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Jia6opaTOpRH Bb!CORIDC 3Heprnft 06~e,IJ;RHeHHoro KHCTHTYTa ~ep!lliX 
Rcc~e,n;oBaH:IDi, r. ,lly6Ha MocRoBcKoii o6~acTH. 

C ~CC8PT8.UI'leif MOlKHO 03HaKOMI'!TbCJl B 6I'!6JmOTeKe JIB3 OJ1ffi1. 

YtieHH:li ceKPeTapb cne~a.JIHSHpOBaHHoro coBeTa 
RaH.Im,II;aT ~H3KKO-MaTeMaTH'18CRIDC HayK, 

CTaplllllli HayqHIDI COTpy,D;HKK ~ 
JIHXA 1J:Ei3 

MrucaM ;iie,n;opoBm 

B IIOC~8,IJ;HI'IB rO,n;H OTMB'!a8TCJl TIOBbiiiiBHI 

'IBPBHKOBCKHM CIIBKTpOMBTpaM IIORHOrO TIOr~C 

MOlKHO H,IJ;BHT~OBaTb '!aCT~ BHBRTpOM~ 
pa60TH B 06naCTR MBTO,IJ;KKH 'IepeHKOBCRIDC ( 
B 1954-60 rr. H83aBRCHMO B Jia6opaTOpW 
(B.C.ITaHTyeB, M.H.Xa'IaTypHH, M.B.~~o. 
CiliA (J.Brabant, et al. Rev. Scient. Ine 
H B <J1I'l3H'IBCKOM HHCTHTYTB RM. Jie6e,n;eBa AJ 
ITT3,2,1960,27). B 3THX pa6oTax - noKasru 
M8Tpl'IH ~TOHOB H BHBRTpOHOB BHCOKHX 3H8] 
peHKOBCW C'IBT'WK cpaBHHTB.iibHO MaJJIDC pl 

Cos,n;aHHHe ,n;eTeKTOPH HMenR xopomym .iii'!Hem 
B ,n;nanasOHB 8HepriDi 0, 25-4, 0 raB H BHCOJ 
HOBHH 8Tall B pa3BHTI'IH MBTO~ 3~~· 

pa60Tbl '!epeHKOBCROrO CTI8KTpOM8Tpa C Koo: 
(HCKPOBOH KaMepoH). TaRoe C0'18TaHI'le ,n;eT 
npn6opb!, CYm8CTB8HHO pac~e B03MOE 
MOI!lb!O IIpH<lopa, C03~aHHOrO B lla<lopa1 
OMffii B 1964 ro,n;y, 6wm TIOJIY'IBHH pesy~T 
YCTaHOBHTb CYm8CTBOBaHH8 s>~e-4-e- I'! 'f'~f?.+e
nap~~Hb!B illHPHHH. nanoHeiruee pa3BI'ITH8 
~HeBHX cneKTpoMeTpoB nponcxo~o no n 
nme rO,IJ;OCKOTIH'l:BCKH8 CHCT8MH C u;eniO TIOJJ 
M~ O,D;HOBpeMSHHO C HH~PM8.UI'l8ll 06 3H8 

ITpe,n;CTaanHBMaH ~ccepT~ TIOCBfimBE 
TO,n;HKH qepeHKOBCRIDC ~BHBBHX 9neK~M8~ 
JJax ncc~e,n;oB8HHH H paspa6oToK' 1-8 , BHD 

B Jia6opaTOPRH BHCORIDC 3HeprHii OMHM. 
Ue~ro HacTogmei pa6oTH HB~ocb cos~ 

poMeTp:I!'18CKOH annapaTypb! ~yxKaHanLHOrC 
CRIDC CIIBKTpOMBTpOB, a TaKXB paspa60TK~ 

OC068HHOCTHMH HSMepeHRR 8HeprHH qacTHIJ; 

,IJ;BTBKTOpOB. 
AKTy~HOCTI> pa6oTH. MeTo~ qepeJ 

M8TpoB IIOJIY'IWia 6~IUOB pa3BHTH8 B <lJH3l 
Bb!B ,IJ;BTBKTOpb! ycneiUHO llpHM8Hff!OTCJl B 9K< 
06XO.n;HMO perHCTpnpOBaTb BHBKTpOHH H rru 

Cos,n;aHHaa annapaTYPa nosBo; 

~anaSOH ~KTHBHHX MaCC peSOHaHCOB H 

HIU 
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· _B nocJie.n;tme ro,nu OTM6'!a6TCJI noBllli!eHHilli HHTepec K JinBH6BHM 

~epeHKOBCKHM cneKTpOMeTpaM noJIHoro norJiomeHHH, C nOMOmDID KOTOpUX 
MO!!RO H,I{6HT~OBaT:& '!a.CTim!>i SJI6KTpOMarHnTilOH. eynpo,nu. · llepBI:le 

pa60TH B 06JiaCTU.M6TO~ qepeHKOBCKRX oneKTpOMeTpOB 6HJin C~eJiaHH 
B 1954-60 . rr • H63aBliCHMO. B · Jia6opaTOplm BbiCoKRX SHeprnii · OlUill 
{B:C.llaHTyeB, M.H.XaqaTYPRH, R.B.lfyBMo. llT3,I,I960,I9), B,Eepiom 
CillA (J.Brabant, et al. Rev. Scient. Inetr. 28,1957,421) 
H B ifurSU'l:eCKOM lll:!CTnTYTe EM. Jle6e~eBa AH CCCP (B.<Ji.I'pymmr li Jtp. 
llT3,2,I960,27). B BTHX pa60Tax· HOKa3aHO, 'ITO ,D;Jlll cneKTpo
MeTplm ~TOHOB ll SJieKTpOHOB BHCOKHX SHeprnii ~OCTaTOqBO llMeT:& qe
peHKOBCrurli cqeTqHK cpammTeJI:&Ho MaJIHX. pasMepoB-12 pa,n; e~ •. 
Cos~aHHHe ~eTeKTOpH HMMH xopomyro ~eiiHocT:& aMTIJiliTY.Inl cnrnaJioB .. ··. 

B ~a30He ::mepriDi 0, 25-4, 0 reB li BHCO:eyiD pasperuaKllcyiO onoco6HOCT:&. 
HOBHH STan B pa3BliTllli M6TO,JUmH 3aKJIIOllaJICJI BpeaJIIIsanmr COBMeCTHOll 
pa60TH qepeUKOBCKOrO cneKTpOMeTpa C KOOp)UmaTHHM ~eTeKTOpOM : 

(:m:cKpOBOii KaMepoii). TaKoe coqeTaH:m:e ~eTeKTopoB·nosBoJillJio cos~aT:& 
np:m:6opbl, CYm6CTB6HHO pac~e B05MOXHOCTll SKcnepnMeHTa~ C no~ 
MOmDID npJil60pa., C03,D;aHHOrO B Jia6opaTOpHH BHCOKHX 3HeprHl! 
OllHH B 1964 ro~. 6HJIH·n~eHH pesyJI:&TaTH, nosBoJIKBIDRe BnepBHe 
YOTaHOBUT:& CYm6CTBOBaHne s>~e~e-n \f'~e+e-pacna,noB ll ~3!46pHT:& UX 

. napiUIM:&Hble illnplll:!H. .IJ:an:&H_efuuee pa3BHTHe · M6TO~ qepeHKOBCRIDC 

.·JinBHe~mc . cneKTpOMeTpOB nponcxo.n;wzo no nyTR npeBpamelUll!' llX B 6MD-
. mue rO~OCKOnuqecKRe CHCTeMH C U6JI:&ID no;ryqeHRH KOOp)UmaTHOH ID!~p

- r~ o~oBpeMSHHo c HHWOPMaiUieii o6 SHeprRH norJiomeHHoii qacTnqg. 

llpe~CTaBJiff6MaR: ~ccepTa.IijiS1 nOC:sin.u6Ha ,I(aJI:&HefuueMy pa3BliTIDO iae-
~ - . " 

TO,JUmH qepeHKOBCKllX ~HeBHX 9neKjPOM6TPOB ll OCHOBaHa Ha tmTepRa-
~ax. HCCJI6~0BaHHH ll paspa60TOK' 1-8 , BHnOJIH6Hll!DC B 1968-78. r • r • 

B Jia6opaTopRH BHcoruric sHepl'llli OIDIH. 
UeJI:&ID HaCTO!I!!!ell pa60TH JmllJIOC:& cos.nrume ll ncc~e,noBaHRe cneKT

pOMeTpnqecKOH aiTIIapaTypbl ~yXKaaan:&HOrO li 90-KaHaJI:&HOro 1qepeHKOB

CKRX cneKTpoMeTpoB, a :raxxe ·paspa6oTKa BonpocoB, cnasaHHIDC c 

OC06eHHOCTHMll ll3MepeHHH BHeprBn qacTHU B ~O~OCKOURq60KOH CHCT6M6 
~eTeKTOpOB. 

AKTymaooTi pa6oTH. MeTo,nHKa qepeHKOBCKllX JIUBHeBHX cneKTpo...:' 

M6TpOB no.rry'tm:Jia 6o.ir:&ruoe pa3BliTHe B qmsHKe BHCOKllX SHeprnii. Jimme

Bble ~eTeKTOpH ycnemHO npHMeHaiDTCH B BKCnepHMeHTax, B.KOTOpbiX H6-
o6XO~O perucTpupOBaT:& SJI6KTpOHH ll rru~-KBaHTH. 

· Cos.nrum.aJI aiTIIapaTYpa nosBoJIJieT perncTpupoBaT:& 60JI:&moii 

~anaSOH ~KTl!BHHX MaCO pesOHaHCOB ll Ha,neli!HO H,I{6HTH~BaT:& 

M'Ite¥uemt!i4fi oocrmyr 
•aeper:J:z: uc~.ne.noBaruiG 

6M6)f¥JOTEHA 



co6nT:xm. ITo Hai'JISI.niiocTH .npe.n;cTaBJJJieMoii micpopMarum ycTaHODKa npH-

6J.IIDKaeTCJI It ny:mp.:&KOB!lM KBMepaM, O,IJ;Hai\0 SHatruTeJI.:&HO npeBOCXO,IJ;llT, HX 

no 6ucTpo.n;eiicTBIDO, cnoco6HocTH pa6oTaT.:& c 60JI:DI!IlJMII :3aFpysKmlli 11 no 

BilCOKOll ceJIElKTIIBHOCTU sanycKa. Bee 8TO ITOSBOJIJieT IICIIOJI:DSODaTI> cos

,IJ;aHHllll KO~fimeKC anrrapaTypll ~ I!IlJpOKOro Kpyra ITOIICKOB!lX aa.n;a~ Ha 

aKTYaJII>HllX. HanpaBJie!IliHx qiiiSIIIDI BllCOKIIX anepr:ui1. 

ABTop sarunmaeT HacTogmeii pa6oToii: 

I. PeayJI.:&TaTil HCCJie,IJ;OBaHilli xapaKTepHCTIDt .n;Byx TIIIIOB ~epeHitoB
CKIIX rm'IMa-cneKTpOMeTpOB, BKJII01IBJI xa:'paKTepHCTIIRil iJ:13Y II perncTpn-, 

pYJOII1ell MeKTPOHIIIDI. 

. 2; llpe,IJ;JIOJKeHruill MeTO.r( BOCCTaHOBJI6Hllfl SHeprliii B rO,IJ;OCKOilli~·ecKOM 
~epeHKOBCKOM r a.MMa-CII eKT JlOMeT pe:. 

. 3. Cos,IJ;aHIIe II liCCJie,IJ;OBaiiHe CITeKTpOMeTp~eCKIIX KOMIIJieKCOB anrra

paTyp!l ,ll;ByxKaHaJII>HOrO II 90-KaHaJII>HOr_o rBM~<m-ciieKTpOMeTpOB C CIICTe

MaMH KOHTpOJIJI IDrTaHllfl H CTa6IIJIIIsarum. 
. . ~ . 

HayqH8JI'HOBH3Ha II 3Ha~OCT.:& pa60Tll 3aKJIDttaDTCH B TOM, ~TO B 

pesyJI.:&TaTe npoBe.n;eHII!lX 11cCJie.n;oBaH:ui1 coa.n;aH. BrrepBIIe :B CoBeTcKoM Co

rose MHOrOKai!aJII>Hllll KOMIIJieKC -. 90-KaHaJII>Hllll ~epeHKOBCKIDi raMMa

CIIeKTIJOMeTp rramroro nor;romeHna, KoTopHft ncrro;rr.syeTcH ~-pemeHim 

pas~~ aa.n;a~ ciMsiiKH · BIICOKIIX aHeprlli1. BrrepBne .n;eiamuo Ha~eHu 
qiaKTOp:!l, BJIImiOmiie Ha 'l'O~OCT.:& BOCCTrutOBJieHim :mepriiii B rO,IJ;OCitOIIII

~eCKOM ~epeHKoBcKoM rm'IMa-crreKTPOMeTpe. IIonyqeHII saBHCIIMOCT11 
J j • ' ~-

aMIIJIIITY,IJ;ll CIIrHaJia ,IJ;eTeKTOpa OT KOOp,IJ;IIHaT II yrJIOB BXO,IJ;a ~CT~·B 

crreKTpOMeTp. HOBllM HBJIJieTCJI IlpiiMeH6HH6 -~ KOH~pOJIJI YCHJI6Him 

CII6KTpOMeTp~eCKIIX CIIrHaJIOB MIIHHaTJOpHllX HMnyJI.:&CH!lX CB6TOB!lX HCTO~

HIIKOB, COCTOHml!X liS aJII>qia-HCTO~OB 241Am C KPIICTaJIJIOM N~J(Tl). 
B.arrrrapaType perHcTpaqnn ycrremHo npiiMeHeHa cHCTeMa ,IJ;IIHaMII~ecKoro 
aHaJIOrOBOro xpaHeHlui HHrpO.PMaiU!H. 0CYmeCTBJieHO anTOMaT~eCKOe 
YIIpaBJieHlle pelmMaMH pa6oTn ycTaHOBKII (5 pa3JIIITiHllX peJmMoB) no 

KOMruUtaM or 3BM.B O){HOM HS pexiDtoB rrpoHaBOJtHTCH HSMepea:He 11 KOHT

POJI.:& JIHHeftaocTH CIIeKTIJOMeTpnqecKnx KaHaJIOB B IIayaax M~~ ~ru.m 
ycKopeHnH~ Paspa60TaHa He HMeDmBH aHaJIOrOB B ConeTcKOM Corose cHp

TeMa BllCOKOBOJI.:&THOrO CTa6IIJIIISI!p0BaiiHOrO IIHTaHHff, pactruTaiiH8JI Ha 

. _tiecTH qioTOYMHOJKHTeJI~M. , . • . 

llpaKTnqe(:KaR UeHHOCT.:& pa60T11 COCTOIIT B TOM, ~TO COS,IJ;aHHllll KOM

IIJieKc anrrapaTYIJH n pesyJI.:&TaTn ero ncCJie.n;on8liiD1 rrosBci.mmr npanHJI.:&uo 

pemau Sa,l{attH B OClnaCTH. IPH3HKH CHnl;Hwx:, cnaClWX H 3JI6KTpoMarHHTHWX 

B3aiDlO,l{6ltCTBHlt. ()JUT CO::J,l{aHHH arrna~Typu II03BOJIH6T npHll6HHT.b ero 
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){JIR ,l{anbH6ltmHX HayttHWX paspaClOTOK B OClJiaCTH M6TO,l{OB perHCTp~HH 

H H,l{6HTH!PHK~HH ttaCTHit 3JI6KTJlOllarHHTHOR IIIJHJlO,l{ll. 

CTp;yKTypa nnccepTarnm ·oTBe~eT ns6prurnoii TeMe •. .JJ.HccepTa.urut 

COCTOIIT 11S BDe,IJ;eiillfl 11 Tp6X rJiaB, nOCEHm6HII!lX COSJtaiiiDO ,IJ;ByxKai!aJII,

HOrO; aaTeM 90-KaHam.Horo ~epeHKOBCKoro raMl'.la-cneKTpOMeTpa, a TaR

lEe np06JieMa:t,i BOCCTaHOBJieHl!ff lm.eprim B rO,IJ;OCKOID~eCitOM ~epeHKOBCKOM 
crreKTPOMeTpe. Pa6oTa co.n;eplllllT 100 CTPaHUU TeKcTa, 59 pncyrmon, 

3 T8.6JIHUll, 6u6JIHorp81Jm'IecK:IIii CIDJCOK JIHTepai'ypll, COCTOJllltHil 113 92 

nasBamlli. 
Bo BB61I6HIDI OIIHCaii!l OCHOBHiie- 3Tailli Pa3DUTim MeTO,IJ;IDUI ~epeHKOB

CKIIX JIUBHeB!lX cneKTIJOMeTpOB, KpaTKO HSJIOJ!t6HO_TO liOBOe; ~TO,IIO MHe

HIDO aBTopa, BHOCllTCJI pa60TOH B HS6paHHYJO npo6JieM,Y, nepetruCJI6Hll 

OCHOB!Ille nOJIO:lK6HIIff, B!lli6C6HH!le Ha Sam!ITY. 

B rrepnon rJiaBe .n;nccepTaunn.orrncaHH .n;eTeKTOpii ,IJ;Byxrr;re~enoro ~e
peHKoBcKoro Macc-crreKTIJOMeTpa, cos.n;rumue B 1964 rony B Jill3 OM.ffi1. 
0CHOBY MaCC"'-Cn6KTpOM6Tpa COCTaBJIHIOT COBMeCTHO pa60TaromJie JIHBH6Blle 

raMMa-cneKTJlOM6Tpll HOJIHOro norJIOl!lBHHH (C) H OIITH'leCKH6 HCKJlOBH6 

Ita:tAepu (sc) c KOHBepxopauH (C), o6pasy-IOII!ie .n;Ba • uesUDHCHMUX KaiiaJia 

perncTpaunn HarrpaBJieHim n- aneprliii SJieKTpon-<lJoTOHH!lX mmHeli (pH c. I). 
Pa.n;naTopu raMl~a-crreKTpoMeTpa nsroToDJieHn ns cnmiuonoro cTeKJia T~I 
(50X50x50)cr.~3 • 'IepeiiKOBCitoe H~eHlle liS 6JIOKa CBIIHUOBOro CTeKJia 

C06upaeTCJI Ha ,IJ;eMTI> !lJ<>TOYJ-1HOJKHTeJie:i1 TUITa <J?3Y -49, CHrHaJI!l C KOTQ

pllX cyMMnpyiOTCJI. B ycTaHODKe ncrrOJI.:&syMcH Tpn crimtTIIJIJIRUIIOilllllX · 

c~eTtruKa -~ MOHllTOpllpOBaHl1Jl ~ s 1s2s 3, Mel!W.Y UCKIJOBilMII KaMe

prom n cneitTpoMeTpaMH pacrroJIOllteHil .n;Ba 60JI:Dmnx CUUHTliJIJLIIUliOIITI!lX 

c~eTtruKa s
4

s
5 

(50x50X~)?M3 nM YBe~eHnH aqirlleKTIIDI_IocTn sanycmi 

ycTaHOBKII. _0HU CJIY.llfaT ~ IICKJIIO~eHHSl C0611Tllii, B KOTOp!lX raMMa

KBaHTll He DSaiD.IO,IJ;e:iiCTBOBaJili C KOHBepTOpaMII .. U,- CJie,IJ;OBaTeJI.:&HO, He 

,IJ;aJIIl TpeKa D IICI\IJOB!lX KaMepax. ~-erHCTpaurul C0611Tllii B ycTaHOBKe 

IlpOHCXO,IJ;IIT np:a BlliiOJIHeHliii CJI~.n;yiJunrx YCJIOBID1:. . 

l. H~e CODIIa,IJ;8lOillHX BO BpeMeHII CnrHaJIOB C . neTElKTOIJOB 

s,·s2·sJ·s4·s5·~1-~2. . . . . 
2. 3ueproBll,IJ;MeHlle B KalK,IJ;OM IIJie~e cnei<TpoMeTpa rrpenllillaeT sa-

;rr;rumHft rropor - E 6! ~ Euopl, E li'2.<:::Euop2· . · · 
3. CYJ.lMa :n~eprllii, Bll,IJ;eJieHHaH B o6onx crreKTpoMeTpax, npen!lmaeT 

nopor - E'l{1 +El52.~Euop3· . .. _ 
. Ha OCHOBe aHaJIHSa xaprutTepHCTIIK ,IJ;6TeKTOpOB, a Taitllte 11CXO,WI liS 

KOHKpeTHllX aa.n;a~, pemaeM!lX Ha YCTaHOBKe, paCCMB.TpiiDBIDTCJI Tpe6ona:.. 

Him K cos;rr;aiiiDO perr~cTPIIPYJOII1eii anrrapaTYIJll. 
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PHc.I. Enox-cxeMa aneKTPOHHOH annapaTYPu ~yxKaHarroHoro 
~epeHRoncxoro raMMa-cnexTpoMeTPa. 
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PHc.2~ CTaelRnDHocT:r, nonoxeHRR nRKa arrexTPoHoB 

6es CTaORnHS~ (a? H CO CTa6RHHsaqae:li (6). 
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BTOpOH pas~eH r~U IIOCBHmeH COS~aHHID perHCTpnpyromeft annapaTY

pU ~yxKaHanDHoro ~epeHRoBcKoro rBA~a-cneKTPOMeTpa(pac.I). Annapa
. Typa Clwra COS~aHa B 1970 rolJY. AlmiiHTY,IJ;HuH aHB.!IHS I!pOBO~TCH IIO 
CYMMe sapg,D;OB ~eBllTH CJJOY ; Clrr'Haml .TOKa c clJOTOYli!HODTeJieli npeoelpa
SYJOTCH B sapg,n CXeMOH IDITerpaTopa; Ha B:WCO~e KOTOpOro CHI'Haml npo
nopUROHaJil>HU norJiomeHHofi aHeprnn B cneKTpoMeTpe. 

,IU1CKplrWuiatopa .Ur · H .U;:! cpaelaTUBa.JOT B ~ae rrpeBIDIIeHH!I rropo
ra Cm:'HaJIBAm B Ka.JJgJ;OM IIJie~e cnexTpoMeTpa. ,UncxpHMHRaTop .n;3 o6ecne
ttHsaeT CpaelaTUBaime YCTaHOBKH OT ~CTlm C CYMfvW.pHOfi SHeprHeii 6~JID
me ycTaHoBJieHHoro nopora. Bitmo~eHHe ~c:rtPHMHRaTopo:B .u1.u2 B cxeMY 
COBII~eHlrii CC-3 ~epes CX8MY BOpOT liD oelpasyeT CliCTeMy C KOM
IIeHCaUR8H BpeMeHHOrO paselpoca CIIeKTpOMeTpKqeCKl!X CllrHaJIOB 11 IIOSBO

JIJieT liCIIOJil>SOBaTl> CX8MY COBII~emrii C paspem8.IOIIIIDJI• BpeMeHeM, YM8Hl>

meHHIDJJ ~0 50 HaHOCe~. Ilpeo6paSOBaHlle miciJoPMaURH B URciJpoBOH KO~ 
ne~eTCH ~YMH aHaJioro-unciJpoBIDJill npeoelpasonaTeJIJIMH AUU-1,2. 

IIpelJYcMOTpeHo Tpll pel!WMa paeloT!l ycTaHOBKH: pellrnM nsMepemm, 

pemHM cTa6HJIHSaURR Ko~eHTOB ycHJieHHH crreKTpoMeTpKqecKltx KaHa
JIOB, pe3Htt KOHTPOJIJI JIHHeHH~CTH KaHaJIOB H rroporon'~cKpHMHHaTopoB. 
IIepeKJIID~eHne pexrnMOB ocymecTBJIJieTCH aBTOMaTKqec~ n cHHxpOHliSHPY
eTCH C URKJ!OM pa60T!l YCKOpHTeJIJI. 

,llaJiee, B paeloTe paccMaTpliBaeTcSI cRcTeMa cTaelRnHsm· cnertTpo
MeTpn~ecxnx KaHaJIOB ~epeHKOBCKoro r~.m-crreKTpoMeTpa 2 • B xa~eCTBe 
perrepa B cncTeMe·ncrroJI:r,syeTCH cneTOBaSI Bcrrllilllta ~wa-~aCTJm 241Am 
B KpHCTaJIJie CeJ(Tl). IlpOaHaJIJISnpOBaHa Ter,mepaTypHaSI SaBHCHMOCTl> 

cneTon:wco~a KpHCTaJIJia CeJ(Tl) H ~ qrutTopon, ~ Ha 
HHT8HCHBHOCT1> CB8TOBO:li BCIIIlillltH. !IOKaSaHO, ~0 BU6paHIIufi ~aT~ 

CBeTa ~aeT I!paKTll~8CKH IIOCTomruyiO CBeTOByro BCIIUillKY, SKBl!BaJI8HTHyro 

ttepeHKOBCKOMY CB8TY, BOSHHKmeMY B p~Tope CII8KTpOMeTpa B pesyJID
TaTerrorJiomeHim SJieKTpOHa C Slleprneli 1,2 raB •• ,If.Jm CTaOliJIHSaURll 

KOS~eHTa ycHJieHHH CIIeKTPOMeTpnqeCROrO·KaHaJia BUOpaHa H peaJIH
SOBaHa ciicTeMa URWPO-aHaJioronoro THIIa, KOTOpaSI ypanHIIBaeT miTeH

CIIBHocTH ~CTJm B ~Byx URWPOBilX "Oiwax" na cKJionax penepnoro 
anDljla.-IlllKa. llcCJie~OBaillle paOOTU CIICTeMU CTaeiliJIHSaUffii IIpOBO~OC:b 

lfa nytJKe aH8KTPOHOB (4 raB), I!pllCYTCT~ B Ita~eCTBe IIpiiM8CH B, 
nytJKe IlllOHOB cHHxpo<IJasoTpona JIB9. O:V!illl. PesyJIDTaT!l npe~cTaBJieHU Ha 

pnc.2. llsMeHeHne xoa[fJlll!UReHTa ycHJieHHH ItaHaJia OT +28% ~o -I?% . 

CTa6liJIHSllp0BaJIOC1> CllCTeMOH B IIpe~eJiax ±0,5%. 
l3 TpeTI>eM pas,neJie r~ll·,neTanDHO npoaHaJIHSnpOBaHU norpemnocTR, 

BOSHIIItalOO\H8 IIpii BOCCTaHOBJieHJIH SHepriill IIOrJiomeHHOfi qaCTJmll B CTI8KT-
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poMeTpe. PaccMaTpiiBaJinc:o rrorpelllHoCTH, CB.!Isamrne c MeKT:pommoti 

perRCT:PaniDI (.n;peticp "rri>.e.n;ecTaJia" , necTa6M:onocTH Koa@imumnTa rrepe

.n;atiH KaHaJIOB), _a Trutl!Ce . OIIIllclKH, CB.II3aHHUe C HepaBHOMepHOCT:&ID 

8MIIJillTY.IU:l CHrllaJia ITO IIOBepXHOCTll ll C H8JllllJH6M KOHBepTopoB rrepe.n; 

CII6KT:POM6TpaMH. !IOKa3aHO, 'ITO CJ'MMapmm· IIOrpelllHOCT:& BOCCTaHOBJieHl!Jl 

sneprHH, B ocnoBHOM, orrpe.n;enaeTCH BenH'IHHOH aMnnHTY~oro paspeme

HliJI crreKTpo:MeTpoB B yCJiommx pa6o'IHX H3Mepennti c y-qeTOM HepaBno

MepnocTn 8hllmllTJ',IU:l CHrl!aJia ITO IIOB6PXHOCTH H 3HepreTH'I6CKHX IIOTep:& 

B KOHBepTOpax 

il£=+(~9+~)··% 
E - E f38 . (I) 

B IIOCJie~eM paa,n;eJie rJiaBil OIDICUBaeT.C.H HCIIOJI:&30BaHHe ,1U3yxKa.

H8JI:&HOrO '!epeHKOBCKOrO CII6KTpOM6Tpa B 3IWII6pllM6HTe ITO liCCJI6,ll;OB8.HliiD 

rrpo~ecca cpoTopolR',ll;em' 7 -MeaonoB na .a:.n;pax 4He . B EpeBaHCKOM 

cpn3II'16CKOM llliCTHTYTe 
3 . Ha. rry-qKe SJI6ItTpOHOB HecJIEf.hOBaJillC:& Xapax

TepHCTilltH tiepeHitoBcKoro crreKTpoimTpa. IIoJ(ytrena SaBHCHMOCT:& aMrrmr
:ry.ruwro :paspemeHH.H crreKTpoMeTpa OT aneprim sJieKTponoB B .n;narraao- . 

He 0,45-4,0 raB.(v,Rc.J).B pa6oTe IIOKasana B03MOXHOCT:& IIpnMeHeHll.H 

aiiiiapaTypil '!epeHKOBCKOrO CII6KTpOM6Tpa B 3KCIIepHMeHTax C_BUCOROHH-

T6HCHBHUMH rry'IKaMH cpoTonoB ro9 ~o:ronoB/c. · 

BTopa.a: rJiana .n;nccepTaunn rrocB.Hmena 90-KaHaJI:&HOtW tiepeHKoBcKo

MY ra.MMa-crreKTpOMeTpy, C03,ll;aHll6 KOTOporo .HBliJIOC:& HOBUM 3TaiiOM B 

pa3BHTHH M6TO,I(a 113MepeHH.H SHeprHH M6KTPOH-\P<>TOHHilX JIIIBHeH. CeKqHO

HHpoBaJUie rruiJMa-cmiKTpOM6TPa paciiillp.a:eT B03MOXHOCTH M6TO,ll;llKII 6Jia

ro.n;ap.a: CIIOCOclHOCTll pas.n;eJI:&HOH l1,ll;6HTI1cplmaniDI HeCKOJI:&KHX '!aCT~. · 

C03,ll;allliHH '!epeHKOBCKHH rB.MMa-CII6RTpOMeTp. COCTOiiT H3 OT,ll;6JI:&

HliX 90 l1,ll;6HTH'IHilX MO.IJYJI6H, COclpaHHilX B ,1U3a clJIOKa. IIO 45 illTJK, pac

IIOJI0~6HHilX Cllt~~eTpll'IHO OTHOCHT6JI:&HO IIy'IKa. Pa.n;HaTOpil MO~JieH H3ro

TOBJI6HU 113 CB~OBOro CTeKJia Till-I B cpOpMe meCTHrpaHHOH IIpll3Mil C 

.n;naMeTpoM BIIHCaHHoro·UHJIHH.n;pa 17,5 eM n TOJimHHOti 35 CM (I4 pa.n;. 

6.n;HH~). KOHCTp~ '!epeHKOBCROrO MO.IJY~ II03BO~eT JI6rKO KOMIIO

HOBa:rL pa3JIHqHile KOH~HrypaqHH CIIeK:rpoMe:rpa. B HO~YJIHX CIIeK-

TpoMe:rpa IIPHM6HeHU o:reqec:rBeHHUe CII6KTPOM6TPHqeCKHe ~OTO~ 

YMHOXHTeJIH :rHna <P:JY-49£ c qyac:rBH:ren:onocnD 60JILllle: IOO HitA/Jl)l. •.. 

ABTOpOM rrpoBe.n;eHO liCCJI6,!1;0BaHHe pa60TH iJJ9Y C ~eJI:&ID IIOBHmelmll CTa

clllJI:&HOCTH K0~6HTa ycliJieHH.H, y~eHll.H JIHH6HHOCTH ll C06CTBeH
HOro paspellleHHH/4/. 
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Pllc.3. 3aBHCHMOCT:& aMIIJIHTY~HOrO paspemeHll.H ,ll;By-'AitaHaJI:&HOrO 

crreKTPOMeTpa (FWH!.\) OT :=meprHH il.neKTPOHOB wm ·cJIY'IaeB, Itor.na: 

a) M6ItTpOHil IIOIIa,ll;aiDT H6TIOCp6~CTB6HHO B CII6I~TpO!Il6Tp, 6) rrepe.n; 

crreKTPOMe:rpoM ycT.aHOBJieH Kormep:rop IS 100 Me.n;n H 60 MM oprcTeKJia, 

B) nepe.n; CII6RTpOMeTpOiil ycTaHOBJI6H ItoHBepTOp 30 Mlvl M6,n;H ll 60 MM 

oprc:reKJia. 
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Pnc.4; 3a:imcnMoc:r:o HHTerpam;non nemrneii:Hoc:rn <J:>SY-49, rrpn

Menennoro B rm.lMa-crrmtTpoMeTpe, aT ano,IJ;Horo TOKa. 
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JimreiiJIOCTJ:, CBeTOBOii xapa.KTepHCTHKU H3Y'!aJiac:r:, C IIOMOm&IO qiOCWH,ll;
ra.n:neBOrO 3JieKTpOJIIlWIH8CJ.t8Hl'HOrO ,n;HO~a B mmym.CHOM pe]Jlli!,le •. Ka.Jrn6-
pOBO~Oe H3M8peHHe xapaxTepnCTHhll CB8TO,n;HO~a ITpOH3BO~OCh Ha Wo

TOyi.mO.llillT8JI8 1 pa60Ta.IOlli8M B 3aB8~0MO JIHHefuioit 06JiaCTH BHXO~HX 
CHrHaJIOB. RRHefuiocT:r:, KaJIH6pOBO~Oit xapaxTepHCTHKH CBeTO,n;HO~a ~0-
IIOJIHHTem.HO ITpOBeprurac:r:, C IIOMOm&IO OTHOCHTeJihHWC H3MepeHHit C liCIIOJIJ:,-

30BaHH8M cBeToqinm.TpoB. B peayJI:r:,TaTe IiccJie~OBaHHit qioTOJ'l.lliO.lKHTeJieil 

6wi:o ycTaHOBJieHo, liTO ~ aHO~ c¥HrHaJIOB Mem,me IO M.A. IIHTerpaJib

HaJI HeJIImefruOCTh He rrpeBI1IllaeT 0,5% D illllpOKOM ,n;Haiia30He HaiipruKemiii 
IIHTaHim (pHC.4). 

McCJie~oDaHire ~y~oro paapemeHim ~8Y or DMHliRHH KDaHTO

no:ii a@)eKTHDHOCTR qioToKaTo~a rrpHDeJio K BlillO~, 'ITO c YDMHl!eHneM 

KBaHTODofi. 3qiqieKTHDHOCTH c MKA/JIM aMIIJIHTy~oe paapemeHHe YJIY'lilla-
eTcSI KaK ._,[€' • . . 

,Uanee, D padoTe oiiHcaHo pemeHne rrpo6JieMu ~HT~Im 60JI:r:,moro 

KOJIH'!eCTDa (~o ~YXCOT) ~3Y. ,IJ,mt pemeHim 3TOii rrpo6JieMU 6UJI C03~aH 
0~ CHJihHOTO~HH BHCOKODOJlbTH!lH HCTO~HK.IIHTaHHH C DHCOKOH CTa-

6IIm.HOCThiO DeJIHl!KHU Han~eHim , a 1' 8.KJIC8 CHCTeMa IIaCCHDHWC pery
JIHPYeJ~..rux paaneTBHTeJiei/ I. ,IT,nimaaoH peryJIHpyetrux HanpruKeHH:ii 

800-2900 B, TOK ~o 400 MA. HecTa6HJI:r:,HocT:r:, neJIHl!liH!l HanpruKeHim 
MeH:r:,me 0,05%. 

qeTDepTHH paa~eJI rJiaBH IIOC~eH.HCCJI8~0BaHHIO O~OrO H3 Daa

HWC nap~teTpon '!epeHKoBcKoro ~eTeKTopa- aHepreTnl!ecKoro paapeme-· 

Him. MCCJie,IJ;ODaJIHc:r:, Dee 90 MO~Jieit Ha 3JI8KTPOHax C mmym.cru.m 

2, 3 H 4 raB/c. llOJIY'l8HO cpe~ee aMIIJIHTy~oe paapemeHHe (FWHM) 

;rr,.im 90 MO~Jieii .n;eTeKTOpa- (9,2/~E raB' + 0,7)%. 
Hcxo,rr;r H3 OCHODHHX CBOHCTD .n;eTeKTOpa, ·a TaKl!te H3 CII81UitPHKH 

MeTo.n;a H3Mepemm: 3HeprHH D CeKIUIOH:ripODaHHOM CIIElKTpOM8Tpe, 6wrn 
CtlJoPMYJIHpODaH!l Tpe60DaHHSI K perncTpnpyfumeii 3JI8KTPOHHRe. 

B. ill8CTOM H ce~MOM paa.n;eJiax rJiaBH OIIHCHDa8TCH 3JI8KTpOHHRa 

perncTpaiUIH 90-I~aJibHOrO l!8p8HKODCKOrO CII8KTpOM8Tpa, pa6oTaromero 

Ha JIHHHH c 8BM (HEWLETT-PACKARD 2116B). Ha pnc.5 rrpe.n;cTaBJieua 

6JioK-cxeMa· paapadoTaHHofi cneRTpoMeTpnqecKoii annaparypu. CncTeMa 

perHCTPaiUIH COCTOHT H3 90 aMIIJIHTy~ H3M8pHT8JlbHHX KaHaJIOD, 

3JI8KTp~ OT6opa C06HTHH ITO 3HeprHH H 3JI8KTPOHHKH RaJIH6pODO'IHWC 

CHCTeM
1 

Of • AMilJIHTy~Hfi KaHaJI COCTOHT H3 YCHJIHT8JISI C peryJIHpODKOH 

aMIIJIHTy.n;H CHrHaJia - JJY H CHCT8MH ~ai.mtJecKoro xpaHeHHSI aHaJIOrO

DOH liHWoPMaiUIH - All, KOTOpaJI pa36HTa Ha 4 rpyniiH IIO 24 Kana.n:a. 
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Piic.5; EJioi~:-cxer.m cneKTpor.reTpH'IeCiwii arrrrapaTypu 90-Icana.n::r:,

Horo '!epeHKoDcKoro rruo~a-c~eKTPOMeTpa. 
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• Pnc. 6. EJioK-cXeMa annapaTypH . .n;JIH CHHTHH xapaxrepncrm~: 
. :-- . ~ --

3JI8KTpOHHKH CII8RTpOM8Tplll!8CKHX ~aJIOB. 
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ltruK,r\a.ll rpynna Ka.Ha.JIOB OcJC.nyJ!UIBa8TC.II a.Ha.JIOrOBO-UHclJPOBHM rrpeo6pa30-

BaT8JieM - AUIT. llHt!JopM8.UIDI c K8.JK,JJ;oi1 rpynnu All nocJie.n;oBaTeJI.DHo no

cTynaeT Ha .Al([l. {)mTJiBamre· B naMl!T.D 3BM ne.n;eTCJI no Ka.HaJIY rrpm.1oro 

.n;ocTYIIa c -q·eTHpex AUIT napaJIJieJI.DHo. Ta.rwe nocTpoemm ru.mJIIITY.IJ:HIDC 

Ka.Ha.JIOB n03BOJI.lieT COl{paTHT.D 06'b8M a.rmapaTypil Ilpll H8CYIIl8CTB8HHOM 

yne.llli'IeHHH (B I, 5 pasa) BpeMeHH -nepe.n;a'IH Imc!JopMa.rum B 3BM no cpan...: 

II8IllliD c CHCT8MOH, COCTOffil18H U3 90 sapJI.n;OBO-UHc!JPOBillC npeo6pa3oBa

TeJieii. 
• ..J 

90-KaHaJI..I:.mlli JIHHefu!ail CYMMaTop • JICrJIC13 BM8CT8 C ,li;UCKpllMH

HaTopru.rn .n:r.n:3 06pasyeT JIOru'I8CKYJO CHCT8MY OT6opa COcJHTHii no 

cyMMapnouy ·::meproBil.n;eJieHUIO II aneproBll.I.\eJiemm oT.n;eJI.DHO B 1\a.J!.n;OM 

IIJI.8'I8 CIT8KTpOM8Tpa. 

C:llcTeMH KOHTpOJI.li paelOTH CJ!8KTjJOMeTpH'I8CKOH a.rmapaTypH ornwa

HH B Boc.oMoM pas.n;eJie r.Ji:anu. .IWI rrpoBepKII xapaKTepHcTHK MeKTpo/ I 
Hllltll CIT8KTpOM8Tp:ll'IeCitUX Ka.Ha.JIOB C03,D;a.Ha aBTOMa'rH'Ie'CKa.ll CIICT8Ma 7 , 
YIIPaBJI.eHHe KOTopoii noJlllOCT.DIO ocY1J1eCTBJI.lieT 3Bl.L EJroK-cXeMa cncTeMH 

npe.n;CTaBJieHa Ha pHc.6, llpimUHIT paelOTH reHepaTopa OCHOBa.H Ha pa3-

PJI.n;8 pasoMKHYTOii JIHHHH qepes KJI.IO'IeBoii Tpa.H3HcTop I<T904. ITpH npo

nepKe JIHHeilliOCTH xapaKT8pHCTHK 8JI.8KTpOHHKH.peryJI,HpOBa.HH8 ru~HTY.n;H 

CHrHaJI.a renepaTOpa rrpOH3BO.n;HTC.II-OT 3Bli1 C ITOMOI!II>IO cJJIOKOB a.HaJI.OrO

BOrO KOMMyTaTopa H TO'IHOrO ,D;eJIHTeJI.li HaiipJDK8Hll.II, 06pa3YJOII18rO 

JIUHeH!Io MeH.II!OmyroCJI nocJI.e.n;onaTeJI.DnocT~ rroTeHUHaJI.OB na sapa.n;lion 

JI.HIIHH renepaTopa. Co6cTBeHHall.HHTerpaJI.I:.Hall HeJI.HHeftHocT.o cncTe~ru 

IWHTpOJI.li - 0,36%. Ha pHc. 7 (clJoTOrpaclJll.II C ·,li;UCIIJI.rut 3BM) IIOKa3aH 

pesyJI.I:.TaT rrponepK:Il JIUHeKHOCTU xapaKTepHCTHKH Ka.HaJI.a JfBO. 

3.n;ec.o xe Ha BToii clJoTorpac!Jnu npHBo.n;nTCJI cneKTP UMDYJI..Dcon .n;py

roii KaJI.HelpOBO'IHOH CHCT8MH, KOHTp0.1IUpYJOII18H .n;pefiq, KOa~eHTa. ycH:.._ 

JI.8Hll.II Ka.HaJI.a, BKJI.IO'lall lii3Y, 3TO 90 MHHHaTIOpHHX HCTO'IHHKOB CBeTa, 

COCTO.IIII1HX H3 ~-HCTOtffiHKOB 2~~Am C KpUCTaJIJIOM NaJ(Tl) •. AMn.IDI-

. TY.n;a CB8TOBOrO CHrHaJI.a COOTB8TCTByeT aneprOBH.n;8JI.8HliiO 1,2 raB OT 

norJI.omeHHoro B .n;eTeKTope raMr.ta-KBa.HTa. Cpe.n;HHH pas6poc aMIIJI.HTy.n; 

CB8TOBHX CnrHaJI.OB (pa3p8U18HHe) - 5,2% (FWHM), CBeTOBOH HCTO'IHHK 

UMeeT pasMepu IOx5 MM n KperrnTCJI nueHTpe TOpua MO.n;yJI.li qepeHKOB

CKoro p~naTOpa IIPOTHB ~OTOKaTO,D;a BM8CT8 C .n;pyrHM KOHTpOHbHUM 

HCTO'IHHKOM CB8Ta - ITOMemeHHHM B T8pMOCTaT CB8TO,D;UO,li;OM, KOTOpaH 

o6pasyeT 'Hesanucmzyro CHCTeMy KOHTpOJI.JI ycHJI.eHM cneKTpOMeTpn-qecKoro 

KaHaJI.a, 3aiiyCK CB8TO,D;UO,li;OB AJII02A OCY1J18CTBJI.li8TC.II B Ilp.IDI!OM HaiipaB

JI.8HliH mmyJI.ocru.rn sap.11.n;a. KpoMe nepeliHCJI.eHHHX KaJI.UelpoBO'IIIHX cHcTeM, 

B pa6oTe paCCMOTpena ,D;OITOJI.HliT8JI])Ha.ll CliCT8Ma rrpOB8pKli OTHOCIIT8JI])-
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PRe. 7. XapaKTepncTmta JIUHefiHocTII cneKTPOMeTpll'IecKoro 

Ka.Ha.1J:a Ji80, BOCIIPOH8B8,!1;8HHa.ll na BKpa.He .n;IICIIJI.e.II. 
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Pnc.B. Pacrrpe.n;eJI.eHHe:,necTa6wHocTH cHrnaJI.oii oT penepHHX 

a.n.r,qa-RCTO'IHHKOB (a) . li CB8TO,D;UO,li;OB (6), CKOppeKTlipOB~ ITO 

CHCTeMe OTHOCHTeJI.DHOH CTacJHJI.DHOCTH. Pacnpe.n;eJI.eHHe ,D;P8HclJoB cur~ 

HaJI.OB OT CB8TO,li;UO,D;OB (B) OTHOpllT8JI])H0 aJI..Dqia-HCTO'IHHKOB • 

Hofi cTa6HJI.DHOCTn xapaKTepncTHK cneKTpoMeTp:ll'IecitUX Ka.HaJI.OB. CncTeMa 

KOHTpOJI.li C9CTOHT U3 HCKpOBOrO pa3p.~I.n;HHKa II CB8TOBO,li;OB, Tpa.HCIIOpTR

pYJOI!lHX CB8T KO BC8M MO,D;yJI.liM CIT8KTpOMeTpa· O.n;HOBpeMeHHO, B rrpouecce 

KOHTpOJI.li BH'IHCJI..IIIOTC.II OTHOUI8Hll.II ~TY,D; BC8X MO.n;yJI.efi K m.mJIHTy.n;e 

O.n;HOrO 1!3 HRX .n;JI.JI K~Oii CB8TOBOK BCIIHUIKll RCKpOBOrO pa3~HKa. 

C · ITOMOIIt&IO CHCTeM K.OHTpOJI.li li3M8p.IIJI.aC.D Oelma.ll. CTacJHJI.DHOCT:& .. a.rma

paTypH H llpOBO.n;RJI.HC.D RCCJI.e,D;OBa.Hll.II COcJCTBeHHHX H8CTa6HJI.DHOCT8H pe-
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neplillX CBeTOBCIIIlllleR, ROTOpHe IIpe,I\CTaBJieiDI Ha pl'IC. 8. AHa.JIH3 STIIX 

peayJI&TaTOB IIORa.SaJI, '!TO Be.JililmHa C06CTBeJIHOrO .1\Peii~ ~TY.I\H 
BCeX peneplillX CBeTOBHX l'ICTO'!Hl'IROB He npeBUillaeT 0,35%' 6 • · . 

r~a.nHHM HToroM pa6oT, ocBemeHHHX BO BTopoii r~a.ne .I\l'ICCepTaunn, 

aBAHeTCH COS,I\aHHe CII6RTpOMeTpl'I'!eCROii a~eRTpOHHRH, nOSBO~meii no~-

HOCTDID pea.JIH30B3.TD n~O~T~DHile OC06eHHOCTH 90-RaH~HOrO 

tJ.epeHROBCRoro ra.MMa-cneRTpOMeTpa. 
. . J 

B rpeTDeii r~a.Be paCCMOTpeiDI 0C06ElHHOCTH BOCCTaHOMe'~ B~-
'lllH!l IIOr~omeHHOH SHeprl'IH B ce~OHHPOB8f!HOM cneRTpOMeTpe S • 
UneHTH~HRaUllff peSOHaHCOB OCYm6CTBnHeTCH C IIOMOillDID aHa.JIHSa S~eR
Tl'IBHOH Ma.CCH IIpO.I\YRTOB paCII3..I\~H IIOSTOMY npa.B~Ha.H SHepreTntJ.ec

RaH peROHCTPYKQnH C06HTHii HBEHeTCH 33..I\3.'!efi nepBOCTeneHHOH BamHOCTH. 

B nepBOM paa,I\e~e r~u ncc~e.nyiOTCH SRcnepm.mHT~IDie aa.nHcn

MOCTH ~ULrrnTY.I\11 CHrHaJIOB cneRTpOMeTpa OT ROOp~aTH li yr~a n3..I\e

Hil.q 'laCTim Ha IIJIOCROCTD CIIeRTpOMeTpa. 3ItCli6Pl'Ill6HTaJib~He ,I\amrue 

(pHC.9) noJiy'leH!l Ha nyqKe SJieitTpOHOB C HllliYJibCOll 3,26 raB/c. 

06~aCTD 8RCIIOI-!Hp0Ba.Hl'IIl onpe,I\eJUIJI3.CD · CIUlliTH.1I.7IilUHOHHHM C'leT'!l'IKOM 

2x2 cM2 • ,lJ,im ynpomemm sa):(a'!l'I noccioaHoMemm aHeprllli npe.n;JIOlltaH Me

TO.!\ rwppeRlU!l'I ru.m~TY.I\11 c noMOmDID napa.MeTpa X=~.181{/AcYMM 
6ea npnMe'!eH111l ROOp~aTHOM llli~pMauRl'I C HCRpOBHX RaJ;!ep. 3,I\6CD 
AMill{C- Uill{Cl'IM~Ha.H. aJ,1IIJlliTY,I\a CHrHa.n:a B O,Il;}IOM l'I3 rpynllll cpaOOTa.B

IllHX MO.I\Y~eii, AcyrtiM- cyr.!Ma ru.~TY.I\ cnrHaJIOB rpynmr cpa6oTa.BlliiiX 

MO.I\Y~ell: cneRTpor.!eTpa. 3RcnepHMeHTaJIDHaH 3a.BHCHMOCTD a.MllJmTY.I\H 

cnrHa.n:a cneRTpoMeTpa oT napru.mTpa .X B npe,I\e~a.x oJllli6oR nsuepeumi 

He SaBHCHT OT yr~a ll3..1\eHI11I 'laCTim l'I XOpOWO Olll'IC!lBaeTCH SMIIHpii'IeC-
ROii ~przy~ofr: · •. · • • 

. E~ ~ E~{i +0,08[l- (2x -1Y) }, (2) 
. . I 

r,I\e Eli - :=meprl11l r~a-IUlaHTOB, a E - uaMepemroe auatJ.eHHe 
SHeprUH. Cpe.I\Hee 3HatJ.eHHe B~ ~ffimlTY.I\HOii KOppe~ pa.BHO 

3,5%. 

lfcc~e,I\OBaHO MI11lHl'Ie nor~omeHim 'laCTim Ha rpaHIIQe cneRTpoueTpa 

Ha aJ.mJIUTy;iJy CnrHa.n:a. Haii;J:J:eHo, '!TO )VIII paCCTOI'IHHii ,I\0 3 CM OT Rpa.H 

cneRTPOMeTpa II3MeHeHHe a.MllJmTY.WZ cnrHa.n:a He npenllillaeT I , 5%. 

Co6HTI11l, B ROTOPHX tJ.aCTHU!1 nOn3..1\aiDT B rpaiiH'!HYID od~aCTD. cneKTPO-
MeTpa (3 CM ·oT Rpaa), HCKmo'laiDTCH ll3 o6pa60TRH. . . . .-

, Bo BTopoMpaa,I\eJre paccMoTpenu noTepl'I aHeprllli n iol!nepTopa.x. 

.If.Jiii Olll'ICaill11l ::mepreTH'!eCRIIX IIOTepD rarAMa-RBaHTOB l'ICIIMD30BaJiaCD 
CJie~aa SMIIHpl'I'!eCRaH <lJopMy~a: 
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ft)1 IF Ll E "( =- 3.6 ,2 
2 \l r -r5o, (3) 

r,I\e ~E IS - IIOTepn. aueprllli (!\laB) , E 11 - SHeprM rruviMa-RBaHTa (MaD) , 

t - TO~IHa lWHBepTOpa (p3..I\. e~Im). 

ABTopm,l oneHHBa.n:CH cncTeMaTH'!ecRHii C.I\BHr nsMepsrer.rofi anepriDI 

~TOHOB, : ROTOpilfi COCTa.Bli.JI 3, 6% • (B CTOpOey YMeHDWeHim SHepriD!) • 

oTOT C.I\Bllr liO.rrytieH CJie.I\YIDWilM 06paSOM: IIOTepH SHeprllH B. pas~ 

no To~e ROHBepTopax Bl1'll'ICJIJIJIIICD no <Ix>PMY~e (3), a saTeM cyMr.m

po~cD C BeCOM, pa.BHHM BepOSiTHOCTl'I ROHBepCllli ~TOHa B COOTBeT:

CTByromeM ROHBepTope. 

B TpeTDeM pas,I\~e r~11 npe,I\cTaBJieHH peayJI&TaTil aHepreTII'!ec

Roii peKoHcTp~ co6HTHii npn nayiieHHH nponecca np-;. ~ (K~)n B 

o6JiaCTli MaJI!lX nepe,I\a.HHHX ~OHY liMIIYJI:bCOB, OT tmin 

IU~ ,...-,..--,--,.--.--.,--...---,---.-, 

:lHepwA >111!~ 3. 26 r3~. - MOOy/IAMU ~-· TPQHO~ UJ,!Jlb Me:>i<Cy 

. - ~---· IDOl- --~~ ./"'" 

~ . . 
0.96t ' ll ..._4) ~J10HQ 15 .. · 

~ ~~~ II t ; r.· ·~ 
l . ~~filf\:6" ft j 0 ~~~.... . 93 
\h.on "1;:-;f ft l'l.. 
\\",;::go . + 1 ,£, 

6 . . t 
..4-~-~ 10 It tq 5 
1_?__,_-ti"q -6 S ilyM CM · 
0 2 4BH1JlQ MO ' PatCTDAHUB DT 

Pnc. 9. a) 3a.BHCID.IOCTb CYMM3.PHOii a.MllJmTY.I\11 CHrHaJIOB .1\Byx 
CMeJKHWC MO.I\Y~eft OT M6CTa BXO,I\a SJieKTpOHOB B.cneKTpOMeTp, 

6) Sa.Bl'ICID.IOCTD ar.mJIUTY.I\HOro paapememm ,Ir,JI.II Tex xe yc~onl'Iii. 

(' 

.1\0 0,3(TsB/c) 2 • llpn aHa.JIHse aRcnepiiMeHT~Hoii mulJOPMaUllll npH 

3, 26 TaB/ c nponsnoiwrca OT6op H -co6HTHii no. c~e.u;yiOIJUlM KpliTepl1!lM: 

yr~ paa~eTa !7°~9~26°; He,I\OCT8l0llla.H Macca 0,6 TsB~Mn~I,ITaB; 
a<M>eKTIDmaH Macca· n~ncTeMil 440 MaB~M!·a- ~ 640 MaB (infc.IO); 

CYMM3.PHaH SHeprl11l 1(1-CIICTeMil 3 TaB::::; En +E¥2.::::;,_3,5. TaB.(pHC. II); 
aHeprM Ka.JE;itoro raMMa..:.RBaHTa 0,4 raE ~ErE 2,8 rsB; B~a 
OTHOilleHI11l MeHDWe_ft R 60JI:bme:i1: 8H~prllli .1\Byx ra.MMa-RBaHTOB E,/~~0,2. 
fipHBOCOT~OMeHHH_SHeprl'Ili raMMa-:-RBaHTOB BBO~CD nonpa.Brui Ha no-
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Pnc. IO. Pacnpe,n;eJiemre no S<lxiJeKTHBHOil. Macce t1 ~ -coOhiTirii 
upu llMIJYJIJ>ce Ir -MesonoB 3, 26 ThB/ c. 

1000 r-1.------,.------.r-----.r------t,:..,........ 

800 

-s 600 
s 
j 
3 400 

5 
-:?- 200 

4618 co5blmuu · 
Pn- ;. 3,16 fJB/c 

2,8 3,0 3,2 .· 3, 4 3.6 
H 3HePWR , r3B. 

.. 

Puc. IL Pacnpe,n;eJieiUie auoprnir cyMMII JJ:Byx rru.1ua-rrnaHTOB 

npu IlMnyJIJ>ce 3,26 faB/c. 

Tepn aneprllll B ItOHBepTopax u nepamiOMepHocT:o aMIIJillTY,Il;hl curuaJia 
cneKTpOMeTpa no noBepXHOCTll. 
· 91\cnepnMeHTM:OlJYIO BeJIUtmHY anmipaTypnoro auepreTn'!ecKoro pas
pememm:MOJKHO noJIY'InTl. ns pacnpe,n;eJI~HM cyrvn,:apuoil aneprxm · ~~-cuc
TeMn •. 3TOT aHaJill3 . lipOBO,Il;UJICJI ,IJ;JI!I peaKnUII Ttp- 'ln. npll _JJ:Byx 3Ha
qeHRff.x m.myJr:oca n--Me30HOB 3 '36 raB/ c Ii 4 ,?5 TaB/ c'. B OOJiaCTll 
Ma.Jih!X TIE:ipe,n;aHHHX IIYKJIOHY m.myJI:OCOB B YCTaHOBKe, B OCHOBHOM, pern
CTPllpYJOTCR pe30HaHCll c. aneprnefr·, 6Jm3KOfi K aueprllll Il ..:.i.'!e30HOB. 

14 

Tor,n;a cyMr.Iapuoe aneproB!1,Il;eJieiUie rru.JMa-KBaHToB· ,n;oJDKHo nMeTJ> nHK c 
paapemeiUieu, ooycJioBJieHHilM annapaTYPoii. O,n;mliw B aKcnepm-IeHTaJIJ>HOM 
pacnpe,n;eJiemm, npe,n;cTaBJieHHoM Ha pnc.II,. npucyTcTBYJOT wouoBne co
OHTHII, B OCHOBHOM, OT pol!U{eHll.ff ~ -Me30Ha C H300apoii A(I236). 
i.Io,n;eJIIlpOB8lllle cJiOHOBHX npouecCOB ~ +A(iB6) j 6:1 +t\ i n°+n"+rt 
noKasaJio, 'ITO clJoHoBue co6HTM ,n;alOT mma,n; B o6JiacTn ua.Jih!X auaqeiUiii 
cyMMapHoii aneprllll n ne MeHJIIOT tiJopMy· pacnpe,n;eJieHll.ff D. npanoH 'IaCTH. 
CnMuleTpnayJI CY'JI_'!MapHoe ·aHepreTn'Iec:r;:oe pacnpe,n;eJieHile no npanoii: . . 
qacTn1nCJIY'Iffi.! annapaTYPHOe aHepreTH'!ecKoe paspemeHile _cneKTpoMeTpa 

A£= -1- ( t69+ ~) 01 • . (4) £ ~ \' ' • f (38 lo. . 

.B aToii tiJopMyJie ,n;ooano"llli:lli "'J..eH 1,69 BOSHHKaeT·ns-aa norpem
nocTefi B onpe,n;eJieHllll BeJill'Illli "n:r:.e,n;eCTaJIOB" aJieitTpomnnr - (±0,5%); 
norpemriocTeii, CBII3aHHHX c HeJIHHeiiHocT:oro aJieKTPOHimn - (:!:0,6%); 
CTaTllCTU'IeCKilX OillH60K, B03HUKalOll(IDC npll onpe,n;eJieHllll Ma.KCilM:YMOB aJ.!

nJIIlTY.n;HHX pacnpe,n;eJieHIDI c noMOI!li>IO Kami6pOBO'IHllX CHCTeM ~ (±I~ 0%). 
B 38.KJIIO'IeHllllCclJopMYJillpOBaHil OCHOBHIIeUTorn ,Il;liCCepTauHOHHOii 

pa60TII: . 
.. ·I. Cos,n;au · cnertTpOMeTpHqecrtnii KOMnJieKc annapaTYPII ,n;Byx:KaiiaJIJ>

Horo qepeHKOBCROro raMMa-cneKTPOMeTpa, l103BOJili!Ollliifi H3r.tepsiT:O 3Hep
rllll 3JieRTpOHOB H raMMa-KBaHTOB. )l.OCTHrHyTa ,IJ;OJirOBpeMeHHa.ff HecTa-
6HJI:OHOCT:O ll3Mep:irreJIJ>HOM llutaJIII cneKTpOMeTpa :!:0, 5% . C IIOMOI!li>IO paspa- · 
60TaHHOM aDTOpOM CHCTeMH CTa6HJIH3auHU K03<WJ~eiiTa ycHJieHll.ff cneK

TpOMeTpli'IeCKOro TpaKTa •. fipOaHa.7Ill3llpOBaHil norpemHOCTU npu BOCCTa

HOBJieHUH 3Heprun B CII~KTpOMeTpe ,n;JI.fi peaJII:.HHX YCJIOBlni IIpOBeieHII.ff 
3KcnepUMeHTOB. llo~3aHO, 'ITO ,Il;OCTHrHYTM TO'IHOCT:O BOCCTaHOMemm: 
SHep:rllll< + ( ~ 9 + _§_ _') % B OCHOBHOM" OTipe,n;eJI!IeTCJI BeJIIl'II!fHOii 

'- E raB ~ 
paapememm: '!epeHROBCKOrO cneKTpOMeTpa B YCJIOBWIX CODMeCTHOli pa-
60T1l C llCKpOBh!Mli Kru.IepaJ;lll C KOHBepTOpaJ;!H (I ,_2 pa,n;.,Il;JIIlH) •. 

2. Cos,n;a.HHM .n;ByxKaHaJI:oHM annapaTypa ycnemuo TipiJMeH.fiJiac:o B 
3KCIIepUMeHTax no UCCJie,IJ;OBaHlliO ceqeHII.ff. OOpa30DaHll.ff ?_- Me30!Ia B 
peaxwm 1ip~~(n)n na nyqKaX cUHxpocJiasoTpoua JIB3 Ollilli B ;znranasoue 
ID.myJIDCOB 3,36- 7,2 faB/c, a TaKXe B 3KcnepUMeHTax B EpeBaHCKOM 
QJn3U'IeCKOM UHCTHTYTe no HayqeHHIO ceqeHII.ff cpoTOpOJIU{emm ll0 _;MeSO
HOB Ha .ff,IJ;pax remm lf"He ._We no(H). 

3. UcCJie.n;o:Bauii xapa.KTepucTllliU '\1?3Y -49, npl'!MeneHIIllX B 90-Ka
HaJII:.HOM qepeHKoBcKOM cneKTpoMeTpe,H Bll6paHil yCJioBM pe.llrnMa patio
Til. YcTauoBJieno, 'ITO ,n;JI.fi auo.n;HHX cnruaJioB, He iipeBlllllaxiutnx IO uA, 
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llHTerpa.JIDHaJI HeJIHHeilliocT:& CB8TOBOH xapaRTepHCTrurn < 0, 5%. Coa
.n;arm CIICTeMa BllCOKOBOJibTHOro IUITaHIDI BCeX I40 <fJOTOYMHO.lKIITeJieit 
YCTaHOBIW, · 06eCIT8'illB810ll1aJl cpe,IUIIDIO HecTa6HJI:&HOCT:O K0~8HTOB 
ycnJiemm· \l'>3Y-49 Ha ypoBHe ± I ,3%. 

4. Coa.n;aHa . crreKTpoMeTpHTiecKa.JI 3JieKTpOHHKa, ITpe,JJ;HaaHaTJ:eHHaJI 
,n;Jlii Bll)J;eJI8HIDI, periiCTpa.nlm II ITepe.n;atUI B 3Bil! IDI<fJOPMa.IUlli C 90-Ka-. 
·Ha.JIDHOrO TJ:epeHKOBCKOro raMMa-CIT8KTIJOMeTpa, BKJIIOTJ:aiO!ItaJI CHCT8M!l 

--' aBTOMaTIITJ:ecrwro, li3MepeiDlii II KOHTpOJIJI xaPaKTepUCTHK. 
5. 3KCITepiD,I8HTa.JIDHO liCCJI8,JJ;OBaH!l <flaRTOpll, BJili.IIIDIJilie· Ha TOTJ:

HOCT:O BOCCTaHOBJI8Hllii 3HeprUH B rO,JJ;OCKOIIHTieCKOM TJ:epeHKOBCKOM 
,JJ;eTeKTOpe, a IDA8HHO: HepaBHOMepHOcT:O aMIIJiliTY.n;H ITO IIOBepXHOCTH, 
B03H~8JI B pe~yJibTaTe CeKUROHHpOBaHIDI,H SHepreTIITJ:eCKUe ITOTepH 
B BemecTBe KOHB~pTOpOB, paciTOJIOJKeHH!lX nepe.n;.cneKTpOMeTpOM.ITOJIY
qeHa roqHOCTh li3MepeHHH 3HeprHH B pea~hHHX yC~OBliHX 3KCIIepKMeHTa 

· eo·.: M~±(~I,69+~') %~ 
E . EraB .· .. 

. 3KCITepUMeHTa.JIDHO 060CHOBaH MeTO,JJ; BOCCTaHOBJieHIDI aueprJUr B 
CEli{Uil:OHlfPOBaHHOM TJ:epeHKOBCIWM rruAMa-CITeKTpOMeTpe. llOKa3aHO, 'ITO 
CYJ!IeCTBYJOll1Hii CliCTeMaTHTieCKIDi C.n;BIIr IIpii H3MepeHUH SHeprnH B 3Ha
"lllT8JI:OHOH CT8II81!li YCTpaHHeTCSI KOppeKUReii:, B IWTOpOii J"'UT!lBaeTCSI 
HepaBIIOMepHOCT:O ~IIIJIHTY,l(ll ITO IIJIOI!la.n;II R HaJIU'tffie KOHBepTOpOB ITepe.n; 
CIT8KTpOM8TpOM. 

6: C ITOMOI!l:&IO C03,JJ;aHHOil armapaTypht IIOJiyqeHht \flli3HTieCRlie pe-
3YJI:&TaT!l ITO HCCJie.n;oBaHUIO .n;rr<!xiJepemumJI:ouoro ceTJ:emm poJK,neHIDI 
~ -M830HOB ITpli 3,3 II 4,75 raB/c. 
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