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YtteHH!t C8KpeTap1, CII8nMJm3.HpoBaHHOro 
coBera 

l!ECHOKOBA B.]l. 

AKT;yBJII>HOC'!'I, 'l'eMH. aztepH0-'.4)R3R'leCrute MeTo.nH aHaJIR3a, B,'laC'l'HOC'l'R 
HettTpOHHO-aK'l'RBaUROHHHtt (HAA), B HaC'l'OmI1ee BpeM.ll Bee IIIRpe BHe,npm:>'l'C.ll 
B npaKTRKY MaccoBoro accJie.noBaHrur cocraBa py:it a npo,nyKTOB rue nepepa-. 
6orKa. IlpmteHeHae 6oJiee ,nemeBUX a .nocTynHWC, no cpaBHemm c peaKropoM, 
RC'l'O'lHRKOB HettrpoHOB Ha OCHOBe pa.nHOaKTHBHWC ll30TOilOB Z MaJIOra6apZ'l'
HWC,ycKopareJiett c,neJiaJio B03MOl!rnHM cos.naHne Mero,naK, nparo,nHl:DC .nJI.ll 

onepaTZBHOrO KOHT,POJI.ll, npOBO:IUIMOrO ll aHaJIR'l'HttecKHX Jia6oparopamc noJie
BUX napratt a 9Kcne.nimrut. Paspa6oraHHHe Mero,nm<a l'!MeJOT .nocrarotrao HH3-
Kne npe,neJIH o6Hapy,JteHIDI, B OCHOBHOM y.ItOBJI6'1'BOp.ll!OmRe COBpeMeHHHM rpe-
60.BaHMM IIpaK'l'RKR. 

0,nHaKO aeo6xo,nHMoe, B cBeTe P1Me10maxc.1I reH.neimnn, .naJII>Hettmee cHR
JKeHae npe,neJioB o6HapyiiteHIDl Tpe6yeT IIO.KCKa HOBl!Xnyreil: IlOBH!lleHM ,zyB
CTBRT6JII,HOCTR Mero,noB aHaJJ.113a. 0,nHHM R3 'l'aKHX nyrett smJliie'l'C.ll RCIIOJII,-
30BaHae pe30HaHCHOtt 9HepreTR'l8CKQtt saBRCHMOCTR cetteHRtt B3al'!Mo,nettc'l'BM 
HettrpoHoB c HeKoiropHMa smpru.m. B aroM CJIY'Iae o6JIYtteHRe o6paauoB npo
acxo,nar B npe,nBapare~iHO c<f>opMRpOBaHHOM C IlOMOlllI,IO pe30HaHCHWC R aepe-
30HaHCHUX <I>wrpoB no~e H8tt'l'pOHOB. CHRJKeHae npe,neJIOB o6HapyiiteHM ,no
CTRraeTC.ll 3a ctter,yMeHI,WeHM aKTRBaUHR B o6paaue Mema!OlllRX,aHaJIR3Y, 
9JieMeH'l'OB. 3roT ny'l'I, CHRJKeHR.ll npe,neJioB'o6HapyJKeHR.ll mapOKO RCilOJII>3yeT~ 
M, ecJia Macca aHaJIRaapyeMoro o6paaua He npeBHmaer r~2 r. Bro JKe 
BpeM.ll IlOJIOlKRTeJII,Hlift 3qxp8K'l' 6wr 3Ha'lilT8JII,HO HRJKe t 'Kor,na 'l'aKRM nyreM 
IIH'l'aJIRCI, CHR3RTI, npe,neJIH o6HapyJKeHR.ll npa aHaJIR3e npe,nCTaBRTeJII,HHX 
reoJiorattecKIDC o6pasuon mccott 50-200 r. 

B CB.ll311 C 3'1'RM B03HRKJia Heo6xo,nmAOCTI, B asy,zeHRR oco6eHHOC'l'e! 
npRMeHeHR.ll HettrpoHHUX <f>HJII,TpOB c yqeroM nponcxo.nmI1ero BaaiiMo.neffcTBIDI 
HettrpOHOB C Bemec'l'BOM o6pa3UOB. Ha OCHOBaHnR nayqeHHUX oco6eHHOCTett 
rpe6oBaJIOCI, Hattra OilTHMaJII,HHe ycJIOBM o6JiyqeHR.ll o6pa3UOB, npH KOTOpWC 

BMecre co CHRJKeHReM npe,neJIOB 06Hapyir;eHR.ll ,nocraraJIHCI, 6H BHCOKa.ll TO'l
HOC'l'I, H npOR3BO,nRTeJII,HOCTI, HAA. 

UeJII,JO pa6oTH .llBJI.lleTc.ll: 
- C03~aHHe cnoco6a CHIDKeHll.ll npe,neJia o6Hapy~eHHR HeKOTOpHX 3JieMeH

TOB B npe~cTaBHTeJII,HWC reoJioraqecKWC o6paauax; 
- cos.naime ycTaHOBOK ,nJI.ll 06.rryqeHM o6pa3UOB 3IlHTeMOBHMR Heftrpo

HaMR Ha 6aae MaJiora6apR'!'HHX ycKopnTeJien n pa.I(ll0ll30TPIIHUX llCTO'lHRKOB; 
- pa3pa6oTKa BHCOKOilpOR3BO~RTeJII,HHX Me'l'O.nllK anaJIH3a co,nepJKaHM 

soJiora a ypaHa B npe~crannre~I,HWC reoJiornttecKHX o6paauax; 
- o6ecnetteHae pa.I(.IID!lHOHHO 6eaonacHwc ycJionan npa npoBe~eHRR aHa

JIRTHttecKHX pa6oT • 
.llJm ,nocTmiteHWI nocran~eHHott ueJia cJie~yer: 
I. lfayqRTI, oco6eHHOCTH npRMeHeHM HettTpOHHWC lpHJII,TPOB C y,zeToM 

B3aru.10.nencTBR.ll HettTpOHOB C BemecTBOM o6pa3UOB. 

G~1;enEtt(•mi!,i¼ .rrncn.rryr I 
si.?-:r;x11:.n1: m: :!"_t~jol.lc.!mt 

Gl:1SJlt-lu fEHi1 -- -----



2r ttcg.,r~~o11aTp. !Iet!:rpoHn&e · :xapaxTepnc!l'~ reoJiorwiecrua nopq,n. 
3~ ·. Hatt~a- OllTHMaJII,trne YCJIOlUUI o6~eHWI ~IIHT8~0Bl~.W H~tt;pcm~ 

reoiroratJ:eC!OO( o6pa.3I{OB 6om,mott ~CCH, Ilp.lt KOTOpHX BM~CTe C0°Cm~~H.lt
er,i ripe,neJioB 061IapyxeliIDI .ItOCT.ltraJlliCl, 6& inicoKaSI TO"IHOCTl, .It Ilp0.lt3BO.IJ;.lt-
T6J!l,HOCTJ:, npeBe,neH.lt.lI HAA!. . . . . . .. · . . .... 

4". · Co3,nan, YCTa.HOBKH _.ItIDI 06JiytreHM 06pa3I{OB. am;renJIOBllM.lt W'ltiTpO-:
~ H Ha RX OCHOBe paspa6ora,n M8TO)'.U00i onpe,neJieHI!'.H co.nepEaHM 30JIO
Ta n ypaHa B reoJior.111:J:ecrua 06pasnax·60JI1,mott mccu. 

5. IlpOB8CTH RCCJI8,l{OBaHHH :,:vm. o68CII8"l:8HWr pa.l{RaI{ROHHOtt 6esonacHOC
TR npa HCllOJ!l,30BalUUt MrutporpoHa .lt,pa,u;aoasoTOllHWC .ltCTO"IH.IIBOB. 

HaYtJHM HOB.lt3Ha R 3HatJ:HMocr1, pa6om~ 
:.:.'.iiane'io' BJillJIHK8 pacceJIHM He#rpoHOB SJ.npaMR aHaJUI3RpyeMoro Beme-,, 

CTBa .lffi; .ltCitalK8HR8 CII8KTpa, cipopwi:poBaHHoro C IIOMom1,10 p830H/lHCH~ .l:l 
Hepe30HaHCHHX qJ.0JlliTPOBi npe,l{J!OllteH cnoco6 npoBe.neHM aHaJIR3_0B C .ltC
IIOJ!l,30BaluteM q>.0JIIiTpOB, Il03BOJIHJOllUtll YM8Hl>ffl.ltTl, RCKalltee:ae CII6K'l'pa .11 sa 
C"l:8T aroro CH.113.ltTl, npe,neJIN o6napYJK6HM a IlOBHC.l:lTl, TOtJHOCTl, aHaJIJ1l3a 
npe.ncTaBRT8Jll,HWC reoJior.lttJ:6CK.l'IX q6pa3I{OB; 

~ npe.ItJiollteH HOBHfi crroco6 onpe.neJierum co.nepiuunm Jierxruc 3JieMeHTOB, 
OCHOBaHHHti Ha .lt8M8H6mU! npa pacceRHR.lt H8ffTpOHOB RX cneKTpa. cipopM..ltpo-
BaHHOro C IlOMOml,l() H8ttTpOHHWC q>Wil>TpoB; ... 

- npe.IJ;JIOXE!H M8TO.It BH6opa OII'l'HMaJIJ,HWC pa8M8p0l3 rpaq>RTOBl:,IX 38.M6,l{JI.lt
TeJiett .IJ;J!R O.ItHOBpeMeHHO_ro o6JiytreHM 3IIHT6llJIOBHMR nettTpOHar.m 6oJiee COT
H.lt npe,ncTaBRTeJ!l,Hl:,IX reoJior.111:J:ecrua o6pasnoB npR RcnOJIJ,80Ban.1t..1t pa,u;..1to
..1tsoronHl:lX .1tcTotJ:HrutoB R ycxopue~eit aJieKrpoHoB c aneprRett I0--30 MaB; 

- C IIPHM8H8H..lt8M 3II..ltT6IIJIOBl:,IX HefiTpOHOB paspa6oraHH M8Toirut..1t onpe
,neJieHRJI soJioTa n ypana B npe.ncTaB.l:!TemiHux: o6pasnax, nosBOJI.ltBlll.l:le cHn-
3.ltTl> npe,neJIH o6HapyJKeHM. · 

IlpaKT.lt"l:6CKM U8HHOCTl, 8aKJ!lO"l:a8TCH B 
- cos.naHRR MaJiora6aparmnc .It .nemeBwc 06.nytJ:aT8JI1,HWC ycranoBoK; 
- paspa60TK8 KOHKpeTHWC M8TO.ItliK onpe,neJI8HM CO.IJ;6pllt8.HM 80JIOTa .It 

ypaHa B npe.ncraBare·J!l,HHX reoJior.111:J:ecKruc o6pasnax. 
PesyJI1,TaTH,RCCJI8.IJ;OBaH.1ttt, npe,D;CTaBJI8HHHe B .n.1tccepran.1t.1t, MOryT 

611n npHMeHeH!l npR paspa6orKe 11ero.n;HK HAA Ha an..1trenJI0Bwc HettrpoHax 
.ItIDI onpe.n;eJieHWr co,IleplltaHM B rrpe.nc_raB.1tTeJI1>HHX o6pasnax ,npyrruc aJieMen- · 
TOB. 

Peam1sanM pesyJ!l,TaToB pa6or11. Cos.naHnHe Ha 6ase MrutporpoHa .11 
CYIJl,MHH0-6epRJIJI.1teBoro RC'l'OtJH.l:!Ka ycTaHOBK.lt BB8,IJ;8Hll B 3KCI1Jiya.TaI{RJO B 
JI8P Oltifil .ItIDI 'rrpoBe,nemlJI aHaJI.lt80B. Paspa60TaHHaH M6TO.It.l:!Ka onpe,neJI8HM 
co.nepJKamm 80JIOTa HCIIOJII,8Y8TCH B ·JIRP Ollffi'!, r.ne C ee IIOMOITU,JO rrpoaHaJI.lt-
8.ltpOBaHO H8CKOJ!l,IW TUC.II"! rrpo6 H8 pa8.1I.lt"l:HllX pattOHOB CCCP .It ..lt8 CTpaH ,.,. 
YtJ:acrmm OIDM. Mero.nrma TaIOKe Birn,npeHa BO BceCOI08HOM HaYtJ:HO-UCCJI8,l{O-' 
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BaT8J!l,CKOM .illlCT..ltTyTe xmrntJ:eCKOit T6XHOJIOrnu rrpH paspa60TK8 ·HOBOTI T8X

HOJIOrHR o6orameHM py,n;. 
Cos,nanHa.JI M8TO.ItRKa onpe,neJISH.ruI co.nepJKaHli.11 ypana 11CUOJ!l,8Y8TCJI' B . 

.1IRP Ollilli .ItIDI. KOilTpOJIH 01:J:RCTKR OT ypaHa o6'1eKTOB pa8JI.lt"IHOrO XRM.lt'16CKO-

ro COCTaBa. 
'pe3yJI1,TaTH npoBe,neHHHX RCCJI8,ItOBaIDlfi .ltCI10Jil,80BaHH npn cos.naHil.lt 

rrpOMHillJI8HHlDC aHaJII1T.lt'18CKRX KOMIIJI8KCOB BO BcecOJ08HOM H8.YtJ:HO-liCCJI8,l{OBa-,, 
T8Jll,CKOM RHCT..ltTyTe pa,nRanROHHO!t T8XHRKli Il B I1I'O "flKyTreoJiorHR". 

Arrpo6aµM pa6orn. 0CHOBHli8 pesyJII>TaTU .ltCCJI8,ItOBaHHfi, npe,ncTaBJI8H
Hli8 B .n.11ccepTannn, .no~llBaJIHCI> Ha naYtJ:HHX ceMRHapax Hay"!Ho-.sKcnepn
MeHTaJ!l,HOro. OT,l{eJia CTPYKTYPH smpa JIHP OlUfil H 0T.IJ;8Jia pa;i;.1tan..1toHHOil 
6e80ITaCHOCTH Il pa,ll;Han.ilOHHHX HCCJie,noBaHllit Oltilli; Il BceCOI03HOM COB6IUaHH.lt 
no MRK_porpoHaM, Y:mropo.n, 1981; BcepoccnilcKoM coBemaHirn "fmepHo-qinsn
tJ:ecKne M8TO.Itll .ltCCJI8,l{OBaHM ;n:JIH pemeHWI reoJior.1ttJ:8CKRX sa,natJ: B BoCTO"I
HO¼ C.1t6HpR", Eararatt, 1981; 4 CoBell{aHlili no HCIIOJil,80BaH.lt!O HOBllX smep

·Ho-4JK31Pl8CKJ4X M8TO.ll;OB ~·pemew Hay"IHO-T8XHR118CIUIX H Hapo.n;HOX03Hi1CT-
B8HHHX sa,n;atJ:, .Uy6Ha, 1982; 2- M pa6otJ:eM COB8ll{amm "Ilp.1tM8H8HH8 pa,u;HO.lt-
30TOIIOB a pa,u;nannoHHOit T8XHOJIOrHn B npoMH!IIJI8HHOCTli

11
, ]ettrmHr, 1983; 

BcecOJ08HOM COB8IUaHH.lt "H,ztepHO-qll!3.li1l8CKli8 M~TO.Itli 3JI8M8HTHOrO rum.mi:sa", 
MocKBa, 1983; CoBell{aH.ltR no XHWIH, T8XHOJIOrHR .It aHa.1I.lt3Y 80JIOTa n cepe-

6pa, HoBOCli6npcK, 1983. 
1Iy6JI.1tKalli!li. PesyJ!l,TaTU .ltCCJI8,l{OBaH.lttt no T8M8 .n.1tccepTan.ltli ony6JIRKO

BaHU Ii 12· nperrpRHTBX .It coo6meHRHX Ollirn, II.fITll CTaTI>HX B lltypHaJI8 "ATOM
Ha.JI aHepr.rui", B Tea.ncax H ,noKJia,u;ax coBemrumn. 

Ha 881Il..ltTY BliHOCHTCR: 
- crroco6 CHID!t8HM rrpe,neJia o6HapyiKemUI .It Il0Blllll8HM TO"IIIOCTR HAA 

rrpe,nCTaBRT8J!l,HHX reoJiorntJ:eCKRX o6pa8UOB 60J!l,IDOit MaCCH np.lt orrpe,neJie
Hrul.C0,1{8pl!UlllllR 3JI8M8HTOB, HMSJOmnx 60JII,lJJ08 C8"l:8Hli8 pesoHaHCHOit aKT.ltBa-

nnn; 
- crroco6 rrp.ltM8H8HUH pe30H8.HCHHX q>.ltJ!l,TpOB uefiTpOHOB ,ItJIH I10BHm8HIDI 

.1t36.1tpareJI1,HOCTR onpe,neJieHWI MliKp03JI8M8HTOB B rrpe,nCTaBRT8JII,HHX o6pa3-

nax 60JI1,mott mcc11; 
- cnoco6 aHaJIB3a JierKRX 9JI8M8HTOB, OCHOBaHHHfi·Ha pacceRHHR 3IIR-

T8ITJIOBHX H8ffTpOHOBi 
- o6ocHOBaHHe B&6opa mrepHaJia R pasMepoB saMe.1t.1I11TeJieil npa ipopMn.-

poBaHHR onT..ltM8.Jil,HWC IIOJiett 3UHT8IIJIOBllX HeitTpOHOB ,nJIH rrpOB8,It8HWl Macco
Boro aHaJIR3a co.nepEaHM MrutpoaJieMeHTOB B rrpe.ncTaB.1tT8JI1,HWC: reoJiorntJ:ec
KRX npo6ax C RCUOJ!l,30BaH.lt8M ycKopRT8Jiefi 3JI6KTpOHOB R pa,u;Il0Il80TOIIHHX 

.11CTO"IHRKOB, 
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- p03YJil>TaTH-HCCJI8,D;OBaHrui IIO_o6ecneqeH.IUO J>anllaQHOHHOrO KOHTpOJUI 
n·· pa.iiHa.IlHOHHOi1 6esonacHocTn · II.PR pa6oTe na MIIBpoTpomu:, · ycKopmomnx 
3JI8KTpOHU .no 3Heprnn I0-30 MaB. · · 

06'l>eil .lXHCcepTamm • .l!MccepTaitWI COCTOHT H3 BB8,D;8HRII, WITH rJiaB, 
3aILJIIOtJ8HIDI H CilHCita JIHTepacypu. Co,nep:arnT 162 CTpaH.IUUl Ma.llIBHOIIHCHoro 
TeKcra~ 27 pncyHKoB, I3 ra6.mm H 6n6morpaqintiecKH!1 cnncoK ns II4 Hrui
MeHoBaHmi •. 

CO,UEPiKAHHE .IUICCEPTAWIH 

Bo BB8.IX8HHR CqJOpMy-JIHpOBaIIa OCHOBHM ue.m:. pa6oru, no,nqepKHBaeTcJI 
aKTyam,HOCT:E, T8MH, rrpe.ncTaBReHH OCHOBHHe pesy.m:.TaTH ncc.n:e.noBaHmi, no
JIY'i8HHHe aBTopoM, H .nano KpaTKoe co,neplKaHHe mtccepTa.J-lM no rJraBa.M. 

B nepBoi1 rRaBe rrpHBe,neH RHT8paTypHHi1 o6sop pa6oT no H8l1TpOlllIO
aKTHBaUHOHHOMy aHamsy; ,nau11 xapaKTepRCTHKH OCHOBHlilX HCTOtnm:ItOB H8H
Tp0HOB, KOTOpHe MoryT HCIIOJib30BaTbCJI ,D;M npoBe.neurur HAA._ lls HepeaK
TOpHWC HCTOtJHHKOB paccMorpeHH 60.n:ee y,no6HHe ,D;M HAA: HCTOtJHRK uei1rpo
HOB Ha OCHOB8 

252
cf H ~TOH8i1TpOlllIH8 HCTOqnalt.H,.,_HCIIOJll,3~8 raMMB.

H3JIYli8HH8 H30TOIIOB _124sb, 144ce-1; 4Pr, I06R~-1~R!i, 90sr-90y H Top
M03HOe nsJIYlieune_ ycKopnre.n:en 3.n:eKTpouoB. 

Ha np.l!Mepe onpe,ne.n:euIDI co,neplKaHWI so.n:oTa B ~eo.n:orHtiecKRX o6pas
uax npOllJLlllOCTpHpOBaHO, KaKHe OCHOBHl:le Tpe60BruIIDI npe,D;~.fIBJIR!OTCJI reo.n:o
rnen K cynieCTBYJO!lU!M aHaRHTHtJecKHM M8TO,D;BM. Iloroisano, tJTO ll3 Bcex 1118-
TO,D;OB HaH6o.n:ee IIOJIHO Y.ItOBJieTBop.mo.TCJI IIpOMm!JJI8HHHe Tpe6oBruIWI C no

MOlltI,IO HAA. 
B .CBH3H C T8M, tJTO B npOMHIJJJieunyio nepepa60TKY BOM8Kal07-'CH Bee 60-

.n:ee 6e,n;HHe PY.r\H, B03HHita8T Heo6XO,D;.l!MOCTb B CHIDKeHHH rrpe,neJIOB o6uapy-· 
lteHM. Ilp.l!M8HHT8Jll,IIQ K HA.A no,npo6uo paCCMai'pUBaercn O,D;HH .HS M8TO,D;OB 
CH.HlleHRII rrpe.ne.n:oB o6uapYJteHruI H8KOT.opwc 3JI8M8Hi'OB, 3aKJI!OtJaIOmHfiCH B 
rrp.HMeHeHHH nM aHaJIHsa 3IIHT8IIJIOBHX H8l1TpOHOB. 

JJ.Jrsi yMeHbmeuM aKTHBHOCTH Mema!lmHX aua.n:nsy 3JieMeHTOB, Xopomo aK
THBHpynmnxcn i'8IIJIOBbll\lH HeffTpOHSMR, HCIIOJIL3yx>i' uepesoHaHCHHe qJWll,TpH 
(Ka,It?.ini!, 6op}' a 3JI8M8HTOB, .l!M8XlllUIX 6oJibmoe cetJeHHe p030HaHCHOtt aKTH
BaUHH, no IIP8MOl!t8H.IUO aKaneMHKa r .II.ID.n:epoBa - qJH.m:.TpH, iI3rOTOBJI8HHHe 
H3 B811{8CTBa, BKJI!OtJaIOII{ero B ce6JI 3TH 3JI81\18Hi'H. IIponcxonnmee IIpH :3TOM 
H3MeHeHHe rrpe.ne.n:a. o6HapYJteHil.fI o6wrno BHpalKa!OT qepes K03qxf)JmlleHT K, 
Ha3HBaeMUll qrutTOpOM H36HpaT8JibHOCTH, XOTOpHi1 tJHCJI8HHO paBeH OTHome
H.IDD rrpe.ne.n:a. o6HapYJteHM, .nocTaraeMoro npa o6JIYlieHnn 6es qJR.m:.TpoB, K 
rrpe,ne.n:y 06HapYJteH11JI - rrpn o6JIYlieHHR-c qJHJ!bTpoM. 

IDOpMyJia ,D;JIJI BJ:llD'ICJI8HruI qrutTOpa H36HpaT8Jll,HOCTH IlM88T BJ,m 

/£ = I LN/ F: liL , . _L_ (I} 
j J j R,tLj F.,· RoJ i 
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r.ne Nj - tJ.11.CJIO ID.IIIYJll,COB ~Ha, saperacTp.11.pOBaHHHX IIPH H3Mepemrn. Ha 
.nereKrope o6JIYli8HHoro o6pasua; Rali H Rc,J.J - Ita,D;MHeBue oTHomeHM 
,D;JUI onpe,neJIJieMoro 3JI81\18HTa i H Memax>mero j COOTB8TCTB8IrnO; Fj -
K03qxpllUR8HT 3KpaHHpOBKH 111emaromero 3JI8M8HTa pe30HaHCHHM qJRJibTPOM. 

Ilp.l!M8H8HR6 HefiTpOHHWC qJRJIJ,TpOB MOlKeT ,D;aTL B03MOlKHOCTb 3HatJHT8Jib
HO cHH3RTL rrpe,neJIH o6HapYJteHM B reo.n:orntiecKRX o6pasuax Ta.KHX 3.n:eMeH
TOB, KaK Ag, As, Au, In, Ir, Rh, Sb, Th, u, WR ,npyrruc. Ha nprutTRR8 
pea.lll,HaJI B8JIHtJRHa K03qxpRURBHTa H36RpaT8JibHOCTH M8HLme pactieTHOi1 (no 
cpopMy.n:e (I}} H MOlK8T 6HTL M8HLme 8,D;HHllUH, TO 8CTL npMMeHeHHe ~H.n:bTpa 
MOlK8T .CTaTL Heue.n:ecoo6pa3HHM. 

Bo.BTopott rme HCCJie.nylOTCR IIpRtJRHH 3TOro RBJIBHRH. Buatia.n:e pac
CMaTpRBaeTCH Hrui6o.n:ee qacTO BCTp8tJa!OOUil1CJI c.n:yqatt HCIIOJib30BaHIDI TOJib
KO Ra.,D;MReBoro qJH.n:bTpa. 

Ilpa BH8C8HRR B no.n:e H8ttTpOHOB, cneKTP KOTOpHX B 06me111 CJJY~ae RMe
eT BM I/EI-~ 3KpaHnpoBaHHoro Ka,ItMReM reo.n:oraqecKoro o6pasua nponc
xo,nnr B03MYll18Hlle 3TOro IlOAA, CBR3aHHOe B OCHOBHOM C pacceHHH8M H8ttT
pOHOB Ha JI,D;pax B811l8CTBa o6pasua. PacceJIHRe BH3UBa8T Kalt H3M8H8Hll8 
IIJIOTHOCTH IIOTOita 3IIHT8IIJIOBHX·H8!1TpOHOB, T¥t R R3M8H8HH8 rue Cil8KTpa. 
IlpRtJ8M 'JaCTL HettrpoHOB B o6'l>8M8 o6pasua 6y,neT .l!M8TL 3H8prR!O HHlKe xa.n
MH8B0!1 rpan.runi. 

KaK IlOKa3aJIR tJRCJI8HHH8 pactieTH, npoBe,neHHHe no llOJIYli8HHHM HaMH 
~OPMYJiaM, OCHOBHoe B03MYll18HH8 IlOJIJI HettTpOHOB npoacxo,nnr B pe3yJibTaTe 
pacceJIH.3.JI Ha .impax Bo,nopo~a. KOTOPHi1 BXO,D;RT B COCTaB BO~U MH ,npyrnx 
coe,D;HHeH.3.!1, rrpacyrcrByIDII1RX B reo.n:orntiecKOM o6pasue. 

~OpMy-.n:a, IIOJIYli8HHaJI·,n;JIJI tJaCTHOro c.n:yqan OTHOCRT8JILHOro .3.3M8H8HM 
aKTHBHOCi'R, o6ycJIOBJI8HHOro pacceHHReM H8i1TpOHOB BJiarott o6pasua,meer 
BJ,m: 

8 P. Ua t ) ClA · ,- + -· 
11 :: fUs { i- /!J Iu. 1+}',11.f (2) 

r~e .6./1- npnpameHH8 aKTHBHOCTH, BCJie,D;CTBR8 pacceJIHRII nettTpOHOB; 
Jl - aKTHBHOCTb, KOTOpaJI o6pa30BaJiaCL 6H Ha 3IIRT8IIJIOBWC HettTpoHax B 

OTCYTCTBRe · pacceJIHHJI; f",s - MB.KpOCKOIIRtJBCKrui K094JqlllUH8HT pacceHHRJI 
HettTpoHoB; S - cpe,D;HM xop,na o6pasua ( S = ~V , r.ne V - 06~e111, 
S - IlJIOllla,D;» IIOB8pXHOCTR}; ;u a - cpe,JUU1!1 MaKpOCKOIIHtJ8CXRlt KOsqxpnua-

8HT 3axBaTa B o6pasue nettrponoB, no.n:yqnBmax SHeprruo HmKe Ka,D;MReBott 
rpaHnun; VCl n I Cl - cpe.nnee cetieHHe aKTHBa.J-lHR. paccMaTpaBaeMoro s.n:e
M8HTa HettTpOHBM.3., RM8IOl!UiMH B o6pasue 3Heprruo HIDKB Ra.,D;MR8BOtt rparum;s, 
R pesoHaHCHHi1 RHrerpaJI aKTHBaUHH COOTB8TCTB8HHO. 

KaK BJ,mHO Ha IlpRMepe ~pMyJIU (2), pacceHHHe HettTpOHOB B B811l8CTB8 
HCCJie,nyeMoro o6pasua IIpHBO,D;HT K H80,D;RHaKOBOMY yB8JIHtJ8HRIO altTRBB.IlRH 
pa3JIHtJHHX 3JI8M8HTOB. EoJibmee yB8JIHtJ8HRe Ha6JnO,naeTCff ,D;AA M8malOI1UlX s.n:e-

5 



M8HTOB, HM81WlRX 60.m,myio B8JIR'lllHY OTHO!ll8HH.II -G",,./ Ict • OTO np.lffiO,ll;llT K 

YM8H1,rnemno a@leKT.lffiHHX aHatJeHIUl: R "'- n, KaK BH.u;HO na qopr,iyJill (I), K 

yMen1,rnemuo qrutTopa na6npaTe.m,nocTn. 

C .npyrott CTOpOHll, pacceRHne H8ttTpOHOB Bmll'Oll o6pa3UOB MOJKeT .IIB

JI.IITI,C.II npllTI.llliOll oum6Kn npn npoBe.neunn aHaJIR30B, TaK KaK KOJillTI8CTBO 

BJia.I'll B nccJie,u;yeMUX o6pa3uax tJalll8 Boero H8R3B8CTHO, H8R3B8CTHO Il08TO

MY R nponaome.nmee B HRX R3M8H8HR8 aKT.lffiaURR. 

Oco6eHHo CllJII,HO np0.1IB.,1.fI8TC.II pacce.lIHne H8ttTpOHOB Ha smpax B81!18CT

Ba o6paaua npn RCilOJII,30BaHRR pe30HaHCHUX ~RJII,TpOB. IlOKa3aHo, TITO nc

IlOJII,30138.HRe p830HaHCHllX ~RJII,TpOB TOJimRHOii a Ilp.lffiO.I{RT K TOMY, 'ITO B 

OTCYTCTBRe paccemuur o6ycJIOB.ll8HHa.lI p830HaHCOM aKTRBaUR.II 8KpaHnpyeMo

ro R3oTona YJ.l8HI,maeTC.II B F pa3: 

3/,,2 
F = (J. + LtNaOo) , 

i + 2Na. Go (3) 

r.ne. N - nJioTnocu JI.I{ep_ paccMaTpRBaeMoro .1rn0Tona B BemecTBe ~RJII,Tpa; 

Cio - C8tJ8HRe B MaKCRMYJ.18 pe3oHaHca. 

YMeH1,rneHRe aKrruiau:m nponcxo.nRT 3a ctJeT Toro, tJro pe3oHaHcHHfi 

(l)RJII,Tp rrorJiomaeT Hellrponu, 11Mel0!11Re aueprruo B o6JiacTR peaoHa.HcoB. 

CneKTp H8J.\Tp0HOB, rrporne.urnnx qJl1JII,Tp, HM88T "rrpOBaJill11 B 8TRX o6JiaCT.IIX 

8Heprni\. IlpR .I{aJII,HeumeM IIpOXOJK.neHRR HettTpOHOB tJepe3 o6JiytJa8Mllll o6pa-

38U rrponcxo.nnT nx paccemrne R BCJie.ncTBne aToro norep.lI aueprnn. 06pa-

30BaHHUe ~RJII,TpaMR B crreKrpe neliTpOHOB "npoBaJill" aanoJIH.IIIOTC.II. 

PacCMOTpeHO .I{Ba R3 B03MOlKHHX BapRaHTOB: 

B nepBoM - umpnna "npoBaJia" MHoro MeHI,me MaKCRMaJII,HOlt noTepR aHeprnn 

npn o.nuoKpaTHOM paccemrnR neuTpouoB na smpax BemecTBa o6paaua; 

BO BTopoM - rnnpmia "npoBaJia" 60.m,me, treM MaKC.IL\iaJII,HM ~oTep.lI aHeprnn 

npn o.nHoKpaTHOM pacceRHRR 1m ,upax Bcex aJieMeHTOB, KpoMe JierTiattrnero 

l13 HRX. 

IlepB!:111 BapRaHT peaJIR3Y8TCR B 60JII,lll.RHCTBe CJIYtiaeB RCilOJII,30BaHR.II 

peaonaHCHUX ~11JII,TpOB .UJI.II YM8HI,Ill8HR.II aKT.lffiaullR M811Jal()ll1RX 8JI8M8HTOB. B 

8TOM CJiytJae qopMyJia ,nJI.II pactreTa K08CrqJRU118HTa 3KpaHnpoBKU F,_ C yqe

TOM pacce.lIHR.II HettTpOHOB TIOJIY'I8Ha B Bn.ne: 

8 -f 
Fs = [ t - ( 1 - · 1 ) i - 2 f3 </ /Us ) } ' 

;Us 
r.ne jll,s - MaKpOCKOilR'l8CKRJ1 K03cWlRUR8HT pacceRHR.II HettTpOHOB 

BOM o6pa3ua; E3 - nnrerpa.,"II,HM IlOKa3aT8JII,Ha.lI ~YHKUM: 

I n-2 - X/t-
En <x) ::ft e dt 

0 
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(4) 

B8ll{8CT-

-IToKaaauo, TITO B OTCYTCTBR8 pacce.lIHR.II H8CJIOlKHO ,no6RTI,C.1I 3HaTI8HR.II 

F,•paBHOrO I0-20. Ho paCC8.IIHH8 H8llTpOHOB -yM8HI,!llaeT 8TOT K08ip:liRUR8HT, 

,ll;a.JKe .I{JI.II TOHKOro o6paaua Tpy.nHo .no6RTI,C.f! 31Ia'I8HRR Fs. 60JII,Illero 4-5. 
BTopoll BapRaHT npe,nJIOlKeHO RCilOJII,30BaTI, ,ll;JI.II rrpoBe.neHM.8JieMeHTHO

ro aIIaJIH3a Ha OCHOBe pacce.lIHR.II H8HTPOHOB. Cnoco6 a!IaJIR3a OCHOBaH Ha 

TOM, 'ITO B Bbl,11;8JieHHOM pe30HaHCHHMR qll1JII,Tpm.rn "rrpoBaJie" RMeeTC.II 06-
JiaCTI, aueprnil, B KoTop;yio rrona,nyT TOJII,KO nei1:rpo1m, _pacce.lIHHUe na Jier

tJallumx Mpax. Ilo peay.m,TaTaM .aaMepemm TOHKRM peaonaHcHUM .u;eTeKTopoM 

'IRCJia 8TRX uettTpOHOB orrpe.u;eJIReTC.II co.neplKa.Hfl8 Jier•rallillRX .II,ll;ep, HarrpR

Mep Bo.nopo.na RJIR yrJiepo.u;a. B OTJIHtr11e OT !13BecTHHX cnoco6oB orrpe,neJie

HR.II co.nepJKa.HR.II no pacceRHnIO HellTpoHOB, rrpe,nJio~eHHllil: cnoco6 .IIBJIReTC.II 

6o;ree tJYBCTBRTeJII,Hb!M n pe3yJinaru R3MepeHnii ue 3aBRC.IIT OT cocTruia 

MaTpnuu Rcc;re,n;yeMoro BemecTBa. 

H3 paccMoTpemrblX Bllllle oco6e1mocTeil: rrpoBe.nemur aHaJIIl30B cJie,nyeT, 

"ITO .n;JIR .nocTUJKeHil.lI TO'lHOCT.11 n 3a,naHIIoro cmmemm rrpe.n;eJia o6nap~eHR.II 

Heo6xo,nHMo YMeH1,maT1, pacce.1IHne HettTpoHoB rryTeM orpaHnTieHR.II paaMepa 

o6pa3ua 8 . )Lim IIJIOCKRX o6pa3UOB TaK08 Tpe60BaH1!8 BeneT K orpaHRtJe

lIJ,IIO TOJimRHU, 'ITO .I{JI.II o6pa3UOB 60JII,IIJOit MaCCU Be.neT K yBeJIR'l8HJ,IIO .u;py;.. 

rnx pa3MepoB. B CBOIO O'lepen1,, 8TO HaKJJa.n;UBaeT YCJIOBHe na ITOJie H8iiTpo

HOB, B KOTOpOM rrponcxo,nl1T o6JiytJ8HUe o6pa3UOD. }1..JUI paBIIOMepHoii aK'J.'RBa

unn, 'ITO 1Ieo6xonru.10 .I{JI.II .I{OCTJ1lK8HR.II TO'Il!OCTll anaJIV.30B, no;re 3II.11TeITJIO'

BllX neilTpOHOB He ~O.JDKHO M8HflTnCfl B rrpene;rax pa3MepoB o6JiytraeMoro 06~ 
paaua. TaKoMY ycJIOBRIO Han6oJiee y,u;oBJierBop.HeT rroJie nellTpoHOB B rpaqin

TOBOM 3aM8.I{JIHTeJie. 

3a,naqa COCTORT B TOM, 'lT0611 HafiTR OTITl!MaJII,HUe pa3Mepll TaKoro 3a

Me.I{JIRT8JI.II. 3a OTITRMa.JII,HUe IIplllll!M8.KlTCR MllllRMaJII,HUe pa3Mepu 3aMe,ll;JIRTe,.,. 

AA, B KOTOpOM IIJIOTHOCTI, TIOTOKa Heil:TpOHOB B MecTe pa3M8!!18HR.II. 06.rrytJae

MllX o6pa3UOB TipaKTR'l8CKR He OTJiflqaeTC.fI OT IIJIOTHOCTR IIOTOKa B 3aM8.I{JI.11-

TeJie 6eCKOH8'IHllX pa3MepoB. 

IloKaaauo, 'ITO B rp8.ipllTOBOM 3aM8,UJillT8JI8 3a pa6oqyro o6JiaCTI,, KOTO

PM npe.nua_3HatJena .I{JI.II pa3M81!18HR.II B Hell o6JiytJaeMHX o6pa3UOB, MOJ!tHO 

npRHRTI, TY qacu aaMe.I{JI.11TeJIR, KOTopaR uaxonnTcn B npe,u;eJiax paccTo.1I-

11R.1I OT RCTO'lHRKa Hei1TpOIIOB,M8HI,lll8rO 2Lo, r.ne Lo - cpe.n;H.II.II nJIHHa 3aM8-

.I{JI8H.l1.II Hei1TpO!!OB RCTO"!H.11Ka. rpaHRUll pa6oqei1 o6JiaCT.11 BU6paHll R3 ycJIO

B.11.1! .nocTIDKeHR.II HR3Koro rrpeneJia o6napy~emrn nM Bcex o6pa3UOB npn o.n

HoBpe1,1e11HoM nx 06JIYtieH111t. 

B KaHa.JIB.X pa6otJei! o6JiaCTR MO,K0T 6uu pa3MemeHo 30-40 Kr reoJiorn

tJecKott nopo.nu. PactJeTHHM nyTeM rroKaaaHo, tJTo pa3MemeHMe B rpawnTe Ta

Kott Maccu noponu, 'ITO aaIIRMaeT MeHee ID% pa6otrero o6MMa 3aM8.I{JIRTeJI.II, 

He3Ha'll1T8JII,HO BJill.fI8T Ha npocTpaHCTBeHHOe pacrrpe,u;eJieHne 3TIRT8IIJIOBllX 

Hei1TpOHOB 0 
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Hcxo.IUI na H3BeCTHHX 3a.ROHOB npoCTpaHCTBeHHoro pacnpe,neJieHrui ann-. 
TenJIOBhlX HeffTpOHOB ll npe,nCTaBllB yTei:nty HettTpOHOB qepes rpaHHUH 8aMe,n
JIRTeJIH B BH,ne OTpRUaTeJII,HHX RCTO'IHHKOB, RMelOIJUlX cneKTp I/E, qJO!)MYJIY 
,nJIH oueHKR OilTRMaJU,HllX paaMepoB ROUT Bcero 38.1\te,nJIRTeJIH MOlltHO nwry
'lllTI, B BH,ll;8 : 

Ronr.,;, 2{2l0 + 2l(1/E} -d] , 

r.n.e l (I/E) - cpe.nmm .n,JIRHa aaMe.nJieHIDI HettTpoHoB, RMe10mnx cneKTp 
I/E; d - .D.JIRHa aKcTpanOJIHURR (.nJIH rpafpnTa d =I, 97 CM). 

(5) 

IlpoBe.neHHWI no 4lOPMYJie (5) oueHKa noxaaaJia, qTo onr.0MaJII,Hlitt pas
Mep rggqinToBoro saMe.n,JIRTeJIH npn ncnOJII,so:samm KaK ncToi:numa HeHTpo
HOB 2 2cf, TaK R (l)OTOHettTpOHOB, reHepnpyeMHX B KOHBepTope RS T.ruKeJio
ro MeTa.JIJIR TOpM03HllM ns~eHneM 3JieKTpOHHoro ycKopnTeJIH, paBeH I03CM, 
a pa.n,.11yc pa6oqefi o6JiaCTll COCTaBJUieT 35 CM. 

OueHKa OUT.liMaJIJ,HHX pasMepoB 3aMe,nJIHTeJiett npn HCilOJII,SOBaHH.11 pa.nno
ll30TOnIIHX qic,ToaettTpoHHHX HCTO'IHHKOB c.n,eJIB.Ha c yqeTOM npocTpaHCTBeHHO
ro pacnpe.n,eJieHIDI HettTpOHOB, pOlK,llaJOIIU1XC.fI B 6epRJIJiaeBOM KJIR TmiteJIOBO.D.
HOM KOHBepTope 6oJII,moro o6~eMa. ]~eHo, qTo .D.JIH oueHKH OilTHMaJIJ,HHX 

pasMepoB saMe.n,JIRTeJiett n pa6oqefi o6mcTR BMecTo cpe.nHett .n,JiilHli saMe.n,Jie
HRSI HettTpOHOB RCTOqttKKa MOlKHO npHHSITJ, BeJIHqaey i,'I'.: J 'l°,p + j }J ;' , . 

r.ne -i-., - Bospacr saMe,nJIHIO!llHXcR qioroHettTpoHoB, a /Ir - ,nJIHHa ocJia6-
JieHIDI B KOHBeprope raMMa-KBaH'l'OB, pOll\I(aIO!llHX HettrpoHll. 

Ilo oueHKaM Ha:11.neHo, qro onT.0MaJII,Hlift pasMep aaMe,nJIHTemr rrpn nc
noJII,30:aaHnn cyp:bMJIHo-6epHJIJIHeBoro RCTO'IHruta oKoJio 70 CM, a npn nc
rroJII>aoBaHnn uepntt-npaaeo,nHM-6epHJIJIHeBoro - oxoJio 90 CM. QueHKn paaMe-: 
poB c.n,eJIB.HH n .nJIH c~aeB ncrroi1,soBaHIDI .n,pyrnx ncTO'IHHKOB. 

C yqeTOM Toro,qTo Ha TO'IHOCTJ, npoBe.n,emm aHaJIRSa BJlWl8T Cll8KTp arrn
T8IJJIOBWC He~TPOHOB (cM.(2)) B 3aM8~T8Jl8,C.D.eJiaHa ero oneHKa. IloKasa-

• HO, qTo cneKTp MOJKeT MeHSITJ,CJI B 38BHCRMOCTR OT paCCTOS!HllSI .no RCTOqHn
Ka .I! OT B.0,IUl llCTO'IHKKa. B pa6oqett o6JiacTR K03(!4lRUR8HT fo M0llt8T npn-
HHMaTJ, 3HaqeHIDI OT 0,04 .no O,I. · 

TpeT1>11 rJiaBa nocB.fillleHa onncaHHIO axcrrepHMeHTOB_ no npoBepxe pacqeT
HllX oneHOK R R3M8p8HIDO H8ttTpOHHHX xapaKT8pRCTHK reoJioraqecKHX o6pas
noB. 

8xcnepRM8HT8Jil,HO Hali.n8Hli OilT.HMB.Jil,Hl:18 pasuepH rpa~RTOBoro 3aM8,nJIR
T8JIH rrpn RCilOJII,30BaHRR B xaqecTB8 RCTO'IHRKOB H8:11TpOHOB25%f z MRKpo
TpoHa. ,U.7m 3Toro M8TO,nOM rutrnBauru1 TOHKRX 30JIOT!lX ~Jrnr R3M8pHJIOCJ, .. 
IlpOCTP/llICTBeHH08 pacnpe.n,eJierute H8tti'pOHOB B llOCJie,noBaT8JinHO C06Rpae
MHX Ky6ax co CTOpOHaMR: 60; 80;_ IOO n I20 CM. IloKaSaHO, qTQ .nJIH npo
Be,neHM aHaJIHSOB Ha 3IlRT8IlJIOBHX aettTpoaax onTRMaJIJ,Hlitt pasMep r~RTO-

·s 

Boro 38M8.n,Jil-li'8JIH, RM8IO!ll8ro qiopMy xy6a, paB8H IOO CM. ,lla;r1,Hef!mee YI38-
JI.1'1qeHRe pa3M8poB He npnBo.nnr K poc:ry ITJIOTHOCTR noTOKa HettTpOHOB B pa-
6oqett o6JiacTn, qTo cormcyercn c oneHKaMR. 

B peayJinTaTe R3Mepe!IBtt ycraHOBJI8HO, qTo IIJIOTHOCTJ, noTOKa HefiTpO
HOB B coa.naHHHX B ueHTpaJIJ,HOtt qacTn Ky6a xaruurax pa3M8pOM 50x50X2 CM 
CTaHOBRTCR npRM8pHO B .n,Ba paaa MeHnme , qeM OHa 6Wia B T8X JKe TOqKSX 
B CilJIOIIIHHX xy6ax. IlJIOTHOCTJ, IlOTOKa B KaHaJiax noBHmaeTC.fI B .D.Ba paaa, 
ecJIR ncnom,aoDa.TJ, KOM6rumpOBaHHHtt 3aMe.n,JIRTeJIJ,, .D.JI.fI qero B U8HTpaJIL
HYIO qacTJ, rpa~RTOBOro Ky6a IlOM8ntalOT OKOJIO 50 Kr 6epRJIJIRR. 

YCTaHOBJI8HO, qro npn pa3MemeHRR B KaliaJiax KOM6RHRpoBaHHoro 38.M8.D.
JIHT8JIR•reoJiornqecKRX o6pasuoB o6mett Maccott oKoJio I5 xr· nsMeHeHne 
IlJIOTHOCTR llOTOKa 3llRT8IlJIOBHX H8HTPOHOB B pa6oqefi o6JiaCTll He npeBHma-
8T IO%. 

C noMOlllJ,10 Ha6opa aKTllBSUROHHHX .D.8T8KTOpOB H3MepeH cneKTP annren
JIOBhlX H8ttTPOHOB B KOM6wrnpc:,Da.HHOM 3aMe.n,JIHT8JI8 C RaHa.JialAll. l13M8p8HHOe 
SHaqeHne xoaqq,nuneHra /3 paBHO O,I npaxinqecxn BO Been pa6oqett 06-
JiacTn. 

B aHaJIOrR'IliHX, qTo H C KaJIH(l)OpHR8BblM llCTO'IHRKOM, axcnepHMeHTax 
Hatt.n,eHH onTRMaJILHHe pasMepH saMe.nJIHTe~ett ripn ncnoJIJ,SOBaHHR pa.n,nonao
TOUHHX cp<)TOHettTpOHHHX ncToqnHKoB: I 24sb-Be n 144ce-I44Pr-Be'. PesyJin
TaTH axcnepHMeHTOB xopomo corJiacyIOTCn c pacqeTHllMH oneHKaMH. 

8KcnepHM8HTB..1LHO ycTaHOBJI8HO, qTo onTID&lJIJ,HH1 pasMep KOHB8pTOpa 
paBeH .n,JIIDie oc~6~8HH.fI raMMa-KBaHTOB, reHepnpyiomnx H8fiTpOHH. AaJil>Hett
mee YI38JIRqeHne pa3M8pOB ne npRBO.D.HT K YI3eJIRqeHmo IIJIOTHOCTR IlOTOKa 
8IIBT8IIJIOBHX HettTpOHOB. l13MepeHHH8 BHXO.D.H (l)OTOHettTpOHHHX HCTOqnRKoB 
npn OilT.0MaJIJ,HHX pa3Mepa; KOHBepTOpOB COCTaBJISIIOT: ,nJIH Sb-Be RCTOqHRKa 
(6,7±0,7)•I0-4 HeiiTp•c-I Ex-I, a Ce-Pr-Be llCToqHHKa -
(I,6±0,2)•I0-6 Hettrp•c-I Ex-I. 

8xcnepRM8HTH no llCCJie,noBail.lliO pacce.fIHH.fI H8ttTpOHOB npoBO.D.HJIHCJ, B 
ITOJI8 nettTpOHOB rpa~TOBoro 3aM8.D.JIRT8JI.fI OilTRMaJIJ,HHX pasMepoB C HCUOJII,-
30BaHR8M pa.n,ROH30TOUHHX llCToqnHKoB. 06~eHRH npoBO.D.llJIRCJ, B c.ne~aHHOtt 
B rpa~RT8 noJIOCTll, BHJIOJKe_HHOfi no CT8HKaM Ka.n,MHeM._ 

B nepBoii cepnn axcnepRMenroB nayqaJioc1, BJIK.fIHne pacceSIHH.fI Ha naMe
HeHne cneKTpa anHT8IlJIOBHX HettTpOHOB ll R3M8H8Hll8, BCJI8.D.CTBH8 aroro, 
aKTHBSUHH RH.D.H8BllX ~JII,r. ,U.7m pacce.fIHH.fI H8ilTpOHOB HCllOJII,30BaJIHCJ, no
JIR3TWI8HOBH8 IlJI8HKll pa3JIH'IHOii TOJ!ll1HHH, Me,my KOTOpblMll noMemaJIHCJ, .ne
T8KTOpH R3 lllI,IllleBoii (l)OJIJ,rll, 3KpaHHpoBaHHH8 Ka.n,Mll8M. 

PeayJinTaTH 3Kcnepru.l8HTOB np~B8.D.0HH Ha pnc. I, r.ne no OCR op.n,nHaT 
OTJIOJKeHO OTHOCllT8JILHoe·naM8H8HH8 aKTHBHOCTR RH.Illl8BOtt (l)OJil>rll, a no 
ocn a6cuncc T0.7111iRHa noJIHaTWieHa. Ha6JIIO~aeTc.fI corJiacne c pacqeTHllMH 
oneHKa.MH (nepBoe cJiaraeMoe B qJOPMYJie (2)). 
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Pnc. 2. HsMeHeHae aKTHBHOCTH 
Q - ,I{8T8KTOpOB H3 V20} • 
A - ,I{8T8KTOpOB H3 KMn04 ; 
+ - .n:amrne ns JIRTepaTypH. 

Bo BTOpon cepan 3KCnepHM8HTOB H3M8pJt7IaCb BeJU'lqHHa aKTRBB.UHH Ha 
·HellTpOHax, llOJIY'lHBruWC B peayJII>TaTe paccemIHR 3Heprmo HRllte ~ReBott 
rpaHHUH. 3KcnepHMeHTH npoBo,nnJIRCb aHaJIOrRqHo npe.nunymm,, HO_ c .neTeK
TOpa.MH H3 V205 H KMn04, H8 3KpaHHPOBaH!IHX ~HeM. JJ:,,m paccemIM 
HettTpOHOB RCllOJlb30BaJiaCI, Ka.K llOJIH3TRJl8HOBM llJ18HKa,TaK R Bo.na, B KO
Topott pacTBOpMCR noporuoK KM.n04• Cacy.nu, B KOTOpIDC H8.XO~JraCI, Bo.na, 
6wm pa3HIDC 06'b8MOB R qJOprm. 

PesyJibTaTH 3Kcnep1!M8HTOB npRBe,neHH Ha pnc. 2, r.n:e no OCH op.n:aHaT 
OTJIOlK8HO OTHOCilT8JII,1!08 YB8JIR'{8HH8 aKTRBHOCTH .n:ereKTopoB, a no OCH 
a6cuacc BeJU'l~a, pa.BRM no110BnHe cpe,nHett xop.nu ncno11I>syeMmc cocy,noB. 
Jl:,,m llOJ!R3 TM8HOBWC IlJl8HOK 3 Ta BeJU'lq.HHa paBHa WC TOJIIUHH8. Ha pac. 2 
TaKllte npRBe,neHH .naHHHe, Hatt)l8HHH8 B

0 

J!RTepaType. Pe3yJII,TaTH 3KCnepn
M8HTOB HB.XO,ll;RTCR B cor;racnu c pacqeTaMR no qiopMyJie (2) .II c .naHHHMR 
R3 .mneparypH. HeJIRHeituoe YB8JIRqemrn OTHOCHT8JI1,HOro Il3M8H8HRR aKTRB
HOCTR C pOCTOM p8.3M8pOB paccenBaTeM o6'bRCHR8TCR T8pMaJIR3B.URett HBttT~ 
pOHOB H CBR3aHHoro C 3T.llM yBeJinqeHR8M ceqeHM aKTRBB.URR. 

C HCllOJI1,30BaHH8M p830HaHCHIDC qJRJII,TpOB H3 M8T~nqecKott cypLMH R3-
M8pJt7ICR K03ippJUlR8HT YM8Hblli8HHR aKTRBHOCTH CypLMH B reoJiornqecKOM 06-
pasue B 38.BRCHMOCTH OT pacceHBaJOIJlHX CBOttCTB H TOJIIURHH o6pasua. Pe-
3YJII,T8.TH H3M8p8HH!t xoporuo omICHBa!OTCJI qiopMYJraMH (3) H (4) B npe,ne;rax 
IO%' OIDH6KR. · 

UeJII, M8,I{yDIIlHX 3KcnepHM8HTOB COCTORJra B H3M8p8HllH HettTpOHHIDC xa
paKT8pllCTHK reo11ornqecKHX o6pa3UOB. H3M8p8HM TaKJKe npoBO,ll;llJ!RCb B no
Jie HettTpOHOB rp~llTOBoro Ky6a. 
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;."7ln: H3Mepemu=r CYJ.11.!apHoro 1i1B.KpocKonnqec1toro Koar]'t'.).aunenra paccen:-

HRR Hei1rpoHOB Ha Bcex Jtnpax BemecrBa o6paaua ncnoJII>30Ba.Jrncb peaonauc
Hue cpHJlbTPH ns Mera..,r..rrnqecKoii cyp,iMH. J.leJKny WMI>Tpru.rn paaMeu~aJIH reo110-
rnqecirne o6_pasuu. BHYTPH o6pa3UOB ll c RX BHerunei1 CTOPOHH pacnoJiaraJIR 
TO!!KHe MOHllTOpH, co,nepJKaIUH8 cypbMy. Pacqer Roar:MinuneHTa pacCSR!!M 
npoBO,ll;MCJI C IlOM(?lUb!O (llOpMYJI, llOJIY'l8HHt!X HBMH ,I{M onncannoii reoMeTplrn 
nsMepeHHi1. Eo11I>ruon pas6poc B 3Haqe11nn:x aroro K03(f(p1mneHra ,ll;JI.R: r,as11nq
HIDC o6pa3.UOB o6'b.R:CHR8TCJI B OCHOB!!OM paaJU'lqReM B co.neplKa.lU!H BJiarH. 

IlpoBe.neHo nsMepeHne Han6011ee Bepon:rnoro snaqeHnR a cpe,nHeKBanpa
rnqHoro OTKJIOHeHM co.nep:i:taHM BJiarn B reo11ornqecKnx o6pasuax o,nHoro 
H3 perHOHOB. HsMepeHn.e npoBo,nMOCb C IlOMOIUbIO -ycraHOBKH, B KOTopoit 
6HJI peaml30BaH npe,nJio~eHHHfi BHme BToporr BapllaHT HCilOJII,30BaHHJI peao-
118.HCHt!X qJWII,TpOB ,ll;JI.R: onpe.ne11e11rui: co.nepimmm JierKHX 3Jl8M8HTOB. ToJI
CTlltt peaoHaHCHlltt qlllJibTp ycTaHOBKH H3rOTOBJl8!! H3 tleT~nqecKoro HH.nRR, 
B KOTopoM norJIOil{aIOTCR 11ei1~pomi1 aHepreraqecKoro .n1mnaa0Ha OT I, I aB .no 
2 aB. H8Mepe11ne qnc;ra Heitrpo110B, paccen:mmx 11a Bo,nopo.n:e Bo.nu, npo1rn
Bo,n.HJiocb C IlOMO!llb!O TOHKOro ,ll;8T8KTOpa H3 po.nru=r, .lll,18KII18rO p830HaHC C 
aHeprnen I,26 aB. 

Pa3pa60TaHHa.R: M8TO,ll;HKa onpe,neJI8!1M conepJKallll.R: BJiarll He ~CTBH
T8JibHa K COCTaBY MaTpHUH JlCCJie,nyeMoro o6pa3ua. Ilpe,ueJI 0611apyl!teHHJI 
BJiarll cocTaBMeT O,I r npa Macce ncc11e,uyeMoro o6paaua 40-70 r n npn 
JlCilOJI1,30BaHJUI. ,ll;JI.R: C03,I{a!IM IlOJI.R: 3llHT8TIJIOBHX H8¾TPOHOB Sb-Be ncToqua-
Ka C B~O,I{OM 5•!07 H8ttTp•C-I · 

Jl:,,m H8.XOJKn8HM BepORTHOCTHOro pacnpe,neJieHll.R: npoaHaJIH3HpOBaHO 
IOO o6pa3UOB. Ha pe3yJII,TaTOB craTHCTHqecKofr o6pa60TRH IlOJIY'l8Ho. qro 
11aa6011ee Bepo.R:TH08 co.nepx:a11ae BJrarR COCTaBJI.fleT 3,2% co cpe.IJ;HllM KBa.U
paraqHJ:,lM OTKJIOH8HH8M I,4%. HenoCTO.R:!ICTBO BJiarn B COCTaB8 reo11ornqec
KHX o6pa3UOB npHBO.I{HT K TOMY, qro K031Jl!)!Ulll8HT pacce.R:HM H8HTPOHOB 
B8lll8CTBOM o6pa3UOB BapbnpyeTCJI B .nnana3011e 0,12+0,26 cM2r-1. 

3Kcnepm.ieHTB.JibHO 11a6JIIO.n;aJIOCb CIIIDK811H8 qlaKTOpa na6npaT8JlbHOCTH 
npn YBeJIRqeHnn paaMepoB reo11ornqec1toro o6pa3ua, aKpannpoBaHHoro Kan
MneM. B npouecce aKcnepHMenra naMeHRJIR_ToJ11Un11y n11ocKoro o6pa3.ua, 
BHYTPR KOTOporo 3KCTIOHHpOBaJIHCb MOHHTOPH H3 HH.nRR H OKHCH BB.Ha,IJ;H.R:. 
HH.nnit Qqf!TaJICJl onpe.n:eMeMHM, a BaHa,IJ;R!i M8ruaIOIUHM 3Jl8M8HTOM. il?aKTOp H3-
6apaT8JI1,HOCTJl onpe,neJIJt7IH KaK KOpeHb KBa,ll;paTHHtt R3 OTl!Olli8HM aKTHBHOC
TH RH.nM K aKTRBHOCTH BaHa.IJ;H.R:. Sa 8,ll;HHHUY npnHHMa.JIC.fI qia.KTOP R36.Ptpa
T8Jll,HOCTR npR 06JIY'l8HRH MOHHTOpOB 6e3 o6pa3UOB. _CHHJKeHHe R36RpaTeJib-' 
HOCTll Ha6JnO,naJIOCb R npn ynaKOBKe o6pa3ua B IlOJIH3TM8HOBlltt KOHTett11ep. 
IlpR o6JIY'l8IIHH B o6meM Ka,IJ;l,IB8BOM qiwn,rpe rpex o6pa3UOB MaCCOlj: no 
150 r (co.neplK8.Hll8 BJiara 4%), ynaKOBaHHIDC B IlOJI113THJI8HOBH8 KOHTettHepu, 
iplKTOp R36HpaT8JlbHOCTH CHHJKaJIC.R: .no B8JIHqHHH, KaK npn 06JIY'l8HRR 683 
qiltltb Tp8. • 
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Pesym,TaTH pac~eTOB ll aRcrrepm.ieHTOB HCITOJil,30BaHH ]J..J!H ~cJieHHOH 
on;eHRn peB.JI&HhlX B03MOlKHOCTei! CHIDKeHM rrpe,neJia o6Hapy,ireHM 30JIOTa B 
CTaH,ll;apTHOM o6pasn;e PYC-I. IlOKa3aHo, ~TO no CpaBHeruno C onncaHHHMll B 
JlllTepaType,MeTO,I(.llliaMll, OCHOBaHHHMll Ha o6~eHllll o6pasn;oB BCeM CilJKT
poM 3aMeMeHHWC HeilTpOHOB KaJillgx>pHlleBoro llCTO~llKa, np1m1eHeHne peso
HaHCHhlX H Ra,ll].fileBoro ~MbTpOB .nacT B03MOlKHOCTb CHll3llT~ rrpe,neJI o6Hapy
JKeHIDI B .nna pasa. J.{Jm TaKoro CHR~eHllR rrpe,ne;ra B ll3B8CTHOH MeTO.I(RRe 
IlOTpe6oBaJICR 6u RCTO~RR c B!:VCO.I(OM HefiTpOHOB B qeTupe pasa 60JII,llillM._ 

B ~eTBepTofi r~e .naHo onncaane ycTaHoBoR, cos,naHHh!X .I(JllI o6~e
HllR arrnTellJIOBHMll H8HTPOHaMll aHa.1H3llpyeMRX o6pasn;oB. 

Pnc. 3. 
CxeMa o6~TeJibHOil ycTaHOBKll Ha 
6ase MllKpoTpOHa: I - rpru,PRT, 2 -
- KOHB8pTop, 3 - 6ep11~. 4 - Ra
HaJil,I ,!(JUI o6pasn;oB, 5 - 3JieKTpOHOBO,I(. 

0,nHa ll3 YCTaHOBOK 003,I(aHa Ha 6ase MllKpOTPOHa (pnc. 3). 3aMe,nRa
TeJII, - KOM6llHllpOBaHHHil (6epllJIRllil ll rpa{flnT); MaKCRMaRbHHe pa3MepH - .. 
- I200xI200xIOOO; KOHBepTop Het!TpoHoB - ypaH, 06.,ryqaeMHtt Herrocpe.ncT-.. 
BeHHO 3JI8RTpOHaMlli B!:VCO,I( HefiTpOHOB B 4?'r- 8·I011 HettTp•c-1; qacJIO Ka

HaJIOB - qeTHpe, pasMepoM 500x500x22; MOTHOCTb IlOTOJCa HettTpOHOB B Ka
HaJiaX: TBMOBhlX - 8•ICf HettTp•cM-2c-1 , 

3llRT8llJIOBHX ~ 5•107 HettTp•CM-zC~I 
Ha 6a3e CypbMRH0-6epllMlleBoro llCTOqffilRa 003.I(aHO .!(Be ycTaHOBKR • 

0,nHa 113 mu (,neMOHCTpan;noHHM) co6r,_a,Ha COBM8CfHO c MIW a HT.¾> B ro- • 
pRqeft KaMepe rrpa sui;epHOM peaKTopef6/. 

.UpyrM,6oJiee ,nocTynHM n 6esonacHM ycraHOBKa cos.naHa B .1IHP OIDrn 
(pnc. 4). 0CHOBH08 ee .I(OCTOllHCTBO 3aKJ!lO~eTC.fI B TOM, qrro TaKa.fl ycrra
HOBJCa rrpli!'O.I(Ha ,!(JUI pa60TH B IlOJl8BhlX YCJIOB,WIX • .UocrraBKa HCTO~llKa K 
ycraHOBKe ocymeCTBMeTC.fI B CTaH,ll;aprHOM KOHTeilHepe. IleperpysKa llCToq
Hmta npoH3BO.I(il'l'C.fI Henocpe,ncTB8HHO B ycTaHOBK8 C llOMOmnro paspa6oTaHHO
ro rrpocrroro ycTpoltcTBa. · . 

YcTaHOBKa rrpe,nHa3HaqeHa ]J..J!H pa60TH C llCTOqffllROM 124sb aK'l'llBHOCTl,JO 
.no 4·I□13 EK, qTo 06ecneq.11.BaeT llJIOTHOCTb llOTOKa 3IrnT8MOBHX HefiTpOHOB 
3·I06 HBttTp•CM-20-1• HMeeTC.fI qerrupe KaHaJia M.fI pyqHott sarpysKR 06pa3-
U:OB H .!(Ba KaHaJia, o6opy,noBaHHH8 llH8BMorroqTott. Paspa6oTaHHM CllCT8Ma 
samHTH 11 6JIOKHpOBOK llCKRID~aerr B03MOlKHOCTb B03HllRHOB8HM pa,n.aan:noHHott 
anapnn. 
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Pnc. 4. 06.ey-qa,TeJil>HM ycraHoBKa Ha 6aae cypnM.fIHo-6epHMHeBoro 
RCTO~Hruta. I - npllBO,I( samHTHO-T~HCllOpTHOfi f8Jl8JKKH, 2 - Rpl:lIII
Ra mRa, 3 - llpllBO,n HC'l'OqHHKa I 4sb, 4 - 6eTOHHa.fl 3amH'l'a, 
5 - RB.Ha.JI ,!(JUI o6paan;oB C 3amRTOM, 6 - 38Jlt.l'!THO-,'l'paHcnopTHa.fl 
TeJiemta, 7 - rpa®IT, 8 - KOHTBfiHep, 9 - 38.lllRTHHlt KOJio,nen:, 
IO - 6epHMatt, II - nHeBMonoqTa. • 

C03.I(aHHH8 ycTaHOBKR HCllOJII,30BaHH ,!(JUI paspa60TKR HOBWC M8TO,I(llK on
pe,neJieHM co,nepJR:aHM soJioTa a ypaHa B npe.ncTaBHTem,aux reoJioraqecKHX 
o6pa3I~ax Maccoit 40-70 r. OcHOBOtt ,!(JUI paspa60TKR HOBWC MBTO,I(HR .fIBMllCb 
peaym,TaTH npoBe,neHHHX accJie.ztoBaarui no CHIDKeHmo npe,neJioB o6aapyxemm: 
nyTeM 06.,ryqeHH.fI o6pasn;oB 3IlliT8MOBHMll HettTpOHaMll. 

IlpH HCllOJII,30BaHHH ,!(JI.fl 06.,ryqeHM o6pa3n;OB ycTaHOBKH, coa,naaHott Ha 
6aae MaKpOTpOHa, ,I(OCTR!'HYT npe,neJI o6aapylKBHM 30JIOTa 3•10-8 r/r. Ilpo
H3BO,ItHT8JII,HOCTb MBTO.I(HKH - OKOJIO 70 o6paan;oB B CMeHy~ 

IlpH HCllOJII,30BaHHH ycTaHOBKll Ha 6a38 CypbMllH0-6epWH8BOrO HCToq
HRRa npe,neJI o6HapyxeHM - I•ro-7 r/r, npoasBo,naTem,Hocrrn - 30-40 06-
pasn;oB B cyrrruf. 

B xo,ne COBMBCTHHX pa6oT c BHIDIXT npoBe,neHO onpe,neJieHae M8TpOJIOrH
qecRHX xapaKTepRCTllK M8TO.JJ;RRH aHaJlll3a co,nepimmm: 30JIOTa npH llCllOJil,30-
BaHM ee ]J..J!H~OHTPOJUI T8XHOJIOrHqecRHX npon:eccoB npH nepepa60TR8 py;n. 

J.{Jm onpe.neJISHIDI BocnpoH3BO.I(HMOCTil peayJIDTaTOB RCllOJlb30BaHa M8TO
.n;ruta aHB.Jmsa H8CROJII,RllX riapaJIJISJII,Hl:lX npo6. PeayJibTaTH orrpe.n;eJieHM 
BOCilpOR3BO.JJ;HMOCTR npHBe,IteHH B Ta6Jinn;e. 

IloJIHM norpemHoCTn onpe~emmacn nyTeM cpaBHemm: peaym,TaToB, no
~eHHHX C llOMOillbID npo6npHoro H paapa6oTaHHOro M8TO.JJ;OB npn aHaJIR38 

napaJIJISJII,HhlX npo6. IlpoBe.n;eHHHtt CTaTHCTH~ecKHfi aHaJIH3 llOKa3aJI, qTo 
pacxoll,IJ;eHH.fI cpaBHHBa8MHX pesyJibTaTOB H83HaqHMH. 
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CBOJ:(Hlle .naimue onpe,neJieHM BocnpoH3BO.IJ:HMOCTH 

llHT8pBaJI CQB~H8KBMQaTHtffi08 OTKJIOH8HR8 1 ~ 
co.nepimmtli, .nonycrRMoe+ qmtTR'I8CKOe 
r T 

0,2-0,59 , 30 2I 
0,6-0,99 30 !7 
1,0-1,9 , 27 l.3 
2,0-7,9 18 8 
8,0-40,0 9 7,5 

'+ IIpmutTH8 HOpMll OTRJIOH8HWI/II/. 

Ta6Jitllla 

3anac 

TOtffiOCT.1'1 

1,4 
I,7 
2,1 
2,2 
1,2 

Mero,IU!Ra onpe,ne;remm co,nepJKaH.111l: 30JIOTa acno.m,30BaHa B .llilP mum 
MR npoBe,n:eHrui: aHaJill30B H8CKOJibKRX THCJI'{ npo6 li3 pa3JIR'IHHX pattOHOB 

Hamen crpairn H CTpaH-ytraCTHtlll mUM. Mero.n:HRa BHe.npeHa TaIOKe BO 

Bllli11XT MR KOHTpoJIJI rexHoJiorna npa nepepa6oTKe py.nlII/. 

Mero.nruta. onpe,neJieHll..CI co.n:eplKaHM ypaua llCITOJib3Y6TC.fI B JillP mUM 
,nJIJI aHaJIR3a o6'b8KTOB C pa3JIRtffil:lM XllMR'I8CR.llM COCTaBOM. Ilpli HCITOJib30-

BaHllll ycTaHOBKH Ha 6a3e MHRpOTpOHa ,nOCTHrHYT npe,neJI o6Hapy,iteH.111l: ypa

Ha B reoJioratreCKHX o6pa3,~ax, 1· 10;..'7 r,:/r. MeTOJ:(HKa HCITHTaHa Ha BOCnpo

H3BO.IJ:.llMOCTb li npaBHJil,HOCTb nyreM CpaBH8HM ITOJIY'I6l!HHX C ee ITOMOinbll 

pe3y.m,raroa c pe3y.m,raTaMR aHaJIH3a, npoae.neHHOro c noMomnIO .llMelOll{ettc.fI 

MeTO.IJ:RRR, OCHOBaHHOlt na perHCTpaunn aRTOB .n:eJI8HH.fI TBep.noreJII,HJ1MR 

Tp8ROBHMR ,neTeKTOpaMH. 

Co3,naHHHe ycraHOBKH llCITOJil,30BaJiliCb TaIO!te MR pa3pa60TKli HOBHX 

MeTo.nRR MHoroaJieMeHTHoro aHaJIR3a. 

lliITWI rJia.Ba IlOCBJ'lllleHa liCCJie.n:oBaHRD pa.n.nauaoHHOll 6e3onaCHOCTH npa 

RCITOJib30BaH1tH pa3JIRtffiHX H,Ilepuo-qiH31t'I8CKRX ycTaHOBOK .n:JIJI npoBe.nemm 

aKTRBa!lHOHHOl'O aHaJIR3a. OcHOBHO!l ynop c.neiraH Ha RCCJie.IJ:OBaHHH cpe.n:CTB 

o6ecnetreHM pa.n11aunoHHOlt 6eaonacttocra npn zcnoJin3oBaHRR MrutporpoHa. 

llccJie,noMHIDI npOBO.IJ:HJIHCb .IJ:JI.fI .n:ByX MlUtpOTpOHOB: Ha MflKCHMaJn,HYJO 

3Heprmo ycKopeHHHX aJieKTPOHOB 16 MaB - MT-17 H 20,5 MaB - MT-:22. 
IlpoBe,n:eHH HCCJie.IJ:OBaHl!.fI Ha npHrO.IJ:HOCTb IIIHpOKO RCITOJib3Y8M!IX npoMHIII

JI8HHHX .IJ:031'1M8Tpli'I8CRllX npn6opoB .IJ:JIJI pa6oTH B YCJIOBJ'UIX RIIT8HCRBHHX no

Jiett TOpM03HOro li3JIY'I8HIDI C BHCOROtt CRBalKHOCTb!O. BH.fIBJieHH npaoopH, RC

IlOJib30BaHRe ROTOpHX He,nonyCTllMO. Jl;rJ:r onepaTRBHblX ll3MepeHHlt pa.nnaunoH-

HO~ 00CTaHOBR1t npe,n:JioXeHo llCITOJib30BaTb raM!&i-n03RIM8TpH Ha OCHOB8 

CUHHTRJ!JIJITOPOB H .IJ:03.llM8TpH H8fiTpOHOB Ha OCHOBe KOpOHHHX C'I8T'IilKOB Tll

na CHM, ITOMemeHHHX B ITOJill3THJI8HOBH!1 3aMe,nJIRT8Jib. 
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C ITOMOI!lbD ilCCJI8.IJ:OBaHHHX npn6opoB ll3Y'!8H UllRPOTpOH KaR t!CTO'IHRK 

TOPM03Horo il HettTpOH!IOro pacce.fIHHoro U3Jl'J"I8HIDI. BWIBJI8Hll M8CTa OCHOB

Hl:!X noTepn a;reKTPOHOB npa rue ycRopeHllll a Tpaucnoprnpomce. JJ.aira peKo

MeH.n:auna no npoeKTRpoaaumo H ycTaHOBKe JIOKaJibHblX ll rJIOOaJibHHX 3ainRT. 

Ilpoae.neuH ITOJIHOMacmraOHHe 3KCITepHMeHTH .IiJIJI npoBepKli cymecTBYJO!IlliX 

M8TO.IJ:OB pactreTa 3ainRT ycKopareJiett 3JI8KTPOHOB Ii c,neJiaHH KOHKp8THH8 3a

MetraHH.fI H nonpaBKH K 3T.llM M8TQ,naM. 

ll3MepeHa pa,naaullOHHM o6craHOBKa, 003,IiaBaeMa.fI HaBe,neHHOJ1 aKTRB

HOCTb!O KOHCTPYKilllOHHHX Y3JIOB MMKpoTpoHa, ox.,ra,;;maIDmeti BO.IiH, B03.nyxa H 

06.ny~eHHHX o6pa3UOB. 

B 3aKJJI0'-18HRli C(!)OpMyJIRpOBaHl:l OCHOBHl:le pe3yJibTa TH .nnccepTaullOH!IO!l 

paOOTH. 
1. 3KcnepllM8HTaJI1,HO a pac"!e THHM nyTeM norurnauo, 'ITO OCHOBHOfr npa-

'IHHOil, MemaIO!llefi CHRllteHIOO npe,neira o6HapyJK81Ul.fI pfl.IJ;a 3JI8M8HTOB B reoJio

ra"!eCKHX 06pa3uax 00Jiblll0'1 MaCCH npH npoBe.nemm aHaJIH30B C RCITOJib30Ba

HH8M pe3oHaHCHHX ll Hepe30HaHCHHX qJHJ!bTpOB, .fIBJI.fI6TC.fI pacce.f!Hne ll Tep

MaJIB3auru:i ueltTpOHOB ua Mpax BemecTBa HCCJie~yeMl:lX o6pa3UOB. 

2. BnepBHe ITOJIY'I8Hl:l Ii 3KcnepllM8HTaJibHO npoBepeHH pac'-18THH8 rpopMy

JIH, IT03BOJIIIlOII1H8 onpe.nem1u 3qJll8KTllBHOCTb npHM8H8H.ll.fI pe30Ha!ICHHX qJHJib

TpOB MR CHIDK8Hli.fl npe,neJIOB oOHapp.teHli.fI ana.JiU3HpyeMHX 3JI8M8HTOB C Y'!fl
TOM pacce.fIHJtR H8i1TPOHOB BemecrBOM HCCJie,uyeMoro o6pa3ua. IIpe,nJioJKeH uo

BH!l BapHaHT UCIIOJ!b30BaHll.fI pe3oHaHCHl:lX ipllJibTpOB .ll:JIJ! ll3MepeHll.fI MaRpO

CKOITH'IeCKliX K03q,lJH!(H6HTOB pacce.fIHll.fI HeilrpouoB B61[(6CTBOM R HOBH!l cno

coo H3MepeHH.fI co.neplltaHH.fI ~erKRX 3JI6M8HTOB. 

3. 3KcnepllM8HTaJibHO R paC'!8THHM nyreM ITOKa3al!O, 'ITO o.n:Holt R3 B03-

MO%Hl:lX npli'IUH CHH%6Hll.fI TOtffiOCTll aHaJIH30B .fIBJI.fI8TCJ! pacce.fIHne onnren~o

BHX uettTpOHOB Ha ao,uopo.ne, co.nepimulle KOToporo BapnapyeTC.fI or·oopa3-

ua K 06pa3uy. BnepBHe a1tcnepHMeHraJinuo onpe,ne;reHH napaMeTpl:l (Han6o

;ree BepO.fITROe 3Ha'!8HH8 ll ,nllcnepCll.fI) BepO.fITHOCTHOro pacnpe.ne~eHR.fI BO

.nopo.na B npe,ncTaBllT8JibHHX 30JIOTOCO,neplKalllHX npo6ax, 'ITO IT03BOJillJIO one

HRTb .nncnepcruo K031p:pUUll6HTOB pacce.fIHlliI HettTpOHOB BemecrBOM np~a Be

pO.IITHOCTb omn6oK, CB.fI3aHHHX c paccemrneM. 

4. !Ia OCHOBaHUll ll3Y'l8HHJ-L'{ oco6eHHOCT8M onpe.neJieHll.fI co.nepiliaHll.fI 

3JI8M8!1TOB B o6paauax 60.m,rno:i MaCC!,1 C 11CITOJ!b30DaHUeM 3ITRT8ITJIOBHX Hett

TpOHOB ITOKa3aHo, 'ITO aHaJill3HpyeMHe o6pa3UH ,IiOMHH OOJIY"!aTbC.fI B noJie 

H8iiTPOHOB C MaJillM rpanHeHTOM IIJIOTHOCTll ITOTOKa. Pac'leTHHM nyreM ll 3KC

nepllM6HTaJn,HO onpe,neJI811H OITTHMaJibHHe pa3M8pH rpag;UTOBHX 3aM8.IJ:JrllT8Jieil: 

.IiJIJI o.nuoBpeMe!IHOro OOJI'J"!eHnJI 3ITRT8IIJIOBl1Mli 11eilTpOilaMll reoJiorHttecKRX 

o6pa3UOB o6me:i Macco'.1 10-15 Kr npH llCITOJib30BaHltll pa,nUOll30TOIIIIl:lX llC

TO'!HliKOB ne'.lTpOIIOB JI ycKopnTeJie:!i 3JI8KTpOHOB 1:a 3Heprmo I0-30 MaB. 
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5. Ha ocHoBmm.11 no.iiyttenmuc B pa6ore pesyJu,raToB pactteT0B u 3Kcne
pHMeHT0B pa3pa6oTaHbl .11 cos.naHbl 0ilTJ1Ma.JibHble ycTaH0BKll ](JUI npoBe.neHrui: 
aHaJIH30B na aml.TBilJI0BWC HB!iTpoHax Ha 6ase )11.11Kp0TP0Ha .11 CypbMRH0-
6epRJL/lli8Bbro HCT0'!HHKa. 

6. C HCil0JU,30BaHll8M cos.naHHWC ycTaH0B0K paspa6oraHbl M8T0](.11Kll on
pe.neJieHHH 30JI0Ta .11 ypaHa B npe,nCTaBll'l'CJU,HWC re0JI0rll'!CCKllX o6pasuax 
60JibllIOfi MaCCbl, Il03B0JillBlllll8 6oJiee 'ICM B .n:sa pasa CHll3llTb npe,neJI 06Ha
pyJ!teHHH 3TllX :rneMCHT0B no cpaBJ!CHil.lO C pa3pa6oTaHHHM.11 paHee MCT0,IUIBa
Mll. 

7. BnepBHe B .nocTaT0t{H0 Il0JIH0M o6~eMe llCCJIC](0BaHll cpe.ncTBa o6ec
netteHllH pa,nnaunoHHoro R0HTP0JIJI ll 6esonacHOCTll npll HCil0Jib30BaHllll MllR
porpormB. 
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