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Kl.A.EaTyCOB 

OE!Jl.AH XAPAKTEPl!CTliKA PAEOTI 

AKTYa.JlbHOC'rb T8Mbl. 3Ha'UiT8JibHbiH nporpecc B I 

3KCTI8PHM8HTa B 60JibWOH CT8TI8HH CBR3aH C TIPHM8H8HJ 

):18T8KTOPOB /nnn/, a TaKJKe C 3aMeTHO B03POCWHM yp I 
H3MepeHHH. 0co6eHHO CHJibHO 3TO CKa3aJIOCb B 06JiaC 

rHfl. Ha OCHOB8 TIOJIYTIPOBO.IIHHKOBb~ .II8T8KTOPOB HHTe 

M8TO.IIbl npeUH3HOHHOH CTI8KTPOM8TPHH H HX TIPHM8H8HH 

¢YH):IaM8HTaJibHbiX TIP06JieM KaK cymeCTBOBaHHe .IIBOHHO 

pacna.r~a /2eov/, TIPHPO.IIa H MaCCa Hef!TpHHO H T.TI. 

CBOHCTB R.I18P, Y.IIa.Jl8HHbiX OT TIOJIOCbl 6eTa-CTaOHJibHO 

liCKJIID~HT8JibHO Ba~Hb!M B npoBe):leHHH 3THX HCCJI 

~He .I18T8KTOPOB, 06Jia):laiDinHX MaKCHMaJibllO B03MOJKHb!tJ, 

/a B PR.I\8 3a):la~ H TIPOCTpaHCTB8HHbiM/ pa3peooeHHeM, 

H CTa6HJibHOCTbiD CTI8KTPOM8TPH~8CKHX xapaKT8PHCTH 

B TIOCJ18.IIHHe rO.IIbl YPOB8Hb T8XHOJIOrHH TIPOH3BO.IICTB 

KOBb~ MaTepHa.J!OB,H B nepsyn o~epe):lb Bb!COKO~HCTO 

OTKPbiJI B03MOJKHOCTH .IIJ!fl pa3pa60TOK nnn C peKOP.IIHb 

O.r~HaKo, BhiTIYCKaeMbie oTe~ecTBenHOI1 npoMbiWJie 

JI8TBOPRIDT Tpe6osaHHRM TIP8UH3HOHHOH CTI8KTPOM8TPH 

THTb, ~TO Ha MOM8HT Ha~ana HaCTORin8H pa60Tbl OT8~ 

repMaHHR .IIJIR cneKTPOMeTPHH X-H3JiyqeHHi1 H 3aPRJKel 

Ba.J!H. Be):lymH8 3aTia):IHbl8 ¢HPMbl OCBOHJIH Bb!TIYCK CTCl 

KOBbiX CTI8KTPOM8TPOB C Bb!COKHMH napaMeTpaMH, HO : 

C.II8PlKHBaeT HX WHPOK08 3KCTI8PHM8HTa.JlbH08 HCTI0Jib3' 

KpoMe TOrO, OCTai')TCR aKTYa.JlbHbiMH npo6JI8Mbl 

):18T8KTOPOB H CTI8KTPOM8TPOB, He BbiTIYCKaeMbiX TIPOM 

qeHHbiX .IIJIR peooeHHR KOHKP8THbiX ~H3H~8CKHX 3a):laq. 

HCCJ18.IIOBaHHH BOTipOCbl, CBR3aHHbl8 C C03):1aHH8M H H 

qyBCTBHT8JibHblX nnn, KOT0Pbl8 HaqHHaiDT HaxO.IIHTb B 

M8H8HH8 KaK B 06JiaCTH cj)H3HKH HH3KHX, TaK H Bb!CO 

C TOqKH 3P8HHR CQBpeMeHHbiX Teopm1 06'b8.IIHH8 

CJia6biX B3aHMO.I18HCTBHH BaJKHOe 3HaqeHH8 HM88T BO~ 
pacna.r~a. Ha cero.IIHRWHHi1 .r~eHb HaH6onee ~yscTBHT~ 

rHCTPBUHH 06Jia):laeT TeXHHKa TIOJIYTIPOBO.IIHHKOBOH Cr 

B03MO~HOCTH TPa.IIHUHOHHOrO TIO.IIXO):Ia,no-BH.IIHMOMY, 
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- 0Elll,A5l ··_ XAP AKTEPUCTRKA PAEOTl:il 

AKTYaJJbHOC'Tb TeMbt. 3HatrHTeJihH~if nporpecc B, MeTo.ruu<e tPH3HtJeciwro_ .. 

3KCnepHMeHTa B 60JibliiOlf CTeneHH CBii3aH C IlPliMeHe-HHeM TIOJlYTIPOBO,I:lHHKOBbtx 
·. . .,, ~-:. , ''. r ,. ' - ' . ~' 

.rteTeKTOPOB /ITITn/ ;' a TaitlKe C 3aMeTHO- B03POC!IIHM YPOBHeM .aBTOMaTH38.UHH 

H3MepeHHii. Q~o6e,HHO CHJ!bHO ;TO CKa3aJIOCb B 06JiaCTH cPH:3HKH /H~3KHX 3Hep- • 

rHif; Ha OCHOBe TIOJIYTIPOBO,I:lHHKOBb!X .rteTeKTOPOB HHTe~CHBHO pk;pa6aTblBaioTCii 

MeTO~ npeUH3~0HHOlf' cneKTPOM8TPHH H -~X-TIPHMeHeHH~ ,I:lJ!ii pe!II8HH~ TaKH~ ' 

ij);H.rtaMeHTaJibHb!X npo6JieM Ka'K ~cymeCT~OliaHHe ,I:lB~lfHOrO 6e3HeiiTPHHHOrO 6~Ta
pacna.rta /2130J,· ItPHPO.rta H Macca HeiiTPHHO.' H ;-.'n., B~.rlYTCii H~CJie.rtoBaHHii 
CBOlfCTB fl.rleP; y.naJieHHbl~ OT nonocbl,6eTa-cTa6HJibHOCTH~: 

lfc~~'lHTeJibHO BaY.<HbiM( B' npose.i\eHHH 3TH~ HC<me.nosaHHii- iiBJiiieTCii HaJIH- , 

tJHE3 .rteTeKTpPOB, 06Jia.rtaioli\H'X MaKCHMaJII>ilO BQ3MOlKHblM SHepreTH'leCKHM ' 

/a a- pmie 3a.rtatJ ~ npocTpaHc;sem1~/ pa3pe!IIeHHeM, s~coKoii :3cPcPeKTHBHOCTbto 
• • '· ~ ' ~ 1 . _: • • ': • ,· . . '. ; • • • • ' • '' . ••· •' 

H. CTa6HJibHOCTb!O cneKTPOMeTpH'l8CKHX-XapaKTePHCTHK. 3aM8THO B0!3pOC!IIHil-' 
' ' I ,, < ., ' I ,• 

B TIOCJI8.rlH~e rO.rlbl YPOB8Hb TeXHOJIOrHH npOH3BOiCTBa HCXO,I:lHb!X TIOJIYTIPOBO,I:lHH

-_-- KOBb!X 'MaTePHaJIOB, H 'B nepsYJ0 oqepe,I:lb' BhlCOKO'lHCToro repM~HHii (HPGe') -; 
•" ' ; . . . . -. . . I' . -·· ' 

OTKP~ ',B03MOJKHOCTH 'J:1]irr- pa3pa60TOK ITM ·, C , peKOP.rlHb!MH napaMeTpaMH
1

• , 
•. / . . , . · : _ , t' . I • ' , , 

O.rtHaKO, .. llb!TIYCKa8Mb18 OTetJeCTBeHHOfi- npOMblliiJI8HHOCTb!O -- ITITll, noKa, He Y.rlOB-

JieTllO~ii!OT TP~6osaHHIIM .npeuH3HoH~oii_ c~eKTPOMe,TPHH. ITt>H 3TOM c;JI~.rlY~T oTMe~ 
~. . ' . .,.. '- ., . ' . . . ~- ., . . , I. ·,- ~ ' , . . . ¥, •• 

THTb, 'ITO Ha- MOM8HT-, HatJana HaCTOfll1l;eif pa60Tbl OTetJeCTBeHHbie- ITITll Ha _OCHOB8 
• -. \ • - ' • • " \ . ' , ·- • • ' ' \ ·<f' • 

repMaHMll .rlJ!ll 'cneKTPoMeTPHH X-H3JIYtJeHHii H 3aPIIJKeHHblx·qacTMU oTcYTCTso'-
, ~ •: , <. /. I i ·.. ' . . , . , , < •• / , ' • , '\ ~ •', r 

_l3aJJH. Be.r!YliiHe 3ana.rtHbie cPHPMbl OCBOMJIH Bb!TIYCK CTaH.rtaPTHb!X TIOJIYTIPOBO,I:lHH- -. 

KOBbiX\neKTPOMeTPOB c Bb!COKHMH napaMeTpaMH, ,·HO 3HatJHT.eJibHaii_ CTOHMOCTb 
'' '' . . . .' . . . ' 

C,I:lepJKHBaeT.HX !IIHPOK08 3KCnepHM8HTaJ!bHOe HCTIOJ!b30BaHH8. 

KpoMe~oro; ocTatoTCR aK;ya.-'!b~b!MH np~6JieiMhl pa3pa69TKW cneUHaJJbHblX 
. -.· .:·.. .~' ' ·. ,.. \. . ._ -· ,. ' ' . . '· . '. .. . -: '·. - '· . / 

;,:teTeK~OPOB H cne,KT~OMeTpOB,. He Bb!TIYCKa8MbiX npoMblliiJieHf!OCTb!O, npe,I:lHa3_Ha- · 

tJeHHblX ,I:lJiii pe!IIeHHii KOHKpeTHb!X ·¢H3H'l8CKHX 3a,I:la'l; Tpe6ytoT ,I:laJ!bHeii!IIHX

HCC~e.rtOBaH~ll BOTIPOCbl, CBii3aHHble ri·c03.rtaHHeM.H HCrlOJ!b30BaHH8M TI03HUHOHHO

~YBCTBHT8JibHbiX ITITJl, K~TOPbl~ Ha<iHHatoT H~O,I:lHTb! BCe -6~Jiee ycne!IIHOe npH

Me~eHHe _Ka~ -. B 06Jia'cTH cPH3HKH ,Hii3KH~, TaK H. BbiCOKHX '3Hepmfi: ' -

C 1:otJKH 3peHHR cospeMeHHb!X TeopHfi _ o6'be.rtHHeHHii cMJib-Hb!X H- 3JieKTPO-. _. . __ , . . 

CJia6hDC ·B3aHMO.rtefiCTimii Ba_JKHOe 3Ha~eHHe HMeeT B?TIPOC CYtn8CTBOBaHHii 2f3ou-· 
pacna.na •. Ha cero.rtHJIDrHHii .nenh naH6oJiee tJYBCTBHTeJibHbiM cnoco6oM ero. pe

rHcTpaUHH o6Jia.naeT TeXHHKa noJI~nposo.rtHHKOBOii cneKTPOMeTPH~. O.rtH~Ko 
BO;JMOJKHOCTH TPa.rtHI!HOHHOrO TIO.rlXO.rta,no-BH.rlHMOMY, HC'lepnalib!,·H aKTYaJJbHb!M 

,. f~ h.Cn_·-.. h·)!·.<:;Ji.!Jii IIHCT.ln;.-~ 
J · ~ut::rux m;c;:e;(GJIWII 

· t ·.·· · 6~-'H-:d'}f·t::JTEKA -· --



RBnReTCR I!OHCK HOBhlX perueHHH~ l103BOnRromHX I!OBhlCHTb 'lYBCTBHTenbHOCTb 

3KCnepHMeHTa H paCmHPHTb ~pyr H3Y'laeMhlX R~ep. 

'· 
Uenb pa6oThi 3aKmo'<anacb B pemeHHH cne~YromHX 3a~aq: 

1.·Pa3pa60TKa pa3nH'lHhlX THI!OB [1[1~ 113 repMaHHR H-KPeMHHR H C03~aHHe 

Ha HX OCHOBe CI!eUHaRbHhlX CI!eKTPOMSTPOB ~R 3~eKTHBHOro aMI!nHTY~HOro 

H aMnnHTY~HO-BpeMeHHOrO aHaRH3a 3aPR~eHHWX 'laC~HU,'X- H y-H3nyqeHHH. 

' ' . 
2. Pa3pa60TKa HenpephlBHh~ !103HUHOHHO-'lYBCTBHT8nbHhlX ~eTeKTOPOB H HC-

cne~oBaHHS.B03MO~HOCTeH HX HCI!Onb30BaHHR B 3a~aqax R~epHO~ CI!eKTPOMeT~ 
PHH. 

) 
3,· llccne~OBaHHe B03MO~HOCTH I!OHCKa 2~ou-pacna~a C I!OMOrubiO--MHOrO-

KPHCTanbHOro.HPGe-cneKTPOMeTpa'coana~eHHH. 
' . 

Hay'lHaR HOBH3Ha 

.I 
'1. Pa3pa6oTallhl OPHrHHaRbllble TeXHOnOrH'leCKHe MeTO~LH annapaTypa, 

!103BOnRIOmHe ~3roTaBnHBan: pa;mH.'lilhl~ THnhl [1[1~ u3 ·~peMHH~ H .. repMaHHR ·co 
' "• ' ! ! '. 

cneKTPOMeTpH'leCKHMH xapaKT8PHCTHKaMH, 6nH3KHMH K npe~enbHh~. 
. . . 

2. 3~cnepHMeHTaRbllO I!OKa~allhl HOBbie B03MO~HOCTH_ I1PHM8ll8HHR Ge (Li)-

H HPGe-~eTeKTOPOB B COCTaBe I1P8UH3HOllllhlX CI18KTPOMeTPOB. 3apJDK8HHhlX 'lac.-' . . . . . .· . . . 

'l'HU H y-H3ny'leHHR. BnepBbl8 C03~allbl cneKTPOMeTp 11 Mf!HH-anemSCHH11 ,· B KO-

TOPOM TOPOH~aRbHb!H'MarHHTHhiH ~HnbT~ HCI!Onb3YeTCR B CO'leTaHHH CliPGe

i\eTeKTOPOM ·H CI!eKTPOMeTp ~R TpeXM8PHh~ aMI!nHTY~HO-BpeMeHHb~ H3M8peHHH, 
'· . . . ' 

B KOTOPOM ~aa·~eTeKTOpa COBMerueHhl B O~HOM KPHOCTaTe. 
' ~ . . . ~ ' -: . : . . . . - . i . : .. . . . '; 

3: flpe~o~eil'H peanH30BaH HOBhlH M8TO~ C03~aHHR Henpepb!BHhlX !10311-
, ' . \ 

UHOHHO-'lYBCTBHTenbllh~ ~eTeKTOPOB; OCHOBaHHb!H Ha HH3KOTeMnepaTYPHOH 

~H~Y3HH JllfTHR a·_·. KP8MHHH. BnepBh!e H3r~TOBneHhl pa,L1HanbHO~'lYBCTBHT8nbHh!8'. . . 
~eTeKTOPh!.C nHHeHHOH ~YllKUHeH OTKnHKa.? HCnOnb30BaHHeM ~BYX'HOBh~.MeTO-

~OB C03~aHHR rpa~eHTllhlX • P83HCTHB~hlX cnoeB. 

. 4. Bnepah!e 3Kcnei:mMeHTanbHO 'noKa3~~a s'o3~0~HOC~b- Hcnon~30B~H~R 
H8!1l)ePhiBHb~ !103HUHOHHO-'lYBCTBHT8nbHb~ ~8TeKTOPOB B' COCTaBe MarHHTHOrO 

~-crreKTPOMeTpa THrra•riv2. 

5 • BnepBble C HCI!Onb3-0BaHH8M MeTO~OB npeUH3HOHHOH CI!eKTPOMeTPHH. 113-

MepeHbl pacnp~~eneHHR 3H~preTH'l8CKHJC I!OT8~b ~3n~KTPOHOB /400tl700 K3B/ 

B norn~THTenRX H3 an~MHHHR H Me~-~a3nH'lHOH TOnmJ.!Hhl. Bu6paHa annpo~CH~ 
' . . . . . 

MauHR.~YilKUHH pacrrpe~eneHHR, COBI!~aromaR C 5% 'TO'lHOCTb!O C 31\CnepHMeH

TanbHb!MH ~aHllbiMH. 

6. Bnepah!e Hc~ne~o~ana B03MOlKHOCTb · noHCKa-2-~ou-pacna~a • ~>moro
KPHCTaRbHh!M · .TeneCKOI!li'leCKin.t HP~e-cne~TP~M8TPOM · COBna~eHHH. C I!OMOrubiO 

2 
\. 

~
.1 I 
;\;< ' 

t 

MeTo~a MoHTe-Kapno·nony'leHa ~YHKUHR OTKnHKa,Ha OCHOBaHHH KOTOPOH ~aHhi 
• •.. • I . . 48' 76 . . . 

oueHKH:'lYBCTBHTenbHOCTH 3KcnepHMeHTa ~R CaH . Ge a cnyqae cneKTPO-

MeTpa 113 32 ~eTeKTOPOB. 

. ITpaKTH<ieCKM 3·Ha'l~MOCTb pa60Tbl. B pe3ynbTaTe ·npoBe):(eHHh~ HCCne):(OBa-

HHH H3roToanel!bi pa3nH'lHh!e ITM _):(nR 3HepreTHiJecKoro 11 KOopi:<HHaTnoro aHanH-

3a R):1epHhlx.H3nyqeHHH, o6na):1aiOruHe xapaKTepHCTHKaMH'Ha ypoBHe nyqmHX MHpo

Bh~ o6pa3UOB.3TH ):(eTeKTClPhl !-la.IIIJlli illHPOK08 I!PHMeHeHHe B Hccne):(OBaHHRX; 

npoBO~MhlX KaK B na6opaTOPHRX OllHH,-~aK H B PR):(e HHCTHTYTOB CCCP H ):(py

rHX cTpaH-y'laCTHHU OHHW /HPE, ITHP, . l!CCP I. · Co3):1aHHaR MeTo~Ka MolKeT 

6h!Tb HCI!Onb30BaHa ~R OCB08HHR ·ah!I1YCKa HOBh~ THnOB ~[1[1~~ 

IToKa3aHHhl8 B pa6bTe HOBble .B03MOlKHOCTH HCnOJib30BaHHR ):18TeKropoB 113 

CBepX'lHCTOro' repMaHHR, a ·TaKlKe Herrpepb!BHb~ no3HUHOHHO-'lYBCTBHT8nbHb~ ):(e

TeKTOPOB ;r:0m p~rHCTpau~H 3apRlK8HHh~ qac~~ MoryT ~aHTH npHMeHeHHe B Pfl}:18 
' ·.. .. . . . ~. \ ~- . . ' 

):1pyrHX"3KCI18PHM8HTOB H, B qaCTHOCTH, B H3MepeHHRX 1\0POTKOlKHBymHX HyKnH-

~0!3'. Ha nyqKaX YC150PHTeneH. 

•. • Pa3pa6oTaHHblH anropHTM MO):(enHPOBaHHfl cneKTPOB coana):(eHHfl. 2~ou-
pacn~a MOlKeT 6b!Tb 'H.CI!Onb30BaH ~~, HCcn8):10BaHHfl ~YHKUHH OTKnHKa n(my-

• - • J' • ' 

I!POBO):(HHKOBh~ 6eTa-:-cneKTPOMSTPOB. 

AaTop·3amHmaeT 

1. Pa3pa60TKY M8TOAOB H3rOTOBneHHfl Ge(Lif·H HPGe-):1eT8KTOPOB H C03):1a

HHe na ·Hx ocHC)ae cneKTpo~eTpa "MHHH-anenb~HH ,.· H cneKTPOMeTpa • ):1J1.fi ~pex~ 
.... , :, .. , .- '' " . ,, . 

MepHb~ ar.lrmHTY):(HO-BpeMeHHb~ H3M8p8H!1H ~ _ .. 

2.- MeTo):(HKY co3):1aH~H uenpepl,ranhrx no3!1L\HOHHo-qyacia!1Tenbliuic ):(eTeKTo-:-

poa Ha oc~oae HH3KOTeMrrepaTypHOH nl1i¢Y3HH nHTHR. 
( . ' 

• 3. Pa3pa6oTKY ·p~HanbHo-qyacTBHTenbHhiX flM c n!1H8HHOH ~yHKUHeH OT-
• ?. j • • • '· ~ 

KnHKa. 

4. ITpHHL\HI! nocTaHoBKH 31\cnepHMeHTa·no noHcKy. 2~ou-pacrra):1a c rroMorubiO 

MHOrOKPHCTaRbHOro TeneCKOnH'leCKOrO HPGe~cneKTPOMeTpa coananeHHH •. 

5. · Pe3ynbTaTbi !13MepeHHH 11 an~pciKcHMauHH 1JynKUHH. pacnpe):(eneH~H 3Hep

reTH'l~CKHX noTepb 3neKTPOHOB C o3Hepmeii .• 400-!-1700 J<:iJB npH npOXOlK):(eHHH Be

~eCTBa nornoTHTenH. 1 
6. MeTO):( MO~en!1pOBaHHR C!18KTP0B 3JieKTPOHO~ ~ llOCTP08HHfl ~YuKUHH OT-

KnHKct HPGe-cmiKTpOMeTp~ COBna~eHHR A~. nOHC~a 2~ou-pacrr~a. 
. Anpo6auaH pa6oThi. Pe3~nbTaThi ~ccnen~aaHHii,· 'no.irolKeHHhlx a· ocnoay AHC

cepTauHH~ ):(•OKml.IU>IBanHCb Ha MelKAyHapO,UH~ COBeruaHHRX !10 nonynpOBO):(HHKO~b!M 
):(eTeKTOpaM /.Uy6Ha, 1973;, ~y6Ha, 1974; Bapna, 1976; ,Uy6Ha, 1983/, Ha 

XXfl; XxY .11 XXY!Jl Coa.eruaHHRX no R):(epHOH cneKTPOCKonim ,11 CTpyKTYP8 fl):(pa 

/~y6Ha, 1971; JleH!1Hrpan; 1975; AnMa-ATa; l978/, H~ IT BceCOI03HOM.COBerua

HHH, no I!OJlynpoBO~HHKOBhTM ):(eTeKTOpaM /K!1eB; 1979f, BceCOI03HOH illKOne ,;ITony

npoB0):1HHKOBbl8 ):(eTeKTOPhl B .RA8PHOH ~113!1K8 11 /P~ra, 1980/ ~ . ony6nHKOBaHh! B , 

3 
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\' ~ 
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'• 

npenpHHTax H coo61Il;eHIDIX OIDIH, lKYPHanax TIT3, Nucl. Instr.· and Meth •. , ·li .z:lp, 

CTpYKTYPa li 061>8M ,IU!CC8pT8.glili, .llHcc'epT~IDl ~OCTOHT li3 BB8,I:l8HHR, 'TIJ8X 

rnaB H aaKJIIO'leHHR; co.r~ePlKiiT 177 cTpaHmi MaiiiHHoTIHcHoro TeKCTa; B TOM· 

'lliCne 77 PliCYHKOB .li .16 Ta6nmi ,· B KOHUB KaJK,l:!O~ rnaBI>i cq,opMYn~poBaHbl,. 
KpaTKii8 BbiBO,!J;bl •. C~!iCOK UliTiiPYe:MOH nHTe:daT~bi· CO.rlBP~T .179 HaliMBHOBaHHH. 

B KaJK,l:!OH rnaBe CBOR HYM8P~~R PliCYHKoB: li nHTepaTypbi;· 

·./. 

COllEPlKAHHE PAEOTbi " 
Bo. BBB,lj8Hiili TIOKa3aHa aKTyanMIOCTb Pil3pa60TOK nonynpOBO,I:lHiiKOBbiX CTIBK-: 

TPOMBTP~B .rlM::3KcnepHMBHT~B'B o5naCTHq,li~HKH,HH3K~· 3HeprHH, cq,opMyJnip~.::_ 
' '< ·~· . \ ' ~ .' ; •• ~.' ' ~ ·~ '··· ., ' •,' • . . ' •• :. < 

saHhl uenH a 3a,I:la'!H Hccne.r~osaH!iH, .r~aHa CTPyKTypa H:anOlKeHM: MciTepHaJia. · 

~==:!..-' ._rn.,.,a"'s""'a 'ncics.fl!JieHa • BOnp0caM. pa;pa60TK!i nony~pOBO;HiiKOBbiX, ,I:IBTBK:

TOPOB li3 Ge 'li Si, micne,I:lOBaHHIO HX X~paKTBP!iCT!iK 1i 'CO;,I:lafm~; Ha· Ii'.£ ~CHOBe 
CTIBUHanbHbiX CTIBKTpO~eTp~B· ~M aMTIJrnTY.rlHO~O li aMnnHTY.z:lH(4-'BPBM8HHO~O aHa-. 

JrH3a .rtHcKpSTHb!X. M3~yqeHHif pa,ru{oHyK~,D;OB. ~ , . ~ . - . . l 

Tipoae,I:leHa ~nac'c'liq,HKaUHR 'ileTeKTopos_" c' TO'!KH 3PBHIDI HX Ha3Ha'leHHR .riM 
' ' ··.· ' : . ..\ : 

perHCTpauHH 'TOre lin!i .z:lpyroro BH,I:la liOH!i3HPY!Oill;liX nany'leHHH, a' T8KlK8 MeTa'-' 

,I:lliKii liXI n3roTOBneHIDI. cq,opMyn!ipOBaHbi Kpli'rep!i!i OT6opa liCXO,I:lHbiX MOHOKp!ic...:' 

Tannoa, T~6oila~IDI, 'npe.z:lMB~eMbie K KOHCTPYKUHOHHbrM. H .rlPYrHM co'nyTCTB~'-: 
lll;liM MaTepH~nllM,· Heo6XO.rlliMbiM. nim H;rOTOB~BHiili riomrrrpOB~.rlH~KOBb~ ~neKT~C>.::.. 

. MdTpos. PacckoTpEmo B~RHHe.BHei!IHHi q,aK~opo~ ;;eMnepa~yp~, o~pyiKa!Oill;eA . 

cpe,!J;bl, HOH!i31iPY!OuiHx 'H3ny~eH~/; a.TaKlKe ;ex!JoJiorH~ liS~OTOBneHim' nnn' ' 
' . ' . ' •. +' +· ' ,. ' ' ' ' ' ' 

/o6pa60TKa TIOBBPXHOCT!i', .003,I:laHH8 n li p -'KOHTaKTOB/ Ha CTI8KTPOMBTPH'l8C- ' 

Klie CBOHCTBa :.z:~eT~KTOPOB; ; :, . l . , 

.On!iC~Hbi.MBTO.rlHKa, TBXHOnOrH'lBCKiie.npiieMbi 1i o6opy~OBa!ilie, pa3pa6oTaH

Hbie .riM li~roToBJieHIDI Si(A~)·, Si(Li), Ge(Li);' Ge(Li,Au) 11 HPGe-.r~eTeKTOpQB 
. c 'lyBCT~IiTBnbHbiM o6ieM~M 'o }5::-100 CM~ H 'pa6o~en 'nciaepxHOCTb!O 0, 5::-8 c~2 •• 

Pa3paeloTaHH~· ycTaHOBKa :rx.M aBTOMaTii'lBCKOro rioMepJKaHHH 3a,I:laH~ ' 

pellinMos .z:lpeA~a nHTHR ·~ repr.iaHHH. no3BOnH-!Ia '3a c<IeT · ysenH'lBHIDI MOI!l;HOCTH, 

npHKna,I:lbiBae'MoA K miroTaa~sa~MOMY . .r~e'ieKTopy, '· H '•xopOI!Iero ~errnocwMa npo

BO.z:lHTb .rlPeAq, ,B ~aTepHan~ -~ 'rmox~A nb.r~~HlK~adTbiO nHTHR •. OnHc~Hbi ycTaHoBKH 

.rlnR TIPQBe,I:lBH!iR-~~aBH!iBaiOrii,ero ~peAq,a ~ G~ 1i 
1
Li. B 

1
0TITHManbHbiX pe~M;u. 

PaCCMOTPBHhl Pa3nll'l~~~ cnoco6bi !i3r'O;oaneHHR HBiiHlKS~TiiPYIOIIl;liX n+-·~,p~-KOH
TaK;o~: HallhlneHHeM~ ~ilq,q,yaHeA, HMir;aHT~HeA; o~HcneHHeM H · c ~cnonb3osa-: . ' ' . ... ' 

Hli8M CTIJiaBHOH TBXHO.riOrlili·,'·.' 1 

HccneilosaHM ~neKTpoq,H3H'leCKHe xapaKTSPHCTHKH·H3roTosneHHbJX·.r~eTeKTo
po_s. .llmi 3ToA uenH co3 . .rlaHM .HaMepiiTenb Manhrx TaKi>B f!PH noTeHJ:~HaJie 1 

npH6opa · 
• • • • ' • , ' ' • ,, 0 •• -6 -12 ... 

OTHOCHTenbHO. 38Mn!i•"' 2. KB C . .z:lliaTia30HOM li3MepeHM 10 · -10 -A, 1i li3MBPiiTBnb 

BMKOCT!i TI!Ul c 'Henp~pbiBHbiM no~a3'aime~ •. · ITpoBe,I:leHO li3~8Hiie cneKTPQMBTP~'leC.:. 
KHX XEpaKT8p!iCT!iK ,I:leTeKTOPQB.· TionY<IeH~e peay~Ta~bi TIOKa3biBaiOT, qTQ:paa~ . '' . . ,- . 

4. 

\ . . , ·\~,..-

,I 

>~ 

'.' 
j 

pa6oTaHHaR M8TO.rlliKa,H3r'OTOBneHHR nun li3 Ge li Si .rlnR 3HepreTH'l8CKOr'O aHa

nHSa.'R:.rlBilHbiX. H3ny'l~HHH /3_:t5000. K3B/ no3BOnReT HMeTb cneKTPDMBTPii'IBCKHe 

xapaKTBPiiCT!iKii · np!i60p0B Ha ypOBHB nyqiiiiiX MliPOBbiX ,I:lOCTHlKBHiiH. HeKOTOP,IB 

peaynbTaTbl !i3M8P8HiiR 3H8Pr'BT!i'l8CKOr'O 'pa3p81ll8HiiR npe,I:lCTaBnBHbl B · Ta6nHU8. 
Ta6)mua.. . •. . - , . ' • Tio~~HHOe .riM H~Ge-

JleTBKTOP Pa3Mep 

Si,(Au) 
. . 2 
80 MM 

Si(Li) -80MM2x4MM·-· 

Ge(Li,Au) S0MM2x5MM 

G~(ti) - 50 CM3 

'HPGe , 50MM~X7MM; 

• T!in 3H8Prlill , E (FWHM) 
li3nyqeHHR-/K3B/ /K3B/ 

a 550,0 13 

13 c _..;100 0.9 

13 >661 1,6 

.y 1332 . 1,9 

x· 5,J ~ 0.175 

a 5500 11,5. 

,I:lBTBKTOpa TIPii perHC-. 

TP~Iili- . a-'!aCT!iU 

3HepreTH'lBCKOe_paa

pe~eHHe 11,5.K3B no

Ka3biBaeT{ 'ITO M8TO

,I:lHKa li3r'OTOBneHHR 

,I:l8T8KTOPOB li~.' CBepx

'lliCTOr'O.repMaHIDI. no-

, 3BOnR8T liMBTb Manb!B 

"axo,I:lHbie'; ·o·KH~: 
. !..;ioo ~~> 

_··Ha OCHOBB pa3pa60TaHI;IbiX. Ge (Li) li HPGe-,I:lBTBKT.OPOB TIOKa3aHbi HBKOTOPbiB 

Hosbie ~B03MmtmocTH -H~ npHMeHeHIDI a ~bcTaJie c~euminhHbiX cneKTPQMeTpos ~ · O~H-
• • ,-c • ~· ,-- ' • • • '• ' 

caH'.cneKTPOMBTP .riM. H3y'!8HIDI 3n8KTPOHOB BHYTPBHHBH KOHBBPCiili /3BK/ THTia 

;,MiiHH..:.aneirbCiiH n ,'·: B, KOTOPOM BnepBhre liCTIOnh3YBTCH. C~'leTaHHe ,I:lBTBKTOPa. li3,: 

CBep~qH~Toro, r~pMamiR /50 wlx7 Mi.!!. c MarHHTHb!M q,~Jib;POM, 'COCTORI!l;liM !i3' 

..'leTbipeJC rlOCTOHHHbrX 'MarHHT~B,/ cnna~ Smco/; pacnonoJK~HH~ BOKp~r .UBI1Tpanb:- . 

Horo·n~PnOTHTeM.Ii3 BOnbq,paMa~'TaKOH CTI8KTPOMBTP,ll?3BOnR8T 3Ha'lHT8nbHO. 

~""- ' 

\' ,. 
L 
I 

~· 

I 

· •oiUP •.tliiiAM 

PHC. L c1lparMeHTbi CTIBKTpa li3JIYq8HHR 
169Yb, no.JryqeHHbiB C TIOMOI!l;b!O 

'cneJ<TPDMe;pa · "MHHH-an'enbCiHH". C~eKTPhl 6ea·:Marin1Tiioro · 

· ¢HnbTP,a.,I:laHbl .z:lnR, cpaBHeHM. 

5 



yBenHqHTb H36HpaTenbHOCTb perHCTP~H 3n8KTPOHOB B ~Hana30H8 100+1000 . . . . 

K3B H 3dxPBKTHBHOCTb H3MBPBHID! HPHBb!COK6M 3HepreTHqecKOM pa;'lpeliiBHHH. 

Hccne~oBaHHII <iJyHK~HH nponycKaHIDI cneKTPOMeTpa noKa3anH yBenHqeHm3 3<1>

<i>eKTHBHOCTH perHCTPaU~H 3JIBKTpOHOB il ~ana30HB.3HBPrHii 300+600 K;B ~ 
8 pa3 nQ cpaBHBHH!O C reOMBTPHBll HCTQqHHK_:~BTBKTOp 683. MarHHTHOrO <iJHnb

Tpa. ilpOCTOTa. KOHCTPYK~HH cneKTPOMBTpa n'03BOMBT nerKO nepeCTpaHBaTb 

MarHHTHyiO CHSTBMY ~:rlli nonyqeHHII HYJKHOii <i>opMbi Kpm3oii nponycKa~IDI H Hc

cne~oBaHIDI 3BK Tpe6yeMb!X 3HeprHii; Ha PKC. 1 B KaqeCTBB npHMepa ilPHBe-
, 169 . ' 

~eHhl H3MBPBHHII 3BK Yb, BblilOnHBHHb!B C ilOMOliiblO CilBKTpOMBTpa. 

B CilBKTPOMeTpe ~M TPBXMBPHb!X ~nnHTY~HO-BPBMeHHb~ H3MepeHHll B· 

3aBHCHMOCTH OT. Ha3HaqeHHII HCnOnb30BaHbi napa Ge (Li) -~BTBKTOPQB _C qyBCT-, 

BHTBnbHh!M · OtS'b8M0
1
M -' SO •CM3 HnH napa HPGe-~BTBKTOPQB /250 MM

2 X. 6 M~ •. 
PnaBHOll OTnHqHTBnbHOll OC068HHOCTblO KOHCTPYK~~H CilBKTPQMBTpa·-~BnffeTCII 
pa3MBliiBHHe -~eTeKTopoB B_ o~HOM KpHOCTaTe. B CJIY'!ae m?Ge-~eT~KTopoa EHYT

PH KPHOCTa~a HaXO~HTCII H .pa~HOaKTiiBHhlll HCTQqHHK·, qTQ o6ecneqif~-cieT ·;03-

MOlKHOCT; Hccne'~oaaHHII: e-:Y, X:-X, X-Y 11 e~O:.e-coana~eHifii ~ ·Bo3MOJKHO~TH cneK- ~ 
TPOMeTpa C· ~BYMII 'Ge (Li) -~eTBKTOPaMH ilOKa3aHpl Ha PHC. 2. .. 

Go{Li)1 ._,50_ •-' 

-
1
o5l · Go(L1) 2 • ,0 0 ,} I 

tJ 
[] 

"""' 

so co 

1173.2 

I 

.W12 
CJIADSL JUD,!21 -"" 

'PHc.2. O~HoqHhlii cneKTP i cneKTP coana~eHHII c ~-KBaHTaMH 
1332 K3B npH pacna~e 6°co •. . . 

'1096 

BTOPal! rnaBa nOCBffliiBHa.nonynpOBO~H~KOBhiM,n03~HOHHO~qyacTBHTBnb-
. ' - ..... ' . . - - -- ' -

Hb!M ~BTBKTOpaM. llaHa~KnaCCH<iJHKa~Hff nonynpOBO~HHKOBb!X n03~HOHHQ~qyBCT-

BHT8JlbHh~ ~eT'eKTOPOB /!NU/wc~eJiaH 06SOV.nOCJr8~HHX- ~c)~TH~BHH~ B 06JiaC-

i 
,· 

i. 
·i _, 

A 

-1 
;l 
1 
1' 

t 

I 
I
L. 
'-

I 
I 

l 
i 
I 

j· 

d 

/: 

TH C03~aHIDI TaKHX ~~TBKTOpOB. 'PaCCMOTPBHbl npeHM~BCTBa H HB~OCTaTKH He

npepb!BHb!X filiJl /HC.nOJib3y!OliiHX PS3HCTHBH08 ~BJIBHHB C03,LlaHHOrO qaCTH~eii 3a-

Pff~a/ .B CJ?aBHBHHH c:~eTBKTOpaMH ,LIHCKPBTHOrO THna. 

ilpoBB,LIBH aHanH3 pa60Tbl HenpephlliHb!X IT4ll H·TeOpeTHqeCKHX orpaHHqeHHll 

Ha BBnH<iHH_y 'KOOP.rlHHaTHOrO pa3p8IIIBH~II H JIHHBllHOCTH ¢yHK~HH OT~nHKa. C<iJop

MYJIHPOBaHhl Tpe66BaHIDI, npB,Ll'bffBM8Mbl8 K OCHOBHOMY 3JI8M8HT'y ~eTBKTOpa -

Pe3HCTHJ3HOMY CJIOIO, a
1

TaKJK8 K napaMeTp~M BHBIIIHBll 3JIBKTPQHHKH. ilpoBe~BHO 
cpaBH~HHB·. aMITnHTY,LIHOrO. H. BPBMBHHOrO MBTO.r\OB o6pa60TKH CHrHaJIOB- H noKa-'-

3aHO ·npeHM~ecTBo nepaoro ~M pa6oTbl c HenpephiBHhiMH fillll. noKa3aHo TaK

JKe, qTQ KOHKypHp~Hii xapaKTBP ,LIBYX npo~eCCOB: yJiyqiiiBHHB n03KQHOHHOrO 

pa3periJeHHII H B0:3pacTaHH8 HBJIHHBllHOCTH <iJyHK~HH OTKJIHKa ~eTBKTOPa C yae

Jinq~HHBM COilPOTHB~BHHII pe3HCTHBHOrO ~JIQff,Tpe6yeT onTHMaJibHOll <iJHJibTp~HH 
,- ' • • • ,. ..-" • • • "/ '• < 

CHrHaJia ~OCHOBHhlM yCHJIHTBJIBM, -KOTOPaff onpB,LIBMBTCfr' ilOTPe6HOCTIIM_H KO!iK-

peTHOrO 3KCnepHM8HT~. 

PaCCMOTPBHO BJIHIIHHB MHOrOKpaTHOrO ~CCBIIHHII ·perHCTPHPYBMb~ qaCTH~ 

Ha nosfiri'HOHHy!O HH<iJOpMa~H!O. ilpoBe~eHHh!B C- .ilOMOliiblO MBTO~a MOHTe-KapJIO HC-

CJIB~OBaHHII npo~ecca TOP!-lOlKBHHII ·3~8KTPOHOB C 3HeprHeii 300+1000. K:3B ilOKa--
-- - ' . 

3anH;·qTQ .riM 3HeprHii. 60JibliiB 1 M3B MOlKHO OlKH~aTb BKJia~a, npeo6na~aiOliiBrO . . . . ' . 
Ha,Ll ~pyrHM~-H~TQqHHKaMH yxy~BHHII ilO~H~HOHHOro,pa3p8IIIBHHII. 

C,LleJiaHO 'onHCaHHB pa3pa60TaHHb]J( MBTO,LIOB H3rOTOBJJ8HHR Henpepb!BHb~ .. 
fNn pa3nHq~b~ THilOB. 3KCnepHMBHTaJibHO- npoBepBHbl pa3JIH,qHbl8 cnoco6bl C0·3~a
HHII p83HCTHBHb!X CJIOBB Ha MOHO~PHCTaJIJiaX KpeMHHII : . .-C ilOMOliiblO HMnJiaHTa~HH, 

. I . . . . 

-.r1H<i><i>Y3HH, HailhiJIBHHII · Bh!COKOOMHb!X MeTaJIJIOB. , 

ilpe,LIJIOlKBH, HOBhrfi MBTO.rl _H3rOTOBJIBHHJi p83HCTHBHOrO CJIOII - HH3KOTeMne

paTypHaff ,LIH~Y3IDI JJHTHII.- no3BOnHB~HH H3rOTaBJIHBaTb. pe3HCTHBHb18 CJIOH C 

Bb!COKOii CTe~eHbiO o~H~po~HOCTH I nyqiii~ 99%/, TOqHO 3a.naHHOii -~enHqH~oii co

ripoTimneHHII H aocnpOH3Bo~iMocTbiO -6JIH3KOii K 100%.-- ilpe.r~cTaBJI~H anropHTM 

pacqeTa naparieTPOB !irt3KoTeM.nepaTypHoii .r1H<W>Y3HH. nonyqeH6 xopoiiiee corna- _ 

CllB BenHqllH COilPOTHBJIBHHll p83HCTHBHb!X CJIOBB .C -pacqeTHb!MH O~BHKaMH: 
- . . - _. z. 

R
0 

= [ (1 + o,oo1BT)exp(12,936-o,o3o8T)+0,1274]/2v'Dt JJerfc:idz. (1) 
• 0 

' "' '- . / . , 
' 3,L18Cb: Ro - COllpOTilBJIBHHB KBa~paTa ,LIH~Y3HOHHOrO pe3HCTilBHOrO CJIOII; 

T - TeMirepaTypa .r~H<W>Y3Hil; D - K03<W>H~HeHT .i\H<W>Y3HH :JIHTHi; t - ap_eMII 

.rlH<iJ<iJY3HH;.· Zj = Xji2v'Dt; - Xj -. rny6HHa, _ Ha KOTOPOH KOH~BHTpa-

l\lli! JlllTilff paBHa llCXO,LIHOii KOH~eHTpa~Hil noHOPOB /~M n-Si/ HJIIl aK~BilTOpOB 
/.r~.riff p-Si/. . 

J1CCJI8,LIOBaHbl '!aCTOTHblB IIIYMOBb!B xapaKTBPHCTHKH -pe3HCTRBHb~ CJIOBB, 

C03~aHHbiX HailblJIBHilBM MBT<;-=OB, HMlJJiaHTa~Heii H .rllldxPY31lB.ii •. ilOK83aHo', qTQ 

BaJKHyiO pOJib a·nonyqeHHH XOpDIIIHX cneKTpDMBTpHqBCKHX napaMBTpQB ~BTBKTO-
• . ' 
pOB' HrpaiOT OMilqeCKHB KOHTaKTbl K pe31lCTHBHb!M CJIOIIM. · 

Ha OCHOBB MBTO,Lla Hll3KOT8MlJBPaTypHOll .r1H<i><i>Y3Hll pa3pa60TaHa TBXHOJIO-



:. ~ 

rmi H3f'OTOBJieH~!I O,!l;HOKOOP,!l;HHaTHbi:X: 'Si (Li) -,!l;eTeKTopos;. rrpe)J;Ha3H~'18HHirx 
,!l;Jlff perw}Tpa.I.\im iJIHHHorrpo6eJKHMx"3apffJK8HHbiX 'IaCTH~,)i-IIOKa3aHo rrpe'i1My-,

l!l8CTBO pa3pa60TaHHOlf_.M8TO,!l;HKH rio CpaBH8HHIO C ,!l;PYf'HMH CIIOC06aMH ~IIOJIY'I8-
HHII KOOP,!l;HHaTHh~ Si(Li)-,!l;eTeKTopoa • 

. IJpei\cTaBJI8Hhl ,!l;Ba HOB~ix M8T~,!l;a C03,!l;aHhR rpa,!J;H8~THbDCP83HCTHBHbiX 
CJI08B,, Ha OCHOBe KOTOpbiX imepBbl8 P8aJIH30BaHO H3f'OTOB.rie~ltHe Pa,!l;HiUrbHO-. 

qysCTBHT8JibHbiX ,!l;8T8KTOpQB • C . .riHHeHHOH .¢YilKU118H OTKJIJ1Ka. ; IlepB~ M8TO,!l;;OC- . 

HoBaH H·a non:;rqeHHa c rroMOI!IbiO crre~H11JlbHo pa3pa6oTaHHOH y~T~~OBKH Tpe6ye

Moro rpa,!J;H8HTa TeMrrepaTyphl i,!l;OJib Pa,!l;Hyca o6pa3~a n-KpeMHHII.IIPH C03,!l;aHHH. 

. ,!l;H¢<PY3HOHHOf'O pe3HCTHBHOro· JIJ1TH8Bdro. 'cno.ff; 

..... 

""' ~ 
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r 
~ ,, 
I 
i 
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Ilpe)J;CTaBJI8H aJif'OPHTM.paC'I8Ta napaMeTpoa· 

~ ,!l;H¢<PY3HH, T ~e. 'TeMrrepa;yphl B. ~eHTP~ /_T
0
f 

H Ha KOH8'IHOM. pa~HyCe o6pa3~a/T (, ape-
' ·. • .. B • 

·, M8HH ,!l;H¢<PY311H~ t B. 3aBHCHMOCT!i·OT' H806XO,!l;H-' 

MOH B8JIJ1'IHHhl COIIPOTHBJieHHII pe3.HCTHBHOf'O 

CJIO!I ~ • : Ha PHC. 3 rrpe~cTaBJreHhl JIHH8HHbl~ .• , 

PHC. 3. 3aBHCfll.11?CTH B8JII1'IHH __ corrpoTHBJI8HHH 

pe3HCTHBHbiX,cnoea pa,!J;HaJioHh~ ,!l;eTeK

Topoa-,!l;JIII pa3nH'IHb~ . rrapaMeTpos·c f'Pa,!l;HeHTHOM 

):l!J¢<PY3HH /_T0 ', ;t.T, · t/. 
·,_ 

'--3aBHCHMOCTH . R . OT.- r ·,!l;JIII pa3irn<iHD~ 1!ci6o

po!i rrapaMeTP_DB :. LI.T =· T~ - .To 11 t;· KOTOphle 

6hlnn HaH,!l;BHhl C.IIOMO~biO nporpaMMN MHHHMI13a~ 
~HH Ha 8BM CllC-'6500: C,!l;eJiaHHbie pacq'eT~ B~JIH'I~H -~ IIOJIY'IHJIJ1 3KCII8,PHMe~-
TaJibHOe IIO,!l;TB8PlK,!l;EmHe C lO% TO'IHOCTbiO. B OCHOBy BTOPOf'O MeTO,!l;·a IIOJIOJKe-

- Ho C03,!l;~HHe HMrrnaHTHPOBaHHoro pe3HCTHBHoro CJIO!I c r;a)J;i:!eaTOM ,!l;03i>I'aHe~-:-
• . . ' " • : f •• · . : • • • 1 ··• •. : "j > . ' .·; 

PII8~ HOHOB tPOCcPOpa B,!l;OJrb pa)J;Hyca o6pa3~a · KpeMHHH •. Tpe6yeMUH rpa,!J;H8HT. 

no~yqe!i. 3a. C'IeT. o6ny'Iem1Ji: ap~aKmeroc!I o6pa3~a qepe3. c~e~HaJib.HyiO ,!l;HacP- . 
' - . . . ~ . - - ... ...._ -

parMy. . • ·: · . · •· _,_ 

I13MepeHHII, 'rrpo~e~~HHbie C~ Pa,!l;HaJibHhiMH ,!l;eTe~T~P~· 060HX .TimoB IIOKa-

3aJIH H8JII1H8HHOCTb. cPyHK~H~ 'oTK~Ka ITO. pa,!J;HYCY. 41%. -~ . : 
OrrHcaHa r:;eTO,!l;HKa · npoae,!l;eHHII HCnhlTaHHfi H3roToaneHHh~ HenpephlBHhlX 

Il'Ill rrepeit HX HCIIOJib30BaHH8M. B 3KCnepHMSHTe, BKJIIO'Iaroman B -ce6!I n3MepeHHe 

3JI8KTPcxPH3H'I8CKliX H. cneKTpQM~-TPH'I8CKHX -XElpaKTepHCTHK; --HoJiyqeHHe HHcPOp~ - ' - . . ' 

Ma.I.\HH O,B8JIJ1'IHHe II03H~HOHHOf'O-H 3H8Pf'8TH'IeCKOro pa3p8IrlElHHII,· JIHH8HHOCTH 
~ . ' ' ' 

cPYH~HH OTKJIHKa npoao.IiHJIOCb, C_... HCIIOJib30Ba!meM. aMIIIDiTY,!l;HOrO M8TO,!l;a' o6pa-

60TKH cHr~anoa, cTaH)J;aPTHhiX HCTO'IHH~~a 0: -qacTliri ; 241 Am/ H- 8BK ; 207ai; · 
H cne!iHaJibHbiX MaCOK, _HM8KmHX K~6poa~HHhl8. p~~Mephl O~B8PCTliH ~ paC~TO!I
HH!I M8lK,!l;y 0TB8PCTHIIMH. 
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b. 
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!_ ... 

_ ·Hccine)J;oaaHbi xapaK~epHCTHKH pa3JIH'IHhiX · THnos,p,!l;HOKOOP,!l;HaaTHhiX ~ ,!l;eTeK-: 

TOpoB c· pa3M8PaMH 'IYBCTBHT8JibHOH. offnaCTH. 25JC5, _32x8, 50x8 MM;. ,!l;ByxKOOp-· 
, ~ '~ ' ' • .1 

,!l;HHaTHbiX. HMIIJiaHTHPOBaHHboC ·-- C pa3MepaMH · 'IYBCTBHT8JibHOH o6naCTH 20x20 H. 

30.ic30 MM, 'pa)J;J1~oHhlX'-:- c BHelrl~HM ,!l;l1aMeTPOM pa6o'IeH o6nacTH 38 MM /acero 

OKOJIO 8.0 IltU{/. ~ Pa3JIJ1~Hbl8 THIIbl H3 f'OTOBJie~-Hblx IIq;:{ no~a3 aHU Ha\ PHC. 4. 

a/ 

-·- - H3roTOBJI8HHhle ,!l;8T8KTOPbl HM8JIH 

H8JIJ1H8HHOCTb ~1%·J1 'rro3H~HOHH08 

; pa3pelrleHne 0, 5 t 1%_ oi .reoMeTpi-iqe

. CKHX pa3M8POB IT~ll-,!l;JIII a-'IaCTH~ 
;;. /5;5 M3B/. Ha pHc.5· npe,!J;c;aa.rie~ 

THIIH'IHb!H pe3yJibTaT H3MepeHHH ,, 

.;, .. ""'~~Hi\IPE3.,.:;,.~-~''""'"' ,· . 

' 

. 
. 

PE311CT\o18Hbli1 H~OHTAHT 
. Q,r) 

rro3H~HOHHOf'O pa3P8Irl8HHH !{ JIJ1H8H-. 

HOCTH ,!l;JIH,O,!l;HO~OOP,!l;J1HaTHOf'O-,!l;8-
·TeKTOpa c JIHTHeBbW pe3HCTHBHbW 

:CJIOeM. HaKnOHHa!I' JIHHHff coe~HH8T 
,. .. - ' t .'' ' 
, TO'IKH m:~pece'I~HHH' ~eHTPOB TIIJK8_- _ 

:.cTH imKoa_ H •. 11x HcTHHHoro ·nano-

JK8HHII, OIIP8,!1;8JIH8MOf'O MaCKOH, 

5/ a/ 

Plic.4.: HerrpepbrBHhle .-no3H~HOHH·cr:, 
. 'IYBCTBHT8JibHhie ,!l;8T8KTOPbi: . 

. a J O,!l;HOKOopi\mJaTHhie, 6. ·-:... 

-,!l;BYXKOOP,!l;J1Ha·T~Ie,·. a··-: pa,!J;HaJibHbie; 

;; ·: 

PHc. 5·. CneKTp a-'IaCTH~ 
24 - . . " .. 
· 1Am,. H3M8P8HHhlH II03~HOHHO--· . . .. . . ,_ ' ' 

'IYBCTBHT8JibHbiM ,!l;eTeKTOPOM · 

/30x8 MM/. a - cxe~ miMepe- :_ 

HliHj 6.-:- HHT8BJ1,!l;Ha!I.MaCKa C 

,!l;HaMeTp8.MH HHT8H OT 0, 1 MM . 

!51 ,!l;o o.46 MM. /1/; a :::'Mac:.. 

Ka c mHpiu-iiJH.1!18JieH '2 MM ,H

paccTOHHHeM M8JK,!l;y.~eHTpaMH 

2,5 MM. 

:' .l 

I 

9 

. ' . ~ 

rnasa 3aaeplrlaeTcH rrpHMepaMH 

H~~OJib 30BaH~II- pa3pa6o~aHHb~ ·. fl~ll .. 
B_M8TO,!l;J1K8.cPH3H'I8CKOf'O 3KCllBPH~ 

' ::.,., ' .. 
MeHTa:: B ¢QKaJibHOH IIJIOCKOCTH 

,(x:..~~e;Tporp~¢~ Jla6opaTo~uli 
~)J;ep~oc . rrp~6ne1( oillm 

~·41(30~1-) 
.Yx•:iDJIIIA'f . 
't•l.Oiai:IL 

fd•b.2!1• . 

/ 
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/nonY'!eHo pa3peiiieHHe 3 K3B ,nJI!I a -qacT~ Rn/, npu ·Hccne.nosaHHH n.nep-

HhlX peaK~Hfi Ha nyqKe ~HKJIOTpbHa Y-300; TIOKa3aHa B03MO~HOCTb HCll0Jib30Ba

HHR Henpep,ffiHbiX IN:U ,nJI!I cneKTpoMeTp:fni 3BK 8 cocTaBe MarHH'rHoro . 13 -cneK

TPOMeTpa n'IZ /Wi<I> llCAH; Tipara/, KOTOpoe il03BOJIHJIO .. nOJIY'JHTb pa3peii18HHB 

no HMnYJibCY APIP = 0,2-!-0;3% .riM 3JI8KTPOHOB -30~-!-1000 K3B. TipH 3TOM 3tP

tPeKTHBHOCTb npbB8,!18Hwl. H3M8PSHifH yB8JIH'lHJiaCb 3a C'l8T MHOrOKaHaJioHOCTH __ 

60JI88 '18M B 50 pa3 llO cpaBH8HHIO C paHee HCnOJib3,0BaBIIIHMCR ·o,nHOKaHaJibHb!M 

M8TO,IIOM perHCTP~HH, a tPOH'CHH3~JICR B 5 pa3. 

TpeTbff'rJiaBa noCB~eHa H3y'!8HHIO B03MO~HOCT8H nocTaHOBKH 3KCnepHM8H

Ta no nOHCKY ,IIBOHHOro 6e3H8HTPHHHOrO 6~Ta-pacna,na /213ouf C nOMOIIIbiD.nO-- ,· -

JiyilPOBO,IIHHKOBOro'"cneKTPOMeTpa COBna,neHHH. 

PaccMaTPHBaeTcn . cospeMeHHan 3K-cnepHMeHTaJibHan cliiYa~HR c npo6neMofi 

noHcKa. 2flov'-nporiecca •. 3aMeT.Ho .B03~od1Ilrni- ~HTepec · K 213ov-pacna.ny crinsaH 

C pa3BHTH8M B noCJIC,IIHHe r'O,Obl T80p8TH'l8CKHX npe,ncTaBJI8HHH, B paMKax KO

TOPhlX, B '!aCTHOCTH, ·npe,nCKa3b!Ba8TCff H8COXpaH8HH8 nenTOHHOro 3apn,na:· 

.Tipo~ecc 213ov.:.pacna'.na,_ ~.nYIIIHq c H3MeHeHHeM nenTOHHorC: 3a~n.na Ha '.use e.oH:

HH~r. - O,Ol1H H3 H8MHOrmc1 Ha cerO,IIHff ,IIOCTYll!ihiX 3KCil8PHM8HTaJibHOMY HCCJI8-
. / . ::.- ' . 

,IIOBaHHID, H3Y'J8HH8 KOTOporo MO~eT ,naTb YHHKaJibHyiD HHWOPM~Hro 0 CBOHCT~ 

Bax cna6oro B3aHMO,neficTBHff 11, npe~e ·scero, o npHpo.ne · H~ilT~HHO '! ffBJI!I

eTc~ JIH H8HTPI1HO MafiopaHOBCKOH-HJIH.,IIHpaKOBCKOH qaCTH~eil/ H·eroMacce. 

Ha. ocHoBe • aHMI13a HMCIDIIII1XCR • .naHHhiX c<PoPMYJIHposaHbr KPHTCPI1~ · np~Bc.:.. _: 

.I18HI1R 3KCll8PHM8HTa C. Bb!COKOH _'lYBCTBI1T8JlbHOCTbiD, KOT.OPbl8 KaCaiDTCR Bb!

'6opa HYKJII1.IIOB·- .Hal16onee ~epcneKT11BHbiX KaH,Ol1,!1aT.oB !Ja nolici< 2fl~~-pac
na.na,'BJIH.'IH11ff BH81IIH8rO 11 BHYTP8HH8rO tPOHa, POJII1 3Hepr8TI1~8CKoro.pa3pe.:. 
IIICHH.'I 11 T~n._060CHOBaH Bbl60p .IIJ!R ll011CKa 213ou-npo~ecca nonynpOBO.IIH11KO:

BOH M8TO,OI1K11. rnaBHb!fi' apryMCHT - BhiCOK08 3HepreTI1'l8CK08 pa3P81I18HI18 

11 3<lJ<PeK.TI1BHOCTb·HTI)l. 

.·12 DOe - ,Ul'lll!OPOB • 26 Cll2 l 0.6 Cll 

. '· 
10 

~ .("• 

P11c.; 6. '13JIOK-.. 

! cxeMa 3·Kcnepi1MeH-

~~ ; Ta. no' ll011CKY' 

t: 213ov -pacna.oa c .. . 

I 
I 

I 

llOMO~~ro HPGe-cneK-

TPOMeTpa COBna,ne-_ 

Hl1fi.· Me~,ny HPGe:-

.neTeKTOPaMI1 pacno-

JI0~8Hbl llJI8HO'lHbl8 

11CTO'lHI1KI1; 

-

Pa3pa60Ta~Haff M8TO,IIHKa C03,IIaHI1R HPGe-,neT8KTOPOB C Bb!COKHM 3Hepre

TI1'l8CKHM pa3peii18HI18M H CTa611JibHblMH TOHK11MH nBXO,OHb!MI1 01 OKHaMH n03BOJIHJia 

npe,nJiO~I1Tb 3KCll8PI1M8HT no nOI1CKy 2flov-pacna,na C llOMOIIIbiD_MHOrOKPI1CTaJib

HOrO HPGe-cneKTP0!-18Tpa COB_na,neHHfi, p11c·. 6. Ilpe.IIJ!O~eHa MO,I18Jlb ,IIJI!I 0~8HKH 
''lYBCTBHT8JlbHOCTH TaKOrO Cll8KTPOM8Tpa, yqi1Tb!Ba~aff HHtPOPM~HIO.O'CJI8,IIyro-
III11X npo~eccax: a/ pacn;e.n~JI8HI111 3HCJ?r1111 Me~y 3JI8KTPDHaMn F (E);. 6/ yrno

soil KOppeJI!I~I111 MS~.OY HanpaBJI8HI1RMH BblJICTa 3JI8KTPOHOB f(e) ; B/ MHOrO

KpaTHOM paCC8ffHI111 3JI8KTPOHOB B 11CTO'lHI1K8 H ,!18T8KTOpe /p~cnpe,neJI8HI18 3Hep

r8TI1'l8CKI1X nOTCpb, 06paTH08 paCC8RH11e/; r/ peri1CTP~I1H 3JI8KTpQHOB.-,!18T8K

TOpOM /3HepreTH'l8CK08 pa3p81I18HHe; 3<lJ<PeKTI1BHOCTb/; ,n/ tPOH~ B o6naCTH CYM

MapH0-3HepreTI1'l8CKOrO CneKTpa ·3n8KTpQHOB. 

·npoli~.neHo npe~I13110HHoe 3Kcnepi1M~HTanoHoe' 11ccne,noBaHHe npo~ecca npo

x~.neHllii. 3JI8KTpoHOB c. 3HeprHefi 400-!-1700 K3B /11CllOJib30BaJICR HPGe-,neTeK-
- 207 . : ' 

_TOP 11 11CTO'lH11K Bi/ 'l8p83 aJIIDMHHI18Bbl8 11 M8,!1Hbl8 norJIOTI1T8JIH Pa3JII1'lHOH 

TOJIIIII1Hbl /4,42-!-83, 76 Mr/cM
2
/. C,neJiaHO cpaBH8HI18 nOJiy'leHHhlX 3~Cll8PI1M8H-. 

·. TaJibHb!X pacn;8,!18JI8H11H 3HepreTI1'leCKI1X nOT8Pb C, paC'l8TaMI1, BblnOJIH8HHb!MI1 
•- ·-· .. , . ' I -

B paMKax T80PI111 HOH113a~l1bHHhlX nOTSpb ]aH,nay. 'TIOKa3aHO, 'ITO T80pi1R ]aH~ 

,nay y,nosneTBOPI1T8JibHO oni1CblBaeT HaH6onee BCPORT~re noTePI1 3H~Prl111 /AEw/, 
HO .nae.T '3ai-IillKe~Hbl~ 3~a'leHHR .IIJI!I aeJIH'li1H tPJIYKTY~I1fi~noTepb /r/. BKJIID'le

HHe B paC'l8Tbl tPYHK~I1H pacnpe,08JI8HHR llOT8Pb no ]aH,nay/~(A)/ P830HaHCHOrO 

tPaKTOpa./b2/·13JIYHKa-Jiefi3eraHra' 11.11CnOJib30BaH118 annpoKC~M~HI1.~(A) 
s s11.ne cyMMbl 9 rayccl1aHos·/ cornacHo · <I>m-i.nn11.:..;uro· Cot oro/ 3Ha'l!1TeJibHO ynyq

IIIaeT cornacl1e ~aC'l8TOB c 3KCnep11M~HTOM .rVi~ ~0Jliiii1H norJIOTI1T8JIR S50 Mr I CM2 I 

/eM. PI1C.7/. 

103 

14 
El31101'aJIWIUI 
\,; 

12 

~ 1~ 
' 
~ 8 

2.8 2.8 

-·. ... :..a 
8 

4 

-- 2 

0 

• IICIIIP UIIUl 

9 Ci Ti (A- Ai) 2 
E · ·exp[- ]. 

i=r ·vy2 + b2 Ti + b2 
~(A) 

3.necb ci , Ai;' Ti napaMeTPbl rayccl1aHo~ • 

11 

. ~ .:.:_ 
P11c. 7. CpaBHeHHe 

3KCllElPI1Me_HTaJibHhlX 

H TeOpeTI1'l8CK11X ,· 
. pacnpe.rieneHI1ri no

Tepb 3Heprl111 3JI8K.:.., 

TPDHOB /975~7 K3B/ 

npH- npoxo~,neHHH • 

'l8P83 aJIIDMHHHH: 

. (2) 



,•·-

noKa3-aHO TaKlK8, qTO yqeT pe30HaHCHb!X 3qxpeKTOB_ npHBO,IlllT K_ pOCTY 3Ha

qemfrl r C yB8MqeHH8M. Z norJIOTHT8M 5, OTJIHqHH OT nOB8~8HIDl, B paMKax .T80:- --

· pHH JiaH~ay. 3TOT dJaKT H806XOwlMO •- yqHTbiBaT:& npH Bbi6ope onTHMaJI:&HOiL TOJl!I(H-:-

Hbl HCTOqHHKa ~Jill HYKJI~OB C 60JI:&Ir!HM;Z.(
100

Mo, nGCd, _lSONd). " 
-- . ~ '. • - ! ~ 

l!CCJI8~0BaHO o6paTH08 paCC8RHH8-3JI8KTPOHOB-OTT8PMaHH8BOrO ~8T8KTO-

pa.- c rwnon:&3oBaHHeM MeTo~a MoHT~-l{apno. noKa3aHo, · qTo Han6onee a~eKBaT:-
- r ..._, { ' '\ -

HOH dJOPMYJIOH, yqHThlBaromeA yrJIOBYID H 3HepreTHqeCKYID 3aBHCHMOCT:&'K03dldJH~ 
uneHTa o6paTHoro paccenH~R, RBJIR8TCRcPoPMYJia _KY::ii?~~ u-Bopo6:oeBa: · 

P(z, ·E, .e)= ced + P(,(z, E; 6 = 0), 
(3) 

/ ,. • j 

r~e · 6 - yroJI na~eHIDI 3·JieKTpDHOB ,:.. C- H d - cPYHKL\HH Z H E; 

npe~cTa~JieH anropHTM pacqeTOB,C nOM0!11:&ID KOTOporo-nonyqeHa-TaKlK8. ' / - 76' ' ··. - . .·· 

., 
·'· 

3dJcPeKTHBHOCT:& perHCTPal\HH 3JI8KTPOHOB·OT paCnMa. Ge HPGe.,-~8T8KTOpoM. 
OnncbmaeTCR anropHTM Mo~emi:PoBaHH.ii 3KcnepnMeH~~ .n · nocTp~eHIDI :dlym{-

1.\HH o~KnnKa · cneKTpoMeTp{·u; ~Byx HPGe-Ae~~KTOP~B '!25-_rJM
2 

x 0,6 eM/ B :P~-: .· 
'~HM8 COBnMeH~. n~ose~efio M0~8JIHPOBaHH8 3KCne~~M~HTa no' noHCKJ{ ;2f3.0u:_ .· " , 

;acna~a 48ca Wm_ HCTQqHHKOB T~m~HOH .10 Mr/c~: H. 25 MrfcM
2 

,H no;TPOEiHhl 

MO~eJI:&Hhle Crl8KTPhl ~Jill .pa3JIHqHbiX .yrJIOBbiX H 3HepreTniH3CKHX pacnpe~eJieHHH 
3JI8KTpDHOii,. npe~CKa3b!B8MbiX T80PH~H. -no~a3~Ho/ qTO ~~ HCT~qHHKa 48

ca. 

· 25 M.r/cM'Z B03MOJKHO nony<iliT:& 3H~;re~~ecKo~ p~peirieHne· ll. E ~ 30 K:3B B . 

pelKnMe coBna~eHIDI /~ y~noBon t< e): n 3HepreTnqecKoii F-<El K~ppeJUi:L\n-. 
OHHb!X cPYHK~HH, I COOTB8~CTByKJ!Il~X m f 0/,.'pnc. a: . . f'' ·-. ' ' . 

nJ;JeilcTaBJI~-
~ .,r~rl- 1 f(e)· .. 1 :.oollll1 

Io4j - ·~- ·- I· mMPc~ IZJfllft.l r (33 11. I 
ro3 

lo' 

i 10 

'·11'1 I I I !!I'D! I I l ~ amxrr c J'mfM P t =-, axarP C(BIA.dll8 c ftmll r c 15 11 

·Ha nornKa.opra-
' ... · )/ 
HH::ial\HH 3KCnepH:-

~8HTa · ~--· c.rie~~l-!a 
OL\8HKa·qyJ3CTBH

,:T_eJI:&HO~TH ~.c 

HPGe-;:cneKTPOM8T;_ 
·-. ~-

' pa, cosna~eHHR, -

COCTOJI!118r'O H3: 32 

~8T8KTOpDB 

/25CM~X0,6. CM/ H 

l - . l 

' ..... ' ,··. . ·- ·: '. c- ' -48 - . . . 
Puc. 8~ Mo,L\eJI:&Hhle cneKTPhl- 3JieKTPOHOB 21lo\.i -pacnMa- Ga /ncToqHnK .-

2 . . . . ,. . . .·. . . -
25.Mr/CM /, f(6) ·,;1 - cose 1 cneKTPhl .683 yqeia K03dldJHL\H8HT!J. o6p!J.THOrO 

pacceROOR /P/ ~aHu ~Jill. cpaBHeium. . .-

, .. :-
'· 

12 
,\• ·,,' 

.-

// 

~i. 

-... 
..t' 

30 HCToqHHKos·,
48

ca -!25 .Mr/~~2/. llcxoM H3 HM8KIIUIXCR JIHTepaTypHb!X ~aHHb!X 
. 06 · YPOBHe Pa,IlllOaKTHBHOr; dJOHa B 3KCnepUM8HTax no rioHCKy 2roou :--nPOL\8CCa 

n,npe~no.riaran ero'~an:&Heillr!ee cHnJKeHne. 3a cqeT npnMeHeHnn ·MeTo~a· coBna-
. . . ~ ' '· ' . . ' ' . ' ' . . ' 

~8Hf!H, J50HdJHrypal\HR· KPHCTaJIJia ,L\8T8KTOPOB ~ aKTHBHOH ;Ja!liHThl H. T .n~, ·noKa-

3aHo, 'wro B npe,L\JiaraeMoA nocTaHOBKe 'Bo3MOJKeH noncK 2r>ou-pacna~a 4Bca 

Ha~YPOBH8 'hf2 ~ 1Q22JieT H :76Ge H'a YPOBHe_ Tl/2 ~ 3.1Q23;eT IlPHnpoBe- . 
\ ·- . ' . ' '. 

~8HHH H.3M8P8HHH ;B T838HH8 O,L\Horo ro~a /npn 68% CL/. . 

B 3aKJiroq8HHH CdJopMyJIHp·o~aHhl. OC:HOBH?J8 P83YJioTaThl H BUBO~ pa60Thl:-

.1. •,Paspa6oTaHa n pa3BHTa MeTO,IlllKa H3rOTOBJI8HIDI H3 repMaHHR H KPeM

HHR paSJIHqHbJX. THnO~ illlll; npe~Ha3H~qeHHbix ,L\JIR -np8L\H3HOHHOr'O ~Ha,;H3a :3Hep-
,,' ' ·. ',. ' • •• <i . • ., 

rHH H HHT8HCHBHOCT8H 3aPRlK8HHb!X qacTHL\, X-·n -y-H3JiyqeHUH; CdJDPMYJIHPOBa-
- ./ '· . . ' . ' : ~· ~· . - . . . 

Hhl H.CHCT8MaTH3HPOBaHhl•KPHT8PHH OT6opa.HCXO,L\Hb!X MOHOKPHCTaJIJIOB,a TaKJK8 

Tpe6oBaHlfR, npe~MBnReMhle K, KOHCTPYKL\HOiJHhlM MaTepHa.iraM H ·YCJI~BHRM . . . . . ' " - . 
3KcnnyaTal\HH .nrrn. · 

. Co3.riaHH~Ie opnnman:&Hbre /T'exHonor!iqecKne npneMM u· o6opy~oBaHne no3Bo-
".. ' .· '' '.· . ...'· \ '; .. ·I. : ·(. ·, ' ' . < •• 

JIHJIH H3rOTaBJIHBaT:& pa3JIHqHhl8 Si(Au)-; Si(Li)-~ Ge(Li)-,· Ge(Li,Au) ~ H 

; HPGe:-,L\eTeKTophi, · HMeronine · crreKTP~MeTpn'qecKn~ ;f!apaMeTpu, 6nu3KHe K. npe~en:o''-
.Ho ·~ocTHJKi-l!.wi: · . .{- . ,. :·.. . ; ···· ~- • '-· -· • . : ' \. · 

2. · · Ha ocHoBe Ge (Li) n: HPGe;..~eieKTopo!l .. -noi<a3aHbi ·HoBue BosMoJKilocTn 

npHMeHeHIDI nnn B ·.COCTaBe 'rrpel\H3HOHHb!X 'cneKTpQM8TPOB 3apRJK8HHnlx 'laCTHL\ H ., . --i . 
Y-H3JiyqeHHR: . . • 

>, -- Co3~aH' cneKTpoMeTp~.z:v'IR'ncc~e.r:iosaHHH 3JI8KTPQHOB B'HYTPeHHeii KOHBep-. 

CHH THna 11MHHH~arreJI:&CHH~1 ' B K~Topo~: BIT8PBhle ;OpDH,L\aJI:&~~rn ~H~:&Tp H3 no-;·,' 

CTORHHb!X 'MarHH;OB . HCnOJI:&3Y8TC~ ~. coqeTa~HH; c: HPGe-:~eTe~TOPOM; GmiKTpo-.• 

MeTp. no3BOJIII8~ ~Ha~H-Te.iJ:o!Jor YBEJJIHqHT~ H~6npaTeJio~OCTb: p~rnc•r~al\~H 3JI8KT-. 
" ', j j' • • -- / ~· ", ' o • ,' •- - '.. / • ' • "r' '·~ • • • • -

pDHOB H 3iWleKTHBHOCT:&·H3M8peHHR B ~Hana30H8 100~100.0 K3B npH BhlCOKOM 

3HepreTnqecK~M pa3 peiJ!e-HHH. npm.ieHeim~ HPGe..:~eTeK;opa ;.lla8T' B03MOlKHOCT:& , 

-npoBO~HT:&' B.nPOL\8Cce'n3M8P8HHR TO~HYID3HepreTnqecKyro K~H6po~Ky c no-

. M0!11:&ID -BH8IIIHHX Y-HCTOqHHKOB. ; , • .--

C03.UaH cneKTPOM8TP COBfia~8HHR ~JIR TP8XM6pHb!X aMrrJIHTY~HO-Bp8M8HHhlX 
H3Mepe-Hnii~ coaM~Ilt~-.nsa Ge(Li)~ HJIH ·.nsa HPGe-,LieTeKTopa ·B o~HOM Kpno

ciaTe. Bo BTOPOM ~Jiyqae PMHOaKTHBHMH HCTOqHHK Ha:xOMTcfl'·BHYTPH KPHOCTa

Ta, qTo o6ecn~qHBaeT B03MOlKf!.OCT.:& 'ucciie~oBaHIDI e:.;y, X-Y~ x.:.:x. · x..:e·_u e-e:., 

COBITM8HHH. 

3.,Pa3pa60TaHa li.3KCnepHM8HTaJI:&HO peaJIH30BaHa M8TO~HKa·C03~aHIDI, 

HenpepuBHb!X·n03HL\HOHHO-qyBCTBHT8JI:&HbiX ~8T8KTOPOB·/IJlUl/ H3 KP8MHIDI, no-

3BOJIHBIJIM H3r'OTaBJIHBaT:&.: O~HOKOOPMHaTHbl8, / ~0 50 MM/, ,L\ByxKOOp,IlllHaT'm.re 

·;.L\~ 30x3o MM/ n pa,IlllaJI:&Hhle /MaMeTpo~ .L\O 40,MM/ rrqn, HMeKIIU!e no3~~0HHoe 
-paspeiJI~HHe- 1% reoMeTpHqeCKnx· Pa3MepoB qyscTBHTeJI:&Hoii ooJiacTH /~Msi..-

. . . - \ ' . . 
qaCTHL\ :..- 5, 5 M3B/ H H8JIHH8HHOCT:& <PYHKL\HH OTKJIHKa 4 1%. 

GdJoPMYnH~BaHhl T.peooBaHIDI, nlie.Il1>11BJIIIeMhl~ K. HCXO,L\HOMy MaTepnany H 
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. pe3HCTHBHOMY cno~- OCHOBHOMY 3n8M8HTY ~eTeKTOpa, a TaK~e K napaMeTpaM 

BH8IIIH8H 3neKTp0HHKH. Ha npHMepe 3neKTpOHOB noKa3aHO BJIHRHH8 MHOr'OKpaTHO

r'O pacceHHHH 3aPH~eHHb~ qaCTH~ Ha KOOP~HHaTHOe pa3p81l18HH8 ~eTBKTOPOB. 
4. -Ilpe)UI0~8H HOBbJll· M8TO~ C03~aHHfl HenpephlBHb~ rNJl; OCHOBaHHbJll Ha . 

HH3KOTeMnepaT~HOH ~~Y3HH nHTHfl B n-KP8MHHH; MeTO~ n03BOnff8T H3r'OTaB

nHBaTb Henpepb!B~Ie ~8T8KT0Pbl C Bb!COKOH_ O~HOPO~HOCTb~ pe3HCTHEHOr'O CnOH 

'I ny~e 99%1 H BbiCOKOil: aocnpoH3BO~HMOCTb~ napaMeTpoa. CpaaHHTenbHO ,CKpOM-:-. 

HOe no cpaBH8HH~ C ~pyrHMH M8TO~aMH /HanimMep,' HMnJiaHT~Heil:/ T8XHOJIOr'H

qeCK08 o6opynoaaHHe ~enaeT pa3pa6oTaHHblli MeTo~ .nerKonocTynHbiM. Ha .ocHo

ae- MeTO~a HH3KOTe~nepa.TypHOH -~~y3HH pa3pa6oTaHbl O·~HOKOOP-~HaTHbiB,KOM.:_ 
' ,,. ';; 

neHCHpDBaHHble JIHTHeM, ~eTeK TOPhi H3 p-KPBMHHH, npe~Ha3 HaqeHHbl8 -~na. per'HCT-

p~HH ~nHHH~npo6e~Hb~. 3aPH~8HHb!X qaCTml. . . , .. ' 

5. IlOO~JI0~8Hbl ~Ba HOBbiX MeTO~a nonyqeHHH P83HCTHBHbiX CJIOBB C rp~H
eHTOM npoao~MOCTH. Ha ocHoae KoTophlx: anepabr~' co3~aHbi pa~HaJibHo~qyBCT:-. ' . ~ 

BHT8JibHbl8 ~eTeKTOPbl C JIHHei1HOi1: cPyH~Heil:. OTKJiHKF.l. ''. . . 
" ' '; .· ., ·. . . .. . . -

6. IToKa3aHbi. pa3JIHqHbre ao3MO~HOCTH ilcnoJib30BaHHH' pa3paooTaHHb!X ·He-

npepb!BHb!X; IT11LI ~M perHCTP~HH_ 3aPH~eHHbrx. qacTH~. BnepBbie 3KcnepHM8HTaJib-

-. HO p8aJIH30BaHO npHM8HEJHH8 Henpepb!BHb!X fii1Jl B COCTaBe Mar'HHTHOr'O . (3-CneK-,' 

TPOMeTpa THna nv'2, no3BO~HB!II88' nonyq~Tb pa3pe!I18HHe' no-.HMnYJibCY A PIP~ 
=0, 3~0, 2% • .IUIH '3n8KTPOHOB B. ~Ha~a30H8 3H8Pr'Hi1. 300~ 1000 K3B •. · 8<1¢e~THBHOCTb 
H3M8P8HHH, liO cpaBHBHH~ C 'paHee .HCn~Jib30BaHHb!M. O~HOKaHaJibHb!M MBTO~OM pe-

. I _ l . .. . 
r'HCTpa~HH lcqeTqHK reH['epa~M~JIJISpal YB8JIHqHJiaCb 60JI88 .qeM·a'50.pa3 npH 

CHH~8HHH cPOHa B - 5 pa3 •. 
,. 

7 •. BnepBbl8. npOB8~8Hbl HCCJt'e~oBaHHfl B03MO~HOCT8H nOHCKa ,!J.BOHHOI'O 6e3-

H8HTPHHHOI'O · 6eTa'-pacrta~a 'l2eovl c noMOI!Ib~. MHo'roKpHCTaJibHoro. HPGe-cneKT-
poMeTpa ~oana~eHHil:. - . - .. ·_, -~ . . 

C noMOI!Ib~ MeTo,Lt:JB.npe~H3HOHHoi1 cneKTPOM8TPHH,.3KcnepHMeHTaJibHO Hc

cne~oaaH npo~ecc .· npoxo~eHHH 3JIBKTPOH~B c 3Hepmei1:' 4ob t 1700 K3B · q~pe3 
B81!18CTBO. IloKa3aHO, qTo HaH60Jiee a~eKBaTHOe 'onHCaHH8.3KCn~PHM8HTaJibHbiX 
~aHHb!X ~aeT annPOKCHM~HH. ~H.IUIH-Jl~ CoT6R .IUIR <PYHKUHH pacnpeneneHHR 

liOTepb no flaH~ay.c yqeTOM'P830Ha~CHOr'O <lJaK~Opa, BB~~~HHOI'O bJIYHKOM•. 

H flei1:3eraHroM. . 

. 8. Ha OCHOBe pa3pa6oTaHHOH. M0~8JIH 3icnepHM8HTa liO liOHCKY, 2e'Qu
1

-pac:. 
'• . . . ' ·. 

nana, HCliOJib3YR M8TO,!J. MOHTe-KapJIO, liOCTP08Hbl cyMMapH0-3H8PI'8THqecKH8 · 

cneKTPbl 3JI8KTPOHOB )U!R 
48ca, H nonyqeHa cPYHKUHR OTKJIHKa HPGe:..cneKTpOMeT

pa COBna~eHHH, li03BOJIHB!IIaR C~eJiaTb OU8HKY qyBCTBHT8JibHOCTH npe)UlaraeMO~ 
·. ·-· ' ' ' ,• ' 48 

r'O 3KCli8PHM8HTa. LIJIR · Cli8KTPOMeTpa · H,3', 32 -~eT8KTOPOB H '30 HCTOqHHKOB . Ca 
48 · 22 - . 76 · . 23 1 68 

nonyqeHo: limT 
112 

( Ca) _., · 10 neT, · limT 
112 

( Gel ;~o 3 ·10 neT !IPH _ %CL~ 

0CHOBHbl8 P83YJibTaTbi ,!J.HCCepTaUHH. ony6nm{oaa.Hbl. B 'c.Jie~Y~IIIHX pa6oTax: 
i . . ' . . \ . . ·" 

l. BbiDOB u., __ Eroi!IHH H;H.·; Map~HOB M.r.,,MyMHHOB T.M.-,.-OcHneHKO E.n., 

CaH~KOBCKHil:' B.r. ,_ CpHKa' n., !OpKOBCKH fl: l13rO'l;osJieH'He H HCCJie~oBaHHe 

Ge(Li)-~eTeKTOPOB. - Jly6Ha, 1972. - 18 e. IITpenpHHTI06ne~. HH-T R~ep. 

HCCJie~._: P-13-67591. 
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2:·.KY3He~OB B.B., Oc.tineHKO E.rr., CpHKa n.,_CaH~YKOBcimii B.r., !JpKo

BCKH fl. · __ 4n --Ge CLi) -~eTeKTop. - XII coa~inaHile no H~-epHoil: cneKTPOCI~OnHH _H 

CTPYKType <'iTOMHOr'O R_ipa. /Jly6Ha, 22:-25. H~Hfl 1971 r./: .Te3, ~OKJI~OB: 
LIY6Ha, 1971 ~ OHHH, Jl6-5 783, c. l83-184 ·' I , • 

3. EeperH E. , _ Bbmoa U. , Erollllit~ !;I. H. , Kpa~HKoa'a H. , JlH_'J:eH CoH, 
. ! - ·i . 

. 0CHneHKO E_~IT.,, IlB!JMRKOBa Jl.A. ~ CaH~KOBCKHH B.r., _CPH~a Jl, ·, _ 11afi TXOHr', 

'!OpKOBCKH H. 0 H8KOTOPb~ pa6oTa:ic, _ BbinOJIHReMb~ B r]:JYnne nonynpoBO.i\HHKOBb!X 

· ,11eTeKTOPOB OHHH, no pa3pa6oTKe H · H3r'OTOBJI8HHIO n'onynpoao~HHKOBb~ ~eTeK-
• f • 

TOPOB. - CoBel!laHHe no nonynpoBO~HHKOBb!M ,118T8KTOpaM /LIY6Ha, 25-27 HIOHR 

1974 r./: T~3,. ~~KJia~OB ~ Jly6Ha, 1974; 0I11IH, J)-7098, 0.32-40. 

4. Bimoa u., Ero!IIHH H.H;, JlaTY!IIHJ:icKH;A., OcHneHKo·E.rr.; CaH~yKoac
KHH . B. r. , !OpKOB CKH fl. IlonynpOBO,l1HHKOBbi8 cneKTPOM8TPbl MHI'KOI'O r~a:...H3ny
qeHHH ~ siieKTP~HOB KOHBBPCHH. - XXY COB81!1aime no fl,l18PHOH cn~KTPOCKOn~H 
H CTP~KType aTOMHOI'O ~~pa /JleHHHr'pa~, :2S-31 HHBapR'1975 r./: Te3. ,l10KJia-

~oB':" ~:JleimHrpa~, "HayKa", 1975; c.4Y5-436. · ' 

5. Bhmoa U~, Ero!IIHH.l1.H., MYMliHoa·T.M~, OcHneHKO. E.IT.; CaH~YKOBCKHH 
,r ~ - • ' > .'-

'·B.r., !OpKOBCKH fl. HoaepxHOCTHo-6apbePHbie repiV!aHHH-JIHTHeBbie )1eTeKTOpbl 

~JIR cneKTPOM8TPHH H3nyqeHHH pa~l-jOaKTHBHb;x; H~KJIH,l10B, '_ Jl~6Ha, 1976 ,' -

~ l3 C. (fip~'nPHHT /06be~. ', HH_:.T, R,riep. ~CC~e.l:!.: .13-10056/ •. 

6. ronHKOB .B.M., Ero!IIHH H.H.,' Mapran 11., KHM'3ai1 Te, KHM 11aH XaaH; 

.ira~Kyc·T., . .iJaT~H~KH A~, MaPHHoa k.,"ocHri~HKo E.rr.,·PeaeHKo A;s.; CaH-
- "' ' - , I . ~ , ~ 

~YKOBCKHii ·B.r., Cnana M., _KlPKOBCKH H.' JleTeKTOPbi H3 caepxqiJcToro repMa-'- • 

'HHR ~JIR cneKTPOM8TPHH raMMa-H3JiyqeHHR, ,113r'OTOBJI8HHbie __ B Jia6opaTOPHH R~ep-, 
HbiX ~po6~eM0!1fl~L - .. Jly6~a, 198?.; -1o-c.'lrrpenpHHT/06ne~. HH-T R~ep.,~
Hccne)1.: 13-83-669/. 

7. Bpy)1aHHH B.E., Bbmoa u., Mypaanea H.H., HaaHoa A.H;; IlOKPOBCKHil: 
'' ' . ' . 

B.H.; Pyxa~3e H.H., CanaMaTHH A.B., CaH.11YKOBCKHi1 B.r., CH~opoa B.T., 

CHBaea A.H. CneKTpoMeTp )1JIR TPeXMePHhlx aMnJIHTY~Ho-apeMeHHb!X H3MepeHnfi. -

LIY6Ha, l983.·.- 12 c. /rlperrpHHT/06be~. HH-T -H~~p. HccJIEo;;,: 13-83-:-7471. 

8. Eenb~a~.E., OcHneHKO E.ri., CaH~KoB~KHil: B.r •. rronynpoao~HHKOBhle 
no3HIJ,HOHHo-qyacTBHTeJibHbie ~eTeKTOPbi. XapaKTePHCTHKH pe3HCTHBHb~ cnoea • .,. 

;iJlY6Ha, 1978. - l5 C. /ilpenpJ-lliT/06'be~. HH-T R,l1ep, HCCJI8~.: 13-11355/, 
' ,r . ' 

B KH.: IlPHKJia~HaH H.118PHaR cneKTpocKonHH. M. ATOMH3~aT, 1979, Bhln. 9, 
c. 19-25. - ~ ... " 

9. AMos E., EenbiJ,a~_ E., Ocm1eHKo E.rr., CaH~KOBCKHil:' B.r. ITonynpo

Bo~HHKOBhie n03HUHOHHO-qyBCTBHT8JibHbl8 ,l18T8KTOphl C P83HCTHBHbiMH CJIORMH, 

Bceco~3!loe coaemaHHe no nonynpoao)1HHKOBb!M ,11eTeKTOPaM /KHea, 12-17 ·ceH-· 

TR6pR.l979 r./, HHH AH YCCP, 81-11, KHeB, 1981, c.31-35: · 

10. Eenb~~ E.,OcHrreHKo E.rr., CaH~KOBCKHH B.r. 0.11HOKoop~HHaTHble. 
Si (Li) no3Hli,HCJHHO-qyacTB.HTeJibHbie rieTeKTOpbi, - JlyBHa, 1979. - 12 _c. 
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·: /npenpHHT/06'be~. HH-:-T H,nep. HCCJie,n.,: .13::.12766/. 
11. CaH,nyKoBci<na B.r. llOJiynpoBo,nHHKOBhle nosnunoHHO-~YBCTBHTeJibHhle 

ileT8KTOPbi R.1<8PHWc -H3JlY~8HHH.· - ,Ily5Ha, 1982. -17 ~. fllil8TIPHHT/06'be,n. · 

'; 

HH-T, R,nep. n~cne.n:: 13-:82-90/. . ' . 1 , 

·: 12.·EeJibUaJK E., o.cnne~Ko E.n., CaH.nYKOBCKHH B.r. ·o 'sosMOJKHOCTii nony-

. ~8HHR pa,nHaiTbHOr'O 'noJIYTIPOBO.!<HHKOBOr'O TI03HUHOHHO-~YBCTBHTeJibtioro ,neT.8KTO-'-

. / pa .C 'JIHH8,HHbn:; OTKJIHKOM. -;- JlY6Ha, 1982 - 5 C.' /llpenpH~T/05'be,n;. HH-T ~,nep. 
HCCJie,n.: .13-:82-91/. 

E.n., neHUR E., CaH,nyKoBcKnil B.r. ,.. 13. · AM~B E., ,Il,JKaKOB 'A.~ Ocni£eHKO 

Pa,nnaJibHhlil_KpeMHH8Bblli nosnunoHHO-~YBCTBHT8Jib~lli JIHHeilHhlil ,neTeKTOP c•nMTI

JiaHTHPOBaHHhlM p83HCTOPOM. - llY6Ha, 1983. - 3 C. /llpenpHHT/06'be,n. HH-T• 

R~ep. ncC:ne.n:: 13;;83-35/. , · · • . 
, 14. A,naM ·H.',' BeHOC n., KyKJini A.; OcnneHI{o E.ll., CaH.nYKOBCKHH Ei;r., 

lllnarreKA. HcnonbsoBaHne nonynpoBo,nHHKo~we nosnunoHHo-~yscTB~T~JibHbiX • .ne

TeKTopoB B .. Mar'HHTHOM 13-:cneKTPOM~Tpe. - llyGHa; 1984 • .:., 6 C. /llp~npHHT/ 
. · 06'be,n. mi-T, R,nep: HCCJie,n. :. '6-8tf-7ll/. . . . 

. 15;' BbJJIOB u.' EpnaHCCOH lll.' Epy,naHHH. B.E.' BaneH p~' rpoMoB' K,H.-, 

.1)' 

3,neceHKO IO.r·., Map~HOB A.,. ~HKO~a A.:, llOKPO~CKH~ B~H.; llpoilKo~a )·.·, 
.CaH.nYKosbKnil B.r. o~yscTBHTeJibHocTH sKcnepnMeHTa no nonci<y ,nB~aioro 6es:.. 

. . ·, I ' . '.< . . • , •. • • .., . ; •. 

H8HTPHHHOr'O 6eTa-pacna,na C TIOMO!l\b!O'llllll. - ,Ily6Ha, 1984. -: 16 C. /llpenpHHT/ 
' ' . > , ' \,., , .•. , • .•. '~ "' ' . ' ( 

06ie,n. HH-T R,nep; nccne,n._: P6-84...;554/. ·. · , · ' ·· 

: · 16. MapHHOB A>~ EpnaHcccm 'lll~~, BhlJIOB · U., ~CaH.nYKDB~Knfi B.r. Mo,nemipo-· 

BaHne ~KcnepHM8HTa TIO\ noiicKy 213ou .:pacna.n~ ~- n'OMO~b!O cneKTPOMeT~a coiiim- I 

.1<8HliR. - ,Ily6Ha; .1985: - ·13. ~. JnpenpHHT/06'be,n. HH":·T R,n~p: HCCJie,n. :• 

13-'-85-99/. : ' i . ' ' 
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.PyKOTIHCb TIOCTYTIHJiaB ns,naT8JibCKHH OT.!<8JI 

-- 16 anpenR 1985 ro.na."": . 
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