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Type Free-

space

Chip-Based Hybrid

Elements Atoms Molecules

Source One Two

Temperature Thermal Cold Ultracold (BEC) 

Initial state In 

momentum 

space

In 

position 

space

In phase space 

(momentum + position)

Interferometer  

type

Near-field Far-field

Time-domain Space-domain

Influence With the change of the 

internal state

Without the change of 

the internal state

Observation In the momentum 

space

In the position space

Counting With ionization Without ionization

Gyroscopes on the de Broglie waves

Different atom interferometers

Source 1
Atom 

interferometer

Detector 1

Detector 2 Source 2

A.Landragin, A.Gauguet, T.Leveque, W.Chaibi, F.Michaud.Atomic gyroscope: present status and prospective. ς2009.
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Gyroscopes on the Bose-Einstein condensate

Atom Source

Active elements Fig. 1

Atom source 

type

Substrate

Evaporate

Other

Cooling

Laser type

Trap type

Magnetic

Optical

Magneto-optical 

Evaporated 

cooling type

High-frequency radio 

impulses

Potential decrease

Other

Working area Interference

One BEC

Two BECôs

A considerable quantity

Vortex superpositions in BEC

Detector
Density of atoms

Reflection of coherently absent-minded photons

Cooling area Working area Detector
Atom 

source

Figure 1. Active elements

Technology



Gyroscopes on the superfluid helium

Phys. Scheme Torus shaped dewar Helmholtz 

resonator
Single turn Multiturn

Superfluid
4He 3He

Josephson oscillation Strong

link

Double 

Weak

links

Weak link

Type of cooling

Dilution Refrigeration

Nuclear Demagnetization

Magnetic Refrigeration

Soft membrane Superconducting film Metallized 

Kapton

Aperture array Multitude Nickel foil

SQUID Direct current

Temperature regimes Low T High T (near Tɚ)

Links Phase slip 

oscillation

Sinusoidal oscillation

Volume 1
(Superfluid Helium)

Volume 2
(Superfluid Helium)

Data acquisition unit:
Aperture

Soft membrane
SQUID
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Gyroscopes on the de Broglie waves

1965 ïMeasurements of rotation with the de Broglie waves of the electron

1973 ïApparatus for interferometry on matter-waves

1989 ïMatter-wave interferometer

1991 ïMatter-wave interferometer

Patents
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Gyroscopes on the Bose-Einstein condensate

The First Patents

1958 ïElectromagnetic wave gyroscopes or angular velocity measuring systems

1961 ïAngular rotation detection system utilizing the displacement of electron beam

1963 ïParticle accelerator utilizing coherent light

1970 ïMethod and apparatus for deflecting atoms

2001 ïElectromagnetic device for production of cold neutral atoms 2007 ïNeutral atom trapping device

2005 ïMicrochip ring trap for cold atoms or molecules 2010 ïNeutral atom trapping device

2006 ïChip scale atomic gyroscope



Gyroscopes on the superfluid helium

Patents

1972 ïSuperconducting quantum rate gyro device

1983 ïSQUID having a thin film Josephson junction

1991 ïSuperconducting Josephson junction gyroscope apparatus

1991 ïGyromagnetic - effect cryogenic gyroscope

Tyson, J.A. Superconducting quantum rate gyro device for detecting rotation // US Patent No. 3, 657,927. Patented Apr. 25, 1972. Filed Feb. 25, 1970. Appl. 
No. 13,905. Int. Cl. G01p 3/44. U.S. Cl. 73/505, 324/43 R.

Simmonds, M.B. Superconducting quantum interference device having thin film Josephson junctions // US Patent No. 4,403,189. Patented Sep. 6,1983. 
Filed Aug. 25, 1980. Appl. No. 180,690. Int. Cl.3 G01R 33/035. U.S. Cl. 324/248; 307/306.

Karwacki, F.A. Superconducting Josephson junction gyroscope apparatus // US Patent No. 5,058,431. Patented Oct. 22, 1991. Filed May 23, 1990. Appl. 
No. 527,963. Int. Cl.5 G01P 3/44. U.S. Cl. 73/505; 324/248.

Cerdonio, M., Vitale, S. Gyromagnetic-effect cryogenic gyroscope for detecting angular velocity // US Patent No. 5,066,637. Patented Nov. 19, 1991. Filed
Jun. 23, 1988. Appl. No. 210,432. Int. Cl.5 G01P 9/00; G01P 3/44; G01C 19/00; G01R 33/035. U.S. Cl. 501/1; 73/504; 74/5 R; 324/1 60; 324/163; 324/248; 
505/842; 505/872.
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ʉʆɼɽʈɾɸʅʀɽ

1.         ʆ ʧʦʥʷʪʠʠ çʤʦʜʝʣʴ ʦʰʠʙʦʢ ʛʠʨʦʩʢʦʧʘè.                                                                              

2. ʇʨʠʤʝʨ çʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʡè ʤʦʜʝʣʠ ʦʰʠʙʦʢ ʛʠʨʦʩʢʦʧʘ (IEEE Std 952) 

3.         ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠ ʰʫʤʦʚ ʛʠʨʦʩʢʦʧʦʚ                                                            
ʥʘ ʪʦʯʥʦʩʪʴ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʨʠʝʥʪʘʮʠʠ.                                                                                  

ɺʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʪʦʯʢʠ ʠ ʥʝʢʦʤʤʫʪʘʪʠʚʥʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ.                                                     
ʇʦʣʝʟʥʳʡ ʘʥʠʟʦʪʨʦʧʥʳʡ ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ.

(I ʵʪʘʧ ʵʩʪʘʬʝʪʳ ʦʪ çʬʠʟʪʝʭʘ ïʢʚʘʥʪʦʚʦʛʦ ʛʠʨʦʩʢʦʧʠʩʪʘè ʅʠʢʦʣʘʷ ʂʨʦʙʢʠ)

4.         ʕʬʬʝʢʪ ʉʘʥʴʷʢʘ ʥʘ ʬʦʪʦʥʘʭ                                                                                         ʠ 
ʦʙʦʙʱʝʥʥʳʡ ʵʬʬʝʢʪ ʉʘʥʴʷʢʘ ʥʘ ʭʦʣʦʜʥʳʭ ʠ ʫʣʴʪʨʘʭʦʣʦʜʥʳʭ ʘʪʦʤʘʭ                                                                

5.         ʅʝʨʝʰʝʥʥʳʝ ʟʘʜʘʯʠ ʘʪʦʤʥʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ .                                                                       
ʅʘʚʠʛʘʮʠʷ ʘʪʦʤʦʚ ʚ ʘʪʦʤʥʳʭ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘʭ                                                                                   
ʠ ʤʦʜʝʣʠ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʘʪʦʤʥʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ.                      ʄʥʦʛʦʦʩʥʳʝ 
ʛʠʨʦʩʢʦʧʳ-ʘʢʩʝʣʝʨʦʤʝʪʨʳ ʥʘ ʭʦʣʦʜʥʳʭ ʠ ʫʣʴʪʨʘʭʦʣʦʜʥʳʭ ʘʪʦʤʘʭ 

6.         ɼʠʘʣʝʢʪʠʢʘ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʜʫʘʣʠʟʤʘ                                                          (çʚʦʣʥʘ-
ʯʘʩʪʠʮʘè - çʯʘʩʪʠʮʘ-ʚʦʣʥʘè).

ʅʦʚʳʡ (ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʢ ʵʬʬʝʢʪʫ ʉʘʥʴʷʢʘ ʠ ʦʙʦʙʱʝʥʥʦʤʫ ʵʬʬʝʢʪʫ ʉʘʥʴʷʢʘ) 
çʢʠʥʝʤʘʪʠʯʝʩʢʠʡè ʥʝʣʠʥʝʡʥʳʡ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʥʘ ʭʦʣʦʜʥʳʭ ʠ 
ʫʣʴʪʨʘʭʦʣʦʜʥʳʭ ʘʪʦʤʘʭ                                                                                         (ɼʠʩʢʫʩʩʠʦʥʥʘʷ 
ʤʦʜʝʣʴ ʅʠʢʦʣʘʷ ʂʨʦʙʢʠ)

7.         ʌʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʰʠʙʦʢ                                                                                  
ʣʘʟʝʨʥʳʭ ʛʠʨʦʩʢʦʧʦʚ ʠ ʛʠʨʦʩʢʦʧʦʚ ʥʘ ʚʦʣʥʘʭ ʜʝ ɹʨʦʡʣʷ



1. ʇʦʥʷʪʠʝ çʤʦʜʝʣʴ ʦʰʠʙʦʢ ʛʠʨʦʩʢʦʧʘè

ʅʘʙʦʨ ʪʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʨʦʩʢʦʧʘ: 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʫʣʷ;  

ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʥʝʣʠʥʝʡʥʦʩʪʴ ʤʘʩʰʪʘʙʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ; 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, 

ʥʝʣʠʥʝʡʥʦʩʪʴ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ  

(ʚʠʙʨʘʮʠʠ, ʫʜʘʨʳ, ʧʝʨʝʛʨʫʟʢʠ, ʪʝʤʧʝʨʘʪʫʨʘ, ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʜʨ.) 
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çé ʆʯʝʥʴ ʨʘʜ, ʯʪʦ ʧʨʠʝʭʘʣ ʥʘ ʵʪʫ ʚʧʝʯʘʪʣʷʶʱʫʶ ʢʦʥʬʝʨʝʥʮʠʶ, 

ʫʩʣʳʰʘʣ ʦʪ ʅʠʢʦʣʘʷ ʂʨʦʙʢʠ ʤʥʦʛʦ ʥʦʚʦʛʦ ʦ ʩʚʦʝʤ ʤʝʪʦʜʝ, ʯʝʛʦ ʨʘʥʴʰʝ ʥʝ ʟʥʘʣ.

ʆʜʦʙʨʷʶ ʚʩʝ ʧʨʝʜʣʦʞʝʥʥʦʝ ʅʠʢʦʣʘʝʤ ʂʨʦʙʢʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʰʫʤʦʚ ʠ ʛʠʨʦʩʢʦʧʦʚ, ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʧʨʠʙʦʨʦʚ éè  (ɼʵʚʠʜ ɸʣʣʘʥ, 27.05.2015).
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ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠ ʰʫʤʦʚ ʛʠʨʦʩʢʦʧʦʚ                                                                       

ʥʘ ʪʦʯʥʦʩʪʴ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʨʠʝʥʪʘʮʠʠ.                                                                                  

ɺʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʪʦʯʢʠ ʠ ʥʝʢʦʤʤʫʪʘʪʠʚʥʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ.                                                              

ʇʦʣʝʟʥʳʡ ʘʥʠʟʦʪʨʦʧʥʳʡ ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ.

(I ʵʪʘʧ ʵʩʪʘʬʝʪʳ ʦʪ çʬʠʟʪʝʭʘ ïʢʚʘʥʪʦʚʦʛʦ ʛʠʨʦʩʢʦʧʠʩʪʘè ʅʠʢʦʣʘʷ ʂʨʦʙʢʠ)



ñʅʠʢʦʣʘʡ ʀʚʘʥʦʚʠʯ! 

ʗ ʪʝʙʷ ʟʘʧʠʩʘʣ ʚ ʢʣʘʩʩʠʢʠ

ʠ ʚʚʝʣ ʚ ʠʩʪʦʨʠʶ!ò

(ʉ.ɸ. ʍʘʨʣʘʤʦʚ, 2003)





http://images.yandex.ru/yandsearch?source=wiz&fp=0&img_url=http%3A%2F%2Fwww.stihi.ru%2Fpics%2F2012%2F05%2F27%2F555.jpg&text=%D0%94%D0%BC%D0%B8%D1%82%D1%80%D0%B8%D0%B5%D0%B2%20%D0%92%D0%B0%D0%BB%D0%B5%D0%BD%D1%82%D0%B8%D0%BD%20%D0%93%D0%B5%D0%BE%D1%80%D0%B3%D0%B8%D0%B5%D0%B2%D0%B8%D1%87&noreask=1&pos=0&lr=213&rpt=simage
http://images.yandex.ru/yandsearch?source=wiz&fp=0&img_url=http%3A%2F%2Fwww.stihi.ru%2Fpics%2F2012%2F05%2F27%2F555.jpg&text=%D0%94%D0%BC%D0%B8%D1%82%D1%80%D0%B8%D0%B5%D0%B2%20%D0%92%D0%B0%D0%BB%D0%B5%D0%BD%D1%82%D0%B8%D0%BD%20%D0%93%D0%B5%D0%BE%D1%80%D0%B3%D0%B8%D0%B5%D0%B2%D0%B8%D1%87&noreask=1&pos=0&lr=213&rpt=simage


ʂʨʦʙʢʘ, ʅ. ʀ. ʆ ʥʝʢʦʤʤʫʪʘʪʠʚʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʘʭ ʠ ʠʭ ʧʨʦʷʚʣʝʥʠʷʭ ʚ ʪʨʝʭʦʩʥʳʭ ʣʘʟʝʨʥʳʭ ʛʠʨʦʩʢʦʧʘʭ/ 

ʅ. ʀ. ʂʨʦʙʢʘ // ɻʠʨʦʩʢʦʧʠʷ ʠ ʥʘʚʠʛʘʮʠʷ. ï1994. ï̄  2. ïʉ. 88. 



ʂʨʦʙʢʘ, ʅ. ʀ. ʂʦʥʮʝʧʮʠʷ ʩʪʨʦʛʠʭʫʨʘʚʥʝʥʠʡ ʦʰʠʙʦʢ ʠ ʦʮʝʥʢʠ ʢʚʘʥʪʦʚʳʭ ʧʨʝʜʝʣʦʚ ʪʦʯʥʦʩʪʠ 

ʙʝʩʧʣʘʪʬʦʨʤʝʥʥʳʭ ʠʥʝʨʮʠʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʣʘʟʝʨʥʳʭ ʛʠʨʦʩʢʦʧʘʭ, ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʭ ʛʠʨʦʩʢʦʧʘʭ ʠ ʘʪ·ʤʥʳʭ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘʭ ʥʘ ʚʦʣʥʘʭ ʜʝ ɹʨʦʡʣʷ/ ʅ. ʀ. ʂʨʦʙʢʘ // 

ɻʠʨʦʩʢʦʧʠʷ ʠ ʥʘʚʠʛʘʮʠʷ. ï2010. ï̄  3. ïʉ. 88. 

Krobka, N. I. Estimating Quantum Limits on SINS Accuracy Based on Accurate Error Equations/ N. I. Krobka 

// Gyroscopy and Navigation. ï2014. ïVol. 5. No. 1. ïPp. 9-19. 

















ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠ ʰʫʤʦʚ ʛʠʨʦʩʢʦʧʦʚ

ʥʘ ʪʦʯʥʦʩʪʴ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʨʠʝʥʪʘʮʠʠ

[52] Krobka, N. I. Accurate error equations of the strapdown inertial navigation systems/ N. I. Krobka // The Second 

Soviet-Chinese Symposium of Inertial Technology (Saint Petersburg, 1991, October 9-15) / Chief editor ïcorresponding 

member of the Russiaôs Academy of sciences V. G. Peshekhonov. ïSaint Petersburg: The Scientific Council on Problems 

of Motion Control and Navigation of the Academy of Sciences (Section of Autonomous Navigation and Sensors). 

Chinese Society of Inertial Technology. CSRI ñElectropriborò, 1992. ïPp. 43-50.

[58] ʂʨʦʙʢʘ, ʅ. ʀ.ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʨʝʭʦʩʥʳʭ ʣʘʟʝʨʥʳʭ ʛʠʨʦʩʢʦʧʦʚ ʚ ʙʝʩʧʣʘʪʬʦʨʤʝʥʥʳʭ 

ʠʥʝʨʮʠʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ/ ʅ. ʀ. ʂʨʦʙʢʘ // IV ʈʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʠʡ ʩʠʤʧʦʟʠʫʤ ʧʦ ʠʥʝʨʮʠʘʣʴʥʦʡ 

ʪʝʭʥʠʢʝ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 27 ʦʢʪʷʙʨʷ ï1 ʦʢʪʷʙʨʷ 1993ʛ.). ʈʦʩʩʠʡʩʢʘʷ ʯʘʩʪʴ. ïʉʇʙ.: ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʘʷ ʩʝʢʮʠʷ 

ʅʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʈɸʅ ʧʦ ʧʨʦʙʣʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʠ ʥʘʚʠʛʘʮʠʠ. ʂʠʪʘʡʩʢʦʝ ʦʙʱʝʩʪʚʦ ʧʦ ʠʥʝʨʮʠʘʣʴʥʦʡ 

ʪʝʭʥʠʢʝ, 1993. ïʉ. 60-71.

[60] ʂʨʦʙʢʘ, ʅ. ʀ.ʈʘʙʦʪʳ ʧʦ ʣʘʟʝʨʥʦʡ ʛʠʨʦʩʢʦʧʠʠ ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɺ. ʀ. ʂʫʟʥʝʮʦʚʘ/ ʅ. ʀ. ʂʨʦʙʢʘ, ʀ. ʅ. ʉʘʧʦʞʥʠʢʦʚ // I ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ. ïʉʇʙ.: ʆʪʜʝʣʝʥʠʝ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʭʘʥʠʢʠ ʠ ʧʨʦʮʝʩʩʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʈɸʅ. ʎʅʀʀ çʕʣʝʢʪʨʦʧʨʠʙʦʨè, 1994. ïʉ. 3-13.











ʖʙʠʣʝʡʥʘʷ XV ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʥʘʚʠʛʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ

(26-28 ʤʘʷ 2008 ʛ., ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ)









ʂʨʦʙʢʘ, ʅ. ʀ. ʆʙ ʫʩʣʦʚʠʷʭ ʠʥʪʝʛʨʠʨʫʝʤʦʩʪʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʕʡʣʝʨʘ-ʇʫʘʩʩʦʥʘ ʚ ʢʚʘʜʨʘʪʫʨʘʭ/ ʅ. ʀ. ʂʨʦʙʢʘ // V 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʥʘʚʠʛʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ (25-27 ʤʘʷ 1998 ʛ.) / ɻʣ. ʨʝʜ. 

ɺ.ɻ. ʇʝʰʝʭʦʥʦʚ. ïʉʇʙ.: ʅʘʫʯʥʳʡ ʩʦʚʝʪ ʈɸʅ ʧʦ ʧʨʦʙʣʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʠ ʥʘʚʠʛʘʮʠʠ. ɻʅʎ ʈʌ - ʎʅʀʀ 

çʕʣʝʢʪʨʦʧʨʠʙʦʨè, 1998. ïʉ. 43-50.

ʂʨʦʙʢʘ, ʅ. ʀ. ʈʝʰʝʥʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʕʡʣʝʨʘ/ ʅ. ʀ. ʂʨʦʙʢʘ // ɻʠʨʦʩʢʦʧʠʷ ʠ ʥʘʚʠʛʘʮʠʷ. ï2005. ï̄  3 (50). ïʉ. 105-122. 



«ʏʝʪʚʝʨʪʳʡ»ʠʥʪʝʛʨʘʣʤʝʭʘʥʠʯʝʩʢʦʛʦʜʚʠʞʝʥʠʷ.

çé ʈʝʙʷʪʘ! ʅʝ ʙʦʡʪʝʩʴ ʙʨʘʪʴʩʷ ʟʘ ʩʣʦʞʥʳʝ ʥʝʨʝʰʝʥʥʳʝ ʟʘʜʘʯʠ. 

ɼʣʷ ʵʪʦʛʦ ʚʘʩ ʛʦʪʦʚʠʣʠ, ʚ ʵʪʦʤ ï ʚʘʰʝ ʧʨʠʟʚʘʥʠʝ.è 

(ʈʝʢʪʦʨ ʌʠʟʪʝʭʘ, ʘʢʘʜʝʤʠʢ ʆ.ʄ.ɹʝʣʦʮʝʨʢʦʚʩʢʠʡ, 1979ʛ.) 

 

ʊɽʆʈɽʄɸ 

ʊʝʦʨʝʤʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ ʚʝʢʪʦʨ ʢʦʥʝʯʥʦʛʦ ʧʦʚʦʨʦʪʘ )(tQ
C

 ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʢʦʥʝʯʥʦʤ ʚʠʜʝ ʷʚʥʦ ʢʘʢ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ t ʙʝʟ ʝʜʠʥʦʡ ʦʧʝʨʘʮʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʪʝʨʤʠʥʘʭ ʧʨʦʝʢʮʠʡ ʚʝʢʪʦʨʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

)(tw
C
 ʠ ʝʛʦ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ï ʚʝʢʪʦʨʘ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ )(tw#

C
 ï ʥʘ ʦʩʠ ʚʨʘʱʘʶʱʝʡʩʷ )(tE  ʠ ʥʝʧʦʜʚʠʞʥʦʡ I  ʧʨʷʤʦʫʛʦʣʴʥʳʭ 

ʧʨʘʚʳʭ ʜʝʢʘʨʪʦʚʳʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ: 

.
)]()([)]()([   

)]()([
)]()([)]()([

)]()([)]()([
)]()([

4)(
T

T

T

tttt

tt
tttt

tttt
tt

t
IEIE

IE

IEIE

IEIE
IE

wwww

ww
wwww

wwww
ww

++

ý
ü
û

í
ì
ë

+
+-

³-
-³

=Q
##

##

                                     (1) 

ʆʙʦʟʥʘʯʝʥʠʷ:  

;)()()()(
3

1

3

1

äQ¡=äQ=Q
== n

nn
m

mm tetitt
CCC

 1,2,3; );()( =Q¡¹Q mtt mm       

;)()()()(
3

1

3

1

ä ¡=ä=
== n

nn
m

mm tetitt
CCC

www   ;0)()(0)()(
dt

d
)(

3

1

3

1

CC
#

CC
#

C#C +ä ¡=+ä==
== n

nn
m

mm tetittt wwww                               

;

)(

)(

)(

)(

3

2

1

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

Q

Q

Q

¹Q

t

t

t

t    ;

)(

)(

)(

)(   ;

)(

)(

)(

)(

3

2

1

3

2

1

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

¡

¡

¡

¹
ö
ö
ö

÷

õ

æ
æ
æ

ç

å

¹

t

t

t

t

t

t

t

t EI

w

w

w

w

w

w

w

w    .

)(

)(

)(

)(   ;

)(

)(

)(

)(

3

2

1

3

2

1

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

¡

¡

¡

=
ö
ö
ö

÷

õ

æ
æ
æ

ç

å

=

t

t

t

t

t

t

t

t EI

w

w

w

w

w

w

w

w

#

#

#

#

#

#

#

#  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ: 

;   ;)
4

1
1(   )];(

2

1
[    )];(

2

1
[ T2

0

12

0000 QQ¹QQ+¹Q³Q-Q=Q³Q+Q= -ppp IE
#### ww  

)].(
2

1
[)](

2

1
[ )];(

2

1
[)](

2

1
[ 0000 Q³Q-Q+Q³Q-Q=Q³Q+Q+Q³Q+Q= ################ pppp IE ww              

).())(),(),(),(( ttttt IEIE Q=Q wwww ##                                                                                                                       (2) 

ʏʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ.                                                250 ʣʝʪ.                           







4. ʕʬʬʝʢʪ ʉʘʥʴʷʢʘ ʥʘ ʬʦʪʦʥʘʭ

ʠ ʦʙʦʙʱʝʥʥʳʡ ʵʬʬʝʢʪ ʉʘʥʴʷʢʘ

ʥʘ ʭʦʣʦʜʥʳʭ ʠ ʫʣʴʪʨʘʭʦʣʦʜʥʳʭ ʘʪʦʤʘʭ
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