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PaooMoTpea npo~oo o6pesoB&~ aneKTpoa-nosaTpOBBHX nap 

woToBaMa BHOOKIX aaepral B Rp1!0T&n~ax. IIanyqeao aa~eo­

xoe BHpezeaae ~ namooro ceqe~ xorepe&TBoro o6paso~ 

nap WoTOB&Ma B Rp1!0T8JIJJ8X. lloCJie.llOBBBH aaepreTaqeoue • opa­

eHTaUKOHBHe saBaoauooTI ~peHU~&X&Boro • nonaoro oeqeHal 

o6p&SO~ nap WoTOH&Ma HB Rp1!CT&ni8X 8JIMIIS8, RpeMII1UI 1! KO 

pyii.JlQ np11 9H9p!'11J!X WGTOBOB I rsB, 5 raB II IO rsB. 
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COMPARATIVE SPECTRA AND TOTAL CROSS SECTIONS 

0¥ PAIR PRODUCTION BY PHOTONS IN VARIOUS CRYSTALS 

The production of electron-positron pairs by high energy 

photons in crystals is considered. The analytical expression 

for the total cross section of coherent pair production by pho, 

tons in cryst~ls is ob~ained. The energy and orientation de­

pendence of the differential and total- cross sections of the 

pair production in diamond, silicon and corundum, crystals by 

1 GeV, 5 GeV and 10 GeV photona is investigated. 
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KorepeHTBHe.~exTH B npo~cce odpaaoBSHBX aseKTPOa-noaa­

TpoiiiiiiX nap qioTOHBIIll BBCODX 9H8prd: B KPJIOT8JL118X 06Jm.llllllT ·PII­

)lOM 38JI8'1B.TeJildiBX CBOilcTB, dJ!arO,UpJI KOTOPIIII OBJI ll8lMll HBT8p8~ 

BB8 npliii8B8Bllll: B p8SJ!Jl'IIIBl[ i{IDIAeCDX 3a;n8'18X, BnepBBe B8 B08-

IIODOCT:Io npB1181181111B 9'l'IIX .ltTOB l1llJ! n~eliD nOJ!liPHl!OB8111111X 

JlY'IKOB qioTOBOB BBCOKIIX 9B8prd:, 8 TBD8 )liJI '881J!l!8 Jlli.luipBS8-

ild TBDX IQ''IltOB, dBIIO YJI8S8BO ll pa60T8X H.Ka6Jid6o B np. (OM., 

B&np,. [Ij), B. jglnH8b81l STB 1'80p8TIA80IIIle npe;ll01!8381111H II8IIJIB 

oBOe sxcnep&eBT8JWIOe nO;nTilepa.JteBJie B 011!i'1'8X !JO nOJIY'leBD> no­

·.mpHBOl181111111: JlY'IKOB (lioTOIIIlB BBCOIII!Jt 9Haprd: (2,3,4). B npaKTB­

qeO!tOK 0~8C'I'BZIBBB T8KIX 8KQB8p&8B'I'OB, 8 ~8KB& B.)lpYrBX B03• 

.~ &Kcnl'p&eBT&IJoiiJIX npliii8B81111S, cyii8CTB8BBIIII lllWI8Tell BB­

cSgp •orepua KpBOT~, KoTopd ocSeOH- d& .• KT aeodxo­

JIIIIIOI. B8.IIII'IDil .B -e IIIII& cia lllijlai!IIBa1':1> ll )lOOT&TO'QIBX JlliJ! 

&IIIOII8pDeB'r8 paaupu. C nol. Jl8.1loll B .;1181111&1 pacSoTe npue,llli'l'CII 

pesy&T8TH. p&Qq&'J'OB BO OII~Oiq p8011p8)lM8BD> 'I&CTli!l napa 

• ,no .JIIWIOJO' 0801&QID · GllpaeeMDa up \ti&'l'enen · 9Heprd: I raB, 
. . -

5 J;'aB, B IO rsB,.aa KPJ!OT&.UIIX -88, ape F3· B K8PYB;Il8. 

· ·. BllpueBJI8 J!lll ~.Pf'P'l,III'RDRSI'O H&. 8118})l'BII O,III!G.I 119 'I&CTJIII 

ll8Jlli C8'1811D,B apaCTUIIIl'II88KIX. epe:.x %11pe81l•B8B8B1'HO [51 • 

,!!p8;JlQ'l'aau:tiTCII ll 'riiKOK BIIJI8 (IU:J"'d lla!IIGI 8HJIIUIBP8B!IJI, no no-
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JIStpJtaatii!JIM 'taCTI!ll npoBueHo CYMMDPOBBH!Ie) : 

cH3tiZ,t.l=N6.~ {CC;+ E!)(. ft + f() +; E. t_ (f;+ t~)} ' (I) 

r.11e 

'+',"'"' ~ (t + ~ ; - B<p•u•)) , 

+:=4(; + f.J p - B<?~~)), 
~ ~ ~ -l-1 =4 op?; D(gl 8J./J, , 

!l 

+~=.24 o:fD<JH8,-op),g!/8.~, 

b<i)=(~li)~S<&> e><p(-g~z:i"l) 
V, . r.. (~::. + J?>"")Z 

(2) 

B STIIX <l>oporyJI8X o6osaa'!eBJm OJie.IIYDilltB: N - noJIBoe '<HOJIO a To­

MOB !<pBCT8JIJIS, 60 = l,_'t; / i:3 i' , w , 8+ - SHeprBB i!JoTOH8 B 

liOSBTpOHS, m - MBCOS M81<Tp0BS, f' - o6peTB8H B9JIB'IBB8 p8.IIBY­

C8 •KP8H8p0Bl!ll, U$ - cpa,liBBRB!l,llpeTB'IHOa TaliJIOBOe Cll81!l8BB8 &TO­

MOB J<pBCT8JlJI8 OT !IOJioteBBII peBHOBeCBH, Op=m"'w/.Z<.<.- Mlfi!IDIMI>­

mdi nepa,JJ,8HBIIII BII!IYJiloC, _g
11 
~ /J~ - npO.IIOJI:&H!III B !IO!Iape'IHIIII 

ROII!I~HaBTH BeRTope o6paTHOft pemeTRB OTHOCBTBnt.BO BllliYn:&CS ~ 

TOHa, \fo B no - 06'1>811 II 'IBCJIO STOMOB 9JI8M8HT8pBOft H'!Bl!RB, 

S cJ) - cTpyRTypalill /flaRTop, i!JYHI<IlBH B(x) onpe.IIeJieaa B [5]. 

~OpNyJ18 .IIJI3 liOJIBOrO CB'IBRBH o6p8SOB!lHIIH nap i!JoTOB8111I H8 

!<pHCTa~e B!IapBBe, B pesyn:&T8TB ,liOBOJ!oBO CJIOZHHX BH'!BOJieBBft, 

6HJ18 liO.IIY~eBS B BCCJI8.IIOB8B8 B pa60Te (I). BOJiee npOCTO B B8-

r~H,liHO OTBaT MOBBO liOJIY'IHTo npHIIHM BHTerp~B8HBaM i!JOPMYJIH (I) 

no d Ct 8H8JIOI'B'IIIO TOMY, l!l!R 6WIO llpoB8,lleHO BHTarp8pOB!lHB8 B 

pa6oTe [6] npB BIIBO)(e \l>OJ)OIYJIH ;!J.11H DOJIBOro ceqeBJm ROrepeBTBOro 

TOpMosHoro HSJIY'IBBBH. PesyJioTaT MH noJIHoro ceqeHHR o6pasoBa­

Hml napH npe,liCT8BIIll B BJI,ll8 [7] : 
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~ 

6(w)=N<>.[~t,"'+: f;+o,E DcgJ ~~ (Cc'lt$-2 e.)}• (3) 
.8"~s"' 'fl:lu 

r.ne S..,=.Z m$/w- JOIIIIIII8Jll,I08 SHa'leBJie Sp ' a BeJIJNIIHH e, ..... 
OJipe.JieJIJDl'l'CJl: ~PII.Y-

e~=:Z enJ'' 
t, = ..i(i+l!!... )~ _h (i- h) BrJp, 

.Z Z811 Z811 'i811 J (4) 

e '5, ' s~ n 
3 = .z a 11 + 4 g$ VI f ' 

Ol/ '011 
\ \ ,.., ;(+ ~ 

a 'leres 1\ II ~ o603HS'Iei!H JlllllBlleB11li fi=V i-s ... ;~,. ) f= T-"T . 
B CJ11118e ltpi!CTSJIJUI ROP7JWI ~JIB MR: cneRTp8Jil>lloro pac­

npe.ne.>r81111Jl: 'IIIC'rlln ll8Jlll 11 MR: no.moro oe'lelllllt HeCROJI:DRo IIJillOBs­

JlelllDlTCJr. :J>ro CBmiSBO C Tell, 'ITO B CJ111188 ltpi!CTSJIJUI ROP1_1!.118 B 

JSIIBX palleTRII IIBXo.na'l'CJr IIOJieRYJJR 11e~ 03 • Henocpe.ncTBeBBoe BH­

'IIICJiel!lle npi!BO)III'l' R CJie~ ~PII.YJJ8M MR: ~pei!IXIIIIJIDIIOro B 

no.moro ce11eBd o6pasoBSIII!It nap ~oHmm BS ltpiiCT!IJille ROP7JWI 

[7 ,8] : 

d6"'Pci<.~l=N6'. ~;ic&: .. E:-)c+; .. .f~)+ i c,c_(.f;+<?;)}, <5l 

o•·r(w)=N6.t~ <It+ j t;+S,2: tt.<&>U,-4C,.-U3)}• (6) 
~~~~~II') 

r.ne N - no.moe 'IIICJIO !iTOIIOB .nsyx coporos B xpucor8Jille 6,=zt.r;/i37-. 
l=(01t 1 + Ott._)/ no • t 1=i3 ·t~= 8 ,1') 1:~ ,rlt"'b- '!BCJIO 8TOMOB 

8JIIIIIIIIIIJI B RIICJiopo)l8 B &JI8118HT8PJIOI! gqefiRe, t) 0 : 01~ t)ll., a (\lyHR-

111111 cj> 11 De.~~ onpe~CK 4)oPII.YJISMB; -

~ "'= ~ '7$ . /.(1) + !!:!. 7; +<2) 
1 t1o r1 'f1 no z:!t 1 ' 
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(7) 

<f~=£45~ F 8"Du.<"J!(3,-Sp)8}/J,Y, 
d/1;!:- p 

lt,!ll= <it.""!~/ i!.f~,. 5,<~) e>cp(-f/Ul)+ W' ~G>e..pE-ts~~)j-': 
novo & +n d :.tort. 

,.. ·"'" ,/,<.Z) ......__ --~,manDI 'f<,!l. J! T<,~ Jll!JIJnTOH,BMO,..n~ """"""~ Mil ... BTOMOB 

8JIDIIIIIIIa J! IOICJI6po,118 , OOOTB9TOTB9BHO , J! BH'IliJOJIJD)TCJ'! 110 119plmM 

ltBYM <f/O:lii.Y.II8M (2). BeJIII'DIBH 51G> i! 5~~.(3) IIP911CT8BJJJIIlT co6oll 

CTPYRTYPIIH9 <f/8KTops y8JI8 06p&TBO!I pemeTIOI RPIIOT8JIIl8 KOpyB,118[7 ,8). 
Ha pac.I-9 IIPBB&IIeBH pesy~T&TH paoqeTOB eaepreTJ[qeOKJ!X B 

opaeBT~oHaHX saBHOBMOoTell oeqeBHft. ByqJ[CJl&HBR llpoB&II&HB IIXR 

i!pBOT8JIJICB 8JIM88B, xp9111111>1 J! l!OpyB,IIB l!pl! 9Hepri!SIX <f/OToROB 

I reB, 5 reB i! IO reB. B ~e Rpi!CTIIJIJIOB 8JIM!l88 B KP9M11111! 

peooMOTP&BH 1188 Opi!9HT8Jnllil, KOr,IIB IDIIIY~O WoTOHB COOTBDT 

JI8JIHll Yl'OII 8 o 00111m [OOJ;] JIIJ!JI. [IIO) , a 11XR xpiJ:oTIIJJJI8 Ko­

PYH.II8 H811paBJI9HB9 118119HIII! BHdpaHO OTBOCJITEIJm!O OCJ! (III] • Ha 

pac. I-7 noKas&HH saBHCBMOOTB IIB<f/<fiepeH~Gro oeqeaB1! oT 

9H9prHB IIOeHTpOH8 ff'" f;.jw 11pi! JIY'IIll9M yr;n,e 6 ', KOr,IIB OOOTB91" 

CTJIYJllltH9 IICJlBH9 .ceqeHJII! BM91l'l' M8KOBMMl>BH9 3H8UBB1!, B OT yr:n.a 

BJI9T8 e IIPII eHepro <f/OTOHa tJ a 0,5. Ha PliO. 8-9 IIPBB9)l9BL! 

38BHOIIMOCTB IIOJIBOro oeqeBJ!R·oT yr;n,a 6 ;llXR ,IIBHHUX eHeprBft <f/0-

TOSS. 

Pesy:n.r.T&TH .nomsiiBBil'l', no KorepeHTBHB S<M>eii1H B 11po~eooe 

o6paSOB8HBR 118p <f/OTOH&MII e®\&KTBBHO Ilj)MBJJJIIlTCit llPll 889pi'!IJ!lt. 

i!>OTOHOB, 6~DIIIX I raB. Rail I! ,CJl9)lOB8JIO OJ111.11l1Tl>, B9JD!'IJIII8 I!H­

TeP<I>epe~OHHHX IIIIKOB B ~9 KJ>HOT8JIIl8 8JIM838 6~me, q911 
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;rr;lJ! KOpyll,lla l'l xpeMlii!H, 0,1!118KO B CJlY'UUIX, KOrl!ll Tpe(jyJDTCII 60JI1>­

moro pasMepi Mnmelll'l, xpncTMJI xopy~~,~~a IIPe,tll!O'ITI!Te.>Wiee xpeMIDIS<, 

TaX IUilt OOOTBeTCTBYJIItl!8 xpliiBile ;rr;lJ! KOpy!ll!ll IIPOXO,IIII~ S&MeTIIO BH· 

me Kpl'liiHX xpeMIII'lJl, 

• 

•• .. .. ... • I'""' 
Pllc.I 

Lf ,., ~-s rae 

• 

" 

" 

" 

" , . ..,., 
0 " .. •• •• ... 

Pllo.2 
' 
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Pllc.3 
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Plio. I CneltTp8Jil>mre pacnpe;o;eJieBBJt 'IBCTI!Il 118ps np11 w = I raB ... 

3Ba'l81!Blt yrJia BJI8T8 13 !L"JJ COOTB8TCTBYilll!IIX t<pllBIIX CJI9-

;JQ'Illllll8 : e = ss Mpa:n )lJl!l c ruoJ . · e = 95 Mpa;o; )lJl!l 

C [OOt] , 8 = 95 Mp8;ll JW1 S L [ITO] , e = 72,5 JIP8;1l JW1 

~ i. (OOI] II fl = 67,5 Mp811 )lJl!l KopyB:na. 

!'He. 2 Cne~He pacnpel!8Jielllllt 1IP11 w = 5 T&B• Yr.m llli8T8 : 

8 = I2,5; 20; 20; 27,5 11 !2,!; Mp8;ll JW1 t<p11BHX C (IIO], 

C (00!] , 5diiO] , 5 !(OOt] B KopJ'Uil, COOTDe'rOTBeBBO. 

I'llo.3 Cne~ p8cnpe.ll'--•8lllllt I!pl'l W = IO T&B. Yr.m BJieTS: 

e = 6,5; 9,5; 9,5; I4,5 B 7 Jlpa;ll JW1 t<p11BHX C (ITO] , 

C [bOI] , 5L [i:IO] , 5 L (OOI] II KopyB:na, eOOTD9TOTBeBBO. 

!'He .4 3auellllocT:t. llll!Miepe~Borc ee'lelllllt olo I oi:J oT yrJia 

BJieTa 8 I!pll w s I reB, \j = 0,5. 

I'lle.5 3aBII<lJIIIOeT:t. ci6/dlj OT 13 I!pll W = 5 rsB, '<J = 0,5, 

!'He. 6 3aBI!e!llloeT:t. ol6' /ol ~ OT e I!pll w = IO reB. M = 0. 5. 

PliO. 7 3aBIICIIIIOOT:D IIOJIBOro Ce'ISHJII{ o OT YI'Jia e IIJ)II W =I reB. 

PliO. 8 3aBIICIIIIOOTio 6' OT yrJIB 9 I!pB W = 5 TeB, 

Plio. 9 3aBIIOIIIIOOTl> 0 . OT ]'rJIB e I!pll w = I0 rsB, 
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