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MposeaeHo KOMN'IOTEPHE MOJEMIOBAHHA JACTOCYBAHHE METONY | TEXHIKH dorute-
poscskol ToMorpadil 3 nazepruM 30y RaceHHAM ANA 3RIHCHEHHA De3eTANORHOTO Hal-
BHCOKOYYTAHBONO KiNEKICHOO eneMeHTHOro aHanizy martepianin. Bu3znayeno onrtu-
MEALHI SHAMEHHA EKCHEPHMEHTANLHHX NapaMeTpin. BCTaHOBTEHD OCHOBHI 3AKOHO-
MIpHOCT] MOBEAIHKH OOCAILHYBAMHX eleMeHTIB npH npobegeHH]l GeseTanoHHoro
HAJBRCOKOMYTIMEOre KinbKICHOTO EAEMEHTHOTO aHanizy marteplanis. BuisHaveHo,
Wo peanizyoThed MMwe Taki po3nofinu 30yLKEHHX B NARISPHOMY NON aToMiE ao-
MiIlIKH 33 NMPOEXUiAMH IX WEMAKOCTCH Ha HOPMANL A0 NOBEPXH), AKI € MOHOTOHHD

criagasuMHe QyHKIEIAMHE IBAAKOCT.

Beryn

OneuM i3 YMHHHKIB CYYacHOTO iHTepecy
1o emiciiinux ssuuy € norpeda y cTBOpeHHi
KITTBKICHHX METOJIR AIarHOCTHKH TOBEPXHI,
AKI 6 HO3IBONANH OTPHMYBATH BIXOMOCTI Mpo
il emeMEHTHHH CKIAN, KPHCTATIYHY CTPYKTY-
pY, poINoAin AOMIIOK B MPHIIOBEPXHEBOMY
wapi Towo. HaflakTyanbHiiion BBamacTuC
npobaeMa CTBOPeHHA MeTody Oe3eTanoHHO-
ro BHCOKOYYTNHBOIO KiNBKICHOIO eINeMeHT-
HOTO aHanisy, akHi OH 3Ha4HO NPHCKOPHB
BHpILIEHHA 0araTe0X NpakTHYHHX 3a7a4 B
Pi3HHX Tamy3dX CY4YacHOI HayKH 1 TeXHIKH,
30KPEMA, B MaTepialo3HABCTRI, eJIEKTPOHHO-
MYy Tnpunano0yayBaHHi, MIKpo- 1 HaHo-
CACKTPOHII Ta IHHINX.

Ha renepimmnifi 4ac, 3 TOUKH 30py HyTIH-
BOCTI aHali3y, HaitbinkLl NepCNeKTHEHHMH €
MCTOAH NIArHOCTHKH [IOBEPXHI IOHHHMH My-
ykame. Tobto meromm, Aki Gasyloteca Ha
BHMIPHOBAHHI THX 4H IHUIHX XapakTePHCTHK

NOTOKY poinopomieHux  alo  po3cimHMx
aroMaux uyactox. HaliGinem sizoMum 3 #HEx
€ BTOpMHHA I0HH4 Mac CIEKTpOMeTpis

(BIMC) [1-5], B axiii ananitiuHa indopMa-
I OIEPHKYETHCH LIIAXOM BHMIDIOBAHHSA Xa-
PAKTEPHCTHK TIOTOKY YACTHHOK, PO3IOPOLIE-
HHX B 1oHIZOBaHoMy ctadi. BIMC nputa-
MaHHA BHCOKA KOHUGHTpaUifHa JyTIHBICTE
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OAHAK TPaKTHYHE 3ACTOCYBAHHA WBOr0 Me-
Tony oOMexyeTbcd HeoDXiHICTH) BHKOpHC-
TAHHA CeUialsHUX NPHCTPOIR Ta [ONiB Haj
NOBEPXHEID, 0 aHani3yeThed. (A 3acTocy-
BaHHA B TEXHOJNOTIYHHX npouecax Ginbin me-
PCHEKTHBHHMH € ONTHYHI METOMH: i0H-
($oTOHHA cnexTpockonix [6], B Akif onA pH-
3Ha4EHHA BMICTY MIKPOJOMIIIKH aHaNI3VIOTE
1 PeECTpYIOTE ONTHYHE BHITPOMIHIOBAHHA
30YIMEHHX NPH PO3NOPOIIEHH] YaCTHHOK, i
CHEKTPOCKONIA iHAYKOBAHOI NA3ePHHUM BH-
npominioBagHAM (uyopecuenuii (CJId) [7],
- METOA B AKOMY PEcCTPYIOTE CIIOHTaHHE BH-
MPOMIHIOBAHHA, IO EMITYETRCA PO3MOpole-
HHMH YacTHHKaMH AOMIIIKH micns ix 36y-
JMEHHA NalepHHM BHOPOMiHIOBaHHAAM. 3ra-
JaHi MEeTOAH BLAPIIHAKTECH JHCTAHIIHHICTIO
Bigbopy indopManii, BHCOKON TOHHICTIO
inenTHdIKawil eneMeHTIB, 1110 aHATI3YIOTECA,
Ta MANOK 3ANEKHICTIO AHANITHYHOIO CHIHa-
1y BiJ 3apAJKH [IOBEPXHI,

JaranbHHM HeNOMKOM HHEX | THIHX MeTO-
AiB MIarHOCTHKH NOBEPXHI IOHHHMHM Ny4Ka-
MH € Te, 1[0 HA JAHWA YAC BOHW HE JI03BONA-
10Th 3aificHioBaTy De3eTANOHHUH KiabKicHHI
eeMEHTHHH aHani3 MOBEpXHi, AKHH MOMIIH-
BUHA JIHIIE 3a YMOBH 3HAHHS IMOBipHOCTI
YTBOPEHHA TOMO €NEKTPOHHOTO CTAHY HacTH-
HOK, 32 SKHM BOHH peecTpyrorbed. Jlna me-
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ToAiE, 06 €KTOM HOCHIIHEHHA AKHX € YacTH-
HKH, ENeKTPOHHHH cTaH AKHX (QOpMYyETBCA
NPHPOIHO B MOMEHT B3aeMO/il 3 NOBEPXHEID,
Taki iMoBipHoCTi Morna 6 HagatH Teopis do-
PMYBaHHA €NEKTPOHHHX CTaHIB PO3NOpOLIC-
HHX T4 PO3CIAHMX HACTMHOK. AJle Ha NaHHH
MOMeHT ii craH He Jo3BOJsE 3MIHCHIOBATH
TaKi pO3paxyHKH i3 nepmux npuHUMOIB. [Ina
sunagky CJIP, komH 4acTHHKH, G aHami-
IYHOTBCH, WITYYHO 30YICKYIOTE Na3epHHM BH-
NPOMIHIOBAHHAM, cnocif, 3a J0NoMOrow
AKOTO OAEPKYIOTh EKCMEpHMEHTANBHY iHdO-
pManio, He Aac MOMIIHBOCTI po3paxyBaTH
3rajaHi iMOBipHOCTI.

Hemoaarno GyB 3ampornioHOBaHHH docri-
JHHIEKHI MeTOH JoMiepiBchKOl ToMorpadii
[8]. Bin rpynTYETBCA Ha BHMIpIOBaHHI Ane-
PEHIIiATBEHUX XapaKTEpPHCTHK NOTOKY 30y-
IDKEHHX YaCTHHOK, IO eMIiTYIOTBCA 3 NOBEp-
xHi mig yac ioHxoro GomOapnyeaunua. Horo
PO3BHTOK i anapaTypHa peamisailid BiIKpPHIIH
MOMJIHBOCT] po3po0KM UUIOro knacy Haj-
IBHYAHHO 1H(QOPMATHBHHX ONTHYHHX METO-
IOiB aHami3y NOBEpXHi IOHHHMH Iy4KaMmH,
OJHMM 3 AKHX € MOIICpiBChKa ToMOrpadin 3
nazepHuM 30ymwendsm dactuHok (JTJI3)
[8], TobTOo MeETON, B AKOMY HOILIEPIBCEKA TO-
morpadia noegayersca 3 CJIP. Bin rpyHTy-
€ThCA Ha BAMIpIOBaHHI JMpepeHLianbHuX
XAPAKTEPHCTHK TOTOKY BTOPHHHMX aTOMIE,
30YIKeHHX NasepHHM BHIPOMIHIOBAHHAM 13
cremianepHO OOpPaHMMH MapaMeTpPaMH, | MpH-
3HAYEHHA UM NpoBelieHHs Oe3eTaToHHOro
KINBKICHOTO eNEMEHTHOTO aHami3y MOBepXHI
i 00'eMy TBepAMX TLT i3 HAJBHCOKOK KOH-
HEHTPaiHHOK Yy TJHBICTHO.

Ha pauwmii nepion meron ITJ3 € mocute
BIANPAlLOBAHHUM B EKCIEPHMEHTANEHOMY i
TEOPETHHHOMY IaHi: po3podneHi (isznvHi
OCHOBH MeTOJAY | METOAMKa aHamiy [9],
CTBOPEHO EeKCIIEPHMEHTANBHY YCTAHOBKY —
pomnepiscbkuii Tomorpag [10]. KpiM Toro,
32 po3poDmeHMMH KpHTepiamH ofipaHo aHa-
NTHYHI crekTpansui minii 30 enementis [le-
piomiunoi Tabnumi [11]. Jing koxHOT 3 HUX
OIIHEHO TPaHWYHY KOHUEHTpaUiifHy 9yTaM-
BICTE METOAY 80 BIANOBIOHOTO €JIEMEHTY B
Oynp-sxoMy Matepiani. Ilpu usomy nokasa-
HO, IO MeTOOY OpHTAMAHHA HANIBHUAHHO
BHCOKAZ KOHUEHTpallifiHa YyTAHMBICTE Ta T
BigHOCHO cnafia 3aNemHicTh B cOpTy ene-
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MeHTy i marepiany. [Toxasano, mo 3a aHami-
THYHHMH MOMJIMBOCTAMH METOM NEpEBHIYE
BiJIOMi JI0 TENEep aHAIOrH.

Asne npakTHute Buxopuctadns [[TJI3 ana
snilicHeHHR  Oe3eTanoHHOroO  KUIBKICHOTO
eNeMEHTHOIO AHAMI3y [OBEPXHI e TOTpe-
6ye onTHMizanii eKcNepHMEHTANBHHX [1apa-
METPiB ([IOTYXHOCT] Ja3epHOro BHIIPOMIHIO-
BaHH4, reoMeTpil BuMipis Tomo). Kpim Toro,
CJII 333HAYHTH, WO MeToj] BasyeTsed Ha TakK
3BAHOMY HENPAMOMY BHMIpIOBAHHI PO3TOii-
JNiB PO3NOPOLIEHHX YACTHHOK JOMIIKH 32
IIBHOKOCTAMH. Take BHMIPIOBAHHA MOMKHA
YCIITHO 3JIMCHHTH TINBKM NPH HasBHOCTI
akicHol 1 kinkkicwoi ampiopHoi iHbopMaii
moao srafamux posnoginie. Tary iHdopmMa-
Uik, a TAKO# BLAMOBiNL HA 3aNHTAHHA NPO
ONTHMANBHI CKCNEPHMEHTATEH] YMOBH MOMK-
Ha OJIEPKATH 3a JONOMOTOK KOMII IOTePHOIO
MOJEMIOBAHHA  [POLESIYPH  ENEMEHTHOIO
aHanizy Matepianis Merozom JITJI3.

Orie ansd NOCATHEHHA MeTH JaHoi pobo-
TH — ontEMisanii metogy ATN3 - HeobxigHo
BHPIIIMTH HACTYIIHI 3ama4i:

- BHOpaTH ONTHMATILHI KCIEPHMEHTANbHI
napaMeTpH, ki 6 nosponsnu 3abes3neuuTH
makchMateny uyraueicte ATJI3 B icHyrouiH
anaparypHifl peaizauil;

- ojlepxKaTH AojaTKoBy indopManio mpo
po3nonimE 36ymKeHHX Na3epHHM BHIPOMI-
HIOBAHHAM PpO3MOPOINEHHX YAacTHHOK JOMi-
i1IKH 32 IIBHAKOCTAMH.

PofoTa cknanaeTeed 3 Tppox HacTHH. [le-
pilla MICTHTE OT/IAJ TEOPETHYHHX 3acal Me-
Toay. pyra — npHceadeHa Oe3nmocepenHRo
KOMIT' IOTEpHOMY  MogemopadH  JITJI3-
ananizy. B uifi nocninosHo BHEIAmeHi Bei
eTallH pO3paxyHKiB, MpoaHali3oBaHi IX pe-
3yNeTaTH. Tperd 4acTHHA MICTHTE BUCHOBKH.

Meron ITJI3

Meton monsrae y mactynnomy. Peectpy-
I0TE CIIOHTAHHE OIITHYHE BHNPOMIHIOBAHHSA,
IO EMITYETBCA POIMOPOIICHHMH ATOMAMH
MOMIMIKH TWicnd X ofgHodoToHHOTO peloHaH-
CHOrO 30YMIMEHHS Ja3epHHM BUIIPOMIHIO-
BAHHAM i3 ocHomsHOro c¢rady “0” y nepuui
cran “i", Jlna 30ymmeHHs BHKOPHCTOBYIOTE
NMEPECTPOIOBAHKMH Ja3zep HENepepBHOI Oii 3
NOCTATHRO IIMPOKOO JIIHIEW TeHepanii, sxa
NEPEKPHBAE NOMIEPIBCEKHA KOHTYp niHil no-
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rIHHaHHEA Ha nepexomi “0” — *i” (ocTaHHE
HeoOximHo ana 30ypKeHHs BTOPHHHHX aro-
MiB JOMILIKH ¥ BChOMY Jiama3oHi IX IIBHJ-
rocreii). KpiM toro, cTBopiooTh creniaibii
YMOBH 30YiK€HHs YacTHHOK, 4 caMe, Jasep-
HHEM BHNPOMIHIOBaHHAM PIRHOMIPHO OCBIT-
MOKTHL NapanensHUil MOBEpXHi MilleH] npo-
CTOPOBHI 1iap.

Peectpyioun CBiUGHHA, IO eMITYETBCA
aTOMAMH JOMIIIKH Ha mepexoqi “i” — “07,
BUMIpIOIOTE BUXiA Yo QOTOHIB Ha OJHH nep-
BuHHHE ion. Hapewrti, BpaxoByIOYH, MO KO-
eillicHT pO3NOPOINEHHA ATOMIB TOMILIKH B
OCHOBHOMY CTaHi 3 BHCOKOIO TOYHICTIO mopi-
BHIOE NOBHOMY KoediuicHTY PO3NOPOINEHHA
noMimIkH S,, ocTauHilt 3HAXOMATE 13 CITIBRIA-
Homenns [9]

5= Yo/ Wia, (1)

nonepeaHso BuinauyMeiH Wig — cepente 4H-
cno QOTOHIB, IO BHIPOMIHKMOTECA OJIHHM
ATOMOM JOMILIKH,

Bennyuna

2)

me wig(v) — iMoBipHicTE Toro, mo npH Bijl-
ABOTI Bl TIOBEPXHI PO3NOPOIISHHMHA aToM
ONOMIlIKM, AKHI Mac IBHAKICTH Vv i mepeby-
Bac B OCHOBHOMY ctaHi “(”, 30yauThCA Ha
pisens “i” B NOMI MAa3epHOTD BUOPOMIHIO-
BaHHH 1 cHOHTaHHO emitye doron. Kyrosi
IVEKH ¥ eupasi (2) 03HAYA0TE yoeepeIHeHHS
334 MIBHIKOCTAMH V.

BumnesasHadeHni YMoBH nazepuoro 30y-
IKEHHA HAJAlOTh MOMIIHMBICTE PO3paxyBaTH
iMOBIpHICTE Wip(V) i3 HeplIHX NPHHIHMIIE i,
Jaii, eKcnepHMEHTANBHO BH3HAYHTH Wig.

Jlnsg nsopisnerol cxeMu 30yDKEHH — Jle-
30yIKEHHA YacTHHOK JIA3€PHUM BHIIPOMi-
HroBanHaM [11]:

Wip= < wig(v) >,

(3)

ze wig"(v) 1 wig™'(¥) - imosiprocTi Toro, mo
ATOM CIIOHTaHHO eMitye doToH B Memax, Ta
Mo3a Mean, OCBIT/IIOBAHOIO AasepomM npo-
CTOPOBOTO LIApY.

Ipu oMy

Wiﬂm(v} =1y [M'Ei‘l.-’z -A" (1 o ﬂ"P(‘*’F h"'r'ri'\"z})}:
(4)

(3)

wio(V) = wig"(¥) + wig®™(v),

a
wio” (v} = n; [1 - exp(-A hizv,)],
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Je h — TOBIIMHA OCBITAKOBAHOTC JIAZEPOM
HIapy, vz - NPOEKIif IMEHAKOCTI ¥ HA HOp-
Malb [0 TOBEPXHI 3paska, AKWH TocHimKy-
€TBCS, T; - YAC MHTTH aTOMY Ha 30VIKeHOMY
pieHi “i” (0 RiIHOWEHHIO A0 TpOLECY CIIo-
HTAHHOrO BUIPOMIHIOBAHHA), n; H A - mapa-
METPH, IO BH3HAYAIOTHCS HACTYTHHMH CIIB-
BLIHOIIEHHAMIM:

m = 28k / goA » (6)
(7)

A=1+8(1+gigo) .

e gi i go - CTATHCTHYHI BarW pisHIB “I” H
“0”, Sy - besposMipunii mapaMeTp, AKMi Ha-
3HBAKOTH TAPAMETPOM HacH4CHHA [7]

(8)

Tyt P — NOTYAHICTE JA3EPHOTO BHIPOMI-
HIOBAaHHY, A - JOBXKHHA XBHII, 9Ka BIANORI-
nae BHIPOMIHIOBATIEHOMY NepExony
“"—*0”, o - nnomwa nepepizy AasepHOrD
npoMenio, AM - nMpHHa nasepyol Aiuil.

He suaHo 3 (5), mapaMerp n; Mac 3MICT
iMoBIpHOCT1 30ymmeHHA aroMy npH #oro
TpHBaNii B3acMOIii 3 MoNeM NaiepHOro BH-
NpOMiHIOBAHHA.

Bignopinno go (2), BpaxoBylouH, IO yce-
peaseHHs iMoBipHocTi wip(V) 38 V 3BOMMTECA
J0 ycepeIHeHHA IMOBIpHOCTI wip(vz) 3a V;
[11], senuunna Wi, € ycepennenow 3a v;
IMOBIPHICTIO Wig(vz), ToOTO [11]

Wi = J'dvz fi':""z) ?
Jav, £i(v,) wig(v,)

Sy = PAY 1612 h-c®.0- AN .

(9)

Ne IHTerpyBaHds NPOBONMTLCH MO BCHOMY
AianazoHy MOXIHEHY 3HAYEHE Vs |

fi(ve) = fulv)win(va), (10}

a fo(v;) — NOBINBHHM YHHOM HOPMOBAHHIA
pO3NOZIN 3a V, aTOMIB JOMIIUKH, SKi eMITO-
BaHi B OCHOBHOMY cTaHi “0”.

3po3yMino, o 3 TOUHICTIO A0 NOCTIHHOrD
mHOMHHKa (yHKUiA fi(v,) Moxe Oy npen-
CTaplieHa BHMIPAHHM B3JIOBXK HOpMami mgo
NOBEPXHI NOCITIKYBAHOTO 3paska (Ta 3aru-
CaHMM ¥ mikan imsEaKocTell v;) Nonnepibck-
KHM KOHTYPOM OVIL-AKOI CHEKTPansHO! mi-
Hil, AKa BIIMOBiNac crioHTaHHOMY papgiauiii-
HOMY po3nagy cTaHy “i” aTOMiB AOMILIKH,
30yIKEHEX Na3ePHHM BHIPOMIHIOBAHHAM.
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Komn’wrepne mopeiosanan IT/I3-ananizy

B sxocti o6'exTiB gocihipkedHs cbepemo
MNa, Ba, La Ta Zr, anamitayni minii axpx (o6-
pani B poGoTi [11]) nexars B MeKax CMYyTH
BHOpOMIHIOBaHHA ftazepy (Ha GapeHuKy Po-

pamin 6), Akl BHKOPHCTOBYETHCH B Mi0-
4iit anaparypi JITJI3.

ATomui koncrantd [12,13], axi Big-
MOBiIAOTE AHANITHYHHM JiHIAM Ta Bij AKHX
sanexHTs Wip Haseaesi B Tabnumi 1.

Tabnuus 1. ATOMHI KOHCTAHTH, AK{ BIZNOBIAAIOTE aHANTHHIM niniam Na, Ba, La ta Zr.

Ne S = : Tis Maca aTomy,
: n'n _mﬁm’ M £o __HMH_H_ME_' i 10%¢ aoM. |
S Nal 5890,0 2] 4 1,59 23

2 Zrl1 573,6 5 7 { 580 g1

3 Bal 553.5 1 3 1.5 137

4 | Lal 550,1 4 6 19 139

Bunmo, mo ofpaHi eneMeHTH CyTTEBO pi-
3HATECA 33 YACAMH KHTTH 30Y/DREHHX piBHIB,
a TAKOWK 3a MacamH (i, BIIMOBIAHO, 33 1IBHA-
KOCTAMH BiJILOTY Bif moBepxHi). Tomy Bap-
TO OYIKYBATH 1X pisHOI noBeliHKH npH 26y-
IUKEHHI B MTOJIL JTA3EPHON0 BHIPOMIHIOBAHHA.
Pospaxyemo [ oOpaHHX eNEMEHTIB 3anes-
HOCTI Win" (v.). B pospaxyuxy Oynemo BH-
KOPHCTOBYBATH THIOBIL JMmA Ailodol anapary-
pu JATJI3 3HaueHHA napaMeTpiB Ja3epHOTO
NPOMEHI0 (MOTYXKHICTE JIa3€PHOI0 BHIIPOMI-
moBauua P = 0.3 Br, ToRHEA OCBITMIOBA-
HOTO JTA3epoM NpoCTOpoBOro wapy h = 1 MM,
JIOIIA TONEPEYHOIC [IEPEpL3y NPOMEHID 0 =
10 M7, MWHPHHA JTazepHol niHil AL = 0.2
HM).

PeayneraTti po3paxyHKy HaBeOeH| Ha pHC.
1. Buauo, mo ana Beix 00 eKTIB 3a1EHHOCTI
wip"(Vz) MAlOTE O[IHAKOBMHA XapaKTepHHii
BHIJIA: [L1ATO B 0DaCTI MANKMX [MBHAKOCTEH
Ve {fna Zr ue TakoX cnpaBelJIHBO, ale ANA
HAJ3BMYaAHHO MANHX Vz), AKE NePeXOaMTh, 13
I0INBINEHHAM V,, V JUIAHKY MOHOTOHHOIO
cnany. OO0nmacTes NNATO BiMNOBINae TakuM
IIBHAKOCTAM, NPH AKHX IMOBIpHICTE 30Y-
IHEHHA aTOMIB OOMIMIKY npHONH3IHO Ropis-
HIOE PIBHOB&XHIA IMOBipHOCTI n; (mMB.
Qopmyny (5)). OcTanHe, #K BII3IHAYANOCE,
Mae 3MICT IMoBipHOCT] 30YIKenHa aromy
AOMIINKH, AKHW HECKIHYEHHO AOBMO 3HAXO-
AHTBCH BCEPEAHHI OCBIT/IOBAHOTO NasepoM
npocroposoro mapy. Ilpu mockts Manux
IBHAKOCTAX ATOMH  JOMIIOKH 33 4ac
HNEPETHHY OCEBITMIOBAHOTO WIAPY BCTHIAIOThH
HaGparu PIBHOBAKHY IMOBIPHICTE
10ymxerHd. B ofnacti Gineummx meHakocTek
HBOTO HE BIIOYBacTLCH, TOMY Ha Ipadixax
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s, TOMY Ha rpaikax crOCTEpIracTbea [i/s-
HKa  MOHOTOHHMOINCO  CHajy  BEeIWYHHH
wip (vz). HlTupuna ofnacti nuaro 3anexuTs
nHine Bif Hacy WHTTH T 30YV/DKEHHX pIiBHIB i
MaE HIBHUIKO 3BYAYBATHCE NpH 30inBIIEHHI
7;. CaMe ToMy AiNsHKM Inato aus Na i Ba
BIJHOCHO IMHpPOK] 1 npubnH3Ho onxakosl (Y
HMX €JEMEHTIB T; JOCHTE Malli 1 OJHAKOBI 10
NOpANKY BellMYWHH — AuB. Tadn.l.). 3Ha4HO
By#4HM € naarto B La (11a Heoro 1 Ha mops-
JOK TIEPERHLIYE 4acH MHTTA 30yIKeHHX pe-
30HAHCHMX cTaHis Na i Ba). Hapewrri, nnaro
30BCIM HEMOMiTHE B BHOAAKy Zr, OCKIUIbKH
Hac KATTA 30yIKEHOTO PiBHA, AKHH BiANOBI-
Jae aHamiTHaHid minil Zrl 573,6 HM, € aHno-
MaJIBHO BEIHKHM,

Ha puc.2. npencraeneni po3paxosani Ha-
MH 3anexHocTi Wig(vy) Ta wig (vy). Buano,
HI0 BOHH TEK MAlOTh XapaKTepHUH BHTTAN.
MoHOTOHHHIA cOaj 3aCHKHOCTEH MNOACHIO-
€TBCA THM, L0 MIBHAKICTIO V; BH3HAMAETHCA
yac nepeOyBaHHA ATOMY OOMINIKY B OCBIT-
MOBaHOMY JIa3€pOM HPOCTOPOBOMY Imapi, a
3HAYMTE | KINBKICTE (POTOMIB, AKY YACTHHKA
CIIOHTAHHO BHMPOMIHIOE 3CEPSIMHH LIApY.
Buato, wo 3aznageHi kinekocTi HOTOHIE AA
BCIX eNneMenTiB, Kpim Zr, 3HaYHO IEpeBM-
myIOTh BiAnosigHi imosipmocti  wip™'(vy).
Tomy mykani sanexuocti win(v,) Jyxe BnH-
3bKi [0 3anexHocTel Wi (vy). BHKIIOYEHHHA,
SKE CKIaae BHIAROK 2T, MOACHIOETECH 3HO-
BY K TAKW AHOMANSHO BEAHKHM YaCOM JKHTTH
30YMKeHOro PIiBHA, SKHI BiAMOBINac aHATI-
Trumii muili Zrl 573,6 oM.

Pospaxyemo nns ofpaHux elneMeHTIBE 3a-
NexHICTE BenuuuHe Wy BiD TOBIMHH h
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OCBITJIFOBAHOTO JIa3€pOM IMPOCTOPOBOro Ina-
Py, CIMpAIOYWCh Ha 3raJlaHi BHINE Mapamer-
pH xitoyoi anaparypu JTJI3.

3 piBusns (9) Ta (10) onepxyemo:

_ dez fo (V) Wio(Vv,)
i0=
_[dvz fO(Vz)
Posnomin fo(v,), sxuit ¢irypye y supasi

(11), ampokcumyemo BioMOIO (HOpPMYIIOIO
Tomicona [14]:

25-2(1+
fo(vz) ~ vz [(ve + vp2) 2™ —

, 3D

— (Vmax? + o) 2™, (12)

€ Vy - WBHIKICTH, IO BIANOBiac eHEPrii
3B’s3KYy Ep atoma ¢ IIOBEPXHEIO, Vyax - Mak-
CHMalbHa IBHJKICTh BTOPHHHHX aTOMiB, m -
napametp ¢popmynu Tomrcona. B saxocri Tu-
TIOBOTO 3HAYEHHS Vpmax MOXKHa 0OpaTH IIBHA-
KICTh, sIKa BIANOBigA€ IIBHAKOCTI aTOMY JO-
MIIIKH Mic/is T000BOro 31TKHEHHS 3 IICPBHH-
num ionom K npum emeprii ocrammnoro 4
keB (30HIayBaHHs 3pa3KiB Ha AilO4ii anapa-
Typi JITJI3 3niticaoeTses ionamu K' kinoe-
JIEKTPOHOBOJILTHUX eHepriit) [10,15]. Buko-
pHucraemo B (12) xapakTepHi 3Ha4eHHS m =
0, Eb= 3 eB.

Pesynpratu pospaxyrky posnoainis fo(vy)
IpeAcTaBieHi Ha puc.3. i MawoTh KoOpe Bi-
Jomuil Burnsan [16]. MakcumMyM 1ux KpHBHX
BH3HAYA€ThCS EHEPri€lo 3B’SA3Ky aTOMiB JAO-
MIIIKH 3 TIOBEPXHEO Ta MACOIO YaCTHHKH.

Matoun fy(v;) Ta pospaxysaBimH Wio(Vyz)
i pizHuX h, MoxkHa 3a ¢opmynoro (11)
pospaxyBatu Wio(h). Onmepxani Takum 4H-
HOM 3ayiexxHOCTI Wio(h) mpencrabneni na
puc.4. Buaso, mo A BCiX JOCIHIIKyBaHUX
€JIEMEHTIB CIOCTEPIracTbCs BHUXiX Ha Hacu-
yeHHs BenuduHu Wig (h). Takox moxna mo-
MITHTH, 10O y BUmaakax La ta oco6nuso Zr,
Wio (h) xapakTepusyloTbCsl MaJIAMH BeJTHYH-
HaMu. lle NOsACHIOETHCS BiJTHOCHO BETHKUMH
YacaMU XKHMTTs Ha 30yIKeHOMY piBHi, a 3Ha-
YATh MO0 IMOBIPHICTIO 30y/DKEHHsS LMX
eneMeHTiB. Pict 3anexuocreit Wig (h) wis Na
ta Ba B ofnmacti maymmx h cnpuumHsIETHCH
THM 110 3 3MEHIIEHHAM h CHJIBHO 3pocTae
TyCTHHA NOTOKY JIa3€PHOr0 BHIPOMiHIOBAH-
HA, IO NPUBOAMUTH A0 3POCTAHHS AOJi BH-
MYIIEHOTO  BHIIPOMIHIOBaHHS boToHIB
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Puc. 1. ImoBiphicts wi™(v,) Toro, mo atom, 36y-
IDKEHHI B OCBITIIOBAHOMY JIa3epoM IPOCTOPOBOMY
Imapi, CIIOHTaHHO eMiTye GOTOH No3a HOro Mexamu
ms: a) Na; 6) Zr; 8) Ba; r) La.
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Puc. 2. ImoBiphicts W;o™™(v,) Toro, mo arom, 36y-

IKEHHH B OCBITVIIOBAHOMY J/1a3€pOM [IPOCTOPOBOMY
uiapi, CIOHTaHHO eMiTye (OTOH B HOro Mexax Ta 3a-
rankHa iMOBIpHICTh eMiTyBaHHA doToHy Wio(V,) ans:
a) Na; 6) Zr; B) Ba; r) La.
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Pue. 3. Posnoain fo(v,) aTromis, eMiTOBaHHX B OCHOB-
HOMY CTaHi 3a NPOEKUIAMH iX WIBHAKOCTEH Ha HOp-

Malb 0 NOBEPXHi AOCIiMKyBaHOTO B3ipus asf: &)

Na; 6) Zr; B) Ba; r) La.
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30y xeHMMHE YacTrHKaM# Na ta Ba.

Onepxani 3anexs0cTi Wig (h) nozsona-
10TE 00paTH ONTHMATBHE /UL aHOI peanila-
il MeTomy 3HAYEeHHA TOBLUIMHH OCBIT/IIOBA-
HOT'O MAa3¢poM NMPOCTOPOBOTe mapy. CAHHAM
KPHTEpiEM Takoro BHOOpY € 3abesncdcHHA
MAKCHMANBHOI BENH4YHHH Wip, ane MpH HbO-
My 3HAYEHHA h NOBHHHE Y3TONXKYBATHChH i3
HIHPHHAMHA BXIHOI Ta BAXUTHO! IMiNHHE MO-
HOXpOMaTOpy 1 JlaMeTpoM BXigHol giadpar-
MH iHTepdepomerpy ©abpi-Ilepo [15]. 3
rpaikiB BHAHO, W0 ONTHMAILHHMH € TOB-
HHA Big 0,25 mo 2 My, Meuini aHauenus h
HE BHIIJHI 13-334 [TOMITHOI'O 3MEHILUEHHS RBe-
nuuHAER Wip, a OIBLI — 13-38 HEMOKIIHBOCTI
CHOCTEPEIKEHHA 3a JIOMOMOI0N ONTHYHO!
CHCTEMH TOMOTpady TakHX BEMMKHX 00 eMiB
opeony. Ham mia oninox Oynemo seaxatu h
= | MM, & 4714 BCiX IHINHX [TapaMeTpIE BHKO-
PHCTOBYBATHMEMO BKajaHi BHile THIIOBI
3HAYeHHA (AKIIO ABHO HE BKA3aHO iHLUE).

Ha puc. 5. npencrasneno zanexHocTi Wi
Bil MOTY:kHOCTI P NasepHoro sunpomilio-
BAHHA. AHAN3 3aNeKHOCTEH TiATBEpIKYE,
o NOTYXHICTE, ska 3a0esledyeThCcd Ha Oi-
rogii anapartypi JTJI3 pocrarua mis edex-
THBHOIO aHanisy oDpaHMX I1d JOC/LKEHHA
emeMeHTiB. Buaxo, mo i1 mowineHo ninsu-
mysatu g0 pieda 10 Br.

HeofxignicTs oaepikanna nogaTtkorol an-
pioproi iHdopmaumil ofyMoBneHa THM, IO,
AK 3raayBalliock, 3ia ﬂDHﬂEPiBCLKﬂ]ﬂ MeTOOH
K010 (Ha AKiH GasyeThbea MeTon) Gesnocepen-
HBO BHMIPIOETBCA He posmomin fi(v,) 30y-
IUKEHMX B JIA3€PHOMY TIOJI1 ATOMIB AOMIILKH
34 OPOEKLiAMH 1X IIBHIKOCTEH HAa HOPMANb
N0 TOBEPXHi, a MONNepiBCHKHA KOHTYD
Fiolv,) Bianopiaxoi aHamiTHYHOI ninil gomi-
HWIKH Ta alnaparHa (yHKIOIA a(vy) cHcTeMu
MoHoXpoMarop-intepdepomerp Dabpi-Ilepo
[15]. Cam posmomin fi(vy) odepxyerhea 3a
LIHMH JMaHHMH HUIAXOM PO3B'A3KY HAcTYIIHO-
ro IHTErpaieHOr0 piBHAHHA Qpenronsmy I

poay

¥r
Fo(v) = [a(v, = v,)f(v,)dv,, (12)
-vy
D¢ V7 — IIBHJIKICTE, AKa BIAMOBIAac MOJIOBHHI
BUILHOTO CHNEKTPaNLHOTO iHTepBANy iHTEp-
bepomerpy Pabpi-Ilepo.
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Pue.4. YVeepeaHeHa 3a msHAKOCTAMH aToMIB AOMILIKY
iMoBipHicTe Wiy X nazepHoro 3Byikens, Ak §yHk-
UiR TOBLWIMHH h OCEITMOBAHOTO NA3CPOM NMPOCTOPOBO=
ro wapy.

W, doroHiaTom

Puc. 5. 3anexuicTe ycepenHenol 3a [MBHEKOCTAMH
aroMis gomiwky iMowipuocti Wiy sin norymwmocti P
HATEPHOTD BHOPOMIMIOBAHHA.
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Po3B'130K 1[p0r0 piBHSHHS CKJIaJa€ Bio-
My mpoliieMy cydacHol MatemaTtukH [17,18].
OcraHHs IIoJArac B TOMY, IO UIyKaHHH
PO3B’A30K HEMOMUIUBO OTpHUMaTH 6e3 Hads-
HOCTI anpiopHoi iHdopMalii npo HeOro. An-
FOPUTM DPO3B’SA3Ky Ta BUMOIM 1O TOYHOCTi
BuMiproBanns BenuunH Fi(v;) Ta a(v,) Bu-
3HAYAIOTHCS AKICTIO Ta KUIBKICTIO anpiopHOl
iHpopMaiiii.

I3 3aranpHuX MipKyBaHp po3nofin fi(vz)
CITil BBaXATH TNIAIKOIO HENEPEpBHOIO (PyHK-
niew. B npuHummni uiei ivgopmauii gocrar-
HbO JUI O3B 3Ky piBHsiHHs (12), ane ymme
OpH 3aJ0BOJNIBHAHHI XOPCTKHUX YMOB IIORO
TOYHOCTI BUMIpIOBaHHA ¢yHkUit Fig(vz) Ta
a(vy) [19]. Tomy Hag3BHYAKHO BaXKIMBOIO
3aJayelo € MOIYK JOJATKOBOI alpiopHOi iH-
dopmauil npo posnoginu fi(v,), OCKinbku y
pa3i il BUSABICHHA MOXKHA 3HAYHO NMOKPALLMTH
JITOPHUTM pO3B 3Ky PiBHsHHS (12) Ta cyTTe-
BO TIOM’AKIIMTH BHMOTH JO TOYHOCTI
BUMIpIOBaHb 3anexHocTelt Fip(vz) 1a a(vy).
OcTanHe BaXIIMBO 3 TOUKH 30py NPAKTHYHO-
ro BuxopuctaHHs meroxy JTJI3, 3okpema
JUIS 311MCHEHHS KUIBKICHOTO 0e3€TAIOHHOI0
eleMeHTHOro aHanizy Marepianis. Ilowmyk
takoi anpiopHol iHQopmanii 3AiHCHAMO
HUIIXOM HaNifHOro KOMII'IOTEPHOrO0 MoJe-
JoBaHHA posnoaimie fi(v,) 3a ¢opMmynow
(10) nna aromis Na, Ba, La ta Zr. Pesynbra-
TH po3paxyHKy fi(v,) mpencrtaBieHi Ha pHUC.
6. BoHu Bka3yioTh Ha JiBi BaXJIHBi 0OCTaBH-
HH. [lo-mepmre, y BCiX BHMAAKax pO3MOALI
fi(v,) MpakTHYHO BUXOOWTH Ha HYJb, [OYH-
Haroun 31 meuakocti 1 — 2 10° cm/c. Lium zi-
ana3oHOM i Heo6XilHO 0OMEXYBaTUCH B PO3-
paxynkax Wijo. Ale rojioBHO0 € apyra o6-
CTaBHHA: [UIS BCIX YOTHPHOX €JEMEHTIB pO3-
noain fi(v,) € MOHOTOHHO CaNAl4O0 PyHK-
uicto mBHAKOCTI. Lle Hax3BHYaliHO BaXJIMBa
anpiopHa iHQopmaiis Ipo wykaHi po3moii-
JIH, OCKUIbKM BOHA NMEPETBOPIOE HEKOPEKTHY
MaTeMaTH4Hy 3azady BiabymoBu fi(v,) 3a
CKCIIEPUMEHTANBHUMH JaHuMu 1po Fip(v,) Ta
a(v,) y XopekTHy 3agavy. OcrtaHHe 3abesne-
gye BUCOKY sKicTh BiarBOpeHHS fi(Vv,) 3 eKc-
NIEPUMEHTANBHUX NaHuX. [ po3B’s3Ky pis-
uaHaA (12) 3 omepxaHnoio anpiopHoo iHGoO-
pMani€io AOUUIBHO BUKOPHUCTOBYBATH METOX
NPOEKUil CHPSMEHUX IPAgICHTIB 3 MPOCKTY-~
BaHHSAIM Ha MHOXHHY BEKTOpiB 3
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Zr; B) Ba; r) La.
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HEBiT eMHHMH KoMoHeHTam# [17].
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Computer simulation of application of Doppler Tomography with Laser Excita-
tion method for high sensitive standard free quantitative analysis of materials was
carried out. Optimal values of experimental conditions were obtained. General regu-
larities of investigated elements behavior during the high sensitive standard free
quantitative analysis were determined. It was stated that the only distributions of ex-
cited by laser impurity atoms on projections of their velocities on the normal to the
surface are distributions, which appears to be monotonously decreasing functions of

velocity.
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