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Pe3ynbrat npoueaypbl OBanbaa

3. Die Berechnung optischer und elektrostatischer
Gitterpotentiale;

von P. P. Ewald, (1921)
https //doi.org/10.1002/andp.19213690304
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t dopcuposaHue abconrotTHou cxogumoctu (1D)
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Anroputm:

1. YcTaHOBWUTb HEKOMOP®bIU NOPALOK CYMMMPOBAHUA

2. ®opcupoBaTb abBCONOTHYIO U PaBHOMEPHYIO CXOAMMOCTb (411 BCEX S)
3. [pousBect cymMUpoBaHue

4. Hautmnpegen s = 0 (Hy*KHa paBHOMepPHas CXOANUMOCTb)



t dopcuposaHue abconrotTHou cxogumoctu (1D)

2. CONVERGENCE FACTORS AND CONDITIONALLY
CONVERGENT SERIES

We consider the conditionally convergent series
S, =1 (2.1)
n=1

We take a sequence of functions f(», s) with the properties
(1) f(n,s) continuouson s = 0;
(ii) f(n,0) =1 forall n;

2.2
(iii) f(rn+1,8) < f(n,s) forall s>0 andforall n; (2.2)
(iv) 0 < f(n,8) <1 forall » andforall s> 0.
o]
% Cu f(n,s) (2.3)
n=

and so the series (2.3) is a uniformly convergent series of continuous functions on
s = 0. Hence the function

L(s) = gl ¢, f(m,s)

exists, and is continuous on s > 0, and L(d) = lim L(s) = I.
8§—>0

[de Leeuw S. W., Perram J. W. and Smith E. R. 1980 Proc. R. Soc. Lond. A 373 27-56]
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CymmupoBaHue «no chpepam»

«MOCKONbKY Mbl M3y4aem 31eKTPOCTaTUYEeCKUE 334341, a SNEeKTPOCTATUKY ANS

chepunyeckux obpasLoB paccymTaTb ropasao npotle, yem ana obpasuos ntobon gpyromn

bOpPMbI, Mbl PacCYMTbIBAaEM PELLIETOYHYIO CYMMY NO cheprnyeckmm o0bon04YKam. »
[de Leeuw S. W., Perram J. W. and Smith E. R. 1980 Proc. R. Soc. Lond. A 373 27-56]

Hac nHTepecyet pe3ynbtat CyMMbl:

D tan =1, (1)

n
BBeaem nopsigoKk CYMMUPOBAHMA No chepam:

>, ( > an) = Luphere 2)
nin[=Dx
Dy=0 (cell n=(0,0,0));
D, =1 (cells n=(+1,0,0),(0, +1,0),(0,0, +1));
D, =2t (cells n=(+1, +1,0)ete.);

D=3t (cells n=(+1, +1, +1));
dopcmpyem cxogmmocTb ¢ nomoubto daktopa f (N, s) —3aBUCKT OT HOMmepa cdepbl:

lim Z @nf(N(n); 5) = ZSphere: (3)

1

Npumepsl F(N(|n]),s) : e~ |n|=S



L11]

CymmupoBaHue «no chpepam»

NnntocTpayms 4aCTUYHbIX CYMM BbIYMCAAEMOTO PAAa
[M. P. Allen and D. J. Tildesley, Computer simulation of liquids
(Oxford university press, 1987)]
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MepecTaBnsem CYyMMUPOBAHMUE U UHTEFPUPOBaHME:
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roughly spherical layers (see Fig. 5.7). When we adopt this approach, we
6. SUMMARY OF EFFECTIVE INTERPARTICLE POTENTIALS must specify the nature of the medium surrounding the sphere, in particular its
UNDER P.B.C. relative permittivity (dielectric constant) ¢,. The results for a sphere sur-

We may now consider particles with any type of multipole moments under p.b.c. | rounded by a good conductor such as a metal (¢, = o) and for a sphere

and with cell-side length equal to L, and write down effective pair potentials that | surrounded by vacuum (g, = 1) are different [de Leeuw, Perram, and Smith
will allow a p.b.c. simulation to proceed, in the normal m.i. convention, with an 1980].

effective interaction. We start with charge-charge interactions. We add
2

zz " Z2 2“
_%nii jg]lqig'j([r@-]2+|r,|2) =0 V¥ (eg= 0) = ¥ (g, =1)— 33 ; ZiK;| . (5.18)
to the right side of (3.24) and then identify separate pairwise interactions by th .
different r,;. We obtain v [M. P. Allen and D. J. Tildesley,
80 1 o 1) = L7 0 [V (730 L) = §m(r/ L)) Computer simulation of liquids (Oxford

= ;0¥ pp.c.(Ti/L); (6.1)

university press, 1987)]
[de Leeuw S. W., Perram J. W. and Smith E. R. 1980

Proc. R. Soc. Lond. A 373 27-56] ] / e
] ]

CymMma KBaApaToB AUMObHbIX MOMEHTOB bbina

*)
NCK/IFOMEHa N3 pe3ynbtaTta; PU3NYeCcKnin CMbIC/1 3TOTO
3aKN04YaeTcs B TOM, YTO camasi BHelWHAs 060/104Ka

()

n3 A4yeeKk apPeKTMBHO OKPYHKEHA NPOBOAALLEN
Cpenow, Toraa Kak BKAKOYEHME 3TOrO C1araemoro
PAaBHOCMIbHO NOMELLEHMIO CUCTEMbI B BaKYYM.
Rapaport 2004




- CymmuposaHue «no chpepam»

NnntocTpaumna cymmmnpoBaHma no cpepam (4actnuHbix cymm). Cepasa obnactb
NMeeT AMUINEKTPUYECKYIO MPOHMNLAEMOCTD.

[M. P. Allen and D. J. Tildesley, Computer simulation of liquids (Oxford university
press, 1987)]



L= ﬂ,unonbl-loe charaemoe?

Pe3ynbTaT CYyMMMUPOBAHUSA paaa — Npeaen YacTUYHbIX CyMM

*  Pas3/inyHbIN NOPSAA0K CYMMUPOBAHMA MOPOXKAAET PAa3/IMYHbIE YaCTUYHbIE CYMMbl — 3TO UFPAET POJb U3-33
YCNOBHOM CXOAMMOCTM

*  Pa3/inyHbIN NOPSA0K CYMMUPOBAHMA 3aaaeT GOpMy «KaacTepa» U3 Habopa MAEHTUYHbIX AYeeK

i —¢(§4

r+A r+A

t
aom
| KN RN

FIG. 6. The contributions to the difference in potential between
points r and r+ A when cluster boundary conditions are imposed on
Poisson’s equation. A 1s a simulation cell lattice vector and r is an

arbitrary point near the center of the cluster. HaCTUHHBIX Cymm
47p-A Hapywatorca MNry

d(r+A)=e¢(r)+ By (54)

NMoTeHuMan gnAa KOHEYHOro Knactepa He ABaAaeTcAa ﬂepMO,qM‘-IHbIM!

B npeaene 6€CKOHEYHOrO YMCNa CNaraemblx NOy4aem NEPUOANYHbIM NOTeHUMAN + apTedaKT
KOHEeYHOopa3sMepHbIX cuctem (apmegakm ghopcuposaHusa abcontomHoli cxodumocmu)

Vacuum Perfect Metal

Mpu BbluMCNEHUMN

®un3myeckana nHTepnpeTayma
/ BO3HWKHOBEHWSA ANMNOJBHOIO

Polarization Screening Charaemoro
Charges Charges
BesepgeHue cpeabl BOKpYr
Knactepa —
i . «3aTblYKa» UNUN KKOCTbINb»
Cluster Potential Ewald Potential

[Fraser L. M. et al. Physical Review B. —1996.—T. 53. — No. 4. — C. 1814. Sec IV]



€ AnbtepHaTuBHbBIN cnocob cymmuposaHumA
dakrop elms
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€ AnbrepHaTuBHbBIN cnocob cymmuposaHus
dakrop elms

Bknag n # 0 He coaepXuT cuHrynapHoctv npu & = 0 (cHoBa meHAeM NOPALOK):
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€ AnbrepHaTMBHBII cNOCO6 cymmupoBaHus
MHoXecTBeHHOCTb npegena & — 0

Bblpa3um gMNobHOE CAaraemoe Yepes KOCUHYC yra mexay § U r;:

N 2
Z q:§

|£|TL3 - '|I‘i|COS(I'@',£)
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B Takom cnyyae roBopAT, 4YTO npegen:

& [EPLe |£|2L3

Z g€ v (5)

He cyllecTByerT.

UTak, B moaennpoBaHMnN Kyn10HOBCKUX CUCTEM AUNMONAbHOE CNharaemoe
paccMaTpmBaTb HE HYXKHO



€ NoreHuman 3sanbaa ana OKN u AKN

Hanee 6yp,eM paccMmaTpumBaTb caegyroulee BbiparkKeHne anAa sHeEPrmn KY10HOBCKUX CUCTEM!
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Yactb 2. Pacuer pasneHusa
KYJ1IOHOBCKUX CUCTEM.




- TepmoguHamunyeckoe gaBieHue

Onpeaenum aasnenune Pr Yyepes nponsBoaHY0 cBO6OAHOM 3HEPrUN:
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1)

Teopema BMpuana, BupuanbHoe gaBaeHue

Teopema BMpMana CBA3bIBAET CPEAHION NO BPEMEHN KMHETUUYECKYHO SHEPTUIO U CUAbI, AENCTBYIOLLME Ha YacTULbI:

N
2(T)r + Z(pz 'Ti)r =0 (1)
=1 \
Bce cunbl, AEMCTBYIOLLYIO Ha i-10 YacTuLy

Monb3yemcs Teopemolt 0 paBHopacnpeaeeHnn 3HepPrumn No cTeneHsam csoboapi:
2T), = 3NkgT (2)

Mpu BbluncneHnn cun B (1) HYXKHO y4ecTb BCe CU/bl, HANPUMEP, CO CTOPOHbI CTEHOK (AaBneHue):

N N
3NkpT + ) (P Ti)r = 3NkpT + Y (£ 1), — PW/r ds=0 (3)
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Toraa BbipaskeHue (1) NPUHUMAET NPUBbLIYHBIN BUA:
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1)

BupunanbHoe gasneHue
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Lo MonpaBKa K MeX4aCTUYHOMY BUpUaNy

PaCCMOTpMM eule pa3 BblpaxkKeHne anAa 0aBaeHunA PF yepes nponssoaHyo I'IOTGHLI,MEU]bHOVI HEpPrnn:

=i (32), = (%50),) = (),

3anuiuem NPomn3BOAHYHO KaK GYHKLUMIO MHOTUX nepemeHHbiX U(ry, ..., T'y; L):
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(5, 1=G0), e (), | F w5, ®
= ,

BoiparkeHne ana gasneHns Pr yepes mexX4yacTUYHbIA BUPUAI NPUHUMAET BUA,: Cuna?
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[Louwerse, M. J., & Baerends, E. J. (2006). Chemical physics letters, 421(1-3), 138-141, DOI: 10.1016/j.cplett.2006.01.087]
[Onegin A. S., Demyanov G. S., Levashov P. R. arXiv preprint arXiv:2309.05427. — 2023, DOI: 10.48550/arXiv.2309.05427]



t 3auem 3TO BCe HYXXHO, Korga ectb KynoH?

dHeprus OKI1, paccynTaHHasA c NOMOLLbIO NOTeHLUMana IBasibaa
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3aBUCMMOCTM OT Ymcna yYactmu, N
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3auem 3TO BCe HYXHO, Koraa ectb KynoH?

JHeprua OAHOKOMI’IOHEHTHOI‘;I naa3mMbl CBA3aHA C NOTEHLUMNA/TOM:
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t 3auem 3TO BCe HY}KHO, Koraa ectb KynoH?
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€ sk AoKnapay Jlesawosa [1.P. 12.06.2023

3asucmumoctb ot N gna e-p naasmol npu = 0.01: Touku Kelbg cKOPPEKTUPOBaHbI:
(Ha cemmnHape 12.06.2023)
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0

3aKka4yeHue

[na HaxoXKAEeHMS YCNOBHO CXOAALWENCA CYMMbl MOTEHLUMANbHOWN SHEPTNM
HecKoOHe4YHOM KYNOHOBCKOW CUCTEMbI HEOBXOAMMO POpPCMPOBATL CXOAMMOCTb —
Hanpumep, No cpepam

dopcrpoBaHMe CXO4MMOCTU MPUBOAUT K BO3SHUKHOBEHUIO AMUMNOJIbHOTO
cnaraemoro, KotTopoe sBaAeTca apTedakTom U AONKHO ObITb UCKNHOUYEHO

MonyumBLIMIACA NOTEHUMAN IBasibAa SBHO 3aBUCUT OT Pasmepa fSYenKku

[pAMoe NnpumeHeHne BUPUaIbHOMo AaBAeHUA K NoTeHUMany Isanbaa BegeT K
HenpaBW/IbHbIM pPe3y/bTaTaM, B KOTOPbIX OTCYTCTBYET CXOAMMOCTb o N

ABHaA 3aBUCMMOCTb MOTEHLMANBHOM 3HEPTUM (MOTEHUMANA) OT 06 beMa AYENKHK
NopoXaaeT AONONHUTENbHbIN BKIA4, B aBNEHUE, KOTOPbIN MOKET ObITb
HanaeH gnddepeHUMpPoOBaAHMEM CTAT. CYMMDbI

Mpoueaypa IBanbAa COXpaHAET U3BECTHOE COOTHOLEeHUe (Teopema BUpuana)
ANA aBNAEHUA N SHEPTUUN KYJIOHOBCKOW CUCTEMDbI

Mcnonb3oBaHWe noTeHuMana I8asaba 3HAYMTENbHO YCKOPAET CXOAMMOCTb
PEe3y/1IbTaTOB MO YMCAY YACTULL, YTO KPUTUYHO B MOAE/IMPOBAHMU BbIPOMKAEHHbIX
cuctem (Bcneactsme TPYA0EMKOCTU pacyeTos)



1)

AHanun3 AAEP

BA0/1b HEKOTOPOTrO HanNpPaB/IEHUA B KPUCTANIe NOTEHUMAN A0/IKEH:
*  BbITb NEPUOAMNYHBIM

*  MMeTb MMHMMYM B HEKOTOPOW TOYKe

*  BbITb CUMMETPUYHBIM OTHOCUTENIbHO TOYKU MUHUMYMa

(D\/HHLI,MH YyeTHaA (CVIMMETpMLIHaFI) OTHOCHUTENDBbHO TOYEK MNHUMYMOB

TOYKM MUHUMYMOB

[2] Demyanov G. S. and Levashov P. R. J. Phys. A: Math. Theor. 55, 385202 (2022)
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Minimum-image convention
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PacueT B3anmopaeicTema co BCeMuU YacTmLamm
B OCHOBHOM AYenkKe
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1. MpoBoaum Kyb c LEHTPOM B AYENKE
2. PaccuuTbiBaem B3aMMOAENCTBME CO BCEMU
YyacTMLaMM B 3TOM Kybe
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1)

Prull(T)

MeTtoa cymmupoBaHMA IBanbaa

N
!Z Z Q;o(r — (rj +nL
j=1 n

N 52 3/2
) — Z Z Q; (m) exp (—52|r —(r; + nL)2/L2)]

j=1 n

N 5 \ 3/2
DIPIC! (;‘T) exp (=% — (r; + nL)[P/L%) . (1)

[lo6aBnsiem 1 Bbl4MTAEM MJIOTHOCTb

3apaja ¢ pa3mbITUEM /L %/, s2




