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B npeAblAYllleR pai5oTe [1] HaMH 6blJ1a onHcaHa ra3oaasi KaMepa 

AJISI perHCTpa1..1HH H HA9HTH4>HKa1..1HH HOH OB nocpeACTBOM . 

OAHOBpeMeHHoro H3MepeHHSI nOJIHOR 3HeprHH, 3apRAa H HQHH3al..IHOHHblX 

noTepb 3HeprHH BAOJlb TpaeKTOpHH norJIOlll9HHSI HOHa. 

Ha ~cHoae 3TOR MeTOAHKH co6paHa ycTaHoaKa Ha TOpM03HOM 
ny'-IKe EpeaaHcKoro CHHXpoTpoHa AJISI . H3Y'-19HHSI npo1..1eccoe 

4>0To4>parMeHTaL1HH Ha RApax . Bnepeble a Ep¢>H HCCJleAOBaHHe 

4>parM9HTal..IHH RAep noA A9RCTBH9M 3Jl9KTpoHOB ocymecTeJ1S1J10Cb 

nOJ1ynpoeoAHHKOBOR TeXHHKOR [2]. H9KOTOpbie AaHHble no 

4>oTo4>parMeHTa1..1HH SIA9P 6blJIH noJ1y'-leHbl aKTHBal..IHOHHOR MeTOAHKOR 

(3 ] . 

YcTaHOBKa , H3o6paxeHHasi Ha pHC . 1 , npeACTaBJISl9T BaKyyMHyo 

KaMepy, nOAC09AHH9HHyo K ny'-IKonpoeoAy. B KOTopyo noMemeH 

MHIUeHHblR MeXaHH3M c Ha6opoM MHmeHeR H3 C, Al , Ag H Au TOJllllHHOR 

140, 14, 7 H 3 MKM COOTBeTCTB9HHO. Ha OTBOAbl nOA yraaMH 46~ 

90°H 136° OTHOCHT9JlbHO HanpaBJl9HHSI naAaomero 4>0TOHHoro ny'-IKa 

MOXeT 3aKpenJIRTbCSI ra30Basi KaMepa, AOnOJIHeHHaSI B Ha'-laJlbHOR ee 

'-laCTH coenaAaTeJlbHblM C'-leT'-IHKOM . YcTaHoBKa, peaJIH30BaHHaSI e 

HaCTORllleR pa6oTe, H9CKOJlbKO OTJIH'-laeTCSI OT o6menpHHRTOR (4-6). 

0CHOBHOe OTJIH'-IHe - B03MOXHOCTb H3MepeHHR BAOJlb BceR TpaeKTOpHH 

norJIOlll9HHSI HOHa. 3 To no3BOJISl9T npOBOAHTb, 

MHOrOKpaTHble H3MepeHHSI B KOHi.ie noraomeHHSI HOHa - B 

ao-nepeblx , 

0 6 J1acTH e ra 

"oAeBaHHSI" - c HCnOJlb30BaHHeM 3TOR MeTOAHKH B AaJlbHeRmeM AJISI 

onTHMaJlbHOro pa3AeJleHHSI 4>pa rMeHTOB H, BO-BTOpblx, nocpeACTBOM 

aHaaorH'-IHblX H3MepeHHR YAeJlbHblX HOHH3al..IHOHHblX noTepb 3HeprHH 
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HOHa ocy111ecTBHTb Cli.E, E) 

no.11ynpoBO.llHHKOBOR T0XHHKOR. 

MeTO.llHKV, pea.llH3yeMyJO , 001o1t.1Ho 

3ToR ue.11H C.llY*HT CTapTOBblR .nponopUHOHaJlbHblR C"leT"IHK, 

ycTaHoa.11eHHblR B O.llHOM ra30BOM ooheMe c KaMepoR, a1o1pa6aTblBaJ0111HR 

Hy.lleByJO OTMeTKY BpeMeHH. ~onOJIHHT0JlbHO 3TOT C"leT"IHK BblnOJIHSleT 

<!>YHKUHJO aHTHCOBna,llaTeJlbHOro, OTCeKaSI no BpeMeHH .llJIHHHOnpo6e*HYJO 

t.1aCTb HOHOB, He yKJla,llblBaJOlllHXCSI B ,llpeRcpOBOM OObeMe, a TaK*e 

MO*eT CJIY*HTb .llJISI H3MepeHHSI npooera HOHa. rlocJle,llHSISI B03MO*HOCTb 

B HacTosi111eR paooTe noKa He peaJIH30BaHa. 

KoHCTPYKUHSI KaMepbl, ee 3.11eMeHTbl, onHcaHHe H3MepHT0JlbHOro 

TpaKTa Ha JIHHHH c 3BM .llOCTaTO"IHO no,llpOOHO onHCaHbl B (1 ]. 

0TM0THM JIHlllb caMoe cy111ecTBeHHOe. Bxo,llHoe OKHO KaMepbl 

MaR.11apoBaS1 nJleHKa c nO.ll.ll0P*HBaJ0111eR ceTKOR c npo3pa4HOCTblO 97\) 

.llHaMeTpOM 100 MM, TOJllllHHOR 5 MKM; pa6ot.1ee ,llaBJleHHe MO*HO 

aapbHpoaaTb a npe,lle.11ax .llO 2,5 aTM; ,llJIHHa .llpeRcpoaoro 

0TceKa,onpe.lleJ1S1JOl11ero MaKCHMa.llbHblR npooer 3apsillCeHHoro HOHa,- 30 

CM. PerHCTpHpy10111asi t.1aCTb KaMepbl MOllCeT 6b1Tb KaK nponopUHOHaJlbHblM 

C40T4HKOM, TaK H HOHH3aUHOHHblM. 81o16op onpe,lleJISl&TCSI KOMnpoMHCCOM 

Melk.llY 4YBCTBHTe.llbHOCTbJO H 61o1cTpo.lleRcTaHeM KaMep1o1. 

DponopUHHaJlbHblR ct.1eTt.1HK c HHllCHHM noporoM 
! 

He 06ecnet.1HBaeT Heooxo,llHMoro 61o1cTpo.lleRcTBHS1 

perHCTpaUHH ~1K38 

.ll.llSI ~cpeKTHBHOR 

perHCTpaUHH TSlllC0JlblX cpparMeHTOB B 3a,llat.1ax cpparMeHTaUHH. c ,llpyroR 

CTOpOHbl, HHllCHHR nopor perHCTpaUHH HOHH3aUHOHHoro C4eT4HKa, 

peaJIH30BaHHOro B HaCTOSlllleR pa6oTe, COCTaBJISleT 1~2 M38, 4TO 

n03BOJISl0T perHCTpHpOBa Tb cpparMeHTbl JIHWb C Z ~ 2. • rbMepeHHSI 

npoBO.llHJIHCb npH ra30BOM HanonHeHHH Ar + 28\ CH
4 

npH ,llaBJleHHH 

1'1 aTM, 4TO 06ecnet.1Haa.110 perHCTpaUHJO cpparMeHTOB B 

3HepreTHt.1ecKOM HHTepaa.11e 1-7 M38/HyK.11. Te.11ecHblR yron ycTaHoBKH 

-3 
COCTaBJISIJI 1,85•10 cp. H3MepeHHSI npOBO.llHJIHCb npH MaKCHMaJlbHOR 
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3HeprHH TOpM03HblX y-KBaHTOB G H 3 f38. H3MepHTeJlbHblR 

.llHHHH c 3BM no3ao.11sieT O.llHoapeMeHHo no.11yt.1aTb CZ, E) H 

TpaK'. 

Cli.E, 

kt 

E) 

.llBYXMepHble cneKTpbl cpparMeHTOB. H3MepeHHble Ha pa3Hb1X yt.1aCTKa v 

TpaeKTOpHH nor.110111eHHS1 HOHOB, a TaKllCe 0.llHOMepHble 

3HepreTHt.1ecKHe H 3apsi,llos1o1e pacnpe,lle.11eHHS1 s npouecce Ha6opa 

,llaHHblX. Ha pHc. 2-3 ,llaHbl .llByxMepHble pacnpe,lleneHHSI Cli.E, E) .llJISI 

cpparMeHToa, s1o1.11eTaJ0111Hx H3 y.r.11epo,lla H cepeopa. Ha 3THX H 

noc.11e.llyJ0111Hx .llBYXMepHblX cneKTpax 3KcnepHMeHTaJlbHble YC.llOBHSI 

npHB0.ll0Hbl Ha pHCYHKax H B no,llnHCSIX K HHM. Ha pHc. 4-6 

npe,llcTaa.11eH1o1 .llBYXMepHble cneKTpbl CZ, E) cpparMeHTOB, o6pa3oBaHHblX 

Ha MHW0HSIX.H3 yr.11epo,lla, cepeopa H 30JIOTa. DOCKOJlbKy MeTO.llHKa 

H3MepeHHSI no z He3aBHCHMa OT Hat.1aJ1bHOR 3HeprHH <l>P~HTa, -

.llByXMepHblR cneKTp cz. E) npe,llcTaBJISleT COOOR HeKyJO MaTpHUY H3 

ropH30HTa.llbHO ot.1ept.1eHHblX TO"leK; H3-3a HeonTHMaJlbHOro H3MepeHHSI 

Z a 06.11acTH Ma.111o1x 3HeprHR HMeeT MeCTO OTKJIOHeHHe OT 

ropH30HTaJlbHOCTH. ~JISI Toro "ITOObl "s1o1npS1MHTb" 3TY t.1aCTb 

.llBYXMepHblX cneKTpos, HeoOXO.llHMO H3MepSITb z B HHOR BpeMeHHOR 

oTMeTKe OJIHlke K KOHUY npooera HoHa, T. e. B CTopoHy MeHbtmlX 

speMeHHblX KOHCTaHT cpopMHpOBaHHSI CHrHana (1,4) c .llpyroR CTOpOHbl, 

3TO npHBO,llHT K 00.llbmeR npHM0CH OT HOHOB c MeHbtm!M z. DpH TaKoR 

MeTO.llHKe MHOrOKpaTHoro H3MepeHHSI B Z-t.1yBCTBHTenbHOR OOJlaCTH, 

peaJIH30BaHHOR B HaCTOSlllleR paooTe H no,llpOOHO onHcaHHOR B [1 ] • 

npH o6pa6oTKe ,llaHHblX yt.1HT1o1aaeTcS1 secb Ha6o~~no z H nocpe,llCTBOM 

noc.11e,lloBaTeJ1bHoro 

MaKCHMaJlbHO no.11HaS1 

Bbl,lle.11eHHSI <j>parMeHTOB 

HX H,lleHTHcpHKaUHSI. Ha PHC. 

ocy111ecTBJ1SleTCSI 

7 npe,llCTaB.lleH 

"s1o1npS1MJ1eHHb1R" TaKHM o6pa30M cneKTp <j>parMeHTOB reJ1HS1 H3 

yr .11epo,lla, a O.llHO ·Mep, Hasi npoeKUHSI 3Toro cneKTpa Ha OCb Z Ha 

pHc. 8. TaM lke npe.llcTas.11eH1o1 ,llaHHble Ha cepeope. 0rHOtoeHHe 

BblXO.llOB 
3~e K 

4
He .llJISI 3THX MHWeHeR COCTaBJISleT ~1:3 .llJISI c H N1:s 
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AJISl Ag . . T eHA9HUHSl K yMeHbUJeHHO 3TOro OTHomeHHSl c so3pacTaHHe1.1 

Maccosoro 4 HCJla MHUJeHH He npOTHBOpe4HT AaHHblM pa60Tbl [7] . 

B 3KCnepHM9HTe , 8 KOTOpOM npOBOAHTCSl H3Mepe HHe 3HeprHH 

3apSl*9HHblX <j>parMeHTOB H Hcn OJlb3YOTCSl MHUJeHH KOH94HOA TOJllIIHHbl, 

803HHKaeT 3aAa4a 8 8 9 A9HHSl n o n paBOK Ha HOHH3aUHOHHble n oTepH 

perHCTpHpyeMblX npOAYKTOB [8 ]. Mbi p a ccMa TpHsa.11H KOppeKUHH 

3Hepr e TH4 9CKHX cne KTpOB SlAe p-<j>par MeHTOB , PO*AaO IIIHXCSl a y+A 

8 3aHMOAe ACTBHSlX, npo XOASllIIHX 4 epe3 CJIOA s e 111ecTsa MHmeHH, 

BXOAHOro OKHa , s e 111ecTs a cosn aAaTeJlbHoro C49 T4HKa H 

perHc Tp Hp y o111HxcS1 KaMe p o A Bp 3 r ra. 

A.11ropHTM BBeAeHHSl nonpaBOK COCTOHT 8 CJ19AY01Il9M. ~JISl Ka*AOro 

3Ha4eHHSl Ef 3HeprHH perHcTpHpyeMoro a 3KcnepHMeHTe cneKTpa 

8bl4HCJISl9TCSl 3Ha4eHHe 3HeprHH Ei AO npoXO*A9HHSl TOpM03Sl1Ilero CJIOSl 

c noMOIIlbO COOTHOmeHHSl npo6er-3HeprHSl. OcHOBHblM npeAnOJIO*eHHeM, 

HCnOJlb30BaHHblM 8 a.11ropHTMe, SlBJISleTCSl TO, 4TO pacnpeAeJleHHe 

sepOSlTHOCTH PO*A9HHSl <j>parMeHTa no TOnlIIHHe MHW9HH paBHOMepHoe. 

no3TOMy, npOH389ASl pa36HeHHe MHmeHH no ee TOJllIIHHe Ha 

4HCJIO noJIOCOK, Mbl AOJl*Hbl Y4HTbl8aTb ' TOT <j>aKT, 4TO 

noc.11~ csoero po*AeHHSl npoXOASlT pa3Hyo TOJllIIH./iY 

pa3JIH4HOE'> 

<j>parMeHTb' 

BSIIISCTBa. 

04eBHAHO, 4TO HaH60.11ee T04Hble nonpaBKH MoryT 6b1Tb noJly4eHbl npH 

6ecKOH94HO 6oJlbWOM 4HCJle pa36HeHHA. 0AHaKo, Ha4HHaSl c 

HeKOTOporo MOMeHTa, npH AaJlbHeAmeM yseJIH4eHHH 4HCJla pa36HeHH~ 

pe3yJ1bTHpy01I1HA cneKTp MeHSleTCSl He3Ha4HTeJlbHO, a C4eTHoe speMSl 

Bb16paTb yseJIH4HBaeTCSl, H, CJISAOBaTeJlbHO, HMeeTCSl B03MO*HOCTb 

onTHMaJlbHoe 4HCJIO 3JleMeHTapHblX noJIOCOK. 

B npHBOAHMblX HaMH B Ka4eCTBe HJIJIOCTpaUHA Ha pHc.9-12 

3HepreTH4eCKHX cneKTpax CAeJlaHa TaKaSl nonpasKa. YKa3aHHble H~ 

pHCYHKax OmH6KH CKJlaAblBaOTCSl H3:1) OmH6KH MOHHTOpHpoBaHHSl~S~; 

2) CTaTHCTH4eCKOA 0 111H6 KH; 3) 0 1IIH6KH B HA9HTH<j>HKaUHH <j>parMeHTOB, 

i; 

KOTopaSl COCTaBJISleT AO N17\ 8 3a8HCHMOCTH OT 3HepreTH4ecKoro 

HHTepsa.11a <j>parMeHTa. B 4acTHOCTH, Ha ropH30HTaJlbHblX y4aCTKaX 

ABYXMepHblX cneKTpOB c z • E) OmH6KH HA9HTH<j>HKaUHH MHHHMaJlbHbl H 

COCTaBJISlOT N5\. 

Ha y4acTKax c np116J1H3HTeJ1bHO OAHHaKOBblMH omH6KaMH noc.11eAHHe 
' 

He npocTas.11eHbl c ue.11bo 60.11ee 4eTKoro pa3AeJ1eHHSl cneKTpoe pa3HblX 

<j>parM0HTOB. 3HepreTH40CKHe cneKTpbl no.11y40Hbl H3 COOT80TCTBYOIIIHX 

ABYXMepHblX cneKTpoe c OTC04KOA HH3K03HepreTH40CKHX 

"HeropH30HTaJlbHb1X" y4aCTKOB, 8 KOTOpblx HA9HTH<j>HKaUHSl <j>parMeHTOB 

3aTPYAHeHa 113-3a HX 4aCTH4HOro nor.110111eHHSl 8 MHmeHH, 

OKHe H B B91Il0CTBe cosnaAaTeJlbHOro C49T4HKa. 

Ha pHc. 13 A a OTC SI BblXOAbl <j>parMeHTOB c 

BXOAHOM 

3HeprHeA 

E/A= 4M38/HyKJI . B 3aBHCHMOCTH OT 3apSlAa <j>parMeHTOB AJISl cepe6pa 

H 30.110Ta np11 ABYX 3Ha4eHHSlX yr.11os perHcTpaUHH 45? 90°. PHc . 14 

pe30MHpyeT BCO COBOKynHOCTb H3MepeHHblX AaHHblX no 

<j>oTo<j>parMeHTaUHH . 

AsTopbl Bblpa*aOT npH3HaTeJlbHOCTb A.P . ApwaKRHY 3a y4aCTHe a 

C03AaHHH nporpaMM o6pa6oTKH AaHHblX H C. E. BepHaUKOMY 3a noMOIIlb 

npH c6opKe ycTaHOBKH. 
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P11c.14 

,J 

PHc.1 

PHc.2 

PHc.3 

PHc.4 

PHc.5 

PMc.6 

PHc.7 

PHt. 8 

no~nHCH K PHCYHKAM 

06~HA BHA ycTaHOBKH. 

~BYXMepHblA cneKTp ( .6.E' E) <j>parMeHTOB Ha c ( 2 r3B' 90 °) . 

~BYXMepHblA cneKTp ( .6.E, E) <j>parMeHTOB Ha Ag ( 2r3B' 90°). 
' 0 

~BYXMepHblA cneKTp ( z ' E) <j>parMeHTOB Ha c ( 2r3B' 90 ) . 

06o3Ha4eHHSI: 

0 - 1+2 co6blTHSI; 

/j. - 3+5 co6blTHA ; 

0 - 6+10 co6blTHA ; 

• -11 +30 co61o1THA ; 

.. -31 +50 co6blTHA ; 

• - ~ 50 co6blTHA. 

~BYXMepHblA cneKTP ( z' E) <j>parMeHTOB Ha Ag ( 2r3B' 90°). 

06o3Ha49HHSI Te ~e. 4TO HK pHc.4. 

~BYXMepHblA cneKTp ( z' E) <j>parMeHTOB Ha Au ( 3r3B' 45°) . 

06o3Ha4eHHSI: 

0 - 1 +2 co6blTHSI ; 
I 

A - 3+5 co6blTHA; 

• - 6+10 co6blTHA; 

• - > 11 co6blTHA. 

~syxMepHblA cneKTp CZ,E) re.llHSI Ha c C2r3B, 90°). 

9AHOMepHaSI npoeKUHSI Ha OCb z AByxMepHoro cneKTpa 

cz,E) reJIHSI Ha c C2r3B, 90°) H Ha Ag C2r3B, 90°). 

PHc.9 3HepreTH4eCKHe cneKTpbl <j>parMeHTOB Li, Be, B Ha Ag 

c 2r3B. 45°) . 

PHc.10 3HepreTH4eCKHe cneKTpbl <j>parMeHTOB Li, Be, B, c Ha 

Aq C3r3B, 45°). 

PHc.11 3HepreTH4eCKHe cneKTpbl <j>parMeHTOB Be, B, c, N Ha 



Au C 3f:>B, 45°). 

PHc.12 3HepreTH4ecKHe cneKTp~ ~parMeHToe Be, B, c Ha Au 

C3f:>B, 90°). 

PHc.13 3aBHCHMOCTb B~XOAOB ~parMeHTOB OT 3apRAa ~parMeHTOB Z~p Ha 

Ag (3f38) H Ha Au (3f38) A.llR ABYX yr.11oe perHCTpa1..1HH 

~parMeHTOB c 3HeprHeR E/A = 4M38/n. 

06'03Ha4eHHR: 

• - Au (45°); 

o - Au (90°); 

+ - Ag C45°); 

0 - Ag C90°); 
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