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fipR R3MepeHRR Cllei<TpOB H3Ry'leHHH pa~OaKTHBHhiX 
HYKnR~OB c noMOU(LIO llll,ll /J I I puc. 1/ MO>KHO aw~enHTL 
.ABe rpynnw :J4Jc)exToa, KoTopwe HCKa:>KaiOT <!lopMy annapaTyp
uoro cnexTpa: 3clxllexTw, CBJI3aHHhle c npoueccoM npeo6pa-
30BaHRJI 3HeprHJI-RMllYRLC B fifl)l /HCTO'IHHK, fill)l H HX 
B3aHMHoe pacnono>KeHHe/; 3clxllexTw, CBJI3aHHhle c npouec
COM aHanR3a HMnynLCa OT fill)l 3ReKTpOHHOH annapa Typoii 
/CTa6HRLHOCTL, 3arpy30'1Hhle xapaKTepHCTHKH, 4lopMa 
cnexTpanLaoi nHHHH/. B 3Ha'IHTenLHoii Mepe MeTo~w y'leTa 
H llO~aBRCHHJI 3THX 3clxlleKTOB OllHCaHhl B RHTepaType, O~HaKO 
HCT CHCTCMaTB3HpOBaHHOro aHaRH3a BKna~a Ka>K,Aoro H3 HHX 
B acxa:>KeH&e annapaTypHoro cnexTpa. HacTOJIU(aJI pa6oTa 
H llOCBJIU(eHa 3TOMY BOnpocy. 

I. FAMMA-CIIEKTPOCKOIIlUI 

1. 3fHeK•W, C6JI3aHHble C paOUOQK.U6HbiM UC.O'IHUKOM 

A. PacceJIHHe OT no~no>KKH HCTO'IHHKa. ,llaclxllepeHuHanL
Hoe ceqeuae Ha e~HHUY TenecHoro yrna ~n11 dloTOHOB, pac
ceJIHHhiX Ha yron () , noxa3aHo Ha puc. 2 /27. Ba~o, 'ITO 
H3- 3a o6paTHoro pacceJIHHJI aw6op MaTepaana (Z) H TOnii(HHhl 
llOMO>KKH HCTO'IHHKa MOryT CYU(CCTBeHHO BRHJITL Ha llOBe
~eHHe HenpepwaHoro pacnpe~eneHHJI a o6nacTH cnexTpanL
Hoi nRHHH I puc. 3/,a. 3To Mo>KeT npaao~HTL x Heo~o3Haq
HOCTH llpH BW6ope napaMeTpOB dloHa ~RJI o6pa60TKH ~aHHWX 
c no:uoii(LIO 3BM. 3aMeTHM, 'ITO c pocToM Ey :JHepraJI o6-
paTHo pacceJIHHhiX KBaHTOB CTpeMHTCJI K npe~eny /puc. 2/, 
paBHOMY -250 K3B /o6paTHOe pacceJIHRe RMeeT pe3KYIO 
rpaHRUY CO CTOpOHW HH3XRX 3Hepraii/. 
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:6. Conposo:>~C.Aa.IOIQJie H3Jiy'leHHJI. IlpH uccne;~;osauuu 

CUeiCTpoB y - nyqeii Ha ,D;eTeiCTOpax C TOHICHM BXO,IJ;HLIM OKHOM 

B03HHICaiOT Tpy;~;uocTH H3- 3a nona,~~;aHHJI 6eTa-qacTH~ B qys

CTBHTeJILHYIO o6naCTL 1111,lJ; - puc. 4. Kpoue yxy,IJ;IlleHHJI 

clK>aoswx ycnoBHii I puc. 5/, 3TOT 34xileKT npHBO;J;HT IC ueso3-

MO*HOCTH UpHMeHeHHJI CDeKTpOMeTpOB C BLICOICHM pa3pe

meHHeM /< 300 3B/, 'ITO CBJI3aHO C HaiCOUJieHHeM 3apJI,D;a 

OT 6onee BLICOIC03HepreTH'IeCKHX 6eTa-'laCTH~ Ha 3aTBOpe 

nonesoro TpaH3HcTopa /IlT/. Huor;~;a BKna;~; OT conposmK

;~;aiOII{HX 6eTa-qacTH~ B annapa Typuou cneKTpe rauua- H3-

Jiy'leHHJI MO)I(HO yMeHLmHTL nyTeM UpHMeHeHHJI cilHJILTpOB 

nornomeHHJI H3 aniOMHHHJI I puc. 4/, na6o cne~uanLHLIX ICon

nBMaTOpOB C uarHHTHLIM UOJieM. 3aMeTHM TaK)I(e, 'ITO 

npB HanB'IBH HHTeHCHBHLIX U03HTpOHHLIX H3Jiy'leHHH B03HHKa

IOT ,IJ;ODOnHBTeJILHLie BCICa)l(eHHJI 3a C'leT perHCTpa~HB aHHH

rBJIJI~BOHHLIX KBaHTOB, a TaK)I(e KOMUTOHOBCKHX J>.TieKTpOHOB 

OT HHX. 

B. PacceJIHBe B HCTO'IHHKe. 34x1JeKT npHBO;J;HT KaK K ac

Ka)l(eHBIO cllopuw uenpepwsuoro pacnpe;~;eneHHJI B o6nacTH 

CUeKTpaJILHOH JIHHHH /CM. D. lA/, TaK H K HCKa)l(eHHIO HH

TeHCHBHOCTeii y -nyqeii 3a c11eT nornomeHHJI. B qacTHOCTH, 

oco6we npe;~;ocTopo)I(HOCTH HY)I(HO co6niO;J;aTL npa accne;~;o

saHBH CUeiCTpOB y -nyqeii HCTO'IH.HKOB C HOCHTeJieM. 

r. Bo36y:>~C.AeHHe xapaKTepHCTH'IeCKoro peHTreHOBCKoro 

H3JIY'IeHHJI B no.D.JIO)I(Ke I puc. 2/ a B cauou HCTO'IHHKe. Ha 

pUC. 6 npHBe)J.eH ClleKTp HH3K03HepreTH'IeCKHX )l -Jiy'leii 

I33Ba • BH.IJ.HO, 'ITO npa H3Mepeuaa cneKTpos Y -nyqeii 

HCTO'IHHICOB C HOCHTeJieM HHTeHCHBHOCTL peHTreHOBCKHX 

nyqeii MO)I(eT cymecTseuuo acKa)l(a TLCJI H3- 3a cilniOopec~eu
~HH B semecTBe CaM oro HCTO'IHHKa npH npHMeHeHHH cneKT

poMeTpa C He)J.OCTaTO'IHbiM :mepreTH'IeCKHM pa3peweHHeM. 

2. 3t/xfieK'IIbl, C6JI30HHble C xapaK'IIepUC'IIUKOMU 

IIIIA 

A. 3asacauocTL ceqeuaii clloTo34x1JeKTa, KOMDTOHOBCKoro 

pacceJIHHJI H o6pa30BaHHJI nap OT Z 1111)]. H 3HeprHH perHCT

papyeMLIX KBaHTOB npHBe)J.eHa B /I/ Ha pUC. 4. 3aBHCHMOCTL 

cilOT034x1JeKTHBHOCTH OT Z 1111)]. npHBe)J.eHa Ha pUC. 7. C poe

TOM Ey ponL clloTo34x1JeKTa yueuLmaeTcJI, HO nBK nonuoro 
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norJIOII\eHHJI COXpaHJieT 3aMeTHYIO BeJIB'IBHy 3a C'leT MHoro

ICpaTHOrO ICOMUTOHOBCKOrO pacceJIHHJI B 'IYBCTBBTeJILHOH 

o6nacTB 1111)].. OT sw6opa reoueTpB'IeCICBX pa3uepos ICpHc

Tanna 3aBBCHT BeJIB'IBHa 3HepreTH'IeCICOrO pa3pemeHHJI B 

3c1lclleiCTBBHOCTB 1111)].. ,lJ;nJI xapaiCTepBCTHKB CDeiCTpOMeTpa 

BLICOK03HepreTH'IeCICHX ICBaHTOB 06LI'IHO UpHBO,IJ;JIT OTHOWe

HBe aMRnBTY;J;LI DHICa /11/ 1C aMUnBT~,II;e ICOMUTOHOBCKOrO 

ICpaJI /K/ ;J;JIJI nepexo;~;a 1332 K3B I ° Co /, JIBJIJIIOmeecJI 

KOMllJieiCCHOH xapaiCTepHCTHICOH ICaiC 3HepreTH'IeCICOrO pa3-

peweHHJI, TalC a 34x1JeiCTHBHOcTB /I/. KaqecTso >Ke cneiCTpo

MeTpa HB31C03HepreTH'IeCICHX ICBaHTOB 06LI'IHO xapaiCTepB-

3YIOT BeJIH'IHHOH 3HepreTH'IeCICOrO pa3pemeHHJI H 'IYBCTBB

TeJII.HLIM 06'1.eMOM. 

:6. BwneT auuaranJI~HOHHoro B3Jiy'leHHJI npa o6pa3osa

HHH nap B MaTepaane 1111)]. / Ey-> 1022 K3B/. C pocTOM 

E'y I EY '> 1022 K3B/ 3c1lclleiCT o6pa3oBaHHJI nap ICOHICypapyeT 

C MHOrOICpaTHLIM KOMllTOHOBCICHM pacceJIHHeM H UpH C06JIIO

)J.eHHH p11;~;a npe;~;ocTopo)I(HOcTeii, ICOTop:we Y'IHTLI.Ba.IOT ICHHe

uaTHICY o6pa30BaHHJI napw a npo~ecc ee ,~~;eTeiCTBposaHHJI, 
ero ycneWHO MO*HO HCROJIL30BaTI. ,IJ;JIJI H3MepeHHJI 3HeprHii 

H HHTeHCHBHOCTeii )l -nyqeii. 06paTHM BHHMaHHe Ha cilopMy 

ClleiCTpaJII.HOH JIHHHH )J.BOHHOrO BLIJieTa: cilOHOBaJI DO,IJ;JIO>KICa 

npasoii qacTH llHKa UO)J.HJITa 3a C'leT KOMDTOHOBCKOrO pac

CeJIHHJI aHHHrHJIJI~HOHHLIX KBaHTOB ,11;0 HX BLIJieTa H3 1111)]. 

/puc. 8/. 3aMeTHM TaiC)I(e, 'ITO HHTeHCHBHOCTL DHKOB ,IJ;BOH

HOrO H O)J.HHO'IHOro BbiJieTOB CHJII.HO 3aBHCHT OT ICOHcilHrypa

~HH H 'IYBCTBHTenLHoro o61.eua Ge(Li) -;~;eTeiCTopos 
puc. 9 . 
B. BwneT xapaiCTepHCTH'IeciCoro peuTreuosciCoro H3-

Jiy'leHHJI H3 'IYBCTBHTeJILHOrO 06DeMa 1111)].. 3c1lclleKT cymecT

BeH B HH31C03HepreTH'IeCICOH o6nacTH, ICOC,IJ;a cilOT039cileiCT 

RpOHCXO,II;HT Ha rpaHH~e 'IYBCTBHTeJILHO:ii o6naCTH H BepOJIT

HOCTL BWJieTa XapaKTepHCTH'IeCICOrO peHTreHOBCICOrO H3-

JI}''IeHHJI senHICa. - puc. 10 . 
r. PacceJIHHe B9 BXO,IJ;HOM OICHe 1111,IJ;. AHaJIOrH'IHO lB. 

,lJ;. 3clJc)eiCTHBHOCTL C06HpaHHJI 3apJI,D;a B 'IYBCTBRTeJILHOM 

o61.eue 1111)].: Ecnu npeAJIOJIO*HTL, 'ITO co6JIIO;~;euw ycnoBBJI 

BLICOICOICa'leCTBeHHLIX B3MepeHBii /ICOMUeHca~BJI DOJIIOCa 

HyneM /CM. HB)I(e/, OTCYTCTBBe pacceBBaiOII{HX MaTepBaJIOB 

Ha DYTH BCTO'IHHIC - IDI.ll; WaJiaJI 3arpy3ICa/, TO ymBpeHHe 

cneiCTpaJILHOH JIHHHH onpe,D;enJieTCJI, B OCHOBHOW, 34x1JeiCTHB-
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HOCTLJO co6apaHH.& 3ap.a,JJ,a. Tor,JJ,a B npe,JJ,IIOJIO)I(eHHH rayc

cosoi clK>PMW DHKa ,JJ,OJDI(JIW C06JIJO,JJ,aTJ.C.B COOTHOWeHH.&: 

~E(l /100) ~E (1110) 
al "" ~E(1I10) == 1,41 H a 2 "0 A r. 11 72) = 1 ,83 > 

r,JJ,e ~ E - WHp&Ha DHKa Ha yxa3aHHOH B CK06KaX BWCOTe 
aMDJIHTY.JJ.W. ~n.a Ge(Li) - ,JJ,eTeKTopos 1 H 37 eM 3 3TH 

3Ha'leHH.B COOTBeTCTBeHHO paBHW: 

a1 = 2,15±0,10 a 1 = 2,15±0,06 
H 

a2 = 1 ,86±0,06 a2 = 1 ,85±0,05. 

BH.JJ.HO, 'ITO K03~Hu&eHTW a2 cornacyJOTC.& c TeopeT&qe

CKHMH 3Ha'leHH.BMH ,D.JI.B CHMMeTpH'IHOrO DHKa. HeKOTOpaJI 

aCHMMeTpHJI DHKa DOJIHOrO DOrJIOIUeHH.B C HH3K03HepreTH'Ie

CKOH CTOpOHW MO)I(CT 6WTh CBJI3aHa C BWJieTOM I!IOT03JieKT

poHa /HJIH KOMDTOHOBCKOro 3JieKTpOHa B CJiy'lae ~oiHOrO
KpaTHOrO pacceJIHHJI/ H3 'IYBCTBHTeJIJ.HOH 06JiaCTH Illl)J,. 
Pa3yMeeTc.&, BKJia.D. 3Toro lllaxTopa 3aBHCHT OT reoMeTpH

qecxHx pa3Mepou xpHcTaJIJia H 3HepruH per&cTpHpyeMoro 
H3JIY'ICHH.K. 

3. Buewuue 3t/lt/JeK1flbl 

A. PacceJIHHe Bo BXO.JJ.HOM oxHe uaxyyMHoi KaMepw I AI , 
Be , Mainap/ H B I!IHJIL.Tpax nornoiQeHH.& onpe,D.en.aeT HH)I(HHH 

3HepreTH'ICCKHH nopor CDeKTpOMeTpa - puc. 11. IlpH 3TOM 

DOJiy'leHHOe DO,D.aBJICHHe DHKOB DOJIHOrO DOrJIOIQeHHJI He 

BCer,D.a YCTpaH.&eT 3~eKTW CYMMHpOBaHHJI /CM. HH)I(e/ H He 

ucer.D.a nponopu&oHaJIJ.Ho yMeHJ.waeT 3arpy3Ky cnexTpo

MeTpa, &60 H,D.eT DPOUCCC KOMDTOHOBCKOrO pacceJIHHJI B 

l!lanJ.Tpax nornoiQeHH.& c nocne.D.yJOIQei per&cTpau:aei. laMe

THM Tax)l(e, 'ITO TenecHwi yron per&cTpau:aa pacceJIHHoro 

H3JIY'feHH.B 3aBHCHT OT paCCTO.KHH.K I!IHJIL.Tp - Illl)J,. 
B. Bo36~eH&e xapaxTep&cTH'Iecxoro peHTreHoucxoro 

H3JiyqeHH.K B MaTep&aJiaX, OKpy)l(aJOIQHX ~)1,. H HCTO'IHHK. 
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HnnJOcTpaua.a 3Toro 3~exTa np&Be,D.eHa B /I/ Ha puc. 17: 
Kx- .PeHTreHoucxoe H3Jiy'leH&e Cu + Zn CB.&3aHo c liiJIJOo

peCUCHUHCH JiaTyHH, KOTOpaJI DpHMCH.&eTC.B ,JJ,JI.B ynaKOBKH 

Si(Li) -,D.eTexTopa, Kx- peHTreHoucxoe H3Jiy'leHueln cu.a-

3aHo c lllJIJOopecueHuuei In , npHMeH.&JOIQeroc.a .JJ.JI.& ynyqwe

HH.& Tennouoro KOHTaxTa Si ( Li) - ,JJ,eTeKTopa c onpauxoi. 

B. PerHcTpauu.a aHHHrHJI.&UHOHHWX KBaHTOB, B03HHxaw

IQHX DpH B3aHMO,D.eHCTBHH BWCOK03HepreTH'ICCKHX KBaHTOB 

c o6pa3oBaHHeM nap B oxpy)l(aJOIQHX Illl)J, Ma Tepuanax I CM. 
HH)I(e - puc. 34/. 

r. PacceJIHHe y-nyqei B oxpy)l(aJOIQHX Illl)J, Ma Tepuanax. 

KoHCTPYKUHJI H Ma Tepuan onpauxu IIII)J, npHBO.D..&T x ucxa)l(e

HHIO annapaTypHOrO CDeKTpa 3a C'ICT KOMDTOHOBCKOrO pac

ce.&HH.&, TeJieCHhli yron perucTpauuu KoToporo ueJIHK. Cy

IQeCTBeHHhli BKJia.D. B HCKa)l(eHue HenpephiBHoro pacnpe,D.ene

HH.B B 06JiaCTH DHKa npu CDeKTpOCKODHH y - Jiy'lei /Ey> 
> 20 K3B/ C DOMOIQhiO Si - ,D.eTeKTOpOB BHOCHT TaK)I(e o6paT

Hoe pacceJIHHe OT MaTepuanou,Haxo,D.JIIQHXCJI 3a IIII)J,. 3Tu 
3aMe'laHH.& HaMu y'ITeHhl npu xoucTpyxuuu onpauxu Illl)J, I 1/. 

)1,. BHewHee TOPM03Hoe H3Jiy'leHue. 3ToT 3~eKT o6hi'IHO 

uecyiQecTBeH. Ero BKJia.D. cne,D.yeT y'IHThiBaTJ. TOJIJ.Ko npu 

HCCJie,JJ,OBaHHH HH3K03HepreTH'IeCKHX // 500 K3B/ y-KBaH
TOB DpH HHTCHCHBHOM 6eTa-H3JIY'ICHHH. 

E. 3auucHMOCTh nono)l(eHHJI MaxcuMyMa cnexTpaJIJ.Hoi 

JIHHHH OT reoMeTpHH H3MepeHHJI. l1,JIJI pa3JIH'IHhiX THDOB 

Illl)J, 3~eKT uccne,D.oBaH B pa6oTe /:lt. B cnyqae nnaHapHhiX 

,JJ,eTeKTOpOB 3~eKT Ha6JIIO,D.aeTC.B TOr,D.a, KOr,D.a Ha

npaBJieHHe .D.BH)I(CHHJI ) - KBaHTOB COBDa,D.aeT C HanpaBJie

HHeM npuno)l(eHHoro HanpJI)I(eHHJI. B cnyqae, xor,D.a Hanpau

neuue .JJ.BH)I(eHu.a raMMa-xBaHTOB nepneH,D.HxynJipuo uanpau

neuuJO nonJI, 3~eKT HC'Ie3aJOIUe Man. C y'leToM 3Toro l!laxTa 

uwnoJIHeua ynaxouxa .D.BYX nnaHapHhiX Ge(Li)-.D.eTexTo

pou /0,3 H 1,0 cM :l I /I/ H Bhl6paHa reoMeTpH.a HCTO'IHHK -
IIII)J, npu H3MepeHHH 3Hepr&H y -xsaHTOB. 

B cnyqae xoaxcaanJ.HhiX ,D.eTexTopos 3~exT CYIQeCTBeH 

.JJ.JI.& xpucTaJIJioB c O.IJ.HHM OTKPhiThiM KOHUOM 131. B qacT
HOCTH, DpH H3MCHeHHH.paCCTO.BHH.B HCTO'IHHK- IIIJ)J, OT 0 
,JJ,O 67 CM 3HepreTH'IeCKHH C.D.BHr ,D.JIJI Ey- 1275 K3B COCTaB

JI.&eT 60 3B I 4.' . Ha xoaxcuanJ.HOM Ge(Li)-.JJ.eTexTope 

/37 CM 3 I c .D.BYMJI OTKPhiThiMH xoHuaMH Mhl npoBeJIH .D.Be 
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cepHH H3MepeHHH KBaHTOB C 3HeprHeii 1173 K3B ( 60Co) B 

paJJIHqHoii reo:weTpHH - puc. 12. BH,D;Ho, qTo ecJIH "34Ml>eKT 

reoMeTpHH" B H3MepeHHH 3HeprHH Y -nyqeii H eCTL, TO ,D;JIJI 

HCCJie,D;ye:woro CJiyqaJI ero BeJIHqHHOH, paBHOH /0,003 ± 
± 0,008/ K3B npH pacnoJIO:lKeHHH HCTOqHHKa C60KY OT 

,D;eTeKTOpa H -/0,004 ± 0,008/ K3B- npH H3MeHeHHH pac-. 

CTOJIHHJI no l}lpOHTY OT 6 ,D;O 30 CM, MO:lKHO npeHe6peqL. 

XC. EcTecTBeHHLiii pa,D;HOaKTHBHLIA cl:oH MO:lKeT HrpaTL 

CyiQeCTBeHH}'lO pOJIL B HCKa:lKeHHH HHTeHCHBHOCTeii CJia6LIX 

y -nepexo,D;OB npH ,D;JIHTeJILHLIX H3MepeHHJIX. Ha puc. 13a 
npHBe,D;eH cneKTp y - Jiyqeii pa,D;HOaKTHBHOrO cPOHa, H3MepeH

Horo c noMOIQLIO Ge(Ij) -,D;eTeKTopa /37 c.w ·1 I 3a 12 'lac. 
OcHOBHLIM HcToqHHKOM cPoHa JIBJIJIIOTCJI: to K , npo,D;yKTLI 

pacna,D;a 226Ra H 232:fh. 
B HeKoTopLix cnyqaJix ,D;JIJI CHH:lKeHHJI pa,D;HoaKTHBHoro 

cl;oHa npHMeHJieTCJI 3aiQHTa H3 ecTeCTBeHHOrO CBHHUa -

/puc. 136/. llpH 3TOM, O,D;HaKO, B03MO:lKHLI ,D;OnOJIHHTeJILHL!e 

HCKa:lKeHH.ll 3a cqeT B036y:lK,D;eHHJI xapaKTepHCTHqecKoro 

peHTreHOBCKOrO H3JiyqeHHJI, KOMnTOHOBCKOrO pacceJIHHJI H 

o6pa30BaHHJI nap B CBHHUe /B03pacTaeT nHK 511 K3B- 2B/. 

B p.II,D;e Ja,D;aq no HCCJie,D;oBaHHIO :wanoHHTeHCHBHLIX y -
nepexo,D;oB ycnemHLIM MO:lKeT oKa3aTLCJI npHMeHeHHe Ge {Li)
,D;eTeKTOpOB C MaJILIM qyBCTBHTeJILHLIM 06'LeMOM /cPOH npo

nopUHOHaJieH o6'LeMy Illl)V - puc. 13e. 
3. HcKa:lKeHHe HHTeHCHBHOCTeii :· -nyqeii npH HCCJie,D;o

BaHHH uenoqeK anLIPa- pa,D;HoaKTHBHLIX HYKJIH,D;OB Ja cqeT 

JI,D;ep OT,D;aqH. 34Mt>eKT CBJI3aH C BLIJieTOM JI,D;ep OT,D;aqH H3 

HCTOqHHKa H HX nona,D;aHHeM Ha noBepXHOCTL cneKTpOMeTpa. 

B peJyJILTaTe 34Ml>eKTHBHLiii TenecHLiii yron perHcTpauHH 

,D;oqepHHX npo,D;yKTOB oKa3LIBaeTcJI 6onLme TenecHoro yrna 

MaTepHHCKOrO H30TOna. ~JIJI ycTpaHeHHJI 34Mt>eKTa pa,D;HO

aKTHBHLIH npenapaT ,D;OCTaTOqHO 3KpaHHpOBaTL MaiinapOBOH 

IIJieHKOH -1,0 MZ/CM2. 

H. CyMMHpoBaHHe HMnynLcos/:>/ • AnnapaTypHLiii 

cneKTp MO:lKeT 3aMeTHO HCKa:lKaTLCJI 3a cqeT: HCTHHHLIX 

COBna,D;eHHH - perHCTpaUHH KaCKa,D;HLIX Y ·KBaHTOB, eCJIH 

BpeMJI >K113HH npoMe:lKyToqHoro COCTOJIHHJI MHOrO MeHLWe 

pa3pemaroiQero speMeHH cneKTpoMeTpa r ; cnyqaiiHwx coB

na,D;eHHii - perBCTpaUHB HeKoppeJIHpOBaHHLIX npouecCOB B 

npe,D;enax r • 
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a/ HCTHHHLie COBna,D;eHHJI 

BepoJITHOCTL perHcTpauHH ,D;Byx KBaHTOB c KacKa,D;Hoii 

HHTeHCHBHOCTLIO A H B npe,:u~ono:lKeHHH ux H30TponHoro 

pacnpe,D;eJieHHJI MO:lKHO JanHCaTL/5/; 

n2 A 
A ~ ---- ----- €1 €2 

Y1 Y2 (477)
2 

Cl+al) 0+a2) 
/1/ 

r,D;e a i - nOJIHLIH K034Mt>HUHeHT KOHBepCHH i - ro nepeXO,D;a; 

Q - TeJieCHLIH yron; fj - noJIHaJI 34Mt>eKTHBHOCTL perHCT

paUHH i - ro nepexo,D;a. EcnH npe,D;cTaBHM ( i B BH,D;e 

, i = Ki ~<Pi /2/ 

TO MO:lKHO JanHCa TL 

A }' 
yl 2 

A n<t>l 
. -· 

(l+a 1)(1t-a2 ) 477 
Q <1>2 K I K 2 K I .!_2 d] ' /3/ [ -+---+ - <I> 4-;-- <I> I <I> 2 <I> I 2 

r,D;e <Jl; - 31jlclleKTHBHOCTL perHCTpaUHH .i -ro KBaHTa B pe-

3YJILTaTe noJIHoro nornoiQeHHJI; K i - 31jlclleKTHBHocTL pe

rHcTpauHH i -ro KBaHTa B peJyJILTaTe KOMnTOHOBCKOrO 

pacceJIHHJI. 3HaqeHHJI K J<JJ i HeTpy,D;Ho onpe,D;eJIHTL 

c noMOIQLIO npenapaToB c O,D;HHM y -nepexo,D;OM I 139 ce, 
'203 137 54 65, 

Hg, Cs, Mn, Zn/, eCJIH nocTpOHTL Taleyro :lKe 

JaBHCHMOCTL, KaK H B cnyqae OT Ey . C noMoiQLIO 3THX 

,D;aHHLIX JierKO OUeHHTL BKJia,D; yKa3aHHLIX 31jlclleKTOB B cPOpMy

Jiy /3/: qJieH K 1 I <I> 1 K2 I <1> 2 OTBeTCTBeH Ja coBna,D;eHHe 

KOMnTOHOBCKHX pacnpe,D;eJieHHH Et H E 2 H He npe,D;CTaBJIJieT 

HHTepeca, qJieH K r I <l>i - 3a COBna,D;eHHe KOMnTOHOBCKH pac

CeJIHHOrO KBaHTa C nOJIHOCTLIO norJIOIQeHHLIM ,D;pyrHM KBaH

TOM; qJieH I - 3a COBna,D;eHHe nOJIHOCTLIO norJIOIQeHHhiX 
KaCKa,D;HhiX KBaHTOB. 

B KaqecTBe npH:wepa MO:lKHO npHBeCTH KoJIHqecTBeHHWe 

oueHKH ,D;JIJI cneKTpo:weTpa c Ge ( ·Li) - ,D;eTeKTopo:w /37 c.w 3 I 
/HCTO'IHHK 60 Co ; paccTOJIHHe HCTOqHHK - nn~ 1. CM/ -
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puc. 14a: .IJ.ecllHUHT B ly I 1332 K3BI .3a c'leT nepeKa'IKH 

B DHK CYMM COCTaBJUieT 0,04~; Ja C'leT COBDa,IJ.eHHH K1173 

H «1»1332 COCTaBn.HeT 0,66~. fipe,IJ.nonaraeTC.H, 'ITO OTCYTCT· 

BYIOT cnyqaiiHwe cosna,IJ.eHH.H l3arpy3Ka - 10
3 uMn/cl. 

Iii CnyqaiiHwe cosna,IJ.eHH.H. 

)J,n.H MOHO:JHepreTH'IeCKHX KBaHTOB c :JHepraeii E 1 B 

npe,IJ.enax pa3pewa10wero speMeHH cacTeMw B03MO)I{Hhl cne

.IJ.YIOIUHe npoueccw cyMMHposaHH.H: K 1 1 K 1 ; K 1 + <1> 1 ; 
<ll

1 
1 <tJ

1 
• B cnyqae peracTpauaa H y - KBaHTOB c :JHepraeii 

E2 , KpoMe auanorH'IHLlX co6wTHii, BOJMO)I{Hhl eme K 1 t K 2 ; 

K 1 1 <ll2 ; K 2 1 <ll1 ; <ll1 + <ll2 • H3 yKa3aHHLlX :JcllclleKTOB cy~necT
BeHHhlMH BHaWeM paCCMOTpeHHH .HBHJIIOTCJI:JcllclleKTbl <fli +Kj H 

<Ill 1 <)l
2 

, H60 OHH npHBO,IJ.JIT K nepeKa'IKe HMDYHLCOB Hl DHKa 

nonHoro nornoweHHJI. 
Ha puc. 146noKa3aH cneKTP y -nyqeii

1:l 9 Cc +l:l7 Cs, HJ· 

MepeHHLlii c noMowLIO Ge ( Li ) - ,IJ.eTeKTopa 137 CM :l I npa 

Jarpy3Ke 2- 10 I UMn/c I:JHeprHH Bhl6paHLl TaKHM o6pa30M, 

'IT06Ll B 'IHCTOM BH,IJ.e Bhl,IJ.eHHTb TOHLKO 'laCTb cny'laHHLlX 

cosna,IJ.eHHiil. )J.n.11 cosna,IJ.enaii THna K i t <ll .i H K i 1 K .i MO)KHO 

JanacaTL: N1•.•1 ~ 21) N i Nj , .IJ.H.H cnyqaJI)Ke <flit<lli NcJ1~2r2NiNi, 
r,IJ.e T I - BpeMeHHOH C,IJ.BHr Me)K,IJ.y npocyMMHpOBaHHLlMH HM

nynLCaMH, KOr,IJ.a e~ne npOHCXO,IJ.HT aHaHHl B aMDHHTY.IJ.HO· 

uacllposoM npeo6pa3oBaTene HcKa)KeHHoro cyMMapHoro HM

nynLca; r 2 - speM.H, B npe,IJ.enax KOToporo cyMMa .IJ.BYX 

HMDYHLCOB Hl DHKa DOnHOrO norHOIUeHH.H ,IJ.aeT DHK C anna-

paTypHOH wHpHHoii. 3KcnepaMeHTanLHaJI oueHKa senH'IHH 

B HaWeM cnyqae ,IJ.aeT: 'I = 3 MKC; r2 = 0,8 MKC. 0TCIO.IJ.a 

,IJ.ecllHUHT B HHTeHCHBHOCTH HHHHH 661,6 K3B Ja C'leT nepe

Ka'IKH B pacnpe,IJ.eneHHe cnyqaiiuwx coana,IJ.eHHii cocTaanJI

eT 3,4~, a a nHK cny'laiiHwx coana,IJ.eHHB nepeKa'IHBaeTc.H 

0,05~. 

1I .EETA- CHEKTPOCKOIIHR 

1. 3tjXJeK.bl, C6J13QHHble C pac)uoaK.U6HbiM UC.O'IHUKOM 

A. Pacce.HHHe OT no,IJ.HO)KKH HCTO'IHHKa. Pacce.HHHe 6eTa

qacTHU a o6nacTH 3Heprai OT 10 K3B .IJ.O 10 M3B onpe,IJ.e

n.HeTc.H, B OCHOBHOM, ynpyrHMH COy,IJ.apeHH.HMH C aTOMHLlMH 
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.H,IJ.paMH'I61. fipH 3TOM pa3nH'IaiOT: O,IJ.HOKpaTHOe, KpaTHOe 

H MHOrOKpaTHOe pacce.HHH.H H .IJ.Hcllclly3HIO. B DO,IJ.HO)I{Ke HCTO'I· 

HHKa MOryT HMeTb MeCTO BCe THULl pacce.HHH.H, B 3TO npa

BO,IJ.HT K yaenH'IeHHIO HHTeHCHBHOCTH HH3K03HepreTH'IeCKHX 

6eTa-qacTHU. Y'leT ":JcllclleKTa no,IJ.HO)KKH" o6.H3aTeneH a ac

cne,IJ.oaaHHH HenpephlBHLlX 6eTa·cneKTpOB, O,IJ.HaKO OH CB.H· 

3aH c 6onLIIIHMH 3KcnepHMeHTanLHLlMH TPY.IJ.HOCT.HMH 17 I . 
fipH HCCHe,IJ.OBaHHH )Ke CDeKTpOB 3HeKTpOHOB KOHBepCHH 

,IJ.OCTaTO'IHO C06HIO,IJ.aTb CaMLle 06IUHe Tpe6oBaHH.H: B03MO)KH0 

MeHLIIIHe 3Ha'leHH.H TOHIUHHLl H Z DO,IJ.HO)KKH H3 3HeKTponpo· 

BO,IJ..HIUHX MaTepHaHOB. fipHMeH.HeMLle HaMH HCTO'IHHKH H3 • 

roTaBHHBaiOTC.H Ha DO,IJ.HO)I{Ke H3 aHIOMHHH.H TOHIUHHOB 18 MKM. 
1i. Conpoao)K,IJ.aiOIUHe H3ny'leHH.H. Oco6o cno)I{Hoi o6-

naCTbiO HCCHe,IJ.OBaHH.H CDeKTpOB KOHBepCHOHHLlX 3HeKTpOHOB 

IK31 .HBH.HeTC.H o6naCTb HH)Ke 100 K3B, r,IJ.e HMeeTCJI HH· 

TeHCHBHOe xapaKTepHCTH'IeCKOe HlHy'leHHe H 3Ha'leHH.H KO:Jcll· 

cllauaeHTOB BHyTpeHHei KOHBepcHH IKBKI BenHKH - I puc .15/. 
Tpy,IJ.Hoi .HBn.HeTc.H TaK)Ke 3a,IJ.a'la accne,IJ.oBaHH.H cneKTpoa 

K3 Ha clloHe HHTeHCHBHOrO D03HTpOHHOrO H3Hy'leHH.H H a -
'laCTHU, a TaK)Ke D03HTpOHHLlX cneKTpOB Ha clloHe H3Hy'leHHB 

K3, y -nyqei H a -qacTHU. )J,n.H cllanLTpauaa conpoBO)K,IJ.aiO

IUHX H3ny'leHHB B 3TH X CHy'la.HX HaMH npHMeHJieTC.H MarHHT • 

HOe 6e3,IJ.HCnepCHOHHOe ycTpOBCTBO Ill. 3aMeTHM, 'ITO BCe 

MeTO,IJ.Ll cllHnLTpauHH CODpOBO)K,IJ.aiOIUHX H3Hy'leHHH npH HCCne • 

,IJ.OBaHHH CDeKTpOB 6eTa·qacTHU He D03BOHJIIOT DOnHOCTbiO 

ycTpaHHTb HCKa)KeHHe cneKTpa 3a C'leT DPO.IJ.YKTOB pacce.HHH.H 

IKOMDTOHOBCKHX 3HeKTpOHOB OT y • nyqej H aHHHrHH.HUHOH

HhlX raMMa·KBaHTOBI. 

B. Pacce.HHHe a ae~necTBe caMoro HCTO'IHHKa. llpH npo

xo)K,IJ.eHHH 'lepe3 CHOH BeiUeCTBa 6eTa·'laCTHULl Tep.HIOT 3Hep

rHIO 3a C'leT COy,IJ.apeHHB C 3HeKTpOHaMH cpe,IJ.Ll H HCDYCKa

HH.H TOPM03Horo H3nyqeHH.H I 61. 3cllclleKT npHBO.IJ.HT K yaena

'leHHIO HHTeHCHBHOCTH HH3K03HepreTH'IeCKHX 6eTa-qaCTHU, 

a TaK)Ke K H3MeHeHHIO cllopMLl cneKTpanLHOB HHHHH H ee 

3HepreTH'IeCKOMY C~BHry B CTOpOHy HH3KHX 3HeprHB. )J,n.H 

yMeHLWeHHJI BKHa,IJ.a 3THX 3cllclleKTOB B HalllHX 3KCnepHMeHTaX 

HCTO'IHHKH H3rOTaBHHBaiOTC.H MeTO,IJ.OM 3HeKTpOMarHHTHOH 

cenapauaa I 3HeprHJI BHe,IJ.peHH.H HOHOB pasHa 25 K 3BI. 
r. Bo36y)K,IJ.eHHe xapaKTepHCTH'IeCKoro H3Hy'leHH.H 

B DO,IJ.HO)I{Ke H B CaMOM HCTO'IHHKe. AHanOrH'IHO - 1r. 
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2. 3¢t/JeKIIbl, C6J13QHHble C xapaKIIepUCIIUKQMU Ili1,l( 

A. 3aBBCBMOCTL npo6era OT Z IIIT)), B 3HeprBB perBCTpB
pyeMwx 6eTa-qacTBU npaae,IJ;eHa a /I/ Ha puc. 5. ITpa Beene
.qoaaHBB cneKTpoa HB3K03HepreTB'IeCKHX I E

13 
< I M3B/ 

6eTa-qacTBU YA06Ho npBMeHJITL Si (Au) - B Si(Li) -,IJ;eTeK
Topw, o6na,IJ;aiOUUie BhiCOKOH 3cWleKTBBHOCTLIO K BCCne,IJ;ye-

MOMy B3nyqeHBIO B cpaBHBTenLHO HB3KOH K conpOBO)I(,IJ;aiO
IUeMy/ /I/ - puc. 11/. CneKTpoMeTpBIO liCe 6onee awcoKo-
3HepreTB'IecKBX />SQQ K3B/ 6eTa-qacTBU, a TaKlKe HeKo
Topwe 3a,IJ;a'IB no onpe,IJ;eneHBIO a6coniOTHwx 3Ha'leHaii KBK 
YA06Ho npoao,IJ;BTL c noMOIULIO Si ( Li ) B BMnnaHTBpoaaH
HWX Ge(Li) -,~J;_eTeKTopoa I /I/- puc. 15/. 

G. PacceJIHBe a TOniUBHe BXO.D;Horo OKHa ITll)),. AHano
rB'IHo - lB. 

B. 06paTHOe pacceJIHBe OT noaepXHOCTB nn.n;. B Ha
CTOJIII(ee BpeMJI BeT TeOpBH o6paTHOro pacceJIHBJI OT TOn

CTWX cnoea.3KcnepaMeHTanLHwe Bccne,IJ;oBaHBJI noKa3anH, 
'ITO npB HOpManLHOM na,IJ;eHBB K03cWIBUBeHT o6paTHOrO pac
Ce.llHBJI He 3aBBCBT OT HaqanLHOH 3HeprBB pacceaaaeMWX 
3neKTpOHOB, HO 3aBHCBT OT Z pacceHBaiOIUero MaTepaana
puc. 16 /6/ . Ko3cWIBUBeHTW o6paTHoro pacceJIHBJI .lln.ll 
no3BTpoHoa H 3neKTPOHOB pa3nH'IHW: p-1 p + = I ,3 16 I . 
ITpa na,IJ;eHBB no,IJ; yrnoM K noaepxuocTB ITIT)). 34M)eKT cBnLuo 
3aBHCBT oT yrna na,IJ;eHB.Il ¢ B 3HeprHB pacceaaaeMoii qac
TBUW. B qacTHOCTB, MJI 3neKTpoHoa c 3HeprHeii 600 K3B 
B3MeHeHae ¢ OT 90° ,IJ;o IS 0 

npBBO.D;BT. K B03pacTaHBIO o6-
paTHoro pacceJIHHJI oT Si no'ITH BTpoe /8/ 

3aMeTHM, 'ITO, Cornacuo /9/ , C POCTOM 3HeprBB 3neKT
pOHOB OT 309 ,IJ;O 1463 K3B Ha6niO,IJ;aeTCJI He6onLWOe /B npe
,IJ;enax IS~/ yaenaqeHBe o6paTHoro pacce.llHB.Il npa uopManL
HOM na,IJ;eHBB. 

r. TopMOlKeHBe 6eTa-qacTBI( B BWneT TOpM03HOrO B3-
nyqeHBJI B3 'IYBCTBHTenLHOH o6naCTB ITIT)1, npBBO,IJ;BT K B03-
pacTaHBIO BHTeHCBBHOCTH HH3K03HepreTB'IeCKBX 6eTa-qac
TBU. 3KcnepHMeHTanLHWe BCCne,IJ;OBaHHJI 3cWleKTa noKa He 
npoao,IJ;BnBCL, Ho npe,IJ;nonaraeTcJI, 'ITO BKna,IJ; ero 6y,IJ;eT 
cyll(eCTBeHHO B03pacTaTL npa E f3 > I M3B. CornacHo pac
'leTaM /8/ , noTepB 3a C'leT TOpM03HOro B3ny'leHBJI ,IJ;nJI 
3neKTpOHOB C 3HeprBeii 1200 K3B npB perBCTpal(HH C no-
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MOII(LIO Si (Li ) - ,IJ;eTeKTOpa /rny6BHa ,D;peiicba 3 MM/ CO 
CTaBnJIIOT- 50~ 06UUIX noTepL. 

)),. 3cWleKTBBHOCTL co6apaHB.Il 3ap.ll,D;a a IIIT)), 3aBBCBT 
OT napaMeTpOB BCXO,IJ;HOrO MaTepBana, TeXHOnOrBB B3rOTOB
neHB.Il B TBna IIIT)),, a TaKliCe OT KpaeBWX 3cWleKTOB /KOJIJ111-
MaUBJI nyqKa/. B nBTepaType noKa HeT CBe,IJ;eHBH 0 BKna,IJ;e 
3TBX cbaKTOpOB, XOTJI C HBMB, no-BB,IJ;BMOMy, CBJI3aHO nOJIB
neHBe HB3K03HepreTB'IeCKOrO "XBOCTa" C pOCTOM 3HeprBB 
KOHBepCBOHHhiX 3neKTpOHOB. 

E. 3aaBCBMOCTL nonolKeHBJI MaKcBMyMa cneKTpanLHoii 
, nBHBB oT HanpJI>KeHBJI cMeiUeHBJI IIIT)),. KoHCTPYKUB.Il onpaBKB 
IIIT)), B cnoco6 no,IJ;KniO'IeHBJI HanpJilKeHBJI CMeiUeHB.Il MOlKeT 
6WTL npB'IBHOH C,IJ;BBra MaKCBMyMa nBKa 3a C'leT TOpMOlKe
HBJI /na6o ycKopeHBJI/ 6eTa-qacTBU. K colKaneHBIO, Harn.ll,IJ;HO 
noKa3aTL BnBJIHBe 3TOrO 3cWleKTa HeB03MOlKHO, B60 C B3-
MeHeHBeM U MeHJieTc.ll TaK>Ke eMKOCTL IIIT)), B aenB'IBHa 
MepTaoro cno• 

3. BHeUlHUe 3tfo/JeKIIbl 

A. PacceJIHBe a MaTepaane BXO,IJ;HQro OKHa BaKyyMHOH 
KaMepw - lB. Ha puc. 13 a pa6oTe /I/ npaae,IJ;eH cneKTP 
3neKTpOHOB KOHBepCBB 206 Po-> 206Bi-+ 206 Pb, B3MepeHHhiH 
c noMOIULIO Si (Al) -,IJ;eTeKTopa 6e3 B c MaiinapoawM 

/0,90 Mz/cM I oKHOM - yWBpeHBe B C.D;BBr cneKTpanLHoii 
nBHBB 3a C'leT pacceJIHB.Il B MaTepBane "BXO,IJ;HOrO OKHa" 
noKa3aHw Ha puc. 1 7. 

E. Bo36ylK,IJ;eHBe xapaKTepBCTB'IecKoro B3ny<ieHBJI OK
py>KaiOIUBX fill)), B BCTO'IHBK MaTepaanoa, qaiUe acero In , 
npaMeHJIIOIUerocJI a ynaKOBKe IIIT)), I/ I / - puc. 15/. 

B. PerBcTpaua• npo.D;yKTOB pacceJIHB.Il conpoaolK,IJ;aiOUUIX 
B3nyqeHBH /KOMnTOHOBCKBe 3neKTpOHhl OT y - nyqeji B aH
HBrBnJIUBOHHWX KBaHTOB/ B OKpy>KaiOUUIX IIIT)), B BCTO'IHBK 
MaTepaanax. 

r. Pa,IJ;BOaKTBBHhlH tPOH. H3- 3a Manoro qyBCTBBTenLHOro 
o6"LeMa ecTecTaeHHWii pa,IJ;BoaKTBBHWH clloH (I -l:liC/He arpa
eT CYIUeCTBeHHOii pona npa accne,IJ;oaaHBB cneKTpoa 6eTa
qacTan. 0,IJ;HaKO npB BCCne,IJ;OBaHBB nenoqeK BHTeHCBBHhiX 
anLcba-pa,IJ;BoaKTBBHwx HYKnB.D;OB 4lou MOlKeT 3Ha'IBTenLHO 
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YBeJIB'IBTJ.CJI 3a C'leT aiCTBBHWX •~ep OT~a'IB (I -33) , aaxo

DBBWBXCJI B Ba.ICYYMHOA ICaMepe B Ha DOBepXHOCTB flTI,lJ;. 
~JIJI 3aUVITW CDeiCTpOMeTpa HaMB DpBMeHJIIOTCJI Maii:napOBWe 

10,90 Mz/cM 2 I ~JIJ.rJI I /1/ - puc. 131. 
~- CyuuapoBaHae aunyn~ocoB. B 3TOM cny'lae BMeeT 

MecTo paccuoTpeaae, aaanorB'IHoe I -3H. 3~ec~o .oco6oe 

BHBMaHBe BY)I(JIO o6paTBTJ. Ha BCTBHHWe COBDa~eBBJI 'L x B 

K X -Jiy'leA B K -xoaBepCBOHHWX 3JieiCTpOHOB, a TaJOKe 'L x· 

ny'leii: B L -xoaBepcaoaawx 3JieiCTpoaoB, xoTopwe uoryT 

CBJIJ.HO BCICa>KaTJ. DOJIY'feHHWe 3Ha'leHBJI a K B a L- puc.18. 
3TOT 3clwbeiCT HaiCJia~wBaeT Dpe~eJI ~JI DpBMeHJieMWX TeJieC

awx yrnoB ups 3a~aaaoA TO'IHOCTB onpe~eneHBJI I K B I L 

II/ • AJihtZ>A- CIIEKTPOCKOIIJU/ 

1. 3tJfPeK.bl, C6JI3QHHble C PCJOUOQK.U6HbiM UC.O'IHUKOM 

A. PacceJIHBe oT no~JIO>KICB BCTO'IHBKa. 3clwbeKTBBHoe 

Ce'leHBe ynpyroro pacceJIHBJI a ·1faCTBU ~aeTCJI l}lopMyJIOB 

Pe3e~p~a B BKJia~ 3Toro l}laxTopa HY>KHO Y'IBTWBaTJ. B pa-

6oTe TOJIJ.KO ups 6oJIJ.WBx 3Ha'leHBJIX TenecHoro yrna 

( TT-:- 2rr). B CJIY'Iae cneKTPOC.ICODBB a -'laCTBU In < 1~ OT 

4 rr I Bxna~oM :JclwbeKTa o6paTHoro pacceJIHBJI oT no~o>KKB 
MO>KHO npeHe6pe'IJ.. 

:6. PacceJIHBe B BeJneCTBe BCTO'IHBICa. 3clwbeKT DpBBO~BT 
K 3HepreTB'IeCKOMy C~BBry CDeKTpaJIJ.HWX JIBHBB B CTOpOHy 

HB3.1CBX 3HeprBB B BCJCa)l(eHBIO BHTeHCBBHOCTei a -rpyDD. 

Bo B36e)l(aHae 3TBX :JclwbexToB B Hawsx 3KcnepaMeHTax ac

TO'IHBKB B3rOTaBJIBBaiOTCJI DPBMeHeHBeM MeTO~BKB 3JieKTpO

MarHBTHOB Macc-cenapauBB, DpB 3TOM 3HeprBJI BHe~peHBJI 
BOHOB paBHa 25 K3B. O~aiCo DpB BCCJie~oBaHBB UeDO'IeK 

a -pa~BOaiCTBBHWX Jl~ep /I O/ CDeiCTpaJIJ.HWe JIBHBB ~O'IepHBX 
DpO~YKTOB BCKa.aiOTCJI 3a C'leT DpOHBKHOBeHBJI Jl~ep OT~a'IB 
B rny6BHY DO~O>KKB BCTO'IHBICa. 

2. 3tHeK•t.r, C6JI3aHHble c xapaK•epuc•uKaMu I1II,4 

A. 3aBBCBMOCTJ. npo6era OT z nn~ B 3HeprBB a -'lac

TBU I /1 I- puc. 51. ~JIJI accne~oBaHBJI cnexTpoB a ·1faCTBU 

o6w11ao DPBMeHJIIOT Si (Au) - .n.eTeiCTopw/1/,oTJIB'IaiOUUiecJI 
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CpaBHBTeJIJ.HO TOHICBM BXO~WM O.ICHOM B B03MO)I(JIOCTJ.10pa-

60TW DpB .ICOMHaTHOB TeMDepaType. 3aMeTBM, 'ITO B DOCJie~

Hee BpeMJI 3Ha'IBTeJIJ.HO YJIY'IIDIIJI8.CJ. TaJOKe TeXHOJIOrBJI 

B3rOTOBJieHBJI noBepxaocTao-6ap~oepawx Si(Li) -~eTeiCTo
poB B BMDJiaHTBPOBaHHWX Ge ('Li ) -~eTeiCTopoB, xoTopwe 

ycneWBO MOryT 6WTJ. DpBMeHeHW B CDeiCTpOMeTpBB a -
'laCTBU /I,ll/. 

:6. PacceJIHBe BO Bxo~oM oiCHe. E~ne ~o nona~aHBJI B 

'fYBCTBBTeJIJ.HYJO 06JiaCTJ. ~eTeiCTOpa a ·1faCTBUa B3aBMO· 

~eii:CTByeT C MaTepBaJIOM BXO~oro OICHa B 3TO DpBBO~BT 
ICaiC .IC DOTepe 3HeprBB lc~BBr JIBHBBI B ywBpeHBIO DBKa, 

TaK B x B03pacTaHBIO aenpepwBaoro pacnpe~eneHBJI B 

cnexTpe lxBocTwl. 3aMeTBM, 'ITO npB'IBHY B03HBKHOBeHBJI 

XBOCTOB CBJI3WBaiOT He TOJIJ.KO C BeJIB'IBHOii: B O~Opo~

HOCTJ.IO MepTBOrO CJIOJI, HO B C Ka'leCTBOM o6pa60TKB DO· 

BepXHOCTB B xapaKTepBCTBK BCXO~OrO MaTepBanalo~HO
pO~HOCTB, BpeMeHB )1()13HB HOCBTeJieii:, DJIOTHOCTB ~CJIO

ICaUBB B ~p./ / 2 /. ll03TOMY HeJIJ.3JI DOKa DOJIBO cl}lopMyJIB

pOBaTJ. TexHonorB'IeCKBe ycnoBBJI, KOTopwe 6w o6ecne'IBJIB 

XOpOUJYIO l}lyHKUBIO OTKJIBKa a -cneKTpOMeTpa. 

B. 31}l«}leKTBBHOCTJ. co6apaHBJI HOCBTenei JapJI~a JIBJIJI

eTcJI O~HBM 83 OCHOBHWX BCTO'IHBKOB aCBMMeTpBB CDeKT

paJIJ.HOB JIBHBB I 13/. no- BB~HMOMY. 3TO JIBJieHBe CBJI3aHo 

C DOTepJIMB HOCBTeJiei JapJI~a B 'IYBCTBBTeJIJ.HOB o6JiaCTB 

nil~ BCJie~CTBBe BX 3aXBaTa JIOByniKaMB B peKOM6BHaUBOH· 

HWX DOTepJ. /12/ • B BCKa>KeHBB CDeKTpaJIJ.HOB JIBHBB B 

yBeJIB'IeHBB HB3K03HepreTB'IeCKOrO XBOCTa C~eCTBeHHYIO 

pOJIJ. BrpaiOT TaK>Ke KpaeBWe 3clwbeKTW, B03HBKaiOUUie DpB 

DODa~aHBB a·'laCTBU Ha KpaJI nil~, r~e B03MO)I(JIIal HeO~HO· 

po~ocTB. KpaeBoi 3clwbeKT 3aMeTHO ocna6JIJieTCJI KOJIJIBMa

naei Dy'IKa, HO 83- 3a BJIBJIHBJI KOHUOB KOJIJIBMaTopa He 

BC'IeJaeT. 

3. BHeiUHue 3tPfPeK•t.r 

A. HcKa>KeHBe annapaTypHoro cneKTpa 3a C'leT pa36poca 

yrJIOB Da,IJ,eHBJI, B, CJie,IJ,OBaTeJIJ.HO, DpOXO~eHBJI pa3JIB'IHWX 

TOJIUUIH BXO,IJ,HOrO OICHa DpB B3MepeHBJIX B ycJIOBBJIX, 60JIJ.· 

WBX 0, - pUC. 19. 31}l«}JeKT DpBBO~T K B03pacTaHBIO KaK 

HB3K03HepreTB'IeCKOrO XBOCTa, TaK B npe~eJIJ.HO ~OCTB)I(JI

MOrO 3HepreTB'IeCKoro pa3peweHBJI I 14/. 
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:6. Hcxa>Keuae annapaTypuoro cneKTpa 3a C'leT noTep:a., 
06yCJIOBJieHHWX B3aBMO,D;eBCTBBeM a -qacTBn C MOJieKyJiaMB 
ocTaTo'IHoro ra3a. ,AJIJI Toro '1To6w c:t.iell(eHBe B ynmpeuae 
CDeKTpaJibHOB JIBHBB He npeBWIIIaJIB 10 K3B .D;JIJI a -qacTBI( 
c 3Hepraei - 5 M3B, npa B3Meueuaa paccToJIHBJI BCTO'IHBKa 
Dfl,lJ; OT 3 .D;O 37 MM, ,D;aBJieHBe B KaMepe CDeKTpOMeTpa ,D;OJI)I(• 
uo 6wT:a. weu:a.me qey 210 H/M 2 /Is/. 

B. Cywwuposauae awnyn:a.coB. 34MileKT CBJI3au xax co 
cnyqai.Hwwa coBna.u;euBJIMB I 3aBBCJIInBMB oT 3arpy3JCB/. 
TalC B C BCTBHHWMB COBDa,D;eHBJIMB CODpOBO>K,D;alOU(BX JCaC
xa.u;uwx (a' f3' y) -B3JIY'IeHBi /3aBBCJIU(BX OT n I B npa
BO.D;BT He TOJibJCO JC BCJCa>KeHBIO CDeKTpaJibHOB JIBHBB /aCBM
MeTpBJI, ynmpeuae/. uo a K B03pacTaHBIO uenpepwBuoro 
pacnpe.u;eneHBJI. 

r. Pa.u;aoaJCTBBHWi cilou. AuanorB'IHO - 3r. 

IV. AIIIIAPATYPHJJB 34HZJBKTJJ 

1. C•a6UAbHoc•b cneK•poMe•poe 

A. BpeweuuaJI cTa6un:a.uocT:a. cneKTpoweTpoa npoaepJI
nac:a. C DOMOU(biO pa,D;HOaJCTHBHhiX HCTO'IHHJCOB57Co--t-I 37Cs+6°Co 
u Ge (U ) - .A,eTeKTopa B Te'lenue 30 -.a c. BpeM.a ua6opa -
20 MUH, HHTepBaJIW Me>K,D;y H3MepeHHJIMH - 10 MUH. Pe-
3YJibTaTW o6pa6oTKH .u;auuwx npuae.u;euw ua puc. 20a . .Qau
uwe D03BOJI.RIOT rOBOpHTb 0 CJiy'laBHOCTH pa36poca DOCJie 
ycTauoBJieuu.a TeMnepaTypuoro pe)I(BMa B Te'lenue 5 -.ac u, 
CJie,D;OBaTeJibHO, 3TOT l)aJCTOp MO>KHO paCCMaTpHBaTb JCaJC,D;0-
6aBO'IHWB axna.u; B 3HepreTH'IecKoe pa3pemeuue npu ,D;JIB

Ten:a.uwx H3MepeHHJIX, JCOTOpWi CJia6o BJIBJieT Ha TO'IHOCTb 
pe3yJI:t.TaToB /puc. 32/. 

:6. TeMnepaTypuaJI cTa6un:a.uocT:a. cneKTpoweTpoB npo
Bep.anac:a. B aHaJIOrH'IHWX YCJIOBHJIX H pe3yJI:t.TaThl DOJCa3aHW 
ua puc. 206. OTMeTHM, 'ITO 3JieKTpouuwe 6noKu u cucTeMa 
"TRIDAC-C" uaxo.D;.RTCJI B DOMell(eHHH, TeMnepaTypa JCOTO

poro npu pa6o'IHX H3MepeuuJix no.D;.D;ep>KHBaeTcJI B npe.u;e.ilax 
20±1°C. 

B. 3arpy3o'luwe xapaxTepucTHKH cneKTPOMeTpoB urpa
JOT CaMYJO Cyll(eCTBeHHYJO pOJib B TO'IHOCTH ODpe,u;eJieHH.R 
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DOJIO>KellBJI MaKCBMyMa p B DJIOU(a,D;B S CDeKTpaJibHOB JIB
HBB, ecJIB BpeMJI B3MepeuaJI 2 TI/2 accne.u;yeMoro uyxna.u;a: 
Ha puc. 21 B puc. 22 DOKa3aHW 3aBBCBMOCTB p ± ~p B S ±~S 
OT 3arpy3JCB CDeKTpOMeTpa B DOCTOJIHHOB l)opMBpOBaHBJI 
.D;JIJI pa3JIB'IHWX cneKTpoMeTpoB /BCTO'IHBKIS2Eu /. Ba.D;Ho, 
'ITO BJCJia,D; aCBMMeTpBB 3a C'leT HaJIO>KeHBB BMDYJibCOB B 
norpemuocT:a. onpe.u;eneHBJI p I puc. 26/ 3Ha'IBTen:a.uo weu:a.
me CBCTeMaTB'IeCKOB OWB6KB, CBJI3aHHOB C 3arpy30'IHWMB 
xapaxTepBCTBKaMB cneKTpoMeTpa, a TaK>Ke c B3MeueuaeM 

. pa6o11ero pe>KBMa IIY npa raJibBaHB'IeCKOM no,u;KJIIO'IeHBB 
nn,n; ;/I/ l)opwyna /4// - puc. 23. TaKBM o6pa30M, npe
.u;enw B3MeHeHBJI CKOpOCTB C'leTa ODpe,u;eJIJIIOT MaKCBMaJibHO 
.D;OCTB>KBMYJO TO'IHOCTb B ODpe,D;eJieHBB p ,a CJie,D;OBaTeJibHO, 
B 3HeprBB B3Jiy'leHBJI. 

B 3aBBCBMOCTB OT yCJIOBBB ICOHKpeTHOB 3a,D;a'IH HaMH 
DpHMeHJIIOTCJI .D;Ba DYTH yMeH:t.WeHHJI BJIHJIHHJI 3TOrO 31)1)eK
Ta: yMeu:a.meuue 3Ha'leHHJI r ,ecJIB cno>KnocT:a. cneKTpa .u;o
nycKaeT yxy.u;meuue 3HepreTH'IecKoro pa3pemenuJI /puc. 22/; 
HJIH npuMeneuue cnenuan:a.uoro MexauuqecKoro ycTpoicTBa, 
KOTOpoe o6ecne'IHBaeT DOCTOJIHCTBO 3arpy3KH DyTeM aBTO· 
MaTH'IeCKOrO H3MeHeHHJI paCCTOJIHHJI H.CTO'IHHK - ,D;eTeKTOp 
/.u;onycTHMWe Tenecuwe yrnw, o6ecne'IHBaJOU(Be Tpe6yeMyJO 
TO'IHOCTb,BW6paHW 3apauee - CM. BWWe/. 

Ilpuununuan:a.uaJI cxeMa 3JieKTpouuoro ycTpoicTBa, o6ec
De'IHBaiOU(aJI DOCTOJIHHYJO 3arpy3KY CDeKTpOMeTpa, DOKa3aHa 
Ha puc. 24. YcTpOBCTBO COCTOHT H3 HHTeHCHMeTpa H KJIIO'Ia 
ua TpaH3HCTope KT601A, ynpaBJIJieMoro KOMnapaTopo¥, 
awnonueuuwM ua unTerpan:a.uoi MHKpocxeMe KIYT401:6. 
qaCTb HaDpJI>KeHHJI C BWXO,D;a HHTeHCHMeTpa DO,D;aeTCJI Ha 
BHBepTHpyeMhiB BXO,D;. H3MeHJIJI U 3T DO.D;CTpOe'IHhiM CODpo
THBJieHHeM 100 K0M,MO>KHO npH 3a,D;aHHOM 3Ha'leHHH HHTeu
CHBHOCTH /I)HKCHpOBaHHWe 3Ha'leHHJI 2 ·10 3 ; 5·10 3 ; 104 ; 

2 ·10 4 ,;_ 3,5 ·10 4 UMn/c ycTaHaBJIBBaJOTCJI C DOMOU(blO JCJia
BHWBOrO nepeKJIIO'IaTeJIJI/ Bw6paT:a. B npe.u;enax 3a.u;auuoro 
,D;Bana3oua Jll06oe 3Ha.'leuue 3arpy3KH. Kor.u;a 3arpy3Ka na.u;a
eT HH>Ke YCTaHOBJieHHOB BeJIH'IBHhl, JCOMDapaTOp 3aDyCKaeT 
Tpan3HCTopuwi KJIIO'I, cpa6aTwBaeT pene, u .D;BHraTen:a. 
MC 160 qepe3 cucTeMy nepe,u;aqu npu6JIH)I(aeT HCTO'IHHJC 
JC nn,n;. KoMnapaTop HMeeT rucTepe3HCHYJO BhiXO.D;HYJO xa
paiCTepHCTHKY, T .e. BXO.D;HOe HaDpJDKeHHe, DpH ICOTOpOM OH 
BJCJilO'IaeTCJI, OTJIH'IaeTCJI OT uanpJI>KeHHJI BWICJilO'IeHHJI Ha 
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BeJIB'IBHY racTepe 3Bca u rwc'P=u Bbl 191 - u BI91 • BeJIB'IBHa u rwcT 
OT 5 AO 20~ YCTaHaBJIBBaeTCJI DOACTpOeo'IHWM CODpOTBBJieHB

eM 47 KOM. Py'IHoe BJ(JIIO'IeHBe ABBraTeJIJI OCYUleCTBJIJieTCJI 

TYM6JiepOM C HeiiTpaJIIoHWM DOJIOlKeHBeM. 

2. CuMMe•puJI annapa•ypHou .IIUHUU 

CBMMeTpBJI annapaTypHOB JIBHBB JIBJI .. eTCJI OAHBM B3 

OCHOBHWX Tpe6oBaHBB npB o6pa60TICe CDeiCTpOB C DOMOUlloiO 

nporpaMMW "KaTOIC" /16/. 0.QHaiCO, B 60JIJ.We:ii BJIB MeHJ.We:ii 

CTeneHB, DpB peaJIJ.HWX B3MepeHBJIX 3TO Tpe6oBaHBe He 

BWDOJIHJieTCJI, 'ITO MOlKeT BHOCBTio CBCTeMaTB'IeCICBe OUIB6.KB 

B nonyqaeuwe pe3yJIJ.TaTw. 

fipB'IBHaMB aCBMMeTpBB CDeiCTpaJIJ.HOB JIHHBB JIBJIJIIOTCJI: 

nnoxo:ii c6op HOCBTene:ii 3apJI.Qa B nn~; HaJIB'IBe ToncToro 

BXO,QHOrO OICHa B fill~ DPB perBCTpai(BB 3apJilKeHHWX 'laCTBQ; 

HanolKeHBe aunyn~ocoB Ha Bwxo.Qe llY I puc. 25al; nnoxa• 

.KOMDeHcan&JI DOJIIOCa HyJieM B, BCJie,QCTBBe 3TOrO, HaJIOlKe

HBe aunyn~ocoB B JIY I puc. 256/; ICone6aHae 6a3oBoii JIBHBB 

I puc. 25e/; BWCoKa• aarpy3Ka cnexTpoMeTpa ups 3a.QaHHOM 

3Ha'leHBB r laaJio)J(eHae aunyn~ocoB - puc. 25zl; aecTa-

6BJIJ.HOCTJ. CDe.KTpOMeTpB'IeCICOB annapaTypw BO BpeMeHB; 

TeMnepaTypHaJI HecTa6BJIIoHOCTio. ~JIJI DpOBep.KB TO'IHOCTH 

nonyqaeuwx pe3yn~oTaToB npa o6pa6oTxe cneiCTpanJ.Hwx 

JIBHBB C DOMOUlloiO nporpaMMW "KaToiC" aCHMMeTpB'IHWe DBICB 

6WJIB DOJiy'leHW DpB B3MepeHBB CDeiCTpa }' -nyqe:ii 152 111 C 

DOMOIIlloiO Ge( Li) - ,AeTei<Topa - nnaBHaJI aca:wueTpBJI nony

qanacJ. nyTeM B3MeHeHBJI ICouneacanaa noJIIOca ayneu npa 

DOCTOJIHHOi 3arpy3Ke. Pe3yJIJ.TaTW o6pa60TICB DOICa3aHW 

Ha puc. 26; B Ka'leCTBe napaMeTpa aCBMMeTpBB DpBHBMaeTCJI 

oTHoweaae neBoro B npaBoro nonyocaosaaa:ii oBICa aa 1110 

BWCOTW, OTC'IBTWBaeuwe OT KaHana C MaiCCBMaJIJ.HWM 3Ha

qeaaeu c'leTa. 

3. He.IIUHeilHoc•b cneK•poMe•pu'lecKou cuc•eMw 

HeJIBHeiHOCTio CDeiCTPOMeTpB'IeCICOlt CBCTeMW MOlKHO B3-

uepBTio C DOMOUlloiO npen&3BOHHOrO reaepaTopa BMDYJIJ.COB, 

a TaiClKe C DOMOUlloiO 3HeprB:ii y - Jiy'le:ii ICaJIB6pOBO'IHWX 
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npenapaToB. B cBJiy cBoei npocToTw niBpoxoe npaueHeHae 

DOJIY'fBJI BTOpO:i CDOC06, 6a3BpYIOIIVIiCJI Ha TOM cbai<Te, 'ITO 

Ge( Li) - ,AeTe.KTop JIBJIJieTCJI JIBHeiHwu :meueHTOM IB npe-

.Qenax ±1 K3BI B ABaDa30He 3HeprBi OT 0,1 AO 10 M3B / 7/, 

B 'ITO B o6naCTB OT 10 AO 100 IC3B OT.KJIOHeHBJI OT JIBHeiHOCTB 

He npeBwmaroT ±100 3B 1181. MeToABI<a nocTroeHBJI xpaBoi 

HeJIBHeiHOCTB CBCTeMW ODBCaHa B pa6oTe /
21 • 

AHaJIB3 cTa.QBB 3anoMBHaHBJI npeo6pa3oBaTeJIJI aHanor

I<OA C JIBHeiHWM npoMe>lcyTO'IHWr. 'peo6pa30BaHBeM BO Bpe-

, MeHHOi BHTepBaJI DO.Ka3WBaeT 19 , 'ITO OT.KJIOHeHBe OT JIB

HeBHOi xapai<TepBCTB.KB L\U/U npB 60JIJ.WBX aMDJIBTYAaX 

BXOAHWX BMDYJIJ.COB yBeJIB'IBBaeTCJI DpB yMeHJ.WeHBB BpeMe

HB HapacTaHBJI BMDyJIJ.COB - pUC. 27 lpaCCMOTpeHBe .KOH

.KpeTHOB cxeuw npeo6pa30BaTenJI He MeHJieT o6li.UIOCTB aHa

JIB3a/. llpB Manwx aMDJIBTyAaX MeHJieTCJI 3Ha.K ;\U/lJ, 'ITO 

CBJI3aHO C yBeJIB'IeHBeM BI<Jia.Qa nepeXOAHWX DpOQeCCOB B3- 3a 

HaJIB'IBJI HenaHe:iiHoro 3neueHTa B Qena 3anoMBHaHBJI. Pe3I<oe 

yBeJIB'IeHBe 1\lJ/U B 06JiaCTB 60JIIoniBX HaDpJilKeHBB lnoi<a3aHO 

TOJIIo.KO AJIJI c))opMBpOBaHBJI C DOCTOJIHHOi T = 2 MKCI 

onpe,AeJIJieTCJI orpaHB'IeHBeM DO Ma.KCBMyMy B yCBJIBTeJie 

3apJI.QHoi Qena npeo6pa3oBaTeJIJI. AHanorB'IHWM o6pa3oM 

BWrJIJIABT OT.KJIOHeHBe OT JIBHeiHOCTB, o6yCJIOBJieHHOe orpa

HB'IeHBeM B O.KOHe'IHOM .Kac.Ka,Qe JIBHeBHOrO YCBJIBTeJIJI. 

3I<CDepBMeHTaJIIoHO B3MepeHHaJI 3aBBCBMOCTio HeJIBHeBHOCTB 

OT BeJIB'IBHW r = 0,5; 1 ,0; 1,5 B 2,0 MICC DO.Ka3aHa Ha 

puc. 28. Taxoi lKe 3cjxbe.KT Ha6JIIO.QaeTcJI npa peryJIBpOBI<e 

I<o3cjxbanaeHTa ycaneHBJI, ecJIB npa 3TOM B3MeHJieTCJI nepe

XOAHa• xapa.KTepBCTBI<ac))opMBpyroUlero yCBJIBTeJIJI: puc.29a-
3&BHCBMOCTio HeJIBHeiHOCTB CDe.KTPOMeTpa, .K03cjxbBn&eHT 

yCBJieHBJI .KOTOporo B3MeHJieTCJI B c)opMBPYIOUleM yCBJIBTeJie; 

puc. 296- 3&BBCBMOCTio HeJIBHeiHOCTB CDe.KTpOMeTpa, .K03c)

c)Bn&eHT yCBJieHBJI .KOTOporo B3MeH .. eTCJI C DOMOUlloiO 'I&CTOT

HO-He3&BBCBMOrO &TTeHIOaTopaii<03cjxbBn&eHT yCBJieHBJI O.KO

He'IHOrO .K&CIC&A& JIY He B3MeHJieTc•l. 

Xapa.KTepHwe ICpBBwe HeJIBHeiHocTB HeKoTopwx HaUIBX 

cnei<TpoueTpoB npaBe.QeHw Ha puc. 30. KpaBaJI 2 .QeMOHCT

pBpyeT BJIJI .. RBe HeJIBHeiHOCTB OICOHe'IHOro .K&CIC&A& JIY 

I' 22 I - puc. 4/; ICpBBaJI 3 - BJIB•H•e HeJIBHeiHocTB AUII 
6144 I 11 , - puc. 201. 
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V. OliPAiiOTKA CIIEKTPAJihHOR JIHHHH C IIOMO/Jlh/0 
3BM 

fiOny'I~HRe BWCOKOH TO'IHOCTR npH R3MepeHRR 3HeprHH 
R RHTeHCRBHOCTeB MOH03HepreTH'IeCKHX H3Ry'leHHH pa,ARo
aKTHBH:WX ayxna.nos CBJI3aao c xapaxTepRCTBxaua IIII,l( 
I3HepreTR'IeCKOe pa3peWeHHe H 'IYBCTBBTenJ.HaJI OOnaCTJ.I /II, 
MeTO,ARKOH H3MepeHHJI ITO'IHOCTJ. y'leTa HenBHeHHOCTB H 
31)cjleKTHBHOCTB cneKTpOMeTpal, B, rnaBHWM 00pa30M, npH
MeHeHBeM 3BM ,AnJI oopaOOTKB cneKTpanJ.HWX nRHHH. C,
~eCTByeT HeCKORhKO cnOCOOOB MO,AenRpoBaHHJI nBKOBI20 . 

0,AHaKO, BCne,ACTBRe Ma Teua TH'IeCKOH npOCTOTW, O'leBH,AHOC
TB WB3H'IecKoii HHTepnpeTanBH napaueTpos H MRHHuan~oawx 
Tpeoosaaaii K o61.euy nauJITH R 6wcTpo.neiicTBHIO 3BM, 
aaa6onee WRpoxoe npaueaeaHe nonyqana annpoKcHuana.a 
nHKa CHMMeTpH'IHWM rayCCHaHOM. 

HH>Ke paccuoTpHu oco6eHHOCTB npHueaeaa.a nporpauuw 
"KaTOK" 116,231 H MeTO,A MOMeHTOB, DpHMeHeHBe KOTOporo 
B HeKOTOpJ.IX 'laCTHhiX cnyqaJIX, a TaK>Ke B npe,ABapBTCRhHOH 
o6pa6oTKe natllposoii aatllopuanHH oqea~o none3Ho. 

1. IlpozpaMMa "KalloK" /1 6 , 231 

~nJI annpOJCCRMai{RH CDCKTpanJ.HOH HBHHH npHMCHJieTC.II 
HHTerpHpyeuoe B npe.nenax O,II.Horo KaHana pacnpe,ll.eneHHe 
raycca: 

N·( K) 
S K K-p 2 ~ , 

= --==== J exp [-(~ ]dx+ .l a iK 1
, 

ay2rr K-1 ay2 1=0 
141 

r,11.e N (K)- 'IHCno aunyn~ocos B Kaaane K ; S - nno~a.11.1. nHxa; 
p - nonO*:CHHC MaJCCBMyMa DRKa; a = h ( 2 y 2 f'n 2)- ; h - WH-

e i 
pRHA naxa Ha nonyswcoTe; ! a i K 

i= 0 
- DOHBHOM CTCDCHB 

f , ODRCWBaiO~H tiloHOB)'IO DO,II.HO>KKy no,11. DRKOM. B:woop 
~ Be,II.CTCJI no aHanH3y a lna6o h I, 3aBRCHMOCTJ. KOTopoii 

OT 3HeprRH accne,ll.osaaa 3KcnepaueHTan~oao I /II - puc.ll. 
Y'laCTKR, r_ne a OTnR'IaiOTCJI, OOpa6aTWBaiOTCJI DOBTOpHO 
C HOBWMR Ha'lanJ.HWMR DpROnR:lKCHRJIMH. 
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llo.nroTosxa acxo,AHoro uaTepaana no nporpauue "Pa3-
ueTxa" i24l 3aiCJIIOqaeTCJI B 3a,AaRRR Ha'lanJ.HWX npROJIJDKeHRH 
C nOMOUU.IO AJICDneJI CO CBeTOBWM nepOM R RX 3anRCR Ha 
uarHRTHYIO neHTY. BBR.AY uanocTR yqacTKOB I< 96 xaaanosl 
MO>KJIO C'IRTaTJ. KOppeKTHWM ycnOBRe nOCTOJIHCTBa a • 

HCKniO'IeHReM JIBnJieTCJI oonaCTh xapaKTepRCTR'Iecxoro 
peaTreaoscxoro R3nyqeHRJI /X- ny'IH JIBnJIIOTCJI cTpyxTyp
HWMR nRHRJIMRI R oonaCTh 511 K3B lnRK aHHRrRnJil(RR ec
TeCTBeHHO yDJRpeHI. 06paOOTKa BCeX pa3Me'leHRWX y'laCTKOB 
npORCXOAJIT aBTOMaTR'IeCKR. B BR,Ae KOHe'IHWX pe3ynJ.TaTOB 
'ne'laTaiOTCJI napaueTpw () 

2
, a , !\a, p , L\p , S , tJ. S, a., 

I 

\ ai, r,ll.e 
KK armp ( K) ] [N(K) -N ! 

151 - ---. KH 
e = 

KK-K H - nm-~ 

3,AeCJ. n - 'IRCRO DRKOB Ha y'laCTKe; K K R K H - KaHanw KOH
na H Ha'lana yqacTxa; m - 'IHcno napaueTpos. Kpoue Toro, 
c nouo~1.10 cnel(Han~oaoii nporpauuw 3Ha'leHHJI p , !\ p , S , 
\ S , (T copTRp)'IOTCJI B naMJITH 3BM R nocne OKOH'IaHRJI 
o6pa6oTKH no nporpauue "KaTox" BWBO.AJITCJI aa nepcllo
neHTY .AHJI nocne,II.)'IO~eii o6pa6oTKH. 3aueTRM, 'ITO acnon~o-
30BAHHhiH B nporpauue MeTO,II. DpRMeHRM K B:WpO)I(,II.eHHWM 
3a,ll.a'laM R ,11.ae"t B03MO>KJIOCTh onpe,II.CRJITh 'IRCRO DRKOB Ha 
pa3nR'IHWX y'laCTKaX /231. 

~n• npasan~oHoro nnaHRposaHRJI 3KcnepaueHTa Hccne
.IJ.OBAHW 3aBRCRMOCTR !\p R !\SIS OT S R Ul4>1 ,a TaK>Ke 
1\plp R !\SIS OT a , r,ll.e ll - MaKCRManJ.HOe 3Ha'leHRe 
aunnRTY.II.hl naxa DpR HyneBOM WOHC; 4> - 3Ha'leHRe aunnRTY.AW 
¢K>Ha no.n naxou - puc. 31- 33. H3uepeHRJI nposo,II.RnBCh 
C DOMO~hiO Ge(Li) -.n,eTeKTopaRRCTO'IHRKa 57Col122 K3BI. 
3aBRCRMOCTR f1SIS R !\pi a OT a RCCRC,II.OB&nBCh DpR 
S = 1,5-10 5 , xor.na cTaTRCTR'IeCKRii pa36poc uano cxa-
3WBaeTCJI Ha TO'IHOCTR pe3ynJ.TaTOB - puc. 31. flpR RCCne
,II.OBAHRR 3aBRCRMOCT.eii !\SIS R !\p OT Ul4> paHee R3Me
peHHwii nax 122 K3B I 57 Co , S = 1,5 10 

5 I no,ARRMancJI 
Ha Hen~ep:WBHOM XOMDTOI{OBCJCOM pacnpe,AeneHRR OT RCTO'I
w_a 0Co lycaneHRe B:WOpaHO TaKRM o6pa30M, 'ITO nRK OT 

Co HaXO,ARTCJI Ha rna,AKOM y'laCTJCe KOMDTOHOBCKOrO pac-
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npe,AeneuuJI/. Ha puc. 33 noxa3aua Tax)l(e .AOCTosepuocT& 

( p ± 1\p; S ± .1\ S) OT 3Ha'ICHHJI ll/~ DpH o6pa60TI<e DHXOB 

c DOMO~biO nporpaMMW "KaTox". llony"'euuwe pe3yn&TaTw 

D03BOJ1JIIOT npasun~ouo sw6paT& speMJI 3XCD03HU.HH I puc.31/, 
u.euy xauana I puc. 32/ H ;J;eTexTop I puc. 33/. 

2. Me11oo MOMeHIIoe 

llpe.n:nonaraeTcJI, 'ITO «!lou JIBnJieTcJI nHHeiiuoii «!lyuxu.ueii, 

H 0 «!lopMe CDeKTpaJ1bHOH J1HHHH He ;J;enaeTC.II HBKaXHX npe.n:

DOJlO>KeHBH. MeTO,AOM MOMeHTOB DpOBO.Il:HTCJI o6pa60TI<a 

y'laCTKOB _CDeKTpa C HaXO)I(,AeHHeM IJ,eHTpa TJI)I(eCTH DHI<a p , 
nnouta.n:u S a cpe;J;Heii WHpBHW Ha nonyswcoTe i\ : 

s ~[N(K)-B(K)l, oS=y~[N(K) +B(K)] 

~ [N ( K ) - B ( K ) ] K 
p y'~ [N(K)+B(K)I[K--PJ 2 

op = -s -s 

f'..=y a[N(K)-B(K)J[K-p]2 

s /6/ 

o6.= 1 y'~[(K-p) (1-2N(K)-B(K))-~2]~ 
2~S s 

X [ N ( K) + B( K) ] ' 

r,Ae N(K)- 'IHcno BMnyn&cos B KaHane K ; fl(K) - 'IBcno 

«<louoBwx HMnyn&cos a xauane K • 0WH6xu BW'IHCnJIIOTCJI 

B Dpe.n:nono~eHHH. 'ITO OBH HMeiOT 'IHCTO CTaTHCTH'ieCXHH 
xapaxTep, T.e. oB(K) =v-B(-KT. 
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MeTO.Il: MOMeHTOB DOJ10)1(eH B OCHOBY nporpaMMbl Dpe,A

B8.pHTeJ1bHOH o6pa60TKH CDeKTpOB C DOMOIIJ,biO 3BM 

"Muucx-2" H "MHHcx-22". KanH6posxa fo 3HeprH.IIM H uu

TeucusuocT.aM oc~ecTsneua ua 6a3e / 21 , 

VI. 3AKJIIOYEHHE 

H3 npose,Aeuuoro swme auanH3a MOlKBO c,AenaT& cne

.AYJOIIJ,BC BbiBO.Abl; 

1/ B DJI&HHPOB8.HHH H DpOBe,AeHHH 3KCDepHMeHTOB DO HC

cne.AOBaHBm crrexTpos H3ny'leuai pa,AuoaxTHBHWX HyxnH.AOB 

He06XO,AHMO BCer,Aa aHanH3HpOB&Tit B03MO:lKH.We :Jcl$eXTW 

HCI<a)I(CHHJI HCTHHHOrO CDei<Tpa, CBO,AI<a KOTOpbiX DpHBe,AeHa 

B 1100.11. J. 
2/ 06pa60TKa CDeKTpanbHOH nHHHH C DOMO~IO DporpaM

Mbl "KaTOIC:" D03BOJ1JICT nony'laTb 3H&'IeHHJI 3HeprHii H HH

TeHCBBHOCTeii MOH03HepreTH'IeCKHX H311Y'ICHHi CO CTaTHCTH

'ICCI<Oi DOrpeWHOCTbiO B HeCKOJlbKO 3B /B 3&BHCHMOCTH OT 

B( 2) - cM. 121 / I a oo 1~ cooTseTCTBeHHo /s 3asucaMocTH 

OT DOrpeWHOCTH H3MepeHH.II 34l4leKTHBHOCTH CDeKTpOMeTpa/ -

puc. 31. llpH 3TOM OCOOOe BHHMaHHe HY)I(HO o6paTHTb Ha 

BW6op :lHa'ICHHit a - pUC. 32 H aCHMMeTpHH CUeKTpaJ1J.IWH 

JlBHHB • pUC. 26, KOTOpble 3fU..eTHO BJ1HJIIOT Ha 3Ua<temu: 
norpelliHOCTeii, a 'laC TO H Ha ,AOCTOI~CpHOCTh DOJ1y'laCMLIX pe-

3YJILTd.Ton /npu pa6oTe B o6nacn1 o < 2 xauanos ycTOH'lH

ao•:; n,. o6pa6oTJ<H cnmKIIhiX y•1acTJ<OB n: .n:a)l(e O.ZJ;HHO'IHLIX 

UBKOB H>tpymaeTC.II/. 

:3/ .ff.ncTO.BCpHOCTh pe3yJ1bTI:l,TOB o6pa60TKH CDCKTpam.

i!ll~ ;nmu:c~ C HOMOU!hiO n_porpaMMH "Kfl.'f(}K" 3aBHCBT OT npa

;n .',H•V>I :~ 3a.n:aunn uatJ:anbHWX ycJJoouil /•mcno nHI<on; na • 

~''-' ··:,; • p!_;_ ')Olll1/. Hco6xo.n.HMLIM /no u~ nccr.na ,uocTaTO'IHWM/ 

ycJIOa~e},' tHJJlJieTcfl nonytJ:euue 3naqeunn: a, coona.n.aJOmero 

/n 11pe,1,C.>!.!\X OWH6oK/ C 3KCDCpHMCUTaJILIILUd ,ll.JI.SI ,ll.aHUOf'O 

CUCKTpO:'ci'CTpa.. 

4/ D ps.n:e 3a.n:a'-l JI,Aepuoii cneKTpocxonuu qacTo HY>XHLI 

3ll&'ICHH9 HHTeHCHBHOCTei Hepa3,ACJ1eHHLlX DHXOB. B 3TOM 

CJlY'Iae llOJ1C3HbiM .JIBJlJieTCJI DpBMeHCHHC MCTO,Aa MOMeHTOB, 

'ITo anmocTpapyeT puc. 34 a •aoA. 2 /TaM )l(e npuse.n:euw 

,AaHHble, DOny'ICHHble llpB o6pa60TKC C DOMO~LIO nporpaMMbl 

"KaTox" u 3BM "MULTI -8" /. 
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51 B npenasuouuoi cnexTpocxonuu xaqecTBa cnexTpo
MeTpuqecxoi annapaTypw lspe:w:euuaJI H TeMnepa TypuaJI eTa-
6HJlhHOCTJ.; 3arpy30'{HLIC xapaKTepHCTHKHI qaiQe HrpaJOT 
6onee CYIQecTseuuyro pon~o B norpewubcTu onpe~eneuui 
3Hepruu u HHTeucusuocTei y -nyqei, qe:w: o6pa6oTxa cnexT
pan~ouoi JlHHHH C UOMOIQJ.IO 3BM. fi03TOMy HCCJle~oBaHHe xa
paKTepHCTHK CIIeKTpOMeTpOB B peanJ.HLIX YCHOBHJIX JIBJlJICTCJI 
061l3aTCJlhHLIM. 

61 B uacTOJIIQee apeMJI norpewuocTJ. H3MepeuuJI 3Hepruu 
y-nyqei o6ycnosneua OTCYTCTBHeM ~ocTaToquoro xonuqe

CTBa cTau~apToB 3Heprui loco6euuo B o6nacTH >1 Al3BI, 
a TaK>Ke ToquocTJ.JO nocTpoeuuJI xpuaoi uenuue~uocTH en exT
poMeTpa. YKa3aHHaJI HaMH B03MO>KHOCTJ. UOCTpOeHHJI Henu
HCBHOCTH CHCTCMLI npH pa3nH'{HLIX K03clMIIHn&CHTaX YCHJlCHHJI, 
a TaK>Ke ucnonJ.30Bauue nocne~ux H3Mepeuui 3Hepruu 

v 182 192 
raMMa- nyqeu npu pacna~e T a H Ir c noMOIQJ.IO xpuc-
Tann- AH«iMMIPa~uouuwx cnexTpoMeTpos 1261 no3BOHJIIOT no
CTpOHTJ. nonuwi ua6op 3HepreTuqecxux penepos B wupoxoi 
o6nacTH 3Heprui. ~auuwe no~o6uwx uccne~osauui 6y~yT 
npuae~euw B liawux CJIC~YJOIQHX pa6oTax. 

7 I C Toqxu 3peHHJI ynyqmeHHJI 4lyuxuuu oTxnuxa Ge( Li) -
~CTCKTOpa luanpHMep, aHTHKOMUTOHOBCKHB HJlH napHLIB 
cnexTpoMeTp/, HHTepec npe~cTaBnJieT KOMnnexcuwi auanu3 
ucxa>KaiOII.{Hx 34MilexToB annapa Typuoro cnexTpa y - nyqei. 
reoMeTpuqecxue ycnoBHJI 3KcnepuMeHTa u cnexTp y-nyqei . 88 
npu pacna~e Y noxa3auw ua puc. 35. raMMa-xaauTw 
c 3~epruei E pacceuBaiOTCJI ua yron e B MaTepuane nn~. 
KOMUTOHOBCKHe >Ke 311CKTpOHLI - Ha yron rp lcllOT03JlCKTpOHLI 
ue lioxa3auwl. KpoMe Toro, B Dll)J; nona~aJOT xsauTw E 1 , 
paCCCJIHHLIC KaK B UO~JlO>KKe HCTO'{HHKa, TaK H B OKpy>KaJO
InHX DIT,ZJ; MaTepuanax lxna~onposo~; onpasxa Dll,ZJ;; xpwwxa 
xpuocTaTal, npuqeM yron pacceJIHHJI e1 c nona~auueM y
xaauTa B · qyscTBHTen~ouyro o6nacT~o DITJJ; npHHHMaeT ace 
B03MO>KHLIC 3HaqeHHJI. 

fiHK nonuoro nornoiQeHHJI 898 K3B JIBJlJICTCJI CYMMOB 
clloTo3clMIIexTa H MHoroxpaTuoro KOMnTouoscxoro pacceJIHHJI 
B qyscTBHTen~ouoi o6nacTH DITJJ;, B nuxax >Ke 1836 u 2734 K3B 
sxna~ ~aJOT eiQe nonuocTJ.JO nornoiQeuuwe napuwe co6wTHJI 
(I-2A). 34MilexT acHMMeTpuu nuxa nonuoro nornoiQeHHJI c 
HH3K03HepreTHqecKOB CTOpOHLI CBJI3aH C BLIJlCTOM cllOTO-
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:-meKTpOH8. (I- 2f\). fipH ~pyrHX yCJlOBHJIX H3MepeHHJI lflil)J;, 
TOJJCTWC HCTO'{HHKH, norJIOIQaiOII.{HC cllHH:bTpWI BKHa,A B HB3-
K03HepreTHqecKHB XBOCT MO>KeT ~aBaTL KOMUTOHOBCKOC 
pacceJIHBe Ha Manwe yrnw (f- lB). CaTemiBTHLie UHKH C BLI
COK031IepreTHqecKOB CTOpOHbl CB.II3aHLI C CYMMHpOBaHHCM 
1\x -ny'{eH Sr H COOTBCTCTB}'IOUUU IIHKOB nonuoro norno
meHH.II ( (- 311) . KpoMe Toro, B annapaTypuoM cnexTpe BH.l{
uw: DHKH 814, 1325 H 1712 K3B, CB113aHH:WC C BWHCTOM 
o.a:uoro unu .D.BYX auuurun11uuouuwx KBaHTOB (I- 2 A) ; nux 
)' ± 511 K 3B CBJI3aH C aHHHrH11Jil.{HOHHWMH KBaHTaMH KaK 113 
6eTa-pacna.n:a, TaK H B pelynJ.TaTe o6pa3oBaHHJI napsoxpy
>Ka!Oll.{HX DDJJ; Ma Tepaanax c nocne~yroll.{ei auuurunJiuuei 
ll03HTpOHOB (I-3B); DHKH Kx(Pb), CBJI3aHHWe C B03-
6y>K.l{CHiieM xapaKTepHCTHqecKOrO H311Y'{CHHJI B DO~JlO)I(KC 

HCTO'{HHKa (I- 11') ; IIHKH Kx(Sr) H3 pacna.n:a 88y . 

Henpepwsuoe pacnpe)J.eJteHue HMnyn~ocos B cnexTpe y
ny'{ei CBJI3aHO C KOMUTOHOBCKHM paCCC.II.HHCM KaK B qyBCT
DHTeJlJ.HOH o6naCTB llll)J;, TaK B B OKpy)KaiOII.{HX DIT)J; MaTe
pBanax I I - lA, 1B, 2A, 3A, 3B, 3r I. HeKOTOpoe 3Hepre
TR'{eCKOe nepepacnpe)J.eneuHe HMnyn~ocos B cnexTpe CBJI3aHo 
c speMeuuwMH cosna.n:euHJIMH H3nyqeuu:H (I -33) .Oco6o cne
,a: yeT Bhi)J.C11HH, rpaHBU.W 06JiaCTeH o6pa TJIOI'O ( 0 1= 180 ° )pac
CCJIHH.!I OT llO)J.JlO)I(KH llll)J; B MaTepBana 3a ~eTCKTOpOM -
199 K3B .D.H.II. E y = 898 K3B u 224 I\"3B ,nnJI E y == 1836 K3B 

/I - lA, 3r 1. Pe3KaJI rpauuua KoMnTOHOBCJcoro pacceJIHHJI 
CBJI3aHa C KOMDTOHOBCKHM paCCCJIHHCM OT UOBCpXliOCTH 
ITIT)l. - 0 = 180°, II - 2AI. Pacnpe.n;eneuue HMD}'JlhCOB 
B CDCKTpe MC)I(J\y KOMDTOHOBCKH.M KpaeM H UHKOM DOJlHOrO 
DOr110U4CHHJI CBJI3aHO, B OCHOBIIOM, C KpaTHLIM KO.MUTOHOB
CKHM pacceJIHHe.M. B qacTHOCTH, .D.11J11836 K3BoTqeTnHBO aw
.n:enJieTCJI BTOpaJI KOMfiTOJIOBCKaJI rpaHHI.{a, CBJI3aHHaJI C 
~BYXKpaTHWM KOMDTOHOBCKHM pacceJIHHeM. 

AsTopw 6naro.n:apJIT npo4l. K • .H.rpoyosa, B.r.qyyuua, 
H.A.ronosxosa 3a none3uwe 3aMeqauuJI npu qTeuuu pyxo
nuca. Mw ucxpeuue.6naro.D.apHM coTpy~HHKOB 41oTona6opa To
pBB JIJIIT 3a 6onhWYJO DOMOIQJ. B ocllopM11CHHH HaCTOJIIQei 
pa60TW. 
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Ta6JIH.u;a 1 
3c)Jc)eiCTLI, HciCa.)l(aJOIIJ;lle c)op:w:y annapaTypHoro cneiCTpa 

A.J<»EJ!'N CBJISARHYE C 
E.S~EKThi~CBRSAH!IllE C XAPAK-PA.llllOAKmBHYII WCTO'l- B. BHEIIJHilE 3•!><PEKThl HIIKOII. TEPIICTW AJ61 nTIJI. 

I.Paccea&Re B DOJlORKe I.3aBRCBMOC~i ce'leHIA aaa••o- l.i:~;H~furBO BXOJHOR OKBe CD8UpORe~pB,B Ol!pJ-
IC~'IBII!Bo ~e~c~BRA J'.-.IIY'IeA OT Z nJUI R M8~8pl8li8X ·1 B ~IU!paJ: DO 

2.ConpoJ~a~e 1aay- 2.Boad:JQe&Re xapanep•c~necJtoro n;tyq~:::e:-•· 
'lea II! :a, , BBJ~peaaee 2.Ca~eBXR~We DKJII 1 CBR38BHWe 011p1Jt8~][ RnJI I IC~O'IBII! 118~8PI8li&X 
~01108808 18BJ'I6Bie. ~a~w:efi~.t• n~• odpasoaaRRI 3.~e~~~=~Drll08BI1!8~X Dpl Odp830J8RII nap 

3.PacceRRie a codc!BeR- •nepla;rax. 
BOI ~l .. Be IC~'18JI!8. 3.Ca~elllii~We DBJ!I 1 CBR38BBYe 4.8ar.~soe pacceane B •a~ep&a;rax,aaxoJQJI][ca sa 

4.Boad1Jt1el!le xapaK!e- C BYli8~0R ll:8p8Jt~~Cft'18CKO- S.Bae1aee ~op•oaRoe IBliJ'IeB&e. piCft'lec~toro Ballyqe- ro B3Jy'I8HIR 18 JI. 
HWR B DOilORKe R COd- 4.Pacceaale B ~l .. Be Bli:OJ&oro 6.38BICitROC~II DOliOR8RIR R81!CIIJIIB una OT reoRe~ 
C'l'JieHBOA ~O.IUHe IC- oasa nnJI. ~II ISMepeBRRo -
TO'IBII!Bo S.S~eBftJBOC~ COdBp8BBR 38- 7. 81108J!ftBBWI ~ORo 

PillS J nTIJI. B.I!CKBJteRie ~ Dpl ICCB8JOB88U ll6DO'Iel! :Z..SK!IB 
BIIX Ryllllll B. -

9.Cy.RipoB8Bie IMIIJliiiCOB. 

I. 38BBCIIIOCU npodera 0~ l' nnll 
I. IAI • E • I. I BI 
2.ConpOBOJtl8~e ~~~y- 2. IE4 

3.0dpa~Roe pacceasae 0, 1TIJI 2. IB2 
3• "f:~a:U,j'llldOI,X,)'. ~:Tf~~oaHoe aa:~~yqea•e B ri~JI: 3 • npOIJUY P8CC6!1BIIIl-llyqel B OKPY18~X IJilJl B 
4. IA4 

6.38BMCIIIOCT0 DOIOJteBRR IIBK- 4 .•r~~"s•11 •a~ep•axa. 
g:~~~M~~K8 0~ Hanpe.eHIR 

5. IB9 

I. IAI r.~a~•;••ocTo rrpodera OT 1 r.rrJI 1·~adpoc lr.1oa naJe&•ll sa noBepx8oc~11 ITJUI 2. IA3 
2. !F4 " 8~~:·~::a:!Bie ~-'lac~~ c MOB811JliBRI oc~~Toq-
3. ISS 3. IB'l 

4. IB? 

Ta6JIH.u;a 2 
06pa60TICa c)par:w:eHTa CUeiCTpa y • JIY"'CH, npHBC,tJ,CHHOrO 
Ha PUC. 34, C UOMOW,LIO 3BM":\1l.JLTi-8 "!lleTO.!J;OM YOYCHTOB 
B n~orpaMMial "KaTOIC" /B CHny MO.!J;enLHLIX npe,IUionO.)I(C
HHB 27/ o6pa60TICY 'laCTH'IHO nepeiCplaiBaiOIIJ;BXCJI UHICOB 
C UOMOIIJ;LIO 3BM 'MlJLTl-8 ... npoBO)l,HTL HenL3Jl/. 

E· "K A T 0 K" MULTI-8 METO.ll UOMEHTOB 

KSB p s p s p s 

!063.635 2058.472(!4) 148!00(!000) 2058.4 !49000 2058.923 (26) !49400(600) 
!085.840 2!0! .379(12) 77300(400) - - 2!02.900(50) 92!00(560) 
!089.760 2!08. 740(50) 13300(250) - -
1!!2.064 2!52.078(20) I02800(IOOO) 2!52.0 104800 2!52.423 (30) 107400(500) 
1!73.208 2270.422(12) 181 200(IOOO) 2270.3 182400 2270.862(!8) !82900(600) 
12!2.910 2347.220(40) %40(200) 2347.2 9500 2347 .680(18) 10300(300) 
1249.87! 24!8.57(18) !200(140) 2418.6 IIOO 2418.%{80) !200(!40) 
!292.830 2502.28(50) 660(!20) 2501.7 400 2501.45 ( 84) 920(200) 
1299.080 2513.885(40) 10300(200) 2513.9 9900 25!4.500(90) !0600(200) 
!332.464 2578.393 (2!) 160500(1500) 2578.3 158400 2578.9!2(9) !57900(400) 
1408.044 2724.359(!7) !22700(900) 2724., !22300 2724. 804(!4) !23!00(409) 



Puc.l. liAoK-cxeMa cneK1fiPOMe1flpa c IIII,l( OAR U3MepeHU.R 
U3AY<~eHui.i paouoaK1flue Hblx HYKAuooe I,[(- IIII,l(; IIY - npeo
ycUAu1fleAb; JIY - AUHei.iHbJU YCUAUIIIeA~ H - UHIJeHCUMe1flp; 
Ar(II - aHaAozo·t~utfipoeoii npeo6pa3oea1fleAb; 3Y- 3anoMu
Ha10Uiee yc•poiic1fleo/. 
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Puc. 3. 3aeucuMOCB;b tjJopMb: annapa•ypHozo cneKIJpa om 
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Puc. 2. )futPtfiepeHI.IUaAbHoe ce'-leHue KOMn•oHoecKozo pac
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HbJX Ha YZOA @ ; 3a6UCUMOC.b MaKCUMaAbHOU 3Hepzuu 
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Puc. 8. CneKmp zaMMa-Ay'leu Na, U3MeoeHHbiU c no-
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ijUOHHbiU nuK; SE nuK oouHO'IHozo 8b1Aema; DE - nuK 
080UHOZO 8b1Aema. 
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Puc. 10. CneK•pr.r HU3K03Hepze•u'lecKux zaMMa-KeaH•oe 
57 Co u 11 Jsn, U3Mep_eHHr.te c nOMOII#biO Si ( Li) - u Ge ( Li) -

oe.eK•opoe coo•ee•c•eeHHO. Kx- AY'IU Cu u Zn C6J130HW 
c ~AIOOpecfleHfiUeii Aa•yHu, npuMeHJIIOUieiicJI npu ynaKoeKe 
Si ( Li) - oe•eK•opa. 
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Pt1c. 11a. 3aeucwdocJ:b 3HepzemutlecKo2o rwpo?a ?a~ouw
cncKmpoMeff;pa on JW/llJ#UHbl Q/110MUHU€60ZO 6X00hOZO OKJ.!;J -
1-ICIW'IHUK ).flAm; oe~enwp Si ( Li) - 30 X 4 MM. Ilpaca~ll 
eepXIOU 6CMQ6KQ - 3GOUCUMOCllb S lc {fjUAbllpOMI/ S l6e3 
(!u;u.Jipaj Oi!'l 3Hep?I.W; rlfJCWU.P. UUJICHJIJI 6CIIta6KU - 01111/W/li,Jfl.iHbl 
QA!OAW1We80i'O lPUAbYipC!. 3c)ecb S - nAOJ#UOb ftUKa. 

I DO 
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050 
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aHeprrrg 

Puc. 116. 3aeucuMOCI!lb 3HepzellutlecKozo nopoza zaMMa
cneKIIIpoMeTifpa 0111 llfOA&IIUHbl u coc•aea noZAOJIIU10J11ezo tPUAb
pa. Ilo ocu opOuHall olllAoxeHo OIIHoweHue s lc tPUAbllpoMI I 
s l6e3 tjUA&•pa. 
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Puc. 12. 3aeucuMOCllb noAoxeHUJI MaKcuMyMa cneKllpa.llbHOii 
AUHUU 011 zeoMellpUU U3MepeHUJI: UCIIO'IHUK 18 2Ta; OelleKIIOp 
Gc ( Li) - 37 eM 3 c c)eyMJI OIIKpblllbiMU KOHijaMu. B eepx-

HeM npaeoM yz.11y npueeOeHa HeAUHeiiHOCllb I o - KaHaA/ 
cneKllpOMellpa Ha y'lac•Ke U3MepeHUJI. BHU3Y - zeoMellpU.R 
U3MepeHUJI. E ( i)- 3Ha'leHue 3Hepzuu e zeoMe11puu i. 
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Puc. 1 :J. CneKMP za..w,wq- Ay~eu ecrwc•weuHozo paouoaKitrue
Ho?o ¢oua, !43Mepe1WOZO Ct: ( /,i) - oe•eK•opoM 37 C:M 3 6ea 
/A/ U /.5/ co C6UH11080U 3CHIIUIWU U Gc(Li)·oe•eK•opOM 
1 CM 3 /B/ 6e3 CBUHIIOBOU 3UIJIU.bl. BpeMJl U3MepeHUJl -
12 •Jac. 
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Puc. 14. HcKaJKeHue annapa•ypHozo cneK•pa :Ja c~e• cyM
MupoeaHU.R UMnyAbC06 joe•eK•op Ge( Li) - 37 CM 3 /: 
A - uc•uHHbre coenaoeHUJl /:Jazpy3Ka -, 10] UMn/c/; 
b - CAy'lUUHbl€ coenaOeHUJl /3UZPY3KU 2 ·10 UMn/c . 
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Puc.15. CneK•Pbl zaMMa- Ay'leil u -3/leK•poHoe KOHeepcuu npu 
pacnac)e 169 Yb,U3MepeHHble C noMOJIIt.IO Ce(Li)- USi(Li)
c)e•eK•opoe. 

40 

0.8 

0.6 

0.4 

0.2 

0 20 40 60 eo z 

Puc. 16. 3aeucuMoc•r. K03(/jfPUf1UeH•a o6pa•Hozo pacceJIHUJI p 
e •o.11c•ou cpec)e npu HOpMaAr.Ho nac)a10111eM ny'lKe 3AeK•
poHoe /1/ U npu c)UfPdiy3HOM YZA080M pacnpec)eAeHUU nep-
8U'lHOZO ny'lKa /2/ I 6(. 
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Puc. 17. 3aeucuMoca~o 3Hepzeau'lecKozo RCJ3peweHu.Jt /1/ u 
c()euz MaKcuMyMa cneKapaA~oHoiJ AuHuu /3/ npu uaMepeHuu 
cneKapa a.lleKapoHoe KoHeepcuu c noMOitlloiO Si (AI) - ()e
aeKaopa u ucnoA~oaoeaHuu MaiJ.IIapoeoiJ nAeHKu 
/0,90 Mz/cM 2 I e Ka'lecaee exo()Hozo oKHa eaKyyMHoiJ 
KaMepw /11/ - puc. 13/. Kpuea.Jt 2 - aaeucuMoca~o 3Hep
zeau'lecKozo paapeweHu.Jt oea MaiJ.IIapoeozo exo()Hozo OKHa. 
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Puc. 18. HcKaxeHue annapaaypHozo cneKapa aa C'lelll ucauH
HWX coena()eHuiJ K x - u L x- Ay'leu c K , L , M u N - KoH
eepcuoHHwx 3/leKapoHoe 0.11.11 nepexooa c aHepzueiJ E. Ilp.RMo
yzoA~oHuKu cpe()HeiJ no.11oc~or UAAIOcapupyJOa 3Hepzeau'lecKoe 
pacnpeoeAeHue uaAy'leHuiJ . HcKaxeHUJI uHaeHcueHocaeiJ 
3/leKapoHoe aa c'lea coena()eHuiJ c K x - Ay'laMu UAAIOcapu
pyJOa np.RMoyzoA~oHuKu HUJKHeiJ no.11oc~or, c L x - Ay'laMu -
eepxHeiJ no.11oc~or. B AeeoM eepxHeM yzAy npueeoeHiol oooaHa
'leH&I.Jf 3uz6aHa 0.11.11 L x - Ay'leiJ. 
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Puc. 19. BAWIHUe •o.IIUIUHbJ 6XOOHozo OKHa Ha 3Hepze•u'le
cKoe paaperueHue Si (Au) - oe•eK•opa /S = 1 CM 2 ; oua
Me•p uc•o'lHUKa 5 MM; E a = 5 MaB/: a - 3a6ucuMoc•t. 
3Hepze•u'leCKOZO paaperueHU~ o• 6e.IIU'lUHW 6XOOHOZO OKHO 
Au /MKM/ 6 npeonoAo.reHuu o•cy•c•6u~ Mep•6ozo c.11o~ Si; 
6 - 306UCUMOC.b 3Hepze•U'leCKOZO pa3perueHU~ o• 6e.IIU'lUHbJ 
Mep•6ozo c.11o~ Si /MKM/ 6 npeonoAo.reHuu, 'l•o 6e.IIU'lUHa 
6XOOHOZO OKHQ Au pa6Ha 0,03 MKM. ~u(JpaMU Ha KpU6bJX 
0603HO'leHW pacc•o~HU~ UC.O'lHUK - oe•eK•op /6 MM/. 
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Puc. 20. BpeMeHHa~· /A/ u •eMnepa•ypHa~ /li/ c•a6UAt.
Hoc•t. cneK•poMe•pa c Ge(Li) -oe•eK•opoM u cuc•eMw 
"TRIDAC- C" : 1 - Ey = 122 K3B ( 57 Co); 2 - Ey = 
= 661 K3B ( 137Cs);3- Ey =1332K3B ( 6°Co). P- noAo
.reHue MOKCUMYMO cneK.pa.llbHOU .IIUHUU. 
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Puc. 21. 3aeucuMoclll• noAoxeHu.R MaKcuMyMa r u a cneKIII
paA,.Hoii AUHUU OAJI cneKIIIPOMelllpa c G!' ( Li) - OellleKIIIopoM 
npu r = 2 MKC 0111 3azpy3KU: 1 - 37 CM 3 + JIY - 2 + 
+ TRIDAC-C; 2- 1 CM 3 +JIY- 2 + AH-4096; 3- 37 CM3+ 
+ JIY - 3 + AH-4096; IT 

2 - oucnepCUJI HOpMaA .. HOZO pac
npeOeAeHUJI. 
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Puc. 22. 3aeucuMoCIII,. noAoxeHu.R MaKCUMyMa p u a cneKIII
paAbHOii AUHUU OAJI cneKIIIpOMelllpa c Ge( Li) - OellleKIIIopoM 
0111 3azpy3Ku npu pa3AU'IHWX 3Ha'leHu.Rx r IHuxHue 4 Kpueble 

p , eepxHue - a ; 3Ha'leHu.R r [ MKC J npueeOeHbl OA.R 
Kaxooii np.RMoii: Ge ( Li)- 37 CM 3 + JIY ("ORTEC-450 ")+ 
+ TRIDAC-C. 

46 

p h 

3 12 
\ 
\ 
\ 
\ 
\ 
\ / 

2 10 

__\, / 
\ / 
/> 

/ ~ -1-7 " 
1 8 

L ""-... 

0 6 

0 0.5 tO 

L 
/ 

/ 
/ 

!------

tS 

/P·f(UJ) 

p 

2.0 

h-t(UJ)-

·UJ(nT)[B) 

xlQL MMn/CEK 

Puc. 23. 3aeucuMOCIIIb noAoxeHUJI MaKcuMyMa p u noAy
wupuHw h I h - e KaHaAaxl cneKIIIpaAbHoii AUHUU OA.R 
cneKIIIPOMelllpa c Gt· ( Li) - OellleKIIIopoM I 1 CM 3 I 0111 Hanp.R
JiteHUJI Ha 3allleope IIT IH3 I u 3azpy3KU cneKIIIpoMelllpa. 
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Puc. 24. IlpUHtJunuaAbHa.R cxeMa 3AeKIIIPOHHozo yc111poiic111ea, 
06ecne'IU6010111€ZO nOCIIIOJIHHYIO 30ZPY3KY ZOMMa- cneKIIIpo
M e 111pa c IIII,i(. 
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Puc. 25. AnnapaJJypHbJe 3f/xjJeKJJbl, npueoc}JIUIUe KacuMMempuu 
cneK•paAbHOU AUHUU u peayAb111QJibl ux ycmpaHeHUJI: A - Ha
AOJiteHue uMnyAbcoe Ha 6blxoc)e IIY; li - KoMneHcaijUJI no
AJoca HyAeM; B - KoAe6aHu.R 6aaoeou /HyAeeou/ AuHuu; 
r - HQAOJiteHue 6 JIY npu aac)aHHOM 3Hat~eHUU T • 
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Puc. 26. 3aeucuMoc•b nozpewHoc•u u c)oc•oeepHoc•u onpe
c)eAeHUJI nAOfllac}u U MQKCUMYMa nUKQ o• QCUMMe•puu npu 
ucnOAbaoeaHuu npozpaMMbl "Ka•oK" IS =10 5 /. 
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Puc. 27. 3aeucuMoc•b xapaK•epuc•uKu !I.U/U o• U npu 
PQ3AUt~Hwx 3Hat~eHu.Rx r c}AJI npeo6paaoea•eA.R aHaAoz- Koc) 
C AUHeUHbiM npoMeJICy•ot~HbiM npeo6pa306QHUeM 60 6peMeH
HOU UH•epeaA. 
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Puc. 28. 3a6UCUMOCIIb HeAuHeiiHoc•u cneKIIPOMellpa c Ge(Li)
OelleKIIopoM 11 cM 3 I o• 6eAU'4UHbl nocJIOJIHHoii ~opMupo6a
HUJI r • 
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Puc. 29. 3a6UCUMOCIIb HeAuHeuHoc•u cneKIIpoMe•pa o• K03,P
~UliUeH•a ycUAeHUJI 6 JIY I Ge ( Li) - 1 CM 3 + JIY - 2 + 
+ TRJDAC- C 1: A - KO:J(x/Ju&~ueH• ycuAeHUJI U3MeHJieiiCJI 6 
,PopMUPYK>UieM ycuAulleAe; E - KO:Jt/xPUliUeH• ycuAeHUJI u3-
MeHJiellcJI C nOMOUibK> '40CIIOIIHO- He3a6UCUMOZO QJIJieHIOO
IIOpa. 8(2) - K:JBIKaHaA. 
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Puc. 30. HeAuHeiiHocmu cneKmpoMempoe c IIII/1 /1 - puc.20/: 
1 - 1 cM3 Ge(Li) + JIYORTEC-450+ TR/DAC-C; 2- 1 CM3 
Gc(Li) + JIY- 2 + TRIDAC-C; 3 -1 cM3 Ge(Li) + JIY- 3+ 
+ AH-4096; 4 - 1 CM 3 Ge(Li)+ JIY- 3 + TR!DAC-C • 
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Puc. 31. 3aeucuMoCiflb nozpewHoc•u onpeOeAeHUR nAo~aou 
\S/S U nOAOJKeHUR MQKCUMyMa nuKa p 0111 S npu UCnOAb30-

6aHUU npozpaMMbl "KamoK" jcr = 3,3; I!/tlJ = 100/. 
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Puc. 32. 3aeucuMoc•b nozpewHoc•u onpeOeAeHU.R nAOJIIaOu 
AS/S u noAoxeHU.R MaKcuMyMa nuKa p o• o npu ucnoAb· 
3060HUU npozpaMMbJ "Ka•oK" /S = 1,6·10 5 /. 
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Puc. 33. IlozpewHoc•b u ooc•oeepHoc•b onpeoeAeHu.R nAo
JIIOOU U nOAOJK€HUJI MOKCUMyMa nuKa o• o•HOIII€HUJI OMnAU· 
•yObJ nuK/,PoH /Il/tP/ npu ucnoAbaoeaHuu npozpaMMbJ "Ka
•oK". 
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Puc. 34. 4>pazMeHm cneKmpa y -Ay'leu, U3MepeHHbul c no
MOJIIbiO Ge ( Li)- OeJteKifwpa /37 CM 3/ - pe3yAb•a•r.: o6pa-
6011lKU cneKIIlpO.IIbHbiX .IIUHUU C nOMOJIIbiO pa3AU'IHbiX npo
ZpaMM npueeoeubr e ma6.11. 2. 
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