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B a e .a e H 11 e. HeATpoHHbl lt AeTeKTop " npouecc 

perHCTpauH H HeATpOHOB 

B na6opaTOpHH KeATpOHHOll ¢H3HKH OV1HV1 H3rOTOBJ19H .aeT eKTOp AJlSI npose.aeHHSI 

H3MepeHKA OOJlH~X HeATpOHH~X C9'19HHA M9TOAOM Bp9M9HH nponeTa • 

.[leTeKTOp npeACTaBIISI9T Co6oll KOHT9l1Hep, H800JlH9HHbll! >KII AKH M CUHIITHIIJlSITOpOM, 

coAep>KaWHM 6op. H e ATpOHbi, nonaAaSJ 8 KOHTeAHep '" aaM eAnSJCb, aaxsaT biBSIOTCSI 

S!ApaMH B 10 I D
10 

( n, a) U 
7 
I • 06paayJOWH9CSI a -qacTHllbl Bbl3biBaJOT 

CUHHTHIIJlSIUHH, KOTOp~e yll8811H8810TCSI cpoTOyMHO>KHT911SIMH II p erHCTpHpyiOTCSI p0AHO

CX9MO~ , 

UenbiO HaCTOSIWHX pac'leToa SI8HIIOCb 8bi'IHCJ19HKe acp¢eKT~1 DHOC TH aeTeKTopa 

K HeATpOHaM pa3 J1H 'IHOA 3HeprHH AilS! p8311H'IHbiX TOJllUHH Ll9T9KTOpa, a T aK>K9 cpeAHe

ro Bp9M9HK >KH3HH K9ATpOH08 8 A9T9KTOpe AO nOrllOW9 HK Sl, ViCCJlOAOBaJlHC b ABe cpe-

10 
AbJ: c ~cTeCT89HHbJM 6opoM 11 o6oraweHHbi M B • 

CuwHTHilllATopoM SI811SieTcA cMecb Tony on a c7H 8 c MeTun6opaTOM B ( OCH 
3

) 
3 

(50%, 50%) c ao6asKaMH PPO 11 PO POP ( 4r/ n H 0 ,02r/ n ) . TaKo A AeTeKTOp onHcaH 

/3/ 
8 p a6oTe , TaM >Ke npH8eAeHbJ HeKoTopbJe AaHKbie o pac'le Te MeTOAOM MoKTe-

Kapno ero xapaKTepHCTHK, 

nocKOilbKY TOJllUJIHa A9T9KTOpa MHOrO M9HbW9 ero WHpHHbl 0 TO Ll9T9KT0p MO>KHO 

38M9HHTb 6eCKOH9 '1HbiM CJ109M TOIIWHHOA , p88HOA TOJ1 W HH9 A9T9KTOpa , 'ITO ynpowaeT 

paC'I9Tbl. Pac'I9Tbl senK Cb AilS! cpeAbl , 38HHMa10weA 001108HH Y npocTpaHCT88, n peAno

naranOCb, 'ITO H9ATp0Hbl naaaiOT napannenbHbiM ny'IKOM nepneHAHKYilS!pHO noaepXKOCTH 0 

npOilK K810T 8HyTp b Cp9Abl 1 6ny>KA810T T8M 0 CTallKHB8SICb C S!Ap8MH AO 3aX8aTa, HJlK 

BbiJ19T aiOT o6p8THO 113 Cp9Abl, nocne Ka>KAOrO COyAapeHIH! Y'IHTbiBanaCb HOBaSI a KeprH SI 

HeATpOHa , C'IHTanocb, 'ITO npH AOCTH:>K9HHH TennosoA 31leprHH, 9 HeprHR K eATpOH08 

60ilbW9 He M91lSI9TCSI, PaCCM8Tp1188nHCb CTOJ1KH089HHSI C S!Ap8MH Tpex TIWOB: paCC9SI

HH9 H8 BO.OOPOA91 nOrllOW9HH9 60p0M -10, paCC9SIHII9 Ha cpHKTIIBHOM R.Ope, 8TOMHblft 

sec K C9'19HK9 83811M0 .09ACTBHSI C H9ATpOH8MH KOTOpOrO onpe.aenRiliiCb ycpeAH9HH 9M 

12 11 1 6 10 
napaMeTpOB SILl9P c . B • 0 c Y'I9TOM pacceRHIISI HS B • npll pacqeTe n pocne>KK" 

sanacb cyAb6a 1000 HeATpoHoa c Ha'lanbKoA aKepr KeA E
0 

.ao nornoweHHR ( E0 •1 a si 

1 0 ss; 100 as; 1000 as ; 5 Kas ; 1 0 Kas ; 50 Kaa; 100 Kaa) . B K8>KAOA a HepreTH

qecJtoA rpynne H9ATpOKOB Y 'IKTbiBMOCb KOJ111'19CTBO H9ATpOK OB1 BbiW 9LlWKX 38 n 'p eAellbl 

Cp9Abl, npK OpOXO>KA9 HIIK He llTpOHa 'lepe3 CpeAy Bbi'IHCJ1SIJ10Cb B p9MSI 6 n y>K.08KR SI 
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H9ATpOK81 MllKCIIM8!1bHOe y.aaneHHe H911TpOH8 OT 11089pXHOCTK Cpe.Obl H K00p.OKH 8T8 

n o rnoweHHH. 3TH .oaHK bJe rpynnwposanHcb a BH.Oe Ta6nwu. flo KHM MO>t<KO onpe.aenHTb 

sepOHTKOCTb 1101"!10W9HHH HeATpOH8 B 38DHCHMOCTH OT TO!IWHHbl .QeT9KTOp81 cpe.oKee 

ap9MH >KH3HH H9ATpOH8 .00 1101"!10W9HIIH H .Op. 

2. MeTOil MoHTe- Kapno 11 ero peanK38UIIH Ha aneKTpOHHbiX 

Bbi'IHCIIHTe!lbHhiX M8WHH8X (a, B ,M, ) 

06bl'IHO no.o MeTo.ooM MoHTe-Kapno noHKM8JOT npouecc , BKIIJ0'18JOWHA Hcnonb3o

B8HJ:e CT8THCTKKM .0!111 llpH6l1K>I<eHHOI"O peWeHKH cpH311'1CCKOA HIIH MllT9MilTM'I9CKOA 38.08-

'IH . MeTo.o MoHT&- Kapno WKpOKO npHMeHHeTCH ceR'I&C .onH D83!1M'IHbJX oac'leTos. DnH 

MHOI"K X 38.08'1 CT8TNCTX 'I9CKOA M9X8HKKM, .0K cpcf'y3KK '18CTMU H .Op. MO>KHO llOIIY'IHTb npK-

6!1H >K9HH09 peW9HH9
1 

HCXO.OSI 113 e e pOHTHOCTHOA M0.09!111, 3TO OTHOCHTCSI H K T 9M Clly'laHM, 

1".09 Kl18CCH'I9CKHA 8118!1113 He .089T p93YllbT8Til . ffpK 3TOM 1 06bi'IH0 1 npOCl19>l<HB8JOT 

Cy.Ob6y 60!IbWOI"O 'IHC!18 '18CTHU1 K8>1<.08H H3 KOTOpbJX Be.oeT ce6H C!ly'l£ll!HO 8 COOT

B9TCTBKH C sepOSITH OCTHOA MO.Qe!lbJO. 3neMeHT bl Cl1Y'18AHOCTH o6eCI19'1HB810TCH T86!1K-

ueA Cl1Y'I8liHbi X 'IHC9l1. 0.0H8K01 .OIIR p llC '19T08 HB 3!19KTpOHHbi X Bbi'IHC!IHT9!1bHbiX M8WK

H8X T86llHUbl . Cl1Y'18AHbiX 'IHC9!1 Key .006Hbl 1 H 06bi'IHO 11 PIIM9HSIIOT 11C98.00Cl1Y'18AHbl9 'IHC!181 

Ollp9.0911R9Mb19 110 K8KOA- n K 60 peKypp9 HTHOll cPOpMylle, ( V1HOr'.08 11pHM9HRIOT H cpK311'19 -

CKH9 1"9H9p8T0phl Clly'18AHhlX 'IHCell) . 

B H SCTOSIWee speMR wRpOKO ynoTpe6nHJOTCR .oaa MeTo.oa nony'leHRSI ncea.oocny'laA

HhlX 'IHCen. B nepaoM MeTo.oe, npe.ono>KeHKOM HeAMaKHOM , n - 3 H8'1K Oe cnyqallaoe 

'IRC110 80380/lHTCSI 8 K88.0p8T H 38 C1191lYJOWee C11Y'18AHOe 'IRC110 npHHHM810TCSI cpe.OHH9 

n UHcpp K881lp8T8. nepsoe C11Y'IIlAH09 'IHC!IO 6epeTCSI H3 Tll611HUbl C11Y'I8lh! biX 'IHCen. 

BTopoA M9TO.O , npe.onO>K9HHblll neMepoM, H 83bi88JOT M9TO.OOM Bbi'I9TOB. Cny'18AHbl9 'IHC!18 

110 STOMY M9TO.OY Bbi'IBCilSIIOTCSI 110 Cl19.0YJOW9A cpopMyne 

x "' px + a ( rrrxl .'tf) 
lr + I lr 

• 03H 8 '189T cpaaHeHKe) • .LlnSI p83!1H'IHbiX KOM6~HauKA p , a 1 M H Xo nony-

'I&JOTCSI p83!1H'IHbl9 C9pHK nC9B.OOC!Iy'l l1AHbiX 'IHC9!1 • .lJ.nSI .08HHOI"O p8C'I9T8 HCI10!1b30B8-

!1HCb llC9B.OOClly'laRHhl9 'IHC!18 0 nony'leHHble KOM6HH8UKe R 060KX M9TO.OOB. 

Pac'leT "'""n npose.oeH H8 M8WHH9 'CeTyHb' . C03.08HHOA B au M rY. Cne.oyeT 

OTM9THTb1 'ITO BBH.OY M8110A p83pSI.OHOCTH M8ll.IIHhl Clly'18AHbl9 "lHC!18 nony'I8JOTCSI xy>Ke, 

!51 
'19M H8 M8WHH9 C 60llbW9A p83pH.OHOCTbiO • .lJ.nSI 11Y'IW9r'O 3H8KOMCT88 C M9TO.OOM 

MoHTe-Kapno peKOMeH.oyeM 
161 
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Haqanbttasr CKopocTb tteATpoKa 

C:xopocTb tteATpo Ka nocne - Toro coyaapeHHR 

KpaT'IaRwee paccTORHH e OT tteATpoua nocne 
i -Toro coyaapeKH R ao nos e pxKOCTII aeTexTopa 

npo6er He RTpOH8 

Yron Me)f{ay nepsoKa'lanbHblM HanpasneuHeM 
aBH)f{eKHSI HeRTpOH8 II HOBblM H8npasneHH9M 

AaHMyTanbHWR yron ¢ pacceRHHR HeATpoaa 

BpeMR H8XO)f{a9HHR H91tTpOK8 B cpeae nocne 
i - Toro coyaapeKKR 

Ce'leHKe pacceRHHR a nR soaopo~a 

KonH'IecTso cTonxHoseKKA tteATpoHa 

MaKCHMMbHoe paccTORHKe, Ha KOTopoe aawen 
HeATpo tt nocne i -Toro coyaapeHKR 

Yron Me)f{ay HanpasneHKeM He ATpoHa H nepneH
aHKynRpOM K IX)BepxHOCTW Cpeabl 

3. MeToaHKa pacqeTa 

CeAqac Mbt paccMoTpHM ¢opMynbr , no KOTOpbtM senHCb pacqeTbt n po6era yrnos 

pacceRHHR H np. BellH'IHH. CBR3b OTaenbHWX 3T8110B p8C'IeT8 XOpoWO BHaHa B T86nK

ue 1 • 

.[lng o~oaroTOBKM K pacqeTy <5epeM tteATpoH Ha rpaHKue aeTeKTopa c <~ tteprHeA E 
0 

(CO CKOpOCTbiO Vo ) 0 neTRil.lHR nepnettaKKynstpHO nosepxHOCTK aeTeKTOpa. n pH p8C'IeTe 

tteltTpOH xapaKTepHayeTcsr senH'IHH8MH v1 ; "'; a1 ; r 1 ; N, ; max I 

CMbtcn o6oattaqe HHA yKaaatt Bwwe . .[lng H8'181lbHOrO H9ATpOK8 9TH nepeM9KKbl9 

11pHKHM810T cnenyJOWKe 3H8 'l9HHSI! 

x, - 0 
IIIB% I I • 0 

cot~a 1 • 1 

r 1 • 0 
N ~ 0 

C KopOCTb pasHa Ha'lanbHOA CKOpOCTK 

H eATpoK KaxoaHTCR Ha rpaHwue aeTeKTopa K ewe He aaxoaKn 
BKyTpb 

C Ko pocTb ueATpoHa nepneHaKKynstpsa nosepxHOCTH c peaw 

BpeMR )f{K3HK HeATpoHa s c peae pasHo 0 
~HCno CTOllKHOBeHKA HeATpOH8 PABHO 0. 
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Kax wa a ecTHO , aepoRTHOCTb anR HeATpoHa npoATH paccTORHHe H npeTeprreTb 

B3altMOaeltCTBHEl B Cnoe d 1 pasHa: 

dw .. ii. 1 d1I. , ( 1 ) 

rae I. M axpocx onHqecx oe nonHoe ceq e Hwe. 

Mo>t< HO conocTaBHTb dw C ae poRTHOCTbiO dp cnyq a AHo r o nonaaaHHR TO"iKH 

a HHTepaan ( n n + dn eaHHHqHo r o 0 Tp93K8! 

dw • c mat dp. 

Tax xax dp · dn H HOpMHp088HO H a eaHHHUy , K8K H dw o TO 

-I.l "(' dn • dw • e ~ 1. (2 ) 

npoHHTElrpHpo888 2 OT 0 ao 11 H OT 0 ao J ~ COOTae TCTB9HHO, M bl nony"iHM c}JOpMy-

ny, C BSI3b1B8JOW YJO cnyqaftHOe "iHCnO 11 ua HHTepaan o (0,1 ) c npooeroM 

I "I "' n • ( e-'"' d l ~ ,. 1 - e-- . ( 3 ) 

0 

3TO f\blp8>t<ElHHEl MO>t<HO npeaCT8BIITb B UH!le : 

e -~/ - n' 
' 

rne n' T8K>t<El 'IHCnO , p .lBIIOM >lpliO piiCllpe.:pneH tlOU B lfllTt'pUA.le (0,1 ) . ..: .. L1R C 'I9 T 8 

Hcnonb3oaanacb cpopMyn o : 

1 nn 
• - - 'i( v) 

B bJpo>t<eHMe an11 I. HMee T B Ha ! 

I. (v) = n a + n a + .•• + n a • 
1 1 1 1 - • 

rne ~~ - KOnH"ieCTBO 8TOM08 

ce l(eHHe. JlnA Hawero c,,yqaA 

:.H I X. 

- T o ro B9WeCTBil C M eCH fl 1 CM
2 

M 

! (v) ,. 11 a + 11 toa 10 + 11 a + 11 o + 11 uo tt + 
HHBR 00 CC 88 

pace. 
+ n o - n o + n o 

111 0 11tu H H IJIO 8 tO 
+nc:p oq,, 

(4) 

( 5) 

a
1 

- e r o 

(6) 
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rne ''n 

sonopona, 6opa - 10 , KHcnopona, yrnepona , 6opa- 1 l 1 coo-rse-rc-raeHtr o , a a - nx 

Ce'leHHSI ( p 8CCeSIHHSI KIIH 38XS8T8 ) • .lJ.nSI paC'IeTa HY:>KHO OC060 B bllleiiHTb 8 T0M bl SOll0-

10 
pona " B • Bee ocTanbHbre BT OMbt o6oellHHSieM e 'cpn KTHBHbte' , npn'le:vr 

rne A 

"o0o+ " c 0 c +na11°s11 
n 

A 4 A 
0 • c. 8 

(7) 

(8) 

(g) 

8TOM lble eeca KHCIIO-

pona, yrnepona w 6 o pa. 

llbl lliiSI I ( v ) 

V1CnOIIb3Y SI 'lKCIIOBbte ll8HHble H3 T861IHUbl 2
1 
nonyq 1eM cPOpMy-

I I '1'l 
I (v)= 0,0465 uH (v) + 0,165 + -'-

v 
( 10 ) 

i 1 
(v) = 0,0465 uH (v) + 0,165 + ~ v • 

( 11 ) 

nepB8SI H BTOp8SI cPOpMylla K3 10 H 11 ynOTpe6nSIIIKCb lliiSI } -ro 

H 2 - ro (o60r6LUe HHbll! 6op) COCT8B8 COOTBeTCTBeHHO. UH (v) 

lliiSl BOL10p0ll8 6p81IOCb H 3 T861IHUbl 1 KOT0p8S1 COCTOSIII8 H3 25 TO'Ie K H T ll K :>Ke BBOllH-

II8Cb B M8W HHY • 

.lJ.nSl onpeneneHHSI THn8 CTOIIKHOBeHHll npHMeK SIIIHCb cflopMyllbl 10, 11 • .lJ.nSI 3TOrO 

6p81IHCb OTHOWeHH SI K8:>KllOrO 'llleH a (H3 10) KO BCeJl CyMMe. flony'I81IOCb TpH 'IKCII8 

0,0465 u (v): 

I (v) 

0,165 

I (v ) 

4,39 

vi (v) 
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npll'teM cyMMa Kx pasHa e.awHHue . Mo>t<HO conocTasHTb sepORTHOCTH paCC9SIHHR Ha 

ao.aopo,ae , <f;>HKTHSHOM R.tlpe HllH nornoweHHSI sepORTHOCTH DbiOOpKH Clly'18ltHOrO 'IHCila 

p H3 HHTepsan a (0,1 )
1 

npH'19M 1 eCilH 

0 < p < C1 I TO HeATpOH pacceHnCR Ha H; 

c
1 
< p < c

1 
+ ci TO HeltTpOH pacceRilCSI H8 rp i 

10 c1+ c,< p < 1, TO HeltTpOH nOrllOTHilCSI S Si.tlpe 8 • 

npH pacceRHKK H8 cpKKTKSHOM Si,ape H Sl.tlpe so.aopo.aa Heo5xO.tl ii MO Y'lHTblB8Tb 

yrllbl pacceRHHR, 8 C HCTeMe L yron pacceSIHHSI 1/1 onpe.aenReTcR xaK 

cos 1/1 .. A cos ()-+ 1 {12) 

,(A'-+ 2 A cos () + 1 

r.ae () yr011 p8CCeSIHHSI S CHCTeMe C 8epoRTHOCTb pacceRHHSI Ha yron () 

S CHCT9M9 c nponopukoHallbHa sin() d() • rio aHanorHH C ( 8) Mbl 38KJII0'189M 1 

'ITO CO~ () pacnpe.aeneH s H HTepsane ( - 1, 1) pasHosepoRTHO, Ecn11 >t<e Hawe cny-

<taAHoe 'IHCilO n S3RTO H3 HHTepsana (0,1 ) , TO 

cos(): 2n- 1 o< n < 1. ( 13) 

ATOMHbiA sec <f;>HKTHSH oro R.apa nonyttaeTcR Ha 9 pasHblM 12,65, a so.aopo.aa - 1. JlnH 

cos 1/1 s cnyttae 1> H 11 HMeeM COOTSeTCTSeHHO 

cos "' = 12, 65 ( 2n - 1 ) + 1 { 14 ) 

V 161 + 25,3 ( 2n - 1 ) 

(15) 

cos "' .. 2n +1 - l :yn 0 < n < 1 • 
.j 2 + 4 n- 2 

npH C'I9T9 OOCTOSIHHO Y'IHTbiSanaCb CKOpOCTb HeltTpOH8 H npH K8>K,QOM CTOI1KHOS9HHH 

/4/ 
Sbi'IHC11Ril8Cb HOS8SI CKOpOCTb no <f:>opMyne ; 

v 13 v 
I I- I 

J A'+ 2A cos()+ 1 

A+ 1 

r.ae A - 8TOMHbllt sec R.apa, CTOnKHyswerocSI c HeliTpOHOM, 

( 16) 
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[I p H OOIIH>t<C HHII C KOpOCT II HH >t<e 3 109 KMfceK ,ll811 b H811 Wee C HH >t<e HH e C K OpOC TH He 

Y'UITI.>IB8 110C b II C p83 y Op11HIIM 8 110 Cb V1 =2,2 KMfC eK , C 3 T OI! C KO p OCT biO HellTpOH 

6ny /h.Ll811 llO 3£1 X OOT8 11 1111 .LlO UbJn eTa 113 cpe.Llb l 
x ) 

.Unss onpe.ae118H IISI OOIIO>t<eHIISI H 8 HTpOH8 11Cfl011b30 n81JHCb CIIC.LlY IOU!II8 K 00p.LlHH8TbJ : 

paCC T O S! Hif8 OT noo e pXHOCTH .a e T e KTOpa .LlO Hei!TpOH8 x
1 

H yro n M e>KllY nepneH.aH-

KY.'HlpOM K 11 088pX HOCTH C p 8llbl II H U11p88118HII8M H81!Tp0H O a 1 • l l p 11 p 8 CCC S!HHII o6pa3y-

IOT C SI .Ll B I:l HOBbi X yrn l:l : W ( 15) H r:f> - 83HMYT8llbHblA yron. ¢ o6pa3oa a H 

.LlBYMSI OIIOC KOCTS!MH : O.Ll H O H3 HHX npOXO.Ll HT ~epe3 CT8p08 H H0808 H 8 np88118HHS! Hei!

Tp0118, a .a pyraSI - ~e pe3 cTa poe HanpasneHue Hei!TpOHa H n e p n eH.aH xynS!pHa n n OCKO:::T H 

XOY (oc b OY npo x o.a11T K rna3 y Ha6nJO.aaT enSI ) , 4> Dbl'IHCIIS!IICS! xax yron. 

p as Houep O S!T H b iA n npe.ae n ax - J!.. ; + 11 
) • no yrnaM t/J 

2 2 
H Bbi'IMC -

IIS! IICS! H OB bl l! yr0 11 a I t 1 no cpopMy n e : 

cos a 
1 

+ 
1 

= cos a 
1 

cos ¢
1 

+ sin a
1 

s in r/1
1 

cos ¢ . ( 17 ) 

¢lopMy,lD. 17 CCTb T COp8M8 K OCIIHYCOB B npHM8HeHHH K Ccpepi!'I8 CKOMy T peyr OII bHMK Y 

( eM. puc . 1) . 

4 , Pe3YIIbT 8 T bi M H X o6cy >t<,ge HM e 

P e3yllbT8 Tbl p a c '!eTa ObJIIH npe.acTaaneHbi a BH.ae T a6nH Ubl H3 4- x cTon 6 u o e .anSI 

Kll>t<llOR 311epr e TH'18C KO J.l rpy nnbJ, C p e .a a 6bJII8 p a36MT 8 H 8 CIIOH OT 0 llO 9 C M q e p e3 

1 C M 1 OT 9 llO 13 C M '18p83 2 C M II OT (3 .LlO oo • .[lng KB >t<.LlOr O CIIO S! 6 bJIIO B bB 8 -

ll8HO 'IHCIIO H 8 RTpOHO B 1 n OriiOTHB WHXC S! B 3 T OM C/1081 'IH CIIO n Or iiOTII:BWIIXCH He J.lTpOHOB~ 

x) 
CKopocTb 3 109 KMic~»< Bbi6p aHa noToM y 1 'ITO ce '!e HHe pacc& HHII R H a so.aopo.ae 

c YM8HbW 8 HII CM C K OpOCTII .ao 2 ,2 KMICeK yse JIH'IIIB88TCS! Mano. npH .Ll0CTII.>K8HII: II a e A 

TpOH8 M II CKOpOCTII 3 109 KM f CeK C'I.IIT 8Jl0Cb1 'ITO ll8JlbH e ltwee H X llB II>t<CHIIC n p OIICXO.LlH T 

co c x opocTblO 2,2 KMic eK1 T , e . co cpe.aHeA c x o p ocTbiO MaKceennoe c x oro cnexTpa , 3 T o 

.aonyWCHII 8 H e BHOCH T 3H8'1.KT8JlbH OA OWII6 KII B B bi'I.HCJ18 HK8 3 cpcp8 K T K BHOCTII .Ll8T8K T0p81 

IIOCK Oil b Ky , H8'1UM8H C 3 109 KMf CeK, BepOHTHOCTb IIOr iiOW 8 HHH 6opOM H8'1.H H88T npeBbi

W8T b sepOHTH OCTb p8CCCS!HH H H8 .ap y rHX B llp8X 1 n p o 6 er HellTpOH OB llO norllOW8HKS! 

CT8 H OBHTCSI M811 1 B 8 pOS!THOCTb Bbiii8T8T b 113 c p e .Llbl 6 y .ae T T 8 K >t<8 M 8Jl8, 3TO .Ll011yWe

HK 8 H e IIOB II H S! 8 T K H 8 Bp8 MS! .>KK 3 HK H e ltT p OH OB B Cpe.ae, T BK K BK lliiS! Me.Llii8 HHbiX 

Hei!T p OH OB BpCMH >t<II3 HH 8 Cp e.ae , nornOW810WeA K8K 1/ v 1 He 6 y .aeT 3 8BIIC8Tb OT 

C KOpOCTH (II p H Y CilOB HK 1 '!.TO M 8 118 s epOS! T H OCT b Bbi ii8 TD. M ClllleHHbi X H8l!Tp 0 H OB 113 

c p e .abi ) • 
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M8KCHM81lbHO 38W9llWHX H8 p8CCTOSIHH9 ll8HHOrO C1IOSI 1 CyMM8pHOe "'HCIIO CT01IKHOB9HKH 

ll1ISI H9RTpOHOB BTOpOrO CT0116U8 H CyMM8pHOe epeMSI H8X0)!{lleHKSI B cpeae T8K)!{e 

ll1ISI H9RTpOHOB BTOporo CTon6ua. 

Pac'leTbl npoaeaeH&I anSI aayx cpea: A - c ecTecTeeuHbiM 6opoM ( eoaopoa 

10 10 
54 , 8%; B - 0 , 59% , cpKKTK BH&Ie Slllpa 44 , 6 1%) ; 6 - c 6opoM, o6oraweuHbiM B 

10 ao 80% ( aoaopoa 54 , 8%, B - 2 , 50%, cpHKTKauwe 42, 7%) . 

PeaynbT 8Tbl 06pa60TKH M8WKHHbiX ll8HHbiX npeaCT8B1leHbl B T861IHU9 3, B KOTOpOR 

npHBelleHbl scpcpeKTHBHOCTh If Bp9MSI )!{K 3HH B 38BHCHMOCTK OT TOIIWHHbl ll9T9KTOpa ll1ISI 

aayx cpea If paanH"'HbiX s HeprHA HeATpoHoa. B Tex cny"'aSix xoraa npoaoau nKCh no -

8TOpHbl9 p8C'I9Tpl 1 STH ll8HHbl9 T8K)!{9 npHBOaSITCSI . 

B Ta6nHue 4 oTaenhHO noxaaaH&I cpe.aHne epeMeua * H3HH anSI paanH'IHbiX 

9HeprHA H91lTpOH08 .anSI Tpex TOnWH H .09T9KTOpoe • 

.£laHHbl9 T86nHU uarnR.OHO H111IIOCT pKpyiOT rpacpHKH . rpacpHKJI 1 K 2 fiOK83biB810T 

XOll scpcpeKTHBHOCTH 
1:' 
.!) B 38BHCHMOCTJI OT TOIIWHHbl .aeTeKTOpa .OilS! p831IH'IHbiX Eo 

H 060HX COCTB.BOB Cpe.a. Ha rpacpKK8X 3 K 4 npHB9ll9Hbl llnSI H9KOT0pb1X TOIIWKH aeTeK

TOpa scpcpeKTH BHOCTH e 38B HCHMOCTH OT S HeprHH HeltTpOHOB Eo . rpacpHKH 5 If 6 H306pa-

)!{810T XOll Bp9M9HH )!{K 3HH B 38BHCHMOCTH OT TOIIWHHbl H SHeprHHo 

Auanga peaynbT8TOB noxaaan , 'ITO HawH .aaHH&Ie xopowo cornacyJOTCSI c TeMH 

.Q8HHbiMH 1 KO T 0pb19 K M910TCSI e pa60T9 60111IH Hrepa H TOM8C8 ( scpcpeKTK BHOCTh .09T9KTO-

pa T OnWKHOA 3 CM C COCT8BOM 6 C0Bfl8ll89T C SKCnepHM9HT81lhHOI! scpcpeKTH BHOCTbiO 

.QIIR T8KOrO ll9T9KTOp8, npHB9ll9HHOA B STOA p860T9 0 COrnacyJOTCSI T8K)!{9 BpeMeH a 

)!{K 3HH HeATpOHOB) • 

Vfa npwee.aeHH b!X rpacpHKOB B HllHO, 'ITO KCnOnb30B8HK 9 o6oraweHHOrO 6opa Hecy

W9CTB9HHO yeenH 'IHB8eT acpcpeKTHBHOCTb (HanpHMep, llllfl .09T9KTOpa T OIIWHHOil 3 CM - H8 

40%, ,anSI .Q9T9KTOpA TOnWHHOA 4 CM - H8 25%). 4-x CM .09T9KTOp C 9CT9CTB9HHb!M 6o

poM 6y .neT ICM9Tb T8KYIO )1{9 scpcpeKTIC 8HOCTb1 K8K 3-x CM ll9T9KT0p C 060r8W9HHbll\1 

6opoM. B p eMR )f(H3HH Hell:TpOHOB 8 aeTeKTope c o6oraweHHbiM 6opoM e 4-5 paa 

M9H hW8, '19M B .Q9T9KTOpe C 9CT9CTB8HHbiM 60pOM1 'ITO CY!ll9CTB9HHO 8 TOM cnyqae, 

KOr.Qa W H p HH8 Hei!TpOHHOrO HMITYllbC8 C9119KTOp8 Cp88HJC M8 C apeMeHeM )f(JC3HH HeATpo

HOB B .aeTeKTOpe. 8 STOM cnyqae paapeW810WOSI CflOC06HOCTb yCT8HOB KH 3 H 8 '1KT91lbHO 

yny'IW K TCSI npw wcrronb30B8HHH aeTeK Topa c o6orameHHbJM 6opoM. B npoTRBHOM cnyqae 

n pHMeHeHwe o6orameHHOro 6opa ue HMeeT CMbiCna. 
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npose.neKH b i A p8C'IeT IT03B0 1lH1l 

CT B aHHbJM 60p0M B 3 8BIICHMOCTH OT T 0 1lU1HHb1 1 .08HHbiX 0 XOT Op O A .LlO CMX n o p H e MMe

JlOCb. Vf3 r p 8cPHK8 N9 4 Bli.LlH0 1 'ITO a cj}( j JeKTHBHOC T b .09T 9 KTOp 8 T 0 1lU1KHO A 3 CM MO)!{HO 

3811HCllTb n pK611H >K9 HIIO B T 8 KO M 811 .09: 

f.; • 0 ,90-0,1 9 lgE 1 < E < 1000 a e, 

8 .Ll1lH .Oe T e KTOpa TOJl UlHHOA 4 CM 

f, - 0 ,94 - 0 ,13 lg e 1 < e < 100000 a s. 

MeHbW9 p 8C 'Ie THOA • .llenO B T OM 1 'ITO .LlJlSI YM9H bW9HI!H ~cj}cj}eKTMBHOC TH ·x Y - ny-

'18 M n p OH3B O.LlHTCSI OT6op C ITOM OUlbiO .O HC Kp11MHH8TOp 8 KMn ynbCOB O T H e A T p OH08 1 8Mfi1li! 

Ty.Obl K OT O p b i X HM910T pacnpe.nene HH9 B cPOpMe ITHK8 C *xBOCT OM' B 06118CTH 6 0 1lbWHX 

aMnnRT y.n , o6y cnosneHHbJM p e rHCTp a uH e A 480 K a s y - xsa HTOB , con po& O*.Ll810WHX s 

10 7 
93% p e8K UIIIO !J ( n, a )Li • noaT OMy '18 CTb H9 ATpOHO B H e perHC TpHpye TCH p8.LlKO-

c x eMOA • .ll011 Sl H9COC 'IIIT8 HHblX H e A TpOHOB onp e .ne nSJ1l8C b 3 KC n e pi!M9HT8Jl b HO . 0 H a p8CT9T 

nnH e AHo c T onutHHo A .n e T e xTo p a ( ysemt'IHs aeTc a s e p o RTHOCTb perHc TpauKH 480 K a s 

y - x s a HTOB ) H o npe .nen HeTCSI cj)op MynoA 

11 • 0 ,11 + 0,024 d , r.ne d - B CM. 

T a xi!M o 6paaoM acj)cj)exTKBHOCTb .neT e xTo p a x KeATpoH a M 6y.n e T pasHa 

p8C'I 9THOe ( 1 -11 ). 

3cj}cj:Je xTKBHOCTb K Y - ny'laM c E: • 1 M as p a s Ha 5; y .. 0,012 d 1 C06 CTBe H-

HLI A cPOH .09 T 9 KT0p8 (oT KOCMK'19CK OrO 113 1ly'19 HIISI H 9 CT9CTB9HHOA 3 8 r pH3 HeHHOCTK ITOM9-

lLl9HI!Sl) T a x *e p acTeT ll i!He AHo c T On utMHO A . Bee a T o npwso.nMT x T OMY, 'ITO .nnH yny q

weHH Sl OTHOW 9 HMH a cj:Jcj}exTMBHOCTH perHCTp8UK K H e ATpOHOB n o C p 8BH 9 HM IO C peri!CTp8UM-

9ll Y - 1ly'leA H C06CTB9 HH Or O cPOH 8 B birO.LlHO pa60T 8Tb C B03MO>K HO T OHKHM .09T9K-

T 0pOM . 0.0H 8 X O .Ll1l SI n o ny'le HHH n pH9 MJ19 M OA HHT9HCK B HOCTH C'I9T8 B y c n OB H SIX H e C1li!UJ-

KO M 6on b w o r o Y - cPOH8 H 9 ATpO HHOrO HCTO'IHHK8 npHXO.OHTCH H.OT H H 8 KOM npOMHCC 

H p a60T 8 Tb C T 0 1lU1HKO A .neT9KTO p 8 3 - 4 C M o 

Vf3 rpa cf:iKKOB 1 II 2 BII .LlH 0 1 'ITO KPHBbie acj:Jcj:Je KTHBHOC T K .Ll1lH H9 ATpOHOB C E:0 

50 K as 11 Eo = 5 K a e .ana cocT a ea A 11 c Eo = 50 K a s .ana coCT888 B BblllS.LlSIOT 

113 COOT B9TCTBYIOW9rO C9MeACTB8 Kp118 b!X; H 3 rpacj:JHK8 N!/ 6 BH.LlHO T 8 K )!{9 1 'ITO Bp9 MSI 

)I{ H3 HK B Cpe .ne 6 B 38di!CKMOCTK O T 1':0 KM99T 6 0 J1 bWOA p836poc 1 X OTSI H8 C8MO M 
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LlCJle LlOll>t< HO H86JUOLl8TbCSI nn8BHOe yMeHbWeHHe c 1':0 • HaaeaHHbie OTKllOHeHKSI 

Hellb3SI 06bSICHHTb OllOXOH C T8THCTI!KOA, T <lK K8K npOCll9>t<KB8Jl8Cb cynb6a 60JlbWOrO 

'IHCll8 HeATpOHOB. fiOCKOllbKY OOlly'leHHbie pe3yllbT8Tbl 8 OCT8llbHOM XOpOWO COrnacytOT· 

CSI C H3BeCTHblMH Ll8HHhlMH, TO He 6blll0 npennpHHSITO nOfibiTOK yTO'IHHTb HaWK peaynb

TaTbl II OUeHHTb HX OWH6Ky • 

Ha6ntOnaeMbie OTKnoneHKSI Mht CKllOHHhi o6oSICHHTb He enonHe ynoeneTeopHTenb

HbiMM CllY'18AHblMH '111Cil8MH (6blll0 yCT8HOBileHO, 'ITO Clly'l8l1Hble 'IHCila He BfiOJlHe 

YLlOOileTBOpSIIOT KpHTepHIO Clly'IBAHOCTK , HMenaCb KOppellSIUHSI) . 
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