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SUMMARY

[. Subject

Wintering methods for the productive honeybee colonies of Apis mellifera
in Korea

. Objectives and importance of the studies.

1. Objectives

The studies was conducted to establish the indoor overwintering methods for
productive honeybee colonies in the wintering chamber which provides
satisfactory inside temperature ranging 2~9C and ventilation for the wintering

honeybee colonies in Korea.

2. Importance

The wintering honeybee colonies survive during winter season by the
formation of winter cluster and generation of heat in the cluster. The winter
cluster is changed to be loose or definitive with the variation of the outside
temperature. The repeated loosing and definativeness of the winter cluster does
not help the honeybee colony to be in static condition. In case of loose cluster,

honeybees consume more stored honey while the definitive cluster keeps them

_11_



isolated from the stored honey, consequently they are starved to death.

The wintering honeybee colonies are packed and insulated during the winter
season in order to protect them from the sudden and wide variation of the
outside temperature. In case of the outdoor overwintering honeybee colonies,
CO; gas and moisture contents, which are produced in the hive due to the
process of dehydrolysis of monosaccharide by the honeybees are not evolved
easily. They get accumulated and damage the colonies to death under high
density fumes. Therefore, in the foreign countries, mortality of the colonies
which are wintered outdoor is reported 8~22% due to starvation, high density
fumes and increased moisture contents.

The indoor overwintering honeybee colonies are in practical use in Canada in
order to protect the colonies from the sudden and wide variation of the outside
temperature. Therefore, it is important to test the ability of the wintering
chamber and to establish an effective indoor overwintering methods in order to

bring the wintering chamber in practical use in Korea.

M. Scopes of the studies

1. Two wintering chambers had been constructed and tested their ability to
find out the methods for their practical use in wintering honeybee colonies
in Yeongju and Yongin.

2. The techniques to control the environmental conditions of the wintering chamber
had been developed by means of simulating the auto-recorded data from
the wintering chamber which is controlled by the working time of

ventilation fan and is not equipped with the cooling and warming facilities.

_12_



3. The optimum dates for the moving hives indoor and outdoor had been
determined through the investigating, wintering ability, mortality and
colony population of the honeybees overwintered in the wintering
chambers.

4. The differences betwteen the strong énd the weak colonies had been
investigated for indoor wintering.

5. The economical efficiency had been investigated for putting the wintering

chamber in practical use.

IV. Results and utilization

1. Results of this study

1) Results on TDesign and environment factors analysis of wintering

honeybee chambery .

The wintering honeybee chambers were constructed and inside environment
factors were analyzed to provide high technology for efficient wintering of

honeybee colonies.

@ Design and construction of wintering honeybee chamber
The two wintering honeybee chambers of 7.2mX42mX288m with the
accommodation of 120 beehives were constructed in Yeongju and Yongin,
respectively. Air circulation duct, ventilation fan and light trap were

installed on these chambers. Urethane foam was used for insulation of
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walls and floor in Yeongju chamber and sandwich panel was used for

wall insulation in Yongin chamber.

@ Air circulation performance
Temperature difference across the width and length of chamber was
below 17C. This result indicated that air circulation technique of chamber

satisfied prerequisite for optimum air circulation of chamber.

@ Inside temperature variation
Inside air temperature of Yeongju and Yongin chambers under the wide
range of outside temperature condition was found to be appropriated for
wintering of bee. Inside temperature of beehive was about 2C higher
than the air temperature in the chamber. The fan operation schedule A
had did not to control the high temperature down properly in the
chamber. It was necessary to find a new fan operation schedule to be
able to provide the optimum temperature for wintering honey bee colonies.
In the presence of the high outside temperature condition, inside air

temperature of chamber could be decreased by changing fan operation

schedule A to schedule B.

@ Inside humidity variation
Inside humidity variation of Yeongju and Yongin chambers was very
much depended on outside humidity.
The humidity variation in chamber contrblled by the fan operation of

schedule B was smaller than that by schedule A. This result indicated

_14_



that the schedule B was superior in the aspect of the humidity control

performance.

® Temperature and humidity variation along stack height of beehives.
It was found that the two kinds experiment results about temperature and
humidity variation along the stack height were very different each other.

So we could not find data for decision of beehives stack height.

® CO: concentration
CO; concentration analysis results showed that the circulation fan was

operated well for air circulation in the chamber.

@ Simulation of thermal environment
A mathematical model and the simulation program were developed for
the calculation of inside thermal environment condition of the chamber
and verified by the theoretical method and practical measuring test. It
could be used to design the materials of the enclosure and the fan

operating schedule.

Economic analysis.
After overwintered in the chamber during 9 days, 1351% of beehive weight
decreased in contrast with 24.159%6 decrease of outdoor overwintering.
The annual income would be increased up to 10.64%(24.15% - 13.5196) by
overwintering in the chamber. If we do not consider chamber construction

expenditure, we can get profit 11.3billion won per year additionally from
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indoor overwintering by simple calculation(706,068 hives X 10.64% X

150,000won).

2) Results on TOverwintering test for the productive honey-bee coloniesy .

@ At the apiary in Yeong-ju, mortality of the outdoor wintered honeybee
colonies was 15% during the winter season of 1996~1997. However,
mortality of the indoor wintered honeybee colonies was 6% and 3.4%
during the winter season of 1997~1998 and 1998~1999, respectively.
Hence, the difference of mortality between outdoor and indoor wintering
was about 10%. Mortality of the strong colonies, 1.9~49%, appeared low
comparing with mortality 2.7~10.4% of the weak colonies. The proper
dates for moving hives indoors was the late of November and the proper
dates for moving hives outdoors was the beginning of March of the

next year. So, the proper overwintering period in wintering chamber was

90~100 days.

® At the apiary in Yong-in, mortality of the outdoor wintered honeybee
colonies was 10% during the each winter season of 1996 to 1999.
However, mortality of the indoor wintered honeybee colonies was 4.5%
and 2% during the winter season of 1997~1998 and 1998~ 1999,
respectively. So, the difference of mortality between outdoor and indoor
wintering was about 7%. Mortality of the strong colonies, 2~3.6%,

appeared low comparing with mortality 1.9~55% of the weak colonies.
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The increased rates of colony population overwintered outdoor were
121.9% and 118.2% during the winter season of 1997~1998 and 1998~
1999, respectively. However, the increased rates of colony population
overwintered in the chamber were 122.6% and 129.2% during the winter
season of 1997~1998 and 1998~1999, respectively. So, the increased
rate of colony population wintered indoor was better than that of the
outdoor. The proper dates for moving hives indoors and outdoors, and
the proper overwintering period in wintering chamber were found to be

the same as at the apiary in Yeongju.
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$ole B7E 0% YAHL YEW 37 FA9 EE 9% 6~7ColY BT ¥
WeEE 94 6~7CE $Xa9 B7H LEE 15~16To 422 S FURE
RCIHL fABT 9 LE7F F5 28CY HAE BF FYPY EE 31T
o] th(Summataro and Avitable, 1978).

olgt go] U AF/|L T WE FolA BTFE WSO Yg BT BT
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o8] Yelde 37 952 9% WE TyYos $A ABYOERTH 22
AW (A, 1990) 1)1 2EAE JAY(E, 191) Fol FBLAe] 2AHn %e
wolth, %7 AFWold THE A4 WERTY A 5L wEm BEH E
Aolel AY BE Wol AAM TAsE wdoln, B Aol BEe WY
o2 ©gs] AujFE EAYoITHA, 1990). 28 F JAY e WFe &

g RARL 2 Yol RLYASE TFsE Wyoltk(z, 1991). old@ ERYL

HEAGAELE, heavy insulation) =5 EGAZ} X402 84U 45324 Uy
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o] old ZHeF I 28 AEEH AHFHAoY(Dyce®t Morse, 1960;
Furgala®} MaCutcheon, 1993; Sammataro$} Avitabile, 1978; Ferracane, 1987), ¥
g UgtdAe oz ol €% XIAYS AL Agstn gle APz 4
& T AHAHH(dysentry)st WEH(AEH, chalkbrood)d E4e) BI(F T,
1996) ¥ 4% HAEE 58S 22 PG $PYNE 2 94 B
o ¥€8%HE A B3z glov(He 9, 1990; HF 1991a, by He 4,
1993), £3 B 43¥F BYE MFHr AT d79 A N=E2A F F(1995a)
< BTY 4FHE AHE XABAE, 4FEY A52A A BLeWAE
AHg8tE F7H7F 66.2% 283 2HA EH 94 € H2RANE ol&dE B
218%, 1149 F&¢~1149 sheol 5 XF3E §7H7F 565%, 122 249 3¢ ~34
Feol 43EFE HANE F/L 1B39%ITn wasdd. Seusy @
T 4FEY YHE FdEFoez ¥F <o @y EFY 9o Hi Jov,
dFEF A AB(ER) 2vaFrt 3~4vQ] w7k FAuIL 478%0l1, €% ¥
ZEavvert 1~2002 5717 522% 2 UERUA Q5 EF9 A BEA OB
o AHHAR T T, 199%a) £, F F(19%b)2 AF7|NF TFY FA 7
FE BTS EeUME de 3y, 28d F2 X3t Uy 28Yn 9A d4F
Y A vEsAd vl B2EE g Sy B2 FA #Fo) g B
O3 Ras@e. £, HZ shuded gtz e EUe AYLF h2o] Az
A2 ¢2 FE AANANE AW 2T dFE BAT souUR Jg RVeR(F
1995a,b,c,d), oFA7MA = AL Fo] W B 7|&od d AFE 2ol B & A
£ AAolrh
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(heavy insulation)o] A o]l th(Furgalast MaCutcheon, 1993). 12y €% 713
Zd BN wAsE @art2ag §7] Fol Fasivhe AR dEVIT Fol=
e SRUA(RERD ] Postths Atdol HHXNAA 19400 o] F 4FER
o 7} ¢ EA(ight insulation) &2 AAHY L, ol F st E SFEFEY
Z g2 x7ld gy RFHUAH(Dyce®t Morse, 1960; Furgala®t MaCutcheon,
1993; Sammataro®} Avitabile, 1978). 1 o|FolE el HUFIIE ol 3}
Sugden¥ Furgala(1982), Szabo(1983), Severson® Eric(1985) &3 Sugden %
(1988)e] A7 ARESZ BRusT . 2 F 57 dFAE 28SHNRYE,
package bees or pound bees)el #FFol F7tgdl wah, 2 AT FHo] HAA
g7} Hade astEde 713 AT 23Ede §% Fd @E FES
(varroa mites)®} B 7]®gol(trachial mites)s] BAoZ thAl ¥Fo LEUY
o2 FhuttdE AULEY(BARMLEE, wintering indoors in insulated rooms)
o] thAl FAH L U BlFoME ARG RTGE SHEMBE ol 8F d9dF
W (F 4841, outside wintering of single brood chamber hives)o] &I} Holg}ta

B g x 9 th(Pedersen etal, 1995; Pedersen etal, 1996).
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Eog A% FyFolu #VEF, dFrT T AN 2559 A% AR 52
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AQe NFzxA L Bras AR AP =s 123 4571=E FHsH ¥
I F FTY HARE E0n 9558 E FANIE A € U

_.32_



=EHS ARG F e 45%EAY HA 2 A58 JEgel sFEH
mEd B Q7o F2 2R U /¥ B4 92 ALFEAE HA-ASd

2, 4%% B A% $2 U Bl WA 1Mo o4y + YL A

A2d FHe BT dEHH

1. 3 S22 dsLy

8 dede B 952 A% U4% PP A 43y, Hd 4B
2 AE]AE Ay So| A UtHIY 2-1 a b). FA AF W@ F&EE A
g3t WERT ZA L BET EEF & Atoldl AU & WO AAA 2
et wyelm, RA Aol WES WA v AuFe XAYoIth
w5 2HAE PP WS 2HAES FFASL 2 Yo REWNE EFE
uholth, g 2-1614 B ups} o], Tl 4F S A3 A FE WL
2 ¥R E AL AELF £ BGAY TPz 5eHY UFER “J‘§°] o}
Roz FqNE 9 ARH XHIYeU(Dyce®t Morse, 1960; Furgala®t

L

MaCutcheon, 1993; Sammataro$}t Avitabile, 1978), $-2lvetlxE AP o2 o]
A3 9% AL A% AL T Qe AAolt watM, 957INF dF BTl
HAAM T B2yo] o) WAFI(F T, 19%6) €% HAAEE S AR FAH
32 Uth. 2 Ao wzw YFEFAE YAS HL2YME AHSEE B
6529, ~E|AE, 9A 2 BLYUMNE ol&dE Fr/ 218%E HuH: o
AETFSE AVIE 119 FE~850] 565%, 4EXZE AAste Avle 2¥98)
&~39F 50 739%2 Uehg. £, Suvee] @9 L ITEF WS
FyEdoz dEURY #U1BF 4] Hu o AFEZFA FE L



F7F 3~4v)Q] F7hel FAu} 478%0] 2, €FF A F A vFrt 1~-200Y F7
7b 522%2 JEY 988Te AU ZaA Riue AT7EFE AR F,
19952). E¥, 4¥710% B2 FA AFE FTT H2YNE 2= Wy,
AEoz ¥ W R 94 I E2 nud Fy, HIW/E ¥ WU

A FTo FA Il MF Yoe Rix Ut

>
fiu

2. B2 S ALY

AEg nEd HFAe BY ATTAE 140dT THE TF] ol
oy AEAL Fol BRAN TARE BUStAsE 7] Fo| FaAFHTE AdD
45710 25 Bue gRuael Besot Aldel UHAWA 19090 olF
GEERE Aue THoE AUNUG. Y3, o e WSITF Wio)
% @2 ool 9a 23 H3AcHDycesh Morse, 1960; Furgalash MaCutcheon,
1993; Sammataro$} Avitabile, 1978). I o] FE EHe WFrIsd g A+7
Rol s £8 AHSUCMEES FET] Z718 e BY Y
240 HUrl Azole 2889 AR A4 A58 FF Fud BE
Tugols B Soe Buo oAl B2 EFPUOE Attt d LRYEy
O U A7 DAHHLH, NFANE APRDE BFE ol §F AsjYEHol
EsHolebe AR o7} 2 15 AT) (Pedersen etal, 1095; Pedersen etal, 1996)

ANIERE 19208 oMol AT vF BRALNN AEHoE MUY
o B A7 FAIYoU ASde] ¥ AWE AJE AN BEA) AP
Aatde) LE9 SEE 2887 oed 5 9B A%y YEPPEe oA
Ag40] 9= Aoz FAHAG 2 AL B AFE BIY £
o] 161dlE S5 SES AFoD TAY & Ub AL Adsted 1960
el a9 228 gol Agsd 4Fehd B FRsFEe] Bug AUl
AEN7A It
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E 2-2. 49799 9% 74z (FdA 1 86~'%d 1083
229(Q) [A7712(0)[AAN(0)[An2(0)| FE%) S
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Qe =718 AFHAS BY, LEXEAE st W L PPIAE ALAA
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220m>/hr

Ti<6T L,
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24 YR B/1EBA2LEE 29 24 R 39 25004 RE vhs 2ol £uu
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o, 53 #4717 5 Al gezz R FHY FAAER e
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A A4Ye ALFBA HAEY

454 AR AL 1Y 2-6~19 2-99 T

a9 2-68 AFAY AT ALFRAY VHERZA 4R A7) 76mX46mX
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2. AlE8old =223

7b. =299 34

458 ALLFEAY 48 S 438 F de FHELS Lo T AEHY
ol 2P AYstd o2 WH 4¥H YHoz AAHUH.

ALeFEAel 8A & TzaPe sAEE 1Y 2-999 Zon, T2aYPL
BASIC# FORTRANS ©]&3to 243l

E x239e 3A ARz FAHY glon 282 89 o3 2o,

@ RESP1.BAS : Response Factor #4t 43

@ BS.FOR P ALFEAY 2 R AR HE WEESE dF

® BS-V1FOR : &7 4 wt& AL FFA WF2E dF

aga, 228 JdHHE dolHe o 2o

- KK : the amount of simulation days

- VNRI . the higher air exchange rate, m*/hr

- VNR2 © the lower air exchange rate, m*/hr

- T™M . the optimum design temperature, C

- TGM : the soil temperature at 1.0m depth

- QR : the heat from bee, W

- WB . the weight of bee hive box

- BW, BL ! the width and length

- BH : the hight, calculating interior surface

- E1, E2, E3 : emmitance of the three surfaces

- PHLC . parameter heat loss coefficient

- TI . side wall, roof and floor surface temperature, C
- TR, TO . the interior and outside air temperature, C
- N . the layer of the wall, roof or floor
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R . air space heat resistance, m®.C/W usually 0.0
GI(D) . heat conductivity, W/m-TC - G2(I) : specific heat, kJ/Kg-C
G3() . density, kg/m> - G4(I) : thickness, m

YES alculate
f Response
Run response factor Factors
program RESP1.BAS
¥ Open Data File BS.DAT
Input physical data
of wall, roof and floor l
) Read Geometrical Factors
Calculate response factors Physical Factors, Outside Temperatures
and construct factor.dat 1
L —= Open Response Factor File ‘ |

'

Calculate the view factors of every surface
and radiation heat transfer coefficient

'

Calculate coefficients of matrix of heat
balance equation, A4, 4, and B4

}

Solve the equations and input the calculated
results as the input for n+1 moment

'
Output n moment temperatures
of every surfaces

Calculate
t+1 moment

Output average temperature
of every surfaces

r
I
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u
o
[ok
i
ki

a9 2-99. A EHe
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718 zFEE4 A &714 2544 B
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# Tin @ AXFEA WFRE, T, @ A2YEAL 52
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2. dFx|el HEUL2A Y- -5 25 2

o>

T

b ALgBA - GELE(97. 2. 19 ~ '97. 3. 13)

FRA ARLE | FBA WPSE  [FBAN WERRLE

25 YA
47 | 34 | 97 | A2 | ¥4 | 37 | 431 | 39 | B2

97-02-19 915 | -618 | 158 | 531 | 1.62 | 400 | 655 | 251 | 518

97-02-20 | 1297 | -204 | 518 | 848 | 430 | 611 | 953 | 557 | 724

97-02-21 964 | -062 | 389 | 807 | 683 | 768 | 928 | 816 | 875

97-02-22 | 1308 | -495| 281 | 821 | 636 | 75 | 933 | 8.00 | 886

97-02-23 | 15.19 | -342 | 465 | 1033 | 6.11 | 767 | 1132 | 870 | 942

97-02-24 | 1883 | -0.74 | 7.36 | 1237 | 6.80 | 880 | 13.22 | 893 | 10.27

97-02-25 868 | 600 | 750 | 941 | 770 | 870 | 1121 | 9.40 | 1050

97-02-26 978 | 360 | 633 | 944 | 683 | 800 | 1083 | 855 | 9.65

97-02-27 | 1629 | 169 | 768 | 1220 | 6.84 | 890 | 13.18 | 870 | 10.32
97-02-28 9.06 | 310 | 609 | 966 | 679 | 807 | 11.25 | 853 | 969

97-03-01 | 1271 | 301 | 735 | 1045 | 687 | 832 | 1113 | 853 | 9.64

97-03-02 500 | 146 | 236 | 768 | 684 | 741 | 896 | 835 | 871

97-03-03 999 | -141| 371 | 891 | 714 | 804 | 10.16 | 882 | 9.39

97-03-04 1183 | -055 | 503 | 1028 | 7.76 | 865 | 11.31 | 9.55 | 10.22

97-03-05 1928 | 3.19 | 982 | 1417 | 7.74 | 10.04 | 1461 | 929 | 11.24

97-03-09 | 1694 | 496 | 985 | 1328 | 9.14 | 1046 | 13.73 | 1041 | 11.5]

97-03-10 1074 | 459 | 7.73 | 1240 | 922 | 1064 | 1349 | 1062 | 11.74

97-03-11 | 17.92 | 412 | 1002 | 1431 | 9.00 | 1245 | 1490 | 1057 | 13.68

97-03-12 | 1615 | 3.20 | 919 | 1337 | 895 | 1065 | 1396 | 10.39 | 11.67

97-03-13 | 20.88 | 3.86 | 11.55 | 1585 | 895 | 1150 | 1658 | 10.47 | 12.39

I 1320 | 1.14 | 648 | 1070 | 7.09 | 868 | 11.72 | 870 | 10.00
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U A2%EA W AREE(97. 2,19 ~ 97. 3. 13)

FEAF HHEE (%) FBA UREE (%)
2594

4z | #4 | ¥# | Az | AR | BF

97-02-19 68.91 32.15 4858 71.56 60.80 66.09

97-02-20 71.44 3451 53.38 70.98 57.10 66.19

97-02-21 56.00 31.25 39.24 63.98 41.79 56.63

97-02-22 63.22 2853 41.53 68.39 39.14 58.21

97-02-23 67.81 2755 48.38 63.70 41.75 54.66

97-02-24 68.48 25.19 49.46 63.03 42.46 54.50

97-02-25 84.80 57.00 76.20 76.50 56.70 71.00

97-02-26 83.04 68.14 77.59 7742 70.11 73.03

97-02-27 81.05 5347 70.68 7352 63.56 68.74

97-02-28 83.83 68.69 79.29 78.18 68.60 73.27

97-03-01 72.57 3541 56.44 69.97 53.61 62.12

97-03-02 68.91 34.93 50.14 65.46 49.44 57.75

97-03-03 67.81 32.36 50.34 63.11 49.30 5794

97-03-04 74.27 45.55 63.16 65.37 55.94 61.11

97-03-05 78.99 25.56 55.13 67.26 43.50 58.32

97-03-09 72.82 37.87 58.94 63.93 51.64 58.74

97-03-10 83.09 71.97 7750 71.17 61.93 67.55

97-03-11 80.02 38.38 65.38 71.61 55.65 66.61

97-03-12 79.42 50.11 67.67 67.32 56.53 64.02

97-03-13 79.74 26.54 60.01 69.05 46.54 60.38
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o ALYEA W-GF2%(97. 11. 21 ~ 98. 3. 4)

A R eE | 9RA MREE  |$RAhN MEuReE

299X

Hx | X | HF | 2 | A | BE | {32 | HA | B

97-11-21 105 1.8 538 79 4.3 6.2 8.7 5.0 6.8

97-11-25 8.6 1.5 6.1 79 31 5.8 8.6 3.7 6.5

97-11-26 9.4 38 | 75 9.2 6.5 84 99 6.9 9.1

97-11-27 9.3 0.6 3.6 6.6 3.3 5.1 75 3.8 5.7

97-11-28 8.6 1.8 5.1 8.0 42 6.2 8.6 47 6.8

97-11-29 6.5 35 5.0 8.1 6.0 7.0 8.7 6.5 76

97-11-30 83 | -09 | 30 7.0 3.2 49 7.8 3.8 55

97-12-01 20 -56 | -11 35 26 29 41 31 35

97-12-02 -39 | 88 | -67 2.4 0.8 14 28 14 19

97-12-03 02 | -128 | -74 16 | -04 | 05 2.1 0.0 10

97-12-04 29 | -117| =57 | 22 | -06 | 06 27 | -01 12

97-12-05 4.2 -8.1 | -44 3.0 0.6 16 3.3 1.2 2.1

97-12-06 43 | -28 | 07 5.4 25 34 59 3.0 39

97-12-13 3.9 -86 | -39 | 30 0.7 1.7 3.6 1.0 22

97-12-14 27 -78 | -29 | 34 12 2.2 39 16 2.1

97-12-18 49 -13 1.8 5.3 27 | 37 5.9 31 41

98-01-01 4.4 -1.1 15 7.2 6.5 6.8 8.7 85 8.6

98-01-02 76 | -36 11 79 6.3 6.9 9.0 8.2 85

98-01-03 11.0 0.7 42 9.6 6.7 75 103 83 9.0

98-01-04 54 -49 0.5 7.7 6.3 6.9 89 8.1 84

98-01-05 34 | 50 | -06 | 71 6.0 6.6 85 7.7 8.1

98-01-06 20 | ;30 -01 } 71 6.4 6.8 85 81 83

98-01-07 4.2 -4.1 -0.3 7.1 6.3 6.8 84 8.0 82

98-01-08 43 0.5 24 7.1 6.6 6.9 9.2 8.3 8.6

98-01-09 53 | -18 | 14 7.1 6.5 6.8 86 83 84

98-01-10 7.2 -24 13 7.6 6.2 6.9 8.8 8.2 8.4

98-01-11 5.2 02 29 74 6.6 7.0 86 8.3 84

98-01-12 73 | -07 | 28 7.7 6.4 7.0 8.8 8.2 8.4

98-01-13 72 | -27 | 13 75 6.4 6.9 8.7 8.1 8.3
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FEA 2= FEAL UNF2E |G HEUREE

SBN T (34 2z | 22| 34 | 22 | 892 | 44 | 97

98-01-14 87 | -21 | 32 8.8 6.4 75 96 8.2 838

98-01-16 72 | -48 | 21 7.7 6.6 6.9 93 8.6 89

98-01-17 72 | 08 | 30 84 6.0 7.1 96 85 89

98-01-18 36 | -63 | 02 72 59 6.7 89 79 85

98-01-19 -15 | -94 | 58 | 56 4.3 51 79 6.6 7.1

98-01-20 | 00 | -69 | -33 | 65 438 5.6 79 6.3 7.3

98-01-21 22 | -46 | -15 | 72 6.0 6.4 8.3 7.7 8.0

98-01-22 33 | 52 | -14| 71 | 60 | 65 | 85 | 78 | 82

98-01-23 16 | -60 | -18 | 7.0 6.0 6.6 84 79 82

98-01-24 -13 [ -102 | -69 | 58 4.0 5.0 77 6.4 7.0

98-01-25 37 | -105| -44 | 66 3.7 51 79 59 6.8

98-01-26 34 -24 | 02 | 72 59 6.5 8.7 7.6 8.2

98-01-27 4.6 -65 | -16 | 73 58 6.4 85 7.7 81

98-01-28 6.1 -67 | -18 | 73 5.7 6.5 8.4 7.7 81

98-01-29 7.3 -95 | -24 | 73 52 6.3 84 7.4 8.0

98-01-30 6.3 -63 | -04 | 79 57 6.7 9.1 7.8 84

98-01-31 8.3 -3.0 2.3 85 6.4 7.1 95 85 8.7

98-02-01 77 | 57 | -06 | 67 51 5.7 79 7.2 75

98-02-02 9.7 -6.2 0.1 17 51 59 3.8 7.1 7.7

98-02-03 50 | =27 | 02 6.3 54 5.7 79 74 76

98-02-04 7.6 -43 | 06 6.9 5.3 59 8.3 75 7.8

98-02-05 70 | 66 | -03 | 68 5.0 58 |.82 7.3 7.6

98-02-16 118 | -20 | 36 9.6 5.3 6.6 107 | 80 8.8

98-02-17 109 | -01 44 9.6 5.7 6.7 10.8 8.0 8.9

98-02-18 101 | -3.0 3.0 9.3 53 6.6 106 7.8 8.8

98-02-27 79 0.3 45 8.0 55 6.5 7.2 4.8 5.7

98-02-28 7.0 3.0 4.7 73 56 6.2 6.4 4.7 53

98-03-01 11.8 0.4 50 89 4.8 6.1 9.7 51 6.8

98-03-02 142 | -14 | 53 8.8 3.0 56 9.3 3.8 6.4

98-03-03 145 | 1.0 6.7 97 51 67 | 106 | 59 75

98-03-04 155 1.2 7.1 9.4 49 6.6 10.2 56 7.4
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2t A2GBA U255 (97. 11. 21 ~ 98. 3. 4)

RN FEA AR FE (%) FEA HEEE (%)
3 HA ks Hx 3 A o
97-11-21 86.8 486 72.2 78.3 67.6 729
97-11-25 90.1 73.5 84.3 81.8 703 715
97-11-26 89.3 67.0 789 81.0 67.0 759
97-11-27 733 418 62.2 67.2 60.2 63.1
97-11-28 87.3 62.8 729 75.9 66.2 69.9
97-11-29 89.3 79.4 84.8 78.2 72.9 76.1
97-11-30 89.9 51.7 78.2 786 67.3 731
97-12-01 87.0 456 66.3 70.4 573 63.5
97-12-02 51.2 295 39.9 579 464 51.7
97-12-03 68.9 30.7 48.7 52.3 46.7 50.1
97-12-04 73.0 339 58.5 53.6 495 515
97-12-05 783 40.1 70.6 59.2 53.3 56.0
97-12-06 89.3 70.5 81.2 79.1 586 69.2
97-12-13 82.2 414 66.2 573 53.8 55.6
97-12-14 77.0 48.3 67.7 58.3 53.3 556
97-12-18 84.6 62.8 70.6 68.8 589 64.4
98-01-01 86.9 70.1 779 70.1 58.8 63.9
98-01-02 89.5 58.8 78.3 66.5 63.5 64.8
98-01-03 835 574 73.6 69.3 64.6 66.2
98-01-04 76.1 38.2 509 69.8 49.1 570
98-01-05 89.4 55.2 70.3 63.4 52.8 58.2
98-01-06 89.0 52.6 66.0 61.6 ob.7 98.3
98-01-07 82.7 63.8 724 61.6 95.8 58.6
98-01-08 89.7 81.1 86.6 75.0 62.7 69.4
98-01-09 914 67.4 834.6 73.1 66.9 69.0
98-01-10 94.1 679 84.1 69.1 66.0 675
98-01-11 90.2 724 82.3 72.4 67.1 69.3
98-01-12 83.3 60.3 779 69.9 63.8 67.3
98-01-13 93.7 60.4 79.7 67.1 63.0 658
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FEA ARSE (%)

FEA WEsE (%)

KR

4z | #A | #@® | Az | A4 | ==
98-01-16 82.6 55.6 1.7 63.6 60.1 62.0
98-01-17 92.3 69.5 81.2 779 62.1 67.7
98-01-18 93.0 395 65.4 8.2 55.0 66.1
98-01-19 59.8 411 504 571 50.8 54.0
98-01-20 90.2 58.8 75.0 61.6 534 57.7
98-01-21 79.5 465 62.5 60.4 54.1 575
98-01-22 89.6 64.1 78.1 63.1 54.5 59.1
98-01-23 73.0 384 531 61.1 49.7 55.2
98-01-24 65.9 422 53.0 52.4 48.0 50.7
98-01-25 78.2 40.8 61.6 93.8 49.3 52.0
98-01-26 84.7 43.7 62.3 57.4 50.1 54.3
98-01-27 732 39.1 543 53.6 44.6 51.0
98-01-28 72.8 383 55.3 52.4 44.6 495
98-01-29 78.9 359 56.1 51.2 40.3 48.0
98-01-30 74.1 48.8 63.2 539 459 50.8
98-01-31 69.2 35.5 534 55.1 38.6 48.1
98-02-01 71.3 371 56.5 50.4 384 46.5
98-02-02 734 336 57.0 50.3 416 47.0
98-02-03 79.6 549 679 53.5 48.1 511 .
98-02-04 85.8 46.1 70.7 56.5 50.6 534
98-02-05 85.0 345 62.5 543 424 49.9
98-02-16 86.5 36.1 64.4 64.5 51.6 60.3
98-02-17 79.0 36.1 60.8 61.6 50.1 578
98-02-18 88.2 44.3 69.7 61.6 56.2 589
98-02-27 92.8 67.4 81.1 80.1 65.7 71.0
98-02-28 92.3 67.5 4.7 80.7 65.2 7.7
98-03-01 80.1 42.1 64.3 65.7 60.7 63.8
98-03-02 38.8 329 65.0 67.2 56.1 62.7
98-03-03 79.6 331 61.1 66.5 57.1 60.4
98-03-04 88.9 36.5 68.1 71.4 59.8 65.7
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b A2FEA W2 5(98. 11. 29 ~ 99. 2. 18)

FRA Yres

FRA HRLE

FEA EE WR2E

S dA
Hu | A | ¥97 | H2 | FA | J7 | 2 | 3A | Y7

98-11-29 | 114 | -63 0.9 85 3.2 5.8 - - -
98-11-30 | 120 | -20 2.1 7.7 37 5.0 - - -
98-12-01 | 5.0 -2.0 16 55 39 47 - - -
98-12-02 | 100 | -06 39 7.3 39 5.1 - - -
98-12-03 | 106 | -5.3 1.3 7.0 37 49 - - -
98-12-04 | 7.2 -89 | -24 | 58 2.9 4.2 - - -
98-12-05 | 6.2 63 | -13 | 54 3.0 42 - - -
98-12-06 | 7.0 -6.3 0.6 6.2 33 45 - - -
98-12-07 | 76 0.7 3.1 6.1 4.2 4.8 - - -
98-12-08 | 3.3 -73 | -10 | 50 33 42 - - -
98-12-09 | 2.1 -95 | -46 | 43 2.0 31 - - -
98-12-10| 31 | -123 | -51 42 1.2 2.6 - - -
98-12-11 | 4.0 -84 | -18 49 23 | 33 - - -
98-12-12 | 74 | -123 | -44 | 47 1.2 2.9 - - -
98-12-13 | 80 -6.3 0.7 6.6 25 4.1 - - -
98-12-14 | 11.0 0.3 4.7 75 4.2 55 - - -
98-12-15 | 80 -39 1.7 6.6 36 49 - - -
98-12-16 | 118 | -15 5.8 85 39 6.1 - - -
98-12-17 | 135 | -43 2.8 83 37 5.4 - - -
98-12-18 | 122 | -5.1 1.9 83 3.7 5.4 - - -
98-12-19 | 131 | -20 46 9.4 4.0 6.1 - - -
98-12-20 | 9.2 -4.1 1.3 7.4 37 5.0 - - -
98-12-21 ] 102 | -76 | -03 | 70 34 48 - - -
98-12-22 | 124 | -48 3.1 8.6 37 5.7 - - -
98-12-23 | 94 -34 2.0 7.7 39 5.1 - - -
98-12-24 | 100 | -73 | -02 | 74 3.7 50 - - -
98-12-25 | 94 -89 | -06 | 66 37 5.0 - - -
98-12-26 | 76 68 | -20 | 62 3.6 46 - - -
99-01-10 | -02 | -120 | -69 29 0.7 19 49 33 | 39
99-01-11 | 12 | -129 | -60 | 40 15 26 55 | 33 | 42
99-01-12 | 16 | -141 | -72 | 43 15 2.9 52 | 34 | 42
99-01-13 | 34 | -117 | -53 | 46 19 33 5.3 38 | 46
99-01-14 | 4.2 -87 | 29 | 50 2.9 4.0 56 | 47 | 51
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FeA JE2E FEAL WRSE [GEAR BT WE2E

249

An | 44 | 37 | x| x4 | @7 | 3 | HA | BHL

99-01-15 | 2.3 -6.3 -2.4 5.0 3.7 4.3 5.7 5.2 5.4

99-01-16 | 6.4 -84 -2.7 5.0 3.6 4.2 5.6 5.0 5.3

99-01-17 | 7.2 -129 | -42 54 2.9 4.0 5.8 4.5 5.2

99-01-18 | 8.0 -100 | -19 6.6 3.3 4.3 6.6 5.0 5.5

99-01-19 | 9.8 -24 2.3 7.4 3.7 5.2 7.2 54 6.1

99-01-20 | 29 -73 -19 50 3.7 44 6.0 53 5.6

99-01-21 | 52 -11.7 | -44 5.1 3.2 4.1 5.7 4.9 53

99-01-22 | 9.0 -6.8 0.2 7.4 3.7 5.0 7.2 5.3 59

99-01-23 | 7.8 -34 2.3 7.3 39 5.3 74 5.6 6.3

99-01-24 | 108 -1.5 3.7 8.2 4.0 5.7 8.2 5.9 6.8

99-01-25 | 84 -2.0 2.2 6.6 39 4.9 7.1 5.6 6.2

99-01-26 | 7.8 =79 -0.1 6.7 3.7 4.8 6.6 54 58

99-01-27 | 11.0 -39 2.8 7.8 3.7 56 7.8 5.5 6.4

99-01-28 | 4.0 -7.3 -2.0 5.0 3.7 4.4 6.6 5.2 55

99-01-29 | -11 | -100 | -54 4.7 3.3 4.1 5.5 5.1 53

99-01-30 | 25 -141 | -70 5.0 2.3 3.6 5.3 4.2 4.8

99-01-31 | 104 | -129 | -29 6.2 2.3 4.0 5.9 4.3 50

99-02-01 | 94 -5.8 0.5 7.0 3.9 4.9 7.1 54 58

99-02-02 | 05 -8.7 -4.4 4.7 2.8 4.2 5.6 4.6 53

99-02-03 | -15 | -129 { -84 4.0 19 3.0 4.7 3.7 4.2

99-02-04 | 1.2 -16.7 | -82 4.0 1.2 2.8 4.7 3.2 4.0

99-02-05 | 4.0 =111 | -29 5.0 2.8 3.8 5.3 43 | 438

99-02-06 | 7.4 -109 | -24 6.5 3.2 4.4 6.2 4.8 5.3

99-02-07 | 10.0 -84 -0.6 7.5 3.4 4.9 7.3 5.0 5.7

99-02-08 | 12.6 -66 | 07 8.6 3.7 5.4 8.2 5.5 6.2

99-02-09 | 9.2 -7.9 11 7.8 3.7 5.5 7.7 54 6.3

99-02-10 ; 6.0 -34 1.7 6.2 3.7 49 6.8 56 6.0

99-02-11 | 6.8 -4.3 0.9 6.2 3.7 4.7 6.3 55 5.7

99-02-12 | -18 | -79 -4.5 49 3.7 4.3 5.6 5.1 5.3

99-02-13 | 5.2 -135 | 59 50 2.5 3.8 5.1 43 | 48

99-02-14 | 36 -10.0 | -33 5.0 3.2 4.0 5.6 4.7 51

99-02-15 | 10.0 -24 2.4 8.1 3.9 53 7.6 55 6.1

99-02-16 | 114 -7.3 1.3 8.7 3.6 5.6 8.2 5.4 6.3

99-02-17 | 11.0 -4.3 4.2 9.4 3.7 6.5 9.7 5.6 7.1

99-02-18 | 10.8 -1.1 5.7 9.8 4.0 7.4 9.9 6.3 8.4
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An | A4 |97 |4z | 44 |9z (242 [ 4x 9z
98-11-29 | 1000 | 245 73.8 70.7 52.8 60.0 - - -
98-11-30 | 93.9 281 70.2 65.1 54.4 59.8 - - -
98-12-01 { 99.1 729 89.9 80.1 62.1 70.9 - - -
98-12-02 | 98.3 47.1 80.0 8.1 63.5 75.9 - - -
98-12-03 | 99.1 25.1 724 69.6 46.4 62.5 - - -
98-12-04 | 100.0 25.8 71.7 59.6 41.0 54.6 - - -
98-12-05 | 82.2 39.8 66.5 55.8 50.4 539 - - -
98-12-06 | 939 52.4 76.4 71.8 54.6 60.5 - - -
98-12-07 | 100.0 44.3 779 845 59.6 73.1 - - -
98-12-08 | 64.2 25.1 440 62.2 38.8 51.3 - - -
98-12-09 | 734 25.2 481 494 38.6 452 - - -
98-12-10 | 78.0 25.1 55.4 48.0 40.8 45.0 - - -
98-12-11 | 829 25.0 46.2 52,6 39.1 448 - - -
98-12-12 | 796 24.8 55.2 469 37.7 439 - - -
98-12-13 | 78.2 49.8 66.4 70.9 45.1 554 - - -
98-12-14 | 91.2 38.1 71.1 773 55.2 69.6 - - -
98-12-15 | 741 25.7 53.0 573 46.3 53.1 - - -
98-12-16 | 784 29.8 514 649 44.0 55.5 - - -
98-12-17 | 939 255 62.8 61.1 457 536 - - -
98-12-18 | 100.0 37.3 76.3 63.2 54.3 58.1 - - -
98-12-19 | 878 284 60.6 740 38.8 58.5 - - -
98-12-20 | 56.0 24.7 33.8 46.0 31.7 40.1 - - -
98-12-21 | 76.8 246 51.3 52.1 389 45.1 - - -
98-12-22 | 814 31.0 59.2 61.5 450 52.8 - - -
98-12-23 | 95.9 25.1 63.5 62.3 43.1 549 - - -
08-12-24 | 969 30.0 63.1 558 46.4 52.3 - - -
98-12-25 | 969 246 66.7 555 405 50.9 - - -
98-12-26 | 96.9 36.3 79.6 573 519 539 - - -
99-01-10 | 480 25.4 304 37.7 30.1 344 764 | 720 | 74.8
99-01-11 | 578 25.3 34.3 379 294 34.9 723 | 694 | 71.1
99-01-12 | 76.2 25.2 51.7 40.2 35.3 383 70.7 | 683 | 69.3
99-01-13 | 80.2 25.8 55.1 42.3 37.3 40.3 703 | 680 | 688
99-01-14 | 66.1 25.0 44.0 428 31.7 39.7 710 | 67.8 | 687
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99-01-15 581 | 252 | 396 | 418 | 303 | 378 | 708 | 659 | 67.3

99-01-16 727 | 248 | 480 | 426 | 287 | 378 | 685 | 652 | 66.7

99-01-17 769 | 248 | 508 | 41.3 | 289 | 374 | 705 | 653 | 66.7

99-01-18 741 | 280 | 535 | 442 | 369 | 407 | 681 | 646 | 663

99-01-19 670 | 304 | 521 | 495 | 418 | 452 | 679 | 644 | 664

99-01-20 670 | 251 | 380 | 482 | 250 | 370 | 678 | 644 | 659

99-01-21 817 | 249 | 566 | 409 | 306 | 378 | 67.1 | 648 | 656

99-01-22 780 | 339 | 620 | 556 | 394 | 461 | 679 | 647 | 663

99-01-23 8.4 | 513 | 718 | 634 | 514 | 577 | 694 | 658 | 673

99-01-24 900 | 461 | 722 | 677 | 599 | 638 | 71.7 | 676 | 696

99-01-25 971 | 259 | 655 | 816 | 365 | 57.8 | 741 | 687 | 709

99-01-26 669 | 253 | 457 | 483 | 369 | 432 | 69.7 | 666 | 686

99-01-27 8.1 | 250 | 599 | 607 | 39.1 | 51.7 | 706 | 67.7 | 690

99-01-28 475 | 250 | 283 | 415 | 250 | 338 | 67.8 | 647 | 664

99-01-29 855 | 262 | 50.3 | 426 | 324 | 384 | 680 | 654 | 665

99-01-30 789 | 252 | 512 | 415 | 279 | 379 | 681 | 655 | 666

99-01-31 666 | 245 | 420 | 400 | 273 | 359 | 680 | 652 | 66.2

99-02-01 675 | 246 | 463 | 439 | 326 | 397 | 675 | 643 | 656

99-02-02 590 | 253 | 399 | 405 | 306 | 367 | 665 | 629 | 640

99-02-03 485 | 255 | 314 | 351 | 301 | 327 | 652 | 622 | 636

99-02-04 721 | 253 | 47.7 | 385 | 332 | 354 | 663 | 637 | 645

99-02-05 654 | 250 | 433 | 393 | 270 | 359 | 665 | 629 | 645

99-02-06 884 | 248 | 540 | 444 | 271 | 376 | 655 | 616 | 636

99-02-07 757 | 279 | 509 | 455 | 348 | 399 | 660 | 616 | 633

99-02-08 959 | 244 | 626 | 547 | 372 | 447 | 667 | 626 | 645

99-02-09 853 | 246 | 535 | 486 | 320 | 417 | 672 | 624 | 645

99-02-10 779 | 408 | 569 | 522 | 431 | 474 | 658 | 620 | 63.7

99-02-11 888 | 248 | 443 | 535 | 205 | 413 | 649 | 617 | 634

99-02-12 538 | 255 | 379 | 440 | 292 | 380 | 652 | 620 | 63.2

99-02-13 | 622 | 249 | 371 | 378 | 250 | 336 | 635 | 610 | 622

09-02-14 | 737 | 359 | 556 | 543 | 333 | 416 | 652 | 607 | 629

99-02-15 814 | 349 | 642 | 594 | 471 | 539 | 666 | 628 | 64.7

99-02-16 969 | 245 | 665 | 559 | 433 | 506 | 676 | 635 | 656

09-02-17 | 959 | 506 | 726 | 643 | 537 | 586 | 7.7 | 644 | 673

99-02-18 788 | 245 | 421 | 687 | 288 | 470 | 692 | 614 | 657
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An [ A4 |92 | #x | A4 | G7 | 32 | 34 | 2=
97-11-13 135 88 111 | 121 9.0 108 | 130 | 105 | 116
97-11-14 11.0 7.0 95 10.8 9.6 103 | 119 | 112 | 116
97-11-15 121 | -08 5.0 103 51 1.7 11.2 72 9.0
97-11-16 142 | -1.2 56 106 34 6.5 94 54 75
97-11-17 74 -04 3.5 74 0.8 44 94 38 6.5
97-11-18 40 -65 | -1.2 3.2 -04 09 46 23 33
97-11-19 55 -84 | -17 3.6 -2 0.7 8.3 0.7 3.4
97-11-20 11.0 | -42 26 94 0.8 3.8 94 42 6.1
97-11-21 74 ~-04 48 7.1 1.2 5.1 9.0 4.2 6.8
97-11-22 14.2 47 95 13.0 59 9.5 133 8.7 10.7
97-11-23 12.1 04 6.5 110 28 7.3 11.2 6.8 9.0
97-11-24 124 | -25 39 10.8 0.2 49 10.8 34 6.8
97-11~25 13.1 55 103 | 128 6.1 10.0 | 137 7.6 10.8
97-11-26 13.1 4.7 9.8 12.8 6.6 10.8 | 147 8.7 124
97-11-27 85 -1.2 42 8.3 2.0 5.6 8.7 54 74
97-11-28 124 3.6 8.0 115 5.1 8.1 11.9 7.2 9.1
97-11-29 8.8 55 77 9.2 6.6 8.6 10.5 9.0 10.1
97-11-30 9.6 0.0 49 9.2 24 6.3 9.8 6.1 81
97-12-01 3.2 -6.5 0.0 4.0 -3.3 1.9 6.1 0.7 44
97-12-02 -29 | 94| 66 | -18 | -55 | -39 3.1 -2.2 | -02
97-12-03 -21 | -148 | -88 | -20 | -99 | 58 0.3 -43 | -19
97-12~-04 32 -114 | -57 1.2 -8.1 -4.0 3.1 -35 | -0.7
97-12-05 7.7 -84 | -14 | 49 -53 | -06 | 61 -13 |1 20
97-12-06 66 | -21 | 2.7 66 | -02 | 31 8.0 2.7 48
97-12~-07 7.7 4.0 55 74 51 6.2 8.7 7.2 79
97-12-08 40 -2.1 14 53 0.4 3.4 6.8 3.1 57
97-12-09 -12 | -84 | -37 | 08 | -44 | -11 3.1 -05 | 1.8
97-12-10 -38 | -125| -81 | -27 | -79 | 52 | -01 | -39 | -19
97-12-11 -25 | -109| 54 | -18 | -65 | -36 | 0.7 =22 | -06
97-12-12 00 | -136| 61 | -06 | -94 | -44 15 -48 | -15
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A3 | AA | ¥F | 33 | 3X | ¥F | 3 | A | HA

97-12-13 36 | -65 | -25 | 22 -40 | -1.3 | 34 -0.1 1.2

97-12-14 28 | -70 | -16 | 30 | -42 | -06 | 42 | -09 | 15

97-12-15 59 | -38 | 17 48 | -1.0 | 24 54 2.3 4.2

97-12-16 24 | -60 | -19 | 22 | -29 | -02 | 34 0.3 2.0

97-12-17 62 | -12 | 13 6.6 0.2 25 9.4 2.1 438

97-12-18 66 | -04 | 29 6.1 18 3.8 6.8 4.2 5.6

97-12-19 13.1 1.6 6.0 106 | 3.2 6.2 108 | 57 1.5

97-12-20 8.1 -04 | 47 8.8 34 6.5 94 6.1 8.0

97-12-21 9.6 0.0 4.0 8.3 3.0 54 8.3 5.7 6.9

97-12-22 8.1 1.6 4.0 7.9 4.0 5.3 8.0 6.1 6.9

97-12-23 85 | -21 | 32 7.6 14 45 8.0 4.6 6.2

97-12-24 7.4 -2.9 1.8 7.0 0.8 3.7 7.2 4.2 58

97-12-25 9.6 -5.1 0.4 7.0 -1.2 2.2 6.5 19 42

97-12-26 9.6 -56 | 05 7.0 -2.0 19 6.8 1.5 39

97-12-27 74 | -38 | 05 6.1 -04 | 21 6.1 2.7 41

97-12-28 4.7 -65 | -11 3.8 -29 | 05 4.2 0.7 2.8

97-12-29 08 | -99 | -45 1.0 -55 | -20 | 23 -13 | 07

97-12-30 55 | -79 | -26 | 3.2 -42 | -1.0 | 34 -0.9 11

97-12-31 55 -84 | -2.0 3.8 -46 | -05 | 38 -0.5 1.7

98-01-01 2.8 -38 | -05 | 3.0 -1.0 1.0 42 19 3.0

98-01-02 28 | -21 | -04 | 28 0.4 13 4.2 2.7 3.3

98-01-03 88 | -1.2 | 34 6.6 1.2 3.7 7.2 3.4 4.9

98-01-04 44 -94 | -48 | 48 -44 | -14 | 68 -09 16

98-01-05 12 -79 | -33 1.0 -42 | -16 2.3 -1.3 | 05

98-01-06 12 | -109| -41 0.6 -6.0 | -2.0 19 -18 {1 05

93-01-07 24 -99 | -34 16 -65 | -2.0 23 -26 | -01

98-01-08 16 -0.8 0.3 2.6 0.4 14 5.0 2.3 31

98-01-09 08 | -79 | -28 | 28 -23 | 06 4.2 15 2.8

98-01-10 12 | -56 | -20 | 26 | -04 | 10 34 2.3 2.8

98-01-11 51 | 56 | 16 46 | -06 | 30 54 2.7 41

98-01-12 44 -33 04 44 1.0 29 57 3.4 4.7

98-01-13 04 | -70 | -37 | 30 | -14 | 09 42 2.3 3.1

98-01-14 55 | -89 | -10 | 44 -2.7 13 5.0 1.1 3.1
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98-01-15 36 | -04 1.3 4.0 1.8 2.8 5.7 38 4.3

98-01-16 55 | -33 | -01 4.6 0.4 22 54 2.7 39

98-01-17 55 | -33 1.2 5.1 0.6 30 5.7 2.7 41

98-01-18 12 |-109| -49 | 38 | 53 | -01 | 50 | -1.3 | 23

98-01-19 -60 | -142 | -106 | -33 | 91 | -58 | -1.3 |} -39 | -2.7.

98-01-20 00 |-125| 57 | 02 | -67 | -32 | 07 | -35 | -14

98-01-21 -16 | -148| -68 | <10 | -79 | -35 | 03 -39 | -11

98-01-22 28 | -114 | -37 14 -58 | -1.7 | 23 -26 | 0.2

98~-01-23 -29 | -114 ] -67 | -06 | -65 | -3.2 15 -22 | -05

98-01-24 -79 | -153 | -121| -46 | 99 | -7.3 | -26 | 57 | -43

98-01-25 -12 | -172 | -94 | -20 | -106| -61 | -1.3 | -7.1 | -4l

98-01-26 08 | -104| -46 | 04 -44  -23 11 -1.8 | -05

98-01-27 00 |-131| 68 | -02 | -74 | -35 | 03 -39 | -16

98-01-28 04 |-125| -63 | -02 | -65 | -32 | 07 -35 | -1.2

98-01-29 24 | -1563 ] 69 | 08 -89 | -38 11 -48 | -18

98-01-30 4.7 -70 | -04 3.4 -35 | 06 3.8 -05 19

98-01-31 3.2 -89 | -26 2.8 -3.1 0.2 34 ~0.1 19

98-02-01 40 | -104 | -48 | 2.2 -46 | -1.7 | 27 -1.8 | 03

98-02-02 47 | -120| -39 3.0 -58 | -14 | 42 -26 | 05

98-02-03 47 -70 | -20 | 338 -27 | 06 34 -01 18

98-02-05 47 | -114 | -29 | 57 0.6 35 6.1 3.1 49

98-02-06 7.4 -70 | -04 7.6 3.0 52 72 50 6.0

98-02-07 44 -47 | -07 6.5 44 54 72 5.7 6.5

98-02-08 -12 | -74 | 37 5.3 3.0 4.2 6.8 5.0 5.7

98-02-09 -25 | -125| -68 | 32 08 24 50 34 4.1

98-02-10 1.2 | -136 | -54 | 55 1.0 33 5.7 31 45

98-02-11 51 | -148 | -43 57 06 33 6.1 2.7 44

98-02-12 124 | -08 | 69 | 106 | 49 82 | 101 | 57 8.3

98-02-13 4.7 -29 1.0 79 6.1 7.1 105 | 76 89

98-02-14 44 -1.2 1.6 79 59 71 9.0 7.6 84

98-02-15 55 | -38 | 06 8.3 5.7 7.0 8.7 7.2 8.0

98-02-16 9.6 -5.1 0.6 9.0 46 6.6 9.0 6.5 7.6
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Au | 44 | W7 | A2 | A4 [ 9% | 33 | 24 | 9
98-02-17 85 | 51 1.2 9.0 49 7.1 9.0 6.5 7.8
98-02-18 96 | -29 | 29 9.6 6.3 7.8 94 8.0 8.6
98-02-19 121 | -12 | 61 106 | 66 87 | 126 | 80 9.7
98-02-20 124 | 59 95 | 133 | 105 | 11.7 | 147 | 123 | 131
98-02-21 66 | 04 | 36 | 106 | 65 86 | 123 | 87 | 102
98-02-22 103 | -33 | 20 | 106 | 55 78 | 105 | 76 8.7
98-02-23 103 | -33 | 38 | 110 | 65 86 | 11.2 | 80 | 95
98-02-24 8.8 2.0 59 | 108 | 87 95 | 112 | 98 | 104
98-02-25 15.2 1.2 6.8 145 | 77 100 | 189 | 65 10.7
98-02-26 124 | -25 | 44 117 | 85 98 | 20.0 15 8.9
98-02-27 36 | 04 | 23 8.8 7.0 7.6 6.8 4.2 59
98-02-28 8.1 -21 3.4 8.7 5.7 7.2 11.9 2.3 6.2
98-03-01 106 | -29 | 29 9.6 4.2 6.7 19.3 11 76
98-03-02 113 | -29 | 31 9.9 4.2 6.7 193 | 03 7.6
98-03-03 128 | -33 | 38 105 | 38 6.9 193 | 03 8.0
98-03-04 145 | -33 5.4 10.8 4.2 76 21.0 11 9.4
98-03-05 149 | -2.1 6.6 119 51 8.6 22.7 15 10.3
98-03-06 142 | 04 6.8 110 | 68 8.8 196 | 3.8 9.8
98-03-07 124 | -16 | 54 103 | 6.3 80 | 224 | 23 10.1
98-03-08 145 | -3.3 5.3 9.9 55 7.6 210 | -01 9.3
98-03-09 152 | -16 | 66 103 | 59 7.7 18.6 19 9.2
98-03-10 10.3 3.6 59 85 5.7 6.7 12.6 5.0 8.0
98-03-11 5.9 2.0 4.2 6.3 51 5.8 94 5.0 7.2
98-03-12 113 | 20 5.8 85 51 6.6 172 | 50 9.9
93-03-13 152 | -16 | 66 9.9 48 7.0 20.3 42 11.0
98-03-14 92 | -12 | 41 85 4.4 6.7 144 11 75
98-03-15 74 | -42 1.5 6.6 3.6 49 137 | -01 | 50
98-03-16 110 | -47 | 22 7.0 32 47 | 182 | 11 79
98-03-17 149 | 42 | 45 85 2.8 55 | 207 | 15 9.8
98-03-18 166 | -29 7.1 88 4.0 6.4 21.7 2.7 11.7
98-03-19 13.1 1.2 6.8 8.8 59 6.9 15.1 50 10.9
98-03-20 20 | -29 | -05 | 59 32 4.1 76 11 3.7
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97-11-13 | 846 | 625 | 701 | 778 | 674 | 706 | 735 | 682 | 712
97-11-14 | 96.7 | 792 | 930 | 895 | 778 | 849 | 805 | 735 | 77.2
97-11-15 | 1000 | 625 | 914 | 845 | 744 | 780 | 787 | 735 | 771
97-11-16 | 1000 | 495 | 839 | 8.2 | 657 | 764 | 805 | 735 | 773
97-11-17 899 | 469 | 688 | 812 | 462 | 639 | 822 | 490 | 66.0
97-11-18 828 | 32.0 | 549 | 585 | 345 | 470 | 647 | 422 | 561
97-11-19 916 | 388 | 696 | 639 | 514 | 587 | 787 | 612 | 689
97-11-20 828 | 273 | 605 | 674 | 394 | 564 | 805 | 664 | 738
97-11-21 9.7 | 588 | 806 | 862 | 585 | 746 | 787 | 717 | 747
97-11-22 984 | 588 | 806 | 8.2 | 639 | 764 | 805 | 735 | 776
97-11-23 | 1000 | 495 | 8.7 | 895 | 550 | 781 | 822 | 700 | 774
97-11-24 | 1000 | 588 | 8.9 | 8.2 | 639 | 775 | 873 | 735 | 773
97-11-25 | 1000 | 625 | 89 | 926 | 621 | 822 | 805 | 752 | 781
97-11-26 | 1000 | 828 | 939 | 926 | 744 | 862 | 840 | 770 | 814
97-11-27 9.7 | 569 | 783 | 812 | 603 | 715 | 805 | 735 | 779
97-11-28 9.1 | 5.1 | 730 | 845 | 603 | 695 | 787 | 752 | 769
97-11-29 984 | 9.1 | 962 | 895 | 829 | 8.0 | 822 | 770 | 80.0
97-11-30 | 1000 | 625 | 833 | 895 | 674 | 808 | 840 | 752 | 803
97-12-01 96.7 | 423 | 62.0 | 829 | 445 | 574 | 805 | 682 | 746
97-12-02 700 | 304 | 487 | 568 | 313 | 436 | 770 | 629 | 666
97-12-03 828 | 337 | 602 | 621 | 361 | 511 | 700 | 629 | 659
97-12-04 916 | 469 | 736 | 761 | 514 | 640 | 717 | 647 | 686
97-12-05 9.7 | 569 | 823 | 812 | 639 | 737 | 770 | 682 | 726
97-12-06 | 1000 | 774 | 952 | 926 | 761 | 85 | 805 | 735 | 765
97-12-07 1000 | 96.7 | 995 | 941 | 845 | 891 | 840 | 787 | 815
97-12-08 | 1000 | 8.4 | 972 | 911 | 744 | 841 | 840 | 787 | 823
97-12-09 882 | 588 | 743 | 744 | 550 | 659 | 805 | 752 | 778
97-12-10 | 916 | 477 | 665 | 709 | 479 { 562 | 770 | 717 | 733
97-12-11 | 1000 | 495 | 813 | 845 | 497 | 686 | 8.5 | 71.7 | 756
97-12-12 | 1000 | 662 | 837 | 8.2 | 657 | 752 | 787 | 71.7 | 755
97-12-13 | 1000 | 606 | 895 | 862 | 674 | 797 | 822 | 752 | 783
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97-12-14 | 1000 | 737 | 928 | 911 | 761 | 820 | 840 | 77.0 | 798

97-12-15 | 1000 | 388 | 733 | 895 | 479 | 694 | 840 | 752 | 782

97-12-16 | 1000 | 681 | 90.0 | 829 | 691 | 779 | 822 | 752 | 783

97-12-17 | 1000 | 71.8 | 894 | 845 | 69.1 | 79.7 | 8.0 | 77.0 | 80.2

97-12-18 | 1000 | 899 | 978 | 895 | 89 | 8.3 | 82 | 77.0 | 80.0

97-12-19 | 1000 | 643 | 915 | 91.1 | 727 | 86 | 8.7 | 805 | 829

97-12-20 | 1000 | 864 | 963 | 895 | 778 | 844 | 8.7 | 787 | 824

97-12-21 | 1000 | 643 | 84 | 8.8 | 657 | 77.8 | 873 | 805 | 831

97-12-22 933 | 681 | 805 | 77.8 | 667 | 71.7 | 8.7 | 787 | 820

97-12-23 | 1000 { 588 | 8.0 | 89 | 603 | 720 | 873 | 77.0 | 809

97-12-24 9.1 | 551 | 772 | 744 | 550 | 667 | 84.0 | 71.7 | 782

97-12-25 | 100.0 | 441 | 824 | 812 | 532 | 698 | 8.2 | 7.7 | 769

97-12-26 | 1000 | 551 | 83 | 81.2 | 603 | 737 | 8.7 | 735 | 786

- 97-12-27 | 1000 | 756 | 952 | 878 | 761 | 815 | 8.7 | 770 | 795

97-12-28 916 | 257 | 616 | 761 | 361 | 571 | 822 | 664 | 754

97-12-29 9.1 | 532 | 764 | 709 | 550 | 633 | 805 | 647 | 725

97-12-30 9.1 | 700 | 863 | 778 | 69.1 | 732 | 805 | 682 | 75.2

97-12-31 984 | 514 | 836 | 795 | 585 | 719 | 822 | 700 | 759

98-01-01 {1000 | 916 | 988 | 895 | 795 | &.1 | 822 | 72 | 792

98-01-02 | 1000 | 984 | 999 | 895 | 845 | 89 | 840 | 787 | 81.2

98-01-03 | 1000 | 495 | 874 | 8.5 | 585 | 80.2 | 84.0 | 805 | 821

98-01-04 84 | 337 | 604 | 761 | 394 | 537 | 840 | 629 | 716

98-01-05 | 1000 | 643 | 942 | 8.2 | 621 | 761 | 805 | 682 | 76.2

98-01-06 | 1000 | 495 | 814 | 812 | 550 | 678 | 805 | 629 | 739

98-01-07 | 1000 | 70.0 | 836 | 89 | 691 | 745 | 805 | 682 | 76.0

98-01-08 | 1000 | 00 | 929 | 8.2 | 812 | 848 | 822 | 787 | 80.2

98-01-09 | 1000 | 0.0 806 | 8.2 | 744 | 808 | 82 | 752 | 813

98-01-10 | 100.0 | 100.0 | 100.0 | 8.2 | 795 | 838 | 8.7 | 822 | 89

98-01-11 | 1000 | 756 | 894 | 845 | 691 | 755 | 8.7 | 822 | 8.2

98-01-12 | 1000 | 792 | 961 | 81.2 | 709 | 775 | 8.7 | 805 | 828

98-01-13 100.0 | 100.0 | 100.0 | 81.2 | 744 | 784 | 840 | 822 | 831

98-01-14 | 1000 | 643 | 8.7 | 795 | 639 | 712 | 8.7 | 805 | 834
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FeA JEFE

FEA WEEE

FRAE FFRFE

£5 YA

A2 | 34 |97 | §32 | H4 | 32 | 43 | 44 | 9%
98-01-15 662 | 569 | 632 | 639 | 568 | 59.7 | 840 | 770 | 789
98-01-16 96.7 | 569 | 766 | 69.1 | B85 | 638 | 840 | 752 | 780
98-01-17 1000 | 681 | 904 | 812 | 674 | 732 | 805 | 77.0 | 787
98-01-18 | 1000 | 551 | 778 | 812 | 514 | 624 | 805 | 752 | 776
08-01-19 | 1000 | 477 | 655 | 639 | 445 | 513 | 770 | 735 | 756
98-01-20 1000 | 681 | 944 | 795 | 639 | 71.1 | 805 | 752 | 775
98-01-21 1000 | 551 | 835 | 709 | 568 | 64.1 | 805 | 735 | 764
98-01-22 1000 | 569 | 8.4 | 778 | 639 | 71.0 | 805 | 752 | 783
98-01-23 700 | 354 | 493 | 621 | 394 | 476 | 805 | 752 | 765
93-01-24 846 | 441 | 593 | 568 | 445 | 487 | 752 | 71.7 | 740
98-01-25 1000 { 551 | 80.7 | 691 | 532 | 61.1 | 770 | 71.7 | 749
98-01-26 1000 | 388 | 786 | 795 | 497 | 66.0 | 787 | 735 | 766
98-01-27 1000 | 354 | 742 | 69.1 | 462 | 598 | 787 | 735 | 759
98-01-28 8.2 | 320 | 580 | 621 | 394 | 519 | 752 | 700 | 728
98-01-29 1000 | 273 | 711 | 674 | 394 | 555 | 752 | 70.0 | 725
08-01-30 | 1000 | 55.1 | 845 | 744 | 603 | 694 | 805 | 71.7 | 769
98-01-31 1000 | 273 | 655 | 76.1 | 394 | 576 | 805 | 735 | 763
98-02-01 1000 | 304 | 748 | 674 | 428 | 592 | 770 | 71.7 | 742
98-02-02 1000 | 304 | 731 | 727 | 394 | 59.0 | 787 | 71.7 | 745
98-02-03 1000 | 495 | 87.7 | 778 | 568 | 686 | 787 | 735 | 768
98-02-05 067 | 288 | 730 | 657 | 479 | 588 | 822 | 787 | 805
98-02-06 1000 | 320 | 776 | 674 | 514 | 619 | 805 | 787 | 794
98-02-07 1000 | 756 | 970 | 709 | 621 | 662 | 805 | 787 | 797
98-02-08 033 | 588 | 738 | 674 | 55.0 | 583 | 805 | 787 | 79.0
98-02-09 | 1000 | 700 | 931 | 639 | 568 | 595 | 805 | 770 | 783
93-02-10 1000 | 1000 | 1000 | 657 | 568 | 613 | 805 | 787 | 791
98-02-11 | 1000 | 828 | 982 | 674 | 585 | 61.7 | 805 | 787 | 79.7
98-02-12 1000 | 4569 | 899 | 812 | 657 | 739 | 840 | 805 | 818
98-02-13 1000 | 737 | 964 | 709 | 657 | 698 | 8.3 { 805 | 8.0
98-02-14 | 1000 | 916 | 988 | 727 | 674 | 69.1 | 840 | 805 | 82.3
98-02-15 1000 | 681 | 923 | 69.1 | 621 | 670 | 822 | 805 | 809
98-02-16 | 1000 | 441 | 877 | 674 | 568 | 638 | 822 | 787 | 805
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FeA AN EE FEA UEEE  |FEAHE ERUREE

ZA44A . " . n : "
HAu | A4 | 97 | H2 | A4 | W7 | 33 | AA | BF

98-02-17 | 1000 | 423 | 802 | 69.1 | 568 | 636 | 822 | 787 | 307

98-02-18 | 1000 | 423 | 714 | 69.1 | 568 | 627 | 840 | 805 | 8L1

08-02-19 | 1000 | 441 | 750 | 744 | 550 | 620 | 873 | 787 | 824

98-02-20 | 1000 | 73.7 | 904 | 795 | 621 | 723 | 873 | 822 | 847

98-02-21 | 1000 | 532 | 758 | 639 | 514 | 577 | 822 | 770 | 795

93-02-22 | 1000 | 354 | 688 | 585 | 497 | 544 | 805 | 77.0 | 777

98-02-23 | 1000 | 47.7 | 836 | 621 | 550 | 59.3 | 822 | 770 | 782

98-02-24 | 1000 | 643 | 8.1 | 639 | 568 | 626 | 822 | 77.0 | 784

98-02-25 809 | 158 | 474 | 568 | 329 | 484 | 822 | 594 | 746

98-02-26 | 100.0 | 33.7 | 80.1 | 603 | 532 | 57.7 | 89.0 | 456 | 666

98-02-27 | 1000 | 933 | 998 | 727 | 568 | 665 | 77.0 | 682 | 735

98-02-28 | 100.0 | 643 | 93.1 | 709 | 603 | 668 | 822 | 647 | 738

98-03-01 | 1000 | 405 | 828 | 69.1 | 532 | 620 | 840 | 439 | 693

98-03-02 | 100.0 | 423 | 780 | 69.1 | 532 | 610 | 805 | 406 | 66.1

98-03-03 | 1000 | 477 | 848 | 674 | 568 | 61.7 | 787 | 422 | 618

98-03-04 | 1000 | 242 | 699 | 69.1 | 462 | 588 | 787 | 524 | 653

98-03-05 | 1000 | 320 | 722 | 657 | 497 | 57.7 | 787 | 422 | 647

93-03-06 | 1000 | 423 | 775 | 639 | 532 | 604 | 752 | 374 | 599

98-03-07 1000 | 288 | 704 | 657 | 479 | 59.2 | 717 | 49.0 | 61.1

98-03-08 | 100.0 | 304 | 709 | 639 | 532 | 60.1 | 787 | 390 | 60.0

98-03-09 | 1000 | 242 | 63.1 | 657 | 428 | 553 | 77.0 | 342 | 532

98-03-10 569 | 337 | 465 | 514 | 394 | 468 | 524 | 374 | 468

98-03-11 1000 | 551 | 959 | 778 | 49.7 | 668 | 71.7 | 49.0 | 651

98-03-12 | 1000 | 354 | 772 | 744 | 514 | 66.0 | 752 | 358 | 60.1

98-03-13 | 1000 | 288 | 796 | 727 | 514 | 646 | 840 | 390 | 625

98-03-14 | 1000 | 337 | 740 | 744 | 462 | 613 | 682 | 374 | 562

08-03-15 | 100.0 | 320 | 576 | 603 | 479 | 527 | 664 | 422 | 536

93-03-16 | 1000 | 388 | 818 | 674 | 514 | 615 | 77.0 | 559 | 646

98-03-17 | 1000 | 337 | 770 | 674 | 585 | 63.7 | 80.5 | 508 | 67.0

93-03-18 | 1000 | 227 | 685 | 709 | 550 | 639 | 787 | 473 | 672

98-03-19 1000 } 495 | 918 | 956 | 603 | 77.7 | 805 | 664 | 716

98-03-20 | 1000 | 459 | 658 | 744 | 532 | 610 | 700 | 524 | 633
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o ALFEA W-FL=(98 11. 29 ~ 99. 2. 21)

FBA I¥LE | FEA UELE [FBAY BEUSLE

e EE R EE A EEREERE AEERELREE

98-11-29 46 | -53 | -1.7 | 46 2.9 3.7 - - -

98-11-30 | 137 | -34 | 24 6.2 2.6 40 - - -

98-12-01 70 | -02 | 39 5.0 3.7 4.4 - - -

98-12-02 58 | -24 13 7.0 3.7 52 - - -

98-12-03 56 | 68 | -07 | 67 29 5.4 - - -

98-12-04 58 | -95 | -31 5.8 0.6 3.1 - - -

98-12-05 48 | -48 | -05 | 59 3.3 43 - - -

98-12-06 62 | -73 | -08 | 6.2 2.5 44 - - -

98-12-07 6.2 -06 | 22 7.0 50 6.0 - - -

98-12-08 12 | -79 | -29 | 58 29 46 - - -

98-12-09 1.0 -89 | -47 4.7 2.0 3.1 - - -

98-12-10 33 | -123 | -42 | 47 0.1 2.5 - - -

98-12-11 2.1 -95 | -27 | 53 2.0 3.7 - - -

98-12-12 40 | -129| -55 49 0.1 2.4 - - -

98-12-13 8.6 -5.8 1.8 6.7 2.5 4.5 - - -

98-12-14 9.2 -0.6 3.1 7.7 54 6.4 - - -

98-12-15 6.2 -5.3 1.2 7.0 4.3 6.0 - - -

98-12-16 10.8 0.3 4.6 9.3 5.8 7.2 - - -

98-12-17 68 | -34 | 02 8.3 5.7 6.6 - - -

98-12-18 116 | -53 | 07 9.1 5.0 6.4 - - -

98-12-19 112 | -20 | 46 9.8 6.6 7.7 - - -

93-12-20 14 66 | -08 79 4.0 59 - - -

98-12-21 8.2 -73 | -13 7.1 2.9 4.9 - - -

98-12-22 9.4 -4.3 1.7 7.9 4.0 6.0 - - -

98-12-23 7.4 -53 0.4 7.8 4.6 6.1 - - -

98-12-24 76 | 76 | -13 | 75 3.3 5.3 - - -

98-12-25 70 | -79 | -1.0 | 67 2.9 5.0 - - -

98-12-26 70 | -79 | -14 | 67 2.9 5.0 - - -

99-01-12 -34 | -89 | -68 | 34 1.7 24 49 4.0 45

99-01-13 1.0 | -11.1 | -53 3.9 0.9 2.4 5.0 3.3 4.1

99-01-14 12 | -82 | -43 | 46 2.2 34 54 4.1 4.8

99-01-15 18 | -79 | -34 | 54 3.0 4.0 5.9 49 5.3

99-01-16 44 -84 | -27 6.5 3.3 4.7 6.6 54 59

99-01-17 33 | -135] -51 | 54 1.7 38 6.2 44 5.4
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sqan | 3EAa¥es | 9B u¥es 9%y @EUREE
) A3 | 34 | 97 | 2 | 34 | "97 | A3 | 3A | ¥

99-01-18 52 | -84 | -22 | 67 3.2 4.9 7.1 5.4 6.2

99-01-19 88 | -32 | 14 8.2 54 6.6 5.0 6.6 75

99-01-20 14 | -84 | -36 | 66 4.6 5.5 8.6 6.7 74

99-01-21 46 | -129 | -41 6.2 25 4.5 7.0 5.3 6.1

99-01-22 86 | -06 | 34 8.6 55 7.1 93 6.9 79

99-01-23 78 | -13 | 37 9.4 7.1 8.2 103 | 87 9.3

99-01-24 118 { 06 | 57 | 118 | 86 98 | 11.8 | 99 | 107

99-01-25 68 | -15 | 37 109 | 91 100 | 119 [ 111 | 115

99-01-26 76 | 68 | 09 9.8 6.3 85 | 109 | 91 10.2

99-01-27 82 | -29 | 34 107 | 83 9.7 119 | 107 | 111

99-01-28 18 | -106| -43 | 83 53 69 | 107 | 85 9.1

99-01-29 -27 | -11.7 | -6.3 6.6 4.2 56 85 7.1 7.9

99-01-30 -02 | -154 | -79 | 61 19 41 7.1 5.4 6.4

99-01-31 44 | -129| -49 | 66 20 44 7.4 5.0 6.2

99-02-01 7.6 -39 0.6 85 5.1 6.6 9.0 7.3 7.9

99-02-02 -02 | -84 | -39 | 67 3.9 55 8.6 6.6 7.6

99-02-03 -41 | -135| -93 | 46 17 3.2 6.6 5.0 5.7

99-02-04 01 |-160| -7.8 | 50 0.4 3.0 6.2 3.9 52

99-02-05 37 |-111] -34 | 58 2.2 4.3 7.1 5.0 6.0

99-02-06 46 | -106 | -3.0 7.0 3.0 5.2 7.7 5.8 6.8

99-02-07 82 | -79 | -04 | 85 4.3 6.2 8.9 6.5 7.6

99-02-08 100 | -34 2.5 10.3 7.1 8.3 105 8.6 94

99-02-09 7.4 -32 | 20 10.1 7.1 8.7 11.0 9.3 10.1

99-02-10 5.2 -48 | 0.1 9.4 6.3 8.4 109 9.4 103

99-02-11 50 | -71 | -06 | 93 6.1 7.9 106 | 89 9.8

99-02-12 -20 | =79 | 48 | 17 49 6.0 9.9 7.7 8.5

99-02-13 12 | -135| -65 | 6.2 2.6 4.7 7.7 6.1 7.0

99-02-14 -1.1 | -89 | -41 6.2 4.2 5.1 7.8 6.6 7.1

99-02-15 7.8 -3.4 11 9.5 6.2 7.6 10.1 7.8 8.9

99-02-16 9.8 -7.3 0.1 10.5 59 8.0 114 85 9.7

99-02-17 106 | -29 | 49 12.3 8.3 101 | 147 | 105 | 120

99-02-18 92 | -24 | 32 | 123 | 97 | 113 | 146 | 127 | 135

99-02-19 1.8 | -79 | -25 | 98 7.3 85 | 132 | 107 | 118

59-02-20 195 | -73 3.6 20.2 59 9.7 142 | 107 | 119

99-02-21 12.6 9.0 101 | 113 8.1 9.3 121 | 103 | 11.2
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Zh ALYEA W REFE(98 11. 29 ~ 99. 2. 21)

FEA AFEE

FEA WEEE

GEA HEUREE

SHEAN ; - - - .

A3: | AA | B7 | 3 | 3A4 | ¥F | F3 | 3A | Py#
98-11-29 1000 | 71.8 | 964 | 741 | 695 | 713 - - -
98-11-30 | 1000} 322 | 814 | 778 | 683 | 716 - - -
98-12-01 9.2 | 825 | 924 | 759 | 715 | 731 - - -
98-12-02 [ 1000 | 586 | 865 | 749 | 60.1 | 709 - - -
98-12-03 939 | 304 | 679 | 702 | 541 | 633 - - -
98-12-04 90.8 | 274 | 660 | 609 | 536 | 578 - - -
98-12-05 9.0 | 502 | 710 | 629 | 59.1 | 61.2 - - -
98-12-06 978 | 523 | 792 | 660 | 606 | 629 - - -
98-12-07 931 | 588 | 789 | 69.7 | 642 | 674 - - -
98-12-08 831 | 436 | 631 | 641 | 547 | 585 - - -
98-12-09 832 | 335 | 5.7 | 570 | 475 | 529 - - -
98-12-10 821 | 306 | 59.7 | 577 | 481 | 518 - - -
98-12-11 939 | 271 | 575 | 637 | 486 | 546 - - -
98-12-12 839 | 347 | 69.2 | 565 | 50.7 | 53.0 - - -
98-12-13 921 | 556 | .7 | 710 | 56.1 | 627 - - -
98-12-14 9.2 | 528 | 842 | 758 | 643 | 703 - - -
98-12-15 826 | 413 | 660 | 652 | 586 | 619 - - -
98-12-16 912 | 431 | 702 | 693 | 627 | 654 - - -
98-12-17 992 | 81.7 | 944 | 730 | 645 | 679 - - -
98-12-18 970 | 407 | 788 | 689 | 633 | 654 - - -
98-12-19 904 | 207 | 629 | 749 | 544 | 657 - - -
98-12-20 664 | 248 | 432 | 564 | 46.1 | 50.7 - - -
98-12-21 805 | 279 | 579 | 545 | 487 | 515 - - -
98-12-22 886 | 59.1 | 751 | 66.1 | 538 | 60.7 - - -
98-12-23 929 | 306 | 693 | 640 | 531 | 596 - - -
98-12-24 899 | 336 | 675 | 585 | 538 | 56.2 - - -
98-12-25 899 | 425 | 726 | 609 | 545 | 576 - - -
98-12-26 948 | 425 | 802 | 646 | 545 | 59.7 - - -
99-01-12 744 | 353 | 616 | 486 | 428 | 462 | 651 | 596 | 626
99-01-13 787 | 357 | 602 | 504 | 46.7 | 486 | 676 | 594 | 637
99-01-14 689 | 328 | 516 | 492 | 454 | 476 | 673 | 61.1 | 642
99-01-15 639 | 306 | 479 | 487 | 438 | 464 | 67.7 | 622 | 65.1
99-01-16 74 | 250 | 489 | 493 | 422 | 466 | 682 | 632 | 66.1
99-01-17 795 | 380 | 61.2 | 50.7 | 444 | 468 | 677 | 606 | 64.8
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FEA AR E FEAL UEEE [FBAW BEUFSE

SR EEIEERE P AEEA ERIE A EEIEERET:

99-01-18 85 | 454 | 686 | 535 | 500 | 518 | 683 | 624 | 660

99-01-19 766 | 339 | 638 | 573 | 524 | 549 | 69.7 | 654 | 679

99-01-20 729 | 252 | 458 | 538 | 399 | 465 | 670 | 598 | 635

99-01-21 803 | 320 | 602 | 508 | 449 | 471 | 666 | 589 | 632

99-01-22 874 | 449 | 593 | 583 | 507 | 543 | 69.2 | 657 | 676

99-01-23 929 | 511 | 724 | 625 | 575 | 596 | 696 | 668 | 684

99-01-24 874 | 418 | 608 | 599 | 576 | 587 | 702 | 680 | 69.1

99-01-25 906 | 203 | 613 | 643 | 509 | 581 | 696 | 622 | 676

99-01-26 745 | 348 | 542 | 562 | 494 | 516 | 67.2 | 579 | 635

99-01-27 756 | 267 | 581 | 604 | 482 | 558 | 683 | 611 | 6638

99-01-28 642 | 252 | 389 | 50.2 | 375 | 442 | 629 | 550 | 595

99-01-29 859 | 340 | 581 | 492 | 435 | 455 | 629 | 555 | 596

99-01-30 773 | 272 | 519 | 458 | 41.1 | 430 | 627 | 547 | 584

99-01-31 787 | 408 | 614 | 515 | 429 | 461 | 642 | 549 | 60.0

99-02-01 849 | 248 | 589 | 546 | 448 | 51.1 | 658 | 600 | 634

99-02-02 653 | 255 | 358 | 469 | 369 | 421 | 622 | 550 | 59.7

99-02-03 569 | 256 | 333 | 405 | 345 | 373 | 595 | 521 | 560

99-02-04 786 | 294 | 546 | 45.0 39.0 410 | 612 | 524 | 515

99-02-05 823 | 251 | 521 | 496 | 390 | 435 | 628 | 543 | 593

99-02-06 888 | 250 | 60.3 | 494 | 426 | 468 | 642 | 560 | 6038

99-02-07 8.8 | 396 | 686 | 562 | 473 | 51.1 | 654 | 576 | 619

99-02-03 939 | 280 | 666 | 59.1 | 514 | 554 | 674 | 643 | 656

99-02-09 874 | 453 | 695 | 581 | 51.7 | 55.1 | 673 | 619 | 646

99-02-10 893 | 323 | 622 | 579 | 487 | 530 | 656 | 591 | 634

99-02-11 795 | 349 | 558 | 526 | 457 | 494 | 654 | 565 | 61.0

99-02-12 514 | 255 | 348 | 476 | 336 | 402 | 59.2 | 517 | 957

99-02-13 621 | 252 | 386 | 407 | 316 | 376 | 605 | 509 | 548

99-02-14 832 | 441 | 679 | 522 | 382 | 451 | 598 | 52.1 | 569

99-02-15 892 | 452 | 747 | 582 | 523 | 548 | 645 | 595 | 62.1

99-02-16 970 | 402 | 749 | 573 | 513 | 544 | 648 | 566 | 60.8

99-02-17 906 | 639 | 795 | 657 | 55.0 | 61.0 | 661 | 585 | 616

99-02-18 8.1 | 246 | 516 | 647 | 430 | 536 | 647 | 548 | 602

99-02-19 648 | 252 | 426 | 503 | 406 | 443 | 595 | 504 | 538

99-02-20 483 | 242 | 330 | 478 | 247 | 364 | 580 | 487 | 516

99-02-21 267 | 254 | 257 | 269 | 246 | 254 | 599 | 474 | 517
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4. BSE NM2ASAtel 8y AlEeolM Z2OY

7}. RESP1.BAS : Response Factor AXF

O REM THIS IS A PROGRAM TO CALCULATE THE RESPONSE FACTORS (RESP1.BAS)
2 REM N---NUMBER OF LAYER OF A GIVEN STRUCTURE
4 REM R(I) -—-THERMAL RESISTANCE OF CAVITY OR AIR SURFACE IN (sq.M).C/W
G1(D---HEAT CONDUCTIVITY IN W/M.C
G2(I)---SPECIFIC HEAT IN KJ/Kg.C
6 REM G3(D~---DENSITY IN Kg/(cu.M)
G4(D)---THICKNESS OF I-th LAYER IN M
8 REM K ---HEAT TRANSFER COEFFICIENT IN W/(sq.M).C
9 DIM A(10), B(10), C(10), D(10)
10 DIM A9(400), B9(400), C9(400), S(400)
11 DIM X(400), Y(400), Z(400), YY(400), ZZ(400)
12 DIM PX(30), PY(30), PZ(30)
13 DIM R(10), G1(10), G2(10), G3(10), G4(10)
14 OPEN "FAC-IN.DAT" FOR INPUT AS #7
15 OPEN "FAC.DAT" FOR OUTPUT AS #6
20 INPUT #7, N
22FOR1=1TON
24 INPUT #7, R(D, G1(D, G2(D, G3(D, G4
26 IF R(I) <> 0 THEN 34
28 G2(D = GI(D / G3(D / G2() * 3.6
30 G3(D = G4
32 RO = RO + G3(D / GI(D
34 RO = RO + R(D
36 NEXT I
38 K=1/R0
40 PRINT USING " THERMAL CONDUCTANCE K=##.####", K
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42 75 = SQR(40)

44 G = .01

46 FOR J = 1 TO 350

48 AO=1:B0=0:CO=0:D0 =1

50 FORI=1TON

52 IF R(D <> 0 THEN 74

54 Z1 = SQR(G1(D) * G / G2() * X(1)
56 Y(I) = SQR(G3(D) * G3(D / G2(D) * X()
58 A(D = COS(Y(D)

60 IF Y() = O THEN 66

62 B(D) = SIN(Y(D) / Z1

64 GOTO 68

66 B(D) = G3(D / G1(D

68 C(I) = -Z1 * SIN(Y(D))

70 DM = A

72 GOTO 76

74 A = 1: B(D = RM: CD = 0: D(D) =1
76 E1 = A0 = A(D + BO = C(D

78 E2 = A0 = B(D + BO * DO

80 E3 = CO * A(D + DO *» C(D

82 E4 = CO * B(I) + DO = D(D

84 A0 = E1: BO = E2: CO = E3: DO = E4
86 NEXT I

88W=W+1

90 Z(W) = BO

92 IF ABS(BO) < 9.999999E-06 THEN 112

94 IF W = 100 THEN 112

96 EO = Z(W - 1) - Z(W)

98 H = Z(W)

100 IF ABS(Z(W)) - ABS(Z(W - 1)) < O THEN H = Z(W - 1)
102 IF ABS(EQ) <= ABS(H) THEN 106
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104 G=-G/3

106 X() = X() + G

108 IF X(J) > Z5 THEN 210
110 GOTO 48

112 SO = X * XA

114 G = .01

116 W=0

118 XU + 1 = X0 + G
120 FORI1 =1 TO N

122 IF R() <> 0 THEN 152
124 IF SU) = 0 THEN 156

126 Z1 = SQR(SU) / G2()
128 22 = Z1 = G3(D

130 X9 = G3(D * G3M * .5 / G2(D
132 R1 = G3(D) / G1(D

134 C4 = SIN(Z2)

136 C5 = COS(Z2)

138 S1 =C4/ Z2

140 S2 = (S1 - C5) / 22 / Z2
142 A2 = X9 * S1

144 B2 = X9 * R1 = S2

146 C2 = X9 * (S1 + C5) / R1

148 D2 = X9 * S1

150 GOTO 166

152 A2 =0:B2=0:C2=0:D2=0
154 GOTO 166

156 X9 = G3(D * G3(M * .5/ G2(D
158 A2 = X9

160 B2 = X9 = G3(D / G1() / 3
162 C2 = GI(D) / G3(D) * X9 * 2
164 D2 = X9
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166 IF I = 1 THEN 190
168 E1 = A0 = A(D + BO * C(D)

170 E2 = AO = B() + BO = D(D

172 E3 = CO = A(D + DO * C(D

174 E4 = CO = B(D + DO = D(D

176 E5 = A3 = A(D + A0 * A2 + B3 * C() + BO * C2
178 E6 = A3 = B(D + A0 * B2 + B3 = D() + BO * D2
180 E7 = C3 =« A(D + CO * A2 + D3 = C(I) + DO = C2
182 E8 = C3 * B(I) + CO * B2 + D3 * D(D + DO * D2
184 AO0 = E1: BO = E2: CO = E3: DO = E4

186 A3 = E5: B3 = E6: C3 = E7: D3 = E8

188 GOTO 194

190 A0 = A(D: BO = B(D: CO = C(I): DO = D)
192 A3 = A2: B3 = B2: C3 = C2: D3 = D2
194 NEXT 1

196 A9(J) = DO / B3

198 B9UJ) =1/ B3

200 V = B9()) / S() / S

202 C9()) = A0 / B3

204 S(J) = =S

206 PRINT J, S()), V

208 NEXT J

2I0M=J-1

2121=20

214 PRINT " I XD Y(D "

216 IF [ = 0 GOTO 234

218 XD = 0: Y(D =0:Z(D =0

220 FORJ =1 TO M

222 Al = -(1 - EXP(SUM) = (1 - EXP(SQJ)) * EXP(U - 1) * SA)) / (S) *
SN

224 X(D = XD - A9 * Al
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226 Y() = Y(D - B9(J) = Al

227 YY(D = YD

228 Z(I) = Z(D) - C9()) = Al

229 2Z(M) = Z(D

230 NEXT J

232 GOTO 248

234 X(D = K: YD) = K: Z(D) = K

236 FORJ =1 TO M

238 Al = (1 - EXP(S(NY) / (S() * SU)
240 X(D = X(D - A9(J) = Al

242 Y() = Y(D - B9(D) = Al
244 Z(D = Z(D - CO) * Al
246 NEXT J '

248 IF Y() < .0015 AND 1 < 3 THEN Y() = 0
250 IF Y() < 0 THEN Y(D = 0

252 IF 1 < 3 THEN 264

254 IF Y(I - 2) = 0 THEN 264

255 IF Y(I - 1) = 0 THEN 264

256 C2 = Y / YU - 1)

258 IF C2 >= 1 THEN 264

260 C5 = ABS(C2 - YU - 1) / Y(I - 2))

262 IF (C5 - .001) <= O THEN 272

264 PRINT I,

265 YY(D) = Y(D

266 PRINT USING "### sttt " X Y(D; Z(D
267 2Z() = Z(D)

2681 =1+ 1

270 GOTO 218

272 PRINT " c="; C2

271 GOTO 331

274 FOR I = 0 TO 23
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276 IF 1 <> O THEN 296

278 PX(D) = K: PY(D = K: PZ(D = K
280 FORJ =1 TO M

282 Al = (1 - EXP(S()) / (S) * S
284 A2 = Al * (1 - EXP(23 * S()) / (1 - EXP(24 * S()))
286 PX(I) = PX(D) - A9(J) * A2

288 PY(D = PY(D) - B9()) * A2

290 PZ(D) = PZ(D) - C9UJ) * A2

292 NEXT J

294 GOTO 312

296 PX(I) = 0: PY(D) = 0: PZ(D = 0O
298 FORJ =1TO M

300 Al = -(1 - EXP(SU)) * (1 - EXP(S(D)) * EXP(U - 1) » SU) / (SA) =
SN
302 A2 = A1 / (1 - EXP(24 * S())

304 PX(D) = PX(D - A9(J) * A2

306 PY() = PY(D) - B9()) * A2

308 PZ() = PZ(D) - C9(D) » A2

310 NEXT J

312 NEXT I

314 PRINT " 1 PX(D PY(D PZ(D)"
316 FOR I = 0 TO 23 '

318 PRINT |,

320 PRINT USING "##.#### " PX(I); PY(D; PZ(D

322 NEXT 1

324 FOR I =0 TO 23

326 KX = KX + PX(D): KY = KY + PY(): KZ = KZ + PZ(D |

328 NEXT 1

330 PRINT USING " K=###### KX=###### KY=## #it## KL=## 1H##
K; KX; KY; KZ

331 FOR MM =1 TO 71
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333 YY(MM + 1) = YY(MM) * C2
335 ZZIMM + 1) = ZZ(MM) * C2
337 NEXT MM

339 FOR NNN = 0 TO 71

341 WRITE #6, YY(NNN)

343 NEXT NNN

345 FOR NNN = 0 TO 71

347 WRITE #6, ZZ(NNN)

349 NEXT NNN

351 END
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Y. BSFOR : A2%%8Ate] 72 4 HAAgd @E Wik 45

*

The simulation of beehouse inside temperatures by 72

*

response factors: bs.for Written by Li Zhenhai,Sept.1997

*

No.1, No.2, No.3 are the surface of roof, wall and floor

*

respectively.
DIMENSION AA(4,4),BB(4), TO(200),TI1(73),TI2(73),TI3(73),
1 TR(73),Y1(72),Y2(72),Y3(72),21(72),22(72),Z3(72)
DIMENSION YY1(72),ZZ21(72),YY2(72),ZZ22(72),YY3(72),ZZ3(72)
AFR(A,B,T1,T2)=22.68E-8*A*B*(273.15+ (T1+ T2)/2)**3
OPEN(2,FILE="PRN") |
OPEN(6,FILE='BS.DAT")
OPEN(7,FILE='"TEMP.DAT")
READ(6,*)KK,VNR1,VNR2,TM,TGM,QR,WB
READ(6,*)BW,BL,BH,E1,E2,E3,PHCL
WRITE(7,36)KK,VNR1,VNR2,TM, TGM,QR,WB
WRITE(7,37)BW,BL,BH
36 'FORMAT(1X,’ KK='14, VNR1='F7.2, VNR2=F7.2,
1 TM=F7.2) TGM='F7.2,' QR=F7.2' WB='F7.2)
37 FORMAT(1X,! BW='F7.2,! BL='F7.2,' BH='F7.2)
*TGM is the soil temperature at 1.0m depth;
*VNR1 is the higher air exchange rate, m3/hr; VNR2 is the lower
*air exchange rate, m3/hr, TM is the optimum design temperature,C.
*KK is the amount of simulation days; QR is the heat from bee, W
*WB=the weight of bee hive box.
*PHLC is perameter heat loss coefficient; BW is the width,BL is the
slength,and BH is the hight,calculating interior surface. E1,E2,E3
*are emmitance of the three surfaces. TI1 is side wall temp.;
*TI2 is roof temp. TI3 is floor temp. and TR is the interior temp..
*TQ is the outside temp.
READ(6,*)(TO(D),1=1,(KK+ 3)*24)
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19

65

READ(6,*)(T11(1),1=1,72),(TI2(D),1=1,72),(T13(1),1=1,72)
(TR(D,1=1,72)

CLOSE(6,STATUS="KEEP")
OPEN(6,FILE='FACTOR.DAT"
READ(6,*)(Y1(N),N=0,71),(Z1(N),N=0,71),(Y2(N),N=0,71)
(Z2(N),N=0,71),(Y3(N),N=0,71),(Z3(N),N=0,71)
CLOSE(6,STATUS="KEEP")
WRITE(7,19)Y1(0),21(0),Y2(0),Z22(0),Y3(0),Z3(0)
FORMAT(1X,6F9.5)

Bv=BW=*BL*BH

CY1=Z1(71)/Z1(70)

CY2=22(71)/Z2(70)

CY3=Z3(71)/Z3(70)

HL1=0

HL2=0

HL3=0

DO 65 1=0,71

HL1=HL1+ Y1(D*TO(72-D-Z1(M*TI1(72-D)
HL2=HL2+ Y2(D*TO(72-1)-Z2(D*TI12(72-D)
HL3=HL3+ Y3(D*TGM~Z3(D*TI3(72-1)
CONTINUE

DO 5 J=1,71

YY1(D=Y1()-CY1*Y1(J-1)
Z21(N=Z21(N)-CY1+Z1(J-1)
YY2(D)=Y2())-CY2*Y2(J-1)
2Z2(=22()-CY2+Z2(J-1)
YY3(D=Y3())-CY3*Y3(J-1)
ZZ3(N=Z3()-CY3*Z3(J-1)

CONTINUE

DO 6 J=1,71

Y1(D=YY1)
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Z1(N=2Z21()
Y2(D=YY2())
Z22()=2Z22Q)
Y3()=YY3(J)
Z23(NM=2Z3)

6 CONTINUE

+*THE FOLLOWING FOR THE VIEW FACTORS
CALL VIEW(BW,BL,BH,FI12,FI13,FI21,FI23,FI131,FI32)

*THE FOLLOWING FOR THE INSIDE TEMPERTURES
WRITE(7,9)

9 FORMAT(IX,'TIME L' TO= "'Tl= V'T2=

1 ['T3= "'TR= "'VENT M3/hr")

BB11=0 ' ‘
BB22=0
BB33=0
BB44=0

* The following is the large circulation
DO 200 I=1,24*KK
[1=1/25
TIME=I-24+Il
DO 70 M1=1,4
BB(M1)=0.0
DO 70 M2=1,4
AAM1,M2)=0.0

70 CONTINUE
AFR12=FI12+AFR(E1,E2,TI1(72),T12(72))
AFR13=F113*AFR(E1,E3,T11(72),TI3(72))
AFR21=FI21*AFR(E2,E1,TI2(72),TI1(72))
AFR23=FI23*AFR(E2,E3,T12(72),TI3(72))
AFR31=FI31*AFR(E3,E1,TI13(72),T11(72))
AFR32=FI32*AFR(E3,E2,TI3(72),T12(72))
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AF1=7.2+ AFR12+ AFR13
AF2=7.2+ AFR21+ AFR23
AF3=7.2+ AFR31+ AFR32
AA(1,1)=-(AF1+ Z1(0))
AA(1,2)=AFR12
AA(1,3)=AFR13
AA(2,1)=AFR21
AA(2,2)=-(AF2+Z2(0))
AA(2,3)=AFR23
AA(3,1)=AFR31
AA(3,2)=AFR32
AA(3,3)=-(AF 3+ Z3(0))-2*(BL+ BW)*PHLC/(BL*BW)
DO 80 J=1,3

AA(J,4)=7.2

CONTINUE
AA(4,1)=-2+(BL+BW)*BH=*7.2
AA(4,2)=-BL*BW=*7.2
AA(4,3)=-BL*BWx7.2
IF(TR(72).GT.TM)VNR=VNR1
IF(TR(72).LE.TM)VNR=VNR2
AA(4,4)=7.2#(2*BL*BW+ 2*(BL+ BW)*BH)+ 99.1*VNR/
(TO(72+ D+ 273.15)+ BV*99.1/(TR(72)+ 273.15)+ WB+2.3/3.6
YT1=0.0

YT2=0.0

YT3=0.0

ZT1=0.0

Z2T2=0.0

ZT3=0.0

DO 150 J=0,71
YT2=YT2+Y2(])*TO(72-J+D
YT3=YT3+Y3())*TGM
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150

160

11

YT1=YT1+ Y1(D*TO(72-J+1)

CONTINUE
YT1=YT2
DO 160 J=1,71

ZT1=ZT1+Z1(N*TI1(73-])
ZT2=Z7T2+Z2(*TI2(73-1)
ZT3=ZT3+ Z3()*TI3(73-])

CONTINUE

BB(1)=-YT1+ ZT1-HL1*CY1
BB(2)=-YT2+ ZT2-HL2+CY2

BB(3)=-YT3+ ZT3-HL3*CY3-2+(BW+ BL)*PHLC+TO(72+1)/(BW=*BL)
BB(4)=99.1+*VNR*TO(72+)/(TO(72+ )+ 273.15)
+BV*99.1/(TR(72)+ 273.15)*TR(72)+ QR+ WB*2.3/3.6*TR(72)

CALL SUBO0501(4,AA,BB,0.1E-9,1S)

HL1=YT1-ZT1-Z1(0)*BB(1)+ CY1*HL1
HL2=YT2-ZT2-Z2(0)*BB(2)+ CY2*HL2
HL3=YT3-ZT3-Z3(0)*BB(3)+ CY3*HL3

WRITE(7,11)TIME, TO(72+1),BB,VNR
FORMAT(1X,F4.1,6(1X,F8.3))

TI1(73)=BB(1)
TI12(73)=BB(2)
TI3(73)=BB(3)
TR(73)=BB(4)
BB11=BB11+ BB(1)
BB22=BB22+ BB(2)
BB33=BB33+ BB(3)
BB44=BB44+ BB(4)
DO 170 L=1,72
TIL(L)=TIL(L+ 1)
TI2(L)=TI2(L+ 1)
TI3(L)=TI3(L+1)
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TR(L)=TR(L+ 1)
170 CONTINUE
200 CONTINUE
* calculating the average temperatures of KK days
AT1=BB11/24/KK
AT2=BB22/24/KK
AT3=BB33/24/KK
ATR=BB44/24/KK
WRITE(7,114)AT1,AT2,AT3,ATR
114 FORMAT(1X,13X,4F9.3)
END
SUBROUTINE SUBO501(N,A,T,ES,IS)
REAL A(N,N), T(N)
M=N-1
DO 10 K=1,M
C=0.
DO 5 I=K,N
IF(ABS(A(L,K)).LE.ABS(C)) GOTO 5
C=A(,K)
II=1
5 CONTINUE
IF(ABS(C).GE.ES) GOTO 15
[S=0
RETURN
15 IF(IL.LEQ.K) GOTO 20
DO 25 J=K,N
R=A(K.,))
AKD=AULD
25 AILD=R
R=T(K)
TEK)=TD
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T(D=R
20 K1=K+1
C=1./C
TK)=T(K)*C
DO 10 J=K1,N
AK,D=AK.,))*C
DO 29 [=K1,N
29 ALD=ALD-ALK*AK.])
10 TOH=T-AUJK*T(K)
T(N)=T(N)/A(N,N)
DO 33 K=1,M
[=N-K
C=0
P=I+1
DO 35 J=IP,N
35 C=C+ ALD*TM)
33 TOH=TMH-C
IS=1
RETURN
END
C THE VIEW FACTORS OF THE BEE HOUSE SURFACES: 1=SIDE WALLS
C 2=ROOF; 3=FLOOR.
SUBROUTINE VIEW(BW,BL,BH,F12,F13,F21,F23,F31,F32)
DIMENSION A(7),F(7,7)
W=BW
D=BL
H=BH
HG1=H/10
HG2=H/10
WG1=W/10
WG2=W/10
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CALL ENCLF(W,D,H,HG1 HG2,WG1,WG2,A,F)
F21=0

F13=0

A1=0

DO 100 I=1,5

F21=F21+F(6,])

F13=F13+F(,7)*A®D

A1=A1+A()

100 CONTINUE
F13=F13/Al
F23=1-F21
F31=F21
F32=F23
F12=F13
END
SUBROUTINE ENCLF(W,D,HHG1 HG2,WG1,WG2,A,F)
PARAMETER (N=7)
DIMENSION A(N),F(N,N)
HG=H-HG1-HG2
WG=W-WG1-WG2
A(1)=HG*WG
A(2)=H*W-A(1)
A(3)=H*D
A(4)=H*W
A(5)=A(3)
A(6)=D*W
A(T)=A(6)

DO 10 I=1,N
DO 10 J=1,N
F(1,1)=0.

10 CONTINUE
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F(1,2)=0.
F(1,3)=PPDCF1(HG,WG,WG2,D)+ PPDCF2(HG,HG1,WG,WG2,D)

& +PPDCF2(HG,HG2,WG,WG2,D)
F(1,4)=SSHV(HG,WG,D,1)

& +PARAF1(WG,HG,HG2,D)+ PARAF2(WG,WG2,HG,HG2,D)

& +PARAF1(HG,WG,WG2,D)+ PARAF2(WG,WG2,HG,HG1,D)

& +PARAF1(WG,HG,HG1,D)+ PARAF2(WG,WG1,HG,HG1,D)

& +PARAF1(HG,WG,WG1,D)+ PARAF2(WG,WG1,HG HG2,D)
F(1,5)=PPDCF1(HG,WG,WG1,D)+ PPDCF2(HG,HG1,WG,WG1,D)

& +PPDCF2(HG,HG2,WG,WG1,D)
F(1,6)=PPDCF1(WG,HG,HG1,D)+ PPDCF2(WG,WG2,HG,HG1,D)

& +PPDCF2(WG,WG1,HG,HG1,D)
F(1,7)=PPDCF1(WG,HG,HG2,D)+ PPDCF2(WG,WG1,HG,HG2,D)

& +PPDCF2(WG,WG2,HG,HG2,D)

FGSW=SSHV(H,W,D,-1)sW+H

FGBW=SSHV(H,W,D,1)+W+H

FGFC=SSHV(W,H,D,-1)*W=H

IF(A(2).NE.0)THEN
F(2,3)=(FGSW-A(D)*F(1,3))/A(2)
F(2,4)=(FGBW-A(1)+F(1,4))/A(2)
F(2,5)=(FGSW-A(D)*F(1,5))/A(2)
F(2,6)=(FGFC-A(1)*F(1,6))/A(2)
F(2,7)=(FGFC-A(1)*F(1,7))/A(2)

ENDIF

F(3,4)=FGSW/A(3)

F(3,5)=SSHV(D,H,W,1)

F(3,6)=SSHV(D,H,W,-1)

F(3,7)=F(3,6)

F(4,5)=FGSW/A(4)

F(4,6)=FGFC/A(4)

F(4,7)=F(4,6)
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O OO0 0

F(5,6)=F(3,6)
F(5,7)=F(3,6)
F(6,7)=SSHV(D,W,H,1)
DO 11 [=2,N
JE=I-1
IF(A(I).EQ.0.)GO TO 11
DO 15 J=1,IE
F(LD)=AU)/AM*FJ,D
15 CONTINUE
11 CONTINUE
DO 12 I=1N
FF=0.
DO 13 J=1,N
FF=FF+F(,])
13 CONTINUE
IR=1
IF(LLE.2)IR=2
AJF=(1.-FF)/FLOAT(N-IR)
DO 14 J=1,N
IF.LEQ.))GO TO 14
IF(L.LE.2.AND.J.LE.2)GO TO 14
F(I,D=F(,D+AJF
14 CONTINUE
12 CONTINUE
RETURN
END
FUNCTION PARAF1(A,B,B0O,C)
This is a function sub—program to calculate
the configuration factor between two rectangular
surfaces, one of which is parallel to

and shifts vertically from the other.
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BB=B+B0

Al=As*B

Al13=A*BB

A3=A*BO
F1324=SSHV(A,BB,C,1)
F14=SSHV(A,B,C,1)
F32=SSHV(A,B0,C,1)
IF(A1.EQ.0.)THEN

PARAF1=0.
'ELSE
PARAF1=(A13*F1324-A1*F14-A3+F32)/2./A1
ENDIF
RETURN
END

FUNCTION PARAF2(A,A0,B,B0O,C)
This is a function sub-program to calculate
the configuration factor between two rectangular

surfaces, one of which is parallel to

and shifts both vertically and horizontally from the other

AA=A+AOD

BB=B+B0

Al1=A*B

A13=AA+B

A3=A0+*B

F1324=PARAF1(AA,B,BO,C)

F14=PARAF1(A,B,B0,C)

F32=PARAF1(A0,B,B0,C)

IF(A1.EQ.0.)THEN
PARAF2=0.

ELSE
PARAF2=(A13+F1324-A1+F14-A3*F32)/2./A1
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OREORNORNS

ENDIF

RETURN

END

FUNCTION PPDCF1(A,B,B0,C)

This is a function sub-program to calculate
the configuration factor between two rectangular
surfaces, one of which is perpendicular to
and shifts vertically from the other.

BB=B+ B0

Al=A=*B

Al13=A*BB

A3=A*B0O

F132=SSHV(A,BB,C,-1)
F32=SSHV(A,B0,C,-1)

IF(A1.EQ.0.)THEN

PPDCF1=0,
ELSE
PPDCF1=(A13+F132-A3*F32)/Al
ENDIF
RETURN
END

FUNCTION PPDCF2(A,A0,B,B0,C)

This is a function sub-program to calculate

the configuration factor between two rectangular
surfaces, one of which is perpendicular to

and shifts both vertically and horizontally from the other
AA=A+AO

BB=B+B0

Al=A*B

Al13=AA=*B

A3=A0+B
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F1324=PPDCF1(AA,B,B0,C)
F14=PPDCF1(A,B,B0,C)
F32=PPDCF1(A0,B,B0,C)
IF(A1.EQ.0.)THEN

PPDCF2=0.
ELSE :
PPDCF2=(A13*F1324-A1+F14-A3%F32)/2./A1
ENDIF
RETURN
END

FUNCTION SSHV(A,B,C,IC)
This is a program to calculate the ratio of the diffuse light
flux reaching a rectangular surface to that leaving the other
rectangular surface, namely the configuration factor. The
two rectangular surfaces are either parallel or perpendicular
to each' other.
DATA PAI/3.141593/
IF(C.NE.O.)THEN

X=A/C

Y=B/C
ELSE

WRITE(* *)'Warning! C is zero.'

RETURN
ENDIF
RX=SQRT(1.+ X*X)
RY=SQRT(1.+ Y*Y)
RXY1=SQRT(1.+ X*X+ Y*Y)
IF(X.EQ.0..OR.Y.EQ.0.)THEN

SSHV=0.
RETURN

ELSE IF(IC.LE.0.)THEN
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ENDIF
RETURN
END

RXY=SQRT(X*X+ Y*Y)

SSHV=(ATAN(X)/Y-RY*ATAN(X/RY)/Y+ ATAN(X/Y)
+0.5/X/Y*ALOG(RXY1/RX/RY)
+0.5+Y/X*ALOG(RXY1*Y/RXY/RY)
+0.5+X/Y*ALOG(RXY*RX/RXY1/X))/PAI

SSHV=2.*(RY*ATAN(X/RY)/Y+ RX/X*ATAN(Y/RX)

-ATAN(X)/Y-ATAN(Y)/X+ ALOG(RX*RY/RXY1)
/X/Y)/PAI
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*

The simulation of beehouse inside temperatures by 72

* response factors: bs.for Written by Li Zhenhai,Sept.1997

*

*

36

37

No.l, No.2, No.3 are the surface of roof, wall and floor
respectively.

DIMENSION AA(4,4),BB(4), TO(200),T11(73),TI12(73), TI3(73),
TR(73),Y1(72),Y2(72),Y3(72),Z1(72),22(72),Z3(72)
DIMENSION YY1(72),2Z1(72),YY2(72),222(72),YY3(72),ZZ3(72)
AFR(A,B, T1,T2)=22.68E-8*A*B*(273.15+(T1+T2)/2)**3
OPEN(2,FILE="PRN")

OPEN(6,FILE='BS.DAT")

OPEN(7,FILE='"TEMP.DAT’)
READ(6,+)KK,VNR1,VNR2,TM,TGM,QR,WB
READ(6,*)BW,BL,BH,E1 E2 E3 PHCL
WRITE(7,36)KK,VNR1,VNR2,TM, TGM,QR,WB
WRITE(7,37)BW ,BL,BH

FORMAT(1X, KK='14,’ VNR1='F72' VNR2='"F72/
TM='F72’ TGM='F72' QR='F72' WB='F72)
FORMAT(X,” BW='F7.2' BL='F72' BH='F72)

*TGM is the soil temperature at 1.0m depth;
*VNR1 is the higher air exchange rate, m3/hr; VNR2 is the lower

*air exchange rate, m3/hr, TM is the optimum design temperature,C.

*KK is the amount of simulation days; QR is the heat from bee,W
*WB=the weight of bee hive box.

*PHLC is perameter heat loss coefficient; BW is the width,BL is the
xlength,and BH is the hight,calculating interior surface. E1E2E3

*are emmitance of the three surfaces. TIl is side wall temp.;

*TI2 is roof temp. TI3 is floor temp. and TR is the interior temp..

*TO is the outside temp.

READ(6,%)(TO(D),I=1,(KK+3)*24)

- 311 -



19

READ(6,+)(TI1(I),I1=1,72),(T12(I),I=1,72),(TI13(1),I=1,72)
(TR(D),I=1,72)

CLOSE(6,STATUS="KEEP’)
OPEN(6,FILE="FACTOR.DAT')
READ(6,*)(Y1(N),N=0,71),(Z1(N),N=0,71),(Y2(N),N=0,71)
(Z2(N),N=0,71),(Y3(N),N=0,71),(Z3(N),N=0,71)
CLOSE(6,STATUS="KEEP’)
WRITE(7,19)Y1(0),Z21(0),Y2(0),22(0),Y3(0),Z3(0)
FORMAT(1X,6F9.5)

BV=BW+BL+BH

CY1=Z1(71)/Z1(70)

CY2=Z2(71)/Z2(70)

CY3=Z3(71)/Z3(70)

HL1=0

HL2=0

HL3=0

DO 65 I=0,71
HL1=HL1+Y1(D*TO(72-D-Z1(D)*TI1(72-1)
HL2=HL2+Y2(D*TO(72-1)-Z2(D)*TI2(72-1)
HL3=HL3+Y3(I)*TGM-Z3(D*TI3(72-1)
CONTINUE

DO 5 J=1,71

YYI()=YI()-CY1*Y1(J-1)
ZZ1(N=21(N-CY1*Z1(J-1)
YY2(])=Y2(-CY2+Y2(J-1)
Z272(N=22(J)-CY2*Z2(J-1)
YY3())=Y3())-CY3*Y3(J-1)
2Z3())=23(])-CY3+*Z3(J-1)

CONTINUE

DO 6 J=1,71

Y1(D=YYL(])
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Z1(N=2Z1(])
Y2(D=YY2(])
22(N=2Z2(D)
Y3(D=YY3()
Z3(N=2Z3())
6 CONTINUE
*THE FOLLOWING FOR THE VIEW FACTORS
CALL VIEW(BW,BL,BH,FI12FI13FI21 FI23FI31,FI32)
+*THE FOLLOWING FOR THE INSIDE TEMPERTURES
WRITE(7,9)
9 FORMAT(1X,' TIME " TO= "'T1= ", T2:
1 [/T3= "TR= ")
BB11=0
BB22=0
BB33=0
BB44=0
* The following is the large circulation
DO 200 I=1,24*KK
11=1/25
TIME=I-24x*Il
DO 70 M1=14
BB(M1)=0.0
DO 70 M2=14
AA(M1,M2)=0.0
70 CONTINUE
AFR12=FI12*AFR(E1,E2, TI1(72),T12(72))
AFR13=FI13*AFR(E1,E3,T11(72),TI3(72))
AFR21=FI21*AFR(E2 E1,T12(72),T11(72))
AFR23=FI23*AFR(E2,E3,T12(72), TI3(72))
AFR31=FI31*AFR(E3,E1,TI3(72), T11(72))
AFR32=FI32*AFR(E3,E2,TI3(72),TI2(72))
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AF1=7.2+AFR12+AFR13
AF2=7.2+AFR21+AFR23
AF3=7.2+AFR31+AFR32
AA(1,1)=-(AF1+Z1(0))

AA(1,2)=AFRI12

AA(1,3)=AFR13

AA(2,1)=AFR21

AA(2,2)=-(AF2+22(0))

AA(2,3)=AFR23

AA(3,1)=AFR31

AA(3,2)=AFR32
AA(3,3)=-(AF3+23(0))-2+(BL+BW)*PHLC/(BL*BW)
DO 80 J=1,3 ’
AA(J4)=72

CONTINUE

AA(4,1)=-2+(BL+BW)*BHx*7.2
AA(4,2)=-BL*BW*7.2

AA(4,3)=-BL*BW*7.2
IF(TO(72+1).GT.9)VNR=VNR2
IF(TO(72+1).LE.9)VNR=VNRI
IF(TR(72).GT.TM)VNR=VNRI1
IF(TR(72).LE.TM)VNR=VNR2
AA(4,4)=7.2%(2+BL*BW+2+(BL+BW)*BH)+99.1*VNR/
(TO(72+1)+273.15)+BV*99.1/(TR(72)+273.15)+ WB+2.3/3.6
YT1=0.0

YT2=0.0

YT3=0.0

ZT1=0.0

ZT2=0.0

ZT3=0.0

DO 150 J=0,71
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150

160

11

YT2=YT2+Y2(J)*TO(72-]+I)
YT3=YT3+Y3())*TGM
YT1=YTI1+YL(])*TO(72-J+I)

CONTINUE

YT1=YT2

DO 160 J=1,71

ZT1=ZT1+Z1()*TI1(73-])
ZT2=ZT2+Z2(])*T12(73-])
ZT3=ZT3+Z3(N*TI3(73-1)

CONTINUE

BB(1)=-YT1+ZT1-HL1*CY1
BB(2)=-YT2+ZT2-HL2*CY2
BB(3)=-YT3+ZT3-HL3*CY3-2+(BW+BL)*PHLC*TO(72+1)/(BW=BL)
BB(4)=99.1*VNR*TO(72+1)/(TO(72+1)+273.15)
+BV*99.1/(TR(72)+273.15)*TR(72)+QR+WB#*2.3/3.6*TR(72)
CALL SUB0501(4,AA BB,0.1E-9,IS)
HL1=YT1-ZT1-Z1(0)*BB(1)+CY1*HL1
HL2=YT2-ZT2-Z2(0)*BB(2)+CY2+HL2
HL3=YT3-ZT3-Z3(0)*BB(3)+CY3+HL3
WRITE(7,11)TIME, TO(72+1),BB,VNR
FORMAT(1X,F4.1,6(1X,F8.3))

TI1(73)=BB(1)

TI2(73)=BB(2)

" TI3(73)=BB(3)

TR(73)=BB(4)
BB11=BB11+BB(1)
BB22=-BB22+BB(2)
BB33=-BB33+BB(3)
BB44=-BB44+BB(4)
DO 170 L=1,72
TI1(L)=TII(L+1)
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TI2(L)=TI2(L+1)
TI3(L)=TI3(L+1)
TR(L)=TR(L+1)
170 CONTINUE
200 CONTINUE
* calculating the average temperatures of KK days
AT1=BB11/24/KK
AT2=BB22/24/KK
AT3=BB33/24/KK
ATR=BB44/24/KK
WRITE(7,114)AT1,AT2,AT3,ATR
114 FORMAT(1X,13X,4F9.3)
END
SUBROUTINE SUB0501(N,A,T,ES,IS)
REAL A(NN),T(N)
M=N-1
DO 10 K=1M
C=0.
DO 5 IEK\N
IF(ABS(A(LK)).LE.ABS(C)) GOTO 5
C=A(IK)
II=1
5 CONTINUE
IF(ABS(C).GE.ES) GOTO 15
IS=0
RETURN
15 I[FILEQ.K) GOTO 20
DO 25 J=K\N
R=A(K,])
AKD=AL]D
25 AL))=R
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R=T(K)
T(K)=T(D
T{D=R
20  Kl=K+1
C=1/C
T(K)=T(K)*C
DO 10 J=KIN
AKD=AKJ*C
DO 29 I=KLN |
29 ALD=ALD-AQK*AK.])
10  TM=TM-AJK*TX)
TN)=T(N)/A(N,N)
DO 33 K=1M
I=N-K
C=0
IP=I+1
DO 35 J=IPN
35 C=C+AL)*T()
3  TWM=TM-C
15=1
RETURN
END
C THE VIEW FACTORS OF THE BEE HOUSE SURFACES: 1=SIDE WALLS
C 2=ROOF; 3=FLOOR.
SUBROUTINE VIEW(BW,BL,BH,F12,F13F21,F23,F31,F32)
DIMENSION A(7),F(7,7)
W=BW
D=BL
H=BH
HG1=H/10
HG2=H/10
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WGI=W/10

WG2=W/10

CALL ENCLF(W,D.H,HG1,HG2,WG1,WG2,AF)

F21=0

F13=0

Al=0

DO 100 1=15

F21=F21+F(6,])

F13=F13+F(1,))*A(D

Al=A1+A() |
100 CONTINUE

F13=F13/Al

F23=1-F21

F31=F21

F32=F23

F12=F13

END

SUBROUTINE ENCLF(W,D,H,HG1,HG2,WG1,WG2,AF)

PARAMETER (N=7)

DIMENSION A(N).F(N,N)

HG=H-HG1-HG2

WG=W-WG1-WG2

A(L)=HG*WG

A@=H*W-A(1)

A(3)=H*D

A(@)=H*W

A(G)=A®3)

A(6)=D*W

A(D=A®B)

DO 10 I=1,N

DO 10 J=1N
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F({I,])=0.
10 CONTINUE
F(1,2)=0.
F(1,3)=PPDCF1(HG,WG,WG2,D)+PPDCF2(HG,HG1,WG,WG2,D)
& +PPDCF2(HG,HG2,WG,WG2,D)
F(1,4)=SSHV(HG,WG,D,1)
& +PARAF1(WG,HG,HG2,D)+PARAF2(WG,WG2,HG,HG2,D)
& +PARAF1(HG,WG,WG2,D)+PARAF2(WG,WG2,HG,HG1,D)
& +PARAF1(WG,HG,HG1,D)+PARAF2(WG,WG1, HG,HG1,D)
& +PARAF1(HG,WG,WG1,D)+PARAF2(WG,WG1,HGHG2,D)
F(1,5)=PPDCF1(HG,WG,WG1,D)+PPDCF2(HG,HG1,WG,WG1,D)
& +PPDCF2(HG,HG2,WG,WG1,D)
F(1,6)=PPDCF1(WG,HG,HG1,D)+PPDCF2(WG,WG2,HG,HG1,D)
& +PPDCF2(WG,WG1,HG,HG1,D)
F(1,7)=PPDCF1(WG,HG,HG2,D)+PPDCF2(WG,WG1,HG,HG2,D)
& +PPDCF2(WG,WG2 HGHG2,D)
FGSW=SSHV(H,W,D,-1)*WxH
FGBW=SSHV(H,W,D,1)*W*H
FGFC=SSHV(W HD,-1)*W*H
[F(A(2).NE.O.)THEN
F(2,3)=(FGSW-A(1)*F(1,3))/A(2)
F(2,4)=(FGBW-A(1)*F(1,4))/A(2)
F(2,5)=(FGSW-A(1)*F(1,5))/A(2)
F(2,6)=(FGFC-A(1)*F(1,6))/A(2)
F(2,7)=(FGFC-A(L)*F(1,7))/A(2)
ENDIF
F(3,4)=FGSW/A(@3)
F(35)=SSHV(DH,W 1)
F(3,6)=SSHV(D,H,W,-1)
F(3,7)=F(3,6)
F(4,5)=FGSW/A(4)
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F(4,6)=FGFC/A(4)
F(4,7)=F(4,6)
F(5,6)=F(3,6)
F(5,7)=F(36)
F(6,7)=SSHV(D,W H,1)
DO 11 I=2N
JE=I-1
IF(A(D.EQ.0.)GO TO 11
DO 15 J=1,JE
F@LD=AQY/AD=*F(J,1)
15 CONTINUE
11 CONTINUE
DO 12 I=1N
FF=0.
DO 13 J=1N
FF=FF+F(1])
13 CONTINUE
IR=1
IF(ILLE.2)IR=2
AJF=(1.-FF)/FLOAT(N-IR)
DO 14 J=IN
IFLEQ.J)JGO TO 14
IF(LLE.2.AND.J.LE2)GO TO 14
F(LD=F(LD+AJF
14 CONTINUE
12 CONTINUE
RETURN
END
FUNCTION PARAFI1(A,B,B0,C)
This is a function sub-program to calculate

the configuration factor between two rectangular
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C surfaces, one of which is parallel to

C and shifts vertically from the other.

BB=B+B0

Al=A=*B

Al13=A*BB

A3=A*B0

F1324=SSHV(A,BB,C,1)

F14=SSHV(A,B,C,1)

F32=SSHV(A,BO,C,1)

IF(A1.EQ.0.)THEN
PARAF1=0.

ELSE
PARAF1=(A13*F1324-A1*F14-A3+F32)/2./A1

ENDIF

RETURN

END

FUNCTION PARAF2(A,A0,B,B0,C)

This is a function sub-program to calculate

the configuration factor between two rectangular

surfaces, one of which is parallel to

O O 00

and shifts both vertically and horizontally from the other

AA=A+AQ

BB=B+B0

Al=A*B

Al3=AAxB

A3=A0+B

F1324=PARAF1(AA,B,B0,C)

F14=PARAF1(A,B,B0,C)

F32=PARAF1(A0,B,B0,C)

IF(AL.EQ.0.)THEN
PARAF2=0.

- 321 -



O O 00

O O a0

ELSE
PARAF2=(A13+F1324- A1+F14-A3+F32)/2./A1
ENDIF
RETURN
END
FUNCTION PPDCF1(A,B,B0,C)
This is a function sub~program to calculate
the configuration factor between two rectangular
surfaces, one of which is perpendicular to
and shifts vertically from the other.
BB=B+B0
Al=A=*B
Al3=A*BB
A3=A*B0
F132=SSHV(A BB,C,-1)
F32=SSHV(A,B0,C,-1)
IF(A1EQ.0.)THEN
PPDCF1=0.
ELSE
PPDCF1=(A13*F132-A3*F32)/Al
ENDIF
RETURN
END
FUNCTION PPDCF2(A,A0,B,B0,C)
This is a function sub~program to calculate
the configuration factor between two rectangular
surfaces, one of which is perpendicular to
and shifts both vertically and horizontally from the other
AA=A+AQ
BB=B+B0
Al=A=*B
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O O 000

Al13=AA=B
A3=A0+B
F1324=PPDCF1(AA,B,B0,C)
F14=PPDCF1(A,B,B0,C)
F32=PPDCF1(A0,B,B0,C)
IF(A1.EQ.0.)THEN
PPDCF2=0.
ELSE
PPDCF2=(A13*F1324-A1+F14-A3+F32)/2./A1

ENDIF
RETURN
END
FUNCTION SSHV(A,B,CIC)
This is a program to calculate the ratio of the diffuse light
flux reaching a rectangular surface to that leaving the other
rectangular surface, namely the configuration factor. The
two rectangular surfaces are either parallel or perpendicular
to each other.
DATA PAI/3.141593/
IF(C.NE.O.)THEN

X=A/C

Y=B/C
ELSE

WRITE(*,*)Warning! C is zero.’

RETURN
ENDIF
RX=SQRT(1.+X*X)
RY=SQRT(1.+Y*Y)
RXY1=SQRT(1.+X*X+Y*Y)
IF(X.EQ.0.OR.Y.EQ.0.)THEN

SSHV=0.
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RETURN
ELSE IF(IC.LE.0.)THEN
RXY=SQRT(X*X+Y*Y)
SSHV=(ATAN(X)/Y-RY*ATAN(X/RY)/Y+ATAN(X/Y)

& +0.5/X/Y*ALOG(RXY1/RX/RY)
& +0.5+Y/X*ALOG(RXY1*Y/RXY/RY)
& +0.5+X/Y*ALOG(RXY*RX/RXY1/X))/PAI

ELSE

SSHV=2.#(RY*ATAN(X/RY)/Y+RX/X*ATAN(Y/RX)

& -ATAN(X)/Y-ATAN(Y)/X+ALOG(RX*RY/RXY1)
& /X/Y)/PAI

ENDIF

RETURN

END
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