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Annotatsiya: Fizikadagi ko ‘plab go ‘yoki oddiy muammolar diggat bilan ko ‘rib
chigilganda unchalik ham oddiy emasligi ma’lum bo ‘ladi. Bunga misol sifatida plastinkali
kondensator maydonida nuqtaviy zaryadning harakatini ko ‘rib chigamiz. Bir gqarashda bu
maktabdagi fizika darslarida o ‘tiladigan doimiy kuch maydonidagi harakatga misol bo ‘lib
ko ‘rinadi. Birog bu soddalashtirilgan garashda maydon manbalari, ya’'ni kondensator
plastinkalaridagi sirt zaryadlari o ‘zgarmas deb faraz gilinadi. Aslida esa nugtaviy zaryad
manbalarga ham ta 'sir ko ‘rsatadi va har ikkala plastinkada nuqgtaviy zaryadga nisbatan
qgarama-qarshi ishorali “ta’sir zaryadlari”’ni hosil giladi. Bu ta’sir zaryadlari maydonni,
demak, nuqtaviy zaryadning tezlanishini ham o ‘zgartiradi va oz navbatida nuqgtaviy
zaryadning joylashuviga bog ‘liq bo ‘ladi. Umumiy natija shundan iboratki, nugtaviy zaryad
harakati bilan ta 'sir effektlari o ‘rtasida murakkab o zaro bog ‘liglik yuzaga keladi, bunda
sabab va natija o ‘rtasidagi farq noaniq bo ‘lib qoladi.

Bayon etilgan masalani nazariy jihatdan ko ‘rib chigishda oraliqg bosgich sifatida
plastinkali kondensator uchun (Dirixle) Grinning funksiyasi @(r,r_0) ni hisoblash xizmat
giladi. Bu aslida plastinkalar orasida r_0 holatida joylashgan nugtaviy zaryadning elektr
potensialidir, bunda Dirixle chegaraviy sharti shundan iboratki, agar r kondensator
plastinkalari sirtida yotsa, @(r,r_0) nolga teng bo‘ladi. Shundan kelib chiqgib, nugtaviy
zaryad harakati uchun potensial energiya ®@(r,r 0) dan uning Kulon potensialini ayirish, sof
kondensator potensialini go ‘shish va natijada r = r_0 deb olish orgali aniglanishi mumkin.
Albatta, biz ta’sirlangan sirt zaryadlari nugtaviy zaryad harakatiga hech qganday
kechikishsiz, ya'ni bir zumda javob beradi deb faraz gilamiz. Ikki parallel o ‘tkazuvchi
plastinka uchun Grinning funksiyasi ma’lum bo ‘lib, u adabiyotlarda Laplas operatorining
silindrik simmetriyaga ega xos funksiyalariga ko‘ra ikki martalik qator yoyilmasi
ko ‘rinishida keltirilgan. Biroq bu ikki martalik gator ko ‘rinishidagi ifoda bizning masalamiz
uchun kamroq mos keladi, shu sababli biz ®@(r,r _0) ni hisoblashning ko ‘zguli zaryadlar
g‘oyasiga asoslangan boshga usulini taklif gilamiz. Plastinkali kondensatorda nuqtaviy
zaryad potensialini cheksiz ko ‘p ko ‘zguli zaryadlar yordamida hisoblash yondashuvi ba zan
internetda va ma ‘ruza konspektlarida muhokama gilinadi, biroq bizning bilishimizcha, u hech
gachon aniq va to‘liq bajarilmagan. Istisno sifatida [3] manbani keltirish mumkin, unda
nuqtaviy zaryad plastinkalar orasining aynan o ‘rtasida joylashgan maxsus holat ko ‘rib
chigilgan. Ma’lumki, fagat bitta o ‘tkazuvchi plastinka mavjud bo ‘lganda, Grinning
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funksiyasini plastinkadan x masofada joylashgan q nugtaviy zaryadga go ‘shimcha ravishda,
plastinka ortida x masofada joylashgan soxta “ko zguli zaryad” -q ni faraz qilish va @(r,r _0)
ni har ikkala zaryad potensiallarining yig ‘indisi sifatida aniglash orgali qurish mumkin. Agar
ikkita plastinka mavjud bo ‘Isa, mos ravishda ikkita “asosiy” ko ‘zguli zaryad bilan ishlash
mumkin. Bu ko ‘zguli zaryadlarning har biri o ziga tegishli plastinkada doimiy potensialni
ta ‘minlaydi, birog boshqa plastinkadagi potensialni buzadi. Buni kompensatsiya gilish uchun
go ‘shimcha “ikkilamchi” ko ‘zguli zaryadlarni kiritish mumkin, ammo shunda o xshash
muammo yana paydo bo ‘ladi, garchi kamroq darajada bo ‘lsa ham. Umuman olganda,
Grinning funksiyasi hagigiy nugtaviy zaryadning Kulon potensialiga go ‘shimcha ravishda,
plastinkalardan tobora uzogroq masofalarda joylashgan cheksiz ko ‘p ko zguli zaryadlarning
Kulon potensiallaridan tashkil topgan (dastlab formal) gator sifatida natija beradi. Bu gator
ifodasining yaginlashuvi isbotlangan. Shunga o xshash, cheksiz ko ‘p ko zguli zaryadlarni
o ‘7 ichiga olgan yondashuvlar o ‘tkazuvchi silindr o‘gi ustida joylashgan nugtaviy zaryad
masalasiga yoki ikki shar uchun o z-o zidan va o ‘zaro sig ‘imlarni topishga go ‘llanilgan.

Kalit so‘zlar: zaryad, kondensator, plastinka, nugtaviy zaryan, elektrostatik maydon,
“asosiy” ko ‘zguli zaryadlar, “ikkilamchi” ko ‘zguli zaryad, koordinatalar, generatsiya,
simmetrik.

Abstract: Many seemingly simple physical problems turn out to be not so simple upon
closer inspection. As an example, we consider the motion of a point charge in the field of a
parallel-plate capacitor. At first sight, this seems like an example of motion in a constant
force field, as taught in high school physics lessons. However, this simplified view assumes
that the field sources, namely the surface charges on the capacitor plates, remain constant.
In reality, the point charge also affects the sources and creates “induced charges™ of opposite
sign relative to the point charge on both plates. These induced charges change the field, and
consequently, the acceleration of the point charge, which in turn depends on the position of
the point charge itself. The overall result is a complex interaction between the motion of the
point charge and the induction effects, where the distinction between cause and effect
becomes blurred.

In the theoretical consideration of the described problem, an intermediate step involves
calculating the Green's function (Dirichlet) Phi(r, rO) for a parallel-plate capacitor. This is
essentially the electric potential of a point charge located at position rO between the plates,
where the Dirichlet boundary condition is that if r lies on the surface of the capacitor plates,
Phi(r, r0) is zero. Based on this, the potential energy for the point charge motion can be
determined by subtracting its Coulomb potential from Phi(r, r0), adding the pure capacitor
potential, and finally setting r = r0. We assume, of course, that the induced surface charges
respond to the motion of the point charge instantaneously, i.e., without any delay. The Green's
function for two parallel conducting plates is known and is presented in the literature as a
double series expansion in terms of the eigenfunctions of the Laplace operator with
cylindrical symmetry. However, this double series expression is less suitable for our problem;
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therefore, we propose another method for calculating Phi(r, rO) based on the idea of image
charges. The approach of calculating the potential of a point charge in a parallel-plate
capacitor using an infinite number of image charges is sometimes discussed on the internet
and in lecture notes, but to our knowledge, it has never been performed accurately and
completely. As an exception, source [3] can be cited, in which a special case is considered
where the point charge is located exactly in the middle between the plates. It is known that
when only one conducting plate exists, the Green's function can be constructed by assuming,
in addition to a point charge q located at a distance x from the plate, a fictitious "mirror
charge" -g located at a distance x behind the plate, and defining Phi(r, r0) as the sum of the
potentials of both charges. If two plates are present, two “primary" image charges can be
used accordingly. Each of these image charges ensures a constant potential on its respective
plate but disturbs the potential on the other plate. To compensate for this, additional
"secondary" image charges can be introduced, but then a similar problem arises again, albeit
to a lesser extent. In general, the Green's function, in addition to the Coulomb potential of the
real point charge, yields a (initially formal) series consisting of the Coulomb potentials of an
infinite number of image charges located at increasingly greater distances from the plates.
The convergence of this series expression has been proven. Similar approaches involving an
infinite number of image charges have been applied to the problem of a point charge located
on the axis of a conducting cylinder or to finding self and mutual capacitances for two
spheres.

Keywords: charge, capacitor, plate, point charge, electrostatic field, "primary" image
charges, "secondary" image charge, coordinates, generation, symmetric.

AHHOTANUA. MHuocue Kadxcywuecsi npocmuviMu @uaudeckue npoodiemvl npu
GHUMAMENbHOM pPACCMOMPERUU OKA3bl8AIONICA oanexko He mpusudlbHbIMU. B xauecmee
npumepa paccmompum osudCete mo4yeyHo2o 3apﬂ0a 6 noJjie niocKozco KOHaeHCCImOpa. Ha
nepebn? 632]1}20, Mo Kascemcs npumepom 0BUMCEHUSL 8 NOCMOSIHHOM CUOBOM nouJe,
U3yuaemMviM Ha WKOIbHBIX YpoKkax gusuxu. OOHAKo 6 maKkom YNpouweHHOM NpedCcmagieHun
npednozzazaemc;z, umo UCmoOYHUKU NOJIAl, MO eCnib NOBEPXHOCIHbLE 3Clp}10bl HAa niacmuHax
KoHOeHcamopa, HeusmeHHwl. Ha camom dice denle moueunwlil 3aps0 maxaice 86030euUcmayem Ha
UCMOYHUKU u cozoaem HA obeux niacmuHax «undyuupoeaﬂnbze 3apﬂ0bz»
NPOMUBONONONCHO20 3HAKA NO OMHOWEHUIO K MOYEYHOMY 3apsaody. dmu UHOYYUPOBAHHbIE
S’Clp}labl UsMeHAwm noje, a s3Havum, U yCKopeHue moi1e4Hozco 3ap}z()a, ymo, 6 c60r oqepeab,
3aeucum om NOJIOMHCEHUA caMOoco mo4YedHo20 3apﬂ0a. 051/141/11/7 pes3yibmam 3aKindaemcs 6
BO3HUKHOBCHUU CIIOJNCHOU  63AUMOCBAZU Meofcdy osudICetuemM mo4eyHo2o 3ap}10a u
sppexmamu  rusAHUA, 20e paziudue Mexncoy HPUYUHOU U CLeOCmeuemM CMmAaHOBUMCs
HeoueBUOHBIM.

TeopemuquKoe paccmompeHue U3JIOJCEHHOU 3a0a4U 8 Kayecmee npomedsNCymo4Ho20
amana npeononazaem eviuucienue @yuxyuu Ipuna (Jupuxne) Phi(r, r0) ona niockoeco
KOHaeHCCln’ZOpa. Ilo cymu,  omo aﬂeKmpuquKuL? nomeryuail no4YevyHoco 3apﬂda,

87



“Science and Innovative Education: Global Development Strategies”
International Scientific and Practical Conference in Germany

PACRONOACEHHO20 8 nonodceHuu 10 mexncoy niacmuHamu, 20e spanudnoe yciogue J{upuxie
3aKn0UaAemcs 8 Mom, YMo eciu ¥ JedCUum Ha NOBEePXHOCMU NAACMUH KOHOeHCcamopd, mo
Phi(r, r0) pasno muynro. HMcxoos uz smoco, nomeHyuanivHas >sHepeus OJisl OBUNCEHUS.
MmoyeuHo2o 3apsoa moxcem Oblmb onpedeieHa Nymem GblYUMAHUsi €20 KYJIOHOB8CKO20
nomenyuana uz Phi(r, r0), 0obasienus nomenyuaia yucmozo KOHOEeHCamopa u, 8 umoee,
npunamus v = r0. Pazymeemcs, mvi npeononazaem, 4mo uHOYYUpOBAHHbIE NOBEPXHOCHHbIE
3aps0vl pea2upyrom Ha 08UNCEHUEe MOUEYHO20 3apsA0a MCHOBEHHO, MO eCmb 0e3 3a0epPIHCKU.
Qyukyus [ puna 0na 08yx napailesibHblX NPOBOOAWUX NIACUH UBECMHA U NPUBOOUMCSL 8
qumepamype 8 eude 080UHO020 PsOad PA3l0AHCEeHUsI NO COOCMBEHHLIM YHKYUAM Onepamopa
Jlannaca, obaadarowum yununopuueckou cummempueti. QOHAKO 2mo 8vblpadxjceHue 8 guoe
0801UIHO20 ps0a MeHee YOOOHO 05l Haulell 3a0aqu, No3Momy Mvl npediazaem Opy2oi Memoo
pacuema Phi(r, r0), ocrhosanHvlli Ha udee 3epkanbhblX 3apsa0os. llo0xo0 k pacuemy
NOMEHYUAIa moyeyHo2o 3apso0a 8 NI0CKOM KOHOEHCamope ¢ NOMOWbI0 OeCKOHEYH020 YUca
3EPKANbHBIX 3aPs008 UHO20A 00CYHCOaemcs 8 UHmepHeme U J1eKYUOHHbIX KOHCHEeKmax, Ho,
HACKOIbKO HAM U38€CMHO, OH HUKO20a He Obll GblNOJHEH MOYHO U NOAHO. B kauecmee
UCKTIOUEeHUS. MOJNCHO Npusecmu UCmMoyHux [3], e0e paccmompen 4acmmubuiil Cay4ai, Ko2od
MOYeuHblll 3aps0 PACNOLONCEH MOYHO Nocepeoune Mexcoy niacmunamu. HMzeecmuo, umo
npU HATUYUU MONLKO 0OHOU NPOOOAUel NIAcCmuHnbl Qyukyuio I puna mMoxicHo nocmpoums,
npeononoIHcU8 8 OONOIHEHUE K MOYEUHOMY 3aps0Y ¢, PACNOLONCEHHOMY HA PACCMOSHUU X OM
NIACMUHbL, (QUKMUBHDILL «3EPKATIbHLIL 3Aps0» -(, PACNONONCEHHbIL 34 NIACMUHOU HA
paccmosinuu X, u onpeoenus Phi(r, r0) kax cymmy nomenyuanos oboux 3apsaoos. Eciu
umeromcs. 08e NIACMUHbBL, MOJCHO pabomams COOMBEMCMBEHHO C 08YMS «OCHOGHBIMULY
3epkanohbiMu  3apadamu. Kaowcowiti uz omux 3epranvHeix 3apsaoos obecneuusaem
NOCMOSIHHbIL NOMEHYUAN HA C8oell NIacmuHe, HO Hapyuiaem NOMeHYual Ha Opyeou
nracmute. s KOMHEHCAYUU DMO020 MOICHO 68ecmiu OONOJHUMENbHbIE «BMOPUYHbBIEY
3epKanvhbvle 3apsobl, HO M020a AHAI02UYHASL NPOOIeMa 603HUKHEM CHO8A, XOM S U 8 MeHbulel
cmenenu. B yenom, ¢pyukyus I'puna 6 dononnenue Kk KyI10HOBCKOMY NHOMEHYUATY PealbHO20
MmoueyHo2o 3apsaoa oaem pe3yibmam 8 e6uode (NepeoHavarvHo GopmaivHo2o) paoa,
cocmoawe20 U3 KYJIOHOBCKUX NOMEHYUAN08 OeCKOHEYHO20 YUCIA 3epKANbHbIX 3aps0o08,
PACRONIONHCEHHBIX HA 6ce Doee OANbHUX PACCMOAHUAX Om nAAcmuH. J{oKasana cxooumocmas
gvipaxcenuss 5moeo psada. Iloooduvle noOx00wl, 6xkMOYaOUWUe OECKOHEUHOe YUCLO
3ePKANbHbIX 3apa008, NPUMEHSIUCH K 3a0ade 0 MOYeYHOM 3apsoe, paACNOI0NCEHHOM HA OCU
npoeoosiuec0 YUIUHoOpa, Ul O HAXOHCOEHUS COOCMEEHHBIX U 63AUMHBIX eMKocmel O
08YX WUApO8.

KiroueBble ciioBa: 3apsa0, KowOeHcamop, NIACMUHA,  MOYEUHbll  3apso,
NEKMPOCMAmMuUYecKoe noje, «OCHOGHbIEe» 3ePKAbHble 3apsobl, «GMOPUYHBIILY 3EPKATbHbLLL
3aps0, KOOpOUHAmMbl, 2eHepayusl, CUMMEMPULHbLLL
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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 garama-garshi ishorali -q zaryadli mavhum
zaryadni kiritib, maydonlar superpozitsiyasini hisoblashdan iborat (1-rasm). Bunda maydon
chiziglari sirtga perpendikulyar yo‘nalib, ekvipotensial sirtni shakllantradi (2-rasm, chap
panel). Agar tizimga masofasi d bo‘lgan ikkinchi parallel plastinka go‘shilsa, uning ortida
ham d-x masofada -q ko‘zguli zaryadi hosil bo‘ladi. Ushbu ikki zaryad “asosiy” ko‘zguli
zaryadlar hisoblanadi.

d
<XidX, o d-x d-x
Rt R L e R R LT LR S
-9 q -q

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

Biroq nuqgtaviy zaryad va ikkita ko‘zguli zaryaddan iborat tizimning maydon chiziglari
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
yaqginlashtirish uchun asosiy ko‘zguli zaryadlarning go‘shimcha “ikkilamchi” ko‘zguli
zaryadlari kiritilishi mumkin. Birog shunda o‘xshash muammo yana paydo bo‘ladi, garchi
kamroq darajada bo‘lsa ham.
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2-rasm: Chap panel: Nugtaviy zaryad (magenta nuqgta) va chap ko‘zguli zaryad
(magenta doira) tomonidan hosil gilingan maydon sxemasi.

Biz d masofada joylashgan ikki kondensator plastikasini ko‘rsatamiz. Plastikalar
orasida harakat gilayotgan g zaryadli zarracha chap plastika bilan x masofada va o‘ng 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 gatorini hosil giladi, ular kondensator
plastikalari o‘ngida yoki chapida markaziy chizigda (qgalin qora chizig bilan ko‘rsatilgan)
joylashgan.

Maydon chiziglari chap plastika (ko‘k chizig)ga perpendikulyar. O‘ng panel: Nuqgtaviy
zaryad va ikkita “asosiy” ko‘zguli zaryad (magenta doiralar) tomonidan hosil gilingan
maydon sxemasi. Maydon chiziglari fagat zaryadlarni bog‘lovchi markaziy chizigga 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(DH=x, L) =x+d, 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 > 0deb faraz qilinsa, birinchi generatsiyadagi barcha manfiy zaryadlar
chap plastikaning chap tomonida, ikkinchi generatsiyadagi barcha manfiy zaryadlar o‘ng
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plastikaning

o‘ng

tomonida

L_i(n),R_i(n),i = 1,2.

057

00+

05!

=10+

joylashadi.Shuningdek,

to‘rtta  qator

mavjud:

NAARA
AN

3-rasm: Nugqtaviy zaryad, ikkita “asosiy” ko‘zguli zaryad va navbatma-navbat ishorali
8 ta qo‘shimcha “ikkilamchi” ko‘zguli zaryad tomonidan hosil gilingan maydon sxemasi.

4

n

%

Bizga shu 8 tadan fagat 4 tasi ko‘rinadi. Umumiy maydon har ikkala plastinka ustida
vertikal bo‘lib, juda yaxshi taxminni beradi. Nugtaviy zaryadning haqigiy maydoni fagat
plastikalar orasidagi maydonda cheklangan cheksiz ko‘p ko‘zguli zaryadlar chegarasi orgali
olinadi. Bu maydondan tashgaridagi mavhum maydon fagat tushuntirish magsadida

ko‘rsatilgan.

A

A

Ry {4}

L4 {5}

Li(4)

Y

R4(9)

A

4-rasm: Birinchi generatsiyaning birinchi beshta ko‘zguli zaryadi sxemasi

R1(7’L—|— 1) =

Lg(n + 1)

Li(n)
ﬁfv(ﬁ)ﬁdd : :
Ro (54

LQ (n)

n
m

S 33 3

3)
(4)
()
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_ Ra(n) : n
Ra(n+1) = {LQ(an o (6)
4 2 1 3 o)
® ® ® ‘ O O O
Lo(4) L2(3)
- Pt -
R,(4) Ra(9)
- - -
L2(9)
- -

5-rasm: Ikkinchi generatsiyaning birinchi beshta ko‘zguli zaryadi sxemasi.

Birinchi gator ularning ragamlarini o°z ichiga oladi. Toq zaryadlar kondensatorning
chap plastikasida aks ettiriladi, bu esa juft zaryadlar hosil giladi. Shu sababli, chap plastikaga
bo‘lgan mos masofalar bir xil bo‘ladi. Juft zaryadlarning o‘ng plastika bilan masofasi
oshiriladi. Juft zaryadlar o‘ng plastika bilan aks ettiriladi, natijada toq zaryadlar hosil bo‘ladi.
Shu sababli, o‘ng plastikaga bo‘lgan mos masofalar teng bo‘ladi. Bundan tashqari, toq
zaryadlarning chap plastikaga bo‘lgan masofasi oshiriladi. Bu ikkinchi generatsiyaning
ko‘zguli zaryadlari uchun (5) va (6) takrorlanish bog‘lanmalarini tushuntiradi.

(1), (2) va (3)—(6) takrorlanish bog‘lanmalari quyidagi gatorlarni, odatiy juftlik bo‘yicha
doimiy qator elementlari bilan, hosil giladi:

Ularning aniq ifodasi quyidagi shaklda berilishi mumkin:

Li=(x2d+x2d+x4d +x4d + x..), (7)
Ri=(d+xd+x3d+x3d+x5d+x5d+x..), (8)
Ly = (d—2,d—2,3d—2,3d —2,5d —2,5d —z,...) (9)
R, (d—2,3d —2,3d —x,5d — x,5d —x,...). , (10)
. n
(11) Li(n) = E\\;J d+xr,
(12) Lo(n) = 2 " T : d—=x
(13) Ri(n) = (2 \fr l) IJ —I)rf+.}'
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(14) .
n = 12,.. uchun. M f2(n) = (2 bJ ' l)”’ T 4ing (11) va (12) orgali
bajarilishini isbotlaymiz: Avvalo, n jutt bo*Isin.
Li(n+1) = 2[”—”]01 +x = 2[d + x = Ly(n) (15)
Keyin, n toq bo‘lsin,
Li(n+1) = 2[*"]d + x 2["—+1 —1d+x+d=R(Mmn) +d (16)

shu bilan (3) ning isboti yakunlanadi.

Ko‘zguli zaryadlarning koordinatalarini aniglash uchun ko‘zguli zaryadlarni bog‘lovchi
markaziy chizig‘ni &-o°qi sifatida belgilaymiz, uning boshlang‘ich nuqtasi ikki plastika
orasidagi markazga to‘g‘ri keladi, shunda asl nuqgtaviy zaryad koordinataga ega bo‘ladi

fo=x—13 (17)

Shundan so‘ng, qisga hisob-kitob ikki generatsiyadagi ko‘zguli zaryadlarning &-

koordinatalarini quyidagi shaklda beradi:

1
Xi(n) = (=D"((n—2)d + x)

1
X2(n) = D(=(n+)d + x)

= 1,2,...uchun
Biz £ —o‘qini 3-o‘lchovli Dekart koordinata sistemasiga kengaytiramiz, koordinatalar
bo‘ladi, shunda ko‘zguli zaryadlar koordinatalari:
R1(n) = (X,(n),0,0)
R2(n) = (X;(n),0,0)
n = 1,2,... uchun va nuqtaviy zaryad quyidagi koordinatalarga ega
bo‘ladi
ro = ($0,00).
Plastikali kondensatordagi nugtaviy zaryadning elektr potensiali quyidagi cheksiz
potensiallar yig‘indisi orgali ifodalanadi

1" 1
brr) = 450(22|r—R(n)| Py

Ikkinchi generatsiya uchun, ko‘rish mumkinki, ko‘zguli zaryadlar juftlari (1,2), (3,4), ...
chap plastika nisbatan simmetrik, va ular qarama-qarshi zaryadlarga ega bo‘lganligi sababli,
har bir juftlikning potensial yig‘indisi chap plastikada nolga teng bo‘ladi (5-rasmga
garang).Birinchi generatsiya uchun vaziyat analogik bo‘lib, juftlar (2,3), (4,5), ... uchun ham
shunday, shunday qilib bu juftlarning hissasi ham chap plastikada nolga teng bo‘ladi (4-
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rasmga garang).Qolgan elementlar n = 1 ragamli birlamchi ko‘zguli zaryad va nugtaviy
zaryadga to‘g‘ri keladi. Ammo ularning potensiallari ham chap plastikada nolga go‘shiladi.
O°ng plastika uchun @(r,r,)ning nolga tenglashishi bo‘yicha argumentatsiya butunlay
analogik.

Xulosa

Ushbu maqolada parallel o‘tkazgich plastinalar orasidagi elektrostatik maydonni tahlil
gilishda ko‘zguli zaryadlar usulining go‘llanilishi va uning nazariy asoslari atroflicha yoritib
berilgan. Tadgigotning asosiy maqgsadi maktab fizika kursida soddalashtirilgan holda
o‘tiladigan doimiy kuch maydonidagi harakat tushunchasini yanada chuqurlashtirishdan
iboratdir. Muallif nugtaviy zaryadning kondensator plastinkalaridagi sirt zaryadlari
tagsimotiga ko‘rsatadigan ta’sirini, ya’ni "ta’sir zaryadlari" hosil bo‘lishini va bu jarayonning
zaryad tezlanishiga gayta ta’sirini matematik model yordamida isbotlab bergan. Masalani
yechishda murakkab ikki martalik gator yoyilmalaridan voz kechilib, ko‘zguli zaryadlar
g‘oyasiga asoslangan samarali usul taklif etilgan. Ikkita parallel plastinka mavjudligi sababli,
chegaraviy shartlarni to‘liq ganoatlantirish uchun cheksiz ko‘p ko‘zguli zaryadlar gatoridan
foydalanilgan hamda Dirixle Grin funksiyasi uchun aniq matematik ifodalar qurilgan.
Magolada zaryadlarning koordinatalarini aniglash uchun rekurrent bog*‘lanishlar va ularning
cheksiz gator ko‘rinishidagi yig‘indisi keltirilgan bo‘lib, ushbu gatorning yaginlashishi va
plastikalar sirtida potensialning nolga teng bo‘lishi isbotlangan. Yakuniy natijalar shuni
ko‘rsatadiki, taklif etilgan usul elektrostatik maydonning murakkab dinamikasini o‘rganishda
va nuqgtaviy zaryad harakati uchun potensial energiyani aniq hisoblashda yugori ilmiy
ahamiyatga ega.
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