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OBIJJ;A.H XAPAKTEPMCTMKA PABOThl 

AKTyam:.HOCTL HCCJie,n;oBaHIUI. B· rrOc-.ri:e)JJllle fo,ni,I rrpoBO~Jioq, ·aK'."' 

THBHOe HCCJie,n;oBaHHe peHTreHOBCKIIX CIICKTpOB, B036y)I{,l(aeMLIX TJDKeJILIM:U:. 

HOHaMu; TiepBI:;re. 3KCIIepuMeHTfil. BWl!3HJIH. rrepcrreKTHBHOCTI,. HCIIOJII,3_0Ba~ 

HIDI TaKIIX CIIeio;poB·B pa3.JIH't!HLIX o6JiaCTJIX HayKII u TeXiIHKII- .n;ml'HCCJI~-, 

,n;oBaHIDI MexaHH3Ma HOH-aTOMHLIX C'l'OJIKHOBe'Him, u,n;eHT:mplII{aIJ;HH rrp.o,n;yR

TOB JI,n;epHLIX peaim;nn:, ,n;HarHOCTHKII .HOHHOro rry-crna, 3KCIIepHMeHTaJII>HOH 

rrp_oBepKII KBaHTOBOH 3JICKTpO,n;HHaMHKII, HCCJie,n;oBaHIDI XHMnqec1wn: CBJI3H 

coe,n;HHeHd, cTpoeHIDI aTOMHLIX o6oJioqeK, TOHKon: CTPYKTYPLI peHTreirn-

BcKnx CIIeKTpOB, BLICOKoqyBCTBHTeJII,HOro aHaJIH3a · COCTaBa Beru;ecTBa. _ 

0CHOBHOH OC06eHHOCTI>IO CIICKTpOB, B036ym,n;eHHLIX HOHaMH, JIBJIJieTCJI . 

60JII,IIIaJI HHTCHCHBHOCTI, caTeJIJIHTHLIX IIHKOB. CTpyKTypa TaKHX CIICKT,POB, 
, I ~ 

T.e. 3HepreTuqeCKoe IIOJIO)KCHHe CIICKTpaJII>HLIX JIHHHH, HX llIHpHHa H co-

OTHOllICHHe HHTeHCHBHOCTen:, orrpe,n;eJIJieTCJI ceqeim:eM o6pa30BaHHJIB.aKaH

CHli Ha, BHYTPCHHHX 3JleKTpOHHLIX o6oJioqKax aTOMOB u HOHOB, BepO.IITHO

CTI>IO pa,n;HaIJ;IIOHHLIX rrepexo,n;oB rrpu 3aIIOJIHCHHH o6pa30BclBllIHXCJI BamtH

CHH, a TaK)Ke HaJIH't!HCM BHCllIHHX IIOJie:fi:, B KOTOpLIX HaXO,n;HTCJI H3JIYqa

IOID:HH aToM. .ll:JIJI ycrremHoro pemeHIDI 3a,n;aq HayqHoro n rrpHKJia.n;H~ro · 

xapaKTepa Heo6xo,n;HMO nccJie~oBaHne pa3JIHqJILIX q>H3HqecKIIx rrpor:i;ec_cOB,. • 

IIpOHCXO,n;JIID:HX 'IIpH HOH-aTOMHLIX CTOJIKHOBCHHJIX, H HX' a,n;eKBaTHOe Ma- ' 

TeMaTnqecKoe· OIIHCaH1rn. PJI,n; acrreKTOB yKa3aHH.LIX' rrpo6JieM ,n;oqaToqHo 

xopomo H3y:qeH 3Kcrrep.HM.eHTa·JII,HO H TeopeTuqecKH: B HacToJiru;ee BpeMJI 

npe,n;JIO}KCHfil MO));eJIH ,D;JIJI onpe,n;eJieHIDI ceJ:IeHHll HOHH3RD;HH BHyTpeHHHX, 

ypoBHeii'IIplI'HOH-aTOMHLix· CTOJIKHOBCHIDIX - MO,D;eJII, IIPJIMoro KYJIOHOBCRoro ' 

B3aHMO,UeHCTBIDI [1] H MO,D;eJII, IIepeceqeHIDI 3JICK~pOH1ILIX ypoBHefi HOH<l. 

II 3.TOMa MHm-e-HH [2].; ~3ylleHO CIIeKTpRJII,HOe pacrrpe,Zl;eJieHHe HeIIpe_phl

BHOrQ peHTI'eHO:BCROI'O H3JIYqeHIDI, B036y)K)laeMOrO B. TaKIIX ~OJIKHOBeHmrX ., 

, [3,4]. BMeCTe C, TeM CJie.D;yeT OTMCTHTI>, .qTo o6JiaCTI, IIpHMeHeHHJI yKa3aH

HLIX MO,n;e;n~n: o~paHnqeHa HH3KIIMH [2] HJIH me' cpaBHHTeJII,HO BLICOKIIMH 

[1] 3HJ!prirn1!H no~oB. 06JiaCTI> 3Heprd HOHOB ~ 1 M3B/iiyimoH K Ha

cToJiru;eMy BpeMeHH MaJIO H3yqeHa, oco6eHHO 3KCIIepHMCHTaJII,HO. 0.n;HaKo, 
' . . . ., ' ._ 

HMCHHO B :iron: o6JiaCTH _CJie,n;yeT O)KH,D;aTI>, qTO' nepO.IITHOCTH HOHH3aIJ;HH 

· L - ::__060Jio'IIIDI. p~;~qH~H KpaTHOCTH 6y,n;yT coH3MepHM~ ,n;pyr c dpyroM, 

· H, CJie,n;oBaTeJII,HO, peHTreHOBCKIIe K - -c~eKTpLI;, Boa6ym,n;eHH~e HOHaMH 

TaKoii 3Heprnn, · 6y,n;yT co,n;epmaTI> caTeJIJIHTHLie IIHKII Bcex KpaTHOCTen: no-

HH3ar:i;nn: BLICOKaJI ~H<pOpMaTHBHOCTI, Ta:KHX CIICKTpOB o6ycJiaBJIHBaeT aK

:ryaJII,HOCTI, n3yqeHIDI MexaHH3MOB HX q>opMHpOBaHIDI. 

t--:-,.7'"·:::., '* "r,· --.,.n-:•,. 
i. ..{e.:;...., thJ.,;.~if 1:,w,1..Q~~-

(rl:,.,.t~t_;! 1'"!• 1:_[•...,._ -.~~,,,Pf?!~!lt") 
......... -.~,.-~ .;._1,,, .,J"•'A~~~~'.T., d1I 

6vi5Jit·iOTEHA 
-~ --------- . 



,[(JUI TipaBHJil,HOll lIHTepTipeTan;Im 3RCTiepHMeHTaJII,HI,IX pe3ym,TaTOB Hy

lli,n:aIOTCJI B ,n:am,HeiiIIIeM II3yqemm II TaRHe Ba.)l{Hhle ,n:JIJI CTieRTpOCROTIHH 

BOIIpOChl, RaR BJIIDIHHe Ha cpopMy CTieRTpOB ,Zl;OTIIIJiepOBCRHX 3<:pq>eRTOB, U:3-

MeHeHHJI BeJIIIqHHhl 3JieRTpHqecRoro TIOJIJI HaJieTarom:ero HOHa, a TaR.)l{e_ H3-
'. I 

MeHeHHJI 3HeprHH IIOHa rrpH rrpoxo.)l{,Zl;eHHH qepe3 MaCCIIBHJIO MHIIIeHI,. ~v>" 

_B HeROTOphlX pa60TaX ( CM., Harrp. [5]) OTMeqeHa 3aBHCHMOCTI, TIOJI(6~ .. \; 

llieHHJI H IIHTeHCHBHOCTII cTieRTpam,HhlX IDIHIIii, Bo36ylli,n:eHHhlX HoHaMH, __ ol::~..?'

XHMHqecRoro ORpyllieHHJI H3Jiyqarom:ero aTOMa. O,n:HaRo B 3THX 3RCTiepH-

MeHTax HCIIOJI1,3JIOT, RaR TipaBHJIO, RpHCTa.riJI-,n:Hq>paKIJ;HOHHhle CTieRTpo- . 

MeTphl C IIJIOCRHM RpHCTaJIJI-aHaJIII3aTOpOM [5]. 8HepreTHqecRoe pa3pe- I,; 
IIIeHHe TaRHX TipH6opon COCTaBJIJieT ~ 10 3B, '{;ro He TI03BOJIJieT ,n:eTaJibHO 

nccJie,n:OBaTb cTpyKTYPY cTieRTpoB. B CBJI31I c 3THM pa3pa6oTRa cTieRTpoMe- · 

Tpa C 6oJiee BhlCORIIM 3HepreTHqecRHM pa3perneHHeM JIBJIJieTCJI aRTyaJibHOll 

3a,n:aqeii. BMeCTe C TeM, II CaMa IIpon;e.n:ypa o6pa60TRH peHTreHOBC~HX 

crreRTpOB, Bo36y.)l{,Zl;aeMhlX TJI.)l{emMH HOHaMH, Tipe,n:cTaBJIJieT co6oii 6oJiee 

CJIO.)l{HJIO 3a,n:aqy, qeM o6pa6oTRa crreRTpoB, B036ylli,n:aeMhlX Tpa,LUIIIHOH-

HhlMII MeTo,n:aMH. 

IJ;eJil>IO pa60Tlil JIBJIJIJIOCI, H3yqeHH_e BJIIDIHHJI pa3JIHqHI,IX MeXaHH3MOB 

Ha cpopMHpOBaHHe TOHROll CTpyRT:}'Phl peHTreHOBCRHX crreRTpon CaTeJIJIHTOB 

1rnoroRpaTHOll HOHH3ari;nH, B036y.)l{,Zl;aeMhlX ycRopeHHhlMH HOHaMU B TBep,n:o

TeJII,H~X MHIIIeHJIX. B COOTBeTCTBHir C 3T~ll IJeJII,IO B Tipo11ecce HCCJie,n:_ona

HHJI pernam1:c1, cJie.n:yrom:He 3a,n:aqH : 

- pa3pa6oTRa arrrrapaTypHor~ ROMIIJieRca ,n:JIJI perHcTpaIJHII peHTreHo

ncRoro H3JiyqeHHJI TipH HOH-aTOMHhlX CTOJIRHo~eHHJIX II rtporpaMM o6pa-

60TRH. 3Rcrrep1IMeHTaJII,HhlX pe3ym,TaTOB; 

- pa3pa6oTRa M0,n:eJiell ,Zl;JIJI on;eiiRH BJIIDIHHJI 3<:pq>eRTa ,[(OIIIIJiepa II H3Me

HeHHJI Be.}IBqHHI,I 3JieRTpHqecRoro TIOJIJI HaJieTarom:ero HOHa Ha TIOJIO.)l{eHHe 

II IIIHpnHy CTieRTpaJil>HhlX JIIIHHH; 

- TipOBe,n:eHHe 3RCTiepHMeHTaJil,HlilX H3MepeHHll crreRTpOB K -H3JiyqeHHJI 

3d-MeTaJIJIOB H aT01-IOB cephl H ee coe,n:H~eHHii, Bo36ylli,n:eHHhlX HoHaMH Xe 
H Ar. 

- OTipe,n:eJieHHe 3aBUCHMOCTH TiapaMeTpon CTieRTpon OT ycJIOBIIll Hx· B03-

6y.)l{,Zl;eHIIJI II H3MeHeHHJI XHMHqecRoro COCTOJIHHJI aTOMOB MHIIIeHH. 

OCHOBHlile IlOJIOlReHIUI, BlilH0CHMlile Ha 3a~HTY, 3aRJIIOqaIOTCJI B 

cJie.n:yrom:eM : 

1. l13MeHeHHJI XHMHqecRoro COCTOJIHHJI aTOMOB B TBep,n:oM TeJie Be,n:eT R 

TiepecTpOiiRe TOHROll CTPYRTYPhl peHTreHOBCRHX CaTeJIJIIITOB MHoroRpaTHOll 

2 

K Ln HOHH3aIJIIII, B03HIIRaroru:eii rrpH B036ylli,n:eHHH aTOMOB ycRopeHHhlMH 

TJI.)l{eJihlMH HOHaMH. 

2. ,[(orrrrJiepoBCROe yrnHpeHHe peHTreHOBCRHX 3MHCCHOHHhlX JIIIHHll aTO

MOB MHIIIeHH TIPH HOHHOll 6oM6ap,n:HpOBRe rrpoTIOpIJHOHaJil,HO Ry6y IIX aTOM~ 

Horo HOMepa, BeJIIIqHHa 3TOro yrnHpeHHJI COII3MepHMa C ecTeCTBeHHOll IIIII

pHHOll perHCTpHpyeMOll JIIIHHH. 

3. BJIIDIHIIe TOpMO.)l{eHHJI 6oM68.p,n:Hpyrom:Hx HOHOB n TBep,n:oTeJil,HOll 

MHIIIeHH Ha pacTipe,n:eJieHIIe IIHTeHCHBHOCTH HCIIJCRaeMoro peHTreHOBCRoro 

CTieRTpa TIO K Ln caTeJIJIIITaM MO.)l{eT 6hlTI, OTIHCaHO C IICIIOJII,30BaHIIeM ,3RC-. . 
IIOHeHIJH<lJlI,HOll arrrrpoRCHMaD;Im. 3aBHCHMOCTH ceqeHHJI HO_HH3aIJHII BHy

TpeHHHX 3JieRTpOHHhlX o6oJioqeR OT rey6HHhl TipOHIIRHOBeHHJI HOHOB B Mil~ 

rneHb. 

4. MoHH3all;H# ( B036ya{).l;eHHe) BHyTpeHHHX 3JieRTpOHHhlX o6oJioqeR aTO

MOB rrpH 6oM6ap,n:HpOBRe TBep,n:oTeJibHhlX MHIIIeHeii TJI.)l{eJihlMH HOHaMH c 

Haqam,Hoii 3HeprHeii 1 M3B/HYRJIOH ocym:ecTBJIJieTcJI rro.n: ,n:eiicTBIIeM o,n:ao

npeMeHHO .Zl:BYX MexaHII3MOB - TipJIMOro RJJIOHOBCi<oro B3aHMo,n:eiiCTBHJI Tiap

THepon_ TIO CTOJIRHOBeHHIO II TiepeceqeHHJI 3JleRTpOllllhlX ypoBHeii HOHOB II 

aTOMOB MHIIIeaH. 

Hayquan H0BH3Ha pa6oTlil. Co3,n:aa arrrrapaTypHhlii ROMTIJieRc ,n:JIJI 

perHcTpaIIIIB C 3HepreT1IqecRHM pa3perneHIIeM ~ 2 3B peHTreHOBCRHX CTieR

Tpon, B036ylli,n:aeMhlX TIPH HOH-aTOMHhlX CTOJIRHOBeHHJIX, II pa3pa60Taaa Me

TO,Zl;URa HCTipaBJieHHJI CTieRTpOB 6om,rnoii 3HepreTnqecROll TipOTJI.)l{eHHOCTH. 

IlpoaHaIDI3HpoBaHo BJIIDIHIIe 3<:pcpeRTa ,[(oTITIJiepa, 3JieI<TpnqecRoro TIOJIJI 

HaJieTarom:ero HOHa, a TaKllie o6pa30BaHHJI RBa3IIMOJieRyJIJipHhlX 3JieRTpC>H

Hl>IX yponHeii Ha cpopMy crreRTpOB TIPH IIOHHOll 6oM6ap,n:HpOBRe. 

BrrepBhle 3aper1IcTpnpoBaHhl Ra crreRTphl 3d-MeTaJIJIOB, no36ylli,n:aeMhle 

HOHaMH RCeHOHa C 3HeprHeii ~ 1 M3B/ayRJIOH, II ,n:aHo 061,JICHeHHe Ha-

6m9,n:aIOiijHMCJI 3aROHOMepHOCTJIM. 

BTiepnhle 3aperncTpHpoBaHhl Ra crreRTpH cephl 3JieMeHTapaoii H B coe

,n:HHeHHJI,x· TiS2 H FeS TipH·no36y.)l{JJ;eHHH noHaMII RceHoHa. IloRa3aHo, _qTo 

rrpH 'II3ME'fHeHRH_ :X:H1HJq_ecRo.ro oRpyllieHHJI TipOHCXO,n:HT II3MeHeHIIe OTH0CH-
~ , '. .. . .· . ' .. 

Tem;aoii •HHTeiicmiH<>CTH ·n C,n:BJir· aHepreTHqecRoro noJiollieHHJI RoMnoHeH-

TOB caTeJI~MTHoii cTpyRTyphl. 

IlpaKTH"<IecKan 3Ha"<IHM0CTI> pa6oTLI. B pe3ym,TaTe npone,n:eHHhlx . . 
. IICCJie,n:OIJaHHll JCTaHOBJieHO, qTo peHTreHOBCRHe CTieRTphl, B036ylli,n:eHHhle 

TJI.)l{eJihlMII HOHaMH, MoryT 6hlTI, IICilOJil,30BaHhl ,l(JIJI n3yqeHHJI 3JieRTpOH

aoro cTpoeHHJI xnMnqecRHx coe.n:naeHHii 3JieMeHTOB .n:o HI rrepno,n:a BKJIIO-

3 
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'CIIITeJll>HO, nocKOill>KY II3MeHeHIIe XIIMII'CleCKoro OKpymemra II3Jiyqaromero 

aTOMa npIIBO,D;llT K Ha.n;eiKI,lo perIICTpIIpyeMLIM II3MeHeHIIHM cneKTpam,Horo 

pacnpe.n;eJieHIIH IIHTeHCIIBHOCTII peHTreHOBCKoro II3Jiy'tleHIIJI. 

Anpo6au;1:1n pa6ou.i. MaTepIIaJILI ,n;nccepTan;IIn .n;oKJia.n;LIBaJIIIc:r, Ha I 

BcecoroaHoM coBemaHIIII no JI.n;epHo-q>II3II'tlecKIIM MeTo.n;aM aHaJIIIaa Ha aa-

. pJ.I)KeHHLIX qacTIID;ax ( r. TaumeHT, 1978 r.), XIII Bcecoro3HOM coBemirnIIII 

no peHTreHOBCKOH II 3JieKTpOHHOH cneKTpOCKOIIIIII (r. Jl:r,BoB, 1981 r. ), 

MeiR.n;yHapo.n;HoM ceMIIHape "International Seminar on High-Energy Ion

Atom Collisions Processes" ( Debrecen, Hungary, 1981 ), Mem.n;yHapo.LUioii: 

IIIKOJie-CeMIIHape ~O q>II3IIKe, TJI)KeJILIX IIOHOB (r. ,lzy6Ha, 1983 r. ), XV Bce

COI03HOM COBern;aHIIII no peHTreHOBCKOii: II 3Jie
1

K]pOHHOH crreKTpOCKOIIIIll ( r. 

JleHIIHrpa.n;, 1988 r.), VI Bcecoro3HOM ceMIIHape no BTOpII"IHOii: IIOHHoii: II· 

IlOHHO-q>OTOHHoii: 3MIICCIIII (r. XapI.KOB, 1991 r.), Ha Mem.n;yHapo.n;Hoii: ROH

q>epeHD;llII "16th International confrerence on atomic collisions in solids 

(Linz, Austria, 1995), Ha Hay"IHLIX ceMIIHapax Jia6opaTOpIIII JI.n;epHLIX pe

aKD;IIii: OI1Jil1 ll OT,Zl;eJia peHTreHOBCKOH II 3JieKTpOHHOii: crreKTpOCKOIIIIII 
H1111 <l>IIaIIKII PrY. 

Ily6JI1:1Rau;1:11:1 1:1 BRJI~ anTopa. Ilo peaym,TaTaM .n;IIccepTan;IIII orry-

6JIIIKOBaHo 12 pa6oT. ABTop Herrocpe.n;crneHHo yqacTBOBaJI B HaJia.n;Ke II 
. J 

IOCTIIpOBKe arrrrapaTypHoro KOMIIJieKca, IIJiaHIIpOBaHIIII II rrp·oBe,LteHIIII Bcex 

3KCnepIIMeHTOB, llM Jlll'CIHO paapa6oTaHLI Bee rrporpaMMhl MaTeMaTII'CleCI{OH 

o6pa60TKII 3KCnepIIMeHTaJll>HLIX ,Zl;aHHLIX, ripe,Zl;JIO)KeHa Mo.n;em, OITIICaHIIJI 

,Zl;OITITJiepOBCKllX 3q>q>eKTOB Ha IIIIIpIIHY peHTreHOBCKIIX 3MIICCIIOHHLIX JIII

HIIH npII IIOHHOM mp6y)l{,Zl;eHIIII II 'BLIIIOJIHeHLI pac'tleTLI no 3TOH Mo.n;eJIII. 

ConcKaTeJII, BHec OCHOBHOH BKJia.n; B IIHTepnpeTaD;IIIO IlOJiy'tleHHLIX peayJI:r,

TaTOB II q>opMyJIIIpOBKY BLIBO,ll;OB pa60TLI. 

CTpyRTypa 1:1 o6'beM ,l{l:ICCepTau:1:11:1. ~a6oTa COCTOIIT II3 BBe.n;eHIIJI, 4 
rJiaB, aaKJIIO'tleHIIH, crrIIcKa D;IITIIpyeMoii: JIIITepaTypLI II co.n;ep)l{IIT 100 cTpa

HIID; MaIIIIIHOIIIICHOro TeKCTa, 21 pIICYHOK, 9 Ta6JIIIn;. CrrIICOK JIIITepaTypLI 

BKJIIO'tlaeT 95 HaIIMeHOBaHIIU: 

OCHOBHOE CO,l(EPJKAHHE PABOTbI 

Bo nne,l{eH1:11:1 o6ocHoBaHa aKTyam,HocT:r, II cq>opMyJIIIpoBaHa n;em, .n;nc

~epTaD;IIOHHoft pa6oTLI. YKaaaHa npaRTII'tleCKaJI, Ba)l{H0CTh II Hay'tlHM HO

BII3Ha IIOJiy'CleHHLIX peaym,TaTOB. IlpIIBe.n;eHLI OCHOBHLie IlOJIO)KeHIIH, BhlHO

CIIMLie Ha aamIITY. 

ITepnan rJiana rrocBJimeHa o6aopy II3BecTHLix II3 JIIITepaTypLI 3KcrrepII-
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MeHTaJihHLIX II TeopeTIIqeCKIIX peaym,TaTOB IICCJie,n:oBaHIIH peHTreHOBCI<Oro 

II3Jiy'tleHIIJI, Boa6y)l{,Zl;aeMoro TJimeJILIMII aapmI<eHHLIMII qacTmi:a1,rn. Pac

CMOTpeHLI oco6eHHOCTII rrponecCOB IIOHII3aD;IIII (Boa6y)K,Zl;eHIIH) BHyTpeHHIIX 

3JieKTpOHHLIX ypoBHeii: aTOMOB MIIIIIeHII rrpII IIOH-aTOMHLIX CTOJIKHOBeHIIJIX. 

O6cym,n:aIOTCJI pa3JIII'C!Hhle MO,n:eJIII _: 6opHOBCKOe rrpII6JIII)KeHIIe ITJIOCKIIX 

BOJIH, rrpII6JimI<eHIIe rrapHLIX CTOJIKH~BeHII:ii, rroJiyKJiaccIIqecKoe rrpII6JIIIiKe

HIIe, rrpIIMeHJieMLie .D:JIJI Bhl'CIIICJieHIIJI ceqeHIIH IIOHII3aU:IIII ( B036ym.n;eHIIJI). 

Oco6oe BHIIMaHIIe y,n:eJieHO -Borrpocy O BJIIIJIHIIII XIIMII'I€CKOro OKpyiKeHIIJI 

Ha crreKTpaJihHOe pacrrpe,n:eJieHIIe IIHTeHCIIBHOCTII, B 'IaCTHOCTll Ha ITOJIOiK{'

Hlle MaKCllMYMOB caTeJIJillTOB KpaTHOH llOHII3aD;llll. O6cy)l{,Zl;aIOTCJI oco6eH

HOCTll TeXHIIKII 3KcrrepnMeHTa rrpn perncTpau:nn crreKTpon, noa6y)K,Zl;ae~rnx 

llOHaMll. OTMe'ClaeTCJI, 'CITO CllCTeMaTII'CleCKllX llCCJie,n:oBaHIIH Ha rryqKaX TJI

)KeJILIX llOHOB C llCITOJih30BaHIIeM crreKTpOMeTpOB BhlCOKoro 3HepreTnqecKoro 

paapeIIIeHIIJI He rrpoBO,Zl;llJIOCh. 

Bo BT_opoii rJiane orrncaHa MeTo,n:nKa perncTpannn II o6pa6oTKll crre:K

Tpon. Ilpn coa,n:aHnn arrrrapaTypHoro KOMITJieKca MLI pyKono,n:cTnonaJinc:r, 

u:eJihIO IlOJIY'tlllTI, BhlCOKOe 3Ha'CleHne perncTpnpyeMOH llHTeHCllBHOCTll rrpn 

xopoIIIeM 3HepreTII'CleCKOM paapeIIIeHllll ll Hll3KOM ypoBHe q>OHa OT paCC<'

JIHHoro ll3JiyqeHllJI. AHaJIII3 cymecTByromnx peHTreHO-OITTllqec:KllX C'X<:':.\1 

IlOKa3aJI, 'CITO 3TOH n;eJIII MO)KHO ,n:OCTll'Ih rrpn llCITOJih30BaHllll cxeMhl ro

pll30HTaJihHO:ii q>oKycnpOBKll peHTreHOBCKoro ll3Jiy'tleHIIJI no MeTO,n:y I1o

raHHa [6] ll BLIHeCeHllll llCTO'CIHIIKa ll3JiyqeHIIJI 3a rrpe.n;eJILI OKPYiKHOC'Tll 

PoyJiaH.n;a. B CBJI3ll c 3TIIM .n;JIJI peIIIeHllJI rrocTanJieHHLIX n .n:n:cceprnu:n:

oHHO:ii pa6oTe aa.n;aq 6LIJI CKOHCTpynpoBaH MaJiora6apIITHhlll KpllCTaJIJI-.D:ll

q>paKD;llOHHhlll crreKTpoMeTp co CJie.n;yromIIMll xapaKTepllCTllKa:Mll : Kpll

CTaJIJI-aHaJill3aTOp - KBapn, ITJIOCKOCTI, (1010); ,Zl;llaMeTp q>oKycn:pyromeii: 

OKpy~rnoCTll - 200 MM; 3Ha'CleHllJI CIIHycon yrnon .n:nq>paKD;llll MoryT ll3Me

HJITI,CJI B .n:n:arra30He 0.18 - 0.8, TOqHOCTh OTcqeTa CllHyca yrna .n:n:cppaKD;llll 

COCTaBJIJieT 0.00001; perncTpan;llJI ll3Jiy'IeHIIJI rrpOll3BO,lJ;llTCJI rrpoT0'IHhll\1 

rrporropii:iciHaJihHhlM C'CleTqllKOM, pa6oTaromn:M Ha aproH-MeTaHOBOH ra30-

BOH CMecn. ·;n:JIJI rrpone,n:eHllJI IOCTllpO~O'IHhlX pa6oT CITCKTpOMCTp o6opy

,n:oBaH oTrraJIHHoii:' peHTreHoBcKoii: Tpy6Koii:. CncTeMa MOHIITopnponaHRJI. 

06ecrreqnnaromaJI K0HTpOJII, llHTCHCllBHOCTll llOHHoro ITY'!Ka ll H0J)l\lll}H>B:KY 

perIIcTpn:pyeMoro peHTn'.HOBCKoro ll3JIJ'CICHllJI Ha BLI6paHHOC 'ClllCJI0 rra.n:a10-

mn:x llOH0B, · BKJIIO'tlaeT n ce6JI ,n:eTeKT0p pacceJIHHhlX ll0HOB, MeTaJIJill'ICCKYlO 

CCTKY C BhlCOKOH rrpoapa'CIHOCTI,IO ll .n;eTeKT0p llHTerpaJII,HOii: llHTCHCllBH0CTll 

peHTreH0BCKoro ll3JIY"ICHllJI, noa6y)l{,Zl;aeMoro B MllIIICHll. 8HeprcTll'ICCKOC' 

5 



[ 

) 

I 

I 
! 

,. 

' j. 

I 

pa3pelllemi:e crreKTpoMeTpa cocTaBJUieT ~ 2 3B B o6Jiacni: I( a mJiyqemrn 

TIITaHa, qTo B HeCKOJil.KO pa3 rrpeBOCXO.IJ;IIT rrapaMeTphl 3apy6elliHhlX aHaJIO

roB [5]. 
O6pa6oTKa crreKTpOB rrpOII3BO.n;IIJiaCb B )];Ba 3Tana. Ha nepBOM.3Tane 

BhlIIOJIHJIJIOCb IICnpaBJieHIIe Ha IICKamemm, Bhl3BaHHhle II3MeHeHIIeM BO,!I

HOBOli .n;IICnepCIIII 8>./8cp npII CKaHIIpoBaHIIII npOTH.iReHHhlX (.n;o 200 3B) 

yqacTKOB cneKTpa. l13MeHeHIIe 6>./8cp rrpIIBO.n;IIT K II3MeHeHIIIO IIHTepBaJia 

3HeprIIii peHTreHoBCKIIX KBaHTOB AE, perIIcTpIIpyeMLIX rrpII .n;aHHOM yrne 

.n;II<ppaKD:IIII cp . .[(JUI lICIIOJil,3yeMOli B HaCTOHIU:eli pa6oTe peHTreHo-orrTIIqe

CKOH cxeMhl 6LIJIO noJiy11eHO CJie.n;yromee BhlpameHIIe 3aBIICIIMOCTII AE OT 

cp 'Ill 

AE( cp) = n • k • H • :o
3
s cp, 

2D · R · sm cp 

r.n;e n - nopH.n;oK oTpameHIIH, k=12.398 K3B·.A., H- IIIIIpIIHa BXO.n;Hoii meJIII 

crreKTpOMeTpa, D - Me.iRITJIOCKOCTHOe paCCTOHHIIe RpIICTaJIJia-aHa_JIII3aTOpa, 

R - :pa.n;IIyc II3rII6a KpIIcTaJIJia. 

Ha BTOpOM 3Tane o6pa60TKII npOII3BO.n;IIJIOCb pa3JIO.iReHIIe crreKTpOB Ha 

KOMITOHeHThl. qlICJIO KOMITOHeHTOB pa3JIO.iReHIIH orrpe.n;eJUIJIOCb Ha OCHO

BaHIIII pacqeTOB MeTO.IJ;OM .l(IIpaRa-XapTpII-<I>oRa 3HeprIIii pa,n;IIaII;IIOHHhlX 

nepexo.n;oB B MHOroKpaTHO IIOHII3IIpOBaHHhlX aTOMax. ·<I>opMa Kam.n;oro KOM

IIOHeHTa OillIChlBaJiaCb rayccIIaHOM, q:>OH annpoKCIIMIIpOBaJICH napa6oJIOM. 

B TpeTLeH rJiaBe npIIBe,n;eHLI pe3ym.TaThl TeopeTIIqecKoro aHamrna 

BJIIIHHIIH OT,n;em.HhlX q:>II3IIqecKIIX q:>aKTOpOB Ha cneKTpaJibHOe pacnpe.n;e-

JieHIIe IIHTeHCIIBHOCTII aTOMOB MIIllleHII B IIOH-aTOMHhlX CTOJIKHOBeHIIHX II 

npOBe,n;eHo cpaBHIITem.Hoe o6cym.n;eHIIe 3HepreTIIqecKoii CTPYKT·YPLI B03-

6ym.n;eHHhlX TH.iReJihlMII IIOHaMII I( O'-cneKTpOB aTOMOB 3JieMeHTOB 3-ro H 4-ro 

nepno.n;oB. 

ATOMhl MHIIIeHH rrocJie CT<>JIKHOBeHIIH npno6peTaIOT cKopocTb oT.n;aqn, 

BeJIHqIIHa H HanpaBJieHHe KOTopoii HMeIOT CJiyqaiiHoe 3HaqeHHe, qTo npII

BO.IJ;HT K H3MeHeHIIIO 3HeprHH :0:3eyqeHIIH BCJie.IJ;CTBHe 3q:>q:>eKTa .l(onnJiepa. 

.[(JUI npaBHJil,.HOli HHTep~peTaII;IIH 3KcnepHMeHTaJibHhlX pe3yJinTaTOB Heo6-

XO.n;IIMO yqHThlBaTb .n;ommepoBCKHe HCKameHHH, BHOCHMhle . B cneKTp aTo

MOB MHllleHII npH HOHHOli 6oM6ap.n;IIpOBKe. B .n;IICCepTaII;HH np_e,n;JiaraeTCH 

110.n;eJib )];JUI pacqeTa .n;onnJiepoBcKoro npoq:>HJUI (.[(II) 6ecKOHeqHo Y3KOli 

crreKTpaJibHOli JIHHHH B 3aBHCHMOCTH 3apH.n;a H.n;pa HOHa (Zi) H MHllleHH 

(Zt), CKOpOCTH HOH_a Ha 6ecKOHeqffOCTH (v), npHBe,n;eHHOli MclCChl CTaJIKH

BaIOII.(lIXCH qacTHII; (µ) H 3HeprHII H3nyqaeMoro q:>OTOHa ( Eo). IlpH BhlqII-
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CJieHIIHX rrpHHIIMaIOTCH BO BHHMaHHe BCe B03MO.iRHhle TpaeKTOpHH HaJieTa

romero HOHa H yqHThlBaIOTCH BepOHTHOCTII pacceHHIIH aTOMOB MHllleHH Ha 

pa3Hhle yrJILI. .[(JUI q:>opMLI ,arr (p( A)) B pa6oTe rroeyqeHo cJie.n;yromee 

BLipameHHe 

( ) Zi Zt a d j j d . 3 P A = 
2 

• d A • 0 dcp sm 0 cos- cp, 
µv u 

B KOTOpOM o6JiaCTb HHTerpIIpoBaHIIH 8( 0, cp) onpe,n;eJUieTCH COOTHOllle

HHeM 

8(0, cp) < A, 

r.n;e 

(1 - 4 A2 cos 0) 112 

8 = Ej Eo - 1 = ..,___ ___ :..-:..- - 1. 
1 - A sin 20 cos cp 

B rrp:0:Be.n;eHHhlX q:>opMyJiax a = 1.44 x 10-13 
M3B •CM, A = mi v / ( mi + 

mt) c, 
C - CROpOCTb CBeTa, E - 3HeprIIH 3aperHCTpHpoBaHHOro <pOTOHa B JI-CHCTeMe, 

mi n mt - MaCChl HOHa n aTOMa MHllleHII COOTBeTCTBeHHO, 0 - yroJI pacce- . 

HHIIH aToMa OT,n;aqn, cp - IlOJIJipHhlli yroJI. 

l13 noJiyqeHHhlX pe3ym.TaTOB CJie.n;yeT, qTo rrpII pacnoJIO.iReHHH ,n;eTeK

Topa neprreH.n;IIKyJUipHo K HanpaBJieHHIO nyqRa IIOHOB, 3HepreTnqecKoe no

JIO.iReHHe cneKTpam.HOli JIIIHIIH He II3MeHHeTCH, HO ee KOHTYP HMeeT CHMMe

TpHqHI,Ili BII.IJ; c TOqKaMH nepern6a, pacnoJIO.iReHHhlMH CHMMeTpHqHo OTHO

CHTeJll>HO IlOJIO.iReHIIH n:eHTpa TH.iReCTH JIIIHIIH IlOROHII.(erocH aTOMa Ha pac

CTOHHHII An = ± 2 ZiZta/mtCV~k . BeJIIIqHHa HHTepBaJia '2An MO.iReT 

6LITb lICIIOJlb30BaIIa )];JUI on:eHKII YIIIHpeHIDi cneRTpam.HOli. ,JmHHH, Bhl3BaH

Horo 3q:>q:>eKTOM .l(onnJiepa. rpaq:>HK 3aBHCHMOCTH An OT. aTOMHOro HOMepa 

Mnn:ieHH npnBe,n;eH Ha pnc. 1. Ilpn yBeJIIIqeHHH aTOMHoro HoMepa MHllleHH 

Z1 a6coJIIQ:,J'HM BeJIIIqHHa y1II:0:pemm Eo · An pacTeT nponopn:IIoHam.Ho Zf, 
ocTaBaHdtco1rnMep:0:Moii c ecTecTBeHHOH IIIHpHHoii JIIIHIIH. 

,l(pyrIIM Ba.iRHhlM q:>aKTOpOM, CITOC06HhlM OKa3aTI, BJIIUIHHe Ha cpopMy 

cneKTpam.HhlX JIIIHHH, HBJUieTCH 3JieKTpnqecKoe IIOJie HaJieTaromero HOHa, 

ROTopoe Bhl3LIBaeT H3MeHeHIIe 3Heprnii BHyTpeHHIIX 3JieKTpoHHhlX ypoBHeii 

aTOMa. BeJIIIqHHa 3THX II3MeHeHIIli 3aBHCHT OT Me.iR'I>H.n;epHoro paCCTOHHIIH, 

n, cJie,n;oBaTem.Ho, . 3HepreTnqecRoe pacrrpe,n;eJieHIIe KBaHTOB, IIJeyqaeMLIX 

npH CTOJIKHOBeHHH, IIMeeT HenpephlBHhlli xapaKTep. C IICIIOJil.3()BaHIIeM 

npH6JIII.iReHHhlX BOJIHOBhlX <l>YHKD:HH noeyqeHO aHaJIIITHqecRoe Bhlpa.iReHIIe 
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Z MMIIIeHH: 

Pe:c: 1. Pe:c:2. 

Pe:c. 1. 3aBHCilMOCTh ~n OT aTOMHOro HOMepa MllllieHil. to - 3HeprHJI I< a !Ill-.... . . ..... 

Hllll. 

Pe:c. 2. 8HepreTwrecKoe rronomeHHe KOMnoHeHTOB I< L3 
- I< L5 caTemrn.ToB cep~ 

H HHKeJIJI. 

,n:JUI ,n:mpcpepemi;HaJII,Horo cei:i:emrn peHTreHoBcRoro H3Jiyi:i:einrn dcr / dE B 3a

BHCHMocTH OT Me.lK'bJI,[(epHoro paccTOJIHIIJI R II CROpOCTII HOHa Vo 

dcr/dE = cr;exp[-R(8E) aa/voTo]/2&[1/R(&)-, ,62p]v0Tr 
, -

bE = 0.667Z;,B~PR2 
exp(-2/32pR) Ry. 

B rrpHBe,n:eHHhlX q>OpMyJiax IICIIOJII,30BaHhl CJie,n:yrom;He o603Hal:J:eHIIJI : CTj -

cei:i:eHH_e IIOHII3a:£J;IIII ls-o6oJIO"IRH, /32p - rrapaMeTp BOJIHOBOH q>yHRU:HH, orrpe

,n:eJUieMhlH ll3 ycJIOBIIJI ee HOpMHpOBRII ll BeJIH"IIIHhl cpe,n:m~ro p.a,[(Hyca 2p

o6oJIO"IRH, ao - 6opoBCRIIH pa,[(Hyc; To, Tr - COOTBeTCTBeHHO IIO.JIHOe II pa

,[(HaIJ;HOHHOe BpeMJI .lKII3HH BaRaHcnH. l13 Bhll:!HcJieHHH no yRa3aHHhlM cpop

MyJiaM CJie,n:yeT, "ITO IIHTeHCIIBHOCTJ, IICXO,[(HOH 6ecRoHel:J:HO J3ROH cneR

TpaJihHOH JIIIHIIII IIpH B03,[(eHCTBHII IIOJUI HaJieTarom;ero IIOHa RCeHOHa C 

3HeprHeii: 1 M3B/HyRJIOH 6y,n:eT CROHU:eHTpHpoBaHa B crreRTpaJII,HOM IIH

TepBaJie ( < 10-63B). Ha OCHOBaHHII IIpOBe,[(eHHhlX paci:i:eTOB c,n:eJiaH Bhl-

' BO,[(, "ITO rrpaKTH"leCRH HR_ ynrnpeHHe JIHHHH, HR, ee C,[(BHr He 6y,n:yT HMeTJ, 

MeCTa. 

CTpyRTypa crreRTpoB, B036y}I{,[(eHHhlX ycRopeHHhlMII IIOHaMH, BO MHO

roM orrpe,n:eJUieTCJI TaR.lKe MJJII,THnJieTHQCTJ,10 COCTOJIHHH, CBJI3~HHOH C Ha

JIHl:J:HeM BaRaHCHii: o,n:HoBpeMemio B K- H · L-o6oJioi:i:Rax. KoHq>Hrypau;HH 

c o,n:Hoii: BaRaHcHeii: B K-o6oJiotjRe H n BaRaHclIJIMH B L-o6oJioi:i:Re rrpH

HJITO o6o3Hai:i:aTh K Ln. BaRaHCHH, B03HHRaIOm;He B L-o60JIO'll:Re rro,n: B03-

,n:eii:CTBHeM HOHHoro y,n:apa, MoryT 6MTh pacrrpe,n:eJieHhl no ee rro,n:o6oJioi:i:RaM 

8 

I 
I , 

,l.l 

pa3JIII"IHhlMII cnoco6aMH. 'lfHCJIO BapHaHTOB pacrrpe,neJieHHJI, II, CJie,[(OBa

TeJihHO, "IIICJIO B03MO.lKHhlX II3Jiyi:i:aTeJIJ,HhlX rrepexo,n:oB, 3aBHCIIT OT rrepBO

Hai:i:aJIJ,HOro ROJIH"leCTBa BaRaHCIIH n. B CHJIY 3TIIX rrpH"IIIH nrnpHHhl ca

TeJIJIIITHhlX IIHROB B 3aperHCTp1IpOBaHHOM crreRTpe 6y,n:yT OTJIHl:J:aTi.CJI .npyr 

OT i:i:pyra. KpoMe Toro, C pOCTOM "lllCJia n 6y,n:eT yBeJIH"IHBaThCJI 3q>q>eRTH

BHhlH 3ap11.u 11,n:pa lI3Jiyi:i:arom;ero aTOMa (noHa), "ITO npIIBO,[(HT R ynrnpeHIIIO 

Ra}I{,[(oro II3 ROMITOHeHTOB MJJihTIInJieTa npn yBeJini:i:eHIIII n. ITocROJihRY B 

JIIITepaType OTCJTCTBYIOT ,n:aHHhle 06 3HeprIIJIX rrepeXO,[(OB B MHOroRpaTHO 

lIOHII3IIpOBaHHhlX aTOMax, B HaCTOJim;eii: pa6oTe 6MJIII rrpoBe,[(eHhl pacqeThl 

3TIIX 3Heprnii: ,[(JUI THTaHa, HIIReJUI, .lKeJie3a II cephl npn BCeX B03MO.lKHhlX 

pacrrpe,n:eJieHIIJIX n BaRaHcnii: no no,n:o6oJioqRaM L-o6oJioqRH (n :C:: 0 - 7). 
· · PacqeTEI npoBO,[(IIJIHCh no nporpaMMe HEX [7] Ha 8BM CDC-6500. AHa

JIII3 pe3yJioTaTOB pacqeTa_ noRa3aJI, "ITO C pocTOM aTOMHOro HOMepa II3-

Jiyi:i:aTe~ rrpoIICXO,[(lIT yBeJIH"leHne paCCTOJIHHJI Me}I{,[(J Rpaii:HHMH ROMno

HeHTaMH I{ Ln-MYJII,THITJieTa, a B HeRoTophlx cJiyi:i:a11x B03MO.lKHO qacTHqHo<' 

HaJIO.lKeHue ROMnOHeHT coce,[(HIIX CaTeJIJIHTOB ( CM. pHC. 2). YRa3aHHOC' 

HaJIO.lKeHHe 3aTpy,n:HJieT orrpe,n:eJieHHe ITOJIO.lKeHHJI u:eHTpa TJI.lKeCTll II llHTC'

rpaJihHOH llHTeHCHBHOCTH Hepa3pemeHHOro MJJihTHnJieTa. 

ITpH TOpMO.lKeHHll IIOHOB B MHilleHH npOHCXO,[(HT ll3MeHeHHe BeJIHqIIHhl 

ceqeHHJI IIOHII3aIJ;IIII, qTo ORa3hlBaeT BJIIIJIHIIe Ha perHCTpIIpyeMyIO q>OPM:V 

cneRTpa. ,[(JUI yi:i:eTa 3Toro cpaRTOpa rrpoBe,[(eHO lICCJie.n;oBaHIIe B03MO)KHO

CTII rrpHMeHeHIIJI 3RCITOHeHu;IIaJIJ,HOH anrrpoRCIIMaU:IIII 3aBIICIIMOC,TII ceqe

HIIJI BhlXO,Ua peHTreHOBCROro II3JiyqeHIIJI er OT X - rJiy6IIHhl rrpOHIIRHOBeHIIJI 

IIOHa B o6paaeu; 

cr(x) = cr(O)exp(-vx/sin9), 

r,n:e <p - yroJI rra,ueHIIJI HOHOB Ha 06pa3eu;, v - napaMeTp arrnpoRcIIMaU:IIII. 

PacqeThl IIHTeHCHBHOCTII I(- II L-H3Jiyi:i:eHIIJI, B036y}I{,[(aeMoro IIOHmrn 

reJIH11; yrnepo,n:a II aJIIOMIIHHJI B ,[(Harra3oHe 3HeprIIii: 0.6-0.8 M3B/a.<'.!II.. 

BhlnOJIHeHHhle C HCI10JIJ,30BaHIIeM arrrrpoRCHMau:nn, HaXO,[(JITCJI B xopOilIP!\I 

corJiacHn,c·paci:i:eTaMn, rrpoBe,n:eHHhlMII nyTeM qncJieHHoro HHTerpnpoBaHIIJI 

B pa6ont'np~Be,n:eHO n3yqem1e CBOHCTB rrapaMeTpoB yRa3aHHOll arrnpoRCII

MaU:HII, rrpe,n:JIO)I{eH cnoco6 Bhl"llICJieHHJI 3TIIX napaMeTpOB ,[(JUI o6pa3U:OD 

CJIO.lKHoro cocTaBa, rrpHBe,n:eH RoJini:i:ecTBeHHhlH RpnTepnil: MaccnnHoro II 

TOHRoro 06pa3u;a. ITpe,n:JIO.lKeHHaJI arrrrpoRCHMau:1rn I103BOJUieT DJ,IqncJIJITJ, 

3q>q>eRTHBHJIO 3HeprHIO HOHa B MaCCHBHOM o6pa3u:e, "ITO Heo6xo.nm,w rrpn 

COITOCTaBJieHHH 3RCrrepnMeHTaJihHhlX crreRTpOD MHilleHeii: pa3JIHqHoro XII

MnqecRoro cocTaBa. 
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B qeTnepToii rJiane npe.n;cTaBJiem,1 pe3ym,Tan,1 3RcnepHMeHTa:m,Horo 

HCCJie.n;oBaHIIJI peHTreHOBCRoro H3JIYqemm, B036y)I{,ll;aeMOJ.'.O ycRopeHHLIMH 

TJUKeJILIMH HOHaMH. HccJie.n;oBaHHe IIpOBO.n;HJIOCb Ha BLIBe.n;eHHLIX nyqRaX 

UHRJIOTpoHa Y-300 ·Jla6opaTopHH H.n;epHLIX peaRUHil: OH.HM. flpH BLI6ope 

nap HOli - MHIIIeHb MLI PYROBO,ll;CTBOBaJIHCI, ueJibIO IIOJiyqHTb HHq>OpMaUHIO_ 0 

BJIHHHHH Ha CTpyRTYPY CIIeRTpOB RaR ycJIOBHil: HOHH3aUHH, TaR H ycJIOBHli, 

ITPH ROTOpLIX ITpOHCXO,ll;HT 3aITOJIHeHHe BaRaHCHli Ha BHyTpeHHHX ypoBHHX. 

J(JIH n3y.qeHHH BJIHHHHH ITpoueccoB HOHH3aUHH perHc~pHpOBaJIOCb I( O' H3-

JiyqeHHe O.n;HOROMITOHeHTHLIX TBep.n;oTeJil>HLIX MHIIIeHeil: (S, Ti, Fe, Ni), B03-

6y)I{,ll;eHHOe HOHaMH RCeHOHa H aproHa. TamI<e ITpOBe.n;eHO HCCJie,n;oBaHHe 

La H3JIY'IeHHH HOHOB RceHoHa ITPH CTOJIRHOBemmx c Al, Ti, Fe H Ni. BJIH

HHHe XHMHqecRoro ORpymeHHH Ha CITeRTP H3Jiyqa10mero aTOMa HCCJie.n;oBa

JIOCb Ha ITpHMepe SI<a H3JiyqeHHH, B036y)I{,ll;eHHOro HOHaMH I{CeHOHa B MH

IIIeHHx, cocTOHIUHX H3 Ss, PeS H TiS2'. Bo ncex 3RCITepHMeHTax HCITOJil>3o-. . 
BaJIHCI, MaCCHBHLie MHIIIeHH, B ROTOpLIX ITpOHCXO.n;HJIO ITOJIHOe TOpMO)KeHHe 

HOHHOro rryqRa. 

3aperHCTpHpOBaHHl>Ie I( O' CITeRTpLI RpoMe OCHOBHOH (ITpOH3BOMmeil:) 

JIHHHH co.n;epmaT caTeJIJIHTHl>Ie ITHRH, CBH3aHHLie C HaJIHqHeM ,ll;OITOJIHHTeJib

HLIX BaRaHcHfi a·L-o6oJioqRe. floM_HMO o6meil: cTpyRTYPLI cITeRTpon, o6ycJio

BJieHHofi MHOroRpaTHOli HOHH3aUHeil: aTOMOB MHIIIeHH, pa3perna10maH CITO-
' . 

co6HOCTI, aITITapaTypLI IT03BOJIHJia HaM BLIHBHTb ,ll;OITOJIHHTeJil>Hl>Ie .n;eTaJIH 

caTeJIJIH'fHOfi cTpyRTYPLI, 0Tpama10m:He MYJil>THITJieTHOCTl> cHJibHO HOHH3H

poBaHHhlX cocTOHHHil:. I1HTepITpeTau1rn cITeRTpon ITpono,n;HJiaco Ha ocHone 

pe3yJioTaTOB pacqeTa 3HeprHil: pa.n;naUHOHHLIX ITepexo.n;oB B MHOroRpaTHO 

HOHH3HpOBaHHLIX aToMax, O ROTOpLIX roBOpHJIOCb BLIIIIe. Bee CITeRTpLI HC

ITpa!3JieHLI Ha H3MeHeHHe BOJIHOBO.il: .n;HCITepCHH 8>./8<p ITPH CRaHHpoBaHHH 

H H3 HHX BI,IqT~H q>OH. ITpoBe,n;eHO pa3JIO)KeHHe CITeRTpOB Ha ROMITOHeHTLI, 

OITpe.n;eJieHLI MX HHTeHCHBHOCTl>, IIIHpHHa H 3Hepr_eTHqecRoe ITOJIO)KeHHe. 

Ha pHC. 3 H 4 ITpe.n;cTaBJieHLI CITeRTpLI I( O' H3Jiyqemrn THTaHa H cepLI, 

B036y)I{,ll;eHHLie HOHaMH RCeHOHa C 3HeprHeil: 125 M3B H HOHaMH aproHa C 

3HeprHeil: 25 M3B. J(JIH o6eHx MHrneHeil: (Ti H S) HHTerpaJibHaH HHTeHCH

BHOCTl> CITeRTpoB, B036ym.n;eHHLIX HOHaMH RCeHoHa, 60JlbI1Ie HHTeHCHBHOCTH 

CITeRTpOB, B036y)I{,ll;eHHLIX HOHaMH aproHa. 1..IHCJIO CaTeJIJIHTOB MH0roRpaT

HOH HOHH3aUHH Tat<me 60JiblIIe B CJIYqae B036ym.n;eHHH RCeHOHOM. HaH-

6oJiee HHTeHCHBHLI~ ITHROM B CITe~Tpax THTaHa HBJIHeTCH I( L 2 
ITPH B03-

6ym.n;eHHH aproHoM H KL4 ITpH no36ym.n;eHHH RceHOHOM. B cITeRTpax cep~, 

B036ym.n;eHHLIX HOHaMH aproHa, HaH60Jiee HHTeHCHBHLIM HBJIHeTCH caTeJI-
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Pnc. 3. I< a crreKTpLI THTaHa, ao36yJR,D;eHHLie noHaMn Xe ll Ar 
Pnc. 4. J{ a crreKTpLI c~pLI, B036yJK,n;eHHLie noHaMn Xe n Ar 

JIHT I( L3• YRa3aHHLie oco6eHHOCTH RaqecTBeHHO corJiacyIOTCH C MO,D;eJibIO 

ITpHMoro RYJIOHOBCRoro B3aHMO,n;eil:CTBHH [1]. O.n;HaRo, HapH.n;y C 3THM Ha-

6JIIO,D;aIOTCH H cymecTBeHHLie OTI{JIOHeHHH OT 3TO.il: MO,Zl;eJIH. B CITeRTpax, 

B036ym,n;eHHLIX RCeHOHOM, pacITpe.n;eJieHHe HHTeHCHBHOCTH H3JIYqemrn ITO 

caTeJIJIHTaM OTJIHqaeTCH OT 6HHOMHaJibHOro, oco6eHHO n cneRTpax cepLI. 

ITpoHCXO.n;HT TaRme H3MeHeHHe COOTHOIIIeHHH HHT{)HCHBHOCTH ROMIIOHeHTOB 

caTeJIJIHTOB ripH H3MeHeHHH THITa HaJieTaIOmero HOHa. IloJIYqeHHLie pe-

3YJibTaTLI MoryT paccMaTpHBaTbCH RaR yRa3aHHe Ha TO, qTo ITPH 3HeprHHX 

HOHOB ~ 1 M3B/HYRJIOH o6pa3oBaHHe naRaHcHfi Ha BHyTpeHHHX ypoBHHX 

aTOMOB H HOHOB ITpOHC40,ll;HT 0.n;HOBpeMeHHO .n;nyMH ITYTHMH - 3a cqeT ITpH-
. . . 

Moro RYJIOHOBCRoro B3aHMO,n;eil:CTBHH H BCJie,Zl;CTBHe ITepeceqeHHH 3JieRTpOH-

HLIX yponHeil: cTaJIIarna10mnxcH qacTHU. ITpn 3TOM .n;JIH npann:JibHoro oriH

caHHH pacITpe.n;eJieHirn HHTeHCHBHOCTH ITO KOMIIOHeHTaM K Ln:caTeJIJIHTOB 

Heo6xo~Mo y~mTLIBaTb cTpyRTypHoe cTpoeHHe L-o6oJioqo, a He paccMa

TpHBaTb ee RaR e.n;nHoe ueJioe. 

CITeRTpLI La H3JIYqemrn HOHOB RceHoHa, no36ym,n;eHHoro B cToJIRHoBe

HHHX c MeTiiJIJIHqecRHMH MHIIIeHHMH, HMeIOT o.n;nHaRony10 cTpyRTYPY. A6-

coJIIOTHM .•B"HT~HcHii11ocrb (I) 3aperncTpHponaHHLIX cITeRTpon Xe MeHH

eTCH C H3MeHeHHeM Z MHIIIeHH, ,ll;OCTHraH MaRCHMaJibHOro 3HaqeHHH ,ll;JIH 

THTaHa. 8ni H3MeHeHHH MoryT 6LITI, Bhl3BaHbI cJie.izyIOJUH~H ITpHqHHaMH 

: pa3JIHqHeM ,ll;JIHH ITpo6eroB HOH0B H qncJia aRT0B CTOJIRH0BeHHH B pa3-

HLIX MHIIIeHHx(N), pa3JIHqHeM R03cpcpm:i;HeHTOB IT0rJioru:emrn BLIXoMmero 

H3JIYqemrn MaTepHaJIOM MHIIIeHH (µ) H pa3JIHqHoii BepOHTH0CTl>IO RBa3H

MOJieRyJIHpH0r0 MexaHH3Ma B pe3yJibTHpy10ru:eM ce"tieHHH · no:im3aUHH, ITo-
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CJie,ZUUIH q:>aRTOp orrpe,n:eJIJieTcJI, B OCHOBHOM, pa3HOCTbIO :meprHH Me)I{,n:y 

3JieRTpOHHhlMH ypoBHJIMH HOHa H MHIIIeHH (LiE). B Ta6JIHu;e 1 ,n:JIJI BCex HC

IIOJIJ,30BaHHhlX MHIIIeHeH rrpHBe,n:eHhl rrapaMeTphl, xapaRTepn:3yrorn:n:e BRJia,n: 

B perHCTpn:pyeMyIO IIHTeHCHBHOCTb Ra)I{,n:oro H3 rrepe'IHCJieHHJiIX BhlIIIe <paK

TOpOB. .l];aHHhle Ta6JIHIJ;hl II03BOJIJIIOT c,n:eJiaTb BhlBO,n:, 'ITO xapaRTep H3Me

H~HHJI BeJIH'IHHhl HHTeHCHBHOCTH 3aBHCIIT rJiaBHhlM o6pa30M OT 3Ha'!eHMH 

µ H LiE. 

Ta6JIH~a 1.IIapaMeTphl, onpe.nemnoru;ne nHTeHcnBHOCTh Lo-n3Jiy'leHnR nonoB Xe B 

MHIIIeHb I, ycJI. e,n:. µ, CM2 r-l Li-E, R3B N x-10~ 19 

Al 114 340 3.34 9.5 
Ti 339 144 0.05 7.1 
Fe. 200 237 2.17 6.7 
Ni 100 300 3.37 6.6 

Ha pn:c. 5 rrpHBe,n:eHhl crreRTphl I{ a H3JIJ'IeHHJI THTaHa, Me,n:H II HHReJIJI, 

B036y)I{,n:eHHoro IIOHaMH Xe c aHeprIIefi 125 MaB. C pocToM aToMHoro 

HOMepa MHIIIeHH B crreRTpax_ ri:poHCXO,n:JIT CJie,n:yrorn:n:e .H3MeHeHHJI : HH

TerpaJibHM IIHTeHCHBHOCTb crreRTpOB yMeHbIIIaeTCJI, IIIHpHHa caTeJIJIHTOB 

yBeJIH'IHBaeTCJI, C,n:BHraeTCJI MaRCHMJM pacrrpe,n:eJieHHJI HHTeHCHBHOCTII.IIO -

caTeJIJUITaM. RpoMe Toro, npoHCXO,uJIT nepepacnpe,n:eJieHIIe OTHOCHTeJibHOH 

HHTeHCHBHOCTH ROMIIOHeHTOB caTeJIJIHTOB. XapaRTep Ha6,mo,n:aeMhlX M3Me

HeHIIH Ra'!eCTBeHHO corJiacyeTCJI C Mo,n:eJibIO rrpJIMoro RYJIOHOBCROro B3aH

Mo,n:eHCTBHJI. B 'tome BpeMJI Ha crreRTpafilHOe pacnpe,n:eJieHHe IIHTeHCHBHO

CTH ORa3JiIBaeT BJIHJIHHe TaRme HOHH3au;HJI BCJie,IJ;CTBHe nepece'!eHIIJI 3JieR

TpOHHhlX ypoBHeH CTaJIRHBaIOIUHXCJI -qacnru;. 0,IJ;HaRo, CJIO)I{HaJI CTPYRTypa 

CIIeRTpOB nepexo,n:HhlX MeTaJIJIOB, B '!aCTHOCTH HaJiomeHHe ROMIIOHeHTOB co

ce,n:HHX caTeJIJIHTOB, JIBJIJieTCJI cyrn:ecTBeHHJiIM orpaHH'IeHHeM ,n:JIJI BhlJICHe

HHJI CTeneHH BJIHJIHHe XHMH'IeCKoro ORpymeHHJI H3JIJ'!arorn:ero aTOMa Ha 3TH 

crreRTphl. 

Ha pn:c. 6 npe,n:cTaBJieHhl 3RCIIepHMeHTaJibHO 3aperHCTpHpOBaHHhle cneK

Tphl peHTreHOBCRoro I{ a H3JIYtieHHJI aTOMOB 8 B cepe 3.il:eMeHTapHOH H ee 

coe,n:IIHeHHJIX FeS H TiS2. CneKTPhl pa3JiomeHhl Ha ROMIIOHeHThl B cooT

BeTCTBHH _c pac'!eTaMH ·.n;?(.<I>C. BhlJIBJieHo H3~eHeHHe B OTHOCHTefilHOH 

HHTeHCIIBHOCTH II 3HepreTH'IeCROM IIOJIO)I{eHHII ROMIIOHeHTOB caTeJIJIHTOB 

npn nepexo.zi:e OT cephl aJieMeHTapHoH R ee coe,n:IIHeHHJIM. BeJIH'IHHa c,n:BH-
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7. 7.52 

6. 6.45 
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. · 4.4Ei 4.50 4.55 4.60 

Xe - Ni 

7,6.11, 

Xe 

6.55 

4.65 

Fe 

4.70 4.75 

Pn:c. 5 I{ a cneKTphl THTaHa, meJie3a II HIIReJIJI, B036ym,n:eHHHe IIoHaMH Xe· 
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Ss 

FeS 

TiS2 

2.25 2.30 2.35 2.40 2.45 

Pn:c. 6 I< a crreRTphl cephl, Bo36y)l(.l(eHHhle n:oHaMn Xe B Ss-, FeS- H 

TiS2-Mn:I1IeHHx 
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roB rrpeBhllllaeT BeJIB"CillHy aHaJIOrll"CIHhlX c~n:roB, pern:crpn:pyeMhlX Tpa,n;n:

:U:llOHHhlMll MeTo,n;aMH peHTreHOBCROii: crreRTpOCI{OIIllll [8]. OTcyTCTBlle rre-

- peRphlTIDI caTeJIJIBTOB rrpn: MHoroRpaTHOii: iroHn:aa:a:n:n: HCCJie,n;oBaHHhlX o6-

pa3:U:OB II03BOJIJieT rrpe,n;rrOJIO}I{llTI>, "CITO 3Tll ll3MeHeHIUI Bhl3BaHhl ll3MeHeHHeM 

XHMH"Ciec1<oro 01<py,ReHHJI n:3ey-qarom;ero aToMa. 

B 3aUJII01IeHlHI cq>0pMyJIBpOBaHhl OCHOBHhle pe3yJil>TaThl ll BhlBO,ll;hl 

,n;n:ccepTa:a;HH. 

OCHOBHbIE PE3YJihTATbI M BhlBO,l{bI 

OcHOBHhle, pe3yJil>TaThl, IIOJIY"CieHHhle rrpn BhlIIOJIHeHllll -,n;aHHOH pa60Thl, 

3aRJIIO"CiaIOTCJI B CJie,n;yrom;eM: 

1. Ha OCHOBe RpllCTaJIJI-,n;n:q>paR:a;llOHHOro crreRTpOMeTpa co3,n;aH arrrrapa

TYPHhlH l{OMIIJiel{C ,ll;JIJI pern:cTpa:a:nn: peHTreHOBCRoro ll3Jiy-qeHHJI, B03-

6y)l(.l(aeMoro IIpll llOH-aTOMHhlX CTOJIRHOBeHHJIX. Pa3pelllaIOIIl;aJI CIIO

C06HOCTI> rrpn6opa B 5-10 pa3 rrpeBOCXO,n;HT rrapaMeTphl 3apy6e)I{HhlX 

aHaJioroB. 

2. Pa3pa6oTaHhl aJiropHTMhl ll Ha llX OCHOBe C03,D;aH l{OMIIJieRC rrporpaMM 

,ll;JIJI o6pa6oTRll 3RCIIepllMeHTaJil>HhlX crreRTpOB 60JI1>I1IOii: 3HepreTH'le

CROH rrpOTJI)I{eHHOCTll, co,n;ep,RaIIl;llX 6oJil>IIIOe l{OJIB"CieCTBO l{OMIIOHeH

TOB. 

3. IlpOBe,n;eH aHaJIB3 q>aRTOpOB, orrpe,n;eJIJIIOIIl;llX q>OpMy peHTreHOBCI{llX 

CIIeRTpOB aTOMOB MllllleHH rrpn: llOHHOH 6oM6ap,n;n:pOBRe. 

IloRa3aHo, "CITO: 

-;-- IIpll paCIIOJIO,ReHllll ,n;eTeRTOpa ll3JIY"CieHHJI IIO,ll; yrJIOM 90° R HaIIpa

BJieHHIO llOHHoro IIY"CIRa, HaJIB"Cille y aTOMOB MllllleHll CROpOCTll OT,n;a-qn: 

B MOMfHT ll3JIY"CieHHJI peHTreHOBCRllX RBaHTOB He Ol{a3hlBaeT BJillJIHllJI 

Ha 3?;pr;TH"CieCRoe rrono)I{eHn:e crreRTpaJI1>Hoii JIBHHH, a rrpn:Bo,n;n:T R ee 

YIIIHpeHHIOj rrpoBe,n;eHhl o:a:eHRH BeJIB"CillHhl TaRoro YIIIHpeHHJI ll pac

"CieTI,I q>opMhl ,n;ommepoBcRoro rrpoq>n:JIJI ,n;JIJI pa3JIB"CIHhlX cTamarnaro-

m;n:xcJI nap; ,. 

- BeJIB"CIHHa ,n;ommepoBcRoro yllln:peHHJI rrporrop:u:n:oHaJil>Ha 1<y6y aToM

Horo HOMepa MllllleHll ll COll3Mepn:Ma C ecTeCTBeHHoii lllllpllHOH pern

CTpnpyeMoii: JIBHllllj 

15-



- KYJIOHOBCKOe B3alIMO,n;eil:cTBIIe HaJieTaromero IIOHa II IIOHII31IpyeMoro 

aTOMa He Ol{a3LIBaeT BJIIDIHIDI Ha cpopMy peHTreHOBCRoro crreRTpa B 06-

JiaCTII xapaKTep1ICT1I1IeCKIIX pa,n;1Ia:a;1IOHHLIX rrepexo,n;oB, COOTB~TCTBY

IOIUIIX pa3JIII1IHOH RpaTHOCTII IIOHII3a:a;IIII aTOMOB MIIIIIeHII. 

4. MeTo,n;oM ,ll;1IpaRa-XapTp1I-<PoKa-CJieil:Tepa rrpoBe.n;eHLI pac1IeTLI 3Hep

r1Iil: peHTreHOBCKIIX rrepexo,n;OB B MHOroKpaTHO IIOHII31IpOBaHHLIX aTO

MaX. 

J,fa pe3yJIJ,TaTOB pac'leTa CJie.n:yeT, 'ITO rrplI BLICOKIIX CTeIIeHHX IIOHII-

3all;IIII B pH.n;e CJIY'laeB rrpolICXO,ll;IIT 1IaCTII1IHOe rrepeRpLIBaHIIe MYJILTII

rrJieTHOH CTpyRTYPLI coce,n;HIIX caTeJIJIIITO~ KOTOpoe Heo6xo,ll;IIMO Y'llI

TLIBaTL rrplI 66pa6oTRe 3RCIIep1IMeHTaJIJ,Hhl:X ,n;aHHLIX ,ll;JIH KoppeRTHOro . 

orrpe,n;eJieHIDI IIHTeHCIIBHOCTII II 3HepreTII'leCKOro IIOJIO)KeHIIH :u;eHTpa 
- . 

TH)KeCTII caTeJIJIIITOB. 

5. BrrepBLie 3aper1ICTp1IpOBaHLI C BLIHBJieHIIeM ,n;eTaJieil: caTeJIJIIITHOH 

CTPYKTYPLI I< a crreRTpLI PXH O.n;H03JieMeHTHLIX MIIIIIeHeil: rrep1Io.n;a 

( cepa, TIITaH, )KeJie3o, HIIReJIJ,)' B036y)K.ll:eHHLie IIOHaMII Xe C 3Hepr1Ieil: 

1 M3B/HYRJIOH II IIOHaMII .Ar c 3Hepr1Ieil: 0.6 M3B/HyKJIOH, rrpe,n;Jio-

, )KeHa IIHTeprrpeTa:a;IDI 3TIIX crreKTpOB. 

IloKa3aHo, 'ITO ,ll;JIH rrpaBIIJIJ,HOro OIIIICaHIDI CTpyRTYPLI caTeJIJIIITOB 

MHoroRpaTHOH IIOHII3aIJ;IIII Heo6XO,ll;IIMO Y'llITLIBaTL CTpyRTypHoe CTpO

eHIIe L-060JI01IR1I, a He paccMaTplIBaTL ee RaK e,ll;IIHOe :u;eJioe. IloJiy-

1IeHHLie pe3yJIJ,TaTLI II03BOJIHIOT TaR)Ke rrpe,n;rroJIO)KIITL, 'ITO B ,n;aHHOH 

o6JiaCTII 3Hepr1Iil: IIOHOB .n;eil:CTBYIOT O,n;HOBpeM·eHHO ,n;Ba MexaHII3Ma IIO

HII3all;IIII BHyTpeHHIIX 3JieRTpOHHLIX 060JI01IeR - rrpHMOe RYJIOHOBCROe 

B3alIMO,n;eil:CTBIIe II rrepece1IeH1Ie 3JieRTpOHHLIX ypoBHeil: IIOHOB II aTO

MOB MIIIIIeHII. 

6. BrrepBLie 3aper1IcTp1IpoBaHLI II rrpo1IHTeprrpeT1IpOBaHLI I< a crreRTpLI 

aToMOB cepLI B cepe 3JieMeHTapHoil: II B coe,n;HHeHIDIX TiS2 II FeS, B03-

6y)K.ll:eHHLie IIOHaMII Xe c 3Hepr1Ieil: 1 M3B/HyRJioH; ,n;aHo 061,.acHeHIIe 

Ha6Jiro,n;aroru;IIMCH 3aKOHOMepHOCTHM. 

B 1IaCTHOCTII, IIOKa3aHo, 'ITO rrpR II3MeHeHIIII XIIMR'leCROro ORpy

)KeHIDI aTOMOB cepLI B yRa3aHHLIX MRIIIeHHX rrpoRCXO,ll;lIT C,ll;BIIr 3Hep

reT1I1IeCRoro IIOJIO)KeHHJI II II3MeHeHRe OTHOCHTeJIJ,HOH IIHTeHCIIBHOCTH 
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ROMIIOHeHTOB caTeJIJIHTHLIX IIIIROB SK a II3JIY'leHIDI; H3 rrpe.n;cTaBJieH

HLIX pe3yJILTaTOB CJie.n:yeT, 'ITO aHaJIII3 COOTHOIIIeHHH IIHTeHCIIBHOCTII 

He TOJILRO I{ L"-caTeJIJIIITOB, HO II HX ROMIIOHeHTOB MomeT cJiy)KlITh 

1IYBCTBHTeJILHLIM IIHCTpyMeHTOM ,ll;JIH IICCJie,n;oBaHIDI oco6eHHOCTeil: XII

MII'leCROH CBH31I . 

7. IloRa3aHo, 'ITO BJIIIHHIIe TOpMomeHIIH 60M6ap,n;1Ipyroru;1IX IIOHOB B TBep

,ll;OTeJibHOH MIIIIIeHII Ha pacrrpe.n;eJieHIIe II?TeHCIIBHOCTII 1IcrrycRae110ro 

peHTreHOBCIWro CIIeRTpa ITO I{ L" CaTeJIJIIITaM MO)KeT 6LITh OIIIICaHO 

• C IICIIOJih30BaHIIeM 3RCIIOHeH:a;IIaJILHOH .arrrrpORC1IMa:a;1I1I· 3aBIICIIMOCTII 

. ceqeHIDI IIOHII3all;IIII BHyTpeHHIIX 3JieRTpOHHLIX 060JI01IeR OT rJiy61IHLI 

IIpOHIIKHOBeHIDI IIOHOB B o6pa3e:u;; orrpe,n;eJieHLI R03<pq>IIIJ;IIeHTLI TaROH 

arrrrpoRC1IMa:a;1I1I; Ha OCHOBe yRa3aHHOH arrrrpoRC1IMa:u;1m rrpe,n;JIO,ReH 

ROJIII'leCTBeHHLIH Rp1ITep1Iil: HaCLiru;eHHOro II TOHRoro CJIOeB IICCJie.n_ve

MOH rrpo6LI. 
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