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Dolzarbligi: so‘nggi yillarda elektr energetika tizimlarida qayta tiklanuvchi energiya manbalarining keng joriy
etilishi, iste’molchilar sonining ortishi hamda elektr yuklamalarining notekis tagsimlanishi natijasida past
kuchlanishli elektr tarmoqlarida kuchlanish nosimmetriyasi va quvvat isroflari sezilarli darajada ortib bormoqda.
Aynigsa, 0,4 kV li radial tagsimlovchi tarmoqlarda bir fazali iste’molchilarning tartibsiz ulanishi natijasida
fazalar bo“yicha toklarning nomutanosib tagsimlanishi kuzatiladi. Bu holat nol simdagi tokning ortishiga, trans-
formator va kabel liniyalarida qo‘shimcha issiqlik yo‘qotishlarining yuzaga kelishiga hamda elektr energiyasi
sifat ko‘rsatkichlarining yomonlashishiga olib keladi. Bundan tashqari, quyosh elektr stansiyalarining (QES) past
kuchlanishli tarmoqlarga integratsiyalashuvi elektr energiya sifati parametrlariga bevosita ta’sir ko‘rsatmoqda.
Agar QES ti-zimlari tarmoqqa optimal nuqtalarda ulanmasa, ayrim hollarda kuchlanishning ortib ketishi, teskari
quvvat oqimi yoki fazalararo nosimmetriya yuzaga kelishi mumkin. Shu sababli past kuchlanishli elektr tar-
mogqlarida QES ulanishining texnik samaradorligini baholash dolzarb ilmiy-amaliy masalalardan biri hisoblanadi.
Mazkur tadqiqotda DigSILENT PowerFactory dasturiy majmuasi asosida radial past kuchlanishli elektr tar-
mog‘ining matematik modeli ishlab chiqilib, tarmoqdagi kuchlanish nosimmetriyasi, quvvat isroflari va yuklama
tagsimoti tahlil qilindi. Shuningdek, kuchlanish past bo‘lgan shinaning kuchlanish ruxsat etilgan chegaradan
chiqgan fazasiga qu-yosh elektr stansiyasi ulangandan keyingi tarmoq parametrlari ham qiyosiy ravishda bahol-
andi.

Magsad: past kuchlanishli elektr tarmogqlarida fazalar bo‘yicha yuklama nosimmetriyasi natijasida yuzaga ke-
ladigan kuchlanish og‘ishlari, nosimmetriya koeffitsientini ruxsat etilgan chegarada bo‘lishi hamda quvvat is-
roflarini DigSILENT Power Factory dasturida tahlil etish hamda quyosh elektr stansiyasini optimal ulash orqali
elektr energiyasi sifat ko‘rsatkichlarini yaxshilash imkoniyatlarini asoslash.

Usullari: tadqiqot jarayonida DigSILENT PowerFactory dasturida 0,4 kV past kuchlanishli elektr tarmog‘ining
ish rejimlarini o‘rganish uchun hisoblash-modellashtirish usullaridan foydalanildi. Tarmoqning radial modeli
tuzilib, liniya parametrlari, iste’molchi yuklamalari hamda fazalar bo‘yicha tok taqsimotlari modellashtirildi.
Kuchlanish nosimmetriyasi Kou koeffitsienti orqali baholandi.

Natijalar: hisoblash natijalari shuni ko‘rsatdiki, boshlang‘ich holatda tarmoqdagi umumiy aktiv quvvat isroflari
6300,474 W ni tashkil etgan bo‘lsa, QES ulangandan keyin ushbu qiymat 3316,01 W gacha kamaydi. Shu bilan
birga, 16-shinadagi kuchlanish nosimmetriyasi koeffitsienti 6,01 % dan 2,17 % gacha pasaydi. Fazalar bo‘yicha
kuchlanish og‘ishlari ham sezilarli yaxshilandi.

Kalit so‘zlar: past kuchlanishli elektr tarmog‘i, DigSILENT PowerFactory, quyosh paneli, kuchlanish nosimmet-
riyasi, aktiv quvvat isroflari.
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AKTYalIbHOCTB: B pe3yJbTaTeé XaoTHYHOIO MOAKIIOYEHHs OAHO(MA3HBIX MOTpeOUTeNell B paaualbHBIX
pacrnpenenuTenbHbIX ceTsax HanpsbkeHueM 0,4 kB. Habmrofaercss HepaBHOMEPHOE pacrpesereHHe TOKOB IO
(a3aM DTO MPHUBOJHUT K yBEIMUCHUIO TOKA B HYJICBOM IPOBOJE, BOSHUKHOBEHHIO IOTIOJHHUTENBHBIX TEIIOBBIX
noTepp B TpaHchopMaropax M KaOeNbHBIX JIMHUSIX, a TalKKe YXYANIEHHIO IIOKa3aTelied KadecTBa
anexTpodHeprun. Kpome Toro, mHTerpammsi coimHedHbIX 3ekTpocTaHmuii (COCT) B HU3KOBOJIBTHBIE CETH
HampsSMyI0 BIUSE€T Ha MapaMeTphl KadecTBa OJJIEKTPOIHEPTHH.JAHHOM HCCIIEAOBaHWM  pa3paboTaHa
MaTeMaTudeckass MOJeNb paJuajbHOM HHU3KOBOJBTHOM JJIEKTPUUECKONH CETHM Ha OCHOBE IPOrpaMMHOIO
komiiekca DigSILENT PowerFactory, npoBeneH aHann3 HECUMMETPHUU HANPSDKEHUS] B CETH, TIOTEPh MOIIHOCTH
¥ pacIipeieJIeHUs] Harpy3KH.TH HalpsIMyIO BIMSET Ha apaMeTphl KauecTBa aekTposHepruu. Ecmu cucremsr QES
HE TOAKIIOUEHB! K CETH B ONTUMAJbHBIX TOYKAaX, B HEKOTOPBIX CIy4asX MOTYT BO3HHKHYTbH IIE€pEHANpSKECHUE,
OOpaTHBIM TOTOK MOITHOCTH WM Me(as3Has acuMmerpus. [loaToMy oreHka TexHHUYecKoU 3ddexkTHBHOCTH
nogkintodeHuss KOC B HU3KOBONBTHBIX DJJEKTPUYECKUX CETSAX SBISACTCA OJHOM M3 aKTyallbHBIX HAy4dHO-
NpaKTUYeCKUX 3afad. B paHHOM WHccleoBaHWUM pa3padoTaHa MaTeMaTH4ecKas MOJENb paJuanbHOI
HHU3KOBOJIFTHOH 3JIEKTpHUYecKOod ceTHm Ha ocHoBe nporpammuoro komirekca DigSILENT PowerFactory,
IPOBEJCH aHaJIW3 HECUMMETPUU HAIPSDKEHUS B CETH, IOTEPb MOLIHOCTU M paclpelelicHUs Harpys3ku. Takxke
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OBLIM CPAaBHUTENEHO OLCHCHBI TApaMeTPhI CeTH MOCIe MOAKIIOYSHUS COTHETHOH IEKTPOCTAaHIUH K (ha3e MIMHBI
C TIOHIDKCHHBIM HaIPsDKCHUEM, BEIXOISIINM 3a MPEIeITbl JOITyCTUMOTO.

Henb: aHanu3 OTKIOHEHUH HANpPsHKEHMS, BOSHUKAIOIIUX B pe3ynbTaTe (pa30Boi CUMMETPUU HAarpy3Kd B HU3KO-
BOJIBTHBIX JIEKTPUYECKHX CETSAX, HATNYUA KO3 HULIHEHTa CHUMMETPUH B JOMYCTUMBIX IIPeAeiax U NOTeph MOILI-
Hoctu B mporpamme DigSilent Power Factory u o00ocHOBaHHE BO3MOXKHOCTH YJIYUILICHHS TIOKa3aTelel KauecTBa
3NIEKTPO3HEPTUH 32 CUET ONTUMATIBHOTO MOAKIIOUEHHUSI CONHEYHON 3MEeKTPOCTaHLIUH.

MeToabl: B X0/€ MCCIIEIOBAHUS HCIOIB30BANNCH PACUECTHO-MOJCIHPYIOIIIE METOBI UL U3yYEeHHs PEKHUMOB
paboThl HN3KOBONBTHOIH anekTpryeckoit cetn 0,4 kB B mporpamme DigSILENT PowerFactory. Bruta co3nana
paauanbHas MOZENb CETH, CMOJICINPOBAHEI IIapaMeTphI JIMHUH, Harpy3KH MOTpeOuTeNel U pacupe/eseHie ToKa
no dazam. HecummeTpust HanpspkeHUs olleHMBaIach o kodddununenty Kau.

Pe3ynbTaThl: pe3ynpTaThl pacyeTa IMOKa3alH, YTO B HCXOIHOM COCTOSIHHM OOIIME MOTEPH aKTHBHON MOIIHOCTH
B cetu coctaBisuin 6300,474 Br, a nocne noaxmoueHuss KOC 3to 3HaueHue cHusmioch 10 3316,01 Br. Ilpu
9TOM KOI(hQHUIMEHT HECHMMETPHU HANpsDKeHUs Ha muHax 16 cHmsmics ¢ 6,01% mo 2,17%. OtkioHeHHs
HaIpsHKEHUS 110 (a3aM TaKkKe 3HAYUTENBHO YITyUIIUIHCh.

KmioueBsie ciioBa: Hu3KOBoOJbTHas MekTpocets, DigSILENT PowerFactory, conneunas maHenb, HECHMMETPHS
HaIpsDKEHHs, TOTEPH aKTUBHOW MOIITHOCTH.
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Relevance: in recent years, as a result of the widespread introduction of renewable energy sources in electric
power systems, the increase in the number of consumers, and the uneven distribution of electrical loads, voltage
asymmetry and power losses in low-voltage electrical networks have increased significantly. In particular, in
radial distribution networks with a voltage of 0.4 kV, an uneven distribution of currents by phases is observed as
a result of the random connection of single-phase consumers. This situation leads to an increase in current in the
neutral wire, additional heat losses in transformers and cable lines, and a deterioration in the quality indicators of
electricity. In addition, the integration of solar power plants (QES) into low-voltage networks directly affects the
quality parameters of electricity. If QES systems are not connected to the network at optimal points, in some cas-
es, overvoltage, reverse power flow, or interphase asymmetry may occur. Therefore, the technical efficiency of
QES connection in low-voltage power grids is one of the urgent scientific and practical issues. In this study, a
mathematical model of a radial low-voltage power grid was developed based on the DigSILENT PowerFactory
software package, and the voltage asymmetry, power losses, and load distribution in the grid were analyzed. The
network parameters after connecting the solar power plant to the phase of the tire with low voltage were also
comparatively evaluated.

Aim: voltage deviations caused by Phase charge symmetries in low voltage power grids, keeping the symmetry
coefficient at the permissible limit, as well as analyzing power wastes in the DigSILENT Power Factory program,
as well as justifying the possibility of improving electricity quality indicators by optimally connecting a solar
power plant.

Methods: during the study, computational and modeling methods were used in the DigSILENT PowerFactory
program to study the operating modes of a 0.4 kV low-voltage power grid. A radial model of the network was
constructed and Line parameters, consumer loadings, and phase-wise current distributions were modeled. The
voltage symmetry was evaluated through the k2u coefficient.

Results: the calculation results showed that the total active power losses in the network in the initial state were
6300.474 W, while after connecting the QES, this value decreased to 3316.01 W. At the same time, the coeffi-
cient of voltage symmetry in tire 16 decreased from 6.01% to 2.17%. Phase strain deviations have also improved
significantly.

Keywords: low-voltage power grid, DigSILENT PowerFactory, solar panel, voltage asymmetry, active power
losses.

1. Kirish (Introduction)

Hozirgi vaqtda elektr energetika tizimlarining barqaror ishlashi va elektr energiyasi sifatini
ta’minlash energetika sohasidagi asosiy ilmiy-texnik muammolardan biri hisoblanadi. Elektr
energiyasining sifati iste’molchilarning ishonchli elektr ta’minoti, elektr uskunalarining xizmat
muddati va energetik samaradorlik bilan bevosita bog‘liqdir. Aynigsa, past kuchlanishli tagsimlovchi
elektr tarmoqlarda fazalar bo‘yicha yuklamalarning notekis tagsimlanishi elektr energiyasi sifati
ko‘rsatkichlarining sezilarli yomonlashishiga olib kelmoqda. Past kuchlanishli radial tarmoqlarda bir
fazali yuklamalarning keng qo‘llanilishi natijasida fazalar orasida tok va kuchlanish nosimmetriyasi
yuzaga keladi. Bunday nosimmetriya elektr uzatish liniyalarida qo‘shimcha quvvat isroflarini keltirib
chiqaradi, nol simdagi tokni oshiradi va transformatorlarning qizib ishlashiga sabab bo‘ladi. Natijada
elektr energiyasi uzatish samaradorligi pasayadi hamda ekspluatatsion xarajatlar ortadi. Qayta tik-
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lanuvchi energiya manbalarining, xususan quyosh elektr stansiyalarining past kuchlanishli tarmoqlar-
ga integratsiyalashuvi ushbu muammoni yangi bosqichga olib chigmoqda. Bir tomondan, QES tizim-
lari lokal yuklamalarni qoplash orqali quvvat isroflarini kamaytiradi, ikkinchi tomondan esa noto‘g‘ri
ulanish nuqtalarida kuchlanish nosimmetriyasi va tarmoqning ish rejimlariga salbiy ta’sir ko rsatishi
mumkin. Shu sababli zamonaviy dasturiy vositalar asosida past kuchlanishli tarmoqlarning ish rejim-
larini modellashtirish, kuchlanish nosimmetriyasi va quvvat isroflarini baholash hamda QES
ulanishining samaradorligini aniglash muhim ilmiy-amaliy ahamiyat kasb etadi. Mazkur tadqiqotda
DigSILENT PowerFactory dasturi asosida 0,4 kV li elektr tarmog‘ining matematik modeli ishlab chi-
qildi. Tarmoqda 14 ta iste’molchi yuklamasi va 20 ta liniya uchastkalari modellashtirildi. Tahlillarda
ikki ya’ni QES ulanmasdan oldingi va QES ulangandan keyingi holatlar amalga oshirildi. Natijalar
asosida kuchlanish nosimmetriyasi, quvvat isroflari va nosimmetriya koeffitsientini o‘zgarishlari
baholandi.

2. Materiallar va usullar (Methods and materials)

Tadqiqot ishi obyekti sifatida 0,4 kV past kuchlanishli elektr tarmog‘i tanlandi. Tadqiqot materiali
sifatida tarmoqning bir chiziqli sxemasi, liniyalarning parametrlari, shuningdek, iste’molchilarning
aktiv quvvati va quvvat koeffitsienti qiymatlaridan foydalanildi. Tarmoq DigSILENT PowerFactory
dasturida modellashtirildi va unda 14 ta iste’molchi hamda 20 ta havo liniyasi mavjud bo‘ldi.
Tarmoqning asosiy parametrlari quyidagilardan iborat:

e nominal kuchlanish - 0,4 kV;

e iste’molchilar soni — 14 ta;

e liniyalar soni — 20 ta;

e quvvat koeffitsienti — cosp = 0,9;

e yuklamalar bir va uch fazali rejimlarda ulangan.

Iste’molchilar fazalar bo‘yicha notekis taqsimlanganligi sababli tarmoqda kuchlanish nosimmetri-
yasi yuzaga kelgan.

1-jadval. Tarmoq iste’molchilarining yuklama parametrlari
Table 1. Load parameters of network consumers

Ne | Iste’molchi | Ulangan fazasi P (kW) cosQ

1 N1 C 9.6 0.9

2 N2 A 2 0.9

3 N3 B 3.6 0.9

4 N4 A 22 0.9

5 N5 B 3.8 0.9

6 N6 C 9 0.9

7 N7 B 4 0.9

8 N8 C 9.2 0.9

9 N9 A 2.1 0.9

10 N10 ABC 21 0.9

11 N1l B 3.5 0.9

12 N12 C 9.5 0.9

13 NI13 A 2 0.9

14 N14 C 10 0.9

2-jadval. Elektr uzatish liniyalari parametrlari
Table 2. Parameters of power lines
N Liniya Ulangan | Uzunligi R X Trux.etit
" | boshi | oxiri | fazasi (m) | (om) | (om) A)
1 0 1 ABC 70 0.028 | 0.023 0.265
2 1 2 C 18 0.032 | 0.006 0.105
3 1 3 ABC 90 0.036 | 0.031 0.265
4 3 4 A 20 0.036 | 0.007 0.105
5 3 5 B 16 0.028 | 0.006 0.105
6 3 6 ABC 120 0.049 | 0.041 0.265
7 6 7 A 22 0.039 | 0.008 0.105
8 6 8 B 17 0.031 | 0.006 0.105
9 6 9 C 20 0.036 | 0.007 0.105
10 0 10 ABC 60 0.024 | 0.021 0.265
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11 10 11 B 12 0.021 | 0.004 0.105
12 10 12 C 20 0.036 | 0.007 0.105
13 10 13 ABC 90 0.036 | 0.031 0.265
14 13 14 A 26 0.046 | 0.010 0.105
15 13 15 ABC 18 0.007 | 0.006 0.265
16 13 16 ABC 130 0.053 | 0.044 0.265

17 16 17
18 16 18
19 16 19
20 16 20

18 0.032 | 0.006 0.105
28 0.051 | 0.011 0.105
24 0.043 | 0.009 0.105
27 0.048 | 0.011 0.105

QP> |Qw

Ta'minot manbai

1y 10
- - I
ti
: v N8
T N7
N1
4 ;
. 14
v v
N2 N9
N3 NI10
[§
I ) o
‘ ts l 18 20
§ % WV
N6 3
N4 v N1l Y N1
N5 N12 N14

1-rasm. 0.4 kV past kuchlanishli elektr tarmog‘i sxemasi
Fig.1. 0.4 kV low voltage power grid scheme

Elektr uzatish liniyalaridagi aktiv quvvat isroflari quyidagi formula orqali aniqlandi:
AP =1*>R.

Tarmoqdagi umumiy aktiv quvvat isroflari barcha liniyalardagi isroflarning yig‘indisi sifatida

hisoblandi:
APum = ZAPi.

Hisoblashlar DigSILENT PowerFactory dasturining Load Flow moduli yordamida amalga
oshirildi.

Kuchlanish nosimmetriyasi Koy koeffitsienti yordamida baholandi:

K =&-100°/
2U U, 0.

bu yerda: U; — to‘g‘ri ketma-ketlik kuchlanishi; U, — teskari ketma-ketlik kuchlanishi.
Tadqiqotning ikkinchi bosqichida 16-shinaning C fazasiga 15 kW quvvatli quyosh elektr stansiya-
si ulandi. QES ulanishidan keyin quyidagi parametrlar qayta hisoblandi:
e liniyalardagi toklar;
aktiv quvvat isroflari,
nol simdagi tok;
kuchlanish og‘ishlari;
Ky nosimmetriya koeffitsienti.

3. Natijalar (Results)
Hisoblash natijalariga ko‘ra, boshlang‘ich holatda tarmoqning ayrim uchastkalarida sezilarli no-

simmetrik yuklanish kuzatildi. Ayniqgsa, 0-10, 10-13 va 13-16 liniyalarida C fazadagi tok boshqa
fazalarga nisbatan ancha yuqori bo‘ldi.
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3-jadval. Har bir fazadan oqayotgan tok va aktiv quvvat isroflari
Table 3. Current and active power losses flowing through each phase

Ne Liniya Ia Is Ic In AP, APg APc APy Yuklanishi

~ | boshi | oxiri (A) (A) (A) (A) W) W) W) W) %
1 0 1 20 36 95 67 11.62 37.99 257.93 129.04 35.7
2 1 2 48 48 74.7 74.7 45.7
3 1 3 20 36 47 22 14.94 48.85 80.56 17.89 17.6
4 3 4 10 10 3.31 3.31 9.1
5 3 5 18 18 8.95 8.95 16.8
6 3 6 11 19 47 32 5.44 17.25 107.41 51.09 17.6
7 6 7 11 11 437 4374 10.0
8 6 8 19 19 10.7 10.7 17.8
9 6 9 47 47 78.4 78.4 44.4
10 0 10 53 70 199 134 68.87 122.23 976.7 442.73 75.1
11 10 11 19 19 8.14 8.14 18.5
12 10 12 47 47 79.68 79.68 44.8
13 10 13 53 51 152 97 103.31 96.16 854.35 346.84 57.3
14 13 14 10 10 4.72 4.72 9.6
15 13 15 33 34 37 2 8.25 8.55 10.28 0.02 14.1
16 13 16 9 17 115 100 4.7 15.42 702.81 536.08 43.3
17 16 17 17 17 9.35 9.35 16.2
18 16 18 56 56 157.27 157.27 53.2
19 16 19 9 9 3.8 3.8 8.9
20 16 20 59 59 168.19 168.19 56.0

Jami 233.33 | 383.59 3548.28 2135.27

Tarmoqdagi jami AP 6300.474

Jadvalni tahlil gilganda tarmoqdagi eng katta yuklama asosan 0-1, 0-10, 10-13 va 13-16 liniyalar-
ning C fazasiga tushgani ko‘rinadi. Shu sababli tok ham, quvvat isrofi ham ko‘proq aynan C fazada
hosil bo‘lgan. Bu giymatlar C fazada yuklama juda notekis ekanligini ko‘rsatadi. Bu esa fazalar
orasidagi nosimmetriya kuchli ekanini bildiradi. Shu sababli nol simdagi tok va quvvat isrofi ham juda
katta ekanligini ko‘rishimiz mumkin.

4-jadval. Har bir shinadagi kuchlanishlar
Table 4. Voltages in each tire

Shina | Ua, (V) Us, (V) Ug, (V) Usb% | Us% | Uc, %
0 230.94 230.94 230.94 4.97 4.97 4.97
1 232.26 229.86 225.23 5.57 4.48 2.38
2 22213 0.97
3 232.37 227.81 222.38 5.62 3.55 1.08
4 231.68 531
5 226.81 3.1
6 233.41 226.87 217.62 6.1 3.12 _1.08
7 232.58 5.72
8 225.73 2.6
9 21428 26
10 232.49 229.7 220.64 5.68 4.41 0.29
11 228.86 4.03
12 217.27 _1.24
13 233.08 229.04 208.95 5.95 411 -5.02
14 232.14 5.52
15 232.77 228.73 208.58 5.8 3.97 5.19
16 237.57 229.99 194.56 7.99 4.54 _11.56
17 228.9 4.05
18 188.96 1411
19 236.76 7.62
20 188.87 14.15

0,4 kV 1i tarmogqlarda odatda kuchlanishning ruxsat etilgan og‘ishi 5 % da normal holat, £10 %
da esa chegaraviy holat deb olinadi. 4-jadvaldagi natijalardan ko‘rinib turibdiki, asosan 16, 18, 20
shinalardagi kuchlanishlar ruxsat etilgan chegaradan chiqgan. Endi nosimmetriya koeffitsienti (K,u) ni
inobatga olgan holda, shinalardagi kuchlanishlarni tahlil qilamiz.
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5-jadval. Shinalardagi nosimmetriya koeffitsienti natijalari

Table 5. Tire asymmetry coefficient results

Shina 0 1 3 6 10 13 15 16
Kavu, % 0 0,9 1,27 | 2,03 | 1,57 | 3,34 | 3,35 | 6,01

Natijalardan ko‘rinib turibdiki, 16 shina ruxsat etilgan cheagraviy giymatdan ya’ni 4 % dan oshib
ketgan. Demak, tarmoq bo‘yicha eng muammoli shina bu — 16 shinaning C fazasi aniqlandi.

Endi tarmoqdagi elektr energiya sifatini yaxshilash, ya’ni shinalardagi chegaradan chiqgan
kuchlanishning giymatlarini ruxsat etilgan oraliqda bo‘lishini ta’minlash, ortiqcha yuklangan liniya-
lar-dagi aktiv quvvat isroflarini kamaytirish va nosimmetriya koeffitsientini 2 - 4 % da bo‘lishini
ta’minlash uchun eng muammoli shinaning ya’ni 16-shinaning C fazasiga 15 kW li quyosh panel ulab,
tarmoqning sifat ko‘rsatkichlarini tahlil gilamiz.

6-jadval. QES ulangandan keyingi har bir fazadagi tok va aktiv quvvat isroflari
Table 6. Current and active power losses in each phase after QES connection

No Liniya Ix Is Ic In AP, APg AP¢ APy Yuklan-

~_| boshi | oxiri | (A) (A) (A) (A) W) W) W) W) ishi %
1 0 1 20 36 95 67 11.62 37.99 257.9 129.03 35.7
2 1 2 48 48 74.7 74.7 457
3 1 3 20 36 47 22 14.94 48.85 80.54 17.89 17.6
4 3 4 10 10 3.31 3.31 9.1
5 3 5 18 18 8.95 8.95 16.8
6 3 6 11 19 47 32 5.44 17.25 107.39 51.09 17.6
7 6 7 11 11 437 4374 10.0
8 6 8 19 19 10.7 10.7 17.8
9 6 9 47 47 78.39 78.4 44.4
10 0 10 54 70 126 61 72.94 122.21 3917 90.83 47.6
11 10 11 19 19 8.14 8.14 18.5
12 10 12 46 46 76.56 76.56 43.9
13 10 13 54 51 82 39 109.42 96.14 24791 55.47 30.9
14 13 14 10 10 497 4.97 9.8
15 13 15 34 34 35 1 8.68 8.55 9.3 0.003 13.4
16 13 16 10 17 50 36 5.16 15.41 135.81 67.9 19.0
17 16 17 17 17 9.34 9.34 16.2
18 16 18 50 50 128.33 128.39 48.1
19 16 19 10 10 4.17 4.17 9.4
20 16 20 53 53 137.21 137.28 50.6

Jami 245.06 | 383.57 1725.78 961.58

Tarmoqdagi jami AP 3316.01

7-jadval. QES ulangandan keyingi har bir shinadagi kuchlanishlar

Table 7. Voltages on each tire after QES connection

Shina | Ua, (V) | Us, (V) | Uc, (V) | Ua, % | Us, % | Uc, %
0 230.94 | 230.94 | 230.94 4.97 4.97 4.97
1 232.26 | 229.86 | 225.23 5.57 4.48 2.38
2 222.13 0.97
3 232.37 | 227.81 | 222.38 5.62 3.55 1.08
4 231.68 5.31
5 226.8 3.09
6 233.41 | 226.87 | 217.62 6.1 3.12 -1.08
7 232.58 5.72
8 225.73 2.6
9 214.28 -2.6
10 230.22 | 229.73 | 224.96 4.65 4.42 2.25
11 228.9 4.05
12 221.65 0.75
13 227.37 | 229.11 | 219.64 3.35 4.14 -0.16
14 226.41 291
15 227.05 | 228.79 | 219.3 3.2 4 -0.32
16 226.93 | 230.03 | 214.19 3.15 4.56 -2.64
17 228.93 4.06
18 209.13 -4.94
19 226.09 2.77
20 209.05 -4.98
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8-jadval. Tarmoqga QES ulashdan oldingi va keyingi nosimmetriya koeffitsienti natijalari
Table 8. Results of the asymmetry coefficient before and after connecting the PV station to the grid

Shina Kzu (QES ulashdan oldin) Kau (QES ulangandan keyin)
0 0 0
1 0,9 0,9
3 1,27 1,27
6 2,03 2,03
10 1,57 0,73
13 3,34 1,29
15 3,35 1,3
16 6,01 2,17
Koy

8,00

6,00

4,00

2,00

0,00

0 5 10 15 20

—— QES ulashdan oldin —@— QES ulangandan keyin

2-rasm. Nosimmetriya koeffitsienti farqlari
Figure 2. Differences in the asymmetry coefficient

4. Munozara (Discussion)

Tahlil natijalari shuni ko‘rsatdiki, 0,4 kV past kuchlanishli elektr tarmog‘ida yuklamalarning
fazalar bo‘yicha notekis tagsimlanishi sababli tarmoqning ayrim gismlarida kuchlanish pasayishi, nos-
immetriya koeffitsientining ortishi hamda quvvat isroflarining sezilarli oshishi kuzatilgan. Aynigsa,
yuklamaning asosan C fazada jamlangani sababli tarmoqning oxirgi qismida joylashgan shinalar va
magistral liniyalar eng muammoli holatga kelgan. Tahlillar asosida tarmoqdagi eng muammoli shina
sifatida 16-shina aniqlangan. Ushbu shinaning C fazasidagi kuchlanish 194,56 V ni tashkil etib, nomi-
nal qiymatga nisbatan —11,56 % ga kamaygan. Shu bilan birga, nosimmetriya koeffitsienti Koy = 6,01
% ga yetib, ruxsat etilgan 4 % chegaradan ancha oshib ketgan. A fazadagi kuchlanish esa 237,57 V
gacha ortgan bo‘lib, fazalar orasidagi kuchlanishlar keskin farqlangani kuzatilgan. Bu holat yuklama-
larning fazalar bo‘yicha juda notekis tagsimlanganini va aynigsa C fazaning ortiqcha yuklanganini
ko‘rsatadi.
16-shinadan keyingi oxirgi nuqtalarda joylashgan 18 va 20-shinalarda ham kuchlanishning keskin
pasayishi qayd etilgan. Jumladan, 18-shinada C fazadagi kuchlanish 188,96 V bo‘lib, kuchlanish
og‘ishi —14,11 % ni tashkil etgan. 20-shinada esa bu qiymat 188,87 V ga teng bo‘lib, og‘ish —14,15 %
gacha yetgan. Ushbu natijalar tarmoqgning uzoq uchastkalarida kuchlanish sifati juda yomonlashganini
ko‘rsatadi. Shuningdek, 13 va 15-shinalarda ham C fazadagi kuchlanish mos ravishda 208,95 V va
208,58 V bo‘lib, kuchlanish og‘ishlari =5 % dan pastga tushgan. Mazkur shinalarda nosimmetriya
koeffitsienti 3,34 % va 3,35 % ni tashkil etib, ular 16-shinadagi kritik holatning shakllanishida asosiy
oraliq nuqtalar ekanligi aniglangan. Tahlillar asosida eng magbul texnik yechim sifatida 16-shinaning
C fazasiga 15 kW quvvatli quyosh elektr stansiyasi ulanishi amalga oshirildi. QES ulangandan keyin
tarmoq parametrlari sezilarli darajada yaxshilangani kuzatildi. Jumladan, 16-shinadagi nosimmetriya
koeffitsienti 6,01 % dan 2,17 % gacha kamaydi, C fazadagi kuchlanish esa 194,56 V dan 214,19 V
gacha oshdi. Shuningdek, 18 va 20-shinalardagi kuchlanish og‘ishlari ham —14 % atrofidan —5 %
chegarasiga yaqinlashdi. Magistral liniyalardagi quvvat isroflari ham keskin kamaydi. Xususan, 0—10
liniyasidagi C fazadagi quvvat isrofi 976,7 W dan 391,7 W gacha, 10—13 liniyasidagi isrof 854,35 W
dan 247,91 W gacha, 13—16 liniyasidagi isrof esa 702,81 W dan 135,81 W gacha pasaydi. Nol sim-
dagi toklarning kamayishi esa fazalar orasidagi yuklama muvozanatlashganini ko‘rsatdi. Natijada tar-
moqdagi umumiy aktiv quvvat isrofi 6300,474 W dan 3316,01 W gacha kamayib, tarmoqning ener-
getik samaradorligi sezilarli oshgani aniqlandi. Demak, olingan natijalar shuni ko‘rsatdiki, tarmoqdagi
eng muammoli nuqta bo‘lgan 16-shinaning C fazasiga QES ni optimal tarzda ulash orqali kuchlanish
nosimmetriyasi kamayadi, kuchlanish profili barqarorlashadi, nol simdagi tok va aktiv quvvat isroflari
sezilarli gisqaradi hamda elektr energiyasi sifati ko‘rsatkichlari yaxshilanadi.
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5. Xulosa (Conclusion)

Tadqiqot natijalari shuni ko‘rsatdiki, 0,4 kV past kuchlanishli elektr tarmog‘ida fazalar bo‘yicha
yuklamalarning notekis tagsimlanishi kuchlanish nosimmetriyasi va quvvat isroflarining ortishiga olib
keladi. Aynigsa, C fazadagi yuklamaning yuqoriligi sababli 0 — 10, 10 — 13 va 13 — 16 liniyalarida
katta tok oqimlari hamda yuqori aktiv quvvat isroflari kuzatildi. Natijada tarmoqdagi umumiy aktiv
quvvat isrofi 6300,474 W ni tashkil etdi. Tahlillar davomida eng muammoli nuqta sifatida 16-shina
aniqlandi. Ushbu shinada kuchlanish nosimmetriyasi koeffitsienti Koy = 6,01 % bo‘lib, ruxsat etilgan
4 % chegaradan oshgani kuzatildi. Bundan tashqari, C fazadagi kuchlanish og‘ishi —11,56 % ni tashkil
etib, elektr energiyasi sifati talablariga mos kelmadi. 16-shinaning C fazasiga 15 kW quvvatli quyosh
elektr stansiyasi ulangandan so‘ng tarmoq parametrlari sezilarli yaxshilandi. Xususan, umumiy aktiv
quvvat isrofi 6300,474 W dan 3316,01 W gacha kamaydi. Shu bilan birga, 16-shinadagi nosimmetriya
koeffitsienti 6,01 % dan 2,17 % gacha pasaydi va kuchlanish og‘ishlari me’yoriy holatga yaqinlashdi.
Olingan natijalar quyosh elektr stansiyalarini past kuchlanishli tarmoqlarga optimal nuqtalarda ulash
elektr energiyasi sifati ko‘rsatkichlarini yaxshilashi hamda quvvat isroflarini kamaytirishini ko rsatdi.
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    K  2 U =     U 2    U 1 ∙ 100   % .

