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o6n8CTH HJlep,· ·H8XOJlSIIUHeCSI Jl8neKo. OT nonoc.bl ,8 -c.T86HnbHOCTH . . • B 
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TOpOB 'Ha yCT8HOBKe H rio nporp8MM~ .HCHAIJIJ. · ' • liccneJlOBaHHe 

gJ:iep C KOpOTKHM nepHoJlo'M: rionypacn8a8 ;~;·fipHMeHeHHe nonynpoBOJlHHKOBbiX 
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nperinapHTEHibHaSI o6pa6oTKa; ua aToM aTane uenecoo6paauo npellOCTannSITb 

9KCnepHMeHT8TOpy BOaMO)KHOCTb CSMOMY . KOHTponHpOBSTb H KOppeKTHp OB8Tb 

BCIO_ HHtflopM8UHID1 nony'iaeMyro OT H3MepHTenbHOi1: aneKTpOHHOil: annapaTypbl 
. ' 

uenocpellcTneuuo n npouecce aKcnepHMeHTa. BTo~oil: aTan - oKOH'iaTenbHaSI 

o6pa60TK8 CneKTpOB - MO)KeT npOH3BOilHTbCSI nocne OKOH'iSHHSI 9KCnepHMeH-

Ta ua · 6onbWHX 3BM. Ha aToM arane .. BS)KHO HMeTb XOpO-

wee MaTeMaTn-.iecKoe o6ecne'l:eane o6pa6oTKH, KoTop_oe noanonSino 6bi nony-. . . . . 

'i8Tb JlOc"TaTO'iHO·TO'iHbie 3HS'i9HHSI OCHOBHblX nenH'iHH, He06XOilHMblX llnSI tfln-

3.H'ieCKOi1: HHTepnpeTaUHH ·peaynbTSTOBo 

·a HSCTOSIWeil: pa6oTe OnHCbiB89TCSI nonyaBTOMSTH'ieCKSSI CHCTeMa 

o6pa60TK~ cneKTpOB OT noriynpoBOilHHKOBbiX lleTeKTOpOB1 npHMeHSieMaSI B 

na6opaTOpHH SIIlepHbiX npo6neM OM .Sm. 

nn·SI H3Bne'ieHHSI He06XOilHMOI'i' HHtflopMSUJIH H3 9KCITepHMeHTanbHblX 

cneKTpOB HC~~nbayeTCSI 06bi'IHO MaTeMaTH'ieCKHil: MeTOil1 38KnrottaiOUIHil:CSI B 
" . ' '. ' > . ' . ' ·. .· ' . 

·· HaXO)KileHHH napaMeTpon. tflyHKUHH Y1c ( Ps ) , ~allaHHOil: MaTeMaTH'iecKoil: 

MoAenbro ·nnnTeopneil:, 'no naMe.peHHhiM nenH'iHHaM 'N" , rile Y 1c ( p.) -co-

ym (ps ) t p s -COBOKYfl-

HOCTb napaMeTpOB P, 

nenH'i~H N,.' N 2' ••• 

nepoSITHhix ··• aHa'ieHHlt 

• • Hm , · npH'ieM · Mm? n. ~aXO)KileHne 
•; .. 

napaMeTpon Ps nponanollHTCSI 
·~ ' 

Ta~, 'iT06bi cyM-. 

Ma 'Knall~aTim· oTKriouelmfi pacc'l:irTaaabix aaa'leanil: oT aKcnepnMeHT~?~~-
HhiX 6~ina .,· MHHliManhHoil:, ·T.e. aeo6xo.ciHMO CBelleHHe K MHHHMyMy tfly~K-

UHOHana·:• ' •·· ~ '; 

.·:<x2 m . . .•. ·' · .. · 2 .. : .· 
lc:l w/c [Yic (p.) -·Nk] /(m..:.n) ' (l )_ 

rile , W ic ·.~Bee, C KOTOpbiM,. H3MepeHH8SI TO'l:Kac. k · ll0n)KH8 6biTb y'iT9HS 

n c;MMe, ~ . ( m - -~)- ;'.~nb~~ cT~neueil: cno6ollhl.·: B cnY'iae nliueil:Hoil: a ani{;::_. 

CHMOCTH tflyHKUHil: Ylc ( p s) . OT napaMeTpOB p s Tpe6oBaHHe MHHHMy Ma 

4 

. •' .···. :· 

npHBOilHT K CHCTeMe'nH~ 

napaMe~pon p • Ec~n s . ' .. 

HSXO>KileHHSI HaHny'iWHXI 

. HyTO nHWb HTepaTHBHbiM 

npn6nH)KeHHSI ,·p ~ t aa~e 
. '. ·, 

ny!Omen,. imHei!Hoil 3ai:ia'-I.E 

pHil Tennopa n yttHTbi~a~ 

ylc'(p.) Y"(p~}· 
·.;' .· ~ 

~H. nOil~~~BnHH (3t B .(J), 

··m'· ··:,· 

.X2 =I ~ [Y~cJJ 
lc=l·m-n · : 

rAe op · =P - p 0 • l1a T) •._.. . ' . 
ax 2! a (ope J = o· 

nonyttHM CHCTeMy 

, . BeKTOpHOM. BHile 

nHH 

A (pO) o p = -~ 
' ' ' ,I 

peweane STOlt CHCT9Mbl ~ 
.. .'''. ... . ···. 

nonpaBKH. o P 1 rile • pO 
MepHOM 'npOCTpaHCTBe; ll 

nepBOHS'IBnbHbiM lipH6fiH:lt 

..po + o p... • 3Toi npouecc 

T.e. pew.eune uaxo.ciHTCH 

... I+ 1 ..... , .•·· [A' ,·(' 
P =P - . I 



>o5paaao npenocTaBnHTb 

DBaTb H KOppeKTHpOBaTb 

!eKTpOHHOii annapaTypb! 

[ STan - OKOHqaTenbHaH 

OKOHqaHHH SKCnepHMeH-

0 HMeTb xopo-

>.oe noaaonsmo · 5b! nony

•. aeo5xonHMhiX nna cjJH- . 

poB, npHMeHHeMaH B 

3K9nepHMeHTanbHbiX 

Ton, aaxmoqaroumiica a 

1i MaTeMaTHqecxoii 

'"·'·rne YdPs_) -co~ 

n (p 5 ) t p s -COBOKyn-

BOKYllHOCTb H3Mep9HHbiX 
' • I " 

o~neHHe HaH5onee 

Tal{, . qT05bi . CYM-

~ii OT SKcnepHM9HTanb-
J·~.: ~ ' 1 ~ 

IH9, K MHHHMYMY cjlyHK-

. ~. ( 1). 

li<ila 5biTb yqTeHa 

:yt~ae · nHHeftaoa aaBH;.;, ·· · 

BHHe MHHHMy Ma 

j 
i 
i 

( 2) 

npHaonHT -~ cHcTeMe lmfieuHhiX ypaaaeHHii, perneaHe KOTopoa naeT aaaqeHHH 

napaMeTpoa p •. EcnH aTa aaBHCHMOCTb aenHHefta~a, To perneaHe aanaqH 
s ' .. ' :- ~ : >.. . ~ < ·.·-. • t.: ·. -· . :. . 

Haxo~neHHH HaHnyqrnHx npH5nH~eHHii: napaMeTpoa··;;; ~o~eT 5biTb · nocTHr.;.; 
;· . -- 17-13/ .. __ ' . . 

· HyTO nHillb HTepaTHBHbiM nyTeM • C STOii uenb!O Bbi5Hpa!OT HaqanbHbl9-
·:· ·. .,- o·· . . -•• . - •. - . .. , .. - . , .. ' ;·· 

npH5nH~9HHH P s t 3aTeM HenHHeii~yiO · aanaqy annpoKCHMHpyroT COOTB9TCT;.;, 

ayromeii, imaettl-Iod aariatieu, nna_ '<i~ro ~" ( P s); paa~ar~Iri.J. -~- ioqxe -P ~ a 

psm T~iinopa H yqHTbU3aroT naa nepBbiX qnima pana. nono~HB 

'(3)_ 
·. . ' . -

H non!=~aanHH ·. ( 3) s ( 0,. aaxonHM 

:x2 ,·=\~, ~~)n i~~J ~-~).+.A, a;~~p~· ~;p s- 'N lc ]-~ I. . ( 4) -; 

rne 8p s, = p s - p ~ • l13 Tpe5oBaHHH MH~HMy~a 

(e = 1 12; . .. 1 n ) ( 5) 

·nonyqH~ cHcTeMy _ nHHeiiHhiX ypaBHeHHft, KOTOPYIO _Mo~no aafiHcaTb a 
.,··.:. 

.... · .. 

. : ( 6) '. 

perneaHe. aToii cHcTeMbi ypaaaeHHii- n·aeT naii5i:mee :BepoHinoe ''aH!}qenine 

':.nonpa·s~~-- 8 P · , rne .-;o H 8p- 8eK:Topbi-c'i-on5uai a semecTaenaoM n 

MepHOM 'npocTpa.HcTse: n_pH6aaiisui Hail'i:teali:l,ie a_HaqeHHH 'nonpaBOK 8; K 

nepaoiJaqanbHhiM ·npH5nHmeHHHM - -po< ; nonyqaeM noBbie aaaqenHH. p l 
=i/0 + .8 p-+ ·• 3TOT iipouecc : llOHCKa . pellleHHSI nponon~aeTCSI no CXOaHMOCTH, 

( 7) 

5-. 



rJle I -HoMep HTepauHH ( i = 0, 1, ••• , t ),, p_1 -BeKTop-cTon6eu c sne

MeaTaMH p ~ , p ~ , ... , p ~- , A (; 1 ) - cHMMeTpH'IHaSI MaTpHua .c sne

MeaTaMH 

·~ .e 

... ... 

m 

= I 
k=l 

·(. aY~r,(p...,) ) .. ( aY~r,(p')) .· 
wlc ap ap . , 

• £ .. 

B(p') -BeKTop-cTon6eu. c sneMeHTaMH 

. m ... ' : a ylc (;I} 
B(= I wlc(Yic (p,J - H1c] (-a·---·-····) 

lc=l .P£ 

( 8) 

( 9) 
:··; 

TaKoft noJlXOJl · noanonSieT c noMOillbiO o6pameaaoft MaTpHUbi oueHHTb OJlHO-
. .. . . . . . .· . -17~9/ .• ·; . 

npeMeaao· norpemnocTH nenH'IHH napaMeTpon P •. • B OTJlenbHbiX cny- .• 

."JaSIX npouecc nOHCK8 pelll9HHSI He npHBOJlHT K;CXOJlHMOCTH,.TaK.KBK nonpaB

K8 8p ,_ ;:l+l -p' BbiXOJlHT sa npe)lenbi nHneifnoro Jlimnaaoaa~ B. 9TOM ~ny'lae. 
OJlHHM 113 BbiXOJlOB ~3 nonomeHHSI SIBnSI~TCS;:· CBOJlCIIHC .K M~HHMYMY li>YHKUH0-

,/16,17,18/ . . . . 
a ana 

¢2.,x2+A.'(B}'JTJ'(B;t'J/(m-n); ( 10) 

T8KHM o6p830M 1nOHCK pemeHHSI npOH3DOJlJoiTC~I Wff!JillTJoiTIIIO no 4JopMyne 

. ;;~+ 1 -P' - rMi' J + ,v i'J-' 8 (p' J' /13, w:..wt , ( 11) 

I'Jle .\ -nocTOSIHHaSI, aaBHCSIIllBSI oT aoMept• JoiTI!JIIIIIJollf ( A' •> 0 ) , I · - JlHa

•roaanbHaSI MaTpHua[l =Jiag(l1 ,12 , ... ,In); 1 1,·1; , ... , l~·,>o·l·H··r~aaK 
TpaacnoHHponaHHSI, . EcnH B. Ka'leCTBe nHnrolltllii.rrr.rx· •rtwunn MaTpHUbi I 

. . . ... . . - _ . .. A /8,9,16,1'7/ 
B3SITb COOTB9TCTBY!OillH9 JlH8I'OHanbHbie- qnellf,f M111'Jllfll r.r . · . ·· 1 TO 

. . . . . 2/17/ 
MO)KHO •JlOCTHI'HyTb 6biCTpOft CXOJlHMOCTH ~•YHKIIJollllllliiiJ X. . ·. • . . ' . . ' 

Cne)lye:f OTM9THTb1 'ITO npoueCC IIOHCK/1 Jll~llllliiJol~l -IIJIOiofCXOJlHT .TeM 

6biC'I'pee1. '19M TO'IH99 38Jl8Hbl H8'18nbHhl9 llpJolfimtilti!JiiHr, lftl 11/lltblli,Je npH-

6nHmeHHSI pO onpe)lenSIIOTCSI C .nOMOIUbiO OCUJtnliiH'Jllll,l/1 I'll• r:JICTOTIIoiM 'K8..,; 
• 

p8HJl81llOM H anropHTMOB, 

6 

EnoK-cxeMa non 

Hao6pam~Ha aa pHc. '· l 

TeKTOpOB OCyllleCTBnRI 

TOM C npeUH3HOHHbiM · 

HM9101llHM 4096 KBHBnl 

im HH!J!opM8UHH na6op 

pHT9nbHO-HBKOnHTenbE 

ll~g·npOB9Jl9HHSI nenpE 

KaSI nepeJla'la HaKonne: 

B 6y.PepHOe HaKonHTen 

nonbayeTcSI aaanHaaTo 

H8 Bp9MSI nepeJlB'IH.Hl 

9KCn03HUHH H nporpa~ 

c noMOillb!O_ nporpaMMJ 

lifa 6y.Pepaoro HE 

BbiB9Jl9H8 H8 OCUH nnol 

Jl9ftCTBY!Oill99 UH.Ppone• 

H8 M8I'HHTHOft neHTe. F. 

H8 3BM MHHCK-22. 

-npe!lsapHTenbHaSJ 

H8KOnHTenbHOM ycTpoA 

. Jl81llOM H B.· 3BM . MHH< 

mecTBnSieTCSI n· 3BM ( 

MomeT 6btTb nepeJlaHa 

nep.PoneHTbi H nep!J!oKa 

HH!J!opM8UHH. H8pSIJly: C :: 

3BM E3CM-6. 



~e~TOp-CTon6eu C ane

,}pJHaH MaTpHUa C ane-

( 8)' 

( 9) 

~.taTpHUbl OUeHHTh OllH0-

7 -
91

• B · oTJienhH~ix · cny- .. 

:HMOCTH, TaK KaK nonpaB

J~naaoHa·. B aToM ci'ly"'ae . . 

(lo) 

;,iTimno no <f!opMyne · 

I 
( 11) 

"" ( A' •> 0 ) , I - JIHa.-

, .:·., ~~- •> 0 ] H 'T -aHaK 

X' 'JIIOJIOB MllTpHUbl I 
. . A. /8,9,16,17/ 

tlllJJ,J. . . , t TO •, 
v2 /17/• . 

JIJIJ. 1\ 

tiiH,II IIJIOHCXOllHT TeM 

II•HII, lftl'lllliblll;le npH-

itatJI/1.' I'll· r:IICTOBioiM 'Ka...:. 

3. Bnox-cxeMa CHCTe.Mhl,. 

Bnox-cxeMa nonyaBTOM8TH'IJeCKOit ?IicTeMbi llnH o6pa60TKH cneKTpOB 

Hao6pa)I{~Ha Ha ·pH c •. t PerH:cTpau~H cnexTpoB • oT. nonynpoBOllHHKOBbiX Jie

TeKTopoB ocymeCTBnHeTCH CTa6HnH3Hp~BllHHblM cneKTpOMeTpH"'eCKHM TpaK

TOM c npeuHaHoHHbiM npeo6paaoBaTeneM aMnnHTYllbi HMnynhcoB B xon, 
161 . 

HMeromHM 4096 KaHanoB. Ha .annapaType ueHTpa HaKonneHHH Ji o6pa6oT-
. ·.; ·. ; /20/ 

. :im HJI<f!opMaUHH na6opaTopHH HllepHbiX npo6neM;. . • B Ka'IJeCTBe H3Me-

pHTenhHO-HaKonHTenhHOI"O ycTpoitcTBa Hc:nonhayeTcH ananHaaTop A 11-4096. 

n:m nposeneuHH Henpepi.IBllOit cepHH H3MepenHit npellyCMOTpeHa. aBTOMaTH'IJec

Ka'H nepeJia"'a HaKonneHHOit HH<flopM8UHH nocne OKOH"'8HHH K8)1{JlOit 9KCn03HUHH 

B 6y<flepHoe ll8KOnHTenhllOe.· yc:rpoitCTBO '· B Ka'IJeC!Be KOTOp~.ro !l!~)l{e HC

nonhayeTCH aHanHaaTop AH-4096. Pe>KHM HaMepeima npepbrBaeTCH Tonhxo 
. : ., I 

Ha BpeMH nepena"'H HH<f!opMaulm, K~Topo~·. :cocT~BnHeT o;2 cex.' YcraHOBKa 
' . ~ ' . ~ 

9KCn03HIIHH H. nporpaM~ H3MepeHHSI, H nepeJIS"'H. HH<f!op~aiiHH . npoH3BOllHTCH 
•'I . • •• ' •• 

C noMOIUhiO. nporpaMMllOI"O YCTpOitCTBa. 

11a . 6y<flepHOI"O ll8KOnHTenhHOI"O ycTpoitCTBa .HH<f!opM8UHH MO)I{eT 6biTh 

BbiBelleHa lla OCUH nnorpa<fl CO CBeTOBbiM KapaH~aiuo:M, •ll TaK~e 'H'a, 6biCTpo

JieitCTBYIOIUee rm<f!pone'IJaTa~mee ycTpoitcTso, .•· rpa<f!onocTpOHTenh, HaKOITHTen h 

Ha· M8I"HlfTHOft neHTe HnH .)l{e no llBYXCTOpOHHeft Ka6enhUOft CBH3H nepeJiaHa 

na 3BM ,Mimcx-22. · 

npeJIB8pHTenhH8H o6pa60TKa HH<f!OpM8UHH npOH3BOllHTCH B·6y<flepHOM 

H8KOnHTenhHOM ycTpOitCTBe C nOMOIUhiO OCIIHnnorpa<fla CO CBeTOBhlM KapaH~ 

mecTBnHeTcH · B · 3BM CnC-1604A, Kylla. HH<f!OpMaUHH H3 3BM MHHCK-22 
. 121/ ,. 

·.· MO)I{eT 6biTh nepeJiaHa no Ka6enhHOit nHHH~ . 
1 

a T8K)I{e C noMOIIIhiO 

nep<f!oneHThi H nep<f!oxapT. B. nanhHeitweM nn~ ~~Oll"'aTenhHoti o6pa6oTKH 

Hll<f!opMaiiHH HapHny· c 3BM CnC-1604A npeilnonaraeTCSI HcnonbaoBaTh 

3BM B3CM-6. 
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Opn npeasapHTenbHI 

co cseTOBbiM KapaHaamot 
. ;22i .. .. 

poUcTB~ · . • Ha6nroaeK 

B Ol!epeaHoii 9KCfi03HUHH1 

Moro cneayromeil aKcnoaJ 

aanbHeil~eri o6pa60TK8 1 I 

paHaalllOM npH6nH3HTenbH 

•fi03BOnHeT npOH3B9CTH 6> 

3aTpal!HBaeMoe 3BM ·Ha .· 

Ecnn B Tel!eHHe aKc 

cneKTpa, TO HH~OpMaUHH 

CbiBaeTCH Ha MarHHTHyro' 
·- t ,_. 

B Hero anH nposeaeHHH ) 

l1ao6pa>KeHHe CO ae1= 

mecTBnHeTcH B BHae nocJ 
. ' . -.· 

no ocn opaHHaT nponopul 

6 aaHH0!-,1· KaHane.--Ha.HecE 

·, H3BOUHTCsi B nocnea'!Hil1 

0TM8'18HHbie KaHan~ 

00Bbllll8HH8 HpKOCTH B O'I 

pH ToMy, liTO npH nposen 

OTM8'18HHbl8, KaHanbi OT06 

pa3BepTKH ( Bbi6paHO n = 

BOnHnO ynpOCTHTb KOHCTp 

pa6oTbi ocunnnorpa~a co 

annapaTypHbiMH M9TOUaMI! 
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4. ITpenBapHTenhHaSJ o6pa6oTKa cneKTpoB 

ITp11 npenBapHTenhHoii o6pa6oTKe, c.neKTpoB · HcnonbsyeTcSJ ocu11nnorpacp 
" .... , ' ., ,. . 

CO CBeTOBbiM KapaHJiaiiiOM, HM910lllHiiCH B -6ycpepHOM ·lJaKimHTenbHOM yeT_; 
' ~- --·. ·- . - .. 

;22/ .. · ' ······ . ' 
poiicTBe· • Ha6niOJieHHe Ha aKpaHe ocunnnorpacpa cneKTpoB, .rrony'IeHHhiX 

B O'IepeJIH~if 9KCIIOSHUHH, MQ)KHO IIpOBOQHTb · B T9'I9HHe BpeMeHH, SaHHMae

MOI'O cneny10meif aKcrrosHuneii. 0T6op, y'IaCTKOB cneKTpa, nonne)KaJliHX 

JISnbHeifiiiefi o6pa6oTKe; llpOHSBOJIHTCSJ ·~- IIOMOIUbiO paSM9TKH CB9TOBhiM Ka

paHJiaiiiOM npH6nnsHTEinhHoro nono)KeHnsi MaKCHMYMOB IIHKOB. 3Ta onepauHSJ 

rrosBonSJeT flpoHsBecTn C)KaTne HHcpopMauHH n ·TeM caMhiM coKpaTHTh BpeMSJ, 

.saTpa'IHBaeMoe 3BM. Ha o6pa6oTKy cneKTpoB., 
, , , , .r· 

Ecnn B Te'IeHHe aKcnepHMeHTa He XBaTaeT -BpeMeHH JinSJ pasMeTKH 

CII9K;pa, ~0 HHcpOpMaUHSJ HS 6ycpepHOI'O HHKOIIHTSnbHOI'O ycTpOiiCTBa nepelllf

CbiBaeTCSJ Ha Mfl'r.!IHT!IYIO '1IeHTy, a SaTeM B YJI06H~e BpeMSJ CHOBa BBOJIHTCSJ 

B Hero nnSJ rrpoaeneHHSJ §KasaliHbiX Bhiiiie onepauHii._···. 

J1so6pa~eHHEi COJiep~HMOI'O. KaHaJIOB- Ha aKpaHe OCUifnliOI'pacpa ocy

lll9CTBnSJeTCSJ · B Bnne · nocnenoBaTenhHOCTH To'IeK,· pacrrcino:-KeHHe KOTOphiX 
' • • • --. ,r•'' 

. . . ' . . . . . . 
IIO OCII OpJIHHaT IIpOIIOpUHOHanbHO 'IHcny IIMIIynhCOB

1 
sapei'HCTpHpoBaHHOMy 

' .·"' . '•, 

B naHHOM• KaHane. HaHeceHne MeToK c rroMou.ihiO cBeToBoro KapaHnawa npo-. "'.' ~ . . -. ' .. '. ·. . - .· " 

OTMe'IeHHhie KaHani:.I nso6pa)l{aJOT~H Ha. aKpaae· 6onee HpKHMH _~o•rKaMn. 

_ IToBhiiiieHHe HpKo~TH B oTnH'IHe oT npy;;..Hx ycTpoiicTB nocTnraeTcSJ 6narona-
•' . ' . ,.,. ~ 
pH ToMy, 'ITo npn rrpoBeneHHH rrocnenoBaTenhHoro onpoca Bcex KaHanoB 

OTM9'I9HHh19 KaHan hi OT06pa)l{aJOTCSI H9CKOnbKO paa 'riOJipSIJI Sa O~HH UHKn 

pa3BepTKH ( Bbi6paHo n = J0) t a OCTanbHhH3 ..:. TOnbKO OJIHH pas: 9TO IIOS-
.. . .· ' ., /22/ _ ... ·· ' 

BOn:lfnO ynpoCTHTb KOHCTpyKUHIO _ycTpOiiCTBa ·., .- BnoK-CXeMa nporpaM:\1hl 

pa60Tbi OCUHnnorpacpa CO CBeTOBbiM KapaHJiaiiioM, .. BhiiiOnHHeMoii, B OCHOBHOM, 

·arrrrapaTypHhiMH M9TOJiaMH, IIpHBeJieHa Ha pHc. 2. _ 
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Pnc. 2. BnoK-cxeMa nporpaMMbi pa6oTbi ocunnno,rpa<l!~- co cne~~BbiM Ka_:·:r: 

paHll8lllOM. 

;}. 

' 

Docne pa3M9TKJl 

nHHll~. CBSJ3ll B . 3 ~M : 1 

3BM -j'v1HHCK-22 npOlll 

llpOll3BOllllTCSJ KOHTpOl . . . ~ - . . 

nSJIOTCSJ ,Olllll6KH1 B03H 

<lJopMaunr.::> na 3BM M 

BHll9, 

llnSJ .. OKOH'IaTenb. 

onp~AeneHHH s~a-q:e~nl 

llOB HH<iJopMaUHSJ nepe_~ 

o6pa6oTKH raMMa-cne 

Cll9KTpOB: OllllCbiB810TC 

·.' 

5, 

.-. ': PaspHAKa nris6y 

npolic:x'oAHT n 6onh:un 

noaToMy aaanns raM~ 

HH<iJOpMaUHH 0. KB8HTo: 

Hcn~ni.soBaHne rrony~. 

TH'IeCKoe paspeweHne 

llfiX B llOBOnbHO CnO~ 

eTcH onpeAeneHne ns 

uocTbiO aHeprnn H '(m 

XOllllMbiX Ana no.riy.Jea 
C•• ,,;:,,•·; '',_ • ' i 

Hllpa. TaKofi aHanns I 

KOpOTKO~HBylliHX H30T 

HOCTH1 TaK KaK B 9TD 

Cll9KTpOB KOHB9pCHOHf 

ncTpe'laeT 6onhll1He 91 

I ' 

L~-~~------~~~~ 
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'. 

··~-: 

~p~<!Ja CO CB9TOBb!M Ka-

I 

:l 

1 
r 
I. 

ITpcne. paaMeTKH ,CIIe!K'J'PUB ua<!JupMauHH :IIepeuaeTcH rro Ka6enbl:IOti 

nHHH~ CBH3H B:3BM. NIHRCK-22. H .• ~anHcbiBae.TcH Ha MarHHTl:IyiO neHTy~ .Ha , 

3BM.: j\1HHCK-22, IIp~uomKa~TCH. rrpeanapHTenbHaH o6pa?oTKa, a, HMeHuo, 

IlpOH3BOllHTCsi KOl:ITpOnb .lm$opMBUHH H ee . KOppeKUHH (Hall pH Mep,. HCIIpaB-
, ••• ,> :;,.< ~4 ~ ( \j·, ~. ~ ' . •''. ' • ' '" ~. ····~--- • ' >. ' .,. '' • 

nmoTCH ,OlllHOKH, .BOSl:IHKaiOriuie H3-3a .·pa36poca HJilf Bblll8ll9HHH .. TO"'eK). H.H-
• • ' >; • < ' • • ' • " • I ' ·' ~ • -• • • ·' . ,, ' " • ' ~ ' . • ' ; • • ' 

\ 

<!Jop~a!lH!O, H3 3BM .~IO:ll(l:IO,: Bb!BOllHTb K8K. B UH<!JpOBO~, T8K .H .. B. rpa<!JH"'9CKO~ 
BH!le. 

,LlnH, ?!{QH"'ll'I'enbJ!:()H M~}'9M8TH~9CKO.H ., o6pa6o!KH;,_ciieKTpOB,: 'I_'.e. , llnH 

01Ip9ll9J19l:IHH ::ll:I8'J9!JHH S1J9pi'HH H. pTl:IO.CHTenb!IbiX,,n,HTeHCHBl:IOCTeti IIepexo- " 

!lOB .HH<!JopM8UHH IIepeaaeTCH. Ha. 3BM CDC-1604A •. 0CHOBHbl9 rrporpaMMbl llnH 
~ . . .. ·'' . . . . . ... '' -. . - - ~ . -:: ' ; . . "' . ·- . '. ., ' . . ' .. . .. ' ; - ' . . 

o6pa6oTKH;I'BMMa.,.crreKTpon,. cneKTpoB ,Koa~epcHoHHhiX sneKTpoaon H. 6eTa-:

crreKTPOl3: OIIHCb!B8IOTCH. B .cneayiOII!HX p83llenax.' 

5. 06pa60TK8 I'8MM8-CII9KTpOB 

• ., ''PaapHllKll' BOa6y}!{ueHHbiX sHepreTH"'9CKHX ypriBJieti 8TOMHhix Hi:lep ·. ' 

rrponc:£oJiHT .B. 6onb:umicTne cny"'aeB 'IIyTeM llCIIYCKllHHH I'BMMa.:..KB8HTOB
0 

IIOSTOMY aaanH3 .. I'llMMa;.;crreKTpon· HBnSieTc~. OllHIIM 1 ll3 OCl:IOBHhiX HCTO"'HHKOB. 

HH<!JopMaUHH o. KB8HTOBb!X' xapaKTeimcTHKax :u' CTpyKType 'ypoimeti' Hllpa. 

Hcii~nbaoiiaaHe rr'onyrrpoaonalrKosi.;ii aeTeK'Topon," IiMe10mux BbicoK:oe sue pre.: 
~ . . ' . .. 

TH"'ecKoe paapi:illieaHe ,rii:ianonHe'i irOJ1y"'HTb, :?oqa'yro · HH:<!JopMauHiO · 'o 'nepexo~: 

liax n.'uononhl:IO cno:>Kai:ix: raMMa.;.:crieKTpax. Ba~HhUd waroM IIpH. STOM:HBliSI:... 

eTCH 'orrpeuelieH:He. H3 aaper~CTpHpOBal:IHb!X CIIeKTpoB c 'uocTaTO"'HOH Toq- .. 

no8ii:io SHeprH~ ·. Ji···c);.HOCH.j.~n~l:Io'tt' ·H~,T~~~~Bl:Id~;~ ~ ;.a·~~a:..rrepexouos; H~o6- .. 

XOllHMb!X ansi noity~~imk OllHoa'H:ali~bi:i B~lk·.;llOB 0 CBOitCTBax Hc'~it'~nyeJoro 
Hllpa. TaKott aminHa -~1~Ma::.Cne'K~pon.~oco6~aao Ba:>Kea ~~~~ Hccneuoii~HHH 
KopoTKO:>KHsym~i 'H~o;orroa, ·~axoil~~ ~~~~···u~n~~o · oT. ~~noc~1 If ~~~6~~~- · 

HOCTH, TaK KaK B STOM cnyqae·'H~MepeHHe llPYI'HX CII9KTpOB
1 
Hallp~Mep; 

• < 1 '~ • • ' ' • -~' ' .. ~ ' ~ . { "; '" " 
CII9KTpOB KOHB9pCHOHHb!X sneKTpOHOB BbiCOKOSHepreTH"'9CKHX IIepeXOllOB 

BCTpeqaeT 60nbWHe SKCIIepHMel:ITanbHhie TpyllHOCTH. 

'11 



TipH paspRJlKe Bos6y:lKJl8HHbiX_-RJlep qacTo BOSHHKinoT raMMa-nepeXOJlbi 

c aacTonbKO 6nilsKHMH sHatJeHHHMH siieprHH, 'q'ro,: aei:::MoorpSi' :Jia';BbiC·o~~e 
saepj;eTHtiecKoe paspemeaae . 'Ge (_LiJ-ne;~~TClpoh· ::nHKH' ae pasnenHiOTcH; · . ~- . . ' . - / . . . . - . 

T.e. BOSHHKaroT .TaK- aasbtBaeMbte · cno:lKHbte' nHKH~ ·TiosToMy ., on'Hon: HS ocaoB:. · 

HbiX-JsanatJ. MaT~r..ia;Htt~~Koro aaanHsa. r'aMMa..:cneKTpoB, fiai)gJiy 'c ~oripene.::: . . : . . . . .. ~·;. ' . ' ... ·~· .. '" ~ . ;. " ' . . . . . 

neau~M ( saeprHH ·• H oiaocwrenbaon; HHTe~cliBnocTH :.onniioililhtx iiml~n; SiBnHeT:.:.' · -

cH_ pasno:lKeHHe c'no:lKHbiX .JimKoB,~ .II~: oTnenbai,le 'ioMiioile'iiTh{'·~: pacqeT· xapai.:.. 

TepHCTHK Ka:lKJlofi KOMnoaeHThi. ·- . - .:· . 
-' · Tional>i'n .. aHalrHS , raMMa-cneKTpOB npH :'oKO~tJaTelU~>HOfi ~'o6pa6oTKe .. npoHs-

~· '· ·- " < 

BOJlHTCsi •. c noMOUlbiO npo'J:'p'a~Mbi' "faMMa:.:.n 1, 'iia< 3BM:: cnc 1604A:''Enol{:.:. -':: 

'cxeMa np6rpaMMbi 1 npim~n_ella na P1{_~. · 3. rlporpaM~a 'liaiiilcaaa :iia · Sl3~tKe •:n:t 

Anron• H npen·cTtlBnHeT co6on: nepepa6oTaaai.tft' H ~H sMeaeiuii.tft 'BapnauT·--
- -;.' . . . /tal ·.;. . - - ... .· . _.· ... ' .... -

nporpaMMhi "faMMa' ·-· • ,a ·.KatJeCTBe: MaTeMaTntJecKoft Monenn anH 'onn..;· 

caHHH !flop~bl nHKa nonnoro nornomeHHH B3HTa KpHBaH faycca, :raK K8K B ' 

raMMa-cneKTpax, ~onytieHHhiX ·c · ni>Mom.bro' coBp~i.teH'al>Ixi' 'G~ ( Li) -. cneKTpo

MeTpoB 'rrHK~_,nonHoro; norn~UI8HHH, HMe_IOT,,JlOBOJ}J:,HO,,CHMME)'IJlUtJHyiO; !flop My. 

!I>OHOBaH. tJaCTb cneKTpa· < :;B::oJlHHOtJ_!l?M, 1nlfK8 ,annpOK,Cll~Hpye,TCH ,nOJIHHO

MOM I-n cTen~HH,. a . :iipH cno:lKHOM . -mn{e ~. 2-ft cT~neHH~: 
'-~.' ~ ~~· ~"'' • . '· ',-' ., ' ,. ' ,, ,.· ,,·~·'{ ~ ·' --~- .;·.! 

llnH npeUH3HOHHOro aJianHsa raMMa-cneKTp·a C nOMOUlbiO 38Jl8HHbiX , . . - . . a.' . , . . . -- - , , ~ -· . . . " , . . - "'., 

9KCU8pHM8HT8TOpOM OJlHHOlJHbiX nHUHft. paCClJHTbiBaeT CH 'SaBHCHMOCTb nony~:, 
0 • ! ' - ,,,, • ~· '' .. ' 0' '•' ~ ', '.:_ , '' •• ,,, .... ,,:_~ ~,»o,<•,''•'',, ;~ 'A'''•' > o) -~. ,•.0",<,' '{ '"•-''" 

umpHHbi. OT, HOMepa. KaHana, saK j{ai<. aT a .saBHCH MOCTb .BeCbMa, tJyBCTBH-;. 

Tenb~O :BnH~eT -~a: ~~p~;; n~~~R· ';g; llf • P~cC~HT:I~~~~a~··.~aBH6HM~C~~-
•' < >• , > ' ' ' ; • ' \-, : • ,.._ A • • • "' ' • '~'>-' ' • • ' • ~ 

. ' . . . ' . -
cny:lKHT. nnH onpeneneHHH _nonywHpHHbi Bcex ocTanbHbiX nHKOBcneKTpa, . ;., ; •·:~:;. ·...,...' .:·n·~ ~' ,~·_-,.· :·.-._ " .. -···' ,,·--d~<·~~·~.: ':~ _'· .•.· ';_-.. :~ ~- ~' ·.·~ .. H·:···'·'•. ···':l.. ' 
nosTOMY B. KatJeCTBe OJlHHOlJHbiX nHKOB · cneay: eT 6paTb TOnbKO. lJ8TKO 'Bbipa-

~:_ •. ,:,'. 'i;,,~'j .:~·:: ~: :··: ~.,._ •• __ .··, • ... :·:> ': .. "•·;~h '~---:.'·:. ·.' .. ::_,··:",;;_'.'{···,-) ~~ ·.;_~·;·~·-_.·> ~ t---~ .. ~-~- .. ~1 

:lK8HHbiS nHKH~ nonytJeHHbie C · 6o~bll:!~ft CT8THCTH~8CKOii TOlJHOCTbiO (sa -

BCK~"?~:~·~~)~~;.,:~~~.iHoH~O~~ ·. ~.~~;~ ~2Jl~;~~~~'~ 5t' I '·.~;:: ib;o~~~ r~~ ~ 
pen Bcne)lCTBHe- s!fl!fleKTa -nonnnepa • ) • McXOJlSI H3 sanaHHbiX npH 

,,_ • • ···_!•' 1~-~- ,, --' . :'·~·~ :: ~-;..;· .. ~i£-;_,";~t'" ~~: .. "1'':.<· 

npenBapwienbHOft o6pa6oTKe npH6nHsHTenbHbiX · nono:iKeHHft nnKoB H pacctJH-
:; \ • ' < ~ .-~ • ;: ' ,. :. • ': • ' ·, ! :'' . ' -. . " ' ' )' :·: :} l- ; •• -~ 

TaHHOft. 38.BHCHMOCTH nonyiimpHHbl nHKa OT KaHana, nporpaMMa: pasaenHeT 
.;~· ".l .: .. ' c' ·~''"' ,.,,~,• -; ~~::-.::q:,·:~:.'_,.'~' ::.~>:: _",.{~1.': :,.._:'' ,_, • ·~·~:-.:~;,_ 

;<nl'.}J·. 
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HOT· I'8MMa-nepeXOllb1 

ioTpH Ha . BbicoKoe 

1' ae ·pa3JlensnoTCH 1 · 

:>!\.ty:oaaoli· H3 ocao'II:-: · 

;::HapHny. c onpe.z:\e-' 

c;;;u:fi.1x imann; S!sliHeT:.:. · 

'iiThi' H pacqeT xapaK.:.. 

a6n:~6pa661-Ke npoH3-

,:~cnc 1604A.' EnoK:.:. 

~nncaaa -~~ H3hlKe 

eHeHHhlfi BapHa!IT 

Kofi Moaenn anH onn-':' 

_Taycca 1 __ TBK KBK B , 

x'' 'Ge ( Li) -.cneKTpo

iMMeTpH'lHYJO !flopMy. 
" 'L I • ~ ' 

~. '·'. 

OMOmbJO 38Jl8HHbiX 

<! .:38BHCHMOCTb nony,..,. 
'.:: ' ' .. > "' -' ' •• ' ' .,.: • ~ 

~ ~eC:DMB 'lyBCTB,H_C' 

.i8H 38BHCHMOCTb .\ 

x i:mKoB cneKTpa, 
';.,· 

, Ti>nbKO 'leTKO 'Bbipa-
, ;',f. ;,\ .•. : \ f .· ~- • -~ ~.l "; 

t TO'lHOCTb!O • ( 38 .. _.,. 
:.I<· 

K9B 1 KOTOpblM ymH-

13 :·3anaHHhiX npn 
"·<· 

HHfi llHKOB H paCC'lH-

I 

i 
l 

J 
r 

~~ .. -.. 
~;Pn'c•: s. Eno~-6xeM~ nporpaMM~l ~faMMa n 1;,. 
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II 
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' I 
I 
! 
l 
I. 

I 

cneKTp Ha .oTnenbHbie yqacTKn, conep:iK.amne · nlii{ii;· n:· ncicrienoaaTenbHo nx 
~ • • ., ,.. • ~ -. • 1 • ':.- '. \ ; • • 

OOp808TbiB8eT~ llHKH C onH3KllMH;3H8'1eHHHMll aHeprnnpilCCM8TpHB810TCSI. KaK 
' ~.. ; '· < ~-:' "; . :" . f.'<> .... . ·/ ·: ' : ·_. \ -. . 

KOMnoHeHTbr cno)!moro nnKa. llpn. o6pa6oTKe. nonpo6Ho neqaTaiOTCSI ace 

. npoMemyTO'IHbre pacqeTbi;n peaylri.iiiT"iX'KruKttoli · liiepaixnn.-06pa6aTbiBaeMbili · 
. . . .. . :· ... ;:- .• ' <·· .. ·,. ,... . . : ..... i .. ! . ;. , .• ~ ·: \ . . . 

. yqacTOK cneKTpa H30opamaeTCSI rpa!flntiet:Kn, f npH'IeM· H8 rpa!flnKe noK838HO 
' ' . . . ''· . - . ~ .. _- ·_ . . .. . t- .. --~ .._~ .. - i ' . 

npOH3BOileHHOe TTporpaMMOli pa~nO;>i<OHHO 'C-!~O>KHOI'O' TTHK8"ll Bbiilenellbl ero 

oTnen~Hbie Ko!\molleHTbi ( pnc. 4). 
B np~rpaMMe npen;cM.OTpe~a KannopoBKa E n HHTellcnB-

· · · HOCTn I ; Jln~ npeunanoHHo:o onperie!Te~nst· ~ueprnn ·_'~nKoB ncnonbayeTcSI 

. BllyTpelHHSISI ~ann6pOBK8i T.e~·:B c~eKTpax ·nonmlll>l coaep]I(8TbCSI-·raMMa-nn~ 
- : ·~. • • • • • } - - • ~ • • • + 

; HHH c :x'oporno HSBeCTHOli aHeprne~~-- 3TH mmu~ /ton;>KHbl Ob!Tb no B03MOm-

HOCT~ pa~~oMepHo pacnpeiterieHbi no caceM~; ~neKTpy~ :Ec~n. B ncc~enyeMoM 
-~ .·.; : 

cneKTpe • OTCyTCTByiOT T8KHe liHHHH1 TO llOOfiXOTIJfMO ll3ll.!epHTb eme pa3 

ttaHHbiiFqneKTp-OilHOBpeMeuuo· co crrekifrio~ \KIJJJUflpoaot!HbiX HCTO'IHHKOB1 : 

t···-·:··:·;;._:.-.::~. ~--_~<~,:·:·-. ··-\--.-Zr. 1__ --... ·;,:-.. : ... ·,_--~--,,., . .:··~-,:~~-~~,f. .. 
npoKannopoBaTb Hanoone·e. cnnbHbre rrnKH nr:Cni!/IYCMoro .... cneKTpa n ncnonb-

!···-· :-·~-:.:>_:~ ~:~ i j --~: _·,·.,·?,'·i. -· ~.. ···~" __ , .. . i ·'''.,~--~~-:··:~.:·--:'" i"-. ;· . :_.:"' . 
aoaaTb··nx· a· Ka'leCTBe M:anu6pono~un.rx :·ripu pt1r:•rbTe -a.Heprnli ocTanbHbiX 

' 
~-; ' 

nHKOB. KannopOBO'IHaH Kpnnan arrrrpoKCHMHJIYflTr:~J--IIOiJlUJOMOM m -li CTeneHH~ . ' /.·; -.. ~:-> .. :::":> .. '"' ' ,. ;'. --·.-:·.~:\~~--~. \.··,_. ;', ___ ·:-, ···-:~~; l. .. " .. 

OTHocnTenbHbie . ,nuTeucunnoqTn . I; r11 M M tJ-IIfl pcxonoB' ~- pacc'IHTbiBaiOTcn 

na oTHorneHnli ··~no~anli non nnK·o~ F : .. K· ~.lfH,·oKT~ilno~T~ :(-; . 

· ·· "~-.- · . F ·.· · ·. F: ·· F ' '- · 
,,.: 12 ': 13 · ... ~ ..:...:.L:-.:L_:__!.:.l.'... (12) 

· ··· •·· .. fr ·(2 .. 'J .. · -· 

KpnBast a$·$~KTHBHOCTH •n~n-ynpon~h~i-IKoDJ.r; ·11oT)!KT~p~o_B on~CbiBaeTcSI·.!flop-
... I ' • • ,._,,....,.,,. •• ,.~.,~·-'·""'~'>---", ,-' ·,_, • •, 

Mynoii 
' 

E == a 
ePo +,p rf~· E +p;(fn_E ) 2 : 

l •• .,~·: ' 

rne 

(l E-s_E 0 ·o ··>E;>E·· . 0 
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. ; ' ~ ----.. ~ . •l'' ~-
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·., 

( 13) 

( 13) 

j; 

~~-I"· 
r 

" 

. -~ ; ' :' 

.. . .. ·; ) ~ 

i;MAN 
' 14;.1 ; I 

14.' ,.,, .., ,..,: ,.,3 
! 14~ .. 

• '14~,. ,.,, 
14J7 
14.:-1 

'. 14J9 . 

••• 
14 .... 
14•l 
144! 
14 ... ,. .. ,-
1446 

. , ... -: 
. , .. . 
·,..,9 

••• 
14) ·.· 
14)2' 
14)3 

·- 14)4 
' 14)5 . 

t4)6 
14)7 
14~1 
14)9 

••• 
·~. 14ft. 

14fll. 
1401:' 
146 .. 
146S 
1466 
1467 
1461 
1469 .. , 
141 . -,.1 
141! 

''"' 141<1 
'1415' 

1416 
• 1417 . 

t411 
1419 
141. 

••• 141.! 
14i3 
1414 ,.., 
1416 
14!7 

,' 

!• 

I 

I 

I. 

.. ~ii 

·· Plic;· 4~· npuMep·~rpaif 
ero ()6pa6oTKH npor.J 



Jlt:'HH 'PBC?M8TpHB810TC.II K8K 

o5ao neqaTaJOTCH Bee 

TepauHH. 05pa5aTbiBaeMbiti 
~~ . ·, . 

eM, Ha rpa$HKe DOK838HO 

>'''DHKB' H Bbi.r:teneHbi ero 

~: •.. :meprHH · E H HHTeHcHB-
,.,,. 

' CO.r:tep)I{8TbC.II f'8MMl).-nH-

n)I{Hbl 5b!Tb no B03MO)I{-

Jy. EcnH s HccneayeMoM 

I() H3MepHTb ezue paa 

l'oao.,IHbix licToqHHKos, . 

Moro ·cneKTpa H Hcnonb-
•• •• < 

ejaJieprHtt OCT~nbHbiX 
ll!?.i:I~HOMOM m -ft CTeneH~. 
exo.r:toB · ::· paccqHTbiBBJOTCH 
·-~:~ f ~; :. ,,.- ~·· . . 
IOCTH .E 

E -s_ E0 
E r) E

0 
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-~----r ' 
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144: 
14 ... 
14··5 
t446 
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, .. , ..... (";'·(,i~~~i':J< 
·,4 .. 9 
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::~z,.-,· ~.~-~~~:~ 
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.... 14)4 
14)5 ;~. 
14~6 

14~7 
14)1 
14)9. 
146. 

·:· 146. ·; 
. 146. 

ue.: 
146• 
1465 
1466 
1467 

> 1461 
1469 ,., 
14/ ,., 

.. 14/! 

-<·:::~ 
14/6 
1417 

~ 14/l 
1419 
141. ... 
141.! 
1413 
1414 ,..,, 
1416 
14!7 

',:, 

~- PHc~- 4~ n}:iHM:e'i>;rila!fiu~ecKoro' li3oi5pa;'K~!r'lm'··;;~~biia 
ero p_i5pa5o?;~~-·;npor.paMMOA•; ,'TaMM(-1 -.Ll1 · 
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E 0 -nocTOHHHaH, KoTopag pasaen~eT KpHByro ~~eKTHBHOCTH Ha HH3Ko -

H Bb!COK09HepreTH'IeCKYID .'18CTH. 

llapaMeTpbl KpHBOH ~~eKTHBHOCTH paCC'IHTb!BBIDTCH c_ 'noMOWbiD cne

UHanbHOH nporpaMMhi. 3TH napaMeTpbi nocTOHHHhi anH Ka)l{aoro aeTeKTopa. 

· ·11x aaa<ieHHH :Srioi£siic~ ·s-ocnoBHyro •• rrp~~P·~~My,· B ;~;~~~r-;wcTII oT T·~ro,·· 
K8KHM aeTeKTOpOM H3MepHnCH I'8MMa-cneKTpo 

OcHOBHhie pesynhTBThi ,sanHChiBaiDTCH B. Ta6nHU¥• 8 KOTopoil: coaep)l{aT-.. ' . ' - '' ':-~-',.•' '\ ' 

CH paCC'IHT8HHbie 3HatJeHHH nonO)I{eHHH ITHKOB1 .:· nnomaaH noa . riHK8MH; 

OTHOCHTe~bHbiX HHTeHCHBHOCJ'e~,~. a -T~K)I{~ norpeWHOCTefi onpe- i' 9HeprHH1 

,,., 
aeneHHH 9THX BenHtJHHe ~. -~ ' 

Ha puc. 5 noK'asaH .B.KatJecTBe npnMepa .. HsMeneHHii: B fla6opaTopnn 
. . . . .· i24f: •. . .. 

HaepHhiX npo6neM raMMa~cneKTp pacnaaa 167Yb ;;.BpeMH o6pa6oTKH 

KOTOpOI'O nporpaMMOH. "Tai1M'a:):J:l~~Ha ·3B[v\ CllC-1604A COC,TaBHno'-~,17 
MHHyT. B Ta6nnue 1 npHBeaeHhi pacctJHTaHHhie 3HatJeHHH, aHeprHl!: 11 ·· · 

; . ' - . . ' ' . ' .- . ··' " '.~ 

OTHOCHTenbHhiX HHTeHCHBHOCTeii:; ra-~Ma:.:.:nlm~ii: 167.Yb B o6naCTH BbiWe BQQ 
. ' _;;24; .· . . . ... · .. 

K9B, nonytJeHHhie B fla6opaTopHH HaepHhiX npo6neM 011.HI1 · · • llnH c:;:paB-i 
·, .. ,, 

HeHHH B Ta6nHUe npHBOaHTCH pesynhT8Thl 1 noziytJeHHbie p. foneCOM B t 

. . . ; /25/ ' . : .. . . .. 
MntJnraHcKoM yHHBepcnTeTe • B'HyTpeHHHH_Kann6poBKa no aHeprnH'M · 

F > • ~ > • • ~ ' 

i anH BhiCOK09HepreTH'IeCKOH '18CTH.·ra~Ma-cneKTpOB H3~TOII3 167Yb B flafSo-.. ,. '· 

· paTopHH gaepHbiX npo6ne~ ... "· ... ,. ocymecTBnHnacb c noMoruhro : cTaHaapT~~Ix 
npenapaT~B 54 Mn, 6°Co , 137Cs u 207Bi _ ·-·~"--· , .·~; 

•:;.; 

' 6. 06pa60TKa cneKTpOB KOHBepCHOHHhlX 

. . . ~ .,,.,.,-"' '' ·-· ~~···-~""- ~- ' .... •"'-''~"' .. "" ··aneKTpOHOB·.-. .• A • 

·l13ytJeHHe CrieKTpOB KOHBepCHOHHhlX aneKTpOHOB HBnHeTCH oaHHM 113 

Han6onee ::l~~E!~T~~H~~x; ~~~:~a~B ,~;>npe~eneH~H. ~Y~I;>!H~on~HOC.TH, r:,aM~a-::f!epe...: 
·· xoaoB 11 KBaHTOBhiX xapaKTepncTHK : ocHoeHi.tX: 11 · Bos6y1KllE!HHhix~··cric'ro'5Jimit '·.•.· 

Haep. llpH HCCneaOB8HHH cneKTpa KOHBepCHOHHhlX sneKTpOHOB KOpOTKO)I{HBy-
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!BHOCTH Ha HH3KO -

OTCR C 'rroMOllib~ CITe-

R K8:>KilOI'O ll9T9KTOpa.". 

IBHCII!\fOCTH OT TOI'0 0 

'fo B KOTOpOfi COJlep:>KaT-

lJlH ITOil ITHK8MH 0 

rrorpewHocTefi orrpe-

~HUH B na6opaTOpHH 

'" ·~: BpeMR o6pa60TKH 

·1604A· COCT8BHno'17 

eHnR aHeprnil: u : :: 

a~ o6nacTn Bbiwe 

)H.HH '
1241• DnR 

1e. P. fonecoM B 

500 

c;:paB-; 

poBKa no aneprnst¥ -

30TOIT8 167Yb B na6o-

OMOllib~ CT8Hil8pTHbiX 

epCHOHHbiX 

stBnReTCR OllHHM H3 

I,IDn~HOCTH. ~8MMa-::rrepe..: 

'f)i{Jx~HHbiX_''coi:TORIIHil:; 

lKTpOHOB KOpOTKO:>KHBy-

-; 

~ 
I 

"!"' 
'"'' ·~~;, .. < ~-4{i 

·Puc. 5. raMJ\.ta..:-crreKTp· nao~ona :767 Yb •s'o6.riacTn 
'naMepeHHhiii:':Ge( Li} ~-lleTe-~Top~M /.24 :' ~~· 
0 ._...,,il' ,: h- ~--'~··"'· ~~·· ' 

:.~ t' 

aHeprlifi OT 'tso >ito 1820. K3Bi 
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TaCiJIHua I. · PacqeTHUe aBat~eHHH aueprHH H OTHOCHTen:&HHX 
KH!eHmtBHOCTelt. r"""·"' -nepeXO,ltOB pacna,Ita I6? Yb 
C · E r . > 500 KSB 

MBtlHralicnlt JHHBepcHTeTI. · 
(P~ronec/2 I) , Jia6opaTOpHH MepHhiX np0611e11 OOfm/2~/ : 

. . ' . . ... ·' 
' . , ... 

l!'Y, KSB 

I 

541.5 :!: 0.3 
54?.6 :!: 0~2 

'.· .. + 
665.1 + 0.5 
672~1 + 0 .• 3 
680.4· - 0.3 
68?.1 .. ± 0.2 
688.6 * 0~4 
694.1- -. 0.4 ... 
69?.3 $ 0.4 
?0?.? + . 0.4 

. ?19.? . + ' 0 • 4 
. ?33.1 + . 0.3 
?91.6 ' + 0.2 .. 
829.3 + 0.2 
846.2 + 0.2 
903.3 + 0.3 
920.29 + 0.1 
923.5 - 0.3 

933.5 ; . o.-3. 
936.4 - ·o.3 

. ' + . ; : 
998.4 + i0.1 

1009.0' +: 0~2 
1022.8 +- 0.2 
.1026.2 ·-' 0.2 
103?.02 .±- 0.1·· + . 
_1048.? + 0.2 
1050.4 '+ ,.0.2 
106?.6 + 0.3 
1069.5 + 0.3 
1110.3 + 0.2 

. 1139.6: -: 0.2 J; . 

1213;,2 *' 0.1 
121?.1 - 0.1 
1234.64 ± 0.1 + . 
1241.9 - 0.1 

+ . + .. 
541.4 - 0.2 2.2 + 0.6 '. 
547-5. i 0.1 _6.1 + :1.0 
561.8 - 0.4 1.4 - :0.5 
5?1 ~? ; 0.2. : 3.2, * 0.? 
~9f'J.? + 0.4 2_.3;.0•8' 
6(J().~_ + 0.4 2.0 .. + . 0.6 
-6611~~' -" 0.2 4.4 + 1.2 
b'l?~1· ! 0.2 3o9 + ·1.0 
f.>WJ.~ ! 0.5 2.1 - O.? 
< ''f ' · + · · < ' . 2' 6 + ·1· 3. uu ~. J - O.;;.o • ; • 
f.OO.~ ,; 0.2 5.7. + 1.6-

. &·)"~.~---- ().&- .• ··2.0--1.3-··.;· 
._ f>':t/.1. ~ 0.6: 2.0 l 1.4. 
~0'1-~ + 0.'! 1.6 + 0.9 
/1).~. - O.;;.o ._1.9 -+· 0.6 
'1.,' .• + (J 7 3 4 . 1 0 

.J.J•' - •;,, • +. • 
'l'J1.:, ! o.;~ ~6.3 - 1.2 . , 
f:;•'J ·'• ! (). ~ 3.4 :t 0. 9 . 
11'16.1 ! .:rJ.? 6·.5 .± 1.2 
r,r 1 1 •. . • . 3 -3 + 0 9 ;!,..,~: .. "i: _o .• ,' _: ~ + l • 

· )r ()~ p - ().()fj 57 oO - 8.6 
'')''''/ .... ()11 • 3'0'+··12 . r / • .J,., ' • . • -+ o 
: 'P'/:1 . !; O.fl· 2•0_;- 0.9 
'J~~.II- ! .. r;.~ '2~6 ± .1.0 
'J~f,.'/ .~> (J.~:. 3·5 :!: 1.1 
'J'I'I~'J ·! o.~ 2.1 .± o.? 
'hU~~ T ().~ 2.1 $ 0.? 

100B.& - o.~ 1.6. ~ 0.7 
10;·2.9 ! o.;o 5.3 ·· ~ ··1.0 
1025.9 ! o.~ 2.2 :t o.8 

- ··1o~·1 ~O'/ :!: ·o.o'/ ·--··}oo-.:o ±:35.0 
10?"·~ t o.~. 6.0 $ 3.0 _ 
10;.~0.;;~ - -().,. ·19.0--- 4.5· 
10bf;.;• ! O.'l 3.4 .± 1.3 
10'/0.~-!: 0.1, 1.? $ 1.0 
111(J~: ;. 0.1 ).2 + 1.0 
11~'J•I :+ 0.1 19.3 ··. + 2o?; , , . 
11f.~.:, ::- 0.'1 _1.5: -+ .. ·:0.6 
1?.U~~ · ~- · o~;· · 3.0 + 1.0 
1217.1 ! 0.?. 3·3 - 1.0 
123/~.f·1~ ~ o.o'/ ·n.o :!: 9.0 
1£!112.0 ± 0.1 6.1 $ 1.4 
1;!~''·~:!: 0. 11 1.3- 0.5 

IH 

... 
-~ I. 
. ~ 

• ,; 

~· 

•• 

i '.:.- " ~ ~ 

><·:·~ 

,., 

1288~0~ ± 0.1-~ 
+ 1304.8 + 0.2' 

1306.8 + 0.2 
1332.8 + 0.1 ' ' 
1336.? - 0.3 
1339·9 . ± . 0~3: 
1342.3 :!: 0.3 

.1361.5 :!: 0.2 
1365~5 :!: 0.5 
1369.8 :!: 0.1 

'·-1385.1 ± 0.2''' ' + 
1393.1 + 0.2 
1401.9 + 0.3 • 
1410.4, +, o.; 
142?.?. + 0.2 .. 
1433·5 •. + 0.4.· ·' 
1438.4 + , 0•1 

. 1455•1 +. 0.1 
1464.?, + o.; 
1481.o ·+ o.; 
148?.6 + 0.1, 
1498.1 + 0.2 
1511.9 + 0.1 
1516.? + 0.3 
1525 5 + 0.2 
1533 5 - 0.2 
1537 6 :!: 0~2l';l 

... 15?0.5 :!: 
158?.2' ±· 
1619.0 ,:!: 
1631.8 :!: 
1643.3'.:!: 
1644.2 :!: 

~ < ,r • 

0.1 
0.1 
o.; 
0.2' 
o.;-~,-. 

o.;. 



prBH M OTHOOHTenDHYX 
epexo~oB paonana I67yb 

; 

!IHX npo<5neu 00mi/2f/ ' 

Ir 
3 

2.2 ± ·0.6'. 
~6.1 ~ '1.0 

; 1.4 + 0.5 
:3o2 :;: Oo? 
2.3 :;: o.8 
2.0 ; 0.6 
4.4 ; 1.2 .. 
3o9 ·:;: 1o0 
2o1 ; Oo?. 
2.6 - 1.3 
5o? ± 1o6 · 

·2.0 ± 1.3 +· 2.0 + 1.4 
1.6 - 0.9 

.. :1.9 * 0.6 
3.4 ;. 1.0 

:6.3 1.2 . 
;3.4 * 0.9 
6.5 -· 1.2 
i3~3 .·+± :0.9 
57~0 - 8.6 
'3.0 :+ '1 2 
'2.0 ·1 o:9 

.·2.6 + 1.0 
3·5 - 1.1 
2.1 ± 0.7 
2.1 ± 0.7 

·1.8 + o.? 
5.3.! 1.0. 
2.2 - ·o.8 

300.0 ± 35.0 ·.· . + . 
6.0 + 3.0 . 

19.0. + 4.5. 
3.4 - 1.3 

·1.7 ± 1.0 
,. 2 + 
-;)o :;: 1o0 

19.3 + 2.? 
,1.5 + .. " 0~6 
. 3.0 + 1.0 
3·3 - 1.0 

'/7.0 + 9.0 
8.1 ± 1.4 
1.3 ± 0.5 

~ . '- '' ;. '~ 

{' {~, '·. 

' ' ·.. : .~ ~ . 
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IIlHX H30TOITOB lle06XOilHMO HCITOnb30B8Tb MHOrOKallanbHble CITeKTpOMeTpb! 

· c. 6onhwoli cseTocHnoH: H ·. BbiCOKHM paapeweaHeM, KaK. aanpHMep; ·s; ( Li ) . ~ 

cneKTpoMeTp. Ha pHc, 6 npHBeneH OllHH us cneKTpoB KOHBepcHoHHhiX sneKT ... 

poaoa, H3MepeHHhiH: 'Si (Li) -cneKTpoMeTpoM c npenapaToM 133 Pr, nony-
.. /4 5/ . 

'leHllhiM Ha Macc-cenapaTope ' .• · KaK BHilHo, ljlopMa nHHHH: nosonbHO 

CHMMeTpH'IH8H 0 .• 'ITO IT03BOnHeT. ITpOH3BOilH;Tb o6pa60TKy CITeKTpOB KOHB~p- · 

C~,fOllllblX sneKTpOHOB1 K8K. H raMM~-cneKTpOS, C ITOMOWb!O nporpaMMbl. "T 8!.1-

Ma:...nJ ". 

·,' Bo MHorHx cny'laHx.Mo}KHO rrony'IHTb rrpenapaTbi KopoTKo}KHByruHx~ 
.H30TOITOB C 'nocTaTO~IHO 6o~bWHMH. aKTH~HOCTHMH,' IT03BOnHIOIUHMH HCCn~~ 

llOB8Tb TOHKYIO CTpyKTypy CITeKTpOB KOHBepCHOHHhiX sneKTpOHOB C ITOMOIUbiO 
' •''. . . .·· . . . . . . .... :. /24,26-28/ 
6eTa-cneKTporpa$oB c BhiCOKHM saepreTH'Iec~HM paapeweaHeM 

' T.e~ ~ccneitosaTb nHH~H ;K~~BepcH~HHhiX .sneKTpoHoB nnH o6'on~~eK K · , L 1 '. ' . ' ' ' .. . ' . ~ ' 

L 11.' L111 , .· M1 , M~1 , M, H T.n •. 

, ·. OnpeneneaHe saeprHH. raMMa-nepexonos; HBnHrorueecSJ.:· onaoH: Ha.: caMbiX 

TpynoeMKHx .. aana'l, 6· sTHx ~ny~aH~ np~H~BOilHTCSI iHcxonSI. H3 aHa'leaHk saep-: 
. - • • I ~. , ~~ 

rHH nHHHif • KOHBepcHOHHhix 'sneKTpoHoB .l:t1m pa3nH'IHhiX o6ono'leK c. rioMOIUbiO: 

nporpaMMhi "Koasep~"', :6~oK-~xeMa KOT~poH: npm:~eneaa na pHc. 7. 

: ~ 

7,·06pa6oTKa 6eTa-cneKTpoB 

. · . '11ay'leHHEi. cneKTpoa. '6eTa:_'laCTHU. paapeuieHHhiX. nepexonos, rrony,'leH ... 
'_; " ' - " ' ' . 

HhiX · MeT.OilOM cosrraneHHH:·c raMMa.:..KBaliTSMH HnepllbiX nepexonos; HBnHeTcH 
\ 1 ' •• • '. • • -· 

OllHHM H3' OCHOBHbiX · CITOC060B OITpeneneHHSI 9HeprHH: pacrrana KOpOTKO}KHBy-
, • •, " - • > < ~ 

IUHX H30TOIToB.'•TaK 'KaK aaeprHH 'ypoBHSI,. Ha 'KoTOpb!H: aanpaBneH paape"7 
-. . "' . . . ' ., 

WeH~biH .6eTa;,;.nepexon, H3BeCTHa. C 6o'~bmOH:' TO'IH~CTbiO( C .TO'IHOCTbiO on

peneneHHH 9HeprHH raM~~"';'nepexOA~B}, TO He06XOllHMO ITO B03MO}KHOCTH 

C T8KOH }Ke TO'IHOCTbiO onpenenHTb rpaliH'IHYIO . .SHeprHIO 6eTa-cneKTpa w O o 
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Pnc. B. CneKTp KOHBe 
133 p . . .. · 

'T.:.na r , H3Mepe 



tbHhie cneKTpoMeTphi 

K aanpHMep, ·s;( L;) -

B KOHBepCHOHHhlX sneKT

I8p8TOM 133 Pr: nony-

Ma nHHHfi aoeonbao· 

Ky CITeKTpOB KOHBep-

lllbiO .nporpaMMhi "f aM-

bi KopoTKO)I{HBynmx. • 

3BOnSIIOlllHMH HCcne.;. 

sneKTpOHOB C ITOMOlllbiO' 
. ;24,26-28/ 

1pemeaueM 

llnSI o6ono'IeK K . , L 1 

tOaSI.H3 3H8'IeHHfi 9Hep

K o6onO'IeK C ITOMOlllbiO~ 

lHa aa puc. 7. 

nepexoaos, nonyqea;;;.; 

t .nepexoaos, SIBnSieTCSI 

Jacnaaa KOpOTKO)I{HBy

:\: !i:anpasnea paape- · . . . 

m ·no B03MO)I{H0CTH 

1110 6eTa-cneKTpa w 
0 

• 

I 
• 

I 
f 

l 
" 

.•. 

1CXXl 

··_·,.·t-· .-

500 

Q 

_,3~Pr 
. e~... . 

Si(Li) 1MM ... 

300 
KAHA/\bl 

'.: 

. 350 

Puc. 6. CneKTp KOHBepcnoHHhiX sneKTpoaos Macc-cenapnpoBaHHOI'o nao
-r;:;na 133 Pr ·, H3MepeHHhiii · ·s; ( Li ) -aeTeKTopoM. 
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Kooeu 

Puc. 7. Bnox-cxeMa nporpaMMbi 'KouBepc•. 

.. 22 

J _, 

fpaHH'IHYIO suepr 

HYIO sueprHIO no3HTpoll 

HaXOASIT H3 <iJyHKUHH <1>. 

KHfi CITCKTp D03HTpOHOl 

"o-w = V K(w) 

J'AC "H (w) -'IHCno nq3H' 

F (w ,z) -!J•ynKUIIH . <l>epM 

perueUHhiX nepeXOADB•· ( 

UHSI <l>epMn-K!OpH sn:lnSJ 

<iJyHKUHSI K( w) 38BHCH 

· B STOM cny,'lllC l!MCCT 

JlmJ DpCUH3HOHHC 

uon suepr1m ·w 0 ue1 

cneKTpon, noaUHKaiOniJ 

CCSlliHH D0311TpOHOB ( 9 

{3 -cnexTpn npoH3BOll 

uon sueprHell· w0 • •> 

w 0 -w ( "'-o.-, 

J'AC. HHACKC S . xapaKTE 

CT8HA8pTHOJ'O HCTO~HH 

'Si (Li) ACTeKTopax,· np 

C ITOMOIUhiO A8HHOii 

HCK8>KCHH!i CITCKTpll 

. rpa<iJH'ICCKOC. H306J 

B8CTCSI MCTOAOM H8H~ 

norpewuocTh ll w0• ,Bn 



noucr & Haccu6e E 
3neHeHmo6 c 6nU3ow • 
HU,HINfHUlllfU 3Hep· 
zuu c yllimoM owulor, 
Ill!. 3HeplUU io3MO)f(H0· 

zo ~-ntpeXDaa 

Ko•eu 

Koasepc ... 

I 
' 
I 

fpaanqayro aHeprnro 6eTa-cn~KTpa wo, nnn,nHaqe rosopH;MaKCHManh-

Hyro aaeprnro. noanTpoaa {aneKTpoaa) w 0 B cneKTpoMeTpnqecKoft npaKTnKe 

HaxonHT na <flyaKunn 4>epMn-Kropn FK ( w) • LlnH aToii uimn aHepreTnqec

KHA cneKTp D03HTpOHOB {aneKTpOHOB) npencTaBnHeTCH B BH)le 

w0 -w 
·.. • "H(w) = v. •. 

K(w) F(w,z) w(w2-l) ~ 
= FK(w) ; {14) 

rne "H(w) -qncno noanTpoHoB {aneKTpoHoB) B naTepBane w w + Jw ·; 

F ( w ,z) ~~ynKunH : 4>epMn H K ( w) - <flopM<f!aKTop . 6eTa-nepexona. LlnH paa

pemenHhtX nepexolloB <f!yHKUHH K(w) He aaBHCHT' oT aHeprnn .w . n <f!yHK

. · unH 4>epM11-Kroim HBn~eTcH npHMoil nHHneA. ilnH aanpemeHHhiX nepexonoB 
i " c '. '"- ' 

<flyaKunsx K(w) aaBncnT oT aHeprnn · w , TaK qTo <f!yHKUHH !l>epMn-:Kropn 

B a;oM cnyqae n~eeT ·He'nnHeifa"hxA xapaKTep.~ 

Llmt npeunanoHHoil o6pa6oTKH 6eTa-cneKTpoB. n onpeneneHHH rpaanq-

HOA aueprnn · W O . He06XOJlHMO DpOH3BOJlHTh KOppeKUHID !fCKa>KeHJitt, !flopMbi 

CDeKTpoB, D03HHKaiDniHX na-3a annapaTypHbiX a<fl<fleKTOB, o6pa;HOr~ pac...: . · 
. •.. ' . /29-81/ ' . . . . . . . . 

ceHUHH noanTpoHoB { aneKTpoHoB) H T.Jl. · • • KoppeKUHH _HcKa>Keanft 

{3 ..:CneKTflll nponaBonnTcH c noMo~&ro · cTa.anapTHoro ncToqanx'a c rpaanq-
. /30/' ·.· . . . . 

Hoii aaeprnell· w0 • '> !" 0 • T~e. onpenenHeTcH <f!yHKUim 

= (w0 -w . . {15) v _.:...;...:.. ........:__:.._;_~..;........::,.;...;._ 

n (w) F (w,~) K(w) 
·--··' 

= FK(w), 

- · rne nan eKe s. xapaKTepnayeT cooTBeTCTBy!Omne BennqnHhi . {3 -:-cneKTpa 

CTaanapTHOrO HCTO-iiHHK~o. 06pa60TKa . {3; -cneKTpOB, H~MepeHH~IX Ha 

'Si (Li) neTeKTOpax, .npoH3BOJlHTCH ~porpaMMOit 'EeTtf (K(~) =co~st) • . . . . - . ' . . 
.. C DOMOmhiD JlaHHOil ' nporpaMMbi paccqHThiBaeTCH . KOppeKUHH, 

HCKa>KeHHA ... cneKTpa, <f!yHKUHH .. 4>epMH -. Kropn, DpOH3BOJlHTCH 
. . . ' 

rpa<f!nqecKoe nao6pa>KeHne <f!yHKUHH 4>epMn-Kropn, a TaK>Ke paccqHThl 
· .. 

. ·BaeTCH MeTOJlOM ··HaHMeHbWHX KBanpaTOB rpaHHqHaH 9HeprHH · Wo H ee 

norpeWHOCTh Awe). EnoK-CxeMa nporpaMMbi 'BeTa' npnseneHa Ha pHCo a. 
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