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Abstract. In the framework of quantum mechanics the physical nature of the photon is discussed. It 

is substantiated that a photon is a quantum quasiparticle, the free propagation of which must be considered 

taking into account the processes in a physical vacuum at Planck distances. For practical purposes on a mac-

roscopic scale, the photon propagation can be modeled using the wave function (wave packet) normalized to 

the unit probability in the coordinate representation. 
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Introduction. At present, the interference optical phenomena are theoretically described 

from the point of view of classical electrodynamics or in language of secondary quantization. The 

“primary quantization” of photon behavior has been prohibited since the publication of [1] in which 

the principled possibility of creation of photon wave function in coordinate representation was de-

nied. However, in the mid 90-ies of the previous century the works (see [2] – [5]) began to appear, 

in which at interpretation of photon wave function the focus from the probability density of photon 

localization was shifted to the probability density of its detection in some space point. Obviously, 

the need of creation of photon wave function in coordinate representation becomes relevant in con-

nection with emergence of fundamentally new experiments and purely practical queries, for exam-

ple, in verifying Bell's inequalities and quantum nonlocality; in quantum cryptography and quantum 

computations. These experiments, in particular, stimulated the development of sources and detec-

tors of individual photons. In [6] – [14] and other works the one-particle wave function of the pho-

ton gained further development in theoretical justification. In [15 – 22] for its evident illustration 

the modeling of free propagation in space of the wave packet describing the single-photon state, 

corresponding to laser radiation of duration 80 fs with the central wavelength of 10 microns, and 

Gaussian momentum distribution in this packet is carried out. As the result of the modeling the 

character of the extension of a wave packet is established, namely: its spatial shape from the origi-

nal “spherical” shape transforms into a certain “cone” shape, reminding a pattern of Vavilov-

Cherenkov radiation, because the peripheral parts of the packet's probability density lag behind the 

central part moving at the speed of light c in vacuum Although much is known about light as a 

stream of photons, in the foreshortening of the wave-particle duality of the light itself and of the 

material particles having the mass of "rest", the answers to the main questions are still unclear: what 

is a photon, and whether it exists as a material particle? If it exists, but not as an independent mate-

rial particle, then what prompts us to create an image of a photon as a material particle that propa-

gates according to the laws of quantum mechanics, practically coinciding, in respect of the photon, 

with the laws of classical electrodynamics? Is it lawful to raise the question, in this connection, 

about the construction of a quantum-mechanical wave function for the photon in the coordinate rep-

resentation? We emphasize that these questions need not be answered within the philosophical as-

pect of the wave-particle duality, but it is necessary to concentrate efforts on clarifying the picture 

from the physical point of view, and to state that this “duality”, in fact, should be generally elimi-

nated from science. 

The photon wave function in the coordinate representation. Maxwell's equations for a free 

field can be presented in the quantum form, having carried out his some part of “primary quantiza-

tion”, having written down these equations in the form of the Majorana [23] (in the SGS system): 
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where ̂ˆ ip  is the operator of the particle momentum, ŝ  is the operator of spin operator of the 
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mechanics of a photon is constructed, according to which the state of the photon is described in a 

certain way by the bivector 
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where the upper signs of the indices correspond to the positive energy of the photon, and the lower 

ones to the negative, “theoretically possible”; 1  correspond to the two possible values of helicity 
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where (Oe) is the unit of measure (oersted)  и  ; )(e 1 k  are the complex polarization vectors. 

However, in more fully the state of the photon describes by the wave function 
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The function (5) is normalized to the unit probability of detecting the photon at a certain 

point (for example, in a detector), it satisfies to equation of Schrödinger type and the continuity 

equation. Thus, the “primary quantization” of photon states is realized. 

Modeling the evolution of a single-photon wave packet. In [15 – 22] the results of single-

photon modeling of laser radiation at femtosecond range are presented. In the modeling, the 

),( kb  determining the momentum distribution in the state (5) are given in the Gaussian form 
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The character of the extension (mentioned in the introduction) of the packet (5) is established by numerically calculat-

ing of the most significant in this case projection xE  of electric field intensity. 

Physical nature of the photon. Let us formulate a few of statements in which, in our opin-

ion, the satisfactory, at this stage,  answers to the most of the above questions either are already 

contained, or the looked-through prerequisites for the answers to the remainder of them are includ-

ed. 

These statements are as follows: 

1) Electromagnetic waves and, in particular, the light are the stream of "sequentially" (in the 

quantum-mechanical sense) propagating, in space and time, individual short-term (duration of the 
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order of Planck time) acts of flip (on 180 ) and return to the original state of the spin of the extremal 

maximons (EM-I) or the “antimaximons” (AEM-I) of the first class, forming in pairs (EM-I + 

AEM-I) at full their merging, one of the possible massless, uncharged, spinless structural “units” of 

the physical vacuum (which, however, “in itself” has the order of magnitude of the Planck magnetic 

moment) [24] – [32]. Each individually registered photon is thus not a self-existent “massless” par-

ticle, before the registration, but a kind of “magnon” propagating in a vacuum only on the one ex-

cited chain of such spin-flips of a traveling wave, like a spin wave in a solid body. The registration 

of a photon is the result of the transfer of a certain number of dynamic characteristics (energy, mo-

mentum and angular momentum) to the “massive” particles from one such spin-flip chain. The 

probability of its excitation (perceived as “photon emission”), its orientation in space (the “direction 

of the motion photon”) and the transfer of the dynamic characteristics of this excitation to material 

particles ("photon absorption") are determined by the physics of processes not yet studied at Planck 

distances. 

2) For practical purposes, consideration of the majority of processes associated with spin-

flip chains can be conditionally replaced by the consideration of processes that, as would be imple-

mented by “point” photons that are the alleged material but massless particles. In this case, the radi-

ation, propagation, scattering and absorption of the photons should be described by quantum me-

chanical laws, some of which (Maxwell's equations) coincide with the equations of classical 

electrodynamics, and the other part (Schrödinger type equation) is associated with a purely quantum 

mechanical description, the attribute of which must be also the wave function of the photon in the 

coordinate representation. In the “gap” between the consideration of the spin-flip chain and the 

practical use of the "material" photon equivalent to it in this sense, it should nevertheless be as-

sumed that the photon should have a finite radius equal to the radius of the extremal class I maxi-

mon [28, 31 ]. 

Conclusion. The constructed quantum mechanics allows, at the given stage, in essence, to 

remove the problem of wave-particle duality [9]. Since for the photons one can also talk about the 

wave function in the coordinate representation, it can be argued that photons and particles, that have 

a mass, behave as corpuscles interacting with other particles, transferring the certain quantities of 

their characteristics (both dynamic and internal) to other particles. The particles are propagated ac-

cording to “wave rules”: their distribution in space is determined by the wave function in the coor-

dinate representation. Within the framework of quantum mechanics, therefore, it is possible, in par-

ticular, to explain “purely wave phenomena”, such as Young's experiment. 
 

REFERENCES 

 

1. Landau L., Peierls R. Quantenelectrodynamik im Konfigurationsraum // Zeit. F. Phys. 1930. V. 

62. pp. 188-198. 

2. Bialynicki-Birula I. On the Wave Function of the Photon // Acta Phys. Pol. A. 1994. V. 86. pp. 

97-116. 

3. Mandel M., Wolf E. Optical coherence and quantum optics. Cambridge University Press, 1995. 

4. Sipe J. E. Photon wave functions // Physical Review A. 1995. V. 52. pp. 1875-1883. 

5. Davydov A.P. Kvantovaja mehanika fotona // Tezisy dokl. XXXIII nauch. konf. prepodavatelej 

MGPI “NAUKA I SHKOLA”. Magnitogorsk: MGPI, pp. 206-207, 1995. 

6. Bialynicki-Birula I. The Photon Wave Function // Coherence and Quantum Optics VII, edited 

by J. H. Eberly, L. Mandel, E. Wolf (Plenum Press, New York, 1996), pp. 313-323. 

7. Davydov A.P. Volnovaja funkcija fotona v koordinatnom predstavlenii // Vestnik MaGU: Vyp. 

5. Magnitogorsk: Izd-vo Magnitogorsk. gos. un-ta, pp. 235-243, 2004. 

8. Smith B. J., Raymer M. G. Photon wave functions, wave-packet quantization of light, and co-

herence theory // New J. Phys. 2007. V. 9. pp. 414-448. 

9. Davydov A.P. Kvantovaja mehanika fotona: volnovaja funkcija v koordinatnom predstavlenii 

//Jelektromagnitnye volny i jelektronnye sistemy. 2015. V. 20. № 5. pp. 43-61. 



44 

 

10. Davydov A. P., Zlydneva T. P. O reljativistskoj invariantnosti uravnenija nepreryvnosti v kvan-

tovoj mehanike fotona // Mezhdunarodnyj nauchno-issledovatel'skij zhurnal. 2016. № 4 (46), 

Part 6. pp. 134-137. DOI: 10.18454/IRJ.2016.46.145. 

11. Davydov A. P., Zlydneva T. P. O volnovoj funkcii fotona v koordinatnom i impul'snom pred-

stavleniyah // Mezhdunarodnyj nauchno-issledovatel'skij zhurnal. 2016. № 11 (53). part 4. pp. 

152-155 DOI: 10.18454/IRJ.2016.53.104. 

12. Davydov A. P. Linearizacija volnovyh uravnenij dlja potencialov svobodnogo jelektromagnit-

nogo polja s cel'ju ego kvantovomehanicheskogo opisanija // Problemy fiz.-mat. obrazovanija v 

pedagogich. vuzah Rossii na sovrem. jetape: tez. dokl. mezhvuz. nauch.-praktich. konf. Magni-

togorskij gos. ped. in-t. Magnitogorsk: MGPI, pp. 116-120, 1996. 

13. Davyidov A. P. O volnovoy funktsii fotona v koordinatnom predstavlenii v terminah 

elektromagnitnyih potentsialov // Sovremennyie problemyi nauki i obrazovaniya: materialyi L 

vnutrivuz. nauchnoy konf. prepodavateley MaGU. Magnitogorsk: MaGU, pp. 228-229, 2012. 

14. Davyidov A. P. Vyibor kompleksnyih potentsialov elektromagnitnogo polya pri modelirovanii 

evolyutsii odnofotonnogo volnovogo paketa // Informatsionnyie tehnologii v nauke, upravlenii, 

sotsialnoy sfere i meditsine : sb. nauch. trudov III Mezhd. Konf. Tomsk : Izd-vo Tomskogo 

politehnicheskogo universiteta, 2016. S. 25-27. – URL: 

http://portal.tpu.ru/files/departments/publish/IK_Cbornik_Information_technologies_Part_1.pdf 

15. Davydov A.P. Jevoljucija v prostranstve i vo vremeni volnovogo paketa fotona femtosekund-

nogo izluchenija s tochki zrenija kvantovoj mehaniki  // Tez. dokl. XLIII vnutrivuz. nauch. 

konf. prep. MaGU. Magnitogorsk: Izd-vo Magnitogorsk. gos. un-ta, pp. 269-270, 2005. 

16. Davydov A.P. Modelirovanie rasprostranenija v trehmernom prostranstve volnovogo paketa 

fotona // Aktual’nye poblemy sovremennoj nauki, tehniki i obrazovanija: mater. 73-j mezhd. 

nauch.-tehn. konf. Magnitogorsk: Izd-vo Magnitogorsk. gos. teh. un-ta, v. 3, pp. 133-137, 2015. 

17. Davydov A.P., Zlydneva T.P. Odnofotonnyj podhod k modelirovaniju korotkoimpul’snogo 
lazernogo izluchenija // Vestnik nauki i obrazovanija Severa-Zapada Rossii: jelektronnyj zhur-

nal, v. 1, № 4, 2015. URL: http://vestnik-nauki.ru/. 

18. Davydov A., Zlydneva T. Modeling of short-pulse laser radiation in terms of photon wave 

function in coordinate representation // Instrumentation engineering, electronics and telecom-

mun., 2015: Paper book of the Intern. Forum IEET-2015. P. 51-63. – Izhevsk: Publish. House 

of Kalashnikov ISTU, 2016. URL: http://pribor21.istu.ru/proceedings/IEET-2015.pdf. 

19. Davydov A. P. Volnovaja funkcija fotona v koordinatnom predstavlenii. Magnitogorsk: Nosov 

MSTU, 2015. – 180 P. 

20. Davyidov A. P., Zlyidneva T. P. O snizhenii skorosti svobodnyih fotonov pri modelirovanii ih 

rasprostraneniya v prostranstve s pomoschyu volnovoy funktsii v koordinatnom predstavlenii // 

Trudyi XIII mezhd. nauch.-tehnich. konf. APEP – 2016. Novosibirsk, v. 8, pp. 50-57, 2016. 

21. Davydov A. P., Zlyidneva T. P On the reduction of free photons speed in modeling of their 

propagation in space by the wave function in coordinate representation // 2016 13
th

 Internation-

al scientific-technical conference on actual problems of electronic instrument engineering 

(APEIE) – 39281 proceedings, Novosibirsk, v. 1, pp. 233-240, 2016. 

22. Davydov A. P.,  Zlydneva T. P. The Young’s interference experiment in the light of the single-

photon modeling of the laser radiation // ITSMSSM 2016. pp. 208-215. URL: 

http://www.atlantis-press.com/php/pub.php?publication=itsmssm-16. 

23. Mignani R., Recami E., and Baido M. About a Diraclike Equation for the Photon, According to 

Ettore Majorana // Left. Nuovo Cimento, vol.11, № 12, pp. 568-572, 1974. 

24. Davyidov A. P. Novaya klassicheskaya interpretatsiya spina elektrona i ego energiya svyazi // 

Nauka - vuz - shkola: Tezisyi dokladov XXXI nauch. konf. prepod. MGPI / Magnitogorsk. ped. 

int; Pod red. dots. Z.M. Umetbaeva. Magnitogorsk: Izd-vo MGPI, pp. 308-311, 1993. 

25. Davyidov A. P. Gipoteza chernoy dyiryi v tsentre elektrona i neinvariantnost elektricheskogo 

zaryada (pri ego vraschenii) kak sledstvie KED, OTO, STO // Problemyi fiz.-mat. obrazovaniya 

v ped. vuzah Rossii na sovrem. etape. Magnitogorsk: Izd-vo MGPI, pp. 120-126, 1996. 

https://doi.org/10.18454/IRJ.2016.53.104
http://www.atlantis-press.com/php/pub.php?publication=itsmssm-16


45 

 

26. Давыдов А. П. Новые квантовые объекты космомикрофизики – элементарные бессингу-

лярные черные дыры – как следствие КЭД и ОТО // Фундаментальные и прикладные ис-

следования: сб. науч. труд. Магнитогорск: Изд-во МГПИ, 1997. С. 22-41. 

27. Davydov A.P. Novye kvantovye ob#ekty kosmomikrofiziki – jelementarnye bessinguljarnye 

chernye dyry – kak sledstvie KJeD i OTO //  Sb. nauch. trudov “Fundametal’nye prikladnye 

issledovanija”. Magnitogorsk: Izd-vo MGPI, pp. 22-41, 1997. 

28. Davydov A.P. Vozmozhnost’ kvantovyh bessinguljarnyh chernyh dyr s plankovskimi 

parametrami i jekstremal’noj metrikoj v fizike i kosmologii // Jelektromagnitnye volny i 

jelektronnye sistemy. 1998. V. 3. № 2. pp. 67-78. 

29. Davydov A.P. Foton kak kvazichastica pri vozbuzhdenii spinovoj volny v fizicheskom 

vakuume na plankovskih rasstojanijah // Tez. dokl. XLIV vnutriv. nauch. konf. prepod. MaGU 

“Sovrem. problemy nauki i obrazov.”. Magnitogorsk: Izd-vo Magnitogorsk. gos. un-ta, p. 174, 

2006. 

30. Davyidov A. P. Kurs lektsiy po kvantovoy mehanike. Matematicheskiy apparat kvantovoy me-

haniki: ucheb. posobie. Magnitogorsk: Izd-vo Magnitogorsk. gos. tehn. un-ta im. G.I. Nosova, 

2014. 188 p. 

31. Davydov A.P. Jekstremal’nye maksimony, struktura fundamental’nyh chastic, KJeD, OTO i 
RTG A.A. Logunova //Jelektromagnitnye volny i jelektronnye sistemy. 2001. V. 6. №5. p. 4-

13. 

32. Davyidov A. P. O postroenii spetsialnoy teorii otnositelnosti (STO) iz simmetrii prostranstva i 

vremeni bez postulatov STO // Elektromagnitnyie volnyi i elektronnyie sistemyi. 2003. V. 8, № 

1. pp. 49-58. 

 

 

ПРИМЕНЕНИЕ ЛИНЕЙНОЙ СЕТЕВОЙ МОДЕЛИ НАХОЖДЕНИЯ КРАТЧАЙШЕГО ПУТИ ЭВАКУАЦИИ 
НАСЕЛЕНИЯ  

Асламова В.С., Темникова Е.А. 

(г. Иркутск, Иркутский государственный университет путей сообщения) 

e-mail: aslamovav@yandex.ru, temnikova_ea@bk.ru 

APPLICATION OF THE LINEAR NETWORK MODEL OF FINDING THE SHORTEST WAY OF 
EVACUATION OF THE POPULATION 

Aslamova VS, Temnikova EA. 

(Irkutsk, Irkutsk State University of Railway Transport) 

 
Abstract. The report considers an algorithm for solving the problem of advance evacuation of the 

population, which is formulated as finding the shortest path in a linear network model representing the routes 

of movement along the existing transport network of roads with a cycle. The starting point is the prefabricat-

ed evacuation point, and the final one is the receiving evacuation point, the numbers on the edges are the 

length of the path between the intermediate points. 
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Применение теории графов. На современном этапе развития информационных тех-

нологий использование теории графов широко и разнообразно:  

 в химии для описания структур химических элементов и числа теоретически воз-

можных изомеров углеводородов и других органических соединений [1];   

 в информатике и программировании (граф – блок-схема  алгоритма программы);  

 в коммуникационных и транспортных системах для поиска кратчайшего пути на 

сети дорог [2]. В частности, для маршрутизации данных в Интернете. Алгоритмы нахожде-
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