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l.BBe~eHlle. 

C TeOpeTUqeCKOH TO~-1KH 3peH1UI npe.n;CTaBJISIeT 60JIhlliOH HHTepeC BbIqllCJlemrt' 

rmOOHHhIX nOnpaBOK K npon:eccy aHHBTHJlSIn:HH 3JIeKTpOH-n03I1TpOHHOH naphI B 

a.n:pOHbl. lIaHHLlH npouecc MO)KHO HCnOJIb30BaTb .n;JlSI npOBepKH KBaHTOBOH XpO

MO.n;HHaMHKH. H3BeCTHO, 'lITO pa,nHallHOHHbIe nOnpaBKH epaKTOpH3yroTCSI B BH.n;e 

MH02KHTeJISI K CeqeHIUO HyJIeBOrO rrpM6JIH.tKeHIUI (10. B JIHTepaType rrpJlIBO.rUITCSI 

pe3YJIbTaT : 

as as 2 as 3 
(1 = (10(1 + - + C2(-) + C3(-) ), (1)

1r 1r 7r 

rlIe C2 = 1.411,C3 = -12.8 [1,8,9]. 3Ta q>opMyJIanOJIyqeHa B npe.n;eJIe, KOr,D;a 

3Hepnu: CTOJIKHOBeHlUI MHoro 60JIbllie MacChI KBapKOB. Ee, TaKJKe, HeJIh3SI npH

MeHSITh npH 3HeprHSIX, 6JIH3KlIX K pe30HaHCaM H.n;O nopora pO)K,n:eHHSI a.n;pOHOB, 

r.n;e CTaHOBSITCSI cymecTBeHHhlMH HenepTyp6aTHBHhIe 3epepeKThI. PaCqeT IIOnpa

BOK nOp.SI,n:Ka Q's H a; M02KHO HaHTH COOTBeTCTBeHHO B CCblJIKaX [3,4] H [6,7]. 
K CO.tKa.rreHHIO B JIHTepaType Tpy.n;HO HaHTH nOllpo6Hoe BblqHCJIeHHe 3Toro 

pe3YJlbTaTa, .uaJKe 'lIJIeHa 7' HH.tKe 6YlleT no,n:po6HO onHcaHO BhI'lIHCJIeHHe rJIIO

OHHOH nOnpaBKH B nepBOM rropSI,n:Ke no Q's K npoueccy aHHHrHJIKUHH 3JIeKTpOH

n03HTpOHHOH napbI B KBapKH MeTo,n:OM epeHMaHOBCKHX ,n:HarpaMM. HY2KHO 

CKa3aTb, 'lITO B rrpHBeAeHHOH JIHTepaType HCnOJIh3yeTcSI HHOH MeTO.z:I, OCHOBaH

HhIH Ha COOTHOllieHHH yHHTapHOCTH. CornaCHO COOTHomeHHIO yHHTapHOCTH, 

cyMMapHoe CeqCHHC nponOpUHOHaJlbHO MHHMOH qaCTH .n;HaroHCl.JIbHOro MaTpHq

Horo 3JIeMeHTa (CM. '[11]' §71). B HameM cJIy'lIae, o,n:HaKO, Hy)KHO BhPIHCJIHTb 

a.upOHHyIO COCTaBJISIIOIUYIO CeqeHHSI. Ho eCJIH MbI 6y.ueM npeHe6peraTb BceMH 

BhIClliHMH nonpaBKaMH no 0', TO B .nHarOHaJIbHOM MaTpHqHOM 3JIeMeHTe MO)KHO 

BLI.UeJIHTh qHCTO KBapKOBhIH BKJIa,n:, KOTOphIH CBO,D;HTCK K KBapKOBhIM nonpaB

KaM K nponaraTOpy BHpTyaJIbBOro qJOTOHa. T .e. CeqeHHe aHHHrHJUIUHH nen

TOHHOH naphI B a.npOHhI 6y,n:eT nponopn:HOHaJIhHO MHUMOH ~IaCTH allpOHHOH CO

CTaBJISIlOmeH q>OTOHHoro nOJISIpl'I3aUHOHHoro onepaTopa. B K31I nonpaBKa no
2pSIlIKa a K q>OTOHHOMy nponaraTOpy 6bIJIa BhI'lIHCJIeHa MeTOllOM epeHHMaHOB

CKHX ,n:HarpaMM eme B pa60Te [2J. B 3TOH pa60Te 6hIJI nOJIyqeH pe3YJIhTaT (CM. 

TaK)Ke [5]): 
1: = E(2) (1 + 3a) (2) 

-y -y 41r ' 

rne ~\2) - IIOJIjfpU3aUIfoHHblii orrepaTOp <poToHHa B npH6JUI2Kt'HHH e2• 

:MO~HO nOKa3aTb, 'lITO nonpaBKa K nOJISIpH3aUHOHHOMY onepaTOpy B nopxllKe 

O'Q's OTJIHqaeTCSI OT rrOnpaBKH: a2 B K3il JIHmh UBeTOBbIM MHOiKHTt'J1eM t (CM. 
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(3]). B pe3YJII.TaTe nOJIyTIaeM: 

a 20" = 0"0(1 + .2), S» lnq , (3)
1r 

r,Ue Uo - CeqeHHe B nepBOM nOpg,UKe TeoplHI B03MymeHHH, m q - Macca KBapKOB. 

OHO onHCbIBaeTCH e.n:KHcTBeHHoH JJ:lmrpaMMoH aHHHrUJIgUllOHHOro TMna: 

e~ /~ 
e-/VVVV~q 

B npe,UeJIe s >> m: BbIpa2KeHHe ,UmI (To ,llaeTC.SI CJIe'uylOmen $OpMyJIOH: 

41ra2Q2 41rt:>:2Q2
uo=Nc q = q (4)

3s s 
r,Ue Qq-3ap.SI,U KBapKa (B e,UHHHuax e), Nc- qHCJlO UBeTOB. 

B 3aKJIIOQeHHe OTMeTHM, qTO pacTIeThI 3THM MeTO,UOM 3HaqHTeJlbHO YCJIO:/K

HHIOTCH npH BbITIHCJleHHH CeqeHHg aHHHrJIJIgUHH B JIenTOHbI, T .K. B 3TOM CJlyqae 

Heo6xo.n:HMO yqHThlBaTb ,UHarpaMMbI, B KOTOpbIX HaTIaJIbHhIe H KOHeqHhIe 3JIeK

TpOHhI CBH3aHbI ,UByMg q.OTOHHbIMH JIHHHHMH, a KpOMe Toro Hy2KHO BbIqHTaTb 

CeqeHHe aHHKrHJ1SIUHH B ,UBa $oToHa. 

2.PaC1JeT neTJlII. 

IIepeii.neM Teneph K Henocpe.n:CTBeHHbIM BbITIHCJIeHHj[M. T.K. as >> a, TO 

OCHOBHOH BKJIa.n: B pa,UHaUHoHHyIO nOnpaBKY 6y.nyT ,UaBaTb I'JUOOHbl, H BKJIa.n:OM 

.pOTOHOB B nepBOM nopj[,D;Ke no as MbI MoX\.eM npeHe6peQb. COOTBeTCTBCHHO B 

nepBOM nopH,UKe no as HyJKHO paCCMOTpeTb nj[Tb ,lI;KarpaMM: 

(3.n:eCb BOJIHHCTa.SI JIHHIUI COOTBeTcTByeT q>OTOHy, a nYHKTHpHaH - I'JIIOOHaM) 

IIepBbIe TpH ,UHarpaMMhI ,UaIOT BKJIa.zl B KBapKoBhul epopMq.aKTOp. Bep

ulima B3aHMo,UenCTBHH rnIOOHa C KBapKOM HMeeT BlI,U: -ig~/JlA~~" 'IJ. JIerKo 

nOKa3aTb, qTO MaTpHUbI reJlJI-~1aHHa ,llJIH 3TIIX Tpex .n:narpaMM .paKTopu3y
. ..\11>.11 

IOTC5I B BH,Ue MHOX\.HTeJIH ~ ¥ = ~8ik' IIo3TOMY, BMeCTO Toro, TITo6bI BblTIU
J,a 

CJUITb KBapKOBblH q.opM.paKTOp, MbI MoX\.eM BOCnOJIb30BaTbC1£ BhIpa2KeHueM ,UJI.SI 
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3JIeKTpOHHoro tpOpMtpaKTOpa, clleJIaB B HeM mUlih 3aMeHY a ~ ~O's' Bhlpa)Ke

HHe .r:lJIH 3JIeKTpOHHoro lPOpMlPaKTopa Re{fe(S) - 1) IIMeeT BU.n: [lOP: 

IIPH BhICOKHX 3Hepnu:x (s -t 00) BepIIIIfHHaJI qaCTh r flo paBHCl. f (s ),w llo3TOMy, 

CeqeHHC aHHHrlfJIHIUUI 6y.n:eT rrporrOpIUIOHaJIhHO I f /2= 1+2Re(f - 1) +O(0:;). 
lleJIaJI 3aMcHy a -t ~a8 B Ie (s), IIOJIyqaeM: 

O"(e+e- ~ qq) = 0"0[1 + ~~2Re(fe(S) - 1)] = 
80's s. m 1 S S 7[2 

=(To[l + 371" «1-lnm2)(ln~ -1) - 4"ln (1 +ln ) + 3)]' (6)m2 m2 

A-Macca rJIIOOHa, BBe.n:eHHag .n:JlH peryJIgpH3aIJ;HH HHTerpaJIOB, KOTophIe 

MMeIOT HH<ppaKpacHylO pacxo.n:MMOCTb. B KOHeqHOM OTBeTe MhI rrepeH.r:leM K 

npe.n:CJIY .x -t O. 

3.PaC'tIeT pa.nllaIlBOBHoro Ce'tIeBB5I. 

CeqeHHe aHHHrHJIjJlUIH C HcnycKaHHeM O,llHOro rJIIOOHa MOXHO 3aIIHcaTb B BH.ZJ.e: 

0"' -ype3aHHoe CeqeHHe, KOTopoe He yqRThIBaeT UBeTOB01I CTpyKTyphI rJIIDo-

HOB (T.e. KaK eC.TUI 6b! y rmOOHa He 6hIJIO UBeTa). 

B .uaJIbHeMilleM MhI 6y.uCM HCnOJIb30BaTb CJIe.r:lYIOIUHe 0603HaqCHHK: 

k - RMrryJIbC rmOOHa ; k_, k+ - HMnYJlbChI 3JIeKTpOHa II n03HTpOHa; 

p_,p+ - HMnYJIbChI KBapKOB (q,ij); 
p = p+ + p_ + k,p'l. = Sj 

k = (w, k),p = (e,i), 2.,fSw = sy, 
ql = - (p+ + k), q2 = (p- + k) - IIMnYJIhChI BHpTyaJ1bHhIX KBapKOB; 

2ti = qr- m ,r.ne 1ft Macca KBapKaj 
2~l = (p+ + k)2 - m = 2p+k, 6 = 2p_k;
 

M2 = (p+ +p_)2 = S - 2pk = S - 2JSw - npHBe.ueHHaJI Macca .D:BYX KBapKOB.
 

BY.r:leM Bce BCJIHqHHhI B C.U.M. qq 0603HaQaTb IllTpUXOM, a D C.ll.M. qqg - fie3
 

lIlTpnxa. 

lCJIe.nyeT CKa36Th, qTQ R [11J npHDe.o,eHO He COBceM npaBHJlbHOe BLIpa:iKeHHe .anSI Ie
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~1,2 = 2p±k = 2E~W' ± cosOl2p~kl = a ± xb, r.ue
 

~r = cosO', a = 2E~W' = ...;sw,b = 2p~k' = r!;-..;sk.

+
 

CeqeHHe BhIqHCJUleTCH no cTaH.u;apTHoH <popMyne [10,11]:
 

1 1 . / 2 (1)
u=42 2 L IMfil dr3 , (8) 

w+ W_Ve f,i 

rAe MH02KHTenh ! B03HHK H3-3a ycpeAHeHlu no HaqanhHoMY COCTOHHHIO. 

HIDKe npHBo.u5ITCjI BhIpaJKeHHK .unjl COMHOLKHTeJIeH: [10,11]: 

W+W_Ve = V(k+k_)2 - m~ = i, npH S -7 00. (9) 

d3k pi dd k 2dk p' kdwdx 
dr3 = dT2(QQ)2w(27f)3 = M(411")2 w (21r)2 = 2~ (411")3 

<paJoBhul 06'heM KOHeqHOrO COCTOJIHHJI, 

"1M .1 2 = 4e2T(e).!..T(Q)pIl2p(g)Q2 e2g2 
L...J fr Jlll 82 o:fJ 0:f3 Q ,
I,i 

r.ue P~J = -¥- MaTpnua nJIOTHOCTH rJIIOOHa, 

a 06nUl:3 MHO)l(HTeJIb 4 ytIHTbIBaeT UBeToBoH MHO)KHTeJIb ~ .1~12 = 4; 
a,2,) 

(q)JlV [(~ )( 1 1 )(~ )( 1Top = Tr p+ - m '11-~--'o. + 'o.-~--'/,I p_ + m ,p-~--,p+ 
~-m ~-m ~-m 

1 
+'.B-~--'1')].qz -m
 

Y,n06HO onpe,neJIHTb:
 

2p(g)T(q)JlV - -T (11)
0:f3 o:p - pV' 

ITPHHHMaJI BO BHHMaBHe, ~ITO J drJf)TJlIl 3aBHCHT JIHIllh OT pJl , a TaIOKe 

IIOrrepeqHOCTh 3Toro TeH30pa, MOJKHO 3aIIHcaTh: 

! dr3TJlJl =3sT 



TJV(sgJl~ - PJlP~) = -48
2

. (12) 

PC3IOMIIPYSI Bce BhIIlIe npHBe.n;eHHhIe <pOpMyJIhI, nOJIyqHM CJIe,ZJ;yIOIUee 

BbIpam:eHlIe .n;JIH CelJeHIUI: 

2 , 

( + - - ) _ 4Q2
qa as f P+ 

a e e -+ qqg - 3s2 MkdwdxT~~. (13) 

BXO,ll,RIUHH B 3TY <pOpMyJIy HHTerpa.n HaM Hy)KHO BbIqHCJIHTb C TOqHOCTbIO 

.no BeJIHqHH O(s). BeJIHqHHaMH nopH,ZJ;Ka m21nn~2(n = 0,1,2) 6Y,lleM npeHe

6peraTb, a Maccy rJIIOOHa 6y.n;eM CqHTaTb CKOJlb yrO,ll,HO MaJIOR BeJIHlJHHoR. 

QTo6hI ynpocTHTb BhIqHCJIeHH.sI, 3aMeQaeM, QTO pe3YJIhTaT HHTerpHpOBaHHR 

He M:3MeHHTCH, eCJIH c.n;eJIaTb 3aMeHy : p+ H P_, k -4 -k,6 H 6. C yqeTOM 

3TOR 3aMeHhI Tvv MO)KHO 3anHcaTb B CJIe,ZJ;yIOIUeM BH,1le: 

Tw -t 2(:iTrbJl(P+ - m)/JJ(q2 + m)'Y~(p- + m)'YV (Q2 + m)]+ 

1 T [~ Jl~ V h h ])+66 r 'YvP+TJJq2/ p-T ql = 

= 2(~~ (-8m2Tr[p+~121 + 4TrW+kp_kl) - {~{2 Tr[Q2(iI]4(p+p_)) = 

1 2 2 8M2(M2 + 2a)
= 2(c2(866 - 16m (M + 2a)) + ~ ~ ) = 

~2 1 2 

2m2s 6 M2 s 
=16(-cr+c+CT)' (14) 

~2 ~2 "1,,2 
2 1

3.neCb oT6paChIBaJIHCh CJIaraeMhIe , nponOpUHOHaJIhHbIe ';2 ,. m , a TaIOKe 

6hIJIH HCnOJIb30BaHhI COOTHoweHHH : 

6 +6 = 2a, 
M2 +2a = (.q - 2JSw) + 2ySw = s. 
lleJIaJI 3aMeHy 6 H 6 , nOJIyqaeM: 

1 1 1 1 1 
- = -(-+-) -4
66 2a 6 6 a6 
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22m2s 8 1 s(M2 
- s)

Tvv --+ 16{(-T + a6) + (6 (2a + a ) -In· (15) 

RTaK Hy1KHO Bhr4:Hcm·ITL HHTerpaJI: 

Wm , 1

f ~kdw f dxTvv = J1+ J2, 
.A -1 

r.n:e 

2m2s 82 p' 
Jl= f 16(-T+a6)~kdwdx 

1 s(M2 -s) p'
J2 = f 16(6 (2a + a ) - 1) ;[kdwdx. (16) 

J1 - 3TO pacxo,ll.sIlludic.sI HHTerpan: (rrpH .A --+ 0). HH2Ke OH 6y.n:eT BbPIHCJIeH 

(CM. IIpHnoxeHHe). 3.n:ec:b)Ke npHBe,D;eM JIHWb OKOHQaTeJIhHOe BbIpaiKeHE:e ,D;JI.sI 

Hero: 

S 71"2 m 8 1 2 8 
J1 = 2{-3 + 1 +lnT(lnm2 -1) + 4"ln m 2 }' (17) 

lIHTerpaJI h HMeeT KOHe'llHbIH npe,n;en npH .A --t o. IIoJIo2KHB oX = 0, H c.n:eJIaB 

3aMeHy W = wmY,rl1.e 4w~ = S, nOJIYtlHM: 

W 2 lIS w2 1 s a + b 
J2 = --.!!!. f ydy f dx(-(y - 2) - 1) = ~ ! ydy[-ln-(y - 2) - 2] = 

2 0 -1 6 2 0 b a - b 

s 3 s 
= 8(2" - 31n m2 )' (18) 

CKJIa,n;hIBaJI J} C J2 , llOJIYqHM BhIpa2KeHHC .lVUI HCKOMoro HHTerpaJIa: 

W 1 - 2 
m p' m s 1 8 3 8 IT 11f ~kdw f dxTvv=8s{lnT(lnm2-1)+41n2m2-41nm2-3+S}' (19) 

.A -1
 

TaKHM 06pa30M Ce'lleHHe aHHHrHJIJlIJ;HH B COCTO.sIHHe qqg paBHO:
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4.3aKJIIOQeHlIe. 

Tenepb Y2Ke HeTpy,aHO BH,aeTb, CKJIa,ahIBaJI CeqeHIfSI (6) II (20) , ~ITO B nOJIHOM 

CeqeHHH Bce pacxo,aUMOCTn COKpaI..UalOTca: 

(ltot = (I(e+e- ~ qijg) + (I(e+e- ~ qij) = (10(1 + ~) . 
...~ IIplfBe,aeM OKOHQaTeJIbHOe BhIpaJI(eHHe ,aJISI nOJIHoro CeqeHIISI aHHHrlIJISIIJ;HlI 

'~ JIerrTOH-aHTlIJIenTOHHoH rrapbI B KBapKlI B npe.ueJIe BhICOKHX 3HeprHH~ 

(21)
 

IIpUJlOlKeHlIe.
 

BhI'tIHCJleHUe paccXO,ZJ;jlIllUXClI HHTerpaJIOB.
 

1.IIpe,lXBapUTenbHhle COOTBomeH1UI. 

HH)Ke HaM lIoHa,ao6SITCjJ CJIe,aYlOmlfe COOTHOIIIeHHg: 

(1) 

2 b2 _ 2 (P~)2 k2 _ \2 4m
2 

k2 _ (1 O( A »4m
2
s( S;\2 k2 ) (2)a - - sw - - S - SA + --8 - + - -- --+

£~ M2 m M 2 4m2 , 

(3)
 

2 
rAe £2 =.4m • 

s 
2p~MIIoKa:>KeM Tenepb, qTO C Tpe6yeMoH TOQHOCThlO MO)KHO 3aMeHHTb Ha 

vT=E2. 
IblmeM: 

2p~ _ VI _ £2 = jl  Y  £2 - j(l  £2)(1 - y) ~ 
M ~ 

~ 
VI - y - C2 

~ ( 2(1 
YC2 

- y - C2» ~ 
C2Y 

2(1 - y)' 
(4) 

npM I Y
: ..?y < < 1. 
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2 I 

T.e. ~ = VI - 62 +O(62Y). T.K. HHTerpanhI paCXO.ZJ;jITC.H JIOrapHtPMIPIeCKH 
2 I 

IIpH Y -t 0 , TO pa3JIaI'aJI ~ B 1I0.ZJ;HHTerpaJI:bHOH tPYHKUHH no CTeneHjIM E2Y, 

BHllHM , qTO f ~O(E2Y) = O(E2) H lIM M02KHO npeHe6pcq:b, qTO If Tpe6oBaJIOC:b 

1I0Ka3aT:b. IIOCKOJI:bh.-Y B KOHeqHbIX ¢lOPMYJIax E2 -t 0 , TO MOlKHO C.ZJ;eJIaT:b 

3aMeHy y"1=E2 -t 1. 
2.BhlQBCJIeHHe J1• 

Tenep:b MhI Y2Ke MOlKeM nepeHTlI K HelIocpe.ZJ;cTBeHHoMy BbPUfCJIemUO HHTe

rpa.rroB. Bo Bcex KOHe'tIHbIX HHTerpanax nOJI02KHM A = 0 H 6YlleM oT6pachIBaTb 

Bce BeJIHqHHhI MHoro MeHbllie s. PacCMOTpHM CHaqaJIa nepBoe CJIaraeMOe J1 : 

2	 2j[ t -lJ tdt "" J4m [ t -l]tdt + 4m O(1 dt)+ (6) 
o	 Vt2 + 1 _8_ + t 2 0 8 Vt2 + 1 8 9 t
 

4m2
 

oo dt 4m2 8 
+O( 3) = O(-ln-2) -t 0, IIpH 8 -t cx>.JCL t	 8 m 
v~ 

BTopoe CJIaraeMOe J1 : 

2 p~ k 2 

J
I 1 2 Wm d ( )2 Wm d 8W (1 + -,-) s (1 - y) 

P+ kd' , Jd .!- - ~ J~l a + b -: j' -~l [ E+ W ] 
.•1.(; x - .n 2 2 - ,n 2 

Al -1 a6 2.A W a - b 2.A W . 2, \2(---.!!- ~)4m .';/\ 2 + 2
4rn A 
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I 

(1 + P+)2 ~ 
1 1	 wmd I >. d 2 

S j' (U wm /	 / tS WE· t	 _=?{ -In(l-y)+ln,ln-2+ ~ln + + -In( s 2)}' (l) 
.. 0 y /\ mAw 4 1 t	 --+t 

4m2 

BhPUICJIHM KatK,Uoe cnaraeMoe no OT,1leJIbHOcTH. 
• 

1 dy 7[2 

/ -In(1 - y) = -- - Ta6JIIPIHhIH HHTerpan:. (8) 
o y 6 

W m d (1 + &.)2!!!fL d ~ yP-c2)(l2-1)
~in c~ = / ~[in(1 + v 1 - C2? +In(1 + t )2] = 

/A W 4 1 t 2 1+~ 

00 dt 1 /t2-1 
= InwmO (c2) + / -In( + t )2. (9)

A 1 t 2 

1+ fl=T 1?,,-lId"B nOCJIe.n;HeM MHTerpane MOJKHO c.n;eJIaTh 3aMeHy V? =	 z, !!! -~ .t - 2z(1-z) . 

T.K. 

1 inzdz (1 /1 dz 2 /0.5 lnz 
/ 
--_ = -lnzln 1 - z)lo.5 + In(1 - z)- = in 2 + --dz = 

0.5 1 - /.0 0.5 z 0	 1 - z 

1 1 lnz 1 ]f2 
=-(ln22+ / --dz) = -(ln22 - -). (11 )

2 o1-z 2 6 

B"nocnenlieM c.rraracMoM c.ueJIaeM 3aMeHy ~ = z : 

00 dt t2 1 1/£2 dz
 
/ -inC s 2) =-- / -in(l + z) =
 
1 t 1m2 + t 2 0 z 

1 1/e2 dz 00 dz 1 + Z 1 dz 
= --( / ---:-lnz + / -::In-_- + / -:-111.(1 + z)) = 

2 1 "" 1 '" /., O.t.. 
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1 1 2 S /1 dz 1 71'"2 
= -?(?In -42 + 2~ln(1 + 2)) = -(-:-ln2E2 + -). (12)

OJ... m 0 '"' 4 12
 

TaKHM o6pa30M
 

p~ /1 8
2 

S 71'"2 m 8 1 2 s
-kdw dx- = -{-- + In-ln- + -in -}. (13)/ 2M -1 a6 2 3 A m 4m2
 

OKOHQaTeJILHOe BhIpaxeHHe .n:mI J1 HMeeT Bll.n::
 

2m2 8 8 2 pi 7l"2 m s 1 8 
J1 = / 16(---+ -)--±kdwdx = 8s{--+1+In-(ln- -1) + -ln2

-}. 
~~ a6 l~,f 3 A m 2 4 m 2 

(14) 
ABTOp 6JIaro.n:apeH MJ1:. BhICOUKOMY H n.B. OKyHIO 3a HX aKTHBHyIO nOMOlllh 

B HanHcaHHH 3TolI pa6oThI. 

Pa60Ta 6hIna no.n:.n:ep:JKaHa rpaHTOM P<I><I>H 96-15-96578. 
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