JIOKJTAZIBI POCCHHCKOH AKAITEMHH HAYK. MATEMATHKA, HH®OPMATHKA, ITPOIIECCHI YIIPABJIEHHA, 2023, mom 509,

c. 23-27

YIK 519.6

MATEMATHUKA

CIIOCOB ITPEOBPA3OBAHMNA CITIEKTPA OITIEPATOPA B YPABHEHUAX
XAPTPU-POKA 1 KOHA-IIITDMA

© 2023 r.

A. A. Jlanpmmn"*, yren-koppecnonnent PAH A. A. KoBayumuu'-**

IMoctynuio 23.09.2022 1.
IMocne mopadorku 20.10.2022 1.
IMpunsTo kK myonukatmu 20.12.2022 1.

B pabote npemioxeH cniocob rpeaBapuTesIbHOTo Mpeodpa3oBaHUsI CIIeKTpa oliepaTopa ypaBHEHU I MeToa
Xaptpu—®oka 1 Teoprr QYHKLIMOHANA IUIOTHOCTH, MO3BOJISIONINI MEPEUTH OT PELICHUS TTOJIHOM Mpo-
671eMbl COOCTBEHHBIX 3HAUYEHUI K YaCTUYHOM, MpUUeM COOCTBEHHBbIe (hYHKIIMKM OKAa3bIBAKOTCS YITOPSIIO-
YeHHBIMU YIOOHBIM JISI pacyeTa CIiocoO0M. OTH Ipeodpa3zoBaHMs ITO3BOJISIOT CAeIaTh CTapylo UIEIO Ce-
TOYHOM anmpoKCHUMAaILIMM PelIeHUsI KOHKYPEHTOCTIOCOOHOM ¢ TOYKU 3PEHMSI CKOPOCTH BBIYMCIICHUH IO
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1. BBEAEHUE

Teopust dyHkimoHasna rwiotTHocTH [1—3] 1 MeTon
Xaptpu—®@oka [4, 5] ABASIFOTCSI OCHOBHBIMU UHCTPY-
MEHTaMMu B TEOPUU DJEKTPOHHOU CTPYKTYpPbI B XU-
MMU, MATEPUAIOBEEHUM U B APYTMX CMEXKHBIX 00J1a-
cTsX. TpaaulMOHHBIE MOAXOAbI K PEIICHUIO YypaBHEe-
Huii Kona—Illsma m Xaptpu—®@Poka BKIIOYAIOT
METOJIbl C UCIIOJIb30BAaHUEM SIBHBIX 0a3MCHBIX HabO-
poB (HampuMep, 6a3MCHI TJIOCKUX BOJH [6, 7], ToKa-
JIM30BaHHbBIC Oa3UCHEBIC HAOOPHI [8, 9]) 1 MeToObI O€3
WX UCIOJIb30BAHUS, T.€. METOAbl PEAILHOTO MpO-
ctpaHcTBa [10, 11]. JlocToMHCTBA METOJOB peaibHO-
rO TPOCTPAHCTBA MOHSITHBI: TAKUE MOAXOAbI HE TIPU-
BOJISIT K BOBHUKHOBEHMIO JOTTOJIHUTENIBHBIX OLIUOOK,
CBSI3aHHBIX C LIECHTPUPOBaHUEM 0a3UCHBIX HAOOPOB;
KOHIIENITYaJIbHO MPOCThI 151 peain3allii B BBICOKO-
napajjieabHbIX CpellaX W MO3BOJISIIOT U30exXaTh IJ10-
OaJbHBIX B3aMMOJIIEHCTBUIT; HE HaBSI3bIBAIOT MCKYC-
CTBEHHOI MePUOJUYHOCTH U AP.

Wnesa mpoBomuTh pacdeThl 0e3 0a3MCHBIX HA0O-
pOB, a onupasich TOJILKO HAa KOHEUHBIC Pa3HOCTU B
peajJbHOM IIPOCTPAHCTBE, WUCCIIEAYeTCS TOBOJBHO
JaBHO. [aMUIBTOHOBBI MATPULIBI, ITOJTydaeMbIe B pe-
3y/lIbTaTe MUCKPETU3alMU YpPaBHECHUM B pealbHOM
IIPOCTPAHCTBE, €CTh MATPULILI TOpa3ao OOJIbIIEH pa3-
MEPHOCTH, YeM MATPHUILIbI, OJTYyYEeHHBIC B pe3yJibTaTe
pasJioxeHus 1o 6asucHbIM HabopaM. Hanbomee 3a-
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TPaTHOM 4YAacThbIO0 BBIYMCJICHUWII SIBJISIETCS pEIIeHUE
3amayy Ha COOCTBEHHBIC 3HAYCHUS IJIST KaXKIOTrO
3JIEKTPOHA Ha KaXXIOM IlIare [UKJIa II0 CaMOCOIIACO-
Banuio (SCF). I[Ipu 3ToM Te METOABI AMAroHaIN3a-
LIMU, KOTOpbIe TTPUMEHSIOTCS UISI pELIeHUST 3a1a9u
Ha COOCTBEHHBIE 3HAYEHUS, TPEOYIOT 3HAYNTETbHBIX
BBIYMCIIMTEILHBIX PECYPCOB IJIsI CUCTEM C OOJIBIIUM
YHCJIOM 3JIEKTPOHOB. [IpMeHeHne pa3InIHbIX IPU-
€MOB JJISI YCKOPEHUSI, TAKMX KaK BBEIEHHUE B pac-
CMOTpEHNE TONBKO BaJICHTHBIX 3JIEKTPOHOB [12, 13],
WIN WCHOJb30BaHUE YeOBIIIEBCKUX METONOB IS
YCKOpEHMS TTIONCKa COOCTBEHHBIX 3HaUeHMit [ 14, 15]
HE TIPUBEJIO K TOMY, YTO METOIBI peajbHOIo Mpo-
CTpaHCTBa MOTJIM Obl KOHKYpPMPOBATh C METOAAMU
0a3uCHBIX HAOOPOB B IJIaHE BBLIYMCIUTEIbHBIX 3a-
Tpar.

Ilenblo HacTosIIell pabOTHI SIBIASETCS CO3MaHUE
aCUMITOTUYECKM TOYHOTO B CMBICJIE IlIara pacyer-
HOM CETKM aJirOpUTMa PEUICHUSI YPABHEHUN MeToa
Xaptpu—®Poka u Teopum (hyHKIMOHANA MIOTHOCTHU
METOJIaMM PeajbHOTO MPOCTPAHCTBA, BEIYUCITUTEb-
Hasl CJIOXHOCTb KOTOpPOTO OydeT comocTaBMMa CO
CJIOXKHOCTBIO aJITOPUTMOB, PEATU3YIOIINX METON Oa-
3MCHBIX HAOOPOB. 3/1eCh MbI TaK Xe, KaK U B OOJIbIIIMH-
CTBE pabOT, MOCBSIIEHHBIX 3TOMY HAaIMPaBICHUIO,
onrpaeMcsi Ha KOHEYHO-Pa3HOCTHBIE YPABHEHUS, HO
MpenBapuTeIbHO TOXIECTBEHHO MpeoOpa3oBbIBaEM
CHEKTP KOHEYHO-Pa3HOCTHOTO oliepaTopa, u, 6Jaro-
JIapsi 9TOMY, TTOMCK COOCTBEHHBIX (PYHKIIMI ocy-
LIECTBIISIETCS] TIOCIEMOBATENBHO, HAYMHASI C OCHOB-
HOTo cocTosiHus. Takoil moaxon Mo3BoJIsIET 3HAYM-
TEJIbHO YCKOPUTBH BBIYUCICHUS 3a CYET OTKa3a OT
METONOB JuaroHanusanuu. Hcrnojib3yeMble Tpu
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3TOM MaTeMaTUYeCKUe IIPUEMBbI XOPOIIO M3BECTHHI
13 3ajJa4d repeHoca HEMTPOHOB B (U3UKE SIACPHBIX
peaktopoB. [IpencTaBieHHEBIN aJITOPUTM BepU UL -
pOBaH Ha ITOJTHOM Habope 3J1eMeHTOB Ta0JIMIBI MeH-
JeaeeBa.

2. MPOBJIEMA COBCTBEHHbBIX 3BHAYEHU

VYpaBHenus Kona—Illama u Xaprpu—®oka ecthb
ypaBHEHMUS BUA:

Ay, (r) = J(D)y,(r) +
+ Uy, (r) + K(r,y,) = By, (r), (D
k=1LN,
rie:

Y, (r) — OOHO3JIEKTPOHHAsI opOuTanbHast PyHK-
LIUsI KOOPAWHAT B TPEXMEPHOM MPOCTPAHCTBE C HO-
MepoM k, coocTBeHHas (yHkius 3agauu (1), N —
YUCIIO DJIEKTPOHOB B CICTEME;

E, — sHeprus k-ro anekTpoHa B Pundeprax, B3s-
Tasi C 0OpaTHLIM 3HAKOM, COOCTBEHHOE 3HAaYEeHUE 3a-
nauu (1);

nr') .

J(@)= 2J.—'a’r — KYJIOHOBCKMI ITOTEHLIMAaI
Ir—r|

CHCTEMBI 3JICKTPOHOB, paclpele/IeHHBIX C TJIOTHO-

CTbIO A;

M 27
Ulr) = E ~ —— — noreHuwman simep, M —
=r —a|
YKCIIO AIep B CUCTEME, a; — KOOPAMHATHI sinep, Z,; —

3aps saep;

K(r,y,) — 0OMEHHO-KOPPEJISILIMOHHBII YIEH, 3a-
BUCSIIIUI OT UCIIOJIb3YEMOTO IIPUOJIVKEHMSI.

Haubonee 3aTpaTHOI 9aCThIO BEIYMCIICHUIA SIBJISI-
eTCsI TIOBTOPHOE pellleHMWe 3aJa4yl Ha COOCTBEHHBIE
3HauyeHUs (1) 11 Kaxaoro k-ro 3JeKTpoHa Ha Kax-
JIOM m-M IlIare UTepaluii Mo caMoCOIJIaCOBAaHUIO:

HY" = Eqy,”, @)

LXL L
me He R™, vy, e R°, L — pasmMepHOCTb 3amauu
(4KUCI0 pacueTHBIX Y3JIOB MOCJE IUCKPETU3ALUU
ypaBHeHUs (1)). BeruucieHne coOCTBEHHBIX Map Ha-

3
npsamyto u3s H crour O (L ), 4YTO OYEHD JOPOTO C BbI-

YHCIUTEILHON TOUKY 3peHust 1js1 6onbmux L. Cob-
CTBEHHbIE pelIaTeu I pa3peXeHHBbIX MaTpUll

2
UMEIOT CIIOXHOCTh O(L N ), YTO MO-TIPEXHEMY [10-

poro, a 3agada (2) pellaeTcsl MHOTO pa3 Ha OOHOM
ntepauun SCF. Takke mist maHHOI 3agayul pa3BUT
MOIXO/ CIIEKTPaJbHBIX (PUIBTPOB HAa OCHOBE ITOJIM-
HoMoB YeOrIlIeBa, omHaKO 3 ¢GEKTUBHOCTD IOCTPO-
€HHOro (MJIbTpa 3aBUCUT OT BbIOOpa rpaHuLl (pUjIb-
Tpauum [15]. WMcronb3oBaHue TIPOCTOTO CIBUTA
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CIEeKTpa He JaeT CYIIeCTBEHHOIO BBIMTPHIIIA M3-3a
TJIOXOi 0O0YCJIOBJICHHOCTH 3a/1a4U.

KadecTBeHHO CTpyKTypa COOCTBEHHBIX 3HAUCHUIA
ypaBHeHMI1 (1) M3BeCTHA — BTO 3HAKONEPEMEHHBIN
CIIEKTpP, OTPAaHMYCHHBIIA CHU3Y MUHUMAJIbHBIM 3Ha-
yeHueM (oTpulaTe/IbHasI SHEPTUS OCHOBHOTO COCTO-
SIHWSI) ¥ HEOTpaHWYCHHBII cBepXy (IMOI0KUTEIbHAS
DHEPIusl CBOOOMHBIX cocTosiHMIA). [1pu nrckpernsa-
LIMU YpaBHEHUI HEOTpPAaHUYEHHBIN CIIEKTp 3aMEHSI-
€TCsI OTpAaHUYEHHBIM: 3a CUET KOHEYHOIro 4YuCja y3-
JIOB CETKM Ka4eCTBO aIllIPOKCUMAaIU1 COOCTBEHHBIX
GYHKIIMM BepxHel yacTh ciekTpa mmagaet. [1pu aTtom
Ka4eCTBO allpOKCUMALIMM COOCTBEHHBIX (DYHKIIMIA,
COOTBETCTBYIOIIUX CBSI3aHHBIM COCTOSIHUSIM, OCTa-
€TCSI TOCTaTOYHO BBICOKMM OJjiarojgapsi MX OTHOCH-
TEJbHOM IMagKOCTH.

Tenepp HEOOXOAMMO CAEIATH HECKOJIBKO IOSICHE -
HUII OTHOCUTEIBHO NAJILHEHMIIIETO W3JI0XKCHMUS, IT0-
CKOJIBKY 3TO MECTO SIBJISIETCSI KJIIOUEBBIM B ITaHHOI
pabote. YpaBHenue llIpeanHrepa M COOTBETCTBYIO-
L€ eMy CUCTeMEbI ypaBHeHU1 XapTpu—®PoKa 1 Teo-
pun (GyHKIMOHANA IUIOTHOCTA C TOYKHU 3PEHUSI
CTPYKTYpPbl aHAJOTWMYHBI ypaBHEHUIO auGDy3un
HEUTpaJbHBIX YACTUIL B CPee C IMOIJIOMICHUEM U pa3-
MHOXeHHneM. B cirygae HeMTpOHHOI 3ama4u ¢ LEIbIO
pacyera SIIEpHBIX peaKTOPOB OBLJIM pa3paboTaHBbI aji-
TOPUTMbBI U IIPUEMBI IpeoOpa30BaHUsI CIIEKTpa IS
obOecrneuyeHnsI YCTOMUYMBOCTHU 1 JIYYIIIEH CXOMMMOCTHU
UTEPALIMOHHBIX METOAOB. MBI UCITOJIb3yeM 3TH MO/ -
XOIbI, XOPOIIIO U3JIOKeHHBIE, HarmpuMep, B [16, 17],
ISt petneHus ypaBHeHuit Buaa (1). [IpoBonst anano-
rUio ¢ ypaBHeHUEeM Ouddhy3uu HEUTPOHOB, WIEHHBI J
u E, B (1) oTBeyalor 3a normouieHue (OHM HeoTprLa-
TeJIbHBI U “BBIUMTAIOTCS” U3 JIallJlacMaHa), a WIeHbI
K mn U oTBevaroT 3a pa3MHOXeHHe (OHU HeOoTpHUIla-
TeIbHBI M “CKJIambIBAIOTCS” ¢ JIaracuaHoM). Hanee,
clieaysl aHaJloTMM, BBEJEM BCIIOMOTaTelIbHOE COO0-

CTBECHHOC 3HAYCHUC keff CJ'[CI[yIOH_[I/IM 06pa30M:
=AY, (r) + J(O)y,(r) + Ey,(r) =
- ,}(U(rm (1) + Kt ).

eff

3)

I[Ipu dukcupoBaHHOM E, COOCTBEHHBIE 3Haue-
HUA k.; B IAHHOM cllydyae OyayT ynopsiIOo4eHbl y1o0-
HBIM JIJISI HAC CIIOCOOOM C coXpaHeHreM CBOMCTB (1):
TeIleph CHEKTP YCTPOEH TaK, YTO IIOMCK COOCTBEH-
HBIX (DYHKIUA OCYIIECTBISIETCS TMOCIEA0BATENILHO,
HayMHasi ¢ OCHOBHOIO COCTOSIHUSI. DTO KIIOYEBOE
MOJIOKEHUE ACUMIOTOTHYECKOM Teopuun auddy3uun

HEUTPOHOB, a k. HOCUT Ha3BaHMe 3(hOEKTUBHOTO
kKoo dunueHTa pasMHOkeHHsI. QUeBUIHO, YTO
ypaBHeHue (3) Oyner coBrnanath ¢ ypaBHeHueMm (1)
npu k., = 1. IToctpoeHre 3HEKTUBHBIX YCTONYM-
BBIX METOJIOB pellleHUsT ypaBHEeHUIT Buaa (3) XOpoll1o
M3BECTHO U OIMCaHo, Hampumep, B [18]. B ocHoBe
aJiTOpUTMa JIEXXUT UTEPALIMOHHBIN Mpoliecc, Koraa
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nociie peireHus ypaBHeHus (3) MBI “IIompaBisieM”
3HaYeHUe £, TaK, YTOOBI MOJNYYUTD k¢ = 1.
3arumem (3) B Buze:
Ty, =10
Yy = oy,
keff

IMycts 3amaya (4) pelieHa Ui 3aJaHHOTO
1 1

“

E, = E, + §E,, Te. HaiineHo pelenne ~— = — +
et Kegy
1 _
TO—uVy, =y, +dy,:
keff
(T +37) ¥ = =0 s)
ko

YMHOXMM cKaysipHO (4) Ha ,,, (5) —Ha \f, , ¥ BBI-

4yTeM onHO u3 apyroro. Torma ¢ yuetom 87 = OE, B
MepPBOM ITOPSIAKE TEOPHUH BO3MYILIEHUI:

(Wi B¢ [wi) = 8- (wi | O wi)-
ff

€

(6

OKOHYATETBHO (C YY4eTOM Kk 4 = 1 JJII TOYHOTO pe-
meHus (1)), B COOTBETCTBUU C TeOpHeil MaJIbIX BO3-
MYIIIEHU BBIYMCIISIETCSI HOBOE 3HAYEHUE:!

—HI/IKJ'I I10 caMocCoriiaCoBaHUIO

Brixon u3 mukia 10 CaMOCOITIacOBaHUIO OCY-
LIECTBJISIETCS, KOTIa JOCTUTHYTa CXOAMMOCTh OpOu-
TaJIbHBIX (PYHKLIMI B COCEMHUX UTEPALUSIX IO OTHO-
IIEHWIO K 3aJaHHOMY 3HAaY€HUIO IapaMeTpa CXOIU-
Moctu. B 1uKkiie mo opOutadbHBIM (QYHKIIUSIM
pemaercs 3agayda (3) aJst 3agaHHOro yuciaa N 3JieK-
TpoHOB. 1K1 uTepanuii 110 TEOPUU MaJIbIX BO3MY-
IIeHUIT OpraHM30BaH B COOTBETCTBUM C (7).

Teneps paccMoTpuMm pelieHue 3agadu (3) MeTo-
JIOM uTepaluii Mo UCTOYHUKY. BBenem Bektop W
pa3Mepa L, KaXOblil 2JIEMEHT KOTOPOIO €CTh 3Ha4Ye-
HHME MCKOMOI (PyHKIIMM B COOTBETCTBYIOIIEM Y3JI€
CEeTKH, U 3aMullieM ypaBHeHUs (3) B MAaTpUIHOM pop-
Me:

1
—QV.
keff Q

ITycte mepBble i opOutanbHbix (GyHkuuit ¥,,

TY = ®)

k =1,i HalimeHbl (IpU 3TOM IJIsI OCTaJbHBIX OpOU-
TanbHBIX QYHKIINI OepyTCsT 3HAUYCHMSI, BEIYMCIICHHBIC
Ha MpeabIIyIIei nTepalyu [UKJIa [0 CaMoCcoIIacoBa-
HUI0), a n — 1 U n — HOMepa UTepaluii 0 UCTOYHUKY.
Torna cnenymoluii aIrOpUTM UCTIONb3YeTCS ST TI0-
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j(‘l’k |Q|\|’k> 7

<\I’k |\Ifk> .

3aTem npouenypa pemeHus (3) mosropsiercst. Op-
raHU30BaHHBIM TakKUM OOpa3oM UTepalMOHHBIN

MPOLECC TPUBEAET K TOMY, UTO Kk — 1, a COOCTBEH-
Hbl€ 3HaUYE€HUSI U COOCTBEHHbIE (DYHKIIUU COMIYTCS K
UCKOMBIM 17151 ypaBHeHuil (1). B aTom cnydyae am-
MPOKCUMAIIMIO OIIEPaTOPOB MOXKHO BBIIIOJIHUTL C
MOMOIIbIO KOHEUHBIX pa3dHocTeli. Torna Mbl mosyya-
€M Da3peXeHHYI0 MaTpully, KOTOpYIO YIOOHO uC-
MOJb30BaTh B UTEPALIMOHHBIX Mpolleaypax Oiarona-
psl 5KOHOMWYHOCTH ONepaluvii Mpou3BeaeHUsT pa3-
PEXEHHOI MaTpullbl Ha BeKTop. JlomosHuTenbHOe
MPEUMYIIECTBO B CKOPOCTH MOXHO TIOJyYUTh, €CIU
UCTIONTh30BaTh KOHEYHO-PA3HOCTHBIE CXEMBI BBICO-
KOTO MOopsiKa aripoKCUMaIu.

~ 1
« g kesr

3. AJITOPUTM

AJTOPUTM MOXKET OBITh IPEACTABJICH B CJEIYIO-
IIeM BUJIE:

IHuxn mo opouTanbHBIM (PYHKIMSIM
PacueT Ky1OHOBCKOTO MoTeHIMana J
LIuKJ utepanuii Mo TeOPUU MaJIbIX BO3MYIIIEHUM
[Pemeﬂue 3amauyu (3) MeTOIOM UTepaluii MO UCTOYHUKY

MCKa COOCTBEHHOTO 3HAYeHHUSI M COOCTBEHHOM (hyHK-
uuu (i + 1)-To aneKTpoHa:

1. HopMuposka: <‘I’(”_” |‘I’(”_”> =1.
2. ®opmuposanue ucrounnka: S = Q¥ .

" T AP G )
3. PemieHue HeonHoponHoii 3anaun: TP = S,

—(n)
rne ¥  — uckomasi GyHKIIHUS.

4. OpToroHaymM3alus K MepBbIM i OpOUTAITEHBIM
(YHKIIMSIM 2JIEKTPOHOB C TeM K& 3HaUYeHUEM TTPOeK-

_ Z<\“13‘”)|\11k>\1!k.

k

5. OueHka kyg: ko = <\P(n) |\P(n—1)>‘

o (™

uu crimba: P = ¥

6. OLeHKa CXOOMMOCTU MO K.y M COOCTBEHHOI
dyukuuu. Eciu 3amaHHass TOYHOCTh IO pa3HUILIE
3HAYEHUMN k.4 U COOCTBEHHOI (PyHKLIMU B COCENHUX
WUTEpaLUsIX He NOCTUTHYTA, TOBTOP, HAUMHAS C ITyHK-
Ta l.

I1pu BEITIOTHEHWY TTYHKTA 3 HEOOXOIMMO PEIIaTh
HEOMHOPOIHYIO CUCTEMY aJlreOpandecKux ypaBHE-

ToM 509 2023
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Puc. 1. PazHuiia B 3Heprum OCHOBHOTO COCTOSTHUST MEX-
Iy pacCUUTAaHHBIM 3HAYEHUEM U 3HAUYCHUEM, TOJIyYeH-
HBIM B pabotax [21—23], B 3aBUCMMOCTH OT HOMepa 3Jjie-
meHTa N.

HHI C pa3pekeHHO MaTpuleil. 31ech MOXHO HC-
MOJIb30BaTh CTAHIAPTHBIE UTEPALTMOHHBIE MTPOLIETY-
pBI JUISI pellleHUs] TaKUX CHUCTEeM, HalpuMep, METOI,
BepXHeli pesiakcauu [19] unu yedblillieBCKre uTepa-
nuoHHbIe MeTonbl [20]. 3HayeHust J m K BBIYUCHIS-
IOTCS CTAaHIAPTHBIM CITOCOOOM Uepe3 pellieHus ypaB-
HeHuit IlyaccoHa ¢ COOTBETCTBYIOILECH MpaBoOil ya-
ctbio [10—13].

4. BEPUDUKAL A

AJITOPUTM peajiu30BaH B BUAE KOMIIbIOTEPHOM
porpaMMBl. MBI UCTIOTB30BATA IIPOCTEUIITYIO CXeMY
BTOPOTO TIOPSIIKA TSI allpOKCUMAIIMM OTlepaTropa
Jlanmaca. st BepuduKalliyi HUCHOJb30BAIUCh OO-
CTYITHbIE€ 3HAYEHUSI TTIOJIHBIX SHEPTUl OCHOBHOTIO CO-
CTOSTHUSI aTOMOB 13 paboT [21—23], B KOTOpHIX (haK-
TUYECKU OBIJT JOCTUTHYT XapTpU-(POKOBCKUI IIpeaes
B pe3yJibTaTe BHIYMCICHUM Ha OCHOBE MeToa 6a3uc-
HbIX HaO0opoB. [ToydeHo, YTO C yMeHbIIIEeHEeM 111ara
CETKHU PEIIeHUE CXOOUTCS K 3HaYeHMsIM pador [21—

23]. Tak, HampuMep, IJis 1Iara 7 = 1073a0 (a, — 60-
POBCKMIA painyc) pa3HUlIa B PeIICHUN I DJIIEMEH-

toB ot He o U nexut B guanasone ot 10 10 210 9B,

amguiara h = 10_4a0 —orl0”’ 1o 2.1 3B. PesynbraThl
OTKJIOHEHUII pacCYMTAaHHBIX 3HAYEHUII IOJIHBIX
DHEPTUIN OCHOBHOI'O COCTOSIHMS OT 3HAaUYeHUI padoT
[21—23] npencraBneHsbl Ha puc. 1. [Tpu panbHeieM
YMEHBIIIEHUU IIara CETKU pelIeHME aCUMIITOTUYC-
CKM CXOOUTCSI K TOYHOMY IJIsI pacCMaTpUBaEMBIX
yYpaBHEHUA.
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5. BbIBOJbI

ABTOpaMH co31aH M BepU(PUILIMPOBAH aCUMIITO-
TUYECKU TOYHBIN B CMBICJIE IIIara pacuyeTHOI CeTKU
aJITOPUTM pelleHUs YpaBHEHUI MeToma XapTpu—
®doka 1 Teopuu PyHKIIMOHAJIA INIOTHOCTH METONaMU
peanabHOro TpocTpaHcTBa. [lpeaBapuTebHOE TOX-
JIeCTBEHHOE IIpeoObpa3oBaHUe CIIEKTpa KOHEYHO-
Pa3HOCTHOTO oTlepaTopa MO3BOJIMJIO Cpa3y HAXOIUTh
pelleHnue ST OCHOBHOTO COCTOSIHUSI CUCTEMBI, 4TO
MPUBEJIO K 3HAYUTEIILHOMY YCKOPEHHMIO 32 CYET OTKA-
3a OT METOHOB AUWaroHaau3anuu. JaHHBbIA MOIXOIH
JIellaeT CTapylo UACI0 CETOUHOM allpOKCUMALINH pe-
IIEHUSI KOHKYPEHTOCIIOCOOHOI ¢ TOUKY 3pEHUSI CKO-
POCTHU BBIYMCJICHUIA ITO CPAaBHEHUIO C IIMPOKO MC-
MOJIb3yeMbIMU TTOAXOAAaMU Ha OCHOBE MeTona Ga3uc-
HBIX HabopoB. OTMETMM, YTO peajr3alus CXeM
0o0J1ee BLICOKOTO TTOpsiAKa IMTO3BOJIUT JOTIOJIHUTEIBHO
YCKOPUTD BEIYUCIICHUSI.
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OPERATOR SPECTRUM TRANSFORMATION IN HARTREE—-FOCK
AND KOHN-SHAM EQUATIONS

A. A. Danshin’ and Corresponding Member of the RAS A. A. Kovalishin“
¢ National Research Center “Kurchatov Institute”, Moscow, Russian Federation

The paper proposes a method for preliminary transformation of the spectrum of the equation operator both
in the Hartree—Fock method and in density functional theory. This method makes it possible to solve a par-
tial eigenvalue problem instead of the complete one, and the eigenfunctions turn out to be ordered in a way
convenient for calculation. The transformation makes an old idea of grid approximation of a solution com-
petitive in terms of computational speed as compared to widely used approaches based on basis sets methods.

Keywords: Hartee—Fock method, density functional theory, eigenvalue problem
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