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Identify the Defect of Bearing Vibration and Noise with

Wavelet Packet Energy Spectrum

Abstract

With the development of automobile industry and appliance, it
requires the rolling bearing with little vibration and low noise, so
bearing factory pay more attention to how to reduce the bearing vibration
and noise. The current bearing diagnosis technique focus on finding
causes of bearing inyalidation. But for the bearing factory, they are more
concerned is which factor cause new béarings having high vibration value
and noise. This article wants to find out a availabilify method to defect
the bearing fault rapidly and effectively. With this method the factory
can improve the product craft timely in order to enhance‘the voice and
vibration quality.

In this article, the vibration model is constructed first, the model
based on the tribo—dynamics viewpoint of bearing vibration, it reflects
the effect of lubrication. In this paper, the exciting and response
characteristics of bearing fault is discussed. The analysis of vibration
model build the basic of defect diagnosis. On the other hand, the
compatible means of signal analysis is introduced and the eigenvector to
token bearing estate is found. The results are as follows:

1. Overcoming the linearization hypothesis of classic bearings
vibration model, establish the bearing non-linear model. The model
considers bearing non-linear dynamics characteristics, establish the
vibration equation with lubrication.

2. Analyse the impact factor of bearing vibration. Abcording the
exciting and response characteristic of the factor to look for the likely

expression. With the simulink, the defect trait of the waviness in balls



and rings is discussed.

3. The vibration signal of new bearing is not similar with the signal
of malfunction bearing, the character of signal of new bearing is analysed,
50 choose wavelet packet method to dispose the signal.

4, With the theory of wavelet packet energy spectrum, raise wavelet
packet energy spectrum variety rate. Use this rate as a eigenvector to
pick-up the defect, then reconstruct the signal. With the result, bearing

defects is found exactitude.
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JUETHR Do X 0 Y, Z FTEIRIARREALES, 6, 6, W45

LIRS, , S,. S, RAMBE,, 6, HWTEIXR.
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ET DRSS s R

S,=S,+r-8, sinp ~r-8, cosp, (2.4)
S, =8, -cosgp, +8, -sing, (2.5)
dm

» TAga,r HRRFTHIT SRR

B, r ARERPOE¥ER = >

ER j #T Hertz Befl A M O B AT BB 2 -
5,=5, cosa+S5, sina | (2.6

R,  AEMA. I (2.4), (2.5 HA (2.6) B

S, =8, -cosa-cosp, +S, -cosa-sin@; +S, -sina

+r-8, -sina sing, -r-8, -sina-cosg, (2.7
i)‘&ﬁ[@lqz
[cosaz-cosp, ]
cose -sing,
L, =|sina (2.8)

resina-sing, -

—r-Sna-cosy; |

A Q.7 TREH
S,=L,-8 (2.9)

J

WHRRERVERY  56(5)=L, (&) (2.10)
EHSEHFT, B2 2 iIrNRENBREIEE SRERIF HXRN.

N N
W =-8E=-3 K,5,6(S,) =—(5S’)T[ZK‘,,LJTLJJS (2.1

= px
RF VAHEFAH.
Xtk S B e BT AT R4 «
w =) [k} (2.12)
MU 2110 5 (2.12) FHAREERRIBERRERER -

N
k=Y k,LL, (2.13)
=1
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ET DB RNMARIRARBR VTR

FIE AT LA B B B R R iA=L

l N
[€)=>c, L, (2.14)

AERMLE @, SRERBESE C, MINIE X, MR EHAZ . R M
. BHRE. BRREREHXR, TSHRFENAELE, BaR (2.13).
(2.14) BAIfEifbA:

N
K}=x,>L" L,
- (2.15)

N
[C] = CdzleT ' Lj
=

Kb, K, C, 55Nk B A BRBI MR S8R

2.2.5 HpRIRETARESHR

B 2. 2 AR TS ARS, RAVA £, 270 2 MM b OHMRH, F¥
WX HBEREER, MY FRNTERNE, BERRNETR:

F={F,+F,() F,() F,+F,() M, () M+M 1)} €2.16)

F,(0),F, () 8 SRR BB T4E X, Y HRMA R, M, (0),M, () I3 R %R

HEEZE X, Y AR E.
e T Raes FRRNRE. BE. RIE. RAERE RARSMS TR

(2.1), BITRERERZH R

(3

-

[

m 0 00 05 x [S,] [F+FO

0m 0 0 0|5, . S, y S,| 1F,®

0 0 m 0 01.'5;,T+C,,2Lj".[,j<$',#+K‘,ZLJ.T.LJ,<S:}= F, +F.(f)

0 0 0 I 0|4 ” 8, & 6| |M, 0

0 0 00 ]y 4, 6,] | M+M,0)]
(17

h EXTTE S, RS TRAN hBR MM RE, SRSETHERES
pilla ki win g St A M NEiling iz L o
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ET d\i&ﬁ‘éﬁ?&ﬁ‘ﬁ?ﬂ!ﬁtﬁﬁb%?—?@t%%iﬂﬁ%

[ cos’ z«cos’ g, %c:os2 2a-sin(2p,) %sin(la)- cosg, %r-sin(Za)-sin(ij) —-;—r -sin(2a) - cos” @,
-;~cos’ 2a - sin(2g,) cos’ asin’ p, %sin(2a) -sing, -;—r -sin(2z) -sin’ @, - %r - sin(2a) - sin(29, )
LL = %sinﬂa)-cosq;) %sin(Za)-singr:j sin’a rsin’ asing, - rsin® acos @,
-}r - sin(2a)  sin(2g@, ) %r - sinf2a) - sin® ?; rsin’ 2sin @ #*5in® ez sin? ?; - %rz sin? asin(2¢,)
_——%r-sin(la)-cos’qu, —%r-sh:(Za)-sin(ij) - rsin’ 2 -cosg@; -%rzsin’asinﬂ%) r*-sin’ & -cos’ @, |

(2.18)
SRR ML, MBI, BEhHRON, WRRRNEE
SRR, SXHBRAZE X FANKS, FHTHRRAMBRS 2
BB, HASARNEER, W (217) BEA:
m§,+cdg-cosza$+xd§coszas=ﬁ+1~;(z) (219>
RS (219), REMERHNEERDEEY: |

1 [NK,

i cosa@ (2200
2z ¥ 2m

2.3, MG

FEEEN RBE R RZEERZ A0, FBALT MRS FEEARE
B TR, S BTATRR KRR AT R, XRSITEHAT T MR, S
TR RERSIFTTE.
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ET/NERERE IR ORRIRTIR A RIESHU I

3 HhAIRENNIE S e RE

3. 1., HOR

2RI AR R NS H D H R, EEBEFTANERERR,
AR A RS AR A I B R o T TS R . AR AT S
A BAE. A, BEA, BRSNS, TEMRERERKEN, AT
TR R AN EERS, HH AR AR RE BT
# .

5 S AR A T oty T O 4 SR RV, TS L ahan
AR R T I R R A, R AIC R BN B T KR )
N7 % T BB IR P DTS i B SR 0 h 11 30 & I PR
LTI, R 2 AT E R R

KT B Hertz AR T S8R SUDEM BARA-B AR, K
BB AT R, SRR EAE R EHL MRAS R A
B, ARERAIR S R A, B RA T R R AR SR AR ORI
SR BEREFIN T LA ERE R SRR LS, T
FRRA T 5T ARRA T AR S BH RSN, AE L E R WERES
S EFFIMARRTRNAL, SRR 0 R R,

3.2, HMAEXLASHEEHSH

3.2. 1. Bk3REH

i 3.1 AR S E
d, AR LEER, D, AERSSER o WEREAEER, «BEA



BT/ MEEEENRRRS R SREH IR

~7
L
5
‘.\ "iT \

dn

:E;«’

3.1

3.2.2, HiFRHEMSHEE
M —S B BB RS RN
| _2( 1
2A D, (Hr] @.1)
2 1
Zl’z _D_b_ D, (3.2)
e, y=D,cosald, , r%%@fﬁﬂlﬂ:&lﬁlfﬁ&r:d—z’”—, 2=, 5 WA,
TAR 1, 2 A |
SHER—— P B AR B IR Y
2 1
=—|— 3.3
Zpl D, (1—7’} (3.3)
Zp2=‘—2“"_'%'_ (34)

D, AD,

Hfb b B gl HEAD
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AT MERERENMRREDR SRR

PHEDWEDWA (3.5)
g b alinl R ¥
_ (
F(p) =Zi‘z—;z—p2- (3.6)

3.2.3. MiFEHSY

R EE T SEN g AR Es), RZR A RN &8s ETE:
SRR, TR EAEN 5 N R T

1) ABRFEREE £

f;. =— (3 7
2) = EFESTAE E—RREE S,

fo = 0+9)-, @8

3) —ARIMEENS B — SRR (BEIMEARIE) [,

fa =%({-r)-f, (3.9)
4) EEhik b— @ SRS E PR (EEEARER) £,
“la_ . p8a
f,,..2(1 y)f,Db (3. 10)
5) BV SEEERBENLRERY,
Pg:—f—-”—-(gﬁ--oosa] (3.11)

6) MTHRE T EMMCRRSRE RS EREEIAESE, SN2 mREH
X5, B SRR,

v, =2¥, =M§;SE§E (3.12)
T
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ETMEAERBNHARDRERHHATE

3.3. EMBFSEMTEMHE

B Hertz SiG, M TERAEARY, BMZH5TEHEEN GI1) K
ARERR:
Q=Ks** (3.13)

K: B8WERRE 6. TRE Q: HEfbEH

A Hertz RN I MNTREMEHBSE L MEMATST. =,
XY EE DI . Brewe F Hamrock M KB LI EE bt 2 vk BTk
B7 xS EFERML '

. 0.636
k=1.0339-[—§—§—} (3.14)
2
F=1.5277+0.6023-]n[—§'%] (3.15)
2
Z=1.0003+0.5968-{Z£3-] (3.16)
ZPJ
E o HEAZH
I : F—FHERY

REINEG.IORBERR, M1<k<108, HEBBML, TR SHHT
BRI, REDT 3%.
d SRR A M R T R — R

2122 1z
g=|ZEEZ (317
450 p

BIEMASHRTHER 3.14) E (3.16) ME, AKX GI17D WTREH

R A LR AR, PRI B AR X R AR Rl — B ARk
MERZ ARG EMTEESSHARBRRERS SIERERS, 2R,
Rl



BT R AR N AR IRSIG PSRRI E

5=8,+6, (3.18)

H: 8, =(Q/K)y" (3.19)
s, ={g/E}" (3.20

R (3.18) fE4kA: s=(Q/k, )" (3.21)
b, K = (I?[z” +;(_o_2/3 2 (3.223

K, AERBA T FEE S N BN RN KRR ST — R R
. cEHAASE. AREERLASEREX. 82X SR,
R85 B L TS HOR T T R SR BT R RHK, .

3.4, WMEHAHNERBRA FhEE

MRBME F B T RIS, SRR ARENRE, BN
FRLE I R T B AR R . 18 3.0 R A Y
FABINBRERRRNER, RATTLUR 8 EME A MEERA YR, 8
MR KB RTTRI. [N T ERRENELARE, §ORREN RS
FHE, EERRANERTE. EERBNOR MBI b, AR LR By
175%, FEAFEH DT S 10, BRI = 1 O (0 2
WIE.
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E?/J\iﬁﬁﬁii%m%%ﬁﬁﬂﬁaﬁ SRFEIRT

ZXEA%

Hetts & 71

-5

Bortz MY

_._-_1,

B 32 MBREEERSEHE

Hamrock A Dowson X518 BN A B BT T RAPBEMT, B
THEEREETEAR, Eﬂ Hamrock-Dowson A KPP TBFR MUEREH,

e,
H, =363 %(1—5&“*)
TEAPOWBEEREH, :
H: = 2‘69%(1 —e0™H)
BB L, Y by =Ho R,
FOMBERR Y b -H-R,
TRAMEBHG - G’ =oE'
. sV
EENEESHY V= EX
. LW
TERBHSHW": W= 7

AP RABBEMELE, o HHERY, 5, HERWEKE,
BB

(3.23)

(3.24

(3.25)

(3.26

(3.27>

(3.28)

(3.29)

VEE, WA



ETHERER R NMRARIG SR

3.5 LERLIEEMARNITE

L AR ORMBEBFER
B, AT & BRI S R BT
BARWR TR A o B IR T MR
HAIRR, AR TR M. Bl
ME, MAFHRNZEEFER
#, BT SRR sE AR

ALY, BRLR OB SR AT ‘¢422an

B2 IR .

O

]

B 33 FREMEERGRHEL
3.3 fiow, AER RS 0, 55 B IR0 0, 2 BT %

| 0,0, = (4, + 4 —1)D, (3.30)
AREHELRRE A=r/D,

BRI EN T, REE5NEANEREMSER—-EEL, BEILA
XKER, HRMANYGBERATRRA:

0,0, -0.5P, B

- (331
0,0, 20,0,

COSQ, =

R, P AREAHAR
AR BRHEN, BHEROMETRR, BHATHEL, PSR
BRifia, oAb SHRREDNANER.
SR RSB LN, mATEGE, RTINS N AR5

B, HRASZEH O N:

F
=—" 3.32)
Nsina (

DEREA KA A AR, BB S RR AR,




BT/ MEREESMRESR AR MR %

B 33 AR, WABREERNACERZES, AEREETONMN0 B

o' BsiTs,, MEREES ¥TF00,50'0,2%, A:

(8" + 0,0, )cosa = 0,0, cosa, (3.33)
il § = 0,0{"03% - 1] (3.34)
COS

A (3.34) FAR (3.13) BF:

15
0=K,(00,)" [%?—3——1} (3.35)

A (335 RRTEFEMA E‘Jﬁﬁ?‘iﬁ, 7] BUE AT R T
7% Newton-Raphson Fi£i%ft, FHEUWT:

F cos X e ) ;
2 - g1 sin a®
ZK,; (Oioo ]1.5 Cosa(!

wsa{’)(ﬂ%— - 1J+ 1.5tan? a“][ﬂ& - l)cosao

(3.36)

a®) = o0,
cosa cosa
Y o) - g TF iR 2R A 2 e HEAR, SRR RAB M oY B BT SRESER

Eﬁm% Qo
B LFEMEA a B, EETNEAREXEEHEITEIE, B2TRERTEL
Tt SR KB e E .

3.6 MAREMRIE SR RN

HRABRBRERT EMEINERAE, HSEMEPrEREEN, N
B R NIB A IR A . B, TEAGEMBIRINER E, A% B
BB RIBERREE , T LLER S B SRR B ) S 1.

26



T/ e R ORISR SRR

W

AD K =
L, e, ' I

Y RertzE M 2b

B 3.4 SIR—IRIE EHL &fdsh 2s
B TR MRGTE, RIFEEMEK S BEBEADK, Hertz B, @M
HOR., BTEMRERNERE, Hertz HMXMEEW AR, HORMHK
S TTE BB SUE R A R MR/, TR, REU LE4=1
B AR S R A AL A S M B AR PR B R 4. B AR BAMS R A 3.4
Bras I

3.6.1 Hertz EMERIERIHHE

WA (3.13) WA Hertz EMRIE K, A:

dg| 3,21 3 ,. ! '
K = ==K 52 ==(K 3 3.3
s dJL K0t =0 .30

WEA Q.24 THRASETHRE RS2

chv GOy 0sT (1 _ o )

' (3.29) A (3.38) MWHEEHRREL A
-1 ' 05317 *0.67 7 »—1.067 -0.73%, 1
K=o 1802ER,[G pOS I () g o) (3.39)
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E T/ Re B AR R SR

3.6.2 AORXMRIESMHESE

AORER S Hertz B X BEa AR, B8 B A5 RN %5 R3S
R, AT EATHERIET T REY
L ERXCHREE. FEMBEXEST ML, SEEF RN B
MEE, FRUMECHREMEXENKEN N 2, REH 2K E.
2. ZARSERT RMBREE R L.
3. Hertz B s, EHTFESF RAKMBERERID: (Hertz Bfb
Kegd y HAD
h=hc+(%—1)2/(2RJ,) y>b (3. 40)

4. HERFRHEEEEE.
HHHE (3.4) % Sommerfeld*s*71& {4,

A,..=0 ¢ (3.4D

BRI\ BB, BiEHEYEAS:

8 K ép) 10(h7) :
A = v, (3.42
ay(unoay] 2y ’

v, hEREENEMYAREEEZN, 7, pEnREEE

T (3.42) 3ty BARE:

%: 6Vy170 + ]2770?;)’ + 127, C

7 e G (3.43)
CHBEREL, ™IERX (3.41) #HA (3.43) KB.
¥ (3.40) A (3.43) F#X y BB EERER:
320.V.R 'R} 192n. V. R °n !
p=__ ']0 ¥y e y + T]DVzRy hc +C2 (3‘44)

O +4R 1) (¥ +4RB})
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T SRR B R RS B EHR T

B (3.4 AWHC, =0. AOKBHAER p EAOKLKERY, K4
RA:

¥ - 4, 2 r 63 4
p-zalf- SRy TR
L P +4R Y (o +4R . h.")

MR F Sommerfeld &, HAHDKIHy, =—o,y, =0H A (3.45)
5 4,V R,a s 6,7, R,a
h, V2h
211 Hertz B A ERMBEE BT, FERMERERT, RR&MHEY
BREREREUE. HTEEASEREREERETRE, FAERmREREERR
Ak, FUULR SRR B BAMBREER A ERBETR 2
d& =dh, +d5, @D

(3. 46)

(3.47) B4 18 5=h§%+0 (3. 48)

(3.48) A (3.46) BB EBRZAMKFELR:
47]017',Rya s 6?:170Ry"5a "

5= (3.49
¢ nria gy e ‘
ara ‘
A B R R R T A 0
BRI K, | K,=—f4-"—°;ﬁ’f-, (3.50)
B+
Kg
1.5
PR C, c, -5k, a (3.51)

Ji hcl.s

3.6.3 NRERFHUNESERE

WE (3.3 Fiz, EHRHREA R ERERE B A B IR S, B,
HEEXBRWH, M THERMBFENRERE:

ERMEKNREK, K, :("KL"LEI_)_I +K, (3.52)

4 m

25



T g e R IR R RIREY R R EHR T

TR HEREEC, C,=C, (3.53)
S FF AR AR -

RIEK,: K, =K, (3.54)
MRC,: C, =0 (3.55)

X TEEMERG, —RERN SR, SMNEREEM, EATHNERMW
JRERER], WL ARSI GRIME AR RER B . KK B FR.

I-ll1

fi—-— Lé G

r ";C;u

l!ll

—— WE -
B 3.5 PHchdR) -5 e aa .
Hﬁiﬁﬁ]%)ﬁi#ﬁﬁﬂ‘%ﬂ%ﬂﬁ%#ﬁdn BB L R R R 4P
EBAT. ARACHNENEHBERRSAMRE 0B X, HTHENE
(overall complex dynamic stiffness) HFEF kM- 4
K, +10C, = [(K ;HoC, ) + (& o, [ (3.56)
i (3.56) A&

P(w)
= 3. 57
¢ PYo)+ 0’2 (w) .57
Z(@) (3.58)

T P (a)+ 22 ()



AT AR IRORARR PR

Ksll K el

P(a)= + (3.59)
ow (@) KL +a’Cl  Ki, +a@’Cl,
Z(w)= Can Caz o (3.80)

KE +0?Ch, | Ky +0'Chy
AT AR RE B St AT ei4k, 3T S Eeah s -RH B 09 W1 A0 B JB AR B0
R, BATLGAR: '

-1
' Kd =( 1 + 1 J = KtllKeIZ =Kell+Kz|'2 (3.61)
Kpn K Kon+K.p, 4
-1
cd=(_L+ L J = CaCan _ Can+Cop (3.62)
Co Cum Con+Cyp 4 - '

5T SEAR T SR A FESARR, WIS KBRS B
R BRI LITRR, HENRARE, B, SIS RER
SRMHEEBRETURK (361D (3.62) i, '

R (361 (3.62) 3| THAR AT MBALETIRIE SR, bl
B (219), BUMABMREROHANFE (2.19) WRANCLEWHEL.

3.7 S

TEUR A BB, HETFRAE RN TERRESEPRETH

BRI,
D) HiamE OB
SRSy B AR Z OB MR Fa 25 20, 49, 80, 120, 200 1300 N, ¥

YN, SRS TERRARIEAR [ B RABENL. tHEGRM
B 3.6+ 3.7 . P, ERAWHBNSENE, TERSMASERESTE
BRENREEES AR RSAEEE.

Bl 3.6, 3.7 W LR HAERIRE T BB RN T B RS 5 TR
AR AR A B ORI SRR, AR O R R
o KRB TRTMAMANEM A LA, WEHERERRD, NH&EY

EmEEh, X5HEshEREERRA .
2) HhiAE AR
R Pd H 15, 20, 23, 25, 30um, HESEATHHRE T

3



BT MRS N RRRZE FRIEPHRT

BETEERENENERERRDMENZ L. HHERNE 38, 3.9 Fir,
Heh FEAHERANE, TRSHNRRERBRRES TEERENRIEZE
HE5EERmEEE.

HE AL, BFRE R ERAANIE R, RaiRsNEE SREK, XAH
TEREA T HBF RS RN ER AL A K, JF B ERSANRRANEER %
&, HTWOHIRE 3.8 3.9 FIRMEE.

x10

BHRUE Nim 1 5

Lr

BB N 15

B T TR E SRR TN Sy & o S
TORHEY R «;iwi»;jgﬁ_‘:f}:j R

AN R : : AT ‘a-: ‘,4‘.\. ”,',» o -l
0 s - 100 20 20, .30

T
- BEHF

B 3.6 RAHHRBNEE
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AT/ RER BRI MR RS A BRI %

2 WEHE HNINE He

RRBEREIINRERE Hz

RBRIRIE wm s

REAEEE NN 'S

—
=
o
Q
T

1.42

i | . ] 1 L il

150 20 250 ;300
ﬁﬁﬁF '

3.7 BE B RS ARG

"8 2 22 .24 2628 3 32
AR AER Py A

14—

148

18

-28. 2B 3....32

132 22 . 24 :
HARFER Pd “x10®

B 3.8 2R m AR R
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BT pfe i 8 SRR RS SRS TR

< Hz

R HEHE!
g

1 1
1.4 16 18 2 22 24 25 28 3 3.2

AR (=R PR Pd 10
H 1B — r ' ;
L]
H 155}F
5 ]
g 15} .
o 1451 1
E .
E 14 ] 1 L ] 1 1 - 1 1
™ 14 165 1B 2 22 24 .25 28 3 .32
HWERAEAR P 10

B 3.9 %R B AR T RSARK W

SHA% & FHMART ES, @H%8 T IR W HKAE 55
JB. GRFITRI1H.

#+ 3.1 KEFRBEE 4607 WEFSESHIFEHERE.

d, o 50.595mm
D, 6.35mm
r 3.333mm
K 3.27mm
v (JHFA L) 0.3
n 1500 7/min
E =E, 2.1x10° ;gl-z—
P, 0.0025mm




T /DR RE ABRRS R SRR

U 0.02P, -5
m, 0.106 Kg
m, 1.05x107° Kg
o HERED) 2-0><10‘“,%
F(5+m#HT) 49N
RLE S g 18°5"
a SERREMA 19731
7 10 B RS f, 1.1102x10° Hz
X T ARIE 8.2058x10” N/m"*
X F e 0.0143 NS/m
3.8 iIhE

EENEEDERRRNR, 00 RN %R T B e Akt
I EHL iSRRG ERN . REEEH MM RRER P REMTT
MAKEIREMA . MEEPE R RN, AW T XESSINEATEE, 4
BT T B RE SRR AT AR T R R R RIS, SR EZR

RENARAT T SEheH 5, 82T KRB B .
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BTN e R R Bk IR ) 0 B BR R T i

4 BRI B BOARIL 2 4

4.1 SR EERR

HABH RGP A NE S E R, BASRRNSHRR, a5
ATERIHE, T1ELES LR A E . SRR R b SR
E 3N — YRR . RIERSAER, § BN AREET B4
BT, BAKBIIER, ARSI T LR R0,

1) BRGHIRS

EME N B, KA SR MR, A ENR SEHEX, K
HEHT. CAMRERRDOBRERMN, —H R bR T L H 6
BRMEBREHMAE, 48, JESR—RENNEBE NS4, B—HE
HT RS 0 P AR AR R T S B S R BE 2L T 3 2 . B BRI T3 A
MiEsh, MARIERERL, FRIEEENENEE.

2) HURAERBHERE S ENEE

B LATRRAER (R RERNRT2) BRI RROEE (B
REIBGE. BRRE. BEEEFREER) BahH, FESLoBel, M
TSR . RHEE, SEDE. BEARENERARREENN TRA S
B, BE. REOEBESHRTRREE, SeRE%N, #1Lks
Yo Rrt, TR R MR E R R — SR RE) S,

3 WERMARDEANTH

RIFFN RARE R TN — A EEA, SRR, RS KNS
K AT OB IR B SR . VR A TR AR R. AR,
SRR . BB OB . EA L R IR E R . RS RS
{126 7 B BT 2 S BRI S R 3 2 R AR AT 47220, B r Bk

BN IR T T AR B A /R, (BN B AL S A R Y R A9 F
351 TR ) B9/ 6 2 B e R A 91 T W R B SRR I X I B 2 R R
W A /R, B, WIEBK.
4) TR AR RS AR
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B e R RS RSB S R EPRTT

KFGRAT XA RSI R W, W RAERN: MHEENTEARSE
B g, FERSHRRE, AiTERS).
5) RERRGT BRSNS

FERAEELEPRERN B hRIUAE SR GRERHETRER
HUSER S . SRR R LI, BRAEHARNETERRERN. H
£ ()M R R R R ERMR RS A ()M REREE AR < H
H. Q)VAIEAREBENBRERE. (HRAFERANESLR. hTHERFER
FLIBIRR B AR 3R 5 22 B I BRAE AR B R AN T R MR BE 772, AR B fr e
R4 W, AR R DR AR E, U S B R AR R R S B ok i .
6) ERREMRRES MRS

A EEEENR TARTMERIUTRE (AABINTE S, ¥
HHBARE, BIIER. AL R RRRRE R BRI E, KEEmet
AR, SEIEMARNRE).

4.2 SBUHIR DT B shR IR B

WARSHAFE (219) EMGREE LEAMFERS ESEEE, T
ERATARIE B AR50 A LA B R 0K A, TSR B TP AOMUR 5 L
FMRAEE, UAENHNBREATE (219), BELSHMMHER T oHX
. '

TEESR AR, SRR R X 7 SR A7
1> Bkoh fER T 3RS
4 R ST A IR AR P F AR, RO T e TR B A S A
& SR FEIET 4R, MEHFE (219) ERMEI YK H KT
., HRERWT

F@t)=F +F (t)=x-5(t) 4.1)

5() ABMFOPRE, x ABKPHRE

2) FEHERT 8RS,
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