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1. BBeneHne 

PaaBHTHe 9neKTpoHHhiX MeToAOB perncTpaUHJ! 'IaCTHu B )KHAKOCTHx, 

ITO HallieMy MHeHH10 0 rrepcrreKTHBHO B cneAy!OlliHX HiarrpaBneHHSIX: 
i 

1. EhlcTpaH 9neKTpOHH8H perHcTpauHH Hei1TP•ilnhHhiX nany'IeHHH (HeHT-

pOHhl, raMM8-KB8HTh! H, B OC06eHHOCTH, HeJ1:TpHHO 
I 1,2/ 

2. lloCTH)KeHHe Bb!COKOrO ITpOCTpaHCTBeHHOro! pa3pemeHHH ( BITnOTh 

-3 
AO 10 CM, 'ITO B03M0)KH0 H3-38 ManoJ1: AH<fl<jly3Hl'! 9neKTpOHOB, 60nhlli0H 

HX rrnoTHOCTH Ha cnenax qacTHU H Manoro rrpo6er1i1 nenhTa-9neKTpoHoB B 

/3-7/ 
)KHAKOCTH) • 

3. npnMeHeHHe )KHAKOCTHhlX 9neKTpOHHh!X A!!,TeKTOpOB B Ka'IeCTBe 

/8/ 
crreKTpoMeTpoB rronHoro rrornomeHHH 

KpoMe Toro, Heo6xonnMo cKaaaTh o6 9neKTpoHHOM neTeKTope cne

noB B )KHAKOM Bonopone; rrepcrreKTHBHOCTh rrono6Hdro neTeKTopa He Tpe-
t 

6yeT ITOSICHeHHH. 0AH8KO B H8CTOHlliee BpeMSI eAHHtTBeHHOH DOCTyiTHOH B 

6onblliHX KOnH'IeCTBax )KHAKOCTh!O, B KOTOpOH cymebTBYIOT CB060DHhie 

9neKTpOHhi, HBnSieTCSI C)KH)KeHHhll1 6naropOAHhin rad. XHMH'IeCKaSI HHepT

HOCTh 6naropODHhlX ra30n 1103BOnHeT CpABHHTenhHCJ ITpOCTO BbiAenHTh H3 
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HHX aneKTpOOTpHnaTen!bHbie IIpHMeCH, 009TOMY IIpaKTH'IeCKH BCe pa60Tbl IIO 

)KHJ:IKOCTHbiM aneKTpOJ:IifibiM aeTeKTOpaM BbiiiOnHeHbl CO C)KH)KeHHbiMH 6na

ropOLIHb!MH raGaMH ( a;proa, pe)Ke - Kceaoa). 

OpoBeaeaaoe aa~H paaee HccneaoBaHHe aneKTpoaawx rrpoueccoB B 

Ill 
6naropOLIHbiX raGa X H )KHJ:IKOCT51X ( HaiipHMep, ) C uenbiO C03]:1aHH51 )KH]:I-

KOCTHb!X aneKTpOHHhiX ]:leTeKTOpOB 'laCTHU, aHanorH'IHbiX H3BeCTHbiM ra30-

pa3p51]:1Hb!M ]:leTeKTOpa !.1 ( C'leT'IHKH fej;jrepa, HCKpOBbie KaMepbl H T,ll,) 1 a 

TaK)Ke rrocneayiOIUHe neyaa'IHhie rrorrhiTKH rrony'IHTb yrrpaBn51eMbii1 KOHTponH

/9/ 
pyeMhlll pa3p51LI B )KH~KOM aproHe rro6yAHnH HaC K IIOHCK8M llpHHUH-

/2/ 
TaKoi1 Me-llHanbHO HOBOrO MeToma perHCTpanHH qaCTHU B )KHLIKOCT51X 

Ton, ocaoBaHHhii1 Ha nepeHoce :omeKTpOHHoro H3o6pa "'eHH51 cnena qacTHUhi 

H3 )KHQKOCTH B ra30B1IO ~a3y C llOcnenyiOmej;j perHCTpauHeA •aneKTpOHHO-

ro rrpH3paKa" cnena B ra3oBoi1 ~aGe, 6wn HccnenoBaH H BrrepBwe aono)KeH 

E.A. LlonromeHHbiM, I!I.H. ne6eaeHKO H E.Y. PoaHOHOBbiM H~ COBeiUaHHH 
! 

!10 6ec(jJHnbMOBbiM HC.ipOBbiM H CTpHMepHbiM KaMepaM, B Lly6He, B arrpene 

1969 r. B /to/ rrpHBE[AeHa rrepBa51 ~oTorpa~H51 cnenoB anb~a-qacTHU B 

)KHLIKOM aproHe, rrony~eHHa51 B nByx~a3oBoM aneKTpOHHOM neTeKTope. Ha-

/11/ 
KOHeu, B HameM noKnaae coo6ruanHCb pe3ynhTBThi, noKa3aBmHe Bo3-

MO)KHOCTb 6ec~HnbMO~OrO BhlBOna HH~OpMaUHH H3 T8KOrO neTeKTOpa, 

Ope)Kae qeM rreJjlei1TH K H3nO)KeHHIO xapaKTepHCTHK nByx~a3HhiX aneKT

poHHhlX aeTeKTOpOB1 +eo6XOLIHMO OTMeTHTb 6onbWHe ycrrexH !10 perHCTpa-

UHH aneKTpOHOB B ro~oreHHOH )KHLIKOH cpene, LIOCTHrHyTWe rpyrrrroA 
/6/ . 161 n. AnbBapeua • A:BTOpbl no6HnHCb 100%-aoj;j ~~eKTHBHOCTH pe-

rHCTpauHH anb~a-qac~HU B )KHJ:IKOM KCeHOHe C llOMOllibiO pa3p51LI8 y llOBepx-

6 
HOCTH TOHKOH (aHaMe[Tp MeHee 10 MKM) IIpOBOnO'IKH. B none 2• 10 BICM 

i 

rrony'leHO 100-KpaTHO[~ pa3MHO)KeHHe aneKTpOHOB, 0oKa3aHa T8K)Ke B03-

MO)KHOCTb 15 MKM T~'IHOCTH perHCTp8UHH anb~a-'laCTHU rryTeM C06HpaHH51 
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3neKTpOHOB (6e3 HX pa3MHO*eHHH B *llAKOCTH) H8 TO~KHX npOBOnOqKaX, 

pacnono•eHHhlX H8 paCCTOHHHH 50 MKM Apyr OT Apyra. ll H8 p8CCTOHHHH 

0, 7 MM OT 8nbtP8-HCTOqHHK8, 

OnHaKo co3naHne •nnxocTHhlX TpexoBwx neTeKTopoB 6onbworo 

06beMa, OCHOB8HHblX H8 onHC8HHOM BbiWe cnoco6e, padBnBaeMOM B 

/3-7 I 
pa6oTax , npencTaBnHeTCH HaM rexaonornqecxoil 3anaqeH oqeab 

6onbwoA cno•HoCTH, B oTnnqne oT 3Toro, B ABYXtP83H~M neTeKTope pe

rncTpaunH 3neKTpOHHoro H3o6pa•eHHH cnena 3HaqnTen~ao 6onee npocTa, 

T,K. oaa ocymecTBnHeTcH B ra3oBoA tfla3e n oTnanaeT Neo6xonnMocTb 

npnMeHeHHH 3nexTpnqecxnx noneA 6onbwoA aanpH•eHH~CTH. XapaKTepncTHKH 

ABYXtP83HOrO neTeKTOpa OK83hlB8~TCH nono6HhlMH xapa~TepHCTHKBM ra30-

p83pH/!HblX aeTeKTOpOB, 

2, 06wne X8p8KTepHCTHKH AByXdJ83HblX 3neKTR)OHHblX 

neTelCI'opoB 

HoHH3Hpy~wne qacTHUhi B AByxtPa3HOM neTeKTope perncTpnpy~TCH 

cneny~WHM o6pa3oM: 

1. 3nexTpnqecxoe none "BbiTHrnBa~T" qacTb 3ne~TpoHoB co cnenoB 

HOHH3Hpy~WHX qaCTHU B *HAKOCTH H TeM H36aBnHeT HX OT peKOM6HH8UHI! 

C nonO*HTenbHblMH HOH8MH. 

2. 3neKTp0Hbl, H36e•aBWHe peKoM6HH8UHII H8 cne Ie, apeAtfly~T K 

rpaHnue pa3nena 4Ja3 •nnxocTb- ra3. 

3, 3neKTpOHhl npOXOAHT rpaHHUy p83Aena tPB3 H BWXOAHT ll3 mHAKOCTH 

B ra3. 

4. 3nexTpOHbi npeAtfly~T B ra3e. 

5, B ra3e aneKTpOHbi nerexrnpy~TCH n~6biM H3BEcTHbiM cnoco6oM 

( aanpnMep, no ra3oBoMy pa3pHAy). 
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f1epBbie aBa npouecca xapaKTepHbi am1 mo6oro )!{HllKOCTHoro sneKT-

pOHHOI'O aeTeKTOp9, f1ocneay~mHe - TOnbKO ang llByX~83HOI'O, f1oCKOnhKy 

B OCHOBe Hall!ero MeTOll8 ne)!{HT B03MO)!{H0CTb BbiXOll8 ( 3MHCCHH) sneKT

pOHOB H3 )!{HllKOC1' H B I'830By~ ~a3y 0 Yll06HO H83b!B8Tb T8KHe aeTeKTOpbl 

3MHCCHOHHb!MH, 'I ro6bi OTnH'IIfTb HX OT llBYX~83HbiX aeTeKTOpOB llPYI'MX 

/12/ 
TlfnOB ( HanpHMep, H3BeCTHOH )!{HllKOCTHOH K8Mepbl lliaprraKa 0 B KOTO-

poii ocymecTBnge' ·cg pa3pga B rry3hiphKax ra3a), f1pMBeaeM ocHoBHhie xapa-

KTepHCTHKH Bhlll!e(nOMgHyThlX rrpoueCCOB, 

B hi X 0 ll 9 J l e K T p 0 H 0 B C 0 C n e ll 0 B H 0 H If 3 H p y ~ lll If X 'I a C -

T H U B )!{ H ll K 0 <: T H 38BHCMT OT HOHH3Hpy~meii CIIOC06HOCT!f '18CTMUbl 0 

Hanpg)!{eHHOCTH s.,IeKTpH'IecKoro nong H cBoiicTB )!{lf.llKOCTH. Ha pHc. 1 rrpH-

BelleHbl rrony'leHHhie H8Mif ll8HHhie no OTHOCMTenbHOMY BbiXOllY sneKTpOHOB 

C TpeKOB '18CTHU B OllHOpOllHOM sneKTpH'IeCKOM none pa3nH'IHOH Harrpg)!{eH-

HOCTH B )!{HllKOM api'OHe. J.1oHH38UHg )!{HllKOCTH ocymeCTBnsin8Cb a -'l8CTH-

U8Mif H peHTI'eHC·BCKHMif ny'laMH. 3HeprHg KB8HTOB peHTI'eHOBCKifX ny'leii 

2 
- 30 K9B (rrpo6eJ• ~OTOsneKTpOHOB B )!{lfllKOCTif 0,002 r/cM ), 9Heprlfg 

2 
a -'18CTHU 5, 15 J!j 9B ( rrpo6er B )!{lfllKOCTif nnOTHOCTb~ 1,~ r/ CM COCTaB-

ngeT 50 MKM). faKHM o6pa30M 0 Mhl HMenH aeno C nnOTHOCTgMH MOHOB 

H8 eaHHHUe llnlfH',•I cneaa B 10 ( ang peHTI'eHOBCKMX ny'leii) 11 B 300 pa3 

(ang anb~8-'18CTJ.IU) rrpeBOCXOA.IIll!IIMii rrnOTHOCTb MOHOB Ha ellMHMUe AnH

Hbl cneaa pen.IITH,Bl!CTCKOH '18CTI!Ubl. TeM He MeHee, K8K BHllHO H3 pHC. 1, 

B none 10 KBicM co cneaoB peHTreHOBCKHx ~oTosneKTpOHOB BbiT.III'HBa~T-

C.ll rrpaKTM'IeCKH :3Ce sneKTpOHbl H OKOno 10% sneKTpOHOB Bb!Tgi'!fBaeTC.II 

co cneaoB anh¢a-qacTHu. EcTecTBeHHo, 'ITO ang pengT!fBHCTCKHX qacTHu 

rronHhiH BbiXOll 31eKTpOHOB 6yaeT rrpOMCXOllHTb B 3H8'1MTenbHO 6onee Cna-
3 

6biX non.11x (- 1 KBI cM). B )!{lfllKOM KceHoHe ( rrnoTHOCTb 2 r/ CM ) Ha6n~-

aaeTc.ll rrp8KTH'Ie8Kif T8K8.11 )!{e K8pTHH8 ( K8K If H8 pH C. 1) 38BifCMMOCTii 

/2/ 
BbiXOlla sneKTpof~ oB oT Hanp.ll)!{eHHOCTH gneKTpM'IecKoro nong • Ba)!{HO 
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Puc. 1. OTHOCHTenbHhifi BbiXOJl aneKTpoHoB c TpeK.a peHTreHoBCKoro $oTo

aneKTpoHa ( 1) H a -'IaCTHUbl ( 2) B 38BHCHMOC'Iiu OT H8IIp5DKeHHOCTH 

aneKTpH'IecKoro rrom1 B )I(HJlKOM aproHe. Ha KpHBo!ii 2 cBeTnhiMH Kpy)I(K8-

MH - peaynbT8Tb! HOHH38UHOHHb!X H3MepeHHI1: B )l(]l!):IKOM aproHe ( 16) • 
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OTMeTHTh, qTo npH OT;yTCTBHH 9neKTpHqeCKOrO nOnH HB cnenax peHTre-

HOBCKHX ~OT09neKTp0H)B B ~HnKOM KCeHoHe npOHCXOnHT llpBKTHqecKH non-

HaH peKoM6HHBUHH 3reKTpOHOB aa BpeMH, MeHbwee I MKCeK, B Teqenne 

3Toro BpeMeHn Ha cnEnax ¢oTo9neKTpoHoB cymecTByeT nnoTHBH nnaaMa, 

KOTOpaH nperrHTCTByeT BLIXOny 3neKTpOHOB, Onb!Tbl ITOKB3BnH, qTo B nonHx 

nanpH~OIIIIOCTbiO 10 KEIC!\I 9neKTpOHbi ynep~nBaioTCH nnaaMofi npHMepno 

0,1 
/2/ 

MKCOK 

il p e ii ~ C B 0 6 ) n H bl X 9 n e K T p 0 H 0 B B ~ H n K 0 C T H B 9neKT-

pnqecKOM none conpoEo~naeTCH oqenh Ba~HhlMH nnH pa60Thl 9neKTponnoro 

neTeKTopa npoueccaMl - nn~~yaaefi H npannnanneM 9neKTponoB K 3neKT-

pooTpnuaTenhHhlM npa~ecHM, B npaKTHqeCKH HHTepecnoM naanaaone TeMne

paTyp (oKono 100°K) n nonefi (I~ 10 KBicM) cxopocTb npefi~a 3neKTpo-
5 

HOB B ~HUKOM a prone - ( 2 ~ 3) ' IQ eM/ ceK, C nOHH~8HHeM TeMnepa-

Typbl ~HnKOCTil CKOpO<:Tb npefi<jla 3neKTpOHOB yBe;JHqHB88TCH, 

Ko3~~nunenT n•¢~yaaH 9neKTponoB B nomix -I KBicM Mbi ouennBa-
/ II/ 2 

nn B pa6oTe . On oKaaancH paBHbiM CM leeK, Dpn TaKOM KO~q'H-

uHenTe nH~~y3HH paCillbiBBHHe 9neKTpOHHOro o6naKa B ~HnKOCTH HB rryTH 
-2 

npefi<jla OKOnO IQ CM COCTBBHT 10 CM, ilH~~y3HH 9neKTpOHOB B ~HnKOC-

TH B CHnbHbiX 9neKTplq8CKHX nonHX onpenenReT npenen TOqHOCTH neT8K

TilpOB8HilH KOOpnHHBT ~nena. 

BepoRTHOCTh npinHnannR K 3neKTpooTpnuaTenbHbiM npHMeCRM (rnaB

HbiM o6pa30M 1 K KHCndpOny) CHnbHO 38BHCHT OT 9H8prHH 3neKTpOHOB, 

KOHUeHTpBUIIH llpHMOCl H BpeM8HH npefi~a.Opn KOHU8HTp8UHH KHCnopona 
-6 

B >KHnKoM a prone -2 10 B 3neKTpnqecKoM none 5 KBI eM nyTb npeficpa 

3neKTpona no npHnHrraHHH cocTaBnHeT -1 eM. CpaBHHTenbHO npocTaH qncT-
/13/ 

Ka aprona aKTHBHpOBBHHhlM yrneM yBennqHBaeT nyTh npefi~a B 50 paa 

B nawnx onhlTax qncTKa raaoo6paanoro aprona ocymecTBnHnacb ero 

~ponycKaHHeM qepea 1arpeTy~ no 700°C CTpy~Ky MeTannnqecKoro Kanb-

UHR. Ynanenne raaa co cTeHoK neTeKTopa nocTnranocb uenpephlBHDfi unpKy-
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nHuneA qneToro rasa B TeqeHne HeeKonbKHX qaeoB qEpes ero o6beM. Ta-

KaH rrpouenypa oqneTKH rasa H eTBHOK JlBTBKTOpa IIBfBJl eMHMBHHBM ITOSBO-

nH~a HS6eMaTb SaMBTHhlX IIOTBpb aneKTpOHOB B JlBTEKTOpe Ha rryTH npefi

~a B MHJlKOeTH JlO 2 eM. 

3MneeHH aneKTpOHOB H3 MHJlKOeTH B ra~oByJO ~asy- BaM

HBAUIHA H HaHMBHBB nsyqeHHb:fi rrpoueee, neMaiiiHH B I leHOBB pa60Tbl JlBYX~as-

/1]/ 
HbiX aneKTpoHHbiX neTeKTopoB. PaHee Mbi aKerrepnMeH ranbHO rroKasann 

qTo B OJlHOpOJlHOM aneKTpHqeeKOM rrone HaiipHMBHHOe1 b!O Bb!WB 3 KBieM 

rrpaKTnqeeKn Bee aneKTpOHhl BhlXOJlHT ns MHJlKoro aproHa B rasoByJO ~asy. 

H a pne. 1 rrpHBBJlBHhi norronHnTenbHbie JlaHHbie, rroJlTB 3pMJlaJOmne aToT 

BwBon. KpyMKaMH Ha KpnBoA 2 rroKasaHo KonnqeeTBo aneKTpoHoB (oTHo

eHT. BJlo), saperneTpHpOBaHHbiX B raSOBOH ~ase HaJl lOBBpXHOeTbiO Mll Jl

KOrO aproHa, KOTOpblH HOHl!SOBaneH anb~a-qaeTHUaMH, 3neKTpOHbl perHeT

pnpOBanneb e IIOMOlllbiO ~OT08ITBKTpOHHoro YMHOMliTBn~ (~3Y) ITO 8ITBKT-

ponJOMliHBeUBHUllll rasa, HHTBHeliBHOeTb KOTOpOA IIpHMl rrpOIIOplll!OHBIThHB 

/14/ 
•meny npefi~yJOIIIHX B ra3e BnBKTpOHOB • LlnH Bel·Koro 3HaqeHl!51 HBII-

pHMBHHOeTll IIOnH 3a DJlH6HUy IIpl!Hl!Manaeb liHTBHel!BiOeTb 8ITBKTpOnJOMll-

HBCUBHUllll B ra3e TOH MB TBMIIBpaTypbl ll IInOTHOeTl! 1 HO rrpn OTCYTCTBllll 

MHJlKOCTif B MBM8ITBKTPODHOM IIpOMBMYTKB.l13 pHe.] lllfJlHO (KpHB851 2),qro 

rronyqeHHbiB HaMH JlaHHbiB IIOITHOeTbiO eoOTBBTeTByJOT JlE HHbiM lfOHH3aUHOHHbiX 

/15/ 
lf3MepBHliH B Ml!JlKOM aprOHB ,enenoBaTBnbH0 0 ql!( no BnBKTpOHOB 1 Bbl-

WBJlWHX B ra30BYIO ~asy, eoBrranaeT e qlfCITOM 8ITBKT!= OHOB B Ml!JlKOeTJI. 

C IIOMOlllb!O aneKTpOITIOMHHBeUBHUllll MOMHO BbiHBl!Th T 9KMB BpBMBHHbiB 

eBofieTBa 8Mllecnn. LlnH 8TOrO Mbl nerronbSOBann reHe paTOp KOpOTKl!X 

( - 200 HeeK) BbiCOKOBOnbTHbiX liMIIynbeOB 1 KOTOpbiH c arryeKaneH OT 4>3Y, 

perHeTpnpoBaBwero eUHHTllnnHUHOHHYIO BeiibiWKy B Mll.lKOeTl! IIpll ee IIOHII

saunn anb~a-qaeTl!UBH. BpeMH SaJlBpMKll MBMJly euHH1HnnHUliBH H IIOHBne-

Hl!BM BbieOKOBOITbTHOrO llMIIynbea HB 8ITBKTponax KaME pbl MOrno B£lpbllpO

BaTbe51 B WllpOKllX rrpeJlenax e ToqHoeTbiO 0, 1 MKeeK. CxeMa 8Kerrep11~1BHT£l 
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Pnc. 2. Mccnea)BaTenbcKaH KaMepa. A - BapnaHT aeTeKTopa c HHTbiD, 
pacrrono~eHHOH Han rroBepxHOCTbiD ~HaKoro aproHa; 6 - BapnaHT aeTeK
Topa C rrporpeB,l8MOH HHTbiD, rrorpy~eHHOH B ~HaKHH aproH. 1 - 6aTapeH 
8KKyMynHTOpOB 1 o6eCII8'1HB8ID!U8H rrporpeB HHTllj 2 - BbiXOa CHrHana; 3 -
BBOa BhlCOKOrO HarrpH~9HHHj 4 - BBOa BhlCOKOBOnbTHOrO HMITynbCa rrpH 
nccneaoBaHHH HMrrynhcHoro pe~nMa pa6oThl aeTeKTopa (BapnaHT B); 
5- I!pOBOnoqHbH aHoa; 6- a -HCTO'IHHKj 7- H30nHTOpj 8- ~HaKHH ap
roH; 9 - Konnn -faTop. 
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.1,0 

o,s 

0 1,0 2,0 t 3,0 
3. Mt<CeK 

PHc, 3. 3aBHCHMOCTb aMnnHTYAhi Ao6aso•mott scnbli1KH sneKTpomoMHHec

ueHUHH OT BpeMeHH 38Aep)f{}{H ll0J::(8'1H BbiCOKOBOnbTIIOrO HMnynbCa B KaMe

py ( T - 1080), CoseprneHHO HAeHTH'IHbie KpHBhie Ha6niOAanHcb Ami scex 

TeMnepaTyp OT 94DK AO 1200K, 

'V E I p = 1,6; 0 E I p = 2,0; ~ E I p = 2, 7; E - cyMMapHaH HanpH.lKeH-

HOCTb llOCTOSIHHOro H HMnynbCHOrO sneKTpH'IeCKHX IOnett, a/eM; p - J::(8B

neHHe, MM, pT, CT, 

1 1 



Ta )Ke 0 'ITO H B npeL blllYIUHX OnbiTaX ( pHe, 2), EenH B MOMeHT noJ]a'IH 

BbieOKOBOnhTHOrO HM rrynhea sneKTpOHbl 0 JJpelf<jlySI B noeTOSIHHOM sneKTpH

qeeKOM none, yeneBt nH Bb!HTH HS )KiiJlKOeTH B raSOBYIO <jlasy, ¢3Y perHeT-

pHpOBan BTOpy!O Ben blliiKY eBeTa, BbiSBaHHYIO sneKTpOniOMHHeeueHuHeH ra

sa B eyMMapHOM (mmynheHOM H noeTOSIHHOM) none, Ha pHe, 3 nOK8S8Hbl 

saBHeHMOeTH '!Hena !enyrueHHbiX $oTOHOB sneKTpOniOMHH!:!eUeHUHH ( OTHOeHT, 

eJ] 0 ) npH pasnH'IHbiX saJ]ep)KKaX BbieOKOBOnhTHOrO HMnynbea ( OT MOMeHTa 

euHHTHnnSIUHH) B pa.: nH'IHbiX no BenH'IHHe noeTOSIHHbiX nonSIX, HeTpyJJHO 

BHJleTb, 'ITO HS 8TH:X JJaHHbiX MO)KHO HaRTH BpeMeHa Jlpel{<jla sneKTpOHOB 

B )KiiJ]KOeTH H rase :BpeMSI JlO nOSIBneHHSI eBe'!eHHSI H BpeMSI eBe'!eHHSI 

eOOTBeTeTBeHHO) B I oeTOSIHHOM none, BpeMSI HapaeTaHHSI H enaJ]a sneKT

poniOMHHeeueH!lHH (0,4 :!:_ 0,1 MKeeK) H8 pHe, 3 onpeJJenSieTeSI BpeMeHHbiMH 

napaMeTpaMH Henon~30BaHHOrO sneKTpOHHOrO o6opyJJOBaHHSI. 008TOMY BpeMSI 

8MHeeHH sneKTpOHOB He MO)KeT eyrueeTBeHHO npeBbilllaTb 0,1 MKeeK, 

Y'IHThrBaSI, 'ITO BpeM SI sMHeeHH sneKTpOHOB onpeJJenSieTeSI TBK)Ke pasMepa

MH sneKTpOHHOrO 06IaKa BJ]Onh eHnOBbiX nHHHH sneKTpHqeeKOrO nonSI (KO-

TOpbie, B eBOIO oqep ~Jlh, onpeJJenSIIOTeSI BpeMeHeM BbiXOJ]a 3neKTpOHOB e 

anh$a-eneJJa 0, 1 Mf eeK), MO)KHO eJ]enaTh BhiBOJJ, 'ITO eo6eTBeHHO npoueee 

SMHeeHH sneKTpOH8 repes noBepxHoeTb )KiiJlKOrO aprOHa JJnHTeSI He 6onee 

0,1 M KeeK, 

Ll p eli <P 3 n e K Tp o HoB B r a a e - npoueee, xopolllo H:'JyqeHHhili, 

0TMeTHM TOnbK0 1 '110 eKopoeTb Jlpeli<jla sneKTpOHOB B napax aproHa HaJJ 

)KHJlKoeThiO npH Hanr:,SI)KeHHOeTH sneKTpH'!eeKoro nonSI 1 .. 10 KBieM eoeTaB-

5 
nSieT ( 3 + 4) • 10 eM/ eeK, T,e. MeHee '!eM B JJBa pasa npeBbilllaeT eKo-

poeTh J]pelf<jla sneKT]IOHOB B )KHJ]KOeTH, DoeKOnhKY SHeprHSI 3neKTpOHOB 

B rase eyrueeTBeHHO Bbillle, 'IeM B )KHJ]KOeTH 0 B rase peSKO yBenH'IHBaeTeSI 

K03$$HuHeHT JJH$$y3J IH sneKTpOHOB (eM, HSBeeTHOe eOOTHOllleHHe 3HHliiTelf

Ha), OosTOMy JJnSI o5eene'!eHHSI MaKeHManhHOH TO'IHOeTH perHeTpaUHH 

KOOpJJHHaT eneJJa B :1MHeeHOHHOH KaMepe He06XOJ]HMO o6eene'IH'1'h MHHH

ManbHbiH rr.yTb JJpeH!l a sneKTpOHOB B rase, 
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per H C T p 8 U H SI 3 .Jl e K T p 0 H 0 B B r a 3 e OC) IUeCTB.JJSieTCSI 0 KaK 

npaBHno, rasopaspHilHbiMH MeTOilBMH. PaHee ll.JJSI 3Toi1 uenH Mbi Hcrronhso-

110, 11/ 
BanH HCKpoBoii cnoco6 , a T8K)!(e 3.JJeKTpomoMl HecueHuHJO rasa. 

HH)!(e paCCMOTpeHbl CliOC06bi lleTeKTHpOB8HHSI 3.JJeKTpOHOB Ha TOHKHX rtpo

BO.JJO'IK8X0 OKPY*eHHblX rasoM (pHC. 2). npeHMyiUeCTB3. perHCTpauHH 3.JJeK-

TpOHOB H8 rrpOBO.JJO'IK8X O'leBHilHbl npocTbiM crroco6o"' MO)!(HO o6ecrre'IHTh 

6ec<jJH.JJhMOBbiii BbiBOil HH<j>opM8UHH 0 KOOpllHH8T8X cnet: a H 06 HOHH3YJOIUeii 

Cl10C06HOCTH '18CTHUb1 0 rrpOXOilSIIUeii qepe3 )!(lfllKOCTho 

3. Asyx<Pa3Hbie npoBo.JJO'IHbie neTeKTDpbi 

HaMH HCC.JJellOB8Hbl rrpOBO.JJO'IHbie lleTeKTOpbl Tpe:l THITOB: 

A. 3neKTPOHbi co cnella HOHH3yJOIUeii 'laCTHUbi B *HilKOCTH co6HpaJOT-

CSI H8 TOHKyJO rrpOBO.JJO'IKy - 8H01l 0 llOMeliieHHyJO H81l )t HllKOCTh!O rrapanne

.JlhHO ee nosepxHOCTH. B6nHsH nosepxHoCTH nposono'IKif B nocToSIHHOM 

gneKTPH'IeCKOM none B03HHKaeT paspSIIl. PerHCTpHpye1CSI TOK pa3pHila. 

E. To *e, HO nposono'IHbiit aHOil norpy*eH B )!(lllKOCTh. fa3oBaSI 

cpa3a OKO.JJO 8HOil8 C031l8eTCSI rrporpeBOM rrpOBO.JJO'IKH fOCTOSIHHbiM 3.Jl9KTpH

'IeCKHM TOKOMo Pa3pS!Il p83BHB89TCSI B rry3biphK8X T'833. Ha liOBepxHOCTH 

lipOBO.JJO'IKH. 

B. To *e, 'ITO H ·s ~ E, HO nposono'IKa pa6oTaeT B pe)!(HMe HMliYilh'"" 

CHOI'O l1HT8HHSI. 

HoHH38UHH aproHa B 3THX orrbiTax ocymecTBnHna ~h HMrrynhCHbiM rryq

KOM peHTP9HOBCKHX nyqeit CO Cp91lH9ii 3H9pl'Heii cpoTOfOB 30 K3B 0 ll.JlHTe.JJh

HOCTh peHTI'e!IOBCKOI'O HMrrynhC8 MeHee 300 HCeK. KpllM9 TOI'O,HCliO.Jlb30Ba

.JJHCh raMM8-HCTO'IHHKH 
6 °Co ( 1,2 Mgs) H 

137 Cs (O,Il Mas), KOTOpbie 

llOMeliia.JJHCb BHe K8Mepblo "LfaCTh Ollb!TOB Bblll0.JJH9H8 C 8.Jlbcpa-HCTO'IHHKOM 0 

p8Cl10.Jl0)!(9HHbiM H8 li.JJOCKOM K8TOile ( pHCo 2) • 

13 



HoHHsauHH )KJ!JJ:KOro aproHa peHTI'eHoBeKHMH ny'laMH BapbHpoBanaeb 

e IIOMOIUb!O MeAHb[( qJHJibTpOB H H3Mepgnaeb IIO HOHH38UHOHHOMY TOKy, 

DonHaH rrornomeHH.tH B )KHJJ:KOeTH aHeprHH E orrpeaenHnaeb rro 'IHeny 

HOl!HbiX rra·p B )KHJJ::~oeTH, DpH 9TOM e'IHTanoeb, 'ITO AJIH o5pa30B8HHH OA-

/16/ 
l!OH HOHHOH rrapbl f eo5XOAHMa 9Hepi'HH 26,4 9B • 

Ha pRe, 4 IIp:!BeAeHbl THIIH'IHbie OeUHJIJIOI'paMMbl eHI'l!aJIOB,HliHUHHpO-

Bal!HbiX peHTI'eHoBc KHMH ny'laMH B aeTeKTopax THrra A H E, a TaK)Ke 

aMIIJIHTYAHbie erreK rpbl CHI'H8JIOB IIpH p83JIH'IHOH IIOI'JIOIUeHHOH 9HeprHH 

E • B HaiiJn:x OIIbiTax aMrrnn:TyAHoe paspeiiJeHn:e orrpenenHnoer;-, rnaBHbiM 

o5pa30M, <jlnyKTyauHSIMH 9Hepi'HH peHTI'el!OBCKHX HMIIyJibeOB (eM, pn:e, 4), 

a TaK)Ke HeeTa5n:m.HoeTbiO naBnemlH rasa (eM, HH)Ke). Hs pn:e. 4 BHAHa 

'leTKaH 38BHeHMOe' 'b 8MIIJIHTYAbl eHI'Hana A OT 9Hepi'HH HOHH3aUHH E 

0eT8HOBHMeSI IIOJJ:p)5Hee Ha xapaKTepHeTHKax AeTeKTOpa Ka)KJJ:OI'O THIIa e 

OAHOH IIpOBOJIO'IKOH, 

A. DpoBOJIO'fl biH aHOA Han rroBepxHoeTbiO )KHJJ:KoeTH, 

HeenenoBanH< :b rrpoBono'fKH nHaMeTpoM 30, 50, 100 H 200 MKM, 

DoeKonhKY xapaKTEpHeTHKH neTeKTopoB e pasnH'fHhiMH nHaMeTpaMH rrpoBo-

no'leK Ka'leeTBeHHC rrono5Hhl, rrpn:BeneM pesynhTaThl, rrony'feHHhle Ha rrpo

Bono'IHOM aHOAe AliaMeTpOM 100 MKM, ilnH o5eerreqeHHH eTa5HJibHOeTH pe

syJibTaTOB IIpOBOJIC'IKa rrporpeBanaeb TOKOM 0,3 a (Ha XOJIOAHOH IIpOBOJIO'f-

Ke B 9JIBKTpH'IeCKCM rrone o5pasyeTeSI TOHKHH HeKOHTpOnHpyeMbiH CJIOH 

)KHJJ:KOeTH), 

PRe, 5 AeMO' IeTpHpyeT JIHHeifHyiO saBHeHMOeTb aMIIJIHTYAhl eHrHana 

A oT rrornomeHHOH aHeprn:n: E IIpH pa3JIH'IHbiX 3Ha'leHHHX U HaiipH)KeHHSI 

IIpOBOJIO'IKH OTHOeJTeJibHO KaTOAa, Hy)Kl!O OTMeTHTb, 'ITO B HaiiJHX OIIhlTax 

eMKOeTH8H Harpys ~a IIpOBOJIO'IKH 5biJI8 O'lel!b 50JibliiOH ( 300 rr<jl) H3-3a 

rronKnro'leHHH ee K aKKyMynHTOpHoif 5aTapee. M bi He rrpHAaBann: aToMy 

eepbe3HOI'O 3Ha'lefHH, OAHaKO, IIpH He05XOAHMOeTH HeTpyAHO e IIOMOIIlb!O 

HeKOTOpOI'O yCJIO)K Iel!HH exeMbl IIporpeBa, IIO KpafiHeif Mepe, Ha IIOPHAOK 

eHH3HTb BBJIH'fHHy eMKOeTHOH Harpy3KH, 
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t,MI\CfK 
0 200 0 500 1000 

c.s C,Z 

A A 

0 

0 zo 60 6C 80 

P11c. · 4. T11ll11'1Hbie ocu11nnorpaMMbi C11rHanoB 11 arv nn11Ty.OHbie cneKTpbi 

C11rHanoB B .QeTeKTOpe C per11CTp11pyJOIUeii H11Tbl01 IlOMemeHHOH HB.O IlOBepx

HOCTbJO )1(11.QKOrO aproHa ( cneBa, H11Tb 100 MKM) ll IlO.Q IlOBepXHOCTbJO )1(11.0-

KOro aproHa ( crrpaBa, H11Tb 30 MKM). 0yHKT11pOM ITOK838H 8Mlln11TY.OHbiH 

crreKTp c11rHanoB rrp11 nornorneHHoii 9Hepr1111 oKono 1 f9B 6e3 ra3oBoro yc11ne

H11B B6n11311 rroBepxHocT11 H11T11. MoH113BU11B peHTreioBCK11M11 ny'laM11. 

AMrrn11Ty.oa c11rHanoB A Ha BepxH11X p11cyHKax - B :)THOCfiT. ea. (3a e.Q11H11-

uy Ilp11HBT8 8Mlln11Ty.Qa C11rHana Ilp11 ITOnHOM C0611~BH1111 9neKTpOHOB HB 

eMKOCT11 300 rr<lJ) • 
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Pnc, 5, 3aBncnMO< :Tb aMrrnnTyllbi cnrHana A oT 9Heprnn E , rrornoureHHOH 

B )!CHilKOM aproHe. C = 300 rr<P, R = 0,5 MoM, HIITb 100 MKM, TOK 

HaKana 0,3 a, naB1eHne 3,5 aTM. 
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Pnc. 6 (a) noKa3hlBaeT aKcnoHeHuHan&HyiD aaBHC~MOCTb aMnnHTYDhl 

cnraana A oT pa6o1.1ero aanpHlKeHHH U npH paanHl.!Hb x aHal.!eHHHX nor-

nom eHHOH 8HeprHH E • l1a pHC. 6 (a) BHDHO, 'ITO nr H HanpHlKeHHH OKO-

no 3,4 KB pOCT CHI'Hana C yBenHl.!eHHeM HanpHlKeHHH 3nMeanHeTC51 H npH 

6onee Bb!COKHX HanpHlKeHHHX Koa¢¢HuHeHT I'a30BOI'O yc1neHHH npaKTH'IeCKH 

He MeHHeTcH. MaKCHMan&HaH Bennl.!HHa Koa¢¢nuneaTa raaoBoro ycHneHHH 

B pelKHMe nponopunoaan&Horo ycnneHHH 500. Ha pHc. 6(6) noKaaa-

aa TaKlKe aKcnoaeaunan&HaH aaBHCHMOCTb aMnnHTYDbi cHraana A oT naBne-

HHH napa api'OH8 npH pa3nHl.!HbiX pa60l.!HX HanpHlKeHHHX U • KaK BHDHO 

H3 pHC. 6 (a)0 H3MeHeHHe naBneHHH raaa H8 0,1 aTMoc¢epbl MeHHeT aMn

nHTYDY CHI'Hana nOl.!TH B DBa paaa. CHnbH851 3aBHCHMOCTb aMnnHTYDbl CHI'-

Hana OT naBneHHH H HanpHlKeHHH Tpe6yeT DnH nonyl.!eill!H aMnnHTyDHOI'O 

paapemeHHH neTeKTOpa -10% TIUBTenbHOI'O TepMOCTaTHJlOB8HH51 KaMepbl 

~ 1 0,1 °K) H xopomefi cTa6nnHaauHH aanpHlKeHH ~ ( ~U I U -:. 1%). 

HaMH HCCneDOB8H8 T8KlKe pa6oTa ODHOH npOBOnO'KH B cny1.1ae nnoc

KOI'O MHOI'OnpoBOnO'IHOI'O 8HOD8 (paCCTOHHHe MelKny nfOBOnO'IK8MH 2 MM}• 

XapaKTepHCTHKH TaKoro neTeKTopa noao6Hbi npHBeaeH!- biM Bbime, ao pa-

6ol.!ee Han pHlKeHHe HecKonhKO 6on&me. 

l1aTepecao OTMeTHTb a¢¢eKT · yBenHl.!eHHH aMnnHT)' Dbi cHraana A npH 

yBenHl.!eHHH TOKa, nporpeBaiDmero npoBonol.!KY ( ycHneHI!e BoapacTaeT B 

DB8DU8Tb p83 npH HaMeHeHHH TOK8 OT 0,4 DO 0, 7 a 1 11pOBOn01.!K8 200 MKM ), 

- HBneHHe, CB5138HHOe C yMeHbilleHHeM nnOTHOCTH I'838 y npOBOnOl.!KH npH 

ee aarpeBaHHH. 

E. DporpeBaeMhlH npoBonol.!Hhlii aaoa B lKHDKOCTH 

DporpeB aneKTpHl.!eCKHM TOKOM norpylKeaaoii B lK1DKOCTb npoBonol.!KH 

- npocTefirnHii cnoco6 coaaaHHH KOHTponHpyeMofi raaoB)H ¢aabi aa noBepx-

HOCTH npoBOnOl.!KH. EcnH aneK'I'pHl.!eCKOe none BbiKniDl.!e iO, H8 noBepXHOCTH 

nporpeBaeMofi npoBonol.!KH MOlKHO aa6niDnaTb 6on&rnee mcno nyabipbKOB 
I 
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Puc. 6. a) 3aBHCHM )CTb DMilnHTYAhi cnrHana A OT Harrp>DIWHHH U rrpn 

pa3JIH'~Hoii rrornomernoii 9Hepnm E : 1-2 M9B, 2-1 M9B, 3-0,5 M9B, 
DanneHHe P = 3, .) aTM.~ 6) 3anncHMOCTh A oT naBneHHH P rrp11 pa3-

IIIPJ:HbiX pa6oqnx nar pHMeHHHX U • nornomemraH 9HeprHH E = 0,5 M 9B, 
HHTb 100 MKM 1 TDK H8K81I8 0,3 a, 
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ra3a, f1pu BKmoqeHllll ITOCTOilHHOro ITOn51 U -::..1 KB Kpyiilibie ITyGhlpbKll 

ucqeGaJOT, a rrpu Harrp51)KeHuu U > KB OCT810TC51 ITY3hlj: bKll, cymeCTBeHHO 

MeHbwue auaMeTpa rrpoBonoqKu, 3To llBneHue HeTpyato o6~51CHHTb aneKT-

pOCTpllKUllOHHhlMll 9~~eKT8Mll, BOGHllK810ll{llMll OKOnO IT03epXHOCTll IIpOBO-

noqKu B GOHe 6onbw~ro rpaaueHTa Harrpll)KeHHOCTH anecTpuqecKoro rronll, 

f1pe)Kae Bcero, B HeonHoponHoM none BOGHuKaeT no6aB )qnoe runpocTaTu-

qecKoe naBnenue, KOTopoe crroco6cTByeT cxnorrwBaHHJO rryGwpbKOB u ux 

OTphlBY OT ITOBepXHOCTH IIpOBOnoqK!f, KpoMe Toro HG-G3 rpaaHei!Ta TeMrre-

paTyphl OROnO IIpOBOnoqK!f BOGHllKBIOT CHnbHhle panuanEHhle KOHBeKTllBHhle 

ITOTOKll )KllAKOCTll, OXn8)KA810lllHe IIpOBOnoqKy, M hi ycTa iOBllnH, qTo An 51 

ycrrewHoA pa6oThl aeTeKTopa Heo6xoauM rrporpeB rrpoecnoqeK nuaMeTpoM 

OT 30 DO 100 MKM TOKOM, o6ecrreqUBBIOlllllM BhiL{enel!llE MOTT!HOCTH OKOnO 

1-2 BT 118 CM JWHI!hl IIpOBOnoqK!f, f1pH 9TOM cymeCTByi!T OITTHManbHhlA TOK 

rrporpeBa, KOTOphiA MO)KeT MeH51TbC51 B H860nbWHX rrpeiienax ( ;S; }0%) 
0 

0ITTHManbHOe 3HaqeHHe TOKa rrporpeBa B K8)KA0M OIThlT~ Mhl H8XOAHnH 

aKcrrepuMeHTanbHO. Ha puc. 7 rroKaGaHw cqeTHhle 

eaeMoro rrpoeonoqHoro aeTeKTopa anbcpa-qacTHU, 

xapacTepHCTHKH rrporpe-
/ 

100% acpcpeKTHBHOCTb ~ -
~/ 

rucTpauuu anbcpa-qacTuu Ha puc, 7 rronyqeHa Anll GHaq~Hlfll TOKa rrp~rpeea 

0,4a (HHT8HCHBHOCTb anbcpa-HCTOqHHKa rrpeaBapHTenbHO 6wna H3MepeHa B 

raGe), Huwe Mh! ITOK8)KeM, 'ITO IIpH OITTHManbHOM TOKE rrporpeBa Ha ITOBepx-

HOCTlf HpDBOnoqK!f OCT810TC51 rryGh!pbKH raGa AHaMeTpO~! 10 MKM, B KOTO-

pb!X H IIpOHCXOAlfT pa3MHO)KeHHe aneKTpOHOB, MHHHMan~Hoe qucno T8KHX 

rryGbipbKOB Ha eauHuue anHHbi rrpoBonoqKu nerKo oueHH rb, ileACTBHTenbHD, 

amr 100% ~~eKTHBHOCTll perucTpauuu anh~a-qacTuu HI!06xonuMo rrorraamme 

B rry3b!peK XOTil 6hi flAHOrO aneKTpOHa, llHHUHHpy!OIUero pa3pllA, f1onepeqHa51 

AllqlcjlyGllll 9neKTpOHOB 38 BpeM51 llX npeA~a B )KHL{KOM E proHe He rrpeBhiW8eT 

-2 -2 
lQ CM, cnenoBaTenbHO, paCCTOilHHe Me )Kay fiY3b!pbK8l 111 MeHbWe 10 CM, 
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Pnc. 7. C'!eTHaH xapaKTepncTRKa .oeTeKTopa, perncTpHpy!Oinero a -qac

TRUbi .OnH p83nR'IHbD TOKOB HBKana IIpOBOnO'IKH, B RCIIOnb3geMb!X aneKT

pR'IeCKHX IIOnHX C TpeKa a -'I8CTRUbl BblTHrRB8eTCH - 6•10 aneKTpOHOB 

( 8KERBaneHTHbie IIOT ::!pH 8HeprRll LlnH penHTRBHCTCKOit '!8CTHUbl -150 K9B), 

npn TOKe HBKana 0,~ a C'!eT OTCyTCTByeT BIInOTb LIO HaiipH~eHHH 15 KB, 

HHTb 100 MKM, aaBleHRe 4,8 aTM, I ( 100%) - HHTeHCHBHocTb cqeTa rrpll 

100%-HOll a<j:>cjleKTRBH CJCTH perllCTpaUHH a -'I8CTRU, 

20 



TaKHM o6pa30M 1 Ha KB*DDM CBHTHMeTpe anHHhl ITpOBOnJqKH ITpH OITTHMBnb-

HOM TOKe rrporpeBa CyiUeCTByJOT COTHH ITY3blpbKOB UHB!v eTpOM OKDnO 10 MKM 1 

B KOTOphlX MOf'yT pa3MHD*BTbCH aneKTpOHb!, 

Ha pHC, 8 a ITOK838H BMITnHTyUHhlH CITeKTp HMrrynl~OB OT anb¢a-qac-

THU !Tpll HB!TpH)f<eHHH u 6 KB, CneayeT HMBTb B BHLy, qTo !TpH TBKOM 

3 
HBITpHmeHHll H3 anb¢a-cneaa BhlTHf'HBaeTCH BCef'O 6• 10 sneKTpOHOB, qTO 

paBHOCHJibHO qacny sneKTpOHOB CO Cneaa penHTHBHCTCK1>H qaCTHUbJ 1 TSpHJO-

Il!Bil B mHUKOCTil 9Hepf'HJO 150 K9B E ~ 150 Ksn), T, ~. rrepeceKaJOIJieA 

cnoti mJJUKOCTil, cpaBHilMbiH C anHHOH rrpo6era anbtpa-qt CTilUbl (50 MKM), 

AMrrnaTyaHoe pa3peweHHe B aaHHOM cnyqae orrpenenHeT~H 3BBHCHMOCTbJO 

qacna BhlTHHYTidX aneKTpOHOB OT MeCTB BhlneTa anb~8-{8CTilU (none aeon-

Hopoauoe) H OT yrna Me*DY ee TpaeKTOpHeA H HBilpBBJBHHeM sneKTpnqec-

KOf'O lTOnH (peKoM6JlH8UHH sneKTpOHOB HB cneae MBKCH~IanbHBH ITpH Hyne-

BOM yrne), 

Ha pHC, 8 6 ITpi!BeaeHbl 8MITnHTYL1Hbie CITBKTpbl HI\, rrynbCOB OT f'BMMB-

KBBHTOB 6 ° Co H 137 
(,, , K COmaneHHJO, crreKTpb! OT raMMB-HCTOqf!HKOB 

Bhlf'nHnHT KBK CllBDB!OIUJle ClleKTphl "wyMOBOf'O" xapaKTEpa. 3TO Bhl3B8HO 

KBK MHOf'OKpaTI!b!M pBCC(•HHHeM f'BMMB-KB8HTOB 1 TaK H pa3nH'!HOH 9ReprHeti 

oGpa3yJOIUHXCH KOMITTOH-9nSKTpOHOB 1 BapHBUHU;'; "!Hcna l b!THHyTh!X sneKTpo-

HOB CO cneaa KOMITTOHOBCKOf'O aneKTpOHB B 38BHCHMOC1H DT MSCTB Sf'D 

o6pa30B8HHH H yrna BhlnSTa, TeM He Meaee, MBKCilMBnbHhle BennqHHhl 

CHf'HanoB "XBOCTOB" crreKTpOB OT 
6
°Co H 

137
Cs OTnH'lBJOTCH ITpHMSpHO B 

aaa pa3a, qTo xopowo cornacyeTCH c eenHqiJHBMH MBKCHManbHhlX aHeprnA 

o6pa3yJOIUHXCH KOMITTOHOBCKHX aneKTpOHOB, 

ITHKH (pHc. Be) rronyqaJOTCH rrpn yBenaqeHHH pa6oqero aarrpH*SHHH, 

HO rrpH 9TOM Hcqe3a8T 3BBHCHMOCTb BMITnHTYAhl CH!'Han1 OT 9HeprHH HOHH3a-

una, ITporpeBaeMaH rrpoBonoqKa aaqnHaeT pa6oTaTb KaK *HllKDCTHhlA aHanor 
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PHc. 8. AMnnw yJJ.Hhie crreKTpbi HMrrynbcoB: a) oT a -'IllCTHII 
(5,15 MgB); 6) y -KBaHTOB 6 °Co (- 1,2 M3B) H 137Cs (- O,OM:-m) 
B pe:iKHMe rrporr )pl\HOHanbHoro ycHneHHH. KogcpqmuneHT ycHnemni J03• 

B) y -KBaHTOE oT 6 ° Co n 1 3 7Cs B pe:iKHMe, aHanorH'IHOM pe>KHMY 
Fefirepa, K03cpcp mneHT ycnneHHH- 1Q5. 
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C'ieT'l:HKa reurepa. CrreKTpb! OT 
6° Co H 

137Cs B T8KOM pe)!{HMe He 

5 
paanH'iaJOTC51 1 KoaqxfmuHeHT ycHneHHSI nocTHraeT BenH'iHHEI 10 • Oco6eHHOCThJO 

"reiirepOBCKOro" pe)!{HM8 SIBnSieTCS! 6onbWOe BpeMSI BOCCraHOBneHHS! neTeK-

TOpa, ITpH yBenH'ieHHH HHTeHCHBHOCTH C'ieTa no 10 HMIT/ceK 8MITnHTyna CHr-

HanOB H8'iHH8eT IT8A8Tb H ITpH C'ieTe COTeH HMITynbCOB B CeKyHny yMeHbill8-

eTCS! B nec51TKH pa3, 3To 51BneHHe MO)!{HO 06bSICHHTb 6onbillHM BpeMeHeM 

"paccacbrBaHHSI" rronO)!{HTenbHoro rrpocTpaHCTBeHHoro aapSI, ta Ha-aa Manoii 

-4 -1 -1 /17/ 
ITOABH)!{HOCTH HOHOB B )!{HAKOM a pro He ( 2 • 10 B ceK ) , Bo3MO)!{H8 

TaK)!{f! "ra6enb .. 'i8CTH rryahipbKOB rrpH paap51ne. 

HaH6onee 'l:eTKHe peaynbT8Tbi, rroKa3biBaJOII!He B03M J)!{HOCTb rrporropuHo-

HanbHoro ycHneHHSI 1 rrony'ieHbi Ha peHTreHOBCKOM rry'l:Ke ' pHc. 4). Ma pHc. 9 

BHAHO, 'iTO, B8pbHpySI pa6o'l:ee H8ITpS!)I<eHHe u , HeTpynllo rrony'iHTb rrporrop-

UHOHanbHOe ycHneHHe rrpaKTH'ieCKH B n1060M HHTepBane 9IeprHH HOHH38UHH, 

ITpH yBenH'l:eHHH H8ITpS!)!{eHHS! 8MITnHTyna CHrHana p8CTeT, HO HHTepBan ITpo

ITOpUHOH8nbHOrO ycHneHHS! yMeHbW8eTCS!, MaKCHManbH8S! I enH'iHH8 CHrHana 

rrpH HanH'iHH rrporropuHoHanbHoro ycHneHHSI B HaweM cny'i.te cocTaBnl'lna 

4 
60 MB (Ko~~HuHeHT ycHneHHSI 2• 10 ), ITo cpenHeMy KO~~HuHeHTy ycHne-

HHSI, 3H8S! H8ITpSI)!{eHHOCTb aneKTpH'ieCKOrO ITOnS! BHyTpH IT T3blpbK8 H KO~~HUH

eHT ynapHOH HOHH38UHH B 9TOM rrone, HeTpynHO OUeHHTb ~penHJOIO nnHHy 

/18/ 
aneKTpOHHOH naBHHbl H He06XOAHMblH nnSI ee pa3BHT IS! AH8MeTp rry-

3b!pbK8 - 10 MKM, 

Ha pHc, 10 (a) rrpHBeneHa aaBHCHMOCTb aMrrnHTYAII cHrHana A oT 

BenH'IHHbi pa6oqero HarrpSI)!{eHHSI B rrpH paanH'iHbiX naBn• !HHSIX raaa P. 

ITo 9THM AllHHb!M ITOCTpOeHa T8K)!{e 38BHCHMOCTb 8MITnHTy 'lbl CHrHana OT 

naBneHHSI rrpH Tpex ~HKCHpoBaHHhiX HarrpSI)!{eHH51X ( pHc, 10 5). Ma naHHhiX 

pHCyHK8 10 BHAHO, 'iTO 8MITnHTyna CHrHana K8K OT H8ITpS!:KeHHS! 1 T8K H OT 

naBneHHS! 38BHCHT ITO'iTH 9KCITOHeHUH8nbHO, T.e, H B 9TOM pe)!{HMe Heo6xo

AHM8 XOp0ill851 CTa6HnH38UHS! naBneHHS! (TeMrrepaTypb! )!{H~KOCTH) H HaiTpS!-

)!{eHHS!, 
' 
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HaKoHeu, 3aMeTnM, qTo npn nponopunoHanhHOM ycn~eHHH (Koa$$n-

4 
UHeHT pa3MHO*eHHSl 8JieKTpOHOB -10 ) aeTeKTOp o6naaaeT TBK*e aOBOJih-

HO 60JihlllHM BpeMeHeM BOCCT8HOBJieHHSl, TaK, aonOIJHHTeJihHOe o6nyqeHHe 

raMMa-KBaHTBMH 
6° Co npn HH'JieHCHBHOCTH - 100 HMn/ c ?K npnBoanT 

K 10% yMeHhllleHHJO cnrHanoB, 

B. Pe*HM HMnynhcHoro nnTaHHSI. 

OpH o6nyqeHHH KaMepbi ( pnc. 2) peHTreHOBCKHMH 1 MnynhcaMH Mbi 

Mornn noaaBaTb Ha KaToa (ouHoBpeMeHHo nnn c 3auep*loil) oTpnuaTenh

Hhie HMnynhCbi perynnpyeMoro Hanpg*eHHSI, 11MnynhCbi n rTaHHSI HapacTann 

UO M8KCHM8JlhHOrO 3HaqeHHSl 38 BpeMSI OKOJIO 30 HCeK H 38TeM yMeHhl!l8-

JIHCh no 8KCnOHeHUH8JihHOMY 38KOHY C ITOCTOSlHHOll BpeMe~H 0,6 MKCeK, 

0pH 8TOM B K8Mepe HMeJIOCh TBK*e noCTOSlHHOe none -1 KBICM. Pe3yJih

T8Tbl H3MepeHHil npeucTaBneHbi Ha pnc. 11. XapaKTepHag oco6eHHOCTh pe

*HMa HMnyJihCHOrO nHT8HHSl - 60Jihlll8Sl BeJIHqHH8 KDa$$HJlHeHT8 p83MHO*e-

6 
HHSI aneKTpoHoB - -10 • B pe*HMe ynpaBngeMoro HMnynl>CHoro nnTaHHSI 

rrpn E- 1 M aB cqeTqHK HMeeT 100016 a$$eKTHBHoCTh pernc:Tpaunn. 100% 

a$$eKTHBHOCTh COXp8HSleTCSl B TeqeHHe BpeMeHH 38Uep*K 10 He npeBbllll8JO

l!leM BpeMeHH upeil$a aneKTpoHoB Ha npoBonoqHbiil aHou (BpeMSI uperr$a 

perynnpyeTCSI BennqnHofi nocTOSIHHoro HanpSI*eHHSI). ilan~Heilrnee yBennqe

Hne BpeMeHH 38Uep*KH npHBOaHT K 6biCTpOMY CITBUY a¢<1JE·KTHBHOCTH 8H8-

JIOrHqHo COOTBeTCTByJOlllHM KpHBbiM ang 06bJqHblX HCKpOBI IX K8Mep. J13Me-

peHHoe BpeMSI naMSITH cqeTqnKa cocTaBnSieT - 3 MKCeK. E OJihl!laSI BennqnHa 

CHrHana npH CpaBHHTenhHO He60JihlllOll BMITnHTyUe nHT8HH:I CBSl38H8 CO 

cneuyJO!IlHMH o6cTOSITenhCTB8MH. B He6onhlllOM nocTOSIHHo~ none (MeHhl!le 

1 KBICM) H8 noBepXHOCTH nporpeBaeMOll npOBOJIOqKH MorrT cyrneCTBOB8Th 

ny3biphKH cpaBHHTenhHO 6onhlllOro pa3Mepa. B TBKHX ny3b!phKax HMnynhc

Hoe none HHHUHHpyeT pa3pSia C 6onhlllHM K08<jJ<jJHUHeHTOM p13MHO*eHHSl, 
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p,ATAot 5,8 6,~ATI't 

10-1 

A,B 

110 

0 
6 7 

J.C 3,5 ~.o 

PHc. 10. a) 3aEHCHMOCTb aMrrnHTyllhi CHraana A oT aarrpSI)f{eHHSI U rrpH 

pa3nH'IHhiX llaBn ~HHSIX p BHyTpH KaMepblo 6) 3aBHCHMOCTb aMIInHTYilbi 

CHT'Ha;Ia A OT lllBneHHH BHyTpH XaMepbi p IIpH pa3nH'IHhiX HaiipH)f{eHHHX 

aa KaMepe U . HHTb 100 MKM, TOK HaKana 0,3 a, E = I Mas. 
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1 IOO{t 

A,6 

0,5 

s 10 

P1Ic. II. 3aBIICIIMOCTb aMilniiTYJlbi CIIrHana A ( .. , f ) ; 3q>~eKTHBHOCTII 
periiCTpa!Uill peHTr8HOBCKl1X lly'-!eH II IIHT8HCIIBHOCTII UJyMOB ( ~ 1 \J II 

& 1 ~ B %, ll!Kana CIIpaBa) OT IIMIIYllbCHOrO H<>IlpHlK8HIHl U KB 

ToK naKana: .A,~,& - 0,5 a; ·~ \7 7 \I - 0,7 a. E = 1 M3B, 

T = 108°K. 



QqeBH.QHO, 'ITO 3 l BpeMSI ):IBHCTBHSI BhiCOKOBOnhTHOrO HMnynhC8 (0,6 MKCeK) 

KpynHhiH ny3hipeK He ycneBaeT 38XnOnHyThCSI HnH OTOpB8ThCSI OT npOBO

nO'IKH, 'ITO npHBO~HT K 5onhrnoMy ra3oBoMy ycHneHH~. KpoMe Toro, npH 

eme OOnhlliBM HMI ynhCHOM none B03HHK8BT ITpOOOH )l{lfllKOCTH B MB)I{3neKT-

poaHoM npoMe)l{yT Ke. B TaKoM pe)I{HMe pa5oThi .r:~eTeKTOp npespamaeTcSI 

B )l{lf):IKOCTHhiH HCl:pOBOH C'IBT'IHK, KDTOphlH MO)I{BT p800T8Th C 3$$eKTHB-

HOCTh~ 100%, 

B 3BKmo<IeHI e ::~Toro pa3.Qena paccMoTpHM npH'IHHhi $oaosoro cqeTa 

B )l{lf):IKOCTHhlX 3n• !KTpOHHhlX .QeTeKTOp8X, <f>oHOBhl il C'IeT B03HHK8eT 1'13-38 

p8lllf08KTHBHOCTH <:TeHOK If pa6oqeft )I{H):IKOCTH, 1'13-38 KOCMH'IBCKOrO H3ny

'IBHHSI; cyrneCTBBHI hi T8K)I{B CITBUH$H'IBCKHB OCOOBHHOCTH )l{lf.QKOCTHOrO 

geTeKTOpa: H8nH'IH::! B3BBlliBHHhiX B )Kif llKOCTH '18CTHU ( KaK 38pSI)I{BHHhiX, 

T8K If HBHTpanhHhL) 0 nyahlphKOB r838, B .QByx$a3HOM .QeTeKTOpe nOSIBneHHe 

lf!oHOBhiX CHrHanoB B03MO)I{H0 H;":>-38 Kone5aHHH )l{lf):IKOCTH, ITOCKOnhKY B 

)I{H):IKOCTHhlX 3neKTlOHHhlX .QeTeKTOp8X npHMBHSI~TCSI HanpSI)I{BHHOCTH aneKT-

pH<IecKoro nonSI 6o1ee BhlCOKHe, '!eM B ra3oaanonHeHHhlX, ::~To o5nerqaeT 

B03MO)I{H0CTh 3MHC ~HH 3neKTpOHOB C MHKpOOCTpHH, uapanHH H8 K8TO.Qe If T,.Q. 

3TOT npouecc TBM 5onee BepoSITeH, 'ITO p800T8 BhiX0):18 3nBKTpOHOB H3 

MeTanna B )l{lf):IKOC1 h y'MBHhlli8BTCSI no cpaBHBHH~ C p800TOH BhiXO.Q8 B 

/20/) 
BaKyyM HnH ra3 ( .QlSI aproaa - aa BenH'IHRy = 0,4 ::~B • Oco5eaHo 

cephe3HOH npH'IHHOI' $OHOBOrO C'IBT8 B ra30p83pSillHhlX .QeTBKTOpax npHHSI-

TO C'IHT8Th npouecc hl 0 Bhi3hlB8~lUHB nOSIBnBHHB noBTOpHhiX CHrRanoB 

( nocne HMnynhCOB) 1 conpOB0)1{):18~lUHX HMnynhC, HHHUHHpOB8HHhiH .QBTBKTHpy-

BMhlM H3ny'IeHHeM, K T8KHM npoueCC8M OTHOCSITCSI $oTo3$$eKT If Bhiphl-

B8HHB ::~neKTpOHOB npH OOM08p.r:IHpOBKe K8T0):18 nonO)I{IfTBnhHhiMH HOH8MH 0 

8 T8K)I{B MBT8CT80H.IhHhiMH B030y)l{lleHHhiMH 8TOM8MH ( MOneKynaMH), [lnSI 

OOphOhl C 3THMH npll'IHH8MH $OHOBOrO C'IBT8 B ra3opa3pSI.QHhiX Jl:BTBKT0p8X 
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rrpHMeHIHOT racHmHe rrpHMecH. B *HLlKOCTHbiX aneKTpoHI!bJ x LteTeKTopax 

rrpHMeHeHHe T8KHX llpHMeCeH B He06XOL\HMOH KOHUeHTp8UHl 3aTpyLtHeHO, 

ITOCKOnhKy llpH TeMrrepaTypax )KHJlKOro aprOH8 llO'lTH BCe H3B8CTHbie raCH-

WHe rrpHMeCH BhlMOp8)KHBBIDTC51 H8 CTeHK8X K8Mephl H O'l(Hb rrnOXO paCTBO-

pHIOTCH B )KllL\KOCTH. 0LtH8KO, K8K ITOK838nH H8IliH OITb!Tbl, OITHC8HHbJe BbiWe 

JteTeKTOphl ycrreWHO pa60T8IDT H8 aproHe rrpeLtenbHO BhlCCKOH 'lHCTOThlo 

3TOT pesynhT8T nP.rKO o6bHCHHTb. ileHCTBHTenhHO, 'IT06b aneKTpOH CTan 

CB060JlHbiM 1 OH LlO!l)KeH rrpeoLtoneTh llOTeHUH8llhHbl If 6apbe J, Bbi3B8HHbl H 

3!l8KTpOCT8TH'l8CKHM llpHTH)KeHHeM K llOBepXHOCTH TBeprrOrl' Tena (rroTeH-

/20/ 
u11an H306pa*eHHH ) • illHpHHa aToro 6apbepa B apro11e rrpn nann'IHH 

10-6 
CM, 

3 
E = 10 B/CM OKano 5 · Bnewnero aneKTpnqecKoro rronH 

a CB060JlHbiH rrpo6er aneKTpOH8 B )KJ1JlKOCTH llO'lTH B Jl8C' ITb pa3 MeHbWe. 

3na'IHT 8neKTpon, Lta*e o6naLtaiDIUH H neo6xoLtHMOH JtnH rrp ~oLtoneHHH 6aphe-

pa aneprHeH, as-sa pacceHHHH 

HOCThiD BepneTcH na KaTon. B 

38ITOnHeHHOH )KHL\KHM aprOHOM, 

TOK8 B B8KyyMe. 

H8 8TOM8X )KHJlKOCTH C 6cnhWOH BepOHT

/21/ 
pa6oTe 1 H8llpHMep, cj: ::>TOTOK B H'le!1:Ke, 

-1 
COCTaBnHn TOnbKO 10 o· BenH'lHHhl ¢oTO-

0TMeTI1M, 'ITO Jlnll ynyqweHJ.IH xap_8KT8p.llCTJ.IK Jl8T8t TOpOB Mbl BBO-

LtHnH B pa60'IHH 06beM H8KOTOpbl8 llp11M8Cll: BOLlOpOJl, nec H, 830T, MeTaH, 

Lli13THnaMHH (C 2 H5 ) 2 NH • H11 OAHO ns 3THX BewecTB ne .tano cywecTBenno 

ro pesynLTaTa, 3a llCKniD'leHHeM neona. ilo6aBnen11e necna (rrpll ero 

KOHueHTpaullH B rrapax aprona AD 50%) o6nerqaeT pa3Bll'lle paapHLta B 

pe)KJ.IMBX A H 6, 0JlH8KO, 3TOT BOIIpOC Hy)KJtaeTCH B LtanE HeilweM H3y'leHI111. 

4. BosMO)KHOCTll ABYx~a3HhlX 9MHCCHOHHhll 

rrpoBono'lHNx LteTeKTopoB 

!13nO)KeHHbiH BbiWe 3KCIIepHMeHTanhHbiH M8Tep11an II )3BOnlln OU8HHTb 

M8X8HH3M pa60Tbl .ll B03M0)KHOCTI1 3MllCCJ.IOHHbiX IIpOBOnO' :HbiX D8T8KTOpOB. 

0CT8HOBHMC51 CHa'lana H8 B03M0)KHOCTIIX Jl8T8KTOpOB C OI.HOH IIpOBO!lO'lKOH. 
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P a 6 o q a SI >K n n K ocT b neTeKTopa non>KHa ynoaneTaopSITb cneny!O

IIIHM Tpe6oBaHHSIM: OHa non>KHa 6b!Tb UHaneKTpHKOM1 B KOTOpOM MoryT 

CyiiieCTBOBaTb CBOI lOUHbie aneKTpOHbii aneKTpOHbl CII0!::06Hbl 9MHTHpOBaTb 

B aneKTpnq'eCKOM IOne H3 >KHUKOCTH B ra30BYIO cjla3y, M bl IIOKa3anH, 'iTO 

aTHM Tpe6oaaHHSIM ynoaneTBopHeT >KHUKHH aproH, CyiiieCTByeT 6onhwoe 

KonnqecTBo npyrnx >KHUKHX nnaneKTpHKOB ( 6naroponHhre ra3hi, opraanqecKHe 

>KHUKOCTH) 1 KOTOpl re, IIO-BHUHMOMy, MO>KHO 6yneT HCIIOnb30BaTb B 9MHCCH

OHHbiX aneKTpOHHbl X neTeKTOpax IIOCne TOrO, KaK 6yneT IIOKa3aHa B03MO>K

HOCTb aneKTpOCTa1H'ieCKOH 9MHCCHH aneKTpOHOB C HX IIOBepXHQCTH. DoKa 

aneKTpOCTaTH'ieCKlSI 9MHCCHSI 1!:3 >KHUKOCTeH H3y'ieHa HenocTaTO'iHO, II09-

TOMy HH>Ke Mbl 6y.leM roBOpHTb TOnbKO 0 neTeKTOp~x, sarronHeHHhiX >Knn-

KHM aprOHOM1 9MH :::CHSI aneKTpOHOB H3 KOTOporo BIIepBbie Ha6n10nanaCb B Ha -

IIIHX OllbiTaX , 

P a 6 o q H ft o 6 'heM neT e K Top a, CoapeMeHHbie MeTOUhi qncTKH 

aproHa II03BOnHIOT rrony'iHTb rryTb npeftcjla aneKTpOHOB B HeCKOnbKO necHTKOB 

caHTHMeTpOB ( CM, Bbiille), DoaToMy Me>KaneKTpOUHblH rrpoMe>KyTOK uene

coo6pa3HO Bbr6npa rb He 6onee 50 eM, llncjlcjly3HOHHoe pacrrnhrBaane aneKT

poaaoro o6naKa ITfH npeftcjle Ha aaon B TaKoM rrpoMe>KyTKe cocTaBHT 

100 MKM, 

3 H e pre T n ·recK o e p a 3 pew e H n e neT e K Top a, KaK rroKa3ann 

H3MepeHHSI ( pHC. L ), IIpH perHCTpaUHH HOHH3Y!OliiHX qaCTHU, TepH!OIIIHX B 

>KHUKOCTH 9HeprHIC OKOnO 1 M 9B 1 MO>KeT COCTaBHTb OKOnO 10% nnSI neTeK

TOpOB Tnrra 'A n o.wno 20% nnH neTeKTopoB Tnrra E. DoKa3aHa BD3MO>KHOCTb 

rrporropunoaanhHOC' 'H aMrrnnTynhr cnraana HOHH3aunoHHbiM rroTepSIM qacTHUbi 

a nccnenoaaHHOM .marra3oHe E oT 30 KaB no 10 M aa, 

3 cP cP e K T H B I 0 C T b per H T p a U H H pa3nH'iHbiX HOHH3Hpy!OIIIHX qac

THU B yKa3aHHOM ,(HaiJa30He 9HeprHH UOCTHraeT 100%, 
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A M rr n H T y Jl a c H r Han o B rron6opoM pa6oqero HarrpsDKeHHSI MOlKeT 

6b!Tb JlOBeJleHa B mo60M JlH8Ita30He perHCTpHpyeMbiX J IOHH3aUHOHHbiX ltOTepb 

JlO 10-100 MB ItpH 9MKOCTHOH Harpy3K9 300 rr<f> (pHC, 5,6,9,10), a B pelKHMe 

HMrrynbCHOrO ItHTaHHSI - JlO 1 B, 

B p eM e H H 0 e p a 3 p e III e H He Jl9T9KTOpa THrra A ny'!IIIe 50 MKCeK, 

H THita 6 - ny'liii9 200 MKCeK ( pHC, 4), B pelKHMe HMIT~ nbCHOro !1HT8HHSI 

Bp9M9HH09 pa3peiiieHHe MOlKHO JlOB9CTH JlO 3 MKCeK. 

M e p T B 0 e B p eM H ( HnH BpeMSI BOCCTaHOBneJ HH) Jl9T9KTOpOB THITOB 

A H• 6 B 'pelKHMe I1pOI10pUHOHanbHOrO YCHneHHSI COCTai•nHeT COOTBeTCTBeHHO 

-4. -2 
2.10 ceK H 10 ceK, 

B wrefirepOBCKOM pelKHMew MepTBoe BpeMSI Jl919KTOpa THrra 6 yse

-1 
nH'IHBaeTCH JlO 10 CeK, 

D p 0 C T p a H C T Be H H 0 e p a 3 p e III e H He ItpOBO llO'IHOH 8MHCCHOHHOH 

""" KaMepbl 6yneT orrpenenSITbCSI, rnaBHbiM o6pa3oM, pace TOSIHHeM MelKJlY rrpo-

Bono'!KaMH, a TaKlK9 M9lK8n9KTp0JlHbiM paCC'l'OSIHHeM l HOJl-KaTOJl, rrpH npeif

cpe B KOTOpOM aneKTpOHHOe H306palKeHHe TpeKa 6yneT pa3Ma3biB8TbCSI H3-

3ll nH<!><f>y3HH aneKTpoHoB, Dse KOOpJlHHaTbi mo6ofi TO'! m TpeKa MOlKHO Harr

TH c rroMOIIIbiO nsyx rrnocKHX pSIJlOB rrposono'!eK ( rrpo: ;pa'IHOCTb rrposono'IHhiX 

Ill/ 
ceTOK JlnH aneKTpOHOB B lKHJlKOCTH OKOno 30%, B ra3? - 80% ), flng 

OitpeneneHHH TpeTbeif KOOpJlHHaTbi - B HarrpaBneml! 8H9KTpH'!eCKOrO IIOnSI-

MOlKHO BOCITOnb30BaTbCSI H3MepeHHeM BpeMeHH Jlpefi<f>t aneKTpOHOB CO cne

Jlll ao rrposono'!KH - aHona • B asyx<!>a3HhiX lKHLIKOCTI hiX TpeKoBhiX aeTeKTO-

pax, !10-BHLIHMOMy, MOlKHO paCC'IHTbiBaTb HB rrony'leH Ie TO'IHOCTH perHCT-

pllHHH KoopaHHaT cnena OKono 100 MKM, oaHaKo aToT sorrpoc Tpe6yeT aanb-

lleHIIIero 3KCitepHM9HTanbHOrO H3y'!eHHH, 

0TM9THM TaKlKe 60nbiiiOH H9JlOCTaTOK MHOrOitpCBOnO'IHOrO JleTeKTOpa 

- neo6xoaHMOCTb rrporpesa rrposono'!eK, 
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B KaqecTBe rrpJMepa paccMoTpHM B03MO*HOCTb rrpnMeHeHHH *HA-

KOCTHbiX aneKTpOHHbi:; aeTeKTOpOB THITa E tlnH perHCTpaUHll COnHeqHbiX 

HeATpnHo. Tpe6oBaHH~ K TaKoMy neTeKTopy c¢opMynapoBBHhl B pa6oTe 
/2/ r. 3auerrHHa H E. fl 0, ITeKopBO • 

YcTaHOBKa aon>:Ha perHcTpHpoBaTh aneKTpOHhi OT rrpouecca v- {-3 

pacceHHHH ann aneKT JOHhi o6paTHoro 6eTa-pacrrana c aHepraeA- M 9B, 

B *llAKOM aproHe an ~KTpoH c 3HeprueA oKono 1 M 9B HMeeT rrpo6er B 

HeCKOnhKO MM, ilnH f•ITpeaeneHHH TpaeKTOpHH TaKOrO aneKTpOHa HeOeJ-

XOAllMO HMeTb ITO Kp< ifHeA Mepe ABa pHAa ITpOBOnoqeK C paCCTOHHHeM 1\!e*-

ny rrposonoqKaMH S 1 MM (KoopnHHaTa B HarrpasneHHH rronH onpenenHeTCH 

no speMeHH npeA¢a). B cpenHeM Ka*AbiM co6hiTHeM 6yneT 3aneAcTBoBauo 

OKOnO 10 rrpoBonoqeK ( ITHTb ToqeK cneaa) 
1 

9HeprllH HOHll38lllfH H8 KB*AYIO 
;';> 

rrpoBonoqKy COCTaBHT OKOno 100 K9B, TaKaS! 9HeprHH MO*eT g¢¢eKTllBHO 

perHCTpllpOBaThCH, ITfllqeM Ka*AaH ITpOBOnoqKa 6yaeT pa6oTaTb B rrpo-

flOCKDnhKY qyBC"BHTenbHaH qaCTh aeTeKTOpa ADn*H8 COCTaBnHTb He 

MeHee 10 TOHH *HAKcro aproHa (oKono 7 Ky6, M ), o6maH nnnHa rrpoBo

noqeK ( ITpll Me*aneK'IJ?DAHOM paCCTOHHllll 0,5 M) COCTaBHT OKOnD 10 KM, 

Ha rronorpeB rrpOBDnO•:eK ITOTpe6yeTCH MOlliHOCTb- 1 MBT, 

TaKHM o6pa3oM, BHAHO, qTo rrpuMeHeHne nByx¢a3Horo neTeKTopa B 

KaqeCTBe aeTeKTopa leATpllHO B paccMaTpllBaeMOM B8pllaHTe llCITDnHeHHH 

rrpaKTnqecKH oqeHb c;o*Ho, TeM He MeHee ucrronb30BaHHe aByx¢a3HhlX cue-

TeM anH aneKTpOHHOA perHCTpaUllll CneAOB qacTHU H8M rrpencTaBnHeTCH 

BeCbMB rrepcrreKTllBHbl~, B oco6eHHDCTll AnH perHCTpBUHll HeATpanbHOrO 

ll3nyqeHHH, 
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