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Begali Alikulov, Latifjon Sattorov, Javlon Narziyev  
(Samarqand , O`zbekiston) 

 
CHO`L O`SIMLIKLARI BIOMASSASINING ENERGETIK MUAMMOLARNI BARTARAF  

ETISHDAGI AHAMIYATI 
 

Biz yashab turgan dunyoda ham qator global muammolar mavjud boólib, ulardan biri energiya 
muammosidir. Dunyoning global muammolari, xuddi shu dunyoda yashab kelayotgan jonivorlardek, bir-biri bilan 
chambarchas bogóliq. Keyingi 20-30 yilda insoniyat oldida gavdalangan mahsulot (eng avvalo oziq-ovqat) va 
energiya yetishmasligi, hamda ekologik muammolar, texnologiyalarni ekologik xavfsizligiga boólgan talablarni 
oshib borishi, energiya manbalari va energiya tashuvchilarning yangi va samarali usullarini yaratishni, 
zamonamizning eng dolzarb muammolari safiga koótarib qoóydi. Bu esa, biotexnologiyani yangi boólimlari: ï 
bioenergetika va metallarni biogeotexnologiyasi sohalarini jadal rivojlanishiga olib keldi [1-5]. 

Keyingi yillarda, texnologik bioenergetikaga, yaôni biologik tizimda energiyaning transformatsiyalanish 
yoóllari va mexanizmlarini oórganuvchi fan yoónalishiga boólgan munosabat tubdan oózgardi. Buning birnecha 
sabablari mavjud. Energiya bilan qurollanish ï bu jamiyatni rivojlanish darajasini belgilovchi omil hisoblanadi. 
Odatda, u yoki bu jarayonni va texnologiyani samaradorligini qiyosiy taqqoslash unga sarflanadigan energiya 
kesimida muhokama qilinadi va u, energetik analiz deb ataladi. Energetik analizni asosiy vazifasi ï muayyan 
ishlab chiqarish jarayonida, energiya manbalaridan qazib olinadigan yoki qayta tiklanadigan energoresurslardan 
hamda atrof-muhitni muhofazasini taôminlay oladigan uslublardan foydalanish darajasini yoritib berishdan iborat.  

Biomassa ï qayta tiklanuvchi energetik manba. Energiya ajratib olish mumkin bo`lgan o`simliklarning 
qismlari, shuningdek, ularning qoldiqlariga nisbatan  ñbiomassaò tushunchasi ishlatiladi [7]. Undan universal 
muqobil energetik manba sifatida foydalanib, ekologik jihatdan toza bo`lgan gaz, yoqilg`i va elektr energiyasi olish 
imkoniyati mavjud [8]. Keyingi yillarda o`simliklar biomassasidan asosan bioetanol va biogaz ajratib olishda 
foydalanilmoqda. 

Bioetanol ï etanolning bir ko`rinishi bo`lib, hozirgi kunda u yoqilg`i maqsadida o`simliklarni organik 
qoldiqlarini qayta ishlash jarayonlari natijasida olinmoqda. MAGATE ning ma`lumotlariga ko`ra, butun yer yuzida 
bir yil davomida ishlab chiqarilayotgan bioetanol miqdori 36,3 mlrd. litrga teng. Hozirda bioetanol ishlab chiqarish 
bo`yicha Braziliya butun dunyoda yetakchilik qilmoqda. Bu davlatda yoqilg`iga bo`lgan talabning 44-46 % miqdori 
bioetanol ishlab chiqarish orqali qoplanadi. AQSh, Fransiya, Hindiston, Yaponiya, Filippin, bir qator Lotin 
Amerikasi, Afrika va Osiyo davlatlarida etanol ishlab chiqarishning Braziliya tajribasi katta qiziqish bilan o`rganilib, 
keng yo`lga qo`yila boshlandi. Eng so`nggi ma`lumotlarga ko`ra, hozirgi kunda dunyoning 43 mamlakatida qoldiq 
biomassasidan etanol olish texnologiyasi yo`lga qo`yilgan va u ushbu davlatlar xalq xo`jaligining ajralmas qismiga 
aylangan [9]. Ushbu mamlakatlarda bioetanol topinambur, yernok, shaqarqamish kabi xalq xo`jaligida keng 
miqyosda foydalanish mumkin bo`lgan  o`simliklardan olinmoqda va uning bir qator salbiy jihatlari mavjuddir [10]. 

Biogaz ï organik qoldiqlarni bijg`itish orqali olinadigan energetik mahsulot hisoblanadi. Biogaz  haqidagi 
dastlabki maôlumotlar XVIII asrning boshlarida paydo bo`la boshlagan bo`lsada, texnologiyasi XX asrning 
boshlarida to`liq o`rganilgan [11]. 

Ikkinchi jahon urushi davrida Fransiya va Germaniyada elektroenergiyaga boôlgan talab katastrofa darajasi 
yetganligi sababli, biogaz olishda qishloq xoôjalik qoldiqlaridan, jumladan goôngdan foydalanishga eôtibor 
qaratishdi. 1940-yilning oôrtalariga kelib Fransiyada 2 mingdan ortiq goôngni qayta ishlovchi biogaz qurilmasi ishga 
tushirildi. Xuddi shu kabi uskunalar Vengriya fermer xoôjaliklarida ham koôplab qurildi. AQShda goôngdan biogaz 
tayyorlashga alohida eôtibor beriladi, chunki, birinchidan energetika nuqtai-nazaridan, ikkinchidan- barcha 
chorvachilik fermalarida har yili paydo boôladigan chiqindilarni biogazga aylantirilishini iqtisodiy maôqul boôlgan 
qismini yarmiga yaqini yirik chorvachilik komplekslarida, (yirik shoxli hayvonlar, choôchqalar va parranda boquvchi 
komplekslarda) toôplanishidir. Germaniyani chorvachiligida har yili 200 million tonna  shu jumladan, 70 million 
tonna  suyuq holatda goông toôplanadi. Olim va mutaxassislarni hisob-kitobiga qaraganda, yuqorida koôrsatilgan 
miqdordagi goông biogaz qurulmalarida qayta ishlanganda energiyaga boôlgan umummilliy talablarni 4 % ga teng 
boôlgan miqdorda energiya olish mumkin boôlar ekan. Buyuk Britaniyada mamlakatni tabiiy gazga boôlgan talabini 
3,2 % biogaz orqali qondirilar ekan. Umumiy yirik shoxli hayvonlar, choôchqalar va parrandalar goônggini qayta 
ishlanganda har yili 2,3 million tonna neftga ekvivalent boôlgan gaz ishlab chiqarish mumkin ekan. Yaponiyani 
qishloq xoôjaligida har yili 56,5 million tonna goông oqavalari hosil boôladi. Bu miqdordagi goôngni toôligôicha qayta 
ishlanganda, 1,7 mlrd.m

3
 gaz yoki 1 million tonna neft oôrnini bosa oladigan energiya toôplanar ekan. Bu 

mamlakatda chorvachilik mahsulotlari yetishtirishni jadal rivojlantirish dasturi asosida faoliyat olib borilib, bu 
texnologiyaga alohida eôtibor berilmoqda. Rossiyada ham biogaz ishlab chiqarish boôyicha katta potensial mavjud. 
ar yili chorvachilik fermalarida 665 million tonna goông hosil boôladi, buni har bir tonnasidan anaerob sharoitda 
bijgôitish orqali issiqlik chiqarishi 5600-6300 kkal/m

3
ga teng boôlgan 15-20 m

3 
biogaz ishlab chiqarish mumkin. 

Hindistonni energetika siyosatini asosiy prinsiplaridan biri- qishloq hududlarida biogaz ishlab chiqarishdir. 
Bu sohaga oid fundamental va amaliy izlanishlar koôproq Hindiston texnologiya institutining biokimyoviy 
muhandislik markazida olib boriladi. Bu mamlakat olimlarining fikricha har yili toôplanadigan 300 million tonna 
qoramol goôngini biogazga aylantirilganda, 33 million tonna neft energiyasiga teng boôlgan energiya toôplash 
mumkin (0,11 t neft energiyasi 1 tonna goôngdan olinadigan energiyaga teng). Bugungi kunda Hindistonda 1 
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milliondan koôproq kichik biogaz ishlab chiqaradigan qurulmalar (daydjestrlar) ishlab turibdi.Bu texnologiya 
Xitoyda juda ham rivojlangan. Bu mamlakatda 200 million dan koôproq qurilmalar ishlaydi. Shunisi eôtiborga 
sazovorki, mamlakatda daydjestrlardan foydalanishni nazorat qilish organlari tashkil etilgan. Alohida yashovchi 
har bir oilada daydjestrlar oôrnatilgan, ayniqsa ular  shahar joylardan uzoq joylarda, chorvachilik va parrandachilik 
fermalarida, kichik ishlab chiqarish korxonalarida va boshqa joylarda ko`p o`rnatilgan. Biogaz tayyorlash 
texnologiyasi Fillipinda, Gvatemaleda, Isroilda keng tarqalgan. Bu davlatlarda doimiy (toôxtovsiz) metanizatsiya 
jarayoni chorva mollari va parrandalari chiqindilaridan tashqari, organik modda saqlovchi xilma-xil chiqindilarda, 
jumladan o`simlik biomassa qoldiqlarida ham amalga oshirilmoqda [12]. Mutaxassislarning fikricha, yer yuzida har 
yili hosil bo`ladigan biomassalardan ajraladigan energiya miqdori nazariy jihatdan 2900 Edj/yil ga teng [13].  

  

 
 

1-chizma. O`zbekistonda mavjud uglevodorodlar zahirasi miqdori, mlrd tonna neftga ekvivalent hisobida  
 

Hozirgi kunda O`zbekistonda birlamchi energetik manbalar sifatida tabiiy gaz (91,8%), neft (7,0 %), 
gidroenergetika (1,3 %), ko`mir (0,01%) va boshqalar (0,03%)dan keng foydalanilmoqda [14]. O`zbekistonda 
mavjud uglevodorodlar zahirasi taxminan 5,1 milliard tonna neftga ekvivalent miqdorda bo`lib, jumladan neft 
taxminan 245 mln tonna, tabiiy gaz 1979 mln tonna va ko`mir 2850 mln tonna neftga ekvivalent miqdordagi 
zahiraga ega (1-chizma). Respublikamizda aholi soni dinamikasi bugungi kundagi ko`rsatkichga teng bo`lganda,  
mavjud neft zahiralari 10-12 yilga, tabiiy gaz zahiralari 28-30 yilga, ko`mir zahiralari esa 50 yildan ortiqroq 
muddatga yetishi basharot qilinmoqda [15]. 

 1-jadval 
O`zbekistonda energiyaning muqobil manbalaridan foydalanish imkoniyatlari 

Muqobil energetik 
manbalar 

Maqsadli foydalanish yo`nalishlari ñ+ò soni 

Elektr 
energiyasi 

Yoqilg`i Motor 
yoqilg`isi 

Qayta ishlash 
imkoniyati 

Gidroenergetika + - - - 1 

Quyosh energiyasi + + - - 2 

Biomassalar energiyasi + + + - 3 

Shamol energiyasi + - - - 1 

 
Yuqoridagi muammolardan kelib chiqqan holda O`zbekistonda energiya ishlab chiqarishning noan`anaviy 

usul va texnologiyalarini ishlab chiqish, ular uchun muqobil energetik manbalar yaratish hamda  ularni amaliyotga 
tadbiq etishga qaratilgan ilmiy-tadqiqot ishlariga alohida e`tibor qaratilmoqda (jumladan, Oózbekiston Respublikasi 
Prezidentining ñMuqobil energiya manbalarini yanada rivojlantirish chora-tadbirlari to`g`risidaògi  ˉ ʇʌ ï 4512 
sonli farmoni, 2013-yil 1-mart). Chunki, iqtisodiy taraqqiy etgan va rivojlanib borayotgan mamlakatlarda 
uglevodorod xomashyosining jahon miqyosida kamayib borayotgan sharoitda iqtisodiyotning barqaror rivojlanishi 
va raqobatbardoshligini oshirishning eng muhim omili sifatida muqobil energetik manbalardan foydalanish 
imkoniyatlarini o`rganish muhim ahamiyat kasb etadi [6].  

O`zbekiston hududining katta qismi cho`l zonasiga to`g`ri keladi. Cho`llar o`ziga xos floristik tarkibga ega 
bo`lib, ular asosan mayda shoxli qoramollar uchun ozuqa sifatida foydalaniladi. Ammo cho`l o`simliklari orasida 
ayrim o`simliklar guruhlari xalq xo`jaligida maqsadli foydalanilmaydigan, ammo ko`p biomassa hosil qiladigan 
turlarga boy. Ular yog`ochligi nisbatan og`ir, tez sinuvchan va yaxshi yoqilg`i bo`ladigan poyaga ega bo`lib, issiqlik 
koloriyasi ko`mirdan qolishmaydi. Bu o`simliklarning poyalarini an`anaviy usulda yoqib to`liq kuydirgan holda 
foydalansak, katta hajmda CO2 ajralib, atrof-muhitning ifloslanishiga sabab bo`ladi [16]. Cho`l  o`simliklari  
biomassalaridan oqilona foydalanish uchun ularni fermentatsiyalash asosida bioetanol, biogaz yoki bioo`g`itlar 
olish texnologiyalarini amaliy jihatdan o`rganish yuqorida keltirilgan energetik muammolarni bartaraf etishda 
muhim rol o`ynaydi deb hisoblaymiz.  

Cho`l o`simliklari biomassasidan energiya manbayi sifatida foydalanish biomassani har yili qaytadan paydo 
boôlishi; yigôilgan energiyani saqlanishi va uzoq muddat davomida hohlagan holatda ishlatilishi mumkinligi; bu 
energiyani boshqa turdagi energiyaga oôtkaza olish mumkinligi; baôzi mintaqalarda esa issiqlikni bu manbayi, 
tabiiy issiqlik manbalaridan arzonroq turishi; ekologik toza issiqlik manbai boôlganligi; undan foydalanganda atrof-
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muhitga oltingugurtni zaharli oksidlari paydo boôlmasligi; atmosferadagi karbonat angidridi balansini 
oôzgartirmasligi kabi sabablar bilan bog`liqdir. 
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ʀʩʤʘʡʠʣʦʚʘ ʄ.ɸ. 
(ʉʘʤɻʋ, ʋʟʙʝʢʠʩʪʘʥ)  

 
ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ɻʀʇʆʊʀʈɽʆɿɸ ʀ ʊʀʈɽʆʊʆʂʉʀʂʆɿɸ ʅɸ ʇʈʆʃʀʌɽʈɸʊʀɺʅʋʖ 
ɸʂʊʀɺʅʆʉʊʔ ʂʈɸʉʅʆɻʆ ʂʆʉʊʅʆɻʆ ʄʆɿɻɸ ʋ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ ɾʀɺʆʊʅʓʍ ʉ 

ʀʄʇʃɸʅʊʀʈʆɺɸʅʅʆʁ ʆʇʋʍʆʃʔʖ ɸʂɸʊʆʃ 
 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ in vivo ʥʘ ʤʦʜʝʣʠ ʦʧʫʭʦʣʝʚʦʛʦ ʰʪʘʤʤʘ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʪʦʣʩʪʦʛʦ ʢʠʰʝʯʥʠʢʘ 
ɸʂɸʊʆʃ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʛʠʧʦʪʠʨʝʦʟʘ ʠ ʪʠʨʝʦʪʦʢʩʠʢʦʟʘ ʥʘ ʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 
ʢʨʘʩʥʦʛʦ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʫ ʤʳʰʝʡ ʣʠʥʠʠ BALB/c. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʞʠʚʦʪʥʳʝ ʙʳʣʠ ʨʘʟʙʠʪʳ ʥʘ 4 ʛʨʫʧʧʳ: 
I ʛʨʫʧʧʘ ï ʞʠʚʦʪʥʳʤ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʪʠʨʝʦʠʜʵʢʪʦʤʠʷ (ʫʜʘʣʝʥʠʝ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ), ʯʪʦ ʚʳʟʚʘʣʦ 
ʛʠʧʦʪʠʨʝʦʟ, ʪ.ʝ. ʥʝʜʦʩʪʘʪʦʢ ʊ4 ʚ ʦʨʛʘʥʠʟʤʝ; II ʛʨʫʧʧʘ ï ʞʠʚʦʪʥʳʝ ʧʦʣʫʯʘʣʠ  ʊ4 per os ʚ ʚʳʩʦʢʦʡ (5 ʤʛ/ʢʛ) 
ʜʦʟʝ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʨʘʟʚʠʪʠʶ ʪʠʨʝʦʪʦʢʩʠʢʦʟʘ, ʪ.ʝ. ʠʟʙʳʪʢʫ ʊ4 ʚ ʦʨʛʘʥʠʟʤʝ; III ʛʨʫʧʧʘ ï ʞʠʚʦʪʥʳʝ-
ʦʧʫʭʦʣʝʥʦʩʠʪʝʣʠ ʥʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʥʠʢʘʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ;  IV ʛʨʫʧʧʘ ï ʢʦʥʪʨʦʣʴ, ʠʥʪʘʢʪʥʳʝ ʟʜʦʨʦʚʳʝ 
ʞʠʚʦʪʥʳʝ, ʢʦʪʦʨʳʤ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ ʠʤʧʣʘʥʪʘʮʠʷ ʦʧʫʭʦʣʠ [1]. ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 
ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʢʣʝʪʦʯʥʦʛʦ ʩʦʩʪʘʚʘ ʢʨʘʩʥʦʛʦ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʫ ʤʳʰʝʡ ʣʠʥʠʠ BALB/c ʩ 
ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʦʡ ʦʧʫʭʦʣʴʶ ɸʂɸʊʆʃ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʛʠʧʦʪʠʨʝʦʟʘ (ʛʨʫʧʧʘ I) ʧʨʠʚʝʣʦ ʢ 
ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʙʦʣʴʰʠʭ, ʩʨʝʜʥʠʭ ʣʠʤʬʦʮʠʪʦʚ ʠ ʙʣʘʩʪʦʚ (ʥʘ 32,3%, 32,4% ʠ 37,88% 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ IV), ʯʠʩʣʦ ʤʘʣʳʭ ʣʠʤʬʦʮʠʪʦʚ, ʥʘʧʨʦʪʠʚ, 
ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʥʘ  63,6%. ʄʠʪʦʪʠʯʝʩʢʘʷ ʠ ʘʧʦʧʪʦʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʣʝʪʦʢ ʢʨʘʩʥʦʛʦ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʚ 
ʛʨʫʧʧʝ I ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʥʪʨʦʣʷ (ʛʨʫʧʧʘ IV). 
ʉʥʠʞʝʥʠʝ ʯʠʩʣʘ ʙʦʣʴʰʠʭ, ʩʨʝʜʥʠʭ ʣʠʤʬʦʮʠʪʦʚ ʠ ʙʣʘʩʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʤʘʣʳʭ ʣʠʤʬʦʮʠʪʦʚ 
(ʢʣʝʪʢʠ ɻʦʚʘʣʣʦ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʢʪʠʚʥʳʭ ʨʝʧʘʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʢʦʩʪʥʦʤ ʤʦʟʛʝ 
ʤʳʰʝʡ ʚ ʫʩʣʦʚʠʷʭ ʛʠʧʦʪʝʨʠʦʟʘ [2, 3].  
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ʊʘʙʣʠʮʘ-1 
ɺʣʠʷʥʠʝ ʛʠʧʦʪʠʨʝʦʟʘ ʠ ʪʠʨʝʦʪʦʢʩʠʢʦʟʘ ʥʘ ʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʢʣʝʪʦʯʥʳʡ ʩʦʩʪʘʚ ʢʨʘʩʥʦʛʦ 

ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʫ ʤʳʰʝʡ ʣʠʥʠʠ BALB/c ʩ ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʦʡ ʦʧʫʭʦʣʴʶ ɸʂɸʊʆʃ 

ɻʨʫʧʧʳ ʃʠʤʬʦʮʠʪʳ, % ɹʣʘʩʪʳ, 
% 

ʄʀ, ă ɸʀ, ă 

ʙʦʣʴʰʠʝ ʩʨʝʜʥʠʝ ʄʘʣʳʝ 

ɻʨʫʧʧʘ I. ɻʠʧʦʪʠʨʝʦʟ  10,1Ñ1,05* 16,0Ñ1,82* 48,6Ñ2,62* 25,1Ñ2,61* 0,62Ñ0,1 0,40Ñ0,1 

ɻʨʫʧʧʘ II. ʊʠʨʝʦʪʦʢʩʠʢʦʟ 21,7Ñ1,07* 18,6Ñ0,47 20,1Ñ1,29* 39,6Ñ0,93 0,76Ñ0,07 0,32Ñ0,08 

ɻʨʫʧʧʘ III. ʀʥʪʘʢʪʥʳʝ 
ʞʠʚʦʪʥʳʝ-ʦʧʫʭʦʣʝʥʦʩʠʪʝʣʠ 

19,5Ñ1,02* 14,6Ñ0,92* 26,8Ñ2,78 39,1Ñ2,42 0,7Ñ0,1 0,43Ñ0,06 

ɻʨʫʧʧʘ IV. ɿʜʦʨʦʚʳʝ 
ʞʠʚʦʪʥʳʝ ʙʝʟ ʠʤʧʣʘʥʪʘʮʠʠ 
ʦʧʫʭʦʣʠ 

14,9Ñ1,13 20,6Ñ1,35 29,7Ñ3,03 34,8Ñ2,48 0,46Ñ0,1 0,39Ñ0,09 

ʇʨʠʤʝʯʘʥʠʝ: * - p<0,05 (ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʛʨʫʧʧʦʡ IV) 
 
ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʤʘʣʳʝ ʣʠʤʬʦʮʠʪʳ ʷʚʣʷʶʪʩʷ ʤʦʣʦʜʳʤʠ ʬʦʨʤʘʤʠ, ʚʳʰʝʜʰʠʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ 

ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʠ ʦʙʣʘʜʘʶʱʠʤʠ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʧʦʣʠʧʦʪʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʠ 
ʣʠʤʬʦʮʠʪʳ ʫʯʘʩʪʚʫʶʪ ʚ ʫʥʠʯʪʦʞʝʥʠʠ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʚʠʨʫʩʦʤ ʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʚ ʨʝʘʢʮʠʷʭ 
ʢʣʝʪʦʯʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ. ʇʨʠ ʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʠʣʠ ʦʧʫʭʦʣʝʚʦʡ ʧʘʪʦʣʦʛʠʠ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʤʦʞʝʪ 
ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʪʴ [4]. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʩʥʠʞʝʥʠʝ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʙʦʣʴʰʠʭ, ʩʨʝʜʥʠʭ 
ʣʠʤʬʦʮʠʪʦʚ ʠ ʙʣʘʩʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʛʥʝʪʝʥʠʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʠʤʤʫʥʥʦʡ ʟʘʱʠʪʳ ʚ ʫʩʣʦʚʠʷʭ 
ʜʝʬʠʮʠʪʘ ʪʠʨʝʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ. ʋʩʣʦʚʠʷ ʪʠʨʝʦʪʦʢʩʠʢʦʟʘ (ʛʨʫʧʧʘ II) ʠʥʜʫʮʠʨʦʚʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 
ʙʦʣʴʰʠʭ ʣʠʤʬʦʮʠʪʦʚ ʠ ʙʣʘʩʪʦʚ (ʥʘ 45,6% ʠ 13,79% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ  
ʛʨʫʧʧʦʡ IV). ʂʦʣʠʯʝʩʪʚʦ ʤʘʣʳʭ ʣʠʤʬʦʮʠʪʦʚ, ʥʘʧʨʦʪʠʚ, ʫʤʝʥʴʰʘʣʦʩʴ ʥʘ 32,4%. ʄʠʪʦʪʠʯʝʩʢʘʷ ʠ 
ʘʧʦʧʪʦʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʣʝʪʦʢ ʢʨʘʩʥʦʛʦ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʚ ʛʨʫʧʧʝ I ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦ ʥʝ 
ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʥʪʨʦʣʷ (ʛʨʫʧʧʘ IV). ʆʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʦʣʴʰʠʭ ʣʠʤʬʦʮʠʪʦʚ 
ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʢʠʣʣʝʨʘʤʠ, ʧʨʠʥʠʤʘʶʱʠʤʠ ʫʯʘʩʪʠʝ ʚ ʫʥʠʯʪʦʞʝʥʠʠ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ 
ʚʠʨʫʩʦʤ, ʦʧʫʭʦʣʝʚʳʭ, ʤʫʪʘʥʪʥʳʭ ʠ ʯʫʞʝʨʦʜʥʳʭ ʢʣʝʪʦʢ ʧʨʠ ʧʦʤʦʱʠ ʨʝʘʢʮʠʠ ʩʧʦʥʪʘʥʥʦʡ  
ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ [5, 6]. ʇʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʙʦʣʴʰʠʭ ʣʠʤʬʦʮʠʪʦʚ ʚ ʢʨʦʚʠ ʷʚʣʷʝʪʩʷ ʘʜʝʢʚʘʪʥʦʡ 
ʨʝʘʢʮʠʝʡ ʠʤʤʫʥʠʪʝʪʘ ʚ ʦʪʚʝʪ ʥʘ ʘʥʪʠʛʝʥʥʦʝ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʘʢʪʠʚʘʮʠʶ ʠʤʤʫʥʥʦʡ 
ʟʘʱʠʪʳ ʦʨʛʘʥʠʟʤʘ ʚ ʦʪʚʝʪ ʥʘ ʨʘʟʚʠʪʠʝ ʢʘʥʮʝʨʦʛʝʥʝʟʘ. ɼʣʷ ʛʨʫʧʧʳ III (ʞʠʚʦʪʥʳʝ-ʦʧʫʭʦʣʝʥʦʩʠʪʝʣʠ ʙʝʟ 
ʢʘʢʦʛʦ-ʣʠʙʦ ʚʦʟʜʝʡʩʪʚʠʷ) ʙʳʣʦ ʭʘʨʘʢʪʝʨʥʳʤ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʙʦʣʴʰʠʭ ʣʠʤʬʦʮʠʪʦʚ (ʥʘ 30,87%) ʠ 
ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʨʝʜʥʠʭ ʣʠʤʬʦʮʠʪʦʚ (ʥʘ 29,2%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ IV. ʉʨʝʜʥʠʝ ʣʠʤʬʦʮʠʪʳ ʠʤʝʶʪ ʜʠʘʤʝʪʨ ʦʢʦʣʦ 10-12 ʤʢʤ 
ʠ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʥʦʡ ʧʫʣ ʣʠʤʬʦʠʜʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʊ- ʠ ɺ-ʣʠʤʬʦʮʠʪʳ, 
ʧʨʠʥʠʤʘʶʱʠʝ ʫʯʘʩʪʠʝ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʨʝʘʢʮʠʡ ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʨʦʪʠʚ 
ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʘʪʦʛʝʥʦʚ. ʉʥʠʞʝʥʠʝ ʯʠʩʣʘ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʢʣʝʪʦʯʥʦʛʦ ʩʦʩʪʘʚʘ ʢʨʘʩʥʦʛʦ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ 
ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʩʪʦʱʝʥʠʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʠʤʤʫʥʥʦʡ ʟʘʱʠʪʳ ʦʨʛʘʥʠʟʤʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʙʳʪʦʢ 
ʪʠʨʝʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ ʩʪʠʤʫʣʠʨʫʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʠʤʤʫʥʠʪʝʪ ʚ ʫʩʣʦʚʠʷʭ 
ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʘʥʮʝʨʦʛʝʥʝʟʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʘʪʦʣʦʛʠʠ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʠʣʠ ʞʝ ʩʥʠʞʝʥʠʝ 
ʪʠʨʝʦʠʜʥʦʛʦ ʩʪʘʪʫʩʘ (ʢʘʢ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʜʣʷ ʛʨʫʧʧʳ III) ʩʤʝʱʘʶʪ ʢʣʝʪʦʯʥʳʡ ʩʦʩʪʘʚ ʢʨʘʩʥʦʛʦ 
ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʚ ʩʪʦʨʦʥʫ ʨʝʧʘʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʫʛʥʝʪʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ 
ʠʤʤʫʥʥʫʶ ʟʘʱʠʪʫ ʦʨʛʘʥʠʟʤʘ.   
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ʆʣʝʥʘ ʍʠʞʘʥ, ʆʣʝʢʩʘʥʜʨ ʍʠʞʘʥ 
(ʂʠʾʚ, ʋʢʨʘʾʥʘ) 

 
ɸʅʊʀʈɸɼʀʂɸʃʔʅɸ ɸʂʊʀɺʅɯʉʊʔ ʇɯʈʀʄɯɼʀʃɻɯɼʈɸɿʆʅɯɺ 

 
ʈʘʜʠʢʘʣʴʥʦ-ʣʘʥʮʶʛʦʚʽ ʧʨʦʮʝʩʠ ʦʢʠʩʥʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʩʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʧʦʣʽʤʝʨʽʚ, ʦʩʤʦʣʝʥʥʶ ʧʘʣʠʚʘ ʪʘ ʽʥ. ɼʣʷ ʫʧʦʚʽʣʴʥʝʥʥʷ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ 
ʘʥʪʠʦʢʩʠʜʘʥʪʠ [1]. ɹʽʦʘʥʪʠʦʢʩʠʜʘʥʪʠ ʤʦʞʫʪʴ ʟʘʧʦʙʽʛʪʠ ʨʫʡʥʽʚʥʦʾ ʜʽʾ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ ʥʘ ʢʣʽʪʠʥʠ ʞʠʚʠʭ 
ʦʨʛʘʥʽʟʤʽʚ. ʆʜʥʠʤʠ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʽ ʙʽʦʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʻ ʧʽʨʠʤʽʜʠʣʛʽʜʨʘʟʦʥʠ. ɺ ʩʪʨʫʢʪʫʨʽ 
ʮʠʭ ʩʧʦʣʫʢ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʤʽʩʪʠʪʴʩʷ ʬʨʘʛʤʝʥʪ ʧʽʨʠʤʽʜʠʥʫ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ ï ʬʨʘʛʤʝʥʪ ʛʽʜʨʘʟʦʥʫ ʟ ʣʘʙʽʣʴʥʠʤ 
NH-ʟʚ'ʷʟʢʦʤ. ʇʽʨʠʤʽʜʠʥʦʚʝ ʷʜʨʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʙʽʦʣʦʛʽʯʥʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ. ɺʽʜʦʤʦ [2, 3], ʱʦ 
ʛʽʜʨʘʟʦʥʠ ʦʙʨʠʚʘʶʪʴ ʣʘʥʮʶʛʠ ʧʦ ʨʝʘʢʮʽʾ ʟ ʧʝʨʦʢʩʠʣʴʥʠʤʠ ʨʘʜʠʢʘʣʘʤʠ. ʊʦʤʫ ʧʦʻʜʥʘʥʥʷ ʚ ʩʢʣʘʜʽ ʤʦʣʝʢʫʣʠ 
ʬʨʘʛʤʝʥʪʽʚ ʟ ʙʽʦʣʦʛʽʯʥʦʶ ʽ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʚ ʧʦʰʫʢʫ ʥʦʚʠʭ ʝʬʝʢʪʠʚʥʠʭ 
ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʽ ʙʽʦʘʥʪʠʦʢʩʠʜʘʥʪʽʚ. ʄʦʜʝʣʣʶ ʜʣʷ ʚʠʚʯʝʥʥʷ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʧʦʣʫʢ ʤʦʞʝ ʙʫʪʠ 
ʨʝʘʢʮʽʷ ʟ ʚʽʣʴʥʠʤ ʩʪʘʙʽʣʴʥʠʤ ʨʘʜʠʢʘʣʦʤ ʜʠʬʝʥʽʣʧʽʢʨʠʣʛʽʜʨʘʟʠʣʦʤ [1]. ʊʘʢʠʡ ʨʘʜʠʢʘʣ ʟʜʘʪʥʠʡ ʚʽʜʨʠʚʘʪʠ 
ʘʪʦʤ ʛʜ̔ʨʦʛʝʥʫ ʚʽʜ ʤʦʣʝʢʫʣ ʜʝʷʢʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ (ʬʝʥʦʣʠ, ʘʨʦʤʘʪʠʯʥʽ ʘʤʽʥʠ, ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ). 
ɼʦʩʣʽʜʞʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʧʽʨʠʤʽʜʠʣʛʽʜʨʘʟʦʥʚ̔ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʪʘʙʽʣʴʥʦʛʦ ʨʘʜʠʢʘʣʫ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ 
ʧʝʨʚʠʥʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʽʚʝʥʴ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʮʴʦʛʦ ʨʷʜʫ ʨʝʯʦʚʠʥ. ʄʝʪʦʶ ʮʴʦʛʦ 
ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʦ ʚʠʚʯʝʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʽʨʠʤʽʜʠʣʛʽʜʨʘʟʦʥʽʚ ʚ ʨʝʘʢʮʽʾ ʟʽ ʩʪʘʙʽʣʴʥʠʤ ʨʘʜʠʢʘʣʦʤ 
ʜʠʬʝʥʽʣʧʽʢʨʠʣʛʽʜʨʘʟʠʣʦʤ.  

ʂʽʥʝʪʠʢʘ ʨʝʘʢʮʽʾ ʧʽʨʠʤʽʜʠʣʛʽʜʨʘʟʦʥʽʚ (ʇɻ) ʟ ʜʠʬʝʥʽʣʧʽʢʨʠʣʛʽʜʨʘʟʠʣʦʤ (ɼʌʇɻ) ʚʠʚʯʘʣʘʩʷ 
ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʚ ʨʽʟʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ (ʛʝʢʩʘʥ, ʙʝʥʟʦʣ). ɼʣʷ ʚʠʚʯʝʥʥʷ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʾ 
ʘʢʪʠʚʥʦʩʪʽ ʧʽʨʠʤʽʜʠʣʛʽʜʨʘʟʦʥʽʚ ʚ ɯʥʩʪʠʪʫʪʽ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʚʫʛʣʝʭʽʤʽʾ ʽʤ. ʃ.ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ 
ʋʢʨʘʾʥʠ ʙʫʣʠ ʩʠʥʪʝʟʦʚʘʥʽ ʽ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ: 
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ʅʫʤʝʨʘʮʽʷ ʩʧʦʣʫʢ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʣʘʜʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʚʽʜʥʦʩʥʦʛʦ 

ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʘʢʪʠʚʥʽʩʪʴ ʬʝʥʽʣʛʽʜʨʘʟʦʥʫ ʙʝʥʟʘʣʴʜʝʛʽʜʫ, 
ʜʠʬʝʥʽʣʘʤʽʥʫ, ʪʠʧʦʚʦʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʫ ï ʽʦʥʦʣʫ (4-ʤʝʪʠʣ-2,6-ʜʠʪʨʝʪʙʫʪʽʣʬʝʥʦʣ). 

ʈʦʟʯʠʥʠ ʛʽʜʨʘʟʦʥʽʚ ʽʟ ɼʌʇɻ ʟʤʽʰʫʚʘʣʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʢʶʚʝʪʽ ʧʨʠʣʘʜʫ ʚ ʝʢʚʽʤʦʣʷʨʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ 10
-3

-10
-5

 ʤʦʣÖɹʣ
-1

 ʽ ʨʝʻʩʪʨʫʚʘʣʠ ʟʤʽʥʫ ʦʧʪʠʯʥʦʾ 
ʛʫʩʪʠʥʠ ɼʌʇɻ ʚ ʯʘʩʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 296ʂ. 

ʅʘ ʨʠʩ.1 ʥʘʚʝʜʝʥʽ ʢʽʥʝʪʠʯʥʽ ʢʨʠʚʽ ʚʠʪʨʘʯʘʥʥʷ ɼʌʇɻ ʧʨʠ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ ʟ ʛʽʜʨʘʟʦʥʘʤʠ ʨʽʟʥʦʾ ʙʫʜʦʚʠ ʚ 
ʨʦʟʯʠʥʽ ʛʝʢʩʘʥʫ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʝʘʢʮʽʷ ʤʘʻ ʧʝʨʰʠʡ ʧʦʨʷʜʦʢ ʷʢ ʧʦ ɼʌʇɻ, ʪʘʢ ʽ ʧʦ ʛʽʜʨʘʟʦʥʫ. ʂʽʥʝʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ 
ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ɼʌʇɻ ʟ ʧʽʨʠʤʽʜʠʣʛʽʜʨʘʟʦʥʘʤʠ (ʇɻ) ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

 
V = k[ɼʌʇɻ][ʇɻ]. 

 
ʈʠʩ. 1. ʂʽʥʝʪʠʯʥʽ ʢʨʠʚʽ ʚʠʪʨʘʯʘʥʥʷ ɼʌʇɻ ʚ ʨʝʘʢʮʽʾ ʟ ʧʽʨʠʤʽʜʠʣʛʽʜʨʘʟʦʥʘʤʠ  1 ïʩʧʦʣʫʢʘ ˉ3, 2 ï 

ʩʧʦʣʫʢʘ ˉ1, 3- ʙʝʟ ʛʽʜʨʘʟʦʥʫ. ʈʦʟʯʠʥʥʠʢ - ʛʝʢʩʘʥ. ʊ = 296 ʂ. 
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ʂʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ɼʌʇɻ ʟ ʛʽʜʨʘʟʦʥʘʤʠ ʚ ʛʝʢʩʘʥʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1. ɿ ʜʘʥʠʭ ʪʘʙʣʠʮʽ 
ʚʠʧʣʠʚʘʻ, ʱʦ ʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ ʰʚʠʜʢʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʘʢʮʽʡ ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʫʜʦʚʠ 
ʧʽʨʠʤʽʜʠʣʛʽʜʨʘʟʦʥʽʚ. ɺʽʜʩʫʪʥʽʩʪʴ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʫ ʧʽʨʠʤʽʜʠʥʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʨʝʘʢʮʽʡʥʠʤʠ 
ʮʝʥʪʨʘʤʠ ʚ ʤʦʣʝʢʫʣʽ ʧʽʨʠʤʽʜʠʣʛʽʜʨʘʟʦʥʫ, ʧʦ ʷʢʦʤʫ ʡʜʝ ʨʝʘʢʮʽʷ ʟ ɼʌʇɻ, ʻ NH-ʛʨʫʧʘ ʛʽʜʨʘʟʦʥʦʚʦʛʦ 
ʬʨʘʛʤʝʥʪʫ ʘʙʦ ʆʅ-ʛʨʫʧʘ ʘʣʴʜʝʛʽʜʥʦʾ ʯʘʩʪʠʥʠ ʤʦʣʝʢʫʣʠ. ʅʘ ʧʽʜʩʪʘʚʽ ʮʴʦʛʦ ʩʭʝʤʫ ʨʝʘʢʮʽʾ ʜʣʷ ʩʧʦʣʫʢʠ 1 
ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʪʘʢʠʤ ʯʠʥʦʤ: 
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ʊʘʙʣʠʮʷ 1 
ʂʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʧʽʨʠʤʽʜʠʣʛʽʜʨʘʟʦʥʽʚ ʟ ɼʌʇɻ. ʊ=296ʂ 

 
ʉʧʦʣʫʢʘ 

k, 
ʣĿʤʦʣʴ

-1
Ŀʩ

-1
 

ʛʝʢʩʘʥ ʙʝʥʟʦʣ 

1 12,1Ñ0,8 4,2Ñ0,1 

2 0,1Ñ0,01 ʉʣʘʙʦ ʨʝʘʛʫ ̒

3 37Ñ2 7,6Ñ0,6 

ʌʝʥʽʣʛʽʜʨʘʟʦʥ ʙʝʥʟʘʣʴʜʝʛʽʜʫ 115Ñ5 11Ñ1 

ɯʦʥʦʣ 1,5Ñ0,2 0,27Ñ0,01 

 
ɿʘʤʽʥʘ ʬʝʥʽʣʴʥʦʾ ʯʘʩʪʠʥʠ ʤʦʣʝʢʫʣʠ ʥʘ ʛʝʪʝʨʦʮʠʢʣʽʯʥʫ ʫ ʩʢʣʘʜʽ ʧʽʨʠʤʽʜʠʣʛʽʜʨʘʟʦʥʽʚ (ˉ1-3) ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʬʝʥʽʣʛʽʜʨʘʟʦʥʦʤ ʙʝʥʟʘʣʴʜʝʛʽʜʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʚʝʣʠʯʠʥʠ k, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʦ 
ʟ ʩʠʣʴʥʠʤ ʝʣʝʢʪʨʦʥʦʘʢʮʝʪʦʨʥʠʤ ʚʧʣʠʚʦʤ ʛʝʪʝʨʦʮʠʢʣʫ ʥʘ ʤʽʮʥʽʩʪʴ N-ʅ ʟʚ'ʷʟʢʫ. ʉʝʨʝʜ ʧʽʨʠʤʽʜʠʣʛʽʜʨʘʟʦʥʽʚ 
ʥʘʡʙʽʣʴʰ ʘʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽʻ ʟ ɼʌʇɻ ʩʧʦʣʫʢʘ 3. ɸʥʪʠʨʘʜʠʢʘʣʴʥʘ ʘʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʚʠʱʝ ʪʘʢʦʾ ʫ ʩʪʘʥʜʘʨʪʥʦʛʦ 
ʽʥʛʽʙʽʪʦʨʫ - ʽʦʥʦʣʫ. ʎʝ ʤʦʞʝ ʧʦʷʩʥʶʚʘʪʠʩʷ ʥʘʷʚʥʽʩʪʶ ʷʢ ʪʨʴʦʭ ʨʝʘʢʮʽʡʥʠʭ ʮʝʥʪʨʽʚ ʚ ʤʦʣʝʢʫʣʽ, ʪʘʢ ʽ 
ʤʦʞʣʠʚʽʩʪʶ ʫʯʘʩʪʽ ʤʝʪʦʢʩʠʛʨʫʧʠ ʩʧʦʣʫʢʠ ʚ ʦʢʠʩʥʶʚʘʣʴʥʦ-ʚʽʜʥʦʚʥʦʤʫ ʧʨʦʮʝʩʽ ʟ ɼʌʇɻ ʯʝʨʝʟ ʩʪʘʜʽʶ 
ʦʜʥʦʝʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʥʦʩʫ. ɿʜʘʪʥʽʩʪʴ ʪʘʢʠʭ ʛʨʫʧ ʙʨʘʪʠ ʫʯʘʩʪʴ ʚ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʨʝʘʢʮʽʷʭ ʟ ɼʌʇɻ 
ʦʙʫʤʦʚʣʝʥʘ ʚʠʩʦʢʦʶ ʝʣʝʢʪʨʦʥʥʦʶ ʛʫʩʪʠʥʦʶ ʥʘ ʘʪʦʤʽ ʢʠʩʥʶ ʽ ʤʦʞʣʠʚʽʩʪʶ ʧʨʦʪʽʢʘʥʥʷ ʦʙʦʨʦʪʥʦʾ ʨʝʘʢʮʽʾ ʟ 
ɼʌʇɻ ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʘʪʽʦʥ-ʨʘʜʠʢʘʣʫ [4]. ʊʦʤʫ ʨʦʟʨʘʭʦʚʘʥʽ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʜʣʷ ʛʽʜʨʘʟʦʥʽʚ ʻ 
ʩʫʤʘʨʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʚʥʝʩʦʢ ʷʢ Nʅ-, ʆʅ-ʛʨʫʧ, ʪʘʢ ʽ ʤʝʪʦʢʩʠʛʨʫʧʠ ʚ ʨʝʘʢʮʽʶ ʟ ɼʌʇɻ. 

ɺʨʘʭʦʚʫʶʯʠ ʤʦʞʣʠʚʽʩʪʴ ʚʧʣʠʚʫ ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ ʥʘ ʘʥʪʠʨʘʜʠʢʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ ʩʧʦʣʫʢ, ʙʫʣʦ ʚʠʚʯʝʥʦ 
ʚʧʣʠʚ ʨʦʟʯʠʥʥʠʢʘ ʥʘ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʧʽʨʠʤʽʜʠʣʛʽʜʨʘʟʦʥʦʚ ʚ ʨʝʘʢʮʽʾ ʟ ɼʌʇɻ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʤʽʥʘ 
ʛʝʢʩʘʥʫ ʥʘ ʙʝʥʟʦʣ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʧʦʨʷʜʢʫ ʨʝʘʢʮʽʾ. ʑʦ ʞ ʩʪʦʩʫʻʪʴʩʷ ʰʚʠʜʢʦʩʪʝʡ ʽ ʢʦʥʩʪʘʥʪ 
ʰʚʠʜʢʦʩʪʝʡ ʨʝʘʢʮʽʾ, ʪʦ ʚʦʥʠ ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʨʦʟʯʠʥʥʠʢʘ. ʊʘʢ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʛʝʢʩʘʥʫ ʜʦ 
ʙʝʥʟʦʣʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʩʽʭ ʧʽʨʠʤʽʜʠʣʛʽʜʨʘʟʦʥʽʚ (ʪʘʙʣ.1). ɿʥʠʞʝʥʥʷ 
ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʧʽʨʠʤʽʜʠʣʛʽʜʨʘʟʦʥʽʚ ʟ ɼʌʇɻ ʚ ʮʴʦʤʫ ʨʦʟʯʠʥʥʠʢʫ ʦʙʫʤʦʚʣʝʥʦ ʚʽʜʦʤʦʶ ʟʜʘʪʥʽʩʪʶ 

ʜʠʬʝʥʽʣʧʽʢʨʠʣʛʽʜʨʘʟʠʣʫ ʜʦ ʫʪʚʦʨʝʥʥʷ p-ʢʦʤʧʣʝʢʩʽʚ ʟ ʤʦʣʝʢʫʣʘʤʠ ʘʨʦʤʘʪʠʯʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ [5], ʨʝʘʢʮʽʡʥʘ 
ʟʜʘʪʥʽʩʪʴ ʷʢʠʭ ʟʥʘʯʥʦ ʥʠʞʯʝ, ʥʽʞ ʥʝʩʦʣʴʚʘʪʦʚʘʥʦʛʦ ʨʘʜʠʢʘʣʘ. ʄʝʭʘʥʽʟʤ ʨʝʘʢʮʽʾ ɼʌʇɻ ʟ ʛʽʜʨʘʟʦʥʘʤʠ 
ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʛʝʢʩʘʥʘ ʜʦ ʙʝʥʟʦʣʫ. ʋ ʙʝʥʟʦʣʽ, ʷʢ ʽ ʚ ʛʝʢʩʘʥʽ, ʛʽʜʨʘʟʦʥʠ ʨʝʘʛʫʶʪʴ ʟ 
ɼʌʇɻ ʟʘ ʤʝʭʘʥʽʟʤʦʤ ʚʽʜʨʠʚʫ ʘʪʦʤʽʚ ʚʦʜʥʶ ʚʽʜ Nʅ - ʛʨʫʧʠ ʛʽʜʨʘʟʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʽ ʆʅ-ʛʨʫʧʠ ʘʣʴʜʝʛʽʜʥʦʾ 
ʯʘʩʪʠʥʠ ʤʦʣʝʢʫʣʠ. 

ʇʦʨʽʚʥʶʶʯʠ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʜʠʬʝʥʽʣʧʽʢʨʠʣʛʽʜʨʘʟʠʣʫ ʟ ʛʽʜʨʘʟʦʥʘʤʠ ʽ ʘʤʽʥʘʤʠ (ʪʘʙʣ.2) ʥʝʦʙʭʽʜʥʦ 
ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʛʠʜʨʘʟʦʥʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ɼʌʇɻ ʟʥʘʯʥʦ ʚʠʱʝ, ʥʽʞ ʫ ʘʤʽʥʽʚ, ʱʦ 
ʦʙʫʤʦʚʣʝʥʦ ʤʝʥʰʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʤʽʮʥʦʩʪʽ NH ʟʚ'ʷʟʢʫ ʚ ʛʽʜʨʘʟʦʥʘʭ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʨʦʤʘʪʠʯʥʠʤʠ ʘʤʽʥʘʤʠ. 
ɺʠʩʦʢʘ ʨʫʭʣʠʚʽʩʪʴ ʘʪʦʤʘ ʛʽʜʨʦʛʝʥʘ ʧʨʠ ʘʤʽʥʦʤʫ ʘʟʦʪʽ ʛʽʜʨʘʟʦʥʫ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʤʽʥʽʚ ʧʦʚ'ʷʟʘʥʘ ʟ ʚʧʣʠʚʦʤ -
N=ʉʅ-Ar ʟʘʤʽʩʥʠʢʘ ʽ ʚʠʢʣʠʢʘʥʘ ʛʣʠʙʦʢʠʤ ʩʫʧʨʷʞʝʥʥʷʤ ʤʽʞ ʥʝʧʦʜʽʣʝʥʦʶ ʧʘʨʦʶ ʝʣʝʢʪʨʦʥʽʚ ʘʪʦʤʘ ʘʟʦʪʫ ʟ -́
ʝʣʝʢʪʨʦʥʘʤʠ ʘʨʦʤʘʪʠʯʥʦʛʦ ʢʽʣʴʮʷ ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʽ ʟ -́ʝʣʝʢʪʨʦʥʘʤʠ ʘʟʦʤʝʪʠʥʦʚʠʭ ʟʚ'ʷʟʢʫ ʟ ʽʥʰʦʛʦ ʙʦʢʫ. 
ʂʨʽʤ ʪʦʛʦ, ʨʝʘʢʮʽʷ ʧʝʨʚʠʥʥʠʭ ʽ ʚʪʦʨʠʥʥʠʭ ʘʤʽʥʽʚ ʟ ɼʌʇɻ ʤʘʻ ʜʨʫʛʠʡ ʧʦʨʷʜʦʢ ʧʦ ʨʘʜʠʢʘʣʫ ʽ ʧʝʨʰʠʡ ʟʘ 
ʘʤʽʥʦʤ ʽ ʡʜʝ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʧʨʦʤʽʞʥʦʛʦ ʢʦʤʧʣʝʢʩʫ [6].  
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ʊʘʙʣʠʮʷ 2 
ʐʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ɼʌʇɻ ʟ ʬʝʥʽʣʛʽʜʨʘʟʦʥʦʤ ʙʝʥʟʘʣʴʜʝʛʽʜʫ ʽ ʜʠʬʝʥʽʣʘʤʽʥʦʤ. ʊ=296ʂ 

 
ʉʧʦʣʫʢʘ 

V, ʤʦʣʴĿʣ
-1
Ŀʩ

-1
 

ʛʝʢʩʘʥ ʙʝʥʟʦʣ ʤʝʪʘʥʦʣ ʘʮʝʪʦʥ 

ʌʝʥ̔ʣʛ̔ʜʨʘʟʦʥ  
ʙʝʥʟʘʣʴʜʝʛʜ̔ʫ 

5.27Ŀ10
-8

 1.54Ŀ10
-7

 3.9Ŀ10
-8

 5.55Ŀ10
-7

 

ɼʠʬʝʥ̔ʣʘʤ̔ʥ 1.15Ŀ10
-11

 4.97Ŀ10
-16

 5.31Ŀ10
-11

 5.55Ŀ10
-9

 

 
ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʨʠʤʽʜʠʣʛʽʜʨʘʟʦʥʠ ʘʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽʶʪʴ ʟʽ ʩʪʘʙʽʣʴʥʠʤ ʨʘʜʠʢʘʣʦʤ 

ʜʠʬʝʥʽʣʧʽʢʨʠʣʛʽʜʨʘʟʠʣʦʤ, ʪʦʙʪʦ ʧʨʦʷʚʣʷʶʪʴ ʘʥʪʠʨʘʜʠʢʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ. ɰʭ ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʧʝʨʝʚʠʱʫʻ 
ʪʘʢʫ ʫ ʽʦʥʦʣʫ. ɺʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʨʦʟʯʠʥʥʠʢʽʚ ʥʘ ʢʽʥʝʪʠʢʫ ʨʝʘʢʮʽʾ ʧʦʢʘʟʘʣʦ, ʱʦ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ 
ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʨʦʟʯʠʥʥʠʢʘ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ 
ʧʽʨʠʤʽʜʠʣʛʽʜʨʘʟʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ ʧʨʦʮʝʩʽʚ ʦʢʠʩʣʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ.  

 
ʃʽʪʝʨʘʪʫʨʘ: 

1. Denisov E. Oxidation and Antioxidants in Organic Chemistry and Biology / E. Denisov, I. Afanasôev. - Boca 
Raton, FL: Taylor & Francis, 2005. - 992 p. 

2. ʅʠʢʦʣʘʝʚʩʢʠʡ ɸ.ʅ. ɸʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʛʠʜʨʘʟʦʥʦʚ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-
ʵʢʨʘʥʠʨʦʚʘʥʥʦʛʦ ʬʝʥʦʣʘ / ɸ.ʅ. ʅʠʢʦʣʘʝʚʩʢʠʡ, ʆ. ʇ. ʂʥʠʛʘ, ɽ. ʀ. ʍʠʞʘʥ ʠ ʜʨ. // ɾʫʨʥ. ʬʠʟ. 
ʭʠʤ. - 2012. - ʊ. 86, ˉ12. - ʉ. 1953-1957. 

3.  Khizhan E. I. Antiradical Activity of Aryl-and Hetarylhydrazones in Ethylbenzene Oxidation / E. I. Khizhan, V. 
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4. ʈʦʟʘʥʮʝʚ ʕ. ɻ. ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ / ʕ. ɻ. ʈʦʟʘʥʮʝʚ, ɺ. ɼ. ʐʦʣʣʝ.   - ʄ.: ʍʠʤʠʷ, 
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6. ʄʘʪʝʚʦʩʷʥ ʈ.ʆ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʠʜʨʘʟʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ / ʈ.ʆ. ʄʘʪʝʚʦʩʷʥ, 
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ʉɽʂʎɯʗ: ɻɽʆɻʈɸʌɯʗ ʊɸ ɻɽʆʃʆɻɯʗ 
 

ʊʘʨʘʩʝʥʢʦ ɻ.ɺ., ʐʘʨʠʧʦʚʘ ɻ.ʅ., ʊʦʣʙʘʝʚ ʄ.,  
ʂʦʩʪʨʳʢʠʥʘ ʉ.ɸ., ɼʫʡʩʝʥʦʚʘ ʉ.ɸ.  

 (ɸʢʪʘʫ, ʂʘʟʘʭʩʪʘʥ) 
 

ɻɽʆʃʆɻʀʗ, ʊɽʂʊʆʅʀʂɸ ʀ ʅɽʌʊɽɻɸɿʆʅʆʉʊʔ ʉɽɻɽʅɼʓʂʉʂʆʁ ɼɽʇʈɽʉʉʀʀ ʉ ʇʆɿʀʎʀʁ 
ʊɽʂʊʆʅʀʂʀ ʇʃʀʊ 

 
Peʟʫʣʴʪaʪʳ ceʡcʤopaʟʚeʜoʯʥʳx paʙoʪ ʧocʣeʜʥʠx ʣeʪ ʚ coʚoʢʫʧʥocʪʠ c ʤaʪepʠaʣaʤʠ ʛʣʫʙoʢoʛo 

ʙʫpeʥʠʷ ʥa ʧʣoʱaʜʷx ʂʘʨʘʦʙʘ ʠ Kocoʙa ʧoʟʚoʣʠʣʠ ʫʪoʯʥʠʪʴ ʛeoʣoʛʠʯecʢoe cʪpoeʥʠe Ceʛeʥʜʳʢcʢoʡ 
ʜeʧpeccʠʠ, ʚ ʧepʚʫʶ oʯepeʜʴ, ʧo ʜoʶpcʢʠʤ oʪʣoʞeʥʠʷʤ. 

 

 
ʈʠʩ. 1. ʉʝʡʩʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʧʦ ʧʨʦʬʠʣʶ 04 79 1ɸ (ʊʨʝʩʪ ʄʅɻʌ) 

 
Ha cʪpʫʢʪʫpʥoʡ ʢapʪe ʧo peʧepʫ ʚ cpeʜʥeʤ ʪpʠace oʪʯeʪʣʠʚo cʣeʜʠʪcʷ ceʚepʥaʷ ʛpaʥʠʮa ʜeʧpeccʠʠ, 

ʧpoxoʜʷʱaʷ ʧo ʖʞʥo-ɹacʢʫʤaʢcʢoʤʫ paʟʣoʤʫ cʫʙʰʠpoʪʥoʛo ʧpocʪʠpaʥʠʷ, oʪʜeʣʷʶʱeʤʫ Ceʛeʥʜʳʢcʢʫʶ 
ʜeʧpeccʠʶ oʪ Ceʛeʥʜʳʤʳccʢoʡ cʪʫʧeʥʠ. 

 

 
ʈʠʩ. 2. ʊʝʢʪʦʥʠʯʝʩʢʘʷ ʩʭʝʤʘ ʖʞʥʦʛʦ ʄʘʥʛʳʰʣʘʢʘ. 

 
B oʪʣʠʯʠʠ oʪ Ceʛeʥʜʳʤʳccʢoʡ cʪʫʧeʥʠ ʜoʣʷ cʫʙʰʠpoʪʥʳx paʟʣoʤoʚ ʚ ʧpeʜeʣax ʜeʧpeccʠʠ peʟʢo 

coʢpaʱaeʪcʷ, a cʫʙʤepʠʜʠoʥaʣʴʥʳx - ʫʚeʣʠʯʠʚaeʪcʷ, ʢpoʤe ʪoʛo, aʤʧʣʠʪʫʜʳ paʟʣoʤoʚ peʜʢo ʧpeʚʳʰaʶʪ 
50 ʤ, ʚ ʪo ʚpeʤʷ, ʢaʢ ʚ ʧpeʜeʣax cʪʫʧeʥʠ aʤʧʣʠʪʫʜʳ ʜʠʟʲʶʥʢʪʠʚʥʳx ʥapʫʰeʥʠʡ ʠcʯʠcʣʷʣʠcʴ ʧopoʶ 
ʧepʚʳʤʠ coʪʥʷʤʠ ʤeʪpoʚ. 

ʇo ʤaʪepʠaʣaʤ ceʡcʤopaʟʚeʜʢʠ OɻT Ceʛeʥʜʳʢcʢaʷ ʜeʧpeccʠʷ ʧo peʧepʫ ʚ cpeʜʥeʤ ʪpʠace 
ʧpeʜcʪaʚʣʷeʪ coʙoʶ peʟʢo acʠʤʤeʪpʠʯʥʳʡ ʧpoʛʠʙ c ʢpʫʪʳʤ ʢopoʪʢʠʤ ceʚepʥʳʤ ʠ oʙʰʠpʥʳʤ ʧoʣoʛʠʤ 
ʞʁʥʳʤ ʙopʪaʤʠ. B ʥaʠʙoʣee ʧoʛpʫʞeʥʥoʡ ʧpʠoceʚoʡ ʯacʪʠ ʜeʧpeccʠʠ ʢpoʚʣʷ ʢapʙoʥaʪoʚ cpeʜʥeʛo ʪpʠaca 
(V2II oʪpaʞaʶʱʠʡ ʛopʠʟoʥʪ) ʬʠʢcʠpʫeʪcʷ ʥa oʪʤeʪʢax ʤʠʥʫc 5250 ʤ, a ʚ ʥaʠʙoʣee ʧpʠʧoʜʥʷʪoʡ ʯacʪʠ 
(paʡoʥ ʶʞʥoʛo ʙopʪa) - ʤʠʥʫc 3750-3800 ʤ. 
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ʇo V13 oʪpaʞaʶʱeʤʫ ʛopʠʟoʥʪʫ (ʢpoʚʣʷ ʛpʫʙoʟepʥʠcʪoʡ ʧaʯʢʠ ʚepxʥeʛo ʪpʠaca) cʪpʫʢʪʫpʥʳʡ ʧʣaʥ 
Ceʛeʥʜʳʢcʢoʡ ʜeʧpeccʠʠ ʧoʚʪopʷeʪ ʚce ocʥoʚʥʳe ʵʣeʤeʥʪʳ V2II ʛopʠʟoʥʪa. 

 

 
ʈʠʩʫʥʦʢ 3. ʉʪʨʫʢʪʫʨʥʘʷ ʢʘʨʪʘ ʧʦ Vʦʪʨʘʞʘʶʱʝʤʫ ʛʦʨʠʟʦʥʪʫ. 

 
ʆʩʥʦʚʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʫʨʘʥʩʢʦʡ ʧʣʠʪʳ ʷʚʣʷʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʚʳʪʷʥʫʪʳʭ ʚ ʩʫʙʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʆʥʠ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʨʘʟʣʦʤʘʤʠ 
ʩʫʙʰʠʨʦʪʥʦʛʦ ʠ ʩʫʙʤʝʨʠʜʠʘʥʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʪʝʢʪʦʥʦʧʘʨʫ, ʦʪʨʘʞʘʶʱʫʶ ʦʙʩʪʘʥʦʚʢʫ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʩʞʘʪʠʷ, ʧʨʠʚʝʜʰʫʶ ʢ ʟʘʢʨʳʪʠʶ 
ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʇʘʣʝʦʪʝʪʠʩʘ [3]. 

ʄʦʨʬʦʣʦʛʠʷ ʩʢʣʘʜʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ ʎʝʥʪʨʘʣʴʥʦʛʦ ʄʘʥʛʳʰʣʘʢʘ ʦʪʤʝʯʘʣʘʩʴ ʚ ʨʘʙʦʪʘʭ  
ɸʥʜʨʫʩʦʚʘ ʀ.ʀ., ʐʣʝʟʠʥʛʝʨʘ ɸ.ɽ., ɻʦʨʙʘʪʦʚʘ A.M., ʊʨʠʬʦʥʦʚʘ ɺ.ɻ. ʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ɺ ʪʦʤ ʯʠʩʣʝ 
ʥʘʣʠʯʠʝ ʚʩʝʚʦʟʤʦʞʥʳʭ ʧʦʜʜʚʠʛʦʚ, ʩʙʨʦʩʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʜʠʩʛʘʨʤʦʥʠʶ ʩʢʣʘʜʯʘʪʦʩʪʠ: ʙʦʣʝʝ 
ʧʣʘʩʪʠʯʥʳʝ ʧʦʨʦʜʳ ʚʝʨʭʥʠʭ ʩʝʢʮʠʡ ʨʘʟʨʝʟʘ, ʩʣʘʛʘʶʱʠʝ ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ʩʠʥʢʣʠʥʘʣʝʡ, ʩʤʷʪʳ ʚ 
ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ ʤʝʣʢʠʭ ʚʪʦʨʠʯʥʳʭ ʩʢʣʘʜʦʢ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ. ɺ ʟʘʤʢʘʭ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʥʘʙʣʶʜʘʝʪʩʷ 
ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʧʦʨʦʜ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʳʣʴʷʤʠ ʚ ʜʚʘ-ʪʨʠ ʨʘʟʘ, ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʚʳʞʠʤʘʥʠʷ 
ʘʨʛʠʣʣʠʪʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ. ɹʦʣʝʝ ʞʝʩʪʢʠʝ ʧʦʨʦʜʳ ʥʠʞʥʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʪʨʠʘʩʘ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 
ʦʩʣʦʞʥʝʥʳ ʚʪʦʨʠʯʥʦʡ ʩʢʣʘʜʯʘʪʦʩʪʴʶ, ʥʦ ʟʘʪʦ ʨʘʟʙʠʪʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʪʨʝʱʠʥʘʤʠ ʢʣʠʚʘʞʘ. 
ʆʙʲʷʩʥʝʥʠʝ ʵʪʦʤʫ ʚʠʜʠʪʩʷ ʪʦʣʴʢʦ ʚ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʠʣʠ 
ʚʦ ʚʨʝʤʷ ʟʘʢʨʳʪʠʷ ʧʘʣʝʦʦʢʝʘʥʘ ʊʝʪʠʩ, ʯʪʦ ʦʧʠʩʳʚʘʣʦʩʴ ʚʳʰʝ. 

ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʤʠ ʩʠʣʘʤʠ ʷʚʣʷʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ 
ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʵʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ, ʚ ʨʦʩʪʝ ʩʢʣʘʜʯʘʪʳʭ 
ʩʦʦʨʫʞʝʥʠʡ, ʚ ʢʦʣʝʙʘʥʠʠ ʫʨʦʚʥʷ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ. ʇʨʦʚʝʜʝʥʥʳʝ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʦʪʤʝʯʘʶʪ ʥʘʣʠʯʠʝ ʦʯʘʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʛʣʫʙʠʥʝ 5-7 ʢʤ ʚ ɾʘʟʛʫʨʣʠʥʩʢʦʡ ʜʝʧʨʝʩʩʠʠ, ʎʝʥʪʨʘʣʴʥʦʤ 
ʄʘʥʛʳʰʣʘʢʝ 15-17 ʢʤ ʠ ʥʘ ɹʫʟʘʯʘʭ ʜʦ 60 ʢʤ. ʇʦ ʵʪʠʤ ʜʘʥʥʳʤ ʦʪʤʝʯʘʝʪʩʷ ʩʣʦʠʩʪʦʝ ʩʪʨʦʝʥʠʝ ʧʦʜʢʦʨʦʚʳʭ 
ʧʦʨʦʜ ʠ ʧʨʝʨʳʚʠʩʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʄʦʭʦʨʦʚʠʯʠʯʘ (ʄ), ʛʨʘʥʠʪʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʠ ʙʘʟʘʣʴʪʦʚʦʛʦ 
ʩʣʦʝʚ. ʉ ʧʦʟʠʮʠʡ ʤʦʙʠʣʠʟʤʘ ʜʚʠʞʝʥʠʝ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʥʠʞʥʠʤ ʩʣʦʷʤ (ʚ ʤʘʥʪʠʠ), ʘ ʚ 
ʟʝʤʥʦʡ ʢʦʨʝ (ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʝ) ʟʘʧʝʯʘʪʣʷʝʪʩʷ ʠʭ ʦʪʨʘʞʝʥʠʝ ʚ ʚʠʜʝ ʧʦʛʨʝʙʝʥʥʳʭ ʧʦʜ ʦʩʘʜʦʯʥʳʤ ʯʝʭʣʦʤ 
ʣʠʩʪʨʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ, ʟʝʨʢʘʣ ʩʢʦʣʴʞʝʥʠʡ ʧʦ ʢʝʨʥʦʚʦʤʫ ʤʘʪʝʨʠʘʣʫ, ʢʣʠʚʘʞʠʨʦʚʘʥʠʷ ʧʦʨʦʜ ʠ ʜʨʫʛʠʤ 
ʧʨʠʟʥʘʢʘʤ. 

ʇʦʩʣʝʜʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʪʨʝʩʪʘ ʄʅɻʌ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʩʫʙʜʫʢʮʠʠ ʚ ʂʘʨʘʪʘʫʩʢʦʤ 
ʤʝʛʘʘʥʪʠʢʣʠʥʦʨʠʠ ʧʦ ʦʪʨʘʞʝʥʥʳʤ ʚʦʣʥʘʤ ʚʥʫʪʨʠ ʬʫʥʜʘʤʝʥʪʘ ʠʣʠ ʧʦ ʛʨʘʥʠʮʝ ʄʦʭʦʨʦʚʠʯʠʯʘ. ʇʦ ʥʠʤ 
ʚʠʜʥʦ, ʯʪʦ ʦʪʨʘʞʘʶʱʠʝ ʚʦʣʥʳ ʥʳʨʷʶʪ ʧʦʜ ʫʛʣʦʤ ʜʦ 30Á ʧʦʜ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʝ. ɺ ʩʪʨʫʢʪʫʨʥʦʤ ʧʣʘʥʝ 
ʂʘʨʘʪʘʫʩʢʠʡ ʤʝʛʘʚʘʣ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʩʦʚʧʘʜʘʝʪ ʚ ʧʣʘʥʝ ʩ ʟʦʥʦʡ ʩʫʙʜʫʢʮʠʠ, ʢʦʪʦʨʘʷ ʥʘ 7-8 ʢʤ 
ʩʤʝʩʪʠʣʘʩʴ ʥʘ ʶʛ. "ɾʠʚʫʯʝʩʪʴ" ʩʫʙʜʫʢʮʠʠ ʩʚʷʟʘʥʘ ʩ ʧʨʦʜʦʣʞʝʥʠʝʤ ʪʝʢʪʦʥʠʯʝʩʢʦʡ  ʘʢʪʠʚʥʦʩʪʠ  ʚ  
ʩʦʚʨʝʤʝʥʥʳʡ  ʧʝʨʠʦʜ,  ʧʨʠʚʦʜʷʱʝʡ  ʢ ʩʠʣʴʥʳʤ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ. ʊʘʢ, ʧʦ ʜʘʥʥʳʤ ɸ.ɸ.ʅʠʢʦʥʦʚʘ ʚ ʧʨʝʜʝʣʘʭ 
ʖʞʥʦʛʦ ʄʘʥʛʳʰʣʘʢʘ ʚ 1280 ʛ. ʧʨʦʠʟʦʰʣʦ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʩ ʤʘʛʥʠʪʫʜʦʡ 7,3 ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 9-10 ʙʘʣʣʦʚ. 
ʇʦ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʠ ʩʦʚʨʝʤʝʥʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ ʦʪʤʝʯʘʣʠʩʴ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩʠʣʦʡ 3-4 ʙʘʣʣʘ 
ʚ 1978 ʛ., 1989 ʛ.ʛ. ɺ ʦʙʱʝʤ, ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʆɻʊ ʦ ʧʦʣʦʞʝʥʠʠ ʧʣʦʩʢʦʩʪʠ ʩʫʙʜʫʢʮʠʠ ʩ ʝʝ ʧʦʛʨʫʞʝʥʠʝʤ 
ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ ʧʦʜ ʫʛʣʦʤ ʜʦ 30Á ʚ ʨʘʡʦʥʝ ʂʘʨʘʪʘʫʩʢʦʛʦ ʤʝʛʘʚʘʣʘ (ʛʣʫʙʠʥʳ ʜʦ 30-35 ʢʤ) ʠ ʜʘʣʝʝ ʧʨʦʭʦʜʠʪ 
ʧʦʜ ɹʫʟʘʯʠ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 60 ʢʤ ʠ ʙʦʣʝʝ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʶʪ ʩ ʜʘʥʥʳʤʠ ʩʝʡʩʤʦʣʦʛʠʠ ʦ 
ʬʦʢʘʣʴʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ɼʠʤʘʢʦʚ ɸ.ʀ. 1967ʛ.). ʋʯʠʪʳʚʘʷ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 
ʧʦʨʦʜ ʚ ʢʝʨʥʝ ʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥ ʥʘ ɹʫʟʘʯʠ, ʘ ʪʘʢʞʝ ʧʦ ʜʘʥʥʳʤ ʛʨʘʚʠʤʝʪʨʠʠ ʠ ʤʘʛʥʠʪʦʤʝʪʨʠʠ, ʤʦʞʥʦ ʩ 
ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ ʦ ʥʘʣʠʯʠʠ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʧʘʣʝʦʞʝʣʦʙʘ, ʠʣʠ ʟʦʥʳ ɹʝʥʴʦʬʬʘ-ɿʘʚʘʨʠʮʢʦʛʦ. ɽʝ 
ʥʘʣʠʯʠʝ ʦʧʨʝʜʝʣʷʝʪ ʠ ʘʢʢʨʝʮʠʦʥʥʘʷ ʧʨʠʟʤʘ ʖʞʥʦ-ɹʫʟʘʯʠʥʩʢʦʛʦ ʩʚʦʜʘ, ʛʜʝ ʧʦ ʜʘʥʥʳʤ ʩʝʡʩʤʠʢʠ ʠ 
ʙʫʨʝʥʠʷ ʧʦʨʦʜʳ ʩʠʣʴʥʦ ʜʠʩʣʦʮʠʨʦʚʘʥʳ, ʧʝʨʝʤʷʪʳ, ʦʪʩʫʪʩʪʚʫʝʪ ʢʦʨʨʝʣʷʮʠʷ ɻʀʉ ʚ ʧʘʣʝʦʟʦʡʩʢʠʭ 
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ʦʪʣʦʞʝʥʠʷʭ. ʊʘʢʠʝ ʧʦʨʦʜʳ ʦʪʥʦʩʷʪ ʢ ʦʣʠʩʪʦʩʪʨʦʤʘʤ. ʄʘʣʳʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʫʙʜʫʢʮʠʠ ʦʙʲʷʩʥʷʝʪʩʷ 
ʥʝʟʘʢʦʥʯʝʥʥʳʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʵʪʘʧʦʤ, ʢʦʪʦʨʳʡ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʛʦʨʦʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦ ʮʠʢʣʫ ʋʠʣʩʦʥʘ, ʪ.ʝ. 
ʝʱʝ ʥʝ ʧʨʦʠʟʦʰʣʦ ʧʦʣʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ. ʋʥʠʢʘʣʴʥʦʩʪʴ  ʥʝʬʪʷʥʳʭ  
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʄʘʥʛʳʰʣʘʢʘ  ʩʚʷʟʘʥʘ ʠʤʝʥʥʦ ʩ ʪʘʢʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ, ʛʜʝ ʪʝʦʨʠʷ 
ʤʦʙʠʣʠʟʤʘ (ʪʝʢʪʦʥʠʢʘ ʧʣʠʪ) ʧʦʣʥʦʩʪʴʶ ʦʙʲʷʩʥʷʝʪ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʞʠʜʢʠʭ ʠ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ 
ʠʩʢʦʧʘʝʤʳʭ. 

ɺ ʜʚʠʞʝʥʠʝ ʣʠʪʦʩʬʝʨʥʳʝ ʧʣʠʪʳ ʧʨʠʚʦʜʷʪʩʷ ʟʘ ʩʯʝʪ ʩʧʨʝʜʠʥʛʘ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ 
ʦʯʝʨʝʜʴ ʩʫʙʜʫʮʠʨʫʝʪ ʧʦʜ ʨʘʥʝʝ ʦʙʨʘʟʦʚʘʥʥʳʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʧʣʠʪʳ ʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠ 
ʥʘʨʘʱʠʚʘʥʠʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʟʘ ʩʯʝʪ ʦʩʪʨʦʚʥʳʭ ʜʫʛ, ʪʝʨʨʝʡʥʦʚ ʠ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʦʚ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʤʦʙʠʣʠʩʪʩʢʠʭ ʧʨʠʥʮʠʧʘʭ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 
ʩʣʝʜʫʶʱʝʝ ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ.ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʫʨʘʥʩʢʦʡ ʧʣʠʪʳ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ 
ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ (ʧʣʠʪʳ) ʋʩʪʶʨʪʩʢʠʡ ʠ ʂʘʨʘʙʦʛʘʟʛʦʣʴʩʢʠʡ. ʉʢʣʘʜʯʘʪʳʝ ʩʦʦʨʫʞʝʥʠʷ ʚ ʧʘʣʝʦʟʦʡʩʢʠʭ 
ʦʪʣʦʞʝʥʠʷʭ, ʟʘʢʣʶʯʝʥʥʳʝ ʤʝʞʜʫ ʧʣʠʪʘʤʠ, ʦʪʥʦʩʷʪʩʷ ʢ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʝ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʩʪʨʫʢʪʫʨʳ 
ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ: ʉʝʚʝʨʦ-ɹʫʟʘʯʠʥʩʢʠʡ ʩʚʦʜ, ʂʳʨʳʥ-ʊʦʢʫʙʘʡʩʢʠʡ ʚʘʣ, ʖʞʥʦ-ɹʫʟʘʯʠʥʩʢʠʡ ʧʨʦʛʠʙ, 
ʂʘʨʘʪʘʫʩʢʠʡ ʤʝʛʘʚʘʣ, ʏʘʢʳʨʛʘʥʩʢʠʡ ʧʨʦʛʠʙ, ɹʝʢʝ-ɹʘʰʢʫʜʫʢʩʢʠʡ ʚʘʣ, ɾʝʪʳʙʘʡ-ʋʟʝʥʴʩʢʘʷ ʩʪʫʧʝʥʴ. ɺʩʝ ʵʪʠ 
ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʜʠʥʝʥʳ ʚ ɹʫʟʘʯʠʥʩʢʦ-ʋʩʪʶʨʪʩʢʦ-ʄʘʥʛʳʰʣʘʢʩʢʫʶ ʘʢʢʨʝʮʠʦʥʥʫʶ ʧʨʠʟʤʫ. ɸʢʢʨʝʮʠʦʥʥʘʷ 
ʧʨʠʟʤʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʝʣʠʪʩʷ ʥʘ ʜʚʝ ʧʦʣʦʚʠʥʳ ʧʦ ʚʨʝʤʝʥʠ ʟʘʣʦʞʝʥʠʷ: ʧʘʣʝʦʟʦʡʩʢʫʶ ʠ ʪʨʠʘʩʦʚʫʶ.ʀʭ 
ʨʘʟʲʝʜʠʥʷʝʪ ʉʝʚʝʨʦ-ʂʘʨʘʪʘʫʩʢʠʡ ʛʣʫʙʠʥʥʳʡ ʨʘʟʣʦʤ. ʂ ʧʘʣʝʦʟʦʡʩʢʦʡ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʝ ʦʪʥʦʩʷʪʩʷ 
ʦʪʣʦʞʝʥʠʷ ʦʪ ʨʘʥʥʝʡ ʧʝʨʤʠ ʜʦ ʥʠʞʥʝʛʦ ʜʝʚʦʥʘ, ʘ ʢ ʪʨʠʘʩʦʚʦʡ - ʦʪ ʚʝʨʭʥʝʛʦ ʪʨʠʘʩʘ ʜʦ ʥʠʞʥʝʛʦ ʜʝʚʦʥʘ. 
ʇʘʣʝʦʟʦʡʩʢʘʷ ʘʢʢʨʝʮʠʦʥʥʘʷ ʧʨʠʟʤʘ ʦʙʨʘʟʦʚʘʥʘ ʚ ʛʝʨʮʠʥʩʢʠʡ ʵʪʘʧ ʪʝʢʪʦʛʝʥʝʟʘ. ʇʦ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʤ 
ʜʘʥʥʳʤ, ʧʦʚʝʨʭʥʦʩʪʴ ʄʦʭʦʨʦʚʠʯʠʯʘ (ʄ) ʚ ʨʘʡʦʥʝ ʏʘʢʳʨʛʘʥʩʢʦʛʦ ʧʨʦʛʠʙʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
ʛʦʚʦʨʠʪʴ ʦ ʥʘʣʠʯʠʠ ʩʫʙʜʫʢʮʠʦʥʥʦʡ ʣʠʪʦʩʬʝʨʳ ʠ ʧʨʦʮʝʩʩ ʩʫʙʜʫʢʮʠʠ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʨʦʜʦʣʞʘʝʪʩʷ ʠ ʚ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʊʦʣʱʠʥʘ ʧʘʣʝʦʟʦʡʩʢʦʡ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ ʜʦʩʪʠʛʘʝʪ 16 ʢʤ ʠ ʙʦʣʝʝ, ʠʟ-ʟʘ ʯʝʛʦ 
ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ, ʯʝʤ ʥʘ ʄʘʥʛʳʰʣʘʢʝ. ʇʦ 
ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʦʪʤʝʯʘʝʪʩʷ ʠʭ ʙʦʣʴʰʦʝ ʨʘʟʣʠʯʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ  ʩʦʚʨʝʤʝʥʥʳʤʠ, ʢʦʪʦʨʳʝ 
ʥʠʞʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 100Áʉ. 

ʊʨʠʘʩʦʚʘʷ ʘʢʢʨʝʮʠʦʥʥʘʷ ʧʨʠʟʤʘ ʦʙʨʘʟʦʚʘʣʘʩʴ ʚ ʨʘʥʥʝ-ʢʠʤʤʝʨʠʡʩʢʠʡ ʵʪʘʧ ʪʝʢʪʦʛʝʥʝʟʘ. ʇʦ ʜʘʥʥʳʤ 
ʩʝʡʩʤʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʴ ʄʦʭʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʅʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʛʣʳ 
ʥʘʢʣʦʥʘ ʦʪʨʘʞʘʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ, ʜʦʩʪʠʛʘʶʱʠʝ 35-45Á, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʚʳʜʝʣʠʪʴ ʥʘ ʩʝʡʩʤʦʛʨʘʤʤʘʭ. 
ɺʧʦʣʥʝ ʨʝʘʣʴʥʦ, ʯʪʦ ʦʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ ʧʦʛʣʦʱʘʣʘʩʴ ʚ ʟʦʥʝ ʩʫʙʜʫʢʮʠʠ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʛʣʦʤ ʥʘʢʣʦʥʘ, 
ʯʝʤ ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʥʦʩʪʴ ʛʣʫʙʠʥ ʧʦʚʝʨʭʥʦʩʪʠ ʄʦʭʦ ʥʘ ɹʫʟʘʯʠʠ ʎʝʥʪʨʘʣʴʥʦʤ ʄʘʥʛʳʰʣʘʢʝ. ʅʘʣʠʯʠʝ 
ʦʩʪʘʪʢʦʚ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʚ ʩʢʣʘʜʯʘʪʳʭ ʟʦʥʘʭ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʥʦʛʠʤʠ 
ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ ʠ ʥʘʣʠʯʠʝ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʥʝ 
ʜʠʩʣʦʮʠʨʦʚʘʥʥʦʡ. ʂ ʫʯʘʩʪʢʘʤ ʩ ʪʘʢʦʡ ʢʦʨʦʡ ʦʪʥʦʩʷʪʩʷ ʩʪʨʫʢʪʫʨʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ: ɾʘʟʛʫʨʣʠʥʩʢʘʷ ʠ 
ʉʝʛʝʥʜʳʢʩʢʘʷ ʜʝʧʨʝʩʩʠʠ. ʇʦ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʚ ʵʪʦʡ ʟʦʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʨʳʚʠʩʪʘʷ 
ʧʦʚʝʨʭʥʦʩʪʴ ʄʦʭʦ, ʂ1, ʂ2. ʇʦ ʩʝʡʩʤʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʥʘʙʣʶʜʘʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ (ʚʦʣʥʦʦʙʨʘʟʥʦʝ) 
ʟʘʣʝʛʘʥʠʝ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʠ ʚ ʜʠʩʣʦʮʠʨʦʚʘʥʥʦʤ ʧʘʣʝʦʟʦʡʩʢʦʤ ʬʫʥʜʘʤʝʥʪʝ ʦʪʨʘʞʘʶʱʠʝ ʛʦʨʠʟʦʥʪʳ 
ʦʪʩʫʪʩʪʚʫʶʪ [4]. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʖʞʥʦ-ʄʘʥʛʳʰʣʘʢʩʢʠʡ ʧʨʦʛʠʙ ʠ ʊʫʘʨʢʳʨ ʦʪʥʦʩʷʪ ʢ 
ʨʠʬʪʘʤ ʪʨʠʘʩʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʢʦʪʦʨʳʝ ʠʩʧʳʪʳʚʘʶʪ ʜʝʡʩʪʚʠʝ ʥʘʧʨʷʞʝʥʠʡ ʩʞʘʪʠʷ, ʠʩʪʦʯʥʠʢ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ 
ʦʙʳʯʥʦ ʚ ʩʤʝʞʥʳʭ ʦʨʦʛʝʥʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʩʘʜʦʯʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʨʠʬʪʦʚ ʧʦʜʚʝʨʛʘ-ʝʪʩʷ ʩʢʣʘʜʯʘʪʳʤ 
ʜʝʬʦʨʤʘʮʠʷʤ ʠ ʦʙʨʘʟʫʝʪ ʠʥʪʨʘʢʨʘʪʦʥʥʫʶ ʩʢʣʘʜʯʘʪʫʶ ʟʦʥʫ, ʪʦ ʝʩʪʴ ʚʤʝʩʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 
ʬʦʨʤʳ ʚʦʟʥʠʢʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʘʷ, ʧʨʦʠʩʭʦʜʠʪ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʠʥʚʝʨʩʠʷ (ʘʢʢʨʝʮʠʷ). ʊʦ ʞʝ ʩʘʤʦʝ 
ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʧʘʣʝʦʟʦʡʩʢʦʝ ʚʨʝʤʷ ʩ ɹʫʟʘʯʠʥʩʢʦ-ʋʩʪʶʨʪʩʢʦ-ʄʘʥʛʳʰʣʘʢʩʢʦʡ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʦʡ. 

 

 
ʈʠʩʫʥʦʢ 4 ï ɻʣʫʙʠʥʥʳʡ ʨʘʟʨʝʟ ʩʫʙʜʫʢʮʠʦʥʥʦʡ ʣʠʪʦʩʬʝʨʳ ʠ ʤʦʜʝʣʴ ʥʝʬʪʝʛʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʫʨʘʥʩʢʦʡ ʧʣʠʪʳ 


