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Annotatsiya. Ushbu maqolada klassik elektrodinamikaning murakkab masalalaridan
biri — 1kki parallel o‘tkazuvchi plastinka orasida joylashgan nuqtaviy zaryadning
elektrostatik maydonini tavsiflashda fundamental "ko‘zguli zaryadlar usuli"ning qo‘llanilishi
tadqiq etiladi. Maqolada bitta plastinka uchun qo‘llaniladigan standart yondashuvdan farqli
o‘laroq, parallel tizimlarda chegara shartlarini to‘liq ganoatlantirish uchun "asosiy" va
"ikkilamchi" ko‘zguli zaryadlar zanjirini kiritish zarurati asoslab berilgan. Tadqiqot
davomida tizimning mukammal ekvipotensial holatiga faqatgina cheksiz diskret zaryadlar
qatori orqali erishish mumkinligi matematik tahlil qilingan. Mazkur yondashuv elektrostatik
maydon gometriyasini aniq hisoblash va murakkab chegara masalalarini soddalashtirilgan
ketma-ketliklar ko‘rinishida yechish imkonini beradi.

Kalit so’zlar: Elektrostatika, Ko‘zguli zaryad usuli, Nuqtaviy zaryad, Parallel plastikalar,
Ekvipotensial sirt, Superpozitsiya

AHHOTanuA. B naHHOU cTaTbe HMCClenyeTcs NpUMEeHeHHe (QyHIaMEHTabHOTO «METOo/a
3epKAJbHBIX 3apsiIoB» JUIsl OMHCAHWs OJHOW M3 CJIOXKHBIX 3a7ad KJIaCCHYECKOU
AIIEKTPOJUHAMHUKN — DJIEKTPOCTATUYECKOTO TOJII TOYEYHOTO 3apsijia, PacIoIOKEHHOTO
MEXIy IBYMs TMapajuIeIbHBIMU IMPOBOASIIMMH IIACTHHAMHU. B craThe 00OCHOBBIBaeTCS
HE0OXOIMMOCTh BBEJICHUS LIETIOUYKH «TIEPBUYHBIX» U «BTOPUUHBIX) 3€PKATBHBIX 3aPSI0B IS
MOJTHOTO yJTOBJIETBOPCHUSI TPAaHUYHBIX YCIOBHUN B MApaJUICIBHBIX CUCTEMAaX, B OTIUYHE OT
CTaHJAPTHOTO TOJX0/1a, UCIOIB3YEMOr0 JIUIsl OTHOM TIACTHHBI. B Xone nccnenoBanus ObUT
MPOBEJIEH MAaTeMaTUYeCKHWid aHalinu3 TOoro (akTa, YTO HACATBHOE SKBHUIOTEHIIMATHHOE
COCTOSIHHE CHCTEMBI MOXET OBITh JOCTHTHYTO TOJBKO IOCPEACTBOM OECKOHEYHOU
MOCTIEIOBATENIbHOCTU JTUCKPETHBIX 3apsAoB. Takol MOAXOJ MO3BOJISIET TOYHO PacCUUTATh
TEOMETPHUIO DJIEKTPOCTATHUYECKOTO TOJS M PENIMTh CIOKHBIE KpacBble 3a/ladd B BHJIC
YIPOIIEHHBIX MOCIE0BATEITHBHOCTEH.

KiroueBble cioBa: Dnekrpocratuka, Meroa 3epkanbHbIX 3apsaioB, TodeuHbI 3aps,
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Abstract. This article studies the application of the fundamental "mirror charge
method" to describe one of the complex problems of classical electrodynamics - the
electrostatic field of a point charge located between two parallel conducting plates. The article
justifies the need to introduce a chain of "primary" and "secondary" mirror charges to fully
satisfy the boundary conditions in parallel systems, in contrast to the standard approach used
for a single plate. During the study, a mathematical analysis was made of the fact that the
perfect equipotential state of the system can be achieved only through an infinite series of
discrete charges. This approach allows for the accurate calculation of the geometry of the
electrostatic field and the solution of complex boundary problems in the form of simplified
sequences.

Keywords: Electrostatics, Mirror charge method, Point charge, Parallel plates,
Equipotential surface, Superposition

Nugtaviy zaryad q ning cheksiz kengaytirilgan o‘tkazuvchi plastikadan x masofada
joylashgan potensiali fundamental ko‘zguli zaryad usuli yordamida hisoblanishi mumkin.
Usul mohiyati plastinka ortida x masofada qarama-qarshi ishorali —q zaryadli mavhum
zaryadni kiritib, maydonlar superpozitsiyasini hisoblashdan iborat (1-rasm). Bunda maydon
chiziqlari sirtga perpendikulyar yo‘nalib, ekvipotensial sirtni shakllantradi (2-rasm, chap
panel). Agar tizimga masofasi d bo‘lgan ikkinchi parallel plastinka qo‘shilsa, uning ortida
ham d — x masofada —q ko‘zguli zaryadi hosil bo‘ladi. Ushbu ikki zaryad “asosiy” ko‘zguli
zaryadlar hisoblanadi.

1-rasm: Ushbu maqolada ko‘rib chiqilgan masala sxemasi:

Biroq nuqtaviy zaryad va ikkita ko‘zguli zaryaddan iborat tizimning maydon chiziqlari
ikki plastika sirtiga aniq perpendikulyar emas, garang 2-rasm, o‘ng panel, chunki chap
ko‘zguli zaryad maydoni o‘ng plastika sirtiga perpendikulyar emas va aksincha, o‘ng ko‘zguli
zaryad maydoni chap plastika sirtiga perpendikulyar emas. Elektrostatik masalani yanada
yaqinlashtirish uchun asosiy ko‘zguli zaryadlarning qo‘shimcha “ikkilamchi” ko‘zguli
zaryadlari kiritilishi mumkin. Biroq shunda o‘xshash muammo yana paydo bo‘ladi, garchi
kamroq darajada bo‘lsa ham.

Biz d masofada joylashgan ikki kondensator plastikasini ko‘rsatamiz. Plastlkalar
orasida harakat qilayotgan q zaryadli zarracha chap plastika bilan x masofada v \\‘g /
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plastika bilan d — x masofada joylashgan. Biz chap plastika bilan x masofada joylashgan

“asosiy” chap ko‘zguli zaryad —q va o‘ng plastika bilan d — x masofada joylashgan “asosiy”
o‘ng ko‘zguli zaryad —q ni hisobga olamiz. Har ikkala asosiy ko‘zguli zaryad navbatma-

navbat ishorali qo‘shimcha “ikkilamchi” ko‘zguli zaryadlar qatorini hosil qiladi, ular

kondensator plastikalari o‘ngida yoki chapida markaziy chiziqda (qalin qora chiziq bilan

ko‘rsatilgan) joylashgan.

0.8

0.0 0.0

2-rasm:Chap panel: Nuqtaviy zaryad (magenta nuqta) va chap ko‘zguli zaryad
(magenta doira) tomonidan hosil gilingan maydon sxemasi.

Maydon chiziqglari chap plastika (ko‘k chiziq)ga perpendikulyar. O‘ng panel: Nuqtaviy
zaryad va ikkita “asosiy” ko‘zguli zaryad (magenta doiralar) tomonidan hosil qilingan
maydon sxemasi. Maydon chiziqlari fagat zaryadlarni bog‘lovchi markaziy chiziqqa yaqin
markaziy hududda plastikalarga (ko‘k va qizil chiziq) taxminan perpendikulyar.Shundan
keyin asosiy ko‘zguli zaryadlarning masofalari, ya’'ni n = 1 uchun, quyidagicha bo‘ladi:

RR(H)=x, Li(1) =x+4d, (1)

R,(1) = 2d — x, L,(1)=d — x, (2)

Ko‘zguli zaryadlar navbatma-navbat ishorali bo‘ladi ((—1)"q) har ikkala generatsiya
uchun, shunda, g > 0 deb faraz qilinsa, birinchi generatsiyadagi barcha manfiy zaryadlar
chap plastikaning chap tomonida, ikkinchi generatsiyadagi barcha manfiy zaryadlar o‘ng
plastikaning o‘ng tomonida joylashadi.

XULOSA

Xulosa o‘rnida ta’kidlash lozimki, parallel o‘tkazgich tizimlaridagi murakkab elektrostatik
maydonlarni tavsiflashda ko‘zguli zaryadlar usuli yuqori analitik aniqlikka ega fundamental
yondashuv hisoblanadi. Tadqiqot jarayonida shunchaki “asosiy” ko‘zguli zaryadlar chegara
shartlarini to‘liq qanoatlantira olmasligi, tizimning Mutlaq ekvipotensial holatiga esa
faqatgina cheksiz diskret zaryadlar qatori orqali erishish mumkinligi isbotlandi. Ushhu.
qonuniyat nuqtaviy zaryad va o‘tkazgich sirtlar orasidagi o‘zaro ta’sirning qu/ s *
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geometriyasini matematik ketma ketliklar yig‘indisiga keltirish imkonini berib, klassik
elektrodinamika masalalarini yechishning eng samarali va mantiqiy mexanizmini namoyon
etadi.
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