


BBEJJ.EHHE 

QnntKa HHcpOpMal{HOHHO-H3MepliTeii!!JIOH CHCTeMbl pemcTpaUHH CHHXpO~ 
· TpOHHOro nJnyqeHns )J.Omtma o6ecne'lnBaTb peweHHe JJ:Byx ocHOBHbiX aKcnepn

MeHTaJibHbiX 3~aq: 1) H3MepeHHe HHTeHCHBHOCTW CHHXpOTpOHHOrO .H3JI)"'eHHSI, 

reHepnpyeMOfO peiiHTHBHCTCKHMH 3apg)f(eHHbiMH. 'laCTHl{aMH, · JJ:.JUI llOCJieJJ:yJOil{ero 

onpeJJ:eJieHHH nonHoro .•mcna (ToKa) ycKopseMbiX HJIH HaKannnsaeMhiX qacTnu; -

2) H3MepeHne reoMeTpnn nyqKa, ero nonepe'IHbix· H npoJJ:OJibHbiX p~MepoR, nnoT~ 

HOCTH pacnpeJJ:eiieHHS 'laCTHl{ llO Ce'leHHIO. 3TH Tpe6oBaHHS npeBpall{aiOT C03-

)laHHe onTHKH . !WH nHcpopMaunoHHO-H3MepnTeJihHO~ clicTeMbi ·JJ:narnocTnKn . 

, . CHHXpOTpOHH9ro H3JIY'_IeHHS B cepbeJHYJO npo6JieMy, .CBSI3aHHYIO C 60JiblllHMH 3a

TpaTaMH CHJI H cpeJJ:CTB. ·Qco6eHHO 3Ta npo6neMa YCJIO)f(HSeTCS JJ:JIS HH3K03Hep

reTH'IHbiX 3JieKTpOHHbiX YCKOpHTeJieH, cneKTp CHHXpOTpOHHOro H3JI)"'eHHSI. KOTO

pb!X 3aHHMaeT B OCHOBHOM HHcppaKpaCHYIO o6naCTb, H KOr)la HeB03M0)f(H0 HCllOJib-

30BaTb o6bi'IHYIO on~HKY ,OllTH'IeCKOro JJ:HanaJOHa, paCC'IHTaiiHYIO Ha pa60Ty B 

YJKOM cneKTpaJibHOM HHTepBane JJ:JIHH BOJIH, orpaHH'IeHHOM 6JIH)f(HeH HHcppaKpac

HOH JoHoii. Ilo KpaiiHeii Mepe, JJ:JIH KoMnpeccopa aneKTpOHHbiX Koneu OH5IH [ 1] 
(aHepms sneKTpOHOB JJ:O 20 MaB,. paJJ:HYC Koii~ua - 4 eM) ·ncnoJib30BaHne Tpa

JJ:HUHOHHbiX MeTOJJ:OB onT-H'IeCKOH cnHXPOTPOHHOH JJ:HarnocTnKn oKa3anoch HeBo3-

MO)f(HbiM, .'ITO noTpe60BaJIO pa3pa60TKH MeTOJJ:OB HHcppaKpaCHOH CHHXpOTpOHHOH 

JJ:HarHOCTH.KH H HHcpOpMal{HOHHO-H3MepHTeJibHbiX CHCTeM JJ:JIS HX peanH3al{HH. B 

CBSI3H c 3THM oco6oe 3Ha'leHne npHo6~TaeT C03JJ:aHne HHcpopMaUHOHHO-H3-

MepnTenbHbiX c~cTeM, no3BOJIHJO!l{HX pemcTpHposaTb B ycn()BHHX BbiCOKoro ypos

HH HMnyJibCHbiX (c · 'laCTOTOH JJ:O 10 icfu) 3JieKTpOMarHHTHbiX H pa,n.H~HOHHbiX 
noM eX YCKOpHTeJig O'leHb CJia6bie CBeTOBble . nOTOKH C . MaKCHMaJibHOH 3cp

cpeKTHBHOCTbiO .. 

YCITOBH5I 3KCTIEPHMEHTA 

C TO'IKH.3peHHSI OnTHKH paCCMaTpHBaeMas B npeJJ:CTaBJieHHOH pa6oTe npo6ne

Ma HHrepecHa TeM, 'ITO He06XOJJ:HMO perncTpHpOBaTb B lllHpOKOM JJ:HanaJOHe JJ:JIHH 

BO.riH !l'A./'A. >> 1 omn'lecKoro cneKTpa yJKoHanpaBJieHHoe· imcppaKpacHoe nJJiy

I.JeHHe OT MaJIOHHTeHCHBHOro HCTO'IHHKa MeHSIIOil{eHCSI KOHcpHrypal{HH, ~HHeHHbie 

pa3Mepbl ~OTQpOro COCTaBJIHIOT HeCKOJlbKO MHJIJIHMeTpOB, nepeMell{aJOil{erocg B 

npocTpaHCTBe, HMeJOmeM pa3Mepbi X x Y x Z =' 5x30x20 MM. HcTO'IHHK - C)f(H.:: 

MaiOil{HHCSI KOJlbl{eBOH cryCTOK peJISTHBHCTCKHX 3JleKTpOHOB, reHepHpYJOil{HX 
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CHHXpOTpOHHOe H3JI)"'eHHe B OCHOBHOM B HHcppaKpaCHOM JJ:HanaJOHe JJ:JIHH 'BOJIH 

SA.= 1_.:8 MKM. 3a speMs c~aTHs, np~JJ:OJI)f(aJOmeecs -J Me, cpeJJ:HHH, nnH paBHO

secHbiH, paJJ:nyc KOJibl{esoro .crycTKa R YMeHhwaeTcs c 6 JJ:O 4 eM, 'ITO cooTBeTCT

syeT ; ~aKCHMYMY cneKTpaJibHOro pacnpeJJ:eJieHHS CHHXpOTpOHHOro H3JIY'_IeHHS 

').. ~ 1 MKM npu auepmH aneKTpOHOB E~ 20 MaB. _· m _ _ .- .. , . ·.J· 

Ilpn C)f(aTHH KOJibUa 3Hepnis 3JieKTpOHOB paCTeT,:npn 3TOM B03pacTaeT HH

TeHCHiiHOCTb CHHXPOTPOHHOro H3JI)"ieHHH, a MaKCHMY~ ero cneKTpanbHOrd;pacn

peJJ:eneHHH CMell{aeTCS B 6JIH)f(HIOIO HHCppaKpaCHYJO 06JiaCTb, TJJ:e CTaHOBHTCS JJ:O:

CTynHbiM. JJ:JIH perncTpauHn JJ:OCTaTotiuo npoCTbiMH B aKcnnyaTaunn (He Tpe6yJO

Il{HMH .. CJIO)f(HbiX' · KpHoreHHbiX . CHCTeM) ; HHTerpanbHbiMH -H KOOpJJ:HHaTHbiMH 

JJ:e;eKTop~MH nucppaKpacuoro HJJI~eHHSI, cnoco6HbiMH o6ecnetiHTb JJ:narnocmKy · 

· 6blcTponpoTeKaJOmnx npoueccos,- H3Mepeune MO!l{HOCTH CHHXPOTPOHHoro- HJJIY:-

tieHHH H pa3MepOB CryCTKa. / . . . 

TaK KaK CHHXpOTpOHHOe n:illyq~HHe cocpeJJ:OTOtieHO B yJicoM KOHyce BOKpyr 

. uanpaBJieHHs pacnpocTpaueHmi, To n~ K:acaTeJib~oii.,rfposeJJ:eHu'on nJ ueinpa on

TntiecKoii cnCTeMbi K oKp0Kfioci~; onncLmet.ioii 3apS!xeHiioii qaci-nuew; 6yJJ:eT, 

snnHoceqeJiHe Konhuesoro crycrKa,TotiHee, He~oTopas -.1/60 qacTb -Konhua, yc

nosHo, npnHHMaeMas, Ja. nonepeqHoe cetieHne,_ . Ha6moJJ:emie .Ja. KOTop~IM • .ieo6xo

AHMO ocymeCTBJIHTb. no Mepe C)f(aTHH, KOnbl{a 3TO ce<ieHHe nepeMemaeTc»: B nno-. 
CKO,CTH yz . no . p<U:titycy. R BAOJib OCH Y.' 3TO .faK:. H~3biBaeM~ R(t)-1-paeKTOpHH, 

·xapaKTepH3YIOil{IDI. AHHaMHKY C)f(aTHH KOJibl{a. EOJibliiaSI tiaCTb HHTeHCHilHOCTH _ 

, . cnHxpoTpoHHoro .. HJnyqeHHH · cocp~.rioTo~eHa •. 8 'y3KoM' 'KOHyce s6nn3n nnocKocm 

op6HTbl. H conep)f(HT lllHpOKHH Clle';CTP JJ:JIHH: BOJIH, MaKCHMYM KOTOporo npnxo

JJ:HTCH Ha JJ:JIHHY BOJIHbl · 

(1) 

' . ' . :: ., :' ... 2 "' . . . "\ ' .... 
me R ---,-: pannyc op6nTbi; y= E I m

0
c. _-,- pensTnsncTcKnii cpaKTop; Yr~ pacTBopa 

KOHyca e 3~UiHCHT. OT 3Hepmii aii~KTpOHOB, KaK 
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(2) 

HcnoJibJyeTcs ~ncTeMa KoopnnHaT~ B KOTopoii den X n. Y HanpaBJieHbi no ocn 

pacxonsmerocs nyqKa cnHxpoTpOHHoro nJJiyqeHHH n sepmKann (pannycy R aneK

TpOHHOro KOJlbl{a);. COOTBeTCTBeHHO. · .0Cb. KOJibl{eBOro ·· :meKTpOHHOro .• crycTKa;. a 

TaK)f(e MarHHTHOe H 3JieKTpH'IeCKOe .nons B YCKOpHTeJibHOH KaMepe HanpaBJieHbl 

no OCH Z. JJ.eTCKTHPYIOIIJ.HH 6JIOK C omuiJeCKOH CHCTeMOH t,fO)f(eT 6b!Tb pa3Mell{eH 

OTHOCHTeJlbHO HCCJienyeMOfO 06'beKTa .-: HCTOtiHHKa CHHXpOTpOHHOro H3JIY'_IeHHS 

Ha paCCTOSIHHH OKOJIO OAHOfO MeTPa: 

Tpe6osaHns•K onTutiecKoii cncTeMe onpenensJOTcs ycnosnsMn ycKopnTenbHO-: 

-ro ;3KCnepnMeHTa, pa6otiHM cneKTPaJILHbiM nnami:mHOM, JJ:JIHH BOJIH H3JIY'_IeHHH, 

HHTeHCHB~OCTb. KOTOporo He06XOAHMO. pemcTpHpOBaTb, pa3MepaMH. npneMHHKa H 



o6JiaC'fbl0 ero cneKTpaJibHOH 'IYBCTBIITeJibHOCTII; l1CXO,USI ,II3 Tpe6oBaHIIH cpH3II'Ie

CKOI'O ycKOpiiTeJibHOfO SKCnepiiMeHTa npii npoeKTIIpOBaHIIII II paclJeTe OllTII'IeC

KOH ciicTeMbi 6biJIII Ja,u:aHLI cne.nyiOmiie Ha'laJibHbie ycnoBmi: 

1) IICTO'IHIIK II3JIYlJeHII.SI -.Ce'leHIIe KOJibQeBOfO cryCTKa sneKTpOHOB, HaXO-
i • - ~ ' . • '. . . , 

,I{IITC.SI B none 3peHII.SI ,I{IIaMeTpOM - 20 MM. (yron nomi 3peHIIH (3 ~ 45 ); 
2) cimxpoTpoHnoe II3nyqeniie pacnpocTpaH.HeTc.SI B YJKOM KoHyce c yrnoM pa-

CTBopa 9 ~ 2°; .. 
3) pa60'IIIH cneKTpaJibHbiH ,I{IIana30H ~A;=l+8 MKM; 

4) pa60'Ia.SI ,I{JIIIHa BOnHbi, KOTOpa.SI COoTBeTCTBYeT MaKCHMYMY cneKTpaJibHOH 

· xapaKTepiiCTIIKII 'IYBCTBIITeJibHOCTII npiieMHIIKa II OTHOCIITenbHO KOTOpOH npo

BO.I{IITC.SI paC'IeT pa,u:IIyca KpiiBII3Hbl. OllTII'IeCKIIX SneMeHTOB CIICTeMbl A · = - . .. . , np 

=5,5 MKM; 
5) paccTo.SIHIIe OT. o6neKTIIBa .no IICTO'IHIIKa a ~ I M; 

6) .I{IIaMeTp BXO.I{HOfO 3pa'1Ka OnTII'IeCKOH CIICTeM,bl D . ':: 60MM; 
. . . M 

.7) cpoicycHoe paccT~.SIHIIe o6neKTII~a f06 = 320 .MM;. • . 

8) niiHeHHbiH pa3Mep IIHTerpanbHOfO cpoTOnpiieMHIIKa dnp = 2 MM. 

TaKIIM o6pa30M, OCHOBHbie Tpe60BaHII.SI K onTH'IeCKOH CIICTeMe o~pe.nen.SIIOTC.SI 
pa3MepaMII cpoTOnpiieMH~Ka II o6naCTbiO ero cneKTpaJIMIOH. 'IYBCTBIITenbHOCTII. 

OI1TJ1qECKA5I .- Cl1CTEMA _ .. 

B CB.SI3II c OTCYTCTBIIeM roTOBbiX nmpoKononocHbiX, MIIHHocpoKycnbiX II CBe

TOCIIJibHbiX IIHcppaKpaCHbiX ofueKTIIBOB, npiiro,I{HbiX ,I{JI.SI peaJIII3aUHH llOCTaBneH

Hbl.X cpii3II'IeCKIIM .SKcnepHMeHTOM .. 3a,u:aq, . 6biJJ npOII3Be,I{eH paclJeT ,I{OCTaTO'IHO 

npocToii nHH30Boii onTII'IecKoii. ciicTeMbi, KOToprui MO)KeT 6biTb Hcnonb30Bana .IlJI.SI 

pa60Tbl B nByx BapiiaHTax: 1 - B II3Mepii'renbHOH CHCTeMe. C .npeUHJIIOHHbiM HH

TerpanbHbiM .I{CTeKTOpOM (CIICTeMa H3MepeHH.SI· 'IIICnasneKTIJOHOB C crycTKe no 

IIHTeHCIIBHOCTII IIX ciinxpoTponnoro II3JlyqeHH.SI); 2 - 8 CIICTeMe H3MepeHH.SI 'reo

MeTpii'IeCKIIX napaMeTPOB KonLueBoro crycTKa (paBHOBecnoro pa,u:Hyca, pa3Mep(m 

.nonepeqnoro ceqenii.SI, pacnpe.neneHH.SI sneKTPOHOB no ceqeniiiO) c noMOIUbiO KO- · 

Op.IlHHaTHOfO ,I{eTeKTOpa. CIIHXpOTpOHHOfO IIHcppaKpaCHOfO II3JIYlJeHII.SI. · IlpH STOM 

,I{Jl.SI CIICTCMbl C npeUH3HOHHbiM IIHTerpanbHbiM ,I{eTeKTOpOM rnaBHOH 3a,u:aqeji .SIBJI.H

eTC.SI · pemCTpaUH.SI. BCero CIIHXpOTpOHHOro· 'Hl11YlJCHH.SI OT SneKTpOHHOI'O CryCTKa 

(He3aBIICIIMO OT MCCTa ero nonO)KeHH.SI B. none 3peHH.SI OnTH'IeCKOH CHCTeMbl), 

npHXO,USIIl{ero K BXO.I{HOMY 3pa'IKY OnTII'IeCKOH CIICTeMbi; 'ITO o6ecne'IIIBaeTC.SI Bbl-. 

COKOH np03pa'IHOCTbiO onTH'IeCKOH .qaCTII II3MepHTeJibHOH. CH.CTeMbi B ,I{HallaJOHe 

CllCKTPaJibHOH ~y~CTBIITenbHOCTII .ne~eKTOpa. ,!VI.SI OnTHKII CIICTeMbl II3Mepel~H.SI re

OMeTpiiii crycTKa rnaBHbiM TPe6oBaHIIeM .SIBJI.HeTc.SI nonyqeHHe MaKCIIMaJibHOro 

npOCTpaHCTBCHHOfO c pa3pellleHII.SI BO · BCCM IICCJie.nyeMOM ofueMe YCKOpiiTeJibHOif 

KaMepbl, COOTBeTCTBYIDIUCfO pinpellleHIIIO KOOp.IliiHaTHOfO ,I{eTeKTOpa. 
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• I1po6neMJ' BbiBO.I{a CIIHXpOTpOHHOfO II3.!JYlJeHH.SI UHcppaKpaCHOI'O .I{Uanit.Jona II3 

BaKYYMHOH KaMepbl ycKopHTeJI.SI " ero nepe.na'III Ha pemCTpHpYIQmee YCTPOHCTBO 

II3MepHTeJibHOH CHCTeMbl C nOMOil{biO ee OnTII'IeCKOH lJaCTII C MHHIIMaJibHbiMII no- . 

n!p.SIMH no HHTeHCHBHOCTII 'll03BOJI.SIIOT. ycnelliHO pew aT~. COBpeMeHHbie OnTU'IeC

KHe M~TepiiaJibl,. B lJaCTHOCTII, OnTH~CCKHe KepaMHKII [2], 06Jia,u:aiOil{IIC BbiCOKOH 

np03pa'IHOCTbiO B lliiipOKOM HHTepBaJie ,I{JIIIH BOJIH. B IIHcppaKpaCHOH 06JiaCTH 
. ~ 

cneKTpa. : _ 

. : ,!VI.SI. ~nTII'ICCKOH 'lllCTII BbiCOKOTO'IHOH H3MepUTeJibHOH CHCTeMbi;: cnoco6noii 

. 6LITb IIcnonb30Bannoii M.SI pa6oTbi BMecTe c nnTerpanbHbiM • IIJIII · Koop.nunaTno

'IYBCTBHTenbHbiM .neTeKTOpaMH cunxpoTPOHHoro n3nyqenu.SI, 6LIJia BLI6pana o6o6-

. meHHrul OnTII'IeCKa.SI cxeMa . (cxeMa. c KORneKTIIBO~). KOTOpa.SI - cci.nep)KIIT 

o6~e~TIIB 1 (eM. pHc.l) II Kon.neucop 2 (niiH3Y. <l>a6pu). KpoMe Toro, KOHCTPYKUIDI ·. 

onmqecioro TJ>llK+a pa3pa6oiima ·TaimM o6pa3oM; · ~io • im38mi.HeT 6e3 oco6LIX 

npo6neM TpaucqiopMnpoBaTL ori1-iitiecKylri 'cxeMY, • nil5! · pa6oTLI J-m6o c !Coopriuua~ 
THbiM, n1160 C HHTerpaJibHbiM .I{CTCKTOpaMII •. · 

. Ilpii pa6oTe C KOOp.I{IIHaTHbiM .I{eTeKTOpOM HCn<_>nL3yeTC.SI TOnbKO 06neKTIIB 1, 
CTpO.HlliHH II306pa)Keu'IIe IICTO'IHHKa II3JIYlJeH~ B nnOCKOCTH·llpUeMHIIKa dnb'· Ilpii 

pa6oTe C npeUH3IIOHHbiM IIHTerpanbHbiM .I{CTeKTOp.OM -HCllOJib3yeTC.SI ofueKTHB J· II. 
KOH.I{~HCOp 2 .. lliiH3a q>a6pu· :2 ,Q6pa3yeT YMCHbJ?eHm~e. H306pa)KeHIIe BXO.I{HOfO, 

3pa'1Ka ·. ciicTeMbi D , KOTOpbiM .SIBJI.HeTc.SI ofueKTIIB 1, B ·. nnocKOCTH npfieMHIIKa 
•· · ·BX ,. · · ·. · , · . •. 

d. 0 MeTO,I{IIKa p~~lJeTa no.no6Hbl~: cxeM .no6iaTO'IfiO. xop~wo pa3pa6oTaHa " npe.n~. 
np ,rl - :, ·; .-.,~: ,, ··, l '<;;. ·:· -- -' ,, .. , . ' '. ·-- '" . 

_ CTaBneHa B ,I{eTaJI.SIX .II no.npo6HOCT.SIX ~ p.SI.I{e pa60T [J.:--5]. 

l 
l 3.i:. 2 

'' 

~HC: }. npHH_LIHnH!Ili.LHall on_TH'i~Kall CXeMa: D 00 ~ IVIOCKOCTL ofu.eKTa, 6 --,- ·yron_ paCXO~HMO_': 
CTH CHHXp01pOHHOro HlJI}"'CHHll, ~- yron nOJIJI 3peHHll; D

1
x-' Bxo.!Uioii 3pa'iOK,' d-.:- ~ep-· 

. . . . ' -
'l)'pHall .nuai)Jpan.ta KOIIJICKTHBa, d0p - nHHCHHLIH pli3Mep npHCMHHKa,' U ~ - anep'l)'pHMH 'yron · . : : 

KrulnCKTHBa, Unp- anep'l)'pHLIH yr<l1I npHCMHHKa, 31 H 32 - IVIOCKHC 3epKalla, a- p~CTOll; 

·.HHC OTOfueKTa .IIO BXO.IIHOro 3pa'iKa, a'- paCCTOliHHC MCJK.UY OOLe~TH~M H K~eKTHBOM, 
a" - paCCTOliHHe MClK.IIY KonneKTHBOM H. npHC"!HHKOM •... • . . . 
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B1>160p OCHOBHblX napaMeTpOB OllTHqecKOH CHCTeMbl C KOJJneKTHBOM ocyrue-
~BJUIJIC»·C yqeTOM lfHBapHaHTa JlarpaH~a.- feni>MrDHbUa: : . 

~ ~';" 

Ddx sin 13 = dK sin UK =dnp sin unp' (3) 

me d ._ aneprypHa» ~uatpparMa KOJu:ieKTHBa, U - anepTypHi.lii 'yron Kon-
K K . · ·· 

JleKTHBa, U _:_aneprypHblH yron npHeMHHKa. . . 
. np . .,· 

JVI» HOpManbHOH pa60Tbl ·OllTHqecKOH CHCTeMbl He06XO~HMO BblllOHHHTb yc
HOBHe, Unp ;$ 1, KOTOpOe, HCXO,M H3 3Ml\HHbiX, Haqanf>HbiX ycnOBHH (yron non» 

3peHH» 13 ~ 45' u ~~aMeTp.sxo~Horo 3paqKa D = 60 MM), rwnHocTI>IO s~monH»-· 
. . . , , . . . , ':. • BX , , . . ·.,. . .. :. 

eTC». .- . . . 
· Tipii 3MaHHI>Ix.paccTo~imu a Me~y o6neKTOM Ilcci:te~osaHn» D

06
u 8xo~HbiM 

3paqKOM D
8
x cncTe~bi u <floKyCHbiM pac~TO»HHeM o6n~KTH~~f06 ,H3, ypas.HeHH» 

0Tpe3KOB HaXO~HTC51 paCCTO»Hlfe a' OT o6neKTHBa · ~0 li306paJKeHH51 lfCTQqHHKa 
H3nyqeHH51, B nnOCKOCTH KOTOporo pacnonaraeTC51 nu66.KOOp~HHaTHbiH ~eTeKTOp, 
nu6o rnasHa» nnoc.CocTb KonneKTHBa .. <l>oKycHoe paccTO»HHe Konneinusa f. onpe~ 

. . K 

~en»eTC» HCXOM lf3 3MaHHbiX BXO~HOro 3paqKaD' .H HHHeHHOrO pa3Mepa lfHTer-
. BX · .. 

panbHOro <floronpneMHHKa d npu' paccqli'faHHOM paCCT051Hlill lf Me~y BXO~HbiM 
. . .'· ., : np , . . •· '" .• ' .. ;':· , Y. 

3paqKOM ·. D u rnaBHOH nnocKOCTbiO KonneKTHBa d . AnepTypHoii ~ua¢parMoii 
~ . ' K . . 

KOmieKTHBa d 5ismieTC» ero onpasa. H~Terp~~HbiH npneMHni ycTilHaBnHB~eTC» ~-
. K . . ' 

nnOCKOCTH BbiXO~HOro 3paqi(a d ·. omuqecKOH CHCTeMbl.· 
o£ 

. np . . . ,. • 
B KaqecTse ofueKTHBa ucnoni>30BaHa o~nHoqHa» nnH3a H3 K0-1 (MgF 2) c 

<floKyCHbiM paCCT051HHeMj
06 

= 320 MM U OTHOCHTeHbHblr.f OTBepCTHeM D
8
x/j06 = 

= 1:5,3. . . ' ' ' 

, KonneKTHB ~OCTOHT H3~BYX HHH3, oJiHa H3 KOTOpbiX ~blllOHHeHa lf3 <flmoopu'fa 
(CaF 2) cf =40 MM u D if=): 1,'6, BTOpM --' li3 .omuqecicoii KepaMnK:n K0-2 

... (ZnS) c f= 22· MM u D /!= 1:1,05, KpoMe Toro, B KaqecTBe i<qnneKnisa npe~yc
MOTpeHo HCllOHb30BaHHe. O~HHOqHOH HHHJbl li3, K0-2 C. <floKyCHbiM paCCT051HHeM 
17,5 MM lf OTHO~HTenbHbiM OTB~pc'fneM1:1,09. J1cnbni>30I~aHHe ~g H3fOTOBneHH» 

. HHH3 KOMeKTHBa mi<flpaKpaCHbiX. OllTlfqeCKHX MaT~pHanOB C BbiCOKHM. llOKa3aTe
neM npenoMneHH51, KOTOpbiH xapaKTepeH WIH OnTlfqeCKHX KepaMHK, ll03BOHHHO 
nonyqHTb KopoTKo<floKycHbiH KonneKTHB co. cseTOBbiM ~uaMeTpoM - 20 MM. Hpu 
no~6ope ·, OllTHqeCKHX ·' MaTepmlnOB M»'' HHH3 ·:.npe~noqTeHHe 6bmO: OT~llHO 
llOHHKpHCTaJIJllfqecKHM, onmqeCKUM KepaMHKaM HMeHHO · llOTOMy, · qTQ l_lap»~y · C 
~pyrnMH ~OCTOHHCTBaMH OHlf o6nMaiOT eme H BbiCOKHM llOKa3aTeneM npenoM-

neHHH. _ . .,.· :· . 
Bee HHH3bl, lfCllOHb30BaHHble B: OllTHqeCKOH CHCTeMe, HMeiOT, c<flepuqecKyiO 

nosepxH~CTh: ·. PMnycbl KJHIBH3~bl nosep~HOCTeii,. o6pa3yiOIUHX ~HH;y;: JasncHT oT 
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· ee <floKycHoro paccTOHHHH f, ·a TaK:lKe • noKa3aTen» npenoMJieHu» ·n · onTuqecKoro 
MaTepu.ana, u3 KOToporo nuHJa ujroToimeHa; u csHJaHI>I: cmniloweHueM · : 

. l/f=(n-.l)(l/R1 -:-1/R2), (4) 

me R 1 'it R2
' ~. pliJtuycM. ~plisii~~bl ~osepxHo~.fe'ii nu.I3i.l. 

~ • ' I •' • • ' 0 ' :< '• ·" : ~ ' l , . ' ' ' 

Tipll B1>16ope · pMuycos icpusu3Hbl. nponycKaiDIUHX nosepxHocTeii 'Ka~oii u3 
HHH3 )"llfTbiBanOCb ycnosue, npu KO;OpOM ysenuqeHlle, BHOCHMOe B pil3Mep ·mo6-
pa:lKeHH51 o6neKTa Ha6niO~eHuH · Ja. cqeT. c¢epuqecKoii · a6eppauuu,: HBnHeTCH 
~HHHMarl~H~IM [6 -~ 7J. : . . 

.O~HHM ll3. Ba:lKHbiX ~OCTOHHCTB CllHXpOTpOHHOH llH!ppaKpaCHOH ·~narHOCTHKll 
' ,,. "· ..,.,_ ' . . 

U ee npen¥yiUeCTB~It!•. no cpasHeHHIO C ~llarHOCTHKOH .B BH~HMOM ~nana30He MHH · 
~_()HJ:I · or_nuqecK?m ,cneKTpa, g'snHeTc», TOT <flaKT, qTo MH. onmqecKoii <:«CTeMhi, 
pa6oTaiOmeii s nu¢paKpacnoii o6nacm ,cneKl'pa, JnaquTeni>HO cnn:lKeHhi Tpe6o
saHn~: ~pe~nHBHH~Mhle K-pa3M~py n3o6pa)l(eHiiH, n{~cTb K pa3pelliaiDmeii c'noco6-
nocl-it'cncTeMhl.·pa3p'ew~.Omill. cno~o6HOCTb mieppaKpacuoii O~T~Kll uen()CpeiJ.cT
BeHHO csHJami ~ pa3peiuaiOme~ ·cnoco6nocTbio uii¢paip'itciihiXKo'op~ufia~Hhlx ~~-
1-eK.fopos, . 'K.oropM ·w.H 'MHH B~nn .,_Gone~. 'o~noro . ~nicpoHa, KaK; npa8~no, 

cocTaMHeT > · H)O MKM. 3Ta oco6eHHOCTb. n63son~~T 3Haq~n!ni>H~ ynpoCTHTb 
' omuqec~~~ 3~eMeHTbi CHCTCMbl, H36e)l(a;b cno)i(Hb;X pacqeTOB KpHBH3H~I nosepx~ 
nocTeii nuH3 u, s csmo oqepe~~>. ynpocmii.' ux. u3roTosneiiiie. KpoMe Torn, ~n'<P
paKunH TaK:lKC miKnMb;BaeTOfp;iimqenne :Ha pa3perna10IUYIO cnoco6HOCTb onm-

'qeci<oii CHCTeMbl. - . , ' .. . . , . . . . .. , . ; . 

Iipnpacqe-fe paii,~yco~ -Kpusu3n~tnnH3, ncnon~>JyeMbiX s omuqecKoii cucTe-
c • - ' • ' ' " •• ' \: .• j •• < ! .- ~ 

Me, 3naqenne HOKa3aTenH npenoMneHHH n npllHHManOCb COOTBeTCTBYIOIUHM MHHe 
BOilHbl X= s·.s. MKM, Ha KOTOpyiO npuxo~HTCH MaKCHMYM cm!KTpanbHOH qyscTBli
TenbHO~Tli npeumi.lcmHoro liHTerpan~>Horo;~eTeKTopa uncflpalcp'acHoro nmyqeHnH 

. Ha: ocnose G~:Au, oxna~aeMoro :lKHAKH~ aJOTOM, u pa3MepoM tiyscTB~Tenbnoii · 
nosepxHocTu d = 2 x2 MM.- · " · ··' \ 

. . . : ·np, . , . : 

MgF2 

ZnS 

ZnS 

CaF2 

TaiinnQa 1. Pa.z.uyc&l KpHBHlHbl DpeiiOMJIHIOlQHX nouepxuocreii JIHHl, 'uuOToBJieHHbiX Hl 
pal!nl'IHbiX umf>paKpacHbiX onTH'ICCKHX Iitaiepuanou, pacc'IHTaHHble c yqeTOM · 

MHHHMaJibHOI'O 3Ha'ICHHH ccfJepH'ICCKOH a6eppaQHH 
, . 

OnTH'I. MaT-JI ' :, .!IJ..-5,5 MKM • 
f, MM' R •• MM . R2, MM 

K0-1 1,3282 320,0 144,0 -409,0 

K0-2 2,2416 17,5;·: 14,57 47,02 .. 
22,0

1 
K0-2 2,2416 19,0 61,34 

cjmiOOpiiT' 1,3952 40,0 21,0 -74,3 

EI>m npose~en ananu3 BnllHHH» Ha pa3Mep n3o6pa:lKeHnH ·~mppaKumt ·" pa3-
nnqHbiX su~os a6eppauuii ,(c¢epwiecKoii,. KOMbl, acTnrMaTH3Ma): YcTanosneuo, 
qTOWIH cneKTpanbHOH o6nacTu !:J.X= 1+8 MKM ocHOBIIYIO p_onh urpaeT ~n¢paKUHH. 
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BKJJa!l, BHOCHMbiH H pa3pellla10IUYIO CriOC06HOCTb OriTH'IeCKOH CHCTeMbL a6eppa
UH~MH, uecymecTBeHeH, n: n:x n:cnpaBJieun:e oco6oii.ponn: ·ue mpaeT, KpoMe KaK 
ycnmKHS!eT BCIO CHCTeMy .. B paC'!eTe napaMeTpOB OriTH'IeCKOH CHCTeMbl Y"HTbiBa

nach TOnhKO ccpepn:'leCKaSI a6eppaun:}J. B ,ni6nn:ue r ripe,llCTaBneHbl paun:ycbl KpH

BH3Hbl HCriOnh3yeMhiX B OriTH'IeCKOH CHCTeMe C KOnneKTHBOM nHH3 H3 pa3nH'IHbiX 
orJTH'IeCKHX MaTepn:anoB MS! HHcppaKpaCHOH o.6naCTH, cneKTpa,' paccimTaHHble C 
Y"eTOM MHHHManbHOfO 3Ha'!eHHSI ccpepH'IeCKOH a6eppaUHH .. 

·flHH30BaSI OriTH'IeCKaSI. CHCTeMa BblriOnHeHa cornaCHO ee OriTH'IeCKOH CXeMhl, 

npe,UcTasneuuo~ ua p~c.1, n: · n:cx~,US~ H3 Tpe6osaun:ii n ycnosn:~ cpn:3H'!ecKoro yc

Kopn:Tenhnoro 3Kcnepn:MeHTa. 3neMeHThi,H3 K'tnopbiX o6paJosaua omn:'leciCaR cn:

cTeMa, n:. n:x ·. pacnonoiKenn:e omocn:Tenhuo Jlpyr Jlpyra noKa3aHhi iia: pm:.2. 

Cn:uxpoTpouuoe n:u¢paKpacuoe• HJnY4eun:e npoxo,Un:T '1epe3 si.IcoKosaKyyMfioe · 
oKHO [8) (,UeL 1); nona,UaeT._Ha ofueKTHB.H3 onni'lecKoii ·KepaMHKH K0-1 (,UeT.2) 

c ·cpoKycubiM paccToHnneM f~6 = 320 · MM n cseToBbiM .zi~aMeTpoM D
8
x = 60 -~M. 

HBnHromn:McH O,UHo~peMenuo sxo,UHhiM 3pa4KoM c~cTe~bi, 'ITo6bi o6ecrie~n:Th MaK

cn:Manbf.ioe Konn:'lecTso co6itpaeMoii 3Hepmli·. Ko.imeKTHB (JleT.5), pacnona~ro-
~ ' • ' • '· - • ' • • • • ' ., ; ' > 

mn:ficg B nnOCKOCTH H306paiKeHHa, CCJ3,llaBaeMoro o6o~KTHBOM, nepeHOCH'T H3o6pa-
. , .. ' . ; .. - ' • ' .----<-.. ' ' 

. 3 ' 

220 

Puc.2. 3neMeliTLI omwJecKoii CHCTeMLI: I - OKHO, 2 ...:..:.. · ofu.eKTHB, · 3 H 4 - OTKJJOHliiOIUHe 

3ep~ana, 5 - KOJJJJeKTHB, 6 -HH!jlpaKpaCHLIH JleTeKTOp 
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iKeHHe BXO,llHOfO 3pa'1Ka B nnOCKOCTb 'IYBCTBHTenhHOfO enOS! npHeMHHKa ~eT.· 6). 
B cxeMe c KonneKTHBOt._t, o6ecne'IHBa!Omeii pacnonoiKeHHe npneMHHKa· B Bb!XO,ll-· 

HOM 3pa'!Ke, npn H3MeHeHHH yrna naueHHSI nY4eH Ha BXO,llHOH 3pa'IOK CHCTeMbl He ·: 
npon:cxo,UHT nepeMemennH· nJo6paiKeHHH nonnomauKe npneMunK:a; a secb 3pa'loK·· 

. nocTOHHHO o6nY4eH.; HepasnoMepuocTb 'IYBCTBHTenhHOCTH npneMHHKa no. no

·sepxuocTn ·B 3TOM cnY4ae He MOiKeT Bhi3BaTb HeiKeJ]aTenbHbie 3cpcpeKThi pe3Koro, 
H3Meuenn:H cn:mana, Bbipa6aTbmaeMoro npneMHHKOM, npn nepeMemeunn ManopaJ-

- • . .J 

MepHOrO HCTO'IHHKa· HJnY4eHHSI B none 3peHHSI CHCTeMbl. 
. J1cnonh3yeMbie B 3KCnepHMeHTe OXniDK,UaeMhie iKH,llKHM a30TOM ,lleTeKTOpbl . 

cn:uxpoipouuoro nucppaKpacuoro HJnY4eHnH nMeroT . Jannsuoii. cocy,U ,[{~roapa. 
qyBCTBHTenbHbiH '3neMeHT ,UeTeKTOpa KperiHTCH K HIIiKHeH TOpUeBOH 'laCTII ,llhiOa

pa. TaK KaK npHeMHIIK MOiKeT pa60TaTb TOnhKO B sepTIIKanbHOM nonOiKeHIIII; TO: 

ueo6xop.IIMO II3MeHHTh uanpasn~HIIe omii_'IeCKOH ocii ua 90°. 3To ocymecTsnaeT-. 

CH c noMOIUhiO 3epican ~eT. 3 II 4). · KpoMe Taro, npnMeHeHIIe ciicTeMhi 3epkan 
n03~ClnS!eT yMeHhllliiTb ra6apiiTbl CIICTeMbl II C,UenaTb. ee KOMnaKTHOH, a TaKiKe, 

n03BOnHeT npeo6pa30BhiBaTh OnTII'IeCKYIQ CIICTeMy MH pa60Tbl no CXeMe 
o6oeKTHB - KOOp,lliiHaTHbiH ,UeTeKTOp. . . 

.[{eTeKTHpYIQIUIIH 6noK II3MepiiTenbHOH CIICTeMhi,-OCHOBY KOTOpOro COCTaBnSI
eT OnTII'IeCKaSI '!aCTb, BblriOnHeH B BH,lle OT,llenbHOro. cieMHOrD yJna H MOiKeT 6biTb · 

3aKpenneu ua BaKyYMHOH KaMepe ycK:opiiTena uenocpe,UcTBeHHO ua ¢nauue Kana-: 

na BbiBO~a CIIHXpOTpOHHOro' IIlnY4eHHH. 06IUIIH BH,ll ,UeTeKTIIpyromero 6noKa C 

BbiCOKosaKyyMHhiM ~ OKHOM II3 · on:rii'IeCKOH KepaMIIKII , KO~ 1 , B MeTannn'!eci<oii 

Onpase Ha BXO,lle niiH30BOH CIICTeMbi' ~ C npeUII3II()HHbiM IIHTei]JMbHbiM OxnaiK,lla-:. 

eMbi~ ,UeTeKTopoM Ge:Au c ·npe,UycnniiTeneM ua'sbiXO,Ue npe,Uciasneu ua piic.3. 

KoHCTpyKUIIH CIICTeMbl no3sonHeT pa3~emaTb see OnTII'IeCKIIe 3neMeHTbl cor-· 
nacHO OnTII'IeCKOH. cxeM~i. . . 

Bee MeTannii'IecKIIe ,UeTanii iihmonuenhi II3 ueMamiiTnoro ~aiepuaiia. 
Bee onm'leCKIIe ,UeTanii (,UeT. 1,2,3,4,5) BhmonHeHbl cornacuo npe,UoasneH-

HbiM Tpe6oBaHHSIM II ycnOBIIHM 3KcnepiiMeH~a. . . . 

KpenneHIIe onTII'IeCKIIX ,lleTaneH B onpaBbl npe,UyCMaTpiisaeT COOTBeTCTBYIO

iun:e. npoKna!lKII. c TeM,. 'IT06bi cTeKno ue conpuKacanoch uenocpe,UcTseuuo. c Me-. 
TannoM. . , · ~ . . . . . · · ·' • 

KpenneHIIe 3epKan (,!lei. 3 n4) ,UaeT B03MOiKHOCTh IIX: ,llBIIiKeHIIH.B,UOnh on
TII'!ecKoH OCH H II3MeHeHIIH yrna HaKnOHa B llliipOKIIX npe,Uenax. 3TO nepeMe~ 

meum~ He06XO,lliiMO. MH TO'IHOH ycTaHOBKII nnOCKOCTH. II306paiKeHHH, C03,llaBaeMO-' 

ro ofueKTHBOM B ~naBHOH nnOCKOCTH .KOMeKTIIBa Hnii Ha. 'IYBCTBIITenhHOH .no

sepXHO~TII KOOp,lliiHaTHOro ,UeTeKTOpa. 
' C6opKa, IOCTIIpOBKa · n nccne,UosaHl-!_e xapaKTepnCTHK · omwlecKoii ciicTeMhi 

npoii3BO,UIIniich uaoT,UenhHOM c1-eu.zie n ua omii'IecKoii cicaMbe: · 

06oeKTHB, 3epKana . II KOnneKTHB HMeiOT .cne,UyiOIUHe IOCTIIpOBO'IHbie ,llBHiKe-
HIIH: 

a) OfueKTIIB (,UeT. 2) - ,llBIIiKeHIIe B,llOnh OnTH'ieCKOH OCH Ha ±20 MM; 
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6) 3epKa.JIO (,neT. 3) - JJ.Bli

JKeHHe · · B)J.OJlb OllTHqeCKOH OCH 

Ha ±50 MM'li llOBOpOT Ha±30°; 
B) 3epKa.JIO (.neT. 4) :- )J.Bli.;. 

JKeHHe B)J.OJlb ·. OllTlilJeCKOH OCH 

Ha ±30 MM li llOBOpOT Ha ±30°; 

r) · KOJIJieKTliB · (JJ.eT. 5) -

JJ.BHiKeHHe BJJ.OJlb OnTuqecKOH 

OCli Ha ±15 MM. 
0JJ.HO li3 OCHOBHbiX li BaiK-. 

HbiX 1'pe6oBaHHH K omuqecKOH 

qaCTli li3MepuTeJihHO~ CliCTeMbl 

- B03MOiKHOCTb ee JJ.miTeJlbHO
ro HCll0Jlb30BaHH~ · 6e3 HaCTpOH- . 

Kli · u rocTupoBKH, qTo MOJKeT : 

6biTb o6ecneqeHo TOJihKo Ja- · 

KpenneHHeM BCeX OllTliqecKHX 

)J,eTa.JieH B JKeCTKOM (KaK npa~ 

BliJlO, JIHTOM) Kopnyce~ Hcxo~ ( 
e li3 . HMeBWHXC~ . B03MOiKHOCTeH ·. 

(TlillliqHhiX )J.JI~ :ilKCnepHMeHTa

TOpa, BbiHYiKJJ.eHHOro · CBOliMli 

cliJlaMu pa3pa6aTbiBaTb u cOJ.na- · 

san;. Iieo6xo.nuMLie npu6ophi u 

annaparypy), Bbi6op KOHCTPYK
uuu Kopnyca omuqecKoii cu

CTeMbi oKilJMc~ )J.JI~ pa3pa6oT
quKOB cepbe3HOH . npo6neMOH,. Puc.3. BHelliHHii BH)l OllTH'!eCKo.ii CHCTeMhl c. HHTerp3JibHhiM 

HJ K(>TOpOH .6h1Jl HaH)J,eH JJ.OCTa- HH<jlpaKpaCHhiM )lCTCKT,OpOM Ha BbiXO)lC 

TOqHo npOCTOH li scp(t,eKTHBHbiH 

BbiXOJJ.. Kopnyc.o_muqecKoro TpaKTa. 6Lm H3roToBJieH In nniiTbi cnnasa'a.JIIOMIIHII~ · 

JU6T TOJIIQHHOH 50 MM llYTeM ee o6pa60TKli Ha cppe3epHOM II TOKapHOM CTaHKaX~ 

TeM CaMhiM 6bma o6ecneqeHa BbiCOK~ onTuqecK~ TOqHoCTb. KpoMe:Toro, o6ec~ · 

neqeH CB060)J.HhiH )J,OCTY" KO · BCeM OllTHqecKHM )J.eTaJl~M, qTo ll03BOJI~eT JierKO li · 

iipOCTO ocymeCTBJl~Tb IOCTHpOBKY li perynupoBKY (a TaKJKe nepeCTJ>OHKY onTuqe~ 
CKOH CXeMbl) OnTuqecKoif CliCTeMbl. Tipe.nycMOTpeHO :iKeCTKOe 3aKpenneHIIe II 

WTHcpTOBKa BCeX OllTHqecKHX )J.eTMeH li MeXaHH4eCKIIX • yJJIOB llOCJle. c60pKH. li. 

IOCTHpOBKli. ' ·. . 

Kopnyc u yJJibi KpenneHH~ onTuqecKnx JJ.eTa.Jieii uMeiOT qepHoe · MaTosoe no

KpbiTIIe, HCKJIJOqaJOmee nocTopoinme .6nuKu. II· o6proosaHIIe pacce~HHoro cileTa. 

0T BHemHe.ro B03)J,eHCTBII~ (CBeTOBOro li MeXaHIIqeCKOro) OllTIIqecK~ CIICTeMa 3a-

KpbiTa cbeMHbiM'KOiKYXOM li3 JlliCrOBOrQ a.JIIOMliHHeBOro cruiasa.. . 

10 

) 

!': 
I 

• OcHOB!Ibie xapaKTepHCTHKII IIHcppaKpaCIJOH. onTIIqecKOH CIIcTeMbl. npuse.neHhl. 
s Ta6nuue 2. ··· · · · · " · · · · · · 

Tafumua 2.· Ocuoonbte TeXHH'ICCKHe .naHHb~e n xapaKTepnCTHKH 

06nacih iipuMeHemi~ 

CI>OKYCIIOe paccn)~HIIe o6neKTHBa 
'' ' : I \ ~ 

OnJOCIITeJibHOe OTBepcTue; o6neKTIIBa 

CI>OKYCIIOe paCCTO~IIHe KOJIJleKTHBa 

. Tione 3peHH~. B 'nnocKOCTH o6neKTa . 

llHaMeTp BhiXO)J.IJOro 3paqKa , 

·M= I +8MKM, 

/ 06 = 320 ~M. 

I:5,3 

IK = I7,5 MM 

0 32 M~f 

d ~2 MM 
np 

290x300x I 00 -~ 

PE3YnbTAThi ·l1cciii3nosAHHH 11.3KCTIEPI1MEHTOB 
·~ < . . 

) 

,. 

11ccneJJ.OBa!IHe ~6eppauHH JlHIIJ, a TaK)I(e napat.teTpOB H xapaKTepHCTHK on

TH<ieCKHX cwcTeM, 'npeiilia3Ha<ieH~biX )J.JIH Tpai:J~Ilopniposim'u nepe.iaqii'i'!a .neTeic7 
Top HHcppaKpacHoro n:illyqeHii~.· q,6pMiiposimw~ s :nnoci<ocTH .neTeKTop~ ii366pa

. JKeHH~ o6neina HCCne.noBaHHH ';-' HCTOqHHKa HHcppaKpacuoro' H3Jlyq'e_iuta;:npei

CTaBJI~eT co6oii 60JibWYIO: ilpo6JieMy, peanu3aUH~ KOTOpOH ~Rn~eTC~ JJ.OCTaioqJio 

CJIO)I(HOH Jci)J.aqeii ·DO cpaBHeHHIO C TaKHMH. iKe HCCJle)J,(>BaHH~MH, HO B BHJJ.HMOH 

·lJaCTH omuqecKOrO cneKTpa )J.JIHH BOJIH. nn~ pemeHH~ STOll. npo6neMbl 6bma.pa3-

pa6oTaHa cnehHa.JihH~ .MeTO)J.HKa, OCIIOBaHH~ mi HC~OJlh30BaHHH scpcpeKTa TeM

nepaTyplloro rmheJiu~· cpoT'OJIIOMHHeCUe!IUHH aKTiiBHpOBaH!IhiX Kp~CTa.JIJl(lcpOccpa-
.. TOB npH OKa3aHHH Ha HHX TepMuqeCKOro B03)J.eHCTBH~,·nepe.nasaeMOrO C;llOMOIUbiO 

uucppaKpacHorocu3JlyqeiJu~. 3ToT. acpcpeKT no.npo61lo .n xopomo paccMoTpeu u 

npe.n~yasne!:f, ,B pa6oTe [9]. MeTOAHKa BKJIJOqaeT . B ce6~. HeCKOJlhKO. onepauuii: 

Tiepsouaqa.JibHO npocTpaHCTBemwe. pacnpe.neneHue IIyqKa HHcppaKpacHoro II3Jly

.qeHH~ !Ji!3Ya.JIH3HpyeTC~ . (T.e. pe3)'J1bTaT. B03)J.eHCTBH~. HHcppaKpaCHOro · H3Jl~eHH~ 

.CTaHOBHTCll BH)J.HMhiM) C llOMOIUhiO llJIOCKOro .JliOMHHHCUHpyiOIQer0.3KpaHa. lleTeK

T~pOM H~l~paKpacuoro .u3n~en~~. cnyJKHT. CJioii ·TeMnepaTypH·o~qyscTBHTeJILHoro 
. Zn~.: ~dS :: Ag, Ni-JIIOMHH.ocpopa, npe.nsapuTeJihHO Bo36y)K.nellnoro ynbTpacpuone- · 

TOBhiM uJnyqeHueM. 3ilTeM, nepeMem~ sicpan BJJ.OJibomuqecK()H ocu,onpe.Uen~
eTc~ ·.nnocKOCTb uJo6pa)KeHH~, ucToqHuKa u3Jlyqenu~ (o6neKTa. uccne.nosanu~). 
non~ us ·~o~~an)q".o qeTKoe uJo6paJKeHue ucTo~Hu~a. sKp;n'y6lipaeTc~; ·a ·na ·ero 

MeCT<J, B. IlnOCKOCTb H306paiKeHH~, no~em~eTC~ . ~OOpJJ.H~llTIIO-qy~CTBHTe~hllhiii 
.ll.eTeKTop 'IiH{lJpaKpacHo~b . u3JlyqeHu~ •. npocTPaiic.fse~Hoe pa:ipeme~ue KoToporo 

.nocTaToq~o •. qTo6LI o6ecnequTb . nposei:I.eliite. ucCJieJ:ios.~imH. pa3peiiiaiOmeii crio
eo6HoCTu Ka·K OTJJ.eJihHbix Jlllll3, TaK li. omuqecKOH CHCTe~t,bl B UeJIOM B Ja.naimoM 

uncppaKpacHOM . cneKTpa.JibHmd .nuana3'o'ne 'WIHH BO~ll: CaM TepMonic~muiic~ 
JIIOMHHHCUHPYIOIUHH :ilK pall )J.JI~ HHcppaKpacnoro H3JlyqeHH~ ~BJISJeTC~. HeCeJieK ~ 
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TH8llbiM ,lleTeKTOpOM, H pa6otmif cneKTpaJJbllbiH .uuarya30ll 3a,uaeTC~ OOJIOC08biMH 
cneUHaJlhHhiMH. !}JIDlbTpaM·H, K03!}JCpHUHeHTOM nponycKaHH~. (OTpa:lKeHH~) OOTHqe

CKHX 3JieMe!IT08, qepe3 KOTOpble npOXO.UHT (o~pa:lKaeTC~) ~3JiyqeHHe: cneKTpMb

HOH xapaKTepHCTHKOH qy8CT8HTeJibHOCTH ,lleTeKTOpa H3MepHTeJibHOH CHCTeMbl. 

. JlJOMHIIHCUe!ITHhiH .UeTeKTOp C TeMnepaTypllbiM rarneHHeM npe.UCTa8JI~eT C0-

6oH OOrJIOil{a!Oil{YIO 008epXHOCTb 8 8H.Ue TOHKOH MeTaJIJIH3Hp08a!IHOH niJeHKH C 

· noKpbiTHeM ·In TepMorac~meroc~ JIIOMH!Io!}Jopa, C!JeqeHHe ~on:iporo npeit8apu

TeJihHO 8036y)J(,IleHO OT HCTQqliH.Ka YJibTpa!}JHOJieT080rO H3JiyqeHH~. npu'npOXO)J(

.UeHHH Hli!}JpaKpaCI!OfOH3JlyqeliH~ qepe3 OOrJIOil{aiDil{YJO rl08epX110CTb ee TeMnepa

Typa 008bJllJaeTc~. a C8eqemie (~pKOCTb) :IOMHIIO!}lopa ml,u,aeT. MocK08CKHlf 3JieK

Tp'onaMn08biH 3a8o.U (o6oe.UH!IeHue M3113) co8MeCTHo c <1>11AH ~:pa3pa6oTaJJ 
npu6op «Pa,uH08H30p», OHhiTHbiH 3K3eMnn~p KOToporo 6hU1 nonyqe!l 0115111' :zin~ 
~eTeKTHpo8a!IH~ CHHxpoTpOIIIIOro uJJiyqe!IH~ (.uuanaJOH OT HH!}lpaKpacHoro .uo 

. CBY). 113-Ja C80eH HHepUHOHIIOCTH (nOCTO~HH~ 8peMeHH - I c) ripu6op 6bJJI 

MaJJOnpHro.llllbiM .DJI~ ,llHarHOCTHKH 6hi_CTponpOTeKa!Oil{HX npOUeCC08, HO OKa3MC~ 
He3aMem1MhJM npu liccne.uo8aHHH 'omHKH HH!}lpaKp'~c!lbro · ~3nyqeHH~. KoncT

pyKTH8HO .TepMoqy8CT8HTeJibHhiH 3KpaH BhlnOJI!IeH B 8H.Ue o6pyqac HaT~IIYTOH Ha 

. HeM nneHKOH H3 MeTaJJJIHJHp08aHHOrO mi8C~lla. Ha 008e'pxHOCTb nJieHKH nrre~ 
XHMHqecKoro oca)J(,Ile!IH~ H3 pacTBopa lllilleCell paBHOMepllblH cnoH JIIOMHHO!}Jopa 

ZnS·CdS, aKTH8Hpo8a!IIIOro Ag " Ni. Tonmu11a nn~HKH c noKpblTHe~,'cocniBJI~eT 

<· 10 MKM. no CTene!IH OOTeMHe!IH~ C8eT~Il{erOC~ 3KpaHa 8 MeCTe npOXO)J(,IleHH~ 

HH!}JpaKpaCI!OfO H3JiyqeHH~ MO:lKIIO CY.IlHTb 06 HI!TeliCH8HOCTH H3Jlytle!IH~ H KOH- · 

!}JurypaUHH nyqKa, T.e., nepeMell{~ 3Kpa11 8.1l0Jlb rJia8110H OmHqecKoif OCH, MO:lKHO 

.uo6HThC~ nonyqe11u~ H306pa:lKellu~ ucToqnuKa uJJiyqe!lu~ c MaKCHMa)lhHOH qeTKo

CThJO. 

11ccJie,ll08aHHe xapaKTepHCTHK OT,IleJibHhJX JIHH?i" H OOTHqecKOH CHCTeMbl 8 ue-

· JIOMocymeCTBJI~JIOCb 11a CTe!l,lle C pacnoJimKeHHeM OCII08HbiX 3JieMeHTOB !Ia OOTH

qecKOH cKaMhe no Tpa.uHUHOIIIIOH 'cxeMe: HCTOqHHK H3Jiyqemi~,MO.IlYJI~Top lloTo

Ka; uccne.uyeM~ !}JoKycupy10m~ · omuKa; · .ueTeKTop. B iaqecTBe rnupoKononocm)

ro HCTOq!IHKa im<jlpaKJJaCI!Oro uJ.JiyqeHH~ 6bma HCHOJib308aHa 3TM.OHII~ .riaMna 

HaKa.rm8aHu~. c KpeMIIHe8hJM oKIIOM 11K ~-I2 (3,9 B, I, I BT), pa3pa60TaHJi~ 
· HI11111C" 8hniycKaeM~ o6oe.uuHeHHeM «C8eTOi'ex}mKa» 8 r. CapaficK:e. PaJMep 

· H3JiytlaJOuieH 008epXHOCTH 3Ma8aJJC~ Jiua!}JparMOH C .UHaMeTpOM O~sepcr~~ 
0,8 MM .. 3TOH :lKe .uua!}JparMOH 33.ua8aJJC~ anepryjmhJH yron e = I 0 20', COOTBeTCT-

8YIOil{HH ymo8oH pacxo.uuMocTH cuuxpoTpoHHoro uJJiyqeuu}i 3JieKTpoHHoro cry- · 
·cTKa. Ha CTeH.Ile Mo.ue.riwpo8aJJHCh ycJIOBH~.' ripu6nu:lKeHHLie K yc.riosit~M pa6oTbi 

Ha ycKopuTene .. B 'K:aqeCTBe .UeTeK-fopoB (npeo6paJoBaTeneii HHTeHCHBHoc-fu 
HH!}JpaKpacHoro HJJiyqeHH~ .. B .. 3JieKT}JUqecKUH .. CHrnaJJ) . HCOOJI.h30BaJIHCb paGoTa

IOil{He · npu TeMneparype :lKH~Koro a3iJTa q)oToconpoTHBJieml~ GeAu (.riuHeHHLIH 

pa3Mep d. = 3 MM, pa6oquif cneKTpani.HhJH .uuana3C>H tl)..' = 2_;_8,5 MKM) H InSb 
np . : . . . . . . . ' . . . . .· . 

(dnp = 0,} 5 MM, tlJ.. = 0,7_;_5,9 MKM). 
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MaTepuanoM .DJI~ JIHH3 OOCJlY:lKHJlH OHhiT~bJe pa3pa60TKH omuqecK.~X Kepa
MHK !}lHJIHaJia N~' 1· (JIEH30C) . rocy.uapcTBeHHOro CliiTHqecKoro HHCTHTYTa 

(r.C.-ne~ep6ypr). PacqeT JIHH3 npoBe.ueH pa3pa6oTquKaMH .ueTeKTHpyJOmeiianna

paTyphl .DJI~ ,yCKOpHTeJI~, a HX H3fOTOBJieHHI! OCyll{eCTBJieHO B YCJIOBH~X MeXaHH

qecKHX MaCTepCKHX. 0115111. nocne H3rDT?BJieHH~ JlliH3 6bU1H npOBe,lleHbl HX. ,lle

TaJibHhle HCCJie,llOBaHH~: cneKTpaJibHhie - Ha BbiCOKOTOqHQH COeKT}JaJibHOH anna

paType rol1, a6eppauHH H pa3perneH.He - i'ycnoim~x. OIDII1. Hccne.uo~aiiHe 
a6eppauuii npoBe.ueno .DJJ~ Bcex JIH~3, npe.ucTaBJieHHhJX B. Ta6nuue. l. B H3Mepu

TenhHOH CHCTeMe C HHTerpanbHbiM O.llH03JieMeHTHbiM !}JoTOllpHeMHQKOM OT OOTH

qecKOro TpaKTa He T}Je6yeTc~· BbiCOico'H pa3pernaJOil{eH COOC06HOCTH; -~TO H 00380-

JIHJIO ucnoJibJOBaTb JIHHJhJ co c!}JepuqecKoii KpHBH3HOH noBep~uociu, qTo, B cno10 
' ' . ' .. ' . } . 

oqepe.Uh, 3HaqHTeJibHO ynpOCTHJIO OOTHqeCKYIO CHCTeMy. . 
. Pa3perna10m~ ·cnoco6uoCTb omuqecKOH cH~TeMhi, pa6oTaJOm~ii;c Koop.uuua- .. 

THbiM ,lleTeKTOpOM, onpe.uen~eTC~ .UH!}JpaKI!HeH H a6eppau~MH. 3cp!}JeKTH.BHbiH . 

.uuaMeTp .KPY:lKKa . pacce~mi:~ OT Toqequoro · HcToqHHKa, o6ycnoruieunhiH. 

.uu!}JpaKuHeii, onpe.uen~eTc~ Bhlpa:lKeHHeM 

d Io6 . 
IIH!P·= 1,22 D A, .. 

1 (5) 
BX 

r.uej06 =320 MM, v8x=60 MM u A.=5,5.MKM. 

113 a6eppauuii uau6oJihllJHH, BKJia,u B_ ysenuqeuue · pa3Mepa:nJo6pa:lKeH~ 
BHOCHT . cepepuqecK~ a6eppauH~ .. PaJ_Mep .• H306proKeHH~. C03,1laBaeM:oro ripoe'foii 

~HH30H, · o6pa30BaHHOH .UBYM~ _ c!}JepnqecKHMH OOBepXHOCT~MH, ; .C yqeTOM 

BHOCHMOH • e10 c!}JepuqecKOH a6eppauHeH, . .uaeTC~ DpH6JIH:lKeHHO. cpopMyJIOH 

(6) 

me N= !
06

/ Dux, -, !}loKycuoe qucno, A'~ ·K~3!}J!}Ju~u~nT c!flepuqecK(>H' a6ep-

pauuu, me 

(7) A
. _n+2 ~2 .· 4(n+ o:· ; 3n+_· 2 · .. n2

-= CJ- cr+--+--2 . . ,, .· ; 2 
n(n -1) n(n- 1) · n : (n -1) 

H 

R +Rt 
2. ; 

cr= · R · · R2 ~ 1 
' ~ ~ 

(8) 

. ):{mr, .DJJHHHO!}JOKJCHOro · o6oeKTHBa , H3 . qiTOpHCTOfO · MarHH~. ·• C !fJOKYCHbiM 

qucnoM N = 5,3 . .DJJ~ .DJJHHhi 86.imi.I.A. = 5,5 MKM· pacqeTHhiH KPY:lKOK pacce~u~ B 
WIOCKOCTH H306pa:lKeHH~ ToqeqHQrO HCTQqHHKa, o6ycno.BneHHbiH '.llH!}JpaKUHeii . H 

13 



I;oTH.e,II. 
~ ~ . . a I,oTH.eo y I . , 1 o,6 - 6 

I r ~~ 0.4 . 

; . r ; \ ~· r / < 

. . . .0,2 . . 

0;' ~_;;/ '\. .....•. · .•. \ • e-.---/ \. 
01 . -~~. . ./ .0 · '"-

I I -· .....• , 0 4 6 '. I .._ . .. 0 .· .,.·4 ; . • 8 IO . b X ,MM 

X,Y, ·MM 

)'Hc.4. P33pernaJOIUIDI·Cnoco6HoCTL ofu.eKTHBa (a) Hl K0-1 c !=320 MM H KOJUieKTHBa (6) Hl K0-2 c 

j= 17,5 MM 

ccpepnqecKoii a6eppauneii, d = 0,43 .MM. TipaKTHtiecKoe "·nJMepemie KPY)I(Ka . . . ~ . •' . . 

pacceHHHH,. npoBe.D:eHHOe no· MeTO)J.HKe C' HCnOJib30BaHHeM JIIOMHHHCUeHTHOro 3K

paHa c TeMneparypHbiM rameHHeM; nOKaJrulO xopornee COOTBeTCTBHe~pactieTHbiX H 

3KCnepHMeHTaJibHbiX pe3y.iihTaTos: Pe3Y,flhTaT nc_cie)J.OBaJinii. pa3pemawm'eii cno

co6HOCTH o6oeKTJIBa' H3. KO~ 1 .. c t= 320 MM. ripe)J.cTaBJieH. mi' pifc:4;a: Tio' ropH30H

TaJihHOii KOOpJJ.HHaTe OTJIO)KeH 3cpcpeKTHBHhiH .D:HaMeTp Kp~Ka pacceHHHH -. H30-

6pa)KeHHe TOtietiHoro HCTO'IHHKa, o6ycnoBJieHHoro JJ.HcppaKuneii .u a6eppaunHMH, 

HJMepeHH~ro no ocHM X n Y, neprieM~KYJIHp~hiX .n:pyr.n:pyry . .IinaMeTp Kpy)I(KaHa 

nonysh~coTe cocTaBJIHeT. d 6 ~ 0,5 _MM .. Ha pnc.4,6 npe.n:cTaBJieH pa3Mep Kp)')I(Ka 
... . ' • pa . .. . • •· .. •· ... ·.. . 

pacceHHHH, H3MepeHHhiH )J.JIH JIHH3hl H3 nOJIHICpHCTaJIJIHtieCKOro cepHHCTOro UHHKa 

K0-2 c cpoKyCHhiM paccTOHHHeM f = 17,5 MM . .U.rm HJMepeHHH pa3Mepos -~PY)I(Ka 
pacceHHHH HCnOJib30BaJICH O.D:HOnJIOIUa.IJ:O'IHhiH HHcppaKpaCHbiH .D:eTeKTOp Ha OCHO

Be aiiTHMOHH)J.a HH.D:RH, pa6oTaiOIUH~ _np_H TeMnepaType_-)KllWcOro aJOTa B pe)KHMe 

. cpOTOCOnpOTHBJieimH. Pa3Mep liYBCTBHTeJibHOH ' . noBepXHOCTH . )J.eTeKTOpa 

dnp = 0,15X2,5 MM. TiepBOHallaJibHO nJIOCKOCTb npHeMHHKa COBMeiUaJiaCb c' nJIO- .. 

CKOCThJO nJo6pa)KeHHH TotietiHoro ncTotiHHKa, opneHTnpyHch )J.JIHHHoii cTopoHoii 

s,i:{onh OJJ.Hoii uJ KOOpJJ.miaTHhiX oceii; a JaTeM npneMHHK nepeMemancH s.n:onb nep

neHJJ.HKYJIHpHoii KOOpJJ.HHaTHOH. OCH, . npOX~JJ.HIUeii qepe3 · ueHTp . npHeMHOjj nno

!Ua.D:KH; c llOMOJUbiO MHKpo~eTpHtieCKOro. BHHTa.'. no BePTHKaJibHOH. OCH. Ha pnc.4 

OTJIO)Keua B OTHOCHTeJihHhiX e.n:nunuax senittinua cnrnana, cnnMaeMo.ro c .n:eTeKTo-

pa no Mepe ·ero nepeMemeHHH B nriocK:ocni Kp)')i<Ka pacceHimH;<" . 

'14 

YcnoBHHMH cpn3n4ecKoro ycKopnTeJihHoro' 3KcnepnMeHTa OT KOOpJJ.HHamoro 

JJ.eTeKl-opa nncppaKpacnoro n:inyqeimH He .fpe6osancicbnpocTpancTBemwro plnpe~ 
meHHH .riyqme, 11eM -·I Mt.i:·M xoTH pa3pemawmM cnoco6nocTh ncnoJihJosaliiioro' 

B 3KCnejmMeHTe. 50-sneMeiiTHOrO, OXJia)K)J.aeMoro )KHJl.KHM a30TOM J].eTeKTopa. in 

InSb c iliineiiHhiM pacnonmKeHHeM sneMeHTOB 6Mna 0,4 ~~M (pa3Mep sneMeiiTa -'- • . 

0,4X0,2 MM n(m o6meii )J.Jlm.ie JiilHeHKH- 20' MM), liYBCTBHTeJihHble 3JieMeHThl .n:e~ 
TeKTopa 6hmn o6oeJJ.HHeHhi no TJJH s.rieMeHTa na: o.n:nn HJMepnTeJihHhiii Kiman. 

(s uenHx y.MeHhmeiinH • KonntiecTsa ncno)lhJyeMhix Kananos JJ.o oniiiManl>no-IIeo6~ 
XOJ].HMOro H nOBblillemiH mme)KHOCTJ.l pa60Tbl KOOpJJ.imanioii H3MepnTeJibHOH CH~ 
cieMi.i). TaKHM o6poc30M, pa3pernawmisl cnoco6HOCTb. )J.JIH,HHOcpOKyCHOro nncppaK-' 

pacHoro o6oeiCTHBa H3 noJIHKpHCTaJIJIH'IeCKOro cpTOpHCTOro MarHHH (K0-1) C . 

j
06 

= 320 .·MM. nOJIH?CThiO. COOTBeTCT~OBaJia, pa3peruaJOIQeii cnoco6HOCT,H KOOpJJ.H-' 

HaTHorn 'nucppaKpacnoro JieTeKTopa, HCnOnh30BaHHOrO )J.JIH H3MepeHHH; reoMeTpHH • 

3JieKTp011HOrD CryCTKa; nonepe'IHOe Ce'IeHHe, KOTOporo HMeJIO JIHHeHHhiH pa3Mep 
-6 MM. . , , : , , . , . ' . 

Heo6xoJJ.HMo. noJJ.tiepKliY'fh oco6enn~cTh, MeToJJ.HKH, ncnonhJoBamwii )J.JIH Hc

cneJJ.osaHnH BJIH~HHH JlHcppaKUHH H a6eppauHH Ha y.BeJI~tieHHe pa3Mepa HJ06pa~ . 
)Kel!HH Ha6JIJOJJ.aeMoro 'o6oeKTa, COJJJ.aBaeMOro peanhHO~ HHcppaKpacHOH JIHH30~. 
3Ta oco6eHHOCTb :iaiuimtiae~CH. s' cne.n:y~meM. KaK npaBHJIO: ncc~enoiiaHHe pa3pe

rnaromeii cnoco6HOC~H OTJ].eJlbHW( .JIHH3 H OnTHlleCKOH .CHCTeMbl B UeJIOM npo~ 
BOJJ.H~C~ MH Y3KOro J].HanaJo~a )J.JIH'H BOJIH 11.f.../ ').., < I, r)l.e 'A.:...:.. 6ripe,!{ene~HaH )J.JIH~ 

- . . ,. ~ ' ... ' . ~ . ' . . . . .. . . " . 

, .. ' . 
PHc.5. Oculllll1orpaMMa cHrnanoa KOOpl\HHaTuoro JteTeK~ 

Topa, xapaKTepHlYIOIUIDI proMep nonepe•moro ce'leHHll 

CI)'CTKau pacnpeJ!eneHHe 3JleKYpOHOB no Ce'leHHIO . 

15 

Ha BOJIHhi HJJiyqennH, KOTopoii co

·oTBeTcTByeT OnpeJ].eJieHHhiH rlOKa~ .. 
- ' . \ . 

JaTeJih npenoMJieHHH n; Toro onTH-
, . ~·' . ' :' 

qecKoro _ MaTepnana, H3 K<?Toporo 

JIHH3a H3rOTOBJISieTc~. BemitiHHll ": 
• v - ~ 

noKa3aTeJIH npeJIOMJieHHSI )"'HThl· 

BaeTcH npn . pacqe'fe mntJhi no 

<tJopMyJie ( 4) HOT Hero JaBHCHT 

KpHBH3Ha npeJIOMnHIOIUHX 'noBepx

HOCTeii JIHII3bl. B OTJIH'IHe OT 3T0ll 

Tpa.D:HUHOHHOH ,MeTOJJ.HKll B )].all-

HOM KOHKpeTHOM ~Jiyqae HCfiOJlh~ 

JOBanach_ mnpoKaH' nonoca )J.JIHH 

BOJIH /1').., ~ 1.+5,5. M~M OnTIItieCKO

ro nHcppaKpac_H~['(} cneKTpa npn 

BhinonneHHH • ycnoBHSI ·, M /f... > I, 
onpe.n:enSieMaH cneKTpQM npony- ,. 

CKaHHSI · OnTH'IeCKHX . 3JieMeHTOB . 

(OKHO, JIHII3bl), BXOJJ.HIUHX B TY.HJIH . . . ' . 
' HIIYJO onTHtiecKyJO cxeMy, n xapaK-· 



. TepoM cneKTpanbHOH ·IJYBCTBHTenhHOCTH JleTeKTopa HJnyqeHml. HecMoTp}l ua 
cronb lllHpOKHH cneKTpanbHbiH. JlHanaJOH H npocToTy miHJ on·mKli CHHxpoipoH

uoro HHcppaKpacHoro HJnyqeHH}I peJynbniTbl uccne)lOBaHH}I 3T~x.imH3, npHBe)leH

Hble Ha puc.4, nOKaJblliaiOT, lJTO JlHcppaKUH}I H ccpepHIJ~(;KM a6eppaUH}I C)'lUeCT~ 
semi oro· anH}IHH}I ua yaenniJeHue paJMepa nJo6pa)KeHH}I ioiJeiJuoro ucTOIJHHKa He · 

oKaJbJBaiOT, a JHaiJHT, He urpaiOT · JaMeTHOH .ponu npu (popMnpoaa~uu HJoGpa~ -
)KeHHH B nnocKOCTH IJYBCTBHTenhHbiX 3.rieMeHTOB KoopJlHHaTHoro )leTeKTopa. Ha 

puc.5 npeJlCTaBneH _ pe3ynbT~T, un'niOCTpnpyiOJUHH paGoTy H3MepnTenbHOH oCHCTe

Mbl c OJlHOKo.opJlHHaTHhiM 50-3neMeHTHbiM uucppaKpacHbiM )leTeK-iopoM Ha ocJIOBe 

InS b. OmuiJeCKM ocb. HJMepnTemHoii cu~eMbi. opue.H'mposaua' no KacaTenbH<JH 

K op6uTe spameHH}I :meKTpOHOB pa~~.uyca R = 5 CM. TaK' KaK CHHXpOTpOiliiOe HJny

IJeHHe pacnpocTpaH}IeTcH n YJKOM KOHyce, yron 'pacTBopa KOToporo 8 paB!!H 

- 1/y, TO BHJlHMblM 6yaeT He Bee ::meKTpOHHOf.! KOnbUO, a TOnbKO ero ceiJeiuie, 

nepneHJlHKyn}lpHOe OnTHIJeCKOH OCH CHCTeMbi. I-1Jo6pa)KeHHe ceiJeHHWKOnbUCBOrO 

crycTKa cTpoHTC}I a nnocKocTn JleTeKTopa. Ha pifc.5 noKaJaHa oculinnorpaMMa 

pacnpe)leneHHH CHfHaJIOB no IJYBCTBHTenbHbiM 3netdeHTaM KOOpJlHHaTHOro )leTeK

TOpa, no KOTOpOH MO)KHO BH3YaJibHOOUe",HTb pa3Mep nqnepeiJHOfO CelJeHH}I KOnb

uesoro crycTKa 3neKTpOHOB H xapaKTep ux pacnpe)leneuug no ceiJeHHIO. · 

Jln}l H3MepHTenbHOH CHCTeMbl C HHTerpanbHbiM OJlH03neMeHTHbiM )leTeKTOpOM 

CHHXpOTpOHHOro umppaKpacuoro HJnyiJeHHH. ( OIJTHIJeCKIDl ex eM a c Kon.iu!KTHBOM) 

pa3pellla10IUM cnoco6uocTb omu4ecK:6ro TpaKTa'oco6oii ponu He urpana, no l!a)K~ 
HO 6hmo JHaTb nimeiiHbiH pa~Mep non}! 3peHHH D 06 TpaKTa ua nepeceiJeuuu Me- · 

JlHaHHOH ~OCKOCTH KMbUeBO

ro CI)'CTKa C nnOCKOCTbiO 

_ero . nonepeiJHoro ceiJeHHH 

(pa3Mep no panuycy KOnb--· 

ua), T.e. B nnocKocTn ofueK

Ta HCCJJe)lOBaHH}I. none 

3peHH}I 6binO H3MepeHO, H 

pe3ynbTaT . HJMepeHH}I npeJl

crasneu Ha puc.6. no ropH-

30HTaJlbHOH OCH OTnO)KeHO 

paCCTOHHHe B MHnnHMe~pax, 

no BepTHKaJlbHOH ----' CHfHaJI 

C )leTeKTOpa B OTHOCHTenb

HbiX e)lmmuax. MeTOJlHKa 
H3MepeHHH . 3aKniOlJaJiaCb B 

TOM, lJTO TOIJelJHbiH HCTOlJ

HHK HHcppaKpaCHOro HJny_:: 

IJem-tH J1 K 4-12 iiepeMe

JUaJIC}I no pa~~.Hycy Konbua 

. I, o'iH.eil. 

0,6 ,_. 

--, "-", : 

. ~- ··. '"' 
.1' -/ __ • ' .... · . '\---~ ~-·. -

• .. · .' . . 

,• • I~ 

0,5 

0,-l 

0,3 
:.\-

0,<. 

0,1 

I i o_ 

,.--.. ~ 

,0 

P11c.6 .. JII!HeHHbiH pll3Mep UOJill 3peHllil OnTII'IeCKOH CI!CTeMbl C 

KOJIJieKTI!BOM B IUIOCKOCTII o6-LeKT3 IICC11eAOBaHlli..- nonepe'I

HOI'O Ce'leHI!ll KOJibUa. 

16' 

IlpoeycKaime, % 

~ ) 

4 6 8 .AI MKM 

Pu7:l. <:_:,neKTpanbi!IDI. ;xapaK:.fepucrnKa onm'lecKoii cucreMbl 

3neKTPOHOB, a noTO~ '\iuippaKpaciioro HJnyqeHH}I~ cpOKYCHpOB~~g B nJJOCKO

CTH cpoTo~pHeM~HKa, npeo6pa3yiDJUero it~~paKpacuoe uJnyil_euue: { 3ne~ipu
IJeci<.i:tii CHrH~. npe)l~ap-~TenLHO nnOCKOCTb 'u3o6pa)KeH~H;:BXOJlH~ro 3paiJKa 

.·.,- • ! - . . . • .. ' . ' ' " ' ' •. ~ ~ ) ' - " < 1 " . -'': y .: • ' • • - : • ; - ,' 

CHCTeMbi onpe)lenxnacb c _ noMOJUbiO ,niOMHHncueuTHoro TepMorac;x~etocH 3Kpaua. • 

nocJJe · qero 3icpau y6upancH, a ua ·ero · Mec'To ycTanaBJJnsanc.H_ mi'cppal<pacHbiH 

JleTe~Tcip. 8 ica~~~iae JleTeKT~P~ 6l.mu Hcnolii.Joa~~bl .'olillaJK.li~e~ble :iu~Kl~~ 
aJO~O~. cpOTOCO~pOTHilneHHH Ha OCHOB'e repMaH~H, ,JJerHp~B~lHHOfo ·J~Jl~TOM, C 
pa3MepoM IJYBCTBHTen~HOH nnoni'MKH d ; 2x2 ~M' H 3x3 MM, c ~XOJlHbiM OK-

-. ,•' . . •. . . . np • . ··:·'' . . '. . : 

HOM-H3 npOCBeTneHHOro repMaHHH H C pa60~IHM.C!leKTpaJibHbiM JlHanaJOHOM 'IYB-, 

CTB~TeJJbHOCTH _/!,.'). = 2+8,5 MKM • .IJ:eTeKTOp · HMeii 3aJIHBHOH Jlb!Oap C. BXO)lHbiM OK- .. 

HOM 8 TOpUeBOH .lJaCTH' ll MOr pa6oTaTb TOnhKO B BepTHKaJlbHOM riMO)KeHHH. ' -

nocne. H3fOTOBneHHH . 3epKaJibHO-JJHH30BOH. omuqecKOH 'cnCTCMbl C KOJJJieK

THBOM 6bma.HCCJJe)lOBaHa ee 3qxpeKTHBHoCTb, o6ycnoii.iJeiniaa OOTepHMH HJnytJeHIDI 

npH em npoxmimeuuli qepe3 OKHa H JJHH3bl H npH OTpruKeHHII HJn'yqeHHH OT :iep

KaJI. _PaciJeT· 3cpcpeKTiisu6cl-u · omuqecioii cncTeMbi ~poBOJlHnC}I no _cpopMy.iie · 

.k=p+ 1 ··m=p 

, 't = Il (1 -:- P~> IT (1 - am>'m P7..- (9) 
k;l · · m=I ' · 

me 't :...._ K03cp<i>HUHeHT.nponycKa~HH OnTHIJeCKOH_ CHCTeMbi,-p -;- K03cpcpHUlleHT 

OTPa)KeHHH, a - K03cpcpnuHeHT nomo~eHH}I; p .:....__ IJHCJJO np03J>a'IHbiX cpeJl, l :...._ · 

TOJJJUHHa cpeJlbl, N - lJHCJJO 3epKan, rr . ....:._ npouJae)leHue. . . ,. . . . 
• . . 3 
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llponycKaHne OKHa H3 onTnllecKoii KepaMHKH KO~ 1, o6'beKTHBa H3 KO~l n 

KOWieKTHBa H3 K0-2 H3Mep.HIIOCb Ha HH~paKpacHOM ~neKTpo~eTpe HI(C-29. Ce

.pe6p.HHbie 3epKana (MeTaWIHlleCKru:I . WieHKa Hanhm.HJiacb B BaKyyMe .Ha AHCK HJ 

KBapuesom cTeKJia) s AHanaJoHe AJIHH. soJIH nHcppaKpacHom 'cneKTpa OTpa:lKaiOT 

-98,9% (AA. ~ 1+ 10 MKM). CneKTPaJihHa.s 3cpcpeKTH.BHpcTh o'mnllecKoro TpaKTa 

npeACTaBJieHa Ha pnc. 7. KaK BHAHO HJ :nom pncyHKa, cneKTpaJibHoe nponycKa-

- HHe OnTHlleCKOH CHCTeMbi.HaxO.[{HTC.H B 6JIH:lKHeM H CpeAHeM HHCppaKpaCHOM .[{Ha

HaJOHe AJIHH BOJIH LlA ~ 1 + 8 MKM H nOJIHOCTbiD. COOTBeTCTByeT pa6otieMy cneKT

paiibHOMY.AHana3oHy, 3a.[{asaeMoMy Ha:!aJihHhiMH ycnosn.sMn. MaKCHMYM nponyc

KaHH.H OnTHlleCKOH CHCTeMbl npHXO.[{HTC.SI npHMepHO Ha TY :lKe AJIHHY. BOJIHhl, liTO H 

MaKCHMYMhl C~eKTpaiibHbiX xapaKTepHCTHK tiYBCTBHTeJihHOCTeH HHcppaKpaCHbiX 

cpoTonpneMHHKOB InSb u Ge:Au, pa6oTaiDmnx npn TeMnepaType 77°K, Ko'ropbie 

npHXO.[{.SITC.H Ha AJIHHY BOJIHhl A
0 
~ 5,5 MKM .. . 

.. . ... ... P. . .. . ...... . 
Hu:lKe AJI.H uJIJIIDCTpaunn npnse.[{eHbi HeKOTOpbie peJyiihTaTbi ncnoJihJOBaHn.s 

liiHpOKOHOJIOCHOH JepKaiihHO-JIHHJOBOH OnTHlleCKOH CHCTeMbl C KOJIJieKTHBOM, C0-

3.[{aHHOH AJI.H o6Hap)')l(eHn.s n perncTpaunu cnHx'p<npmiHom n3JlylleHn.s HHcppa

KpacHom .[{HamUOHa, reHepnpyeMOrO K~ribUeBbiM .cryCTKOM peJIHTHBHCTCKHX 

HH3K03HepreTHliHbiX 3JieKTpOHOB B KOMnpeccope. 3JieKTpOHHbiX. KOJieU 06'be.[{HHe-

HHClm HHCTHTYTa . .HAepHbiX nc~~e.[{osaHnii. . · · . · • . · : · · : •· ·: . , 

· Pa6oTy KaHaJia H3MepeHif.s a6conionioro 3Hallemi~ itnieHcnsHC)c:rn cnHxpo

TPoHimm H.HcppaKp~CHO'm. ii3nyqeHH.H, . no KOTop6ii onp~Aen~eTC.SI liHCJIO 3JieKTpo

HOB B KOJibUeBOM .. ~rycT~e, UJIJIIOCTpHpyiri~pnc.8,. 9 H ·lO.:'):{eTeKTiipyitim~ llacih 

HJMepnfe.rii.iiom ia'mu1a~o6paJ6saHa n~ nHcppaKpaciioii omnlle~koii' cHcfeMbi c 

~ KOMeKTHBOM u npeuihnclHHOro, oina~aeMoro· :lKHAKHM aJOT~~- HH~pa~pa~Hom 
. ,[{eTeKn)pa u"3 ., repMaHH.SI: JiernposaHHOro •. JOJIOTOM. OnTIIli~CKHH. TpaKT. OThiD~~H
poBaH' TaKHM o6pa30M, liT(l em OIITHlleCKa.H OCb npOXO.[{llT no KacinenbHOH K 3JieK-

TpOHHhiM ·op6nTaM: pMnyca. R = 4 CM.·· . 

·· ·. Ha pnc.8 ,npeACTaBJieHbi ocunJIJiorpaMMbi cnrnaJioB c·AeTeKTopa CHHXJlO~poH
Hom HHcppaKpaCHOm H3IIYtJeHHH, CH.SIThiX npH pa60Te YCKOpHTeJI.SI B • pa3Hb!X pe

:lKHMaX. BpeM.s pa3BepTKH 0,5 MCIAeJieHue, .BeJIHliHHa cnrnaJia J ·B/Aeneime. Oc

U~JIIIOrpl1MMbi HMnynh<::_OIJ cnHXPOTPOHI:JOm HJJiyqeHn.s xapaKTepH3YIOT pacnpeAe

. JieHHe HHTeHCHBHOCT~ 3!.<J.r? H3IIYtJeHH.H. no BpeMeHH,. COOTBeTCTByiOmeMy pa3Hh!M 

PMHyCaM op6HT ~JieKTPOHOB,BHpOU~CCf: C:lK,_aTn:! KOII,bUeBoro cryCTKa,B KOMnp(:C

cope 3JieKTpOHHhiX Koneu KOJIJieKTHBHoro ycKopnTeJI.H T.H:lKeJibiX ncmos. BepxHne 

HMnynhch~ Ha · ocunWiorpaMMax cooTBeTCTBYIOT. pe:lKHMaM pa6oTbi . ycKopnTe.ri.s, 

KOrAa 3JieKTpOHHOe KOJihUO C:lKHMaeTc.s AO ero pasHosecHoro HJIH cpeAHero pa

AHyca (cooTBeTcTBYIOmem uenTpy Marr.oro nm1epetinom celleHn.s KOJibUesom cry

CTKa) . R < 4. CM H. cryCTOK HaliHHaeT YXO.[{HTb (pHC.8, a) JIH60 COBCeM YXO.[{HT -

(puc.8, 6) H3 non.s 3peHn.s omnllecKoro TpaKTa. Hn:lKnne HMnynhChi ita ocuillmo

rpaMMax COOTBeTCTBYIOT O.[{HOMY pe)I(HMy, KOr.[{a KOJibUO C:lKHMaeTC.SI .[{0 KOHeliHOffi 

pMnyca R = 4,2 eM ~.3JieKTPOHHbiH cryCTOK (em MaJioe celleHne) noJIHOCThiO Ha-

:18 
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PHc.8. 0CUIUUIOrpaMMhl CHillaJIOB C IIHTerpanhHOfO 

,UeTeKTOpa cm'txpOTpOHHOrO. HH!jlpaKpaCHOfO Hl!ly

'leHHll, COOTBeTCTBYJOmHe pa3HhiM i>I;~HMaM pa60Thl 

.YCKOpHTellll 

XOAHTC.H B noJie 3peHH.SI OllTHlleCKOH CHCTeMbl, noKaJaHHOM Hapnc.6. Ma~CHMYM 
HMHYJibCa CHHXpOTpOHHOrD H3Jlyqenml mBOpHT 0 TOM, liTO KOJibUO .[{O:lKaTO .[{0 

CBOem KOHeliHOffi MHHHMaJihHOrO paAHyca, KOTOpOMY COOTBeTCTByeT 3a.[{aHHbiH 

onpeAeJieHHblii pe:lKHM pa6oThi ycKopnTeJI.H. Ha .Koue'IHOH.CTMHH c:lKaTH.H KOJihUa 

(speM.s - 250 MKC) oHo Ha'IHJiaeT 3arpY:lKaThC.H T.s.:lKeJibi~m nonaMH n BbiTaJIKHBaeT- . 

C.H llepe3 BbiBOAHOH naTpy6oK Ha OCH KaMepbl KOMnpeccopa na JIHHeHHbiH yqaCTOK 

y~KopnTeJI.s AJI.H peaiiHJaunn KOJIJieKTHBnoro MeToAa ycKopeHHH 3JieKTponos nno

nos. ,!Ln.s a6coJIIDTHbiX HJMepe.nnii mneHCH~HOCTH, cnHxpm;po~Horo nncppaKpac

noro H3IIYtJeHH.H 6bma uccJie.[{oBii.Ha speMe~Ha.s CTPY~Typa HMHYJibCHoro cnmaJia c 

.[{eTeKTOpa. Ha pnc.9 npHBe.[{eHO pacnpe.[{eJieHHe B OTHOCHTeJibHbiX e.[{HHHUaX HH-
. . ' ~ ' . . 

TencHBHOCTH cnnxpoTponnom H3JlyqeHn.s B npouecce C:lKaTn.s 3JieKTponnom 

KOJibUa B KOMnpeccope .llepe3 HHTepBaii BpeMeHH 40 MKC. Ha: pnc.1 0 noKaJaHbl 

pe3yJihTaThl H3MepeHH.SI liHCJia SJieKTpOHOB B KOJibUeBOM cryCTKe, HOJiylleHHble. 3a 

8-llaCOBOH ceanc. pa60Tbl ycKopnTeml. no BepTHKanbHOH ~en; OTJIO)Keno liHCJIO 

co6b!TH~, no ropn3oHTaJihHOH - liHCJIO. 3JieKTp0110B B crycTKe, KOTOpoMy Aamwe 

liHCJIO C06b!THH COOTBeTCTByeT. 11.J~epeHH.SI npOBO.[{UJIHCh B pe:lKHMe pa60Tbl. yc~ 
KOpHTeJI.H, KOr.[{a 3JieKTpOHHOe KOJihUO C:lKHMaJIOCb .[{0 paAHyca R = 4 CM, KOTOpm.ty 

cooTBeTCTBOBaJia 3neprn.s 3JieKTpOHOB · E = 20 M3B. CyA.s· no npuse.[{ennow mc:ro~ 
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PHc.l 0. PeJyn~>TaTI>I HJMepeHHll 'II!CJJa 3JieKTPOHOB B KOJJI>I.teBOM cry
CTKe, xapaKTepHl)'IOUJHe 8-'lacoooii ceaHc pa60TI>I ycKopHTellll 
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rpaMMe, MO:lKHO c.rlenaTb BbiBO,n, 'ITO. B pa6olJeM (He <flopcHpOBaHHOM) p~:lKHMe yc-
, / ' . 

KOpHTeml HHTeHCHBHOCTb :ilneKTpOHHbiX KOneu BO BpeM.H. npOBO,nHMbiX 3KC-

nepHMeHTOB COCTaBn.Hna N = 2·1 o11• . . . . .e . 

3AKJIIOYEHI1E 

0nTHlJeCKa.H CHCTeMa c, KOnneKTHBOM Cblrpana OC06)'10 ponh npH COJ.Ua!IHII' B 

0115111 KOnneKTHBHOI'O. ycKOpHTen.H T.H:lKenbiX HOHOB 3ReKTpOHHbiMlf KORhUUMH. 

PaJpa6oTKa onTH'IecKoii · cncTeMbi 6hma Mepoii BbiiiY)I(.lleHHOH, TaK KaK · HHbiM ny~. 
TeM 06Hapy:lKHTb H JaperHCTpHpOBaTb CHHXpOTpOHHOe HJny'leHHe OKaJanOCb He". 

· BOJMO:lKHbiM. TonbKO. 6naro,nap.H OllTHlJeCKOH CXeMe C KOnneKTliBOM H RHIIJal\1 HJ. 

OnTHlJeCKHX MaTepnanoB HOBeHUIHX pa3pa6oTOK <f!Hnlfana N~l TOI1 r.C.-DeTep-

6ypra, o6na.uaiOlUHX BhiCOKOH np03palJIIOCTbiO B WllpOKOM .UIIanaJOHe MHH BORH 

nH<flpaKpacHoro' omnqeciwro cneKTpa, snepBbie B 0115111 y.nanocb o6HapY:lKH'fb 11 

JaperHCTpHpOBaTh CHHXpOTpOHHOe HJnyqeHlfe OT MaROHHTeHCHBHOro KORbUa 

HH3K03HepreTHlJHbiX pen.HTHBHCTCKHX 3ReKTpOHOB (3HeprH.H 3ReKTpOHOB 
E $ 20 M3B, pa.unyc.op611T ~~~ spamenn.H R > 4 eM). Ba:lKHOCTh nposo.uuMbiX 3KC- ·. 

n~pHMeHTOB ·. C CHHXpOTpOHHbiM HJnyqeHHeM JaKniO'IanaCh B TOM, 'ITO -,nn.H ·Kon

neKTHBHOfO yCKOpHTen.H CHHXp(npOHHOe HH<flpaKpaCHOe 'uwy'leHHe .---" e.Ul-IHCTBeH

HbiH HCTO<iHHK np.H~OH H o6'beKTH6HOH (KORHlJecnieHIIOH. lf Ka~eCTBeHJIOH) llll

<flopMaUllll 06 YCKOp.HeMOM cryCTKe pen.HTlfBHCTCKHX sneKTpOHOB B. npouecce era 

<flopMHposaim.H n c)KaTn.H: TomKo MeTo.n cnnxpoTponnoii u'u!flpaKpaclioii .nnar~ 
HOCTlfKH (.HBn.HIOlUeHC.H npO.UOR:lKeHHeM If pa3BlfTHeM MeTO,nOB OllTlflJeCKOH, T.e. He

pa3pyiuaiOIUeH .nnarnocTnicl-i)no38on~eT secTH na6n10,nenne 3nelnpounoro KOnhua 

6eJ ero pa3pyw'emt.H If OKaJaHH.H KaKOro-nu6o BnH.HHH.H lla m::c.Jie,iiyeMbie 6biCTpO

npoTeKaiOIUHe npoueccbi: KpoMe ioro, 3TOT MeTo.u noJson.HeT nposo.unTh HJMe

peHne a6comon1oro qucna3neKTpoitos B KOnhuesoM crycTKe KaK 6.nnoro.HJ ualf-

6onee Ba:lKHbiX riapaMeTpOB, OT KOTOporo. JaBHCHT BOJMO:lKHOCTh ocymeCTBneHH.H 

KOnneiCTlfBHOro MeTo,na ycKOpeHH.H; Ilo ,HHTeHCHBHOCTlf ClfHXpo~pOHHOro ltJnytie

Hlf.H 6bmO snepBbie onpe.ueneno a6coniOTHOe 4ncno '3neKTp'ouoB B KORbUeBOM cry" 

CTKe', c<flopMHpOBaHIIOM B KOMripeccope 3RhTp~HHhiX KO.Jieu. KORReKTlfBHOro yc-

KOpHTeR.H 0115111, KOTOJlOe 'o~a~~OCb He Ne > I o13
' . K~K ~TO ~pe.ucKaJbiBanOCb B 

- ' ' " ! ' 

pa6oTe [11], a scero-nascero Ne-: 108 3ReKTpOHOB B KOnbue. PeJynhTaTbi, npe.n-

crasnenuble Ha pH C.} 0, 6biRH nonyqeHbl Rlfllib cnyCT.H HeCKORbKO neT nocne JIIa

lJHTenbHOH .uopa6oTKH _cooTBeTCTBYIOlUHX ywos n cncTeM ycKopHTe.Jl.H. 

HecMOTp.H Ha OTHOCl!TenbHYIO npOCTOTY onTHlJeCKOH ClfCTeMbl ona o6ec

ne'll!na neo6xo,nHM)'IO onTH'IeCK)'IO TO'IIIOCTb npoBO.UHMbiX lfJMepemtii, noKaJana 
xopowy10 · paJpewaiOIUYIO cnoco6HOCTh 8 wnpoKOM cneKTpanbHOM .UHanaJoue· B 

6mt:lKHeH If cpe.UHeH HH<flpaKpaCHbiX o6naCTeH MHII BORH. Onnt'leCKa.H CliCTel\la 
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nonHOCThJO y.uoBJleTBOplleTnpe.uoliBneHHhiM ,K neii Tpe6oaaHHliM, onpe.uenlleMhiM 
ycnoBHliMH · cpH3H4eCKoro ycKopHi-enhHOro 3KcnepHMenia .H ,MO:lKCT 6hiTh Hcnonh-
3o8am1 B pa3nH4HhiX .UeTeKTHpyiDmmi. ycTpoiicTBax rnitpcJKC:inonocnoii ~ncppaKpac
HOH .UHarHOCTHKH, pa3pa6aThJBaeMhiX u coj.uaaaeMhlX .!lnll HaytJHhDi. liccrieiiosanuii 
u npHKna.!lHhiX ueneii. ' 

Heo6XO.UHMO OTMCTHTh pa3pa6oTaHH)'IO MeTO.UHKY CTeH.UOBhiX HCIThiTaHHH 
HHcppaKpacHoii onnt'lecKoii cHcTeMhl. u · Hccne.uosa!Jml pa3perna10meii cnoco6Ho
CTH HHcppaKpaCHhiX OITTH'leCKHX 3neMeHTOB, OCHOBaHHYIO Ha HCITOnh30BaHHH 3cp
cpeKTa rarneHHll nJOMHHHcueHUHH npH ·TepMHtJecKoM sOJ.ueiicTBHH Ha nJOMHHHCUH-

_.;_ 0 • 

py101UHH MaTepHan- 11 liBJlliJOlUYJOCll pa3BHTHeM H npo.uon:lKeHHeM CUHHTHnnli-

UHOHHOH MeTO.UHKH. TonhKO 6naro.uapll 3Tqii MeTO.UHKe y.uanoch pernHTh npo6neMy 

CmiTHll xapaKTepHCTHK If HCCne.UOBalilfll napaMeTpOB OITTH'leCKOH CHCT!!Mhl; npe.U
Ha3Ha4eHHOH .!lnll pa6oThl:B cneKTpanhHOH. o6nacTH ~A.= I + 8 ·MKM HHcppaKpacHo

ro .UHanaJOHa ,!lnHH BOn H. 
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