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BeeneHHe 

Ha'laTbl0 OKono 30 neT Hasan HCCnenoBaHHSI C nonsipH30BaHHb!MH ·MenneHHbIMH 

HeiiTpoHaMH nponomKaIOT HHT0HCHBHQ pa3BHB8TbCSI. EonbmHHCTBO na6opaTOpHli MHpa, 

pa6oTaIO!llHX B o6naCT.II Hel!:TpOHHOH cjlH3HKH, HM00•T ny'IKH nomrpH3QBaHHbIX Hel!:Tpo

.HOB. TaKoe pa3BHTHe o6ycnoBneHO B03MOlKHOCTb!O nonyqeHHS! H3 SKCnepHMeHTOB c 

nonnpH30BaHHhlMH nel!:TpOHaMH o6mapaol!: HHcjlOpMallHH KaK B o6naCTH S!Jl0PIIOH cjlH31{

KH, T8K I{ B o6nacTH cjlH3HKH KOHne11capOB8HIIOI'O COCTOlllIIISI. B nocne1:mae 8-10 neT 

nonsipH30BaHHhle II0HTpOIIbl OKaaanOCb B03MOlKHbIM acnOnb30B8Tb nnsi nenel!: Heli

TpOHHOH cneKTpOMeTpHH. :3KcnepHM01ITbl C non:sipli30B8HIIhlMli Hel!:TpOHSMH It S!Jlpa

Mli n03BOlHIIOT H3Y'l8Tb cnHHOBYIO 38BHCHMOCTb C0'10HHSI. B 'ISCTHOCTH, H3MepeHllSI 

B o6naCTH Hel!:TpOHIIOI'O pe30HaHca naIOT B03MOlKIIOCTb onpenenHTb cnaH ~POBHll co

CTSBHOI'O SIJlpa, o6paayeMoro nocne aaxBaTa ael!:Tpoaa. 

I1CT0pli'l0CKH nepBb!M M0TOJlOM, n03BOnHBWHM nony'IHTb nonnpH30B8HHbl0 ael!:

TPOIIhl p030H8HCHb!X SHepral!:, 6wn M0T0ll 6psrroBCKOH nacjlpaKUHH Ha HaMSI'HH'l01IHOM 

KpliCTanne Ko6anbTa
11 /. 0TpalK0HHb!H ny'IOK ·11onyqaeTCSI MOHOXpOM8TH'18CKHM, ,npa'leM, 

'· 
M0HSISI yron OTpalKeHHll, MOlKIIO H3M0HS!Tb SII0p!'H!O HeHTpOIIOB •• c TSKIIM nonsipH3a-

TOpOM 6wn npoBeneH PS!Jl SKCnepHM0HTOB no onpeneneHH!O cnHHOB pe30H8HCOB Ha 
n1 · 

pasmr'IHb!X sinpax • OnHaKO MeTOJl n0:cjlpaKUHII npHM0HHM B llOBOnbHO orpaHH'l0HIIOH 

o6naCTII snepl'HH Hel!:TpOHOB, He Bhlme 20-30 SB. 

:3To o6cTOSIT0nbCTBO Bhl3B8HO PS!JlOM npH'IHH. OCHOBHOji II3 HHX nensieTCll na-

nenHe OTpalKaTenbHOH cnoco6aocT1I KpHCTanna c yBenaqeaaeM saepra1I. IlosTOMY 

coo6palK8HHSI HHTeHCHBHOCTH Ha 6onbWHIICTB0 nel!:CTBYIOlllHX peaKTOPOB ycTaHaBnH

BSIOT npenen OKOno 20 SB. BTopol!: npH'lliHOH, KOTOpasi He noaBonsieT•UpOJlBHHy'TbCSI 
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awwe 40-50 sa, na:1Ke npn n9cTaToqHol! HHTeHCHBHOCTH, HanHeTcH Hannqne wBnare

poncKoro pacceHHHH Il cnnbaoro paccenBaTem,aoro pe3oaaaca B K05anbTe npn saep

rnn 132 SB, KOTOphle yMeHbWaIOT nonHpH3a1m10 ael!TpOHOB, 

OTMeqeaabie orpaanqeanH 3aCTaBnHnn ncKaTb s<ji<jieKTHBHhll! MeTon nongpn3amm 

HeilTpOHOB B 3HaqnTenbHO 5onee IIIHPOKOM saepreTnqecKOM nnana30He. TaKOl! MeTon 
/3/ 

5bm npenno:1KeH B 1960 r. • Oa OCHOBaH Ha ncnom,30BaHHH CHnbH.oll CilHHOBOil: 

aaBHCHMOCTH paccesmnn ael!TpoHa Ha npOToae. Ecnn nponycKaTb nyqoK Henonnpn-

30BaHHbIX aeilTpOHOB qepea MHDieHb, conep:1Kamy10 nongpH30BaHHbie npOTOHhl, TO npo-\ 

wenwnil nyqoK oyneT oooramaTbCH onHHM aanpaBneaneM cnnaa aeil:Tpoaa aa cqeT 

pa3HH!lbI B ceqeannx pacceHHHH c pa3nnqaol! opne·aTa11ael! cnnaoB aeiiTpoaoB n npo

ToHoa. 

·50- " 141 Pa3BHTbiil B · Koane x ronoB MeTon nnaaMaqecKon nonnpn3a11nn nnep · no3-

Bonnn- HaqaTb C03118Hll8 nonnpn30B8HHOH npOTOHHOil: MHDieHn (IIIIM). TaKaH Mlllll8Hb 
/5/ 

6bma coopy:1KeHa B OH.HH B 1964 r. n nponycKaHneM qepea aee obm nonyqe.a 
/fj/ 

nyqoK nonHpH30BaHawx ael!TpoaoB c saeprneii no IO KSB • 3aepreTnqecKnl! nnana-

30H Obin pacmapea B Tb!Cnqy pa3. 

Onncaanro MeTona nonHpn3a11nn aeil:TpoaoB nponycKaaneM 11epea IIIIM, sKcne-· 

paMeHTanbl!blX peaynbTaTOB, llOCTHrayThlX STHM MeTonoM, Il BX 06cy:1K11ean10 IlOCBH

meHa naccepTannn; Oaa cocToHT na n=n rnaB. 

IIepBaH rnaBa nnccepTanan co11ep:1KnT K~aTKoe onncaane paHee H3BecTawx Me

TonoB nonnpn3a!lllll HeiiTpOHOB. Oocy:1K11aIOTCH nocTOHHCTBa H H8/lOCTaTKll STHX Me

TonoB c ToqKn apeann neiiTPOHHOii cneKTpOMeTpnn. 

Bo·BTopol!.rnaBe aanararoTCH <pn3nqecKae ocaOBhl.MeTona. nongpn3a!lnn Hel!Tpo-
• /3/ 

HOB C ncnom,30Bal!HeM . CilllHOBOH 3aBHCHMOCTll Hi:tepHb!X- cnn 

OCHOBbl M8T0/W 

TeopHH pacceSIHHH MenneHHhlX HeilTpOHOB Ha CBOOO/lHblX Hllpax B HaCTOSIDiee 

BpeMH xopowo pa3pa60TaHa. 3aan CIIHHOBYIO CTPYKTYPY aMnnnTy/lbl paccenHHH Heii
/7 ,8/ 

TpoHa, Ha .SI11pe co cnnHOM · I , (cM., HanpnMep, . ) , nerKo nonyqHTh ceqeHae 

pnccenHHH nonnpH30BaHHbIX HeiiTpOHOB Ha nonHpll30BaHHb!X Hllpax: 

· 0 , -1 1/2 -1 2 O 
u =er. + 4rr 12 [ I (I+ 1 ) ] a a -(l+ 1) a l f f , 

a a cOh inc lne nN 
(I) 

4 

- 1 

, I 

l 

1 
,\ 

'J 

,, 
I 

/.j 

0 rne us - ceqeHne Ha HenonnpnaoBaHHbIX qacTIInax, a 00 h n a ,n,,- KOrepeHTHan 
0 

II HeKorepeHTHan nnnHw paccenHHH, f N n f n - nonnpn3allIIH Hi:tep II nanaromnx Heii-

TpOHOB. II pH Hanaq11n 38XBaTa Bblpa:1KeHne ( 1) 11on:1KHO OblTb 110:nonHeHO COOTBeT

CTBYIODIHM ceqeHneM: 

u .,er 0+1(2l+l)-1 (u -u )fof, 
e c e+ c- n N 

(2) 

rne U e± - ceqeHHH 38XBaTa nnn COCTOHHHii CHCTeMbl aeiiTpOH-HllPO co CilllHOM 

5±=12-\-· 
Ecnn nanaromnl! nyqoK Henonnpa3oBaH, TO ( 1 ) n ( 2) cnpaaennHBh~ nnn KOMno-

HeHT nyqKa C npoeK!ll!HMI! CIIHHa ++ Il -+, IIponycKaHne nomipH30BaHHOU MH

weHH B STOM cnyqae paBHO: 

T.,T0 chfNnuPt, (3) 

a rronSipa3annn npowenwax qepe3 MHDieHb HeiiTpoHon: 

f = th f nu~ t , ( 4) 
n N P 

rne .T
O 

- nponycKaHne Henongpa30BaHHoii MnweHn, n - qacno nonnpaayeMwx Hi:tep 

B CM 
3

, t - TonmnHa Mnmeim, u - nonHpa3anaom1oe ceqeHne: 
p 

er =4rrl(l+l)-1 a
1
2 -2[1(1+1)-1] 112 a a . l-1(2l+l)-1 (er -er l5) 

P n e e Oh l n e c+ c-' 

IIpnaeneHHhie Bh1me <jlopMynh1 cnpaBeJ:mHBbI nnn HeiiTpOHOB c saeprHeu oonee 

1 SB (pe30Hl'UICHbl0 HeiiTpOHb!), IIpn SHeprHH HH:1Ke 1 SB Jta Benn11nny ceqelmH pac

cesIHHH oKa3hlBaIOT BnHHHile XHMH'leCKaH CBH3b ll Korepell'!:'Hbie s<jl¢eKThl Ha KpHCTan-

naqeCKOii peweTKe • .!lnn HeilTpOHOB C nnnHoil BOnHhl, He ynoaneTBOP:HIODiel! ycnOBillO 

Bynh¢a-Epsrra, pacceHHil0 HBnHeTCH IlOnl!OCTblO HeKorepeHTHbIM. CeqeHHe TaKoro 

pacceHHHH Ha rronnpn3oBaHHhIX qacTn11ax paBHO: 

" =u 0 [1-1(1+1)-1 £
2
-(1+1)- 1 £0 £] 

inc lne N n N 

(6) 

.!lnH Henonnpa30BaHHblX HeiiTpOHOB C8'l8HH~ HeKorepeHTHoro paccenHilH aaBHCHT. 

OT nongpH38!lHH Hi:tep, !lOSTOMY nponyCK8HHe nonHpH30BaHHOii MHWeHH B 8TOM cnyqae 

OTnH'laeTCH OT nponycKaHHH 11m1 pe30HaHCHb!X HeiiTpOHOB nononHHT8nbHb!M MH0:1KH

TeneM: 
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· -1 2 0 
T., TO exp [ I (I + 1 ) f Nn u 1 n" t] ch f.N n up, t. 

(7) 

BbipalKemrn 11m1 nonsqmsaunn npomenmnx "!epes Mnmel!b ·neliTpoHoB 6yneT no-npelK

HeMy onpenenSITbCll ¢opMynoli (4). Ho nongpnsaunonnoe ceqenne 6yneT conep~aTb 

' TOnbKO HeKorepeHTHyro H 3aXBSTHYIO KOMllOHeHTbl (nepBblli 'n TpeTHli "!neHbI B (5) ). 

HeliTpOH-llpOTOHHOe B3aHMOll0llCTBlI0. Y"!lITblBSll, '!TO 3SXBaT npo
/7/ 

lICXOlllIT npaKTlI'l0CKlI TOllbKO qepes Kanan co cnnHOM O • nony"!lIM nongpnsa-

lllIOHHOe ceqenne ~a cB06011HoM npoToHe: 

2 0 4 0 0 1/2 1 . 
O'· .,_o +(-o o ) +o m-(o -o )+o· 

P 3 inc, 3 c,Oh lne e 4 •- s+ c,' 
(8) 

r11e·u
0

_ n 0
8
+- TpnnneTHoe n cnHrneTHQe ceqeHnll pacceHHHll. 

floBelleHue nongpnsaunoHHoro ce"!eHHl! Ha cB06011HoM npoToHe no aHeprnn aeli

Tpona 0,5-1 MaB B OCHOBHOM onpenenneTCl! HSllll"!lI0M BHpTyanbHOr'O YPOBHll B CHH

rneTHOM COCTOl!HHH CHCTeMbl HeliTpOH-npoToH
191: 

-1 1 
o =16,7[ l+E/132,6] [ l+E/41S4r [ 1-E/6300], p 

(9) 

nana B oap'aax, E - B Kan. flpn rne o 
p 

E::; 132,8 KSB nongpnsa.unOHHOe ceqe-

Hne paBHO 18,7 oapn H cocTaBnneT 82% OT nonHoro ceqeHHSI .pacceSIHnsi. no anep .. 

run 5 -10 KaB u npaKTH"!eCKH nOCTorurna, noaTOMy n nonnpnsaunn aeltTpolloB, 
p 

nponymeHHblX 'lepea nongpnaoBaHnyIO IlPOTOlIHYIO MIUll0Hh, 110 6y/leT aaBHCBTb ·OT; 
aHeprnu •. 

Ilpll 8Heprun HeltTPPHOB• HHlKe 1 8B. nongpnaan .lil;>.11uoe C0'J8Hl!'.e HCllbITbIBa0T 

BllHl!Hlie XlIMH'l0CKOli CBS!3ll, H Ha nonHOCTblO .CBl!3allllOM npO'rOHe ORQ J:tOnlKHO 6blTb 

B "!eTb1pe pasa 6ollbme, 'leM aa CB06011HoM, -r.e •. 88,8 oapa. Ecnu pacceSIHHe aocnT 

HeKorepeHTHbili xapait-rep, TO nongpnsannoHaoe ce'leHHe ll:OnlKHO 6blTb paBao 53rl 6apa. 

3axBaT HeliTpOHOB llp()TOHaMH CTaJIOBHTCl! aaMe-X:HbIM 'rOllbKO npn. /lOCTSTO'lHO Ma)IblX 
-112 

aHeprnnx: u e = 0,05 E 6apn, rne E .- B aneKTpOHBOIIb'raX. 

3KcnepnM0HTallbl!Qe onpeueneHne nongpn3S!IlIOHHOr'O C0"!0HHl! B03M0lKHO llBYMll 

cnocooaMH. IlepBblli aaKnro'laeTCl! B H3MepeHnn a¢¢eKTa 011116KpaTeoro nponycKaHHH 

"!epes nonf[plI30BaHnyro ·Mnmel!b: 

(1"'_(T- 1:,)/To. (IO) 

6 

' -

"./ 

Ilpn 9TOM BbI'lHClleHne nongpnsaxmOHIIoro ceqeHHl! H3 (10) B03MOlKHO ·-.TOllbKO 

B Tex 9HepreTH"!0CKlIX, o6naCTl!X, B KOTOpbIX nponycKaHne T nonnp.H30BSHHOli 

MHW0HH BblpaJKaeTCl! ¢opMynaMlI (3) nnn (7). Ho B npoMelKyTO"!HOil. o6naCTlI 9H0P-

rnii onpeneneHne nonnpnsannoHnoro. ce"!eHHll ns (10) HeB03MOlKHO\ BTopoii cnoco6· 

ll03BOllll0T 9TO cnenaTb. OH saKnroqaeTCl! B lI3M0p0Hllll llBYXKpaTHOr'O nponycKaHHl! 
\ 

qepes llB0 nongpn30BSHHbI0 MHW0HII. flepaag Mllill0Hb l!BnneTCl! nongpnsaTopoM, BTO-

pan aHannsaTopoM nonnpnsaunn. \ 

HsMepeJ'lng nongpnsaun OHHOI'O C0"!0Hllll, a TSKlKe nonHOr'O C0"!0Hlll! B3aHMOlleii

CTBlll! HeliTpoHa c BemecTBOM MHmeHn, n mnpoKoM aHepreTn"!ecKoM nnanasoHe HylK

nbl KaK nnn nponepKH nonyqeHHbIX T00p0TH"!0CKHX npellCKS3 aHnli, TaK ll lllll! Bbl"IH

cneHHl! OllTHManhHOii TOllillllHbl nonnpa30BSHHOli MHmeHlI KaK nonnpnsaTopa HeliTpOHOB. 

CymeCTBOBaHne OllTHMSnhHOli TOllilllIHbI m;mnpnsaTOpa cne)lyeT H3 Toro, '!TO 

npn sanaHHblX 3Ha"lelllll!X nonnpnsaunn MHmeHlI H CTaTHCTH"!0CKOli TO"!HOCTH Tpe6ye

M00 K0llll"!0CTBO BpeMenn H3MepeHHll o6paTHO nponOplllIOHallbHO npOll3B0lleHHlO.KBan

paTa nonnpnsaunn nell:TpOHOB na nponycKaHne M:nme11:n. BbI'lHcneene onTnMallbaoll: 

TOnIUHHbl B o6naCTH npHM0HHMOCTH Bblp-eanli (3) I{ (7) npOH3BOllHTCl! no ¢opMyne: 

-1 • 2 2 1/2 = (211) In I (1 + p/ 11) / [ ( 8 + p / 11 ) - 3] I, 
OilT. (11) 

rile 11., fNn u P , napaMeTp p paBeH: 

p ., /l npn E >, 1 9B, .. (12') 

P"'/l(l-~11/2µ) npn E« 1 9B, (12") . 

/l - nnHeMHblli KOa¢¢mmeHT ocna6neHHll Mlllll0Hll. 

ITpa Bbmonaemm ycnoBHll v/µ«1; 

t :: 2/µ. 
onT. 

(11 ') 

B npoMelKyTO'lHOli o6naCTll 3Heprali HeliTpOHOB, 11m1 KOTopoli ne npnMeHHMbl 
I 

¢opMynbI (3) a (7), oneHKy onTHManhHOli TOnmHllbl MOlKHO nony"!ll'.Tb, nom,syl!Cb (11). 

PaccenHlle Ha neliTOHax. Heo6xonHMOCTb B H3M0P0Hllll C0'!0Hlill pac

ceSlHHSl nonl!p!!30BSHHbIX HeliTpOHOB HS nongpl!30BSHHblX neliTOHaX Bbl3blBaeTCl! TeM, 

'!TO H3 3KCnepnMeHTOB C Henonnpll30BSHHblMH "!aCTllUSMll HeB03MOlKHO OAH03H8'lHOe 
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el 

onpeneneane ny6neTHOil .a 2 n KBapTeTHoi!: a 4 
nnnH paccesiansi. llailc'l'BnTem,ao, 

C aenonllPH30B8HHb!MH Hei!:TpOHSMH H nei!:TOHaMH MOlKHO H3MepHTb TOT.lbK.0 nonaoe c~ 

· 'leane a : n nnnay KorepeHTHoro paccesrnnsi a c 
O

h : 

o 41T 2 2 
a."'-3-(a

2
+2a

4
), 

a 
cOh 

.,..!...(a + 2a ), 
3 2 4 

::-'-

( 13) 

(14) 

:, · /10/ 
coBMeCTHOe peweHne KOTopb!X naeT nBa aa6opa nnna paccesiansi a 

2 
n a 

4 

B nepBoM Ha~ope a 4 6om,we a 2 , BO BTOPOM - nao6opoT. 

B aKcnepnMeHTe C nonllPH30B8HHb!MH Hei!:TpOHaMn n neilTOH4MH B COOTBeTCTBHH 

c ( 1) B03MO:>KHO H3MepnTb nonllPH38llHOHHOe Ce'leHHe: 

41T 2 2 
a .. --(a -a) 

p 3 2 4 , ( 15) 

KOTOpoe 'IYBCTBHT8llbHO K 3HaKy pa3HOCTH ( a 
2 

- a 
4

) • OnpeneneHHe 3HaKa a 
p 

' no3BOnSieT OliH03H8'1HO BbI6paTb npaBHllbRbiil Iiaoop nmrn paccesilIHSI. 

OrMeTHM, 'ITO HeKorepeHTHSSI '18CTb nonsipH38llHOHHOro ce11eHHSI onnHaKOBa nnsi 

o6oHx aa6opoB, noaToMy H3Mepea11e a P 

rni!:, B KOTopoil cymeCTBY8T KOrepeHTHOe 

non:>K11·0 nponaBOllHTbCSI B o6nacTn aaep-

paccesinne (r.anpHMep, npH E > 1 aB) • .. 

AmtapaTypa II MeTOllHKa H3MepeHHil 

B TpeTbeil rnaBe nnccepTa111111 naeTcst KpaTKOe onncaa11e MeTona n11HaM1111e-
. . . · 14F - . 

CKOil nOJlS!pH3B!lllll npoTQHOB ·- connn-aqiqieKTa· ,itpanttoTeXHH'18CKOil, KpHoreHHO-

BBKYYMHOC~ H neTeKTHpyromeil annapaTypb!. l 
B K8'18CTB8 BemeCTBa MHW8HH ncnOllb3yeTClt nBoi!:Hast COllb HHTpaTOB naHTaHa 

H MBrHHSI a BHne MOHOKpHCTannoB. Heoollbwast 'ISCTb naHTaHa (oKono 1%., no Becy) 

3aMemaeTClt H00llHMOM, o6orameHHblM 110 95% H30TOnOM 142. B 06paa11e nonstpH3YIOT.

Clt npOTOHb!, axonstmne B KpHCTannnaa11HciHHy10 Bony. HeKOTOpb!e naHHbl0 no naHTaH-

MariiHeBOMY HHTpaTy ( B nallbHeilweM o603Ha'IHM nMH) npHBeneHbI B Ta6nH11e 1. 

ITepBast nonl!PH30BaHHast npOTOHHaSI MHW0Hb, C03naHH8SI COBMeCTHO nH<I> H nSJIT 
/5/ 

B 1964 r. , 6bma Hcnonb30BaHa nnsi aKcnepHMeHTanbHOil ,1poBepK11 npen,ro:>KeHaoro 

8 

" /3/ MeTona nonllp~38IlHH HeHTpOHOB MnmeHb pa60Tana Ha nn11He BOnH1,1•aneKTPOMar-

HHTHoro nanyqeHHlI OKono 8 MM. Eb!na noCTHrHyTa nonllPH38IlHlI npOTOHOB ( 32 - 38 )%. 

llanbHeilwee pa3BHTH8 YCTaHOBKH oblnO HanpaBneHO Ha YB8nH'l8HH8 o6~eMa 
. ,' /12/ 

H nonsipH38IlHH MHW8HH. B 11aCTHOC'rH, BTOpast IlTTM, C03naHH8SI B nH<I> , ·neJi-

CTBOBana Ha npe:>KHeil nnHH0 BOnHbl, HO 001>e.M 6bln yaen11qea B 5 paa, a nonsipHaa

IlHst nonHSITa no 50% ( 38 c11eT nOHH:>KeHHll TeMnepaTypb!). ::ha MHWeHb 6hma HCnOnb30BaHa 
. . . . /13/ 

B aKcnepHM0HTaX no onpeneneHHIO cnHHOB HeHTpOHHb!X peaoHaHCOB MPS rollhMHll 

B neilCTByromeil B HaCTOSimee • ,BP0Mll MHW8HH ncnOT.lb'.3Y8TCl1 6onee KOpOTKast 

nnnaa BOnHbl (oKono 4,7 MM). 06~eM MHW0HH npaKTH'leCKH He H3MeHHnCll, TBK KSK 

ero nanbaeilweMy yBenH'l0HHIO npenstTcTByeT paaMep Me:>Knonrocaoro aaaopa Mar

HHTa. TeMnepaTypa MHW8HH 6bma noHHJKeHa no 0,95 °K 3a C'18T ~CnOllb30B8HH,SI 

CHCTe.Mbl OTKa'IKH C Bb!CO.l{Oli npOH3BOnH·renbHOCTbIO. Pa3M8p MHmeim nonepeK 

ny'!Ka paBeH 4,3 x3,4 CM, TOnmnHa 1,835 CM. TTpH MOmHOCTH nany'leHHSI ~~,--200 MBT 

nocTnraeTCSI nonHpH38llB.ll npOTOIIOB 60- 70%. BpeMSI H8np(lpb!BHOil pa60Tbl MHW8HH 

oKono cy'i'oK. 

CxeMaTH'18CK08 H306pa:>KeHH8 ycTaHOBKll nOK83llHO Ha pHC. 1. Ily'IOX Hllli,:po

HOB OT HMnynbCHOrO 6b!CTporo peaKTOpa qiopMHpyeTCSI CHCT8MOil KOmmMl1TQpOB H 

nanaeT na npOTOHHyIO MHW8Hb .• TTpowenmail ny'IOK perHCTpnpyeTCSI neTeKTOlpoM 
10 . 

H3 10-20 CTaHnapTHb!X C'18T'IHKOB B F 3 Hnll :>KHAKQCTHbIM CllHHTl!nmnmoH,JiblM 

neTeKTOPOM, ycTaHaBnJ!Ba8Mb!X Ha paCCTOSIHHH 20, 60 HIIH 120 M. AnanH3 sneprHH 

HeilTpOHOB npOH3BOAHTC9 no BpeMeHH nponeTa. B H3MepeHHS!X ncnom,ayIOTCSI Bp8M8H

Hbl0 aaanH38TOpi>I C 'lHCndM KaRanoB 1024, 2048 nnH 4086. 

Ha nyTH HeilTpOHOB HaXOAHTCSI Tpn 'MOHHTOpH.1,IX C'leT'IHKa BF 
3 

OAHH .ye-

TaHOBnen nepea npOTOHHOil MHmeHbIO J:tnSI KOHTpOnH YPOBHSI MO!llHOCTH peaKTOpa, 

ABa npyrHx, ny6m1py10max npyr J:tpyra, ycTaHoBneabI nocne Mnweaa a KOHTpOnnpy

roT Benn'IHHY nonsipR3allRR npQTOHOB no R3M8H8HKIO RHT8HCRBHOCTH ~pomeJ:tmero 

ny'IKa. 

PesynbTSTbI R. 06cy2KneHRSI 

B 'leTBepToil x:-naBe npHBOASITCll pe3yllbT8Tbl H3MepeHHil C H8HTPOH8MH ga nep

BOli H TpeTbeil nonllPll30BaHHb!X MHW8RSIX, a TaK:>Ke R3M0P0Hnlt nponycKaHHlI KpHCTan- · 

na nMH. 

g· 



n .p OB e p Ka Me TO A a. 3KC!Iep!IMeHTallbHaSI npoBepKa npeuno~eHHoro MeToua 

/3/ 
ponSip!I3aU!IlI HeliTpOHOB 

. . ~, 
6bma ocymeCTB/leHa Ha np·oTOHHOli MIIIUeHn Tonmn:-

Holi 0,75 CM. 4>aKT nom1p1Iaaun:n: HeliTpOHOB npn: npoxo~eHIIII qepea MIIWeHb 6bm 

ycTaHOBlleH, Bo-nepBbIX, 1!3 Ha6.TIIOAeH1ISI a¢q>eKTa OilHOKpaTHOro nponyCK8,IIIIll £ 
1 

BO-BTOpblX, uenocpeucTBeHHblMll _ II3MepeHlll!Mll B TeIIIIOBOil 0611aCTll C IIOMO!Ub!O aHa

nn:aaTopa n:a HaMarHn:'leHHoro ~eneaa. 

Ha B9n!I'llIIIbl aq>q>eKTa £ l B pe30HaHCHOli o6naCTll IIOIISipll3aUn:OHHOe ceqe-

Hlle 6bm O HaliASHO paBHblM 18 :t.2 6apH. DplI 9TOM IICIIO/lb3_0Ba/IOCb 3Ha'leH11e IIOIIH

plI3BUII11 npOTOHOB, HaliueHHOe M~TOAOM SIUepaoro Mar111ITHoro pe3oaanca. nonyqen

aoe 3Ha'leH1Ie nongpn:3aUoHHoro ce'leHnSI ·5 npeuenax aKcnep1IMe1ITa11bHb!X ow1I60K 

cornacyeTCll c (0). 

nonSiplI38Illlll pe30HaHCHb!X HeilTpOHOB, Bbl'llIClleHHSSI 113 aqiq>eKTa OilHOKpa-;rHOro 

nponycKSHlill, COCTaBnSina 17%. XoTSI nony'leHHaSI Il01lllpll3Slllill pe3oHaaCHbIX HeliTpO

HOB 6bma 3HS'lliT9nbHO Melibwe, 'leM ilOCTn:rHyTal! panee MeTOilOM 6parroBCKOli J:lliq>-
. ' . /2/ 

paKUllll ( OKono 00 - 05%) , npe11MymeCTBS HOB Oro MeToua 6hmn: HaCTOnbKO O'le-

BIIilHbl I 'lTQ uanbHeliwall pa3pa60TKa ero 6hma BllOIIHe QnpaBUaHa, 

nonyqeaue Bb!COKOli Il0·.1lllpn:3aUIIll aeli-;rpOHOB. 'l'onmn:na BTOpoli 

npOTOHHOil MIIW8Hll 
1121 · 6bma CAellaHa 6lIII3KOli K onT~MallbHOli, 'l'rO ll03Bomrno 

/13/ 
IlOAHl!Tb Il0llllpll3SUIIIO pe30HSHCHb!X HeiiTpOHOB AO 50- 55% • 

llanbHeliwee yBe~u'leHn:e cTeneHn:··uonSip1I3aUIIn HeliTPOHHoro ny'lKa 3a C'leT 

yTOIIIU9H_ll:SI MIIWSHII HSBbirOUHO, nOaTOMY cneuyIOIUIIM warOM 6binO y5en1I'l8H1Ie nonSI

plI3SIIIIll MIIW8Hll C IlOMOIUb!O nepexoua Ha 6onee KOpOTKYIO unmzy BOlIHbl aneKTpo-

. ' 
MarHIITHOro II3ny'leHIIll. C IlOMOIUb!O HOBOli (;neiiCTJlYIOIUeli B HSCTOl!Wee BpeMSI). M,II-

. /11/ 
wenn: 6hl11a ilOCTIIrHyTa nonSipn:3aUIIll pe30HaHOllb!X HeliTpOHOB (65-70%) • 

no·nHoe CEi'leHn:e B3SHMOAE!liCTBllll KPllCTanna nMR. nonnoe 

Ce'leHIIe B38llMOAeliCTBIISI UM H8liTpOHa C MoneKynoii: KpllCTanna nMH iiaXOillITCSI 

II3 nn:Heliuoro K09!pq>lIIIIIeHTa ocna6neHHll µ"' n Mu M I KOTOpbiil,. B CBOIO O'lepeub, 

II3MepSieTCSI B OllbITaX no nponycKaHHIO. TaKIIe !I3MepeHIIll 6bm1I CilEmaHbl Ha Kp!!CTan-

0 ·"· ne TOIIIUIIHOli 0,53 CM nplI c11euy10m1Ix TeMnepaTypax: 1; 4,2: 77 n 295. K. B Allana,-
o . . 

3oae 1 -77 K nponycKaH11e KplicTanna He 3aBHCIIT OT ero TeMnepa-ryphi. Pa3HIIUa 

B rrponycKaHIIII il/ISI peaoHaHClibIX Heii:TpOHOB np11 77° II 205°K B OCHOBHOM 06ycnoB-

11ena TepMH'leCKIIM C~Tn:eM, a unll TennOBb!X . ll xonOAHb!X HeliTpOHOB - 3 aMopa~!{

Ba111IeM BpawaTenbHbIX ilBII~eHlili MOneKynbI H 20 • Haii:ueHHblii: II3 9TIIX II3MepeHIIH 

IIII!leii:Hblll K09tpq)IIUIIeHT TennoBoro pacwnpeH!Ill KplICTanna nMH npnBeueH B Ta6nn:

ue 1. 

10 
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• 0 
3HepreTn:'leCKIIe 3aBIICIIMOCTII Ce'leHIIH (T MoneKynhI nMH np11 77 n: 

0 M /14/ 
295 K noKa3aHbl Ha plIC. 2. C llCIIOnb30BaHl!eM lll!TepaTypHb!X uaHHblX no ceqe-

HIISIM upyr11x 9/leMeHTOB, BXOilSIIUIIX B nMH, 6bmO Bbl'llICneHO Ce'leHne paccel!HIIll Ha 

BOilOpoue (p11c. 3). Dpn 9Hepr!III aeii:TpOHOB, 3Ha'!IITellbHO 6onbweii: 1 9B, Ha6nroua-

/14/ . 
eTCSI xopowee cornacn:e C peKOM8HAY8Mb!M 3Ha'leHneM 20,36 6apH • B 0611aCTll - ,· 

O'!eHb Mallb!X 9Hepr1Iii: 9KCrreplIM9HTa/lbHOe Ce'leHlie, Haii:AeHHOe Bbl'!HTaHIIeM HSKOI'e-

peHTHb!X II aaxBaTHbIX Ce'leHnii: Apyrnx sneMeHTOB, CTpeMHTCSI K HeKorepeHTHOMy ce

'!eHIIIO Ha nonHOCTb!O CBl!3aHHOM npoTOHe, paBHOMY 70,7 6apH: nocneUH.!ISI 9KCIIe

PIIMeHTallbHal! TO'!Ka rrpn 9Hepr1Ill 0,0017 9B COOTBeTCTByeT Ce'!eHn:IO 78,2:t.1,0 6apH 

(pn:c. 3). 

D O II ll p II 3 a II II OH HO e Ce 'le H II e. H3MepeHn:SI aqiqieKTa OAHOKpaTHoro npo-

nycKaHHSI '1 1 npoBeAeHHb!e Ha Tp9Tbeli IIOIISiplI30BaHHOii: npOTOHHOii: Mn:WeHH, AB/III ., 

B03MO~HOCTb onpeAelllITb nonSipll3aUn:OIIHOe Ce'!eHIIe pacceSIHllll Heii:TpOHa Ha npOTO

He B o6naCTH Ma/lbIX 9Hepr1Ili Heii:TpOHOB. HaMepeHII ll 6bm n: CAenaHbl C MHmeHSIMH 

TOIIIUHHOii: 0,915 II 1,835 CM C pa3/lll'!Hb!M 9H9pf9TH'leCKIIM pa3peweH11eM ( 6aaa npo

/leTa AIIIIHOil 19,4 II 60 M). Ha pn:c. 4 noKa3aHa 3SBIIClIMOCTb aqiqieKTa OAHOKpaT

Horo nponycKaHII SI qepe3 MlIW8Hb TOIIIUlIHOli 1,835 CM OT BpeMeH11 nponeTa Heil-

TpOHaMII 6a3bl AllhHOH 10,4 M • 

.llnSI Bbl'llICnEiHn:SI IlOllllplI3aUHOHHOro ce'leHHll H3 aqiqieKTa £ I He06XoAHMO 

3HaHne nOllllpH3aUIIH IlpOTOHOB fN • OnpeAS/19Hlle nonSiplI3BIIllll MeTOAOM llAepHO-

ro MarHn:THoro pe30HaHCa B03MO~HO C TO'lHOCTb!O He ny'!We :t.10%, _II09TOMY Olia 

HaXOAIInaCb II3 aqiqieKTa '1 nplI AOCTaTO'lHO Bb!COKOil aHepr1In: ireliTpOHOB,_· r,qe 

IIOIISiplI3aUHOHHOe C8'l9H!Ie rrplIHIIManocb paBHblM 16, 7 6apH. Ha p!IC. 5 IlOKa3aJibl 

peaynbTSTbl Bbl'lllCnea11n nonSiplI3aUIIOHHOrO Ce'lSHIIll no q>OPMYnaM (3) II (7) 113 

aKcnepHMeHTanbHb!X AaHHb!X, 

'C uenbro Bbll!CHeHHSI o6nacTeii: np1IMeH1IMOCTH (3) n: (7) oblnH Haii:LteHbl OTHO

W8Hllll aKcnepnMeHTallbHb!X 3Ha'leHIIH IlOIISip1I3aUIIOHHOro C9'!9BHSI (p1IC, 5) K 9KCne

PllM8HTanbBb!M 3Ha'leHIIl!M ce'leHIISI pacceSIHHll (puc. 3) • TeopHS! npenc;KS3bIBaeT 

AIISI peaoHaHCHOli 0611aCTII asepr!Iii: 3Ha'leHlle aToro OTBOmeHllll 0,82 II A ,:Ill xono.t1-

HOH o6naCTll 0,67, 3KcrreplIM8HTa/lbHbl8 3Ha'l8Hllll OTHOW8HllSI (plIC, 6) rrpa E> 1 9B 

ne~aT oKono BelIH'lllHhI 0,82; npn 0,25 < E < 1 9B OTHoweHIIe He npeBhlwaeT 0,86, 

II TOllbKO IIplI E < 0,25 9B pe3KO YBSIIII'llIBaeTCll. Dpn: E < 0,01 9B 9KCnep1IMeH-

Ta/lbHbie TO'IKII ne~aT B6/III311 0 ,67; IIplI E < 0,01 9B TO'!KII OTKnOUl!IOTCl! BHll3, 
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TaKnM o6pa30M, llPll E < 0,01 8B pacceRHl!e HOCHT uenHKOM HeKorepeHTHblii, xa-

paKTep; npn E ; 0,25 8B C ,llOCTaTO'lHOii TO'lHOCTb!O npnMeHnMO KOpOTKOBOnHo-

/8/ 
Boe npn6nnJKeHne • 

Xopomee cornacne 3KCnepnMeHTanhHblX 3Ha'leHnii a 
1' 

npn E ➔'·O c Teo-

pneii ~?3BOnSieT c.uenaTb 3aKnIO'leHIIe 00 OTCYTCTBIIH 3aMeTHblX .11enon.51PH3yIOmnx aqi

¢eKTOB npn npoxOJK,UeHHll HeiiTpOHOB 'lepe3 MnmeHb, 

OnTnManbHaR Tonm11Ha Mn me H n. Ha pnc. 7 npe,ucTeaneHa 3aancn-

MOCTb OllTIIManbHOii TOmill!Hhl OT 3Heprnn Hell:rpoHoB, Bhl'll!CneHHall Ha OCHQBe. nony

'leHHblX 3KCllepnMeHTanbHblX 3Ha'leHnii nnHeiiHOI'O Koa¢¢nuneHTa ocna6neHl!ll II nongpn-

3aUIIOHHOI'O Ce'leHllll Kpl!CTanna nMH. KpnBall 1 nony'leHa npll ycnoBI!ll f N <<1 

KPHB8ll 2 - npn f N .. 0, 7. 3Ha'leHHe onTnManhHOl!. TOnmnHbl cnaoo 3aBHCl!T OT nonll

pn3aUllll npOTOHOB, ll03TOMy ¢opMynoii ( 11 ') MOlKHO nonh30BaTbCll npn nIOOblX 3Ha'le

HlllIX f N _(norpemHOCTb l!e npeBbimaeT 10%), 

C_pa B He !in e pa3nH'lHhlX Me TO .11 0 B, B 3aKnIO'l8HIIe 'leTBepTOii rnaBhl 

.1111ccepTau1111 npOBO,lllITCll cpaBHeHne HOBOI'O MeTO.ua nonSipH3aUllll Hel!.TpOHOB C nano

}K8HHhlMll B nepaol!. rnaae. Ha pnc. 8 II 9 noKa3aHbl 3HepreTll'l8CKl!e 3aBnCIIMOCTI! 
2 

nonSip113au1111 aeiiTpOHOB n napaMeTpa f n T , onpe.uenlIIOmero a¢¢eKTIIBHOCTh nonll-

p11aaTopa. B 06nacT11 aHepr11tt,ael!.TpoHoB OT 50 aa AO 100 K3B pacCMOTpeHHhlfi B 

.unccepTallllll M8TO.ll He llMeeT KOHKypeHTOB, Kp11Ball 3 Ha pile, 9 OTp8>.:{8eT COBpeMeH

HOe COCTOlIHl!e MeTo.lla nonSipnaaun11 aefiTpOHOB nponycKaHlleM 'lepea llpOTOHHYIO Mll-

/11/ . 
mem, , a Kpl!Ball 5 npe.uc-raanlleT TeopeTn'leCKl!l!. npe.uen - 'll!C'l:'blii BOJIOPO.ll C no-

ngp11aa1rneii 100%. CpaaHeHHe 8TIIX KpHBbIX llOKa3bIBaeT, 'ITO TeXHHKa KOHCTpynpoBa

Hl!lI non.51P1130BaHHhIX ttpOTQliliblX MRWeHe:ll: C TO'lltll apeHllll HeiiTPOHHOfi ·etteKTP0-
2 

MeTplln: HaXO,lll!TCll Ha cpaBHl!TenbHO BhlyOKOM ypOBHe: napaMeTp f n T. MOlKeT 
1

6h1Tb yaena'leH He 6onee '18M B 3,5 paaa, 

lll!!poK11fi aaepreTn'lecK11l!. .un:anaaoa, BbICOKaR nomipn:aaunsi, 6onhmaSI cae-rocnna 

BblI'O.llHO BbI.UenlIIOT HOBMl!. MeTO,ll cpe.un paHee. 113B0CTHblX, 

Hnepao-qm:3H'leCKIIe 8KCnepIIMeH'.l'bl Ha· nonSIPII36BaHHOM 

ny'lKe Heil:TpOHOB 

Tiony'!eHIIe l!HT0HCIIBHOI'O ny'lKa nongpn:aoaaHHblX aefiTpOHOB·oT l!MllYnhCHOI'O pe

aKTOpa na6opaTopmt HefiTpOHHOfi cl;m:3IIKll ll03BOnnno Ha'laTb BhlttOnnemie nporpaMMhl 

11ccne.110BaHn:l!. no nay'leHHlO B3al!MO,UelicTBl!ll llOJlllpl!30B8HHblX ReiiTpOH0!3 C nongpnao-

12 

BaHHblMII ll.llpaMII B m11pOKOM 3HepreTH'l8CKOM .un:anaaoae. B 'laCTHOCTH, 6bmll Bhl

nonaeHbl H3MepeHn:SI nponycKaHllll nonSipll30BaHHbIX Heii:TpOHOB 'lepea nonRpll30BaHHYIO 
/13/ . 

I'OnhM118BYIO Mlllli8Hb , KOTOpbie ll03BOnn:nn: onpe,uenHTb ClllIHOBbie ~OM0HThl p_ll.lla 
. 166 

yponaeii: COCTaBH_OI'O ll.llpa Ho 

,llpyroii: aKcnepllMeHT, KpaTKoe onn:caane KOToporo .uaeTcSI B nocne.unefi rnaae . 

,lllICCepTaUIIH, 3aKnIO'lancR B ll.3M0P0Hllll nponycKaHHll non.51PH30B8HHofi .ll0iiTOHHOl!. 

/15 11 / 
MnmeHn, coa,uaHHOii BnepBbl0 B na6opaTOPIIII Hel!.TpOHHOii ¢n:3l!KII • • npn pa3nll'l-. 
HOii: op11eHTaunn: nonllp1taann:n Hel!.TpOHOB OTHOCHT8nhHO nongpn:aaunn .lleiiTOHOB, 8T~ 

ll3MepeHHll ll03BOnllnH onpe,uenllTb 3H8K nonSipH3aUHOHHOI'O Ce'leHnll paccelIHllll Ha.ii-

TpoHa Ha .uel!.ToHe: OH oKaaancSI OTpnuaTenhHbIM, CornacHo ¢opMyne .(15), OTpirna-
,. /10/ 

TenhHOe 3H8'10Hlle a 
p B03MOJKHO TOnbKO ,unll nepaoro aa6opa ,unnn pacceSIHHll 

3aKnIO'l8HIIe 

HTOI'II npoBe.ueHHblX 11ccne.11oaaHnii: CBO,llRTCst K cne.11y10mnM OCHOBHblM MOMeHTaM, 

1. Tipe.unoJKeH COBMeCTHO C <t>.n. IIIann:po MeT0.11 non.51Pn:aaunn: II8.l!.TpOIIOB. C no

MOlliblO nponycKaHnll 'lepea nonSipll~OBaHIIyIO llpOTOHHYIO MRWeHb, 

2. TiplIM8HIITenhHO K IIMIIYnhCHOMy 6hICTpOMy peaKTopy na6opaTopllli Heii:TpOH

HOii: ¢n3RKII B KB'leCTBe HCTO'lHRKa aeiiTpOHOB C03,llalla yCTa.UOBK.a .ttn~ nonSipH3aunn 

aeii:TpOHOB, 

3. Tipo11aae,11e1IO SKCllepnMeHTanbHoe UO,llTB8plK.118HHe npe.nnoJKeH!tOI'O ·M8TQ.118. 

4. Tiony'!eH llY'lOK pe30II81ICHhlX !Ieii:TpOHOB C nonllpnaanneii 80-70% ·n BblCOKOii 

IUITeHCllBHOCTblO, 

5, M.3MepeHO. nonSIPll.3aUH.OHHOe Ce'l8Hl!e .aeliTPOH-llPOTQIIHQro paccemmR. 

8. M.aMepeH nn.He.iJ:Hhifi Kos¢¢11uneHT ocna6neHHH KpncTanna .uaoiilIOii conn HH-

TpaTOB naHTaaa n MarHnSI B o6nacTn a11epr:att aeii:TpO/IOB 0,0017-20 aa 

HaTHQll .110 renneaon T8MllepaTypbl, 

OT KOM-

7. TioKa3aHo npeBOCXO,llCTBO M8TO,lla uonSipH3aunn: Hel!.TPOIIOB C HCllOnh30BaHl!eM 

Cill!HOBOii: 3aBHCIIMOCTll SI,llepHblX cnn ,HBA paHee. · R3BeCTHblMl! MeTO,ll8Mll npRMeHHTenh

HO K nccne.uoaalIIIlIM a o6nacTn: HeHTpOHHOii: CIIeKTpoMeTpn:n • 

8, Tipoae.ueHbl nepBhle ¢H3H'l8CKRe aKcnepaMeHTbl .aa IIQnllpH30B8HIIOM ny'lXe, 

B 'laCTHOCTII, OIIpe.ueneHbl ,uy6neTHall n KBapTeTHall .unn:HhI paccelllil!ll Heii:TpOIIa ga 

.uel!.TOHe, 
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OcHOBHbie peaynbTaTbl HaCTOsmteli lUICCepTaulin: ony6nn:KOBaHbI B pa6o-

/3 5 6 11-13/ . 
Tax 1 1 1 

1 a TaKlKe .Q0nOlK9Hbl Ha xv COBeIIIaHHli no smepHOlf cneKTpOCKO-

nmi a Mn:HCKe (1965 r.), Ha MelKllyHapOlIHOli KOH(jJepeHIUIH no CTpyKType ru:tpa a ,,_ 
AHTaepneHe (1965), Ha MelKL1yHapoL1Holi KOH(jJepeHun:n: no smepHoli (jJn:3HKH a faT-

nn:H5ypre (1966 r.). 
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T a 6 n H u a 1 

HeKOTOpb19 napaMeTpbl KpHCTanna llB0liHOI'O naHTaH-M?I'Hll9BOI'O HHTpaTa 

XHMH"19CK85l (jJopMyna 
: 0 -3 

nnoTHOCTb npH 300 K, r.cM 

nnaefiab1li Kos(jJ(jJauaeHT Tennoaoro 
pacumpeHHSI, rpa.Q. -1 

MoneKynS!pHblll Bee 

Lfacno MOneKyn a 1 CM3 

qacno npOTOHOB a 1 cM3 

KonH"19CTBO BO.QOp0ll8 no aecy, % 

.Ue6aeBCK8ll TeMnepaTypa, °K 

nnHeiIHbili Kos<!><!>HUHeHT ocna6ne11HS1 
H9HTpOHOB C 9Hepraeli '6onee 1 9B, 
npnaeL1eHHb1li B renn:eaoli TeMnepaType, 
CM-I 

MaKpOCKOnH"19CK09 nongpH38IlH0HHOe 
Ce"le!lne .Qn5l ll9lfTpOHOB C 9Heprueli 

.6onee 1 9B 1 npHBelleHHoe K renneaoiI 
TeMnepaType, cM-1 
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l a i1 g: ( NO ) 24 H 0 
2 3 3 12 2 

2,075:!:.0,002 

(5,5:!:.l,6) • 10-5 

1527,3 

(8,166:!:.0,008) • 10
20 

0,329 • 10
23 

3,17 

60 

1,132 :!:. 0,006 

0,670:!:.0,005 
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Pac, I. CxeMa aKcnepHMSHTam,Hoi! ycTaHOBKH ama H3MepeHai! Ha ny'IKe nom,pn3oaaHHbIX 
Hei!TpOHOB, 1 - &KTHBHalI 30Ha peaKTopa, 2 - aaKyyMHalI Tpy6a, 3 - wu6ep, 

: = ~~::::T:•/ B:IXKO~:::::::O~ !~~;r~:2~ iB~H::~H:T- ;~~,C~~T _rr~;~-
Tann TITIM, 11 - MOHHTOP M2, 12 - cnnHOBbli! pOTaTop, 13 - MOHHTOp M3, 
14 -. ToKoaag cj,om,ra ang peaepca aeaymero MarHHTHoro nonlI, 15 - MarHnT 
nongpnsoaaHHoi! ,mepHoi! MHWeHn, 16 - uccneayeMbii! o6pa3eu, coaep,,rnmni! 
rrongpa3oaaHHbie lIApa, 17 - cnnpam,HalI nnocKalI KaTywKa ang WHMMHpoaaHHlI 
nong, 18 - KOflflHMaTop, 19 - 3aWnTa Hei!TpOHHoro A9T9KTOpa, 20 - aeTeKTOP 
Ha 6a3e 20 M, 21 - BaKyyMHalI Tpy6a eS 800 MM, 22 - J19T9KT0p Ha 6ase 
60 M, 23 - t1eTeKTop Ha 6a3e 120 M, 24 - noaywKa Hei!TpoHoa: 
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Pnc. 3. Ceqenne paccennan nefiTpona Ha npOTone, axonmuero a KPHCTann- nanTaH-
Marnaeaoro HHTpaTa. 
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Pnc. 4. 8q,cpeKT onHoKpaTHOro nponycKaHHll • I (KpHBBll 1) H nongpH38IlHll HefiTpOHOB 
f n , npomennmx qepe3 MnmeHb TonmHHOfi 1,835 · CM c nongpa3auaeli 65% 

(Kpaaan 2), KaK. q,yHKUHH apeMeHH nponeTa 6a3bI nnanoli 19,4 M. 

18 I 19 

,.....I"':z 



"' 0 

Op,6'H 
60 

1/0 

20 

0 

P11c. 5, nom1p1138UIIOHHOe ce•iea11e O" ll/151 np0T0H0B B Kpl!CTanne llB0llHoro HIITpaTa, 
3Kcnep11MeHTanbHble T0'IKII, 1!306palKaeMbl8 cnellYIOillllMII :;)H81JKSMII, nonyqeHbl 
np11 cneAyrom11x ycnoB1111x: a) KpylKKII - 6a3a npone-ra 60 M, Mm'i1eHb Tonm11Hol1 
1,835 CM, non11p1138Ullll ·np0T0H0B 60%; 6) KBSllpSTIIKII - 6a3a Hl,4 M, MHWeHb 
1,835 CM, non11p1138Ullll 65%; B) Tpeyr0llbHIIKII - 6a3a Hl,1' M, MHWeHb 0,915cM, 
non11p1138UHll ID%> ; llep~ble T0'IKII - ceqea11e Bbl'IIIClleHo B K0p0TK0B0llH0B0M 
np116n11lKe111111, cBeTnb1e..:c y'IeT0M T0nbK0 HeKorepeHTHoro paccemnrn. 
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P11c. 6. OraoweHl!e nonllpH38UII0HH0ro ce'!eHHll O" K Ce'IeHl!IO pacCellHllll HeiiTp0Ha 
Ha np0T0He O O ang Kpl!CTanna llBOHHOro Hl!TpaTa, TTyHKTllpHbie n11111111 - 3Ha-
'IeHl!ll o

0 
Io•• npeACKa3bIBaeMbJe Teop11eii B pe3011a11caoii II xonoaaoll 06-

naCTllX 3Hepr1111. 
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Puc, 8. nonHpH38UHSI Hel1TpOHOB KaK qiyHKUHH aaeprHH HeHTpOHOB JlnH cneayromnx nonH"
PH38T~poa: 1 - )Kene3o ( onTHMBnhHasi); 2 - aepKano npn yrne oTpa)!<eHHH 
6 MHHyT; 3 - KpHCTann naHTaH-Maraneaoro lJHTPaTa npH nongpH38UHH npOTOHOB 
70% ( onTHMBilhHaH) ; 4 - nnocKOCTh ( III ) KpHCTanna cnnaaa Ko6anhT-)Keneao 
(nonHpH3aUHSI BbJIJ,le 60 3B OTpHuaTenbHBH); 5 - TO )Ke, 'ITO II Kpnaasi 4, HO 
6ea yqeTa lllBHHrepoBCKOro pacceSIHHSI; 6 - peaKUHH li 7 (p, n) B11 7; . 



i 
\. 

(t,,T)1111m. 
45 

41 

I 1 --1/ 
0,3 

I/ I I I 
2 

I I . n 
~2 

I I I 
w I ~ 1-,--1:6~:_ 

0 
10"" 10·2 ,o., 

I En, al Kl ,o' ,u' 

2 
Pe:c. 0. OnTe:Manbe:b1i! napaMeTp rn T Jlnsi cne)lyrome:x nonsipe:aaTopoa: 1 -JKeneao, 

3 - aepKano, 3 - Kpe:cTann JlB0i!e:oro e:e:TpaTa; 4 - B0JlopoJl c nonsipe:aane:ei! 
npOT0H0B 100% • .UaHHbl8 nonsipe:3ST0p0B Te JKe, 'ITO e: HS pe:c. a. 
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