naziv zaslužuje diskusiju. Pri razvoju formalizama za deskripciju rada kvantnih generatora, postoji danas nekoliko prilaza, koji moraju da imaju kvantno mehaničku bazu. Iz praktičnih razloga, negativni koeficijent apsorpcije dobija se i putem klasične elektromagnetike, ali se putem naseljenost ulazi u kvantne predstave.
U radu će se uspostaviti nekoliko nivoa formalizama vezanih za kvantne generatore sa akcentom u optičkom delu. Pokazaće se opisi najnižim nivoom, koji uključuje ekvivalentne šeme. Ovaj se deo može proširiti i na druge ekvivalencije fizičkih problematika, koje se rešavaju razvijenim programima u elektrotehnici. Šeme su na nivou mak-roskopskih, ali i definisanih ekvivalentnih veličina na mikroskopskom (atomskom-elektronskom nivou). Razmotriće se kinetičke jednačine sa jednostavnijim prilazom, ali i pojednostvaljene laserske jednačine na kvantno, semikvantnom prilazu. Primenom Fourierove analize, odgovarajućih transformacija dobija se pet glavnih laserskih jednačina koje pružaju osnovu za mnoge režime rada kvantnih generatora i pojačavača (režimi: slobodne generacije, Q switch, sinhronizacije, sa filtrom, dvomodni system,sa gubicima, itd. Ovde moraju da se uključe teorije stabilnosti tipa Ljapunova itd..
Za neke od izabranih tipova analiziraće se analitičko modelovanje, i rezultati programskih paketa posvećeni laserima. Razmotriće se sistemi pumpani elektronskim (relativističkim) snopovima i prodiskutovati stavovi nuklearne fizike, koji se moraju uključiti na početku, da bi se po usporavanju do termalnih energija, mogli da uključe potrebni delovi teorije kondenzovanog- čvrstog stanja i laserske tehnike.
Postojeći računarski programi daju mogućnost brzog modelovanja i prikaza raspodele energije, temperature, modova i sl.u aktivnom materijalu i rezonatoru. Za specijalne geometrije izvršiće se modelovanje i dobiti raspodela temperature u aktivnom materijalu za vreme rada odabranog laserskog režima. Porediće se razne geometrije pumpanja. Savremeni laseri sa najkraćim postojećim impulsima zahtevaju nove formalizme. Oblasti nelinearne optike i kvantne elektrodinamike, Glauberova stanja i sl. su oblasti koje moraju da budu uključene. Dva glavna formalizma termodinamički i kvantno-mehanički sa verovatnoćama prelaza uz metode perturbacije i sekundarnog kvantovanja su prirodno morali da budu dopunjeni, ako se generalnije obuhvataju tipovi Brillouinov, Ramanov, Comptonov, soliton, fiber laser i drugi. 
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Abstract:
During six decades of quantum electronics, a vast number of new types of quantum generators were developed. Although the principle of population inversion united different ranges of electromagnetic spectra (and respective quantum generators), the existence of title laser without the inversion population, it seems exception makes the rule, meaning this title deserves a discussion. 
Developing formalisms describing the operation of quantum generators, at this time exist several approaches, which must have a quantum mechanics base. For practical reasons, negative coefficient of absorption is acquired using classic electromagnetics also, but for the population purposes quantum presentation must be entered.
A few levels of formalisms will be set, linked to quantum generators accenting the optical portion of spectra in this paper. The descriptions on lowest level will be shown including equivalent lumped circuits. This range could be widened to other equivalents of physical problems, using developed programs packages in electrical engineering (Spice, etc.). Schematics are at the level of macroscopically as well as on microscopically defined equivalent values (atomic – electronic levels). The kinetic equations with of simple approach will be considered as well as simplified laser equations based on quantum semi-quantum approaches. The use of Fourier analysis, appropriate transformations the main five laser equations are acquired giving the base for various working regimes of quantum generators and amplifiers (free generation regime, Q switch, synchronization, operation with filters, two modes regime, regime with losses, etc.). The Ljapunov’ theory of stability has to be included here, etc.
For some of the chosen types, analytical modeling will be analyzed as well as results of program packages developed for lasers dynamics, regimes and parameters. The systems pumped with electronic beams (relativistic) will be considered and the nuclear physics attitude which must be set at the beginning, for needed parts of the condensed – solid state theory and laser techniques to be included, after slowing down towards thermal energies.
Existing program packages give the opportunity for fast modeling and depiction of laser energy distribution, temperature, modes, etc. both in active material and in resonator. For special geometries a modeling will be done and a temperature distribution acquired during operation of chosen laser system in active material, too. A comparison of different pump geometries will be performed. Contemporary lasers with shortest existing pulse durations demand new formalisms. Areas of nonlinear optics and quantum electrodynamics, Glauber’s states and similar, are areas itself witch must be included. Two main formalisms thermodynamic and quantum mechanical with transition probabilities using perturbation methods and secondary quantization naturally had to be complemented if more generally are included Brillouin, Raman, Compton, soliton, fiber and other lasers. 
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