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BukopucroByroun HOBI Koe(illieHTH MONIHOMHOTO 3aJaHHs aMIUTITY PO3CIIOBaHHs aTOMaMH PEHTT€HIBCHKOIO
BUIPOMIHIOBaHHS MPOBEICHO YTOYHEHHS aTOMHUX €JICKTPOHHUX aMIUIITY[ BCIiX €JIEMEHTIB MEPiOIUYHOI TaOIHIi Ta
Oaratbox ix ioHiB. [lepeBaror0 OTpHUMaHHX MAaHUX € MOXJIHMBICTh NPENCTABICHHS CICKTPOHHHUX AaMIUNTYI B
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nporpaMHoMy BuAi (06a3a manux). [IOpiBHSHHS 3 BIIOMHMH €JIEKTPOHHHUMH aMILTITYJaMH DPi3HHX aTOMIB ITOKa3ye
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Haiimennmmu LIEHTpamMu PO3CifOBaHHS IS
CIIEKTPOHIB € OKpeMi aTOMH pPEYOBHHH. BimmoigHO
IHTCHCUBHICTD ~ PO3CIIOBaHHS  CIIEKTPOHHOTO  ITydKa
3aJaBaTUMETbCSl JIMIIE PO3CIIOIOUMUMH  3JaTHOCTSIMHU
atomiB F(s), sSki BXOHATH y CKIax IOCHIMKYyBaHOI
peuoBnHn.  Dyskmis F(s) KoHKpeTHOro  aroma
BU3HAYAETHCS aMIUNTylaMH C(EPUYHHMX EJIEKTPOHHHUX
XBHJIb, YTBOPEHUX Y PE3yJIbTATI PO3CIIOBAHHS I1aar0uoi
TUIOCKOT XBHJII HAa JAaHOMY aTOMi Yy BUOpaHOMY HarpsiMKy
S. 3HaxOKeHHS LUX aMIUTTY] € OCHOBHOIO 3a/1auero
KBaHTOBO-MEXaHIYHOI Teopii pO3CIIOBAaHHS EJICKTPOHIB

atomoM. Ii po3B’ 130k jiae HacTynHumiA pesybrar [1]:
2nme sinsr
h2

JIe m — Maca CIOKOIO CIIEKTPOHAa, ¢ — WOTo 3apsm, h —

F(s)=— oJEV(f)47tr2 dr,

ST

crana Ilmamka, V(f) — chepuyHO CHMETPHYHHI
MOTEHIIaJ PO3IJIYBaHOTO aTOMa.
PeHTreHiBcbki NpOMEHI pPO3CIIOIOTHCS JIMIIE HA

€JIEKTPOHHHUX O0O0JIOHKaX aToMiB. ENekTpoHM X, sK
3aps/PKEH] YaCTUHKH, B33a€EMOJIIOTH 3  EJIEKTPUYHUM
KYJIOHIBCBKMM IIOJIEM BChOro aroma. ['oyloBHa poib B
CTBOPEHHI IHOTO TOJISI HAIEXKUTh SAPY, B KOTPOMY
3KOHLICHTPOBAHO BECh MO3UTUBHUU 3apsia atoma. Tomy
po3ciroroda 3[aTHICTh Yy 3HA4YHIA Mipi 3aJeXUTh Bif
BEJIMYMHU 3apsly sapa aToMa, SKUH 3HOBY X Takd
3a7a€ThCAd MOPAIKOBMM HOMEPOM [aHOro aroma Z.
OnHOYacHO, Yy TIpoliecax pO3CIIOBaHHS —EIIEKTPOHIB
B&XJIMBY POJIb BIIIrPalOTh 1 €JIEKTPOHHI OOOJIOHKU
aTOMIB. 3aBIKH I[bOMY CJCKTPOHOrpadis, sSK METOx
CTPYKTYPHOTO aHaizy, TICHO OB’ s3aHa 3
penrreHorpadiero 1 B mHeBHIH Mipi Hacuigye Bij
PEHTIeHIBCHKMX NPOMEHIB 1 IX TIepeBary, i HeJJOMiKH.
Beeneny Bumie ¢ynkuito F(s) Ha3nBaroTh aTOMHOIO
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CIeKTPOHHOI0  aMIuTiTyor0  [2]. ®i3udHO aromHa
€JIeKTPOHHA aMILTITyIa PiBHA aMIUTITY i pO3CifOBaHHS Ha
aToMI B 33/IaHOMY HAIpPSIMKY § ITaJarodoi IJIOCKOT XBUII
ofHOro enekTpoHa. [IpsAmi TeopeTndHi poO3paxyHKH
aTOMHHX C€JeKTPOHHUX aMIUIITYA pPO3CIIOBaHHSA IO
BKa3aHOMY BHIIE CITiBBiJHOILICHHIO JIOCUTh TPYJOMICTKI 1
BUMararoTh TOYHOTO 3HaHHs moteHuiany V(T). Tomy B
MPaKTHYHIA eleKTpoHorpadii mIis po3paxyHKy aTOMHHUX
€JIEKTPOHHUX aMILTITyl BUKOPHCTOBYIOTh OUTBII MPOCTi
meromu [1, 3-5]. Kpim Toro, mpm ix po3paxyHKax
BUKOPHCTOBYIOTh 1 LUIMH psii HaOMIKEHb, OIHHUM 13
akux € OopHiBcbke [5]. ToMy TeopeTH4Hi aTOMHI
aMIUTITYyI BIATBOPIOIOTH PEaNibHI aTOMHI aMILTITYIH 3
MEBHOIO TOYHICTIO, SKa 3MCHIIYETHCS 13 POCTOM
nopsiakoBoro Homepa aromiB Z. Ilpum pospaxyHkax
TaKOX MpPUHMAIOTh, 110 EJIEKTPOHHA O0OJIOHKa aToOMIB
chepryHO cuMeTpHyHa. B pedoBuHaxX e cepruHicTh
€JIEKTPOHHUX OpOiT, SIK IIpaBmWIIo, Mopyuryerbes. CTymiHb
BIUIMBY TaKUX MOPYIIEHb HAa TOYHICTh PO3paxyHKiB F(s),
a TaKOXK Ha JTIOCTOBIPHICTP pe3yIbTaTiB
eNeKTpoHOrpaiYHUX  JOCHIiA-KEHb  JCTalbHO  HE
aHaJi3yBaJlach, ajie OLIHKHM MOKa3ylTh 10 BIUIMB L[OTO
(axktopy mocuts Mammii [1]. ToMy BUKOpHUCTaHHS B
enektponorpadii ¢ynkuiit F(s) € ogHuM i3 OCHOBHHX
(hakToOpiB, 10 BIUIMBAIOTh HA TOYHICTh Ta JOCTOBIPHICTH
OTPUMYBaHHX PE3YJIbTATIB CTPYKTYPHHUX JOCIHIIKEHb.
F(s) wacTo mie Ha3WBaKOTh I ATOMHUM EJICKTPOHHUM
(axTopoM po3ciroBaHHA. MeToaW4HO Iie B AesKid Mipi
HEKOpeKTHO. ToMy Uil yCyHEHHS HETOYHOTO PO3YMiHHS
pe3ysIbTaTiB aHaNi3y AUQPaKLiHHUX JaHUX MU Hajam
M aTOMHHM EIIEKTPOHHHM (PAKTOPOM PO3YMITHMEMO
Bemmunny F*(s). IIpy oMy aTOMHHMiT (akTop MOKazye
IHTCHCUBHICTh PO3CIIOBaHHSA JAaHUM AaTOMOM IUTOCKOi
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MMagaroyoi XBWI OJUHUYHOI IHTEHCHBHOCTI B HAIPSMKY
s. TakuM  4YMHOM, SKIIO HAa aroM  Iajac
MOHOXPOMATHUYHHUI Iy4OK EJEKTPOHIB IHTEHCHUBHICTIO
I,, To i3 mpOro myduka B HANPSIMKY S KOTEPEHTHO

poscitoeThest inTencusnicts 1(s) = I,F*(s) .Ockinbku B

po3paxyHKax BHUKOPUCTOBYEThCS HaOIKESHHS
chepuuHOi cUMeTpiT aATOMHOTO MOTEHIIATY
poscitoBanms, To i (ynkumis F(s) (abo FX(s)) € Takox
chepryHO CUMETPUYHOIO.

ExcnepumeHTanbHO BenuuuHa I, BuUMiproeTbes B
OIWHUIAX, IO PIiBHI KUTBKOCTI E€JEeKTPOHIB, SKi
MIPOXOJATH 32 ONMHHILIO Yacy 4epe3 IepHEeHANKYISPHY
JO TydKa IUIOMIAAKy OJMHUYHOI rwionr. ToOTo
posmiphicTs I, piBHa 1/(mc). Posmipuicts poscisHoi
inTeHcuBHOCTI  I(s) pima 1/c. Binminnocti B
po3MipHOCTSIX iHTeHcuBHOcTeH I, 1 I(s) oOymoBieHi

pPI3HUMH  BUJaMH XBHJIb, SKi BOHH OIHCYIOTh:
IHTEHCUBHICTh 1, BIZHOCHTBCA 1O IIOCKOI Iajaroyol

XBWI, a IHTEHCHBHICTH I(s) — mo po3cisHOi Ha aromi
XBUIII, sIKa IO CBOiM mpupomi € chepuanoro. [Ipu oMy
IHTEeHCUBHICTh [(S) TPOCTOPOBO BITHOCUTHCS caMe [0
TOYKHA PO3CIIOBAaHHS 1 3aMa€TbCs SK TEBHA MOJSA Bix
IHTeHCUBHOCTI I, po3cisfHoi B (hikCOBaHOMY HANpPSIMKY.

BennunnHa i€l nomi 3MIHIOETbCS y IPOCTOPI MO 3aKOHY,
mo 3agaeThes (yHkmiero F(s). Skmo k po3rasaTd
BEJIMUMHY PpO3CIAHOI IHTEHCHBHOCTI HE B  TOYI
po3CifoBaHHA, a B JOBUIBHIA TOYIlI B HAampsAMKy 1 Ha
BifCcTaHi R Bix TOYKH po3citoBaHHS (Bix aToma), TO BOHA

. I . . ..
Oyne piHa I(s) :R_Oze (s) y BiIMOBITHOCTI 13 3aKOHOM

3MiHM IHTEHCHBHOCTI c(epuyYHOi XBWII 3 BiJIAILIIO.
BpaxoByroun mpusesneHi Buine po3mipHocTi mmsa I, i

I(s), nerxo OauwmTH, IO PO3MIPHICTIO aOCOIIOTHUX

3Ha4eHb aTOMHOI aMIUTITYAW € IOBXWHA, PO3MIpHICTIO
a0COITFOTHUX 3HAYEHBb aTOMHOTO (pakTopa € Turoma [5].
3a3Buuail B TpakTU4UHIN erekTpoHorpadii aTomHI
aMIUTITYqu OepyThcs Y BUAI TAOMUYHUX 3HAYCHD IIPH
MIEBHOMY HEBEIMKOMY THCKPETHOMY Ha0Opi BEKTOpPiB
poscitoBanHs. [Ipy nboMy TaOIMYHI 3HAYEHHS B Pi3HUX
po0OTax JOCHUTh CHIIBHO BiJPI3HSIOTHCS MK c0o0OO [6-
8]. B meBHiii Mipi me BimoOpaxkae Ti TOXUOKHU, SKi
3aKJaJIecH0 B HAOMIKEHMX METOJax  pO3PaxyHKY
aToMHUX amIutitya. OnHo4acHO, TaOIMuHEe BU3HAYCHHS
F(s) nocuth He3py4He, OCKIIBKH IIPH PO3paxyHKax 4yacTo
moTpiOHe 3aJaHHI AaTOMHUX aMIUTITYJ Yy  BHJI
HerepepBHUX (QYHKIIH. BHacmigok 1hOro BHHHKAE
npoOyieMa iHTEpHONALil TaOJMYHUX 3HAUYEHb ATOMHHX
aMIUTITY]] y KycouHO HemepepBHi ¢yHkmii. Came 1o cobi
BUpIMICHHS JaHOl 3aJadi He € TPHUBIANBHUM 1 YacTo

MPUBHOCUTE B KIHIEBI PE3YyNbTaTH CTPYKTYPHOTO
aHaiizy cyrreBi noxubkm [9]. OpHouacHo i3
HEO/IHO3HAYHICTIO PO3PaxyHKIB CaMUX aMIUTITy[A Lei
(axrop CHIIBHO BILIMBAE Ha TOYHICTb
eKCIIEPHUMEHTAJIFHOTO 3HAXOKECHHS TTapaMeTpiB Oym10BU
PEYOBHH.

Ha cporomui MareMaTH4HO JOCHUTH  CTPOrO

MPOBEJICHO 1HTEPHOJILIMHE TPEICTaBIEHHS AaTOMHHX
PEHTTEHIBCHKHX aMILTTY[ f(s) At OUIbIIOCTI aToMiB
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mepioAnYHol TaONMUIl Ta HAWOUIBPII MOMIMPEHUX Y
TBEpJMX TUIaX 10HIB IMX aToMIiB 3 aOCOJIOTHOIO
noxubkoro He Ginbmoio 3 — 5 % [10]. BukopucroByioun
Taki JaHi, MOXHa TMPOBECTH YTOYHEHHS ICHYIOUUX
TaONIMYHAX 3HAYCHb ATOMHHX AMILTITY PO3CIFOBaHHS
CNIEKTPOHIB 1 OJHOYACHO TIEPEBECTH JHMCKPETHE IX
3aJaHHs B KiTbKOX TOYKax y HemepepBHE MpeICTaBICHHS
y BUJI IUTaBHUX MaTeMaTHuHuX QyHKOiH F(s). OcHOBOIO
BUPINIEHHS IIi€i 33/1a4i € MPOCTE CIiBBITHOIICHHS

8n'me’ [ Z—f(s Z—1(s
pp - S 200y [2-10))
me A — Hopmyrounii MHOXHHUK. CrHpaBemUBICTH
BKa3aHOTO CHIBBIIHOIICHHS repeBipsuacs

eKCIIEPUMEHTAIBHO 1 OyJIO0 OTPUMAaHO BHCOKY TOYHICTP
Horo peamizamii Ui €NEKTPOHIB 3 EHEPrisiMH BiJ
JIECSITKIB 10 coTeHb keB [1, 4].

B [10] aroMHi peHTreHIBCbKI aMIUNITYAU IS
KOXKHOT'O XIMIiYHOTO €JIEMEHTa PO3PaxOBYIOTHCS y BHII

4
HeTepepBHOT ¢byHKIii f(s) = z a, exp(—b;s’)+c.
i=1

BimnoBigHO cTae MOXJIMBHM OTPUMAaHHS 1 YHCIOBHX
3rayeHb aTOMHHMX  ENEKTPOHHHMX  aMIUTITyn Ui
JIOBUTFHOTO aToMa B JIOOIM JOBUTBHIA TOYIll BEKTOPIB
PO3CIIOBaHHSA §:
1 4
F(s)= 1K -2 a, exp(-bs")],

i=1
ne K — ¢ikcoBaHa J1si KOKHOTO aToMa KOHCTaHTa, piBHA
Z — c. Koeoiientn a; ta b; 3amaHi 1ns BUNAIKY
s=sin(0)/A. Y mnpakTuuHili emexTpoHOrpadii OB
HOIIUPEHUM € IPEICTABICHHS BEKTOpa PO3CIIOBAHHS Y
Buai s =4nsin(0)/A. 1li BiAMIHHOCTI CIlii BpaXxOBYBaTu
NIPY BUKOPUCTaHHI pe3ynbTaTis [10].

B3sBomm 32 OCHOBY  mpHBEIEHE  IIpOCTe
CHIBBIIHOIIEHHS MM po3poOwiam 0azy JaHUX Ta
BiAIIOBIIHUI pOrpaMHU iHTepdeiic 10 ii
BukoprcTanHi. CTBOpeHa KOMIT'IOTEpHAa OOOJIOHKA
JIO3BOJISIE IIBUJIKO 1 B 3pY4Hil A1 KOpHCTyBada (Gopmi
HajaBaTH  iHGOpMAII0 TPO  aTOMHI  aMIUNTyIu
PO3CIOBaHHS ENEKTPOHIB MPAaKTUYHO BCiMa XIMIYHUMH
eneMeHTaMH Ta Oaratbma ix ioHamm. [lpm mBOMY
MO>KJIMBE BUKOHAHHS CIIYIOUHMX 3aB/aHb!

BUBIJI IHTEPIOJSILIHHUX MapaMeTpiB a; Ta b; y
BHJI1 TAOJMYHUX 3HAYEHD,

BHBIJl aTOMHHUX aMIunlTyn (a00 aTOMHHX
(hakTOpiB) OMHOYACHO O II’SITH aTOMIB B TaOIWYHIN i
(abo0) rpadiuniit popmi;
3MiHa  dopmu
BEKTOPIB PO3CIFOBAHHS;
3a7aHHs HEOOXiTHOTO IHTEpBATY IO OCi S P
BHBO/Ii PE3YJbTATIB;

PO3paxyHOK Ta BHBIJ] YCEPEIHEHOTO aTOMHOTO
(hakTOpa po3CIFOBaHHSA IJIS CKIIAAHAX PEUOBHH.

CrBopena 0a3a MoOXe TakoX OyTH  JIerko
BUKOpHCTaHA B JIIOOIH  mporpami  CTPyKTYpHOTO
eJIEKTPOHOrpa(iuHOr0 aHaNi3y IUIIXOM IMPUMIHEHHS
CTaHAapTHHX MPOLEIYp 3YUTyBaHHS 0a3 JaHUX Yy Tii abo
iHIII# nporpamMHii 06o0s0HLI. Po3pobiennii mporpamMuanit
Ta iHTepeCHUN MaKeT IJIaHY€EThCSI PO3MICTUTH Ha Web-
CTOpiHII  Jlaboparopii  €NeKTPOHHOI  MIKpPOCKOIIi1
Y3KropoJICHKOTO HAI[IOHAJIBHOTO YHIBEPCHTETY.

MpEACTAaBJICHHA  BCJIMYWHU
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Puc. Enexrponni amrutityau ans aromiB Sb (1), Ge(2) ta S(3). Toukamu 3 Bifpi3kamu BifMideHi Jiarma3oHu
TaOJIMYHUX 3HAYCHB CIICKTPOHHUX aMILTITY]T TI0 JaHUX pooit [6-8].

Jns npukiagy BUKOpHCTaHHA 0a3W [aHUX Ha
PUCYHKY TMpuBeieHO rpadiki aTOMHUX EJIeKTPOHHUX
aMIUTITYJ] TPhOX XIMIYHHMX €JIEMEHTIB IepioJuIHOT
Tabnuui 3 cyTTeBO pisHUME Z. OgHOYAcHO Ha 1 rpadik
JUTSL TTIOPIBHSAHHSI TAKOK HAHECEHO TAaOJIMYHI JaHi, B3SITi 13
[6-8]. Toukamu BKa3aHi 3HAYCHHSA  BIJMOBIIHHUX
aMILTITY]], yCepeaHEeH] 110 JaHUX BKa3aHHUX TPHOX pooir, i
BEPTHKATPHAMHU BIJpi3KaMH BigMiueHI MaKCHMalbHi
BIIXWJICHHSI aMIUTTY]l BiJl CEpPeIHBOI 1O IUX pOOOTax.
ATOMHI €JEeKTPOHHI aMIUTITYAW Ha PHCYHKY 3alaHi y
BITHOCHUX OMWHHIMIX. [y mepexomy 10 aOCONFOTHUX
3Ha4YeHb F(S) HEOOXiMHO BiIHOCHI 3HAYEHHS MHOXHUTH Ha
8n’me’

hZ

MHOXXHUK A= 2,393 10%cm [4, 7].

Sk BHOHO 13 PpUCYHKY, aTOMHI aMIUIITYAH
PO3CIIOBaHHS €JIEKTPOHIB MaKCHMAJIbHI IPH MajHxX S i
LIBUAKO IUIABHO CHAgaloTh i3 pocToM s. Bennunna
aTOMHHX aMIUNTYJ] 3aJeKUTh Bil aTOMHOTO HOMepa
aToMiB Z Ta Bix OyHoBHU iX e€NeKTpOHHHUX 000JOHOK. I3
30UTBIICHASAM TIOPSIIKOBOTO HOMepa aTroMa B TaOmwii
MemnneneeBa HOro po3citoroya 3IaTHICTh, a BIATIOBIAHO i
3HaueHHs QyHkuii F(s) 30inbiiyrotecs. B cepenabomy
BEJIMUMHA aTOMHHUX aMIUTITY/l pocTe i3 30UIbIICHHSIM Z
110 3aKOHY z" MPU MAJUX S 1 10 3aKOHY Z MPU BEIHUKUX

s. Aue picT 1ieli HEeMOHOTOHHHH 1 Ma€ Jiesiki KOJMBaHHS,
OOYMOBIICHI XapakTepoM 3allOBHEHHS EJIEKTPOHHUX
000JIOHOK aTOMIB.

AHamni3 OTpUMaHMX pe3yJibTaTiB MOKazye Ha
ICHyBaHHS CYTTE€BOi pO30ODKHOCTI sSIK Yy 3aJaHHI
TaONMYHUX 3HAYEHb ATOMHUX AaMIUNTyJ PpI3HUMH
aBTOpaMH, TaK i MDK TaOIMYHUMH Ta pO3paxOBaHUMHU
HaM{ I[HTEPIIOJIbOBAaHUMH JaHuMH. JlaHi po30iXKHOCTI
MOSICHIOIOTECST  PI3HUMH  ITJXOJaMH JO PpO3paxyHKiB
TabmuHuX 3Ha4deHb F(s) y pi3HUX poboTax. 3Beprae Ha
cebe yBary TOH (akT, IO MpPH MaIMX BEKTOpax
po3citoBaHHST pO30DKHOCTI TaONMYHUX 3HAYEHb PIZHUX
aBTOpIB CSATAlOTh TaKUX BEJIMYHMH, LI0 MDK C00O0I0
MEePeKPUBAIOTHCSI JIaHi JJIsl PI3HUX aTOMiB. 3BUYAitHO, 110
BUKOPHCTAHHS TaKMX BHXIHHX aTOMHHX EIECKTPOHHHUX
aMIUTITYyJ] MOX€E TMPHUBOIUTU JIO CYTTEBUX IOXUOOK
pe3ynbTatiB 00poOKu eJIEKTpOHOTpadhiuHIX
SKCIIepUMEHTIB. YTOYHEHI X HaMH 3HAUCHHsS Iar0Th
NPaKTUYHO HETIepEepBHE 3aaHHs JOCTOBIPHUX aTOMHHX
CIEKTPOHHUX aMIUTITYJZl, SKi 9iTKO BiIIOBITarOThH
3aKOHOMIPHOCTSIM iX 3MIHH TPH TIEPEXOIi BiJl OIHUX
aTOMIB IO 1HIIINX.
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Improvement of Atomic Electronic Amplitudes for Electron Diffraction
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Using new coefficients of X-rays scattering amplitudes of atoms are improved of atomic electronic amplitudes of
all elements the periodic table and many ions. Advantage of the received data is an opportunity of the assignment of
electronic amplitudes in a wide range of scattering vectors. Comparison with known electronic amplitudes of
different atoms specifies a good correlation received and available results, and also testifies about much higher
precision and reliability of the improved data.
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