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OEIJlAfl XAPAKTEPHGTl1KA PAEOT~ 

AKTyancHOCTF, ·npo6neMbl 

H30TOilHll8CKHll C,llBHr (HG) OilTl1ll8CKHX 8TOMHbIX ypOBHell npH yBeJJRqe
HHH (HnH YM8Hl>m6HHH) B fl,Zl,pax llHCna HellTpoHOB, MOllt8T cnyllWTF, B8lKHblM 
11CTO'lliHKOM CB8,ll8H11ll 06 OTHOCHTenl>HblX 113M8H8Hl1RX sapa.ztOBblX pa.ztHYCOB 
8'l'OMHblX H.ztep npH nepeXO,ll8 OT O,llHoro·11soTona K .ztpyrowy. 3TH 118M8H8HHH 
MOryT ClblTl> CBH88Hbl C .zt6\l>OPM8U118ll fl,Zl,pa, ero nonepXHOCTHblM cnoe1111 pas
nHllHblMH 0,llHOll8CTHllHblMl1 ai:{>~eKT8MH. B TO ~e BpeMH H8Yll8HH8 CBepXTOHKOll 
CTPYKTYPhl (CTC) B 8TOMHblX cneKTpax Il08B01IH8T onpe.ztenHTl> 8H8ll8HHH 
H.ztepHblX MOM6HTOB (CilHH, M8fHl1THbill H aneKTPl1ll8CKHH KB8APYilOnl>Hblll MO
M8HTbl). IIonyqeHHble ,ll8HHb18 ll8CTO HBnHIO'l'CH xopOW11M .ztononHeHHeM H IlO,ll
TB8plK,lleHH8M napaMe'l'pOB H.ztepHon CTpyKTYPhl, 118MepeHHblX .ztpyrHMH M8TO,ll8MH. 
.no KOHUS lll8CTH,ll6CHTblX rO,llOB HaMepeHHH HG 11 GTG npOBO,llHJIHCF,', rJiaBHLIM 
o6p880M, M8TO,llOM OflTHll8CKOli .3WICCl10HHOM cneKTpOCKOilHl1 BblCOKOU paspema
D~en CHJW C npHM8H6Hl18M"IDITepqiepeHUHOHHOH T8XHHKH. C cepe.ztHHbl .C8M11,lle
CHTHX rO,llOB IlOHBneHHe HOBoro IlOKOneHHH nepecTp8HB88MblX nasepon, B 
~8CTHOCTH, nepecTp8HB88MblX naaepoB Ha KP8CHT8JIBX C BbiCOKOU MOl!IHOCTl>D 
H MOHOXpOM8THllHOCTF,D CTHMynHponano MHOro HHTepeCHblX, opHrHH8nLHbIX H 
31:{>(pBKTHBHblX HCCn6,llOB8Hl1n B 8TOMHon cneKTPOCKOilHH. Bo MHOfHX cnyll8HX 
np11ueHeHHe TBKHX naaepoB noaBonaeT pem11Tr, npoOneMhl, KOTopue Hey.zta
nocr, petnHTl> KnacCHll6CKHM OllTHqecKHM MeTO,llOM, p8,lll1K8nLHO ynpOCTl1Tl> H1IH 
cy~eCTB8HHO ynyllWHTl> cy~eCTBYD~He M8TO,llbl HCCne,llOB8HHH CT8611nLHblX H 
pa.ztH08KTHBHblX HyKnH,llOB. COBP8M8HH8H nasepHo-onTl1ll8CK8H Cil6KTPOCKOilHH 
,ll80T cne.ztYDIIU'le B03MOJKHOCTH .ztnH fl,Zl,epHOH ~11311KH: onpe.ztenea11e MOM6HTOB H 

wopuw H.ztep c BhlCOKoll ToqHocTr.D c nowo~r,D Hs11epeH11n G'IC H HG cooTBeTcT
BeHHo B 8TOMHblX cneKTpax; HaOnlO,!leHHe HCKnDlll1TenLHO Manero KOnHqeCTB8 
HYKnH,llOB, Bil1IO'l'b ,llO 8,lll1HHllHOro 8TOM8 HnH HOHa; Hccne.ztOB8Hl1e ,llJIHHHblX 
KOpOTKOlltHBYIIU'IX HSOTOnHqeCKHX uenoqeK H.ztep B OCHOBHOM H H80M8PHOM coc
TOHHHHX He TOnLKO B pemu,1e 110~-JIAflH11 ' HO H B pellHMe "OH-JIAtlH11 • Enaro
.ztapa 3TOMY, COBpeMeHHblM M8TO,ll8M naaepHO-OflTHqecKon cneKTPOCKOilHH y.zta
nocr, pew11Tr, PHA B8lltHbIX BOnpocoB H,ll6pHOH WH3HKH: HCCn8,llOB8HH8 xapaKTe
pa H3146H8HHH ,ll0~0PM8UHH H.ztpa Ha rpaHHUBX 11 Kn8CCHqecKl1X11 o6nacTell ,ll0-
\l>OpM8UHH; IlOHCK H HCCII0,llOB8Hl10 HOBliX o6nacTeH ,ll8\{>0pl,18W!H, pacnonOllt0HHblX 
B,ll8llH O'l' nonocu CT86Hnl>HOCTH; COOTHOW8Hl16 ~ ponr, CT8THqecKoll H ,llHH8MH
qecKoU .ztei:{>opMaUHH B H.ztpax; HccnMoBaHHe oOonoqetiHoro a~eKTa B n0Be,1te
HHH cpe.ztH8KB8,llp8THllHOro aapa.ztOBOro p8,llHyca (DK3P) H,llep; HCCn8,llOB8HH0 
3~KT8 qeTHO-HeqeTHoro··paaJIHqHH B 38pH,ll0BblX pa.ztHycax H.ztep C ll8THblM H 
H8ll0THbll4 q11cno11 HeliTPOHOB; H3Yll0Hl10 H8148H0Hl1H Ton~l1Hbl noBepXHOCTHoro 
cnoa H.ztep. 

Ob11tl!hctt<u11bfl rmcrmyr I 
Oll(JmtlK t!CCSiEOBmXJO 

5~/Jl,10TEKA , - -



0CHOBH8fl U8/lb padOTbl 

1. Paapa60TK8 11 C03,lt8H/ile 3KCnepl1M8HT8/lbHOR ycT8HOBKl1 ,l!./lfl 11CC/18,lt0-
B8Hl1fl 11G 11 GTG B aTOMHblX cneKTpax CT8611/lbHblX Iii p8,ll;lil08KTl1BHblX HyKml,lJ;OB 

w11p0Koro Kpyra 3/18M8HTOB M8TO,ll;OM 11aaepHO-peaOH8HCHOR wnyopecueHUH11 .Ha 

8 TOMHblX ny1rnax. 
2. HpoBe,lJ;eHHe- npeu11a110HHblX 11aMepeHHR HC 11 CTC pR,ll;a pe,1Utoae11em,HblX 

8/18M8_HTOB C M8CCOBLIM _•lllC/IOM A=l36t-l60, a TaKilte Zr C cmc11m.1 HefiTpOHOB, 

61Ill3Kl1M K N=50, c uem.JO Il01IYLl8Hllfl llH!J!OpMaum.i 06 oco6eHHOCTflX fl,ltepttoR 

cTpyKTYP~ B yKaaaHHblX oonacTRx R,ll;ep. 

HayLIH8fl HOBU3H8 

l, G03,lJ;8H8 YCT8HOBK8 ,lJ;/lfl HCC/18,ltOB8Hllfl 11G H CTG B 8TOMHblX cneKTpax 

CT86.liilbHblX H p8,llH08KnlBHb!X HYKnM,lJ;OB, nonyqaeMb!X C IlOMOIIl!:,lO 11aaepr1oro 
11cnapeH11f! B. 1rn11.liL1eCTBe BDl!OTh io ,11011eil HaHorpaMMa· nmpoKoro Kpyra ane

M8HTOB, BKnJOll8ff TyronnaBKl18 Vi v.x coe;i,1rn·eHllfl M8TO,ll;OM naaepHo-peaoHaHC

H0.11 qmyopecueHu1rn. 
2. G 11CilO/lb30BBHJ1eM HOBUX 0Il1'HL!6CKJ1X nepeXOI(OB npoBe,lJ;eHbl npeu11a11-

0HHbl8 H3M8p6Hl1R l\C ·a CTC ,lJ;llfl ll30TOilOB Ce, Nd, Gd H Z.r M8TO,lJ;OM 11aaepHO

pe30H8HCHOR wnyopeCU8HU1111, 
3. Ha OCHOB8HllM 60111,woro 3KCil8pHM8HT8llbHOro M8TepH81!8 DOK838HO 

Bl!Hf!Hl18 Ha 113M8H6Hl16 aapfl,llOBblX pa111yCOB Hiep, KpOMe 113B8CTHb!X a~eK

TOB 1 TalUIX,RaK H3MeHeH!le OO'b8M8 11 KB8,lJ;pynol!bHOl1 ,ll;6WOPM8UHH, 81I!e l1 ,1le
wopM8UH11 001!86 BblCOKl1X DOpfl,ll;KOB l1 TOlllllllHbl IlOB6PXHOCTHOrO C/IOfl, 

IltiaKTl1L!6CK8fl U8HHOCTb padOTbl 
. G03,l\8HH_8fl SKCnep11M8HT8l!bH8fl YCT8HOBK8 MOlK6T 6blTb HCDOl!I,30B8H8 ,7:lllfl 

aneM_eHTHoro 8H81Ill38 MHKpOK0/111L!8CTB W11pOKOro Kpyra 8/18M8HTOB 1 B qacT
HOCTH, ,lJ;llfl ~OCTSTOLIHO 3KCnpeccHoro 8H81!1138 H30TOilHOro COCT8Ba 8/16MeH

T8 B. Ty~Olll!8BKl1X odpaauax H C06,lil1H6Hl1ffX, 
PeaynhTBTbl .1icc.ne,110BaHHfl H 11,IteHTl1W11K8UHl1 HOBwc onTMqecK11x nepexo

.ltOB B ·.0cc11e,lJ;OB8HHUX aneM8HT8X MOryT OllTb 11CDO/II,30B8Hbl ,l{/IH 11CC/18,l!.OB8-. 

Hl1R B 06na~T11 ODTHLl8CKOI 8TOMHOR cneKTPOCKODl111. 

Ha 38ffi11TY B~HOCHTCR C116AYl0~11e IlO/IOlK8HHR 11 peaynhT8Tbl. 

I. Paapa60TK8 11 C03,lJ;8HHe.SKCD6P11M6HT8/lbHOA yCTBHOBKH. ,lt.llfl HCCJI6AO

B8Hl!fl HG H GTG B 8TOMHblX cneKTpax CT8611l!hHUX H p8,ll;II08KTl1BHblX HYKTJ1,li,OB, 
noiyqaeMblX B K01Ill~8CTBe ,lJ;OneR H8HOrpauua ,lJ;JlH WHpOKoro Kpyra a.neueHTOB, 

BKnKJqafl TyrOll/18BK118, MeTO,lJ;OM 11aaepHO-p830H8HCHOn q;nyop6CU6HUH11 HS none- , 
peqHoM STOMHOM nyqKe C noporoM qyBCTBHT8/lbHOCTl1 OKOllO O,lJ;HOro 8TOM8 B 

061,eue B3811MO,ltelicTBHH (111111 IlOTOK8 N 108 BT/c H3 T11rnfl) 11 cneKTPSll&Hb!M 
paapeweHHeM 15 Mru. 
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2. IlpHMeHeHMe MeTo,7:la naaepHoro ttcnapeHHfl ,7:lJIH nonyqeHHH aTOMHoro 
nylllia TyronnBBKliX 81!6M8HTOB H XHMHqBCKHX C08,llHH6HHli ,7:lJIH 11CC/16,1lOB8HHli 

onT11qeCKl1X 11G 11 GTG B 8TOMHblX cneKTP8X MeTO,l{OY /1836pHo-pe30H8HCHOli 

ipnyopecueHUHH. 
3. IlpBU113110HHbl6 113MepeHHH HG 11 GTC 1130TODOB Ce, Nd, Sm H Gd B o6-

1!8CTl1 1o1accOBblX q11ce11 A=I36-tl60. 
4. Ilpeu11ai10HHbl8 11auepeHHH HG H GTG H30TODOB .;r B 0611aCTil A=90-t96 

H8 STOMHOM ny11Ke, DOJIYqeHHOM M8TO,lt0~ naaepttoro 11cnapeHHH MeTannHqec

KOro odpaaua H odpaaua oKHcJioB. 
5. IlpOB8,lt6Hl16 KoppeKTHOli npoueiypbl 06pa60TKH H3MepeHHblX 3HaqeHHA 

HG 1180TODOB Zr, Ce, Nd, Sm H Gd, KOTOPSR ll03BO/IH/18 onpe,ll;e/lHT& 3H8~6-

HHH p83HOCTHOt1 GK3P H,lJ;ep 8Tl1X aneMeHTOB B YK838HHblX o<5naCTflX MBCCOBblX 

q11cen c xopowen TOllHOCThIO. 
6.·IlpOB6,lt6HHe ,lJ;8T8llbHOro HCC1!8,llOB8HHH 38Bl1C11MOCTl1 p83HOCT611 aapn

,llOBWC pa,ll;HYCOB Ce, Nd, sm_, Gd 11 .:r OT 'IHC/18 HeHTpOHOB B fl.ltP8 B odnac

TH N=78-t96 H N=50-t56, KOTOpoe npHB8/10 K 06H8PYJK8HIUO B3.811MOKOMD8HCHpy

KJ~ero B1IllHHHH od~eMHOrO .11 odonoqaqHoro 3q)q)8KTOB B H3148H8HHl1 38pfl.ll0BblX 

, pa,JtHyCOB H,ll8p Ce npH N <82-; , 
- H8TPHBl18/lbHOl1 38BHCHMOCTH p83HOCTeli 38pR,ll0BblX p8,llilyCOB HABP '.;r, 

Nd, Sm 11 Gd -OT q11cna HBATpOHOB B fl.llPB B o6naCTH N=SD-t56 K N=82~96, 

KOTopy10 H8llb3fl 061,HCHHT& TOl!IiKO ttaweHeHHeM 061,eMa -H 1tBa,l!.pynonbH0£l ,7:le

cpopMBUHH H,llpa; 
- ·a~6KT8 qeTHO-HeqBTHOrO p83/1Hlllifl 38pH,llOBblX p8,1iHyco1{ fl,7:i6p 113.0TO,:,_ 

DOB Nd, Sm 11 Gd C qeTHWI H HeqeTHblM q11ciJciM HeliTpOHOB. 
7 • AH8/IH3, C,1l6 /18HHblA H8 OCHOB8.HHil 00/11':,WOro 3KcnepHMeHT81lbHOro M8-

Tep11ana H ll03BOl!HlOllll1li YCT8HOBHTL BllllRHHe HS B6/1111lHHY 38pH,ll;OBOI'O p8,7:iH
yca T8KilX X8p8KT6pHCTHK fl,ltpa, K8K ero 'OKTyD01lbH8fl AecpopM8UHfl 1 TO/llllHH8 

llOBepxHOCTHOro cnoH H KB8HTOBb16 llHC1l8 HeqeTHOro HYKJIOHS •• 

Anpo6au.11H padoTbl 

Ma Te pHBllbl' Bowe;ztw.11e B ,ltHCC6pT8UHD' ,llOKJl8,llb!B8JlilCI, Ha 35.;.1,1 GOB61Jl8-
HHH no H.ll8PHOt1 Cll6KTIJOCKOiHUI H CTpyKType 8TOMHOrO fl,ltpa {Jlefiirnrpa:it, . 

l98S r.). Ha Mall,ZlyHapO,llHOli WKOJ16-C614l,iH8pe · no <!)H3HKe TfllK611lllC 110HOB 
(.l{yC>Ha, 1986 r.), HB 37-ll COB8U18HHH no fl,llepHOli cneKTPOCKODHH H CTpyK
Type STOllHOro R,7:ipB (Dpwana' 1987' I'.)' H8 3-li KolupepeHQHH· no ODTilK6 H 
naaepHOA T8XHl1Ke (BapH8, 1987 r.). HB 8-li M~AYH8P0.1iHOR neTHBif WKone 

no H.itepttolt :t,H3HKe (BapHa, 1987 r. )·. 

GTpYKTypa H 061,aw 4ttccapTaIU111 

llHCcepTBUHR COCTOiiT H3 · BBe,ll8HHfl, qeTblpex rnaB, 38KnlbqeHl1H, . np1rno

E8HHH" H CilKCKB /111Teparyp1,1. llttccepTSUHH CO,llepEHT 144 CTp8HHUbl M8WHHO-
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Il11CHoro TeKCT8 (BKJIIO'l8H p11cyHKH}' 30 pHcyHKo:a.' 12 -T8ClJll1ll .H cnHpoK JlH
TepaTyp1,1 HS 120 H8HMeHOB8Hl1~. 

conEP!AHliE PAEOT~ 

Bo BB8A8Hl111 OClOCHOB8Hbl 8KTy8JlbHOCTb H B8l!CHOCTb HCC118,lUl8MblX B ;lll1C
cepT8UHH npoOneu. KpaTHO H8Jl0iil8HO .OCHOBH08 co,:tepJK8HHe OT,lleJlbHblX rJiaB 
H npl1B8,ll8HU OCHOBH!,18 pesyJibT8TU, no11y11eHHU8 8BTOpOM B ,ll8HHOH paCloTe. 

flepBaa r11~Ba cv.~epl!CHT oc110BH1W- cBe.11e1i,1a o Teop1111 onTiA11ecKoro l1C: 
HOPM81lbHOro M8CCOBOrO, cneump11qeCKOro M8CCOBoro _H noneBoro C,llBHrOB. 
PaccuoipeHa CBH3I, JIOHeBoro C,llBHra C oco6eHHOCTHMH CTpyKTypbl 8TO!.!HblX 
cneKTpOB ~ccneiyeuoro 8118M6HT8,BblP8lK8HH8H qepes 8118KTpOHHblii ql8KTOP Ei 
H HAepHbl~ qJ8KTOp f(z ). PaCCMOTpe·Ha T8KJK8 CBf13l, no11e:eoro C,llBHra C H8-
M8H8HH8M CKSP fl,llep. Oticy~,l!aeTCH Bonpoc o CBHSH HsMeHeHm1' CKSP H,llep c 
H8M8H8Hl18M HX Oei'.b8M8 B !J8MK8X K8Il81lbHOii MO,ll811H (KM) MaiiepcaH CBHTell
KorolII. Oocy:&.11aeTCH TaK;;.e 1rnnpoc o · BHl1HHHH 11s1.1eHeH11H qiopMbl H TOJllJlMHbl 

noBepxHOCTHoro c11oa H,llep Ha 11x aapa,llOBblH pa,JUiYC, oIIHcaiumii e,IUUWM 06-
pasou B nocne.iurnii Bepc1111 aToid MoAew/2/. ·· : .· · 

B nepBOR r11aBe OllHCtiB811JTCH OCHOBHble Il01lOJK8HHH npOl\8.llYPbl'.HaBJleqe
HHH siia11eH11H pasiiocTe!tt Cn3P a.11ep .11a aitcne_p.HL!eHTaJlbHO .11suepeHHNX 119. 
PaccuaTp.11BaeTCH npoueAypa aKcnep.11MeHTa111,11oro onpe,1te11emrn cnell.11<Ii1111ec
Koro JiaccoBoro C,llBHra (Civ:C) C UOMO~l,10 rpaq>HK8 KHHra, ~OCTp08HHOro .113 
sHalleHHil l1C .11cc11e.11yeMoro .11 11aBeCTHoro penepHoro onT.1111ecKoro nepexo.11a · 
cor11acHo/3/ • 06Cyl!C,lt88TCH T8KJK8 B03MOlEHOCTl, _.11cno111,aoll8HHH B; KaqecT:se 
8H81!8HlUi l1C penepHoro nepexo.11a ,ll8HHblX rio l1C KX-11y11e!t1 - .11 cne_KTPOB )" -
aT01o10:e. PaccMaTp.11:ea10TCH paam1qa1,1e cnoco~li onpeAe1teHHH a11eKTPOHHoro 

. . ' ' - ' 
q>8KTOpa Ei H3 OllTHqeCKHX A8HHblX, B _qacTHOCT.lrl, C IlOMOlltblO no11ya1o1n.11p11qa-
CKoro npH0JlHJK8HHH roy,ltClol.11T8➔epMH-qerpel4/. IlpHBO,llHTCH Kp8TK08 cpa:e-

• - • J / 

H6HH8 paaruiqHblX T60P8TH1!8CK.11X H 8KCil8PHlol8HT81lbHblX U8TOAOB onpe,ll81l6HHH 
8JleKTpOHHOrO qiaKTopa, HCll0Jlb3YIOutHX OllTHqeCKH8 ,ll8HHli8 H A8HHli8 no ynpy
ro1o1y pacceHHHIO 3Jl8KTPOHOB, KX-nyqe!t1 H Cil8KTp814)1 -8TOlolOB. 06cy~,lt88TCH 
T8KJKe BOnpoc O CTeneHH TO'!HOCTH 3HaqeHHH 8Jl6KTPOHHOro ql8KTOpa, CJl6,llO
B8T6Jll,HO, Ii! 3HaqeH11U pa3HOCT6ff CKSP HA6P, oripeie11eHHblX C nolo!Olltbil 8THX 
lt6TOAOB. 

Ha ocHo:eaHHH aHa1111sa 11.11TepaTypHNX ,llBHHux uoJKHo C,lle11aTL aecKon1,1<0 
aaueqaHH!tt OTHOCHT6JlbHO HH;J,>OpMallHH o H,llepaoM _c.TpyKT,Ype, no~yqeHHoff 11a 
8KcnepHL!8HT8JII,HO H3M8p8HHblX OllTHqeCRHX MC. Bo-nep:e_1,1x, T60p8THqecKH6 
pacqeTH aaaqea11n a11eKTPOHHoro 1paKTopa 11 aaaqeHHH noneBoro CABHra 110-

ryT- OTJlHq8TbCH OT 8THX B8Jl11q11a, onpe,ll6Jl8HHliX C IlOMOUlbllJ paaJIH'lHiiX,H 
nonyaMIIHpHqecKHX ~poUe,llJp Ha l0-30% B 38BHC.Hlo!OCTH OT CTeneHH CJIOEIOC
TH onT-HqecKoro cneKTpa HCC116,llYCMOro 8Jl6M8HT8. BO-BTOplix, T8K8H Toq-
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HOCTl, ,llOCTHraeTCH H C llOUOlltLIO p88JlHqHl,IX MeTO,llOB 8KCnepHM8HT8JlbHOH 
K8JlH6pOBKH 3Jl8KTpOHHOrO ql8KTOpa, BKJllOqan M8TO,llbl, 11cno111,ay10U1H8 ,l\8HHb!8 
no l1C KX-11yqeii H cneKTPOB,t,( -8TOMOB. B-TpeTbHX, CHCT8Ll8THqecKH8 OWH6-
RH B onpeA8Jl8HHH 3118KTPOHHOro q;aKTopa, BKJll01!8H·annapaTYPHb18 II E03HJ,I
K8IOUIH8 npn o6p860T-K8 8KCnep11MeHT81lbHb!X 8HaqeH11£l l1C HBHH!OTCH q11c:rw11 
omn6K8U.11 mK8Jlbl, npoHBJlHIOUIIDIIICH, Hanp11uep, B o6~eM C,l\BHre KPHBOH 38BV.-

2 ~ 
CHMOCT~ p83HOC'l'6H CKSP ll]{ep fi < r > .h.il. OT. !.18CCOBOro q.11c11a A, qzcr.a 
H6HTPOHOB N K8K uenoro, T.8. 3TH OWH6HH M8Jl0 BJII-IHIOT H8 B03M01HOC'l'l 
no11yqea1-1H .11Hq)OpLl81\HH O xapaKTepe H3U8H8HHfl ;;eq;opL181\HH, TOJlutHHb! no
BepXHOCTHOro CJlOH H.l\8P 11 0 p88JlH'!HblX 06011oqeq111:,x a(l4,eKT8X Ha 3Tvf: sa
BHCHL!OCTH/S/ • B-qeTB6PTblX, 'l'QqHoCTI, nonya1,mup11qeCKHX L!e TO,llOE I n.r,1n1e
HHewa: A11H 113BJleqeHHH b. < r 2> 113 8KCnepm,eHT8Jll,Hh'.X SHaqeHHi! v.c cSBl,
CHT OT 06:i,ewa BCeff COBOKYUHOCTH 3KCil€pV.M€H7 8JlJ,Hb!X ,l(8HHb!X 06 V.80'1 O:i8X 

.11CC118,llY6MOro 3Jl6Ll8HT8 HOT CTeneHH HayqeHHOCTII ero 8TOUHOrO cneK'lJS. 
IloaTowy, qTo6H no11yq11T1, npaBH1lbHYK> Htti opMSl\V.IJ o c1pyn3pe nzj>a v.s on
T.11qecKHX l1C, H8M8P8HHblX MeTO-,llOM misepHO-f,e30n8iiCHOH q;nyop8Cl\eHUV.V. • 
,ltJlH K8JK,lloro 8Jl8MeHT8 TpeCyeTCH IIH]UtEH.l\:i 6nlHb!i{ L£HO.l\ ocpa60T}Ul :-o::cr.E
PHM8HT8JlI,liblX 8H8'!8HRH MC C npHBJieqeHY.eM Bcex ltl3B8Cilib!X ,lt8HHliX no 11;c. 
,ll6q>OpM8ItHH .11 aapH,llOBOMY p8,llHJCY H,Jtep II T,,ll., K8C81ldlHXCH- ,ll8HHoro 3lit
M6HT8, HO nonyqealil1X·,1tpyr.iill.H M6TO,ll8MH. 

BTOP8H rJl8B8 IlOCBHllt6H8 npo6JI8M6 BliOOpa 3RCnepHLleHT8nLHOrO.L!€'lO,ll8 
IICCJl6,llOB8HHH HC H CTC, o6aopy H8Y'!HblX H rexH11qeCKIIX BOnpocoB, CEF.38H
Hb1X C paapa6oTKOH H onpe,ll8Jl6Hll8LI_OCHOBHb!X papaMeTpo:e C03,ll8HH09',8KClle
PHM6HT8.lll,HOff ycTaHOBKH no BH6paHHOMY ueTOAY, a T8Kxe :eonpocy KorJ1qe
CTB6HHOit OU8HKR 8THX napaMeTpoB. 

r11aBHlie Tpe60B8HHH ·K ,aKcnepHMeHT8Jll,HOH YCT8HOBK8 38KJiilll8~TCfl E 
C Jl8,llYIOUl6!4: 

I. BNCOKaa qy:ecTBHT8JlbHOcT1,, noaE011aioo.an padoTaTb He Tor.1Ho co 
CT8ClHJll,Hbllo\H ll80'l'Ona1o11t1, HO H C L!HRpOKOJlH\i€CTEarn H€CT8CiH~lHh'.X r~:u:':,
HJKJIH,llOB w.11p0Koro Kpyra aneMeHTOB. 

2. BliCOKBH C8Jl6Ki'RBHOCTI, no Z,A H BblCOHOe p;::~eme1u:e, noaE01lliDQ.€ 
H6 TOJibKO H,ll6HTH~HpOB8Tl, 8TOLlli CT80V.n:t.Hb1X V. .i-&~08KTV.BH!::X Hl"HT.V.Z.~E, 
HO H HCCJl6AOB8Tb HX l1C H t;l·C ,llJlll HayqeHV.H 'IOliHV.X OC008HHOC'I6ll KX 
H.itepttoa cxpyKryp1,1.' 

B H8CTOHU1ee BpeMH ,llJlH pemeHHfl Il0CT8EJI8HHOJ:1 36,ll81!H· WHpOY.v liJ:V.llE.LF.
DTCH ,ll:B8 ueTOA8 Jl886pHOH P630H8HCHOH cneKTpOCKOllHH: 

l. M6TO,ll KOJlJlllHeapHOff Jl83epao-peaoH8HCHOff 411yopecueau11~ ES Oh~'I
PblX HOHH~5n,yq1<ax, BWtO,llHll(HX HS 1o1acc-cenapaTopa, pa_OOT8,DI.€rO l: J:Elt:Y.l!E 
"OH-JIA£lH111 1• . 

2. MeTO,ll IIHOrocTyneHqaxoa peaOH8HCHOff ~OTOHOHH881\HH 8TCL!CE/E~ 
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flpH 1-!CCJie,ll;OBaHHH paJ).HOaKTHBHblX H.ztep 3TH MeTO.llhl o6uqHo. npH_MSH!UlT
CH B coqeTaHHH c 1,1acc-cenapaTOpOM. 3TO oco6eHHO He_o6XO,!IHMO npH pa6o
Te Ha ycKOPHT0JIHX B!lCOKOU 3HeprHH (HanpHuep, Ha CH~X~OIUiKJIOTPOHax B 
UEPHe HJII-I B Jilffi~e), r,11e B peaKUHHX C npOTOHaMH, nonyqa10TCH ,ll0CHTK~ 
H30_TonoB co cpaBHHMblM BblXO,ll;OM, HX HCllOJIT,3QB8HHe Clea p83,ll;0JieHHH Ha. 
Macc-cenaparope npaKTHqecKH H6B03MOlKHO. TipH paaore Ha YCKOPHT6JIHX TH
)K6Jlb1X HO HOB ( TaKHX, KaK B J'iliP Olffiki) HCllOJib30BaHHe M8Cc-cenapaTopa He 
flBJilleTCH o_oaaaTeJibHUM: no,116Hpa~ MHW6HT,, THlK6Jiblii HOH C HYlltHOti 3Hepr11en, 
MOlltHO C ,llOCTBTQqHO OOJIT,WIIM BUXO,!IOM nonyqarr, npaKTHll6CKH JIIOClble H30TOfili 
C MHHHMaJIT,HblMH npH_MeCHMH .ztpyrHx HyKJIH,llOB. B 3TOM c_nyqae orna,ll;alOT He
KOTOpue orpaHHqeHHH, CBH3a,HHU6 C pa6oTOti Macc-cenapaTopa: MaJiaa a~ 
\t)eKTHBHOCTL. ,llJia TyronJIBBI<HX aneMeHTOB, H6,llOCTaTOllH06 Clb!CT po_,11el1CTBH6 • 
noaTOMY ,ll;Jlfl HayqeHJ,lff CK8P a,ll;ep, nonyqeHHblX Ha YCKOPHT6JIHX TfllK6JlblX HO
HOB, pa6ora B pelltHMe "OH-JIAllH" 6ea Macc-cenapaTopa 1n1eeT onpe,11,enel!HO~ 
npe111.1y~ecTno. B raKoM cnyqae npe,11cTannaerca uenecooopaaHblM Bb1611parr, 
M6TO~ naaepHo-peaOH8HCHOl1 ¢nyopecueHUHH H8 nonepeqHOM ~TOMHOM nyqKe 
B K8ll8CTB8 3KCnepHM6HT8JlbHOro M6TO,ll;8. 3TOT M6TOA o6JI8,ll;aer Hennoxon 
llYBCTBHT8JlbHO_CTLIO, noaBOJIHIOli(en pa60T8TT, C UOTOKOM 2x108 BT/C H HCKJIR)
•rnrenr,ao ,BblCOKHM cneKrpaJIT,HblM pa3pemeHH6M 3 Mru. KpoMe Toro, M6TO,zl 
JI836pHo-pe30H8HCHOii ~nyopecueHUHH flBJiaerca HaH6onee npOCTliM B nnaHe 
pe!lleHHH T6XHRqeCKHX aa,11aq, CBHaaHHliX C 003,ll;BHHeM 3KCnepHM6HTaJIT,H0'1 
YCTBHl)BKH. 

, EJIOK-CXeMa coa,ll;aHHOl1 3KCnepHM6HTanr,Hol1 ycraHOBKH ,ll;Jlfl H3MepeHHH 
HC H CTC, OCHOBBHHoil Ha MeTo,lle na3epHo-peaoHBHCHoa qJJiyopecueHru,:R Ha 
nonepeqHOM BTOMHOM ny1rne, npe,ll;CTaBJI6H8 HB pHC. I. ia3epH1,1ti nyq C BblCO
KOCTa611JIHaHpOBaHHOii H nepecrpaHBaeMOH qacTOTOl1 nepeceKaeT llO.ll npHMblM 
yrJIOM KOJIJIHMHpoBaHHllii aTOMHblii nyllOK HCCJie,11ye1.1oro SJI6M6HTa, BOal!HK8!0-
~aH npH_STOM peaoHaHCH8fl qinyopecueHUHH perHCTpHpyeTCfl ~3Y-79, pa6ora
lOIJ(RM B_ peuue ciieTa oi11HoqH1,1x <I,oToHoB. JlaaepHutl nyq, ar OMHun µyqoK H 
HanpaBneHHe c6opa peaOH~HCHOii ¢nyopecueHURH B3aHMHO oproroHaJIT,Hli. On
THqeCKHH cneKTP nonyqaeTCH B BHA6 aaBHCHMOCTH llHCJia pe30H8HCHblX \t)Jlyo
pecueHTHblX !pOTOHOB OT qacTOTbl HanyqeHHH nepecTpaHB86MOro naaepa Ha 
KpaCHT6JIHX. YCT8liOBKa BKJ!i0.lf86T B ce6H cne,11y101J(Re yanbl: I) CHCTeMy na
aepon; .. 2) Kawepy Ba0HMO,ll6HCTBHfI; 3) HCTO'lHHK 8TOMHOI'O nyqKa; 4) CHC-. 
Telly perHCTP8UHH pe 30H8HCHOtl qinyopecueHUHH H ynpa~ne }illfl 3KCnepH!A6H
TOl4. 

CHCTeMa naaelJOB COCTOHT Ha ap~OHOBOI'O, naaepa HaK8llKH SP171-18 H 
nepecrpaHBaeworo naaepa Ha KpacHrenax SP3BOD, 11ue10111ero CJI6AYIDl!lHe na
pa1,1erpu: cneKTpa.ir,HaH oe5nacri 560-t620 HM (.ztna po.ztaMHHa 61); 1,10111Hocrr, 
800 IIBT; ,ll;Hanaao1 CKaH1-1poBaHHR qacTOTli naaepa .ll0,30 rru; mHpHHa JIB
aepHOll JIRHHH 20 Mru {Clea CTaC5HJIRaaTopa qacTOTl:l) H 3Mru (co craCiH/lHaa
TOPOM qacTOT!l). 
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PHC. I 
EJIOK-cxewa ycTaHOBKH ){n!i Ha-

. Mepemrn l1C H CTG, OCHOBaHHOl-1 
Ha M6TOA6 naaepHo-peaOH8HC
HOli qinyopecueHUHH Ha none
pellHOM ·aTOMHOM nyqKe 

HacTpOllKa naaepa H8 He06XO,ll;HMYiO J).J!HHY BOJIHN npoBO,ll;HTCR C roq
HOCTl,10 OKOJIO I ,5 rru C IlOMOl!lblO A-MeTpa. J(nR Ha6n10.11eHHR aa craC5HJIT,
HOCTb~ H JIHH8tlHOCTbiO CKaHHP0B8HHH qacTOTbl naaepa Ha KpaCHT8/lHX B yc
T8HOBKY BKJIIOqeHu ABB KOH\t)oK8JIT,1!NX J.IHTepqiepoMe'rpa q>aCipH-Ilepo C 06-
JIBCTLIO CBOClO,llHOH ,llHCnepcill1 -8 rru H 150.J.!fu. ~i6TKH OT 150 Mru - HHTep
qiepoMeTpa 38llHCUBaiOTCR CHHXPOHHO C aanHCl,iO cneKTpOB ~lC H GTC HCCJI6AY
eMNX 3JieM6liTOB 11 HCnonr,JyiOTCH ,ll;JIH K8JIHCipOBKH WKam~ qacTOT · B 3THX 

cneKTpax. 
KaMepa B3aHMO'Ael-lCTBHH CKOHCTpyHpOB81!a H HaroTOB/leHa cornaCHO Tpe-

60B8HHIO o6ecneqeHHR H0,ll8XH0l1 aa111HTbl ~3Y OT paannqHblJC HCTQqHHKOB \l)OHa 
H onepaTHBHOCTH pa60Tbl ycTaHOBKH. OCHO.i!Hbl!HI HCTOqHHKaMH ,ll0llOJIHHT6JIT,
HOro qJOH8 ~3Y HBJIRIOTCH aacBeTKa OT pacceHHHH naaepHoro HaJiyqeHHH H 
aaCB6TK8 OT HarpeBaTena H THrm1. ]iJIH Yl.16HbW8HHH aaCB6TKH OT naaep1rnro 
11::inyqeHHH Bee BHYTP6HHHe noBepxHOCTH Ka.J.rnp1,1' Ti110T6Jl:bff0 aaqep.1eHbl, 
BXO,llHOe H BNXO,llHOe OKHa EpiOCTepa K8Mepbl YABJI6Hbl Ha 6onr,woe p8CCTOHHH8 
(I,8 M), B npoBO,ll;HOii qaCTH naaep11oro nyqa HCilOJib3yeTCR PHA aaqepHeH
HllX ,l(HaqiparM C oc~pblMH KpOMK8MH H. IlOAXO,ll;R:l(en KOHqiHrypauHel-1. B peay~I,~ 
T8Te 3TOro ypoaeHr, ip()HB ~SY OT naaepttoro H3JIY'l6HHR y,11aeTCH CHH3HTT, ,110 
25 cq/c HB 0,!IHH MBT MO:l!HOCTII /la3epa. )IIIR YM6Hblll6HHH aacBeTKH OT Harpe
BaTeJIH H THrJIH npocTp0HCTBO Harpenarenn 11 THr/lH OT,ll;6Jl6HO -OT OC5JiaCTH 
naaHMO.zteaCTBHH cncTewoa oxna£Aae11ux 11 ·Heoxna:s,ztaewux aKpaHoB, .ztHaqiparw 
H JIOByweK ,ll;JIR CBeTa. Kpoue 3TOro,,.ztJIR ,11ononHHT6/IT,HOrO yMeH&weHHH aa
CB6TKH -OT HarpeBaTenH H THrJIH nepe,11 ~3Y CTaBHTCH HHTepqiepeHUl10HHblll 
qi11n1,rp c nonocoa nponycKaHHH Ha nonyBblCOTe 1:,.).. =70iIOO A. 3Kcnepm.iett
ranr,Ho onpe,ll;eneHO t qro TaKOii qiH/lbTP YMBHb!llaeT aacBeTKY OT HarpeBaTeJia 
H Tllr/lH H8 ~3Y-7~ -OKOJ!O 1a2 paa. B peaynr,raTe npHHHTHH BCex nepellHC
neHHNX Mep qJOH ~3Y OT HarpeB8T6JIR H THfJIR YA8JIOCT, CHH3HTT, ,110 YPOBHfl 

400 Clf/C npH TeMnepaTJpe Tlll'JIR TTHr=I7oo0c. 
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lJIR YMBHbW8HHfi 38CB8TOK OT Bcex HCTOllHHKOB H8 OCT8TOqHOM rase H 
AJlfi 3q>q>BKTHBHOro WOPMHPOB8HHH 8TOMHoro ny~a RaMepa BS8HMOA8llCTBHH 
OTKSqHBaeTCH AO B8KYYM8 5xI0-6 Top. TaKoll B8KYYM nonyqaeTCH qep~s 
40 MHH nocne CMBHlil o6paaua, 3TO H8KJ18AlilB88T orp8HHqeHH8 HS HllXHHil, 
npaAen nepHOAB nonypacnaAa HsyqaeMlilX ·aAep. 

llCTOllHHK 8TOMHoro nyqKa. paspa60T8H H BlililOJlH8H B HBCKOJll'>KHX ':BapH-
8HT8X. 0AHH HS B8pH8HTOB llP6ACT8BJlH6T C060ll T8HT8JlOByJO Tpy6o~y AH8-
M8TPOM.3 MM, AnHHOH 60 MM, CABJ18HHYJO HS T8HT8JlOBOll WOJlbrH TOJIIIIHHOll 
80 MKM. THrenb H8XOAHTCH BHYTPH ulnHH,llJ)HqecKoro HarpeB8T8Jlfi HS T8HT8-
JlOBOll WOJil'>rH TOJlU!HHOll 50 MKM. TeMilepaTypa AH8 THrJlfi HSM8pH8TCH K8JlH0-
pOB8HHlilM onTHqecKHM nHpOMeTpOM. Sq>q>8KTHBHOCTI'> KOJlnHM8UHH 8TOMHOro 
nyqKa B COSA8HHOll KOHCTPYKUHH COCT8BJ1H8T 2xI0-3 • ~pyrHM B8PH8HTOM HC
TOqHHK8 aToMaoro. ny~a HBnaeTCH nasepaoe HcnapeaHe o6pasua, Blilnonaae
woe C IlOMOUU,JO HMnynl'>CHoro HAr-nasepa lTilllq,7, HMBIOlllBrO CJ18AYJO~e na
paMeTplil:' AnHH8 BOnHlil}. =I,06 MKMj AnHT8JlbHOCTI'> HMllYlll'>C8 .'tHMn=IO ac; 
MOIIIHOCTb B HMnynbce 5 MBT; AH8ll8SOH qaCTOTlil llOBTOP8HHfi 10-IOO ru. Ta
Koll HCTOqHHK 8TOMHOrO nyqKa llpMMBHH8TCH AJlfi pa60Tlil C TyronnaBKHMH 
5J16M8HT8W1 H C08,1(HH8HHHM~. B 38BHCHMOCTH OT KOHKpeTHoro o6pasua AM 
nonyqeHHH M8KCHM8Jll'>H~ro BlilXOA8 CB060AHlilX 8TOMOB He06XOAHMO Blil6Hp8Tb 
llOAXOAHlllYJO llJlOTHOCTb MOIIIHOCTH CB8TOBOro HSJlyqeHHH HMllYJlbCHOro nasepa. 

CHCT8M8 perHCTp8UHH peSOH8HCHOll WJIYOpecgeHgHH: AJIH q6qpa peSOHBH
CHlilX WOTOHOB CKOHCTPYHPOB8H8 OllTHqeCKBH CHCTBM8 HS ABYX KOpOTKOWOKyc
HlilX nHHS C OAHH8KOBlilM WOKYCHlilM p8CCTORHH8M 35 MM. 8T8.CHCT8M8 A88T 
HSOOpaxeHHe 06J18CTH BS8HMOA8llCTBHH H8 ~TOK8TOA ~SY B OTHOW8HHH I:I. 
PaCCTOfiHHe M8XAY 06J18CTl'>JO BS8HMOA8llCTBHH H ~SY AOCTaTOqHo B8JlHKO-
(~ 40 CK) AJlfi YM8Hl'>W8HHfi WOH8 OT <f -HsnyqeHHfi npH pa60T8 C P8AHOHYKJIH
A8KH. lnR llOArOTOBKH ~SY-79-K pa6oTe B pexHKe cqeTa OAHHoqHlilX ~OTOHOB 
npHHRTlil cneUH8.nbHlil8 lol8Plil cornacHo/7/: Blil60p llOAXO;ltHlll8rO 5KSeMm!Hpa 
~SY-79 c_xopomo Blilp8X8HHlilMH OAHO-, ABYX~~WOT05J18KTPOHHlilMH llHK8MH HS 
60Jll'>WOH napT1rn; IlOA60p 6ucrporo yCHnHTBJlH· H ]tHCKpHMHH8TOp8 AJlfi o6ecne
qeHHH lolHHHM8JlbHOH ll0T8PH KOJ1HqecTB8 cqeTa WOT05J18KTPOHHlilX HMnynl'>COB 
Hs-sa HanoxeHHll; noA6op onTHi4anbHoro nopora AHCKpHMHHBUHH woToaneK
TpOHHlilX HMilYJlbCOB no OTHOW8HHJO 5q>q>8KT8 K ~Hy; TP8HHpOBK8 ~SY. T8KH8 
ueplil IlOSBOllHIOT ~SY-79 pa60T8Tb B peuue cqeTa OAHHO'llllilX ~TOHOB C M8K

CHM8Jll'>HOI H CT86HJlbHOll qyBCTBHT8JlbHOCTblO H lol8KCHM8JlbHO BOSMOXHlilM lllHpO
KWI AHH8MHq8CKHM Aff8ll8SOHOM JlHH8RHOro cqeTa. -Ilocne npHHRTHH BC8X BlilW8-
nepeqHCJ18HHlilX uep co6CTB8HHlilll T8MHOBOI myu ~SY-79 COCT8BJ1HBT 20-4Qcq/c 
B S8BHCHMOCTH OT KOHKP8THOro 5KS8MllnHpa. B COSA8HHOtt CHCT8M8 perHCTpa
UHH peaOH8HCHOi1 wnyopecueHUHH aqxI>eKTHBHOCTb perHCTpaumi: ~nyopeCU8HT-
HlilX ~TOHOB COCT8BJ1fi8T 5xio-3• ' . 
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~OT05J18KTPOHHlil8 HMilYJlbClil C ~SY-79 nocTynam Ha 6HCTPNH ycwmT8-1h
AHCKPHKHH8TOp H qepes HHX H8 KHOrOK8H8llHlilR 8HanH38TOP, nocTpOEHH~i: 
Ha OaseSBJJ 118neKTPOHHK8•6011 H paOOT8Dlltl[K BOBpeMeHHOU peJCHMe_CIIH

xpoHHO co CK8HHPOB8HH8M qacTOTlil nasepa Ha K}xlCltTBJlHX. B cnyqae J,8GOTlil 
C 8TOllHlilM ny~ou, nonyqeHHl:!M C llOJ.IOllil>!O 1.asepHOI'O HcnapeHHH oC:poa;..a, 
perHCTP8UHH q;OT03JleKTpOHHiiX rumy;iJ;COll' ,:~:, npo.BOAHTCH C fiOllO:i!hi:! 3&;.a

HHH. BpeueHHOH 38){6Pl!.KH H OKH8 B pa6oTe DOI'OK8H8111,HOI'O 8li8P.H38TOya 
.OTHOCHTeIU,HO OKOHq8HHH mmyJil'>C8 Hcnap~ero Jl!'3epa. TaF.oi& p&Y.lL J,acc
TH 8H8JlH38TOpa,ooycr.oBJl8H H600XOAHLIOCT&a HCKJl~qenHH HJ.lllYJII,CQB or 
CHJlbHOH 38CB8TKH H3 IlJ183Mlil, E03HHK8D~li Ha noBepXHOCTH oopaa~a r.f7. 

B03A6iaCTBHll Ha aero CB6TOBoro HMilYJlbC'B 1tcnapnfjjj(6l'O r.asei:a. 
./lJIH OflJ)6A6J18HHH OCHOliHlilX napaueTpOlii COSA6HHOt1 ycTaHOBIUI (a) CJi€:.

TP8llliHOro paspemeHHHj 6) s:p~eKTHliHOCm; :&) 'll'!iCTBHTel!MiOCTlt) npc1,e;:;e
HH KHOrOqffCJlBHHiie 3KcnepW£eHTlil C o6paai:tau~ C04e_pj:8;::HUH. ecTeCTEfF.r.J~ 
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PHC. 2. CneKTP C'.I'.C 241 •243 
Am H8 negeio.-e .A =6056 ,49 A. 

cue CL CT86HJILHHX H30TOllOB 151 , 153.r:u • .wrs O&ef.KK qyBC7:CHTen:E,HOCTl4 yc
TSHOBKH npoBeAeHw T8K"4e 3KCnepHM8HTlil C ,PaJ.Ji(08KTY.BHl,ll,IH HSOTOnau 
241 •243.im. nonylieHRWl cneKTP CTC 241 •2HA111 npH THn1t11H1,1:1 yc110:e1IBx sHc
nePHK8HToB: TTHr=~500llc; BpeMH HsuepeHll.& OAHorocnenpa_ ty:240 c; 
BP8KH HS K8H811 t =0,4 c, noK838H Ha pae. 2. KouqeCTli0- 241Am. Tpe0ye
K08 AM nonyqems~ 0.11.Horo cneKTpa, cocTa:uuo 2xra12 ST. 

Ha OCHO:BSHHH npoBeJ{eHHWC 3KCnepHlttHTOli nony11e1U1 cxe,Aylllllll8 o~eH.~H 
OCHObHWC napaKeTpOB C03A~HHOA JCT8HOllU: 
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a) cneKTpan:r,Hoe paapemeH110 6>"r~I5 Mru onpe.zteJIReTCf:I rnirnHUM 06-
paaou . .ztonnnepoBCKHM ywHpeHHeM cneKTpan:r,Hoil JIHHHH, 06ycn0Bne~HIM· pac
XOAHMOCTI>IO 8TOMHOro nyqKa • 

6) nOJIH8f:I aq;q>eKTHBHOCTI, - OTHOWeHHe qncna perHCTpHpyeMblX q>OTOHOB 
K ~CJiy 8TOMOB, BblXOAf:lll(HX l'l3 THrm1 t1-;\6x10-7 cq/aT. IIO:nH8f:I a~eK
THBHOCTI, CK:118,1llIB8eTCH H3: I) a~eKTHBHOCTH KOJIJIHM8UHH 8TOMHOro nyqKa; 
2) a~eKTHBHOCTH perHCTP8!.UI.H pe30H8HCHliX ~TOHOB; 3) 8~6KTHBHOCTH 
B036Yl!CA6HHf:I 8TOMHOro nepexo.zta (KOTOp8H M.eHI>me e.ztHHHUli npH HaJIHqHH GTG 
HJIH TOHKO.lt CTpyKTypu); 4) a~eKTHBHOCTH B036YE.zteHHH cneKTp8JII,HOil JIH
HHH npH 38,1l8HHUX mHpHH8X naaepHOli JIHHHH H .ztonnnepoBCKoro KOHTypa. 

B) qyBCTBHTe:11I>HOCTI, - MHHHM8:11I>HO ·H86JII0,1l88Mli.lt nOTOK·8TOMOB, BliXO
. .ztHU(HX H3 THrJIH "ra~3xI08 8T/c. 

AH8JIH3 .ztpyrHX 3KcnepHM6HT8:11I>HHX YCT8HOBOK, pa60T81011UfX no YeTOAf 
:naaepHo-peaoHaHcHoil qinyopecueH!.UI.H Ha nonepeqHoM STOMHOM nyqKe,noKaau
BaeT, qTo C03,1l8HH8H 3KCnepillleHT8JII,H8H yCT8HOBK8 H8X0,1lHTCf:I HS YPOBHe C 
HHMH no OCHOBHUM napaueTpaM. 

B TpeTI>elt r:naBenpH~O.ztHTCf:I CBOJtKS nonyqeHHHX peayn:r,TaTOB Hauepe
HH.lt OilTHqeCKH~ HG H CTG Zr, Ce, Nd, Sm H Gd, o6pa6oTK8 3THX peay:n:r,Ta
TOB AJif:I H3BJieqeHHf:I 3HaqeHHlt pa3HOCT6il GK3P H,1lep HCC:116.ztyeMblX aneMeHTOB, 
a T8KX6 o6cyE,1l86TCH Bonpoc O TOqHoc1n no:nyqeHHHX_3HaqeHH.lt p83HOCTel1 
GK3P a.ztep. 

qT06H nOBHCHTI, TOqHOCTI, 8KCil6pHM6HT8:11I>HO H3Mepf:leMblX. 3HaqeHHtt HG, 
.ztJIH K8llt,1lOrO H3 HCCJl6AfeMHX aneMeHTOB HG H3Mepa10TCH H8 HeCKOJII>~nepe
XOA8X. qHCJIO HCC:ne1tyeuux nepexo.ztOB .ztJif:I Zr:3; Ce:3; Nd:2; sm:2 H Gd:4. 
IlpHqeM Ha K8E,1!0M,H3 HCCJI6Af6MHX nepexo.ztOB CHHTO A~CT8Toqgo 6on:r,moe 
KOJIHqecTBO cneKTpOB npH pa6oTe Jl83epa H8 Kp8CHTeJIRx co CT86H:11H38TOPOM 
qacTOTH. B peay:n:r,TaTe aToro omH6Ka H3M6peHHlt HG H30TOilOB Hccne.ztyeuux 
aneueHTOB o6uqHo cocTaBnf:leT ·1-10 Mru. GoBuecTHM6CTI> no:nyqeHHHX agaqe-

, ' - ' . ~ ..... ,, ' ; . 
HR.It HG H8 p83Hb1X OilTHqeCKHJ( nepeX0,1l8X npoBepHeTCH C. nOMOU(I>IO rpaq,HK8 
KHHra/3/, npH 3TOM rpa(PHK KHHra onpe,iteJIReTCH MeTO.ztOM HSHMeHI>WHX KB8,1l
p8TOB, OilHC8HHUM B IlpHJIOEeHHH. 

na:nee npOB0,1lHTCH o6pa60TK8 3KCnepHM8HT8JII,HO nonyqeHHHX 3HaqeHH.lt 
HG corJIBCHO npoue.ztypau, OilHC8HHl:,IM B nepBO.lt r:naBe .ztJIR noJI~qeHH,R napa
MeTpOB, Heo6XOAHMl:lX AJIR paclleTa paaHOCTe.lt GK3P HAep A< r > Ali. : CMG 
ll1'i,~f6;' aneKTPOHHutt q;aKTop Ei; H,1lepH!iM qiaKTop t'(~); none:aon ~ABHr 

t.i,i ,A[. nJIR onpe.zte:n'e,HHH Ei, KaK no,nqepKHyTo_ :a ,m!PBo.lt -rnaBe, Hyllrno co
nocTaBHT1, Bee COBOKynHOCTH H3BeCTH!iX 3KCnepHM6HT8JII,H~X H;TllOP8THqecKHX 
ABHHHX 06 nccne,lU'eMQM aneiteHTe ~ ,B qacT~OCTH, .ztJIR onpe.zte ,ieHHH, CMG H Ei 

B Nd, Sm H Gd Kpoue onTiqecKHX .. ,naHHHX !lPHBJieKa:nnc:r,. H ,Z18f!f!H8 .. no I/IC KX
ny11en H cneKTpoB J1 -aTowoB. IIo:nyqeH1me· .·c µoM~lllI>ll aTHX Bennqna oraocn-
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T8JII,Hl:,le H a6COJillTHUe 3H8ll6HHH p83HOCTett G~3P H.ztep Zr, Ce, Nd,, Sm H 

Gd npe.ztCT8BJieH_!i B .Ta6n. I. Bo Bcex c71yqaRx npe,itCT8BJieHHl:,le omH6KH BKlIIO
ll810T B ce6H aKcnepHM8HT8JII,Hy10 norpemHOCTI, ~ onpe.11eJieHHH HG, Heonpe,1le
JieHHOCTI, B 3H8lleHHHX CMG H a:neKTpOHIJOrO qJ8KTOpa •. nJlf:I Cp8BHeHHH B 
Ta6n. I T8Kllte npe,ncTaBJieHH aHalleHHH ti< r 2 > AK AHH H30Tono:a HCCJie.ztye
MblX aJieMeHTOB, nony11eHHHe H3 peHTf'eHOBCKHX Hj! -aTOMHl:,IX cne!{T})OB/B, 9/. 
BH'AHO H3 T86JI. I, qTo 38 HCKJIIOqeHH6M cnyqaa Zr 60JII>mHx.pacxoE.zteHH.lt H6 
Ha.c5lll0,l\86TCH, :a. XY.ztW8M cnyqae 8TH-ABHHU6 H8XOAHTCH ell(e B npe.ztenax 06-
ll(HX OWH60K. 

B 38KJIIOlleHmi 3TOH rJI8Bl:,I no.ztB.Q.zteHu HeKOTopue HTOrH no no11yqeHHl:,IM 
peayJII>T8T8M p83HOCTel1 GK3P H.ztep: 

I. nJIR Zr Bnep:a1:,1e pe3y1lI>T8TliiH3MepeHHH HG AOBeA6Hbl .ztO onpe.zteJieHHH 
~<r2> C TOqHOCTI>IO, THnHllHO.lt AJU} MeT0,1!8 11aaep~o-pe30H8HCHOH q;nyopec
ueHUHII. 

2. ,llllH Ce BnepB!i8 peayJII>T8TU no H3MepeHHD HG no11yqeH1:,1 MeTO.ztOM 11a-
38PH011 cneKTpOCKOnHH, TOqHQCTI, .onpe.zteiieHHH A<r2 > noBume~a 60:nee qeM 

B ABB pa?a no cpa:aHeH1110, c peasni;r?1a'1,111 K11accHqec1rnn HHTepq>epeHUHDHHOlt 
cneKTpoc£orurn147. · · i. • · · · 

2' 3. nna Nd H8 OCHOB8HHH H3MepeHHUX .liC onpe,1leneHO 3HaqeHHe ti <r > C 
om116K.aMH-'MeHnHMH~ qeu ·:ii peaynuaiax HnaccHqecKoli HHTepq;epeHl\HOHilolt 
cneKTpoc«onnn/4/. . - . , . <,· . · . ·· .·, · . 

. • 2 
4. ,llJIR Sm no:ny11eHHHe 3HaqeHHH 6. < r > OT1lHqa10TCH OT 3HSqeHHil ' 

A< r 2>, nonylleHHHX' paH:r,we- M8TOAOM · naaepHo-peadH'a~CHOil q;nyopeciteHUHH 
BHCOKoro paapemeHHH He ·60:nee, qeu Ha 2%, qTo if ·.HBJIReTCR xopomeil ieuoH
cTpaunelt :aoauoEHOCTeit•coa.ztaHHOil·icTaHoBKH, ToqHoCTil H3MepeHHl1 I/IC 11 .ue
To,na o6pa60TKH 8HaqeHHl(HC, BU6p8HHOH H ycoBepl!leHCTBOBSHHOii B ,1l81l'.HOil 
pa6oTe Ha14n. 

' ' ' " 

; 5._ ,llna Gd BnepBHe npoBe.zteHU noc11e.ztOrl8Te :11I>f!Ue H8M8peHilf:I .HC ueTO,l\OM 
JI8~8~HOlt cneKTpOCKOilHH 'H paapae$,O,T8H8 KOppeKTH8H npOl\e.ztypa H3B:ne)leHHH 
6. < r > • . , . :. . . . . . . . . , , .. , ,< ; 

qeTBepT8H rJiaBa IlOCBHU(eHa Hcc1i:e.p;OB8J{HD H3M,e~eHHH CK3P H.zte.P Cea· Nd, 
Sm H Gd B 06:naCTH M8,CCOBUX qHCell A=I.3,6+160 H ~,nep.: Zr B 0611ac,TH ,· . ;, 
A=90+96, a T8Kllt8 Bl:,IRCH6HHIO BJIHHHHR H8 Hero .ztewopua~HH H TOJI~HHl:,I n~7 
BepXHOCTHoro cnoH. ' . 

B cny-qae Zr, 38BHCHMOCTI, H3M6HeHHH EK3P H.ztep OT' uacco:aoro trndna A 
H q1fona Helt~pOHOB B H.ztpe N nOK83.8H8 Iia PHC. 3" r1te npe,nCT8B.ne Hu\; )<po
we •p~cqeTOB CKSP no KM (KPHB8H '2) ! eu(Ef H pacqeT qo 'npocTOll MO,Zl61lli. 
lltH,l\KOlt KBnIDI (KpHB8H I).' BHAHO~: qTo B TO BpeMH K8K 'o6a pactieTa ripe.zt-

: .. ·t-' ; ' ' .·' ~- 2 .. ·'· , -~\ • 
CK831:,1B81lT cna6y11 38BHCHMOCTI, 3H8lleHi1H A < r. > 'OT N, aKcnepHMeHT8JII,-
HOd JHaqeHHe A< r 2> 'yue'Hi.maeicfi B h11~ paaa npH nepexo.zte OT nap~ 
H30TOnOB (90,92) Knape (94,96). YqeT H3MeHeHHH CK3P HA8P, o6yCJIOB1leH-
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TaOJIH~a I. OTHOCHTel!LHHe A OTH H a6co:nnTH1i1e 6 < r 2 > :=rnaqeHHH 
H3YeHeHHi CK8P Aliff BCex HCCl!8,ltOB8HHIDC HA6P Ha on-
THqecxoro HC H Cp8BH8HHe C ,lt8HHW4H O l:!.<r2> Ha 
KX-;nyqeD H cneKTpOB ~ -aTOMOB. 

a:ne~eHT n I.A' l::.<r2> AK, ~2 
AoTH 

!J.< r' > , 
A K tpY2 

HC KX-nyqeil HCJI-STOMOB 

404 r 
90 91 0.429(16) 0.096(II) 
90 92 I.000 0.224(25) 0.306 
92 94 o. ?59(21) 0.170(19) 
94 96 o.s23{40) 0.117(14) 

58ce 
136 13!3 -0.040(13) -O.OII(4) 
138 140 o.l3I(II) 0.036(3) 
140 140 1.000 0.2?9(9) . 0.274(10) o.284(32) 

6/d 
142 143 o.323(IO) O.l28(H) O.II6(2I) 0.102 · 
142 144 o. 718(9) 0.322(19) 0.289{II} 0.276 
144- !45 0.255(II) 0.100(11) : 0.126(18) 0.098 
144 146 o.662(IOJ 0.29?(18} o.269(46) 0.264 
146 148 o. ?34Ctn o.329(19) ··· 0.275(34) 0~295-
148 150 1.000 . 0.448(26)"'. o.403(21) 0~391 

6z6m 
144 148 2.000 o.514(28) 0.4?8(83) 0.532(21-) 
148 150 I.165(3) 0~300(16} o.303(10.) 0.315(19) 
150 152 1.648(7) 0.424{23) 0.4II(I2) 0.432(14) 
152 154 0.883(2) 0.227(12) 0.221(13) 0.250(14} 
14? 148 0.590(2) 0.152(8) o.I?I(IO) 
148 149 0.343(1) 0.086(5) o.oao(8J 

Gd 
64 

152 154 2.917(67} 0.431(29) 
154 156 1.285(9) 0.190(12) 0.203(23) Q.216(25} 
156 158 o.%9(3l 0.143(9) o.144(10) · 0.169(19) 
158 160 1.000 et.148(9) o.154(10) 0.161(12) 
155 156 0.653(5) 0.0%(5} o.092(13) 
IS6 15? 0.18?{!2} 0.028(2) 0,030(13) 0.032(23) 
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PHC. 3 

88BHCHMOCTI,.p83HOCTeil CK3P coce,ztHHX 
qeTHo-qeTH1ilX H.ztep Zr OT qHC:JJ8 HeilT
pOHOB B H,llpe HOT M8CCOB1ilX qHCe:n: 
o .. aKcnepmaeaT; • - pacqeT no 
AByxnapaueTpHqecKO~ q>OpMyne B KM. 

aoro H3M8HeHHeM H3B8CTH1i1X .ztnH Zr CT8THqeCKOil KBB.ztpynonLHOil H ,llHH8MH
qecKOil OKTyno:nz,aon Ae(f)opuauHR no AByxnapaweTpzqecKoil qiopuyne cornac-
Ho KM/Z/ . 

6.<r2> pacq. = 6<r2> KM+~~ 6. <r2> ~i (I) 
1=.:::! ,3 .•• 

r.zte ~i - napaueTp .zte(f)opua!U{H, 
A88T :nyqmee cor:naCOB8HHe pacqeTa paaHOCTeil CK3P HA8P C 3KCnepHM8HTOl4 
(pHC. 3). HaBeCTHHe napaueTp1il A8(J)OPMBUHH ~i HA8P Zr H COOTB8TCTByJJ
!11H8 HM pa3HOCTH CK8P H.ztep b. < r2 >l3i npe.11CT8Bl18HH B T86l!. 2. )!al!LHeD

mee cor:nacoB8HHe pacqeToB paaHOCTeR CK8P no KM b.<r2>pacq. c aKcnepz
M8HTOM npoBOAHHOCI, C llOMO!IILIJ B8PH8IU{H napaueTp8 T01I!IIHH1il nOB8pXHOCTHO
ro cnoH b. B Ta6:n. 2 npe,ztCT8BneHH 3KCn8pHl48HTBnbH1ile 8HaqeaHH napaweT
pa TOlllllHHbl noBepXHOCTHoro cnoH bs, no:ny,eHH1ile H3 8KCnepHMe'HTOB no yn
pyrouy pacceHHHD a:neKTPOHOB/IO/. B 3TOR TB6nHue T8Kllt8 npe,ztCT8Bll8H8 Be
nHqHHa bi-sHaqeHHH napaMeTpa TOHl!lHH1il noBepXHOCTHoro Cl!OH, nonyqeHH1i1e 
B peaynLT.aTe 3TOil no,ztrOHKH. OmH6KH B aHaqeHHHX bi OTP8llt8JJT omH6KH B 

· A 2 onpeAeneHHH u< r > ~i H 8KCnepHM8HT8llLHOD OWH6KH B onpe.zteneHHH paaHOC-
TeR CK3P Jl,1lep. HTaK, Ha6nDAaeu1i1e aHaqeHHH paaHocTeil CKBP ll,1lep Zr H HX 

38BHCHJIOCTI, OT qHC:JJ8 HeRTpOHOB B HJU)8 MOlltHO o6~HCHHTL, npHHHl48H BO 
BHHM8HHe H3M8H8HHfi ,llHH8MHqecKoil OKTyno:nLHOR A8q>OpM8UHH H TOlllllHH!i no
BepXHOCTHOro C:JJOH ll,1l8p. 

B cnyqae Nd, Sm H Gd, aHaqeHHH napaueTpoB Aeqiopua!U{H ~iB Hccne,ll.Y
euoa o6naCTH A=I42•I60 xopomo H3B8CTHH. )!nH STHX aneueHTOB SHaqeHHH 
napaueTpOB KBBAflnOllLHOA .zteqiopuauu aaH6onee cHnLHO M8HHmca: OT 
~2=0,0929 Al!H ~d AO '32=0,3534 Ami 156Gd/II/, B TO a:e BpeMH l43Y8H8-

HHfi H3B8CTHwt napaMeTpOB )t8qJOpM8UBl4 6onee BlrlCOKHX nopH,1tKOB ( {33, ~4) 
3H8tUIT8l!I,HO M8HLW8: {33 ,4~ 0,05. B T86l!. 2 npe.ztCT8Bll8H1il 3H8'1l8lllffl 
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Ta6nHU8 2. aapaMeTpU ,lle~opMBUHH ll,llpa, COOTBeTCTBylOH{He HM 

p83HOCTH CK3P, napaMeTpU noBepXHOCTHOro CllOfl 

L'.l<r2t;,:'•:•+2 {33 
{::,. 2~A 1 .11.+2 

~2 . G <r f33 ' bs' bi• 
\{JM2 \IJM2 q)M q>M 

40 6r 
90 0~0909(36) 0.016(17) 0.15(1) 0.045(31) 0.946 0.946 
92 0.1028(37) -U.017(14) 0.17(1) o.051(36) 0.963 0.955(7) 
94 0.090(Iu) --Q;Oll(lZ) {l.19(1) 0,057(40) 0.993 0.960(10) 
96 0.081(16) 0,21(1) -0. 975 0.955(13) 

:>t:!Ce 
136 
138 
1:.0 0,1012(10) 0,049(9) 
142 0.1236(14) 

oO:,d 
14-2 Q,0926(14) 0.083{9) 
H4 0.1309(30) 0.06l(L:) I.042 I.042 
146 0,1524(31)) 0,180(12) I.056 I.062(3) 
148 0,2037(22.) 0.394(14) I.046 I.069(4) 
150 0,284o(2I) 0.888 I.062(6) 

62 5 :n 
144 0,0881(1-3) 
14!3 0,1423{30) 0.170{II) 0.916 Q...lli 
ISO 0.1931(22) 0.55d{I3) 0.920(3) 
152 0,3055(18) 0.243(17) 0.878 0.878(7) 
154 0.3140{20) 0.838 0.855(8) 

-, Gd 
o:+ 

152 0.212(9) 0,519(39) 1.025(7) 
154 0.3104(20) 0.1~(17) 0.994(3) 
156 0.337d(fo) 0.093(17) (hW Ihm 
!58 0,3484(17) U~056(19) 0,968(3) 
160 0,3534(20) 0.966(4) 

u 

f32 ,llIDl Bcex HCCll8,l{yeMUX H30TOilOB ?; , Nd, Sm H Gd (,l.\BHHUe B3RT~ Ha/II/) 

H COOTB8TCTBYIOH{He HM 3H8tJ8HHfl b,. <-r >_ '32• 1'aK KBK H3MeHeHHfl CK3P fl,Zl8p 

Nd, Sm H Gd B o6naCTH A=l42+160 CHlloHU, TO BKna.Zl B HaMeHe~He CR3P 

R,llep 8THX 8ll8M8HTOB, no-BH,ZlHMOMY, rnaBHUM odpaaoM BHOCRT H3M8H8HHR 
A 2 · 

CR3P, o6yCROBJI8HHUe KBBAPYilOJILHOH ,l.\e\IJO pM8UHei1 u < r >~2• 0.ztHBKO C paB-

H8HH8 peaynLT8T8 pactJeTOB pa3HOCT8H CR3P H,llep Nd, ~m H Gd no qiopuyne 

(1) BRM b,. <r2
>pacq C 8KCnepHM8HTOM IlOK83UBBeT 3H8tJHT8JII,HOe pacxo~,Zle

HHe, npeBUW8IOH{88 OWHOKH. TaKHM o6paaoM, 38BHCHMOCTI, p83HOCT8H C~3P 

fl,l\ep Nd I Sm H Gd OT tJHCna H8HTPOHOB B ll,Zlpe HeRL3fl Od'I>RCHHTI, TOnoKO. 

H3M8H8HH8M 06'I>8Ma H KB8,l\pynonLHOH ,zteqiopMBUHH R).\ep. MOXHO cornacoBBTI, 

,l\BllLWe pactJeTu no qJOpMyne {l) B R(.! 6< r 2 > pacq, C ,lKCnepHM8HTOM. C no_. 

MOH{LIO B8pH8UHH 3H8tJ8HHfl napaMeTpa TORH{HHU noBepXHOCTHOro cnofl _b. ]lnR 

KBX,l\Oro H8 Hccne,l\yeMUX aneMeHTOB Nd 1 ~m H Gd B3flTO O,l\HO 8KcnepHM8H

T8nLH08 8HatJeHHe napaueTpa TOnH{HHU noBepxHOCTHoro cnoR bs KaK HCXO,l{

HOe {ABHHUe B3HTU HsfII/ ),:s Ta6n. 2 aTH HCXO,l\Hue attatJeHHR ,l{ntt KaX,l{oro 

aneMeHTa IlO,l.\tJ8PKHYTN. B Ta6n. 2 TaKllC8 npeACTaBneau 3HatJeHKfl napaMeTpa 

TOn~KHU noBepXHOCTHoro cnoa b-, nonytJeHHUe ,ZlnH H30TOilOB HCcne,l{yeMNX 
]. . . - . 

ane1.1.eHTOB B pe aynLTaTe 3TOM IlO,llrOHKH, MOXHO OTUeTHTI,, tJTO B c·nyqae Sm 

COBila.zteHH8 bi C 8KCnepHM8HTan0Hi,ill bs HBJIH8TCR xopOWHM, B cny11ae Gd 

H3B8CTHO TOnoKO O,l\HO aKcnepHMeHT8llLHOe 'aHatJeH.te bs=0.977 ,l{nfl 156 Gd, a 

,l\ID!. Nd COBn8,l\8HHfl npaKTHtJ8CKK H8T, 

B cnyqae Ce, 88BHCHMOCTI, pa3HOCTetl C.<3P H.ztep Bcex KCCJ18,l(OB8HHUX 

HSOTOilOB no OTHOW8HHIO K N=82 (!:.<r2 > 82 •N) OT tJHCna aeitTpOHOB B impe 

IlOK838Ha Ha PHC. 4. ]lnR nonao~1,1· KapTHHU npHB8A8Hl,I aaanorH~Ne A8HHU8 

,l\RR Cs, Ba, Nd H Eu, B3flTUe Ka/5/ • TaK KaK 3H8tJ8HH8 '32 H3BeCTHO 'TOJlb

KO Ana naoTonoB 140 •142ce, ro c no1.1.01110ro aaat1ea11R napaMeTpa KBB.ztpynonr,

HOH ,Zle\lJOpMBUKH Anfl 140ce '{~z~U.I) IIOllCHO BUtJHCnHTD paaHOCTH CK3P H,Zlep 

BCex H30TOnOB Ce no wopuyne {l) B'KM; nonytJeHHl,le TaKHM oopaaOM 3HatJe

HKfl p83HOCTeit CK3P H,l\ep npeACTaBneHU Ha ~He. 4 B BH,l\8 WTPHXOBOH npa

llOH nHHHH IlOCTORHHOH A84)0pMaUHH '3z=O,l. Ha pHc. 4 T8KJl8 np8,l.\CTaBneHN 

npRIIU8 nHHHK noCTOHHHOit ,l\el!JopMaUHH C t1iz=U,IS H u,2, l11:llfl1CneHHU8 no 

~opuyne,(I). BH,ZlHO, tJTO no Me~e y,ZlalleHHfl OT uarHtJ8CKOro tJHCJia HetlTpo

HOB N::82 llM88T M8CTO CHnbH08 !J8CXOJIC,ll8HH8 118.tAY 3HatJeHH8M CK3P R,llep, . 

npe,ZlCK838HHUII RM R.ztpa H 3KcnepHMeHTOM, npHtJ8M 3TO paCXOX,Zl8HH8 pacreT 

C z. ,HanpHMep, ,l\nR tu(i=63) paCXOX,ll8HK8 OK88UBaeTCfl HaCTORbKO CHnLHNM, 
2 82 N 

tJTO HBKnO_H KPKBOH 6. < r > ' .ztalle HatJHttaeT M8HflTb 3H8K, T.e ~ KM88T 

H3ROM npH N < 80. To lll:8 CBMOe Haonro,ZlaeTCfl ,l\Jlll M {Z=60) , HO B M8HLmeit 

C Te ne HH, )!RR Cs ( t':=55) K Ba (;l=56) TBKoro no Be ,l\~HHR He Ha6nro.zta 8TCH 

( PKC. 4). Ta Koe noBe.zteHKe H3M8H8HHH CK3P R,l\ep· Ill;> Mepe YABR8HHH OT' 38-

Kp!,ITOtl npOTOHHOii 000110tJKH Z.:50 RBHO yKa3!,(B88T Ha irnnHqHe 06onot1e't1Horo 

a:ti~e,cra H pocTa A8\lJOp1.1auK1,1 npH N < 80. ,unR Ce HBK1IOH KpHBoii .6<1'2>82•N 
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cnerKa MeHHeT 3H8K npH N<80 H Ce K8K 61,1 38HHM88T npo11exyTOqHOe nono~ 
llteHHe M6JKAY Ba H Nd. 0TCDA8 IIOXHO npe).(IlOJlOlltHTb, '!TO ,B cny11ae Ce :em,:a
HHH o6onoqeqHoro H o6~eMHoro aiMJeKT8 HBnHDTCH B38HMOK0Mfl6HCHPYDIIUIMH. 

lnH Cp8BH6HHH p83JlHIIHH 38PHAOBWC P8AHYCOB H).(6p C 'l6THH~H H6116~
HHM qHcno11 HBHTpoHoB :e:ee~eH napa11eTp, xapaKTepaayDIIUlfl STD paanH11He 

2 A,A+l 
'e ~<r > \ = , 2 A,A+2 

2~<r >, 
(2) 

HccneAOB8HH6 38BHCV.MOCTH nap8118Tpa f ).(Jlfl :ecex HCCJieAOB8HH~X-COCeA
HHX 11:eTHO-li€THHX U qeTHO-HeqeTHl,IX HSOTCflOB Nd I Sm H Gd OT \lr.C),a HeH
TPOHOB E HAP€ IlOKaau:eaeT, qTo f < 1, T.e. npHpa~eHHe CKSP npH A008B~ 
neHHH O)tHOl'O HeflTpOHa, K8K npaBHJIO, COCT8BJIR8T 116H66 IlOJlOBHHl,I COOTB8T
CTBYD~6l'O H3116H8HHH CKSP, M6P npH A008BJ16HHH nap1,1 H6HTPOHOB. CH6AY6T 
OTll8THTt OOJILWOH paaOpoc 3HaqeHHH f J~llte npH O).(HH8KOBWC KB8HTOBWC 
X8P8KT6PHCTHK8X,&008Bllfl6110l'Q HeHTPOHa, AJIH :ecex HCClle.ztOB8HHl,IXRA6P Nd 

H Sm HeqeTHHfl H6'1TPOH H8XO).(HTCfl B COCTOHHHH g?/2 1 8 3HaqeHHH 'f Al!H 
Hl1X 116HHllTCH IlOllTH B A:88 paaa. B cnyqae 'ISSGd 11 IS?Gd 3H8'lelfflH ·' f 
116Hftm'l'CH B tPH paaa, XOTH B 060HJ( HJU)8X COCTOHHHH'HetieTHOl'O He.l!Tpoaa 
O)tHH8KOBi,i [52I] s12· IlO-BH)tHIIOMy' 3A6CL B8ltHYD pon1, Hrpam HYK.JIOHl,I oc
TOBB, K KOTOp1,111 AQ68BJIH8TCH H6'16THl,lfl H6ilTpOH. 
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OCHObHblE PE3YJihTATbl PAEOTbl 

B 38KnmqeHHH c~op11ynHpOB8Hl,I OCHODHl,18 peaynLT8T1,1, nony11eHHUe 8BTO

po11 D ).(HCCepT8UHOHHO» paooTe. 
I. Ha·octtoBe 11eTo,na naaeptto-peaottattcttoii qmyopecu.ettUHH Ha nonepeq

HOM 8TOMHOM nyqKe C03A8H8 YCT8HODK8 .nna HCcne.no:eaHHH HC H CTC B 8TOl,I
HliX cneKTpax CT80Hnl,HHX H P8AH08KTHBHl,IX HjK11HAOB I non_yqaeMblX B J(O/il:

qecTBe .nonen H8HOI'p8Mll8 ll!HpOKOrO Kpyra aner.:eHTOB, BKn!Ol!8H ·ryronJJuBirne. 
Coa,n8HH8H yCT8HOBK8 HM66T nopor IIYBCTBHTenI,HOCTH OKO]IO OAHOro aTo,~a B 
06beM8 B38HIIOA8flCfBHH (HnH IlOTOK8 108 aT/C Ha THrna) H cneKTPBllbHOe 
paapeweHHe rs·Mr~. 

2. Bnep:eue npHMeHeH ueTOA naaepHoro HcnapettHll ,1um nonyqemrn a-r )M

Horo nyqKa TyronnaBKHX aneMeHTOB H Xlil4Hl!6CKHX coe,llHH8Hlr1i1 AJHI 1r1cc1.e.i:o
B8HHH OllTHII6CKHX we H CTC B 8TOMHblX cneKTpax MCTOAOM.naaepHo-pe30Hettc

HOli wnyopeCU8HlJ,HH. 
3. MeTo.noM naaepHo-peaoHattCHOH ~nyopecu.eHu,Hu npo:ee,11eH1,1 npeuv.auoH

HNe HSMepeHHH lliC H CTC .nna H30TOilOB ~r, Ce, J',;d, Sm H Gd C HCilOlll::liOE8-
HH6M HOBl,IX OilTJr1qeCKHX nepexo.no:e. 

4. Ha OCHOB8HHH npOB8A6HHNX H311epeHHi1 t\C H G'IG, 8 T8KXe C nouo.am 
KOppeKTHO paapa60T8HH0'1 npou.e,nypµ o6padOTKH 3THX A8HHHX YA8nOCL or.pe
A8llHTl, aHaqeHHH paaHOCTefl CKSP HA6P STHX aneMeHTOB C xopomeM TOIIHOCTbD, 
THnHqHofl ,nnH 116TO,ll8 naaepHo-peaOH8HCHOH ~nyopecueHUHli. 

s. Ilpo:eeA8HO ,neTanI>H08 HCCll6AOB8HH8 38BHCHIIOCT!r1 paaHOCT6l-i CK3P 
H;itep Ce, Nd,· Sm, Gd H Zr OT IIHCna HeiiTpOHOB B a.npe B o6naCTH N::7d-t96 

H N=50¼56; B KOTOpOM 06H8PYJK8HH: 
- B38HMOKOW18HCHpyD~ee' BllHHHH8 06be11ttoro H ooonoqeqHOl'O atM;eKTOB 

:a HSM6H6HHH aapa,110:eux:paAHYCOB RA8P Ce npH N<82; 
~ H6TpHBH8llLH8ll 88BHCHMOCTL paaHOCTeil 38PHAOBblX PBAHYCOB F.,nep -~r, 

Nd' Sm H Gd OT qHcna HeiiTpOHOB B a,npe B oClnaCTH N=SCH56 H N=ti2-t9!:' Y.0-
TopyD · HenLSH 06bHCHHTI, TOnbKO H3M8H6HH611 o6~eMa H KB8,llpynonLHOkl ,l;C•i·OP-

118lJ,HH a,npa; 
·- aiMJeKT qeTHO-H81!8THOro paanHl!HH aapa,nOBblX P8AHYCOB HA6P Nd,~~ 

H Gd C 1!6THHII 14 H81!8THl,IM IIHCnOM H6HTpOHOB. 
6., Ha OCHOB8HHH 8H8lIH38 6onLWoro SKCnepnuettTam,HOI'O M8Tep1r1a.11a yc

T8HOB.118HO B.JIHHHHe HS BeJIH'IIIHy aapa,no:eoro pa,11Hyl!CJ TBKHX xapaKTepllCTV.K 
a.npa, K8K ero OKTynonI>H8ll A6WOPM8UHH, T011~H8 no:eepxHOCTHOl'O,cnoH H 
KB8HTOB1,16 qHcna HeqeTHOro·HyKnOH8. 

0CHOBHH6 peaynLT8TH, IlP8ACTBBneHHH8 B ,IIHCC8pT8UHH, ony6nHKOB8HU B 
cne;ityllllUIX pa6oTax: · 
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