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MpepnoxkeH anropuTm pOns reHepauymM [UMArpaMMHOrO MNPEe[CTaBMNEeHUs,  BblYACIUTENbHbIX
dopMYyn M KOMMBIOTEPHOrO KOAA METOAA CBA3aHHbIX KMAcTepPOB C Yy4eTom BO3bByKAeHUM
MPOM3BOMbHOM KPAaTHOCTU. ANroputm anpobupoBaH Ha MpuMepe METOAa, BKIIOYAIOLLLErO
Tpex4yacTuuHble BO36yKaeHUs.

Teopus cesazannbx kiaactepos [1,2,3] (Coupled Cluster, CC) B HacToslllee BpeMs SIBJISIETCS
OIHUM M3 Haubosee paclpoCTPaHEHHBIX METOJOB HEIMMHPHUYECKHX paCUyeTOB MOJEKYJSPHbIX
CUCTeM CpeIHHX pa3MepoB. OCO6EHHOCTbIO 3TOTO METO/A, B €r0 CTPOrOH peasn3alyH, sSBJASETCS
rapaHTHpPOBaHHasl pa3MepHasi JSKCTEHCUBHOCTb 3SHEPrMM M BBICOKAs TOYHOCTb  yyeTa
KOpPeJISUHOHHBIX 3Q(eKTOoB [2]. DTO MpHBeIO K BKIYEHHIO HEKOTOPEIX BapuaHToB CC-TeopuH
B CTaHIapTHble KBAaHTOBOXMMHYeCKHe makeThl Tporpamm (Gaussian, SAPT wu rt.1m.).

TpaguuroHHO, KJacTepHOe pasJjoXKeHHe BOJHOBOW (PYHKUHWH MeTOAa (|‘PCC>), 3aMMCLIBAIOT B
Buae 3kcnoHeHTw (CC-ansatz):
|¥cc)=exp(T)|0), (@B
rie T OrPaHMYMBAIOT OAHOKPATHHIMA H IBYKPAaTHBIMH Bo36yxnenussmMmu (CCSD) koTtopbie
(hopMHUpYIOTCS OMEPATOPAMHU Tl U T2
Tat+Ty, @
OTHOCHTEJNBHO pedepeHCHOro, 06bUHO XapTPU-POKOBCKOro, AeTepMHHAHTA |O> Bmecte ¢ Tewm,

HeoOXOIMMOCTb OMMUCAHUS MOJIEKYJ/SIPHBIX COCTOSIHUH ¢ pa3peiBoM (06pa3oBaHMeM) XMMHUECKHX
cBsizel TpebyeT KOPPEKTHOTO ydeTa BO3OYXIeHWUH BhICLIEH KpaTHOCTH. [lomo6Hoe paciuvpeHue
BBIUHC/JUTENBHOH CXeMBl MOXKET ObITb JOCTHTHYTO 3a cyeT 06006uieHns (1) 1o ypoBHSI TeOpHH B
MHOTOMepPHOM MojenbHOM mpocTtpaHcTBe [4]. OmHako Takue MOAXOIbl Ha CErONHSIIHHH JeHb
BCe ellle OCTAIOTCS MO0CTATOYHO CJOXKHBIMH B TeOpeTHdYecKoM miaHe. [103ToMy mepcrneKTUBHBIMU
MOTYT OKa3aTbCSl METO[bl, YUUTbIBAIOLIMe BbICLIME 3JeKTPOHHble BO30YXKIEHHS OTHOCUTENBHO
ONHOTO pe(epeHCHOTO JeTepMHHaHTa (OfZHOMepHOe Moje/bHOe TMpocTpaHcTBO). OcobeHHO
MPOAYKTUBHBIMM  SIBJSIOTCS MOAXOABI, SIBHO WJM He $IBHO BKJ/IOUAlOIIMe TPeXKpaTHbIE

BO30yXKIeHHUS ('I:3) [5]. B tounom Bapuante metroma (CCSDT) BosHOBasi ()yHKLHST UMeeT B

|WccsoT ) =exp(Ty + T, +T3)|0) - 3
KﬂaCTeprIe onepaTopr -I:]_, -fz, -|ﬁ3 IIOHYCKa}OT o6quHoe Bpra)KeHI/Ie B TepMI/IHaX BTOpI/IqHOFO
KBAHTOBAHU4.

£ a_+
T1=Zt- %3 , (4)
T,= Ztlj aaalabaj , (5)
i<j
a<b
abc_+
Z tijk aaaiabajacak (6)
i<j<k
a<b<c
rie as, & — OmepaTophl DOXKIEHMS M YHHUTOXKEHHs 3JeKTPOHAa Ha CIMH-OPOMTATM a H |,
COOTBeTCTBEHHO. Besmununl t?, ti?b, ti?EC SIBJISIIOTCS] aMIUTUTYIaMK XapaKTepPU3YIOIIUMH OIHO-,
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IBYX- ¥ TpeX- YaCTHYHBIH BKJAaJ B OOLILYI0 BOJHOBYKO (YHKUHMIO COOTBETCTBEHHO . Jljist
HaxOXXJIeHWs SHEPTMH W ypaBHEHWH [/ aMIJIATYA OObIYHO  HCIIOJBb3YeTCs  METO[
MPOEKTHPOBAHUS HA BaKHeHIWe 3JeKTPOHHBIE KOH(pUTypauuu. Torma, mocje pasiokeHHs
9KCIIOHEHTHI B psifl, Haubosee obume Gopmynsl Mmetora CCSDT npeobpeTaoT BULI:

(0|(H - Eccepr)@+ T + 112 +1,)[0) =0 (7)
<of’“ H T+ 112 4T+ Ty + 272 +T)[0) =0, (8)
<oﬁb\ H T+ 1124 T+ Tl + 218+ 372+ 214 4 32T, + Ty 4 TiT3)[0)c =0, (9)

(Off| A (T Tifp+ 15T, + T2+ 47P7T +

+%T:1-f22 +-f3 +-f1-f3 + %-]ﬁlz-[% +-|:2-[:3|0>C =0 , (10)
i o a ab abc
rre H MHOT03/IeKTPOHHBIA ramMu/ibToHHaH, a (07| , (Oj 1 (Ofjk’| - cooTBeTCTBEHHO

ONHOKPAaTHO, [JBYKPAaTHO M TPeXKPaTHO BO30yXIeHHble KOH(UTypauud (IeTepMHHAHTHI)

OTHOCHTEJIbHO <O| . HMupexc “C” B BblpakeHHsX THIA <Of’_‘jj" ...... |O>C O3HauaeT, 4YTO

YVUUTBIBAIOTCS TOJbKO cBsizaHHble (connected) wu cuemnsennsle (linked) nwarpammbl, yToO,
COTJIaCHO TeopeMe O CBsI3aHHBIX KJacTepax [6], rapaHTHpyeT pa3MepHYK 3KCTEHCHBHOCTb
crporott CCSDT TeopuH.

OvnarpaMmmHoe npeacrtasneHune CC-ypaBHeHUMN

OnmuuM 13 HauboJsiee MPOMYKTUBHBIX MeTOMOB mosyueHus netanbHbiXx CC-ypaBHeHWH u3 (7)—
(10) saBnasieTcs MeTOn AMAarpaMM, OJWH W3 BapHaHTOB KOTOporo omucaH B [7]. B Hacrosme#n
paboTe, Ha Ga3e 3TOTO TOAXOMa, PA3BUT METOJ aBTOMAaTHUECKOH TeHepalliu JUarpaMm H, 3aTeM,
KOMIIBIOTEPHOTO Kofa. PacCMOTpPUM OCHOBHBIE 3JIeMEHTHI IMarpaMMHOTO MeToza. [Ipexne Bcero

BBOOATCA cJjeayrouue 00603HaUEHUS I AMIIJIUTYJ, COOTBETCTBYIOUIMX OJHOKPATHBIM (tia),

IBYKpPaTHBIM (ti?b) U TPexXKpaTHbIM (ti?EC) BO30YXIEeHHSM OTHOCHUTENbHO pedepeHCHOro

VAN A

[Tpu stom BXopsuMe NUHUM (CTpesKa BHM3) 0003HAUAIOT 3aHSThlE CIIUH-OPOUTANH, C KOTOPBIX
3MIeKTPOH TMPOMOTHpPYeT Ha BaKaHTHblEe CNUH-0POUTAMM (HMCXOASLIME JMHHH, CTPeJKa BBEPX).
MarpuuHble 3JieMeHTHl OJHO3JEKTPOHHOTroO omnepaTtopa (okKa B CHUH-OPOUTaNbHOM Oasuce

(Hampumep <I| f |k> = fjx) 0o603HaUaOTCs MyHKTUPHOH JIMHUEH C KPECTHKOM:

COCTOSIHHS.

AHTHCHMMeTpPHUUYHbIE [BYX3JEKTPOHHBIE HHTErPaJIbl TI/I;Ia <ic|| ka) = <ic|| ka) - <ic|| ak) HUMEIoT
TNpeacTaBleHHE!

* Bo ecex ancebpauueckux 6bpadCeHusx u OuaspaMMax smotli pabomvl Ml UCNOALIYEM CMAHOGPMHbLE
coenawenusi 0 0003HayeHus: cnun-opoumaneti. Cnun-opoumanu 3aHsmoele 6 pehepeHcHOM OemepMUHaHme
obosnauaromes undexcamu i),k ..., a eakanmnwie - a,b,c,d...
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KomOuHauus 3THX 3JeMeHTOB B OJHOM AMarpaMme IMPHUBOAUT K TIpaUyecKUM CTPYKTypaM,
KoTopble (IO  Ompefie/leHHbIM CTPOTMM  IpaBHJaM) MOTYT ObITb NpeoOpa3oBaHbl B
anrebpavyeckye BelpaxkeHHs. Tak, AuarpamMma

W

ornpeneadeT OIWH H3 BKJANOB TpPeXKpaTHBIX B036y}K,U,eHI/IIjI B aMIVIMTYyAYy ABYX3JIEKTPOHHOTO

B036y}K,U,eHI/IH tijab. COOTBGTCTBy}OHlee aﬂre6panquKoe BblpaxKeHHWe, 3KBHBaJIEHTHOE 3TOH

AuarpaMme, uMeeT BUI:
+= P(a/b)zt,?ﬁd (cd|bk) (11)

k

rie P(a/b) — o6o3HayaeT aHTHCUMMETPUYHYIO TPAHCIO3HIMIO CITHH-OPOUTANbHBIX HHIEKCOB a

¥ b. DToT omepaTop mEHCTBYeT Ha TMPOU3BOJNbHYI0 KOMOWHAIMIO HHTETPajoB H aMIJIUTY[
X(i,j,a,b) caenyomum obpazom
P(a/b) X(i,j,ab)=X(,]j,ab)-X(,j,ba). (12)
[Ipsimoe mpHMeHeHHe AHATPaMMHOTO MMOAXOAA B 3HAUMTEJbHOH CTermeHH oOJjerdaeT BHIBOI
pabGouHX ypaBHEHHH, ONHAKO, HECMOTPSI Ha BCIO €ro IMPHBJIEKATEJbHOCTb ¥ OTHOCHTEJbHYIO
MPOCTOTY, TpebyeT 3HAUMUTEJbHBIX YeJOBEUECKHX YCHJIHMH, KOTOpble, K TOMY K€ YpeBaThl
OIIHOKaMH, B OCOOEHHOCTH MNpPH paboTe C TPOMO3IKHMH MHOTOMHAEKCHBIMH BbIpaXKeHHSIMH.
C/I0’)KHOCTb B MOJY4eHHH pabouux (GOpMysa U HX MpOrpaMMHPOBaHKH 0COOEHHO BO3PaCTarT

NpU nepexofe K Bo30yXKAeHUSIM BbICLIEN KpaTHOCTI/I T3, T4 B cBs3u ¢ 3TUM Lenecoo6pasHo
TOTILITATLCS MEPENOKUTh ITY MPoOIeMy Ha “Tiedn’ KOMIbIOTepa.

ABTOMaTHUecCKas reHepauus agmarpamMm B MeToAle CBSI3aHHbIX K/1acTepoB

Hain anropuT KOMIMBIOTEPHOTO CO3JAHHUSI THArpaMM OCHOBLIBAETCS Ha TOM TIPENCTaBJEHUH,
YTO KaXkjaas JuarpaMma MoXKeT ObITb TMOJiydeHa ¢ TIOMOIIbI0O HEKOH BCIIOMOTaTeJ bHOH
CTPYKTYPBI, KOTOpas 3aflaeT TaK Ha3blBAeMbIH aMIJIUTYIHBIH OCTOB AMarpaMMbl. DTa CTPYKTypa
BKJIOYaeT B cebOd Bce OTKpbiThle JuHuKM (“nmaparoime” W “Ucxonsiie”), CBsS3aHHbIE
HEMoCPeICTBEHHO C aMIIUTynaMu. [Ipyu 3ToM OTKpBITHIE JUHHWK 0003HAYalOTCs cHMBOJoM 1, Bce
NpoYHe JIMHUHU SIBJSIOTCS BHYTPEHHUMH M o6o3HavaroTcs cumBosoM O. Hab6op cvMBOJIOB JIMHUH,
MajaroluMXx Ha aMIJITYLy, Mbl Ha3blBaeM HMKHHUM DErucTpPOM aMILIMTYIbl, TOTAA KaK Habop
UCXONSIINX U3 aMIIUTY/Abl JUHAH — ee BEPXHUM perucTpoM. Hampumep, BKJIax B MPOEKIHIO HA

JIBYKPaTHO-BO3OYXKAEHHYI0 KOH(UTypalUIo <Q?b‘ OT HeJUHEeHHOH dYacTh Tuna Tilp HuMeeT

CJIeIYIOLLYIO COCTABJISIOLLYIO:

tt (13)
TOroa aMl'[.HI/ITYILHbIIjI OCTOB MMeeT BHI:
019

gt
rle BePTHKaJbHOM 4epTOH 0003HayeHbl I'PAHULbI aMILIMTYHA. HUXHSS cTpoKa COOTBeTCTBYeT
JUHHUSM, NaJalolMM Ha aMILIMTyIbl, a BepxHsas — UcxondawuM. KosauuecTBo LU(pP B CTpoKe
MeKJy BepTHKa/NbHBIMH YepTaMH — KPaTHOCTb BO30YXKAEHHSI COOTBETCTBYIOIIEH aMILIUTYAH (ee
pasmepHocThb). [IpuBegeHHast CTPyKTypa aMILIMTYAHOTO OCTOBA COOTBETCTBYET CJeLYIOLIEMY
NpeACTaBJIEHHIO B BUJE AUarpaMMbl:

ARVA
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rle WHIEKCUPOBaHHble JHWHUM CO CTpesJKaMH — OTKPBITBlE JIMHHWH, OCTajbHble JHHHH —
BHYTpeHHHE.

AMNJIUTYIHBIH OCTOB OTpelesisieT TOJNbKO OIHY KOHEUHYI0 AHarpaMMy C TOUHOCTBIO IO
pacCcTaHOBKH HeNOCTAIOIIMX OTKPHITHIX JHHUH. BBemeHue Henocramolled JUHUHM, KoTopas B
HallleM cJydyae oTBeuaeT BaKaHTHOH opOMTaMH a, MPUBOIUT K CJENYIOIEH CTPYKTYpe:

lanee BbiGMpaeTcss THN HHTerpana (OAHO-, WM ABYX3JEKTPOHHOT0) C MOMOLIbIO KOTOPOTO
(hopmHpyeTCcs KOHeYHasi Auarpamma:
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