Version 2 2025 PROBLEMS OF ENERGY AND SOURCES SAVING

For  citation:  Taslimov  A.D.
Rakhimov F.M., Rakhimov F.M.
Analysis of the selection of cross-
sectional areas of power transmission
lines. Scientific and technical journal
of Problems of Energy and Sources
Saving, 2025, no. 2, pp. 137-144.

https://doi.org10.5281/zenodo.169416
71

Received: 15.01.2025
Revised: 18.03.2025

Accepted: 12.05.2025
Published: 27.06.2025

Copyright: ©  Abdurakhim D.
Taslimov, Farrukh M. Rakhimov,
Feruz, M. Rakhimov, 2025. Submitted
to Problems of Energy and Sources
Saving for possible open access
publication under the terms and condi-
tions of the Creative Commons Attri-
bution (CC BY) license (https://
creativecommons.org/licenses/by/

4.0/).

Elektr uzatish liniyalarining ko‘ndalang kesim
yuzalarini tanlash tahlili

Abduraxim D. Taslimov!, Farrux M. Raximov?, Feruz M. Raximov>?

D) DSc, prof,, Toshkent davlat texnika universiteti, Toshkent, 100095, Oc‘zbekiston; ataslimov@mail.ru
https://orcid.org/0000-0003-2856-6287
2)

PhD, dots., Navoiy davlat konchilik va texnologiyalar universiteti, Navoiy, 210100, O‘zbekiston; raximov-farrux@]list.ru
https://orcid.org/0000-0001-8286-6163
22 ass, Navoiy davlat konchilik va texnologiyalar universiteti, Navoiy, 210100, O‘zbekiston; feruz.raximov.2017@mail.ru
https://orcid.org/0009-0008-6832-0509

Dolzarbligi: respublikamiz elektr energetikasini rivojlantirishda shunindek qishloq xo‘jaligi va ishlab chiqarishni
zarur miqdorda elektr energiyasi bilan ishonchli ta’minlashda elektr tarmoqlarining asosiy parametrlarini tanlash,
zamonaviy yondashuvlardan foydalanish bo‘yicha keng qamrovli chora-tadbirlar amalga oshirish, jumladan el-
ektr uzutish tarmogqlarini optimallashtirish, yangilash va ishonchliligini oshirish usullarini ishlab chigishda elektr
uzatish liniyalari o‘tkazgichlarini eng maqbul ko‘ndalang kesim yuzasini tanlash muammosi dolzarb xisoblanadi.
Bundan tashqari elektr tarmoqlarining optimal parametrlarini aniqlash, ularning ishonchliligini oshirishda nazariy
va ilmiy ishlarni olib borish hamda gishloq elektr tarmogqlarini loyihalash, qurish, modernizatsiya qilish va ishlat-
ish bo‘yicha tegishli tavsiyalar olish muhim masalalardan biri hisoblanmoqda. Ushbu muammoni muvaftaqiyatli
hal qilish hamda istemolchilar elektr ta’minoti ishonchliligini oshirish va uzatilayotgan elektr energiyasi sifatini
oshirish uchun elektr uzatish liniyalari ko‘ndalang kesim yuzasini iqtisodiy intervallar usuli asosida tanlashdir.
Magsad: dinamik o‘zgaruvchan yuklamali qishloq elektr tarmoqlarini ko‘ndalang kesim yuzasini iqtisodiy inter-
vallar usullaridan foydalanishni tahlil qilish va asoslash.

Usullari: iqtisodiy intervallar usuli hamda texnik iqtisodiy ko‘rsatkichlarning qiyosiy tahlil usullaridan
foydalaniladi.

Natijalar: dinamik o‘zgaruvchan yuklamali qishloq elektr tarmoqlarini ko‘ndalang kesim yuzasini tanlashda vaqt
bo‘yicha yuklamaning o‘zgarishini hisobga olmagan holda yuklamaning iqtisodiy intervallari chegaralarini
aniqlash zarur. Iqtisodiy intervallari chegaralarining siljish koeffitsiyentlaridan foydalanib yuklamaning
o‘sishining har qanday qonuniyati uchun iqtisodiy intervallarning chegaralarini aniqlash mumkin bo‘ladi. So‘ngra
optimal ko‘ndalang kesim yuzani tanlsh bo‘yicha qaror qabul qgilinadi.

Kalit so‘zlar: ko‘ndalang kesim yuza, iqtisodiy interval, ekspluatatsiya, hisobiy davr, siljish koeffitsiyenti, uzoq
muddatli ruxsat etilgan yuklama toki, kuchlanishning ruxsat etilgan yo‘qotilishi, eksponensial qonun,
modifikatsiyalangan eksponensial qonun, arrasimon eksponensial qonun, arrasimon chiziqli qonun, amortizatsiya
xarajatlar.
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AKTYaJILHOCTB: B pa3BUTHH 31€KTPO’HEPTETHKH HAIIeH PECITyOINKH, a TaKXKe B HAJIE)KHOM OOECTIEYeHUH Cellb-
CKOTO XO3SICTBA M MPOU3BOICTBA HEOOXOAUMBIM KOJMYECTBOM BJIEKTPOIHEPTHH, aKTyaJbHOW 3a/1aueii cunTaeT-
cs1 BBIOOP OCHOBHBIX ITapaMETPOB JIEKTPHUUECKUX CETEH ¢ MCIONb30BaHHEM COBPEMEHHBIX IOAXOAOB, a TAKXKe
peanu3anusi KOMIUISKCHBIX Mep, TAKMX KaK ONTHMH3alis, OOHOBJICHHE U TIOBBILICHHE HAACKHOCTH JJICKTpUUe-
CKHX Tepelalolx ceTell. B uacTHOCTH, BaxkHOH MpoO6iIeMoil siBisieTcss BEIOOp Hanboliee palioHaIbHOM MIIoma-
I TIOTIEPEYHOT0 CeYeHHs IPOBOIOB JIMHMHU 3JekTporepenaund. Kpome Toro, ogHoH U3 NPUOPUTETHBIX 3a1ay
CYHTAETCs OIpeeICHHE ONTHMAIBHBIX MTapaMETPOB IEKTPUIECKUX CETeH, MPOBEICHNE TEOPETHICCKUX H Hayd-
HBIX UCCIICIOBAHUIA JUIsl TIOBBIIICHUS UX HAJIEKHOCTH, a TAK)KE pa3padoTKa COOTBETCTBYIOIINX PEKOMEHIAINHA 1O
MPOEKTUPOBAHUIO, CTPOUTEIHCTBY, MOJICPHU3AINHI U IKCIUTYaTaIlH CEIbCKUX IEKTPHICCKUX CETeH. Y cIenHoe
peleHne 3Toi mpoOIeMBbl, MOBHIIICHHE HAIE)KHOCTH MIIEKTPOCHA0KEHHS IOTPEOUTENeH 1 yIydIleHHe KauecTBa
neperaBaeMon NIEKTPOIHEPTUH BO3MOXKHO 3a CUET BbIOOpa IUIOIIAZM MONEPEYHOr0 CEYEeHUs! MPOBOAOB JIMHUMN
3JIeKTponepesayll Ha OCHOBE METO/1a SKOHOMHUYECKUX HHTEPBAJIOB.

Ilesan: aHanu3 ¥ 000CHOBaHNE NIPUMEHEHHUSI METOAa YKOHOMHYECKHX HHTEPBAJIOB JUIsl BEIOOpA CEYECHHs TPOBO/I-
HHUKOB CEJIbCKUX IEKTPUUYECKUX CeTell ¢ TMHAMUYECKH H3MEHSIOLIecsl Harpy3KoH.

MeToabl: HCHONB3YIOTCS METOABI SKOHOMHUUECKHX HHTEPBAJIOB, a TAK)KE METOJIBI CPABHUTEIBHOTO aHAIIN3a TEX-
HUKO-3KOHOMHYECKHX ITOKa3aTeleil.

Pe3yabTaThl: IpH BBIOOPE CEUCHHUS CENBCKHUX DJICKTPHUYCCKUAX CETEH ¢ IMHAMUYECKH H3MEHSIOMIEHCS Harpy3Koi
HEOOXOIMIMO OTIPENICIIUTh TPAaHUIIEI SKOHOMUIECKUX WHTEPBAJIOB Harpy3KH 0e3 ydera e€ N3MEHEHHS BO BPEMCHHU.
ITpu ucnonb30BaHUU KOIDPUIIMEHTOB CMELICHHs IPaHUL] SKOHOMHYECKHX HHTEPBAJIOB CTAHOBHUTCS BO3MOXKHBIM
ompeneNieHne 3TUX I'PaHMLl I JIF000i 3aKOHOMEPHOCTH pocTa Harpy3ku. Kpome Toro, Ha 0CHOBE MOJYyYEHHBIX
JAHHBIX [IPUHUMAETCS PEIICHHE O BBIOOPE ONTUMAILHOTO CEUEHHS.

KiroueBblie ciioBa: cedeHHe, YKOHOMHUYECKHN HHTEpBaj, JKCIUTyaTalus, pacuéTHbIA mepuof, Kod(hGHIUESHT
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CABUTa, NJIUTEIBHO JOIyCTUMBIA TOK HArpy3KH, JOIyCTHUMas HOTEPsl HANpPsKCHUS, SKCIIOHCHLUAIBHBIA 3aKOH,
MOIMGHUINPOBAHHBIA AKCIOHEHIIMAIBHEIH 3aKOH, NMWIOOOPA3HbIA SKCIOHEHIHATIBHBIN 3aKOH, IMIJIO0O0pa3HEIN
JIMHEWHBIN 3aKOH, aMOPTU3ALIMOHHBIE PACXO/IBI.
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Relevance: In the development of the electric power industry of our republic, as well as in the reliable supply of
the necessary amount of electric energy to agriculture and industry, the issue of selecting the main parameters of
electrical networks, utilizing modern approaches, and implementing comprehensive measures—including opti-
mizing, upgrading, and improving the reliability of power transmission networks—remains highly relevant. In
particular, the problem of choosing the most optimal cross-sectional area of conductors for power transmission
lines is of great importance. Furthermore, determining the optimal parameters of electrical networks, conducting
theoretical and scientific research to enhance their reliability, and obtaining relevant recommendations for the
design, construction, modernization, and operation of rural electrical networks are also critical issues. Successful-
ly addressing this problem and improving the reliability of electricity supply to consumers, as well as enhancing
the quality of transmitted electric energy, can be achieved by selecting the cross-sectional area of power transmis-
sion line conductors based on the economic interval method.

Aim: analysis and justification of the use of economic interval methods for selecting the cross-sectional area of
rural power networks with dynamically varying loads.

Methods: the method of economic intervals and the comparative analysis methods of technical and economic
indicators are used.

Results: when selecting the cross-sectional area of dynamically variable load rural power networks, it is neces-
sary to determine the boundaries of economic load intervals without considering the time-based variation of the
load. By using shift coefficients of the economic interval boundaries, it becomes possible to determine the bound-
aries of economic intervals for any law of load growth. Subsequently, a decision is made on selecting the optimal
cross-sectional area.

Keywords: cross-section, economic interval, operation (or exploitation), calculation period, shift coefficient,
long-term permissible load current, permissible voltage drop, exponential law, modified exponential law, saw-
tooth exponential law, sawtooth linear law, depreciation expenses.

1. Kirish (Introduction)

Elektr uzatish liniyalari uchun o‘tkazgichlarning eng maqbul ko‘ndalang kesim yuzasini tanlash
masalasi har doim dolzarb bo‘lib kelgan va bugungi kunda ham bu yo‘nalishga katta e’tibor
qaratilmoqda. Mazkur masalani yechishda iqtisodiy intervallar usulidan keng foydalanilmoqda. Bu
usulning nazariy asoslari akademiklar Budzko I.A., Venikov V.A., Levin M.S., Xolmskiy V.G., Blok
V.N., Yefentyev S.N., Zuyev E.N., Suvorova I.A., Gerkusov A.A., Frayshteter V.P., Martyanov A.S.,
Varsigina A.O., Fedotov A.I. va boshqa ko‘plab olimlarning ilmiy ishlanmalarida yoritilgan
[1,2,3,4,5,6,7,8]. Keyingi tadgiqotlar ushbu usulni nafaqat nazariy, balki amaliy jihatdan ham asoslab,
uni yanada takomillashtirishga qaratilgan. Sim va kabellarning yuklamalari uchun iqtisodiy intervallar
mavjudligi hamda ularning shartlari [9] manbasida batafsil ko‘rsatilgan. Dastlab yuklamaning iqti-
sodiy intervallari statik yuklama sharoitida aniglangan bo‘lsa-da, keyingi bosqichlarda ularni aniqlash
jarayonida yuklamaning o‘sish dinamikasi [10,11] hamda elektr uzatish liniyalarini qayta qurish im-
koniyatlari [11] hisobga olingan.

Shuni alohida ta’kidlash lozimki, yuklamalarning iqtisodiy intervallari asosan havo elektr uzatish
liniyalaridagi simlarni hisoblash va tanlash amaliyotida keng qo‘llanib kelgan. Shu bilan birga, kabel
liniyalarining ko‘ndalang kesim yuzasini tanlashda bugungi kungacha tokning iqtisodiy zichligi asosiy
mezon sifatida ishlatiladi. Ammo ushbu usul minimal umumiy xarajatlar talabiga to‘liq mos kelmaydi.
Shu sababli, kabel o‘tkazgichlari uchun ham yuklamalarning iqtisodiy intervallarini aniqlash va ularga
mos masalalarni yechish zarurati paydo bo‘ldi.

2. Materiallar va usullar (Methods and materials)

Yuklamaning iqtisodiy intervaliga tegishli chegaralar quyidagi ifoda asosida aniqlanadi [12]:

31‘ = 31‘+1 . (1
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Bu yerda 3; - F; ko‘ndalang kesim yuzasiga ega bo‘lgan kabel liniyasi uchun umumiy xarajat; 3;+; -
Fi+; ko‘ndalang kesim yuzasiga ega bo‘lgan navbatdagi kabel liniyasi uchun umumiy xarajatni angla-
tadi.

Kabel liniyalari uchun yuklamalarning iqtisodiy intervallarini belgilash jarayonida umumiy xa-
rajatlar quyidagi tartibda hisoblanadi. Amaliyotda kabel liniyasini qurish uchun zarur bo‘lgan kapital
mablag‘lar odatda bir yillik muddat ichida to‘liq ajratiladi. Kabel liniyasining uzatish quvvatini
oshirish maqsadida uni qayta qurish texnik va iqtisodiy jihatdan murakkab bo‘lib, foydalanish davrida
bunday yechim ko‘pincha maqbul bo‘lmaydi. Shu sababli, xizmat muddati davomida kabel liniyasiga
qo‘shimcha kapital sarmoyalar kiritilishi rejalashtirilmaydi. Ushbu kabel liniyasiga xos bo‘lgan
xususiyatlardan kelib chiqib, formuladagi kapital xarajat quyidagi ko‘rinishda ifodalanadi:

T
E, Y K(+E, )" =E,K ; )
=1
bu yerda: Ej - kapital qo‘yilmalar samaradorligini ifodalovchi me’yoriy koeffitsiyent; K; - t yilda
ajratilgan kapital mablag® miqdori; Eyx - xarajatlarni turli vaqt nuqtalaridan yagona vaqtga keltirish
uchun mo‘ljallangan me’yoriy keltirish koeffitsiyenti; K - kapital mablag®; t - xarajatlarni bir vaqtga
keltirish yili bo‘lib, barcha variantlar uchun bir xil hisoblanadi.
Bu holatda, barcha xarajatlar ekspluatatsiyaning birinchi yilida amalga oshiriladi, ya’ni 1=1 deb
hisoblanadi. Kapital qo‘yilmalar o‘zgarmas bo‘lganligi sababli, amortizatsiya xarajatlari ham xizmat

muddati davomida doimiy bo‘lib qoladi. Shu asosda quyidagi ifodani yozish mumkin:
T

Z(Uut - Ua(t—l))(l + EMK)1 = Ua=p.K: (€)
=1
bu yerda Uy va Uqi-1) - mos ravishda ¢ - yil hamda undan oldingi (¢—1) yildagi liniyaning amortizatsi-
ya bilan bog‘liq xarajatlari; p, esa - amortizatsiya xarajatlar uchun belgilangan me’yoriy koeffitsiyent-
ni anglatadi.

Ekspluatatsiya bilan bog‘liq xarajatlar kabel liniyasining ko‘ndalang kesim yuzasiga bog‘liq emas
va vaqt o‘tishi bilan o‘zgarishga uchramaydi. Shu sababli, yuklamalarning iqtisodiy intervallarini
aniqlashda bu turdagi xarajatlarni hisobga olish talab etilmaydi. Shuningdek, yuklamalarning iqtisodiy
intervallarini belgilashda elektr uzatish liniyasining uzunligi muhim omil hisoblanmaydi va ama-
liyotda odatda 1 km deb qabul qilinadi.

Yuqorida keltirilgan fikrlar, shuningdek (2) va (3) formulalarga asoslanib, elektr uzatish lini-
yasining umumiy xarajatlarini aniqlash uchun quyidagi ifodadan foydalanish mumkin:

Uul07 ] g Jri(s2 —SENA+E )| )
U 1%1 7F 1 = t t-1 MK

bu yerda S;, Sp.1) — t va t-1 vaqtdagi yuklama kVA; Uy - nominal kuchlanish, kV; v - tok o‘tkazuvchi
materialining solishtirma o*tkazuvchanligi, km/Om-mm?; F; - o‘tkazgichning ko‘ndalang kesim yu-
zasi, mm?; Uy - elektr energiyasi isroflarini qoplash xarajatlari, so‘m/(kVt-soat).

Qishloq hududlarida kabel liniyalarining texnik va iqtisodiy ko‘rsatkichlarini o‘rganish shuni
ko‘rsatdiki, yuklamalarning iqtisodiy intervallari mavjudlik shartlariga javob bergan holda, barcha
ko‘rib chiqilayotgan kabel kesim yuzalari uchun ham mavjuddir.

Agar tahlil qgilinayotgan vaqt oralig‘ida yuklama o‘zgarmas bo‘lib qolsa, ya’ni vaqtga bog‘liq
holda dinamik emas, balki doimiy bo‘lsa, u holda:

3=(E,, +p,)K

S, =5_,=8,
unda (4) ga muvofiq (1) ifodadagi 3; va 3;+; quyidagi ko‘rinishni oladi:
3, =(E, +p,)K L UnST107 )
i M a i U[z_]]/F; >
U,S’107
3., =(F, + K.+ — 6
i+l ( M pa) i+l U]%]]/F:H ( )

(1) shart asosida (5) va (6) tengliklarni bir-biriga tenglashtirib, hosil bo‘lgan tenglamani yuklama
miqdoriga nisbatan yechish orqali, yuklamaning vaqt bo‘yicha o‘zgarishini hisobga olmagan holdagi
holat uchun o‘zaro bog‘liq bo‘lgan turli ko‘ndalang kesim yuzalari orasida iqtisodiy intervallar chega-
ralarini aniqlovchi ifodani olish mumkin bo‘ladi:

R (EM TP )(Km ~ K)UyF, F10°
e Uy (E‘H - E)

(7)-ifodadan ko‘rinib turibdiki, yuklamaning iqtisodiy interval chegaralarini belgilovchi omillarni
ikki asosiy toifaga ajratish mumkin: o‘zgarmas (ya’ni doimiy) va o‘zgaruvchan omillar. Doimiy omil-

139

()

Version 2 2025 PROBLEMS OF ENERGY AND SOURCES SAVING https://energy.tdtu.uz/index.php/journal


https://energy.tdtu.uz/index.php/journal

Version 2 2025 PROBLEMS OF ENERGY AND SOURCES SAVING

lar tarkibiga solishtirma o‘tkazuvchanlik, shuningdek, F; va Fj+; kabi standart ko‘ndalang kesim yu-
zalari kiradi. Ushbu o‘zgarmas omillar guruhiga shartli ravishda quyidagilarni kiritish mumkin: Ej -
samaradorlikning me’yoriy koeffitsiyenti, p, - amortizatsiya xarajatlari uchun belgilangan me’yoriy
koeffitsiyent, va Uy - liniyaning nominal kuchlanishi.

Yuklamaning iqtisodiy intervallariga yuklamaning vaqt bo‘yicha o°‘zgarishi mutlagqo boshqacha
ta’sir ko‘rsatadi. Agar yuklamaning o‘sishi hisobiy davrning oxiridagi qiymatiga nisbatan ifodalangan
bo‘lsa, unda iqtisodiy yuklama intervallarining chegaraviy qiymatlari quyidagi ifoda bilan aniqlanishi
mumbkin:

S = (EM + P, )(Km - KUy, F10° : (8)
w(’ UI/I (F;'H - E)A

bu yerda 4 - yuklamaning o‘sish xarakterini ifodalovchi qonuniyatga mos koeffitsiyentdir. Ushbu 4

koeffitsiyentining aniq qiymati yuklamaning eksponensial, chiziqli, soddalashtirilgan eksponensial

shakldagi o‘sish qonuniyatlari yoki arrasimon o‘zgarishiga qarab mos ravishda quyidagi (10) dan (15)

gacha bo‘lgan formulalar asosida aniqlanadi.

Olingan (8) - ifoda, yuklamaning o‘sish dinamikasi inobatga olingan holat uchun, oldingi (7) -
ifodaga o‘xshash bo‘lib, ular orasidagi farq faqat 4/ koeffitsiyentida namoyon bo‘ladi. Agar (7) -
ifodani asosiy model sifatida qabul gilsak, unda 4~ ko‘rinishidagi ifoda amalda igtisodiy yuklama
intervallari chegarasining nisbiy qiymati sifatida talqin qilinadi. Ushbu nisbiy ko‘rsatkichlar siljish
koeftitsiyentlari deb ataladi va ular & belgisi orqali ifodalanadi. Tadqiqot davomida bu koeffitsiyent-

lar 4 ning mos qiymatlariga qarab quyidagicha aniqlangan:
1

k,=A72; (10)

7
A" = A+ ke, )0 ==k, )2 < D A+, YA+ By s (D)
(=2

T
AT = (k)7 (k) (k) (1 By 2

t=2

M 1 Pl 1 ’ 1 ’ -
g —-(1-— + —1-—)m' | —=|1-(- =Ly E )75 (13)
A {1 a ; )m} ;:2 {1 a ] )m } {1 a ; )m } } (1 MK)

|25}
A = (1 YO L= (14 k) [ Ay O (14 Epy) ™ +
=2

+ |_kr21 (1 + ko's2)2(t"r D IJX (1 + E'MK)litrl +

‘, 14
klz'l [1 - (1 + ko's )_2] Z(l + ko's2 )2(17%2) (l + EMK)I_t + I:klz"l (1 + ko's3)2(lr27T+1) - k72"1 ]X ( )
t=t,+2
T
X (1 + E‘MK)I_tr2 + kZZ"2 [1 - (1 + ko's} )72] Z(l + ko's3)2(t7T) (1 + EMK)lit;
t=t,,+2
A" =+ k)7 + {(1 +k, ) +k,, 2(2 +2k, t—k, ) x(1+ EMK)H} +
=2
[1 + ko'x2 (tr2 + 1)]2 + (1 + E‘MK)_tr1 +
kp (L4 k0t )7 x = +hp 1+ k, T) 7 x
Tl( 0's2 r2) n ko,sz 2(2 n 2]{0,‘?21‘ —ko,sz)(l n EMK)]_t Tl( 0's3 ) 15

t=t,1+2
[1 + ko's} (trZ + 1)]2 + (1 + EVMK)_tr2 + ko's3 x

x| & —(+Ey ) Ik (4 Ey )

y 2(2 12k, -k, )+ EMK)H ( k) 7i( k)

t=t,,+2

bu yerda A, AME, 41€, 44°" - mos holda eksponensial, modifikatsiyalangan eksponensial, arrasimon
eksponensial va arrasimon chiziqli qonunlarda siljish koeffitsiyentlari; k,s — yuklamani o‘sish koef-
fitsiyenti; m - yuklamaning dinamik o‘sish koeffitsiyenti; k. - yuklama o‘sishining karralik koef-
fitsiyenti; #,; - tarmoqni rekonstruksiya qilish vaqti; & - yuklamaning taqsimlash koeffitsiyenti.

Siljish koeffitsiyentlarini aniqlovchi ifodalarni tahlil qilish shuni ko‘rsatadiki, ushbu koeffitsiyent-
lar kabel liniyasining ko‘ndalang kesim yuzasiga bog‘liq emas. Ular, asosan, yuklamaning nisbiy
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o‘sish darajasi (ya’ni o‘sishning necha baravarligi) hamda tanlangan hisobiy davrga qarab belgilanadi.
A koeffitsiyentidan foydalanish orqali yuklama o‘sishining istalgan qonuniyati uchun elektr uzatish
liniyasi bo‘yicha umumiy xarajatlar quyidagi ko‘rinishda ifodalanadi:
U,S;A107°

UniF,

Yuklama o‘sishining turli xil qonuniyatlarining siljish koeffitsiyentlariga qanday ta’sir
ko‘rsatishini aniqlash uchun, taqqoslanayotgan variantlarning shartlari o‘zaro teng bo‘lishi lozim.
Agar solishtirilayotgan o‘sish qonunlari yuklama o‘sishini bir xil karrada ifodalasa, taqqoslash uchun
zaruriy sharoitlar yaratiladi. Shu sababli, ilgari bayon etilgan yuklama o‘sish qonuniyatlarini o‘sish
karraliligi orqali ifodalash zarur bo‘ladi.

Aynigsa, eksponensial o‘sish qonuniyati bo‘yicha, =T bo‘lgan holatda yuklamaning o‘sish dara-
jasi (karraliligi) quyidagi tarzda aniqlanadi:

kf =%(l+k§v)2. (17)

0

3, =(E, + p, XK, +kE)+ (16)

bu yerda Sy — boshlang‘ich yuklama.
Shunga o‘xshab yuklama o°sishining chiziqli qonuni uchun:

S
k=L (1+kS) (18)
So
Agar yuklama o‘sishining koeffitsiyenti (17) va (18) ifodalar yordamida aniqlansa, u holda
tagqoslash uchun zarur bo‘lgan shartlar bajarilgan hisoblanadi.
Berilgan yuklama o°sish o°sish karraligi quyidagicha ifodalanadi:

ks =eXp(lnkT)—1 ; (19)
T
k. —1
e P 20
o's T (20)

Yuklamani oddiy o‘zgartirilgan eksponensial qonuniyatiga muvofiq o‘sishi uchun:

10,055, —In(1,055, - S,)
T 2

Inm
yoki k7=S7/Sy ni hisobga olgan holda:

In 0,05 — In(1,05 —ki)

Inm= r_ 21
m T (21)

3. Natijalar va muhokama (Results and discussion)

Yuklama o‘sishining turli qonuniyatlari siljish koeffitsiyentiga qanday ta’sir ko‘rsatishini aniqlash
magqsadida tegishli hisob-kitoblar bajarildi. Ushbu hisob natijalari 1 va 2-rasmlarda grafik ko‘rinishda
tasvirlangan.

Siljish koeffitsiyentining qiymati asosan yuklama o‘sishining tanlangan qonuniyatiga, o‘sish
karraliligi darajasiga va hisobiy davr 7 ning uzunligiga bevosita bog‘liq bo‘ladi.

Hisobiy davr davomiyligi turli qonuniyatlar uchun siljish koeffitsiyentlariga turlicha ta’sir
ko‘rsatadi. Masalan, agar yuklama chiziqli qonun asosida o‘sayotgan bo‘lsa, har qanday T giymatida
siljish koeffitsiyenti eksponensial o‘sish holatiga nisbatan kichikroq bo‘ladi. Hisobiy davr ortgani sari,
ular orasidagi tafovut sezilarli darajada kengayadi. Bundan tashqari, yuklama o‘sishining karraliligi
oshgani sari bu farq ham ortadi.

Oddiy modifikatsiyalangan eksponensial qonun asosida yuklama qisqa davr ichida tez o‘sadi va bu
holatda siljish koeffitsiyenti yuqori bo‘ladi. Biroq hisobiy davr cho‘zilgani sari ushbu koeffitsiyent
kamayadi va klassik eksponensial o‘sishga qaraganda pastroq bo‘ladi.

Shuningdek, yuklamaning karrali o‘sishiga nisbatan siljish koeffitsiyentining o‘zgarish ten-
densiyasi, deyarli, hisobiy davrning o°zgarishi bilan bir xil yo‘nalishda kuzatiladi.

Yuklama arrasimon shaklda o‘zgargan holatlarda siljish koeffitsiyentlari tahlili shuni ko ‘rsatadiki,
ularning qiymatlari bir necha omillarga bog‘liq bo‘ladi. Ular orasida rekonstruksiya oralig‘ida
kuzatiladigan yuklama o‘sish qonuniyatlari, yuklamaning o‘sish koeffitsiyenti, yuklamalarni
tagsimlash darajasi, qayta qurish vaqti hamda hisobiy davrning davomiyligi muhim ahamiyat kasb
etadi.

Taqqoslash imkonini beruvchi bir xil sharoitlarda, k “°* (eksponensial o‘sishga mos siljish
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koeffitsiyenti) har doim k <°* (chizigli o‘sish holatidagi koeffitsiyent) dan yuqori bo‘ladi.
Parametrlarning o‘zgaruvchanligi juda keng bo‘lgani sababli, ularning orasidagi qat’iy bog‘liglikni
aniq ifodalovchi tenglama yoki grafik qurish imkoniyati mavjud emas.

Shunga qaramay, barcha ehtimoliy holatlarda siljish koeffitsiyenti birdan katta bo‘lib qoladi.
Buning natijasida, yuklamasi vaqt davomida o‘zgarmaydigan elektr uzatish liniyalari uchun
tanlanadigan kabelning ko‘ndalang kesim yuzasi doimo yuklamasi o‘zgaruvchan bo‘lgan liniyalar
uchun hisoblangan kesim yuzasidan kattaroq bo‘ladi.

Siljish koeffitsiyentining eng yuqori qiymati kabel orqali uzatishga ruxsat etilgan maksimal tok
bilan chegaralanadi. Agar uzoq muddatli ishlash uchun ruxsat etilgan tok miqdori [13] manbada
berilgan mos keluvchi ko‘ndalang kesim yuzasiga ega kabel uchun, doimiy yuklama holatida
aniqlangan iqtisodiy intervalning yuqori chegarasi sifatida olinadigan bo‘lsa, u holda texnik jihatdan
mumkin bo‘lgan eng katta siljish koeffitsiyenti qiymatlarini aniqlash mumkin bo‘ladi.

a) b)
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1-rasm. Grafik: a) T=5 yil; 6) T=10 yil; uchun siljish koeffitsientlari o‘zgarishining k7ga bog‘liqligi
Fig.1. The dependence of the change in the displacement coefficients on kr for a) T=5 years; b) T=10

years
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2-rasm. Grafik a) T=15 yil; b) T=30 yil; uchun siljish koeffitsiyentlari o‘zgarishining krga bog‘liqligi
Fig.2. Graph of the change in the displacement coefficients as a function of kt for a) T=15 years;
b) T=30 years

Olib borilgan tadqiqotlar natijalari shuni ko‘rsatadiki, bunday koeffitsiyentlarning qiymati 1,76
dan 4,47 gacha oraliqda bo‘lishi mumkin. Shuningdek, kabelning ko‘ndalang kesim maydoni oshgan
sari, ruxsat etilgan siljish koeffitsiyenti pasayish tendensiyasiga ega bo‘ladi.

4. Xulosa (Conclusion)

Siljish koeffisiyenti &, qiymatlarining tahlili shuni ko‘rsatadiki, eksponensial qonuniyat bo‘yicha
yuklamaning yiliga 12% ga oshishi 20 yil bo‘lgan hisobiy davr uchun uning qiymati 1,735 tashkil
etadi. Shunday qilib, uzoq muddatli ruxsat etilgan yuklamarga cheklovlar dinamikasini hisobga olgan
holda yuklama iqtisodiy intervallari bo‘yicha kabellarning ko‘ndalang kesim yuzalarini tanlashga
deyarli ta’sir qilmaydi.

Kuchlanishning ruxsat etilgan yuqotilishi bo‘yicha cheklovni hisobga olgan hol yanada
murakkabroq hisoblanadi. Iqtisodiy yuklama intervallari o‘shbu cheklovni hisobga olmaydi. Shuning
uchun iqtisodiy yuklama intervallari uchun kabellarning ko‘ndalang kesim yuzasini tanlagandan so‘ng
ruxsat etilgan kuchlanish isrofi bo‘yicha tanlangan ko‘ndalang kesim yuzasini tekshirish shart.

Shunday qilib vaqt bo‘yicha yuklamaning o‘zgarishini hisobga olmagan holda yuklamaning
iqtisodiy intervallari chegaralarini aniqlab va iqtisodiy intervallari chegaralarining siljish
koeffisiyentlaridan foydalanib yuklamalarning o‘sishining har qanday qonuniyati uchun iqtisodiy
intervallarning chegaralarini aniqlash mumkin.

142

Version 2 2025 PROBLEMS OF ENERGY AND SOURCES SAVING https://energy.tdtu.uz/index.php/journal


https://energy.tdtu.uz/index.php/journal

Version 2 2025 PROBLEMS OF ENERGY AND SOURCES SAVING

ADABIYOT

1. CyBopoBa U. A. BeiOop ceueHHil MPOBOAHUKOB M PAllMOHAIBHBIX HANPSDKEHUH pacIipeaei-
TEJBHBIX MEKTPUUECKUX CETeH B COBPEMEHHBIX YCIOBHSX. JluccepTaluy Ha COMCKaHHE Y4EeHOM cTe-
TICHN KaHAWJaTa TeXHIIeCcKuX HaykK. — HoBouepkacck, 2015. — C. 91-121.

2.TepkycoB A.A. [IpumeHeHnE MeTOIa IKOHOMUYECKUX HHTEPBAJIOB MPH BRIOOpE CEUSHUH Tpo-
BOJIOB C pacuieIuieHHo# ¢a3oii / Hayuno-rexaumaeckne Begomoct CIIOITIY. 2017. - Tom 23, Nel. —
C. 157-167. DOI: 10.18721/ JEST.230115.

3. @paiimrerep B.I1., MapTestHOB A.C. BBI00p 35KOHOMHYECKH 0OOCHOBAaHHOTO CEYCHHUS IIPOBOJIOB
W KW Kabeneil nuHUN anekTporepenaun npu npoekrupoBanuu // HedrsHoe xossitctBo. - 2011. -
Ned4. - C. 117-121.

4. Bapeiruna A.O., Casuna H.B. Pa3Butne metonoB BeIOOpa ceyeHnil MPOBOJHUKOB M UX ajarnTa-
1S K COBPEMEHHBIM ycioBusM. // Becthuk AMI'Y. - 2018. - Bemyck 81. — C. 50-54.

5. ®enoroB A.U., I'epkycoB A.A. MoaepHHU3alusi METO/Ia SKOHOMUYECKUX MHTEPBAJOB MPHU BbI-
Oope ceueHHi NMPOBOAOB BO3AYIIHBIX JIMHUI dnekTponepenaun. // [Ipodnemsr snepreruku. — 2003. -
Ne 1-2. - C. 136-140.

6. epkycoB A. A. AHaM3 METOVK JJIsl BEIOOpa CEYCHUI MPOBOIOB BO3AYIIHBIX JIMHUH 3JICKTPO-
nepenaun / Hayuno-rexuudeckue Begomoctn CaHKT-IleTepOyprckoro rocyjapcTBEHHOTO MOJNIHTEX-
HU4YecKoro yHuBepcureta. - 2014. - Ne 3(202). — C. 131-137.

7.3yeB O.H. Onpenenenne rpaHnl] 5KOHOMHUYECKHX TOKOBBIX MHTEPBAJIOB HA OCHOBE MUHHMYyMa
JTUCKOHTHPOBaHHBIX 3atpart // Bectank MOU. - 2000. - Ned. — C. 75-77.

8. EpentoeB C.H., 3yer 3.H. DxoHOMHYECKHE TOKOBBIE HHTEPBAJIbI CEUECHUN MPOBOJOB BO3AYIL-
HBIX JINHUI — BUYepa, CerojiHs, 3aBTpa // DNeKTPOTEeXHUKA, 3JIEKTPOIHEPTETHKA, IEKTPOTEXHUIECKas
npoMbIIIIeHHOCTh. — 2005. — Ne3. — C. 43-48.

9. AnannueBa C.C., KoroBa E.H. [IpoekTupoBanue 3jeKTpU4YecKuXx ceTeil: yueOHoe mocobue. -
ExatepunOypr: U3a-so Ypai. yn-ta, 2017. — 164 c.

10. Edentser C. H. Pa3BuTHe METOAMKH TEXHHKO-DKOHOMHUYECKOTO aHAIMW3a IPH BHIOOpPE OC-
HOBHBIX IapaMETPOB 3JIEKTPUYECKUX CETEeH C Yy4EeTOM HEOIPENeICHHOCTH HCXOAHOW HH(OpMAIUN:
Huc... xana. TexH. HayK. - M., 2004. — 135 c.

11. 3yes 3.H., EdpentseB C.H. 3anaun Bp160pa SKOHOMHYECKUX IIEIECOO0PA3HBIX CCUCHHH IIPO-
BOJIOB M uJI KaOeireir. M.: M3g-Bo MDU, 2005. — 83 c.

12. Taslimov A, Rakhimov F, Nematov L, Markaev N, Bijanov A and Yunusov R. Economic
load intervals for selecting 10 kV cable cross sections for agricultural consumers// IOP Conf. Series:
Materials Science and Engineering 883 (2020) 012102 IOP Publishing (doi:10.1088/1757-
899X/883/1/012102).

13. SAnyxoBuu ['.M. Pacu€r numHMI >IeKTporepenadynd CelbCKOXO3SHCTBEHHOTO Ha3HAYCHHUS.
Y4ebH. mocobue I CTYIEHTOB C. X. BY30B. 2-€ u3/., 1o1. - Munck: BIATY, 2004. — 105 c.

REFERENCES

1. LLA. Suvorova. Choice of cross-sections of conductors and rational voltages of distribution elec-
trical networks in modern conditions. Dissertations for the degree of candidate of technical sciences. —
Novocherkassk. p. 91-121. (2015). (In Russ).

2. A.A. Gerkusov, Application of the method of economic intervals in choosing wire sections with
a split phase. St. Petersburg polytechnic university journal of engineering sciences and technology,
Vol. 23, Nel p. 157-167, (2017) DOI: 10.18721/ JEST.230115. (In Russ).

3. Freishteter V.P., Martyanov A.S. Choice of an economically justified cross-section of wires and
cable cores of power transmission lines during design. Neftyanoye Khozyaistvo. - Ne. 4. - p. 117-121.
(2011). (In Russ).

4. Varygina A.O., Savina N.V. Development of methods for selecting conductor cross-sections and
their adaptation to modern conditions. Bulletin of AmSU. -. - Issue 81. - p. 50-54. (2018). (In Russ).

5.Fedotov A.lL, Gerkusov A.A. Modernization of the method of economic intervals in the
selection of cross-sections of wires of overhead power lines. Energy problems. - Ne. 1 - p 136-140.
(2003). (In Russ).

6. Gerkusov A. A. Analysis of methods for selecting the cross-sections of wires of overhead power
lines. Scientific and technical statements of the St. Petersburg State Polytechnic University. - No. 3
(202). - p. 131-137. (2014). (In Russ).

7. Zuev E.N. Determining the boundaries of economic current intervals based on the minimum of
discounted costs. Vestnik MPEI. - No. 4. - p. 75-77. (2000). (In Russ).

8. Efentiev S.N., Zuev E.N. Economic current intervals of wire cross-sections of overhead lines -
yesterday, today, tomorrow. Electrical engineering, electric power industry, electrical industry. No. 3.
- p. 43-48. (2005). (In Russ).

143

Version 2 2025 PROBLEMS OF ENERGY AND SOURCES SAVING https://energy.tdtu.uz/index.php/journal



https://energy.tdtu.uz/index.php/journal

Version 2 2025 PROBLEMS OF ENERGY AND SOURCES SAVING

9. Ananicheva S.S., Kotova E.N. Design of electrical networks: a tutorial. - Yekaterinburg: Ural
Publishing House. un-ta, - p. 100-110. (2017). (In Russ).

10. Efentev S. N. Development of the technique of technical and economic analysis when
choosing the main parameters of electrical networks, taking into account the uncertainty of the initial
information: Dis... cand. tech. Sciences. Moscow. p. -85-88. (2004).

11. Zuev E.N. Determination of the economic current density based on the criterion of minimum
discounted costs. Bulletin of MPEI. No. 3, p. 59-61. (2000). (In Russ).

12. Taslimov A, Rakhimov F, Nematov L, Markaev N, Bijanov A and Yunusov R. Economic
load intervals for selecting 10 kV cable cross sections for agricultural consumers// IOP Conf. Series:
Materials Science and Engineering 883 (2020) 012102 IOP Publishing (doi:10.1088/1757-
899X/883/1/012102).

13.  Yanukovych G.I Calculation of power lines for agricultural purposes. Textbook for students
of agricultural universities. 2nd ed., add. - Minsk: BGATU,. — p 88-92. (2004). (In Russ).

144

Version 2 2025 PROBLEMS OF ENERGY AND SOURCES SAVING https://energy.tdtu.uz/index.php/journal


https://energy.tdtu.uz/index.php/journal

