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By 2L KFWHEFAZRLIL

ABSTRACT

Thermoacoustic engine is a new type of engine, which is based on the
thermoacoustic effect. Due to its no pollution, no moving part, simple structure and high
reliability, thermoacoustic engine is becoming a new research hot-point. Now it is
gradually come into practice use.

The basic characteristics of oscillation flow are analyzed. On basis of this, the
mesoscale thermodynamic cycles of the thermoacoustic elements are discussed. The
thermoacoustic effect is intuitively analyzed in the view of the network method from the
basic equations of thermoacoustics.

The network modeling is an engineering method basing on irreversible
thermodynamics. It 1s usable in design stage especially trimming stage for
thermoacoustic system. A T-shape active network structure is developed for the flow
channel with imposed temperature gradient. The transport matrixes of the thermoacoustic
elements are built from it. Then the network model of the whole system is established.

Here a software (named ANMTD) by network method is developed for modeling
the thermoacoustic devices. This software is written in MATLAB language. It is
convenient to use this software to design new thermoacoustic devices or to optimize
them.

On the basis of the former work, A half-wavelength prime mover has been designed
and trimmed to regular operational mode. The basic performance of this device has been
tested.

In order to test the accuracy of the active network model for thermoacoustic devices,
four-transducer method for measuring the H-matrix parameters is developed. The H-
matrix parameters of the regenerator of a refrigerator are measured. This refrigerator is
driven by the prime mover mentioned above. It is demonstrated that the experimental
result agrees the computation well under low-amplitude operation condition.

At very high amplitude, the actual behavior deviates significantly from the acoustic
approximation, so the network parameter should be analyzed based on the experiment at
high amplitude. Here we provided a method for parameter identification and tested it on

m
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the regenerator of the refrigerator.

A thermoacoustic refrigerator driven by the thermoacoustic pnme mover has been

tested. This refrigerator has no moving parts.

Keywords: thermoacoustic engine, network model, prime mover, refrigerator,

oscillation flow, standing wave, travelling wave
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REFE:

p = pT,p) (3-2-4)

TENEEI &M T, AR EFHSETTUEREEFHBRSABHRGBOEN
B, EHEHERLETUAARBSSH, BRESENRITRERA:

p =P, +Re[p,(x)e™]

U = RelU, (x)e™ ]

U= Re[u; (x, ¥, z)e“"]

IT =T, +Re[T}(x,y,2)e™] (3-2-5)

p=p, + Re[p, (x,¥, z)e““]

p = p(x)
k = k(x)

=EF'pUqu

s Rk 53 A R TLER

7i: 2

7. BRmER. BE. &

FE. BMEREANSRAN. THI 1| Rr—HOEzIR, TR m RRZBH

B;EFIE.

AT FEREE N, NHRAERFED TR
1. E4EA R PR

2. Pk A AT E4618 2 iRk,

3. FipBMENTER, BAMBRIRGE,

4

B

EHERBEN, RbtZeg2RER.
5. EriEBE
REIREE /D,

m

ERSFEST,
du,
dx

2 2
spai = - L1y ) Tt TH

a5t

Spl-l_pm “0

. PEMB R R~ RRARAFERET M TAEREK, B

AR ENTRAENHAER, F
Bl w, 6,/ v<500, HLAARIHLA

o*T, o°T
+

TR ERERE L

iR AR R
E .

R

u,=0, p,=0 , M ERFELEHNEEIIRATTRRA:

(3-2-6)

2

dl
PnC (ST+ul dx} sPoIop, = kl:
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e v B T ok F o+ 5 fe b X

*E%Eiizﬁ%ﬁﬁ BARE =0, X (3-2-6) HFEBFREKEH
~fi-h, 0, Z)]dp ‘ (3-2-7)

u, =

m

Had, by, 28 MEE, BRAHILASHERE. S EXRiAkB8EBES
o] 18§.
a ___ Pw__y (32-8)

&  AQ-1,)
£, A h, EZE EREREFY, U AETAREMBRRE. EXNRE, RoHER
EEFRRETEENHE. MR =0, WEIHETELBE5ERN; R L+
0, MEFMFAEZ BT EFE, WEHBHEER —HIR.

X B2 M HHLF L A H@Aﬂ%ﬁ%*ﬁﬁﬂﬁ*ﬂﬁﬁ%ﬁﬁ‘]i@ﬂsiﬁ:

1. N TFITREBREN, BRREFITREBRZBTRL y=0 FEIBEER 2y~2r,

_ cosh[(1+1)y/6,] 7= tanh([(1+1)y, /5, ]
cosh|1+)y,/6,] > (1+D)y, /6,
. (3-2-9)
_ cosh[(l+:)y/5] £ = tanh[(l+1)y0 /é}]
cosh[(1+:)y0/5] b (1+i)y,/0,
2. NFTRAEH, FRAR=2r,:
A l)rfé'] f = 2J,l(i-DR/S,]
INATEVIEAN " G-DR/SJJi-DR/S,] (3910}
_Jli-nr/s, PO li-nr18,] h
SRNA I YEA | Y G-DRISJIG-DRIS, ]
3. NTAREGH, @Euﬁﬁ'#%zyoxzzn.
h —1-—--1-9 sin(mny/2y,)sin(nnz/2z,)
7 Sl mnC,
64 l
& —IHF”E” mn'C, (3-2-11)
h =1 16 sin(mny / 2y,) sin(nnz /2z,) -
-1-5 ¥
T mpnood man

64 1
fi=1-= 2,

nt oy m*n’C,




b 2 L RKFHEF LB

725,
C, =1-—-I-——(m zo+n’y})
Sy{]zn
2o 2
o
Cp = 1—iT—ts (mz2 + n’y?)
8y, 2,

Flb, M3t (3-2:6) SREeR S AT LS5,
f= e hop = o G S S
wtﬁﬁﬁﬁﬁﬁﬁﬁ=

1 4T, (1- - pr(l—f,
iy p(l TP ( (lf;;)g-(pr)fw'
AR SRR A R AT P B

Dy = ;’,"'7;+P—*"-p, (3-2-14)

I3 thE L TR

sp,+ p,, ‘Z‘ =0 (3-2-15)

¥ (3-2-14) iFufc (3-2-15) KA LER (3-2-6) PRI B HFRE

dau, _ oS 14dL, .,

e me[l"‘(}’ l)ﬂ]pl-l-(l—f;)(l—pr)Tm b

MIXANFRAUNMENEERERNEE: AELAEHFIRE, EEH
BERBEARNGRESEFMEEE~EN. FFEHT, R =0, WSEME
K2 MR ERLEHR, FERDERAEIN. EXHERT, Vrp, MEREEE, &
—5 B dx 1B A Adx/ vp, =dVI Yp,. TEA—HBmAERT, MR =0, WS&E
MEKZERATBRIEETTE T XNASRESE 1p, LBASE. H0<f<1, N
SEME B BHRA®RATHEZE, INEXAERERER[I+(r- 1)L vp, E
It FRIAREZE, RNBEARSDEIERFAFEFENRS); S TEED, A0H
FE, BRRATHYE (=0, pr=0), ZIAAELR LULT, /T, . WE £=0, Sk
MEMAZ BEFREM, EETAFE, WSKERNRERZZHOZE. R f=1
EENSANEE RS TSHEMNBEERE, L, 3E ﬁmﬁtﬁmzﬁlﬁﬁ—m
EREDN, BRI, EEXRRPIAERNG, 0<f< 1, REMABEE—BEHRE
E35f, FEEBRNEERS.

I\ (3-2-8) AIF (3-2-16) BNMAPFEMNSTHBRELRK TR, nfLly 2
TR,

u, (3-2-12)

(3-2-13)

Pum

(3-2-16)
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§3-3 RERHLRIRERABES BT

—. FIR

ATHENE R R EPI P BREETNENE p, M U, BEICERARSIIA,
EHRBFERHAFLIF, IRRFEENEELNE. BREBSFNELMIR, &
i E SV W R

=2 fx Re[p,(x)e'™ 1Re[u, (x)e'™ \dt = 1 Re[pu; ] (3-3-1)
27 2
BERRE iﬁﬂiﬁ‘iﬁ'ﬂﬁﬂtﬂ‘lﬂj‘lﬂ 1 ﬁ 3R. X HAFZIR 18 B il
W,(x)= Re[ pU 1= Re[ U, 1= | p,|U|cos ¢ (3-3-2)

Hip, mv p U, Zlﬁ] (AR, --zéws:;ﬂz NBEEMEN, U RRER
E‘Jﬁ%ﬂﬁﬁ SMFREYSIOTEAE, USTRE ., SBRER A MRE.
MRS UE Y, FHRHIPEERRTEHMFEZ BWHRE, BBz
ERARA R 90° BY, EIGMARMIE, BR, AIHEAE. BTN A KEA
B, EFHRRANTE, FHRAIFEENREN—¥. K| 4<90° B, A
WX SHIE 4EHE; % 00° <e<180° AY, AT X Mifi e, ZERSHNLAME
HANY, BERARABRNITE, BARMBRNER, MR- IMEETEEHSBREE
THASBNRAE, BRABPTEIRLRBTEEER. EFM5NEREAN
FEA LS, EXSHFRTRERRFHAALNT 80° 2 100° 2 /A, EHiX
MBARRAEEEFNEDREERY, ERESROEHETLENEDRE
HARHE, THESBETHEYRE —EHORE, FliZamaRabiERyE.

Xt 1, (3-3-2)BF il X jt%f%.
dw, 1 ép_l U, N
> - pl ] (3-3-3)
RERMNEE25 Y dp, /dx, dUl/dx FizX, RALRE
aw, _r, , 1 2 1 ¥ A
o 2IU.I 2jp_khr:nl +2Re[ap,U.] (3-3-4)

LEARFEFREJZRFTADRPAENL, FANDRAERAME, ENLRHEES
D, F-RMRBETHESIRPFER, BMRHTRERIEMNER. BE=IN
ATLUHIE(E, WAL SE, X THRARHIKR, CAHEME, Ry s
i, SRAERREMMNK. W TREFRIRER, CRAME, FREEZEUARRE
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#, HTEFITE, RES=0, B=MALUFA
S 11 dT, ~ 1 1 4T, -~
ERe[mUIPEﬁ d;"RE[PIUllRG[ﬂH-z"TM o Im[p U, ]Im[- /] s

Ly Re(fi1+ 22 Im[p 0, lim{-£,)

T. dx 2T, dx
EREE, MFTRAVEEAVLRE, Re[fXHEHATMB A, EAETHER
LB RIEIA LD, Relp 0,18 K: M THEANAFE ARG, Inl-£]HRRE
Ko *%Im[ﬁ'aﬁl]ﬁ*u

o TR LR EIAEL, A TR PRGN, BRAEEEE. WEEH
N & TRAG3-DFE—TAF. B

aw, 1 (y -DoAIm(-£,) 1 ~ 1dT,
“2=——|pf ! : k + 5 Im(pU) - Im(-f,) (3-3-6)
BT szyilpp; , RN EH
aw, 1, o, ,y-1 dT, | dx
- wA Im(— m -1 -3-7)
I 2“71' ] ( f;)( Vi’lm ) (3
Hep, vr_-= 1P\ | A® s v B RERRRE W4T, 1dx=VT,, B, dw,/ax=0, [Bl#F

U\ | pac,
MEARPEAE BT, ARSI, 3M4dT, /de< VT, B, dW,/dc<0, BIFARIHFESD
P BHMER . MUdT, /dx> VT, B, dwy/a>0, BEIHRBEFEED. P4E (BIEF)

BEINIKANS Im(-HRIEL. ST HERAMERIREI#RE r~ 6, In(f)=04.

—. BfER

A PRSI GE EIAHL, B 3-3-1 i, EldEEFEEEREAS
el W., REGEPRBREBMBLSL, FraEHM4EAERN. XTHE 3-3-1 (a) PHE
w14k, EREMRAT, H@AMMmBRERREEEHN, R\EERTEERE, &
gt W, ST R HER 0 KR ERR H, SHORBAERRBSFERG Q0 2 /M. WX
S8 H,H We, BRETCUHE P R B3R, MR, mRME WM 9, AL
HEHE A B hEe R R gedt. il 3-3-1 (b) Fim, BHEGERSERSERSE &
FE#EREMNE, HARKRHEAEANETRERARN SRR RS
(ERERP, SR SHEERR T AN R &HE. WE3-3-1 () ATEH, &
s TER N RARERTI, HEMFHERE—EeH E5NMNE x XX,
X—-AE5EhRERAEREN. REERPHERRSEXER EAMMBREFD




?mﬁ B
WAL .
W, l —
e { (a)
s
Mﬁyﬁw*
ﬁj)\yj ——
mE====—
N (b)
‘ T~ PR
1 o —>
SRR (c)

] 3-3-1 IERBER DAt ~EE

M, TWHEEFEMMERGR. SENEANEE. PEEF. EREIMTRARE
fe BT LAk AU
v(pv:i/2+ ph)—kVT —-ve X (3-3-8)
Hep, h BBEMREBHR, o vi2 REBEEE, TEEEHTIN . £ K
BERRPFEFT, ZREMERISIERMBIVIN IR, SEERRENXTTH/UN

H,(x) = —;—-po Re[h{ ]~ (4K + 4,K,) ‘iﬁ (3-3-9)

RPEUE MR SFAEGK SR, B—HREMIMN. Hb, h HRAHR
IR, 4, K RASEREREANZHERE, 4, K 757500 B FRBEER
MEHRARY. TERRNTFAFFFELTR: |

1. WRERERABETEIHIRE

dh=c,dt+ LI o gt (3-3-10)
p
AR (339 @
Hy(3) = 5 pyc, [RelTi A - (4K + A,K,)%L (3-3-11)

HFAIEHE S T, 50 U, KAFB
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Hz(x)=lRe[PlU1(1_ (e f)

)]
(t+pr)1- 71, ) (3-3.12)

poc, | U, I dT,
2Aa(l pri)|1- _ﬁJ
LfCTWEﬁ@ﬂﬂ?ﬁ&%ﬁ%ﬂ1¢@ﬁeﬂ%§5%ﬂ%ﬂ&‘ﬁﬁ%% EEFRTHSP,
HF dT,/dx=0, Bt H, B H#AFEIXT I FHIRAME.
2. MBRBFRRABANERIRE RN
dh=Tds+dp/ p (3-3-13)

S 2 eT LR IR A

1 ~ 1 ~
H,(x) =~ Re(pU)) + 2 poT, [Relsii

dr,

(3-3-14)
dr,

1 ~
=W, + 5 2.7, IRe[s,u,

RPE—-THAED, BN T, SHRORE, BE—THHES. HFIAT
THAHHBEERBRE, LETERENEDRELETE. FILERRS
WAEFTRLR,  poT,, [Reloii)id B F B Re(pD,) o TERFEHHHHAHLF, i

FERRKBFDRBASEABZBAMADFRANEF, BHEIRBZPZLEBROBIR, XK
R GEAIEABRNER. XTHKE. BRERAEET, REmmHREX,
ﬁ%mﬁ%ﬁfﬂ%?@ﬂﬁ% 31%3:(11;/! w)dfm/dxl E'TURG(S;H;) 0, El] H)’szn
XK AERE . BRTRAFE P, HBRRIEMUEFETEIIHR.
X‘H:-f FEHRUE, EAZEEERIELT, SRERA S RK
dI /dx
|P; 11U, | Im(- ﬁ)(

(3-3-15)

B
1 . ) dr,

HZ ~ Emem ] Re(‘s‘lgl

ERTUEY, BEFAGHEEHRRRTRERSE T, /dc, RdT, /& =T, B, I
(3-3-15) B—TWAE, AHBEREFDHRTE, WREHEEBFE, SBRFT
P Har, /ax>vr,, B, B—IAHIEME, RIS E, REEHFETAIIRMA
WZH; Hdr,/de<VT,, B, B—TANE, BIHRBEIHEFE, SRMFEATNEL
Mz E.

(3-3-15")

=. H R
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2P 2L XFHREEF LR

EREANEHRREZOTASEBAKEEK, BRNTAREARNER, RMixA
BEMRBRAEES M ENE. AREREEPHERL), RBEHERTAREE
RIGEER. BEMPIMAEER FRBETHAAFRT), MARTEEMIENA
FHHRD, HaRET ReEMEE.

q 3-3-2 M EREBEPHOTEHIE, ARNEBR-ER, RALHBHRERES

TR BZEBIER R

HiX
H 2in? Wi‘in r\ H 2oui? WImH

> Qj
2 I.Q,

Ty

B 3-3-2 HAAERYEEPHOGTERGMEREANEER

H,, +W-H, -0,-X0, =0 (3-3-16)
m#MHEE R, RADRBEHENRESTRE™
Hz —Wz Hzm_Wz' Qo Q
= __2ow oul_ _ n _ - ) = 3-3-17)
SB"’" Tmnut Tn'.l:m Z (
7718 (3-3-16) MG (3-3-17) BXAuUMRB
T, T T
TOSECH = ?:;-WZM + (l — Tm{:n )HZm - Tmm‘, 2 ot (1 . )HZ.GH! - W + ZQI (1 - ":—)
(3-3-18)
¥ LN ERARIERA
ToS gen =X X aow — X + 2 X (3-3-19)
- =
X, =-;-°—W2 +(1 -ﬂ)H2 (3-3-20)
X, =W (3-3-21)
X, =0 -II-E-) (3-3-22)

X=ARRFBERSANRATLRMA . THARARET, KBRS F e B 72
SRR T, KB TN SMNBThEE . HIhX ST Ihd, TR O A2 9 S
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B H IR B — 284, TR AT ALY, X TFEHBERE, BT
Faat, HEETFx FMFREMAIAL. BFHS-FEHR (Gouy-Stodola) Hig8:

T, 25 __dX, (3-3-23)
dx dx
ax, <0 (3-3-24)
dx

EANAFTEBEANYE—ETRNE _ERERFRATHRN. cRUEHRE
s IR R R R AR, REAMTAFRN, BEATE. XX TFRBH
T,=T,, T (3-3-20) BH X,=W,, REBNFEL2AIFRD, HRERARDOEFT
A IR, Bl

Xy g Al AW, (3-3-25)

dx dx dx

ﬁ?ﬂk%ﬁﬁﬁﬁ: T, #T,, XRBBRMNEZE H=0, WA (3-3-20) &AH

X,=W,T/T,, Xi%HHEABENEIEIANEEFDRBXPE X, MEERE

KERHEBEEX, Y T.<T, i, XHEKRXFEDR:; Mk, 4 T,>T, 8, AR
NTFEIDhift.

M. Xk
mE 3-3-3 Fiw, STFRERIHER, BREHGMN A IwREE D AR FFEEE
4 T, 80 Ty, BvhHEE -k, HERBERELFHENE:

pe1-2.h-h 47 (3-3-26)
1) 1, T

CHLE T EERASUTRA B BERCE, TR 2R AR T, 3R 1E,
7, B, FORERIE, EXROAERS o T

LB, HEh T BRI AR, — Y
KRB 2 0 FBORRBA AR, A I
€. EMBRERFHEOHAT, NER

R BE N E AR . T EROMEAI, HMERE T R
ME, HAEERBEHGAHLR Swift BTRAELY, BB D FEHE R 42%.
BRERBOAENEEY 7, NERBEFRAEEAONES W/0, HREIH
BTG MOREMIAR, WERBROEREBED W) /0. MBLUAS RS

AR, BABNEREERAFRENREHERTIAD, REABHRLIIEN
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W0, B W R WeW, Wy STTRAEHATRE, HEARMERNERRE
KA
T,

cop= <L (3-327)
W T T

ARPEHBL R AFAB THEIEREIAEERE COP,. BEME T AHIA KRR
P Bk Bl B K E

§3-4 FATHNHLER PSR Z-HT

GRS T ERHRRBEYNIFH N EL T ESRITENELETE:

I b
=
g |l

P ___SPn_y
4:5 A:;_m (f,—f) 14T (3-4-1)
& TP AT a

ZEAMERTEN LR BETHR, EREXNERNEBRNAERN. W
3-4-1 iR, ERKEN A MEEE. RIERFETU[ENREBRMEERN
BE: RBESEAEITUBAICHENRELRERRR. ZTERAIRUAFMN
2% B R o

HAERHBRGTE, BEERMOTEN:

DBy - _(sL+1,)U, (3-4-2)
dx

B ZHUR, AR R RS LR 20 2 A
7 = Pall -‘Re(.zf;)] (3-4-3)
All- £
y, = 2Pa Im(-J,) (3-4-4)
A4 Il—fv
SHFEBARERB, £, >0, Lop, /4 , r,—0, XEHEHMEKERTT L
RS, T/ PDEFEFRER, B TFEENSRERNRER, r,8X RANSETH
HEEHRER/D T HRENFXNER, {#48 LHEX, EAEATNE#HB[OHENLS

1, WENYREATT R, HTHRBFENEREY, EX—EHEKL:
r, __Im(=f) (3-4-5)
ol 1-Re(f,)
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T T, +dT
m dx m m
[+ ‘
EORD
U, U,+dU,
BT / AN 3: ey
U, Ldx r.dx U, U,
> >
p‘l l p.ll — cdx% rydx @u Ulclxlp2
T T
s P %
U, Ldx r.dx U,
TP —ANN——> S
P, J —_cdx %rkdx @uuldxl P,
—=
5 P 4 1) B ]
| 2
pitdp, I dx

U,+dU,

a U,dx -sCdxp,

-dxp,/1,

& 3-4-1 HERESITEREME N RE
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SO A A = e A O

_m?ﬁ L FEBK TR RRF AR B REREEN, REEASEE KR
RAGK., EHEAKERERRR TGO, KPR R 1 B2 R
N R, ZERRDFUENBLT, WETERINEIRES, RERALTRER
kA=, ATLLZBS AN

KR REEH TR, WUEHBERWTEN:

dU, = —(sCdx + - dx)p, + edxU, (3-4-6)
T
W 3-4-1 HEFTR, HEMKEHRERN:
C = -}pi—[l +(7 =D Re(£)] (3-4-7)
AT R REER AR
1 r-1edim(-/,) (3-4-8)
rk }, pm

StFILBRAFIERY, f,—~0, C—~4Ap,, n—~ , XEHERNFHZRALL
BEEATE, XT/DERERE, BTEENRENPERER, BX: RANHET
AERINBBEREEARBHESRERNTHREPRIREFOERR, F7CHEKX.
EHAE AN ERB R AEF, BEROERELSTREE, AL, BX—XEKX

tE:

1 _ (r=DIm(-£;) (3.4.9)
anr,C 1+(y—=1DRe(f,)

BR, LFEMRKDLBRAAENATFEREEEN, AERNLSHNERR
MY, ERERNNEHRETRR T IHER, SHNFEELARNZR, %
MERFRT, MEFEDINERED, RSHLFRARRMELAD, L
BRI

rhg —RISET, TSR

__h-f) 1 d, (3-4-10)

(- £)1-pr) T, dx

REYMEFERZNHAT, REGHRRBARE)A X RBEBRAE
. EESEHFBIRES p, BX. ADHFE, < p=0, XHHBRSEERER
Fth. ERENRCKERIE D, BFLMLBEED, NETEBERERE,
FISHEHIE o 118/, TLLZEE. MF SR, RRERENEWIELEE,
MB r<<é, r<<d, WAH
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aU, ~— 3 iy (3-4-11)
T, dx

EXFERT, BF a U, EEERFEPRRNY: dU/U=dT/T,, LKA
R KERERTREHE.

LR ERIEI®RED, r/6,~1, RIELABEERRTE:
aU,~12‘ 1+1/—ri lde U, (3-4-12)
EXHEET, RBELCHTHREEXS, Lﬁﬁﬁﬂ4sﬁmﬁﬁ§ MR E A
Rk A ERNERERSE R, WU AEE— & T RUE R #A5
wl. 7€ p» U, T,, dT, URJAEEHEENHFRT, TTUABESENE H B

TSN ARSI B TIEZE dp, M dU, KT ERER.
ERZHFAT, HFREXFEZNE B4, EREPIELETLIZRE.

TREABESFHBRT, FRFFMERTNMEEMMERRR.

resonator b <<ry r, << al 1/ << wc a=0

pulse tube 5<<n, r, << aX 1/n <<ax a~0

stack o~n, r, ~ ol 1/r ~awc a B H 7

regenerator o >>7, r, >> ol 1/r, <<awc a=VT, /T,
§3-5 AWML

1. AR HEZEAFBANE, EPIRDBRATRT, HEHAFRN KI5
A, FUEHMGRARNEZR, SHTRATANRGERE. RHE
FE IR % B LA [n) KR AT AR

2. WHAEHRHGERBERAT T 4, SRS HDR. SRR RERE .
SRR AR B 7 &4 T RAAR R REARE X R R ITE.

3. ABRENNHERERAREER, ESAMSKHETEENMSITRAERNEE
%, RESRFEBSICHREBANERE, REEEUTETURICNE
FIFE R ARG, FhhBIEHENMERRg. KYBEBX o8, "L
T YE T Bh P R G R BB HEAT AT

—




L e B L ok FH L 32 A

ENME AERRFZEMNEREEHEBE
§4-1 Bl H

RAMEE R EBHAETRREERNREN R BERN—NARE. &1T
ERERIARTANARTASHELATIEE, EXBHERBETERAR
SENRENETEARBREEN. ANTENABERFRER, FEBIHRER
FREHEAMBRENBSRE, WX ERASRISINFEATIE - RIFAEKNE
M T R . R A] LUERE R EF RO MAEM LS, 355 Gt 1 1% 5 70 58 38 1) FRAL A%
ARBRER SN ANRSEAMRB R, ATTEIT T 8228 NGE N %#
TR EBRE BRI a— R,

TR R 25 2210 ] DU AE P a0 24T, WA A BK B,

BT RET UURABMGCRAER, UE—RRSEFE, UWﬁthﬁﬁifm
X RZERAFEPHRE, ZREATEIEAIME R, Eit, aTLLEM
BRMNEMRAN N EZ ANHR, RAFTATER N E SR —BE N
TH. ECHERS TESUBRIMIINNA.

H Arxd # A BB Z BRI BUEREI 5%, KA E 2 8A RTiEk#E
Heh&24, EXTEEANLFEZE, ENAERFASGE. BalEASEHR
ZEANZHMEIMTABERGNEHEEIERI, BREZHALENSE. EHRHF
B HLRIBT R S, FH S, FHEFLOlIntig Bk M H# G T8 5 38 Ak
AR PLORT . RREECRENBRSIIARERLSG, VMPREFHEIOMEHET,
b5 ZE XX A RN R B T BRI L. Swift FHE MBI HERYE
KRR fE e ey tr. EREI B AEMEEEH T TER R TH AR
FERIHAEEEREY, EERTAEMNSSREGHT M.

FEBENMRBAFENEELATELE, FHAENEFEANTHE RN
HEZRE, NMBRIEBMENEFESBNFETE. ERS T RO,
HE—PHBEABRENEBNMEHE. FRVYRERATAFRARECHERER
RAETEUE RN EERF.

e
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B MQ’%

EABNEPMMIIBROVEBRTHES THERNARNESTEFMAE, BHE
@ __zy,
J j;; (4-2-1)
L—dx—l—= —*Yp] +aUl
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