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Abstract: The yak is an important domestic animal on the Tibetan Plateau, as it provides important living materials and an
economic resource for the people in that region. As an important pasture species, oat plays an important role in the
development of animal husbandry on the Tibetan Plateau. The aim of this study was to choose oat varieties with high forage
quality and suitability for yak feeding. A comprehensive evaluation of the feeding value of four Avena sativa varieties
(‘Qingyan No. 4°, ‘Qingyan No. 3’, ‘Longyan No. 1°, and ‘Baiyan No. 7°) was performed using yield indices, conventional
nutritional indices, and in vitro gas production indices. The findings indicated that ‘Qingyan No. 4’ and ‘Qingyan No. 3’ had
significantly higher fresh weight, hay weight, and nutrient output per unit than ‘Longyan No. 1’ and ‘Baiyan No. 7°, and
‘Qingyan No. 4’ showed the highest fresh grass yield and hay yield, and fresh weight of ‘Qingyan No. 4” was 10.88% higher
than that of ‘Longyan No. 1’, which had the lowest yield. There were no significant differences in crude protein, crude ash,
or acid detergent fiber content among the four species of oats. Crude fat was significantly higher in ‘Qingyan No. 4’ and
‘Qingyan No. 3’ than in ‘Baiyan No. 7°, and ‘Qingyan No. 4’ had the highest content, which was 14.13% higher than that of
‘Baiyan No. 7°, which had the lowest content. ‘Baiyan No. 7’ had significantly higher neutral detergent fiber content than the
other three cultivated oat species. and the content was 10.61% in ‘Baiyan No. 7’ than ‘Qingyan No. 3°, which had the lowest
content. ‘Longyan No. 1’ produced significantly more gas than ‘Baiyan No. 7° by 34.19%, while ‘Baiyan No. 7’ had a
significantly higher pH than ‘Qingyan No. 3’. For volatile fatty acids, ‘Qingyan No. 3’ and ‘Longyan No. 1’ produced
significantly more isobutyric acid than ‘Baiyan No. 7°; ‘Qingyan No. 3’ produced significantly more butyric acid than
‘Qingyan No. 4’ and ‘Baiyan No. 7’; ‘Longyan No. 1’ produced significantly more isovaleric acid than ‘Baiyan No. 7°; and
‘Longyan No. 1’ produced significantly more valeric acid than the other three oat varieties. ‘Longyan No. 1’ demonstrated
significantly greater in vitro dry matter digestibility at 47.48% than the other three groups, while ‘Baiyan No. 7’ showed the
lowest value at 35.28%. ‘Longyan No. 1’ showed significantly higher metabolic energy than ‘Qingyan No. 3’ by 13.31%. In
summary, ‘Longyan No. 1’ exhibited superior performance in terms of yield, conventional nutritional indices, and gas
production indices, making it a valuable roughage feed for yaks in the Gonghe County area of Qinghai Province.
Keywords: forage; yak; in vitro gas production technique; nutritional value evaluation; Tibetan Plateau; species comparison
Corresponding author: SUN Lu E-mail: sunlu0103@126.com
LIU Shujie E-mail: mkylshj@126.com
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1.1 FEEGFHSAIEH

AP HAM 4T HMI 5P 5 H
#e 75 W P 54 M U B vE N S B
RIS T AT (36°59' N, 100°18' E), ##1k 3 180 m,
B AR () vy R B MR A o 1 X G e X TG RE B, Y
AEBEWZ, WA KIIZ) 120 d, PS04 C,
AT BE K & 400 mm, FEKZHEHBETH -9 H.
W 9 X Bt 2 A8 Oy v SE R A, (R KA RBE T 2023 4F
5H 19 H¥EM, 9 H 26 HBEAT R
1.2 FEREFERNE

fiff ¥ & A GPS AR IR IR N X Bl AL E £
WE Imx 1 mFEFFHB FREIFRE, EF
5 SRR RN 5 O E T EL

TR B (TR K 17.24%): B X ENCER )
i B SR N T 3RAF e TR B

FHELL = T B/ R R

B I E FE AR MK 7> (crude ash, Ash). LI i
(ether extract, EE). ¥ & [ i1 (crude protein, CP) & &
2 W 3k T o OB 23 BT R BRI R )
AT M 52 5 1 B % 4F 4E (neutral detergent fiber,
NDF) Fl g M 3 %% 45 4E (acid detergent fiber, ADF) &
&% Soest A1 Wine ' 977 3 58, B FAX 3% 2
[E ANKOM = H B 21 4 73 B (X .

HA XA R (relative feeding value, RFV)!:

RFV_[MHXDDM
B 1.29
120
DMI = ——;
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DDM =88.9—-ADF,

XA DMI AFY) R & &, DDM AT EALTY i .
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PRGN R : #ERIFRIEN 0.2 g MEZEFE S T e A8 b, 52
A 100 mL BEHGVEF SN, BMFEm 6 MNER. £R
FARTR A s AR s B R B A
39 C iR A 285 M SLI =, B4 4 ED AL IR
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N CO, LA FF T A IR o B B A Bl T 0T o 2 A 3
A 30mL A T8 B, MmN S N TR
BRFEM N . 76 0. 1. 24 34 4. 6. 8. 10, 12, 16, 20,
24. 28, 32. 36. 42. 48. 54, 60. 66, 72 h "' & i} ] £
B HE 85 R 45 IR P s s e k.

P2 BN D1 AR A M R AR M R A Bl g A
BAR: dp=a+b(1-e),
X dp Nt 13X — B %72 <& (mL); a + b N HE
WA RS & (mL), AT B R o N1 FF
AT P2 S OEZ (% h s ¢ 2 RIS E] (h).

P10 T Ak 2600 8 FERE 9% 72 h ), B RER
EEBTUIOKBEILRE .

£ 1 ALESEMRAR

Table 1 Composition of artificial rumen buffer

el

o

TH Item 2H i, Composition
Distilieéﬁer/mL 237.5 475 7125 950
Main egri%r}lﬁtiiﬁlﬁion/mL 120 240 360 480
Buffer%iﬁjt{i)n/ mL 120 240 360 480
Trace ffe;i;jiiiﬁ{;ﬁon/mL 0.06  0.12 0.18 0.24
Resazuﬁi?ﬁ:ﬁommg 0.61 122 183 244
Distilf?f%:/ﬁer/mL 238 47.5 71.3 95
1 mol'L”' NaOH/mL 1 2 3 4
Na,S-9H,0/mg 168 336 504 672
S B 500 1000 1500 2000

Final volume/mL
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RANFWI BUIE AL (in vitro dry matter digestibility,
| — KEEJGFEf T
RIEEHTAE T4 o =

pH: H pHS-3C 2 pH i (LG FHX #R AR A
PR 2> &) M2 7S B B (NH5-N): 2 1D 5% 26 A1
U B 1 9% VNN I BE B €8 355 33 4T 0
5E . 1E R MEE R (volatile fatty acid, VFA): fif ] &
B GC-2014 ", BAKIRAE T : B 6 mL R B W
FEARIE B 0L 4 °C F 6000 rmin ' 550> 15 min, X
FIEW 2 mL T &0 M 0.4 mL 25% f % B2, IF
TEKAKBETFAE 1Lh RAEAEKESE O 4CT
12 000 r'min ' B0 15 min, ¥ _FI5WGE T 0.22 pm 7K
FHIBE U8 o AH B G AE B 10 pL, B H 15
NEBYEHE (AT-FFAP: 30 m x 0.32 mm x 0.5 pm), 3k
FE2S 220 C, A NE A, it 40 - 1, MR AE Y]
I 80 °C, BL 10 “Comin ' FHEF 120 °C, {74 3 min,
Ja TR 2] 180 °C, R KR 5 min, FID Al #% % ¥ N 250
Co AW HE A (microprotein, MCP) 2K H % 5 # %
W bt e

5 746 32 A8 6 B8 (metabolic energy, ME) ! [ I
/L\\ﬁ:

ME (MJkg ') = 0.136 x GPy + 0.005 7 x CP +
0.000 283 x EE +2.20,
X H: GPyy N 24 h RS &, CP NMHEH, EEN
FHLJE W
14 HFELES S

TR0 E YR 18 A Excel 2021 347 %3 . {4 ] SPSS
27.0 Gt vk 43 A B R B s 3 AT R R 2K O 22 i (R
MK E N 0.05), 2 573 0 3 5 LSD L #H 1T
ZE IR, & RBUSFIME £ bR iRR R 723D
15 BER R H SAS 9.4 HF 28 % 18] 3 3l ) B B dp =

x100%.

IVDMD)=

a+b(1-e ), $1 26 B d H Origin 2022 ] {E .
2 BRGS0

2.1 4 ANTiEREE =R

Wik 2 fr g, fE BRI, 450 R
M3 Torr R R BAREL, WieE#E 7 55 B
EEBAK, HE M7 5o s T M 15
B e T A 45 B AR B
SO T 10.88%. fETE ARG, HM 4T
MeF# 35 HWAEEMTE, A7 5 B, B
M1 5P B, TR T AT R R S
%18 0.59, LR EHER.
22 4FMALIMEREZERRR

N3P, A EE S BT, ‘HH 4T
B, CHME3 S, P 1SR e T
M 45

R A7 5 & 14.13%. £ NDF & & J5 1, < H
M 75 G BERE, TS5 HM 3T Pk
15 & ERKHALL, Ha#75 NDF & &5 3 #
e 2 5 = 7.70%. 10.61%. 7.74%. fE RFV J5 [,
‘HMA S HFM 5 MM SR &EAMEY, |
M 75 ORK, 3RS RFV 2 I A 755
9.70%- 11.25%- 9.14%. 4 Ff \ T.Ff 1 #& 2 X} EE il
NDF & & M RFV 5 W & 2%, 1 % CP. ADF J&
Ash 7 & 76 & 3 5 .
23 4FMAIMERZRVARERYROLE
Wk 4 fr i, 76 CP A TH A 4 th & 7 T,
M 4 450 F T e 3 5 == R HL AR IUAR AL, < B ke
15 F 3 7 5 % AR AL, R g A )

x2 AMATIMIEMRZE =M

Table 2 Production performance of four types of artificially grown oat

iE| 4 HH3T P15 75
Item Qingyan No.4 Qingyan No.3 Longyan No.1 Baiyan No.7 P

M .
Fresh grass yield/(kg-hm )

F-#7 & Hay yield/(kg-hm )
T Lk Dry to fresh ratio

8963.87 +703.49a
0.59 +0.01

8 863.97 + 544.52a
0.59 £ 0.01

15179.65+1247.42a 15047.63+1016.62a 13 689.97 +1370.58c 14 193.34+1270.94b < 0.001

8029.54 + 741.96¢ 8 379.65 +740.81b 0.001

0.59+0.01 0.59+0.01 0.994

R ARNE FRFRRZREE (P<0.05), LrREMRTHRRERANRE (P>0.05); TR,

Different lowercase letters within the same row indicate significance at the 0.05 level, whereas no letters or the same letter indicate no significant

differences between different treatments. This is applicable for the following tables as well.
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®3 AMAIMERZEFR SR (T EH)
Table 3 Nutritional quality of four types of artificially grown oats (air-dry basis)

TiH HH4s HH3T FEE1 5 H#E75
Item Qingyan No.4 Qingyan No.3 Longyan No.1 Baiyan No.7 P
1 7& H (CP) Crude protein/% 8.93 £0.28 9.01+0.22 8.61 +1.41 8.63+0.75 0.360
HLAG U7 (EE) Ether extract/% 4.12+0.18a 3.93+0.04ab  3.74+0.16bc  3.61+0.14c  0.010
R 4 4T 4E(NDF) Neutral detergent fiber/% 57.01+ 1.14b 55.51+0.69b  56.99 + 1.65b 6140+121a  0.002
Rk ek 2T 4E(ADF) Acid detergent fiber/% 36.19+ 1.71 37.15+0.57 36.68 + 2.76 37.62+2.18 0.831
¥ 7K 73 (Ash) Crude ash/% 1236+ 0.44 12.20 £ 0.72 11.32+0.82 11.52+£0.38 0.192
FAXT AN {E Relative feeding value (RFV) 99.09 & 3.29a 100.49 +0.51a 98.59+6.18a 90.33+3.81b  0.049
K4 aMALHEREZFRVAMNERYRBLE
Table 4 Nutrient output per unit area of four artificially grown oat varieties
TiH Hitas HH3E Bate 15 H#ET7S P
Item Qingyan No.4 Qingyan No.3 Longyan No.1 Baiyan No.7

17 1 (CP) Crude protein/(kg'hm *)  800.47 + 62.82a
1RG5 (EE) Ether extract/(kg-hm )

Fh I £ 4E(NDF) ,
Neutral detergent fiber/(kg-hm )
R 1 W5 4T 4E(ADF) ,
Acid detergent fiber/(kg-hm °)

H1K 43 (Ash) Crude ash/(kg-hm )

369.31 +28.98a

5110.30 £ 401.06a

3 244.02 + 254.59a

1107.93 + 86.95a

798.64 + 49.06a
348.35 +21.40b

4920.39 +302.26a

3292.96 +202.29a

1 081.40 + 66.43a

691.34 + 63.88b 723.16 £63.93b < 0.001

300.30 £27.75¢ 302.51 £26.74c < 0.001

4576.03 £422.84b 5145.11 £454.86a < 0.001

294524 £272.15b 3 152.42+278.69a < 0.001

908.94 + 83.99¢ 965.34 +8534b < 0.001

H M A4S B IC I PR R 15 H 15.79%. 1
EE AL N E 7, FH4 5 M Ewm,
HM 3SR, PR 1S [ # 7 SR R
I B R IARL, Horb B f s 1) 5 #E 4 50 Bl
KBl 15 ) 22.98%. 7E NDF 5 ADF [{] #
A7 T AR T T, P AR AR AR I HF M 4 5
HM3 T AT oM E s BRI, B
e 154 BB o NDF fi H & 5 i
75 B ACH BEAE 150 Y 12.44%; ADF i th &
Bl CHE M AT BRI A1 S
10.14%. 7E Ash F A7 [ AR fa tH 2 07 1, <75 A4E 4 5 A
HME ISR EEEAAR, a7 S E, P
He 15 R R, o Ash ¥ B A 0
45 BRI PR 15 21.89%. 4 B2 X
CP. EE. NDF. ADF & Ash & & 50 & % .
2.4 RINESSEEN 4 Fhi
241 4PN THHEMESREE P EE

W 1 FToR, AR B4 AN SR PSR BE I T
BB LT B SRR B R s T H
fih 3 NESE SR, A 4 SO F M3 SR E R

ULy M7 5P ERAE 72 h AR T Hofth 3 AN ZE A
HEAR b4 NS RSO B AR AL, H R S I
PR R, RWAR S SAAEER.

W 2 fioR, &AM R RY 2% LT
A RS, S HAERT 12 h P2 AR R R R,
WPl e 150 7E 4 h B PR ARE ROk B K, T 4.33
mLh ' A4 SO/ 12h I PR RA R R, N
2.5mL-h 'y T3 5OFE 1 h A R Ik B RO,
y2mL-h'y M TS OFE 4 h I PR K0k B
K, A3mLh's 12~60 h P2 H LB W R, 4K
B2 60h UG, $H7EE FHEL05mLh
FEARAT= A S
2.4.2 4B N T RiiE M PR AN RS 5L

WRSHY, fEpH Hii, ‘H#75 BFST
HMIS L ERTRE =MW, 7 M35 F B
He 1 5o ) 3 E #E T 5°19.32% AT 17.05%;

TREEHH, HFHI5 BEEmT HHkd4 5 M

#e 75, 4% 21.00% F1 15.26%; 1E 5 %
SR JTI, B 15 R E S H M7 5 15.98%:
EIRER S BT, Bk 1 5o R E S Hik4 5

B o B E

—\1.

http://cykx.lzu.edu.cn


http://cykx.lzu.edu.cn

5512 3 FAMG T A5 Tl IO B 4 Fhae 52 & R0 8 IR SO0 A A T 0 B VR4 2977

80 r 32.86%, ‘T5 A 3 5 °17.82%, ‘M 7 5°38.81%, ‘i

Fe 3500 3 45 °12.86%, A #E T S
60T 17.91%; 4 Fh#HE 10 NH,-N. WAEME A, 2. 7
“ R SRR I ORI R M TR 25

243 4R N THEHEZRIN =S ZH. TYRHE
b3 R AU e

Wik 6 pral, ik B =R E B) H M4 5 M P
M1 5 BEST AMT S (P<0.0 i
SHIFERER ) AM TS BES T HH4 5,

—— i 4 5 Qingyan No.4
—e— i 3 5 Qingyan No.3
—A— [Ji# 1 5 Longyan No.1

—w— 17 7 5 Baiyan No.7

20

7%/ 5B Gas production/mL

0 24 48 72
i 18] Time/h

HEMAS RIS ERARE. P15
== w2l — & N N e 2
E1 4 ATHERE 20 =58 () IVDMD i i, 4 47.48%, 3% @t H #H 45
Figure 1 Seventy-two-hour gas production for the four types 8.68%, ‘TEHES 27.48%, < FAHMET 2 12.2%: [t 1 2

of artificially grown oats

M) ME & 3% & T HF# 35, BHF M35 m 094
51 ke !
—=— 3 4 5 Qingyan No.4 MJ kg °
= —o— 53 3 5 Qingyan No.3
= 4 F —— i3 1 5 Longyan No.1 >3
’é —v— [ 7 5 Baiyan No. 7 3 I’ﬂ‘}%
B2 . s
'h% g 31 4FHAIHERZNESHESERRRER
* 38 B VR S A P B B R AR —, 1
=
$

0 24 48
A (] Time/h

B2 4Fh AN THiEHEE 72h ZHER

NE T S

RN

#e 22 (1) F H P~ 8 7E 8 000~ 9 000
kg'hm °, BB & T 48 m fe s BY o i o e s i e
- & 4 900~ 7 380 kg-hm *, X A R 5 22 5 A A [

AR SE R R AT K. FEAE U 4 P 2 10 7 A7 AE
%2 5, M5 5 RN AR I 56 TN [ e 22 R EE A

Figure 2 Seventy-two-hour gas production rates of four FHRE TR EANARRNGESHE— %, Hd 55
artificially grown oat varieties 4 BT RE 3 B[ TR R B L B e 1
RS AaMAIMEREZRIMLESH
Table S In vitro fermentation parameters of the four artificially grown oat varieities
i H AT T b1 TS »
Item Qingyan No.4  Qingyan No.3  Longyan No.l  Baiyan No.7
pH 7.09 +0.01ab 6.91+0.18b 7.02+0.0lab  7.11 +0.05a 0.047
S A NH;-N/(mg-dL ™) 46.12+0.78  51.68+3.95  44.94+568  4573:4.69  0.202
{48 1 Microprotein (MCP)/(mg-dL ™) 43.83+0.78  4445+336  43.68+5.66  44.40+0.07 0.205
2.1 Acetate (ACE)/(mmol-L ) 52.35+0.63 51.27+1.84 50.28 £ 0.20 51.33+3.46 0.872
A& Propionate (PRO)/(mmol'L_l) 14.42 +£0.61 14.35+1.37 13.56 £ 1.19 14.02 +£1.97 0.657
5T Isobutyric acid (ISOB)/(mmol-L ") 0.97 +0.01 1.05 +0.08a 1.03 £ 0.04a 0.88 +0.07b 0.023
T Butyric acid (BUTY)/(mmol-L ) 4.62 +0.19b 559+£0.0la  5.15+026a  485+044b  0.012
%R Tsovaleric acid (ISOV)/(mmol-L ") 1.82+0.10a 1.79+0.14a  1.96+0.05a  1.69+0.13b  0.016
&% Valerianic acid (VAL)/(mmol-L ™) 0.70 + 0.05¢ 0.79 + 0.04b 0.93+0.01a 0.67 £ 0.03c 0.001
BRI LR Total volatile fatty acid (VFA)(mmol-L ™) 72.89 + 1.10 7544+337  7291+£072  73.45+6.03 0.788
LIRITNER Acetate / propionate 3.63+0.10 3.57+0.19 3.73 £ 0.34 3.69 +0.27 0.442
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Table 6 In vitro gas production parameters, dry matter digestibility and ME of four artificially grown oat species

5 H AT
Item Qingyan No.4

T Beae1 = H#7 5 PlE
Qingyan No.3 Longyan No.1 Baiyan No.7 P-value

IR E R

Theoretical total gas production B/mL 96.78 = 11.80a 86.41 £ 16.26ab 95.06 £ 5.28a 64.79 £ 17.90b 0.021
823 2R R 28 70 P P A R
Rate of gas production in the » 0.021 + 0.005b 0.025 + 0.003a 0.026 + 0.002a 0.044 +0.022a 0.042
slow degradation fraction ¢/(%-h )
WA TH AR
In vitro dry matter digestibility 38.80 £2.83b 40.00 = 0.44b 47.48 £2.26a 35.28 £6.08b 0.017
(IVDMD)/%

3 SEL A
fLie 7.35 £ 0.25ab 7.06 £0.61b 8.00 £ 0.14a 7.41 £0.14ab 0.010

Metabolic energy (ME)/(MJ-kg ")

Alem#E 75, YU HH 45 A FME3 S EILA
B 3 B T 0

TEXT 4 Fft N T PR 6 52 8 7% i T EAT 0 M e K
B, 4 Fha # 7 CP. ADF M Ash 8] G & % £ =
1 CP 5 ADF % & 5 ¥ 124 %% 15 5 CP (8.1%)
K ADF (33.83%) HI45 18 AT -

M NDF I B2 R AR EE
Jo sz R R NDF 104 5 g v 2
(I 0 45 R (58.49%) AH T, 4 FhalE 22 rp (i 7 5
f*) NDF & & & % & T H Ak 34> b B, AH R 3
RFV W A T HoAh 3 4> . 45185 NDF
R B SR BB A 45 1 — T

EE & 22 [ R 8 78 i R M E B i bn 2 —,
AE RN EE SRR EMWEKRE, NI
FME, AW Ah BE & BB E KA E 4 S
(4.12%), HEEm Tt 1 5 M a7 5, HE
‘HMI T MLRELER, R HF ML 5 M H
35 I E IR AR

gib, HMA S R FMEI S MAET RS W
B IR R & RIVGF, R A HE#15, A
Me 7 5 RINELZE

3.2 4 Fh AN TFhiE#EE R AN & BRI AR AR 50
FTHRBEUERER
HEPHAENMELS R E KRG =4 K&
SR, FEEN CO, CHy Hy 55, P2 A& — 2
JiE b T LA e 2 R B ek e A P R R, D
PEREME, HE S RBA Y SR,
EWEEERNEMED, f£AT A 4 FheE
CP& & LW F ZF, I NDF & & 8 & 1 [

75, KPR ERAK: X 5 Nsahlai 2% (08 5072 K
B5 CP S EIEM*. 5 NDF & &K1 4518 H
— 5. IVDMD 1 Jy J B4 B35 A 4% O 1) B B4R bR
IVDMD 7 K 2% BH 0508 10 8k 70 4y, L7 <&
L X AR P 1SR R R A R
FH— 2. W70 R IR R ) CP 5 K 9%, 1fii NDF
AN Gy T, P35 B2 s R P SO 2R, 24 NDF/CP #¢
T I PR A R, 24 NDF/CP I B 77 /A R 4
Pl 72 A HE 72 ep 4 B 22 () NDF/CP B 7 3 4I% 1R
KON E#E T 5(7.12)s ‘BEE 1 5°(6.62)s ‘FH i 45>
(6.38)s “FH i 3 5°(6.16), H 1 NDF/CP & =8 A
M7 5, REHRAEEEEMER -8 2T
He 15 R A R R, XA RES PEAE 1 5
SRR S 5 R A A e,

Jo B pH 2 [ W3 P08 15 g HE I O i — A B
fabr, & B pH X 4ERR8 B A e . (R B
W R A LA BB O, B R R pH R B AR
i 7E 5.5~7.5 %, 298 1 pH MG I £ 0 4F 4 &= 1Y
e g 7 2 W s i %Y, 7 AR T S Th R B W pH
L TE 6.91~7.11, fF &8 B R IE & 1 pH 6, H
FHM TS pHE E S T HFM3 5, XS
NH;-N B2 mMEFH & VFA & &H K.

Jo B I NH3-N 3 ZE R VR T 5Ok CP 1Y F&
fift, FC O 5 B2 AR W BE R P AR NH AR PRt
NH; F FH 62 /1 It 8 ™ . Getachew 25 "7 B 5% & WY
NH;-N 5 CP i IF bb, 45 6 55 A0 50 45 B 3k Ak —
, B4R HEEMN CPE EAMERE B AD
NH;-N# R FHFMH3 5 > FM 45 > g
75 > B 15, 4 P [A] CP. NH3-N & =13
To 2 3 R % 5 NHa-N [ & & 25 52 2] MCP (17~
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A, (B AE AR B 7 H NH;-N Fl MCP &5 & [8] 7 A &2 1F
Mo &, XA RS MCP & &2 & h i & A i
IR K A 4 25 8 0 5 i) i 850, 76 A7 92 o 4
HEE T AE M MCP L BB 2Z 7.
VFA & J% 4 ) ) 5 B (1 g 8 R 8, HonT DA
PR 70%~80% I AE B R IR, VA th %
08 BT AR WOR B R R Y, Z A R R
RETSERS. FAERERK LR E KB
BRI AR R RS, b 2R E BT & AL g
R RE: AR 2 IR 2 W0 0 5 A (R BTk 4, 75 9% 5
AR FR AT B A ko Y, g A R X
B 0 gtk L 2R /T R R B A R T Rk i
FAML FEARTE e b 4 R RBE OB TRIR M &
R/ R ¥ o 22 S 1, Ui W 4 Pl 2 AE P R TR 77 e T
T 22 5 AN K R, 2T N 7E BB, 4 2/
NR > 3.5, B H RN, LM KA F
T2 3 i B A LIS i B B, BT g o 4 R
FARAN R BRI RN TR R, W 2% 2 2 Wk FL
T A 538 K 1 2 IS, BT DAAE S bR A e i A o
4 Fh e 37 ] B TS A E IR Z kAT A R, AT 5E A5 R
T3 T4 A 10 FL B A B K . BREER S R R
W= BRAEIR B P B R 5 MR & T N 5 T TR AR
WU, R S H M 3 5O M P 1 50 R TR
IR A B, X R B A R A R R 'R
3FREMM SR AR TS SR P 1 5 H
Frs RIS T R A R W] DA o e B R BRI R, 1R
TR G AR 4 R R, R DU R A AR
BB A, {8 2 ¥ 4k 2K & (NPN) # 4k Mcp 17,
NEAREE 2RI FRRETRSESWRF
(0 =l 2T 4 T K I A IE LT, i DL AR £ i ok & B
EON R M 3S, RN P M 1SR T
750, M4 SR, BT R M B
JE T EE AN B-ERIE TR, WL 2 gt e, 4z
b, AP VFAERE T E R E E R, H
M3 5B 15 m DUNSE AR AL TE 2 A, IF

2% Y #k References:

RNEEENIN A e .

IVDMD & A 4 i B 0 07 i 6 22 (1 — /> 5 22 45
B, AT DL M e 2 7R B b i R AR DY, A
W5 b B a 15 TVDMD % &, HOE #FH T HoAh
3R, R KB, g RS H =S8R
I A5 SR — 3. ME 2 3 3 4k Ah K I ) BB
fabr, HAT DL R e R R = I Ae /1, RAF
AL ¥ ME Y8 Bl 6.09~10.16 MIkg ' ™7, A B 5
MZ M ME fEZJE B E LA o Hod B 151
IVDMD 1 ME #% &, 1% 3 B 75 55 bR 28 7= o < Ble 3
1 5 RN RIEE 2 e
33 RERATRE

H T A B 58 3 B AE 56 35 % 4 Fhe s R NME
HEAT R, R SRl 3k — 5 IF 8 K R 20 4 4 35
B, 3 3 A0 B 9T S B 1 SEBRA SR (. AR R
Sk 55 20 BE T, 1R R A R e R R 2
Ve sE ARSI T SRR, T AR 55T e D
ZAE P, 7E R8P MRS M i O Rk, (e
S 3HE S 1) 1) % R0 A R 28 5 G 25 3 Bl 0 AR SR 9 o P
5 MRS R T S R R A 1 L 3 s
A1 A BF A5 % 386 22 5 A0 EAT BF 95, o Sk AT 0 R TR
e ZE R R RLEEAT A A KRR B, AT R 5 IS
L 5 FMEDR LA I 37 110 8 32 R . JHE S 1 e 7 5
AR AT A R I R R, e
(B 50 h RIS TR EE TR M
B HLIE T R TR A 2y T A
TE25 5, RORTT X 4 A 22 50 55 95 I 0 3R it A7
WF9t.

4 45

Zr BT, <Bae 15 B R HUE TR A A
KEEFE IR BRIV FM4 5 N FH3 50
ZWHRARAIL, HF 4 S IRIL T /M3 5 H
M7 5 LR G RIALE . AL 7 i 48 3L A0 i X
ik < Bt 15 B8 9B 2R SR AL 0 B iR BRDRE SR U

(11 BME, BO0RH, K91, £ouz, ARoR%, B, BEBEI, 28, IR, 02 5=, 5. it R s R R A S R g A i AR 4y
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