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llccne.l(OBaHKSI pereHepruum Heitrpan:bHllX KaOROB Ha HYKJIOHax 

OTHOCSITCSI K QHCny 3KcnepmteHTOB,.B KOTOPllX npoBepsJJTCSI ~YH

.1(8.MeHTM:bH!le npot1neMu coBpeMeHuon ~H3KKH, taxue KaK reopelia 

Ilovepauqyxa, .l(HcnepcHOHH!le COOTHOmeHHa, MO.l(enH KOl.lIIneKCHI,tX 

MOMeHTOB H .i,;p. 

IlpOBe.l(eHHe TaKHX axcnep:imeHTOB CBS3aHO C t1on:i.mHMK TPY.l(HOC

TJ!IIH, .l(XSI npeo.i,;oneHHSI KOTOPHX Tpet1yeTCSI BllCOKHI ypoBeH:b COBpe

MeHHOR annapaTypH. 

leTO,ltHQeCltH H3yqeHKe pereHePB.ItKH 3aKnDqaeTcs B Hat1nD.l(eHHH 

H HCCneJtOBaHHH KHTe~epeanxx,- B03HKKa1>111en B . .ltBYXITHOHRllX pacna

,Jtax,JtOJlrO:nBy~ K8.0ROB K pereHepKpOBaHHHX KOPOTKOJ:HBYlltHX• 3x~ 
cnepJDleRTllJl:bRM 311,11;aqa K3y'leRHS KHTe~epeHnKH .ltBYXIIKOHHHX co-

11HTH! CBO.l(HTCSI K Bll.l(eneHHD KX cpe.l(H- Bcex OCTan:bHllX pacna,n;OB K 

~oHoBHX nponeccoB, ot1pa3oBaBJIIJIXCs 3a MKmeu:i.m-pereueparopox, 

DOMel{eHHOR B nyqox . Kt -Me30lfOB. 

.l{Jla perKCTPB.ItD pacne.itOB JCaOHOB H onpe.i,;eneHKSI KX KKHeMaTH

qecox napB.MeTpOB YlOt1HO HCDOJl:b30BaT:b MarRHTlflll cnextpoxerp 

c HCEPOBHJIB !tB.Mepao 11-11• 
0.1tR111to npx npo»e.i,;eRHH pereHepanxoHRHX axcnepoeuroB c 

JtaOR&D BHCOltJIX a11eprx! (> I0.20 I'aB) K ycTaHOBKe npe,1;tinnseTCSI 

PSI.It cep:i.ti3BHX rpet1osaux1. Ilocxon:i.xy npK BHCOKKX aueprxsx pac

na,n;au ,ltJlHHa ~ Me30Ha ,JtOBOn:bRO BeAKxa, TO ycTaROBJta .l(OJlDa 

oer:i. .l(OCTaTO'IHO !HCOKYD H 0.l(ROPO.l(RYD 34JqleKTKBROCT:b.H& t1&3e 

B ReCKOn:bKO MeTpOB. 

llanas BenHQKRa ceqeaxs pereuepanHK K Bepo~THOCTH pacna.n;a 

It°._ Ra .l(Ba OHORa 3aCTaBnSDT .i,;enar:i. YCTaHOBKY C t1on:i,IIIH)( Tenec

HHM yrnoM .i,;ns perKCTPB.ItKK MaKCKMM:bHO B03MOZHOrO QKCna npOK30-
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me.n;mHx pacna.n;on. 3To TpeOonaHHe y.n;oBneTBopaeTca Onaro.n;apa nq

non&30BaHHD HCKPOBHX Ka.Mep Oon&moro pa3uepa. 

IIpir BHCO~HX' 3HeprHHX. TPY.ltHO. BIJC!paft: '. cHcieuy 3anycii.a. HCKPOBHX 
- • ; ... " •• ._ • -: • ••• : • • ~ • •• ; ,- ,. , • ~ •• ·" •• •• ,/' ,. .:,., .. • ; 4 ;. - - , • 

KB.Mep, KOTopa:a 'HMeJla OH 3Ha'li1:TeJlbHO OOJtlilIIYD ·aqiqieKTHBHOCTb K .. 

Ri1b- pacna.iiaM, 'qeu :It Tpe:xqacTH'lHbUi''pacrt~aM~ TI03TOMY ,ii:Jl.8;;BH.iie.ie2 

HHH TpalICMHCCHOHHO!!' pereaepanHH aeOOxo.n;HMO mieTL ycTaHOB!ty C 
xopommx yrn0Bm1 pa3pemeHHeM H xopomHM pa3pememieu no ·1rnBilpHaHTHOl1 

Macce ~ .llJ!H Tex xe nene I( xenaTCJibHO 'tmeTb .n;eTeKtOpH. neriTOHOB -

aneKrpoaoil H MDOHOB ,- HHc)iopMan1rn c KOTopi.tx n63BOJ!HeT cYD1ecriieH.::. 

HO yMeHbman q,OH OT ~3 H l\.'!3- pacnMOB. .· ·'. '• .· ' .. ,;·, .. ·' 

'crpei.in~uirn HCCJie.itOBa.Ti. pereiiepaiiirn npH MaKCIDJaJILHO> B03Mb:arnott 

3HeprHii Tpedyer . cos.iiaHHSI "nytixa, OpHeHTKIJOBaHHOr6 ·Ha" irnytpeHHDD 

MHmeHb no.it Ma.Hl:IM. YI'J!OM: r.n;e KOJ!HtleCtBa K0-:iie30HOB C 3H~prneR OKOJIO 

40 ra·B ~;ii.ta '.i(o:c±aTCl'lHO,.)(JlH IIOJly'leHH.8 pa3yMHOff ·cTaTHCTHKtl:~ rloi ·lia'.
JlllMH yrna'.it~ CMbHi/ io3pac'iaeT 'liaTeHC;BHOCTb ~eilrPOHOB ;n pe3y)i1,rti.re 

D3aH.Mol~ttCTBHH ~oTop~ ~- pe'reliepa;ope Hcipo;ue KaMepu' sa.rpyxaDTCJl 

38 BpeMH HX naMHTH <pOHOBHMH rpeKrum.Jl,nH ocinerq·emrn BOCCTil.HOBiieHHH 

reolietpmi' coO~Tirn~ Bli3Bailmero 3anycK ycramiBKH, ~'nonef3~o HtmOJ!b-
~ ... , . i'": • . -···. , . . . "'f 

30BaTb ro.n;ocKonH'leCKHe c'leT'lHKH. 

HaKOHen, ,IJ;J!H Toro, 'lTOOH perHCTpHpOBaTb it~K ~O:i:HO 00JI&mee 

'lHCJ!O CO<lHTHft 3a 'nHi.r. pa<lo~~ YCKOPHTeJ!H, 'aeorixo.n;mi6 .HCil0JlL30BaTb 

liCKpOBH·e itaiieim C a~T~MaTH'leCK~· cieMOM 'HH~OJ\Man~-- t 
• ,• ,•: ; ;_• < c' ~ t _,., • .•• '-,.,,•, •• ~-: •, 

IIonuna npeo.n;onen nepe'lHcneame Tpy.n;aocr11 njmBena it" co3,11;a-

HHD Oeclf)HJlbMOBOro HCKPOBOro ~neKTpouerpa,, Hcc.iihon~mi:ti''xapi~ie.:. -

PHCTHK KOToporo IlOCBJIIIICH~ peqiepil:pyeMa.a:',11;ifccepranHir. ·-~ :·;., 

CneKTPOMeTp Oun BHilOJ!HeH B naoopaTOpHH BHCOKIDC.3Heprnn·orunf 

H ycTaHO~JleH ~a He!1TpanbHOM riy'lKe ycxopHTCJ!H HtB3~ c· ero 'no~Ol!lbD 

B nepHo,11;· 1969-1972 r.r. OHJ!H npoBC.n;eHH H3MepeHHH aMIJJll{TY,IJ;H, 
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pereHepanHH HeffTPMiHHX KaOHOB Ha BO.n;opo.n;e IB,Bal, .n;ettrepHH 191 
H yrnepo.n;e /IO/ B oOnacTH HWIYJlbCOB 14-50 ran/c. 

OcHOBHOe co.n;epxaHHe .n;HccepranHH nOCBHIIICHO MBTO,!J;H'leCKHU BOnpo

caJ.1 3THX 3KcnepHJ.leHTOB. 

.l{HccepranHH COCTOltT H3 .n;eBHTH pa3,ll;CJ!OB. IIepBHR paa.n;eJI HOCHT 

BBO,!J;HHH xapaKrep. 

Bo BTOPOM pa3,ll;eJie .n;aeTCH o0111ee onHCaHHe 3KcnepHMeHTaJlbHOff 

ycraaonxH,. BKJ1D'laD111ee B ceO.a onHcaHHe Ka.Hana aettTpan&aux qacrHn 

H nporpruruaoe oOecne'leHHe co cropom,i 3BM, n03BOJIHBmee noJiy'lHTb 

ueoOxo.n;ID!:yD H~lf)OpMannm O paOore' or.n;eJibHHX 3JlCMBHTOB H BCero 

cnexTpOMerpa B nenoM. 

CxeMa MarHKTHoro HcxpoBoro cneupouerpa H3o0paxeaa Ha pHc.I. 

Cneitrpouerp paOoran aa JIHHHH c 3BM E3CM-ll/II/. B cocraB ero 

BXO,ll;HJIH yarHHT, HCKPOBHe Ka.MepH (HK) H CHCTCMH cnHHTHJ!Jl.8-

nHOHHHX C'l8T'lHXOB ,ll;J!H 3anycxa HCKPOBHX KB.Mep H M,ll;eHTH<pHKanHH 

qacTHn 1121• 
B ycraHOBKe HcnoJtiaonanac& "nepexpecTHa.11 reo11erpH.11" 14, +21, 

xoropaa npH BHCOXHX aaeprH.ax o<lecneqHBaer xopomee pa3pemeaHe no 

HllllYJibCY n, CJIC,!J;OBaTeJliHO, no 3~eKTHBHOff Macce Oe3 cy111eCTBCHHOR 

norepH B 0,ll;HOp0,11;HOCTB 3~CXTHBHOCTH B,ll;OJ!b paCilMHOff 30HH. 

Cywmpaas a~eKTHBHOCTi cnexrpouerpa ,11;na Bcex uo.n; pacnMOB 

xaoaa COCTaBJIHJia OXOJIO IO%. 

CnHHTHJIJ1.1InHOHHHe cqeTRHXJI CHCTew 3anycxa HCKPOBllX Ka.Mep 

(TpHrrepa) pacnonaraJ!HCi B 'leTHpeX rO,ll;OCKOnHqecKHX IlJIOCKOCTHX 

(fl, Ill, rI, rII),xoropHe B OOJILIIJilHCTBe CJiy'laeB COCTORXH H3 

IlOJIYJIJ!OCXOCTeff, co,11;epx8ll(HX no qerupe C'l8?'lHita H pacnOJIOXCHHHX 

cJieBa H cnpaBa or OCH cnexrpouerpa. 
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PerHCTpHpyeMHe pacna.D;H Ka.OHOB B03HHKMH B npocTpaHCTBe 3a 

pereHepaTopoM, orpanHqeHHOM'cqeTqHKOM aHTHCOBnaJJ;eHHI AH nep

BOif 4>poHT8.JILHOff nnocKOCTLll 3anycKall11tHX cqeTqHK011 U (pacna.D;Hast 

6a3a). B 3Xcnep_HMeHTax HCilOJlL30BaJlOCL ,](Be reoMeTpHH ycTaHOBKK 

( reoMeTpHst I H 2 ), OTJlHqaJlDtHeCst ,l(JlHHaMH pacna,JJ;HOR 6a3H, Be

}[Jl:qHHOtt TOKa B MB.rHHTe H pacnonozeHHeM cqe.TqHKOB. l{na 3anyc:ita 

XBJ(ep Tpe60Baiioc1, cpa6aTHBaHze; no Kpa!Hel uepe, o,nHoro cqer~ 

qJ!Ka B nJIOCKOCTH tI H 0,l(HOro H3 cqeTqHKOB B Kalt,l(OI nonynnocKOC

TH B,l(OJlL xeBOI H npa~on TpaeKTOPHI H OTCYTCTBHe CHrH8.Jl~B OT 

aHTHcqeTqHKa AH BeTo-cqeTqHKOB Aii H·An. HOMepa cqeTqHKOB, 

cpa6oTaBmHX npH ,l(aHHOM 3anycKe, BBO,l(HJlHCL B 3BM M 3MHCHB8.JIMCL 

Ha MarHHTHYll JieHTy (WI). 
Ec,rn O,l(Ha H3 qacTHU, BH3BaBmHX 3anycK, 6una MllOHOM, TO 

oHa, nponisr cnon :a:eJie3a TOJlJltHHott 250 cM,conpoBOJ'.,l(aJ1ac1, cpa6a

THBaHHeM 0,l(HOro H3 cqeTqHKOB ro,l(OCKOna MllOHHOro ,l(eTeKTopa. 

leTeKTOp 3JleKTpOHOB COCTOBJl H3 cqeTqHKOB nOJIHOrO nornoute

HHB THna "C3HlBHtJ", B KOTopux·pa3BHBMHCL H perHCTPHPOBMHCL 

JiaBHHH OT B3aHMO,l(elCTBHB 3JieKTpOHOB H nHOHOB B CBHHI~e.Cpa6a

THBaHHe ,l(eTeKTOPOB JienTOHOB Ta.Jae perHCTPHPOBa.J_(OCL Ha Mn H HC

nOJlL30B8.JIOCL B.nponecce o6pa60TKH ,l(Jlst:K,neHTH4'HKanHH~3 H 

~ 3 pacn8,lloB. 

ltnst onpeieneHHst HanpaBJieHHst ,nBimeHHst H mmyn1,coB-pacna.itHHX 

qacTHn · B cneKTp
0

0Merpe- HC:rrOJil>30B8.JIOCL IS· ,lJ;BYXKOOp,l(HHaTHHX npo

BOJIOq!IHX HCKpOBUX lt8llep c· MarHHTOCTPH!tltHOHHHM c~eMOM HHlf>OpMa

nHH /I'.3, 14, 15/. Bee K8.Mepu HMeJIH cTaH.l(apTHHR p8.3Mep c qya

CTBHTeni>HOI o6JlaCTLll 600X420 w 2• 3IxfieKTHBHOCTL HX COCTaB-

. u.ita 80+10~ B 3a!ixcm,ocTH OT qHCJla 3aperHCTpHpoaaHHHX HCKP• 

·' . 
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llpocTpaHCTl!eHHaJI TOtIHOCTI, xru,:ep 61rna OKOJIO O,'.J w, BpeldJI na

MSITH - l, 6 MJ:tcex, MepTBOe Bpellll KaJ.lep_npaKTHtieCKl'l co~ma.n;ano 

c BpeueHeu perH!:Tpa1nm H nepe)(atIH .n;aaHux B 3mr. B 3BM nepe)(a-

BaJiac1, cn'e,l(yllutast HH(JJOPM8.l.tl'lll X- H Y -KOOp)(l'!HaTH 12 )ICKP B 

Kai,ItOff 1'13 I8 ltaMep, 40HPMepoB ro.n;OCKOl)HtiecKmc Cll8TllHfOll, 4 3Ha

qemrn aMnJIHTY)(U· HMIIYJII,COB- .1wreKTOPOB 3JieKTPPHOB, I 3HatieHHe 

MarHHTHOro nOJIJI,-: OTCll8TU '.JO nepect1i!THUX cxeM, 4Q-pa3pll)(HHII 

perHcTp co cnyxe6HOff HH(Jlop1.1amrn_ff. BpeMJI npHeMa_ H nepe)(a~H Yfcii,-

3aHHOll HH(JiopMan1,rn ~ OKOJIO IO .ucait. , 

Cpe,l(Hl'lff o6~eM HH~OpMaUHH Ha,_O,D;HO co6UTHe COCTaBJISIJI·OKOJIO 

.roo MamHHHHX CJIOB, tITO c Yll8TOM OTBe,l(eHHO~O_B 3~ o6~eMa ~a.MSITH 

no3BOJIJIJIO perHCTPHPOBaTI, He 6onee '.JO co6UTHff _3a U~KJI pa60TU 

ycxopnenJI. ·. · ... , . 

· Pa6oTa 3BM-6una opraaH30BaHa c IlQMODtI,ll nporpru,:y /l6/, pa~-

6HTHX CHCTeMOff npHop1neTOB Ha. '.J rpynn_ll. BllCIIIHff . (HyJieBon) npHO

pHTeT Ji!MeJllt nporpa.MM!l npHeMa H KOHTP0:1U1 np~iiMa ,l(a!_IHHJC. ~~PBllff 

npHOPHTeT .. _ nporpawra HaKOnJieHHll :;JtaHH!lX B npoKeXyTOtIHOlt,.naMJITH 

H Ha•Mil.·IlporpaM!,!l,l BTOporo npHOPHTeTa OCYDteCTBJIJIJIH MHOrOCTO

pommtt. H onepaTHBHllff KOHTPOJII, Been H3ll8PHT8JII,HOn. CHCTeW. B XO,l(e 

3Kcnepm.ieHTa. · 

06pa60TKa BHe JIHHHH CBSl3H c 3BM npOBO,l(HJlacI, B, ,ItyC,He,- a · 

· TaKXe B JiepJIHHe, Iiy)(anemTe, Ilpar~ H Co(JJHH 11a 3BM una C.l{C-l604A 

HJIH C.ItC~'.J'.JOO·c IlOKODtLD nporpaJO,(Ji reoKeTpxqecxon peKOHCTPYKUHH/17~ 

npH,C03,l(aHHH,KOTOpon 6HJIH YtITeHU oco6eHHOCTH cneKTPOMeTpa H (Jio

HOBHX yCJIOBHff. 

CneKTpoueTp pa60TaJI Ha nyt11:te HeltTpaJII,HllX ,llaCTHU, OPH~~TH

pOBaHHOM Ha BHyTpeHHDll MHmeHI, yc~OPHTeJIJI,IlO,l( yrnow·I~ lt,HanpaB

JieHHJ) .D:BHXeHHJI npoTOHOB. Pa3Mep nyqxa B panoae wmeux-pereHe-
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paTopa COCTaBJIJIJI 40 x 65 w 2• RHTeHCHBHOCTL tiaCTHU, c6pacHBae

MllX Ha BHytpeHHllll MHmeHI, yc1topHTeJIJJ,6HJ1a (l+'.J)"l01hpoTOHOB/UHM. 

3:ro 06ecnet1HBaJIO B HellTpan1,Hou n~t1Ke KOJ1Ht1ecTBO xaoHOB )(O 

8°!04 H HellTpOHOB - ,1(0 5•!06 3a ~HKJI. ,nnHTeJII,HOCTI, ~HKJia YCKO

pHTeJIJI COCTaBJIJIJia 8 ceK • .ltJIHTeJILHOCTt, c6poca HHTeHCHBHOCTH B 

pa3HllX ceaHcax H 3KCnepHK8HTax - OT 0,4 .n;o 1,2 cex. 

Pa3,l(eJI '.J nOCBJIDteH 3JieKT!>OHHKe /lS/, o6pa6aTUBaJlDteff CHrHaJI!l 

C (JioroyMHOXHTeJieff H opraHH3YllDten 3anycK ycTaHOBKH (pHC.2). Cxe

w COBna.n;eHHJI ccn, CCil·H CCTP Bll,l(eJIJIJIH COOTBeTCTBeHHO TpaeKTO

PHD JieBOff H npaBOff tiaCTHIUl BHJIKH H noJIHYD BHJIKY pacna.n;a KaOHa. 
,· 

HH!J)OpMaUHll O cpa6aTHBaHHH rO)(OCKOilOB 3BlIYCKallDtHX Cll8Tlll'IKOB H 

MDOHHOro ,l(eTe1tTOpa BUBO;i!HJiac1, C IlOMODtl,Jl cxeM COBna.n;emrn, ynpaB.

JISl~WX 06DtHM crpo6-HMilyJII,COM ( TpHrrepoM). qyBCTBHTeJII,HOCTI, 

3JieKTPOHHKH 6una He xyxe l Ma. BpeueHHOe pa3pemeHHe - 20 HC8K. 

B pas,l(eJie 4 npoaHaJIH3HPOBaHa pa6oTa Cll8TllHKOB cneKTPOMerpa. 

HacTpOffKa C'll8TllHKOB, BHnOJIHeHH!lX Ha 6a3e cf13Y-'.JO H nnacTHlleCKHX 

CUHHTHJIJllITOpOB /l9/, npOBO,l(HJiaCI, B nytIKe 'l!aCTHU, BU3BaHHUX 

B3aHMO,l(effCTBH81d HeRrpOHOB C JlHllleHLD, nouemeHHOff nepe.n; Cll8T'IIH

KOM A. Hacrponxa 3aKJIJlqaJiacL B Bu6ope pa6oqeff TOtIKH Ha "nnato" 

Ctl8THOR xapaxrepHCTHKH H BUpaBHHBaHHH CHrHaJIOB no BpeueHH HX 

npmco)(a Ha COOTBeTCTBYllUe 6JIOKK 3JieXTpOHHKH. HaJIH'l!He "nnaro" 

B cqijrHHX xapa1trepHCTHitaX H nnocKOff Bep!l111HU B KpHB!lX 3a,n;epzaa

HUX co~na.n;eHHR y~31:,1,a_er Ha TO., 'IITO acW>eKTHBHOCTI, Cll8T'IIH!tOB 

6JIH3xa K lOQll: ( pHc.'.J). AHanu3 pacnpe)(eJieHHff 3aperHCTPHPOBaHHHX 

Tpe1t0B, conpOBOX)l;all~HXCSI cpa6aTHBaHHeM Toro HfH HHOro t:iieT'l!~Ka, 

a Taue conocraBJieHHe 3THX pacnpe.n;eneHHff c pacnpe)(eJieHHeM MO-. 

.n;eJIHJ)OEaH!!l:,IX co6UTHff ( p~c.6),;CBll,l{eTeJII,CTBYeT O paBHOMepHOl

acW>eJ:tTHBHOCTH no BCel nJIODta.JtH CUHHTHJIJIJITOpOB H, CJie~OBaTeJibHO, 

no Been pa6ot1en nJIO~B,l(K KSZ)(OR nJIOCltOCTK C'll8T'IIHKOB. 
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KatteCTBO paelOT!l Cl!eTttHKa A B pe:!lrne aHTHCOBIT8,l1;8HIH1 Ouno 

npOBepe11O no pacnpe,n;eneHHD saperHctpnpoBa1rnux "BHJIOK" B saBHCH

MOCTH OT nono:m:eHHSl HX BepmHHll c P0

HC. 4 ) • IlpaKTl'll!BCKOe OTCYTCTBHe 

pacna,n;OB, BO3HHKIIJHX B oOnacTH .n:o.A-ctteTtIHKa (0,3% OT Oelll{ero 

l!l'ICJia COCl!lTHtt C BllI<JIDll~HHllM aHTl'ICOBIT8,l1;8HHeM ), yKa3UBaeT Ha TO, 

llTO 3qxp8KTHBHOCTI, aHTHCOBIT8,l1;8HHfl TaKllte OJIH3Ka K IOO%. 
UsMepeHHst, npo;i;e.iiaHH!le co Cll8TllHKOJi A, nqKasanH, llTO ypOBBHI, 

sarpysKl'I B pasnHttHUX 3KcnepHMeHTax _Omr ,n;aneK OT npe,n;en1,11on sa

rpysKH 4>JY H He orpaHHllHBM paoory cqeTl!HKOB H 3JieKTPOHHKH. 

~JIS! BUClOpa OITTIDAaJII,HOrO BapHaHTJ·sanycKa yctaHOBKH, onpe,n;eJISIDll{ero 

CKOPOCTL ITOJIYll8HHSl 3Kcnepm.1eHTaRhH!lX. )lal!HllX, HCCJie.n;OBaJIOCI, 1201 

TPH BapHaHTa pacnono:m:eHHst cqetqHKoa H HX BKJIDttemrn (pas.n;en 5). 

Bo Bcex BapHaHTax .. Tpirrep (TPI+TPIII) ocymecTBJISIJICst npH coBna,ll;e

HHH cHrHanoB cxeM ccn H CCII, Bu.n;enstBmHx neByID H npaByD TpaeKTo

PHH ttaCTH~ BIIJIKH! TP=CCn +CCII+ A, r.n;e ,ll;Jl/1 TPI 
CCTI:q,(I-4) +4' (9-I2) +r (I'.3-I6) +n + Ail: H CCII=1>(5-8)+4>(IJ-16) + 

+ r (9-I2) +II+ An, ,ll;JISI TPII_ CCTI=4>(I-4)+4>(9-I2)+r(I-4)+r(I'.3~I6)+ 

+All H CCII=4>(5-8) + 4>(13-16) +r(S-8) +r(9-12) +An, ~JIS! TPm 
ccn=P(l-8) +4' (9-,-I2) +r (T-4) +r. (!3-16) +Ail H CCII=4>(I-8) + 
q, (!3-16) + r(S-8) +r (9-12) + An. B CKOClKaX yKa3aHll HOMepa 

ClleTllHKOB, CHrHaJiu.'KOTOpll;' ttepe3 CXeMy '!HJIH"(CMBCHTBJII,)ITO.n;aBa

JIHCI, Ha COOTBeTCTBYDll{He BXO,ll;ll cxeM COBITan;e1rntt. 

3i!xf,BKTHBHOCTI,D sanycKa MU Ha3UBaeu OTHOll!eHHe KOJIHllBCTBa 

pacnan;~B Het1tpan1,Hux ttacrH~ - "BHJIOK", Hatl.n;eHHllX nporpaM!AOtt 

reoMeTpHtteCKOtl peKOHCTPYK~HH, K OClll{eMy llHCJIY COClllTHtl, 3aITHCamrux 

Ha MarHHTHYD Jl8HTY • ,UJIS! TPI♦ TPm Cl~JIH rionytreH!l 3qxf)BKTHBHOCTH sa-
- -- ' ' 

nycKa COOTB8TCTB8HHO 25%, 3ag H 65%. B nepB!lX .n;Byx BapHaHTax 

II 
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P11c.3. RpHB!le 3a,n;epxaHH!lX COBila.rteHHtt H cqeTHHe xapaKTepHCTHKH 

,ltJUI O,ltHOn IlOJIOBHH!l MllOHHOro .rteTeKropa. 

AHTl1· , 
K" PErEHEPATOP C~ET'MK PACnAOHblM 0el>EM 
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PHc.4. Pacnpe,1teJieHHe 3aperHCTJlHPOB8.HIWX COC!HTHR no .i!. -xoop

,ltHHaTe roqxH pacna.rta. 
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CKOPOCTI, 3anycKa C!irna TaKOBa, qro KOJIHqecTBO 3apen1crpupoBaHHIIX 

COC!UTHtt 3a IlHKJl YCKOPHTBJISI orpam1qHBaJIOCI, BO3MOlltHOCTSIMH 3BM. 

TaKm.t oe!paaou, MO,ltH!pHKanHSI 3anycKa TPm C!HJia HaHC!OJiee 3qxpeKTHB

HOn 1:1 cnocoC!cTBOBaJia npo.rtYKTHBHOMY 1:1cnoJI1,·30BaHHll apeueHH ycKop1:1-

TeJisi, COKpaIIteHHll BpeMeHH, HBOC!XO,ltHMOro ,ltJISI oC!paC!OTKH .rtammx Ha 

3BM,H,HaKOHen, COKpaIIteHHll oC!~eMa uarHHTH!lX JieHT, Ha KOTOPUX 

3BnHCHBaeTCSI nepBHqHaSI HH~opuan1:1si. 

B reouerpHH 1 3Kcnep~euraJILHasi HH1popuanm1 nonyqanac1, c 3a

nycKOM TRTia TPm. IlpH nepexo.rte K reouerpmt 2, xaK noKa3ano 1IO.1tenn

poaan1:1e pacna,n;OB KaOHOB ,ltJISI C!OJILmon qacTH .ltBYXTIHOHHIIX pacna,n;oa, 

OC!a TIHOHa nepeceKaml __ TIJIOCKOCTL cqerqHKOB rI BC!JIH3H OCH cneKTpO

MeTpa. !IO3Tmxy norHKa sanycKa B 3TOM cnyqae C!llJia usuenena TaKID.! 

oe!pasou, qro cqerqHK r4, ycTa!IOBJieHHHn B n~HTpe TIJ!OCKOCTH, SIBJIS!Jl

CSI oC!IItHM .rtnsi rpaeKTOp~n neaon H npaaon qacrHn pacna,n;a (TPlY): 

CCil=P(l-8) +P (9-12) +r (1-4) + r (13-16) + An, CCII=~(l-8)+ 

+ P (13-16) +r (4-7) + r (9-12) + An. RaK'H Olltl~~aJIOCI,, npH nepe

XO,lte K reouerpuH 2 KOJIHqecrao sanycxoa 3a n1:1KJI yaen1:1quaanoc1,, 

npm.1epHo, B.rtaoe sa cqer yBeJIHtJeHHll qHcna perncrpHpyeMHx 3-tJac-

THtJHHX pacna.rtOB Ka?HOB. 3(MieKTHBHOCTI, sanycKa TPlY COCTaDJISIJia 

45~. AHaJIH3 saperHCTPH!)OBUHHHX ycraHOBIWl1 COC!!lTH11, npHHSITUX 3BU 

H HaneqaraHHUX ;n, 151 c IlOMOIItbll A1UIY na C!yuare ( p1:1c.5), IlOKa-

3aJI, q7O yueu1,men1:1e 3cf'4ieKTHBHOCTH sanycKa TPIY C!HJIO CBSl3aHO C 

BKJIDqeHueM c·qe7qmta. r4, ctosiamero B nytJKe H' CHJILno sarpyxemrnro. 

B Ka.Z.rtOM 3KcnepiweHTe onpe,1teJIS1JICS1 ypoaen1, uaKcm.1aJILHOl1 HH

renc11Bnocr11 nyqKa, npH KOTOpOM KOJ!HqecTBO ~OHOBUX HCKP e111e He 

y11eHL1llaJIO ,ltOJlll " BHJ!OK", nattiteHHHX nporpruruon ( 3qxfieKTHBHOCTL 

sanycKa OCTaBaJiac1, TaKon xe, KaK npH paC!oTe ycTaHOBKH C UaKeTOM 

1.rnmem1). RaK oxasanoc1,, .rtnsi Bcex sxcnepHMeHTOB uaKcIDtaJILHasi 

13 
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PHc.6. Ilpoq,Hn» BTOpHq~ux qaCTHU, reaepHpoBaH!lllX B ~2 pacna

Aax. 
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HHT8HCHBHOCT» 6una,npHMepao,o,ItHHaKOBa H COOTB8TCTBOBMa 

(3+2,5) 0 1011 npoTOHaM/ceK, n8.,ll;aBmHM Ha BHyTpeHHDD MHm8Hb ycKO

PHTens. 

.l{aaaue, xapaKTepH3YDIJIHe aanycK~ TPm H TPlY B 3Kcnep1wea-

Tax C pa31lllMH MHmBHHMH, npHB8,It8Hli B Ta6m1ue l.Ha6m:maeMOe 

YM8HbmeHH8 CKOPOCTH aanycKOB C yBenHqeaHeM TOnlJIHHli MHmeHH o0~

HCHH8TCH ocna6neHH8M nyqKa .ztonroxHBYIJll!X KaOHOB, TpexqacTHqaue 

pacn8.,ll;li KOTOpux COCTaBnHDT OCHOBHYD qacTb perHcTpHpyewx coOu

THU • .l{ns HnnncrpauHH npaBHn»HOCTH paOoTu cncrew sanycKa cneKTpo

Merpa Ha pHc.6 npHB8,It8Hli.pacnpeAeneHHH TpeKOB BTOpHqHUX qacTHU 

Ha nnocKOCTH rn, nonyqeaaue B 3KcnepHMeHTe H MeTOAOM MoaTe-Kapno. 

Ha6nD,ItaeTCH HX xopomee cornacHe, qTO CBHA8T8nbCTByeT O BHCOKOU 

annapaTypHOff 3if¢eKTHBHOCTH OTIHCHBaeMon YCTaHOBKH. 

Ta6nHua l 

XapaKrepHCTHKH aanycKa TPm H TPlY npH paOoTe 
c~eKTpouerpa C pa3HliMH MHmeHHMH. 

reouerpHs 
(BRA aanyc:ita) 

reoM8TPHH l (TPID) reoMeTpHH rr (TPlY) 
Ma- H2 Jl2 C Ma- H2 C .lt2 K8T KeT 

tnHHa MHlll8HH 
r/cu2) - 21 50 90 - 21 40 50 

l!Hcno aanyc-
KOB 

20 13 7 4,8 44 28 23 16 

3qxfieKTHBHOCTD 
aanycxa 0,65 0.46 

·15 

C 

~o 
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PHc.7. AMnJIHTY.ttHUe cneKTPU QaCTHU ,ttJIH pa:3HUX imnyJILCHUX 

HHTepOOJIOB (AP): I - nepBU~ PM l1JIOKOB ,tteT~KT_opa; 

2 - BTopon pa.it; 3 - BecL ,tteTeKrop; e + Il - cywa rumJIH

TY.ttHUX cneKTpOB 3JieKTpOHOB H nHOHOB; e, Il,r-- cneKTpU 

,ttJIH 3JieKTPOHOB, nHOHOB H l.nJOHOB COOTBeTCTBeirno, npHBe

,tteHHUe K 0.ttHOMY H TOMY xe QHCny n~aD11tHX qaCTHU;. 

er - cneKTP 3neKTPOHOB, nonpanneHHUR Ha HX mmynLcHUn 

paal1poc. 16 

Pas.tten 6 nOCBHl!l8H ,tteTeKTOpy 3neKTpOHOB 12r1, COCTOJillleMy 

H3 nHBHeBUX dnOKOB - "c3H,ttBHQen" THna CBHHeU-CUHHTHJinHTOp. 

Rax.nun "c3H,!i;BHQ" CO.ttepxan IO CUHHTHnnHTOpOB TOnl!lHHOtt no IO MM. 

linOKH pacnonaraJIHCL B .ttBa PMa cneBa H cnpaBa OT OCH cneKTPO

uerpa ( pHc.I). Rax.nun C3H,ttBHQ npocMaTpHBaJICH .ttBYMH f3Y-65, 

pacnonoxeHHIM{CBepxy H CHH3y. Ol111taa TOnl!lHHa CBHHUa no nyqKy 

qaCTHU cocraBJISVIa 20 pa,u;HaQHOHHHX e.ttHHHU. 

KaJIH0pOBK8. H BacTpOttKa .tteTeKTOpa npOBO,Ii;HJiaCL Ha 3JieKTPOH

HOM nyqxe, a taue·c nOMOl!lLD tJaCTHU OT pacna,u;OB KaOHOB (pHc.7). 

B .ttHanaaoHe m.myncoB na,u;all11tHX sneKTPOHOB 5+25 1'3B/C 8.MllJIHTY.tt

Hoe paspemeHHe ,tteTeKTOpa cocTaBJIHno (25+!2)%, tJTO oOecneqHBano 

OT.tteneHHe 3neKTPOHOB OT nHOHHOro ~OHa C BepOHTHOCTLD He MeHee 

95% ( pHc.8). 

~eHT~HKaUHH ~3 pacna,u;OB 3altl!DQaJiaCL B OTl1ope col1HTHn, 

,ttJIH KOTOpux 0,ttHa H3 qaCTHU H3B8CTHOro mmynLca BH3HBaJia OTCQ8TU 

,l!;eTeKTOpa B ol1nacTH 3JieKTPOHHOrO nHKa..PHc.9-IO HJinllCTPHPYllT BU

QHTaHme H,Ii;eHTH~HUHPOBaHHUX ~3 pacna.u;oB npH orl1ope poOUTHn 

~ 2 B pereHepanHOHHux 3KcnepmienTax. B:lttHram1e ~ 3 3aMerHo 

yMeHLmaer ~OH H cnocoOcTByer ycrpaHeHHll CHCTeMaTHQeCKHX omH

l10K npH onpe.tteneHHH aMnJIHTY.ttH pereHepanHH. 

B pa3.ttene _7 npHBe.tteHH pe3YJILTaru Hccne.ttoBaHHH .tteTeKropa 

MllOHOB/221. Han.tteHU 34xfleKTHBHHe pasuepu CQeTtJHKOB MllOHHOro ro

,ttOCKOna, onpe,ttenaewe MHoroKparHuu pacceHHHeM B xeJie3HOM nor

norHrene, a Ta1t1e nponepeHo KattecrBo BU,tteJieHHH ~ 3 pacna.u;on 

( pHc.II) H IlOKa3aHo, tJTO nepoarHOCTL H,tteHTH~HKaUHH MllOHa coc

raBJIHer OKOJIO 99%. ~aHH peKOMeH.ttai:um, npm.ieHeHHe KOTOPHX Ha 

CT8,!l;HH ol1pal1orKH 3KcnepimeHraJILHOro uarepHana n03BOJIHT 38lleTHO 

ynytJDIHTL QHCTOTY H,tteHT~B;itaUHJI UllO~lfl:• 

,·,1 
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Pttc.9. YrJioBoe pacnpe.11ene1rne coOhlTHtl-KaH,n;tt.n;aToB B 'kn2 p~cna,n;u: 

a-I - BCe KaH)tl-1.n;~Thl, a-i'.: TO xe nOCJI~ .• Bl~llHTaHlrn 'l-1,n;eRTH

qmnHpOBaHHhlX ~ 3 pacn~oB, a-3 - TO :m:e nocne Bhl~;Tafmll 

H,n;eHTl'lqmnupo BUH HUX ~3 l-1 ~3 - pacna,n;OB; 0 - BhlllTeHHhle 

l'!,n;eH_THqJHUHPOBaHJlhle R~3 - pacna,n;ll. 
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PHc.IO. Pacnpe,n;eJieRHe no HHBapnaHTHOR Macce cOO!lTHR -KaH.n;l-1,n;aTOB 

B ~ 2 pacna,n;u: (cM. no,n;nHcL K pHc.9). 

..... IIIIS-. r~:.~~~· .... . ..... •- .. -.. ., ... ,,. -· -·· .. or::;.~o 
o. ..... _ .... . 

0 ............. g I ;.---··· .. -00 

. ~' ........ --... -... y 1 , Oo•--·-----·---

.j= v 

~~;~~~~;;;;~~;;~:~·"··~g··"·"::~:~~;;:~;~;~;;§;~;;;~ ~(~) 
I · T • - s 4 l - 2 t 

ll'IIO-t'll[TIOtK,N 

PHc.n.· IIpo<J,HJii. MIJOHOB H3 ~3- -pacha.n;OB B TIJIOCKOCTH ro,n;OCKOna 

_MllORHOro_ ,n;eTeK.Topa; I~3Kcnepm.reHT, 2 -i~oHTe-Kapno. 
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3qxpexT :ruqHTaHHH ~OHa OT ~3 noKa3aH Ha pHc.9 H IO. 

Pa3pemeHHe cnexTpOMeTpa no yrny H HHBapHaHTHOlt uacce npe~

cTaBneao B pa3~ene 8 ~HccepTaUHH Ha npHUepe BH~eneaua ~ 2 pac

na;s;oB 123, 241. XapaxTepaan oco6eaaocTb yrnoBoro pacnpe~eneHHa 

BeKTOp-minynbCOB ~BYX 3apJU:eHHHX pacna;s;HHX qacTHU xaoaa - nHK 

B6nH3H ayneBHX yrnoB, ~na KOTopux e2~o,6 upa;s;2, H o6nacTb 

ue~neaao y6HBall11tero c yBenHqeHHeM e2 qHcna qacT~ ( pHc.12), 

KOTOpHe MH Ha3HBaeM ¢0HOM.( 8~ecb O - yron Mex~y HanpaBneHHeM 

na;s;all11tero I{ H HanpaaneHHeM ·· iiexTopa - cymm HMnyn1,coB ~Byx 

3apJU:eHHHX qaCTHU, o6_pa3Ylll!IHX pacna;s;Hyll BHnKy). BonblllHHCTBO 

C06liTHff no~ nHKOM - ~BYXIlHOHHlie pacna;s;H C HHBapHaHTHOtt uaccott, 

6nH3KOtt K uacce KaOHa. B o6naCTH yrnoB pacceRHHR, ~nR KOTOPHX 

o2> 016 upa;s;2, aeT ~ByxnHOHHHX pacna~oB ( pHc.13). lnn xonH

qecTBeHHoro onpe~eneHHa yrnoBoro pa3pemeaHa ,nByXnHOHHHtt nHK 

annpOKCHMHPOBanca 3KcnoHeHTOff exp (-¼02). 8a uepy yrnoBOH 

pa3pemallDtett cnoco6aocTH npHHHMaJlaCb BenHqHHa So(p)=(I/¼)o, 5 

COCTaBnHJllllaa 0,2+0,4 Mpa;s; B HHTepBane m.mynbCOB KaOHOB 

10+50 1'3B/C ( pHc.14).Pa~pe~allDtaa cnoc06HOCTb no HHBapHaHTHOlt 

Macce, onpe,nenae1.1aa no mHJ)HHe "uaccOBHX nHOHOB" ,nnn atoro xe 

,ll;HaIIa30Ha mmynbCOB,MeHanac:b OT 2,45 ,ll;O 4,5 M3B ( pHc.15). 

Pa3,nen 9 ~o~epXHT CBO~KY OCHOBHHX napaueTpOB ycTaHOBKH, 

BHBO~li H npe~noxeHHa, HanpaBneHHHe aa ,ll;anbHenmee pacm:zpeaHe 

axcnepHUeHTMbHliX B03MO~HOCTelt cnexTpOMeTpa. 

OCHOBHHe pe3ynbTaTli ~HccepranHH 3RIUIJlqaJltCR B cne~YllDteU. 

I).Coa,naaa H Hccne,nonaaa ycTaHOBKa - 6ecipHJlbMOBHH HCKPOBOH 

cneKTpoueTp, no3BOnHBmaa 0CYll!8CTBHTb nporpauuy HCcne,nOBRHHU no 

pere~~pa~HH aeittpanbHHX xaoao_ii / 9-II/, xo~opaa B reqeaze 

1970-1973 ro~OB HaxO,nHnaCb B U!HTpe BHHllaHHR ~H3HXOB BCero MHpa 
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PHc.12. YrnOBHe pacnpe~eneHHH KaH)Uf,llaTOB B ,ll;BYXTIHOHHH8 C06HTH8 

~nR reoue;pHH 2 H pe3yn1>TaTH ~HTHpOBaHHH HX aHMHTHqecxott 

~YHKUH81t (.TOqKH -:aHMHTHqecxaa ~YHKnHR, ntHKTHp - ~OH). 

~ ,;,,NTS/,...i, ·: n . " .. voe'•a-10' 

~ 
,lo/u:~!!~bu~:~:-~,, 

~LJt:, 
' .. 

e1•z•U 

PHc.13. Pacnpe~eneHHe no HHBapHaHTHOft xacce ,nByxnHOHHHX pacna;s;oB 
,ll;nR pa3HHX yrnOBHX HHTepBanoB • 
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PHc.I4. YrnoBa/1 pa3pemaDI11a/l cnocoOHOCTL cneKTPOMeTpa B 3aBHCK

MOCTK OT HMIIynLca pacnaBmKXC/1 KaOHOB • 

....... 
MJS 

4 

3 

t 
+ '"''"''" .. '"'" 

14 ti 22 21 JO J4 SI ~ r1l/1 

PHc.15. Pa3pemaD~as cnoco<lHocrL cnexrpouerpa no HHBapuaHrHol 

Macce B 3aBHCIDlOCTH OT m.mynLca K8.OHOB. 
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I 

I 

B CBH3H c npo6n~MaMH acmmTOTRtiecK_oro noBe,l(eHHH cetieHHJt nponec

COB paccesHHa. CneKTpoMeTp o<lna.l(aeT B11c0Kon pa3pemaDI11en cnocoo

HOCTLD no yrny H HHBapltaHTHOJt uacce H no 3THM xapaKTepHCTHF.a.M 

/1Bn/18TC/I O,l(HHM. ;Ha,n.yqmHX .npuoopoB "13 MHpe. _2) HecMOTpS! Ha 3HatlH

TenLHH~ ypo~eHL pa.l(uanHOHHoro cpoHa,ycyry~neHHHJt TaKJte pa3Mell!e

HHeM H8KOTOpl1X Ctl8Tt1.HKOB B OOnaCTH nyt1Ka, 0!1na nonytreHa iu'coKa/1 . 
3cMJeKTHBHOCTL 3anycKa ycTaHOBKH. IaopaHH!1e pel!HM!1 3anycKa cneKTpo-

MeTpa HMenH 3qqJ8KTHBHOCTL B HeCKOnLKO pa3 oonee BllCOKYD, tl8M B 

.l(pyrux a~anorHtl~X .3KCTI~pH~eHTax / 4, 6/, H TI03BOnHnH HCTIOnL30-

BaTL nyqoK,MaKCHManLHO ,l(OTIYCTHMOJt HHTeHCHBHOCTH des orpaHHtleHH/1 
. . . 

B03MOl!HOCT:li. 3KcnepHMeHTaJILHOJt ycTaHOBKH c_o c;op~Hl1 3BM~ 
. . . '. ' ~ -

'.3).Ilpm.!eHeHa HeTpa.l(HnHOHHa/1 KOMOHHanHa dnOKOB 0!1CTpon 3JI8KTpO-
' ~ ; • . ; l • 

HRKH ( ycruiureJIL-pa3MHOEHTenL-cMecureJIL- cxeMa coBna.l(eHHR c 

BXO.n;Hl1MK cpop:1mpoBaTeJIHMH), npe.n;oxpaHHBmaa iJ!3Y OT aunn~TY.I{HO-t1ac

TOTH!1X neperpy30K H ooecnet1HBma11 paBHOM8PHYD 3cpcp8KTHBHOCTL pe

r:l!:CTpanHH B npe,nenaX Bcero renecitoro yr.iia CTieKrpOMeTpa. 

4), PaspaOOTaHa :Ii npHMeHeHa Ha npaKTHKe M8TO,l(HKa HaCTIJOJtKH H KOH

rpona 3neMeHTOB ycTaHOBKH B,YCJIOBH~X paOOTll ~a HenrpMLHOM nyt1Ke 

C HCTIOJIL30BaHH8M._ HellTpOHOB, ·. MDOHOB H raMMa-KBaHTOB, a TaKJte 
, . . .i:' ' • . . .• . ' 

BTOpHt1H11x 3~psxeHH!1X qa~riin, oopa3oBaHHHX ii pacna.n;a~ R°-MesoHOB. 

5). PaspaooraH H. ~aCTpO~H np_OCTOtl ,1(8T8KTOP. sneKTPOHOB, odecnet1HB

m1tn H~~xHyD·H.l(~HTHcpH~anuD·pacna,l(oB_ K~3 H cyI11ectaeHHO CHH3HB

nmn cpoH npu oroope ,1J;BYXTI,HOHH11x pacna.n;on R°L ii ~ • 
6} PaspaOOTaH .. H HaCTpOeH .n;ereKTOp MDOHOB, ooecnetlHBmHn · tlHCTYD 

H,l(eHTHcpHKan-wii 1{!3-pac~a:itoB. BeponHOCTL.HenpaBruILHtin H,neHTHcpHKa

n1rn MDOHa,He upeBHDJaBll!M ll;nJtaeTC~ O,l(HHM H3 Jiyqmux ,l(OCTHZ
0

8HHll 

B a~MOrHtlHHX ,l(eT8KTOpax· / 4, 25/. laCOKOe Katl8CTBO Bll,l(eneffll'./1 
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1{!3 - pacna,n:oB o6ecneqHJio npH npoBe~eumr 3Kcnepmi:euroB Ha,Jtex

uoe MOHHTOPHPOBaHHe, onpeAe.neHHe HMIIYHhCHoro cneKTpa K° -Me30HOB 

H CYll!8CTB8HHO CHH3HHO ~OH npH or6ope_ABYXIlHOHHUX pacna,JtOB. 

Kpoue roro, 6.naro,ll;apa Bucoxouy xaqecTBY Aerexropa, 6u.nH Buno.n

HeHl,I pa6oru no H3yqeHHD ~op~axropa B 1{!3 H noHCKY BeKropHoro 

ue3oua B pacna,n:ax K0 1271. 7) IlpmreHeH MHorocropoHHHtt H_cHcre

uarHqecKHff itourpon Bcex 3.neMeHTOB cnezi;rpouerpa, o6ecneqHBIIIHff 

H8,Jt8XHYD H BHCOKOnpOH3BO,ll;HT8HhHYDI pa6ory ycTaHOBKH B XO,ll;e 

Kax.ztOro 3KcnepD8HTa._ CpaBH8HH8 n MaCCOBUX IlHKOB" H yr.nOBUX pac

npeAe.neHHff, no.nyqeHHUX AHH Pa3Hh!X ceaHCOB, KOTopue B CyYMe npo

BO,l(HJIHCh·B TeqeHHe H8CKO.nhKHX uecaneB, CB~ere.nhCTByer O BUCO

KOH creneHH cra6HHhHOCTH H BOCnpOH3B0,ll;HMO~TH ycJOBHH pa60TH 

cnexrpoMe,-pa. 
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