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B 1948 r. XaT'iHHCOH 111 anepa&Ie o6Hapy>KHn, 'ITO a >KH.OKOM H TBep

.ooM aproHe sneKTpOH&I HOHH38UHH OCTSIOTCSI CB060.llH&IMH H HX MO>KHO co-

6Hp8Tb npHMepHO C TOA: >Ke CKOpOCTbl01 'iTO H B ra3e; C'i8T'iHKH Ha OCHOB8 

.>KH.OKOro aproHa y.>Ke npHM8HSinHCb .llnSI Cll8KTpOMeTpH'i9CKHX H3MepeHHA: 

KOpOTKOripo6e.>KH&IX 'i8CTHU. JloCTH>KeHHSI B T8XHHK9 H 9n9KTpOHHKe ll03Bo

nSIIOT llOCT8BHTb BOllpOC 0 npHMeHeHHH KOH,ll8HCHpOB8HH&IX 6naropO.llH&IX ra-

308 ,llnSI .ll8T8KTHp088HHSI '18CTHU B&ICOKHX 9HeprHA: /2/ • 

.llnsr H3y'ieHHSI HOHH38UHOHH&IX npoueccoa B .>KH.llKOM H TBep.ooM Ar 

6bina H3rOTOBneHa nnOCKOnapannenbHSSI HOHH38UHOHHBSI KBMepa ( pHC. 1) • 

0CHOBH&IMH sneMeHTBMH HOHH38UHOHHOA: K8Mep&I SIBnSIIOTCSI B&ICOKOBOnbTH&IA: 

sneKTpO.ll ( 12) .llH8M8TpOM 120 MM 1 C06Hp8101UHA: sneKTpo.o-xonneKTOp ( 8) 

.llHBMeTpOM 30 MM H OXpBHH&IA: sneKTpO.ll ( 9) • 3neKTpO.llbl p83M91U9Hbl 

B repMeTH'I8CKOM UHnHH.llpH'i8CKOM COCy .oe ( 3) 1 HM910lll8M C'b9MHYIO Kp&Iw

KY ( 2), KOTopaH. ynnoTHHeTcH c noMOlllbiO naacaHoaoA: npoKna.oKH ( 10). Vf3o

nHTOp&I ( 13,4) B&IllOnHeH&I H3 t>praHH'i9CKOrO CTexna. Jlns <i>HKC8UHH 3830-. . 
pa HH.>KHHft H30nSITOp llO,ll.>KHM89TCSJ Tp9MSI npy.>KHHBMH (5). 3anonH9HHe 

K8M9p&I aproHOM npOHCXO,llHT 'iepe3 Tpy6Ky (1). OxpaHkoe KOnbUO H KOpnyc 

K8M8p&I C08.llHHeH&I M9:>K.lly co6oA: WHHKOA: ( 11) H 383eMneH&Io B&IBO.ll CHr

Hana H3 xaMepbl ocymecTansreTcs 'lepe3 aaxyyMH&IA: MeTanno-cTeKnsrHHbiA: 

sneKTpOBBO.ll ( 7) • .Me.>KsneKTpO.llHOe paCCTOSIHHe MO.>KHO H3M9HS1Tb B npe

.oenax OT 1,5 .llO 11 MM. 

TaKHM o6pa3oM, pa6o'IHM o6'beMoM KaMep&I sranseTcsr uHnHH.llp .oHaMer 

pOM 30 MM H B&ICOTOA: OT 1,5 .llO 11 MM. 

KaMepa noMemanacb a KpHOcTaT c .>KH.llKHM a3oToM • .llaaneHHe a 

KpHocTaTe npH KOH.lleHcauHH H pa6oTe c >KH.llKHM Ar cocTaansmo § 2,2aTM. 

n ony'ieHHe TBep.ooro Ar npoao.oHnocb nyTeM nocTeneHHoro noHH.>KeHHSI 

.llSBneHHH B KpHOCT8T8 .riO 1 8TM llpH O,llHOBp8M8HHOM nononHeHHH K8M8p&I ap

rOHOM. 
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B aKcnepHMeHTax Hcnonb3osancSI "aproH oco6oA 'lHCTOTbi" 1 KOTOpbii 

JlOll0liHHT9llbHO O'lH!.UBliCSI OT aneKTp00TpHUBT9llbHbiX llpHMeceA • .LlnSI O'IHCT

KH npHMeHSiliBCb MeJlHBSI H KBllbi.{HeSBSI CTpy:>KK81 HarpeTBSI JlO 400-500u. 

B onbiTax 6ea JlOnonHHTenbHOA O'IHCTKH HMnynbCbi anexTpOHHOA npoBOJlHMoc

TH He Ha6mOJl8liHCb1 TBK KBK1 sepoSITHO, aneKTpOOTpHUBTellbHbie llpHMeCH 

nornoll!BliH aneKTpOHhl HOHH3BUHH. 

KaMepa HCnhlThlSBliBCb S ny'IKe 17- -Me30HOS CHHxpocpaaoTpoHa nB3 

OYI HYI. AnSI HaMepeHHI Hcnonb3osanacb cneKTpoMeTpH'IeCKBSI annapaTypa, 

COCTOSI!.UBSI H3 38pSIJlO'IyBCTBHTenbHOrO npeJlyCHnHTenSI, liHHeftHOI'O HMnynbc

HOI'O yCHliHT9liSI1 aKCllBHJlepa H BMnnHTYJlHOI'O 8HBnH38TOpa 131. 
AHanH38TOp aanycKBliCSI OT CXeMhl COSllBJleHHlt, Ha SXOJl KOTOpoA no

CTynanH CHI'HBllhl OT TenecKona H3 CUHHTHllliSIUHOHH~X C'leT'lHKOB. TeneCKOll 

SbiJleliSill S pa6o'leM 06'beMe KBM9phl Y'l8CTKH WHpHHOI 10 MM 1 JlliHHOI 

30 MM H SbiCOTOI 2 M M S llli0CKOCTSIX1 napannenb~hlX KOnneKTopy 1 H HB 

mo6oM oT Hero pacbTOSIHHH. TaKHM o6paaoM 1 aHanHaHposanHcb TOnbKO Te 

HMnynbCbl HOHH38UHH 1 KOT0pb19 6binH Shl3S8Hhl 17 -Me30HBMH 1 HMeBmH

MH OJlHHBKOShll npo6er B pa6o'leM 06'beMe H npOWeJlWHMH HB OJlHOM pac

CTOSIHHH O.T KOnneKTOpa. 

no cneKTpBM BMllliHTYJl HMllyllbCOS onpeJl9liSiliHCb HBH6onee BepOSIT-

Hbie 3HB'leHHSI HOHH38UHOHHhlX noTepb £ sep 17 -MeSOHBMH. 

Ha pHC. 2 noxaaaHa 38SHCHMOCTb £ sep OT MSCTB npOXO:>KJleHHSI 

'IBCTHU OTHOCHTenbHO KOnneKTOpa 

= 1.0 Ml\lt. H HBDpSI:>K9HHOCTH DOliSI 

Ar ) • BHAH01 'ITO senH'lHHB £ 

npH Me:>KaneKTpOAHOM paccTOSIHHH D = 

E = 19 xslcM (s cny'la.e :>KHaKoro 

sep 1 a aHB'lHT H co6HpaeMbil!: aapSia, 

nHHeiHO 3BBHCHT OT paCCTOSIHHSI Me:>Kay TpaeKTOpHel 'lBCTHUbl If KonneK

TOpOM1 TO eCTb HMeeT MeCTO reoMeTpH'leCKHI acpcpeKT, KBK H S I'B30SbiX 

aneKTpOHHbiX KBMepBX1 rae cpopMHpOSBHHe CHrHana onpeaenSieTCSI aBH:>Ke

HH8M TOnbKO aneKTpoHos 141. B cnyqae TSepaoro Ar Ha6niOaaeTcSI 

TO'IHO TBKBSI :>Ke nHHel!:HBSI 38SHCHMOCTb (pHC. 3) • 

3BSHCHMOCTb f sep OT HBllpSI:>K9HHOCTH llOliSI anSI TBepaoro Ar 

npeacTasneHa Ha pHc. 4. 3aaop 1\(e:>Kay aneKTpoaaMH cocTasnstn D = 
= 7,5 MM 1 TeneCKOll C'leT'lHKOS Bbi.ll9nSin 17--MeSOHbl B nnOCKOCTH HB paCCTOSIHHH 

d = 5,5 MM OT KOnneKTOpa. BHaHo, 'ITO f sep pBCTeT C ysenH'l9HHeM nong 

H npH E = 16 xs/cM Ha6moaaeTCSI Bhlxoa Ha nnaTo. 
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YfHTepeCHO cpas_HHTb nony'laHHhle 9KC~epHM9HTBllbHO 3HB'l9HHSI f sep 

c pac'leTHhlMH. AnSI TSep.ooro Ar pac'leT no cpopMyne naH.oay-CHMOHa/5/ 

aaeT senH'IHHy HBH6onee sepOSITHhlX HOHH38UHOHHhlX noTepb 1T- -M930H8MH 

c Pc = 4 13 ras s cnoe 4 189 r/cM2 : f sap (pac'leT) • 7 115 .Mss. Cpe.o

HHA DOT9HUHBn HOHH3BUHH Ar 6hln Shl'IHCneH no aMnHpH.'l9CKOI tPOpMy

ne /61: 
-1.19 

I = Z ( 9. 76 + 58.8 Z ) as. 

nony'leHo 3HB'l9HHe I AR = 20916 as. nonpasKa Ha a<PQ:!eKT nnOTHOCTH 6hlna 

pacc'IHTBHa no cpopMyne CTepHxeAMepa /7/ anH coeaHHX aHeprHA H oxasa-

nacb pasHoA: 

t!.({3) = 0 198 Mas. 

TaKHM o6paaoM, c y'leToM acp¢eKTa nnoTHOCTH HMeeM: £ sep (pac'leT)• 

= 6,17 .Mss. 3xcnepaMeHTanbRo nony'leHo ( .ose nocneaHHe TO'IKH Ha nna

To): 

£ ( sxcn ) = 4,3 + 0 13 Mas. 
sep -

EcnH yqeqTb1 'ITO T9li9CKOD C'l9T'IHKOS Shlaengn 'IBCTHUhl 1 KOTO~hle npoxo

aHnH Ha pacCTOSIHHH d = 5,5 MM OT KOnneKTOpa ( T.e. BH9tTH nonpBBKy 

Ha reOM9TpH'l9CKHI atPcf>aKT) 1 TO OK83hlB89TCSI 1 'ITO QJBKTH'l9CKH 6hlna Ha-

NlepeHa senH'lHHa 

€ sep ( SKCD ) ::: 5,9 Mas. 

3TO COrnacyeTCSI S npeaenax 9KCD9pHM9HT8llbHhlX OWH60K C pBC'l9THhlM 

aHa'leHHeM. 0TciOaa MO:>KHO aaxniO'IHTb1 'ITO s TsepaoM Ar 6hln nonyqeH 

100%-Hhlft c6op aneKTpOHOS HOHH38UHH. 

B cnyqae :>KH.llKOro Ar nnaTO no Hanps:>KeHHIO llOCTHrHyTO He 6blnO 

(pH C. 5) 1 TBK KBK1 O'leBH.llH01 anSI aToro Heo6xoaHMbl 6onbWHe nonSI. H aH-

6onbwee sHa'leHHe f sep = 4 13 Mas ( c y'leTOM reoMeTpHqecKoro act>ttleK-

TB) 6hlnO nony'leHO npH HBllpSI:>KeHHOCTH nonSI 19 KB/CM 1 aTO COOTSeTCTsy

eT 5!1 80%-HOMY c6opy aneKTpOHOS. 
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CneKTpb! HOHH38UHOHHbiX llOTepb HMeiOT xapaKTepHyiO <jlop-

MY KpHsoll: naH.oay. O,oHH H3 T8KHx cnexTpos noxaaaH Ha pHc. 6, 

EbinH npose.oeHbl T8K:lKe H3MepeHHSI c a -HcTO'IHHKOM " 4~m , KOTo

pbill: 6bin H8H9C9H H8 Sb!COKOSOllbTHblil: 9U9KTpO,o H8,0 KOnneKTOpOM H ITOso

pOTOM Sb!COKOSOllbTHOrO 9U9KTp0.08 MOr Sb!SO.OHTbCSI.H3 pa6oqero 06~eM8 

xaMepbr, KonoHxosag pexoM6HH8UHSI Ha nnoTHOM cne.!le a -qacTHUhl He 

noasonsma nony'iHTb nonHoro c6opa anexTpoHosl81, AMnnHTy.08 HMnynbCoB 

HOHH38UHH B :lKH.OKOM Ar ,OOCTHrana TOllbKO ;: 20% B9UH'iHHbl 1 COOTBeT-

CTSyiOW9ll: nonHoll: aHeprHH a -qacTHU (5,8 Mas) npH Hanpg:lKeHHOCTH no

nH E = 70 xalcM, B Taep,ooM Ar npH E .. 50 xalcM 6bm nonyqeH 

26%-Hblil: c6op aneKTpOHOS HOHH38UHH, npH ::!TOM Ha6niO,oanaCb 6biCTp8S1 

nonHpH38UHSI ( aTo HBneHHe OTMe'l:anocb T8K:lKe s pa6oTe I 1 I), B oTcyTcTsHe .. 
a -HCTO'IHHK8 HMnynbCOS aneKTpOHHOll: npOSO.OHMOCTH He 6bmO, 

VfaaecTHO, 'iTO XaT'iHHCOH I 1 I Ha6niO.oan anexTpOHHoe yMHo>KeHHe 

s TBep.ooM Ar nopSI,oxa 10. EhlnH nonbiTKH o6~SICHHTb ::!TOT aqxpexT yMeHb

weHlleM cpe.oHell: aHeprHH Ha o6paaoaaHHe napbi HOHOB .oo 2-3 aa. HaMH 

HHK8Koro anexTpOHHoro -yMHO:lKeHHSI a Tsep.ooM A r aaMeqeHo He 6brno, 

Ero H Tpy,oHo O:lKH.OSTb, TSK K8K Ar B TBep,oOM COCTOSIHHH ::ITO 

MonexynSipHbill: xpHcTamr, o6paaosaHHe KoToporo o6ecne'IHB8IOT cna6bre cH

Ub! BaH-,oep- BaanbCa 191. <l>H3H'IecKHe csoll:cTsa KpHcTannos c 'IHCTO saH

.!lep-sa~nbCOSbiMH CHnaMH H3S9CTHbi: OHH H30USITOpbi, npH'19M nepeKpbisa

HHe anexTpOHHbiX COCTOSIHHII: CTOUb M8U01 'iTO 9HepreTH'i9CKHll: HHTepaan 

Me:lK,oy ypOSHSIMH saneHTHOll: 30Hbi H 30Hbl llpOSO,OHMOCTH - TOrO )Ke ll0pSI,!l

K81 'ITO H paCCTOSIHHSI Me:lK,oy COOTS9TCTBYIOU1HMH 8TOMHb!MH ypOBHSIMH, 

.[leli:CTSHT9UbHO, H3MepeHHSI no OllTH'IeCKOMY nornOW9HHIO llOK83biS8IOT1 'ITO 

wHpHHa aanpeweHHoll: aoHbi oxono 13 aa npH wHpHHe 

TH oxono 4 as I 101. 

30Hbl npOSO,OHMOC-

AsTOpbl 6naro.oapHbl IO. T. E opayHosy' Yf.A. ronyTSHHy. A.r. 3enb,oo

SH'iy, B.n. nyra-qeSH'Iy, B.A. CsHpH.OOBy, B.C. CTaBHHCKOMY aa llOMOlllb 

B pa6oTe. 
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