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A H H o T a u a g 

BbPmcneHbi nnomanu pe30HBHCHbiX npoaanoa a Kp!!BbiX nponycKanag a 3aau-: 

CIIMOCTH OT rrapaMeTpOB HefiTpOHHblX pe30H8HCOB H TOlllllUHbl o6p83U8 ( rpaqJHKif !038), 

PeGynhTBTbi pac"LJeToa MoryT 6biTh RcnonhGoaanbi KaK nmr pyqao.ll:, TaK u nmr Maumn

no.ll: o6pa60TKH 8KCnepi!MeHTOB llO HefiTpOHHOH ClleKTpOMBTpHI!, 



KaK HaaecTno, aaaHMo.ueil:cTBHe Me.uneHHhrx neil:Tponoa c SJ.upaMH uMeeT- peaonanc

nhril: xapaKTep II a6nH3H peaona_nca nonnoe Heil:Tponnoe cettenHe xop6wo onucbmaeTcSJ · 

¢opMynofi EpefiTa-Burnepa [ 1- 2]: 

_.;....;.~~~~~ 7 L; Fa .v 
" 

( 1 ) 

r~e E 0- peaoHaHcllaSJ_ ::meprHSJ, E - ::meprHSJ na.uarowero · neil:Tpona, f:r,. - neiiTponn 

H8SJ WHpHH8 pe~OH8HC8, r - I!OnHa~ ;lllHpH~a p930H8HCa, a, - 8MIInH'r.y.ua IIOTeHUH8nh

HOI"O pacceS!HHSJ. ( ~ pai:iuycy :SI.llpit); j' - CIJ~HOBhril: cTaTHCTHqecKn:ii ¢aKTop, .:f :
.unrrHa aonnhr · na.uarowero neiiTpolla. 

!J.nSJ_ 3HeprHH H9HTpOHOB .llO COTHI! 3B BTOpbiM ttneHOM B cPOpMyne ( 1) (HHTepc!Je

peHUHOHHOe pacceSJHI!e) MO:>KHO npene6pettb. Tor.ua ¢opMyny ( 1) MO:>KHO m:ipenHcaTh 

B T8KOM BH.lle: 

(2) 

r.ue ():,.- peaonancnoe pacceSJHHe, ~- noTeHuHanhHOe pacceSJnn:e.· 

O.unaKo, ¢opMyna ( 1) npn:MeHHMa TonhKO .unSJ neno.uBH:>KHoro st.upa. YtteT .Tennoao

ro .llBH:>KeHH SI SJ.llep ( JJ.onnnep-3cPcP9KT) npHBO.llHT K Bb!pa:>K9HHIO [ 1-2] ! 

(J (E) = 6o 'f(ft, x) -1- Qc (E), 

/;§/~j 

.· +~ . . 

rr.fi,xJ= ~>~ Jrl+y~-JeXp [- (~;l]ot:J 
.. . -QO 

:X.;. .z~- f,) / } ~:!-~f.) I ._a':-#-
Ll "2(m £, K. %)~ 

(3) 

(4) 

(4a) 
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/11 - Macca HefiTpoHa, M - Mace a g.opa, K - nocTO.flHHB.fl .. EonbilMaaa, (J - .oe6a-

eacKaH TeMnepaTypa o6paaria. B.Topofi <mea a (3) HBnHeTCH nocTORHHbiM a npe.oenax 

peaoaaaca. 

V1HcpOpM8IlHlO 0 UOllHOM Ce'leHHH MO)KHO. llOllY'IHTb H3 H3MepeHHR nponyCK8HHSI 

o6paaua Tt _ :JfE) _ -~ o(E) _ -/. . 1 · . 
r~; - ~ (£}. - e . - c. 't , (5) 

r.o~ J, {E}- noToK aefiTpoHOB c aHeprHefi E 6ea o6paaua, ~fE} - noTOK aefiTpoHOB c· 

aHeprHeA E c o6paauoM. 

I -fl..Oe 'c. = ie ~' 

..:'• ,. 

T;; 
-. n., 6;, t/:J -~ 6; 'r' (A '.X!) 

e =e 
2 ) 11,- 'IHCJlO 8TOMOB Ha 1 CM o6paaua ( TOllLUHH8 o6paaua • 

O.oHaKo BH.ll peaoHaHca 6bmaeT KCKa)KeH paapemeHHeM ~pH6opa, 

pHeMOe ~ponycKaHHe paaHo: 

T "';F (£} = 1 fl._ (E,Ej T{Cjo/F,' 

(6) 

,(7) 

TaK 'ITO H3Me-

(8) 

r.oe fl ( /:-, Ej- cpyHKUHH paapemeHHR npH6opa, y .ooaneTaopHIOLU~H cne.oyroi:UeMy ycnoaHro: 

Jll (E, £}ciE '= j. (9) 

B cny'lae nnoxofi paapemaromeii "cnoco6aocTH cne«:TpoMeTpa aHanHa KPHBOH npony-

nnowanb peaoaancHoro fipoaana ••n KpHao• nponycxaBHH ae aaaHCHT OT paapewaromeA ! ~ CKaHHSI npoBOD.!ITCSI no MeTO.llY llllOLUa.cteil:. 3TOT MCTO.ll OCHOBall Ha TOM cpaKTe, 'ITO 

cnoco6aocTH K paaaa 

ft r:= jd E [1- Tt.;.v (£Jj =ja'E[f-I r;/E'R. (EJ)t(£')0/EJ 

= jofE {1-T(E}j =Jc!E{I~ !;_ ·!._]. 
( 10) 

~-' 

VIa F 

_neHH: 

o6pa: 

r.oe 

38BH 

KpHB 

TO.ll 

B Cll 

a nc 

;f~ 
TOll I 

He c 

a a6 

6&rn 

't' 
apr: 

r.oe 
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Yfa HOMep.He;~,IOfi nnoma.llH peaonaHcHoro npoBana nerKo Bhi.IlenHTb rrnoma.llb, o6ycnoB- · 

neHHYIO peaoHaHCHbiM pacceSIHHeM. BenH"'UHa sTofi nnorua.llH Bbxpa)KaOTCSI cne.llyiOillHM 

o6paaoM: 

(11) 

I".lle r orrpe,lleJleHa ciJopMynofi ( 4). YfCTIOJlb3ySI cpopMyny ( 11 ) ,· MO)KHO orrpe,lleJlHTb 

aaBHCH~OCTb II E/LJ OT n<>o '/LJ .llJlSI paOHbiX ' o/ r .... nonyqaxomuecSI 'rrpH 9TOM 

KPHBbre y.llo6Hbi .llJlSI 6biCTporo ~rrpe.lle'neHHSI napaMeTpoB pe3oHaHca ·· e>; H f' .. Me

TO.Il rpaciJH"'eCKOI"O aH6JlH36 peadHaHCOB 6hiJ1 npe.llJlO)KeH lQsoM [3] H aaKniOqaeTCSI 

B cne,llyxomeM., 

· no OCH a6CUHCC OTKJla.llhiBaiOTCSI B norapuciJMH"'eCKOM 

a IIO OCH Op,llHHaT ( TaK)Ke B . norapH¢MH"'eCKOf\1 MaCWTa6e) 

%' 
YfaMepeHHbiEl IIJ10lU6JlH pe30H6HCHbiX npoBaJlOB .llJlSI 2-x T.OJllUHH o6paSUOB 

~ ~ ·.· 
: H /tl HaHOC~T Ha rpaciJHK C paCCTOSIHHeM II-0 OCH a6CUHCC 0 paBHbiM OTHOW9HHIO 

TOJllUHH •. 3aTeM nepeHOCSIT 9TH TO"'KH napanneJlbHO.OCH a6CUH?C .llO T9X I!Op, ~OKa OHH 

He COBIIa.llyT C KaKofi-nH60 KpiiBOH~ Tor,lla napaMeTp KpiiBOH Cpaay ,llaCT 3H6"19HIIe r t 

a a6cuucca - aHa"'eHue ~ • 

,· 

.llnSI Bbi"'IICJleHIIH HCIIOJlb30BanaCb ciJopMyna ( 11) 1 npH"'eM .llJlSI · yCKOpeHIISI ~'leTa 

6hin0 peWeHo BBO.IliiTb 'f' . a: MaWHHy B BII.Ile Ta6JlHUbi. .llnSI 9TOI"O HCIIOJlb30BaHa CBSI3b 

'f/ C u - ciJyHKUIIeH . - BelUeCTBeHHOll "'aCTbiO IIHTerpana OWII60K OT KOMIIJ19KCHOI"O 

apryMeHTa1 rrpoTa6ynuposaHHofi ~ }1{1 : -U 

1
% i.J,. )' l 

U(rx.! (f)= fle [ e -. 1.,. flf o e.- Cit '...J , 
' 

I".lle 

(12) 

.... 



i 
/il 

pr .-

If 
n: 
it' 

ll ,., 
ji' 
l! 

--
d 
lj I 

! r· 

\I 
t' !I 

... 

6 

CpasunsaH ( 12) c (4) nerKo 3aMeTHTb, "'TO 
. fi> 

U(x, ~) ={§f y/[ft,jix). (13) 

B [5] U{x,3}npoTa6ynnposauo c wa.roM 0,02 no nepeMeHHbiM X H 71 B KB8Ll-

paTe 0 = X ~- 3 n 0 6_1J =- 3 n c waroM 0,1 B o6nacTn 3..::: X:f 5 H 

3 < ']f ~ 5. .[l.ng 3Ha"lelinfi X, "J > 5 LlaHbl aCHMITTOTH"leCKHe. <!JopMynhi, ( VlMeiOTCH 

H rOTOBbie Ta6miUhl 'r - <!JyHKUHI:, [ 4] ) • 

3Ha"leHHfl <!JyHKUHH u 6blnH .BBeLleHbl B rraMHTb M8WHHbl C waroM ITO OCH x_. 

k,c. ::= O,f , T,e, 51 3Ha"leHne _LlnH Ka)f(LlOro 3Haqemur Jl = p .. .UnH ua

XO)f(LleHHH rrpoMe)f(yTottHhiX 3Haqennfi U {a;, J} ncrronb30Banacb RHTepnonHUHOHHaH <Pop

Myna CTnplmura, Ll8IOIUE!H 5-6 sepHbiX 3H8KOB, .Umr 3Ha"lennti X?5 ncnonb30Banacb 

aCHMrrTOTH'ieCK8H <!JopMyl!a LlnH 'U, , npuBeLleHHaH ~ [5]: 
.. c;L (ICJ 

{; t<:-. 1 
(14) 

. /1; 

ur~,yJ= Re [ L 
("-) . . 

z -z';' ' 
. f(kJ 
.IJ.rc- - COOTBeTCTBYIOIUHe Koa<!J<iJHUHeHTbi1 

{lei 
rLle XI<- - Kopun rronnHOMOB 3pMnTa, 

(. r~ . (/1,J" ~i o:: ./113f t 3H8"leHHH ~~ H XI' rrpnBeLleHbi B Ta6nnue I. 

1<. 
1 
2 
3 
4 
5 
-
1 
2 
3 
4 
5 

1 
2 
3 
4 
5 
-
1 
2 
3 
4 
5 

xctc./ 
IC. 

-0,70710678 
+0,70710678 

-1,2247449 

+1,2247449 

-1,6506801 
-0,52464762 
+0,52464762 

.. + 1 ,650680 1 

,;,.2,0201829 
-0,95857246 

! 

+0,95857246 
+2,0201829 

Ta6nnua 1. 

. ol~IV 

0,28209479 
0,28209479 

0,09403160 
0,37612639 
0,09403160 

0,02588268 
0,25621211 
0,25621211 
0,02588268 

0,00635131 
0,12529282 
0,30090111 
0,12529292 
0,00635131 

ft, 

2 

3 

4 

5 
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-1 

KaK yKa3biBaeTCSI B [5] , ¢opMyna ( 15) npii n. ""- 4 .aaeT 6 BepHbiX 3HaKOB 

BCIO.llY B o6naCTII .X.~ 5 1 7/;J;. 5. ¢opMylla IIM~eT BII.ll:. 

U (X, '!f)= 0, OM.Ki.t-6J' [ l•f:tx-(,6.;)'" + ~~Ax+/.63]"" ( 15) 

+ 0. J.S 6.u; i6R [I r ;;_ -qs;'tJ"'" + 1'-f ,;a-::x + o, s.z'r)""). 
. . 

I1uTerpanbr, BXO.llSIIUIIe B BbrpaJ!eHIIe ( 11) 1 .D.mr nnoma.llii BbPmcneHbi .anSI 22 3Ha

qeHIIil: 71-::: ~ 1 npiiBe.lleHHbiX B, Ta6111IUe 2. 3TII 3Ha'leHIISI . 'JI. Bbi6paHbi II3 TeX 

C006pa)KeHIIil: 1 'IT06bi OHII _c_;:oana.aanii C Ta6111I'IHbiMII 3Ha'leHIISIMII· II 'IT06bi KpiiBbie i5binii 

Haii6onee paBHoMepHo pacnpe.aeneHhl. 

3Ha'leHIISI y:: ~' npii KOTOpbiX aenocb Bbi'IIIcneHHe 
1 

• npiiBe.aeHbi 8 Ta6mrue 2. 

T a 6 .ri II u a 2. 

ll J3::1y y fi y fi 

5,00 0,20000 0,76 1,31579 0,24 4,16667 

3,34 0,29940 0,60 1,66667 0,20 5,00000 

2,50 0,40000 0,56 1,78571 0,16 6,25000 

2,00 0,50000 0,50 2,00000 0,12 8,33333 

1,66 0,60241 0,42 2,38095 0,10 10,0000 

1,24 0,80645 0,36 
\ 

2,77778 0,08 12,5000 

1,00 1,00000 0,32 . 3,12500 0,06 16,6667 

0,30 3,3333:l 

0CHOBHag pacqeTHasr ¢opMyna II3 ( 11 ) II (13) 
I 

6brna nony'leHa 3aMeHOil: x= X-fl: 

(16) 

. Jlng Ka)K.llOI"'O 3Ha'leHIISI ft 
c f'/· _ ..t lt.Oo · 

f1, 1;/fl /4 - -~ 1 .B3SITbiX pa8HOMepHO no 
rJ . 

0,6~1t0o /..!)~250. 

8bi'IIIClleHbi IIHTerpallbi ( 16) .llllSI 72 3HaqeHIIil: 

llOrapiitPMII'IeCKOil: lliKane 8 npe.aenax 

HOCTII npe.aena 6billO HCUOllb30B8HO UOCTeneltHOe yBellii'IeHIIe IUara IIHTerp1Ip08aHIISI 
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BnBoe nocne Ka)KnbiX 65 TO'l8K, TaKoe KOniFWCTBO TO'leK II Ha'!anbHbiH mar h.-:x:.-""'0,1 

6hinll Bbi6paHbl H3 xapaKTepa ll3M8H8HHe y. -cpyHKUHII, 

T aKIIM o6p830~ 1 IIHTerpan ( 16) npencTaBn.IInCH B BIIne CYMMbl H8CKOnbKHX IIHTe

rpanoB: 

::J:!, 1 !l'L 
_// E~ ::: 1 .,._ - -1- ... 

0 x, 
= 1\f_+J+ J, .L ( 17) 

nocneny!OruHe HHTerpanhr B (17) yMeHblllaiOTCH, npH'leM nnH 6onbrunx lv 6; % 
MenneuHee, qeM nnH MeHbWHX, VIHTerpHpoBaH!re npoBonHJIOCb no Tex nop, noKa no-

cnenHHH HHTerpan He CTaHOB!InCH Meuee 1% OT CyMMbl npenrueCTBYIOlllHX nnH MaKcu-

ManbHOI'O f1, 0o % 
n-{ 

J~LO,OI z :X. 
i=l 

( 18) 

npaKTH'leCKli ft, "' 5-7, a 3H8'18HIIH X- nnH pa3 nli'lHblX ~ npnBeneHb! 

B Ta6nui.re 3, 

3aBHCHMOCTb X#«.-_ OT ~ 

fi 
X"' 

16,667 

198,4 

naHa B Ta6nuue 3. 

T a 6 n u u a 3. 

5,00 

403,2 

2,38 

8!2,8 

0cT8!0lllHHCH IIHTerpan (if' {/.,. ) 

0,6 

1632,0 

j oe> _ ""0o J3" U (X, /~'/] 
Lt 'J:: 1 [ 1-e c1 x , 19) 

:r"" 
oueHHB8JiCH 8CHMnTOTH'leCKll, -.LlnH 8TOI'O y no6HO B A J . BHOBb nepetl:TH K r cpyHKUllll, 

J - 1-oQL I -~t-6., 'f' (.JJ,,p .x.}J· I -
tl - ,t - e . orcc • 

- :x ... 
(20) 

.LlnH 6onhmux X '/ (.ft17e) Mano u xopomo anpoKCHMHpyeTCH pHnoM no cTeneHHM ~.z. 
1._ 

. I 
'f ( j3, jJ 1::: cfJL? -~o I -y 

.X 

.3 
·- + ..tj3.t. 

, . , . (21) 

-"' 
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. Yfcrronb3YH 8TOT pH.ll 1 MO:>KHO rronyqHTb .nnH tJ J cne.nyroruee acuMrrToTuqecKoe 
I 

Bhipa:>KeHue: 

[ (n,Oo %)~] +__ ,, • 

(...Z.~~ (22) 

nnH OUeHKH tJ J ucrronb30Banu TonbKO rrepBbiil: qnea. 

norpell!HOCTb MeTO.ll8 

norpell!HOCTb MeTo.na orrpe.nenHeTCH ¢opMynoil: CuMrrcoaa, rrpuMeHHeMoii: .nnH HH

Terpu.poBaHHH, H BTOpbiM qneHOM B (22), 

a) .!lnH onpe.neneHHH norpell!HOCTH 1 BHOCHMOii ¢opMynofi CHMncoHa, ·6binO c.nenaHo 

Bb!qiicnemme C yMeHbUieHHh!M B.llBoe· HaqaJJbHb!M lll8I'OM. h-,:z:=0,05 .nnH . ~ =16,667, 

TaK KaK 'f' .llnH 8TOI'O 3HaqeHHH fi MeHHeTCH H8II6qnee 6hiCTpO. nonyqeHHbie 3Ha-

qeHMH HHTerpanoB npnae.neHbi B Ta6nnue 4. 

Yf3MeH9H!Ie .lf!a B 38BIIC!IMOCTII OT HaqanbH.OI'O Uiara HHTerpupOB8HllH 

.fJ = 16,667 noKa3aHo B Ta6nHue 4. 

0,6 

25.0 

/I /tJ np!I h~ 0,1 

0,8007128 

10,33889 

T a 6 n M ua. 4. 

.JlftJ npu .4-~ =0,05 

0,8007134 

10,33891 

IlocKonbKy norpeUIHOCTb ¢opMynhr CnMncoHa nponopunouanbua t TO MO:>KHO 

c.nenaTb Bb!BO.ll 1 qTO B nonyqeHHbiX pe3yn~T8T&X OH8 MeHbuie e.ll!IHUUbi llHTOI'O 3H8K8, 

6) ·3aaqeH!IH BTOJlOI'O qneHa B ( 22 ). npll pa3nlfqHbiX KOM6IIH8UIIHX napaMeTpOB 

npnae.nenbi B Ta6nuue 5. 

. .. 



~. 

X,._= 200 

11.-~~= 250 

.ft=IO 
'J = 12,965 

'1 -5 
il ~= 10 • 0,25 

10 

norpe!llHOCTb aCHMIITOTifKif 

T a 5 n If u a 5. 

x ... = 1600 

fl,~%= 250 

.fo = 0,2 

:J = 87,782 

t1 4 =10-:-5 

Vl3 STOll Ta5miUbl Blf.llH0 1 qTQ IIOI'p8WHOCTb 8CifMIITOTHKif erue M8Hbill8 1 qeM 

rrorperuHOCTb ¢opMynhi CHMrrcoHa. 

Ha pHc. 1 rrpHBe.neHbi rpa¢1fKif 3aBifCifMOCTif rmorua.nlf f/j;J OT napaMeTpOB 

n,6; '/A If r iziJ 1 a B IIplfnO:lli:8HHH .ll8Hbl COOTB8TCTBYlOillH8 qucnOBbie 3Haqe-

HHSI, 

PyKOIIHCb IIOCTyrrnna B H3.llaTenbCKHH OT.ll8JI 
3 .neKa5pSI 1960 ro.na. 

fl H T e p a T V p ~ 

1. 3. MenKOHSIH. MIIpHoe ncrronb30BaHue aTOMHoii: sHeprun. MaTepHanbi Me:lli:.nyHapo.n
Hoii: KOHcPepeHUllll B )!\:eHeBe 1 8Bf'YCT 1955 r,, T,4, CTp,400-409, 

2. I.E.L ynn, E.R.Roe. J .Nuclear Energy, v 4, n. 4, 1955, p. 118-1±4, 1957. 

3. D.I.Hughes. ] ,Nuclear Energy, v. l, n. 4, p.237- 243, 1955. 

4. M.E.Rose, W.Miranker, P.Seok, G.Rabinowitz. 11 A Table of Integral tp(x,t)", Brookhaven National 

Laboratory, Upton, New York, 1953. 
{ 

5. B.H.ctJa.neeBa u H.M.TepeHTbeB. Ta5nnnhr 3HaqeHuii: IIHTerpana BepoSITHOCTeii: oT 
KOMIIneKCHOf'O apryMeHTa. rVITT n, MocKBa, 1954r. 
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0,06 0,08 o, 10 0,12 o, 16 0,20 0,24 

0,6 0,800?1 ( 0,80452 0,80815 0,81165 0,81820 0,82420 .0,82650 
0,8 1 ,014? 1 '021 0 1 ,02?1 1 ,0328 1 ,043? 1 ,053? 1 ,05R? 
1 ,0 1 ,2076 1,2168 1,2256 1,2340 1,2500 1 ,2646 1 ,2729 
1 '1 1,2970 1,30?? 1 ,3180 1 ,32'79 1.,34155 1,363? 1 ,3?38 
1 ,2 1,3820 1 ,3943 1 ,4001 1 ,41?5 . 1 ,4390 1 ;4589 1 ,4?09 

. I> 

1 ,3. 1 ,4629. 1 ,4?69 1 ,4903 1 ,5033 1 ,52?? 1,5503 1 ,5644 
1,4 1 ,5400 1 ~555q . 1 ,5?08 1 ,585~ 1 ,612? 1 ,63A2 1 ,6544 

1,6134 
. ) 

1 ,6938 1,6944 1 ,'722?' 1, ?411 1 ,5 1,6309 ; 1,64?? 
1 ,6 1,6836 1 '?028 , 1,'7213 1 ,?SSt t-,??28 1 ,8041 1 ,8248 

'1 ,8 1 ,8145 1 ,83?3 . 1 ~8593 . 1,8805 1 ,920? 1 ,9580 1,9934 
2,0 1 ,9341 1 ,96015 \1 ,9862 2,0108 2,05?6. 2 '1 012 2,1313 
2,1 ·. 1 ,9902 2,0185 . 2"0458 2,0722 2;1223. 2,1690 - .2,2016 
2,2 .2,0439 2,0?41 . 2\1032 

.1 '· 
2,1313 2 ,184?· 2,2346 2,2696 

2,3 2~0054 2, 12?4 2,1583 2,18S2 2,2450 2.2980 . 2,3355 
2,4 2,1448 2, 1?8? 2 ,211~, . 2 ,2430. 2,3031 2,3593 2,3993 

~-2,5 ~g,1_923 2,2280 2 ,?625 · .. - - 2 ,2958 ,2,3593. 2,4196 2,4611 
2,6. 2,23?9 2,2?54 2,3117 <., 2,3468 2,4136 2,4761 2,5211 
2,8 2,.'3240 2,3652 2,4050 • 2,4436 2,51?0 2,5A58 ~,635? 

3,0 2,4040 2,4487 2,4921 2,:J?40 2,6140 2,6890 2,7439 
3,2- -2~4?83 2,5267 2,5734 2 ,61'88 2,7052 2,?864 . _2,84152 

' 3,4 . ' 2,54?? 2,5996_ 2,6498 2,6984 2,7912. 2,8?85 2,9432 
3,6 ~ 2,6127 2,6680 2,?215 2,77.34 '.2 ,8'?2.5 2,9658 3,0352 
3,8 2,6?36 2,?323 2,?891 2,8442 2,9496 3,0488 ,'3,1228. 
4,0 2,?310 2,?'929 _2,8530 2,9113 a,a227 3, 12?? 3le064 
4,2 2, ?851 2,8503 2,9135 2,9?49 3,09'23 3,2030 3,28f;2 
4,4 2,8362 . 2,9046 2,9?10 3,0354 3, 158? 3,2?50 3,3626 
4,6 2,9847 2,9562 3,0257· 3,0031 3,2221 . 3,3439 3,4359 
_4,9 2,9308 3,0054 3,0'718 3,1482 3,2828 3,4101 3,5003 
r5,0 2,9746 3,0523 3;127? 3,2009 3,3411 3,4736 3,5740 

. 5,4 3,0565 3,1400 3;2212 3,3000 3,4510 3,5939 3, ?003 
5,6 3,0048 3,1813 3,2652 3,3467 3,5031 3,6500 3, 7632 
6,0 3,16159 . 3,2590 3,3484 3,4353 3,6019 3,?596 3,8?94 
6,4 3,2338 3,3314 3,4261 3,5181 3,6946 3,8618 3,0000 
6,6 3,2655 .. 3,3658 . 3,4631 3,5576 3,?39Q 3,91 0?. 4,0414 
7,0 3,3259 3,4314. 3,5338 3,6333 3,8241 4,0049 4,1425 
7,4 3~3826 3,4932 3,6000 3,7049 3,9050 4,0945 4,2388 

., 
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%A .. 
6,'32 no:;tJ. 0,:30 0,86 0,42 0,50 0,56 0,60 

0,6 0,83741 . 0,83971 0,84413 0,85019 0,85733 0,86208 0,86500 
0,8 1,0758 1,0797 1 ,0871_ 1 ,()973 1,1093 . 1 '1174 1,1223 
1, 0 1,2970 1 13028 1 ,3137 1 ,.'3288 1 '3467 1 ,3587 1,,'3660 
1 1 1 1 14018 . 1 14085 1 14214 1 ,4'392 1 14603 1;4744 . 1 ,4831 
1,2 1,5028 1 15·106 1.,5256 1 15462 1,5706 1 ,5870 1 ,597'.2 
1 ,3 1 ,C.004 1 ,6093 1,6263 1 ,6499 ·1 ,6779 1 16967 1 1 7QR'3 
1,4 1 ,6946 117047 . 1,7239 1 '7505 1 ,7822 1 ,8035 1 ,8167 
115 -1 ,7857 1 ,7969: 1 18184 1 IP.4A2 1 18836. 1,9076 1 ,9?24 
1 16. 1 ,8737 1 ,8862 1,9100 1,9430 1 ,9P24 2,0090 2,0254 
1 18 210413 2,0562 2,0849 211246 211721 212042 2,2241 
210. 211985 212160 ·. 212496 2,2962 . 2,3521 2,3900 . 2,4136 . 
2 '1 2,2735 2,2923 .213284 213785' 2,4388 214796 2,5050 
2,2 213462 21366.'3 214049 214586 2,5233 2,5611 2,5944 
213 214168 ?14382 2,4794 215367 2,6057 2,6526 2,6818 
214 214853 2,5080 2,5518 2,6127 2~6862. 2,7361 :2,7672 
215 215518, 215759 . 2,6222 2,6868 2,7647 2 ;81.77 / 2,8508 
2,6 '216165 216420 ·2~c900 2,7591 2,8415 2,8976 2,9326 . 
218 2,7406 217687 2,8228 2,8983 219897 3,0521 3;0910 
310 2,8582 218890 210482 '3,0311 '311315. .'312001 312480 

. '3 12 219699 3,003'3 '310676 311578 .312672 3,3422 ~,3891 
3,4 310761 311121 3 '1815 . 3,2789 313974 3,4786 315295 
3,6 .'3 '1773 312159 312904 3,3950 3,5223 . 3,6098 ' '316647 
318 '312739 '31 3151 3, 3946 3,5062 3,_6425 3,7.362 317950· 
4,0 31366.3 .'3141 00 314944 316131 3, 758?. -3,8581 . '319208 
412 314549 315011 315903 3;7160 318697. . 319757 410424 
414. 315399 315886 316826 318151 '3,9773 . 4,0894 4,?738 
416 3,6217 316727 3,7714 3,9106 4,0813 4,1994 - 4,1599 
4,8 317004 3175'38 3,8571 ' 4,0030 4,1820' 413059 413841 

·510 317764 318321· 319399 . 4;0023 412795 414092 414911 
514 319207 319q00' 410976 412626 4,4659 416070 416962 
5,6 319894 410518 411728 4; 3441 415551 . 417018 417945 
610 411208 4,1875 4 1-'3169 4~5002 417264 4,8839 4,9837 
614 412450 4,'3159 4,4533 4,6482 4,8892 5,0572 ' 5,1637 
6,6 --4,3047 4,3776 4~5190 4~7195 4,9677 5,1408 5,2500 
7,0 4,4198 4,4966· 416456 4,8573 5,1194 5,3025 .5,-4188 
7,4 ·. 4,5297 4,6103 4,7668 4,9891 ~,2647 5,4575 515800 

' 

... 
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0,76. 1,00 1,24 1,66 . 2,00 2,50 3,34 5,00 

0,6 0,87502 . 0,88630 '0,89456 0,90460 0,91019 0,91603 0,92227 0,92877. 
0,8 J,1393 1 ' 1586 ., 1 ' 1 728 1,1902 1,1999 .1 ,2100 1 ,2200 1 ,2324 
1 ,o 1 ,391_ 5 1 ,4205-:··. 1 ,4419 1 ,4682 1,4830 1,4986 1,5154 1 ,5330 
1 '1 1,5132 1'~5476- 1 ,5732 1 ,6046 1 ;6229 .. 1,6409 1 ,6610 1,6822 
1 ,2. 1 ,6323 . 1 ,6724 1 , 7023 1,7391 1 '7600 1 ,7820 1,8054 1,8308 
1 '3 1,7486. 1 ,7949 1 ,8294· 1 ,8?20 1 ,8962 1 '9217 1 ,9493 1 ,9786 
1 ,4 1 ,8626 1,9150 . 1,9544 2,0032 ?,0309 2,0602 2,0920 !? , 1257 
1 ,5 . f ,9738 2,0330 2,0775 2,1327 2,1641 2,1974 2,2336 2,2?20 
1 ,6 2,0827 2,1400 2,1986 2,2605 2;2959 2,3334 2,3743 . 2,4178 
1,8 2,2936 2,3743 2A~53 2,5115 2,q552 2~6018 2,6527 2,7071 
~ •. o 2,4959 2,5920 2,0648 2,7504 ~,.§.Qg1 2,8655 2,9274 2,9937 

2 '1' 2,5940 . 2,15979 2,7770 2,8766 2 ;9341 2,9956 3,0633 3,1360 
'2,2 2,8900 -2,8021 2,8875 2,9954 3,0577 a, 124o 3,1983 3,27715 IJ 

..... _. -·-- I 2,3 2,7842 2,9045 2,9964 3,1127 3,1801 3,2525 3,3324 ,3,4186 
2,4 2,8785. 3,0052 3,1037 '3,2287 3,3012 3,3793 3,46515 . 3,5580 
2,5 2,9871 3,1043 3,2004 3,3432 3,4211. 3~5050' 3,5979 3,6985 
2,6 . 3,0559 3,2017 3,3137 3,45155 3,'5397 . 3,6~90 3,7293 3,8378 
2,8 3,22815 3,3918 3,5178 3,6791 3,7735 3,~'7:57 3,9898 4, 113o 
3,0 3,3950 3,5760 3,7162 3,89156 4,0028 4,1177 4,2464 4,3872 
3,2· 3,5555 . 3,7545 3,9003 4,1092 ' 4,22?2 4,3557 4,4999 4,6582 
3,4 3,7104 . ·3,9278 4,09?2 4,3172 4,4475 4,5899 4, 7501 4,9288 
a,o 3,8602 4,0957 ·4,2803 4,5008 4,6035 . 4,8202 4,9971 5,1930 
3,8 4,0050 4,2589 4,4586 4,7197 4,8755 5,0489 5,2410. 5,4588 
4,0 4,1453 [4,4175 4,15325 4,91415 5,0838 5,2699 5,4818 . 5,71~ 

. 4,2 . 4,2812 4,5718 . 4,8021 .5,1055 5,2878 5,4~5 5,7198 5,9772 
4,4 4,4130. 4,?220 . 4,9o7o 5,2924 5,4883 5,7057 5,9544 . 6,2340 

'4 ,15 4,5410 .4,8882 5,1292 5,4758 5,685.3 5,9188 6,1804 6;488o • 
4,8 4,6053 5,0107 . 5,2871 5~8552 5,8788 8,1282 6,4155 o, 7400, .. 
5,0 4,7802 5,1497 5,4414 . . 5,8313 6,oooo 6,3347 o,ti41A 6;9910 . 
5,4 5,0185 5,4178 5,7399 ,6,1734 6,4394 6,7386 7' 08154 •. . 7,4847 
5,15 5,1302 5,5489 5,884.3 o;3398 6;6200 6,9381 7,3048 7,7284 
6,0 5,3455 5,7969 6,1043 6,66'34 6,9'724 7,3228 7,7339 _8,2008 

: 
o,4 5,5510 . 6,0382 8,4332 8,9758 7,3137 7,6987 8,1532 .8,6828 
o,o 5,6505 6, 1522' ·6,5638 7' 1279 7,4803 7,8828 8,3592 8,9182 
7,0 5,8428' 6,3773 6,8177 7,4247 7,8059 8,2435 8,7645 9,3776 
7,4 8,0276 6,5939 7,0026 7,7119 8,1220 8,5948 9,1608 . 9,8315 

~ 



17 

0,08 0,00 0,_1 0 0,12 
r 

0,16 0,20 0,24 

9,·0. 3,4820 3,5801 3,8947 -3,8080 4,0194 4,2218 4,37~5 
8,5 3,5238 3,8478 3,7882 3,8851 4,1094 4,3219 4,4833 
9,0 .3,5817 3,7118 3,_8379 . 3,9804 _4, 1951 4,4174 4,5003 
9,5 3,6388 3,7728 3,9043 4,0321 4,2772 4,5091 4,8R51 
10 £ •. ~~~ 3,8307 3,9878 4.1000 4,3559 4,5973 

I 

4,7802 
1.1. 3, 'ro71 3,9398 4,0874 4,2307 4,5051 . 4, 7848 4,98,09 
12 3,8775 4,0407 4, 1987., 4. 4,3518 i 4,8448 4,9218 . 5,1308l 
13. 3,9818 4,1352 . 4,3032 4,4859- 5,0708 l 4,7789. 5,?918 
14 4,0400 4,2244 4,4020 4,5740 4,9024 5,2123 5,4453 
15 4,1152 4,3089 4,4980 4,6770 5,0224 5,3480 5,5924 
18 4,1860 4,3894 4,5858 4,7756. 5,1375 5;4784 5,7340 
18 4,3184 4,5408 4,7549 4,9818 5,3558 5,7259 8,0029 
20. 4,4405 4,6811 4,9128 _12_,_13~2._ 5,5803 5,9586 6,2561 
22 4,5545 4,8128 5,0510 5;3002 5,7540 o, 1792 o,49o5 

. 24\ 4,0519' 4,9374 5,2019 5,4564 5,93R6 o,389o 6,-7261 
2o1 4,7537. 5,0Q80 5,3353 5,605o o, 1153 · o,5913 o,94o5 
28 4,Ro08 5,1695 5,4552 5,7490 8,2854 8,7855 7,1589 
30 •. 4,9538 5,2785 5,589.3 5,«=!R72 o,4495 6,9'n0 7,3543 
34 5,1297 5,4857 5,8254--'- o, 1505 o,782o 7,3300 7,7569 
38 5,2944 5,5804 o,0480 8,3992 7,0585 7,8695 8,1292 
40 5,3732 . 5,7739 0 t 1551 8,5189 7 ,201? 7,8327 8,3087. 
44 5,5251:' 5,9544 6,3o19 - o,7502 7,4770 A, 1481 8,5584 
50\ 5,7404) o,2110 o,8585. 7,0800 7 ;870.3 8,5977 9,1530 
54 5 .BZ'ZO 5,.3742 8,8441 7 ,?.901 8,1208 8,8840 .. 9,4898 
80 ~ G:~ 6,8092 7,1144 7,5928 8~4818 9,2983 "9,9288 
/~ 

(64 6,19 . o,7o02 7,2881 7,'7874 8,7138 9,5510 . 10,220 
170 o-;3817 · 6,9791 7,5400'- 8,0696 9,0498 9,9444 10,648 

J 

;·74 . 6,4995. 711206 7,7030 8,2520 9,2689 10,192 10,922 . 
\RO· ·8,6712 7,3270 7,9405- 8,5179 9.5882 10,552 11,323. 
85 6,8102 7,4940 8,1327 8,7331 ·9,8390 1 0;-€44 u ,847· 
90 6,9457 0 7,6570 8,3202 8,9429 10,000 .f1,127 11 ,963 

100 7,2078 7,9721 A,6827 .. (I~~~ 1 o,5o9 .. 11 ,874 12,573 
120 ?',70t7 8,5658 9,3650 11 ,471 12,697 13,715. 
150 . 8,3844 9,3851 . 1 0~304 1 f;157 12,707 14,096 15,276 
200 9,4113 10,513 11,708 - 12,717. 14,539 16,164 _17:,579 
250 10,339 11,717 12 1965 r 14,110 . _16,188 1 '7 ,998 19,815 

1\ 'L <) l--
' I} j} I\,: j ·~ 

fo~ . --=-....... _~ '"''""'" l I l3Aef)Hira ICCJlt;tn<liil·l;-~ 
;._ SM&noort:KA 

... 
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0,30 0,32 0,-'36 

8,0 4,6861 4' 7?22 4,9394 
8,5 4,8098 4,9002 5,0760 
9,0 4,9282 5,0229 5,2069 

'9,5 5,0419 5,1407 5,3328 
10 5,1515 .. 5,2543 5,4541 
11 5,3601 5,4706 5,6852 
12 5,5566 5,6744' .. ·· 5;9031 
13 5,7432 ·. 5i867fr . 6; 1101 

1~L 5,9213 .. 6,05'27 . 6,3078 
15 ·6,0920 6,2899 .. 6.4974 
16 6,2565 6,4005 6,6800 
18 6,5691 6,'?250 7,0274 
20 6,8636. 7,0307 7,3547 
22 7' 1431 . 7,3210 7,o654 
24 7,4099 7,5981 7,9620 

. 26 . 7,6659 7,8639 8,2466 
28 7,9124 8,1-198 8,5205 
30 8,1505 8,3670 8 t '?851 . 
34 8,6048 8,8300 9,2898 
38 9,0314 9,2848 9,7668 
40 9,2412 9,4994 9,9963 
44 9,6408 9,9142 1-0,440 
50 10,210 1_0,504 11,070 
54 10' 5?2 10,880 11 ,471 
.60 11 ,092 11,420 12,047 
64 11 ,425 1t '765 12,416 
70 11 ,908 12,266 12,950 
74 12,219 12,588 1·3,294 
80 12,671 13,057. 13,794 
85 13,036 13,435 14,194 
90 13i392 13,803 14,589 
1_00 14,075 14,511 .·· : 15,34!3 .. ·. 

. 120 .·· 15,.352· 15~833• ~t6.,75o. 
150 17.091 17,632 . !8,664 
200 19,652 20,281'. 21 ,479 
250 21,918 22,623 23,967 

18 

0,42 0,50 

5,1771 5,4?23 
5,3261 5,6368 
5,4688 5,7945 
5,6062 5~9463 
5,7386 6,0928 
5,991.0 .• 6,3718 
6,2290. 6,6351 
6 ,455'2 . 6 ,885'2 . 

. 6,6712 7' 1241 
6,8784 7 ,.'3532 
7,0780 7,5739 
7.,4:)76 7,9935 
7,8153 8,3888 
8,1548 8,7639 
8,4790 9,1218 
8,7898 9,4650 
9.0890 9 t 795'2. 
9,3778 10,114 
9,9287 10,?21 
10,449 11 ,295 
10,699 11,570 
1.1 '183 12 '1 02 
11 ,870 12,858 
1?,306 13,338 
12,933 14,027 . 
13,334 14,468 
13,915 15' 105 
14,289 15,515 
14,832 16,111 
15,269 16,591 
15,695 17,058 
6;513 17,954 

18,039' 19,626 
20,113 21,895 

.. 23 '161 25,~8 
'25,852 28,170 

0,56 0,60 

5,6'790 5,8105 
5,8546 5,9933 
6,0231 6,1687 
6, 185'.2 6,3376 
6,3417 6,5005 
6,6398 6,8108 
6,9210·' 7,1036 
7,1881 . 7,3817 

. 7,4432 . 7,6471 
7,6878 7,9017 
7,G234 A, 1468 
8,3711 ·8,6126 
8,7928 9,0512 
9,1928 9,4671 
9,5744 9,8638 
9,9401 10,244 
10,292 1 0,610 
10,631 1 0,91'\2 
11 ,278 11,634 
11,889 . 12,268 
12, 1~ 12,573 
12,748 13,160 
13,55'2 13,995 
14,002 14,524 
14,794 15,283 . 
15,262 15,769 
15,939 16,471 
16,374. \ 16,922 
17,007 17,578. 
17,516 18,106 
18,011 . 18,620 
1~~963 19,606 

. 20,735 '· 21 ,442 
23,141. 23,935 

. 26 ,6?'2 27,593 
29,788 -30,820 

14 
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0,76 1 ,00 1,24 1,66 2,00 2,50 3,34 5,00 
' . 

A,O 6,2921 1'5,9046 7,4145 A, 1262 8,5'791 9~1048 9,7394 10,499 
8,5 6,50?2 7' 1516 7,6949 8,4575 8,9456 9,5154 10,208 11 '042 
9,0 6,7038 7,8890 7,9646 8,7770 9,3001 9,9137 10,664 11 ,576 
9,5 6,8979 7,6177 8,2247 9,0R5B 9,6~32 1 o,soo 11,109 12,098 
10 7,0853 7,8385 . 8,4760 9,3846 9,9758 10,676 11 ,543 12,~12 
11 7,4421 8,2590 8,9548 9,9550 10,612 11,397 12,380 13,600 
12 7,7786 8,6554 9,4060 10,493 11,213 12,, 081 13,179 14,571 
13 8,0979 9,0311 9,8337 t 1,004 11,784 12 '732 13,943 . 15,40'o 
14 R,4C26 9,3892 10,241 11,490 12,328 ·, 13,354 14,676 16,396 
15 8,o94o 9, 7320 10,630 11,954 12,849 13,949 15,380 ·17,263 
16 8,9'154 ·10,001 11,004 12,399 13,347 14,520 '16,057 18,102 
18 9,5087 10,686 . 1.1 '712 1::3,241 14,200' ·15,598 17,339 19,704 
20 10,010 11,2?2 ·, 12,375 14,027 ,. 15,.168 1'6,605 18,539 21,215 
92 10,485 11,R26 13,001 1'4,768 15,995,· 17,551 19,666 "2 ,644 
24 10,938. 12,354 13,596 15,470 16,778 18,445. 20,733 24,000 
26 11,372 1_?.,859 14 '165 16,140 ' 17,524 19,295 21 ,746 25,292 
28 1-1,788 13.,343 14,711 16,782 18,237 26;108 22,712 26,525 
30 12' 190 i 3,810 15,236 17,399 ·1R, 922 20,886 23,637 . 27,707 
34. 12,955 14,698 16,233 18,569 20,219 22,358 25,380 29,933 
'gg f3,676- 15,534 17,1'72 19,667 21 ,435 23;7'34 27,006 32,004 
40 14,022 15,935 17,621 20,193 22_,017 24,393 27,7~ 32,989 
44 14,689 16,707 18,488 21 ,206 23,136 25,656 29,268 34,874 
50 15, 6-'36 17,803 19,715 22,638 24,718 27,441 31,362 37,518 
54 16,237 18,497 20,492 23,544 25,718 28,567 32,681 39,177 
60 17' 097 19,491 21 ,604 24,840 27,148. .'30' 177 34,562 41,537 
64 17,648 . 20,126 22,316 25,668 28,000 31 ,203 35,761 . 43,036 
70 18,442 21,043 23,341 26,861 29,376 32,4~ 37,486 . 45,188 
74 18,953 21 ,632 24,000 27,628 30,220 33,431 38,592 46,505 
80 19,695 22,4R8 24,956 28,740 31;445 35,007 . 40,194 48,557 
85. 20,292 23,176 25,725 29,434 .32,430 36,113 41 ,4R2 50,155 
90 20,872 23,845 9.o,472· 30,502 33,'385 '37' 186 42,730 51,703 . 
100 21 ,9R7 25,128 27,900 '32 •• 168 35,219 39,241. 45,12~ 54,665 
120 24,061 27,516. .'30,572 35,264 '3R, {)25 43,064 49,5o1 60,149 
150 26,874 30,752 .'34' 183' 39,454 43,2::13 48,~29 55,5Q5 tW,541 
200 .'31, 001 35,496 39,474 45,588 . ,49,977 55,783 64,314 78,319 
250 '34,639 '39,676 44,1 ~4 50,990 55,912 62,480 72,014 

.. 

87,7~ 

, . 

' -~ 

' . 


