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llJHpOKO H3SeC1'Hbl CRC1'eMbl llllH HlleH1'HcpHK8UHH 38pH>KeHHb!X '18C1'HU .. 
no ll E H E , cocTOHIUHe H3 nponopuHonanbHoro C'I~1''1HKa H nonynposon-

HHxosoro jle1'eK1'opa. Mbl HCnOilb30S811H T8KYIO CHC1'eMy llllH 01'1lelleHHH 38-
, Ill 

na31lbiS8IOIUHX npoToaos oT anexTpoHos H a -'laCTHU. • BbiXOil R3ny'laTeneA: 

38n831lbiS810IUHX np01'0HOS S pe8KUHHX C TH>KellbiMH HOH8MH C001'BeTC1'Sye1' 

-5 
oo 10 nollHOI'O Ce'leHHH1 Toe• perHCTp8UHH npoTOHOS ocymeC1'BIIHeTCH H8 

+ ' HH1'eHCHSHOM cpoae {3 -'laCTHU ( N f3 "' 10 Np ) • 31'o npHSOilHT K TOMy, '11'0 

o6nac1'b aaeprHA HH>Ke 2,0 Mas s npoToHHOM cnexTpe npaKTH'IeCKH 'aa6no

K~osaaa' f3 -cpOHOM ll8>Ke npH HCDOilb30S8HHH OT6opa no YllellbHhlM HOHH38-

UHHM. Ha pHc. la noxaaaa cnex1'p aana31lbiS8IOIUHX npoToaoa nponyxTos peax-

R 96 J2 . 
UHH U + S 1 aanHCb KOTOpOI'O ocymeCTSIIH118Cb npH H811H'IHH HMnynbC8 

S nllOCKOM C'I~1''1HKe S llH8n830He 8MnllHTyll, C001'SeTCTSYIOIUeM YllenbHbiM 

HOHH38UHHM npoToHos. PoeT HHTeHCHSHOC1'H llllH aaeprHA < 2 Mas css3aH 

C {3 -cpOHOMo 

Mbi nocTasHIIH nepen co6oA aana•1y - IIOHH3H1'b 'lyscTSH1'ellbHOC1'b 

CHCTeMbl K aneKTpOH8M C 1'eM1 'IT06bl C'/ll1JlllTb S03MO>KHOA pel'HCTp8UHIO 

npoToaos c E < 1,0 Mas. 3To ynanocb ocyu1eC1'SH1'b nyTeM e:cnonhaoaaHHH 

llSYX nponopUHOH81lbHbiX C'I~T'IHKOS nepCJl nonynpOSOAHHKOSbiM lle1'eKTOpOMo 

.neno S TOM1 'ITO cpellHSISI yAellbH8SI HOIIH38UHSI {3 -'18CTHU CDIIOWHOI'O cneKTpa 
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2.0 3,0 J,O ~0 ENs&. 
Puc. 1. CnexTp aanaaJlbiBaJOmux npoToaoa uaoTonoa - npoJlyKTOB peaxuua 

Ru -9 6 + S 32 
, H3MepeHHbiA nonynpoBOJlHHKOBblM JleTeKTopoM: a. coanaJle-

HH.H C DpODOpUHOHalJbHbiM C'lfeT'IfUKOM, nopor B ynpaBn.HJOIUeM KaHane - 1 K9Bj 

6. 6ea ynpaaneHH.II; B. HMDYIJbC COBDaJl9HHA DpODOpUUOHan&HbiX C'lf~T'IHKOB 

HCDOnbayeTC.II B Ka'CfeCTBe ynpaan.HJOIUero. nopor DO KaHany BTOporo C'lf~T'IH

Ka 8 K9Bo 

..... 
s JleC.HTKH paa MeH&we yJlen&aoA uoauaauHH npoTOHOB c 9HeprueA E~ 6,0Maa. 

B npoTOHHhiA JlHanaaoa aMnnHTYJl nponopmoaan&Horo C'lf~T'IfHKa (paaHo xax 

H n.n, Jl9T9KTOpa) DOD8Jl8eT TOnbKO 'XBOCT' CDeKTpa HMDynbCOB OT aneKT

pOHOB. 3Ta 'lfSCTb cnexTpa o6paayeTC.H a peayn&TaTe MHoroxpaTHoro (aa C'lf~T 

pacce.HHH.II) Dp0XO*Jl9HH.II OJlHOrO aneKTpOH8 '19p93 C'Cf~T'IHK, nn.11 aMDnHTyJl, 

npeBbiWaJOIUHX cpeJlHIOIO B Jl9C.IITKH pa31 CyiUeCTB9HHbiA BKnaJl DpHXOJlHTC.II H8 

cny'lfaH, KOrJla paCC9.11HHbiA aneKTpOH JlBH*9TC.II BJlOnb C'lf~T'IHK8 1 DOCKOnbKY 

npoJlon&HbiA paaMep C'lf~T'IHKa aa nop.HJlOK 6on&we nonepe'IHoro. 3To npaao

JlHT K TOMY 0 'ITO B Ka*JlOM H3 JlBYX C'lf~T'IUKOB XBOCTbl pacnpeJleneHHA HM

nyn&COB CO CTOpOHbl 6on&WHX 8MDnHTyJl clJopMHpyiOTC.II H93aBHCHMO, T,e, 
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6on&WHe 8MDnUTYJlbl OT aneKTpOHOB B OJlHOM C'lf~T'IUK9 He KC 

6on&WHMU 8MDnuTyJlaMU B JlpyrOM, noaTOMy UCDOnb30BaHH9 

nponopuuoaan&HbiX C'lf~T'IHKOB Jln.H ynpaaneau.H aMnnuTyJlHoro 

COB n.n. Jl9T9KTOpa JlODOnHUT9nbHO CHUMaeT {3 -clJOH DpUM9pfl 

rJle N 13 - nonHaH f3 -aarpyaKa aToporo C'lf{!T'IHKa, n 13- f3 

BblW9 nopora CX9Mbl COBDaJleHHA. 

Ha puc. 2 Jl&H cxeMaTH'IeCKuA 'lepTa* Tenecxona aa Jl 

Han&Hb!X C'lf~T'IUKOB H DOB9pXHOCTHo-6apbepaorO Jl9T9KTOpa. 

KOB H3rOTOBn9Hbl U3 TetllnOH81 BHyTpeHHHA p83Mep K8*JlOrO 

BHHTaMU C'lfl!T'IHKH xpeDSITC.II K naTyHHOA onope, B KOTOpoA : 

JlQTQKTOp, BaxyyMHoe BXOJlHOQ OKH00 smnHJOIUeeCH CTQHKOA D 
2 

H3rOTOBneHO H3 KOnnOJlU9BOA nneHKH (130 MKr/cM ). nneHK 

xneeM Bcl>-2 K naTyHHOA xpbiWKe c ceTxoA (JlHaMeTp oTaep• 
' 2 

a aanhmeHa aonoToM (50 Mxr/cM ). Me*JlY C'lf~T'IfUKaMu - • 

nOJlH9B8.11 nneHKS (45 MKr/cM
2

), 38Dbin9HH851 C o6eHX CTOpO 
2 ' 

(50 MKr/CM ), nneHK8 DOM91U9H8 Ha aaaeMneHHYIO paMKY a: 

( 100 MKM) • Me*JlY BTOpb!M C'lfl!T'IHKOM H Jl9T9KTOpOM TSK*E 

nneHxa (45 MKrlcM
2

), noKpbiTaSI cnoeM aoiioTa (50 Mxr/cM 

i1CDOnb30B8nHCb BOnbclJpaMOBbi9 HUTH TOnWHHOA 61' MKMe 

Ar (98%) + CH
4 

(7%) npu JlaaneHHU 100 Top pa6o'lfee Hf 

460 B, ToniUHHa C'lfl!T'IHK8 OT BXOJlHOro OKHa JlO DOBepXHOCTI 

7 MM, nonaoe xonaqecTao aemecTaa Ha nyTH 'lfaCTHU JlO axe 

TOP 9KBHBaneHTHO 0,56 Mr anJOMHHHH. npoTOH c 9HepraeA 1 

npuMepHO 100 K9B JlO DODaJlSHHSI B Jl9T9KTOp, 

Ha pHC. 8 DOK83aH cneKTp HMnynbCOB OT aneKTpOHOB I 

nopuaoaan&HOM C'lf~T'Ifuxe npu ynpaaneHHU curaanoM aToporo 

paanH'IHbiX noporoa a ynpaanHJOIUeM KaHane. l1aMepeHHH cJle 

R 22f 
HHKOM a • lllxana aaepraA xanu6poeanac& c noMOIUbiO 
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6onbWHe aMnnHTYllbl OT 9neKTpOHOB B OllHOM C'I~T'IHKe He KOpennHpOBaHbl C 

6onbWUMU aMnnuTyllaMU B llPYPOM. noaTOMY ucnonb30BaHUe COBnaaeHHA llBYX 

nponopUUOHanbHbiX C'I~T'IUKOB ~ng ynpaBneHUH aMnnuTyllHOPO aHanH3a HMnynb-
NfJ 

COB n.n. lleTeKTOpa llOnOnHUTenbHO CHUMaeT f3 -IJ!OH npuMepHO B 1iji pa31 

Pll9 N f3 - nonaag f3 -3aPpy3K8 BTOpOPO C'I~T'IHK8 1 n fJ- f3 - C'I~T BTOpOPO 

BbiWe nopoPa cxeMbi coBnaaeauA. 

Ha puc. 2 aaH cxeMaTuqec~tuA 'lepTe* Tenecxona H3 llBYX nponopuuo

HanbHbiX C'I~T'IUKOB u noBepxuocTHo-6apbepuoPo aeTeKTopa. Kopnyca cq~T'IU"" 

KOB U3POTOBneHbl U3 Te4uJOH8 1 BHyTpeHHHA pa3Mep Ka*llOPO 26x20x3 MM. 

8UHT8MU C'I~T'IHKU KpenRTCH K naTyHHOA onope, B KOTOpoA ycT8HOBneH n.n. 

aeTeKTOp. 88KYYMH09 BXOllH09 OKH01 enHJOlJleecg CTeHKOA nepBOPO C'I~T'IUK8 1 
- 2 

u3POToBneHo H3 xonnoaueBoA nneHKH (130 MKPicM ). nneuxa noaxneeua 

KneeM Bcll-2 K naTyHHOA Kpb!WKe C CeTKOA (aHaMeTp OTBepCTHA 1,5 MM) 

2 
U 38nbineHa 30nOTOM (50 MKPICM ). Me*llY C'I~T'IUK8MH - CB060llH8H KOn.-. 

2 
nollH9B8H nneHK8 (45 MKPICM ), 3anbin9HH8H C o6eHX CTOpOH 30nOTOM 

2 (50 MKI'/CM ). nneHK8 noMellleHa H8 3a3eMneHHYlO paMKY H3 MellHOA IJ!onbl"H 

( 100 MKM) • Me*llY BTOpbiM C'I~T'IHKOM H lleTeKTOpOM TaK*e xonnoaHeBag 

nneHK8 (45 MKI'/CM
2

), noKpblT8SI cnoeM 30liOTa (50 MKI"/cM
2

). 

•. HcnOnb30B8nHCb BOnbiJ!paMOBbJe HHTH TOnWUHOA 6 MKMo .llng CMeCH 

Ar (93%) + CH
4 

(7%) npu aaBneuuu 100 Top pa6oqee HanpH*eHHe 6bmo 

460 Bo TonlJlHH8 C'I~T'IUK8 OT BXOllHOI"O OKHa llO noBepXHOCTH lleTeKTOpa -

1 MM. nonHOe KOnH'I9CTBO Belll9CTB8 H8 nyTH 'laCTHU llO BXOlla B n.n. aeTeK

TOp 9KBHBaneHTHO 0,56 Ml" anlOMHHHH. npoTOH c 9HeprueA 1 ,o M9B TepgeT 

npuMepHo 100 K9B ao nonaaaHHH a aeTeKTop. 

Ha puc. 3 noxa3aH cneKTp uMnynbcoa oT aneKTpouoa a nepaoM npo

nopuuouanbHOM C'I~T'IUK9 npH ynpaaneHHU CUI"HanOM BTOpOI"O C'I~T'IUK8 ang 

pa3nH'IHbiX noporoB a ynpaanHJOWeM xauane. H3MepeHHH caenaHbi c HCTO'I-

22f 24 J 
HHKOM Ra • lllxana auepruA xanu6poBanacb c noMOlllblO a -'laCTuu Am • 
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Puc. 2. CxeMaTH'IecxuA en.ct Tenecxona R3 .cteyx nnocxHx nponopuuoHallhHbiX 
C'lflT'IHKoe H n.·n. .cteTexTopa. 1. Bxoatlasr eaxyyMHaSJ nneHxa Ha peweTxe. 
2. TectmoHOehiA xopnyc. 3. Paa.ctenuTenbHbie xonno.ctneebie nneHKH, aanhineH
Hbie aonoToM, 4. HHTH cqf!T'IHxoe. 5. noeepxHocTao-6apbepHbiA .cteTexTop. 
6. HcToqaux uany'leHHSJ. 

...._ .l].ng noSicHeHHSI yxa*eM, 'ITO aaeproebi.cteneaue npoToHoe c E, = 6 Mae e 

C'lflT'IHKe paeHO 3,2 K9e, C H3MeHeHHeM fi0j)OI'8 e ynpaenSJIOWeM KaHane 

HHTeHCHeHOCTb CfieKTpa MeHSJeTCSI paBHOMepHO e COOTeeTCTeHH C I'HfiOTe30A: 

CTaTHCTH'IeCKH HeaaeHCHMOI'O ~OpMHpOBaHHSI CfieKTpOe e 060HX C'lflT'IHKaXo 

Bee.cteHHe nopora 3,0 Kae e. ynpaenSIIOIUeM KaHane npHeO.ctRT X CHH}KeHHIO HH

TeHCHBHOCTH cqf!Ta no BCeMy cneKTpy nepBOI'O C'lf!T'IHKa e 20 pa3, 

H a pHc. 1 e noxaaaHo, xax eee.cteHHe aTop oro C'lf!T'IHKa c noporoM B ero 

xaaane,paeHbiM 3,0 xse, no.ctaenSieT ~ -~oH npu H3MepeHHH cneKTpa aanaa

.llbiBaiOIUHX npOTOHOe. 

OnHcaHHbiA Tenecxon c .ctBYMSI nponopuHoHanbHbiMH C'lflT'IHKaMH MO*eT 

6b!Tb noneaeH e TeX cny'laSIX, KOI'.cta Heo6XO,IlHMO pei'HCTpHpOB8Tb npOTOHbl 

ManoA aHepi'HH (0,5-5,0 Mae) Ha HHTeHCHBHOM ~OHe ~ - H Y -Hany'leHHB, 
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PHc. 3. CnexTp HMnynbcoe nepeoro C'lf!T'IHKa .ctnSI paanH'IHbi 
e ynpaBnSIIOIUeM KaHane, COeJlHHeHHOM CO BTOpb!M C'lflT'IHK0!\1 
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Y CJIOBMSI 06MeHa 

HperrpHHThi H coo6meHHSI Ol1Hl1 paccbinBJOTCSI 6ecrrnaTHc 

HMHOI'O o6MeHa,yHHBepCHT9TBM 1 HHCTHTyTaM 1 na6opaTOpH~ 
HBy'IHbiM rpyiTITaM H OTAenhHb!M Y'I9Hb!M 6onee 50 CTpBHo 

nonyqaTenSIM H3A8HHA Ol1Hl1 rrpeAOCTaBnSieTCH B03MO>Kl 

S!BHTh HHHUHBTHBY B 6eciTnaTHOtl: ITOCbinKe ITy6nHKBUHtl: B D 
o5MeHa ITpHHHM8IOTCH HBy'IHhie KHHI'H, >KYPHBnhi, ITpeiTpHH' 

rry5nHxauHH ITO TeMaTHKe OYHI11. 
EAHHCTBeHHbiA BHll ITy6nHKauHA, KOTOpb!A HaM ITpHCbin 

aTO perrpHHTb! ( OTTHCKH CTaTeA , y>Ke OITy6nHKOBaHHh!X B Ha 

H pS!lle cnyqaeB Mbl CaMH o6pamaeMCH K Hay'IHb!M Y'IJ: 

6onee KpyrrHhiM ITony'laTenSIM HarnHx H3llaHHR - c ITpoch6o~ 

cnaTh HaM K8KHe-nH60 KHHI'H HnH Bb!ITHCaTh llnH Harnett 6HC 

>KypHanbi1 H3ll8IOll{HeCH B HX CTpaHaX. 

0TAeJibHble 38Dp0Cbl 

HanaTenhCKHA oTnen e>KeronHo Bh!IlDnHSieT oKono 3000 
coB Ha BbiChinKY HanaHHA Ol1.Hl1. B TaKHX aaiTpocax cnen 

yxaabiBaTh HHlleKc aaiTparnHBaeMoro HanaHHH. 

AApeca 

HHChMa ITo seeM sorrpocaM o6MeHa ITy6nHKaUH51MH 1 a 1 

oTnenhHbie H3llaHHSI cnenyeT HaiTpaBnHTh ITO anpecy: 

MocKB81 

rn8BHbii1 flO'lT8MT1 n/H 79. 
H3n8TenbCKHi1 oTnen 

06benHHeHHOrO HHCTHTYT8 

HnepHbiX HccnenoB8HHi1. 

AApec lln51 ITOCbinKH BCeX ITy6nHK8UHtl: B ITOp51llKe o6ME 

5eciTnaTHOtl: ITOlliTHCKH Ha Hay'IHbie >KypHanbi: 

MocKB81 

rnaBHbiH flO'lT8MT1 n/H 79. 
Hayqso-TexHH'lecKaH 6H6nHoTeK8 

06benHHessoro HHCTHTyTa 

HnepHbiX HccnenoBBHHi1. 


