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1. ǷȈȘȈȌȖȒșȣ ȚȍȖȘȜȐȏȐȒȐXX ʚʝʢʘ

The 18 (+2) biggest unsolved mysteries in physics
N. Wolchover, Physics & Mathematics, publ . Feb. 27, 2017.

1. What is dark energy?
2. What is dark matter?
3. Why is there an arrow of time?
4. Are there parallel universes?
5. Why is there more matter than antimatter?
6. What is the fate of the universe?
7. How do measurements collapse quantum wavefunctions?
8. Is string theory correct?
9. Is there order in chaos?
10. Do the universe's forces merge into one?
11. What happens inside a black hole?
12. Do naked singularities exist?
13. Violating charge -parity symmetry
14. When sound waves make light
15. What lies beyond the Standard Model?
16. Fundamental constants
17. What the heck is gravity, anyway?
18. Do we live in a false vacuum?
19. The grand unified theory (Theory of Everything )

20. Conservation laws

https://www.livescience.com/author/natalie-wolchover
https://www.livescience.com/physics-mathematics


ǑǮ  ǗǲǴǱǮǳ. ǓǫǵǶǮȅǸǳǴǷǸǮ Ƿ ǺǮǭǮǰǴǯ: çǐǦǸǦǷǸǶǴǺǦè ǸǫǴǶǺǮǭǮǰǮ

 XX ǨǫǰǦ. ǈǭǱǫǸ ǸǫǴǶǮǮ ǷǸǶǹǳ, ǹǵǦǪǴǰ ǳǦǹǰǮ P.B. London, 2007 .

Ǉ. ǈ.ǈǦǷǮǱȂǫǨ. ǔ ǵǶǮǶǴǪǫ ȅǪǫǶǳȁǻ ǷǮǱ. ǔ ǨǶǫǪǫ ǸǫǴǶǫǸǮǽǫǷǰǴǯ 
         ǺǮǭǮǰǮ. ǒǔǎǕ (22.01.2021).

ǗǦǧǮǳǦǛǴǷǷǫǳǺǫǱȂǪǫǶ. ǙǶǴǪǱǮǨǦȅǈǷǫǱǫǳǳǦȅ. ǐǦǰǵǴǮǷǰǮǰǶǦǷǴǸȁ

        ǭǦǨǴǪȅǸǺǮǭǮǰǴǨǨǸǹǵǮǰ. 20 ǱǫǸ ǷǳǷ   ǜǋǖǓ. ǒ.: ǣǰǷǲǴ, 2021 

ǙǶǴǪǱǮǨǦ ǳǫǈǷǫǱǫǳǳǦȅ, 
Ǧ ǷǴǨǶǫǲǫǳǳǦȅ ǫȆ ǸǫǴǶǮȅ  

   s Φ˴Φ ͙͙́ͦͣͤ͡Φ ˻͋ͦ͋΅͔ͤͤ͊Ύ Ή͔͙͙ͭͪͦ͒ͤ͊ͣ͊͟͟͡Φ  ˸ΦΥ ˮ͒͘-͍ͦ ζ͙́ͪͯͣͺηΣ нлнл Φ

˥ΦˤΦ ˹͙͔͍ͦ͊͟͡Φ ˿˻ˤ˾˩˸˩˹˹ˢ̒ ̏˶˩˴́˾˻˨ˮ˹ˢ˸ˮ˴ˢ ˮ ˽˾ˮ̉ˮ˹̍ ˩˩ ˽ˢ˾ˢ˨˻˴˿ˢ˶̎˹˻˿́ˮΦ ́ΦΥ нллоΦ

 Kaku Michio (2021).The God Equation: The Quest for a Theory of Everything. New York: Doubleday. 

çǔǪǳǦǬǪȁ ǴǾǮǧȅǷȂ ǵǶǮ ǨȁǧǴǶǫ ǪǴǶǴǩǮ,

ǔǳǮ ǹǵǴǶǳǴ ǾǱǮ, ǩǱȅǪȅ ǳǦ ǷǨǴǯ ǰǴǲǵ§Ƿ.

ǎ ǧȁǱ Ǯǻ ǸǶǹǪ ǨǫǱǮǰ, ǾǦǩǮ Ǯǻ ǧȁǱǮ ǷǸǶǴǩǮ,

ǓǴ ǹǨǴǪǮǱǮ ǵǶǴǽȂ ǴǸ ǼǫǱǮ ǰǦǬǪȁǯ ǽǦǷè.
                            ǉǧǲǬǷǯǰ ǦǱǵǩǲǬǩǯǾ ǈǷȅǸǵǩ

1. ǷȈȘȈȌȖȒșȣ ȚȍȖȘȜȐȏȐȒȐXX ʚʝʢʘ,

  ʥʝ ʧʦʟʚʦʣʷʶʱʠʝʘʜʝʢʚʘʪʥʦ ʧʨʠʨʦʜʝ ʤʦʜʝʣʠʨʦʚʘʪʴ  ʵ-ʤ ʧʦʣʷ
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ǆǱȂǸǫǶǳǦǸǮǨǳǴǫ ǲǳǫǳǮǫ,

 ǦǰǸǮǨǳǴ ǳǦǨȅǭȁǨǦǫǲǴǫ ǽǫǶǫǭ 

çǲǦǷǷ-ǲǫǪǮǦè

çǈǹǳǪǫǶǰǮǳǪȁ ǵǦǶǦǪǴǰǷǴǨè



ǓǦǹǽǳǦȅ ǾǰǴǱǦ ǲǫǻǦǳǮǰǮ ǷǵǱǴǾǳǴǯ ǷǶǫǪȁ

 ǦǰǦǪǫǲǮǰǦ ǉǴǶǮǲǮǶǦ ǉǴǶǮǲǮǶǴǨǮǽǦ ǝȆǶǳǴǩǴ

ǝȆǶǳȁǯ ǉǴǶǮǲǮǶ ǉǴǶǮǲǮǶǴǨǮǽ

(1923 -2012)

ǈ ǭǦǰǱȄǽǮǸǫǱȂǳǴǯ ǽǦǷǸǮ ǷǨǴǫǯ 

ǵǶǴǩǶǦǲǲǳǴǯ ǱǫǰǼǮǮ, ǵǶǴǽǮǸǦǳǳǴǯ Ǩ 

ǦǰǸǴǨǴǲ ǭǦǱǫ ǒǴǷǰǴǨǷǰǴǩǴ 

ǵǴǱǮǸǫǻǳǮǽǫǷǰǴǩǴ ǲǹǭǫȅ 20 ǲǦǶǸǦ 2008 

ǩǴǪǦ,ǦǰǦǪǫǲǮǰ ǉ.ǉ. ǝǫǶǳȁǯ ǩǴǨǴǶǮǸ: 

çǓȂȄǸǴǳǴǨǷǰǦȅ ǲǫǻǦǳǮǰǦ ð 

ǳǫǵǶǫǨǭǴǯǪȆǳǳǴǫ ǪǴǷǸǮǬǫǳǮǫ ǺǮǭǮǰǮ 

(ǳǦǸǹǶǦǱȂǳǴǯ ǺǮǱǴǷǴǺǮǮ) ǨǷǫǯ 

ǮǷǸǴǶǮǮ ǽǫǱǴǨǫǽǫǷǰǴǯ ǼǮǨǮǱǮǭǦǼǮǮ. 

ǔǳǦ ǨǫǽǳǦ. ǓǦ ǫȆ ǲǴǩǹǽǫǲ ǪǶǫǨǫ 

ǵǴȅǨǱȅȄǸǷȅ ǳǴǨȁǫ Ǯ ǳǴǨȁǫ ǨǫǸǨǮ. 

ǗǶǫǪǮ ǳǮǻ ð Ǯ ǨǫǸǨǮ, ǨȁǶǴǷǾǮǫ Ǯǭ 

ǵǶǮǨǮǸȁǻ ǳǦ ȃǸǴ ǪǶǫǨǴ ǽǫǶǫǳǰǴǨ 

ǷǦǬǫǳǼǫǨ, ǨǭǶǦǿȆǳǳȁǻ Ǩ ǱǴǳǫ ǪǶǹǩǮǻ 

ǫǷǸǫǷǸǨǫǳǳȁǻ ǳǦǹǰè.

çǈǫǽǳǴ ǳǴǨǦȅ ǲǫǻǦǳǮǰǦè

2. ʇʨʦʛʨʝʩʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ XXI  ʚʝʢʘ



Superluminal Motion -Assisted 4-Dimensional Light -in-Flight Imaging
Kazuhiro Morimoto,1, 2, Mzing-Lo Wu,1, Azndrei Ardelean,1, aznd EdoardoCharbon1, À 

1Advanced Quantum Architecture Laboratory, Ecole polytechnique fdrale de Lausanne, 

Neuchtel 2020, Switzerland ; 2Device Research & Design Department, Canon Inc., Kanagawa 

212-8602, Japan.
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(a) Schematic illustration of light  propagation and scattering 

in Minkowski space at y = 0. Propagating light is depicted 

as a purple dashed arrow, and scattered light is shown as 

a light cone.

(b) Schematic plot  of t  dependence of x. The slope of the 

dashed line indicates the apparent velocity .





Superluminal impulses 

* 

Profiles of wave fronts

(6 - 9 times > c) 

Basov N. G. , Ambartsumyan R. V. , Zuev V. S. , Kryukov P. G. & 

Letokhov V. S. Nonlinear amplification of light pulses. Sov. Phys. 

JETP 23, 16ï22,(1966).
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05 ȅǳǨǦǶȅ 2023,   Physical Review BǣǰǷǵǫǶǮǲǫǳǸ XXI Ǩǫǰ



Tomography of ultrarelativistic  nuclei with  polarized photon-gluon collisions. 

STAR   COLLABORATION .. SCIENCE ADVANCES, 4 Jan 2023

ǋelectromagnetic field of a nucleus traveling at 

ultra -relativistic speed , interference pattern in 

distribution of vector meson  ƪ0ŸÙ+ÙĬdecays.

ǖǫǱȅǸǮǨǮǷǸǷǰǮǫ ǮǴǳȁ ǩǫǳǫǶǮǶǹȄǸ

N ðǨǴǱǳȁ ǰǦǰ ǷǰǦǳǮǶǹȄǿǫǫ ǵǴǱǫ

ǣǰǷǵǫǶǮǲǫǳǸ XXI Ǩǫǰ

https://www.science.org/doi/10.1126/sciadv.abq3903#con


17.04.2021 ǆǷǸǶǴǳǴǲȁ ǹǸǨǫǶǬǪǦȄǸ, ǽǸǴ ǲǳǴǩǴǱǫǸǳǮǫ ǳǦǧǱȄǪǫǳǮȅ ǷǻǴǪȅǸǷȅ Ǩ 

ǴǪǳǴǲ: ǨǫǿǫǷǸǨǴǮǭǨǫǶǩǦǫǸǷȅ Ǯǭ ǽǫǶǳǴǯ ǪȁǶȁ ǷǴ ǷǰǴǶǴǷǸȂȄ, ǭǳǦǽǮǸǫǱȂǳǴ 

ǵǶǫǨȁǾǦȄǿǫǯ ǷǰǴǶǴǷǸȂ ǷǨǫǸǦ.

ǗǨǫǶǻǷǨǫǸǴǨȁǫ ǷǸǶǹǮ (çjetsè, M 87)



ǣǰǷǵǫǶǮǲǫǳǸǦǱȂǳȁǫ ǪǦǳǳȁǫ XXI, ǗǨǫǶǻǷǨǫǸǴǨȁǫ ǪǬǫǸȁ

Collimation of the Relativistic Jet in the Quasar 3C273

Hiroki Okino1,2 , Kazunori Akiyama3,4,5 , Keiichi Asada6 , Jos® L. G·mez7 , 

Kazuhiro Hada5,8 , Mareki Honma5,8,1 ,

Thomas P. Krichbaum9 , Motoki Kino10,5 , Hiroshi Nagai2,8 , Uwe Bach9 , Lindy 

Blackburn11,4 ,

Katherine L. Bouman12 , Andrew Chael13,30 , Geoffrey B. Crew3 , Sheperd S. 

Doeleman11,4 , Vincent L. Fish3 ,

Ciriaco Goddi16,14,15,17 , Sara Issaoun11,30 , Michael D. Johnson11,4 , Svetlana 

Jorstad18 , Shoko Koyama19,6 ,

Colin J. Lonsdale3 , Ru-SenLu20,21,9 , Ivan Mart²-Vidal22,23 , Lynn D. 

Matthews3 , Yosuke Mizuno29 ,

Kotaro Moriyama24,5 , Masanori Nakamura25,6 , Hung-Yi Pu26 , Eduardo Ros9 , 

TuomasSavolainen27,28,9 ,

Fumie Tazaki5 , Jan Wagner9 , Maciek Wielgus9 , and Anton Zensus9

The Astrophysical Journal, 940:65 (17pp), 2022 November 20 

https://doi.org/10.3847/1538 -4357/ac97e5



ǣǰǷǵǫǶǮǲǫǳǸ XXI Ǩǫǰ



ǘǫǴǶǮȅ (ǪǴ XX ǨǫǰǦ) + ǣǰǷǵǫǶǮǲǫǳǸ (XXI Ǩǫǰ)
ǔǷǳǴǨȁ  ǲǫǻǦǳǮǰǮ Ǯ ǫȆ ǵǶǮǲǫǳǫǳǮǫ Ǩ ǸǫǴǶǮǮ ǵǴǱȅ

Å ǙǶǦǨǳǫǳǮȅ ǒǦǰǷǨǫǱǱǦ Ǯ ǣǯǱǫǶǦ

Å ǗǮǱǴǨȁǫ ǱǮǳǮǮ ǚǦǶǦǪǫȅ

Å ǖǦǷǵǶǴǷǸǶǦǳǫǳǮǫ ǨǴǭǲǹǿǫǳǮǯ

Å ǍǦǰǴǳȁ ǷǴǻǶǦǳǫǳǮȅ Ǯ ǸǴǽǳȁǫ ǶǫǾǫǳǮȅ

Å ǣ-ǲ ǨǴǱǳȁ, "ǷǸǶǦǳǳǴǫ" ǮǭǱǹǽǫǳǮǫ, ǷǮȅǳǮǫ, ǷǴǱǮǸǴǳȁ  

Å ǚǹǳǪǦǲǫǳǸǦǱȂǳȁǫ ǰǴǳǷǸǦǳǸȁ (G, k. ơ0 )

Å ǍǦǰǴǳ ǉǹǰǦ-ǓȂȄǸǴǳǦ-ǐǹǱǴǳǦ

Å ǆǳǦǱǮǭ ǶǦǭǲǫǶǳǴǷǸǮ (T*=2 .73 K, ƪ*=10-26kg/m 3, p*=10-9 ǕǦ)
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.22 j=jD shD

Robert Hooke

  1635  ð  1703  

IsaacNewton

1642-1727

Charles Coulomb

1736-1806

ʃʝʦʥʘʨʜ ʕʡʣʝʨ 

(1707 ð 1783)

ʃʶʜʚʠʛ ɹʦʣʴʮʤʘʥ 

(1844ï1906)
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ɻʘʙʨʠʝʣʴ ʃʘʤʝ

1795-1870
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τ–

σ
‒ὫὶὥὨɇὨὭὺὠ

-–ɇὶέὸὶέὸὠ.

”   ὫὶὥὨὴ–ɇὶέὸὶέὸὠ   

   ʆʙʦʙʱʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ 

ʦʩʥʦʚʘʥʦ ʥʘ ʟʘʢʦʥʘʭ ʩʦʭʨʘʥʝʥʠʷ ʤʝʭʘʥʠʢʠ ʩʨʝʜʳ, ʧʨʦʜʦʣʴʥʦ-

ʧʦʧʝʨʝʯʥʳʭ ʪʦʢʘʭ ʩʤʝʱʝʥʠʷ ʄʘʢʩʚʝʣʣʘ, ʩʠʣʦʚʳʭ ʣʠʥʠʷʭ ʌʘʨʘʜʝʷ ʠ 

ʪʝʦʨʠʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʇʨʘʥʜʪʣʷ ʠ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʝʜʠʥʫʶ ʪʝʦʨʠʶ ʧʦʣʷ (ʦʙʲʝʜʠʥʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  ʚ ʧʨʠʨʦʜʝ).

       



ʃʶʜʚʠʛ ʇʨʘʥʜʪʣʴ

1875-1953



2.1 ð 2.3. ǒǫǻǦǳǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǯ ǦǳǦǱǮǭ 

ǶǦǷǵǶǴǷǸǶǦǳǫǳǮȅ ǨǴǱǳ Ǩ ǭǦǪǦǽǦǻ:

Ǧ) ǦǰǹǷǸǮǰǮ: ǓȂȄǸǴǳ + ǣǯǱǫǶ

ǧ) ǹǵǶǹǩǴǷǸǮ: ǑǦǲȃ

Ǩ) ǬǮǪǰǴǷǸǮ: ǓǦǨȂǫ-ǗǸǴǰǷ + ǕǶǦǳǪǸǱȂ

ǩ) ȃǱǫǰǸǶǴǲǦǩǳǫǸǮǭǲǦ: ǒǦǰǷǨǫǱǱ

× = Ǧ + ǧ + Ǩ + ǩ   =  ǨǴǱǳȁ Ƿ ǷǴǻǶǦǳǫǳǮǫǲ 

ȃǳǫǶǩǮǮ ǨǴǭǲǴǬǳȁ ǸǴǱȂǰǴ Ǩ ǷǶǫǪǫ 

ǲǦǸǫǶǮǦǱǮǭǴǨǦǳǳǴǩǴ

ǚǮǭǮǽǫǷǰǴǩǴ ǨǦǰǹǹǲǦ

5 ǷǱǦǯǪǴǨ ǲǦǸǫǲǦǸǮǰǮ



Ǧ) ǆǰǹǷǸǮǰǦ  (ǫǷǸȂ ǵǱǴǸǳǴǷǸȂ Ǯ ǪǦǨǱǫǳǮǫ, ǨǴǱǳȁ ǸǴǱȂǰǴ ǵǶǴǪǴǱȂǳȁǫ)

ʃʠʥʝʘʨʠʟʦʚʘʥʥʳʝ ʬʦʨʤʫʣʠʨʦʚʢʠ ʟʘʜʘʯ ʤʝʭʘʥʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʣ ̫ʜʚʘʞʜʳ 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʭ (ʛʣʘʜʢʠʭ) ʨʝʰʝʥʠʡ ʣʶʙʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ, ʢʦʛʜʘ ʩʧʨʘʚʝʜʣʠʚʘ 

ʪʝʦʨʝʤʘ ɻʝʣʴʤʛʦʣʴʮʘ ʦ ʨʘʟʣʦʞʝʥʠʠ ʧʦʣʷ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʠ ʩʦʣʝʥʦʠʜʘʣʴʥʫʶ  

ὠ ὠ ὠ= grad ű + rotᴆὃ.                                      (1.1)

ό ό ό.                                                        (1.2)

ɟ = ɟ0 + ɟ', p = p0 + pô,   ʩ = sqrt(‬ὴȾ‬” ϳὴᴂ”ᴂ  ;   ʠʤʧʝʜʘʥʩ ʩʨʝʜʳ ά ”ɇὧ

ǍǦǰǴǳ ǷǴǻǶǦǳǫǳǮȅ ǲǦǷǷȁ             ɟ0 ὨὭὺὠ πȟ

ǍǦǰǴǳ ǷǴǻǶǦǳǫǳǮȅ ǮǲǵǹǱȂǷǦ       πȢ                                                  (1.3) 

 
ɇ
ὧɇὨὭὺὠ π,                                                  (1.4)

ὧ ὫὶὥὨ
ɇ

πȟ Ƕὴ = 
ɇ

ǍǦǰǴǳ ǷǴǻǶǦǳǫǳǮȅ ȃǳǫǶǩǮǮ Ǯ ǫȆ ǵǴǸǴǰǦ      ὡ ὡὯ ὡὴ
 

.     (1.6)

ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ dx/dt = ҕ cʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʩʦʚʤʝʩʪʥʦʩʪʠ

Ƕὴ ό ὧέὲίὸ,                                                     (1.9)

2.1 ð 2.3. ǒǫǻǦǳǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǯ ǦǳǦǱǮǭ



ǧ) ǙǵǶǹǩǴǷǸȂ (ǪǦǨǱǫǳǮȅ ǳǫǸ, ” = const, ǨǴǱǳȁ ǵǶǴǪǴǱȂǳǴ-ǵǴǵǫǶǫǽǳȁǫ)

 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʫʧʨʫʛʦʡ ʩʨʝʜʳ ʜʣʷ ʚʝʢʪʦʨʘ ʩʤʝʱʝʥʠʡό ʚ ʣʠʥʝʡʥʦʤ ʩʣʫʯʘʝ  

” Аɇὶέὸὶέὸό ‗ ςАὫὶὥὨὨὭὺό πȟ  (2.1)

 ɚ ʠ Õ - ʫʧʨʫʛʠʝ ʧʦʩʪʦʷʥʥʳʝ ʩʨʝʜʳ (ʢʦʵʬʬʠʮʠʝʥʪʳ ʃʘʤʵ), ʧʨʠʯʝʤ ʩs = sqrt(Õ/ɟ) 

ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ   ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ (ʩʦʣʝʥʦʠʜʘʣʴʥʳʭ 

ʚʦʟʤʫʱʝʥʠʡ), ʘ ʩp = sqrt((ɚ +2Õ)/ɟ) - ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ  (ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ).

” ᴆ ” Аɇὶέὸὶέὸό ‗ ςАὫὶὥὨὨὭὺ
 ό

πȢ .               (2.2) 

” Аɇὶέὸὶέὸό πȢ
                                                (2.3)

Ὁ ” ȟ Ὄ Аὶέὸό                                     (2.4)

ʫʨʘʚʥʝʥʠʝ 2-ʛʦ ʧʦʨʷʜʢʘ (2.3) ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥʦ ʜʚʫʤʷ ʫʨʘʚʥʝʥʠʷʤʠ 1-ʛʦ ʧʦʨʷʜʢʘ  

 ὧ ὶέὸὌ πȟ ὧ ὶέὸὉ πȢ 

ʉ ʜʦʙʘʚʣʝʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ὨὭὺὉ πȟὨὭὺὌ π

ʧʨʠʭʦʜʠʤ ʢ ʩʠʩʪʝʤʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ. ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚ ʚʘʢʫʫʤʝ ʧʦʧʝʨʝʯʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʩ = sqrt (Õ/ɟ) = sqrt (1/Ů0 Õ0).
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Ǩ) ǌǮǪǰǴǷǸȂ (ǪǦǨǱǫǳǮǫ ǫǷǸȂ, ” = const, ǨǴǱǳȁ ǸǴǱȂǰǴ ǵǴǵǫǶǫǽǳȁǫ)  

” ὫὶὥὨὴ–ɇЎὠ (3.1)

ὨὭὺὠ π.                                                         (3.2)

ɼʣʷ ὠ ὠ ὠ     ” ὫὶὥὨὴ–ɇЎὠ .                                              (3.3)

Ўὠ ὫὶὥὨὨὭὺὠ ὶέὸὶέὸὠ

”  ὫὶὥὨὴ –ɇὶέὸὶέὸὠȢ                                        (3.3)

”
 
”

 
ὫὶὥὨὴ –ɇὶέὸὶέὸὠȟ                               (3.4)

ʢʦʪʦʨʦʝ ʨʘʩʱʝʧʣʷʝʪʩʷ ʥʘ ʜʚʘ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʠ ʩʦʣʝʥʦʠʜʘʣʴʥʦʡ, –ɇὶέὸὠ= Аɇὶέὸό 

” Аɇὶέὸὶέὸό=0 .                                                    (3.8)

Ὁ ὉȠὌ
А
Ὄ
 Ȣ
                                           (3.9)

 Ὁ ”  ȟ Ὄ Аɇὶέὸό (3.10)

‐
А 
ɇὶέὸ Ὄ πȟ (3.11)

А
 
ɇὶέὸὉ πȟ (3.12) 
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ǩ) ǣǱǫǰǸǶǴǲǦǩǳǫǸǮǭǲ (ǪǦǨǱǫǳǮȅ ǳǫǸ, ” = const, ǨǴǱǳȁ ǸǴǱȂǰǴ ǵǴǵǫǶǫǽǳȁǫ)

–ɇὶέὸὠ= Аɇὶέὸό

 ” Аɇὶέὸὶέὸό π .                                                    (3.8)

        ʋʨʘʚʥʝʥʠʷ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʩ ʜʚʫʤʷ 

ʩʦʩʪʦʷʥʠʷʤʠ ʧʦʣʷʨʠʟʘʮʠʠ  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʧʨʷʞʝʥʥʦʩʪʷʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  ʧʝʨʝʡʜʝʤ ʢ ʨʘʟʤʝʨʥʦʩʪʷʤ ʩʢʦʨʦʩʪʠ [ʤ/ʩ] (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ Ὁʠ Ὄ 

Ὁ ὉȠὌ
А
Ὄ
 Ȣ
                                           (3.9)

 Ὁ ”  ȟ Ὄ Аɇὶέὸό (3.10)

‐
А 
ɇὶέὸ Ὄ πȟ (3.11)

А
 
ɇὶέὸὉ πȟ (3.12) 

ʅʝʧʨʝʨʳʚʥʦʩʪʴ ʧʦʣʝʡ      ὨὭὺὉ πȟὨὭὺὌ πȢ                                              (3.13)

        ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ ὧ ϳρ ‐ɇА . ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (3.9) ʠ (3.10) ʚʳʪʝʢʘʝʪ, ʯʪʦ   

ʟʘʚʠʭʨʝʥʥʦʩʪʴ ʩʦʣʝʥʦʠʜʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ ʩʤʝʱʝʥʠʷ ὶέὸόʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Ὄ, ʘ ʧʦʧʝʨʝʯʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʢʦʨʦʩʪʠ ʦʪ ʵʪʦʛʦ 

ʚʝʢʪʦʨʘ  - ʢʘʢ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ Ὁ.  

2.1 ð 2.3. ǒǫǻǦǳǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǯ ǦǳǦǱǮǭ



×) ǣǱǫǰǸǶǴǪǮǳǦǲǮǰǦ çǨǦǰǹǹǲǦè (p = var,  = var, ǨǴǱǳȁ ǵǶǴǪǴǱȂǳǴ-ǵǴǵǫǶǫǽǳȁǫ)  

” ὫὶὥὨὴ–ɇЎὠ ‒ɇὫὶὥὨὨὭὺὠȢ (4.1)

”ɇὨὭὺὠ π.                                                    (4.2)

       ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ

Ўὠ ὫὶὥὨὨὭὺὠ ὶέὸὶέὸὠ,

 ʧʝʨʝʧʠʰʝʤ (4.1) ʚ ʚʠʜʝ

”   ὫὶὥὨὴ ‒ὫὶὥὨɇὨὭὺὠ –ɇὶέὸὶέὸὠȢ                              (4.3)

ʋʨʘʚʥʝʥʠʝ (4.3) ʚ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʩʦʦʪʥʦʰʝʥʠʷ (1.1) ʠʤʝʝʪ 

ʚʠʜ  

”
 
”

 
ὫὶὥὨὴ ‒ὫὶὥὨɇὨὭὺὠ –ɇὶέὸὶέὸὠȟ                 (4.4)

ʢʦʪʦʨʦʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʱʝʧʣʷʝʪʩʷ ʥʘ ʜʚʘ ʫʨʘʚʥʝʥʠʷ ʜʣ ̫ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʠ 

ʩʦʣʝʥʦʠʜʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʩʢʦʨʦʩʪʠ

”
 

ὫὶὥὨὴ ‒ὫὶὥὨɇὨὭὺὠȟ                                   (4.5)

”
 

–ɇὶέὸὶέὸὠȢ                                                   (4.6)

2.1 ð 2.3. ǒǫǻǦǳǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǯ ǦǳǦǱǮǭ



ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ὙὩ  ”ɇὧɇὰȾ– ʠʩʧʦʣʴʟʫʝʤ 

ʧʨʠʙʣʠʞʝʥʠʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ  

”
 

ὫὶὥὨὴ.                                                        (4.7)

” ὫὶὥὨὴ                                                    (4.8)

ὴ ”ὧ ὨὭὺό (4.9)

 ὧὫὶὥὨὨὭὺό π.                                     (4.10)

ɼʣʷ ʧʦʧʝʨʝʯʥʳʭ ʩʤʝʱʝʥʠʡ                ” Аɇὶέὸὶέὸό  = 0                                   (4.11)               

          ʇʨʝʜʩʪʘʚʠʤ ʪʝʧʝʨʴ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʚ ʚʠʜʝ ʜʚʫʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (ʪʘʢʞʝ ʢʘʢ (3.8) ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ). ɼʣʷ (4.10) ʚʚʦʜʠʤ

 Ƕὴ  ὧὨὭὺό ȟ ὠ (4.12)

ὧὨὭὺὠ π ȟ ὧὫὶὥὨǶὴ π Ȣ                                          (4.13)

 ɼʣʷ (4.11) ʚʚʦʜʠʤ Ὁ ὉȠὌ
А
Ὄ
 
Ǯ Ὁ ”  ȟ Ὄ Аɇὶέὸό Ǯǲǫǫǲ

‐
А 
ɇὶέὸ Ὄ πȟ А

 
ɇὶέὸὉ πȟ              (4.14)               

2.1 ð 2.3. ǒǫǻǦǳǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǯ ǦǳǦǱǮǭ





ʖʣʪʨʞʩʡʥʞʦʫʙʤʵʦʴʞ ʝʧʪʫʡʟʞʦʡʸ XXI ʛʞʣʙ ʝʙʷʫ 

ʩʞʙʤʵʦʬʷ ʛʧʠʥʧʟʦʧʪʫʵ ʩʙʪʪʥʙʫʩʡʛʙʫʵ 

ʨʩʡʥʞʦʞʦʡʞ ʣʤʙʪʪʡʰʞʪʣʧʢ ʥʞʮʙʦʡʣʡ ʨʩʡ 

ʡʠʬʰʞʦʡʡ ʨʩʡʩʧʝʦʴʮ ʨʩʧʯʞʪʪʧʛ. ʨʩʧʫʞʣʙʷʲʡʮ 

ʦʙ ʪʬʲʞʪʫʛʞʦʦʧ ʩʙʠʤʡʰʦʴʮ ʥʙʪʱʫʙʚʙʮ (ʧʫ 

ʮʙʩʙʣʫʞʩʦʴʮ ʸʝʞʩʦʴʮ ʥʙʪʱʫʙʚʧʛʨʧʩʸʝʣʙ 10-15 ʥ 

ʡ ʝʧ ʜʙʤʙʣʫʡʰʞʪʣʡʮ ʥʙʪʱʫʙʚʧʛ ʦʙʱʞʢ 

ɻʪʞʤʞʦʦʧʢ). ʈʩʡ ʶʫʧʥ ʥʞʫʧʝʧʤʧʜʡʸ ʥʞʮʙʦʡʣʡ, 

ʧʪʦʧʛʙʦʦʙʸ ʦʙ ʡʝʞʸʮ ʆʵʷʫʧʦʙ-ʖʢʤʞʩʙ-

ʄʧʥʧʦʧʪʧʛʙ-ʃʬʤʧʦʙ, ʨʧʠʛʧʤʸʞʫ 

ʪʭʧʩʥʬʤʡʩʧʛʙʫʵ ʧʚʳʞʝʡʦʞʦʦʬʷ ʫʞʧʩʡʷ 

ʶʤʞʣʫʩʧʥʙʜʦʡʫʦʴʮ, ʜʩʙʛʡʫʙʯʡʧʦʦʴʮ, ʪʡʤʵʦʴʮ ʡ 

ʪʤʙʚʴʮ ʛʠʙʡʥʧʝʞʢʪʫʛʡʢ ʛʦʞ ʨʙʩʙʝʧʣʪʧʛ 

ʪʧʛʩʞʥʞʦʦʧʢ ʫʞʧʩʞʫʡʰʞʪʣʧʢ ʭʡʠʡʣʡ. ʌʣʙʠʙʦʦʙʸ 

ʞʝʡʦʙʸ ʫʞʧʩʡʸ ʧʨʡʩʙʞʫʪʸ ʦʙ ʠʙʣʧʦʴ ʪʧʮʩʙʦʞʦʡʸ 

ʪʨʤʧʱʦʧʢ ʪʩʞʝʴ, ʫʧʣʡ ʪʥʞʲʞʦʡʸ ʅʙʣʪʛʞʤʤʙ, 

ʪʡʤʧʛʴʞ ʤʡʦʡʡ ʍʙʩʙʝʞʸ, ʨʩʡʚʤʡʟʞʦʡʞ 

ʨʧʜʩʙʦʡʰʦʧʜʧ ʪʤʧʸ ʈʩʙʦʝʫʤʸ ʡ ʩʙʝʡʬʪʴ 
ʶʣʩʙʦʡʩʧʛʙʦʡʸ ɽʞʚʙʸ.   

˸͔ͻ͙͊ͤ͊͟ ͙ͨͪͪͦ͒·
ɻ.ɹ. ʄʞʛʡʦ1,2, ʅ.ʘ. ʁʛʙʦʧʛ,1,3,   ɻ.ɻ. ʅʙʩʣʧʛ1,4



ʇʨʝʜʩʪʘʚʣʝʥ ʨʘʩʰʠʨʝʥʥʳʡ ʘʥʘʣʠʟ ʚʦʧʨʦʩʘ ʦ ʪʦʢʘʭ ʩʤʝʱʝʥʠʷ ʄʘʢʩʚʝʣʣʘ, ʢʦʪʦʨʳʡ 

ʧʨʠʚʦʜʠʪ ʢ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʝʜʠʥʦʡ ʪʝʦʨʠʠ ʧʦʣʷ ʜʣʷ ʚʩʝʭ ʯʝʪʳʨʝʭ 

ʦʩʥʦʚʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʧʨʠʨʦʜʝ. ʅʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʦʧʝʨʝʯʥʳʤʠ ʪʦʢʘʤʠ ʠ 

ʩʤʝʱʝʥʠʷʤʠ ʄʘʢʩʚʝʣʣʘ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʜʦʣʴʥʳʝ ʪʦʢʠ, ʩʤʝʱʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʷ, 

ʠʛʨʘʶʱʠʝ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʠ ʚʦʟʤʫʱʝʥʠʡ 

ʚ ʧʨʠʨʦʜʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʪʝʣʣʝʢʪʝ. ɺ ʮʝʣʦʤ, ʥʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʚʨʘʱʘʝʪ 

ʬʠʟʠʢʫ ʥʘ ʫʩʪʦʡʯʠʚʳʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ, ʜʦʤʠʥʠʨʦʚʘʚʰʠʝ ʚ ʥʘʫʢʝ ʦ ʧʨʠʨʦʜʝ ʩ 

ʘʥʪʠʯʥʳʭ ʚʨʝʤʝʥ ʜʦ ʢʦʥʮʘ XIX ʚʝʢʘ (ʝʩʪʝʩʪʚʝʥʥʦ, ʚʥʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʝʣʷʪʠʚʠʩʪʩʢʦ-

ʢʚʘʥʪʦʚʳʭ ʧʘʨʘʜʦʢʩʦʚ ʬʠʟʠʢʠ XX ʚʝʢʘ).   

ǋǪǮǳǦȅ ǸǫǴǶǮȅ ǵǴǱȅ



ʈʝʘʣʠʟʦʚʘʥʥʦʝ ʥʘ ʪʦʢʘʭ ʩʤʝʱʝʥʠʷ ʧʨʠʙʣʠʞʝʥʠʝ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʩʞʠʤʘʝʤʦʡ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʨʝʜʳ 

(ʚʘʢʫʫʤʘ) ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ  

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 

  ʇʨʠʩʫʪʩʪʚʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʚʘʢʫʫʤʘ ʥʘ ʭʘʨʘʢʪʝʨʥʳʭ 

ʤʘʩʰʪʘʙʘʭ ʘʪʦʤʦʚ ʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʦʜʝʣʠ ʖ.ɺ. ɹʫʨʪʘʝʚʘ ʜʣʷ ʘʪʦʤʦʚ ʠ 

ʘʥʘʣʦʛʠʯʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʵʣʝʢʪʨʦʥʘ, ʧʨʦʪʦʥʘ, ʥʝʡʪʨʦʥʘ, 

ʠʭ ʘʥʪʠʯʘʩʪʠʮ, ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ. ʇʨʠ ʵʪʦʤ ʩʠʣʦʚʳʝ 

ʣʠʥʠʠ ʩʣʫʞʘʪ ʥʘʛʣʷʜʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

çʤʘʪʝʨʠʘʣʠʟʘʮʠʡè ʜʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ  ʚ  

ʧʨʦʩʪʨʘʥʩʪʚʝ ʘʪʦʤʦʚ.  

ǍǦǨǮǻǶǫǳǳȁǯ ǵǴǩǶǦǳǷǱǴǯ

ǕǶǮǧǱǮǬǫǳǮǫ ǵǴǩǶǦǳǮǽǳǴǩǴ ǷǱǴȅ Ǒ. ǕǶǦǳǪǸǱȅ



çǓǫǷǰǴǱȂǰǴ ǷǱǴǨ ǱǮǽǳǴǩǴ ǻǦǶǦǰǸǫǶǦ.  

ǒǳǫ ǵǴǷǽǦǷǸǱǮǨǮǱǴǷȂ ǹǽǮǸȂǷȅ ǩǦǭǴǨǴǯ 

ǪǮǳǦǲǮǰǫ Ǩ ǵǫǶǨȁǫ ǵǴǷǱǫǨǴǫǳǳȁǫ ǩǴǪȁ 

ǳǦ ǱǫǰǼǮȅǻ  ǎ.ǆ.  ǐǮǧǫǱȅ,  Ǜ.ǆ.  

ǖǦǻǲǦǸǹǱǮǳǦ,  Ǒ.ǎ.  ǗǫǪǴǨǦ, ǚ.ǎ.  ǚǶǦǳǰǱȅ 

Ǩ ǒǉǙ.   ǖǦǭǳȁǫ ǵǴ ǻǦǶǦǰǸǫǶǹ, ǵǴ  ǲǦǳǫǶǫ 

ǽǸǫǳǮȅ ǱǫǰǼǮǯ, ǵǴ ǷǸǮǱȄ ǴǧǿǫǳǮȅ ǷǴ 

ǷǸǹǪǫǳǸǦǲǮ ǳǦ ǷǫǲǮǳǦǶǦǻ, ȃǸǮ ǱȄǪǮ 

ǷǨǴǫǯ ǷǸǶǦǷǸǳǴǷǸȂȄ, ȃǶǹǪǮǼǮǫǯ, 

ǵǶǮǽǦǷǸǳǴǷǸȂȄ ǰ ǶǫǾǫǳǮȄ ǳǦǮǧǴǱǫǫ 

ǦǰǸǹǦǱȂǳȁǻ ǸǴǩǪǦ  ǳǦǹǽǳȁǻ Ǯ ǸǫǻǳǮǽǫǷǰǮǻ 

ǵǶǴǧǱǫǲ ǹǨǱǫǰǱǮ Ǩ ǲǮǶ ǳǦǹǰǮ ǲǳǴǩǮǻ 

ǲǴǱǴǪȁǻ ǱȄǪǫǯ Ǯǭ Ǹǫǻ, ǰǴǲǹ ǨȁǵǦǱǦ 

ǶǦǪǴǷǸȂ ǴǧǿǫǳǮȅ Ƿ ǳǮǲǮ.

        ǕǴǷǱǫ ǹǳǮǨǫǶǷǮǸǫǸǦ ȅ ǳǦǽǦǱ ǶǦǧǴǸǹ Ǩ 

ǰǴǱǱǫǰǸǮǨǫ, ǩǪǫ ǼǦǶǮǱǦ ǦǸǲǴǷǺǫǶǦ 

ǸǨǴǶǽǫǷǰǴǩǴ ǵǴǮǷǰǦ, ǴǧǿǫǩǴ ǹǷǸǶǫǲǱǫǳǮȅ 

ǰ ǶǫǾǫǳǮȄ ǵǶǴǧǱǫǲ ǩǦǭǴǨǴǯ ǪǮǳǦǲǮǰǮ.  

ǒǳǴǩǮǫ ǭǦǲǫǽǦǸǫǱȂǳȁǫ ǹǽǫǳȁǫ, ǲǴǮ 

ǰǴǱǱǫǩǮ, Ǧ ǵǴǭǬǫ Ǯ ǹǽǫǳǮǰǮ, ǵǫǶǫǽǮǷǱǮǸȂ 

ǰǴǸǴǶȁǻ ȅ ǭǪǫǷȂ ǳǫ Ǩ ǷǴǷǸǴȅǳǮǮ, Ǩ 

ǴǧǷǸǦǳǴǨǰǫ ǷǴǸǶǹǪǳǮǽǫǷǸǨǦ Ǯ 

ǪǴǧǶǴǬǫǱǦǸǫǱȂǳǴǩǴ   ǷǴǵǫǶǳǮǽǫǷǸǨǦ  

ǷǵǴǷǴǧǷǸǨǴǨǦǱǮ ǵǶǫǨǶǦǿǫǳǮȄ ǩǦǭǴǨǴǯ 

ǪǮǳǦǲǮǰǮ Ǩ ǸǴ, ǽǸǴ ǴǳǦ ǫǷǸȂ ǷǫǯǽǦǷ.è

  

ǝȆǶǳȁǯ ǉǴǶǮǲǮǶ ǉǴǶǮǲǮǶǴǨǮǽ(1923 -2012)



ǐǴǳǺǫǶǫǳǼǮȅ ǵǴǷǨȅǿǫǳǦ 100-ǱǫǸǮȄ ǷǴ Ǫǳȅ ǶǴǬǪǫǳǮȅ ǦǰǦǪǫǲǮǰǦ 

ǉǴǶǮǲǮǶǦ ǉǴǶǮǲǮǶǴǨǮǽǦ ǝȆǶǳǴǩǴ 

      

ǈ ǭǦǰǱȄǽǮǸǫǱȂǳǴǯ ǽǦǷǸǮ ǷǨǴǫǯ ǵǶǴǩǶǦǲǲǳǴǯ ǱǫǰǼǮǮ, 

ǵǶǴǽǮǸǦǳǳǴǯ Ǩ ǦǰǸǴǨǴǲ ǭǦǱǫ ǒǴǷǰǴǨǷǰǴǩǴ ǵǴǱǮǸǫǻǳǮǽǫǷǰǴǩǴ ǲǹǭǫȅ 

20 ǲǦǶǸǦ 2008 ǩǴǪǦ,ǦǰǦǪǫǲǮǰ ǉ.ǉ.  ǝǫǶǳȁǯ ǩǴǨǴǶǮǸ:  çǓȂȄǸǴǳǴǨǷǰǦȅ 

ǲǫǻǦǳǮǰǦ ð ǳǫǵǶǫǨǭǴǯǪȆǳǳǴǫ ǪǴǷǸǮǬǫǳǮǫ ǺǮǭǮǰǮ (ǳǦǸǹǶǦǱȂǳǴǯ 

ǺǮǱǴǷǴǺǮǮ) ǨǷǫǯ ǮǷǸǴǶǮǮ ǽǫǱǴǨǫǽǫǷǰǴǯ ǼǮǨǮǱǮǭǦǼǮǮ.  ǔǳǦ ǨǫǽǳǦ. 

ǓǦ ǫȆ ǲǴǩǹǽǫǲ ǪǶǫǨǫ ǵǴȅǨǱȅȄǸǷȅ ǳǴǨȁǫ Ǯ ǳǴǨȁǫ ǨǫǸǨǮ.  ǗǶǫǪǮ ǳǮǻ ð 

Ǯ ǨǫǸǨǮ, ǨȁǶǴǷǾǮǫ Ǯǭ ǵǶǮǨǮǸȁǻ ǳǦ ȃǸǴ ǪǶǫǨǴ ǽǫǶǫǳǰǴǨ ǷǦǬǫǳǼǫǨ, 

ǨǭǶǦǿȆǳǳȁǻ Ǩ ǱǴǳǫ ǪǶǹǩǮǻ ǫǷǸǫǷǸǨǫǳǳȁǻ ǳǦǹǰè.

çǗǴǨǶǫǲǫǳǳǦȅ ǲǫǻǦǳǮǰǦ ð ǳǫ ǸǴǱȂǰǴ ǳǫǷǸǦǶǫȄǿǦȅ, ǨǫǽǳǴ 

ǳǴǨǦȅ ǳǦǹǰǦ, Ǧ ǨǦǬǳǫǯǾǦȅ ǺǹǳǪǦǲǫǳǸǦǱȂǳǦȅ ǳǦǹǰǦ ǷǴ ǷǨǴǫǯ 

ǲǫǸǴǪǴǱǴǩǮǫǯ,  ǷǴ ǷǨǴǮǲǮ ǸǫǴǶǫǸǮǽǫǷǰǮǲǮ Ǯ ȃǰǷǵǫǶǮǲǫǳǸǦǱȂǳȁǲǮ 

ǵǴǪǻǴǪǦǲǮ ǰ ǶǫǾǫǳǮȄ ǭǦǪǦǽ, ǳǦǹǰǦ ǧȁǷǸǶǴ ǶǦǭǨǮǨǦȄǿǦȅǷȅ, 

ǭǦǻǨǦǸȁǨǦȄǿǦȅ ǨǷȆ ǧǴǱǫǫ Ǯ ǧǴǱǫǫ ǾǮǶǴǰǮǯ ǷǵǫǰǸǶ ȅǨǱǫǳǮǯ Ǯ 

ǵǶǮǱǴǬǫǳǮǯ,  ǳǦǹǰǦ, ǮǲǫȄǿǦȅ ǳǫ ǸǴǱȂǰǴ ǨȁǪǦȄǿǮǫǷȅ ǮǷǸǴǶǮǽǫǷǰǮǫ 

ǪǴǷǸǮǬǫǳǮȅ, ǳǴ Ǯ Ǩ ǷǦǲǴǫ ǵǴǷǱǫǪǳǫǫ ǨǶǫǲȅ ǵǴǱǹǽǮǨǾǦȅ 

ǺǫǳǴǲǫǳǦǱȂǳȁǫ, ǵǴǶǦǬǦȄǿǮǫ ǨǴǴǧǶǦǬǫǳǮǫ ǶǫǭǹǱȂǸǦǸȁ;  ǳǦǹǰǦ, 

ǧǫǭ ǶǦǭǨǮǸǮȅ ǰǴǸǴǶǴǯ ǦǧǷǴǱȄǸǳǴ ǳǫǨǴǭǲǴǬǳǴ ǮǷǵǴǱȂǭǴǨǦǳǮǫ 

ǧǴǱȂǾǮǳǷǸǨǦ ǪǴǷǸǮǬǫǳǮǯ ǪǶǹǩǮǻ ǫǷǸǫǷǸǨǫǳǳȁǻ ǳǦǹǰè.



Å ǣǰǷǵǫǶǮǲǫǳǸȁ XXI ǨǫǰǦ(V > c; Ǉǆǐ; é)

Å ǋǪǮǳǦȅ ǸǫǴǶǮȅ ǷǮǱǴǨȁǻ ǵǴǱǫǯ (ǦǸǴǲȁ, ǰǴǷǲǴǷ)

Å ǍǦǰǴǳ ǉǹǰǦ-ǓȂȄǸǴǳǦ-ǐǹǱǴǳǦ

Å ǆǳǦǱǮǭ ǶǦǭǲǫǶǳǴǷǸǮ (T*=2.73 K, ƪ*=10-26kg/m 3)

Å ǚǹǳǪǦǲǫǳǸǦǱȂǳȁǫ ǰǴǳǷǸǦǳǸȁ (G, k. ơ0 )

Å ǍǦǰǴǳȁ ǷǴǻǶǦǳǫǳǮȅ                      

Å ǗǮǱǴǨȁǫ ǱǮǳǮǮ ǚǦǶǦǪǫȅ

Å ǘǫǻǳǮǰǦ (ǦǨǮǦǼǮȅ, ǲǫǻǦǳǮǰǦ ǲǦǸǫǶǮǦǱǴǨ)

Å ǈȁǨǴǪȁ

32

.22 j=jD shD

Robert Hooke

  1635  ð  1703  

IsaacNewton

1642-1727

Charles Coulomb

1736-1806

Sim®onPoisson

1781ð1840



ǗǮǱǴǨȁǫ ǱǮǳǮǮ ǚǦǶǦǪǫȅ:

ü  ǣǰǷǵǫǶǮǲǫǳǸ

ü  ǒǦǸǫǲǦǸǮǰǦ

ü  ǒǫǻǦǳǮǰǦ

ü  ǕǱǦǭǲǴǪǮǳǦǲǮǰǦ

ü  ǚǮǭǮǰǦ

ü  ǛǮǲǮȅ

ü  ǇǮǴǱǴǩǮȅ

ǒǦǯǰǱ ǚǦǶǦǪǫǯ
ǇǶǮǸǦǳǷǰǮǯ ǺǮǭǮǰ

1791 - 1867

çǋǷǸȂ, ǴǪǳǦǰǴ, ǴǪǳǴ ǷǽǦǷǸǱǮǨǴǫ 

ǴǧǷǸǴȅǸǫǱȂǷǸǨǴ: ǰǦǰǴǨȁ ǧȁ ǳǮ 

ǧȁǱǮ ǳǦǾǮ ǲǳǫǳǮȅ, Ǯǲ ǳǫ 

ǮǭǲǫǳǮǸȂ Ǯ ǳǫ ǶǦǷǷǸǶǴǮǸȂ 

ǭǦǰǴǳǴǨ ǵǶǮǶǴǪȁè



1791 - 1867

ǗǮǱǴǨȁǫ ǱǮǳǮǮ ǨǵǫǶǨȁǫ ǧȁǱǮ ǨǨǫǪǫǳȁ Ǩ 

ǺǮǭǮǰǹ ȃǱǫǰǸǶǴǲǦǩǳǮǸǳȁǻ ȅǨǱǫǳǮǯ ǒǦǯǰǱǴǲ 

ǚǦǶǦǪǫǫǲ, ǸǫǴǶǮȅ ǰǴǸǴǶǴǩǴ ǹǸǨǫǶǬǪǦǫǸ, ǽǸǴ 

ǶǫǦǱȂǳǴǷǸȂ ȃǱǫǰǸǶǴǲǦǩǳǮǸǳȁǻ ȅǨǱǫǳǮǯ 

ǨȁǶǦǬǦǫǸǷȅ Ǩ ǺǴǶǲǫ ǹǰǦǭǦǳǳȁǻ ǷǮǱǴǨȁǻ ǱǮǳǮǯ.

üǣǰǷǵǫǶǮǲǫǳǸ



1
2

05 ȅǳǨǦǶȅ 2023,   Physical Review B



ǘǑǋǤǟǎǏ ǖǆǍǖǥǊ

ǵǫǶǨǦȅ ǰǦǸǴǪǳǦȅ ǸȆǲǳǦȅ ǴǧǱǦǷǸȂ (Ǧ), ǵǫǶǨǴǫ ǰǦǸǴǪǳǴǫ ǷǨǫǽǫǳǮǫ (ǧ), ǨǸǴǶǴǫ 

ǰǦǸǴǪǳǴǫ ǸȆǲǳǴǫ ǵǶǴǷǸǶǦǳǷǸǨǴ (Ǩ), ǴǸǶǮǼǦǸǫǱȂǳǴǫ ǸǱǫȄǿǫǫ ǷǨǫǽǫǳǮǫ (ǩ), 

ǺǦǶǦǪǫǫǨǴ ǸȆǲǳǴǫ ǵǶǴǷǸǶǦǳǷǸǨǴ (Ǫ), ǵǴǱǴǬǮǸǫǱȂǳȁǯ ǷǸǴǱǧ ǶǦǭǶȅǪǦ (ǫ). ǈ 

ǴǧǱǦǷǸǮ, ǵǶǮǱǫǩǦȄǿǫǯ ǰ ǦǳǴǪǹ, ǮǳǴǩǪǦ ǨǮǪǳǴ ǦǳǴǪǳǴǫ ǸȆǲǳǴǫ ǵǶǴǷǸǶǦǳǷǸǨǴ (Ǭ) 

Ǯ ǦǳǴǪǳǴǫ ǷǨǫǽǫǳǮǫ (ǭ). 

ʌʘʨʘʜʝʝʚʳ ʩʠʣʦʚʳʝ ʣʠʥʠʠ

ü  ǕǱǦǭǲǴǪǮǳǦǲǮǰǦ



ǖǴǱȂ ǷǮǱǴǨȁǻ ǱǮǳǮǯ ǚǦǶǦǪǫȅ Ǩ ǴǧǶǦǭǴǨǦǳǮǮ ǸǶǫǰǴǨ 

Ǯ ǩǫǳǫǶǦǼǮǮ çǷǸǶǦǳǳǴǩǴè ǮǭǱǹǽǫǳǮȅ  

ǘǶǫǰǮ ǵǶǮ ǶǦǷǵǶǴǷǸǶǦǳǫǳǮǮ ǰǹǷǰǴǨ ǶǦǭǴǶǨǦǳǳȁǻ ǷǮǱǴǨȁǻ ǱǮǳǮǯ 



ǗǸǶǦǳǳǴǫ ǷǨǫǽǫǳǮǫ
ǐǗǕǋǖǎǒǋǓǘǆǑǢǓǔǋ ǔǇǓǆǖǙǌǋǓǎǋ "ǗǘǖǆǓǓǔǉǔ" ǎǍǑǙǝǋǓǎǥ ǎ 

ǘǖǆǓǗǚǔǖǒǆǜǎǥ ǛǎǒǎǝǋǗǐǎǛ ǣǑǋǒǋǓǘǔǈ

Ǒ.ǎ. ǙǶǹǼǰǴǫǨ*, ǈ.ǎ. ǑǮǰǷǴǳǴǨ*, ǈ.ǉ. ǜǮǳǴǫǨ**

*"ǖǣǐǔǒ" ǖǓǜ "ǐǹǶǽǦǸǴǨǷǰǮǯ ǮǳǷǸǮǸǹǸç, 

"ǌǙǖǓǆǑ ǖǆǊǎǔǣǑǋǐǘǖǔǓǎǐǎ"  N 3 , 2000

ÁǘǶǫǰǮ ǷǸǶǦǳǳǴǩǴ ǮǭǱǹǽǫǳǮȅ ð ǪǨǮǬǫǳǮǫ ǸǨǫǶǪȁǻ 

     ǽǦǷǸǮǼ ǨǪǴǱȂ ǵǴǨǫǶǻǳǴǷǸǮ ǈ.ǆ. ǌǮǩǦǱǴǨ 

ÅǔǧǴǷǴǧǫǳǳǴǷǸȅǻǵǴǨǫǪǫǳǮȅ çǷǸǶǦǳǳǴǩǴè ǮǭǱǹǽǫǳǮȅ

     ǨǳǮǰǫǱȂ-ǨǴǪǴǶǴǪǳȁǻ ǷǮǷǸǫǲǦǻ .  ǈ.ǆ.ǝǮǬǴǨ

ÅǗǸǶǦǳǳȁǫ ǷǱǫǪȁ òǷǸǶǦǳǳǴǩǴó ǮǭǱǹǽǫǳǮȅ .ǆ.ǎ. ǓǮǰǮǸǮǳ, 

    ǈ.ǆ. ǓǮǰǮǸǮǳ, ǆ.ǒ. ǈǫǱǮǽǰǴ, ǘ.ǚ. ǓǮǰǮǸǮǳǦ

ÁǒǴǪǫǱȂ çǷǸǶǦǳǳǴǩǴè ǮǭǱǹǽǫǳǮȅ Ǩ ȃǱǫǰǸǶǴǪǮǳǦǲǮǰǫ 

    ǴǶǮǫǳǸǮǶǹǫǲǴǯ ǸǴǽǰǮ ǋ.ǆ.ǉǹǧǦǶǫǨ

Áǔ ǵǶǮǶǴǪǫ ǷǸǶǦǳǳǴǩǴ ǮǭǱǹǽǫǳǮȅ ǆ.ǈ.ǝǮǷǸǴǱǮǳǴǨ

ÁǒǫǻǦǳǮǭǲ ǴǧǶǦǭǴǨǦǳǮȅ ǸǶǫǰǴǨ ǷǸǶǦǳǳǴǩǴ ǮǭǱǹǽǫǳǮȅ 

    ǆ.ǈ. ǝǮǷǸǴǱǮǳǴǨ  

mailto:sergeysmr@mail.ru?subject=article%20in%20JRE,%20N3,%202000
mailto:sergeysmr@mail.ru?subject=article%20in%20JRE,%20N3,%202000


ǗǮǱǴǨȁǫ ǱǮǳǮǮ ǚǦǶǦǪǫȅ ð çǷǸǶǹǳȁè ǚǦǶǦǪǫȅ

ǕǶǮ ǨǴǭǧǹǬǪǫǳǮǮ ð ǮǷǸǴǽǳǮǰǮ ȃ-ǲ ǨǴǱǳ

ǣǺǺǫǰǸ ǐǮǶǱǮǦǳǦ,  ǰǴǶǴǳǳȁǯǧǦǶȂǫǶǳȁǯ ǶǦǭǶȅǪ Ǩ ǩǦǭǫ. ǔǧȀǫǰǸ 

ǵǶǫǪǨǦǶǮǸǫǱȂǳǴ ǵǴǲǫǿǦǫǸǷȅ Ǩ ǵǫǶǫǲǫǳǳǴǫȃǱǫǰǸǶǮǽǫǷǰǴǫ ǵǴǱǫǨȁǷǴǰǴǯ 

ǽǦǷǸǴǸȁ (10ñ100ǰǉǼ), ǵǶǮ ǰǴǸǴǶǴǲ ǲǫǬǪǹȃǱǫǰǸǶǴǪǴǲǮ ǮǷǷǱǫǪǹǫǲȁǲ 

ǴǧȀǫǰǸǴǲ ǨǴǭǳǮǰǦǫǸǶǦǭǳǴǷǸȂ ǵǴǸǫǳǼǮǦǱǴǨǨǫǱǮǽǮǳǴǯ ǴǸ 5 ǪǴ 30ǰǈ.  ǣǺǺǫǰǸ 

ǐǮǶǱǮǦǳǦ ǧǦǭǮǶǹǫǸǷȅ ǳǦ ǸǶȆǻ ǵǶǴǼǫǷǷǦǻ. ǕǫǶǨȁǯ ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǴǧǴǯ 

ǮǴǳǮǭǦǼǮȄ ǲǴǱǫǰǹǱ ǨǴǭǪǹǻǦ, Ǩ ǽǦǷǸǳǴǷǸǮ ǦǭǴǸǦ. ǈǸǴǶǴǯñ ǴǧǶǦǭǴǨǦǳǮǫ 

ǧǦǶȂǫǶǳǴǩǴ ǶǦǭǶȅǪǦ ǲǫǬǪǹ ǴǧȀǫǰǸǴǲ Ǯ ȃǱǫǰǸǶǴǪǴǲ. ǘǶǫǸǮǯñ ȃǱǫǰǸǶǴǳǳȁǫ 

ǵǫǶǫǻǴǪȁ Ƿ ǳǮǭǰǮǻ ȃǳǫǶǩǫǸǮǽǫǷǰǮǻ ǹǶǴǨǳǫǯ ǳǦ ǧǴǱǫǫ ǨȁǷǴǰǮǫ Ǯ ǳǦǴǧǴǶǴǸ

ü  ǇǮǴǱǴǩǮȅ

https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%80%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D1%80%D0%B0%D0%B7%D1%80%D1%8F%D0%B4
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BF%D0%BE%D0%BB%D0%B5
https://ru.wikipedia.org/wiki/%D0%9A%D0%93%D1%86
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B7%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%BF%D0%BE%D1%82%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D0%BB%D0%BE%D0%B2%D0%BE%D0%BB%D1%8C%D1%82




ǣǰǷǵǫǶǮǲǫǳǸȁ XXI ǨǫǰǦ(V > c)

ÁǗǨǫǶǻǷǨǫǸǴǨȁǫ ǪǨǮǬǫǳǮȅ ǲǦǸǫǶǮǮ (jets), ǨǴǭǲǹǿǫǳǮǯ Ǯ ǯǴǻǵǷǳǧǽǯǯ

    (ǳǴǧǫǱǫǨǷǰǦȅǵǶǫǲǮǮǵǴǺǮǭǮǰǫ2022ǩǴǪǦ)

ÅǆǷǸǶǴǳǴǲȁ ǹǸǨǫǶǬǪǦȄǸ, ǽǸǴ ǲǳǴǩǴǱǫǸǳǮǫ ǳǦǧǱȄǪǫǳǮȅ ǷǻǴǪȅǸǷȅ Ǩ ǴǪǳǴǲ: 

ǨǫǿǫǷǸǨǴǮǭǨǫǶǩǦǫǸǷȅ Ǯǭ ǽǫǶǳǴǯ ǪȁǶȁ ǷǴ ǷǰǴǶǴǷǸȂȄ, ǭǳǦǽǮǸǫǱȂǳǴ 

ǵǶǫǨȁǾǦȄǿǫǯ ǷǰǴǶǴǷǸȂ ǷǨǫǸǦ. 17.04.2021

Åǈ ǼǫǳǸǶǫ ǒǱǫǽǳǴǩǴ ǕǹǸǮ ǴǧǳǦǶǹǬǮǱǮ ǴǰǴǱǴ 1000 ǭǦǩǦǪǴǽǳȁǻ ǳǮǸǫǯ (jets) 

ǪǱǮǳǴǯ Ǩ ǷǴǸǳȄ ǷǨǫǸǴǨȁǻ ǱǫǸ. 01.02.2022

ÅǗǨǫǶǻǷǨǫǸǴǨǴǯ  ǶǦǭǧǫǩ ǪǮǷǸǦǳǼǮǴǳǳȁǻ ǩǦǱǦǰǸǮǰ (çǙȃǧǧè, 09.2022)

 



ǗǨǫǶǻǷǨǫǸǴǨȁǫ ǷǸǶǹǮ (çjetsè, V > 6c)



17.04.2021 ǆǷǸǶǴǳǴǲȁ ǹǸǨǫǶǬǪǦȄǸ, ǽǸǴ ǲǳǴǩǴǱǫǸǳǮǫ ǳǦǧǱȄǪǫǳǮȅ ǷǻǴǪȅǸǷȅ Ǩ 

ǴǪǳǴǲ: ǨǫǿǫǷǸǨǴǮǭǨǫǶǩǦǫǸǷȅ Ǯǭ ǽǫǶǳǴǯ ǪȁǶȁ ǷǴ ǷǰǴǶǴǷǸȂȄ, ǭǳǦǽǮǸǫǱȂǳǴ 

ǵǶǫǨȁǾǦȄǿǫǯ ǷǰǴǶǴǷǸȂ ǷǨǫǸǦ.

ǗǨǫǶǻǷǨǫǸǴǨȁǫ ǷǸǶǹǮ (çjetsè, M 87)



ǈ ǺǮǭǮǰǫ ǨȁǷǴǰǮǻ ȃǳǫǶǩǮǯ ǸǫǶǲǮǳ çǭǴǴǵǦǶǰ ǽǦǷǸǮǼè ǮǷǵǴǱȂǭǹǫǸǷȅ ǪǱȅ ǴǵǮǷǦǳǮȅ 

ǴǧǾǮǶǳǴǩǴ ǷǵǮǷǰǦ ǮǭǨǫǷǸǳȁǻ ȃǱǫǲǫǳǸǦǶǳȁǻ ǽǦǷǸǮǼ ~ 70

ǣǰǷǵǫǶǮǲǫǳǸȁ XXI ǨǫǰǦ( Ǉǆǐ)



ǗǴǧȁǸǮǫ ǵǶǴǸǴǳ-ǵǶǴǸǴǳǳǴǩǴ ǷǸǴǱǰǳǴǨǫǳǮȅ ǳǦ ǇǴǱȂǾǴǲ ǦǪǶǴǳǳǴǲ ǰǴǱǱǦǯǪǫǶǫ Ǩ 

ǜǋǖǓǫ,  Ǩ ǰǴǸǴǶǴǲ ǳǦǧǱȄǪǦȄǸǷȅ ǽǫǸȁǶǫ ȃǱǫǰǸǶǴǳǦ ǨȁǷǴǰǴǯ ȃǳǫǶǩǮǮ (ǩǴǱǹǧȁǫ 

ǱǮǳǮǮ Ǯ ǰǶǦǷǳȁǫ ǧǦǾǳǮ).  ǗǴǩǱǦǷǳǴ ǇǴǲǹ,  ǵǴǨǫǪǫǳǮǫ ȃǸǮǻ ǺǹǳǪǦǲǫǳǸǦǱȂǳȁǻ 

ǽǦǷǸǮǼ ǧǹǪǫǸ ǵǶǦǨǮǱȂǳǴ ǵǴǳȅǸǴ ǸǴǱȂǰǴ ǸǴǩǪǦ, ǰǴǩǪǦ ǴǳǮ ǧǹǪǹǸ ǶǦǷǷǲǦǸǶǮǨǦǸȂǷȅ 

ǰǦǰ ǨǴǭǳǮǰǦȄǿǮǫ Ǯǭ ǧǴǱǫǫ ǩǱǹǧǴǰǴǩǴ (ǮǲǵǱǮǰǦǸǮǨǳǴǩǴ) ǵǴǶȅǪǰǦ ǶǫǦǱȂǳǴǷǸǮ (ǘǒ).

ǘǦǮǳǷǸǨǫǳǳȁǫ ǽǦǷǸǮǼȁ X ǨǵǫǶǨȁǫ ǭǦǲǫǽǫǳȁ Ǩ "ǵǫǶǨǮǽǳǴǲ ǧǹǱȂǴǳǫ" ǷǦǲǴǩǴ 

ǧǴǱȂǾǴǩǴ ǰǴǱǱǦǯǪǫǶǦ: ǙǬǫ 59 ǾǸǹǰ: ǳǦ Ǉǆǐǫ ǷǳǴǨǦ ǴǸǰǶȁǱǮ ȃǰǭǴǸǮǽǫǷǰǮǫ 

ǽǦǷǸǮǼȁX (3872) ñ ȃǸǴ ǱǮǧǴ ǰǴǲǵǦǰǸǳȁǯ ǸǫǸǶǦǰǨǦǶǰ,  ǱǮǧǴ ǷǴǨǫǶǾǫǳǳǴ ǳǴǨȁǯǸǮǵ 

ǲǴǱǫǰǹǱȁ, ǷǴǷǸǴȅǿǫǯ ǳǫ Ǯǭ ǦǸǴǲǴǨ, Ǧ Ǯǭ ǪǨǹǻ ǷǱǦǧǴ ǷǨȅǭǦǳǳȁǻ ǲǫǭǴǳǴǨ 

ǣǰǷǵǫǶǮǲǫǳǸȁ XXI ǨǫǰǦ( Ǉǆǐ)



ǖǦǷǵǶǫǪǫǱǫǳǮǫ ǪǦǨǱǫǳǮȅ Ǩ ǵǶǴǸǴǳǫ
Burkert , V.D., Elouadrhiri , L. & Girod, F.X. The pressure

distribution inside the proton . Nature 557, 396ð399

(2018). https ://doi .org/ 10.1038/s 41586-018-0060-z

 pmax =1035 Pa

V = 0

V ~ c

46

https://doi.org/10.1038/s41586-018-0060-z


ǕǶǫǨǶǦǿǫǳǮǫ ǱǫǸȅǿǫǩǴ ǵǶǴǸǴǳǦ  

ǗǱǴǨǴ çǰǨǦǶǰè ǵǴȅǨǮǱǴǷȂ Ǩ ǶǴǲǦǳǫ ǮǶǱǦǳǪǷǰǴǩǴ ǵǮǷǦǸǫǱȅ ǊǬǫǯǲǷǦ ǊǬǴǯǷǦ 

çǕǴǲǮǳǰǮ ǵǴ ǚǮǳǳǦǩǦǳǹè, ǩǪǫ ǭǨǹǽǮǸ ǺǶǦǭǦ çǘǶǮ ǰǨǦǶǰǦ ǪǱȅ ǲǮǷǸǫǶǦ ǒǦǶǰǦè. 

ǕȂȅǳǦȅ ǽǦǯǰǦ ǵǶǴǷǮǸ ǧǦǶǲǫǳǦ ç3 ǱǮǸǶǦ ǪǱȅ ǲǮǷǸǫǶǦ ǒǦǶǰǦ éè

(ǉǫǱǱ-ǒǦǳ  ǵǴǷǸǹǱǮǶǴǨǦǱ Ǩ1964ǩǴǪǹǰǨǦǶǰǴǨǹȄǲǴǪǫǱȂ, 1969 ǓǴǧ.ǵǶ.)

https://ru.wikipedia.org/wiki/1964_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D1%80%D0%BA


ˤ͔ͦ͋ͯ͗͒ͤͤ͘·͚ ͊ͭͦͣ ͙͊͟͡Ύ 
(r ~͍ 5 ͣ ͙ͪͦͤ͟Σ r0 = 0.243 ͤ )ͣ

aŜǎǘŀȅŜǊWΦWΦΣ 5ǳƴƴƛƴƎ CΦ.Φ ϧ ƻǘƘΦ tƘȅǎΦ wŜǾΦ 
[ŜǘΦΣ нллуΣ ǾΦмллΣ нполлпΦ wƛŎŜ ¦ƴƛǾΦΣ 
IƻǳǎǘƻƴΣ ¢ŜȄŀǎΦ

˸͔ͭͦ͒ ˿́̏˶

˿ͭͪͯͭͯͪͤͦ͟-
͎͙ͭͦͨͦͦ͡;͔ͫ͊͟Ύ
͔ͣͦ͒͡Έ͊ͭͦͣ͊ ˴

jj shD 22 =D

ǣǰǷǵǫǶǮǲǫǳǸXXI

ǰǴǳǪǫǳǷǮǶǴǨǦǳǳǦȅ 

ǲǦǸǫǶǮȅ



ǕǴǱǹǽǫǳǳȁǫ ǆǗǒ-ǮǭǴǧǶǦǬǫǳǮȅ ǦǸǴǲǴǨ, ǦǪǷǴǶǧǮǶǴǨǦǳǳȁǻ ǳǦ ǲǫǪǳǴǯ 

ǵǴǪǱǴǬǰǫ (E, G, I ñ ǦǸǴǲȁ Cu, Cu Ǯ Fe ǳǦ ǩǶǦǳǮ ǲǫǪǮ 111, 110 Ǯ 111 

ǷǴǴǸǨǫǸǷǸǨǫǳǳǴ). F,H, J ñ ǶǦǷǷǽǮǸǦǳǳǦȅ ǵǱǴǸǳǴǷǸȂ ǶǦǷǵǶǫǪǫǱǫǳǮȅ ǭǦǶȅǪǴǨ 

Ǩ ǦǸǴǲǦǻ, ǷǴǴǸǨǫǸǷǸǨǹȄǿǦȅ ǩǮǧǶǮǪǮǭǴǨǦǳǳȁǲ ȃǱǫǰǸǶǴǳǳȁǲ ǷǴǷǸǴȅǳǮȅǲ

Matthias Emmrich et al./ Sciencexpress, 2015

ǣǰǷǵǫǶǮǲǫǳǸXXI



ǗǸǶǹǰǸǹǶǦ ǦǸǴǲǦ ǭǴǱǴǸǦ

ʕʨʥʝӢʩʪ ʈʝʟʝʨʬʦӢʨʜ;

ǈ 1911 ǩǴǪǹ ǷǨǴǮǲ ǭǳǦǲǫǳǮǸȁǲ ǴǵȁǸǴǲ ǶǦǷǷǫȅǳǮȅǦǱȂǺǦ-ǽǦǷǸǮǼǪǴǰǦǭǦǱ 

ǷǹǿǫǷǸǨǴǨǦǳǮǫ ǨǦǸǴǲǦǻǵǴǱǴǬǮǸǫǱȂǳǴ ǭǦǶȅǬǫǳǳǴǩǴ ȅǪǶǦ Ǯ ǴǸǶǮǼǦǸǫǱȂǳǴ 

ǭǦǶȅǬǫǳǳȁǻ ȃǱǫǰǸǶǴǳǴǨ ǨǴǰǶǹǩ ǳǫǩǴ[6]. ǓǦ ǴǷǳǴǨǫ ǶǫǭǹǱȂǸǦǸǴǨ ǴǵȁǸǦ 

ǷǴǭǪǦǱǵǱǦǳǫǸǦǶǳǹȄ ǲǴǪǫǱȂ ǦǸǴǲǦ.

2023                                                     1911

ǣǰǷǵǫǶǮǲǫǳǸXXI

ǰǴǳǪǫǳǷǮǶǴǨǦǳǳǦȅ 

ǲǦǸǫǶǮȅ


