
 
TOSHKENT SHAHRIDAGI TURIN POLITEXNIKA UNIVERSITETI 

HUZURIDAGI ILMIY DARAJALAR BERUVCHI 
PhD.03/2026.10.04eɌe46.02 RAQAMLI ILMIY KENGASH 

TOSHKENT SHAHRIDAGI TURIN POLITEXNIKA UNIVERSITETI 

ASANOV SEYRAN ENVEROVICH 

ELEKTR YURITMALI YENGIL AVTOMOBILNING REKUPERATIV 
TORMOZLASH SAMARADORLIGINI ASOSLASH  

05.08.06 ± fދ’MА’ΔчqM’–/ч–Э5σС"’σчM’–jчσz’"чMчΔ–/ч–5MчΔ"’–’σzMч9’σz 

еUо)ocC–xC)(Cаo–HОµрoSbC–xC(вCxC–DОcеОаo (PhD) DISSERTATSIYASI 
AVTOREFERATI 

 
 
 

Toshkent-2026 
 



2 
 

нОµc: 629.113 

 
еСУ"’qч–йч"MчΔ’–мpµЧ’уzч–йчMσчйч–Аpq9pΔ’–kгzD –А’σσСΔ9ч9σ’Ччσ’–ч/9pΔСйСΔч9’–

mundarijasi 
Ɉɝɥɚɜɥɟɧɢɟ–ɚɜɬɨɪɟɮɟɪɚɬɚ–ɞɢɫɫɟɪɬɚɰɢɢ–ɞɨɤɬɨɪɚ–ɮɢɥɨɫɨɮɢɢ–kгzD –ɩɨ–

ɬɟɯɧɢɱɟɫɤɢɦ–ɧɚɭɤɚɦ 
Abstract contents of dissertation of doctor of philosophy (PhD)  

in technical sciences 
 
 

Asanov Seyran Enverovich 
Elektr yuritmali yengil avtomobilning rekuperativ tormozlash 
JY1Y”YR8”F2S92mYJ8JFYJP«««««««о.................................................... 

 
 
3 

 
Ⱥɫɚɧɨɜ–ɋɟɣɪɚɧ–ɗɧɜɟɪɨɜɢɱ 
Ɉɛɨɫɧɨɜɚɧɢɟm ɷɮɮɟɤɬɢɜɧɨɫɬɢm ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨm ɬɨɪɦɨɠɟɧɢɹm ɜm
ɚɜɬɨɦɨɛɢɥɟmɫmɷɥɟɤɬɪɢɱɟɫɤɢɦmɩɪɢɜɨɞɨɦ«««. ««««««««о«о 

 
 
 

27 
 
Asanov Seyran Enverovich 
Justification of the effectiveness of regenerative braking in light vehicles 
with electric R”2AH««««««.................................................................. 

 
 
 

51 
 
E¶lon qilingan ishlar roµyxati 
ɋɩɢɫɨɤmɨɩɭɛɥɢɤɨɜɚɧɧɵɯmɪɚɛɨɬ 
List of published works ................................................................................ 

 
 
 

58 
 
 
 
 
 
 
 
 
 
 
 

 



3 
 

TOSHKENT SHAHRIDAGI TURIN POLITEXNIKA UNIVERSITETI 
HUZURIDAGI ILMIY DARAJALAR BERUVCHI 

PhD.03/2026.10.04eɌe46.02 RAQAMLI ILMIY KENGASH 

TOSHKENT SHAHRIDAGI TURIN POLITEXNIKA UNIVERSITETI 

ASANOV SEYRAN ENVEROVICH 

ELEKTR YURITMALI YENGIL AVTOMOBILNING REKUPERATIV 
TORMOZLASH SAMARADORLIGINI ASOSLASH  

05.08.06 ± fދ’MА’ΔчqM’–/ч–Э5σС"’σчM’–jчσz’"чMчΔ–/ч–5MчΔ"’–’σzMч9’σz 

еUо)ocC–xC)(Cаo–HОµрoSbC–xC(вCxC–DОcеОаo (PhD) DISSERTATSIYASI 
AVTOREFERATI 

 
 
 

Toshkent-2026 



,а!да

N

дil

ф
'=

N
b

N
ц

N
_
ёlйФl2
,=

|

=
.a
йýoLйз

-яоэ

.l,б
oj<

хF_лб
:,о
еоф,,
И

N

'Е} н 
к

ý ь,Е € 
Е

ЁФ
=

=
Е

aсх 
:о

х;Б s}
Bg"E ;;
,Еяъ - i
!9Е 

=
i:ýiý 

+
i 
Ф

,^
r

л 
d- 

l

аЕ.FЕý
.б 

"'_\l ^
 =

 '!
Е *\lБ 

?€
=

 *\$ý i".
Ё З*',Iý
Ф

 -;р 
Е

ь 
Ё';' 

.?
\ 
дЕ >

 F
Ц

 
БЗi 

ё:
i 

.. !=
. Ех

х 
,a;=

 
iý

^
 Е;Ъ

 
a=

ь Е,=
- =

-
ф
Ф

=
d--

а и:Ч 
-;;,

: оЁх :i
ъ 
ý=

 --

>
 >
Е 

>
 >

 Е я
:сФ

 : е с 
Ф

ý;€ 
ý; 

Е €
ч9; 

й 9,>
,J

; ЁЕ ч Ё € 
=

9ЁФ
э]],:

Ех 
вЕ 

*

эл; 
! 

б
.}д 

,Z, 4
sfl s е
Бь
gx

>
Ё

оa>t
еч
э"6,=
d!dý
ъФ.-Ф;g

t-Uь

8tiо
=

>>d
9;dбёхЕФо,:й4БьOts
БФ
lЁtr"
=
и

,-аdN
а
нёG

5
пЕ+
о

Бзýо:d'
нЕ=ц,йt
;вl
:\о 

l

Б\l-|

Nrэl

ýt
)=oiNш

)

dgФ.ьЕбЕc-l

GýF1оо\оýýц,-t
яеЕ\Ф
э?\а\э

фаNФ!)dоо.

F.о0
€Фд.оF6Фц

.Е'Е 
Е

N
.=

 
й

ав 
ъ 

,я 
д 

Б
х>

.:аФ
=

'Еs 
+

 
а 

'я 
э 
Ё

:€ 
рý ý E:."iý

ЕЁ 
Е*:Е Ё 

Е 
;Е 

ý
'ЕЕ 

gЁ'т 
ýя Ё9 ъа,Е '9

.}д 
5=
Е йёЁ,дЕЕЁ

:l, 
д;,л, 

Е 
Y 

- 
Е 

8.ý 
ш

Е''l 
€Ё) 

€: 
Ёа?Е 

ё

ёЁ 
,Еэа 

ý€дЕЁвЕэ
а: 

:дý *;i;л;эЕ
Etr ЕЧЗ ВЕЕЕ9Е5Е
Eýii ЕзЕ в€ 

ё€Е€ 
Ё€

ёtЁ ;iЁ 
Еб iбЕЁ 

йё
-ýо 

:'iýa
*Еg Е:F
grх*Ф
dо>

 
'Б'пýY

' : о 
-ý- о

Ё;Ё 
Ё:ý

aЕд 
иЕ]

Q
ёя 

;,Ьа 
L

о.Е 
ёйЭ 

е 
i

,ЕЁй 
*9? 

Е 
ъ

*Ъ
; 
€аý 

ц 
Е 

=
ýаý ,gвi ё F 

ý
-ог 

99л 
fi 

х 
€

j,аБ 
ЕЕý 

; 
'Е' 

3
'=
ýЁ BBs 'Е 

Е 
ý

Ё=
{ 

Ёбэ 
i 

ц 
>

аýý
с(ф

 
g

ЕзЕ
5аз
Еý}(rtа



6 
 

beruvchi rekuperativ tormozlash tizimi elektr transport vositalarining energiya 
JY1Y”YR8”F2S292m8JP2”2JP929Sm1QP21mG8µ9YF2JPFY”2RY9m–2”2mP2J8–FY9YR2о 

cµT–H"2JV89mbHJMQ–F2"YJ2m(”HT2RH9V2929Smанаа-yil 19-dekabrdagi PQ-443-son 
d’FH"V”818–2FFY”m 2JPFY–m OP2“Y”2JP92m VYJP"2Fm HV2JP92m RYAFYVm V81892RY9m “8µFFY–-
quvvatlash chora-VYR–2”FY”2m V8µSµ”2J2RYОdm анаа-yil 19-dekabrdagi PQ-444-son 
"Elektromobillardan foydalanish infratuzilmasini kengaytirish chora-tadbirlari 
V8µSµ”2J2RYОdm анаа-yil 2-dekabrdagi PQ-436-son "2030-G2FSYOPYm cµT–H"2JV89m
bHJMQ–F2"YJ2929Sm dGYJP2Fdm 2“V2J8R2G8VSYm 8µV2JP2SYm “Y”YV2FSY9m 2JF8P8VFY”m
samaradorligini oshirish chora-VYR–2”FY”2m V8µSµ”2J2RYОdm анвр-yil 4-oktyabrdagi PQ-
4477-son "2019 - 2030-G2FFY”m RYA”2RYm cµT–H"2JV89m bHJMQ–F2"YJ2929Sm dGYJP2Fdm
2“V2J8R2G8VSYm8µV2JPmJV”YVHS2GYJ292m VYJR2“FYJPmV8µSµ”2J2RYОdmанвр-yil 6-martdagi PQ-
4230-J89m dNQ"m AYm G8µF8AOP2m VYJP2JP92m VQ–RY9m VY"812FFYJPV2”2JPm OP8”Y-tadbirlari 
V8µSµ”2J2RYОdmанвт-yil 6-martdagi PQ-3589-son "Avtomobil transportini boshqarish 
tizimini yanada takomillashtirish chora-VYR–2”FY”2m V8µSµ”2J2RYdS2m “Y”8”FY”2m PY1RYm
1YT"Q”m EY8F2GYVSYm VHS2JPF2m –8JP“Ym 1H¶G8”2G-huquqiy hujjatlarda belgilangan 
vazifalarni amalga oshirishda ushbu dissertatsiya ishi muayyan darajada xizmat 
qiladi. 

Tadqiqotning respublika fan va texnologiyalari rivojlanishning asosiy 
5σ95/pΔ– Чpµ"чM’σzMчΔ’Эч– jpσM’Э’e– fYT"Q”m VYR“2“8Vm G8µ9YF2JP2m cµT–H"2JV89m
Respublikasi fan va texnologiyalar rivojlanishining III. ³Energetika, energiya va 
energiyatejamkorlik transport, mashina va asbobsozlik´mQJVQA8”mG8µ9YF2JP2mR82”YJ2RYm
bajarilgan.  

P5чjjp"’"Э– pµΔЭч"’MЭч"M’q– АчΔч,чσ’e DYP89929Sm –2”m “YV8”m 2FSµ8”m 2F12Gm
markazlari, laboratoriyalari va ilmiy tadqiqot universitetlarida elektromobillarning 
1HKYV”89mV2T21FY”2mAYmQFY”929Sm“8µFFY92F2JP2m–8µG2OPYm9YTY”2GmAYmY1YF2GmVYR“2“8VFY”m
olib borilmoqda. Elektromobillar va gibrid elektromobillarda regenerativ 
tormozlash tizimi va uning samaradorligini asoslash masalalari bilan xorijlik 
olimlardan G.Genta, S.Onori, L.Serrao, A.Tonoli, N.Amati, M.Giansoldati, 
A.Hughes, E.Schaltz, A.Noume, M.Risser, C.Vasile, A.Couliibaly, C. Harihari, 
E.Inci, H.Lee, Y.Lei, Sh.Ruan, Y.Fu, M.Josehio, J.Yang, Sh.Hu, M.Ehsani, Y.Gao, 
S.Chauhan, Q.Zhang, C. Yang, A.Aksyonov, V.Vodovozov, V.Ivanov, 
IоNYоeAYR9H9"8ОmkоuоeQ198AmAYm–8JP“YFY”mJPQSµQFFY9SY9FY”о 

cµT–H"2JV89RYm QJP–Qm G8µ9YF2JPRYm kоfоz8R2”8AОm чочоfQK2VR298AОm
доходYTY”8AОm kPо(очF21QKY11HR8AОm kоtоb8µT218AОm DоkPох98GYVK8R0YGHAОm
СоNYKJP2F2"8AYОm cочо,8µGOP2GHAОm ‘оkPо)1H”8AОm DоfYAF898Am AYm –8JP“YFY”m EY8Fm
tadqiqot ishlarini olib borishgan. 

Biroq, elektr yuritmali yengil avtomobillarda rekuperativ tormozlashni 
YJ8JFYJPm–8µG2OPYmVYR“2“8VFY”mGHVY”F2mRY”Y0YRYm8µ”SY92F1YSY9о 

Dissertatsiya tadqiqotining dissertatsiya bajarilgan ilmiy-tadqiqot 
muassasasining ilmiy-9чАW’Wp9– ’σzMчΔ’– ΔС,чσ’– м’Mч"– мpЭµM’WM’Э’e– Dissertatsiya 
tadqiqotining asosiy qismi Toshkent shahridagi Turin politexnika universiteti, 
dcµTYAV8JY98YVdm чDm “8JP2RYS2m ’FH"V”818–2FFY”m AYm QFY”929Sm 29E”YVQT2F1YJ2m 2F12G-
tadqiqot laboratoriyasida bajarilgan. Shuningdek, tadqiqotning bir qismi 
101128065-"Yashil kelishuv doirasida barqaror transport" loyihasi doirasida amalga 



7 
 

oshirildi. 
Tadqiqotning maqsadi elektr yuritmali yengil avtomobilning dinamikasiga 

“8µG2FYR2SY9m VYFY–FY”92m P2J8–SYm 8FSY9m P8FRYm H9H”S2GYm JY1Y”YR8”F2S2m AYm H"8F8S2"m
KYAEJ2TF2"929Sm GQ“8”2m "8µ”JYV"2OPFY”2SYm H”2JP2JPm 21"89292m –H”QAOP2m ”H"QMH”YV2Am
tormozlash samaradorligini asoslashdan iborat. 

Tadqiqotning vazifalari: 
elektromobillarda zamonaviy rekuperativ tormozlash tizimlarining joriy 

2JPFY91YFY”2mAYmVYR“2“8VFY”292m8µ”SY92JPп 
elektr mashinali avtomobil harakatining matematik modelidan foydalanish, 

–QmHJYm”H"QMH”YV2AmV8”18TFYJPmV2T212RY9mE8GRYFY9SY9mP8FRYm1H¶G8”FY9SY9mPY”Y"YVm
sikllarida avtomobil harakatlanganda elektr energiyasi sarfini hisoblash imkonini 
beradi; 

old va orqa yuritmali avtomobillar uchun rekuperativ tormozlash tizimi 
G8“2FSY9mP8FRYmVQ”F2mGQ”2JPmJ2"FFY”2RYmHFH"V”mGQ”2V1YF2mGH9S2FmYAV818–2F929Sm–8µGFY1Ym
harakati uchun MATLAB/Simulink yordamida imitatsion model yaratish; 

elektromobillarda rekuperativ tormozlash tizimi tomonidan ishlab 
OP2“Y”2FYR2SY9mH9H”S2GYmPY012SYmVY¶J2”m“2FQAOP2mYJ8J2Gm8µTSY”QAOP2FY”92mY92“FYJPп 

HFH"V”mGQ”2V1YF2mYAV818–2F929Sm2JPFY–mOP2“2FSY9m–8µGFY1YmPY”Y"YVm212VYVJ289m
18RHF2929Sm2JP89OPF2F2S292m–YP8FYJPm1Y“JYR2RYmH"JMH”21H9VYFmVYR“2“8Vm8µV"YT2JPп 

Tadqiqotning obyekti sifatida elektr orqa yuritmali kichik klassli yengil 
avtomobil olingan. 

Tadqiqotning predmeti HFH"V”mGQ”2V1YmAYmQm–2FY9m–8SµF2“mHFH"V”89m–8JP“Y”QAm
tizimlaridan iborat. 

Tadqiqot usullari. Tadqiqot elektr yuritmali yengil avtomobillarda 
rekuperativ tormozlash tizimidan foydalanishda nazariy va eksperimental ishlarni 
8µ”SY92JPm AYm Q1Q1FYJPV2”2JPОm YAV818–2F929Sm –8µGFY1Ym R29Y12"YJ292m AYm Q929Sm
energiya samaradorligini hisoblash usullari, tajriba usullari, nochiziqli xarakterdagi 
”HS”HJJ2GYmVYPF2F2Оm 212VYVJ289m18RHFFYJPV2”2JPmAYm1YVH1YV2"mJVYV2JV2"YmQJQFFY”292m8µTm
ichiga oladi. 

Tadqiqotning ilmiy yangiligi quyidagilardan iborat: 
aAV818–2F929Sm –8µGFY1Ym R29Y12"YJ2929Sm 1YVH1YV2"m 18RHF2m AYm 2JPFY–m

chiqilgan imitatsion model asosida harakatlanish sikllarida elektr yuritmali kichik 
sinf avtomobilining energiya samaradorligi 35 foizgacha yaxshilangan; 

elektr yuritmali kichik sinf avtomobillarida ishqalanish va rekuperativ 
V2T21FY”m 8µ”VYJ2RYm V8”18Tm "QOPFY”292m VY“J21FYJPSYm YJ8JFY9SY9m ”H"QMH”YV2Am
tormozlash tizimini boshqarish algoritmi ishlab chiqilgan; 

rekuperativ tormozlanish jarayonida ishlab chiqariladigan energiya miqdoriga 
VY¶J2”mHVQAOP2mYJ8J2Gm812FFY”mYJ8JFY9SY9п 

aAV818–2Fm –8µGFY1Ym R29Y12"YJ2m 212VYVJ289m 18RHF2929Sm 2JP89OPF2F2S292m RYFYm
sinovlari natijalari bilan taqqoslash orqali eksperimental baholash uslubiyati 
asoslangan. 

Tadqiqotning amaliy natijalari quyidagilardan iborat: 
elektr yuritmali kichik sinf avtomobilining tormozlanish jarayonida qayta 

V2"FY9YR2SY9m H9H”S2GYm12“R8”2SYm VY¶J2”m "8µ”JYVQAOP2m YJ8J2Gm 812FFY” (harakatlanish 



8 
 

sikllar, elektr yuritma, batareya, shinalar, boshqaruv algoritmlar) asoslangan; 
elektr yuritmali kichik sinf avtomobillarida qayta tiklanadigan energiya 

hajmini oshirish imkonini beruvchi regenerativ tormozlash tizimini boshqarish 
algoritmi ishlab chiqilgan; 

tormozlanish jarayonida energiya samaradorligini oshirish uchun elektr 
yuritma joylashuvining (old va orqa uzatmali) YPY12GYV2m"8µ”JYV2lgan; 

Tadqiqot natijalarining ishonchliligi. Tadqiqot natijalari tajribalar, 
zamonaviy usullardan foydalanish hamda nazariy mexanika va oliy matematika 
tamoyillariga asoslangan parametrlar va ish rejimlarini nazariy asoslash bilan 
tasdiqlanadi.  

e"JMH”21H9VYFm1Y¶FQ18VFY”m1YVH1YV2"-statistik usullar bilan qayta ishlanadi. 
Tadqiqot natijalarining ham ilmiy laboratoriyalarda, ham konstruktorlik 
1Y”"YTFY”2RYm“8µFFY92F2JP2mQFY”929Sm8µTY”8m1QA8E2“F2S292mVQJPQ9V2”YR2о 

Tadqiqot natijalarining ilmiy va amaliy ahamiyati. Ushbu tadqiqot 
natijalari elektromobillarda rekuperativ tormozlanishning ilmiy ahamiyatini 
isbotlash uchun ishlatilishi mumkin. 

tadqiqot natijalarining amaliy ahamiyati elektr yuritmali yengil 
avtomobillarning rekuperativ tormozlash tizimini adaptiv boshqarish algoritmi 
2JPFY–m OP2“2FSY9F2S2m –2FY9m 2T8PFY9YR2оm дQ9RY9m VYJP“Y”2Оm 8µV"YT2FSY9m VYR“2“8V929Sm
amaliy ahamiyati zararli chiqindi gazlar chiqindilarini kamaytirishga, shuningdek, 
tormozlash jarayonida avtomobil kinetik energiyasining bir qismini qaytarish orqali 
avtomobilning energiya samaradorligini oshirishga xizmat qiladi. 

Tadqiqot natijalarining joriy qilinishi. Elektr yuritmali yengil 
avtomobilning rekuperativ tormozlash samaradorligini asoslashda olingan natijalar 
asosida: 

elektr yuritmali kichik sinf avtomobilining tormozlanish jarayonida qayta 
V2"FY9YR2SY9m H9H”S2GYm 12“R8”2SYm VY¶J2”m "8µ”JYVQAOP2m YJ8J2Gm 812FFY” boµyicha 
asoslanishi "BYD Uzbekistan Factory" MCHJ"da joriy etilgan (dcµTYAV8JY98YVdm
AJning 2026-yil 23- iyundagi 20/04-25-1029-J89m 1Y¶FQ18V981YJ2). Natijada, 
ushbu omillar qaytarilgan energiya hajmini 35 foizgacha oshirishi mumkinligi 
"8µ”JYV2FR2о 

elektr yuritmali kichik sinf avtomobillarida qayta tiklanadigan energiya 
hajmini oshirish imkonini beruvchi regenerativ tormozlash tizimini boshqarish 
algoritmi "BYD Uzbekistan Factory" MCHJ"da joriy etilgan (dcµTYAV8JY98YVdm
AJning 2026-yil 23- iyundagi 20/04-25-1029-J89m 1Y¶FQ18V981YJ2). Undan 
foydalanish bitta elektr yuritma bilan jihozlangan  kichik toifadagi avtomobil 550 
ming soµmgacha tejash imkoni beradi. 

tormozlanish jarayonida energiya samaradorligini oshirish uchun elektr 
yuritma joylashuvining (old va orqa uzatmali) ahamiyati "BYD Uzbekistan Factory" 
MCHJ"da joriy etilgan (dcµTYAV8JY98YVdmчD929Smанаф-yil 23- iyundagi 20/04-25-
1029-J89m1Y¶FQ18V981YJ2). uYV20YRYОm8FRmSµ2FR2”Y"F2mYAV818–2FFY”mPYGRYJPmJ2"F2SYm
qarab rekuperatsiya jarayonida energiyani 33-35% ga qaytarish imkoniyatiga ega 
–8µFR2о 

Tadqiqot natijalarining aprobatsiyasi. Ushbu dissertatsiya ishining asosiy 
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9YV20YFY”2mdcµTYAV8JY98YVdmчDSYmVY“R21mHV2FR2пmdдNem)T–H"2JVY9m‘YOV8”GdmfvыDОm
Toshkent shahridagi Turin Politexnika universitetida; 13 ta xalqaro ilmiy-amaliy 
konferensiya va seminarlarida. 

ечАW’Wp9– "ч9’,чMчΔ’"’"Э– С¶Mp"– W’M’"Эч"M’Э’e– 2JJH”VYVJ2GYm1YATQJ2m –8µG2OPYm
0Y12m акm VYm 2F12Gm 2JPm OP8Mm HV2FSY9оm kPQFY”RY9m виm VYJ2m 2F12Gm 1Y“8FYm cµT–H"2JV89m
Respublikasi Vazirlar Mahkamasi huzuridagi Oliy attestatsiya komissiyasi 
tomonidan dissertatsiyalarning asosiy ilmiy natijalarini chop etish uchun tavsiya 
HV2FSY9m2F12Gm0Q”9YFFY”RYmH¶F89m“2F29SY9ОmJPQm0Q1FYRY9mеmVYJ2mK8”202Gm KYF“Y”8hmAYmрm
VYJ2m ”HJMQ–F2"Ym 0Q”9YFFY”2RYоm )OPVYm 2JPm KYF“Y”8m kO8MQJm 1Y¶FQ18VFY”m –YTYJ2SYm
"2”2V2FSY9m "89EH”H9J2GYm 1YVH”2YFFY”2m V8µMFY1FY”2RYm OP8Mm HV2FSY9оm z8FSY9m внm VYm 2JPm
xalqaro va respublika ilmiy-VHK92"m"89EH”H9J2GYFY”2m1YVH”2YFFY”2mV8µMFY1FY”2RYmH¶F89m
qilingan. Bundan tashqari, tadqiqot davomida hisoblash dasturiy mahsuloti uchun 
–2VVYm1QYFF2EF2"mSQA8P981YJ2m ’ыfmQOPQ9mGY”YV2FSY9mRYJVQ”929SmRYAFYVm”8µGKYV2RY9m
8µV"YT2FSY9F2S2mV8µSµ”2J2RYS2mSQA8P981Yhm8F29SY9о 

Dissertatsiyaning tuzilishi va hajmi. Dissertatsiya tarkibi kirish, V8µ”VVY bob, 
umumiy xulosalar va E8GRYFY92FSY9m YRY–2G8VFY”m ”8µGKYV2dan iborat. Dissertatsiya 
ishining hajmi 120 betni tashkil etgan. 

DISSERTATSIYANING ASOSIY MAZMUNI 

Kirish qismida dissertatsiya mavzusining dolzarbligi va zarurati asoslangan, 
tadqiqotning maqsadi va vazifalari, obyekti va predmeti tavsiflangan. Mavzuning 
cµT–H"2JV89m bHJMQ–F2"YJ2m EY9m AYm VHK98F8S2GYFY”2m ”2A80FY92JP2929Sm QJVQA8”m
G8µ9YF2JPFY”2SYm 18JF2S2m "8µ”JYV2Fgan. Tadqiqotning ilmiy yangiligi va amaliy 
natijalari bayon qilingan, olingan xulosalarning nazariy va amaliy ahamiyati ochib 
berilgan. Tadqiqot natijalarining amaliyotga joriy qilinishi, ishning aprobatsiyasi, 
nashr etilgan ilmiy ishlar va dissertatsiya VQT2F2JP2m–8µG2OPYm1Y¶FQ18VFY”m"HFV2”2FSY9. 

Dissertatsiyaning "Avtomobil transporti ekologik xavfsizligi zamonaviy 
holatining tizimli tahlili" deb nomlangan birinchi bobida yengil avtomobillarda 
tormoz tizimlarining evolyutsiyasi chuqur tahlil qilingan. Tormoz tizimlari uchun 
JVY9RY”VFY”m –8µG2OPYm JPY”Pm 8µV"YT2FR2оm bH"QMH”YV2Am V8”18TFY92JP92m –8JP“Y”2JPm
YFS8”2V1FY”2m1YJYFYJ2m–YVYEJ2Fm8µ”SY92FR2оm)shbu bobda rekuperatsiyani boshqarish 
rejimlari sohasidagi zamonaviy tendensiyalarning ilmiy sharhi amalga oshirilgan. 
Mavjud rejimlarning har biri ishlash prinsipi, afzalliklari va kamchiliklari, 
JPQ929SRH"Оm1Q1"29m–8µFSY9mOPH"F8AFY”2m–8µG2OPYmVYAJ2EFY9SYn. Amalga oshirilgan 
tahlillar asosida ilmiy tadqiqotning maqsad va vazifalari asoslab berilgan. 

Dissertatsiyaning "Avtomobil va uning energiya manbali tortish agregati 
мpµЧMчjч– А’"чj’qчσ’"’"Э–jч9Сjч9’q–jpАСM’ʻ deb nomlangan ikkinchi bobida 
HFH"V”m GQ”2V1YF2m GH9S2Fm YAV818–2Fm –8µGFY1Ym PY”Y"YV2929Sm 1YVH1YV2"m 18RHF2m
VYAJ2EFY9SY9оmдQ9RY9mVYJP“Y”2Оmfч,yчдсk21QF29"mRYJVQ”2GmVY¶1298VmMY"HV2RYmVQ”F2m
tormozlash rejimlarida va turli standartlashtirilgan harakat sikllarida rekuperativ 
tormozlashning energiya samaradorligini baholash uchun imitatsion model 
keltirilgan. Asosiy model sifatida 1-rasmda tasvirlangan elektr yuritmali yengil 
YAV818–2F929SmV8µSµ”2m18RHF2RY9mE8GRYFY92FR2о 
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1-rasm - Elektr yuritmali yengil avtomobil мpµЧMчjч–А’"чj’qчσ’"’"Э–9pµЭµΔ’Ач"-9pµЭµΔ’–

modeli. 

Tortish agregatining matematik modelini tavsiflash uchun tortish/generator 
”H0212RYm 2JPF8AOP2m HFH"V”m 1YJP29YJ2929Sm "8µMm MY”Y1HV”F2m KY”Y"VH”2JV2"YJ2RY9m
foydalanildi (2-rasm). 

 
2-rasm - UMСq9Δ–jчσz’"чσ’"’"Э–qpµ%–%чΔчjС9ΔM’–9ч/σ’й’e 

2-rasmda tasvirlangan elektr mashinasining tavsifi yordamida, izlanayotgan ish 
rejimidagi FIKni hisobga olgan holda, tortish Pmot va generator Pgen rejimlarida mos 
ravishda talab qilinadigan quvvatni hisoblash mumkin: 

 ቐ ௠ܲ௢௧ ൌ
௠ܶ௢௧߱௠௢௧

௠௢௧ߟ
ǡ

௚ܲ௘௡ ൌ ௚௘௡ʡ௚௘௡߱௚௘௡ߟ

 (1) 

Elektr mashinasi foydali ish koeffitsiyentining izochiziqlari ikki oµzgaruvchili 
koµphad bilan tavsiflanadi: 
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௠௢௧ߟ ൌ ଴଴݌ ൅ ଵ଴߱௡Ǥ௘௠݌ ൅ ଴ଵ݌ ௡ܶǤ௘௠ ൅ ଶ଴߱௡Ǥ௘௠݌
ଶ ൅ ଵଵ߱௡Ǥ௘௠ʡ௡Ǥ௘௠݌

൅ ଴ଶ݌ ௡ܶǤ௘௠
ଶ ൅ ଷ଴߱௡Ǥ௘௠݌

ଷ ൅ ଶଵ߱௡Ǥ௘௠݌
ଶ ʡ௡Ǥ௘௠ ൅ ଵଶ߱௡Ǥ௘௠ʡ௡Ǥ௘௠ଶ݌

൅ ଴ଷʡ௡Ǥ௘௠ଷ݌ ൅ ସ଴߱௡Ǥ௘௠݌
ସ ൅ ଷଵ߱௡Ǥ௘௠݌

ଷ ʡ௡Ǥ௘௠ ൅ ଶଶ߱௡Ǥ௘௠݌
ଶ ʡ௡Ǥ௘௠ଶ

൅ ଴ସʡ௡Ǥ௘௠ସ݌ ൅ ହ଴߱௡Ǥ௘௠݌
ହ ൅ ସଵ߱௡Ǥ௘௠݌

ସ ʡ௡Ǥ௘௠ ൅ ଷଶ߱௡Ǥ௘௠݌
ଷ ʡ௡Ǥ௘௠ଶ

൅ ଶଷ߱௡Ǥ௘௠݌
ଶ ʡ௡Ǥ௘௠ଷ ൅ ଵସ߱௡Ǥ௘௠݌

ଵ ʡ௡Ǥ௘௠ସ ൅ ଴ହʡ௡Ǥ௘௠ହ݌  

       
(2) 

pij approksimatsiya koeffitsiyentlari quyidagi qiymatlarga ega: 
଴଴݌ ൌ ͹ͳǤͳͶǢ 𝑚݌ଵ଴ ൌ ͳͲǤͻǢ𝑚݌଴ଵ ൌ െͳǤͷ͸ͶǢ ଶ଴݌ ൌ െͳͶͶǤͷǢ ଵଵ݌ ൌ ͳͲͺ͹Ǣ𝑚 𝑚݌଴ଶ

ൌ Ͷ͸Ǥʹ͸Ǣ𝑚݌ଷ଴ ൌ ͵ͻ͵Ǥ͹Ǣ𝑚݌ଶଵ ൌ െʹͺͶͺǢ ଵଶ݌ ൌ െͳͻͶ͸Ǣ𝑚݌଴ଷ
ൌ െʹ͹͵ǤͻǢ𝑚݌ସ଴ ൌ െ͵͹ͷǤͶǢ𝑚݌ଷଵ ൌ ʹͳͻͷǢ𝑚݌ଶଶ ൌ ͷͲͷͷǢ𝑚݌ଵଷ
ൌ ͺͳ͵Ǣ ଴ସ݌ ൌ Ͷ͸ͲǤͶǢ ହ଴݌ ൌ ͳͳͶǤͶǢ 𝑚݌ସଵ ൌ െͶͷ͸ǤͶǢ ଷଶ݌ ൌ െʹͷͳ͹Ǣ ଶଷ݌
ൌ െͳͻ͹ʹǢ ଵସ݌ ൌ ͺͺǤ͵ͶǢ ଴ହ݌ ൌ െʹ͵ͶǤͳǤ 

pij "8HEE2VJ2GH9VFY”2m2""2m8µTSY”QAOP2F2m”HS”HJJ289mVYPF2FmG8”RY12RYmY92“FY9SY9о 
Elektr mashinasining maksimal aylantiruvchi moment qiymati ± uning ishlash 

sohasini chegaralovchi egri chiziq. Ushbu egri chiziq elektr mashinasi burchak 
VHTF2S2SYm–8SµF2“mEQ9"J2GYm–2FY9mVYAJ2EFY9YR2у 

 ʡ௠௢௧Ǥ௠௔௞௦ ൌ െʹͻ͵ʹ߱௘௠
଺ ൅ ͹͵ͳ͹߱௘௠

ହ െ ͸͵͹ͺ߱௘௠
ସ ൅ ʹʹͷͳ߱௘௠

ଷ

െ ͵ͶͶǤ͸߱௘௠
ଶ ൅ ʹͳǤͳ͸߱௘௠ ൅ ͹ͻǤ͸͹ (3)      

Tortish akkumulyator batareyasining matematik modeli Tevenin teoremasi 
G8”RY12RYОmHFH"V”mGQ”2VQAOP2m"QOPm ’Nthm’m1Y9–YJ292mAYm2OP"2m“Y”JP2F2"92m8µTm2OP2SYm
olgan ochiq kontur sifatida ifodalangan. Quvvat manbalarining zaryadlash va 
razryad jarayonidagi turlicha xatti-harakati sababli tortish akkumulyator batareyasi 
modeli zaryad uchun Rzar va razryad uchun Rraz alohida qarshiliklarni nazarda 
VQVYR2оm t8µMFY–m VYR“2“8VFY”m JPQ92m "8µ”JYVYR2"2Оm –Q9RYGm 18RHFFY”RYm ’Ntm AYm
qarshiliklar bevosita batareyaning zaryadlaniJPm RY”Y0YJ2SYm  kcvhm –8SµF2“Оm GY¶92m
E=f(SOC), Rzar=f(SOC), Rraz=f(SOC). 

Ushbu model zaryadlashdagi Izar va razryaddagi Iraz elektr tokini quyidagi 
formulalar yordamida hisoblash imkonini beradi: 

௥௔௭ܫ  ൌ
ʔ െ ඥʔଶ െ Ͷܴ௥௔௭ ௧ܲ

ʹܴ௭௔௥
 

     

(4) 

 
௭௔௥ܫ ൌ

ඥʔଶ ൅ Ͷܴ௭௔௥ ௧ܲ െ ܧ
ʹܴ௭௔௥

 
   

(5) 

дYVY”HGYmTY”GYRFY92JPmRY”Y0YJ2929SmR29Y12"m8µTSY”2JP2m“QG2RYS2m 2E8RYm–2FY9m
aniqlanadi: 

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚ܱܵܥ ൌ ଴ܥܱܵ െ
׬ ூೝೌ೥ௗ௧
೟כ
బ
ொ೙೚೘Ǥಲೞ

൅ ׬ ூ೥ೌೝௗ௧
೟כ
బ
ொ೙೚೘Ǥಲೞ

                             (6) 

bu yerda SOC0 ± hisob boshlangan momentdagi batareya zaryadlanish 
darajasi, t*±soniyalarda ifodalangan oxirgi hisob vaqti, Qnom.As ± Amper-soniyalarda 
2E8RYFY9SY9m98129YFmJ2Sµ21о 
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3-rasm ± Litiy-ionli batareyaning bitta elementi uchun EYK va ichki qarshiliklarning 

ЫчΔЧчАMч"’σz–АчΔч,чσ’Эч–мpЭµM’WM’Э’ 

3-”YJ1RYm"HFV2”2FSY9m1Y¶FQ18VFY”SYm"8µ”YОm–YVY”HGY929SmHFH"V”mGQ”2VQAOP2m"QOP2m
va uning ichki qarshiliklari zaryadlash hamda razryad jarayonida zaryadlanish 
RY”Y0YJ2SYm –8SµF2“оm )JP–Qm –8SµF2“F2"FY”92m 1YVH1YV2"m VY”TRYm “QG2RYS2OPYm VYAJ2EFYJPm
mumkin: 

ሻܥሺܱܵܧ  ൌ Ͷ͹Ǥʹͷܱܵܥହ െ ͳʹͻǤ͹ͻܱܵܥସ ൅ ͳʹͻǤʹͷܱܵܥଷ െ ͷ͹Ǥͺͺܱܵܥଶ
൅ ͳͳǤ͹ͻܱܵܥ ൅ ʹǤ͸ʹ (7) 

ܴ௭௔௥ሺܱܵܥሻ ൌ ͲǤͲͲͲʹܱܵܥସ െ ͲǤͲͲͳ͹ܱܵܥଷ ൅ ͲǤͲͲͳͻܱܵܥଶ
െ ͲǤͲͲͲͷܱܵܥ ൅ ͲǤͲͲͲͺ      (8) 

ܴ௥௔௭ሺܱܵܥሻ ൌ ͲǤͲͲͲͷܱܵܥସ െ ͲǤͲͲʹͺܱܵܥଷ ൅ ͲǤͲͲʹͺܱܵܥଶ
െ ͲǤͲͲͲ͸ܱܵܥ ൅ ͲǤͲͲͳ 

     (9) 

д2VVYmHFH1H9VmQOPQ9m–YVY”HGY929Sm’NtmAYm2OP"2m“Y”JP2F2"FY”2m–8SµF2“F2S2SYm82Rm
yuqorida keltirilgan tavsiyalar berilgan. (10)-ifoda tortish akkumulyator batareyasini 
1YJJPVY–FYJPmAYm"QOPFY92JPmPY1RYmJ2Sµ21929Sm"H”Y"F2m“2G1YVFY”2SYmH”2JP2JP imkonini 
beradi: 
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ە
ۖۖ
۔

ۖۖ
ۓ ܴ௭௔௥ ൌ ܴˊ˃˓Ǥˠˎ

௞ܰ௘௧

௣ܰ௔௥

ܴ௥௔௭ ൌ ܴ௥௔௭Ǥ௘௟
௞ܰ௘௧

௣ܰ௔௥
ܧ ൌ ௘௟ܧ ௞ܰ௘௧

ܳ௡௢௠Ǥ஺௦ ൌ ܳ௡௢௠Ǥ஺௦Ǥ௘௟ ௣ܰ௔௥

 (10) 

bu yerda Nket± ketma-ket ulangan elementlar soni; 
               Npar± parallel ulangan elementlar soni. 
чAV818–2F929Sm–8µGFY1YmR29Y12"YJ292m е-rasm) quyidagi differensial tenglama 

((11)-tenglama) bilan tavsiflash mumkin: 
 ݉

ݒ݀
ݐ݀ ൌ ൫ܨ௢௟ௗ௧ ൅ ௢௥௤௧൯ܨ െ ൫ܨௗ௨௠௢௟ௗ ൅ ௗ௨௠௢௥௤ܨ ൅ ௔ܨ ൅  ௚൯ǡ (11)ܨ

bu yerda Foldt± 8FRmSµ2FR2”Y"FY”RYS2mV8”V2JPm tormozlash) kuchi; 
               Forqt± 8”“YmSµ2FR2”Y"FY”RYS2mV8”V2JPm V8”18TFYJPhm"QOP2п 
               Fdumold± 8FRmSµ2FR2”Y"FY”RYS2mRQ1YFY92JPm2JP“YFY92JPm"QOP2п 
               Fdumorq± 8”“YmSµ2FR2”Y"FY”RYS2mRQ1YFY92JPm2JP“YFY92JPm"QOP2п 
               Fa± aerodinamik qarshilik kuchi; 
               Fg± G8µFm“2GYF2S2mVQEYGF2m“Y”JP2F2"m"QOP2п 
               m ± avtomobil massasi. 
               v± avtomobil tezligi; 
              D± G8µFm“2GYF2S2m–Q”OPYS2о 
чAV818–2F929Sm8FRmAYm8”“YmSµ2FR2”Y"FY”2RYS2mdumalanish ishqalanish kuchlarini 

yagona dumalanish ishqalanish kuchi Fk ga birlashtirish mumkin; uni quyidagi 
matematik ifoda ((12)-tenglama) bilan tavsiflash mumkin: 

௞ܨ  ൌ ௞݂݉݃ܿݏ݋ሺߙሻǡ (12) 
bu yerda fk ± YAV818–2FmJP29YJ2mAYmG8µFmGQTYJ2m8”YJ2RYS2mRQ1YFY92JPm2JP“YFY92JPm

koeffitsiyenti. 
Aerodinamik qarshilik kuchi avtomobil tezligi v ga, aerodinamik old qarshilik 

koeffitsiyenti Cd ga, avtomobil old qismi proyeksiyasi yuzasi A ga va havo zichligiga 
–8SµF2“оm чH”8R29Y12"m “Y”JP2F2"m "QOP2m “QG2RYS2m "8µ”292JPRYS2m 1YVH1YV2"m VH9SFY1Ym
((13)-tenglama) bilan tavsiflanadi: 

௔ܨ  ൌ
ͳ
ܣʠௗߩʹ

ሺݒ െ  ௦௛ሻଶǡ (13)ݒ

bu yerda ݒ௦௛ ± avtomobil harakatiga mos shamol tezligining tashkil etuvchisi. 
z2GYF2"m–Q”OPYS2mYm–8µFSY9mG8µFRYmPY”Y"YVFY9YG8VSY9mYAV818–2F929Sm–8µGFY1Ym

R29Y12"YJ292m 8µ”SY92JPRYm PY”Y"YVSYm 8Sµ2”F2"m "QOP2m VQEYGF2m GQTYSYm "HFYR2SY9m
“Y”JP2F2"92m PY1m P2J8–SYm 8F2JPm1QP21оm дQm G8µFm “2GYF2S2m VQEYGF2m “Y”JP2F2"m "QOP2m ‘g 
–8µF2–ОmQm“QG2RYS2mVH9SFY1Ym  веh-tenglama) bilan ifodalanadi 

௚ܨ  ൌ  ሻ (14)ߙሺ݊݅ݏ݃݉
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4-rasm ± C/9pjpм’M–мpµЧMчjч–А’"чj’qчσ’"’"Э–q5уz–σУСjчσ’ 

Rekuperativ tormozlashni boshqarishning parallel strategiyasi haydovchi tormoz 
MHRYF292m–8JSY9mMYGVRYmHFH"V”mGQ”2V1YmAYmE”2"J289mV8”18TmV2T212RY9m–2”mAY“V929Sm8µT2RYm
E8GRYFY92JP92m9YTY”RYmVQVYR2оmд2”8“mH”"29mGQ1YFYJPm”H0212RYmJP29YFY”mAYmG8µFmGQTYJ2m
orasidagi ishqalanish kuchi harakatga qarshilik yaratgani sababli tormoz tizimining 
faqat rekuperativ tashkil etuvchisi faollashadi. Rekuperativ tormozlashni boshqarish 
algoritmining asosiy tuzilishi 5-rasmda keltirilgan. 

Tormozlashning energiya samaradorligini oshirish va tormozlash xavfsizligini 
saqlash maqsadida 6-rasmda keltirilgan rekuperativ tormozlashni boshqarish 
algoritmi taklif etilgan. Ushbu algoritm tormoz kuchlarini shunday taqsimlaydiki, 
oddiy tormozlash holatlarida tormoz kuchi I-HS”2mOP2T2Sµ2SYm1QA8E2“mVY“J21FY9YR2mAYm
SH9H”YV8”m”H0212RYS2mHFH"V”m1YJP29YJ2m8”“Ym"8µM”2"RYmV8”18Tm181H9V292mVY¶129FYGR2о 

 
5-rasm ± Rekuperativ tormozlashni boshqarishning parallel strategiyasi 



15 
 

 
6-rasm ± Rekuperativ tormozlashni boshqarishning taklif etilayotgan strategiyasi 

7-”YJ1RYm V8”V2JPm –YVY”HGYJ2929Sm –8JPFY9Sµ2OPm TY”GYRm RY”Y0YJ2m QOPQ9m 2""2m
ssenariy (SOC0=80% va SOC0мвннihm–8µG2OPYmu’evmPY”Y"YVm J2"F292m–Y0Y”2JPRYm
elektromobil harakati parametrlari va quvvat elektr qurilmasi ishi dinamikasi 
keltirilgan. 

SOC0=100% holatida, aksincha, batareyaning zaryadlanish darajasi 95% dan 
pasaymaguncha rekuperatsiya ishlamaydi. NEDC harakat siklida rekuperatsiya 
faqat tormozlashning oxirgi qismida (1150±1180-soniyalarda) yoqiladi, bu elektr 
mashinasi aylantiruvchi momenti va batareyadagi elektr tok kuchi grafiklari bilan 
tasdiqlanadi. 



16 
 

 
7-rasm ± NEDC harakat siklida avtomobil tezligi, elektr mashinasi aylantiruvchi momenti 

/ч–9pΔ9’σz–чqq5j5MЧч9pΔ–мч9чΔСЧчσ’АчЭ’–СMСq9Δ–9pq–q5уz’u–pMА–/ч–pΔWч–qpµ%Δ’qMчΔАчЭ’–
мpµЧMчjч–q5уzu–pMА–/ч–pΔWч–Эµ’MА’ΔчqMчΔ"’"Э–σ’Δ%ч"’σz’u–σz5"’"ЭАСq–мч9чΔСЧч–ЫчΔЧчАMчnish 

АчΔч,чσ’"’"Э–/чW9–мpµЧ’уzч–pµЫЭчΔ’σz’–ЭΔчй’Э’ 

1-0YRAYFm V8”V2JPm –YVY”HGYJ2929Sm –8JPFY9Sµ2OPm TY”GYRFY92JPm RY”Y0YJ2929Sm VQ”F2m
PY”Y"YVm J2"FFY”292m –Y0Y”2JPRYS2m H9H”S2GYm VH0Y12SYm VY¶J2”292m Q1Q1FYJPV2”YR2оm
д8JPFY9Sµ2OPm kcvm вннim RY9m тнim SYOPYm MYJYGSY9RYm ”H"QMH”YV2Am V8”18TFYJPm
ulushining ortishi kuzatiladi, bu zaryad sarfining kamayishiga va natijada energiya 
samaradorligining oshishiga olib keladi. Eng katta tejash effekti WLTC siklida 
erishiladi; buni harakat profilining yanada dinamik tabiati, tormozlash fazalarining 
"8µMF2S2ОmJPQ929SRH"mPY”Y"YVmJ2"F2929Sm"Yttaroq uzunligi bilan izohlash mumkin. Shu 
–2FY9m–2”SYmQOPYFYmPY”Y"YVm J2"F2mPY1m–8J2–m8µV2FSY9mвm"1mG8µFSYm V8µSµ”2m"HFYR2SY9m
VYK129Y9m–2”mK2FmJ8F2JPV2”1YmHFH"V”mH9H”S2GYmVH0Y1292m"8µ”JYVR2о 

1-jadval 
%DWDUH\DQLQJtERVKODQJµLFKt]DU\DGODQLVKtGDUDMDVLQLQJt1('&lt:/7&lt&/7&t

KDUDNDWtVLNOODULGDtUHNXSHUDWLYtWRUPR]ODVKQLQJtHQHUJL\DtVDPDUDGRUOLJLJDtWD¶VLUL 

Harakat 
sikli 

HpσzMч"Эµ’уz–
zaryadlanish 
darajasi (%) 

Oxirgi 
zaryadlanish 
darajasi (%) 

Farqi (% 
SOC) 

Energiya 
tejami 
(kVt·s) 

Harakat sikli 
uzunligi (km) 

NEDC 100 93.90 0.20 0.03 11.02 80 73.70 

WLTC 100 84.17 0.43 0.06 23.66 80 63.74 

CLTC 100 92.16 0.28 0.04 14.7 80 71.88 
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8-rasm ± )UDS–zчΔчqч9–σ’qM’Ач–kмpσzWч–мчΔуzч–%чΔчjС9ΔMчΔ–9С"Э–мpµMЭч"Ач –pMА–

yuritmali va orqa yuritmali avtomobillarda elektr mashinasi aylantiruvchi momenti, 
batareyadagi elektr tok kuchi va tormoz aylantiruvchi momenti taqsimoti, shuningdek 

batareya zarЧчАMч"’σz–АчΔч,чσ’"’"Э–/чW9–мpµЧ’уzч–мpЭµM’WM’qMчΔ’"’–9чWWpσMчσz 

Batareya zaryadlanish darajasi dinamikasining energiya 2JVH¶18F2m AYm
rekuperatsiyasi bilan taqqoslanishi 8-”YJ1RYm "8µ”JYV2FSY9m –8µF2–Оm –Qm 8FRm GQ”2V1YF2m
topologiyaning afzalligini tasdiqlaydi. ‘«em AY”2Y9V2m QOPQ9m kcvm MYJYG2JPm JQ”¶YV2m
JY1Y”YF2m”H"QMH”YV2AmV8”18TFYJPmEYTYFY”2929Sm"8µMF2S2mVQEYGF2mJHT2FY”F2mRY”Y0YRYmMYJVо 

2-0YRAYFmJPQ92m"8µ”JYVYR2"2ОmQOPYFYmPY”Y"YVmJ2"F2929SmPY”m–2”2RYm‘«em18RHF2929Sm
energiya qaytarish ulushi orqa yuritmali variantnikidan yuqori. Masalan, WLTCda 
”H"QMH”YVJ2GYm PY012m нОнифm "IVāJm 8µ”92SYm нОнфнm "IVāJm 92Оm vy,vRYm HJYm нОнаэm "IVāJm
8µ”92SY нОнирm"IVāJm92mVYJP"2FmHVYR2оmu’evRYm–Qm"8µ”JYV"2OPmнОнвеm"IVāJm8µ”92SYmнОнааm
kVt·s ga teng. Elektromobil xatti-harakatini turli harakat sikllarida taqqoslash yuqorida 
"HFV2”2FSY9m“89Q92GYVFY”929Sm“Y9OPYF2"m–Y”“Y”8”F2S292m"8µ”JYVYR2о 

2-jadval 
Yuritma topologiyasining (old yuritmali/orqa yuritmali) NEDC, WLTC, CLTC harakat 

σ’qMMчΔ’Ач–ΔСq5%СΔч9’/–9pΔjpЫMчσz"’"Э–С"СΔЭ’Чч–σчjчΔчАpΔM’Э’Эч–9ч¶σ’Δ’ 
Harakat 

sikli Yuritma Sarflangan 
energiya (kVt·s) 

Rekuperatsiya 
energiyasi 

(kVt·s) 

Rekuperatsiya 
ulushi (%) 

Energiya 
tejami 
(kVt·s) 

Harakat sikli 
uzunligi (km) 

NEDC RWD 0.83 0.045 5,45 0.028  11.02 FWD 0.81 0.052 6,43 

WLTC RWD 2.12 0.12 5,73 0.05 23.66 FWD 2.09 0.14 6,82 

CLTC RWD 1.08 0.068 6,35 0.032 14.7 FWD 1.06 0.080 7,62 
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kVY9RY”Vm YFS8”2V1m 8”“Ym "8µM”2"RYm 2FYJP2JPm MYJYG2JP2m KYAE2m VQEYGF2m
rekuperatsiyani cheklaydigan tormozlash rejimlarida taklif etilayotgan usul tormoz 
181H9V2929SmGY9YRYmJ2FF2“mAYm–Y”“Y”8”mM”8E2F292mVY¶129FYGR2Оm–QmYAV818–2Fm"29HV2"m
energiyasining kattaroq hajmini keyinchalik elektr energiyasiga aylantirish uchun 
jalb qilish imkonini beradi. 

дYVY”HGYmTY”GYRFY92JPmRY”Y0YJ2ОmH9H”S2GYm2JVH¶18F2mAYm”H"QMH”YVJ2GYmPY012929Sm
8µTSY”2JPm S”YE2"FY”2m  р-rasm) taklif etilayotgan boshqaruv strategiyasining 
YETYFF2"FY”292m VYJR2“FYGR2оm kPQ92m VY¶"2RFYJPm "H”Y""2Оm 2""YFYm YFS8”2V1RY9m
foydalanilganda ham sekinlash2JPm 0Y”YG892RYm “8µFFY92FYR2SY9m Q1Q12Gm V8”18Tm
181H9V2m 8µTSY”1YGR2Оm OPQ9"2m Qm YJ8JY9m VHTF2"mM”8E2F2m AYmYAV818–2Fm 8µFOPY1FY”2SYm
–8SµF2“оmдY”OPYmharakat sikllarida SOC pasayish tezligi kamroq va tormozlashdagi 
V8"m1Y9E2GmVYJP"2FmHVQAOP2J2929Sm"8µM”8“m1Y”VYm8”V2JP2m"QTYV2FYR2о 

3-jadval har bir harakat sikli uchun energiya sarfi va rekuperatsiya qiymatlarini 
keltiradi. NEDC sikli uchun taklif etilayotgan algoritm energiya sarfini 0,83 dan 
0,82 kVt·s gacha kamaytiradi va rekuperatsiyani 0,045 dan 0,060 kVt·s gacha 
oshiradi, bu 35% 8µJ2JPSYmV8µSµ”2m"HFYR2оm«y,vmJ2"F2RYmJY1Y”YR8”F2"m8µJ2JP2mииim92m
tashkil etadi: rekuperatsiya energiyasi hajmi sarfning 2,12 dan 2,11 kVt·s gacha 
"Y1YG2JP2m–2FY9m–2”mAY“VRYmнОваmRY9mнОвфm"IVāJmSYOPYm8”VYR2оmt8µM”8“m8µTSY”QAOPY9m
AYmMYJVmVHTF2"RYS2mEYTYFY”mJ892m"8µMm–8µFSY9mvy,vRYmGY9S2mYFS8”2V1mH9H”S2GYmJY”E292m
1,08 dan 1,07 kVt·s gacha kamaytirgan holda rekuperatsiyaning 3аim 8µJ2JP292m
(0,068 dan 0,089 kVt·s gacha) beradi. Barcha hollarda taklif etilayotgan usul 
avtomobilning dinamik xususiyatlarini yomonlashtirmagan holda batareyaga 
qaytariladigan energiya hajmini oshirishga barqaror moyillikni namoyon etadi. 

 
9-rasm ± )UDS–zчΔчqч9–σ’qM’Ач–kмpσzWч–мчΔуzч–%чΔчjС9ΔMчΔ–9С"Э–мpµMЭч"Ач –pΔWч–
yuritmali elektromobilda standart va taklif etilayotgan rekuperativ tormozlashni 
мpσzWчΔ’σz–чMЭpΔ’9jMчΔ’–WpµMMч"Эч"Ач–СMСq9Δ–jчσz’"чσ’–чЧMч"9’Δ5/уz’–jpjС"9’u–

batareyadagi elektr tok kuchi va tormoz aylantiruvchi momenti taqsimoti, shuningdek 
мч9чΔСЧч–ЫчΔЧчАMч"’σz–АчΔч,чσ’"’"Э–/чW9–мpµЧ’уzч–мpЭµM’WM’qMчΔ’"’–9чWWpσMчσz 
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3-jadval 
Rekuperativ tormozlashni boshqarish algoritmining NEDC, WLTC, CLTC 
harakat sikllarida rekuperativ tormozlashning energiya samaradorligiga 

9ч¶σ’Δ’"’–9чWWpσMчσz 

Harakat 
sikli Algoritm 

Sarflangan 
energiya 
(kVt·s) 

Rekuperatsiya 
energiyasi 

(kVt·s) 

Rekuperatsiya 
ulushi (%) Rekuperatsiya 

pµσ’σz’–kd  
Harakat 

sikli uzunligi 
(km) 

NEDC Standart 0.83 0,045 5,45 35%  11.02 Taklif etilgan 0.82 0.060 7,36 

WLTC Standart 2.12 0.12 5,73 33% 23.66 Taklif etilgan 2.11 0.16 7,62 

CLTC Standart 1.08 0.068 6,35 32% 14.7 Taklif etilgan 1.07 0.089 8,38 

10-”YJ1RYm JH"29FYJP2JPm 0Y”YG892929Sm V8µF2“m H9H”SHV2"m –YFY9J2m –Y0Y”2FSY9уm
YAV818–2Fm V8”18TFYJPRYm G8µ“8VYR2SY9m "29HV2"m H9H”S2GYm  YGFY9QAOP2m 1YJJYFY”m
"8HEE2VJ2GH9V2m įm 92m P2J8–SYm 8FSY9m P8FRYhm "Y9YFFY”m 8µ”VYJ2RYm ± tortish batareyasiga 
qaytarish, rekuperatsiya t2T212RYS2m G8µ“8V2JPFY”m  HFH"V”m TY902”2m AYm V”Y9J12JJ2GYhОm
friksion tormozlar, shuningdek qaytmaydigan aerodinamik qarshilik va dumalanish 
“Y”JP2F2S2m8µ”VYJ2RYmtaqsimlangan. NEDC, WLTC, CLTC harakat sikllari. 

 
10-rasm ± )UDSu–т(еS–/ч–S(еS–zчΔчqч9–σ’qMMчΔ’Ач–9pΔjpЫMчσz–9pµM’W–С"СΔЭ’Ччσ’"’"Э–

taqsimoti 

«Yengil elektr yuritmali avtomobilning rekuperativ tormozlanishini 
amaliy tadqiq etish» deb nomlangan uchinchi bobda elektr yuritmali yengil 
YAV818–2F929Sm G8µFm AYm M8F2S89m J298AFY”2Оm JPQ929SRH"m ”H"QMH”YV2Am V8”18TFYJPm
MY”Y1HV”FY”292m “YGRm HV2JPm AYm 8F29SY9m H"JMH”21H9VYFm 1Y¶FQ18VFY”m 2JP89OPF2F2S292m
–YP8FYJPm QOPQ9m E8GRYFY92FSY9m 8µFOP8Am QJ"Q9YFY”2m tarkibi va imkoniyatlari 
tavsiflangan. 

Quvvat qurilmasi va tortish akkumulyator batareyasi parametrlarini qayd etish 
QOPQ9mk1Y”VkYEHm(нвm29VHFFH"VQYFmR2YS98JV2"YmV2T212m“8µFFY92FSY9пmQmHFH"V”mAYmS2–”2Rm
V”Y9JM8”VmA8J2VYFY”292mR2YS98JV2"Ym“2F2JPmQOPQ9m18µF0YFFY9SY9ОmOP2“Y”2FSY9m29VH”EHGJm
moduliga ega planshet kompyuterga asoslangan ixtisoslashgan majmuadir. 
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11-rasmda avtomobil parametrlarini real vaqtda diagnostika qilish va 
monitoring qilish uchun apparat-dasturiy majmuaning strukturaviy sxemasi 
"HFV2”2FSY9оm fY¶FQ18VFY”m 1Y9–Y2m standart OBD-II diagnostika interfeysi orqali 
ulangan avtomobilning elektron boshqaruv tizimidir (EBBhоm д8”Vm VY”18Sµ2RY9m
J2S9YFFY”mR2YS98JV2"YmYRYMVH”2SYmQTYV2FYR2пmYRYMVH”m1Y¶FQ18VFY”92m8µ“2JPОmRYJVFY–"2m
“YGVYm2JPFYJPmAYmдFQHV88VPmM”8V8"8F2m–8µG2OPYmJ21J2TmQTYV2JPmEQ9"J2GYFY”292m–Y0Y”YR2о 

 
11-rasm ± C/9pjpм’M–А’чЭ"pσ9’qч–jч¶M5jp9MчΔ’"’–Ч’Эµ’σz–/ч–/’Ы5чMMчσz9’Δ’σz–9’Ы’j’–

arxitekturasi 
(8F2S89mJ298AFY”292m8µV"YT2JPmVY”V2–2m“QG2RYS2m–8J“2OPFY”92m8µTm2OP2SYm8FSY9у 
1. Avtomobilni ishga tushirish. Uskunalar soz holatini tekshirish. Tayyor 

–8µFSY9RYmPY”Y"YVm–8JPFY92JP2SYOPYmэmJ892GYmVHJ"Y”2mJY98“о 
2. Avtomobilni belgilangan tezlikkacha tezlatish (min. tezlik = 20 km/soat, 

tezlik ortish qadami = 10 km/soat). 
иоm чAV818–2Fm YJ–8–FY”m MY9HF2RYS2m HFH"V”m V8"m "QOP2m "8µ”JYV"2OPFY”292m

barqarorlashtirish uchun tezlikni 8±15 soniya davomida ushlab turish. 
еоm ч"JHFH”YV8”m MHRYF292m “8µG2–m GQ–8”2JPm AYm V8µF2“m V8µKVYSQ9OPYm H”"29m

GQ1YFYJPRYmPY”Y"YVFY92JPоmч"JHFH”YV8”mMHRYF2m“8µG2–mGQ–8”2FSQ9SYm“YRY”mAYmH”"29m
yumalash boshida tok "QOP2m “2G1YVFY”292m “YGRm HV2JPоm k298Am 8µV"YT2JP929Sm
–8JPFY9Sµ2OPmP8FYV2SYm“YGV2JPо 

5. 2±4-bosqichlarni 29 marta takrorlash. 
фоm ,HTF2"m 8”V2JPm “YRY12RY9m E8GRYFY92–Оm GY9S2m –HFS2FY9SY9m VHTF2"92m 8µ”9YV2JPоm 

2±5-bosqichlarni takrorlash. 

 
12-rasm ± UMСq9Δpjpм’M–СMСq9Δ–9pq’–/ч–W5//ч9’"’"Э–zчΔчqч9–9СЫM’Э’Эч–мpЭµM’WM’Э’–мpµЧ’уzч–

poligon eksperimental tadqiqotlari va nazariy qiymatlarni taqqoslash 
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12-”YJ1RYmHFH"V”818–2FmHFH"V”m V8"2mAYm“QAAYV2929SmPY”Y"YVm VHTF2S2SYm–8SµF2“m
P8FRYS2mM8F2S89mH"JMH”21H9VYFm1Y¶FQ18VFY”2mnazariy qiymatlar bilan taqqoslangan 
(chapda ± 2JVH¶18Fm“2F29YR2SY9mAYm”HSH9H”YVJ2GYFY9YR2SY9mV8"Оm8µ9SRYm± mos quvvat). 
х12VYVJ289m 18RHF929Sm Y92“F2S2m fч’Оm bfk’Оm fч(’m AYm ubfk’m "8µ”JYV"2OPFY”2m
–8µG2OPYm–YP8FY9SY9о 

,8"m–8µG2OPYmQ1Q1FYJPV2”2FSY9m"8µ”JYV"2OPFY”m е-0YRAYFhm2JVH¶18Fm“2F29YR2SY9m
tok uchun MAE = 4,4 A va RMSE = 5,21 A ni, regeneratsiyalanadigan tok uchun 
HJYmJHT2FY”F2mRY”Y0YRYm"2OP2"m“2G1YVFY”92m аОннmчmAYmаОирmчhm"8µ”JYVR2Оm–Qm18RHF929Sm
rekuperatsiya rejimida yaxshiroq mosligidan dalolat beradi; ikkala egri chiziq uchun 
fч(’mVYK129Y9mеОээim92mVYJP"2FmHVR2оm,HTF2"m”H021FY”2m–8µG2OPYm–YVYEJ2FmVYPF2Fm э-
jadval) xatoliklarning tizimli xususiyatga ega ekanini va tezlik ortishi bilan monoton 
8µJ2JP292mY92“FYR2уm2JVH¶18Fm“2F29YR2SY9mV8"m–8µG2OPYmVYE8AQVm20 km/soatda 2 A dan 
вннm"1сJ8YVRYmввmчmSYOPYm8”VYR2оmzQAAYVm–8µG2OPYmQ1Q1FYJPV2”2FSY9m"8µ”JYV"2OPFY”m
(6-jadval) MAE = 1,07 kVt, RMSE = 1,18 kVt ni tashkil etdi, MAPE esa 9% dan 
8JP1YR2оmzQAAYVm–8µG2OPYm–YVYEJ2FmVYE8AQVFY”m к-jadval) 20±60 km/soat 8”YF2Sµ2RYmвОэm
kVt dan oshmaydi, 70 km/soatdan yuqori tezliklarda esa 1,5±2,0 kVt gacha ortadi, 
bu tok uchun kuzatilgan manzaraga mos keladi. Olingan natijalar matematik 
18RHF929Sm"8µ”2–mOP2“2FYG8VSY9m2JPm”H021FY”2m8”YF2Sµ2RYS2mYRH"AYVF2S292mVYJR2“FYGR2о 

4-jadval  
oσ9С¶jpM–W’M’"чА’Эч"–/ч–ΔСЭС"СΔч9σ’ЧчMч"чА’Эч"–СMСq9Δ–9pq’"’–9чWWpσMчσzАч–

’j’9ч9σ’p"–jpАСM–σ’йч9’"’"Э–5j5jMчσz9’Δ’MЭч"–qpµΔσч9q’уzMчΔ’ 
Parametr MAE, A RMSE, A MAPE, % 

хJVH¶18Fm“2F29YR2SY9mV8" 6.22 6.86 5.72 
Regeneratsiyalanadigan tok 2.89 3.13 6.90 
Jami 4.56 5.33 6.31 

5-jadval  
UMСq9Δ–9pq’"’"Э–z’σpм–/ч–Сqσ%СΔ’jС"9чM–W’Чjч9MчΔ’–9СЫM’q–ΔС,’jMчΔ’–мpµЧ’уzч–

batafsil tafovutlari 
v, 

km/soat 
oσ9С¶je–
eksp., A 

oσ9С¶je–
imit., A 

ǻ–
’σ9С¶jeu–

A 

Regen. 
eksp., A 

Regen. 
imit., A 

ǻ–
regen., 

A 

MAPE, % 

20 28 26 2.0 12 11 1.0 7.7% 
30 42 39 3.0 18 16 2.0 9.1% 
40 60 56 4.0 25 23 2.0 7.3% 
50 82 77 5.0 33 31 2.0 6.1% 
60 108 102 6.0 43 40 3.0 6.3% 
70 138 131 7.0 54 51 3.0 5.3% 
80 172 164 8.0 67 63 4.0 5.3% 
90 210 200 10.0 81 77 4.0 4.9% 
100 252 241 11.0 97 92 5.0 4.8% 

х12VYVJ289m18RHF929SmJPQ9SYm8µKJPYJPmJPY”82VFY”RYS2m2JPOPY9F2S292mVH"JP2”2JPm
uchun verifikatsiyaning ikkinchi bosqichi ± "Q9929SmVQ”F2mAY“V2RYm8µV"YT2FSY9mJPYPY”m
GQ”2JPFY”2m9YV20YFY”2m–8µG2OPYm± –Y0Y”2FR2оmt8µ”2–mOP2“2FYG8VSY9mRYA”FY”929SmPY”m–2”2RYm
± ertalabki va kunduzgi vaqtda ± инm VYRY9m GQ”2JPm 8µV"YT2FR2Оm –Qm JPY”82VFY”929Sm
takrorlanuvchanligini va statistik qayta ishlash uchun yetarli hajmdagi 
1Y¶FQ18VFY”92mVY¶129FYR2о 



22 
 

13-rasmda misol sifatida kunduzgi vaqtda bajarilgan yurishlardan biri 
"HFV2”2FSY9оmk2"Fm–2”mK2FmVHTF2"m8”YF2Sµ2mJY“FY9SY9mP8FRYm"Y1”8“mRYA812GF2"m VYK129Y9m
4000 s) bilan ajralib turadi, bu kun davomidagi transport oqimining boshqacha 
sharoitlarini aks ettiradi. Moslikning sifat manzarasi saqlanadi: tok, kuchlanish va 
YGFY9V2”QAOP2m181H9V929SmP2J8–mAYmH"JMH”21H9VYFm–8SµF2“F2"FY”2mGQ”2JP929Sm–QVQ9m
RYA812RYmGY“29ОmJ2"Fm8K2”2SYm"HF2–mTY”GYRFY92JPmRY”Y0YJ2m18RHFm–8µG2OPYmфеОефim92Оm
H"JMH”21H9Vm–8µG2OPYmфаОавim92mVYJP"2FmHVYR2m VYE8AQVmVYK129Y9mаОаэmE82TmMQ9"V2hоm
Kunning turli vaqtida bajarilgan mustaqil yurishlar uchun zaryadlanish darajasi 
92J–2GmVYE8AQV2929SmGY“29F2S2m2JPFY–mOP2“2FSY9m18RHF929SmPY”Y"YVm”H0212m8µTSY”2JP2SYm
barqarorl2S2RY9mRYF8FYVm–H”YR2mAYmQ929Sm"H9Sm2JPmJPY”82VFY”2m8”YF2Sµ2RYS2mYRH"AYVF2S292m
tasdiqlaydi. 

 
13-rasm ± Shahar harakat siklida (kunduzgi vaqt) elektromobil parametrlarining hisob va 

eksperimental qiymatlarini taqqoslash 

6-0YRAYFSYm"8µ”YОmY92“F2"929Sm92J–2G "8µ”JYV"2OPFY”2mH”VYFY–"2m“2G1YVFY”SYmGY“29m
 "QOPFY92JPm–8µG2OPYmfч(’mиОфеiОmTY”GYRFY92JPmRY”Y0YJ2m–8µG2OPYmfч(’mвОакiОm
181H9Vm –8µG2OPYmubfk’m аОвфihОm V8"m –8µG2OPYm –2”8Tm "YVVY”8“m Y–J8FGQVm KYV8FY”m
(MAE = 7,28 A, RMSE = 13,04 A) esa kunduzgi transport oqimining yanada 
R29Y12"m VY–2YV2m AYm GQ“8”2”8“m V8"m OP8µ““2FY”2m –2FY9m 18Jm "HFYR2оm IY”2YVJ2GYm
"8HEE2VJ2GH9V2m8µJPYm8”YF2“RYm VYK129Y9mвн±врihm“8FYR2Оm–Qm"Q9929SmAY“V2RY9m“YV¶2m
nazar natijalarning solishtirma takrorlanuvchanligidan dalolat beradi. 

6-jadval 
Imitatsion model verifikatsiyasi xatosining kunduzgi vaqtdagi 30 ta 

Ч5Δ’σz–σСΔ’Ччσ’–мpµЧ’уzч–σ9ч9’σ9’q–qpµΔσч9q’уzMчΔ’ 
ОµΔЭч"’MчЧp9Эч"–

parametr cpµΔσч9q’уz ОµΔ9чуzч ı CV, % ОµΔ9чуzч"’"Э–AXd–
IO 

Batareya toki 
MAE, A 7,28 1,07 14,7 6,88-7,68 
RMSE, A 13,04 1,71 13,1 12,40-13,68 

NRMSE, % 5,02 0,67 13,3 4,77-5,27 

Kuchlanish MAE, V 3,58 0,38 10,6 3,44-3,72 
RMSE, V 3,77 0,43 11,4 3,61-3,93 
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MAPE, % 3,64 0,45 12,4 3,47-3,81 

Aylantiruvchi 
moment 

MAE, N·m 1,02 0,19 18,6 0,95-1,09 
RMSE, N·m 1,66 0,27 16,3 1,56-1,76 
NRMSE, % 2,16 0,23 10,6 2,07-2,25 

Zaryadlanish darajasi 
MAE, % 0,91 0,17 18,7 0,85-0,97 
RMSE, % 1,18 0,19 16,1 1,11-1,25 
MAPE, % 1,27 0,20 15,7 1,20-1,34 

7-0YRAYFRYmH”VYFY–"2mAYm"Q9RQTS2mGQ”2JPFY”mQOPQ9m”HYFmJPYPY”mJPY”82VFY”2RYm2JVH¶18Fm
qilingan va rekuperatsiya qilingan energiyani eksperimental baholash natijalari 
keltirilgan. Energiyalar tortish batareyasi quvvatini qayd etilgan tok va kuchlanish 
signallari –8µG2OPYm29VHS”YFFYJPmG8µF2m–2FY9m8F29SY9уm2JVH¶18Fm“2F29SY9mH9H”S2GYmH”VYFY–"2m
yurishda 2,20 kVt·s ni, kunduzgi yurishda 2,10 kVt·s ni, rekuperatsiya qilingani esa 
mos ravishda 0,128 va 0,132 kVt·s ni tashkil etdi, bu sarflangan energiyaning 5,82% 
va 6,28imQFQJPRYS2m ”H"QMH”YVJ2GYJ2SYm V8µSµ”2m "HFYR2оm)TQ9F2S2m VY““8JFY9YR2SY9m–2VVYm
1Y”JP”QVm–8µG2OPYm2""2VYm1QJVY“2FmGQ”2JPm"8µ”JYV"2OPFY”2929SmGY“29F2S2m акОтвmAYmафОфеm
km) natijalarning takrorlanuvchanligidan dalolat beradi. Olingan rekuperatsiya ulushi 
qiymatlari WLTC sikli uchun hisoblangan qiymat (7,62%) bilan mos keladi va ishlab 
chiqilgan imitatsion modelning real shahar ekspluatatsiyasi sharoitlaridagi 
adekvatligini tasdiqlaydi. 

7-jadval 
вzчzчΔ–Сqσ%M5ч9ч9σ’Ччσ’–σzчΔp’9MчΔ’Ач–’σ9С¶jpM–W’M’"Эч"–/ч–ΔСq5%СΔч9σ’Чч–

qilingan energiyani eksperimental baholash natijalari 

Yurish 
davri 

oσ9С¶jpM–
qilingan 
energiya, 

kVt·s 

Rekuperatsiya 
qilingan 

energiya, kVt·s 

Rekuperatsiya 
ulushi, % 

Masofa, 
km 

Solishtirma 
rekuperatsiya, 

kVt·s/km 

Ertalabki 
yurish 2.20 0,128 5,82 27.81 0,0463 

Kunduzgi 
yurish 2,1 0,132 6,28 26,64 0,0495 

«Rekuperativ tormozlashdan iqtisodiy va ekologik samarani hisoblash» deb 
981FY9SY9m V8µ”V29OP2m –8–RYm V8”18TFYJPm 0Y”YG892RYm"29HV2"m H9H”S2GY929Sm–2”m “2J1292m
elektromobil batareyasiga qisman qaytarish hisobiga elektr energiyasini tejash hisob-
kitoblari keltirilgan. kPQ9RY9mJ8µ9SОmYV18JEH”YSYmOP2“Y”2–mVYJPFY92JP929Sm8FR292m8F2JPm
hisob-kitoblari keltirilgan. 

Solishtirma rekuperatsiya energiyasi e harakat sikli davomida qaytarilgan 
H9H”S2GYm«m929Sm–8J2–m8µV2FSY9mG8µFmymSYm92J–YV2mJ2EYV2RYmY92“FY9YR2ОmGY¶92 

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚݁𝑚 ൌ 𝑚ௐ
௅

                                                   (15) 
х12VYVJ289mVYR“2“8VFY”m9YV20YFY”2SYm"8µ”YОm”HYFmH"JMFQYVYVJ2GYmJPY”82VFY”2SYmH9SmGY“29m

–8µFSY9m «y,vm JPYPY”m PY”Y"YVm J2"F2RYm VY"F2Em HV2FYG8VSY9m ”H"QMH”YV2Am V8”18TFYJP92m
boshqarish algoritmi standart algoritmdagi 0,00507 kVt·s/km ga qarshi 0,00676 
kVt·s/km soF2JPV2”1YmH9H”S2GYm“YGVY”2JP92mVY¶129FYGR2о 

Yillik rekuperatsiya energiyasi quyidagicha hisoblanadi 
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ௬ܹ௜௟ ൌ ݁ ൉  ௬௜௟                                          (16)ܮ

bu yerda Lyil ± 8µ”VYOPYmG2FF2"mGQSQ”2JPоmcµ”VYOPYmJVYV2JV2"mH"JMFQYVYVJ2GYmQOPQ9mK8Jm
–8µFSY9myyil мm анm нннm "1m 8µ”VYOPYm G2FF2"m GQSQ”2JPRYm G2FF2"m ”H"QMH”YVJ2GYm H9H”S2GYJ2m
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hajmi standart algoritmda taxminan 101,4 kVt·s ni, taklif etilayotganida esa taxminan 
135,3 kVt·s ni tashkil etadi. Shunday qilib, taklif etilayotgan algoritm bitta avtomobilga 
G2F2SYm “8µJP21OPYm ǻ«m §m ииОтm "IVāJm “YGVY”YR2Оm –Qm «y,vm J2"F2RYm ”H"QMH”YVJ2GYm
H9H”S2GYJ2mPY012929SmииimSYmAYmu’evmJ2"F2RYmиэimSYOPYm8µJ2JP2SYmV8µSµ”2m"HFYR2о 

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚ܵ ൌ ௬ܹ௜௟ ൉ ௘ܰ௟                                          (17) 
 bu yerda Nel± HFH"V”mH9H”S2GYJ2m VY”2E2оm,Y”2EmмmрннmJ8µ1с"IVāJm –8µFSY9RYm VY"F2Em

etilayotgan algoritm bilan rekuperatsiya hisobiga tejam bitta avtomobilga yiliga 
VYK129Y9m вавm кннm J8µ192m VYJP"2Fm HVYR2пm JPQ9RY9m VYK129Y9m инm еннm J8µ1m –HA8J2VYm
JVY9RY”Vm YFS8”2V1SYm 92J–YVY9m VY"F2Em HV2FYG8VSY9m YFS8”2V192m “8µFFYJPm P2J8–2SYm
VY¶1inlanadi. 

kPQ92m VY¶"2RFYJPm "H”Y""2Оm "2OP2"m J29Em HFH"V”818–2FFY”2m VY"J2m PYGR8AOP2FY”2m AYm
yetkazib berish sohasi xodimlari orasida alohida ommabopdir; ularning kunlik 
yugurishi 150±300 km gacha yetishi mumkin, bu odatiy shaxsiy ekspluatatsiyadagi 
yugurishdan Y9OPYm GQ“8”2оm bH"QMH”YVJ2GYm H9H”S2GYJ2m PY012m GQSQ”2JPSYm V8µSµ”2m
M”8M8”J289YFm–8µFSY92mJY–Y–F2Оm–QmV82EYRYS2mE8GRYFY9QAOP2FY”mQOPQ9m2“V2J8R2GmJY1Y”Ym–2”m
necha barobar ortadi. 8-0YRAYFSYm"8µ”YОmG2FF2"mGQSQ”2JP2mVYK129Y9mеэmннн±90 000 km 
(300 ish kunida kuniga 150±иннm "1m YV”8E2RYhm –8µFSY9m 0YRYFm H"JMFQYVYVJ2GYRYm VY"F2Em
etilayotgan algoritm bilan yillik rekuperatsiya energiyasi hajmi taxminan 304±609 
kVt·s ni tashkil etadi, bu bitta avtomobilga yiliga taxminan 274 000±эетmнннmJ8µ1m
VH0Y1SYm V8µSµ”2m "HFYR2пm –Q9RYm taklif etilayotgan algoritmning standart algoritmga 
nisbatan bevosita hissasi yiliga taxminan 68 500±викmнннmJ8µ192mVYJP"2FmHVYR2о 

8-jadval 
Tadqiqot natijalarining ekspluatatsiya jarayonidagi texnik-iqtisodiy 

asoslanishi 
Ekspluatatsiya rejimi 

(yugurish) 
Jami rekuperatsiya, 

kVt·s/yil 
Jami tejam, 

σpµjnЧ’M 
Algoritm hissasi, 

kVt·s/yil 
Algoritm 

z’σσчσ’u–σpµjnЧ’M 
Shaxsiy ekspluatatsiya (20 

000 km/yil) 135 121 700 34 30 400 
Taksi/yetkazib berish, 150 
"1с"Q9m §еэmнннm"1сG2Fh 304 273 900 76 68 500 
Taksi/yetkazib berish, 300 
"1с"Q9m §рнmнннm"1сG2Fh 609 547 800 152 137 000 

Rekuperatsiyaning ekologik ta¶siri iqtisodiy asosda hisoblanadi, shuning uchun 
batareyaga qaytarilgan energiyani elektr stansiyasida ishlab chiqarish shart emas. 
Oµzbekiston energetika tizimida issiqlik generatsiyasi ustunlik qiladi. Elektr 
energiyasining qariyb 78 foizini tabiiy gaz, 7 foizini koµmir beradi2. Tarmoq energiyasi 
iste¶molining kamayishi bevosita issiqxona gazlari chiqindilarini kamaytiradi. 

Oldini olingan karbonat angidrid chiqindilarining yillik massasi oldingi 
paragrafda keltirilgan rekuperatsiyalangan energiyaning yillik hajmi boµyicha 
hisoblanadi: 

ʛ஼ைమ ൌ
௬ܹ௜௟݇஼ைమ
௭ߟ

 

 
2 2023-G2FmP8FYV2SYm"8µ”YоmfY9–YуmPVVMJуссF8BOY”–89M8BH”о8”Sс”HS289с)T–H"2JVY9 
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bu yerda ݇஼ைమ - bir kilovatt-J8YVm HFH"V”m H9H”S2GYJ2SYm V8µSµ”2m "HFYR2SY9m QSFH”8Rm
dioksidi solishtirma chiqindilari, ߟ௭ - tortuv batareyasini tarmoqdan zaryadlash 
samaradorligi. 

дf,929Sm V8TYm ”2A80FY92JPm 1HKY92T12m 1HV8R8F8S2GYJ2m YJ8J2RYm cµT–H"2JV89m
energetika tizimi uchun tarmoq emissiya koeffitsiyenti 0,499 tonna CO2/MVt/soat3 
RY”Y0YJ2RYmP2J8–FY–mOP2“2FR2оmN8“2FSµ292m“YT2–m8F2JPmAYmVYJP2JP92mP2J8–SYm8FSY9mP8FRYm
V8µF2“m PYG8V2Gm J2"Fm –8µG2OPYm –YP8FYJPm вОнm "Sm vcаm H"Aс"IVсJ8YV92m VYJP"2Fm HVYR24. 
Hisoblashda konservativ qiymat k (CO2) =0,50 kg CO2/kVt/soat qabul qilingan. 

N2FF2"m8µ”VYOPYmанmнннm"1m1YJ8EYRYmVY"F2EmHV2FSY9mYFS8”2V1mG2F2SYmвиэОиm"IVсJ8YV92m
qaytaradi - zaryadlash samaradorligini hisobga olgan holda, bu yiliga taxminan 150 
kVt/soat tarmoq elektr energiyasi va har bir avtomobil uchun taxminan 75 kg CO2 
chiqindilarining oldini oladi. Shundan taxminan 19 kg CO2 bevosita taklif etilgan 
YFS8”2V1m P2JJYJ2SYm V8µSµ”2m "HFYR2оm ,8µF2“m PYG8Vm J2"F2m 2""YFYm –YP892m PY1m 2""2m –Y”YAY”m
oshiradi - mos ravishda 150 va 38 kg CO2 ekvivalenti. 

,Y"J2m AYm GHV"YT2–m –H”2JPm K2T1YVFY”2SYm K8Jm –8µFSY9m еэm нннm - 90 000 km yillik 
masofada, taklif etilgan algoritm bilan tiklanish yiliga 304-609 kVt/soatga yetadi, bu 
338-677 kVt/soat tarmoq energiyasiga va har bir avtomobilga 169-338 kg CO2 
chiqindilarining oldini olishga mos keladi; algoritmning bevosita hissasi - 42-85 kg 
vcаоmN2Sµ1Ym9YV20YFY”mр-jadvalda keltirilgan. 

9-Jadval 
Taklif etilgan boshqaruv algoritmi bilan rekuperativ tormozlanishning 

ekologik samarasi 
cpµΔσч9q’уz Shaxsiy foydalanish (20 

000 km/yil) 
Tijorat maqsadida foydalanish 

(45 000±90 000 km/yil) 
Yillik rekuperatsiya energiyasi, 
kVt·soat 135,3 304±609 

Ekvivalent tarmoq energiyasi 
(Șz = 0,9), kVt·soat 150 338±677 

cFR2m8F29SY9mvcၷmOP2“29R2FY”2Оm
kg/yil 75 169±338 

Shu jumladan, taklif etilgan 
algoritm hissasi, kg/yil 19 42±85 

Hayot J2"F2m–8µG2OPYm–YP8FYJPОm
kg/yil 150 338±677 

XULOSA 

«Elektr yuritmali yengil avtomobillarda rekuperativ tormozlash samaradorligini 
YJ8JFYJPªm1YATQJ2RYm VHK92"Ym EY9FY”2m–8µG2OPYm EYFJYEYmR8"V8”2m  (Pehm 2F12GmRY”Y0YJ292m
olish uchun bajarilgan dissertatsiya tadqiqoti natijasida quyidagi xulosalar qilindi: 

1. Masalaning zamonaviy holati tahlili asosida rekuperativ tormozlash 
strategiyalari (parallel va ketma-ket) hamda boshqaruv algoritmlari (PID-regulyatorlar, 
OP2T2“J2Tm AYm YRYMV2AОm 98Y92“m1Y9V2“m AYm1YJP29YF2m 8µ“2V2JPSYm YJ8JFY9SY9Оm чдkс’kvm

 
3 https://cdm.unfccc.int/methodologies/standard_base/uzbekistan.pdf 
4 https://ourworldindata.org/grapher/carbon-intensity-electricity 
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tizimlari bilan integratsiyalashgan) tasniflangan va ularning kichik sinf 
HFH"V”818–2FFY”2SYm “8µFFY92F2JP2m –YP8FY9SY9оm ч”T89m 8”“Ym GQ”2V1YF2m GH9S2Fm
elektromobillar uchun rekuperativ tormozlashni asoslash masalalari yetarlicha 
8µ”SY92F1YSY92m Y92“FY9SY9m AYm HFektromobillar uchun tormoz kuchlarining 
8MV21YFFYJPV2”2FSY9mVY“J218V2m–2FY9mMY”YFFHFmJV”YVHS2GYm1Y“–QFmH"Y92m"8µ”JYV2FSY9о 

аоm’FH"V”m1YJP29YF2mHFH"V”818–2F929Sm–8µGFY1YmR29Y12"YJ2m1YVH1YV2"m18RHF2RY9m
foydalanilgan; uning asosida NEDC, WLTC va CLTC normalashtirilgan harakat 
sikllarida energiya sarfi va qaytarilishi hisoblangan. Taklif etilayotgan algoritmni 
“8µFFYSY9RYmH9H”S2GY sarfi 0,82 kVt·s (NEDC, 11,02 km), 2,11 kVt·s (WLTC, 23,66 
km) va 1,07 kVt·s (CLTC, 14,7 km) ni, rekuperatsiya qilingan energiya hajmi esa mos 
ravishda 0,060, 0,16 va 0,089 kVt·s ni tashkil etdi, bu sarflangan energiyaning 7,36%, 
7,62% va 8,38% rekuperats2GYmQFQJP2SYmV8µSµ”2m"HFYR2о 

иоmfч,yчдсk21QF29"m1QP2V2RYmGH9S2FmHFH"V”818–2Fm–8µGFY1YmPY”Y"YV2929Sm8FRm
yuritmali va orqa yuritmali kompozitsiyalari uchun imitatsion modeli yaratilgan. Old 
GQ”2V1YF2m "81M8T2VJ2GYm 8”“Ym GQ”2V1YF2SYm “Y”YSY9RYm "8µM”8“m ”H"QMH”YVJ2GYm PY01292m
VY¶129FYJP2m Y92“Fangan (qaytariladigan energiya ulushi WLTC siklida ± 6,82% ga 
qarshi 5,73%, CLTCda ± 7,62% ga qarshi 6,35%). Tormoz kuchlarini friksion va 
”H"QMH”YV2Am V2T21FY”m 8µ”VYJ2RYm “YGVYm VY“J21FYJPSYm YJ8JFY9SY9m 2JPFY–m OP2“2FSY9m
rekuperativ tormozlashni boshqarish algoritmi rekuperatsiya energiyasi hajmini 
standartga nisbatan 32±35% ga oshiradi (NEDCda 35%, WLTCda 33% va CLTCda 
иаihОmvy,vmJ2"F2RYm“YGVY”2FYR2SY9mH9H”S2GYmQFQJP292mтОитimSYOPYm"8µVY”YR2о 

еоm bH"QMH”YVJ2GYm H9H”S2GYJ2m PY012SYm VY¶J2”m HVQAOP2m YJ8J2Gm 8µTSY”QAOP2FY”m
aniqlangan va darajalangan: harakat siklining tabiati, yuritma topologiyasi, 
–YVY”HGY929Sm –8JPFY9Sµ2OPm TY”GYRFY92JPm RY”Y0YJ2Оm HFH"V”m1YJP29YJ2m AYm 29AH”V8”m ‘хt2Оm
batareyaning qabul qil2JPm“8–2F2GYV2m AYmдfkmRYJVQ”2Gm VY¶1298V2Оm "8µM”2"FY”m –8µG2OPYm
GQ"FY1YFY”mVY“J218V2mAYm2FYJP2JPОmV8”18Tm–FH9R29SmYFS8”2V12оmд8JPFY9Sµ2OPmTY”GYRFY92JPm
darajasi muhim omil ekani aniqlangan: 100% ga yaqin darajada rekuperatsiya batareya 
boshqaruv tizimi tomonidan SOC 95% dan pasaymaguncha bloklanadi, shu sababli 
batareyani 95% dan yuqori zaryadlamaslik tavsiya etiladi. 

эоm bH"QMH”YV2Am V8”18TFYJPm V2T212m G8“2FSY9m AYm 8µOP2”2FSY9m P8FYVRYS2m
eksperimental tadqiqotlar (belgilangan tezliklardagi poligon sinovlari va ertalabki 
hamda kunduzgi vaqtda 30 tadan shahar yurishlari seriyasi) bilan ishlab chiqilgan 
modelning ishonchliligi VYJR2“FY9SY9уmM8F2S89RYm V8"m–8µG2OPYm8µ”VYOPYmY–J8FGQVm E82Tm
KYV8J2mеОээimRY9m8JP1YR2ОmJPYPY”mJ2"FFY”2RYmV8"m–8µG2OPYm98”1YFYJPV2”2FSY9m8µ”VYOPYm
kvadratik xato 4,79±эОнаim 92Оm "QOPFY92JPm –8µG2OPYm fч(’m иОэи±3,64% ni, 
TY”GYRFY92JPmRY”Y0YJ2m–8µG2OPYmвОаф±1,27% ni tashkil etdi, variatsiya koeffitsiyenti 10±
19% va ishonch oraliqlari tor (Styudent t-mezoni, ishonch ehtimoli 0,95). Shaharda 
H9H”S2GY929SmPY“2“2Gm“2G1YVFY”2mH"JMH”21H9VYFm8µFOPY9SY9m иор-jadval): 2,20 va 2,10 
kVt·s sarfda 0,128 va 0,132 kVt·s rekuperatsiya qilindi, bu 5,82% va 6,28% 
”H"QMH”YVJ2GYmQFQJP2SYmV8µSµ”2m"HFYR2mAYm«y,vmJ2"F2mQOPQ9mP2J8–FY9SY9mQFQJPm–2FY9m18Jm
keladi.
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ɌɈɊɆɈɀȿɇɂə ȼ–ɅȿȽɄɈȼɕɏ–ȺȼɌɈɆɈȻɂɅəɏ ɋ–

ɗɅȿɄɌɊɂɑȿɋɄɂɆ–ɉɊɂȼɈȾɈɆ  

05.08.06 ± Ʉɨɥɟɫɧɵɟ–ɢ–ɝɭɫɟɧɢɱɧɵɟ–ɦɚɲɢɧɵ–ɢ–ɢɯ–ɷɤɫɩɥɭɚɬɚɰɢɹ 

ȺȼɌɈɊȿɎȿɊȺɌ–ȾɂɋɋȿɊɌȺɐɂɂ–ȾɈɄɌɈɊȺ–ɎɂɅɈɋɈɎɂɂ–kPhD) 
ɉɈ–ɌȿɏɇɂɑȿɋɄɂɆ–ɇȺɍɄȺɆ 

Ɍɚɲɤɟɧɬ±2026 
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ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯm ɬɟɯɧɨɥɨɝɢɣОm ɜɧɟɞɪɹɟɦɵɯm ɜm ɫɨɜɪɟɦɟɧɧɵɯm
ɷɥɟɤɬɪɢɮɢɰɢɪɨɜɚɧɧɵɯm ɬɪɚɧɫɩɨɪɬɧɵɯm ɫɪɟɞɫɬɜоm ȼm ɱɚɫɬɧɨɫɬɢОm ɚɥɝɨɪɢɬɦɵm ɩɨm
ɭɥɭɱɲɟɧɢɸm ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨm ɬɨɪɦɨɠɟɧɢɹm ɬɪɟɛɭɸɬm ɞɨɥɠɧɨɝɨm ɜɧɢɦɚɧɢɹОm
ɩɪɢɧɢɦɚɹmɜɨmɜɧɢɦɚɧɢɟmɢɯmɜɥɢɹɧɢɟmɧɚmɬɨɩɥɢɜɧɭɸmɷɤɨɧɨɦɢɱɧɨɫɬɶmɚɜɬɨɦɨɛɢɥɹ 
ɢmɛɟɡɨɩɚɫɧɨɫɬɶmɜmɩɪɨɰɟɫɫɟmɬɨɪɦɨɠɟɧɢɹо 

ȼm ɨɩɪɟɞɟɥɟɧɧɨɣm ɫɬɟɩɟɧɢm ɷɬɚm ɞɢɫɫɟɪɬɚɰɢɨɧɧɚɹm ɪɚɛɨɬɚm ɩɨɦɨɝɚɟɬm
ɜɵɩɨɥɧɢɬɶm ɡɚɞɚɱɢОm ɩɨɫɬɚɜɥɟɧɧɵɟm ɝɨɫɭɞɚɪɫɬɜɨɦm ɜm ɉɨɫɬɚɧɨɜɥɟɧɢɹɯm
ɉɪɟɡɢɞɟɧɬɚmɊɟɫɩɭɛɥɢɤɢmɍɡɛɟɤɢɫɬɚɧmʋɉɉ-ееиmmɨɬmврmɞɟɤɚɛɪɹmанааmɝɨɞɚm³Ɉm
ɦɟɪɚɯm ɨm ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣm ɩɨɞɞɟɪɠɤɟm ɨɪɝɚɧɢɡɚɰɢɢm ɩɪɨɢɡɜɨɞɫɬɜɚmm
ɷɥɟɤɬɪɨɦɨɛɢɥɟɣ´Оʋɉɉ-еееm m ɨɬm врm ɞɟɤɚɛɪɹm анааm ɝɨɞɚm ³Ɉm ɦɟɪɚɯm ɩɨm
ɪɚɫɲɢɪɟɧɢɸmɢɧɮɪɚɫɬɪɭɤɬɭɪɵmɷɤɫɩɥɭɚɬɚɰɢɢmɷɥɟɤɬɪɨɦɨɛɢɥɟɣ´Оmʋɉɉ-еифmmɨɬm
наm ɞɟɤɚɛɪɹm анааm ɝɨɞɚm ³Ɉm ɦɟɪɚɯm ɩɨm ɩɨɜɵɲɟɧɢɸm ɷɮɮɟɤɬɢɜɧɨɫɬɢm ɪɟɮɨɪɦОm
ɧɚɩɪɚɜɥɟɧɧɵɯmɧɚmɩɟɪɟɯɨɞmɊɟɫɩɭɛɥɢɤɢmɍɡɛɟɤɢɫɬɚɧmɧɚm³Ɂɟɥɟɧɭɸ´mɷɤɨɧɨɦɢɤɭm
ɞɨm анинm ɝɨɞɚ´Оm ʋɉɉ-ееккm m ɨɬm неm ɨɤɬɹɛɪɹm анврm ɝɨɞɚm ³Ɉɛm ɭɬɜɟɪɠɞɟɧɢɢm
ɫɬɪɚɬɟɝɢɢm ɩɨm ɩɟɪɟɯɨɞɭm Ɋɟɫɩɭɛɥɢɤɢmɍɡɛɟɤɢɫɬɚɧm ɧɚm ³Ɂɟɥɺɧɭɸ´m ɷɤɨɧɨɦɢɤɭm ɜm
ɩɟɪɢɨɞm анврm - анинm ɝɨɞɨɜ´Оm ʋm ɉɉ-еаинm ɨɬm фm ɦɚɪɬɚm анврm ɝоm ³Ɉm ɦɟɪɚɯm ɩɨm
ɤɚɪɞɢɧɚɥɶɧɨɦɭm ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸm ɝɪɭɡɨɜɵɯm ɢm ɩɚɫɫɚɠɢɪɫɤɢɯm ɩɟɪɟɜɨɡɨɤ´Оm
ʋɉɉ-иэтрmmɨɬmфmɦɚɪɬɚmанвтmɝоm³Ɉmɦɟɪɚɯmɩɨmɞɚɥɶɧɟɣɲɟɦɭmɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸm
ɫɢɫɬɟɦɵm ɭɩɪɚɜɥɟɧɢɹm ɚɜɬɨɦɨɛɢɥɶɧɵɦm ɬɪɚɧɫɩɨɪɬɨɦ´Оm ɚm ɬɚɤɠɟm ɜm ɪɹɞɟm ɞɪɭɝɢɯm
ɧɨɪɦɚɬɢɜɧɨ-ɩɪɚɜɨɜɵɯmɞɨɤɭɦɟɧɬɚɯmɤɚɫɚɬɟɥɶɧɨmɞɚɧɧɨɣmɞɟɹɬɟɥɶɧɨɫɬɢо 

ɋɨɨɬɜɟɬɫɬɜɢɟ–ɢɫɫɥɟɞɨɜɚɧɢɹ–ɩɪɢɨɪɢɬɟɬɧɵɦ–ɧɚɩɪɚɜɥɟɧɢɹɦ–ɪɚɡɜɢɬɢɹ–
ɧɚɭɤɢ– ɢ– ɬɟɯɧɨɥɨɝɢɣ– ɪɟɫɩɭɛɥɢɤɢe– Ⱦɚɧɧɨɟm ɢɫɫɥɟɞɨɜɚɧɢɟm ɜɵɩɨɥɧɟɧɨm ɜm
ɫɨɨɬɜɟɬɫɬɜɢɢm ɫɨm III ɩɪɢɨɪɢɬɟɬɧɵɦm ɧɚɩɪɚɜɥɟɧɢɟɦm ɪɚɡɜɢɬɢɹm ɧɚɭɤɢm ɢm
ɬɟɯɧɨɥɨɝɢɣm ɪɟɫɩɭɛɥɢɤɢm ©ɗɧɟɪɝɟɬɢɤɚОm ɷɧɟɪɝɨɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɨɫɬɶОm
ɬɪɚɧɫɩɨɪɬОmɦɚɲɢɧɵmɢmɨɛɨɪɭɞɨɜɚɧɢɟªо 

ɋɬɟɩɟɧɶ– ɢɡɭɱɟɧɧɨɫɬɢ– ɩɪɨɛɥɟɦɵe– Ɋɹɞm ɩɟɪɟɞɨɜɵɯm ɧɚɭɱɧɵɯm ɰɟɧɬɪɨɜОm
ɥɚɛɨɪɚɬɨɪɢɣm ɢm ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯm ɭɧɢɜɟɪɫɢɬɟɬɨɜm ɩɨm ɜɫɟɦɭm ɦɢɪɭm
ɩɪɨɜɨɞɹɬmɬɟɨɪɟɬɢɱɟɫɤɢɟmɢmɩɪɚɤɬɢɱɟɫɤɢɟmɢɫɫɥɟɞɨɜɚɧɢɹmɦɟɯɚɬɪɨɧɧɵɯmɫɢɫɬɟɦm
ɷɥɟɤɬɪɨɦɨɛɢɥɟɣmɢm ɢɯm ɩɪɢɦɟɧɟɧɢɹо Ɍɚɤɢɟm ɡɚɪɭɛɟɠɧɵɟmɭɱɟɧɵɟОm ɤɚɤmСоСH9VYОm
S.Onori, L.Serrao, A.Tonoli, N.Amati, M.Giansoldati, A.Hughes, E.Schaltz, 
A.Noume, M.Risser, C.Vasile, A.Couliibaly, C.Hariharan, E.Inci, H.Lee, Y.Lei, 
Sh.Ruan, Y.Fu, M.Yoshio, J.Yang, Sh.Hu, M.Ehsani, Y.Gao, S.Chauhan, 
zо»PY9SОm vоm NY9SОm ȺоȺɤɫɺɧɨɜОm ȼоȼɨɞɨɜɨɡɨɜОm ȼоɂɜɚɧɨɜОm m ȼоəоȾɜɚɞɧɟɧɤɨОm
ɋоɇоȾɭɦɧɨɜОm ɢm ɦɧɨɝɢɟm ɞɪɭɝɢɟОm ɡɚɧɢɦɚɥɢɫɶm ɜɨɩɪɨɫɚɦɢm ɨɛɨɫɧɨɜɚɧɢɹm
ɪɟɤɭɩɟɪɚɬɢɜɧɨɣmɫɢɫɬɟɦɵmɬɨɪɦɨɠɟɧɢɹmɢmɟɟmɷɮɮɟɤɬɢɜɧɨɫɬɢmɜmɷɥɟɤɬɪɨɦɨɛɢɥɹɯm
ɢmɝɢɛɪɢɞɧɵɯmɷɥɟɤɬɪɨɦɨɛɢɥɹɯоm 

ȼm ɍɡɛɟɤɢɫɬɚɧɟm ɜm ɷɬɨɦm ɧɚɩɪɚɜɥɟɧɢɢm ɚɤɬɢɜɧɭɸm ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɭɸm
ɞɟɹɬɟɥɶɧɨɫɬɢm ɜɟɥɢm ɬɚɤɢɟm ɭɱɺɧɵɟm ɤɚɤm ɋоɆоɄɚɞɵɪɨɜОm ȺоȺоɆɭɯɢɬɞɢɧɨɜОm
ȻоɂоȻɚɡɚɪɨɜОm ɒоɉоȺɥɢɦɭɯɚɦɦɟɞɨɜОm ɋоɄоɊɭɡɢɦɨɜОm ɀоɒоɂɧɨɹɬɯɨɞɠɚɟɜОm
ȽоəɯɲɢɥɢɤɨɜɚОmɈоȺоmɌɭɣɱɢɟɜОmɎоɒоmɍɦɟɪɨɜОmОmɀоmɆɚɜɥɨɧɨɜmɢmɞɪɭɝɢɟо 

ɈɞɧɚɤɨОmɢɫɫɥɟɞɨɜɚɧɢɹmɩɨmɨɛɨɫɧɨɜɚɧɢɸmɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨmɬɨɪɦɨɠɟɧɢɹmɜm
ɥɟɝɤɨɜɵɯm ɚɜɬɨɦɨɛɢɥɹɯm ɫm ɷɥɟɤɬɪɢɱɟɫɤɢɦm ɩɪɢɜɨɞɨɦm ɧɟm ɛɵɥɢm ɢɡɭɱɟɧɵm ɧɚm
ɞɨɫɬɚɬɨɱɧɨɦmɭɪɨɜɧɟо 
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ɋɜɹɡɶ– ɬɟɦɵ– ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ– ɢɫɫɥɟɞɨɜɚɧɢɹ– ɫ– ɩɥɚɧɚɦɢ– ɧɚɭɱɧɵɯ–
ɪɚɛɨɬ– ɜɵɫɲɟɝɨ– ɭɱɟɛɧɨɝɨ– ɡɚɜɟɞɟɧɢɹu– ɝɞɟ– ɜɵɩɨɥɧɟɧɚ– ɞɢɫɫɟɪɬɚɰɢɹe–
Ɉɫɧɨɜɧɚɹm ɱɚɫɬɶm ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨm ɢɫɫɥɟɞɨɜɚɧɢɹm ɜɵɩɨɥɧɟɧɚm ɜm ɇɚɭɱɧɨ-
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣmɥɚɛɨɪɚɬɨɪɢɢm ɷɥɟɤɬɪɨɦɨɛɢɥɟɣm ɢmɢɯm ɢɧɮɪɚɫɬɪɭɤɬɭɪɵmɩɪɢm
Ɍɭɪɢɧɫɤɨɦm ɉɨɥɢɬɟɯɧɢɱɟɫɤɨɦm ɍɧɢɜɟɪɫɢɬɟɬɟm ɜm ɝоm ɌɚɲɤɟɧɬɟОm ȺɈm
³ɍɡɚɜɬɨɫɚɧɨɚɬ´оm ɌɚɤɠɟОm ɱɚɫɬɶm ɢɫɫɥɟɞɨɜɚɧɢɹm ɛɵɥɚm ɜɵɩɨɥɧɟɧɚm ɜm ɪɚɦɤɚɯm
ɩɪɨɟɤɬɚm внвватнфэ- ©m ɍɫɬɨɣɱɢɜɵɣm ɬɪɚɧɫɩɨɪɬm ɜm ɪɚɦɤɚɯm ³Ɂɟɥɟɧɨɝɨm
ɫɨɝɥɚɲɟɧɢɹ´ªо 

ɐɟɥɶɸ– ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹm ɨɛɨɫɧɨɜɚɧɢɟm ɷɮɮɟɤɬɢɜɧɨɫɬɢm
ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨm ɬɨɪɦɨɠɟɧɢɹm ɥɟɝɤɨɜɨɝɨm ɚɜɬɨɦɨɛɢɥɹm ɫm ɷɥɟɤɬɪɢɱɟɫɤɢɦm
ɩɪɢɜɨɞɨɦОm ɩɨɡɜɨɥɹɸɳɟɝɨm ɞɨɫɬɢɱɶm ɜɵɫɨɤɢɯm ɩɨɤɚɡɚɬɟɥɟɣm ɷɧɟɪɝɟɬɢɱɟɫɤɨɣm
ɷɮɮɟɤɬɢɜɧɨɫɬɢm ɢm ɷɤɨɥɨɝɢɱɟɫɤɨɣm ɛɟɡɨɩɚɫɧɨɫɬɢm ɫm ɭɱɺɬɨɦm ɬɪɟɛɨɜɚɧɢɣm ɤm
ɞɢɧɚɦɢɤɟо 

Ɂɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ: 
ɢɡɭɱɟɧɢɟm ɬɟɤɭɳɢɯm ɪɚɡɪɚɛɨɬɨɤm ɢm ɢɫɫɥɟɞɨɜɚɧɢɣm ɫɨɜɪɟɦɟɧɧɵɯm ɫɢɫɬɟɦm

ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨmɬɨɪɦɨɠɟɧɢɹmɜmɷɥɟɤɬɪɨɦɨɛɢɥɹɯп 
ɢɫɩɨɥɶɡɨɜɚɧɢɟm ɦɚɬɟɦɚɬɢɱɟɫɤɨɣm ɦɨɞɟɥɢm ɞɜɢɠɟɧɢɹm ɚɜɬɨɦɨɛɢɥɹm ɫm

ɷɥɟɤɬɪɢɱɟɫɤɨɣm ɦɚɲɢɧɨɣОm ɤɨɬɨɪɚɹm ɩɨɡɜɨɥɹɟɬm ɨɫɭɳɟɫɬɜɢɬɶm ɪɚɫɱɺɬɵm ɪɚɫɯɨɞɚm
ɷɥɟɤɬɪɢɱɟɫɤɨɣm ɷɧɟɪɝɢɢm ɩɪɢm ɞɜɢɠɟɧɢɢm ɚɜɬɨɦɨɛɢɥɹm ɧɚm ɧɨɪɦɢɪɨɜɚɧɧɵɯm
ɟɡɞɨɜɵɯmɰɢɤɥɚɯmɫmɢɫɩɨɥɶɡɨɜɚɧɢɟɦmɫɢɫɬɟɦɵmɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨmɬɨɪɦɨɠɟɧɢɹ; 

ɫɨɡɞɚɧɢɟmɢɦɢɬɚɰɢɨɧɧɨɣmɦɨɞɟɥɢmɫmɢɫɩɨɥɶɡɨɜɚɧɢɟɦmfч,yчдсk21QF29"m
ɞɥɹmɩɪɨɞɨɥɶɧɨɝɨmɞɜɢɠɟɧɢɹmɥɟɝɤɨɜɨɝɨmɚɜɬɨɦɨɛɢɥɹmɫmɷɥɟɤɬɪɢɱɟɫɤɢɦmɩɪɢɜɨɞɨɦm
ɧɚm ɪɚɡɥɢɱɧɵɯm ɟɡɞɨɜɵɯm ɰɢɤɥɚɯm ɫm ɜɤɥɸɱɟɧɧɨɣm ɫɢɫɬɟɦɨɣm ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨm
ɬɨɪɦɨɠɟɧɢɹmɞɥɹmɚɜɬɨɦɨɛɢɥɟɣmɫmɩɟɪɟɞɧɢɦmɢmɡɚɞɧɢɦmɩɪɢɜɨɞɨɦп 

ɨɩɪɟɞɟɥɟɧɢɟm ɨɫɧɨɜɧɵɯm ɩɟɪɟɦɟɧɧɵɯОm ɜɥɢɹɸɳɢɯm ɧɚm ɨɛɴɟɦm ɷɧɟɪɝɢɢОm
ɜɵɪɚɛɚɬɵɜɚɟɦɨɣmɪɟɤɭɩɟɪɚɬɢɜɧɨɣmɫɢɫɬɟɦɨɣmɬɨɪɦɨɠɟɧɢɹmɜmɷɥɟɤɬɪɨɦɨɛɢɥɹɯп 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟm ɢɫɫɥɟɞɨɜɚɧɢɟm ɫm ɰɟɥɶɸm ɨɰɟɧɤɢm ɧɚɞɟɠɧɨɫɬɢm
ɪɚɡɪɚɛɨɬɚɧɧɨɣmɢɦɢɬɚɰɢɨɧɧɨɣmɦɨɞɟɥɢm ɩɪɨɞɨɥɶɧɨɝɨmɞɜɢɠɟɧɢɹm ɚɜɬɨɦɨɛɢɥɹm ɫm
ɷɥɟɤɬɪɢɱɟɫɤɢɦmɩɪɢɜɨɞɨɦп 

Ɉɛɴɟɤɬɨɦ–ɢɫɫɥɟɞɨɜɚɧɢɹ–ɹɜɥɹɟɬɫɹmɥɟɝɤɨɜɨɣmɚɜɬɨɦɨɛɢɥɶmɦɚɥɨɝɨmɤɥɚɫɫɚm
ɫmɷɥɟɤɬɪɢɱɟɫɤɢɦmɡɚɞɧɢɦmɩɪɢɜɨɞɨɦ. 

ɉɪɟɞɦɟɬɨɦ– ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɚɜɥɹɸɬm ɷɥɟɤɬɪɢɱɟɫɤɢɣm ɩɪɢɜɨɞm ɢm
ɫɢɫɬɟɦɵmɷɥɟɤɬɪɨɧɧɨɝɨmɭɩɪɚɜɥɟɧɢɹОmɫɜɹɡɚɧɧɵɟmɫmɧɢɦ. 

Ɇɟɬɨɞɵ– ɢɫɫɥɟɞɨɜɚɧɢɹe ɂɫɫɥɟɞɨɜɚɧɢɟm ɜɤɥɸɱɚɥɨm ɢɡɭɱɟɧɢɟm ɢm
ɨɛɨɛɳɟɧɢɟm ɬɟɨɪɟɬɢɱɟɫɤɢɯm ɢm ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯm ɪɚɛɨɬm ɩɪɢm ɢɫɩɨɥɶɡɨɜɚɧɢɢm
ɪɟɤɭɩɟɪɚɬɢɜɧɨɣm ɫɢɫɬɟɦɵm ɬɨɪɦɨɠɟɧɢɹm ɜm ɥɟɝɤɨɜɵɯm ɚɜɬɨɦɨɛɢɥɹɯm ɫm
ɷɥɟɤɬɪɢɱɟɫɤɢɦmɩɪɢɜɨɞɨɦОmɦɟɬɨɞɵmɪɚɫɱɺɬɚmɩɪɨɞɨɥɶɧɨɣmɞɢɧɚɦɢɤɢmɚɜɬɨɦɨɛɢɥɹm
ɢm ɟɝɨm ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢО ɦɟɬɨɞɵm ɷɤɫɩɟɪɢɦɟɧɬɚОm ɪɟɝɪɟɫɫɢɨɧɧɵɣm ɚɧɚɥɢɡm
ɧɟɥɢɧɟɣɧɨɝɨm ɯɚɪɚɤɬɟɪɚОm ɦɟɬɨɞɵm ɢɦɢɬɚɰɢɨɧɧɨɝɨm ɦɨɞɟɥɢɪɨɜɚɧɢɹm ɢm
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣmɫɬɚɬɢɫɬɢɤɢ. 

ɇɚɭɱɧɚɹ–ɧɨɜɢɡɧɚ–ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹmɜmɫɥɟɞɭɸɳɟɦу 
ɭɥɭɱɲɟɧɚm ɷɧɟɪɝɟɬɢɱɟɫɤɚɹm ɷɮɮɟɤɬɢɜɧɨɫɬɶ  ɞɨm иэih ɩɪɢm ɞɜɢɠɟɧɢɢm

ɚɜɬɨɦɨɛɢɥɹmɦɚɥɨɝɨmɤɥɚɫɫɚmɫmɷɥɟɤɬɪɢɱɟɫɤɢɦmɩɪɢɜɨɞɨɦmɧɚmɟɡɞɨɜɵɯmɰɢɤɥɚɯmɧɚm
ɨɫɧɨɜɟm ɦɚɬɟɦɚɬɢɱɟɫɤɨɣm ɦɨɞɟɥɢm ɩɪɨɞɨɥɶɧɨɣm ɞɢɧɚɦɢɤɢm ɚɜɬɨɦɨɛɢɥɹm ɢm
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ɪɚɡɪɚɛɨɬɚɧɧɨɣmɢɦɢɬɚɰɢɨɧɧɨɣmɦɨɞɟɥɢп 
ɪɚɡɪɚɛɨɬɚɧm ɚɥɝɨɪɢɬɦm ɭɩɪɚɜɥɟɧɢɹm ɫɢɫɬɟɦɨɣm ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨm

ɬɨɪɦɨɠɟɧɢɹОm ɨɫɧɨɜɚɧɧɵɣm ɧɚm ɪɚɫɩɪɟɞɟɥɟɧɢɢm ɬɨɪɦɨɡɧɵɯm ɭɫɢɥɢɣm ɦɟɠɞɭm
ɮɪɢɤɰɢɨɧɧɨɣmɢmɪɟɤɭɩɟɪɚɬɢɜɧɨɣm ɫɢɫɬɟɦɚɦɢm ɜm ɚɜɬɨɦɨɛɢɥɹɯmɦɚɥɨɝɨm ɤɥɚɫɫɚm ɫm
ɷɥɟɤɬɪɢɱɟɫɤɢɦmɩɪɢɜɨɞɨɦп 

ɨɛɨɫɧɨɜɚɧɵm ɨɫɧɨɜɧɵɟm ɮɚɤɬɨɪɵОm ɜɥɢɹɸɳɢɟm ɧɚm ɤɨɥɢɱɟɫɬɜɨm ɷɧɟɪɝɢɢОm
ɜɵɪɚɛɚɬɵɜɚɟɦɨɣmɜmɩɪɨɰɟɫɫɟmɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨmɬɨɪɦɨɠɟɧɢɹп 

ɨɛɨɫɧɨɜɚɧɚm ɦɟɬɨɞɢɤɚm ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣm ɨɰɟɧɤɢm ɞɨɫɬɨɜɟɪɧɨɫɬɢm
ɢɦɢɬɚɰɢɨɧɧɨɣmɦɨɞɟɥɢmɩɪɨɞɨɥɶɧɨɣmɞɢɧɚɦɢɤɢmɚɜɬɨɦɨɛɢɥɹmɩɭɬɺɦmɢɯmɫɪɚɜɧɟɧɢɹm
ɫmɪɟɡɭɥɶɬɚɬɚɦɢmɩɨɥɟɜɵɯmɢɫɩɵɬɚɧɢɣп 

ɉɪɚɤɬɢɱɟɫɤɢɟ– ɪɟɡɭɥɶɬɚɬɵ– ɢɫɫɥɟɞɨɜɚɧɢɹ– ɡɚɤɥɸɱɚɸɬɫɹ– ɜ–
ɫɥɟɞɭɸɳɟɦF 

ɨɛɨɫɧɨɜɚɧɵmɨɫɧɨɜɧɵɟmɮɚɤɬɨɪɵОm ɜɥɢɹɸɳɢɟmɧɚmɨɛɴɺɦmɪɟɤɭɩɟɪɢɪɭɟɦɨɣm
ɷɧɟɪɝɢɢmɜmɩɪɨɰɟɫɫɟmɬɨɪɦɨɠɟɧɢɹmɚɜɬɨɦɨɛɢɥɹmɦɚɥɨɝɨmɤɥɚɫɫɚmɫmɷɥɟɤɬɪɢɱɟɫɤɢɦm
ɩɪɢɜɨɞɨɦп 

ɪɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦm ɭɩɪɚɜɥɟɧɢɹm ɫɢɫɬɟɦɨɣm ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨm
ɬɨɪɦɨɠɟɧɢɹОm ɫɩɨɫɨɛɧɵɣm ɭɜɟɥɢɱɢɬɶm ɨɛɴɟɦm ɪɟɤɭɩɟɪɢɪɭɟɦɨɣm ɷɧɟɪɝɢɢm ɜm
ɚɜɬɨɦɨɛɢɥɹɯmɦɚɥɨɝɨmɤɥɚɫɫɚmɫmɷɥɟɤɬɪɢɱɟɫɤɢɦmɩɪɢɜɨɞɨɦп 

ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨm ɜɥɢɹɧɢɟm ɪɚɫɩɨɥɨɠɟɧɢɹm ɷɥɟɤɬɪɢɱɟɫɤɨɝɨm ɩɪɢɜɨɞɚm
 ɩɟɪɟɞɧɟɩɪɢɜɨɞɧɵɣm ɢm ɡɚɞɧɟɩɪɢɜɨɞɧɵɣhm ɞɥɹm ɭɥɭɱɲɟɧɢɹm ɷɧɟɪɝɟɬɢɱɟɫɤɨɣm
ɷɮɮɟɤɬɢɜɧɨɫɬɢmɜmɩɪɨɰɟɫɫɟmɬɨɪɦɨɠɟɧɢɹп 

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ–ɪɟɡɭɥɶɬɚɬɨɜ–ɢɫɫɥɟɞɨɜɚɧɢɹe Ɋɟɡɭɥɶɬɚɬɵmɢɫɫɥɟɞɨɜɚɧɢɹm
ɩɨɞɬɜɟɪɠɞɚɸɬɫɹm ɷɤɫɩɟɪɢɦɟɧɬɚɦɢОmɢɫɩɨɥɶɡɨɜɚɧɢɟɦm ɫɨɜɪɟɦɟɧɧɵɯmɦɟɬɨɞɨɜmɢm
ɬɟɨɪɟɬɢɱɟɫɤɢɦmɨɛɨɫɧɨɜɚɧɢɟɦmɩɚɪɚɦɟɬɪɨɜmɢmɪɟɠɢɦɨɜmɪɚɛɨɬɵОmɨɫɧɨɜɚɧɧɵɯmɧɚm
ɩɪɢɧɰɢɩɚɯm ɬɟɨɪɟɬɢɱɟɫɤɨɣm ɦɟɯɚɧɢɤɢm ɢm ɜɵɫɲɟɣm ɦɚɬɟɦɚɬɢɤɢоm
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟm ɞɚɧɧɵɟm ɨɛɪɚɛɚɬɵɜɚɸɬɫɹm ɦɚɬɟɦɚɬɢɤɨ-ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢm
ɦɟɬɨɞɚɦɢоmɌɨɬmɮɚɤɬОmɱɬɨmɪɟɡɭɥɶɬɚɬɵmɢɫɫɥɟɞɨɜɚɧɢɹmɩɪɢɦɟɧɢɦɵmɤɚɤmɜmɧɚɭɱɧɵɯm
ɥɚɛɨɪɚɬɨɪɢɹɯОm ɬɚɤm ɢm ɜm ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯm ɰɟɧɬɪɚɯОm ɨɛɴɹɫɧɹɟɬm ɢɯm ɜɡɚɢɦɧɭɸm
ɩɪɢɝɨɞɧɨɫɬɶо 

ɇɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ– ɡɧɚɱɢɦɨɫɬɶ– ɪɟɡɭɥɶɬɚɬɨɜ– ɢɫɫɥɟɞɨɜɚɧɢɹe 
Ɋɟɡɭɥɶɬɚɬɵmɷɬɨɝɨmɢɫɫɥɟɞɨɜɚɧɢɹmɦɨɝɭɬmɛɵɬɶmɢɫɩɨɥɶɡɨɜɚɧɵmɞɥɹmɞɨɤɚɡɚɬɟɥɶɫɬɜɚm
ɧɚɭɱɧɨɣmɡɧɚɱɢɦɨɫɬɢmɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨmɬɨɪɦɨɠɟɧɢɹmɜmɷɥɟɤɬɪɨɦɨɛɢɥɹɯо 

ɉɪɚɤɬɢɱɟɫɤɚɹm ɡɧɚɱɢɦɨɫɬɶm ɪɟɡɭɥɶɬɚɬɨɜm ɢɫɫɥɟɞɨɜɚɧɢɹm ɨɛɨɫɧɨɜɵɜɚɟɬɫɹm
ɪɚɡɪɚɛɨɬɚɧɧɵɦm ɚɞɚɩɬɢɜɧɵɦm ɚɥɝɨɪɢɬɦɨɦm ɭɩɪɚɜɥɟɧɢɹm ɫɢɫɬɟɦɨɣm
ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨm ɬɨɪɦɨɠɟɧɢɹm ɥɟɝɤɨɜɵɯm ɚɜɬɨɦɨɛɢɥɟɣОm ɨɫɧɚɳɟɧɧɵɯm
ɷɥɟɤɬɪɢɱɟɫɤɢɦmɩɪɢɜɨɞɨɦоmɄmɬɨɦɭmɠɟmɩɪɚɤɬɢɱɟɫɤɚɹmɡɧɚɱɢɦɨɫɬɶmɩɪɨɜɟɞɺɧɧɨɝɨm
ɢɫɫɥɟɞɨɜɚɧɢɹm ɫɩɨɫɨɛɫɬɜɭɟɬm ɭɦɟɧɶɲɟɧɢɸm ɜɵɛɪɨɫɨɜm ɜɪɟɞɧɵɯm ɨɬɪɚɛɨɬɚɧɧɵɯm
ɝɚɡɨɜОm ɚm ɬɚɤɠɟm ɢm ɭɥɭɱɲɟɧɢɟm ɷɧɟɪɝɟɬɢɱɟɫɤɨɣm ɷɤɨɧɨɦɢɱɧɨɫɬɢm ɚɜɬɨɦɨɛɢɥɹm
ɩɭɬɺɦm ɜɨɡɜɪɚɬɚm ɱɚɫɬɢm ɤɢɧɟɬɢɱɟɫɤɨɣm ɷɧɟɪɝɢɢm ɚɜɬɨɦɨɛɢɥɹm ɜm ɩɪɨɰɟɫɫɟm
ɬɨɪɦɨɠɟɧɢɹо 

ɉɪɢɦɟɧɟɧɢɟ– ɪɟɡɭɥɶɬɚɬɨɜ– ɢɫɫɥɟɞɨɜɚɧɢɹe– ɇɚm ɨɫɧɨɜɟm ɪɟɡɭɥɶɬɚɬɨɜОm
ɩɨɥɭɱɟɧɧɵɯmɩɪɢmɨɛɨɫɧɨɜɚɧɢɢmɷɮɮɟɤɬɢɜɧɨɫɬɢmɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨmɬɨɪɦɨɠɟɧɢɹm
ɥɟɝɤɨɜɨɝɨmɚɜɬɨɦɨɛɢɥɹmɫmɷɥɟɤɬɪɢɱɟɫɤɢɦmɩɪɢɜɨɞɨɦу 
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ɨɛɨɫɧɨɜɚɧɢɟm ɨɫɧɨɜɧɵɯm ɮɚɤɬɨɪɨɜОm ɜɥɢɹɸɳɢɯm ɧɚm ɤɨɥɢɱɟɫɬɜɨm
ɜɨɡɨɛɧɨɜɥɹɟɦɨɣmɷɧɟɪɝɢɢmɜmɩɪɨɰɟɫɫɟmɬɨɪɦɨɠɟɧɢɹmɚɜɬɨɦɨɛɢɥɹmɦɚɥɨɝɨmɤɥɚɫɫɚmɫm
ɷɥɟɤɬɪɢɱɟɫɤɢɦm ɩɪɢɜɨɞɨɦОm ɜɧɟɞɪɟɧɨm ɜm ɈɈɈm dдNem )T–H"2JVY9m ‘YOV8”Gdm
 ɫɩɪɚɜɤɚm ȺɈm dɍɡɚɜɬɨɫɚɧɨɚɬdm u8m ансне-25-внарm ɨɬm аиm ɢɸɧɹm анафm ɝɨɞɚhо ȼm
ɪɟɡɭɥɶɬɚɬɟm ɛɵɥɨm ɩɨɤɚɡɚɧɨОm ɱɬɨm ɷɬɢm ɮɚɤɬɨɪɵm ɦɨɝɭɬm ɭɜɟɥɢɱɢɬɶm ɨɛɴɟɦm
ɜɨɡɜɪɚɳɟɧɧɨɣmɷɧɟɪɝɢɢmɞɨmиэmɩɪɨɰɟɧɬɨɜо 

ɚɥɝɨɪɢɬɦm ɭɩɪɚɜɥɟɧɢɹm ɫɢɫɬɟɦɨɣm ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨm ɬɨɪɦɨɠɟɧɢɹОm
ɩɨɡɜɨɥɹɸɳɢɣm ɭɜɟɥɢɱɢɬɶm ɨɛɴɟɦm ɜɨɡɨɛɧɨɜɥɹɟɦɨɣm ɷɧɟɪɝɢɢm ɜm ɚɜɬɨɦɨɛɢɥɹɯm
ɦɚɥɨɝɨmɤɥɚɫɫɚmɫmɷɥɟɤɬɪɢɱɟɫɤɢɦmɩɪɢɜɨɞɨɦОmɜɧɟɞɪɟɧmɜmɈɈɈmdдNem)T–H"2JVY9m
‘YOV8”Gdm ɫɩɪɚɜɤɚmȺɈmdɍɡɚɜɬɨɫɚɧɨɚɬdmɨɬmаиmɢɸɧɹmанафmɝɨɞɚmu8mансн4-25-1029). 
ȿɝɨmɢɫɩɨɥɶɡɨɜɚɧɢɟmɩɨɡɜɨɥɹɟɬmɫɷɤɨɧɨɦɢɬɶmɞɨmээнmɬɵɫɹɱmɫɭɦɨɜmɧɚmɚɜɬɨɦɨɛɢɥɟm
ɦɚɥɨɣmɤɚɬɟɝɨɪɢɢОmɨɫɧɚɳɟɧɧɨɦmɨɞɧɢɦmɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦо 

ɡɧɚɱɟɧɢɟm ɪɚɫɩɨɥɨɠɟɧɢɹm ɷɥɟɤɬɪɨɩɪɢɜɨɞɚm  ɩɟɪɟɞɧɟɣm ɢm ɡɚɞɧɟɣm ɩɟɪɟɞɚɱhm
ɞɥɹm ɩɨɜɵɲɟɧɢɹm ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢm ɜm ɩɪɨɰɟɫɫɟm ɬɨɪɦɨɠɟɧɢɹm ɜɧɟɞɪɟɧɨm ɜm
ɈɈɈmdдNem)T–H"2JVY9m‘YOV8”Gdm ɫɩɪɚɜɤɚmȺɈmdɍɡɚɜɬɨɫɚɧɨɚɬdmɨɬmаиmɢɸɧɹmанафm
ɝɨɞɚm u8m ансне-25-внарhоm ȼm ɪɟɡɭɥɶɬɚɬɟm ɩɟɪɟɞɧɟɩɪɢɜɨɞɧɵɟm ɚɜɬɨɦɨɛɢɥɢm
ɩɨɥɭɱɢɥɢm ɜɨɡɦɨɠɧɨɫɬɶm ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶm ɷɧɟɪɝɢɸm ɧɚm ии-иэim ɜm ɩɪɨɰɟɫɫɟm
ɪɟɤɭɩɟɪɚɰɢɢmɜmɡɚɜɢɫɢɦɨɫɬɢmɨɬmɰɢɤɥɚmɞɜɢɠɟɧɢɹо 

Ⱥɩɪɨɛɚɰɢɹ–ɪɟɡɭɥɶɬɚɬɨɜ–ɢɫɫɥɟɞɨɜɚɧɢɹe–Ʉɥɸɱɟɜɵɟmɪɟɡɭɥɶɬɚɬɵmɞɚɧɧɨɣm
ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣm ɪɚɛɨɬɵm ɛɵɥɢm ɩɪɟɞɫɬɚɜɥɟɧɵm ɧɚm ɨɡɧɚɤɨɦɥɟɧɢɟm ɜm ȺɈm
³ɍɡɚɜɬɨɫɚɧɨɚɬ´пm ɈɈɈm ³дNem )T–H"2JVY9m ‘YOV8”G´Оm ɜm Ɍɭɪɢɧɫɤɨɦm
ɉɨɥɢɬɟɯɧɢɱɟɫɤɨɦmɭɧɢɜɟɪɫɢɬɟɬɟmɜmɝоmɌɚɲɤɟɧɬɟпmɜmв3 ɦɟɠɞɭɧɚɪɨɞɧɵɯmɧɚɭɱɧɨ-
ɩɪɚɤɬɢɱɟɫɤɢɯmɤɨɧɮɟɪɟɧɰɢɹɯmɢmɫɟɦɢɧɚɪɚɯо 

ɉɭɛɥɢɤɚɰɢɹ–ɪɟɡɭɥɶɬɚɬɨɜ–ɢɫɫɥɟɞɨɜɚɧɢɹe ȼmɨɛɳɟɣmɫɥɨɠɧɨɫɬɢmɩɨmɬɟɦɟm
ɞɢɫɫɟɪɬɚɰɢɢm ɨɩɭɛɥɢɤɨɜɚɧɨm акm ɧɚɭɱɧɵɯm ɪɚɛɨɬоm ɂɡm ɧɢɯm виm ɧɚɭɱɧɵɯm ɫɬɚɬɟɣm
ɨɩɭɛɥɢɤɨɜɚɧɵm ɜm ɧɚɭɱɧɵɯm ɠɭɪɧɚɥɚɯОm ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯm ȼɵɫɲɟɣm
ɚɬɬɟɫɬɚɰɢɨɧɧɨɣmɤɨɦɢɫɫɢɟɣmɩɪɢmɄɚɛɢɧɟɬɟmɆɢɧɢɫɬɪɨɜmɊɟɫɩɭɛɥɢɤɢmɍɡɛɟɤɢɫɬɚɧm
ɞɥɹmɩɭɛɥɢɤɚɰɢɢmɨɫɧɨɜɧɵɯmɧɚɭɱɧɵɯmɪɟɡɭɥɶɬɚɬɨɜmɞɢɫɫɟɪɬɚɰɢɣОmɜmɬɨɦmɱɢɫɥɟmеm
² ɜmɡɚɪɭɛɟɠɧɵɯm ɦɟɠɞɭɧɚɪɨɞɧɵɯhmɢmрm² ɜmɪɟɫɩɭɛɥɢɤɚɧɫɤɢɯmɠɭɪɧɚɥɚɯоmɌɪɢm
ɪɚɛɨɬɵm ɨɩɭɛɥɢɤɨɜɚɧɵm ɜm ɫɛɨɪɧɢɤɚɯm ɦɚɬɟɪɢɚɥɨɜm ɤɨɧɮɟɪɟɧɰɢɣОm ɜɯɨɞɹɳɢɯm ɜm
ɦɟɠɞɭɧɚɪɨɞɧɭɸmɛɚɡɭmɞɚɧɧɵɯmkO8MQJоmɈɫɬɚɥɶɧɵɟm внmɪɚɛɨɬmɨɩɭɛɥɢɤɨɜɚɧɵmɜm
ɫɛɨɪɧɢɤɚɯm ɦɚɬɟɪɢɚɥɨɜm ɦɟɠɞɭɧɚɪɨɞɧɵɯm ɢm ɪɟɫɩɭɛɥɢɤɚɧɫɤɢɯm ɧɚɭɱɧɨ-
ɬɟɯɧɢɱɟɫɤɢɯmɤɨɧɮɟɪɟɧɰɢɣоmɄɪɨɦɟmɬɨɝɨОmɜmɯɨɞɟmɢɫɫɥɟɞɨɜɚɧɢɹmɩɨɥɭɱɟɧɨmɨɞɧɨm
ɚɜɬɨɪɫɤɨɟmɫɜɢɞɟɬɟɥɶɫɬɜɨmɧɚmɩɪɨɝɪɚɦɦɧɨɟmɫɪɟɞɫɬɜɨmɪɚɫɱɺɬɚm ɫɜɢɞɟɬɟɥɶɫɬɜɨmɨm
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣmɪɟɝɢɫɬɪɚɰɢɢmɩɪɨɝɪɚɦɦɵmɞɥɹmɗȼɆhо 

ɋɬɪɭɤɬɭɪɚ–ɢ–ɨɛɴɟɦ–ɞɢɫɫɟɪɬɚɰɢɢe–Ⱦɢɫɫɟɪɬɚɰɢɹmɫɨɫɬɨɢɬmɢɡm ɜɜɟɞɟɧɢɹОm
ɱɟɬɵɪɺɯm ɝɥɚɜОm ɡɚɤɥɸɱɟɧɢɹОm ɜɵɜɨɞɨɜОm ɫɩɢɫɤɚm ɢɫɩɨɥɶɡɨɜɚɧɧɨɣm ɥɢɬɟɪɚɬɭɪɵ. 
Ɉɛɳɢɣmɨɛɴɟɦmɞɢɫɫɟɪɬɚɰɢɢmɫɨɫɬɚɜɥɹɟɬmванmɫɬɪɚɧɢɰо 

ɈɋɇɈȼɇɈȿ–ɋɈȾȿɊɀȺɇɂȿ–ȾɂɋɋȿɊɌȺɐɂɂ 

ȼɨmɜɜɟɞɟɧɢɢ ɨɛɨɫɧɨɜɚɧɵmɚɤɬɭɚɥɶɧɨɫɬɶmɢmɧɟɨɛɯɨɞɢɦɨɫɬɶmɩɪɨɜɟɞɺɧɧɵɯm
ɧɚɭɱɧɵɯm ɢɫɫɥɟɞɨɜɚɧɢɣОm ɩɨɫɬɚɜɥɟɧɵ ɰɟɥɶm ɢm ɡɚɞɚɱɢm ɢɫɫɥɟɞɨɜɚɧɢɹОm
ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵm ɨɛɴɟɤɬm ɢm ɩɪɟɞɦɟɬm ɪɚɛɨɬɵоm ɉɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ 
ɫɨɨɬɜɟɬɫɬɜɢɟm ɬɟɦɵm ɩɪɢɨɪɢɬɟɬɧɵɦm ɧɚɩɪɚɜɥɟɧɢɹɦm ɪɚɡɜɢɬɢɹm ɧɚɭɤɢm ɢm
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ɬɟɯɧɨɥɨɝɢɣm Ɋɟɫɩɭɛɥɢɤɢm ɍɡɛɟɤɢɫɬɚɧоm ɂɡɥɨɠɟɧɵm ɧɚɭɱɧɚɹm ɧɨɜɢɡɧɚm ɢm
ɩɪɚɤɬɢɱɟɫɤɢɟm ɪɟɡɭɥɶɬɚɬɵm ɢɫɫɥɟɞɨɜɚɧɢɹОm ɪɚɫɤɪɵɬɵm ɬɟɨɪɟɬɢɱɟɫɤɨɟm ɢm
ɩɪɢɤɥɚɞɧɨɟmɡɧɚɱɟɧɢɟmɩɨɥɭɱɟɧɧɵɯmɜɵɜɨɞɨɜоmɉɪɢɜɟɞɟɧɵmɫɜɟɞɟɧɢɹmɨmɜɧɟɞɪɟɧɢɢm
ɪɟɡɭɥɶɬɚɬɨɜm ɢɫɫɥɟɞɨɜɚɧɢɹm ɜm ɩɪɚɤɬɢɤɭОm ɞɚɧɧɵɯm ɨɛm ɚɩɪɨɛɚɰɢɢm ɪɚɛɨɬɵОm
ɨɩɭɛɥɢɤɨɜɚɧɧɵɯmɧɚɭɱɧɵɯmɬɪɭɞɚɯmɢmɫɬɪɭɤɬɭɪɟmɞɢɫɫɟɪɬɚɰɢɢо 

ȼm ɩɟɪɜɨɣm ɝɥɚɜɟm ɞɢɫɫɟɪɬɚɰɢɢОm ɨɡɚɝɥɚɜɥɟɧɧɨɣm ©ɋɢɫɬɟɦɧɵɣ– ɚɧɚɥɢɡ–
ɫɨɜɪɟɦɟɧɧɨɝɨ– ɫɨɫɬɨɹɧɢɹ– ɷɤɨɥɨɝɢɱɟɫɤɨɣ– ɛɟɡɨɩɚɫɧɨɫɬɢ– ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ–
ɬɪɚɧɫɩɨɪɬɚªОmɩɪɨɜɟɞɺɧmɭɝɥɭɛɥɺɧɧɵɣmɚɧɚɥɢɡ ɷɜɨɥɸɰɢɢ ɬɨɪɦɨɡɧɵɯmɫɢɫɬɟɦmɜm
ɥɟɝɤɨɜɵɯm ɚɜɬɨɦɨɛɢɥɹɯ. ɉɪɨɜɟɞɟɧm ɨɛɡɨɪm ɩɨm ɫɬɚɧɞɚɪɬɚɦm ɞɥɹm ɬɨɪɦɨɡɧɵɯm
ɫɢɫɬɟɦоm Ȼɵɥm ɞɟɬɚɥɶɧɨm ɢɡɭɱɟɧm ɜɨɩɪɨɫ ɚɥɝɨɪɢɬɦɨɜm ɭɩɪɚɜɥɟɧɢɹm
ɪɟɤɭɩɟɪɚɬɢɜɧɵɦm ɬɨɪɦɨɠɟɧɢɟɦоm ȼm ɝɥɚɜɟm ɪɟɚɥɢɡɨɜɚɧm ɧɚɭɱɧɵɣm ɨɛɡɨɪm
ɫɨɜɪɟɦɟɧɧɵɯm ɜm ɬɟɧɞɟɧɰɢɣm ɜm ɨɛɥɚɫɬɢm ɪɟɠɢɦɨɜm ɭɩɪɚɜɥɟɧɢɹm ɪɟɤɭɩɟɪɚɰɢɟɣ. 
Ʉɚɠɞɵɣm ɢɡm ɫɭɳɟɫɬɜɭɸɳɢɯm ɪɟɠɢɦɨɜm ɨɩɢɫɚɧm ɩɨm ɩɪɢɧɰɢɩɭm ɪɚɛɨɬɭОm
ɩɪɟɢɦɭɳɟɫɬɜɚɦmɢmɧɟɞɨɫɬɚɬɤɚɦОmɚmɬɚɤɠɟmɜɨɡɦɨɠɧɵɦmɨɝɪɚɧɢɱɟɧɢɹɦо ɇɚmɨɫɧɨɜɟm
ɩɪɨɜɟɞɺɧɧɨɝɨmɚɧɚɥɢɡɚmɨɛɨɫɧɨɜɚɧɵmɰɟɥɶmɢmɡɚɞɚɱɢmɧɚɭɱɧɨɝɨmɢɫɫɥɟɞɨɜɚɧɢɹо 

ȼɨmɜɬɨɪɨɣmɝɥɚɜɟmɞɢɫɫɟɪɬɚɰɢɢОmɨɡɚɝɥɚɜɥɟɧɧɨɣm«Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ–ɦɨɞɟɥɶ–
ɩɪɨɞɨɥɶɧɨɣ–ɞɢɧɚɦɢɤɢ–ɚɜɬɨɦɨɛɢɥɹ–ɢ–ɟɝɨ–ɬɹɝɨɜɨɝɨ–ɚɝɪɟɝɚɬɚ–ɫ–ɢɫɬɨɱɧɢɤɨɦ–
ɷɧɟɪɝɢɢ», ɨɩɢɫɚɧɚmɦɚɬɟɦɚɬɢɱɟɫɤɚɹmɦɨɞɟɥɶmɩɪɨɞɨɥɶɧɨɝɨmɞɜɢɠɟɧɢɹmɥɟɝɤɨɜɨɝɨm
ɚɜɬɨɦɨɛɢɥɹm ɫm ɷɥɟɤɬɪɢɱɟɫɤɢɦm ɩɪɢɜɨɞɨɦоm Ʉm ɬɨɦɭm ɠɟ, ɩɪɢɜɨɞɢɬɫɹm
ɢɦɢɬɚɰɢɨɧɧɚɹm ɦɨɞɟɥɶm ɜm ɩɚɤɟɬɟm ɩɪɨɝɪɚɦɦɧɨɝɨm ɨɛɟɫɩɟɱɟɧɢɹm
fч,yчдсk21QF29"m ɞɥɹm ɨɰɟɧɢɜɚɧɢɹm ɷɧɟɪɝɟɬɢɱɟɫɤɨɣm ɷɮɮɟɤɬɢɜɧɨɫɬɢm
ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨm ɬɨɪɦɨɠɟɧɢɹm ɩɪɢm ɪɚɡɥɢɱɧɵɯm ɪɟɠɢɦɚɯm ɬɨɪɦɨɠɟɧɢɹm ɢm ɧɚm
ɪɚɡɥɢɱɧɵɯm ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɵɯm ɟɡɞɨɜɵɯm ɰɢɤɥɚɯо ȼm ɤɚɱɟɫɬɜɟm ɨɫɧɨɜɧɨɣm
ɦɨɞɟɥɢm ɛɵɥɚm ɢɫɩɨɥɶɡɨɜɚɧɚm ɩɪɹɦɚɹm ɦɨɞɟɥɶm ɥɟɝɤɨɜɨɝɨm ɚɜɬɨɦɨɛɢɥɹm ɫm
ɷɥɟɤɬɪɢɱɟɫɤɢɦmɩɪɢɜɨɞɨɦОmɢɡɨɛɪɚɠɟɧɧɚɹmɧɚmɊɢɫов. 

 
Ɋɢɫ. 1 ± ɉɪɹɦɚɹ–ɦɨɞɟɥɶ–ɩɪɨɞɨɥɶɧɨɣ–ɞɢɧɚɦɢɤɢ–ɥɟɝɤɨɜɨɝɨ–ɚɜɬɨɦɨɛɢɥɹ–ɫ–

ɷɥɟɤɬɪɢɱɟɫɤɢɦ–ɩɪɢɜɨɞɨɦ. 

Ⱦɥɹm ɨɩɢɫɚɧɢɹm ɦɚɬɟɦɚɬɢɱɟɫɤɨɣm ɦɨɞɟɥɢm ɬɹɝɨɜɨɝɨm ɚɝɪɟɝɚɬɚm ɛɵɥɚm
ɢɫɩɨɥɶɡɨɜɚɧɚm ɦɧɨɝɨɩɚɪɚɦɟɬɪɢɱɟɫɤɚɹm ɯɚɪɚɤɬɟɪɢɫɬɢɤɚm ɷɥɟɤɬɪɢɱɟɫɤɨɣm
ɦɚɲɢɧɵОmɪɚɛɨɬɚɸɳɟɣmɜmɪɟɠɢɦɟmɬɹɝɢсɝɟɧɟɪɚɬɨɪɚ  Ɋɢɫоmаh. 
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Ɋɢɫe–t–± Ɇɧɨɝɨɩɚɪɚɦɟɬɪɢɱɟɫɤɚɹ–ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ–ɷɥɟɤɬɪɢɱɟɫɤɨɣ–ɦɚɲɢɧɵe  

ɋmɩɨɦɨɳɶɸmɯɚɪɚɤɬɟɪɢɫɬɢɤɢmɷɥɟɤɬɪɢɱɟɫɤɨɣmɦɚɲɢɧɵОmɢɡɨɛɪɚɠɟɧɧɨɣmɧɚm
Ɋɢɫоm аm ɦɨɠɧɨm ɜɵɱɢɫɥɢɬɶm ɬɪɟɛɭɟɦɭɸm ɦɨɳɧɨɫɬɶm ɜm ɪɟɠɢɦɚɯm ɬɹɝɢ ܲˏ ˑ˕ ɢm
ɝɟɧɟɪɚɬɨɪɚmmܲ̂ ˈː ɫɨɨɬɜɟɬɫɬɜɟɧɧɨОmɫmɭɱɺɬɨɦmɄɉȾmɜmɢɫɤɨɦɨɦmɪɟɠɢɦɟmɪɚɛɨɬɵу 

 ቐ ܲˏ ˑ˕ ൌ
ܶˏ ˑ˕߱ˏˑ˕

˕ˑˏߟ
ǡ

ܲ̂ ˈː ൌ ːʡˆˈː߱ˆˈːˈˆߟ

 (1) 

 
ɂɡɨɥɢɧɢɢmɤɨɷɮɮɢɰɢɟɧɬɨɜmɩɨɥɟɡɧɨɝɨmɞɟɣɫɬɜɢɹmɷɥɟɤɬɪɢɱɟɫɤɨɣmɦɚɲɢɧɵm

ɨɩɢɫɵɜɚɸɬɫɹmɩɨɥɢɧɨɦɨɦmɨɬmɞɜɭɯmɩɟɪɟɦɟɧɧɵɯу 

 

˕ˑˏߟ ൌ ଴଴݌ ൅ ˏଵ଴߱ːǤˠ݌ ൅ ଴ଵܶː݌ Ǥˠˏ ൅ ˏଶ଴߱ːǤˠ݌
ଶ ൅ ˏଵଵ߱ːǤˠˏʡːǤˠ݌ ൅ ଴ଶܶː݌ Ǥˠˏ

ଶ

൅ ˏଷ଴߱ːǤˠ݌
ଷ ൅ ˏଶଵ߱ːǤˠ݌

ଶ ʡːǤˠˏ ൅ ଵଶ߱ːǤˠˏʡːǤˠˏଶ݌ ൅ ଴ଷʡːǤˠˏଷ݌

൅ ˏସ଴߱ːǤˠ݌
ସ ൅ ˏଷଵ߱ːǤˠ݌

ଷ ʡːǤˠˏ ൅ ˏଶଶ߱ːǤˠ݌
ଶ ʡːǤˠˏଶ ൅ ଴ସʡːǤˠˏସ݌

൅ ˏହ଴߱ːǤˠ݌
ହ ൅ ˏସଵ߱ːǤˠ݌

ସ ʡːǤˠˏ ൅ ˏଷଶ߱ːǤˠ݌
ଷ ʡːǤˠˏଶ ൅ ˏଶଷ߱ːǤˠ݌

ଶ ʡːǤˠˏଷ

൅ ˏଵସ߱ːǤˠ݌
ଵ ʡːǤˠˏସ ൅ ଴ହʡːǤˠˏହ݌  

       
(2) 

Ʉɨɷɮɮɢɰɢɟɧɬɵmɚɩɩɪɨɤɫɢɦɚɰɢɢmpij ɢɦɟɸɬmɫɥɟɞɭɸɳɢɟmɡɧɚɱɟɧɢɹу 
଴଴݌ ൌ ͹ͳǤͳͶǢ 𝑚݌ଵ଴ ൌ ͳͲǤͻǢ𝑚݌଴ଵ ൌ െͳǤͷ͸ͶǢ ଶ଴݌ ൌ െͳͶͶǤͷǢ ଵଵ݌ ൌ ͳͲͺ͹Ǣ𝑚 𝑚݌଴ଶ

ൌ Ͷ͸Ǥʹ͸Ǣ𝑚݌ଷ଴ ൌ ͵ͻ͵Ǥ͹Ǣ𝑚݌ଶଵ ൌ െʹͺͶͺǢ ଵଶ݌ ൌ െͳͻͶ͸Ǣ𝑚݌଴ଷ
ൌ െʹ͹͵ǤͻǢ𝑚݌ସ଴ ൌ െ͵͹ͷǤͶǢ𝑚݌ଷଵ ൌ ʹͳͻͷǢ𝑚݌ଶଶ ൌ ͷͲͷͷǢ𝑚݌ଵଷ
ൌ ͺͳ͵Ǣ ଴ସ݌ ൌ Ͷ͸ͲǤͶǢ ହ଴݌ ൌ ͳͳͶǤͶǢ 𝑚݌ସଵ ൌ െͶͷ͸ǤͶǢ ଷଶ݌ ൌ െʹͷͳ͹Ǣ ଶଷ݌
ൌ െͳͻ͹ʹǢ ଵସ݌ ൌ ͺͺǤ͵ͶǢ ଴ହ݌ ൌ െʹ͵ͶǤͳǤ 

Ʉɨɷɮɮɢɰɢɟɧɬɵm pij ɛɵɥɢm ɨɩɪɟɞɟɥɟɧɵm ɫm ɩɨɦɨɳɶɸm ɪɟɝɪɟɫɫɢɨɧɧɨɝɨm
ɚɧɚɥɢɡɚmɨɬmɞɜɭɯmɩɟɪɟɦɟɧɧɵɯо 

Ɇɚɤɫɢɦɚɥɶɧɨɟm ɡɧɚɱɟɧɢɟm ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚm ɷɥɟɤɬɪɢɱɟɫɤɨɣm ɦɚɲɢɧɵ- 
ɤɪɢɜɚɹОm ɨɝɪɚɧɢɱɢɜɚɸɳɚɹm ɨɛɥɚɫɬɶm ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹоm Ⱦɚɧɧɚɹm ɤɪɢɜɚɹm
ɨɩɢɫɵɜɚɟɬɫɹmɮɭɧɤɰɢɟɣmɨɬmɭɝɥɨɜɨɣmɫɤɨɪɨɫɬɢmɗɆу 

 ʡˏˑ˕Ǥˏ˃ˍ˔ ൌ െʹͻ͵ʹ߱ˠˏ
଺ ൅ ͹͵ͳ͹߱ˠˏ

ହ െ ͸͵͹ͺ߱ˠˏ
ସ ൅ ʹʹͷͳ߱ˠˏ

ଷ െ ͵ͶͶǤ͸߱ˠˏ
ଶ

൅ ʹͳǤͳ͸߱ˠˏ ൅ ͹ͻǤ͸͹ (3)      

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹm ɦɨɞɟɥɶm ɬɹɝɨɜɨɣm ɚɤɤɭɦɭɥɹɬɨɪɧɨɣm ɛɚɬɚɪɟɢm ɛɵɥɚm
ɜɵɪɚɠɟɧɚm ɫm ɩɨɦɨɳɶɸm ɬɟɨɪɟɦɵm Ɍɟɜɟɧɢɧɚ ɜm ɤɚɱɟɫɬɜɟm ɤɚɱɟɫɬɜɟm ɨɬɤɪɵɬɨɝɨm
ɤɨɧɬɭɪɚОmɫɨɞɟɪɠɚɳɟɝɨmɢɫɬɨɱɧɢɤmɧɚɩɪɹɠɟɧɢɹmɫmɷɥɟɤɬɪɨɞɜɢɠɭɳɟɣmɫɢɥɨɣmɗȾɋm
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ȿm ɢm ɜɧɭɬɪɟɧɧɟɝɨm ɫɨɩɪɨɬɢɜɥɟɧɢɹоm ȼɜɢɞɭm ɪɚɡɧɨɝɨm ɩɨɜɟɞɟɧɢɹm ɢɫɬɨɱɧɢɤɨɜm
ɩɢɬɚɧɢɹm ɜm ɩɪɨɰɟɫɫɟm ɡɚɪɹɞɚm ɢm ɪɚɡɪɹɞɚОm ɦɨɞɟɥɶm ɬɹɝɨɜɨɣm ɚɤɤɭɦɭɥɹɬɨɪɧɨɣm
ɛɚɬɚɪɟɢmɩɨɞɪɚɡɭɦɟɜɚɟɬmɪɚɡɧɵɟmɫɨɩɪɨɬɢɜɥɟɧɢɹmɞɥɹmɡɚɪɹɞɚmbɡɚɪ ɢmɪɚɡɪɹɞɚmbɪɚɡ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨо ɆɧɨɠɟɫɬɜɟɧɧɵɟmɢɫɫɥɟɞɨɜɚɧɢɹmɩɨɤɚɡɵɜɚɸɬОmɱɬɨmɜmɩɨɞɨɛɧɵɯm
ɦɨɞɟɥɹɯm ɗȾɋm ɢm ɫɨɩɪɨɬɢɜɥɟɧɢɹm ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨm ɡɚɜɢɫɹɬm ɨɬm ɫɬɟɩɟɧɢm
ɡɚɪɹɠɟɧɧɨɫɬɢmɛɚɬɚɪɟɢmɋɁȻm kcvhОmɬоɟоmȿмE kcvhОmbɡɚɪмE kcvhОmbɪɚɡмmE kcvhо  

ȾɚɧɧɚɹmɦɨɞɟɥɶmɩɨɡɜɨɥɹɟɬmɜɵɱɢɫɥɢɬɶmɷɥɟɤɬɪɢɱɟɫɤɢɣmɬɨɤmɩɪɢmɡɚɪɹɞɟmIɡɚɪ 
ɢmɩɪɢmɪɚɡɪɹɞɟmIɪɚɡ Оmɢɫɩɨɥɶɡɭɹmɫɥɟɞɭɸɳɢɟmɮɨɪɦɭɥɵу 

ܫ˓  ˃ˊ ൌ
ʔ െ ටʔଶ െ Ͷܴ˓˃ˊ ௧ܲ

ʹܴ˓˃ˊ
 

     

(4) 

 
 

ܫ́  ˃˓ ൌ
ටʔଶ ൅ Ͷܴˊ˃˓ ௧ܲ െ ܧ

ʹܴˊ˃˓
 

   

(5) 

             Ⱦɢɧɚɦɢɱɟɫɤɨɟm ɢɡɦɟɧɟɧɢɟm ɫɬɟɩɟɧɢm ɡɚɪɹɠɟɧɧɨɫɬɢm ɛɚɬɚɪɟɢm
ɨɩɪɟɞɟɥɹɟɬɫɹmɜɵɪɚɠɟɧɢɟɦ 

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚ܱܵܥ ൌ ଴ܥܱܵ െ
׬ ூ˓˃ˊௗ௧
೟כ
బ
ொːˑˏǤʏ˚

൅ ׬ ூˊ˃˓ௗ௧
೟כ
బ
ொːˑˏǤʏ˚

                        (6) 
ɝɞɟmkcv0- ɫɬɟɩɟɧɶmɡɚɪɹɠɟɧɧɨɫɬɢmɛɚɬɚɪɟɢmɜmɦɨɦɟɧɬmɧɚɱɚɥɚmɨɬɫɱɺɬɚОmV…- 

ɤɨɧɟɱɧɨɟm ɜɪɟɦɹm ɨɬɫɱɺɬɚОm ɜɵɪɚɠɟɧɧɨɟm ɜm ɫɟɤɭɧɞɚɯОm zɧɨɦоȺɱ- ɧɨɦɢɧɚɥɶɧɚɹm
ɺɦɤɨɫɬɶОmɜɵɪɚɠɟɧɧɚɹmɜmȺɦɩɟɪ-ɫɟɤɭɧɞɚɯо 

 
Ɋɢɫe–T–± Ɂɚɜɢɫɢɦɨɫɬɢ–ɗȾɋ–ɢ–ɜɧɭɬɪɟɧɧɢɯ–ɫɨɩɪɨɬɢɜɥɟɧɢ–ɨɬ–ɫɬɟɩɟɧɢ–

ɡɚɪɹɠɟɧɧɨɫɬɢ–ɨɞɧɨɝɨ–ɷɥɟɦɟɧɬɚ–ɥɢɬɢɣ-ɢɨɧɧɨɣ–ɛɚɬɚɪɟɢ 
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ɋɨɝɥɚɫɧɨm ɞɚɧɧɵɦОm ɢɡɨɛɪɚɠɺɧɧɵɦm ɧɚm Ɋɢɫоm иОm ɷɥɟɤɬɪɨɞɜɢɠɭɳɚɹm ɫɢɥɚm
ɛɚɬɚɪɟɢmɢmɟɺmɜɧɭɬɪɟɧɧɢɟmɫɨɩɪɨɬɢɜɥɟɧɢɹmɜmɩɪɨɰɟɫɫɟmɡɚɪɹɞɚmɢmɪɚɡɪɹɞɚmɡɚɜɢɫɹɬm
ɨɬmɫɬɟɩɟɧɢmɡɚɪɹɠɟɧɧɨɫɬɢоmɗɬɢmɡɚɜɢɫɢɦɨɫɬɢmɦɨɠɧɨmɨɩɢɫɚɬɶmɦɚɬɟɦɚɬɢɱɟɫɤɢу 

ሻܥሺܱܵܧ  ൌ Ͷ͹Ǥʹͷܱܵܥହ െ ͳʹͻǤ͹ͻܱܵܥସ ൅ ͳʹͻǤʹͷܱܵܥଷ െ ͷ͹Ǥͺͺܱܵܥଶ
൅ ͳͳǤ͹ͻܱܵܥ ൅ ʹǤ͸ʹ (7) 

 
ܴˊ˃˓ሺܱܵܥሻ ൌ ͲǤͲͲͲʹܱܵܥସ െ ͲǤͲͲͳ͹ܱܵܥଷ ൅ ͲǤͲͲͳͻܱܵܥଶ െ ͲǤͲͲͲͷܱܵܥ

൅ ͲǤͲͲͲͺ 
     (8) 

 
ܴ˓˃ˊሺܱܵܥሻ ൌ ͲǤͲͲͲͷܱܵܥସ െ ͲǤͲͲʹͺܱܵܥଷ ൅ ͲǤͲͲʹͺܱܵܥଶ െ ͲǤͲͲͲ͸ܱܵܥ

൅ ͲǤͲͲͳ 
     (9) 

Ⱦɥɹm ɨɞɧɨɝɨm ɷɥɟɦɟɧɬɚm ɛɵɥɢm ɩɪɟɞɫɬɚɜɥɟɧɵm ɜɵɲɟɭɩɨɦɹɧɭɬɵɟm
ɪɟɤɨɦɟɧɞɚɰɢɢmɨɬɧɨɫɢɬɟɥɶɧɨmɡɚɜɢɫɢɦɨɫɬɟɣmɗȾɋmɢmɜɧɭɬɪɟɧɧɢɯmɫɨɩɪɨɬɢɜɥɟɧɢɣm
ɛɚɬɚɪɟɢоm ɍɪоm внm ɩɨɡɜɨɥɹɟɬm ɨɫɭɳɟɫɬɜɢɬɶm ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟm ɬɹɝɨɜɨɣm
ɚɤɤɭɦɭɥɹɬɨɪɧɨɣm ɛɚɬɚɟɪɢm ɢm ɞɨɛɢɬɶɫɹm ɧɟɨɛɯɨɞɢɦɵɯm ɡɧɚɱɟɧɢɣm ɧɚɩɪɹɠɟɧɢɹm ɢm
ɺɦɤɨɫɬɢу 

 

ە
ۖۖ
۔

ۖۖ
ۓ ܴˊ˃˓ ൌ ܴˊ˃˓Ǥˠˎ

˒ܰˑ˔

˒ܰ˃˓

ܴ˓˃ˊ ൌ ܴ˓˃ˊǤˠˎ
˒ܰˑ˔

˒ܰ˃˓
ܧ ൌ ˎˠܧ ˒ܰˑ˔

ܳːˑˏǤʏ˚ ൌ ܳːˑˏǤʏ˚Ǥˠˎ ˒ܰ˃˓

 (10) 

ɝɞɟm ˒ܰˑ˔- ɤɨɥɢɱɟɫɬɜɨmɷɥɟɦɟɧɬɨɜОmɩɨɞɤɥɸɱɟɧɧɵɯmɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨп 
       ˒ܰ˃˓- ɤɨɥɢɱɟɫɬɜɨmɷɥɟɦɟɧɬɨɜОmɩɨɞɤɥɸɱɟɧɧɵɯmɩɚɪɚɥɥɟɥɶɧɨо 
 ɉɪɨɞɨɥɶɧɭɸmɞɢɧɚɦɢɤɭmɚɜɬɨɦɨɛɢɥɹm Ɋɢɫоmеhmɦɨɠɧɨmɨɩɢɫɚɬɶmɫɥɟɞɭɸɳɢɦm

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦmɭɪɚɜɧɟɧɢɟɦ  ɍɪоmввh: 
 

݉
ݒ݀
ݐ݀ ൌ

ሺ̞ܨ ˒ ൅ ܨ̞ ˊሻ െ ൫̱ܨ ˒ ൅ ܨ̱ ˊ ൅ ௔ܨ ൅  ௚൯ǡ (11)ܨ

ɝɞɟm̞ܨ ˒- ɫɢɥɚmɬɹɝɢm ɬɨɪɦɨɠɟɧɢɹhmɧɚmɩɟɪɟɞɧɢɯmɤɨɥɺɫɚɯп 
ܨ̞         ˊ-ɫɢɥɚmɬɹɝɢm ɬɨɪɦɨɠɟɧɢɹhmɧɚmɡɚɞɧɢɯmɤɨɥɺɫɚɯп 
ܨ̱         ˒-ɫɢɥɚmɬɪɟɧɢɹmɤɚɱɟɧɢɹmɧɚmɩɟɪɟɞɧɢɯmɤɨɥɺɫɚɯп 
ܨ̱         ˊ- ɫɢɥɚmɬɪɟɧɢɹmɤɚɱɟɧɢɹmɧɚmɡɚɞɧɢɯmɤɨɥɺɫɚɯп 
 ௔- ɫɢɥɚmɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨmɫɨɩɪɨɬɢɜɥɟɧɢɹпܨ        
 ௚-ɫɢɥɚmɫɨɩɪɨɬɢɜɥɟɧɢɹmɢɡ-ɡɚmɭɤɥɨɧɚmɞɨɪɨɝɢпܨ        
        m- ɦɚɫɫɚmɚɜɬɨɦɨɛɢɥɹо 
 ɫɤɨɪɨɫɬɶmɚɜɬɨɦɨɛɢɥɹп -ݒ        
 ɭɝɨɥmɭɤɥɨɧɚmɞɨɪɨɝɢо -ߙ         
ɋɢɥɵmɬɪɟɧɢɹmɤɚɱɟɧɢɹmɧɚmɩɟɪɟɞɧɢɯmɢmɡɚɞɧɢɯmɤɨɥɺɫɚɯmɚɜɬɨɦɨɛɢɥɹmɦɨɠɧɨm

ɨɛɴɟɞɢɧɢɬɶm ɜm ɨɞɧɭm ɫɢɥɭm ɬɪɟɧɢɹm ɤɚɱɟɧɢɹm FɤОm ɤɨɬɨɪɭɸm ɦɨɠɧɨm ɨɩɢɫɚɬɶm
ɫɥɟɞɭɸɳɢɦmɦɚɬɟɦɚɬɢɱɟɫɤɢɦmɜɵɪɚɠɟɧɢɟɦ  ɍɪоmваh: 

ܨ̱  ൌ ݂̱  ሻǡ (12)ߙሺݏ݋ܿ݃݉
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ɝɞɟm fɤ- ɤɨɷɮɮɢɰɢɟɧɬm ɬɪɟɧɢɹm ɤɚɱɟɧɢɹm ɚɜɬɨɦɨɛɢɥɶɧɨɣm ɲɢɧɵm ɫm
ɩɨɜɟɪɯɧɨɫɬɶɸmɞɨɪɨɝɢо 

ɋɢɥɚm ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨm ɫɨɩɪɨɬɢɜɥɟɧɢɹm ɡɚɜɢɫɢɬm ɨɬm ɫɤɨɪɨɫɬɢm
ɚɜɬɨɦɨɛɢɥɹm vОm ɤɨɷɮɮɢɰɢɟɧɬɚm ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨm ɥɨɛɨɜɨɝɨm ɫɨɩɪɨɬɢɜɥɟɧɢɹm
CdОmɩɥɨɳɚɞɢmɩɪɨɟɤɰɢɢmɥɨɛɨɜɨɣmɱɚɫɬɢmɚɜɬɨɦɨɛɢɥɹmȺmɢmɩɥɨɬɧɨɫɬɢmɜɨɡɞɭɯɚ   .ߩ 
ɋɢɥɚm ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨm ɫɨɩɪɨɬɢɜɥɟɧɢɹm ɨɩɢɫɵɜɚɟɬɫɹm ɦɚɬɟɦɚɬɢɱɟɫɤɢɦm
ɭɪɚɜɧɟɧɢɟɦmɜɢɞɚ  ɍɪоm(13)): 

௔ܨ  ൌ
ͳ
ܣʠௗߩʹ

ሺݒ െ  ሻଶǡ (13)˅ݒ

ɝɞɟmݒ˅- ɫɨɫɬɚɜɥɹɸɳɚɹmɫɤɨɪɨɫɬɢmɜɟɬɪɚОmɩɨɩɭɬɧɚɹmɞɜɢɠɟɧɢɸmɚɜɬɨɦɨɛɢɥɹо 
ɉɪɢm ɢɡɭɱɟɧɢɢm ɩɪɨɞɨɥɶɧɨɣm ɞɢɧɚɦɢɤɢm ɚɜɬɨɦɨɛɢɥɹОm ɞɜɢɠɭɳɟɝɨɫɹm ɩɨm

ɞɨɪɨɝɟmɫmɭɝɥɨɦmɧɚɤɥɨɧɚmD ɬɚɤɠɟmɜɚɠɧɨmɭɱɢɬɵɜɚɬɶmɫɨɩɪɨɬɢɜɥɟɧɢɟmɞɜɢɠɟɧɢɸОm
ɜɵɡɜɚɧɧɨɟmɝɪɚɜɢɬɚɰɢɟɣоmɗɬɨmɧɟɱɬɨmɢɧɨɟОmɤɚɤmɫɢɥɚmɫɨɩɪɨɬɢɜɥɟɧɢɹmɢɡ-ɡɚmɭɤɥɨɧɚm
ɞɨɪɨɝɢmFgОmɜɵɪɚɠɚɟɦɨɣmɭɪɚɜɧɟɧɢɟɦ  ɍɪоmвеh 

௚ܨ  ൌ  ሻ (14)ߙሺ݊݅ݏ݃݉

 
ɊɢɫeE–ɋɢɥɨɜɚɹ–ɫɯɟɦɚ–ɩɪɨɞɨɥɶɧɨɣ–ɞɢɧɚɦɢɤɢ–ɚɜɬɨɦɨɛɢɥɹ 

ɉɚɪɚɥɥɟɥɶɧɚɹm ɫɬɪɚɬɟɝɢɹm ɭɩɪɚɜɥɟɧɢɹm ɪɟɤɭɩɟɪɚɬɢɜɧɵɦm ɬɨɪɦɨɠɟɧɢɟɦm
ɩɨɞɪɚɡɭɦɟɜɚɟɬm ɨɞɧɨɜɪɟɦɟɧɧɨɟm ɢɫɩɨɥɶɡɨɜɚɧɢɟm ɷɥɟɤɬɪɢɱɟɫɤɨɝɨm ɩɪɢɜɨɞɚm ɢm
ɮɪɢɤɰɢɨɧɧɨɣm ɬɨɪɦɨɡɧɨɣm ɫɢɫɬɟɦɵm ɜm ɦɨɦɟɧɬm ɧɚɠɚɬɢɹm ɜɨɞɢɬɟɥɟɦm ɧɚm ɩɟɞɚɥɶm
ɬɨɪɦɨɡɚоm ɈɞɧɚɤɨОm ɩɪɢm ɞɜɢɠɟɧɢɢm ɧɚɤɚɬɨɦm ɚɤɬɢɜɢɪɭɟɬɫɹm ɢɫɤɥɸɱɢɬɟɥɶɧɨm
ɪɟɤɭɩɟɪɚɬɢɜɧɚɹm ɫɨɫɬɚɜɥɹɸɳɚɹm ɬɨɪɦɨɡɧɨɣm ɫɢɫɬɟɦɵm ɜm ɜɢɞɭm ɬɨɝɨОm ɱɬɨm ɫɢɥɚm
ɬɪɟɧɢɹm ɦɟɠɞɭm ɚɜɬɨɦɨɛɢɥɶɧɵɦɢm ɲɢɧɚɦɢm ɢm ɞɨɪɨɠɧɵɦm ɩɨɥɨɬɧɨɦm ɜɵɡɵɜɚɟɬm
ɫɨɩɪɨɬɢɜɥɟɧɢɟm ɞɜɢɠɟɧɢɸоmɈɫɧɨɜɧɚɹm ɫɬɪɭɤɬɭɪɚm ɚɥɝɨɪɢɬɦɚm ɭɩɪɚɜɥɟɧɢɟɦm ɊɌm
ɩɪɢɜɟɞɟɧɚmɧɚmmɊɢɫоm.  

ɋm ɰɟɥɶɸm ɭɥɭɱɲɟɧɢɹm ɷɧɟɪɝɟɬɢɱɟɫɤɨɣm ɷɮɮɟɤɬɢɜɧɨɫɬɢm ɬɨɪɦɨɠɟɧɢɹm ɢm
ɫɨɯɪɚɧɟɧɢɹm ɛɟɡɨɩɚɫɧɨɫɬɢm ɬɨɪɦɨɠɟɧɢɹОm ɩɪɟɞɥɚɝɚɟɬɫɹm ɚɥɝɨɪɢɬɦm ɭɩɪɚɜɥɟɧɢɹm
ɪɟɤɭɩɟɪɚɬɢɜɧɵɦm ɬɨɪɦɨɠɟɧɢɟɦОm ɩɪɢɜɟɞɟɧɧɵɦm ɧɚ Ɋɢɫо6оm Ⱦɚɧɧɵɣm ɚɥɝɨɪɢɬɦm
ɪɚɫɩɪɟɞɟɥɹɟɬm ɬɨɪɦɨɡɧɵɟm ɭɫɢɥɢɹm ɬɚɤɢɦm ɨɛɪɚɡɨɦОm ɱɬɨm ɜm ɫɥɭɱɚɹɯm ɨɛɵɱɧɨɝɨm
ɬɨɪɦɨɠɟɧɢɹm mߚ ൏ ͲǤ͹ሻ ɬɨɪɦɨɡɧɨɟmɭɫɢɥɢɟmɪɚɫɩɪɟɞɟɥɹɟɬɫɹmɫɨɝɥɚɫɧɨmх-ɤɪɢɜɨɣОm
ɢm ɷɥɟɤɬɪɢɱɟɫɤɚɹm ɦɚɲɢɧɚm ɜm ɪɟɠɢɦɟm ɝɟɧɟɪɚɬɨɪɚm ɨɛɟɫɩɟɱɢɜɚɟɬm ɬɨɪɦɨɡɧɨɣm
ɦɨɦɟɧɬmɧɚmɡɚɞɧɟɦmɦɨɫɬɭо 
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Ɋɢɫe–5 ɉɚɪɚɥɥɟɥɶɧɚɹ–ɫɬɪɚɬɟɝɢɹ–ɭɩɪɚɜɥɟɧɢɹ–ɪɟɤɭɩɟɪɚɬɢɜɧɵɦ–ɬɨɪɦɨɠɟɧɢɟɦ 

 
Ɋɢɫe–6 ɉɪɟɞɥɚɝɚɟɦɚɹ–ɫɬɪɚɬɟɝɢɹ–ɭɩɪɚɜɥɟɧɢɹ–ɪɟɤɭɩɟɪɚɬɢɜɧɵɦ–ɬɨɪɦɨɠɟɧɢɟɦ 

ɇɚm Ɋɢɫоm 7 ɩɪɟɞɫɬɚɜɥɟɧɚm ɞɢɧɚɦɢɤɚm ɩɚɪɚɦɟɬɪɨɜm ɞɜɢɠɟɧɢɹm ɢm ɪɚɛɨɬɵm
ɫɢɥɨɜɨɣm ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢm ɷɥɟɤɬɪɨɦɨɛɢɥɹm ɩɪɢm ɜɵɩɨɥɧɟɧɢɢm ɟɡɞɨɜɨɝɨm ɰɢɤɥɚm
u’evm ɞɥɹm ɞɜɭɯm ɫɰɟɧɚɪɢɟɜm ɧɚɱɚɥɶɧɨɝɨm ɭɪɨɜɧɹm ɡɚɪɹɞɚm ɬɹɝɨɜɨɣm ɛɚɬɚɪɟɢуm
kcvၵмтнimɢmkcvၵмвннiо 

ȼmɫɥɭɱɚɟmkcv0мвннiОmɧɚɩɪɨɬɢɜОmɪɟɤɭɩɟɪɚɰɢɹmɧɟmɮɭɧɤɰɢɨɧɢɪɭɟɬmɞɨmɬɟɯm
ɩɨɪОm ɩɨɤɚm ɫɬɟɩɟɧɶm ɡɚɪɹɠɟɧɧɨɫɬɢm ɛɚɬɚɪɟɢmɧɟm ɭɩɚɞɟɬm ɧɢɠɟm ɡɧɚɱɟɧɢɹm рэiоmɇɚm
ɟɡɞɨɜɨɦm ɰɢɤɥɟm u’evm ɪɟɤɭɩɟɪɚɰɢɹm ɜɤɥɸɱɚɟɬɫɹm ɥɢɲɶm ɧɚm ɩɨɫɥɟɞɧɟɦm ɨɬɪɟɡɤɟm
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ɬɨɪɦɨɠɟɧɢɹm ввэн±ввтнmɫɟɤɭɧɞɵhОmɱɬɨmɩɨɞɬɜɟɪɠɞɚɟɬɫɹmɝɪɚɮɢɤɚɦɢmɤɪɭɬɹɳɟɝɨm
ɦɨɦɟɧɬɚmɷɥɟɤɬɪɢɱɟɫɤɨɣmɦɚɲɢɧɵmɢmɫɢɥɵmɷɥɟɤɬɪɢɱɟɫɤɨɝɨmɬɨɤɚmɧɚmɛɚɬɚɪɟɟо 

 
Ɋɢɫe–7 Ƚɪɚɮɢɤ–ɢɡɦɟɧɟɧɢɹ–ɨɬ–ɜɪɟɦɟɧɢ–ɫɤɨɪɨɫɬɢ–ɚɜɬɨɦɨɛɢɥɹu–ɤɪɭɬɹɳɟɝɨ–ɦɨɦɟɧɬɚ–

ɷɥɟɤɬɪɢɱɟɫɤɨɣ–ɦɚɲɢɧɵ–ɢ–ɫɢɥɵ–ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ–ɬɨɤɚ–ɧɚ–ɬɹɝɨɜɨɣ–ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ–
ɛɚɬɚɪɟɟu–ɩɪɨɞɨɥɶɧɨɣ–ɫɢɥɵ–ɧɚ–ɩɟɪɟɞɧɟɣ–ɢ–ɡɚɞɧɟɣ–ɨɫɹɯu–ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɟ–ɩɟɪɟɞɧɢɯ–ɢ–

ɡɚɞɧɢɯ–ɤɨɥɺɫu–ɚ–ɬɚɤɠɟ–ɫɬɟɩɟɧɢ–ɡɚɪɹɠɟɧɧɨɫɬɢ–ɛɚɬɚɪɟɢ–ɧɚ–ɟɡɞɨɜɨɦ–ɰɢɤɥɟ–)UDS 

Ɍɚɛɥɢɰɚm1 ɨɛɨɛɳɚɟɬmɜɥɢɹɧɢɟmɧɚɱɚɥɶɧɨɣmɫɬɟɩɟɧɢm ɡɚɪɹɠɟɧɧɨɫɬɢmɬɹɝɨɜɨɣm
ɛɚɬɚɪɟɢm ɧɚm ɷɧɟɪɝɟɬɢɱɟɫɤɭɸm ɷɤɨɧɨɦɢɸm ɩɪɢm ɜɵɩɨɥɧɟɧɢɢm ɪɚɡɥɢɱɧɵɯm ɟɡɞɨɜɵɯm
ɰɢɤɥɨɜоm ɉɪɢm ɫɧɢɠɟɧɢɢm ɧɚɱɚɥɶɧɨɝɨm kcvm ɫm вннim ɞɨm тнim ɧɚɛɥɸɞɚɟɬɫɹm
ɭɜɟɥɢɱɟɧɢɟm ɞɨɥɢm ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨm ɬɨɪɦɨɠɟɧɢɹОm ɱɬɨm ɩɪɢɜɨɞɢɬm ɤm ɦɟɧɶɲɟɦɭm
ɪɚɫɯɨɞɭm ɡɚɪɹɞɚm ɢОm ɤɚɤm ɫɥɟɞɫɬɜɢɟОm ɤm ɩɨɜɵɲɟɧɢɸm ɷɧɟɪɝɟɬɢɱɟɫɤɨɣm
ɷɮɮɟɤɬɢɜɧɨɫɬɢоmɇɚɢɛɨɥɶɲɢɣm ɷɮɮɟɤɬm ɷɤɨɧɨɦɢɢm ɞɨɫɬɢɝɚɟɬɫɹm ɜm ɰɢɤɥɟm«y,vОm
ɱɬɨmɨɛɴɹɫɧɹɟɬɫɹmɛɨɥɟɟmɞɢɧɚɦɢɱɧɵɦmɯɚɪɚɤɬɟɪɨɦmɩɪɨɮɢɥɹmɞɜɢɠɟɧɢɹmɢmɛɨɥɶɲɢɦm
ɱɢɫɥɨɦmɮɚɡmɬɨɪɦɨɠɟɧɢɹОmɚmɬɚɤɠɟmɛɨɥɶɲɟɣmɩɪɨɬɹɠɺɧɧɨɫɬɶmɟɡɞɨɜɨɝɨmɰɢɤɥɚоmȼmɬɨm
ɠɟm ɫɚɦɨɟm ɜɪɟɦɹm ɜɫɟm ɬɪɢm ɟɡɞɨɜɵɯm ɰɢɤɥɚm ɩɨɤɚɡɚɥɢm ɩɪɢɦɟɪɧɨm ɨɞɢɧɚɤɨɜɭɸm
ɭɞɟɥɶɧɭɸmɷɤɨɧɨɦɢɸmɷɥɟɤɬɪɢɱɟɫɤɨɣmɷɧɟɪɝɢɢmɧɚmвmɤɦmɩɪɨɣɞɟɧɧɨɝɨmɩɭɬɢо 

Ɍɚɛɥɢɰɚ–1  
ȼɥɢɹɧɢɟ–ɧɚɱɚɥɶɧɨɣ–ɫɬɟɩɟɧɢ–ɡɚɪɹɠɟɧɧɨɫɬɢ–ɛɚɬɚɪɟɢ–ɧɚ–ɷɧɟɪɝɟɬɢɱɟɫɤɭɸ–

ɷɮɮɟɤɬɢɜɧɨɫɬɶ–ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨ–ɬɨɪɦɨɠɟɧɢɹ–ɧɚ–ɟɡɞɨɜɵɯ–ɰɢɤɥɚɯ–NEDC, 
WLTC, CLTC 

ȿɡɞɨɜɨɣ–
ɰɢɤɥ 

ɇɚɱɚɥɶɧɚɹ–
ɫɬɟɩɟɧɶ–

ɡɚɪɹɠɟɧɧɨɫɬɢ–
(%) 

Ʉɨɧɟɱɧɚɹ–
ɫɬɟɩɟɧɶ–

ɡɚɪɹɠɟɧɧɨɫɬɢ–
(%) 

Ɋɚɡɧɢɰɚ 
(% 

SOC) 

ɗɤɨɧɨɦɢɹ–
ɷɧɟɪɝɢɢ–
kɤȼɬɱ  

ɉɪɨɬɹɠɺɧɧɨɫɬɶ–
ɟɡɞɨɜɨɝɨ–ɰɢɤɥɚ–

kɤɦ  

NEDC 100 93.90 0.20 0.03 11.02 80 73.70 

WLTC 100 84.17 0.43 0.06 23.66 80 63.74 

CLTC 100 92.16 0.28 0.04 14.7 80 71.88 
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Ɋɢɫe–K–ɋɪɚɜɧɟɧɢɟ–ɡɚɜɢɫɢɦɨɫɬɟɣ–ɨɬ–ɜɪɟɦɟɧɢ–ɤɪɭɬɹɳɟɝɨ–ɦɨɦɟɧɬɚ–ɷɥɟɤɬɪɢɱɟɫɤɨɣ–

ɦɚɲɢɧɵu–ɫɢɥɵ–ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ–ɬɨɤɚ–ɧɚ–ɛɚɬɚɪɟɟ–ɢ–ɪɚɫɩɪɟɞɟɥɟɧɢɹ–ɬɨɪɦɨɡɧɨɝɨ–ɤɪɭɬɹɳɟɝɨ–
ɦɨɦɟɧɬɚu–ɚ–ɬɚɤɠɟ–ɫɬɟɩɟɧɢ–ɡɚɪɹɠɟɧɧɨɫɬɢ–ɛɚɬɚɪɟɢ–ɧɚ–ɩɟɪɟɞɧɟɩɪɢɜɨɞɧɨɦ–ɢ–

ɡɚɞɧɟɩɪɢɜɨɞɧɨɦ–ɚɜɬɨɦɨɛɢɥɹɯ–kɩɪɢ–ɜɫɟɯ–ɩɪɨɱɢɯ–ɪɚɜɧɵɯ–ɩɚɪɚɦɟɬɪɚɯ –ɧɚ–ɟɡɞɨɜɨɦ–ɰɢɤɥɟ–
NEDC 

ɋɪɚɜɧɟɧɢɟm ɞɢɧɚɦɢɤɢm ɫɬɟɩɟɧɢm ɡɚɪɹɠɟɧɧɨɫɬɢm ɛɚɬɚɪɟɢm ɫm ɩɨɬɪɟɛɥɟɧɢɟɦm ɢm
ɪɟɤɭɩɟɪɚɰɢɟɣm ɷɧɟɪɝɢɢm ɩɨɤɚɡɚɧɨm ɧɚm Ɋɢɫоm тОm ɱɬɨm ɩɨɞɬɜɟɪɠɞɚɟɬm ɩɪɟɢɦɭɳɟɫɬɜɨm
ɩɟɪɟɞɧɟɩɪɢɜɨɞɧɨɣm ɬɨɩɨɥɨɝɢɢоm Ɍɟɦɩm ɫɧɢɠɟɧɢɹm kcvm ɞɥɹm ‘«e-ɜɚɪɢɚɧɬɚm
ɡɧɚɱɢɬɟɥɶɧɨm ɧɢɠɟm ɛɥɚɝɨɞɚɪɹm ɛɨɥɶɲɨɦɭm ɤɨɥɢɱɟɫɬɜɭm ɷɮɮɟɤɬɢɜɧɵɯm ɮɚɡm
ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨmɬɨɪɦɨɠɟɧɢɹоm 

ɌɚɛɥɢɰɚmаmɩɨɤɚɡɵɜɚɟɬОmɱɬɨmɜmɤɚɠɞɨɦmɢɡmɬɪɟɯmɟɡɞɨɜɵɯmɰɢɤɥɨɜmɞɨɥɹmɜɨɡɜɪɚɬɚm
ɷɧɟɪɝɢɢm ‘«e-ɦɨɞɟɥɢm ɩɪɟɜɵɲɚɟɬm ɞɨɥɸm ɡɚɞɧɟɩɪɢɜɨɞɧɨɝɨm ɜɚɪɢɚɧɬɚоm ɗɬɢm
ɪɟɡɭɥɶɬɚɬɵm ɫɨɝɥɚɫɭɸɬɫɹm ɫm ɷɬɢɦɢm ɞɚɧɧɵɦɢоm ɇɚɩɪɢɦɟɪОm ɨɛɴɟɦm ɪɟɤɭɩɟɪɚɰɢɢm ɧɚm
«y,vmɫɨɫɬɚɜɥɹɟɬmнОнфнmɤȼɬɱmɜɦɟɫɬɨmнОнифmɤȼɬɱОmɚmɧɚmvy,v-0,0ирmɤȼɬɱmɜɦɟɫɬɨm
нОнаэm ɤȼɬɱоmɗɬɨm ɨɬɥɢɱɚɟɬɫɹm ɨɬmu’evОm ɤɨɬɨɪɵɣm ɫɨɫɬɚɜɥɹɟɬm нОнааm ɤȼɬɱm ɜɦɟɫɬɨm
нОнвеmɤȼɬɱоmɋɨɩɨɫɬɚɜɥɟɧɢɟmɩɨɜɟɞɟɧɢɹmɷɥɟɤɬɪɨɦɨɛɢɥɹmɜmɪɚɡɥɢɱɧɵɯmɬɢɩɚɯmɟɡɞɨɜɵɯm
ɰɢɤɥɨɜmɩɨɤɚɡɵɜɚɟɬОmɧɚɫɤɨɥɶɤɨmɭɫɬɨɣɱɢɜɵmɪɚɧɟɟmɭɩɨɦɹɧɭɬɵɟmɡɚɤɨɧɨɦɟɪɧɨɫɬɢо 

Ɍɚɛɥɢɰɚ–2  
ȼɥɢɹɧɢɟ–ɬɨɩɨɥɨɝɢɢ–ɩɪɢɜɨɞɚ–kɩɟɪɟɞɧɟɩɪɢɜɨɞɧɵɣnɡɚɞɧɟɩɪɢɜɨɞɧɵɣ –ɧɚ–

ɷɧɟɪɝɟɬɢɱɟɫɤɭɸ–ɷɮɮɟɤɬɢɜɧɨɫɬɶ–ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨ–ɬɨɪɦɨɠɟɧɢɹ–ɧɚ–ɟɡɞɨɜɵɯ–
ɰɢɤɥɚɯ–NEDC, WLTC, CLTC 

ȿɡɞɨɜɨɣ–
ɰɢɤɥ ɉɪɢɜɨɞ ɂɡɪɚɫɯɨɞɨɜɚɧɧɚɹ–

ɷɧɟɪɝɢɹ–kɤȼɬɱ  
ɗɧɟɪɝɢɹ–

ɪɟɤɭɩɟɪɚɰɢɢ–
kɤȼɬɱ  

Ⱦɨɥɹ–
ɪɟɤɭɩɟɪɚɰɢɢ–

(%) 

ɗɤɨɧɨɦɢɹ–
ɷɧɟɪɝɢɢ–
kɤȼɬɱ  

ɉɪɨɬɹɠɺɧɧɨɫɬɶ–
ɟɡɞɨɜɨɝɨ–ɰɢɤɥɚ–

kɤɦ  

NEDC RWD 0.83 0.045 5,45 0.028  11.02 FWD 0.81 0.052 6,43 

WLTC RWD 2.12 0.12 5,73 0.05 23.66 FWD 2.09 0.14 6,82 

CLTC RWD 1.08 0.068 6,35 0.032 14.7 FWD 1.06 0.080 7,62 
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ɇɚmɪɟɠɢɦɚɯmɬɨɪɦɨɠɟɧɢɹОmɝɞɟmɲɬɚɬɧɵɣmɚɥɝɨɪɢɬɦmɨɝɪɚɧɢɱɢɜɚɟɬmɪɟɤɭɩɟɪɚɰɢɸm
ɢɡ-ɡɚm ɪɢɫɤɨɜm ɫɧɢɠɟɧɢɹm ɫɰɟɩɥɟɧɢɹm ɧɚm ɡɚɞɧɟɣm ɨɫɢОm ɩɪɟɞɥɚɝɚɟɦɵɣm ɦɟɬɨɞm
ɨɛɟɫɩɟɱɢɜɚɟɬmɛɨɥɟɟmɩɥɚɜɧɵɣmɢmɭɫɬɨɣɱɢɜɵɣmɩɪɨɮɢɥɶmɬɨɪɦɨɡɧɨɝɨmɦɨɦɟɧɬɚОm ɱɬɨm
ɩɨɡɜɨɥɹɟɬmɡɚɞɟɣɫɬɜɨɜɚɬɶmɛɨɥɶɲɢɣmɨɛɴɺɦmɤɢɧɟɬɢɱɟɫɤɨɣmɷɧɟɪɝɢɢmɚɜɬɨɦɨɛɢɥɹmɞɥɹm
ɩɨɫɥɟɞɭɸɳɟɝɨmɩɪɟɨɛɪɚɡɨɜɚɧɢɹmɜmɷɥɟɤɬɪɢɱɟɫɤɭɸо 

ȽɪɚɮɢɤɢmɢɡɦɟɧɟɧɢɹmɫɬɟɩɟɧɢmɡɚɪɹɠɟɧɧɨɫɬɢmɛɚɬɚɪɟɢОmɩɨɬɪɟɛɥɟɧɢɹmɷɧɟɪɝɢɢmɢm
ɨɛɴɺɦɚm ɪɟɤɭɩɟɪɚɰɢɢm  Ɋɢɫ. 9hm ɩɨɞɬɜɟɪɠɞɚɸɬm ɩɪɟɢɦɭɳɟɫɬɜɚm ɩɪɟɞɥɚɝɚɟɦɨɣm
ɫɬɪɚɬɟɝɢɢm ɭɩɪɚɜɥɟɧɢɹоm ɋɥɟɞɭɟɬm ɨɬɦɟɬɢɬɶОm ɱɬɨm ɩɪɢm ɢɫɩɨɥɶɡɨɜɚɧɢɢm ɨɛɨɢɯm
ɚɥɝɨɪɢɬɦɨɜmɫɭɦɦɚɪɧɵɣmɬɨɪɦɨɡɧɨɣmɦɨɦɟɧɬОmɩɪɢɦɟɧɢɦɵɣmɜmɩɪɨɰɟɫɫɟmɡɚɦɟɞɥɟɧɢɹОm
ɨɫɬɚɺɬɫɹm ɧɟɢɡɦɟɧɧɵɦОm ɬɚɤm ɤɚɤm ɨɧm ɡɚɜɢɫɢɬm ɜm ɨɫɧɨɜɧɨɦm ɨɬm ɩɪɨɮɢɥɹm ɫɤɨɪɨɫɬɢm ɢm
ɝɚɛɚɪɢɬɨɜmɚɜɬɨɦɨɛɢɥɹоmmɉɪɢmɜɫɟɯmɟɡɞɨɜɵɯmɰɢɤɥɚɯmɧɚɛɥɸɞɚɟɬɫɹmɦɟɧɶɲɚɹmɫɤɨɪɨɫɬɶm
ɫɧɢɠɟɧɢɹmkcvmɢmɛɨɥɶɲɢɣmɤɪɚɬɧɵɣmɩɪɢɪɨɫɬmɨɬɪɢɰɚɬɟɥɶɧɨɣmɫɨɫɬɚɜɥɹɸɳɟɣmɬɨɤɚm
ɩɪɢmɬɨɪɦɨɠɟɧɢɢоm 

Ɍɚɛɥɢɰɚm ɩɪɢɜɨɞɢɬmɡɧɚɱɟɧɢɹmɪɚɫɯɨɞɚmɷɧɟɪɝɢɢmɢmɪɟɤɭɩɟɪɢɪɭɟɦɨɣmɦɨɳɧɨɫɬɢm
ɞɥɹmɤɚɠɞɨɝɨmɟɡɞɨɜɨɝɨmɰɢɤɥɚоmȾɥɹmɰɢɤɥɚmu’evmɩɪɟɞɥɚɝɚɟɦɵɣmɚɥɝɨɪɢɬɦmɫɧɢɠɚɟɬm
ɪɚɫɯɨɞmɷɧɟɪɝɢɢmɫmнотиmɞɨmнотаmɤȼɬāɱmɢmɭɜɟɥɢɱɢɜɚɟɬmɪɟɤɭɩɟɪɚɰɢɸmɫmнонеэmɞɨmнонфнm
ɤȼɬāɱОmɱɬɨmɫɨɨɬɜɟɬɫɬɜɭɟɬmɩɪɢɪɨɫɬɭmиэiоmȼmɰɢɤɥɟm«y,vmɩɪɢɪɨɫɬmɷɮɮɟɤɬɢɜɧɨɫɬɢm
ɫɨɫɬɚɜɥɹɟɬmииiуmɨɛɴɺɦmɪɟɤɭɩɟɪɢɪɭɟɦɨɣmɷɧɟɪɝɢɢmɜɨɡɪɚɫɬɚɟɬmɫmноваmɞɨmновфmɤȼɬāɱm
ɩɪɢmɨɞɧɨɜɪɟɦɟɧɧɨɦmɫɧɢɠɟɧɢɢmɪɚɫɯɨɞɚmɫmаоваmɞɨmаоввmɤȼɬāɱоmɇɚmvy,vОmɤɨɬɨɪɵɣm
ɹɜɥɹɟɬɫɹmɛɨɥɟɟmɜɚɪɢɚɬɢɜɧɵɦmɢmɫɨɞɟɪɠɢɬmɛɨɥɶɲɨɟmɱɢɫɥɨmɧɢɡɤɨɫɤɨɪɨɫɬɧɵɯmɮɚɡОm
ɧɨɜɵɣm ɚɥɝɨɪɢɬɦm ɞɚɺɬm ɩɪɢɪɨɫɬm ɪɟɤɭɩɟɪɚɰɢɢm иаim  ɫm нонфтm ɞɨm нонтрm ɤȼɬāɱhm ɩɪɢm
ɫɧɢɠɟɧɢɢmɪɚɫɯɨɞɚmɷɧɟɪɝɢɢmɫmвонтmɞɨmвонкmɤȼɬāɱоmȼɨmɜɫɟɯmɫɥɭɱɚɹɯmɩɪɟɞɥɚɝɚɟɦɵɣm
ɦɟɬɨɞm ɞɟɦɨɧɫɬɪɢɪɭɟɬm ɭɫɬɨɣɱɢɜɭɸm ɬɟɧɞɟɧɰɢɸm ɤm ɭɜɟɥɢɱɟɧɢɸm ɨɛɴɺɦɚm ɷɧɟɪɝɢɢОm
ɜɨɡɜɪɚɳɚɟɦɨɣm ɜm ɚɤɤɭɦɭɥɹɬɨɪОm ɛɟɡm ɭɯɭɞɲɟɧɢɹm ɞɢɧɚɦɢɱɟɫɤɢɯm ɯɚɪɚɤɬɟɪɢɫɬɢɤm
ɚɜɬɨɦɨɛɢɥɹо 

 
Ɋɢɫe–A–ɋɪɚɜɧɟɧɢɟ–ɡɚɜɢɫɢɦɨɫɬɟɣ–ɨɬ–ɜɪɟɦɟɧɢ–ɤɪɭɬɹɳɟɝɨ–ɦɨɦɟɧɬɚ–ɷɥɟɤɬɪɢɱɟɫɤɨɣ–ɦɚɲɢɧɵu–
ɫɢɥɵ–ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ–ɬɨɤɚ–ɧɚ–ɛɚɬɚɪɟɟ–ɢ–ɪɚɫɩɪɟɞɟɥɟɧɢɹ–ɬɨɪɦɨɡɧɨɝɨ–ɤɪɭɬɹɳɟɝɨ–ɦɨɦɟɧɬɚu–

ɚ–ɬɚɤɠɟ–ɫɬɟɩɟɧɢ–ɡɚɪɹɠɟɧɧɨɫɬɢ–ɛɚɬɚɪɟɢ–ɧɚ–ɡɚɞɧɟɩɪɢɜɨɞɧɨɦ–ɷɥɟɤɬɪɨɦɨɛɢɥɟ–ɫ–
ɩɪɢɦɟɧɟɧɢɟɦ–ɲɬɚɬɧɨɝɨ–ɢ ɩɪɟɞɥɚɝɚɟɦɨɝɨ–ɚɥɝɨɪɢɬɦɚ–ɭɩɪɚɜɥɟɧɢɹ–ɪɟɤɭɩɟɪɚɬɢɜɧɵɦ–

ɬɨɪɦɨɠɟɧɢɟ–kɩɪɢ–ɜɫɟɯ–ɩɪɨɱɢɯ–ɪɚɜɧɵɯ–ɩɚɪɚɦɟɬɪɚɯ –ɧɚ–ɟɡɞɨɜɨɦ–ɰɢɤɥɟ–NEDC 
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Ɍɚɛɥɢɰɚ–T 
ɋɪɚɜɧɟɧɢɟ–ɜɥɢɹɧɢɹ–ɚɥɝɨɪɢɬɦɚ–ɭɩɪɚɜɥɟɧɢɹ–ɪɟɤɭɩɟɪɚɬɢɜɧɵɦ–

ɬɨɪɦɨɠɟɧɢɟɦ–ɧɚ–ɷɧɟɪɝɟɬɢɱɟɫɤɭɸ–ɷɮɮɟɤɬɢɜɧɨɫɬɶ–ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨ–
ɬɨɪɦɨɠɟɧɢɹ–ɧɚ–ɟɡɞɨɜɵɯ–ɰɢɤɥɚɯ–NEDC, WLTC, CLTC 

ȿɡɞɨɜɨ
ɣ–ɰɢɤɥ Ⱥɥɝɨɪɢɬɦ 

ɂɡɪɚɫɯɨɞɨɜɚɧɧɚ
ɹ–ɷɧɟɪɝɢɹ–
kɤȼɬɱ  

ɗɧɟɪɝɢɹ–
ɪɟɤɭɩɟɪɚɰɢ

ɢ–kɤȼɬɱ  

Ⱦɨɥɹ–
ɪɟɤɭɩɟɪɚɰɢ

ɢ–kd  

ɉɪɢɪɨɫɬ–
ɪɟɤɭɩɟɪɚɰɢ

ɢ–kd  

ɉɪɨɬɹɠɺɧɧɨɫɬ
ɶ–ɟɡɞɨɜɨɝɨ–
ɰɢɤɥɚ–kɤɦ  

NEDC 
ɒɬɚɬɧɵɣ 0.83 0,045 5,45 

35%  11.02 ɉɪɟɞɥɚɝɚɟɦɵ
ɣ 0.82 0.060 7,36 

WLTC 
ɒɬɚɬɧɵɣ 2.12 0.12 5,73 

33% 23.66 ɉɪɟɞɥɚɝɚɟɦɵ
ɣ 2.11 0.16 7,62 

CLTC 
ɒɬɚɬɧɵɣ 1.08 0.068 6,35 

32% 14.7 ɉɪɟɞɥɚɝɚɟɦɵ
ɣ 1.07 0.089 8,38 

ɇɚmɊɢɫовнmɩɪɟɞɫɬɚɜɥɟɧ ɜɵɩɨɥɧɟɧmɩɨɥɧɵɣmɷɧɟɪɝɟɬɢɱɟɫɤɢɣmɛɚɥɚɧɫmɩɪɨɰɟɫɫɚm
ɡɚɦɟɞɥɟɧɢɹуm ɤɢɧɟɬɢɱɟɫɤɚɹm ɷɧɟɪɝɢɹОm ɬɟɪɹɟɦɚɹm ɚɜɬɨɦɨɛɢɥɟɦm ɩɪɢm ɬɨɪɦɨɠɟɧɢɢm  ɫm
ɭɱɺɬɨɦmɤɨɷɮɮɢɰɢɟɧɬɚmɜɪɚɳɚɸɳɢɯɫɹmɦɚɫɫmįhОmɪɚɫɩɪɟɞɟɥɹɥɚɫɶmɦɟɠɞɭmɤɚɧɚɥɚɦɢm- 
ɜɨɡɜɪɚɬɨɦmɜmɬɹɝɨɜɭɸmɛɚɬɚɪɟɸОmɩɨɬɟɪɹɦɢmɜmɫɢɫɬɟɦɟmɪɟɤɭɩɟɪɚɰɢɢm ɷɥɟɤɬɪɢɱɟɫɤɚɹm
ɰɟɩɶm ɢm ɬɪɚɧɫɦɢɫɫɢɹhОm ɮɪɢɤɰɢɨɧɧɵɦɢm ɬɨɪɦɨɡɚɦɢОm ɚm ɬɚɤɠɟm ɧɟɜɨɡɜɪɚɬɧɵɦɢm
ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɦmɫɨɩɪɨɬɢɜɥɟɧɢɟɦmɢmɫɨɩɪɨɬɢɜɥɟɧɢɟɦmɤɚɱɟɧɢɸо  ɟɡɞɨɜɵɟmɰɢɤɥɵm
NEDC, WLTC, CLTC. 

 
Ɋɢɫe–hm–Ɋɚɫɩɪɟɞɟɥɟɧɢɟ–ɩɨɥɧɨɣ–ɷɧɟɪɝɢɢ–ɬɨɪɦɨɠɟɧɢɹ–ɧɚ–ɟɡɞɨɜɵɯ–ɰɢɤɥɚɯ–NEDC,  

WLTC ɢ–CLTC 
ȼm ɬɪɟɬɶɟɣm ɝɥɚɜɟm ɩɨɞm ɧɚɡɜɚɧɢɟɦm ³ɉɪɚɤɬɢɱɟɫɤɢɟ– ɢɫɫɥɟɞɨɜɚɧɢɹ–

ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨ– ɬɨɪɦɨɠɟɧɢɹ– ɥɟɝɤɨɜɨɝɨ– ɚɜɬɨɦɨɛɢɥɹ– ɫ– ɷɥɟɤɬɪɢɱɟɫɤɢɦ–
ɩɪɢɜɨɞɨɦ´–ɨɩɢɫɚɧɵmɞɨɪɨɠɧɵɟmɢmɩɨɥɢɝɨɧɧɵɟmɢɫɩɵɬɚɧɢɹmɥɟɝɤɨɜɨɝɨmɚɜɬɨɦɨɛɢɥɹm
ɫm ɷɥɟɤɬɪɢɱɟɫɤɢɦm ɩɪɢɜɨɞɨɦОm ɚm ɬɚɤɠɟm ɫɨɫɬɚɜɚm ɢm ɜɨɡɦɨɠɧɨɫɬɟɣm ɢɡɦɟɪɢɬɟɥɶɧɨɝɨm
ɨɛɨɪɭɞɨɜɚɧɢɹОm ɢɫɩɨɥɶɡɨɜɚɧɧɨɝɨm ɞɥɹm ɪɟɝɢɫɬɪɚɰɢɢm ɩɚɪɚɦɟɬɪɨɜm ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨm
ɬɨɪɦɨɠɟɧɢɹmɢmɨɰɟɧɤɢmɞɨɫɬɨɜɟɪɧɨɫɬɢmɩɨɥɭɱɟɧɧɵɯmɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯmɞɚɧɧɵɯо 

Ⱦɥɹmɪɟɝɢɫɬɪɚɰɢɢmɩɚɪɚɦɟɬɪɨɜmɫɢɥɨɜɨɣmɭɫɬɚɧɨɜɤɢmɢmɬɹɝɨɜɨɣmɚɤɤɭɦɭɥɹɬɨɪɧɨɣm
ɛɚɬɚɪɟɢm ɩɪɢɦɟɧɹɥɫɹm ɫɢɫɬɟɦɚm ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣm ɞɢɚɝɧɨɫɬɢɤɢm k1Y”VkYEHm (нвОm
ɩɪɟɞɫɬɚɜɥɹɸɳɢɣm ɫɨɛɨɣm ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣm ɤɨɦɩɥɟɤɫm ɞɥɹm ɞɢɚɝɧɨɫɬɢɤɢm
ɷɥɟɤɬɪɢɱɟɫɤɢɯmɢmɝɢɛɪɢɞɧɵɯmɬɪɚɧɫɩɨɪɬɧɵɯmɫɪɟɞɫɬɜОmɨɫɧɨɜɚɧɧɵɣmɧɚmɩɥɚɧɲɟɬɧɨɦm
ɉɄmɫmɜɵɧɨɫɧɵɦmɢɧɬɟɪɮɟɣɫɧɵɦmɦɨɞɭɥɟɦо 

ɇɚm Ɋɢɫоm вв ɩɪɟɞɫɬɚɜɥɟɧɚm ɫɬɪɭɤɬɭɪɧɚɹm ɫɯɟɦɚm ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɨɝɨm
ɤɨɦɩɥɟɤɫɚmɞɥɹmɞɢɚɝɧɨɫɬɢɤɢmɢmɦɨɧɢɬɨɪɢɧɝɚmɩɚɪɚɦɟɬɪɨɜmɚɜɬɨɦɨɛɢɥɹmɜmɪɟɚɥɶɧɨɦm
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ɜɪɟɦɟɧɢоm ɂɫɬɨɱɧɢɤɨɦm ɞɚɧɧɵɯm ɹɜɥɹɟɬɫɹm ɷɥɟɤɬɪɨɧɧɚɹm ɫɢɫɬɟɦɚm ɭɩɪɚɜɥɟɧɢɹm
ɚɜɬɨɦɨɛɢɥɹm  ɗȻɍhОm ɩɨɞɤɥɸɱɺɧɧɚɹm ɱɟɪɟɡm ɫɬɚɧɞɚɪɬɧɵɣm ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɣm
ɢɧɬɟɪɮɟɣɫmcдe-ххоm ɋɢɝɧɚɥɵm ɫm ɛɨɪɬɨɜɨɣm ɫɟɬɢm ɩɟɪɟɞɚɸɬɫɹm ɧɚm ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɣm
ɚɞɚɩɬɟɪОm ɤɨɬɨɪɵɣm ɜɵɩɨɥɧɹɟɬm ɮɭɧɤɰɢɢm ɫɱɢɬɵɜɚɧɢɹОm ɩɟɪɜɢɱɧɨɣm ɨɛɪɚɛɨɬɤɢm ɢm
ɛɟɫɩɪɨɜɨɞɧɨɣmɩɟɪɟɞɚɱɢmɞɚɧɧɵɯmɩɨmɩɪɨɬɨɤɨɥɭmдFQHV88VPо 

 
Ɋɢɫe–hh–Ⱥɪɯɢɬɟɤɬɭɪɚ–ɫɢɫɬɟɦɵ–ɫɛɨɪɚ–ɢ–ɜɢɡɭɚɥɢɡɚɰɢɢ–ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ–ɞɚɧɧɵɯ–

ɚɜɬɨɦɨɛɢɥɹ 
ɉɪɨɰɟɞɭɪɚm ɩɪɨɜɟɞɟɧɢɹm ɩɨɥɢɝɨɧɧɵɯm ɢɫɩɵɬɚɧɢɣm ɜɤɥɸɱɚɥɚm ɫɥɟɞɭɸɳɢɟm

ɷɬɚɩɵу 
воɁɚɩɭɫɤm ɚɜɬɨɦɨɛɢɥɹоm ɉɪɨɜɟɪɤɚm ɢɫɩɪɚɜɧɨɫɬɢm ɨɛɨɪɭɞɨɜɚɧɢɹоm ɉɪɢm

ɝɨɬɨɜɧɨɫɬɢmɨɛɪɚɬɧɵɣmɨɬɫɱɟɬmэmɫɟɤɭɧɞmɞɨmɧɚɱɚɥɚmɞɜɢɠɟɧɢɹо 
аоɊɚɡɝɨɧmɚɜɬɨɦɨɛɢɥɹmɞɨmɮɢɤɫɢɪɨɜɚɧɧɨɣmɫɤɨɪɨɫɬɢm ɦɢɧоmɋɤɨɪɨɫɬɶмmанɤɦсɱОm

ɲɚɝmɭɜɟɥɢɱɟɧɢɹmɫɤɨɪɨɫɬɢмmвнɤɦсɱhо 
иоɍɞɟɪɠɚɧɢɟmɫɤɨɪɨɫɬɢmɜmɬɟɱɟɧɢɟmт±вэmɫɟɤɭɧɞmɞɥɹmɫɬɚɛɢɥɢɡɚɰɢɢmɩɨɤɚɡɚɧɢɣm

ɫɢɥɵmɷɥɟɤɬɪɢɱɟɫɤɨɝɨmɬɨɤɚmɧɚmɩɪɢɛɨɪɧɨɣmɩɚɧɟɥɢmɚɜɬɨɦɨɛɢɥɹо 
еоɈɬɩɭɫɤɚɧɢɟm ɩɟɞɚɥɢm ɚɤɫɟɥɟɪɚɬɨɪɚm ɢm ɞɚɥɶɧɟɣɲɟɟm ɞɜɢɠɟɧɢɟm ɧɚɤɚɬɨɦm ɞɨm

ɩɨɥɧɨɣm ɨɫɬɚɧɨɜɤɢоm Ɂɚɮɢɤɫɢɪɨɜɚɬɶm ɡɧɚɱɟɧɢɹm ɫɢɥɵm ɬɨɤɚm ɞɨm ɨɬɩɭɫɤɚɧɢɹm ɩɟɞɚɥɢm
ɚɤɫɟɥɟɪɚɬɨɪɚmɢmɜmɧɚɱɚɥɟmɞɜɢɠɟɧɢɹmɧɚɤɚɬɨɦоmȼɟɪɧɭɬɶɫɹmɧɚmɢɫɯɨɞɧɨɟmɩɨɥɨɠɟɧɢɹm
ɩɪɨɜɟɞɟɧɢɹmɢɫɩɵɬɚɧɢɣо 

эоɉɨɜɬɨɪɢɬɶmɲɚɝɢmа±еmарmɪɚɡо 
фоɂɫɩɨɥɶɡɨɜɚɜm ɲɚɝm ɭɜɟɥɢɱɟɧɢɹm ɫɤɨɪɨɫɬɢОm ɭɫɬɚɧɨɜɢɬɶm ɧɨɜɭɸm

ɮɢɤɫɢɪɨɜɚɧɧɭɸmɫɤɨɪɨɫɬɶоmɉɨɜɬɨɪɟɧɢɟmɲɚɝɨɜmа±5. 

 
Ɋɢɫe–ht–ɋɪɚɜɧɟɧɢɟ–ɩɨɥɢɝɨɧɧɵɯ–ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ–ɢɫɫɥɟɞɨɜɚɧɢɣ–ɢ–ɬɟɨɪɟɬɢɱɟɫɤɢɯ–
ɡɧɚɱɟɧɢɣ–ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ–ɬɨɤɚ–ɢ–ɦɨɳɧɨɫɬɢ–ɷɥɟɤɬɪɨɦɨɛɢɥɹ–ɨɬ–ɫɤɨɪɨɫɬɢ–ɞɜɢɠɟɧɢɹ 

ɇɚmɊɢɫоmваmɩɪɢɜɟɞɟɧɨmɫɪɚɜɧɟɧɢɟmɩɨɥɢɝɨɧɧɵɯmɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯmɞɚɧɧɵɯm
ɫmɬɟɨɪɟɬɢɱɟɫɤɢɦɢmɡɧɚɱɟɧɢɹɦɢmɷɥɟɤɬɪɢɱɟɫɤɨɝɨmɬɨɤɚmɢmɦɨɳɧɨɫɬɢmɷɥɟɤɬɪɨɦɨɛɢɥɹmɜm
ɡɚɜɢɫɢɦɨɫɬɢm ɨɬm ɫɤɨɪɨɫɬɢm ɞɜɢɠɟɧɢɹm  ɫɥɟɜɚm - ɩɨɬɪɟɛɥɹɟɦɵɣm ɢm ɪɟɝɟɧɟɪɢɪɭɟɦɵɣm
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ɬɨɤОm ɫɩɪɚɜɚ-ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹm ɦɨɳɧɨɫɬɶhоm Ɍɨɱɧɨɫɬɶm ɢɦɢɬɚɰɢɨɧɧɨɣm ɦɨɞɟɥɢm
ɨɰɟɧɢɜɚɥɚɫɶmɩɨmɩɨɤɚɡɚɬɟɥɹɦmfч’Оmbfk’Оmfч(’mɢmubfk’о 

ɋɜɨɞɧɵɟmɦɟɬɪɢɤɢmɩɨmɬɨɤɭm Ɍɚɛɥоmеhmɩɨɤɚɡɚɥɢmɞɥɹmɩɨɬɪɟɛɥɹɟɦɨɝɨmɬɨɤɚmfч’m
мmеОеmȺmɩɪɢmbfk’mмmэОавmȺОmɞɥɹmɪɟɝɟɧɟɪɢɪɭɟɦɨɝɨm- ɡɚɦɟɬɧɨmɦɟɧɶɲɢɟmɡɧɚɱɟɧɢɹm
 аОннmȺmɢmаОирmȺhОmɱɬɨmɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬmɨmɥɭɱɲɟɣmɫɯɨɞɢɦɨɫɬɢmɦɨɞɟɥɢmɜmɪɟɠɢɦɟm
ɪɟɤɭɩɟɪɚɰɢɢпm fч(’m ɞɥɹm ɨɛɟɢɯm ɤɪɢɜɵɯm ɫɨɫɬɚɜɢɥɚm ɨɤɨɥɨm еОээm iоm Ⱦɟɬɚɥɶɧɵɣm
ɚɧɚɥɢɡm ɩɨm ɫɤɨɪɨɫɬɧɵɦm ɪɟɠɢɦɚɦm  Ɍɚɛɥоm эhm ɜɵɹɜɢɥm ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɣm ɯɚɪɚɤɬɟɪm
ɩɨɝɪɟɲɧɨɫɬɟɣОm ɦɨɧɨɬɨɧɧɨm ɜɨɡɪɚɫɬɚɸɳɢɯm ɫm ɪɨɫɬɨɦm ɫɤɨɪɨɫɬɢуm ɪɚɫɯɨɠɞɟɧɢɟm ɩɨm
ɩɨɬɪɟɛɥɹɟɦɨɦɭmɬɨɤɭmɭɜɟɥɢɱɢɜɚɟɬɫɹmɫmаmȺmɩɪɢmанmɤɦсɱmɞɨmввmȺmɩɪɢmвннmɤɦсɱоmɉɨm
ɦɨɳɧɨɫɬɢmɫɜɨɞɧɵɟmɦɟɬɪɢɤɢm Ɍɚɛɥоmфhmɫɨɫɬɚɜɢɥɢmfч’mмmвОнкmɤȼɬОmbfk’mмmвОвтm
ɤȼɬmɩɪɢmfч(’mɧɟmɛɨɥɟɟmрmiоmȾɟɬɚɥɶɧɵɟmɨɬɤɥɨɧɟɧɢɹmɩɨmɦɨɳɧɨɫɬɢm Ɍɚɛɥоmкh ɜm
ɞɢɚɩɚɡɨɧɟm ан±фнm ɤɦсɱm ɧɟm ɩɪɟɜɵɲɚɸɬm вОэm ɤȼɬОm ɚm ɩɪɢm ɫɤɨɪɨɫɬɹɯm ɜɵɲɟm кнm ɤɦсɱm
ɜɨɡɪɚɫɬɚɸɬmɞɨmвОэ±аОнmɤȼɬОmɱɬɨmɫɨɝɥɚɫɭɟɬɫɹmɫmɤɚɪɬɢɧɨɣОmɧɚɛɥɸɞɚɟɦɨɣmɞɥɹmɬɨɤɚоm
ɉɨɥɭɱɟɧɧɵɟmɪɟɡɭɥɶɬɚɬɵmɩɨɞɬɜɟɪɠɞɚɸɬmɚɞɟɤɜɚɬɧɨɫɬɶmɦɚɬɟɦɚɬɢɱɟɫɤɨɣmɦɨɞɟɥɢmɜm
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦmɞɢɚɩɚɡɨɧɟmɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯmɪɟɠɢɦɨɜо 

Ɍɚɛɥɢɰɚ–E 
ɋɜɨɞɧɵɟ–ɦɟɬɪɢɤɢ–ɤɚɱɟɫɬɜɚ–ɢɦɢɬɚɰɢɨɧɧɨɣ–ɦɨɞɟɥɢ–ɩɪɢ–ɫɪɚɜɧɟɧɢɢ–

ɩɨɬɪɟɛɥɹɟɦɨɝɨ–ɢ–ɪɟɝɟɧɟɪɢɪɭɟɦɨɝɨ–ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ–ɬɨɤɚ 
ɉɚɪɚɦɟɬɪ PCUu–Ⱥ аPвUu–Ⱥ MAPE, % 

ɉɨɬɪɟɛɥɹɟɦɵɣmɬɨɤ 6.22 6.86 5.72 
Ɋɟɝɟɧɟɪɢɪɭɟɦɵɣmɬɨɤ 2.89 3.13 6.90 
ɋɭɦɦɚɪɧɨ 4.56 5.33 6.31 

Ɍɚɛɥɢɰɚ–5 
Ⱦɟɬɚɥɶɧɵɟ–ɨɬɤɥɨɧɟɧɢɹ–ɪɚɫɱɺɬɧɵɯ–ɢ–ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ–ɡɧɚɱɟɧɢɣ–

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ–ɬɨɤɚ–ɩɨ–ɫɤɨɪɨɫɬɧɵɦ–ɪɟɠɢɦɚɦ 
v, 

ɤɦnɱ 
ɉɨɬɪe–

ɷɤɫɩeu–Ⱥ 
ɉɨɬɪe–

ɢɦɢɬeu–Ⱥ 
ǻ–ɩɨɬɪeu–

Ⱥ 
Ɋɟɝɟɧe–

ɷɤɫɩeu–Ⱥ 
Ɋɟɝɟɧe–

ɢɦɢɬeu–Ⱥ 
ǻ–ɪɟɝɟɧeu–

Ⱥ 
MAPE, 

% 
20 28 26 2.0 12 11 1.0 7.7% 
30 42 39 3.0 18 16 2.0 9.1% 
40 60 56 4.0 25 23 2.0 7.3% 
50 82 77 5.0 33 31 2.0 6.1% 
60 108 102 6.0 43 40 3.0 6.3% 
70 138 131 7.0 54 51 3.0 5.3% 
80 172 164 8.0 67 63 4.0 5.3% 
90 210 200 10.0 81 77 4.0 4.9% 
100 252 241 11.0 97 92 5.0 4.8% 

Ⱦɥɹm ɩɪɨɜɟɪɤɢm ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢm ɢɦɢɬɚɰɢɨɧɧɨɣm ɦɨɞɟɥɢm ɜm ɩɨɞɨɛɧɵɯm
ɭɫɥɨɜɢɹɯmɛɵɥmɜɵɩɨɥɧɟɧmɜɬɨɪɨɣmɷɬɚɩmɜɟɪɢɮɢɤɚɰɢɢm - ɩɨmɪɟɡɭɥɶɬɚɬɚɦmɝɨɪɨɞɫɤɢɯm
ɡɚɟɡɞɨɜОm ɩɪɨɜɟɞɺɧɧɵɯm ɜm ɪɚɡɧɨɟm ɜɪɟɦɹm ɫɭɬɨɤоm ȼm ɤɚɠɞɵɣm ɢɡm ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯm
ɩɟɪɢɨɞɨɜm - ɭɬɪɟɧɧɟɟm ɢm ɞɧɟɜɧɨɟm ɜɪɟɦɹm - ɛɵɥɨm ɩɪɨɜɟɞɟɧɨm ɩɨm инm ɡɚɟɡɞɨɜОm ɱɬɨm
ɨɛɟɫɩɟɱɢɥɨm ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶm ɭɫɥɨɜɢɣm ɢm ɞɨɫɬɚɬɨɱɧɵɣm ɨɛɴɺɦm ɞɚɧɧɵɯm ɞɥɹm
ɫɬɚɬɢɫɬɢɱɟɫɤɨɣmɨɛɪɚɛɨɬɤɢо 

ɇɚmɊɢɫоmвиmɜmɤɚɱɟɫɬɜɟmɩɪɢɦɟɪɚmɩɪɢɜɟɞɺɧmɨɞɢɧmɢɡmɡɚɟɡɞɨɜОmɜɵɩɨɥɧɟɧɧɵɯmɜm
ɞɧɟɜɧɨɟmɜɪɟɦɹоmɐɢɤɥmɨɬɥɢɱɚɟɬɫɹmɦɟɧɶɲɟɣmɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸm ɨɤɨɥɨmенннmɫhm
ɩɪɢm ɫɨɯɪɚɧɟɧɢɢm ɬɨɝɨm ɠɟm ɞɢɚɩɚɡɨɧɚm ɫɤɨɪɨɫɬɟɣОm ɱɬɨm ɨɬɪɚɠɚɟɬm ɢɧɵɟm ɭɫɥɨɜɢɹm
ɬɪɚɧɫɩɨɪɬɧɨɝɨm ɩɨɬɨɤɚm ɜm ɬɟɱɟɧɢɟm ɞɧɹоm Ʉɚɱɟɫɬɜɟɧɧɚɹm ɤɚɪɬɢɧɚm ɫɨɝɥɚɫɨɜɚɧɢɹm
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ɫɨɯɪɚɧɹɟɬɫɹуmɪɚɫɱɺɬɧɵɟmɢmɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟmɡɚɜɢɫɢɦɨɫɬɢmɬɨɤɚОmɧɚɩɪɹɠɟɧɢɹmɢm
ɤɪɭɬɹɳɟɝɨmɦɨɦɟɧɬɚmɛɥɢɡɤɢmɧɚmɜɫɺɦmɩɪɨɬɹɠɟɧɢɢmɡɚɟɡɞɚОmɚmɫɬɟɩɟɧɶmɡɚɪɹɞɚmɤmɤɨɧɰɭm
ɰɢɤɥɚm ɫɨɫɬɚɜɥɹɟɬm феОефm im ɩɨm ɦɨɞɟɥɢm ɩɪɨɬɢɜm фаОавm im ɩɨm ɷɤɫɩɟɪɢɦɟɧɬɭm
 ɪɚɫɯɨɠɞɟɧɢɟm ɨɤɨɥɨm аОаэm ɩɪɨɰɟɧɬɧɨɝɨm ɩɭɧɤɬɚhоm Ȼɥɢɡɨɫɬɶm ɨɬɧɨɫɢɬɟɥɶɧɨɝɨm
ɨɬɤɥɨɧɟɧɢɹm ɫɬɟɩɟɧɢm ɡɚɪɹɞɚm ɞɥɹm ɧɟɡɚɜɢɫɢɦɵɯm ɡɚɟɡɞɨɜОm ɜɵɩɨɥɧɟɧɧɵɯm ɜm ɪɚɡɧɨɟm
ɜɪɟɦɹm ɫɭɬɨɤОm ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬm ɨɛm ɭɫɬɨɣɱɢɜɨɫɬɢm ɪɚɡɪɚɛɨɬɚɧɧɨɣm ɦɨɞɟɥɢm ɤm
ɢɡɦɟɧɟɧɢɸm ɪɟɠɢɦɚm ɞɜɢɠɟɧɢɹm ɢm ɩɨɞɬɜɟɪɠɞɚɟɬm ɟɺm ɚɞɟɤɜɚɬɧɨɫɬɶm ɜm ɲɢɪɨɤɨɦm
ɞɢɚɩɚɡɨɧɟmɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯmɭɫɥɨɜɢɣо 

 
Ɋɢɫe–hT–ɋɨɩɨɫɬɚɜɥɟɧɢɟ–ɪɚɫɱɺɬɧɵɯ–ɢ–ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ–ɩɚɪɚɦɟɬɪɨɜ–ɷɥɟɤɬɪɨɦɨɛɢɥɹ–ɜ–

ɝɨɪɨɞɫɤɨɦ–ɟɡɞɨɜɨɦ–ɰɢɤɥɟ–kɞɧɟɜɧɨɟ–ɜɪɟɦɹ  

ɋɨɝɥɚɫɧɨm Ɍɚɛɥɢɰɟm фОm ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢm ɬɨɱɧɨɫɬɢm ɛɥɢɡɤɢm ɤm
ɭɬɪɟɧɧɢɦmɡɧɚɱɟɧɢɹɦm fч(’mɩɨmɧɚɩɪɹɠɟɧɢɸmиОфеmiОmfч(’mɩɨmɫɬɟɩɟɧɢmɡɚɪɹɞɚm
вОакmiОmubfk’mɩɨmɦɨɦɟɧɬɭmаОвфmihОmɚmɧɟɫɤɨɥɶɤɨmɛɨɥɶɲɢɟmɚɛɫɨɥɸɬɧɵɟmɨɲɢɛɤɢm
ɩɨm ɬɨɤɭm  fч’mмm кОатmȺОm bfk’mмm виОнеmȺhm ɫɨɝɥɚɫɭɸɬɫɹm ɫm ɛɨɥɟɟm ɞɢɧɚɦɢɱɧɵɦm
ɯɚɪɚɤɬɟɪɨɦmɞɧɟɜɧɨɝɨmɬɪɚɧɫɩɨɪɬɧɨɝɨmɩɨɬɨɤɚmɢmɛɨɥɟɟmɜɵɫɨɤɢɦɢmɬɨɤɨɜɵɦɢmɩɢɤɚɦɢоm
Ʉɨɷɮɮɢɰɢɟɧɬm ɜɚɪɢɚɰɢɢm ɨɫɬɚɺɬɫɹm ɜm ɬɨɦmɠɟm ɞɢɚɩɚɡɨɧɟm  ɩɨɪɹɞɤɚm вн±врmihОm ɱɬɨm
ɝɨɜɨɪɢɬm ɨm ɫɨɩɨɫɬɚɜɢɦɨɣm ɩɨɜɬɨɪɹɟɦɨɫɬɢm ɪɟɡɭɥɶɬɚɬɨɜm ɧɟɡɚɜɢɫɢɦɨm ɨɬm ɜɪɟɦɟɧɢm
ɫɭɬɨɤ 

Ɍɚɛɥɢɰɚ–6  
ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ–ɩɨɤɚɡɚɬɟɥɢ–ɨɲɢɛɤɢ–ɜɟɪɢɮɢɤɚɰɢɢ–ɢɦɢɬɚɰɢɨɧɧɨɣ–

ɦɨɞɟɥɢ–ɩɨ–ɫɟɪɢɢ–ɢɡ–Tm–ɡɚɟɡɞɨɜ–ɜ–ɞɧɟɜɧɨɟ–ɜɪɟɦɹ 
ɂɡɭɱɚɟɦɵɣ–ɩɚɪɚɦɟɬɪ ɉɨɤɚɡɚɬɟɥɶ ɋɪɟɞɧɟɟ ɋɄɈu–ı CV, % AX–d–Ⱦɂ–ɫɪɟɞɧɟɝɨ 

Ɍɨɤmɛɚɬɚɪɟɢ 
fч’ОmȺ 7,28 1,07 14,7 6,88-7,68 
bfk’ОmȺ 13,04 1,71 13,1 12,40-13,68 

NRMSE, % 5,02 0,67 13,3 4,77-5,27 

ɇɚɩɪɹɠɟɧɢɟ 
fч’Оmȼ 3,58 0,38 10,6 3,44-3,72 
bfk’Оmȼ 3,77 0,43 11,4 3,61-3,93 
MAPE, % 3,64 0,45 12,4 3,47-3,81 

Ʉɪɭɬɹɳɢɣmɦɨɦɟɧɬ 
fч’Оmɇāɦ 1,02 0,19 18,6 0,95-1,09 
RMSE, ɇāɦ 1,66 0,27 16,3 1,56-1,76 
NRMSE, % 2,16 0,23 10,6 2,07-2,25 

ɋɬɟɩɟɧɶmɡɚɪɹɞɚ 
MAE, % 0,91 0,17 18,7 0,85-0,97 
RMSE, % 1,18 0,19 16,1 1,11-1,25 
MAPE, % 1,27 0,20 15,7 1,20-1,34 
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 ȼm Ɍɚɛɥɢɰɟm 7 ɩɪɟɞɫɬɚɜɥɟɧɵm ɪɟɡɭɥɶɬɚɬɵm ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣm ɨɰɟɧɤɢm
ɩɨɬɪɟɛɥɺɧɧɨɣmɢmɪɟɤɭɩɟɪɢɪɨɜɚɧɧɨɣmɷɧɟɪɝɢɢmɜmɪɟɚɥɶɧɵɯmɝɨɪɨɞɫɤɢɯmɭɫɥɨɜɢɹɯmɞɥɹm
ɭɬɪɟɧɧɟɝɨmɢmɞɧɟɜɧɨɝɨm ɡɚɟɡɞɨɜоmɗɧɟɪɝɢɢmɩɨɥɭɱɟɧɵmɢɧɬɟɝɪɢɪɨɜɚɧɢɟɦmɦɨɳɧɨɫɬɢm
ɬɹɝɨɜɨɣm ɛɚɬɚɪɟɢm ɩɨm ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɦm ɫɢɝɧɚɥɚɦm ɬɨɤɚm ɢm ɧɚɩɪɹɠɟɧɢɹуm
ɩɨɬɪɟɛɥɺɧɧɚɹmɷɧɟɪɝɢɹmɫɨɫɬɚɜɢɥɚmаОанmɤȼɬāɱmɜmɭɬɪɟɧɧɟɦmɢmаОвнmɤȼɬāɱmɜmɞɧɟɜɧɨɦm
ɡɚɟɡɞɟОm ɚm ɪɟɤɭɩɟɪɢɪɨɜɚɧɧɚɹ-нОватm ɢm нОвиаm ɤȼɬāɱ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨОm ɱɬɨm ɨɬɜɟɱɚɟɬm
ɞɨɥɟm ɪɟɤɭɩɟɪɚɰɢɢm эОтаm im ɢm фОатm im ɨɬm ɢɡɪɚɫɯɨɞɨɜɚɧɧɨɣm ɷɧɟɪɝɢɢоm Ȼɥɢɡɨɫɬɶm
ɩɨɤɚɡɚɬɟɥɟɣmɞɥɹmɞɜɭɯmɧɟɡɚɜɢɫɢɦɵɯmɡɚɟɡɞɨɜmɩɨmɨɞɧɨɦɭmɦɚɪɲɪɭɬɭmɫɨɩɨɫɬɚɜɢɦɨɣm
ɩɪɨɬɹɠɺɧɧɨɫɬɢm  акОтвm ɢm афОфеm ɤɦhm ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬm ɨm ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢm
ɪɟɡɭɥɶɬɚɬɨɜоmɉɨɥɭɱɟɧɧɵɟmɡɧɚɱɟɧɢɹmɞɨɥɢmɪɟɤɭɩɟɪɚɰɢɢmɫɨɝɥɚɫɭɸɬɫɹmɫmɪɚɫɱɺɬɧɨɣm
ɞɥɹm ɰɢɤɥɚm «y,vm  кОфаm ihm ɢm ɩɨɞɬɜɟɪɠɞɚɸɬm ɚɞɟɤɜɚɬɧɨɫɬɶm ɪɚɡɪɚɛɨɬɚɧɧɨɣm
ɢɦɢɬɚɰɢɨɧɧɨɣmɦɨɞɟɥɢmɜmɭɫɥɨɜɢɹɯmɪɟɚɥɶɧɨɣmɝɨɪɨɞɫɤɨɣmɷɤɫɩɥɭɚɬɚɰɢɢо 

Ɍɚɛɥɢɰɚ–I– 
Ɋɟɡɭɥɶɬɚɬɵ–ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ–ɨɰɟɧɤɢ–ɩɨɬɪɟɛɥɟɧɧɨɣ–ɢ–ɪɟɤɭɩɟɪɢɪɨɜɚɧɧɨɣ–

ɷɧɟɪɝɢɢ–ɜ–ɝɨɪɨɞɫɤɢɯ–ɭɫɥɨɜɢɹɯ–ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɉɟɪɢɨɞ–
ɡɚɟɡɞɚ 

ɉɨɬɪɟɛɥɺɧɧɚ
ɹ–ɷɧɟɪɝɢɹu–

ɤȼɬāɱ 

Ɋɟɤɭɩɟɪɢɪɨɜɚɧɧɚ
ɹ–ɷɧɟɪɝɢɹu–ɤȼɬāɱ 

Ⱦɨɥɹ–
ɪɟɤɭɩɟɪɚɰɢ

ɢu–d 

Ⱦɢɫɬɚɧɰɢ
ɹu–ɤɦ 

ɍɞɟɥɶɧɚɹ–
ɪɟɤɭɩɟɪɚɰɢ
ɹu–ɤȼɬɱ/ɤɦ 

ɍɬɪɟɧɧɢ
ɣmɡɚɟɡɞ 2.20 0,128 5,82 27.81 0,0463 

Ⱦɧɟɜɧɨɣm
ɡɚɟɡɞ 2,1 0,132 6,28 26,64 0,0495 

ȼmɱɟɬɜɟɪɬɨɣmɝɥɚɜɟ- ³Ɋɚɫɱɺɬ–ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɢ–ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ–
ɨɬ– ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨ– ɬɨɪɦɨɠɟɧɢɹ´ ɩɪɢɜɟɞɺɧɵ ɤɚɥɶɤɭɥɹɰɢɢm ɷɤɨɧɨɦɢɢm
ɷɥɟɤɬɪɢɱɟɫɤɨɣm ɷɧɟɪɝɢɢm ɡɚm ɫɱɺɬm ɱɚɫɬɢɱɧɨɝɨm ɜɨɡɜɪɚɬɚm ɤɢɧɟɬɢɱɟɫɤɨɣm ɷɧɟɪɝɢɢm ɜm
ɛɚɬɚɪɟɸm ɷɥɟɤɬɪɨɦɨɛɢɥɹm ɜm ɩɪɨɰɟɫɫɟm ɬɨɪɦɨɠɟɧɢɹоm ɉɨɫɥɟm ɩɪɢɜɟɞɟɧɵm ɪɚɫɱɺɬɵm
ɩɪɟɞɨɬɜɪɚɳɺɧɧɵɯmɜɵɛɪɨɫɨɜmɜmɚɬɦɨɫɮɟɪɭо 

ɍɞɟɥɶɧɚɹm ɪɟɤɭɩɟɪɢɪɭɟɦɚɹm ɷɧɟɪɝɢɹm Hm ɨɩɪɟɞɟɥɹɟɬɫɹm ɤɚɤm ɨɬɧɨɲɟɧɢɟm
ɜɨɡɜɪɚɳɺɧɧɨɣmɡɚmɰɢɤɥmɷɧɟɪɝɢɢm«mɤmɩɪɨɣɞɟɧɧɨɦɭmɩɭɬɢmymɡɚmɟɡɞɨɜɨɣmɰɢɤɥОmɬоɟm 

                                                   𝑚𝑚𝑚݁𝑚 ൌ 𝑚ௐ
௅

                                                    (15) 
ɉɨmɪɟɡɭɥɶɬɚɬɚɦmɢɦɢɬɚɰɢɨɧɧɵɯmɢɫɫɥɟɞɨɜɚɧɢɣhОmɜmɝɨɪɨɞɫɤɨɦmɟɡɞɨɜɨɦmɰɢɤɥɟm

«y,vОmɧɚɢɛɨɥɟɟmɛɥɢɡɤɨɦmɤmɪɟɚɥɶɧɵɦmɭɫɥɨɜɢɹɦmɷɤɫɩɥɭɚɬɚɰɢɢОmɩɪɟɞɥɨɠɟɧɧɵɣm
ɚɥɝɨɪɢɬɦm ɭɩɪɚɜɥɟɧɢɹm ɪɟɤɭɩɟɪɚɬɢɜɧɵɦm ɬɨɪɦɨɠɟɧɢɟɦm ɨɛɟɫɩɟɱɢɜɚɟɬm ɭɞɟɥɶɧɵɣm
ɜɨɡɜɪɚɬm ɷɧɟɪɝɢɢm нОннфкфm ɤȼɬāɱсɤɦm ɩɪɨɬɢɜm нОннэнкm ɤȼɬāɱсɤɦm ɭm ɲɬɚɬɧɨɝɨm
ɚɥɝɨɪɢɬɦɚо 

Ƚɨɞɨɜɚɹmɪɟɤɭɩɟɪɢɪɭɟɦɚɹmɷɧɟɪɝɢɹmmܹ̂ˑˇ𝑚ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ 
                                                     ܹ̂ˑˇ ൌ ݁ ൉  ˑˇ                                        (16)ˆܮ
 ɝɞɟmyɝɨɞ - ɫɪɟɞɧɟɝɨɞɨɜɨɣmɩɪɨɛɟɝоmɉɪɢmɫɪɟɞɧɟɝɨɞɨɜɨɦmɩɪɨɛɟɝɟmyɝɨɞ = 20 000 

ɤɦОm ɯɚɪɚɤɬɟɪɧɨɦm ɞɥɹm ɫɪɟɞɧɟɫɬɚɬɢɫɬɢɱɟɫɤɨɣm ɷɤɫɩɥɭɚɬɚɰɢɢОm ɝɨɞɨɜɨɣm ɨɛɴɺɦm
ɪɟɤɭɩɟɪɢɪɭɟɦɨɣmɷɧɟɪɝɢɢmɫɨɫɬɚɜɥɹɟɬmɨɤɨɥɨmвнвОеmɤȼɬāɱmɩɪɢmɲɬɚɬɧɨɦmɚɥɝɨɪɢɬɦɟmɢm
ɨɤɨɥɨmвиэОиmɤȼɬāɱmɩɪɢmɩɪɟɞɥɨɠɟɧɧɨɦоmɌɚɤɢɦmɨɛɪɚɡɨɦОmɩɪɟɞɥɨɠɟɧɧɵɣmɚɥɝɨɪɢɬɦm
ɞɨɩɨɥɧɢɬɟɥɶɧɨm ɜɨɡɜɪɚɳɚɟɬm ǻ«m §m ииОтm ɤȼɬāɱm ɜm ɝɨɞm ɧɚm ɨɞɢɧm ɚɜɬɨɦɨɛɢɥɶОm ɱɬɨm
ɫɨɨɬɜɟɬɫɬɜɭɟɬmɩɪɢɪɨɫɬɭmɨɛɴɺɦɚmɪɟɤɭɩɟɪɢɪɭɟɦɨɣmɷɧɟɪɝɢɢmɧɚmииmimɜmɰɢɤɥɟm«y,vm
ɢmɞɨmиэmimɜmɰɢɤɥɟmu’evо 
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Ƚɨɞɨɜɚɹmɷɤɨɧɨɦɢɹmɫɪɟɞɫɬɜmɨɩɪɟɞɟɥɹɟɬɫɹmɤɚɤm 
                                           ʬ ൌ ܹ̂ˑˇ ൉ ʥˠˎ                                                   (17) 
ɝɞɟm ʥˠˎ- ɬɚɪɢɮm ɧɚm ɷɥɟɤɬɪɨɷɧɟɪɝɢɸоm ɉɪɢm ɬɚɪɢɮɟm ʥˠˎмm рннm ɫɭɦсɤȼɬāɱm

ɷɤɨɧɨɦɢɹm ɡɚm ɫɱɺɬmɪɟɤɭɩɟɪɚɰɢɢmɫmɩɪɟɞɥɨɠɟɧɧɵɦmɚɥɝɨɪɢɬɦɨɦmɫɨɫɬɚɜɥɹɟɬmɨɤɨɥɨm
вавmкннmɫɭɦmɜmɝɨɞmɧɚmɚɜɬɨɦɨɛɢɥɶОmɢɡmɤɨɬɨɪɵɯmɩɨɪɹɞɤɚmинmеннmɫɭɦmɨɛɟɫɩɟɱɢɜɚɟɬɫɹm
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨm ɩɪɢɦɟɧɟɧɢɟɦm ɩɪɟɞɥɨɠɟɧɧɨɝɨm ɚɥɝɨɪɢɬɦɚm ɨɬɧɨɫɢɬɟɥɶɧɨm
ɲɬɚɬɧɨɝɨо 

ɋɥɟɞɭɟɬm ɨɬɦɟɬɢɬɶОm ɱɬɨm ɷɥɟɤɬɪɨɦɨɛɢɥɢm ɦɚɥɨɝɨm ɤɥɚɫɫɚm ɩɨɥɶɡɭɸɬɫɹm ɨɫɨɛɨɣm
ɩɨɩɭɥɹɪɧɨɫɬɶɸm ɫɪɟɞɢm ɜɨɞɢɬɟɥɟɣm ɬɚɤɫɢm ɢm ɪɚɛɨɬɧɢɤɨɜm ɫɮɟɪɵm ɞɨɫɬɚɜɤɢОm
ɟɠɟɞɧɟɜɧɵɣm ɩɪɨɛɟɝm ɤɨɬɨɪɵɯm ɦɨɠɟɬm ɞɨɫɬɢɝɚɬɶm вэн-иннm ɤɦОm ɱɬɨm ɡɧɚɱɢɬɟɥɶɧɨm
ɩɪɟɜɵɲɚɟɬm ɩɪɨɛɟɝm ɩɪɢm ɨɛɵɱɧɨɣm ɥɢɱɧɨɣm ɷɤɫɩɥɭɚɬɚɰɢɢоm ɉɨɫɤɨɥɶɤɭm ɨɛɴɺɦm
ɪɟɤɭɩɟɪɢɪɭɟɦɨɣmɷɧɟɪɝɢɢmɩɪɹɦɨmɩɪɨɩɨɪɰɢɨɧɚɥɟɧmɩɪɨɛɟɝɭОmɞɥɹmɞɚɧɧɨɣmɤɚɬɟɝɨɪɢɢm
ɩɨɥɶɡɨɜɚɬɟɥɟɣmɷɤɨɧɨɦɢɱɟɫɤɢɣm ɷɮɮɟɤɬmɜɨɡɪɚɫɬɚɟɬmɤɪɚɬɧɨоmɋɨɝɥɚɫɧɨmɌɚɛɥɢɰɟm8, 
ɩɪɢmɢɧɬɟɧɫɢɜɧɨɣmɷɤɫɩɥɭɚɬɚɰɢɢmɫmɝɨɞɨɜɵɦmɩɪɨɛɟɝɨɦmɩɨɪɹɞɤɚmеэmннн-рнmнннmɤɦm
 ɨɤɨɥɨmвэн-иннmɤɦmɜmɞɟɧɶmɩɪɢmиннmɪɚɛɨɱɢɯmɞɧɹɯhmɝɨɞɨɜɨɣmɨɛɴɺɦmɪɟɤɭɩɟɪɢɪɭɟɦɨɣm
ɷɧɟɪɝɢɢmɫmɩɪɟɞɥɨɠɟɧɧɵɦmɚɥɝɨɪɢɬɦɨɦmɫɨɫɬɚɜɥɹɟɬmɩɪɢɛɥɢɡɢɬɟɥɶɧɨmине-фнрmɤȼɬāɱОm
ɱɬɨm ɫɨɨɬɜɟɬɫɬɜɭɟɬm ɷɤɨɧɨɦɢɢm ɩɨɪɹɞɤɚm акеm ннн-эетm нннm ɫɭɦm ɜm ɝɨɞm ɧɚm ɨɞɢɧm
ɚɜɬɨɦɨɛɢɥɶпm ɩɪɢm ɷɬɨɦm ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɣm ɜɤɥɚɞm ɩɪɟɞɥɨɠɟɧɧɨɝɨm ɚɥɝɨɪɢɬɦɚm
ɨɬɧɨɫɢɬɟɥɶɧɨmɲɬɚɬɧɨɝɨmɫɨɫɬɚɜɥɹɟɬmɨɤɨɥɨmфтmэнн-викmнннmɫɭɦmɜmɝɨɞо 

Ɍɚɛɥɢɰɚ–8  
Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ–ɨɛɨɫɧɨɜɚɧɢɹ–ɪɟɡɭɥɶɬɚɬɨɜ–ɢɫɫɥɟɞɨɜɚɧɢɹ–ɜ–

ɩɪɨɰɟɫɫɟ–ɷɤɫɩɥɭɚɬɚɰɢɢ 
Ɋɟɠɢɦ–ɷɤɫɩɥɭɚɬɚɰɢɢ–

kɩɪɨɛɟɝ  
Ɋɟɤɭɩɟɪɚɰɢɹ–

ɜɫɟɝɨu–
ɤȼɬāɱnɝɨɞ 

ɗɤɨɧɨɦɢɹ–
ɜɫɟɝɨu–ɫɭɦnɝɨɞ 

ȼɤɥɚɞ–
ɚɥɝɨɪɢɬɦɚu–
ɤȼɬāɱnɝɨɞ 

ȼɤɥɚɞ–
ɚɥɝɨɪɢɬɦɚu–

ɫɭɦnɝɨɞ 
Ʌɢɱɧɚɹmɷɤɫɩɥɭɚɬɚɰɢɹm анm

нннmɤɦсɝɨɞh 135 121 700 34 30 400 
ɌɚɤɫɢсɞɨɫɬɚɜɤɚОmвэнm

ɤɦсɞɟɧɶm §еэmнннmɤɦсɝɨɞh 304 273 900 76 68 500 
ɌɚɤɫɢсɞɨɫɬɚɜɤɚОmиннm

ɤɦсɞɟɧɶm §рнmнннmɤɦсɝɨɞh 609 547 800 152 137 000 
ɗɤɨɥɨɝɢɱɟɫɤɢɣm ɷɮɮɟɤɬm ɪɟɤɭɩɟɪɚɰɢɢm ɪɚɫɫɱɢɬɵɜɚɟɬɫɹm ɧɚm ɛɚɡɟm

ɷɤɨɧɨɦɢɱɟɫɤɨɝɨОmɬɚɤmɜɨɡɜɪɚɳɺɧɧɭɸmɜmɛɚɬɚɪɟɸmɷɧɟɪɝɢɸmɧɟmɧɭɠɧɨmɜɵɪɚɛɚɬɵɜɚɬɶm
ɧɚm ɷɥɟɤɬɪɨɫɬɚɧɰɢɢоm ȼm ɷɧɟɪɝɨɫɢɫɬɟɦɟm ɍɡɛɟɤɢɫɬɚɧɚm ɩɪɟɨɛɥɚɞɚɟɬm ɬɟɩɥɨɜɚɹm
ɝɟɧɟɪɚɰɢɹоm Ɉɤɨɥɨm ктim ɷɥɟɤɬɪɨɷɧɟɪɝɢɢm ɞɚɺɬm ɩɪɢɪɨɞɧɵɣm ɝɚɡОm кi- ɭɝɨɥɶ2. 
ɍɦɟɧɶɲɟɧɢɟm ɩɨɬɪɟɛɥɟɧɢɹm ɫɟɬɟɜɨɣm ɷɧɟɪɝɢɢm ɧɚɩɪɹɦɭɸm ɫɨɤɪɚɳɚɟɬm ɜɵɛɪɨɫɵm
ɩɚɪɧɢɤɨɜɵɯmɝɚɡɨɜо 

Ƚɨɞɨɜɚɹm ɦɚɫɫɚm ɩɪɟɞɨɬɜɪɚɳɺɧɧɵɯm ɜɵɛɪɨɫɨɜm ɞɢɨɤɫɢɞɚm ɭɝɥɟɪɨɞɚm
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹmɩɨmɝɨɞɨɜɨɦɭmɨɛɴɺɦɭmɪɟɤɭɩɟɪɢɪɭɟɦɨɣmɷɧɟɪɝɢɢОmɩɪɢɜɟɞɺɧɧɨɦɭmɜm
ɩɪɟɞɵɞɭɳɟɦmɩɚɪɚɝɪɚɮɟу 

ʛ஼ைమ ൌ
ܹ̂ˑˇ݇஼ைమ

ˊߟ
 

ɝɞɟm ݇஼ைమ-ɭɞɟɥɶɧɵɟm ɜɵɛɪɨɫɵm ɞɢɨɤɫɢɞɚm ɭɝɥɟɪɨɞɚm ɧɚm ɨɞɢɧm ɤɢɥɨɜɚɬɬ-ɱɚɫm

 
2 ɉɨmɫɨɫɬɨɹɧɢɸmɧɚmанаиmɝɨɞоmɂɫɬɨɱɧɢɤ: https://lowcarbonpower.org/region/Uzbekistan 
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ɷɥɟɤɬɪɨɷɧɟɪɝɢɢОmߟˊ- ɄɉȾmɡɚɪɹɞɤɢmɬɹɝɨɜɨɣmɛɚɬɚɪɟɢmɨɬmɫɟɬɢо 
ɇɚm ɨɫɧɨɜɚɧɢɢm ɦɟɬɨɞɨɥɨɝɢɢm ɦɟɯɚɧɢɡɦɚm ɱɢɫɬɨɝɨm ɪɚɡɜɢɬɢɹm ɈɈɇm ɫɟɬɟɜɨɣm

ɤɨɷɮɮɢɰɢɟɧɬmɜɵɛɪɨɫɨɜmɞɥɹmɷɧɟɪɝɨɫɢɫɬɟɦɵmɍɡɛɟɤɢɫɬɚɧmɛɵɥmɪɚɫɫɱɢɬɚɧmɧɚmɭɪɨɜɧɟm
нОеррɬm ɋɈасɆȼɬɱ3оm Ɉɰɟɧɤɚm ɩɨm ɩɨɥɧɨɦɭm ɠɢɡɧɟɧɧɨɦɭm ɰɢɤɥɭОm ɫm ɭɱɢɬɵɜɚɸɳɚɹm
ɞɨɛɵɱɭmɢmɬɪɚɧɫɩɨɪɬɢɪɨɜɤɭmɬɨɩɥɢɜɚОmɫɨɫɬɚɜɥɹɟɬmвОнmɤɝmɋɈа-ɷɤɜсɤȼɬɱ4оmȼmɪɚɫɱɺɬɟm
ɩɪɢɧɹɬɨmɤɨɧɫɟɪɜɚɬɢɜɧɨɟmɡɧɚɱɟɧɢɟm݇஼ைమмнОэнmɤɝmɋɈасɤȼɬɱо 

ɉɪɢmɫɪɟɞɧɟɝɨɞɨɜɨɦmɩɪɨɛɟɝɟmан нннmɤɦmɩɪɟɞɥɨɠɟɧɧɵɣmɚɥɝɨɪɢɬɦmɜɨɡɜɪɚɳɚɟɬm
виэОиm ɤȼɬɱm ɜm ɝɨɞ- ɫm ɭɱɺɬɨɦm ɄɉȾm ɡɚɪɹɞɤɢm ɷɬɨm ɩɪɢɦɟɪɧɨm вэнm ɤȼɬɱm ɫɟɬɟɜɨɣm
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢmɢmɨɤɨɥɨmкэmɤɝmɩɪɟɞɨɬɜɪɚɳɺɧɧɵɯmɜɵɛɪɨɫɨɜmɋɈаmɧɚmɚɜɬɨɦɨɛɢɥɶmɜm
ɝɨɞоm ɂɡm ɧɢɯm ɨɤɨɥɨm врm ɤɝm ɋɈаm ɩɪɢɯɨɞɢɬɫɹm ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨm ɧɚm ɜɤɥɚɞm
ɩɪɟɞɥɨɠɟɧɧɨɝɨmɚɥɝɨɪɢɬɦɚоmɉɨɥɧɵɣmɠɢɡɧɟɧɧɵɣmɰɢɤɥmɭɞɜɚɢɜɚɟɬmɨɛɟmɨɰɟɧɤɢm± 150 
ɢmитmɤɝmɋɈа-ɷɤɜоmɫɨɨɬɜɟɬɫɬɜɟɧɧɨо 

ɉɪɢmɝɨɞɨɜɨɦmɩɪɨɛɟɝɟmеэ 000 - 90 нннmɤɦОm ɯɚɪɚɤɬɟɪɧɨɦmɞɥɹmɬɚɤɫɢmɢmɫɥɭɠɛm
ɞɨɫɬɚɜɤɢОmɪɟɤɭɩɟɪɚɰɢɹmɫmɩɪɟɞɥɨɠɟɧɧɵɦmɚɥɝɨɪɢɬɦɨɦmɞɨɫɬɢɝɚɟɬmине-фнрmɤȼɬɱmɜm
ɝɨɞОm ɱɬɨm ɫɨɨɬɜɟɬɫɬɜɭɟɬm иит-фккm ɤȼɬɱm ɫɟɬɟɜɨɣm ɷɧɟɪɝɢɢm ɢm вфр-иитm ɤɝm
ɩɪɟɞɨɬɜɪɚɳɺɧɧɵɯm ɜɵɛɪɨɫɨɜm ɋɈ2 ɧɚm ɚɜɬɨɦɨɛɢɥɶпm ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɣm ɜɤɥɚɞm
ɚɥɝɨɪɢɬɦɚ- 42-85 ɤɝmɋɈ2оmɋɜɨɞɧɵɟmɪɟɡɭɥɶɬɚɬɵmɩɪɢɜɟɞɟɧɵmɜmɌɚɛɥɢɰɟm9. 

Ɍɚɛɥɢɰɚ–Ae 
ɗɤɨɥɨɝɢɱɟɫɤɢɣ–ɷɮɮɟɤɬ–ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨ–ɬɨɪɦɨɠɟɧɢɹ–ɫ–ɩɪɟɞɥɨɠɟɧɧɵɦ–

ɚɥɝɨɪɢɬɦɨɦ–ɭɩɪɚɜɥɟɧɢɹ 
ɉɨɤɚɡɚɬɟɥɶ Ʌɢɱɧɚɹ–ɷɤɫɩɥɭɚɬɚɰɢɹ– 

(20 mmm–ɤɦ/ɝɨɞ  
Ʉɨɦɦɟɪɱɟɫɤɚɹ–ɷɤɫɩɥɭɚɬɚɰɢɹ– 

(45 000 ± Am–mmm–ɤɦ/ɝɨɞ  
Ƚɨɞɨɜɚɹm ɷɧɟɪɝɢɹm
ɪɟɤɭɩɟɪɚɰɢɢОmɤȼɬɱ 135,3 304-609 

ɗɤɜɢɜɚɥɟɧɬɧɚɹm ɫɟɬɟɜɚɹm
ɷɧɟɪɝɢɢm ߟˊ ൌ Ͳǡͻሻǡˍʑ˕˚ 150 338-677 

ɉɪɟɞɨɬɜɪɚɳɺɧɧɵɟm ɜɵɛɪɨɫɵm
ɋɈ2Оmɤɝсɝɨɞ 75 169-338 

ɜm ɬɨɦm ɱɢɫɥɟm ɜɤɥɚɞm
ɩɪɟɞɥɨɠɟɧɧɨɝɨm ɚɥɝɨɪɢɬɦɚОm
ɤɝсɝɨɞ 

19 42-85 

Ɉɰɟɧɤɚm ɩɨm ɠɢɡɧɟɧɧɨɦɭm
ɰɢɤɥɭОmɤɝсɝɨɞ 150 338-677 

ȼɕȼɈȾɕ 
ȼmɪɟɡɭɥɶɬɚɬɟmɢɫɫɥɟɞɨɜɚɧɢɹОm ɜɵɩɨɥɧɟɧɧɨɝɨmɩɨmɞɢɫɫɟɪɬɚɰɢɢmɧɚm ɫɨɢɫɤɚɧɢɟm

ɫɬɟɩɟɧɢmɞɨɤɬɨɪɚmɮɢɥɨɫɨɮɢɢm (Pehmɩɨmɬɟɯɧɢɱɟɫɤɢɦmɧɚɭɤɚɦmɧɚmɬɟɦɭm«Ɉɛɨɫɧɨɜɚɧɢɟm
ɷɮɮɟɤɬɢɜɧɨɫɬɢm ɨɟɤɭɩɟɪɚɬɢɜɧɨɝɨm ɬɨɪɦɨɠɟɧɢɹm ɜm ɥɟɝɤɨɜɵɯm ɚɜɬɨɦɨɛɢɥɹɯm ɫm
ɷɥɟɤɬɪɢɱɟɫɤɢɦmɩɪɢɜɨɞɨɦªmɛɵɥɢmɫɞɟɥɚɧɵmɫɥɟɞɭɸɳɢɟmɜɵɜɨɞɵу 

1. ɇɚm ɨɫɧɨɜɟm ɚɧɚɥɢɡɚm ɫɨɜɪɟɦɟɧɧɨɝɨm ɫɨɫɬɨɹɧɢɹm ɜɨɩɪɨɫɚm ɜɵɩɨɥɧɟɧɚm
ɤɥɚɫɫɢɮɢɤɚɰɢɹm ɫɬɪɚɬɟɝɢɣm ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨm ɬɨɪɦɨɠɟɧɢɹm  ɩɚɪɚɥɥɟɥɶɧɚɹm ɢm
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɚɹhm ɢm ɚɥɝɨɪɢɬɦɨɜmɭɩɪɚɜɥɟɧɢɹm  ɉɂȾ-ɪɟɝɭɥɹɬɨɪɵОmɧɟɥɢɧɟɣɧɵɟmɢm
ɚɞɚɩɬɢɜɧɵɟОmɧɚmɨɫɧɨɜɟmɧɟɱɺɬɤɨɣmɥɨɝɢɤɢОmɦɚɲɢɧɧɨɝɨmɨɛɭɱɟɧɢɹОmɢɧɬɟɝɪɢɪɨɜɚɧɧɵɟm
ɫmɫɢɫɬɟɦɚɦɢmчдkс’kvhmɫmɨɰɟɧɤɨɣmɢɯmɩɪɢɦɟɧɢɦɨɫɬɢmɞɥɹmɷɥɟɤɬɪɨɦɨɛɢɥɟɣmɦɚɥɨɝɨm

 
3 https://cdm.unfccc.int/methodologies/standard_base/uzbekistan.pdf 
4 https://ourworldindata.org/grapher/carbon-intensity-electricity 
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ɤɥɚɫɫɚоm ɍɫɬɚɧɨɜɥɟɧɨОm ɱɬɨm ɜɨɩɪɨɫɵm ɨɛɨɫɧɨɜɚɧɢɹm ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨm ɬɨɪɦɨɠɟɧɢɹm
ɞɥɹm ɛɸɞɠɟɬɧɵɯm ɥɟɝɤɨɜɵɯm ɷɥɟɤɬɪɨɦɨɛɢɥɟɣm ɫm ɡɚɞɧɢɦm ɩɪɢɜɨɞɨɦm ɢɡɭɱɟɧɵm
ɧɟɞɨɫɬɚɬɨɱɧɨОm ɢm ɩɨɤɚɡɚɧɨОm ɱɬɨm ɞɥɹm ɷɥɟɤɬɪɨɦɨɛɢɥɟɣm ɪɚɰɢɨɧɚɥɶɧɨɣm ɹɜɥɹɟɬɫɹm
ɩɚɪɚɥɥɟɥɶɧɚɹm ɫɬɪɚɬɟɝɢɹm ɫm ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɦm ɪɚɫɩɪɟɞɟɥɟɧɢɟɦm ɬɨɪɦɨɡɧɵɯm
ɭɫɢɥɢɣо 

2. ɂɫɩɨɥɶɡɨɜɚɧɚm ɦɚɬɟɦɚɬɢɱɟɫɤɚɹm ɦɨɞɟɥɶm ɩɪɨɞɨɥɶɧɨɣm ɞɢɧɚɦɢɤɢm
ɷɥɟɤɬɪɨɦɨɛɢɥɹm ɫm ɷɥɟɤɬɪɢɱɟɫɤɨɣm ɦɚɲɢɧɨɣОm ɧɚm ɨɫɧɨɜɟm ɤɨɬɨɪɨɣm ɜɵɩɨɥɧɟɧɵm
ɪɚɫɱɺɬɵmɪɚɫɯɨɞɚmɢmɜɨɡɜɪɚɬɚmɷɧɟɪɝɢɢmɧɚmɧɨɪɦɢɪɨɜɚɧɧɵɯmɟɡɞɨɜɵɯmɰɢɤɥɚɯmu’evОm
«y,vm ɢm vy,vоm ɋm ɩɪɢɦɟɧɟɧɢɟɦm ɩɪɟɞɥɨɠɟɧɧɨɝɨm ɚɥɝɨɪɢɬɦɚm ɪɚɫɯɨɞm ɷɧɟɪɝɢɢm
ɫɨɫɬɚɜɢɥmнОтаmɤȼɬāɱm u’evОmввОнаmɤɦhОmаОввmɤȼɬāɱm «y,vОmаиОффmɤɦhmɢmвОнкmɤȼɬāɱm
 vy,vОmвеОкmɤɦhОmɚmɨɛɴɺɦmɪɟɤɭɩɟɪɢɪɨɜɚɧɧɨɣmɷɧɟɪɝɢɢm- нОнфнОmнОвфmɢmнОнтрmɤȼɬāɱm
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨОm ɱɬɨm ɨɬɜɟɱɚɟɬm ɞɨɥɟm ɪɟɤɭɩɟɪɚɰɢɢm кОифm iОm кОфаm im ɢm тОитm im ɨɬm
ɢɡɪɚɫɯɨɞɨɜɚɧɧɨɣmɷɧɟɪɝɢɢо 

3. ɋɨɡɞɚɧɚm ɢɦɢɬɚɰɢɨɧɧɚɹm ɦɨɞɟɥɶm ɩɪɨɞɨɥɶɧɨɝɨm ɞɜɢɠɟɧɢɹm ɥɟɝɤɨɜɨɝɨm
ɷɥɟɤɬɪɨɦɨɛɢɥɹm ɜm ɫɪɟɞɟm fч,yчдсk21QF29"m ɞɥɹm ɩɟɪɟɞɧɟɩɪɢɜɨɞɧɨɣm ɢm
ɡɚɞɧɟɩɪɢɜɨɞɧɨɣmɤɨɦɩɨɧɨɜɨɤоmɍɫɬɚɧɨɜɥɟɧɨОmɱɬɨmɩɟɪɟɞɧɟɩɪɢɜɨɞɧɚɹmɤɨɦɩɨɧɨɜɤɚm
ɨɛɟɫɩɟɱɢɜɚɟɬm ɛɨɥɶɲɢɣm ɨɛɴɺɦm ɪɟɤɭɩɟɪɚɰɢɢОm ɱɟɦm ɡɚɞɧɟɩɪɢɜɨɞɧɚɹm  ɞɨɥɹ 
ɜɨɡɜɪɚɳɚɟɦɨɣmɷɧɟɪɝɢɢmɜmɰɢɤɥɟm«y,vm- фОтаmimɩɪɨɬɢɜmэОкиmiОmɜmvy,vm- 7,62 % 
ɩɪɨɬɢɜm фОиэm ihоm Ɋɚɡɪɚɛɨɬɚɧɧɵɣm ɚɥɝɨɪɢɬɦm ɭɩɪɚɜɥɟɧɢɹm ɪɟɤɭɩɟɪɚɬɢɜɧɵɦm
ɬɨɪɦɨɠɟɧɢɟɦОm ɨɫɧɨɜɚɧɧɵɣm ɧɚm ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɢm ɬɨɪɦɨɡɧɵɯm ɭɫɢɥɢɣm ɦɟɠɞɭm
ɮɪɢɤɰɢɨɧɧɨɣmɢmɪɟɤɭɩɟɪɚɬɢɜɧɨɣmɫɢɫɬɟɦɚɦɢОmɭɜɟɥɢɱɢɜɚɟɬmɨɛɴɺɦmɪɟɤɭɩɟɪɢɪɭɟɦɨɣm
ɷɧɟɪɝɢɢmɧɚmиа-иэmimɨɬɧɨɫɢɬɟɥɶɧɨmɲɬɚɬɧɨɝɨm ɧɚmиэmimɜmu’evОmииmimɜm«y,vmɢmиаm
imɜmvy,vhОmɩɨɜɵɲɚɹmɞɨɥɸmɜɨɡɜɪɚɳɚɟɦɨɣmɷɧɟɪɝɢɢmɞɨmтОитmimɜmɰɢɤɥɟmvy,vо 

4. ɈɩɪɟɞɟɥɟɧɵmɢmɪɚɧɠɢɪɨɜɚɧɵmɨɫɧɨɜɧɵɟmɩɟɪɟɦɟɧɧɵɟОmɜɥɢɹɸɳɢɟmɧɚmɨɛɴɺɦm
ɪɟɤɭɩɟɪɢɪɭɟɦɨɣm ɷɧɟɪɝɢɢуm ɯɚɪɚɤɬɟɪm ɟɡɞɨɜɨɝɨm ɰɢɤɥɚОm ɬɨɩɨɥɨɝɢɹm ɩɪɢɜɨɞɚОm
ɧɚɱɚɥɶɧɚɹm ɫɬɟɩɟɧɶm ɡɚɪɹɠɟɧɧɨɫɬɢm ɛɚɬɚɪɟɢОm ɄɉȾm ɷɥɟɤɬɪɨɦɚɲɢɧɵm ɢm ɢɧɜɟɪɬɨɪɚОm
ɩɪɢɺɦɧɚɹm ɫɩɨɫɨɛɧɨɫɬɶmɛɚɬɚɪɟɢmɢmɉɈmдfkОmɪɚɫɩɪɟɞɟɥɟɧɢɟm ɧɚɝɪɭɡɨɤmɩɨmɨɫɹɦmɢm
ɫɰɟɩɥɟɧɢɟОmɚɥɝɨɪɢɬɦmɬɨɪɦɨɡɧɨɝɨmɛɥɟɧɞɢɧɝɚоmɍɫɬɚɧɨɜɥɟɧɨОmɱɬɨmɧɚɱɚɥɶɧɚɹmɫɬɟɩɟɧɶm
ɡɚɪɹɠɟɧɧɨɫɬɢmɹɜɥɹɟɬɫɹmɤɪɢɬɢɱɟɫɤɢɦmɮɚɤɬɨɪɨɦуmɩɪɢmɭɪɨɜɧɟОm ɛɥɢɡɤɨɦmɤmвннmiОm
ɪɟɤɭɩɟɪɚɰɢɹmɛɥɨɤɢɪɭɟɬɫɹmɫɢɫɬɟɦɨɣmɭɩɪɚɜɥɟɧɢɹmɛɚɬɚɪɟɢmɞɨmɫɧɢɠɟɧɢɹmkcvmɧɢɠɟm
рэmiОmɜmɫɜɹɡɢmɫmɱɟɦmɪɟɤɨɦɟɧɞɭɟɬɫɹmɧɟmɡɚɪɹɠɚɬɶmɛɚɬɚɪɟɸmɜɵɲɟmрэmiо 

5. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢmɢɫɫɥɟɞɨɜɚɧɢɹɦɢmɩɪɢmɜɤɥɸɱɺɧɧɨɣmɢmɜɵɤɥɸɱɟɧɧɨɣm
ɫɢɫɬɟɦɟm ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨm ɬɨɪɦɨɠɟɧɢɹm  ɩɨɥɢɝɨɧɧɵɟm ɢɫɩɵɬɚɧɢɹm ɩɪɢm
ɮɢɤɫɢɪɨɜɚɧɧɵɯmɫɤɨɪɨɫɬɹɯmɢmɫɟɪɢɢmɩɨmинmɝɨɪɨɞɫɤɢɯmɡɚɟɡɞɨɜmɜmɭɬɪɟɧɧɟɟmɢmɞɧɟɜɧɨɟm
ɜɪɟɦɹhmɩɨɞɬɜɟɪɠɞɟɧɚmɞɨɫɬɨɜɟɪɧɨɫɬɶmɪɚɡɪɚɛɨɬɚɧɧɨɣmɦɨɞɟɥɢу ɫɪɟɞɧɹɹmɚɛɫɨɥɸɬɧɚɹm
ɩɪɨɰɟɧɬɧɚɹm ɨɲɢɛɤɚm ɩɨm ɬɨɤɭm ɧɚm ɩɨɥɢɝɨɧɟm ɧɟm ɩɪɟɜɵɫɢɥɚm еОээm iОm ɜm ɝɨɪɨɞɫɤɢɯm
ɰɢɤɥɚɯmɧɨɪɦɢɪɨɜɚɧɧɚɹmɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɚɹmɨɲɢɛɤɚmɩɨmɬɨɤɭmɫɨɫɬɚɜɢɥɚmеОкр-5,02 
iОmfч(’mɩɨmɧɚɩɪɹɠɟɧɢɸm - 3,53-иОфеmiОm ɩɨm ɫɬɟɩɟɧɢm ɡɚɪɹɞɚm - 1,26-вОакmimɩɪɢm
ɤɨɷɮɮɢɰɢɟɧɬɟmɜɚɪɢɚɰɢɢmвн-врmimɢmɭɡɤɢɯmɞɨɜɟɪɢɬɟɥɶɧɵɯmɢɧɬɟɪɜɚɥɚɯm V-ɤɪɢɬɟɪɢɣm
ɋɬɶɸɞɟɧɬɚОm ɞɨɜɟɪɢɬɟɥɶɧɚɹm ɜɟɪɨɹɬɧɨɫɬɶm нОрэhоm ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨm ɢɡɦɟɪɟɧɵm
ɮɚɤɬɢɱɟɫɤɢɟmɡɧɚɱɟɧɢɹmɷɧɟɪɝɢɢmɜmɝɨɪɨɞɟm ɌɚɛɥɢɰɚmиорhуmɪɟɤɭɩɟɪɢɪɨɜɚɧɨmнОватmɢm
нОвиаmɤȼɬāɱmɩɪɢmɪɚɫɯɨɞɟmаОанmɢmаОвнmɤȼɬāɱОmɱɬɨmɫɨɨɬɜɟɬɫɬɜɭɟɬmɞɨɥɟmɪɟɤɭɩɟɪɚɰɢɢm
эОтаmimɢmфОатmimɢmɫɨɝɥɚɫɭɟɬɫɹmɫmɪɚɫɱɺɬɧɨɣmɞɨɥɟɣmɞɥɹmɰɢɤɥɚm«y,v. 
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 Reliability of the research results. 
The research findings are supported by experiments, the use of modern 

methods, and a theoretical justification of operating parameters and modes based on 
the principles of theoretical mechanics and advanced mathematics. The 
experimental data are processed using mathematical and statistical methods. The fact 
that the research results are applicable in both scientific laboratories and design 
centers explain their mutual suitability.  

Scientific and practical significance of the research results. 
The results of this study can be used to demonstrate the scientific significance 

of regenerative braking in electric vehicles. 
,PHmM”YOV2OYFmJ2S92E2OY9OHm8EmVPHmJVQRG¶Jm”HJQFVJm2JmJQ–JVY9V2YVHRm–GmVPHmYRYMV2AHm

control algorithm developed for the regenerative braking system of electric 
passenger cars. Furthermore, the practical significance of this study contributes to 
reducing har1EQFmHKPYQJVmH12JJ289JmY9Rm21M”8A29SmVPHmAHP2OFH¶JmH9H”SGmHEE2O2H9OGm
–Gm”HO8AH”29SmYmM8”V289m8EmVPHmAHP2OFH¶Jm"29HV2OmH9H”SGmRQ”29Sm–”Y"29Sо  

Implementation of the research results. Based on the results obtained in 
justifying the efficiency of recuperative braking for an electrically driven passenger 
car: 

substantiation of the main factors affecting the amount of renewable energy in 
the braking process of a small-class electric drive vehicle was implemented at "BYD 
Uzbekistan Factory" LLC (Certificate of "Uzavtosanoat" JSC No. 20/04-25-1029 
dated June 23, 2026). As a result, it was shown that these factors can increase the 
volume of returned energy by up to 35 percent. 

an algorithm for controlling the regenerative braking system, allowing for an 
increase in the volume of renewable energy in small-class electric drive vehicles, 
has been implemented at "BYD Uzbekistan Factory" LLC ("Uzavtosanoat" JSC 
dated June 23, 2026, No. 20/04-25-1029). Its use allows for savings of up to 550,000 
soums on a small category vehicle equipped with a single electric drive. 

the value of the electric drive position (front and rear gears) to increase energy 
efficiency during braking has been implemented at "BYD Uzbekistan Factory" LLC 
("Uzavtosanoat" JSC dated June 23, 2026, No. 20/04-25-1029). As a result, front-
wheel drive vehicles have the opportunity to restore energy by 33-35% during the 
recovery process depending on the driving cycle. 

The structure and scope of the dissertation. The dissertation consists of an 
introduction, four chapters, a conclusion, findings, a bibliography, and an appendix. 
The total length of the dissertation is 120 pages. 

THE MAIN CONTENT OF THE DISSERTATION 
The introduction justifies the relevance and necessity of the research 

O89RQOVHRОm JHVJm 8QVm VPHm JVQRG¶Jm S8YFm Y9Rm8–0HOV2AHJОm Y9RmRHJO”2–HJm VPHm 8–0HOVm Y9Rm
subject of the work. It demonstrates how the topic aligns with the priority areas of 
science and technology development in the Republic of Uzbekistan. The scientific 
novelty and practical results of the research are outlined, and the theoretical and 
applied significance of the conclusions drawn are explained. Information is provided 
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on the practical application of the research results, data on the testing of the work, 
published scientific papers, and the structure of the dissertation.  

The first chapter of the dissertation, titled ³C– вЧσ9Сjч9’у– C"чMЧσ’σ– pй– 9zС–
S5ΔΔС"9– в9ч9С– pй– U"/’Δp"jС"9чM– вчйС9Ч– ’"– Pp9pΔ– иСz’уMС– еΔч"σ%pΔ9ч9’p"´, 
presents an in-depth analysis of the evolution of braking systems in passenger cars. 
It provides an overview of standards for braking systems. The issue of control 
algorithms for regenerative braking was examined in detail. This chapter presents a 
scientific review of current trends in regenerative braking control modes. Each of 
the existing modes is described in terms of its operating principle, advantages, and 
disadvantages, as well as possible limitations. Based on this analysis, the purpose 
and objectives of the scientific research are justified.  

,PHm JHO89Rm OPYMVH”m 8Em VPHm R2JJH”VYV289Оm V2VFHRm ³Mathematical Model of the 
Longitudinal Dynamics of a Vehicle and Its Propulsion System with an Energy 
вp5ΔуС´, describes a mathematical model of the longitudinal motion of an electric 
passenger car. In addition, a simulation model in the MATLAB/Simulink software 
package is presented to evaluate the energy efficiency of regenerative braking under 
various braking modes and on various standardized driving cycles. A forward model 
of an electric passenger car was used as the base model. 

The third chapter, titled ³гΔчу9’учM–в95А’Сσ–pй–аСЭС"СΔч9’/С–HΔчq’"Э–’"–ч"–
UMСу9Δ’у–гчσσС"ЭСΔ–SчΔ´, describes road and test track tests of an electric passenger 
car, as well as the configuration and capabilities of the measurement equipment used 
to record regenerative braking parameters and evaluate the reliability of the 
experimental data obtained. 

To record the parameters of the powertrain and the traction battery, the 
SmartSafe P01 intelligent diagnostic system was used, which is a specialized 
diagnostic suite for electric and hybrid vehicles based on a tablet PC with a remote 
interface module.  

The fourth chapter, called ³SчMу5Mч9’p"– pй– 9zС– Uуp"pj’у– HС"Сй’9σ– pй–
аСЭС"СΔч9’/С– HΔчq’"Э´– presents calculations of the electrical energy savings 
YOP2HAHRm–GmMY”V2YFFGm”HVQ”929Sm"29HV2OmH9H”SGmV8mVPHmHFHOV”2OmAHP2OFH¶Jm–YVVH”GmRQ”29Sm
braking. 

Small class electric vehicles are particularly popular among taxi drivers and 
delivery workers, whose daily mileage can reach 150±300 km, which significantly 
exceeds the mileage typical of regular personal use. Since the amount of energy 
recovered is directly proportional to mileage, the economic benefit for this category 
of users increases exponentially. According to calculations, under intensive use with 
an annual mileage of approximately 45,000±90,000 km (about 150±300 km per day 
over 300 working days), the annual amount of recovered energy using the proposed 
algorithm is approximately 304±609 kWh, which corresponds to savings of about 
274,000±548,000 sum per year per vehicle; at the same time, the direct contribution 
of the proposed algorithm compared to the standard one is about 68,500±137,000 
sum per year. 
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CONCLUSIONS 

As a result of the research conducted as part of a dissertation for the degree of 
e8OV8”m8Em(P2F8J8MPGm (Pehm29m’9S29HH”29SmkO2H9OHJm89mVPHmV8M2Om³DQJV2E2OYV289m8Em
VPHm’EEHOV2AH9HJJm8EmbHSH9H”YV2AHmд”Y"29Sm29m’FHOV”2Om(YJJH9SH”mvY”JО´mVPHmE8FF8B29Sm
conclusions were drawn: 

1.    Based on an analysis of the current state of the art, a classification of 
regenerative braking strategies (parallel and serial) and control algorithms (PID 
controllers, nonlinear and adaptive controllers, fuzzy logic-based controllers, 
machine learning, integrated with ABS/ESC systems) was carried out, along with an 
assessment of their applicability to small-class electric vehicles. It has been 
established that the justification for regenerative braking in budget rear-wheel-drive 
electric passenger cars has not been sufficiently studied, and it has been shown that 
a parallel strategy with optimized distribution of braking forces is the most rational 
approach for electric vehicles. 

2.    A mathematical model of the longitudinal dynamics of an electric vehicle 
with an electric motor was used; based on this model, calculations of energy 
consumption and recovery were performed for the standardized driving cycles 
NEDC, WLTC, and CLTC. Using the proposed algorithm, energy consumption 
amounted to 0.82 kWh (NEDC, 11.02 km), 2.11 kWh (WLTC, 23.66 km), and 1.07 
kWh (CLTC, 14.7 km), while the amount of recovered energy was 0.060, 0.16, and 
0.089 kWh, respectively, corresponding to a recovery rate of 7.36%, 7.62%, and 
8.38% of the energy consumed. 

3.    A simulation model of the longitudinal motion of a passenger electric 
vehicle was created in MATLAB/Simulink for front-wheel-drive and rear-wheel-
drive configurations. It was found that the front-wheel-drive configuration provides 
a higher level of energy recovery than the rear-wheel-drive configuration (the 
proportion of recovered energy in the WLTC cycle is 6.82% versus 5.73%, and in 
the CLTC cycle, 7.62% versus 6.35%). The developed regenerative braking control 
algorithm, based on redistributing braking forces between the friction and 
regenerative systems, increases the amount of recovered energy by 32±35% 
compared to the stock system (by 35% in the NEDC, 33% in WLTC, and 32% in 
CLTC), raising the proportion of recovered energy to 8.38% in the CLTC cycle. 

4.    The main variables affecting the amount of energy recovered have been 
identified and ranked: driving cycle characteristics, drive topology, initial battery 
OPY”SHm FHAHFОm VPHm HEE2O2H9OGm 8Em VPHm HFHOV”2Om 18V8”m Y9Rm 29AH”VH”Оm VPHm –YVVH”G¶Jm
acceptance capacity and BMS software, the distribution of loads across the axles and 
traction, and the braking blending algorithm. It was found that the initial state of 
charge is a critical factor: at a level close to 100%, regenerative braking is blocked 
by the battery management system until the SOC drops below 95%; therefore, it is 
recommended not to charge the battery beyond 95%. 

5.    Experimental studies with the regenerative braking system both enabled 
and disabled (track tests at fixed speeds and a series of 30 urban runs in the morning 
and afternoon) confirmed the validity of the developed model: the average absolute 
percentage error in current at the test track did not exceed 4.55%; in urban cycles, 
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the normalized root mean square error in current was 4.79±5.02%; the MAPE for 
voltage was 3.53±3.64%, and for state of charge it was 1.26±1.27%, with a 
coefficient of variation of 10±врimY9Rm9Y””8BmO89E2RH9OHm29VH”AYFJm kVQRH9V¶JmV-test, 
0.95 confidence level). The actual energy values in the city were measured 
experimentally (Table 3.9): 0.128 and 0.132 kWh were recovered at energy 
consumption rates of 2.20 and 2.10 kWh, respectively, corresponding to recovery 
rates of 5.82% and 6.28%, which are consistent with the calculated recovery rate for 
the WLTC cycle. 
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