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. Ka'leCTBO COBpeMeHHOI'O ycKOpHTeJJbHOI'O SKCnepnMeHTa Henocpe,IJ;CTBeHHO 

33BHCHT OT TO'!HOI'O H CTpOI'OI'O BblnOJIHeHHSI Tpe60B3HllH, npeA'bSIBmieMbIX K yc

KOpSieMOM)' ny'!Ky. Ilpo6JieMa KOHTPOJISI n peryJinpoBaHHSI ny'!Ka B npou;ecce 
• I 

ycKopeHHSI SIBJISleTCSI BeCbMa aKTYaJibHOH MSI BCex YCKOPHTeJJeii, a ,Il;JISI BHOBb. 

C03,Il;aBaeMblX - oco6eHHO. Otta Tpe6yeT pa3pa60TKH pa3mi~Hb1X HOBbIX MeTO

,Il;OB ,IJ;HamOCTHKH . ny'!KOB (OT,IJ;aeTCSI npe,IJ;nO'!TeHHe Hepa3pymaIO~llM MeTO

,IJ;aM)' a T3K)Ke pa3pa60TKH H . C03,Il;3HllSI nmpopM3Il;llOHHO-H3MepHTeJJbHblX 

CHCTeM ,Il;JISI peaJIH33Il;llH STHX MeTO,Il;OB. 

B ttacroSI~ee BpeMSI · 6oJihmoe pacnpocrpattettue . npuo6peTaIOT 

-o;IIKJIH'leCKHe ycKopuTeJIH - rettepaTOpbI CHHXpOTpOHHOro H3JIY'!eHHSI. TaKII

MH reHepaTopaMH SIBJISIIOTCSI H HaKOnHTeJJbHble KOMITJieKCbl ;:meKTPOHOB' II 

Il03HTpOHOB KaK HblHe cy~ecTByro~ne, TaK. H BHOBb C03,IJ;aBaeMbie HJIH. ripo

eKTIIpyeMhle, K KOTOpbIM OTHOCHTCSI H C-Tay qm6p11Ka OlUil1. 11MeHHO pa6oTa 

Ha.IJ; npoeKTOM sJieKTPOH-n03HTpOHHOro KOJIJiaH,IJ;epa-:-- c-my q:,a6pnKH OilSil1 

- CTIIMYJIHpOBaJia noJiy'leHne pe:ffJibT3TOB,. nOJIO)KeHHblX B OCHOBY ,Il;3HHOH 

CT3Tblf,, 

. CIIHXPOTPOHHOe ~H M3rHIITOTOJ)~03HOe H3JIY'!eHne B03HIIKaei npn OTKJIO-

HeHlllf '!aCTIIIl;bl OT npSIM0JIHHeiiHOI'O nyTII MamHTHblM noJieM,. KOr,IJ;a. qacrnu;a 

npoxo,IJ;HT B IlOJie IlOBOpOTHblX MamHTOB/ H3KOnHTeJISI HJIH B cneu;naJibHO C03,IJ;a-. 

BaeMOM npocrpaHCTBeHHO-nepHO,Il;H'leCKOM_ MamHTHOM IlOJie. 3q:,q:>eKT 

. CHHxpotpOHHOro H3JIY'!eHHSI xopomo H3y'!eH If IlO,IJ;p06Ho OilHCaH BO 'MHomx 

pa6oTaX. BJiaro,IJ;apSI CBOHM YHHKaJibHbIM 'CBOHCTBaM CHHXpOTpOHHOe H3JIY

'!eH,ie HaIDJIO rrpHMeHeH~e B IIpOMhlIIIJieHHOCTlf. (oco6eHHO B MHKpOSJieKT

pOHHKe), mHp0KO HCilOJib3YeTCSI 'n pa3JIH'!HblX Hay'!HblX HCCJie,IJ;OBaHHSIX If SKC

nepHMeHTax, B TOM '!HCJie If B ycKOIJHTeJJbHOH npaKTHKe ,Il;Jl51 Hepa3pymaro~eii 

,IJ;namoCTHKH ny'!KOB 3apSI)KeHHblX 'laCTHU:, 

ll;MbIO HaCTOSI~eii pa6oTbl SIBJISieTCSI KpaTKoe onncaHne MeTO,IJ;OB H HHq:>op..: 

M3Il;HOHHO:-H3MepHTeJlbHblX CHCTeM, OCH0BaHHblX Ha ucnOJib30B3HHH CHHXpO

TP0HHOI'O H3JIY'!eHHSI B Ka'!eCTBe HOCHTeJJSI ooo,eKTHBHOH HHq:>OpMan;nn O napa

MeTpax ny'!Ka B ycKopnTeJie, 3TH MeTO.IJ;bI 11,n11q:,opMan;noHHo-113MepHTeJibHbie 

CHCTeMbl MoryT 6hITb npe,IJ;JIO)KeHbI B pa3pa6aThIBaeMhle B 115!<1> CO PAH (Ho

BOCH6npcK), IIT3Cl> (MOCKBa) . n • 011.5111 · (JJ:y6Ha) . npoeKTbI HaKOITHTeJibHbIX 

'KOMITJieKCOB SJieKTpOHOB H n03HTPOHOB (c-Tay q:,a6pnKH). MeTO,Il;bl Il03BOJISIIOT . 

06ec11eq11Tb KOHTpOJib If H3Mepettue MffiOBeHHbIX (B npe,IJ;eJJaX 1 MKC) 3Ha'leHHH · 

CJie,IJ;yIO~HX napaMeTpOB If xapaKTepHCTHK ny'!Ka: '!HCJia qacrnu: (T0Ka) nyq

l<:a, reOMeTpntleCKHX napaMeTpOB .. ny'!K3 H ero nOJIO)KeHHSI B ripocrpaHCTBe 
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ycKOpHTeJISI, pacnpe,IJ;eJieHHSI qacrnu: B npocrpaHCTBe H BpeMeHH, a T3K)Ke C,IJ;e

JiaTb ou;eHKY BeJIH'!HHbl SHepmH '!3CTHU: H '!3CTOTH aKCHaJibHbIX 6eTaTpOHHblX. 

KOJie6aHnii. PeaJin3au;nro MeTO.IJ;OB Hepa3pymaro~eii CHHXpOTpOHHOii ,IJ;nar

HOCTHKH npe,IJ;JiaraeTCSI npoBO,Il;HTb nyTeM pemcrpau;nn H3Jly'leHHSI B mnpoKOH 

cneKTPaJibHOH o6JiaCTH JJ;JIHH BOJIH onrn'!eCKOI'O ,IJ;Hana30Ha -0,4 - 10 MKM, KO

TOpaSI OOJihme '!eM Ha nopSIAOK npeBhlmaeT mnpnHy cneKTpaJibHOii o6JiaCTH, 

HCnOJib3yeMOH B OCHOBHOM MSI ,IJ;HamOCTHKH ny'!KOB no CHHXpoTpOHHOMY 

ri3Jly'leHnro B coBpeMeHHOii ycKopnTeJibHOii npaKTHKe. PacmnpeHne pa6oqero 

cneKTPaJibHOro ,IJ;Hana30Ha n03BOJISleT ,IJ;HamocrnpoBaTb ny'!KH C TaKHMII 

SHepmSIMH '!3CTHU: H pa,IJ;nycaMH HX op6nT, KOTOpble o6bl'!HaSI, m11pOKO npHMe

HSieMaSI B COBpeMeHHOM q:>H3H'leCKOM SKCnepnMeHTe pemCTpHpyro~aSI annapa

Typa (Cl>3Y, 3011, ,IJ;ncceKTop, TB-xaMepa, 113C-MaTpHU:hl H T.n.) Ha6Jiro.IJ;aTb 

HeMO)KeT. 

PaC'!eT xapaKTepHCTHK CHHXPOTPOHHOI'O H3JiyqeHHSI SJieKTpOHHbIX crycr

KOB, C,Il;eJI3HHblH HCXO,Il;SI H3 3Ha'leHHH OCHOBHblX napaMeTpOB, OTBeTCTBeHHblX 

33 B03HHKHOBeHne CHHXpOTpOHHOI'O H3JiyqeHHSI (sHepmn qacrnu; H pa,IJ;HYCbI HX 

op6HT), npoeKTllpyeMblX B YCKOPHTeJJbHblX Jia6opaTOpHSIX crpaHbl H MHpa Ha

KOnHTeJlbHbIX KOMITJieKCOB SJieKTpOHOB If n03HTPOHOB, IlOK33blBaeT, '!TO 

0)KH,Il;3eMbIH cneKTp CHHXpOTpoHHOro H3JiyqeHHSI 3aHHMaeT mnpOKHH HHTepBaJI 

.IJ;JIHH BOJIH B ,IJ;nana3oHe OT -1 A II AJIHHHee, 3axBaTaBaSI n AJIHHbl BOJIH oT 0,4 
AO 10 MKM H, T3KHM o6pa30M, o6ecne'!HB3SI B03M0)KH0CTb peaJIH33Il;HH npe,IJ;Jia

raeMblX MeTO,Il;OB AHamOCTHKH. 

Ilpou;ecc Hepa3pymarom;eii AHamOCTHKll B HaKOilHTeJie ITY'!Ka 3apSI)KeHHblX 

'!3CTHU: no HX CHHXpOTpOHHOMy H3Jiy'leHHIO BKJIJOqaeT B ce6SI CJieAyIO~He 

OCHOBHble onepau;nH. 

1. BbUJOO CUllXpomp01mozo U3JLy'lellUSl U3 6QICYY.MllOU /Ca.Mepbl ycKOpHTeJISI C 

MHHHMaJibHO B03M0)KHblMH noTepSIMH no HHTeHCHBHOCTH BO BCeM pa6o'leM 

cneKTpaJibHOM AHana30He (AJIHHbl BOJIH B npeAeJJax OT 0,4 AO 10 MKM, COOTBeT

CTBYIO~lle cneKTpaJibHOH '!YBCTBHTeJlbHOCTH 60JibillHHCTBa HCnOJib3yeMblX B 

npep;JiaraeMbIX H3MepHTeJlbHblX CHCTeMax AeTeKTOpOB), npn coxpaHeHHH rJiy

OOKOI'O BaKyyMa B KaMepe (Jiyqme qeM 10-9 Topp). Heo6xoAHMOCTb CTOJib my-

6oKoro BaKyyMa npeAyCMaTpHBaeT B03MO)KHOCTb AJIHTeJlbHOro OT)KHI'a npn Bbl

COKOH TeMnepaType KOHCTPYKU:HH sJieMeHTOB n y3JIOB (B TOM qnCJie n y3Jia c 

OKHOM ,Il;JISI CHHXpOTpOHHOro H3JiyqeHHSI), ycraHaBJIHBaeMblX Ha BaKyyMuyro 

KaMepy H3KOnHTeJISI, a BCe COeAHHHTeJlbHble YITJIOTHeHHSI AOJI)KHbl npOH3BO

JJ;HTbCSI qepe3 MeTaJIJIH'!eCKyIO npoKJiaAKY, Ilpo6JieMa OKOH If HX YITJIOTHeHHH 

Bcerna 6bIJia B3)KHOH B BaKyyMHOH TeXHHKe H KpnoreHHKe, B TOM '!HCJie H AJISI 

YCKOpHTeJieii. XopoUiaSI cneKTpaJibH3SI npo3pa'!H0CTb B IlIHpOKOM AHana30He 

AJIHH BOJIH, BblCOKaSI TepMOCTOHKOCTb, ITJiaCTH'!HOCTb H MexaHH'leCKaSI npoq

HOCTb, npn MHHHMaJibHOM ra3onponycxaHHH H co6CTBeHHOM ra30BbIAeJieHHH, 

AeJiaIOT npo6JieMy OKHa OAHOii H3 rJiaBHMx, eCJin He peUiarom;eii, AJISI o6ecne

'lettnSI Hepa3pyUiarom;eii AHarHOCTHKH no CHHXpOTp0HHOMY H3Jiy'leHHIO, HeMa-

I Ooic~;,r,fiHiijll KSCTittJT 1· 
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JIOBa)KHOe 3Ha'leHHe HMeIOT CTOHMOCTb onTH'leCKOI'O MaTepHaJia H ero AOCTYn

HOCTb. C y11eroM nepe11uCJ1eHHhIX Tpe6oBaHHii paapaoo-raHhl H anpo6HpoBaHhl B 

ycKOPHTeJihHOii npaKTHKe TPH BapuaHTa oKoH, nponycKarom;Hx 6oJiee 90% 

HHTeHCHBHOCTH CHHXp0Tp0HHOI'O H3JIY'leHH51 B cneKTpaJibHOH o6JiaCTH CBOeii 

npoapa'IHOCTH (B CBOeM pa6o11eM cneKTpaJibHOM AHana30He): 

I) OKHO 113 TIJiaBJieHoro KBap:a;a AJI51 cneKTPaJihHOH o6.n:acrH OT 0,3 MKM AO 

3,5 MKM, AHaMeTpOM 100 MM npH TOJIID;HHe 10 MM, 

2) OKHO H3 IlOJIHKPHCTaJIJIH'leCKOI'O cpropHCTOI'O KaJibD;H51 (cpmoopHTa)' 

nponycKarom;ee H3Jly11eHHe C AJIHHaMH BOJIH OT 0,2 AO 10 MKM, AHaMeTpoM 

70 MM, TOJIID;HHOH 8 MM, 

3) OKHO H3 IlOJIHKpHCTaJIJIH'leCKOI'O cpropHCTOI'O MarHH51 - OilTH'lecKOH Ke

paMHKH KO-I ( aHanor MPTPAH-1), cneD;HaJihHO paapa6oTaHHOe H coaAaHHOe 

AJI51 nporpeBaeMoii BaKyyMHOii KaMephl, nponycKarom;ee 113Jly11eHHe c AJIHHaMH 

BOJIH o, 7 - 9 MKM (CBeTOBOH AHaMeTp 60 MM, TOJIID;HHa 5 MM). OKHO aaKpeTIJie

HO C IlOMOID;bIO AHcpcpy3HOHHOH CBapKH B onpaBe H3 Hep)KaBerom;eii CTaJIH C yn

pyroAecpopM11pyeMhIM rocppoM, 'ITO Il03BOJI51eT KpenHTb ero Ha BaKyyMHYIO Ka

Mepy 11epea MeTaJIJIH11ecKy10 npoKJiaAKY, He Hapymag repMeTH'IHOCTH nepexoAa 

<<OKHO - onpaBa». OKHO HCilbITbIBaJIOCb npH MHOI'OKpaTHOM AJIHTeJibHOM (6oJiee 

24 11acoB) nporpeBe npH TeMnepaType 400-600 ·c. 
2. Tpa11cnopmupoe,:;a u nepeiJa'la U3JlJl(,e11ua no.onmu'lec,:;oM.y ,:;a1taJLY Ha 

3aAaHHOe paCCT051HHe (B03M0)KH0 6oJiee ABYX MeTpoB) C MHHHMaJibHhIMH nom1-

puaa:a;HOHHbIMH H a6eppa:a;HOHHbIMH HCKa)KeHH51MH H nOTep51MII no HHTeH

CHBHOCTH, C cpoKyCHpoBKOH CHHXpoTpoHHOI'O H3Jiy'leHH51 Ha AeTeKTHpyIOID;IIH 

6JIOK. Jl:Jig TpaHCn0PTllp0BKH II nepeAa'IH CHHXpoTpoHHOI'O H3JIY'ICHil51 Ha AC

TCKTOP cne:a;HaJibHO paapa6oTaHhl H peaJIH30BaHbl B yCKOPHTeJibHOH·npaKTHKe 

ABa BapHaHTa OilTH'lecKHX CHCTeM - aepKaJibHO-JIHH30Ba51 II aepKaJibHa51. 

B aepKaJihHO-JIHH30BOH CHCTeMe BCe aKTHBHhle 3JICMCHThI (JIHH3hl) BbIIlOJIHCHbl 

ua onTH'leCKHX KepaMHK (MgF 2, ZnS, CaF 2, BaF 2, LiF) H 6ecKHCJIOpoAHhIX cre

KOJI. Pa6o11uii AHanaaoH AJIHH BOJIH 1-8 MKM, MaKCHMaJibHOe cpoKyCHOe pac

CT051HHe om,eKTHBa 320 MM, OTHOCHTeJibHOe OTBepCTHe 1:5,3, ra6apHTbl OTITH

'ICCKOH CHCTeMhI - 290x300xlOO MM. AKTHBHhle 3JieMeHThI aepKaJihHOH onTH-

11ecKOH CHCTeMhI BbIIlOJIHeHbl B BffAC ccpepu11ecKHX aepKaJI, y KOTOphIX 

OTpa)KCHHe H3JIY'ICHH51 npoHCXOAHT OT CJ1051 Ag, HaHeCeHHOI'O nyTeM Hanb1Jle

HH51 B BaKyyMe Ha CTeKJI51HHYIO noBepxHOCTb ccpepH'ICCKOH cpopMbI, 'ITO Il03BO

JIHJIO o6ecne'IHTb cneKTpaJibHYIO illHp0KOilOJIOCHOCTb OTITH'ICCKOI'O KaHaJia B 

npeAeJiax 0,3-20 MKM. MaKCHMaJibHOe cpoKyCHOe paCCT051HHe om,eKTHBa -

1850 MM npH OTHOCHTeJibHOM OTBCpCTHH 1:26, cpOTOrpacpH'ICCKa51 paapemaro

m;ag cnoco6HOCTb B cpOKaJibHOH IlJIOCKOCTH - 7 MM - l' ra6apHTbl -

2000x360x370 MM. 

3. Pezucmpau,ua U3Jly'leHUR iJemeicmupy10w,uM.u 6.noicaM.u - H3MepHTeJib

HhIMH npeo6pa30BaTeJI51MH HHTCHCHBHOCTH CHHXp0Tp0HHOI'O H3JIY'ICHH51 B 

3JieKTpu11ecKuii cuman. 
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PHc.l. CxeMa H3MepeHHll na

paMeTpoB ny11Ka: l - ny110K 

3apJl)l(eHHhlX 11aCTHl( - HC

TO'IHHK CHHXPOTJIOHHOl'O H3-

ny11eHHll; 2 - owio,1aT11HKO-

Bbill <t>aronpHeMHHK 

H3Mepmem, 'IHCJla 11aCTHl(; 

3 - MOJIYJI&Hbrn, KOOp,IHHaT

HO-qyBCTBHTeJibHbIH ,1eTeK

TOp - H3MepHTeJib HHTeH

CHBHOCTH H yrJIOBOH pac

XO,IHMOCTH CHHXpOTpOHHOl'O 

H3ny'leHHll; 4 - onTH'leCKHH 

Kanan; 5 - OWIOKOOp,IHHa

THblH ,1eTeKTOP-JIHHeHKa JtJlll 

H3MepeHHll reoMeTpH'leCKHX 

napaMeTpos ny11Ka H pacnpe

,ienenHll 11aCTHl( no ce11eumo 

4. BbliJe;ie11ue n0Jle31I0ZO CUZIIQJlQ Ha cpoHe HMnyJibCHbIX IlOMex ycKO

PHTeJI51 (paAHaD;HOHHbIX H 3JleKTpoMarHHTHbIX), npeABapHTeJibHOe ycHJieHHe 

BbIAeJICHHOro noJie3Horo cumana H ero nepeAa11a no KaoeJihHOii MamcrpanH Ha 

3JieKTpoHHhle oJIOKH pemcrpaD;HH H HaKoTIJieHH51 HHcpopMaD;HH. 

5. O6pa6omica noJLJl(,e1111oii umjJopM.au,uu H BHAa11a pe3yJihTaToB H3Me

peHHH B YAOOHOM AJI51 noJih30BaTeJI51 BHAe, 

Ha puc. I npeACTaBJieHa cxeMa H3MepeHH51 ny11Ka. 

B npeAJiaraeMhIX MeTOAaX OTpa)KeHo CTpeMJieHHe MaKCHMaJibHO Y'IHThIBaTb 

Tpe6oBaHH51 H yCJIOBH51 nOCTaBJieHHOH 3aAa'IH no ycnemHOH peaJIH3aD;HH ycKO

pHTeJibHOI'O 3KCnepHMCHTa. OAHHM H3 OCHOBHbIX yCJIOBHH 51BJI51CTC51 noJiy'leHHe 

IlOJIHOH, TO'IHOH H AOCTOBepHOH HHcpopMaD;HH O napaMeTpax H xapaK

TepHCTHKax ny~IKOB 3ap51)KCHHhIX 11aCTHD; B npo:a;ecce HX cpopMHpoBaHH51 H Ha

KOTIJICHH51. BoJibillOe 3Ha'leHHe npffAaeTC51 npocrOTe H HaAe)KHOCTH B 

peaJIH3aD;HH 3THX MCTOAOB~ cra6HJihHOCTH napaMeTpoB H xapaKTepHCTHK 

HHcp0pMaD;HOHHO-H3MepHTeJibHhIX CHCTeM Ha npoT51)KCHHH AJIHTeJibHOI'O 

nepHOAa 3KCTIJiyaTaD;HH (ceaHc, KBaPTaJI, I'OA). B OCHOBHOM MeTOAbl npeAHa3-

Ha'ICHhI AJI51 H3MepeHH51 TOKOBhIX, reOMeTpH'ICCKHX H 3HepreTH'leCKHX napa

MeTpoB ny11Ka. 

JJ:ng H3MepeHH51 'IHCJla 11aCTHD; (TOKa) no HH1"CHCHBHOCTH CHHXpOTp0HHOI'O 

H3Jiy11eHH51 pa3pa6oTaH MeTOA [I], npomeAmHii ~JIHTeJihHYIO H. ycnemHyro 

anpo6a:a;HIO B YCKOpHTeJibHOM 3KCnepHMCHTe. MeTOA OCHOBaH Ha np51MOH 

3aBHCHMOCTH HHTCHCHBHOCTH CHHXpOTpoHHOI'O H3Jiy'leHH51 OT 'IHCJla 'laCTHD;, 

np1111eM pemcrpa:a;ug H3Jiy11eHH51 BeAeTC51 B cneKTpaJibHoii o6JiaCTHA ~ Ac' rp;e 

Ac - KPHTH'leCKa51 AJIHHa B0JIHbl, KOrAa HHTCHCHBHOCTb H3Jiy'leHH51 
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npaKTH'IeCKH He 3aBiICHT OT ::mepmH aap.sDKeHHl,IX 'IaCTm~. Paapa6oraHO AB3 

BapHaHTa H3MepeHHSI HHTeHCHBHOCTH CHHXpOTp0HHOro H3Jiy'IeHH.sI: npH6JIH

xeHHl,IH, KOJ'Aa H3Jiy'IeHHe H3Mep.sieTCSI TOJil>KO B MeAHaHHOH IlJIOCKOCTH cryCT

Ka OAHHM AaT'IHKOM, H 6onee TO'IHhIH, KOrAa CHCTeMa AaT'IHKOB OXBaTHBaeT Te

JieCHJ:,IH yron, l'Ae cocpeAOTO'IeHa 6on1,maS1 'IaCT1> CHHxpOTpoHHoro H3Jiy'IeHH.sI. 

J(OCTOHHCTBO nepBoro cnoco6a - B npOCToTe H3MepHTeJlhHOH CHCTeMhl. HeAO

CTaTOK - OTCyTCTBHe onepaTHBHOH AJI.sI Ka:x(Aoro D;HKJia H3MepeHHH HHcpop

MaD;HH 00 yrJIOBOM pacnpeAeJieHHH CHHXpOTpoHHOro H3Jiy'IeHHSI 'IaCTHD;. 

,l(JI.sI peannaau;un MeTOAa no nepBOMy BapnaHTY paapaOOTaHhl H C03AaHH 

TPH THna H3MepHTeJil>HhIX CHCTeM C AeTeKTOpaMH pa3JIH'IHOH cneKTpaJihHOH 

'IYBCTBHTeJlhHOCTH, 'ITO n03BOJISleT o6ecne'!HTh pemCTpau;uro CHHXpoTpoHHOro 

H3Jiy'IeHHSI B AHanaaoHe AJIHH BOJIH OT 0,4 AO 8 MKM. 

,l(JI.sI H3MepeHHSI nanyqeHH.sI B cneKTpaJI1>Hoii o6naCTH 0,4-1,1 MKM npeA

HaaHa11eHa uaMepuTeJI1>HaS1 cuCTeMa co cBeTO'IYBCTBHTeJI1>HHM cpoTonpueM

HHKOM (COCTOSl~HM H3 KpeMHHeBoro q>OTOAHOAa II yCHJIHTeJISI, BhlnOJIHeHHhIX B 

OAHOM KOpnyce no HHTerpaJihHOH TeXHO.'IOmH)' cnoco6HI,IM pa6oTaT1> B Henoc

peACTBeHHOH 6JIH30CTH OT OKHa BhIBOAa CHHXpOTpoHHOro H3Jiy'IeHHSI B yc

JIOBHSIX 3JieKTpoMarHHTHJ:,IX noMeX BbICOKOro ypoBHSI. TaKOH AeTeKTOp o6JiaAa

eT P.!IAOM npeuMy~eCTB no cpaBHeHHIO C mHpoKO HCn0JI1,3yeMh1MH AJISI 3TOH 

u;eJIH B AaHHOH cneKTpaJI1>Hoii o6naCTn cpoTosneKTpoHHhlMH yMHOXHTeJI.sIMH 

(<1>3Y). YCTyna.sI <1>3Y B 'IYBCTBHTeJihHOCTH, KpeMHHeBhIH cpoTonpueMHHK 

HMeeT 6onee mHpoKHH AHHaMH'!eCKHH AHana30H H 6onee paBHOMepHyIO xapaK

TepHCTHKY cneKTpaJI1>Hoii 11yBCTBHTeJI1>HOCTH. Man1,1e ra6apHThl cpoTonpueM

HHKa (-1 CM
3
)' He'IyBCTBHTeJlhHOCTI, K BHemHeMy MamHTHOMY noJIIO, HH3KO

BOJibTHl,IH HCTO'IHHK nHTaHHSI (B npeAeJiax OT 4 AO 12 B) ynpo~aIOT npo6JieMy 

KOMnOHOBKH npu6opa Ha ycKOPHTeJie H o6ecne'IIIBaIOT npocTOTY H HMeXHOCTb 

B 3KCITJiyaTaD;HH. 

,l(JI.sI cneKTpaJI1>Hoii o6naCTH 0,8-4,6 MKM ncnonh3yeTC.sI noMexoaa~H~eu

Ha.sI H3MepHTeJil>HaSI CHCTeMa C AeTeKTOpOM M3 CeJieHHAa CBHHu;a, pa6oraro~ 

npH KOMHaTHOH TeMnepaType. lfaMepHTeJlhHa.!1 CHCTeMa pa3pa6aThIBaJiaci, C 

Y'IeTOM B03MOXHOCTH ee HCnOJib30BaHHSI B YCJIOBH.!IX MaKCHMaJII,HOro ypoBH.!I 

3JieKTpoMarHHTHl,IX noMex H MOXeT pemCTpHpoBaTb H3Jiy'IeHHe B HenocpeACT

BeHHOH 6JIH30CTH OT OKHa, npH MHHHMaJihHOM KOJIH'IeCTBe npoMe:x<yTO'IHhIX 

3JieMeHTOB Me:x(Ay H3Jly'IaTeJieM H npueMHHKOM. IlpoMeX<yTO'IHhle OnTH'IeCKHe 

3JieMeHTl,I BHOCSIT TPYAHO Y'IHTbIBaeMyIO norpemHOCTb B onpeAeJieHHe 'IHCJia 

'IaCTHD;, nOSTOMY XeJiaTeJihHO, 'ITOOhl HX 'IHCJIO 6hIJIO MHHHMaJihHO Heo6-

XOAHMhIM. 

,l(JI.sI pemCTpau;HH H3Jiyl!eIUUI B OOJiaCTH A,,'IIIH BOJIH 1,8-8,6 MKM npeAHa3-

Ha'IeH AeTeKTOp, COCTOSl~HH H3 OXJia:x(AaeMoro AO TeMnepaTyphI XffAKOro a30Ta 

cporoconpoTHBJieHHSI H3 rep:MZsHHSI, JiempoBaHHOro 30JIOTOM, H YCHJIHTeJI.!I. J(e

TeKTOP (pHc.2) yCTaHaBJIHBaeTCSI B q>oKaJII,HOH IlJIOCKOCTH TeJieCKOnH'!eCKOH 

CHCTeMl,I H pemCTpupyeT H3Jiy'IeHHe OT HCTO'IHHKa He3aBHCHMO OT ero MeCTO-
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PHC. 2. ,!(eTeKTHpylO~HH 6.JJOK 

oXJiaJK,11aeMoro ,11eTeKTopa H3 GeAu 

H DpeJIYCHJIHTeJIR C QJOKYCH

pylO~eH HHq>paKpaCHOH 3epKaJJb

H0-JIHH30BOH 0DTH'leCK0H CHCTe

M0H H nporpesaeMblM 0KH0M H3 

0DTH'leCK0H KepaMHKH K0-1 

nOJIOXeHHSI B npoCTpaHCT

Be ooo,eKTa. Ilone apeHH.sI 

onTH'!eCKOH CHCTeMbl B 

npocTpaHCTBe OOO>eKTa 

H3Jiy'IeHHSI 

~034MM. 

COCTaBJI.!IeT 

Bee TPH uaMepHTeJib

Hhle CHCTeMhl npOWJIH 

AJIHTeJll>HYIO anpo6au;HIO B 

ycKopHTeJI1>HOH npaKTHKe 

B Ka'IeCTBe 6a30BbIX yCT

poiiCT:a AHarHOCTHKH 3JieK

. Tp0HHhIX CryCTKOB. 0HH 

n03BOJISIIOT o6ecne'IHTb 

H3MepeHHe HHTeHCHBHOCTH 

CHHXpOTpoHHOro H3Jiy

'IeHHSI C OTHOCHTeJlhHOH 

TO'IHOCTl>IO nyqme 'IeM 

0,2% H cnoco6Hhl aa-

pemCTpHpoBaTb 'IHCJIO 

'!aCTuu; B AHana30He 10
7 -1013• CuCTeMH OOJIMaIOT BHcoKoii HaAe:x<HOCThW H 

CTa6HJihHOCTbIO napaMeTpoB, npocTH :a 3KCITJiyaTaD;HH. 

,l(JISI peanuaau;HH BTOporo BapHaHTa MeTOAa H3MepeHH.sI 'IHCJia 'IaCTHD; no HX 

CHHXpoTpOHHOMY H3Jiy'IeHHIO paapa6oTaHa H C03AaHa H3MepHTeJlhHaSI cm:.TeMa 

C MHOI"03JieMeHTHhIM HHq>paKpaCHl,IM AeTeKTOpoM MOAYJibHOH KOHCTpyKD;HH. 

JfCXOASI H3 Tpe6oBaHHH YCKOPHTeJihHOro 3KcnepHMeHTa cneu;HaJihHO pa3pa6o

TaHa KOHCTPYKD;HSI . MHOI"03JieMeHTHOro KOOPAHHaTHO-'IyBCTBHTeJlhHOro 

cporonpHeMHHKa C JIHHeHHhlM pacnoJIO)KeHHeM 'IYBCTBHTeJlhHbIX 3JieMeHTOB 

(pa3Mep OAHOro 3JieMeHTa 0,4x0,2 MM). ,l(eTeKTop Ha6paH H3 6 MOAyJieii, B Kax

AOM H3 KOTop1,1x no 24 'IYBCTBHTeJil>Hl,IX 3JieMeHTa. TaKaSI MOAYJil>HaSI KOHCT

PYKD;HSI noaBOJI.sieT, B CJiy'Iae Heo6xoAHMOCTH, npoH3BOAHTb onepaTHBHYIO aa

MeHy HeHcnpaBHOro MOAYJISI C Hepa6oraIOID;HM 3JieMeHTOM 6ea 3aMeHhI Bcero Ae

TeKTOpa, nOBhlma.sI, TaKHM o6pa30M, HaAe)KHOCTI, paOOThl CHCTeMhl H CHHXaSI 

3KCITJiyaTaD;HOHHJ:,Ie paCXOAH. ,l(eTeKTOP pacrroJiaraeTCSI B HerrocpeACTBeHHOH 
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PHC. 3. O6W.HH BHJI H3MepHTeJibH0ro KaHaJia CHCTeMbl WtanI0CTHKH napaMeTp0B nyqKa C O0M0W.bIO 

CHHXp0Tp0HH0l'O H3.ll)'qeHHll 

6JIH30CTH OT OKHa, B np.SIMOM nylIKe CHHXpOTPOHHOro H3JIY1IeHH.SI, nepneHAHKY

JI.SipHO MeJJ.HaHHOH IlJIOCKOCTH nylIKa. Pemcrpaa;H.SI CHHXpoTpoHHOro H3Jiy1IeHH.SI 

(H3MepeHHe ero yrJIOBOH paCXO,lJ,HMOCTH) npOH3BO)J,HTC.SI OAHOBpeMeHHO BCeMH 

3JieMeHTaMH B Te'leHu:e 30 HC C HHTepBaJIOM Me)K)J.y H3MepeHH.SIMH 60- . 

100 MKC. KpoMe H3MepeHH.SI HHTeHCHBHOCTH CHHXpoTpOHHOro H3JIY1IeHH.SI C yqe

TOM ero yrJIOBOH paCXOAHMOCTH1 - 3Ha1IHT, 6onee TO'IHOro orrpeJJ.eJieHH.SI lIHCJia 

'laCTHU: B AHHaMHKe HX HaKOilJleHH.SI, H3MepHTeJibHa.SI CHCTeMa Il03BOJI.SieT 

ou;eHHTb 3Hepmro 1Iacru:u; u: 1IaCTOTY u:x aKCHaJil>HhIX 6eTaTpOHHbIX Kone6aHu::u. 

MeTOA H3MepeHH.SI reoMeTpH1Iec1<u:x rrapaMeTpoB rry1IKa u: ero IIOJIO)KeHH.SI B 

rrpocrpaHCTBe ycKOPHTeJI.SI, a TaK)Ke HCCJieJJ.OBaHH.SI AHHaMHKH pa3BHTH.SI IIYlIKa 

B rrpou;ecce HaKOilJleHH.SI OCHOBaH Ha HCilOJlb30BaHHH u:mppaKpaCHhlX cpeJJ.CTB 

BhlBOJJ.a CHHXpOTpoHHOro H3Jiy1IeHH.SI H3 KaMephl ycK_OpHTeJI.SI, ero TpaHC

rropTHPOBKH H pemcrpau;u:u:. MeTOA 3aKJII01IaeTC.SI B TOM, 'ITO H3o6pa)KeHHe 

8. 
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PHC. 4. MHOl'03JieMeHTHhle HH

q>paKpaCHhle ]leTeKT0pb1: CJieBa -

S0-3JieMeHTHall JIHHeitKa H3 InSb c 

KpH0reHHblM yCTp0HCTBOM H 6JIO

K0M npeJIYCHJlHTe.neit, cnpaua -

14-3JieMeHTHall JIHHeitKa H3 PbSe 

C MHKp0X0JI0JIHJlbHHK0M H 6JIOKOM 

npe]lyCHJlHTeJieH 

rry1IKa, rrorraBmero B none 

3peHH.SI OIITH'leCKOro KaHa

Jia, qx>Kycu:pyeTc.SI Ha JJ.e

TeKTHpyrom;u::u 6JIOK c JIH

HeHHI:iIM paCIIOJIO)KeHHeM 

lIYBCTBHTeJibHhlX 3JieMeH

TOB H pemcrpu:pyeTC.sI HM 

(CM. pu:c.3). MeroA pea

JIH30BaH B BH)J,e Tpex 

HH(p<)pMall;HOHHO-H3Mepu:

TeJibHbIX CHCTeM, OCHOBHOe 

OTJIH'IHe KOTOpbIX - cneK-

TpaJibHa.SI lIYBCTBHTeJib-

HOCTb HX JJ.eTeKTOpoB. 

Ka)K)J.1,1:u AeTeKTu:pyrom;u:u: 

6noK coJJ.ep)KHT nu:He:uKy u:a 

lIYBCTBHTeJibHhlX 3JieMeH

TOB, Kpu:oreHHYIO CHCTeMy 

(B CJiy1Iae oXJia)K)J.aeMoro 

rrpu:eMHHKa) H 3JieKTpoHHhlH 6JIOK yCHJIHTeJieH. ,[(JIHHa OJJ.HOro 3JieMeHTa (HJIH 

pa3Mf p wara JIHHeHKH) Bhl6u:panac1, HCXO)J,.SI H3 pa3MepoB KOHKpeTHOro HCCJie

)J.yeMoro ny1IKa. Ilpu: AHaMeTpe ny1IKa -2 MM mar JIHHeHKH Bb16paH -0,2-

0,4 MM npu: BCe:u AJIHHe JIHHeHKH -10-20 MM. ,[(JI.SI cneKTpaJibHOH o6JiaCTH 

0,4-1,1 MKM HCIIOJlb30BaH JJ.eTeKTOP C lIYBCTBHTeJibHbIMH 3JieMeHTaMH H3 

KpeMHH.SI, 'IHCJIO 3JieMeHTOB - 32 H 48, AJIHHa OAHOro 3JieMeHTa - 0,2 MM. ,[(JI.SI 

crreKTpaJI1>Ho:u o6nacru: 0,8-4,6 MKM no CBOHM xapaKTepu:cru:KaM (1IyBCTBH

TeJI1>HOCT1>, 6hlCTpoJJ.eHCTBHe, HaJJ.e)KHOCTb H rrpOCTOTa B 3KCnJiyaTall;HH) nyqme 

Bcero IIOAXO)J,HT )J.eTeKTHpyrom;a.SI JIHHeHKa C lIYBCTBHTeJibHhlMH 3JieMeHTaMH H3 

PbSe (pu:c.4), c AJIHHOH OAHOro 3JieMeHTa 0,2+0, 7 MM. BnaroJJ.ap.SI BCTpoeHHOMY 

B KOpnyc JJ.eTeKTOpa TepM03JieKTpH1IeCKOMY MHKpOXOJIOJJ.HJlbHHKY pa601Ia.SI 

TeMrrepaTypa lIYBCTBHTeJibHbIX 3JieMeHTOB CHH)KeHa 6onee 1IeM Ha 20 ·c 
OTHOCHTeJibHO TeMrrepaTyp1,1 OKpy)KaIOm;e:u cpeJJ.bl. ,[(eTeKTHpyrom;a.SI CHCTeMa C 

qx>Tonpu:eMHHKOM u:a InSb (pu:c.4), oxna)K)J.aeMbIM AO TeMrrepaTypM )KH)J,Koro 
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a30Ta, Il03BOJISieT pemCTpHpoBaTb HHcppaKpacHoe CHHXpoTpoHHOe H3JIY1-IeHHe C 

AJIHHOH BOJIHbl AO 5,3 MKM. IlpHeMHHK npeACTaBJisieT co6oii ABYXPSJAHYIO JIH

HeiiKy, COCTOSIJIJ;yIO H3 50 lIYBCTBHTeJlbHblX ::meMeHTOB, mar JlHHeHKH - 0,2 MM. 

Cnea;HaJibHaSI KpHoreHHasi CHCTeMa o6ecne11uBaeT HenpepbIBHYIO pa6oTy Ae

TeKropa B Te1IeHHe OOJiee 4 llaCOB. 

KoopAHHaTHo-11yBCTBHTeJibHblH AeTeKTOP yCTaHaBJIHBaeTCSI · Ha BblXOAe 

OilTHlleCKOI'O KaHana, Bero cpoKyce. IlpeAYCMOTpeHa B03MO)KH0CTb nepeMem;e

HHSI AeTeKTOpa B cpoKaJibHOH IlJIOCKOCTH KaHana c TOllHOCTbIO 10 MKM. YnpaB

JieHHe nepeMem;eHHeM. ocym;eCTBJISieTCSI AHCTaHD;HOHHO, C IlOMOJIJ;bIO 3JieKTpo

MexaHHlleCKOI'O npHBOAa. .ll:JIHTeJlbHOCTb OAHOI'O H3MepeHHSI (no BCeM 

lIYBCTBHTeJlbHblM 3JieMeHTaM) peryJIHpyeTCSI B mHpoKHX npeAe.nax OT 10 HC AO 

HeCKOJibKHX MHKpoceKYHA• HHTepBaJI Me)I<Ay H3MepeHHSIMH - 60-f-100 MKC. 

To11HOCTb H3MepeHHSI reoMerpHlleCKHX napaMeTpoB ny11Ka 3aBHCHT OT 

AHcppaKD;HH H a6eppaa;Hii OilTHlleCKOH CHCTeMbl, a TaK)Ke npOCTpaHCTBeHHOI'O 

pa3pemeHHSI AeTeKTHpyrom;ero 6JioKa • .ll:JISI pemCTpaa;HH H3Jiy11eHHSI B HHcppa

KpaCHOH o6JiaCTH cneKTpa MO)KHO noAo6paTb AeTeKTOP c maroM npH6JIH3HTeJib

HO 30-f-50 MKM, pa3Mep lIYBCTBHTeJlbHOI'O 3JieMeHTa KpeMiIHeBoro M03aH1IHOI'O 

AeTeKTOpa MO)KeT COCTaBJISITb HeCKOJibKO MHKpOMeTpOB (HanpHMep, Il3C

JIHHeHKH H MaTpHIJ;bl). 

B 3aKJII01IeHHe CJieAyer OTMeTHTb, llTO Bee nepellHCJieHHble B pa6oTe MeTO

Abl Hepa3pyma10m;eii HHcppaKpaCHOH CHHXPOTpOHHOH AHamoCTHKH nyllKOB 3a

pSI)KeHHblX 11aCTHD; H PeaJIH3yIOm;He 3TH MeTOAbl HHcpOpMaa;HOHHO-H3MepHTeJib

Hble CHCTeMbl npOmJIH npoBepKy B YCKOpHTeJibHOM 3KCnepHMeHTe B Ka11ecTBe 

6a30BblX HJIH OCHOBHblX. C IlOMOJIJ;blO 3THX MeTOAOB H CHCTeM nony11eHbl Ba)K

Hble cpH3HlleCKHe pe3yJibTaTbl (2 ], llTO Il03BOJISieT yTBep)I<AaTb H HaAeSITbCSI Ha 

B03MO)KHOCTb HX ycnemHoro HCDOJlb30BaHHSI B TOM )Ke HJIH C He60JibfilHMH 

H3MeHeHHSIMH BHAe Ha Apymx ycKOPHTeJISIX, reHepHpyrom;Hx CHHXpOTpOHHOe 

HJIH KpaeBoe (Ha Kpasix MarHHTOB) H3Jiy11eHHe, H He TOJlbKO Ha 3JieKTPOHHblX 

ycKopilTe.nsix, HO H Ha npoTOHHblX, c 3HeprmIMH 11acT1ia; OKOJIO 100 f3B H BblIIIe. 

HcnOJib30BaHHe COBpeMeHHOH HHcppaKpacuoii TeXHHKH Il03BOJISieT ua6JIIO

AaTb H pemCTpHpoBaTb napaMeTpbl ny11KOB npH TaKHX paAHycax op6HT H 

3HepmHX llaCTHD;, npH KOTOpbIX AHarHOCTHKa C npuMeHeHHeM o6bI11HblX AeTeK

·TOPOB H3Jiy11eHHH BffAHMOI'O AHanaaoua 6b1Jla 6bl HeB03M0)KHOH. 
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