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C03A8HHe MeTOAOB pacqeTa 38WftThl OT pacceRRHOrO H3DY"iOKHH yc~opHTeneA 
x) 

HBDHe TCH BOCbM8 8~Ty8DbHOA 38A8"ieA. llna BOKOTOphlX TBDOB YCKOpHTeneft: DHKno

TpOBOB, ljla30TpOHOB H Ap . OOloOM 38WHTbl B DOnHX paCCOHBBOrO H3nyqeHHH COCT8B

DHeT 3H8"iHTODbHYIO AOniO uonaoro 00lo0M8 38WHThl; AnH CHBXpOuHKnOTpoaa 011.Hl1 

OOloeM T8KOA 38IIlHThl (npHBOAeHHhlA K OOhl"iHOMy OeTQHy) COCT8BDHOT npa6nH3HTenb-

HO 30%. Bon&moe aaaqeaae npao6peTaeT aonpoc aamHTbi OT pacceRRaoro aany-

qeaaa npa coopy*eBHH 'Me3oBHhlX ljla6paK'. 

B paOOTe / 1 / npeAnO*OB MOTOA p8C"iOT8 OCD80DeBHH DOTO~OB paCCOHHRhlX ReA-

TpOROB p83DH"iHblX 3RepreTB"ieCKHX rpy nn H MOWHOCTH A03hl 38XB8THOrO r8MM8-H3-

ny"ieRHSI B aamaTe. 3~cnepaMeHTan&Hbie Aaaahle no ocna6naaa10 pacceHHHoro !13-

nyqeaaa B 38WBTe/2/ DOATBepAHnH DpHMe HRMOCTb 3TOro MeTOA8. flpoBeAeHBO pac

"ieTOB 38IIlBTHhlX nepeKphlTHA, H8XOAHillHXCH B DODHX paCCeHHHOrO B3nyqeRBH, C 

DOMOW&IO aroro MeToAa caaaaao c 6on&mBM o6loeMoM Bhl"iHcnaTen&abJX pa6oT, KOTo

phlA MO*eT OhlTb aaaqaren&ao yMeHbwea nyTeM BBeAeHHH psAa npeAnono*eBHA a no

nyweaaA B M8TeM8TH"iCCKOO ODHC8HBe ljlyH~DHA pacnpeAeneHHH DOTOKOB pacceHH

BhlX aeATpOHOB p83DH"iRblX 3HepreTH"i6C~HX rpynn B 38WHTe. 

B naauoA pa6ore npenno*eH npu6na*eHHhlA MeTOA pac"ieTa aarumThl OT pacce

HHHoro aanyqeaus, npaMeHHMhlA Ana yc~opareneA npoTOHOB c aaepraeA AO 1 raa, 

Cyi4HOCTb ~OTOporo 38KDIO"i86TCH B CDOAYIOWeM: 

• flpH p8C"ieT8X MOU!HOCTH AOOhl B 38UlHTe Y"iHThlB8IOTCH cneAYIOU!He KOMDo-

HeHThl pSCCOSIHHOrO H3ny"ieHHH0 D8A8IOWHe HS 38UlHTy: 

1) aeArpoabi BbiCOKHX a aepraA ( E > 20 Mall); 

2) 6bi CTpbi e aeArpoabi ( 1,5 < E < 20 MaB); 

x) Onpeneneuae pac cesua oro aanyqeaas nauo B pa6oTe / 1 / • 
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S) npoNelKyTO'IBW& sei!Tposw ( E < 1,5 Maa); 

4) Teunoawe sei!Tposw ·; 

5) ra114M&-R3ny'leBJie; 

n . Cornacso pai50T8W/3,4/ Bltn&A 38plllK8HBbiX '18CTIIll B cyMM8pHyJO MOW:HOCTb 

A03W aeaenax 11 ero MOli(BO se Y'IHThiBaTb. 

m . Bae.Q&B Pll.ll npe,llnOlKeBHII .H .Qonym:esiiA, ltOTOphle U03BonHJOT ynpoCTHTb Ma

T61\48TH'16Cit06 OUBCaBII& ~Bit.ll.HI pacupe.Qen&HIII UOTOXOB pacCellBBhiX H&ITpOBOB paa

n.H'IBJ,IX aaepreTB'Iecltllx rpyun B 38W:11Te. PaccNOTpiiM yxa3a&Bble xoMDOH&BThl pac

cellH&Oro 113ny'I&BRK C y'I&TOM npe.QDonOlK&BBI II ,llonym:e&BI OT.QenbBO .QnR lt8lK,IlOI 

rpymw. 

I • HeATpOBhl BhiCoxsx aaepraA ( E > 20 Maa) 

PaccellHHJ,~e aeATpOHhl BhiCOitiiX aaepraA o6paayJOTCSI B pe3y11bTaTe B3aBMOAei-

CTBBK D&pBB'IBOrO B3ny'leBIIH C l\4aTepsanOM 3aW:.HTbl. f&OM&TpBil Ol5p830BaBHil B 

ocnal5neHIIIl pacceKB&Oro B3ny'I&BBH B 3aW:IITe npiiBe.Qe&a B pal5oTe/l/. Cornac&o 

paiSOTBW/1,2,5/1 cpeABRI yron Bbln&T8 BTOpB'IHhiX H&ATpOHOB BhiCOXOll SHeprBH H3 

!IAPA M8Tepaana 3alll.BThl B sanpaane&HB Ka3a.Q COCTaBnHeT ; • 3/4 If , a cpeABBI 

yron DA.Il&BBil 9TIIX &eiTP,OHOB &a nocne.QyJOW:IIe 3aW:HTbl -y •· "I 4 • Ton1a a npe.n-

DonOlKeBJI.H, 'ITO a&eprBH STBX Bei!TpOHOB B OCHOBHOM aaxnJO'I&Ha B HHT&pBane OT 

20 AO 100 Maa/6,7/, a a&epreTB'Iecxoe pacnpe.neneue &MeeT BBA1/E
111

, n~ 

ny'I88M cneAyJOm:ee BhlpalKeH.He .Qnll MOW:HOCTB .Q03hl B 38BHCHMOCTH OT TOnW:Hllbl 3a-

W:IIThl ll 

p 
I 

, HOpMllpOB8HH06 Ha O.QHH na.naJOW:HA BeiTp_OH: 
-l:,(E) s 

COB Y e 
I., { E J 

100 1 
I 

kE 1 + 20 
l:,slny 

(s)•fJ, 

100 1 1 

l:.(E) 
I --

k! 10 
1 + -· l:,alny. 
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100 

rne k - f 
20 

dE 

E 
1,61 

~ - 11038 HB OllHH H9HTpOH B HHTepsane aaeprHH B9HTpOROB 20- 1 00 ~aB npH-

HRTB p8BHOA 0,19 ( M6a p 1'18 C ) I ( H9HTp.fcM
2

ceK ), 'ITO COOTBeTCTsyeT npenenb

HO llOUyCTHMOH UUOTHOCTH UOTOKB aeliTpOHOB, p8BHOH 15 H9HTp f cM2 CeK; 

I. , I. r (E) - ceqeaae BhiBen eaHR nepBH'IBhiX aellTpoaos C aaepraeli B9CK OnbK O 

COTeR ~aB H BTOpH'IHbiX p 8 CC 9HHHhiX aeliTpOHOB B biCOKOH a& :.>prHII C OOT-

B 9 T CTB9RHO. 

no c pasa eHBIO c a a anorH'IHbiM Bhlpa:>KeaaeM, nony'leRHhiM s p a 6oTe 1 1 1
, a T o Bbtpa :>Ke-

HH9 3H8'1H T e nb HO UpOWe, UOCKOUbKY 'IHCU9HBOe Tp9 XKp8TH09 HHTe rpHpOBBHH e 3 8 M9-

HH9TCH OllHOKpB.T Hbl M . 

8 Ta6naue I ( KOUOBK B 1) c o r naCHO Bhlp8:>K9BBIO (1 ) Bhi'IHCneH BKUBil B MOW 

HOCTb ll03bl OT p8CC9SlHIJbi X H9HTpOHOB BbiCOKOH a aeprHH B 38UlHTe pa3 nH'IHOH TOn

lllHHbl, Bb1UOUR9HIJOH B 3 06bi'IJJ OrO 6 e TOH8 C conep:>K8HB9M BOilOpOAB 0,35% no secy. 

2 . EbtCTpbte aeliTpOHbi ( 1,5 < E < 20 ~as) 

Cpa sae aae noTOKOB pacceHHHbtX 6biCTphiX aeATpoaos, aaMepeaablx s paana'!BbiX 

M e cTax rnasaoro a ana caaxpouaKnoTpoaa OH.HH l 1 1 , noKB3btsaeT, 'ITO pacnpeneneaae 

p8CC9 !1HHbiX 6btCTpbtX IJ9HTpOHOB B UOM9 lll9HHHX yCKOpBTeneli MOJKHO ·C'IHT8Tb H3Q

TpOUHbiM. Torna reo MeTpHR pac'!eTa o6paaosa aaa a ocna6neaaa noTOKOB pacceaa

HbtX 6btCTpbtX aeJhpOHOB MO:>K9T 6b1Tb 3H8'1HT9UbHO ynpomeaa. 

npennonO:>KHM, 'ITO HCTO'IHHKH pacceHRHbiX 6btCTpb1X HeHTpOHOB paBBOMepHC pac-

npene neabl no nonyc <jlepe panayca R , c nosepxaocTa KOTopoA K ee neaTpy shine-

TBeT 1 aeliTpOH B 91lHHHilY Bp9M9HH B TeneCHbiH yron 2JT • TorAa MOillHOCTb A03bl 

OT p8CC9HHHbiX 6biCTpbiX H9HTpOHOB B ll9HTpe nony6eCKOB9'1HOH 381UHTbl; pacnono-

JK9HHOH B OCHOBBHHH nonyc<jlepbl, MOJKHO Bblp83HTb cneAyiOll!HM o6pa30M ( 2, 
I. X 

2 
p 2 (x)- ~ 2 f d¢ f e - cos a R sin a d a , 

X - TOUll!HHB 381ll i!Tbl BAOnb HOpM BUH K ee UOBepXHOCTH; 
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a - yron M9lKllY sanpaeneaHeM x 11 aanpaeneaaeM llBHJKesas paccesaaoro seA-

Tposa; 
(2-, 

l: r - ceqesae BbiBe.[leHHH 6blcTpblx sel!Tpoaon. 

Bhlnonass aaTerpapoeaaae, nonyqaeM 

( 2, ( 2, ( 2, 
P2 (x)ct!

2
l:r x[E

0
(l:r x)-E

1
(!_ x)], (3) 

( 2, ( 2, 
r.[le EO ( l: r •' X ) , E I ( l: r · X ) - Ta6ynapOB8HHbl9 HHTerpo-SJ!(CDOH9Hit H8llbHb19 cjlyBJ!(-

D:HH/g/. 

Pe3ynbT8Thi pac'leTa Mom aoCTH .[l03bl oT 6blcTpbiX sel!Tposoe B 38BHCHMOCTH 

OT TOniU HHbl 381UHTbl npH HCDOllb30B8BHH Bblp8lK9BHH (3) DpHB9.[l9Hbl B Ta6nane 1 

( KOnOHK8 2), 

noMHMO STOrO Re06XO.[lHMO yqeCTb BKna.[l 6biCTpb1X aei!TpOHOB, o6pa3y!OillRXCH 

B 3amaTe npa aeynpyroM B38HMO.[lel!cTBHH ael!Tpoaoe BhiCOK oA saeprHa c MPSMH 

MBTe paana 3Bl!lHTbl. 

Ha 3H8'IHTellbBbiX Tonmaaax 381UHThl ycTasaenaeaeTCH sKcnoaeanaallbBbiA 38KOB 

OCna6neHHH DOTOK8 ael!TpOHOB Bb!COKOJ! SHeprHH H p8BHOBecae MeJK.[ly DOTOKOM sel!

TpOHOB BbiCOKOli saeprHH .H DOTOKOM 6biCTpb!X Hei!TpOBOB/2 / , CoOTHOilleHHe M9lKAY 

DOTOK8MH seliTpOHOB Bb!COKHX SHeprali H 6b!CTpblX Hel!:TpOHOB B 38illHT9 MOlKBO nony

'IHTb B BH.[le KBBApaTyp, e cnn npHHHTb, 'ITO nnOTHOCTb HCTO'IBHKOB 6biCTpb!X Hei!Tpo

HOB nponopD:HOHBnbHB nnOTHOCTII B38HMO.[lel!CTBHH Hel!:TpOHOB BbiCOKOli SHeprHH C 

Hllp&MH MaTepaana 3BlllHThl. AnnpoKCHMHpys ocna6neaae noTOKa 6biCTpb1X HeliTpo-

HOB no TOnlUHHe nony6eCKOH9'IHOli 38illHTbl, HB noeepXHOCTH KOTOpol! H8XOAHTCH nnoc

KHJ!: MOHOH81lp8Bn eHHbiJ! HCTO'IHHK 6b!CTpb!X H9i!TpOHOB, cjlyHKit a eli BH.[la: 

-!(2):0: -!(2)"' 

e r IB
1
-(B

1
-l)e r I, 

r.[le B - cjlaKTOp nepBOH8'l8llbHOrO HBKODneHHH 6biCTpb!X ael!TpOHOB/10/, MOlKHO 
I . 1 

nony'IHTb AnH X>> -ym cne.[ly!Omee COOTHOW9HH9 MBJK.[ly DOTOK8MH paCCM8TpHB89-

MbiX rpynn HeliTpOHOB; 

B - · 
F' 2 l (z) 

F(ll (z) 

n l: ID 

(I) 
2 l: 

r 

B In 
I 

!(2) + :r' I) 

r r 

l: ( 2, l: ( I l 
r r 

6 

(B -1) In 
I 

2 l:( 2 ) (I l 
r + l: r 

2 !(2) (1)]{4) 
-l: 

r r 



(I) (2) 

rll9 F (x), F ( x}- ITOTOKH aelhpOHOB Bb!COKOII 3HeprHH H 6biC Tpb!X HeliTpOHOB H8 TOIT-

UlHHe 38UlHTbl X COOTB9TCTB9HHO; 

D - Cpe.o.aee 'IHCITO 6b!CTpb!X HeliTpOHOB, HCITYCK8 eMblX ITpH HeynpyrOM 

838HM01l911CTBHH paCC9SIHHbiX HeliTpOHOB Bb!COKOII aaeprRH C Sill-

paMB MaTepaarra aamHTbl; 

I 1 n - :;,cjl<jleKTBBHoe ce'leaae aeyiTpyroro saaaMo.o.ellcTsaH; 

I 1 11 
- :;,cjlcjleKTHBHoe ceq eaae Bblse.o.eaHSI ITOTOKa p acceHH HbiX ael!Tpoaos Bbl

r 

COKHX 3 HeprHII / 2 / . 

3KCIT9pHM9HT81TbHO yCT8HOBIT9110/2 / , 'ITO .O.ITSI 05bl'IHOrO 6e TOH8 <jlaKTOp H8KOITIT9JUHI 

5biC Tpb! X Hel\TpOHOB 118 TOITUlHH8X 38UlHTbl 5orree 40 CM ITpH61TH3HTeiTbHO paBeH 1. 

3TO 3118'19HHe COBIT8.0.89T CO 3H8'19HH9M cjlaKTOpa H8KOITIT9HH SI 0 Bbi'IHCIT9HIIb!M ITO <jlop-

Myrre (4). 

MomnocTb .0.03bl OT 5biCTpbiX aei!Tponos, o 6paaosaHHblX a aamuTe B peayrrb

TaTe Heynpyroro B 38HMO.O.eliCTBHSI Hei!TpOHOB Bb!COK OII aaeprHH C S!.Up8MH M8Tepaa-

IT8 38UlHTbl 0 MO)f(HO Bblp83BTb K8K 

(5) 

PeaynbTaTbi pac'leTa MOUlHOCTH .0.03bi cornacao 3 T OMY Bbipa)f(eHHIO ITpaaeneabl a Ta5-

rrnue 1 ( KOITOHK8 3) . 

B KB'IeC T Be BCTO'IHBKOB ITpOMe)f(yTO'IIIbiX aeliTpoaos 5y.o.eM paccMaTpHB8Tb: 

MoaoxpoMaTH'IeCKHe aei!TpOHbl c E 0 =1,5 M:;,a, 5blcTpble aell:TpOHbl H aeiiTpOHbl Bbl

c oKax aaeprall:. KaK noKaaaao B pa6oTe 11 ~ npocTpaacTaeaao-aaepreTB'IecKoe pac

npeneneaae ITpOM e)f(yTO'IHblX H911Tp0HOB ITO TOITUlHHe 38UlHTbl MO)f(HO OITHC8Tb C ITD

MOUlblO cj!OpMyn lliTSI ITITOCKOrO H30TpOITHOrO BCTO'IHHK8 B 5eCKOHe'IHOll Cpe.o.e C ITD-

B9pXHOCTHOll ITITOTBOCTb!O 2 Qnp / S 

2 Q np 

q(u,x)= 
s..; 4" r 

e 

2 
X 

4 r 

r.o.e Qnp - MOUliiOCTb HCTO'IHHK8 npOMe)f(yTO'IHblX H9 11 TpOHOB; 

S - nrroma.o.b c cjlepbl. 
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Q Dp 

Torlla npa ---El 
s noTOit npOMelltyTO'lllhiX HeATpOHOB eCTb; 

2 

12 
,rp "(II, X) 

e!.sv4rrr 

rl(e e'£. S - 38MOl(mllOIIl811 CllOC06HOCTh . 

HcnolibayeM cnellyJOIIlee cooTnomeHBe/ 1 O/: 

r • k u k-

z 

e cr 

r 
T 

U T 

rl(e r T - B03p8CT aeATpOHOB OT 1,5 MaB llO 0,025 SB, 

II T• 18 - neTaprBII. 

Torna Momaocn. ll03hl, o6ycnosnenaaSI npoMelKyTO'lHhlMH neATponaMa, ecn. 
4,5 x2 

P
4
(x)• 

2,4 It 

f 
V' r 

f3 ( u) 

e-I.s 

e 

..;u-

r r u 

d II ' 

(7) 

(8) 

rAe fj(u)- KOS~HllHeHT nepeBOll8 nnOTHOCTH llOTOK8 npoMelKyTO'lHhlX HeATpOHOB B 

MOIUHOCTb Jl03hl . 

PeaynbTaThl pac'leTa no ¢opMyne (8) npasenea&I B ra6nane I (KononKa 3). 

BwpalKenae Anll Momaocra noaw or npoMelKyTO'lHhlX aeArpoaos, o6paaosanawx 6w

CTphlMH HOATpOH8MH, MOlKHO 38llHCBTb B cnenyK>IUeM BHlle: 

p (:r) m B 
2 

P (x) , 
5 ll 2 (9) 

rne P
2 
(x}- MOIUHOCTb noabl aa ronmuae aaiUHThl 

TpOHBMH, 

X , o6ycnosneaaaH 6wcrphlMH aeA-

82 
ll 

..-
- Jl030BDIA ¢.aKTOp HBKOlllleHHSI npOMelKyTO'IHbiX HeATpOHOB no OTHOUIOHHIO 

K 6hlCTpb1M HeRTpOHBM. 

Ananornquoe BbipalKeune MO)I{eT 6b1Tb aanncaao nnH MOIUHOCTH n o aw or npoMelKy-

TO'IHhl~ HeATpOHOB, o6pa30B8HHbiX HeATpOH8MH BhlCOKHX SHeprnA; 

(I) 

P
8

(x)-Bil P
1
(x), 

(10) 

rne p I ( :1) -MOIIlHOCTb Jl03hl HB TOnlllHHe 381UHTbl :1 , o6ycnOBllOHH8H Hel!Tp0H8MH 

s• 
ll 

BbiCOKHX SHeprHi!, 

Jl030BbiA ljlaKTOp HBKOnneHHSI npOM9lK)'TO'IHblX aeATpOHOB no OTHOUI9HHIO 

K uel!TpOH8M BbiCOKHX aneprnl!. 
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1 

4l81tTOpb1 B81tODJI9BBSI npOMelltyTO'IBbiX aeATpOBOB IIO OTBOW&B HIO It HeATpOH8M BbiCo

ltllX SBepraA B 6hiCTpbiM aeATpOB8M H8 AOCT8TO'IBO 6om.mBX TOnUIBB8X 38UIBTbl 

(x » y.-;,) MOTyT 15b1Tb OIIpene neBbl IIO A8HHbiM pa60Tbi/}O/. 3B8'19BBII MOWHOCTeA 

A03 B ;38BBCHMOCTB OT TonWBHbl 38WBTbl 0 IIOny'I9HBb19 IlpB BCIIOnh30B8BBB Bblp8llte-

ad ( 9) a ( 10), upaaeneahl a Tal5nane 1 ( ~~:onoBita 5 a 6). 

4. Ten noahle aeATpOBbl 

CyMM8pHbiA IIOTO!t T ennOBbiX aeATpOBOB B 38WBTe OT paCCe!IBBOTO aany'leBHB 

o6ycnosnea B&CitOnbltBM B $altTOp8MB. noTOit TennOBbiX aeATpOBOB, B03BHitWHll 8 ne

T8n!IX YC K OpHTenll B 38lll.BTBbiX CTeB8X, 0'19Bb 6hiCTpO ocna6nBeTCII B 38UlHTe OT 

p8CC9SIHHOTO B3ny'leHBII, CneAOB8TenbHO, Bltnan T81tBX aellTpOBOB B CyMMBpByiO M OW

HOCTb A03bl MOJKHO Be Y'IHTbiB8Tb, HMeeT CMbiCn Y'IHTb188Tb Tom:,ltO Bltnan OT Ten

n08biX aeltTpOBOB, o6p830B8HHbiX 8 38UlBTe B pe3ynbT8T9 3 8 MenneBHB 6biCTphiX B 

IIpOM9JKyTO'IHhiX BeATpOBOB, IIOCitOnbKY , lt81t IIOit83hiB810T Olt9HitH, 8KnBAOM B MOW

HOCTb A03bl OT TennOBbiX aellTpOBOB, B03BHitWBX H3 aeltTpOROB BhiCOKOA saepraa, 

MOlKBO npeae6pe'lb, 8hlp8lK9BBe Anll MOWHOCTB A03bl OT TennOBhiX aeltTpOHOB, o6pa-

30B8HBhiX npa 38MenneRHB IIpOM9lKYTO'IHbiX aeATpOBOB, BOpMBpOB8HHOe HB OABH na

ABIOWHll npOMelltyTO'IHbllt aeATpOB, MOJKHO nony'IHTb npH pemeBRH ypaBHe iiRSI AR$$y-

3 RR / 11 , }2/; r./L 2 

f3 T p T e " 

2 L l: " 

..rr: 
__ T_ ) e 

L 

L 
+ 

X 
p ,<x) -------1[ 1 + erf ( 

lll) 

v--;-; " 
+ [ 1 - erf ( 

X 
e L + ) ] I, 

2 v7; L 

£ l: 0 

f 
Cl d £ 

~I s £ 
p ~ e £ 1 

T 

rne {3 T- KOS<!ximrtHeRT nep e BOilB nnOTHOCTR IIOTOKB TennOBblX HeliTpOHOB B MOUlHOCTb 

ll03hl; 

L - nnaaa naljlct. y a aa T e nnoahlx aellrpoaoa ; 

I 
0

- ceqeaae rrornom e aaa rerrno8hi X HellrpoH08. 
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PeaynbTBTbl pac'leTa MOlllHOCTH A03hl
1 

cornacao Bhlpa1KeHaiO ( 11 ) , npaseAeHbl B Tal5-

nane 1 (xonoaxa 7). 

Jlng M OlllHOCTH A03bi OT TennOBbiX Hei!TpOHOB, ol5pa30BBHHblX UpH 38M9AneHHH 

15b!CTJ!b!X aei!TpOHOB, M01KHO UDny'IHTb cneAyiOmee Bblp81K9HH9 

3 
P 

8 
(x) e P 

2 
(x) B A 

(12) 

rAe p 
2 

(X}- MOlllHOCTb A03bl HB TOnlllHH9 38lllHTbl X , ol5ycnosneHHBSI 15biCTpbiMH aei!

TpOHBMH, 
3 

B - A030Bbii! <jJaKTOP HaxonneHHSI TennOBbi X aei!Tpoaos, no OTHomeHHIO K 
A 

f5biCTpbiM He i!TpOHBM . 

PeayiibTBT bl pac'leTa MOlllHOCTH A03bl
0 
cornacao BbipaJKeaa:o ( 12), npa acnonbaosaHHH 

ABIJHblX pa f50Tbl /10/ 0 0 <jJaKTOpBM HB!tOOneJIHSI TennOBbiX Hei! TpOIIOB UO OTHOW9HHIO K 

15biCTpbiM Hei!TpOHBM Op11B9A9Jibl B Tal5naue 1 ( KOnOHKB 8). 

5. faMMB-B3ny'leHHe 

MomaoCTb A03bl aaxsaTHoro raMMa-aany'leHBH oT npoMe>KyTO'IHbiX a T ennosbi X 

Hei!TpOHOB, HOpMBpOBBIIHBH Ha OAHH fiBABIOIUHI! Hei!TpOH, MO>KeT l5b!Tb Bbl'IHCneHaJ CO

rnaCH0/1 / ) no cneAyiOmel! <jJopMyne : 

p (x) 2 

y 

(I 

2 
l: 

(!) 

2 2 
p. tr + L ) 

. l T 
'I (E 

1 
) I 2,4 e [ (1+ erf[ x 

2..j r + L 
2 

T 

----;- -IJ.l z 
p. vr+L Jle + 

l T 

-- ); 

+(1-erf[ 
2

+ 
2 y r T+ L 

P.,v,T+L2 ,ll 
p.lz 

e 
( 1 a> 

+ 

+ 
E '! 

2 

..j r ( r + L 
T 

00 

r e 

(%.) 2 

4 (rT+L 
E 

1
( p. 

1
1 x- x 'I) dx ' I , 

rAe a = 1 ,54·10-3 ( Mp/qac ) /(Mas/cM2cex) • 4,27· 10-4 ( MKp) I ( Mas/cM2 ) ; 
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11 ( E 
1 
)- BblXOil aaxsaTBblX raMNa-KBaBTOB c saepraell 

aeliTpoa; 

sa onus nornowesablll 

p. 
1 

- naaellsb!ll KoacM~auaeaT nornomeaas raMMa-KBaHTOB c aseprsell E 1 

Pac'!eT aaxsaTaoro raMMa-sany'leass, o6paay10merocg B peaynbTaTe aaMenneass 

6biCTpbl.X B9l1Tp0HOB1 MO)I{HO BblnOnHHTb cornaCHO M9TOilHK91 npennO)I{9HHOll B pa6o

TaX no ljlaaeKe aamaTbl Hll9pHbiX peaKTopos
1131 . AsanorH'IHO MO)I{HO onpenenBTb 

3aXBaTHO.e raMMa-H3~y'I9HH9 1 B03HHitlll99 OT HeliTpOHOB BbiCOKOll SHeprHH. 

8 Ta6neue 1 UpHB91l9Hbl peaynbT8Tbl p8C'I9TOB BKn81lOB B MOWHOCTb ll03bl OT 

pacceSIHaoro seliTpoaaoro sany'leBHSI paana'!HbiX rpynn a 38XB8THoro r8MM8-H3ny

'19HHSI corn8cao Bblmeaano)l{eHH OMY MeTony. BKn81l B MOI•lBOCTb ll03bi OT aeliTpo

aos p83nH'IHblX SHepreTH'I9CKBX rpynn HOpMHpOB8H Sa OllHH HeliTpOH llBHHOll rpyn

Ubl1 8 BKnall B MOWHOCTb ll03bl OT BTOpH'IHOrO H9liTp0HHOrO B raMM8-B3ny'I9HHSI -

88 OllHH HeliTpOH TOll aHepreTH'I9CKOll rpynnbi HeliTpOWOB, KOTOpaB npBBOilHT K ero 

B03HBKHOB9HHIO. 

naHHbl9 STOll Ta6nHUbl MOryT 6b1Tb HCUOnb30BaHbl nns paC'IeTa 3aWHTbl OT 

paccesaaoro s3ny'leHBS! ycKopaTenel! npoTonoa c aneprael! no 1 faa. B Ka'!eCTBe 

npBMepa MO)I{HO HCUOnb30B8Tb llaHHble B3MepeHHll UOTOKOB p8CC9BHHOrO H3ny'I9HHB 

pa3nH'IHbiX aaepreTH'IeCKHX rpynn ( Ta6n. 2) nns nsyx xapaKTepHbiX non ell paccess

aoro B3ny'I9HBB CBHXpOUHKnOTpOHB 0115111 / 1,2 / . 

3TH naHHbl9 MOryT 6b!Tb p8CCM0Tp9Hbl B K8'19CTB9 napaMeTpOB BXOilHOJ! HH

Ij>OpM8UHH llnB yCT8HOBneHHS! sepxnero H HH)I{Hero npenenoB TOnW HHbl 3aWBTbl OT 

pacceSIHsoro sanyqenas. B Ta6nauax 3,4 npaseneHbi BKnallbi a MOWHOCTb ll03hi oT pa3-

nH'IHbJX KOMnOH9HTOB paCC9SIHHOrO H3ny'I9HHB H CyMMoapH8B MOWHOCTb ll03bl B 38li!HT9 

pa3nB'IHOll TonmaHbl '1m o6bi'IHoro 6eToaa ( p •2 ,35 r/cM
3 ) c conep)l{anaeM aono

pona 0,35% no BeCy , Bbi'IHCneHHbl9 npH HCUOnb30B8HHH H8'18nbHbiX nOTOKOB paC

C9!1HHbiX H9liTpOHOB, npHB91l9HHbiX B Ta6nBU9 2. nns nepaoro B8pH8HT8 asepreTB

'19CKOrO COCTaBa p8CC9 BHHOrO H3ny'I9HHB, 6yneM H83b!B8Tb ero 
6

)1{9CTKBM• CU9KT-

pOM pacceBHHOrO H3nyqeHHB1 TOnli!BH8 38WHTbl, He06XOilHM8B nns CHH)I{9HH!I ypOBHB 

B3nyqeHHB llO npell9nbHO llOUyCTHMOJ! /103bl B o6cny)I{H889MOM B Heo6cny)I{H B89MOM 

UOM91Jl9HHBX / 8/, COCT8BnBeT 220 H 150 CM 06b!'IHOrO 6eTOH8. 8 aTOM cnyqae OC

HOBHOll BKn81l B MOIJlHOCTb ll03bl OT paCC9SIHHOrO H3ny'I9HHB o6ycnoaneH H9l1Tp0-

H8MH Bb!COKHX aaepraJ! (35-40%), 6biCTpb!MB (25%) H npOM9)1{yTO'IHbiMH HeJ!Tpo-

RaMH (30%), B03HHKWBMB UpH 3aMelln9HHB HeJ!TpOHOB Bb!COKOJ! 3HeprHH. nns BTOpOrO 
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aapuaHTa aHepreTH'!ecxoro cocTaaa paccesmuor o aany'leHHB, 6yneM Ha3b!B8Tb ero 

'MBrKHM' C09KTpOM paCC9BHHOro H3ny'leHHB, He06XOJ:IBM8H TOnWBH8 38WHTbl COCT8B-

nBeT 140 H 105 CM o6bi'IHOrO 6eTOBa, COOTB9TCTB9HHO, B nocnenHeM CJiy'l89 OCHOB

HOI! BKnan B MOWHOCTb ll03bl 3 8 38WBTOI! TOnWHHOII 140 CM o6ycnoaneH 38XB8THbiM 

r'8MM8- H3ny'!eHHaM, o6pa30B8HHbiM npOMaJKyTO'IHbiMB H TennOBbiMH Hei!TpOH8MH (60%), 

6biC Tpb1MH Hall:TpOH8MB (20%) H Tenn OBbiMH He11Tp0H8MH 0 B03HHKWHMH H3 npOMalKy

TO'IIIbiX Hai!TpOHOB (8,5%). 0CHOBHOII BKnan B MOWHOCTb ll03bl 38 38WHTOI! TOnWH-

HOII 105 CM o 6ycnoaneH aaxaaTHbiM raMMa-aany'!eHHeM, o6paaoaaHHbiM npoMa*YTO'I

HbiMH H TennOBbiMH Hall:Tp0H8MH ( 58%), Tenn OBbi MH Hai!Tp0H8MH, B03HHKWHMH H3 npo

MeJKyTO'IHbiX Hall: TpOHOB (25% ) H 38XB8THbiM raMM8-H3ny'!aHH9M, o6pa30B8HHbiM 6biCT

pblMH P.911Tp0H8MH (13%), 

n H T e p a T y p 8 
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Tac!muia 4 

BIUiaJI ~ MOIIUIOCU ~08Y (Md8p/'18C) B 36UTe BS dOTOH8 OT KOYDOHOHT ".wsrKOro• 81I6K'l'pa paccessaoro 118Jl)''ieBIJI .. 

ToaJI iH•RrpoBY 111-:ll•crJIIe :llwcrPI'• :llpoue.yro• :npoueayro.:llpoueayro•-:Te.uo~•• :Ten•o••• :ruua-Ma.tJ-:!8Jiua-•uy:r81111a-n•I••-: Cylhi&Jlllaa 
sa aa-. coxu saepr•!sel!poBII :seltpoBW, :swe seAtpo- :a.,e ael!po: awe aeA'fpo:aeltpoau, :aeltpoBW, :'iesae,oa:pa-:t~exae,o6pa:ue,o6pa.ao:aaa: wou<>C"!t. 
~' :(K>20 IBB) {I,SK<: 20 IBB~Od)lii30BU -, lUI , .HY, odpaao-. HY 00dpaao .odpaBOB&HHYO odpa80B8H-,3011811HOO 8011811800 ,BOO Belrposa-. )10111 

· ; ;:-..:.•=-cr-;o~<I,5Jisa) :~:~.·::~;s111":: ~=~:;~l::"Te~~-;=·.~;w..;~::~~~ ~;f:'.:.,.;•:.:;.oo .. llll% ; 

ux a&epriiP. :coKXX ssep:tpoH8.1111 :'fpoH8Jfl : .. a :BUI : : 
~ :r•l ~ 

0 3,a.ro1 2,3.!03 2,7,!01 2,4.!05 3,4,!01 7,a.ro3 6,6.!03 6,3.!03 3,r.ro• - 4,0 2,a.roS 

20 r,o.ro1 r, 1 .ro2 7,4 5,o.ro3 9, 3 5,a.ro2 4,o.ro3 4,a.ro2 2,5,!03 - !,2 !,7.!04 

40 3,5 2,4.!01 2,5 4,5.ro2 3,! a,o.ro1 2,o.ro3 6,6.!01 r,2.ro3 r,r.ro2 0,42 3,9.ro3 

60 !,3 3,4 0,9 2,5.ro1 I,I r ,r.roi 3,6.ro2 9,5 3,a.ro2 3,9.!01 0,!7 8,4.Io2 

80 0,5 0,53 0,37 0,7! 0,46 !,8 &,a.rol !,5 9,3,!01 !,4.!01 7,2.!0-2 r,a.ro2 - roo 0,24 9,I .ro-2 0,!6 9.ro-3 0,2! 0,3! 9,6 0 ,25 2,2,!01 5,! 3,o.ro-2 3,a.roi CD 

!20 O,II r, 1 .ro-2 a,o.ro-2 - O,IO 6.ro-2 !,3 4,a.ro-2 5,3 !,4 I,2.ro-2 8,4 

!40 5,a.ro-2 2,9.!0-3 4,o.ro-2 - 5,2.ro-2 9,1 .ro-3 O,I7 a,s.ro-3 I,2 0,42 5,2.ro-3 2,0 

!60 2,9.!0-2 - 2,o.ro-z - 3,2 .ro-2 - 2,6.!0-2 !,4.!0-3 0,3 o,n z,o.ro-3 0,54 

IOO I,5.ro-2 - r,o.ro-2 - I,3.I0-2 - 3,6.!0-3 - 7~ro-2 3,5 .ro-2 9,5.!0-4 0 ,!5 

200 7,a.ro-3 - 5,6.!0-3 - 1 .ro- 3 - - - ! ,6.!0-2 r,o.ro-2 4.ro-4 0,05 

220 3,a.ro-3 - - - - - - - 3,6.!0-3 3,4.!0-3 I,7.ro""' O,OI 


