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Abstract

The recent development of a semiconductor device technology realizes small-size, light-weight,
high performance power switching devices. However, reactive elements such as an inductor or
a capacitor are still physically large and heavy. On the other hand, the improvement of high
speed PWM inverter achieves high performance current control, which is applied to the active
filter and so on [2] [4]. If a compact and high efficient reactive component is developed, the
power converter technology may drastically change the application field.

In this paper, the concept of variable active-passive reactance (VAPAR) which consists of
an inverter and passive elements is proposed. The VAPAR behaves like a two port reactive
element and the produced active reactance component works as a passive reactive component,
including in transient state.

Author presents the principle of VAPAR and two possible control schemes to realize VAPAR
in Chapter 2 and 3. Through simulations and experiments, it is verified that VAPAR shows
reactive characteristics not only in steady state but also in transient state, as proposed, and
basic characteristics of both control schemes are clarified.

If a DC voltage source is replaced with a capacitor, VAPAR can be considered as a complete
two-terminal element. In Chapter 4, author proposes the equivalent resistance control method
for the capacitor DC voltage regulation when a capacitor is used as an energy storage element
of VAPAR. The series equivalent resistance is added to the produced virtual inductance, and
the capacitor voltage is controlled by changing the series equivalent resistance. The proposed
scheme was verified by simulations and experiments.

Moreover, VAPAR can produce not only positive reactance but also negative reactance.
The characteristics of a negative inductance is discussed and is proved through simulations
and experiments in Chapter 5.

When VAPAR is applied to an actual system, the switching ripple may be obstacle. To
remove the switching ripple, an output filter is inserted in the output line of VAPAR. The
filter is composed of LCR, and the design method of the filter and control method of VAPAR
is disccused in Chapter 6.

A negative inductance can cancel undesired inductance such as leakage inductance of an
induction motor, indunce of a power line and so on withtout transient phenomenon.

As an example of an applicaton of a negative inductance, author shows simulations of
cancellation of power line inductance in Chapter 7. In this method, the Recursive Least
Square Method (RLSM) is used to identify the interconnecting inductance, and VAPAR is
controlled to regulate the total interconnecting inductance according to the change of the line

inductance. From simulations, this method can stabilize a power transmission system at a

fault of the transmission line.
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&5,
ZIT, V() 3B SDICIRDSE M ERT2 T,

o = ol FHEHIKETH 5,
« V(o) =0
ez F0DEEV(x)>0

Bt > TROZM AR - E. FIIZY) 77 7OERTLRETH Ho 7212 L. Vit VORI
3ET B,

o V(z)<0

K47 L & K ERS A= &Lt EEDV () OFSETRT ((HBEKR) , KOO
V(z) < 0 DFERTH D = ORI TIEHFIEITLEER S,
UT 7/ 7 DLEEHFEZ+354H8 DT EBRICIEZ ORI T bLE R HIRIIEET 5,

4.5.3 F+ /NI EEEENEE

AE T, FEHEDSOF +/30 F BIEOEBAvEEZ . F v/ 30 S BERIFEDIGEFE
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EED/XZ A — S K WMAEBENEGEEEEZ S5, JOEE FEPEILE v, NEZKED & X
DEFER 145(t) FRHATEZ 5N 5,

; Ve . :
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EBORIETEZ. AT 7R L l"i""fﬁ‘iéﬂ ST oRleE — e Sy il
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1
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Ru=5(0), Rioss=2[02), Lo=4.51[mH],C=3630[1F], Vire;=20[V]
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[ 5.1: RL @& RC [

5.1.2 @®EGE
4. R— LEFEBEZZT. TDRT v TIEEERDE ERRD L HICIE B,
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D TIEEAETER 1, OIS PRIZ D FHIS. L < 0 ORIFHTENICIR /o & D od™ L] < | L.
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1T/U34 0D+MNI TT=0ITT
{2/43 QRN +MMOA=MOA
1Z/U3 406X +MADA=ADA
Z/Y3 4083 +MNDA=NOA
{T/UIOLA+MMIOIT=MTDIT
{T/Y3409N+MATRIT=ATDIT
fZ/U30SA+MNIBIT=NFOIT
{ZT/43.4 094 +MpO=p5
fT/YA0E+mmB=mE
1Z/4340TA+MAT=AT
fT/493,0T¢+MnT=NT

‘() ApMazeIAP=0MIY

‘ ()apAqzazap=gazY

¢ ()3pnqzexap=gnay

£(PB_'M3) IpMRIaIAD= QMY
(B’ ‘m3) IpaeIaAp=QAeY
(p6 ‘m3)3pnezexap=gney
¢ (M3) IpMITTP=0PX
(M3)3pAF TTP=02%

£ (M3) IpNI TTP=09%

! (43) 3pMOAP=QRY

(M3) 3pAdAP=0 63
! (3) 3PnoAP=08Y

{(pB ‘M3)IpmzexTp=0LY
‘(PB 'M3)3IpAIEITP=09%
‘(PB ‘M3)3pnjaaTp=05Y
4 (m2) 3ppBp=0px

{(PD ‘m3) 3pmBp=g ey
£(PB 'm31) IPATP=0TY
f(pB ‘m3)apnTP=0TY
‘q3a-1=m3

{MITT=MMITT
IAFTT=MAITY
MITT=MNITT
{Mmon=mmon
‘AoA=MADA
noa=mnoa
{MQTOTA=MMFOIA
{AQIOIA=MAGIDIA
‘nqyeia=mnqIeIa
‘{meJoiA=mmeIOIA
{ARJaIA=MARIEIA
‘nejezA=mneIeIA
‘mjerT=MMIEIT
{AJeIT=MAJOIT

ol

12 ebed 9 doadpid 207} S66} ve ged

9-doadpid

fnyear=mnjory
!mB=mmb
{pB=mph
{AT=MAT
fnT=mnt

)

o572

f0=M3TT
f0=A3TT
fo=n3Tr
0=MmdA
0=n24
{g=noA

¢
*(EMIAPTMIA T+TMIAVZHOMTA) 4 9/ UA+MMGFBIA=MAFOIA
(EAIXHTATAVTHTAIALTH0ATA) 4 9/UT+MAQIOIA=AQIOIA
*(ENIAHTNIA, Z+ININAVZ+ONTA) 49/ UI+MNGFBIA=NGIDIA

‘M3) IPATP+ (PB'M3) IPNTP) + (PD M1 ) IPMIBITP) 4DY + (MT-MIDIT) 1Ay = mqiean
((PB'M3) IPATP- (P5'M3) IPATEITD) 4DX + (AT-AJOIT) WdY = AqISIA
f((pB’'M3)IpnTP- (PH'M3) IPNIBITP) 4PY + (NT-NJoIT),dy = nqFeta

)
(0" 0==3033M) 37
uAMBWX‘NBNJ.N¢~wa¢N&CZUX-‘m\EUQXZMme>u2meM>
.Am>wx¢m>0x.HvH>mX¢ch>mX'-w\£uo3>5u0u>0>meN>
2 (ENBY+ZNAN 4 Z+ 1NN, Z+0NOY) 4 9/YIA+MNEIBIA=NRIDIA
F(ELAPTLAVTHTLANTHOLA) #9/UI +MMTOIT=MFOIT
F{E9A+ZOANTHTINTH09X) +9/HI+MATOIT=AFSIT
F(ESA+TSAVTHISHTHOSN) 49/ YA +MNIOIT=NFOIT
FLEPA+ZVAZHTIASZ+OPA) 49/ UI+mpD=pE
FEEA+TEASZHTEAS THOEN) 49/ UI+MMB=ME
f(AT4DT) -=MT
{(ETA+TTASTHITH2T+OZA) #9/UI+MAT=AT
TIETH+ZTASZ+HT TN ZHOTH) +9/UI+MNT=NT

‘() 3pmMqIeIAP=Em3Y

‘() apaqzeaap=ga3y
‘()apnazeaap=¢ngx

{(pb ‘m3)3IpMeISIAP=gMOY
{(PB 'm3)apARIeIApP=fALY
(p6 ‘m3)3IpnejeIAp=gnay
{(PB 'm3)IpMIBITP=£LY
‘(PB 'm3)3IpPAJeITP=£9Y
{(PB ‘M3)3pnFaITP=£5%

! (m3)3ppPbP=£¥x
‘(pB ‘m3)apmbp=gex
{(PB "M3)IPATP=£2Y
(PB ‘ma)apnTp=£1x
f3=m3

{43, ZMIN+MMGTDIA=MFEIA
Y3 ZAFA+MAGIDIA=AGIOTA
143, ZNFA+MNGIDIA=NGISTA

as1e

{

f(((pb

#3)IPATP+ (PD’M3) IPNTP) + (P6'M3) IPMIBITP) 4PA + (MT-MJaIT),dy = mqzsaa
¢ ((PB'M3)3pATP- (PD'M3) APATOITP) vPY + (AT-AJSIT),dY = AqFoA
¢ ((PB’'M3)IpNTP- (P6'M3)IPNILITP) 4PY + (NT-nJoar),dy = nqzeia
1
(0°0==32x3M) 37
Y3, ZMON+MMRIBIA=MEIBIA
Y3, ZABY+MARIDIA=ARIBIA
1y3  Zney+MneIaIA=neIoIA
‘TN TLA+MMIDIT=MIOIT
‘U3ILZ9A+MAIBIT=ATRIT
‘Y3, ZGA+mnIeIT=NTBIT
‘Y3 Zp+mpb=ph
U3y ZEA+MMB=ME
{(AT4nT) -=mT
N2, ZTAHMAT=AT
Y2, ZDYsmnT=nT

‘() IpMAzeIAP=ZMIY

! ()3pAqIBIAP=ZATY
f()apnqzeaap=zniy

{(pb *m2)IpMeIeIAp=ZMeY
(pB 'm3)apaeIeIAp=ZAEY
t(pb ‘m3)3Ipnejeiap=zney
{(PD ‘M3) IpMIBITP=ZLX
{(PB 'm3)IPAIBITP=Z9Y
(pB ‘m3)3IpnJeaTR=75y

£ (m3) Ippbp=zpy

{(PB 'm3) 3pMBP=ZEY

‘(pB ‘m3)3IPATP=ZZA
‘(pB ‘M3)IpPNTP=Z1%

(
¥ 1Z/U3 4 TMIA+MMQIOIA=MIOIA
{Z7/43 4 TATA+MAGIBIA=AGFBIA
{Z/43. INFA+MNGIRIA=NqFOIA

‘#3) IPATP+(PD'M3) IPNTP) + (PO ‘M1) IPMISITP) 4PY + (MT-M3DIT),dY = MqIaIA
‘((PD'M3)3IPATP- (P 'M3)3PAISITP) 4PY + (AT-AJDIT),dY = AqFe3A
((P5°M3)3pnTp- (PB'M3)IPNI8ITP) «PY + (NT-n¥eat),dy = nqzaza

1

(0°0==3933m) 37

1Z/43, MY +MMRIBIA=MRISTA
{Z/UA L TABY+MARIDIA=ARTBIA
{Z/43 4 TNBY+MNRIBIA=TILIOIA
{Z/UAWTLA+MMIBIT=MIDIT
{Z/UA419A+MATBIT=ATDIT
fZ/UALTSA+MNIBITNTRIT
Z/Y3+ TpH+mpB=pb
1T/ TEX +MME=ME
! (AT4DT) -=mT
1Z/MA W TTA+MAT=AT
YT/, TTHeMnT=NT

£ () IpMqIBIAD=TMIY

¢ ()2pAqI@IAP=TATY

! (}apnqzeaap=1n3y

‘(pB ‘m3)3pmeIeIAp=TMey
{(pB 'm3)apARIaIApP=TASY
! (pB ‘m3)apnezezAp=Tney
! (PD ‘m3)IPMIBATP=TLX
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€l

()3Ipaq3esaap arqnop
/v Aq3aIA 4/

(3pnq3exap) uangex
‘nejyexa = 3pnqzyeIAp

‘apnqyeIap aTqnop

Ipnq3eIAp sTqnop
/e nAzeaa ./

(

! (apMe3aIAp) uINax
13913b/MeI0IAJOIIM ~
(Mq3exa-( (((MpB’m3)IpAaTp+
.xvm.zuv.v:.v,._3nmA3u.uvxuwhﬂvv.vx.Az_‘xuw»Mv.mxv ) «3®A3M.IDIIM = IpMEISIAD

!3pme3aIAp arqnop
)

(Mpb aTqnop ‘m3 STqNOP) IPMRISIAD STqROP
/v me3eia ./

! (3PARIBIAD) UINIBT
3013b/ARTOIA, JOIIM ~

(AqgeIA-
((#p5#3) IPATP- (MDD 'M3) IPATSITD) 4D+ (AT-AJOIT) (dX) ) 4JOIIM,JOIIM = IPALIBIAD

{3pAeyeIAp BTqnOp
)

(MpB 27qnop ‘M3 STqnOp)IpARISIApP BTqNOP
/v A®IBIA ./
! {(3pnegeIAp)unjax
{3ea3b/neJRIA,JoIIM -
(nqzeaa- (

({#p5*13) IPNTP- (MPD 'M3) IPNISITD) vDY+ (NT-NFOIT) (A%) ) 4JOITM,JOIIM = IpnEgoiAp

{3pnezsaap eTqnop
)

(Mp5 81qnop ‘M3 STANOP) 3pnEILIAP STqNOP
/v negaIn ,/

! (3pm3eITP) UIN3BT
{MAT/ (MPB ‘m3)m3A , 1edea = JpmIsITP

{3pm3extp eTqnOp
)}

(MpB eTqnop ‘m3 BTANOP) IPMISITP STqnop

o doadpid

/v m3oaT /

{
! (3pAFOITP) uINIBT
IAAT/ (PS5 'M3)A3A , TedeA = JpAgeITp

{3pazeatp arqnop
)

(MPB BTqnop ‘M3 BTQNOP)IPAIRITP STqNOP
/v A3OIT ./

! (3pnyextp) uinjex
AT/ (mpB ‘mia)maA , Tedea = Ipnjexrp
‘3pnzeaTp aTqnop

)

(mpb arqnop ‘M3 eTqNOp)IPn3eiTP eTqnop
/v n3eIr L/

(
#{3IPATP) uIN3BT
{

PO (MITT-MT) ,MmOT4+MOA ) - (M3) ZMA- (MpD ‘M) TMA)  ((IT/ANT)-) +
( { (AJTT-AT)4ADI+ADA ) - (M3)ZAA- (MDD ‘M) TAA) 4 (3T/ (AMT+3INT)) +
( { (NITT-nT),nd3+4n24 ) - (M3)Zna- (Mpb ‘M3) INA) o ((AT/3MT) =) +
ATe [T/ (IMTLANTHIAT,AIMT4IATLANT) -) + NTy (AT/ (IMT,INT-INT,IMT) ) = IPATP
1
esTe
)
! ITpusy
{( Auve,m3is,aeden - (M3)zma- (Mpb ‘M3) IMA) o ((3T/3ANT)-) +
( Aute,A3s,xedea - (m3)ZAA-(MPB ‘1) TAA), (3T/(3mMT+anT)) +
( Aure,mys,zedea - (m3)ZnA-(Mpb ‘M3) INA), ((IT/3MT)-) +
ATe (AT/ (IMTLINTHIALIMTHIAL,ANT) =) + DT, (IT/ (IMT,INT-3INT,3M7) )= IPATP
ANION FopujTh
ITpueH
e
‘( m3ean,Ieden - (M3)ZMA- (MDD ‘M3) TMA), ((3T/3nT)-) +
( Agexa,Iedea - (M3)ZAA- (D ‘M3) TAA), (3T/(IMT+anT)) +
( nysxa,zeden - (m3)Zna- (MpB ‘m3) TNA), ((IT/aMT) =) +
AT, (3T/ (IMTLANTHIATLIMTHIALLINT) ) + N, (3T/(3IMT,INT-INT,3MT) ) = IPATP
{( MqzsIn,.Teden - (M3)ZMA- (MPE ‘M) TmA), ((IT/3NT)-) +
( Aqzean,aedea - (M3)ZAA-(MPD ‘M3) TAA), (3T/ (IMT+3NT) )
( nqgeaa,aeden - (m3)zna-(mpB ‘m3) T0A), ((3T/IMT)-) +
ATy (3T/ (INTLINTHIATLIMTFIATLANT) =) + NT4 (IT/ (IMT,LANT-INT,IMT) )= IPATP

ANION J@p3ITH
)
(07 0==n2)37

{3PATP eTqnop
)

(MpB oTqnop ‘M3 STqNOP) IPATP eTqNOP
/v AT o/

¢ (3pnTP) uxN3OX

Gg abed 9-doadpid LO¥ | S661} v ged

9z ebed 9'doadpid L0'¥} S66} 2 qed
ch
(
f{( (MITT-MT) MOX+MOA ) - (M3)ZMA-(MPB 'M3) TMA)y ((IT/3IAT)-) +
( ( (AJTT-AT),ADI+ADA ) - (MI)ZAA-(MPE 'M3) TAA) 4 ((AT/INT)-) +
( { (RITT-NT),NOTI4nDA ) - (M3)ZnA-(MpD 'M3) INA), (3T/ (IMT+3AT)) +

ATs (AT/ (IMTLIAT-TATLINT) ) + 0T, (IT/ (IMT,IATHINIIMTHINT,LIAT) -) = IPNTP
)

asTa
{
3TpuSH
f( auts,mas,aeden - (Mm3)zma-(MpPD ‘M3) TMA)  ((IT/IAT)-) +
( Aute,ajs,aedea - (M1)ZAA-(MPB 'M3) TAA) . ((3T/aMT)-) +
( aute,n3s,aedea - (m3)zna-(mpb 'Mm3)TNA), (3T/ (IMT+IAT)) +
(AT/ (IMTLIAT-3AZ,aMT) ) + NT, (AT/ (IMI,IATHINTLAMT+INTLIAT) -) = IpnTp
ANION FoPUjTH
JTpusy
e
{( myexayxeden - (M3)ZMA-(MPB 'M3) TMA), ((3T/IAT)-) +
( Ajeaa,xedea - (M3)ZAA-(MPB 'M3) TAA) 4 ((AT/IMT) =) +
( nyoaa,xedes - (M1)Zna-(mpb 'M3)TNA), (IT/ (INTHIAT)) +
ATe (AT/(AIMTLIAT-IAZ,AMT) ) + NI, (IT/ (IMTLIATHINT,IMTHINTLIAT) -) = IPNTP
“/
( mqzexa,aedea - (M1)zma- (MpE ‘Ma) TMA)  ((IT/3IAT)-) +
( aq3@an,xedea - (M3)ZAA-(MPB ‘M1) TAA) , ((3T/3IMT)-) +
( nqzeza,xedeA - (M3)ZnA-(MpH ‘M2) TNA) . (IT/(IMT+IAT)) +
AT. (AT/ (IMILAAT-IATLIMT) ) + 0T, (AT/ (IMTLIATHINTAMTHINTLIAT) =) = IPATR

ANION 3®P3TH
)
(0" 0==n2)3T1

fapntp aTqnop

(mpb ®TqNOP ‘M3 8TQNOP)IPNTP @Tqnop
/% nT ¥XHYLW »/

L (EMIA+TMIA LT+ TMTA THOMIN) 4 9/UT+MMATDIA=MGIDTA
{(EATA+ZAIAL THTATAS THOATX) 4 3/UI+MAGIDIA=AGIDTA
L (ENIA+TNIAL T+ TNFAZHONTN) 49/ UI+MNGIBIA=NGTBIA

'M3)IPATP+ (PB ‘M) IPNTP) + (DB *M1) IPMIBTT) 4PY + (MT-MFBIT) ydXY = MqFoza
{((P5’'m3) IPATP- (P 'M3)IPATSITP) LPY + (AT-AJOIT),dY = AqFexa
*((pB’'m3) IpnTP- (P 'M3) IPNIAITP) ,pY + (NT-n3eaT),.dy = nqzaza

(0" 0==3813M) 3T

(EMOA+ZMOY 4 T4 TMON 4 Z+0MOY) 49/ UI +MMBIBIA=MBISIA
(EADY+ZAOY ¢ T+ TABY,Z+0ADY) 40/ YI+MARIOIA=ARIDIA
(£nOX+ZNBY 4 2+ TNON 4 Z+0NOY) 49/UI+MNEISIA=NRFDIA
(EPX+TPXy T+ TPN+ Z+0PA) »9/HI+MMI TT=MI [T
(£9A+Z0Xy Z+T2H 2 T+09%) + 9/ UI+MATTT=ATTT
(€014 2PN T+ T2 Z+0GY) 9/ UI+MNT TT=NITT
! (£RXA+ 2Ry T+ TR Z+0RN) + 9/ UI+MMOA=MOA
(€63+Z6X2Z+T6X+Z+06%) » 9/UI+MADA=ADA
! (€£8%+28a T+T8X»Z+08%) +9/U3I+MNOA=TIOA
F(ELA+TLATHTLA$THOLN) 49/ UI+MMTDIT=MT DT
F(E9A+TINTHTIINSTH09Y) #9/UI+MATBIT=ATRIT
(ESY+TGA+ ZTHTSH4 2+05H) 49/ YI+MNTOIT=NTOIT
L (EPA+TIA THTPASZHOPA) 9/ U3 +MPB=P5
FUEEA+TEXS THTEASTHOEN) » 9/ I +MMB=M5

o dosdpid

! (AT4NT) -=mT
(ETA+ZTHSTHTTASTHOTA) 4 9/UI+MAT=AT
HETA+ZTAZHTTAZ+OTH) 9/ HA+MNT=NT

¢ () IPMAIOIAP=EMI Y

‘() IPAQILIAP=£ATY

! ()IPnazsIAp=£ngy

{(pb 'm3)apmeIaIAp=gmey
{(P6 'M3)IpARIEIAP=EASY
{(p6 'm3)3pnejeIAp=gnay
{(M3)IpMITTP=EPY

£ (M3)3IPAFTTP=£9%
(M3)ApNITTP=£,

(M3) 3pmonp=gey
‘(m3) IpASAP=E£6)

{ (m3) ApnoAp= 8

{(pB 'M3)IpMIBITP=ELY
{(PB ‘M3)3IPAJEITP=£9%
(P ‘m3)IPNIeITP=£GY
*(M3) 3PPBP=£Y

(b 'm3) IpmBp=¢ ey
f(pB M) IPATP=£ZY
t(p6 'm3)3IPNTP=£T

3=m3
(
1Yy ZMIA+MMG T DIA=MGIOTA
143, ZAFA+MAQIOTA=AGIOIA
{43 4 ZNIAFMNGIDTA=NGIBIA
]
esta

(
f(((pB
‘M3)IPATP+ (PD'M2)3IPNTP) + (PDM3) IPMIBITP) 4PA + (MI-mJexT),dy = mgIela
L £((PB'M1)IPATP- (PH'M3)IPATRITD) 4PY + (AT-AJSIT) A = AqIBIA
((PB‘M3)IPNTP- (P6'M1) IPNIBITP) 4PY + (NT-NJBIT)dY = nqjexa

)
(0°0==3813M) 37
{4, ZMIY +MMRIBIA=METDTA
{43, ZABY+MARIBIA=ARIDIA
{43, Znex+mneIaIA=nEIeIA
Y3 ZPAMMITT=MITT
{U3 e ZOA+MATTT=ATTT
U3 ZPA+MNITT=0ITT
142y ZEA+MMOA=MOA
‘424 Z6A+MADA=ADA
142, Z8A+MNDA=NOA
Y3, ZLA+MMIDIT=MFBIT
143, Z9A+mATRIT=ATDIT
‘UL ZGY+MNIBIT=NFDIT
‘434 ZpA+mpB=pb
‘43 L ZEA +MMB=ME
‘Y3 L ZTAHMAT=AT
Y3, ZTA+MNTENT

! () ApmazaIap=zmIY
‘() IPAGIBIAP=ZATY

! ()3pnqzazap=znyy

‘(ph 'm3)IpMeIeIAp=zMaY
{(pb ‘m3)IpARIsIAp=ZARY
{{pb 'm3)3pnejaiap=zney
¢ (m3) IPMITTR=2P%

¢ (M3)3PATTTP=29Y

! (M3) IPNFTTP=2a%
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St

{A uiniex

JTpus)
“(9/1d + MI4S3.1d.Z)UTS 4 T8 , ZH = A
NHAOON 3opIT#

JTpusH
f{MPD 4+ M3,53,1dsZ)UTS 4 T2 4 W = A
NEOON J2Pujts
‘A s1qnop
)
(wpB eTqnop ‘M3 eTqnop) [na sTqnop
le @HE +/

L (X<-®T)y )BOT) / 53 4 AT, - =

JTpuS)
‘((x<-eT), ‘.u\(8%)607.)3I3urad
1S3LOOT JoPITH

T + X<-®T), /[ (X<-®T)y - 0°T) = IT,
/v Bi@ T8 o/

u\gl I01Ie qnsiew, 'IT8p3s)Iaurzdy
(0=i (T2m2 ‘eT)qns3ew)jr

f{«U\LT F01Te Tnunjew, ’'zrepas)jauridy

(0=i(3r3 'dy ‘1zm®)Tnunew)3T

u\9l 10138 qnsjew, ‘1iep3s)JFauridy
(0=i(T2M3 ‘YT3)qnsjew)3T

(+U\ST T03I® TnUDew, ’ITEp3s)3IuTids
(0=i(zm3 ‘273 ‘Tzmy) [naqew) 37

=[0] [0)zmx

(WU\pT T0138 Tnumew, 'Ir0p3s)3Fjurady
(0=i(eT ‘1dmy ‘3T%) [nuaew)3T

f(JU\ET T0I1I9 Tnumew, 'I1I2PIS) JIuTId
(0=1(13m3 ‘zT% ‘Tdmy) Tnuqew) 3T
/v ko Ne 4/

!{{.u\g 031> wrijew, ‘IISP3s)FIUTIdy
(o epqurer/7) ‘drjwrijew)3T

f(zdmz ‘dr)gqnsjew

f(dy ‘1dmy ‘zdmy) Trunew
f{Tamy Y1y ‘Tdmz) Tnungeur
/v WG AT o

f(.u\g 08 Tnumew, ‘ITepas)3IuTad)
(0=i (gm3 ‘dr ‘%) [rumeu) 37

o dosdpid

(0=i(0S-20"1 ‘38P¥ 'Tmy)Auriew)3y
{{.u\g T01T8 ppeiew, ’1I8p3s)IuTidy
(0=i (gm3 ‘1m3)ppejew) 3y
fepqureT=[0] [0] zmx
f(au\g ToIIe Tnumew, ‘IIep3s)jIurady

(0=1(2T3 ‘zamy ‘Imxr) [numew) 3y

!(.U\p 20270 [rumEW, ‘IISPAs)JIuTIAy
(0=i(dr ‘13am3 ‘zamw) Tnumew) 31

f(.U\g ToIT® uIIIPW, ’IT8P3S)JIuUTIdF
(0=i (213 ‘[amw)uzzjew)yT
/v Bl AT o/

‘oa=[0) [T])2x
‘ot=[0] [0)22
/v i@ NZ o/

{p=w iz fz=u‘yzm
{12MI(, BTQNOP)=X"TzM
tg=wzdm !g=u-gzdm
fzdmI(, STqnop)=x-zdm
fz=u{dm fz=u:ydm
f1dma(, arqnop)=x-1dm
=w'zam {y=uczam
fZAMI(, STQNOP) =X ZIM
fg=w'TIM T=ucTam
13ImMI(, OTqNOP)=X'T13IM
fy=ugm fz=utgm

{EMI (4 BTQROP) =X gM
fp=wgm fTsu‘zm
{ZMI(y STQNOP) =Xz
fpsw M fTsut M
{IMI(, ®TqnOp)=X- M

fp=wAY fz=uyy
A3 (v 2TQROP) =X YT
fmurzy fgeutzr
‘21(, STqNOP)=X"ZT

‘3ap arqnop
[z] 1dmz erqnop

1
flzlltleama ‘(z) (t)ramz *(g] 1] (1] M3 e1qnop
1
1§

‘lz)lzlzdma ‘(g
EMT ‘[Tl (TlEmx ‘[
‘1] [2) 12m1 aTqnop
“lrltelna ‘(1) (z)zx stqnop
11ZM'ZdMTAMZIM' TIM XTI30U
IEM'ZM’ M XTIqeW
IYT'ZT XTIqRW
1

(epqueT STqNOp ‘S3 BTqNOp '0A STGNOP ‘0T STQNOP ‘T BTqnop
‘ITy ®Tqnop ‘IT, oIqnop ‘dY, XTIIew ‘eT, XTIJRW)juepr JuT

(

! (Bp) uan3ex

‘(wU\g T0xI3 TnUmEW, 'II8P3S)JuTIdy tMB = Bp
(0=i(TM® '2T% ‘gm®) Tnumew) 3T
£ By ut
{(.u\L T0IT® AUTIRW, ‘II8PIS)FIUTIdF RiSTAHCp
og ebed 9 doidpid L0¥) G661 2 G- 62 ebed 9 doudpid L0¥} G661 vg qod
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