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OcHOBHoe coneplKamie nHccepTaUHH rrocBHIUeHo BorrpocaM 

rrpoxolKneHHH B aarunTe HeliTpO!IOB C 3Heprneli necKOnhKO COTeH 

M3B. BbmeneHne TaKoro nnauaaona 311eprnli o6ycnoBneHo p>1noM 

rrpnqnn. Bo-rrepB~X, 3TO CBH38HO C rrpoeKTnpoBaHneM H CTpOH

TenbCTBOM B ~aCTOHIUee BpeMH CHnhHOToqHblX ycKopHTeneli rrpoTOHOB 

"MeaoHHbIX cj,a6pHK • I l I. Bo-BTOpb1x, cyruec.TBeHHaH qacTb aaruHTbI 

rHraHTCKHX rrpoTOHHblX.CHHXpoTpOHOB cnylKHT nnH CHHlKeHHH no 

aanaHHOro ypOBHH IIOTOKOB HeliTpOHOB, HMeroIUHX 3HeprHIO no 

I r,m/2,31. B-TpeTbHX, TOnIUHHa 6oKOBOli 38IUHTb!" YCKOpHTeneli 

sneKTpOHOB Ha 3HeprHH 6onee I fsB orrpenenHeTCH B 6onbIUHHCTBe 

cnyqaeB Heo6xonHMOli KpaTHOCTblO ocna6nemrn IIOTOKOB !pOTOHeliTpo

HOB, SHeprHH KOTOphlX COCTaBnHeT HeCKOIIbKO necH:KOB H co-

TeH M:am/3/. 

KpoMe BO!IpOCOB 38IUHTbl ycKopHTeneli, B rrocnenHHe ronb1 

B03HHKna B KaqecTBe rrepBooqepenHoli rrpo6neMbI aanaqa rro pac

qeTy 381!lHTbl o6nTaeMblX KOCMHqecKHX na6opaTOpHli. HaBeCTHO, 

qTo H3 IUHpOKoro crreKTpa qacTHU KOCMHqecKoro !IpOHCXOlKneHHH 

c ToqKH apeHHH panHaUHOHHOli orracHOCTH HaH6onee cymeCTBeHHhl 

rrpoTOHhl C 3HeprHeli JlO I_ faB/4/. 

TTp1rneneHHbie BbIIUe cpaKTOpbl YK83blB8IOT Ha B8lKH0CTb rrony

qeHHH aKcrrepnMeHTanhHoli HH<popMau1m, 0IIIICbIBaromeli ocna6neHne 

pannaunn B aamnTe, n coBepweHCTBOBaHne MeTonoB pacqeTa aa

IUHTbI B nnarraaoHe SHeprnli HYKIIOHOB B HeCKOnhK0 C0TeH MsB. 
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B J rnaBe i:mccepTaUllll COJlepJKIITCH nuTepaTypHhli1 o63op, 

OXB8Tb!B810m11i1 Ha116onee BaJKHble pa60Thl IIO !pll311Ke 3amHThI, 

11Me10m11e oTHoweHue :c paccMaTp11BaeMoi1 npo6neMe. 

B Kp8TKOM ll3nOJKeHllll !p8KTll'leCKlli1 M8Tep1tan, rronyqeHHbli1 

B paccM0TpeHHh1x· pa6oTax, Knacc1t<!>11u11pyeTCH cneny10m11M o6pa-

3oM: 

1 •. Ha Hei1TpOHHhIX IIY'IKSX CIIHXpOUHKnOTpOff.OB B 15epKnll II ily6He 

rronyqeHbl 3HS'leHIIH )lnHH . ocna6neHHH IIOTOKOB HeliTpOHOB Bb!COKIIX 

aHepruli B paanu'IHhlX · MaTepuanax. 

2. B6nH311 HeKOTOpblX ycKOpHTeneli II 38 IIX 3am1tTOli BhIII0nHeHbl 

ll3MepeHII~ C uenb!O ycTaHOBneHlrn COCTaBa 113ny'leH1tli. C IIOMOmblO 

gnepHbIX aMynbCllli rronyqeHbl aKcrrep11MeHT8nbHbie )lflHHble 0 crreKT-

pe 6bICTpblX HeliTpOHOB 3e. 3amHToi1 oTnenbHbIX ycKopuTenen. 

Pe3ynbT8Tbl ll3MepeHllli Henb3H OTHeCTII K K8KOMy-n1160 Tllrry CT8H

Jl8pTHOli reoMeTpllll, It IIOSTOMY OHi! MOI"yT paccMaTpllBSTbCH TOnb

KO KSK SMill!pltqeCKllli MaTep11an. 

s; CocTaB ll3nyqeHllli 38 TOHKOli 3am11Toli 6bm ll3MepeH II B pgne 

OilblTOB C IlpOTOHaMII. TaK11e OilbIT_bl l!Me!OT ueneBylO HarrpaBneHHOCTb -

3am1tTa KOCMll'l~CKllX na6opaTop11i1. 

4. Pacq(!Tbl rrpoXOJKJ:leHllH B 3am11Te HellTpOHOB BbICOKIIX 8Hepr11li 

BbIIIOnmm11cb KaK MeTOJlOM CTaTl!CTl!'leCKIIX IICilbIT8Hllli, TSK II 

rryTeM peweHllH ypaBHeHl!li rrepeHoca. Orry6nHKOB8HHbie pe3ynbT8TbI, 

rronyqeHHbie MeT0)l0M CTaTHCTl!'leCKIIX IICilbITSHllli, Kpai1He orpaHl!'le

HbI, 'ITo,.rro-BHJlllMOMy, o6'hHCHHeTCH orpoMHb!M o6'heMOM Bbl'IIICnll

TenbHOli pa6oThI, He06XO)ll!MOll nnH rrony'leHl!SI COOTBeTCTBy!Omefi 

IIH!pOpMaUHH Ha 6onbWOll TonmnHe 3am11Tbl. 

PeweHHe ypaBHeHllli rrepeHoca_ rrpoBOJ:lHnOCb HeCKOnbKIIMII KOn

neKTIIBSMII uecneJloBaTeneli. Bo Bcex orry6n11KoBaHHhIX pa6oTax 

OHO rrpOBOJlHnoci, B rrp116n11JKeHl!II 'rrpHMO-BrrepeJl" I T.e. 6e3 

Y'l~Ta yrno.Bb!X OTKnoHeHuli. Orry6n!IKOB8HHbie pe3ynbT8Tbl peweH1rn 

Kl!HeTl!'leeKOI"O ypaBHeHIIH XOTb II )lSIOT rrpeJleTaBneHue 0 xapaKTepe 

crreKTpa HeliTpOHOB Bb!eOKIIX aHepruli B 38Iljl!Te, HO He rrpeJleTaBnH

IOT B03MOlKHOCTH OIIHeSTb Beeb KOMITOHeHTHblli COCTSB ll3ny'leHHll0 
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AHanH3 K0HKpeTHb!X Hay'IHO-TeXHH'leCKIIX 38)laq, JlHKTyeMbIX 

rrpaKTHKOli rrpoeKTHpOB8HIISI 3amHTbI, a TaKJKe HH!pOpMauuu, HMelO

mellcg B ohy6nHKOBaHHb!X pa6oTax, YK83bIB8eT Ha Heo6xonUMOCTb 

C03Jl8HIISI TSKOl'0 MeTona pac'leTa 3am11Tbl1 B K0TOp0M paCCMaTp11-

Ba:111cb 6b! Bee K0MII0HeHTbI1 BH0CHm11e cymeCTBeHHhii1 BKnan B 

<)>opM11pOB8Hl!e cyMMapHOl'O ·rroToKa 11m1 Jl03hl 113ny'leH11fi. 

II • 

B rnaBe II rrpoBOJll!TCsi TeopeTuqecKoe paccMoTpeHue 

rrpouecCOB rrpoXO)KJ:leHl!SI HyKnOHOB BhlCOKIIX 8Hepr11li B rrony6eCKO

He'IHOli 3am11Te. CncTeMa HHTerpanbHO-Jl11<)><)>epeHu11anbHhIX ypaB

nen111l IlepeHOCa JlllSI ~yKnOHOB pewaeTCSI Ilpll ycnoBl!l!1 'ITO KaCKan

.Hhie rrpoueCCbl IT0Jl nellcTBl!eM BTOpll'IHbIX rrpOTOfIOB IIMelOT cy-

wecTBeHHo MeHhwee 3Ha'leHue, qeM ananor11'IHh1e rrpoueccb1, 

3bIB8eMbie HellTpOHSMII. 'PyHKUIISI pacrrpeneneH1rn rrpOTOH0B 

Bbl-

F (x, E,O) rronyqaeTCSI B Bll)le auanl!Tl!'leCKOl'0 BblpaJKeHl!SI/5/: p 

a E ' r. , d E , E , /lp {E) d E 
FP(x,E,O)~f,,B(E) q{(x-c:os0f~),E 0]exp(-Jf3{E) .-), 

(El E I::: 

E' 
x > cosOf 

·C 

dE 
8(E) 

( 1) 

FP(x,E,O) .0 

X < COS 0 
E' 

I dE 

C ,8 (E) 

I"Jle X - TOnWHHa B)l0llb HOpMan11 K IIOBepxH0CTH 3am11Tbl, E -aHep-

I"IIH, 0 - yron 0TH0CIITenbHO H0pMan11 K ITOBepXH0CTII 38Wl!TbI, 

/3 ( E) - II0Hll38UIIOHHbie IIOTepn aneprm1 IIpOTOHOB, q ( X, E,, 0 

- rrnoTH0CTb lleT0'IHIIKOB rrpOT0HOB, /L p ( E ) - a<l><l>eKTIIBHOe 

cJqeuue B3811MO)lelicTBIISI IlpOTOH0B C S!JlpaMII. 'PyHKUIIH nnoTHOCTI! 

IICTO'IHHKOB IIpOT0HOB q ( X , E ', (J ) onpe)lensieTcsi, ncxo)lH H3 

rrnoTHOCTH B38IIMO)lelicTBHSI neliTpOHOB C MaTep11anoM aamIITbl, 
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PemeH11e ypaBH8HlllI nepeHoca 11nlI ¢YHKUIIII aHepreT11qecKoro 

pacnpe11eneHlllI HeiiTpOHOB Fn "(x, E) npOBOllllTClI B QBa 3Tana. 

CHa'!ana pemaeTClI ypaBHeH11e llnlI HeiiTpoHoB KBa311ynpyroro pac

ceSianSI.·3aTeM, IICXOlllI H3 nnoTH0CTII noToKa HefiTpOHOB KBa311-

ynpyroro pacceHHIIH, pacC'IIITb!BaeTClI nnoTHOCTb IlOTOKa OCTanb

HhlX H8iiTpOHOB. OcHOBaHH8M llnlI aroro cny}KllT TOT ¢aKT, '!TO 

B cneKTpax BTOPll'IHblX HyKnOHOB, o6pa3y!OIIIIIXClI B HyKnoH-lillep

HblX B3allMOll8iiCTBHlIX, pe3KO BblpllCOBb!BaeTClI IlllK KBa311ynpyroro 

pacceHHlllI. ITpe11nonaraeTclI, '!TO HefiTpOHbI KBa3Hynpyroro pacce-

lIHlllI HBnlIIOTClI Be11ymett rpynnofi, onpe11enR10mefi xapaKTep oc-

na6neHIIH noToKa HeilTpoHOB BhlCOKOii aHepr1111/6I. 

YpaBHeH11e llnlI ¢yHKUIIII cneKTpanbHOro pacnpe11eneHHlI TOKa 

H8ilTpOHOB KBa311ynpyroro. pacceSIHlllI, [ ( X, E ) , 3anHCbiBa8TClI 
. l 

B cne11y10meM BHllex/: 

a.1
1
(x,E) I

1
'(x, E ) Eo µ

8
(E') 

_,+µ . ef--
. a x u c x, E > E u c x, E '> 

K
8

(E' .. _E)I
1
(x,E')dE'. ( 2 ) 

<l>yHKUlllI f l 6c , E .) CBSl3a.Ha co cneKTpanbHOll nnoTHOCTblO_, IlOTOKa 

FI _("x, E ) qepe3 Cp8llHHfi KOCHHYC, u ( x , E), cne11y10I1IHM COOT

HOIII8HlleM: 

11 ( x , E ) e cos 0 ., 
J, cos 0 F 

1 
( x , E , 0 ) d n 

fF
1

(x,E,8)d0 
411 

I (x,E) (3) 
I • 

F(x,E') 
I 

B ypaBneHHH ( 2): ,, ( E ') - C8'!8HH8 KBa3Hynpyroro pacceSIHHSI 
" aefiTpoHa, 11Me10mero Ha'lan&Hyro aaepr1110 E' aa llllpe K ( E ' .. E) 

a 
- cneKTp aettTpoHoB KBa3Hynpyroro pacceSIHHlI B.pe3ynhTaTe aefiT-

poH-!IllepHoro B3aHMOll8llCTBHlI. 

fpaHH'IHoe ycnoB11e: . 1 
F 1 (x,E,0)1 a---8(1-cosO)B (E- E ) • . ""° 211 0 

xi 
BeKTopHoe o6oaaa'!eHHe TOKa onymeao. 

6 

C Y'l~TOM KOppenSIUIIII M8lKllY cpeQHHM KOCIIHycoM yrna, 

IlOll KOTOpb!M llBlllK8TClI HefiTpOH OTHOCIITenbHO HOpMan11 K noBepx

HOCTH 3am11Tb1, H ero aaepr11ett, nony'leHo cne11y10mee pemeHHe 

llnlI ¢yHKUIIH aaepreTH'l8CKOro pacnpe11eneHm1 HefiTpOHOB KBa3H- _ 

ynpyroro pacceSIHHH: 

F
1

( x,E) .. 
-µz 

e 18 ( E-E
0 

) + µ x a,, (-E-)t;;'-,v 

E E 
0 0 

. E
0 

v . . E 
O 

v . 
x exp[µx (1-(-E-))llt1(1+a), 2; µx((-E-)-1)] 

X 
(4) 

r11e F [a, b· z ] 
I J ' 

Benll'IHHbl V II '' 

B~IPOlKll8HHalI r11nepreuMeTpH'le9KalI . ¢yHKUIISli 

Bb!palKalOTClI qepe3_ napaMeTpbi llH¢¢epeH-

u11anbHblX C8'18Hllli HyKnOH-HyKnOHHoro • pacceSIHlllI, a napaMeTp a 

onpe11enSieTcSI, KpoMe Toro, qepe3 Koa¢¢nu11eaT KBa3nynpyroro 

pacceSIHHH cB06011Horo HyKnoHa Ha HyKnoHax llllpa. C noMOIIIh!O 

Bb1paJKeHlllI ( 4) 6hmo pticc'IIITaHo cneKTpanbHoe pacrrpe11enea11e 

H8fiTpOHOB B aam11Te, a TaKJKe ¢aKTOPbl HaKOil118HlllI aefiTpOHOB 

KBaaHynpyroro pacceHHHlI, B(µx, E
0

), 

onpe11e11ea1110: 

B(µx,E
0

) 
EO f F 1 (x ,E 

0 

cornacao _cne11y10meMy 

µx 
e d E • (5) 

CpaBH8HHe 3KCnep11MeHTanbHblX 3Ha'l8Hllfi llllllHbl ocna611eHlllI 

IlOTOKa aefiTpOHOB BblCOKOfi 3Hepr1111l 13/ II TeopeTH'l8CKIIX 3Ha'l8Hllfi, 

nony'leHHhIX Ha ocHoBe Mo11en11 KBaa11ynpyroro pacceHHHH, yKa

awBaeT Ha TO, '!TO Monenb KBaa11ynpyroro pacceSIHlllI 11aeT npa

BHII&Hoe COOTHOIII8Hlle M8lKllY llllHHOii ocna6neHlllI no:oKa HeHTpOHOB 

11 nnHHOll CB060llHOro npo6era llO Heynpyroro B38HMOll8HCTBlllI. 
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B pacCMOTp0HHOM np116nHlK0HHH He yqHTbIBaeTCSI Ta qaCTb 

cneKTpa BTOpHqHhiX HyKnOHOB, BhineTa!OlllHX H3 SIJ:lep, KOTopasi 

o6ycnoaneHa MHOrOKpaTHhlM pacceSIHHeM HyKnOHOB BHYTPH SIJ:lpa 

H polKJleHHeM nllOHOB. 3Ta qacTb cnEliCTpa B' J:IBnbHellrneM H83bl

BaeTCSI KaCK8J:1HhlMH HyKnOHBMII. 

Hcnonb3YSI Bb!paJKeHne ( 4) B KaqecTBe OCHOBbl J:lnSI nnoT

HOCTH HCTQqHHKOB KacKaJ:IHhlX HeliTpOHOB, aannrneM cneay10mee 

Bh1paJKeHne J:1nS1 cneKTpanbHoro pacnpeaen.eHHSI, F 
2 

(x,E), Kac

KBJ:IHhIX HeliTpOHOB/8/: 

F (x,E)= f dO f dx' f dE' fdE"µ F (x', E") 
2 

IQ) Cx'.) CE') IE"> I 
X 

(6) 

x ~ ~)_l_ G [ µ 2 (E' !'x - x •1 · 
dE' d!l cos 0 cos 0 , E ', E ] , 

rae 
d2 N(E") 

d E' dfl 
!IBOliHoe a11i!xf>epeHunanbHoe pacnpeaeneHne_ 

. KBCKaJ:IHhlX HeliTpOHOB B M0M0HTapHOM 8KTe Heynpyroro B3aHMO

J:10liCTBHSI nepBHqHhlX HeliTpOHOB, IIM0!0lllHX 3Hepri!IO E" , C S!J:lpa-

MH 3all{HThI, HOpMHpOBaHHoe Ha cpeJ:IHIOIO MHOJK0CTB0HHOCTb Kac-

KaJ:IHhlX HeliTpOHoB; µ 
2 

( E ' ) - a~eKTHBHoe ceqeHl!e B38HMO-

J:IBHCTBHSI C S!J:lpaMH KaCK8!1Hb!X HeliTpoHos·G[µ (E,x,E' E 1 
' 2 , 

-<fiyHK-

UIISI pacnpeaeneHHSI KacKa!IHhlX HeliTpoHoB no TonmnHe nony6ecKo

HeqHoli aamHTbI, Ha noBepxHOCTb K!)TOpoll HOpManbHO naaaeT ny

qoK KaCKanHhlX HeliTpOHOB C 3Heprnett E ' 

4>yHKUHSI pacnpeaeneHHH J:lnH llOTOKa HeliTpOHOB, HM0l0lllHX 

aHeprn10 Bh1rne 3aaa11Horo rropora, F ( x) , ecT&: 
n 

F <.x) 
n 

EO 
f (F1 (x,E)+F

2
(x,E))dE (7) 

E • 
I 

8 

rn. 
III rnaaa nnccepTaunn nocBHllleHa sonpocaM HaKonnemrn n 

pacnpeaeneHnsi B aamnTe nanyqeHnli HH3KOli a11epr1m. 3TH 113ny

qe11HS1 o6pa3y10TCS1 na cTannn ncnape11HS1 113 ocTaToqHoro siapa 

nocne pa3BIITIISI BHyTpHS1J:1epHoro KacKaaa. 

PacnpeneneHHe HeliTpOHOB nonyqeHO B J:IH~~Y3HOHHO-B03pacT

HOM npn6n11JKeHHH 1 pacnpocTpaHeHHoM Ha cnyqali Heynpyroro pacce

SIHHSI HeliTpOHOB Ha S!J:lpax. Bb!XOJ:I 3apsilKeHHhlX qacTHU H3 BO3-

6ylKJ:leHHbIX SIJ:lep He yqHTbIBancsi. · 

Ha pnc. 1 noKa3aH paccquT;HHhili cyMMap11b1li cneKTp 11eliTpo-

HOB Ha TonmnHe µx = 14 JKene30-BoJ:1Holi 3alllHThl c conepJKa-

11neM sonopona 0,4% 09 secy. Haqan&HaH a11eprHH 11eliTpoHoB 

E O = 300 Maa. Ha 3TOM JKe pHCYHKe npl!B0!10Hbl AnH cpaBHeHIIH 

cneKTpbl HeliTpOHOB, paccq11TaHHbie B pa6oTaxl9, 10/. PacqeTHble 

311aqeH11S1 ~aKTopoB 11aKonne111rn 113nyqeHHli H1!3Koli a11epr11n B JKene-

3e H JKene3O-BOJ:IHhlX CMeCHX npHB0!10Hbl B Ta6n. 2, 

B pacqeTax np111111Manoc&, qTo raMMa-113nyqe11ne o6pa3yeTcH 

B pe3yn&TaTe Tpex OCHOBHhlX npoueccoa: CHSITIISI OCTaTdqHoro 

B036YlKJ:10HHH nocne 11cnapeHHH HefiTpOHOB H3 CHnbHOB0~6yJKneHHhlX 

HJ:lep, 11eynpyroro pacceHHHH 6bICTpblX HeliTpOHOB, 38XBaTa MeJ:1ne11-

HblX H TennoBblX 11eliTpOHOB, 

KoMilOH0HTHhlli COCTaB nornome1111ofi J:1O3bl H J:1O3HOro 3KBHBa

neHTa anH JKeneao-somroli 3alllHThI npnseae11 B Ta6n. 1. B aToli 

Ta6nnue npHB0!10Hbl TaKJKe ansi cpaBH0HHH 3KCnepHM0HTanbHble 

J:18HHhie, xapaKTepH3YIOlllH0 COCTaB J:1O3HOro 3KBHBaneHT8 38 

6eTOHHOli 3alllHTOli npoToHHoro cn11xpOTpo11a UEPH1 l l /. CymecT-

B0HH8H p83HHU8 B OT!IOIII0HHH BKnaaa _B J:1O3Y T0Il.J10Bb!X 11eliTpOHOB 

06ycnosne11a 311aqnTen&11O 6on&IIIHM ceqe11neM 3axaaTa TennoBhlX 

.HellTpOHOB B JKene3o-BOJ:IHOli CMeCH no cpaBH0!1HIO C 6eTOHOM. 
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IV. 

B IV rnaBe paccMaTpllBalOTCSI BO!IpOCbl qiopMllpOBaHllll B uo

MemeHllllX ycKopnTeneii paccel!HHhIX nsny'leHnii n nx ocna6neHne,. 

B samnTe/ l 2,/. B paccel!HHOM nsnyqeHnn Bbu:tenS110TCS1 cnenyromHe 

KOMnOHeHTbI: 1) HeiiTpOHbl BbICOKHX 3!Jeprnii; 2) 6bICTpbl8 HeiiTpo

HbI; 3) npoMeJKyTO'IHbl~ HeiiTpOHbI; 4) TennoBbie HeiiTpOHblj 5) raM

Ma-nsny'leHHe. <l>opMnpoBaHne n ocna6neane B samnTe rroToKoB 

HeiiTpOHOB nepBblX nayx rpynn OIIllCbIBaeTCSI B nnccepTaunn Ha oc

HOBe MeTona ce'leHnii Bbrneneanll. ITpoMeJKyTO'IHbl8 ll TennOBble 

aeiiTpOHbl onncbIBalOTCSI B nilqiqiysno1mo-BospaCTHOM npn6nnJKeHllll 

nm1 HCTO'IHHKa sa.MennS110mHXCSI H8ilTpOHOB, Haxonllmerocll B ueHTpe 

cqiepHqecKOii nonocTH. MomHOCTb nosbl raMMa-HsnyqeHHSI paCC'lll

TbIBaeTCll, HCXOnll HS nnoTHOCTH saxBaTa MenneHHblX HeiiTpOHOB. 

ilnll BblllCHeHllll CTeneHH COOTBeTCTBHSI TeopHH qiopMHpoBaHHSI pacce

SIHHOro Hsny'leHHSI 3KCnepHM8HTanbHblM naHHb.lM 6hmH npoaeneHbl 

HSMepeHHSI HaSBaHHblX rpynn Hsny'leHllii ( HS rrpoMeJKyTO'IHblX aeiiTpo

HOB Bb!ll8nllnacb qaCTb cneKTpa, COOTB6TCTBy10mall pesoHaHcy HH

nHll 1,46 3B) B HeKOTOpblX TO'IKax sana CHHXpOUllKnoTpOHa, KOTO

pbi8 6bmH saKpblTbl OT nonanaHllll B HHX Y.3ny'leHHii, 11nym11x He

nocpencTB6HHO 113 YCKOpl!Teng. Hs pesynbTaTOB llSMepeHl!ii cnenyeT, 

'ITO pac'leTHbl8 Benl!'ll!Hbl nOTOK0B I! noSbl nsny'leHllii anonae co

OTB6TCTBYIOT aHanorl!'IHblM 3Kcnep11MeHTanbHblM Benl!'ll!HaM. 'tfTo 

KacaeTCll · pacqeTHbIX naHHbIX no ocna6neanro paccellHHoro Hsny

qeHl!ll B sam11Te, 'TO ORI! cornacy!OTCSI C COOTBeTCTByJOml!MI! 3Kcne

p11MeHTanbHbIMI! pesynbTaTaMI!/ 15/. 

V • 

3Kcnepl!M6H'.l'anbHbi8 HCcnenoaaHl!ll npoxolKJ:(eHHSI HeiiTpOHOB C 

aHeprneii HeCKOnbKO COT8H MaB_ B pasnH'IHblX no COCTaBy samH

TaX 11snOJK8'Hbl B V rnaae. HcTO'lHl!KOM HeiiTpOHOB cnyJKHn Cl!H

xpounKnoTpOH na6opaTopHH llnepHblX npo6neM OHHH, ycKopll!Omllii 

npoTOHbl no aHeprl!H 680 Maa. OnbITbl 6bmll npoaeneHbl npu 3Hep

rnl!X npoTOHOB OT 170 no 660 Maa. OCHOBHoe BHl!MaHHe yne-

12 

·l 

l 

nllnocb 11ccnenoBaH1110 HaKonneHHll B samuTe nsny'leHnii Hl!SKoii 

aHeprnu. B KaqecTBe MaTepuana aKcnepnMeHTanbHOii ycTaHOBKH 

6bml! Bb16paHbl JKeneso-BOllHble .CMecul 16/ •. 

OCHOBHOii qacTblO 3Kcnepl!M8HTanbHOii ycTaHOBKI! l!BnllnCSI 

Ha6op CTanbHblX nnnT pasMepoM 20x980x980 MM, cyMMapHoii TOn

mnHoii oKono 1500 MM. Ha6op nnnT paaMemancll B 6aKe pasMepoM 

2000xl000x 1000 MM .. ITyTeM li3M6H8Hllll paccTOSIHllll. MelKJ:ly rrnn-

TaMn, noMemeHHblMll B 6aK C Bono ii, llMllTl!pOBanncb JKenes'o-. 

BOJlHble CMeCI! C pasnH'IHblM conepJKaHneM BOJlopona. PerncTpaUllll 

lIOTOKa HeiiTPOHOB npollSBOJllinacb noporOBblMll aKTllBaUllOHHblMI! 

neTeKTOpaMn. KpoMe aKTllBaUHOHHblX neTeKTOpOB llCIIOnbSOBanaCb 

TaKJKe peHTreHoBCKal! nneiiKa, perncTpnpyromag nosy raMMa-11:sny

'leH11S1 I! sapl!JK6HHblX 'laCTl!U. 3KcnoHemmanbHblii xapaKTep ocna6-

neHHSI noTOKOB H6ilTpOHOB BblCOKOii 3Heprnn .< E > 20 Maa) Ha 

TonmnHax µ x > 1,5 nosaonl!eT onpenenllTb 3qJqieKTl!BHylO nnnHy 

ocna6neHl!ll nnll noToKa HeilTpOHOB. B JKeneso-BOnHblX CM6CSIX 

Ha6nronaeTCSI (KpOMe Ha'lanbHOro ll KOH6'1Horo y'laCTKOB) paBHOBecne 

MelKJ:ly aceMH nccnenoaaHHbIMI! rpynnaMn nsnyqemiii .• B JKenese, 

6es no6aBKH Boaopona, paBHOB6Cllll Me)KJ:ly noTOJ(_aMn He8Tp0HOB 

BblCOKOil 3Heprnn ll pesoHaHCHblX HeliTpOHOB Ha Ha6nronaeTCll. B 

Ta6n. 2 npllBOnllTCSI 3KCnepnMeHTanbHbi8 3HaqeHllll qiaKTopoB Ha

KonneHl!ll nsnyqem1il HllSKoil 3HE!prnn ( 1,5 <µ x <6). <l>aKTop Ha

KonneHl!ll onpeneneH KaK OTHOW8Hl!e fiOTOKa H8HTPOHOB Hli3KOil 

3Hepr11:11 (Hnll J:(03bl raMMa-11sny'leHHS1) K IIOTOKY HeilTpOHOB BbiCOKOii 

aHeprun. 

ilnll nccnenoaa.Hl!ll HaKonneHHll nsny'leHnii HllsKoil aHeprnn 

B TS1JKenh1X 6eToHax Ha OCHoBe JKeneso-pynHhIX sanonHnTeneli 

c pasnH'IHbIM conepJKaHHeM Bonopona 6i,m11 npoaeneHbI aaanorn'IHbie 

3KCnepl!M6HTbl B CM8CSIX TSIJKe!Iblll: 6eToH-Bona / 17 /. 

C uenb!O 11ccnenqBaHnS1 aqiqieKTllBHOCTll BB8J:l8Hllll Bonopon 

conepJKamero MaTepnana He B 061,eM samnTbI, a B nocnenanil ee 

cnoli , 61,mo nccnenoaaao pacnpeneneH11e usnyqea11ii B cnenyro-

mux K0Mnos11u11S1x: JKeneso - Bona, JKeneso - TS1JKenb1ii 6eToH, 

oona - JKeneso - aona/181. 

13 



,, ii 

C\J. . 
Cd >4 
§f 5 
J:; (I) 

\0 =<tl 0 
E-i 

~ = ~ 
0 

'i' 
0 
CQ 
(I) 

~ 
N 
:s; 
(I) 
CQ 
(I) 
J:; 
(I) 

N 

P'I 

:s: :s; 

s. 
Q) = ro 

,:s: 
0 
:,: 
CQ 

:s: = 
~ = Q) 
:,, 

~ 
ro = 
~ = (I) 
J:; 
t::: 
0 

@ 
= 
~ 
0 
f< :,: 
Cd 
,e, 

~ 

0 
(I) 

P'I .. 
~ 
0 
g. 
~ 
0 
P'I 

Q) 
:s; 

i 
(I) -~ 
0 

0 

...... 
g, 
i 
f< 
Cl) 

I=:[ 

, ... 
J, 
P'I 

~~ 
0 Q) 
f<J:; 
G>O!J:: 

::l;O:S: 
:s;:,:: .. .. .. 
'ii! 

Cd:,:: 
t::: Q) 
t:::l>' 
~~ 

i:.,lll 
:s; 

c-
--4 

C?. 
0 

+I 
c--
~ .. 
0 

0 
(\J 

C?. 
0 

+I 
~ . "!. 
0 

c--
'q_ 

0 

+I 

"" ~ .. 
0 

0 

c--
"!. 
0 

+I 
0 
0 .. 
H 

"" "!. 
0 

+I 
8 .. 
0 

lJ"\ 

"!. 
0 

+I 
00 
00 .. 
0 

lJ"\ 
(\J .. 
0 

+I 
00 
00 .. 
0 

g. .. "' 
,e.,-;_ 
0 • 
0 .!; 
>&:;; 

a. 

f,; 
. (I) 

::ii f< :s; Cl) 
A:,, 
Q) 0 
t::: Cl! o A :,: 
ti) 

::ZS 
a,:,:: 
::zso 
AA .... 
CHS: 
::ZS (I) 
i:.q:,:i 

IQ 
ro 

:::a! 

0 
(\J 

V 
lz1 

"' (\J 

14 

\0 
0 .. 
0 

+I 

H 

~ 
0 

+I 
°' -~ 
(\J "" .. .. 
0 0 

H -T 
H 0 .. .. 
0 0 

+I +I 
lJ"\ c--
U"\ lJ"\ .. . 
0 0 

c--
~ 
0 

+I 

"" H .. 
H 

la 

c-
H . 
0 

+I 
0 , .... .. 
H 

= Cl! a::,:i I 
(I) :s; = 
!:ill>' I 
Q) :s: 
AJ:; 
(l)CI) 
QP'I 

J 
es: -
:si ! ~= ':::s: = 

(I) 

&! 

~ 

f< -= 
:Q -
Cl) 

~ 
A 
(I) 

5 
:,: 
ro 

o:is == «jo =s:i. 0 .. 
t'>XS: 
G) Cl) 

i:i..= 

f< 
(I) 
:,, 
0 
<tl 
A 

IXl 
ro 

~-

H 
II 
~ 

')I 
0 A A 
!=!. ~C\J t 
0 :,:: I Cl> N....,_o= 

. ~ "!:ii ~C\J' 
+I OH ::ii 0\ • ... CJ 

00 A H • ., :,: A 
e =- ~ 

t,: 

~(lj 

== ~~ 
G>l!l: 
At:: 
(I) Cl> 
Q Ill 

I 
~ l:j Cd 
E-t~:C: 
::::ott: 
Cl>P:i<l> 
AOJ:; 

f< 
:,:: 
Q) 

=:s; 
§' 
t::: 
0 
:,: 
ro 

tl:lt::: 

;:!1(1) 
E-<:11 :,:: = 
a:lll:: 
P'!(I)· 

r~§ 
a:10.:s; 
::ila:IE-< 
~co~ 
i:.,:s;:,, 

f 

f< 
(I) 
::,0 
0 
a:I 
A 

1 

HaMepeHlle TKaHeBOH l(03bl II Koaq>qmu11eHT8 Ka'!eCTB8 cno>K
HOrO rronH nanyqeHHA rrocne ToncTbIX cnoeB aall!IITbI 6bmo rrpoae
t:1eHo B ycnoBHSIX rameHHSI IIY'IK8 rrpoTOHOB C l;lHepr11eA 660 M3B 
a cnoe cTanH Tonm11110A 90 CM/ 191. 3KcrrepnMeHT 6bm npoaet:1eH 
C 11crronb30BaHHeM B Ka'!eCTBe nornoTHTenH rrpoTOHOB CTSnbHOH 
aM6paaypbl B 4-MeTpOBOil 381l!IITHOM CTEJHe aana CHHXpOUliKnOTpO
HBo il03Hbie 113MepeHIISI 6binll IIpC>BeAeHbl C IIOMOll!blOTKBHeSKBII -
BBneHTHOil peKoM611H8UHOHHO~ HOHH38UIIOHHOil KaMepblo Cpel(Hee 
3Ha'!eHHe K03cpcp11u11eHT8 Ka'!eCTBa rrony'!eHO paBHhlM 6,2 :t.0,4. 

OcaoBHbie peaynbTaTbI 

1. Paapa6oTaH aHanHTH'!eCKIIM MeTon pac'leTa KOMIIOHeHTHoro coc
T8B8 H aHepreTll'!eCKOro crreKTpa nanyqeHHH.B rrnoCKIIX 381l!IITSX, 
KOTOpbie IIOl(BepraroTCSI o6ny'leHHIO WHpOKll'."'IH MOHOHanpaaneHHbl
MH ny'IKBMH HeATpOHOB C 3Hepr11eA HeCKOnbKO coTeH "Maa. Ha 
p11c. 2 rpacp11qecKH nnnrocTp11pyeTCH rrocnet:1oaaTenbHOCTb rrpoae
neHHbIX pac'leToa. npaaoMepHOCTb paapa6oTaHHoro MeTona rron
TBep)Kna_eTcH 3KCrrep11MeHTBnbHblMII peaynbT8T8MII, rrony'leHHblMII 
KBK a t:111ccepTaUIIOHHOH pa6oTe, TBK II npyrllMII aa,opaMII. 

a. ilnH OTblCKBIIIISI cpyHKUIIII npocTp8HCTBeHH0-3HepreTll'leCKOrO 
pacnpeneneHIIH HyKnOHOB Bb1coKoA aneprnu ucrronbaoaaHa cucTeMa 
ypaaHeHHA nepeHoca. C11cTeMa ypaaHeH11A pemeHa a rrpenrrono
)Ke!IHH, '!TO K8CK8l(Hble npouecCbl non neikT.BHeM BTOpH'IHblX npo-: 
TOHOB IIMelOT cymecTBeHHO_ MeHblllee 3HS'leHHe, qe~ aHanorH'!Hbie 
rrpouecCbl, Bbl3bIB8eMble HeATponaMHo Y'!TeHbl yrnOBbie OTKnoHe
HHSI a npoueccax ynpyroro II Heynpyroro pacceHHHH HeATpoHoB 

na aTOMHblX Sll(pax. 

6. <l>yHKUHH crreKTpanbHo-yrnoaoro pacrrpeneneHHH rrpoTOHOB 
rrony'leHa B anne KBanpaTypbl, HCX0ASI H3 nnoTHOCTII aaa11MoneA
·cTBIISI aeATp0H0B C Sll(p8MII MaTepnana 381ll11Tblo 
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a. PeweaHe ypaanenHH nepenoca neATponoB npoaeneno B naa 

nocnenoaaTenbHbIX sTana. Bnaqane nonyqeno a11an11T11'!eCKoe peme

nne nnH ¢yHKUHH npocTpaHCTBeHHo-sHepreTH'!ecKoro pacnpeneneHnH 

HeATpOHOB KBaaHynpyroro pacceHHHH. 3TH HeATpOHbl HBnHroTCH 

aenymeli rpynnoli noToKa Hany'lennli B aam11Te. 

¢yHKUHH pacnpeneneHHH HefiTpOHOB BTOpoli rpynnhI (KacKan

Hbie HefiTpOllbl) nony'leHa B BHne KBanpaTypbI, ncxonH H3 nnOTHOCTII 

B38HMonefiCTBHH HelhpOHOB KBaanynpyroro pacceHHIIH C HApaMH. 

Ha 3BM M-20 npoaeneHbI '!HcneHHb1e pac'!eTbI sHepreTn'!eCKHX 

cneKTpOB H ¢aKTOpOB HaKonneHIIH IlOTOKB HefiTpOHOB KB83Hynpyroro 

pacceHHIIH B Tpex MaTepHanax (o6bI'IHbIH 6eTOH, MeAb, CBIIHeu). 

AH"an11a peaynbT8TOB '!HcneHHbIX pac'!eTOB ITOK83bJBaeT, '!TO 

UOTOK npOTOHOB B 381IlHTe cywecTBeHHO MeHbllle IlOTOKa HefiTpOIIOB. 

3To IlOATBeplKAaeT ycnOBHe, nono)KeHnoe a OCIIOBY pemeHHH CHC

TeMbl ypaBHeHHfi. 

r. LlnH snepreTH'leCKoro cneKTpa KaCKaAHblX HyKnOHOB, Bbine

TaIDIIlHX na gnep, KOTOpb1e 6oM6apnnpyroTCH HyKnonaMn BbICOKofi snep

rnn, nony'leHo anannTH'!ecKoe Bb1pa*e11ne B npennono)KeHnn, .'!TO 

cpopMa cneKTpa ne aaBHCHT OT 3HeprHII nepBH'IH_blX HyKnOHOB. 

n. Pacnpeneneane B 381IlHTe UOTOKOB aefiTpOHOB HH3KHX 3Hep-

rnfi ( E < 20 Msa) nonyqeao B BHAe ¢aKTopoB HaKonnennH, on-

penenHeMblX KaK OTHOllleHHe IlOTOKa .nefiTpOHOB HH3KOH 3HeprHH K 

IlOTOKy-HefiTpOHOB B~COKOH 3Heprnn. ¢yHKUHH pacnpeneneHHH nefiTpo

HOB IIH3KOH sneprHH paCC'IHT8H8 B AH¢¢Y3HOIIIIO-B03pacTHOM npH-

6nH)KeHHH. Ha 3BM M-20 Bbl'IHCneHbl ¢aKTOpbl 118KonneHHH IlOTOKa 

H A03bl npoMe)KyTO'lllblX HefiTpOHOB ( E < 1,5 MsB) B 6eTOH8X 

c pa3nH'IHblM COCTBBOM: 23 THila 6eTOlla pasnH'IHOH nnoTHOCTH 

H ·c paanH'lllbIM conep*aHHeM aonopona. 

e. PacnpenenenHe B aamHT? noab1 raMMa-Hany'leHHH nonyqe

HO B BHne KBanpaTypbl, HCXOnH H3 nnoTIIOCTH BaaHMOAeficTBHH· 

HefiTpOHOB paanH'IIIOH 3HeprHH C HnpaMH MaTep1rnna 381Ill!Tbl. 
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2. Paccemrnoe nany,1em1e paccMoTpeHo c noanunn ennttoro non
xona K npoueccaM q,opMHpOBamrn ITOITSI H3ITY'l8HIISI BfIYTPH aana 

yCKOPHT8ITSI H ocna6nemrn H3ITY'l8HHSI B 381IUITe. ITpocTpaHCTBe!l

HOe pacnpenenemre ITOTOKOB neliTpOHOB BblCOKOli aneprnu u 6b!CT
pb1X HeliTpOHOB nony'leHO Ha OCHoBe MeTO/la ceqennli BblB8/l8HHSI. 
PacnpeneneHue rrpoMe)KyTO'JHblX u TennoBblX Het1TpOHOB- B lllf<p

'PY31IOHHO-B03pacTHOM rrpu6nlf)K8HHII. 

3. ITony'leHbI aKcnepuMeHTanbHbie peaynbTBTbI o pacrrp.?nenenuu 

ITOTOKOB neliTpOHOB BbICOKOli 3Hepruu, 6blCTpblX If pe30H8HCHbIX 

HeliTpOHOB, ll03bl raMMa- uany'leHHli B )Kefleae, )Keneao-BO/lHblX 

CMecsix, 6eTOHO-BOllHbIX cMecsix, a T8K)Ke B reTeporeHHblX aamu-

Tax. 

ITpoBeneno sKcrrepuMeHTanbHoe uccnenoBaHue KoMrrotteHTHoro 
u noattoro cocTaBa nany~ettuli aa aamuToli, KOTopasi 6oM6apnnpy
eTcsi rrpoTOH8MH C 3Heprueli 660 M 3B. ll03Hble H3MepeHHSI BbIITOn
neHbl TK8H83KBHBaneHTIIOli lfOHlf38UHGHHOli peKoM6HH8llHOHHoli: Ka

Mepoli:, II03BOnlfBIUeli 3KCnepuMeHTBnbHO orrpenenHTb MomHOCTb TKa

HeBoli: /l03bl H K03<pq,HuHeHT Ka'JeCTBa CMell!aHHOrO Hany'leHuSI. 

YcTaHoBneno, 'JTO K03<pq,HUHeHT Ka'leCTBa He 38BHCHT rrpaKTH'JeC
KH OT CII8KTpa Hel!TpOHOB BbICOKHX 3Hepruli B aamHTe. 

3KcrrepHM8HT8flbHbie H paC'JeTHble peaynbT8Tbl, H3flO)KeflHbie 
B /lHCCepTauuu, HCIIOITb30B8ITHCb rrpu pac'JeTe panHaUHOHHOli 3a
mHTbl a rrpoeKTax: penSITHBHCTCKoro UHKITOTpOHa/20/~ UHKITOTpoHa 
C paaneneHHbIMH op6HT8MH/21/ 'H CHITbHOTO'JHOPO ,P830TpOH8 C 

aapHauneli MarHHTHOPO IIOITSl/221. 

MaTepuan nnccepTauuH orry6nHKoBaH a pa6oTax15-8,12,16-19/ 

H 'JaCTII'JHO llOITO)KeH Ha ll BceCOI03HOli KOH<pepe~uuu rro ,PH3HKe 
aamHTb[ ( r. 06HHHCK, 1967 r.) 
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