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Dolzarbligi: Elektr mashinalar sohasida olib borilgan tadqiqotlar shuni ko’rsatadiki, energiya samaradorlikni
oshirish yuqori miqdordagi material sarf xarajatlari yoki yaxshilangan xususiyatlarga ega qimmatbaho elektro-
texnik materiallar qo’llash hisobiga amalga oshirilishi mumkin. Bu esa 0’z navbatida motor tannarxini oshishiga
olib keladi. Yuqoridagi usullardan farqli ravishda kombinatsiyalashgan chulg'amlarni qo’llash orqali elektr
motorlarning energiya samaradorligini additiv texnologiya va qimmatbaho -elektrotexnik materiallardan
foydalanmasdan, oshirish mumkin. Shu bilan birga yuqori garmonikalar tarkibining yaxshilanishi mashinaning
qo‘shimcha isroflarining kamayishiga olib keladi.

Magsad: Asinxron motor statorida standart chulg'am o'rniga kombinatsiyalashgan chulg'amni qo'llash oqarli stator
chulg'amidagi qo’shimcha isroflarni kamaytirishga hamda MYuK tagsimlanish egri chizig’idagi yuqori garmonik
tashkil etuvchilarning ulushini kamayishi hisobiga motor energiya samaradorligini oshirishdan iborat.

Usullari: Kombinstsiyalashgan chulg‘amning elektromagnit xossalarini standart chulg‘amga nisbatan avzallilarini
baholash uchun garmonik tahlillar o’tkazildi va chulg‘am koeffitsientlari hisoblandi.

Natijalar: Kombinatsiyalashgan chulg‘am uchun MYuK dagi yuqori garmonik tashkil etuvchilar amplitudasi
standart chulg'amga nisbatan sezilari darajada yaxshilandi. Bunda asosiy garmonikaning umumuiy garmonik
tarkibga nisbati 3% ga chulg‘am koeffitsienti esa taxminan 3,5% ga yaxshilandi. Ushbu turdagi maxsus
chulg‘amlarning standart chulg‘amga nisbatan umumiy avzalliklari to’g’risida ma’lumot keltirilgan.

Kalit so‘zlar: Kombinatsiyalashgan chulg‘am, elektr mashinalar energiya samaradorligi, yuqori garmonikalar,
MYuK egri chizig‘i, Gyorges diagrammasi.

IHoBbIIeHNE YHEPTOIPPEKTUBHOCTH ACHHXPOHHBIX
MAIIUH yTeM NPUMEHEHNUSI KOMOMHUPOBAHHBIX
00MOTOK

Sources Saving, 2025, no. 3, Maxcyn K. Bo6oxkanos!®, ®ypkar H. Tyiiuues!, Hypaimnoex X. Pamugos'’

pp. 135-140. La) DSc, mnpo¢., TamkeHTCKHMiI TOCYyIapCTBEHHBIH TexHMueckwii yHmBepcuter, Tamkent, 100095, V3bexwucrasn;
https:/doi.org/10.5281/zenodo.16935  mbobojanov(@yahoo.com https://orcid.org/0000-0002-0244-2932

394 'PhD, non., TalKeHTCKUI  TrOCyAapCTBEHHbIM TEXHWYECKMH  yHHBepcuteT, Tamkent, 100095, VY30ekucraw;
Received: 02.05.2025 tlug/chlcvfn@gmall.com http://orcid.org/0000-0002-1031-3460

Revised: 14.06.2025

Accepted: 10.07.2025

Published: 23.08.2025

Copyright: © Maxsud K. Bobojanov,
Furqat N. Tuychiev, Nuralibek Kh.
Rashidov, 2025. Submitted to Prob-
lems of Energy and Sources Saving for
possible open access publication under
the terms and conditions of the Crea-
tive Commons Attri- bution (CC BY)
(https:/
mons.org/licenses/by/ 4.0/).

license creativecom-

JloktopanT, TalKkeHTCKU rOCYAapCTBEHHBIH TeXHUYECKUi yHUBepcuTeT, Tamkent, 100095, Y30ekucran;
nuralibekrashidov(@gmail.com https://orcid.org/0009-0001-5003-6664

AKTyalnbHOCTB: VccnenoBanus B 00JaCTH 3JIEKTPUUSCKUX MAIINH MOKa3bIBAIOT, YTO MOBBILICHUE YHEProdhhek-
THUBHOCTHU MOXKET 6bIT]> JOCTUTHYTO 3a CUET 60J'll)l_Hl/IX MaTC€pUaIbHbIX 3aTpaT WA NPUMEHEHUA AOPOTOCTOAIINX
3NIEKTPOTEXHIMIECKIX MaTEePHAIIOB C YIydIICHHBIMH CBOHCTBAMHU. DTO, B CBOIO OYePeb, IPUBOAUT K YBEIUICHUIO
CTOMMOCTH ABUTATENs. B OTIIHUMe OT BBIMIENIEPEUHCIEHHBIX METOIOB, C TOMOIIBI0 KOMOMHHPOBAHHBIX 0OMOTOK
MOKHO TTOBBICHTH YHEPro3((eKTHBHOCTD IEKTPOABUTATENEH O€3 NCTIONB30BaHMs A JUTHBHON TEXHOJIOTUH H J10-
POTOCTOSIINX IEKTPOTEXHUIECKUX MaTepHaioB. B To ke BpeMs yIydIIeHHe COAEep>KaHUs BHICIINX TapMOHHK
NPUBOJAUT K CHUKCHUIO JOTOJHUTEIIbHBIX MOTEP MAallluH.

Ileasn: Vcnonb3oBaHne KOMOMHUPOBAHHONH OOMOTKHM BMECTO CTaHIAPTHOW B CTATOPE aCHHXPOHHOTO JIBUraTells
CHUKACT AOIMOJIHUTCIbHBIC TOTEPU B OGMOTKC cTaTropa U IOBBIIACT 3HepF03(1)(1)eKTI/IBHOCTb 3a CHYCT CHHMIXCHHA
JIOJIM BBICIINX T'APMOHMYECKUX COCTABIIONINX B KpUBOH pactpenenenus MJIC.

Metoabl: /Iy OLCHKN MPEHMYIIECTB MIEKTPOMATHUTHBIX CBOHCTB KOMOMHHPOBAHHOIH OOMOTKH MO CPaBHEHHIO
CO CTaHAAPTHOH OBIIN MPOBEEHBI TApMOHNYECKHE aHAIN3BI M PACCUNTAHBI 00MOTOUHBIE KOA(POUITNEHTEI.
Pe3yabTaThl: AMIIIMTYZAa BBICHIMX TapMOHMUYeCKHX coctaBisionmx B MJIC mis KoMOMHHPOBaHHOH 0OMOTKH
3HAUUTENHFHO YJIydIIMIach 10 CPABHEHHIO CO CTaHIapTHON oOMOTKOH. IIpu 3TOM OTHOIIEHHE OCHOBHOW rapmo-
HHUKU K 0OIIeMy rapMOHHYECKOMY COCTaBY YJIy4IIHJIOCh Ha 3%, a 0OMOTOYHBIH KOI(G(UIMEHT - MPUMEPHO Ha
3,5%. IlpuBeneHbl 00IIHE MPEUMYIIIECTBA 3TOTO THITA CIICHHATBLHBIX 0OMOTOK 110 CPABHEHHUIO CO CTAHIAPTHO# 00-
MOTKOM.

KimroueBbie cioBa: KomOunupoBaHHass 0OMOTKa, 3HEProd(h(GeKTHBHOCTh IJIEKTPHYSCKUX MAIHH, BBICIIHE
rapmonuky, kpusas MJIC, nuarpamma ['epreca.
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Relevance: Research in the field of electrical machines shows that energy efficiency is improved by higher material
costs or by more expensive electrotechnical materials with improved properties. This, in turn, leads to an increase
in the cost of the engine. Unlike the methods mentioned above, combined windings can be used to increase the
energy efficiency of electrical machines without using additive technology or expensive electrotechnical materials.
At the same time, improving the content of higher harmonics leads to a reduction in additional machine losses.
Aim: Using a combined winding instead of a standard winding in an induction motor stator reduces additional
losses in the stator winding and increases energy efficiency by reducing the proportion of higher harmonic compo-
nents in the MMF distribution curve.

Methods: To evaluate the advantages of the electromagnetic properties of the combined winding compared to the
standard one, harmonic analyses were carried out and winding factor were calculated.

Results: The amplitude of the harmonic components in the MMK for the combined winding has significantly
improved compared to the standard winding. At the same time, the ratio of the main harmonic to the overall har-
monic content improved by 3%, and the winding factor by approximately 3.5%. The general advantages of this
type of special winding compared to standard winding are presented.

Keywords: Combined winding, energy efficiency of electric machines, high harmonics, MMF curve, Georges
diagram.

1. Kirish (Introduction)

Elektr mashinalari samaradorligini oshirish uchun isroflarni kamaytirishda turli xil yondashuvlar
mavjud. Bulardan biri kattaroq ko‘ndalang kesimli o‘tkazgichlardan foydalanish orqali chulg‘amdagi
isroflarni kamaytirishdir, ammo bu ko‘proq materialni sarfini talab giladi. Shu bilan birga rotordagi
olmaxon qafasi aluminiy o‘rniga misdan tayyorlanishi mumkin [1]. Elektrotexnik po‘lat o‘zakdagi
isroflarni kamaytirish uchun magnit maydon zichligini kamaytirish yoki magnitlanish uchun kam isrof
bo‘ladigan elektrotexnik po‘latdan foydalanish mumkin. Mexanik isroflar boshqa isroflarga nisbatan
ancha past bo‘ladi. Ushbu sharhlar shuni ko‘rsatadiki, samaradorlik yuqoriroq material xarajatlari yoki
yaxshilangan xususiyatlarga ega qimmatroq materiallar bilan yaxshilanadi [2]. Stator uchun standart
tarzdagi chulg‘amda isroflar odatda asinxron mashinalardagi umumiy isroflarning 80% gacha qismini
tashkil giladi (1-rasm).

Qo'shimcha isroflar H

Magnit o'zak + mexanik
= crlulg,am _

0 20 40 60 80 i00

1-rasm. Asinxron motordagi umumiy isroflarning ulushlari (% da)
Fig.1. Share of the total losses on the induction motor (in %)

Ushbu isroflar ulushi boshqa isroflarga nisbatan katta bo‘lgani uchun, chulg‘amda materiallar sarfini
oshirish orqali chulg‘am qarshiligini va shuning bilan birga chulg‘am isroflarini kamaytirish mumkin.
Ushbu usulning kamchiliklaridan biri yuqori material sarf xarajatlaridir. Shu bilan birga stator pazini
to‘ldirish koeffitsientining qiymati nisbatan kattaligi chulg‘amni tayyorlash vaqtini uzaytiradi.
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Elektr mashinalarda isroflarni kamaytirish uchun yuqoridagi usullarga muqobil variantlardan biri —
qo‘shimcha materiallarni talab qilmasdan motorning energetik ko‘rsatgichlarini yaxshilaydigan
kombinatsiyalashgan chulg‘amlardan foydalanish hisoblanadi [2,3]. Bundan tashqari, yuqori garmonik
tashkil etuvchilarning kamayishi mashinaning qo‘shimcha isroflarining kamayishiga olib keladi.

2. Metodlar va materiallar (Methods and materials)

Kombinatsiyalashgan chulg‘amlarning strukturaviy tuzilishi odatdagi 6 zonali chulg‘amga
qaraganda ko‘proq faza zonalarga ega bo‘ladi (2-rasm, a,b). Bunda "uchburchak" ulangan faza zonalari
"yulduz" ning tegishli fazali zonalaridan 30 gradusga siljiydi va "uchburchak" faza zonadagi toklar ham
"yulduz"dagi toklarga qaraganda 30 gradusga siljiydi (3-rasm, a,b).

B

L,
E
2-rasm. Kombinatsiyalashgan chulg’amning bazaviy sxemasi:

a) Uchburchakdagi yulduz bazaviy sxemasi b) Qo’shimcha shahobchali uchburchak
bazaviy sxemasi

Fig.2. Basic scheme of combined winding:
a) Scheme of a star in a triangle b) Scheme of a triangle with additional
branches

Y
:
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3-rasm. Fazadagi tok va kuchlanish vektorlari:

2
<

A

a) fazadagi toklarning vektorlari b) fazadagi kuchlanish vektorlari
Fig.3. Current and voltage vectors in phase:
a) Current vectors b) Voltage vectors

Ko‘rinib turganidek, “uchburchak” gismdagi toklarning amplitudalari “yulduz” gqismdagi toklarga
nisbatan V3 marta kamayadi [3]. Bu holat olti fazali tizim aniq loyihalashtirilgan holdagina sodir
bo’ladi, yani yulduz va uchburchak gismlarda har bir paz uchun magnit oqim mutlaqo bir xil bo‘ladi.
Agar chulg‘am o‘ramlar soni irratsional son bo‘lgan va shuning uchun uni rostlash mumkin bo‘lmagan
3 nisbatga to‘liq mos keladigan bo‘lsa, bu tenglik o‘rinli bo‘ladi. Birog, o‘ramlar soni w > 10 ga teng
bo‘lganda, bu nisbat juda aniq rostlanishi mumkin. Bundan tashqari, olib borilgan tadqiqotlar shuni
ko‘rsatadiki, asosiy garmonika uchun chulg‘am koeffitsiyenti, hatto kichik sonli o‘ramlar soni bilan
ham, haqiqiy nisbatga bog‘liq emas, bu nisbat fagat yuqori garmonikalar uchun ta’sir giladi.

Yugqoridagi tahlillar kombinatsiyalashgan chulg‘amni olti fazali tizim deb nomlashga asos bo‘la
oladi.

Kombinatsiyalashgan chulg’amning garmonik tahlili. Bu usul uch fazali standart chulg‘amlarga
qaraganda sinusoidal shaklga yana ham yaqinroq bo‘lgan magnitlanish egri chizig‘ini qurishga imkon
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beradi. Bundagi farqni MYuK dagi yuqori garmonik tarkibni Furiye qatoriga yoyganda yaqqol ko’rish
mumkin (5-rasm). Buning uchun zaruriy shartlardan biri - har bir pazda deyarli bir xil tokni hosil qilish,
0’z navbatida “uchburchak” qismdagi chulg‘amning o‘ramlar sonini V3 marta oshirish orqali erishiladi.
Kichikroq tok va pazlarning cheklangan yuzasi tufayli chulg‘am simlarining ko‘ndalang kesimini mos
ravishda kamaytirish talab etiladi. Bundan tashqari, bu holatda chulg‘amda yuqori garmonik tarkib nis-
batan yaxshilanadi. Chulg’am elektromagnit xususiyatlarini baholovchi faktorlardan yana biri bu
Gyorges diagrammasidir. Gyorges diagrammasini qurish orqali elektr mashinalarining ko'p fazali
chulg'amlarining turli xususiyatlarini o'rganish mumkin (4-rasm).

Gyorges diagrammasi MYuK egri chizig'idagi yuqori garmonikalarning umumiy tarkibi darajasidan
kelib chiqib, ularning sifatini miqdoriy baholash imkonini beradi [4].

3. Natijalar va muhokama (Results and discussion)

4-rasm. Z = 36 va y = 9 bo‘lgan chulg‘am uchun Gyorges diagrammasi:

a) standart chulg‘am;  b) kombinatsiyalashgan chulg‘am
Fig.4. Gorges diagram for a winding with Z = 36 and y = 9:
a) standard winding b) combined winding

Bunday uch fazali chulg‘amlarning elektromagnit xususiyatlari olti fazali chulg‘amlarning
ko’rsatkichlariga ancha yaqin, ya’ni magnit yuritvchi kuch (MYuK) tagsimlanish egri chizig‘idagi
yugqori garmonikalarning umumiy garmonik tarkibga nisbatan ulushlari nisbatan kam (3-rasm).

10

8
R
LL‘ B standart
[/\]6 m kombi
N 4
-
o, I

5 7 11 13 17 19 23 25V

5-rasm. MYuK dagi yuqori garmonik tarkib
Fig.5. High harmonic content in MMF

Ma’lumki, yuqori garmonikalar motorning ishlashiga salbiy tasir ko‘rsatadi: shovqin va vibratsiyani
keltirib chiqaradi, qo‘shimcha (tormozlovchi) momentlarni, differentsial sochilishni va qo‘shimcha
isroflarni keltirib chiqaradi. Turli tadqiqotlarga ko‘ra, qo‘shimcha isroflar motor tomonidan iste’mol
gilinadigan quvvatning 0,4 dan 6% gacha qismini tashkil qilishi mumkin [5, 6, 7]. Shu sababli,
chulg‘amning MYuK tagsimalanish egri chizig‘idagi yuqori garmonikalar tarkibini kamaytirish
motorning energetik xossalarini yaxshilashga yordam beradi. Odatda, standart elektr motorlar 6 zonali
uch fazali chulg‘amga ega bo‘lib, bu birinchi navbatda 5-, 7-, 11-, 13-, 17- va 19-garmonikalarni hosil
qilishga olib keladi.

Ta’kidlash kerakki, 6 zonali sistemada garmonikalar v = 6n+1 formula bilan aniqlanadigan tartibga
ega, bu yerda n-butun musbat son. Agar 12 zonali elektr motorlar loyihalash zarur bo‘lsa, bunda 11-,
13-, 23-, 25-garmonikalar vujudga keladi va ular elektromexanik ta’sir jihatdan kamroq zararli hisobla-
nadi [8,9].

Ushbu afzalliklardan tashqari, bu turdagi chulg‘amlarda asosiy garmonika uchun chulg‘amning

138

Version 3 2025 PROBLEMS OF ENERGY AND SOURCES SAVING https://energy.tdtu.uz/index.php/journal



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

Version 3 2025 PROBLEMS OF ENERGY AND SOURCES SAVING

elektromagnit xususiyatlarini baholovchi asosiy faktorlardan chulg‘am koeffitsienti (3-rasm) sezilarli
darajada yaxshilanadi. Agar bitta qutb va fazaga mos keladigan pazlar soni {q} juft bo‘lsa, u holda
asosiy garmonika uchun chulg‘am koeffitsienti 3,5% ga oshadi (1).

. i s
fra _ sin (m) Gstan "SI (m) -
$stan Gya ° Sin (27111/:[—'%) sin (ﬁ)
(1)
- sin (15) Jotan o0 () = 1,035
qséan sin (stta:' q$tan) sin (%)

Agar bir qutbga va {q} fazaga to‘g‘ri keladigan pazlar soni toq bo‘lsa, u holda o‘sish 3,5% ga
nisbatan biroz kamayadi (6-rasm).

1,045

1,015
3 5 7 q

6-rasm. {q} ning toq qiymatlarida chulg‘am koeffitsiyentlari tahlili
Fig.6. Analysis of winding factors for odd values {q}

4. Xulosa (Conclusion)

Kombinatsiyalangan chulg‘amlar sxemalarining tahlili ularning standart chulg‘amlarga nisbatan
quyidagi afzalliklarini ko‘rsatadi: MYuK da yuqori garmonik tarkib va asosiy garmonika uchun
chulg‘am koeffitsientlari yaxshilanishi.

O‘tkazilgan tahlillar shuni ko‘rsatdiki, asinxron motorlarda kombinatsiyalangan chulg‘amlardan
foydalanish “parazit” garmonikalar amplitudalarini sezilarli darajada kamaytirish imkonini beradi (5, 7,
11, 13 tartib), bu esa isroflarni, tebranishlarni kamaytirishga va samaradorlikni oshirishga olib keladi.

Kombinatsiyalangan chulg‘amlar garmonik buzilishlarni kamaytirish uchun istigbolli yechim
hisoblanadi. Ushbu sohadagi keyingi tadqiqotlar barcha turdagi isroflar va elektromagnit xalaqitlarni
minimallashtirish nuqtai nazaridan motorlar samaradorligini oshirishga imkon yaratadi.
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