Summary

The Satsuma clan constructed the first blast furnace in Japan in 1854,which is described in “Nariakirakou
Gogenkouroku” edited by Ichiki Shirou, and “Satsuma Clan Navy History” possessed by the Shimadzu Family.
But the actual conditions of the furnace have not been fully revealed, so we excavated the site three times to
locate the furnace on the basis of the facts found through ground-penetrating radar detection. In the chapters
above, we described the newly found facts and have examined their historical background, their relation to
conventional techniques and their influences on the iron manufacturing techniques in Japan thereafter.

The main discoveries through our survey are as follows:

1. New Discoveries through Our Excavation

Structural Remains

The existence of the remains related to the part built in the first period, from 1851 to 1858, of the Shuseikan
Project has been confirmed, namely, the stone wall remains, the tamped-down remains considered as the
foundation of the blast furnace and water canal remains have been discovered. The arrangement of these remains
agrees with the location of the blast furnace and its surrounding plants in the Sasshu-kagoshima-mitori-edzu. It is
verified that the portrayals on this Edzu are highly reliable.

On the results of having surveyed these remains and the irrigation canal remaining on the northern slope of
the Tsurugane Shrine, we judged that water was provided to the waterwheel driving bellows from this irrigation
canal because the principal axis of the water canal 1 agrees with one of the irrigation canal. At this stage,
however, we have not confirmed the archaeological materials which show that the water canal 1 was a part of the
waterwheel remains.

In summary, the results are as follows:

(1) The blast furnace itself constructed by Nariakira in 1854 is already completely destroyed .

(2) The stone wall remains and the water canal remains correspond to the stone wall and the water canal
portrayed on the Edzu.

(3) The tamped-down remains were probably the foundation of the blast furnace considering from the locational
relations with stone wall remains and water canal remains, and the blast furnace is thought to have been
located at the position of the tamped-down remains.

(4) The portrayal on the Edzu has some skips and lapses in detail, but the arrangement of the plants is basically
reliable. In future, this Edzu will be a useful handhold for surveying the drilling factory and glassware
factory portrayed on the Edzu.

(5) The central part of “Shuseikan” was planned deliberately; the buildings were arranged along the stone wall
in the east and west direction as the basic axis.

After Nariakira’s death, “the Shuseikan Project” was greatly reduced. The factories were burned in the battle
against Britain. The part of Shuseikan built in the second period was also burned out at the Seinansensou.
Shuseikan plants on our survey were destroyed and constructed repeatedly, and was finally abandoned. But the
signs of these processes were not found in stratification. It is thought that these remains were leveled off on a
large scale when the Tsurugane Shrine was constructed in 1917.

Excavated Relics

There were excavated pottery and porcelain, kiln tools, firebricks, bellows nozzles, crucibles, clay products
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which seem to be molds, whetstones, tiles, earthenware, metalware, a large quantity of iron slag, etc. Although
some of the porcelains and bellows nozzles are thought to be relics of the time operating the blast furnace, most
of the relics were excavated out of the earth which was used for reclamation of the water canal remains and
Tsurugane Shrine construction. It is virtually impossible to assess their date from stratification.

Scientific analysis of important excavated iron samples has shown that the analyzed relics samples are
classified into two groups. One is the products of smelting iron ore; the other is material and tools stained with
slag made of cast iron. This shows that the furnace used for smelting here was a blast furnace, and these iron
samples are the proof that smelting took place on this ground.

Analysis of bronze samples has shown that the samples are presumed to be the material of bronze cannons.

Analysis of firebricks has shown as follows: The value of A1203 are 28.32% grade. Mineral composition
are quartz, mullite, cristobalite etc. and amorphous substances. Brick structure is minutely baked, and baking

temperature was about 1200°C.

2. Consideration of Related Matters
Historical Position of the Shuseikan Blast Furnace

Advances in the blast furnace in Europe arose about 15th c. at the Rhein midstream basin. It developed in Liége
in Belgium, and was transferred to France, then , it went over the Strait of Dover, took root in Forest of Weald,
Forest of Dean and in the upriver district of the Severn. But as Iron industry grew larger, shortage of charcoal
became more and more acute. Then at Coalbrookdale in England, the coke blast furnace had been developed.
That technology was transferred to Europe about the end of 18" c. In 1826, Ulrich Huguenin, who was the iron
cannon foundry manager in Li¢ge, wrote “Het Gietwezen in ‘sRijks Ijzer-Geschutgieterij te Luik.” This book
was introduced to Nagasaki, where it was translated into Japanese by Dutch-studies scholars. Shimadzu Nariakira
was given the translation by Nabeshima Naomasa. On the basis of this translation text, Nariakira constructed the
first blast furnace in Japan.

The Shuseikan blast furnace was the first attempt to introduce blast furnace technology that Europe spent
about 400 years in developing. This attempt was a historical challenge that they would construct a blast furnace
by using the translation text as the only handbook and making free use of conventional techniques Satsuma
had accumulated. As Satsuma conventional techniques, Satsuma had stone-built iron manufacturing furnaces
in Tiran, etc. and the operation techniques for them, water mill power techniques for various uses, and baking
techniques of Satsumayaki. In our research, relations between these conventional techniques and the Shuseikan
blast furnace were specifically studied.

Effects of Experiences in the Shuseikan Blast Furnace on the History of Iron Manufacture in Japan

We considered relations between the Oohashi blast furnace constructed by Ooshima Takatou in 1857 in the
Nambu clan and the Shuseikan blast furnace. Especially we considered the lack of air blast which occurred in
both of them in relation to water mill techniques. The estimate of the output and the diameters of both water
mills were about the same in scale. Because of their first such experience, they must have constructed the blast
furnace systems as faithfully as possible to the translated text. But their water mills themselves were conventional
Japanese style ones, therefore the lack of output and revolutions had caused the lack of air blast volume. It is
thought that was why burning in the furnace became imperfect and the temperature in the furnace didn’t go up
smoothly.

Because such items as water mills were not described in their translated text, Takeshita Seiemon, a Satsuma
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technician, and workmen from Satsuma had probably given Ooshima technical knowledge on their experiences
in the Shuseikan blast furnace. After that, at the Hashino blast furnace Ooshima extended the width of the
watermill and the watermill ratio considerably, and, in addition, adopted conventional displacement type blower.
The operation of the Hashino blast furnace got back on track.

Besides the water mill, other technical information of the Shuseikan construction had been put to account. It is
of great significance that Ooshima Takatou improved blast furnace technology on the basis of the construction of
the Shuseikan blast furnace and its operation.

The creation of Western-style blast furnace by the Satsuma clan was a challenge as a pioneer of modernization
of iron manufacturing technology in Japan, and it was a project that laid the foundation of Japanese modern
civilization. Reserves of Satsuma’s native iron manufacturing techniques and Satsuma’s technical culture
that made use of iron widely and deeply for production and daily life can be thought to have made the project
possible. Even though the challenge could not succeed fully, the actual construction of the blast furnace drawn
in Huguenin’s textbook and the experience that they actually operated the furnace contributed technically and
morally to the construction in the Nambu clan.

The construction of a blast furnace in Satsuma was not only for good quality iron for cannon material, but also
for practical use of iron resources in the clan. It was also for the clan’s pilot plant which was planned to open up
for those who wanted to acquire such technology. This fact is an evidence to show that Nariakira was surveying
industrialization and modernization in Japan. We should emphasize that this project had an important aspect of

the development of iron manufacturing technology for civilian demand and the people’s livelihood

3. Some Future Problems

The main problem we have not been able to solve in our survey is the real state of bellows. It is because they
were not drawn on the Edzu. The bellows seem to have been re-created on the basis of the drawing in the original
textbook, but it is not clear, while the sources of iron ore and iron sand used in operation were mentioned in
literature, but it has not been inspected scientifically. Samples of correct origin are tough to get, but we should
make efforts.

Our survey is mainly concerned with the Shuseikan blast furnace. Though the construction of the blast
furnace was the central project, it is not everything. Hereafter, there will be greater demand for researches with
verification on various trials put into practice in the Shuseikan Project. Productions of these researches will
make historical and cultural worth in the Kagoshima region clearer, and, moreover, contribute to forming new

viewpoints on technology, manufacture and our lives in the future.

—183—



Bibaei (1) B SOk H &%

EEEEE S

E F

B
- BV IRAERT DR S TR SR TREVC SRRl R R B8y EIL
- BEVR IS URHERT ORI TR SR TREVERR IR SRt Bkl 3 IR
- BV IRAERT LR SRR TREVC SRRl R R B=%) L
VRS LR R S TR SR TREVEIS IR R Bkl 2 IR
VREIRAHERT SO ST SE TREVC SRRl BsR Bhs) EIL
VS AR R S TR SR THEVE IS IR R Bkl 2N IR
VREIRAHER SO S i SE TREVC SRR Rsne Bts) EiL
VS LR R ST SR THEVEI IR RL AR 8 EIR
VREIRHER SRR S iR TREVCSIR SR AR B8 EIL
VS AR R ST SR THEVE IR SR A skl =8 EIR
- BEVR S URAERT SRR B TR SR TREVEIRIR SR ARl gy R
- BRBRER IR 2y —RERSE TEECEIR SR AR —
- B SRER IR 2y —BIRER G TEEVE IR SR HAIIMERE
CREEE AR TR by EEERE 1968
C NREREWETTR  TeedEEES b EERE 1968
C BRI TR T EERE 1968
CHERFWETITI RS TERAEWCE BBy H)I50CEE 1959

- EHEREWCETITI RS TERAEWCE BB H)I50CEE 1963

- BERFWLETITIamE  THRAEWCE BB )10

- TEER IR SRR33  TLE HERBER 311994 FEVE SRS M EH AR

*

1969

v &v v AU E¢ AU AU ER AU AU AU

I i i O i

1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
HER S 1986
FER I 1987

- MR TR - HAREMN O $B5%& L - 154l HAFT w1983
- BB TR SR F)I50CEE 1958

- BRIE 1 TR O EE) s 1982

- B —IE TReRbrsa k) HALEUERT 1997

- B I TR SUEOERRY N> U B —F iR 1988
- BRHES TRESNACE ORI FARH AL &)I503CE 1995

- MHEE TEEAW/NMEI1954

- FHE TS )50 SCEE 1974

AR REEERETEORR Mt 1972

- HORMERHRR TEERAW S8k AukEME 1995

- RIFFI TR EEAL F)I50CEE 1989

- SR TEIS ST AL ORI w1 THEA R R
- IEEEE - BEM TP HERMEo gy ANEHR 1988

SLERIER EEBICB T DX T ARG LR TRARRE R Ll

- WEES [REEE) UESERFsE) 1975

CEES TRESEET S Fay hF—F L —) DERIZE
- WA TREETOFBUFERE) [EERHgE) 1977

- KEfEH TRESEITHE] 1938

- RILEORER WLNKES A TGSty 1941

< RIIEAME TAAESR THEOEMOMNTL BROKERE 1972
- BURTEZ T/NVH] - A5k - Figky SEE 1973

- SREHAB TRE ST TR 1941

- HRNE TEEFWL &)503C8 1993

- S EME THATREREB ROV RS Hmed 1977

—184—

1967

1976

1935 (1 4%11973)



- SRS THAREN M E) BIE  EEHINE BOL - ve (—) B HEHRE1942
- SRS THARE M2 B8 EEHNE B95 - ve (5 #HHEE1944
- EREEAT LNHEE) AR NLFRROESRE -1 i AMakt 1972
- EEE WM THAORERERE3 0 0:2) (&23%) [FCEEHIK
1. BMOKE Sl A - Al 88 - & BHEN 1993
2. & - KHE R TIERM B EBR - E S - G OREE - EEEM 1994
3. AkAE SE BB AN MIZERE B Be K- YL - bR 1994
WS IERE - AR MEEEOES ) B ) — 241 ()iesE 1972
- ARE MEREEEROWE) TN SHERgERfd ) 1970
- EAE - BEHRE - MRS TERERENOME '@l Iy 5E]) Bt 1987
- ARSI DR & Oy — W O Phrg i — 1 ESCRHR 1989
< B — DKFEZUNOERS & KEHFLT 1934
- BHETAR TelkEishy &23% 1972
- IOME=0E A Tl - HAR Ofhas  Bras 23] HANmi 1984
- REIEE TREEEER] H5EB 1985
- FipEE THAREMREORRE B BEERE 1975
R ENT LI FE AT S TR 35 e —ARRIC D7 S N —1 KiK. 1999
- P ALIUER AR TERSIEIE M) 275 1920 (18411973 P8 AASULS)
- FIRGEN TR B W= HEil el TREAEORZE] 1961
- HARZELBifm TOAAT H ARSL RN FiE ) H ARl 2 1958
- HARER AR THARARIN KR £25% AL 1964
- ROPEKE THEIREIRORESE) B ) —x46 ()il 1975
-HEVEZ THDEAMOES ARl BBORZEHBE 1993
- HERE TAEEEELIL917 (8% TIaEEREE) $1578 HEFE1972)
- HAEZZ 0GR TR RGeS 7 R BEERE OWFSE) SCERIBRR 1992
CEARE L TRRICBIT DREEEOWEICDWT) FAE=MR (e Ed o LG HROKERE 1970
- YRV ARE (ROROEF T ¥ TRRFEHRMZE 1938
- PETLORE TRE T OMESEm) TR 1942
PRI [REROEF T HARE LS EEEEDEE] 1943
AR RE EHIRER - SREERR THAHE R B 1968
- ATHTER - BINEBHRE THAROMEEEME I — #EEE A5 ENERFHGEE 2000
- TN ERRE THAROHEMERE] #— ottHiiRE 2000
IR IE - RARIAM THARM L EEE AT KRt 1997
- IR RE - BTHNEGSR TH A OB LB E—PE S AR BIR ARG 1986
< IUAEASE TRIRGEB OREEEDEE | TRkFEMT 1958
- IIARBAST TREREE DR T TREGFEML 1960
S GEOEE] [ERREE LEERN) TRREE) 1972
- BEHREA THART 3R] Yol —26 1937
- AR e TRE s sty ()i hic: 2001
- R TAHAERBER ORR <mH>E<ER>DOF 137 20 SIHHRME 2006
- HAPESERAN i TH AR e g8y EOCMthR 2007
- B ERE T - 8 - SO HAS) EEHE 2007
- RN B (ZER44E) SRk
- BEINEVE S LA R T TR s L TR

Il SEREIR

- HAREXKE N LA RAE IS 70 Bl 1977

- Rl TR REFTRO R EZE ) DN EH) MBI EEHRER 1931
—185—



- =D& THEHIEILEIC DWW T Teimd i 5 9511966

- [[E =D % TRENIBILFIZDWT) HEEORESR11966

D% TERIHEIFICE T A9t 2T NEROES11967

c D) EIREIRRSHT DS & SHgk—IREBIGE) THADOMEEERES 0 032 1) FEXEZL¥S 1993
< TR TRUA RSB L O RKFHF) THRERZET REERHEI1978

- BREHE— - HIHSER TSR ERSF  MiE—KER) THABRRAERERY 510% =—FE 1970
- BRHE — THASKME N L) = —FF 1973

- BREHE— THARSREEAN ) Ve FiEst 1979

<t b8 TREEERE O R &2 DIt KIRELIC DWW T T kT3] 1951

ST TEIRBEOMEICE ENDST Y HIcDNT) TEMILESGER MEI#HEZREES 2000
OB TR - Bl o Sy pEEENE >y — 1978

- FEA R THEILREHE & 2 Ofit kIR EIC DWW T Tiitk# T3 1951

- BB - FINESL - O EFED TEHAR LSRR B T ORIk - SBGiE R & RN O RISKIERE) TR (LR gk B
HENHEZAS 2000

- BHE NERESROMSGEMRAEOENR M) 22— 7 LHE/”E] s 1998

T vk - NXNUTY— [EEEGODHTIED  FEEEOHME X2 5 & USRS ) [0 s e
%5 7 #1992

+ Erich Pauer “JAPANS INDUSTRIELLE LEHRZEIT” (HA®D L¥EBAM—HAEEEMORE S E L TORGFZF
) &% R2K%E 1983

< REBIEE - S RHERRE [EHIAN LSSk B 1 0 B8k - SAREEY O & @ FHiRds ) TEHAN LSRISkE I AT
HEZAS 2000

- KiGREE THRARBIREER) 7 7% 1975

- KGREGHR THARGESEER) 7 7% 1991

< RIEORER THRITHIT 2Bk IRRE sty 1938

c RINECRER TRoROEARphFERE) TEEEEOMBF)  HARFEIZEH 1943

- WEATE KF RGHE & Bk o8igk) TRESRFZE) 1974

T T —r#F KHEAR TRHELREFTOH %1 SENtE 1964

BT T & AMOXAbE  KEHF 11 EBCRZEHIRE 1995

- eTY) T E AL REFEILY EBORE R 1995

- WA — TRIEEMFT RoRaGweE 1992

- EEHRES T8ROSR M)IHHE214 1966

- FEHHBCER THHFE - YOIKES AR - L & 205 R T&E] 1966

- EEHEES NONEH< FHAROZIETH T8E) 1967

- FEHEER ThRCHHF SvEXmdr) Teksisty 1973

ONBIRZE MEEEBICBI D &Mz DNT) Itk T3] 1951

- FEER ERERARSE) EREREFST 1975

- RS EER TRRICBT 2 EEEHEOREZDOEL) 1979

- M a KRt Tek D ERE OS] MLk 2002

- SN SREEDLERE) TEFOK) FEHFESE 1994

- EASEET TR RUTIAT D MERILEIT DWW T EREBRIKELE 1932

- Flk = TEREETEIRIASLIFFE IR AT eS| TAbHEE AR hrgts 1966

- HilA = TRaai BRI ORI TR E AR TILimE R Bige] 1966

C JETIAE 275 ORERREN S B2 NE - AR oMM TERKEmE] 1950

- FEFEIAGE DR, 72725ic X2 EILHOBR) TR SFEEREE] 1954

< KA MRAEIEL OISR /LD SRR ThuUNssE) 1973

IR TPEREBkOWIEE (HE S 77 3 it >4 — 1991

CFEIRIEME T - b a /=2 0FF) TekS) 1974

CFIRIERE TAIRPERBLERS ) T2/ 50980 1981

—186—



- AR T EIHEILEICBET 28 TASGRIE) 1967

- HOBMR (A50< 08k 77 % 1994

sl bR THARHI1971

- MBI RS TIRSE) RIENTEES 1982

- BN HERES TR IRSEOREM RS 1S 2—27 LHMERE) —5 1995

- JEMBEZES EMARIREGEPORIMFHERRICONT) TR 2 -7 LAHMERLE] =5 1997
- BRIEST - mfE L THEILRSE ) TEERSHEY 1976

AEME TEkiE EoRkEEOE BoCAMIR 1991

- O TR RS —BEEE N D HIR & T b SR AR RRE R 2R No.43 2000

- fRHIEZ TL)IBEEL &5)1BACAE 1985

- PIREN TRESEEEKFHEOEE] TR ETL 1974

- KHE THRATHEICHIT 2 KRiashis) Ti L wiEk) 1964

IR S RER AR DB d R B8 (AR ) IRERET 1991

- LR TRERSEIC BT 2RI O AEFE DG T2 2—27 LAHELE] S 1998

- BARER A2 THARARA S RRY 5205 LAl B—EBHm 1965
CHTEERR TERD AN A —BGEL AT OMERIS 1974

- PEAS R = TR QBRSO SCHHA ) THERTSE R iRy 1927

- BPHAR L TEEESIRSHF ) THAOESRERES 0 03 1) =% EXELYAE 1993

- HEE TR Tosi &R 20 <55k DEMOELR] 1969

- EEHEE TRIEEREF) PRAGwSE 1991

- BTRERES TR N O BERIIFE) TEIEERE) 115 1993

- HTRERES TR N OB RR ) THARMARFRIMFIHERERD 55464 1994

- GRS [ E7ORSHFE] Dr)llsiay 1973

- FrRea el - BURIE DEREREIEDRAL) 1957

- BEH R THRHICR 2B MEOHER) TRMEI165 KA 1951

- M E A TRIERATER) TH 2L SAEH M emELZES 1996

AR TREEERRIC BT D 7272 & Mgk O FE S B2 0 T35 THEVE BB il 2y 1972
- FlEE—5h TR O A ELFE R IR — A Ot & Kfadhs o HFE) Mieo 3 v 721 1976
- HHDER TRARREEE ] TASCE#HR) 1964

= bhUa b s Ny ZE, PREANR TBROBES) 7272 5FH5E 1968~1981

- FEk— TRz 5) THARDE VI miti#ERE 1967

* R.F.Tylecote “A HISTORY OF METALLURGY”SECOND EDITION 1992 The Institute of Materials

+ T.A.-Wertime “THE COMING OF THE AGE OF STEEL”1962 The University of Chicago Press

- REFEMAE T/ REFT SR OMFE) H AR Famh 2003

- EEREE W RN KR ZEHERR TR — I HA - BB OBE D XK - B4 —1 ATFREOHGIRIE
2008

. KT

- FULES © FOREEE O K A KR OWFE / — b (BBAIA94E5ERK) i il miT 5L i 58 ECFT ek

S JRORE ¢ KfESE 2 GME4F) BN EXFLE

CHHRAAIAERE  228% LFHEYEHBEREZES  [EEXFEHE BFF44E)  (FEVLE T himEL i i s
KRB IEXE 1458 (REFERD BHURSLIEAR TR

- B RERE (Fhe) BBURNT S SR

- MTEAEMRES () ERRELRHREFTITR S SHH B 1R skt

- ERRERE (EHRSHFEBIRERD KRl AR H AT (o bh LGP e

—187—



B (2)

BERED S DD < U BIRIEH

K TRPIN B
AE | FE Bk S JKEE - A B iEfin Wit
1840 KIFE11|7~rme
1841 12
1842 13| SRR
1843 14|PTERESAE R R R D
1844 3Lk 1
1845 2
1846 3 T §580 75 1% 58T
1847 4 TR AR 2 BER
1848 | Z&EsKk 1
1849 2 F D EE R 1= WP A
~ B KRR 12 E T
1850 3 gﬁ?i;b}r::f‘f:/gﬂéz—agg
T ok 77 1 BAA%
1851 4|FHEELLD RETKPREIE T (SEFTERL. BRIBHRR WSS (LA T 3 SUBRBI
£y R R AR ER i
1852 5 REPE1 IR T SRS T
1853 6|~ — b SR REHE1 SIS ATAEEET
FRE KRR ST AR FFH : 5 AR i 0D 3 AT & BEAT IS
BLANSD
FRE ERFAHTR B E Y
1854 22 1| B RFBR RN REPFHESFET LB IERTERL
YRS AL FERTER
1T EARPIE K R
(~1858)
1855 2 BB ITTIK R AT SR AL EEMBSEA SMRERME
ATHAEK ISR FLE A AR
FERk
1856 3 BT K A CHERUAT) 52 R0 BTTIKERESE AL
RETEE AFFER
1857 4T EEpktE s &
1858 5| B EILEB IR BT (EH b oK 4B T - SERD) EH b K E AR T SERL
TA—TBRE KRR
FWFEE. BEWELLD
R AN E DD
1859 B|FHIEE
1860 FEE |#EEPSOE. LHER SHWS DEIEIRE EAIEA~TE S A YR A TSR IREA
BN e
1861 1
XA i
1862 PIEE =20 SHELTE % AR B EERDF BRA A S5 F AL FTAISRLEBA
FREIE A EU TS A
EiEhD
1863 3| SRR
1864 JTA 1 eSO BAEBALE SEPRARIIR TIBIR SRR F | BT |HALARHR T B T
B EKRR D LRSI
1865 BEG 1|[msmemees - a5 T Rt ) R M T SR 2B FAIED TS R =R
1866 2| —sRoemmRLE FEUR B M - ER T AR T e
1867 3 FEVR B R HETT - BT ARSE T LN SRR R
K FE R B RARE AT IR R B
1868 BEA 1|masy. RESe Ry B K T 0 B 588 RO (=M )
1869 2 Bﬁﬁﬂuﬁ = mﬁrﬁ SR TIE
1870 3|BAEAT . I”ﬂ—é‘{-‘&%(l;ﬁ% CRFHHERTIRT)
1871 4
SRR, T AP S Y KFME FAREFT R T GRS
1872 s rEa. g REE S S5y PRPTAT) CROMAPTE
AR 2 gﬁtﬁ#ﬁg
1873 6
1874 7|Emtn, mmE~ . ERENE
B
1875 8
1876 Ottt st EMRR & BHR
1877 10| TS 5. gL £ HRA
B
TIPS AL R ILLT
1879 12|BARTHEEAIST
1880 13|
1881 14 (BB ASAEATBIR)
1882 15| (WA A =BT
1883 16 (FRPTAES RIS E M1 R 5E
) (K Rh a2 kLB SE)
1884 17| AT FHRIBALEED
1885 18| B ALK RAIL T AUNIRIMALEE D
1886 19|32 PRI
1887 20 et e ol
FRIIT, D=
Wsmxnazlz«
1888 21|EBRFE=AEIL
1889 22| EIRR A S . BSOS ) S B A EARIATEIS (BRI . L
1895 28|Bm TGS MR B EIRE AT FERD AR
1897 30|E %/ FEMEMENT . B A FEIR B AR BELE
RIS, $EES S ML S
1901 ESEENIVEE E ]
1902 35| B/ R TS SRR R WRTBOBNE KR
1904 37| EE /BT 1 B = R
RER, B SRR IR S D
1907 40| R B ESiflthERESEK
AN B A SRR A1 (2
1915 | KIE 4| gl S g mans

—188—



BIEMBE . = K
uE p HRFF-RBELL KF#& RE
ot i (RIS BEK AT ’ TS HE
1840 KR
STIIBE S B18 T/ - B 1841 12
ZufE
B4R KR BEFTE B 1842 13
1843 14
1844 3LME 1
Tk F7 1% 85< 1845 2
R TEEST ERS ABBERMEE. £ 3
A B BE R ER B EEHIE #7_/051]&'%%%1 1846
375 R B BE
HTa e D 1847 4
st Ea—4=
Bids .
1848 &K1
1849 2
S 2 STIFSE— e T - 1R EEEVARBEAKRESD 1850 3
EToin
S T HRSERL 1851 4
TsH7T AR
ESTES SHEPRREERL 1852 5
 DYEAR A B B (= T B DD TR INEEB R~ KT 5 EEEREISRE 1853 6
L e omammmT FHE Y R S S R AT HAFEVEMBEONER
NFB +3
T EEEEK
IB&HTIEE RS AL A JEL LSt e T FE LR SHFE —1FE T - 58 —§ERE T 1854 = 1
SR STFSE R TN EEE BAFEY—FEES
TEREETICRD HOMENE S BB
. G N
D SR TIBIR AR EINE L RATE RS AT EURRA A B REEE— IR IR " 1855 2
BT BEEESMEME.
A
S AR P B A
Lo 25, 85 LSk Ak S A B D KB FTE AL HoIERE RAEE R 1856 3
B
KBEAE: RETFIS& D8
BOBRAERLT) (O — O RERD
KBEERES~RE Z i R CE s
BECHZIBELS AR | BARRSEL BATSGEDWIMMA TR B ORHTE A E WL KAE—BESFART 1857 4
TEE ]
BEERTHIE K EOBAMMIS |EEBFLTFERZHOE  (MOHTRSESATERE =2 e £ THALIZAED
A& o3 Z< JET EB/EH. /NLTR
SRAR S B DIRRZ IS AL (iR = R
.
S A DEFMIEHIRIC (SABIRT  REMAE | BROOKKETERK ESHRIS RO TN (IBs - EEEH T 1858 5
SOREmEF=ATTOO TS RTh LR R R
) Sl N PR RS DR RN ET HEIESER
B SEREFT | AOHBEEEE
REER
Bk — T WA EEBIFSEATT
S—EOMRLFHBIASER (#5115 A B EmBIS 2 AR SE AL - 218 1859 6
A DI EARBERBLE
W DIEA AT FI8ED B s g 1860 FEE 1
B L, Rma IEHEEE . B
BRIEA LS ~FE | MBS BT KABEE= . =P 1861 XA 1
CHONLTFRBIEE
ARFAZE ST e RETRE DR 1862 2
BB TFREBERBET
AR A TR TR S 7 ;];Azrnyjr@mm% 1863 3
KA EF O |00 MBI 3R SR O A R HE ML T IR STAP AR 1864 JTiA 1
F—LRrOTTRamA
Ei;%l:#iﬁ@iﬂiﬁ%ﬁéﬂ AR BT BTSSR 1865 B
- TR T A AT 1866 2
Wy eI =c—  |NF—LARFOLSRES EHE IR 1867 3
AYGERIEEEND E)
ﬁg&%ﬁ%ﬁﬁﬁ‘wiﬁmﬁ(: 1868 BEA 1
ABEEHEAORER 1869 2
1870 3
TEE O LB E KEE S — 7S ps
[N - BRM S LL 505 | = i 5 1871
RS AR E R U EAT 1872 5
EARCKIR R E R 1873 6
FEEAEML,
e 1874 7
1875 8
1876 9
1877 10
1879 12
BEEGMLKEREF 1880 13
HRERE
1881 14
EEEEMUBEL 1882 15
EEEEML. BhRE
Tﬁl%}L\L\"F(f 1885 18
EH o SRR S AT 1886 19
AL E R R S A 1887 20
ST /B e ke
1888 21
1889 22
T E S MRS 8
R —2 RE R 1895 2
1897 30
REBIERE 1901 34
1902 35
1907 40
1915 XIE 4

—189—




Bt (3)  TBEM REGEE] IZOWNWT
e Tk

T4 E, EEELTERZE (%)  EBER B8 EM - PN OFE) 2% SSEE.
SEHAWICHO N BEREIEA TRIEL 2. OB, SRR RIESET s SRR Otk 2 R L.
%M%??&f"l ROz, I TREMATIEK] Th s, Ui - BREBIEZOL I REMNEIN TN
Emtb‘%W%%%@ﬁ?%&ié%iﬁﬁﬂtmjfméo

2 TEEM REUAE) SSBE MM AR (IS B ObOE, RUETIEE R T R )L R
DHEDEND S, MRS AT THEAD) & BR4OFEA -2 M) 7 AMEET) v e - XTI 7 —
EKAEEESMEFETHHAZEL TRXETHALE GED. L% WAARBRFHETASFHIN TV S,
—7, BEETRE R ERHE TRV (U TREEAD) obDid, nf, REMSRNS RETICTFES
NEBEREOHIZEENTWAEDD T, ZTOEFMEZIHM SN TWRN >z, ER124E, REETNETFE I N/ ER
20 - JERT DA 2T U 2BE. R O%EE)RIBHERNRAHZ LD TH S,

WEARANEART, RERIZIZOEREEDNS, —~HITLPES> TWRENHD, ISIZELCBHDOTHMIDIC
ZHRUBABN RS TWEDT 5, #EA - REEADHAEIT FRLOED

(S Sk TREMN LR B ]

1 ihfEZe~ () AR gkl 2 e GPRIEIEREE)

3 LA 4 FREfEs GRRIEIERE)

5 BRHOKHE 6 EEE

7 Aigl 8 B (iR B K IEE =)
9 <5 (LA HWEA 10 2o (B4 BT

11 i EEEEs (Mz bkERELERT) 12 RERIIFRS

13 i B4l 14 hamidE

15 LIZRohaE (ZRERE)

16 Z50H& (o) KiskkdnisHit 17 FUREHT 5

18 aMERE/HF (z7z5) 19 KEHE - B0 ikt
20 Heshm 21 HEIEmZX

A E TANT] 23 7AUNER 2K

24 WEREHES  (ERER) 25 I HBEE (BF) LoERE

(TR F)VECHERR TR R V2 R R B ) )
1 JIEERIG - REBILGREE - e S BT - KIS
(FNZFNHE4-12-10-16 £IFIFR L)
S5 AEGRR @S5 & IZEFR L)
mifegkil - $8385 (T En#iEL-11&ER L)
e - BeE / NP AEM S (ZhTh s 14-25 LI1ZIEFU)
Kighg M GRE19&EIERU. 22 UMEBAITAR,. RfEATEE)
Kighg T GRE21EZIER U, 22 UMEARIZAR, RERTEE)
Kigtg KERR ) % B @RhE20&131ER L)
R AL GRESAICIEL)

o N O O bk W N

—190—



9 mFREK  GREARICEL)
10 fMeHEmER  RE22& 0. SREICH 2L, [HEHRORB D)
11 BEREBRBHER R TX - hEAICEL)
12 BEREREAZE BhE24- 8 - 9 LIFIFRIU. 7277 USERRERS & (g o
IO 0 ZORREROIE S b 5)
MHEAD2 - 3+ 5 6 + 7 +13:17-18-23- 2413 R AT I
REARDS - 9 -1UIMEAR TR, FI2BMERITRNERS BN TND

s TREMAEGER) 1. @ - MTPETHFRELTRIAINS ZE0E 0, REOEEHNAIZDONT
WMEEMATZEDIL, MERDHFEEEMEIZHS LOLATRONT 7 KO EEXEGODTIED  HEEED
BfrBerd —aMz2EME L-EEELY— <sulhkln, LMALIDHIET, Higkzf#ndTsz
EWCERNENNZDBDTHD BRI —B—HONEE THEAAALZDDTIEEWV, 512, REERIZWES
TiE. wBLAEDDIIEETH 2,

EREEREICRT DI, FRREERHRERO [HRFEEHE OHICbETEENTWS, BifE,
FEEDODH DI DIFARTIE—MERE XE R ZED TND, ZNSIF—HiEMARKAb EEN TS D
DD, FREFELERZHELZDO LIFTHEEY, FNAERRK] bEELAZHEELZDDOEITHNN
2N, REEAFIELNWDFICBEIATVS, LNDBHERKDOEBERADRMPLZDMEER T <t s
NTHRNDHD (R - KiIEMERE), BEALERMNEREINTOWARVWS O EnKIER#EYS - )5 -
HART BRI - AERERAWG AR &), IZEACERDERIN TN O @RI KIEREYES - (7 - P 8L -
R A2 E) HBEATVWS,

Fiz, BEMNABRRN) ORBNENIEFHICEHRTH D Z 1. Rkl 3FEEEMRE —H# ORI 2 ER L
EBRICH, ERIAFEETL — 5 —3EE2 L EBRICb#BI Nz, ETEHRERICHZ> T, ElEEL
DIKBIER(Z B o2& 25, BEITHMNTZE D OKEIHFE R I iz, L —% — & TIEiE
B - SEBA R IMEE TR > THIEE ORI NN, ZOAEOMNERED TFMNEATRER) IT/HriTn
LD TH oI,

ZOEDIT, THEMATERK] 13, EBICEREFEORTEH DY DI L B EOHEMNHE 725 At
WzbDT, ilHBNEDIEMTH D, BREEFEEOREMIAIIT N AERK] OHRE - H7EE X DED
S5 EMARAIRTH %,

1 TUvkE - N7 — [EEEGOLTIZO PHEEEOEMNEE —NE2EMELZEXEE %)
(78 g M SR P 220 BB 7HE 19924F)

Tl
2

—191—



Bl (4 Hnp L — S BRAERR

1. BZUBIT

WEIN REGR X 70 E 720 5 SR BREE DIRFLAF P # B B 2 Bl R s e N CE L I L e EHEE S Nz, 2D
e, L —FRESFOHREZ R WHHEICKEL T, PR 14 49 H 26 - 27 HISRENMTON .
ZTORERESEMIIRT, TOMPEIEIT, THITFLWIREZ R TRERFAHRITHREITHKEL T,
SRR 15 4 3 A 19 - 20 HICRMtEN s i L — SV IRE S N R EEROMEZ LI TITR D,

2. WL — SR

2. 1 #hHRL—FRE

MWL —FEEEE L= T T AT EB R 2 R L. 2 OERAHAP O LAEERD
BELSERAMIBNTRATLZZEZFAL. TORFKEZY > T FITBVWTRETSH I LITXD, Hif
DT ZEIMMOBETIETH S, BRERHL TH5ZET 2L TORERBNS, TOERBETO

REZTHT LI EMTE, KRR TH %,

2. 2 REME

PR AR Rk 1543 A 19 H Rk 1543 A 20 H

BEL AR BRI (X 1 AP A - B v T B R AR B L

FHL—4 KE G.S.SIfEE SIR-2 L —EEAEE  (400MHz)

7 T FEEFIN AR —RPE A, B s — AL E ey

7 T EEME A - BfHEIEK—O0. 5m k7 0. 5m 51 e

IR AFEI—59 IR, Bk —43 JHIER 99 HIFR GHIERE : 0. 25m — 49. 25m,
551 MIERIS R )

1 &REEEE

—192—




3. TZERARR

FEOWREY A LATAAMTRY ., Y1 LAT1 ARER, SR TESNLL —FBHZ, [F—H&F
FIZBNWTHREH L, SREER LT Oy FLAEROZ ET, HEHEEICTHT S bSOV HB /5010 &
RoDITHE L 2RKBTETH %,

3. 1 BEMMEA

H2DYALATAADEIIC, FRILHAOAZBEDHD L, FERPRMFIZEDHDOD2EADT A
SOVEBEH NI TN D ER 5N D, tHO—AIZ, KEFILEICH D AHEICHDRNDZENE,
NI RORKF O MIIBAEZREA DD EHHIND, THICZOAET A IFR T TH#IND,
R S BEMEICHT TN ABOREMI THILICEATNS ZEBR2 TRGNS, ZHUd. T5IKH
D —EREAE TN, BHEBILAOAEICHES DO TH S EHNT S, TNSOEED T 1 > EHEHE
N5BIRE. EBE52E- THEMATRRKICARONDGHE T A > EBRD BT 2, 20D, £E55
DOEMN ABGRER ORFRO G TH D EEZ D bk D, LALBRTIE, 2o24A0aHSLES
A AR O B DO, EBESNR%ITE SN HDRONOHBIE TIZEL W,

30 0
FALRSAR
2 RPEEAER 25nSec fhAE  AIEHF? 3 E#E:BIER 21.875 n Sec fHiE

313, PAGE PRI DGR 17.5 ~ 27.5nSec (87.5 ~ 137.5¢cm) D H 7z DI NSRS N EEZ S
N2HFBORKIFTH S, ZIUL, Otk (KPS EHERE) TR SN KD REIKA SIXRRS
fOMEZAWEENGEET D REENEZE A 5N 5, MoNOBREYORETHZ2LETIE. TOEY
CiRfpEERT S, £9, BRFATHIHL TWSHEEDT, §<EEZKBEMNRNTHWS Z &, HANZEHHE
WX CHBL/Z/KEO XD IREMNH 2 Z &, AHOIMIIIET S I LRENET NS, ZN5
O&MtZEW-TEEDME LT, ENEAERKICB TS, THEkiEDA LI TREI . EEE LI
B 2N 3 LRI DHRLEEME K BT 5 TEILAFY o JeiascELARE O TIHEERICHIT 2 ML BT
51 LI T8 BT onsd, Y1 LATA A&2R5E, HEBHIENE ZATHZ O KNI
BAINZZENS, FRNICEHWEN TH D EEZLZ2ONZUTHO., KEEOMEREGEN S, AL
HL<IE THEEDH] THhAHRENEGEVWEEZS5NS,

3. 2 BiEi5

4 4 1378 20nSec (K 60cm) fHiE DR ZERTH A LA TA A TH %, REMFEEH I EEIHE ORI
Kit&. FNTH-EROD I >RASNS, ZOMS TR, WERN S & FHEICEAH 550 KA
RTENS, Zhid. Mor0@EmlontEtknd s EE1 5605, ZOEPPNICONTIE, EESm
BEILNA2YA X522 L, BRHBOEYFEEZ 51213, 2PN TELLEEbNS, £ZT, &
ZA6N5DIE, INNHEHBEOAKEPORBEINTVEEHT, TNEZAZBBTREL THWEDOT

—193—



BRWNENDI T ETHD, THBDE, TNEMD LORBTRESREMFNESND L, S 5ITES

HENENTLS B LTS,

fal

RSy

40

30

-

4 EXEISERPAIER 20nSec fhiR
FALRSA R

PLEOWRERERERAE LY A LATA AR E, KEIZINERT 5,
AfaTIE, MEOBBRTHMEZBRDICED S, INH60H &I HEIE. HEOH DD < DIFZEH
HHFH2006E3F ITHHEINTNWS, ZoWERHL. FiERERFHP OURD FUIZEWTER/IHET
MR TE, PDF 77y )V TLEADHIENTE S,

MEEDO DD DO OIFE LA HARRIAAN 31T 2 BEEE R LR AR S 35 DREHIN & 2 DALEANTITEE T 248
EHIRFFE) RG-SR LT E R A R BB & (R SIpsE (2)) HFFERCR#IEE pp. 1-200
20064£3 A http://hdl.handle.net/10232/119

F/z. ZOMEDETFEIZIUATOHEFEITHRESN TN S,
(BEEEDH DD DY PEEEERENREEREEICB T DG - @ - KES ) - TIEHMR - #ifaiios

BHIWFIE ) 144 - SEpR ISR AN BB (R E SRR SE (2)) WFFERR#E & pp. 1-216

200443 H  http://hdl.handle.net/10232/118
B, REAEITE BB ISAMENMER L ZHREBERNZ2SER E L THEET 5.

—194—



. ‘UuHumwm_memWMunWW«mwNMéma o
C s = oo +w,,
Bl

|

i
WL
AV

[
|
|
U
i

AL

Ty

& 5 AL AR

HESALRSA XK

X5

—195—



{

(Los)
BHONETSE UST/1 s R
e b ™ 7 ] ) -] (OFBCPORBRU>IHE)
PHE RN #EGEOLTEND
= BEEZzzazazan:
ERawEEE NN
. R THTT
Ui [ 1] LA
o RLERONBTED) ‘ REREAN %
oI A WS WOLBRHO | )
W (~)cB2H) @ | | | .*AE.#I
" BN RRHNEOL BEHO 2 _ - i
gfodogge w _ ol || 5
EEEENN 5
L _ ILREF J
4 || (HBBORE) H
: _“ngiﬁgiiuh‘_ i
o | :
B m (AHOUSEE IS eEN s @i bxv
o0 + / = T urems)
" - HHEZMECIWG' | ~G0 B
1O Ig@ = ) H1 i : -
M e .M« Lt e Wi oxv
_ me BY i o | _ |
. £ 3
(CRMIMBROD ") i , = J—— * et
— - e
RS EOL IR - (~reonzE) 3 _. g TXV
aﬁﬂaﬁwr o HEVEIHMEOLIEHE :
(ABBOGR) 3 i ! v
IS PHEIROLHENED s Wi Ty
HROREE: ® (LHEAMMSHEZI2WE) X
- HHOBMHE -
(LHNEIENWOROS) R ENesEMCMBROD)  (ENAISEAEE)
LR N
ﬁ __ _?J.
"o e =% | |
"5 EEEEEERREEES | !
A\ EESLL B 05 L .
gl - (BIMOYIE ML EMONNET D) iy
HHNIFOL BEHD o /
o 5 2es U
a5 U
o
i
v

1/250

wFL—4—REER WR:

2ER

—196—



F

AT ED JOCERHEM, MEBERICH LT, H2<D0H4DOTHYE - T hzEEEELE, £5L
I CREN TN, AR THERNTEELAREZR TS 2 &3k ozEE 2%, UFIZ. BAH
ZLL THEHOEZELET,

B, SRR EZ PR KT I WX L BREmto BEENE vl N (KF) SEE B3 O Bkt
£ 4. 2L OHMEERREOHNE ZHEREMBTRREINOFEED LA TY,

Fz. ZOREBICYVIHOEZHEELAERSERFOBRE Y70 o7 ha#fEL THsN/=HF50
R, AHBERIYE (WINBUE), &EFECEBIRTT. 3510, TOREEREBOSNELE
AHETHEAZERIC O TEEAHEE L, BB, FORECERBERE T () S S A aiEns
blEREEZETHNTNET,

AT, EEORMRE - EREETIE, BERSRFOEBSUEMFAESE (BEVEERE) - EUFHA
EFRE N EYIIE (BRHEM) ICCMHTEESE L. 51T, BT L TUET O HGE Tl S HICE
RERBEREAKNVERGTHABTREEROMBESMICHBMIFELZEES L L2, MAT, ERESEAERHE
SLEPERERHELE R ) S D HUKEINCBE LTI TEE £ L.

=0T BRI ZE B E IS WP &/ D< 0 GEFR) BIfRE & <ICEAR—FK (B R2EEDER) .
MENER GRS G AR . BHE-IK GRS TEH) . =B RAKR @EINZL TRy HEE
TR OUNRFHEER) . SINHEER GRERERFALEER) . O ICHEEREREMEERNT DWW T
BHORIER (EERFLEZRD) . BONTR GRSHE) . NEIFRHK @R L EREE) . AL %R
K (RS EYEE - BEE) ITREBMEEITRD £ L

Fm BEEO RAMY, N)hF— T2, A FVR, TI2A, A=A NI TR EDHFHEDBRITHHEE
EHEELELZE NU7—K (Y -X—=)VITIITRFARRGE LY —8IR). 1. 774 F—K (K1Y~
RO RFTCHAEAFEF TR .C.UFL - T—I LR (T T2 A -F > —gOEYEEER) . /NFAERK (F
RS, FHEREK (BREERKFEFED. £/, DOoRPTLACIHHEEE LS. A XK (FUX-
TAT Ty P EENRER) 1T, 20RO MIEEEEDLDICZEENTNVET,

B, MBI L —F AR ETEEHIBIK Ui TR . BESK (BN REEYE .
ESGERK R TERFHAERR) . BHETK GRETERY. (R AME, 512, BETIEINE
B (Reo—oa 274, REH—IK (N0 F - B—XA) FIZBHgEco £l 7z,

REIC, YR OREKTHIEEDOED DS DIMFARDOEEA L )N—Th 2 LHARK (EREKFHE
i), BIERK EEEL P22, HOME—K (BREREGEZHR HCbIHhEEEL

it

BB, AMEHOPEFIUTOLEBDTY (HTEIE. il THEEERLET,
By M 2 CRE(TIZEKRS)
BB M EIUNTT R 2—27 L)
NEFSF & R Ca FRFLEFER)
M A # (ERERELZER)
& AT REIERERFR)

o0 3 (BRSNS S B L)
BN % HE (BEVEE REEHE )

O BE E GRAGRTHTR )

WO B (ERERABE )

R T o (e kR

Mo T GRS Uk

aF H 4 — G

¥ 30 U5 R (BRI RAESFED)

—197—



