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AHHOTALUA

Jlst MoziennMpoBaHus poLecca CTONKHOBEHUS aTOMHBIX si/iep HEOOXOAMMO 3HATh MOTEHIIH-
aNbHYI0 SHEPTUIO MX B3aMMOJICHCTBYS. YBEIMYEHIE TOYHOCTH OITMCAHUS (JOPMBI CHCTEMBI
(yBenmM4eHHe KOMYECTBA PACCMaTPHBAEMBIX CTETIEHEH CBOOOIB), @ TAKKE YUET CTPYKTYPBI
aTOMHBIX /I TI03BOJIAET CYNIECTBEHHO MPOABHHYTHCS B MOHUMAaHUH TPOILECCOB, IPO-
UCXOJIAIINX MPH UX CTOJIKHOBeHHH. C JPyroil CTOPOHBI, YBEIMYEHHE TOYHOCTH pacyera
CYIIECTBEHHO YBEIMYMBACT BPEMs, HEOOXOIMMOE ISl €r0 BBINOJIHEHHUs. Tak, MpH ydere
YeThIPeX MapaMeTpoB GOPMBI CHCTEMBI (PACCTOSTHUE MEXTY LIEHTPAMH Macc si/iep, apaMmeTp
nedopManyu sapa-cHapsia v sapa-MULICHH, a TAKKE YToJl MEKITY JIMHHEH, COSMHSIONICH
IEHTPHI Macc Si7iep, U OChI0 CHMMETPUH SAApa-MHIICHN) pacdeT KapThl MOTEHIIHAIBHON
SHEPTHHU 3aHUMAET OKOJIO CyTOK. JloOaBneHne mapameTpa, OMICHIBAIONIETO OPHEHTAIHIO
spa-CHaps/Ia B IPOCTPAHCTBE, YBENNUUBALST BPEMsI pacueTa KapThl B IecsATh pa3. [ ydera
BCEX BO3MOYKHBIX OTHOCHTENBHBIX OPHEHTAINN CTANKUBAIOIIUXCS sijiep (Tpu yria Dinepa)
TpeOyeTcst BBECTH €Ilie OMH MapaMeTp, YTO YBEIHUUBACT BPeMs pacyeTa elle B JeCITh pas.
Haxowner, yuer muddy3HOCTH s1epHOM MOBEPXHOCTH yBEIMUMBACT BPEMS pacyeTa euie B
THICSAUY pa3. B pesynbrare 3aqaua pacuera KapThl TOTEHI[HATBHOM YHEPTUH B3aUMOJICHCTBHS
aTOMHBIX SI/IEp CTAHOBUTCS MPAKTUUECKH HEBBITTOIHUMON. B HacTosmelt pabote npemioxkex
NpUOIMKEHHBIH METOJ, TO3BOJISIIOLINH CYILIECTBEHHO YCKOPHUTD MPOLIECC pacyeTa SHEPrHu
B3aUMOJICHCTBHS CTAJIKUBAOIINXCSA aTOMHBIX SJep, IIPU 3TOM TOYHOCTh pacueTa 0CTaeTcs
JI0OCTAaTOYHO BBICOKOH. Anpo0ariysi MeTo/ia pou3Be/IeHa Ui pacyeTa MoTeHIHaIbHOM JHep-
T'UH KYJOHOBCKOTO B3aMMOJIEHCTBHUS BYX ChepUUECKHUX aTOMHBIX sjep, HAXOIAIMXCS Ha
MPOU3BOIBHOM PACCTOSIHUH APYT OT Apyra. B paboTe mpon3BoanTcs cpaBHEHHE TOYHOCTH U
BPEMEHH PacyueToB, BBITOIHEHHBIX 0 TPAAUIIMOHHBIM METO/IAM, 110 TIPETIOKEHHOMY TIPH-
ONIKEHHOMY METOY | 10 aHAITMTHYECKOH (opMyre Ut KYJOHOBCKOTO B3aUMOJICHCTBHS
IBYX cepruueckn CMMMETPUYHBIX aTOMHBIX siiaep. [lokazaHo, 4yto npuMeHeHne paspado-
TaHHOTO METOJA SIBISIETCS Leeco00pa3HbIM IIPH pacueTax, yUUTHIBAIOMINX Je(hOpMALHUIO 1
B3aMHYIO OPHEHTAIIMIO CTAIKUBAIOIINXCS s/Iep, a TAKXkKe MPU HEOOXOAMMOCTH YUHUTHIBATH
1 dy3HOCTD pactpeeNeHns sAepHoTo BenecTsa (Iuddy3HOCTD SIepHON TIOBEPXHOCTH).

KnroueBble ciioBa

MonenupoBaH#e CTOIKHOBEHHS aTOMHBIX s/IEp, OTCHIMAJ B3aMMOACHCTBHS aTOMHBIX s7IED,
KYJOHOBCKOE B3aHMOZICHCTBHE, SAEPHOE B3aUMOZCHCTBHE, TU((PY3HOCTD s1epPHO OBEPX-
HOCTH, MHTEPIOJISLIS METOAOM CIUIAHHOB, YHCICHHOE HHTETPHUPOBAHHUE.
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BBenenne

J1st MoeTupoBaHUS TIPOIEeCCa CTOMKHOBEHHUS aTOMHBIX SIZIEP IIUPOKO UCTIONB3YIOT-
Csl CTOXaCTUYECKHE IuHaMuYeckue moxaeiu [3, 7, 8]. [yisg ux npuMeHeHus: HeoOxo-
JIUMO 3HATh MOTCHIUAIEHYIO YHEPTUIO KYJIOHOBCKOTO U SIIEPHOTO B3aUMOICHCTBUM
aTOMHBIX SI7IEp, YUACTBYIOMMX B peakiuu. [loTeHnanpHas 2HEPrusl CUCTEMBI, CO-
CTOSIIIEN M3 TMOKOAIIEToCs siipa-MUIIEHN M HaJIETAIOIIEro Ha Hero sjpa-cHapssa,
3aBHUCHT OT PACCTOSIHUS MEXKJTy LICHTPaAMH Mace sifiep, uX (opMbl U B3aMMHOW OPHEH-
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TaIWH, T. €. OHa TOCTOSTHHO H3MEHSIETCS BO BPeMsi 3BOJTOIH (DOPMBI cucTeMbl. EcTect-
BEHHO, YTO TOUHBIM pacyeT MOTEHIIUAJIOB B3aUMOJICHCTBHSI aTOMHBIX SIAEP, KOTOPBIN B
o0I1IeM ciTy4ae CBOJUTCS K PacieTy CyMMapHOTO B3aUMOZCHUCTBHS KOKIOTO dJIEMEHTa
00beMa OJTHOTO SIpa ¢ KAXKIBIM JIEMEHTOM 00beMa BTOPOTO sijipa (T. €. K BRIYUCICHHIO
IIECTUKPATHOTO MHTETpaia [4]), [uid KaKI0oro MOMEHTa BpEMEHH HEBO3MOXKEH, T. K.
TpeOyeT JTUTENBHBIX BRIYUCICHUH. [[03TOMY BMECTO TOUHOTO pacdera 3HaYEeHHH 110-
TEHIMAJIOB TIPUMEHSIFOTCS pa3IMyuHbIe MPHOJIMKEHHBIE METO/BI, IIPUYEM TOYHOCTh
MIPUODKEHUS. MOXKET YITy4IIaThCs IO MEpPE Pa3BUTHUS PACUCTHON TEXHUKH.

B nepBoM mipuOIMKeHUH MOKHO paccMaTpuBaTh CTOJIKHOBEHHUE JIBYX chepuue-
CKHX aTOMHBIX SIIEp, B 3TOM Clly4ae NOTCHUUAIbHAS SHEPT U KyJIOHOBCKOTO B3aUMO-
JIEHCTBHSI MOKET OBITh PAaCCUMTAHA AHAIUTUYECKH, a JIJISl TOTEHIIMAILHOW SHEPTUU
SIIEPHOTO B3aMMOJICHCTBYSI MOXHO TOTyYUTh MPHOIMKEHHYIO (hopMyity, He Tpely-
IOLIYI0 MHTETpUpoBanus [2, 3].

Janee, eciv ecTh HEOOXOMMOCTh YUUTHIBATH Ae(hOPMAIIHHY CTAIKHABAFOIIMXCS SIIIED,
MOXKHO JTM00 npeHeOpeub Tu(dy3HOCTBIO SIIEPHOM MOBEPXHOCTH IIPU pacyeTe Kyjo-
HOBCKOTO B3auMOJIEHCTBIS, JIN0O yuecTh ee npuommkeHHo [10], B TakoM ciryyae 1me-
CTHKpPaTHOE WHTETPUPOBAHUE OOBEMHBIX MHTETPAJIOB CBOIUTCS K YETHIPEXKPATHBIM
MOBEPXHOCTHBIM UHTErpajiaM [5]. A mpu pacuere sSASPHOrO B3aUMOJICHCTBHUS MOXKHO
UCTIONIb30BaTh MPUOIIKEHNE, B KOTOPOM KaXKIbIH HYKJIOH OJJHOTO Siipa B3auMOJeH-
CTBYET C HEKOTOPBIM YCPEIHEHHBIM MOTEHLIMAJIOM, CO3JAaHHBIM BTOPBIM A1poM [3]
(MeTox OTHOKPATHOM CBEPTKU MOTEHIMAa). B 3ToM cityyae HHTETpUPOBaHUE MTPOU3-
BOAUTCS TOJIKO MO 00BbEMY OTHOTO 3 SIAEP.

Tpex- win 4eTbIPEXKPATHOE UHTEIPUPOBAHUE TAKIKE 3aHUMACT 10CTATOYHO MHOTO
MAIIMHHOTO BPEMEHHU, TO3TOMY PACUET MOTEHIUAIOB IPU KaXKI0M U3MEHEHUU Tapa-
METPOB CUCTEMBI, COCTOSIIEH U3 IBYX B3aUMOICHCTBYIOLINX aTOMHBIX sIJEP, HE MPe-
CTaBIISICTCSI BOBMOXKHBIM. BMeCTO 3TOTO0 17151 TUCKPETHOTO HAOOpa 3HAYECHUI, KOTOPhIE
MOTYT IPUHUMATh MapamMeTpbl (POPMBI CHCTEMBI, PACCUUTHIBACTCS CETKA, PA3MEPHOCTh
KOTOpPOU COBIAJIaeT C YHCIIOM ITapaMeTpoB (POpMBI cucTeMbl. [lanbHeliInee BEIYUCIeHUE
MOTEHIMAIa CBOAUTCS K MHTEPIOJSLIUKI MEXTY y3/IaMU TaHHOU ceTku. Takyro uHTep-
MOJISILIUIO TAKXKE MOYKHO BBITIOJHSTH C Pa3IM4YHOM CTENEHbI0 TOUHOCTU. [lepBoHayab-
HO OHA BBITIOJHSJIACH C TIOMOIIIBIO ITOJTMHOMOB TIEPBOM CTENCHU (JIMHEWHAasi HHTEPIIO-
nsiryst). J{yist MOBBINIEHUS] TOYHOCTH pacyeTa MOXHO UCIIONB30BaTh HHTEPIONISIINIO C
MOMOIIIBIO CIIAHOB, KOTOPasi, OJIHAKO, TPEOyeT JOCTAaTOYHO MHOTO ONEPaTHBHOMN
TIAMSITH JUTSE XpaHEeHUs K0d3(h(OUITMEHTOB HHTEPIOISAIIMOHHBIX MHOTOYWICHOB,

Pacuer ceTkn moTeHIMANOB MPEBPALIAETCA B JOCTATOYHO TPOMO3IKYIO 33ady B
ClTydae, eCJI KpOME PACCTOSTHHUSI MEXTy LIEHTpaMH Macc U Je(hopMaIiii KayKao0ro U3 saep
YUUTBIBATh TAKXKE U MX B3aUMHYIO OpUEHTaLuIO [6]. B 3TOM cityyae pa3MepHOCTb CETKU
JIOCTUTAET ISITU-ILIECTH U3MEPEHUH.

B Hacrosmieli pabote mpeanaraeTcs MPUOIMKEHHBIA METOJ] pacueTa IMOTEHIIU-
aJBHOUN SHEPTUM B3aMMOJCHUCTBUS NIBYX siyiep (Ha mpuMepe KyJIOHOBCKOTO B3amMO-
JICHCTBHSI), CBOASIIIIUICS K BBIYMCICHUIO TPEXKPATHBIX HHTETPaIoB. [laHHBII MeTo
MPUBOJIUT K CYIIECTBEHHOMY YBEJIMYEHHUIO CKOPOCTH pacuera, Mpu 3TOM TOUYHOCTh
BBIYHMCIICHUN OCTAETCSl JOCTATOYHO BBICOKOM.
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MeToabl pacuera HOTeHIIHaIIBHOﬁ JHEPIrumn BSaHMOHeﬁCTBHﬂ
CTAJIKUBAKOIIUXCHA SA/IEp

st GyHKIMOHMPOBAaHHS COBPEMEHHBIX MOJIeNel, ONMCHIBAIOLINX MPOLIECC CTOJIKHO-
BEHHUS aTOMHBIX SIIEP, TPEOyeTCs MPONU3BECTU PacueThl MATH-IIECTUMEPHBIX KapT 110-
TEHIUATBHOW YHEPTHH CUCTEMBI, TZIE€ Pa3MEPHOCTH KapT 3aBUCHUT OT YHCIIa yUUThIBae-
MBIX CcTeneHed cBoOOnbI (mapameTpoB (OpMBI) CUCTeMBI. Takue KapThl COAEpKar
npumepro 10°-10° Touek. J{yst pacuera Takoi KapThl HEOOXOIMMO MOTPATUTH OT 10 At
1o 1 000 Az cytok, te A — Bpemst (B CEKyHIaX), HEOOXOANMOE AJIs pacueTa OJHOH
TOYKHU, KOTOPOE 3aBUCHUT OT TOUHOCTH PACUETa U OT METO/A YHCIICHHOTO HHTETPUPOBa-
Husl. Tak, npu uHTErpUpoBaHUM MeTozioM ["aycca 1o 32 Toukam Af MOXKET TOCTUTaTh
HECKOJIBKUX CEKYHJI, €CIIM TIPY pacdeTe MOTSHIHAILHOW YHEPTUH B3aNMOAEHCTBHS
ATOMHBIX SJIep MPOU3BOAMTCS yueT Tuddy3HOCTH siiepHOl oBepxXHOCTH [4]:

Viet = f 0e0, Vi dFidF, (1)
Veou = kef PP g ®)
|S + Tp - Tt|

Il MHTETPUPOBAHHUE MPOBOAMTCS MO 00bEMaM OOOMX CTAIKUBAIOIIMXCS SAEp, T. €.
BBIUUCJISIETCS IIECTUKpAaTHBbIA HHTerpan. [lepBblii MHTErpall ONMCBHIBAET SACPHOE
B3aMMOJIEHCTBUE JBYX aTOMHBIX fAZEp, Ul €r0 pacuera TpeOyercsl 3HaTh IOTEHLHAI
HYKJIOH-HYKJIOHHOTO B3aUMOJEHCTBU V, . BTOPO# HHTErpast OMUChIBAET KYJIOHOBCKOE
B3auMozelicTBue sziep (k,— dIeKTpHYecKas OCTOSHHAS, @ § — BEKTOP, HAPaBIEHHBI
U3 LIEHTpa Mace siIpa-MUIICHN B LIEHTP Macc siipa-cHapsiaa). B o0a nnrerpana Bxonur
BEJIMUNHA Ft(p) — paauyc-BEKTOpP MPOU3BOIBHON TOUKH COOTBETCTBYIOILETO S/Ipa B
cHcTeMe KOOP/IMHAT, CBSI3aHHOM C ero HeHTpoM Macc. [ImoTHoCTh siaepHoro BelecTBa
3a7a€TCs BBIPAKCHAEM:

5 p
p(r) = — : (3)
|7 — R(peit, Zeit, Peir, )|
a

1+ exp

e |7 — R(0ui1, Zeit, ©wis, ;)| IMEET CMBICI KpaTyaiilero paccTOSHHA OT MAOTo
sneMeHTa o0beMa szIpa, TONOKEHHE KOTOPOTO 3aJaH0 pPajuyc-BEKTOpoM 7, 10
AIEPHOM MOBEPXHOCTH, 3aJaHHON TPOQUIBLHON (yHKuIMEH p_(z . O.), 3aBUCALIEH
OT HapaMeTpPOB 0., 3aJalMuX (GopMy sAapa B COOTBETCTBYIOLIEH NapaMeTpU3aluu
(mammpumep [1, 9]).

W3 Bepakenuit (1) u (2) BUIHO, 9TO METOIBI pacyueTa MOTCHITNAIBHONW YHEPTHU
SIEPHOTO M KYJIOHOBCKOTO B3aMMOJICHCTBUSI CXOMKH, TTO3TOMY JalbHEHIINE PacCy KIACHUS
OyayT TPOBOAUTBCS TOJNBKO Ul KYJIOHOBCKOTO B3amMozeicTBUA. B astom cmydae
CYILLIECTBYET IIPOCTOH CIIOCO0 MPOBEPKU TOUHOCTH PACUETOB — M3YUCHHE B3aUMOACHCTBHS
TIBYX C(DepHUUECKUX sIIep.

BectHuk TromeHCKOro roCyjapCTBEHHOI0 YHUBEpPCUTETA
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OrtkazaBmmch OT ydera Au(@y3HOCTH SIEpHONM HOBEPXHOCTH B (2), MOXHO
nepeiTH 0T 00BEMHBIX HHTEIPAJIOB K IOBEPXHOCTHBIM [5]:

1 — —_—
h - - -
Veout | = _Ejﬁ 3§|s +7, — 7| (dS, - dS,). 4)

®opmyna (4) TO3BOISET 3HAYUTEIBHO COKPAaTHTh BpeMsi pacueTra. VIMeHHO ¢
pacueraMu, TIPOBE/ICHHBIMH TI0 JaHHOW (popMyIie, MbI ¥ OyZIeM CPaBHUBATH TOYHOCTD H
CKOPOCTB pa3padaTsiBaeMOro MPUOIKEHHOTO METOIA.

CyTh M€TOJa COCTOMT B TOM, YTO PacyeT IMOTCHIIHAIBHON 3HEPIUU MOYKHO
pasnenuTh Ha JiBe crtaguu. CHavala Hy>)KHO PacCYMTaTh MOTEHIIMAN, CO3/1aBaeMBbIi
SITPOM-MHUIIICHBIO B OKPYKAFOILEM €r0 ITPOCTPAHCTBE:

A
qelt . )
Jx2 + y?% + z2

Pacuer moTeHIMana mpoW3BOAMTCS IS JMCKPETHOTO Habopa Touek (y3JI0B
CETKH) B TPEXMEPHOM MpocTpaHcTBe. [loTeHIAN SIEKTPUUECKOTrO MO SBISCTCS
JIOCTATOYHO T IKON (DYHKIIMEH JIEKapTOBBIX KOOpAUHAT (pHC. 1), TO3TOMY 3HAUCHUS
MOTEHIIMAA B TOYKAX, HE COBMAJAIONIUX C Y3JIaMHU CETKH, MOXXHO C BBICOKOH
TOYHOCTBIO IMOJIYYUTh, UHTEPIOIUPYS TAaHHYIO PYHKIIUIO TPEXMEPHBIM KyOU4eCKUM
crtaifHoM. EcTecTBEHHO, TOYHOCTh MHTEPIONSAIUN MMOBBINIACTCS C YMEHBIICHUEM
mara cetku (Ax, Ay, Az).

(P(X, Y, z) = ke

Puc. 1. TloTeHuman s1eKTpUYECKOrO
nonst o(x = 0, y, z), CO3TaHHOTO
cheprIecKiM SIPOM-MHIIEHBIO,
KOTOpOE HaXOAMTCS B Havase KOOP/IMHAT
[Mpumeuanwe: sapo-cHapsa Oyaer
MIO/IJIeTaTh B HAIIPABIICHUM,
MIPOTHBOTIONOKHOM ocu OZ.

Fig. 1. The electric field potential
¢(x =0, y, z), created by a spherical
target nucleus at the origin of coordinates

Note: projectile-nucleus will fly up
in the direction opposite to the axis of OZ.

Pusuko-maTemaTuueckoe moaenuposanue. Hedrs, ras, snepreruka. 2019. Tom 5. Ne 2
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MHuTepnionupyst MOTEHLIUAN NIEKTPUUECKOTO TI0JIsL, CO3IaHHOIO SIPOM-MUILIEHBIO,
UHTETpUpYys 10 00beMy siapa-CHapsiaa, Mbl MOKEM PacCUUTaTh MOTCHIUATIBHYIO SHep-
TUI0 KYJIOHOBCKOI'O B3aUMOJIEHCTBUS JBYX SJIEP:

interp _
I/;:oul - f p(pdV. (6)
CnenyeT 3aMCTUTh, YTO HAa OJHOM II0JIC MbI MOKEM PACCUUTATh NMOTCHIHNAIIbHYTO
SHEPIHUIO JUIs JI000H Ae(opMalivii U OPUCHTAIUH sITpa-CHApPSIJIa, a TAKKE IS JTF000r0o

paccTOSHUS MEXY CTAIKUBAIOIUMHUCS sIpaMu (puc. 2).

Mone noteHumana ¢,, CO3AAHHOTO HAPOM-MULLIEHBH)

Appo-muweHb
. . ! /! | .
[ AX / Ay| Az

Puc. 2. PacyeTHas ceTka moTeHIya€a Fig. 2. Computational grid of electric
AMEKTPUIECKOTO TOJIS, CO3AaHHOTO field potential created by the target-
SIIPOM-MHIIICHBIO nucleus
[pumeyanue: y3m0Bble TOUKU CETKH Note: the nodal points of the grid
paccurTansl 110 popmyie (5), 3HaYeHHe are calculated by the formula (5),
MOTEHLHAJIa MEX/TY y3/IaMH CETKU the value of the potential between
OIpEIENAETCS. METOIOM HHTEPIONSALII the nodes of the grid is determined
KyOnueckum crutaiinoM. laru cerku by the cubic spline interpolation method.
MOTEHIIMANIa B HAMPABJICHUU COOTBETCTBYIO- The steps of the potential grid
IIUX Oceit 0003HaYCHBI KaK (Ax, Ay, Az). in the direction of the corresponding axes
[TyHxTHpHBIE IMHUM (TTIPOQWITH siapa- are denoted as (Ax, Ay, Az). Dotted lines
CHapsI/1a) WLTFOCTPHUPYIOT TOT (haKT, (projectile-nucleus profiles) illustrate
YTO Ha OJIHOM CETKe MOKHO PacCUnTarh the fact that it is possible to calculate
HNOTEHIUATIBHYO SHEPTHIO B3aUMOICHCTBUS the potential energy of the target-nucleus
S7Ipa-MHUIIICHH C TIPOM3BOJILHO epOPMHpPO- interaction with an arbitrarily deformed
BAHHBIM ¥ OPHEHTHPOBAHHBIM B IIPOCTPAH- and space-oriented projectile-nucleus
CTBE SIPOM-CHAPSIOM, YIATIECHHOM at an arbitrary distance from the target-
OT si/Ipa-MHUIICHN Ha TIPOM3BOJILHOE nucleus on this, once calculated grid.

paccTostHue.

BectHuk TromeHCKOro roCyjapCTBEHHOI0 YHUBEpPCUTETA
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Pe3y.]'leaTbI U UX oﬁcyme}me

I[J'ISI OLICHKU TOYHOCTHU IIpCAjIaracMoro MeTo/ia pacucTa Mbl UCITIOJIb30BaJIN U3BECCTHYIO
aHAJTMTUYECKYI0 (OpPMYITy pacueTra MOTeHIHAIbHON SHEPIHH KyJIOHOBCKOTO B3aMO-
JIeHCTBUS IBYX CHEpUUECKUX Aep (TOUCUHBIX 3apsI0B):

Vot = ko 2252 )

analit e r ’
cm

COOTBCTCTBECHHO, BCC PACUCTLI IIPOBOAUIIUCH IJIs1 CUCTEMBI, COCTOSIHleﬁ n3 AByX C(be-
puueckux syiep. Ciienyer 3aMeTHTh, 4To chepruieckas CHMMETPHS siIep HE UCTIONb30-
BaJIach JUIsl YIIPOILEHHUS MTPOLIecca MHTETPUPOBAHUS, T. €. BCE pacyeThl ObUTH NpOBejie-
HBI B 00IIIEM BHJIC, ¥ BBIBOJIbI pA0OTHI COXPAHST CBOIO CHJIY M B CJTy4ae pacCMOTPEHUS
B3aUMOJICUCTBUS JBYX Ae(HOPMUPOBAHHBIX, TPOM3BOJILHO OPHEHTUPOBAHHBIX B MPO-
CTPAaHCTBE SA1Ep.

MeTod MNayveoa (12 Tovean)

meTog MNaycca (32 Toqek)

Haw meToq (war ceTkn 0,5 dom)
Haw MmeTof (Wwar ceTkn 0,25 dm)

1
® om0

Puc. 3. OnieHKa TOYHOCTH BEIYHCIICHUI
[IOTEeHLUAIBHOM SHEPriuH B3aUMOJICHCTBHS
IBYX c(hepryecKuX saep, MPOBeACHHASL

1o hopmye (8)

[Tpumevanus: KBagpaThl — pacyer
YETBIPEXKPATHOTO HHTETPajia 0 METOy
laycca (OTKpBITBIC CUMBOJIBI —
MHTETPHPOBaHKE MO 12 TouKam,

3aKPBITBIE CHMBOJIBI — HHTEIPUPOBAHHE
110 32 TOYKaM); KPY>KKH — pacdeT

0 TIPUOJTMKEHHOMY METOY C [IaroM
CeTKH noTeHImana Ax = Ay =Az =

=0,5 ¢M (OTKpPBITBIE CHMBOIBI) U Ax =
=Ay=Az=10,25 ¢M (3aKpHITHIC CHMBOJIBI).

Fig. 3. Estimation of the accuracy

of calculations of the potential energy
of interaction between two spherical
nuclei, calculated by the formula (8)

Notes: squares — calculation

of the fourfold integral by Gauss method
(open symbols — 12 points integration,
closed symbols — 32 points integration);
circles — calculation by the approximate
method with step of a grid potential,

Ax = Ay =Az=0.5 fm (open symbols)
and Ax = Ay = Az =0.25 fm (closed
symbols).
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[Ipu pacueTe moTeHIUATBHOW YHEPTUH 110 ONHCHIBAEMOMY METOLY OBLIN UCTIONb-
30BaHbI CETKU TOTEHIMAJIOB ¢ maroM Ax =Ay=Az=0,5 pMmuAx=Ay=Az=0,25 pm.
YucneHHOe HHTErpUpOBaHKE BIIOIHSUIOCH C IIOMOILIBI0 MeToAa ["aycca o 32 Toukam.

Kpome Toro, asst cpaBHEHUSI TOUHOCTH pacueTa HaMH Obljla pacCUMTaHa MOTEH-
UagbHast 3HEPTHsl KyJTIOHOBCKOTO B3aMMOJICHCTBHUS CTAIIKMBAIOIINXCS chepruecKux
A1ep MyTeM BBIYHMCIICHUS YeThIPEXKPaTHOTrO nHTerpana (4). YucieHHoe HHTErpupo-
BaHUE BBIpaKeHUs (4) BBIMONIHATIOCH Mo MeToay ['aycca rmo 32 u 12 toukam.

J1J1s OIICHKM TOYHOCTH pacueTa Obljia UCIOoJIb30BaHa (popmyia:

|VCoul - Vanalitl
EV - .

®)

Vanalit

Kak BumHO m3 puc. 3, TOUHOCTH pa3pabOTAaHHOTO METOoJa B OOJNACTH MajbIX
paccTosSTHUN MKy [IEHTPAMHU MacC CTAJIKUBAIOIIUXCS saep (a 3To HanboIee BayKHAS
UL MOZENNPOBAaHUSA 00JIACTh) HECKOJIBKO MPEBBIIAET TOYHOCTb MHTETPUPOBAHMS
BeIpaxkeHHA (6) mo meroxy ['aycca mo 12 Toukam (Bpemsi pacuera B JaHHOM CIIydae
NPUMEPHO OIMHAKOBO) M MOXKET OBITh YIyYIlleHa IyTeM YMEHBIICHUs Ilara CETKH
IHOTCHIMajaa. CJ'ICHYCT 3aMCTUTb, 4YTO YMCHLIICHHUEC Iara CCTKH IOTCHIMAaJIa (B
Ppa3yMHBIX Npefiesiax ) He IPUBOIUT K CYIIIECTBEHHOMY YBEJIMUEHHIO BPEMEHH pacyeTa.

Bpemsi pacuera 1no HamieMy METOQy IIPUMEPHO COBIAJAEeT CO BPEMEHEM,
HE0OXOIMMBIM JUISl YMCIIEHHOTO pacyeTa TPeXKparHoro uuTerpaia. CooTBETCTBEHHO, HAI
Mmetoz paboraeT npumepHo B 30 pa3 ObicTpee (MpH MHTETPHPOBAHUH 110 32 TOYKaM), YeEM
NPEIOKEHHBIN B [S] MeTox, MO3BOJISIONMI BBIYUCIISTH KYJIOHOBCKOE B3aMMOJICHCTBHE
JIBYX aTOMHBIX si7iep ¢ pe3KuM Kpaem, U B 30 000 pa3 OvicTpee, 4eM B3STHE IIECTUKPaTHOTO
unrerpaia (1), HeoOxoauMoro Ist yuera AudPpy3HOCTH SACPHOM TTOBEPXHOCTH.

3akoueHne

B Hacrosieit paboTe npeioykeH HOBBIH METO]T, TO3BOJISIOIINM CYIIIECTBEHHO YCKOPUTh
pacyer MoTEeHIMAIbHON SHEPTHU B3aUMOJICUCTBHSI CTAIKHBAIOLIMXCS aTOMHBIX sIIEp.
Pesynprarhl pacueToB COXpaHSIOT TOUHOCTD, TOCTATOYHYIO JUISI JMHAMUYECKOTO pac-
yeTa Mpolecca CTOJKHOBEHHUs aroMHbIX sep [7]. [IpuMeneHue pa3paboOTaHHOTO
METOJIa 0COOCHHO TIeJIeCO00Pa3HO MPHU BEIUNCICHUH ITOTCHITHAIBHON SHEPTHH B3au-
MOJICHCTBYISI aTOMHBIX SJIEP, PACCUUTHIBAEMOTO € y4eToM MU (Y3HOCTH SIEPHBIX
noBepxHocTeil. Ciieayer 3aMeTUTh, YTO TPENIOKEHHBINH MeTO/I 06€3 CYIIeCTBEeHHBIX
WU3MEHEHUH MOXKET OBbITh MPUMEHEH W JUIS BBIYMCICHUS TOTSHIIMAIBLHOW SHEPTUU
SIIEPHOTO B3aUMOJICHCTBUS C IIOMOIIbIO BhIpaskeHus (1).

CIIMCOK JIMTEPATYPBI

1. Brack M. Funny hills: The shell-correction approach to nuclear shell effects
and its applications to the fission process / M. Brack, J. Damgaard, A. S. Jensen,
H. C. Pauli, V. M. Strutinsky, C. Y. Wong // Reviews of Modern Physics. 1972.
Vol. 44. Ne 2. Pp. 320-405. DOI: 10.1103/RevModPhys.44.320

BectHuk TromeHCKOro roCyjapCTBEHHOI0 YHUBEpPCUTETA



Hogblii Memoo npubauzcennozo pacuema nOmeHyuaIbHol IHEPUU ... 67

10.

Denisov V. Yu. Interaction of two deformed, arbitrarily oriented nuclei / V. Yu. Denisov,
N. A. Pilipenko // Physical Review C. 2007. Vol. 76. Ne 1. 014602.

DOI: 10.1103/PhysRevC.76.014602

Gross D. H. E. Friction model of heavy-ion collisions / D. H. E. Gross, H. Kalinovski //
Physics Reports. 1978. Vol. 45. Ne 3. Pp. 175-210. DOI: 10.1016/0370-1573(78)90031-5
Ismail M. Azimuthal angle dependence of Coulomb and nuclear interactions between
two deformed nuclei / M. Ismail, A. Y. Ellithi, M. M. Botros, A. E. Mellik // Physical
Review C. 2007. Vol. 75. Ne 6. 064610. DOI: 10.1103/PhysRevC.75.064610

Kurmanov R. S. New approach to calculating the potential energy of colliding nuclei /

R. S. Kurmanov, G. I. Kosenko // Physics of Atomic Nuclei. 2014. Vol. 77. Ne 12.

Pp. 1442-1452. DOI: 10.1134/S1063778814120102

Litnevsky V. L. Allowance for the orientation of colliding ions in describing the synthesis
of heavy nuclei / V. L. Litnevsky, G. I. Kosenko, F. A. Ivanyuk, V. V. Pashkevich //
Physics of Atomic Nuclei. 2012. Vol. 75. Ne 12. Pp. 1500-1512.

DOI: 10.1134/S1063778812110142

Litnevsky V. L. Allowance for the tunnel effect in the entrance channel of fusion-fission
reactions / V. L. Litnevsky, G. I. Kosenko, F. A. Ivanyuk // Physics of Atomic Nuclei.
2016. Vol. 79. Ne 3. Pp. 342-350. DOI: 10.1134/S1063778816020113

Marten J. Langevin description of heavy-ion collisions within the surface friction model /
J. Marten, P. Frobrich // Nuclear Physics, Section A. 1992. Vol. 545. Ne 4. Pp. 854-870.
DOI: 10.1016/0375-9474(92)90533-P

Pashkevich V. V. On the asymmetric deformation of fissioning nuclei /

V. V. Pashkevich // Nuclear Physics A. 1971. Vol. 169. Ne 2. Pp. 275-293.

DOI: 10.1016/0375-9474(71)90884-0

Sierk A. J. Macroscopic model of rotating nuclei / A. J. Sierk // Physical Review C. 1986.
Vol. 33. Ne 6. Pp. 2039-2053. DOI: 10.1103/PhysRevC.33.2039

Pusuko-maTemaTuueckoe moaenuposanue. Hedrs, ras, snepreruka. 2019. Tom 5. Ne 2



Tyumen State University Herald.
68 Physical and Mathematical Modeling. Oil, Gas, Energy, vol. 5, no 2, pp. 59-70

Vladimir L. LITNEVSKY"
Leonid A. LITNEVSKY?
Grigory I. KOSENKO?
Sergey I. MAZUR*

UDC 539.172.17

A NEW METHOD FOR THE APPROXIMATE CALCULATION
OF THE POTENTIAL ENERGY OF INTERACTION
BETWEEN TWO ATOMIC NUCLEI (THE CASE

OF THE COULOMB INTERACTION)

' Cand. Sci. (Phys.-Math.), Associate Professor,
Department of Physics and Chemistry,
Omsk State Transport University
vlad.lit@bk.ru

2 Cand. Sci. (Phys.-Math.), Associate Professor,
Department of Physics and Chemistry,
Omsk State Transport University
litnevskyla@yandex.ru

3 Dr. Sci. (Phys.-Math.), Professor,
Department of Physical and Mathematical Disciplines,
Military Academy of Logistics named
after the Army General A. V. Khrulev (Omsk)
kosenkophys@gmail.com

Postgraduate Student,
Omsk State Technical University
mazurlsergey@gmail.com

Citation: Litnevsky V. L., Litnevsky L. A., Kosenko G. 1., Mazur S. I. 2019. “A new method
for the approximate calculation of the potential energy of interaction between two atomic nuclei
(the case of the Coulomb interaction)”. Tyumen State University Herald. Physical and Math-
ematical Modeling. Oil, Gas, Energy, vol. 5, no 2, pp. 59-70.

DOI: 10.21684/2411-7978-2019-5-2-59-70

© University of Tyumen



A new method for the approximate calculation of the potential energy ... 69

Abstract

Modeling of the collision process of atomic nuclei requires knowing the potential energy of
their interaction. Increasing the accuracy of the description of the system’s shape (i. e. the
number of the degrees of freedom), as well as taking into account the structure of atomic
nuclei can significantly advance the understanding of the processes during their collision.
On the other hand, the rising accuracy of the calculation significantly increases the time of
its performamce. Thus, taking into account the four shape parameters (the distance between
the centers of mass of the nuclei, the deformation parameter of the projectile nucleus and
of the target nucleus, as well as the angle between the line connecting the centers of mass
of the nuclei and the axis of symmetry of the target nucleus), the potential energy map
takes about one day. Adding the parameter, which describes the orientation of the projectile
nucleus in the space, increases the time of calculation of the map by ten times. Calculating
all the possible relative orientations of colliding nuclei (three Euler angles) require one more
parameter, which increases the calculation time by ten times more. Finally, taking into account
the diffuseness of the nuclear surface increases the calculation time by a thousand times. As
a result, the problem of calculating the potential energy map of atomic nuclei interaction
becomes practically impossible.

In this paper, the authors propose an approximation method to speed up the process of
calculating the interaction energy of colliding atomic nuclei, while the accuracy of the
calculation remains high enough. The proposed method can significantly accelerate the
process of calculating the interaction energy of colliding atomic nuclei, while the calculation
accuracy remains high enough. The method was tested to calculate the potential energy of
the Coulomb interaction between two spherical atomic nuclei located at the different distance
from each other.

The paper compares the accuracy and time of calculations performed using traditional
methods, the proposed approximate method and the analytical formula for the Coulomb
interaction of two spherically symmetric atomic nuclei. The results show that the application
of the developed method is appropriate in calculations that take into account the deformation
and mutual orientation of colliding nuclei, as well as, if necessary, take into account the
diffuseness of the distribution of nuclear matter (the diffuseness of the nuclear surface).

Keywords

The process of fusion-fission, heavy ions, the interaction potential, compound nucleus,
the cross section of the touch, super-heavy elements.
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