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SEYSMIK XAVFNI BAHOLASH  

VA SEYSMIK RAYONLASHTIRISH  
 

ʋɼʂ 550.34 

ɸʙʘʩʝʝʚ ʉ.ʉ.  

ʀʥʩʪʠʪʫʪ ʩʝʡʩʤʦʣʦʛʠʠ ʠ ʬʠʟʠʢʠ ʘʪʤʦʩʬʝʨʳ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʊʫʨʢʤʝʥʠʩʪʘʥʘ, dufu@bk.ru 

 

ʉɽʁʉʄʀʏɽʉʂʆɽ ʄʀʂʈʆʈɸʁʆʅʀʈʆɺɸʅʀɽ ɻ. ɸʐʍɸɹɸɼɸ  

ʇʆ ʉɽʁʉʄʀʏɽʉʂʀʄ ʄʆɼɽʃʗʄ ʇʈʀʇʆɺɽʈʍʅʆʉʊʅʆʁ ʊʆʃʑʀ ʀ  

ʋʈʆɺʅʖ ɻʈʋʅʊʆɺʓʍ ɺʆɼ, ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʋʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʅʓʍ ʄɽʊʆɼʆɺ ʉʇɽʂʊʈɸʃʔʅʓʍ ʆʊʅʆʐɽʅʀʁ (HVSR)  

ʀ ʉʀʅʊɽʊʀʏɽʉʂʀʍ ɸʂʉɽʃɽʈʆɻʈɸʄʄ 
 

Abaseev S. S. 

Turkmaniston fanlar Akademiyasi seysmologiya va atmosfera fizikasi instituti, dufu@bk.ru  

Takomillashgan spektral nisbatlar (HVSR) va sintetik akselerogrammalar yordamida er usti qalinligi va er 

osti suvlari  sathining tezlik modellari bo'yicha Ashxobodni seysmik mikro rayonlashtirish. 

Annotasiya. Bu ish Ashxobod shahrining seysmik mikrorayonlash (SMR) xaritalarini er osti qalinligi sey-

smik modellari va tuman hududida er osti suvlari darajasi to'g'risidagi ma'lumotlar asosida ishlab chiqishga bag'ish-

langan. SMRNI bajarish va keyinchalik ballnost oshirish xaritalarini qurish jarayonida Turkmaniston fanlar akad-

emiyasi atmosferasining Seysmologiya va fizikasi institutida yer usti qalinligining yuqori tezlikda tuzilishi modelini 

dastlabki ma'lumotlar, mikroseysmik to'lqin fonining raqamli yozuvlari sifatida avtomatlashtirilgan tizim (HV-XL) 

ishlab chiqildi. 

(SMR) Ashxobod sh. K. da amalga oshirilgan: 

1. Mikroseysmik to'lqinli fon yozuvlari transvers va vertikal komponentlarning spektral munosabatlarining 

o'rtacha egri (H/V) xatti-harakatlari to'g'risidagi ma'lumotlar asosida tuproqlarning rezonans xususiyatlarini ray-

onlashtirish. 

2. Yuqori tezlikli struktura modellarini qurish {Vs(h), Vp(h) | h < hmax} er osti qalinligi va H/V egri shak-

lining o'ziga xos xususiyatlari bo'yicha tuproq kuchining tegishli integral xarakteristikasini (Vs30) olish IP va TFA 

seysmik monitoring laboratoriyasida ishlab chiqilgan teskari muammolarni hal qilish uchun maxsus algoritmlar 

yordamida. 

3. Yuqori tezlikdagi strukturaning mahalliy xususiyatlarini hisobga olgan holda kuchli zilzila spektrining 

darajasi va shakliga qayta hisoblanadigan, shuningdek seysmik tebranishlarning asosiy parametrlarini hisobga olgan 

holda, kuchsiz zilzila seysmogrammasini nazorat qilinayotgan hududdagi yer sharoitlariga qayta hisoblash yo'li bi-

lan sintetik akselerogrammalarni qurish ï tezlashuvlar darajasi, ustun davrlar, mahalliy seysmogeologik sharoitlarga 

mos keladigan impulslarning kengligi. Shu bilan birga, mahalliy zilzilalar xususiyatlari haqida zarur ma'lumotlar, 

kuchsiz mahalliy zilzilalar paytida seysmik yozuvlarni o'rganish asosida olingan, chunki seysmik toôlqin parametr-

larini ta'sir qiluvchi ko'plab omillar kuchsiz va kuchli zilzilalar uchun bir xil bo'ladi, masalan, moddiy tarkib va 

atrof-muhit tuzilishi, mintaqaviy tektonik harakatlar, yorilish yo'nalishi va boshqalar. 

4. Ashxobodning SMR dastlabki xaritalarini ȹI = max {ȹI (a), ȹI (w)}  ga asoslangan holda qurish, bu erda 

ȹI(a) va ȹI(w) sintetik akselerogrammalarning maksimal tezlashmalarining mos keladigan o'sishi va er osti suvlari 

darajasiga oid ma'lumotlar asosida seysmik balllik oshishini baholashdir. 

HV-XL kompleksi 3D tezlik taqsimoti va 2D taqsimoti shaklida natijalarni olish uchun istiqbolli qurilish 

maydonchalarini ommaviy tekshirishga imkon beradi 

SMR kartasining yakuniy variantlari keyingi tasdiqlash uchun normativ hujjat sifatida taqdim etilishi mum-

kin. 

 

ɸʙʘʩʝʝʚ ʉ.ʉ.  

ʀʥʩʪʠʪʫʪ ʩʝʡʩʤʦʣʦʛʠʠ ʠ ʬʠʟʠʢʠ ʘʪʤʦʩʬʝʨʳ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʊʫʨʢʤʝʥʠʩʪʘʥʘ, dufu@bk.ru  

ʉʝʡʩʤʠʯʝʩʢʦʝ ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠʝ ʛ. ɸh ʭʘʙʘʜʘ ʧʦ ʩʢʦʨʦʩʪʥʳʤ ʤʦʜʝʣʷʤ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʦʣɦ ʠ ʠ 

ʫʨʦʚʥʶ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ 

(HVSR) ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʢʩʝʣʝʨʦʛʨʘʤʤ. 

 ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʢʘʨʪ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠʷ (ʉʄʈ) ʛ. ɸh -

ʭʘʙʘʜʘ ʥʘ ʦʩʥʦʚʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʦʣʱʠ ʠ ʜʘʥʥʳʭ ʦʙ ʫʨʦʚʥʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚ ʧʨʝ-

ʜʝʣʘʭ ʨʘʡʦʥʠʨʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʉʄʈ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪ ʧʨʠʨʘʱʝ-

ʥʠʷ ʙʘʣʣʴʥʦʩʪʠ ʚ ʀʥʩʪʠʪʫʪʝ ʩʝʡʩʤʦʣʦʛʠʠ ʠ ʬʠʟʠʢʠ ʘʪʤʦʩʬʝʨʳ ɸʅ ʊʫʨʢʤʝʥʠʩʪʘʥʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ 

(HV-XL) ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʩʢʦʨʦʩʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʦʣʱʠ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʮʠʬʨʦʚʳʭ ʟʘʧʠʩʝʡ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʛʦ ʬʦʥʘ.   
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ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʉʄʈ ʛ. ɸʰʭʘʙʘʜʘ ʚʳʧʦʣʥʷʣʦʩʴ: 

1. ʈʘʡʦʥʠʨʦʚʘʥʠʝ ʨʝʟʦʥʘʥʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʧʦʚʝʜʝʥʠʠ ʩʨʝʜʥʝʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ (H/V) ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ ʧʦʧʝʨʝʯʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪ ʟʘʧʠʩʝʡ ʤʠʢʨʦ-

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʛʦ ʬʦʥʘ. 

2. ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʩʢʦʨʦʩʪʥʦʛʦ ʩʪʨʦʝʥʠʷ {Vs(h), Vp(h) | h <H max} ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʦʣɦ ʠ ʠ 

ʧʦʣʫʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (Vs30) ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʧʦ ʦʩʦʙʝʥ-

ʥʦʩʪʷʤ ʬʦʨʤʳ ʢʨʠʚʳʭ H/V ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ, ʨʘʟʨʘʙʦ-

ʪʘʥʥʳʭ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʉʝʡʩʤʠʯʝʩʢʦʛʦ ʄʦʥʠʪʦʨʠʥʛʘ ʚ ʀʉ ʠ ʌɸ ɸʅ ʊ.  

3. ʇʦʩʪʨʦʝʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʢʩʝʣʝʨʦʛʨʘʤʤ ʧʫʪʝʤ ʧʝʨʝʩʯʝʪʘ ʩʝʡʩʤʦʛʨʘʤʤʳ ʩʣʘʙʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʢ ʛʨʫʥʪʦʚʳʤ ʫʩʣʦʚʠʷʤ ʚ ʨʘʡʦʥʝ ʦʙʩʣʝʜʫʝʤʦʡ ʧʣʦʱʘʜʢʠ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʩʯʝʪʦʤ ʢ ʫʨʦʚʥʶ ʠ ʬʦʨʤʝ 

ʩʧʝʢʪʨʘ ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʫʯʝʪʦʤ ʣʦʢʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʢʦʨʦʩʪʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ï ʫʨʦʚʥʷ ʫʩʢʦʨʝʥʠʡ, ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʧʝʨʠʦʜʦʚ, ʰʠʨʠʥʳ ʠʤ-

ʧʫʣʴʩʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʤʝʩʪʥʳʤ ʩʝʡʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. ʅʝʦʙʭʦʜʠʤʘʷ ʠʥʬʦʨ-

ʤʘʮʠʷ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʤʝʩʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʣʫʯʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʟʘʧʠʩʝʡ ʧʨʠ ʩʣʘ-

ʙʳʭ ʤʝʩʪʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ, ʪʘʢ ʢʘʢ ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʘʨʘʤʝʪʨʳ ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, 

ʦʢʘʟʳʚʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ ʜʣʷ ʩʣʘʙʳʭ ʠ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝ-

ʥʠʝ ʩʨʝʜʳ, ʨʝʛʠʦʥʘʣʴʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʦʨʠʝʥʪʘʮʠʷ ʨʘʟʨʳʚʦʚ ʠ ʪ. ʜ. 

4. ʇʦʩʪʨʦʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʢʘʨʪ ʉʄʈ ʛ. ɸʰʭʘʙʘʜʘ ʥʘ ʦʩʥʦʚʝ ȹI = max {ȹI (a), ȹI (w)}, ʛʜʝ ȹI(a) 

ʠ ȹI(w) ï ʦʮʝʥʢʠ ʧʨʠʨʘʱʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʙʘʣʣʴʥʦʩʪʠ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʨʠʨʘʱʝʥʠʶ ʧʠʢʦʚʳʭ ʫʩʢʦ-

ʨʝʥʠʡ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʢʩʝʣʝʨʦʛʨʘʤʤ ʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦʙ ʫʨʦʚʥʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʦʤʧʣʝʢʩ HV-XL ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʤʘʩʩʦʚʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʡ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʟʘʩʪʨʦʡ-

ʢʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʚʠʜʝ 3D ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʢʦʨʦʩʪʝʡ ʠ 2D ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʨʠʨʘʱʝʥʠʷ ʙʘʣʣʴʥʦ-

ʩʪʠ. 

ʆʢʦʥʯʘʪʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʢʘʨʪʳ ʉʄʈ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʚ ʢʘʯʝ-

ʩʪʚʝ ʥʦʨʤʘʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʘ. 

 

ɸbaseev S.S.  

Institute of Seismology and Atmospheric Physics of the Academy of Sciences of Turkmenistan, dufu@bk.ru  

Seismic microzoning of Ashgabat from subsurface soil velocity models and groundwater level, using 

improved spectral ratio methods (HVSR) and synthetic accelerograms. 

Abstract. The paper is devoted to seismic micro-zoning maps (SMZ Maps) building, based on 3C-

observations of ambient noise and ground water level data within the city of Ashgabat, using new computational 

methods to this effect, developed in the Seismicity Monitoring Laboratory at the Institute of Seismology and Physics 

of Atmosphere with the Academy of Sciences of Turkmenistan. 

Implementation of the seismic microzoning project, above, proceeds as follows: 

1. Subsurface ground resonance frequency zoning. 

2. Subsurface seismic velocity model building by the inversion of ambient noise horizontal-to-vertical spec-

tra ratios (HVSR method). 

3. Generation of strong motion synthetic accelerograms (SA) by rescaling the real seismograms of small 

earthquakes to the case of a strong earthquake within the study area with known stress-strain properties.  

4. Building of the SMZ Map as a 2D-image of ȹI = max {ȹI (w), ȹI (a)}, where ȹI(w) and ȹI(a) are seis-

mic intensity increments associated with local characteristics of ground water level and SA peak accelerations, re-

spectively. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʧʨʘʢʪʠʢʝ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ 

ʅʘʢʘʤʫʨʳ [1], ʢʦʪʦʨʳʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʝʤ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʪʦʤ, ʯʪʦ, ʫʧʨʘʚʣʷʷ ʧʘ-

ʨʘʤʝʪʨʘʤʠ ʚʳʙʦʨʦʯʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʩʨʝʜʥʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ (H/V) ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʦʙʳʯʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʬʦʥʘ (WSZ_t), ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʯʘ-

ʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ H/V = H/V(f), ʚʩʝ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʞʝʥʥʳʝ ʚʣʠʷʥʠʶ ʥʝʩʪʘʮʠʦʥʘʨ-

ʥʳʭ ʧʦʤʝʭ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦ ʚʩʝ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʜʥʫ ʠʟ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʩʨʝʜʳ ʚ ʨʘʡʦʥʝ ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʧʨʠʥʠʤʘʝʤ ʵʤʧʠʨʠʯʝʩʢʠ ʦʙʦʩʥʦ-

ʚʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʛʣʘʚʥʘʷ ʯʘʩʪʴ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ H/V(f) ʩʬʦʨʤʠʨʦʚʘʥʘ ʟʥʘ-

ʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʘ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʦʜʳ ʈʵʣʝʷ, ʪ. ʝ. ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʟʥʘʯʝʥʠ-

ʷʤʠ ʦʪʥʦh ʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʫʦʩʝʡ ʵʣʣʠʧʩʘ ʧʦʣʷʨʠʟʘʮʠʠ ʦʩʥʦʚʥʦʛʦ ʪʦʥʘ 

ʚʦʣʥʳ ʈʣɻʝʷ ʚ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ çʛʨʫʥʪïʩʝʡʩʤʦʧʨʠʝʤʥʠʢè. ʆʪʩʶʜʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʣʝʜʫʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ (VM) ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʦʣʱʠ ʚ ʨʘʡʦʥʝ ʧʣʦʱʘʜʦʢ ʦʙ-

ʩʣʝʜʦʚʘʥʠʷ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʫʤʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʨʘʩʯʝʪʥʳʤʠ ʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ H/V ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ. ʇʦʣʫʯʘʝʤʳʝ ʤʦʜʝʣʠ ʩʢʦʨʦʩʪʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ʜʘʣʝʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʮʝʜʫʨ ʧʝʨʝʩʯʝʪʘ ʩʠʥʪʝ-
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ʪʠʯʝʩʢʠʭ ʘʢʩʝʣʝʨʦʛʨʘʤʤ (Ac_t) ʚʦʟʤʦʞʥʳʭ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʢ ʤʝʩʪʥʳʤ ʛʨʫʥʪʦʚʳʤ ʫʩʣʦʚʠ-

ʷʤ ʚ ʟʘʜʘʥʥʳʭ ʪʦʯʢʘʭ ʩʝʡʩʤʦʨʘʡʦʥʠʨʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʅʠʞʝ (ʨʠʩ. 1) ʧʨʠʚʦʜʠʪʩʷ ʙʣʦʢ-ʩʭʝʤʘ ʘʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ (HV-XL) ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʦʙʨʘʙʦʪʢʠ ʟʘʧʠʩʝʡ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʚʦʣʥʦʚʦʛʦ ʬʦʥʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʄʦʥʠʪʦʨʠʥʛ ʉʝʡʩʤʠʯʥʦʩʪʠ ʀʥʩʪʠʪʫʪʘ ʩʝʡʩʤʦʣʦʛʠʠ 

ʠ ʬʠʟʠʢʠ ʘʪʤʦʩʬʝʨʳ ɸʅ ʊʫʨʢʤʝʥʠʩʪʘʥʘ, ʧʦʟʚʦʣʷʶʱʝʡ: ʘ) ʩʪʨʦʠʪʴ ʤʦʜʝʣʠ ʩʢʦʨʦʩʪʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʠ, ʥʘ ʠʭ ʦʩʥʦʚʝ, ʙ) ʧʦʣʫʯʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ (æI) ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ ʥʘ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʩʦʪʨʷʩʝʥʠʡ (I) ʚ ʨʘʡʦʥʝ ʧʣʦʱʘʜʦʢ ʦʙʩʣʝʜʦʚʘʥʠʷ. ʋʢʘʟʘʥʥʳʡ ʢʦʤʧʣʝʢʩ HV-XL ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʧʨʦʛʨʘʤʤʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʨʘʪʥʳʭ ʠ ʧʨʷʤʳʭ ʟʘʜʘʯ 

(WSZ_t Ÿ H/V, H/V Ÿ VM, VM Ÿ Ac_t, Ac_t Ÿ æI), ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʪʦʡ ʞʝ ʣʘʙʦʨʘʪʦʨʠʠ.  

 

ɺʳʯʠʩʣʝʥʠʝ 

ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʭ  

ʩʧʝʢʪʨʘʣʴʥʳʭ  ʦʪʥʦʰʝʥʠʡ 

(ʅʘʢʘʤʫʨʘ,  1989)                       

ʚ  ʨʘʡʦʥʝ  ʧʫʥʢʪʦʚ  

ʤ.ʩ.   ʦʙʩʣʝʜʦʚʘʥʠʷ :

H/V  =   H/V ( f )

ʇʦʩʪʨʦʝʥʠʝ 3D-ʤʦʜʝʣʠ 

ʩʢʦʨʦʩʪʥʦʛʦ  ʩʪʨʦʝʥʠʷ  

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʡ  ʪʦʣʱʠ  :

{ H/V (f) } {Vp(x), Vs(x)  }

ʇʦʩʪʨʦʝʥʠʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʢʩʝʣʝ-

ʨʦʛʨʘʤʤ  ʩʠʣʴʥʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ  ʧʦ  ʙʘʟʝ 

ʜʘʥʥʳʭ  ʦ  ʩʣʘʙʳʭ  ʟʤʪʨ.  

ʚ  ʦʯʘʛʦʚʦʡ  ʟʦʥʝ  

ɸʰʭ.  ʟʤʪʨ.   1948ʛ   , 

ʩ  ʫʯʝʪʦʤ  ʧʦʣʫʯʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ  { Vp , Vs }

ɼʘʥʥʳʝ 

ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʦʙʩʣʝʜʦʚʘʥʠʷ :

{  Z(t),  NS(t), EW(t)  }

ɺʳʯʠʩʣʝʥʠʝ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʭ (ȹI_m ) ʧʨʠʨʘʱʝʥʠʡ 

ʙʘʣʣʴʥʦʩʪʠȹI ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʜʘʥʥʦʡ ʵʪʘʣʦʥʥʦʡ ʪʦʯʢʠ 

ʧʦ ʥʘʙʦʨʘʤ ʘʢʩʝʣʝʨʦʛʨʘʤʤ ʚ ʧʫʥʢʪʘʭ ʦʙʩʣʝʜʦʚʘʥʠʷ.

ɺʳʜʝʣʝʥʠʝ  ʛʣʘʚʥʳʭ  ʪʨʝʥʜʦʚ  ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠȹI_m

ʠ  ʧʦʩʪʨʦʝʥʠʝ ʥʘ  ʠʭ ʦʩʥʦʚʝ ʢʘʨʪ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʨʘʡʦʥʠʨʦʚʘʥʠʷ.

ʇʦʩʪʨʦʝʥʠʝ ʢʘʨʪ ʩʝʡʩʤʠʯʝʩʢʦʛʦ  ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠʷ

ʧʦ  ʜʘʥʥʳʤ  ʨʝʛʠʩʪʨʘʮʠʠ   ʠ  ʦʙʨʘʙʦʪʢʠ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʛʦ  ʬʦʥʘ  ʩ  ʧʦʤʦʱʴʶ  

ʪʨʦʤʦʛʨʘʬʦʚ/ ʩʝʡʩʤʦʤʝʪʨʦʚTromino / Guralp

ʠ  ʧʨʦʛʨʘʤʤʥʦʛʦ   ʢʦʤʧʣʝʢʩʘ     HV-XL ( ʀʉ ʠ ʌɸ   ɸʅʊ )

 
 
ʉʡʪ. 1. ɺʤʧʣ-ʪʮʞʥʙ ʙʛʫʧʥʙʫʡʠʡʩʧʛʙʦʦʧʢ ʪʡʪʫʞʥʴ (HV-XL) ʥʦʧʜʧʬʩʧʛʦʞʛʧʢ ʧʚʩʙʚʧʫʣʡ ʠʙʨʡʪʞʢ  

ʥʡʣʩʧʪʞʢʪʥʡʰʞʪʣʧʜʧ ʛʧʤʦʧʛʧʜʧ ʭʧʦʙ. 

 

ʐʘʛ 1: ɼʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʟʘʧʠʩʴ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʵʣʝ-

ʤʝʥʪʘ ʩʨʝʜʳ ʚ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ çʛʨʫʥʪ ï ʩʝʡʩʤʦʧʨʠʝʤʥʠʢè ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t ʚ ʧʨʝʜʝʣʘʭ ʟʘʜʘʥ-

ʥʦʛʦ ʠʥʪʝʨʚʘʣʘ [0, tmax], ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ:  

F :  u  Ą  U,                                                                                                                     (1) 

ʛʜʝ (i) F ï ʦʧʝʨʘʪʦʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ; (ii) u = {u(t) = ((u1(t), u2(t), u3(t)) | 0 Ò t Ò tmax} ï ʪʨʝʭʢʦʤ-

ʧʦʥʝʥʪʥʘʷ ʟʘʧʠʩʴ ʢʦʣʝʙʘʥʠʡ (ʩʝʡʩʤʦʛʨʘʤʤʘ) ʢʘʢ ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ t, ʦʧʨʝʜʝʣʝʥʥʘʷ 

ʥʘ ʦʪʨʝʟʢʝ [0, tmax]; (iii) ʢʦʤʧʦʥʝʥʪʳ u1, u2, u3 ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ WE (ʟʘʧʘʜ-ʚʦʩʪʦʢ), 

SN (ʶʛ-ʩʝʚʝʨ) ʠ Z (ʥʠʟ-ʚʝʨʭ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; (iv) U = {U(f) = (U1(f), U2(f), U3(f)) | 0 Ò f Ò Fmax} ï 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʬʫʥʢʮʠʷ ʣʠʥʝʡʥʦʡ ʯʘʩʪʦʪʳ f, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʌʫʨʴʝ-ʩʧʝʢʪʨ ʩʝʡʩʤʦʛʨʘʤʤʳ (ii) 

ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ [0, Fmax], ʛʜʝ Fmax ï ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ f, ʦʧʨʝʜʝʣʷʝʤʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʢʦʥʢʨʝʪʥʦʛʦ ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʘ. 

ʐʘʛ 2: ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʢʦʤʧʦʥʝʥʪʘ uŬ (t) (1 Ò Ŭ Ò 3) ʩʝʡʩʤʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʘʧʠʩʴ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʤʝʥʷʶʱʠʤʠʩʷ ʚʦ ʚʨʝʤʝʥʠ ʣʦʢʘʣʴʥʳʤʠ ʩʨʝʜʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚ 

ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʚʳ-

ʙʦʨʝ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʦʪʦʙʨʘʞʘʶʱʝʡ ʩʪʨʫʢʪʫʨʫ ʩʠʛʥʘʣʘ ʢʘʢ ʧʦ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʧʦ ʯʘʩʪʦʪʝ. 

ʀʩʢʦʤʘʷ ʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʦʜʥʦʤʝʨʥʳʭ ʦʙʨʘʟʦʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʢʦʤ-

ʧʦʥʝʥʪʳ ʢ ʜʚʫʤʝʨʥʦʤʫ (ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʤʫ) ʦʙʨʘʟʫ WŬ (t, f), ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʤʫ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ 

ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʯʘʩʪʦʪʳ f ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʙʣʠʟʢʠʝ ʢ t, ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʪʘʢ:  

WŬ = F -1 [G f Ā UŬ],                                                                                                                  (2) 

ʛʜʝ F -1 ï ʦʧʝʨʘʪʦʨ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ; Ŭ = 1, 2, 3 ï ʠʥʜʝʢʩʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʰʝ-

ʧʨʠʚʝʜʝʥʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʦʡ ʢʦʤʧʦʥʝʥʪ; G f (ɜ) = G ((ɜ - f) / f) ï ʧʦʜʭʦʜʷʱʘʷ ʯʘʩʪʦʪʥʘʷ ʬʫʥʢʮʠʷ, 

ʠʤʝʶʱʘʷ ʤʘʢʩʠʤʫʤ ʧʨʠ ɜ = f ʠ ʙʳʩʪʨʦ ʫʙʳʚʘʶʱʘʷ ʩ ʨʦʩʪʦʤ ʨʘʩʩʪʦʷʥʠʷ |ɜ - f | ʦʪ ʥʝʩʫʱʝʡ (ʮʝʥ-

ʪʨʘʣʴʥʦʡ) ʯʘʩʪʦʪʳ f.   

ʆʪʤʝʪʠʤ, ʯʪʦ G f (ɜ) ʠʤʝʝʪ ʩʤʳʩʣ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʬʠʣʴʪʨʘ ʩ ʮʝʥ-

ʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ f. ʇʨʦʠʟʚʝʜʝʥʠʝ G f ĀUŬ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʧʝʢʪʨ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʝʡ-

ʩʤʦʛʨʘʤʤʳ, ʘ | WŬ (t, f) | ʠ arg { WŬ (t, f)} ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʝʝ ʦʛʠʙʘʶɦ ʫʶ ʠ ʬʘʟʫ. ʂʦʥʢʨʝʪʥʫʶ ʬʦʨ-

ʤʫ ʬʠʣʴʪʨʘ G f (ɜ) ʚʳʙʠʨʘʝʤ ʧʦ ʬʫʥʢʮʠʠ ɻʘʫʩʩʘ, ʪʘʢ ʢʘʢ ʧʦʩʣʝʜʥʷʷ ʭʦʨʦʰʦ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʘ ʢʘʢ 
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ʧʦ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʧʦ ʯʘʩʪʦʪʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʤʝʪʦʜʝ ʚʳʯʠʩʣʝʥʠʷ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ H/V ʬʫʥʢʮʠʷ ʯʘʩʪʦʪʥʦʛʦ ʬʠʣʴʪʨʘ ʠʤʝʝʪ ʚʠʜ:  

G f (ɜ) = G ((ɜ - f) / f) = a(f) Ā exp (-ɓ (1 - ɜ / f)2),                                                          (3) 

ʛʜʝ f ï ʪʝʢʫʱʘʷ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ; ɓ ï ʧʦʜʭʦʜʷʱʠʡ ʧʘʨʘʤʝʪʨ ʧʦʜʘʚʣʝʥʠʷ ʙʦʢʦʚʳʭ ʯʘʩʪʦʪ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʠʡ ʵʬʬʝʢʪ ʫʟʢʦʛʦ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ; a(f) ï ʥʦʨʤʠʨʦʚʦʯʥʳʡ ʤʥʦʞʠʪʝʣʴ, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʠʡ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ f ʧʣʦʱʘʜʠ ʬʠʛʫʨʳ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ ʢʨʠʚʦʡ G f (ɜ) ʠ ʦʩʴʶ ʯʘ-

ʩʪʦʪ ɜ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺʳʯʠʩʣʝʥʠʝ ʬʫʥʢʮʠʡ WŬ (t, f) ʧʨʦʠʟʚʦʜʠʤ ʚ ʜʠʩʢʨʝʪʥʦʡ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ T x F, 

ʛʜʝ T = { t(m) = to + m Ā ȹt | 0Ò m Ò Nt} ʠ F = {f (n) | 0Ò n Ò NF} ï ʥʘʙʦʨʳ ʜʠʩʢʨʝʪʦʚ ʚʨʝʤʝʥ ʠ ʯʘʩʪʦʪ 

ʚ ʩʚʦʠʭ ʨʘʙʦʯʠʭ ʜʠʘʧʘʟʦʥʘʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ȹt ï ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ; f (n) = f (0) exp (n ȹɚ); ȹɚ ï ʧʦ-

ʩʪʦʷʥʥʳʡ ʰʘʛ ʧʦ ʦʩʠ ʣʦʛʘʨʠʬʤʦʚ ʯʘʩʪʦʪ.  

ʐʘʛ 3: ɺʳʯʠʩʣʝʥʠʝ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ H/V(f). 

ɺʳʯʠʩʣʝʥʠʝ H/V (f) (ʪ. ʝ. H/V ʥʘ ʯʘʩʪʦʪʝ f) ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʳʙʦʨʦʯʥʦʛʦ 

ʩʫʤʤʠʨʦʚʘʥʠʷ ʚʥʫʪʨʠʦʢʦʥʥʳʭ ʟʥʘʯʝʥʠʡ b/a ʜʣʷ ʬʫʥʢʮʠʠ Wf (t) ʧʦ ʩʠʩʪʝʤʝ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʚʨʝ-

ʤʝʥʥʳʭ ʦʢʦʥ:  

 

{[  t(k), t(k) + win(f)], k = 0, .. , K}  ,                                                                               (4) 

 

ʛʜʝ b/a ï ʦʪʥʦʰʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʫʦʩʝʡ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʪʨʘ-

ʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʥʘʙʣʶʜʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʩʨʝʜʳ ʚ ʧʨʝʜʝʣʘʭ ʪʝʢʫʱʝʛʦ ʚʨʝʤʝʥʥʦʛʦ ʦʢʥʘ, win(f) = 

(1 + ɖ) Ű(f), Ű(f) = 1/f, t(k) = t0 + kĀŰ(f)/2; ɖ ï ʧʦʜʭʦʜʷʱʘʷ ʢʦʥʩʪʘʥʪʘ (0 < ɖ < İ); W f (t) = {WŬ (t, f) Ŭ = 

1, 2, 3; 0 Ò t Ò tmax} ï ʚʨʝʤʝʥʥʦʡ ʦʪʢʣʠʢ ʠʩʭʦʜʥʦʡ ʩʝʡʩʤʦʛʨʘʤʤʳ ʥʘ ʜʝʡʩʪʚʠʝ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ 

(3) ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ f, ʛʜʝ f ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʟʘʜʘʥʥʦʛʦ ʥʘʙʦʨʘ {f (n) | n = 0, ..., NF} (ʩʤ.  

ʐʘʛ 2).  

ʇʝʨʝʭʦʜʠʤ ʢ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʤʫ ʦʧʠʩʘʥʠʶ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʢʠ H/V = 

H/V (f) ʧʫʪʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʳʙʦʨʦʯʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʦ ʟʘʜʘʥʥʦʡ ʚ (4) ʩʠʩʪʝʤʝ ʧʝʨʝʢʨʳʚʘʶ-

ʱʠʭʩʷ ʚʨʝʤʝʥʥʳʭ ʦʢʦʥ. ʆʪʤʝʪʠʤ, ʯʪʦ, ʧʦʩʢʦʣʴʢʫ Wf (t) ʷʚʣʷʝʪʩʷ, ʧʦ ʧʦʩʪʨʦʝʥʠʶ, ʚʨʝʤʝʥʥʳʤ ʦʪ-

ʢʣʠʢʦʤ ʥʘ ʜʝʡʩʪʚʠʝ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʬʠʣʴʪʨʘ, ʪʦ ʝʝ ʢʦʤʧʦʥʝʥʪʳ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʪʨʝʟʢʦʚ ʩʠʥʫʩʦʠʜʳ ʚ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʦʢʥʝ ʩʠʩʪʝʤʳ (4), 

ʘ ʠʤʝʥʥʦ:  

 Ȉz(t) = Cz cos(ɤ t+ɣz) + nz(t) å  Cz cos(ɤ t +ɣz) 

 Ȉx(t) = Cx sin(ɤ t +ɣx) + nx(t) å Cx sin(ɤ t +ɣx),                                                                   (5) 

 Ȉy(t) = Cy sin(ɤ t +ɣy) + ny(t) å Cy sin( ɤ t +ɣy), 

 

ʛʜʝ Ȉz(t) = W3 (t, f), Ȉx(t) = W1 (t, f), Ȉy(t) = W2 (t, f), WŬ (t, f) (Ŭ = 1 ź x, 2 ź y, 3 ź z) ï ʢʦʤ-

ʧʦʥʝʥʪʳ ʚʨʝʤʝʥʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘ ʜʝʡʩʪʚʠʝ ʯʘʩʪʦʪʥʦʛʦ ʬʠʣʴʪʨʘ (2) ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʣʠʥʝʡʥʦʡ ʯʘʩʪʦ-

ʪʦʡ f, ɤ = 2ˊ f ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ, ʉŬ ʠ ɣŬ ï ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ, ʜʦʩʪʘʚʣʷʶʱʠʝ 

ʤʠʥʠʤʫʤ ʚʥʫʪʨʠʦʢʦʥʥʳʤ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʤ ʟʥʘʯʝʥʠʷʤ ʦʩʪʘʪʢʦʚ nŬ (t) ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (5).  

ɼʘʣʝʝ, ʟʘʧʠʰʝʤ (5) ʙʝʟ ʫʯʝʪʘ nŬ ʚ ʩʣʝʜʫʶʱʝʡ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ:  
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jjj ,                     (6) 

ʛʜʝ ű = ɤt + ɣz; Ax = Cx cos ɣxz; Ay = Cy cos ɣyz; Bx = Cx sin ɣxz; By = Cy sin ɣyz; ɣxz = ɣx - ɣz; 

ɣyz = ɣy - ɣz  

ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ (6) ʩʫʤʤʘ ʧʝʨʚʳʭ ʜʚʫʭ ʩʣʘʛʘʝʤʳʭ (i) ʥʝʦʪʣʠʯʠʤʘ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʬʨʘʛʤʝʥʪʘ ʚʦʣʥʳ ʈʵʣʝʷ ʥʘ ʯʘʩʪʦʪʝ f, (ii) ʩʫʤʤʘ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʩʣʘʛʘʝʤʦʛʦ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦ-

ʚʘʥʘ ʠ ʥʝʦʪʣʠʯʠʤʘ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʨʘʛʤʝʥʪʘ ʦʙʲʝʤʥʦʡ ʚʦʣʥʳ ʥʘ ʪʦʡ ʞʝ ʯʘʩʪʦʪʝ f, (iii) ʪʨʝ-

ʪʴʝ ʩʣʘʛʘʝʤʦʝ ʧʦʣʷʨʠʟʦʚʘʥʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢʘʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʨʘʛʤʝʥʪ  

SH-ʚʦʣʥʳ ʠʣʠ ʚʦʣʥʳ ʃʷʚʘ ʚ ʠʟʦʪʨʦʧʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʦʡ ʩʨʝʜʝ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʤʳ ʤʦʞʝʤ ʪʦʣʴʢʦ ʦʞʠʜʘʪʴ, ʯʪʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʩʨʝʜʥʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ H/V ʧʦ 

ʩʠʩʪʝʤʝ ʚʨʝʤʝʥʥʳʭ ʦʢʦʥ (4), ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʫʧʧʳ ʩʣʘʛʘʝʤʳʭ (i), ʙʫʜʝʪ ʧʨʝʦʙʣʘʜʘʪʴ 



Seysmologiya muammolari *  ʇʨʦʙʣʝʤʳ ʩʝʡʩʤʦʣʦʛʠʠ * Seismology problems *   ̄ 2, ʪ.3, 2021 

 7 

ʚʢʣʘʜ ʩʦ ʩʪʦʨʦʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʦʜʳ ʈʵʣʝʷ, ʘ ʚ ʩʣʫʯʘʝ (ii) ï ʚʢʣʘʜ ʩʦ ʩʪʦʨʦʥʳ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʧʦʩʪʦʷʥʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʠʣʠ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʟʘʤʢʥʫʪʦʛʦ ʦʙʲʝʤʘ (ʦʙʩʣʝʜʫʝʤʦʝ ʟʜʘʥʠʝ ʠ ʪ. 

ʜ.). ɺʘʨʠʘʥʪ (iii) ʩ ʫʯʘʩʪʠʝʤ ʪʦʣʴʢʦ ʪʨʝʪʴʝʛʦ ʩʣʘʛʘʝʤʦʛʦ, ʠʤʝʶʱʝʛʦ ʧʦʣʷʨʠʟʘʮʠʶ SH-ʚʦʣʥʳ ʠʣʠ 

ʚʦʣʥʳ ʃʷʚʘ, ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʥʘʤʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʥʝʠʥʬʦʨʤʘʪʠʚʝʥ ʚ 

ʦʪʥʦʰʝʥʠʠ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ V/H (= 0 !) ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʫʜʝʪ ʪʦʣʴʢʦ ʧʦʥʠʞʘʪʴ ʫʩʪʦʡ-

ʯʠʚʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʨʝʜʥʝʥʠʷ H /V ʚ ʩʢʦʣʴʟʷʱʝʤ ʚʨʝʤʝʥʥʦʤ ʦʢʥʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʘʚʘʷ ʯʘʩʪʴ (6) ʩʦʜʝʨʞʠʪ ʚʩʝ ʠʩʭʦʜʥʳʝ ʚʝʣʠʯʠʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʢʠ 

ʪʝʢʫʱʝʛʦ ʣʦʢʘʣʴʥʦʛʦ ʩʨʝʜʥʝʛʦ H /V ʚ ʦʢʥʝ [t(k), t(k) + win(f)] ʜʣʠʪʝʣʴʥʦʩʪʴʶ win(f) = (1+ɖ) Ű(f)  

(0 Ò k Ò K, Ű(f) = 1/f), ʘ ʠʤʝʥʥʦ:  
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ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʬʦʨʤʫʣʫ (7.1) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ H/V ʧʦ ʜʘʥ-

ʥʳʤ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʛʨʫʥʪʦʚʳʭ ʧʣʦʱʘʜʢʘʭ, ʘ (7.2) ï ʜʣʷ H/V ʧʦ ʜʘʥʥʳʤ ʦʙ-

ʩʣʝʜʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʟʘʤʢʥʫʪʳʭ ʦʙʲʝʤʦʚ, ʚ ʪ. ʯ. ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ. ɺ ʣʙʁʦʤ ʩʣʫʯʘʝ, 

ʥʘʰʝʡ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ H/V = H/V(f), ʛʣʘʚʥʳʝ ʦʩʦʙʝʥʥʦ-

ʩʪʠ ʧʦʚʝʜʝʥʠʷ ʢʦʪʦʨʦʡ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ [0, Fmax] ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʩʚʦʡʩʪʚʘʤʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʇʦʩʢʦʣʴʢʫ ʩʚʦʡʩʪʚʘ ʵʪʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʩʪʦʷʥʥʳʤʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝ-

ʤʝʥʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʪʦ ʩʭʝʤʘ ʚʳʯʠʩʣʝʥʠʷ H/V ʢʘʢ ʦʜʥʦʡ ʠʟ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʙʣʶʜʘʝʤʦ-

ʛʦ ʦʙʲʝʢʪʘ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʢʘʩʢʘʜ ʬʠʣʴʪʨʦʚ ʦʩʣʘʙʣʝʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʰʫʤʦʚ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ 

ʩʪʨʦʛʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʨʘʟʙʨʦʩ ʣʦʢʘʣʴʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʛʦ 

ʬʦʥʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʩʭʝʤʘ ʚʳʯʠʩʣʝʥʠʡ: 

ʇʫʩʪʴ f = f (n) ï ʪʝʢʫʱʘʷ ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ ʠ ɖ1, ɖ2, é, ɖK ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʦʢʘʣʴʥʳʝ 

ʩʨʝʜʥʠʝ ʧʦ ʚʘʨʠʘʥʪʫ (7.1) (ʠʣʠ 7.2) ʚʦ ʚʨʝʤʝʥʥʳʭ ʦʢʥʘʭ [t(1), t(1) + win(f)], [t(2), t(2) + win(f)], é , 

[t(K), t(K) + win(f)] ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʢʘʟʘʥʥʳʡ ʨʷʜ ʚʨʝʤʝʥʥʳʭ ʦʢʦʥ ʨʘʟʦʙʴy ʤ ʥʘ ʩʤʝʞʥʳʝ ʧʦʜʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʩʦʜʝʨʞʘʱʠʝ ʦʜʠʥʘʢʦʚʦʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ (Km). ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʘʩ-

ʯʝʪʳ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʘʨʘʤʝʪʨʘ Km ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ [Km_min, Km_max], ʛʜʝ 

Km_min = 15, Km_max = 30. ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʪʘʢʠʭ ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʪʨʦʠʤ ʛʠʩʪʦʛʨʘʤʤʫ ʣʦ-

ʢʘʣʴʥʳʭ ʩʨʝʜʥʠʭ ɖ ʩ ʧʨʝʜʝʣʴʥʦ ʚʦʟʤʦʞʥʦ ʤʘʣʦʡ (ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʠ ʧʦʩʪʦʷʥʥʦʡ ʚ 

ʪʦʤ ʞʝ ʤʘʩʰʪʘʙʝ) ʰʠʨʠʥʦʡ ʠʥʪʝʨʚʘʣʘ ʛʨʫʧʧʠʨʦʚʘʥʠʷ, ʦʪʢʫʜʘ ʜʘʣʝʝ ʩʥʠʤʘʝʤ ʪʦʣʴʢʦ ʦʜʥʦ ʧʦʢʘʟʘ-

ʥʠʝ, ʘ ʠʤʝʥʥʦ, ʟʥʘʯʝʥʠʝ ɖ ï ʢʦʦʨʜʠʥʘʪʳ (ɖ*) ʘʙʩʦʣʶʪʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʛʠʩʪʦʛʨʘʤʤʳ. ɺʳʙʨʘʥʥʳʝ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦ ʚʩʝʤ ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ʟʥʘʯʝʥʠʷ ɖ* ʦʙʨʘʟʫʶʪ ʥʦʚʦʝ ʤʥʦʞʝʩʪʚʦ ʣʦʢʘʣʴ-

ʥʳʭ ʩʨʝʜʥʠʭ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʦʪʙʦʨʘ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ. ʆʪʙʦʨ ʩʣʝʜʫʶʱʝʛʦ, 

ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ ʧʨʦʠʟʚʦʜʠʤ ʘʥʘʣʦʛʠʯʥʦ ʧʝʨʚʦʤʫ. ʉʪʨʦʠʤ ʛʠʩʪʦʛʨʘʤʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɖ* , ʥʦ ʫʞʝ ʩ 

ʙʦӢʣʴʰʝʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤ ʫʨʦʚʥʝʤ, ʰʠʨʠʥʦʡ ʠʥʪʝʨʚʘʣʘ ʛʨʫʧʧʠʨʦʚʘʥʠʷ, ʥʘ ʢʦʪʦʨʦʡ ʜʘʣʝʝ 

ʦʧʨʝʜʝʣʷʝʤ ʟʥʘʯʝʥʠʝ ɖ ï ʢʦʦʨʜʠʥʘʪʳ (ɖ**) ʝʝ ʘʙʩʦʣʶʪʥʦʛʦ ʤʘʢʩʠʤʫʤʘ. ʈʝʟʫʣʴʪʘʪ ʦʪʙʦʨʘ ʚʪʦʨʦʛʦ 

ʫʨʦʚʥʷ, ʘ ʠʤʝʥʥʦ, ʟʥʘʯʝʥʠʝ ɖ** ʠ ʙʫʜʝʪ ʠʩʢʦʤʦʡ ʦʮʝʥʢʦʡ ʩʦʙʩʪʚʝʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ H/V (ʪ. ʝ. ʥʝ 

ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ) ʥʘ ʪʝʢʫʱʝʡ ʯʘʩʪʦʪʝ f = f (n) ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʚ ʨʘʙʦ-

ʯʝʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥ [0, tmax]. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʥʘʯʝʥʠʷ ɖ**( f (n)), ʛʜʝ n = 0, é, NF ʩʦʩʪʘʚʷʪ ʜʠʩ-

ʢʨʝʪʥʳʡ ʦʙʨʘʟ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ H/V (f) ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘ-

ʟʦʥʝ ʯʘʩʪʦʪ [0, Fmax].  

  

ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʩʢʦʨʦʩʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʦʣʱʠ ʧʫʪʝʤ ʦʙʨʘʱʝʥʠʷ  

ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ H/V ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ  

ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʛʦ ʬʦʥʘ 

 

ʇʦʩʪʨʦʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦ-ʥʝʦʜʥʦʨʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʤʦʜʝʣʠ M = {Vp, Vs, ɟ | h <Hmax} ʩʢʦ-

ʨʦʩʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʦʣʱʠ ʚ ʨʘʡʦʥʝ ʪʦʯʢʠ ʦʙʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʘʣʥɹʳʭ 

ʦʪʥʦʰʝʥʠʡ H/V (ʟʜʝʩʴ ʠ ʜʘʣʝʝ ï HVSR-ʤʝʪʦʜ) ʪʨʝʙʫʝʪ ʟʘʜʘʥʠʷ ʥʘʯʘʣʴʥʦʡ ʤʦʜʝʣʠ M0 ʥʘ ʦʩʥʦʚʝ 

ʚʩʝʡ ʠʤʝʶʱʝʡʩʷ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʦʙʩʣʝʜʫʝʤʦʡ ʧʣʦʱʘʜʢʠ, ʚ ʪ. ʯ. ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʰʝʥʠʝ ʫʢʘʟʘʥʥʦʡ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʦʜʥʦʟʥʘʯʥʦ ʠ, 

ʧʨʠ ʵʪʦʤ, ʢʘʞʜʦʝ ʦʪʜʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʝʱʝ ʠ ʥʝʫʩʪʦʡʯʠʚʦ ʢ ʤʘʣʳʤ ʠʟʤʝʥʝʥʠʷʤ ʠʟʤʝʨʷʝʤʳʭ 

ʚʝʣʠʯʠʥ. ʉʨʝʜʠ ʢʦʤʧʦʥʝʥʪ Vs, Vp ʠ ɟ ʤʦʜʝʣʠ M ʥʘʠʙʦʣʴʰʠʝ ʚʘʨʠʘʮʠʠ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʠʩʧʳʪʳʚʘʶʪ ɟ(h) ʠ Vp(h) (ʧʣʦʪʥʦʩʪʴ ʛʨʫʥʪʘ ʠ ʩʢʦʨʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦʜʦʣʴʥʳʭ 

ʚʦʣʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʧʦɻ ʪʦʤʫ ʪʦʯʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ M ʧʦ ʚʩʝʤ ʝʝ ʢʦʤʧʦʥʝʥʪʘʤ ʢʨʠʪʠʯʝʩʢʠ 

ʟʘʚʠʩʠʪ ʦʪ ʦʙʲʝʤʘ ʠ ʜʝʪʘʣʴʥʦʩʪʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʙʩʣʝʜʫʝ-

ʤʦʡ ʧʣʦʱʘʜʢʠ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ M ʜʣʷ ʢʘʞʜʦʛʦ ʪʝʢʫʱʝʛʦ ʥʘʙʦʨʘ ʟʥʘʯʝʥʠʡ ʝʝ ʧʘʨʘʤʝʪʨʦʚ ʚʳʯʠʩʣʷʶʪʩʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʪʥʦʰʝʥʠʷ (H/V)_model = 
)(

)(

fa

fb
 ʧʦ ʚʩʝʤʫ ʤʥʦʞʝʩʪʚʫ F = { f (n) | 

0 Ò n Ò NF} ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ, ʛʜʝ b ʠ a ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ ʧʦʣʫʦʩʠ ʵʣʣʠʧʩʘ ʧʦʣʷ-

ʨʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʛʘʨʤʦʥʠʢʠ ʈʵʣʝʷ ʥʘ ʯʘʩʪʦʪʝ f ʚ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ 

çʛʨʫʥʪïʩʝʡʩʤʦʧʨʠʝʤʥʠʢè, ʚʳʯʠʩʣʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʦʩʢʠʭ ʤʦʥʦʭʨʦ-

ʤʘʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʦʜʥʦʨʦʜʥʳʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʨʝʜʘʭ. ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦ-

ʜʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʯʥʦʛʦ ʤʝʪʦʜʘ ʊʦʤʧʩʦʥʘ-ʍʘʩʢʝʣʘ [2-4] ʜʣʷ ʦʙʱʝʛʦ ʩʣʫʯʘʷ ʘʥʠʟʦʪʨʦʧ-

ʥʦʡ ʛʦʨʠʟʦʥʪʘʣʥɹʦ-ʩʣʦʠʩʪʦʡ ʩʨʝʜʳ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʨʝʰʝʥʠʝ 

ʧʨʦʙʣʝʤʳ ʧʦʪʝʨʠ ʪʦʯʥʦʩʪʠ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʚʦʣʥ. ʋʢʘʟʘʥʥʘʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ 

ʬʦʨʤʘ ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʧʝʨʝʥʦʩʘ ï ʢ ʘʣ-

ʛʝʙʨʘʠʯʝʩʢʠ-ʵʢʚʠʚʘʣʝʥʪʥʦʤʫ (ʜʣʷ ʜʘʥʥʦʡ ʯʘʩʪʥʦʡ ʟʘʜʘʯʠ b(f)/ a(f)) ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʥʘ ʦʩʥʦʚʝ 

ʧʦʜʤʘʪʨʠʮ ʨʘʟʤʝʨʘ 3 Ĭ 3, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʨʘʩʪʫʱʠʭ ʩ ʠʥʪʝʨʚʘʣʴʥʦʡ ʛʣʫʙʠ-

ʥʦʡ ʵʣʝʤʝʥʪʦʚ. ɺʝʢʪʦʨ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʦʪʥʦʰʝʥʠʝ 
)(

)(

fa

fb  ʧʦʣʫʯʘʶʪʩʷ ʪʦʛʜʘ ʢʘʢ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʝ ʚʝʢʪʦʨʥʳʝ ʠ ʩʢʘʣʷʨʥʳʝ ʚʝʣʠʯʠʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʢʨʠʚʦʡ ʬʘʟʦʚʳʭ ʩʢʦʨʦ-

ʩʪʝʡ ʦʩʥʦʚʥʦʛʦ ʪʦʥʘ ʈʵʣʝʝʚʩʢʠʭ ʚʦʣʥ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʡ: (i) ʨʘʚʝʥʩʪʚʘ 

ʥʫʣʶ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʪʦʯʢʝ çʛʨʫʥʪïʩʝʡʩʤʦʧʨʠʝʤʥʠʢè ʠ (ii ) 

ʦʙʥʫʣʝʥʠʷ ʘʤʧʣʠʪʫʜʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠ ʧʘʨʮʠʘʣʴʥʳʭ ʚʦʣʥʘʭ, ʧʘʜʘʶʱʠʭ ʠʟ ʧʦʜʩʪʠʣʘʶ-

ʱʝʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ.  

 ʐʘʛ 1: ɿʘʜʘʯʫ ʧʦʩʪʨʦʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʨʘʡʦʥʝ ʪʦʯʢʠ ʦʙʩʣʝʜʦʚʘʥʠʷ ʨʝʰʘʝʤ 

ʧʫʪʝʤ ʤʠʥʠʤʠʟʘʮʠʠ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ||(H/V)_m ï (H/V)_field ||2 ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʜʝʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ {Vp(n), Vs(n), ɟ(n), ȹh(n) | n= 1 , .. , Nm}.  

ɿʜʝʩʴ ||(H/V)_m ï (H/V)_field ||2 ʦʙʦʟʥʘʯʘʝʪ ʩʫʤʤʫ ʚʟʚʝʰʝʥʥʳʭ ʢʚʘʜʨʘʪʦʚ ʨʘʟʥʦʩʪʝʡ 

ʤʝʞʜʫ ʨʘʩʯʝʪʥʳʤʠ ((H/V)_m) ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ((H/V)_field) ʟʥʘʯʝʥʠʷʤʠ ʢʨʠʚʦʡ ʩʧʝʢ-

ʪʨʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʩʦʚʳʝ ʤʥʦʞʠʪʝʣʠ, w(f), ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷʤʠ 

ʟʘʜʘʥʥʦʡ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʬʫʥʢʮʠʠ ʦʪ ʘʨʛʫʤʝʥʪʘ x(f) = max{( H/V)_field (f), 

H2V_min} , ʛʜʝ f Í [0, Fmax], H2V_min ï ʧʦʜʭʦʜʷʱʝʝ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ; Vp(n), Vs(n), ɟ(n) ʠ ȹh 

(n) ï ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ, ʧʣʦʪʥʦʩʪʴ ʠ ʪʦʣʱʠʥʘ n-ʦʛʦ ʩʣʦʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; Nm ï ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʤʦʜʝʣʠ, ʚʢʣʶʯʘʷ ʦʙʱʝʝ ʜʣʷ ʚʩʝʡ ʩʝʡʩʤʦʨʘʡʦʥʠʨʫʝʤʦʡ 

ʦʙʣʘʩʪʠ ʧʦʜʩʪʠʣʘʶʱʝʝ ʦʜʥʦʨʦʜʥʦʝ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ.  

ʆʩʥʦʚʥʳʝ ʤʦʤʝʥʪʳ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶ-

ʱʝʤ: 

1. ʅʘʯʘʣʴʥʫʶ ʤʦʜʝʣʴ M = M0, ʚʳʙʠʨʘʝʤʫʶ ʥʘ ʦʩʥʦʚʝ ʚʩʝʡ ʠʤʝʶʱʝʡʩʷ ʘʧʨʠʦʨʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʦʙʩʣʝʜʫʝʤʦʡ ʧʣʦʱʘʜʢʠ, ʟʘʜʘʝʤ ʩ ʤʠʥʠʤʘʣʴʥʦ-ʚʦʟʤʦʞʥʳʤ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʩʣʦʝʚ Nm = N0 (N0 < 7). 

2. ʆʯʝʨʝʜʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ M ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʦʧʪʠʤʘʣʴʥʦʤ ʧʦʜʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʤʘʪʨʠʮʳ ʩʠʩʪʝʤʳ ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʉ.ʅ.ʋ.) ʟʘʜʘʯʠ 

ʤʠʥʠʤʠʟʘʮʠʠ ʣʦʢʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ || (H/V)_Lm ï (H/V)_field ||2, ʛʜʝ (H/V)_Lm ï ʨʘʩʯʝʪ-

ʥʘʷ ʢʨʠʚʘʷ, ʣʠʥʝʘʨʠʟʦʚʘʥʥʘʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʝʢʫʱʝʛʦ ʧʨʦʙʥʦʛʦ ʨʝʰʝʥʠʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʫʢʘ-

ʟʘʥʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʜʚʫʭʵʪʘʧʥʦʡ ʩʦʨʪʠʨʦʚʢʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢ-

ʪʦʨʦʚ uŬ (| uŬ | = (ɚŬ)-1 Ā cŬ) ʤʘʪʨʠʮʳ ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʩ ʦʪʩʝʯʢʦʡ ʥʠʞʝ ʦʯʝʨʝʜʥʦʛʦ ʧʦʨʦ-

ʛʦʚʦʛʦ ʫʨʦʚʥʷ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʩʦʨʪʠʨʦʚʢʠ. ɿʜʝʩʴ ɚŬ ï ʩʦʙʩʪʚʝʥʥʦʝ ʯʠʩʣʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʩʦʙʩʪʚʝʥʥʦʤʫ ʚʝʢʪʦʨʫ uŬ,   cŬ = (wŬ, c
C

) ï ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʢʪʦʨʘ wŬ = (1/|uŬ |) uŬ ʠ 



Seysmologiya muammolari *  ʇʨʦʙʣʝʤʳ ʩʝʡʩʤʦʣʦʛʠʠ * Seismology problems *   ̄ 2, ʪ.3, 2021 

 9 

ʚʝʢʪʦʨʘ (c
C
) ʧʨʘʚʦʡ ʯʘʩʪʠ ʉ.ʅ.ʋ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʥʘʙʦʨ ʚʩʝʭ ʩʦʙʩʪʚʝʥʥʳʭ 

ʚʝʢʪʦʨʦʚ {  uŬ } ʫʧʦʨʷʜʦʯʠʚʘʝʪʩʷ ʧʦ ʫʙʚrʘʥʠʶ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ nȹ (ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʫʯʘʩʪʢʘ 

ʤʦʥʦʪʦʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʚʝʢʪʦʨʫ), ʧʦʩʣʝ ʯʝʛʦ ʚ ʧʦʜ-

ʤʥʦʞʝʩʪʚʝ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʩ ʥʝʥʫʣʝʚʦʡ ʜʣʠʥʦʡ ʩʧʫʩʢʘ ( ʧʦʣʦʞʠʤ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ 

ʚʝʢʪʦʨʦʚ = N1) ʦʩʪʘʚʣʷʝʤ ʪʦʣʴʢʦ ʧʝʨʚʳʝ N2 = p1 N1 ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʤʳʩʣʝ ʟʘ-

ʜʘʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʦʨʷʜʢʘ, ʘ ʥʘ ʚʪʦʨʦʤ, ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ, ʵʪʘʧʝ ʦʩʪʘʚʰʠʝʩʷ ʚʝʢʪʦʨʳ ʚ ʢʦʣʠ-

ʯʝʩʪʚʝ N2 ʫʧʦʨʷʜʦʯʠʚʘʶʪʩʷ ʧʦ ʫʙʳʚʘʥʠʶ ʧʘʨʘʤʝʪʨʘ mȹ (ʜʣʠʥʘ ʩʧʫʩʢʘ, ʥʦ ʠʟʤʝʨʝʥʥʘʷ ʢʘʢ ʚʘ-

ʨʠʘʮʠʷ ʛʣʦʙʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ), ʧʦʩʣʝ ʯʝʛʦ, ʚ ʧʦʣʫʯʝʥʥʦʤ ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʥʘʙʦʨʝ 

ʦʩʪʘʚʣʷʝʤ ʧʝʨʚʳʝ N12 = p2 N2 ʤʘʢʩʠʤʘʣʴʥʳʭ (ʚ ʩʤʳʩʣʝ ʟʘʜʘʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʦʨʷʜʢʘ) ʚʝʢʪʦ-

ʨʦʚ. ʈʘʩʢʨʳʚʘʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩʤʳʩʣ/ʥʘʟʥʘʯʝʥʠʝ ʨʷʜʘ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʪʤʝ-

ʪʠʤ, ʯʪʦ nȹ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʫʯʘʩʪʢʘ ʤʦʥʦʪʦʥʥʦʛʦ ʫʙʳʚʘʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʮʝʣʝ-

ʚʦʡ ʬʫʥʢʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʝʢʪʦʨʘ ʠʟ ʥʘʙʦʨʘ { uŬ } ʩ ʧʨʠʤʝʥʝʥʠʝʤ, ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʦʧʨʘʚʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ < 1 ʢ ʪʝʢʫʱʝʤʫ ʧʨʠʨʘʱʝʥʠʶ 

ʘʨʛʫʤʝʥʪʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʚʳʭʦʜʘ ʠʟ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʦʛʨʘʥʠʯʝʥʠʡ, ʚ ʪ. ʯ. ʜʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʥʝʨʘʚʝʥʩʪʚ 1.55 < (vp/vs )_min vp / vs Ò (vp/vs )_max < 4. 

ɿʥʘʯʝʥʠʝ nȹ ʠʟʤʝʨʷʝʪʩʷ ʚ ʢʦʣʠʯʝʩʪʚʝ ʰʘʛʦʚ ʟʘʜʘʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʜʣʠʥʳ ȹL = k, ʥʘʯʠ-

ʥʘʷ ʦʪ ʪʦʯʢʠ ʪʝʢʫʱʝʛʦ ʧʨʦʙʥʦʛʦ ʨʝʰʝʥʠʷ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ ʩ ʛʣʦʙʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ, 

ʛʜʝ k ï ʝʜʠʥʳʡ ʜʣʷ ʚʩʝʭ uŬ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ <1. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʝʨʝʟ mȹ ʦʙʦʟʥʘ-

ʯʝʥʘ ʜʣʠʥʘ ʩʧʫʩʢʘ ʚʜʦʣʴ ʪʦʛʦ ʞʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʢʪʦʨʘ ʩ ʪʝʤʠ ʞʝ ʥʘʯʘʣʴʥʦʡ ʠ ʢʦʥʝʯʥʦʡ ʪʦʯ-

ʢʘʤʠ ʠ ʰʘʛʦʤ ȹL, ʥʦ ʠʟʤʝʨʝʥʥʘʷ ʢʘʢ ʚʘʨʠʘʮʠʷ ʛʣʦʙʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʚ ʧʨʝʜʝʣʘʭ ʝʝ ʠʥ-

ʪʝʨʚʘʣʘ ʫʙʳʚʘʥʠʷ ʩ ʚʧrʦʣʥʝʥʠʝʤ ʟʘʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʳʙʦʨʘ ʢʦʥʢʨʝʪʥʳʭ p1 

ʠ p2, ʦʧʳʪʥʳʝ ʨʘʩʯʝʪʳ ʩ ʟʘʜʘʥʠʝʤ ʠʭ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʜʘʶʪ ʥʘʤ ʦʩʥʦʚʘʥʠʷ ʧʦʣʦʞʠʪʴ p1 = 

p2 = 1/2. 

ʅʘʙʦʨ ʚʝʢʪʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʢʘʟʘʥʥʦʡ 2-ʵʪʘʧʥʦʡ ʩʝʣʝʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʙʘʟʠʩ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʜʘʣʝʝ ʩʪʨʦʠʤ ʚʝʢʪʦʨ (u* ) çʦʧʪʠ-

ʤʘʣʴʥʦʛʦè ʩʧʫʩʢʘ, ʟʘʥʠʤʘʶʱʝʛʦ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘʠʩʢʦʨʝʡ-

ʰʝʛʦ ʩʧʫʩʢʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʪʷʞʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʤʦʥʦʪʦʥʥʦʛʦ ʫʙʳʚʘʥʠʷ ʮʝ-

ʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʘ ʠʤʝʥʥʦ, ʧʦʣʦʞʠʤ 
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ʛʜʝ i(Ŭ) ï ʥʦʤʝʨ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʢʪʦʨʘ uŬ ʚ ʥʘʙʦʨʝ, ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʧʦ ʫʙʳʚʘʥʠʶ nȹ ʥʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʩʦʨʪʠʨʦʚʢʠ; j(Ŭ) ï ʥʦʤʝʨ ʪʦʛʦ ʞʝ uŬ ʧʦ ʫʙʳʚʘʥʠʶ mȹ ʥʘ 2-ʤ ʵʪʘʧʝ ʩʦʨʪʠʨʦʚʢʠ; w1 (i) ʠ w2 

(j) ï ʧʦʜʭʦʜʷʱʠʝ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʱʠʝ ʬʫʥʢʮʠʠ, ʧʨʠʥʠʤʘʶɦ ʠʝ ʟʥʘʯʝʥʠʷ ɕ0 ʧʨʠ i = j = 1 ʠ ɕ1, 

ɕ2 ʧʨʠ i = N01, j = N2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʜʝ 0 < ɕ1 < ɕ2 < ɕ0 Ò 1. 

2. ɼʘʣʝʝ, u*  ʠʟ (8) ʜʦʙʘʚʣʷʝʤ ʢ ʤʥʦʞʝʩʪʚʫ { uŬ | 1 Ò Ŭ Ò N12}  ʠ ʚ ʧʦʣʫʯʝʥʥʦʤ ʨʘʩʰʠʨʝʥ-

ʥʦʤ ʥʘʙʦʨʝ {u*, { uŬ | 1 Ò Ŭ Ò N12}}  ʚʳʙʠʨʘʝʤ ʚʝʢʪʦʨ (u** ) ʩ ʥʘʠʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʛʣʦʙʘʣʴ-

ʥʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʚ ʢʦʥʝʯʥʦʡ ʪʦʯʢʝ ʝʝ ʤʦʥʦʪʦʥʥʦʛʦ ʫʙʳʚʘʥʠʷ ʚʜʦʣʴ u**, ʧʦʩʣʝ ʯʝʛʦ (i) 

ʨʝʰʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʢʘʟʘʥʥʦʡ ʢʦʥʝʯʥʦʡ ʪʦʯʢʝ ʤʦʥʦʪʦʥʥʦʛʦ ʫʙʳʚʘʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

u**  ʩ ʧʨʦʚʝʨʢʦʡ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʦ-

ʛʦ/ʩʣʝʜʫʶʱʝʛʦ ʧʨʦʙʥʦʛʦ ʨʝʰʝʥʠʷ. ʀʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʧ.2Ÿʧ.2.1 Ÿʧ.2Ÿʧ.2.1 Ÿ. ʟʘʚʝʨ-

ʘhʝʤ ʧʨʠ ʧʨʝʚʳh ʝʥʠʠ ʟʘʜʘʥʥʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʯʠʩʣʘ ʧʝʨʝʭʦʜʦʚ ʧ.2.1 Ÿʧ.2 ʠʣʠ ʧʨʠ ʧʦʧʘʜʘʥʠʠ 

(ʧʦ ʟʘʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ) ʚ ʦʢʨʝʩʪʥʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʦʯʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʤʦʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʥʘʯʝ (ii) ʟʥʘʯʝʥʠʝ ȹL ʜʣʠʥʳ ʰʘʛʘ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʡ ʩʧʫʩʢʘ ʧʦʥʠʞʘ-

ʝʪʩʷ ʚ ʟʘʜʘʥʥʦʝ (ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʮʝʣʦʝ) ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʦʠʩʢʦʤ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʧ. 

2 (ʦʯʝʨʝʜʥʦʝ ʫʣʫʯʰʝʥʠʝ ʤʦʜʝʣʠ). 

3. ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʧʨʦʙʥʘʷ ʤʦʜʝʣʴ M ʜʦʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʬʦʨʤʘʣʴʥʦʛʦ ʨʘʟʙʠʝʥʠʷ 

ʢʘʞʜʦʛʦ ʝʝ ʩʣʦʷ ʥʘ l ʨʘʚʥʦʤʦʱʥʳʭ ʩʣʦʝʚ, ʧʦʩʣʝ ʯʝʛʦ, ʧʨʠʥʠʤʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʜʦʦʧʨʝʜʝʣʝʥ-

ʥʫʶ M ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʡ (l   N0 ï 1) ïʩʣʦʡʥʦʡ ʤʦʜʝʣʠ, ʛʜʝ l = 2, ʧʝʨʝʭʦʜʠʤ ʢ ʧ.2Ÿʧ.2.1 

Ÿʧ.2Ÿʧ.2.1 Ÿ., ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ M ʦʙʲʷʚʣʷʝʪʩʷ 

ʦʢʦʥʯʘʪʝʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʫʪʝʤ ʦʙʨʘʱʝʥʠʷ ʩʨʝʜʥʝ-

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ H/V ʧʦ ʜʘʥʥʳʤ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʦʜʥʦʡ ʪʦʯʢʝ. ʊʘʢʠʝ 
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ʩʝʡʩʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʪ. ʝ. ʧʦʣʫʯʝʥʥʳʝ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʜʘʥʥʳʭ ʧʦ ʩʦʩʝʜʥʠʤ ʪʦʯʢʘʤ, ʟʜʝʩʴ ʠ 

ʜʘʣʝʝ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʪʝʨʤʠʥʦʤ çʈʝʰʝʥʠʝ H/V Ÿ M ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ ʜʝʪʘʣʥɹʦʩʪʠè. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʦʜʥʦʡ ʠʟ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʧʣʦʱʘʜʦʢ 

ʦʪʨʘʞʝʥʳ ʥʘ ʨʠʩ. 1. 

 
 

ʉʡʪ. 1. ʈʩʡʥʞʩ ʥʧʝʞʤʡ ʨʞʩʛʧʜʧ ʬʩʧʛʦʸ ʝʞʫʙʤʵʦʧʪʫʡ ʝʤʸ ʧʝʦʧʢ ʡʠ ʧʚʪʤʞʝʧʛʙʦʦʴʮ ʨʤʧʲʙʝʧʣ. 

 

ʐʘʛ 2: ʇʦʩʪʨʦʝʥʠʝ çʈʝʰʝʥʠʡ H/V Ÿ M ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ ʜʝʪʘʣʴʥʦʩʪʠè. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʨʘʡʦʥʝ ʪʦʯʢʠ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʫʪʝʤ ʤʠ-

ʥʠʤʠʟʘʮʠʠ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ||(H/V)_m ï (H/V)_field ||2 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʧʦ ʩʦʩʝʜʥʠʤ ʪʦʯ-

ʢʘʤ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʧʫʪʝʤ ʩʧʝʮʠʘʣʴʥʦʡ ʘʜʘʧʪʠʚʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʁ ʱʝʤ. 

(a) ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʦʙʣʘʩʪʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠʷ (ʉʄʈ) ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ 

ɼʝʣʦʥʝ ʩ ʚʝʨʰʠʥʘʤʠ ʚ ʧʫʥʢʪʘʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʘʛʨʘʤʤ ɺʦʨʦʥʦʛʦ, ʚʳ-

ʯʠʩʣʷʝʤʳʭ ʤʝʪʦʜʦʤ ʟʘʤʝʪʘʶʱʠʭ ʧʣʦʩʢʦʩʪʝʡ [5] (S.Fortune, 1987). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʪʨʠʘʥʛʫ-

ʣʷʮʠʶ ɼʝʣʦʥʝ, ʢʦʪʦʨʫʶ ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʩʠʤʚʦʣʦʤ D. 

(b) ɼʦʦʧʨʝʜʝʣʝʥʠʝ H/V ʚ ʟʘʜʘʥʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʪʦʯʢʘʭ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʨʝʙʝʨ ʛʨʘʬʘ D ʧʫ-

ʪʝʤ ʧʦʰʘʛʦʚʦʛʦ ʧʨʦʩʣʝʞʠʚʘʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʪ-

ʥʦʰʝʥʠʡ ʚʜʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʘʝʢʪʦʨʠʡ ʯʝʨʝʟ ʫʟʣʦʚʳʝ ʪʦʯʢʠ ʛʨʘʬʘ D. 

(c) ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ M  ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ ʜʝʪʘʣʴʥʦʩʪʠ ʢʘʢ ʧʦ ʠʟʤʝʨʝʥʥʳʤ, ʪʘʢ ʠ ʜʦʦʧʨʝ-

ʜʝʣʝʥʥʳʤ (ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʳʤ) H/V. 

(d) ɼʣʷ ʢʘʞʜʦʛʦ ʧʫʥʢʪʘ ʥʘʙʣʶʜʝʥʠʡ (X j) ʠʟ ʚʩʝʭ ʮʝʧʦʯʝʢ ʨʝʙʝʨ ʛʨʘʬʘ D, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ 

Xj ʢʘʢ ʯʝʨʝʟ ʩʨʝʜʥʶʶ ʫʟʣʦʚʫʶ ʪʦʯʢʫ, ʚʳʙʠʨʘʝʪʩʷ ʮʝʧʦʯʢʘ, ʩʫʤʤʘ ʫʛʣʦʚ ʠʟʣʦʤʘ ʢʦʪʦʨʦʡ ʤʠʥʠ-

ʤʘʣʴʥʘ ʚ ʧʨʝʜʝʣʘʭ ʟʘʜʘʥʥʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʧʫʥʢʪʘ Xj. ɼʘʣʝʝ, ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ hk (1 Ò k Ò K ) ʬʠʢʩʠ-

ʨʦʚʘʥʥʦʛʦ ʫʧʣʦʪʥʝʥʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʦʙʱʝʛʦ ʠʥʪʝʨʚʘʣʘ ʛʣʫʙʠʥ [0, Hmax] ʚʳʧʦʣʥʷʝʪʩʷ ʤʥʦʛʦʤʘʩ-

ʰʪʘʙʥʳʡ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟ ʩ ʫʨʦʚʥʷʤʠ ʨʘʟʣʦʞʝʥʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ Lmax < 8 ʜʣʷ ʨʷʜʦʚ {vp (i), vs (i) | i = 

1, Nj}, ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʝʡ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʤʦʜʝʣʷʤ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ ʜʝʪʘʣʴ-

ʥʦʩʪʠ ʧʨʠ h =  ɝ( hk , i) ʢʘʢ ʚ ʫʟʣʦʚʳʭ, ʪʘʢ ʠ ʚ ʜʦʦʧʨʝʜʝʣʝʥʥʳʭ ʪʦʯʢʘʭ ʚʳʙʨʘʥʥʦʛʦ ʧʨʦʬʠʣʷ, ʧʦʩʣʝ 

ʯʝʛʦ ʟʥʘʯʝʥʠʷ vp (i) ʠ vs (i) ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʯʘʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʟʘʜʘʥʥʦʤʫ 

ʙʘʟʠʩʫ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʧʦ ʙʘʟʠʩʫ ʚʝʡʚʣʝʪʦʚ ʀ. ɼʝʙʦʰʠ [6, 7], ʛʜʝ i ï ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʳʡ ʥʦʤʝʨ 

ʪʦʯʢʠ, Nj ï ʦʙʱʝʝ ʯʠʩʣʦ ʨʝʘʣʴʥʳʭ ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʪʦʯʝʢ ʥʘ ʣʠʥʠʠ ʚʳʙʨʘʥʥʦʛʦ ʧʨʦʬʠʣʷ, ʧʨʦʭʦʜʷ-

ʱʝʛʦ ʯʝʨʝʟ Xj, ɝ(h , i) ï ʬʫʥʢʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʘʩʰʪʘʙʘ ʛʣʫʙʠʥ h ʢʘʢ ʨʝʟʫʣʪɹʘʪ ʧʨʦʩʣʝʞʠʚʘʥʠʷ 

ʭʘʨʘʢʪʝʨʥʳʭ ʫʯʘʩʪʢʦʚ ʢʨʠʚʳʭ H/V ʚʜʦʣʴ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʧʨʦʬʠʣʷ ʩ ʦʧʦʨʥʦʡ ʪʦʯʢʦʡ ʚ X j, ʦʪʢʫʜʘ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʩʣʝʜʫʝʪ, ʯʪʦ ɝ( h , i) = hk ʧʨʠ i, ʨʘʚʥʦʤ ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʦʤʫ ʥʦʤʝʨʫ X j
. ʆʪʙʨʦʰʝʥʥʘʷ ʚʳ-

ʩʦʢʦʯʘʩʪʦʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʦʮʝʥʢʠ ʤʝʨʳ ʨʘʟʙʨʦʩʘ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʨʝʰʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʛʦ ʭʦʜʘ vp, vs ʚ ʧʨʝʜʝʣʘʭ ʚʳʙʨʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʩʝʪʢʠ ɼʝʣʦʥʝ. ɿʥʘʯʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʩʛʣʘʞʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʠ i, ʨʘʚʥʦʤ ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʦʤʫ ʥʦʤʝʨʫ ʪʦʯʢʠ X j, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʦʙʲʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ vp, vs ʠʩʢʦʤʦʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʤʦʜʝʣʠ ʧʨʠ h = hk ʚ ʨʘʡʦʥʝ 

ʧʫʥʢʪʘ X j ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʧʦ ʩʦʩʝʜʥʠʤ ʪʦʯʢʘʤ. ʇʦʩʪʨʦʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ (a) -:- (d) 

ʤʥʦʛʦʩʣʦʡʥʳʝ ʤʦʜʝʣʠ, ʪ. ʝ. ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʤʦʜʝʣʠ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ ʜʝʪʘʣʴʥʦʩʪʠ, ʤʦʞʥʦ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦ ʫʪʦʯʥʠʪʴ, ʧʦʦʯʝʨʝʜʥʦ ʧʝʨʝʜʘʚʘʷ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʥɹʳʭ ʥʘ ʧ. 2 (ʫʣʫʯʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 
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ʤʦʜʝʣʠ), ʥʦ ʥʘ ʵʪʦʪ ʨʘʟ ʩ ʧʦʠʩʢʦʤ ʚ ʤʘʣʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʥʘʯʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʙʝʟ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʘʜʘʧʪʠʚʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ. ʉʣʝʜʫʶʱʠʝ 2 ʨʠʩʫʥʢʘ ʠʣʣʶʩʪʨʠʨʫʶʪ ʪʨʠʘʥʛʫʣʷʮʠʶ ɼʝ-

ʣʦʥʝ ʧʦ ʬʘʢʪʠʯʝʩʢʠʤ ʪʦʯʢʘʤ (ʨʠʩ. 2) ʠ ʧʦ çʬʘʢʪʠʯʝʩʢʠʤ + ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʳʤè ʪʦʯʢʘʤ ʤʠʢʨʦ-

ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʛ. ɸʰʭʘʙʘʜʘ (ʨʠʩ. 3). 

 

                        
 

ʉʡʪ. 2. ɽʡʪʣʩʞʫʡʠʙʯʡʸ ʧʚʤʙʪʫʡ ʊʅʉ ʫʩʞ-
ʬʜʧʤʵʦʡʣʙʥʡ ɽʞʤʧʦʞ (ʫʩʡʙʦʜʬʤʸʯʡʸ ɽʞʤʧʦʞ ʨʧ ʭʙʣ-
ʫʡʰʞʪʣʡʥ ʫʧʰʣʙʥ ʦʙʚʤʷʝʞʦʡʢ) ʦʙ ʧʪʦʧʛʞ ʪʧʧʫʛʞʫ-
ʪʫʛʬʷʲʡʮ ʝʡʙʜʩʙʥʥ ɻʧʩʧʦʧʜʧ, ʛʴʰʡʪʤʸʞʥʴʮ ʥʞ-
ʫʧʝʧʥ ʠʙʥʞʫʙʷʲʡʮ ʨʤʧʪʣʧʪʫʞʢ (S.Fortune, 1987).  

ʉʡʪ. 3. ɽʡʪʣʩʞʫʡʠʙʯʡʸ ʧʚʤʙʪʫʡ ʊʅʉ ʫʩʞ-
ʬʜʧʤʵʦʡʣʙʥʡ ɽʞʤʧʦʞ (ʫʩʡʙʦʜʬʤʸʯʡʸ ɽʞʤʧʦʞ ʨʧ ʭʙʣ-
ʫʡʰʞʪʣʡʥ ʫʧʰʣʙʥ ʦʙʚʤʷʝʞʦʡʢ) ʦʙ ʧʪʦʧʛʞ ʪʧʧʫʛʞʫ-
ʪʫʛʬʷʲʡʮ ʝʡʙʜʩʙʥʥ ɻʧʩʧʦʧʜʧ, ʛʴʰʡʪʤʸʞʥʴʮ ʥʞ-
ʫʧʝʧʥ ʠʙʥʞʫʙ̫ ʲʡʮ ʨʤʧʪʣʧʪʫʞʢ (S.Fortune, 1987). 

 

ʉʣʝʜʫʶʱʠʝ ʨʠʩ. 4, 5 ʠʣʣʶʩʪʨʠʨʫʶʪ ʩʭʝʤʫ ʘʜʘʧʪʠʚʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ H/V (ʨʠʩ. 4) ʠ ʨʝ-

ʟʫʣʴʪʘʪʳ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʤʦʜʝʣʠ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ ʜʝʪʘʣʴʥʦʩʪʠ (ʨʠʩ. 5) ʥʘ ʦʩʥʦʚʝ ʩʢʦ-

ʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ ʜʝʪʘʣʴʥʦʩʪʠ (ʩʤ. ʨʠʩ. 1) ʚ ʪʦʤ ʞʝ ʧʫʥʢʪʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʧʦ ʩʦʩʝʜʥʠʤ ʪʦʯʢʘʤ.  

 

ɸʜʘʧʪʠʚʥʘʷʠʥʪʝʨʧʦʣʷʮʠʷ

 
ʉʡʪ. 4. ʊʮʞʥʙ ʙʝʙʨʫʡʛʦʧʢ ʡʦʫʞʩʨʧʤʸʯʡʡ. 
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ʉʡʪ. 5. ʅʦʧʜʧʪʤʧʢʦʙʸ ʥʧʝʞʤʵ ʛʫʧʩʧʜʧ ʬʩʧʛʦʸ ʝʞʫʙʤʵʦʧʪʫʡ ʦʙ ʧʪʦʧʛʞ ʪʣʧʩʧʪʫʦʧʢ ʥʧʝʞʤʡ ʨʞʩʛʧʜʧ ʬʩʧʛʦʸ ʝʞ-
ʫʙʤʵʦʧʪʫʡ (ʪʥ. ʩʡʪ. 1) ʛ ʫʧʥ ʟʞ ʨʬʦʣʫʞ ʧʚʪʤʞʝʧʛʙʦʡʸ ʪ ʡʪʨʧʤʵʠʧʛʙʦʡʞʥ ʝʙʦʦʴʮ ʨʧ ʪʧʪʞʝʦʡʥ ʫʧʣhʙʥ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʦʧʨʝʜʝʣʝʥʠʝ H/V ʚ ʟʘʜʘʥʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʪʦʯʢʘʭ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʩʪʦʨʦʥ 

ʵʣʝʤʝʥʪʦʚ ʨʘʟʙʠʝʥʠʷ ʦʙʣʘʩʪʠ ʉʄʈ ʧʦʟʚʦʣʷʝʪ: (i) ʥʘʙʠʨʘʪʴ ʩʪʘʪʠʩʪʠʢʫ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʨʝʰʝʥʠʡ ʧʦ 

ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ ʦʙʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ (ii) ʦʨʛʘʥʠʟʦʚʘʪʴ ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʩʢʦ-

ʨʦʩʪʥʳʭ ʤʦʜʝʣʝʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʙʨʦʩʘ ʟʥʘʯʝʥʠʡ ʤʦʜʝʣʴ-

ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʷʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʪ. ʝ. ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʨʝʛʫʣʷʨʠʟʘʮʠʶ ʦʙʨʘʪ-

ʥʦʡ ʟʘʜʘʯʠ H/V (ʩʧʝʢʪʨʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ) Ÿ VM  (ʩʢʦʨʦʩʪʥʘʷ ʤʦʜʝʣʴ). 

 

ʇʦʩʪʨʦʝʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʩʝʣʝʨʦʛʨʘʤʤʳ ʚʦʟʤʦʞʥʦʛʦ ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ  

ʧʫʪʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʟʘʧʠʩʝʡ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ,  

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʩʯʝʪʦʤ ʢ ʛʨʫʥʪʦʚʳʤ ʫʩʣʦʚʠʷʤ ʚ ʨʘʡʦʥʝ ʦʙʩʣʝʜʫʝʤʦʡ ʧʣʦɦ ʘʜʢʠ 

 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʫʯʠʪʳʚʘʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʢʦʨʦʩʪʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦ-

ʠʟʚʦʜʠʪʩʷ ʫʯʝʪ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʫʨʦʚʥʷ ʫʩʢʦʨʝʥʠʡ, ʧʨʝʦʙʣʘʜʘʶ-

ʱʠʭ ʧʝʨʠʦʜʦʚ, ʰʠʨʠʥʳ ʠʤʧʫʣʴʩʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʤʝʩʪʥʳʤ ʩʝʡʩʤʦʛʝʦʣʦʛʠʯʝ-

ʩʢʠʤ ʫʩʣʦʚʠʷʤ. ʅʝʦʙʭʦʜʠʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʤʝʩʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫ-

ʯʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʟʘʧʠʩʝʡ ʩʣʘʙʳʭ ʤʝʩʪʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ, ʪʘʢ ʢʘʢ ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʧʘʨʘʤʝʪʨʳ ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʦʢʘʟʳʚʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ ʜʣʷ ʩʣʘʙʳʭ ʠ ʩʠʣʴ-

ʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʩʨʝʜʳ, ʨʝʛʠʦʥʘʣʴʥʳʝ ʪʝʢʪʦʥʠʯʝ-

ʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʦʨʠʝʥʪʘʮʠʷ ʨʘʟʨʳʚʦʚ ʠ ʪ. ʜ. ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʦʧʠʨʘʝʪ-

ʩʷ ʥʘ ʨʷʜ ʫʧʨʦʱʘʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ: 

1. ʋʧʨʫʛʦ-ʚʷʟʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʦʣʱʠ ʜʦʧʫʩʢʘʶʪ ʣʦʢʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʚ ʨʘʤ-

ʢʘʭ ʤʦʜʝʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʦʡ ʧʦʧʝʨʝʯʥʦ-ʠʟʦʪʨʦʧʥʦʡ ʩʨʝʜʳ ʩ ʢʦʤʧʣʝʢʩʥʦ-ʟʥʘʯʥʳʤʠ ʤʦʜʫ-

ʣʷʤʠ ʫʧʨʫʛʦʩʪʠ. 

2. ʕʪʘʣʦʥʥʳʡ ʫʯʘʩʪʦʢ ʠ ʚʩʝ ʦʙʩʣʝʜʫʝʤʳʝ ʫʯʘʩʪʢʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʫʧʨʫʛʦ-ʚʷʟʢʠʝ ʩʚʦʡ-

ʩʪʚʘ ʧʨʠ h > Hmax (ʪ. ʝ. ʠʤʝʶʪ ʦʙʱʝʝ ʥʠʞʝʣʝʞʘʱʝʝ ʦʩʥʦʚʘʥʠʝ). ʋʨʦʚʝʥʴ h = Hmax ʟʜʝʩʴ ʠ ʜʘʣʝʝ 

ʙʫʜʝʪ ʪʘʢʞʝ ʥʘʟʳʚʘʪʴʩʷ ʧʦʜʦʰʚʦʡ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʦʣʱʠ. 

3. ɻʣʘʚʥʘʷ ʯʘʩʪʴ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ ʦʪ ʟʘʜʘʥʥʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʣʦ-

ʢʘʣʴʥʦ-ʧʣʦʩʢʠʤʠ ʚʦʣʥʘʤʠ ʚ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʘʞʫʱʠʭʩʷ ʩʢʦʨʦʩʪʝʡ. 

ʆʩʥʦʚʥʳʝ ʤʦʤʝʥʪʳ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʥʘʤʠ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʘʢʩʝʣʝʨʦʛʨʘʤʤʳ ʚʦʟʤʦʞʥʦʛʦ 

ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶɦ ʝʤ: 

ʐʘʛ 1: ʇʦʩʪʨʦʝʥʠʝ ʘʢʩʝʣʝʨʦʛʨʘʤʤʳ ʚ ʵʪʘʣʦʥʥʦʡ ʪʦʯʢʝ ʦʪ ʚʦʟʤʦʞʥʦʛʦ ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʷ ʤʘʛʥʠʪʫʜʳ M ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʬʦʨʤʳ ʩʧʝʢʪʨʘ ʩʣʘʙʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ ʢ ʦʙʦʙʱʝʥ-

ʥʦʡ ʬʦʨʤʝ ʩʧʝʢʪʨʘ ʫʩʢʦʨʝʥʠʡ, ʦʞʠʜʘʝʤʳʭ ʦʪ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʤʘʛʥʠʪʫʜʳ M ʚ ʧʨʝʜʝʣʘʭ 

ʟʘʜʘʥʥʦʡ ʦʯʘʛʦʚʦʡ ʦʙʣʘʩʪʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ 

ʦʮʝʥʦʢ ʢʣʘʩʩʦʚ ʵʥʝʨʛʠʠ ʠ ʤʘʛʥʠʪʫʜ ʨʝʛʠʦʥʘʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʫʨʢʤʝʥʠʩʪʘʥʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʘʢʩʝʣʝʨʦʛʨʘʤʤʫ, ʷʚʣʷʶʱʫʶʩʷ ʦʜʥʠʤ ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʣʘʩʩʘ ʵʢʚʠʚʘʣʝʥʪ-
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ʥʦʩʪʠ (ʚ ʩʤʳʩʣʝ ʧʠʢʦʚʳʭ ʫʩʢʦʨʝʥʠʡ PGA) ʟʘʧʠʩʝʡ ʫʩʢʦʨʝʥʠʡ ʩ ʬʦʨʤʦʡ ʩʧʝʢʪʨʘ, ʪʠʧʠʯʥʦʡ ʜʣʷ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʤʘʛʥʠʪʫʜ ʚ ʧʨʝʜʝʣʘʭ ʟʘʜʘʥʥʦʡ ʟʦʥʳ.  

ʀʣʣʶʩʪʨʘʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʘʤʧʣʠʪʫʜʥʦʛʦ ʩʧʝʢʪʨʘ ʢ ʬʦʨʤʝ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ 

ʦʯʘʛʦʚʳʭ ʟʦʥ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʦʧʝʪ-ɼʘʛʘ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 6 (ʇʝʪʨʦʚʘ ʅ.ɺ., 1994). 

 

 
 
ʉʡʪ. 6. ʊʮʞʥʙ ʨʩʞʧʚʩʙʠʧʛʙʦʡʸ ʙʥʨʤʡʫʬʝʦʧʜʧ ʪʨʞʣʫʩʙ ʪʥʞʲʞʦʡʢ ʨʧ ʧʝʦʧʢ ʡʠ ʠʙʨʡʪʞʢ ʙʩʮʡʛʙ ʪʤʙʚʴʮ ʠʞʥʤʞʫʩʸ-

ʪʞʦʡʢ ʣ ʭʧʩʥʞ, ʮʙʩʙʣʫʞʩʦʧʢ ʝʤʸ ʧʰʙʜʧʛʴʮ ʠʧʦ ʏʞʦʫʩʙʤʵʦʧʜʧ ʃʧʨʞʫ-ɽʙʜʙ. 

 

ʐʘʛ 2: ʇʝʨʝʩʯʝʪ ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ ʦʯʝʨʝʜʥʦʡ ʘʢʩʝʣʝʨʦʛʨʘʤʤʳ uo(ɤ) (ʚ ʯʘ-

ʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ) ʚ ʵʪʘʣʦʥʥʦʡ ʪʦʯʢʝ ï ʢ ʘʢʩʝʣʝʨʦʛʨʘʤʤʝ uc(ɤ) (ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ) ʩ ʫʯʝʪʦʤ 

ʤʝʩʪʥʳʭ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ ʚ ʨʘʡʦʥʝ ʪʝʢʫʱʝʡ ʪʦʯʢʠ ʥʘʙʣʜʁʝʥʠʷ. 

ʋʢʘʟʘʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʷ uo(ɤ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ 

ʵʪʘʣʦʥʥʦʡ ʪʦʯʢʝ, ʥʘʯʠʥʘʷ ʦʪ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʦʡʥʦ ʩʚʝʨʭʫ ʚʥʠʟ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʪʦʨʘ 

ʧʝʨʝʥʦʩʘ ʚʝʢʪʦʨʘ çʩʤʝʱʝʥʠʝ-ʥʘʧʨʷʞʝʥʠʝè [2-4] ʚ ʤʘʪʨʠʯʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʜʣʷ ʦʙʱʝʛʦ ʩʣʫʯʘʷ 

ʚʝʨʪʠʢʘʣʴʥʦ-ʥʝʦʜʥʦʨʦʜʥʦʡ ʘʥʠʟʦʪʨʦʧʥʦʡ ʩʨʝʜʳ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʧʦʪʝʨʠ ʪʦʯʥʦʩʪʠ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʚʦʣʥ ʠʣʠ ʢʦʤʧʣʝʢʩʥʳʭ ʤʦʜʫʣʝʡ 

ʫʧʨʫʛʦʩʪʠ.  

ɼʘʣʝʝ, ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʦʙʨʘʱʘʝʪʩʷ ʠ ʧʨʦʚʦʜʠʪʩʷ ʩʥʠʟʫ-ʚʚʝʨʭ, ʥʦ ʫʞʝ ʩ ʫʯʝʪʦʤ ʩʢʦʨʦʩʪ-

ʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚ ʨʘʡʦʥʝ ʪʝʢʫʱʝʡ ʪʦʯʢʠ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʜʦ ʚʳʭʦʜʘ ʥʘ ʩʚʦʙʦʜʥʫʶ ʦʪ ʥʘʧʨʷʞʝʥʠʡ 

ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ:   

 

 

  

 

 

 

 

 

(11) 

ʛʜʝ ɤ ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ, K(ɤ) ʚ ʬʦʨʤʫʣʝ (11) ï 3 Ĭ 3 ʤʘʪʨʠʮʘ ʧʝʨʝʭʦʜʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘ ʯʘ-

ʩʪʦʪʝ ɤ, ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʚʭʦʜʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ (9) ʠ (10), 

)(wÄf  ʠ )(wR , )(
~
wR  ï 3-ʢʦʤʧʦʥʝʥʪʥʳʡ ʚʝʢʪʦʨ ʘʤʧʣʠʪʫʜʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ 3 Ĭ 3 ʤʘʪʨʠ-
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ʮ  rʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʦʪ ʚʳʰʝʣʝʞʘʱʝʡ ʚʝʨʪʠʢʘʣʴʥʦ-ʥʝʦʜʥʦʨʦʜʥʦʡ ʪʦʣʱʠ, ʦʜʥʦʟʥʘʯʥʦ 

ʦʧʨʝʜʝʣʷʝʤʳʝ ʠʟ (9) ʠ (10), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ )(wÄf  ï 3-ʢʦʤʧʦʥʝʥʪʥʳʡ ʚʝʢʪʦʨ ʘʤʧʣʠʪʫʜʥʳʭ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠ ʚʦʩʭʦʜʷʱʠʭ ʧʘʨʮʠʘʣʴʥʳʭ ʚʦʣʥʘʭ (ʯʘʩʪʥʳʭ ʚʦʣʥʦʚʳʭ ʨʝʰʝʥʠʷʭ) ʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʦ ʧʦʜ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝʡ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʦʣʱʠ ʧʨʠ ʟʘʜʘʥʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʘʞʫʱʝʡʩʷ ʩʢʦ-

ʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ c = 1/p, 
-

j
L ï ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʘ 6 Ĭ 6, ʩʦʩʪʘʚʣʝʥʥʘʷ ʠʟ ʝʜʠʥʠʯʥʳʭ ʚʝʢʪʦʨʦʚ-

ʩʪʦʣʙʮʦʚ çʩʤʝʱʝʥʠʝ-ʥʘʧʨʷʞʝʥʠʝè ʯʘʩʪʥʳʭ ʚʦʣʥʦʚʳʭ ʨʝʰʝʥʠʡ ʚ j-ʤ ʩʣʦʝ (1 Ò j Ò n) ʵʪʘʣʦʥʥʦʡ ʤʦ-

ʜʝʣʠ, }{
j ,, 61 ee

h jqih jqi jj

3
D-D-

=
ww

e  ï ʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʥʘʙʝʛʘ ʬʘʟ,  

ʛʜʝ qj
ɜ = qj

ɜ( p ) (ɜ = 1, 6) ï ʚʝʨʪʠʢʘʣʴʥʳʝ ʢʘʞʫʱʠʝʩʷ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʘʨʮʠʘʣʴʥʳʭ ʚʦʣʥ 

ʧʨʠ ʟʘʜʘʥʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʘʞʫʱʝʡʩʷ ʩʢʦʨʦʩʪʠ c = 1/p ʚ ʪʦʤ ʞʝ j-ʦʤ ʩʣʦʝ (hj < h Ò hj + ȹhj) ʵʪʘ-

ʣʦʥʥʦʡ ʤʦʜʝʣʠ. 
k
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 ʠ 
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e~  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʘ 6 Ĭ 6 (ʩʤ. ʚʳh ʝ) ʠ ʜʠʘʛʦʥʘʣʴʥʘʷ 

ʤʘʪʨʠʮʘ ʥʘʙʝʛʘ ʬʘʟ ʧʨʠ ʟʘʜʘʥʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʘʞʫʱʝʡʩʷ ʩʢʦʨʦʩʪʠ c = 1/p ʚ k-ʦʤ ʩʣʦʝ  

(1 Ò k Ò m) ʤʦʜʝʣʠ ʚ ʨʘʡʦʥʝ ʪʝʢʫʱʝʡ ʪʦʯʢʠ ʦʙʩʣʝʜʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʉʄʈ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠ 

ʧʝʨʝʩʯʝʪʝ ʢ ʤʝʩʪʥʳʤ ʛʨʫʥʪʦʚʳʤ ʫʩʣʦʚʠʷʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʮʠʬʨʦʚʳʝ 

ʟʘʧʠʩʠ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʵʧʠʮʝʥʪʨʘʤʠ ʚ ʧʨʝʜʝʣʘʭ ʦʯʘʛʦʚʦʡ ʟʦʥʳ ɸʰʭʘʙʘʜʩʢʦʛʦ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʷ 6 ʦʢʪʷʙʨʷ 1948 ʛ. (M = 7,3), ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʩ/ʩʪʘʥʮʠʠ ɸɺʂʊ, Turkmenistan, ʚʭʦʜʠʚʰʝʡ ʚ 

ʄʝʞʜʫʥʘʨʦʜʥʫʶ ʩʠʩʪʝʤʫ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʜʁʝʥʠʡ IRIS c 1993 ʛ. ʧʦ 2012 ʛ. ʅʘ ʨʠʩ. 7-9 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨ ʠʩʭʦʜʥʦʡ ʟʘʧʠʩʠ ʩʣʘʙʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʨʝʟʫʣʴʪʘʪ ʝʝ ʧʝʨʝʩʯʝʪʘ ʚ ʘʢʩʝʣʝʨʦ-

ʛʨʘʤʤʫ ʚʦʟʤʦʞʥʦʛʦ ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʫʯʝʪʦʤ ʤʝʩʪʥʳʭ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʡ ʩʧʝʢʪʨ ʨʝʘʢʮʠʠ ʦʜʥʦʤʝʨʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʩ ʟʘʪʫʭʘʥʠʝʤ 10% ʢʨʠʪʠʯʝʩʢʦʛʦ. 

 

 
ʉʡʪ. 7. ʈʩʡʥʞʩ ʡʪʮʧʝʦʧʢ ʠʙʨʡʪʡ ʪʤʙʚʧʜʧ ʠʞʥʤʞʫʩʸʪʞʦʡʸ. 

 

  
 

ʉʡʪ. 8. ʈʩʡʥʞʩ ʨʞʩʞʪʰʞʫʙ ʠʙʨʡʪʡ ʪʤʙʚʧʜʧ ʠʞʥʤʞʫʩʸʪʞʦʡʸ ʛ ʙʣʪʞʤʞʩʧʜʩʙʥʥʬ  
ʛʧʠʥʧʟʦʧʜʧ ʪʡʤʵʦʧʜʧ ʠʞʥʤʞʫʩʸʪʞʦʡʸ ʪ ʬʰʞʫʧʥ ʥʞʪʫʦʴʮ ʜʩʬʦʫʧʛʴʮ ʬʪʤʧʛʡʢ. 
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ʉʡʪ. 9. ʊʨʞʣʫʩ ʩʞʙʣʯʡʡ ʧʝʦʧʥʞʩʦʧʜʧ ʧʪʯʡʤʤʸʫʧʩʙ ʪ ʠʙʫʬʮʙʦʡʞʥ 10% ʣʩʡʫʡʰʞʪʣʧʜʧ  

ʦʙ ʛʧʠʝʞʢʪʫʛʡʞ ʬʪʣʧʩʞʦʡʢ ʪʥʞʲʞʦʡʢ ʨʧ ʙʣʪʞʤʞʩʧʜʩʙʥʥʞ (ʪʥ. ʩʡʪ. 8) ʛʧʠʥʧʟʦʧʜʧ ʪʡʤʵʦʧʜʧ ʠʞʥʤʞʫʩʸʪʞʦʡʸ  
ʪ ʬʰʞʫʧʥ ʥʞʪʫʦʴʮ ʜʩʬʦʫʧʛʴʮ ʬʪʤʧʛʡʢ. 

 

ʆʮʝʥʢʘ ʧʨʠʨʘʱʝʥʠʷ ʙʘʣʣʴʥʦʩʪʠ (ȹI) ʧʦ ʰʢʘʣʝ MSK-64 ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʱʝʧʨʠʥʷʪʦʡ ʩʪʘʥʜʘʨʪʥʦʡ ʵʤʧʠʨʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ  

ȹI = 3.3 * Lg ( A_cur / A_ref ),                                                                               (12) 

ʛʜʝ A_cur ʠ A_ref ï ʧʠʢʦʚʳʝ ʫʩʢʦʨʝʥʠʷ ʥʘ ʪʝʢʫʱʝʡ ʠ ʵʪʘʣʦʥʥʦʡ ʧʣʦʱʘʜʢʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʐʘʛ 3: ɺʳʙʦʨ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʦʯʝʨʝʜʥʦʡ, ʝʩʣʠ ʝʱʝ ʠʤʝʝʪʩʷ, ʮʠʬʨʦʚʦʡ ʟʘʧʠʩʠ ʩʣʘʙʦʛʦ ʟʝʤ-

ʣʝʪʨʩ̫ʝʥʠʷ ʠ ʧʝʨʝʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʐʘʛ 1.  

ʅʘ ʨʠʩ. 10 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʛʠʩʪʦʛʨʘʤʤʳ ʧʨʠʨʘʱʝʥʠʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʙʘʣʣʴʥʦʩʪʠ ȹI 

(MSK-64) ʜʣʷ ʦʜʥʦʡ ʠʟ ʪʦʯʝʢ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦ ʘʢʩʝʣʝʨʦʛʨʘʤʤʘʤ ʚʦʟʤʦʞʥʳʭ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʝʤ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʝʨʝʩʯʝʪʘ ʧʦ ʙʘʟʝ ʜʘʥʥʳʭ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʚ ʦʯʘʛʦʚʦʡ ʟʦʥʝ ɸʰʭʘʙʘʜʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 1948 ʛ.  
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ʉʡʪ. 10. ɼʡʪʫʧʜʩʙʥʥʙ ʨʩʡʩʙʲʞʦʡʢ ʪʞʢʪʥʡʰʞʪʣʧʢ ʚʙʤʤʵʦʧʪʫʡ ȺI (MSK-64) ʝʤʸ ʧʝʦʧʢ ʡʠ ʫʧʰʞʣ ʧʚʪʤʞʝʧʛʙʦʡʸ  
ʨʧ ʙʣʪʞʤʞʩʧʜʩʙʥʥʙʥ ʛʧʠʥʧʟʦʴʮ ʪʡʤʵʦʴʮ ʠʞʥʤʞʫʩʸʪʞʦʡʢ. 
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ʈʘʙʦʯʠʝ ʢʘʨʪʳ ʉʄʈ ʛ. ɸʰʭʘʙʘʜʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʙʣʶ-

ʜʝʥʠʡ ʠ ʠʭ ʦʙʨʘʙʦʪʢʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ HV-XL (ʀʉ ʠ ʌɸ ɸʅʊ), ʦʪʨʘʞʝʥʳ ʥʘ 

ʨʠʩ. 11, 12. 

 
                                                                                               

ɺʓɺʆɼʓ 

1. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʘʣʛʦʨʠʪʤ ʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ï ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ (HV-XL) 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʦʙʨʘʙʦʪʢʠ ʟʘʧʠʩʝʡ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʛʦ ʬʦʥʘ, ʧʦʟʚʦʣʷʶʱʘʷ (ʘ) ʩʪʨʦ-

ʠʪɹ ʤʦʜʝʣʠ ʩʢʦʨʦʩʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ, ʥʘ ʠʭ ʦʩʥʦʚʝ, (ʙ) ʧʦʣʫʯʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ 

(æI) ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʪʨʷʩʝʥʠʡ ʚ ʨʘʡʦʥʝ ʧʣʦʱʘʜʦʢ ʦʙʩʣʝʜʦʚʘʥʠʷ.  

2. ʂʦʤʧʣʝʢʩ HV-XL ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʤʘʩʩʦʚʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʡ ʧʝʨʩʧʝʢʪʠʚ-

ʥʦʡ ʟʘʩʪʨʦʡʢʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʚʠʜʝ 3D-ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʢʦʨʦʩʪʝʡ, ʧʣʦʱʘʜʥʳʭ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʡ ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʝʡ Vs30, ʘ ʪʘʢʞʝ ʢʘʨʪ ʧʨʠʨʘʱʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʙʘʣʣʴʥʦʩʪʠ æI ʧʦ ʰʢʘʣʝ 

MSK-64. 

3. ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʚʘʨʠʘʥʪ ʥʘʙʦʨʘ ʢʘʨʪ, ʚ ʪ. ʯ. ʢʘʨʪʳ ʧʣʦʱʘʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ æI, ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʥʦʨʤʘʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʜʣʷ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʉʄʈ. 

4. ʇʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢ ʠ ʥʝ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʢʘʢʦʡ-ʣʠʙʦ ʢʦʥʢʨʝʪʥʦʡ ʪʝʨʨʠʪʦʨʠʝʡ.  
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Abdullabekov K.N., Maqsudov S.X., To'ychiyev A.I . 

O'zbekiston Respublikasi Fanlar akademiyasi G.A. Mavlyanov nomidagi Seysmologiya institute 
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The state of scientific research on the problem of earthquake forecasting and further ways of their 

development. 

Annotation. The main results of scientific research in Uzbekistan and other countries on the problem of 

earthquake forecasting are presented. The main achievements of fundamental research on the identification of 

spatio-temporal patterns of the manifestation of the harbinger complex depending on the magnitude and the creation 

of models of the focus and processes of earthquake preparation are listed. Methodological limitations of the existing 

monitoring and ways of their modernization are indicated. 
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ʅʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ ʥʘʧʠʩʘʥʘ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʧʫʥʢʪʘ 8 ʇʨʠʣʦʞʝʥʠʷ 1 ʢ ʇʦʩʪʘʥʦʚʣʝ-

ʥʠʶ ʇʨʝʟʠʜʝʥʪʘ ˉ ʇʇ-4794 ʦʪ 30 ʠʶʣʷ 2020 ʛ. çʆ ʤʝʨʘʭ ʧʦ ʢʦʨʝʥʥʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʠ ʪʝʨʨʠʪʦʨʠʡ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠ-

ʩʪʘʥè [1]. 

ɿʝʤʣʝʪʨʷʩʝʥʠʷ ï ʩʪʨʘʰʥʝr ʧʨʠʨʦʜʥʝr ʷʚʣʝʥʠʷ ï ʩ ʜʨʝʚʥʝʡʰʠʭ ʚʨʝʤʝʥ ʧʨʠʥʦʩʷʪ ʥʝʠʩʯʠʩ-

ʣʠʤʳʝ ʙʝʜʩʪʚʠʷ ʣʶʜʷʤ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʝʣʦʚʝʯʝʩʪʚʦ ʚ ʪʝʯʝʥʠʠ ʪʳʩʷʯʝʣʝʪʠʡ ʠʥʪʝʨʝʩʫʝʪʩʷ ʧʨʠʯʠʥʘ-

ʤʠ ʵʪʦʛʦ ʛʨʦʟʥʦʛʦ ʷʚʣʝʥʠʷ ʧʨʠʨʦʜʳ. ʆʜʥʘʢʦ ʠʩʪʦʨʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʣʶʜʝʡ ʦʙ ʠʭ ʧʨʠʯʠʥʘʭ 

ʥʦʩʠʣʠ ʧʨʠʤʠʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʝʨʚʳʝ, ʙʣʠʟʢʠʝ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʩʚʝʜʝʥʠʷ ʠʤʝ-

ʶʪʩʷ ʚ ʪʨʫʜʘʭ ɸʙʫ ʈʘʡʭʘʥʘ ɹʝʨʫʥʠ, ɸʚʠʮʝʥʥʳ ʠ ʜʨʫʛʠʭ ʤʳʩʣʠʪʝʣʝʡ, ʞʠʚʰʠʭ ʚ 10-11 ʚʚ. ʥʘʰʝʡ 

ʵʨʳ. ʆʜʥʘʢʦ ʟʥʘʥʠʷ ʦ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ, ʦ ʩʪʨʦʝʥʠʠ ɿʝʤʣʠ ʠ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʝʡ ʩʝʡʩʤʦʛʝʦʜʠ-

ʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʙʳʣʠ ʦʯʝʥʴ ʩʢʫʜʥʳʤʠ ʠ ʧʦʵʪʦʤʫ ʩʫʞʜʝʥʠʷ ʦʙ ʠʩʪʠʥʥʳʭ ʧʨʠʯʠʥʘʭ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʡ ʧʦʯʪʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. 
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ʆʙʳʯʥʦ ʫʩʠʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʧʨʦʙʣʝʤʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʥʠʢʘʝʪ ʧʦʩʣʝ ʪʨʘʛʠʯʝʩʢʠʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʟʝʤʥʦʛʦ ʰʘʨʘ. ʊʘʢ ʙʳʣʦ ʧʦʩʣʝ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ 

ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʝ. ʆʯʝʥʴ ʮʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʷʚʣʝʥʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʘ ʪʝʨ-

ʨʠʪʦʨʠʠ ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʳ ʠʤʝʝʪʩʷ ʚ ʢʥʠʛʝ ɿ.ʄ. ɹʘʙʫʨʘ çɹʘʙʫʨʥʦʤʘè. ʆʥʠ ʦʯʝʥʴ ʙʣʠʟʢʠ ʢ ʩʦ-

ʚʨʝʤʝʥʥʳʤ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʩʝʡʩʤʦʣʦʛʠʠ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʫʪʝʤ ʢʦʤʧʣʝʢʩʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʛʝʦʬʠʟʠʯʝʩʢʠʭ, ʩʝʡʩʤʦʪʝʢʪʦ-

ʥʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʤʝʩʪʘ ʠ ʩʠʣʘ ʦʞʠʜʘʝʤʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʜʘʥʥʳʝ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʪʨʫʜʘʭ ʩʦʪʨʫʜʥʠʢʦʚ ʀʥʩʪʠʪʫʪʘ. ʂʦʥʝʯʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʪʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʢʘʨʪʳ ʩʝʡʩʤʦʛʝʥʥʳʭ ʟʦʥ ʠ ʩʝʨʠʠ ʢʘʨʪ ʦʙʱʝʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘ-

ʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ. ʇʨʦʛʥʦʟʠʨʫʝʤʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ 

ʬʦʨʤʫʣ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʨʘʜʠʫʩʦʤ ʧʦʷʚʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʪ ʠʭ ʤʘʛʥʠʪʫʜʳ. 

ɿʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʧʨʦʷʚʣʝʥʠʷ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʦʪ ʤʘʛʥʠʪʫʜʳ ʪʘʢʞʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʵʤʧʠ-

ʨʠʯʝʩʢʠʭ ʬʦʨʤʫʣ ʤʝʞʜʫ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʧʨʦʷʚʣʝʥʠʷ ʧʨʝʜʚʝʩʪʥʠʢʘ ʠ ʤʘʛʥʠʪʫʜʦʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʥʫʞʥʳ ʜʣʷ ʚʳʙʦʨʘ ʤʘʩʰʪʘʙʘ ʠ ʯʘʩʪʦʪʳ ʧʦʚʪʦʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦ-

ʣʝʡ. ʅʘʨʷʜʫ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʫʯʠʪʳʚʘʶʪʩʷ ʪʘʢ-

ʞʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ. 

ʅʝ ʠʤʝʷ ʯʝʪʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ, ʥʝʚʦʟʤʦʞʥʦ ʜʦʩʪʠʯʴ ʞʝʣʘʝ-

ʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʦʙʣʘʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɺʦʟʥʠʢʘʝʪ ʤʘʩʩʘ ʚʦʧʨʦʩʦʚ.  

ʇʦʩʪʘʨʘʝʤʩʷ ʦʪʚʝʪʠʪʴ ʥʘ ʵʪʠ ʚʦʧʨʦʩʳ. ʇʨʦʙʣʝʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ï ʠʩ-

ʢʣʶʯʠʪʝʣʴʥʦ ʩʣʦʞʥʘʷ ʠ ʪʨʫʜʥʘʷ ʟʘʜʘʯʘ. ʇʦʷʚʣʝʥʠʝ ʘʥʦʤʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʚʘʨʠʘʮʠʷʭ ʠʩʩʣʝʜʫ-

ʝʤʦʛʦ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ ʢʘʢʦʤ-ʪʦ ʧʫʥʢʪʝ ʨʝʛʠʩʪʨʘʮʠʠ ʦʟʥʘʯʘʝʪ ʩʠʛʥʘʣ, ʪʨʝʙʫ-

ʶʱʠʡ ʚʥʠʤʘʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʜʘʥʥʳʭ ʚʩʝʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚʳʷʚʣʝʥʳ ʤʥʦʛʦ-

ʯʠʩʣʝʥʥʳʝ ʧʨʝʜʚʝʩʪʥʠʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ. ɺ ʀʥʩʪʠʪʫʪʝ 

ʩʝʡʩʤʦʣʦʛʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʛʝʦʬʠʟʠʯʝʩʢʠʝ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ, ʛʝʦʜʝʟʠʯʝʩʢʠʝ, ʥʘʢʣʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʠ 

ʜʨʫʛʠʝ ʤʝʪʦʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ɺ ʩʣʫʯʘʝ 

ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ɿʝʤʣʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʠʟʫʘʣʴʥʦ ʧʨʦʚʝʨʷʝʪ-

ʩʷ (ʦʙʩʣʝʜʫʝʪʩʷ) ʤʝʩʪʦ ʥʘʭʦʞʜʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʠʣʠ ʨʷʜʦʚʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʫʥʢʪʘ ʠʟ-

ʤʝʨʝʥʠʡ: ʥʝʪ ʣʠ ʧʦʙʣʠʟʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʝʜʤʝʪʦʚ, ʜʨʫʛʠʭ ʧʦʤʝʭʦʩʦʟʜʘʶʱʠʭ ʦʙʲʝʢʪʦʚ ʠ ʪ. ʧ. 

ɼʣʷ ʵʪʦʛʦ ʚʙʣʠʟʠ ʧʫʥʢʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʦʚʝʨʷʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʠ ʚʝʨʪʠʢʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪʳ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʠʥʩʪʨʫʢʮʠʷʤ [2], ʵʪʠ ʨʘʙʦʪʳ ʧʨʦʚʦʜʷʪʩʷ 

ʚʦ ʚʨʝʤʷ ʟʘʣʦʞʝʥʠʷ ʧʫʥʢʪʘ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. ɺ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʴʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʵʪʠ ʦʧʝʨʘʮʠʠ ʧʦʚʪʦʨʷʶʪʩʷ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʜʘʥʥʳʝ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ: ʛʠʜʨʦʛʝʦʩʝʡʩʤʦ-

ʣʦʛʠʯʝʩʢʠʭ, ʜʝʬʦʨʤʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʜʨ. ɺ ʩʣʫʯʘʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʚ ʚʘʨʠ-

ʘʮʠʷʭ ʜʨʫʛʠʭ ʧʦʣʝʡ, ʠʩʭʦʜʷ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʥʘʨʫʞʝʥʥʳʭ ʘʥʦʤʘʣʴ-

ʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʦʙʲʷʚʣʷʶʪʩʷ ʩʨʝʜʥʝ- ʠʣʠ ʜʦʣʛʦʩʨʦʯʥʳʝ ʧʨʦʛʥʦʟʳ. ʆʮʝʥʢʘ ʤʝʩʪʘ, ʤʘʛʥʠʪʫʜʳ ʠ 

ʚʨʝʤʝʥʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʩʦʛʣʘʩʥʦ ʀʥʩʪʨʫʢʮʠʠ [2]. 

ʊʦʣʴʢʦ ʥʘʯʠʥʘʷ ʩ 18 ʩʪʦʣʝʪʠʷ ʥʘʰʝʡ ʵʨʳ ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʝʜʠʥʠʯʥʳʝ ʪʨʫʜʳ ʨʘʟʥʳʭ ʫʯʝ-

ʥʳʭ ʦ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥʘʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʦʙ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʧʨʝʜ-

ʚʝʩʪʥʠʢʘʭ. 

ʇʦʩʣʝ ʪʨʘʛʠʯʝʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 1906 ʛ. ʚ ʉʘʥ-ʌʨʘʥʮʠʩʢʦ (ʉʐɸ) ʚʦʟʥʠʢʣʘ ʢʣʘʩʩʠʯʝʩʢʘʷ 

ʪʝʦʨʠʷ ʈʠʜʘ (Reid) ʦ ʧʦʜʛʦʪʦʚʢʝ ʠ ʧʨʠʯʠʥʘʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ɺ 60-70 ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦʷʚʠʣʠʩʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʪʘʪʴʠ 

ʦ ʥʘʣʠʯʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ ʜʦʩʪʦʚʝʨʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʠ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʤʝʩʪʘ, ʩʠʣʳ ʠ 

ʚʨʝʤʝʥʠ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʅʘʯʠʥʘʷ ʩ ʵʪʦʛʦ ʚʨʝʤʝʥʠ, ʦʩʦʙʝʥʥʦ ʧʦʩʣʝ ʪʨʘʛʠʯʝʩʢʠʭ ʊʦʢʠʡ-

ʩʢʦʛʦ 1923 ʛ., ɸʰʭʘʙʘʜʩʢʦʛʦ 1948 ʛ., ʍʘʠʪʩʢʦʛʦ 1949 ʛ. ʠ ʨʘʟʨʫʰʠʪʝʣʴʥʦʛʦ ʊʘʰʢʝʥʪʩʢʦʛʦ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʷ 1966 ʛ., ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʝʥʳ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʥʝ ʪʦʣʴʢʦ ʚ ʨʝʩʧʫʙ-

ʣʠʢʘʭ ʙʳʚʰʝʛʦ ʉʦʶʟʘ, ʥʦ ʠ ʚʦ ʚʩʝʤ ʤʠʨʝ: ʗʧʦʥʠʠ, ʂʠʪʘʝ, ʉʐɸ, ɻʝʨʤʘʥʠʠ, ɻʨʝʮʠʠ ʠ ʚ ʜʨʫʛʠʭ 

ʩʪʨʘʥʘʭ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ 50-60 ʣʝʪ ʚ ʦʙʣʘʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦʣʫʯʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥ-

ʥʳʝ ʫʥʠʢʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʨʷʜʝ ʩʪʨʘʥ, ʚʢʣʶʯʘʷ ʠ ʋʟʙʝʢʠʩʪʘʥ. ɺ ʋʟʙʝʢʠʩʪʘʥʝ, ʥʘʯʠʥʘʷ ʩ ʢʦʥʮʘ 

60-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʦʨʛʘʥʠʟʦʚʘʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʝ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʧʨʦʙʣʝʤʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩ ʀʥʩʪʠʪʫʪʦʤ ʬʠʟʠʢʠ ɿʝʤʣʠ, ʀʥʩʪʠʪʫʪʦʤ ʟʝʤʥʦ-

ʛʦ ʤʘʛʥʝʪʠʟʤʘ, ʠʦʥʦʩʬʝʨʳ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ, ʀʥʩʪʠʪʫʪʦʤ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

(ʄʦʩʢʚʘ), ʀʥʩʪʠʪʫʪʦʤ ʛʝʦʬʠʟʠʢʠ (ɽʢʘʪʝʨʠʥʙʫʨʛ), ʉʝʡʩʤʦʣʦʛʠʯʝʩʢʠʤʠ ʠʥʩʪʠʪʫʪʘʤʠ ʎʝʥʪʨʘʣʴʥʦʡ 
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ɸʟʠʠ, ʫʯʝʥʳʤʠ ʂʠʪʘʷ, ʗʧʦʥʠʠ, ʉʐɸ, ɻʝʨʤʘʥʠʠ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥ. ʇʦ ʥʳʥʝʰʥʠʤ ʧʦʥʷʪʠʷʤ, ʧʦʣʠʛʦ-

ʥʳ ʋʟʙʝʢʠʩʪʘʥʘ ʷʚʣʷʣʠʩʴ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ. 

ʂʦʨʦʪʢʦ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ: 

¶ ʩʦʟʜʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʣʠʛʦʥʳ ʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʛʝʦʬʠʟʠ-

ʯʝʩʢʠʝ, ʜʝʬʦʨʤʦʤʝʪʨʠʯʝʩʢʠʝ, ʛʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʥʘʙʣʶʜʝʥʠʷ; 

¶ ʚr ʜʝʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʦʣʛʦ-, ʩʨʝʜʥʝ-, ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʤ-

ʧʣʝʢʩʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ, ʛʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ, ʜʝʬʦʨʤʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʧʦʣʝʡ, ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʠ ʜʨʫʛʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʟʝʤʥʦʡ ʢʦʨʝ [3-7]; 

¶ ʩʦʙʨʘʥʳ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʢʘʪʘʣʦʛʠ ʩʝʡʩʤʠʯʝʩʢʠʭ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ, 

ʠʤʧʫʣʴʩʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ [8-10]; 

¶ ʦʧʨʝʜʝʣʝʥʳ ʠʩʪʦʯʥʠʢʠ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʯʝʩʢʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʜʦʣʛʦʩʨʦʯʥʦʤʫ ʧʨʦʛʥʦʟʫ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ [11-13]; 

¶ ʨʘʟʨʘʙʦʪʘʥʳ ʦʩʥʦʚʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʢʦʜʝʢʩ ʵʪʠʢʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

[14, 15]; 

¶ ʫʩʪʘʥʦʚʣʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪ-

ʨʘʤʠ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʩ ʤʘʛʥʠʪʫʜʦʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ; 

¶ ʫʯʝʥʳʤʠ ʉʐɸ [16] ʠ ʙʳʚʰʝʛʦ ʉʦʶʟʘ [17] ʩʦʟʜʘʥʳ ʤʦʜʝʣʠ ʦʯʘʛʘ ʠ ʧʨʦʮʝʩʩʦʚ ʧʦʜʛʦʪʦʚʢʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɺ ʋʟʙʝʢʠʩʪʘʥʝ ʪʘʢʞʝ ʩʦʟʜʘʥʘ ʥʦʚʘʷ ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʦʚ ʧʦʜʛʦʪʦʚʢʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ [18]. 

ʂʘʢ ʚʠʜʥʦ, ʧʦ ʧʨʦʙʣʝʤʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʫʯʝʥʳʤʠ ʤʥʦʛʠʭ ʩʪʨʘʥ ʤʠʨʘ ʩʜʝ-

ʣʘʥʦ ʦʯʝʥʴ ʤʥʦʛʦʝ. ʉʦʟʜʘʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʣʠʛʦʥʳ ʠ ʦʨʛʘʥʠʟʦʚʘʥ ʤʦʥʠʪʦ-

ʨʠʥʛ ʢʦʤʧʣʝʢʩʘ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɼʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʜʦʩʪʦʚʝʨʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʳ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʈʘʟ-

ʨʘʙʦʪʘʥʳ ʤʦʜʝʣʠ ʦʯʘʛʘ ʠ ʧʨʦʮʝʩʩʦʚ ʧʦʜʛʦʪʦʚʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, 

ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʳ ʥʘʫʯʥʳʝ ʦʩʥʦʚʳ ʩʣʫʞʙʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ 

ʋʟʙʝʢʠʩʪʘʥʝ. ɽʩʣʠ ʚʩʝ ʵʪʦ ʪʘʢ, ʧʦʯʝʤʫ ʥʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʥʝ ʪʦʣʢɹʦ ʚ ʋʟʙʝʢʠʩʪʘʥʝ, ʥʦ ʠ ʚʦ ʚʩʝʤ ʤʠʨʝ? 

ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʜʝʣʦ ʫʧʠʨʘʝʪʩʷ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. ɺ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʠ ʠʤʝʶʪʩʷ ʤʝʪʦʜʠʯʝʩʢʠʝ ʥʝʜʦʩʪʘʪʢʠ. 

ʅʠʞʝ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʥʠʭ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʩʝʪʠ ʂʦʤʧʣʝʢʩʥʦʡ ʦʧʳʪʥʦ-

ʤʝʪʦʜʠʯʝʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ ʀʥʩʪʠʪʫʪʘ ʩʝʡʩʤʦʣʦʛʠʠ ɸʅ ʈʋʟ (ʥʘʯʠʥʘʷ ʩ 2018 ʛ. ï ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ 

ʮʝʥʪʨʘ ʩʝʡʩʤʦʧʨʦʛʥʦʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʄʏʉ ʈʋʟ). ʆʥʠ ʚʦʟʥʠʢʣʠ ʥʝ ʩʝʛʦʜʥʷ, ʘ ʛʦʨʘʟʜʦ 

ʨʘʥʴʰʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʠ ʠ ʧʫʪʠ ʠʭ ʫʣʫʯʰʝʥʠʷ. 

1. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʤʧʣʝʢʩʦʤ ʤʝʪʦʜʦʚ ʩ ʮʝʣʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʡ ï ʩʣʦʞʥʘ ̫ʟʘʜʘʯʘ. ʅʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦ-

ʠʩʭʦʜʠʪ ʧʝʨʝʜʠʩʣʦʢʘʮʠʷ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠʟʤʝʥʷʝʪ-

ʩʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʨʝʜʳ, ʠ ʦʥʦ ʙʳʩʪʨʦ ʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʦʪʦʚʷʱʝʤʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʨʘʡʦʥʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʩʪʘʮʠʦʥʘʨʥʳʝ, ʧʦʚʪʦʨʥʳʝ ʤʘʨʰʨʫʪʥʳʝ ʠʣʠ ʧʣʦʱʘʜʥʳʝ ʩʲʝʤʢʠ. 

ʄʘʩʰʪʘʙ ʩʲʝʤʢʠ ʠ ʯʘʩʪʦʪʘ ʧʦʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʳʙʠʨʘʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʛʦʪʦʚʷʱʝʛʦʩʷ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ. 

2. ɼʣʷ ʥʘʜʝʞʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʴ 

ʤʠʥʠʤʫʤ ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ. ɼʣʷ ʧʨʠʤʝʨʘ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʤʘʛʥʠ-

ʪʦʤʝʪʨʠʯʝʩʢʠʤ ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʩʧʦʩʦʙʘʤʠ. ʉʦʛʣʘʩʥʦ ʀʥʩʪʨʫʢʮʠʠ [2], ʧʨʝʜʚʝʩʪʥʠʢ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʩ ʤʘʛʥʠʪʫʜʦʡ ʄ = 5 ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ R = 115 ʢʤ ʠ ʧʦ ʚʨʝʤʝʥʠ ʊ = 171 ʩʫʪʦʢ. ʇʨʝʜ-

ʚʝʩʪʥʠʢ ʩʯʠʪʘʝʪʩʷ ʜʦʩʪʦʚʝʨʥʳʤ ʠ ʠʜʝʘʣʴʥʳʤ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʘʥʦʤʘʣʴʥʦʛʦ ʠʟʤʝʥʝ-

ʥʠʷ ʤʠʥʠʤʫʤ ʥʘ 5-10 ʧʫʥʢʪʘʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʜʦ ʜʝʩʷʪʠ ʮʠʢʣʦʚ ʧʦʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʂ ʩʦʞʘʣʝ-

ʥʠʶ, ʩʫʱʝʩʪʚʫʶʱʘʷ ʩʝʪʴ ʩʪʘʮʠʦʥʘʨʥʳʭ ʛʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʚ ʢʦʣʠʯʝʩʪʚʝ 20-25 

ʰʪ. ʠ 13 ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʋʟʙʝʢʠʩʪʘʥʘ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ 

ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʦʪʦʚʷʱʝʤʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʠ. 
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3. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʬʠʮʠʘʣʴʥʳʡ ʦʨʛʘʥ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʤʝ-

ʩʪʘ, ʩʠʣʳ ʠ ʚʨʝʤʝʥʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʢʘʢ ʚ ʋʟʙʝʢʠʩʪʘʥʝ, ʪʘʢ ʠ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʦʪʩʫʪʩʪʚʫʝʪ. ʇʨʦʚʦʜʠ-

ʤʳʝ ʥʘʫʯʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʚʦ ʚʩʝʤ ʤʠʨʝ ʧʦʢʘ ʥʦʩʷʪ ʥʘʫʯʥʳʡ ʭʘʨʘʢʪʝʨ. 

4. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʦʙʣʝʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʝʱʝ ʜʦ ʢʦʥʮʘ ʥʝ ʨʝʰʝʥʘ 

ʧʦʣʥʦʩʪʴʶ. ʆʜʥʘʢʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 1960-1970 ʛʦʜʘʤʠ ʜʦʩʪʠʛʥʫʪʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʫʩʧʝʭʠ. ɽʩʣʠ ʚ 

ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 60-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʨʝʯʴ ʰʣʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦ ʥʘʣʠʯʠʠ ʠʣʠ 

ʦʪʩʫʪʩʪʚʠʠ ʘʥʦʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ, ʪʦ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠ-

ʣʝʪʠʡ ʧʦʣʫʯʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ.  

ɺʦʟʥʠʢʘʝʪ ʩʧʨʘʚʝʜʣʠʚʳʡ ʚʦʧʨʦʩ, ʝʩʣʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʩʝ ʵʪʦ ʪʘʢ, ʚ ʯʝʤ ʧʨʦʙʣʝʤʘ? ʇʦʯʝʤʫ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʨʦʛʥʦʟʠʨʫʶʪʩʷ ʚ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ ʠʣʠ ʚʦʦʙʱʝ ʥʝ ʧʨʦʛʥʦʟʠʨʫʁ ʪʩʷ? 

ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ ʥʝʫʜʘʯ ʧʨʦʚʦʜʠʤʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘ-

ʙʦʪ ʧʦ ʧʨʦʙʣʝʤʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʝʢʦʨʨʝʢʪʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʝʩʪʘ, ʩʠʣʳ ʠ ʚʨʝʤʝʥʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʫʞʥʘ ʧʦʣʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʝʜʚʝʩʪʥʠʢʘ. ʀʥʳʤʠ ʩʣʦ-

ʚʘʤʠ, ʧʦʣʥʘʷ ʢʘʨʪʠʥʘ ʘʥʦʤʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʣʷ ʚʦ ʚʨʝʤʝʥʠ. ʕʪʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʪʨʫʜʥʘʷ ʟʘʜʘʯʘ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʫʱʝʩʪʚʫʶʱʘʷ ʩʝʪʴ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʠ 

ʧʨʠʤʝʥʷʝʤʘʷ ʤʝʪʦʜʠʢʘ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʫʧʫʱʝʥʠʡ. ʆʥʘ ʥʝ ʩʧʦʩʦʙʥʘ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʧʦʣʥʫʶ ʢʘʨʪʠʥʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʦʞʠʜʘʝʤʳʭ ʩʠʣʴʥʳʭ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʡ. ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʥʝʜʦʩʪʘʪʢʘʭ ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ 

ʥʘʙʣʜʁʝʥʠʡ. 

1. ʉʫʱʝʩʪʚʫʶʱʘʷ ʩʝʪʴ ʥʝ ʦʙʝʩʧʝʯʝʥʘ ʢʦʤʧʣʝʢʩʥʦʩʪʴʶ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʦʚ. ɼʣʷ ʫʩʧʝʰ-

ʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʦʣʞʥʳ ʧʦʣʴʟʦʚʘʪʴʩʷ ʜʘʥʥʳʤʠ ʤʠʥʠʤʫʤ ʪʨʝʭ ʤʝʪʦʜʦʚ. ʅʘ ʧʨʘʢʪʠʢʝ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʥʠʪʦʨʠʥʛ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ ï ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʤ ʠ ʛʠʜʨʦʛʝʦ-

ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʤ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʤʠʨʦʚʦʡ ʦʧʳʪ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʛʝʦʜʝʟʠʯʝ-

ʩʢʠʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ (ʉɼɿʂ). ʈʘʥʴʰʝ, ʜʦ 90-ʭ ʛʦʜʦʚ 

ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʉɼɿʂ ʦʩʫʱʝʩʪʚʣʷʣʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ˉ 12. 

ɼʘʥʥʳʝ ʨʝʛʫʣʷʨʥʳʭ ʨʝʞʠʤʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʦʬʠʣʷʤ ʧʝʨʝʜʘʚʘʣʠʩʴ ʚ ʇʨʦʛʥʦʟ-

ʥʫʶ ʢʦʤʠʩʩʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʉ ʧʝʨʝʭʦʜʦʤ 

ʥʘ ʢʦʩʤʦʛʝʦʜʝʟʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʉɼɿʂ ʩ ʧʦʤʦʱʴʶ GPS ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ ʦʛʨʘʥʠ-

ʯʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʄʝʞʜʫʚʝʜʦʤʩʪʚʝʥʥʦʡ ʵʢʩʧʝʨʪʥʦʡ ʢʦʤʠʩʩʠʠ ʧʦ ʧʨʦʛʥʦʟʠ-

ʨʦʚʘʥʠʶ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʥʝʦʙʭʦʜʠʤʦ ʚʦʟʦʙʥʦʚʠʪʴ ʢʦʩʤʦʛʝʦʜʝʟʠʯʝʩʢʠʝ ʠʟʤʝ-

ʨʝʥʠʷ ʉɼɿʂ ʥʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʣʠʛʦʥʘʭ ʋʟʙʝʢʠʩʪʘʥʘ. ɽʩʣʠ ʚʝʨʥʫʪʩɹʷ ʢ ʠʩʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʦʩʩʠʡʩʢʠʭ ʠ ʘʤʝʨʠʢʘʥʩʢʠʭ ʫʯʝʥʳʭ, ʤʦʜʝʣʠ ʦʯʘʛʘ ʠ ʧʦʜʛʦʪʦʚʢʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʙʳ-

ʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʷʧʦʥʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʖ.ɼ.ʄʝʱʝʨʷʢʦʚʳʤ çʘʣʴʬʘè, çʙʝʪʘè ʠ çʛʘʤʤʘè 

ʜʚʠʞʝʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ. 

2. ɼʣʷ ʥʘʜʝʞʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʝʩʪʘ ʩʠʣʳ ʠ ʚʨʝʤʝʥʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦ-

ʣʫʯʘʪʴ ʩ ʧʦʤʦʱʴʶ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦʣʥʫʶ ʢʘʨʪʠʥʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʣʝʡ. ʉʫʱʝʩʪʚʫʶʱʘʷ ʩʝʪʴ ʩʪʘʮʠʦʥʘʨʥʳʭ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʩʪʘʥʮʠʡ ʥʝ ʩʧʦʩʦʙʥʘ ʦʭʚʘʪʠʪʴ ʚʩʶ ʪʝʨʨʠʪʦʨʠʶ ʨʝʩʧʫʙʣʠʢʠ. ʅʫʞʥʦ ʚʦʟʦʙʥʦʚʠʪʴ ʧʦʚʪʦʨʥʳʝ 

ʤʘʨʰʨʫʪʥʳʝ ʠ ʧʦʚʪʦʨʥʳʝ ʧʣʦʱʘʜʥʳʝ ʩʲʝʤʢʠ ʥʘ ʊʘʰʢʝʥʪʩʢʦʤ, ʌʝʨʛʘʥʩʢʦʤ, ʂʳʟʳʣʢʫʤʩʢʦʤ ʠ 

ʜʨʫʛʠʭ ʧʦʣʠʛʦʥʘʭ.  

3. ʀʩʢʣʶʯʠʪʝʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ ʷʚʣʷʝʪʩʷ ʥʘʫʯʥʦʝ ʦʪʢʨʳʪʠʝ çʀʟʤʝ-

ʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʛʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ (ʵʣʝʤʝʥʪʳ ʠ ʠʟʦʪʦʧʳ) ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʧʝʨʠʦʜʳ, ʧʨʝʜʰʝ-

ʩʪʚʫʶʱʠʝ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤè ˉ 129 ʦʪ 12.06.1973 ʛ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʦʪʢʨʳ-

ʪʠʷ ʚ ʀʥʩʪʠʪʫʪʝ ʩʝʡʩʤʦʣʦʛʠʠ ʚ ʊʘʰʢʝʥʪʝ ʨʦʜʠʣʩʷ ʥʦʚʳʡ ʛʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʢʦʪʦʨʳʡ ʚʩʢʦʨʝ ʨʘʩʧʨʦʩʪʨʘʥʠʣʩʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ (ʗʧʦʥʠʷ, 

ʂʠʪʘʡ, ʉʐɸ ʠ ʜʨ.). ɺ ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʚʨʝʤʝʥʠ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʩʰʠʨʝʥʳ. ɺ 1978 ʛ. 

ʚʳʰʣʦ ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʋʟʙʝʢʠʩʪʘʥʘ çʆ ʤʝʨʘʭ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʥʘʫʯ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʝʡʩʤʦʣʦʛʠʠè. ɹʳʣʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʝ ʥʘʫʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʨʛʘʥʠʟʦʚʘʥʘ ʩʝʪʴ ʩʧʝʮʠʘʣʴʥʳʭ ʨʝʞʠʤʥʳʭ ʛʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ. ʀʟ 

ʩʢʚʘʞʠʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʩʝʡʩʤʦʛʝʥʥʳʭ ʟʦʥʘ ʦʪʙʠʨʘʶʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʦʢʦʣʦ ʜʝʩʷʪʠ ʧʘʨʘ-

ʤʝʪʨʦʚ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʆʙʥʘʨʫʞʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ. 
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 ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʘʷ ʩʝʪʴ ʢʦʤʧʣʝʢʩʥʳʭ ʛʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʥʝ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ. ʂʦʣʠʯʝʩʪʚʦ ʩʪʘʥʮʠʡ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʧʦʣʥʦʡ ʢʘʨʪʠʥʳ ʠʩʩʣʝʜʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʪʩʫʪʩʪʚʫʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ̫ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʅʝ ʷʩʥʦ, ʩʫʱʝʩʪʚʫʶʪ ʣʠ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʚʘʨʠʘʮʠʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʣʷʭ? ʅʘʧʨʠʤʝʨ, ʩʫʪʦʯʥʳʝ, ʩʝ-

ʟʦʥʥʳʝ, 11-ʣʝʪʥʠʝ ʠ ʜʨ. ʂʘʢ ʤʝʥʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʥʳʭ ʘʥʦʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩ ʨʘʩ-

ʩʪʦʷʥʠʝʤ? ɸʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʝ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʪʠʧʫ, ʬʦʨʤʝ ʠ ʪ. ʜ. ʉʘʤʦʝ ʛʣʘʚʥʦʝ, ʥʝ 

ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʫʝʤʳʭ ʛʠʜʨʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ. ʀʟ-ʟʘ ɻʪʦʛʦ ʧʦʚʪʦʨʥʳʝ 

ʤʘʨʰʨʫʪʥʳʝ ʠʣʠ ʧʣʦʱʘʜʥʳʝ ʩʲʝʤʢʠ ʪʨʫʜʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ. 

 ɽʩʪʝʩʪʚʝʥʥʦ ʚʦʟʥʠʢʘʝʪ ʟʘʢʦʥʦʤʝʨʥʳʡ ʚʦʧʨʦʩ, ʝʩʣʠ ʧʦʣʫʯʝʥʳ ʩʪʦʣʴ ʫʙʝʜʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴ-

ʪʘʪʳ ʧʦ ʧʨʦʙʣʝʤʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʦʯʝʤʫ ʥʘ ʧʨʘʢʪʠʢʝ ʨʝʘʣʴʥʳʡ ʧʨʦʛʥʦʟ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʡ ʦʯʝʥʴ ʥʠʟʢʠʡ?  

 ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ï ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʪʨʫʜʥʘʷ ʠ ʩʣʦʞʥʘʷ ʧʨʦʙʣʝʤʘ. ʂʘʢ ʩʣʝ-

ʜʫʝʪ ʠʟ ʢʨʘʪʢʦʛʦ ʦʙʟʦʨʘ, ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʬʘʢʪʳ ʥʘʢʦʧʣʝʥʳ ʙʦʣʴʰʦʡ ʘʨʤʠʝʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ 

ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʪʦʣʝʪʠʡ. ʄʠʨʦʚʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʫʯʝʥʳʭ ʧʦʣʫʯʝʥʳ ʫʥʠʢʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʅʘ ʥʘʩʪʦʷʱʝʤ ʵʪʘʧʝ ʚʳʷʚʣʝʥʳ ʩʦʪʥʠ ʜʦʩʪʦʚʝʨʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ, ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ- 

ʚʨʝʤʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʧʨʦʷʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʛʥʠʪʫʜʳ, ʨʘʟʨʘʙʦʪʘʥʳ ʤʦʜʝʣʠ ʧʨʦʮʝʩ-

ʩʦʚ ʧʦʜʛʦʪʦʚʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʳ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ, ʩʫʱʝʩʪʚʫʪʁ ʬʠʟʠʯʝʩʢʠʝ, 

ʤʝʭʘʥʠʯʝʩʢʠʝ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʦʩʥʦʚʘʥʠʷ ʠʟʚʝʩʪʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʠ ʪ. ʜ. ʇʦʣʫʯʘʝʪʩʷ 

ʧʘʨʘʜʦʢʩ ï ʚʩʝ ʠʟʚʝʩʪʥʦ, ʚʩʝ ʷʩʥʦ, ʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʧʨʦʛʥʦʟʘ ʥʝʪ. 

ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʢʘʢ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʚʩʝ ʫʧʠʨʘʝʪʩʷ ʚ ʤʝʪʦʜʠʢʫ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. ʉʫʱʝʩʪʚʫʶʱʘʷ ʩʝʪʴ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʥʘʙʣʶ-

ʜʝʥʠʡ ʥʫʞʜʘʝʪʩʷ ʚ ʧʝʨʝʩʤʦʪʨʝ. ʆʥʘ ʥʝ ʩʧʦʩʦʙʥʘ ʩ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʠʣʴʥʳʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʨʝʩʧʫʙʣʠʢʝ. ɿʝʤʣʝʪʨʷʩʝʥʠʷ ï ʧʨʦʜʫʢʪ ʨʘʟʚʠʪʠʷ ɿʝʤʣʠ. ʆʥʠ ʠʤʝʶʪ ʩʚʦʠ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʇʦʵʪʦʤʫ ʩʝʪʴ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʣʥʦʡ ʢʘʨʪʠ-

ʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʩʫʱʝ-

ʩʪʚʫʶʱʘʷ ʩʝʪʴ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʥʫʞʜʘʝʪʩʷ ʚ ʤʦʜʝʨʥʠʟʘʮʠʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʜʘ-

ʣʦʩʴ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʩʝʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. ʆʥʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ ʧʨʦ-

ʠʩʭʦʜʷʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʤʘʛʥʠʪʫʜʦʡ ʜʦ ʄ = 2,0-2,5. ʇʦʭʚʘʣʴʥʦ ʪʦ, 

ʯʪʦ ʩʚʝʜʝʥʠʷ ʦ ʧʨʦʠʩʭʦʜʷʱʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʦʧʨʝʜʝʣʷʪʁʩʷ ʚ ʪʝʯʝʥʠʝ ʩʯʠʪʘʥʥʳʭ ʤʠʥʫʪ. ʕʢʩ-

ʪʨʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʯʝʥʴ ʥʫʞʥʘ ʜʣʷ ʚʩʝʛʦ ʥʘʩʝʣʝʥʠʷ ʨʝʩʧʫʙʣʠʢʠ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʜʦʩʪʠʛʥʫʪʳ 

ʫʩʧʝʭʠ. ʊʝʨʨʠʪʦʨʠʷ ʚʩʝʡ ʨʝʩʧʫʙʣʠʢʠ ʦʩʥʘʱʝʥʘ ʥʝʦʙʭʦʜʠʤʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʩʝʡʩʤʦʤʝʪʨʠʯʝʩʢʦʡ 

ʘʧʧʘʨʘʪʫʨʦʡ ʠ ʚʧʦʣʥʝ ʫʩʪʨʘʠʚʘʝʪ ʟʘʧʨʦʩʳ ʥʘʩʝʣʝʥʠʷ, ʨʫʢʦʚʦʜʩʪʚʦ ʨʝʩʧʫʙʣʠʢʠ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʟʘʥʠʤʘʶʱʠʭʩʷ ʧʨʦʙʣʝʤʘʤʠ ʨʘʟʥʦʤʘʩʰʪʘʙʥʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʨʠʩʢʘ. ɺ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʩʝʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘʩʣʫʞʠʚʘʝʪ ʚʩʷʯʝʩʢʦʡ 

ʧʦʭʚʘʣʳ. ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʦʛʦ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʝʪʴ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʩʦʩʪʦʠʪ ʠʟ 20-25-ʪʠ ʛʠʜʨʦʛʝʦ-

ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʠ ʦʢʦʣʦ 15 ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ. ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʜʝʩʪ̫ʠʣʝʪʠʡ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʧʨʠʯʠʥʘʤ ʩʦʢʨʘʱʝʥʳ ʩʝʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ, ʥʘʢʣʦ-

ʥʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʧʦʚʪʦʨʥʳʭ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ ʩʲʝʤʦʢ, ʜʠʧʦʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ. ʅʝ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʨʘʙʦʪʳ ʧʦ ʟʦʥʜʠʨʦʚʘʥʠʶ ʠʦʥʦʩʬʝʨʳ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ʂʘʢ 

ʚʠʜʥʦ, ʩʝʪʴ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʥʘʙʣʜʁʝʥʠʡ ʥʫʞʜʘʝʪʩʷ ʚ ʩʨʦʯʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ.  

ʇʨʦʙʣʝʤʘ ʨʘʟʚʝʜʦʯʥʦʡ ʛʝʦʬʠʟʠʢʠ ï ʧʨʠ ʧʦʠʩʢʝ ʠ ʨʘʟʚʝʜʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦ-

ʧʘʝʤʳʭ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʦ ʚʨʝʤʝʥʠ. ʇʦʵʪʦʤʫ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦ-

ʵʪʘʧʥʦ: ʤʝʣʢʦʤʘʩʰʪʘʙʥʘʷ, ʩʨʝʜʥʝʤʘʩh ʪʘʙʥʘʷ ʩʲʝʤʢʘ ʠ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ï ʜʝʪʘʣʴʥʘʷ 

ʩʲʝʤʢʘ. ɺ ʢʦʥʝʯʥʦʡ ʩʪʘʜʠʠ ʩ ʧʦʤʦʱʴʶ ʜʝʪʘʣʴʥʦʡ ʧʣʦʱʘʜʥʦʡ ʩʲʝʤʢʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘ-

ʮʠʶ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʘʟʤʝʨʘʭ ʠ ʛʣʫʙʠʥʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʮʝʣʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʘʜʘʯʘ ʛʦʨʘʟʜʦ ʩʣʦʞʥʝʝ. ʅʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝ-

ʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʜʠʩʣʦʢʘʮʠʷ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʠʟʤʝʥʷʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʨʝʜʳ, ʠ ʦʥʦ ʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʦʪʦʚʷʱʝʤʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʠ ʚ ʦʧʨʝʜʝʣʝʥ-

ʥʦʤ ʨʘʡʦʥʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʧʦʚʪʦʨʥʳʝ ʧʣʦʱʘʜʥʳʝ ʩʲʝʤʢʠ. ʄʘʩʰʪʘʙ ʩʲʝʤʢʠ ʠ ʯʘʩʪʦʪʘ ʧʦ-

ʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʳʙʠʨʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʛʦʪʦʚʷʱʝʛʦʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ.  



Seysmologiya muammolari *  ʇʨʦʙʣʝʤʳ ʩʝʡʩʤʦʣʦʛʠʠ * Seismology problems *  ̄ 2, ʪ.3, 2021  

 22 

ʂʦʥʝʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʤʝʥʷʝʤʦʡ ʤʝʪʦʜʠ-

ʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʤʝʪʦʜʘʤʠ ʩʪʘʮʠʦʥʘʨʥʳʭ, ʧʦʚʪʦʨʥʳʭ ʤʘʨʰʨʫʪʥʳʭ ʠ ʧʦʚʪʦʨʥʳʭ ʧʣʦ-

ʱʘʜʥʳʭ ʩʲʝʤʦʢ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. ʉʪʘʮʠʦʥʘʨʥʳʤʠ ʥʘʙʣʶ-

ʜʝʥʠʷʤʠ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʢʨʘʪʢʦ- ʠ ʩʨʝʜʥʝʩʨʦʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ. ʆʥʠ ʩʧʦʩʦʙʥʳ ʚʳʜʝʣʷʪʴ ʨʘʟ-

ʥʦʚʨʝʤʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʧʦʣʷ ï ʢʨʘʪʢʦ-, ʩʨʝʜʥʝ- ʠ ʜʦʣʛʦʩʨʦʯʥʳʝ, ʥʦ ʥʝ ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ 

ʧʦ ʧʣʦʱʘʜʠ. ʇʦʚʪʦʨʥʳʝ ʤʘʨʰʨʫʪʥʳʝ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ ʩʨʝʜʥʝ- ʠ ʜʦʣʛʦʩʨʦʯʥʳʭ ʘʥʦ-

ʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʆʜʥʘʢʦ ʦʥʠ ʥʝ ʤʦʛʫʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʙʳʩʪʨʦʪʝʯʥʳʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦ-

ʱʴʶ ʧʦʚʪʦʨʥʳʭ ʧʣʦʱʘʜʥʳʭ ʩʲʝʤʦʢ ʪʘʢʞʝ ʠʤʝʶʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʉ ʧʦʤʦʱʴʶ 

ʧʦʚʪʦʨʥʳʭ ʧʣʦʱʘʜʥʳʭ ʩʲʝʤʦʢ ʤʦʞʥʦ ʫʣʦʚʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʚʝʩʪ-

ʥʠʢʦʚ. ʆʜʥʘʢʦ ʦʥʠ ʩʣʠʰʢʦʤ ʜʦʨʦʛʠʝ, ʠ ʩ ʠʭ ʧʦʤʦʱʴʶ ʪʨʫʜʥʦ ʦʭʚʘʪʠʪʴ ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ. ʇʦʵʪʦ-

ʤʫ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩʦ ʩʪʘʮʠʦʥʘʨʥʤrʠ, 

ʧʦʚʪʦʨʥʳʤʠ ʤʘʨʰʨʫʪʥʳʤʠ ʠ, ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʩ ʧʦʤʦʱʴʶ ʧʦʚʪʦʨʥʳʭ ʧʣʦʱʘʜʥʳʭ ʩʲʝ-

ʤʦʢ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʜʣʠʪʝʣʴʥʳʡ ʦʧʳʪ ʨʘʙʦʪ ʥʘ ʧʦʣʠʛʦʥʘʭ ʋʟʙʝʢʠʩʪʘʥʘ, ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʦ ʧʨʦ-

ʚʝʜʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘʙʣʶʜʝʥʠʡ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʧʦʚʪʦʨʥʳʭ ʤʘʨʰʨʫʪʥʭr ʩʲʝʤʦʢ. 

ʉ ʧʦʤʦʱʴʶ ʧʦʚʪʦʨʥʳʭ ʧʣʦʱʘʜʥʳʭ ʩʲʝʤʦʢ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʦʩʪʦʯʥʦ-ʌʝʨʛʘʥʩʢʦʛʦ ʧʦʣʠʛʦʥʘ ʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʫʩʧʝʭʠ ʥʝ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ. ʂʘʞʜʳʡ ʨʘʟ ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʠ ʥʘ ʨʘʟʣʠʯ-

ʥʳʭ ʩʪʦʨʦʥʘʭ ʦʪ ʧʣʦʱʘʜʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʵʪʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʢʘʨʪʠʥʘ ʘʥʦʤʘʣʴ-

ʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ ʥʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ. 

ʉ ʧʦʤʦʱʴʶ ʩʝʪʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʫʜʘʣʦʩʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʨʘʟʣʠʯʥʦʡ 

ʩʠʣʳ [19]. 

ʉ ʧʦʤʦʱʴʶ ʧʦʚʪʦʨʥʳʭ ʤʘʨʰʨʫʪʥʳʭ ʩʲʝʤʦʢ ʪʘʢʞʝ ʚʳʜʝʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʨʝʜʥʝ- ʠ 

ʜʦʣʛʦʩʨʦʯʥʳʝ ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ-

ʤʠ. ɺʳʜʝʣʝʥʳ ʜʦʣʛʦʩʨʦʯʥʳʝ ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʚʷʟʘʥʥʳʝ ʩ ɸʙʘʡʙʘʟʘʨʩʢʠʤ 

(ʄ = 4,2), ʊʘʚʘʢʩʘʡʩʢʠʤ (ʄ = 5,2), ɸʣʘʡʩʢʠʤ (ʄ = 6,8), ʀʩʬʘʨʘ-ɹʘʪʢʝʥʩʢʠʤ (ʄ = 5,5), ʏʠʤʠʦʥ-

ʩʢʠʤ (ʄ = 5,8), ʇʘʧʩʢʠʤ (ʄ = 5,5) ʠ ʜʨʫʛʠʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ. ɸʥʦʤʘʣʥɹʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʳ 

ʥʘ ʨʷʜʝ ʧʫʥʢʪʘʭ ʤʘʨʰʨʫʪʦʚ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʳ ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʚʷʟʘʥʥʳʝ ʩ ɸʙʘʡʙʘʟʘʨʩʢʠʤ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ 9 ʬʝʚʨʘʣʷ  

 
ʉʡʪ. 1. ɹʦʧʥʙʤʵʦʴʞ ʡʠʥʞʦʞʦʡʸ ʥʙʜʦʡʫʦʧʜʧ ʨʧʤʸ ʨʧ ʨʩʧʭʡʤʷ, ʪʛʸʠʙʦʦʴʞ ʪ ɹʚʙʢʚʙʠʙʩʪʣʡʥ ʠʞʥʤʞʫʩʸʪʞʦʡʞʥ  

9 ʭʞʛʩʙʤʸ 1971 ʜ. (ʅ = 4,2). 
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1971 ʛ. ʩ ʤʘʛʥʠʪʫʜʦʡ ʄ = 4,2. ɸʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʦʙʥʘʨʫʞʝʥʳ ʥʘ 10 ʧʫʥʢʪʘʭ ɿʘ-

ʧʘʜʥʦʛʦ ʤʘʨʰʨʫʪʘ ʊʘʰʢʝʥʪʩʢʦʛʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ. ʕʧʠʮʝʥʪʨ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʘʭʦ-

ʜʠʣʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʙʣʠʟʠ ʤʘʨʰʨʫʪʘ ʧʦʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʕʪʘ ʘʥʦʤʘʣʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʙʳʣʘ ʦʪʥʝʩʝʥʘ ʢ ʢʘʪʝʛʦʨʠʠ ʩʨʝʜʥʝʩʨʦʯʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ. ʇʦʟʞʝ ʧʦʩʣʝ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʘʥʘʣʠʟʘ 

ʠ ʥʘʭʦʞʜʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʧʨʦʷʚʣʝʥʠʷ ʜʦʣʛʦʩʨʦʯʥʳʭ ʘʥʦʤʘʣʴʥʳʭ ʚʘʨʠʘʮʠʡ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʤʘʛʥʠʪʫʜʳ ʦʥʘ ʙʳʣʘ ʦʪʥʝʩʝʥʘ ʢ ʢʘʪʝʛʦʨʠʠ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʧʨʝʜʚʝʩʪʥʠʢʘ. 

ɿʜʝʩʴ ʭʘʨʘʢʪʝʨʥʦ ʧʨʦʷʚʣʝʥʠʝ ʘʥʦʤʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʝ ʥʘ ʦʜʥʦʤ 

ʧʫʥʢʪʝ, ʢʘʢ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤ ʤʳ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʘ ʥʘ ʜʝʩʷʪʠ ʧʫʥʢʪʘʭ ʤʘʨʰʨʫʪʘ. 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʜʦʣʛʦ- ʠ ʩʨʝʜʥʝʩʨʦʯʥʝr ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʥʘ ʧʫʥʢʪʝ 9 ʉʝʢʫʱʝʛʦ ʤʘʨʰʨʫʪʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʊʘʚʘʢʩʘʡʩʢʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ 6 ʜʝʢʘʙʨʷ 1977 ʛ. 

ʩ ʤʘʛʥʠʪʫʜʦʡ ʄ = 5,2. ʕʧʠʮʝʥʪʨ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥ ʚʩʝʛʦ ʚ 20 ʢʤ ʦʪ ʧʫʥʢʪʘ ʉʝʢ-9. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2, ʥʘʯʠʥʘʷ ʩ ʣʝʪʘ 1968 ʛ. ʧʦ ʠʶʣʴ 1976 ʛ. ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʜʣʝʥʥʦʝ ʧʦʚʳʰʝ-

ʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦ 20 ʥʊʣ, ʘ ʩ ʠʶʣʷ 1976 ʛ. ʜʦ ʩʝʨʝʜʠʥʳ 1977 ʛ. ï ʨʝʟʢʦʝ ʙʫʭʪʦʦʙʨʘʟʥʦʝ 

ʧʦʥʠʞʝʥʠʝ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ 30 ʥʊʣ ʠ ʚ ʩʝʨʝʜʠʥʝ 1978 ʛ. ï ʚʦʟʚʨʘʱʝʥʠʝ ʧʦʣʷ ʢ ʠʩʭʦʜʥʦʤʫ 

ʫʨʦʚʥʶ. ɿʝʤʣʝʪʨʷʩʝʥʠʝ ʧʨʦʠʟʦʰʣʦ 6 ʜʝʢʘʙʨʷ 1977 ʛ., ʩʧʫʩʪʷ ʧʦʣʛʦʜʘ ʧʦʩʣʝ ʩʤʝʥ rʟʥʘʢʘ ʘʥʦ-

ʤʘʣʴʥʦʩʪʠ ʧʦʣʷ. ʀʩʢʣʶʯʠʪʝʣʴʥʦ ʠʥʪʝʨʝʩʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʠ 

ʩʨʝʜʥʝʩʨʦʯʥʦʛʦ ʘʥʦʤʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʧʫʥʢʪʝ 9 ʉʝʢʫʱʝʛʦʤʘʨʰʨʫʪʘ ʊʘʰʢʝʥʪʩʢʦʛʦ ʧʦʣʠ-

ʛʦʥʘ. 

 

 
ʉʡʪ. 2. ɹʦʧʥʙʤʵʦʴʞ ʛʙʩʡʙʯʡʡ ʥʙʜʦʡʫʦʧʜʧ ʨʧʤʸ, ʧʚʬʪʤʧʛʤʞʦʦʴʞ ʋʙʛʙʣʪʙʢʪʣʡʥ ʠʞʥʤʞʫʩʸʪʞʦʡʞʥ 6 ʝʞʣʙʚʩʸ 1977 ʜ. 

 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʉʝʢʫʱʝʤʫ ʠ ɺʦʩʪʦʯʥʦʤʫ 

ʤʘʨʰʨʫʪʘʤ, ʩʚʷʟʘʥʥʳʝ ʩ ʊʘʚʘʢʩʘʡʩʢʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ 6 ʜʝʢʘʙʨʷ 1977 ʛ. ʊʘʢ, ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝ-

ʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʷʚʠʣʠʩʴ ʥʘ 4-ʭ ʧʫʥʢʪʘʭ ʉʝʢʫʱʝʛʦ ʤʘʨʰʨʫʪʘ ʠ ʝʱʝ ʥʘ 4-ʭ ʧʫʥʢʪʘʭ ɺʦ-

ʩʪʦʯʥʦʛʦ ʤʘʨʰʨʫʪʘ. ʀʟʤʝʥʝʥʠʷ ʥʘ ʉʝʢʫʱʝʤ ʤʘʨʰʨʫʪʝ ʙʦʣʝʝ ʚʳʨʘʟʠʪʝʣʴʥʝʝ, ʯʝʤ ʥʘ ɺʦʩʪʦʯʥʦʤ. 
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ʉʡʪ. 3. ɹʦʧʥʙʤʵʦʴʞ ʡʠʥʞʦʞʦʡʸ ʥʙʜʦʡʫʦʧʜʧ ʨʧʤʸ ʨʧ ʊʞʣʬʲʞʥʬ ʡ ɻʧʪʫʧʰʦʧʥʬ ʨʩʧʭʡʤʸʥ, ʪʛʸʠʙʦʦʴʞ ʪ ʋʙʛʙʣʪʙʢ-
ʪʣʡʥ ʠʞʥʤʞʫʩʸʪʞʦʡʞʥ 6 ʝʞʣʙʚʩʸ 1977 ʜ. ʅ = 5,2. 

 

ʂʘʢ ʚʠʜʥʦ, ʥʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʣʠʛʦʥʘʭ ʋʟʙʝʢʠʩʪʘʥʘ ʚʳʜʝʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʜʦʣʛʦ-, ʩʨʝʜʥʝ-, ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʷʤʠ ʠ ʜʨʫʛʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. ɺʳʜʝʣʝʥʳ ʪʘʢʞʝ ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, 

ʥʘʧʨʷʤʫʶ ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʠ ʜʨʫʛʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʠ ʚʝʨʭʥʝʡ 

ʤʘʥʪʠʠ. ɺʦʟʤʦʞʥʦ, ʠʭ ʧʨʠʨʦʜʘ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʛʣʫʙʠʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɺʳʷʩʥʝʥʠʝ ʠʩ-

ʪʠʥʥʳʭ ʧʨʠʯʠʥ ʨʘʟʥʦʛʣʫʙʠʥʥʳʭ ʠ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʜʘʥʥʦʤ ʵʪʘ-

ʧʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʘʢʪʫʘʣʴʥʦʡ ʠ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʩʪʦʷʱʝʡ ʧʝʨʝʜ ʣʘʙʦʨʘʪʦʨʠʝʡ ʌʠ-

ʟʠʢʠ ʩʝʡʩʤʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʉʫʜʷ ʧʦ ʟʥʘʯʠʤʦʩʪʠ ʠ ʘʢʪʫʘʣʴʥʦʩʪʠ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ, ʥʘʜ ʚʳ-

ʷʩʥʝʥʠʝʤ ʬʠʟʠʢʠ ʘʥʦʤʘʣʴʥʳʭ ʚʘʨʠʘʮʠʡ ʙʫʜʝʪ ʟʘʥʠʤʘʪʴʩʷ ʥʝ ʦʜʥʦ ʧʦʢʦʣʝʥʠʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʢʦʨʦʪʢʦ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʇʝʨʚʘʷ ʥʘʰʘ ʩʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ, ʬʠʟʠʢʦʤ ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ, 

ʜʦʢʪʦʨʦʤ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ ɺ.ʇ.ɻʦʣʦʚʢʦʚʳʤ ʧʦʩʚʷʱʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʦʙʦʩʥʦ-

ʚʘʥʠʶ ʧʦʩʪʘʥʦʚʢʠ ʵʪʠʭ ʨʘʙʦʪ ʥʘ ʊʘʰʢʝʥʪʩʢʦʤ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʦʣʠʛʦʥʝ, ʥʘʟʳʚʘʣʘʩʴ çʂ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʩʝʡʩʤʦʤʘʛʥʠʪʥʦʛʦ ʵʬʬʝʢʪʘ ʊʘʰʢʝʥʪʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 26 ʘʧʨʝ-

ʣʷ 1966 ʛʦʜʘè [19, 20]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ, ʩʣʝʜʫʷ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʠʟʚʝʩʪʥʦʛʦ ʛʝʦʬʠʟʠʢʘ ʌ.ɼ. ʉʪʝʡ-

ʩʠ [21], ʚʳʯʠʩʣʷʣʘʩʴ ʚʝʣʠʯʠʥʘ ʩʝʡʩʤʦʤʘʛʥʠʪʥʦʛʦ ʵʬʬʝʢʪʘ ʧʴʝʟʦʤʘʛʥʠʪʥʦʡ ʧʨʠʨʦʜʳ. ɺ ʜʘʣʴ-

ʥʝʡʰʝʤ, ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʘʩʧʝʢʪʝ, ʠʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʛʦʨ-

ʥʳʭ ʧʦʨʦʜ ʇʨʠʪʘʰʢʝʥʪʩʢʦʛʦ ʨʘʡʦʥʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʉ.ʍ.ʄʘʢʩʫʜʦʚʳʤ ʠ ʜʨ. 

ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʚʝʣʠʯʠʥʳ ʩʝʡʩʤʦʤʘʛʥʠʪʥʦʛʦ ʵʬʬʝʢʪʘ ʧʴʝʟʦʤʘʛʥʠʪ-

ʥʦʡ ʧʨʠʨʦʜʳ [22]. 

ʇʝʨʚʦʝ ʘʥʦʤʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 23 ʥʊʣ ʥʘ ʊʘʰʢʝʥʪ-

ʩʢʦʤ ʧʦʣʠʛʦʥʝ ʚʳʜʝʣʝʥʦ ʣʝʪʦʤ 1969 ʛ. ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ɿʘʧʘʜʥʦʛʦ ʠ ʉʝʢʫʱʝʛʦ ʤʘʨʰʨʫʪʦʚ ʥʘ 
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ʧʫʥʢʪʝ ɿʘʧ. 9. ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʵʪʘ ʘʥʦʤʘʣʠʷ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ ʨʝʞʠʤʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʇʦʣʪʦ-

ʨʘʮʢʦʛʦ ʧʦʜʟʝʤʥʦʛʦ ʛʘʟʦʭʨʘʥʠʣʠʱʘ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʚ ʨʘʡʦʥʝ ʇʦʣʪʦʨʘʮʢʦʛʦ ʧʦʜʟʝʤʥʦʛʦ ʛʘʟʦʭʨʘʥʠʣʠʱʘ ʧʦʜ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʆ.ʄ.ɹʘʨʩʫʢʦʚʘ ʧʨʦʚʦʜʠʣʠʩʴ ʜʝʪʘʣʴʥʳʝ ʵʣʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʤʝʪʦʜʦʤ 

ɼʕɿ. ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘʢʘʯʢʝ ʛʘʟʘ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʚʝʣʠʯʠʚʘʣʦʩʴ, ʘ ʧʨʠ ʦʪʢʘʯʢʝ 

ʫʤʝʥʴʰʘʣʦʩʴ ʥʘ 7-8%. ʆʪʤʝʪʠʤ, ʯʪʦ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʥʘ ʵʪʦʤ ʤʠʢʨʦʧʦʣʠʛʦʥʝ. 

ʀʩʢʣʶʯʠʪʝʣʴʥʦ ʠʥʪʝʨʝʩʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʵʧʠʮʝʥʪʨʝ ʚʪʦʨʦʛʦ ɻʘʟʣʠʡʩʢʦʛʦ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ 17 ʤʘʷ 1976 ʛ. ʩ ʤʘʛʥʠʪʫʜʦʡ ʄ = 7,3. ʇʨʠ ʵʢʩʪʨʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʷ ʚ ʵʧʠʮʝʥʪʨʝ ʠ ʥʘ ʫʜʘʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʥʠʢʘʢʠʝ ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʝ ʙʳʣʠ ʦʙ-

ʥʘʨʫʞʝʥʳ. ɺ ʩʦʘʚʪʦʨʩʪʚʝ ʩ ɺ.ɸ.ʐʘʧʠʨʦ ʥʘʧʠʩʘʥʘ ʩʪʘʪʴ ̫ʦ ʪʦʤ, ʯʪʦ ʚʧʝʨʚʳʝ ʚ ʵʧʠʮʝʥʪʨʝ ʩʠʣʴ-

ʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ [23] ʩ ʤʘʛʥʠʪʫʜʦʡ ʄ = 7,3 ʥʠʢʘʢʠʝ ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʝ ʙʳʣʠ ʦʙʥʘ-

ʨʫʞʝʥʳ. ʆʜʥʘʢʦ ʧʦʟʞʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʧʠʮʝʥʪʨʘʣʴʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʠ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʦʩʪʘʣʴʥʦʡ ʩʝʪʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʚ 

ʵʧʠʮʝʥʪʨʝ ɻʘʟʣʠʡʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʘʤʧʣʠʪʫʜʘ ʙʫʭʪʦʦʙʨʘʟʥʳʭ ʚʘʨʠʘʮʠʡ ʩ ʚʨʝʤʝʥʘʤʠ ʦʪ 0,5 

ʜʦ 3-ʭ ʯʘʩʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʜʘʣʝʥʥʳʤʠ ʩʪʘʥʮʠʷʤʠ ʠʩʢʘʟʠʣʘʩʴ ʥʘ 70-80% [24]. ɸʥʘʣʦʛʠʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʠ ʚ ʵʧʠʮʝʥʪʨʝ ʏʠʤʠʦʥʩʢʦʛʦ ʟʝʤʣʝʪʨʩ̫ʝʥʠʷ ʩ ʤʘʛʥʠʪʫʜʦʡ ʄ = 5,8 [19]. 

ɸʣʘʡʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 1 ʥʦʷʙʨʷ 1978 ʛ. (ʄ = 6,8, ʨʠʩ. 2, ʛ). ʉʨʝʜʥʝʩʨʦʯʥʳʝ ʘʥʦʤʘʣʴ-

ʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʚʷʟʘʥʥʳʝ ʩ ɸʣʘʡʩʢʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʘ 

ʦʪʨʝʟʢʝ ʄʘʜʘʥʠʷʪ-ʂʘʨʘʩʫ ʟʘʤʢʥʫʪʦʛʦ ʧʨʦʬʠʣʷ. ʅʘ ʨʠʩ. 4. ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʫʥʢʪʘʭ ʧʦʚʪʦʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ɿʘ ʠʩʭʦʜʥʳʡ ʫʨʦʚʝʥʴ ʚʟʷʪʳ ʟʥʘʯʝʥʠʷ ʧʝʨʚʦ-

ʛʦ ʛʦʜʘ ʥʘʙʣʶʜʝʥʠʡ ï 1973 ʛ. ʇʨʠʚʝʜʝʥʳ ʣʦʢʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ ʟʘ 1974-1978 ʛʛ. ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ 1973 ʛ. ʀʟʤʝʥʝʥʠʷ Dʊ ʟʘ 1973-1976 ʛʛ. ʧʦ ʧʨʦʬʠʣʶ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ. ɺ 1977 ʛ. ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʣʦʢʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ Dʊ  

(-10 ʥʊʣ) ʥʘ ʦʪʨʝʟʢʝ ʤʘʨʰʨʫʪʘ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ ʄʇ52 - ʄʇ44. ɺ 1978 ʛ. ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʠʡ 

ʨʦʩʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʅʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʦʩʦʙʝʥʥʦ ʚ ʧʫʥʢʪʘʭ (ʄʇ52 - 

ʄʇ46) ʩ ʘʤʧʣʠʪʫʜʦʡ (-18 ʥʊʣ). ɸʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʤʘʨʰʨʫʪʫ ʥʘ ʫʯʘʩʪʢʝ 

ʄʘʜʘʥʠʷʪ-ʂʘʨʘʩʫ, ʩʚʷʟʘʥʥʳʝ ʩ ɸʣʘʡʩʢʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ 1 ʥʦʷʙʨʷ 1978 ʛ. (ʩʤ. ʨʠʩ. 4), ʠʤʝʶʪ 

ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ 50-60 ʢʤ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪ -10 ʥʊʣ ʜʦ +15 ʥʊʣ. ʕʧʠʮʝʥʪʨ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ 100-150 ʢʤ ʦʪ ʧʫʥʢʪʦʚ ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. ɺ ʜʨʫʛʠʭ 

ʧʫʥʢʪʘʭ ʧʦʣʠʛʦʥʘ ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ. ʇʦʣʥʘʷ ʢʘʨʪʠʥʘ ʧʣʦʱʘʜʥʦʛʦ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʝ ʚʳʜʝʣʝʥʘ. ɸʥʦʤʘʣʠʷ ʧʦʣʫʯʝʥʘ ʪʦʣʴʢʦ ʥʘ ʯʘʩʪʠ ʤʘʨʰʨʫʪʘ. 

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥ ʚʨʝʤʝʥʥʦʡ ʭʦʜ ʘʥʦʤʘʣʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ȹʊ) ʧʦ ʤʘʨʰʨʫʪʫ, ʧʝʨʝʩʝʢʘʶ-

ʝɦʤʫ ʖʞʥʦ-ʌʝʨʛʘʥʩʢʫʶ ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʫʶ ʟʦʥʫ ʠ ʦʜʥʦʠʤʸʥʥʫʶ 9-ʙʘʣʣʴʥʫʶ ʩʝʡʩʤʦʛʝʥ-

ʥʫʶ ʟʦʥʫ ʚ 1973-1980 ʛʛ., ʩʚʷʟʘʥʥʳʭ ʩ ɸʣʘʡʩʢʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ 1.11.1978 ʛ. ʀʟ ʨʠʩ. 4 ʩʣʝʜʫ-

ʝʪ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʧʫʥʢʪʘʭ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʭ ʚ ʩʝʡʩʤʦʛʝʥʥʳʭ ʟʦʥʘʭ. ʕʪʦʪ ʬʘʢʪ ʜʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʨʷʤʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʘʥʦʤʘʣʠʷʤʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʛʝʦʣʦʛʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʨʝʛʠʦʥʘ. ɺʦ-ʚʪʦʨʳʭ, ʘʥʦ-

ʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦ ʧʨʦʬʠʣʶ ʢʦʣʝʙʘʪʝʣʴʥʳʝ. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ ʧʦ ʧʨʦʬʠʣʶ ʪʘʢʦʡ 

ʞʝ, ʢʘʢ ʤʳ ʥʘʙʣʶʜʘʣʠ ʧʝʨʝʜ ɸʙʘʡʙʘʟʘʨʩʢʠʤ, ʊʘʚʘʢʩʘʡʩʢʠʤ, ʀʩʬʘʨʘ-ɹʘʪʢʝʥʩʢʠʤ ʠ ʜʨʫʛʠʤʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ. 

ɽʱʝ ʦʜʠʥ ʟʘʩʣʫʞʠʚʘʶʱʠʡ ʚʥʠʤʘʥʠʷ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ ʧʨʠ ʘʥʘʣʠʟʝ ʥʘʙʣʶʜʝʥʠʡ ʥʘ 

ʧʫʥʢʪʘʭ ʊʘʰʢʝʥʪʩʢʦʛʦ ʧʦʣʠʛʦʥʘ. ʇʫʥʢʪʳ ʧʦʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ï 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʙʣʠʟʠ ʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʠ ʧʫʥʢʪʳ ʚʜʘʣʠ ʦʪ ʥʠʭ. ʇʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʝ ʙʦʣʴʰʦʛʦ ʤʘʩʩʠʚʘ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʧʫʥʢʪʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʚʦʜʦʝʤʦʚ, ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʠʟʤʝʥʷʣʘʩʴ ʧʦ  
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ʉʡʪ. 4. ɹʦʧʥʙʤʵʦʴʞ ʡʠʥʞʦʞʦʡʸ ʥʙʜʦʡʫʦʧʜʧ ʨʧʤʸ ʨʧ ʨʩʧʭʡʤʷ ʅʙʝʙʦʡʸʫ-ʃʙʩʙʪʬ, ʪʛʸʠʙʦʦʴʞ  

ʪ ɹʤʙʢʪʣʡʥ ʠʞʥʤʞʫʩʸʪʞʦʡʞʥ 1 ʦʧʸʚʩʸ 1978 ʜ. (ʅ = 6,8). 

 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʧʫʥʢʪʘʤʠ ʥʘ 1-2 ʥʊʣ [25]. ɹʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ 

ʥʘ ʧʫʥʢʪʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʠʤʝʶʪ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʝʜʫʝʪ ʚʘʞʥʳʡ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʬʠʟʠʯʝʩʢʘ ̫ʧʨʠʯʠʥʘ ʘʥʦʤʘʣʴʥʳʭ ʠʟʤʝ-

ʥʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʠ-

ʛʝʥʝʪʠʯʥʦʩʪʠ ï ʧʴʝʟʦʤʘʛʥʝʪʠʟʤʝ, ʧʴʝʟʦʣɻʝʢʪʨʠʯʝʩʪʚʝ, ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʷʚʣʝʥʠʷʭ 

ʥʝʠʟʚʝʩʪʥʦʡ ʧʦʢʘ ʧʨʠʨʦʜʳ [26]. 
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ʇʆ ʇɸʃɽʆ-, ɸʈʍɽʆ- ʀ ʉʆɺʈɽʄɽʅʅʓʄ ɼɸʅʅʓʄ 

 
Maksudov S.X. 

O'zbekiston Respublikasi Fanlar akademiyasi G.A.Mavlyanov nomidagi Seysmologiya instituti 

Paleo-, ʘrxeo- va hozirgi zamondagi yer magnit maydonining anomal variatsiyalari 

ɸnnotʘtsiya. Paleomagnetizm, arxeomagnetizm, va zamonaviy izlanishlar asosida aniqlangan yer magnit 

maydoni anomal oᾷzgarishlarini tadqiq qilish natijalari keltirilgan. Izlanishlar mavzusi qilib fanerozoy va zamonaviy 

davrda namoyon boᾷlgan anomal oᾷzgarishlar olingan. ɸnomal oᾷzgarishlar platformalar (Yevropa, Rossiya, Gᾷarbiy 

Sibir), geosinklinal (Osiyo, Yaponiya, Shimoliy, Janubiy ɸmerika) regionlarda namyon boᾷlgan. Ushbu holat anom-

aliyalarni yer sharining turli geologik ï tektonik sharoitli regionlarda sodir boᾷlganini koᾷrsatadi. Oxirgi 100-yillik 

izlanishlar natijalari anomaliyalarni juda keng spektrli shakl, qiymat, makon va zamonda namoyon boᾷlishi mum-

kinligini koᾷrsatdi. Magnit maydonining ushbu turdagi oᾷzgarishlari kuchli zilzilalarni tayyorlanish jarayoni bilan 

bogᾷliq emasligi aniqlandi. Koᾷp yillik batafsil izlanishlar natijalari ushbu anomaliyalar maᾷlum bir joyda qayta ï 

qayta har xil shakl, davriylik va qiymatlarda namoyon boᾷlishi mumkinligini koᾷrsatdi. Uzoq davrli sekin boᾷladigan 

anomal oᾷzgarishlarga davri qisqa boᾷlgan anomaliyalar yuklanib sodir boᾷlishi mumkinligi aniqlandi. Ushbu 

anomal oᾷzgarishlar koᾷrsatkichlari boᾷyicha kuchli (M Ó 5) zilzilalar tayyorlanishi bilan paydo boᾷladigan darakchi 

anomaliyalar bilan oᾷxshashligi aniqlandi. Yer magnit maydonidagi ushbu anomal oᾷzgarishlarning tabiati 

toᾷgᾷrisida aytilgan taxminiy fikrlar keltirilgan. 

Kalit soᾷzlar: paleomagnetizm, arxeomagnetizm, fanerozoy, hozirgi zamon magnit maydoni, anomal vari-

atsiyalar, amplituda, davomiylik. 

 

ʄʘʢʩʫʜʦʚ ʉ.ʍ. 

ʀʥʩʪʠʪʫʪ ʩʝʡʩʤʦʣʦʛʠʠ ʠʤ. ɻ.ɸ.ʄʘʚʣʷʥʦʚʘ ɸʅ ʈʋʟ 

ɸʥʦʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʧʘʣʝʦ-, ʘʨʭʝʦ- ʠ ʩʦʚʨʝʤʝʥʥʳʤ ʜʘʥʥʳʤ 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʥʦʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ 

ʧʘʣʝʦ-, ʘʨʭʝʦʤʘʛʥʠʪʥʳʤ ʜʘʥʥʳʤ ʠ ʩʦʚʨʝʤʝʥʥʳʤ ʠʟʤʝʨʝʥʠʷʤ. ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝ-

ʥʠʷ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʤʝʩʪʦ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʬʘʥʝʨʦʟʦʷ ʠ ʚ ʩʦʚʨʝʤʝʥʥʦʩʪʠ. ʆʥʠ ʧʨʦʷʚʠʣʠʩʴ ʥʘ ʧʣʘʪʬʦʨ-

ʤʝʥʥʳʭ ʦʙʣʘʩʪʷʭ (ʝʚʨʦʧʝʡʩʢʘʷ, ʨʫʩʩʢʘʷ, ʟʘʧʘʜʥʦ-ʩʠʙʠʨʩʢʘʷ), ʚ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʳʭ ʨʝʛʠʦʥʘʭ (ɸʟʠʷ, ʗʧʦʥʠʷ, 

ʉʝʚʝʨʥʘʷ, ʖʞʥʘʷ ɸʤʝʨʠʢʘ), ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʱʝʧʣʘʥʝʪʘʨʥʳʡ ʤʘʩʰʪʘʙ ʧʨʦʷʚʣʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʥʦʤʘʣʴʥʳʭ ʚʘʨʠʘʮʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʘ ʧʦʩʣʝʜʥʠʝ 100 

ʣʝʪ ʦʪʨʘʞʘʶʪ ʧʨʦʷʚʣʝʥʠʝ ʵʪʠʭ ʘʥʦʤʘʣʠʡ ʚ ʰʠʨʦʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʤ ʩʧʝʢʪʨʝ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ 

ʬʦʨʤʝ. ʆʥʠ ʥʝ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʧʨʦʮʝʩʩʘʤʠ ʧʦʜʛʦʪʦʚʢʠ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʪʝʢʪʦʥʠʢʦʡ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ 

ʨʝʟʫʣʴʪʘʪʳ ʜʝʪʘʣʴʥʳʭ ʜʣʠʪʝʣʥɹʳʭ ʠʟʤʝʨʝʥʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʥʠ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʥʝʦʜʥʦʢʨʘʪʥʦ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʝ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʟʥʘʢʘʭ. ʅʘ ʜʣʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ 

ʥʘʢʣʘʜʳʚʘʪʴʩʷ ʙʦʣʝʝ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦ ʧʘʨʘʤʝʪʨʘʤ (ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠ ʬʦʨʤʘ) ʦʥʠ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘʥʦʤʘʣʴʥʳʭ ʚʘʨʠʘ-

ʮʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʨʦʮʝʩʩʘʤʠ ʧʦʜʛʦʪʦʚʢʠ ʩʠʣʴʥʳʭ (ʄ Ó 5) ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʇʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʚʝʨʩʠʠ ʦ 

ʚʦʟʤʦʞʥʦʡ ʧʨʠʨʦʜʝ ʵʪʦʛʦ ʷʚʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʣʝʦʤʘʛʥʝʪʠʟʤ, ʘʨʭʝʦʤʘʛʥʝʪʠʟʤ, ʬʘʥʝʨʦʟʦʡ, ʩʦʚʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʘʥʦ-

ʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ, ʘʤʧʣʠʪʫʜʘ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ. 
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Anomalous variations of the geomagnetic field according to Paleo, Archeo and modern data. 

Annotation. The results of the study of anomalous changes in the geomagnetic field based on paleomag-

netic, archeomagnetic data and modern measurements are presented. The subject of research is the anomalous 

changes that took place throughout the Phanerozoic and in the present. They manifested themselves in platform are-

as (European, Russian, West Siberian), geosynclinal regions (Asia, Japan, North, South America), This indicates the 

planetary scale of manifestation. 

The results of detailed studies of anomalous variations in the geomagnetic field over the past 100 years 

show the manifestation of these anomalies in a wide spatio-temporal spectrum, intensity and shape. They are not 

associated with the preparation of strong earthquakes, tectonics. As the results of detailed long-term measurements 
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of the geomagnetic field show, they can appear repeatedly in a certain area in various forms, durations, and signs. 

Long-term changes can be superimposed on shorter-period anomalous changes in the geomagnetic field. In terms of 

parameters - intensity, duration, and shape, they are comparable with similar parameters of anomalous variations 

caused by the preparation of strong (M Ó 5) earthquakes. The main versions of the possible nature of this phenome-

non are presented. 

Key words: paleomagnetism, archeomagnetism, phanerozoic, modern magnetic field, anomalous varia-

tions, amplitude, duration. 

 
ɺʚʝʜʝʥʠʝ. ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʚ ʪ. ʯ. ʧʦ ʧʨʦʙʣʝʤʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʠʨʦʢʦ 

ʨʘʟʚʠʪʳ ʩ ʩʝʨʝʜʠʥʳ XX ʚ. ʉʨʝʜʠ ʥʠʭ ʛʝʦʤʘʛʥʠʪʥʳʡ ʤʝʪʦʜ ï ʦʜʠʥ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʠʥʬʦʨʤʘʪʠʚʥʳʭ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ 60-70 ʣʝʪ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʘʜʝʞʥʳʝ ʘʥʦʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʚʷ-

ʟʘʥʥʳʝ ʩ ʧʨʦʮʝʩʩʘʤʠ ʧʦʜʛʦʪʦʚʢʠ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʅʘʨʷʜʫ ʩ ʥʠʤʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʘʥʦʤʘʣʠʠ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚʥʫʪʨʠ ɿʝʤʣʠ. ʆʥʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʬʦʨʤʫ ʧʨʦʷʚʣʝʥʠʷ, ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴ ʠ ʨʘʟʤʝʨʳ ʧʦ ʧʣʦʱʘʜʠ. ʇʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ ʢʘ-

ʢʦʡ-ʣʠʙʦ ʩʚʷʟʠ ʠʭ ʩ ʛʝʦʣʦʛʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʤʠ, ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦ-

ʩʪʷʤʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʆʥʠ ʪʘʢʞʝ ʥʝ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ, ʩʝʡʩʤʠʯʝʩʢʠʤ 

ʨʝʞʠʤʦʤ ʠʣʠ ʦʪʜʝʣʴʥʳʤʠ ʩʠʣʴʥʳʤʠ (ʄ Ó 5) ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ, ʧʨʦʠʟʦʰʝʜʰʠʤʠ ʚ ʨʝʛʠʦʥʝ. ʉʭʦʞʝʩʪʴ 

ʧʘʨʘʤʝʪʨʦʚ ʵʪʠʭ ʘʥʦʤʘʣʴʥʳʭ ʚʘʨʠʘʮʠʡ ʩ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʤʠ ʘʥʦʤʘʣʠʷʤʠ, ʚ ʪ. ʯ. ʧʦ ʢʦʣʠʯʝʩʪʚʫ, ʩʪʘʚʠʪ 

ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʨʦʜʳ ʵʪʦʛʦ ʪʠʧʘ ʘʥʦʤʘʣʠʠ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʘʥʦʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʨʘʟʣʠʯʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʬʦʨʤʳ 

ʚʳʷʚʣʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʘʣʝʦ-, ʘʨʭʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʧʦ 

ʵʪʠʤ ʜʘʥʥʳʤ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʜʘʥʥʳʤ ʤʠ-

ʨʦʚʦʡ ʩʝʪʠ ʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ, ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ ʨʝʛʠʦʥʦʚ. 

ɺ ʨʘʤʢʘʭ ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʥʦʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ 

ʜʨʝʚʥʝʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʟʣʠʯʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʬʦʨʤʳ. ʆʥʠ ʙʳʣʠ ʚʳ-

ʷʚʣʝʥʳ ʪʘʢʞʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʨʭʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʕʪʠ ʚʘʨʠʘʮʠʠ ʠʤʝʣʠ ʤʝʩʪʦ ʥʘ ʚʩʝʤ ʧʨʦ-

ʪʷʞʝʥʠʠ ʬʘʥʝʨʦʟʦʷ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʦʙʣʘʩʪʝʡ (ʝʚʨʦʧʝʡʩʢʘʷ, ʨʫʩʩʢʘʷ, ʟʘʧʘʜʥʦ-ʩʠʙʠʨʩʢʘʷ), ʚ ʛʝʦʩʠʥʢʣʠ-

ʥʘʣʴʥʳʭ ʨʝʛʠʦʥʘʭ (ɸʟʠʷ, ʗʧʦʥʠʷ, ʉʝʚʝʨʥʘʷ, ʖʞʥʘʷ ɸʤʝʨʠʢʘ). ʕʪʦʪ ʬʘʢʪ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʱʝʧʣʘʥʝʪʘʨ-

ʥʳʡ ʤʘʩʰʪʘʙ ʧʨʦʷʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴ-

ʥʳʭ ʠʟʤʝʨʝʥʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʤʠʨʦʚʦʡ ʩʝʪʠ ʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ, ʥʘ ʧʫʥʢʪʘʭ ʚʝʢʦʚʦʛʦ ʭʦ-

ʜʘ, ʘ ʪʘʢʞʝ ʜʝʪʘʣʴʥʳʤʠ ʤʥʦʛʦʣʝʪʥʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ ʨʝʛʠʦʥʦʚ ɿʝʤ-

ʥʦʛʦ ʰʘʨʘ. 

ʇʘʣʝʦ- ʠ ʘʨʭʝʦʤʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʘʥʦʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʩ ʧʝʨʠʦʜʘʤʠ ʦʪ ʥʝ-

ʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʣʝʪ ʜʦ 50-100 ʪʳʩ. ʣʝʪ ʠ ʙʦʣʝʝ. ʆʥʠ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʷʤ 

ʵʪʠʭ ʤʝʪʦʜʦʚ, ʜʝʪʘʣʴʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʙʨʘʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ, ʘʨʭʝʦʤʘʛʥʠʪʥʳʭ ʦʙʲʝʢ-

ʪʦʚ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʛʝʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʵʪʦʪ ʪʠʧ ʘʥʦʤʘʣʴʥʳʭ ʚʘʨʠʘʮʠʡ ʚʳʷʚʣʝʥ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦ-

ʩʪʴʶ ʦʪ 5-10 ʜʥʝʡ ʜʦ 20-60 ʣʝʪ ʠ ʙʦʣʝʝ. 

ɺʘʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʵʪʠʭ ʘʥʦʤʘʣʴʥʳʭ ʚʘʨʠʘʮʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ ʨʦʣʠ ʠ ʤʝʩʪʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʚʘʨʠʘʮʠʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʧʨʦʙʣʝʤʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ, ʬʦʨʤʝ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʫ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʘʥʦ-

ʤʘʣʴʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʧʨʝʜʚʝʩʪʥʠʢʦʚʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʇʦ ʠʤʝʶʱʠʤʩʷ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʜʘʥʥʳʤ, ʨʘʩʩʤʦʪʨʠʤ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟ-

ʤʘʭ ʧʨʦʷʚʣʝʥʠʷ ʵʪʠʭ ʘʥʦʤʘʣʴʥʳʭ ʚʘʨʠʘʮʠʡ. 

ɸʥʦʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʳʷʚʣʝʥʥʳʝ ʧʘʣʝʦʤʘʛʥʠʪʥʳʤʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʤʠ. ɸ.ʅ. ʍʨʘʤʦʚ [1], ʠʟʫʯʠʚ ʧʘʣʝʦʤʘʛʥʠʪʥʳʝ ʜʘʥʥʳʝ ʧʦ ʧʘʣʝʦʟʦʡʩʢʦʤʫ ʧʝʨʠʦʜʫ, ʩʜʝʣʘʣ ʦʙʦʙʱʘʶ-

ʱʠʝ ʚʳʚʦʜʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʠʥʪʝʨʝʩʥʳʤʠ ʜʣʷ ʥʘʩ ʷʚʣʷʶʪʩʷ: 

¶ ʛʝʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʩʫʱʝʩʪʚʦʚʘʚʰʝʝ ʚ ʧʘʣʝʦʟʦʝ, ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʦ ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʁ ʱʠʝ: 

ʧʦʣʝ ʚʝʢʦʚʳʭ ʚʘʨʠʘʮʠʡ ʠ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʝ ʧʘʣʝʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ɺʝʢʦʚʳʝ ʚʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʪ ʰʠʨʦ-

ʢʠʡ ʩʧʝʢʪʨ ʩ ʧʝʨʠʦʜʘʤʠ 1-10 ʪʳʩ. ʣʝʪ; 

¶ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʘʣʝʦʟʦʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʝʨʝʟ 20-50 ʤʣʥ. ʣʝʪ, ʯʝʨʝʜʦʚʘʣʠʩʴ ʜʚʘ ʨʝʞʠʤʘ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: ʨʝʞʠʤ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʷ ʧʨʷʤʦʡ ʠʣʠ ʦʙʨʘʪʥʦʡ ʧʦʣʷʨʥʦʩʪʠ, ʠʥʦʛʜʘ ʩ ʥʝʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʧʦʣʷʨʥʦʩʪʠ, ʠ ʨʝʞʠʤ ʯʘʩʪʳʭ ʠʥʚʝʨʩʠʡ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦ-

ʨʳʭ ʚʦ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʘʨʪʠʥʫ ʩʣʦʞʥʦʡ ʠ ʥʝʨʝʛʫʣʷʨʥʦʡ ʨʠʪʤʠʯʥʦʩʪʠ. ʀʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʠʥ-

ʚʝʨʩʠʡ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʩʣʦʞʥʦ ʨʠʪʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ.  

ɸʤʧʣʠʪʫʜʳ ʠ ʧʝʨʠʦʜʳ ʚʝʢʦʚʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʘʨʠʘʮʠʡ ʚ ʧʘʣʝʦʟʦʝ ʚ ʮʝʣʦʤ ʜʦʚʦʣʴʥʦ ʙʣʠʟʢʠ ʢ 

ʪʘʢʦʚʳʤ ʚ ʯʝʪʚʝʨʪʠʯʥʦʤ ʧʝʨʠʦʜʝ ʠ ʩʦʚʨʝʤʝʥʥʦʩʪʠ [2]. 
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ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʘʣʝʦʤʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʯʝʪʚʝʨʪʠʯʥʳʤ ʦʩʘʜʦʯ-

ʥʳʤ ʧʦʨʦʜʘʤ ʏʝʨʚʝʥʩʢʦʛʦ ʢʦʧʮʘ (ʄʦʨʘʚʠʷ, ʏʝʭʦʩʣʦʚʘʢʠʷ). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʣʦʥʝʥʠʷ ʠ 

ʥʘʢʣʦʥʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʝʪʝʨʧʝʚʘʣʦ ʨʘʟʣʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʟʘ ʧʦ-

ʩʣʝʜʥʠʡ ʤʠʣʣʠʦʥ ʣʝʪ [3]. ɺ ʥʝʢʦʪʦʨʳʝ ʧʝʨʠʦʜʳ ʧʦʣʝ ʙʳʣʦ ʩʧʦʢʦʡʥʳʤ, ʚ ʜʨʫʛʠʝ ï ʥʘʙʣʶʜʘʣʠʩʴ ʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʪʦʙʨʘʥʥʳʝ ʦʙ-

ʨʘʟʮʳ ʠʟ 5-ʪʠ ʨʘʟʨʝʟʦʚ ʐʠʨʘʢʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʠ ʉʝʚʘʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ (ɸʨʤʝʥʠʷ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʷʚʣʝ-

ʥʳ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʨʘʟʨʝʟʦʚ, ʧʝʨʠʦʜʳ ʢʦʪʦ-

ʨʳʭ ʦʮʝʥʝʥʳ ʢʘʢ 600, 1200, 1800 ʠ ʦʢʦʣʦ 3000 ʣʝʪ [4]. 

ɺ ʨʘʙʦʪʝ [5] ʦʧʨʝʜʝʣʝʥʘ ʧʘʣʝʦʥʘʧʨʷʞʝʥʥʦʩʪʴ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʚʳʷʚʣʝʥʳ ʚʘʨʠʘʮʠʠ 

ʧʘʣʝʦʥʘʧʨʷʞʝʥʥʦʩʪʠ ʩ ʧʝʨʠʦʜʘʤʠ ʦʢʦʣʦ 50, 34, 20 ʠ 17 ʪʳʩ. ʣʝʪ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚʝʢʦʚʳʭ ʛʝʦʤʘʛʥʠʪ-

ʥʳʭ ʚʘʨʠʘʮʠʡ ʚ ʮʝʣʦʤ ʩʚʦʡʩʪʚʝʥʥʳ ʜʣʷ ʚʩʝʛʦ ʬʘʥʝʨʦʟʦʷ [6-8]. 

ɸʥʦʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʳʷʚʣʝʥʥʳʝ ʘʨʭʝʦʤʘʛʥʠʪʥʳʤʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʤʠ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʘʨʭʝʦʤʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʈʦʩʩʠʠ, ʋʢʨʘʠʥʝ, ʀʥʜʠʠ, ʄʦʣʜʘʚʠʠ, ʇʦʣʴʰʝ 

[9, 10], ɻʨʫʟʠʠ [11], ʄʦʥʛʦʣʠʠ, ʋʟʙʝʢʠʩʪʘʥʝ [12] ʠ ʥʘ ʜʨʫʛʠʭ ʪʝʨʨʠʪʦʨʠʷʭ.  

ʊʘʢ, ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʥʘʢʣʦʥʝʥʠʷ ʟʘ ʧʦʩʣʝʜʥʠʝ 2000 ʣʝʪ ʥʘ ʋʢʨʘʠʥʝ. ɺʳʷʚʣʝʥʦ ʢʦ-

ʣʝʙʘʥʠʝ ʥʘʢʣʦʥʝʥʠʷ ʩ ʧʝʨʠʦʜʦʤ 500-600 ʣʝʪ. ʊʘʢʦʝ ʞʝ ʷʚʣʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʄʦʩʢʚʝ ʧʝʨʠʦʜʦʤ 500 

ʣʝʪ [9]. 

ɼʣʷ ʘʥʘʣʠʟʘ ʤʠʨʦʚʳʭ ʜʘʥʥʳʭ ʧʦ ʠʟʤʝʥʝʥʠʶ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (8500 ʣʝʪ) ʩʦ-

ʩʪʘʚʣʝʥʘ ʩʚʦʜʢʘ ʤʠʨʦʚʳʭ ʘʨʭʝʦʤʘʛʥʠʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. ʇʨʦʠʟʚʝʜʝʥʦ ʫʩʨʝʜʥʝʥʠʝ ʟʘ 50 ʣʝʪ ʠ 

ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʩ ʧʝʨʠʦʜʦʤ ʧʦʨʷʜʢʘ 200-400 ʣʝʪ [9]. 

ɺ ʨʘʙʦʪʝ [10] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʤʠʨʦʚʳʭ ʜʘʥʥʳʭ ɽʚʨʦʧʳ, ɸʟʠʠ, ʗʧʦʥʠʠ, ʉʝ-

ʚʝʨʥʦʡ ʠ ʖʞʥʦʡ ɸʤʝʨʠʢʠ.  

ʀʟʫʯʝʥʳ ʩʨʝʜʥʠʝ ʩʪʦʣʝʪʥʠʝ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʰʘʛʦʤ ʩʢʦʣʴʞʝ-

ʥʠʷ 50 ʣʝʪ. ʈʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʘʥʘʣʠʟʫ, ʛʜʝ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʠʣʠʩʴ ʧʝʨʠʦʜʳ 

ʧʦʨʷʜʢʘ 350 ʠ 1000 ʣʝʪ ʠ ʥʘʤʝʪʠʣʩʷ ʧʝʨʠʦʜ ʧʦʨʷʜʢʘ 500 ʣʝʪ. 

ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʠʟʤʝʥʝʥʠʷ ʜʨʝʚʥʝʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɻʨʫʟʠʠ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 

ʪʨʝʪʴʝʛʦ ʪʳʩʷʯʝʣʝʪʠʷ ʜʦ ʥʘʰʝʡ ʵʨʳ ʜʦ ʧʝʨʚʦʛʦ ʪʳʩʷʯʝʣʝʪʠʷ ʥʘʰʝʡ ʵʨʳ. ɺʳʷʚʣʝʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʟ-

ʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʘʯʠʥʘʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʣʝʪ ʜʦ 1200-1800 ʣʝʪ [11]. 

ɺ ʨʘʙʦʪʝ [12] ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʄʦʥʛʦʣʠʠ, ɸʙʭʘʟʠʠ ʠ 

ʋʟʙʝʢʠʩʪʘʥʝ. ʀʟʤʝʥʝʥʠʝ ʥʘʢʣʦʥʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʋʟʙʝʢʠʩʪʘʥʘ ʟʘ ʧʦʩʣʝʜʥʶʶ ʪʳʩʷ-

ʯʫ ʣʝʪ ʧʦʜʪʚʝʨʜʠʣʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 500-ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ ʚʘʨʠʘʮʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʄʦʥʛʦʣʠʠ ʜʣʷ ʧʦ-

ʩʣʝʜʥʠʭ ʧʦʣʫʪʦʨʘ ʪʳʩʷʯʠ ʣʝʪ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʚʝʢʦʚʳʭ ʚʘʨʠʘʮʠʡ ʚ ʥʘʢʣʦʥʝʥʠʠ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ 

ʧʝʨʠʦʜʦʤ 500-600 ʣʝʪ. 

ɸʨʭʝʦʤʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ɹʦʣʛʘʨʠʠ ʧʨʦʚʝʜʝʥʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʥʘʢʣʦʥʝʥʠʷ ʛʝʦʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ ʚ ʥʘʰʝʡ ʵʨʝ [13]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʘ ʢʨʠʚʘʷ ʚʝʢʦʚʳʭ ʚʘʨʠʘʮʠʡ ʥʘʢʣʦʥʝʥʠʷ ʜʨʝʚʥʝʛʦ ʛʝʦ-

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʅʘ ʢʨʠʚʦʡ ʚʳʜʝʣʝʥʳ ʢʦʣʝʙʘʥʠʷ ʥʘʢʣʦʥʝʥʠʷ ʧʝʨʠʦʜʦʤ ʦʢʦʣʦ 

700-900 ʣʝʪ.  

ɼʣʷ ʪʝʨʨʠʪʦʨʠʠ ʩʨʝʜʥʝʡ ɽʚʨʦʧʳ (ʏʝʭʦʩʣʦʚʘʢʠʷ, ɺʝʥʛʨʠʷ, ʇʦʣʴʰʘ ʠ ʊʫʨʮʠʷ) ʟʘʬʠʢʩʠʨʦʚʘʥʳ 

ʜʘʥʥʳʝ ʦʙ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʟʘ ʧʦʩʣʝʜʥʠʝ 8500 ʣʝʪ [14]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩ ʧʝʨʠʦʜʦʤ ʦʢʦʣʦ 8900 ʣʝʪ. ɹʳʣʠ ʚʳʷʚʣʝʥʳ ʚʘʨʠʘʮʠʠ ʩ ʧʝʨʠʦʜʦʤ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1200 ʣʝʪ. ʍʘʨʘʢʪʝʨ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʮʝʣʦʤ ʧʦʭʦʞ ʥʘ ʚʘʨʠʘʮʠʠ ʜʣʷ ʪʝʨʨʠʪʦʨʠʡ ʎʝʥ-

ʪʨʘʣʴʥʦʡ ɸʤʝʨʠʢʠ, ʗʧʦʥʠʠ. ʅʦ ʧʦ ʙʦʣʝʝ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ï ʚ ʢʘʞʜʦʤ ʨʝʛʠʦʥʝ ʠʤʝʶʪʩʷ 

ʨʘʟʣʠʯʠʷ ʧʦ ʧʝʨʠʦʜʫ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʬʦʨʤʝ.  

ɺ ʨʘʙʦʪʝ [15] ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʜʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʘʨʭʝʦʤʘʛʥʠʪʥʳʤ ʜʘʥ-

ʥʳʤ. ɺ ʩʧʝʢʪʨʝ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʪʳʩ. ʣʝʪ ʚʳʜʝʣʝʥʳ ʙʳʩʪʨʳʝ 300-400-600-ʣʝʪʥʠʝ 

ʢʦʣʝʙʘʥʠʷ ʠ ʤʝʜʣʝʥʥʳʝ 1200 ʠ 1800-ʣʝʪʥʠʝ ʥʘ ʬʦʥʝ ʦʩʥʦʚʥʦʛʦ ʧʦʨʷʜʢʘ 8000-ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ. ʅʘʨʷʜʫ ʩ 

ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʚʳʰʝ ʚʘʨʠʘʮʠʷʤʠ ʚʳʷʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʣʝʙʘʥʠʷ 3200-4000-ʣʝʪʥʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴ-

ʥʦʩʪʠ. ɺ ʨʘʙʦʪʝ [16] ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʨʝʚʥʝʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʟʘ ʧʦʩʣʝʜʥʠʝ ʩʝʤʴ ʪʳʩ. ʣʝʪ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʚʘʨʠʘʮʠʠ, ʧʦʣʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʫʧʝʨʧʦʟʠʮʠʶ 
ʥʝʩʢʦʣʴʢʠʭ ʢʦʣʝʙʘʥʠʡ ʨʘʟʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ. ɿʜʝʩʴ ʥʘ ʧʣʘʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʚʨʝʤʝ-

ʥʝʤ ʚ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʣʝʪ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʤʝʥʴʰʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩ ʧʝʨʠʦʜʦʤ ʚ ʥʝ-

ʩʢʦʣʴʢʦ ʩʦʪʝʥ ʣʝʪ ʠ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʣʝʪ. 

ɺ ʨʘʙʦʪʝ [17] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʨʭʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʩ ʮʝʣʴʶ ʠʟʫ-

ʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʦ II-I ʪʳʩ. ʜʦ ʥ. ʵ. ʅʘ ʧʣʘʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦ-

ʣʷ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʙʦʣʝʝ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʧʝʨʠʦʜʘʤʠ 300-500 ʣʝʪ. ʀʤʝ-

ʶʪʩʷ ʪʘʢʞʝ ʙʦʣʝʝ ʙʳʩʪʨʳʝ (ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʣʝʪ) ʠʟʤʝʥʝʥʠʷ. 
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ʀ.ɽ. ʅʘʯʘʩʦʚʦʡ ʠ ʂ.ʉ. ɹʫʨʘʢʦʚʳʤ [18] ʧʨʦʚʝʜʝʥʳ ʘʨʭʝʦʤʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʝʨʘʤʠʯʝʩʢʦ-

ʛʦ ʤʘʪʝʨʠʘʣʘ ʵʧʦʭʠ ʙʨʦʥʟʳ ʠʩʧʘʥʩʢʦʛʦ ʧʘʤʷʪʥʠʢʘ ɹʘʝʩʘ. ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʛʝʦʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ XIX ʧʦ XIII ʚ. ʜʦ ʥ. ʵ. ʄʘʢʩʠʤʫʤ ʧʣʘʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

XVI -XV ʚʝʢʘ. ɺ ʠʥʪʝʨʚʘʣʝ XIX-XIII ʚʚ. ʧʨʦʠʩʭʦʜʷʪ ʙʳʩʪʨʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. 

ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʨʝʟʫʣʴʪʘʪʦʚ ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʛʝʦʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʥʦʩʠʣʘ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʩʦʙʝʥʥʦ ʧʦʣ-

ʥʫʶ ʢʘʨʪʠʥʫ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛʜʝ ʧʨʦʚʝʜʝʥ ʩʧʣʦʰʥʦʡ ʦʪʙʦʨ 

ʦʙʨʘʟʮʦʚ ʧʦʨʦʜ ʧʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʨʘʟʨʝʟʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʤʦʱʥʳʤʠ ʩʣʦʷʤʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʙʝʟ 

ʧʝʨʝʨʳʚʘ ʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ. ɺʳʷʚʣʝʥʳ ʚʘʨʠʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʧʝʨʠʦʜʘʤʠ, ʥʘʯʠʥʘʷ ʦʪ 600 

ʣʝʪ ʜʦ 50 ʪʳʩ. ʣʝʪ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚʘʨʠʘʮʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʚʦʡʩʪʚʝʥʥʳ ʜʣʷ ʚʩʝʛʦ ʬʘʥʝʨʦʟʦʷ [2, 

5-8]. ʆʥʠ ʧʨʦʷʚʠʣʠʩʴ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʬʘʥʝʨʦʟʦʷ ï ʢʘʢ ʚ ʧʝʨʠʦʜ ʧʨʷʤʦʡ, ʪʘʢ ʠ ʦʙʨʘʪʥʦʡ ʧʦʣʷʨʥʦ-

ʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɸʨʭʝʦʤʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʥʘʢʣʦʥʝʥʠʝ, ʩʢʣʦʥʝʥʠʝ, ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ) ʧʨʦ-

ʚʝʜʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʉʝʚʝʨʥʦʡ, ʖʞʥʦʡ ɸʤʝʨʠʢʠ, ɽʚʨʦʧʳ, ɸʟʠʠ, ʀʥʜʠʠ, ʗʧʦʥʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʦʭʚʘʪʠʣʠ ʧʝʨʠʦʜ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʪʳʩ. ʣʝʪ. ɺʳʷʚʣʝʥʳ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʨʝʚʥʝʛʦ ʛʝʦʤʘʛʥʠʪʥʦ-

ʛʦ ʧʦʣʷ ʩ ʧʝʨʠʦʜʦʤ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʣʝʪ ʜʦ 8-9 ʪʳʩ. ʣʝʪ. ʀʥʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʷ ʥʝ-

ʩʢʦʣʴʢʠʭ ʢʦʣʝʙʘʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʟʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ [16]. ɿʜʝʩʴ ʥʘ ʧʣʘʚʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʩʦ ʚʨʝʤʝʥʝʤ ʚ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʣʝʪ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʩ ʧʝʨʠʦʜʦʤ ʦʪ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʢʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʣʝʪ [16, 17]. 

ɸʥʦʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʳʷʚʣʝʥʥʳʝ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʛʝʦʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ. ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʤʠʨʦʚʦʡ ʩʝʪʠ ʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 200 ʣʝʪ.  

ʂ.ʅ. ɸʙʜʫʣʣʘʙʝʢʦʚ ʠ ʜʨ. ʠʟʫʯʠʣʠ ʜʘʥʥʳʝ ʤʠʨʦʚʦʡ ʩʝʪʠ ʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ [19, 20]. ɺ ʨʷʜʝ ʦʙ-

ʩʝʨʚʘʪʦʨʠʡ ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʜʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ ʩ ʧʝʨʠʦʜʘʤʠ ʚ 15-30 ʣʝʪ ʠ ʘʤʧʣʠʪʫʜʦʡ ʜʦ ʥʝ-

ʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʥʊʣ. ɺʳʷʚʣʝʥʳ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 1-3 ʛʦʜʘ ʠ ʘʤʧʣʠʪʫʜʦʡ ʧʦʨʷʜʢʘ 20-30 

ʥʊʣ. 

ʀ.ɻ. ɿʦʣʦʪʦʚ ʘʥʘʣʠʟʠʨʦʚʘʣ ʜʘʥʥʳʝ ʜʣʷ ʪʨʝʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ɸʣʠʙʘʛ, ɸʙʠʥʜʞʝʨ-ʍʘʨʪʣʝʥʜ ʠ ʎʦ-ɿʝ 

[21]. ʀʤ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘ ʬʦʥʝ ʧʣʘʚʥʦʛʦ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚʳʩʦʢʦʯʘʩʪʦʪ-

ʥʳʝ ʥʝʨʝʛʫʣʷʨʥʳʝ ʢʦʣʝʙʘʥʠʷ. ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʯʘʩʪʠ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 40-50 ʣʝʪ. ʅʘ 

ʚʩʝʭ ʪʨʝʭ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʚʳʜʝʣʝʥʳ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴh ʠʤʠ ʧʝʨʠʦʜʘʤʠ.  

ʉ.ɺ. ʌʠʣʠʧʧʦʚ ʘʥʘʣʠʟʠʨʦʚʘʣ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ 20-ʣʝʪʥʝʡ ʚʘʨʠʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʧʦ ʜʘʥʥʳʤ ʙʦʣʝʝ 50 ʦʙʩʝʨʚʘʪʦʨʠʡ [22]. 

ɺ.ɻ. ʂʫʟʥʝʮʦʚʘ ʠ ʜʨ. [23] ʧʨʦʚʦʜʠʣʠ ʛʝʦʤʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ɿʘʢʘʨʧʘʪʩʢʦʤ ʨʝʛʠʦʥʝ ʚ ʪʝ-

ʯʝʥʠʝ 1982-1989 ʛʛ. ʀʟʫʯʝʥʳ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʝ (ʛʦʜʦʚʳʝ, ʩʝʟʦʥʥʳʝ) ʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ. ɺʳʜʝʣʝʥʳ ʪʨʝʥʜʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʠ ʣʦʢʘʣʴʥʳʝ ʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 1,5-2,5 ʤʝʩ., ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ 5 ʥʊʣ. 

ɺ.ɸ. ʄʫʭʘʤʘʜʝʝʚʘ ʠ ʜʨ. [24] ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʪʝʨʨʠ-

ʪʦʨʠʠ ɹʠʰʢʝʢʩʢʦʛʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ. ɿʘ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʥʘ ʧʫʥʢʪʘʭ ʨʝʞʠʤʥʳʭ ʠ ʧʦ-

ʚʪʦʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠ ʟʥʘʯʠʤʳʝ ʚʘʨʠʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʇʨʠʯʝʤ ʥʘ ʨʘʟʥʳʭ ʧʫʥʢʪʘʭ ʭʘʨʘʢʪʝʨ ʚʘʨʠʘʮʠʡ ʪʘʢʞʝ ʨʘʟʣʠʯʝʥ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʷʭ ʊʘʰʢʝʥʪʩʢʦʛʦ, ʌʝʨʛʘʥʩʢʦʛʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʦʚ ʋʟʙʝʢʠʩʪʘʥʘ ʚ ʪʝʯʝ-

ʥʠʝ ʙʦʣʝʝ 50-ʪʠ ʣʝʪ ʧʨʦʚʝʜʝʥʳ ʚʳʩʦʢʦʪʦʯʥʳʝ ʛʝʦʤʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʦʙʣʝʤʝ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɿʘ ʵʪʦʪ ʧʝʨʠʦʜ, ʥʘʨʷʜʫ ʩ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʤʠ ʘʥʦʤʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠ̫ ʤʠ, 

ʚʳʷʚʣʝʥʳ ʘʥʦʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʛʝʦʜʠʥʘʤʠʯʝ-

ʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʣʠʪʦʩʬʝʨʝ, ʚʦʟʤʦʞʥʦ ʠ ʛʣʫʙʞʝ. ʇʦʩʣʝʜʥʠʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ, ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʠ ʬʦʨʤʦʡ ʧʨʦʷʚʣʝʥʠʷ. ʅʘʙʣʶʜʘʝʪʩʷ ʠʭ ʜʠʥʘʤʠʢʘ ʚʦ ʚʨʝʤʝʥʠ 

ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠʥʦʛʜʘ ʥʘʣʦʞʝʥʠʝ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ ʘʥʦʤʘʣʠʡ ʥʘ ʙʦʣʝʝ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʝ [25]. ʕʪʠ 

ʘʥʦʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʧʦ ʧʘʨʘʤʝʪʨʘʤ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʧʨʦʜʦʣʞʠʪʝʣɹʥʦʩʪʴ ʠ ʬʦʨʤʘ) ʩʦʧʦʩʪʘʚʠʤʳ ʩ 

ʘʥʦʤʘʣʴʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʦʜʛʦʪʦʚʢʠ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʳʷʚʣʝʥʠʷ ʚʝʢʦʚʳʭ ʚʘʨʠʘʮʠʡ, ʥʠ ʚ ʦʜʥʦʡ ʨʘʙʦʪʝ ʥʝ ʩʢʘʟʘʥʦ ʦ ʤʝ-

ʭʘʥʠʟʤʝ ʧʨʦʷʚʣʝʥʠʷ ʵʪʠʭ ʚʘʨʠʘʮʠʡ. ɺ ʝʜʠʥʠʯʥʳʭ ʨʘʙʦʪʘʭ ʤʘʢʩʠʤʫʤʳ ʚʝʢʦʚʳʭ ʚʘʨʠʘʮʠʡ ʩ ʧʝʨʠʦʜʦʤ 

500 ʣʝʪ ʠ ʙʦʣʝʝ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʷʚʣʝʥʠʝʤ ʟʘʧʘʜʥʦʛʦ ʜʨʝʡʬʘ ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ [14]. 

Oʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʠ ʧʘʣʝʦ-, ʘʨʭʝʦʤʘʛʥʠʪʥʳʭ ʠʟʳʩʢʘʥʠʷʭ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʦʚʨʝ-

ʤʝʥʥʦʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʪʘʚʠʣʠʩʴ ʢʦʥʢʨʝʪʥʳʝ ʮʝʣʠ ʧʦ ʨʝʰʝʥʠʶ, ʥʘʧʨʠʤʝʨ, ʧʘʣʝʦʩʪʨʘʪʠʛʨʘʬʠʯʝ-

ʩʢʠʭ ʟʘʜʘʯ, ʜʘʪʠʨʦʚʢʠ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʙʣʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʨʘʤʢʘʭ ʦʪʤʝʯʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʳ ʘʥʦʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʚ ʥʘʢʣʦʥʝʥʠʠ, 

ʩʢʣʦʥʝʥʠʠ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦ ʧʘʣʝʦʤʘʛʥʠʪʥʳʤ ʜʘʥʥʳʤ ʥʘʢʘʥʫʥʝ ʠʥʚʝʨʩʠʠ ʛʝʦ-

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʪʘʢʞʝ ñʵʢʩʢʫʨʩʠʠò ʚ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʕʪʠ ʘʥʦ-

ʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʦʪʤʝʯʘʣʠʩʴ ʢʘʢ ʩʦʚʝʨʰʠʚʰʠʡʩʷ ʬʘʢʪ ʠ ʥʝ ʙʦʣʝʝ. ɺ ʨʘʙʦʪʘʭ [26-29] ʠ ʜʨ., ʛʦʚʦʨʷ ʦ 

ʤʝʭʘʥʠʟʤʝ ʠʭ ʧʨʦʷʚʣʝʥʠʷ, ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ ʣʠʰʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤʠ. ʆʥʠ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʧʨʦʮʝʩʩʘʤʠ ʚ 

ʷʜʨʝ, ʥʘ ʛʨʘʥʠʮʘʭ ʷʜʨʦ ï ʤʘʥʪʠʷ, ʢʦʨʘ ï ʤʘʥʪʠʷ ʠ ʪʦʢʘʤʠ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʛʣʫʙʠʥʘʭ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. 

ʉ.ʀ. ɹʨʘʛʠʥʩʢʠʡ ʠ ɺ.ʄ. ʌʠʰʤʘʥ [26] ʜʦʧʫʩʢʘʶʪ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʙʣʠʟʠ 

ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʳ ʷʜʨʘ ʚʦʟʥʠʢʘʝʪ ʪʦʥʢʠʡ ñʪʦʢʦʚʳʡ ʩʣʦʡò. ʇʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʪʘʢʦʤ ʩʣʦʝ, ʤʦʛʫʪ 

ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʚʠʜʝ ʚʘʨʠʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʈʘʥʢʦʨʥ [27] ʚʳʩʢʘʟʘʣ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʤ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʪʦʢʦʚ ñʫʪʝʯʢʠò ʠʟ ʷʜʨʘ ɿʝʤʣʠ. ʖ.ʈ. ʈʠʚʠʥ [28] ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ 20-ʣʝʪʥʝʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʞʠʜʢʦʝ ʷʜʨʦ ɿʝʤʣʠ, ʚʩʣʝʜʩʪʚʠʝ 

ʢʦʪʦʨʦʛʦ ʧʦʷʚʠʣʠʩʴ 20-ʣʝʪʥʠʝ ʚʘʨʠʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʉʦʣʥʮʘ ʥʘ ʞʠʜʢʦʝ ʷʜʨʦ 

ɿʝʤʣʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. 

ɸʥʦʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʳʷʚʣʝʥʥʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦ-

ʣʠʛʦʥʦʚ ʋʟʙʝʢʠʩʪʘʥʘ, ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ [25]. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥʠ ʨʘʟʜʝʣʝʥʳ ʧʦ ʣʠ-

ʥʝʡʥʳʤ ʨʘʟʤʝʨʘʤ ʥʘ ʣʦʢʘʣʴʥʳʝ (ʦʪ 1 ʜʦ 5 ʢʤ ʠ ʙʦʣʝʝ) ʠ ʨʝʛʠʦʥʘʣʴʥʳʝ (100 ʢʤ ʠ ʙʦʣʝʝ).  

ɺʘʨʠʘʮʠʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠ ʣʦʢʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʨʦʷʚʠʣʠʩʴ ʚ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ, ʙʫʭʪʦʦʙʨʘʟʥʦʡ ʠ ʪʨʝʥ-

ʜʦʚʦʡ ʬʦʨʤʘʭ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ï ʦʪ 10-15 ʜʥʝʡ ʜʦ 7 ʣʝʪ ʠ ʙʦʣʝʝ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʥʦʤʘ- 

ʣʠʡ ï ʦʪ 2 ʜʦ 25 ʥʊʣ. ʉʠʥʫʩʦʠʜʘʣʴʥʳʝ, ʙʫʭʪʦʦʙʨʘʟʥʳʝ ʘʥʦʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʠʤʝʶʪ ʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢ-

ʪʝʨ ʠʟʤʝʥʝʥʠʷ. ʅʘ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʥʘʢʣʘʜʳʚʘʪʴʩʷ ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʨʘʟʣʠʯʥʦʡ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ, ʬʦʨʤʳ ʠ ʟʥʘʢʘ. ɿʘ ʙʦʣʝʝ 50-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʋʟʙʝʢʠʩʪʘʥʘ ʟʘ-

ʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʥʦʤʘʣʴʥʳʭ ʚʘʨʠʘʮʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʪʠʧʘ. ʇʦ ʢʦʣʠʯʝʩʪʚʫ, ʧʘʨʘʤʝʪʨʘʤ ʦʥʠ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ, ʦʙʫʩʣʦʚʣʝʥʥʳ-

ʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʦʜʛʦʪʦʚʢʠ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʨʦʜʳ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʤʳʭ ʘʥʦʤʘʣʴʥʳʭ ʚʘʨʠʘʮʠʡ ʠʤʝʝʪ ʚʘʞʥʦʝ ʥʘʫʯʥʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʵʪʦ ʚʘʞʥʦ 

ʜʣʷ ʨʘʟʣʠʯʠʷ ʠʭ ʦʪ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʭ ʘʥʦʤʘʣʴʥʳʭ ʚʘʨʠʘʮʠʡ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩʝʡʩʤʦʘʢ-

ʪʠʚʥʳʭ ʨʝʛʠʦʥʦʚ. 

ʅʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʨʦʜʳ ʵʪʠʭ ʘʥʦʤʘʣʴʥʳʭ ʚʘʨʠʘʮʠʡ ʪʨʝʙʫʝʪʩʷ ʧʨʦ-

ʚʝʜʝʥʠʝ ʜʣʠʪʝʣʴʥʳʭ ʠ ʜʝʪʘʣʴʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʭ ʩʣʝʜʫʝʪ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʥʘ ʩʝʡʩʤʠ-

ʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʠ ʧʘʩʩʠʚʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɼʣʷ ʧʦʣʥʦʪʳ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʫʩʪʘʥʦʚʣʝʥʠʶ ʧʨʠʨʦʜʳ ʩʣʝʜʫʝʪ ʧʨʠʚʣʝʢʘʪʴ ʤʘʪʝʨʠʘʣʳ ʧʦ ʩʝʡʩʤʠʯʥʦʩʪʠ, ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʠ ʧʦ ʜʨʫʛʠʤ 

ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʧʦʣʷʤ. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʘʣʝʦ-, ʘʨʭʝʦʤʘʛʥʠʪʥʳʤʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʚʳʷʚʣʝʥʳ ʘʥʦʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʘʣʝʦʤʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʨʘʟʠʣʠ ʧʨʦʷʚ-

ʣʝʥʠʝ ʵʪʠʭ ʘʥʦʤʘʣʠʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʬʘʥʝʨʦʟʦʷ. ɸʨʭʝʦʤʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʣrʠ ʧʨʦʚʝʜʝʥʳ 

ʟʘ ʧʝʨʠʦʜ, ʦʭʚʘʪʠʚʰʠʡ ʧʦʩʣʝʜʥʠʝ 10 ʪʳʩ. ʣʝʪ. ɺʳʷʚʣʝʥʳ ʘʥʦʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʧʦʣʷ ʩ ʧʝʨʠʦʜʦʤ ʦʪ ʥʝ-

ʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʣʝʪ ʜʦ 8-9 ʪʳʩ. ʣʝʪ. ʀʟʤʝʨʝʥʠʷʤʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʤʠʨʦʚʦʡ ʩʝʪʠ ʤʘʛʥʠʪʥʳʭ 

ʦʙʩʝʨʚʘʪʦʨʠʡ, ʥʘ ʧʫʥʢʪʘʭ ʚʝʢʦʚʦʛʦ ʭʦʜʘ, ʘ ʪʘʢʞʝ ʜʝʪʘʣʴʥʳʤʠ ʤʥʦʛʦʣʝʪʥʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʥʘ ʩʝʡ-

ʩʤʦʘʢʪʠʚʥʳʭ ʨʝʛʠʦʥʘʭ ʚʳʷʚʣʝʥʳ ʘʥʦʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʩ ʧʝʨʠʦʜʘʤʠ ʦʪ  

5-10 ʜʥʝʡ ʜʦ 20-60 ʣʝʪ ʠ ʙʦʣʝʝ. ɸʥʦʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʛʝʦʜʠʥʘ-

ʤʠʯʝʩʢʠʭ ʧʦʣʠʛʦʥʦʚ ʋʟʙʝʢʠʩʪʘʥʘ, ʠʤʝʶʪ ʩʠʥʫʩʦʠʜʘʣʴʥʫʶ, ʙʫʭʪʦʦʙʨʘʟʥʫʶ ʠ ʪʨʝʥʜʦʚʫʶ ʬʦʨʤʳ. ʉʠʥʫ-

ʩʦʠʜʘʣʴʥʳʝ ʠ ʙʫʭʪʦʦʙʨʘʟʥʳʝ ʘʥʦʤʘʣʠʠ ʠʤʝʶʪ ʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ. ʀʥʦʛʜʘ ʥʘ ʜʣʠʥʥʦʧʝʨʠ-

ʦʜʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʢʣʘʜʳʚʘʣʠʩʴ ʙʦʣʝʝ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʠʟʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʬʦʨ-

ʤʳ ʠ ʟʥʘʢʘ. ʆʪʤʝʯʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ, ʧʘʨʘʤʝʪʨʘʤ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʚʘʨʠʘʮʠʷ-

ʤʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʦʜʛʦʪʦʚʢʠ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʕʪʦʪ ʬʘʢʪ ʩʪʘʚʠʪ ʟʘʜʘʯʫ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʨʦʜʳ ʵʪʠʭ ʘʥʦʤʘʣʠʡ ʜʣʷ ʦʪʣʠʯʠʷ ʠʭ ʦʪ ʩʝʡʩʤʦʦʙʫʩʣʦʚʣʝʥʥʳʭ. ʂ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʨʘʟʫʤʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʤʝʭʘʥʠʟʤʫ ʵʪʠʭ ʘʥʦʤʘʣʴʥʳʭ ʚʘʨʠʘʮʠʡ ʦʪʩʫʪʩʪʚʫʶʪ. ʇʨʦʙʣʝʤʘ ʷʚ-

ʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ, ʪʨʝʙʫʝʪ ʧʦʩʪʘʥʦʚʢʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʜʣʠʪʝʣʴʥʳʭ ʚʳʩʦʢʦʪʦʯʥʳʭ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʥʠ ʜʦʣʞʥʳ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴʩʷ ʢʘʢ ʥʘ ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ, ʪʘʢ ʠ ʥʘ ʩʣʘʙʦ-

ʩʝʡʩʤʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʨʦʜʳ ʚʳʷʚʣʝʥʥʳʭ ʘʥʦʤʘʣʴʥʳʭ ʚʘʨʠʘʮʠʡ 

ʩʣʝʜʫʝʪ ʧʨʠʚʣʝʢʘʪʴ ʜʘʥʥʳʝ ʧʦ ʩʝʡʩʤʠʯʥʦʩʪʠ, ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʠ ʧʦ ʜʨʫʛʠʤ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʧʦʣʷʤ.   
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Zilzilalar ning geomagnit maydondagi darakchilarini uzoqlikka tarqalishi haqida 

ɸnnotatsiya. Oᾷzbekistondagi 50 yillik izlanishlar asosida zilzilaning geomagnit darakchilarini zilzilani 

kuchiga bogᾷliq tarqalish xususiyatlari taxlil qilinadi. Maqolada, koᾷplab geomagnit maydonda kuzatilgan zilzilala 

darakchi anomaliyalari keltiriladi. Tabiatda zilzila darakchilari tarqalayotgan muxit xech qachon bir jinsli boᾷlmaydi 

va maᾷlum boᾷlgan bogᾷlanishlar esa zilzila darakchilarini vujudga keltira oladigan kuchlar maydonini zilzilaning 

kuchiga bogᾷliq ravishda tarqalish masofasini aks ettiradi. Shuni taᾷkidlash kerakki, geomagnit maydon 

darakchilarini koᾷpchilik xolatlarda Ye Ó 1012 joulʴ miqdordagi kuchlanishlar oᾷzgarishi qodir boᾷla olar ekan. 

Geomagnit maydonning anomal variatsiyalari koᾷpchilik xolatlarda turli koᾷlamdagi bloklarni chegaralovchi faol yer 

uzulishlarining dinamik taᾷsir xududida kuzatilishi qayd etiladi. Statistik maᾷlumotlar yigᾷilishiga qarab, xar bir 

prognostik stantsiya uchun ularning zilzilalarni sezish xududlarini aks ettiruvchi extimollik paletkalarini tuzish 

tavsiya etiladi.  

Kalit soᾷzlar: anomaliya, variatsiya, geomagnit maydon, darakchi, prognoz qilish, uzoqlikka tarqalishi, 

faol uzilish, zilzila, sezgirlik, deformatsiya, kuchlanganlik. 
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ʆ ʜʘʣʴʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ɸʥʥʦʪʘʮʠʷ. ʅʘ ʦʩʥʦʚʝ 50-ʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʜʘʣʴʥʦ-

ʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʣʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʇʨʠʚʝʜʝʥʳ ʧʨʠ-

ʤʝʨʳ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʘʥʦʤʘʣʠʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʉʨʝʜʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʘʥʦʤʘʣʠʡ ʚ ʧʨʠʨʦʜʝ 

ʥʝ ʦʜʥʦʨʦʜʥʘ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʚʠʩʠʤʦʩʪʝʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʜʘʣʴʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʣʳ 

ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ, ʩʧʦʩʦʙʥʦʝ ʚʳʟʚʘʪʴ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʡ ʵʬʬʝʢʪ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʩʠʣʳ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ 

ʥʘ ʤʝʩʪʝ ʨʝʛʠʩʪʨʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʨʝʜʚʝʩʪʥʠʢʘ ʜʦʣʞʥʦ ʙʳʪʴ ɽ Ó 1012 ʜʞʦʫʣʴ. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʝʜ-

ʚʝʩʪʥʠʢʠ ʚʘʨʠʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪʤʝʯʘʶʪʩʷ ʚ ʟʦʥʘʭ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʘʢʪʠʚʠʟʠʨʦʚʘʥʥʳʭ ʨʘʟ-

ʣʦʤʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʨʘʟʣʠʯʥʦʛʦ ʨʘʥʛʘ ʙʣʦʢʠ ʟʝʤʥʦʡ ʢʦʨʳ. ʇʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ ʧʦ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʤ ʘʥʦʤʘʣʠʷʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʜʣʷ ʢʘʞʜʦʡ ʩʪʘʥʮʠʠ ʟʦʥʳ ʚʝʨʦʷʪʥʦʩʪʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʭ ʢ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʦʤʘʣʠʷ, ʚʘʨʠʘʮʠʷ, ʛʝʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʧʨʝʜʚʝʩʪʥʠʢ, ʜʘʣʴʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʟʝʤʣʝʪʨʷʩʝʥʠʝ, ʘʢʪʠʚʠʟʠʨʦʚʘʥʥʳʡ ʨʘʟʣʦʤ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʜʝʬʦʨʤʘʮʠʷ, ʥʘʧʨʷʞʝ-

ʥʠʝ.  
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On the range of propagation of geomagnetic earthquake precursors 

Abstract. On the basis of 50 years of research in Uzbekistan, the features of the propagation range of geo-

magnetic precursors depending on the strength of the earthquake are analyzed. In this article are given examples of 

precursors of earthquake anomalies. The environment of propagation of precursors of anomalies in nature is far 

from homogeneous, and most of the dependences in fact characterize the propagation distance of a certain strength 

of the stress field capable of causing a precursor effect at the place of registration of this effect. In this case, the 

change in the strength of the stress field at the place of registration of the geomagnetic precursor should be ɽ Ó 1012 

Joule. Predominantly precursors of variations in the geomagnetic field are noted in the zones of the dynamic influ-

mailto:muminov.mirzoid@mail.ru
mailto:muminov.mirzoid@mail.ru
mailto:muminov.mirzoid@mail.ru
mailto:rcsm@fvv.uz
mailto:muminov.mirzoid@mail.ru
mailto:muminov.mirzoid@mail.ru


Seysmologiya muammolari *  ʇʨʦʙʣʝʤʳ ʩʝʡʩʤʦʣʦʛʠʠ * Seismology problems *   ̄ 2, ʪ.3, 2021 

 35 

ence of activated faults, which limit different ranks of crustal blocks. As the statistical material on the precursor 

anomalies is accumulated, it is recommended to determine for each station the zones of their probabilistic sensitivity 

to earthquakes. 

Key words: anomaly, variation, geomagnetic field, precursor, propagation range forecasting, earthquake, 

activated fault, sensitivity, deformation, pressure.  

 

ɺʚʝʜʝʥʠʝ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʙʳʣʦ ʠ ʙʫʜʝʪ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ 

ʯʝʣʦʚʝʯʝʩʪʚʘ. ʀʟʚʝʩʪʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʧʦʣʷ ʠ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʠʭ ʤʝʪʦʜʳ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʅʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. ʕʪʦ ʦʙʲʩ̫-

ʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʟʝʤʣʝʪʨʷʩʝʥʠʶ, ʠ ʩʘʤ ʧʨʦ-

ʮʝʩʩ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʚʦ-ʚʪʦʨʳʭ, ʦʪʩʫʪʩʪʚʠʝ 

ʯʝʪʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ (ʧʨʠʨʦʜʝ) ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʭ ʘʥʦʤʘʣʠʡ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʥʘʙʣʶʜʘʝʤʳʭ ʧʦʣʝʡ. ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʤʘʪʝʨʠʘʣʳ 50-ʣʝʪʥʠʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʣʘʙʦʨʘʪʦʨʠʠ çʌʠʟʠʢʠ ʩʝʡʩʤʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚè ʀʥʩʪʠʪʫʪʘ ʩʝʡʩʤʦʣʦʛʠʠ ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠ-

ʩʪʘʥ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʎʝʥʪʨʘ ʩʝʡʩʤʦʧʨʦʛʥʦʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʄʏʉ 

ʈʋʟ ʩ ʧʦʟʠʮʠʡ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ.  

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʛʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (1968-1978 ʛʛ.) ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷ-

ʣʦʩʴ ʦʪʨʘʙʦʪʢʝ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʤʝʪʦʜʠʢʠ ʛʝʦʤʘʛʥʠʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʧʦʠʩʢʫ ʛʝʦʤʘʛʥʠʪ-

ʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ [1]. ʇʨʠ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʦʠʩʢʫ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʨʝʜʚʝʩʪ-

ʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʨʠʝʥʪʠʨʦʚʘʣʠʩʴ ʥʘ ʪʨʘʜʠʮʠʦʥʥʦ ʠʟʚʝʩʪʥʦʝ ʚ ʪʦʪ ʧʝʨʠʦʜ ʷʚʣʝʥʠʝ çʧʴʝʟʦ-

ʤʘʛʥʝʪʠʟʤè [2]. ɽʩʪʝʩʪʚʝʥʥʦ, ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝ-

ʪʠʨʦʚʘʣʠʩʴ ʩ ʧʦʟʠʮʠʠ ʷʚʣʝʥʠʷ ʧʴʝʟʦʤʘʛʥʝʪʠʟʤʘ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʇʦʵʪʦʤʫ ʜʦʣʛʦʝ ʚʨʝʤʷ ʟʘʪʨʫʜʥʷ-

ʣʠʩʴ ʧʦʣʫʯʠʪʴ ʞʝʣʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʫʥʢʪʦʚ ʧʦʚʪʦʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘʜ ʤʦʱʥʳʤʠ ʩʣʦʷʤʠ ʦʩʘʜʦʯʥʳʭ ʩʣʘʙʦʤʘʛʥʠʪʥʳʭ ʧʦʨʦʜ (10-6 ʉɻʉ) 

ʚ ʩʧʦʢʦʡʥʦʤ ʚ ʤʘʛʥʠʪʥʦʤ ʦʪʥʦʰʝʥʠʠ ʧʦʣʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ 

ʵʧʠʮʝʥʪʨʘʭ ʂʦʢʘʥʜʩʢʦʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʦʤʘʣʠʠ ʚ 1986-1991 ʛʛ., ʘ ʪʘʢʞʝ ʥʘʜ ʜʨʫʛʠʤʠ 

ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʤʠ ʪʝʣʘʤʠ, ʧʦʢʘʟʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʠʥʝʨʪʥʦʩʪʴ ʠʭ ʢ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩ-

ʩʘʤ. ʅʘʦʙʦʨʦʪ, ʚ ʧʫʥʢʪʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘʜ ʩʣʘʙʦʤʘʛʥʠʪʥʳʤʠ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ ʚ ʧʨʠ-

ʨʘʟʣʦʤʥʦʡ ʟʦʥʝ, ʦʪʤʝʯʘʣʠʩʴ ʟʥʘʯʠʤʳʝ ʘʥʦʤʘʣʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʜʛʦʪʦʚʢʦʡ ʠ ʨʝʘ-

ʣʠʟʘʮʠʝʡ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʩɹʪʚʦ ʩʣʫʞʠʣʦ ʧʦʚʦʜʦʤ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʧʨʠʨʦʜʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʭ ʘʥʦʤʘʣʠʡ. ʅʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʨʝʜ-

ʚʝʩʪʥʠʢʦʚʳʭ ʘʥʦʤʘʣʠʡ, ʢʨʦʤʝ ʧʴʝʟʦʤʘʛʥʝʪʠʟʤʘ, ʦʢʘʟʘʣʠʩʴ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʧʨʠ ʠʟ-

ʤʝʥʝʥʠʠ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ (ʛʘʟʦʭʨʘʥʠʣʠʱ, ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ, ʚʦʜʦʭʨʘʥʠʣʠʱ ʠ ʜʨ. [1, 3, 4]; ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʦʙʲʝʤ, ʬʣʶʠʜʦʥʘʩʳʰʝʥ-

ʥʦʩʪʴ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʜʨ.) ʛʦʨʥʳʭ ʧʦʨʦʜ ʤʝʞʙʣʦʯʥʦʡ ʩʨʝʜʳ, ʠʩʧʳʪʳʚʘʶɦ ʝʡ ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʥʘʧʨʷʞʝʥʠʷ [5, 6]. ʈʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʣʝʪʥʠʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦ-

ʣʠʛʦʥʘʭ ʋʟʙʝʢʠʩʪʘʥʘ ʧʦʟʚʦʣʷʶʪ ʦʪʜʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʪʨʝʪʴʝʡ ʤʦʜʝʣʠ ï ʦʙʨʘʟʦʚʘʥʠʝ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʚʨʝʤʝʥʥʳʤ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷʤ ʪʦʢʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʧʦʩʣʝʜʥʠʭ, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ ʚʙʣʠʟʠ ʦʙʣʘʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʷ ʠʣʠ ʧʦ ʧʝʨʠʤʝʪʨʫ ʤʝʞʙʣʦʯʥʦʡ ʩʨʝʜʳ, ʛʜʝ ʛʦʪʦʚʠʪʩʷ ʢʦʥʢʨʝʪʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ [5]. ɺ ʪʝʯʝʥʠʝ 

ʠʩʪʝʢʰʠʭ 50-ʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʧʦʠʩʢʘʤ ʦʧʝʨʘʪʠʚʥʳʭ (ʤʠʥʫʪʳ, 

ʧʝʨʚʳʝ ʯʘʩʳ), ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ (ʧʝʨʚʳʝ ʩʫʪʢʠ, ʥʝʜʝʣʠ), ʩʨʝʜʥʝʧʝʨʠʦʜʥʳʭ (ʤʝʩʷʮʳ, ʜʦ ʦʜʥʦʛʦ 

ʛʦʜʘ) ʠ ʜʦʣʛʦʧʝʨʠʦʜʥʳʭ (ʛʦʜʳ) ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʉ ʥʘʢʦʧʣʝʥʠʝʤ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ ʠʟʫʯʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʵʪʠʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝ-

ʣʠʤ ʦʜʥʦʤʫ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʷ ï ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ.  

 

ʆʧʝʨʘʪʠʚʥʳʝ ʧʨʝʜʚʝʩʪʥʠʢʠ 

ʇʦʜ ʦʧʝʨʘʪʠʚʥʳʤ ʛʝʦʤʘʛʥʠʪʥʳʤ ʧʨʝʜʚʝʩʪʥʠʢʦʤ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʤ ʪʦ ʷʚʣʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʣʦ ʙʳ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʜʦ ʩʦʙʳʪʠʷ ï ʦʪ ʥʝ-

ʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʜʦ ʧʝʨʚʳʭ ʯʘʩʦʚ. ʉʨʘʟʫ ʦʛʦʚʦʨʠʤʩʷ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʥʘʰʠʭ ʤʥʦʛʦʣʝʪʥʠʭ ʛʝʦʤʘʛ-

ʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʠʭ ʵʬʬʝʢʪʦʚ ʥʝ ʚʳʷʚʣʝʥʦ. ʍʦʪʷ ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʣʘʩʴ ʫʥʠʢʘʣʴʥʘʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʚʘʨʠʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘʜ ʦʯʘʛʘʤʠ ʛʦʪʦʚʷʱʠʭʩʷ ʩʠʣʴʥʝʡʰʠʭ ɻʘʟ-
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ʣʠʡʩʢʦʛʦ 17.05.1976 ʛ. ʩ ʄ = 7,3 ʠ ʏʠʤʠʦʥʩʢʦʛʦ 6.05.1982 ʛ. ʩ ʄ = 5,8 ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʘʙʣʘʛʦʚʨʝ-

ʤʝʥʥʦ (ʨʠʩ. 1, 2). 

 
ʉʡʪ. 1. ʁʠʥʞʦʞʦʡʸ ʩʙʠʦʧʪʫʦʧʜʧ ʜʞʧʥʙʜʦʡʫʦʧʜʧ ʨʧʤʸ, ʦʙʚʤʷʝʙʛʱʡʞʪʸ ʦʙʝ ʧʰʙʜʧʥ ʪʡʤʵʦʧʜʧ  

ɼʙʠʤʡʢʪʣʧʜʧ ʠʞʥʤʞʫʩʸʪʞʦʡʸ (ʅ = 7,3) ʝʧ, ʛ ʥʧʥʞʦʫ ʡ ʨʧʪʤʞ ʦʞʜʧ. 

 

 
 

ʉʡʪ. 2. ɻʙʩʡʙʯʡʡ ʥʙʜʦʡʫʦʧʜʧ ʨʧʤʸ ʦʙʝ ʧʰʙʜʧʥ ʐʡʥʡʧʦʪʣʧʜʧ ʠʞʥʤʞʫʩʸʪʞʦʡʸ ʪ ʅ = 5,8 (ʃ = 13,9) ʝʧ, ʛ ʥʧʥʞʦʫ ʡ ʨʧ-
ʪʤʞ ʧʪʦʧʛʦʧʜʧ ʫʧʤʰʣʙ ʡ ʡʮ ʙʭʫʞʩʱʧʣʧʛ (ʘ) ʡ ʪʩʞʝʦʞʦʧʩʥʡʩʧʛʙʦʦʴʞ ʮʧʝʴ ʠʙ ʥʙʢ 1982 ʜ. ʪʩʞʝʦʞʪʬʫʧʰʦʧʜʧ 
ʦʙʚʤʷʝʞʦʦʧʜʧ ʮʧʝʙ Ůʋ ʡ ʪʩʞʝʦʞʪʬʫʧʰʦʴʮ ʩʙʠʦʧʪʫʞʢ Ⱥʋ ʥʞʟʝʬ ʪʫ. ʐʡʥʡʧʦ ʡ ʧʚʪʞʩʛʙʫʧʩʡʞʢ ʘʦʜʡʚʙʠʙʩ (ʙ).  
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1 ʠ 2, ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʥʘʜʦʯʘʛʦʚʳʭ ʩʪʘʥʮʠʷʭ ï ʚ 

ʧʨʝʜʝʣʘʭ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʩʨʝʜʥʝʛʦ (ůʩʨ 
2= Ñ2,0 ʥʊʣ). ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʜʦ, ʚ ʤʦ-

ʤʝʥʪ ʠ ʧʦʩʣʝ ʩʠʣʴʥʝʡʰʠʭ ʪʦʣʯʢʦʚ ʦʧʝʨʘʪʠʚʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ, ʩʦʛʣʘʩʥʦ ʧʨʠʤʝʥʷʝʤʦʡ ʤʝʪʦ-

ʜʠʢʝ ʠ ʘʧʧʘʨʘʪʫʨʝ, ʥʝ ʚʳʷʚʣʝʥʦ. ʇʝʨʝʤʝʱʝʥʠʝ ʙʦʣʴʰʠʭ ʤʘʩʩ ʚ ʧʝʨʠʦʜ ʦʩʥʦʚʥʳʭ ʪʦʣʯʢʦʚ ʪʘʢ-

ʞʝ ʥʝ ʦʪʨʘʟʠʣʦʩʴ ʥʘ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʊʘʢ, ʦʪʩʫʪʩʪʚʫʶʪ ʦʧʝʨʘʪʠʚʥʳʝ ʧʨʝʜʚʝʩʪʥʠʢʠ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʡ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʠ ʘʧʧʘʨʘʪʫʨʳ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 0,1 ʥʊʣ. ɺʦ-

ʧʨʦʩ ʜʘʣʴʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʥʘ ʩʝʛʦʜʥʷ ʦʩʪʘ-

ʸʪʩʷ ʦʪʢʨʳʪʳʤ. 

 

ʂʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʧʨʝʜʚʝʩʪʥʠʢʠ 

 

ɺ 1980-1990 ʛʛ., ʫʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʳʝ ʚʳʩʢʘʟʳʚʘʥʠʷ, ʧʦʠʩʢ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʨʝʜ-

ʚʝʩʪʥʠʢʦʚ ʧʨʦʚʦʜʠʣʩʷ ʚʙʣʠʟʠ ʘʢʪʠʚʠʟʠʨʦʚʘʥʥʳʭ ʨʘʟʣʦʤʦʚ ʠ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʵʣʝʢ-

ʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʖʞʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʦʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʘʥʦʤʘʣʠʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʛʜʝ ʧʦ-

ʪʝʥʮʠʘʣʴʥʦ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʯʠʪʘʣʘʩʴ ʚʳʩʦʢʦʡ [5, 7, 8]. 

ʕʪʠ ʛʦʜʳ ʚʦʰʣʠ ʚ ʠʩʪʦʨʠʶ ʢʘʢ ʦʯʝʨʝʜʥʦʡ ʮʠʢʣ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʎʝʥʪʨʘʣʴ-

ʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ. ɺ ʪʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ɿʝʤʣʠ ʪʘʢʞʝ ʚʝʣʦ ʩʝʙʷ ʚʦʟʤʫʱʝʥʥʦ. ʕʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʚʳʟʚʘʣʦ ʤʥʦʞʝʩʪʚʦ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ (7-20 ʩʫʪʦʢ) ʘʥʦʤʘʣʠʡ ʨʘʟʥʦʩʪʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ȹʊ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʨʘʟʣʠʯʠʝʤ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ (ʵʣʝʢʪʨʦʧʨʦ-

ʚʦʜʥʦʩʪʴ) ʩʨʝʜʳ ʤʝʞʜʫ ʨʷʜʦʚʦʡ ʠ ʦʧʦʨʥʦʡ ʩʪʘʥʮʠʷʤʠ. ʇʨʠʥʠʤʘʷ ʪʦʛʜʘ ʵʪʠ ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝ-

ʥʝʥʠʷ ʢʘʢ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʡ ʧʨʝʜʚʝʩʪʥʠʢ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʥʘʤʠ ʤʥʦʞʝʩʪʚʦ ʨʘʟ ʙʳʣʠ ʩʜʝʣʘʥʳ 

ʧʨʦʛʥʦʟʳ, ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʫʜʦʚʣʝʪʚʦʨʷʷ 

ʫʩʣʦʚʠʷ 30-ʢʨʘʪʥʦʛʦ ʨʘʟʤʝʨʘ ʦʯʘʛʘ, ʧʦ ʤʝʪʦʜʠʢʝ ɺ.ʀ.ʋʣʦʤʦʚʘ [9]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝ-

ʜʝʤ ʩʣʫʯʘʠ, ʥʘʙʣʶʜʸʥʥʳʝ ʥʘ ʩʪ. ʏʠʤʠʦʥ ʚ 1985 ʛ. 

ɺ ʯʝʪʳʨʝʭ ʩʣʫʯʘʷʭ ʫʩʣʦʚʥʦ ʧʨʠʥʷʪʳʤ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʤ ʧʨʝʜʚʝʩʪʥʠʢʦʚʤr ʘʥʦʤʘʣʠ-

ʷʤ ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ ʤʘʛʥʠʪʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ (ʢʨʘʩʥʳʝ ʵʣʣʠʧʩʦʠʜʳ) (ʨʠʩ. 

3), ʘ ʧʦ ʠʩʪʝʯʝʥʠʶ ʯʝʪʳʨʝʭ ʩʣʫʯʘʝʚ ʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʥʠʢʘʢʠʝ ʫʩʣʦʚʥʳʝ ʢʦʨʦʪʢʦʧʝʨʠ-

ʦʜʥʳʝ ʧʨʝʜʚʝʩʪʥʠʢʦʚʠʝ ʘʥʦʤʘʣʠʠ ʥʝ ʙʳʣʠ ʦʪʤʝʯʝʥʳ (ʯʝʨʥʳʝ ʵʣʣʠʧʩʦʠʜʳ); ʚ ʜʚʫʭ ʩʣʫʯʘ̫ ʭ 

ʫʩʣʦʚʥʳʝ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʧʨʝʜʚʝʩʪʥʠʢʦʚʠʝ ʘʥʦʤʘʣʠʠ ʧʨʦʷʚʠʣʠʩʴ ʙʝʟ ʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝ-

ʥʠʡ. ʇʨʠʚʝʜʝʥʥʘʷ ʩʪʘʪʠʩʪʠʢʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʚʷʟʳʚʘʪʴ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ 

ʘʥʦʤʘʣʠʠ ʩ ʧʨʝʜʚʝʩʪʥʠʢʘʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʠʣʠ ʞʝ ʦʥʘ ʦʢʦʥʯʘʪʝʣʴʥʦ ʥʝ ʦʪʨʠʮʘʝʪ ʩʫʱʝʩʪʚʦ-

ʚʘʥʠʷ ʵʪʦʡ ʩʚʷʟʠ. ɿʜʝʩʴ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʩʳʛʨʘʣʠ ʨʘʟʣʠʯʠʷ ʨʝʘʢʮʠʠ ʧʫʥʢʪʘ ʥʘʙʣʜʁʝʥʠʷ ʥʘ 

ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʪʦ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩ ʘʢʪʠʚʠʟʘʮʠʠ ʩʝʡʩʤʠʯʥʦʩʪʠ ʨʝʛʠʦʥʘ ʚʦʟʥʠʢʣʦ 

ʤʥʦʞʝʩʪʚʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʷ 30-ʢʨʘʪʥʦʛʦ ʨʘʟʤʝʨʘ ʦʯʘʛʘ. ʀʭ ʙʳʣʦ 

ʥʘʩʪʦʣʴʢʦ ʤʥʦʛʦ, ʯʪʦ ʜʘʥʥʳʡ ʧʨʦʛʥʦʟ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʙʳʣ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ. ʉʚʝʜʝʥʠʷ 

ʦʙ ʵʪʠʭ ʦʰʠʙʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʩʪʘʪʠʩʪʠʢʠ ʧʨʦʛʥʦʟʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʙʳʣʠ ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʧʝʯʘʪʠ [10, 11], ʟʘ ʯʪʦ ʚʳʨʘʞʘʝʤ ʩʚʦʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ. ɺ ʥʘʩʪʦʷʱʝʤ ʦʩʪʨʦ 

ʩʪʦʠʪ ʚʦʧʨʦʩ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚʦʦʙʱʝ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʦʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʨʝʜʚʝʩʪʥʠʢʘ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʷ.  
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ʉʡʪ. 3. ɻʩʞʥʞʦʦʴʞ ʡʠʥʞʦʞʦʡʸ ʪʩʞʝʦʞʪʬʫʧʰʦʧʢ ʩʙʠʦʧʪʫʡ ʥʙʜʦʡʫʦʧʜʧ ʨʧʤʸ Ⱥʋ ʥʞʟʝʬ ʪʫ. ʐʡʥʡʧʦ ʡ ʧʚʪʞʩ-

ʛʙʫʧʩʡʞʢ ʘʦʜʡʚʙʠʙʩ (ʘ) ʡ ʪʩʞʝʦʞʪʬʫʧʰʦʧʞ ʦʙʚʤʷʝʞʦʦʧʞ ʥʙʜʦʡʫʦʧʞ ʨʧʤʞ ʦʙ ʪʫ. ʐʡʥʡʧʦ ʛ 1985 ʜ. (ʚ). ɿʘʰʪʨʠʭʦʚʘʥ-
ʥʘʷ ʦʙʣʘʩʪʴ ï ʫʩʣʦʚʥʘʷ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʘʷ ʧʨʝʜʚʝʩʪʥʠʢʦʚʘʷ ʘʥʦʤʘʣʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʉʪʨʝʣʢʠ ï ʤʦʤʝʥʪʳ ʚʦʟʥʠʢʥʦʚʝ-
ʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ; ʄ ï ʤʘʛʥʠʪʫʜʘ. ʈʘʡʦʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ: ʖʇ ï ʖʞʥʳʡ ʇʘʤʠʨ, ʉʇ ï ʉʝʚʝʨʥʳʡ ʇʘʤʠʨ, ʌʜ ï ʌʝʨʛʘʥʩʢʘʷ 
ʜʦʣʠʥʘ, ɻʢ ï ɻʠʥʜʫʢʫʰ, ɿʂʃ ï ɿʘʧʘʜʥʳʡ ʂʫʵʥʴ-ʃʫʥʴ; R ï ʫʜʘʣʸʥʥʦʩʪʴ (ʢʨʘʪʥʦʩʪʴ ʦʯʘʛʘ, ʧʦ ɺ.ʀ.ʋʣʦʤʦʚʫ [9]) ʦʪ ʧʫʥʢʪʘ 
ʥʘʙʣʜʁʝʥʠʷ ʜʦ ʵʧʠʮʝʥʪʨʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. 

 

 

ɽʩʣʠ ʙʳ ʦʜʠʥ ʠʟ ʘʚʪʦʨʦʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʥʝ ʫʯʘʩʪʚʦʚʘʣ ʚ ʧʦʣʝʚʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʛʝʦʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʷʭ ʠʭ ʚ ʧʝʨʠʦʜ 1977-1990 ʛʛ., ʪʦ ʤʳ ʩʢʘʟʘʣʠ ʙʳ ï ʅɽʊ. ʇʦʪʦʤʫ ʯʪʦ 

ʧʦʩʣʝ ʚʦʟʚʨʘʱʝʥʠʷ ʢ ʧʨʝʞʥʝʡ ʨʘʙʦʪʝ ʚ 2009 ʛ., ʚʦʪ ʫʞʝ ʙʦʣʝʝ 12 ʣʝʪ, ʤʳ ʥʝ ʦʙʥʘʨʫʞʠʣʠ ʥʠ ʝʜʠʥʦʡ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʦʡ ʧʨʝʜʚʝʩʪʥʠʢʦʚʦʡ ʘʥʦʤʘʣʠʠ. ʍʦʪʷ ʚʳʷʚʣʝʥʥʘʷ ʚ1978 ʛ. ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʘʷ ʘʥʦ-

ʤʘʣʠʷ ɸʣʘʡʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 2.11.1978 ʛ. ʩ ʄ = 6,8 ʙʳʣʘ ʥʝʦʩʧʦʨʠʤʘ ʠ ʦʙʲʝʢʪʠʚʥʦ ʜʦʢʘʟʘʣʘ 

ʩʚʦʶ ʧʨʘʚʦʤʦʯʥʦʩʪʴ, ʧʨʝʜʩʢʘʟʘʚ ʧʘʨʘʤʝʪʨʳ ʵʪʦʛʦ ʩʠʣʴʥʝʡʰʝʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ (ʨʠʩ. 4) [12]. 
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ʉʡʪ. 4. ʃʧʩʧʫʣʧʨʞʩʡʧʝʦʙʸ ʨʩʞʝʛʞʪʫʦʡʣʧʛʙʸ ʙʦʧʥʙʤʡʸ ɹʤʙʢʪʣʧʜʧ ʠʞʥʤʞʫʩʸʪʞʦʡʸ 2.11.1978 ʜ. ʪ ʅ = 6,8. 

 

ʇʨʠʨʦʜʘ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʤʝʭʘʥʦ-ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠ-

ʷʤʠ ʚ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʧʦʜʛʦʪʦʚʢʠ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʇʦʢʘ ʥʝ ʠʤʝʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠ-

ʪʝʣʴʥʦ ʦʙʲʷʩʥʷʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ ʵʪʦʛʦ ʷʚʣʝʥʠʷ. ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʣʴʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʨʦʪ-

ʢʦʧʝʨʠʦʜʥʦʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʨʝʜʚʝʩʪʥʠʢʘ ʦʪ ʩʠʣʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʦʢʘ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ. ʄʦʞʥʦ 

ʣʠʰʴ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʬʘʢʪ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ ʩʨʝʜʳ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʛʝʦ-

ʤʘʛʥʠʪʥʳʝ ʧʨʝʜʚʝʩʪʥʠʢʠ ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴh ʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʥʝʞʝʣʠ 

ʧʨʝʜʚʝʩʪʥʠʢʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʧʨʠʨʦʜʳ. ʇʨʦʚʦʜʥʠʢʘʤʠ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʭ 

ʘʥʦʤʘʣʠʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʬʣʶʠʜʦʥʘʩʳʱʝʥʥʳʝ ʘʢʪʠʚʠʟʠʨʦʚʘʥʥʳʝ ʨʘʟʣʦʤʳ, ʟʦʥʳ ʘʥʦ-

ʤʘʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʜʨʫʛʠʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ʀʟ-ʟʘ ʤʘʣʦʡ 

ʩʪʘʪʠʩʪʠʢʠ ʟʥʘʯʠʤʦ ʚʳʜʝʣʝʥʥʳʭ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʚ ʥʘʩʪʦʷʱʝʤ 

ʥʝʪ ʧʨʠʛʦʜʥʳʭ ʢ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʘʣʴʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʨʦʪ-

ʢʦʧʝʨʠʦʜʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʦʪ ʩʠʣʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

 

ʉʨʝʜʥʝʧʝʨʠʦʜʥʳʝ ʧʨʝʜʚʝʩʪʥʠʢʠ 

 

ʉʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʜʝʞʥʦ ʚʳʷʚʣʷʝʤʳʝ ï ʩʨʝʜʥʝʧʝʨʠʦʜʥʳʝ ʛʝʦ-

ʤʘʛʥʠʪʥʳʝ ʧʨʝʜʚʝʩʪʥʠʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʂʘʢ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʧʨʠʨʦʜʘ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦ-

ʚʳʭ ʘʥʦʤʘʣʠʡ ʩʚʷʟʘʥʘ ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʚʨʝʤʝʥʥʳʤ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʦʢʦʚ ʚ ʤʝʩʪʝ ʨʝʛʠʩʪʨʘʮʠʠ ʚʘʨʠʘʮʠʡ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʧʦʣʷ 

ʥʘʧʨʷʞʝʥʠʡ ʚʙʣʠʟʠ ʦʙʣʘʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠʣʠ ʧʦ ʧʝʨʠʤʝʪʨʫ ʤʝʞʙʣʦʯʥʦʡ ʩʨʝʜʳ, ʛʜʝ 

ʛʦʪʦʚʠʪʩʷ ʢʦʥʢʨʝʪʥʦʝ ʟʝʤʣʝʪʨʩ̫ʝʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʨʠʚʝʜʝʤ ʜʚʘ ʥʘʛʣʷʜʥʳʭ ʧʨʠʤʝʨʘ 

ʠʟ ʦʧʳʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʰʣʳʭ ʣʝʪ.  

ʇʝʨʚʳʡ ʩʣʫʯʘʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʚʪʦʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦ ʤʘʨʰʨʫʪʫ, ʧʨʦʭʦʜʷʱʝʤʫ ʚ ʢʨʝʩʪ 

ʩʝʡʩʤʦʛʝʥʥʳʭ ʟʦʥ (ʘʢʪʠʚʠʟʠʨʦʚʘʥʥʳʭ ʨʘʟʣʦʤʦʚ) ɺʦʩʪʦʯʥʦʡ ʌʝʨʛʘʥʳ ʚ ʧʝʨʠʦʜ 1974-1980 ʛʛ.  

(ʨʠʩ. 5). ʊʘʢ, ʚ ʧʝʨʠʦʜ ʧʦʜʛʦʪʦʚʢʠ ɸʣʘʡʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 2.11.1978 ʛ. ʩ ʄ = 6,8 ʟʥʘʯʠʤʳʝ ʘʥʦ-

ʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʦʪʨʝʟʢʝ ʤʘʨʰʨʫʪʘ, 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʩʦʚʧʘʜʘʶʱʝʛʦ ʩ ɸʥʜʠʞʘʥʩʢʦʡ ʩʝʡʩʤʦʛʝʥʥʦʡ ʟʦʥʦʡ (ʧʫʥʢʪʳ ʥʘʙʣʶʜʝʥʠʷ 47-50 ʚ 

ʖʞʥʦ-ʌʝʨʛʘʥʩʢʦʡ ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʦʡ ʟʦʥʝ). ʇʦʩʣʝʜʥʷʷ, ʷʚʣʷʷʩʴ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʝʡ ʢʨʫʧʥʦʛʦ 
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ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʙʣʦʢʘ, ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ ʧʦʣʷ 

ʥʘʧʨ̫ʞʝʥʠʡ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʦʜʛʦʪʦʚʢʦʡ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʄ = 6,8. 

ʅʘ ʫʯʘʩʪʢʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʤʘʨʰʨʫʪʘ ʩ ʚʥʫʪʨʠ ʙʣʦʯʥʳʤʠ, ʤʝʥʴʰʠʤʠ ʧʦ ʨʘʥʛʫ, ʩʝʡʩʤʦʛʝʥ-

ʥʳʤʠ ʟʦʥʘʤʠ (ʥʘʧʨʠʤʝʨ, ʊʘʣʴʜʠʩʫʡʩʢʘʷ) ʠ ʥʘ ʙʣʠʞʘʡʰʠʭ ʧʫʥʢʪʘʭ ʥʘʙʣʶʜʝʥʠʡ ʤʘʨʰʨʫʪʘ ʢ ʵʧʠ-

ʮʝʥʪʨʫ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʟʥʘʯʠʤʳʭ ʘʥʦʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʝ ʦʪʤʝʯʝʥʦ (ʧʫʥʢʪʳ 40-46) [5]. 

 
ʉʡʪ. 5. ɽʡʭʭʞʩʞʦʯʡʙʯʡʸ ʨʩʞʝʛʞʪʫʦʡʣʧʛʴʮ ʙʦʧʥʙʤʡʢ ʥʙʜʦʡʫʦʧʜʧ ʨʧʤʸ (Ⱥʋ) ʨʧ ʥʙʩʱʩʬʫʬ, ʨʞʩʞʪʞʣʙʷʲʞʥʬ  

ʗʟʦʧ-ʍʞʩʜʙʦʪʣʬʷ ʭʤʞʣʪʬʩʦʧ-ʩʙʠʩʴʛʦʬʷ ʠʧʦʬ ʡ ʧʝʦʧʡʥʹʦʦʬʷ 9-ʚʙʤʤʵʦʬʷ ʪʞʢʪʥʧʜʞʦʦʬʷ ʠʧʦʬ ʛ 1973-1980 ʜʜ., 
ʪʛʸʠʙʦʦʬʷ ʪ ɹʤʙʢʪʣʡʥ ʠʞʥʤʞʫʩʸʪʞʦʡʞʥ 2.11.1978 ʜ. 
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ɺʪʦʨʦʡ ʩʣʫʯʘʡ. ɺ ʢʘʯʝʩʪʚʝ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʛʦ ʧʨʠʤʝʨʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ ʨʝʛʠʩʪʨʘʮʠʠ (ʚ ʤʝʞʙʣʦʯʥʦʡ ʩʨʝʜʝ) ʧʨʠʚʝʜʝʥʳ ʛʨʘ-

ʬʠʢʠ ʨʘʟʥʦʩʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʏʠʤʠʦʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʩʝʨʚʘ-

ʪʦʨʠʠ ʗʥʛʠʙʘʟʘʨ ʚ 1980-1992 ʛʛ. (ʨʠʩ. 6) ʠ ʚ 2014-2019 ʛʛ. (ʨʠʩ. 7). ʇʦʜ ʩʪ. ʏʠʤʠʦʥ ʛʣʫʙʠʥʘ 

ʟʘʣʝʛʘʥʠʷ ʩʣʦʝʚ ʩ ʘʥʦʤʘʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ ʛʦʨʥʳʭ ʧʦʨʦʜ ï ʚ ʧʨʝʜʝʣʘʭ ʅ = ʦʪ 6 ʜʦ 50 

ʢʤ ʠ ʙʦʣʝʝ [7, 8]. ʂʨʦʤʝ ʪʦʛʦ, ʩʪ. ʏʠʤʠʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʫʟʣʝ, ʛʜʝ ʧʝʨʝʩʝʢʘʶʪʩʷ 

ʘʢʪʠʚʠʟʠʨʦʚʘʥʥʳʝ ʖʞʥʦ-ʌʝʨʛʘʥʩʢʘʷ ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʘʷ ʟʦʥʘ ʠ ʖʞʥʦ-ʌʝʨʛʘʥʩʢʠʡ ʛʣʫ-

ʙʠʥʥʳʡ ʨʘʟʣʦʤ ʩ ʧʦʧʝʨʝʯʥʳʤ ʂʫʤʙʝʣʴ-ʇʘʤʠʨʩʢʠʤ ʨʝʛʠʦʥʘʣʴʥʳʤ ʣʠʥʝʘʤʝʥʪʦʤ (ʨʠʩ.6-8) [5, 

13, 14]. 

 

 
 

ʉʡʪ. 6. ɹʦʧʥʙʤʵʦʴʞ ʛʙʩʡʙʯʡʡ ʥʙʜʦʡʫʦʧʜʧ ʨʧʤʸ ʦʙ ʪʫ. ʐʡʥʡʧʦ ʛ 1981-1992 ʜʜ. ʪ ʶʨʡʯʞʦʫʩʙʥʡ 

ʠʞʥʤʞʫʩʸʪʞʦʡʢ ʅ Ó 4,5, ʧʫ ʣʧʫʧʩʴʮ ʪʤʞʝʧʛʙʤʧ ʧʟʡʝʙʫʵ ʨʩʞʝʛʞʪʫʦʡʣʧʛʴʢ ʪʡʜʦʙʤ. 1 ï ʤʘʛʥʠʪʦʤʝʪʨʠʯʝ-

ʩʢʘʷ ʩʪʘʥʮʠʷ (ʄʇʇ-1); 2 ï ʩʨʝʜʥʝʤʝʩʷʯʥʳʡ ʚʨʝʤʝʥʥʦʡ ʭʦʜ æʊ ʥʘ ʩʪ. ʏʠʤʠʦʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʩʝʨʚʘʪʦʨʠʠ ʗʥ-

ʛʠʙʘʟʘʨ. ɿʘʰʪʨʠʭʦʚʘʥʥʘʷ ʯʘʩʪʴ ï ʫʩʣʦʚʥʘʷ ʧʨʝʜʚʝʩʪʥʠʢʦʚʘʷ ʘʥʦʤʘʣʠʷ; 3 ï ʨʝʛʠʦʥʘʣʴʥʳʝ ʨʘʟʣʦʤʳ: 1 ï ʊʘʣʘ-

ʩʦ-ʌʝʨʛʘʥʩʢʠʡ, 2 ï ʦʪʨʝʟʦʢ ʂʫʤʙʝʣʴ-ʂʦʢʘʥʜ-ʇʘʤʠʨʩʢʦʛʦ ʨʘʟʣʦʤʘ, 3 ï ʂʘʨʞʘʥʪʘʫʩʢʠʡ, 4 ï ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʠʡ; 

ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʳʝ ʟʦʥʳ: 5 ï ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʘʷ, 6 ï ʖʞʥʦ-ʌʝʨʛʘʥʩʢʘʷ; ʨʝʛʠʦʥʘʣʴʥʳʝ ʨʘʟʣʦʤʳ: 7 ï ʖʞ-

ʥʦ-ʌʝʨʛʘʥʩʢʠʡ, 8 ï ʖʞʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʠʡ, 9 ï ɺʘʥʯ-ɸʢʙʘʡʪʘʣʴʩʢʠʡ, 10 ï ɹʘʨʪʘʥʛ-ʇʰʘʨʪʩʢʠʡ. ʕʧʠʮʝʥʪʨʳ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʡ ʩ ʫʢʘʟʘʥʠʝʤ ʩʠʣʳ: 4 ï ʦʪ ʢʦʪʦʨʳʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʨʝʜʚʝʩʪʥʠʢʠ, 5 ï ʦʪ ʢʦʪʦʨʳʭ ʥʝ ʟʘʨʝʛʠʩʪʨʠ-

ʨʦʚʘʥʳ ʧʨʝʜʚʝʩʪʥʠʢʠ; 6 ï ʤʦʤʝʥʪʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʨʝʜʚʝʩʪ-

ʥʠʢʠ (ʘ), ʦʪʩʫʪʩʪʚʠʝ ʧʨʝʜʚʝʩʪʥʠʢʘ (ʙ); 7 ï ʟʦʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʨʝʜʥʝʧʝʨʠʦʜʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʨʝʜʚʝʩʪ-

ʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʏʠʤʠʦʥʩʢʦʡ ʩʪʘʥʮʠʠ. 
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ʉʡʪ. 7. ɻʙʩʡʙʯʡʡ ʥʙʜʦʡʫʦʧʜʧ ʨʧʤʸ ʦʙ ʪʫ. ʎʬʥʪʙʦ, ʐʙʩʫʙʣ ʡ ʐʡʥʡʧʦ ʧʫʦʧʪʡʫʞʤʵʦʧ ʧʚʪʞʩʛʙʫʧʩʡʡ 
ʘʦʜʡʚʙʠʙʩ ʛ 2014-2019 ʜʜ. ʪ ʥʧʥʞʦʫʙʥʡ ʛʧʠʦʡʣʦʧʛʞʦʡʸ ʪʩʞʝʦʡʮ ʡ ʪʡʤʵʦʴʮ ʠʞʥʤʞʫʩʸʪʞʦʡʢ,  
ʨʩʧʡʪʱʞʝʱʡʮ ʛ ʠʧʦʞ ʰʬʛʪʫʛʡʫʞʤʵʦʧʪʫʡ ʨʩʧʜʦʧʪʫʡʰʞʪʣʧʢ ʪʫ. ʐʡʥʡʧʦ (ʛʴʝʞʤʞʦʦʙʸ ʧʚʤʙʪʫʵ). 
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 ʉʡʪ. 8. ʀʧʦʙ ʰʬʛʪʫʛʡʫʞʤʵʦʧʪʫʡ ʪʩʞʝʦʞʨʞʩʡʧʝʦʴʮ ʜʞʧʥʙʜʦʡʫʦʴʮ ʨʩʞʝʛʞʪʫʦʡʣʧʛ ʠʞʥʤʞʫʩʸʪʞʦʡʢ ʅ Ó 4,5  
ʪʫ. ʐʡʥʡʧʦ. 1 ï ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ (ʄʇʇ-1); 2 ï ʨʝʛʠʦʥʘʣʴʥʳʝ ʨʘʟʣʦʤʳ: ʊʌ ï ʊʘʣʘʩʦ-ʌʝʨʛʘʥʩʢʠʡ, ʂʇ ï ʦʪʨʝ-
ʟʦʢ ʂʫʤʙʝʣʴ-ʂʦʢʘʥʜ-ʇʘʤʠʨʩʢʦʛʦ ʨʘʟʣʦʤʘ, ʂ ï ʂʘʨʞʘʥʪʘʫʩʢʠʡ, ʉʌ ï ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʠʡ; ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʳʝ ʟʦʥʳ:  
ʉʌ ï ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʘʷ, ʖʌ ï ʖʞʥʦ-ʌʝʨʛʘʥʩʢʘʷ; ʨʝʛʠʦʥʘʣʴʥʳʝ ʨʘʟʣʦʤʳ: ʖʌ ï ʖʞʥʦ-ʌʝʨʛʘʥʩʢʠʡ, ʖʊ ï ʖʞʥʦ-ʊʷʥʴ-
ʐʘʥʴʩʢʠʡ, ɼʂ ï ɼʘʨʙʘʟ-ʂʘʨʘʢʫʣʴʩʢʠʡ; ʊ ï ʊʘʣʴʜʠʩʫʡʩʢʠʡ. ʕʧʠʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʫʢʘʟʘʥʠʝʤ ʩʠʣʳ: 3 ï ʦʪ ʢʦʪʦʨʳʭ 
ʥʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʨʝʜʚʝʩʪʥʠʢʠ, 4 ï ʦʪ ʢʦʪʦʨʳʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʨʝʜʚʝʩʪʥʠʢʠ; 5 ï ʟʦʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʨʝʜʥʝ-
ʧʝʨʠʦʜʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʪ. ʏʠʤʠʦʥ, ʧʦ ʤʘʪʝʨʠʘʣʘʤ 1981-1992 ʠ 2009-2021 ʛʛ. 

 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʩʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ-

ʩʷ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʣʴʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʨʝʜʚʝʩʪʥʠʢʘ ʦʪ ʩʠʣʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

lgR = 0,35M + 0,04 ï ʧʦ ʄ.ɸ.ʉʘʜʦʚʩʢʦʤʫ ʠ ʜʨ. [15], lgR = 0,201M + 1 ï ʧʦ ʂ.ʅ.ɸʙʜʫʣʣʘʙʝʢʦʚʫ ʠ 

ɸ.ʀ.ʊʫʡʯʠʝʚʫ [16], lgR = 0,48ʄ-0,74 ï ʧʦ ʐ.ʉ.ʖʩʫʧʦʚʫ ʠ ʜʨ. [17] (ʨʠʩ. 9). ʕʪʠ, ʜʘ ʠ ʜʨʫʛʠʝ 

ʧʦʜʦʙʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʣʴʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʝʜʚʝʩʪʥʠʢʘ ʩʠʣʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠʤʝʶʪ ʦʙ-

ʱʠʡ ʥʝʜʦʩʪʘʪʦʢ ï ʩʨʝʜʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʝʜʚʝʩʪʥʠʢʘ ʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʦʜʥʦʨʦʜʥʘʷ. ʅʘ ʧʨʘʢʪʠʢʝ 

ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʨʝʜʘ, ʧʦ ʢʦʪʦʨʦʡ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʡ ʩʠʛʥʘʣ ʠʣʠ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ 

ʚʳʟʳʚʘʶʱʠʡ ʵʪʦʪ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʡ ʩʠʛʥʘʣ, ʦʯʝʥʴ ʨʘʟʥʦʨʦʜʥʘ ʦʪ ʤʝʩʪʘ ʢ ʤʝʩʪʫ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚ 

ʦʜʥʦʤ ʩʣʫʯʘʝ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʨʝʜʘ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʩʠʛʥʘʣʘ, ʘ ʚ ʜʨʫʛʦʤ ʧʦʛʣʦ-

ʱʘʝʪ ʝʛʦ, ɸ ʚ ʪʨʝʪʴʝʤ ʧʨʝʜʚʝʩʪʥʠʢʦʚʠʡ ʩʠʛʥʘʣ ʥʝ ʧʨʠʭʦʜʠʪʴ ʦʪʢʫʜʘ ʥʝ ʙʫʜʴ, ʘ ʦʙʨʘʟʫʝʪʩʷ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʚ ʛʣʫʙʠʥʥʦʡ ʩʨʝʜʝ ʤʝʩʪʦ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʝʜʚʝʩʪʥʠʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʝ 

ʥʘʧʨʷʞʝʥʠʷ ʦʧʨʝʜʝʣʸʥʥʦʡ ʚʝʣʠʯʠʥʳ. ʇʨʠʚʝʜʝʥʥʳʝ ʠ ʜʨʫʛʠʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

(ʥʘʧʨʠʤʝʨ, ʢʨʘʪʥʦʩʪʴ ʨʘʟʤʝʨʘ ʦʯʘʛʘ, ʧʦ ɺ.ʀ.ʋʣʦʤʦʚʫ [9]; R = ʝʄ, ʧʦ ʀ.ʇ.ɼʦʙʨʦʚʦʣʴʩʢʦʤʫ [18] ʠ 

ʜʨ. (ʩʤ. ʪʘʙʣʠʮʫ)) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʦʮʝʥʢʝ ʩʠʣʳ ʠ ʤʝʩʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ, ʚ ʩʣʫʯʘʷʭ ʦʪʩʫʪʩʪʚʠʷ ʜʨʫʛʠʭ ʦʮʝʥʦʯʥʳʭ ʬʘʢʪʦʨʦʚ ʠʣʠ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ. 
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ʉʡʪ. 9. ʀʙʛʡʪʡʥʧʪʫʡ ʝʙʤʵʦʧʪʫʡ ʩʙʪʨʩʧʪʫʩʙʦʞʦʡʸ ʨʩʞʝʛʞʪʫʦʡʣʙ ʧʫ ʪʡʤʴ ʠʞʥʤʞʫʩʸʪʞʦʡʸ. 1 ï lgR = 0,48ʅ-0,74 
(ʐ.ʉ.ʖʩʫʧʦʚ ʠ ʜʨ., 2017); 2 ï lgR = 0,35M + 0,04 (ʄ.ɸ.ʉʘʜʦʚʩʢʠʡ ʠ ʜʨ., 1979); 3 ï lgR = 0,201M + 1 (ʂ.ʅ.ɸʙʜʫʣʣʘʙʝʢʦʚ ʠ 

ʜʨ., 2015). 

 
ʀʙʛʡʪʡʥʧʪʫʵ ʝʙʤʵʦʧʪʫʡ ʩʙʪʨʩʧʪʫʩʙʦʞʦʡʸ ʨʩʞʝʛʞʪʫʦʡʣʧʛ ʠʞʥʤʞʫʩʸʪʞʦʡʢ ʧʫ ʥʙʜʦʡʫʬʝʴ 

 

1. R = 30 P (ʋʣʦʤʦʚ (1977), ʠʩʭʦʜʷ ʦʪ ʨʘʟʤʝʨʦʚ ʦʯʘʛʘ, ʧʦ ʈʠʟʥʠʯʝʥʢʦ) 
2. R = e ʤʢʤ (ɼʦʙʨʦʚʦʣʴʩʢʠʡ (1991), ʢʦʤʧʣʝʢʩ ʧʨʝʜʚʝʩʪʥʠʢʦʚ)  

3. Lg R = 0,46ʄ + 0,08 (ɸʙʜʫʣʣʘʙʝʢʦʚ (1989), ʛʝʦʤʘʛʥʠʪʥʳʝ ʧʨʝʜʚʝʩʪʥʠʢʠ) 

4. LgR = 0,35ʄ + 0,04 (ʉʘʜʦʚʩʢʠʡ ʠ ʜʨ. (1979), ʛʝʦʤʘʛʥʠʪʥʳʝ, ʩʦʚʨʝʤʝʥʥʦʝ ʜʚʠʞʝʥʠʝ 

ʟʝʤʥʦʡ ʢʦʨʳ)  

5. LgR = 0,204M + 1 (ɸʙʜʫʣʣʘʙʝʢʦʚ, ʊʫʡʯʠʝʚ (2015), ʢʦʤʧʣʝʢʩ ʧʨʝʜʚʝʩʪʥʠʢʦʚ)    

6. LgR = 0,48ʄ - 0,74 (ʖʩʫʧʦʚ, ʐʠʥ (2019), ʛʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʜʚʝʩʪʥʠ-

ʢʠ) 

 

ʂʦ ʚʩʝʤ ʧʨʠʚʝʜʝʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʜʘʣʴʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʦʪ ʩʠʣʳ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠʤʝʝʪʩʷ ʦʜʥʦ ʩʝʨʴʝʟʥʦʝ ʟʘʤʝʯʘʥʠʝ. ʇʨʘʚʠʣʴʥʦ ʙʳʣʦ ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʤʝʩʪʦ ʚʳʨʘʞʝ-

ʥʠʷ çʜʘʣʴʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʝʜʚʝʩʪʥʠʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʣʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷè ʚʳʨʘʞʝʥʠʝ 

çʜʘʣʴʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʣʝʡ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʝʜʚʝʩʪ-

ʥʠʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʣʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷè.  

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʚ ʪ. ʯ. ʛʝʦʤʘʛʥʠʪʥʳʡ ʧʨʝʜʚʝʩʪʥʠʢ, ʥʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʶʪʩʷ ʚ ʚʠʜʝ ʘʥʦʤʘʣʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪ ʦʯʘʛʘ ʛʦʪʦʚʷʱʝʛʦʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʢ ʧʫʥʢʪʫ 

ʥʘʙʣʶʜʝʥʠʷ, ʘ ʚʦʟʙʫʞʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʧʦʣʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʥʠʞʥʠʭ ʩʣʦʷʭ ʟʝʤʥʦʡ 

ʢʦʨʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʫʯʘʩʪʢʦʤ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʝʜʚʝʩʪʥʠʢʦʚʦʡ ʥʦʤʘʣʠʠ. ʂ ʧʨʠʤʝʨʫ, ʥʘ  

ʨʠʩ. 6-8 ʧʨʠʚʝʜʝʥʳ ʪʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʢʦʪʦʨʳʭ ʩʤʦʛ ʠʟʤʝʥʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ 

ʧʦʣʝʡ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʫʯʘʩʪʢʝ ʨʝʛʠʩʪʨʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʜ ʩʪ. ʏʠʤʠʦʥ ʥʘ 

ɽ Ó 1012 ʜʞʦʫʣʴ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 6-8, ʩʪ. ʏʠʤʠʦʥ ʨʝʛʠʩʪʨʠʨʫʝʪ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʝ ʩʠʛʥʘʣʳ ʪʦʣʴʢʦ ʦʪ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʡ ʩ ʄ Ó 4,5, ʚʦʟʥʠʢʘʶʱʠʭ ʚʥʫʪʨʠ ʟʦʥʳ (ʙʣʦʢʘ), ʦʛʨʘʥʠʯʝʥʥʦʡ ʖʞʥʦ-ʌʝʨʛʘʥʩʢʠʤ ʨʘʟʣʦ-

ʤʦʤ ʠ ʦʜʥʦʠʤʝʥʥʦʡ ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʦʡ ʟʦʥʦʡ ʩ ʩʝʚʝʨʘ ʠ ʖʞʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʠʤ ʨʘʟʣʦʤʦʤ ʩ 

ʶʛʘ. ʀʤʝʶʱʠʝʩʷ ʤʥʦʛʦʣʝʪʥʠʝ ʜʘʥʥʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚ ʥʘʩʪʦʷʱʝʤ ʪʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ɺʦʩʪʦʯʥʫʶ ʠ 

ɿʘʧʘʜʥʫʶ ʛʨʘʥʠʮʫ ʵʪʦʡ ʟʦʥʳ. ʅʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʚʝʜʝʥʳ ʥʝʢʦ-

ʪʦʨʳʝ ʢʦʨʨʝʢʪʠʨʦʚʢʠ (ʩʤ. ʨʠʩ. 7 ʠ 8) ʟʦʥʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʵʪʦʡ ʩʪʘʥʮʠʠ. ʊʘʢʞʝ ʤʦʞʥʦ ʣʝʛʢʦ 

ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʠʤʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʵʪʦʡ ʩʪʘʥʮʠʠ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ, ʚʳʟʳʚʘʝʤʦʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʟʦʥʘʭ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʘʢʪʠʚʠʟʠʨʦʚʘʥʥʳʭ ʨʘʟʣʦʤʦʚ ʠ 

ʧʝʨʝʩʝʢʘʶʱʠʭ ʠʭ ʂʫʤʙʝʣʴ-ʇʘʤʠʨʩʢʦʛʦ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʣʠʥʝʘʤʝʥʪʘ (ʨʠʩ. 6-8). 

ɼʘʣʴʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʚʳʟʚʘʪʴ ʩʨʝʜʥʝʧʝʨʠʦʜʥʳʝ ʤʘʛ-

ʥʠʪʥʳʝ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʝ ʘʥʦʤʘʣʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʣʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʜʣʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʦʣʠʛʦʥʦʚ ʋʟʙʝʢʠʩʪʘʥʘ, ʚ ʩʨʝʜʥʝʤ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʜʚʘʜʮʘʪʠʢʨʘʪ-

ʥʦʛʦ ʨʘʟʤʝʨʘ ʦʯʘʛʘ, ʧʦ ɺ.ʀ.ʋʣʦʤʦʚʫ [9], ʠʣʠ ʟʘʚʠʩʠʤʦʩʪʠ R = ʝʄ ʀ.ʇ.ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ [18]. ʕʪʦʪ 
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ʧʘʨʘʤʝʪʨ ʪʘʢʞʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʟʘʚʠʩʠʤʦʩʪʷʤʠ lgR = 0,35M + 0,04 (ʄ.ɸ.ʉʘʜʦʚʩʢʠʡ ʠ ʜʨ.) ʠ 

LgR = 0,204M + 1 (ʂ.ʅ.ɸʙʜʫʣʣʘʙʝʢʦʚ ʠ ʜʨ.) [16] ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʝʤ-

ʣʝʤʳ ʪʦʣʴʢʦ ʜʣʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʨʝʜʥʝʡ ʩʠʣʳ (ʄ = 3,5õ5,0). ɼʣʷ ʩʠʣʴʥʳʭ ʠ ʩʠʣʴʥʝʡʰʠʭ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʡ (ʄ Ó 5,5) ʫʩʣʦʚʠʷ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʪʘʥʦʚʷʪʩʷ ʧʦʨʦʡ ʥʝʧʨʘʚʜʦʧʦʜʦʙʥʳʤʠ, ʥʝʚʝʨʦʷʪʥʳʤʠ. 

ʅʘʧʨʠʤʝʨ, ʜʘʣʴʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʷ, ʩʧʦʩʦʙʥʦʛʦ ʦʙʨʘʟʦʚʘʪʴ ʩʨʝʜʥʝʧʝʨʠʦʜʥʳʡ 

ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʡ ʩʠʛʥʘʣ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʄ = 7,2, ʩʦʛʣʘʩʥʦ ɺ.ʀ.ʋʣʦʤʦʚʫ [9], ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ ʜʦ 

20R = 1400 ʢʤ, ʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʥʘ ʧʨʘʢʪʠʢʝ ʪʨʠʜʮʘʪʠʢʨʘʪʥʳʡ ʨʘʟʤʝʨ ʦʯʘʛʘ ï ʜʦ 30R =  

2100 ʢʤ. ʇʨʠ ʵʪʦʤ ʜʚʘʜʮʘʪʠʢʨʘʪʥʳʡ ʨʘʟʤʝʨ ʦʯʘʛʘ ʠ ʟʘʚʠʩʠʤʦʩʪʴ R = ʝʄ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʘʣʴʥʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ 10-8. ɼʝʬʦʨʤʘʮʠʠ 10-7 ʠ 10-8 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʝʣʠʯʠʥʘʤ ʧʨʠʣʠʚʥʳʭ 

ʜʝʬʦʨʤʘʮʠʡ ʟʝʤʥʦʡ ʢʦʨʳ, ʢʦʪʦʨʳʝ, ʷʚʣʷʷʩʴ ʧʦʚʩʝʜʥʝʚʥʳʤ ʬʦʥʦʚʳʤ ʫʨʦʚʥʝʤ ʚʘʨʠʘʮʠʠ ʧʦʣʷ ʜʝ-

ʬʦʨʤʘʮʠʠ, ʢʘʢ ʙʳ ʩʣʫʞʘʪ ʛʨʘʥʠʮʝʡ ʠʩʯʝʟʥʦʚʝʥʠʷ ʧʨʝʜʚʝʩʪʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ. ʇʨʘʢʪʠʯʝʩʢʠ ʦʩʥʦʚ-

ʥʘʷ ʜʦʣʷ (ʜʦ 90-95%) ʧʦʣʷ ʜʝʬʦʨʤʘʮʠʠ, ʩʦʟʜʘʚʘʝʤʘʷ ʧʦʜʛʦʪʦʚʢʦʡ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʟʘʪʫʭʘʝʪ ʚ ʧʨʝ-

ʜʝʣʘʭ 8õ10-ʢʨʘʪʥʦʛʦ ʨʘʟʤʝʨʘ ʦʯʘʛʘ. ɸʥʘʣʦʛʠʯʥʦ ʵʪʦʤʫ ʧʝʨʚʠʯʥʦʝ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ, ʧʦʨʦʞʜʘʶʱʝʝ 

ʩʝʡʩʤʦʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ (ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɽʚʨʦʘʟʠʘʪʩʢʦʡ ʠ ʀʥʜʠʡʩʢʦʡ ʣʠʪʦʩʬʝʨ-

ʥʳʭ ʧʣʠʪ), ʟʘʪʫʭʘʶʪ ʧʨʠʤʝʨʥʦ ʥʘ ʙʦʣʝʝ 90% ʩʚʦʝʡ ʚʝʣʠʯʠʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 700-800 ʢʤ ʦʪ ʢʦʥʪʘʢ-

ʪʦʚ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ [19]. ʇʦʵʪʦʤʫ ʧʦʣʷ ʜʝʬʦʨʤʘʮʠʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʝ ʦʪ ʦʯʘʛʘ (ʦʪ ʤʝʩʪʘ ʟʘʮʝ-

ʧʘ), ʢʘʢ ʧʦʩʣʝʜʩʪʚʠʝ ʧʝʨʚʠʯʥʦʛʦ ʛʣʘʚʥʦʛʦ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ, ʥʝ ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʘ ʪʳʩʷʯʠ-

ʧʝʨʚʳʝ ʪʳʩʷʯʠ ʢʠʣʦʤʝʪʨʦʚ. ʊʝʤ ʙʦʣʝʝ ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ, ʷʚʣʷʷʩʴ ʣʠʥʝʡʥʳʤʠ (ʧʨʝʜʧʦʣʘʛʘʷ ʩʨʝʜʫ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ), ʥʝ ʫʯʠʪʳʚʘʶʪ ʨʝʘʣʴʥʳʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (ʟʘʪʫʭʘʥʠʷ) ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʭ ʩʠʛʥʘʣʦʚ. 

ʀʥʦʛʜʘ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʨʝʜʚʝʩʪʥʠʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚʜʦʣʴ ʨʘʟʣʦʤʘ, ʜʘʣʴ-

ʥʦʩʪʴ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʦ ʦʛʨʘʥʠʯʝʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤʠ 

(ʧʫʥʢʪʳ 3-6 ʪʘʙʣʠʮʳ), ʘ ʪʘʢʞʝ ʧʦ ʫʩʣʦʚʠʷʤ ʜʚʘʜʮʘʪʠ- ʠ ʜʘʞʝ ʪʨʠʜʮʘʪʠʢʨʘʪʥʦʛʦ ʨʘʟʤʝʨʘ ʦʯʘʛʘ. ʂ 

ʧʨʠʤʝʨʫ, ʧʨʠ ʘʥʘʣʠʟʝ ʍʘʤʟʘʘʙʘʜʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʥʦʤʘʣʠʠ, 

ʚʳʟʳʚʘʝʤʦʡ ʧʦʜʛʦʪʦʚʢʦʡ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʄ = 4,8, ʟʘʪʫʭʘʝʪ ʚʜʦʣʴ ʨʘʟʣʦʤʘ ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ ʵʧʠʮʝʥ-

ʪʨʘ ʜʦ 100 ʢʤ (ʨʠʩ. 10, 11) ʊʦʛʜʘ ʢʘʢ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ lgR = 0,35M + 0,04 ʦʥʦ ʜʦʣʞʥʘ ʨʘʩʧʨʦʩʪʨʘ-

ʥʷʪʩʷ ʚʩʝʛʦ ʥʘ R = 52 ʢʤ. ɼʚʘʜʮʘʪʠʢʨʘʪʥʳʡ ʨʘʟʤʝʨ ʦʯʘʛʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʄ = 4,8 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʘʢʞʝ 52 ʢʤ. ʇʦ ʟʘʚʠʩʠʤʦʩʪʠ R = ʝʄ ʜʘʣʴʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʝʜʚʝʩʪʥʠʢʘ ʦʪ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ 

ʄ = 4,8 ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ R = 122 ʢʤ.  
 

 
 
 
ʉʡʪ. 10. ʄʧʣʙʤʡʠʙ-

ʯʡʸ ʡʪʫʧʰʦʡʣʙ ʨʩʞʝʛʞʪʫʦʡ-
ʣʧʛʧʢ ʙʦʧʥʙʤʡʡ ʥʙʜʦʡʫʦʧʜʧ 
ʨʧʤʸ, ʨʩʧʸʛʡʛʱʞʢʪʸ ʦʙ  
ʪʫ. ʐʡʥʡʧʦ ʛ 1985 ʜ. 1 ï ʩʪʘ-
ʮʠʦʥʘʨʥʳʝ ʩʪʘʥʮʠʠ (ʤʘʛʥʠʪʦ-
ʤʝʪʨʳ ʄʇʇ-1ʄ); 2 ï ʜʝʪʘʣʠ-
ʟʘʮʠʦʥʥʳʝ ʧʫʥʢʪʳ ʧʦʚʪʦʨʥʳʭ 
ʥʘʙʣʶʜʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 
(ʮʠʬʨʘʤʠ ʧʦʢʘʟʘʥʳ ʠʟʤʝʥʝ-
ʥʠʷ ʧʦʣʷ æʊ ʤʝʞʜʫ ʧʦʚʪʦʨ-
ʥʳʤʠ ʮʠʢʣʘʤʠ ʟʘʤʝʨʦʚ); 3 ï 
ʵʧʠʮʝʥʪʨ ʍʘʤʟʘʘʙʘʜʩʢʦʛʦ 
ʟʝʤʣʝʪʨʷʩʝʥʠʷ 28.06.1985 ʛ. ʩ 
ʄ = 4,8; 4 ï ʖʞʥʦ-ʌʝʨʛʘʥʩʢʘʷ 
ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʘʷ ʟʦʥʘ;  
5 ï ʨʝʛʠʦʥʘʣʴʥʳʝ ʠ ʛʣʫʙʠʥ-
ʥʳʝ ʨʘʟʣʦʤʳ; 6 ï ʘʢʪʠʚʠʟʠʨʦ-
ʚʘʥʥʳʝ ʫʯʘʩʪʢʠ ʨʘʟʣʦʤʦʚ; 7 ï 
ʠʟʦʜʠʥʘʤʠ æTʘ ʘʥʦʤʘʣʴʥʦʛʦ 
ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 
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ʉʡʪ. 11. ʀʙʛʡʪʡʥʧʪʫʵ ʪʨʙʝʙ ʡʦʫʞʦʪʡʛʦʧʪʫʡ ʨʩʞʝʛʞʪʫʦʡʣʧʛʧʜʧ ʪʡʜʦʙʤʙ ʛʝʧʤʵ ʩʙʠʤʧʥʙ ʪ ʬʝʙʤʞʦʡʞʥ  
ʧʫ ʶʨʡʯʞʦʫʩʙ ʎʙʥʠʙʙʚʙʝʪʣʧʜʧ ʠʞʥʤʞʫʩʸʪʞʦʡʸ 28.06.1985 ʜ. ʪ ʅ = 4,8. 

 

ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʤʫ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʠʤʝʨ ʨʝʘʢʮʠʠ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪ. ʍʫʤʩʘʥ 

ʥʘ ɸʰʪʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 2020 ʛ. ʩ ʄ = 5,0, ʚʦʟʥʠʢʰʝʤʫ ʟʘ ʧʨʝʜʝʣʘʤʠ ʟʦʥʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʵʪʦʡ ʩʪʘʥʮʠʠ. ɿʜʝʩʴ ʥʘʙʣʶʜʘʚʰʫʶʩʷ ʧʦʚʳʰʝʥʥʫʶ ʜʘʣʴʥʦʩʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʪ. ʍʫʤʩʘʥ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʥʘʭʦʞʜʝʥʠʝʤ ʩʪʘʥʮʠʠ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʝʜʚʝʩʪʥʠʢʘ ʠ ʵʧʠʮʝʥʪʨʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʟʦʥʝ ʜʠ-

ʥʘʤʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʨʘʟʣʦʤʘ (ʨʠʩ. 12). 

 

 
ʉʡʪ. 12. ɻʙʩʡʙʯʡʡ ʜʞʧʥʙʜʦʡʫʦʧʜʧ ʨʧʤʸ ʦʙ ʪʫ. ʎʬʥʪʙʦ ʧʫʦʧʪʡʫʞʤʵʦʧ ʧʚʪʞʩʛʙʫʧʩʡʡ ʘʦʜʡʚʙʠʙʩ,  

ʪʛʸʠʙʦʦʴʞ ʪ ɹʱʫʪʣʡʥ ʠʞʥʤʞʫʩʸʪʞʦʡʞʥ 2020 ʜ. ʪ ʅ = 5,0. 
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ʂʘʞʫʱʝʝʩʷ ʧʝʨʚʦʝ ʚʧʝʯʘʪʣʝʥʠʝ ʦ ʧʦʚʳʰʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʦʡ 

ʩʪʘʥʮʠʠ ʏʠʤʠʦʥ (ʧʦ ʩʨʝʜʥʝʧʝʨʠʦʜʥʳʤ ʧʨʝʜʚʝʩʪʥʠʢʘʤ) ʥʘ ʙʣʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʚʩʝʛʜʘ ʚʝʨʥʳʤ. ɼʘ, ʦʥʦ ʦʯʝʚʠʜʥʦ ʚ ʦʪʥʦʰʝʥʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʨʝʜʥʝʡ ʩʠʣʳ ʥʘ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʤʝʞʜʫ ʖʞʥʦ-ʌʝʨʛʘʥʩʢʦʡ ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʦʡ ʟʦʥʦʡ ʠ ʖʞʥʦ-ʊʷʥʴ-

ʐʘʥʴʩʢʠʤ ʛʣʫʙʠʥʥʳʤ ʨʘʟʣʦʤʦʤ ʠ ʧʦʣʦʩʦʡ ʚʜʦʣʴ ʂʫʤʙʝʣʴ-ʂʦʢʘʥʜ-ʇʘʤʠʨʩʢʦʛʦ ʣʠʥʝʘʤʝʥʪʘ. ʋʩʪʘ-

ʥʦʚʣʝʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʧʦʜʦʙʥʳʤ ʠ ʩʠʣʴʥʳʤ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ, ʧʨʦʠʩʰʝʜʰʠʤ ʚʥʝ ʵʪʦʡ ʦʛʨʘʥʠʯʝʥ-

ʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʥʝ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʨʝʜʥʝʧʝʨʠʦʜʥʳʝ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʝ ʵʬʬʝʢʪʳ. ʂ ʪʘʢʦʚʳʤ 

ʦʪʥʦʩʷʪʩʷ: ʇʘʧʩʢʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 17.02.1982 ʛ. ʩ ʄ = 5,6 ʠ 27.04.1985 ʛ. ʩ ʄ = 5,1; ɸʣʘʡʩʢʦʝ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʝ 16.12.1983 ʛ. ʩ ʄ = 6,1; ɼʞʝʨʛʠʪʘʣʴʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 26.10.1984 ʛ. ʩ ʄ = 6,3; ʀʟʙʘʩ-

ʢʝʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 15.05.1992 ʛ. ʩ ʄ = 6,3 ʠ ʉʫʩʘʤʠʨʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 19.08.1992 ʛ. ʩ ʄ = 7,2 

(ʩʤ. ʨʠʩ. 6-8). ɸʥʘʣʠʟ ʩʝʡʩʤʠʯʥʦʩʪʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʟʘ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ ʧʦʢʘʟʘʣ ʥʘ ʦʪʩʫʪ-

ʩʪʚʠʝ ʩʨʝʜʥʝ- ʠ ʜʦʣʛʦʧʝʨʠʦʜʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ, ʦʪ ʩʠʣʴʥʝʡʰʠʭ (ʄ Ó 6,5) ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʛʠʦʥʘ, 

ʪʘʢʠʭ ʢʘʢ ɻʠʥʜʠʢʫʰʩʢʠʝ 02.05.1981 ʛ. ʩ ʄ = 7,0; 30.12.1982 ʛ. ʩ ʄ = 7,0; ʂʠʪʘʡʩʢʦʝ 13.02.1983 ʛ. ʩ 

ʄ = 6,5; ɻʘʟʣʠʡʩʢʦʝ 19.03.1984 ʛ. ʩ ʄ = 7,3; ɿʘʧʘʜʥʦ-ʂʫʵʥʴ-ʃʫʥʴʩʢʦʝ 23.08.1985 ʛ. ʩ ʄ = 6,9 ʠ ʜʨ. 

ʕʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʤʝʥʝʝ ʜʝʩʷʪʠʢʨʘʪʥʦʛʦ ʨʘʟʤʝʨʘ ʦʯʘʛʘ ʦʪ ʩʪ. ʏʠʤʠʦʥ. 

ɻʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ ʦʪʩʫʪʩʪʚʠʷ ʩʨʝʜʥʝʧʝʨʠʦʜʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʭ ʵʬʬʝʢʪʦʚ ʦʪ ʵʪʠʭ ʩʠʣʴʥʳʭ ʠ 

ʩʠʣʴʥʝʡʰʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʧʦʛʘʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ 

(ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʭ ʦʪ ʦʯʘʛʘ ʛʦʪʦʚʷʱʝʛʦʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʢ ʧʫʥʢʪʫ ʥʘʙʣʶʜʝʥʠʷ) ʖʞʥʦ-

ʌʝʨʛʘʥʩʢʦʡ ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʦʡ ʟʦʥʦʡ ʠ ʛʣʫʙʠʥʥʳʤ ʖʞʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʠʤ ʨʘʟʣʦʤʦʤ  

(ʩʤ. ʨʠʩ. 6-8). 

ɽʱʝ ʦʜʥʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʘʣʴʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʝʜʚʝʩʪʥʠʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ 

ʩʧʘʜ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ ʦʯʘʛʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʇʨʠʤʝʨʦʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʨʝ-

ʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʝʪʘʣʠʟʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʚ ʨʘʡʦʥʝ ʛʦʪʦʚʷʱʝʛʦʩʷ ʍʘʤʟʘʘʙʘʜ-

ʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 28.06.1985 ʛ. ʩ ʄ = 4,8. ʊʦʛʜʘ ʥʘ ʵʢʩʪʨʝʤʫʤʝ ʘʥʦʤʘʣʴʥʦʛʦ ʭʦʜʘ ʚʦʢʨʫʛ ʩʪʘʮʠ-

ʦʥʘʨʥʦʡ ʩʪʘʥʮʠʠ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʜʝʪʘʣʠʟʘʮʠʦʥʥʳʝ ʧʫʥʢʪʳ (ʥʘʯʘʣʦ ʵʧʦʭʠ) ʥʘʙʣʶʜʝʥʠʷ. ʇʦʩʣʝ ʠʟ-

ʤʝʥʝʥʠʷ ʨʘʟʥʦʩʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʪʘʥʮʠʡ (ȹʊ ʏʠʤʠʦʥ-ʗʥʛʠʙʘʟʘʨ) ʦʪ ʵʢʩʪʨʝʤʫʤʘ ʥʘ 

ʟʥʘʯʠʤʫʶ ʚʝʣʠʯʠʥʫ, ʧʨʝʚʳʰʘʶʱʫʶ ʜʚʘ ʠ ʙʦʣʝʝ ʨʘʟ ʫʨʦʚʝʥʴ ʧʦʛʨʝʰʥʦʩʪʠ ʩʲʝʤʢʠ, ʥʘ ʜʝʪʘʣʠʟʘʮʠ-

ʦʥʥʳʭ ʧʫʥʢʪʘʭ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦʚʪʦʨʥʳʡ ʮʠʢʣ ʠʟʤʝʨʝʥʠʡ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʦʧʨʝʜʝʣʝʥʳ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʤʝʞ ʮʠʢʣʦʚʳʭ ʠʟʤʝʥʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʧʣʦʱʘʜʠ (ʨʠʩ. 10). ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʥʘ ʧʫʥʢʪʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʙʣʠʟʦʩʪʠ ʦʪ ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʪʘʥʮʠʠ, ʠʟʤʝʥʝʥʠʷ ʠʤʝʣʠ ʚʝʣʠʯʠʥʫ, ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʪʘʥʮʠʠ. ʉ ʫʜʘʣʝʥʠʝʤ ʦʪ ʩʪ. ʏʠʤʠʦʥ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ ʧʦ ʂʫʤʙʝʣʴ-

ʇʘʤʠʨʩʢʦʤʫ ʨʘʟʣʦʤʫ (ʣʠʥʝʘʤʝʥʪʫ) ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʥʦʤʘʣʠʡ ʤʝʞʮʠʢʣʦʚʳʭ ʨʘʟʥʦʩʪʝʡ ʫʚʝʣʠʯʠʚʘ-

ʣʘʩʴ ʦʪ 1 ʜʦ 13,1 ʥʊʣ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʤʝʩʪʦ ʧʨʝʜʩʪʦʷʱʝʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʶʞʥʝʝ ʦʪ 

ʧʦʩ. ʍʘʤʟʘʘʙʘʜ, ʯʪʦ ʚʩʢʦʨʝ ʠ ʦʧʨʘʚʜʘʣʦʩʴ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ ʨʝʜʢʠʤ ʬʘʢʪʠʯʝʩʢʠʤ 

ʧʨʠʤʝʨʦʤ ʩʧʘʜʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʝʜʚʝʩʪʥʠʢʦʚʦʡ ʘʥʦʤʘʣʠʠ ʧʦ ʫʩʣʦʚʥʦ ʦʜʥʦʨʦʜʥʦʡ ʧʨʠʨʘʟʣʦʤʥʦʡ 

ʩʨʝʜʝ, ʭʦʪʷ ʚ ʧʨʠʨʦʜʝ ʜʘʣʝʢʦ ʥʝ ʪʘʢ. ʉʧʘʜ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʝʜʚʝʩʪʥʠʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʩ ʫʜʘʣʝʥʠʝʤ 

ʦʪ ʦʯʘʛʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʦ ʧʣʦʱʘʜʠ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 10 ʠ 11. ʅʘ ʨʠʩ. 10 ʟʘʩʣʫʞʠʚʘʝʪ ʚʥʠʤʘʥʠʝ 

ʝʱʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʦ ʂʫʤʙʝʣʴ-ʇʘʤʠʨʩʢʦʤʫ ʨʘʟʣʦʤʫ ʦʪʤʝʯʘʣʠʩʴ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʤʝʞʮʠʢʣʦʚʳʝ ʨʘʟ-

ʥʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʥʘ ʧʫʥʢʪʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʖʞʥʦ-ʌʝʨʛʘʥʩʢʦʛʦ ʛʣʫʙʠʥʥʦʛʦ ʨʘʟʣʦʤʘ, ʧʝʨʝ-

ʩʝʢʘʶʱʝʤ ʝʛʦ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ï ʩʫʙʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʦʪʤʝʯʘʣʠʩʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʤʝʞ 

ʮʠʢʣʦʚʳʝ ʨʘʟʥʦʩʪʠ ȹʊ. ʕʪʦ ʣʠʰʥʠʡ ʨʘʟ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʣʠʯʠʷ ʜʝʡʩʪʚʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝ-

ʥʠʡ ʥʘ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʦʨʠʝʥʪʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷ-

ʞʝʥʠʡ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʨʘʚʝʜʣʠʚʘ ʪʦʣʴʢʦ ʜʣʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʄ = 4,8 

ʠ ʪʦʣʴʢʦ ʜʣʷ ʵʪʦʛʦ ʨʘʟʣʦʤʘ. ɼʣʷ ʜʨʫʛʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʩʠʣʫ ʚʳʰʝʦʪʤʝʯʝʥʥʳʭ ʩʦʦʙʨʘʞʝʥʠʡ ʦ 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʨʘʡʦʥʘ, ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʘʜʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʥʦ-

ʤʘʣʠʠ ʤʦʞʝʪ ʙʳʪʴ ʩʦʚʩʝʤ ʜʨʫʛʦʡ. 

ʇʨʝʜʚʝʩʪʥʠʢʠ ʚʥʫʪʨʠ ʙʣʦʯʥʳʭ ʠ ʤʝʣʢʠʭ (ʄ Ò 4,5) ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʥʝ ʯʫʚʩʪʚʫʶʪʩʷ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʤʠ ʩʪʘʥʮʠʷʤʠ, ʠʣʠ ʦʥʠ ʯʫʚʩʪʚʫʶʪʩʷ ʚ ʨʝʜ-

ʢʠʭ ʩʣʫʯʘʷʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʯʘʛʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʪʘʥʮʠʠ ʥʘʙʣʶʜʝʥʠʡ. ɼʣʷ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ ʜʚʘ ʩʣʫʯʘʷ ʦʪʩʫʪʩʪʚʠʷ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʭ ʩʠʛʥʘʣʦʚ 

ʧʝʨʝʜ ʙʣʠʟʢʠʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʩ ʂ Ò 12 (ʄ Ò 4,5) (ʨʠʩ. 13). 
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ʉʡʪ. 13. ʇʫʪʬʫʪʫʛʡʞ ʨʩʞʝʛʞʪʫʦʡʣʧʛʴʮ ʪʡʜʦʙʤʧʛ ʨʞʩʞʝ ʚʤʡʠʣʡʥʡ ʠʞʥʤʞʫʩʸʪʞʦʡʸʥʡ ʪ ʃ Ò 12 (ʅ Ò 4,5)  

ʦʙ ʥʙʜʦʡʫʧʥʞʫʩʡʰʞʪʣʧʢ ʪʫʙʦʯʡʡ ɺʙʮʥʙʤ ʛ 2019-2020 ʜʜ. 

 
ʄʥʦʛʦʣʝʪʥʷʷ ʩʪʘʪʠʩʪʠʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʦʪ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʪʦ-

ʛʦ, ʯʪʦʙʳ ʚʦʟʙʫʜʠʪʴ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʡ ʩʠʛʥʘʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ r  Ó 0,5, ʥʝʦʙ-

ʭʦʜʠʤʦ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʦʤ ʂ Ó 12 (ʄ Ó 4,5). ʊʦ ʝʩʪʴ, ʝʩʣʠ ʚʳʨʘʟʠʪʴʩʷ ʧʦ-

ʜʨʫʛʦʤʫ, ʥʘʧʨʷʞʝʥʠʷ, ʚʳʟʳʚʘʶʱʠʝ ʧʨʝʜʚʝʩʪʥʠʢʦʚʫʶ ʘʥʦʤʘʣʠʶ, ʜʦʣʞʥʳ ʠʤʝʪʴ ʚʝʣʠʯʠʥʫ ʚ ʨʘʡ-

ʦʥʝ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʝʜʚʝʩʪʥʠʢʘ ʤʠʥʠʤʫʤ ɽ = 1012 ʜʞʦʫʣʴ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʧʦʨʦʛ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (ɽ = 1012 ʜʞʦʫʣʴ) ʩʨʝʜʥʝʧʝʨʠʦʜʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʭ ʘʥʦʤʘʣʠʡ ʙʫʭʪʦʦʙ-

ʨʘʟʥʦʡ ʬʦʨʤʳ ʂ Ó 12 ʷʚʣʷʝʪʩʷ ʧʦʨʦʛʦʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʪʘʢʞʝ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʭ ʘʥʦʤʘʣʠʡ ʬʦʨ-

ʤʳ çʩʧʝʮʠʬʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠè, ʯʘʩʪʦ ʦʪʤʝʯʘʝʤʳʭ ʚ ʉʝʚʝʨʥʦʡ ʌʝʨʛʘʥʝ ʥʘ ʩʪ. ʏʘʨʪʘʢ (ʨʠʩ. 14). 
 

 
 

 

ʉʡʪ. 14. ʊʫʬʨʞʦʰʙʫʴʞ ʪʨʞʯʡʭʡʰʞʪʣʡʞ ʨʩʞʝʛʞʪʫʦʡʣʧʛʴʞ ʙʦʧʥʙʤʡʡ ʠʞʥʤʞʫʩʸʪʞʦʡʢ ʪ ʅ Ó 4,5, ʦʙʚʤ̫ʝʙʞʥʴʞ ʦʙ  
ʪʫ. ʐʙʩʫʙʣ, ʡ ʠʧʦʙ ʰʬʛʪʫʛʡʫʞʤʵʦʧʪʫʡ ʪʫʙʦʯʡʡ ʦʙ ʦʡʮ. 1 ï ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ; 2 ï ʨʘʟʣʦʤʳ; ʵʧʠʮʝʥʪʨʳ ʟʝʤ-
ʣʝʪʨʷʩʝʥʠʡ: 3 ï ʦʪ ʢʦʪʦʨʳʭ ʥʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʨʝʜʚʝʩʪʥʠʢʠ, 4 ï ʦʪ ʢʦʪʦʨʳʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʨʝʜʚʝʩʪʥʠʢʠ; 5 ï ʟʦʥʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʂ Ó 12 (ʄ Ó 4,5). 

 

ʉʪʫʧʝʥʯʘʪʳʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ (ʜʘʣʝʝ ʩʪʫʧʝʥʯʘʪʳʝ) ʘʥʦʤʘʣʠʠ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ 

ʩʪʘʥʮʠʷʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʢʨʘʷʭ ʏʘʪʢʘʣʴʩʢʦʛʦ ʙʣʦʢʘ (ʏʘʨʪʘʢ, ʏʘʨʢʝʩʘʨ, ʨʝʞʝ, ʥʘ ʩʪ. ʍʫʤʩʘʥ)  
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ʢ ʩʝʚʝʨʫ ʦʪ ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʦʡ ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʦʡ ʟʦʥʳ. ʉʭʦʞʠʡ ʧʨʝʜʚʝʩʪʥʠʢ ʩʪʫʧʝʥʯʘʪʦʡ 

ʬʦʨʤʳ (ʨʠʩ. 15) ʚʩʝʛʦ ʦʜʠʥ ʨʘʟ ʙʳʣ ʚʳʷʚʣʝʥ ʥʘ ʩʪ. ʂʦʢʘʥʜ ʧʝʨʝʜ ʙʣʠʟʢʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ 

14.10.1987 ʛ. R = 45 ʢʤ, ʂ = 12, ʄ = 4,4. ʉʪʘʥʮʠʷ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʚ ʵʧʠʮʝʥʪʨʝ ʂʦʢʘʥʜʩʢʦʡ ʨʝʛʠʦ-

ʥʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʦʤʘʣʠʠ. ɺʳʰʝʫʧʦʤʷʥʫʪʳʝ ʩʪʘʥʮʠʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ 

ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʋʟʙʝʢʠʩʪʘʥʘ, ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʨʘʡʦʥʘʭ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʦʩʥʦʚʘʥʠʝʤ 

ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ, ʪ. ʝ. ʥʘ ʤʝʥʝʝ ʨʘʟʥʦʨʦʜʥʦʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʚʝʨʜʦʡ ʩʨʝʜʝ 

 
 

ʉʡʪ. 15. ʊʫʬʨʞʦʰʙʫʙʸ ʪʨʞʯʡʭʡʰʞʪʣʙʸ ʙʦʧʥʙʤʡʸ ʦʙ ʪʫ. ʃʧʣʙʦʝ ʨʞʩʞʝ ʠʞʥʤʞʫʩʸʪʞʦʡʞʥ 14.10.1987 ʜ. ʪ ʃ = 12. 

 

ʌʦʨʤʘ ʠ ʧʨʠʨʦʜʘ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʭ ʘʥʦʤʘʣʠʡ ʚ ʚʠʜʝ çʩʧʝʮʠʬʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠè ʥʝʦʙʳʯʥʘʷ 

ʠ ʦʥʘ ʧʨʠʙʣʠʞʝʥʥʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʙʘʨʴʝʨʥʦʡ ʤʦʜʝʣʴʶ ʂ.ɸʢʠ [20] ʠʣʠ ʤʦʜʝʣʴʶ ʰʝʨʦʭʦʚʘ-

ʪʦʩʪʠ ʍ.ʂʘʥʘʤʦʨʠ [21]. ʉʦʛʣʘʩʥʦ ʄʦʛʠ [22], ʨʘʡʦʥ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʧʨʝʜʚʝʩʪʥʠʢʘ ʚ 

ʚʠʜʝ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ï ʏʘʪʢʘʣʴʩʢʠʡ ʤʝʛʘʙʣʦʢ (ʩʪ. ʍʫʤʩʘʥ, ʏʘʨʢʝʩʘʨ, ʏʘʨʪʘʢ) ʠ ʩʪ. ʂʦʢʘʥʜ, 

ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘʜ ʛʘʙʙʨʦ-ʜʠʦʨʠʪʦʚʳʤ ʤʘʩʩʠʚʦʤ, ʦʪʥʦʩʠʪʩʷ ʢʦ ʚʪʦʨʦʤʫ ï ʫʤʝʨʝʥʥʦʤʫ ʪʠʧʫ 

ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʨʝʜʳ ʠʣʠ ʩʪʝʧʝʥʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ, ʪʦʛʜʘ ʢʘʢ ʙʫʭʪʦʦʙ-

ʨʘʟʥʳʝ ʧʨʝʜʚʝʩʪʥʠʢʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʪʨʝʪʴʝʤʫ ʪʠʧʫ ï ʢʨʘʡʥʝ ʥʝʦʜʥʦʨʦʜʥʳʤ ʩʣʫʯʘʷʤ. ɺ ʩʫʱʝʩʪʚʦ-

ʚʘʥʠʠ ʧʦʜʦʙʥʦʡ ʬʦʨʤʳ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʦʤʥʝʥʠʷ. ʆ ʧʦʜʦʙʥʳʭ ʩʢʘʯʢʦʦʙʨʘʟʥʳʭ ʧʦ-

ʚʝʜʝʥʠʷʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʜʨʫʛʠʭ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʧʨʠʚʝʜʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʨʳ ʚ 

ʢʥʠʛʘʭ ʊ.ʈʠʢʠʪʘʢʠ [23], ʂ.ʄʦʛʠ [22]. ʉʢʘʯʢʠ ʚ ʛʝʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʠʣʠ ʯʘʩʪʦ ʫʧʦʪʨʝʙʣʷʝʤʘʷ ʥʘʤʠ 

çʩʧʝʮʠʬʠʯʝʩʢʘʷ ʩʪʫʧʝʥʴè, ʤʦʞʝʪ ʙʳʪʴ, ʚ ʩʘʤʦʤ ʜʝʣʝ, ʦʪʨʘʞʘʝʪ ʩʢʘʯʢʦʦʙʨʘʟʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʩʨʝʜʘʭ ʩ ʫʤʝʨʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ. ʉʢʘʯ-

ʢʦʦʙʨʘʟʥʦʝ ʧʦʚʳʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʨʝʟʢʠʤ 

ʧʨʝʨʳʚʠʩʪʳʤ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝʤ ʧʦ ʩʫʱʝʩʪʚʫʶʱʝʤʫ ʨʘʟʣʦʤʫ [24]. ʇʦʚʝʜʝʥʠʝ ʧʦʣʷ ʧʦʩʣʝ ʨʝʟʢʦʛʦ 

ʩʢʘʯʢʘ, ʥʘ ʧʦʚʳʰʝʥʥʦʤ ʫʨʦʚʥʝ ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠ ʧʦʩʣʝ, ʪʨʫʜʥʦ ʦʙʲʷʩʥʷʝʪʩʷ ʢʘ-

ʢʠʤ-ʣʠʙʦ ʤʝʭʘʥʠʟʤʦʤ. ʅʘ ʵʪʦʪ ʩʯʝʪ ʧʦʢʘ ʥʝ ʠʤʝʝʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʥʝʥʠʷ.  

ɺ ʟʘʢʣʶʯʝʥʠʝ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʭʦʪʠʤ ʧʨʠʥʝʩʪʠ ʩʚʦʠ ʠʟʚʠʥʝʥʠʷ ʥʘʰʠʤ ʥʘʩʪʘʚʥʠʢʘʤ ʟʘ 

ʩʪʦʣʴ ʢʨʠʪʠʯʝʩʢʠʝ ʚʳʩʢʘʟʳʚʘʥʠʷ ʚ ʠʭ ʘʜʨʝʩ, ʚ ʦʪʥʦʰʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʤʠ ʨʘʥʝʝ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʜʘʣʴʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʣʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ɼʦʧʫʱʝʥʥʳʝ 

ʨʘʥʝʝ ʥʝʪʦʯʥʦʩʪʠ ʚ ʚʳʨʘʞʝʥʠʷʭ ʟʘʤʳʩʣʦʚ ʥʠʩʢʦʣʴʢʦ ʥʝ ʫʤʝʥʴʰʘʶʪ ʜʦʩʪʦʠʥʩʪʚʘ ʵʪʠʭ ʦʧʨʝʜʝʣʝ-

ʥʠʡ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʀʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩ ʦʩʪʦʨʦʞʥʦʩʪʴʶ, 

ʫʯʠʪʳʚʘʷ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ, ʩʝʡʤʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. ʇʦ ʤʝʨʝ 

ʥʘʢʦʧʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʣʷ ʢʘʞʜʦʡ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ 

ʩʪʘʥʮʠʠ ʩʦʩʪʘʚʣʝʥʠʝ ʥʘ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʦʩʥʦʚʝ ʧʘʣʝʪʢʠ ʟʦʥʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʣʳ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɼʣʷ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 16 ʧʨʠʚʝʜʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʚʘʨʠʘʥʪ ʟʦʥʳ ʚʝʨʦʷʪʥʦʩʪʥʦʡ  

(r  Ó 0,5) ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʂ Ó 12 (ʄ Ó 4,5) ʜʣʷ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʛʥʦʩʪʠ-

ʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ɺʦʩʪʦʯʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ. 
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ʉʡʪ. 16. ʀʧʦʴ ʛʞʩʧʸʫʦʧʪʫʦʧʢ (r Ó 0,5) ʰʬʛʪʫʛʡʫʞʤʵʦʧʪʫʡ ʠʞʥʤʞʫʩʸʪʞʦʡʢ ʪ ʃ Ó 12 (ʅ Ó 4,5) ʝʤʸ ʥʙʜʦʡʫʧ-

ʥʞʫʩʡʰʞʪʣʡʮ ʨʩʧʜʦʧʪʫʡʰʞʪʣʡʮ ʪʫʙʦʯʡʢ ɻʧʪʫʧʰʦʧʜʧ ʌʠʚʞʣʡʪʫʙʦʙ. 1 ï ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ; 
2 ï ʨʝʛʠʦʥʘʣʴʥʳʝ ʨʘʟʣʦʤʳ; 3 ï ʵʧʠʮʝʥʪʨʳ ʧʨʦʠʩh ʝʜʰʠʭ (1981-1992 ʛʛ. ʠ 2009-2011 ʛʛ.) ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʂ Ó 12 (ʄ Ó 4,5) 
ʩ ʫʢʘʟʘʥʠʝʤ ʤʘʛʥʠʪʫʜʳ. ɿʦʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʂ Ó 12 (ʄ Ó 4,5): 4 ï ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪ. ʏʠʤʠʦʥ,  
5 ï ʩʪ. ʍʫʤʩʘʥ, 6 ï ʩʪ. ʏʘʨʪʘʢ.  

 
 

ɼʦʣʛʦʧʝʨʠʦʜʥʳʝ ʧʨʝʜʚʝʩʪʥʠʢʠ 

ʅʘ ʧʨʘʢʪʠʢʝ ʤʘʨʰʨʫʪʥʳʭ ʠ ʧʣʦʱʘʜʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ 1968-1980 ʛʛ., ʥʝʦʜ-

ʥʦʢʨʘʪʥʦ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʜʦʣʛʦʧʝʨʠʦʜʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʦʜʛʦʪʦʚʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ [1, 5]. ʊʦʛʜʘ ʧʦʚʪʦʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 1-3 

ʨʘʟʘ ʚ ʛʦʜ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ (1-3 ʥʊʣ) ʧʨʠʙʦʨʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʨʝʜʢʠʤ ʦʧʨʦʩʦʤ 

ʧʫʥʢʪʦʚ ʧʦʚʪʦʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚʳʷʚʣʝʥʥʳʝ ʘʥʦʤʘʣʠʠ ʠʤʝʣʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʤʠʥʠʤʫʤ 1-2 ʛʦʜʘ ʠ ʫ 

ʥʠʭ ʙʳʣ ʥʝʫʩʪʦʡʯʠʚʳʡ ʭʘʨʘʢʪʝʨ ʧʦ ʧʣʦʱʘʜʠ ʧʨʦʷʚʣʝʥʠʷ. ʊʦʛʜʘ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʧʳʪʘʣʠʩʴ ʩʚʷʟʳ-

ʚʘʪʴ ʩ ʧʨʦʮʝʩʩʘʤʠ ʧʦʜʛʦʪʦʚʢʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʢʦʥʢʨʝʪʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠʣʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʛʝʦʜʠʥʘ-

ʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ, ʩ ʧʦʷʚʣʝʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʨʝʨʳʚʥʦʡ ʨʝ-

ʛʠʩʪʨʘʮʠʠ ʚʘʨʠʘʮʠʠ ʚʳʩʦʢʦʪʦʯʥʳʤʠ ʤʘʛʥʠʪʦʤʝʪʨʘʤʠ, ʢʦʣʠʯʝʩʪʚʦ ʜʦʣʛʦʧʝʨʠʦʜʥʳʭ ʘʥʦʤʘʣʠʡ, 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ, ʨʝʟʢʦ ʩʦʢʨʘʪʠʣʦʩʴ, ʚʧʣʦʪʴ ʜʦ ʥʫʣʷ. ɺ ʪʝʯʝʥʠʠ ʩʦʨʦʢʘ ʣʝʪ (1980-

2020 ʛʛ.) ʥʝʧʨʝʨʳʚʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʠ ʨʘʟʫ ʥʝ ʦʪʤʝʯʝʥʳ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʝ ʘʥʦʤʘ-

ʣʠʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʙʦʣʝʝ ʦʜʥʦʛʦ ʛʦʜʘ, ʫʚʝʨʝʥʥʦ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʢʦʥʢʨʝʪʥʦʤʫ ʟʝʤʣʝʪʨʷʩʝʥʠʶ. 

ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʥʘʤʠ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʠ ʧʨʦʷʚʣʝʥʠʷ ʧʨʝʜʚʝʩʪʥʠʢʘ ʦʪ ʩʠʣʳ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʷ ʚ ʚʠʜʝ lgætʘ = 0,27M + 0,84 ʧʨʠ r  = 0,83 [5] ʦʩʪʘʝʪʩʷ ʧʦʢʘ ʟʥʘʯʠʤʦʡ ʜʣʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ 

ʄ = 4,0 õ 7,2, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʪ 83 ʜʦ 550 ʩʫʪʦʢ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ 

40-ʣʝʪʥʠʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʋʟʙʝʢʠʩʪʘʥʝ, ʢʘʢ ʪʘʢʦʚʳʝ, ʜʦʣʛʦʧʝʨʠʦʜ-

ʥʳʝ ʛʝʦʤʘʛʥʠʪʥʳʝ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʝ ʘʥʦʤʘʣʠʠ ʥʝ ʚʳʷʚʣʝʥʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦ ʜʘʣʴʥʦʩʪʠ ʠʭ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʤ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠ ʨʝʯʠ. 

 

ɺʓɺʆɼʓ 

1. ʆʪʩʫʪʩʪʚʠʝ ʩʣʫʯʘʝʚ ʟʥʘʯʠʤʳʭ ʨʝʛʠʩʪʨʘʮʠʡ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʩʪʘʪʠʩʪʠʢʠ ʚ ʥʘʩʪʦʷʱʝʤ 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʣʴʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ çʦʧʝʨʘʪʠʚʥʳʭè, çʢʦʨʦʪʢʦʧʝʨʠ-

ʦʜʥʳʭè ʠ çʜʦʣʛʦʧʝʨʠʦʜʥʳʭè ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ.  

2. ʈʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʨʝʜʥʝʧʝʨʠʦʜʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʦʪ 

ʩʠʣʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ, ʫʯʠʪʳʚʘʷ ʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʧʦʛʣʦʱʝʥʠʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʦʡ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʨʠʝʥʪʠʨʦ-
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ʚʘʪʴʩʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʝʜʚʝʩʪʥʠʢ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʦʪ ʦʯʘʛʘ ʛʦʪʦʚʷʱʝʛʦʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʢ ʧʫʥʢʪʫ 

ʨʝʛʠʩʪʨʘʮʠʠ, ʘ ʚʳʰʝʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʜʘʣʴʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʨʝ-

ʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʳ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʡ ʵʬʬʝʢʪ ʚ ʩʨʝʜʝ 

ʝʛʦ ʨʝʛʠʩʪʨʘʮʠʠ. ʄʠʥʠʤʘʣʴʥʘʷ ʩʠʣʘ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʷ, ʩʧʦʩʦʙʥʘʷ ʚʳʟʚʘʪʴ ʩʨʝʜʥʝʧʝʨʠ-

ʦʜʥʳʡ ʛʝʦʤʘʛʥʠʪʥʳʡ ʧʨʝʜʚʝʩʪʥʠʢ ʥʘ ʤʝʩʪʝ ʨʝʛʠʩʪʨʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦ-

ʚʠʷʭ), ʜʦʣʞʥʘ ʙʳʪʴ ɽ Ó1012 ʜʞʦʫʣʴ.  
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ʄʆɼɽʃʔ ʄɽʍɸʅʀɿʄɸ ʆʏɸɻɸ ʊɽʂʊʆʅʀʏɽʉʂʀʍ ɿɽʄʃɽʊʈʗʉɽʅʀʁ 

ʇʈʀʄɽʅʀʊɽʃʔʅʆ ʂ ʊʆʏɽʏʅʆʁ ɼʀʉʃʆʂɸʎʀʀ ʂʀʅɽʄɸʊʀʏɽʉʂʆɻʆ ʊʀʇɸ 

ɸʪʘʙʝʢʦʚ ʀ.ʋ. 

Oôzbekiston Respublikasi Fanlar akademiyasi Seysmologiya institute. 

Tektonik zilzilar oôchogôi mexanizmining kinematik turdagi singulyar dislokatsiyaga oid modeli. 

ɸʥʥʦʪʘʮʠʷ. Zilzila oôchogôi mehanizmining oôzaro momenti noôlga teng boôlgan ikki juft dipol kinematik 

modeli yer qobig'ining geodinamik kuchlanishlarini seysmogramma yozuvlaridan tiklashga imkon beradi. Elastiklik 

nazariyasi doirasida dipol momentining ta'sirini ekvivalent kuchlar bilan almashtirishning bir necha usuli mavjud. 

Ammo, bu holda, umumiy momentning nolga tengligi to'g'ridan-to'g'ri kelib chiqmay, momentning aniq bir 

komponenti taxmin qilingan dislokatsiyaning ta'sir maydoni boôyicha kuchlanishlar momentlarining yig'indisi bilan 

qoplanishi izohlanadi. Ushbu maqolada moment nazariyasiga asoslanib zilzila manbasidagi momentlarni ekvivalent 

kuchlar bilan aniqlash usuli taklif qilingan. Natigada dipol taôsiri bir biriga teng, ammo yoônalishi qarama-qarshi 

boôlgan kuchlar bilan ifodalanadi. 

Tayanch soôzlar: Oôrta Osiyo, juft dipole, ekvivalent kuchlar, tektonik kuchlanish, yer qimirlash 

mexanizmlari. 

 

ɸʪʘʙʝʢʦʚ ʀ.ʋ. 

ʀʥʩʪʠʪʫʪ ʩʝʡʩʤʦʣʦʛʠʠ ɸʅ ʈʋʟ, ʈʝʩʧʫʙʣʠʢʘʋʟʙʝʢʠʩʪʘʥ 

ʄʦʜʝʣʴ ʤʝʭʘʥʠʟʤʘ ʦʯʘʛʦʚ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʦʯʝʯʥʦʡ ʜʠʩʣʦʢʘʮʠʠ ʢʠ-

ʥʝʤʘʪʠʯʝʩʢʦʛʦ ʪʠʧʘ. 

ɸʥʥʦʪʘʮʠʷ. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʪʦʯʝʯʥʘʷ ʤʦʜʝʣʴ ʜʚʦʡʥʦʛʦ ʜʠʧʦʣʷ ʤʝʭʘʥʠʟʤʘ ʦʯʘʛʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʜʘ-

ʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʧʦ ʟʘʧʠʩʷʤ ʩʝʡʩʤʦʛʨʘʤʤ. ʉʫʱʝ-

ʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʟʘʤʝʥʳ ʜʝʡʩʪʚʠʷ ʤʦʤʝʥʪʘ ʜʠʧʦʣʷ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʩʠʣʘʤʠ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ 

ʫʧʨʫʛʦʩʪʠ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ ʦʙʱʝʛʦ ʤʦʤʝʥʪʘ ʥʝ ʩʣʝʜʫʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʘ ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʦʜʥʘ ʷʚʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʤʦʤʝʥʪʘ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʩ ʩʫʤʤʦʡ ʤʦʤʝʥʪʦʚ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʦʙʣʘʩʪʠ ʚʣʠʷʥʠʷ ʜʠʩʣʦʢʘʮʠʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʵʢʚʠ-

ʚʘʣʝʥʪʥʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʦʯʘʛʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʦʤʝʥʪʥʦʡ ʪʝʦʨʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʵʪʦʤ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʦʣʫʯʘʪʁʩʷ ʨʘʚʥʳʝ ʧʦ ʟʥʘʯʝʥʠʶ, ʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʝ ʩʠʣʳ ʚ ʦʯʘʛʝ, ʢʦʪʦʨʳʝ 

ʵʢʚʠʚʘʣʝʥʪʥʳ ʥʫʣʝʚʦʤʫ ʤʦʤʝʥʪʫ ʜʠʧʦʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʎʝʥʪʨʘʣʴʥʘʷ ɸʟʠʷ, ʜʚʦʡʥʘʷ ʜʠʧʦʣʴ, ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʩʠʣʳ, ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʧʨʷ-

ʞʝʥʠʷ, ʤʝʭʘʥʠʟʤ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. 
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The model of the mechanism of rupture of tectonic earthquake as point dislocation of kinematic type.  

Annotation. The kinematic point model of a double dipole makes it possible to reconstruct the geodynamic 

stresses of the earth's crust from seismogram records. There are several ways to replace the action of the dipole mo-

ment with equivalent forces in the framework of elasticity theory. However, in this case, the equality to zero of the 

total moment does not follow directly, but is explained by the fact that one explicit component of the moment is 

compensated with the sum of the moments of shear stresses over the assumed area of influence of the dislocation. 

This paper proposes a method for determining these equivalent forces of the acting forces in the earthquake source 

based on the moment theory. It is shown that this actually results in equal in value but oppositely directed forces in 

the source, which are equivalent to the dipole moment. 

Key words: Central Asia, double dipole, equivalent forces, tectonic stresses, mechanism of earthquakes. 

 

ʊʝʢʪʦʥʠʯʝʩʢʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʚʠʜʦʚ, ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʨʫʰʝʥʠʝʤ 

ʩʧʣʦʰʥʦʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʚʠʜʝ ʩʤʝʱʝʥʠʷ ʧʦ ʨʘʟʨʳʚʫ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʢʦʧʠʚʰʝʛʦʩʷ ʜʠʩʙʘʣʘʥʩʘ 
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ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʠʣ. ɺʦʟʤʦʞʥʦ ʪʘʢʞʝ ʚʦʟʦʙʥʦʚʣʝʥʠʝ ʨʘʥʥʝʛʦ ʨʘʟʨʳʚʘ ʙʣʘʛʦʜʘʨʷ ʮʝʤʝʥʪʠʨʦʚʘʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʝʤʥʦʡ ʢʦʨʳ. ʈʘʟʥʦʚʠʜʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʨʳʚʘ ʟʘʚʠʩʪ̫ ʦʪ ʧʦʩʪʘʥʦʚ-

ʢʠ ʚʦʧʨʦʩʘ ʚ ʨʘʤʢʘʭ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʦʜʝʣʠ. ɺ ʩʣʫʯʘʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʦʯʝʯʥʦʡ ʜʠʩʣʦʢʘʮʠʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʜʚʠʛ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʦʡ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʧʣʦʩʢʦʩʪʠ ʨʘʟʨʳʚʘ Ɇ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʟʠʤʫʪʦʤ 0Ü Ò ű < 360Ü, ʥʘʢʣʦʥʦʤ 0Ü Ò ŭ Ò 90Ü ʠ ʫʛʣʦʤ ʩʢʦʣʴʞʝ-

ʥʠʷ -180Ü Ò ɚ Ò 180Ü (ʨʠʩ. 1).  

 

 
 

ʉʡʪ. 1. ʈʤʧʪʣʧʪʫʵ ʩʙʠʩʴʛʙ ʨʩʡ ʠʞʥʤʞʫʩʸʪʞʦʡʡ.  

 

ʇʨʠ ʵʪʦʤ ʦʙʳʯʥʦ ʦʩʴ x1 ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʩʝʚʝʨ, ʦʩʴ x3 ʥʘ ʟʝʥʠʪ, ʘ ʥʘʧʨʘʚʣʝʥʠʝ x2 ʩʦʩʪʘʚʣʷʝʪ ʩ 

ʦʩʷʤʠ x1 ʠ x3 ʧʨʘʚʫʶ ʜʝʢʘʨʪʦʚʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʳ l i ï ʥʘʧʨʘʚʣʝʥʠʝ ʩʢʦʣʴʞʝ-

ʥʠʷ ʠ ni ï ʥʦʨʤʘʣʴ ʢ ʧʣʦʩʢʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ. ɿʦʥʘ ʨʘʟʨʳʚʘ ʚ ʧʨʦʩʪʝʡʰʠʭ ʩʣʫʯʘʷʭ ʩʯʠʪʘʝʪʩʷ ʚ ʚʠʜʝ 

ʧʨʤ̫ʦʫʛʦʣʴʥʠʢʘ ʩ ʧʣʦʱʘʜʴʶ S = LD, ʛʜʝ L ï ʜʣʠʥʘ, D ï ʰʠʨʠʥʘ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, ʠʣʠ ʢʨʫʛ ʩ ʨʘʜʠ-

ʫʩʦʤ a, S = ˊ a2. ʄʦʜʝʣʠ ʧʦ ʪʠʧʫ ʨʘʟʣʠʯʘʶʪʩʷ ʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ. ɺ ʩʣʫʯʘʝ ʢʠʥʝ-

ʤʘʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʚʝʢʪʦʨ ʩʜʚʠʛʘ ʥʝ ʩʚʷʟʘʥ ʩ ʧʦʨʦʞʜʘʝʤʦʡ ʝʛʦ ʩʠʣʦʡ. ʈʘʟʨʳʚ ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʚrʘ-

ʝʪʩʷ ʚʝʢʪʦʨʥʦʡ ʬʫʥʢʮʠʝʡ ʩʜʚʠʛʘ ȹu (ʭi, t), ʟʘʚʠʩʷʱʝʡ ʦʪ ʢʦʦʨʜʠʥʘʪ ʭi ʠ ʚʨʝʤʝʥʠ t. 

ʇʨʠʤʝʥʷʝʤʳʡ ʚ ʪʝʦʨʠʠ ʜʠʩʣʦʢʘʮʠʠ ʤʝʪʦʜ ʟʘʤʝʥʳ ʤʦʤʝʥʪʘ ʜʠʧʦʣʷ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʩʠʣʘʤʠ 

[1-3] ʜʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʨʘʤʢʘʭ ʫʧʨʫʛʦʩʪʠ ʦʨʜʠʥʘʨʥʳʤ 

ʜʠʧʦʣʝʤ ʩ ʤʦʤʝʥʪʦʤ (ʪʠʧ 1) ʠ ʧʘʨʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʭ ʜʠʧʦʣʝʡ ʙʝʟ ʤʦʤʝʥʪʘ (ʪʠʧ 2). 

ɼʦʣʛʦʝ ʚʨʝʤʷ ʥʝ ʙʳʣʦ ʢʦʥʩʝʥʩʫʩʘ ʦ ʪʦʤ, ʢʘʢʘ ̫ʠʟ ʵʪʠʭ ʤʦʜʝʣʝʡ ʣʫʯʰʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʘʣʥɹʳʤʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ, ʧʦʢʘ ʥʝ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʦ ʙʣʠʟʦʩʪʠ ʫʛʣʘ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʧʝʨʝʯʥʦʡ ʚʦʣʥʳ ʧʦ 

ʟʘʧʠʩʷʤ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʩ ʦʜʥʦʠʤʝʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʦ ʤʦʜʝʣʠ 2-ʛʦ ʪʠʧʘ. 

ʇʦʷʚʣʝʥʠʝ ʤʦʤʝʥʪʘ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʤʦʤʝʥʪʥʦʡ ʪʝʦʨʠʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʦʙʱʝʤ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 

ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ, ʠʤʝʶʱʠʝ ʚʥʫʪʨʝʥʥʠʝ ʤʦʤʝʥʪʳ, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

,0, =+ ijij Fs                                                                  (1) 

0, =++ ikjijkjij Msem ,                                             (2) 

i, j = 1, 2, 3. 

ɿʜʝʩʴ sij, Õij ï ʢʦʤʧʦʥʝʥʪʳ ʩʠʣʦʚʦʛʦ ʠ ʤʦʤʝʥʪʥʦʛʦ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ, ʠʥʜʝʢʩ j ʧʦʩʣʝ ʟʘʧʷ-

ʪʦʡ ʦʟʥʘʯʘʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʦ ʜʝʢʘʨʪʦʚʳʤ ʢʦʦʨʜʠʥʘʪʘʤ xj, F(0,0,ɟg) ï ʤʘʩʩʦʚʘʷ ʩʠʣʘ, Ůijk ï 

ʪʝʥʟʦʨ ʃʝʚʠ-ʏʠʚʠʪʘ, Mi ï ʩʦʩʪʘʚʣʷʶʱʠʝ ʫʜʝʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, ʠʤʝʶʱʠʝ ʨʘʟʤʝʨʥʦʩʪʴ ʤʦʤʝʥʪʘ, ʜʝ-

ʣʝʥʥʦʛʦ ʥʘ ʦʙʲʝʤ. 
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ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʵʣʝʤʝʥʪʘʨʥʫʶ ʧʣʦʱʘʜʢʫ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ ʜʣʷ ʧʣʦʩʢʦ-

ʛʦ ʩʣʫʯʘʷ. ɿʜʝʩʴ ʧʘʨʘ ʜʠʧʦʣʴ ʜʝʡʩʪʚʫʝʪ ʥʘ ʧʣʦʩʢʦʩʪʠ x1x2 ʠ ʤʦʤʝʥʪ ʥʘʧʨʘʚʣʝʥ ʧʦ x3 (ʦʙʦʟʥʘʯʝʥʳ 

ʢʘʢ xyz). 

1

2 3

4

X

Y

 
ʉʡʪ. 2. ɻʴʛʧʝ ʬʩʙʛʦʞʦʡʢ ʩʙʛʦʧʛʞʪʡʸ ʦʙ ʨʩʡʥʞʩʞ ʪʝʛʡʜʙ c ʥʧʥʞʦʫʧʥ, ʝʞʢʪʫʛʬʷʲʡʥ ʦʙ ʨʤʧʪʣʧʪʫʡ xy ʡ 

ʦʙʨʩʙʛʤʞʦʦʴʢ ʨʧ ʧʪʡ z.  
 

ʇʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʠ ʧʦʣʥʦʝ ʥʘʧʨʷʞʝʥʠʝ sij ʩʦʩʪʦʠʪ ʠʟ ʫʧʨʫʛʠʭ tij ʠ ʥʝʫʧʨʫʛʠʭ mij, ʩʦʩʪʘʚʣʷ-

ʶʱʠʭ: 

ůi j= tij  + mij .                                          (3) 

ɺ ʨʘʙʦʪʘʭ [1-3] ʠ ʜʨ. ʫʩʪʘʥʦʚʣʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʠʣ, ʦʧʠʩʳʚʘʶʱʝʝ ʤʝʭʘʥʠʟʤ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʷ, ʩʚʦʜʠʪʩʷ ʢ ʥʘʭʦʞʜʝʥʠʶ ʦʙʲʝʤʥʳʭ ʩʠʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʥʟʦʨʫ mij . ʙʝʟ ʫʯʝʪʘ ʫʨʘʚʥʝʥʠʡ (2).  

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʣʦʩʢʦʩʪʠ ʨʘʟʨʳʚʘ, ʫʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 3 ʚ ʨʘʙʦʪʝ [2], ʧʦʣʫʯʝʥʳ ʩʣʝ-

ʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʩʠʣʘʤʠ fi  ʠ ʪʝʥʟʦʨʦʤ ʥʝʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ: 

,2,121 mf -=r
  

,1,122 mf -=r
  

,03 =fr
                                               (4)

 

ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʧʨʷʤʦʫʛʦʣʴʥʠʢʝ [-a1+Ů/2<x1 < a1-Ů/2] x [-Ů/2<x2< Ů/2]. ɿʜʝʩʴ a1 ʠ a1 ï ʢʦʥ-

ʮʝʚʳʝ ʪʦʯʢʠ ʨʘʟʨʳʚʘ, Ů ï ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʘʷ ʚʝʣʠʯʠʥʘ, ʩʪʨʝʤʷʱʘʷʩʷ ʢ ʥʫʣʶ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ x3 

ʩʠʣʳ f1 ʠ f2 ʦʙʨʘʟʫʶʪ ʤʦʤʝʥʪʳ, ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʨʘʚʥʳʝ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ, ʝʩʣʠ m12,1 = m12,2.  

 

 
ʉʡʪ. 3. ʈʩʡʥʞʩ ʨʧʤʬʰʞʦʡʸ ʶʣʛʡʛʙʤʞʦʫʦʴʮ ʪʡʤ ʨʩʡ ʝʡʪʤʧʣʙʯʡʡ ʛʝʧʤʵ ʧʪʡ x1. 
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ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʧʦʣʫʯʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʠʣ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʧʝʨʝʤʝʱʝʥʠʷ ʫʧʨʫ-

ʛʦʡ ʩʨʝʜʳ ʯʝʨʝʟ ʬʫʥʢʮʠʶ ɻʨʠʥʘ [4-7]. ʇʨʠ ʵʪʦʤ ʦʙʣʘʩʪʴ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʚʳʜʝʣʷʝʪʩʷ ʢʘʢ ʧʨʝʜʝʣ 

ʩʠʥʛʫʣʷʨʥʦʡ ʦʙʣʘʩʪʠ, ʥʘ ʛʨʘʥʠʮʝ ʢʦʪʦʨʦʡ ʠʤʝʶʪʩʷ ʨʘʟʨʳʚʳ ʧʝʨʝʤʝʱʝʥʠʡ, ʨʘʚʥʳʝ ʩʤʝʱʝʥʠʷʤ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʩʠʣʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʚʳʰʝʦʧʠʩʘʥʥʦʤʫ ʩʣʫʯʘʶ 

ʜʣʷ ʪʦʯʝʯʥʦʡ ʜʠʩʣʦʢʘʮʠʠ ʩʦ ʩʨʝʜʥʠʤ ʩʤʝʱʝʥʠʝʤ, ʨʘʚʥʳʤ ȹu, ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

)()()( 303202

'

10101 xxxxxxMf ---= ddd
 

)()()( 303202101

'

02 xxxxxxMf ---= ddd , 03 =f .                                         (5) 

ɺ ʵʪʠʭ ʬʦʨʤʫʣʘʭ M0 = ÕȹuA, ɛ ï ʫʧʨʫʛʠʡ ʤʦʜʫʣʴ ʩʜʚʠʛʘ, A ï ʧʣʦʱʘʜʴ ʩʜʚʠʛʘ, ŭ(x) ï ʜʝʣʴʪʘ ʬʫʥʢ-

ʮʠʷ.  

ʕʪʠ ʤʝʪʦʜʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʨʘʟʠʪʴ ʚʘʞʥʳʝ ʧʘʨʘʤʝʪʨ rʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʘ ʠʤʝʥʥʦ ï ʦʨʠ-

ʝʥʪʘʮʠʶ ʥʦʜʘʣʴʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʠ ʤʘʛʥʠʪʫʜʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʦ ʩʝʡʩʤʠʯʝʩʢʠʤ ʟʘʧʠʩʷʤ. ʈʝʟʫʣʴʪʘʪʳ 

ʜʚʫʭ ʦʧʠʩʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʩʦʚʧʘʜʘʶʪ, ʝʩʣʠ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʠʥʷʪʴ ʥʝʫʧʨʫʛʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʚʠʜʝ: 

)()()( 30320210102112 xxxxxxMmm ----== ddd
                

(6) 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʧʨʫʛʦʡ ʟʘʜʘʯʠ ʚ ʵʪʠʭ ʤʝʪʦʜʘʭ ʧʨʠʥʷʪʳ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʣʠ 

ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ. ʆʜʥʘʢʦ, ʜʣʷ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʨʝʛʠʦʥʘ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʫʨʘʚʥʝʥʠʷ (1) ʚ ʦʙʣʘʩʪʠ ʩ ʛʨʘʥʠʮʘʤʠ, ʧʨʠʚʣʝʢʘʷ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʪʝʥʟʦʨʦʤ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʝʥʟʦʨʦʤ ʜʝʬʦʨʤʘʮʠʠ, ʚʳʨʘʞʝʥʥʳʝ ʯʝʨʝʟ ʧʝʨʝʤʝʱʝʥʠʷ. ʇʨʠ ʪɻʦʤ ʨʝʰʝ-

ʥʠʝ ʟʘʜʘʯʠ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ʊʨʫʜʥʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʵʪʠʭ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʷʚʣʷʶʪʩʷ ʢʘʤʥʝʤ ʧʨʝʪʢʥʦʚʝʥʠʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ.  

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʙʣʝʤʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʥʘʧʨʷʞʝʥʠʡ, ʜʘʞʝ ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ʟʝʤʣʝʪʨʷʩʝʥʠ-

ʷʤ, ʥʘʭʦʞʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʛʨʘʥʠʮʘʭ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʚʳʜʝʣʝʥʥʳʡ ʦʙʲʝʤ ʟʝʤʥʦʡ ʢʦʨʳ, ʩʘʤʦ 

ʧʦ ʩʝʙʝ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʨʘʙʦʪʝ [8] ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʥʘʡʪʠ ʵʪʠ ʛʨʘʥʠʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʜʣʷ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʦʛʨʘʥʠʯʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʘʤʠ: (36-46Á ʩ. ʰ.; 56-76Á ʚ. ʜ.), ʠʩʭʦʜʷ ʦʪ ʠʟʚʝʩʪ-

ʥʦʡ ʛʠʧʦʪʝʟʳ ʪʝʢʪʦʥʠʢʠ ʧʣʠʪ. ʉʦʛʣʘʩʥʦ ʝʡ, ʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʤʘʥʪʠʠ 

ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʝʡʩʪʚʠʝʤ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ɽʚʨʘʟʠʡʩʢʦʡ, ʠ ʩ ʜʨʫʛʦʡ ï ʀʥʜʠʡʩʢʦʡ 

ʠ ɸʨʘʙʩʢʦʡ ʧʣʠʪ. ʇʨʠ ʪʘʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʩʦʩʪʦʷʣʘ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʥʘʧʨʷ-

ʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʣʘʪʝʨʘʣʴʥʳʭ ʩʠʣ ʥʘ ʫʩʣʦʚʥʦ ʚʳʜʝʣʝʥʥʳʭ ʛʨʘʥʷʭ ʧʨʠʟʤʘʪʠʯʝ-

ʩʢʦʛʦ ʪʝʣʘ ʩ ʪʦʣʱʠʥʦʡ ʣʠʪʦʩʬʝʨʳ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʩ ʧʣʦʩʢʠʤ ʥʠʞʥʠʤ ʦʩʥʦʚʘʥʠʝʤ, ʧʦʢʦʷʱʠʤʩ ̫

ʥʘ ʤʘʥʪʠʠ, ʠ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʚʨʝʤʝʥʥʦʤʫ ʨʝʣʴʝʬʫ, ʯʪʦʙʳ ʚʥʫʪʨʝʥʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (1) ʢʘʢ ʤʦʞʥʦ ʣʫʯʰʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʠʟʚʝʩʪ-

ʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʉʦʚʨʝʤʝʥʥʳʡ ʨʝʣʴʝʬ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʛʠʦʥʘ ʥʘ ʨʠʩ. 4 ʧʦʩʪʨʦʝʥ ʧʦ ʬʠʟʠʯʝ-

ʩʢʦʡ ʢʘʨʪʝ ʉʨʝʜʥʝʡ ɸʟʠʠ ʠ ʂʘʟʘʭʩʪʘʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʚʝʨʠʬʠʢʘʮʠʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʣʫʞʠʣʠ ʵʤʧʠ-

ʨʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʙʳʚʰʝʛʦ ʉʉʉʈ [9, 10]. 

 

 
ʉʡʪ. 4. ʉʞʤʵʞʭ ʏʞʦʫʩʙʤʵʦʧʢ ɹʠʡʡ ʨʧ ʜʞʧʜʩʙʭʡʰʞʪʣʡʥ ʣʧʧʩʝʡʦʙʫʙʥ 36:46Á ʪ.ʱ.; 56:76Á ʛ.ʝ.,  

ʨʧʪʫʩʧʞʦʦʴʢ ʨʧ ʭʡʠʡʰʞʪʣʧʢ ʣʙʩʫʞ. ɻʴʪʧʫʴ ʛ ʣʥ. 
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ʇʦ ʠʤʝʶʱʠʤʩʷ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʠ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʠʩʧʦʣʴʟʫʷ ʛʨʘʥʠʮ r

ʨʘʟʣʦʤʦʚ ʧʝʨʚʦʛʦ ʨʘʥʛʘ, ʣʠʪʦʩʬʝʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʛʠʦʥʘ ʨʘʟʜʝʣʝʥʘ ʥʘ 19 ʙʣʦʢʦʚ (ʨʠʩ. 5). 

ʂʘʞʜʳʡ ʙʣʦʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʦʝʥʠʷ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʠʟʦʩʪʘ-

ʪʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʩʪʝʥʦʩʬʝʨʳ. ʈʝʰʝʥʠʝ ʧʦʣʥʳʭ ʩʠʩʪʝʤ ʪʨʝʭʤʝʨʥʳʭ ʫʨʘʚʥʝʥʠʡ 

(1) ʜʘʞʝ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʜʦʚʦʣʴʥʦ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. ɺ ʨʘʙʦʪʝ [8] ʧʨʝʜʣʦʞʝʥ ʦʜʠʥ ʩʧʦʩʦʙ 

ʫʧʨʦʱʝʥʠʷ ʵʪʠʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʚʝʩʪʠ ʫʨʘʚʥʝʥʠʷ (1) ʢ ʫʩʣʦʚʥʦ ʜʚʫʤʝʨʥʦʤʫ ʩʣʫʯʘʶ, ʥʦ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʦʭʨʘʥʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʩʧʝʮʠʬʠʢʠ ʨʝʰʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʫʯʪʝʥʳ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʟʘʜʘʯʠ, ʪʘʢʠʝ ʢʘʢ, ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʧʣʘʥʝ ʠ ʪʦʣʱʠʥʳ 

ʣʠʪʦʩʬʝʨʳ, ʦʪʩʫʪʩʪʚʠʷ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. ʅʘ ʢʦʥʪʘʢʪʝ ʣʠʪʦʩʬʝʨʳ ʩ ʘʩʪʝʥʦʩʬʝʨʦʡ 

ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʥʷʪʳ ʢʘʢ ʩʠʣr ʪʨʝʥʠʷ. ʕʪʠ ʜʦʧʫʱʝʥʠʷ ʜʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʨʝʜʥʷʪʴ 

ʫʨʘʚʥʝʥʠʷ (1) ʧʦ ʬʦʨʤʫʣʝ: 

332121 ),,(
)(

1
),( dxxxxw

Hh
xxw

h

Hñ-
=

                             
(7) 

ʛʜʝ ʯʝʨʪʘ ʦʟʥʘʯʘʝʪ ʦʩʨʝʜʥʝʥʠʝ ʧʦ x3, h = h(x1, x2) ï ʛʣʫʙʠʥʘ ʧʦʜʦʰʚʳ ʣʠʪʦʩʬʝʨʳ, H = H(x1, x2) ï 

ʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. 

 

 
ʉʡʪ. 5. ʉʙʪʪʥʙʫʩʡʛʙʞʥʙʸ ʫʞʩʩʡʫʧʩʡʸ ʏʞʦʫʩʙʤʵʦʧʢ ɹʠʡʡ ʛ ʨʤʙʦʞ. ɾʞ ʤʡʫʧʪʭʞʩʙ ʩʙʠʝʞʤʞʦʙ ʦʙ  
19 ʬʪʤʧʛʦʧ-ʧʝʦʧʩʧʝʦʴʮ ʠʧʦ. ʊʫʩʞʤʣʡ ʧʠʦʙʰʙʷʫ ʦʙʨʩʙʛʤʞʦʡʸ ʝʛʡʟʞʦʡʸ ʨʤʡʫ. ʋ-ʧʚʩʙʠʦʴʢ ʪʡʥʛʧʤ  

ʧʠʦʙʰʙʞʫ ʬʪʤʧʛʦʬ  ̫ʦʞʨʧʝʛʡʟʦʧʪʫʵ ɾʛʩʙʠʡʢʪʣʧʢ ʨʤʡʫʴ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʨʝʜʥʝʥʥʳʭ ʚʝʣʠʯʠʥ:  
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ʇʨʠ ʚʳʚʦʜʝ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʧʨʠʥʷʪʳ ʫʩʣʦʚʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ ʥʘ ʧʦʜʦʰʚʝ ʘʩʪʝʥʦ-

ʩʬʝʨʳ  

,013 =Hs ,023 =Hs
 ,033 =Hs   
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,013 =hs  023 =hs , 
),(33 Hhgh --= rs

      (11) 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʚ ʥʘʧʨʷʞʝʥʠʷʭ (8-10) ʜʣʷ ʫʧʨʫʛʦʡ ʩʨʝʜʳ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ ʧʨʝʦʙʨʘʟʫʝʪʩʷ 

ʚ ʫʨʘʚʥʝʥʠʷ ʃʘʤʝ, ʢʦʪʦʨʳʝ ʚ ʫʩʨʝʜʥʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ɺ ʵʪʠʭ ʫʨʘʚʥʝʥʠʷʭ ʥʘʧʨʷʞʝʥʠʷ ʦʙʝʟʨʘʟʤʝʨʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʜʫʣʷ ʩʜʚʠʛʘ Õ, ʘ ʣʠʥʝʡʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʣʱʠʥʳ ʣʠʪʦʩʬʝʨʳ L, U ï ʜʚʫʤʝʨʥʳʡ ʚʝʢʪʦʨ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʫʩʨʝʜ-

ʥʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ȹ ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ, ɜ ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ, u3
h, u3

H 

ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʥʘ ʧʦʜʦʰʚʝ ʘʩʪʝʥʦʩʬʝʨʳ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ. ʇʨʠ ʚʳʚʦʜʝ 

ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʚʝʥʩʪʚʘ, ʚʳʪʝʢʘʶʱʠʝ
 ʠʟ ʧʨʘʚʠʣʘ ʫʩʨʝʜʥʝʥʠʷ: 
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ʜʣʷ i = 1,2. ɿʜʝʩʴ ka ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʣʠʪʦʩʬʝʨʳ ʩ ʘʩʪʝʥʦʩʬʝʨʦʡ. ʋʩʨʝʜʥʝʥʠʝ ů33 ʚ ʩʦʦʪʥʦʰʝ-

ʥʠʷʭ ɻʫʢʘ ʥʘʧʨʷʞʝʥʠʝ ï ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʟʠʪʴ ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʯʝʨʝʟ 

ʫʩʨʝʜʥʝʥʥʳʝ ʧʝʨʝʤʝʱʝʥʠ ̫ʠ ʥʘʧʨʷʞʝʥʠ ̫ʧʦ ʬʦʨʤʫʣʝ 
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ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʩʨʝʜʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʬʦʨʤʫʣʘʭ (13) - (14) ʷʚʣʷʶʪʩʷ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʥʘ ʩʪʘʨʪʦʚʦʤ ʵʪʘʧʝ (ʨʠʩ. 6). ʆʥʠ ʧʦʣʫʯʝʥʳ ʨʝ-

ʰʝʥʠʝʤ ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ ʧʦ ʤʝʪʦʜʠʢʝ [9], ʩʦ ʩʪʘʨʪʦʚʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʧʦʢʘʟʘʥʥʳʤʠ ʥʘ 

ʨʠʩʫʥʢʝ, ʢʦʪʦʨʳʝ ʧʦʜʙʠʨʘʣʠʩʴ, ʩʦʛʣʘʩʥʦ ʵʤʧʠʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʦ ʥʘʧʨʷʞʝʥʠʷʭ, ʧʦʣʫʯʝʥʥʳʤ ʚ 

[10, 11]. ʌʫʥʢʮʠʷ H = H(x1, x2) ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ ʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʩʪʨʦʪ̫ʩʷ 

ʧʦ ʩʣʝʜʫʁ ʱʝʡ ʩʭʝʤʝ.  
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ʉʡʪ. 6. ɹʨʩʡʧʩʦʴʞ ʦʙʨʩʸʟʞʦʡʸ ʝʤʸ ʩʞʱʞʦʡʸ ʧʚʩʙʫʦʧʢ ʠʙʝʙʰʡ, ʣʙʣ ʩʞʱʞʦʡʞ ʨʤʧʪʣʧʢ ʠʙʝʙʰʡ ʪ ʜʩʙʦʡʰʦʴʥʡ ʬʪʤʧ-

ʛʡʸʥʡ, ʨʧʣʙʠʙʦʦʴʞ ʦʙ ʩʡʪʬʦʣʞ [9]. ʊʫʩʞʤʣʡ ʬʣʙʠʴʛʙʷʫ ʦʙʨʩʙʛʤʞʦʡʸ ʪʡʤ, ʯʡʭʩʴ ï ʡʮ ʠʦʙʰʞʦʡʸ ʛ 102 ʅʈʙ,  

ʋ-ʧʚʩʙʠʦʙʸ ʪʫʩʞʤʣʙ ʧʠʦʙʰʙʞʫ ʧʫʪʬʫʪʫʛʡʞ ʨʞʩʞʥʞʲʞʦʡʸ. ʋ ʪʧ ʪʫʩʞʤʣʙʥʡ ï ʪʣʧʤʵʠʣʙʸ ʜʩʙʦʡʯʙ. 
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ʅʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʝʧʦʜʚʠʞʥʦʡ ɽʚʨʘʟʠʡʩʢʦʡ ʧʣʠʪʝ, ʧʝʨʝʤʝʱʝʥʠʷ ʩʯʠ-

ʪʘʶʪʩʷ ʦʪʩʫʪʩʪʚʫʶʱʠʤʠ. ʅʘ ʢʦʥʪʘʢʪʥʳʭ ʛʨʘʥʠʮʘʭ ʀʥʜʠʡʩʢʦʡ ʠ ɸʨʘʙʩʢʦʡ ʧʣʠʪ ʟʥʘʯʝʥʠʷ ʩʠʣ ʧʨʠ-

ʥʷʪʳ, ʩʦʛʣʘʩʥʦ ʩʦʦʪʥʦʰʝʥʠʷʤ ʠʭ ʩʢʦʨʦʩʪʝʡ (ʨʠʩ. 6). ʅʘʧʨʷʞʝʥʠʷ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʠ ʧʝʨʝʤʝʱʝ-

ʥʠʷ ʥʘ ʦʩʪʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ ʩʯʠʪʘʶʪʩʷ ʠʩʢʦʤʳʤʠ. ʇʦʠʩʢ ʧʨʠʝʤʣʝʤʦʛʦ ʨʝʰʝʥʠʷ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝ-

ʥʠʶ ʨʷʜʘ ʧʨʷʤʳʭ ʟʘʜʘʯ ʩ ʠʟʤʝʥʷʶʱʠʤʠʩʷ (ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʠʥʪʫʠʪʠʚʥʦ) ʛʨʘʥʠʯʥʳʤʠ ʥʘʧʨʷʞʝ-

ʥʠʷʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʨʝʰʝʥʠʝ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʚʳʰʝ-

ʦʧʠʩʘʥʥʳʝ ʫʩʣʦʚʠ.̫ ʅʘʧʨʠʤʝʨ, ʢʘʨʪʠʥʘ ʨʝʣʴʝʬʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʦ ʦʢʦʥʯʘʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʝ-

ʨʝʤʝʱʝʥʠʡ (ʨʠʩ. 7) ʥʝ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʝʣʴʝʬʘ, ʠ ʨʘʩʭʦʞʜʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʦʛʦ. ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʛʣʫʙʠʥʝ 20 ʢʤ (ʨʠʩ. 8) ʪʘʢʞʝ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʚʧʘʜʘʶʪ ʩ ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ [10, 11]. ʇʦʩʪʨʦʝʥʥʳʝ ʤʦʜʝʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʘʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʥʘʤʠ ʟʘʜʘʯʠ ʦ ʚʘʨʠʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ 

ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ. ʈʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ 

ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʛʦʨʥʳʭ ʤʘʩʩ ʚ ʨʘʙʦʪʝ [12]. 

 

 
ʉʡʪ. 7. ʇʝʡʦ ʡʠ ʛʙʩʡʙʦʫʧʛ ʧʣʧʦʰʙʫʞʤʵʦʧʜʧ ʩʞʤʵʞʭʙ ʨʧʪʤʞ ʨʩʧʛʞʝʞʦʡʸ ʰʡʪʤʞʦʦʧʜʧ ʶʣʪʨʞʩʡʥʞʦʫʙ ʪ 

ʡʪʨʧʤʵʠʧʛʙʦʡʞʥ ʩʞʙʤʵʦʧʜʧ ʩʞʤʵʞʭʙ, ʨʩʡʛʞʝʞʦʦʧʜʧ ʦʙ ʩʡʪ. 2. ʈʧ ʜʧʩʡʠʧʦʫʙʤʡ ï ʛʧʪʫʧʰʦʙʸ ʝʧʤʜʧʫʙ ʡ ʪʞʛʞʩʦʙʸ 
ʱʡʩʧʫʙ ʛ ʜʩʙʝʬʪʙʮ. ʈʧ ʛʞʩʫʡʣʙʤʡ ï ʛʴʪʧʫʙ ʛ ʥʙʪʱʫʙʚʞ 1:100 ʣʥ. 
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ʉʡʪ. 8. ʁʦʫʞʦʪʡʛʦʧʪʫʵ ʣʙʪʙʫʞʤʵʦʴʮ ʦʙʨʩʸʟʞʦʡʢ (ʛ 102 ʅʈʙ) ʦʙ ʜʤʬʚʡʦʞ 20 ʣʥ, ʨʧʤʬʰʞʦʦʙ yʨʩʡ ʩʞʱʞʦʡʡ 

ʧʚʩʙʫʦʧʢ ʠʙʝʙʰʡ. 

ɺ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʤʝʪʦʜʘʭ ʦʙ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʠʣʘʭ ʜʣʷ ʪʦʯʝʯʥʦʛʦ ʦʯʘʛʘ ʥʘʩ ʩʤʫʱʘʝʪ ʩʣʝ-

ʜʫʶʱʝʝ. ʏʪʦʙʳ ʧʘʨʘ ʜʠʧʦʣʝʡ ʩʦʟʜʘʚʘʣʘ ʥʫʣʝʚʦʡ ʤʦʤʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ ʥʘ 

ʵʣʝʤʝʥʪʘʨʥʫʶ ʧʣʦʱʘʜʢʫ ʚ ʪʦʯʢʝ (x10, x20), ʩʠʣʳ f1 ʠ f2 ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳʤʠ. ʍʦʪʷ ʵʪʦ ʚʦʧʨʦʩ ʦ 

ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ ʧʦʢʘʟʘʪʝʣʷʭ, ʥʦ ʪʘʢ ʤʦʞʝʪ ʥʝ ʦʢʘʟʘʪʴʩʷ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ x10 Í x20. ʄʳ ʧʨʝʜʣʘʛʘʝʤ 

ʦʜʠʥ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʵʪʦʛʦ ʚʦʧʨʦʩʘ, ʦʧʠʨʘʷʩʴ ʥʘ ʤʦʤʝʥʪʥʫʶ ʪʝʦʨʠʶ, ʚʳʨʘʞʝʥʥʫ  ʁʫʨʘʚʥʝʥʠʷʤʠ 

(2). ɺ ʨʘʙʦʪʝ [8] ʧʨʝʜʣʘʛʘʣʦʩʴ ʫʧʨʦʩʪʠʪʴ ʫʨʘʚʥʝʥʠʝ (2), ʚʳʨʘʟʠʚ ʪʝʥʟʦʨ ʚʨʘʱʝʥʠʷ ʧʦ-ʧʨʝʞʥʝʤʫ, 

ʢʘʢ ʧʨʠʥʷʪʦ ʚ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ɛij  = 0 ʠ ʫʨʘʚʥʝʥʠʝ (2) ʚʳʨʘʞʘʝʪ ʥʝʩʠʤ-

ʤʝʪʨʠʯʥʦʩʪʴ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʛʦʜʠʪʩʷ ʚ ʩʣʫʯʘʝ ʜʣʷ ʦʨʜʠʥʘʨʥʦʛʦ ʜʠʧʦʣʷ, 

ʢʦʛʜʘ Mi ʥʝ ʨʘʚʥʦ ʥʫʣʶ. ɺ ʩʣʫʯʘʝ ʜʚʦʡʥʦʛʦ ʜʠʧʦʣʷ Mi = 0 ʠ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʜʨʫʛʦʡ ʧʦʜʭʦʜ. ʈʘʩʧʠ-

ʰʝʤ ʫʨʘʚʥʝʥʠʷ (2) ʜʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ, ʠʩʧʦʣʴʟʫʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (3) ʜʣʷ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ: 

0212112122,321,31 =--+++ mm ttmm
                                                          (18)

 

ʇʨʠʤʝʤ ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ ʫʧʨʫʛʠʤʠ, ʪ. ʝ. t12 = t21, ʠ ʚʳʨʘʞʘʝʤ ʤʦʤʝʥʪʥʳʡ ʪʝʥʟʦʨ ʧʦ ʝʛʦ 

ʦʧʨʝʜʝʣʝʥʠʶ:   

ɛ31=M0 ŭ(x1-x10) ŭ(x2-x20) ŭ(x3-x30),                                                  (19) 

ɛ32=-M0 ŭ(x1-x10) ŭ(x2-x20) ŭ(x3-x30).                                                 (20) 

ʇʨʠʨʘʚʥʷʝʤ ʯʣʝʥ rʚ (18), ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʦʜʥʦʠʤʝʥʥʳʤ ʧʣʦʱʘʜʢʘʤ: 

)x-(x )x-(x )x-(x M 303202101

'

012 ddd=m
,                                           (21)

 

)x-(x )x-(x )x-(x M 303202

'

101021 ddd=m
.                                       (22) 

ʇʦʜʩʪʘʚʣʷʷ (21-22) ʚ (1) ʠ ʧʝʨʝʚʝʜʷ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ ʥʘʡʜʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ, ʧʦʣʫʯʘʝʤ ʵʢʚʠʚʘ-

ʣʝʥʪʥʳʝ ʩʠʣʳ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʨʘʚʥʳʝ ʧʦ ʚʝʣʠʯʠʥʝ, ʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʤʦʤʝʥʪʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ ʧʣʦʩʢʦʩʪʠ: 

)x-(x )x-(x )x-(x M 303202

'

101

'

021 ddd-==ff
.                                                        (23) 

ɺ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʪʝʥʟʦʨ Õij ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨ rʧʣʦʩʢʦʩʪʠ 

ʩʢʦʣʴʞʝʥʠʷ ʠ ʜʝʣʴʪʫ ʬʫʥʢʮʠʡ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [13]: 



Seysmologiya muammolari *  ʇʨʦʙʣʝʤʳ ʩʝʡʩʤʦʣʦʛʠʠ * Seismology problems *  ̄ 2, ʪ.3, 2021  

 60 

Õ11 = -ʄ0(sinŭ cosɚ sin2ű + sin2ŭ sinɚ sin2ű) ŭ(x1-x10) ŭ(x2-x20) ŭ(x3-x30), 

Õ12 = -ʄ0(cosŭ cosɚ sinű - cos2ŭ sinɚ cosű) ŭ(x1-x10) ŭ(x2-x20) ŭ(x3-x30) = Õ21, 

Õ13 = -ʄ0(cosŭ cosɚ cosű + cos2ŭ sinɚ sinű) ŭ(x1-x10) ŭ(x2-x20) ŭ(x3-x30) = Õ31, 

Õ22 = ʄ0(cosŭ cosɚ sin2ű - sin2ŭ sinɚ cos2ű) ŭ(x1-x10) ŭ(x2-x20) ŭ(x3-x30), 

Õ32 = ʄ0(sinŭ cosɚ cos2ű + 1/2 sin2ŭ sinɚ sin2ű) ŭ(x1-x10) ŭ(x2-x20) ŭ(x3-x30) = Õ23, 

Õ33 = ʄ0 sin2ŭ sinɚ ŭ(x1-x10) ŭ(x2-x20) ŭ(x3-x30).                                                                   (24)  

ʅʘ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʤ ʧʨʠʤʝʨʝ (ʨʠʩ. 2) ŭ = ˊ/2, ɚ = 0, ű = 0. ʇʦʵʪʦʤʫ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ ʫʩʨʝʜ-

ʥʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ (13) - (14) ʧʨʠʙʘʚʣʷʶʪʩʷ ʫʩʨʝʜʥʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ Õ13,2 ʠ Õ31,1, ʠʤʝʶʱʠʝ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 )x-(x )x-(x M 202

'

101

'

01,312,13 ddmm -==
                                                     (25)

 

ʇʨʠ ʚʳʚʦʜʝ (25) ʠʩʧʦʣʴʟʦʚʘʥʦ ʫʩʨʝʜʥʝʥʠʝ ʧʦ ʬʦʨʤʫʣʝ (7) ʠ ʩʣʝʜʫʶʱʝʝ ʩʚʦʡʩʪʚʦ ʜʝʣʴʪʘ 

ʬʫʥʢʮʠʠ ʧʨʠ H < x3 < h:
 

1 x)x-(x 3303 =ñ d

h

H

d
                                                       (26)

 

ʇʨʠʩʫʱʠʝ ʟʘʤʝʯʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ŭ(x) ʬʫʥʢʮʠʠ ʧʦʟʚʦʣʷʶʪ ʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ. ʇʨʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʘʭ ʤʦʞʥʦ ʝʝ ʟʘʤʝʥʠʪʴ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ 

ʵʢʚʠʚʘʣʝʥʪʦʤ ʩ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʤ Ů, ʥʘʧʨʠʤʝʨ, 

ä
=

-+

=
3

1

2

0

2 )(

),(

i

ii xx

x

ep

e
ed

.                                                                      (27) 

ɺ ʪʘʢʦʤ ʚʠʜʝ ʪʦʯʝʯʥʳʡ ʦʯʘʛ ʟʘʤʝʥʷʝʪʩʷ ʦʙʲʝʤʥʳʤ ʦʯʘʛʦʤ ʩ ʙʝʟʨʘʟʤʝʨʥʳʤ ʨʘʜʠʫʩʦʤ Ů = r/L, 

ʧʦʜʦʙʥʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʨʠʥʷʪʦʡ ʚ ʨʘʙʦʪʝ [14], ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʛʣʫʙʠʥʳ 

ʦʯʘʛʘ, ʧʦʪʝʨʷʥʥʘ ̫ʧʨʠ ʫʩʨʝʜʥʝʥʠʠ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʘʨʠ-

ʘʮʠʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʦʪ ʛʣʫʙʠʥʳ ʦʯʘʛʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 
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ʉʘʜʳʢʦʚ ʖ.ʄ., ʅʫʨʤʘʪʦʚ ʋ.ɸ. 

ʀʥʩʪʠʪʫʪ ʩʝʡʩʤʦʣʦʛʠʠ ʠʤ. ɻ.ɸ.ʄʘʚʣʷʥʦʚʘ ɸʅ ʈʋʟ. 

 

ʉɽʁʉʄʆʊɽʂʊʆʅʀʂɸ ɿɸʇɸɼʅʆɻʆ ʊʗʅʔ-ʐɸʅʗ 

 
Sodiqov Y.M., Nurmatov U.A. 

O'zbekiston Respublikasi Fanlar akademiyasi G.A.Mavlyanov nomidagi Seysmologiya instituti 

Gôarbiy Tyan-Shanning seysmotektonikasi 

 Annotatsiya. G'arbiy Tyan-Shan seysmotektonik tahlilining natijalari neotektonik ma'lumotlar, faol 

yoriqlar, seysmiklik, relyefning zamonaviy vertikal harakatlari, kosmik geodeziya, zamonaviy sinish, kuchli 

zilzilalar epitsentral hududlarini makroseysmik tadqiqotlar asosida taqdim etilgan. 

 Kalit so'zlar : neotektonika, yoriqlar, seysmiklik, zamonaviy harakatlar. 

   

ʉʘʜʳʢʦʚ ʖ.ʄ., ʅʫʨʤʘʪʦʚ ʋ.ɸ. 

ʀʥʩʪʠʪʫʪ ʩʝʡʩʤʦʣʦʛʠʠ ɸʅ ʈʋʟ. 

ʉʝʡʩʤʦʪʝʢʪʦʥʠʢʘ ɿʘʧʘʜʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ɿʘʧʘʜʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʥʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʥʝʦʪʝʢʪʦʥʠʢʠ, ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ, ʩʝʡʩʤʠʯʥʦʩʪʠ, ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʨʝ-

ʣʴʝʬʘ, ʢʦʩʤʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ, ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʵʧʠ-

ʮʝʥʪʨʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʦʪʝʢʪʦʥʠʢʘ, ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʩʝʡʩʤʠʯʥʦʩʪʴ, ʩʦʚʨʝʤʝʥʥʳʝ ʜʚʠʞʝʥʠʷ. 

 

Sadykov Y.M., Nurmatov U.A. 

Institute of Seismology named after G.A. Mavlyanova of the Academy of Sciences of the Republic of Uzbekistan 

Seismotectonics of the Western Tien-Shan 

 Annotation. The results of seismotectonic analysis of the Western Tien-Shan are presented on the basis of 

neotectonic data, active faults, seismicity, modern vertical movements of the relief, space geodesy, modern fractur-

ing, macroseismic survey of epicentral areas of strong earthquakes. 

 Key words: Neotectonics, faults, seismicity, modern movements. 

 
 ɺʚʝʜʝʥʠʝ. ʇʦ ʤʥʝʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʩʝʡʩʤʦʪʝʢʪʦʥʠ-

ʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʷʚʣʝʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʷʚʣʝʥʠʷ ʩʠʣʴʥʳʭ ʠ ʩʣʘʙʳʭ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʡ ʠ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʜʘʥʥʳʭ (ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ, ʪʝʢʪʦʥʠʯʝʩʢʠʭ, ʛʝʦʭʠʤʠʯʝʩʢʠʭ, 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨ.), ʭʘʨʘʢʪʝʨʝʟʫʶʱʠʭ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ. ʈʝʛʠʦʥʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦ ʩʦʚʨʝ-

ʤʝʥʥʳʤ ʜʚʠʞʝʥʠʷʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʩʚʷʟʠ ʦʩʥʦʚʥʳʭ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʩ ʛʣʫʙʠʥʥʳʤʠ. ʋʩʪʘʥʦʚʣʝʥʘ ʢʦʨʨʝʣʷʪʠʚʥʘʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʴʶ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʩ ʨʝʣʴʝʬʦʤ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʨʘʟʣʠʯʥʳʤʠ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ (ʩʝʡʩʤʠʯʥʦʩʪʴ, ʪʝʧʣʦʚʦʝ ʧʦʣʝ ʠ ʜʨ.) ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʝʤʥʦʡ 

ʢʦʨʳ (ʤʦʱʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʨʘʟʜʝʣʦʚ, ʨʝʣʴʝʬ ʛʨʘʥʠʮʳ ʄʦʭʦ). ɺ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʣʝ-

ʞʘʪ ʪʝ ʞʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʩʬʦʨʤʠʨʦʚʘʣʠ  ʩʪʨʫʢʪʫʨʫ ʧʣʠʪ ʠ ʤʠʢʨʦʧʣʠʪ ʚ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʡ 

ʵʪʘʧ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʉʨʝʜʥʝʡ ɸʟʠʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʜʚʠʞʝʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʠʥʩʪʨʫ-

ʤʝʥʪʘʣʴʥʦ, ʥʘʩʣʝʜʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ. ɺ ʛʨʘʜʠʝʥʪʥʳʭ ʟʦʥʘʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʦʞʥʳʡ ʭʦʜ ʜʚʠʞʝʥʠʡ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʨʘʟʜʨʦʙʣʝʥʥʦʩʪʴ ʟʝʤʥʦʡ ʢʦʨʳ. ʆʙʳʯʥʦ ʢ 

ʵʪʠʤ ʟʦʥʘʤ ʧʨʠʫʨʦʯʝʥʳ ʵʧʠʮʝʥʪʨʳ ʩʠʣʴʥʳʭ ʠ ʨʦʠ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʵʢʟʦʜʠʥʘʤʠʯʝʩʢʠʝ (ʚʪʦ-

ʨʠʯʥʳʝ, ʦʩʪʘʪʦʯʥʳʝ, ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ) ʷʚʣʝʥʠʷ (ʩʝʡʩʤʦʜʠʩʣʦʢʘʮʠʠ, ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ, ʢʣʘ-

ʩʪʠʯʝʩʢʠʝ ʜʘʡʢʠ ʠ ʜʨ.).  

 ʄʝʪʦʜʠʢʘ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠ ̫ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʠʤʝʥʠʪʝʣʴ-

ʥʦ ʢ ʛʝʦʣʦʛʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ɿʘʧʘʜʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ, ʚʢʣʶʯʘʝʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ 

ʥʦʚʝʡʰʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʩ ʧʦʟʠʮʠʡ ʥʦʚʦʡ ʛʣʦʙʘʣʴʥʦʡ ʪʝʢʪʦʥʠʢʠ (ʪʝʢʪʦʥʠʢʠ ʧʣʠʪ), ʘʢ-

ʪʠʚʥʳʭ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʷʚʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ 

ʠ ʜʝʬʦʨʤʘʮʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʩʧʫʪʥʠʢʦʚʦʡ ʛʝʦʜʝʟʠʠ ʠ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦ-

ʚʘʥʠʷ ʵʧʠʮʝʥʪʨʘʣʴʥʳʭ ʟʦʥ. 

 ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʥʦʚʝʡʰʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʩʦʩʪʘʚ-

ʣʝʥʘ ʢʘʨʪʘ ʘʤʧʣʠʪʫʜ (ʨʠʩ. 1). ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ, ʢʨʦʤʝ ʩʦʙʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝʦʪʝʢʪʦʥʠʯʝ-

ʩʢʠʝ ʢʘʨʪʳ, ʠʟʜʘʥʥʳʝ ʚ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ ʠ ʩʳʛʨʘʚʰʠʝ ʟʘʤʝʪʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʥʝʦʪʝʢʪʦʥʠʯʝ-
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ʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʋʟʙʝʢʠʩʪʘʥʝ [1-5]. ʂʘʨʪʘ ʘʤʧʣʠʪʫʜ ʩʦʩʪʘʚʣʝʥʘ ʚ ʤʘʩʰʪʘʙʝ 1:1000000 ʤʝʪʦʜʦʤ 

ʠʟʦʣʠʥʠʡ, ʦʪʨʘʞʘʶʱʠʭ ʚʝʣʠʯʠʥʫ (ʚ ʤʝʪʨʘʭ) ʠ ʤʦʨʬʦʣʦʛʠʶ ʜʝʬʦʨʤʘʮʠʡ. ʅʘ ʢʘʨʪʝ ʯʝʪʢʦ ʚʳʨʘʞʝ-

ʥr  ʧʦʜʚʠʞʥʳʝ ʠ ʫʩʪʦʡʯʠʚʳʝ ʫʯʘʩʪʢʠ, ʘ ʚ ʠʭ ʧʝʨʝʜʝʣʘʭ ï ʦʪʜʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʳ (ʤʦʨ-

ʬʦʩʪʨʫʢʪʫʨʳ). ʆʪʦʙʨʘʞʘʷ ʩʫʤʤʘʨʥʫʶ ʚʝʣʠʯʠʥʫ ʧʦʜʥʷʪʠʡ ʠ ʦʧʫʩʢʘʥʠʡ ʧʨʠʥʷʪʦʡ ʠʩʭʦʜʥʦʡ ʫʨʦ-

ʚʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʟʦʣʠʥʠʠ ʦʯʝʨʯʠʚʘʶʪ ʥʘ ʢʘʨʪʝ ʠ ʬʦʨʤʫ ʥʦʚʝʡʰʝʡ ʩʪʨʫʢʪʫʨʳ. ɿʘ ʥʘʯʘʣʦ ʦʪ-

ʩʯʝʪʘ (ʨʝʧʝʨ) ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʘʚʪʦʨʘʤʠ, ʚʩʣʝʜ ʟʘ [6], ʧʨʠʥʷʪʘ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ 

ʢʨʦʚʣʷ ʚʝʨʭʥʝʛʦ ʵʦʮʝʥʘ. ʆʥʘ ʬʠʢʩʠʨʫʝʪ ʧʦʚʩʝʤʝʩʪʥʦ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʫʶ ʩʤʝʥʫ ʫʩʣʦʚʠʡ ʦʩʘʜ-

ʢʦʥʘʢʦʧʣʝʥʠʷ ʩ ʤʦʨʩʢʦʛʦ (ʤʦʥʦʪʦʥʥʘʷ ʪʦʣʱʘ ʟʝʣʝʥʳʭ ʛʣʠʥ) ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ (ʧʝʩʯʘʥʦ-

ʛʣʠʥʠʩʪʳʝ ʠ ʧʝʩʪʨʦʮʚʝʪʥʳʝ ʦʩʘʜʢʠ). ɺ ʘʣʴʧʠʡʩʢʠʭ ʧʨʦʛʠʙʘʭ ɿʘʧʘʜʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʚ ʦʙʱʝʡ ʪʦʣʱʝ 

ʵʦʮʝʥ-ʦʣʠʛʦʮʝʥʦʚʳʭ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʵʪʦʪ ʨʫʙʝʞ çʯʫʚʩʪʚʫʝʪʩʷè ʧʦ ʩʣʘʙʦʤʫ ʧʦʛʨʫʙʣʝʥʠʶ, 

ʠʟʚʝʩʪʢʦʚʦʩʪʠ ʦʣʠʛʦʮʝʥʦʚʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʠ ʥʘʩʳʱʝʥʥʦʩʪʠ ʝʛʦ ʩʤʝʰʘʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʬʦʨʘʤʠ-

ʥʠʬʝʨ. ʇʦʢʘʟʳʚʘʝʤʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘ ʢʘʨʪʝ ʩʫʤʤʘʨʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ 

ʪʦʣʴʢʦ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʨʦʷʚʣʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ  

 

 
ʉʡʪ. 1. ʃʙʩʫʙ ʙʥʨʤʡʫʬʝ ʦʧʛʞʢʱʡʮ ʫʞʣʫʧʦʡʰʞʪʣʡʮ ʝʛʡʟʞʦʡʢ ʀʙʨʙʝʦʧʜʧ ʋʸʦʵ-ʑʙʦʸ. 1 ï ʘʤʧʣʠʪʫʜʘ ʥʦ-

ʚʝʡʰʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ; 2 ï ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʨʘʡʦʥʳ; 3 ï ʛʨʘʥʠʮʳ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ: ʘ ï ʩʦʚʧʘ-
ʜʘʶʱʠʝ ʩ ʟʦʥʦʡ ʨʘʟʣʦʤʘ ʧʝʨʚʦʛʦ ʨʘʥʛʘ; b ï ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʢʨʘʝʚʳʤʠ ʨʘʟʣʦʤʘʤʠ ʚʪʦʨʦʛʦ ʨʘʥʛʘ; ʩ ï ʛʨʘʥʠʮʳ ʨʘʡʦ-
ʥʦʚ, ʚʳʨʘʞʝʥʥʳʝ ʘʤʧʣʠʪʫʜʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝʦʪʝʢʪʦʥʠʢʠ ʠ ʜʨʫʛʠʤʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ; 
4 ï ʘʢʪʠʚʥʳʝ ʨʘʟʣʦʤʳ. 

 

 
ʜʚʠʞʝʥʠʡ, ʘ ʢʘʢ ʧʨʦʝʢʮʠʶ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʩʫʤʤʳ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ. ʅʘ ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ ʢʘʨʪʝ ʯʝʪʢʦ ʚʳʜʝʣʷʶʪʩʷ ʨʘʡʦʥʳ: ʏʘʪʢʘʣʦ-ʂʫʨʘʤʠʥʩʢʠʡ (ɸ), 

ʊʘʰʢʝʥʪʩʢʦ-ɻʦʣʦʜʥʦʩʪʝʧʩʢʠʡ (ɹ), ʌʝʨʛʘʥʩʢʠʡ (ɺ), ʊʘʣʘʩʦ-ʌʝʨʛʘʥʩʢʠʡ (ɻ) ʠ ʖʞʥʦ-ʊʷʥʴ-

ʐʘʥʴʩʢʠʡ (ɼ), ʦʪʣʠʯʘʶʱʠʝʩʷ ʨʠʩʫʥʢʦʤ ʠʟʦʣʠʥʠʡ, ʘʤʧʣʠʪʫʜʘʤʠ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ, 

ʦʨʠʝʥʪʘʮʠʝʡ ʠ ʤʦʨʬʦʣʦʛʠʝʡ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ. ʉʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʦʡ ʩʭʝʤʳ ʩ ʠʟʚʝʩʪ-

ʥʳʤʠ ʢʘʨʪʘʤʠ ʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʨʘʟʨʝʟʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʠ ʛʣʫʙʠʥ-
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ʥʦʝ ʩʪʨʦʝʥʠʝ, ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʧʦʣʷ ʠ ʪ. ʜ., ʧʦʢʘʟʘʣ ʠʭ ʭʦʨʦʰʫʶ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ. ɺ ʧʨʝʜʝʣʘʭ ʵʪʠʭ 

ʨʝʛʠʦʥʦʚ ʚʳʜʝʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʟʦʥʳ, ʘ ʚ ʧʨʝʜʝʣʘʭ ʧʦʩʣʝʜʥʠʭ ï ʣʦʢʘʣʴ-

ʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʤʦʨʬʦʩʪʨʫʢʪʫʨʳ), ʜʝʪʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʦ-

ʩʣʝʜʫʶʱʠʭ ʩʪʘʪʴʷʭ. 

ʆʜʥʠʤ ʠʟ ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ɿʘʧʘʜʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʷʚʣʷʶʪ-

ʩʷ ʘʢʪʠʚʥʳʝ ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʩʠʣʴʥʳʭ ʠ ʢʘʪʘ-

ʩʪʨʦʬʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʦʤʘʤʠ ʟʝʤʥʦʡ ʢʦʨʳ. ʈʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʩʦʚʨʝʤʝʥ-

ʥʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʜʥʦʟʥʘʯʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠ ʜʝʪʘʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʦʤ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʫʜʦʩʪʦʚʝʨʷʶʱʠʭ ʠʭ ʪʝʢʪʦʥʠʯʝ-

ʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʥʦʚʝʡʰʠʡ, ʯʝʪʚʝʨʪʠʯʥʳʡ ʠ ʩʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝ-

ʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʝʯʥʦʡ ʮʝʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝ-

ʥʠʡ. ɺ ʩʝʡʩʤʦʪʝʢʪʦʥʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʟʣʦʤʦʚ, ʫʯʠʪʳʚʘʶʱʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ, 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʨʘʟʣʦʤʦʚ ʪʘʢʞʝ ʦʪ-

ʥʦʩʷʪ ʛʝʥʝʟʠʩ, ʚʦʟʨʘʩʪ ʟʘʣʦʞʝʥʠʷ, ʘʤʧʣʠʪʫʜʫ ʩʤʝʱʝʥʠʡ (ʜʦʦʨʦʛʝʥʥʳʭ, ʦʨʦʛʝʥʥʳʭ, ʥʦʚʝʡʰʠʭ, ʯʝʪ-

ʚʝʨʪʠʯʥʳʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ), ʦʪʥʦʰʝʥʠʝ ʢ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʩʪʨʫʢʪʫʨʘʤ, ʧʨʦʷʚʣʝʥʥʫʶ ʩʝʡʩʤʠʯʥʦʩʪʴ 

(ʚʢʣʶʯʘʷ ʧʘʣʝʦʩʝʡʩʤʦʜʠʩʣʦʢʘʮʠʠ), ʜʘʥʥʳʝ ʛʝʦʬʠʟʠʢʠ, ʛʝʦʭʠʤʠʠ, ʢʦʩʤʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ ʠ ʤʘʪʝʨʠ-

ʘʣʳ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ (ʄɸʂʉ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʣʦʤʳ ʨʘʟʜʝʣʝʥʳ ʥʘ ʨʘʥ-

ʛʠ (1-ʛʦ, 2-ʛʦ ʠ 3-ʛʦ ʨʘʥʛʘ). ɺ ʦʩʥʦʚʫ ʧʦʩʪʨʦʝʥʥʦʡ ʩʭʝʤʳ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ ʟʝʤʥʦʡ ʢʦʨʳ ɿʘʧʘʜ-

ʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ (ʨʠʩ. 2) ʧʦʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʛʝʦʣʦʛʦ-ʧʦʠʩʢʦʚʳʭ, ʛʝʦ-

ʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ ʈʦʩʩʠʠ, ɻʦʩ-

ʢʦʤʛʝʦʣʦʛʠʠ ʈʋʟ ʠ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʋʟʙʝʢʠʩʪʘʥʘ. ʀʩʧʦʣʴʟʫʷ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʘʢʪʠʚʥʳʝ 

ʨʘʟʣʦʤʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʨʘʥʛʘ. ʇʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʦʡ ʩʭʝʤʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʙʨʘʪʠʤ 

ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫ  ʁʦʨʠʝʥʪʠʨʦʚʢʫ ʨʘʟʣʦʤʦʚ ʠ ʠʭ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʝʡh ʠʭ 

(ʩʦʚʨʝʤʝʥʥʳʭ) ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʦʥ.  ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ ʩʝʪʠ ʨʘʟʣʦʤʦʚ, ʨʘʟʚʠʪʳʭ ʚ ʧʨʝʜʝʣʘʭ ɿʘʧʘʜ-

ʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ, ʛʣʫʙʠʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʤʦʨʬʦʣʦʛʠʷ, ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʩʦ ʚʨʝʤʝʥʝʤ ʤʦʛʫʪ 

ʤʝʥʷʪʴʩʷ. ʅʝ ʤʝʥʷʝʪʩʷ (ʩʫʱʝʩʪʚʝʥʥʦ) ʪʦʣʴʢʦ ʠʭ ʧʨʦʩʪʠʨʘʥʠʝ, ʯʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʧʦʣʦʞʠʪʴ 

[7], ʯʪʦ ʩʝʪʴ ʨʘʟʣʦʤʦʚ ʟʘʣʦʞʝʥʘ ʚ ʧʝʨʠʦʜ ʨʘʥʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ ʠʣʠ ʨʘʥʴʰʝ. ʆʩʥʦʚʘʥʠʝ ʜʣʷ ʪʘʢʦʛʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ï ʩʦʚʧʘʜʝʥʠʝ ʧʨʦʩʪʠʨʘʥʠʷ ʨʘʟʣʦʤʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ɸʟʠʠ (ʋʨʘʣ, ʚʦʩʪʦʯʥʘʷ 

ʦʢʨʘʠʥʘ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʉʝʚʝʨʥʳʡ ʠ ʖʞʥʳʡ ʊʷʥʴ-ʐʘʥʴ). ɺ ʧʨʝʜʝʣʘʭ ɿʘʧʘʜʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ ʚ ʦʩʥʦʚʥʦʤ ʪʨʠ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʛʤʘʪʠʯʝʩʢʦʡ ʩʝʪʠ ï ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ (ʧʦʧʝ-

ʨʝʯʥʦ ʊʷʥʴ-ʐʘʥʴʩʢʘʷ), ʩʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ (ʂʘʨʘʪʘʫʩʢʘʷ) ʠ ʩʫʙʰʠʨʦʪʥʘʷ (ʊʷʥʴ-ʐʘʥʴʩʢʘʷ). ʋʢʘʟʘʥ-

ʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʢʦʥʪʨʦʣʠʨʫʶʪ ʥʦʚʝʡʰʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʧʣʘʥ ʨʝʛʠʦʥʘ ʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʪ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʩʦʚʨʝʤʝʥʥʦʡ ʛʝʦʜʠʥʘʤʠʢʠ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʵʪʠ ʨʘʟʣʦʤʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʢʨʘʝʚʳʝ (1-ʛʦ, 2-ʛʦ ʠ 3-ʛʦ ʨʘʥʛʦʚ) ʠ ʚʥʫʪʨʝʥʥʠʝ. ʂʨʘʝ-

ʚʳʝ ʨʘʟʣʦʤʳ, ʷʚʣʷʷʩʴ ʩʪʨʫʢʪʫʨʦ-ʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ, ʨʘʟʛʨʘʥʠʯʠʚʘʷ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦ ʨʘʟʚʠʚʘʶ-

ʱʠʝʩʷ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʟʦʥr (ʘʥʪʠʢʣʠʥʘʣʴʥʳʝ ʠ ʩʠʥʢʣʠʥʘʣʴʥʳʝ), ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʳʤ ʩʝʡʩʤʦ-

ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ (ʨʠʩ. 2). ʉʨʘʚʥʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʩʝʡʩʤʠʯʥʦʩʪʴʶ ʠ ʯʘʩʪʦʪʦʡ ʧʨʦʷʚʣʝ-

ʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʥʫʪʨʝʥʥʠʝ ʨʘʟʣʦʤʳ, ʦʧʨʝʜʝʣʷʶɦ ʠʝ ʜʠʬʬʝʨʝʥʮʠʨʦ-

ʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʡ ʚʥʫʪʨʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʦʥ. ʆʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ ʟʘʥʠʤʘʶʪ ʬʣʝʢʩʫʨʥʦ-

ʨʘʟʨʳʚʥʳʝ ʟʦʥʳ (ʌʈɿ). ʈʘʩʧʦʣʘʛʘʷʩʴ ʚ ʪʝʣʝ ʢʨʫʧʥʳʭ ʚʧʘʜʠʥ ʠ ʧʨʦʛʠʙʦʚ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʣʦʞ-

ʥʦʝ ʩʦʯʝʪʘʥʠʝ ʠʟʛʠʙʦʚʳʭ ʠ ʨʘʟʨʳʚʥʳʭ ʜʠʩʣʦʢʘʮʠʡ. ɺ ʠʭ ʟʦʥʘʭ ʚʦʟʥʠʢʘʣʠ ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʷ. 
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ʉʡʪ. 2. ɹʣʫʡʛʦʴʞ ʩʙʠʤʧʥʴ ʡ ʡʠʧʪʞʢʪʫʴ ʪʡʤʵʦʴʮ ʠʞʥʤʞʫʩʸʪʞʦʡʢ ʀʙʨʙʝʦʧʜʧ ʋʸʦʵ-ʑʙʦʸ. 1 ï ʠʟʦʩʝʡʩʪʳ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ; 2 ï ʘʢʪʠʚʥʳʝ ʨʘʟʣʦʤʳ ʟʝʤʥʦʡ ʢʦʨʳ: ʘ ï ʢʨʘʝʚʳʝ: 1 ï ʊʘʣʘʩʦ-ʌʝʨʛʘʥʩʢʠʡ, 2 ï ɸʢʩʫ-ʄʘʡʜʘʥʪʘʣʴʩʢʦ-
ɹʦʛʦʥʘʣʠʥʩʢʠʡ, 3 ï ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʠʡ, 4 ï ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʘʷ ʌʈɿ, 5 ï ʖʞʥʦ-ʌʝʨʛʘʥʩʢʘʷ ʌʈɿ, 6 ï ʖʞʥʦ ʌʝʨʛʘʥʩʢʠʡ, 7 
ï ɻʠʩʩʘʨʦ-ʂʦʢʰʘʘʣʴʩʢʠʡ; b ï ʚʥʫʪʨʝʥʥʠʝ. 

 
ʅʠʞʝ ʩʣʝʜʫʝʪ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʢʨʘʝʚʳʭ ʨʘʟʣʦʤʦʚ. 

ʊʘʣʘʩʦ-ʌʝʨʛʘʥʩʢʠʡ (1) ʧʨʘʚʦʩʪʦʨʦʥʥʠʡ ʩʙʨʦʩʦ-ʩʜʚʠʛ ʨʘʟʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʠ (ɿʘʧʘʜʥʳʡ 

ʠ ʎʝʥʪʨʘʣʴʥʳʡ ʊʷʥʴ-ʐʘʥʷ) ʩ ʨʘʟʣʠʯʥʳʤ ʥʦʚʝʡʰʠʤ ʠ ʩʦʚʨʝʤʝʥʥʳʤ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ. 

ʆʥ ʧʨʝʜʩʪʘʚʣʝʥ ʩʙʨʦʩʦ-ʩʜʚʠʛʦʤ, ʚʳʪʷʥʫʪʳʤ ʚʜʦʣʴ ʌʝʨʛʘʥʩʢʦʛʦ, ɸʪʦʡʥʦʢʩʢʦʛʦ ʠ ʊʘʣʘʩʩʢʦʛʦ ʧʦʜ-

ʥʷʪʠʡ. ʇʘʨʘʣʣʝʣʴʥʦ ʣʠʥʠʠ ʨʘʟʣʦʤʘ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʟʨʳʚʳ, ʧʨʠ ʰʠʨʠʥʝ ʜʦ 1-3 

ʢʤ, ʚʳʨʝʟʘʶʱʠʝ ʜʣʠʥʥʳʝ ʫʟʢʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʣʠʥʟʳ ʜʦ ʜʝʩʷʪʢʦʚ ʢʤ. ʐʠʨʠʥʘ ʟʦʥʳ ʩʙʨʦʩʘ ʩʜʚʠʛʘ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 8-10 ʜʦ 15 ʢʤ. ʍʘʨʘʢʪʝʨʥʳ ʧʦʜʚʦʨʦʪʳ ʧʦʜʥʷʪʠʡ ʏʘʪʢʘʣʦ-ʂʫʨʘʤʠʥʩʢʦʡ ʟʦʥʳ ʚ ʟʦʥʫ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʊʘʣʘʩʦ-ʌʝʨʛʘʥʩʢʦʛʦ ʩʜʚʠʛʘ. ʉʜʚʠʛʦʚʳʝ ʩʤʝʱʝʥʠʷ ʤʦʣʦʜʳʭ ʬʦʨʤ ʨʝ-

ʣʴʝʬʘ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʨʘʟʣʦʤʘ. ʉʢʦʨʦʩʪʴ ʩʤʝʱʝʥʠʷ ʧʦ ʩʜʚʠʛʫ ʚ ʩʦʚʨʝʤʝʥ-

ʥʫʶ ʵʧʦʭʫ ʤʝʥʝʝ 2 ʤʤ/ʛʦʜ, ʚ ʛʦʣʦʮʝʥʝ ï 12 ʤʤ/ʛʦʜ, ʚ ʧʦʟʜʥʝʤ ʢʘʡʥʦʟʦʝ ï 12-20 ʤʤ/ʛʦʜ [8]. ʉ ʘʢ-

ʪʠʚʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʨʘʟʣʦʤʘ ʩʚʷʟʳʚʘʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʏʘʪʢʘʣʴʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 1946 ʛ. ʠ ʦʙʥʘ-

ʨʫʞʝʥʥʳʝ ʟʜʝʩʴ ʧʘʣʝʦʩʝʡʩʤʦʜʠʩʣʦʢʘʮʠʠ ʊʘʣʘʩ ʠ ʂʘʨʘʢʫʣʴʜʞʘ. ʇʨʝʜʝʣʴʥʘʷ ʩʠʣʘ ʩʦʪʨʷʩʝʥʠʡ 9 

ʙʘʣʣʦʚ [9].  

ɸʢʩʫ-ʄʘʡʜʘʥʪʘʣʴʩʢʠʡ (2). ʉʠʩʪʝʤʘ ɸʢʩʫ-ʄʘʡʜʘʥʪʘʣʴʩʢʦʛʦ ʠ ɹʦʛʦʥʘʣʠʥʩʢʦʛʦ ʨʘʟʣʦʤʦʚ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʏʘʪʢʘʣʦ-ʂʫʨʘʤʠʥʩʢʠʡ ʨʘʡʦʥ ʩ ʟʘʧʘʜʘ. ɺʳʜʝʣʝʥ ʢʘʢ ʛʨʘʥʠʯʥʘʷ ʣʠʥʠʷ, ʦʢʘʡʤʣʷʶɦ ʘ ̫

ʏʘʪʢʘʣʴʩʢʫʶ ʟʦʥʫ ʛʝʨʮʠʥʠʜ, ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʡ ʢʦʥʝʮ ʢʦʪʦʨʦʡ ʩʣʠʚʘʝʪʩʷ ʩ ʊʘʣʘʩʦ-ʌʝʨʛʘʥʩʢʠʤ 

ʩʜʚʠʛʦʤ. ʖʛʦ-ʟʘʧʘʜʥʳʡ ʢʦʥʝʮ ʩʦʯʣʝʥʷʝʪʩʷ ʩ ɹʦʛʦʥʘʣʠʥʩʢʠʤ ʨʘʟʣʦʤʦʤ, ʦʪʩʝʢʘʶʱʠʤ ʩʨʝʜʥʶʶ ʠ 

ʶʞʥʫʶ ʯʘʩʪʠ ʂʘʨʞʘʥʪʘʫʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʦʪ ʂʝʣʝʩʩʢʦʛʦ ʧʨʦʛʠʙʘ. ɿʦʥʘ ʨʘʟʣʦʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

ʩʝʨʠʠ ʢʨʫʪʦʧʘʜʘʶʱʠʭ ʚʟʙʨʦʩʦʚ (45-75ʦ) ʥʘ ʶʛʦ-ʚʦʩʪʦʢ [9].  

ɹʦʛʦʥʘʣʠʥʩʢʠʡ ʨʘʟʣʦʤ (2) ʚʳʨʘʞʝʥ ʩʝʨʠʝʡ ʩʫʙʧʘʨʘʣʝʣʴʥʳʭ ʨʘʟʨʳʚʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʧʝʨʤ-

ʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʂʘʨʞʘʥʪʘʫʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʳʤʠ ʠ ʥʝʦʛʝʥ ʯʝʪʚʝʨ-

ʪʠʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʂʝʣʝʩʩʢʦʛʦ ʧʨʦʛʠʙʘ. ʇʘʜʝʥʠʝ ʨʘʟʣʦʤʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ ʧʦʜ ʫʛʣʦʤ 60-70ʦ. 
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ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ ɸʢʩʫ-ʄʘʡʜʘʥʪʘʣ-ɹɹʦʛʘʥʦʣʠʥʩʢʦʛʦ ʨʘʟʣʦʤʦʚ ʥʘʤʠ ʧʨʠ-

ʥʠʤʘʝʪʩʷ ʢʘʢ ʟʘʧʘʜʥʘʷ ʛʨʘʥʠʮʘ ʏʘʪʢʘʣʦ-ʂʫʨʘʤʠʥʩʢʦʛʦ ʨʘʡʦʥʘ, ʢʦʪʦʨʘʷ ʧʦʩʨʝʜʩʪʚʦʤ ʊʘʰʢʝʥʪʩʢʦ-

ɻʦʣʦʜʥʦʩʪʝʧʩʢʦʛʦ ʧʨʝʜʦʨʦʛʝʥʥʦʛʦ ʧʨʦʛʠʙʘ ʩʦʯʣʝʥʷʝʪʩʷ ʩ ʊʫʨʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤʦʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʦʛʦ ʢʨʘʝʚʦʛʦ ʨʘʟʣʦʤʘ, ʦʥʘ ʤʝʥʝʝ ʢʦʥʪʨʘʩʪʥʘ. ʇʦ [10] ʩʠʩʪʝʤʝ ʨʘʟʣʦʤʦʚ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ɿʘʧʘʜʥʦ-ʊʷʥʴ-ʐʘʥɹʩʢʠʡ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʡ ʣʠʥʝʘʤʝʥʪ. ʆʪʨʝʟʢʘʤʠ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʯʝʪʢʦ 

ʜʝʰʠʬʨʠʨʫʝʪʩʷ ʥʘ ʪʦʧʦʢʘʨʪʘʭ, ʠ ʄɸʂʉ (ʤʘʪʝʨʠʘʣʳ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ), ʨʘʟʜʝʣʷʷ ʨʘʟʥʦʥʘ-

ʧʨʘʚʣʝʥʥʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʙʣʦʢʠ.  

ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʠʡ ʨʘʟʣʦʤ (3). ʗʚʣʷʝʪʩʷ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʛʨʘʥʠʮʝʡ ʤʝʞʜʫ ʏʘʪʢʘʣʦ-

ʂʫʨʘʤʠʥʩʢʠʤ ʠ ʌʝʨʛʘʥʩʢʠʤ ʨʘʡʦʥʘʤʠ. ɿʦʥʘ ʨʘʟʣʦʤʘ ʠʤʝʝʪ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʛʦ-

ʯʠʩʣʝʥʥʳʭ ʢʫʣʠʩʦʦʙʨʘʟʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʨʘʟʨʳʚʦʚ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʟʘʢʣʶʯʝʥʳ ʙʨʘʭʠʘʥʪʠʢʣʠ-

ʥʘʣʴʥʳʝ ʩʢʣʘʜʢʠ ʜʣʠʥʦʡ ʜʦ 30-40 ʢʤ ʠ ʰʠʨʠʥʦʡ ʜʦ 10 ʢʤ [11]. ʈʘʟʣʦʤ ʦʪʯʝʪʣʠʚʦ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ 

ʄɸʂʉ. ɸʤʧʣʠʪʫʜʘ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʭ ʜʚʠʞʝʥʠʡ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʜʦʩʪʠʛʘʝʪ 4,5 ʢʤ, ʫʚʝʣʠ-

ʯʠʚʘʷʩʴ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʜʦʩʪʠʛʘʷ 6 ʢʤ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʨʘʟʣʦʤʘ. ɺʜʦʣʴ ʨʘʟʣʦʤʘ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘʜʚʠʛʘʥʠʝ ʜʦʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʢʘʡʥʦʟʦʡʩʢʦʝ ʚʳʧʦʣʥʝʥʠʝ ʌʝʨʛʘʥʩʢʦʡ ʚʧʘ-

ʜʠʥʳ. ʉʨʝʜʥʠʡ ʥʘʢʣʦʥ ʩʤʝʩʪʠʪʝʣʷ 45-50ʦ. ʇʦ ʥʝʢʦʪʦʨʳʤ ʧʨʠʟʥʘʢʘʤ [6], ʚʜʦʣʴ ʨʘʟʣʦʤʘ ʧʨʦʠʩʭʦʜʠ-

ʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʦʜʚʠʞʢʠ ʪʠʧʘ ʣʝʚʦʛʦ ʩʜʚʠʛʘ, ʯʪʦ ʚ ʦʩʥʦʚʥʦʤ ʬʠʢʩʠʨʫʝʪʩʷ ʢʦʤʧʣʝʢʩʦʤ ʛʝʦʣʦ-

ʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɺ ʟʦʥʝ ʨʘʟʣʦʤʘ ʦʪʤʝʯʘʶʪʩʷ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʛʨʘʜʠʝʥʪʘ ʪʝʧʣʦʚʦʛʦ ʧʦ-

ʪʦʢʘ [12]. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʜʦʩʪʠʛʘʶʪ 5 ʤʤ/ʛʦʜ. ʉ ʥʠʤʠ 

ʩʚ̫ʟʘʥʳ ʦʯʘʛʠ 7-8-ʙʘʣʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (9). 

 ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʘʷ ʌʈɿ (4) ʦʛʨʘʥʠʯʠʚʘʝʪ ʮʝʥʪʨʘʣʴʥʳʡ ʛʨʘʙʝʥ ʌʝʨʛʘʥʩʢʦʡ ʚʧʘʜʠʥʳ ʦʪ 

ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʦʡ ʟʦʥʳ ʣʦʢʘʣʴʥʳʭ ʩʢʣʘʜʦʢ, ʨʘʟʚʠʪʳʭ ʤʝʞʜʫ ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʠʤ ʨʘʟʣʦʤʦʤ ʠ 

ʦʜʥʦʠʤʝʥʥʦʡ ʌʈɿ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʫʯʝʥʳ ʩʝʡʩʤʦʨʘʟʚʝʜʢʦʡ (çʙʫʭʘʨʩʢʠʝè ʩʣʦʠ 

ʧʘʣʝʦʛʝʥʘ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʌʈɿ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʣʦʩʦʡ ʤʦʥʦʢʣʠʥʘʣʴʥʦʛʦ (14-22ʦ) ʧʦʛʨʫʞʝʥʠʷ 

ʢʨʦʚʣʠ çʙʫʭʘʨʩʢʠʭè ʩʣʦʝʚ [11]. ɸʤʧʣʠʪʫʜʘ ʩʤʝɦ ʝʥʠʷ, ʧʦ [6], ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʜʦʩʪʠʛʘʝʪ 600 ʤ, ʚ 

ʨʘʡʦʥʝ ʛ. ʅʘʤʘʥʛʘʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 2000 ʤ. ɺʦʩʪʦʯʥʦʝ ʦʢʦʥʯʘʥʠʝ ʌʈɿ ʧʦʜʚʦʨʘʯʠʚʘʝʪʩ ̫ʠ ʩʦ-

ʯʣʝʥʷʝʪʩʷ ʩ ʊʘʣʘʩʦ-ʌʝʨʛʘʥʩʢʠʤ ʩʜʚʠʛʦʤ. ɺ ʝʝ ʧʨʝʜʝʣʘʭ ʚʦʟʥʠʢʣʦ ʰʝʩʪʴ ʨʘʟʨʫʰʠʪʝʣʴʥʳʭ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 7; 8 ʠ 9 ʙʘʣʣʦʚ [9]. 

ʖʞʥʦ-ʌʝʨʛʘʥʩʢʘʷ ʌʈɿ (5) ʧʨʦʭʦʜʠʪ ʧʦ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʝ ʖʞʥʦ-ʌʝʨʛʘʥʩʢʦʡ ʟʦʥʳ ʩʢʣʘ-

ʜʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʤʝʞʜʫ ʖʞʥʦ-ʌʝʨʛʘʥʩʢʦʡ ʌʈɿ ʠ ʦʜʥʦʠʤʝʥʥʳʤ ʨʘʟʣʦʤʦʤ. ʌʈɿ ʠʤʝʝʪ ʚʠʜ ʜʫ-

ʛʠ, ʚʳʧʫʢʣʦʡ ʢ ʶʛʫ. ʐʠʨʠʥʘ ʌʈɿ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 5-10 ʢʤ, ʜʦʩʪʠʛʘʷ 20 ʢʤ [9]. ʇʦ ʢʨʦʚʣʝ ʦʪ-

ʨʘʞʘʶʱʝʛʦ ʛʦʨʠʟʦʥʪʘ çʙʫʭʘʨʩʢʠʭè ʠʟʚʝʩʪʥʷʢʦʚ ʧʘʣʝʦʛʝʥʘ ʌʈɿ ʭʘʨʘʢʪʝʨʥʦ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʤʦʱʥʦʩʪʠ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʉʫʜʷ ʧʦ ʨʘʟʥʦʩʪʠ ʛʣʫʙʠʥ ʦʪʨʘʞʘʶʱʝʛʦ ʛʦʨʠʟʦʥʪʘ ʚ 

ʌʈɿ, ʘʤʧʣʠʪʫʜʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʭ ʜʚʠʞʝʥʠʡ ʜʦʩʪʠʛʘʝʪ 3000 ʤ, ʘ ʘʤʧʣʠʪʫʜʘ ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʦʩʪʘʚʣʷʶʱʝʛʦ 800-1000 ʤ. ʌʈɿ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʯʝʪʘʥʠʝ ʚʟʙʨʦʩʦ-ʩʜʚʠʛʦʚ ʠ ʬʣʝʢ-

ʩʫʨ. ʅʘ ʶʞʥʦʤ ʧʨʠʧʦʜʥʷʪʦʤ ʢʨʳʣʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʘʥʪʠʢʣʠʥʘʣʴʥʳʝ ʩʢʣʘʜʢʠ, ʨʘʟʚʠʚʘʶ-

ʱʠʝʩʷ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠ ʠ ʧʦʚʪʦʨʷʶʱʠʝ ʧʨʦʩʪʠʨʘʥʠʝ ʌʈɿ. ɺ ʝʝ ʧʨʝʜʝʣʘʭ ʚʦʟʥʠʢʣʠ ʨʘʟʨʫʰʠʪʝʣʴ-

ʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ 838, 1822 ʠ 1902 ʛʛ. ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 7-9 ʙʘʣʣʦʚ.  

ʖʞʥʦ-ʌʝʨʛʘʥʩʢʠʡ ʨʘʟʣʦʤ (6) ʷʚʣʷʝʪʩʷ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʝʡ ʖʞʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʦʛʦ ʨʘʡʦ-

ʥʘ. ʇʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʩʝʨʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʥʘʨʫʰʝʥʠʡ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʳʭ ʜʚʠʞʝ-

ʥʠʡ ʚ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʡ ʵʪʘʧ ʙʳʣʘ ʚʝʣʠʢʘ. ɺ ʚʝʨʭʥʝʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʝ ʚʨʝʤʷ ʦʪʜʝʣʴʥʳʝ ʧʨʠ-

ʣʝʛʘʶʱʠʝ ʫʯʘʩʪʢʠ ʖʞʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʦʛʦ ʙʦʢʘ ʙʳʣʠ ʧʨʠʧʦʜʥʷʪʳ ʧʦ ʨʘʟʣʦʤʫ ʥʘ ʚʳʩʦʪʫ 2000-

2200 ʤ. ʈʘʟʤʘʭ ʧʦʩʣʝ ʥʠʞʥʝʯʝʪʚʝʨʪʠʯʥʳʭ ʜʚʠʞʝʥʠʡ ʚ ʟʦʥʝ ʨʘʟʣʦʤʘ ʥʝ ʤʝʥʝʝ 2500 ʤ. ʀʟʚʝʩʪʥʦ 

ʪʘʢʞʝ ʥʘʜʚʠʛʘʥʠʝ ʧʘʣʝʦʟʦʡʩʢʦʡ ʧʦʨʦʜ ʥʘ ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʨʘʟʣʦʤʘ ʘʤ-

ʧʣʠʪʫʜʦʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʝʪʨʦʚ. ʅʦʚʝʡʰʠʝ ʧʦʜʚʠʞʢʠ ʧʦ ʨʘʟʣʦʤʫ ʧʨʦʷʚʠʣʠʩ ɹʥʝ ʧʦʚʩʝʤʝʩʪ-

ʥʦ. ʆʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʨʘʟʣʦʤʘ ʠ ʩʝʡʯʘʩ ʟʘʢʨʳʪʳ ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ (ʚʦʩʪʦʯʥʘʷ 

ʯʘʩʪʴ). ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʵʪʦʪ ʦʪʨʝʟʦʢ ʥʝ ʧʦʜʣʝʞʠʪ ʚʠʟʫʘʣʴʥʦʤʫ ʦʙʩʣʝʜʦʚʘʥʠʶ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠ 

ʨʘʟʣʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʨʫʪʦʡ ʚʟʙʨʦʩ, ʧʣʦʩʢʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʘʜʘʝʪ ʥʘ ʶʛ ʧʦʜ ʫʛʣʦʤ 60-75ʦ, ʤʝʩʪʘʤʠ 

ʧʘʜʝʥʠʝ ʩʤʝʩʠʪʝʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʨʪʠʢʘʣʴʥʦʝ. ɺ ʟʦʥʝ ʚʦʟʥʠʢʣʠ ʥʝʩʢʦʣʴʢʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴʶ 7-8 ʙʘʣʣʦʚ.  

ɻʠʩʩʘʨʦ-ʂʦʢʰʘʘʣʴʩʢʠʡ ʢʨʘʝʚʦʡ ʨʘʟʣʦʤ (7) ʷʚʣʷʝʪʩʷ ʶʞʥʦʡ ʛʨʘʥʠʮʝʡ ʖʞʥʦ-ʊʷʥʴ-

ʐʘʥʴʩʢʦʛʦ ʙʣʦʢʘ. ʈʘʟʣʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʬʘʥʝʨʦʟʦʷ. ɸʢʪʠʚʥʦʩʪʴ ʨʘʟʣʦʤʘ ʚ ʦʨʦ-

ʛʝʥʠʯʝʩʢʠʡ ʵʪʘʧ ʧʨʝʜʦʧʨʝʜʝʣʠʣʘ ʘʩʩʠʤʝʪʨʠʯʥʦʝ ʩʪʨʦʝʥʠʝ ʇʨʝʜʛʠʩʩʘʨʩʢʦʡ ʚʧʘʜʠʥʳ. ʉʝʚʝʨʥʦʝ 

ʢʨʳʣʦ ʚʧʘʜʠʥʳ, ʧʨʠʣʝʛʘʶʱʝʝ ʢ ʟʦʥʝ ʨʘʟʣʦʤʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʫʪʳʤʠ ʫʛʣʘʤʠ ʧʘʜʝʥʠʷ. ɸʤʧʣʠ-

ʪʫʜʘ ʥʦʚʝʡʰʠʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʧʦ ʨʘʟʣʦʤʫ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʧʦʜʥʷʪʠʷ 

ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʦʚ ɻʠʩʩʘʨʦ-ɸʣʘʷ ʠ ʜʦʩʪʠʛʘʝʪ 3-4 ʢʤ ʠ ʙʦʣʝʝ. ʅʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦ-
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ʩʪʦʢ ʨʘʟʣʦʤ ʧʨʝʜʩʪʘʚʣʝʥ ʩʝʨʠʝʡ ʢʨʫʪʳʭ (50-80Á) ʚʟʙʨʦʩʦʚ, ʩʤʝʩʠʪʝʣʠ ʢʦʪʦʨʳʭ ʧʘʜʘʶʪ ʥʘ ʩʝʚʝʨ. ʇʦ 

ʦʮʝʥʢʝ ʪʘʜʞʠʢʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʤʘʛʥʠʪʫʜʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʟʜʝʩʴ ʧʨʝʜ-

ʧʦʣʘʛʘʝʪʩʷ ʨʘʚʥʦʡ ʄ = 8 [13].  

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ɿʘʧʘʜʥʳʡ ʊʷʥʴ-ʐʘʥʴ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʨʝ-

ʛʠʦʥʦʚ ʉʨʝʜʥʝʡ ɸʟʠʠ. ɺ ʧʨʝʜʝʣʘʭ ʨʝʛʠʦʥʘ ʌʝʨʛʘʥʩʢʘʷ ʚʧʘʜʠʥʘ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ. ɿʜʝʩʴ 

ʩ ʠʩʪʦʨʠʯʝʩʢʠʭ ʚʨʝʤʝʥ ʚʦʟʥʠʢʘʣʠ ʩʠʣʴʥʳʝ ʠ ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʉ 838 ʛ. ʧʦ 2016 ʛ. ʚ 

ʧʨʝʜʝʣʘʭ ʌʝʨʛʘʥʩʢʦʡ ʚʧʘʜʠʥʳ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʚʦʟʥʠʢʣʠ ʙʦʣʝʝ 96 ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ 

Ó 4,5 ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʪ I Ó 6 ʜʦ 8-9 ʙʘʣʣʦʚ. ʀʟ ʥʠʭ 13 ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠʤʝʣʠ ʩʠʣʫ ʄ Ó 6,0, 44 ï ʩ 

ʄ Ó 5,0 ʠ 30 ï ʩ ʄ Ó 4,5. ɺ ʦʜʥʦʤ ʩʣʫʯʘʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʧʨʦʷʚʠʣʦʩʴ ʩʠʣʦʡ 9-10 ʙʘʣʣʦʚ. ʕʪʦ ʏʘʪ-

ʢʘʣʴʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 1946 ʛ. ʩ ʄ = 7,5. ɺ 20-ʪʠ ʩʣʫʯʘʷʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʦʩʪʠʛʘʣʘ I = 8-9 ʙʘʣʣʦʚ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʪʘʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʘʚʥʷʣʘʩʴ 6-7 ʙʘʣʣʦʚ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚʦʟʥʠʢʘʣʠ ʚ ʟʦʥʘʭ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ 

ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚʦʟʥʠʢʘʣʘ ʚ ʟʦʥʝ ʖʞʥʦ-ʌʝʨʛʘʥʩʢʦʛʦ ʨʘʟʣʦʤʘ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ 

ʛʁʝ ʌʝʨʛʘʥʩʢʦʡ ʚʧʘʜʠʥʳ. ɺ ʧʨʝʜʝʣʘʭ ʵʪʦʡ ʟʦʥʳ ʨʘʟʣʦʤʘ ʟʘ ʧʦʩʣʝʜʥʠʡ 130-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʦʪʤʝʯʝ-

ʥʳ 8 ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 6,0 ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ I Ó 7-8 ʙʘʣʦʚ ʠ 9 ʟʝʤʣʝʪʨʷʩʝʥʠʡ ï ʩ 5,0 Ò ʄ Ò 5,9, ʚ 

ʩʨʝʜʥʝʤ ʦʜʥʦ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʩ ʄ Ó 6,0 ʟʘ 16,25 ʣʝʪ. ʏʘʩʪʦʪʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ 5,0 Ò ʄ Ò 5,9 ʝʱʝ 

ʤʝʥʴʰʝ ï ʦʢʦʣʦ 11-14 ʣʝʪ. ɺʩrʦʢʦʡ ʩʝʡʩʤʠʯʥʦʩʪʴʶ ʚʳʜʝʣʷʶʪʩʷ ʪʘʢʞʝ ʟʦʥʳ ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʦʡ ʠ 

ʖʞʥʦ-ʌʝʨʛʘʥʩʢʦʡ ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʳʭ ʟʦʥ. ɺ ʟʦʥʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʦʡ 

ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʦʡ ʟʦʥʳ ʦʪʤʝʯʝʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʚʫʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 6,0 ʠ 15 ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʡ ʩ ʄ Ó 5,0. ʇʦ ʜʘʥʥʳʤ ʈ.ʅ.ʀʙʨʘʛʠʤʦʚʘ [9], ʩʠʣʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʚʦʟʥʠʢʰʝʛʦ ʚ 1620 ʛ., ʢʦʪʦ-

ʨʦʝ ʨʘʟʨʫʰʠʣʦ ʢʨʝʧʦʩʪʴ ɸʭʩʳ, ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʄ = 6,0. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠʭ ʢʦʣʠʯʝ-

ʩʪʚʦ ʩ ʄ Ó 6,0 ʜʦʩʪʠʛʘʝʪ ʪʨʝʭ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʣʠ ʚ ʨʘʡʦʥʝ ʅʘʤʘʥʛʘʥʘ. ʊʨʝʪʴʝ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʝ ʧʨʦʠʟʦʰʣʦ ʚ ʨʘʡʦʥʝ ʂʘʡʨʘʢʫʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ 1985 ʛ. ʩ ʄ = 6,0 ʠ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚ 

ʵʧʠʮʝʥʪʨʝ 7-8 ʙʘʣʣʦʚ. ʍʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʠ ʚ ʦʜʥʦʡ ʟʦʥʝ ʘʢʪʠʚʥʦʛʦ ʨʘʟʣʦʤʘ ʧʦʚʪʦʨʥʘʷ 

ʘʢʪʠʚʠʟʘʮʠʷ ʦʜʥʦʡ ʦʯʘʛʦʚʦʡ ʟʦʥʳ ʜʚʘʞʜʳ ʥʝ ʥʘʙʣʶʜʘʣʘʩʴ, ʢʨʦʤʝ ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʦʡ ʬʣʝʢʩʫʨʥʦ-

ʨʘʟʨʳʚʥʦʡ ʟʦʥʳ, ʢʦʪʦʨʦʡ ʩʚʦʡʩʪʚʝʥʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʦʝʚʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʉʨʝʜʥʷʷ ʯʘʩʪʦʪʘ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 5,0 ʚ ʧʨʝʜʝʣʘʭ ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʦʡ ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʦʡ ʟʦʥʳ ʥʘʤʥʦʛʦ 

ʙʦʣɹh ʝ, ʯʝʤ ʚ ʟʦʥʝ ʖʞʥʦ-ʌʝʨʛʘʥʩʢʦʛʦ ʨʘʟʣʦʤʘ. ʉʘʤʳʡ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʘ ʠʟʫ-

ʯʘʝʤʳʡ ʧʝʨʠʦʜ ʚʦʟʥʠʢ ʚ 1984 ʛ. ʚ ʨʘʡʦʥʝ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ ʇʘʧ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʠʣʘ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʡ ʵʪʦʡ ʩʝʨʠʠ ʜʦʩʪʠʛʘʣʘ ʄ = 5,5. ʅʘʙʣʶʜʘʝʪʩʷ ʧʦʚʪʦʨʥʘʷ ʘʢʪʠʚʠʟʘʮʠʷ ʟʦʥʳ ʅʘʤʘʥʛʘʥʩʢʠʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɺ ʟʦʥʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʖʞʥʦ-ʌʝʨʛʘʥʩʢʦʡ ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʦʡ ʟʦʥʳ 

ʪʘʢʞʝ ʦʪʤʝʯʝʥ ʨʷʜ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʇʝʨʚʦʝ ʩʠʣʴʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʟʜʝʩʴ ʚʦʟʥʠʢʣʦ ʚ 1823 

ʛ. ʩ ʄ = 6,2. ʉʣʝʜʫʶʱʠʝ, ʙʦʣʝʝ ʩʠʣʴʥʳʝ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚʦʟʥʠʢʣʠ ʚ 1902 (ɸʥʜʠʞʘʥʩʢʦʝ ʩ ʄ = 6,4) 

ʠ 1903 (ɸʠʤʩʢʦʝ ʩ ʄ = 6,4) ʛʦʜʘʭ. ɺ ʵʧʠʮʝʥʪʨʝ ʦʥʠ ʧʨʦʷʚʠʣʠʩʴ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 9 ʠ 8 ʙʘʣʣʦʚ ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʦʤʝ ʵʪʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʟʘ 120-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚ ʟʦʥʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ 

ʖʞʥʦ-ʌʝʨʛʘʥʩʢʦʡ ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʦʡ ʜʠʩʣʦʢʘʮʠʠ ʚʦʟʥʠʢʣʠ ʙʦʣʝʝ 9 ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 5,0. 

ɺʩʝ ʦʥʠ ʧʨʦʷʚʠʣʠʩʴ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 6-7 ʙʘʣʣʦʚ ʠ ʙʦʣʝʝ.  

ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʪʁ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɸʥʘʣʠʟ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʧʠʮʝʥʪʨʦʚ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ 1,5 Ò ʄ Ò 4,9, ʚʦʟʥʠʢʰʠʭ ʟʘ 

ʧʝʨʠʦʜ 2016-2017 ʛʛ., ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴʶ ʵʧʠʮʝʥʪʨʦʚ ʢ ʟʦʥʘʤ ʘʢʪʠʚʥʳʭ ʨʘʟ-

ʣʦʤʦʚ, ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʚ ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʝʞʜʫ ʘʢʪʠʚ-

ʥʳʤʠ ʨʘʟʣʦʤʘʤʠ (ʨʠʩ. 3). ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʟ̫ʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʘʷ ʯʘʩʪʴ ʟʝʤʥʦʡ ʢʦʨʳ 

ʙʦʣʝʝ ʭʨʫʧʢʘʷ ʠ ʨʘʟʜʨʦʙʣʝʥʥʘʷ, ʚ ʩʠʣʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝ ʤʦʞʝʪ ʘʢ-

ʢʫʤʫʣʠʨʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʳʡ ʦʙʲʝʤ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʡ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʟʘʤʝʪʥʦ ʚ ʙʣʦʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʤʝʞʜʫ ʖʞʥʦ-ʌʝʨʛʘʥʩʢʦʡ ʬʣʝʢʩʫʨʥʦ-

ʨʘʟʨʳʚʥʦʡ ʟʦʥʦʡ ʠ ʖʞʥʦ-ʌʝʨʛʘʥʩʢʠʤ ʛʣʫʙʠʥʥʳʤ ʨʘʟʣʦʤʦʤ. ʂʦʣʠʯʝʩʪʚʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʜʝʩʴ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʪ ʜʨʫʛʠʝ ʤʝʞʨʘʟʣʦʤʥʳʝ ʙʣʦʢʠ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ 

ʦʪ ʖʞʥʦ-ʌʝʨʛʘʥʩʢʦʛʦ ʨʘʟʣʦʤʘ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʦ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʅʘʩʪʦʨʘʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʧʠʮʝʥʪʨʦʚ ʩʣʘ-

ʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʦʯʘʛʦʚʳʭ ʟʦʥʘʭ ʠʩʪʦʨʠʯʝʩʢʠ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʉʫʜʷ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʠʟʘʮʠʷ ʦʯʘʛʦʚʳʭ ʟʦʥ ʇʘʧʩʢʦʛʦ 1984 ʛ., ɸʥʜʠʞʘʥʩʢʦʛʦ 

1902 ʛ. ʠ ɸʠʤʩʢʦʛʦ 1903 ʛ. ʟʝʤʣʝʪʨʩ̫ʝʥʠʡ.  
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ʉʡʪ. 3. ʈʩʧʪʫʩʙʦʪʫʛʞʦʦʧʞ ʩʙʪʨʩʞʝʞʤʞʦʡʞ ʪʤʙʚʴʮ ʠʞʥʤʞʫʩʸʪʞʦʡʢ ʠʙ 2016-2017 ʜʜ. (ʨʧ ʝʙʦʦʴʥ ʉʏʊʅ ʅʐʊ ʉʌʠ.). 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ, ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʢʦʥʮʝʥʪʨʠʨʫ-

ʝʪʩʷ ʚ ʥʘʠʙʦʣʝʝ ʥʘʧʨʷʞʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʟʝʤʥʦʡ ʢʦʨʳ ɿʘʧʘʜʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ, ʘ ʠʤʝʥʥʦ ʚ ʢʨʘʝʚʳʭ 

ʨʘʟʣʦʤʘʭ ʠ ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʳʭ ʟʦʥʘʭ. ɼʣʷ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ 

ʟʝʤʥʦʡ ʢʦʨʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʟʝʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʤʘʪʝʨʠʘʣʳ ʧʦ 

ʩʦʚʨʝʤʝʥʥʦʤʫ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʶ, ʜʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚʦʡ ʛʝʦʜʝʟʠʠ ʠ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʦʙʩʣʝ-

ʜʦʚʘʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʆʪʤʝʪʠʤ, ʯʪʦ ʦʧʳʪ ʠʟʫʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚʝʨʪʠʢʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ 

ʚ ʩʢʘʥʜʠʥʘʚʩʢʠʭ ʩʪʨʘʥʘʭ ʠ ʚ ʗʧʦʥʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʚʠʞʝʥʠʷ ʠʤʝʶʪ ʢʦʣʝʙʘʪʝʣʴʥʳʡ, ʮʠʢʣʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ, ʠ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʤʝʨʦʚ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʘʷ ʦʩʪʦʨʦʞʥʦʩʪʴ. ʉ ʮʝʣʴʶ 

ʚʳʷʚʣʝʥʠʷ ʪʝʥʜʝʥʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʢʦʣʣʝʢʪʠʚ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɸ.ʈ.ʗʨʤʫʭʘʤʝʜʦʚʘ 

ʠʟʫʯʠʣ ʚʟʘʠʤʦʩʚʷʟʴ ʥʦʚʝʡʰʠʭ, ʤʦʣʦʜʳʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ [9]. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʙʳʣʠ ʨʘʩ-

ʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʠ ʩʦʩʪʘʚʣʝʥʘ ʩʭʝʤʘʪʠʯʥʘʷ ʢʘʨʪʘ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʜʚʠʞʝʥʠʡ ʚ ʠʟʦʣʠʥʠʷʭ ʉʨʝʜʥʝʡ ɸʟʠʠ (ʨʠʩ. 4).  

 
 

ʉʡʪ. 4. ʍʩʙʜʥʞʦʫ ʪʮʞʥʙʫʡh ʞʪʣʧʢ ʣʙʩʫʴ ʪʧʛʩʞʥʞʦʦʴʮ ʝʛʡʟʞʦʡʢ ʀʞʥʦʧʢ ʣʧʩʴ ʊʩʞʝʦʞʢ ɹʠʡʡ [14], ʪ 
ʝʧʚʙʛʤʞʦʡʸʥʡ (ʙʣʫʡʛʦʴʞ ʩʙʠʤʧʥʴ). ʅʙʪʱʫʙʚ 1: 2 500 000. 1 ï ʠʟʦʣʠʥʠʠ ʩʢʦʨʦʩʪʝʡ ʚʝʨʪʠʢʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ, 
ʤʤ / ʛʦʜ; 2, 3 ï ʫʯʘʩʪʢʠ ʧʦʜʥʷʪʠʡ ʠ ʦʧʫʩʢʘʥʠʡ; 4 ï ʨʘʟʨʳʚʥʳʝ ʥʘʨʫh ʝʥʠʷ, ʥʦʚʝʡʰʘʷ ʠ ʩʦʚʨʝʤʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 
ʢʦʪʦʨʳʭ ʜʦʢʘʟʘʥʘ ʜʘʥʥʳʤʠ ʩʝʡʩʤʠʯʥʦʩʪʠ. 
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ɼʘʥʥʘʷ ʢʘʨʪʘ ʙʳʣʘ ʜʦʧʦʣʥʝʥʘ ʥʘʤʠ ʩʝʪʴʶ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ, ʥʦʚʝʡʰʘʷ ʠ ʩʦʚʨʝʤʝʥʥʘʷ ʘʢ-

ʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʦʛʦ, ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʩʝʡ-

ʩʤʦʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ. ʂʨʘʝʚʳʝ ʨʘʟʣʦʤʳ ʯʝʪʢʦ ʚʳʨʘʞʘʶʪʩʷ ʥʘ ʤʘʪʝʨʠʘʣʘʭ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ 

ʩʲʝʤʢʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʠʤʝʶʪ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʫʶ ʚʳʨʘʞʝʥʥʦʩʪʴ, ʚʳʧʦʣʥʷʷ ʩʪʨʫʢʪʫʨʦ-

ʢʦʥʪʨʦʣʠʨʫʶʱʫʶ ʨʦʣʴ. ʉʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʩʝʡʩʤʠʯʥʦʩʪʠ, ʥʝʦʪʝʢʪʦʥʠʢʠ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʫʯʘʩʪʢʠ ʧʦʜʚʝʨʞʝʥʥʳʝ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʠʣʠ ʥʠʟʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ, 

ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦʯʝʨʯʠʚʘʶʪ ʙʣʦʢʠ ʟʝʤʥʦʡ ʢʦʨʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʥʘʧʨʷʞʝʥʠʷ. ʈʘʟʣʦʤʳ, ʨʘʟʜʝʣʷʶʱʠʝ ʵʪʠ ʙʣʦʢʠ, ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤ ʥʘʧʨʷʞʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʠ 

ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʝʡʩʤʦʦʧʘʩʥʳʤʠ. ʉʨʘʚʥʠʪʝʣʥɹʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʭʝʤʳ ʥʝʦʪʝʢʪʦʥʠʢʠ ʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʫʥʘʩʣʝʜʦʚʘʥʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ 

ʥʦʚʝʡʰʠʤ ʠ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʧʨʠ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʭ ʚʧʦʣʥʝ ʦʧʨʘʚʜʘʥ. ʎʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʘʪʝʨʠʘʣʳ ʧʦ ʩʦʚʨʝʤʝʥʥʦʤʫ ʪʨʝʱʠʥʦ-

ʦʙʨʘʟʦʚʘʥʠʶ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʧʨʠʨʦʜʝ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ 

ʚ ʧʨʝʜʝʣʘʭ ʚʩʝʭ ʩʝʡʩʤʠʯʝʩʢʠʭ (ʉʨʝʜʠʟʝʤʥʦʤʦʨʩʢʠʡ ʠ ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʩʝʡʩʤʠʯʝʩʢʠʝ ʧʦʷʩʘ) ʠ ʘʩʝʡ-

ʩʤʠʯʝʩʢʠʭ (ʋʨʘʣ, ɿʘʧʘʜʥʘʷ ʉʠʙʠʨʴ) ʦʙʣʘʩʪʝʡ. ɺ ʧʨʝʜʝʣʘʭ ɿʘʧʘʜʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʫʯʘʩʪʢʠ ʩʦʚʨʝ-

ʤʝʥʥʦʛʦ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʧʣʦʩʢʠʭ ʫʯʘʩʪʢʘʭ ʚʥʫʪʨʠʛʦʨʥʳʭ (ʌʝʨʛʘʥʩʢʘʷ ʚʧʘ-

ʜʠʥʘ) ʠ ʧʨʝʜʛʦʨʥʳʭ ʚʧʘʜʠʥ (ʇʨʠʪʘʢhʝʥʪʩʢʘʷ ʚʧʘʜʠʥʘ). ɺ ʛʦʨʥʳʭ ʦʙʣʘʩʪʷʭ ʵʢʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʷʚ-

ʣʝʥʠʷ ʦʙʳʯʥʳ, ʚ ʪ. ʯ. ʠ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʠʩʘ. ʇʨʦʮʝʩʩʳ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ɿʘʧʘʜʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʚʳʷʚʣʝʥʳ ʚ ʜʚʫʭ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʘʭ  

ï ʌʝʨʛʘʥʩʢʦʤ ʠ ʊʘʰʢʝʥʪʩʢʦ-ɻʦʣʦʜʥʦʩʪʝʧʩʢʦʤ.  

ɺ ʧʝʨʚʦʤ, ʪʨʝʱʠʥʳ ʦʙʥʘʨʫʞʝʥʳ ʚ ʥʘʩʝʣʝʥʥʦʤ ʧʫʥʢʪʝ (ʥ.ʧ.) ʖʞʥʳʡ ɸʣʘʤʳʰʠʢ, ʥʘ ʦʪ-

ʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʥ.ʧ. ɸʠʤ ʠ. ʛ. ɸʥʜʠʞʘʥ [10] ʦʥʠ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ï ʩʫʙʤʝʨʠʜʠ-

ʦʥʘʣʴʥʦʤ (350-150 ) ʠ ʩʫʙʰʠʨʦʪʥʦʤ (80-90 ). ʐʠʨʠʥʘ ʪʨʝʱʠʥ ï ʦʪ ʚʦʣʦʩʷʥʳʭ ʜʦ 2-5 ʩʤ, ʜʣʠʥʘ 3-5 

ʤ. ʇʨʦʩʣʝʞʝʥʘ ʥʘ ʩʪʝʥʘʭ ʞʠʣʳʭ ʟʜʘʥʠʡ ʠ ʥʘ ʘʩʬʘʣʴʪʠʨʦʚʘʥʥʦʡ ʜʦʨʦʛʝ ʥʘ ʨʘʩʩʪʦʥ̫ʠʠ ʙʦʣʝʝ 1 ʢʤ. 

ɻʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ:  

¶ ʛʘʤʤʘ-ʘʢʪʠʚʥʦʩʪʴ ʚ ʟʦʥʘʭ ʨʘʟʣʦʤʦʚ ʠ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʦʥʦʚʳʭ; 

¶ ʜʝʬʦʨʤʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʥʘ ʩʪʝʥʘʭ ʟʜʘʥʠʡ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʢʘʢ ʩʞʠʤʘʶʱʠʭʩʷ, 

ʪʘʢ ʠ ʨʘʩʪʷʛʠʚʘʶʱʠʭʩʷ ʪʨʝʱʠʥ.  

¶ ʫʯʘʩʪʢʠ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʟʦʥʝ ʧʝʨʝʩʝʯʝʥʠʷ ʖʞʥʦ-ʌʝʨʛʘʥʩʢʦʡ 

ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʦʡ ʟʦʥʳ (ʌʈɿ) ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʠ ʉʘʡʨʘʤ-ɺʦʩʪʦʯʥʦ-

ʌʝʨʛʘʥʩʢʦʛʦ (ʉʘʡʨʘʤ-ɸʥʜʠʞʘʥ-ʆʰʩʢʦʛʦ) ʨʘʟʣʦʤʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʧʦʚʪʦʨʥʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʟʘ ʧʝʨʠʦʜ 1971-1974 ʛʛ. ʧʦ ʣʠʥʠʠ ʊʘʰʢʫʤʳʨ ï 

ʋʯʢʫʨʛʘʥ ï ɸʥʜʠʞʘʥ ï ʂʘʨʘʩʫ ï ʆʰ ï ʋʯʙʘʡ ʧʦʢʘʟʘʣʠ ʨʝʟʢʫʶ ʩʤʝʥʫ ʟʥʘʢʘ ʠ ʩʢʦʨʦʩʪʠ ʚʝʨʪʠʢʘʣʴ-

ʥʳʭ ʜʚʠʞʝʥʠʡ (46 Ñ 9 ʤʤ) ʥʘ ʦʪʨʝʟʢʝ ɸʥʜʠʞʘʥ ï ʂʘʨʘʩʫ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʩʴ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʙʳʣʘ ʦʨʠʝʥʪʠʨʦ-

ʚʘʥʘ ʚ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʦʩʴ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ï ʚ ʩʫʙʰʠʨʦʪʥʦʤ. ɺʦ ʚʪʦʨʦʤ ʨʘʡ-

ʦʥʝ ʚʳʷʚʣʝʥʦ ʠʥʪʝʥʩʠʚʥʦʝ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ çʇʘʨʢʝʥʪè ʠ 

çʋʟʙʝʢʠʩʪʘʥè ʇʘʨʢʝʥʪʩʢʦʛʦ ʨʘʡʦʥʘ ʊʘʰʢʝʥʪʩʢʦʡ ʦʙʣʘʩʪʠ. ʊʨʝʱʠʥʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʦ ʪʨʝʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ: ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤʫ (40-60 ), ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤʫ (300-320 ) ʠ ʤʝʨʠʜʠʦʥʘʣʴʥʦʤʫ. ɺ 

ʨʝʣʴʝʬʝ ʦʪʤʝʯʝʥʳ ʢʘʥʘʚʳ, ʨʚʳ ʠ ʱʝʣʠ. ɺ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʥ.ʧ. ʉʫʢʦʢ ʜʣʠʥʘ ʪʨʝʱʠʥʳ 1,5 ʢʤ, 

ʰʠʨʠʥʘ 8 ʤ. ɺ 1 ʢʤ ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ʮʝʥʪʨʘ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ çʋʟʙʝʢʠʩʪʘʥè ʚʳʷʚʣʝʥʘ 

ʪʨʝʱʠʥʘ  ʜʣʠʥʦʡ ʜʦ 1,5 ʢʤ, ʰʠʨʠʥʦʡ 6-8 ʤ ʠ ʚʠʜʠʤʦʡ ʛʣʫʙʠʥʦʡ ʜʦ 7,8 ʤ. ɺʳʷʚʣʝʥʳ ʪʘʢʞʝ ʪʨʝʱʠ-

ʥʳ ʜʣʠʥʦʡ ʜʦ 15-20 ʤ ʧʨʠ ʰʠʨʠʥʝ ʜʦ 7-8 ʩʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ [10], ʯʪʦ ʛʘʤʤʘ-ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʟʦʥʘʭ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʚʳʰʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʥʦʚʳʭ; ʟʘʢʘʨʪʠʨʦʚʘʥʥʳʝ ʫʯʘʩʪʢʠ ʩʦʚʨʝ-

ʤʝʥʥʦʛʦ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʝʜʠʥʫʶ ʟʦʥʫ, ʨʘʩʧʦʣʘʛʘʶʱʫʶʩʷ ʤʝʞʜʫ ʉʶʨʝʥʘʪʠʥʩʢʠʤ 

ʠ ʉʫʢʦʢʩʢʠʤ ʨʘʟʣʦʤʘʤʠ, ʨʘʟʛʨʘʥʠʯʠʚʘʶʱʠʤʠ ʇʘʨʢʝʥʪ-ʅʫʨʝʢʘʪʠʥʩʢʠʡ ʛʨʘʙʝʥ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ 

ʧʨʦʩʪʠʨʘʥʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʩʠ ʩʞʠʤʘʶʱʠʭ ʫʩʠʣʠʡ, ʚʝʨʦʷʪʥʦ, ʪʘʢʞʝ ʠʤʝʶʪ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴ-

ʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʧʦʷʚʠʣʘʩʴ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʥʠʷ ʛʣʦʙʘʣʴʥʳʡ ʩʠʩʪʝʤʳ çʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷè GPS ʠ ʨʘʟʚʠʪʠʷ ʥʘ ʝʸ ʦʩʥʦʚʝ ʤʝʪʦ-

ʜʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ. ʇʦ ʜʘʥʥʳʤ GPS, ʦʧʨʝʜʝʣʝʥʳ ʚʝʢʪʦʨ rʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʧʫʥʢ-

ʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦʡ ʯʘʩʪʠ ɽʚʨʘʟʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʜʠʥʘʤʠʢʠ 

ʇʘʤʠʨʦ-ʇʝʥʜʞʘʙʩʢʦʛʦ ʩʠʥʪʘʢʩʠʩʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʢʦʩʤʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ [15] ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʝ-

ʨʝʤʝʱʝʥʠʷ ʢ ʩʝʚʝʨʫ ʧʫʥʢʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʇʘʤʠʨʝ, ʚ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤ ʂʫʥʴʣʫʥʝ ʠ ʚ ʊʘʨʠ-

ʤʝ, ʧʨʦʠʩʭʦʜʷʪ ʩ ʙʣʠʟʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ 15-20 ʤʤ/ʛʦʜ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʥʘʩʪʦ̫ ʱʝʝ 
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ʚʨʝʤʷ ʇʘʤʠʨ ʠ ʊʠʙʝʪ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʊʷʥʴ-ʐʘʥʷ ʩʦʚʤʝʩʪʥʦ. ʅʘ ʬʨʦʥʪʝ ʵʪʦʛʦ ʩʙʣʠʞʝʥʠʷ 

ʊʘʨʠʤ ʧʦʜʦʜʚʠʛʘʝʪʩʷ ʧʦʜ ʊʷʥʴ-ʐʘʥʴ. ɺ ʧʨʝʜʝʣʘʭ ɿʘʧʘʜʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝ-

ʩʢʦʣʴʢʦ ʨʘʡʦʥʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʨʠʝʥʪʘʮʠʝʡ ʚʝʢʪʦʨʦʚ ʧʝʨʝʤʝʱʝʥʠʷ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ï ʛʨʫʧʧʘ 

ʧʫʥʢʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʊʘʣʘʩʩʢʦ-ʌʝʨʛʘʥʩʢʦʛʦ ʨʘʡʦʥʘ. ʊʘʣʘʩʩʢʘʷ ʛʨʫʧʧʘ ʥʘʧʨʘʚʣʝʥʘ 

ʥʘ ʖ-ʖɿ ʠ ʚʩʝ ʦʥʠ ʨʘʩʧʦʣʦʞʝʥʳ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ ʊʘʣʘʩʦ-ʌʝʨʛʘʥʩʢʦʛʦ ʩʜʚʠʛʘ. ʂ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ 

ʩʜʚʠʛʘ ʚ ʧʨʝʜʝʣʘʭ ʌʝʨʛʘʥʩʢʦʛʦ ʭʨʝʙʪʘ ʚʩʝ ʚʝʢʪʦʨ rʩʦʛʣʘʩʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ. ɺ 

ʮʝʣʦʤ ʦʙʝ ʛʨʫʧʧʳ ʚʝʢʪʦʨʦʚ ʧʦʜʯʝʨʢʠʚʘʶʪ ʩʦʚʨʝʤʝʥʥʫʶ ʛʝʦʜʠʥʘʤʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʚ ʟʦʥʝ ʊʘ-

ʣʘʩʦ-ʌʝʨʛʘʥʩʢʦʛʦ ʧʨʘʚʦʩʪʦʨʦʥʥʝʛʦ ʩʜʚʠʛʘ. ɻʨʫʧʧʘ ʧʫʥʢʪʦʚ ʥʘʙʣʶʜʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʝʜʝ-

ʣʘʭ ʏʘʪʢʘʣʦ-ʂʫʨʘʤʠʥʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʚ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʥʝʝ 

ʚʳʩʢʘʟʘʥʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠ ̫[16, 17], ʯʪʦ ʢ ʟʘʧʘʜʫ ʦʪ ʊʘʣʘʩʦ-ʌʝʨʛʘʥʩʢʦʛʦ ʩʜʚʠʛʘ, ʥʘ ʬʦʥʝ ʤʝʨʠ-

ʜʠʦʥʘʣʴʥʦʛʦ ʩʞʘʪʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʚʳʪʘʣʢʠʚʘʥʠʝ ʙʣʦʢʦʚ ʢ ʟʘʧʘʜʫ ʩ ʣʝʚʦʩʪʦʨʦʥʥʠʤ (ʧʨʦʪʠʚʦʯʘʩʦ-

ʚʳʤ) ʚʨʘʱʝʥʠʝʤ ʙʣʦʢʦʚ. ɻʨʫʧʧʘ ʧʫʥʢʪʦʚ ʥʘʙʣʶʜʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʶʞʥʦʡ ʯʘʩʪʠ 

ʌʝʨʛʘʥʩʢʦʡ ʚʧʘʜʠʥʳ ʠ ɸʣʘʡʩʢʦʡ ʜʦʣʠʥʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦ ʠ ʩʦʛʣʘʩʥʦ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʦʩʪʨʦʝʥʠʷʤ. ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʧʦ ʚʝʣʠʯʠʥʝ ʧʝʨʝʤʝʱʝʥʠʡ 

ʧʫʥʢʪʳ ʥʘʙʣʶʜʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʨʘʚʥʠʥʥʳʭ ʯʘʩʪʷʭ (ʌʝʨʛʘʥʩʢʘʷ ʚʧʘʜʠʥʘ), ʫʩʪʫʧʘʶʪ ʧʫʥʢ-

ʪʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʛʦʨʥʳʭ ʦʙʣʘʩʪʷʭ. ɺ ʮʝʣʦʤ ʤʘʪʝʨʠʘʣʳ ʢʦʩʤʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʧʨʝʜʝʣʘʭ ɿʘʧʘʜʥʦʛʦ 

ʊʷʥʴ-ʐʘʥʷ ʠ ʩʚʷʟʘʥʥʳʭ, ʚʝʨʦʷʪʥʦ, ʩ ʜʘʚʣʝʥʠʝʤ ʇʘʤʠʨʩʢʦʛʦ ʚʩrʪʫʧʘ ʥʘ ʊʷʥʴ-ʐʘʥʴ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ GPS ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʡ ʦʩʪʦʨʦʞʥʦʩʪʠ ʠ ʣʠʰʴ ʪʦʛʜʘ, ʢʦʛʜʘ ʵʪʠ ʜʘʥʥʳʝ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʘʪ ʦʩʥʦʚʥʳʤ, ʧʨʦʚʝʨʝʥʥʳʤ ʚʨʝʤʝʥʝʤ, ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʤʦʞʥʦ ʠʭ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʚ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ.  

ɺ ʢʦʤʧʣʝʢʩ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʭʦʜʠʪ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʢ-

ʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʵʢʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ (ʩʝʡʩʤʦʜʠʩʣʦʢʘʮʠʠ), ʦʙʥʘʨʫʞʝʥʥʳʭ ʧʦʩʣʝ 

ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʄ Ó 5; IÓ 7 ʙʘʣʣʦʚ). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʚʦʟʥʠ-

ʢʘʶʪ ʟʘʤʝʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʝʣʴʝʬʝ ʧʣʝʡʩʪʦʩʝʡʩʪʦʚʦʡ ʦʙʣʘʩʪʠ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ 

ʤʝʭʘʥʠʟʤʝ ʧʦʜʚʠʞʝʢ ʚ ʦʯʘʛʝ ʟʝʤʣʝʪʷʩʝʥʠʷ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʚʠʜʝ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝ-

ʩʢʠʭ ʠ ʩʝʡʩʤʦʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʜʠʩʣʦʢʘʮʠʡ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʦʙʳʯʥʦ ʚʜʦʣʴ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ. 

ʇʨʠ ʵʪʦʤ ʯʝʤ ʩʠʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʦʣʯʢʘ, ʪʝʤ ʨʘʟʥʦʦʙʨʘʟʥʝʝ ʪʠʧʳ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʠʩ-

ʣʦʢʘʮʠʡ. ʆʥʠ ʦʩʦʙʝʥʥʦ ʷʨʢʦ ʚʦʟʥʠʢʘʶʪ ʚ ʛʦʨʥʳʭ ʠ ʧʨʝʜʛʦʨʥʳʭ ʨʘʡʦʥʘʭ. ʉʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʜʠʩʣʦʢʘʮʠʠ ʧʦ ʚʨʝʤʝʥʠ ʧʨʦʷʚʣʝʥʠʷ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʝ ʠ ʠʩʪʦʨʠʯʝʩʢʠʝ, ʘ ʪʘʢʞʝ ʜʦʠʩʪʦ-

ʨʠʯʝʩʢʠʝ (ʧʘʣʝʦʩʝʡʩʤʦʜʠʩʣʦʢʘʮʠʠ). ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʝʣʴʝʬʝ 

ʧʣʝʡʩʪʦʮʝʡʩʪʦʚʳʭ ʦʙʣʘʩʪʝʡ ʦʪʜʝʣʴʥʳʭ ʠʟʚʝʩʪʥʳʭ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ɸʥʜʠʞʘʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 3 ʜʝʢʘʙʨʷ 1902 ʛ. (9 ʙʘʣʣʦʚ) ʚ ɸʥʜʠʞʘʥʝ, ʦʩʦʙʝʥʥʦ ʚ ʘʜʳʨ-

ʥʦʡ ʟʦʥʝ, ʧʨʠʚʝʣʦ ʢ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤʫ ʠʟʤʝʥʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. ʇʦʷʚʠʣʦʩʴ ʤʥʦʞʝʩʪʚʦ 

ʩʝʡʩʤʦʜʠʩʣʦʢʘʮʠʡ ʚ ʚʠʜʝ ʪʨʝʱʠʥ, ʦʧʦʣʟʥʝʡ ʠ ʦʙʚʘʣʦʚ. ʆʙʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʝʡʩʤʦʜʠʩʣʦʢʘʮʠʡ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʖʞʥʦ-ʌʝʨʛʘʥʩʢʦʡ ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʦʡ ʟʦʥʦʡ. ʆʪʜʝʣʴʥʳʝ ʪʨʝʱʠʥʳ ʧʨʦʪʷʥʫ-

ʣʠʩʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʝʪʨʦʚ, ʰʠʨʠʥʘ ʠʭ ʤʝʩʪʘʤʠ ʧʨʝʚʳʰʘʣʘ 30-35 ʩʤ. ɺʝʣʠʯʠʥʘ ʩʤʝʱʝʥʠʷ ʚ 

ʚʠʜʝ ʩʙʨʦʩʘ ʜʦʩʪʠʛʣʘ 70 ʩʤ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʦʧʦʣʟʥʠ ʧʨʦʠʟʦʰʣʠ ʚʜʦʣʴ ʘʜʳʨʦʚ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʤʝʩʪʘʭ ʥʘʙʣʶʜʘʣʠʩʴ ʬʦʥʪʘʥʳ ʠʟ ʧʝʩʢʘ ʠ ʛʘʣʴʢʠ [9].           

ʏʘʪʢʘʣʴʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʧʨʦʠʟʦʰʣʦ 3 ʥʦʷʙʨʷ 1946 ʛ., ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ  

9-10 ʙʘʣʣʦʚ, ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʛʠʧʦʮʝʥʪʨʘ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 25 ʢʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʨʦ-

ʠʟʦʰʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʠʩʣʦʢʘʮʠʠ, ʚʳʨʘʞʝʥʥʳʝ ʩʤʝʱʝʥʠʝʤ ʢʨʳʣʴʝʚ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫh ʝʥʠʡ, 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʱʠʥ, ʩʨʳʚʦʤ ʩʢʣʦʥʦʚʳʭ ʠ ʢʦʨʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʦʙʚʘʣʘʤʠ [9, 18-23]. 

ʉʝʡʩʤʦʛʝʥʥʳʝ ʧʦʜʚʠʞʢʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʦ ʨʘʟʨʳʚʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʠ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʡ.  

ʄʘʨʢʘʡʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 3 ʘʚʛʫʩʪʘ 1962 ʛ. (8 ʙʘʣʣʦʚ) ʧʨʦʷʚʠʣʦʩʴ ʣʦʢʘʣʴʥʦ (S = 100 

ʢʤĮ). ʆʩʪʘʪʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳ ʧʦ ʜʦʣʠʥʝ ʨ. ʏʘʥʛʝʪʩʫ. ɿʜʝʩʴ ʧʨʦʠʟʦh ʣʠ ʢʨʫʧʥʳʝ 

ʦʙʚʘʣʳ, ʧʘʜʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʛʣʳʙ ʦʪʤʝʯʝʥʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 2-2,5 ʢʤ [9]. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʘʷ ʩʝʡʩʤʦ-

ʜʠʩʣʦʢʘʮʠʷ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨ. ʏʘʥʛʝʪʩʫ. ɺʦ ʚʨʝʤʷ ʟʝʤʣʝʪʨʩ̫ʝʥʠʷ ʟʜʝʩʴ ʦʙʨʘʟʦʚʘʣʩʷ 

ʮʠʨʢʦʦʙʨʘʟʥʳʡ ʩʙʨʦʩ ʥʝʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ ʩʦ ʩʤʝʱʝʥʠʝʤ ʢʨʳʣʴʝʚ ʚ 1,5-2 ʤ. ʅʘ ʝʛʦ ʧʨʦʜʦʣʞʝ-

ʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʫʩʪʘʥʦʚʣʝʥʘ ʧʦʣʦʩʘ ʪʨʝʱʠʥ ʜʣʠʥʦʡ ʜʦ 2,5 ʢʤ, ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʦʜ-

ʥʠʢʦʚ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʨʘʟʨʳʚ, ʚʦʟʥʠʢʰʠʡ ʚʦ ʚʨʝʤʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʟʘʪʨʦʥʫʣ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ 

ʠ ʧʦ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʧʦʣʦʩʝ ʪʨʝɦ ʠʥ ʥʘʯʘʣʘ ʤʠʛʨʠʨʦʚʘʪʴ ʧʣʘʩʪʦʚʘʷ ʚʦʜʘ. ʇʨʦʩʪʠʨʘʥʠʝ ʨʘʟʨʳʚʘ 

ʶʛʦ-ʟʘʧʘʜʥʦʝ. 
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ɹʨʠʯʤʫʣʣʠʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 24 ʦʢʪʷʙʨʷ 1959 ʛ. ʇʣʝʡʩʪʦʩʝʡʩʪʦʚʘʷ ʟʦʥʘ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʷ ʚʳʪʷʥʫʪʘ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʜʣʠʥʘ ʝʝ ʦʢʦʣʦ 25 ʢʤ, ʰʠʨʠʥʘ ʥʝ ʙʦʣʝʝ 

15 ʢʤ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʜʝʡʩʪʚʦʚʘʣʠ ʥʘʧʨʷʞʝʥʠʷ ʩʞʘʪʠʷ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. 

ʊʘʰʢʝʥʪʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 26 ʘʧʨʝʣʷ 1966 ʛ. ʇʣʝʡʩʪʦʩʝʡʩʪʦʚʘʷ ʦʙʣʘʩʪʴ ʠʤʝʣʘ 

ʦʚʘʣʴʥʫʶ ʬʦʨʤʫ ʧʣʦʱʘʜʴʶ ʚ 10 ʢʤ2, 7-, 6- ʠ 5-ʙʘʣʣʴʥʳʝ ʟʦʥʳ ʩʦʪʨʷʩʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʣʠ ʵʣ-

ʣʠʧʩʦʠʜʘʣʴʥʫʶ ʬʦʨʤʫ, ʚʳʪʷʥʫʪʫʶ ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʥʘ ʶʛʦ-ʟʘʧʘʜ.  

ʇʩʢʝʥʪʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 19 ʷʥʚʘʨʷ 1970 ʛ. 6-ʙʘʣʣʴʥʘʷ ʠʟʦʩʝʡʩʪʘ ʚʳʪʷʥʫʪʘ ʩ ʶʛʦ-

ʟʘʧʘʜʘ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʥʘ 80 ʢʤ.   

ʊʘʚʘʢʩʘʡʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 6 ʜʝʢʘʙʨʷ 1977 ʛ. ɺ ʧʣʝʡʩʪʦʩʝʡʩʪʦʚʦʡ ʟʦʥʝ ʟʘʬʠʢʩʠʨʦ-

ʚʘʥʳ ʩʢʚʦʟʥʳʝ ʪʨʝʱʠʥʳ, ʦʩʳʧʘʥʠʝ ʰʪʫʢʘʪʫʨʢʠ ʚ ʜʦʤʘʭ, ʧʦʚʨʝʞʜʝʥʠʝ ʠ ʧʘʜʝʥʠʝ ʜʳʤʦʚʳʭ 

ʪʨʫʙ. 6-ʙʘʣʣʴʥʘʷ ʠʟʦʩʝʡʩʪʘ ʚʳʪʷʥʫʪʘ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.          

ʅʘʟʘʨʙʝʢʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 11 ʜʝʢʘʙʨʷ 1980 ʛ. ʇʦ ʜʘʥʥʳʤ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ [24], ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʵʧʠʮʝʥʪʨʝ ʜʦʩʪʠʛʣʘ 7-8 ʙʘʣʣʦʚ. ʀʟʦʩʝʡʩʪʳ ʚ ʧʣʘʥʝ ʦʙʨʘʟʫʶʪ 

ʦʚʘʣ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. 

ʇʘʧʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 17 ʬʝʚʨʘʣʷ 1984 ʛ. ʕʧʠʮʝʥʪʨ ʥʘʭʦʜʠʣʩʷ ʚ ʨʘʡʦʥʝ ʧʦʩ. ʋʡ-

ʛʫʨʩʘʡ ʠ ʧʨʠʫʨʦʯʝʥ ʢ ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʦʡ ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʦʡ ʟʦʥʝ. ɺ ʵʧʠʮʝʥʪʨʝ ʩʠʣʘ ʩʦ-

ʪʨʷʩʝʥʠʡ ʧʦʯʚʳ ʜʦʩʪʠʛʣʘ 8 ʙʘʣʣʦʚ. ɺ ʩʪʨʫʢʪʫʨʥʦʤ ʦʪʥʦʰʝʥʠʠ ʨʘʡʦʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʇʘʧʩʢʦʛʦ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʉʝʚʝʨʥʦʡ ʟʦʥʝ ʩʢʣʘʜʦʢ ʌʝʨʛʘʥʩʢʦʡ ʚʧʘʜʠʥʳ. ʆʥʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʤʝʞʜʫ ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʠʤ ʨʘʟʣʦʤʦʤ ʠ ʦʜʥʦʠʤʝʥʥʦʡ ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʦʡ ʟʦʥʦʡ ʠ ʧʨʦʩʪʠʨʘ-

ʝʪʩʷ ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʥʘ ʶʛʦ-ʟʘʧʘʜ, ʦʭʚʘʪʳʚʘʷ ʧʨʝʜʛʦʨʥʫʶ ʧʦʣʦʩʫ ʂʫʨʘʤʠʥʩʢʦʛʦ ʭʨʝʙʪʘ. ʈʝʟ-

ʢʠʝ ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʝʡ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʦʡ 

ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʦʡ ʟʦʥʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʙʥʦʚʣʝʥʠʠ ʨʘʟʣʦʤʦʚ ʬʫʥʜʘʤʝʥʪʘ ʚ ʚʝʨʭʥʝ-

ʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʝ ʚʨʝʤʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʘʥʪʠʢʣʠʥʘʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʤʝʱʝʥʳ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʢʦʨʥʝʡ ʥʘ 200-500 ʤ ʠ ʙʦʣʝʝ. ʉʤʝʱʝʥʠʝ ʦʩʝʡ ʩʢʣʘʜʦʢ ʦʩʦʙʝʥʥʦ ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 

ʤʝʞʜʫ ʦʪʣʦʞʝʥʠʷʤʠ ʚʝʨʭʥʝʧʣʠʦʮʝʥ-ʩʨʝʜʥʝʦʣʠʛʦʮʝʥʦʚʦʛʦ ʠ ʚʝʨʭʥʝʦʣʠʛʦʮʝʥ-

ʩʨʝʜʥʝʧʣʠʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ [25]. ʊʘʢʦʝ ʷʚʣʝʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʝʧʨʝʨʳʚʥʳʤ ʥʘʜʚʠʛʘʥʠ-

ʝʤ ʧʦ ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʦʤʫ ʨʘʟʣʦʤʫ ʞʝʩʪʢʠʭ ʧʘʣʝʦʟʦʡʩʢʠʭ ʤʘʩʩʠʚʦʚ ʏʘʪʢʘʣʦ-ʂʫʨʘʤʠʥʩʢʠʭ 

ʛʦʨ ʚ ʩʪʦʨʦʥʫ ʌʝʨʛʘʥʩʢʦʡ ʚʧʘʜʠʥʳ [26]. ɺ ʷʜʨʝ ʩʢʣʘʜʢʠ ʦʙʥʘʞʘʁ ʪʩʷ ʥʝʦʛʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ, 

ʧʦʜ ʯʝʭʣʦʤ ʢʦʪʦʨʳʭ ʥʘ ʛʣʫʙʠʥʝ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʢʫʧʦʣʦʚʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

ʅʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʥʝʛʣʫʙʦʢʦʡ ʫʥʜʫʣʷʮʠʝʡ ʦʪ ʥʝʝ ʦʪʜʝʣʷʝʪʩʷ ʂʘʩʩʘʥʩʘʡʩʢʘʷ ʘʥʪʠʢʣʠʥʘʣʴ, ʘ ʥʘ 

ʩʝʚʝʨʝ ʛʨʘʥʠʯʠʪ ʩ ɸʣʤʘʩʩʢʠʤ ʧʨʦʛʠʙʦʤ. ʖʞʥʦʝ ʢʨʳʣʦ ʝʝ ʦʩʣʦʞʥʝʥʦ ʣʦʢʘʣʴʥʳʤ ʨʘʟʣʦʤʦʤ. 

ʀʤʝʷ ʘʩʠʤʤʝʪʨʠʯʥʫʶ ʬʦʨʤʫ, ʏʫʩʪ-ʇʘʧʩʢʘʷ ʘʥʪʠʢʣʠʥʘʣʴ ʧʨʦʩʪʠʨʘʝʪʩʷ ʚ ʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝ-

ʥʠʠ. ɼʣʠʥʘ ʩʢʣʘʜʢʠ ʙʦʣʝʝ 30 ʢʤ, ʘ ʰʠʨʠʥʘ 7-8 ʢʤ. ɸʥʘʣʠʟ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʘʡʦʥʘ ʧʦ-

ʢʘʟʘʣ, ʯʪʦ ʩʢʣʘʜʢʠ ʠ ʨʘʟʣʦʤʳ, ʢʫʣʠʩʦʦʙʨʘʟʥʦ ʧʦʜʩʪʘʚʣʷʶʱʠʝ ʜʨʫʛ ʜʨʫʛʘ, ʧʨʦʩʪʠʨʘʶʪʩʷ ʚ 

ʩʫʙh ʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʆʩʠ ʙʦʣʴʰʠʥʩʪʚʘ ʩʢʣʘʜʦʢ ʩʤʝʱʝʥʳ ʥʘ ʶʛ ʠ ʶʛʦ-ʟʘʧʘʜ ʟʘ ʩʯʝʪ 

ʚʣʠ̫ʥʠʷ ʧʦʣʝʡ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʦʩʪʘ 

ʏʘʪʢʘʣʦ-ʂʫʨʘʤʠʥʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʚ ʩʪʦʨʦʥʫ ʌʝʨʛʘʥʩʢʦʡ ʚʧʘʜʠ-

ʥʳ. ʕʪʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʩʞʘʪʠʷ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ 

ʢ ʠʥʪʝʥʩʠʚʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʪʦʣʱʠ ʟʝʤʥʦʡ ʢʦʨʳ ʩ ʦʙʥʦʚʣʝʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʟʘʣʦʞʝʥʠ-

ʝʤ ʥʦʚʳʭ ʨʘʟʣʦʤʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʳʟʳʚʘʪʴ ʩʠʣʴʥʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʪʦʣʯʢʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʩʞʘʪʠʷ, ʚʠʜʠʤʦ, ʧʨʦʠʟʦʰʣʘ ʧʦʜʚʠʞʢʘ ʚ ʚʠʜʝ ʚʟʙʨʦʩʘ ʧʦ ʨʘʟʣʦʤʫ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʤʫ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʏʫʩʪ-ʇʘʧʩʢʦʡ ʘʥʪʠʢʣʠʥʘʣʠ, ʩʦ ʩʥʷʪʠʝʤ ʧʦʣʝʡ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʯʘʛʝ ʇʘʧʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʝʡʩʤʦʜʠʩʣʦ-

ʢʘʮʠʡ, ʠʟʦʩʝʡʩʪ ʵʧʠʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʧʦʣʥʦʩʪʴʶ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ ʠ 
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ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤʫ ʩʞʘʪʠʶ.  

 

ɺʓɺʆɼʓ 

  

1. ɺʳʜʝʣʝʥʳ ʏʘʪʢʘʣʦ-ʂʫʨʘʤʠʥʩʢʠʡ (ɸ), ʊʘʰʢʝʥʪʩʢʦ-ɻʦʣʦʜʥʦʩʪʝʧʩʢʠʡ (ɹ), ʌʝʨʛʘʥʩʢʠʡ 

(ɺ), ʊʘʣʘʩʦ-ʌʝʨʛʘʥʩʢʠʡ (ɻ) ʠ ʖʞʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʠʡ (ɼ) ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʙʣʦʢʘʠ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʨʠʩʫʥʢʦʤ ʠʟʦʣʠʥʠʡ, ʘʤʧʣʠʪʫʜʘʤʠ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ, ʦʨʠ-

ʝʥʪʘʮʠʝʡ ʠ ʤʦʨʬʦʣʦʛʠʝʡ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ. 

2. ɸʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ ʚ ʦʩʥʦʚʥʦʤ ʪʨʠ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʛʤʘʪʠʯʝʩʢʦʡ ʩʝʪʠ ʨʘʟʨʳʚʥʳʭ 
ʥʘʨʫʰʝʥʠʡ: ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ (ʧʦʧʝʨʝʯʥʦ ʊʷʥʴ-ʐʘʥʴʩʢʘʷ), ʩʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ (ʂʘʨʘʪʘʫʩʢʘʷ) ʠ 

ʩʫʙʰʠʨʦʪʥʘʷ (ʊʷʥʴ-ʐʘʥʴʩʢʘʷ). ʋʢʘʟʘʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʢʦʥʪʨʦʣʠʨʫʶʪ 

ʥʦʚʝʡʰʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʧʣʘʥ ʨʝʛʠʦʥʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʩʦʚʨʝʤʝʥʥʦʡ 

ʛʝʦʜʠʥʘʤʠʢʠ. ɺ ʟʦʥʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʵʪʠʭ ʨʘʟʣʦʤʦʚ ʚʦʟʥʠʢʣʠ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʩʠʣʴʥʳʝ 

ʠ ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʉʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʝ ʬʫʥʢʮʠʥʠʨʫʶʪ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʧʨʝʜʝʣʘʭ 

ʏʘʪʢʘʣʦ-ʂʫʨʘʤʠʥʩʢʦʛʦ ʠ ʊʘʢhʝʥʪʩʢʦ-ɻʦʣʦʜʥʦʩʪʝʧʩʢʦʛʦ ʨʘʡʦʥʦʚ, ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʝ ï ʚ ʊʘʣʘʩʦ-

ʌʝʨʛʘʥʩʢʦʤ, ʘ ʩʫʙʰʠʨʦʪʥʳʝ ï ʚ ʖʞʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʦʤ ʨʘʡʦʥʘʭ. 

3. ɸʢʪʠʚʥʳʝ ʨʘʟʣʦʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʢʨʘʝʚʳʝ (1-ʛʦ, 2-ʛʦ ʠ 3-ʛʦ ʨʘʥʛʦʚ) ʠ ʚʥʫʪʨʝʥʥʠʝ. ʂʨʘʝʚʳʝ ʨʘʟʣʦʤʳ, ʷʚʣʷʷʩʴ ʩʪʨʫʢʪʫʨʦ-

ʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ, ʨʘʟʛʨʘʥʠʯʠʚʘʷ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʟʦʥr 

(ʘʥʪʠʢʣʠʥʘʣʴʥʳʝ ʠ ʩʠʥʢʣʠʥʘʣʴʥʳʝ), ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʳʤ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘ-

ʣʦʤ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʩʝʡʩʤʠʯʥʦʩʪʴʶ ʠ ʯʘʩʪʦʪʦʡ ʧʨʦʷʚʣʝʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʥʫʪʨʝʥʥʠʝ ʨʘʟʣʦʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝ-

ʥʠʡ ʚʥʫʪʨʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʦʥ. ʆʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ ʟʘʥʠʤʘʶʪ ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʳʝ ʟʦʥʳ 

(ʌʈɿ). ʈʘʩʧʦʣʘʛʘʷʩʴ ʚ ʪʝʣʝ ʢʨʫʧʥʳʭ ʚʧʘʜʠʥ ʠ ʧʨʦʛʠʙʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʣʦʞʥʦʝ ʩʦʯʝʪʘʥʠʝ ʠʟ-

ʛʠʙʦʚʳʭ ʠ ʨʘʟʨʳʚʥʳʭ ʜʠʩʣʦʢʘʮʠʡ. ɺ ʠʭ ʟʦʥʘʭ ʪʘʢʞʝ ʚʦʟʥʠʢʘʣʠ ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʷ. 

4. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʥʘʠʙʦʣʝʝ ʥʘʧʨʷʞʝʥʥʳʭ 

ʫʯʘʩʪʢʘʭ ʟʝʤʥʦʡ ʢʦʨʳ ɿʘʧʘʜʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ, ʘ ʠʤʝʥʥʦ ï ʚ ʢʨʘʝʚʳʭ ʨʘʟʣʦʤʘʭ ʠ ʬʣʝʢʩʫʨʥʦ-

ʨʘʟʨʳʚʥʳʭ ʟʦʥʘʭ. 

5. ɸʥʘʣʠʟ ʢʘʨʪʳ ʵʧʠʮʝʥʪʨʦʚ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʘ ʨʘʟʥʳʝ ʛʦʜʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʨʷʜʫ ʩ 

ʧʨʠʫʨʦʯʝʥʥʦʩʪʴʶ ʵʧʠʮʝʥʪʨʦʚ ʢ ʟʦʥʘʤ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ, ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʠʭ ʚ ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʝʞʜʫ ʘʢʪʠʚʥʳʤʠ ʨʘʟʣʦʤʘʤʠ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ 

ʩ ʪʝʤ, ʯʪʦ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʘʷ ʯʘʩʪʴ ʟʝʤʥʦʡ ʢʦʨʳ ʙʣʦʢʦʚ ʙʦʣʝʝ ʭʨʫʧʢʘʷ ʠ ʨʘʟʜʨʦʙʣʝʥʥʘʷ, ʚ ʩʠʣʫ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʥʝ ʤʦʞʝʪ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʳʡ ʦʙʲʝʤ 

ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

6. ʉʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʩʝʡʩʤʠʯʥʦʩʪʠ, ʥʝʦʪʝʢʪʦʥʠʢʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʯʘʩʪʢʠ, 

ʧʦʜʚʝʨʞʝʥʥʳʝ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʠʣʠ ʥʠʟʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ, ʩʢʦʨʝʝ 

ʚʩʝʛʦ, ʦʯʝʨʯʠʚʘʶʪ ʙʣʦʢʠ ʟʝʤʥʦʡ ʢʦʨʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʥʘʧʨʷʞʝʥʠʷ. 

7. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʪʨʝʱʠʥ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ 

ʦʩʠ ʩʞʠʤʘʶʱʠʭ ʫʩʠʣʠʡ ʠʤʝʶʪ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ. 

8. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ GPS ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʡ ʦʩʪʦʨʦʞʥʦʩʪʠ, ʠ ʣʠʰʴ ʪʦʛʜʘ, ʢʦʛʜʘ 

ʵʪʠ ʜʘʥʥʳʝ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʦʩʥʦʚʥʳʤ, ʧʨʦʚʝʨʝʥʥʳʤ ʚʨʝʤʝʥʝʤ, ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥ-

ʥʳʤ, ʤʦʞʥʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ.  

9. ɸʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʝʡʩʤʦʜʠʩʣʦʢʘʮʠʡ, ʠʟʦʩʝʡʩʪ 

ʵʧʠʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦ-ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ, ʠ ʦʯʘʛʠ ʩʠʣʴʥʳʭ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʡ ʚʦʟʥʠʢʘʣʠ ʧʨʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤʫ 

ʩʞʘʪʠʶ. 
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ɺ ʟʘʢʣʶʯʝʥʠʠ ʘʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʣʘʙʦʨʘʥʪʫ ʣʘʙ. ʩʝʡʩʤʦʛʝʦʜʠʥʘʤʠʢʠ 

ʅ.ʈʘʚh ʘʥʦʚʫ ʟʘ ʪʝʭʥʠʯʝʩʢʫʶ ʧʦʤʦʱʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʜʛʦʪʦʚʢʝ 

ʛʨʘʬʠʢʠ. 
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ʀʥʩʪʠʪʫʪ ʩʝʡʩʤʦʣʦʛʠʠ ʠʤ. ɻ.ɸ.ʄʘʚʣʷʥʦʚʘ ɸʅ ʈʋʟ 

ʕʢʩʧʨʝʩʩ-ʤʝʪʦʜ ʜʠʘʛʥʦʩʪʠʢʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʠ ʦʩʦʙʦ ʦʪʚʝʪʩʪʚʝʥʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʝʥʘ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʮʝʥʢʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳ-

ʩʦʪʥʳʭ ʟʜʘʥʠʡ ʠ ʦʩʦʙʦ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ (ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʧʣʦʪʠʥʳ, ʜʘʤʙʳ, ʥʘʧʦʨʥʳʝ ʙʘʰʥʠ, 

ʠʩʪʦʨʠʯʝʩʢʠʝ ʧʘʤʷʪʥʠʢʠ ʢʫʣʴʪʫʨʳ ʠ ʜʨ.). ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ ï ʘʥʘʣʠʟ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʝʨʠʦʜʦʚ 
ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʷʧʦʥʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʖ.ʅʘʢʘʤʫʨʘ, 

ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʫʯʝʥʠʠ ʠ ʘʥʘʣʠʟʝ ʦʪʥʦʰʝʥʠʡ ʩʧʝʢʪʨʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢ ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ʀʟʫʯʝʥʳ ʠ ʦʮʝʥʝʥʳ ʩʝʡʩʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʳʩʦʪʥʦʛʦ 

ʟʜʘʥʠʷ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ.ʊʘʰʢʝʥʪʘ, ʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʡ ʧʣʦʪʠʥʳ (ʂʘʨʢʠʜʦʥʩʢʦʝ ʚʜʭʨ.) ʠ ʧʨʠ-

ʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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Express method for diagnosing the seismic stability of high-rising buildings and specialy responsible struc-

tures 

Annotation. The article discusses the methodology for studying and assessing the seismic stability of high-

rise buildings and especially critical structures (hydraulic dams, dams, pressure towers, historical cultural monu-

ments, etc.). The methodology is based on the analysis of frequency characteristics and periods of seismic vibrations 

of buildings and structures. At the same time, the method of the Japanese researcher Y. Nakamura was used, which 

consists in studying and analyzing the ratio of the spectra of horizontal vibrations to vertical ones at a certain point 

of seismic vibrations. Using the proposed technique, the seismic stability of a high-rise building built on the territory 

of the city of Tashkent and a hydrotechnical dam (Karkidonskoye vdkh.) Has been studied and evaluated, and the 

results of the study are presented. 

Key words: diagnostics, seismic stability, high-rise buildings, dams, microseismic vibrations, spectral ra-
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ɺɺɽɼɽʅʀɽ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʠ ʦʩʦʙʦ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ (ʛʨʫʥʪʦʚʳʝ ʧʣʦʪʠʥʳ ʠ ʜʘʤʙʳ) ʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ 

ʪʨʝʙʫʪʁ ʧʦʩʪʦʷʥʥʦʛʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʦʮʝʥʢʠ ʠʭ ʧʨʦʯʥʦʩʪʠ, ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʘʢ ʧʨʠ ʩʪʘʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦ-

ʮʝʩʩʦʚ ʩʪʘʨʝʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʘ ʚ ʢʘʨʢʘʩʝ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʠ ʛʨʫʥʪʦʚʳʭ ʤʘʪʝʨʠʘʣʘʭ ʚ ʪʝʣʝ ʠ ʦʩʥʦ-

ʚʘʥʠʷʭ ʧʣʦʪʠʥ ʠʟ-ʟʘ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʧʨʦʠʩʭʦʜʠʪ ʜʝʛʨʘʜʘʮʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʩʦʦʨʫʞʝʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʥʷʪʠʝ çʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷè ʦʙʲʝʜʠʥʷʝʪ ʥʘʙʦʨ ʪʝʭʥʦʣʦ-

ʛʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʘʥʘʣʠʟʝ ʚʦʣʥ ʨʘʟʥʦʛʦ ʛʝʥʝʟʠʩʘ ʠ ʪʠʧʦʚ (ʵʤʠʩʩʠʷ, ʪʝʭʥʦʛʝʥʥʳʝ ʩʠʛʥʘʣʳ, ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ ʠ ʧʨ.). ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʝ ʚʦʣʥʦʚʦʝ ʧʦʣʝ ʤʦʞʝʪ ʧʘʨʘʣ-

ʣʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʦʧʠʨʘʶʱʠʤʠʩʷ ʥʘ ʨʘʟʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʠʢʨʦ-

ʩʝʡʩʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʨʝʜʝ. ʈʘʩʩʤʦʪʨʠʤ ʜʚʝ ʩʦʩʪʘʚʣʷʶɦ ʠʝ 

ʩʨʝʜʥʝʯʘʩʪʦʪʥʳʭ (0,1-10 ɻʮ) ʤʠʢʨʦʩʝʡʩʤ: ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ ʈʵʣʝʷ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʤʦʥʦʭʨʦʤʘ-

ʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ (ʧʠʢʠ ʚ ʩʧʝʢʪʨʝ ʤʠʢʨʦʩʝʡʩʤ), ʚʦʟʙʫʞʜʘʝʤʳʝ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ ʧʨʠ ʨʘʙʦ-

ʪʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʛʨʫʥʪʦʚʦʡ ʧʣʦʪʠʥʳ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʷ, ʢʫʩʦʯʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʨʫʥʪʦʚ ʢʘʢ ʩʦʦʨʫʞʝʥʠʷ, ʪʘʢ ʠ ʝʛʦ ʦʩʥʦʚʘʥʠʷ. ʇʦʪʝʨʷ ʧʨʦʯʥʦʩʪʠ ʠʣʠ ʨʘʟʨʫʰʝʥʠʝ ʪʘʢʦʛʦ ʨʦʜʘ ʩʦ-

ʦʨʫʞʝʥʠʡ ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʵʢʦʣʦʛʠ-

ʯʝʩʢʠʤ ʢʘʪʘʩʪʨʦʬʘʤ, ʘ ʪʘʢʞʝ ʯʝʣʦʚʝʯʝʩʢʠʤ ʞʝʨʪʚʘʤ.  

ʕʢʩʧʨʝʩʩ-ʤʝʪʦʜ ʜʠʘʛʥʦʩʪʠʢʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ, ʚʦʜʥʳʭ ʠ ʛʝʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʨʘʟʨʘʙʦʪʘʥ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʇʨʠʣʦʞʝʥʠ ̫  ̄1, ʧʫʥʢʪ 14 ʇʦʩʪʘ-

ʥʦʚʣʝʥʠʷ ʇʨʝʟʠʜʝʥʪʘ ʈʋʟ ʇʇ ˉ 4794 çʆ ʤʝʨʘʭ ʧʦ ʢʦʨʝʥʥʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʠ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥè ʦʪ 30 ʠʶʣʷ 

2020 ʛ. 

ʊɽʆʈɽʊʀʏɽʉʂɸʗ ʆʉʅʆɺɸ. ɺ ʦʩʥʦʚʫ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʦʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʖ. 

ʅʘʢʘʤʫʨʳ (Y. Nakamura), ʩʝʡʩʤʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʢʦʪʦʨʦʡ ʨʘʥʝʝ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʷ-

ʣʠʩʴ ʠ ʚʳʧʦʣʥʷʶʪʩʷ, ʚ ʪ. ʯ. ʜʣʷ ʦʮʝʥʢʠ ʫʷʟʚʠʤʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʘʤʷʪʥʠʢʦʚ (ʂʦʣʣʠʟʝʡ, ʇʠʟʘʥ-

ʩʢʘʷ ʙʘʰʥʷ) ʠ ʤʥʦʞʝʩʪʚʘ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʟʜʘʥʠʡ ʠ ʚʠʘʜʫʢʦʚ ʩʢʦʨʦʩʪʥʳʭ ʘʚʪʦʤʘʛʠʩʪʨʘʣʝʡ ʚ 

ʗʧʦʥʠʠ (Nakamura et al., 2000). ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʤʝʪʦʜʠʢ (ʤʝʪʦʜ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ 

ʜʚʫʭ ʩʪʘʥʮʠʡ (two site spectral ratio method ï TSSRM) ʠʣʠ ʤʝʪʦʜ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ ʥʘ ʦʜ-

ʥʦʡ ʩʪʘʥʮʠʠ (single site spectral ratio ï SSSRM), ʙʦʣʝʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʤʝʪʦʜ ʦʪʥʦʰʝʥʠʡ ʩʧʝʢʪʨʦʚ 

ʛʦʨʠʟʦʥʪʘʣʥɹʦʡ ʢʦʤʧʦʥʝʥʪʳ ʟʘʧʠʩʠ ʢ ʚʝʨʪʠʢʘʣʴʥʦʡ (the Horizontal to Vertical Spectrum Ratio ï 

HVSRM) ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʣʠʙʦ ʦʪʩʫʪʩʪʚʠʷ, ʣʠʙʦ ʧʨʠ ʨʝʟʢʦʤ ʦʩʣʘʙʣʝʥʠʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʤʠʢʨʦʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʩʣʦʞʥʦʡ ʠ ʯʘʩʪʦ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʙʣʶʜʝʥʠʡ 

(Neukirch, 2021)), ʚ ʤʝʪʦʜʝ ʅʘʢʘʤʫʨʘ ʥʘʙʣʶʜʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʦʜʠʥʦʯʥʦʡ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ 

ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʥʮʠʝʡ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʤʠʢʨʦʩʝʡʩʤ ʧʨʠʨʦʜʥʦʛʦ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ (socially 

noisy) ʧʨʦʠʩʭʦʞʜʝʥʠʷ (Nakamura, 1989). ʇʨʠ ʵʪʦʤ ʥʝ ʪʨʝʙʫʝʪʩʷ ʵʪʘʣʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʦʧʦʨʥʳʭ 

ʪʦʯʢʘʭ, ʘ ʩʘʤʘ ʨʝʛʠʩʪʨʠʨʫʶʱʘʷ ʘʧʧʘʨʘʪʫʨʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʪʦʯʢʘʤ ʥʘʙʣʶʜʝʥʠʡ ʙʝʟ ʩʠʥʭʨʦʥʠʟʘ-

ʮʠʠ ʟʘʧʠʩʝʡ ʧʦ ʚʨʝʤʝʥʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʝʩʠʥʭʨʦʥʥʳʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʠ ʚʦ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʷ [1].  

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʤʝʪʦʜ ʅʘʢʘʤʫʨʳ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʤʝʪʦ-

ʜʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ (HVSRM). ɺ ʝʛʦ ʦʩʥʦʚʝ ï ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʚʣʠʷʥʠʝ ʪʦʥʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʧʝʨʝʯʥʳʤ ʚʦʣʥʘʤ, ʢʦʪʦʨʳʝ ʫʩʠʣʠ-

ʚʘʶʪʩʷ ʵʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪ ʧʨʦʜʦʣʴʥʳʝ ʚʦʣʥʳ [2]. ʊʦʛʜʘ ʦʪʥʦʰʝʥʠʝ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʫʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʢ ʩʧʝʢʪʨʫ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥ-

ʪʳ ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ, ʢʦʪʦʨʘʷ ʩʪʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʪʦʥ-

ʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʕʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʠʟʫʯʝʥʠʷ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʩʧʝʢʪʨʦʚ ʧʘʜʘʶʱʠʭ (ʚʭʦʜʥʦʡ 

ʩʠʛʥʘʣ) ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʦʤ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʠ ʚʪʦʨʠʯʥʦ-

ʚʦʟʥʠʢʘʶʱʠʭ (ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ), ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʩʨʝʜʥʝʥʥʳʤ ʩʧʝʢʪʨʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ʨʝʰʝʥʠʷ ʟʘʜʘʯ çʯʝʨʥʦʛʦ 

ʷʱʠʢʘè. ʆʪʥʦʰʝʥʠʝ ʩʧʝʢʪʨʦʚ H/V ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʧʝʢʪʨʘʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʝʨʝʜʘʪʦʯ-

ʥʦʡ ʬʫʥʢʮʠʠ ʠʣʠ ʩʧʝʢʪʨʘʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ çʯʝʨʥʦʛʦ ʷʱʠʢʘè.   
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ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʦʦʨʫʞʝʥʠʡ ʢʦʥʩʪʨʫʢʪʦʨʳ ʨʘʩʩʯʠʪʳʚʘʶʪ ʨʝʟʦ-

ʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʠʣʠ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ. ɸʥʘʣʠʟʠʨʫʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʧʦ ʤʝʪʦʜʠʢʝ ʅʘʢʘʤʫʨʳ 

ʚʦʣʥʦʚʳʝ ʧʦʣʷ, ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʩʦʧʦʩʪʘʚʠʪʴ ʩ ʨʘʩʯʝʪ-

ʥʳʤʠ. ɹʦʣʝʝ ʪʦʛʦ, ʤʦʞʥʦ, ʠʟʫʯʘʷ ʩʤʝʱʝʥʠʷ ʥʘ ʬʨʦʥʪʘʭ ʚʦʣʥ, ʦʧʨʝʜʝʣʷʪʴ ʢʨʫʪʠʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʪʝʣʝ ʧʣʦʪʠʥʳ. ʆʙʦʙʱʘʷ ʧʦʣʫʯʝʥʥʳʝ ʧʘʨʘ-

ʤʝʪʨʳ ʠ ʠʭ ʠʟʤʝʥʝʥʠʷ ʩʦ ʚʨʝʤʝʥʝʤ, ʤʦʞʥʦ ʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʷ ʦ ʬʠʟʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʠʟʫʯʘʝʤʦ-

ʛʦ ʦʙʲʝʢʪʘ. 

ʄɽʊʆɼʀʏɽʉʂɸʗ ʆʉʅʆɺɸ. ʄʝʪʦʜʠʢʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʠ 

ʦʩʦʙʦ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʢ ʧʨʠʤʝʨʫ, ʛʨʫʥʪʦʚʳʭ, ʢʘʤʝʥʥʦ-ʥʘʙʨʦʩʥʳʭ ʠ ʙʝʪʦʥʥʦ-

ʢʦʥʪʨʬʦʨʩʥʳʭ ʧʣʦʪʠʥ, ʦʩʥʦʚʘʥʘ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʥʘʙʣʶʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʚ 

ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʦʨʫʞʝʥʠʡ.  

ɹʦʣʴʰʠʥʩʪʚʦ ʧʦʛʨʝʰʥʦʩʪʝʡ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʟʘ ʩʯʝʪ ʠʟʫʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʧʣʦʪʠʥ ʧʦ ʦʯʝʥʴ ʧʣʦʪʥʳʤ ʩʠʩʪʝʤʘʤ ʥʘʙʣʶʜʝʥʠʡ. ʄʝʪʦʜ ʢʦʛʝʨʝʥʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʝʡ ʩʪʦʷ-

ʯʠʭ ʚʦʣʥ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ɿʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝ-

ʘʣʠʟʘʮʠʠ ʥʘʙʣʶʜʝʥʠʡ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ ʤʝʪʦʜʠʢʘ ʜʦʩʪʘʪʦʯʥʦ 

ʪʝʭʥʦʣʦʛʠʯʥʘ. 

ʄʝʪʦʜ ʅʘʢʘʤʫʨʳ ʦʩʥʦʚʘʥ ʥʘ ʧʦʣʫʯʝʥʠʠ ʦʪʥʦʰʝʥʠʡ ʩʧʝʢʪʨʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ 

ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʢ ʩʧʝʢʪʨʫ ʠʭ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ (H/V ʦʪʥʦʰʝʥʠʡ), ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ ʨʘʟʨʝʟʘ ʛʨʫʥʪʦʚ ʥʘ ʚʩʶ ʪʦʣʱʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʩʚʷʟʥʦʛʦ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʥʞʝʥʝʨʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʘʥʘʣʦʛ ʘʤʧʣʠʪʫʜʥʦ-

ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [3]. ʅʘʙʣʶʜʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʦʜʥʦʡ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʪʘʥʮʠʝʡ ʙʝʟ 

ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʠ ʩ ʥʝʦʙʭʦʜʠʤʦʡ 

ʜʝʪʘʣʴʥʦʩʪʴʶ ʨʝʰʘʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ. 

ʀʟʤʝʨʝʥʠʷ ʩʚʦʜʷʪʩʷ ʢ ʠʟʤʝʨʝʥʠʷʤ ʤʠʢʨʦʩʝʡʩʤ ʩ 40-ʤʠʥʫʪʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʩ ʰʘʛʦʤ ʦʪ 25 

ʜʦ 100 ʤ ʧʦ ʛʨʝʙʥʶ ʠ ʙʝʨʤʘʤ ʧʣʦʪʠʥʳ. ʇʨʠ ʧʝʨʚʦʤ ʮʠʢʣʝ ʩʦʩʪʘʚʣʷʝʪʩʷ ʧʘʩʧʦʨʪ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘ-

ʩʪʦʪ ʪʝʣʘ ʧʣʦʪʠʥʳ ʩ ʪʦʯʥʦʡ ʧʨʠʚʷʟʢʦʡ ʧʫʥʢʪʦʚ ʨʝʛʠʩʪʨʘʮʠʠ. ɺ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘ-

ʩʪʦʪ ʥʘ ʥʝʢʦʪʦʨʳʭ ʧʫʥʢʪʘʭ ʨʝʛʠʩʪʨʘʮʠʠ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʩʪʝʧʝʥʠ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʪʝʣʘ ʧʣʦʪʠʥʳ 

ʚʦʜʥʦʡ ʤʘʩʩʦʡ ʠʣʠ ʠʟʤʝʥʝʥʠʷʭ ʩʦʩʪʦʷʥʠʷ ʪʝʣʘ ʧʣʦʪʠʥʳ. 

ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝ-

ʪʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ: 1) ʨʘʩʯʝʪʳ ʩʧʝʢʪʨʦʚ ʠ ʘʥʘʣʠʟ ʧʨʠʨʦʜʥʳʭ ʤʠʢʨʦʩʝʡʩʤ; 2) ʧʦʩʪʨʦʝʥʠʝ 

ʩʧʝʢʪʨʦʚ H/V ʦʪʥʦʰʝʥʠʡ; 3) ʤʦʜʝʣʠʨʦʚʘʥʠʝ 1-D ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʟʨʝʟʘ ʛʨʫʥʪʦʚ ʚ ʬʦʨʤʘʪʝ ʩʢʦʨʦ-

ʩʪʝʡ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʠ ʧʦʣʫʯʝʥʠʝ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʣʦʠʩʪʦʡ ʪʦʣʱʠ ʛʨʫʥʪʦʚ. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʟʤʝʨʝʥʠʡ: ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʤʠʢʨʦʩʝʡʩʤ ï 40 ʤʠʥʫʪ; 

ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʛʥʘʣʘ ï 100 ɻʮ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʠʟʤʝʨʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʦʙʨʘ-

ʙʦʪʢʫ ʜʘʥʥʳʭ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ SESAME European Research Project, 2004. 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Geopsy (www.geopsy.org), ʩʦ-

ʩʪʦʷʱʝʡ ʠʟ ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ ʤʦʜʫʣʝʡ: ʤʦʜʫʣʷ ʧʨʦʩʤʦʪʨʘ, ʤʦʜʫʣʷ ʚʳʙʦʨʢʠ ʦʢʦʥ, ʤʦʜʫʣʷ ʦʙʨʘ-

ʙʦʪʢʠ ʠ ʤʦʜʫʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

ʄʦʜʫʣʠ ʇʘʨʘʤʝʪʨʳ 

ʄʦʜʫʣʴ ʚʳʙʦʨʢʠ ʦʢʦʥ ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ 

ɼʣʠʥʘ ʦʢʥʘ 30 ʩʝʢʫʥʜ 

ʂʦʣʠʯʝʩʪʚʦ ʚʳʙʨʘʥʥʳʭ ʦʢʦʥ >70 

ʊʠʧ ʩʛʣʘʞʠʚʘʥʠʷ Konno-Ohmachi 

ʇʦʩʪʦʷʥʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ 40,0 

ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ 

ʏʘʩʪʦʪʘ ʚʳʙʦʨʢʠ 0,3-20 ɻʮ 

ʐʘʛ ʯʘʩʪʦʪʳ ʚʳʙʦʨʢʠ ʂʦʣʠʯʝʩʪʚʦ ʚʳʙʦʨʦʢ -2000 

 

ʈʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ 40-ʤʠʥʫʪʥʦʡ ʟʘʧʠʩʠ ʤʠʢʨʦʩʝʡʩʤ ʦʪʨʘʞʝʥ ʥʘ ʨʠʩ. 1. 

 

http://www.geoygservis.ru/services/inzhenerno-geofizicheskie-izyskaniya/
http://www.geoygservis.ru/services/inzhenerno-geofizicheskie-izyskaniya/
http://www.geopsy.org/
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ʉʡʪ. 1. ʊʨʞʣʫʩ HVSR.  

 

ʂʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʳ ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ ʠʟ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʛʦ ʛʨʘʬʠʢʘ? 1) ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʜʘʯʠ (ʫʩʠʣʝʥʠʷ) ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʪʦʯʢʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ; 2) ʨʝ-

ʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʦʯʢʠ; 3) ʟʥʘʷ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʩʝʡʩʤʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠʟ ʫʨʘʚʥʝʥʠʷ: 

 

Kg = ɸ2/fo, 

 

ʛʜʝ A ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, fo ï ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ. 

ɺ ʩʣʫʯʘʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʛʫʣʷʨʥʳʭ ʠʟʤʝʨʝʥʠʡ (ʤʠʥʠʤʫʤ 4 ʨʘʟʘ ʚ ʛʦʜ) ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʩʦʪʥʦʛʦ ʟʜʘʥʠʷ ʠʣʠ ʪʝʣʘ ʧʣʦʪʠʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ. 

 ʈʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʠʣʠ ʚʝʣʠʯʠʥʳ ʩʝʡʩʤʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʜʘʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʩʣʘʙʣʝʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʷʟʝʡ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʪʦʯʢʝ. 

ɸʇʇɸʈɸʊʋʈɸ ɼʃʗ ʈɽɻʀʉʊʈɸʎʀʀ ʂʆʃɽɹɸʅʀʁ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʤʠʢʨʦʩʝʡʩʤ 

ʧʨʠʤʝʥʷʶʪʩʷ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʝ ʮʠʬʨʦʚʳʝ ʩʝʡʩʤʦʤʝʪʨʳ (ʚʝʣʦʩʠʤʝʪʨʳ) ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʨʝʛʠʩʪʨʘ-

ʪʦʨʦʤ CMG -6TDE ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ Guralp, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʣʦʩʠʤʝʪʨʘ: 

¶ ʏʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʧʦ ʩʢʦʨʦʩʪʠ ʦʪ 30 ʩ (1 ʩ) ʜʦ 100 ɻʮ (200 ɻʮ).  

¶ ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 2 Ĭ 1 000 ɺ/ʤ/ʩ, 2 Ĭ 1 200 ɺ/ʤ/ʩ, 2 Ĭ 2 000 ɺ/ʤ/ʩ.  

¶ ʅʘʠʤʝʥʴʰʘʷ ʯʘʩʪʦʪʘ ʧʘʨʘʟʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 440 ɻʮ (ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ).  

¶ ʃʠʥʝʡʥʦʩʪʴ 95 ʜɹ.  

¶ ʇʦʜʘʚʣʝʥʠʝ ʩʠʛʥʘʣʘ ʩʦʩʝʜʥʠʭ ʢʦʤʧʦʥʝʥʪ (ʢʨʦʩʩ ʦʩʝʚʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ) -60 ʜɹ.  

¶ ʋʨʦʚʝʥʴ ʰʫʤʘ ʵʣʝʢʪʨʦʥʠʢʠ ï147 ʜɹ (ʦʪʥʦʩʠʪ. 1 ʤ2ʩ-4 ɻʮ-1).  

¶ ʀʥʪʝʨʬʝʡʩʳ ʚʳʚʦʜʘ ʜʘʥʥʳʭ RS232, Firewire, Ethernet or Wi-Fi. 
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¶ ɼʦʩʪʫʧʥʳʝ ʯʘʩʪʦʪʳ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ 1000 ... - 1 ʦʪʩʯʝʪ ʚ ʩʝʢʫʥʜʫ (ʚʳʙʠʨʘʝʤʘʷ ʧʦʣʴʟʦ-

ʚʘʪʝʣʝʤ).  

¶ ʈʘʟʨʝʰʝʥʠʝ ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘ ʯʘʩʪʦʪʝ ʦʧʨʦʩʘ 1 ʦʪʩʯʝʪ ʚ ʩʝʢʫʥʜʫ 21 ʙʠʪ.  

¶ ɽʤʢʦʩʪʴ ʧʘʤʷʪʠ ɺʩʪʨʦʝʥʥʘʷ ʬʣʵʰ-ʢʘʨʪʘ 512 Mb, ʆʧʮʠʷ ʬʣʵʰ-ʢʘʨʪʘ ʜʦ 32 ɻʙ.  

¶ ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ï20 ʜʦ +65ÁC.  

¶ ɼʠʘʧʘʟʦʥ ʮʝʥʪʨʦʚʢʠ ʤʘʩʩʳ Ñ 3Á ʦʪ ʛʦʨʠʟʦʥʪʘ.  

¶ ʄʘʪʝʨʠʘʣʳ: ʘʣʶʤʠʥʠʝʚʳʡ ʢʦʨʧʫʩ, ʧʦʢʨʳʪʠʝ ï ʞʝʩʪʢʦʝ ʘʥʦʜʠʨʦʚʘʥʠʝ; ʟʦʣʦʯʝʥʳʝ ʢʦʥʪʘʢ-

ʪʳ; ʢʦʣʴʮʝʚʳʝ ʠʟʦʣʠʨʫʶʱʠʝ ʫʧʣʦʪʥʠʪʝʣʠ.  

¶ ɼʠʘʤʝʪʨ ʢʦʨʧʫʩʘ 154 ʤʤ.  

¶ ɺʳʩʦʪʘ ʢʦʨʧʫʩʘ (ʙʝʟ ʨʫʯʢʠ) 153 ʤʤ.  

¶ ɺʝʩ 2,7 ʢʛ (ʚʩʷ ʩʠʩʪʝʤʘ < 4,1 ʢʛ).  

¶ ʀʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ 11-28 ɺ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ.  

¶ ʊʦʢ ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʧʠʪʘʥʠʷ 12 ɺ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 75 mA.  

¶ ʂʘʣʠʙʨʦʚʢʘ ɺʩʪʨʦʝʥʥʳʡ ʢʘʣʠʙʨʘʪʦʨ: ʚʦʣʥʘ ʩʠʥʫʩʘ, ʠʤʧʫʣʴʩ ʠ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʰʫʤ.  

 

ʇʈʀʄɽʈʓ ʈɽɸʃʀɿɸʎʀʀ ʕʂʉʇʈɽʉʉ-ʄɽʊʆɼɸ 

 

ʆʙʲʝʢʪ ˉ 1. ʇʨʠʤʝʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʪʝʣʝ ʧʣʦʪʠʥʳ ʂʘʨʢʠʜʦʥʩʢʦʛʦ ʚʦ-

ʜʦʭʨʘʥʠʣʠʱʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2 ʠ 3. 

 

 
 

ʉʡʪ. 2. ʉʙʪʨʧʤʧʟʞʦʡʞ ʨʬʦʣʫʧʛ ʩʞʜʡʪʫʩʙʯʡʡ ʦʙ ʫʞʤʞ ʃʙʩʣʡʝʧʦʪʣʧʜʧ ʛʧʝʧʮʩʙʦʡʤʡʲʙ. 
 

ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʠʟʤʝʨʝʥʠʡ ʤʠʢʨʦʩʝʡʩʤ. 
 

ʊʘʙʣʠʮʘ 1  
ʉʙʪʰʞʫʦʴʞ ʨʙʩʙʥʞʫʩʴ ʡʦʪʫʩʬʥʞʦʫʙʤʵʦʧ-ʪʞʢʪʥʧʥʞʫʩʡʰʞʪʣʡʮ ʦʙʚʤʷʝʞʦʡʢ ʛ ʧʚʳʞʣʫʞ ˊ 1 

 

 ̄ Fo HVSR Kg 

1 5,783 2,911 1,47 

2 3,292 5,592 9,50 

3 5,513 1,800 0,59 

4 2,080 2,564 3,16 

5 3,578 2,42 1,64 

ʇʨʠʤʝʯʘʥʠʝ. Fo ï ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʛʨʫʥʪʦʚ, HVSR ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ, Kg ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʝʡʩʤʠʯʝʩʢʦʡ ʥʝ-
ʫʩʪʦʡʯʠʚʦʩʪʠ. 
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ʏʘʩʪʦʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʤʠʢʨʦʩʝʡʩʤ ʚ ʪʦʯʢʘʭ ʨʝʛʠʩʪʨʘʮʠʠ 5 ʠ 3 ʦʪʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 3. 

 
 

ʉʧʝʢʪʨ ʤʠʢʨʦʩʝʡʩʤ ʚ ʪʦʯʢʝ 5 ʉʧʝʢʪʨ ʤʠʢʨʦʩʝʡʩʤ ʚ ʪʦʯʢʝ 3 

 
ʉʡʪ. 3. ʊʨʞʣʫʩʴ ʥʡʣʩʧʪʞʢʪʥ ʛ ʫʧʰʣʙʮ 3 ʡ 5. 

 

ʆʪʯʝʪʣʠʚʦ ʚʠʜʥʳ ʨʘʟʣʠʯʠʷ ʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʠ ʘʤʧʣʠʪʫʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʠʢʨʦʩʝʡʩʤʠʯʝ-

ʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ʉʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʣʘ ʧʣʦʪʠʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʩʦʩʪʦʷʪ ʠʟ ʘʥʩʘʤʙʣʷ 

ʯʘʩʪʦʪ (ʤʦʜʳ ʢʦʣʝʙʘʥʠʡ), ʟʘʚʠʩʷʱʠʭ ʦʪ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʟ-

ʤʝʨʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪʩʷ çʧʘʩʧʦʨʪ ʯʘʩʪʦʪè ʚ ʦʧʦʨʥʳʭ ʪʦʯʢʘʭ ʪʝʣʘ ʧʣʦʪʠʥʳ. ɿʘʪʝʤ ʠʩʩʣʝʜʫʝʪʩʷ ʠʭ ʟʘ-

ʚʠʩʠʤʦʩʪʴ ʦʪ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ. ɼʘʣʝʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʟʘʤʝʨʦʚ ʩʣʝʜʫʶʱʠʭ ʮʠʢʣʦʚ 

ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʮʝʣʦʩʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʣʦʪʠʥʳ. 

ʆʙʲʝʢʪ ˉ 2. ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʳ ʧʫʥʢʪʳ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʥʘ ʛʨʝʙʥʝ ʭʚʦʩʪʦʭʨʘʥʠʣʠ-

ʱʘ ʚ 8-ʤʠ ʧʫʥʢʪʘʭ ʨʝʛʠʩʪʨʘʮʠʠ.  

 

 
 

ʉʡʪ. 4. ʊʮʞʥʙ ʩʙʪʨʧʤʧʟʞʦʡʸ ʨʬʦʣʫʧʛ ʩʞʜʡʪʫʩʙʯʡʡ. 

 

ʉʧʝʢʪʨʳ HVSR ʜʣʷ ʧʫʥʢʪʦʚ ʨʝʛʠʩʪʨʘʮʠʠ 1-8 ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 5. 
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ʇʫʥʢʪ ˉ1 

 
ʇʫʥʢʪ ˉ2 

 
ʇʫʥʢʪ ˉ3 

 
ʇʫʥʢʪ ˉ4 

 
ʇʫʥʢʪ ˉ5 

 
ʇʫʥʢʪ ˉ6 

 
ʇʫʥʢʪ ˉ7 

 
ʇʫʥʢʪ ˉ8 

 
ʉʡʪ. 5. ʊʨʞʣʫʩʴ HVSR ʝʤʸ ʨʬʦʣʫʧʛ ʩʞʜʡʪʫʩʙʯʡʡ 1-8. 

 

ɿʜʝʩʴ ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʧʠʢʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʨʘʞʘʶʱʠʤ 

ʛʨʘʥʠʮʘʤ ʥʘ ʛʣʫʙʠʥʘʭ 14, 20, 27 ʠ 49 ʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʩʝʡʩʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʧʫʥʢʪʦʚ ʨʝʛʠʩʪʨʘʮʠʠ 1-8. 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2  
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ʊʘʙʣʠʮʘ 2  
ʉʙʪʰʞʫʦʴʞ ʨʙʩʙʥʞʫʩʴ ʡʦʪʫʩʬʥʞʦʫʙʤʵʦʧ-ʪʞʢʪʥʧʥʞʫʩʡʰʞʪʣʡʮ ʦʙʚʤʷʝʞʦʡʢ ʛ ʧʚʳʞʣʫʞ ˊ 2 

  

ʆʙʲʝʢʪ ˉ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʢʠʨʧʠʯʥʳʤ ʟʜʘʥʠʝʤ ʢʦʤʧʣʝʢʩʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʷʪʠʵʪʘʞʥʦʝ 

ʞʠʣʦʝ ʟʜʘʥʠʝ ʧʦʩʪʨʦʝʥʦ ʚ 2008 ʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩ ʩʝʡʩʤʠʯʥʦʩʪʴʶ 8 ʙʘʣʣʦʚ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠ-

ʣʠʩʴ ʥʘ ʯʝʨʜʘʢʝ ʟʜʘʥʠʷ ʚ 6-ʪʠ ʪʦʯʢʘʭ (ʨʠʩ. 6). 

 

  

ʉʡʪ. 6. ʇʚʲʡʢ ʛʡʝ ʧʚʳʞʣʫʙ ʡ ʨʬʦʣʫ ʩʞʜʡʪʫʩʙʯʡʡ ʥʡʣʩʧʣʧʤʞʚʙʦʡʢ ʦʙ ʰʞʩʝʙʣʞ ʠʝʙʦʡʸ. 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʝʡʩʤʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥ ʮʠʬʨʦ-

ʚʦʡ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʩʝʡʩʤʦʤʝʪʨ ʉMG-6TD ʧʨʦʠʟʚʦʜʩʪʚʘ Guralp ʩ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, 

ʨʘʚʥʦʤʝʨʥʦʡ ʚ ʜʠʘʧʘʟʦʥʝ 0,03-50 ɻʮ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʩʦʩʪʘʚʠʣʘ 40 ʤʠ-

ʥʫʪ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ GEOPSY ʜʣʷ ʢʘʞʜʦʡ 

ʪʦʯʢʠ ʩʪʨʦʠʣʠʩʴ ʛʨʘʬʠʢʠ ʬʫʥʢʮʠʠ ʅʘʢʘʤʫʨʳ. ʇʦʩʣʝ ʵʪʦʛʦ ʜʣʷ ʥʝʝ ʚʳʯʠʩʣʷʣʦʩʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ 

ʫʩʢʦʨʝʥʠʝ, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʜʚʠʛ ʚ ʪʦʯʢʝ ʥʘʙʣʶʜʝʥʠʷ. 

ɼʣʷ ʢʘʞʜʦʡ ʠʩʩʣʝʜʫʝʤʦʡ ʪʦʯʢʠ ʩʦʩʪʘʚʣʝʥʳ ʬʫʥʢʮʠʠ ʅʘʢʘʤʫʨʳ, ʛʜʝ ʦʪʨʘʞʝʥʦ ʩʧʝʢʪʨʘʣʴ-

ʥʦʝ ʦʪʥʦʰʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ (ʨʠʩ. 7). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʠʢʦʚʳʝ ʯʘʩʪʦʪʳ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 3,5 ʜʦ 5,5 ɻʮ, ʘ ʘʤʧʣʠʪʫʜʘ ʦʪʥʦ-

ʝhʥʠʷ ʩʧʝʢʪʨʦʚ A (HVSR) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʶ 6,0. 

ʅʦʤʝʨ 
ʧʫʥʢʪʘ 
ʨʝʛʠʩʪʨʘ-
ʮʠʠ 

ʆʩʥʦʚʥʦʡ ʪʦʥ 
(ʨʝʟʦʥʘʥʩʥʘʷ 
ʯʘʩʪʦʪʘ), foɻʮ 

HVSR 
(ʢʦʵʬʬʠʮʠʝʥʪ 
ʧʝʨʝʜʘʯʠ) 

ʂʦʵʬʬʠʮʠʝʥʪ 
ʩʝʡʩʤʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡ-

ʯʠʚʦʩʪʠ 
ʂg 

ʋʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ 
ʢʦʣʝʙʘʥʠʡ ʧʦ ʦʪʥʦʰʝ-
ʥʠʶ ʢ ʦʩʥʦʚʘʥʠʶ 

1 8,51 2,8 
7,1 3,5 

2 2,93 2,0 
4,0 2,5 

3 8,01 3,0 
12,5 3,75 

4 6,62 3,2 
14,4 4 

5 4,25 2,4 
4,4 3 

6 5,41 5,0 
38,5 6,25 

7 4,85 3,8 
5,0 4,75 

8 7,77 2,2 
4,4 2,75 
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ʊʦʯʢʘ ˉ 1 

 
ʊʦʯʢʘ ˉ 2 

 
ʊʦʯʢʘ ˉ 3 

 
ʊʦʯʢʘ ˉ 4 

 
ʊʦʯʢʘ ˉ 5 

 
ʊʦʯʢʘ ˉ 6 

ʉʡʪ. 7. ʊʨʞʣʫʩʴ HVSR ʥʡʣʩʧʣʧʤʞʚʙʦʡʢ ʛ ʫʧʰʣʙʮ ʦʙʚʤʷʝʞʦʡʢ. 

 

ʆʙʦʙʱʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʝ-

ʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʫʩʢʦʨʝʥʠʷ, ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʢʦʪʦʨʳʭ ʟʜʘʥʠʝ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ.  
 

ʊʘʙʣʠʮʘ 3  
ʉʙʪʰʞʫʦʴʞ ʨʙʩʙʥʞʫʩʴ ʡʦʪʫʩʬʥʞʦʫʙʤʵʦʧ-ʪʞʢʪʥʧʥʞʫʩʡʰʞʪʣʡʮ ʦʙʚʤʷʝʞʦʡʢ ʛ ʧʚʳʞʣʫʞ ˊ 3 

 

ʊʦʯʢʘ ʥʘʙʣʶʜʝ-
ʥʠʷ 

ʇʨʝʦʙʣʘʜʘʶɦ ʘʷ 
ʯʘʩʪʦʪʘ (F) 

ʉʧʝʢʪʨ ʦʪʥʦʰʝ-
ʥʠʡ, ɸ, (HVSR) 

ʋʩʢʦʨʝʥʠʝ/ʧʨʝʜʝʣ ʫʩʪʦʡʯʠʚʦ-
ʩʪʠ amax, ʩʤ/ʩ2 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʷʟʚʠʤʦ-
ʩʪʠ (ʧʦ ʅʘʢʘʤʫʨʝ), K 

1 5,65 4 291,84 2,84 

2 4,05 6 231,74 8,88 

3 3,4 6 197,33 10,58 

4 3,4 6 181,74 10,58 

 

ʆʙʲʝʢʪ ˉ 4. ɻʦʩʪʠʥʠʮʘ çHiltonè ʚ ʊʘʰʢʝʥʪʝ. ɿʜʘʥʠʝ ʠʤʝʝʪ 22 ʵʪʘʞʘ. ʆʙ ʘɦ ̫ʧʣʦʱʘʜʴ 2 

453 ʤ2, ʚʢʣʶʯʘʷ 5 ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʥʬʝʨʝʥʮ-ʟʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʩʪʦʨʥʳʡ ʙʘʥʢʝʪʥʳʡ ʟʘʣ ʩ 

ʚʳʭʦʜʦʤ ʥʘ ʣʝʪʥʶʶ ʪʝʨʨʘʩʫ. ʌʫʥʜʘʤʝʥʪ ʩʚʘʡʥʳʡ ʛʣʫʙʠʥʦʡ 37 ʤ.  
 

 
 
 
 
 
 
 
 
 

ʉʡʪ. 8. ʇʚʲʡʢ ʛʡʝ ʜʧʪʫʡʦʡʯʴ çHiltonè ʛ ʋʙʱʣʞʦʫʞ. 

 

ɼʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʦʩʪʠʥʠ-

ʮʳ ʧʨʦʚʝʜʝʥʳ ʩʝʡʩʤʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʙʣʶ-

ʜʝʥʠʷ ʟʘ ʜʠʥʘʤʠʢʦʡ ʢʦʣʝʙʘʥʠʷ ʟʜʘʥʠʡ ʥʘ 

ʨʘʟʥʳʭ ʵʪʘʞʘʭ. ʇʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʳ HVSR 

ʤʠʢʨʦʢʦʣʝʙʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 8. 
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5 ʵʪʘʞ 

 
8 ʵʪʘʞ 

 
11 ɻ ʪʘʞ 

 
14 ʵʪʘʞ 

 
17 ʵʪʘʞ 

 
20 ʵʪʘʞ 

ʉʡʪ. 9. ʁʠʥʞʦʞʦʡʞ ʪʨʞʣʫʩʧʛ HVSR ʪ ʶʫʙʟʦʧʪʫʵʷ ʠʝʙʦʡʸ. 
 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʩʝʡʩʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʧʫʥʢʪʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʠ-

ʚʝʜʝʥʳ ʚ ʪʘʙʣ. 4  
ʊʘʙʣʠʮʘ 4  

ʉʙʪʰʞʫʦʴʞ ʨʙʩʙʥʞʫʩʴ ʡʦʪʫʩʬʥʞʦʫʙʤʵʦʧ-ʪʞʢʪʥʧʥʞʫʩʡʰʞʪʣʡʮ ʦʙʚʤʷʝʞʦʡʢ ʛ ʧʚʳʞʣʫʞ ˊ 4 

ʊʦʯʢʘ ʥʘʙʣʶʜʝʥʠʷ (ɻ ʪʘʞ) 
ʇʨʝʦʙʣʘʜʘʶɦ ʘʷ 
ʯʘʩʪʦʪʘ (F) 

ʉʧʝʢʪʨ ʦʪʥʦʰʝʥʠʡ, 
ɸ (HVSR) 

2 1,2 4,8 

5 1,2 14,1 

8 1,27 24,0 

11 1,35 38,0 

14 1,36 46,0 

17 1,31 46,0 

20 1,33 60,0 

 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ HVSR ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʘʤʧʣʠʪʫʜʘ 

ʦʪʥʦʰʝʥʠʡ H/V ʢʦʣʝʙʘʥʠʷ ʟʜʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩ ̫ʩ ʵʪʘʞʥʦʩʪʴʶ ʟʜʘʥʠʷ. 

ɿɸʂʃʖʏɽʅʀɽ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʩʦʦʨʫʞʝʥʠʡ ʠ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʚʳʛʦʜʝʥ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: 

1. ɼʝʰʝʚʠʟʥʘ ʠʟʤʝʨʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʮʠʬʨʦʚʳʭ ʩʝʡʩʤʦʤʝʪʨʦʚ. ʅʝʪ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʚʘʪʴ ʜʦʨʦʛʦʩʪʦʷʱʫʶ ʩʠʩʪʝʤʫ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʙʳʯʥʦ ʚʢʣʶʯʘʁ ʱʫʶ 

ʚ ʩʝʙʷ ʥʝ ʤʝʥʝʝ 5-8 ʮʠʬʨʦʚʳʭ ʜʘʪʯʠʢʦʚ, ʩʪʦʠʤʦʩʪʴ ʢʘʞʜʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 6500 ʜʦʣʣʘʨʦʚ 

ʉʐɸ. 

2. ʂʦʨʦʪʢʦʝ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʠ ʚʳʜʘʯʠ ʟʘʢʣʶʯʝ-

ʥʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʙʳʯʥʦ 2-3 ʜʥʷ ʢʘʤʝʨʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʦʩʪʘʪʦʯʥʦ. 

3. ʆʧʝʨʘʪʠʚʥʦʝ ʚʳʜʝʣʝʥʠʝ ʫʯʘʩʪʢʦʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʪ 

ʚʩʝʛʦ ʪʝʣʘ ʦʙʲʝʢʪʘ.  
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1 ʎʝʥʪʨ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʄʠʥʠʩʪʝʨʩʪʚʝ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʈʋʟ 
 2 ʀʥʩʪʠʪʫʪ ʩʝʡʩʤʦʣʦʛʠʠ ʠʤ. ɻ.ɸ.ʄʘʚʣʷʥʦʚʘ ɸʅ ʈʋʟ 
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Yanbuxtin  I .R.1, Alimuxamedov I .M.1, Zakirov  A.Sh.1, Mamaroziqov T.U.1, Musayev U.T.1, Oripov  N.K.1, 

Ibragimov A.X.2, Yuldashev E.Sh.2, Majidov  J.R.2, Islamov X.A.2 

1O'zbekiston Respublikasi Innovatsion rivojlanish vazirligi huzuridagi Ilg'or texnologiyalar markazi 
2O'zbekiston Respublikasi Fanlar Akademiyasi Gô.A. Movlonov nomidagi Seysmologiya instituti 

Gruntning seysmik barqarorlik darajasini baholashda seysmometriya va elektrotomografiya 

Annotatsiya. OʊMK hududidagi chiqindilar ombori geomaterialining seysmik barqarorligini hamda el-

ektrotomografiya darajasini baholash natijalari keltirilgan. Olingan ma'lumotlarning taqqoslanishi gruntlarning be-

qarorlik koeffitsientini, ularning namlikka to'yinganligi darajasi bilan yuqori bogôliqligini ko'rsatadi. 

Tayanch so'zlar: elektrotomografiya, suvning to'yinganligi, tuproqlarning seysmik beqarorligi. 

 
ʗʥʙʫʭʪʠʥ ʀ.ʈ.1, ɸʣʠʤʫʭʘʤʝʜʦʚ ʀ.ʄ.1, ɿʘʢʠʨʦʚ ɸ.ʐ.1, ʄʘʤʘʨʦʟʠʢʦʚ ʊ.ʋ.1, ʄʫʩʘʝʚ ʋ.ʊ.1, ʆʨʠʧʦʚ ʅ.ʂ.1, 

ʀʙʨʘʛʠʤʦʚ ɸ.ʍ. 2, ʖʣʜʘʰʝʚ ʕ.ʐ.2, ʄʘʞʠʜʦʚ ɾ.ʈ.2, ʀʩʣʘʤʦʚ ʍ.ɸ.2 

1ʎʝʥʪʨ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʤʠʥʠʩʪʝʨʩʪʚʝ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ 
2ʀʥʩʪʠʪʫʪ ʩʝʡʩʤʦʣʦʛʠʠ ʠʤ. ɻ.ɸ.ʄʘʚʣʷʥʦʚʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ 

ʉʝʡʩʤʦʤʝʪʨʠʷ ʠ ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʷ ʧʨʠ ʦʮʝʥʢʝ ʩʪʝʧʝʥʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʨʫʥʪʘ 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʝʦʤʘʪʝʨʠʘʣʘ ʦʙʲ-

ʝʜʠʥʝʥʥʦʛʦ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ɸɻʄʂ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʧʦ ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʠ. ʀʭ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʦʪʨʘʞʘʝʪ 

ʚʳʩʦʢʫʶ ʢʦʨʨʝʣʷʮʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʛʨʫʥʪʦʚ, ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʴ ʠʭ ʚʣʘʛʦʥʘʩʳʱʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʷ, ʚʦʜʦʥʘʩʳʱʝʥʠʝ, ʩʝʡʩʤʠʯʝʩʢʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʛʨʫʥʪʦʚ. 
 

Yanbukhtin I.R. 1, Alimukhamedov I.M.1, Zakirov A.Sh.1, Mamarozikov T.U.1, Musaev U.T.1, Oripov N.K.1, 

Ibragimov A.H.  2, Yuldashev E.Sh.2, Mazhidov Zh.R.2, Islamov Kh.A.2 
1Center of Advanced Technologies under the Ministry of Innovative Development of the Republic of Uzbekistan 
2Institute of Seismology named after G.A. Mavlyanov of the Academy of Sciences of the Republic of Uzbekistan 

Seismometry and electrotomography when assessing the degree of seismic stability of the soil 

Annotation. Results of assessment of degree of seismic stability of geomaterial of combined tailings stor-

age of AGMC as well as electrotomography are given. Comparison of the obtained data shows a high correlation of 

the coefficient of instability of soils with the degree of their moisture saturation. 
Keywords: electrotomography, water saturation, seismic instability of soils. 

 

ʈʘʡʦʥ ʨʘʙʦʪ ʨʘʩʧʦʣʦʞʝʥ ʚ 18 ʢʤ ʟʘʧʘʜʥʝʝ ʦʪ ʤʝʜʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ ʚ ʇʩʢʝʥʪʩʢʦʤ 

ʨʘʡʦʥʝ ʊʘʰʢʝʥʪʩʢʦʡ ʦʙʣʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ (ʨʠʩ. 1), ʚ ʧʨʝʜʛʦʨʥʦʡ ʨʘʚʥʠʥʝ ʦʪʨʦʛʦʚ ʂʫ-

ʨʘʤʠʥʩʢʦʛʦ ʭʨʝʙʪʘ. ʈʝʣʴʝʬ ʧʨʝʜʛʦʨʥʳʡ, ʩʨʝʜʥʝʚʩʭʦʣʤʣʝʥʥʳʡ, ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʘʙʩʦ-

ʣʶʪʥʳʭ ʦʪʤʝʪʦʢ ʚ ʩʪʦʨʦʥʫ ʛʦʨ. ʆʙʱʠʡ ʫʢʣʦʥ ʤʝʩʪʥʦʩʪʠ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ, ʚ ʩʪʦʨʦʥʫ ʜʦʣʠʥʳ ʨ. 

ɸʥʛʨʝʥ. ɸʙʩʦʣʶʪʥʳʝ ʚʳʩʦʪʥʳʝ ʦʪʤʝʪʢʠ 477,6-500,9 ʤ. 

ʂʣʠʤʘʪ ʨʘʡʦʥʘ ʨʘʙʦʪ ʨʝʟʢʦʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ, ʩ ʞʘʨʢʠʤ ʣʝʪʦʤ ʠ ʭʦʣʦʜʥʦʡ ʟʠʤʦʡ. ʉʨʝʜʥʷʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʠʶʣʝ ʧʣʶʩ 23,7ʦʉ, ʚ ʷʥʚʘʨʝ ï ʤʠʥʫʩ 19,9ʦʉ. ɸʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ ʚ ʠʶʣʝ ʜʦʩʪʠʛʘʝʪ 44,5ʦʉ, ʘʙʩʦʣʶʪʥʳʡ ʤʠʥʠʤʫʤ ʚ ʷʥʚʘʨʝï -29,5ʦʉ. ʅʦʨʤʘʪʠʚʥʘʷ ʛʣʫʙʠʥʘ 

ʧʨʦʤʝʨʟʘʥʠʷ ʛʨʫʥʪʘ, ʚʦʟʤʦʞʥʘʷ ʨʘʟ ʚ 10 ʣʝʪ, ï 48 ʩʤ, ʦʜʠʥ ʨʘʟ ʚ 50 ʣʝʪ ï 70 ʩʤ. ɺ ʨʘʡʦʥʝ ʨʘʙʦʪ 

ʧʨʝʦʙʣʘʜʘʝʪ ʚʦʩʪʦʯʥʦʝ, ʶʛʦ-ʚʦʩʪʦʯʥʦʝ ʠ ʟʘʧʘʜʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʦʚ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʚʝʪʨʘ 2,9 ʤ/ʩ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ï 20-25 ʤ/ʩ. 
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ʉʡʪ. 1. ʇʚʠʧʩʦʴʢ ʣʧʪʥʧʭʧʫʧʪʦʡʥʧʣ ʩʙʢʧʦʙ ʩʙʚʧʫ. 

 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʜʘʤʙʳ 

ʆʍʍ ʄʆʌ ʠ ʄʆʌ 2. ʆʙʲʝʜʠʥʝʥʥʦʝ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ (ʆʍʍ) ˉ 2 ʄʆʌ ʠ ʄʆʌ 2 ʦʙʨʘʟʦʚʘʥʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʳʨʘʚʥʠʚʘʥʠʷ ʦʪʤʝʪʦʢ ʛʨʝʙʥʝʡ ʜʘʤʙ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ˉ 2 ʄʆʌ ʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ 

ʄʆʌ 2. ʕʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʢʨʫʛʦʚʦʛʦ ʥʘʤʳʚʘ. ʋʯʘʩʪʦʢ ʨʘʙʦʪ ʩʣʦʞʝʥ ʥʘʩʳʧʥʳʤʠ 

ʤʝʣʢʠʤʠ ʠ ʧʳʣʝʚʘʪʳʤʠ ʧʝʩʢʘʤʠ ʩ ʧʨʦʩʣʦʡʢʘʤʠ ʫʧʣʦʪʥʝʥʥʳʭ ʠʣʠʩʪʳʭ ʦʪʭʦʜʦʚ ʧʫʣʴʧʳ, ʘʥʘʣʦʛʠʯ-

ʥʳʭ ʩʫʛʣʠʥʢʫ, ʣʝʩʩʦʚʠʜʥʳʤʠ ʩʫʧʝʩʷʤʠ ʠ ʩʫʛʣʠʥʢʘʤʠ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʪʝʣʘ ʜʘʤʙʳ ʠ ʩʪʝʧʝʥʠ ʨʘʟʞʠʞʝʥʠʷ ʛʨʫʥʪʦʚ ʧʨʦʚʝ-

ʜʝʥʠʝʤ ʩʝʡʩʤʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʤʧʣʝʢʩ-

ʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʚʳʧʦʣʥʝʥʦ: ʨʝʢʦʛʥʦʩʮʠʨʦʚʦʯʥʳʝ ʨʘʙʦʪ;r ʪʦʧʦʛʨʘʬʠʯʝʩʢʘ ̫ʨʘʟʙʠʚʢʘ 

ʧʨʦʬʠʣʝʡ; ʦʧʳʪʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʘʙʦʪ;r ʧʦʣʝʚʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠ;̫ ʦʙʨʘʙʦʪʢʘ ʠ ʠʥʪʝʨ-

ʧʨʝʪʘʮʠʷ ʧʦʣʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʄʝʪʦʜʠʢʘ ʠ ʘʧʧʘʨʘʪʫʨʘ. ʈʝʛʠʩʪʨʘʮʠʷ ʤʠʢʨʦʩʝʡʩʤ ʪʝʭʥʦʛʝʥʥʦʛʦ ʠ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞ-

ʜʝʥʠʷ ï ʦʧʪʠʤʘʣʴʥʳʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʤʠʥʘʥʪʥʳʭ (ʨʝʟʦʥʘʥʩʥʳʭ) ʧʝʨʠʦʜʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʚ ʫʚʝʣʠʯʝʥʠʷ ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ ʟʘ ʩʯʝʪ ʚʣʠʷʥʠʷ ʤʝʩʪʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʛʝʦʤʦʨ-

ʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʫʩʣʦʚʠʡ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ rʤʝʪʦʜʳ ʨʝʛʠʩʪʨʘʮʠʠ ʠ 

ʦʙʨʘʙʦʪʢʠ ʟʘʧʠʩʝʡ ʤʠʢʨʦʩʝʡʩʤ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʷʧʦʥʩʢʠʤ ʩʝʡʩʤʦʣʦʛʦʤ ʅʘʢʘʤʫʨʦʡ (Nakamura, 

1989): ʤʝʪʦʜ HVSR (H/V). ʇʨʠ ʵʪʦʤ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʪʨʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʣʝʙʘʥʠʡ. ʉ ʧʦʤʦʱʴʶ 

ʦʙʨʘʙʦʪʢʠ ʟʘʧʠʩʝʡ ʤʠʢʨʦʩʝʡʩʤ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʘʤʧʣʠʪʫʜʳ ʜʚʫʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪ (N-S ʠ E-W) ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʦʪʥʦʰʝ-

ʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ (H) ʢ ʚʝʨʪʠʢʘʣʴʥʦʡ (V) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ (f). ɼʘʣʝʝ ʧʦ 

ʢʨʠʚʦʡ H/V(f) ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʦʤʠʥʘʥʪʥʳʝ ʯʘʩʪʦʪʳ (ʠʣʠ ʧʝʨʠʦʜʳ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʘʤʧʣʠʪʫʜʥʳʝ 

ʫʨʦʚʥʠ ʢʦʣʝʙʘʥʠʡ [2]. 

ʉʝʡʩʤʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʣʦʱʘʜʢʝ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʳʭ 

ʩʝʡʩʤʦʤʝʪʨʦʚ CMG-6TD ʧʨʦʠʟʚʦʜʩʪʚʘ Guralp, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ (ʨʠʩ. 2). ʏʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʝʡʩʤʦʤʝʪʨʘ ʣʠʥʝʡʥʘʷ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 0,03-50 ɻʮ. ʈʘʟʨʷʜʥʦʩʪʴ ʙʣʦʢʘ 

ʦʮʠʬʨʦʚʢʠ ï 24 ʙʠʪʘ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʛʨʘʤʤ.  

ɼʣʷ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥ ʩʢʨʠʧʪ ʧʘʢʝʪʘ ʄʘʪʣʘʙ-7, ʥʘʧʠʩʘʥʥʳʡ Stephane Hans, ENTPE, 

ʌʨʘʥʮʠʷ. ʅʝʩʢʦʣʴʢʦ ʦʪʨʝʟʢʦʚ ʟʘʧʠʩʝʡ ʤʠʢʨʦʩʝʡʩʤ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʧʦ ʦʜʥʦʤʫ ʯʘʩʫ ʥʘʨʝʟʘʶʪʩʷ ʥʘ 
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ʠʥʪʝʨʚʘʣʳ ʧʦ 10 ʤʠʥʫʪ, ʚʳʯʠʩʣʷʝʪʩʷ ʜʣʷ ʥʠʭ ʩʧʝʢʪʨ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʬʠʣʴʪʨʘʮʠʷ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʩʣʫʯʘʡʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʧʦʤʝʭ. ɼʘʣʝʝ ʤʝʪʦʜʦʤ ʚʟʚʝʰʠʚʘʥʠʷ ʩʪʨʦʠʪʩʷ ʦʪʥʦʰʝʥʠʝ ʩʧʝʢʪʨʦʚ H/V 

ʢʦʤʧʦʥʝʥʪ. 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ JSesame ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʧʝʢʪʨʘʣʴʥʦʝ 

ʦʪʥʦʰʝʥʠʝ H/V (ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ). 

 

 
 

ʉʡʪ. 2. ʈʬʦʣʫʴ ʩʞʜʡʪʫʩʙʯʡʡ ʥʡʣʩʧʪʞʢʪʥ. 

 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʤʝʭʠ ʠ ʰʫʤʳ ʪʝʭʥʦʛʝʥʥʦʛʦ ʠ ʜʨ. ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚʳʨʝʟʘʶʪʩʷ ʠʟ ʚʨʝʤʝʥ-

ʥʦʛʦ ʨʷʜʘ. ʊʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ GeopSy ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ HV. 

ɹr ʣ ʨʘʩʩʯʠʪʘʥ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʞʠʞʞʝʥʠʷ ʛʨʫʥʪʦʚ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ:  

Kg=A2
0/ F0, 

ʛʜʝ ɸ ï ʦʪʥʦʰʝʥʠʝ H/V, F0 ï ʦʩʥʦʚʥʘʷ ʯʘʩʪʦʪʘ ʛʨʫʥʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʘʤʠ HVSR (ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠ-

ʢʘʣʴʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ) ʜʣʷ ʚʩʝʭ ʧʫʥʢʪʦʚ ʨʝʛʠʩʪʨʘʮʠʠ. ʉʧʝʢʪʨʳ ʧʦ ʥʝʢʦʪʦʨʳʤ ʧʫʥʢ-

ʪʘʤ ʥʘʙʣʶʜʝʥʠʷ (ʨʠʩ. 3) ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʦʪʨʘʞʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦ-

ʰʝʥʠʷ H/V ʚ ʦʜʥʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

 




