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铺比 Red和热中子通量

测量数据处理的标准化基础

李兆桓

(中国原子能科学研充院，北京}

摘要

铺比 Red和热中子通量是堆内常测的参数。但它们的数据处理却

相当复杂，对同一测量数据采用现有不同的方法 i导的结果是不同的。

为了建立 Red和热中子通量测量的标准化基础，一个自然选择是在标

准的平均热中子活化截面和共振积分的基础上导出 &d'公式和定义

有关参数因子，作为实验室间测量的唯一比较基础。参数有括:在热

能区的有 E< ， Fm ， Fm 和 σ巾，它们是由 Maxwell 谱截去上端引起的 z 在

中能区的有 ECrl • Fed' c:， 和丘。它们都是多变量的函数。以金片为例.

选择由表显示它们的特性，亦为手动处理提供实用数据。:if讨论了称

为适用区和最佳区问题，指出在常用的探测材料(如An ， In , Mn , W
和 Co 等)中，Co 和 Mn 片的适用区较宽。
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A BASE TO STANDARDIZE DATA PROCESS OF

CADMIUM RATIO RC4 AND THERMAL NEUTRON

FLUX MEASUREMENTS ON REACTOR

Li Zhaohuan

(CHINA INSTITCTE OF ATOMIC ENERGY. BEIJING)

ABSTRACT

The cadmium ratio 此~ and thermal neutron flux are usually measured in a re­

actor. But its data process is rather complex. The results from same measured data

differ by different existing prl民ess methods. The 阳刚周 of this work is to stan­

dardize data process in 局泊 and thermal neutron flux measures. A natural choice for

this purpo萤 is to derive a 比五 formula ba挺d on standard average thermal activation

cr，臼s section and resonance integral and to define related 阳rameters or factors that

provide an unique base for comparison between different measur臼 in laboratories.

These parameters or factors include 且 • F.... 人， and C.b • in thermal energy region

due to upper truncated Maxwellian distribution and &.刻. Fe-. C.. and S. in inter­

mediate energy region. They are the function of muitiple variables. The Au foil is

u民d as an example to demonstrate their behaviors by chosen figures and tables

which provide for practical data process by hand. The work al皿 discus踊Iimita­

tion of 几泪 measurement in t f.!rms of so called available and optimum region and

notes that CO and Mn foils have a much wider available region among Au , In.

Mn. Wand Co. the commonly used detector foils.
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INTRODUCTION

The cadmium ratio Ru measurement is one of the m侃t common measure­

menls in thermal neutron reactors. The main 怀)Ill of 几A measurement is to deter­

mine the thermal neutron flux and the hardness of intermediate neutron flux spec­

trum. Sometimes the spectrum hardness is often expressed by the measured Rωit­

self. For low power and zero 阳，wer reactors the power calibration also requires the

measured Rt沮 data.

The data process of Ra measurement for obtaining the thermal neutron flux

and intermediat唾 spectrum hardness is a rather complicated work. Until now many

widely u曾d methods (Refs. 1-5) are approximate. The results from same mea­

sured data differ by different existing process methods. The pur阳)sf.' of this work is

to standardize data process of 几且 and thermal neutron £lull: measures. A natural

choice for this pur阳se is to derive a RGl formula based on standard average thermal

activation cross section and re四nance integral and to define clearly related parame

ters or factors that can obtain the exact result and provide an unique base ior .:um­

parison between different measures by different laboratories. At same time it pr非

vides the necessary data for such process by hand. Besides the work also discusses

limitation of RC<1 measurement in terms of so called available and optimum region

,md notes that Co and Mn foils have a wider available region among Au. In. Mn.

Wand Co. the detector foils used commonly. Beyond this region it is difficult to

ohtain the exact result.

It is well known that the thermal neutron s阳trum in a thermal r..-actor is nnt

a complete Maxwell distribution but a truncated one. It can be found in the classi­

cal description. In Weinberg- Wigner's textbook (Rd. 6) the up阳r energy of ther­

mal neutron was defined as such energy above which neutron moderation obeys the

standard moderation model. Galanin called it the joint energy E, (R t-£. n. Thω

means that thermal neutron spectrum in a thermal neutron reactor only extends to

r~，. heyond this energy neutrons are intermediate neutrons. However. the thermal

ncutron flux and the average cross section are always based on the complete

Maxwell spectrum (Ref:;, 8.9). The parameters derived from the complete and the

tru, '"ate sl沌('trum are ohviously different. It cau~s 10 intnxlucl' the correction fac­

1门口仆f I'm. F o,' anJ (;巾. in this work.

Tn the followill问 the first section introduces a ~~:ntr;， l neutron flux slwctrum as

1



(4)

(5)

(Sa)

the i..ase of diSC\且扭曲. The~创ui 配tion derives a R..，而 formula and defines related

parameters or factors. The third 键cti曲岱timate吉 and dem佣strates behaviors of

the~ 阳rame-ters or factors by the selected curves and tables whic" are also provid­

ed for ~ractical data process by hand. The fourth 段时ion discusses the available re-­

gion ot Rt边 measurement.

1 The General Expression of Neutron Flux Spt'etrum

In lJ thennal neutron reactor the Mutren nux spectrum is gmerally expressed

in the following

供应)dE= t=，.(E)dE+也(E)dE+~(E)dE (J)

where th. int and f denote thennal. intermediate and fast neutron. respectively.

Commonly. the thermal neutr∞ flux is 四pr，臼段d by the c佣lplete and normalized

Maxwellian spectrurr..

J ___ _ J _ E E
φFJMME= 叫(而zezp(-EJdEω

where 矗 is the Boltzmann constant. 1'0 is the neutron temperature. The integral∞

right side is normalized. In fact. the thennal neutron flux in a reactor 臼 an upper

truncated Maxwellian d臼tribution. The truncated energy is E.. the joint energy

between thermal and intermediate neutron fluxes. It is determined by the 吨uation

E" n." '" 1
tp叫(→Itl:.)= {l8(E.) Ii..; (3)

Symbols introduced in above 吨uation will be explained later. Let 出 first introduce

the truncated Maxwellian flux correction factor F.' which is defined as
吃，

人，=Jt4..(E)dE A弘阳E
。。

Similarly. the truncated Maxwell 略地ctrum activation rate correction factor 1'... is

defined as
e. 咽

F.=f鸟.(E)如〈制儿酣〈川(E)dE
For commonly used detectors the activation cross 院ction in the thermal energy re­

gion obeys the ] / v -law well. The above equation can be approximated by the

thermal neutron density n由 as

e. 国

人=J川剧A川)dE
4



The internu:diate neutron flux 唱Jl:Ctrum is described by Fermi s件ctrum. For

the ex悻riment Fermi s阳盯trum is us旧lIy modified by
。lo(E)dE

兔， (E)dE=--i-;;;-: (6)

Where the a is the ∞'Urcti侃 inMX of derivation fr四1 Fermi !>PtttruDl. the 8 is in­

termediate neutron flux in unit lethargy. &(E) 自 the joint function of intermediate

flux. A typical expression of which (Ref. 10) 白

(0 when E<ι.

8(E>=J F F{7)
!1+ 1. 6(二二 -5.0)exp( 一一一二;;;;-】 when E主~E..

11~ v.v'~-r' 3.0511~

The fast neutron flux plays a small role in ~对 m臼皿Rment. it can expres提d

by a form 01 fission spectrum. for example the fission spectrum described ir. Ref.

II.

Thus the gl"neral expression of neutron flux spectrum in a thermal nl"utron re

actor IS

E , ' "o(E>
削)dE=φ[一-丁exp卜一一-)吵一一'，-I ， (E) 马d~ω'hL (k'/句 )Z~-.. ， liT."" EI'+o

Whl"re thl" ~ is the hardness of intermediate neutron flux spectrum.

2 Reel FORMULA AND RELATED PARAMETERS

The procedure of RIA measurement is often processed by use of S<lme detector

foil irradiated in bare and in cadmium cover r叫)Cctively. and then to measurt~ its

reaction ratio. 八ssume that detector foil thickness is t • t"'e cadmium ("over thick­

ness is tω. the cadmium ratio is defined as follows

R.~ = "';' bare foil ~~~;t;~o'!. rat~
一

"一 c~amium c-ov二re<Cfoa "reaction ra~

jω 111.，， (E);(E)dE

fG(t , t,... )a... ，山峰的dE

(9)

If the foil is i.-radiated in an empty , then G( t> and (;(t ， t山) are the neutron flux

self-shielding factors of hare foil and Cd covered foil , respectively. The neutron

可attering effect including the r剧。nance scattering should he consid{~red during the

Cilleuliltion of self-shielding fllctors (Ref. 12>.

US l\il\ly. th f' ddinition of (';,dmium eu卜。ff ent~r~y E, .I i 日 Ihat th俨 rt'action ralt、

/, f (';ldmiI JfIl (', )vI'rcel foil 1" l' F l!s I口 tI lt' f!';lC ti( !lI raIl' of Lio f!' f' ,il i川l\e1 1 1<γTIl L吵旷Y t仆ho陀昂?忖毛 ....n川nll

Ir~忡》旧n飞， tht、叮 n l'rj.( v (If til 月 t i" il!'''VI' /-:".\. Th月 t IS
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<1 0>

(I n

(3)

(]4)

!Gtr川川)dE+川
The re回a倡sonabl坠e创De陡ess of t由h白 id回 WI山IlIIe噎 d町us:sed Ia凶te町r. The 呵皿tion (9) can be

rewrinm in the following f臼m
E

fe川(E)I..川E+fG阳山儿.;(E)dE
C E.

R..~= _

ruMW白

Where the ι .f沃(E白) i巳sa wr由itt阳回回1 form of a cαombi恤E阳m回tation啤lofthe陀 int阳e町enn回medi臼at怡eand f恼皿甜t

n凹t协F回 flu阳x. The difference be阳een the second term in the numerator and d阜

nominator in equation (11) is only the low limit of integral. Let 田 define

F j川=叫.，(川(E)
.υ(;1=」(l口2)

jc阳山也.，(E)dE
民a

The physical m组nings of f."(;I- I is a ratio of reaction rate in neutron energy inter-

val fromιto E.习 to the Cd covered foil reaction rate.

The base for standardization of data proc四 of Ra and thermal neutron flux

measures is to deriveιformula on standard resonance integral and complete

Maxwellian 部»el:trum a 'lerage activation cr，恼5 section which are always given in lit­

eratures (for example. Refs. 8 • 9) . The standard re刷刷四 integral 臼 defined

(Ref. 9) on the standard FC'rmi spectrum and with a definitive initial energy (0.5

eV or 0.55 eV. here the O. 55 eV is used) as

LldE= J C7，町.(E)-;;
O.S5 rV 品

In order to make~ formula based on these standard en:周舵tions I刨出 10­

traduce the following definitions. In the thermal en町gyr唔ion let us define
£~ £

Gi.·=JC(t)叫〉比(E)dEAcr.， (E)州)dE
TheG，巾. d i£rers from self-shielding factor G.. normally used in literatures which is

defined by

6
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From equations (5) and <I 4) 巾 first term in num..rator of 叫回t~ U J) is G，~'

"·.t1ti，tlJ由. In inte~iatee~rgy region G.' and S， 3(1噎 defin~ in the following. re­

s~tivdy_ The 皿~r cadmium self-shielding factor G.' is

ι+Qω川 I(伍刷E
The in叫咄dl町ICed spectrum factor S. is

<I S)

<Ii)

(1 6)

(J 6a)

S.= Ja_(E>I- .j(EldE!fJl ,
~

From 叫回ti，饵15 (8). (1 3) ,<1 5> and (1 6) the denominator of 吨uation (I I > isC;

S ,Ol.. Thus the 吨uation (I I) can be re-wrinen in the following form ,

~ G，巾 ·F..a..φ由. •

阳-豆古i面7于 r ，'"

If the fast neutron flux is neglected , then 吨旧tions (1 2) , <1 5> and (lf;) can

!>t" written in the following
气a

lδ(E】d"~ ， I .-". ..o, o(E>dEF'"4 =I- J e(t 】6皿 (E) 一)一一 ! J G(t)t1..， (E)~~;';--::·~ <l 2a)‘i: .......,. ...--....1'.....' El -f-. l

I .~.， ....o(E)dE , I ,"..o(£)dE
G; = J (;(O (1...(E) 一一~'.:-=-! j t1.酣 (E】 .λι <i s;; i

E，-.ι F.qι

and

lδ(E)dE.
$,= J t1.,,(£)- ~i，~千..f

E,-. r-

The hardness of int..rmediate neutron flux spectrum f1 and the thermal neutron

flux expressed in Rωare in the followinR. respectively.

;md

or

卢一 1_,;-, ><~儿 ， J.'O".t1atl
一……一-

R，，~- 10'，‘五 G.'8，1，

φ"h= (I -- "'CAI / R'"4 ) A..... .1(;". •F..σ剧

(8)

(J 1')

φ"h=Aω (R' "4 - F'"4) /(;巾 • F..a" , (19a )

Whf're A..." and i\f'" are the single n jdt"':~ r..~ction rate 01 1l<1re and <:d covered foil.

respectively ,

Whl"n IIsin/>( (叩川 Ion 门 0) to derive 叫lIation (11) tl1(' f'admium {'ut • off enerf(Y

IS :I S叫m..d. This nW;lDS lhat thtrmal neutrons transmilled throuJth the c:ldmium

,



cowr are treated as intermediat~ neutrons i. e. the thermal and intermediate neu­

t lOllS are confused. If the fraction of reaction rate contribut~ by transmission ther­

mal neutror臼 in the cadmium covered foil
E. _

R...=fC(I)ωE】~(E)dEtfC(叫川)仙dEω
• •

β 町ry small. then the derivation of 吨幽tion (I I) from equation (1 0) 白 reason­

able. Otherw町. it should br to create od阳Rum<曲I. In order to check the rok

of fast 阳utron flux the ratio of fast neutron reaction rate to Cd co~red reaction

rate Rris introducal.

R.=F苗t neutron reaction rate
•- cd covered r睛lion rate

、
，

....'"
，
.
、-

E

品

E-MM-E
值
一
响

MV-E
a
1
-

，
.
、

、
，
，
，
-

E

一
回

(
一
，

也

-
b

Hr--JE--w
‘.-,

a-

Am-Q

'rtz1·d.

Where 品 is the initial energy of fast neutrons. For fast neutron flux the self-shield­

ing (actor disappears.

3 BEHAVIORS OF PARAMETERS AND AVAILABLE DATA

FOR HAND PROCESS

In this secti侃 wedemωlSIrate brhaviors of 阳rameters or factors related to the

Ra and thermal neutron nux measurement by selected四rves and tabl回 whichalso

provide the available datil for d2ta process by hand. Cro随即tions used for 阳rame­

ter or factOl' calculation are based on references 13-15.

The data process of the Ra and thennal neutron flux measurement involves

阴阳meters in thermal energy region. 阳melyι • J....儿. and G.,'. and parameters

in intermediate energy r咱俑. namely Ec...J.·~.G; and Sr' Each of them is the

function of a part or all variabl，臼 including T..卢.fI. t. lc4. medium temperature 'r.
during die irradiation. geometry "∞figuratK>n of det配tor foil and cadmium cover

and cr，帽黯tions of det«tor material. It is very complex.

We take Au detector foil 臼 an example to demonstrate their beings in the fol­

lowing. since Au foil is a very common activation detector. Thus the geon削ry

configuration and cr，回画 sect阳)s of material are fixed. Remainder variablωare neu­

tron flux spectrum 阳rameters 7'. .p.o and measurement 阳rameters I. I~ and T.,

8



For commun detector m."Iterial as Au. In. Mn. Wand Co. the Doppler broadening

,;ffeet is small. SO the T. is noc discussed 据 an inde~mknt variable. But tM

Doppler broadening effect of main R刷刷Itt peak due to the environment tempera­

t四冒 T" during irradiation巳 considend in the calcuLuion of these阳mOlders or fac­

tors. For cadmium∞vend foil in画面ation the maximum temperature T. is limited

in about 300巳 Cons陆ring the phy业al performance of thermal r刷tr，佣 reactors

and me嗣IR techn冈山.the~ofvar白M四 in the 四1cuJation a陀 sekcted in the

following. T 01 293.3-7∞'J( .β: O.ω1-0.25. ~: -0.09-0.09. t: 0-0.

003 口n (for Au foil. for other foil 0 - O. 03 em). ta: O. 05 - o. I em. The鸳

ranges can cover the ~neral measurement of Rc.. and therrnalneutron flu罩，

The joint energyιis a boundary energy between thermal and intermediate

neutro阳. It is a function of 孔• Pand cr. Whenβ白 O. ∞I i. e. the neutron flux

斗阳trum approximat回 to 阳re Maxwellian. Ii. is about O. J.7 eV. When β>0.1.

the ι~ 卢 curve approaches to even 描 shown in the figure 1. The ιde阳nds

sli~htly 惆咀. The figure 2 of Ii .- T. curves shows that E r strongly dtpends佣

T. and {J. In abo...e selected T. range the Ii. varies from 0.11-0. 75eV. For

small βthe E r is large. It means the thermal neutron 吨枪ctrum appro."Iches to the

complete Max可ellian. For large Pthe E r is small. It mEans the thιmal n<'mron

spectrum be more freencated. The change of E.. causes the change of F酬 'ι.;a，'. f·f,·J.

:md (;由·

The correction factor of F.. determines the reaction rae correction due to the

truncated Maxwell spectrum. It is proportional to ratio of truncated Maxwellian

neutron density distribution to its complete Maxwellian one for 1/ v detector as

mentioned previously. The dtcoendena: of P.. onβis strong. hut on a and 'r. is

slight as shown in the figure 3. For such cases that the measured harelness of inter

nll"di<t te neutron flux is sm."Iller than aLout O. 02 the correction of Fm can be neglect­

t:"U.
The correction factor of P.." \5 r<t‘ i,) of 均 truncated Maxwell neutron flux spec­

lrum to its complete M<t xwellian (I i叫 ribution. The Pm' is u:咽J only for the expres­

到Oil of thermalll t'utron flux. The means of 凡. diHl"rs from F.. which <t p阳rs 10 e­

[Iu<tt ions (17 九 (18) and 09>' The value of P..· is <t hout two times larger than the

vahll' of 1-"". Till' delll'ndence of 1-".." on /1 i怜 stron F:' IlU t on a and T. is sli~ht as

shoWII in tilt' fi~llrtι1ι.
"I hl' 1M肉川川φ-h..川;λ'叭W川、V叮'I川i
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spectr山n G..' is shown in the f~"'Ure 5. It is ~xpectcd that t~ G曲. is mainly d叫len­

dent on the foi.l thick.ness. The value of GUo" is approximate to G,..

Th~ cadmium cut-off ~rgy Ea varied from variablrs C'aUS6 the change of

values of p::;:-a配rers or factors in the int~mv.diate energy region. Depend~配es of

1-:..... on I • a and ICI. arP. shown in th~ figure 6. W~n I is small th~ E.:.. is strongly ~­

pending on t. When I i:i large t~ ι;，. is almost ~四n. ()qIendence of ECJ onβanda
as well 描 T. (not shown} :Ire light 自由wn in t~ 句ure 7.

FIA-l 白 the fracti‘)II of int~nnediat~ re富tion rat~ of bare foil induced by n，阳­

trans in mergy fa吨e fromιtoι. It肉ys an important rOIr in data proc四 d

Rc. ~a皿rd. Th~ value of "·t... is in th~ int~rval of 0.8- ), 16. "·c.j d~nds on

each of variablrs as shown in the figu陀 8 ana tabl四 I and 2.

The definition of G.' is similar to ， h~ Ie割Ian四 self咄iekling. They have a

:<;tr<佣g d~pend~配e on I and also d~t~tor foil matmal 明:leCially for having large res­

onance peak. 8esid白. it d~ndsonβ• a and 1(:4. The beb.wior of C,' is shown in

th~ figur~ 9.

Th~ factor S. is introduced for the use of standard r四>nanc曹 integral. Th~ be­

h. lVior of S. is shown in th~ figur~ 10 and table 3. When t is sm."U. the S. depends

刑ronl(ly on [J. When I is lar~. it becomes even. It almo叶 is independent on T ,.

The d町>endenc~ of Rc:羽 on v..riables is shown in fi~ur(.i 11 ;md 12. As expect­

{-d that R.... del胃nds on 'J二 and t str∞gly. shown in the figure 11. The figure 12

shows tb."t R.·.. varies from βand a and l lA as well.

From previous analysis it 臼曾en that behaviors of 阳rameters or factors rela­

tive to cadmium ratio measurement are rather complex. Thus its d;lta proces.'1 by

hand is a time consuming. A PC Code RCDTH (Rd. 16) is s阳cially prep.ued for

that.

}如sides. the R"...and Rrdelined hyeljuations (20) and (21).resll(>Ctively. are

abo call"ulated for checking. Th~ maximum values of R..... must be ha川活ned in the

("a把 when the "d is Ihin and 'J 'ft is high as well as 11 is small. The calculated relsult of

R咄 listed in the taMe ,1 shows th;lt in this extreme C'aSl' R呻 is not small i. e. for

small fJ and hil~h T. th~ abO'飞re R.·.. model is not Rood. But in other CaSl'S R"'b is neRli­

~i lJle. This characterizes that the previous derivation of formula 1<.-... l.."sed on the

idea of E，.. 可归um阴ion is r.':lson址，Ie. The calculated result of R, listed in the table 5

.~h( ，ws Ihal the ("ontrihution of rast reaction rate to 扎.. nll';lsurement i 川 vt·ry small.



4 AVAILABLE REGION OF RCrl MEASUREMENT

The criterion which judges a measure technique available or not for the given

object is the sensitivity of cirect measur叫 quantity to the objective quantity of mea­

surement. The main object of Rωmeasure is to determine the hardness of the in­

termediate neutron flux spectrum 卢. COP使quently， the sensitivity of Red to βIS an

unique criterion to judge its availability.

The slop of curves shown In the figure 12 decreases fastly and monotonously

when the βincreases. When the 卢 is larger than about O. 1 curves become approxi­

mately even. independent on Tn' a , I and 1C<!. It means that the available sensitivity

of the cadmium ratio measurement to the hardness of spP.ctrum is limited. The re­

gion where the slop of curves is large i. e. the 卢 is below about the mentioned value

can be called as the available region. Within it the region where the 卢 is smaller

than about 0.05 i. e. the slop is rather large is called as the optimum region. Out­

side the available region where the slop is very small is a defective region. Because

in this region even the statistical error of measurement can cause a large uncertainty

of processed 卢 result. Although the figure 12 is for fixed T. anfJ I , out this phe­

nomenon is valid for all calculated intervals.

The above conclusion is derived from Au detector foil. For commonly used de­

tector foil material they also have this behavior. The available region ,if In and W is

aρproximately same with Au. The Co detector foil has a large available region as

shown in the figure 13. The slop of Co foil curves decreases much slow<:r than for

the Au. Consequently , for such neutron field where a more harder n"utron flux

spectrum is existed and the CO foil is more suitable for such measuremellt. The Mn

foil nearly has the same behavior as Co foil.

5 A BRIEF SUMMARY

from the previous analysis we can briefly summarize in the following.

). A base to standardize data process of RC<J and thermal neutron flux measures is

to derive a Rωformula based on standard average thermal activation cross section

awl resonance integral and to define related parameters or factors that provide an u­

n1Cjue ~)ase for comparison between different measures in laboratories. These pll­

rarneters or factors are also used to obtain exact result.

2. In the R阳 nwasurernent parameters or factors necessary for the data prc::ess are

11



always the :unction of objective quantity. Thus the multiple approa l...l is required.

3. The commonly used detector foil material has an available region for the Rω

measurement. For Au , In and W the available region is aoout P<0. 1. For Co and

Mn detector foils this region are much wider. For very small Pand high Tn the

above Red model will be meaningess.

4. Very rich curves and tables have been given above. They provide not only for

t he estimation by hand , b t:t also for understanding of essential features of data pre•
ce路 in the Red measurement. one of the most commonly used measurements.

5. Due to the complexity of data process by hand in cadmium ratio measurement a

special code , like the Code RCDTH , for such pr田ess is absolutely neces回ry.
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rable 1 Dependen阻止·c. of Au Foil onβand T. durin !,: a =(1. (I

T;K 293.3 3~0. 0 ~20.0 500.0 580.0 700.0

J Cd Cover Thieknes.. '<c. = O. 05 em

0.001 1. 01073 1. 00700 0.98756 0.96010 。.89373 。.75889

0.010 1. O~457 1. 03893 1. 03103 1. 02~21 1. 01598 。.99016

0.050 1. 06095 1. 05426 1. 04521 1. 03782 1.03181 1. 02382
0.100 1. 06870 1. 06148 1.05176 1. 0噜396 1. 03762 1. 02983
0.150 I. 07301 1. 06554 1. 05547 1. 04742 1. 04089 I. 03296
0.200 1. 07585 1. 06820 1.05788 1. 04965 I. 04295 1. 03496
β cd Cover Thickness I"" = O. 08 em

0.001 I. 04369 1. 03858 1. 02953 1. 01501 0.97315 0.87315
0.010 1. 05771 1. 05192 1. 04384 1.03726 1.03019 1. 01741

0.050 1. 07246 1. 06577 1.05671 1.04934 1. 04328 1. 03';12

0.100 1. 08006 1. 07285 1.06314 1. 055:;9 1. 04B95 1.04060

0.150 I. 08434 1. 07688 1. 06683 1. 05B83 I. 05221 1. 04365
0.200 1.08716 1. 07953 1.06923 I. 06106 1. 05432 1. 04563
β cd Cover Th.ekne盟 1.，.= 0.10 em

0.001 1. 05058 1. 04549 1. 03760 1.02569 I. 00192 0.91345
0.010 I. 06428 1. 05850 1.05045 1. 0439B 1. 03785 1. 02651
。.050 1. 07909 1. 07240 1. 06336 1. 05601 1. 04997 1.04240
0.100 1. 08673 1. 07951 1.06983 1. 06209 I. 05567 J. 04779

。.150 J. 09103 I. 08357 1. 07354 1. 06555 J. 05895 1.05085
0.200 I. 09387 1. 08623 1. 07595 1. 06780 J. 06107 I. 052B4

Table 2 Dependence or Fed of Au Foil on t during T.=340 'K

P 0.010 0.100 0.250

a 一 0.09 0.00 0.09 -0.09 。.0。 0.09 一 0.09 0.00 0.09

I (m,.) cd Conr ThiekneSll/.,.= 0.05(em)

nυ nυ 1. 03叫‘。句 15飞5 1. 0υ3句， 句20 1. 04句230 1.04388 1.05190υ 1. 06句25 吨3 1. 0噜180川00υ 1. 057唱45 1. 0699羽o

6.0 1. 03251 1. 03893 1.04696 1. 04884 1. 06148 1. 07862 1. 05512 J. 07002 1. 09001

10.0 1.03598 1.04363 1.05314 1.05502 1.07009 1.09037 1.06236 1.08010 1.10374
16.0υ - 们U咱40句28 1. 0υ490句2 1. 06091 1. 0υ6句273 1. 08084 1. 10457 1. 0句7:两36 J. 0υ9267 1. 1204 句<

9缸"ι0.0 J. 0唱1295、 I. 05260 1. 06570 1.0υ。.句， 两34 1. 08727 1. 11 两S两S句2 1. 0句76句f~句1. 10υ018 I. I 两306唱•

30.0 1. 04 日02 i.06012 1. 07570 1. 07707 1. 10034 1. 13203 J. 08805 1. 11552 1. 15246

I(mρ \A Cover Thiekne..., 1",,= 0.08 (cm)

0.0 1. ~4923 I. 05324 1. 05B32 1. 05901 1. 066B7 J. 07 7-1 0 1. 06311 1. 07240 1. 08477

6.0 1. 04503 1. 05192 1. 06090 1. 05991 1. 07285 1. 09035 1. 06615 1. 08135 1. 10171
10υ.0 1. 0唱4B80 I. 0569内94 I. 0682内，句2 1. 06618 1. 081嘈17 1. 1028句2 1. 07346 1. 09吨羽91 噜• 吁3 I. 11616

16.0 1. 05416 J. U6噜'"υ5 1. 0υ 7720υ 1. 0υ 74冒46句3 1. 09回~~晴 09 1. 118句26 1. 08句A句20 1. 10υ咱48句7 1. 13‘唱.~υ9

句20.0 1.05669 1.0679噜4 1. OB281 1. 0υ7897 1.09963 1.12句76B 1. 0υ8向民.~句o 1. 1124B 1. 14497

3~0 1.0f398 1.07755 1.09544 1.09008 1.11489 1.14848 1.10099 1.13001 1.16891

f (mμ cd Cover Thiek~嗣 100= 0.10(em)-
0.0 1. 05877 I. 06255 1. 06808 1. 06859 I. 07626 1. 08729 1. 07271 1. 08184 I. 09471

1i.0 1. 05103 1. 05850 1. 06792 1. 06597 1. 07951 I. 09751 l.07224 I. 08806 I. 10893

10.0 1. 05545 I. 06396 I. 07575 I. 07290 I. 08860 I. 11052 I. 08022 I. 09862 I. 12395

16.0υ 1. U6fl70 I. 0υ7162 I. 0υ。。唱196 I. 08126 I. 10υ080 1. 126句25气1. 0白89莎88 1. \1 266 I. I唱·句21B。
~。ι《υ 《υ 1. 0υ6唱415 1. 0句76句22 1.0909B 1.0865两3 I. 10807 1. I两3612 1. 09591 1. I句2101 1. 15、 35两S

。30.0υ 1. 们U句， 句212 1. 0υ85飞589 1.10409 1.098句3噜4 I. I 句<吨J嘈13句 I. 15句，咱18 I. 1093句吨3 I. I两386句7 1. 17806
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Tahle 3 I>epend(nre Sr or Au foil on t and f3 durin!: T. = 340 "K • a = O. 0

J lI.OO] (i.OIO 0.030 0.050 0.080 O. IυE 。. ISO 。 2(10 υ . 2:::0

I (cmJ Thiekm'菌。f Cd eovu h. 0. 05 <em)

o.ooon 0.99499 0.98252 O. 9816~ O.98H3 0.98133 0.98130 0.98126 札 98123 0.98122

0.0006 I. 00650 0.99399 0.99310 0.99290 0.99280 0.9927i 0.99272 0.99270 0.99269

。.0010 I. 00765 0.99514 0.99423 0.99406 0.99396 0.99393 0.99388 0.99386 0.99385

0.0016 I. 00872 0.99616 0.99525 0.99507 0.99497 0.99494 0.99490 0.99487 C.99486

0.0020 I. 00908 0.99657 0.99567 0.99547 0.99537 0.99533 0.99529 0.99527 0.99526

0.0030 I. 00978 0.99726 0.99635 0.99616 0.99606 0.99602 0.99598 0.99596 0.99594

1 (ern) Thickness of cd CQVU I... O. 08 (em)

。.0000 0.96923 O. 9~892 0.96890 0.96890 0.96890 O. ~6889 0.96889 0.96889 0.96889

O.OOOG 0.98 再 53 0.98621 0.98620 0.986]9 0.98619 0.98619 0.986]9 0.98619 O. 9~雪 l~

G.O,)IO 0.9~8·13 0.98811 吁. 98809 O. 98809 O. 98809 [;. 98808 O. 98808 O. 98808 O. 98808

们. "'016 0.99006 0.98973 0.98972 0.98971 0.98971 0.98971 0.98971 0.9897 j 0.98971

n.O()20υ 0.990句IJ吨龟 0.990H唱I 0.9904唱13咽 0.99臼o噜• 呵2 0.990噜，?缸 O. 99042 O. 990υ42 0.9的90·12句? nυ 99ι042

0.0030 0.99170 0.99138 0.99136 0.99136 0.99135 0.99135 0.99135 0.99135 0.99135

I (cm) Thieknc描 of Cd eovu I... 0.10 (em)

仆.0000 O. 961~.0 0.96185 0.96185 0.96185 0.96185 0.96185 0.96185 0.96185 O.9HS5

的U们们 f)、 o们U盯06 们υ n回翌98 叮" 民.'υ《υ 《υ 们"♂俨。824咱可• 啕‘ tυ .9当J内6 甜， 嘈• 句M咆 0.9咱萝98 甜'<咱可• 啕‘ 0.98句24。咽 0.98而2·1ω习 o 的9824 δ3 0.9们824可13 0.9叫98 。ι 喻13

川 .0010 0.98·180 白 .98·173 0.98473 0.98413 0.98·173 0.98·173 0.98473 0.98413 0.984 7:J

li. lIOl6 0.986790.986710.986710.986710.986710.98671 0.98671 0.98671 0.98671

0.0020 0.98761 0.98754 0.98754 0.98754 0.98754 0.98754 0.98754 0.98754 0.9875·1

向 0030 O. 口 8878 O.!l白白 71 ~ 98871 ~ 98871 0.98871 ~98871 门 9·9871 O. 口 8871 0.98871

Tahle 4 R". or Au Foil durin!: '1'肌二 700 "K α 二 0.0

'.Olil 口.050 fl.25日

hd(<"m) O. OS 。[， 8 (1.10 0.05 0.08 0.10 D.05 0.08 凹 .ln

/ (mlJ)

(Lf, I. ·12£-[ 8.2(lf:-Z 6. W::-2 1.67E-3 5.56£'·1 .3.05E-4 3. ·I~E·S 7.95£-7 7.39£-8

Ii.。 2 门口E-I I. l\lE-1 Q.07£·2 2.52E-3 8.37E-4 4.58E-4 5.22E·宫 L 20E-6 I. lIE-7

!fl. n 2.27E·1 I. 3日E-I I 川 5E咽 I 2.95E-3 9.77E'4 5.35E-4 6.09E-5 ).40E-6 1.30E-7
2n. (j 2.76EI I. 7DE·I I. 32£-1 3.80E-3 I. 26E-3 6.93E-·l 7.85E·5 I. 8DE-6 1. 68E-7

;~Ii. f; 3.IIE-) I. r,fiE-j 1. 53f:-1 1. ·19£-3 1. 50E-3 8.2IE..' 9.28E-5 2. 1-1 £-6 1. 98£-7

Table S Rallo or Fast Reartion kal~ 10 Cd CO"ered R , or Au Foil

T ,'K 2r，~. 3 ., 1(1. n

0.09 n. r,r 0.09 ~门，门口 fi.OO (). 09

,,J

11.I>iil 2.6 -11 '6·'E-I,:J l. 1)1~2·IE句。3 .3. 8;J762E~(}.J 2. 640 LlE·rn 1. 017川lE-(;3 3.8S6·17E-I).,
Ij. fll r} 2.6 ,1日 64£·03 1. 01 日2-I E刊13 3.85762f:-0., 2. 6-10 DE'II;J I. 01799E·03 3. 85 6-1 6E-们 l

们 1no 2.6406·lf:-O:l 1. (J1 821E·03 3 月 5762E-Oj 2.6·1013E·0:J 1. Oj79DE·ln 3.85647E-G -l

151; 2.61 !i 6·1F:"13 l. 'Jl R2IE·',:, .J. 85761 E·!Jl 2.6-lO l:JE·D3 l. (11 7;,9f:·!; :j 3.85币 ·16E-0·'

rl.2(1[1 2. fjV~~jlt>r):~ I. Iii k21f\0:1 3.85762E·nl 2.6·101:Jf:-I;:J 1. (;17!"IE·ld 3.8507E-0·1
(I , 2~，'J ;~. () .1 1J 州 It>(J:~ J.l; j'<ZIE 川i :J.8:， 7 币 2E-O·1 2. Ii-llil :l f:- r, :J J. (1179'IE-',:1 :l. 8564币 E-O·'

一一~--一_.-
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