AmanwTirs 1 kosTpone, 2002 TE Mo d

YK 543.422.8

BKJIAZL ¢0TO- H OJKE-3JIEKTPOHOB B $OPMHPOBAHHUE
HHTEHCHBHOCTH ¥TJIEPOJA IIPH IEPBHYHOM H3JIYYEHHUH
TOHKOOKOHHBIX PEHTTEHOBCKHX TPYBEOK

A0 Oyxaren, F.B.Naamancknii®, A, MoprHoi®, A.B.Kior"™*,
WpxyTokuwid rocyqapcTeaHHBeIi Me.unumcmn VHUBEPCHUTET
664003, Mpxytck, KpacHoro Boccraqug, 1
"Hay4HO-MCCNenoBaTenscknit MHCTUTYT NPUKNAaH0R thindmnku MDKYTCKOro rocyHnBepcHTaTa
664003, Hpxyrck, Gyn.farapuwa 20
“*Uenexoscknid KpeMHMEBsIA 3a8a4
666020, Wenexos Mpkyrckod obn,, 3AD «Kpanmiis
paviinsky@chem.isu.ru.

Nocrynina 8 pegacuwo 30 centabpe 2002 1

MHTEHCHABHOCTA PEHTIBHOBCKOTND M3NYYEHUA yrIBPOOa M 88 COCTARNMIOIWME CONDCTAaBNaHs AN
NERBMYHOrD WINYYEHWA PEHTraHDBCKUX TPYOOoK © ToNWWHOA OoxHa 300 Mmem (3a3emnedHblii aHon) |
75 mKm (3a3emnesHslil katon). MOKA3EHD, HTO MNPW CYWECTREHHOM YERIMYEHMK CYMMADHOR MHTEH-
CHBHOCT DEHTTEHOBCKOND MANYYeHUA yrnepona sxnagd GoTo- 1 Oxe-a.ﬂeqrpoHua B a8 dm-pmnpnaav
HUE MEHRETCH HE8 CTON: 3HAYAUTaNsHD W NO-NMpasHeMy Heuﬁx{mwm Bro YHaT np BeNHUCinTENEHOM
Maganwposady Npouecca soatyxaeHns. SKCNepMEHTANEHEIE PAIYNETATE, NONYYEHHEE HE CNEKT-
pomeTpe ARL-3800, noaTESpAMN NREAWNEHOCT DACYETOR MHTEHCHBHOCTH MANYHaHUE YINeDOna, Biw-
NONHEHHBIX C y48TOM WOHHW3IAUWK Bro aToMoa Lbﬂ'l:«- ) Oma-anepraHamn

CReKTPansHbIi aHanua.
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PacnpocTpateHnsie atropiTvet |1 -4] onpegene-
HHA 3JeMEHTHOrO COCTABA MATEPHAIOSE [0 HHTEH -
CHBHOCTAM JIHEHI 1 E}t"‘l ITreHOBCKOrD {‘HE‘HTPH Li]."l"_lp-'I:_J-
pPECLEHIIAH He MOTYT ObITh HCNOTLAOBAHLL IIPH OI1-
peacTeHHH COdeDAAHN i 3TeMeHTOR C MAMBIMH
ATOMHBIMU HOMepaMmu (yriiepoa v ap.). [pearHoi
ITOMD ARTASTCH HEROCTATOYHAN HAVLCHHOCTE NPo-
tieceos GopMIpoBAHHA peHTTeHod YO pecUeHTHOrD
AHATHTHYECKOTD CHTHANA TAKMX ateMeHToB. Hau-

Bonee aphexTHBHOe MpH QOTOHOHMZALITH ATOMOB
ITHX WIEMEHTOB LTHHHOBOIHOBOE (TePRHYHOE HaTy-
HEHHE OOUTH [MOIHOCTHE NomoaeTcAa Be-okHoM
peHTredopckoil TpyBrK. MoatoMmy cyluecTBeHHBIM
(paKTOpOM CTAHOBHTCA HOHMAMPVIOUee deficTRie
thoTo- 1 One- 31eKTPOHOB, BOAHHKA LM B AHAH-
aupyenonm obpasiie (5, B]. DroT darTop He yHTLBA-
ETCA ATTOPHTMAMM pacdeTa HHTEHCHBHOCTH B 00-
Jlee KOPOTKOBOTHOBOR 00AACTH peHTreHoBCKOrD
CMEKTRA H3-38 ero MATOR BETHUHHGL,
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HcronbsopanHie B TIOCAEIHHAE TOIbI PEHTTEHOB-
CEHMX TPYDOE C 323eMIEHHBIM KATONOM M TOHKMM
BepHLTHEBRIM OKHOM TO3BOMHII0 VYOHIMTE IUTHHHO-
BOTHOBYIO COCTARTAIIIIVIO NePRMTHOTO HATYHEHMA
M TEeM CAMBIM CYILECTBEHHD VBEIHYHTE HHTEHCHBE-
HOCTh PEHTTEHOBCKOH (IVOPEeCLeHITHH 3/1eMEHTOR
C MANLIMH ATOMHBIMH HOMERAMH, B TOM SHCIE YT-
Jgepoaa. [TpH 2ToM 0MKIATOCH. YTO YOH/IEHHE LIHH-
HOBOTHOBOH COCTABRTAIIIEN NEPBUYHONG HATYYe-
HHA ocaabuT poite GoTo- B Ome-anerTpoHos B hop-
MHPOBAHWH AHAMHTHYECKOrD CHIHAMA M CAEeRAeT
BOAMOEHLIM ITPHMEHEHIE [UTA PACYETA €10 HHTEH-
CHBHOCTH MaTeMaTHYECKOrD alMnapaTta, NpHRIera-
€MOro B COBPEMEHHLIX Cnocofax peHTreHoduIvo-
PECUEHTHOTD ONPeJeleHHA COTePHRAHNN ATeMEHTOR
¢ Golee BRICOKHMH aTOMHBIMH HOMEPAMH,

Leanio HacTosmet paboThi ABMIOCEH COTTOCTARIE-
HHe BEAana goto- B Oke-anexTpoHOB B (hopMupo-
BAHME MHTEHCHBHOCTH VTAEpola NpH TomMurHe Be-
OKHA peHTreHOBCKOI TpyOKu 300 MKM 1 75 MEM, A
TaK#e IKCITEPUMEHTATEHOE MOATBEPHICHHE pe-
IYILTATOB PACYETa WHTEHCHBHOCTH YINepoia s
MEpBIHHOTG MATYHeHWUA TPYDOK ¢ TOHEMM DKHOM.

Teopus

HHTEHCHBHOCTL PEHTTEHOBCEOH duivo pecue N
N, (selpameHHAA YHCTOM KBAHTOB, MPHXOJALIIXCA
B eI BPeMEHH Ha e[IMHHLY IIOHEIN, HOp-
MEATBHORA K HAMPABICHITO PACITPOCTPAMEHITH [TyY-
KA) 1A HEKOTOPOro aftesmenTa i B Maccaiom obpaa-
L NpH HeOAHOPOAHOM MepRUYHOM HITVHEHIH MO-
#eT OuTh npeacTasieHa | 7] B suae

o

N o= 5 NAE (A (1)
' 4:ﬁafﬂ+mm
© Sing  Siny

rie M4 - cHesTpathHAA MHTEHCHBHOCTh NEPBHYHO-
[0 HATYMeHHA, BhlpameHHAA B KBaHTax: 8[A) - nepo-
ATHOCTE MpeofpasoBatHiA ePBIYHOrO PEHTIEHOR-
CKOrO KBAHTA C LIMHOMA BOTHEL A B KBAHT (uyopec-
LEHTHOT0 MANYHEeHHA © ANHHON BOTHBLA,; plA) 1 ulA)
- MaccoBble koathpuimeHTs octabnenun obnyyae-
MbIM 0GpA3ILOM MEPBEHMHOTO H QIYOPeCUEHTHOro
HMANY4eHHA CODTBETCTBEHHO, ¢ M i — VTl NaJeHW

- " 51’”#‘
B3(2)= 1"?; 8(A084(4;) W) in(‘] +

CymuupoBatie B [5) seaeTcd 110 BeeM THHHAM k
BCEX AIEMEHTOB |, HAIY4eHHE KOTOpPBIX crnocobHo
BO30VINTHL ATOMBI 31eMEHTA 1,

Jlna poToaneKTPOHOR;

6y (1) = ;P ;[rw{:’u}c;nw{mfll .6
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p(i)
ulh, Jsing

Ha ofipasel NepErYHOro M BhIX0Aa U3 Hero quiyopec-
LEHTHON MATYHEHHA COOTBETCTREHHD, S — IUTONATL
ofipasua; R- paccToAHue oT ofipaana Jo AeTeRTopa.
[Mp#H 3a3eMIeHHOM KATOAE peHTIEHOBCKOH TPYH-
KH CTIIEKTpaIbHAA HHTEHCHBHOCTE MEPBHYHOID Ha-
JVHEHMA ABIACTCH CYMMOI ABYX KOMIIOHEHTOS;

N(2) = Ny(2) + N2, (2)

rae Ny(2) n Ny(4) - cnexTpanstoe pacnpeaeieHue
AEePBHYHONO HAMVHEHHHA, BOAHHKLIE 0 1107 JeACTBH-
£M XNEKTPOHOB KATOAHOr My4Ka M Mod AeficTeiem
PACCEAHHLIX JACKTPOHOB, BOIBPALLEHNLIX Ha aHol
AMEeKTPHYECKHM NoaeM, 062 KOMITOHEHTA CONEPHAT
TOPMO3HYI0 M XapakTepHCTHYECKYIO COCTABIAND-
e, CnexTpatbHoe pacnpeienerue Ni(A), koropoe
MUFHHO PACCMATPHBATE KAK BO3HHKIIEE TPH CTO/TH-
HODBEHHH MOTOKA MIEKTPOHOB C HedapAme HHO M-
LIEHLID, H3VHeHO A0cTaToMHO Xopoto, Hamu npu
pacHeTax HCMONL3OBAHO C10 TCOPETHHeCKOS OIHea-
HHe, npepioxeHHoe B pafore [8]. CnekTpaibHoe
pacnpefenenie Ny(A) onpeaenero B paborax |9, 10].
Ohio Noay4eHo © VHETOM 3HEPTETHYECKOTo CIIeRTPa
ofparTHo pacceAHHBIX WIeKTpoHoB [1 1] B yuuTRIBA-
£T ABE HX Noc/IeJ0BaTeNLHES speaiddy s,

BepoaTHoCTh #{A) npeofipasoBaHiA NepBIEMHOND
KBAHTA 8 KBAHT MAIYHEHHA VICMCHTOB C MATLIMM
ATOMHEIMH HOMEPAMII VYUTHIBAST BO3MOKHOUTE
thotononnazanuy, adiperta nafupare TsHoro Bo3-
By#aeHMA, & Takike HoOHH3aUn atoMos GoTo- K
D5t - 3SR TPOHAMM, BOIHNKALIHMHE B ofmyuaesom
Marepuane;

A) = 8,(2) + Bal4) + BAA) + B(4) . (3)
[1na doTonoHUzaLIN:
8 (a) =1, (Ao, [4)

rae r,lA) - 9acTHuHb koaddguiEeHT GOTOIAEKTPH-
HECHOTo NOMOMIEHHA MEPBHYHOID HATYHEHIMA 415
AIEMEHTAa [ m,~ BIXOI peHTresopckoit dumyopec-
LEHIIMH [U1A ¢ = VPOBHA 3TOM0 3MEMEHTAL Py, ~ BEPO-
ATHOCTE HCITYCKAMKWA K- THHHM CEPIM § 3TOr0 ane-
MEHTA: ¢~ €ro coJepmkaHie s obpastle.

Jns adiherra HabupaTeibHoro Boaby s aeHuA:

+ sy 1|'|[1+
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£aenglc,. E] - pepoATHOCTE HOHM3ALHMHA ATOMOB 3716~
MeHTa { QoToAIeKTPOHOM M 0BONOYKH aICMEHTA J,
Cymmuposarue 6 (6) BegeTca no beem moGosouram
BCEX [ 3TEMEHTOB. (POTOATEKTPOHE KOTOPLIX cnocol-
Hbl HOHM3HPOBATE § 000IOYKY ATOMOB L

Jinsa Oske-anekTpoHoB:
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CymmupopaHue 8 (7) BEASTCA NO BCEM JNIEMEH-
TaM J . sHepraa Ome-aJIeKTPOHOB KOTOPLIX J0CTa-
TOYHA JUTA HoHH3an g obonoykn anemedTa i Pop-
myaa (7) yuuTeiBaeT BauAHne Oxe-anekTpoHos K
OGOIOUKH JITEMEHTOB |.

PaccMOTpeHHLI® TEOPETHHECKHE 3ABHCHMOCTH
HCTIONMBE30OBAHB] A BRIMOAHCHHA pacyeToB HHTEH-
CHEHOCTH PEHTTEHUBCROID HATYHeHHA YIIepoaa,

PeayasTaTs! pacaeTos o Hx obcymaeHne

PeayneTars! pacueToB MHTEHCHBHOCTH DEHTTE-
HOBCKOTO M3y 9EHHA VIIepoa, Boaby#aeHHOro Ha-
MyueHHeM peHTreHoscKol TpyGrK ¢ Be-okHOM ToJI-
urHof 75 MEM W € 3aseMIeHHLIM KATOA0M, COTOC-
Tasnedsl 8 Tada, 1 c paHee MOTVYMEHHBIME HAMK
AaHEbii |5, 6] ana TpyBok ¢ ToaMHOR okHa 300
MEM M 3a3eMAeHHBIM AHOLO0M,

Anop perTreHoBekoil TpyOry Rh, Hanpamenme
Ha TpybEe 40 kB. PacueTsl BeITOAHEHE! 1A GHHap-
HEIX 00pasuos, B KOTopb ocHoBa (S Fe) coctas-
naer 99,9 sec, %,

HabGmomaeman B Tala. | foaee BrICOKAR HHTEH-
CHEHOCTE AH MATPUILLL M3 Heneda ofbhACHACTCH
TeM. UTo L-ofonoyra Fe He vHACTRYET B (0N IOMICHHH
H-mamyHeHiA paccMoTpeHHoTo ademerTa. Ha taba. |
creIveT. UTOo ¥MeHbIIEHHE TONUHE Be-oxHa oT
300 MM 10 75 MEM 1 3a3eMIeHHe RAToda TPYOKH
VBETHYHBAST HHTEHCUBHOCTE PEHTrEHOBCKOH day
opecUeHtMH yaepoaas 2.7 - 3.5 paaa.

TaGnuua 1
BRNUaHKE TOMWMWHL OKHA W HIMEHEHWA NONAPHOCT
DEHTTEHOBCKONR TPYEKM HE WHTEHCHMBHOCTL DEHTTEROBCKOR
inyopecusHUMK YIMEPaaa 8 KDEMHHUBBONR X Kena3Hon

MaTPHLAX
Oﬁpaah'u WHTeHcueHooTE (yon. 80, ) |Lars
Iu"m e Il?l?‘: il Iﬂ'lml': L]
99,9 % Si[01%C 17 B0 35
1999 % FeiD,1%C 52 142 2.7

Jia monoaneMmenTHoro ofipaana poToHHoe Bo3-
OyncaeHHe aTOMOB QOMOMHAETCA MX MoHH3aelt
ToAbKO cofeTBeHHBIMK doToanexTpoHamu. Bruag
thoToaNeKTPOHOR B (DOPMHPOBAHME HHTEHCHEHOCTH
HATYYEHWA MOHO3IeMeEHTHOrO obpasia yreposia
npejcTasied B Tabn, 2. 3aeck e yITEHO HIMEHE-
Hile HHTEeHCHEHOCTH H&.FI.}"'-IEHHH ITPI"[ HIMEeHeHHH
NOIAPHOCTH MOAKTIMEHHA H YMEHBLIEHHHA TOIIIH-
HBI OKHA PeHTTeHoBCKoM Tpylku, MaTepuan anoaa
W HANpAMeHWe Ha TPYOKREe Te e, 9T0 M 1A JAHHBIX
tabn. 1.

Ha rafin. 2 cregyer, 410 MAKCHMATLHOES YBEIHYE-
HHE MHTCHCHBHOCTH PEHTTEHOBCROMD MATYHYEHA
IU1A MOHOAIEMEHTHOIO 00PA3LA YIIe poid, 00yeIon-
JEHHOE HCTIONEI0BAHNEM PEHTTEHOBCKHX TPYGoK ©
Be-okHom 75 mem (Rh-anoa, nanpamerue 40 kB),
coctasafeT 4.3 pasa no cpaBHeHHIO © TpyDramMy,
HMMEIIMME 3a3eMIeHHBIH aHoO ¥ TONUIHHY OKHA
300 mov. Brnag doToanekTpoHoB B BoalyisiaeHHe
PEHTTEHOBCKOIO MATYYEeHUA CPABHUTE/IBHO HEBETHE
1 YMEHBILASTCA C VRASAHHON 3aMeHOH peHTreHoR-
ckoft TpyOku s 1.4 pasa.

TaGnwua 2
Bruaswe TonwdHL BapunnHescro OKHa W NONARHOCTA
NOAKMKHEHUA PEHTrEHoBCKOR TPYEXWM Ha BENWCKMHY BKNANS
POTOINEKTROMOR W H8 MHTEHCMBHOCTL DEHTTEHOBCKDW
chNyopecUsHUNM GNA MOHo3NeMeHTHoro obpasua

O6pasey : Brnan qhoroanexTporos (%) | L.rs ww
| d=300mem | d=75mMim | Lewon
C | 123 177 | 43

JTOT BILTAA MHOTOKPATHO BO3APACTAST M O0bIMIIO
DOTIOTHASTCA BAMAHMEM 21eKTpoHoB Oie npu Ma-
JAON COAEPHAHNN paccMaTpPHBAEMOro aIeMeEHTa B
HeRoTopoi MaTpiie. [Mpu sToM eylllecTBE HHYHO POl
HrpaeT aTeMeHTHBI cocTas MaTpius. B tabn.3 co-
[OCTARNEHAL KOMITOHEHTBI CYMMAPHOM HHTCHCHBHO-
CTH PEHTIEHOBCRONO HATYHEHHA YITIEPOia B KPeMHI-
eHOM K Weae3IHol MaTpHUAX (colepkaHme VIie poia
0, 1%) UtH PEHTTeHOBCKRUX TPYDOK € TOJLBTHOMN OKHA
75 skm 1 300 MM (Rh-anoa, nanpmeedite 40 kB).

HMaTalba 3 chnemgyer 4To nepexo K peHTTEHOBCKIM
Tpyixam ¢ ToHEAM Be-oksoMm Gosablue BCETO YBeTH-
YHBAET HHTEHCHBHOCThL PEHTIEHOBCKON (uTynpec-
UeHLIMH YTaepoaa (poct B 4.5 pa3a). Torla Kak HH-
TEHCHBHOCTS, BoaByiaeHHan Goro- u Ome-3aexT-
poHami, Bo3pacTtaeT b 2.4 paaa [meleanas MaTpH-
ua)- 2,3 paza (kpemuuesan Martpuua). Coorper-
CTBEHHO PAcTeT BKIaA (IIyopecleHLNH B CyMMap-
HYH! MHTEHCHBHOCTE M TYHEHHA. Danano W3-3a
OIHOBPEMEHHOTO POCTA MHTEHCHBHOCTH HM3Tyde-
HHA. BoafyviaeHHoro oTo- W O#e-31e KTPOHAMI,
BEUTAJL TTOCUTETHUX [TPH TOHKOM OKHE PEHTTEHOBCKON
TPYORK NO-NpPe#kHeMY OCTASTCA ONMPEIEAAOLIM .

Bauauue tormuHe Be-okHE peHTreHOBCHOI
TpyGKH HA BETHYHHY BRIaAA duyopecueHLit B op-
MHpPOBaHHME UHTEHCHBHOCTH PEHTTEHOBCKOr0 HATY-
YeHHA YIIIepoia npecTaBleHo Ha puc, 1. Pacemor-
ped cay4ai Manoro cogepaanua yraepoaa (0,1 %) B
HENEIHOH MaTPHIIE.

Ha puc. 1 creayer, 4To BRAAA HHTEHCHBHOCTH
(hIyopeclEHIAN ARIAETCH ONPEAENAIIIHM TOMLEO
Np# TOMUHHE OKHA, He Mpesbiuaonied 5-7 MiM.
IMpy TosmupHe Goasiedt yesm 50 MEM BeTHYHHA BIRIA-
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Aa crabnnuampyerca Ha ypoeHe 15-30 %. Takum
ofpasom, Jame B 1IOCTeIHHX MOIEIAX PEHTTEHO-
BCKHX TPYOOK ¢ TomuuHoil Be-oxk:a 50 mecm mas-

HESA POk B BOA0YKIEHNY PEHTIEHOBCKOMO HaTyYe-
HHAVIIepojia ocTACTCA 34 (poTo- M Ome-anexTpoHa-
MH, BOSHHKAINIAMA B ofnydaseMoM MaTepuaie.

TaBnwuua 3

BriarWe TONWMHE! OKHE W NONSPHOCTH NOGKMINYEHHRA PEHTTEHOBCKON TDYEKM HE KOMNOHEHTH CYMMADHOR MHTEHCHBHO-
CTH PEHTIEHOBCKOA QNYyopecUeHUWK YrNepoaa NpK Bro ManomM COOSpMAaHMN B KPEMHNEEOH W HENBIHOR MaTpHUax

Cocras Mpouecc soabyxaeHnaA WHreHcueHocTs (yen. ea,) | Lsa75 won Bxnap (%)
L2360 o Ljars s L300 wess d=300 mrm | d=75 nakn
DnycpecUsHUMA 37 16,6 4,5 21,6 276
0.1 % C + | WabwparensHoe soabywaerve 0.5 18 37 29 29
89,9 % Si | Jedcreue K anektpoHos 56 13.7 24 331 22.7
[e#ctame L anekrponos 1.2 4.3 a5 7.3 7.2
Aenctene Owe-anekTpoHoB 6,0 238 4,0 35,1 39,6
Doto + Owe-3nexTpoHb! 128 41,6 3.3 75,5 69,5
CymmapHan WHTEHCUMBHOCTD 17.0 60,0 35 100 100
DNy opecUaHUNR B.1 36,3 4,5 15,7 255 1
0,1 % C + | WsBuparensyoe so3Bywaequve 0.1 0,2 2 0,3 0.2
99,9 % Fe | ODewcrane K snextponos 8.7 14,4 1,7 16,9 10,1
Oencrane L anexTpoHoB 22,2 734 a3 43,1 516
Ledcterne Owe-anesTpoHos 12,4 18,0 15 24,0 126
D070 + Oxe-anaTpoHL 433 105.8 24 84,0 743
CynmmapHan UHTEHCHBHOCTE 515 1423 27 100 100
e
S
08
0sr
=T K
0.2
g | | | | |
o 50 100 150 200 250 300
tle.. m

BrvpHwe TONWKHL BEDWNNWEEsr okHE PeHTreHoBCNDH ToyEkK Ha Banmmy
BKNALE POTOINSKTHUIACKOMD BOGYMASHKE ATOMOA B OpMUpoBaNHE
HHTEHCHBHOCTH PEHTTEHOBLIDA @NYOINeCUBHLWK YTNEPOOE

B rafin. 4 conocrapieHsl HHTEHCHBHOCTH PEHT-
reHOBCKOID MATYHEHHMA MATLIX CONEPXKAHWA Ve
poja [iA PEHTIEHOBCKAX TPYGOK ¢ pasimuHbIMI
MATEPHATAMN AHOJ0B H padTUYHOl TomuuHoi Be-
ouHa. Hanpsocenne Ha TpyGrax 40 kB,

Haraln. 4 caeayer, 4To, HECMOTPA HA MTPEMMYILLE-
CTBEHHBIH pocTdayopecie I MPH YMeHLITIEHHK
OKHA peHTreHoBCKofA TpyOrK., arnan doro- n Ome-
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AMEKTPOHOB B BOA0YHUIEHHE PEHTTEHORCHOTO HATY-
HEHHA YIepoia JUTA PacCMOTPEHHBIX AHOIOB TIPH
OKHE 75 MEM (3a3emieHHbI| KATO/T) OCTACTCA OTIpe-
AE/TALIM H COCTARTAST BEIHYHHY, BAPBHPYIOUIYVIO
ot 70 g0 87 %, MarcHMATEHLIM OKAIBIBACTCH BRTAT
STHX 31EKTPOHOB [UIA MEeNe3Hol MaTpMLlL! mpi W-
arofe, L-manyaesie HoToporo adubek THEHO BO3GY -
JaeT aToMbl Fe,
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Tabnuua 4

CoCTaBNAOLLIME WHTEBHCHBHOCTH (YCNOBHLIS BOMHALL ) PEHTTEHOBCKOR (DNyopecLEHUAY yINepana npu ero
cogepwaritt 0,1 % 8 KpEMHWEEOR W WENBIHON METPMUEX ONA NepBWYHOMD WAMTy“aHUA PeHTreHoBCKMX TpyGoxK
¢ Cr. Rh n W anopamu. Npueegeqs! WHTEHCUBHOCTK |, NP TONWKHe oxHa 300 MkM (3a3emNeHHsi 8Ho0) u

l,, NPV TOMWUWHE OKda TS MeM (Ja3emMneHHwA KaTod)

Anog TpyBkvn | Mpouecc soabywaenwa | Matpwua 0,1 % C+989,9 % Si|Martpwua 0,1 % C+89.9 % Fe
li T B o o U B | Ketles
Cr ®riyopecueHLma 1 38 35 24 7] 34
PoTo + One INEKTPOHb! 68 128 1.9 225 363 16
Rh @nyopecueHUnR ar 166 45 a1 369 45
®oto+ One-anextpoust | 128 | 417 | 33 433 | 1058 | 24
W*) | ®nyopecueHumna 17 8 | 57 38 210 55
DOTO + OME-ANEKTPOHS! 135 36 | 23 BE7 1563 | 18

*) Npw pacseTax He yuTaHo soafywgenve qyopecuanuse yrnepana M osanysessen  W-anoga,

Eciii BMelLA0LAA MATPHLA COCTOHT 13 a/leMEeH -
TOB C BRICOKHMH aTOMHBIMHA HOMepaMM. TO polib
K-thoro- 1 K- Oske-adieKTPOHOB HANMOTHH TEEH © Bhi-
COEHM aTOMHBIM HOMEDPOM CTAHOBHUTCA NpeHebpe-
HHMO Masia 13-3a caaboll moHnaaun K-ypoBHA,
L~hoToa/IeKTPOHLL HIPAKOT e1Le 3AMETHVIO POJib. HO
HapALY ¢ HUMH CHILHO BO3pacTaeT HoHM3amma M-
o00IOMKH 1 COOTBETCTEEHHO NoAB/AeTCH HO/IbILIOE
ypeno M-poToalek TpoHOE, KoTophie 06AaMa10T Rkl
cokoit aneprueii. Kpome toro, L-Ome-aneKTPOHBL

ATEMEHTOB C BEICOKMM ATOMHEIM HOMEPOM MpHOoG-
PETAWT 3HEPrHIG, HAMHOID MPEBLILIAN Y0 3HeR-
M0 CBAIH JTERTPOHOR B aTOMAaX C METbIME ATOM-
HBEIMH HOMCDAaMI.

B 1aba.b conocTanieHbl KOMIIOHEHTHI CYMMAP-
HOH HHTEHCHBHOCTH HATYHEHMA YTICPOAa B JaHTa-
HOBOH W CBHHUOBOM MaTpuUuax [cogepsaHie yrie-
pooa 0,1 %) ana peHTreHoBCKHMX TPYOOKR C TOLIH-
Hoil Be-okHa 300 meEM # TpyBoE ¢ TONMUWMHOA
Be-okHa 75 siks (Rh-aHon, Hanpmserne 40 kB).

TatGnkua 5

BrWAHWE TOMWMHEL OXHE W NONSPHOCTH NOAKMIOYEHWA DEHTTEHOBCKOA TDYEKW HE KOMNCHEHTE! CyMMapHOoR
WHTEHCHBHOCTH DEHTIEHOBCKDID MAMNYYaHMA YInepooa Npy @ro ManomM COoepHaHA B MaTDIUExX © ATOMHBIN HOMBDOM
57 (La)w B2 (Ph)

Coctas | [Mpouecc soaBywaeHus WMHTeHcHBHOCTL (yen, ea.) | — Brnag (%)
— - lyosip | @=300 mkta| d=75 micm
DnyopecUsHUWA 26 113 473 8.5 124
0.1 % C + | Wabnpatensroe BosbywagHwe 2 7 35 08 0.8
99,9 % La | [eacTeuwe K-anextpoxos 0,02 0.08 4,0 0,006 0,009
[ewcrewe L-anexTposos 106 143 13 26,8 15,5
Oencteve M-3neKTpoHoB 180 529 29 454 57.9
OenacTene K-Owe-anexTrpoHos 0 0 0 0 0
fencrewe L-Ome-anexTpoHoe B2 122 1,5 20,7 134
Dot + Oke-anexTpoHsl 368 784 2,2 929 86,9
CyMMADHES MHTBHCWBHOCTS 396 914 23 100 100
| PnyopecugHuMA 20 93 | 4.7 10 27
0,1 % C + | MabupatensHoe s0abywaeHune| 2 5 2,5 0.8 1
99,9 % Pb| [OedcTeue K-anekTpoHos 0.02 0,06 3 0,01 0,02
[eAcTeue L-anexTpoos 37 X:t] 1,05 18 1
[encrene M-anekTpoHoB 120 174 1.5 58 50
[evcrene K-Owe-anexTpoHon 0 0 0 0 0
Oewcrame L-Ome-anekTpoHos 28 34 1,2 14 10
DoTo + Chke-3nerTpoHs! 188 246 1,3 a0 71
CyMMEpHAR MHTEHCUBHOCTE 208 344 1.7 100 100
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HaTabn.5 caeayer, 91o nepexo K TOHKOOKOHHBIM
PEHTTEHOBCKUM TPYGRaM G0JIBILE BOETO YBETHYHEBA-
€T PEHTTEHOBCKY0 (UIyopecueHLIMIO VITepoaa (pocT
8 4.3 pasa 1A MATPHIIL! ¢ AaTOMHLIM HOMEpoM 57 1
B 4.7 pasa 1A MaTpPHLBI C ATOMHBIM HoMepaMm 82,
HuTencnBrHocTD, BoabynieHHan hoto- n Onie-anek-
TPOHAM, BOZpAcTacT B 2.2 paaa B CIVYAE MATPHIE
C ATOMHBIM HOMEpOoM 57 u B 1,3 paza B cnyuae MaT-
PHILI ¢ ATOMHBIM HOoMepoMm 82, CooTBETCTBEHHO
pacrer Braa QIyopecUeHIIMH B CYMMAPHYIO MHTEH-
CHBHOCTE HATVMEeHHA yiepoda, OaHako us-3a o-
HOBPEMEHHOTO DOCTE MHTEHCHBHOCTH. BO30VHUIEH-
Ho# GoTo- 1 Oie-3IeKTPOHAMM, BKJIA NOCTeIHHX
[P TOHKOM OKHE [0-NPesHEMY OCTAETCH olpee-
Aaroums. HeoGxo Mo oTMeTHTE, YT0 B CTyYae MaT-
pHLEl, copepmatuei Pb, He yureno soabymaeHue
aroMoB yriepoma N-doToaTekTpoHaMy cBHHIA,
HMEIOIHMHE JOCTATOMHYIO JUIA 3TOM0 aHEPrUio.

IKcnepEMeEHT

JKCTIepUMEHTANTEHAA MTPOBCPKA MPaBIEHOCTH
PE3YALTATOB pacyeTa OCyLECTBASHA MyTeM HX C0O-
NOCTARIEHWA © MHTEHCHBHOCTAMHM PEHTTEHOBCKOro
HATYUEHMA YTIIEPOoIa, HaMepeHHBIMM Ha peHTTIeHOR-
croM cnexTpomerpe ARL-9800 ¢ peHTreHoBCKOMN
TpyGroil. kaToa KoTopoit sazemnen. Axog TpyGEn
poauessni. Tomuuua Be-oxsa 75 mum. Pesmum pa-

G0THI CIEKTPOMETPA: HAITTHEHHE Ha TpyOke 40 KB,
Toi 60 MA. B kauecTse o0pasuos HCNoIbL30BaH Ha-
Gop yTae poAcoJepRalIMy COSTHHEHHH, COCTAB KO-
Tophix noabupasca rakum obpasom, yrobst obecre-
HHThH BOAMOAHO GOMBIIIHE BApHALIMA BEAaZA GoTo-
1 Oske-a1eKTPOHOB B BO36Y#/1EHHE ATOMOB YT7IEpo-
A, B umeao HeeaeyeMbiX MaTePHaIoB BXOII Ipa-
(PHT. 118 KOTOPOro BRI HA3BAHHBIX 3/IEKTPOHOB B
poabyiidenne HaIVHeHA VYIflepoga MHHHMMAICH.,
Beifop B KavecTBe WCCAEAVEMBIX MATEPHAIOR CO-
eAMHEHWI YTIepoaa BMECTO £ro cMeceit ¢ HeRoTo-
po# cpeaoi ofyenosiaeH HeoBX0IMMOCTEIO CBEIEHHA
K MIHITMYMY BIHMANHA MUEpoafcopbLHoHHoi Heod-
HOPOAHOCTH MATEPHATA HA H3MEDHEMYI) HHTEH-
CHBHOCTH aHATUTHYeCKoH AMHHAN yrepoga. LA
KARIAOT0 COE THHeHHA CHPeccoBato no TpH o pa3sia
M BLITIOIHEHO 110 TPH NapaillelbHEX HAMePeHNA,

Braba. 6 conocTaBneHsl SKCrepUMeH TATbHBIE H
PACYETHEI® OTHOCHTETBHEIE HHTEHCHEHOCTH PEHT-
FEHOBCROTO HANYUEHHA YITepoda B 0 HHHAIETH
PATHYHBIX £r0 coeaHeHHAX, HETeHCHBHOCTH OT-
HECeHR K HHTEHCHBHOCTH aHAMHTHMECHOH JIHHAK
yrepoga B rpadgure. [IpupBeaeHbl TaAK#KE pAcYeTHLIE
FHAYEHHA PACCMATPHBARMBIY OTHOOH TETEHELY HH-
TeHcHBHOCTE Ge3 yieTa HOHHIALK ATOMOB YTie-
poaa oTo- 1 Ome-31CKTPOHAME,

Tabnwua &

ConocTagneda JLCNEpMMEHTANLHEIX M DacHaTHLIX IHAUSHUA OTHOLLEHHA
MHTEHCHEHOCTY YINEp00a 8 PAINMYHLIE COBAUHEHNER K 80 MHTEHCWARDCTHA B

rpagTe
CoeanHenve | DHCNepuMeHT Facuer ]
€ y4aTOM hoTo- I | Bea yqera oto-u
Oe-anexTpoHos | Owe-anexTporoe |
CaCo, 0,088 £0.006 0,085 0,054
| K,Fe(CN), | 0.1400,006 0139 0,084
| KFe(CN), | 0.12110,008 0,118 0,070
| K.CO, 0,074 £0,006 0,077 0,044
' NaHCO, 0,0710,004 0,069 0,041
| Na,CO, 0.049 £0,004 | 0,044 0,029
| Li,CO, 0,088 0,004 0,092 0,080
MgCO, 0,050 0,004 | 0,051 0,035
(CH,COO)La | 0,261£0,004 | 0,263 0117
(CH,CO0),Pb| 0,263:0,004 | 0,120 0,052

Hatafn.6 BUaHO, 9TO SKCMIEPHMEHTATLHLIE JaH-
HbLIE X000 COMACYITCA C PEIVILTaTAMH pacye-
TOB, VHHUTHIBAKILUMK BAHAHKE hoTo- 1 Ome-37aeKT-
POHOB. H CHJIBHO PAacXO0IATCH C HHTEHCHBHOCTAMM,
BLIMHMCAEHHBIMH (63 yyeTa sToro BiaMAaHMA. B ony-
yae rpotbl. CONEpHALLEH CBHHPLL, SKCTIEPHMEHTA b -
HElE JAHHEE Beane g 2,2 pasa, geM pacdeTHse (Boa-
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MOMHO, M3-38 HeyyeTa Bo36ymIeHHA aTOMOB yIie-
poaa N-torosnestpodamu ceudua). Moaysennoe
COMAcHE MO3B0JAAET CHUTATD TAKE A0CTOBEDHBIMIL
OPYVTHE PE3YILTATE, HARICHHBIC [Ty TEM pacyeTa.
3axmovuenne
Peayanrartsl MpoBea@HHAIX HCCAeA0BaAHUT CBILLE-
TEMALCTBYIOT, §T0O MHOMKPATHOE YBEIHYEHHE HHTEH-
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CHBHOCTH MEPBHTHOIO H3TYHYEHHA ITPH MCITOTL30Ba -
HHH TOHKOOKOHHBIX PeHTTeHOBCKHX TPYGOK © 3a3em-
JICHHBIM KAaTOA0M HE NPUBOJANT K CYWECTBEHHOMY
CHHKEHMIO BEIaJA (hoTo- M Ome-aeKTPoHOB B Gop-
MHPOBAHHE HHTEHCHBHOCTH PEHTTEHOBCKOID Hamy-
HEHHA YIEPoaa, TAK 9T0 PACCMATPHBAEMEI BRIA
OCTAETCA AHAUHTENLHBIM, & B PAJE C/TVHaes - onpe-
AEIAIIIMM.

JAOCTHTHYTOE COMIACHE PACYETHBIX M AHCNEPU-

MEHTANTBHBIX BETHYHH CO3AAET MPEINOChLIKI [UIH
pacrpocTpaHeHHA ATOPHTMOB peHTreHoduTyopec-
[EHTHOTD AHATH3A, MPeANo/IaralonMX BeTOJIHEHHE
TEOPeTHYECKHX PACHETOR HHTEHCHBHOCTE aHa M-
THHECKOrD CUTHAla (MeTodbl PyHIAMEHTANBHBIX
napaMeTpon, QyHIaMEHTATEHEX Ko PHIIHEHTOB,
TEOPETHYECKHX MOMPABOK M AP.). Ha onpeje/ietie
CoACpHEAaHAR IeMEHTOB © MATBIMHA ATOMHBIMH HO-
MEPAMH B OHOPOAHBIX MATPHIAX.
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PHOTO- AND AUGER ELECTRONS CONTRIBUTION IN CARBON INTENSITY FORMATION AT
EXCITING BY PRIMARY RADIATION OF THIN-WINDOW X-RAY TUBES

A Yu.Duhanin, G.V.Pavinsky. A, Yu.Portrnoy, A.V.Khun

It is carried out carbon X-ray radiation intensity and its contribulions comparison for cases of X-ray
tubas with 300 mm window thick (grounded anode) and 75 pm window thick {grounded cathode). It is
shown that the tolal carbon intensity assentially increase, but the photo and Auger electrons contribution
to excitation has remafned essential and still f5 to be taken into account in computing exciting maodeling
process of long-wave radfation. Experimental resulls obtained using ARL-9800 has prove correctness
of the accounts of the carbon intensity calculation included the photo and Auger electrons atoms

ionization account.
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