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I. :.ieTo.IUIRa aKcnepm.teHTa 

~~ HCnQnb30BanCR HCTO~ ZIOpO C Ha~anbHOM HHTeHCHBHOCTb~ 
5 , 9 . I08c-I B TeJieCHOM yrJie 2 Tt CTepanRaH. !IpenapaT 2I0p0 6wt 
Ha.HeCeH Ha nO.IlJlOJ!O<Y H3 Hepllta.Del<lUeti CTaJIH TOJW!ID!Oii 4 MM B BH.ll£ IUIT

Ha lUISM6TPOM 7 MM . Al<TRBHl:l~ CJIOi\ 6wt nO!(pl:lT CJIOeM .\ [ 2 ()3 TOJIIUIIHOI1 

270 MKr X CM-
2 

.llJ11I npe,o;OTBP811l6HWJ c\ -8l<THDHOrO 3al'p1l3HeHIDI o6paa

UOB H CT6HOK KaM6pl:l. Wcc~e.nyeMH~ 06paaeu fiOMemaJICR ~~eCTe C HCTO~

HID<OM BliyTp!i KaMepbl R3 Hepll[aBennef! CTa.Jm . PacCTOmme MeJ!UlY l-!CTOtr

HID<OM I! o6paauOM He npeBHIIIaJIO I MM , paCCTOSJH:He OT CJIOR o6pa3ua, 

o6Jly'qaeMoro ~ -~aCTUUB.MH , .no CT6HKH KaMepl:l - 0 , 2-Q , 5 MM , TOJII!ilffia 

CT6HRH - I , O MM. Boa.nyx H3 KSMepl:l HP. OTKS~aJICR, o,nHaKO B HeHOTO

p!:DC CJIY'la.RX 6b!J18 npe.nyCMOTPeHa B03MO:ltHOCTb 3anOJIHeHHH KaMep!i liPY
I'ID.I raaoM . 

.J1.nR perl'lCTpai.OIB ~ -KBaHTOB npl!MeJULIIHCb (' f' l '
1-,neTeKTOp!l: O.IUtHO'J-

HHR .neTeKTop o6l.er.~w 43 cM3 (paapemeHHe 5 H3d .llJ1R 3 - JIKHRH 

II73 KaB 60co) wm .nBa .neTeKTopa o6l.eMOM no 28 cu3 (paapeme~me 
3 , 5 H3B) , y;naJieHl!lle Jij)yr OT Jij)yra Ha paCCTO.<JHHe 2 CM. llpHMeHRJICR 

TaJO\te ,o;eTeKTOp R3 ym.TpatrdCTOI'O '' P ( TOJIII!IlHS - 0 , 7 CM o6'be!.l -

2 , I cM3, paapemeH:He 0 , 50 KaB .llJ11I d -muam 84 , I7 HaB 23fT h) . C6op 

I! o6pa6oTKa .llaHimX ocymeCTBJIJlJlRCb np11 nOMO!IlH aJieKTPOHH0£1 CHCTeMH, 

BKJilJ!laBjei!: MIDCpOnpoueccop MKKAI,I. 3Ta czcTeMa no.npo6Ho ormcruta a 
pa6oTe 31 . 

2 . faMMa-KBaHTI:l~ HCnyCKaeMHe npH B3a.HMO.ne~CTBHB 
c~- -~aCTHU 10po c .ll,lij)SM.I:I aJID.n!HHJI :1:1 <PTopa . 

B Ta6JIHUe I npHBe..o;eHl:l ,o;a.HHI:le o cneKTpax 6 - R3JIY'IeHW! 3aperH-

cTpupoBamrux B TP6X H3MepeHrurx , B KOTOp!:DC d. -'IaCTHUaMH 2 I 6p0 06Jry

~aJIHCb TOJICTI:le o6pa3Uli ueplltallel<lUel% CTaJIH , F't- F 2 H t\ ', . YKaaruto ape

Mil H3MepeH1Ul, 3Heprwt Ha6JOQnaBIIIHXCR M8l<Cm.tyMOB 't -cneKTpa, 'tJHCJ10 

aape:rHCTPJIPOBa.HHHX HMIIYJ!l>COB 11 "''HCJ10 ~· -KBaHTOB , HCnycKae:.ru:x B 

9.llHHHI..lY BpeMeHH,paCC'JHTCIHHOe C yqeTOM ~eKTHBHOCTH perHCr:pauaK 

11 rrpHBe.neHHOe K KHTeHCKBHOCTH ~ -HCTO~Ka 210p0 3 . I08c- I Ha 

TeJieCHl:lil yroJI 2 L CT6PaJlHSH. 

Pe3yJlbTaT OnHTa c o6paauOM Hep;,;aae~e~ CTSJIH .naeT npencTaBJieHHe , 

B OCHOBHOM , 0 \ -KBa.HTax , 11CnyCKaeMHX npH B3aHMO.nell.CTBHB d. -traC

TIW C R:Iq>a:.m a.Jin.mlfllR B 3atlHTHOlt nJieHJ<e { 2 ()3 , 38KPilBallll6f! npena

paT 2I0po. f~~a~KBaHTI:l C 3He~rHeb 709 I! I454 K3B Hcnyc~R H3 

Boa6y]UleHHhlX cocTruumA JDU)a 3Up, o6paayD11erocn B peaxmm 
27 

,', ( ~ ,. )30p. 3TOT BliBO.ll corJiacyeTCR C .llB.HH!iMH pa60TI:l / 4/ , aBTOpl:l 

KoTopoii Ha6J1Jllla.;m t -KBaHTI:l c aHeprHen 0 , 7I , I , 45 H I , 9'7 Ma:a npz 

Bae.m.to.nelkTBHB c ;, !Iy'll<a ox -~aCTHll c aHeprHeii 5 , 9 MaB . 
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ilCIIO~b30BaBmHHCH B HamHX aKcnepm~eHTax HCTOqHKK 2I0p0 C MHW9HbiD 

H3 H9pxtall910019H CTrnt HCnyCKaJI HSHTpOHll, IIMHllH IIOTOK KOTOpllX COCTa
~ "'I60 c-I /I . ConocTB.BJIJm c 3TOil BeJiltlruHoii ,naHHlle o nHTeHcHB

Hocrn '){ -KBaHTOB C ::!HeprHefi 709 H 1454 KaB, MOl!tHO 38.KJilOlffiTb 'ITO 
30% Be~Hll noToKa HeiiTpoHOB CBH3aHO c pea.ru:cuefi 27 A! ( o<, n )3Dp, 
B KOTOpOil: saceJimOTCH ypOBHH 30P C 3H9£I'lieii B036~eHHH 709 H I454KaB 
ilMHHil IIOTOK H9H'!'POHOB ( ~ !60 C- ) MOJKHO 06MCitliTb pe-
a.ru.ute:fi 27 At ( cJ., n ) 30F, ec;m npe,nno~OUTb, 'ITO ypoBHH 709 n 

1454 KaB saceHHIDTCH C npHMepHO O,nHHaKOBOil: B9p0HTHOCTbiD (~I5%) n, 

*ROMS TOro, C BepOHTHOCTbiD 70% B pesy~bTaTe 3MHCCHH H9HTpOHa ~0 
~Up o6paayeTCH B OCHOBHOM COCTOHHHH. 

Jimnm t -EBaHTOB c aHeprHeii I263, 2236, 3498 JtaB (cM.Ta6~.I) 
ncnyCKa.IOTCH H3 B036~eHH!lX COCTOHHHH ~a 30 Si , 06pa3YI0019rOCH 
B peaKil;lm 

27 A l ( o<, r- ) 30 5 i • Han6Mee mtTeHCHBHoii J!BJIJISTCH JmHHH 
2236 KaB, cooTBeTCTBymmaJI '1 -nepexo.naM c nepBoro Boa6~eHHoro 
ypoBHH 30 Si (MOJKHO npeHe6petfb He6MbmHM BI<JIB.nOM, KOTOpl:lil: .naeT B 

BeJiltlruHy llHT9HCHBHOCTH 3TOH JmHllll ~ + -nepexo.n; ~a 30p, o6pa3YI0019-
roca B peaKil;lm 27 AL (ct., n )30p). 

KaK BII.n;HO ll3 Ta6~. I, npn 3aMeHe MHlli9Hll ll3 H9pxtaB9IOllleii CTaJilt Ha 

aiDa4HHHH CKOpOCTb Ctf9Ta 0 -KBaHTOB, llCIIyCKaffi~ B pesy~TaTe 

pea.ru:(llil 27 Al ( o(, rt.) ll 27 Al ( o< , fV ), He AiMlltfllBaJia.Cb. CJia6o B03pac
T~ npn TaKoii aaMeHe n noToK HSil:TpOHOB I. CJie,noBaT~bHO, nonepetf

Hoe C9'19Hne JKa3aHH!lX pea.ru:culi HM99T OTHOCHT~bHO H96Mb~~ BeY.H'IHHY 

npu 3H9p!'lm o< -tfaCTm:( E :S 5 MaB B TO BpeMH, KaK B ,nnanaaOHe 

aHeprHft 5,0-5,3 MaB cpe,nHHH BeJiltlruHa nonepe'!fHoro cetfeHHH cocT~eT 

"' I30 ~6ap1i ;IJ.Jm peaKil;lm 27 A L ( o< , n ) ~ -: 350 ~6a~H ;IJ.Jm 

KaH~oB peaKil;lm 27 Al ( o< 1 fl' ) , npnBo,wnnnx K o6pasoBaHHID 0 5 i 
B nepBOM B036~9HHOM COCTOHHHH • 

Pea.ru:cun 
27 Al (d.) r) n 27 Ai ( d.) n ) ' IIpOT9K9.IOllllf9 Ha cl, -tfacTnn:ax 

21
0po, MOryT IIpHM9HHTbCH ~ K0~9CTB9HHOrO orrpe,n~eHUH CO,nepma

HHH arrroMHHnH B TOHKHX IIOB9pXHOCTH!lX C~OHX o6paanoB. Ha, OCHOBaHnn 
HamHX .naHH!lX MOJKHO oneHHTb tfyBCTBllT~HOCTb TaKOrO ~a WI.II 
My'IM o -JillHnn 2236 KaB: 2: IO MKr AL wm z 5% no Becy o6paa-

na. llpRMepHO TaKM Jl\9 tzy:BCTBllT~HOCTb MOJKeT 6UTb .D;OCTHrHyTa IIpu 
perncTp~ coBrra,neHUil: HefiTpoHoB n t -KBaHTOB c aHeprnefi 

709 H !454 KaB. B 3TOM ~ae CKOpOCTb C~eTa IIM93HI:lX co6uTnfi 6y,neT 
M9Hbm9, '19M npR pernCTpanRR ~ -KBaHTOB C 3Heprne:fi 2236 l\3B, 

o,nHaKO 6y,neT CYllleCTBSHHO ~ene Bl:l,neMTb clll'H~ oT AL Ha ljloHe 

peaKnaii, KOTOpUe MOryT IIpOTSKaTb Ha ~ .n;pyrRX 3~9M9HTOB, BXO,wnnnx 
B cocTaB uc~e.nyeMI:lX o6paanoB. 

B CII9KTp9 0 -ns~eHHH, B03HHKaiOlll9rO no.n; ,nefiCTBR9M ~-tfaCTHn 
2I0po, wm TMCToro o6paana Pb Fz Ha6JIJQitMUCb ~. xapaK-

5 



TepHHe wr.a: peaKUHil c smp8MII I 9 F (cM.Ta6JI. I). lliiHRSi 89I ItaB o6y

CJIOBJieHa o -ne~exo,noM :B B036Y'!meHHoM smpe 22 Na, ROTo~oe o6pa3Y-:
eTCJI B peruru;Im I F ( o<, n >22 Na. PeaKIJ;Heii: I9 F ( o~., rv ) 2 Ne II 

i -nepexo,noM c nepBoro B036Y'!meHHoro ypoB:rur smpa 22 N e. o6'!>Sic
:rureTc.F.! noSIBJieHIIe JIIUmH I275 RSB. 06e 3TH JIIUum MOryT 6HT:& HCnOJI:&30-
BaHll·,l4JI.F.! KQJIHqeCTBeHHoro onpe,neJieHII.F.! ~Topa B pa3~ o6paauax, 
np~eM B c~ae o-KBaHTOB C SHeprneil 89I KSB H36zpaTeJI:&HOCT:& 
aHaJIH3a MaK8T 6HT:& yCEJieHa perHcTpaunefi COBna,neHHfi C HefiTPOHa~. 

,II.JISI ItoppeKTHOii OUeHKII ROiill;eHTpaunOHHO:Il 'JYBCTBUTWHOCTII aHaJm3a 
He06XO,l4HMO npoBe,neHIIe H3MepeHIIfi C HeCKOJI:&KIIMn o6pa3U8Mll, HMeiOI!liiMli 
paaJIII"iHoe co.nepJKaime ~Topa. OueHKa MllllliMaJI:&Horo Beca ~Topa, KOTOpHfi 
MOJKeT 6HT:& onpe.n9.rreH. 3TIIM cnocoeloM, TPe6yeT TalOite ytreTa :mepreTII
"!ecKoit 3aBHCUMOCTH nonepe"!HHX ce"!eHHii R;nepHHX peaKUHii. I'py6a.F.I oueH
Ka ,naeT CJie,IzyiOIUiie BeJIIItJIDili: 0,2-I,O% U 10-I5 MKr COOTBeTCTBeHHo· 
wr.a: Ml!HHMaJI:&Holi KoHUeHTP3Unll n Beca WTOpa. 

Ha puc. I IIOKa3aH CIIeKTP '!/ -ll3~eHl1Si,IIOJIY'leHHllii C noMOI!l:&IO 
,neTBKTopa ua YJI:&TPatOHCToro repMaHHSI npn B3auMo,nelicTBim d. -•mcTHU 
210Po c Pb F2 • B aTOM crreKTPe xopomo Bll.l4Hll ,nBe JillHllll 109,85 u 
I97 ,05 KSB, KOTOpHe 06'bSICHSIIOTCSI nepeXO,naMH JJ;Byx B036yJK,U;eHIIHX ypoBHeii 
smpa I 9 F . 3Tn ypoBHII sace.nmoTcSI c OTHOCHTeJI:&HO 60JI:&mou BepoSIT
HOCT:&IO B pesyJI:&TaTe KYJIOHOBCKoro B036YJK.14eHllSi. Cpe,nHSISI BeJIH"!llHa 
rronepe•moro ce"!eHRSi peaKUllll npJI E" ::;, 5 MaB cocTaBJI.F.!eT 3-5 Ml!JIJill-

6apH ,l4JISI IIepeXO,l40B Ha K~ii H3 JRa3aHHHX ypOBH8ll. ilpe,neJI -qyBCTBH
TeJI:&HOCTll MeTo,na' aHami3a ~TOpa, OCHOBaHHOro Ha perHCTPaunii o
KBaHTOB C SHeprnefi 109,85 li I97 ,05RSB, no .HarimM OUeHKa.M COCTaBJI.F.!ST 
I-_3%. 
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Pllc. I. CneKTP "6 -H3JIY'18Hli.F.!, IIOJIY'lSHHHfi rrpn: o6~eHl!ll 
d. --.:racTJIUaMli 2I 0Po TOJicToro o6pa3Ua Pb Fz . 
~eTeKTOp H3 CBSPX"!HCTOrO re~~aHHSI 2,1 cM3 • Bn:.n
HH ,nBe JillHlill (I09,9 KsB :n: I97,2 KaB) KYJIOHOBc
Koro Boa6ym.nellll.F.! .f.!.l4SP ~Topa. 
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3. MeTo,nl'!Ka onpe.neJieHRSi a30Ta no 7f -RBaHTa.M c aHeprnefi 
87I RaB, ncnycKaeMHM B pearonm I 4 N ( c~. , r- ) I7 o 

.lliiHRSi B cneKTPax · "1 -li3~eHl1Si C 3Heprneii 87I KSB, KOTOpaSI Ha-
6JnQJlaJiaC:& BO Be ex llSMe~eHII.F.!X ( CM. Ta6JI. I), noSIBJIMac~ B pe3yJI:&TaTe 
pea.KIJ.IDI I 4 N ( o1.; tv ) I 0 H oTBe"!aJia ne¥exo.ny c rrepBoro B036Y'!meH
Horo ypOBlm B OCHOBHOe COCTOSIHlie smpa 7 0. PeaKIJ;KSI I4 N ( c< , fl ) I7 0 
SIBJI.F.!eTC.F.! O.ItHOll ll3 nepBHX Ha6JI!Qll:aBIImXCSI Sl.l4epHHX peaKIJ;Hii. 3TO aH,Jlo
aHepre~ecKr pea.KUWl C Q =-I, I9 MaB. 0Ha U3y-qaJiaC:& B HeCKOJil>KUX 
pa6oTax 5 •6 'a ny"!Kax ycKopHTeJieii B ,nnana30He 8<E"'<33,3 MaB. 
no ,l4aHHl1M / 7- 9 MaKHO npe,nnOJIOJKUT:&, '!TO B ,l4Hana30He aHeprnfi Eol = 
:: 2,7-4,7 MaB nonepe-.:rHoe ce-.:reHIIe aToM peaKUllll nMeeT pe30HaHCJJ np:r 
aHepi'WIX Eo< = 2, 9, 3, I, 3, 7, 4, 0 li 4, I MaB. Cpe,nHee sHa-.:reinie 
nonepe-.:rHoro ce"!eHII.F.! B aTOM .nuana3oHe aHeprnfi fF c:: 50 MRJIJIH6apH, 
np~eM npz aHepnrn E "' = 4, 7 :JaB BemrtrnHa norrepe'!Horo ce-.:reHRSi 
6Jlll3Ka K cpe,nHSMY 3Ha'ieHHIO B Jl(a3aHHOM ,nllalla30He. ilpll 3HeprHH 
ct. --.:racTm~; E"' ~ 5 MaB H.l4PO I 7 0 MaKeT 6HT:& o6pa3oBaHo TOJIDKO B oc

HOBHOM liJill B nepBOM B036YJK.14eHHOM COCTO.F.!HliH (87I K3B). ITo OUeHKa~/6/ 
BepOSITHOCT:& saceJieHU.F.! ypOBIDI 87I K3B COCTaBJI.F.!eT B cpe,nHeM "" I()% 
npn aHeprw E"' = 2, 7-3,9 MaB H B03pacTaeT no Mepe pocTa Eo< • 

UeJI:& Hamux aKcrrepHMeHTOB saKJIIDqaJiac:& B onpe,neJieHl!ll -qyBCTBUTeJI:&
HOCTll li TO'!HOCTH M8TO,na aHanH3a npo,noBOJI:&CTB8HHl1X IIpO.nyKTOB Ha 
CO,ItepJKalille a30Ta 6eJIKa, OCHOBaHHOro Ha perHCTPaunii "! -KBaHTOB 
c ::meprnefi 87I xaB, zcnycKaeMHX rro.n .neiicTBHeM d. --.:racTJIU 2I0po. 
B CB.F.!3li C 3TUM B O.nHHaKOBHX ycJIOBll.F.!X perHCTPaUllll orrpe,neJIHJiac:& CKO
pOCT:& C'i8Ta 0 -KBaHTOB ,nJIJl pa3~ CTaH,JlapTHllX o6pa3UOB, ,nJIJl 

KOTOpllX CO,ItepJKalille a30Ta 6HJIO 3apaHee li3B8CTHO. EHJin BH6paiD1 o6-
pa3D,H, 6Jlll3Kll8 no qTPJRTYPe ll ~eCKOMY COCTaBy K sepey: CTaH,JlapT
Hllii o6pa3eu nopomKa KapT~eJISI H IIJieHKa '!liCToro HHTPaTa u~o3H 
(C6H809N2) c KOHUSHTPauHeii a30Ta (I,3~-0,0I)% ll II,II% COOTBeT
CTBeHHO. ,II.JISI nOJiy-qeHli.F.! IIpOMeJKYTO'iHHX TOtOeK 6HJill IIpllrOTOBJISHH 
o6pa3Il!l, rrpe,ncTaBJI.F.!BmHe '!liCTYIO MYKY B!1Cmero copTa li cMec.:& nopomKa 
HHTPaTa UenJIDn03H H aTol MYKn B nponopUll.F.!X I:6, I:3, I:2. Bee o6paa
Illl npnrOTaBJillBaJIHC:& ,nJISI H3MepeHIIfi B.Bll.l48 npeCCOBaHHI1X Ta6JieTOK ,nna
M8TPOM 10 MM, TOJill!ZHOii I-I,5 MM. 3a30p B03.nyxa MeW liCCJI8,IJy9MO:fi 
Ta6JieTKOii H cJ. -JICTO~~OM 2I0p0 COCTaBJISIJI ~ 0,5 MM • .JJ.rui orrpe,neJie
HllSI BKJia.na B C'18T ~ -JillHHll 8?1 R3B OT a30Ta, co,ne:pJKaBmerOC.Si B 3TOM 
CJioe,npoBo,nn:Jioc:& JI3MepeHIIe ,i -cneKTpa c o6pa3UOM Me~. Bee JI3Mepe
Hll.F.! npoBo,nll:Jillci> c .n~ ,neTeKTOpaMII o6~eMOM no 28 eM , .nJISI -.:rero 
KaMepa c ncTO'!Hl'!KOM IOpo :n: JicCJie,IJyeMHM o6pa3UOM noMemaJiaci> B 20 ~~ 
sa3ope MeJK.ny aTllMl! .neTeKTOpaMII. 

ConepJKalille asoTa B r.~YRe orrpe,neJI.F.!Jioci> H3 pesyJI:&TaToB H3MepeHHit 
BCSX nepe'!liCJieHHHX o6pa3UOB no MSTO.ny HaliM8Hl>illUX KBanpaTOB. 0HO 
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Tac5Jnru;a 2 

.lla.HHHe onpe.ne.neHl!Jl aaoTa rro Jll!Imn: ¥ -R3JlY'IeHl!Jl 87I KaB 
(peaKIJ;WI I4 N ( o<) fl' ) I7 o) . 

!f.i~ 06paaeu; Bperm Co.n ePJKaime lffiCJIO ·liMilyJl:&COB lffiCJIO liM-IIII 

I. Me.n:& I) 

2. CTrumapT~ii oc5pa-
391{ KapTOJleJIH 

3. Hn:TpaT IJ;eJI.,'IIOJI03H 

4. i'llyKa BHcmero 
copTa 

5. CMec:& MYEU H 

6. 

7. 

HHTpaTa Il;~031l 
I • I 2) 
2'·2' 

2 • I ::r·::r 

5 • I 
t)•t) 

" -

" 

H3Me-

f:m~ 

I80 

60 
-
30 

I 50 

30 

30 

30 

aaoTa 4' -Jll!Hlrli IIYJI:&COB 

( %') 87I xaB aa 30 4 ) 
MliH 

0 2325 38s±I9 

I,37 888 444±28 

II,I 707 707±50 

2,053 ) 2285 '457±24 

6 583 ) • 6I8 6Is±48 

5,073 ) 529 52¢48 

3,573 ) 478 47s±47 

I) l13M9p9Hli9 llpOBO.I{WIOC:& )J,JU{ onpe,neJieHWI ~Ha, Bll3BaHHOrO peaK

u;n:eii I4 N ( o< 1 r- ) I 7 
0 Ha aaoTe, co.nePJK8.1lleMcJI B CJioe Boa.n;yxa, 

3aKnroq9HHOM M~ HCTO~OM 2IOpO li o6pa3IJ;OM, 

2) YKa3aHH BeCOBlle ,I{OJil! MyKU R ImTpaTa Il;eJIJIIQ1IO~ll. ••1 

3) .llaHHHe, IIOJiy'I9HHll9 li3 peayJI:&TaTOB Hamme R3Mepemr:ii. 

4) YKa3aHH Tnn:&KO CTaTHCTH'l9CKHe OmH6KH. 

COCTaBWIO 2 ,05±0, 3% • .I(aHHHe BC9X H3MepeHn::fi npe,nCTa.BJI9Hll B Ta6Jll!Il;e 2, 

liX peayJI:&TaTH IIOKa3aHH Ha puc.2. Ha 3TOM pHCJHK9 IIOKa3aH TaroKe 

peayJII>TaT onpe.ne.nemm co.nePJKallliJI aaoTa B pl!ce. 

KaK DH,nHO ll3 .I{aHHHX Tac5JI.2 H pnc.2, rrpll ~TeJI:&HllX ll3MepeHllJIX 

C ~-llCTO~HliKOM 2
I0p0 MOEBO ,I{OCTRrHJT:& ,I{OCTaTO~O BHCOKO:ii TO~HOC

TR Orrpe,neJI9Hl!Jl a30Ta B 39pHe. 0.I{HaKO BpeMH H3MepeHl!Jl M~eT 6HT:& 

CWI:&Ho ;yMeH:&meHo rrp:~r yCJioBnn: 3aMeHH Boa.nyx:a, Haxo.nmnerocJI B aaaope 
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Pnc.2. 3xcrrepUMeHTaJI:&HaJI.aaBncn

Moci'i. CKOpOCTR C'!eTa b -Jll!Hlm 

87I KaB OT KOHil;9HTpall;llH a30Ta B 
paaJil!'!HhlX oc5paau;ax (eM. Tac5JIRIJ;y 2) • 

Ha pRCYHI\6 IIOKa3aH peayJI:&TaT orrpe-

•.IteJI9HHJl KOHIJ;9HTpaiJ;llH a30Ta B 

oc5paau;ax pnca u rrmelm'!Hoii MYKH· 

..., 
;:, 300 

' " ~ 
~ 100 

~ 
• 60 ,. 
" 

+-Kaprote~• 
~-Puc 
'-"LUeHH'I. M)IICQ 

0 2. 4 6 8 10 i2. 
Co5epJKaHVe asora (%) 

MBll\,Ily c:{ -HCTO~Hl!KOM 2I0p0 ll H3~aeMHM o6paaiJ;OM, Ha KaKOft-JII160 raa, 

H9 co,ne~~fi a30Ta. B CaMOM ,neJie, HaJIKqll9 6aJIJiaCTHOro CJIOJl B03.n;yxa 

rrpUBO,nRT K TOMy, 'lTO CKOpOCT:& C'l9Ta 7f -KBaHTOB ,n.nsi oc5paau;a MyKH 

cocTaBJIJieT Bcero '""20% OT <f?oHa, Bll3Ba:HHoro peaKD;Hefi I4 N ( o< , f" ) Ha 

aaOTe, C~,nepmameMCJl B 3TOM CJIOe. 3TO BHOCllT 60JI:&myro CTaTUCTH'l9CKJID 

OmH6Ky H ~afiHlle OmH6KH, oc5yCJIOBJI9HHll9 H9,I{OCTaTO'lHO:ii BOCllpOH3BO

,nliMOCT:&D paCCTOJ!Hl!Jl MBll\,Ily o\ -HCTO'lHHKOM ll o6pa3Il;OM. 

lloaTOMy MH llpOBeJIH H3MepeHRH BHXO,na ~ -KBaHTOB C aHeprgefi 

87I KaB rrpn paaJm'lH!:lX KOHIJ;eHTpau;wrx aaoTa B raae, sano.mi.smmeM KaMepy 

c ucTO'lHHKOM 2I0po. B aTRX nsMepeHlillX KaMepa sanOJIHJIJiac:& CMec:&D • 

Bos.n;yxa H MeTa:aa B paaJm'lH!:lX riponopD;WDC. ,llaBJiemre rasa B RaMepe paB

HJIJioc:& 5-6 aTM. llpu 3TOM o\ -'laCTllUY IIOJIHOCT:&ID TOpM03HJII1C:& B raae. 

Pesym.TaTll H3M9pemtil BHXO,na '0 -KBaHTOB B 3aBHCHMOCTH OT KOH

Il;9HTpaiUm a30Ta B raaOBOfi CM9CR rrpHB9.I{9Hll Ha puc.3. B!mHO, 'lTO rrpu 

3aM9H9 B03.nyxa B KaMepe Ha 'lllCTll:lt M9TaH M~HO YM9H:&IIlliT:& WOH a -Jll!HllH 

....... 
~ 
"'~oo i ...... 

a~~--~~~--~~~ 
o a 4 6 a 10 12 

Cogep1Ka>1HeasorQ (%) 

Pllc.3. 3aBliCHMOCT:& CKOpOCTll C'l9Ta 

'If -JmlJlm 87I KSB OT KOHIJ;SHTpa-

87I K3B 60Jiee, 'l9M B I0 paa. IIO 

CpaBHeHUID C T9M <f?oHOM, KOTOPH:lt _ 

.ItaH :aa pnc.2 n B Tae11I.2. 

il03TOMy MOEBO 3~T:&, 

'!TO npn nsy-qemm o6pasu;oB 

aepHa c ~HMe:aemraM oC-nc
TO'lHKKa 21Upo C HHT9HCHB-

HOCT:&D 5.I08c-I·B TeJISCHOM yr
JI9 21t CT9pa,ItHaH TO'lHOCT:& Orrp9-

,IteJI9HWI aaoTa IO% 6y,IteT .ttocTU

raT:&cJI B H3MepeHHRX npo,nOJIEH

TeJI:&HOCT:&lD ~ IO MHH. 

Pa:aee YJlS paapa6aTl1BaJIHC:& 
Il;llH a30Ta B CM9CK BOa.nyxa H M9TaHa. s,nepHo-<J!RsH'leCKU9 M9TO,nH orrpe

,IteJI9Hl!Jl CO,I{9pxaHWl a30Ta B 
• v 

39pHe Ha OC~OB9 peaKIJ;llH 
14 N (n;2n)I3 N ~He:ltTpOHHOM reHepaTope /IO,II/ n 14N.( Y,n >13N 
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Ha MHKpOTpOHe / 12/. B STHX paOOTax Owra ,n:OCTHI'HyTa BHCOKa.H. CKOpOCTl> 
llpOB9.D:9HHR aHanH30B TipH BHCOKOH TO~OCTH onpe,n:arreHHR CO,n:ep

~ asoTa. ITo cpaBHeHHID c YKasauHHMH MeTO.D:aMH onpe.ne~eHHe aso
Ta c rroMOUU>ID peaKIJ;I1H 14 N ( o< , f" ) 17 o, HMeeT npeHMyllleCTBa BB:IUI.Y OTHO
CHTeJil>HOi-1 .UOCTYITHOCTR cl. -HCTO'!HHKOB 210Po . MeTO.D: aH~3a C ITOMOUU>ID 
peaKIJ;I1H 14 N ( c1. , p ) 17 0 MOJKeT OHTb TaKJKe pe~sOBaH Ha IIY'ffiax ycKo
PHTe~eM 3ap~eHHHX · '!aCTHU, C llOMOUU>ID KOTOpHX MOJKHO cymeCTBeHHO yBe
JIW.IHTb ero TO'!HOCTb H ITpOH3IlO,ll!tiTMbHOCTl>. 0TMeTHM TaKJKe, 'ITO npeH
MYmeCTBOM STOrO MeTana onpe,llM9HM a30Ta !ffiJIJ'IeTCR OTHOCHTe~l>HO BH-

COKaR H30MpaTMI>HOCTb H.lleliTHi!JHKau;ID! peaKi.\HH 14 N ( r:J..} r ) 17 0 no If -JI:Ii
H!tiH 871 KSB. B CaMOM ,llMe, H36~aTMI>HOCTb MeTO.D:OB aH~3a, OCHO
Ba.HHHX Ha Ha0.1IJIJ,lleHHH aHHHI'~OHHOrO 0 -H3JIY'!eHHR OT ~ + -pacna,n:a 
13 N , oKasHBaeTcR He Bcerna y,noMeTBOpHTMI>HOM, TaR KaK HCTO'!HHKOM 
cJJOHa .IJ.Jl.fl TaKOrO H3JIY'!eHM MOryT CJiyJIU!Tb 18 F H 30p, KOTOpHe OOpasy
lOTCR B peaKIJ;I1RX ( 1'1 . 2 Yl ) H ( If, r1 ) Ha .fi.D:Pax cJJTOpa H cJJOCcJJOpa, CO,llep

lK8l.IUIXCR B IIHIIIeBHX llpO.IJYKTax. 
ABTOphl BhlpaJKalOT r~OOKYJO 6~onapHOCTl> r.H.w~epoBy, KOTOPHH YKa-

3~ Ha llpaKTH'leCK09 3Ha'!eHH9 R,n:8pHo-ciJH3H'!eCKHX MeTO,llOB onpe,n:MeHHH 
a30Ta H CTHMyJI:IiPOB~ llpOBe,n:eHHe STOM paOOTH CBOHM llOCTORHHl:IM BHHMa
HHeM H no~e3HHMH COBeTaMH. ABTOpH O~o,n:apHH B.E. liY'JKO sa no~esHHe 
06c~eHHR H llOMOIIIb, OKa3aHHylO llpH llpOBe,n:eHHH ·paOOTH. 
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