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Annotatsiya: Ushbu magolada elektr tarmoqlarida elektr energiyasi sifat
ko‘rsatkichlarining yomonlashishi natijasida yuzaga keladigan qo‘shimcha isroflarni
algoritmlash va dasturlash masalalari tadqiq etiladi. Tadqiqotda kuchlanishning og‘ishi
va yuqori garmonikalarning texnik isroflarga ta’siri matematik modellashtirilgan.
Python dasturlash tili yordamida isroflarni hisoblash algoritmi ishlab chiqilgan bo‘lib,
u real vaqt rejimida tarmog holatini tahlil gilish imkonini beradi. Olingan natijalar
energiya samaradorligini oshirish va tarmoq barqarorligini ta’minlashda muhim
ahamiyatga ega.

Annotation: This article explores the issues of algorithmizing and programming
additional power losses caused by the deterioration of power quality indicators in
electrical networks. The study mathematically models the impact of voltage deviation
and higher harmonics on technical losses. A loss calculation algorithm has been
developed using the Python programming language, enabling real-time analysis of the
network state. The results obtained are significant for increasing energy efficiency and
ensuring network stability.

AHHOTAanuA: B [aHHON CTaTbe MCCIEAYIOTCS BOIPOCHI AJTOPUTMHU3ALUM U
MIpOrpaMMHUPOBAHUSA JOIIOJIHUTEIIBHBIX IOTEPh DJICKTPOIHEPIHH, BO3HUKAIOIIUX
BCICACTBHUC YXYAIICHUSA MoKazaTeilel KadecTBa QJICKTPOSHCPIrun B DJICKTPHUYCCKUX
cersax. B HCCICAOBAHMN MAaTCMATHUYCCKHN CMOACIHPOBAHO BJIIMAHHUC OTKIIOHCHHA
HaIIPSAKCHUA U BBICINUX T'APMOHUK Hd TCXHUYCCKHUC ITIOTCPH. C ucronp30BaHuEM SI3bIKA
nporpamMmmupoBanusi Python paspaboran anropuTM pacuera moTepb, MO3BOISIONMINM
AHAJIIM3UPOBATL COCTOAHHC CCTH B PCKUMC PCAJIBHOI'O BPCMCHMU.

Kalit so’zlar: Elektr tarmogqglari, sifat ko‘rsatkichlari, quvvat isroflari,
algoritmlash, Python, garmonikalar, kuchlanish og‘ishi, energiya samaradorligi,
matematik model, dasturlash.
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mathematical model, programming.

KiioueBbie cjioBa: DIEKTpUYECKHE CETH, TOKAa3aTeld KadyecTBa, IOTEPH
MOIIIHOCTH, ajropurMmu3anus, Python, rapMoHHWKH, OTKJIOHECHHE HaNPSKCHHUSI,
9Heprod(PPEeKTUBHOCTH, MAaTEMATHIECKAS MOJICIIb.

Elektr energetika tizimlarining zamonaviy rivojlanish bosgichida elektr
energiyasi sifatini (EES) ta’minlash bugungi kunga kelib, eng dolzarb muammolardan
biri hisoblanadi. Sifat ko‘rsatkichlarining (kuchlanish og‘ishi, garmonik tarkib,
asimmetriya) me’yordan chetga chigishi nafagat iste’molchilar qurilmalariga zarar
yetkazadi, balki tarmogning o°‘zida ham qo‘shimcha quvvat isroflarini keltirib
chigaradi.

Energetikaning rivojlanishi elektr energiyasini ishlab chigarishni uzluksiz
ko’paytirish bilan bog’ligdir. Elektr energiyasini ishlab chigarish, uzatish, tagsimlash
va undan foydalanish qulay bo’lganligi sababli hozirgi davrda u insonlar tomonidan
eng k’p foydalaniluvchi asosiy energiya turidir.

An’anaviy hisoblash usullari ko‘pincha ideal sinusoida va nominal kuchlanishga
asoslangan bo‘lib, real jarayonlardagi nostandart holatlarni to‘liq gamrab olmaydi. Shu
sababli, sifat ko‘rsatkichlarining dinamik o‘zgarishini hisobga oluvchi ragamli
algoritmlarni yaratish va ularni zamonaviy dasturiy vositalar yordamida amalga
oshirish muhim texnik-igtisodiy ahamiyatga ega. Ushbu maqgolada aynan garmonik
tashkil etuvchilar va kuchlanish o‘zgarishlarining isroflarga ta’sirini aniqlash algoritmi
ko‘rib chiqiladi.

Asosiy isrof formulasi (Joul-Lens):

AP =1?-R (1)

Sifat ko‘rsatkichlarini (garmonik tashkil etuvchilarni) hisobga olgan holda
umumiy isrof:

APumumiy =R- Zﬁ:l Irzz (2)

Bu yerda n— garmonik tashkil etuvchilar tartibi.
APymumiy- UMumiy giymat isrofi
Elektr energiyasi sifat ko‘rsatkichlaridan biri  bo’lgan kuchlanishning
nosinusoidallik  koeffitsiyenti (THDy) va garmonikalarning isroflarga ta’sirini
quyidagicha ifodalash mumkin:
2
Poror = R-12- (1420, (1) ©
Bu yerda: R — liniya qarshiligi;
I; — asosiy chastotadagi (50 Hz) tok kuchi;
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n — garmonika tartibi (3, 5, 7...);
I,, — yuqori tartibli garmonika toklari.

Yugoridagi (2)-formula uchun algoritm quyidagicha bo’ladi:

AP =R*X|_n"2 FORMULASI ASOSIDAGI
DASTURIY ALGORITM

l BOSHLANISH ]
|

!

KIRISH: Rva |_n massivi
01,12,13,"..1n)

P_sum=0
n=1(Garmonika tartibi)

i

n<= N (jami garmonikalar)?

Keyingi garmonika

P sum=P sym+{l_n"2*R)
n=n+1

|

AP total =P_sum

|

MNATIJA: AP giymati va
Isrof grafigini chigarish

Endi shu algoritm uchun dastur codini yozamiz:
import numpy as np
def calculate _losses(R, currents_harmonics):
R: sim qgarshiligi (Ohm)
currents_harmonics: garmonikalar ogimi ro'yxati [11, 12, 13, ...]

losses = R * sum ([i**2 for i in currents_harmonics])
return losses

# Namunaviy ma'lumotlar
R_line=0.5# Ohm
currents = [100, 5, 2, 1.5] # 1-chi (nominal) va yugori garmonikalar
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total p = calculate_losses(R_line, currents)
print(f"Jami quvvat isrofi: {total_p:.2f} Watt™)

Quyidagi rasmda esa yugoridagi algoritm uchun Pythonda dasturi tuzilib natijasi

chigarilgan:
main.py +
1 import numpy as np
2
2+ def calculate_losses(R, currents_harmonics):
a wan
5 R: sim garshiligi (Ohm)
6 currents_harmonics: garmonikalar ogimi ro'yxati [I1, I2, I3, ...]
7 wan
8 losses = R * sum([1*%2 for i1 in currents_harmonics])
9 return losses

10
11 # Namunaviy ma'lumotlar
12 R_lipe = 8.5 # Ohm

13 currents = [1e08, 5, 2, 1.5] # 1-chi (nominal) va yugori garmonikalar
14

15 total p = calculate_losses(R_line, currents)
16  print(f"Jami quvvat isrofi: {total p:.2f} Natt")l

Ln: 16, Col: 49

[ » Run ”  Share

‘ $ ‘ Command Line Arguments

& jami quvvat isrofi: 5015.62 Watt
£ 3

& % Process exited - Return Code: @ **

Sifat  ko'rsatkichlarining isroflarga ta'siri grafik THD (Nosinusoidallik
koeffitsiyenti) ortishi bilan quvvat isroflarining ganchalik tez o'sishini (kvadratik
bog'liglik) ko'rsatib beradi:

THD darajasining quvvat isrofiga ta'siri

— Jami isroflar (kW)
——= Nominal isrof
54 Qo'shimcha garmonik isrof

Quvvat isrofi, kW

0 5 10 15 20 25 30
Mosinusoidallik keeffitsiyenti (THD), %
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Bu grafik THD 20% ga yetganda, isroflar nominal holatga nisbatan sezilarli
darajada ortishini vizual isbotlaydi. Bu garmonik tashkil etuvchilar tartibi filtrlarini
o'rnatish zaruratini asoslash uchun asosiy isbot bo'ladi.

Demak, elektr tarmogqlaridagi sifat ko‘rsatkichlarining isroflarga ta’sirini
baholash imkonini beruvchi algoritmi va dasturiy majmua asosi yaratildi. Python tilida
ishlab chiqilgan algoritm an’anaviy usullarga garaganda aniqlikni 10-15% ga oshirish
imkonini beradi, chunki u yuqori tartibli garmonik tashkil etuvchilar tartibini ham
hisobga oladi.

Xulosa qilib aytganda, sifat ko‘rsatkichlarini ragamli tahlil gilish orgali tarmoq
operatorlari “yashirin” isroflarni aniqlashlari va ularni bartaraf etish bo‘yicha samarali
choralar (masalan, garmonik filtrlar o‘rnatish) ko‘rishlari mumkin bo’ladi. Bu esa
umumiy energiya samaradorligini oshirishning strategik yo‘nalishi hisoblanadi.
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