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B.i1.Kot1KHH, IO.B.PH6oB, J1.J1.WeJioH~eB 

PACqET IlAPAMETPOB »1~KOCTHOro 

CUJ1HTI1JIJUIUJ10HHOro ~ETEKTOPA 

HEfiTPOHOB ~EREHJ1H 

HarrpaBneHo Ha BTopoe BCeCOI03HOe COBemaHHe 
rro MSTOJ:taM MoHTe-Kapno, CyxyMH, OKTS16pb 1969 rona 

OMS='M 
5HBJIHOT£KA 



I. BBE]lEHHE 

BaJJtHott COCT8BHOit qacTnIO 8KcnepHUeHT8JlnHOro o6opy'AOBaHHH 

H'AePHOfl ~H8HKH HBnHlO'l'CH BC6ll0JlHOBlile Hett'l'pOHHHe 'A6'1'8K'l'Opu. iH'A

KOCTHHe C~HH'l'HJlJlHTOPU 60Jlnmoro o6~eua, HarpyxeHHNe K8'AMHeM, ra

'AOJlHHHeM :tmH cauapHeu, HaH6onee UOJlHO Y'AOBJieTBOPHlO'l' Tpe6oBaHHHM, 

npe'A~HBJIH6LruM K UO'A06HUM 'AeTeKTOpau. 0'AH8KO 8TH 'A6TeKTOpu npe'A-

CT8BJIHIO'l' 00601-1 OJIOJJtHUe 'AOpOrOCTOH~He ycTpOffC'l'B8, xapaxTepHc-

THKH KOTopux aapaHee H8JlD8H npe'ACK888TD C Y'AOBJieTBOPHT8JlDHOtt 

TOqHOC'l'DIO. 

OnHCUBaemitt 'AeTeKTOP, coopyxeHHUfl ll I960 rO'AY, 6HJl nepBUM. 

HettTpOHHNM 'AeTeKTOpou, HCilOJlDayemiu ll HCCJie'AOBaHHHX M8TO'AOM Bpe

reoueTpHH 'AeTeKTopa, 

BpeueHH 'xeaHH HettTpOHOB cneKTpa 'A8JleHHH 'AO aaxBaTa, S(l)qieKTHBHOC

TH perHCTpa~HH HettTpOHOB H llpeueHH aaue;l(Jiemrn - Bee no HM8JIO 

Bai1moe aHaqemrn. 

C yqeToM peayJII,TaToB npoBe,neHHoro pacqeTa OIJJlH BHc5pa-

HU KOHCTPYK~HH ;l(8T8KTOpa H COCTBB ~H;l(KOCTHOro C~HHTHJlJlHTOpa, 

T.e. npaKTHqecKH- onTHMaJibHHe YCJIOBHH npoBe,neHHH Boero 3KcnepH-

ueHTa~ 
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2~ ~H8HKa 'AeTeKTOpa. 

]leTeKTOP COCTOHT H8 'AByx 6aKOB B BH'Ae yceqeHHHX KOHyCOB 
I - I 

061>euo11 250 JI KallOUiit. OHH BMeKlT BHyTpeHHHH llPO'AOJI:&Hllii KaHaJI MH 

· nouemeHHH uccJie~euoro o6pasna B reoueTpHH,6JIH8KOii K 4:rr. 061>eM 

KaJQtoro 6JIOKa npocuaTpHBaeTCH qeTHp:&MH WOTOyMHOJmTeJIHYH, perHCT

pHpyromHMH CQHHTHJIJIHQHOHHHe BCimmKH OT ¥-nyqeii aaxBaTa Ka]U!HeM 

aaueMHBfilHXCH HeiiTpOHOB 'AeJieHHH H MI'HOBeHHOrO Y-H8JiyqeHHH HC

CJie~eyoro o6pasna. 8TO Il08BOJIHJIO HCCJIO'AOBaT:& KaK qffcJIO 'A8JI8HHH, 

npOHCXO'AH~HX B o6pasne, TaK H qHcJIO pa,n;HaUHOHHl:lX 8aXBaTOB/I/. 

]lJIH HCKJIIDqeHHH JIOlltHlilX 8WW6KTOB, CBH8aHHHX C 06paTHllM pacCeHHHeM 

saueMHBmHXCH HeiiTPOHOB 'AeJieHHH Ha 06pa8e1.t,.MelK'AY o6pasnoM H 

qyBCTBHT6JI:&HHM 061>eMOM 'AeTeKTOpa IlOMemaJICH CJIOH COe'AHHeHHH 6opa, 

norJio~aIDmero MeMeHHlle HeiiTpOHll. CxeMa 'AeTeKTopa npHBe'AeBa Ha 

PHC. !. 

3. MeTO'AHka pacqeTa. 

BpeMH JKH8HH C:: H 8~eKTHBHOCT:& perHCTpanHH HettTpOHOB 0~ 
HBJIHIDTCH WYHKnHHMH reoMeTpHH 'AeTeKTOpa H COCTaBa cnHHTHJIJIHTOpa, 

8HepreTHqecKOtt aaBHCHMOCTH ceqeHHH norno~eHHH H paccenHHH OT~eJI:&

Hl:lX ero KOMUOH8HT. 

~yHKQHOHaJI:&HHe BHpaJKeHHfi MH T H E. It. MOlXHO' no KpaiiHett 

M pe TeopeTHqecKH,88fiHCaT:& B BH'Ae MHOrouepllllX HHTerpaJIOB. O'A

HaKO He TOJI:&KO HaXOJlt'AeHHe 8THX HHTerpaJIOB, HOH HBH~H HX aa

IlHC:& npe'ACTaBJIHIDT 8HaqHTeJI:&HHe TPY'AffOCTH, fi08TOMY MH HaXOJQte

HHfi 7: H f 1t- 6HJI npHMeHeH MeTO'A CTaTHCTHqecKHX HCnHTaHHtt nyTeM 

4 
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PHc. r. Cxeua 'A8TeKTOpa HeiiTP.OHOB 'AeJieHHH. 

r. 06paae:r.t - HCTQqHlrn HeiiTPOHOB ;zteJieHmt. 

2. ~HJI:&Tp H8 Kap6H'Aa 6opa, norJiomaromutt ueMeHHHe 

Hel!iTpom.r. 

3. lKH'AKOCTHHl!i CQHHTHJIJIHTOp. 

4. ~OTOyMHO~HTeJIH. 
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CTaH;l{apTHOro npoc1rei1urnaHlilH "cy;zu,6u" OT;l{eJII,HblX HetiTpOHOB H Hac5o

pa CTaTlilCTlilKlil. J{aTqHK CJiyqatiHblX qHceJI, npHM6HHBfilliltiCH HaMlil, onH

caH B pa6ore121. Hcnonh30Banlilch cne~ynmHe HaqanhHhle qHcna: 

0,9I3 423 782; 0,927 842 634;_ 0,9I7 043 055; 

0,929 04I 3I4; 0,9I7 575 374; 0,93I 749 397; 

0,97I 254 034; 0,946 88I 6I2; 0,935 847 286; 

0,962 074 4I5; 0,659 6I7 348; 0,857 834 76I. 

.Bee no1ryqaBmHecH nocJie;l{oBaTeJII>HOCTlil c1ryqatiH1DC qHceJI ;l{aJIH 

xopomHe pesyJII>T8Tbl, H 8TH I2 HaqaJII>HblX qlilceJI_MoryT 6b1TI, peKOMeH

'AOB8Hbl 'AJIH npHMeHeHHSi 

BHaqaJie c nouomiiro 'ABYX c1ryqatiHHx qJi1ceJI onpe;l{eJIHJIOCii HanpaB

JieHlile BUJieTa HeitTpOHa HS MHmeHlil. Ha COBMeCTHOro pemel!lilH ypa11He

llHH UlilJililff;l{pa C P8'AHYCOM 't, H IlPHMOH H8XO'Ali1JI8CI, TQqKa BJieTa HetiT

poHa l3 ;l{eTeKTOp. J{aJiee pacqeT BeJICH l3 ;zteKapTOBblX KOOp;ztHHaTax-XY~. 

OH no~o6eH om1:caHHOMY B pa6orax12, ?IHeMTPOH cTapToBaJI l3 HyJieBoil 

MOMeHT BpeueHH C aa;ztaHHOH 8Heprlileil, cpe;ztHHM'IlP06erou l3 CUHHTlilJI

JIHpyrometi cpe;l{e 'AO CTOJIKHOBeHlilH, HCilElTEll38JI nocJie;ztOBaTeJII,HO pac

CeHHlile Ha H;ztpax BO;ztopo;zta, yr1repo;zta HJIH KHCJIOpO;l{a H TepHJI COOT

l36TCTByromyro 8Heprnro, aaxBaThlBaJICH H'APBMH l30;ztopo;zta lilJIH Ka'AMHH, 

HCilUThlBaJI HOBOe pacceHHHe HJIH IlOKH;ztaJI o6~eM ;zteTeKTOpa. J{aJiee 

npone;ztypa IlOBTOPHJiaCD l3 HOl3bIM MOMeHT BpeMeHH 'AJIH HetiTpOHa C no

JiyqeHHOH SHeprHeti. B TOM cnyqae, Kor;zta HetiTPOH B nponecce aa

Me'AJieHHH IlOKH;ztSJI 06~eM 'A8TeKTOpa, paOCMOTpeHHe 11 cy;zu,6bl 11 STOrO 

HetiTpOHa npeKpamaJIOCii, HO npH onpe;zteJieHHH aiM)eKTHl3HOCTH TaKoll 

HetiTpOH 06H88TeJIIiHO yqHTblB8JICH. B pacqeTaX ceqeHHe aaXBaTa HetiT-
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POHOB Ha BO;ztopo;zte CtIBT8JIOCI, IlOCTOHHHIDI B paCCY8TPHl38euon o6JI8CTH 

aHeprHil li1 paBHblY 0,3 6apH. CeqeHH8 88Xl38T8 K8;ztMHH HHZ8 I 813 

annpOKCHMHpOB8JIOCI, CTyneHqaToti WYHKUBefi C Y8~CHY8JII,HW4 ceqeHHeK 

2540 6apH. IlpOTOHH8H IlJIOTHOCTI, p80Tl30pa 6blJI8 npHHHT8 p8l3HOti 

5 !022 011-3-; IlJIOTHOCTlt no CH2 paBHSi.llaCh lr/cM3• Ta.It 

K8K HetiTpOHbl ;!{6JI6HHH 6blCTpb18 ( E,,_.:::, 0,05MaB), TO l3P8M8H8M npone

Ta HX OT Ylilm8HH ;ztO qyBOTBHT6JII,HOro o6~eua ;!{8T8KTOpa npeHe6pera

JIOCI,. 

4. PeayJ1IiT8Tbl H o6cy~;zt8HHH. 

PacqeT IlOK88blB88T, qTo CP6'AH68 BP6YH 88Y8;ztJI6HHH H6HTPOH8 

;z{O aHeprBti, 6JIH8KHX KI. SB, HP8KTHqecKH He 88:BHCBT OT nepBOHaqam,

HOfi SHeprHH nona;ztaromero l3 CUHHTHJIJIHTOP HetiTpOH8 H TOJII,KQ H68H8-

qli1T8JII,HQ npeBHmaeT paapemaromee l3p6MH npHU6HH6YOro 8JI6KTPOHHOro 

Tp8KT8 ;zt6T6KTOpa. PaCC4HT8HH08 l3p8YH 88Y6;ztJI8HHH H6tiTpOHOl3 l3. 

CUHHTBmpyromen cpe;l{e ;zteTeKTopa oT nepBoaaqaniiaon aaepru Eo 

;zto £, npHl3o;ztHTCH B cne;ztyromen Ta6JIHne: 

aaeprHH H6HT-
poaa . 10 
E· (MaB) 

L . 
5' 1 °'1 qot ~001 :0,0o(ll~ooooot 

BpeMH 
88Y6;l{JI6HHH 
OT eo ~O 

£,(MKC6K) 
o 0100101012. 01 02.0 0,041 0,10't, 0,.280 o,,s-2.s 

' . . ' 

Ka~, cne;ztyeT Ha T86JIHUH, aaqaniiHblit paa6poc aaeprzll nona;zta-
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D~HX B ~6T6KTOP H6i1TpOHOB- OT O,OI ){O IO M3B \MHHHMaJibHaa H Ma.K

CHM8JII,H8H aeeprHH B Cil6KTpe MrHOB6HHiiX H6ffTpOHOB 'A6JI6HHH) npax

THqecKH He BJIHH6T Ha Bp6MH 88M6'AJI6HHH. 

Ha pHc. 2 npe'AcTaBJieHH B BH'Ae rHcTorpawra peayJIDTaTH pac-

qeTa 88BHCHVOCTH OTHOCHT6JIDHOro qucJia norJio~eHHEX Ha_HHTepBaJI I 
MKCeK HeiiTpOHOB OT BpeveHH ;lUIH qeTupex KOHQ6HTpaQHff K8'AMHH 

o( = w:: = O,OOI; 0,003; 0,006 H O,OI. 

KpyTOit poc!I! rHCTor'paMM!il H 6oJiee M8'AJI6HHHit 8KCnOH6HQH8JID

HHff cna'A roBOPHT O TOM, qTO 88Xl38!1! HettTpOHOB ft'APaMH BO'AOPO'Aa H 

Ka;!UIHH B npoQecce aaMe'AJ!eHHH npeee6peovo vaJI H c!l!aHoBHTCH cy

mecTBeHHHV JIHmD ;lUIH HettTpOHOB C seeprHett veaee I 8B, KOr'Aa OT

HOCHT6JIDHOe ceqeeHe Ka;zurna ){OCTaToqeo B8JIHKO ( o< d"¾H ) >> j_ • 

IlOSTOMy npOHCXO'AHT H8KOTOP8H rpynnHpOBKa HettTpOHOB no 

BpeMeHH :lltH3HH, H rHCTorpruwa npHo6peTaeT 60.nee CJIOZ:HHil BH){, qeu,Ha

npuuep, ;zuIH 6opoco'Aepz:amero c~HTHJIJiaTopa, r'Ae aaBHCHVOCTD nor

Jio~eHHH HeiiTpOHOB OT BpeveHH Jm8HH ODHCHBaeTCH qucTOll 8KCilOHeH-· 

TOit / 4/. 

nJIH nonyqeHHH 'AOCTSTOqeo BliCOKOtt a~eKTHBHOCTH H vanott aa

BHCHMOCTH ee OT aeeprHH perHCTpHpyevoro eettTpoea He06XO'AHMO, 

qT06H JIHH6HHHe paauepu 'A6T6KTOpa B HeCKOJIDKO pas npeBumaJIH cpe'A

Hee paccTO~HHe no npHMott, KOTOpoe npOXO'AHT HeiiTPOH B npoQecce 

88M8'AJI8HHH. B HHTepecyro~ev Hae HHTep~aJie SHeprHfi 8TO paccTOHHHe 

COCTaBJIHJIO OT 3- 'AO II CM. 

ITOSTOMy TOJimHHa qyBCTBHT6JIDHOrO CJIOH 'A6T8KTOpa BH6HpaJiaCD 

paBHOH -40 CM, qTO TaKllte xopomo Y'AOBJI6TBOPHJIO ycJIOBHID perHCTpa-

8 
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O,!. 

al= q006 
ol :r o. oot, ( a1e11ept1MeHr) 
of.~ qOD.3 

ol=qtJOt 

0·1 . . ~. 
0 t 8 12. 16 20 2ft At 

HKt;e,: 

PHc.2.rpa~HK aaBHCHMOCTH BepoaTHOCTH aaxBaTa OT BpeMeHH. 

PacqeTHHe rHCTOrpaMM!il 'AJIH KOHQ6HTpaQHff K8AMHH 

o(= O,OOI; 0,003; 0,006 H O,OI; 

cnnomHaH JIHHHH - SKcnepHVeHTSJIDH8H RpHB8H 'AJIH ~ =0,004. 
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$1H J' -nyqett pa'AHanHOHHOrO aaXBaTa aaue]tJIHBillWCOH HettTpOHOB M

paUH Ka'AMHH, oBo6o'AHHH npo6er KOTopux tK-nyqett) B opraHHqeoKOM 

OQHHTM11HTOpe He npe»umaeT 20-25 cu. 

Paooq!1TaHIW:e aqx])eKTHBHOCTH perHoTpanim HeitTpOHOB ]tJIH yKa

aaHHUX BHme KOHneHTpanHtt Ka'AUHH H Bb16paHHOH reoueTpHH 'AeTeKTOpa 

OOOT8MH11H ooon'eTCTBeHHO 0,46; o, 79; 0,9I H 0,95 aa BpeueHHOil 

HHTepBan 20 MKCeK. 

PacqeT IlOK~3HBaeT, qTo OK0110 2% HettTpOHOB B nponeoce aa

ue;zt,1IeHHH uoryT BepHyTDCH Ha o6paaen c 6onee HHSKoil BHeprHeU, a 

3HaqHT, H 6onee aqx])eKTHBHO 6y~T yqacTBOB8TD B peaKQHH, qTO MO

ZeT cymecTBeHHO HCKa3HTD peay11DTaTbl H3MepeHHH. CnenHa11bHHH pac

qeT, npoBe'AeHHiiiil ;zt.7IH TOH me reoueTpHH 'AeTeKTopa, HO co onoeu 

Kap6H'Aa 6opa uellt'Ay o6paanou H qyBOTBHTe11DHblM o6~eMOM T011mHHOH 

0,5 H I,5 CM, IlOKaaan, gTO B 3TOU cnyqae aqx])eKTHBHOOTD perHOTpa

UHH HeUTpOHOB yMeHDillHTCH He 6onee, qeu Ha 6%, :a TO BP0MH KaK 

o6paTHoe paoceHHHe Ha o6paaen yueHDmaeTCH B 50-IOO paa. 

Ha OCHOBe npOBC'ACHHUX pacqeTOB 6bl11 1rnroTOBJieH 'A0TeK-

TOP B BH'Ae 'ABYX yceqeHHblX KOHyCOB 'AHaMeTpOM i> =IIO OM, cl=BO CM, 

BblCOTOH 2 ii. =IOO CM H BHyTpeHHHM npO'A011DHliM KaHa1IOM 'AHaMeTpOM 

22 CM. BN6paHHaH KOHQeHTpanHH.K8'AMHH o(=0,004 'A011JKHa 6bl118 o6ec

neqHB8TD cpe'AHee BPCMH lltH3HH 't~ 8-IO MKCeK. 

9KcnepHMeHT811DH0 onpe'Ae11eHHble xapaKTepHCTHKH STOro 'ACTeK

TOpa xopomo coBna'Aanu c pacqeTHblMH. MeTO'Abl onpe;i;enemrn Bpe1.rnmr 

ZH3HH H 31J?(peKTHBHOCTH perHoTpaQHH HettTpOHOB Il0'AP06HO OITHCaHiiI 

B paClorelI/. 

Ha PHOo 2 'AJIH cpaBHeHHH npHBC'AeHa TaIOKe 3KCnepHMCHT8JIDH8H 

KPHBaH BpeMeHH ~H3HH HettTpOHa 'AO aaxBaTa 'A11H o{ = 0,004, CHHT8H 
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MeTO'AOM aa'Aep~aHHHX COBlla'AeHHtt. BH]U[O, qTo Ha611ID'A80TCH xopomee 

cor11acHe 3KCnepHMeHTa11bHOH KPHBOH H pacqe~HblX rHCTODpaw. 

Sqx])eKTHBHOCTb perHCTpaQHH HettTpOHOB, H3MepeHH8H C llOMOIItI,D 

Kauepbl 'Ae11eHHH, paBHHeTOH 0,69, qTQ Taue HMHeTOH xopomHM oor

nacHeY C paclleTOM, 8CJIH npHHHTb BO BHHMaHHe B8JIHllHHy 3JI8KTpOHHWC 

noporoB perHcTpanHH aettTpOHOB (paoqeT npOBO'AHTCH ]tJIH HyJieBoro 

· nopora perucTpaJ:tBH). .·, 

PeayJIDT8TH pa60Tbl-IlOKaaHBaIDT, JTO ~acqeTH MeTO'AOM MOHTa

-Kap110 Il03B011HIDT C 'AOCTaToqHOH TOqHQCTDD npe'ACKaSHBaTD ~HSHqeo

KHe xapaKTepHCTHKH OJIOlKHIDC 3KcnepuueHTa11bHblX ycTpOi!CTB, K KOTO

PHM OTHOOHTOH BCeB011HOBHe HettTpOHHble 'A8T8KT0pbl. 

ABTOPH BHpaxaIDT npHaHaTeJIDHOCTD H.D.IIIHPllKOBOa aa IlOMODtI, 

B pa6oTe. 
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