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JieneJibnneB IO.H. 
PerHCTpaunn·HettTPOHOB. 
CoBpeMeHHoe COCTOHHIIe H nepcneKTHBbl pa3BHTHH 

Pl3-86-719 

lleKUHH npeACTaBJIHIDT co6ofi KpaTKoe 0030PHOe coo6~eHHe no 
COBpeMeHHbJM MeToAaM H TeXHHKe perHCTpauHH HefiTPOHOB. Ha ocHoBe 
KOHKpeTHb!X AOCTHJJCeHHH, IIOJIYti:eHHbJX B 3TOH o6JiaCTH. 3a noCJieAHHe 
5-7 neT, CAeJiaHa IIOIIblTKa BbJAeJIHTb OCHOBHbJe HanpaBnemrn tt oue
HHTb nepcneKTHBhl pa3BHTHH He~TpOHHbIX A~TeKTOpOB. Oco6oe BHHMa
HHe YAeJieHO II03HUHOHHO-tIYBCTBHTeJibHbJM AeTeKTOpaM H HOBb!M nep
cneKTHBHb!M AeTeKTOPaM 3apH)KeHHbIX ti:aCTHU H 'f -KBaHTOB, IIPHPOA- , 
HblM MH perHCTp'aUHH HettTPOHOB. 

PaooTa BbmOnHeHa B lla6opaToPHH HefiTpoHHofi <PH3HKH OIUU1. 

TiepeBOA anTopa. 

Pepyolyshev Yu.N. 
Neutron· Registration. 
Present State and Prospects of Development 

Pl3-86-719 

The reports are devoted to the modern methods a~id neutron 
· registration technique. On the basis of the achievements 
obtained in this field during the last 5-7 years the' attempt 
was made to distinguish the main directions and estimate the 
prospectd of the development of neutron detectors~ Special 
attention ~s paid to the position-sensitive detectors, new 
perspective charged particles detectors and gamma~quantum 
detectors, suitable to the registration of neutro~s. 

The investigation has been performed at the Laboratory 
of Neutron Physics, JINR. 
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I. BBeJieHHe ~ 
MeTO,IJ;R."IIOJIYt{9HHJ'I11 R perRCTpa:!UllI MeMeHTapma: 'laCTmtOTHOCJITCJl 

R liHT8HCliBHO pasmrnamtettca 06.naCTR COBp8M8HHoro·eCT8CTB08H8.HWi.0Co6oe 
M8CTO B Hal 88Hmre.IOT M8TO,IJ;R R T8XHmta.perRCT~ H81Tp0HOB. Bo-IIep
Blll, 8TO CBH88HO C yHHKWWWWI CBOICTBBWI CaMOro H81TpoHa: 'YTO'ill8HR8 
~8M8HT8JILHI:OC :xapaitT8pRCTmt 8TOI 'laCTmtl{.140X8T IIPIIB8CTH K II8p0CMOT
py H8KOTOI)HX lIP~aJILHI:OC IIOJlOZ8Hd COBPEll8HHOI g,illSmtll. Bo-BTOpwt, 
H8itTpoH B HaCTOJllilee BpeWI He. TOJlI,KO 06'!.SKT, HO H ·YHlilB8pca.1u.mdt HHCTpy
M8HT HCCJI8.ll;OBaHRll, HCIIOJil,SyeM!dt B nmpoxol 06.nacTH IIPmtJla.ztHHX 88,lta'l. 
.B-TpeT:E.KX, JIY3HO OTM8THT:E., '!TO IIPOrpecc B T8XHmt8 peI'l!ICT~ H81Tpo
HOB OIIP9.ll;8J.Ili8T He TOJII,KO 8KCII8PlDl8HT~8 BOSMOlKIIOCTH HCCJI8.ll;OBaT8J.Ili, 
HOH 06.nacTh IIPmt.lla.ztHoro HCIIOJil,SOBBHRll HelTpOHOB noo6~e. · 

B 60Jlee, 'l8M IIOJlYB8KDBOI SBOJIJJil~ H81TpOHHHX .ll;8T8KTOpOB .ll;OCTa
TOtIHO 'l9TKO BH,D;8JIJDDTCJl·HeCKOJll,KO STaIIOB, COBIIaJVUJitHX no BpeM8HH co 
CM8HOI IIOKOJl8Hml H8HTpOHHllX HCTO'lllmtOB R a718KTpOHHHX IIPH60pOB: 

I. 1940-1950 rr. \f' = 1a1~- 1014 H/CM2c~> 
HeitTpoHHHe HCCJI8.ll;OB8HHJ'I IIO.ll;'lHH8HH 88,I(a'laM peaKTOpOCTp08HHJ'I. roc

IIO.ll;CTBY8T JiaMIIOBaH aneKTpOHmta. COS.ll;aHH8 Tpa.ll;mtHOHHHX
0

.ll;8T8KTOpOB {ra
sopaspg,!t!mX H C~TWUIIIQROHHHX). :&iCTp0.ll;8ICTBH8 .ll;8T8KTOPOB, orpaaneH
H08 BOSMOlKHOCTJDIH a718KTp0HmtH, H8 HBJIHJIOC!, OlIP8,ll;8JllDlll}IM. IIOJIBJI8HH8 
II8p:BllX IIOSmtROHHO~IJYBCTBHT8JILHI:OC .ll;8T8KTOPOB {IJllIC). 

2. 1960 rr. 'P = 1015 H/CM2c 

_Pacll!Hp8HH8 06.naCTH H8itTpOHHHX IICCJI8.ll;OBaHd. IIOHBJI8HH8 CJIQZIIHX 
CII8KTp0148Tp0B C pasBHTOI .ll;8T8KTH.PYDll81 CHCT8MOit. IIOJIYIIp0BO.ll;HlitKOBH8 
IIPH60pH HCIIOJil,SYl)TCJl He TOJlI,KO .tl,1lSi o6pa60TKII CHl'HaJIOB, HOH .tl,1lSi .ll;8-
T8KTH,POB8HHJ'I H81TpOHOB. IIOBHlll8HH08 6HCTp0.ll;8ICTBH8 3JI8KTp0HHKII orpa
HH'lHJlO IIPlDl8H8HH8 O,IUlll .ll;8T8KTOpOB, H~i.w:ep KOpOHHHX II relrepoBc
ux, H CTBMY~OB8JIO paspa60TKY 60JI88 6HCTp0.IJ;8ICTBYJ]ltlitX. Civ,mTHJIJili-; 
IOIOHHH8 .ll;8T8KTOpH lIPO'iHO BOIIIJll'I Ji 9KCII8pHll8HTa.i:a.HYJ) npaKTEcy'. He:T8H
Cl!BH08 pasBHT118 IJ1lIC Ha 6ase .ll;8T8JCTOPOB Tpa.ll;mtHOHHOrO TIJia. 

~> Cpe.D;HHH llJIOTHOCT!, IIOTOKa ~81TpOHOB,xapa!tT8pBW! .tl,1lSi IIOCJI8~0-
BaT8Jll,CKll peaxTopoB .ll;aHHOro nepHO.ll;a H HCTO'iHHEOB Ha 6ase ycxopHT8-
JI81. . 

. . 
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3. 1970 rr. cp = 1015 H/ CM
2c 

JIIHpoxoe HCII~80BaHH8 H81Tp0HOB B paMH'lHHX 06.nacTHX HayxH H 
T8XHRKH {6HOJlOI'l!IH, M8.ll;mtm8, reOJlOrHH H T.,ll;.). IIIHpoK08 HCIIOJI!,80BaHH8 
HHTer~ MmtpOCXeM B .ll;8T9KTOpBOit 8Jl8KTpOHmt8. CynieCTB9HH08 IIOBH
meHH8 Tpe6oBaaHI K 6HCTPO.IJ;elcTBHJJ H H8,I(9l£HOCTH. Pa8BHTH8 IJ1lIC Ha 6ase 
H8 TOJl!,KO raaopaspH,IJ;HHX, HOH TB8p.ll;0~8Jil>HHX IIPH6opon. 

4. 1980 rr. tp = 1016 H/cM~c 

Il~8HH8 HOBHX THIIOB H81TpoHHHX HCTOtmmtOB H' 6aae yCKOpHT8JI81 
IIPOTOHOB {H~mep, SN$ wm npoeKT ,N Q II). 31a'll!TeJimHI 

nporpecc Mmtp03J18KTpOHmtH. 
B HaCT~ee Bp8Mll 06- nporpecc HayxH H T8XHmtH. oco6eHHO BH

'll!CJIHT8Jl!,HOI T8XHHKH, H8COMH8HHO IIp0HBJlli8TCH H B 06.nacTH perHCTpaIOIH 
H81TpoHOB. B .ll;BHHOit pa60T8 Ha OCHOB8 .ll;OBOJl!,110 pa8p08H8HHOrO DT8paTYP
HOrO MaT8pHaJia, ony6.nHKOBaHHOro sa IIOCJ18,IUIH8 5-7 JI8T, C.IJ;8JI8Ha IIOIIHT
Ka BH,D;8JIHT!, HaH60JI88 B8JEHH8, no MH8HHJJ aBTOpa, oco6eHHOCTJ H H~
JI8HHH pa8BHTHJ'I H8f!TpoHHHX .ll;8T8KTOpOB Ha IIQCJI8.ll;HeM 8TaII8 ~. 

2. Oco6eHHocTR pergcTpam1H·HelTpoHoB. 
HelTpomme xoHBepTopw 

Cpe.IJ;H H8B8CTHHX 8Jl8M8HTapma: '!aCTmt HeitTpOH BH,D;8J.Ili8TCJI lIP8Jr,lt8 
Bcero OTCYTCTBHeM 8Jl8KTPH'l8CKOro aapH..IJ;a ( Gn ~ ro-20 Qe ) ~ 
60Jl:E.ll!HM Bp8118H8M UBHR B CB060.ll;HOl4 COCTOJlHHH {Tl/2 i IO, 7 MHH) H 
HaJIH'llit8M MaI'HHTHOro MOM8HTa. Ilep:eoe CYIIl8CTB9HHO orpaaH'!HBaeT BOSMOJt
HOCT:E._ero perHCTpa:!UllI, B TO BpeMli Kalt BTOpOe CIIOC06CTBY8T el. 

IlpaitTH'l8CKHI HHTepec .tl,1lSi perHCTpaIOIH HeitTpoHOB CBH88H B OCHOB
HOM C IIPOHBJI8HlmMlil CHJI:E,HOro BSaBMO.IJ;elcTBWl H8itTpOHa· (pa8Jilil'lHH8 TBIIH 

·MepBHX pea.KIOII), B 11eH1,mel cTeneHH -CJia6oro BSaHMO.IJ;elcTBM {H~H
Mep, perHcTpaIOIH npoTOHa wm 8Jl8KTpoHa ripH pacIIa.zte cBo6o.IJ;Horo HelT
poaa) H B e~e M8H:E.mel CT8II8HH - 9JI8KTpOMaI'HHTHOrO {H~l!lllep, B8amlO
.IJ;elcTBH8 . He!TpOHa C BH8mHJDI MaI'HHTHJaf IIOJI8M) • Hs-aa OTCYTCTBRll aneK
TpH'l8CROro sapH..IJ;a H8 HCIIOJib8yr:>TCJl JIPHMH8 8Jl8KTp0MarHHTHH8 aqxpElKTH 
(HOHHSalOIH, nepexO.D;H08 H 'l8p0HKOBClt08 HSJIY'l8HH8). 

3E) ·,uim 08HaKOJIIJI8HHJ'I C IIPHHIOIIIOM pa60TH OCHOBHHX Tpa.ll;mtitOHHllX 

THIIOB~8T8~~opoB HOHH8HpYJllt8rO H8JIY'l8HWl MomJO p8KOM8H.ll;OBaT!, .mrrepa
TYPY /'l.,3 ,4/ • 
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~aKTHqecRH ,It8T8RTHpOBaHH8 H81TpOHOB OCYD18CTBJIH8TCH B HSCTD.lillt88 BpeMSi 
JimJll, ROCB8HHHM rryTeM: JIO per.ll[CT~ BTOpH1lllliX JipO.IJYRTOB, o6paayDitHX
CH Jip.11[ B88.HMO,It8ICTBHH H81TpoHa C H.JU)8Ml! H81TpoHHO-aKT.ll[BHOro B81J18CTBa 

(1 

.D;8T8RTOpa. '-' 
Hec.MOTpll Ha IIIHpoRd BOSMolJJIHI .D;lilaJiaSOH peracTpapyeuott aHepr.ll[H 

HelTpOHOB ( o ~ En ~ rn12 aB) , ~ MHOrHX aa.ztaq JipHRJIB,IUioro .II[ 

WYH,D;8M8HT8JILHOro xapaxTepa HCJI0Jlb8YJ)TCH HelTpOHH CpaBHHTeJILHO HH8RHX 
8Heprd ( ~ O+I08 aB) H B OCHOBHOM HelTpOHH co cneRTPOM .D;8JI8HHH 
(~O+I07 aB). Ha OC068HHOCTJIX perHCTpaIOm TaKHX H8!TpOHOB OCT8HOBHMCH 
H8CROJII,KO JIO)U>06Hee • 

IlpH B8aHMO.D;8ICTBHH C B8~8CTBOM HelTpOH MOE8T HCIIHTl:lBaTb'ynpyroe 
WIH H8YJipyroe pacceHHHe Ha JI.IU)8.X aTOMOB WIH B peayJibTaTe 8JI8RTpOMaI'
HHTHOro B8aHMO.D;elcTBHH CIIHHa He!TpOHa C MSI'lUtTH.1,114 MOM8HTOM o_60Jioqeq
HHX 8JI8RTpOHOB. HecMOTpll Ha 60JlblJlYI) lm~Op.faT.ll[BHOCTb Jip0~8CCOB pacce
HHM, ~ perHCTp~H Hcnonayx>TCH TOJII,KO npo~8CCH, H.ztYl!tH8 C .D;OCTa
T01lllO 60JlbmOI Jiepe,n;~qel 8H8PI'RH; l:I 3TO, B OCHOBHOM, pacceHHHe HeftTpO
HOB C 8H8pr.ll[efl; 60Jiee O,I MaB Ha JI.IU)8.X JI8I'RHX 8JI8M8HTOB, OC068HHO Ha 
SI)Ul8.X H80TOJIOB BO,ItOpO,Ita WIH reJIHH. 

Cpe.D;lil H,Itepma: pe~ B 60JlbW8ft CTeneHH BaJIHH Te, B ROTOpwc JiplI 
norJio~eHHH H81TpOHOB o6pa8YDTCH .D;OCTaT01lllO 8HeprH'lllll:8 8Spll&8HHH8 qac
T~. 0.D;Ha.KO B 60JlbWlmCTB8 MST8pHBJIOB saxBaT HelTpOHa JipHBO.D;HT :wm R 
8MHCCRH ¥ -RBaHTOB, WIR K SaJia8.D;l:lBSBlll81 8.MHCCHR /3 -qacT~. 
Ilmnouy B ( n ' ~ )-pearonmx OCTaeTCH npo6JieMa perHCTpaIOm _SJiexTpH
qecxR HeftTpaJILHOI qacT~, a.BOSMOllCHOCTb perHCT~lI S8lla8.D;l:lBSBlll81· 
no OTHOW8HHJl R MOM8HTY 8_axBaTa H81TpOHa /3 -qacT~ ~ MHOrHX aa-

. ,n;aq H8JipH8WI8Ma. 0,D;Ha.KO ~ H8ROTOpHX H,Itep, a HM8HHO Tex, ~ ROTO
PHX .Pa.ztH~OHHHe nepexo,Itll B Boa6y-.iteHHOM KOMIIayH,It-H)Ule BaJip81118HH sa
xoHmm COXpaH8HHH, nepexo.n B OCHOBH08 COCTOliHHe WOE8T IQTII no KaHSJIY 
nepe.n;au 1Hepro oT Sl.zu>a·x a.riexTpoHBM aToMHol o60Jio-«ma (JIBJieHHe BHYT
peHHel·xoHJ1epco). B :ilTOM o.nyqae BEllUIO c.ne.nyD11~e: 8JI8RTPOHH - aapa
&eHHHe·qacT~, T.e. cpaBHKT8Jil>HO .nerno perllCTPH.PYJlTCH II, BO-BTO,Plll, 
IHepru ROHB8pc.iOHHHX 8JI8KTPOHOB BJIOJIH8 JtOOT&TOimA ~ HX perHCTpa
~ (HaJip&ep, ~ 1576d 0,07 f Ee ;E;. O,I82 fl1B). Tew He ueHee, 

·B 60.l[bllllHCTBe c.nyqaeB IIpe,ItJIOqTKT8JILHW P88KIOUI 88:i;BaTa c,o6paaoBSHH811 
He a.nexTpoHOB, a 60Jiee TileJIHX aap,qemna 'UlOT~, TaxJIX, ,HSJipllllep, 
Italt IIpoTOHOB, o( -qaQTJm;, OCRO.UOB J{8.18BJm. -ST.I 'lB.CT~ DeDT 118.JIHe 

·, Jip06&rll .i JI8I'RO perHCTpHpYJ)TCH no DMepeHJID IIOHll3artl)I aTOIIOB TOlJIOSS-:-
1181 cpe,IUI. JleT8KTllp0B8Hll8 H81TpoHa HSUHa8TOJl C wowe!lTa ero BBWDIO
.itelCTBIIJI O 11e111ecTBOJ4 lI 06pa80B8HU He&OTOporo ROJUNeCTBa HelTpa.iu,ma:· 
II (KllJI) 88.pu&HHHX 118.CTJUJ; • .I{a.nee Dp0110X0~'1' p&SHOo6pasmie ~~80CH 
Jip8BPaJ11eHJm CEllllD: qaQTJm; H Jl311eH8l!lllI IIX neprn. B CBJIIH C ITIM pe-
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rHCT~ H8ttTpOHa MOX8T OCYilt8CTBJJHTDCSI Ha pa.3Jllt'llIWC 3TaIIaX 3Toro npo-. 
~ecca H .n;axe no MHOrOCTYJI8H'laTott CX8M8, ec.,m Y'l8CTD, 'ITC OT,Il;8J!liHH8 
3TaIIH MOryT pas,n;eJillTDCSI SHa'IHTElJili!IliMH IJI)OCTpaHCTB8HHHMR Iii Bp8M8HHHMH 
rrpOMeJ!YTKBMH. Tep,mH "HettTpommtt ItOHB8pTop" (pa,IUiaTop, 8MHTTep) Tpa
~OHHO OTHOCHTCSI K B8~8CTBY., B ItOTOpOM rrp01i180011IO BSaHMO,n;ettCTBH8 Hett
TpOHa (norJI0~8Hlil8 WllI paCC8JllJH8),B pesyJlDTaTe ItOTOporo B.!l,Itemt1Ia0D H806-
XO.n;HMaH ~ perHCT~ 8Hepnm. Ha pzc. I B Ita'l8CTB8 WIJIB)CTpaitHH BH
mecxasrumoro rrpHBe.n;eHa CX8Ma OCHOBHHX It8HWIOB BSa.HMO.n;ettcTBHII H81Tpo
HOB C B8~8CTBOM, HCnOJII,syeMWt B COBp8M8HHHX ,Il;8T8KTOpax ~ perHCTpa~ 
~Iii HelTpOHOB CpaBHHTeJIDHO He60~111HX c aHeprzel ( E n ~IOO MaB) • · 

Ha rrpaKTHK8 ~ ,Il;8T8KTHp0B8HHII H81TpOHOB zcno~syllTCSI CpaBHHT8J!D
HO H860JII,W08 'IHMO "npzro,ItHHX" THnOB H.n;8pm[X pe~ Iii COOTB8TCTB8HHO 
KOHB8pTOpOB. IlpHM8H8Hlil8 KOHB8pTOp0B B np~e nOBBOJ.Ul8T lilCnOJII,SOBaTD 
~ perncT~ H81Tp0HOB um:poxd Mace ,Il;8T8KTOp0B lilOHlil8HpyDl(8ro HS
~qemm, HanpHMep ,Il;8T8KTOpOB sapazemmx 'laCT~ Iii t -KBBHTOB. 
0.ItHa.ItO BB8,Il;8HH8 ItOHB8PTOp0B B pa60qyl) o~aCTD MHOrHX ,Il;8T8KTOp0B H8 
Bcer.n;a BOSMOJIHO WIH He ,D;aeT OlUJ,D;aeMoro ajl\pexTa. &ro 06CTOJiT~CTBO 
CYilt8CTB8HHO orpaHH'IHBaeT Henocpe.n;CTB8HH08 zcnOJID80B8Hlil8 ,Il;8T8ltTOp0B 
sapimemrax 'lacT~ Iii ~ -KBBHTOB B H81Tp0HHHX lil3M8peH:wlX Iii B TO ze 
Bpewi: CTBMyJmpyeT paspa60TKY "'IRCTO" H81TpoHHHX ,Il;8T8KTOp0B. TEIM He 
M8H88 CYilt8CTByD!tlt8 Baplil8HTH H81TpoHHHX ,Il;8T8KTOp0B Bcer,D;a co.n;epzaT 
KSKOl-,J.Di160 ROHB8pTop,ItOTOpHI mtor,D;a MOZ8T CJ!YDTD Iii pa6011el cpe.n;ol 
,ll;8T8RTOpa. 0.ItHBM 118 rJIB.BHHX ~TOp0B, onpe.n;8JIJlllJUIX :BH6op ROHB8pTOpa, 
.IIBJill8TCSI a<IqleKTHBHOCTD (Bepo.ffflrocTD) perHcT~ HeitTpoaoB. B rasoBux 
ROHB8pTopax (B OCHOBHOM lilCnOJll,BY8TCJ! ras ¾e . nplil p ~ 15 am liWI • 

IO BF 3 rrplil P ~ 3 am) ~RTHBHOCTD per.He~ aelTpoHOB ( 6 ) 
CYilt8CTB8HHO BHIII8, '18M ~ TB8p.ztOTem,ma:, TOJIDUma KOTOpHX orpaHH'l8Ha 
wnmott CB060.ItHOro rrpo6era sapimemmx -CW.CT~ (I+I5 MRM).- Ha PHO. 2 
-~ npBMepa ttpe.D;CTaBJieHa SaBHCBMOCTD . 6 ~ ¾a H 10BF3 -
JtOHBepTopoB o7 BeJIH'llilHH X • ,J:taBJieHHe rasa(a'l'II) x TOJIIIIIHa (CM)x 
x An (i) / 5 • Hanp&ep, 80%-A ~TmmocTH B ¾e cooTBeTCTBYeT 
I= 21 H 30 ~ IOBF3 • .a,ra cpam1ea:w1 rrpne.iti:IM pacqemyD ~x
THBHOCTD .n;BYX TBep.zto:rem.ma: xoHB~r.poB 10:e, 6LL , umpoxo zcnOJII,-
syeMHX B COBpeK8HHHX ,1(8T8ltTOpax : 

6=i(1-e-~d)(1+~)-~, d?~, 

r,D;e z, - Maxpocxomnecxoe · cnamre nor.11011teHHII HSIT.POJIOB, 
Q - TOJIDUma ROHll9l)TOJ)8. _nag An :::z I A: 

6 c10i3> ~ 3--4% npa d = 3,8·ro--3 • 
8 <6LL) ~ I% llPJI d = ro,9-ro-3 •· 

8 

&(¾)so 

60 I § A 

40 I ,'/ I I I I I 

20 I JJ I I I I I 

0 20 40 60 80 
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PHc.2. 3pl)eKTHBHOCTD € 
3He Iii IDBF3 -

rasOBl:lX KOHB8PTOPOB B 
SaBHCHMOCTH OT SHa'l8HWI x. paBHOro npOH8B8,Il;8HHD 
.n;aBJieHHII rasa (aTM) Ha 
TOJilllHHY rasoBoro MOIi 
(CM) H ~~ BOJlHH Hett
TpOHa (i) /. 

OmeTHM, 'ITC 3qxll8KTHBHOCTD ra.ztOJimiHeBHX KOHB8pTOpOB / 6/: 

6 · i SLec<d( 1-e (~-o<)d)/(2-o<\ 

· r.n;e o( - K03qqi~eHT 8KpaHlilp0BKH, $ - 'IHMO ROHBepcHOHHl:lX 8JI8RT
pOHOB, Hcnycxaewa: npH 8.n;HHH'IHOM 38.XllaTe aettTpOHa, sHa'IHT8Jll,HO 60~
me Tlilnll'IHOI sqxlJeRTHBHOCTlil TB8p,Il;OT8JIDHHX ROHB8pTOpOB Iii nO'ITlil C~HHMa 
c a@?eRTHBHOCTDD rasow· Tax.~ B8J!lil'IHHH 0( = 2,07·I02 MM-I, on
p8,Il;8J!8HHOtt B pa60T8 / 7 

t . 8 ( 157 Gd ) ~ 30% nplil An = I t 
Ha BOsMoimocTD /i:cnOJiisoBBHWI Gd -KOHBSPTOPOB o6paTWIH BHHMBHHe 
e~e B 1939 r~ 81, HO npa.ItTnecxze BapHBHTH 6d -.n;eTeRTOpoB (He 
lp()TOr~iI'18CKOro Tzna) nOHBWllICD TOJll,RO B nOM8.ItH88 Bp8Mll, IlpeHMyllle
CTBO 6d -ItOHBepTopa oco6eHHo IJI)OJlBJifISTCH B nos~oHHO~tzyBCTBHT8JID
HHX ClilCT8Ma:x:, B ROTOPlil Rp0M8 BHC.OXO.tt aqqieitTHBHOCTlil H806XO.n;HMO o6ecne'
'IHTD MWIH8 npo6erz BTOpiI'IHHX sap!Il!emmx 'laCTim. 

Ilpz pa60T8 ,Il;8T8KTOp0B B peJEHMe HSM8p8HIDi cpe.ItHero TOKa B lilHT8H
CHBHHX nOJIIIX H81Tp0HOB (nplil d:,·'f) 2 3-ro-9 c-1, 60JIDmoe saa
'18Hlil8 rrpzo6peT8.DT .n;8JilmllileCSI "HeBlU'O~e" ,D;Byx: 235U - 238U , · 
239 Pu - 238 u , 233 u - 232Th , 235 u - 232Th z TpexxoMIIo
HeHTHHe ~ 5 U - 232Th - 238 U KOHB8pTOPH /IO• II/. B TaRHX XOH
B8pTOpax YJ,18HDm8Hlil8 lilCXO.ItHOro 'IJICJia aTOMOB .D:eJIJmtlilXCSI 3Jl8M8HTOB ROM
neHClilpY8TCSI o6pasOB8Hlil8M no ~eno-cnte ~OaRTHBHHX npeBp81118mdt HOBHX 

.n;~~ 3Jl8M8HTOB (sa C'l8T SaxBaTa !Qm8Mlil HettTpoHa Iii /3 -pacna,Ita 
a.n;ep; 2. 2.T h --4--233 U 2.3e U-l.:59 Pu>. 1- .. 

. , 
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lJyBCTBHTeJll,HOCTI, xaM8.IJi C TJ)8DtOMIIOH8HTHHM ~aTOp014 pru3Ha 

2 (t.) = A· (6sNs+<63Na+Js Ns), 
r.Ile J!lJ,lte1tc 5 omocHTCH x 235 U , a 3 Iii: 9 - x 233 U Iii: 239 Pu , no
~cs: Iii:~ 

232Th H 238 U , ltOTOp.!;lM COOTB8TCTBym HH,Il8KCH 2 
Iii: 8; -f: - BpewI. Sa.ztaqa CBO,IlHTCJl 1t OTHCltaHHD Ta.Kill OTHOmeHmt Haqan1,

HO:I xomteHTpaztmt SI.Il8P R2= No2/Nos H R.s= Noe /Nos, 
npH ltOTO,PHX e (-C) Ham.leBI,IIIBII 06pa30M OTJmtla8TCJl OT Cp8,Il!I8:I! 
qyl)CTBHT8Jll>HOCTH 1 t d 

'2 = t J z ('t:} 1:. 

IH .j ~ ~1a15 H/c0c uoae~ 6HTI> HcnOJI1>soBaHa, HanpHMep, cMec1, 
5LJ : Zfh : 238 U = 1:48:22. IlOJI8SHOCTl> TSltHX paJUta.TOpOB oqe

BJOtE[a, no T0'4HOCTI> pacqeTOB R 2. H R 3 B HacTOJDll88 Bp8Mli 
orpm1aqeua, a npa.KT}Iq8CltWI peanH&aitHJiTa.Klll ltOHB8pT0pOB saTpy,Il!IeHa, 
noq811f OJm H He Hamtm 81118 m:apoxoro npHMeHeHWi. Kpoue Toro, Hcxo,Itllldt 
COCTaB TamlX ~aTOp0B 88.BIICIIT OT Cil8ltTpa HelTpOHOB. . 

,nmI ,.Il8T8ltTOp0B C 3ire-ItOHB8pTOPOl4, HM8DqllM BHC01t08 Mlil:ltpOCltOnHqec
xoe C81I8HJl8 IlOClIOll{8Hmi TenngBHX H81TpoHOB B peaxwrH. 3ire ( n I P ) 3H 
(mmpoep, npH An= l A 6f = 3000 6a,PH), sBMemoe BaropaH11e 
3ne Hac-rpaeT µ8 npll l/J ~ IO H/CM?c. lJaCTH'llIM KOMII8HC~ BH
ropaHJil'Jl "He OCYJ!l8CTBJ.Ul8TCH "aBTOMaTllll8CKH", IlOCKOJII,Ky npH /3 -pac
lIS,It8 TPHTllll 3g .-..3ne + 13 CT11z=l2,35 JI8T) "q:HCJIO aTOMOB 3Iie qaCTJlq
HO BOCCTaHawnmaeTCH, 0.IlHBltO AllJl IlOJIHOI ltOMil8HCaJ:tHH BHr0paHHli npH sa

,IlaHHOM .VJ Tpe6yeTCJI n,q~as: ItomteHT~ TPHTHli N 3H , y)ioB-
JI8TBOp!lllllBJi COOTHOmeHHD l : , 

r,Ile 

NHe _ A 
NHe+N3H 

A - nocTOlmHM 
J\ +csalf , 
/3 -pacna.ita 3H. 

TaxBM o6pasw, q}ICJIO TmIOB H81TpoHHHX ItOHBepTOpOB Il0CT8Il8HHO 
YJ18JD111HBaeTCJl, XOTJl H JilM88T 8CT8CTB8mndt Ilp0,Il8JI. ;B TO ll8BP8Mll xapax
T8pKCTJilKll HOBHX XOHB8PTOPOB OT:paaal)T 06!11YD T8H,Il8HIUD>: TIOJIH88 peanHso
BaTI, BOBIIOlEHOCTH ,Il8T8XTOp0B B BHT8HCIIBHHX IlOJIJIX H81Tp0HOB H npH 3TOM 
o6ecnegTI> m.tcoxoe npocTJ)aHCTBeHHOe paspem0H11e. 

3. TmmWPfpI 13 pa8BmOI TPf\RW9HIP#J yeTO,IIOB 
D8I'BQTP&QPI B8ITOOHOB 

B 1930-50 IT. 6WIJI paspa60TaHH pas.l[lllJHH8 THIIH rasopaspg.nma: .Il8-
T8ItTOp0B, a B 40-70 IT. - CIOIHT~OHHHX. B HaCTOJDlt88 Bp8Wi 3TH ,u;e-

IO 

.T8KTOpH'JIBJIIDlTCJl OCHOmwr.m: npH60p&m .mo6oro 3KCilep:eM8HTaTopa.'KaKHe 

Ee OC068HHOCTH B 3B0.lllll0im 3T!ll T~OHHHX .u;eT8KTOpOB MOl!HO OTM:8-
THTI, B HaCTOJD1188 Bp8Mli? 

3. r. rasopasrurn;iurn neTexToDH 

. K naqa.zry 70-x ro.u;oB lICilOJII,SOBaJmCI, H8ilTpOHHH8 ,tJ;8T8KTOpH, pa6oTa
DltH8 B HOHHSaJ:tHOHHOM, nponOP@OHalll>HOM, reArepOBCltOM, HCKpOBOM Iii: KO
p0HHOM pemwax rasoBoro paspil.Ila. CTpm«epmtlt p8lltHM rasoBoro pas~a, 
,tJ;OCTaT0'4HO lllHpOKO npHMeHJieMH:I! B 'l'p8KOBl:lX ,tJ;8T8KTOpax SaplDlemna: qac
THIJ;, B H81Tp0HIDDC HSM8p0HRJll npa.KTHqeCitlil: H8 HCilOJII>SY8TCJI - AllJl H8Il0-
cpe,u;cTB8HHOil: perlICT~ H8ATpOHOB CYJ!l8CTBYJlT 60JI88 np0CTH8, Ha,D;8l!HH8 
lI 60JI88 y.u;o6Hae ,tJ;8T8ItTOpli. 0,Il!IaitO B Cil8~8Jil>HHX sa.u;aqax, HanpHMep B 
sa.u;aqe Cil8KTp0M8TpD BTOpR"llllDC npO,D;yXTOB H Jil:CCJI8,D;OB8HHH pe.u;x~ ~eax
IOII c He!TpoiiaM11,0Tpm1epHHe .u;eT01tTopa, xax noxasaHo B pa6oTe 1 I, 
MOryT ycnemno KOHitYPlq)OBaTI, C .u;pyr:rpm ,tJ;8T8KTOpaMH. 

C IlOBHIII8HH8M 6HCTpo.u;eAcTBWi M8JIOmyWIIItel Mlil:Itp03JI8KTpOHHKH HaH60JII>
mee pacnpocTpaH8Hlil:8 IlOJIY'llJJIII ,tJ;8T8KTOpH, .pa60TaJDlltlil:8 B HOHHSaJ:tHOHHOM ll 
DpOTIOP@OHWil>HOll peUMax.Orut 0680Il81lllllSDT CKOpOCTl> 01I8Ta ,D;O,., 107 m,m/o, 
xopomee- eHepreTnecxoe paspemeBKe .u.na BTOPJcI'lllIHX si;ipmteHHHX 
qacTmi; ~5% lI .u;ocTaTO~ AllJl Ha,ll;6lKHOA'per:acT~ HelTpOHOB 8Mit7III-

TYlJY CHIH8JIOB. :SOJU,moe np8m.fYllt8CTBO lJIJ,Ur HX .. OTHOCHT8J.[l>HM 
npoCTOTa H Ha,D;8lltHOCTI,. 

3.I.I. rasowe .1(8T8KTOpli B IIOHHSru:tHOHHOM P8lltHM8 

PaCCMOTplBI BOSIIOEHH8 TIYTH COB8pm8HCTBOB8Hmi 8Tlll .1te:re1tTOpoB. · 
B HaCTOJDll88 BpeMJI npHSHaHO, qTO A1IJ! OilTHManI>HOro HCilOJU,SOBaHKfl HOHK
s~omna: ,tJ;8T8ltTOp0B H80~XO,Itlilll0 .u;8CTaTO'llIO 60JI1>moe ,tJ;aBJI8HH8 rasa ll 
MaJIH8 148"3JI8KTp0,Il!IH8 paCCTOJIHKfl :iE • 3jK ~0,10,l MOZHO Il~q}ITI, H8DO
cpe,u;cTB8HHO HS HSB8C'l'HHX pa60T :Soyra l H .1IanCJI8JI /l5 • Ha npaltTlIR8 
iTK yc.nOBllll o6aimo JI8I'It0 peaJIHSYJ!TC.ll (oco6eHHO npK peracT~ OCKOJI
KOB .u;eJienu~ y xoTopax q E:f /d X "-' 'l.J' , r.u;e .13' - cxo
pocTI> OCKOJIIta). TaxH14 o6pasou, B xaqecTB8 OCHOBHOro OilTBYllSHPYDil8I:0 . 
napaweTpa .u;eT01tropaocTaeTCJ1 HB110H8HKe cocTaBa raaoBoA CMecK. Heo6xo
.u;HM iJI8ItTp0IlOJ[ODT8Jll>HHA COCTaB BHCOKOI iJI81tTpzqecxol npo1llWCTII C BH
coxol CK0p0CTI,D ,Iij)8illpa 8~8XTp0HOB II uaJlHM aTOMmDI HOM8p014 (nOCJI8.IlH88 
H806XO,JOD40 .Al!Jl YJ18Hl>fil8HWI liYBCTBKT8Jil>HOCTH X ~ -qiony). B HacTOJDll88 
BpeMJI HWI60JI88 nepcn01tTHBHOI CM8Cl>D .Al!Jl .u;eTeKTOpOB C TB8RJl;OT8JILli!D4 

E)B CJIYqae perJICTpalUIH IlOTOita H81Tp0HOB. ,uim Cil81tTp0¥8TpHH BTO
p1AHHX-sap1Dtemrax qaCTHIJ; xpKTepD BH60pa OilTHl&ILlll>HHX napaweTpoB ,tJ;8T8K
TOpa BHH8. 

ll 



0Ill9 B03MOlKHOCTI, HCIJOJII,30B8Hllli "lllCTO 8JI0KTpOHHOi! ROMlIOH0HTH TOKa, RO-
. TOpali corJiaCHO / 251, MO.llt0T ,Il;OCTHraTI> ~ IO% Boero TOKa npH AID!TeJil>HOC
TH ~ I0-

9 
C. 0,Il;El8lt0 ,wIJi MHOr.HX Sa,n;a-q, pema8Mlil C IIOMOilll>lO np0IIO~O

Ha.1Il,HHX .n;eTeKTOp0B,T8ltOe 6HCTpo,n;ei!CTBHe 06H'll!O He Tpe6yeTCH, T.K. ¥e
onpe,n;eJieiHHOCTI, MOM8HTa IIOJIBJI0Hlili CaMoro HMnyJII,Ca COCTaBJmeT 0~2 ... 
- IO MltC li'I 60Jiee (oHa onpe,n;eJIJieTCII BP8M8HeM .zu>ei\q>a nepBRtmia: 3JI8K

TPOHOB R BHO,ny). TeM He M0H88 ¥J;OAOJillta8TCII IIOHCR OnTHMaJil>HWC, e11le 60-

Jiee "6HCTPHX" rasoma: CM8C8H / / H HOBHX ROHCTPYRTHBHHX pemeHd. 
Ilpm.1epoM HeTpa,n;~OHHoro no,n;xo,n;a R KOHCTpYltI{Im C'i0T'illlta MO.llt8T 

CJIYllUITI>;rsoronpoBOJIO'llIHi! ,D;HaJieRTpHqecxd .n;eTeKTop, npew:roxemmi! B 
pa.60T8 

261, KOTOpai! npn HaJIR"lllH KOHB8pTopa MO.llteT ncnOJII,SOBaTI>CII ll 
Kalt H8i!Tpommi! ,Il;8T8KTOp. Ilpmnum ero pa60TH nOKa38H Ha pnc. 3. Ilpo
CTp8HCTBO Mellf,ey' MeJIKOCTPYRTYPHOi! ceTRoi! (KaTO,Il;OM) ll napaJIJ.[8.I[:bHl,lM ei! 
aHo,n;oM sanoJIHeHo nop11cTHM .n;HwreRTpmtCM 11s cs 8 c IrJiomocTI,10 
I-2% OT IrJIOTHOCTH MOHOKpllCTBJIJia. 06pasyewe B ,Il;HSJieKTPllKe npn B8al!IMO
,n;ei!cTBHH C HllM nepB.H'llIOi! sapiDlteHHol 1:lacTm::tl,l O -aJieKTPOIDl ycxopa:
IOTCH B nopax H, CTaJIKHBWiCI, co CTeHKru.m nop, BHSHBaIOT BTOPll'llIYJO 8JieK
TpOHHyIO 3MllCClm. .EcJra KOaqq>muteHT &WICCHH 60JII,me e,D;HHm::t1,1, ,Il;OCTHraeT
CII pa8MHOZ8HHe 3JI0KTp0HOB. He,n;ocTaTOK - CTa6HJII>H8J! pa60Ta BOSMO.lltlla 
TOJII,KO ~PH nepno,Il;ll'ieCKOH no,n;a-qe ,n;enOJISipHSYDI1ero·o6paTHoro HaIIpa:liteHWI. 

IiaH60Jiee CYilleCTBeHIDle ,Il;OCTD0Hllll B pa8BRTHH npono~OHa.l[I,HHX ,n;e
TeKTOpOB /OJ!Y'iw B lpli8HK8 BHCOKWC 8H8prd. HanpHMep, B np08KT8.X ,n;e
T0KTOpOB 

27 
• 
28 

"lllCJIO llHlpOJU~Ommx np0BOJIO'i8K ,Il;OCTHraeT ~200 000, 
a I!JIOilla,ll;I, nponOpIOIOHa.lII,HHX KaMep ~ 6000 M2• B H8ITPOHHOI lpll8llK0 , no . 
Tpa.itm.:(Hll 38HBMaDl!8ICH HelTp0HaMH CpaBHHTeJII,HO 11H860JII>IIIHX" :meprd 
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Pac. 3. Ilpmnv,tm18Jiir
Hoe ycTpolCTBO r.moro-. 
IlpoBOJiotmoro .n;HaJtex
TpIDiacxoro ,n;eT&JtTQ-

·. pa/26!. I - KaTO,Il; 

2 - auo,n;, S =2x4 a2. 

. l 

1, tn 
r- f'f~:z_:~jz~~zzz 
I . (~ J • • • a • • • • • .• 
X .g +BH-

1~ (t I • • o • • • o • o 

fnnnnnnn 

y 

--- 3 
X 

t0 1 
,12zzzzzzzGzzzz1 

r ;~'; :~J.H.s1~ 
,. • +BH ~ ..... l!i1 
~Wm 
lJJllJ 7 ))))/) 

'Pac. 4. IlpHMep KOHlpHrypawtli 8JI0KTPO,D;OB 'JJJ31X npono~HO
HaJII,HHX KaMep / 5/: a) I8xI8 CM2, 6) 5Qx50 CM2 • 
I - BXO,Il;EIOe OKHO, 2 .:_ CT0KJIOirJiaCTllK, 3 - aHO,Il;. 
PaspemaJlll!WI cnoco6HocTI> no xoop,D;HHaTe paBHa I,30 MM. 

( E n ~ I50 MaB) ' KJiaCCJi'l'i0CKlle opTorOHaJil>Hlie' npono~OH8JI1,).!li0 vaMepa 
H8 HammI umpoxoro npHMeHeHlltli, :X:OTJl llHOr,n;a ·ll llCnOJII,SYJOTCH / 5 ' 29 • 
HeKOTOpHe BapllaHTH Talt.HX KaMep C:X:eMaTH'i0CKll IlpHBe,n;eml Ha pHC. 4. 

· B 60JII,DmHCTBe CJIY1:laeB, -Ha.npHMep. npn Hsy1:1eHHH ,D;Hlppa.RQHH HeilTpOHOB, a 
Talt.llt8 B paBBHBaJlllei!CH 06JiaCTR HeHTpOHHOI TOMOrpalpHll,Heo6:x:o,Il;llMH .n;eTeK
TOpH TRIIa "6aH8H" HJIH BHII~erse B IIOJIJlp!iOff ( "t, 1 (y ) HJIR e1pepa1:1ec
KO:I!: ( 6 1 lf ) reOMeTpWDC 5 • 0rpaHHtmBallijHM lpBltTOpOM B paspa6oTKe 
Ta.Kill ,n;eTexTopoB J1Bwrac1,'CJio.lltllocTI> we reOMeTpRR H 60Jiee CJIOZHaa: no 
CpaBH8Hm:l C aHBJIOrR1mHMR ,Il;8T0KTOpru.m sapa11teHHHX 'iaCTim TemoJior:wi: RB
roTQBJI0HJm. B STO:lt CRTY~ npe,n;CT8.BJIJ18TCII Ba.lltHSM pesyJII>TaT pa60TH /30/ 

, no 003,Il;8HHIO ){8T8KTOpa C BHO,D;HOil HRTl>IO, YltP0IJJI8HHOi1 Henocpe,D;CTBeH
HO Ha IIOBep:mOCTJil RSOJUITOpa. 0TKpHBaIOTCH B03MOJIHOCTR C03,Il;8Hlili npOIIOp
I{ROHBJil>HHX ,Il;8T0KTOp0B npaltTR'ieCKll JII06oro npO!pWI.ll. Ilpa 8TOM CYill0CTBeHHO 
nommiaeTCH Ha,ll;SlEHOCTI, Jil·Te:mOJIOrR'll!OCTI, Taxoro .n;eTeKTOpa. 

Pacump~HR8 e1pepa npaxTR1:18CKOro IIPBM9H0Hllll HeilTp0HOB CTJD4YJWpy0T 
paspa60TKY R HCCJI0,Il;OB8HH0 npOIIO~OHaJI.1,HHX ,Il;0T0KTOpOB, rs60T8.l0Ill.HX B 
IIIRpOKOM ,D;HanasoHe TeMIIepaTYP ( OT KpliloreHHH:x: ,Il;O + I5o0c 3I/). TaxHM 
o6pasoM, B sa,n;a-qe perRCT~ HeilTpoHOB BOSMOJEHOCTR npono~OHaJil>HHX 
,n;eTeKTOpOB ,Il;BJI0KO 0Ill9 He RC'i0PII8HH. 

• 3. I. 3. HoBae Tllllli rasopaSpH.1l;lllll ,Il;0T0KTOPOB 

B IIOCJie,Il;Elee BpeMll 60JI1,moe SHa1:1eHae np1106peTaeT YM0HI>meHHe MaTe
PllaJII,HHX aaTpaT H BpeMeHR, Heo6xo,Il;llMWC Ha no,n;roTOBKY R npoBe,n;eHHe 
8KCIIepma:eHTa. at4>eKTli'IBHOCTI, axcnepBMeHTaJII,HliX pa60T CYill0CTB8HHO IIOBH
maeTCJl.npH HCllOJU,SOBaHD cacTeM JlOrR'ieCRlil R ~OHBJII,HO yHRlpRI{lilpO-
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BamIHX npu6opoB. HcnOJII,30B8HR8 YHRq>llpOBamrott CRCTeMH 'A8T8RTOpOB MOllt8T 
'AaT:r, BaRrpmu, BHaJIOrll"m!nl npRM8H8HHB:l CRCT8Mll KAMAI{ B ll3M8pRT8JII,HOI 
T8XHRK8. IT8pB1i maroM B 3TOM mUipaB1I8Hllll MOlltHO c·'illTaT:r, C03,It8.HR8 CTpli
M8,PHWC Tpy6oR 32•33•34/. C§14orac.fI!Ildca CTPRM8pmtll: pasPH,It 6wi: llll:T8p
npeTRpoB8' 811l8 B 1937 r. / 351, HO 'A8TBJWIO RCCJI8'AOB8H JllllllI, B 1969-
1978 rr. 35

,37/. B HaCTOJilll88 BP8M!l OH npmm:T Rax 811!8 O'Ami: peZRM ra-
30pa3pg,IJ;Horo 'A8T8RTOpa (CI'C-peZRM). B CI'C-p8lltllM8 KaTO'AOHanpaB.llemme 
C.TpllM8!)H, B03Hmtamtn8 B 3JI8RTp00Tp~aT8Jll,HOM ras0, pacnpOCTpaHJUJTCJl 
B'AMD cwroBWC mmd no.na: R, non~aa B o6JiaCT:r, OJia6oro nOJm B6JinsR Ra
TO'Aa, raCJlTCJl. Pa60T8lO!IilI8 B CI'C-pElltllM8 cqeTqmcR (CTPBM8p!IH8 Tpy6RR) 
npOCTH B R3rOTOBJI8Hllll, l'IM8JOT Bl,ICOXYJO CTa6RJII,HOCTI,, 'AOnyCKaJOT JIJ06YJO 
ROH\Pl:II'ypazum RaTO'Aa(npii IlOCTOJlHHOM c0qeHe). Il03BOJI/IIOT :a:a 30% YMe:a::r,
lllllTI, CTOBMOCTI, 3JI8XTPOHRKR R 0T'A8JIRTI, 3Jl8M8HT C'illTHBamm OT BaCOXO
BOJll,THOff 30Ha, T.8. 'AOCTaTO~O npoCTO P8aJIR30BaT:r, Il03~0HHO-'CJYBCTBR
T8JIDHaff p0l!WM. B:l,zt8JIRM DJiaBHa0 xapaxTepRcTmcR Taxoro cqeT'illKa: 

- TOR Ha 2 IlOPH,I{Ka Bmtl8, q9M B npono~OHaJIDHOMpeZRMe ( I0-3A), 
- CROPOCTI, cq0Ta 3•106 BMn/c, • . 
- ME:T8JII,HOCT!, BMnyi:r,ca 20f.200 HC, 
- H83aBRCBMOCTI, TORa OT nepBR~OI ROHR3ar(lm. 

Tmm,maa XOHCTp~ cqeT'illKa np8'ACTaB.7l8Ha Ha PRC. 5. lityTpll 
nOJm:IJiopH,D;Hoff WIK M8TaJIJmq0cRol Tpy6xR npswoyrOJimoro WIK mroro c0q0-
H1m: (9x9 MM2) HaTarmiaeTCJl TOJICTaJl 8HO,ItH8Jl HHTI, (p 50-100 MIW)f28,3~ 
lsyTpelIHSlJl qacT:r, Tpy6RH noRpw3aeTCJ1 P83HCTHB:a:OI xpacxol, a C'iRTHBaD
lllH8 iJI8KTpo'Al,I, OHR MOryT 6HTI, JIJ06ol ROH\PHry~. pacnOJiaraJOTCJl :a:a 
0,ItHOI RS BH8111HHX CTOpoH. Hs OT'AeJWIHX Tpy6olt C06Hpal)TCJl 'A8T8RTOPH 
60JIDmol Il1IOlll8.IOI. EcJm CI'C-peDM B 6Y'AYll!BM y'AaCTCJl pewmsoBaT:r, c HRT:r,JO, 
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P.llc. 5. CX8MB.Til1i8CR08 
HS06paJte)'[H/8 CTpHM8J;EOI 
Tpy6RH / 34 • 
l - Ilpo',PWIJ, , 2 - xpmu
xa, 3 - a:a:o,ItHaa npoBo-. 
JIORa, 4 - ROHTelHep, 

· 5 - BH8111!1d a/18ltTp0'A. 

YKP8I1j8~01 Ha Tpy6R8 (Rax 3TO yze C'AElJiaHO 'AJlH nponOpIUIOHaJ!DHOro p8-
l!WM8. 30 ), TOr'Aa OTRpODTCJl YHmtamdme BOSMOlltHOCTR B C03'A8Hllll npOCTHX 
'A8T8RTOpOB CaMOI ·CJIOZHOff ROL'q,~. 

CTpl!lM8p!IH8 Tpy6RH - 'A8T8RTO!)H sapmKeHHHX qacT~. B !IX COCTaB8, 
TaK ze,xax ll B COCTaBe xcnooµ,syeMWC B"HWC rasOBWC CMecett,OTOYTCTBYJ)T 
"npRrO,ItHH811 H8ffTpOHHO-aRTHBHH8 iJI8M8HTH, a o6HqH!,!8 qioJI:r,roBae ROHB8p
TOPH RM8lDT MaJIYI) a<MBRTlmHOCTI,. BepoaTHHM np8T8H'A8HTOM Ha ROHBepTop 
CTpBM8.PH!:lX Tpy6ox M0llt8T 6HTI,, HanpBMep, 6tf ( & "-' 30%). ecu yqecT:r,, ' 
qTo TOR CTpRMepa He 88.BHCHT OT HaqMlJioff HOHH3ar(lm. 

~ol RHTepecmdt Tlm ~eTeRTOpa sapmitemmx qacT~ n ~ -RBa:a:
TOB. Ta.RAara8Mlie ,IU)8~BH8 6833JI8RTPO.ItHH8 R8M8PH' (WIK .zu>elqiOBH8 
Tpy6xn)' 38 , M0llt8T 6HTI, .llCilOJII,30B8H .II 'AJlH perHCTpaIUIH H81TpOHOB. 
.l{OCTOmICTBO 3T.WC 'A8T8RTOPOB COCTOHT B BOSMOl!HOCTH npocTp8HCTB8HHO 
pas~~TI, o~acT:r, B3aJIIMO'A8ICTBWl :a:ettTpOHa OT o~aCTll 'A8T8RTllpOBBHWl 
BTOpliI'mHX qacT~. T.e. BHH8CTH sa npe'AeJIH.HettTpomroro ny,ma OCHOBHYJO 

~ qacT:r, 'A8T8Y.Topa. I'eoMeTpWI Taxol RSMepH noxasBHa :a:a pac.6. B OCHOBHOM , 
-~ np0CTp8HCTB8 RaMepH M8llr,ey' sasewreHllliM RaTO~OM (IrJiaCTmra) ll BHCOROBOJIJ:,T
h-. HID.I aHO'AOM (npOBOJIOqita) C03~8TCJl .zu>ettqioBaa o~aCTI, C O,ItHOpO,ItH.l,IM 3JI8K-
~ Tpaqecmm nOJieM (E.zu>~ 200 B/ CM). Pacnpe~8JleHRe noM, 6JinsR00 R MeaJI:r,- · 

HOMY, )J,11H. ROTOporo CRJIOBl,18 JDmR.ll Ha.npa.BJI8HH ROJIJmHaapmm "nytmOM" 

a) /2 
z:z -= ---..· 

1J""::::: )iE::; . 
. - 2. 

6) 

CL 

8) 
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Pnc. 6. IIonepe~oe ceqe:a:ae 
6833JI8~TPO.ItHOff .zu>8~BOI R8M8-
PH /38/ • 

a) HaqaJimoe pacnpe'A8JI8HHe 
3JI8RTPH1i8CROro nOJm. . 
6) CTaIOitOHa.IHaII ROH\IlRrypanIDI 
3JI8RTPll1i8CROro IlOJIJl npH M8-
aJIDHOM 'All3Jl8RTpmce. 
B) CT8IUIOHa.PH08 pacnpe~8JI8Hll8 
aJie1tTpn0cxoro nOJm 'AJlH peaJID
HOro 'AU3JI8RTPi1Ra (c H860JII,mOtt 
npoBO'Al'IMOCTLD}. 
l - RaTO~, 2 - xopnyc R3 'All-
3JI8RTpRqecxoro MaTepaBJia. 
AHO,ItHaJl npoBOJI01ilta (B ~eHTpe 
xaMepa) nepneH'AHRYM.PHa niroc
xocTH pRcYHita. 

O&uali11t"tnihifi 1mcn..-rryr j 
sm-e~lH.ilt 1.11:c:1r.l!lonamr.fl f 

6ii&IIJ-!CTEHA ! 
,.. ----· ,,., 



B.D;OJII, CTeHOR KaMepH H8S8.BllCllMO OT ROHq>RrYPartmI CT8HOR, .D;OCTRraeTCH sa 

cqeT caMopery.7mpyeMoro H CBMOCTMWIHsHpyuqeroCJ'I npo~ecca nepepacnpe

.n;e~eHRf.l: IIMOlltlIT8Jil,Hlll llOHOB rasa, OC8.n;allllWt Ha IIOB8PXHOCTll .n;HSJI8RTPH

qecR.l!X CT8HOR R8M8l)H. CB060.n;Hll8 IIMOllWTa:in.HHe llOHli o6pasYJ)TCJ'I Brase 

sa, cqeT ero llOHHSartmI 8CT8CTB8HHW q>oHOM ROCMJiq8CROro llSJIY'i8HRf.l: R7lll 

nyTSM BB8.D;8Hllf.[ B .n;pe:i!q>OBYJ) odJracTh Ma6oro pa.iuroaxTmmoro llCTO~a. 

IlpH npoxo~eHllll B .n;pe:11q)OBOtt,o6JracTll llOHllSllpYDJleit qacT~ CB060,lt1Ill8 

a~eRTpOHll .n;pei1qlyx>T ( 1?' X 40 MM/MKc) R odJracTH rasonoro ycwreHRf.l: 

BdJrllSll BHO.n;a (Ea-;:::. 8,6•1iPl B/cM) ll perllCTPllPYilTCJI, RaR B 06HqzrOM npo

IIOpql!OHaJllJIOM cqeT"ll!K8. 

B HaCTMIIt88 BpeM!I np~ .n;pei1q)OBO! Tpy6Rll IIORa 811l8 H8 HaDIM npH

eMJleMOtt npaRTHqecxott.peaJIHS~ll B ycTpoitCTBax perllCT~ HettTpOHOB, 

HO MOllt8T 6HTh llCIIOJlhSOBSH B H8ItOTOpHX np~El,ItHllX Sa,D;aqax, HanpHMep, B 

Me.n;mnme, 6HOJIOrllll. ~ IIOBlllll8HRf.[ CitOpOCTll cqeTa c rasopasp!I,Wloro ~e

T8RTOpa, qTQ oco6eHHO BaJmO !Ipll pa6oTe C m.my~hCHllMll HCTOqzrl!IItBMJll He:lt

TPOHOB, MOllt8T 6HTh HCIIOnSOBa.Ha ROHCTpyxrtm! llJIOCitoro ~a.Bmmoro cqeTU

Ita - .n;B8 napaJIJI8.lILHH8 llJIOCRll8 MeTaJIJO!qeCit.l!X llJlaCj~· sanOJIHeHHlle CMe

ChD A 'L c 5% arteToHa npH amocqie,PHOM ~eHRH 391. B TaxOM cqeT"ll!Ke 

npll M8llt3~8RTpo.D;HOM paCCTOS!HllR 6 MM .D;OCTHraeTCJI BllCOR08 6HCTpo.n;effcTBH8 

IO He, a BeJWmHa rasoBoro ycwreHRII cocTaBJmeT· 1a3+ 104• Ilpll Ha.mmm 

COOTB8TCTBYJllll8rO ItOHB8pTopa .n;eTeRTOP Taxoro Tllna MOZ8T 6HTh HCllOJlhSO

BBH R wm perHCT~ HeffTpOHOB. 

Y BC8X .D;8T8RTOpoB, ItpaTit08 OnRCBHH8 ItOTO.PHJC npRBe.n;eHO B .D;a.HHOM 

pas.n;eJie, ecn OT.D;eJIDHUe H8COMH8HHH8 IIP8l!MYlll8CTBa, CYlll80TB8HHO pacum:

plmltB:8 BOSMO:mIOCTll perRCT~ He TOJIDRO sapimeHHHX qacTmt Rim O -
RBBHTOB, HO R H8:ltTpOHOB. 0.D;HaRO B IIOM8.D;H8M MYqae Heodxo.n;mm .D;OIIOJI-· 

HRT~8 llCM8.D;OBBHRf.l:. 

3.2. Cmm:TWIJI.lllilllomw:e neT8RTODH 

~TWL1lli$IOHHH8 .D;8T8RTOP£l (CJ{) OTHOCHTCJI R Macey TaR HasHBaeMHX 

ROM6BlillpOB8.HHHX npia:6opoB, ROTO,PH8 Tpa.I{RIO{OHHO COCTOHT HS .n;Byx OT.D;8Jll,

HHX SJI8M8HTOB: ccimTlitlIJiliTOpa R q>oTOqyBCTBllT8JI1>HOro nplleMHl!IIta. B npmr..:: 

~a BTOpm! SJI8M8HTOM MOllt8T 6HTh JID6oe ycTpottCTBO, xapaRT8pllCTHRR RO

TOporo llSM8HJDOTCJI no.n; Bos.n;eitcTBHeM CB8Ta: o;l):,Y, SJI8RTPOHHO-OIITHq8CXd 

npeo6pasoBaT8JtI,, IIOJlYIIPOBO.D;Hl!IItOBH8 ,Il;8T8RTOPH C . p-n -nepexo.n;oM, 

IIOBep:mOCTH0-6apbepmdt .D;8T8RTOp, P- L- n -.n;eT8ItTOp, qiOTOpeSHCTOp, 

Mlmp0IWH8J!LHH8 llJlaCTRHll ll T • .n;. 

C pasBllTHeM IIOJiyIIpoBO.D;HHROB01t T8lllllRliI IIOJIYIII)OBO.D;Hl!IItOBll8 qiOTOnpll-

8MHllRJI HaqmraJlT IIOBC8M8CTHO BllT8CHJITh ~:,y. Ilpll aTOM 81IaUTe.lI1>HO yM8Hh

llUUlTCJI radapHTH .D;8T8RTOpOB ll OTIIa,D;aeT H806XO.n;HMOCTh llCIIOJll,30BBHWI Bll-
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COROBOnTHott'cncTeMH nRTBHRf.l:. 3TH qiaxTO!)H IIOSBOJIHDT -cos.n;aTh y.n;o6HUe B 

06palll8HllR LIH0r03.ll:8M8HTHH8 .D;8T8ItTO,PHHe CllCT8MH. KpoMe Toro, COBpeM8HHWI 

T8X!IOJIOrRf.l: IIOSBOJIII8T CROMIIOHOBaTh Cl4BHTWLlI!lTOp ll q>oTO!IplleMHllR B O.D;HOM, 

llHT8I'paJll,HOM npn6ope pasMepoM OT H8CROJlhR.l!X Ml!RpoH .n;o .n;ec.a:TROB C8.HTR

M8TpOB. 0.D;HaRO IIO Tpa.I{RIO{R c.u BOCnpBlillMaDTCH llM8HHO mm 'CitllllTlitlIJiliTOp 

Jl'JillC l:,Y, a IIOJIYIIPOBO.D;Hl!IItOBlle Cl4BHT~OHHH8 ycTpofl:CTBa OTHOCJ'IT It 

OT.D;eJILHO.MY ~coy .D;8T8RTOpOB. KoHeqzro, :na Maoonq)~ .D;OBOJil,RO io

.l[OBHa, IIOOROJIDRY yxe CYllleOTBYJlT IIMY!IpOBO.D;Hl!IItOBHe CIOIHTWIJlllTOPH /
4 V. 

B .D;a.HHOM pas.n;eJie IIO , TI>~ paoOMaTpllB8.8TCH C0Bp8M8HH08 

COCTOJmll8 npR6opoB TRna <mHHTJilJLJmTOp +-~SY. . 
00HOBHH8 np8J11MY11t80TBa o;l):,Y (BHOORd R03qXpmtll8HT ycwreHWI &~8RTp0-

HOB 107 npll MaJIOM Bp8M8Hll .l!X. C06iq>aHWI Ha BHO.D; 10-8+ IQ-IO<;)) HaB:60Jl88 

a<ppeRTllBHO peaJIHSYiJTCJI TOJlhRO C oprazraqeoRHMll CIOIHTliULlillTOp&m, RM81IltZ

.Mll M!l.1Llitt CB8TOB.liXO.D; ll 6HOTIJYD ROMIIOH8HTY BllOB8qffB8.Hlt!l O "G'.~IO-ID+ 
+ ro-9c • .l{aJII,Heillnee y.nyqmeHll8 yxasamna xapaxTepROTl!IIt o;l):,Y, IIO-Blr,ltllMO

.MY, BMeeT npe.n;eJI,ll coBpeMemme paspa60TRH mmpaBJieHH np~e Boero Ha 

y.n;o60TBa HCIIQnSOBamm o;l):,Y: np!IMOyrom.n:oe ceqeHll8' BCTpoemmff ,I1;8ll

T8Jih, pas.n;8JlliHaa CllCT8Ma .n;mro.n;OB lrI 8.H~, _ BCTp08HHWi llHT8I'paJil,HWi c:xe-

148. npe.n;BapH'l'eJILHOtt ~8XTPOHllKll / 41 ,42 • KpoMe Toro,B O.D;HOitaCita,ItHOM 

Bapll8.HT8 (688 ycWl:8Hlill!) BOSMOllt!JO COS.D;BHliI8 o;l):,Y C ·· 8.HO.D;8MH !IpOllSBOJlhHO:lt 

q>op.m dom,moff llJIOlllB.IUI 50x50 ~ 43/ (TB.Raa pasHOBR,Il;HOCTl> W3Y n~a 

HasB8.Hll8 BaxyyMIIHi! qioTo.n;Ho.n;) • . 

B IIOCJI8.D;H88 BpElMfl l:,Y H8.IIJJlll IIIHpOR08 npRM8H8Hll8 B . IIOSmtROHHO-qyB

OTBllTeJ.WmX .D;8T8RTOpax, II00Tp08HHWC Ha OCH0f38 pasJ.Oil1mHX np~OB RO

,nllp()B~Rf.l: xoop.n;mraTH, ' T°/1 qnMe, HaIIpmaep, 11 no Bp814eHH npoxo~eHM 

cBeTaB CIOIHTWiltfiTOpe 41 • Omeqemme xapaxTepacTHRH 13Y .n;eJI8.ll'l' .l!X 

IIORa H83SM8HlilMHM nplrI60pOM npll llCII~SOBa.HijR IJJiaOTRqecit.l!X OnmtTWL1IJITO

poB 60Jlhmmc pasM8poB (IOO:x:200 ~) 41 •441. 0.D;HOBP8M8HHO OIITm.msnpy

DTCH pa~e xapaRT8plrICTmtll CIOIHT~OHH.liX .n;eT8ltTOpOB B pas.,mllHHX 

BapRBHTax HOIIOJIH8HWI ~TWIJIJITOpa lrI WSY. HanpHM:ep, .D;8T8XTOP iiettTpOHOB 

c aHeprnett 5 xaB + l MaB IIO npoTOHB.M oT,.n;a,qn ( ~- = 0, 7 wm En =. 
=O' l MeB ii G, ~ 0' 04 11,7UJ. EI"\ = 2 xa:al 

451 . WIH .n;eTeRTOp H8:ltTp0HOB 

.D;8JI8Hltll Ha r~~Ba.HHOil OIOIHT~ett CM8ClrI ~ n · $ + ~HT . C 

G :;:;: O,I% t!G • Ilpo.n;MlltailTCJI llOM8.D;OB8.HWI CBO:ltCTB lrI T~Omm:x 

Crtm{TWL1lliTOpOB, Hanpmaep N Q .j , B pasD'iHHX YMOBRIDC : 8RCWJY8.Ta

.~ / 4 7 ~ a TEUtllt8 IIOHCX HOBHX TlUIOB ~TllJ1llHTOpOB ~ 
HaTepeo B 8TOM HanpaB.Il8Hllll npe,D;CT8.BJIII8T npllM8H8Hll8 HeoprB.HnqecRHX 

RPROTB.JIJIOB BllCOROit llJIOTHOCTll C dOJihllllrIM aTOMHHM HOM8p0M WIJl per110Tpa

~ H8ttTpoHOB no ( n 1 ¥ )peB.RI01HM. OTO qiTOplrICTlitt 6apwi ( Ba F2.l48f 
' rell48HaT Bl!OMyTa ' ( 8 i 4 Gea O /2) , qaoTO RCIIOJII,SY8TCJI C0Rpalll8HH08 

o6oSHaqeHH8 n 860 11
) /

49/ 11 CQW04. IlOHBWICJI TB.rolt8 HOB!itt llHT8p8C 
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It npm.ieHeHmo JlllTll0Blll CT6KOJI C ce3+-rutTllBaTOpaMR ( €, = 80% !Ipll 

d = 2 MM .ItJIH En = 0,025 sB) c 6HCTpc:lt KOMIIOH0HTO:lt BHCBemrlllI, 
paBHOi!: 56 HC, K MaJiliM npo6eroM BTOPll'I!IllX sapmiteHHWC."laC'!'~ 50 • 
OTMeqemme CBOitCTBa JlllTlleBa::x: CT6KOJI B np~e IIOSBOJ!Sll)T !IpK KCIIOJII,
SOBaHllR lDC B IIOS~OHHO-qyBCTDllT8JI~ ycTpOitCTDax IIOJIY"lllTl> BHCOKOe 
!IpOCTpaHCTB0HH00 paspemeHHe (MKM). IIOJiesmm OKasaJia.CJ, CJia6all SaBllCll
MOCTl> CB0TOBliXO,Ita TaitlDC CT8KOJl OT TeMrtepa'fYPli (HSMeHJ!eTCS: Ha 7% np!I 
IIOBHWeHDT8MllepaTypa: OT KOMHaTHOI ,ltO 55o0c). XOTJI "HOB.lie" HeoururH
qecKH8 c~TWI.lIIITopa: RMeJOT Ma.mtll cBeTOBliXO.lt CID% OT N Q :J /5 ) , 
OHR,B OTJlll"llle OT NaJ. HerRrpOCKOmr<IHH R Y.1t06Hli B o6pa6oTite. ~ 
WKpoxoro Macca nos~OHHO-tzyBCTBHT8Jll:iHHX ,IteTeKTOPOB Hawiy"lllili!M KpKC-
TaJTJIOM ocTa~Tcs: 6 Li J , c acnonsoBaHH8M KOTopcro MecTo non~a-
Hmt HeitTpOHa MOl!CHO onpe,1t8JIKTI, C norpel!IHOCTI,ID 0,5 MM. 

4. IlOJr:VIIJ)OBOlQIHROBHe neT0KTOpH 

Li1IS: ,1teT8KTHpOB8Hml HeitTpoHOB llOJIY!IpOBO,ItHHKOBHe ,IteT0KTOpH (IJ.I{) 
ROIIOJ!I,SYJ)T orpmm"l8HHO. B OCHOBHOM STO CBJISaHO C HRSKOit ~ 
lp8KTKBHOCTl>D npm.reHHeMWC KOHBepTOpOB ( ~ 4%) , MBJllOOI pasMep&m ("'CM2) 
K HRSitOit pa,IOI~OHHOit CTO:ltKOCTI,ID (npe,1t0JlDHlitt qmxieuc COCTB.BJIJl8T·l08-
1a14·qacTmr/c~). C ,ItPyroit CTOp0Hli,IJ.I{ BM81DT pg.it H80CllOpBMWC ,ltOCTO
BHCTB: Ha IIOpg.ztOit M0Hl>myID, "l8M ,ItJ1H rasoB,8HeprRD HOHHS~K (l,5-4 aB), 
BliCOityD IIO,ltBB3HOCTI,.aJl0ItTp0HOB (100-3900 CM2/B.c), xopomee 8HepreTK
qecxoe paspemeuae (~ It8B), a Ta.Rae y,1to6CTBO B 06P8llt8HD H BOl3M~OCT' 
BHTerpaJil>HOro HCIIOJIHeHHII COBM8CTHO C ,IteTeitTOPHOI 8Jl8ItTl)OlWKOit 52, 53 •• 
Ma.mie pasMe,PH ,IteTeKTOpOB B IIOCJI8,ItH0e BpeMII CTaHOBJITCS: He CTOJll, Cyll{8CT
BeHHHM ~TOpOM, noc,KOJII,Ky MOXHO 003,ltaTl> pasDRTyD M038.H"lHyJ) CTpyxTypY· 
!Iplrl Jlll6ol reOMeTpHH, a C ,ItPyrol CTOpoHH,T8XHOJIOrHII H3r0TOBJl8H~_Jn 
IIOSBOJI.a:eT B HaCTO.f.ml0e BpeMII llM8Tl> ,IteTeKTOpll pasM8p0M 8-13 CM 

5 • 
ffitSKaSi aqqieKTHBHOCTl> TBep.n;OT8Jil>HliX ItOHBepTOpcB, HCllOJil>SYeJ.mX o6a:qno 
COBM0CTHO C IJ,Il, CYJ!leCTB0HHO ll0Bli11Ul8TCS: B TSit HasHBaeMoii "CSH.ltBJl"l0BOi!" 
OTPYKTYP8 IT.Il C 8JlllTSitCllSJWWM CJI08M p-n nepexo,Ita. 0,lt!laKO pa,Itlrla- . 
IO!OHHaH CTOA!tOCTI, IIO-!Ip0X!I9MY OCTa8TCS: OCHOBHliM C,lteJ)31ima.JlllHM ~TOp0M 
umpoxoro npm.!euemm IJ,Il. B .1toriOJIHeue ,,It 6e - K 8 l - .n;eTexTo
PBM B llOCJie,lt!lee BpeMII IIOJIBHJIJICl> HOBHe llOJIY!IpOBO.lt!llm'?BH8 Ma.TepllaJIH, B 
KOTOp.El:X YM'Cll!O CO"l8TaJDTCS: IIOJI83HH8 .llOJIY!IpOBO,lt!lmtOBH8 CBOiiCTBa C BHCO
KOii norJIODt~ea CIIOC06HOCTl>D It, t. -KBaHTaM WlR It H8itTp0H8M. &ro 
T8Jt!IYPliQt ItB,I1;MHII Cd Te • .ltlllIO.Itll.It mu H 9 I 2 , a Taue HOB.lie 
nOJmMepme nOJiyIIpOBO,lt!IHKJrl 156 •56/ :nepBHe sa C"l8T BHCOKOI IJJIOTHOCTH 
H 60JII,1J1oro aTOMHoro HOMepa .!IBJIJIDTCH HaH60Jiee nepcneKTllBHHlm IJ,Il ueitT
poHOB no ( n I~ ) pe~. KpOM8 Toro, OHH TemOJIOrJl"lHH H 1,mryT pa-
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60TaT1> !IpK KOMHaTHOit T8MII0paType. ~ CpaBH8HllJI npllBe'eM 8qlp0KTKBHOCTl> 
STIDC ,lt0T8KTOp0B .ItJIH t -KBBHTOB c SHeprHeit 320 KSB 

57
/: 

d = 0,5 MM Hg I 2. - 6% 
d = 1,5 MM CdTe. - 12% 

B ,1tRanasoHe SHeprd peHTreHOBcxoro KSJIY"l8HllH ( E ~ ~ 125 xaB) aqxpex
TKBHOCTi Hg I2 z CdTe cocTB.BJIJieT ~ BO% YJite npi,; ToJIDtime · 
""l MM 57 /. OTitpa:THe H ncCJie,1toBaHKe ii 1979-80 rr. IIOJlYIIPOBO,ltHHKOBWC 
nOJIHMepOB !IpHB8JIO K 003,ltaHRD T.H. KOMIIO'H~ ,IteT0KTOpOB C BHCOKOI 
qyBCTBHT8Jil>HOCTl>D K T8IJJIOBHM HeitTpOHaM 58 , Taxoit ,1teT8ltTOp npe.n;CTB.B-
JlfieT co.lo:ll TOHKHit HeilTpoHHo-axTRBHHit CJioit (Hanpmep, 

6 LL wm 
235 U , 239 Pu ), c .ltB7X cTopcH noxpa:THit nOJiyIIpoBO.ItHmtoBol nOJim.!epuoit 
IJJI8mtOit (CH)X C !IpOBO.D;BMOCTl>D p-TKIIa, 3a C"l8T ,lt8itCTB!ltll Bunpm.m!Dlltero 
noTeH10Ia.na, BOSHHKB.lllllero B soH.e 1tOHTa1tTa 6 Li, c (CH)x• B TOHKOM 
CJIOe nOJll!Mepa o6pasyeTCH o6JiaCTl>, o6e,IJ;H8HHWI OCHOBHHMH HOCHT8Jil!M.iI -
tzyBCTBHTeJII,HHi CJIO:I (CM;p:e:c.7). Taxasi: CTPYKTypa 8KBHB8JleHTHa CTBB,ItapT
HOMY .ItHO.lt!IOMY .1teT01tTopy. TOJIUtHHa OT.n;eJimoro .1teTe'.KTopa 0, 1-0,3 MM, 

• C6opxa HS 3-x ,1teTexTopoB TOJIDtHHOit l MM norJIOJll8.8T 85% TeIJJIOBHX HelT~ 
pcHOB, Ha6op TaitlDC ,lt8T8KTOpOB TOJIDtmiO:lt,B HeCKOJil>KO CaHTBM8TpOB OTKp.li
Ba8T BHTepecHHe BOllMOJmOCTH Henocpe,1tcTBemroro H~eHllJI npo~ecca sa-
1148A!I0HM,· )Oi[fflSRH R sanaTa H81TpOHOB B B0,1tOpc,1tOCO,lt8pz8lll8I Cp8.D;8 .D;8-
T8ltTOpa (no perHCTpauml cneKTpOB !IpOTOHOB OT,lta"lll C OT,lt8Jll>Hla ,lt8TeltTO-
poB). . . 

He:TepeCHO~ "lTO OTJDAHT8Jll>HH8 CBOitCTBa Taxoro H8itTp0HHOro ,IteT8ltTO
.pa JIBHO !IpOTHBOp0"laT CJIODBm9MYCJ1 npe,1tCTaBJI8HIDO O llOJIY!IpOBO,ltHmtOBliX 

,IteT0ltTOpax B006~e: 
l) BHCOltaJI qyBCTBHT8Jil>HOCTl> Ha 8.D;llllH!zy 06~8Ma, 
2) Ma.ii:Hit Bee, 
3) 60JIJ,Wall IIOB8px!IOCTl>, 
4) M8JlaJI CTOBMOCTl>. 

lis UCJia mria: nOJIYnpoBO,IJ;Hli!IKOBlil MaTepHaJIOB, HaID0,1tllllDC B noCJI8,ltH88 
Bpewl npm.!eHeHllle B C~TBJLIVIItiOHHWC llOJJYlIPOBO,ltHmtOBHX ,lt8TeltTOp8X, 
HYJtHO oTMeTJrtTl> 6a AS . Ha ocHoBe 6a As , HanpDep, cos.n;BH 
BHTerpaJil>Hlil BaplliaHT ,IteTeitTOpa (CitJ!HTlltJIJlllT~ + !p()TO,ltRO.D;) C BOSMOllHOC-
Tl>D pa60TH 6es . BHe!DHero lilCTO'Clllmta JlllTBHHII O/. . 

CoBepmeHCTBOB8BH8 TemOJIOrHH JIISrOTOBJl8HHll nOJIYnpOBO,ltHHKOBOI Mll

ltp08JI8KTp0HHKH cnoco6cTBY8T pa3BJITRD mi:TerpaJll>HHX Mmtp0.D;8T8KTOpOB, 
coqeTaDltlll B ce6e .1teTexTop H 8JleKTpome cxeMH o6pa60TKH .n;eTeKTOJEHX 
clilI'HaJIOB, a B He1t0Topa:x CJIY"lWll BH.ItHBWaJll.HYD u:impc~:3Bd wm ycTpol
cTBO CO!Ip11Z8HH/l C BHe!DHeit :3BM. · Ilp8JmYDt0CTBO TaltlDC ,lt8T8KTOpcB, II~lta 
paspadaTHBaeMliX TOJII,KO ,ItJIH perJrtCTpauml sapsuteHHHX "laCT~ wm 
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(CH)x-1 

n 
Au: 

Au. 

PHc. 7. IIp~B.1lI,H08 ycTpOICTBO IIOJlYIIPOBO,RKOBOro 

nOJmMepgoro .1{8T8RTopa c 6Li, -ROHBepTopOM 58/. 

I - aRTHlmaJI 06.!IaCTI,. TOJil!IHHa ,1{8T8RTOpa - 0,3 MM. 

C -RB8HTOB, COCTOl!IT B CJl8,eyD118M: 

I) ROMIIaRTHOCT!, (Bee B O,IJ;IIOI HHT8rp8.1lI,HOI cxeMe), 

2) BHCOR08 OTHOW8Hl!l8 CBI'Han/myM (B .OCHOBHOM Hs-sa MBJlOl")µIHHH 

C08.IU!HHT8JII,Hl,IX JlHH:1!11) , 
3) MBJlaJI CTOl!IMOCTI>, 

4) BOSMOlltllOCT!, npocTHM IIyT8M peaimsoBaTI> 60JIJ,myJ> ,1{8T8RTO.PHYD 

IIOB8!)m0CTI,, 

5) COXpa!i18Hl!l8 Bp8M8HH Ha lIO,l{rOTOBKy, np0B8,1{8Hl!l8 9RCII8pBM:8HT8. l!I 

o6pa60TKy .It8HHWC (.1{8T8RTOP IIO,ItltJll)qaeTCJI X 3BM :wm H8II0Cp8.l{CTB8HHO x: 
.l{HCnll:8JO) • 

Hs pa60T, B8,cyJitl!IXCJl B STOM HarrpaBJ.t8HD, MOllHO HasBaTI, MaCCl!IB 

20Qx200 HHT8rpaJ,[!,HHX ~ -,1{8T8RTOpoB C ~H,IU!lllll;IzyBJl!>HHMl!I CXGM8Ml!I 

cuTHBaHWI Cl!lrHaJIOB. XapaRTe,PHHe pas14eJU't.PllOTSJIJia:'.S=/50 ~, 

d = 300 BM, - a a E?r /Ee( = I% npH t=. fl~ IO xaB ~9
/. AHMorzq

Horo Tl!IIIa npH6o.PH ony6.mmoBmra: B pa6oTe / 5 '/. Ko116HHBitWi Co/ Te -.zie-:

TexTopa c 6aTa_pelHol 3BM (28x28x8 MJi3, t pa6= IOO q) y&e l!ICIIOJl!,-: 

syeTCJI B ,lt08HM8Tpl!ll!I B p8DM8 p88J1!,HOr0 Bp8148HR / 52/. Hs HelTpOHHBX . 

,1{8T8XTOpoB,6Jm8RlilX no Tl!IIIy R Blilll80IIHCamnD4,MOlmO OTM8TllTI, BHT8I'pl!lp0-

BBHH.li1t d E- E- 8 i, -.l{eTexTop J nOJmSTllJJ:8HOBW pa,IU1aTOpoM AJISl 1Is-

11,1epeHWI cneRTpa 6HCT.IJHX HelTpoHOB GO/. :3HeprWI HelTpoHa E n BH

uCJIJieTCSl BO BH8111H81 3BM no 4)0PIYJI8. 

En= Ep/Co:S2.6 = [E+ t1E(~/2s+:1 + ~/s JJ x 

x · a E3/[ S· ( c/E/dx)JC.,. 
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,"-,, 

r,l{e E, A E - BHXO,l{Hl,le CRI'HBJIH c'!eTUROB, 'u , 5 - coOTB8TCTB8HHO 

TOJil!IHHa. pa.IUiaTOpa H A E - cqeTq}Ilta, ~ - TOJilllIDJa M8pTBOro CJIOJl, 

d E /d X . - Ta6.nircmoe 1:{SM8HeHHe :meprm1 B . ~ E - c'!eTURe. 

CoBepmeHIIO HOBW ~ perHCTp~ sa_pm!teHHHX '!aCTfil{ SlBJlli8TCSl HC

nOJIJ,SOB8HH8 B p- ~- n ~ofr ajx})eRTa SaIIOWIB'.8.HWI sa.wma npH 

RpHOreHHOI T8MII8paType (4,2 K) 6 • OTRpHTHii B I978 r. /G'Z/ ajx})eRT 

SaJtJIJO'!a8TCSl B TOM, 'ITO sapim B Tp8R8 HOHH3Hpyl0lll8tt -qacT~ sanOMl!HaeT

.CSl C Bi8M8H8M y,l{epza.HWI ~ 105 C. HO JI8I'lt0 "CTpHXIIBaeTCSl
11 

sa BPewI . 

"'Io- 2 C IIPH npwroiiteHHH o6paTHoro HaII_pm!t8HWl, T.e. ){HO.I{ MOllt8T pa-

60TaTI, l!I RaR ,1{8T8RTOP H RaR 8JI8M8HT naMllTl!I. Maccl!IB HS TaRHX ,1{8T8RTO

.POB, B np~e. 8CT!, HHTerpa.n:mlil BapHaHT II03fil{l!IOHHO-tJYBCTBRT8JI!,HO

ro ,!{8T8RTOpa, 06Jia.ztaDZ18rO 
11

IIaMSITI>JO". 
IIpHBe.ztemrae !Ipl!IM8pH OTpallB.l)T JIRm!, H860JIJ,myl) '!aCT!, HruI60Jiee HHT8-

pecma: CTOp0H B pa8BHTD IJJt. T8M H8 1481188, H8lIOCp8,l{CTB8HH08 npl!IM8H8-

!!H8 Ill{ B H8:l!Tpo!:llIHX l!ISM8p8Hl!SIX OCY!ll8CTBJill8TCJl e:qe Jl;OBOJI!,HO CJia.60. 

5. lieTeRTOpY lL7lll RSMepeHWI HHTeHCHBHHX 

ne#TP0HJWX no.nett 

B CTIJIY cneJ:tHIDHqecRHX oco6eHHOCT81 STHX ,!{8T8RTOpOB paCCYOTpm.4 lilX· 

. OT.zttJIJ,HO .Jllllpoxoe npmaeHemte OHH B8IWill B peaxTop:aott TeXHRRe H npl!I aSMe

_pemm: li!IMIIYJD,OHHX llOJid HelT.POHO•.~ r_pymm ,!{8TeKTOpOB_pasmmaeTOSl 

B .ztBP: Hanpa.BJI8HWIX: IIOBlml8HH8 H8,lt8ZHOCTH B YCJIOBWIX aRTHBHOil: SORH 

H,Itepgoro peaRTOpa l!I noBHW8lUl8 6HCTpO.zt8il:CTBWl. l11ITepec BHBHBaJlT H8KO

TO.IJH8 HS nOCJI8,IJ;IIJll ,l{OCTlillt8Hd: 
I) Heil:Tpo:IDIHit ,!{8TeKTOp C TB8p.zu.M .l{HSJieRTpHKOM M8ll',DY 8JI8RTp0.I{&m 

(,tU>YI'H8 HaBBEUIJIJl: ROJLlI8RTpOH, SMHCCl!OHHl:lii ,1{8T8RTOp, ,!{8T8KTOp npmaott 

sap.cwtH (,llil3)) , 
2>" ,UeTeRTOp c BaKyylmpOBaHW,IM np0M8JltYTROM Mex,Ity 9JI8RTp0,l{aMl!I c 

BH811lllHU HCTOl:llllllXOM IIlIT8HWI {.zt8T8KTOp BTOpircmol SMl4:CCD Wil'I BaxyyM!IaSl 

lt8118pa) H 6es BH8111H8r0 l!ICTOl:lllRKa IIHTBHWI (9MllCCHOHHHI ,!{8T8RTOP llJJ:H 

BaityyMHHI ,!{8T8RT0p npmaoi sapsI,D;KH) •. 

3) ,UeTeXTOp C BO'AOPO,l{OC0,!{8pzal!IHM pacce.lDlaTeJieM. 

IJpmntJUI pa60TH ,llil3 BH8lll!l8 npocT: COS,l{aHlil8 HanpaBJieHHOro K KOJI

JI8KTOPY TORa 9JI8XTpOHOB, re:aep,O~ nplI ( n I r )-IIOr.lI01I18HD 

HelTpOHOB B lia.TepllaJle SWilTTepa 63 • XOTSl ,!{8T8RTOPH TaKOro T:HIIa IIO

SBOJIIDlT lIOIIOJ[!,SOBaTI, 1111l'H0~8J!l1Yll" ROMllTOHOBCKyJO ( ,n 1 ~ )-KOWIOH8HTY 

8Jl8K'l'p0HHOr0 TOKa, BUClo.nmee pacnpoCTp8H8HlI8 nOJIY'lllJJ:H ,llil3 c perHCT-

paIUI81t BltTlIB~OHHOtt ROMIIOH8HTH, o6yc.noBJieHHOI ~ -pacna.ztOM ,!{0-

'll8,PHlitX _8JI8K8HTOB ( . n I ~ )-pea.mvnt (,llil3 C R h • A 9 ' pt -SMl4:T-

T8paMH). IJplI lICnOJII>SOBaHD 'Ul.CTOTHHX KO:t)peRTOpoB, ~OIUI8HCl!lpYJOIIIHX 
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3ltCIIOHeHW:{~ peaxrtm) TO~3 Ha aaXBaT HelTpOHa, 6HCTpD'AeilcTB.lite 
JU13 IIOBHllla.eTCJl 'AO .,..,I C ./ • TJy'BCTB.litT8J!LHOCTL lt TeitlIOBHM HeffTpOHBM, 
onTBMHSHpoBaHHM B Ka6wrI>Ho:l:1 reo1.1eTpHH 'AeTeKTopa np.11 ¢ ~ I MM, coc
TaB.7I.lleT (4+2D)ro-20 A·CM2/HeilTp. Ha I M8T.P ~- !IO-B}WlMOMy,· yxasaa
HHe BHille xapa.RTep.llCTmt.lit HBJISDJTC.ll npe'AeJI1,HliMJ!I NIH .nrrs SM.llCC.litOHHOro T.ll
na. CoBepmeHCTBO.BaH.lle .nrrs m.teeT "lfflCTO TeXH.lit'i8Cltd acneKT, HaJJpaBJ.reH-

. Hlitt npez.zte Beere Ha OIITmmS~ reoMeTp.ll.ll .ll TeXHOJiormo .llSrOTOBJieHH.11. 
H3 ~CJia BaeyyMHHX 'A8TeltTOpOB .llSBeCTHH BaxyyMime ltaMepH 'AeJieHH.11 

(ffiOl) 1651, pa6OTamt.11e B pemwe HSMepeH.ll.ll cp0,1Uiero TO1ta. 37re1tTpH'iec-
1td CBI'HBJI <pep.mpyeTCJl OT 3JI8ltTpOHOB BTOp.litttHOit 3MHCC.ll.ll, "BH6HBa8Ml:lX" . 
OCltOJIKalm 'AMeH.ll.ll .113 Be~eCTBa ltOHBepTopa. HeCMOTp.11 Ha ItaJtYlllYXlC.I npo
CTOTy- 'AeTeltTOpa, BOSMOll!HOCTL perHCTpawl.11 H8ilTpOHOB B HBM 'AO llOCJie'A
Hero Bp8M8H.lit 6w.ra He COBCeM O'ieBlJ'AHO:1:1 • .Uwro B TOM, 'ITO np.11 HaJilI"lffl.lit 
~ ~Ha, ltOTOpwt Bcer'Aa JJp.litCYTCTl3YeT B peaKTOPHOM .litaJry'ieH.ll.ll, (S'-TOlt 

OT aJreltTpDH-MeltTpOHHOit SMHCC.lit.lit (:3-8) KOHKYP.HpyeT C He!TpOHHHM TOKOM 
OT (:3-8) .lit Homio-aJre1tTpOHHOil aMHcco. IIoaToMy KOHCT~ He!TpoHHoro 
BaKYYMHOrO 'AeTeltTOpa BHpa6OTBJiaCL TOJILKO B IIOCJie,Il;llee BpewI IIOCJie MHO
rHX TeopeTH'ieCKHX .lit ·axcnepm.1e1ITaJIJ,HHX .litCCJie'AOBaHml • .UocTaTO'iHO Clta
saTL, 'ITO B ffiOl OCHOBHOI i;pa.KTOp TOltOO6pasOBaHH.ll BKJllll'laeT WHpoltd xpyr -
qllIS.lit'ieCltHX .11.BJieHd: pacIIWieHlle MaTepHBJia Mm11eHR~ aJreltTpDHHYJ) _H ROHHyJ) 
3MHCCHI>, JJpOD;eCCH 8,ItCOp6D;H.lit .lit 'AeCOp6D;HH R T.'A. 'l'Hmt'iHM qyBCTBRT8JlJ,
HOCTL COBpeMeHHHX ffiOl It T8It1IOBW4 HelTpOHaM - ro-17- ro-19 A·cu2/He!Tp. 
TOT qiaKT, 'ITO OCHOBHYJO POJIL B TOltOO6pasOBaHHH lirpallT Me~emme aJielt
TpoHH (c E.~ 50 aB) ,ItaeT HHTepecHHe BOSMOlEHOCTR peryJ.I.HpOBR.lit TOKa. 'Ae
TeRTOpa. DTMeTm& TPR HanpaBJI8H.ll.ll B OOS'AaH.ll.ll ffiOl C peryJIHpyeMoil qyBCT.:. 
BRT8JlJ,HOCTLll! 

I) BBe'AeHRe 'AOIIOJJH.litTWll>HHX ynpaBJtlIDitl![ 3Jl8ltTpO'AOB, 
2) peryJIHpOBKa 'iYBCTB.litT8J!LHOCT.lit nyTell RSMeHeHHJI BHe111Hero Mam.litT

HOro IIOJIJI, 
3) CO'ieTaH.lite ffiOl C BTOp.lit'iHHM 8Jle1tTpDHHHM yMHODT8Jl8M, (B3Y). 
B nepBOU CJ!y'iae RCIIOJILsyeTC.ll CXO'ACTBO xapa.RTepRCT.litK 'A8T8KTOpa ~ 

Tp.litO~ (TeTpO'Aa, neHTO'Aa) C COOTB8TCTB~e:l:1 3Jl8KTpDHHOI JiaMIIO!. 8To 
IIOSBOJIJieT .llCIIOJII,SOBaTL ffiOl B xaqecTBe aKT.llBHOro 3Jl8M8HTa ycTpolcTB 
T.lllla yc.ltllllT8.!Il! Wlll reHepaTopa. !Ip.II 3TOM ffiOl COXpaH.ll8T CBOa r~aBHO8 
CBOICTBO - JJpOIIOPIJ;HOHaJII>HOCTL BHXO,Il;IIOro CBI'HaJia IlJIOTHOCT.lit IIOTOKa 
H81TpoHOB.,Bo BTOpoM CJiy'iae .litCIIOJII,3YJ)TC.ll.OCO68HHOCT.lit 'AB.litZ8HHJl 3JI8lt
TpOHOB BO Bsammo II8pIIeH'A.litKyMpma: MaI'H.litTHOM .ll MeltTpH'i8CltOM IIOJI.IIX. 
Hanpmaep, B D;Wl.litH,Iij)H'ieCKOM BK.I{, nOMe~eHHOM B COJI8HO.lit,It JJp.ll OJJp8'A8J!eH
HOI BeJIH'iHHe Ma.I'H.litTHOI mmyitD;H.lit. B , D;.HpKyJIJID;H.11 MeltTpDHOB 3MBCCHH 
MO.EST CTaTL MeHLme paCCTOmtWI Mez,Jzy 3Jl8RTpD'ABJ4H, .lit Cpe'AHd TOK 6y'A8T 
paBeH Hy~. Taruw o6pasoM, IIO'A6Opoll B RSMeH.lleTC.ll TOK, a C8M ynpaB

JIJDO.tllllll 3JleMeHT (cOJieHoazt) BWi8CeH sa JJpS'AeJII:i 'AeTeKTOpa. 
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B HeltOTOpHX sa.zta'lax·NIH IIOBHmeHWl"'iYBCTB.llT8J!LHOCT.lit BK.I{ 3M.litCC.litOH
HHe MeKTpOHH pasMHOlltallTC.ll B B8Y (BTOpH'lllOM 3JI8ltTpOHHOM yMl!OllWT8J!e) , 
ltOTOpml BHIIOJIH.lleT qiyHKD;HH ltOJIJieKTOpa R ycwmTSM C KOajxl>HD;HeHTOM yM

HOXeH.ll.ll ref' H 60Jiee. !Io 6HCTpD'A8ilCTBH!O BCe BaxyyMilll8 'A8T8KTOPH npe
BOCXO'A.flT·rasoHanOJIHeHHH8 R ycnelllHO KOHKYPRPYIJT co CD;HHTWIJlfID;.litOHmlM.lit 
(Bp0M.ll co6.HpaH.ll.ll a~eltTpDHOB B HHX COCTaB.7IJI8T I+I0 uc), a ffiOl + B3Y 
MOryT .litCIIOJILSOBaTLC.ll Taltllt8 .lit B C'i8THOM pel!tHMe. TaKHM O6paSOM, IIOCJI8-
'AOBaTEl.7ll,Hllf nepeXO'A OT H8:l:1TpOHHHX .litOHRSartHOHHHX 'A8T8ltTOpOB lt BaxyyM
HHM R 'ABJI88 lt B3Y WIK wav npaKT.lit'ieClt.lit SaM!iKa8TCJl Ha H8ltOTOp0M Bap.lit
aHT8 rH6plll)J;IIOro 'A8T8ltTOpa. a.mccROHHM crioco6HOCTL 3THX 'A8T8ltTOpOB 
CJia6o SaBRC.litT OT yr~OBOro pacnp8'A8Jl8HHJ1 IIa.ztamt.litX Ha 'A8T8ltTOp H81Tpo
HOB: aHRSOTpOII.ll.ll HeilTpOHHOro nOJIJI B 'AaHHOM ~qae CltasHBa8TC.ll TOJILKO 
Ha H8ltOTOpOM RSM8H8HHH acpp!lltT.litBHOCTR 'A8T8ltTOpa. 

B 'A8T8ltTOpax ze C BO'AOPO'AOCO'A8pa:ant.litM pacceHBaT8.7!8M / 66 ,67/ IIO.IIB~ 
~eHR8 TORa'BOSMOJICHO ml8HHO JJpR HBJIH'ilm yr~OBOH aHRSOTpomm H8itTpOH
HOro IIOJIJI. TOK H81TpoHOB COS'AaeT B BO'AOPO'AOCO'A8P3t81118M ltOHB8pTope npo
TOHHHI "BeTep" (CM. pRC. 8). Koacpp.litD;.lit8HT. npon:OpD;.litOHaJII>HOCT.lit COCTaBJill~ 
8T 6"10-23+ 2"10-22 Kn/He!Tp •. IIO'A6Op HarpySO'iHHX COIIpoT~8Hm!; IIOSBO
M8T CltOMII8HC.HpOBaTL 3~8ltTp0HHyJ).ltOMIIOH8HTY OT ~ -KBSHTOB / 67/. 
B 'A8JIHOM CJiy'iae HCIIOJII,SyeTC.11 pa.3Jlll'i.lit8 B yr~oBoM pacnpe'AM8HHR Mex
TPOHOB, reHepupoBammx (j -KB8HT8J4.lit, .lit npOTOHOB OT,IJ;a"lffl OT ynpyroro 
pacceJIH.ll.ll H8ilTpoHOB Ha BO'AOPO'A8. 

n - Plic. 8. IlpllHD;Himwn,:.. 
HO8 ycTpOICTBO 'A8.T8K
TOpa C BO'AOp0'AOCO~ep

llltalll.litM xoHBepTopoil 66/ ~ · 
I --8JillMKHJiteBHI 
xopnyc, 2 - Teql/IOHO-

1 , I -~A tJ Bal .litSOJIJITOp, 3 -
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BJIDmHR8BH8 3~8RTpO
'AH, 4 - IIMH3TWI8H 
T~oa o,3 llll4. 
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6. IIosmmoHHo-mcTBHTeJThHije neTeKTOJ)ll CJJtIII) 

lillI{ llKJIJl'laDT pa.8.1Ill'lHH8 ,Il8T8KTOpli, perRCTp.tpYEJll}I8 KOOpJUlHa'cy BSa-
,;, 

m.lO)t8ICTB:wl H81.l:TpOHa B ,Il8T8KTOpe. 0CHOBH8JI O6.nacTI, npm.teHeHM.- Hett-
Tp0HH8JipaJUIOr~:wI, TOUOr~:wI H HCCJ18,I{OB8HH8 CTPyRTYpli B8Ill8CTBa C 
IlOMOil{I,ID paccemi:M HettTpOHOB. HHTepec K rrrm sa IIOCJle,ItHRe 5-7 JI8T sHa
'lRT8JII,HO BHpoc. MHorne CO3,It8.DllE:8CJl ,Il8T8KTOpli CTBHOBHTCJI 60Jiee YHRB8P
CaJII,HW.{R R, italt npaBWIO, llM81lT II03m::tROHHO-tzyBCTBllT8JII,HW pelltl!M. Hett
TpOHHW lillI{ perllCTpllpyeT He KOOp,IlE:Ha'cy OT,I{SJII,HOro CTOJIBlIOBSH:wI Hett
TpOHa C B8Il{8CTBOM ,Il8T8KTOpa, a TOJII,ltO KOOp,IlE:Ha'cy ~eHTpa Tsm8CTll llOHll
s~. T.e. norJIOiqeHHOit B ,ll;8T8KTOpe :meprlm BTOpH'iHWC 'IS.CT~. IlbSTOMY 
Jm6o1,t lillI{ m488T npmmmm:aJII>HYID norpenmoCTI, (CM. pnc.9), B8Jlll'lliHa KO-

TOpOtt saBHCllT OT d E / d X BTOpH'iHWC qacT~. 

I I 70~ J!L(K38·MM-1)1 .Q£... 
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PI.to. 9. Y.IleJII,HHe noTepn :me pre sapmtemmx qacTmt d Ej d X 
Kalt WymmJ1UI paccTOmI:wI OT TO'lRII B3aRMO,Ile!CTB:wI H81TpOHOB (x)/

5
/. 

a) 7Li, JI! o( -'lacTm::tH B 8F3 IIJ;?ll amoc:41ePHOM )taBJI8HD, 
6) npOTOH (p) R TPRTOH (T) OT peax:com '1Ie( n Ip )T B cuecll . 

3He + 35% CF~ npll_ aTMOCg/8I)HOM ,Il8.BJI8HHH, ·• 
CTpe.mtaMH O'lll8'l8HO no.noxeHH8 ~8HTpa T.flll8CTH HOHH3~. 
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HeCOMII8HHO, '!TO nporpecc IIlJ,ll CBHSBH C IIOJillJl8Hll8M 6HCTpott R TO'l
HOtt 8H8.llOrOBOtt H ,I{HCKpernott lllllltpO3JI8KTp0Hmtll, oco6eHHO cne~aJIHSllpO
BaHHHX MDXponponeccopoB H SBM, HCJIOJII>3Y8MHX WIJi npe,IlBapllTeJILHOtt o6pa-
6OTKH H1IqioI14~. Bee woroo6pasHe IIlJ,ll OCHOBBHO BCero Ha Tpex M8TO)taX 
KO,IlHpOBalt:wI KO'Op)tll!IaT, KOTOPllM COOTBSTCTByeT 8HaJIOrH'llilltt THII )t8KO,Illl
pyu!lett M8KTp0HHRH: ,IlllCKpeTHJ:d!, BHMOI'OBJ:d! H qic>TOI'pag/liI'l8CKd. B "'lRC
TOM" Bll,Il;8 nepBH! THII npe,IlCTaBJill8T co6ott,_ Hanpmaep, MaCCHB OT,ll;eJII>HliX 
C'l8T'!HROB, rasOBYID 14YJII,Tll8JI8KTpo,ItHYD CRCT8Ji!Y WIH O,1tHOKPllCTaJII,HO8 no
JIYllPOBO,1tHHROBOe ycTpottCTBO C MaCCHBOM H3OJIHpOB8HHHX p- n _ . 
nepexO,IlOB. Bo BTOpOM - ,!{Ba MH 60Jiee tzyBCTBllT8JII,HHX 8JI8M8HTa )t8T8KTH
PYIDT pesfJII,TaT SaxBaTa HettTpOHa H Bll,Il;a!OT 8HaJIOI'OBli8 CHI'HaJili, IIO KOTO
pliU onpe,IleJIH8TCJl KOOp,IlE:HaTa. Pa3JIH'!HH8 KOM6HH~H STHX MSTO,I{OB IIOSBO
JillllT CO'lSTaTI, HX BliI'O,1tHli8 CBOttCTBa H OO3):taBaTI, ,Il8TeKTOpli C CaMHMH 
pasHoo6pasmoa xapaxTepHcTmtru.m. Kalt npaBMo, HettTpoHHHe rrim HMSIDT 
COOTB8TCTBYEJll}I8 IIO3m::tROHHO-qyBCTBRTeJII,Hli8 8HaJIOrll WIJi perHCT~ll 
SaplDltSHHliX 'laCTmt liLlll!I C -KBBHTOB. · 

BOJII>IIIHHCTBO HOBliX paspa6OTOK HeiiTpOHHHX IIlJ,ll OTJill'laeT OT npeJKHllX 
BapHaHTOB 60Jiee BliCOKOe npOCTpaHCTB8HHOe ( t:::fJ WllI Bp8M8HHO8 ( /j. t ) 
paspemeHRe, 60Jiee pa3BRT8JI tzyBCTBHTeJII,HaJI IlOBepXHOCTI,, IIOBlilJI8HH8JI 
HM8mIOCTI, H Y'AO6CTBO B O6pall!eHHR, IIOBlilll8HH8JI ai.{xl/eKTRBHOCTI, R JIY'l]ll8JI 

,IlllCKplDlllllawm ~ -qioHa, 60Jiee rI16K8JI BOSMO.llHOCTI, HCIIOJII,3OB8H:wl .It8T8K
TOpa Ha JI:BHHH C Slid._ THIIH'lHBJI BeJIJl'lHHa npoCTp8HCTB8HHOrO paspemeH:wI 
H81TpoHHHX lillJ{ HaxO,IlllTCH B MW!JllilM8TpOBOi\ O6.naCTll. n,m ,IlOCTD8H:wI cy6-
J4.Wt1IJD48TpOBOr0 ,IlllanasoHa ('!TO oco6eHHO Heo6xo.nm,io, Hanpllllep, B mapo
xol 06.naCTII H81TpoHHOI paJUIOrpag)W1)06li'lHO, H83aBHCHMO OT THJia caMoro 
.It8T8KTOpa, H8O6XO,nml TBep)tOTeJI:&Hlil KOHB8PTOP, BHnOJIHeHHl:d!, Hani>HMep:,: 
Ha OCHOB8 Gd, 235u, 6Li, 10B, 239Pu H T.)t. STo B 3Ha'!RT8JII>HOtt CT8-
II8HJI CHDS.eT Heonpe)teJISHHOCTI> dX, O6yCJ1OBJieHHY1> npo6erou BTOpll'lHHX 
saplDlte~liX ~acTmt.0,1tHaKO IIPH HCIIOJII,3OBaHRH TB8p,ItOT8JII>HOI'O KOHBepTOpa, 
oco6eHHO'B rasoHanOJIHeHHHX ~8T8KTOpax,cY1118CTBY8T o6iq8JI npo6.neMa JICKJill
'l8HKII BJIJUmm Ha B8Jill'llll!Y AX pas6poca B opHeHT~ TpeKOB :e: pas6po
ca B ~e npo6era BTOpil'lllliX saplDlteHHHX 'laCT~ np:e: npoxo:s,zteHWI mm 
qyBCTBHTeJlldlOro o6~eua ,Il8T8KTOpa. 

nim llllpOKoro uacca rasoHano.memmx rrrm np:aop:aTeT B BH6ope _Toro 
llIDI JmOro TJma .It8T8KTO~ :eo MHOI'OU Sal!IICHT OT pemeHRH m.t:8HHO )taHHOI 
SMa'lJI • Hue, Ha IIplDlepe H8KOTOpHX HOBliX ~8T8KTOpOB, O'1118Tl!M OCHOB
HH8 HanpallJieHm ll pa3BKTIDI COBpeMemmx H81Tpommx IllJ,ll. BOJII,lllllHcTBO 
COBpeMeHHHX rasoHanOJIHemna: II1!U B TOI HJIH mi:ol CT8II8HK JlllJilll)TCJl Ba
pll8J:p(SMJI. imoronpoBOJIO'lHliX IIp0IIO~OHaJlliHHX 1IL1II4 m:ie1.!l:poBHX K8M8p, 14YJII,
TJl;Jt8T8ltTOJ;ID,IX IIOHHS~OHHHX lt8118p II pa.8.1Ill'lllllX C'l8T'!HKOB C BliCOKOOIIHIDI 
8JI8KTJ)O)tOU IIJUI C 8JI8KTpo~ou. ·BHIIOJIH8HHWI B Bll,Il;8 JIRHJiPJ swteDZKti TaKil8 
~8T8J:TOJ;ti IIOJU)06HO OIIllCaHH, HanplDl8p, :e JlllTepaType / 4 • 6tl • 6'3 • 'IUJ JI 
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PRc. IO. CxeMaTmt8CR08 lIS06palt8HlI' ~orocTYiieHtzaTO~ 
Jia.Bmmol KaM8pli HlISROro 'A!UlJI8HWI 7IJ. 
C,B - C8TO'lllli8 5JI8RTPO'AH, Kr,¾• A - xaTO'AH H aHO'A 
r.moronpoBOJIO'lllIOI nponopitHOHaJII,HOI KBM8Pli MfIK, 
·Y,]t - npe,nyc~TeJIJ,Hw!; H COOTB8TCTB8HHO ,IU>efllpoB!dt 

np0M83;yTKH. 

S'A8Cb He pacCMaTPIUlaJOTCH. 0TM8TIDI TOJi:&KO, qTO TeXHOJIOrHH zsroTOMe
HHH Taitn 'AeTeRTOpOB WIil per:i:ICTpartlm HelTpOHOB sHaq1'[T8Jll,110 MOze:ee 
TemOJIOrH:l:I HSrOTO~eHWI aHMOrR'l!IHX 'A8T8KTOpOB sap!Dlt8mmx "la.CT~. 

HHTepecm THTI HOBoro rasoaanOJIHeHHoro wm - worocTYTieHtzaTM 
JiaBl4HHM xauepa HHsxoro 'AaBJI8HHH (MJJIK) / 7!/ ~ Taxoa 'A8TexTop rip11 ·npo
CTpaHCTBOHHOM paspemeHHH ~ 0,5 MM nosBOJIJI8T oc5ecne'il!Tb BliCOK:al KOaj)-: 
~~8HT raaoBoro YCWI8HWI ((5+6)IO' 11.TeM CaMliM npll~SHTLCH K peu
'Mf· O,ll,H08Jl8KTpOHHOro ,D;8T8RTllp0BaHIUI 72/ • .u.,m cpaBHemm OTMeTm!, qTo ~ 
B~IVleBT YCK1!8!Wt IIpOIIOp~OBBJII,lWX KaMep oc5ircmo He npemmiaeT ,., IO . 73( 
iJpmm;HUJ18,1(1,HM KOHCTJlYlU];IUI MCJIK IIpiIBe,IteBa Ha pllC. IO. B R8M8pe, 
sanOJIH~HHo1l ucTlOOI yrJieBO'AOpo,D;BWI CMeTaH, 11so6yTau 11 ,IU>. ), npH 'AaMe
HD 6 Topp, Bll,D;8JI8HH TPH 06.JiacTH: npoM~OR npe,Iµ!apHTeJil>HOro ycWieHHH 
(Y) , ,IU>e~BM 06.JiaCTb (]t) lI 06.JiacTb r.moronpoBOJIO'lllIOI np0IIOp!tHOH8JU,-_ 
HOI RSMepH (MIIK). B OTJlllqJl8 OT COOTB8TCTBYDI18I K8M8pH, pa60T8XllleA npH 
HOp.ra.7.[l>H0:14 ,D;aBJieHHH, rasoB08 ycWieHH8 B .MilK OCYJlt8CTBJlll8TCH no ,IUlyx
c~eHqaTOI cxeue: CHa"laJia B O,ll,HOp0,ll,HOM IIOJie, a SaTSM B6Jill8H aHO,ll,HHX 
npOBOJioqex. Koop;iumaTHM RR~~ CHJDlaeTCH C RaTO,D;OB C nouonu,D 
.DHIIH 38,D;epDH. IlpOCTpaHCTB8HHaH IIp!IBliSRa OCj'llteCTBJllleTCH IIO B8pmJme 
8RCnOH8~aJil>HOI JiaBHHH 8Jl8RTPOHOB K TOql(8 BWieTa sapimeHHol qaQT~ 
B npe.I(yCWlltT8Jil>Hlil IIp0148zy'TOR. Ilp.l!l HMnD TB8.P,ltOT8Jil>HOro KOHBepTopa 
MJJIK MOryT 6HTb lICII0Jib30BaHH B ,ItByM8pimx H8iTpoHHHX n03~0HHO-qyBCT
BHT8Jil>HHX C:l:ICTeMax 60.IIbWOJl IIJIOllta,Il;II 
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CpaBHm&i1e C napaM8TpaMR HettTpOHHIDC iv[)JIK MOryT llM8Tb R ,IU>8:lilpoBli8 H81-
TpOHHHe KaMepu (o,lllia lIB paspa60TOK onncrura B /74/). Ho npR BliCOKOM 
npOCTpaHCTB8HHOM paspemeHml (0,3 MM) ,IUl8~0Bli8 H8HTpOHHH8 RaM8Pli opn-
8HT:1:IpOBaHli Ha pac50TY COBM8CTHO C SBM, noBTOMj' no 6HCTpo,11;elcTBmo CYll!8-
CTB8HHO YCTYJIBDT MCJIK lI nponop~OHME,HID,1 RaM8paM. 

Ilpz RCIIOJ!b30B8Hmt C~TWlJiflli;ROHHIDC ,ll;8T8KTOpOB B Mj'JibT.lf'A8T8KTOp
HOM HaIIpaBJI8HlIR paBBRTWI H81Tp0HHWC Illm Bli'AeJI~lICb Op:1:IrllHMbHli8 ,D;8T8R
TOp!,t C OIITIDl8CKOI KO,D;llP,O~ott KOOp,D;llHaTH !75 •76 • BJillTepayype 3Tll WU{ 
ll3B8CTHH 81lt8 C 1973 r.7761 KaK H8i1TpOHHli8 KaMepu :3Hrepa * CAnger-Came~ 

ra; Anger-type neutron-position detector). 0,IJ,Haxo, H8CMOTpil Ha CpaB

HllTeJIE,HO ,ItallHm) llCTopmo, TaK,8 ,D;8T8KTOpli CTM:l:I llHT8HCllBHO pa3BIIBaTbCH 
Ha~ag TOJIJ,KO c I98I r. / 77 • 

Cw,mTRJlJI/IQIIOHHM BCIIJllllR_a, npoxo~ qepes ,D;llcnepcHYD OIITRiqecKyD 
cpe;izy, "pasuasHBa8TCH" IIO BCeM (wm MHOrllM) g.i3Y (CM,pzc.II). 

" I 

5 5 

PRc. II. Ilp~ME,HH8 KOllmOH8HTli H9ATpOHHOf(,.lnga$KBM8p!,t. 
I - 0Tpaz8.T8Jlb, 2 - C~TWIJlliTOp, 3 - BOS.IJYIIIH.Erlf-sasop, 
4 - CB8TOBOtt paccenaT8JU,, 5 - <,pOT05JI8KTpoHHHtt yMHODTeJib, 

6 - KOOp,D;HHaTa ~8HTpa Civ,IHTIIJI.1I!iltRIR, HesamTpllXOB8HHaH 06.JiaCTb 
Cnpa.Ba - 06.JiacTb CB8TOBOro R3JIYqeHWI Ha ~TOKaT0,11;8. 

31:) ,ll8T8KTOp Ta.Kero TllIIa BII8pBH8 6wr COB,D;aH SHrepoM H.O. B. 
1958 r. ,IIJIJl per.llCT~H r-KBaHTOB, 
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JleKO.I(lipynI!ruI 8Jl0KTpOHmta B.El,Il;eJIJieT KOO.P.IUIHaTY ueHTpa TSDlt8CTlI . 

CUIIHTWIJIJllO!li: Xe.::::. ~ X;, Nt/L-Ni, ; 
nplI 8TOM npOCTpaHCTBemfoe paapemeHlI8 (ll!lipRHa Ha IlOJIOBliHe BHCOTH) 

onpe.n;eJIJISTCH HS Bfii>axeHM ___ ~--~7""':"-~ 

X - ~--k ) 2 ..JJ.J ~ - l'~N·,: ~~(Xi-Xe ~N,· . . 
r.n;e XL - KOOp'ARHaTa t, - ro /Jla1, Ni. - CliI'HaJI c L - ro /Jla1. 
OCHOBHoe Ilp8HMYJ1t0CTBO ItaMep 8Hrepa: npli H86om,moM 'll{CJI0 (f}3'.f MOltHO no

JIY'lRTl> 2-Me:pRstt · .n;eTSKTOp c pasp8W8.Xlll8it cnoco6HOCTl>D 4){ =(0,06¼-_ 

¼- 0, 12) p iJJ3'1. ·T.lillliTJHOe sHa'leHHe Ll X TaKIDC .n;eTeKTopoB cocTaBJIJieT 

1-3 MM. IN.I{ Ha OCHOB8 ItaMep 8Hrepa DmpOKO pacnpOCTpaH8Hll B .I@YM~ 

ClICTeMax: CpaBHHT8Jll>HO He6om,mmc paSMepoB .n;o ~(50)c50)CM2 /4I, ?8, 'l'iJ/. 

ClICT8Ma C'll{TWlaBlilll .06HTJHO Tpe6yeT Hcnom.so:eamm ''3BJ. B 60Jiee CJIOmHX 

,Il;8T0RTOpax aHaJIOrliTJHO·ro Tl!Ila lICilOJil>SYSTCJI He O'ARH CIJJlOWHOit - KaK B 

KaMepe 8Hrepa - CUHHTliJ.tJI!lTOp, a H0ROTOpruI MOSrutTJHaa: CllCTSMa OT,Il;eJI:&HHX 

•CIUIHTliJ.tJI!lTopoB, coe.n;memwx B onpe.n;eJieHHott ROM6RHauKR c w3'/ /Bd/. 
Hanpl!Mep, B O,ItHOtt HS TaKWC CllCT8M OBST, Ilp0llSBO~ 88.XBaTOM HettTpo

Ha B H8KOTOpOM CUHHTWIJIIITOpe, .n;e.nHTCH Ha 3 OilTH'l8CKRX ItaHaJia (3 CBe

TOBO.n;a) H pacnpe.n;eJIJieTCH Ha KOM6RHaum:> cJ/oTOtzyBCTBHTeJII,HHX nplleMHmtOB 

(w3'1). Tpomioe coBna.zteHRe cRrnaJia c no.mroro Maccna w3'/ onpe.n;eJIJieT 

a.ztp8C ,Il;8T8ItTHpyeMoro HSitTpOHa. MaCCHB m CUJ4HTWLIIHTOpoB MOJEHO sa-

ItO.I(lipoBaTl> C IlOMOJlll,D • n . iJJ3Y: m == n ! /31 ( n-3) l . Hanp:a-

uep, 20 (f}3'.f ItO,D;HpyeT II40 8Jl8M8HTOB. 3Ta BeJIH'lRHa HBJIJISTCSI npa!tTH'l8C

Kllll4 npe.n;e.nol\4 OT.n;e.nmoro MO;eyJI.R:, T,K. npli 6om,meM n 'll{CJIO CB8TO

BO,IJ;OB c=(n-I) (n-2)/2 .r47lli mur,zcoro w3'/ IlOJIY'lae-rcsr CJIHWKOM 60J11,WHM. 

HanpHMep' B yxasrumoM npHMepe HYEHO 171 C08'ARH0Hll8 .r47lli Kruir.u;oro (f}3'.f. 
:J:l .n;pyroM BapHaHTe ,Il;8T8KTOpa COBna.zteHHe CHnlaJIOB C ,IJ;Byx (f}3'1 ('BMSCTO 

Tpex) , BKJlil'l8HHIDC B onpe.n;eJieHHott KOM6RHauKR, OTJlllTJHOit OT ItOM6RHSURli . 

I-ro BapliaHTa, Il0SBOJISI8T ynpOCTliTl> ,Il;8T0ItTOp, io B TO xe'BpElMll ItO.I(li-

pyeT OT 2 n (f}3'.f 'l'OJil>KO n 2 8Jl8M0HTOB BI/. IlpRHumt It8M0pli 

8Hrepa liCilOJil>SY,8TCH yxe npli COS,IJ;aHlili (f}3'.f, Henocpe.n;CTB0HHO ~CH 

.n;BY?,40pHHM mm 7 42/ (.IUiaMSTp ~3'/"' 50 CM) • . 

C paSBHTlleM MI!Kp08Jl0KTpOHHEH IlOSIB.wrac:i, BOSMOlEHOCTl> COS,Il;aHlISI mm, 
COCT~emwx llS OT,Il;8.ll:bHHX WIHH-,IJ;8T0KTOpOB. II pH 8TOM CaM MliHll-,IJ;8T0KTOp 

COBM8CTHO .c· ,Il;8T8ItTOpHOtt BJleKTpOHHKOit BHilOJ.IH0H B 0,ItHOM HHT0rpa.11l>HOM 

HCilOJ.IH0Hlili, B.deCTO (f}3'.f ll IlOJIYilpOBO,ItHHEOBHX 8JleM8HTOB-,Il;8T8ItTOpOB lIC

IlOJll,SYDTCSI li MI!KpOKaHaJI:bHHe Il'Jia.CTHHH, Ha B!il0,Il;8 KOTOpHX ny'lOit paSMHO

ll8HHHX 8Jl8KTpOHOB MOllt8T parHCTpHpOBaTl>CH JID6ott ,Il;8KO.I(lipynll8tt CliCTSMOit. 

CoBepmeHCTBOBa:a:lle IN.I{ lll1IO napaJIJieJll,HO pasBlITHD li COB8p!ll8HCTBOBa

Hlill .n;eKO.n;HpYJlltWC CllCTSM. Ec.nll B 70-x ro.n;ax OCHOBHHM M8TO,Il;OM 'ABYJ,48pHOtt 
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KO.IUipOBKll SIBJIRJia.Cl> CliCTeMa CKP81ll8HHHX aJieRTpo.n;oB Mll RC -ooa.n:oroBaa: 

KO.I(lipOBKa, TO c paSBliTl!eM KaMep 8Hrepa .n;o6aBwrac:i, .n;BY?,48pHaJl (4-x wm 
60Jiee 8Jl8KTpO,ItHaa:) KO~OBKa. C IlOBHm8Hll8M 6HCTpo.n;ettCTBlISI ,Il;8T8KTOPHOtt 

BJl8ltTpOHlIKll (IQ-IO_ IO- 1c) IlOJiy'laDT npllSHaHll8 MeTO,Il;H BpewmpOJieTHOit 

T8XHHitll KO.I(lipOBaHWI, IIpHBe.n;eM B Ka'leCTB8 npl!Mepa HSKOTOplie 1lapl1laHTH 

,IJ;8KO,Il;l1lpynIIWC CllCTeM C0Bp8M8HHHX IN.I{. Ha PllC. I2 noKasa:a:H ,IJ;Ba Tpa.ztl!Uli

OHHHX MeTo.n;a aHaJIOrOBOit .n;eKO.n;HpOBKll'KOOp.n;RHaTH. CO'l8TaHlI8 .I(liCKpeTHoro 

ll aHaJIOrOBoro MeTO,Il;OB Il0SBOJISI8T npH6JlliSllT8.lll>HO B 3 paaa yM8Hl>DmTl> 

OIID16xy C'll{TliBaHWI KOOp.n;HHaTH. B IlOCJie,ItHee BpewI B ,Il;8T8KTOpax c ,Il;llC-

KP8THHMll 8Jl8KTpo.n;&m BM8CTO R C -JlllHlili C pacnpe.n;~ewHMli napaMeT-

paMll CTaJill Hcnom.soBaT:i,CH ,Il;llcxpeTHHe RC -aJieMeHTH 8 • 
CHCTeMa C'lRTHBaHlISI .r47lli mwep :3Hrepa SaBllCllT OT 'll:ICJla TOKOqyBCT

BHTe.nDHHX BJl8M8HTOB (W3Y MlI npOCTO 8Jl8K;r.oB). Ilpli MaJIOM 'lllCJI8 BJl8It-

TpO,IJ;OB HSB8CTHH .n;B8 ClICTeMH C'lllTHBaHlISI. / : 

PHe. I2. IIpmnv,nntaJIJ,Hasr cxaia C'lHTHBa:a:WI xoop'ARHaTH c 

O,ItHOM8pHHX 8H8JIOrOJmX IN.I{: CJlSBa - C 8Jl8KTp0,Il;011( B 

Bll.lte RC ...mmu sa.ztepima; cnpaBa - c pesHCTl!BHHM 

8HO,IJ;OM; l - ,Il;llCKpRWmaTop, 2 - ,Il;8T8KTOP nOJIO&eHWI 

148.KCJIIIIYWi liMnyJll>Ca Ha BpeM8HHOii OCH, BK - Bp8MeHHOit 

ItO.n;HpOBJll:l'IK, AJlII - 8H8JIOrO-Ullq)pOBOtt npeo6pasoBaT8Jll,. 
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PRc. 13. HeKOTOpH8 BapllaHTH CHCTeMH C'll!THBaHWI KOOp,!tmiaTH D;eHT
pO!cI,ll;a B 4-8.n:eKTpO,IWO!. ll03Rll;ROHHO.:.,zyBCTBHTOJil>HO! .JUlYM8.PHO! 
CHCTeMe / 83/. a) K!la.iq>aHTIIWI cacTeMa aJieKTpo,n;oB, 

6) KJillliOBll,IJ;IIM CHCTSMa M8KTp0,D;OB. 
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I),Il;IIJl KBa,n;paHTHOH reOM8TpliW 3JI8KTpO,IJ;OB, 
2),Il;IIJl K1IllHOBll)J.HO.fi 4-aJieKTpO,ItHOil CHCT8M!1 (CM. pHC. 13). 
CyniecTBYJlT.H 60Jiee CJIOJEHHe CHCTeMH C'iHTHBaHWI xoop,IJ;miaTH, o,ItHa 

HS KOTOpwc, HanpHMep, Tpe6yeT 30 ycWIHTOJie.tt Ha K~ MaCCHB, COCTM
ll!H.tt HS 1024 HS.ttTpOHHO-'zyBCTBHTeJil,HliX 8~Ell/18HTOB. Ilpm.i:epOM HCllOJll,SOBa
HWI BpeMJmpOJieTHOil TemHKH ,IJ;8KO,IJ;HpOBKH .HBJIJD:lTCJI 2-:MeIJliml C'll!HTWI
MD;HOmmti CtIST'lHK 6HCTPWC He.ttTiOHOB (En = I0-300 MaB) 141/ WIH .n;eTeK
TOp 20-150 MSDmx H8itTpOHOB / 4 /. Iapa.KT8.PH!18 paaMepH CD;mITWIJI/ITOpa 
o6HtIHO COCTaBJLlDJT I+2 ~ npH npOCTpaHCTBSHHOM paspemeHHH 5 CM. CHCTe
Ma. )Ulyx Ta.ItHX Cti8T'll!KOB llO8BOJil!8T HSM8p.lITI, SHeprH!l H yr~OBOe pacnpe
,IJ;OJ18HH8 npoTOHOB oT,n;atIH (no me BpSMeHH npoReTa a·xoop,D;miaTaM - npoxoz
.n;eHWI 060HX CD;mITWIJI/ITOpOB). 

? • 1IeTSKTop11 BHCOKOSHeprll'JHHX ge:ltTpOHOB H 
aHTmte!TpoHOB 

BsaHMo,n;e.ttCTBH8 He!TpOHOB (H aHTHH8.t1TpOHOB) BHCOKO.tt SHeprHH 
(E ~ rn9 aB) · c Be~ecTBOM conpoBo~aeTcsi xacKa.n;HHMH. npon;eccaMH c 06-
pasoBaHHeM 60JII.moro KODtI8CTBa He:ltTpaJIDHWC H aapJIZeHHWC tiaCTHD; • .l{eTeK
THpOBaHHe Trutmc: HS!Tp0HOB npmID;HnH~HO OTRHtiaeTCJI OT ,IJ;8T8KTHPOBaHWI 
He.ttTpOHOB 6~ee Hl!SKHX SHeprl!.tt (E · ~ rn8 aB) /84/. OCHOBHM sa,Itatia 
,n;eTSKTHpOBaHWI COCTOHT B lcI,ll;SHTl!Wl!Kan;HH HeitTpOHa (BimOJI8HH8 waitTa ero 
perHCTpan;HH OT perHCTpan;HI! ,Iij)yrWC He.ttTpaJil>HWC tiaCTHD;) I! H3MepeHH8 
aHeprl!H Je.ttTpoHa. B HaCTO.filll88 BP8M.II Ta.Itrut aa,Itatia MOZ8T 6HTI, pe~so
BaHa Ha OCHOB8 a,I(pOHHHX KMOpm.teTpOB. KoHCTpyKTHBHO a,I(pOHHH.tt KMOpH
M8Tp npe,n;cTaBJIJieT co6o! CJ!OZIJYD cerueHTl!pOB~ Cl!CTeMy qepe,D;yBllll!XCJI 
norROTHTOJieit ( Fe, 238U. ) a .n;eTexTopoB 12D • BaaHMo.n;e!cTBl!e nepBn
HOro a,I(pOHa C B81118CTBOM KMOpBMeTpa npl!BO,IJ;HT K pa8Bl!THD Jl,IJ;8.PHOrD Kac
Ka,I(a C _aH~prae.tt, 8aBl!C.filll8it_OT 8Heprl!H nepBl!tIHOro a,i:u>oHa. 0cHOBHrut .n;o
JISI aJI8KTp0Mal'Hl!THWC H a,I(pOHHHX COCTa.BJilIBJIIHX H.IJ;8.PHOro KacKa,Ita norRO111a-
8TCJI B pacnpe,n;OJieHHO! Cl!CT8M8 norROTHTOJie!. B ,IJ;8T8KTOpe, B ICatI8CTBe 
KOTOporo O6HtIHO npEM8HJIDTCJI IJJiacTHti8CKHe CD;mITWIJI/ITOpH, npOBOJIO'lHH8 
nponopn;HOHMl>HHe KBMep11 WIH Jm.IJ;KOCTHHe ·LA rt· -liOHHSan;HOHHHe KBMe
pu, Bim8JIS18TCJI JIHIIII, He60JII,mrut ,n;OJISI aHeprHH (Io-1- 10-4). IToaToMY 
8H8preTHtI8CK08 paapemeHH8 a,I(pOHHoro KMOpHMeTpa, orpaHH'IISHHOe 4UIYX
TYaitR8MH 60JII,mott .n;~ HeperRCTpHpyeMO! H MMO! .n;~ perHCTpHpyeMo! 
8H8prHH, H8B~O: 

.1,E 

E 
-;;:: (0,6-0,9)~1/ 2 ; r.n;e [E]. = I'aB. 
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Pirc. 14. IlpHHWffiRaJII,HM 
KOHCTp~ .ne,wopa 
SHTIDJefiTpOHOB • 
R!RSY JIOKaSaHH KOMIIOHeH
TH o~o:11 Rs IO c~: 
I - 6Jr?K xeJiesa 20x2ax . 
XI 01.ri3, 
2 - Cit,IJHTWI.7IllltllOHHlitt 
,neTeKTOp 20x20xI·~. 
3 - Cit,IJHTWI.7IllltllOHHlitt 
,neTeKTOp IOOxIOOXI CM3, 
4 - nor~OTRTeJII, qacT~ 
HRSKOtt :meprRR' 
5 - CTpHMepHHe Tpy6KR 
96xIOO c~. 

3TO IIpRilO,IU!T K TOMy, qTO Jiplil perRCT~ pa3HOTWIHHX H8fiTpaJI1:JWX a,n;
pOHOB cpaBHm&Ofi 3HeprRR a,n;pOHHlitt KaJIOpHMeTp JIOSBOJI/IeT Bl:l,IteJIRTD JllIIIII, 

<,paXT perncTpaxum a,n;poHa, HO He ero TRn. 06u~o A1IJl .IU!CKpEMIDiaIUm R 
OT6opa lpOHOBHX C06HTRii .neTeKTRPYJ!Xl!M CRCTeMa KaJIOpl:IMeTpa BKJI!OqaeT 
paSJlll'llme .l{OIIOJlHRTeJIDHUe ycTpo:ltcTBa, yqRTHBamtRe oco6eHHOCTH IIpOBO,IU!~ 
u:oro 3KCIIep.lDleHTa. B npmnome BTO JI03BOJI/I0T C onpe,n8J!eHHOfi CTeIJ8HDlD 
.l{OCTOBeJIHOCT.I! ~eHT~BitRPOBaTD R HettTpOHHHe B3aRMO,nefiCTB:lm 1271. 
B i:te.iroii TaKRe ycTpottcTBa CJIOlillll R YHRKaJII,Hlil (nOJIHoe qzCJio HH~JNaQR
oHHHX KaHaJlOB .l{OCTRraeT . ro6). B KaqeCTBe IIpHMepa IIpRBe,nt:iM xa_pa1tTe
pRCTHRR ,Iteire~TO~ aHTIDJettTpoHOB CpaJmlilTeJII,HO HRSKWC BHeprd'(c m.mym,- , 
COM .ito IJ:'aB/c) 65{nso6pallteHHoro Ha pnc.14.AHTHHefiTpOHH,oOpasyxmRaoa 
B peaKI\KR nepesapMKH aHTHilpoTOHa P + p-+ n + Y1 · , perRCTpRpy
l>'l'CJI JIO IIpO.ItYKT&I BHHJil'~ aHTHHeitTpoHa - sapllZemraM IllJOHaM. 
0np9'A8JUlllTCJl KOO~aTlil Jiepece'CleHWl IIKOHBMR OT,ne.zwna: ceKitRtt R BpeMB: 
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npo.neTa aHTHHefiTpOHa .no B3aRMO,ne:11CTBWl B KaKOfi-.1IR60 R3 ce~. 3a,r{a-qa 
,neTeKTOpa - Bl:l,IteJlRTD C06lilTRJl perRCT~ aHTHHefiTPOHa Ha WOHe perRCT
~ )U)yrRX H8RTpaJll,Hlll: qacT~ ( KO 

J .J,0
) «) n ) lil onpe.ne

llTD HaqaJII,Hyx> 8Heprmo 8HTHH8HTpDHa. 
0CHOBHHe JiapaMeTpH .1{8T8KTOpa: 
I) qyBCTBRT8JII,HWI JIOBepXHOCTl> -:; IOOxlOO CM2 ; 
2) paspelll8nqasi cnoco6HOCTD no xoop,IU!HaTaM X R Y - 0,5 CM, 

no BpeMeHR IIpOJleTa - I HO; 
3) CKOpOCTD cqeTa - 50 006./c; 
4) ~eKTRBHOCTD - 0,6 , 

8. HOBHe TIDIH neTeKTODO~ 

OTMeTHM HOBHe BOSMOJICHOCTR B T8XHRKe perRCT~R B~eMeHTaJIHHX 
qacT~. JIOTeHJ:tHaJII,HO IIpRrO,ItHIDC A1IJI 003.l{SHRJl HefiTpOHHlilX ,neTeKTOpOB 
HOBOro TRna. 

PerHCTOOITM diasoBoro nepexona B CBepxnpOBOlIHHKe 

HsBeCTHO, qTO rpaHym (,0~MRM) CBepxnpOBO.Itmllero MaTepRaJia 
(HanpHMep, Sn , In ) rrpn TeMIIepaType Hllllte KPRTlilqecxo:11 HaxO~TCJi 
B MeTaCTa6WimOM CBepxnpOBOWll!l8M COCTOJil!RR, eCJIH SHaqeHRe HanpwiteH
HOCTH BHelll!iero MaI'HHTHOro JIOJIJl HaxO,IU!TCJl BHYTPH ,IU!anasOHa, orprui:neH
HOro HeKOTOpl,IMR KPlilTHqecxm.m SHaqeHWIMK. B 1978 r. Ju>yKa.1ii:ep (Drukier) 
n .IUl· 1861 saperncTpHpoBaB rrepexo.n oT,n8JibHWC rpaey~ In ns coc
TORHRJI CBepxrrpoBO,ItliMOCTH B HOp.raJII,HOe COCTOJil!He rrpR 06.lryqeHHli WC He:11-
TPOH&lli OT Pu - Be -RCTO~HKa. .AHaJIOrH'llW.X nepexo.noB OT ~ -KBSH
TOB 57co IIpaKTHqecxn He Ha6~WIOCDo I'paeym In HaI:0,nMliCD B 
na~mtoBo:11 ,IU!BJieKTpnqecxott MaTp~e B KOMIIaYH.l{e c rprui:y~az.rn xap6~ 
6opa (,0 20+60 MKl4 B4C). II~lil _TOp.{OJlteHU sapaxeHHUX 'ClaCT~. o6paSYllJlWC
CJl B peamum IDB( n, o( ) LL + 2,3 MaB (93%), TeimepaTYpa rpruzym 

In IIOBWIIaeTCJl, .H Ilpli .l{OCTDeHlilli KpHTnecxo:11 T8MllepaTYJ)H rPSHy~a 
rrepeXO,IU!T B OCHOBHOe COCTORHlile. Heo6xo,Itl!J,fllfi POOT TeunepaTYJ>H .l{OCTH
raeTC.a: 6Jraro,nap.a: MaJIOMy 06i>8My li HHSK0:11 y,neJU,Hoii TeWIOeMKOCTli rpruzym • 

• . .nim per.ROT~ rrepexo.na lilCIIOJIDSOBaJICJl ~KT MettccHepa - BliTaJI
KRBaHlile MaI'HlITHOro IIOJIJl lilS CBepxrrpoBO~HKa, T.e. MOM8HT rrepexo.ita lpmt
ClilpOBaJICJI IIO JilSlleHeHJill) MaI'HHTHoro IIOJIII. YKasaHHoe CBOitCTBO CBep.xrrpo
BO~HKa DOSBOJISieT COS,naTD He:ltTpOHHli:11 ,l{eTeKTOp TlIJia J:llij{, 06na;n;anqmt 
IIpOCTpaHCTB8HHOI II&f.f!TDI) BHCOICoro paspemeHWl (,1 X ~MIW). .11irg/o,IMai:tRH 
JieI'lCO CTlilp8.8TCJI MaI'lIH'mHM rro~eu. 
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IlORllM0plil3auIDI MOHOM0DOB 

B 1983 r. CKOTT /s7/ HailleJI cpe,ey, Henocpe,n;CTB0HHO M0HJmllYX) '~BOH 
onT:aqecKH0 CBOHCTBa no,n; ,n;ettcTBlileM T8ll1lOBHX HS:ltTpOHOB. TaKoe CBOHCTBO. 
O6HapyxeHO y noRH.n;Han;eTwreHa. :3TOT MaTeplilM noJIYqaeTCSI nOJmMepH3an;H
en ,n;:aan;eTMeHa R - C = C- C = G ...,. R 1 

. B TBep,n;oe cocToa
HHe. Pa,ll;RKaJlll R :a R ' MOryT 6HT1> BH6pmm lil3 HellTpOHHO-aKTllll
Horo MaTepHMa, 8MllTHPYiJ!Il8rD npoTOH Will o( -qacTmzy. Bo BpeMll nOJm
Meplil3an;HH :acxo,D;Hl:l::lt npo3pa'!Hllll: MaTeplilM n~aeT ll1lOTHYJO q88TOByD OK
paCKY. ,llHan;eTWI8H y,n;o6eH npll qJMl>MOBO:lt perllcTpan;lm H.e:ltTpOHOB. 

ITOJIYUpOBOlIHHKOBH8 ycTpO:ltCTBa npOMH!ll1I8HHOro H3rDTOBJI0HM 

H3B8CTHO, qTo HSKOTOplie KpeMHli8Bli8 no.irynpOBO,Il;IIRKOBHe ycTpO:ltCTBa 
BliCOKOit CTeneHlil HHTerpa.wm, Hanpmmp .n;HHaM:aqecKaa n~Tl, TIDUl R A M, 
qyBCTBlilTeJILHli K BHSWHSMY lilOHli3HPYiJ!IleMY lil3JIYqemno. IlpH 8TOM npocTpaH
CTB8HHaH ROKMlilSan;M M8CTa npoxo:ar.n;eHM 3apm1teHHoit qacT~ B TaKOM. 
ycTpO:ltCTB9 HaMHOro .nyqme, q9M B MYR1>TH8JI8KTpO,n;amc nO3HW!IOHHO-qyBCTBlil
T8Jll,HliX ,n;eTeKTOpax. ~ npOB8pKlil BO3MOlltHOCTH li3rOTOBJI8HHH npOMlilllJI8H
HlDC no.irynpOBO,Il;IIHKOBUX ycTpOitCTB, qyBCTBlilTeJlbHHX.K T8ll1lOBHM H8HTpDHaM 
B 1983 r. l!epoqiwnm:H ( Cerofilini) lil ,n;p. 6wr CO3,n;aH ,n;HO,n; c HMit1.IBHTH-

poBaHIWMR B p+ - O6J.IacT1> ,n;Ho,n;a (06J.IacT1> B6Jm3lil noBepXHOCTlil o6e,n;
H8HHOtt 30HH) liOHaMH 10B. Ilplil saxBaTe T8ll1lOBOro HSHTpOHa npOBO.n;H

MOCT!, ,n;HO,n;a pe3KO BOSpaCTMa. BepoaTHOCTl>. cpa6aTHBaHwt ,n;Ho,n;a npli no
nMBHlillil B Hero o,n;aoro HellTpoHa cocTa.BJIJIJia s·10-6 nplil xo~eHTpa.wm 
lilOHOB IQB , paBHOit 4 • 1015 HOH/ CM

2• ' 
lf3 TaKHX nplil6OpOB MOryT 6HT1> COCTaBR8Hli 60JI1,llll!8 lIOB8pXHOCTH, 

miq/Op.lan;M c KOTOpHX MOX8T nOCTYIIaTl> Henocpe,n;CTBSHHO B 3Bd. EOJiee 
Toro, Taltlil8 ycTpO:ltCTBa MOryT 6HT1> 8JieM0HTaJ.m onepaTRBHO:lt naMIITlil 3:B\i 
H Henocpe,n;CTB8HHHM O6pasoM,lilClIOJI!,SOBaT1>Ca, Hanpm!ep, Ji.m HaKOll1l8'.IIM 
H o6pa6OTitH sxcnepD8HTM!,HOli HHqJOp.aan;r,m Wilil WIJ1 ynpaBJieHM pa60TOit 

3BM C nOMOJlll,D H81TpOHHOro .nOJIII. 

PanHamtOHHij8 3JI8KTpo?,larH111THW!; ( f?A f1 ) lI 
m.esoarreKTpzqecKd CPII3) ajxbeKm B 110JMID0Bomrmtax 

3TH ,ItBa HOBHX H 6Jm3KHX no CBOett npHpo'e uacca JiBJieHd lilCM8-
,Il;OBalili CpaBHHTM!,HO H0.n;aBHO, B 1977-80 rr. as-91/. Ilpo:acxo:ar.n;eHH8 

PAM -sqxpexTa Me,n;ymtee. Ilp:a O6.1.IyqeHHH TmteJWMH sapia;emwam 
qacT~awI ( o( I p H ,n;p.) KpHCTaJIJia rep,laHM B6J.IHSH ero lIOBepx
HOCTH (no TpeKBM, HanpliD4ep, o( -'laCT~) o6pasYJlTCH 8JI8KTpDHHO
,n;HpO'll!li8 napH. BMe,n;CTBH8 8TOro B,n;OJll, OCH,nepneH.n;HKyJISipHol K O6.1.Iy-
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qaeMo:lt lIOB8pXHOCTH,BO3HRKaeT rpa,IOieHT KO~SHTpaIQDI HOCHTeJiel H .ItllPPY
SM HOCHTeJI0it Br.7lY61> o6pas~a. Ilo,n; BJlllllllHeM BH81111Iero imnmTHOro lIOJDI, 
HanpaBJieHHoro B,n;OJll, o6J.IyqaeMoil,noBepxHOCTH, 3.lieKTpOHll H .n;IqlltH OTKIIO
HJil>TCH B npOTHBOlIOJIOmHe CTOpoHll H OO3,n;al)T 8JI8KTp:aqecxoe nwre. Ha 
ROHTaKTax pasOMKHYToro o6pas~ BOSHRB:aeT 3.I{C. Ta.KHM o6pasOM, B PAM
ajlqiexTe pas,n;eJieHH8 HOCli!TeJiel !ii BO3HmtllOB8Hlil8 3.I{C CBHSBHO C .lilaI'HRTll'.W 

lIOJI8M. Ilpl!I STOM MaI'Hlil1;1O8 lIOJI8 ,n;eJiaeT KpHCTa.M: aHHSOT,POIIIWII C napa
MSTpOM aHl!ISOTpoilHl!I, paBHHM Cyw.!8 XMROBCRHX yrJIOB WIJl 3.IIeRT,POHO~ H 
,n;HpoK. 

Ho aH!ilSOTpolllilH .IOI®Y3HH B ey6l!lqecxoM KpHCTaJIJI8 1'8p,alll!l'J'I MOZEIT 
6HT1, BHSBaHa H O,Il;IIOOCHOI ynpyrol ,n;eqiop,1an;Hel KpHCTaJIJia. Pas,n;8JI8HH8 
HOCHTeJI81 B STOM CJIYqae npOHCXO,n;HT 6.1.Iaro.n;apll pa8JIH1mOI CT81I8HH aHH
SOTpOTIHl!I lIO,ItBWBHOCTel 8JI8K'rpOHOB H ,n;HpOK (Hra-sqqieKT). IlOCKOJll,Ky oco-
6eHHOCTH,,n;RqXpy3HH H36liTO"llIWc"HOCJilTe.nel WIJl O6O:ax 8qJqJ8RTOB 6J.IHsxH, sa
BHCRMOCTB 3.I{C HI3-ajlqieKTa OT noToKa, SHepr.l'IH H qumeHca HOHH::sltpyuqax 
qacT~ 6JIHSKH R cooTBeTCTBYDJll!IM SaBKcmaocTJIM WIH PAM -sqqieKTa. 
OT.zmq::aTeJI!,HOI qepTOI ,n;eT8KTOpa, pea.imSOBaHHOro Ha HClIWil,SOBaHHH 

PAM WIH HI3-sqqi~xTa, JlllJIIIeTCSI YM8Hl,lll8!{He S.Il,C c pocTOM :meprHH 
qacT~~ MexaHHSM, aToro HBJISHHH CBJISBH c Bospa~TBHHeM 3.Il,C npH YJ,(em,me
Hl!IH npOBO,n;BMOCTl!IBCero RpHCTaJIJia. B CBOD oqepe,n;I,,npoBO,1:tHIIOCT!, xpHc
TaJIJia onpe,n;8Jlll8TCH npOBO,n;HMOCTl>D O6.1.IacTH norJIODl8HWI sapimeHHOI '18.CTH
Itll• TaKD o6pasoM, np:e: YM8H1>meHHH sHeprHH ua;nanqmr qac~ n npo6er 
B KpHCTaJIJ18 YMSH1>maeTCSI, na,D;aeT npOBO,n;HMOCTl> RpHCTaJIJia, H S.I{C pacTST. 
IlpEi HMl!lqHH ( n I o(. . ) WIH ( n I p )-KOHB8PTOpa ,Il;8T8KTOp TaROro THna MO
X8T 6HT1, HClIOJI1>3OBaH.WIJI l!l8M8peHM lIOTOKa HelTpoHOB. 

3aKJIDqeHl!l8 

PasBHTH8 M8TO,Il;OB H T8XHHRH perHCTpaltIDI_HelTpoHOB CBmumo C O6llt1DI 
nporpeccoM HaYKH H.T8XHHRH. B HacTOsmtee BPE:11&. JllaJtl4PYlllt88 B1IHIIHH8 Ha 
COB8plll8HCTBOBBHH8 H81TpoHHHX ,Il;8T8RTOpoB B OCHOBHOM ORa3HJl8JlT CJI8,n;yD
IIIH8 qiaKTOpH: 

I. Ilporpecc 'B . T8XHHR8 pel'JICTpaltIDI aapimeHBHX qacT~ ·II <Y-ItBaHTOB; 
2. PasBHTH8 MHKp03JI8RTp0~HKK H COB8pill8HCTBOBaHl!l8 M8TO,ttOB o6pa-

6OTitH ~poma H aHaJIOroBHX CHI'HaJIOBj 
3. IlOBlilll8HH8 li!IBT8HCl!BHOCTH H81Tpommx HCTO'DIHKOB; 
4. Paclllllp0HH8 O6.liacTH npmtJUl,D,Horo HClIWJI,SOBaHJIII H8hp0HOB • 

Ilpe2UYD18CTBO B paSBllTHH·llOJIY'laDT npez,Jte Boero HaH60Jiee 6HC'lpO-
,n;elcTBYJIIVil8 M8TO,n;H perHC~ H81TpoHOB. 0,n;aaKO WIJl IIHOl'll THlIOB 
,Il;8T8XTOpoB, OCO68HHO rasOHanOJIHeHHHX Jil ,tt8K8 ~T.wtlIIDij(OBHliX, 6HC'rp0-

37 



A8:l!:CTBHe yxe He ,OI'paJIHtnIBaeTCJI 6HCTp0A8ilCTBH8M ,I(8T8KTO!)HO:l!: 3JI8KTpo
HRKH ll B HaCTOJilll88 BpeMII H8XOAHTCJI B6.zmSH JipeAeJia IIPHHttmmBJII>HWC BOS
MOlEHOCTe:l!: STHX ,I(8T8KTOpOB. 

Balmo OTM8TllTI,; qTo xapaKT8!)HHMH Tpe6omunIIDJil:I' IIP8A'hiillJIJI8MW,!H K 
COBp8MeHHHM A8T8KTOpaM, CTaHOBHTCJI (KpOMe 6HCTPO'A8:l!:CTBWI) H~exHOCT:&, 
T8XHOJIOI'J:lqaocTI>, Y'A06CTBO B 06P8Ill8Hlll:I, Hl:ISKaJI CTOHMOCTI, ll BOSMOXEIOCTI, 
perl:IcTp~ KOoI>,ItlmaTH per1:1cTpl:Ipy0Moro HettTpoaa. EcJ.m eme JteT IO TOMy 
Hasa,It STl:I Tpe60B8HWI 6wrn TO.lll,KO .l!teJiaTeJil>H.EiMl:I' TO B HaCTOJilll88 BP81i1Jl 
OHl:I no,I(qmm)T ~pMOTKY npaKTl:Iqecmi: Bcex THIIOB HOBWC ,I(8T8KTOpOB, 

CoBepmeHCTBOBaHl:Ie T8XHOJIOI'l:ll:I HSI'OTOM8HWI HHT8I'pa.7ll,HliX CX8M . . 

npl:IBeJIO l( BH,ItM8HHIO HOBOI'O Ha.npa.BJI8Hl:IJI B COS,Itallll.lI nOJiy:rrpOBO,nHHKOBW( 
1:1 'APyrHX THnOB 'A8T8KTOpOB - COS,I(8Hll8 ~OHaJll,HO SaKOHqeHHWC 'A8T81(
TO!)HWC ycTpO:l!:CTB, HM8JOlllHX BCTpoemwe SIM WIH·BOSMOlEHOCTI, no'A1tJil)q8HWI 
It BH8WH8il S.BM. B TO xe Bp8MII paSBl:ITl:I8 rasoHanOJIHeHHWC l:I ci.umT.1itJL1Ilml:I
~HHWC 'A8T8RTOpOB ~8T (no Rpai!Hett Mepe STO CTaHOBl:ITCJI BC8 SaMeTHee) 
no nyTl:I nOBHW8Hl:IJI T8XHOJtOI'HqaOCT.II HX:HSI'OTOM8Hl:IJI H BOSMOlBHOCTH BHpa-
60Titll HeROTopwc THnOBWC ,I(eTeRTOpHHX ycTpo:l!:CTB. YRasaHHue wa,RTH Moimo 
HHTepnpeTHpOBaTI, l(aK H81(0TOpu:l!: CTHXH:l!:Hwl: mar B COS'ABHl:ll:I YH~RIUlp0BBH
HO:l!: CHCT8MH OT,I(eJil>HHX ,I(8T8RTOpOB, nOSB~.ItaqecTB8HHO ll3M8HllTl, 
mpaKT8p sxcnepHM8HTBJll,HWC pMOT H HHT8HC~m:uq>OBaTl> HayqHHe HCM8'AO
BBHl:IJI. 0AaaKO B HaCTOJilll88 BpeMII OCHOBHaJI Ma.Cea H8iTpomwx 'A8T8RTOp0B 
np8,I(CTaBJIJI8T co6ott He CBJISamlli8 'APyr C )UlyroM OTAeJil,HH8·paspa6oTRH, 
Cyill8CTB8HHO OTJtl:Iq8Dlll:I8CJI no CBOHM OCHOBHHM napaMeTpaM. 

B HOB.WC paspa60TRWC CTBHOBl:ITCJI BC8 38M8TH88 ,I(OJDI "rl:I6pH,D;HHX" 
,I(8T8RTOpOB, coqeTaJill!HX B O,nHOM 'A8T8RTOpe ~e CBOitCTBa H8CRO.lll,Kl:IX 
pasHOTHnHHX ,I(8T8RTOpoB. EcJ.m IIP8'ACTW3HTb ce6e .I(8TeRTop, coqeTamtd 
B ce6e ~'lllll:I8 pea.m:.HO 'AOCT!:IZBMH8 mpaKT8pl:ICTH!tl:I OTAeJil,HWC 'A8T8l(T0pOB 
pasHOI'O THna, TO STOT 'A8T8RTOp 6Y'A8T BHrJL/i,It8Tl> npl:I~HSHT~O TaK: 

6HCTpO.I(8ICTJll:I8 31:) - I09 m,m/c . 

npOCTpaJICTB8HH08 paspem8Hl:I8 - I□-2 MM 

ad'xfl8RTl:IBHOCTl, l( T8IlJIOB.lll4 
H8ITpOHBM - IGO% 
I'80148Tp.WI 
T8:JQIOJIOI'HqaOCTl> 
Tp860B8Hl:I8 K ,I(8T8RTO!)HO:l!: 
8Jl8RTp0HHR8 

-~aJI 
- MamHHH08 npoHSBO,I(CTBO 

CTBH,Itapmoe no,IClCJiilqeane x BHemael 
- SBM WIH Henocpe,I(CTB8HHO l( AHCilJ!eD 

31:) Ilpl:I OTCyTCTBl:Il:I orpaHHqeHd co CTOpOHH 8Jt8RTpOHHWC Cl:ICT8M 
OT6opa C06HTd, C yqeTOM KOTOpwc 6HCTPO'AelCTBH8 MOZ8T Yl48Hl>WHTl,CJI 
Ha H8CXOJil,KO nO,PlJ,ll;ltOB. 
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C 'APyro:l!: CTOp0HH, e~ HCK1ll)qJITI, H8KOTOPH8 SKSOTl:IqecKl:I8 Tl:IJI!i 
'A8T8KTOp0B, mpaKT8pllCTHRH l(OTOPHX, KaK npaBWIO, H8 ~qme xapaKTepl:Ic
THK ,I(8T8RTOpOB ~pa.ztRIUIOHHOI'O THna, TO B npaKTl:IK8 axcnepl:IM8HTaTopa no 
npemteMy OCTBJOTCJI rasoHanOJIHeHHHe, C~T~OHHH8 ll riOJIYIIpOBO,nHllKO
BH8 'A0T8RTOPH. 0TMeqeHH8R rpynna ,I(8T8RTOpo:Ei SBOJIDlOIOHllpY8T B OCHOBHOM 
B CTOPOHY l(OJil:IqecTB8HHOI'O COBepmeHCTBOBaHIDI CBORX napaMeTpOB, KOTO
PH8, no-B~OMy, B H8,I(8JI8XOM 6y,I(ym8M ,I(OCTllI'HyT eCT8CTB8HHOro lIP8AeJI~, 
onpe,I(8JIJI8MOro BOSMOJEHOCTJ'IMR l:ICnOJII>SYeMHX npl:IHWIIIOB peI'RCT~. 

IIponso~eT ~ saTeM saMeTHWl xaqecTBeHHwl: cxaqox B CTPYKTYPe n 
BOSMOJEHOCTHX H8:l!:Tp0HHWC ,I(8T8KTOpOB, cnoco6Hwl: lIPHHttmraBJil>HO ll8M8Hl:ITI, 
npaKTHRy H81TpoHHWC HCM8'AOBBHd, nOK8.l!t8T 6y,I(ymee. 
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I 

Tpe60BaiillJI, npe'A~JIB11HeMHe K cepllll 6ponnop 
"Jieruurn ,IT,7IJl MOJIO'Ah!X Y'leHHX OIDIB" 

CepHH 6polllBJp "JieKWrll ,IT,7IJl MOJIO,IUDC yqemnc OIDIB" H8'Aa9TCH c ~8JI!,10 
IlOBWIIeHHH HaytIHO-npowecCHOHaJII>HOrO Kpyroaopa H ypoBHH MOJIO,IUDC y'leHWC 
ll cne~aJIHCTOB 0Wll1 B aKTYaJI!,HWC 06JiaCTJIX llCCJIB'AOBaHWl, Be.nylllHXCH no 
TeMaTHKe llHCTHTyTa. BmyCKH 'AOJil!CHll npe'ACTaBJIHT~ co6ott 8aKOH'leHHHe 
lUll(Jil:l Jie~. npO'IHTaHHHe B OIDIB H OpHeHTlipOBaHHHe npellf,l{e Boero Ha 
MOJIO,IUDC COTPY'AHHKOB llHCTHTyTa. 

JieKWIH 'AOJil!CHll llMeT:1:, xaprutTep y'le6Horo noco6WI, npe'AffaaHa'leHHoro 
,IT,7IJl nepBoro 08HaKOMlieHWI C pacCMaTpHBaeMo! npo6JieMott, a Ta.KXe CO'Aep

litaTl:, o6aop ee,coBpeMeHHoro COCTOHHHH. ,OHH 'AOJDKHli 61:lTl:, CHa6~eHll noi
po6Hb1M orJiaBJieHHeM H OCHOBHOH JIHTepaTypoft. BOJI!,JJJHe naparpawu peKOMeH
lJYBTCH paa6HB8.Tl:, Ha IlOMaparpawu C BlllieCeHHllMH B orJiaBJieHHe IlO'A8a!'O
JIOBKaMH. 

Bec:1:, TeKCT, BMIO'laH OT'A8Jil:,Hlle-rJiaBll ll naparpawu, CJie;rzyeT neqa
TaT:1:,, 8aTIOJIHJlll KaJK.DY!O CTpa~ ~eJIHKOM. 

PyKon.0:01:, 'AOJDma 6uT:1:, HanetiaTaHa Ha cne~arrmwc 6JiaHKax, npe'Altaa
HatieHHWC ,Il,JI.il ll!)RMOro penpo~pOBaHHH, KOTOpue MOllCHO llOJIY.'llITl:, B H8-
'AaTeJil:,CKOM OT'AeJie. Bee q/OpdyJill ll cxew 'AOJillC!Ill 6llTl:, BIDICaHll a.KKypaTHO 
li HCHO TymI,10 WIH qepHWiaMli 'lePHoro ~eTa. Pa8MeTKa q/OJ:fdYJI He npoHa
BO,l{llTCH, liX Hytlfep~ ,ItOJDma HWCO.ItlITl:,CH B Ito~e CTpOKH cnpaBa B 
KpyrJIHX CK06Kax. TeKCT Jie~ netiaTaeTCH Ha Mammnte C 'lePHOi (He ce
·poa) .iieHTo! qepea I,5 HHTepBarra. 06~eu Jiexwtlt He ,ItOJIJJteH npeBllIIIau 
100 CTpaH~ Malll.lllIOllliCHOro TeKCTa. 

PYKOilllCl:, npe'ACTaBJIHeTCH B Pe.It~OHHllli COBeT C9pllll 6ponnop "JiaK
~ ,IT,7IJl MOJIO,IUDC Y'!9HllX OHiiH" COB9TOM MOJIO.IUDC Y'l9HHX ll Cll9~aJIHCTOB 
OIDIH a COB9TaMH MOJIO,IUDC Y'l9HllX ll cne~aJIHCTOB Jia6opaTopllft rlHCTHTyTa. 
Pe,It~OHH!lli COB9T npuHHMaeT OKOH'l8T8Jil:,HOe pemeHH9 0 ~8JI9C006paaHo
CTll 99 ny~ll. 

Pe~OHH!lli coBeT 
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