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OlilllAll XAPAKTEPHCTHKA PAliOTbl 

pa3BHTHB HaYKH H AKTyanbHOCTb pa6on1. HHTBHCHBHOB 

onpel!enttno 6blCTPblB TeMnbl pa3pa60TKH HOBblX aHanHTH'IBCKHX 

TBXHHKH 

MBTOnOB. 

IlpH'IBM Tpe6oBaHHH, npBll'bHBnHBMblB HaYKOA H TBXHHKOA, COCTOHT, e nepeyD 

O'!Bpenb, B 

coneplKaHHe 

HB06XOllHMOCTH HCcnenoeaTb He 

npHMeceA B 06pa3µe, a HaxonHTb 

npOCTO 

npo!OHnH 

HHTerpanbHOe 

KOHIIBHTpallHA 

onpenenHBMba 3nBMBHTOB B noeepXHOCTHba ·cnOHX, KapnHHanbHO BnHHDlllHX Ha 

CBOACTBa MaTepHanoe. Ilo3TOMY oco6yn BBCOMOCTb nptto6peTaDT MBTOnLI 

ttccnenoeaHHH noeepxHoCTH H. npo!OttneA "pacnpeneneHHH npttMeceA. Cpentt 

3THX MBTOnoe BHnHoe MBCTO 3aHHMaDT MBTOnLI noKanbHoro aHanH3a COCTaea H 

CTPYKTYPbl MaTepttanoe, OCHOBaHHLIB Ha HCnonb30BaHHH ny'IKOB 3apHlKBHHLa 

'!aCTHll. Hatt6onee pacnpOCTpaHBHHblB B HaCTOHmee BPBMH MBTOnbl H3MBPBHHH 

rny6HHHoro pacnpeneneHHH npttMeceA Tpe6YDT nocnoAHoro TpaeneHHH, T.e. 

no CYTH HBnHDTCH MBTonaMH pa3pymaDmero KOHTponH. 

8 CBH3H C 3THM noBbllllBHHLIA HHTepec BL□LmaDT 6hlCTPO nporpeCCHPYDlllHB 

Hepa3pymaD1llHB MBTOnbl aHanH3a, OCHOBaHHblB Ha HCnonb30BaHHH 

MOH03HepreTH'IBCKHX ny'!KOB ycKopeHHblX HOHOB C 3HeprHeA B' HBCKOnbKO 

Mera3nBKTPOHBOnbT. K HHM OTHOCHTCH MeTon pe3ep!OopnOBCKOro o6paTHoro 

paCCBHHHH, MBTon B036ylKneHHH aTOMOB C perHCTpa11HeA xapaKTBPHCTH'IBCKOro 

peHTreHOBCKoro H3ny'leHHH, MBTOn Hnep OTna'IH H npyrHe. KaEnLIA H3 • 

nepe'IHCneHHba MBTonoe no3BO~HBT pemaTb llOBOnbHO mHPOKHA Kpyr Jana'!, 

onHaKo HBKOTOPblB H3 HHX MOrYT 6hlTb pemeHbl TOnbKO nYTBM CO'IBTaHHR 

HBCKOnbKHX MBTOnOB, Hcnonb3YDlllHX HOHHblB nY'IKH. TaKoe CO'IBTaHHB 

MeTonoe ·aHanH3a, OCHOBaHHLa Ha perHcTpanHH pa3nH'IHblX nponYKTOB 

B3aHMoneACTBHH HOHOB nY'IKa C eemecTBOM 3Ha'IHTBnbHO pacmHpHBT nttana30H 

onpenenHBMblX 3neMeHTOB H r ny6HH. TaK, Hcnonb30B aHHe pe3ep!OopnoecKoro 

o6paTHOro pacceHHHH (POP) Hatt6onee 3!0!0BKTHBHO npH HccnenoBaHHH 

MHorocnoAHLa CTPYKTYP (COCTaBa H TOnlllHHLI nocnenoeaTenbHO HaHeCBHHLa 

TOHKHX nneHOK)' nOCKOnbKY Me Ton. o6nanaeT BLICOKHM pa3pemeHHeM no 

rny6HHB. MeTon xapaKTBPHCTH'IBCKoro peHTrBHOBCKOro H3nY'IBHHH (XPH), 

B036Ylll:naeMoro HOHaMH, o6nanaeT BLICOKOA 'IYBCTBHTBnbHOCTbD nnR 
6onbmHHCTBa 3neMeHTOB H pa3pemeHHBM no MaccaM, no3BOnHDlllHM 

onHOBpBMBHHO onpenenHTb mHPOKHA Kpyr 3neMeHTOB, B TOM '!Hcne H 6nH3KHB 

no Z; xapaKTBpH3YBTC~~~n~JIJlmO~~ rny6HHOA aHanH3a (no 
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l'.IBC/ITKOB Ml1KPOH J. CaMblB nerKl1e 3neMeHHI, B TOM '111Cne BOllOPOll, MOrYT 

onpenenRTbCR MBTOllOM RllBP 0Tlla'!l1. H3Y'IBHl1B pacnpeneneHl1R BOllOPOlla no 

rny611He 06pa3ua HBnRBTCR BBCbMa aKTyanbHblM, nOCKOnbKY npl1CYTCTBl1e 

3Toro 3nBMBHTa OKa3bIBaBT cymecTBBHHOe Bnl1RHl1B Ha CBOACTBa MHOr11x 

KOHCTPYKU110HHblX MaTep11anoe. 

llenb pa60Thl - C03llaHl1B MBT0ll11K onpeneneHl1R KOHUBHTpau110HHblX 

npooo11neA 3nBMBHTOB B 

pe3epOOOPllOBCKoro 

noeepx HOCTHblX cnoRX 

o6paTnoro pacceHHl1R, 

MaTep11anoB no 113MepeHl1D 

xapaKTBPl1CTl1'1BCKOro 

peHTreHOBCKoro 113ny'IBHl1R 11 npoTOHOB 0Tlla'111 Ha nytJKax YCKOpBHHblX 110HOB 

BOllOPOlla 11 ren11H 11 Hcnonb30BaH11e pa3pa6oTaHHblX MBTOlll1K nnR pemeHl1H 

pa3nl1'1HblX np11KnaZ1HblX 3alla 'I. 

HaY'IHaH HOBl13Ha. 

1. MeTOllOM pe3epOOOPllOBCKOrO o6paTHOro. pacceHHl1R 11ccnenoeaHa 

30000BKTl1BHOCTb r_BTTep11poBaHl1R aTOMOB 3onoTa,B KPBMH1111 n- 11 p-T11na nocne 

11MnnaHTau1111 110HOB HBOHa. 

·2. MeTOllOM xapaKTBPl1CTl1'1BCKOro peHTreHOBCKOro 113nY'IBHl1H np11 

113MBHBHl111 3Hepr1111 30Hlll1PYDmero ny'!Ka npOTOHOB 11ccnenoeaHO 

pacnpeneneHl1B no rny611He KOHUBHTpau1111 ~ene3a B CTPYKTYPB 

~ene30-Hl1KBnb. 
3. MeTOllOM npOTOHOB 0Tlla'111 11ccnenoBaHO conep~aH11e BOllOPOlla B pHne 

ooocOOaTHblX CTBKOn, a TaK~e 113MBHBHl1B KOHUBHTpaU110HHOro npooo11nH BOllOPOlla 

B noeepxHOCTHblX cnoHX CBl1HUOBOCl1n11KaTHOro 

TBPMl1'1BCKOA o6pa6oTKl1. 

cTeKna B pe3ynbTaTe 

IlpaKTl1'1BCKaH UBHHOCTb. Co3naHHaH 3KCnepl1MBHTanbHaH YCTaHOBKa 11 

~a3pa6oTaHHbre MBT0lll1Kl1 11cnonb30Ban11cb nnR pemeHl1H PHlla HaY'IHblX 11 

HaPOllHOX03HACTBBHHblX 3ana'I, npenycMOTPBHHblX npOTOKOnaMl1 11 noroeopaM11, 

3aKnD'IBHHblMl1 OHHH C pa3nl1'1Hb1Ml1 11HCTl1TYTaMl1 CoBeTcKoro COD3a 11 

cTpaH-Y'lacTH11U OHHH. 

Ha 3am11TY BbffiOCHTCH cnenYDm11e pe3ynbTaTbt 

1. C03Z1aH11e Ha 6a3e 3nBKTPOCTaTl1'1BCKOrO YCKOp11TenH 3f-5 OHHH 

3KCnepHMBHTanbHOA ycTaHOBKl1 nnR 11ccnenoeaHl1H.KOHUBHTpaUl10HHblX npooo11neA 

3nBMBHTOB B noeepxHOCTHblX cnoHX MaTep11anoB MBTOllaM11: a) 

pe3epOOOPllOBCKoro o6paTHOro pacceRHl1H, 6) xapaKTBPl1CTl1'1BCKOro 

peHTreHOBCKoro 113nY'IBHl1H 11 B) npoTOHOB 0Tlla'111. 
2. Co3naHl1B· n11anorOBblX Bb1'111Cnl1TBnbHblX nporpaMM nnR pactJeTa 

KOHUBHTpau110HHblX npo0011neA 3nBMBHTOB. 

3. Pe3ynbTan1 3neMBHTHoro aHan113a no rny611He B pa3nl1'1HblX 

KOHCTPYKUl10HHblX MaTep11anax, CBH3aHHoro C pemeHl1BM HaY'!HblX 11 

HaPOllHOX03HACTBBHHblX 3alla'I. 
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Anpo6au11H pa6on1. DCHOBHbre PB3YnbTaTbl n11ccepTau1111 ony6nl1KOBaHbl B 
pa6oTax (1-12) 11 llOKnan1>IBan11cb Ha: 

- 7 4exocnoeauKoA KOHOOepBHU1111 no. 3nBKTpOHl1KB 11 BaKYYMHOA 0011311KB 
(1985 r.,r.6paT11cnaea (4CCP)); 

- Ha 16 BceCOD3HOM coeemaHl1H no 0011311KB B3al1MOlleACTBl1H 3apH~BHHblX 

tJaCTl1U c KPl1CTannaM11 (1986 r.,r.MocKBa); 

- Ha 5 BcecOD3HOM coeemaHl111 no aKTl1BaU110HHOMY aHan113y 11 llPYrl1M 

pan11oaHanl1Tl1'1BCKHM MBTOllaM (1987 r., r. TamKBHT); 

Ha Me~llYHaponHoA KOH00BPBHUl111 no 110HHOA 11MnnaHTau1111 (1988 r., 
r. flD6n11H (IlHP) J. 

CTpYKTYpa 11 o6beM n11ccepTau1111. n11ccepTau11H COCTOl1T 113 BBBllBHl1H, 

nRTl1 rnae, 3aKnD'IBHl1H 11 cn11cKa 11cnonb30BaHHOA n11TepaTypbL 06beM 

n11ccepTau1111 COCTaBnHeT 147 CTpaH11U, e TOM '111Cne 5 Ta6n11u 11 54 Pl1CYHKa. 

Cn11COK n11TepaTYPHblX 11CTO'IHl1KOB conep~l1T 127 Hal1MBHOBaH11A. 

. . 
conEPlKAHHE PA60Tbl 

Bo BBBllBHl111 o6oCHOBaHa .aKTYanbHOCTb TBMbl HccnenoBaHl1H, 

COOOpMyn11poBaHa uenb pa60Tb~ o6cy~neHbl ee HaytJHOe 11 np11KnanHoe 3Ha'IBHl1B 

11 pe3ynbTan1, nony'IBHHblB np11 pemeH1111 nocTaeneHHOA 3aZ1atJ11. 

B nepBOA r naee pa6on1 cnenaH KpaTKl1A 0630P 0011311'1BCKl1X OCHOB 

MBTOllOB pe3epOOOPllOBCKoro o6paTHOro pacceHH11H (POP), 

xapaKTep11CTl1'1BCKoro peHTreHOBCKoro 113nY'IBHl1H (XPH), B036Y~naeMoro 

110HaMl1, 11 npoTOHOB OTZ1a'111, BbK>l1BaBMblX 113 Ml1lliBHl1 HaneTaDmHM11 110HaMH 

ren11H, 11cnonb3YBMblX nnR 11ccnenoeaH11H npooo11neA pacnpeneneHl1H 3nBMBHTOB 

no rny611He 06pa3uoe. 

BTopaH rnaea noceHmeHa on11caH11D MeTOlll1Kl1 3Kcnep11MBHTa. 

3Kcnepl1MBHTanbHaH tJaCTb pa6on1 6Lma BLIIIOnHeHa Ha 3neKTPOCTa

Tl1'1BCKOM YCKop11Tene T11na BaH-ne-fpaaooa IlH~ OHHH. Ilp11 3TOM 3Kcne

p11MeHTanbHaH YCTaHOBKa, KaMBPLI o6nytJBHl1H C03Z1aean11cb TaKl1M o6pa30M, 

'IT06bJ HcnOnb30BaTb npe11MymecTBa CO'!eTaHl1H MBTOllOB. 

8 nepeoA 'laCTl1 rnaebl on11caHa KaMepa nnR 113MBPBHl1H ynpyro 
pacceHHHblX 110HOB 11 xapaKTepl1CTl1'1BCKOro peHtreHOBCKOro H3nY'IBHl1H. IlY'IOK 

110HOB OT YCKOPl1TBnH, Ha Y'laCTKe 110Honpoeona nocne pa3naT0'1Horo MarH11Ta 

000PMl1PYBTCH 'IBTbl()bMH n11aooparMaMl1. nocnenH11e nee n11aooparMbl - CMBHHbre, 

BXOllHmHB B COCTae Konn11MaUl10HHoro 6noKa, KOTOpblA COCT011T 113 

rpaOOl1TOBoro u11n11Hnpa c 'IBTbl()bMH napaM11 OTBBPCTl1A (1,5 MM; 2 MMl 4 MM; 

5 MM), YCTaHaen11eaeMblMH Ha nYTl1 nytJKa. n11aMeTp u11n11Hnpa - 80 MM. 

Konnl1Ml1POBaHHb!A IlY'IOK 110HOB nanan Ha Ml1mBHb, YCTaHoeneHHYD Ha 
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MHorono,311U110HHOM 11epi1mTene. KOHCTPYKUl1ll neplltaTBnll npenocTaBnlleT 

B03MOlKHOCTb HaKnOHJITb nnocKOCTb Ml1filBHl1 OTHOCl1TBnbHO HanpasnBHl1ll nyqKa 

Ha yrnu 15°, 30°, 45°, 70°. 
nn11 H3MBPBHl1ll ynpyro paccellHHblX HOH OB B. KaMepe non yr noM 135° K 

OCH nyqKa YCTaHosneH KPBMHHBBhlfl nosepxHOCTHo-6apbBPHhlfl 

,3HepreTHqecKoe pa3pemeHHB cneKTPOMBTpHqecKoro TpaKTa 

pacCBJIHl1ll COCTaBnllnO 30 K3B 11n11 a-qacTHU C 3HBprHeA 5,499 
238Pu. 

llBTBKTOp. 

ynpyroro 

M3B OT 

BLaon XPH H3Mep11nc11 Si(Li)-IIBTBKTOPOM, KOTOphlfl pacnonarancll 

non yr no,M 90° no OTHOmBHl1ll K HanpasneHHkl nyqKa. Ha IlYTH OT Ml1filBHH K 

IIBTBKTOPY B036YlKllaBMOB HOHaMH peHTrBHOBCKOB 113nyqeHHe npoxo11t1no OKOfilKO 

H3 nOKPhITOro TOHKl1M cnoeM Al MaAnapa TOnlllHHOA 25 MKM, cnoA B03llYXa 

TOilfilHHOA 10 MM H 6ept1nn11esoe OKOmKO llBTBKTOpa T0Ilfill1HOA 25 MKM. 

3HepreTHqecKoe pa3pemeH11e cneKTPOMeTpa, H3MBpeHHOe Ha nHHHH 6,4 K3B 
57cc, cocTasn11no 220 3B. 

HaKonneHHB cneKTpOB npOBOIIHnOCb B cneKTPOMeTp11qeCKOM M01Iyne. 

sLmonHeHHOM B cTaHnapTe KAMAK Ha 6a3e Ml1HH-3BM MERA-60/55. BLN11cneH11e 

nnomaneA peHTrBHOBCKl1X IlHHHA npoBOIIHilOCb Ha 3BM PDP-11/70 c nOMOfilbXl 

6H6nHOTeqHOA nporpaMMbl • ACTI\7". I.Jticno qacTHU, nanalllllHX Ha Ml1meHb, 

onpe11en11nocb no H3MBPBHl1kl 3apH11a. nepeHOCHMOro nYqKQM Ha MHfilBHb 3a 

BPBMH 3KCn03HUHl1. nn11 o6ecneqeHHH 3THX H3MBPBHHA MHOrono3HUHOHHblfl 

neplKaTenb MHmeHeA 3nBKTp11qecKH H30IlHpoBaH OT KOpnyca KaMBPLI H 

npHCOBIIHHBH K HHTerpaTOPY TOKa, ~OTOPhlfl 06ecneq11saeT H3MBPBHHB TOKa 

nyqKa s HHTepsane 0,15 HA - 2,5 MKA c nHHeAHOCTbkl HB XYlKB 1 7.. 
IlOCTOJIHHaH HHTerpaTopa paBHa 0,705 HMn/HKn. nn11 nonasneHHJI BTOpHqHoA 

3IlBKTPOHHOA 3MHCCHH, B03HHKaklmeA npH 60M6ap1111pOBKe MHmBHl1 nyqKQM 

HOHOB, MHfilBHb OKPYlKeHa rpa~HTOBhlM u11nHH1IPOM, K KOTOPOMY no11KnJ:lqeHo 

OTPHUaTenbHOB HanplllKBHHB 300 B. 
3~~eKTHBHOCTb cqeTa Si(Li)-neTBKTOpa onpenenHnacb IlYTBM 113MBPBHHJI 

xapaKTepHCTHqecKoro peHTreHOBCKOro H3nyqeHHJI Ha TOHKHX MHmeHHX 

nllTHanuaTH 3IlBMBHTOB OT Al 110 Mo, B036YlK1IaeMoro npoTOHaM11 C 3HeprHHMH 

1 11 2 M3B H HOHaMH 4He C 3HeprHHMH 2 H 3 M3B. nn11 onpeneneHHJI q11cna 

aTOMOB 3nBMBHTa OIIHOBPBMBHHO H3MBpllilOCb o6paTHOB pacceJIHHe 110HOB. 

DonoilH11TBilbHO B o6nacTl1 BhlCOKHX 3HeprHA 6hlJIH ' 11Cnonb30BaHhl 

Kan116posoqHLE pa1Il10HCTOqHl1Kl1 57co (6,4; 14,41 H 122,06 K3B) 11 
241

Am 

(11,89; 13,95; 26,35; H 59,54 K3B)., HeonpeneneHHOCTb 3HaqeHHA 

31i)~BKTl1BHOCTl1,. 113MepBHHblX C nOMOfilbkl pa11HOHCTQqHl1KOB (npoKan116p0B aHHha 

c ToqHOCTbkl ±37.), 6una 4-6 7.. 
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OKoHqaTBilbHaH 3~1i)eKT11BHOCTb nonyqe11a nYTBM 

napaMeTpos neTeKTopa: TonmHH 6ep11nn11esoro OKOmKa, 

MBPTBOro CilOH Si, qyscTBl1TBnbHOro q6beMa KPBMHl1ll, 

pe3ynbTaTe KOHIIBHCaUH11 

nonroHKl1 mecT11 

3on0Toro KOHTaKTa, 

HaMOPOlKBHHoro cno11 

napos BOllhl Ha CcnoH, 06pa3osaHHoro B 

nosepXHOCTl1 KPHCTanna Si, 

TenecHoro yrna neTBKTOpa. 

~HKCl1POBaHht TonmHHa 

OX !falKIIBHHOro 110 TBMl!BPaTYPhl lKHll~OrO a3oTa) 11 

Ilp11 nposeneHHH nonroHKl1 nsa napaMe~pa 6LmH 

Be-oKOmKa (26, 3±0, 3· MKM) H3MBpHnacb 

HenocpencTBeHHo, a Tonm11Ha AU-KOHTaKTa (27±1,5 HM) ~npenenHnacb 

ll)nyopecueHTHhlM MBTOIIOM, C 11cnonb30BaHHBM xapaKTep11cT11qecKoro 

peHTrBHOBCKOro H3nyqeHHJI Rb, B036YlKllaeMoro npoToHaMl1. 3TO no3BOn11no 

OllH03HaqHo onpenenHTb TohmHHY MBPTBOrO cnoll KPBMHl1ll (0,5±0,1 MKM) H 

TonmHHY HaMOPOlKBHHOro cnoll (9,5±0,5 MKM). HeonpeneneHHOCTb a6conklTHOro 

3HaqeHHJI 3~~BKTHBHOCTl1 Si(Li)-llBTBKTOpa OKa3anacb paBHOA 3-8¾ B 

o6nacTl1 3HeprHA 1,5-150 K3B. IlonroHKa apOBOIIHnacb no MBTOIIY HaHMBHbmHX 

KBanpaTOB C HCnOilb30BaHHBM 6116nHOTeqHO':) nporpaMMhl "FUMILI" • 

Bo BTOPOA qacTl1 r naBhl on11caHa KaMepa llilll 113MBPBHl1ll npoTOHOB 

OT1Iaq11. IlyqoK YCKopeHHha HOHOB renHH KOililHMHPOBancH napoA 1111a~parM 

llHaMBTPOM no 0, 5 MM. PacCTOJIHl1B MBlKIIY 1111a~parMaM11 950 MM.· 

KonnHMHPOBaHHhlfl nyqoK 110HOB nonanan Ha MHmeHb, YCTaHOBilBHHYll Ha 

MHoron03HU110HHOM neplKaTene. KoHCTPYKUHll neplKaTenH npenycMaTpHBaeT 

B03MOlKHOCTb 113MBHBHl1H yrna HaKnoHa nnOCKOCTl1 M11me1111 KOCH nyqKa (yrna 

a) B 11HTBpBane 0-90° C norpemHOCTbkl HB 6onee 0,2°. MHmeHb 3IlBKTPl1qecKl1 

1130IlHPOBaHa OT Kopnyca KaMepu H np11coe1111HeHa K 11HTerpaTOPY TOKa, C 

noMOfilbkl KOToporo onpenenHnocb q11cno na11aklm11x Ha MHmBHb qacTHU. nn11 
nonasneHHH BTOPHqHoA 3IlBKTpOHHOA 3Ml1CCl1H Ml1filBHb OKPYlKBHa u11n11H11poM, K 

KOTOPOMY nOIIBOIIHTCJI OTPHUaTenbHOe HanpHlKBHl1e 300 B. H3MBPBHl1H 

npoBOll11Ill1Cb npH 3Hepr1111 HOHOB renHll 2,0-2,4 M3B; TOK nyqKa COCTaBnHn 

10-20 HA. nn11 per11cTpau1111 npoTOHOB OTllaqH Ha no11Bl1lKHOM KPOHmTBAHe 6Lm 

YCTaHOBilBH KPBMHHBBhlA nosepx HOCTHo-6apbBPHhlfl llBTBKTOp. Ynpyro 

paccellHHhE Ml1filBHbll 110Hhl renHll 3a11eplKl1BanHcb ank>Ml1Hl1BBOA ~OnbrOA 

T0Ilfill1HOA "9 MKM. DnH 113MepeHl1ll o6paTHoro pacceHHl1H 110HOB non yrnoM 135° 
B KaMepe YCTaHOBneH BTOPOA KPBMHl1BBblfl nosepXHOCTHo-6apbBPHhlfl llBTBKTOp. 

3HepreT11qecKoe pa3pemeHHB cneKTPOMeTp11qecKoro TpaKTa npOTOHOB OT11aq11 

COCTaBnllnO 17 K38 llilll a-qacT11U C 3HeprHeA 5,499 M3B OT 238Pu. 

IlpH onpeneneHHH KOH~eHTpau110HHoro npoll)11nH BOIIOPOlla B 11ccne11yeMha 

06pa3uax Heo6XOIIHMO yqHThIBaTb COCTOJIHl1B noBBPXHOCTl1 o6pa3UOB, ycnoBHJI 

11X xpaHBHl1ll 110 YCTaHOBKH B KaMepy 11ccne110BaH11A, 11, rnaBHOe, saKYYMHhE 

ycnoBl1H B KaMepe. Han11q11e BOIIOPOlla Ha nosepXHOCTl1 MHmBHl1 npHBOll11T K 
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noRBnBHHD ~0Ha Ha cneKTpe nporoH0B ornaqH. B CBR3H C 3THM nonpo6Ho 
HccnenoBaH onHH H3 BapHaHT0B npoBeneHHR H3MepeHHA, K0T0pblA noJB0nHn 
nonyqHTb nocraroqHo HaneEHYD HH~0pMaUHD 0 K0HUBHrpauH0HH0M npo~HUB 
Bonopona B ycnoBHRX BaKyyMa B KaMepe 1□-6Top. Peqb HneT o noKanbH0M 
BblM0paEHBaHHH napoB yrneBonoponoB B6UH3H MHmeHH. 8LlMOpaEHBaHHB 
ocymecrBnRnocb c noM0ID.bD oxna•naeMoro •HnKHM aJ0T0M MenHoro uHnHHnpa 
nHaMerpoM 80 MM, K0T0PLIA HaxonHnCR BHYTPH rennoBoro 3KpaHa H3 anDMHHHR 
nHaMerpoM 120 MM. KaK noKa3anH HccnenoBaHHR, raKaR cHcTeMa nocraroqHo 
xopomo BLJMopaEHBaer Bonoponoconep•amHe coenHHBHHR B o6beMe, 0KPY•aDmeM 
MHIDBHb, 3HaqHrenbH0 CHHEaR npH 3T0M HX ocaEnBHHe Ha aHanH3HPYBMYD 

noBepxH0CTb o6pa3ua. 
TpeTbR rnaBa nocBRmeHa onHcaHHD 

cneKrpoB o6parHoro pacceRHHR c uenbD 
rny6HHB O6pa3ua H npHMBHBHHR 

MeronHKH H nporpaMMhl o6pa6orKH 
H3BneqeHHR npo~HnR 3neMBHT0B no 
MeTona -POP nnR HccnenoBaHHR 

rerrepHpoBaHHR aT0M0B 30nora B KPBMHHH. 
803M0EH0CTb 3ciHnHPOBaHHR ManLIX ronmHH, BbIC0K0B pa3pemeHHB no 

r ny6HHB Merana ynpyroro pacceRH.HR HOH.OB noJBonRDT npoBonHTb 
Hepa3pymaDmHA aHanH3 cnoEHblX MH0rocnoAHblX o6pa3U0B. Ka_K npaBHno, 
npoBeneHHe K0nHqecrBeHHoro aHanH3a oKa3LIBaercR cnHmKoM cnoEHLlM nnR 
Bbl'IHCnBHHA BpyqHYD. IT03T0MY 6b1Jla pa3pa6oraHa Bbl'IHCnHrenbHaR nporpaMMa 
RBSM nnR aH~nHJa 3HeprerHqecKHX cneKrpoB ynpyroro pacceRHHR. Cyrb 
nonxona cocroHr B nocrpoeHHH MonenH o6pa3Ua (KonHqecrBo H TonmHHa 
cnoeB, HX 3neMeHTHLIA cocraB), nnR Koroporo reHepHpyercR reopeTHqecKHA 
cneJCrp. McxonR H3 nonyqeHHblX 0TKn0HBHHA 3KCnepHMeHranbH0ro H 
reoperHqecKoro cneKrpoB, M0nH~HUHPYDT HCX0nHYD Monenb, H Bb~HcneHHR 

noBropRDT. TalCHM o6pa30M, B' HBCK0nblCHX 
06pa3ua, nnR lC0T0P0A reoperHqBCKHA 

HrepauHRX nonyqaercR Monenb 

cneKTp 

3KcnepHMBHranbHblM. IlpeHMymecrB0M raKoro 

HaneEH0CTb H YHHBepcanbH0CTb. 

xopomo 
nonxona 

coBnanaer 
RBnReTCR 

C 

ero 

4Hcno orcqeroB H, B i-roM KaHane HneanHJHpoBaHHoro 
o6parHoro pacceRHHR onpenenRnocb cnenYDIDHM BL~a•eHHeM: 

cneKTpa 

c5E S(KE,) 
H. = a(E. )OQN(X.) ----- , 

' ' ' [S(E,))cos9
1 

S(E1 ,,) 

rne a(Ei) - nH~~epeHUHaUbH0B' ceqeHHB pacceRH~R, Bbl'IHCnRBM0B nnR 
3HBprHH H0H0B E, ; 0 - renecHLIA yron neTBKT0pa; Q - qHcno qaCTHU, 
nanaDmHX Ha MHmBHb, N(x, l - qHcno ar0M0B B enHHHUB o6beMa, c5E -
3HeprerHqecJCaR mHPHHa KaHana B MH0f0KaHanbH0M aHanH3aTope HMnynbC0B, 

6 

'·, 

~ 

91 - yron MBEnY HanpaBneHHRMH naneHHR H0H0B Ra MHfilBHb H H0pManbD K ee 
noBBPXH0CTH, S - ynenbHbIB norepH H0H0B, [SJ - napaMerp T0PM03H0A 
cnoco6HOCTH, K - lCHHBMaTHqecKHA ~aKrop o6paTHoro pacceRHHR: E . -

l • ' 
3HeprHR perHCTPHPYBMblX H0H0B. 

IlpH pa6ore c nporpaMM0A RBSM Hcnonb3YDTCR BX0nHLIB 
3KcnepHMBHranbHbl8 naHHbIB, KYna BX0nRr: 3HBPrHR H0H0B: reoMBTPHR 
3lCCDBPHMBHTa: 3HeprerHqecKHe KanH6P0BKa H pa3pemeHHB H3MBPHTBnbH0r0 
rpaKra; qHcno H0H0B, nanaDmHX Ha MHmeHb: TenecHhlA yron nereKropa; a 
raKEB naHHbIB MonenH o6pa3ua: K0nHqBCTB0, ronmHHa H 3neMBHTHblA C0CTaB 
KaEnoro cnoR. Mcnonb3YDTCR TaKEB Heo6xonHMbl8 ra6nHqHbIB naHHblB nnR 
KaEnoro 3neMeHra or Bonopona no ypaHa: nopRnK0BLIA H0Mep 3neMeHra, 
MaCC0B0e qHcno, aT0MHaR nnorH0Clb H naHHbIB no T0PM03HblM cnoco6HOCTRM. 

0co6eHHocrH ~opMHpoBaHHR 3fleprerHqe_cKoro cneKipa ynpyro pacceRHHLIX 
HO.HOB, BnHRHHB Ha ~0PMY cneKrpa .napaMerpoB, nocpenCTB0M K0T0PblX 
nonb30Barenb ynpaBnRer MoneTIHP0BaHHBM cneKrpa, HnnDCTPHPYDTCR Ha 
cneKrpax, reHBPHP0BaH~blX nnR MonenbHhlX 06pa3uos 0co6eHHOCTH 
o6pa6orKH 3KCDBPHMBHTanbHblX' cneKrpos nponeM0HCTPHP0BaHbl Ha H3MBPBHHRX. 
Bbll!0nHBHHblX npH: . 

a) onpeneneHHH conepEaHHR .raHrana s HH06HH; 
6) HCCnenosaHHH cocrasa H CTPYK~Yijbl MH0f03nBMBHTH0ro o6pa3ua 

creKna, conep•amero 3neMeHn1 o, si, K, zr, Te H HMeDmero Ha 
D0BBPXH0CTH HaDLIJlBHHblA cnoA Ti; 

s) 1;1ccnenoBaHHR cocTaBa H crpyKTYPLI MHorocnoAHoro o6paJua 
Si/Cr/Ni/Au/; 

r) HccnenosaHHR cocrasa H crpyKTYPLI MHorocnoAHoro 06pa3ua 
Si/Sio, /Si, N/CrSi0N/W. Ti/Al/. 

Meron POP 6LIJ1 npHMeHeH nnR HccnenosaHHR 3~~eKTHBHocrH rerre
PHP0BaHHR aroM0B 3onora B KPBMHHH n- H p-THna. 8 nocnenHee BPBMR B 
nonynposonHHK0B0A rexHonorHH aapacTaer HHTepec K reTrepHposaHHD KaK 
MeTony ynaneHHR HeEenarenbHLIX 6L1crpo nH~~YHnHpYDmHX npHMeceA-MerannoB 
B nonynposonHHKax. 3~~BKT rerTBPHpoBaHHR RBnRBTCR pe3YnbraroM 
pa3nHqHblX MBXaHH3M0B 3axBaTa npHMBCHba aT0M0B ne~eKraMH. Ilpouenypa 
reTTBPHP0BaHHR C0CT0HT H3 nsyx maros: n0BPBEneHHR 00BBPXH0CTHhlX cnoes 
KaKHM-nH6o cnoco6oM nnR co3naHHR ne~eKrHoA o6nacrH H orEHra npH 
nocTa roqH0 BblC0K0A reMneparype ( 600-1000°C). npH K0T0P0M npHMBCHbie 
aroMbl nH~~YHnHPYDT H3 o6bBMa B o6nacTb ne~BKT0B. 

llnR HccnenosaHHR noBeneHHR -aroM0B 3onoTa s npouecce reTrepH
posaHHR, CTHMYnHpyeMoro HMnnaarauHeA H0H0B HB0Ha, B o6pa3Uhl-KpBMHHR n-
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H p-THna c conpOTHBneHHeM 6-8 OM*CM HMnnaHTHposanHCb HOHhl Au c 

3HeprHeA 95 K38 H no30A 10~6 CM-2
• 3aTeM BHenpRnHCb HOHhl Ne C 3HeprHeA 
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PHC. 2. r ny6HHHOe pacnpeneneHHe reTTepHpoeaHHLIX aTOMOB 30noTa B 
KpeMHHH n- H P-THna. Kpy~KaMH 0603HaqeHLI pe3ynbTan1, nonyqeHHLie 
MeTonoM OCTaToqHoA panHoaKTHBHOCTH B coqeTaHHH C HOHHLll1 TpaeneHHeM 

95 K38 H no30A 5*1016 CM-z 8 o6oHX cnyqaRr HMnaHTaUHR nposonHnacb B 

"pa30pHeHTHPOBaHHOM" HanpasneHHH. nanee o6pa3Ubl OT~HranHCb B aproHHOA 

aTMOC!l)epe IlPH TeMnepaType 900°C B TeqeHHe 30 MHH. lfaMepeHHR 

nposonHnHCb Ha nyqKe HOHOB 
4

He C 3HeprHeA 2 M38. KonnHMHPOBaHHLIA nBYMR 

nHa!l)parMaMH nHaMeTpOM 1,5 MM nyqoK HOHOB renHR nanan Ha MHmeHb, 

HaKnoHeHHYD K OCH nyqKa non yrnoM 15°. Ha pHc.1 noKa3aHM 

3HepreTHqecKHe cneKTPLI ·o6paTHO pacceRHHLIX HOHOB renHR, H3MepeHHLie Ha 

MHmeHH KpeMHHR, no (al H nocne reTepHpOBaHHR (6l COOTBeTCTBeHHO. DnR 
cpasHeHHR npo!l)Hnb 3on0Ta B 06pa3uax onpenenRncR TaK~e MeTonoM 

H3MepeHHR OCTaToqHOA panHoaKTHBHOCTH 198Au B coqeTaHHH C nocnoAHLIM 

Tpaene HHeM HOHaMH. r nY6HHHLle pacnpeneneHHR aToMOB Au, 

reTTepHposaHHLIX C IlOMOfilbD HMnnaHTaUHH HOHOB Ne B KpeMHHH n- H 

npencTaeneHLI Ha PHC. 2. MaKCHMYMLI, e6nH3H nosepx HOCTH H Ha 

OKono 0,2 MKM, OTBeqanT nsyM o6nacTRM 3aXBaTa aTOMOB. AU -

ne!l)eKTOB, C03naHHLIX npH HMnnaHTaUHH 3on0Ta, H o6naCTH 

p-THna, 

rny6nHe 

o6nacTH 

ne!l)eKTOB, 
C03/laHHLIX npH HMnnaHTaUHH HeoHa, COOTBeTCTBeHHO. ilonyqeHHLle pe3ynbTan1 

yKa3LIBaDT Ha TO, qTo 3!1)!1)eKTHBHOCTb reTTepHpoBaHHR aTOMOB 30noTa B 
KpeMHHH P-THna npH6nH3HTenbHO B nsa pa3a BLlllle, qeM B KPeMHHH n-THna. 
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4eTsepTaR rnasa nocsRmeHa onttcaHHD MeTonHKH onpeneneHHR 
KOHUeHTpaUHOHHba npo~HneA MeTonoM B036Y•neHHR XPH YCKOpeHHblMH HOHaMH. 

DnR onpeneneHHR KOHUeHTpaUHOHHOro npo~HnR C(x) aHanH3HpyeMaR 
rny6ttHa B 06pa3ue_ycnosHo pa36ttsanach Ha onpeneneHHoe qttcno cnoes N , 
rne B KaEnOM i-TOM cnoe KOHUeHTpaUHR cqHTaeTCR 

OT xi_, no xi (i=l,2, ••• ,N). KOHUeHTpaUHH Ci 
Hax onHnHCb nyTeM H3MepeHHR Bba ona XPH npH 

IlOCTORHHOA B npenenax 
B KaEnOM i-TOM cnoe 

pa3Hba 3HeprHRX El, 
Ez, ... , EH HaneTaDmHX HOHOB H pemeHHR CH,CTeMbl nHHeAHba .ypaBHeHHA 
OTHOCHTenbHO Ci (i=l,2, ••• ,N): 

Y(Ej) = L Ci Ii j ' (1) 

i. = 1 

rne Iii - Bbaon B036y•naeMoro ttoHaMH s i-TOM cnoe XPH ttccnenyeMoro 
3neMeHTa C enHHHqHoA KOHUeHTpautteA npH j-TOA 3HeprHH nyqKa: 

Xi 

I. . = Qc (pN /A)J 
'J 0 

u(E(Ei ,x/sin~))exp(-ppx/sinc;b)dx. 

i - 1 

3necb c - 3~~eKTHBHOCTh perHcTpaUHH XPH, p - nnoTHOCTh MHmeHH, N 
0 

qttcno Asoranpo, A - aTOMHblA sec HccnenyeMoro 3neMeHTa, u - ceqeHHe 
B036ygneHHR XPH, µ - K03~~HUHeHT ocna6neHHR XPH, ~ H c;b - yrnbl, KOTOpbre 

COCTaBnRDT C nnoCKOCThD MHmeHH 
neTeKTHpoBaHHR XPH COOTBeTCTBeHHO. 

HanpasneHHR naneHHR HOHOB H 

6bma paCCMOTpeHa B03MOEHOCTh onpeneneHHR KOHUeHTpaUHOHHoro npo~HnR 
Ha OCHOBe 3KcnoHe~uHanbHOA annpoKCHMaUHH 3aBHCHMOCTH ceqeHHR 

B036ygneHHR XPH OT r ny6HHbl B 06pa3ue. C IlOMOmhD 3TOro Me Tona nposeneHO 

onpeneneHHB KOHUBHTpauttoHHoro npo~HnR cu B npenenax OT 1 no 6 MKM B 
o6pa3UB, npHrOTOBnBHHOM HanbinBHHBM nneHKH COCTaBa Al(99%)-Cu(2%) 
TOnIIU1HOA 2 MKM Ha nonnoEKY KPBMHHR c nocnenyDmHM TBPMHqecKHM OTEHrOM. 

H3MBPBHHR nposonHnHCh Ha nyqKe HOHOB 'He C 3HeprHRMH OT 1,4 no 2,4 M3B 
npH yr nax naneHHR HOHOB Ha MHWBHb ~ = 15°, 30°, 45°, 70°. 

UpaBHnbHOCTh onpeneneHHR KOHUBHTpaUHOH~oro npo~HnR 3nBMBHTOB 
nposepRnach Ha pRne o6pa3UOB c onHoponHbIM pacnpeneneHHBM KOHUBHTpauHH 

3nBMBHTOB no rny6HHB. DnR HccnenosaHHR HCnOilb30BanHCh MaCCHBHbre 
onHoponHblB o6pa3Ubl Si, Ti, Fe, Ni, Cu H Cd. PB3YilbTaTbl onpeneneHHR 

KOHUBHTpauHH npH pa3Hba 3HeprHRX npoTOHOB noKa3anH, qTo, B npenenax 
omH60K H3MBPBHHA, nnR scero HHTBpBana r ny6HH 3_0HnHposaHHR, 

paccqHTbmaeMaR KOHUBHTpaUHR HCCnenyeMba 3nBMBHTOB OCTaBTCR nocTORHHOA. 

IO 

j 

' 

I 
l 

B nononHeHHe K nposeneHHbIM H3MepeHHRM Ha onHo3neMeHTHba 06pa3uax 
6bmH ttccnenosaHbl o6pa3Ubl Fe50Ni30B20 , npencTaBnRDIIU1e co6oA ~onHy 
TonmHHoA 20 MKM, B KOTOpba npennonaranocb pasHoMepHoe pacnpeneneHHe 
3neMeHTOB. H3MepeHHR nposonHnHCh Ha nyqKax npoTOHOB C 3HeprHRMH OT 1,4 
no 3,0 M3B npH nsyx yrnax ~ = 15° H ~ = 45°. OnHoponHoCTh yKa3aHHba 
o6pa3UOB nposepRnacb nyTeM nocnenosaTenbHoro XHMHqecKoro cTpasnttsaHHR 
cnoeB HccnenyeMOA ~OnhrH H H3MepeHHR Bbaona XPH Ha nyqKe HOHOB renHR-4 
C 3HeprHeA 1,5 M3B npH CKOnh3RmeM yrne naneHHR HOHOB Ha MHmeHb nocne 

KaEnoro 3Tana TpasneHHR. UocnoAHoe cTpasnttBaHHe H nocnenyDmee 
H3MepeHHe Bba ona XPH npH HOH HOM B036Y•neHHH nposonHnOCh C o6eHX CTOPOH 
~onhrH. IloKa3aHo, qTo KOHUeijTpauHR •ene3a H HHKenR B npenenax omtt6oK 
no BCeA rny6HHe no ~12 MKM OCTaeTCR nOCTORHHOA c o6eHX CTOPOH ~OnhrH. 
PB3YilbTaTbl H3MBPBHHA Ha qttcna MBTannax H Ha 06pa3uax 
nonTBepnHnH npaBHilbHOCTh npHHRTOA MBTOnHKH onpeneneHHR 
npo~HneA KOHUBHTpaUHH 3nBMBHTOB. 

Fe50Ni30B20 
rny6HHHba 

B03MOEHOCTH MBTona XPH nponeMOHCTPHPOBaHbl npH HccnenoBaHHH 
KOHUeHTpaUHOHHoro npo~HnR Eene3a B CTPYKTYPB Fe-Ni, KOTopaR 6bma 
nonyqeHa nyTBM OTEHra Eene3HOA ~OnhrH, noKpbITOA cnoeM HHKenR. DnR 
HccnenoBaHHR rny6HHHoro npo~HnR EBilB3a B o6pa3UB H3MBHBHHB 3HeprHH 
nyqKa npOTOHOB non6ttpanoch TaKHM o6pa30M, qTo6bl npo6er npoTOHOB 
B03pacTan Ha 2 -MKM. IlpH 3TOM mar no rny6HHB COCTaBnRn 1 MKM, IlOCKOilbKY 
MHWBHb 6bma HaKnoHeHa K nyqKy non yrnoM 45°, a, KPOMe Toro, KaK 
noKa3anH pacqeTbl, OCHOBHaR qacTb H3nyqeHHR B HHKene (99¼) BbaOnHT H3 

rny6HHbl, COCTBnRDmeA 70¼ OT npo6era npoTOHOB c 3HeprtteA 3 M3B. 
CHCTBMa IlHHBAHba ypaBHBHHA (1) B naHHOM cnyqae 3anHCbmaeTCR B 

cnenyDmeM Bttne: 

Y(Ej) L ci Iii (l+ri i ) , j=l,N; 

i = 1 

rne BBnHqHHa rij- nonpaBKa Ha BTOpHqHoe B036YEnBHHB XPH Eene3a: 

rij ea Y,._ 0 , i (Ej )/YPr,.i (Ej ). 
3necb YSec,i - Bbaon BTOpHqHoro PBHTrBHOBCKoro H3nyqeHHR •ene3a, 
B036ygnaeMoro B i-TOM cnoe Ka- H3nyqeHHBM HHKBnR, YPr. i - Bbaon XPH 
•ene3a, B036y•naeMoro B i-ToM cnoe npoToHaMH. 

DnR BbNHCilBHHR BBnHqHH Iij H rij Heo6xonHMO 3HaHHB KOHUBHTpauHA 
HccnenyeMba 3nBMBHTOB B KaEnOM cnoe. KoHUBHTpauHOHHblA npo~Hnb Fe 
(pHc.3) B HCcnenyeMOM o6pa3UB 6bm nonyqeH nYTBM nonroHKH pacqeTHOA 
3aBHCHMOCTH Bbaona XPH Eene~a OT 3HeprHH npOTOHOB K 3KCilBPHMBHTanhHOA. 
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IlonroHKa nposonHnacb TaKHM o6pa30M, qTo6hl cornacHe KaEnoro pacqeTHoro 

Bbaona C 3KCnepHMBHTanbHbIM HaxonHnOCb B npenenax norpemHOCTH H3MBPBHHR 
Bbaona XPH, COCTasnRDmeA OKOilO 57.. IlpH 3TOM a6conDTHaR norpemHOCTb 

onpenenBHHR KOHUBHTpaUHH B rny6HHHba CilORX OKa3bmaeTCR 6onhmoA H C 

rny6HHOA B03pacraeT, T.K. KaxnaR oqepenHaR KOHUBHTpaUHR 

no sLaony · H3 caMoro rny6oKoro 3oHnH~YBMoro cnoR, 
HaHMBHhmHA BKnan s o6mHA Bbaon XPH. 

onpenenRercR 

KOT OP LIA naeT 

nnR cpasHeHHR H3M~peHHB · npo!l)HnR xene3a s 06pa3ue 6bIJio nposeneHo 
TaKxe pa3pymaDmHM MeronoM. ·nnR aToro nonepeqHhlA cpe3 06pa3ua 

CKaHHPOBancR 3IlBKTPOHHbIM MHKponyqKoM H npH 3TOM H3MBPRilCR Bbapn 
Ka-H3nyqeHHR xene3a H HHKBilR. nHaMerp nyqKa COCTasnRn OKOilO 0,06 MKM, 

a pa3MBP H3nyqaDmeA o6naCTH - nopRnKa 1 MKM. CKaHHpOBaHHB 

ocymecrsnRnocb non yrnoM 60° K nosepxHOCTH 06pa3ua c maroM 0,4 MKM 

nyqKoM 3IlBKTPOHOB 3 MKA C ~HeprHBA 20 K38. KoHtponbHbIB H3MBPBHHR 6hlnH 

BbllIOilHBHbl C noMombD paCTPOBoro 3IlBKTPOHHoro MHKPOCKOna JSM-840 ~HPMbl 
JEOL C PBHTrBHOBCKHM cneKTPOMBTPOM il)HpMhl Link Systems Ltd. Ha 6a3e 

Si(Li)-neTBKTopa C pa3pemBHHBM 150 38 Ha IlHHHH Mn-K (5,9 K38). . a 
IlonyqeHo cor nacHe s npenen,ax aKcnepHMeHranhHLa omH6oK snnorh · no 
rny6HHbl 10 MKM; a s nanbHBAmeM Ha6nDnaeTCR CHCTBMarHqecKOB OTKITOHBHHB 

3HaqeHHA, nonyqeHHba npH 3IlBKTpOHHOM B036YEnBHHH, K BepXHBA rpaHHUB 
omH60K npoil)HITR, H3MBPBHHoro npH npoTOHHOM B036yxneHHH. 
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PHc.3 
H3MBPBHHblfl KOHUBHTPaUHOHHblA 
npoil)Hilb xene3a B CTPYKTYPB 

Fe-Ni 

l\l 

IlRTaR rnasa nocsRmBHa onHcaHHl:l MBTOnHKH onpeneneHHR 

KOHUBHTpaUHOHHOro npo~HnR sonopona B nosepXHOCTHba CilORX MaTepHanos H 
npHMBHBHHR Merana npOTOHOB OTnaq~ nnR HccnenosaHHR npo~HnR 

pacnpeneneHHR sonopona s onTHqecKHX cTeKnax. 

MeTon pacqera rny6HHHoro pacnpeneneHHR aTOMOB sonopona ocHoBaH Ha 

MonenHposaHHH TBOPBTHqecKoro cneKTpa npoTOHOB OTnaqH H cpaBHBHHH 

ero C 3KcnepHMBHTanbHblM cneKTPOM. IlpH nposeneHHH MonenHPOBaHHR 

yqHrbmaeTCR BilHRHHB Ha ~OPMY cneKrpa 3HBprBTHqecKoro CTparrnHHra H 
MHoroKpaTHoro paccBRHHR HOHOB B MHmBHH H B anDMHHHBBOM ~HilbTPB, a 
TaKXB BilHRHHB pa3pemeHHR cneKTpOMBTpHqecKoro TpaKTa. OinpaBHOA TQqKoA 

pacqeTOB RBITRBTCR 3anasaeMaH Monenb 06pa3ua, KOTOPaR MOXBT 6LITb B 

npouecce nonroHKH H3MBHeHa c UBilbl:l npH6nHXBHHR TBOPBTHqecKoro cneKrpa 

K 3KcnepHMBHTailbHOMY. 0KoHqaTBilbHbIM PB3YilbTaTOM no KOHUBHTPaUHOHHOMY 

npo~Hill:l sonopona RBITRBTCR TOT sapHaHT · ,MonenH, KOTOPhlfl o6ecneqHsaeT 

ynosnBTBOPHTBilbHOB cosnaneHHB TBOP_BTHqecKoro CnBKTpa C 

3KcnepHMBHranbHbIM. 

4Hcno oTcqeros Hi B i-TOM KaHane HneanH3HPOBaHHoro 

npOTOHOB OTnaqH onpenenRnOCb cnenyDmHM BL~aXBHHBM: 

OE s, (KE, ) Sr (E1 , i ) 
H. = c:r (E. )ClQN(x. ) 

' _' '[S(Ei)Jcos8
1 

s,(E
1
,i) Sr(E_.,,) 

cneKrpa 

3necb c:r(E, l - nH~il)epeHUHailbHOB ceqeHHB ynpyroro pacCBRHHR, BLNHCilRBMOB 
nnR 3HeprHH HOHOB E,; N(x,) - qHcno aTOMOB sonopona B enHHHUB o6beMa; 

s, - ynenbHLIB nOTBPH npoTOHOB B MHmBHH; Sr - ynenbHLIB noTBPH npOTOHOB 

B ~HilbTpe; E,, i - 3HeprHR npoTOHOB ornaqH, BLIJIBTaDmHX H3 MHmBHH; E,,i 

- 3HeprHR perHCTPHPYIMba npOTOHOB OTnaqH_ K - KHHeMaTHqeCKHA il)aKTOp, 
onpenenRBMblfl ~OPMYITOA: 

2 2 K = 4M1M2Cos 8/(M1 +M2) , 

rne Ml H M2 - MaCCbl HOHOB renHR H npoTOHOB OTnaqH COOTBBTCTBBHHO, 8 

yron pacceRHHR npoToHos oTnaqH_ 

nnR pacqeTa TBOPBTHqecKoro cneKTpa Ha 6a3e BbI6paHHOA MonenH 

06pa3ua HaMH 6Lma HanHcaHa nporpaMMa ERDM, nocTpoeHHaR no aHanorHH c 
nporpaMMOA RBSM. 

3KcnepHMBHTanbHaR nposepKa a6conDTHOA KanH6pOBKH MBTOnHKH 
ocymeCTBnRnacb no H3MBPBHHl:l KOHUBHTpauHH sonopona B nneHKB MaAnapa 

(ClOH804), HMBDmero H3BBCTHYl:l, onHoponHYl:l no rnY6HHB KOHUBHTPaUHl:l 
sonopona. KaK BHnHo H3 pHc.4, nocTHrHyTo nocraToqHo xopomee cornacHe 
MBEnY TBOPBTHqecKHM H 3KcnepHMBHTanbHLIM cneKTpaMH npOTOHOB ornaqH. 
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P11c.5. CneKTP npOTOHOB OTna'll1, 113MepeHHhlfl Ha o6paJue si 
11MnnaHTl1POBfiHHhlM sonoponoM. Bo BCTaBKe noKaJaHhl 
TeopeT11'1ecK11A npo~11n11 sonopona. 
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P11c.6. CneKTP npoTOHOB OTna'll1, 113MepeHHhlfl np11 3Hepr1111 110HOB 4He 2,4 
M3B Ha MHorocnoAHOA Ml1meH11 Si-H-Al(54 HM)-H. 

ilposepKa npas11nbHOCT11 MeTona 6Lma nposeneHa TaKEe np11 onpeneneH1111 
npo~11n11 sonopona s oo6paJue si, 11MnnaHT11posaHHoro sonoponoM np11 

1 5 2 ' 
3Hepr1111 30 K3B 11 noJe B*lO aT/cM (cM. p11c.5). B peJYnbTaTe nony'!eHo 
nocTaTO'IHo xopomee cornac11e (±15% nn11 npo6era 11 ±5% nn11 a6conDTHOA 
KOHUeHTpau1111 B MaKC11MYMe pacnpeneneH1111) C TeopeT11'1eCKl1Ml1 napaMeTpaM11. 

3Kcnep11MeHTanbHoe 11ccnenosaH11e pa3pemeH1111 no rny611He nposon11nocb 
HaMl1 C IlOMOfilbD cneu11anbHO np11roTOBneHHOA MHorocnoA~oA M11meH11. 
nocnenH1111 npencTasn11na co6oA Macc11BHhlfl KpeMHl1A c xopomo non11posaHHOA 
nosepxHocTbD, Ha KOTOPYD HaHoc11n11cb nsa TOHKl1X eonoponoconepgam11x 
cno11, paJneneHHhll cnoeM Al Tonm11HoA 54 HM. OcaEneH11e 
sonoponoconepgam11x cnoee Ha nosepxHOCTl1 M11meH11 nposon11nocb B KaMepe 
11ccne~oBaH11A· np11 06ny'!eH1111 M11meH11 nY'IKOM n11aMeTpOM 6 MM 6e3 
BhIMopaE11saH1111 napoe yrneeonoponos e KaMepe. nn11 reoMeTp1111 a=4,5° 8=15° 

. I 

pa3pemeH11e no rny611He cocTae11no 26 HM CcM. p11c.6l. 
PaJpa60TaHHa11 MeTon11Ka npoTOHOB 0Tna'!11 6Lma 11cnonbJOBaHa nn11 

11ccnenosaH1111 KOHUBHTpau110HHoro npo~11n11 sonopona e onT11'1ecK11x cTeKnax. 
8 Ka'IBCTBB Ml1filBHBA 11cnonbJOBan11cb non11poBaHHhre nnaCTl1Hhl 11ccnenyeMhll 
onTl1'1BCKl1X CTBKOn pa3MBPOM 15x15x1;5MM. nn11 CHIITl111 3nBKTPl1'1BCKOro 
Jap11na Ha npensap11TenbHO o6e3E11PBHHYD IlOBBPXHOCTb Ml1filBHBA Hanhm11nc11 
cnoA anDMl1Hl111 TOnmHHOA ~10 HM. 
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Pttc. 7. CneKTPhl npoT0H0B 0T.Zta'iH, H3MepeHHhle DPH a=1s0 

o6pa3uax HCX0ZIH0ro (a) H B0CCTaHoaneHH0ro B aTM0C~epe 
CBHHU0B0CHnHKaTHoro CTeKna, H pe3ynbTan1 HX nonroHKH. 
KaHane, n - H0Mep KaHana aHanH3aTopa HMDYnbC0B. 
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H 8=30° Ha 
B0ZI0P0lla ( 6) 
N - C'ieT B 

Pttc.8. KOHUeHTpaUHOHHhlA npo~Hnb B0ZI0P0lla a CBHHU0B0CHnHKaTH0M CTeKne: 
DYHKTHpHaR nHHHR - HCX0ZIH0e; cnnomHaR nHHHR - B0CCTaH0BneHH0e. 
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Ha PHC. 7 naHhl 3KCnepHMeHTanbHhle cneKTPhl npoT0H0B 0Tlla'iH H 

pe3ynbTaTh1 llhR HCX0ZIH0ro H B0CCTaH0BneHH0ro B aTM0C~epe B0ZI0P0lla 

CBHHU0B0CHnHKaTHoro CTeKna. Pa3nH'iHR B pacnpeneneHHH 

HCX0ZIH0M H B0CCTaH0BneHH0M CTeKne 0T'ieTnHB0 BHZIHhl Ha 

npHBelleHbl pac'ieTHhie _npo~HnH K0HUeHTpaUHH B0ZI0P0lla. 
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Pttc.9. CneKTPhl npoT0H0B OTlla'iH, H3MepeHHhle npH a=15° H 8=30°, (a) H 

C00TBeTCTBY~mHe K0HUeHTpaUH0HHhle npo~HnH BOZI0P0lla B paJnH'iHha o6pa3uax 

naHTaH0B0~0C~aTH0ro CTeKna (6). N - C'ieT B KaHane, n - H0Mep KaHana 

aHanttJaTopa HMnynbcoa. 
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Ha PHC.9 npHeeneHhl cneKTPhl npOTOHOB ornaqH 
paJnHqHhlX 06pa3uax 11ioc;x;arHoro creKna c e1,1coKHM 
COOTBeTCTBYK>mHe H3BneqeHHbie npoiX>HilH BOllOPOlla 
KOHUeHrpaUHH llOCTHraer ~10 ar. 7., MHHHManbHaH 
npenena o6Hapy•eHHH. 

(a), H3MepeHHhie Ha 
conep•aHHeM La2o3, H 

C 6 l. MaKCHMailbHaH 
HaXOllHTCH Ha YPOBHe 

HJMepeHHe cneKrpoe nporoHoe ornaqH 6uno e1,monHeHo nnR 50 o6paJuoe 
paJnHqHhlX onrHqecKHX creKon. IlonyqeHHhle pe3ynbran1 noKaJanH, qro Meron 
npOTOHOB ornaqH Mo•er C ycnexoM npHMeHHTbCH nnR HCCnenoeaHHH 
KOHUeHrpaUHOHHoro npoiX>HilH BOllOPOlla e onrHqecKHX creKnax Ha rny6HHax no 
1 MKM c npenenoM o6Hapy•eHHH eonopona ~0.1 ar. 7.. 0THOCHTeilbHaH omH6Ka 
e onpeneneHHH KOHUeHrpaUHH - 207.. 

OCHOBHblE PE3YilbT ATbl PA60Ibl 

1. Ha 6a3e 3neKrpocrarHqecKoro ycKopHrenH THna BaH-ne-rpaa;x;a 3f-5 
nH~ OHHH C03llaHa 3KcnepHMeHranbHaH ycraHOBKa llilH HCCnenoeaHHH 
KOHUeHrpauHOHHhlX npOiX>HneA 3neMeHTOB B noeepxHOCTHhlX CilOHX MarepHanoe 
MeTOllaMH H3MepeHHH BhlXOlla: a) pe3ep11>opnoBCKO~O o6parHoro pacceHHHH, 6) 
xapaKrepHcrHqecKoro peHrreHoecKoro HJnyqeHHH H B) nporoHoB ornaqH, 
Bi>I6HBaeMhlX YCKOpeHHhlMH HOHaMH renHH-4. 

2. )lnR o6pa60TKH 3KCnepHMeHranbHhlX cneKrpoB pe3epiX>OPllOBCKOro 
o6parHoro pacceHHHH coJllaHa nporpaMMa RBSM, HanHcaHHaH 
FORTRAN-77 B onepaUHOHHOA CHCTeMe RSX-11M-PLUS l!IlH 38M 

Ha H3hIKe 
PDP-11/70. 

Meron pacqera ocHoBaH Ha MonenHpoeaHHH 3KcnepHMeHranobHOro cneKrpa c 
yqeroM 3iX>iX>eKroe 3HeprerHqecKoro crparrnHHra H 3HeprerHqecKoro 
pa3pemeHHH H3MepHrenbttoro rpaKra. 

3. MeronoM peJep;x;opnoecKoro o6parHoro pacceHHHH Hccnenoeatto 
rny6HHHoe pacnpeneneHHe rerrepHpoBaHHhlX aroMoe Jonora e KpeMHHH. 
IloKa3aHo, qro 3iX>iX>eKTHBHOCTb rerrepHpOBaHHH aroMOB 30IlOTa .nocne 
HMnnattraUHH HOHOB tteotta B KpeMHHH P-THna npH6IlH3HTenbHO B nea pa3a 
BbIIIIe, qeM B KpeMHHH n-rHna. 

4. C03llaHa 3KCnepHMeHranbHaH 
npoiX>HneA KOHUeHrpaUHH 3neMeHTOB 

MeTOllHKa onpeneneHHH rny6HHHhlX 
no nereKTHpoeaHHK> xapaKrepHCTH-

qecKoro peHrreHOBCKOro HJnyqeHHH, B036Y•naeMoro HOHaMH BOllOPOlla H 

renHH-4 c 3HeprHHMH 1,a-3,0 M38. 3KcnepHMettranbHaH npoeepKa MeTOllHKH 
npoeeneHa no H3MepeHHKI XPH H.a OllHOPOllHhlX OllH03IleMeHTHhlX o6pa3uaic H Ha 
o6pa3uax MerannHqecKHX creKOil Fe50Ni30B20· Ol!HOPOllHOCTb nocnel!HHX. 
npoeepHnacb MeronoM nocnenoearenbHoro rpaeneHHH H HJMepeHHH BhlXOlla XPH 
nocne Ka•noro 3Tana rpaeneHHH. 
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5. MerOllOM H3MepeHHH BhlXOlla XPH npH H3MeHeHHH 3HeprHH 30HllHPYK>mero 
n~qKa nporoHOB HccnenoeaHo pacnpeneneHHe no rny6Htte KOHUeHrpauHH Fe e 
CTPYKType Fe-Ni. Meron pacqera • OCHOBaH Ha MOlleilHPOBaHHH 
3KcnepHMettranbHOA 3aBHCHMOCTH BhlXOlla XPH OT 3HeprHH nporoHOB C yqeroM 
3iX>iX>eKTa BTOpHqHoro B036Y~neHHH aTOMOB Fe xapaKrepHCTHqecKHM HJnyqeHHeM 
HHKenH nnR peJKO ttepaBHOMepHoro pacnpeneneHHH no rny6Htte KOHUeHrpauHH 
Fe (or noneA npouettra no necHTKOB npouettroe Ha rny6HHe 15 MKM). 

6. C03l!aHa MeTOllHKa onpeneneHHH KOHUeHTpauHOHHoro npoiX>HnH eonopona 
no H3MepeHHKI npOTOHOB ornaqH, Bi>I6HeaeMblX nyqKOM HOHOB renHH-4 C 
3HeprHHMH 2-2,4 M38. H3MepeHHH npoBOllHilHCb B ycnOBHHX noKanbHOro 
BhIMopa•HBaHHH napoe yrneeotioponoe e o6beMe, OKPY•aK>meM MHmeHb, nnR 
orpaHHqeHHH HapacraHHH noeepXHOCTHOro BOllOPOllOCOl!ep•amero CilOH. 
IlpoeepKa MeTOllHK ocymecrenHnaCb• C noMombK> MHOrocnoAHOA BOllOPOllHOA 
MHmeHH Si-H-Al-H, MaAnapoeoA ll>Oilb_fH. H o6pa3UOB KPeMHHH, 
HMnnaHTHpoeaHHhlX BOllOPOllOM. 

7. llnR o6pa6oTKH 3KcnepHMeHranbHhlX cneKTPOB npoTOHOB ornaqH 
C03llaHa nporpaMMa ERDM, HanHcaHHaH Ha H3bIKe FORTRAN-77 B onepaUHOHHOA 
CHCTeMe RSX-11M-PLUS nnR 38M PDP..;11/70. Meron pacqera OCHOBaH Ha 
MOllenHPOBaHHH 3KcnepHMeHranbHoro cneKrpa C yqeroM 3iX>iX>eKTOB 
3HeprerHqecKoro crparrnHHra H MHoroKparHoro pacceH~HH HOHOB e MHmeHH 
H B anK>MHHHeBoM iX>Hnbrpe, a raK•e 3HeprerHqecKoro pa3pemeHHH 
H3MepHTeilbHOro rpaKTa. 

8. Merol!OM npOTOHOB ornaqH HCCnenoeaHo conep•aHHe BOllOPOlla e PHlle 
ll>OCiX>aTHhlX creKon, a raK.•e H3MeHeHHe KOHUeHrpaUHOHHOro npo;x;HnH BOllOPOlla 
B noeepxHOCTHhlX CilOHX CBHHUOBOCHilHKaTHoro creKna B pe3YilbTare 
repMHqecKOA o6pa60TKH. 8 COOTBeTCTBHH c noroeopoM, JaKnK>qeHHhlM Me•nY 
OHHH H rocynapcreeHHhIM OnrHqecKHM HHcTHTYTOM HM. C.H.BaeHnoea, Meron 
onpeneneHHH npoiX>HilH KOHUeHrpaUHH BOllOPOlla B npHnoeepx HOCTHhIX CilOHX 
onrHqecKHX MarepHanoe BHenpeH Brott, Ha ocHOBaHHH qero cocraeneH aKT 
BHenpeHHH. 

OCHOBHbIE PE3YnbTATbl l!HCCEPTAUHH OilY6IlHKOBAHbl ,B PA60TAX: 

1. HnbXaf'!OB P.A., MaxaAl!HK ll.' OceTHHCKHA r. M.' IlaAeK M. ' mailnpHK P. 

HnepHO-iX>HJHqecKHe MeTOllhl HCCnenoeaHHH noeepx HOCTHhlX H npHnoeepx HOCTHhlX 
cnoee nonynpoeonHHKOBhlX MarepHanoe Ha 3neKrpocrarHqecKoM YCKOPHrene 
OHHH. - Proceedings of the 7th Czechoslovak Conference on Electronics 
and vacuum Physics, Bratislava, September 3-6, 19B5. 
P.395-404. 
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2. l1nbxaMoe P.A., ITH 3eH Xo, 0ceTHHCKHA r. M., flaAeK M. , WaHZIPHK P. 
0npeneneHHe rny6HHHLa npo~HneA K0HUBHTP8UHH 3nBMBHT0B MBT0ZI0M 
B036Y•ZIBHHR xapaKTBPHCTHqecKoro peHTrBHOBCK0ro HJnyqeHHR ·YCK0PBHHLIMH 
H0H8MH. - Coo6meHHe 011Hl1, 14-86-820.· - ny6Ha, 1986. - 10 c. 

3. l1nbX8MOB P.A., ITH 3eH Xo, MaxaAZIHK n .• 0ceTHHCKHA r.M., _naAeK M., 
Tep-HepceCRHU B. E., maHZIPHK P., XymMYPOZIOB. m. X. . 0npeneneHHe 
K0HUBHTP8UH0HH0ro npo~HnR B0ZI0P0Z18,MBT0ZI0M HJMepeHHR IlP0T0H0B 0TZlaqH. 
- Coo6meHHe 011Hl1, 14-86-807. - ny6Ha, 1986. - 18 c. 

4. l1nbX 8M0B P. A., flH 3eH Xo, Max 8AZIHK n.:, OceTHHCKHA f. M. flpor paMMa 

pacqeTa KOHUBHTP8UHohHoro npo~HnR B0ZI0P0Z18 no 3HepreTHqecKHM cneKTpaM 
np0T0H0B 0TZlaqH. - Coo6meHHe 011Hl1, Pl0-86-774. - ny6Ha, 1986. - 12 C. 

5. 11nhx a Moe P. A., Ko6Jee A. n., 0ceTHHCKHA r. M., necTpHKoea M. B. 
Tep-HepcecRHU B. E., filHpoKoe n. M., XymMyponoe m. X. 11ccnenoeaHHe 
K0HUBHTP8UH0HH0ro npo~HnR B0ZI0P0Z18 B 0ilTHqecKHX CTBKnax. - Coo6meHHB 
011Hl1, P14-87-936. - ny6Ha, 1987. - 6 c. 

6. l1nbxaMoe P.A., MaxaAZIHK n. flporpaMMa nnR aHanHJa cneKTpoe ynpyro 
pacceRHHLa H0H0B MBT0ZI0M M0ZIBnHp0B8HHR. - Coo6meHHB 011Hl1, Pl0-87-249. 
- ny6Ha, 1987. - 4 C. 

7. 11nhxaMoe P.A., MaxaAZIHK n. Oco6eHHOCTH 
reTHqecKHX cneKTpoe ynpyro. pacceRHHLa H0H0B. 
Pl0-87-535. - ny6Ha, 1987. - 9 C. 
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