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Annotatsiya. Mazkur maqolada parallel plastinali kondensator maydonidagi nuqtaviy
zaryadning elektrostatik dinamikasi "oynaviy akslanish" usuli yordamida har tomonlama
tahlil etilgan. Tadqiqot davomida tizimning universal xususiyatlarini aniqlash uchun masofa,
massa va zaryadga asoslangan o‘lchamsiz birliklar tizimi, shuningdek, ta’sir effektlarining
nisbiy kuchini ifodalovchi o‘lchamsiz A parametri kiritildi. Eyler-Maskeroni doimiysi va
Zeta-funksiyalari yordamida potensial energiya uchun mukammal analitik ifodalar olinib,
markaziy sohadagi maydon xususiyatlari Teylor yoyilmasi orqali hisoblandi. Modellash
natijalari mikroelektronika va zaryadlangan zarralar fizikasi kabi amaliy sohalardagi
murakkab elektrodinamik masalalarni yechish uchun muhim nazariy komponent bo‘lib
xizmat qiladi.

Kalit so'zlar: parallel plastinali kondensator, nuqtaviy zaryad, elektrostatik dinamika,
oynaviy akslanish (image charges), o'lchamsiz parametrlar, potensial energiya, A parametri,
Zeta-funksiyasi, matematik modellashtirish.

Abstract. In this article, the electrostatic dynamics of a point charge in the field of a
parallel-plate capacitor is comprehensively analyzed using the "image charge" method.
During the study, a system of dimensionless units based on distance, mass, and charge was
introduced to determine the universal properties of the system, as well as the dimensionless
parameter A, which represents the relative strength of the interaction effects. Using the Euler-
Mascheroni constant and Zeta-functions, excellent analytical expressions for the potential
energy were obtained, and the field properties in the central field were calculated using the
Taylor expansion. The modeling results serve as an important theoretical component for
solving complex electrodynamic problems in such practical areas as microelectronics and
charged particle physics.
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AHHoOTauMsA. B maHHON cTaTbe C MOMOIIBIO METOJa «3apsiga-o0pa3a» BCECTOPOHHE
aHAJIM3UPYETCS IIEKTPOCTaTHYECKasl IMHAMHUKA TOYEYHOI'O 3apsja B IOJIE MapajlielabHO-
IJIACTMHYATOr0 KOHAEeHcaTopa. B xoae uccnenoBanus Obliia BBEIEHA ccTeMa 0e3pa3MepHBIX
€IUHULl, OCHOBAHHAs Ha PAaCCTOSHUU, MAacce W 3apsae, JUlsl ONpPEIesICHHs] YHUBEPCAIbHBIX
CBOMCTB CHCTEMBI, a TaKke Oe3pa3MepHOro mapameTpa A, MPEACTABIISIONIETO
OTHOCHUTEIIbHYI0 iy 3 (deKToB B3auMoaeiicTBus. C UCIOb30BaHUEM MTOCTOSIHHOM Diiiepa-
Mackeponu u a3eta-GyHKIUN ObUTH MONTYYEHBI OTIIMYHBIC aHATUTUYECKUE BBIPAXKEHUS IS
MOTEHIIMAIBLHON SHEPrUH, a CBOICTBA MOJs B LIEHTPAIbHON 00JaCTH OBUIM PACCUUTAHBI C
MOMOIIBbI  pa3nokeHus Teinopa. Pe3ynpTaTbl MOAENUPOBAHUA CIYXAaT BaXHBIM
TEOPETUYECKUM KOMIIOHEHTOM ISl PEIICHHS CJOKHBIX AJIEKTPOJIMHAMUYECKUX 3a/1ad B
TaKuX MPAKTUYECKUX 00JIACTAX, KAK MUKPOAIEKTPOHUKA U (PU3HKA 3apSXKEHHBIX YaCTHII.

KuroueBble cjioBa: napaUieIbHO-IUIACTUHYATBHIA KOHAEHCATOpP, TOYEYHBIM 3apsf,
JJIEKTPOCTAaTHYECKAass  JUHAMHKA,  3apsael-o0pa3bl,  Oe3pa3MepHbIE  MMapaMeTphl,
MOTEHIIMANIbHASL YHEPTHUS, TTapaMeTp A, 13eTa-PYHKIUS, MAaTeMaTUYECKOe MOJIeJTMPOBaHNE.

Bu bosqichda o‘lchamsiz o‘zgaruvchilarni kiritish magsadga muvofiqdir. Shuning
uchun biz masalaga yo‘naltirilgan birliklarga ega bo‘lgan quyidagi kattaliklarni ko‘rib

chigamiz:
Uzunlik Massa Zaryad Energiya Vaqt
d m >0 q>0 qU m

qu

Bu yerda m nuqtaviy zaryadning massasi, U > 0 esa kondensator plastinalari orasidagi
kuchlanishni bildiradi; bunda chap plastina musbat, o‘ng plastina esa manfiy zaryadlangan
deb faraz qilinadi. Chalkashlik xavfisiz, avvalgidek o‘lchamsiz o‘zgaruvchilarni belgilash
uchun xuddi shu harflardan foydalanamiz. Masofasi 2d bo‘lgan oynaviy zaryadlar juftining
potensial energiyasini energiya birligi qU ga bo‘lish orqali, ta’sir effektlarining nisbiy
kuchini tavsiflovchi o‘lchamsiz A parametr
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Oynaviy zaryadlarga mos keluvchi nuqgtaviy zaryadning potensial energiyasi uchun
quyidagini olamiz:

Vi = 2M@1 + @2)|e=,=M((1 —x) + P(x) + 2Y)

buyerday = 0.57721 ... Eyler—Maskeroni doimiysini bildiradi.

A
Vi = — 75 =~ () (x = D2+ 0((x = DY)

Faqat ikkilamchi oynaviy zaryadlar bilan bog‘liq bo‘lgan potensial energiya quyidagicha
aniqlanadi.

Va(x) = Vi(x) + AC + =)

U deyarli o‘zgarmasdir, quyidagi rasmga garang. \\‘ /
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Plastinalar orasidagi markaziy sohada potensial V1 ni Teylor yoyilmasi orqali yanada

yaxshiroq yaqinlashtirish mumkin.
Vi (x) =-21log(4) — 14A¢(3)(x — 1/2)? + 0((x —1/2)%)

-01F /

1-rasm: Cheksiz sondagi oynaviy zaryadlar
Oynaviy zaryadlar tufayli nuqtaviy zaryadning potensial energiyasi Vi(x) (uzuq chiziq)
va (39) ga muvofiq uch qismdan (yashil, qizil va havorang egri chiziqlar) tashkil topgan uning
analitik yaqinlashuvi V_app(x). Bundan tashqari, (37) ga muvofiq faqat ikkilamchi oynaviy
zaryadlar hisobiga yuzaga keladigan Va(x) potensial energiyasi ham ko‘rsatilgan, qora egri
chiziqqa qarang. A parametri A = 0.01 qilib tanlangan.

XULOSA
Mazkur tadqiqot doirasida parallel plastinali kondensator maydonidagi nuqtaviy

zaryadning elektrostatik dinamikasi o‘lchamsiz parametrlar va "oynaviy akslanish" usuli
yordamida har tomonlama tahlil etildi. Izlanishlar natijasida zaryadning harakat
tavsifnomalarini o‘lchamsiz ko‘rinishga keltirish orqali tizimning universal xususiyatlarini
aniqlashga erishildi. Xususan, ta’sir effektlarining nisbiy kuchini
ifodalovchi A parametrining kiritilishi hamda Eyler-Maskeroni doimiysi va Zeta-
funksiyalari ishtirokidagi potensial energiya ifodalarining olinishi masalaning matematik
jihatdan mukammal analitik yechimini ta’minladi. Teylor yoyilmasi orqali markaziy sohadagi
potensial maydonning yaqinlashuvchi qiymatlarini aniqlash, tizimdagi ikkilamchi oynaviy
zaryadlarning maydon manzarasini shakllantirishdagi rolini aniq ko‘rsatib berdi. Xulosa
o‘rnida ta’kidlash lozimki, taklif etilgan ushbu model nafaqat nuqtaviy zaryadning energetik
holatini tavsiflaydi, balki klassik elektrodinamik masalalarni murakkab chegara shartlari
asosida matematik modellashtirishning samarali mexanizmini ochib beradi. Bu esa oz
navbatida, mikroelektronika va zaryadlangan zarralar fizikasi kabi amaliy sohalardagi
hisoblashlar uchun muhim nazariy asos bo‘lib xizmat qiladi.
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