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4 HH  F (PKS) O ER  C4-(D)-O-1,2 C4-(1)-@-1,2,4, C4-(2)-@-1, C5-(2)-D-2,3, C5-(2)-@-1,2, C-5-
% (1)-@-1,2,3
PKS DA KHEHIZ OV TS
5 EH  PKS OEAK1 C4-(D)-®-1,2 C4-(1)-@-1,2,4, C4-(2)-@-1, C5-(2)-D-2,3, C5-(2)-@-1,2, C-5-
(1)-®-1,2,3
PKS DA SHERIZ OV TS,
6 EIH PKS AR 2 C4-(D-®-1,2 C4-(1)-@-1,2,4, C4-(2)-@-1, C5-(2)-D-2,3, C5-(2)-@-1,2, C-5-
(1)-@-1,2,3
FEVRY —L_TF  NRPS OAEGHBERHEIC OV TES,
7 0 EH FAAMEEE (NRPS) | C4-(1)-D-1,2 C4-(1)-@-1,2,4, C4-(2)-@-1, C5-(2)-D-2,3, C5-(2)-@-1,2, C-5-
DGR (1)-®-1,2,3
TN DIERRIZ DUV TERS,
8 B TANUELAE C41)-D12 C4-(D)-@-1,24, C4-(2)-@-1, C5-(2)-D-5, C5-(2)-@-1,2, C-5-
(1)-@-1,2,3
TEMHE R DAB I DONTHS,
9 B EMRZRMOASK 1 C4+1)-D-1,2 C4-(1)-0-1,24, C4-(2)-@-1, C5-(2)-D-5, C5-(2)-@-1,2, C-5-(1)-
@®-1,2,3




TEMER IR DA FIZ DN THE,

10 | & EHERBRMOAEEK 2 C4-(1)-D-1,2 C4(1)-@-1,2,4, C4-(2)-@-1, C5-(2)-D-5, C5-(2)-@-1,2, C-5-(1)-
®-1,2,3
TEHE R DEG I DN THS,

11 &I EERRMOAEGH S C41)-D1,2 C4(1)-@-1,2,4, C4-(2)-@-1, C5-(2)-D-4, C5-(2)@-1,2, C-5-(1)-
®-1,2,3
TEMER IR DEG I DWN TS,

12 &I IEERARMOLEE 4 C4(D)-O0-1,2 C4-(1)-@-1,2,4, C4-(2)-@-1, C5-(2)-D-4, C5-(2)-@-1,2, C-5-(1)-
®-1,2,3
RERW D T Heis ORF e % 5 55,

13 &M KWORSEIIZE 1 C4-()-D-1,2 C4-(1)-0-1,2,4, C4-(2)-@-1, C5-(2)-D-4, C5-(2)-@-1,2, C-5-(1)-
@®-1,2,3
RIRW) D B e DIFSE % 5 55,

14 &I RBEHOFISEIE 2 41012 C4(1)-@-1,24, C4-(2)-@-1, C5(2)-D-3, C5(2)-@-1,2, C-5:(1)-
@®-1,2,3
RIRW D T e DIFSE % 55,

15 &I KAWMOESWMIE 3 C4-1)-D-1,2 C4-(1)-@-1,2,4, C4-(2)-@-1, C5-(2)-D-1,2,3,4,5, C5-(2)-0-1,2,
C5-(1)-@-1,2,3

FRARRHIE | 4ERCaBR(0%) & B (50%) % b LIZFHIET 2,

OB EF | Rkl

5 £ = MESESRAT)  WERE R, il (2004)

IR B =5 AR S  BILEA Bfeal BiEx—% . KBAEAR 2 e )4 (2019)

REMINEE | ZBELHERPICRAT L7V MEANWT, IKERETLZ L,

fif 1l § &% | AAGE

P A=V ETTHRA LV R AV RS THERHDZ &,

E-MAIL: teigo.asai.c8@tohoku.ac.jp TEL: 795-6822
< O fh




BRERBEA | AEBULF BHFNY 7 | YPS-PHA322J BHE XS | SwIRUE
Bl X4 24 | 34F [AIEBFR] | BEARXZ— | 6 =R VA~'s 2 BT
Y B | AW s G, il B2 K, Ml s GR) . B R 38

EH - FERORE

=X BE

I 2 B & 9D ZEREMEAET T OB KT T, WG BRARITIC 35 < G Rk

WY B A I T TOEREDEASLLHE L . TNEIT D T2 DRELDO AN,

[ Sad(

B DOSLARRIBREE 2 R LTS REIRI UG 72 &L 2 E TICRATEBELZOMA R 2200
I END, THEESELT) Tk, IBEICER S R OEE SRESE L DL FE R D
AT 238 U CARREREF DN THIZOW TS,

B = B AR

- BE RS RN, DREI R A KRR, SRS L OVEREIEINAUBOS, PR, HFE R
DAF7p EGQ R FHI S BRI D0 — B 7R 2 5 5

C R R DO BB RAFT— LD BOSHME, SRR X OVE BERLEIRIEC G Rk 7 & &
fRfT &5 L9125,

- FRERRY 2R AR R, MBI BT A

Zil L CAMEZ 2 BHE L 72 pom A & 25k

P9,
% 2% 51k . <52 - RBREE - . « 17—/ 7 LA - e-learning * & DAt ( )
5] 84 H H " X N K @3T7TAY)
WiE BT 24T O 72D O FEARRY G WY R & DUk, BRE A
. %Mﬁmaé&;$4ykbf (FGD), &Gk, > b RIS F7 EIZOWTEEO G Z
DG RARNT DIERE BN LTI 5,
C3-(3)-0-1,2
T VX UERS TOYIRT O T, B VAR =V ER O FUSHEE VoA ik
2 {EIL-fEH C-CHiEbIMr FHZOWCHEfET 5,
C3-(2)-@-1,2,3
TV 3= RAL C OB & 2 VR = UL B~ DB KD 27
3 | — i A o, BERIZZ G END~T vl OB TOUMOA ML, WD
MDEHRDERZ BN L THRT 5,
C3-(3)-®-1,2,3
Retro-aldol FU i jis 2 V= B-& R o LR = )UALEM DI, a,
) ‘ B-EaFn A LR = AL E B OB, retro-Claisen % AV N/- 1,3-
1,3-VHR=14 . _ !
4 I~ FiE CANR= LB OO, = 7 T — b OIEHAIC LB B REEEDBRE
& O EE -
(DWW 2,
C3-(3)-@-1,2,3
Retro-Michael MK & W72 1,5- B LR = L {b-& ¥ O Y)W,
I 1,5-V 1)V 7R =11k, Robinson annulation, Mannich iz FIH L7 GO EBIZDOW
EH DY T, BHEMERAY AR E IS LTRSS,
C3-(3)-@-1,2,3




FERm B BT 21T 5 7o O OFRPEERHE (Umpolung) D& 2 7 IZ-OWTHRL
HL, at FexshR= u1bamotlk, 7/t FJ Ak,
6 (EIL-REH PR Strecker D7 I J EEEER, XY A AR E O BRI OV THER
ERAR
C3-(3)-@-1, C3-(3)-G-1
i AN [ o= 7 - - &
7 %mﬁmaﬁﬁggmﬁﬁﬁ jngfﬁzzzﬁ%%@mmﬁﬁkﬁvcﬁﬁmﬁ%égk%®
Rl & 2 ORI L
C3-(1)-®-9
TN RN B BROE, IR b DT N F AR, (LEEIR
8 FEL-fEH (LEEIRAEHR PEDSRIE & 70 5 B HUZ SN THE,
C3-(1)-@-9, C3-(1)-@-1,6,7
T b AR D REATINBOGS Bk % 72 LRI BOSITRE LT, 3Lk
9 A TEER ST A Ha BINEDOFHL T HHEFE IOV THES,
C3-(1)-®-9, C3-(1)-®-1,3,4,5,6,7
WAEMA LG E GRT DT DFIE OLFERE, RERIG, ¥ TV
10 &R ARE G —WE, BERIER L) IZOWTHES,
C3-(1)-D-9, C3-(1)-@-2,3,4,5,7
11 R Lt D A REWR~ 7 8 T4 FEHOEGHIZ OV THS,
. %%4E§X?D4Pﬁ® REWRT VA EA FEOEEHIZ OV THES,
EEYI
1 %%4ﬁ§fmx&ﬁ§y9y REBRT VA0 A REORERITONTHS,
FOEERK
y ~7uZA NED REWRT VT v A FEOBEEHIZ OV THES,
14 %m&%ﬁ/wﬁ‘
ey
i Tl aA RED RFEW T VI v A4 FEHOEAEBIZ OV THES,
15 cEi- s
=u
BGRRIE | SRR ORE - BRSO FLE (20%). FELHAB/LA— T (80%)
B F
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7+ — L FHH s (T) # 2 28 #, Clayden, Greeves, Warren, Wothers .
PR OR, #EERLA (2005)
[HHEA AR ORI ] Christine L. Willis, Martin Willis . BIER. {LFFE A (1998)
FEBGEE BHAEZEA~DAM 10 RIRABAL S O KNS ) ga AR, AEE (2007)
[WERRD 7 T RGOS ) C. L. Willis, M. Wills 2, EMIER, {LFFEA (1998)
[Art in Organic Synthesis, 2nd Ed.| by N. Anand, J. S. Bindra, S. Ranganathan, John
Wiley & Sons (1988)
(T4 —1L 2 AR AN 5OT 7 a—F -] S, Warren, P. Wyatt &, 28I 1EB 55
R BIR, FEEZERA (2014)

T
P

N

NABE 2 B LT BRI I B 5 255

[N BRI SR G ROENE | L. Karti, B. Czaké %, &MIEER. LFFEA (2006)
REN LRI OB Rzt LB EE

[Classics in Total Synthesis| by K. C. Nicolaou, E. J. Sorensen, VCH (1996)

[Classics in Total Synthesis II| by K. C. Nicolaou, S. A. Snyder, Wiley-VCH (2003)

[Classics in Total Synthesis II1| | by K. C. Nicolaou, J. S. Chen, Wiley-VCH (2011)
HREIED B LB L 5 EE

"ERERO(LF) James R. Hanson %, SHEILR, {LFFA (2003)
EEMEEHVWCHE T LICE L5 EE

(v 7Z L5338 HREARRIES) Stuart Warren %, IFAHR KRR/ A HET] GR. ilEakALY A1
T 4747 (1979)

FERF RIS

BEORNS, THNETHEE LEANRERELBICOVTEE L TBS ZEREELL, €
KR BRGNSV TIL, HWROANIEE T BSOS 2 THE L TR & L bl Rk
A F— DEKIZOW TH LD RSP RERIRME 2 R <EE T 2 &,
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FT7 4 AT T —

A—NIRETTRA L P AL P ERSTHBRIIOZ L,

AP E-MAIL: y-iwabuchi@tohoku.ac.jp TEL: 022-795-6846

1L E-MAIL: hidetoshi.tokuyama.d4@tohoku.ac.jp TEL: 022-795-6887
fiill E-MAIL: hirofumi.ueda.d8@tohoku.ac.jp TEL: 022-795-6878
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BEREA | EELET 2 BrHF "YU 7 | YPS-PHA323J BHEH X | SRME
AL X4 = & | 34 [AIEBFR TARAZ— | 6 =R (VA ~'e 1 Hfr
MY FHE | AW Fn G- EE AR G
EH - EEORE
[ 45 DR 73 OFERE. G RIRHEZ ORI DEER ISR S - HRe T D TERBEREIZ D0
BEME | THrLLTEET S, REMRERLORBEENZ &1, AIERICHNE L 72 2 AR A 5
-SZO
~T aBRILEVM OIS EAOXINNOE . ZOLFME 2R cE 5 Kot b,
B 2 H 2 | REORERTEOER S FICOWCHBTE 5 X 912725, [EREPEN S FITERT D&
W, LS Z D I LV TCATE 5 ko5,
B¥ N CHCH - EE - KB PBL + B—/ 7 LA - elearning - €O ( )
B 4HY H H 7 ¥ N &5 (aray)
sl | AR L Lo BIFIER L 72D G X X BRI RIRE 5 2B & D EHRK
p - X o TH T L DRI DN TR,
i AR
C4-(1)-D-2, C4-(2)-®-1,2, C4-(3)-®-1,2,3,4,5, E1-(1)-D-2,3,4
N BISEARER) E 72 DA A T v RV EFNLEEN E T HERLITOWVWTH
A AR E LToA ) o
2 . . T ULV BAERIZ DN TS,
EE  FrFyx
C4-(1)-D-2, C4-(3)-D-1, E1-(1)-D-3
s A LT o | AIAER) L 72 DN HRRE P T UV AR—F—, BLXOENL 2 1E L
‘3\: SHL \/j? S
-3 R F BEI AN T T LAV ORI RISV TS,
EE | U AR—F—
C4-(1)--2, E1-(1)-D-3
N o BISAER) E Ip BEER L N D AR & T B EEMIZOWVTH LD
A AR L L TR s
4 ) FHEAEHRIZ DWW THE,
FE R
C4-(1-D-2, C4-(2)-®-1,2,3, C4-(3)-@-1,2,3,4,5,6, E1-(1)-(D-3
- AIEEME L TCOH BIBAZER & 70 B & X R EAER & 2N 2R &3 D EHELIZ O
e
5 j;m CRIB—B Ry T L ORE IOV TSR,
13
A AR C4-(1)-D-2
s AR L LC o BIFRER) L 725 DNA & RNA, BEXOZEN L A L T 5 EHEEITOWN
6 ” L DRIV TR,
&% | DNA & RNA
C4-(1)--2, C4-(3)-®-1,2,3
TRPEFEI N D EE S OB EFICHONW T T LB T — 3 U&7, FiL
Pt/ o DAAN Lo 4 VA - FUERE L, PrESE & Jrivd R, PRIk
7 ) TR RIS O = 3K . e
FiE T D EFELITONVTHS,
C4-(3)-3-1,2,3, C4-(3)-@-1,2,3,4, C4-(3)-®-1,2,3,4,5, C4-(3)-©-1,2,3
vERta . AR L RFRA R EIHE IO THF UL TH AR 2 BE9 5,
8 ) ER oW
i
R A | ESLRBR(T0%) & 20 (30912 L Y R3S
H OB E| AL XoTv T v a—VFE BEHEE BIR O EEYEFFEA (2020)
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N—vy VIPHRES ) —XO@ AFERY - BRI, WE Bl LR (2011)
BIERRLS:  EI I Odiscovery & development £ i #F  FILAE (2012)

AIEE 2 0 OFFICH D Z O L AFJEBRFE NG (LR 152 - I8 % W L (2009)
BATRAIEALS: & REBEMIENGBARE E T dETH 2R C. G. Wermuth #f% Rl f# ER
(2011)

RIS E

SRR T8 L CRIACHR TS = &, Uk % o 1 BEIERIC VT E 4y B 5 ORI AVETR 75
EW~B L,

fff H 5 78 | HAGE

E-mail % %\ X Classroom 7> 5 ERFE R 2% 71 5.
FT 4 AT T —

E-MAIL:y-iwabuchi@tohoku.ac.jp
Z @ i | SGD:E 7 5]




REREHA | EOBSERT BrHF U 7 | YPS-PHA324d BHEH X | SRME
B X4 22 4F | 34 [AIEER%R] | BxARAZ— | 6 =RV~ 2 HAAL

R R GO A e GO, B BT G0, /il 5f] G8 . 8 mE G,

- HAOEE (), %32 B K, =Y B G, fm R GR . B s GR).
B R G, LB s G, RIE Z G, Rm siE G, RE ERT (G0,
R AR ()

EH - REORE
Z < OERLIZARIEEM TH 5, - T AFRICET 2 A ZEORENTIRD TRE WV, HIZ,
Rk, FPEIEED 2MEEITIE, BHGR. EWR MO TR FAREEM OREER b NS E L

— O HRT DM DN T OGBS NAL 2D,

AIZETIT 20 NBEDO/NZ V—1201F, HEEXNTKHEAT v (MS, UV, IR, NMR)
\Z X D EIL A OREEREIZ OV TGEFRZITV, B AT MW X 28L& OIRIE - i
BOTODREN2HEH ZEEBNET D,

Bz B AR

MS, UV, IR, NMR OFEARFHAZHEL, 2 bDOT —Z IS\ TES AL S D55+
SR HEETHZ ENTEXDL LI D,

®¥ 5k - [#8] - 9278 - 1KBRB - SGD - PBL » = —/L 7 L A -+ e-learning - %O ( )
5] 4 H H " % N K (2ray)
i B B ATiE (MS 2
e NI RS EE (IR BERESR HTE R ORAY  ATR S IR R ITIE, AROMI B DB & |
1 fi{ij AN T BRSO Y6 E DAL E Y OREIEfRIT ~ O FEIZ S\ TEST 5,
e (NMR 2" 7hb) |
AL C2-(4)-0-3 C€2-(4)-®-1 C3-(4)-@-1,2 C3-(4)-3-1,2,3,4
. 1 ISR A BREONTE, FRIMIIE, B tEZ VLT B (b e orEE
2 B oM 20 1 WIEZAT O HiEEEGET 2,
C3-(4)-10-1,2,34,5 C3-(4)-@-1,2 C3-(4)-3-1,2,3,4
T D BEpHTE, FRIVGIE, BRI CEZ VT, B LG D L0
3 L | ORGSR 20 2 TEHE?R B AR DIRTE 24T 5 TEEBHT 2,
C3-(4)-10-1,2,34,5 C3-(4)-@-1,2 C3-(4)-3-1,2,3,4
NI P BB, RIVGIE, BRSK CEZ VT, B LG D X0
4 B TEHEZR EASARIE DIRTE 21T 5 HEE B/ 2,
C3-(4)-0-1,2,3,4,5 C3-4)-@-1,2 C3-(4-G-1,2,3,4
B R BEDHTE, FRIVIEIE, BRER D EZ VT, FEBLEY OIS
5 T WIEZAT O HiEEEET 2,
C3-(4)-1-1,2,34,5 C3-(4)-@-1,2 C3-(4)-3-1,2,3,4
bt | g5 LAY BEONE, RNV IE, BRI tiEZ W T, FERILEMO LY
6 SEH | OHESARE Z0 2 EHETR BAARIE DIRTE 21T O HEEBHT 2,
C3-(4)-1-1,2,34,5 C3-(4)-@-1,2 C3-(4)-3-1,2,3,4
St | A6 BRI BESHTE, RIVDIGE, BRERSIEEZHWT, FHERILEMD XY
7 I P BT B RS DI E 21T 0 TEZ BT 2,
C3-(4)-®-1,2,3,4,5 C3-(4)-@-1,2 C3-(4)-3-1,2,3,4




) B EINTIE, IRV, BRI EiEE VT, TV a— VOIS
il D A Ve
RIEEAT D H1 ~ o
L wE | momsm S
C3-(4)-D-1,2,3,4,5 C3-(4)-@-1,2 C3-(4)-3-1,2,3,4
Wi A8 FAFE K BHEONTE, RV IEE, BRRDEEE T, 747 e REOMEE
. wm—8: T /TE R
WEZEIT O FiEzEEET 5,
N RTITTO v S
C3-(4)-D-1,2,3,4,5 C3-(4)-®@-1,2 C3-(4)-3-1,2,3,4
T P . B RONTIE, IRV, BRI EiEZE VT, & b DRSS E
=P i — 9 - Vg |
10 BIT O HiEEEET 5,
K REAEAENT
v = C3-(4)-10-1,2,3,4,56 C3-(4)-@-1,2 C3-(4)-3-1,2,3,4
) ) B EONTE, IR EE, BRI 6EZ VT, LR IR ORI
2N Kiw—10  WIVR L
11 . WEEAT O HikEBEET 5,
S O REERNT
C3-(4)-10-1,2,3,4,56 C3-(4)-@-1,2 C3-(4)-3-1,2,3,4
) BETIE, RNV eI, BRER O EEE VT, = AT VORISR
Y AW =ATAE
12 T - ExITH HiEEEET D,
C3-(4)-1D-1,2,3,4,5 C3-(4)-@-1,2 C3-(4)-®-1,2,3,4
) HETE, RNV G, BRER O EEE W T, 7 VORISR E
5 Hifi W12 7T I VB o 5 S A5
1 T 77 =S °
i s AT
R i C3-(4)-D-1,2,3,4,5 C3-(4)-@-1,2 C3-(4)-3-1,2,3,4
- w13, T B EINTIE, RNV, B EEE VT, 7 = ) — VRO E
{ i . - —)
14 WEEAT O HiEEBEET 5,
WE O S
C3-(4)-D-1,2,3,4,5 C3-(4)-@-1,2 C3-(4)-3-1,2,3,4
i B EIINTIE, RNV SEIE, R ek W T2 B L G O RS E
15 =W F & A LAY D R
W HEERITATT :
BERF | WA C3-(4)-D-1,2,3,4,5 C3-(4)-@-1,2 C3-(4)-3-1,2,3,4
A RIS | FRBR(T5%). 7575 [ Dl 245 8 3¢ 55 0D 2 1i(25%)
#H B E
% £ EF | THEELAEWD A7 s L5 REE-MS, IR, NMR OfFH— (4 8 i) |
R. M. Silverstein ¢ F. X. Webster * D. J. Kiemle - D. L. Bryce &
HEMG - BHER - MHE O R, bR (2016)
e T Gt
& 78 | BAGE
FT4ATT— | A— )L ETTRA L R A FEESTHBREDOZ L,
E-MAIL: y-iwabuchi@tohoku.ac.jp, ysasano@tohoku.ac.jp
TEL 022-795-6846, 6848
O




RERB4 NS BEHF >N 27 | YPS-PHA301J BHKS | sRnE
Bl X4 5 4 | 34F [AIERFR] | BEARZ— | 6 H AL & 2 HNL
EifE BT G0, &R E—- OB, M ERCE). KE BA0R). Fi =R (E),
5 B | EE EZR GR. AuidE R OR). A B OR) . A5 BEE (2, B R (E),
AR A GR. kR & (E). Al F— (/)
EE - EERARE O
EE, BN, BEIRP ., MR, SRR, AR, MRS, RARE, R
B 3 M BB RIER, ARHER EAFREAICONWT, ZTNENOHFEMEIC L AMH4EE L TRKOZE, 3
FERRT, AR, d X OFEMIRRIC OWTHEES 2,
P - JRRE A BAE L. IREDBMRICZ IS S ERIEFAOIEY K2 BET 5, FIThHORPZW &
B E B | FO. %8O AT HERNISOFAIN, H5WITABKICED LM EE & L To&ElEZ B8R
L. FEkDOEERIEZDHWNFEL L TOERETFS,
% % 5 ik - HE - EH - (KBRFE - SGD - PBL - m—/L LA - e-learning + Z D ( )
5] 4 H H ® (X RN K (=T7HY)
WEFFEIE, IR ORI - REEA B SN L, B2, MU)72RinE 4@
U CTHRE S\ S DR 7 CTh 5, REH & L CTEIEOZK
) g NEFAG - BlgglR | SRR ERY TR s WRFORTETREIZEMRL, S HI2E0Hh
TR CHRRIR BN L B2 T2 8T 5,
A-(1)-D-1~7, A-(2-D-1~4, A-(3)-D-1~10, A-(3)-@-1,2, E1-(2)-D-1, E1-(3)-
1,2
BIMEITIEFIZH D SNTHEBTHY  AXRY) v 7 Ra—AD—
HMELTHLHEETHD, LNLANLZORRANAHALRZ EBZ 0, &
2 B S EEAR IfEDRKA L L TR AT > DB O R d= R EN OV THE L,
T DB - IRE T 5,
E2-(3)-(D-4, E2-(3)-®-1~5
BZif, FifgE, B CoNE i MRIBAE 72 E O MR B OB &
5 R =N ‘::\10 BRI TR A 2 AR A 2% i‘fu\éo Bis T2l o F
IR, G 7R & 2 & o TR 2,
E2-(2)-@-9, E2-(3)-@-1~5, E2-(8)-®-1~4
EBAEER LS A AN DO XV DRED 55%DEHFEFHITEL TV
%o %EWE%E%&%%’%M&J%%@OB FECHEOHEM L T 5 &l
. T Y FR OTEHRIE, PRIE ot fxofu\é%{}/:imr:Y (jiuiié*%:
15 R ESLH OB KOFREREDIRT) 27070086 milnd
PRIBODFHS & Eing O QOL FERIC OV TR 5,
E2-(4)-D-1~4, E2-(7)-G-1
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CARE N

WHREEABHERR DR S L I SOV TN, ZORM L W5 L 7 DR
x4 5 2 E TOREE L OBEWEERET 5, F7o, BEERERICRHT
D NABE T COREE - 72 2 4 M OFHIG, BAGHE xRy N5
TP A AETRE 33 L OF 2 BUBEJRIF (2 x5 2 P T i 72 £ 8 LWV FAinic
SN THIRLT 5,

E1-(3)-1

H sz F 8k -

ZA
[aliii}

H S HMERLOBIE ORI & . FIRIC X DIRTE, R EDANDAEEEZ ¥
LR, BER., T, T W\Wolma a = —v g g MmkERC
BEERBEICED XL ) ITEET A0 E P55,

E2-(6)-@-1~2

HH

REHE PG - A ¥
R w7 Ra—
I &R IR

PAEOATEE R OZACIZ X 2 NIBIE VI, A > A U G,
PRI IREREE, SILEDRK & 725, Wb IR TH 0 i
BIUND LR DM, T OB e G D EZE, IEZE, B
7R EVRAV A EE 240 < EVRBOWER, TBI, 165N, K9
WIED IR 25 2 T7 55,

E2-(5)-D-1~3

IR SR A B0 NdURIE 7T A 2 HE U RO N BREE 4 — B IR Fr
B 1o DA AZHERE R H A TV D EHERRIR CTH D Z L 2 HfiFT 5,
Z DT AZZHARERE ORHE 2 PR AR 42 & 5 03| AR CIEIMPIR A 2 % K
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B g H | - COLIRFEFEEL, EOLIRGAICHVWEL Xy, BT 5,
- BRI TEZ &0 KO IZEHIT 2 BT E D,
mELE - TE - 32 - (KBREE - SGD - PBL - m—/L 7 L A - e-learning « £ DAt ( )
1 B S| H % %2 N 5 (aray)
e WHEH D HIHFDNEREBICBNTED L IITHNLN TV DA, EhlZ OIS EET 5,
HEF E2-(9)-1~8, E3-(1)-D-1~5, E3-(1)-@-1~5, E3-(1)-@-1~3
M FDE A ENERRDE TEO L I IS STV D0 D& 2 07 % B HLfiE
2 HR RGBS T2,
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. o EHHLFHT AW DRI FIEIZ O WTHEET 2,
3 o BEERGEY
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. it EBM OffEit EBM O#ER & HEFFIEICOWTEFET 2,
£ E3-(D)-@-1~4
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DFEFHF
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7 AL T AL« TF Y AOR EFMEFFIEIZOWTEET 5,
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DFE LD
E3-(1)-®-1~5, E3-(1)-D-1~3
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B 2 H O | - BUR, WA SRIEMIRRIC X D AIRBL IR 25 T & D,
< BIEISEICR T SRy P U — 2 BB TE 2,
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G FOBEBERE R EZPLICZ OB EZE Y | RO R A2
1 KEF | SIEFORER iR 2,
C8-(1)-D-2,3, C8-(1)-@-2
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C8-(2)-1-3,4,6
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BERRAAEE | BLATERN 2EFEMVWTEE T2 L,
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TPiEEHHATE %,

&% % ik
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C8-(3)-G-1, 2, C8-(1)-D-1, 2, D2-(2)-®-1, 2, F-(2)-©-4, 5, 6

DO
o
=

JRYLIE D P[5« %5 (11)

JYYET U M7 LA 7 OEBRIZ DWW TR T & 2, AL & HBIEOE
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ZOATE D, ERFEEVOIIRZHIITE D,
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E
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PR2 IR DS B SR T I RE, AR TRIRIE R DA, R -
HEISE L, BRERD D,

C8-(3)-@-1, 2, 3, 4, 5, 6, C8-(4)-1D-3, 4,5,6,7,8,9
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=S|

AR GYE (D)

Bz IR a5 Sl 29RO, TRIRIE R AL R -
HEICE L. BRATRD D,
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E
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YR EF ST O e S b FEH I IR OBYLYEM FEE BN L TH H 2 2 LIk Y, BFFED FIE,
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PLAIEME RO A R T A4 PP EMEEEME R A FT 14 12
14 FEhi  EYYE & 5 A0 D  FEYE A BT 5, SOAP |2 L 23y iatm 2 Bifig ¢ X 5,
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PIEEMER O A RT7 A4 0 AEMIEKE EER A KT 14102
15 Ei  EYYE & B 5 () Hors < SEWIBIR 2 PRT %, SOAP |2 L 2 Sl 2 B T X 5,
E2-(7)-@~®,E3-(2)-D,E3-(2)-®-2,3
BGERHIE | SRE LA — b (100%) b & ICFHET 5,
B OB E| DD HICOL RRIR - RY - 0)E RS LR LR
Z B F | EPEROBEMAED T - BYWET - bFREY (F)IE)
4 HOIRESE (FEILE)
RERISEE | T8 SR E CICEE L2ERE - 25 EOMEEAE 5t
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BEER B4 | A FHHF U7 | YPH-PHA375J | FHHKS | BIRLE
Bl R | 34 [ AR~ | 6 AL B | 2 HAE
HEF A (), SA R (9O, Al ET (B). Ll A (B), B e (),
IR SRy e S CONE S S S SNCONI R T NCONE T 3 A CONE IR CON
fer ok fE OB AR B GR). Bk RS GF)
£B - EBHEE O
FANBIROR G & 725 & X SR NASIBORNE, IR TR 5 5 2 THELEOMAIL K A
RObOTHD, XHx DEFOHIED D VTEEMEE XD 5 ZITBVT LRI, FRTiia
WIS OMBIT LA TH B, A TIRE MRBO AN 2 EE7 b SR % %
BEME | thbu T, b0k ) 2ieE L BET 50 b L OFFOWRRAROBIN, MR, A

ML miE, REMe L L ORNEN D b AR, RN ORI 24 2 ORMZRNLIHEREZZ T 5,
XA LA TR IS R TRZIR G TOEERO BB, fed (gl A W B SES]
DORIE) . BRSO 21T 5 FR K S,

F E B F

AT B 2B D A ZERT D,
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DA OIS DR FEN o7 0 i B F 0 F 7o 5 H| &4 B g L |
1 RO RHIET

tailored medicine D} & 72 2 i BLARAR 2 W 72 2 BRAR 9 5,

BT DB
A-(1)-D-1, A-(5)-D-1, C6-(7N-@-1, C7-(2)-@-1, E2-(7)-®-1.2
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C6-(4)-D-1.2, C6-(4)-@-2, D2-(1)-@-3, E2-(N)-D-1.2.3, E2-(7)-®)-1.2
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C6-@-1.2, C7-(1)-G-1
FAIZFEREDFRNVE AT & D8 % T, i NB O IEH ~ RS
PP i (10) A DPFEUZ DWW TR T D, FRHT, FE S M2 IZ OV T bR
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A—NIpETTHRA Y AV FERS TGO &,
A7 427 7— | BREWAEDLEED  WEZKESE RS X
E-MAIL: mizuki@patholo2.med.tohoku.acjp =~ TEL: 022-717-8050 (P9## 8050)
z o i MHEEF MR L Ll RS RS B 2, 12 AWl 1 AICERT 2 TFETH D,

X ORI a T Y C7-(1D)-G-4 1255415,
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RERBA | BiaorAEmY | BB F >N 27 | YPH-PHA333J | #HH X4y | #2015 £ ELIEAFH)
Bl 3 5 4 | 34F [BEFR TAAL— | 6 HOAL & | 1 HAL
Y B || RIS 8
EE - FEHRE

REFEM B EIERBICONT, BIaTOER L ZOFIE L IRFRIEEZ$5, FHC, BEROEERR
e RERTHD T vt AERARFT 5 5% mRNA %3855 LY 25 5V P A 12 o CBfig
X

T 5, FEBRRUSOBZIC LD, BISHOIBIRIED TSV TEMET 5, RNA BETO
FEBHIEH DS E L IRE & DOBHIZOWTHE,

F E B %

 BIn T DOE RN A PR 5,
< AT B SR PR 2 BT D,
< BAGTIB ORI L HIBFEIEIC W THRET 5,

* RNA BfECoik

(MR BIZ DWW TR 5,

% ¥ 05 Ik C B - EE - KB - SGD - PBL - 2—/L 7 LA - e-learning - ZDfl ( )
E1 TH H "2 N B (aThV)
B o G T L BB FRET 5,
1 feH | BEoXEE (1)
C7-(1)-®O-1
T BRI W CEiR T 5,
o i BEOLE (2) SELEEE .
C6-(M)-D-2
o b N DOZEREROFEIE L HR T DIRNZ R 5, Bin 1 OEEEEEE
3 WL OEE L E
3 M BES D,
(i)
C6-(4)-G-1
S » FHH 2 AR E IR S OB & A AVERZZ IS O W TR 5, Ein 1R
3 FHHR Z ARE SRS, & }
4  fBm o DJF PR J715 & P A R S 2 PR 5,
S L abieY)os
E2(8)-1D-1,2,3, E2(8)-@-1
o AR TR O Efe M 2 RFET D B S B & . Z ORI ES W IREE
i BT3B O ML R
£S °
U s
C7-(1)-D-2,3
6 Fam BFREOWE | BRMSOWEIC L 5B IEEIEREOBIRICOWTEME T 5,
U ra (1) 06-(4)-@-4
7 FAm BEFREOWZE | BRSO WEIC X DAEROFIRIC OV CEfET 5,
T A (2) 06-(4)-@5
I BLFREOWE  RNA 7ut s U 7S OSEIC X DIEEIERRBOBIRIZ O W CHEET 5,
B caEk (3) C6-(4)-@-5
RS | EHEER (90%) &S (10%) Z b & ICEHET 5,
Z B E|RICEELRY, EROBMICLERTY v N EEAAT D,
Z & =\ #EERNTD,
B | (PE) #REORER S & T
RSS2 ) ) ) )
(15E) BRI T /0T A D afifE, RIEGEFR O CHERT 5,
i H & & | HAGE
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A=NIRETTRA L FAY FERSTINBKRIIDOZ &,
E-MAIL: toshifumi.inada.a3@tohoku.ac.jp TEL:795-6874

FTAART T—

z Ol
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BRERBA | ARG ENY | BREF N0 27 | YPH-PHA321d | B HRXS | LEQ015 FELUEATE)
Bl %4 %2 4 | 34 [FEEHR BAZXZ— | 6 HONL F | 2 BAL
5 & 8 | I s 9, wR ma B S mm GBIl s R
EH - REORE

Terx DEEREME L TWOHE - IFE - EAE (T /8 R (X7 LAV R X7 VAT )
% ZE W 2 | ([THOWTREO EMBIROLFRBREFIEIC OWTERET 5 L & bIT, £ O PHEERT O FIEIC

DINTERS,

B B AR

1. W - IRE O G & AR BRI S W CTEIR T 5,
2. BRE (T8 BLOER (X7 LAY R X7 LFFR) ObFHE L A FEREIC

DWCEHES 5,
3. NMR 73k, IRV, B &OIEE AW T2 AARBERE /0 1 ORE AT THEIZ DWW THS,
5% )k - 0B - 5 - KB - SGD - PBL - m—/L7 L A - e-learning - ZDff ( )
[H] HY TH H 7 ¥ N &5 (arisy)
N R HLpE - 208 - BRI OWCEEET 5,
1 & WEEOLFEL
C4-(D-O-1 C6-(2-@-1,2 C3-(1)-®-1,2,3,4,5,7
» R W& HHE O A PR I W CEiR T B,
2 &g FEFEOLF2
C4-(D-O-1 C6-(2)-@-1,2
B DAL FAEIE I OV TEfR T B,
3 I T R .
C4-(1)-D-1 C4-(2-D-1,2 C4-(2-@-1 C6-(2)-D-1
n R AR AR D b2« ZEFREREE I D W CHEiR T 5,
4 | EHF IREOF2
C4-(1)-D-1 C4-(2)-D-1,2 C4-(2)-@-1 C6-(2)-D-1
. W T I RS F RO TS B, XTF ROl L OV IC W TTHERET 5.
Bk b5 C4-(1)-D-1,2 C4-(2-D-1,2 C4-(2-@-1,2 C6-(2)-®-1
y KR TIE O ZIRAEE « SRS R X OVE B RE R BUMAR (- D\ C B R
= . .
6 Lk BN E DA T 5.
C4-(D)-D-1,2 C4-(2)-D-1,2 C4-(2)-@-1,2 C6-(2)-@-1
gy el Db LUV DNA,RNA 45+ 0 E A A BB RE I C Sy CHRfES
7 Z’ | RO 5.
C4-(D)-D-1,2 C4-(2)-D-1,2 C4-(2)-@-1,2 C6-(2)-G-1
s Bl DR E F L UO'DNA, RNASY O FEpERg A FIEERE IC DU CERfE 9
P=pis
8 AU A= 5.
HJ@Z 1‘%@& { -
C4-(1)-D-1,2 C4-(2)-D-1,2 C4-(2)-@-1,2 C6-(2)-G-1
3t NMR 7536k, RN R, B EODITED BRI DUV TR, ST ¢
9 e FEIEMRMT 1 DOFIHEIZHOWTEEST 5,
e C3-@)- DB
I Gl
10+, HEEEAT 2
B C3-(49)-0@B®
I 6] E
11, HEERT 3
IR C3-49)-0@@®
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& . Els
. o AT 4 C3-(4)-02O®
Z=pisl et Eils
13 L HEIE AT 5 e
Z=piil . Eils
H ik AT 6 C3-(4)-02@®
Z=pil Eils
o 1ipes AT 7 C3-(4)-02@®
FARREAmYE | U8R (100%) .
H OB F| EESFOMT) HAZRL, REE—F. FERA
(LB D AT s X AREE-MS, IR, NMR O4ff % 7 R .M. Silverstein, F. X.
Webster, D. J. Kiemle % FiAIE SR, ®AL2RE A (2006)
Z & E| [Jx—b A% F3MW (L) ;D.Voet, J.G. Voet &, HEEREGR, HibFE A (2005)
(22 FEEEAES F3M (F)J) J.G. Smith &, LA BERR, LR (2012)
[T n—2 HHe¥ H5M (F)1 P.Y. Bruice &. KMA&EHR, {LEFA (2009)
B HSMEE | HOERAT IS OV TIIEE B TIT O 712, HONCOIRRINEMBEZ RO THERICHET 2 &,
fEH 5 &k | HAGE
R A—NWIRETTRA L FA L FERSTHBEKFIDZ L,
BAEEICOWTIE, RAEFEEEREZSRTDH L,
z O fth
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BRI A4 | A b 2 BEF "YU 7 | YPH-PHA341J | BHEX Sy | &fE (2015 FELEATH)
Bl 24 5 4 | 4 R EARE— | 7 AL # | 2 BAL
Y B | MR E G, Fr Rl 8
EE - EERRE
BELFRIE, NOMEEOHERF - 39 LR TRIO 720, BRIEA b U ASCHEURYE, e Chkx
. IRA RNV ANS NESFDLHREZ 2 DML TH Y | HANRHET —< 13RO =— X2/ b
R HTET D, AGER T, FRS, AT X DEGYEDRAL0T L, E & BT LV ¥—,
FTo. D, TERIEE, BERWE & VDo I EEERROEY L PRI OWTEHRZIRD D,
1. EYYED KA T L, g & BT L L X —ICOWTEiET 5,
B EEHHE | 2. AEHIEBOERELEPHICOWTHEET S,
3. %ﬁ&zhvzkﬁ%k@%%%@%?éo
% ¥ F ik E - 32 - KBReE - SGD - PBL - =—/L 7 LA - e-learning * & D1t ( )
B Y H " X N K @THY)
YYEIZ E D X S IZ U TRALT 2 Dy, RERYWE DTG RR B, £ OFER|C
1 R EGEORRS. | DWTHRT D,
D1-(1)-D-1, D1-(2)-@-1
o | R JEYLIE D T Bh JERYLE DI DB A 2 BRAR L. JRYE A T3 5 720 OXERIZ OV TH S,
(1) D1-(2)-@-1,2,3
. JYYE & T 2 720 OBEER . FRIORYWEE & F O, BEIZ OV TH
JERYLIE D B
3 iR (2) T 2%,
D1-(2)-@-1,2,3
4 R JEYLIE DB JEYIE DY B2 B0 2 T RAHEFE D FERE & BIfE DRI AU DWW TR 5,
(3) D1-(2)-@-4
RO - EE 2 ENENORFIREA OISV TR
U . IR X 55 .
PE (1)
C8-(4)-@-1,2,3,4,5,6,7,8,9  D1-(3)-®-1,2
6 | AR WRRIC L 25 FREICE > TEZ 28T HOHESLE ROV THEE T D,
P (2) D1-(3)-®-1,2
L WE. RSP HARTIC LD BAHRIZOWVWTHER, b N ORI RIET
TR BTG WELBFET D,
D1-(3)-®-1,2,3
G D AR AT SOV CEMIET 5,
8 o | SEOMAKA
D1-(3)-®-1,2,3, C8-(2)-D-5
FIBIZ LS TEHIDT VAT —DA D= XKDV THED, FHICEYMT LLX
RE L BMT L
9  Bn L — DK Z RS 5,
D1-(3)-®-1,2,3, C8-(2)-D-2
B AE N~ AR 7 Y —= U JNZOWTHfRT 5,
10 BP0 RErORAE
D1-(2)-@-1,2
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‘ DA TRBREREEIR. BEIRIE &\ o Tokk x 2R AETE BHER O FESR S A O,
11 R %ﬁg%ﬁ@m DERRLRANAE L D AN =K L HEL L OFAEOE IOV THET 5,
N D1-(2)-®-1,2,3
12 | R AETEENER O RADET LTI OWTERT 5,
TP (1) DI(2-G-1,2,3
13 | R ATEEIER O IEREIREBOES L PRI W CHET S,
FETR (2) D1-(2-@®-1,2,3
4 BR ATEENER O FERIR DT L TR OW BT 5,
FE TP (3)  DI(2-©-1,23
5 BR ATEENER O BAETECEEZ: & OATEBIE LR O D ICOWTHEATRD 5.
FE TP (4)  D1-(2-@-3
RRAERHIE | ERCBR (75%) &R (25%) ZHEICREE T 5,
B OB F | MEARE-ERERE-) KB E. EEMSES. EE OB R, LE
z E &
AR RANEE | B QR EARITIS U T8 - BEBRDO LD,
fEH 5 &k | HAGE
gy | ATVERETT AL R A R EHS TRBRGHOZ L
E-MAIL: atsushi.matsuzawa.c6@tohoku.ac.jp TEL: 795-6827
- CEEENEDIT L A ENEAIMEZRBR BT ENh D,

« 2013 EE N FEH F TIL [FMR) ICHAER D,
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BER B4 | FRARFFT BLHF> U 7 | YPH-PHA361J BEXS | 2

Bl 2 4 | 44 PR TARH— | T B | 2 BAL
82 28 | BT ERECO. S RGE). BAF GH. sk BN GE). in ¥ G, BE %00
EE - FEHRE O

B EME | ESOEREZIY EEEIL. D TR EZ A2 T, SRR EREIROBANCER LTV 5,

EFEENR T D EHRE, FFCTORES Rz 5o 5 EHM B OZREM L, EgL £Th-T
BY | BIEBIERO ARz 1T 2008 > S 2 Wi aiERHl (DPC/PDPS) 23 R¥pilbila &
DFFEMREMBEIEA S, BUE TIREE RN 2 AT 5 QIEERIR OS5 L Ea 50 5, L
L. BHEIRYEZ OEFRFHRI R Z I L ERE R B EROE DM B b L7 FRFIC, ERE
GHIRDHN TS, EELITENTHHSTITA <, ERRMEES N II25., BERL A, Bt
o A VA7 FR IR, ERREE £ T, BAVMISHREARAIR E 2D,

BEARRRAIS: Tl BISWBEEAIEN CITe b s, (ko) FAl, SAE P O AN 72365 =
AT 2L &bic, ERERBREEGREIFEZED)RED Ty —~ v a—T A AINT TS
W, £7o. 2012 EZREINUOEIC LV A S DBEAISES SN | & Z DL
BEEE, & SITITFEIRAY 2 BRIRIT TR OMBeit B & B TR BEERS & L REEmBE AR 52
F 5 FZ BT RN ST D,

B E B E

< RS A D % < REEE L L A OB E O IEE A R TE B,
o [ S OO TS S\ T S 0 S AR 2 e A FRAR T X B,

- T BERROLE L IAHIAR D 5D EH, HiiE L ORI O W TR T X 5,
- JRBEC 1T D AR OH LWEEIC OV TEETX 5,

CERS AR ETORBHE, ERE, DREMIER AR CE 5,
BRI A TR BT 351 2 I O 2 B T X B

C LRI R SRR A R L, R R H A S A R D,

B2 ¥ 5k | - F2E - KRB - SGD - PBL - i —/L 7 LA - e-learning + T D ( )
EI i H H " X N R
IS 2T 5 L CTOERRHIEL & 2FEBMER 2 RS 5, Znbx
SR (1) ik %izF&%®)%ﬂ¥%ﬁow{,%f%%@%mmﬁﬁﬁﬁk%%
1 b o WNADEEB L, ERLE, EFEHE LS T NERICOWTERT S,
FOMANEHS
A-(D-D-1~3, A-(1)-@-1~3, A-(2)-@®-1, B-(2)-@-1, F-(1)-@-1~3,
F-(1)-®-1~4, F-(2)-O-1, F-(2)-@-1~5
FRFE « AR, o KL O A 2 3 D 7o EIR S OMAGE O\ L,
50 sl FEARPER (2) —E EELEHZIEFPT I BEZIZOWTHFET D,
FE GG PR A-(D-D-1~3, A-(1)-@-1~3, A-(2)-@-1, B-(2)-@-9, B-(2)-®-1~2,
F-(2)-6-1~8
EEER, HORBICBWTERFICEEL 52 TX-FRARE], Kkt
N AR (3) —Bt  REFENZOWT, EFRHER, S, MEARRBRENFET D 2 L
prl HE DT 5,
A-(1)-D-1~3, A-(1)-@-1~3, E-E5-(2)-D-1~6, E-E5-(2)-®-1, F-(2)-©-6,7
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A

RARZEY (4) —E
S R B

X0 BWIEMIRIE 21T O 7o OIIXER S O EFE RIS, LB FRD
RA[RTH D, ZOEEKLEHR (Drug Information) Z JA&FHIZE Y # H
DO, EHIEFRERES CIT DI ¥R Tbho, DIEBICRITHH
WOISE, B, I, RE. T, #fEEONEBLOTN DL O¥EE
BATIC B2 E07 - BARHIRR I DWW CEAE 5,

A-(D-D-1~3, A-(1)-®-1~3, A-(2)-@-1, E-E2-(9)-1~2, E-E3-(1)-D~®),®, F-
3)-@-1

A

BEPREG RS IR & P
i EAE ]

BEPIEGLT, FPBEIC L > THERRMETH Y | ERROREELRBHEIC
BOTIL, BIIETRIR DS EMIZER T D, BEPARRIBS X 0 F ks &
O OB EM#EH ISV THEET 5

A-(1)-D-1~3, A-(1)-@-1~3, A-(2)-@-1, C8-(4)-D-1,2, D1-(2)-@-1,4,
D1-(2)-@-2, E-E2-(7)-®-9, E-E4-(2)-@-1,2, F-(2)-®-4~6,14(%n), F-(5)-@-1

A

e & AL

PP ORRERICE W TE, ERA K OHLHEY OfF dieft,
EO OIS, P IRERE, SEASEORGNMNEE SND, £o,
WELHIBA RSB L Cid, AN KX 2 CTORE, L~ DEFIES)
PROENTND, Zh b FEEFRIZET L HHAD O & 2 BFT 5,

A-(1)-@-17, A-(2)-O-1, B-(2)-@-2, B-(4)-@-3, D2-(1)-O-5~7, F-(1)-®-9, E-E1-
(4)-4, E-E4-(2)-@-1~40mn), F-(5)-@-1~2, 7-D2-2-2, 7-E4-1(%1)

Sh

F— LR & FEA

FERTEIT, MEICERL, EARNCBWTHEMEZ&mD S0,
B - FRE AN BE A3 B4R S iz, ICT, NST, 23 AALSERRET — L5
D—E L LTOEAIRMOBE DY & &b, ERERREERLS IO H
IRIEHIZERS FRMEA ] & 2 OEBOME L BT 5,

A-(D-D-3, A-(1)-@-1, A-(2)-B®-1, A-(4)-1~3, E-E1-(3)-1, E-E3-(1)-D-2, F-(2)-@
-2, F-(2)-@-305), F-(4)-D-1~38, F-(4)-®-1~2

Fh

ERY AT <R A
MZ I DA O

i

WS, B DERESPRE SN TN D, £, PN TIEE B2
2 DA T b (ERERTIIRVEERS) M RELTVWDS, £
NHofTY, RICEHDIAEEEROHDIEIGIIZ N, 2 bHDER
DU, AR, A A LD X HICE LTI a5, £
7. FBENICERE S ER MR 2EHETE OKEI L HEFET 5,

A-(D-D-1~3, A-(1)-@-1~3, A-(2)-®-1, E-E1-(4)-1~2, E-E2-(3)-2,
F-(2)-©-1~7

EZEN

=217
(TDM)

TDM 1%, EWIREDO AN EL L O ez m LS5 FRE2 D, EY)
RN B E 5 2 DK, BEHHRONE, BRNERZREL,
S ENREREAT . A EAER B X OB ERFHIOWTHET 2,

A-(1)-D-1~3, A-(1)-@-1~3, A-(2)-®-1, E-E1-(1)-D-8, E-E1-(4)-2,
E-E3-(2)-D-1, E-E3-(2)-@-3, E-E3-(3)-®-101), E-E4-(1)-@-4, E-E4-(1)-0-6,
E-E4-(1)-@-5, E-E4-(1)-®-5, E-E4-(2)-@-1~4(), F-(3)-D-1~4, F-(3)-®-2

10

A

B PR Akl & AR

BERATZE = —7 2 —%— (CRC) % & L CHEHAM A R ABR Z anfaric
o TWLNCHOWT, RZ7 v 77 7 OfFH, EBRLFEIRER~DOXIG
FEORBER L &L HIZHET D,

A-(2)-@-1~3, E-E3-(1)-@-2, E-E3-(1)-®-1~9(%n)
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PR DB TRk U7/ S 7 BE R 23003 TRIBKICAISRICIE R 5 7 — A%,
R 351 B4 o IRFEFEFIZI51F 5 TDM FET#E R 2> B IS N DI H 2 G PRAYIZ 7
11 BJF . LIer = A EOFERIZFEN L, AR A T 4 A THH D
VA PR 2,
A-(D)-@-1, A-(2)-0-1, A-(5)-D-1, A-(5)-@-1, A-(5)-@-1, G-(1)-1~4, G-(2)-1~3
SR BH NS R D ST, 7Y = A AR, V=X
v 7 EIRERIR, EEL T A — 2T ) —FHR S ORERE IR
12 BAF Rkt CER) BEY | W TRERIKAIRT O E & EiE T 5,
A-(D)-@-1~3, A-(1)-@-1~3, A-(2)-O-1, B-(3)-@-1~4, E3-(1)-D-1~3(n), F-
(2)-G-11, F-(3)-3-10,13¢0), [7}E5-2-1
=30 2 B0 5 < BRIEZAL & AR O E| D478 2 R R O R D
PRET 5, RRICEEBIEEUE TR b LT R RERE D R(E & 431k,
13 B PR R RE & R R & OO H v GRIKEHEZY © o BRG] BRI S,
# A-(1)-O-1~3, A-(1)-©-1~3,8, A-(2)-0-4, A-(4)-1~3,5, B-(3)-D-1~2,
B-(4)-D-1~3,6, B-(4)-@-1~2,5, D1-(1)-@-3, F-(1)-®-1~2,11~12,
F-(2)-@-10~13Ca), F-(4)-D-1~3,5(1), F-(5)-D-1~3
R, BRI L0 A2 - et iR S U BLEAGR & &
F 08, FRICHIRIE R I TEEFE A TE®RA AR ZE LTS, RERZELT
I T P — b\:émin‘ (7@5&0)@%): ‘%i&’c’ﬁiﬁﬁ L'(:\Zﬁﬂﬂf* ED J 5 ITHEHA
ZAE - BIRT 50, EOX ) ITIFMESEMET 2028 R 5,
A-(1)-@-2~3, A-(2)-@-1, A-(2)-@-3, B-(2)-@-5, E-E3-(1)-D-4~5,
E-E3-(D)-®-1, F-(2)-®-7
EREHED TOL RIS, HICoT TR T vl b 72 W R BRr sl
N RN T n— ONWTHBL L, RFEB BT 2B ERZEFET D,
A-(2)-D-1~4, A-(2)-@-1~3, A-(2)-G-1~3, A-(2)-@-1~3, A-(5)-D-5, B-(1)-5,
E-E2-(8)-@-1, G-(2)-1~3
RCRERTAMYE | s X 0 EEE (100%) L. 60 /UL EEAH L T 5,
B B F | EELR,
Z B F| - EL, HE, shUE, EERAY SGTE 4R, BILE, Hat (2017)
- HARBTSEAIRT 0, AR O 7 OREGLHIE~ = = 77 v, SEEH W, HOT (2011)
- FHAIFERE, AR SR, g AL
BT | T8 RN E CICEE L EEOMEIEH & Fite,
BE EENSOMEL E LD, HBRREOHZIIZONWTISEERERE T, Higs
w5,
EHERE | HAGE
74 ZATU— | A —)LTHRIZD D,
E-MAIL: ytomioka@tohoku.ac.jp
T Ol |[7], EET KSR NHEAA RTA

- 2014 P AFHE F I Rbissiliim 2 | GRINME) IZARZ 5,
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RERBA | BYpRiE® 1 | R EF N 7 | YPH-PHA372J | B HK S | 4 (2015 SEELIBEATEH)
Bl X 2 4E | 44F [BRFR TARH— | T AL B | 2 B

Y BB | B EA G, AR 8. B8 28 GF)

EE - FEHORE O

&% EME

FRIET TR, REBRIRBOHBIEROHEDO b & | H 4 OB THR & EEMERICE SN
TZIRDENTT LEOTT ISR 2 BRI 2 00, B QOL & AR D3 [l OBL 0 5 H)

TBIRICHBRNT 2 2

& RS D,

SEWpPRIET 1 T, MR - ElgOBRE, $hit - OB R, B amEoORE, IROKRE

JRYYIE, BRSOV T, FREOMELFSL L b
BT L UM 2 RGET 2 k2 BT 5, S HIClx OEMZEMNT 5 L ToE

ZAEE L

FHARIZOWTHS, KT

. BAEOIER. RAEFT R HRA - ‘fﬁ%

, L L BIDANBIT NI DA, EE, FERETT O,

B E B AE

HREOIER, MEFTAND, WRTEHELRL

v BRI B 23R TE D L 9IS D,

¥ 5k . - W . (KB - [SGD] - [PBL+ m—/L 7 L A -« e-learning + Z Dt ( )
| FHY " H 7 ¥ N K (a7Thy)
1B &1, %%/Afﬁk#%%/f*fﬁ@u%f)f AR OZE|Z B TE 5,
RFEH 2RI T 2 HMIBREDOEFNC O W THEET 5, B 72 1R ORI
1 T SRS DWW T, SRR S ERE. MM EERICE SV TEIBITE 5, REMRIE
S a = IO TRET 5.
A-(1)-D-1; A-(1)-®-1,8,4,7.8; A-(1)-®-7; E-E1-(3); E-E1-(4)-1, 2; E-E1-(4)-4; E-E3-(3)-D
-@
o M - EMERICB I DREMRIREEZ LT H 2 ENTE 5, A 2155,
. Mg « & Mg } -
2 & [ BLOZOMEHA EOEEIZHOWTEHATE 5,
OFE (1)
C7-(1)-®@-1; C7-(2)-@-1; E-E1-(2)-D-1; E-E1-(2)-@-1-3,8; E-E1-(4)-3; E-E2-(3)-@-3
o TR . BIMEREE. A2 « ZERIC OV CHEYIERE AL T X 5, EEEE O
U I 1R G 1 K R
3 & [l ORI, IBEICHO W TR T b,
OFEH (1)
E-E2-(3)-@-5; E-E2-(7)-(D-1-3,; E-E2-(7)-®-1-4; E-E2-(7)-10-1
FEREME M N EDEERE(DIOIC X 218, B X OZF A LoEEIZ SN
. ik - dEmgs | T TE %, MAIRICRT DIREHE, BLOZOFEH LOEEIZOWTHIAT
4  Fl
OFEH () x5,
C7-(2)-©@-1; E-E2-(3)-®-1,2,4
o FIIsE. BEPEY o NE, BREIC T DR, BX O oA ELoEEIzSW»
5 | & (’f) THBITE 5, PUEMEIESEIC L BB ~OM B LR TE 5,
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