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ABSTRACT

Cardiovascular disease remains the leading cause of threatening human healthy
all over the world, and vessel transplantation is the main clinical treatment for this.
Recently, the tissue-engineered vascular graft (TEVG) is considered to be the most
potential vascular substitute. Since there is a clinical need for the TEVG, fabricating
the vascular scaffold individually appears to be necessary. But the present methods of
designing and processing vascular scaffold are too simple and crude to meet this need.
In this paper, the rapid prototyping (RP) technology was employed to resolve the
problem of fabricating individual scaffold. Vascular scaffold was fabricated utilizing
the low-temperature deposition manufacturing (LDM), which is a novel RP technique
with the assistance of computer aided design (CAD). Then the morphological
characteristics, physical properties and biocompatibility of the scaffold fabricated by
this approach were deeply studied.

The research status about materials, design and processing methods of vascular
scaffold were introduced systematically, as well as the application of RP technology in
medical domain. LDM was proposed to develop the traditional tubular scaffold,
bifurcated blood vessel scaffold and vascular network scaffold. Based on the theory of
vascular anatomy, physiology and hemodynamics, the resistance distribution in the
bifurcated blood vessel was analyzed; the optimization design of branch vascular
structure was devised with the purpose of minimal energy cost; and the blood flow
simulation for branch vascular was carried out by COSMOSFlo Works software. The
results of all those works were used to provide direction for CAD modeling.

LDM is essentially a forming process that the computer-aided 3D model is
transformed into numerical control (NC) information to drive the LDM machine to
extrude and deposit the material in low temperature environment. In order to obtain
the NC information, CAD software SolidWorks was used to design the 3D models for
each scaffold, and stratifying software Aurora was used to stratify the models. Among
several designing and stratifying proposals, the contour line scan was proved to be the
best way to form the vascular scaffold. Then the tubular scaffold model was improved
according to the analysis of scaffold freezing process in low temperature environment.

The forming results showed that the scaffolds reproduced the structure of 3D models
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accurately; all scaffolds had integrated wall, continuous structure and unobstructed
lumen.

Tubular scaffold was selected as the object to research the impacts of different
process parameters on vascular scaffold morphological characteristics (including wall
thickness, micropore structure and wall adhesive strength), and physical properties
(including porosity, water permeability and mechanical properties). And comparative
experiments were carried out for verifying the conclusion above. It was been found
that wall thickness was positively correlated with the nozzle temperature, and
performed great linear relationship with velocity ratio (screw speed / scanning speed);
slurry concentration and temperature parameter affected the micropore structure
directly and could change its size; nozzle temperature played a key role to regulate
and control the wall modality and adhesive strength. Meanwhile, the scaffold porosity,
water permeability and mechanical properties were related with its morphological
characteristics, so could be control by all kinds of process parameters. Finally, it was
been proved that vascular scaffold fabricated by LDM could meet the needs of
vascular tissue engineering, according to the evaluating of scaffold physical properties

and biocompatibility.

Keywords: tissue engineering, vascular, scaffold, low-temperature deposition

manufacturing
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2.2.1.1 ARG
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ARk (A 2-3), BINEEREGNNEHFAN. SR, BR, HEH
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A EALRERNED. SRR THEREEN—EAKAR, HIMURR
REGAR, BRI SMUE A FRATEE.

2232 LM EHER

B AR T EEAMNKSkARK, KERTEENGAHKER 140pm 2
K#IK 2em. B, BRRZEMHBARERIKREKR, CFERBE MHBAIE
WfER . BAKOATREE, FBUBIEMBER. i, BARBRSHEN,
K KB LB K 2~4 ff; BR, FIKERLINKERERE, FUHT
WESRMEREWHSIK 2 5L L.

2.2.3.3 WEBML KB

B R PR — R B B M AEE DS, R, BRIt
B/ EBRRREN, —NABEAMLERNLA A RSP 0 EZLE 1/10 BL
T, XRHTFHKEREFNOTID. SFKT 00 ERES FABRALME S TR,
M &2 2w HEE.

BT # K MAEE D, Bkt TRLUAARRREA S KE, B
ARETOENHENRENERE. SBRALHEEHN, BREERRES
RAEZE, FIBRERE. BKEGERERIENHANERER.

2.3 MEaNFER MG

MR NERN—RORENZE 8, HEENHANGERE. BAMES
ZHEMXFR. HTOERARENTT KENTERSE, LBRSH LHRMAE
BYFRE S MBS BT BRI, Eik, OfshhERS—Riish%E

1
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ERAAZH, XECESNES. REMBFOLERZENRDFEERE R, B
MF—LEERHREELIT, RESHAY, KATURFANSER, UE
¥ CAD H¥HENHE.
2.3.1 BhEkS X ME MRS N HSE

BimERTUEFRNEERE ($2A R, KEH D, RIHIRTEIKREH
Bift, WK Poiseuille EfE, MmE N MM ERRH:

nR* Ax
Q———ér—f T (2-1)
A n—MBHHE
Ax — M EFIRE S E
B AT 40
0 _,oR (2-2)
Q0 R

Xi, MEBEREE 1%, B3EHRETHIX 4%;
(2) FQ. g A%, W
. Q(Z‘-’xx—)--4 . (2-3)
XK, EMEEBRN 1%, BERFIEHIRE 4%;
ERE—FNE, RAMEREERA 40y FHIANAZE, F—XEHE@R
K Adis Ay=nR}, 4 =nR. &:

" i =5 (2-4)
P2 o7k,
BAXEFHBERA=nR":
1¢ R
A_;ZA,,,g-E (2-5)
.
B=ns, C=(§)5 (2-6)

s£hr b, FnES %55, SMELHFRIEREXR, Bp>1, BF—42
KERERD, W, <1, TA/Vn)<¢ <1. ERDFEREEN, HTBEH
FRTERERANIE, BERP<12. LHEMBMLERIEATX—H, %4 Re>10

12
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B, BRASENTF 1.2; M Re<108, 43X pATEERT 1.2
MahiEgt (RETE) Bk

0,=Y0. Uyt =Y U4 27
1 i=1
&
/1,-=Q (2-8)
0,
1
.4 R4 (2:9)

—=—, — =(np)? (2-10)

v B>1, Mn22, HBHRE, 2XEXEFHRERD, FHIXEEHEHE
K.

WAL EK EMEREA Ax=Ax/l, W Poiseuille 8, #H4 3ot MRS
EKE! ’)-'JJ

- 4
(Ax), - RgQ. =,1ié-i4 (2-11)
AxO Rl QO

o XM f=A%/Q, M.

fi s
70_;,. (2-12)

BT, FBKLEBERM lem (FAEZEK) BZE Imm (EE4X308K) A/,
BENTREA SRR, HAFEFMAEN 105, £BABERY, BHE
i 90% U LHHMERE FTERZ/MF Imm HMLE.

i LEMESTE, NODREKNENREENMmMERTHRMEIEK, AR
ERADIZRN, MAEXGEHHMLRE) 2 EERH R ERENOTL: BEEED
BT OHHKERETHZ, 1D LEORZEIED, SN HERERNE
B 2) FKOFRATFIIRERD; 3) FHIXEFEBRRK: 4) BELK
MmAEAER. XF—RIIBEALEUMADEHEUARBTE M ORI RESE
BERIENER, UHLRTHEETK.

13
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2.3.2 WES TSR DERRLIZT
MENXHEHRBER, 2HAE 24 FHRREOTREASZNY BHX, WHER

FENEE. FTEOTEU Y oK AMERTF. NEFLRENHR, B

XMENEMBEMNLA, XEFBNELELBHREE.

TRy X YRy X

B 2-4 FROESIHR

DL RS —E R E T REEHAR/DABF, MNILEDSTHFHITRULI .
MENRENIIREERB: 1) RaiEASIRMOPIMRERRE; 2) EF0E Q5
REFFENRE. AEEER RE:

() ZFHEREMN, FERZAMHELERTUAT. Bk, RERERD
58 MERRERDRENH.

(2) RERFE-NEEE, MHEAFREETHRIL. LIERARNEER
JLF 2 HOHRE.

(3) MERFMFAEARERATER, FHFERSVMEE. HERL DR,
ATLAE RN E fERRIER .

(4) BB FHREREIERAEEDE. WERMUL I, TTLHE
HAEFEREEN.

(5) MRS HTAE, RIAREDKBHNFREHR, HAZHHEIE Poiseuille
SEE.

BMERKHA L ¥BH R FREEHD A, BATEND QR IFZERLLH
W TRB B R R Y

W, =QAx (2-13)
NH (2-1) %:
g 7“%92 (2-14)

& B SR TERN GRS ABRIEL, BAR B ARFRGEEAN:
W, =knR (2-15)

14
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RFkHER. BABEREN:
8l

W=W,+W =21
f m ”R4

ATRAEFER R v QHIRE. HEKIRRTARSA, KEQRHALZKS
KEFRER, HIMOHUERARE. Wa WHE/MMLELHR:

O +kn Rl (2-16)

alV=—-8’”7—Qz4R‘5+21m1e1=0 (2-17)
oR P
BEREEEAR:
R=(%)%Q§ (2-18)
BP i & BRI MR E QI 1/3 FRUE . BEEERER:
W=37”kR21 (2-19)

HTTHE R 2-5 By MLE &, B—E BRI LR/ REFRERMF, 1KHR(2-19)

X, NP RERIBEFEN:

w =§’;—"(R§10 + R +RL) (2:20)

25 43XmER/LTSH
W BRDMIEERSE MR, WA 2-6 Fix.
(a) REFBRRFEANE, BIEABEKE LB 6, XIEROELSHIN:
8l,=8, 8l =-8cosO ML, =-5cos . MEEFEMBUN:

SW =i’-2'5(1e§510 + R251 + R251,) =§-7;—k6(R§ ~RYcosO-RZcosg)  (2-21)

A RANBERERM, EX
R} - R} cos8 - R? cos¢ =0 (2-22)

(b) WEFXRRFAE, BE CBEKE LMUHB 6, XEKNELTHA:

15
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8l,=-8cos0, &I, =85l =5cos(6+¢). MEFEHZRILNA:
3nk

¢‘SW=76[--R02 cosf + R? + R cos(0 +¢)] (2-23)
AR BMEEREE M, BEX
~R2cos6+ R? + R cos(8 +¢)=0 (2-24)

(o) REFXBRRFEAE, BEDBEKLE LA 6, KNERKELDIFHIH:
8l,=-8cosp, 8l,=5cos(@+¢) Mo, =6, NEFHMENLA:

6W=3’;—"-6[—R§ cos¢ + R? cos( +¢)+ R}] (2-25)
AHHERB/DEFEAME, BEX
~R2 cos¢ + R cos(0 +¢)+ R =0 (2-26)
C C
/
//
Iy N B/6 . __..—-"'""{30
R AT ANS A B\¢
\\\\ ME"'\
\ \\
D Np D
(a) BIEABE & LT ML (b) BZECBE &K LT (c) BfEDBE K& LT

2-6 GHTEBHI=RaTge
H—HE, REHREQ=0+0,, BER (2-18) ABNMERM=KITHE
b, #

R=R+ER (2227)
B (2-22), (2-24), (2-26) # (2-27) ALK H:
4
4 . p4_p3_pi\3
cos9=R°+R12R§;} k) (2:28)
4
4 4 _(p3_p3\3
cos¢=R°+R22R§ﬁg k) (2-29)
2
4
3 3\3 _ p4 _ p4
cos(8 +¢)=(R1 +R2)2 2R' R (2-30)
2R'R;
MERHESITUBHMTER:

(1) MRMEH T ZEOBAREE, WAXENKTEEMOEKE.
B3R =R,, Mo=¢. H:




R =2R}, Wi

“rcosf =cos¢ =0.629, MO =¢~51

(2) ENTERKPAE, WAXESEFEHERENRALHEIESEE
HEKLEHIAK.

(3) B—WAXERMA, F—RoXIBAN, AXEMEEHRELRER.
B R<<R,, R,~R,, W

n o

9=5, ¢=0

XEERE TR MERER.
2.4 FHEREHNES MG

IR AERRZ MR BREN R EDY, MRS RS R
E—RFIERTFLENN S, R, MR, FEBELATHTIZNK. S
REndBPrmEEMERAAEER: 08 EHMLERENF=EERS,
Bl A EE EA L E K M EFMFAT T E MY /1 (shear stress). BRSNS
BeEEAh, ME R R a8 BT BT V) D KA AT S R MAE E, M
MRBMLERFORENRE. KEFFARY, EWshoEHEL, S0k, X
REop B E W0 i L AW R R AE LR R S R B B AR B T I BN & YA
X, SHENKELRILFIEENEE, MRKEELE S XNHEELHE
ERZE REZANEA, LHN¥RERMNEEMANKELRENEER
H. Hit, FLEARSXOENRGEFE, CEEESIH. BN K
hatiE.

HERKEAS /% (Computational Fluid Dynamics, f&#% CFD) AR &k
HERBHHE T, KIBRREWR, BLABERRLRREIREN RS
HRNBEER. ATFREER. FEEX, CFD EATHRAHATIEMEGLES
BREA, #THEENMKBESREAHRIT. 28, BRUALEIELE. 7
MU E I E . COSMOSFloWorks {4 —# B4 ) CFD 748k ft, Uil
RBEE=FERIHRM SolidWorks ', 85 SolidWorks (7= i i 7T IR L TR T 4%
/R, RUTAS HEMBESIT. EXRXP, HEFA SolidWorks HE5)
TMEEK, Hilid COSMOSFloWorks #1T#i /&30 /1% 4t MBZE R A 735
Fett.

BRI AEWER, ’it—A2XEXNHREN Y BHanE (B 2-7 (),
FEERER 6mm, K 12mm; FEERER Smm, K llmm, 53XKA 45° &
SolidWorks FFSEBURHK IR BEATHL 08 JBURE . PIRRANE /3 DU R.

17
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MREERSH: BRANDLE 0.5kg/s HIFiE (Inlet Mass Flow) #A (B

2-7 (b)); HOEFEHAESN (Static Pressure), EZRENSHEBEED
(101325Pa) FBEK (293.2K), EEEEREZAM . Aol EEHE: MBEREARAT
EHMEER, HEMESEUERIRERN 10x10°Pas,
H N /am

5

|
!
| s
| s
| _..v’ /’ y Y,
Oy
. V7 4
12
L_._é_....I a
(a) RetEX () BREX
B 2-7 oM EER

MIERIE 2-8 fim. B (a) AEEREE, RAEZEARIAER,
RERBE, VEBERLRERK. #FATXERE, RERLEEHEKR, WA
BREIEREEEZT AN, EENBLEZRETS. MERZNERELX
MAHYIh&E—ERENEWH. B (b) AREENE, TUEIEMENE
NEEEREPHRERNM LERZICLE (B BAFKAEL), TEIRKA
MR BRI AR AL B K AT Ak

R

llm

"
110209
0 oste2
5’0“!5‘
0 440836
G 220018

o
Veleesty (a/s)

Vecter Het. Valecity la/s)

(a) HEAEE (b) BEHEIEHE
B 2-8 COSMOSFloWorks 43 #r 45

18




PR FRERF T ER

BARBLHROSHE EBRAASHTHRZHE (B 2-9. SHaE
AXEBHERG EMHREEMITETICANEAEE, NITERNAE
HEIRETTE—LE. B (a,b) B, BEENSXERHERSI SR MELRH
REND, AXESEEZEHREERERR, () FOERAENZLEH
BTRM, ZUEEAN, REELTEORLEARR: (b) FEOMRED

B RZ M, BoXETCERKENNIHEEE MK ES.
- ""

"~
Tom

(b) 51 SLH B R LR EEE H 26 )

19
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(c) ZCAL A fa /2%t BE M B ) 7 T R MR
2-9 FRSHTFHTAHISHE

B (c) WX T AXEZICAKREAFENERENNEWE, TLUES, f
HRALEMMEM, EHNSHERERRAERN. WAL IERTE R,
AT RIEEEH R Z MM ES, AT AEZ MRS,

R LRSS D RAEASITER, RERUBEHEK, NWEEE
SMEREREEH R, EENBUEREETE: 2) BAXERNLICARME A
ZMAENEROTA, TEESSXEERLCRENRNLL; 3) FEELX
BZHNHERBEDTRESXENHELERETEFOES: 4) 2XETICL
KR R L E B LR X .

2.5 KRG

UM E R 2 AR R, 8 Mish HEERIHTAS) S
¥, SN TRAREEAM A, AMESIHERET EM I #RE:
DLB /DN BEFE A B AR T M8 2 RSB Bt FFRIT 2 3CME W B33 EA
WREKSE. ERHRUN CAD HFHEEMHEHIER A EK.

(1) NORBRRHENRKETHOERMHMHSIK, AMBERRDIIZL,
i BB AL RS H E MR R ERRRORM: BEETORET w3 K E
QETH 1) MENRESHR/D, KPS RRETRDZEEM: 2) 38k
MR FTOERAD: 3) PR XEBREEREK; 4) BESMFH N K.

(2) DAB/NEEFEN BARHT ILE 2 AR T, HRIREER:

20



BN TR KB 2 AR S

161 .¢ )6 Q3

=5,
AR, 1) RMEDZHZENREREE, WX ENRTEEMOERE;
2) EXENKIR, WAXESFEHEREHRALETES EEMEK
KMXAK: 3) S—RAXERM, F—RIIXRAN, AXEMETEMAEL
REA.
(3) WAEHFANDXER, RERUEEEK, NAERIISMNE B E R
A, EERBUEZRETS: MEIENEEEIXEZRMNERRBERE,
FOTRENSIENHELELBTENES. BOXENTCARME AR MR
ENBREIFAL, KD ETICANE R FRF AN MERE LHE S 27 E
®W.
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£ 3E MEXZRMNRBRTIRFEAR

3.1 3|5

HAEKREBEANDEBEDOTR, B2 ENARTELE L EHH
RECEH. AEUERSXEEN DAL, HRWAH LDM T L AENLE S
WEEIES . REE—SH BT METE. FRSZOERNZENRET R R
FHFA .

3.2 KBTI HE (LDM) TZE N

(B TTRUEIX 12 A K2 3R B — R bR B B i RE RS 4 S
HBERERORERFEFLE. MEEEHRERBTE, LDMFEUFRA:

(1) —EEHOFEMS SRBURS B SEMERNTE. XHERTRHH
MIEHRERNESE—E, TRELHKELER SATHRIEEANRT
A, ERTEEMRR. AREES, BE—KEE, LTARESAANEEH
LB RLER.

(2) FLMRIFHREMENEDZIEE, BEE ZHAMRERSERY, £1
TUEP, HEBRAESERETFEENFETRE, THTEEMEREHE
Witae, EPEHERZEW. DERMEEEERBN—LEYELEE, 2
xR EGE, EEMEEERLSRIEM,

(3) ALURFE MR R 48, B EWEEAR, TULRE 2
FAEORA RS BT RAETHEMANTIEER, FEERELME,
BASE T 24 180 b A G 4 O FLRR S MO BB E

3.2.1 LDM Z44H Y

LDM KR Z ML, BERGREMEHRERT S, A ITHAENNE
SRR AR BT 2

3.2.1.1 KRS

RUERENTERER (B 3-1): B=4EEHEHE CAD £/ B iri% EE
R (STL); 3t STL XH#ITREBMBIES, HEBRKILLMERBELE, HilfT
BRAKETAE, SRBRIXH (SLI, CLD; £R%K/16IE/EH80 LUIKs)
B4 RZKARKE. STL. SLIM CLI HRREBRLHEAMEBEERKK.

2



BN B TR F IR # AR 3

|3DCAD l (C’rﬁmﬁﬁj

h 4

ZHEY '

4 \ 4
s ™)

B EEA STL &

\. v,

9

(STL XBHABRERA
FE LB (SLI.CLI 30 f)

/

Lﬁ%&gﬂﬁm]

(&%ﬁ&;ﬁﬁii}

[ma&#ﬁ#ﬁﬁj

B 3-1 KERE TEHE
3212
FRXMHARARETFIARBREBANEREEEARAREGRATAHEH
TissForm Il {KERFEHL (B 3-2), BEEEBLER, BHEERMEL ZHER

Bl 3-2 TissForm 11 & AL B 3-3 WELHhE
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(1) BEkARER

BESKE RIS R M A /e, RAEZETRE, EMAFRIME
HIEERA . WE 3-3 iR, REKEOELEWRE BREEARAB LS. HF,
KEFRREZETRAYS, BIRTRENERAPAREHAESRE. BLh
J3 B FDM T R RARFF 57 W3k, @i ORI AT A BE S R R H R el iy B
Y15, NIRRT REMFREE. HTREXRNVGEES, wLrEmLET—
MREERTREFES. BLNEERHRAOQBERAMBEESHTI4A
B (E 3-4), BERNESHESERSRNERHNENERE, HHEEES
BOHBERAEETNEGES, hEESMXERESHTESR, TEERNT
T, FEHIA &M .

i |

B 3-4 LKA B

(2) FAHEzER

PHESHERLABELE XY FRANB#HESNB LS5 TESHEE Z HH
EEARTESD, SRAEMBREE HOR MM EHOEFER. P XA Y HNEHFE
B8 K AR T AL B ST AN R K FLE MM T BRI AT R BT E B H#E
3. ZHHEZEHRATERE—NERTRLE, TS MBELZ A F A PR g
W—NERE, AT—BRBEEHS, ©5 XY MMES3)AREET.

(3) WM EEHR

B E R BN UL R IR AT M IRB RS, (RUE B K R RS
A MEL. FIRARBKEREMNEZERE, BIROEAERH -40C, 18
BREN KN £2°C, WE 3-5 Firn, REERZEKAR 290mm(X 5 [1)*x300mm(Y
F E)x210mm(Z F ), —WA T LITFEERET, TER—MNEIL. T,
Bk IHEN, EARMBBLESNMFRT, ZFAEKRENNERIEATHSE
¥, SERBARRBTALTIRE.
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B Z R

BREN
z

<

3.22 LDNIE%E
LDM AT ZHER:

(1) FA=4HR%H (0 SolidWorks. Pro-E ) &3t BArH A BRtER,
AR A =4 Rk &K MA (10 Mimics) 28 CT/MRI FE%E 45 B EX SRR,
FASBRMSE (0 Aurora) HHEHYIEURBHEEERFER, ZEAEEFEE
TEMRBERNARILELEMEER.

(2) BiEENE S THRERTEINERS, HHEHIFBERER, &
BB E ] DUIMA B E0E A BB (5% E%) 5RRRAHANS
Bl RRICPEFHIELE XEREFRAN PLGA (7030, WREEST SBHH
FiFT) M PLLA 50T 14-Z8 A, AR AT)P, SIRKE.

(3) BREMARERZREEED . HEHPREERY (0 Cark) B4
MAMERF BEHINCKHRABS NG R/, EREREES, MBELHH
KPR R E BB AR —E, RS R EESN AR A RS,

(4) BAGIEBANAGETERIDP, #ITAGTREE, 2REN, BIE
BTAEASHXE, MBEXEPEEMABILER, WAGTRECEERME
CESE(R L

ELRPE 3) &, AEIEAEMFAIRNE 3-6 Fin. BREFHE,
FEIFENEST, BT XY FERANE#HEHEERFESHEITES
ERREMEL. AREREED, FHLSREANEL, HE5TIEEHEE
—i& (B (). —BEBLyHATER, TESTE—EE A (ZEEAELZH
WENER) (B (b)), BLBLRTHRENNFEESD, BITHNO—ZEE
LR, FNER2AHELES L—BRELHEE—E (B (c). itk
5, BIEHEBNMAGIRNBE (B d).

H 3-5 ML ESGHrER
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BUM B FRBORFE R 18C

L8
* k%&\\ dwmkﬁﬁ !!
T#H 3
Ah
IIIIIIIIII
(@)BiBlE

BILHEATH MRS

Vo

(A3 Li4 3 oY

<N

(d) ek X R (OOF kUiB
A 3-6 RHEXRBELE

3.3 EEEXERIEME .

3.3.1 HFERBFRZITRERE

LDM TZHMBRE, REMANMHAFERESTT, BEUEEHN, NZ
Gy RI=4%, BREARBRIFNLEIE. ATEFBEIRELRE, ERItH
FHER, EXRRUHTITE S8 EERIERVFENTRENE. £
FRXH, HFREHRIHEE=4 R KMY SolidWorks ) =4 B PR B
B L E R Aurora MBIV MK ELE. B 3-7 B A NAEREHH
BARBMRA TR

(d) HEN



BUMH B TR K FE B # A X

(1) HR—RFIH SolidWorks £H—MNERE, KRIAIEMRTERE
NEHKE. WEMEERRT. Auora HERFEIRER “RE” f1 “HR”, HF
AL TR|AGMERERTHITREE, LBLERE, HEFERN_4ERFN
HIRELEE (A8) RERLL (8B). HPRBEAZEABET WIER
UEF%L, HERSHRTZEERKANRAINZ.

(2) HRZRFA SolidWorks £l — MNERE, #HRELAIRMRTEKRE
XHEKE. ARHEEMRT. Aurora 7 ER{UEHE “HRE”, HALTHRERE
MEBERTHTEE. RESRE, HFERN_EEEIUERERLR.

(3) FR=RFIA SolidWorks &l — M HRE, HRELAIEHRTEKE
XHEHKE. WENEERRST. Auora #EN{GER “RE". LBERE, 8F
BRMN _EEE AR %,

(1) 5ER=AFEAR, HENEF A SolidWorks 2% —/MNEREH, %8
LR RIRTERENXHKENERMRST. Auora 7t ERH{UEE “RE”. &
BERE, BARGENRE, FUBFERN_EEANEA—FREBEE,
HEZRTF=4HERNER,

KRS LR UR AR, BERARRANT (B 3-8 Fim):

(1) BA=ZHHEROEERHER D (0.7mm BAF), FR—EBEITHEE,
REPHEAARBERKETES, WER-BHTTERER, BAEIEESR
.

(2) FRZES TR, IPELARRATHENRD, BBREIRE, B
RBIRERRR, B (a) B,

(3) FR—ZE=M®it4, TUPESE=FEPERRKEERLHEZ
EEEMERE., BREERER, BARKLERE-ENEE, SHFREINEEE
EEXFRIME: MAFREMHZEEER —/NTRE, SBERRITEDNT
0.5mm K MR AL LI

WD EHE-Z=MEIFT, FRRERIENE, KBEEEZERK,
AFFHATERERNAE. B (b iR, =AXRMEEERHERKKS 0.7mm,
0.5mm 1 0.3mm, {BEFREEERHREERFREXAKLE.

(5) FEUBEFTHREIRRREREK, EEVUELIHETZSECKRA
7,

(6) MM H RS THRNY, BEZ R LRNER, XELMANELERS
EHT8. LHHENE 3mm &, BAEECLHSBTHBER, Iuked
AF—BRELHFHE, E—BHERLEREFTHENL, SEEWHBRE
YRR, BEZEH R PO K, RAEER Smm SEAEE R EHILIEZE, W
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B (c,d) FiR.

TR A

(¢) XBETUHHT- A (d) ZHETREEF-MLE
B 3-8 HFHATREH

B, FRUAMRTFRE=MAE, HEHBTEE B EERR,
Bt A7 AT itk «

3.3.2 BRLMAHELHAR

FENUMBERERETREE —EREN, XHLMNAHELEZNREASLE
PHEE, NTSFBXELEEERE, FE D EXNRE L8004 B ETH
Ho

M BARATELY, IEARTEIENGER LKt RAEXRNR
MNAEREY, MERRSRIRD, SHNXRRERENA#ET, 481K
RRGET 2R, W%E—E%ﬂ%%m@%Mﬁﬁ&$ﬁﬁﬂ X

B L IER B .

SHBARELERBREZPHANENIRE: X—IRBFRENEENR
b0, BFRE RS RHKRNAEQ,, MXFHHBEOMEBHRTHESRER
B zES . R, X—dBLHFE LSRR LEREZETRHREFEEMRK
ez gl i BB A TR, 2RI IR | TR 2.

AT EWRR, NTFRERE LTI T RikR:

() ZEWVIHBEAT, (BIBKER), ZEEEE ABREFTHNERRIR




BUH B TR AW 41183

MR W LR,

() EAHERERES, XN ETIESERBEEREHRFRE.

) ZH 5 R EMEREER 4.

@ RRETEEZ RGN FRE—ERESH, BEETIEAEIRA.

() ¥E5RRTRZEY BRMARA, ZREBKEEHTEIEIRK
FZHHEKHE.

BEFHLMGBRENT, (FL), REZEEHNT, (FT). EEKERZ
MBEANT,, BEEREIIAT, .

3321 #ES

SHTFRYILBHXZ AR, RHLHAHEIZE TEEGEWER, #EdE
BEPUMMESHTRRIT. EFIR 1 P, FTFRELMEFEHTRUET+ATH
ﬁ’]‘ﬁﬂ:

AQy, =A0y, (3-1)
AQg, =-mcAT (3-2)
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R EMMKIRERE, M EELOEN, BEERNREBARI.

(3) ERERESEHAR, BELE/F®RE, TEETNMLRT®A, B8
BRSO, BILR TR R LR E A — RN T 10um, 7R EFI40°CH T
R KT 10pmi LB L

(4) ERERHSEHARN, FREBA, XEBTOMARTEAD, 7L
532 FMEESE.,

(5) NEREBEMRE 7 ks, R—A LY SN A T SRAR AR
B, cENLEETEEA, BERE, FHLHTHTERAS, NSmkE
BRI, ST HAERSN, HORELIEES NI SRR
ER.

EAKRAD, NMETEEMUER, RHHESENRVSRE UK
A e b
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£5F XRMYEFENEMESENR

513588

A ALDMI Zr AR FE R AR B B 3258, T ST AR B R AR E R o] LUE T
B SERAERE, E— MR AA IR ELTERESENYESFEMRITN
YA, AETENTENILEE. KBNS ES XN
WATRIEFENBRERIPN, FESEERE X EERXRENTHRKA
RX B EDHEEE.

5.2 IEFBEEFKEEUMRIES BIE

XEMILRE, RIEIEFLOBERSIERABEROE I, HekR.
WREH, XEMILR. LERS5HISFHLSEWARNER E4LK. L3
RIFLBRE A90%. FL72A100~300untt, BB F FARFMEETE K. RN, &
ALENHRFEER, DEEAEEARE, SMEART LGRS FLA
WAL AEE, BRAEZEHAEEURIREA SRS EOAETER. RS RRmLE
M“WBE”, lWRMNATRDLEEBRREREFRAEATINERGEEFEEE X,

axE, MEBEMEALBREMHEE, YERAERHNILEER, X
ARE—EMKEIES, REMBSRNER. £I1S0-11981TizsEFEXT B
BHAENDEBEYNSERRNRIER. BEERIEEEEIEMBENEES,
—RAKBENRE. ERMETOEBHEDHEANENE, TERNINIBAERGE
RN MM PEENERE, HEEMK IR EBEDAEBANEST T ETRLHE,
DUREANGEREHREMMEFRE, B—HEENRTHEFY. AN, HRK
BEMTREMR T FIEA LR TN ML ERTILEH, TR LTI ks
MS&. FEZHR.

NTFOEXEMNE, EHEYHAEMYEEILRRNAN FE, B ERELE
BHEYE. THEVRNEELRF. FHit, OEXERNOILBEENBEERHIMEE
BHRERIER, —RBEE—RiTR.

5.2.1 RiEH#%

5.2.1.1 FLBREKRAL %

AT AR R HEE LR R MW H AT LUE RIS ERE:, &
SRR A, WXBREA TR IRE N E S0 %,

(1) ExEH

ERERMEBREMAS I 1L, TURNBILESMA. FLEE. LRER,
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FF 5 M B I B HEBR R B 15 UOR E R A A LA FLTEAR - WA ) A 4 Mk 9 R SR
FLAX, HERfER 8 HRE.

(2) LEMHE

BUERRHEERHREW, EEWHERBABREY, RERS, FL6E0
BRETILS. REBEMHERS, FEHIW,: BEHEEOELRY, BamE
BELERFEW:. HHILBEERRR:

£ = (Wo-W3-W) / (W;-W3)

(3) R

W—HZIEMEEFMAVAREERE, ERAERAVHELZE2RETH
i, ERHTHES—MESBUMMEEERH LD, ENEAREEAIV;. #
LR ERTRA:

£=(Vi+VyV3)/ V,

(4) EFFE

EWHHERRREEAV, WERREEp=W/V. BEELFTAMEHTE
Ap2 BABBILRERTRA:

£=1-pi/p;

(5) FREHE

KHEMFE (W) HMBERAER (V), —MERFEApNBRNRTE
(WD, BESBAESEY, REMETEENFESN, MIEEREEHRE
R, BRBERBENG REAIW. BAERKIBRERTA:

£= 1-(W+W-W,)/ pV

(6) EBWHAHE

REFEBENHEMONEERT, RAERSSELPHPTHATENN R
ER. 7EE1G P4 5 E I E R R A A B EARS (cm)) ML R AT B & RO FLBRTE
BSacm?). BRHFLBRERRA:

£= Sz /S

5.2.1.2 KB EH RIS

FEEKBE RS ABANRIMEERR: 1) BAKBENE, MR 120mmHgh#%
EAT, RARERNETENIREESLAAFRREERNKRE, B4 Hml
/ em? / min; 2) BEKBEE, WAL 120mmHgKEEDT, AR EANETHE
SRR ERKRE, B Aml/ cm’ / mine

(1) BihKBEH

ATPIERARES-1 () FIREENERE RN S L NBIAKSENE. %
EX A —MEEE, FURE163cmMAERIE 120mmHgM#E S . A T RE
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EREBPENFE, BREKEEENRE, FRABREER B RKEL8%
BE, RELRIBPHBEEAKE TROWRE, BWKELRKERXD, #
KGR AR FE163ecmIFRiC AL .

KRATSEA SR MK TR, REEENBE TROHREOL. T
FHRIT, MRAKFEEEREEANZREXART, BERIELTEERNS
— i SE. BHRITFRITRIRR FFAG et , B8 70 5 000 18] P9 @ i 4 & B T 7K
F AR, SER0 SRR PR S A A K R BN O b BR ub i S 27 IR RI T

(2) HmKizEE

BPRPIERARS-2 (b) FIRIEERNESY AN EHREKSEY.
EEFEA—RBHKE, RE163cmBEHIKHERMT120mmHgM&E . AT
RIELRIRPENAE, AUREE —DRKERKEER, BT AKERER
BRA, MERAKERKETRELY, XRARET KEREREE.

SR RTBTE0. 80’ A HITE N BE S, R AEWADL, FEITTFHAZS
BT RIS FFEA R, 2 B0 i P B B A K I 1R 2B B S 2R
K, BUKBEEENRRUTRSEEMEIR, FRLRER,

‘\ HorokA ks
%l_ﬂ;f
g /!\
~ ' :
= k
& :
w1
________i‘ 1 o Hiki
{8}
(a) BiEKBENE (b) EifikEEHE

BI5-1 KB FEH R ik

5.2.2 XWRITL

XENILREBESKBEHYERAMMAEHE R, FRXFRITHETR
FIZERREE . BELREMPLGA S, #HEHERENBAKBELIRA T30 %
XXM IREMKBEEHTRIE. BHMEINMES, WEHER “HiEirg
WZE” (Mean+SD) 7R, FISPSS17.08HTH ¥ MHT. LR RWMES-1R.
A LB AAR, RBEKOLHFERTHERERTTELNEE. EH1ml
R 5T B R EW,; BEI0mmKM TR, FREW, BIHLBAESE,
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RIEEEBETLES; HEFHBEHE0, REENFE, FIRARESERILRK
REAEH, FLERBERYP, REEREHSEFRLE, FEAW,; LRFT
ZENHERIEE, BRNLESHEHBHFREW:. FERXELREN:

£ = (Wa-W3-W) / (W-Wa).

#5-1 MTUBR RS BRI

] 1 2 3 4
FKERE(W/V) (8/ml) 4/100 4/100 6/100 9/100
B8 LR BE('C) 30 20 20 20
FLERZE (%) 91.53+0.38  90.14x0.83  85.55+0.21  82.04+1.08

KiBFEM (mlem?/min)  116.5£1.06  84.63+1.23  53.73x1.55  15.13+0.84

M EBERNESERTLES:

(1) ZHMARERXFINWU L, EAFESHRATEXENTARENE
k. SHFKBEE, BRREAHPKSERESKTEEMNME, B2ENI5F
G KB B NAREITEI mVem>/minbd T, B 245K EE H4/100
B BT 618 ST R 97K 18 B HE7E 80 mlem®/minbA £, B BARA.

(2) ZRMIREMEEREIRERE MM ZEEI D KitEMTRE, AFH
RERERXR, HAREFEERZEER (P<0.05).

(3) PEEWLBE MK, XRAOLBERERD. FiETRE, AH
mEKBEE A THEILENILBEHLTEEER (P>0.05). HEISCW5, BEEHP
LAY LA e KR B RRLR B SR R . MUK S, MILRHEXK,
BHHEED, REKREBRK, MILRTEN. XEMIBRETANEREET
MEE, RERERKT, BRANLKEBRTR, HEREETHZEBRED,
PALFLERBSRE D, MBLBENFAR, BASHARMART, BLEHEE
FEREE TR KD, BRULERWILBEER KD, &5 E ERER LA
EARmENNRE, REARTERMILBAERSRE L.

(4) BEKBEAER, XEMKBEEEZIEK; MRERESME, Kig
B2 B KBERZXAMSHEW, FENZHBRERXK (P<0.05) . X
Filn &8, BIARTHRD, SEERZWEEEFEEE.

5.3 EEASHENRESBE

FEANEEREHR, BMATRENEBRHEYN 5% T TR .
ﬁ%ﬂﬁ%m%i%,ﬁﬁﬂﬁﬁﬁi@%mgﬁﬁ%ﬁ%ﬁ%,EE%¢@E
W RMEE. Hit, AULENLE LA ZHRETEE. BT
MRIRAE, URATIIKA 52 R T B o2,
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5.3.1 MEXRNFHHEEK

NEBEYESEEMENEEY S BT FARALEESTA, Bk, NAHRLE
RRNGEBHEFARTEAZFRE MM AT, EAGAE, LEBHEDLA
BAERET T, BEROEIREEEAZHEANMLRNES, LREHE—EHE
BEAEIEAS FEHIEER: F AR EBETHAN ER £ 8 i8R
B, RelgEmaErk. Ak, TWHENEIET RIS EERMAIRATE, M
fRIE M T AOXBE A ER. WiAT B BE:

(D hfEE, REMEXRFEBERGIEHTRNONS, EXRP, #
S b TR BT 52 B B K R B R (R R

(2) 4ERE, REBASFALMNNE LM SR EGE RN TR
M5, EXRRBEEFARNES MY &EERNEREE.

(3) BHORE, XHEARELH, RIEMEXRAERTHAE S ZHBHN
MES, RRAZEMEEN— 2. IE XA MRNFET KA
T, AMERIEEKRYEEHN12.0kPa~18.7 kPa, #F7K/E%8.0kPa~12.0 kPa,
LM E TR R AT, FR MR,

(4) BHAMBYE, RIEME M EERBNANRERNED), REEM
EREENERTUY kBEENEERR. EEEEVEA, LERARLER
B, BEEEK SHEKEHEENRELROER. FX8578 08N E
AR, %358 NEBEB LB NEAZL, EVELESIELR R
BERESE, HPORERE IR EEGHNREME, THABREA: YL
ERHYZHEYENETERE. 55 BTFIRSBEEMENERBEKERR,
EVAERBLATEHNNIFE, FBERFEAEEKNES, BEIkrEE
B NHEEAEAR. Hiit, BHEOLENBEENRKORNEEREBER. B
BRMHEERHEZ—.

5.3.2 LWRitiL

ARICKA B A BEA RRAG- 18 FE A X R PR ENES R
FEHAT T HiR.

5.3.2.1 fufhegfE

RE X R (wiv) H6/100, 2 BI7E20°CHI30°C (M8 SLig B &4 T $IfEPLGA
4. BHSOLETTI LEPYF#R ML, EERTHT TR, ¥R
K30mm, FESmmiIMLRAES, BRI HHTIEEENIR, UL LREELE.
KR R A E A H, RE20mmfiHRFKE, BEIKNKR R
2%, P20 mm/minfEE O ERHEENH. HENS AR TLREBEFHS
FRZH N R REAR: NA=RN/ZHER. NE=-KE/EK, 5
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HARFRBBR S (UTS) REMNHBRANE (STP). BH3MER, HEMERY
E+trfEfZE" (Mean+ SD) RN, FISPSS17.08ATH #7417

WES-28T R, BEKBEM20CEALEIZ0C, 7 32420 R PR L6 R ) B
(1639.20+£36.52) KPaiiinF| (2197.74+35.86) KPa, Z4it ¥k W, BWERF
EBEER (P<0.05); MXEMBANENZHEE T, BERESFEREER
(P>0.05). BESHENTUNZENIREFEEERLW, BRSVENZER
Rk ERE. EEHMTEEN, BELEEER, WERERE, MK
BEMBIEEMRE.

A F AT R M R AR A (1.08£0.20) MPaP); ZEXNak 4O g
Y4 TE P FIfEMPLGAILE X 3L M (3R E 40.36 MPa, 23t ZREACEFREXE)
2.03 MPa; KSR R Z0 Bk A B RIS 42, SRR
BEREH (0.65+0.15) MPa, XTERAFHRZIBKNA (0.85£0.2) MPa. AHFAFIE
SR, PHEES ERHRME, e UARIHM AR RREER.

2500 0.4
0.35 i
2000
0.3
::, 1500 0.25
% E 02
g 1000 0.15
0.1
500
0.05
0 0
2°C 30C 20C 30C
(a) HRFRHLIRN Sy (b) BRRAR

Fs5-2 hrfmampE

53228 88%

W =FREIREE (4/100, 6/100519/100) MIPLGAIL S 3 2 ¥-K 875 MBI FF,
B L920mmK, 10mmEAERRAER, B (5-00 SHLELFRE (LgH
FERETARERAR) BHENEEREREE R (BfR). LREEN
FRESFHE, EASLILEIE Imm~2mm, $FLEEHTF2mm, 10mmTE KD
FESANEL. B R SRR 2 B R R TR AR A, (RE20mmAY
HFKE, BHIKNRR LRSS, B20 mm/minfOEESER . 48 FREN
T, RESRENIAN, TREIE, BRTEREENMEARS, BRU
SIBEREHTRAZNEAN S, PXENEEEE. GA3MHER, HHE
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F“HErHERE" (Mean+ SD) R7R, FISPSS17.08 /T4 it% 417,

MBES-3TTLLE Y, KRR M4/100 L 7H319/100, T ERH54E A BE HRE S
M (0.476:0.05)NZ H 10 %) (2.732+0.1)N, B =H K3 8 7 B & £ 7 (P<0.05).
WRTICHTIR, RERESXEIBERMRILE, TIBREER, MaHlFHE L
IR . RS R EIREE MM, XEMNESREREHMR. SHRP
HIE ML B 4R S IRE H0.476N~2.732N, FF&MEBHEN XEMEAZ N4
&R TEE0.8N~1.5NP8,

3

25

~

-

HeWE (N
&

o
(h

o

4/100 6/100 9/100
BI5-3 SEBE

5.4 IRAMEEHEMAR

AN AR B R RO R A WA T, BERA, o, S
HE R AR E MR R RSR S, K THRAL e T RAL, BE
BREH . REEE. HNOTE. REG/D. BEIGESRE. RN TFARAD
S A RER, A RARE TS HRNEYRIE, g% EEFCD34,
3 RE—E MR THS T RN T4 Mt T DAL h R R . BRI, &
WICR RS A 5 0 R 368 5, BFAILDM L S pT I8 R p A MR A

5.4.1 KRS T4AEA 5 BEFNESF

(1) KR (100-150g) MEfsESHREHZHAARE, H70% ZEERE10min,
THERAEHE TRRIAL, RERALENHENA, HEANEES;

(2) EBHEEN, FAD-Hank'sBHRIFE=IR, HAHRFEAP, HEHAR
B EA2X2 mmif/MR, IIAD-Hank'si, BHBIIELOEF, 1500rpmBE L0110
45,

(3) BRI EEEFRIREDT AR ZIFEM P, R MA2mLE0.1% B R EE (11
B W, 37°Cik45min, FI250-mmffE 38 ME S8 AL, 8B R M 1A
BEELES, 1000rpmE L0105,

(4) B EERAKE AN, JUAREZH M D-Hank s # B K EC A L &
W, F25-mmf e HIEM BT IE, JEH1000rpmBS 104345
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(5) ZBEHE, MAE15% FCS KIDMEMEFEE, WITHIFFHEARE,
¥, FEARKERS~3X10%cells/ml, #EMTF25em2iE57 M+, BHETF37C=
SUREREFAEP;

(6) EFAABEF 120G, BERINEFE, FEREMOREASNAR
B RRERR, EEE 5, PRSEBHE—K, MAF KA 15% FCS FDMEM
B R PR LT IR 5

(D —R=KREA, AREFLECE, RICE, BTERERESR &
=ZRER—K.

5.4.2 AT R MBI 241 5

REREXELAREVERA3ImmENRR ), #TEEEEE, FHTL
0.5%F B BRIV ORI B SR I 38, INA2% CaCLYE BB ES 5, 0.2%FARR
EREHE2R. BARTERABELS~3X10cllyml, EHTEFA L, EF37
CEMBIEREFHEPIER.

5.4.3 CD34 HI&HE KA

FEEE SR B SRICD34 A R R A R

(1) MAZEBAA%KX_B4CEE20min, PBSHIEA=E, RT;

(2) BPFTi%50 pg/mL PI1Z 510 min;

(3) PBSH¥LA =iE;

(4) B\ MmBEHFASE, BWIN—PHEW:  rabbit anti-rat CD34;

(5) TCEERMN30min, SR/FRAPBSIE=iE, kEXEEMPIE: PBSHEE
% =iR; .

(6) N7 e R K 1T HFITC-conjugated anti rabbit IgG (1:20 in PBS) 37°C
FEH30min GEYL);

(7) 37 CIE & RMN30min, /5 HAPBSHEERS & MFRE i

(8) FABHEMNM, FITC BEMK A488nm.

5.4 4 £ R Rt

ZEHERIEFRSRE, ERABHE TREMNEXLANRE, CD34A KT8
Mg EETN, WEIS-4FTR, Pt RREE T 3SR 40 ¥ 5 A 40 g
PERFARE, MEXENEHHAR. CDMENTFEANSKINEEEERR,
REBENTHARNRONS, CROLEAKRARNERRIFE, FARHACDMEE
FENEARAEERERE. FAHFRIEH, XEXRAEHTAREKRE, 9k
BERIEE. WM. SR, REEE BRAKRE, MWEELNTLERKE
IR

FHFEHFALDMT ZHIEM XS, EL2HARBRASNER, AEREFKN
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AMMAEANE, ARATERRAEK. BHERERUTOENEENSEH.

#5-4 CD34 538 7 Ye kY

5.5 KB/

AENEREIROLBEER. KEEUNH EESIRODEREHRTE
EHFENBREREN, FESEERE IR EEFAREN TARRRRIR
KA.

(1) MALDMIZHEHISR, HIRE, KBEL. hEMENEPHE
MR RER BN FAR TR M E X EHEXK,

(2) BEHANFIRRE, 2IBARNSEIRRERKEEL. £HHE
RESHEEN, EREFFZRLERNEW, ERMEREHR RSN
TOD; KBEW MR BEE SR TR T RIE RN, B A RRIR R
YT TR TN

(3) XRMAFMERZILIR R REMHERE NS . EFRHRESHTE
BN, frfREEEs R RER SN, &6 5%EMERBIRE R MTTMm
e
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£6E FRE5RE

FRXNIAAERNAKEARSEISHEAATREME X4, URHFH
TS ER M & T BRI

RX B THRAT RO ELZEENERIR, BIREBREEARTIA
& X EHMEES. FRTLANNEPESFZNERSMHRMRZRE, HU
SEMERNRBHE, I XEMIEN CAD BEREMARIHESR. XA
SolidWorks F1 Aurora A BERE XL, B4 ME X LEMRRA Z M E N
SEBFHER, @i LDM T2 LRI EMHIE. e T S AR R S 5o B
E. MIALEHMMERSESERIFENEZW, AL R IRRMILRE.
KEBUMNFRRHRETERAERE. SXENWBEREREY AR
TTiF. TERRERR

(1) AR RIERMIAEEANTRAL ST T I8 X LR RIR,
NBRTRERE T EEEZTRPHINAER, RiLEE LDM TEEEAENE
REXEMEMB RN AL ZMETRRARIME ML,

(2) UMEMBHENERZNEM, SE0RNN%EL, Sk
& BRSNS, AMESZHSRE T EDNEHERE: URPEREN
FER BARXT ME 2 XA SRR R 58U ER AR A #3170 3 U8 iR
STEST, LAiES CAD BF BB HE .

(3) FIf LDM TErJ MR A 4 0 B RS RS HR R 0585
XMEXEE, BORILEM L.

(4) REEBEPEERESENES, AU ERMIFENRE. X5
BESHMEBHEESAHERZ LR MM m, IR, BEAEEER
LR B S SR B R IEAR G T RRHR I8 I e MEFLR .

(5) ZHEMILBRE, KBEHRNFEHRE L L& RN AR,
Wik BT LU 42 B AOE S 3R A T LR & RE.

(6) ZHEMYBIFHENEDHBREREH S MFARTENTXEMEX.

R, ARLEHFEUTAEZL, FEH—SHRRMAR:

(1) ROESXRM=ZFEERRHE, Ri#fTT CAD B, MREEMRK
BAETUAZRBER T RRE, BNEERFRXETERR.

(2) ZHREERMT PLLA #1 PLGA #1#, ZEUGHIBFRP AU ELK
XEMERTRAAR. EEMHRIZNRE, FEUMENER, FEI K
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BFHEMES M EAR TSRO

() BTLREREMERSE], XTIRAFIERETT VPR T Hfe
SRELMAES BRI, T2 KTHIE AT UUT SRR KRB A B R 3h A IR
TR ‘

(4) MZREYABEHFARMT ST, T — PR EY
BANE. ERES. BRATHESTRMEANTA.
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B

RHE K, HRIEMEE=F. EXRNAE, FEEMMRAZEZT LM
EWE EBEFREROTER . ETHELERNZRE, ERETHWIINE.

ROBHFMABIEHRNENBOER, FREKTADMIR, fM=E
BEERNEZBNRRTERE T THRANNER, ARSBEROANEERMLT
B, BERZRRE,

BRERERMAEEI LR TFROFEDY. BHRNRAZIRE. E&E, R
R, HRA¥N, KFRED.

B BRARX T ZERMNREIMER ERSRHEMRD. B HTH R LM H B
SRHZIW, FZFMARAN.
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