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09 3393M00bgds gl gubios  Jmerosbow, d5dob  Foeydo  gybjiools
®OMTdo gobgomodgdsls hogfgdmom sby

w(x,t,)= jdeU (t,, X5ty %, (X, t,) (I-1.8)

@53 309 9blols 306030l Mgogobozosl [o®dmowaqbl.
3bowos, gbps dmgomnbmgmm, GmI gONnOMY@ bogo® do
U(t,, X, X, ) = 8(%, — X, ) (1-1.9)

hggbls dog® bgdmn aobbognyano doamds, OmEgbss 33°6@9®0
damdo®gmdgdo |l//(t)> ©5dM30gdbyeos  AMbg, 35TDob OmEs  m3gas@m@gdo
AOMDbY ©s3mYg0gd9ambos, @0l dGg0bgg@ol Fs@dmwggbo.

Omama3  3bmdogros,  LoliEgdol s g®s  godengds 9. Jsobgbdg@gol
byg@omdoi, GMAgeedoi  33obHYco  Jpamds®gmdgdo  ©sIMyYz0gdgmos O™ DY,
boaem  m3g@s@m@gdo  ©@OMDY  ©odmjoegdgmos  bosw. (I-1.5)-0l  msbobdow,
350bgbdgma0l Ly@smdo dgagoderos hogmgoemm

Lin Lin
w), =lw(t=0) =[wlt=0)=e" |p(t)=e"" [w(t)), (1-1.10)
o bydomdo  ®m3g@s@dm@o  omgdl  mogol mogby @Omby  LOge
©05dM 30 oY gdsl. o omomsE, JMMm@Eobs@ol M3gMs@mmgdo sbigs gO®MISbgmmasb
©05353'd0Mgdgeo o3 M@ [omdma gbsdo

X, ()=e" Xe ", (-1.11)
(obgggs bgdoldog®o ULbgs ™3g@sGm@0), boam o3 ®3g@s@Gm@gdol  bsgymsdo
damdoMgmbdgdo ©3d54mogdgb mobsgsMOmdsls
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Xy ©)xt), =xxt), (I-1.12)
553 SPGOESO 53535330 gdm M goobygdoli dobolmsb

LtH
x,t),, =e" |x) (I-1.13)
bomganos sbgns, @M Gm@Es t >t,,

H

= (I-1.14)

,lt lt H —i(t —t. )H
H<X1’t1|xz’t2>H :<X1|e e |X2>:<X1|e e |X2>

:<X1|U(t1,t21X2>:U(tl,Xl;tz,Xz)

5dM000, AMTdo ggmeyiool m3g@s@m@ols dsG®ogymo g gdgb@gdo Lbgs
M58 gM05, MY >G> MMol Jobgwgom InFgbdoygdygmo yoslbgmol sd3aodywgdo
3MObsG@o bobolol doamdo®gmdgdl dm@mol 350bgbdgaaol To®Imwy 9b5To.

d99bgd®ogos,  Gm3  meogg [o®dmpygbs  gOmdsbgmol  g33035@09b@ Y@ 0S
LobEgdol o@Fg@ol mgo@lsb@olion. doGmass, gmAOEobs@ol Mm3gAs@m@obsmgols
Jomgdymo moboggs@omds (I-L11) bmgowos ©s godmbo@eglh o3 m@ Fo®dmwagbsdo
353d0@L  bgdoldogmo m3g@s@m@gdolbomngol. sdoGmd, my asdmgmgmom @o0dy 0
390G ™m0l Lodgogm db0dgbgeomdsls, doowgds bgdmn boo Jgodo

933085 gbG O ™Mds. do@Mmnens(3,
810 ={ 0 Olvt) =(v e " er"

Olw(t)) =(wle " Oe" |w), (I-1.15)
@53 aodmbs@ogl OA(t):eigtHOAe;tH 350D gbdg@aol  ™m3g@s@m@ol  Lodygommls
AMeEmdsl O goobyg@ol [oddmeagbol m3g@sGm@ol Lodygoammbomsb.
03039 ©AML 350bgbdg@aol m3g@s@m@o gdm@dhoagds ©@OMDY ©sIM owgdeyyen
300bgogdyol dgdwgy aobGmangdsls (Joomgds 9d@s@m aofs®dmgdom)

ih%(t) = [H (t), é(t)] (I-1.16)

>  dm@ebl, sObgomdl  Jowgy dyomgoydo, 9. admogbofdawogdol by
0G0l §oh3magbs.
dobo o g@obomgol LYo JsdogrBmbosbo  [o®dmgosaobmm  msgoliyrsemo

Hy 3sdogn@mbosbolis wo ¢g@mogdmJdgogbols H, dsdogo@mbosbol xodols Laboo:
H=H,+H,, bogom 3pamds@gmdols g9J@m®o ggdgdmm dgdogyo gm®don

() =e " |D(t). (I-117)
hoglgoom (I-1.17) d@goobyg@ol LEYa asbBmergdsdo
oyl
n WD, 1, i)
doowgds

Hoe " " |d(t)+ine =(Hy+H,)e ™" |d(t)),

tH, 6| q)(t»
ot

Loosboi g30J3L d9dwgao aobBmeangds
0| Dt L, T,
o(0) o)

ihT=e h H,eh
09 d9dmg094356m ©oMs3 0l Fo@dmwygbol m3g@e@mmgdl slg
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i
—tHy A o

O, (t)=e " "Ger" ",
>mdmgohgbm, @md o3 [o@mdmeygboli Foeaydo 59blios |CD(t)> >3d04mxoe gdls

IO geobag@ols  gobGmagdsl  g@OmoghmJdgogdols  dsdogoGmbosbom  dodxggbo
dbocgdo

i 9 q;t(t» =H, ([t)®(t)) (I-1.18)

5dgodss, MM 53 [omdmeygbsdoi Bobogy® M3gas@mAgol sgm 0pogg Lodygsam
db0dgbganmdgdo. ds@mans(

O(t)=(@(t)e " "G | @(t)) = (@), (t) ®(t)) (I-1.19)
3OS sdobs, bomgeos, M od Mm3gAsAM@gdobomgol dmd®omdols 2obGmergds
0og30lgdy®os

ih% - [H,.0, ()] (1-120)

oby 9OmogamJdggdol Foddmeagbol m3g@He@m@mgdo s3dsgmaomgdgb dmd@smdols
0ogolygom  asbBmagdsl.  sdo@mdss, @Omd gl [o@dmeygbs  dmbsobg@bgdgano
>mdmbbs gox30bBgol dosB®ozol mgm@mosdo dgdgmmgdols mgm@ool Lol gds@y®o
d9mmEgdols aslogomo®gdesw. yggms dgdmbgggsdo, 3356@ 900 dgdsbogols Jmsgs®o
dobobo damdo@mgmols M0l 930093000 3905 MO0l doB®o3 Yo
90 9dgb@gdols  sag65do, GmIganoi  350bgbdgdaols  Fo®Imagbsdo  godmgbo@dgm
30OobsAY@ Lodsbolm dpamds®gmdgddo ds@®oEymo g gdgbdgdom.

@03 g3 g0s I msgolomgol:
1. 0.9. godog0dg, g.0. dodsbobanobmgo, a.0. dognsdgoano. “335b@ @0 dgdobogs”,
mo. 1978.

930G 56330:

1 aodmmgoangm goabol 0bBgs@oaro

) 1
—Zax?

2. 8dmmgsan g dxe 2

—00

3 aodmmgoangom

4. godmmgsggm
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—Zax?+ jx

© 1
Idxe 2

4. Pordegowgoborm, God A sGol bodogoao bodgdmomaro doB@Gogs gargdgbdgdon Aij’
bovanen X o@ob g94Bm@0 ym330696(395000 X; (i, j =123,..., N). Sodmmgoangm

1
—=Xi A Xj+di%

J.dxldxz .dxe 2

22 Fodbg 06@gatomgdo ©s 3356Gydo dgdsbogs

— Ladsbobe dppymds®gmdgdo
3530blgbmo joegy Modgbody wgdymgds 33563 M0 dgdobogowsb.
aobgobogrmm  geOEObsGol  M3g@s@meo,  @mdgmoi ©53doymgzomgdls
Loggmodo dbodgbgermdgdols aob@mengdsls:

X|x) = x|x) (1-2.1)
g Loggmo®o  dpamds®gmdgdo  2oblobwg@sggh  m@Ommbm®Iodgdye  dsbolib.
Lobgenmd@, olobo s3dsgmazomgdgb 30@mdgol:
(x|X') = 5(x - x')

Idx|x><x|:1

sbogmmpoyg@o©  0d3ygabols  m3g@s@m@o  Loggmo®  [o@dmwagbsdo  ag5degals
05b5GsOOMEYOLs

(1-22)

Plp)=p|p)
(plp’)=6(p-p’) (1-2.3)
Jdplp)(p|=1

3OMOEobsAmo s 0339 biy@o dsbolgdols dobospsbo (Lgogs@yao) bsd@sgeno
0dgoggs aoslgamol do@®oyge 9egdgbdl o3 m@ (o®Imy gbols dm@ols:
1 _lpx *
X) = e =(x [-24)
<p| > Jomh < |p> (
9L 05boRgoMmEMdgdo  2oblob@gMogl BYMog-aoM©sJdbsl, Lobgmomd®, bdsboligdols

Lob®ygmobs ©s m@nmbm@dodgdols godmygbgboomn bgdoldogo Gybjiool gY@y
oMo Jdbs dgodangds obig gobgdo@Bmo:

f(x)=(x|f) =.|.dp<x|p><p|f> :ﬁjdpe;pr(p)zﬁjdke"‘x f(k)

f(k)=+nf(p)= % [ dxe £ (x) (I-2.5)

o0 BmAIYEgdom FoME0go© 2oo30435bm RubJiosl Imizgdymo LogdEowsb dob
dgaeeegoge oby eYemg Logdiydo.

hggb  bgdmm  gbobgom, @mI  350bgbdgdaoll  Jpymdsdgmdgdo  dJo@Fogo
9358900 ©gdbmes  d@geobagdoll  Jpamdodgmdgdl.  gmm@obs@yga  dsbolido,
dogomoma, a3543l:
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i
[xt), =" [x)

5J9056 25dmIobo@gmdl, HmI

Lxtxt),, = <x|e7tH e X') = (x|x') = 5(x — x) (1-2.6)
©d
faxxt),, (xt]=1 (1-2.7)
bobo  gogylgom 03 godgdmgosl,  @OmI  mOmmbm®dodgds  do0bgbdgdaols
damdo®gmdgdolsmgols dognsdos dbmame ©AMols 9900©502,039
dmdgb@gdolomgols.

— ®m3905¢0Oms dofgldoygds

33563 9® dg9dobogoby aosligans dodogn@mbols QM@ dogr0bddo bogds
M3905@™MOgdbY aosliganom

H(x, p) = H(&, p) (1-2.8)
dog@od gl Fgbo 5@ 53mb3MgB 9ol my @mam@ 9bos dmggd3gmn >sg3mIgGodgdswo
M39053 MM gdol, 3oy, X @o P boddogml. ganslbogy® Kgobogsdo gozom, @mI
Xp = pX,
5do@md o dom d0dEgg@mdsls Lbgowslbbgs [9309ddo s@sgoms®o dbodgbganmds @
odgb.  3356@y®  dgdobogodo g0 @3g@sAMOmS 0 g@mds  s@lgdomos o
33M0MAYES© 5@ oMol bosmgmo s gmobowgds  XP bod@ogeels 3356 @
dg9dobogodo. gl o@ol ®m3g@s@mams dmfgldoggdols 3Omdagds. Lod(ybosdme o6
5@Lgdmdl gomlobo@ 2oblobwgdgemmo Mgi93@0, OmMIgEoE 339HYgmMLs Ms Mod0m
9bs  oglgom ™m3gMo@dm®gdo 3356 9@ dgdobogoby ao@oligmolsl. 53539 M
>0 Lgomdl Lbgowolbbgs (glgodo, GmIggdoi godmoygbgds osblgm dgdmbggggddo. sby,
dogomoms, bo@dsgamo dmfgldoggds:
od [gbol mobobdo@ jommA@obs@ols s 033gebols bod@sgando 0d3gabo 4bos

029L 3MOobsEol {ob, by

N.O.

Xp —3 pX
N.O.

pX — pX

N.O.

xp®> — px°

N.O.

XpX — px? o o.9. (1-2.9)

3o0O©s  be@doayg@o  Jmfgldoggdolbs, yggerobg bdodow  godmoygbgds  9.y.
3900l dn{glb@doggds. 3 dgdmbgggodo bpgds bod@sgaols LodgB®obsizos ygges
‘dglodanm 3mddobsiogdol dobgogomn gOmbso®o {mbom, g.o.

W.O.

Xp — E(xp+ px)

W.O.

pX — E(xp + px)
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W.0O. 1
X°p — —(x2p+xpx+ pxz)
3 (1-2.10)
W.0.
XpX — g(x2p+xpx+ pxz)

©> o.9.
bo@doenyy@o  JmFgbdoygoolsl  segome  ©og®d{dybogdom, @md byboldog®o
3356H @0 dodogrBmbosbo H o@ol:

dp _—p(xx)
J.dp P p|H M| x) = IZ;e"p H(x, p) (1-2.11)

Lo 6o8m33636@@0o 0339 boll  m3g@s@m@ol  dsbolbols  LobOyag  ©o

25635 gogdo.
390e000 Bmﬂ]b(ﬁog(ﬂmb ©gBogddo gobo@ygggo aobgobome gsdans:
(ox+ pp)" Z —g"p"(x"p" " (1-2.12)

n+m= N
SdMogo, MY 60‘36(*)601) 30bmdol Go@dyesl godmgoygbgdm 0d wsdggdom, @mI X
> P M3gasRAmMgdo o  3mdYHodgdgb  gOmdsbgmmsb,  boyRmbol  dobmdo

39696M0350 296900093l ggogols InTgldoggdol bsd@sgmgol X"p™ gm@don.

S3MBI6S:  ©ssdBoign (1-2.12) goGdges.

gbowos,  @m3 exp (aX + ﬂp) 9JU3mbgb@Bols  aodemoliols  g9bg@odgds
b0bmdos@y@o bodolbgdo s sd@opse o3 gJldmbgb@ol ds@®oEyero gangdgb@gdols
aobbogrgom  dgz0lfogmom  ggoaol  Fgbow  dmFgldoggdygemmo  Jsdoan@mbosbols

do@BoEgm g gdgbHgob.
0dol godm, Gmd [X, p]=ih:C0nSt, 3odm3049bmm  390390-359Lm®g-39d63geols

QOIS

e’e® =e

A+B+%[A, B]

S8(MGS6S:  ©sSIBJo(3m 433 mgm@gds: oy [A,[A, B]]=[B,[A, B]]=0, 95906 sEaomo 53l

0565850mdsL (333 go@dgmsl):  eXp A-exp B =exp {% [A, B]} exp (A+ B)

hggbmgol Loob@gmglms dgdpgao bsd@sgeol gobbogangs:

exp[ jem(ﬂﬁ)em[@ exp( jexp[ﬂm%—lh fj=
(1-2.13)
:exp(mhﬁf)—ihofﬂh ﬂj exp (ak+ /)

o3 0bogo@mEmbol 2odmygbgdom segogs© gohggbgdbm, ™I
’ - . ox
(| exp(ak+ ) x) = Iexp( j m(ﬁp)exp(—JIXh
A d , !
_J'dp |exp( jexp (B0) p) |exp(%)|x>=.[_pexp{ p(x x)}exp{@jLﬂp}

o ggog Loldymyg o Fobs mobsgodmdgdos aodmygbgdyeo. dg3bodbmm, @mI
dogom  Geoemds  hggumgd®og  @ogbggddbyg  —  Loggmo®  3b0dgbgermdgdby
aosliggmom doowgds. 5do@md dmeml dbmame bsgygms®o 360dgbgermdgdo sl
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— 39053 mOgoobogeb  dJmerosbo  gogmogolynm@on. o3 gm@dymols mobsbdow
ggoeols Fgboo dmfgldoggdymmo Jsdoan@mbosbols do@®oEygeo gangdgbBobosmgols

9bos 23Jmbogl: |
dp —pCx) X+ X
X' Xy=|—e?" H , 1-2.14
( )=] o ( 5 p] (1-2.14)

sdMogo, gbgosgm, ®md  ggoamols  Fgboo  dmofgldoygdyeo  3sdoen@Embosbols
doBMoygmo g gdgbGgoo d004gebgdosh so@aom 3bmdog Lsdygsegom §g@@Eogols
doFgaobyg.  obgos  yggmsxng@o  dbopss  oslgmol  sd3eo@ ool do@®oEyero
90 9dgb@ols godmbomgen gans.

— 3opsbigaols sSemdsmmdols gddmmges:

3°30blgbmm, MM 350bgbdgdaols l)"']ﬁ)om"c']o 335J3L
U(tf’xf;ti’xi <Xf1t ‘Xn i (tf >ti)

O@mol  0bGgdgogo Lofgol o bo%mp\nmm dmdgbdgdl dm@ol oggmm N

Ao bgadgbBow glsbdymme d3zomg bog@don &. Lobgmmda,
t, —t
N

53000, Lodo@Bogolmgols gobegbo @AMl 0b@g@gomol oliMmg@obgdsl ©s
doml  ao@ogomm  begedbg £—>0 ©d N— oo, olg, @Omd (I-2.15) ws@dbgl
doensdo. @ogbmIGmm Fygsemgoydo Imdgb@gdoi, gmdgom, sby:

t, =t +neg, n=12,..,N-1 (1-2.16)

> ‘dgdmg0@obmm gmm@obs@ygmo dobolol bEymo Loli@Ggds Igomgoy®o Omol
dmdgbdgoom. dogomgdm

E =

(1-2.15)

Ult,, Xt X X¢, b X.v. = lim |dxdx,..dx,_; x
(f f < f ‘ £—>0,N—>w N-1 (1_217)

x <xf,t ‘x Nz ) n (X B [Xaa B ) ooy (R X008,

o3 mobogo@mdbols hofg@olols hggb gaueolbdmdwom @™o dnFgbdoggdsls
dom3bbowsb oMy gbols3gb: te >ty > >t >t >t d9360dbmm  sydgmgg, GmI

099935 o 33536 N Bobopsbo bsddsgano, Bodwgds dbmerme N -1 o goy@o
063 gaM5(3005, MoEsb 5dgbos ogmyol [gdO@omo dJmgmo Mol 0b@gagswols
N bofomow @ogmaobsb.
3o 3g9er dobopaob bsd@ogmls 5zl Loby:
—ith ltHH (tn —t,q JH
i ot Xt s )y, = (X, |e T X)) = (X, fe ? %o 1) =

i d Xnsx +Xn ) (1-218)
L p — - Pn
=(X, e " [X\a)= IZ;zh

2
oo 20dmgoggbgm  Lodygsemgom  Fg@Rogol  dofgds  ggogrol  dmfgldopgdols
‘dglododolo.

hoglgom 31) QOIS asesligaol sd3eo@gwsdo, godmgom
Uty x5t x,

i
(X =Xn1 )~ haH(

dp, Xy + Xnag (1-2.19)
_JLrE] dx, .. delZzzh X Eexp — Z{ Xy — X, M(Tpnj}

N—o©
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o3 gm@Adgeols, obggg Gmym® 3 Fobs gm@Iygaols hofg@olsl homgeogros, G®I
Xo =X Qo Xn = Xg
gl o@ol 89063560l  Fodbg 06@ga®S@ol [obolfsdo gm@ds, @mIgmmos
2oblobmgdymos Boby®d LogAgdo. sObgdomos dggbodbmm jowgg gOMbgan, @mI
30MOobsBgdoll  dobggom  0bGga®s30g00l  Momgbmdbs  gOmom  aoblibgogogds
03390900 063 9aM530960L AomEgbmdologsb.
d9360dbmm, @md & >0 9Py39® Ddwgo®do [obs gobGmengdol Gobymo

BoJBme0 sbg dgodergds aowsgfgtrmo:

i 33+, 0, )

N —>w
N —X X + X
= lim — n " Tt , -
fNi‘lo h Z:,e{ Pn = — ( Py j}
=—jdt px—H(x, p)} j Ldt (1-2.20)

oﬂﬁ)og)sgg, aodmols, 6)(*)8 gl 35bY@0  PoJBmeo  3Om3mBEogmos  Jdgogdobs

dg0 9900 (3380509000 by 3OMOObsGom s 033y lom.

Fodbg  0b@ga®ogol  3906ds5boligyemo  gm@dol  dobomgdo gl ¢bos
25507 90ml  dbomme  3mbgogg@sgoge  Log®igdo  oby  9bos  Bo@omwgl
063 gaM530900 0339 ligdom. 5I5L g9@ 2035390900, Lobsd o® ©og530biM9GHgdm
3030 A mbosbl. 380 @Bmbosbols B@opoizogeo Lobyg 33o6@ 9@ dgdsbogsdo dgoiogls
33°005@ Y Be@dsls 0d3ygalols 80133;1\)300). >do@mad sgod@homn

H(x, p)—p—m+V( X) (1-221)

9:0. 53  3sdoe@Bmbosbdo  jmm@EobsGgbo o  0d3ygalgdo  aobEomgdygmos o
5do@dmd, 0339 lgdom 0b@ga@sz0s ho@odmgds GHMogosgy@se. y3543L:

N _ 2
U[tf,xf;ti,xI = lim | dx_...dx,_, dp,  dpy —Nexp— Z{pn X “ X0 _ P —V(M, p”j}
&

50 2mh 2 T h 2m 2

N—o0
03399 bol dobgogom 0bFgadomgdo of o@ol aoybol Godobs ©o domo swgds
Sgogse dgagodenos. dg360dbmm, @™

dpn _ ie pr? _ pn( Xn l) _ dpn _ ie 2 2mpn(xn _Xn—l) _
IZﬂheXp{ [ (Zm £ _Izmexp 2mi | ™" £ -
_ dﬁe _I_g[ _ m(xn _an)j2 _(m(xn _an)J2 _
2 P 2mh Po £ & -
:i(zﬂﬁm]“exp m_[ ) ( m jexpm_[ )

27\ g 2h £ 2 h £

0y odol aodmgoygbgdm  Fobs  gm@dyesTo,  go.  sgomgdbm 033y ly®
063 ga@o@gdls, doowgds:

Ut %5t %)= !LT[thgj Idx delexp{I;Zl:{g(x” _gx“jz—v(x” +2X“1ﬂ}=
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=[x
_ Af D’ (1222)
boosig A o@ol Lol gdol ©obsdogoby odmygzowgdgano 3oblEsbRs o S[x]
@0l LolBgdol Jdgogds.

(I-222)  s@0l  ggobdsbols  3mbGobysay®o  0b@ga@omo  aowsligenols
5d3eo@goobsmgols 33563 9@ dgdobogsdo.

dobo dobss@bol golioMygggem xg® 9939GEo0mMm 353903390 0b@ga@omols
bemdol  (Dx) doboso@ldo. 3  0bGga®siEool  Lodmermm  Fgd@oggdo  s@ols
goJlodgdgeo s dbmeme I gomgoyg@o  [goaBomgdom begds 0b@ga@sios
doger  Log®zgdo.  gmm®Oobs@ygmo  [g@Roegdols  bgdoldogdo  Log@iomo
30b6x80yg@sE0s  0odgmggs  HMogd@m@osl  Lofyol o  Lodmamm  [gdH@oagdl
dn@ol. 5do@md yggms Sbgmo  3mbgoyy@sEoom 0bdga®sgos (o3 LFm®go
>0l Igogmgoyg®o  [gOomagdbon 0bFga®s3os, @mdgmoi  ¥bos ho@odwgl)
938085 gbGydos  xodols  ygges Fodom, @mdgemoi  Lofgol ©o  Ladmenmem
Fao0Boagdls sg@mgdl.

6obodbo 5

5d0@™md ¢9063560L Fodbg 0bGga®omo gd@ogme 33995bgds, GmA LoFyols
> bodmenmem  dpamds®gmdgdl do@ol  goslgmol sd3mo@yes s@ol xodo

yggeos  Foddbg, @mdgamoiz o3 [gO@oamgdl  sg@mgdl, Fmbomo  gsdGm@om
(expés[x]j. 335690 3gdobogol 3y@Lowsh 3bmdognos, @mI my 3GmEglo
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33008 gobgobogomo (II-19) Fo@dmeagbs. @og@sbgosbo gogdogrmm  Fgogrm@ols
37 g®ogo:
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yi b 1(51 , 0L 0L J

L(x, %;t) = L(xy, %, ;t)+ %

cly el

(1I-1.13)

Xal Xcl

y + +
OX |, y 2\ ox* g 8X8)'( Y ox* y
9gog0 g@-aoa@obgol  2obBmagdols  aodmygbgbomn  o@dmhbrgds,  Gm3  JoMggeno

%@Hmaﬁﬂm?}ob 399630520 F930900 3obg@eads ©s ©opgdhgds
+ j dt(a(t)y? +b(t)yy + c(t)y?) (II-1.14)

Xl

>do@ma B(f)(f)l?o&o(?)(v)(f)o oba hoo(gdgdo

Ut %5t %)= ™

ijy(t)exp{- J.dt )y? +b(t) yy+c(t))y2}

530 X, X, o@ hbpgds Fodom 0b@ga®dogdo, sdo@md gl ygobslbgemo dgodangdo

(1I-1.15)

©5dM 30 gdoymo 0gml dod@m 1,1, -bg ob%
Uty %0t %)= Alt, t, )exp{ésc,} (I1-1.16)

-2 d5®3mboymo mbEomsGado

obEogs@m®ols sdmiobs yggesbg 360dgbgamgobo sdmEobss 3mbEobygsmy®o
063 ga®ools BmAdo@obddo. Mmam® 3 3bmdogos, IOgoobyg@ols yobBmengds
FOg0g0 3o@3mboyamo mlEoms@m@obsmngol sdmoblibgds bybEew. Loob@gmglme,
Omd 3mbRobygomu®o 0bGga®ogmol godmmgms o3 dgdmbgggobsmgols bpgds
5309m39 bybBow, @o3 boglgdom Jmbogmmebgmo ogm, @oEash sdmEsbs dgoiegl
dbo@mE 335005 e ©sIM0gdyagdsl s sdo@md aomlol 0b@Gga®omgdby
ool

5dm35b5L hodmgoygs@modgdbm bmaswa: asbgoboemm mlioms@m@o, Gmdgaos
900090 m Jdggdl 25093y [yo@mbomeb ©s smofgmgds @aa@sbgosbom

L= %mx2 —%ma)zx2 + JX (I1-2.1)

h396 9330005 30a9@0lbdmm ©OHMbY ©sdmowgdagmo Fys@m J(t), Gmym@s
3>®999 aeadHOgmo 3gmo, 09 MbEoEsHOGO gEgdHH g ©sTPblgmos.
0530b9RBoo do@dmboygmo mlEoms@m®o sdgosb doowgds Fyo®mb yodm@mngom
J(t) = 0. 9536m 39603, 0G0M, HG®MI My Fyotm EAMDY ESIMY0Fd9E0 0695,
d5dob sdmzobs ggeneg sdmoblibgds bylEo®, Moaob @oa®sbgosbols gomsJdbom
dogom{ 930 o35l. Jo@mans(3:

2 2
L:%mxz—%ma)zx2+Jx:%mX2—%ma}2£X— ) 2} b 2 =
Mo 2me (11-22)
1 2 1 sy ’
=>mx® —=me’X® +
2 2 2maw’®
oo d9dmgo@obgm sbogro jom@©obs@o

29



X =X—

5 (1I1-2.3)
Mo

bbgs Lo@yggoom md gomdgom, 53 dgdmbgggsdo mbiogs@maols ganslbogyg®o
Fobslfmamdol dpgdo®gmds (oboigmgdbymos dywdogo Lowowom. LolEgds oigge
AmamO 3 boddo@s, GMIgaoi mogobyges® s@ol d9BHogR0ggoyo gOmagsMmgsb
3053085300l ggando. sd@ogs, (II-2.1) aosg@sbgosbom s g®ogo Loli@gds
LoobBgaglm ymgoms Lbgopslbbgs 3g®dm dogommomgbdols aobbogrgolomgols
bbgoolbgs bwg@ye dgdmnbggggddo.

o3 g0oM5bg05b0©sb 2odmdobo®gmdls goa g@-gsa@sbgols gobGmaengdgdo
geoobiogg@o Gesgdpmaogoolbomgol. dom sjgm Lobg

5[]

X(t) (I1-2.4)
mX, + Mo’x, —J =0
aoalganols 5d3@o@oas
Ult,. x5t x )= Af Dre’” (I1-2.5)

G530 J3ggds Ibm@me 335005 Y Mm@l dgoiegl X(t) ©0bsdogy9@0 (3g80o©0ls
dodo®m, 533@o@eols asdmbomgmgmsw dob [o®dmgowagbm Omam® 3 gesbogy®

Fodl ©o dolgeb ao@ob@sls

X(t) = x, (t)+ y(t) (11-2.6)
sdol dgdgy bomganos, Gm3

S[x]= S[xc,]+%jdt(m3'/2 —mo?y?) (I1-2.7)

V() Gasmamo FotBuoengbl ggobha® eradhngogdl geabogg®o Fodob
dobanmbens, Lobgan@md@, ol bmdegh G@MsgddmMool aoob@sl janslbo y®o
AM59JBMO000sb. @oEash G®sg]dm@ool dmenm §gd@omgdo woggodlo®gdygeos,

Q9B 0(30900 oo 3doymRogdgb dgdmgy Lolobwgdm 300mdgdl
y(t,)=ylt;)=0 (11-2.8)

bomgeros, ®mI yggens Fodbg oxodgs 935035 gb@Gygdos sxodgols gggas ‘dgbodene
Ry B yo0gdol Jobgogom, GmIagdoi 3 dgbeyogsl gdm®boggbosb. sdo@ma
aoalganols 5sd3@mo@ sl obig yowegfg®m

U(tf,xf;t. x.):

Y ) (11-2.9)

tf
S[xg ]+%J.dt(my2—mw2y2) i ] - (myz—ma) y

prafoesr]
:Aije ' = Ae’

9L s®ol 0b@gadoeo, Omdge o gJu3mbgbds 3go®s@ymos 33ersols dobgogom
> dgodengds s@gdyge 0dbols Lbgowslibgs gboom.

- g900g-35005Jdbols dgmmeo

Lbgopslbbgs dgmmegdl dm@ol yggamsbyg goddgodgomgo asdmoyydgds gy@og-
oMo Jdbols dgmmwo, Gmdgmoi sfgdomgdom s@ol s gMogo B9063sb0ls ©o
30bLol (ogbdo (P.Meiinman, A. Xudc, KBaHTOBasi MeXaHMKa M HHTEIrPaJibl 110
TpaexkTopusiMm. Mup, Mocksa,1968)

30



3oMgger Gogdo dg3b0dbmm, GmI poslgamols sd3go@yools 0b@gadow Jggds
9JU3mbgb@o WAOMbYy bows 5@ oMl WsdmMGowgdygao. sdo@md hogs@o@mmm

(3ol d93es

t— t-t
od AOML sd3@o@ s ol g)ongOV(]ﬁ);]E)o

Ls[xg .[dtmy mwy)
Ut . x5t %)= per’l ije”’o (11-2.10)

oo 30dmgysgom ©@mols 0b@Ggdgogo T=t; —t;. boem LobsbwgOm 30OMds
obg godmoyy@gds

y(0)=y(T)=0
sdol dglodsdolbow BaneydBes0gdo BMogddmaool bgdoldogd §gd@oado
Fomdmgoaobmon gu@ogl 3§ 3@0350

N-1
(t):Zan sin[?t) , n dmgeo Goibgos. (I1-2.11)
n1

sd@000 Fodobomgol goggbgdm o3@mJlodsizost “gyudog-Fodgdom”. my hggb
aodenols 3m9x303096@G 9oL a, olby dgzs®@bggm, GmI

N-1
y; =Y a, sin[@ jj
=) T

dodob gu@0g-Fomgodo, gbowos, go0gmosh wsymagol 0dsgg Igomgeyd (9@do0-
9dby (X,t)-bobﬁ)(?);ja'ﬁo. sbans dgag0d@os hogo@os®mm Loko@m gsdmmgengdo. g3m-
‘g]g\ﬂmbm'

IS am n T ?
Idw mzn;l.([dta a ( ](?jcos(?t)cos(?tj Zz_l:(?j a’ (11-2.12)

lsog)o(j 2odmg0ygbgo 3mbobylols m@mmamﬁsg@‘g(ﬁmbols 0g0bgdgdo. sbogrmaoy@aw

Idwz(t) NlJ‘dta a sm(?tjsm(—tj Za (11-2.13)

n,m=1q
@530 B9009-F06gdbg aopeggom, bomgaos, MmI 0b@gadsEos ymggeo 335b@g®o
BB uo30000 933035 9bBYM0s 0bFgy@s300ls AsTaol a, Jmgxno3E0gb@godols
yggens dgboderm 360dgbgamdbom. bomganos sa@gmgg, Omd a35J3L byl
03pgbogg N -1 ©odmyz009d9e00 B9M0g-309803096¢0 a,. 5doGmd yosligerols
Sd3gmo@yobosmgol dgagodanos w@sgfg@mm
ult,,x;t x)

forvin

. i T ()’ T
_ ’ 71 N e 2__ 2,2 — _
= lim Ae Ida daNlexp{ZhZL[Tj may — - mao an} (11-2.14)

N - n=1

o imT & () L |,
:%Ligerh Ida da, lexp{ m Z[(?j ) }an}
od gaolbdmdm, MM 2o®sJdbol 0s3mdosbo@sb Fo®dmJdbogro yggas
gboderm goJBmmo dgodengds hoodmml A" 3m9503096@ Do, G®Igelss
‘dgdamddo 2obglbobmgdsgm.

gbgoogm, ™3 53 dgdmbgggedo powoligarol sd3gmo@ s s@ol gOmIsbgmoliysb
2ob(3o 39390990 0bBga®o gdols bsddogano, 5dsbmsb mommgyan Jomasbls o3l
2o9Losbo gm@Ads, OHMIgaEo3 SEgos© A5IMoMgEn gds. JoMmnES(3
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e (7 i
-
() (-5

hogligom obgns gl 3o 390 0b@gydsmgdobomgol gowsligemols sd3eno@ ool (1I-

2.14) godmbsbyangdsdo, dogowgdm
-1/2

U(t y )—I' A Ll 3 1 ol \’
p Xl X )= 1M A € [1]1- =y (11-2.16)
N—w n=1
sbgns 25dmg0ggbmm 3bmdoeno 0g0g9mds (ob. dosmgds@ogydo 36mdo®gdo)
. oT Y| sineT
lim 1-|—| |= 11-2.17
doowgds
Lshl(sineT Y7
U(t,,x;;t,x )= lim A"e" " 11-2.18
(£, %3t %,)= lim [wT j (112.18)

N—o

A" 39edogols goblsbrogms Jgodegds doMBogew: bsids@olos dggb0dbmm, Gmd
ama@s @=0, 3o@3dmboyamo mbEomsGm®o ool msgolygxsemo bsfoamsgols sdm-
(3565bg, O®Imolingobsi 9439 bo3mgbo 3353l goaligamols 5330w,

Omdgelsi ofglb Lobg (1I-1.6):

| " 1/2 %S[XCI]
Up ot it )= 2k, —t)) ©
f i

dgomgds 0dgnggs

lim A" =

m 1/2
( - j (I1-2.19)
il—_& 27ahT

SdM0g00, 25b63LobmgMgm gopsligerols sd3@o@yools Lodmenmm bobg do®@Imboyyano
obEogs@m®obsmgols

m V' (sinaT ™ lsha)
UOSC(tf’Xf;ti'Xi)z( i j ( J en o _
" ” (11-2.20)

1/2 .
Mo |
= — | expy—S|x
(Zﬂihsina)TJ Xp{h [°']}
SOl y@o bomgmos, MM gl godmlobymgds ool mogoliyxsmo

bofoans g0l gowsliganol sd3go@yosby brgs®do, dmEs o — 0.

—3sbogn@o Jdgegdol gsdmmgms

aosbganols sd3@o@ ool LOYmo AsoblabmgMolomgol agkodegds gersbiogy®o
J3ggdols asdmmgas. sdol goggmgds o@ 3 olg dbgemos. J3gdmm gl 0bgds
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2odm39dg@o bogdome bmase 3mb@gJLE o, Goms woxgoJbodrgl ysdmmgaols
9JO0-90m0 989JByO0 Igmmeo.
3o30bligbmo, @md dmgdyamo LobEgdobomgol goang@-goa®sbgols
2obBME gdols ogl Loby
mX, +Ma’x, —J =0
Lbbgs Lodyggoom, gensbogyg®o @®sgd@m@os s@ol dgdpgao aob@magdols sdmblibs
2
(;—2 +@° ch, (t)= %t) (I1-2.21)
o3 2ob@Bmegdol sdmboblibo hoo(g@gds gOmggeommgabo gob@magdol bmyswo
5dmbobliboll @ s@ogMmagoMmgebo gobBmergdols 3g@dm 5dmbsblbols Loboom:

Xy (t) = X, (©)+ X, (t), (11-2.22)
oo gomygommgsbo sdmbsblibos
X, (t)= Ae"* + Be (11-2.23)

bogrm A ©s Bodol bgdoldogdo 3mgnoEogb@gdo.
390dm 5dmboblibols dmlodgdbow asdmgoygbmm g@obols g9biool Igmmwo. o3
3obGmMa gdols a@obols ybios gobodo®@gds asob@mangdom

[gT s af]e(t )= st-t) (11-2.24)

bomganos, ®md my 3bmdogno 0dbgds y@oboli 5ybiios, G(t—'['), NOMIGIOPENGIOE
3ob0o 53mbsoblibo olig hoofg@mgds

X, (t)=— j dt'G(t —t')‘]r(:) (I1-2.25)

030mmb 3Mobols 9biEos sEgoe S0a9ds Vgdgao BYMog-gotsdbols
aodmygbgdom

G(t-t')= j% e MG (k) (11-2.26)
5do39 @AM
5(t _ t') _ J'%e—ik(t—t’)

hoglgom obens gl yggenoggg@o (1I-2.25) aob@mengdsdo. doowmgds

~ 1 1
dgbodsdolbow, a®obols g9bioss
o ik(t-t)
Gt-t')= [dk kez — (112.28)

3003980039 dgbggomn bomgamos, @mI 0b@gadomJggds godmbobyangdols o3l
3megligdo TghBomgddo: K==2w. 5do@md gl 0b@ga®smo 9bos g560d5@@Ms
3033 gy Lod®EYgdo gogdgegbom s bsAmms mgm@ools godmygbgdom.
>dolomgol sgEomgdgeos sgo®bomm 3mb@yg®o 3md3egJly® K -Lod®m@ygdo.
hggen gd®ogo, jensbogy® 3gdobogodo 50bGg®glgdm ©oyg05b9d@o ©s
FobabF@goo y@oboli 9b]309d0. o @od 3356H 9O ggeol mgm@osdo
36©sdgb@G o 360dgbgamds gbodgds gobdsbols y@oboli 53ybiosl, Gmdgenlsc
‘dgglodoadgds bobobbg Jmzgdgmo 3mbEyg®o.
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Im k Imk

—w - —w 4+ 1
B s o T Az s -
L w Re k *  HRek
w ~— i
65bsbo 7

sdols Lomosbsme ¢bps dogommen dgdwgao gobdod@gds

~ 1 1
()= Jiny Vor k- +is

. 1 1 1
= lim 11-2.29
50" \J2r K+w—10 K—w+10 ( )

oo dgdmgo@obgm
s=-2
20
bbgs Lodyggoom, a®obols gybjiosl (I1-2.29) asb@mangdsdo dgggodanos dggbgomm,
Omam@ 3 999090 ©0x8gOGb30s@YH0 AobGHmegdols 5dmbsblbl
2
lim [3? + o’ - igJGF (t—t)=-o(t-t) (11-2.30)
Lob@ygeobomngol dg360dbmm, @M wopg05bgdyamo s FobdlFMgdo ydobols
299630900 53 gbobg dgglodsdgds dgdwgy s@hggels
. 1 1
G**(k)= lim
) =0 27 (kig) — o
@obo3 dggbodadgds 3mbEYmgdols sligmo 3mbgoau®szos

(11-2.31)

- l T Rek 1 Re k
—w — ¢ W — 2¢ .

6obsbo 8
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390b63dsbol g@0bol g9bJ3ool dgdmbgggsdo gmb@ydo 9bws hogigdmm Jggos
bobggo@lbod®d@ygdo, dm@s t—t'>0. d5Tob doowgds

1 e—ik(t—t’)
GY(t—t")= lim — [ dk _ -
50" 271 (k+w-id)k-w+id)

1( zm)e_iw(t_t'):ie—iw(tft’)
Y 2w 2iw
dgmdg dbMog, Gmas t—t' <0, 3mbdyal hsgzgHogmn bgws bobggs®lbodd@ygdo.

3309@Mmb!m

G-t =i dk
(t-)=lim > I (k+w—

50" 2

(11-2.32)

e—lk(t -t')

isYk—w+i5)

io(t t) _ ,
YL SR S (11-2.33)
2 -20 2w
SdMo0go, 9063560l a@obols 03"36;](3051) >3l 1)513;]
7| (t-t') io(t-t")
colt—1)8

G.(t-t)=6(t-t)°

11-2.34
2w ( )

od g®0bol ¥9bJool 5930l VgdEge SMSgOMAZoMMgeb 5dmboblbl hogfg®m
‘d99degaboo@sw

t ; ' t i o(tt’
f , , J(t') 1 t ’elw(t—t) ’ f ’ela)(t—t) '
__jdtGF(t—t) - :_Eudt : J(t)+jdt —J(t") |=

: 2w " 2w
' t (11-2.34)
_ ioo(t- ' 1nio(t-t') '
= 2Imw[jdte v (t)+_t[dte It )J
>do@ma
t
_ i -t —iw ' 1nio(t-t) ' _
X, (t)= Ae'* + Be 2Ima){jdte (t-) (t)+!dte It )J (11-2.35)
5350mm Lobsbmg®hm 306Gmdgdo
Xel (ti ) =X, Xl (tf ): Xy (11-2.36)
s 5dmgblbom bgdolidogmo Iygwdoggdo Lafyobo s Ladmamem gmm@oobs@gdol
dgdggmdoo:
1 e—i(z}tf t
_ —iat; -ty rac ' '
_m{(xfe -xe )+ — ;|:dt sina(t’ —t,)J(t )}
B - (xe" " —x, &)+ e tJf‘dt’sin co(t —t')J(t’)
 2isingT | f Mo f

o3 05bogo@PMdsms Aomgomolifobgdom aslbogy®o d®sgd@m@oobsmgols
SR
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1
Xalt)= sinaT |

t
:—{xf sino(t—t, )+ x, sinwt, —t)+L dt3(t e ™" cosmft —t')—cos wlt, +t, —t—t’))}—
2mao

t
dt,\] I(u('[ft') dtrJ t! io(t-t')
2|ma){I +! (©)

sbans 9339 dgagoderos jansbogy®o Jdgogdols dowgds @oa®sbgosbols dgoagbom
©> 063 gaM5300m AOMoL dJobgogom. doowgds

S[x]=

KX54-X$)COSaiF——2xixf]+

2sinaT
[ " (11-2.37)
+sma> IdtJ (t)sinalt, —t)+ P jdtJ )sina(t —t,)—
1 b t ' - - ’ |
~masingr | ]9 sin oft, ~t)sinolt'~1,)3(t)

sdom dmogMegds @OMDY odmowgdye 2599y [yoOmbmsb yomogho Jdgoo
do®dmboyeno mbEoms@m@ol gopsligerols sd3mo@ygools yodmmgans.

— Jo@Gdmboygmo mlogs@dm@ol L3gJd®ol gsdmmnges

bgdmm Jowgdymo geo@dymmoesb dgygodmos asbgobogmem 360dgbenmgsbo 3g@dm
‘dg3mbggggo0. dgzoLfogemm, dogomomsw, mogolygsamo Jo@dmboyao
obEogs@m@o. 53 AML 9bos sgowmm J =0 ©s oggehgds

s°[x,]= ZS:':]“;T [(x? + x2 Jeos T — 2x,x, | (11-2.38)

d9696@0g05, MM dgogao Lodgd@oygmos 1> f asslidol Jodo@m. my
d93°90mgdm sy asdmmgmoels (II-2.20) s shans dJowgdymls gOmsw,
©535L3360m, AMI MLGo@sGM@olomgol gosbgarols sd3@o@yos ymgoas:

mo ' si]
U(t Xf’tl’xl) (”—Tj e;, cl —
mnsin o

1/2 .
ma imao . s
= — e ——— X" + X% )Jcos wT —2X. X
[Znihsina)Tj Xp{Zhsina)T [t ;) i f}

139JB®ol godmlbsmgagans® gosligerols sd3emoByws hogfgdmm Lol gaols
300mbol 3odmygbgdomn dgdwagabsodsw:

U=3e "0, (c, I x) (11-240)

n=0

osbans a5dmM3094gbmm mobogsMmomdgbo G®0gmbmdgEMoowsb:

isinwTl = %e‘“’T (L-e?)

(11-2.39)

coswl = % e (L+e )
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o3 0obogo@momdgdols gomgomolifobgdom aswsligemols sd3emo@ ool Fobs
aodmbobyagds obig gowsgfg®mm:

m 1/2 —|ﬂ
U:(ij e z(1-e )" x

- (11-2.41)
xexpl— 12| (x2 4 x 2 )ren T Axxe
Zh i /l 2iwT 1_e2in

09 sbas 53 a0dmbobymgds@o Jo@dxggbs Tbo@gl aogdmomn 7T gubiiool

boGolbgdol 37300550, Gogo 3 Y 30050 306590 3mgR0GogbHo o s®ol e T'?,
odo@dmd aodeols bgdolidogm (g3dl 9Jb6gds Loby g loT/2g-inal ooz N=123,.. gb
30 60dbogl, @™ 9bgdao0l @mbggdo gobolsabmg®mgds gm@Iygaom

E, =ho(n+1/2) (11-2.42)
SdMogo, d0gomgm ©mbggdol 3bmdogro Fm@OIPas. dog®ed Bomey®o
296309003 M3 dogowmm, syEoggdgaos dmgsbeobmm F 3Mogem aodans
dmgomdg. dgmmeols LoogybE@scom aobgobogmm, dogsmomsw, N=2
sdmblbs. sdolomgols (II-241) asdmbsbyagdols domxggbs Jbodg ybos yogdegremm

od Mool (9309d530y. ago]3L:

1/2 a)T
7h 2

exp{—rg—;)(xf+x$)—m7(x +X Xe e ...)+2%xixfe“”+..1

(11-2.43)

2me ot AMP0® it Mo i
x{1+7xixfe T+ o2 x> x5e AT —7(xf +xf)e et

sbhans aodmggmo gdio®mgbo @opol §gg00l 3mgnoizogbdo

/12 me i
(%) e ez g0 (6 (1)
9L 3o bodbogl, @™
E, = — (11-2.44)
Q)O
mao 1/4 7@)(2
%(X):(Ej e (11-2.45)

dgdgao @oaols Fg300 0dbgds:

meo

“iw e Mo *7(X +Xf)zma) ——ET %
e % Tge 28 = XX =e’ (%, Jor (%)
>Jgosb hobl, O™3
E, =gha):ha)(l+1/2)

2m
©o 0,(x) = =% xg, (x)

- (II-2.46)
‘dgdwga0 Fgg@os
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me 2 _2

mao "’ -0 ) 2m2e mao 1
mo g D xx2 -T2 (x4 x4 (I1-247)
7h h /] 2

@53 IDogegds FoJBmd by exp{—gia)T}. sdo@Bmd gbg@yoobmgol odgnggs

E, = gha) =ho(2+1/2) (11-2.48)

s @oash (II-247)-0L g@hboggddo Immsglgdymo asdmbobyangds goJdm@ob-
©gos oby:

1 2me , j 2mo , j
2\ h h

5do@dmd gwgdygmmdmn dgdegao Lobol Gogmy® 9ublios:

1l (2mew ,

?,(x) ﬁ[ X jrpo(x) (11-2.49)

5 5.9. 503900 obs@hgbo gy9bi09d03, MIagdoi, 0bggg GMAmAE bgdmm
dmygebogno, sgdmbgggs Jo@Imboymo mboms@m@ol 3bmdog 5dmboblibgdl.

o3 g9bJ(30900L 5950l bmaswo M93g3@0 > g®ogos (opbdo: P.Melinman.A. Xubdoc
KBanToBasi MexaHMKA U HHTErpaJjbl 0 TpaekTopusM. ctp.230.
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00530 1II. 153BS6H(MINRISNS60 FIFNB3I3S

bgdmm xgOXJOMdom 439eash 305sOA@JgoMmEomn gOMYSbDMmIogn gdosbo
aobbogrgom, @m@Es g3dmbos Jo@F™m gOmo LogdEyeo Jmm@Eobs@s. >dgo@ss, GmI
R0bog O YR®m Loobdgdgbms 8&)030;@606%(0809\“360060 (Lo356bmdogngdosbo)
sdm3obgo0l aobbogngs. Logygaolbdms, M3 bmpswo msboge@mdgbols dowgds,
Omam03 J399mm ©sgobsbsgm, @ bgogds Mo0dg 3M0biodym dgbwywggdl. osbiggy
SOFOESW ASFOE ! A0S YA0 5IM (35660l hodmysodgdsby, @Gm@Es Lagkodm
0d690> 396@®sy@o Lodgd®ools 3@ gbiosmgbols gobbogngs.

II-1. 9063360l Fomgdby 06@ga@smo 3-356bmBoe 9dsTo.

30035253MA0 25635MFgomo a35J3L hggnmgd®oge®, MMM 3 yowslgmols
5d3eo@os:

U(tf,)?f,tl,)?l) K(t Xf’tux.> <f‘e_;(tf—tl)H|Xi>:

-3 e )

Lows(s |a> s®ol bgdolidog®o g@doGyao m3g@s@m@ols Lsgygms®o ggd@m®gdo,

(II-1.1)

093> I Mdgbos hogmgoemm JsdoenBmbosbols Lognms® ggJdm@gdsw; o3
‘dg3mbgggsdo gJbdmbgbRedo dsdogn@mbosbo dgygodanos dggigocrmm dolo
Loggmo®o 360dgbganmdgdom s m@nmbm®do®gdols 30Gmbdol godmygbgdom
dogowgdm:

Klt, %t % )= Ze‘%E )<>*<f\a><a|>*<i> (I—12)

3bowos, G®I 333@03&)01} 2odgmagods dgagodemos Logdiygero X 39Jdm@ols
OAMLSE. 5do@dmd  dmggerom, Amd 339J690> Bg0b6dsbols FoMomo 0b@gy®ogmo-
Lomgol ‘dgdwgao Tomdmoagbs

K FT=t —t)=] DF(t)exp{éS(Ff,ﬁ)} (I11-13)
Lowoi 0b6GgydoEos Godwgds yggms dgbodenem G@sgddmmogdobyg 3-gobbmdoan gdsdo
56, GMam63 0HY53056, 0bEMGgdol Jobgogom, GmIgmoi 0fygds T, =T(0)
V90 BoaTo s Jmoghogds I :f(T) V9o @ogndo.
0bOGGoRRFyd g0 el gerabogato Jogegss

s(r, ¥ j L(F, ¥ )t (I1-14)
(0959 939063560l 066866‘59@0 356035@Fgds BOsoi0gmo abom
K(Ff,ﬁ;T)_ lim A, jdrdr .dr, lexp{ ZS( r, J_l)} (ITI-1.5)
N—>oo

dgombggero dgbodbogos, @mI hggb mwbsg dggigomgm swMg godmygbgdimo
>mb0dgbgdo, Mods3 goYagdOMds 5@ 9bws asdmofgoml. dodomswo (33eoegdgdo

356300Mdgbygeos 3—56bmdogngdbsby yosliganom.
(III-1.5) gm@Iygansdo

L L T
Fo=rlt,) F=F, f=F, tota==e (I11-1.6)



bogmn Ay @0l bm@do®gdols goddem@o N -9& @oydo.
M0l MMIgerodyg 3o g9 0bGgdgomdo Jdgogds Goeos

AF,
S(r,,F0)= SL(F,- jj AF, =T, -, (111-1.7)

bdodo bpgds boadg, M sdm@Esbsl oJgb bggegeo Lodg@®os s bogodm

brgds ggmbygdby welmgorgdamydol pabaareygzde (0ligd, GO3OGE 0dGogosh
boardg dOgo0byg@ols 3obBmergdsdo). dybgd®ogos, 93930000 39nbygdbyg ©sdm-

300909 gd0ls ao3mymasl g ubjombogy@ 0b@gydswdo.
9L 39mEgds Logdome doM@ogoe s, obg gomdgom, 3o@adodo abom. dgdmsgm
39O 9gE0 3omOEobs@gbdo
F=(r.0,.9;) Fo=(r200.0,,)
d5dob m@ (gaRol dnd@ols dsbdognol ggo@s@obsmgol 239690

(AFJ. J= re+rl —2nr

\F;.1C0S0,

Lo
cos®; =cos 6, cosd, ; +sing;sing, COS((DJ- —ng)
sdols gomgoaolifobgdom 3s@zosamy®o Jdgogdsbo (III-1.7) sbg goesnfgmgds:

S(F r. ): %m(rf + rjz_l)/g—(mls)rj ri4 COSO®; —5\/(?1) (I-1.8)

it

2dm3049bmm @ ggobe®gl 3menobmdgdom aodeols gm@Iyas

o0

uesso _ [%} S (2 + 1R (cosO), .0 (U) (I11-19)

1=1

dodob 0b@Gga®oed39d Jdgogdol dgdiggeo Fgz®o sbg (o®dmowayobgds

exp{i”z‘ls(rj,rjl)} 1561, 417, ose, B, r,.) (I-110)

1/2
- . | . (II-1.11)

063 ga®5300ls s boddsgmgdols goslidol dgdwgy (II-1.10) gm@I ol dsdyggbs
dbodg obg gowsofg@gds

> Tl -3 o, 1]

iy dy g

od dgogaol holids (II-1.5)-do pgodenggls

{r 557 = i A, zm{m DR eos®, R, (1.1,

N—)oo oy =1

N-1

(rsin 6drd6dgo)}

o>d ge@dyensdo

N-1

[1(r2sin adrdade) = ﬁrf sin6,dr,dg,de,
j=1

sbars 390by@o 0bGga®omgdols s@gds do®Fogoe bgdbogds. sdobsmgols
@ 9ob@gl 3maobmdgdo Ybws aogdommm Lygdym Js®ImMbogosw®

|
P (cos®j )= 2|4—Z1 ;WH (‘91 P )Yln(gj—lv(”j—l)

40



0OMMAMbsemdols 3J0@mdol godmygbgdom, émBngbo(g o>dgl Lobg

HYH* (6.0)." (6, 9)sin &P = 5,5,
dogowgdm

”H{ZI +1)R, (cos®, )ﬁ(sinédéd@:
(47T)N s Iy H ,+1|N1HYn*(‘9n @ ){

i1
5dol 208 mommgymo 3356 Mo @oibgobsmgol | @oposenygdo s 3ymbydo
(geroangdo 30M3535@ ™G o GQQ’QUE)OOB >do@ ™3

K(r,.0,.0,:5.0,0:T )= ZZK(rf,I’,,T)Y”*(Gf,(o N (6 o')

1=0 n=-I

oo K, ool |- ool dglodsdolo Goosgy®o 3MM3syo@MmM0
N-1
K, (r, ,r,,T)_ lim (47)"" A, IH r,, 1, [ ](r2dr) (I1I-1.12)
N—)oo

bey@do®gdol dod@sgano olgs s@Ohgygeo, @md bLOY@o 3OM3s55AMG0 gOmnbg ogmls
ber®dodgdegano:
3
A, = (27ignIm)2"
439083900 5dol gomgos@olfobgdom doowgds @swosgy@o 3mb@obyseny@o
063 ga®ool dgdpgao bowo Labom Voﬁ)amgp?)dfﬁo

r(T)=r¢
_ B mi® 1(1+1) B
®(T)K,(T,rf,ri[\/)—r(oj)_n Dr(t exp{ jdt{ o V(r)}}_
~ (27ien\ Mo i 062 1(1+1)
_®(T)f:lg)l( - j .([Hdr exp{ Z{ o m-g\/(rk)}} (I1-1.13)
>
& E%, ro=r(t) t =ks S, =l —r_,

5d3odss, @M Mmz0mmb AsEos@ Mo g0 ss3dsgmgomgdls G goobyg@ols
o0 A0 2obBmagdols glsdsdolo y@obols gubdiEool gob@mangdsls:

.0 1.0% (+1) )
{'at_fﬁﬁ it v(r, )} K, (T:r rV)=is(T)s(r, —r,) (ITI-1.14)
Lofgolo 3o®mdom

ITim) Kl(T;rf ,ri|\/)=5(rf —ri)

o{ 30095000 063m@I5300L JM3Mggds @o@osmyY® 2obGHMEgdgdbg aosbgamols
Ygbobgd ©o0b@gMgligdyen dzombggenls dgydenos bsdGHmddo D.Peak and A.lnomata,
“Summation over Feynman Histories in Polar Coordinates”. Journal of Mathematical
Physics, Volume 10,number 8, pp.1422-1428 (1969).
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0530 IV. G3RR0S 356R5J6S BI6IB0MESRIH 06BIdAHSRT0

30bogodo bdodow ggbggds 5Im3obgdo, Gmdgrgdoi dgodargds  sgdgromm
330 gdon  gagmgbog  gEoEgdol  bomobswm  dgageol  Fgdegy. ool
0 gmA05do3 33EoEms oMEsddbs Sl gdl 360dgbgermgeb @manl. Jgg9dmm hggb
aobgobogsgm  (geoms  JoMEsdboll bmase Jgmmwgdl, @mImgdlsi  gdbgdom
305JBogamo  aodmygbgds  ¥ybjombogad 0bBga@omdoi, (53 9bmgb
593080 gdgaos bbgowslibgs sdmblibowo sdmzsbgdols gobboagolsl.

IV-1. §90@0gmgsbo 356mbogndo ao0©sJ36980 Mm3g0s@modam }m®dsemobddo

sg30{ymn 3odogn@mbosbols LB obo®@yemo B}O@don Lobmysome
dAogo@asbbmdogrgdosh  ggzmoa®  Logdigdo.  gom@Eobs@ya  Fo®dmwagbsdo
‘dD900b9M0L 3ob@Bmagds Jmoigds sbg (gOmgyemgsbo dsbobmgol):

N VN B _
=53 vy - Ev) av-Ly

aobgobogrmm  [g@@ogmgsbo  3obmbogy@o  go@sddbs, @mdgamoi  dmoigds  slg
(Omgm®d3  3bmdognos  3obmbogy®o  aoMEsJdbgdol  mgm@oowsb,  bgdoldog®o
V9o@o@mgobo godesddbs s@ols jobmbogy@o. ob. dogy., s.bgesdgowo, “gamslbogygdo
00090 391560357, mby, 2005):

q* > Q*=f?%(q) (Iv-12)
53039 0OML ©og9dg9d0m dgomybgdymo go@sddbols s@lgdbmdslss
9* =F?*(q) (IV-13)

dHgeobpg@ol  aob@mangds  sbans  9bws  aosonfgdml  sbogn  (33a0s©gddo.
oV o®dmgdols §glgdom swgomo hogo@do®gdm Lokodm ao®ws]dbgdls

% @)=3 % 2 )

oq* 5 09° aQ
“Zaqaz ;—'Z%%@?q g;i iagb iagc b(FQ)  av-14)
2obgLob@gOmm
a)a(Q)E—Z %;?j =—; aazq];: (IV-15)
a b
Q*(Q)= aq aq g; Z; (IV-1.6)

sdols g)omgogmobVOB;]?mm ‘Hﬁ)gg)OBg)a(ﬁob 2obBmEgds slig aowsogmgos

B {%{izwa QP +>-Q™Q)P, Pb} +\7(Q)}V/(F(Q)): Ey(FQ)) (Iv-17)
bowsi 399mg5080690 5060336950
10
i (IV-18)
V(Q)=V(FQ)

(gsogdols dgiagerols dgdwgy Jomgdygao dsdo@Bmbosbo, Lobmysomo, 9@dod o
o 0]bgds, myz0 hggb dggobodhybgdm hggyangd®og g@mdod e dgymegdsl:
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Pa+ — Pa Qa+ — Qa
9L bgds 0do@md, @md H ool g@dodygao  Lsfyol g- Logdgdo. dog@sd

(Bgeoms dgigeol d9dwgy Q-Logdmzgdo Gomeydo gyubjios Pbos gobodos®Emls
oMo Jdbols Oodm&ooGOQoG daogg(ﬁo@‘gg@o ggabgob ’338()33;@0 dod@ogenom:

[day; (@, (@)= [IQMQy; (FQ)W.(FQ) = [dQ¥ Q¥,(Q)  (V-19)
oo
¥(Q)=J3"*(QW(F(Q)) (IV-1.10)
sbogn LogM9do dsdogn@mbosbo dmadgdbgds Abgoglgool godsJdbom
Hy =J"7HIT2, (IV-1.11)

Amdganoi 9bes ogml g@do@yano.
305JHogms© bdo@o© 053080560 aodmmgms s@ols bmandg 9aem Gmgeo,
300009 bgdmm dgdmygeboaro Lowowggdols @ s Q. s30@md, Lolymggeos my

Hy -b godmgbo@ogm o8 Lopowggdom. x 9@ d9360dbmm, @md
1Q=3Q)=3Q)

080(?)(“)8,
IR I = P +iC,(Q), (IV-1.12)
bowo
c.@=-2-Z 1) C,=C, (IV-1.13)
2 0Q°
boaom
H, = %{iZa)a (Q)P, +iC,)+>.Q*(P, +iC, P, + icb)}\?(Q) (IV-1.14)
a ab

dmgombmgmm sbans o3 JsdoeBmbosbols g@dodemds. 3353l

Hey —H e = iZ(a)a +2> Q™C, +ZQ?§’)(P3 —%icaj =0,
a b b
bo0sbo g3mgemdmn sds@gdom dgbmyogsl
w* +2) Q*C, +> QP =0 (IV-1.15)
b b

gL o®ol gob@mangds C,-b goblobmg@olomgol. 0bpgdldo ddodols bodsbo, Gmam®3
Logmggmmome dowgdamos, 50bodbogl gofo®dmgdsl. 53 dgbmyogols yomgoaols-
Fobgdom 3&)806”*}5@0 999JO 900 3s80@Bmbosbo obg godmoygydgds

- Z( P,O®P, +C,0"C, )+V(Q) (IV-1.16)

gL ool doﬁ)omoggo 9930, O®Igelsi dgdwamdTo godmgoygbgdm (gms@ms
‘93300l @AOML B9bdEombsma® 0b@gy®ow do.

IV-2. ggogmols Im{gl®oggos 396Jombsa@ 0b@gy@se o

396J30mbog @ 0bGgydomdo s gBommo gm@ds@obdols godmygbgdolomgols
3530bligbmm, @mMI 9bos godmgoygbmm m3g@sGmMAms dmfgl®oggds ggoaol {gbom.
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9L Tgbo a99@olbdmdl m3g@s@m@ms bodgBMmobsEosl ©sggob@gedog s dgdwge
Fgomgoyg®o [gO@owols 30fg@sl gomm@aeobs@olomgol. sdo@md, Gmd hogfgomn
239063560l Fodgdby 0b@ga@ogo sbensw dgdmygebogro 9839J@ M0 3530 @mbo-
sbolomgol, 30Mg9e @0ado ¢bws Jmgobeobmo ggomol dm§gb@oygds. swgoasw
>pdmgohgbm, @mI

&Q“&:{&Q“&%+%Qﬁ (IV-2.1)
>do@ma
——Z(Q%ﬁww )+AV(Q) (IV-2.2)
Lo
1 ab 1 ab
AV:ZECaQCbJrZQab (IV-23)
ab

9L 5@0l sds@gdomo (g3@o, GmIganoi o6 [omdmoddbgds gansbogy®d §gd@ogom-
356 oM©sJdbgddo. 0o dggbododgds (dobs 3356@ 90 989]B9OL s 0y hggb
‘d93065Mhbgoom 3ansbgols i Iygwdogol bgdmm ho@Go®gdyen ysdmmgengddo,

s30bobogom, Mmd AV 30m3m@AE0YEos hZ-0bs. 50l 9909y Foaby 539063s-
bols 0b@Gga®ogro dgagodanos hogfgdmm sbg:

*iHefr (tf ’ti)
<Qf ‘e " |Q|> =
: M N dP?(n i (IvV-24)
:ilg)loa(N)—Q;Qa(o)—Q j{ngQ HH 275 )}eXprn:An}
begom Q
A = ZP (MQ*(n)-Q*(n-1)-eH, ] (IV-2.5)
©S
ZP (N0 (Q(n))+V(Q(n)+Aav(Q(n) (IV-26)
boos dmmﬁggoBo@)o S0 gog@os o gy@ §gdEoedo
Q(n) =)+ Qln-1)] (V-27)

bgdmm dmygobognr gm@OIg@sdo M o@bodbogl Log® ol gobbmdogn gdsls.
sbg hoofg@gds 3mbBobysey@o 0b@ga@omo #oby® bog@mzgdo. 3mbgoa@sEoye
Lbog®igdo gosbofgMow 9bos ho@o®wgl 0bGga®sios 033y ligbom. 53 0b@ ga®o-
(30900l ho@omgds dgbodamgdganos aoblisbognsg dgdmbgggedo, @oswysb Loddg agodgl
3ogbol Bodol 06@ga®ogdmsb. domo smgdol @AMl {omdmodbgds sbosgno
053056960, OMIgngdoz oegg ods@Ggoom (gmomgdl dmag(3999b. yzgeogg®o gl
3530003 gds 3003000 2bom ©s bojdome do®@ogow. dobo Lodmamem baobg

sbigmos:

Herr f’ti)
<Q ‘e ' |Qi>:
= lim j...j{]M[an(n } (27ihe) 2 ﬁdetg( (n)) mexp{—%Ln} (IV-2.8)
N%w 8§¥&
bowai
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[Q*(n)-Q*(n- 1)JQ (5 n)Q°(n)-Q°(n-1)-
L, 22 Z (
(Iv-29)
gbos olig®g@yao Fo®dmagbs B9bJaombogrymdo 0b@gay@samobs. @oi3 dggbgds
Jogarg geo@dogy@ hofgasl, dgygoderos slig s@gbodbmm:
—igfL(Q,Q)dt
(Q \e Z Q) =]...] DQ(det)**e " (IV-2.10)
g9®owgds 3035]300m 3ot©sdbols 053mdosbols (©g@gmdobsb@ols) godmhgbsls
30bB0bgsEy@0 0b@Ggaydsiools bmdsTo.
Vg0 Boamgabo 3obmbogy@o ao®sddbgbol 39@dm dospsmomos gowsligans
©093503 9L 3MOobsGgoosb IO geTodyga 3mm@Eobs@gdbg. @sz0

(@5 = (o) - S0y 70 = T a0,

Her tft

a 6Q 8Q ab
d9B®oge sbogr Lol gd 5(80 8(*)06380 sbg:
Gap = 9* =Q,, (IV-2.11)
>do@ma
=detg =g, C, = %(In 9).. etc. (IV-2.12)

gbowo asdmmgegbomn dgodengds gohggbmm, @mI
AV = %r:cr;d g“ (IV-2.13)
Lbosi I' o@ol 3gm@g 33500l 3@olEmaggeols Loddmenem
a 1 a
e = Eg d(gbd,c + Jcp — gbc,d) (IV-2.14)

IV-3. 3560b039@0 250©5Jd6gd0 3MbE0bHSE@ G 06@ 9GS o

bgdmo dgzoLFsgangm Fgd@Eommgebo 3obmbogy®o yodwsJdbgdo m3g@sE Mm@
QMA@ 0bddo, Lobgamdd, gmsmns dgEgms dodom@Bmbosbol LEsbos® @y

Qm®ds>do. dgdegy Jowgdygmo 989JBPO0 dsdogBmbosbolsmgols hogfgdgm
3MbG0bygse @0 0b@gadomo. sbans Wgg9(o0mm (gL sEMS A3MEs]dbols ho@emgdsls
9'dygoemE  30bE0bysgy® 0b@gy®ogn do.

sdobmob aobgoboansgm M (3gensols bmgow dgdmbgggsl.

2030blgbmm, ™3 ggobdsbols yyemo s@ol gosligaols sd3go@ s Mo0dy

LoFgobo gmbgoyy@siEoowsb (; =(qi1,qi2,...,qi“") ®mol t;dmdgbddo Lbgs 3mbgop -
M5305bY qf Mol t; dJmdgbGolomgol. ols dmoizgds msbsgs@omdom:

<qf ‘e it |q.>=

qun
I o

N—o0

(IV-3.1)

Lo

45



L = 5o Xl ()-a (-2 -V (ao) (1V-32)

22

hogo@o®mmm (3geo@gdol dgi3gems q — Q: qa(n)—> F(Q(n))
sbogoo 06@ga®5i300L bmds dmoigds Sbg:

[ Tda (n) = 0@ TeQ* (n) 133
Qog)ﬁ)oBg]:):;Bo doowgdls bobabazl
L = F* @) F* @ -1)f ~V(FQm) (V34

sbaos gl 20dmlobyagds 96w aogdsmman Q(n) Fgsageegdo FadEomols
dobanmbas. 30bgBoga® gbgdyosdo [odygebo Fgg@o 0dbgds

L = 0 @)aQ* (s (n) (v-33)

boag

AQ*(n)=Q*(n)-Q*(n-1) (IV=3.6)
obdol gombgs: (IV-34) ge@dyaol godesdo Lodzodol dobgogom Gmdgero @Gogyols
V930900 9bos dg306o@hbmm? sdolbomgol xg@d 9bws dggoxzgobmmn AQ. @owasb
Fodbg 0bGga®ogmo s@ol gogbosboon dggsligds, sdoGmd 9bws asdmgmgsgmn
(AQ)?-0l bodgogem 3603369 mds (IV-3.5)-0l glsdsdolo Jdgogdoo:

.1

<<(AQ)2> o j d(AQ)AQ) exp[lg 57 g(AQ)Z} ~0(e) (IV-3.7)
@oaob % @opol yggms §g300 L, -psb odmggs Jdgegdedo (gmoml, hggb 9bos
‘dg30bo0hybme AQ-U dgmmbg bodolboli Gogols §g3@9d0 (IV-34)-do. Jod@s30®0
2odMM G0 g3 dm

L~ 5 0. Q)he Q™+
&

LR QML QMR AQ°AQ° AQ -V (@(N)

24¢

osbgns 2ogdomm 053mb05b0: Mo30 LOY@ 053md0sbl 53l Loby
N-1 N
[To"*@M)=9™Q: Jo™* @) To"*@M)g" (Q(-1) (IV-38)
n=1 n=1

o3 boddogaol aolodengans 5dmg049bmm mobosgo@@mbs
det(A+ B) = det Adet(l+ A'B)=

= det A{1+tr(AlB)+%(trAlB)2 _ % r(AB) + } (IV-3.9)

303M30m

g"*(Q(n)g"“(Qn-1)~

~ 0" (@0)| 1+ 4 (0”@ Q00+ 0 @0 10" (130 1)

hogligom gL yggemoggg@o LoFyol godmbobymgdsdo (IV-3.1) wos Lomsbospme

535S M! BoJBmAgdo, dogowgdm dgdwgy odmbobymmgdsl 9539]@ @0
053mdosbolomgols

(IV-3.10)
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A 1 ab(—~ 2 ab(—~ e c
gllz(Q{l-i_E(g b((?)gab,cd (Q)+g,cb(Q)gab,d (Q))AQ AQd:|+
e ) [ c(Alce (A a c
+9"2Q), - FiQ)Fi. (@1 aQ A a0’
o 93oboLgbgero Fg3d0 dmwols dg-4 @ogol (9309d00sb. sbans AQ-gbo
‘493335800 golisdygoemmgdyero dbodgbgermdom. 53 3OME YO0l @slodbymgds
‘dgag0deos sbyg: dggohg®mm hggbo yydosmgds 0bFga®s3090bg Lowowggdom Q(n)
©d Q(n—l). ‘493333000 (3380000 6(n)-Q06 AQ(n)-%;]. d9d©gy hogoBemgomn o3
935b5L3bgemom 063 ga@s0sl, Mo aolodysmmgdol Gmaagsbos. s 0dbgds
Famomo godmfgggmo Q(N+1)-00 s AQ(NE1)-0m, GoEash 0l0bo ©sIMowgde-
@05 5p®9039 Q(N)-Ls s Q(N—1)-by. dopded Bgodangds hggbgds, ™I gls
{gemogro dzodgs ¢ @ogom ©s gyg0denos Pageggdgengymm. gobsdygommgdols-
030l 25dmgoygbgdm dgdwgy Mobogs@momdgdl:
<AQaAQb> — iégab
<AQaAQbAQCAQd>=(i8)2(gabng +gacgbd+gadgbc)
sdol 20dmg0g4gbgdm {obs gm@dgesdo s Jmgobegbo gJl3mbgbiosiosl
J9ggdsdo. gosmgom

sv(0)-

(IV-3.11)

(IV-3.12)

1 a Cl
_E(gabgab,cd + g,cbgab,d )g T+

1 (IV-3.13)
+§F’;F;w(gabgcd +gacgbd+gadgbc)
Fodbg 0b@ga®ogmol Ladmegrmm gm@ds ogogyg®os (IV-2.8) asdmbsbyangdols,
sHEs RodBmegdols g* Q; g4 Q, ). 03I gdo3 5G05b 053md05bgd0 |Q)-Us
3OS FoJOm™Y @003 3 J
©5[0) -l Bdol, Goi Vggbodsdyds Ggmopms goGEsddbolsl Gomeemo gubiiool

oMo Jdbols J = g*'? 053030560m.
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0530 V. @3R05RIB0 3M6B0699RIG0 063Id@SROL LO3HBI-RHMO0)0
00@RH>IF6S

bgdmm bodgobbmdoan gdosbo 3356@ @0 LobEgdgdo Lygdymsw LodgB®oyeno
3m®gbGoog gdolomgols egoygebgm 989JB @O0 gOmasbbmdogn gdosbo Lol gdgdols
dgL§ogansby, Go@ aodmobs@gds gOmasbbmdogrgbosbo Gowosgry@o Fodomo
063 ga®o gdols aodmmgarsdo. dog@sd,bodfgbodme 3oMesdodo abgdo sligmo
@559 b0sbo 0b@gadomgdols godmbomgm gans x 9@ o6 @0l sdydoggdyero,
530@™md Lako®ms ao®sJdbgbol dgmmwgdol gogs®mmggds. hggym gd@ogow
‘dH900ba9M0L ob@magdom I9Tomdol AML gg0bogds LoobGga®sizom

(g0 gd0l goMEsddbols bygenmgbydo abgdol dogds, sdo@ma, d3bgddogos, oo
9bs 25dmgoygbmm (33Esms yoMsJdbols YB®™ ddgnsg@o Jgmmwgdo.

Fodbg 0b@gadomols yy@dopegdom aobboangs, Gm@Es aodmoygbgds @@mols
dglg@ol ogmegaol 3Om3gLo, 239966905, OMI s@SFOR0g0 gowsJdbgdol WML
39053 MAOms bod@sgeols 3mTgldoggdols LEHm oL@ d9bgdsls dogysgs®m @MDY
©5dM 30 oo 3oMEsJdbgdols asbboangol syEoegdamdslmsb. s@s{Mgogo
200505436950l @AM B@og]@m@ogdo olg oEgmgds, M3 domo Fgbognom
530mJLodsioolomgol @Omol 0b@g@mgomgdol sbogno sbs(gg@mgds ybws dgombhgl.
J399m0 L{mege sbgmo bobosmol godsddbgdo 0dbgds ©gdmbli@d®omgdyano.

V-1. bog@3g-edmono 3o®rsJdbgdo 3bswo Loboom

Fobs 3o@og@oggdoesb gogobligbmm Gowosamy®o gm@dyegdo:

o) [ oremffal S0 vio -

r(0)=x

= Iim(ZMe)N/ZTﬁdr exp iZN:F_kZ_gM_gv(r)} (V-11)
e S =2 2rr,
o, Omym® 3 hggnegddogee, Gosposgy®do jmbBobysmy®o 0b@ga@ogo
2obdo@F goyaos Amol Igligdbg glgdol Iygwdogom 82%, beogom

r=rlt) to=ke r0=r, rM)=r, &=r-r,
K, g0 bygeogds, @mas T <0, opo bodgd@ogemos I, Iy aoesbdol dods@o s

53004mxoegdls Moosmy® a@obol @ubjizool aob@magdsls (1I-1.14), o]sg
dm 9990 Lomsbom Lolsbmg®m dodmdoon.

sbhens aobgoboansgm 3mddobo®gdym as®Esddbsl t — 7, 1 > R, Lowss
9990239535 sbomo “Fodbg ©edmowgdamo @m” 7=17(t;r(t)) s sbomo
GoEosmu@0 3o , R=R(7), Gm3gmoi a0bolabmggds asbdmmgdgdon

dt
dr = —=, r=g(R 0r;)=0
- o)) s (o)
oo f,0 o®osb dgbodedobo @o@gdomse goblsbwgdygao gybjicogdo.
©og933gdm 3B gngg, Gmd dgbegegsl

[t o(RE)=T (v-12
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ygges ©olindggd Fomgdbg o3l gomlobs sdmblbs, 7, 20. gbowos, Gogo T

sx0JLoGgoymos, 7 “@OHM” WsIMogdbymo 0dbgds Fodby. (V-12) dgboeywgs
@M gogomgsaolfobmm, Fodom 0b@gy@sam@o (V-1.1) hoglgom gl dgbmeogs
(0203900 gO®0560)dgdEga0 040390600 (Foggg-3m3mgols dgmmo)

[£(r, )£ ( ’Zjdr E(Idzf R(r )))—T}=
e e T35 o, oo te)e|

@slioz dgg0Hobm (V-11) 0b@gadoansgd.
OOHMgdom ©s3030Fgmm Fodbg 0bGgadsemols LEmJsLE®o d9bgds. d5dob
306);9030(4)0 holidgdol dgdge dogowgdm:

R(zs Ry R2 '
N<rf,r, ﬂd ] ore exp{ jd{ : -'<'+1>fgf’)—f(ng(g)—E)}}

RORR 2 f(g) 2

(V-13)

(V-14)
Fob ool godsddbols 0830560l dglsdsdolo bm®do@mgdol dsd@sgemo. 0dolsmgols,
Amd goMs]dbol dgdgasi Jogommm sbago 335bF M0 LobEgds 9bws dgdmgods-
beom 200339900 dgboywggdo, Lobgermd®:
] 2
oR) floR) _ 2 a = const. (V-15)
f(a(R)) g’(R) R

sdol dgdgy bomgao brgds, M3 yodwsdbogro aeao Kr(Tf;Rf’Ri[\N) ‘d9380de00s

30353903bm0 sbasg 33563 9@ LolEgdsl m@dodsmyg@o dndgbdom 1" (G Sbigs
256350 g0 amo I'(I'+1)=al(l +1)) s sbogo 3mEgb0sgom

W(R)= f(g(R)IV(a(R))-E] (V-16)
dm9dygeo V(I’) 3mBgbiosolomngol dglbsdangdgemo 9bos ogml olgmo f s g
296J30960L 3mgbs (AmIgmgdoz sdogg wOmML (V-1.5) d9boyggdl ogzdsgmezoemgdgb),
Omd sbhogo W(R) 3mBgbiosomn (V=14) 0b@gadomo somgdmegl bowsw.

d9b603gbs: (V-1.5) 3060M5900msb ©s353F0@09d0m: Mm@ 3 gBYmds, dgmmools
ogBmegdds (1.H.Duru, H.Kleinert, Phys. Lett., 84B (1979) 185) dbgoggemdo@sb go9d39L
ol 9530, ®M3 g MobogoMmMbgdo ¢339 bOysggh AoMwsJdbgdl badmolbmgsbo
396J(309000m. dsOrmans, (V-15)-05b 235730

2
- gy _a  d Va @
g _f’_)[gj o dR(Ing) i g=R

5309803 2odmM04gbgdgb bo@molbmgeb as®sJdbsl, m@mbo bodmolbols

dohggbgdgmo o® 353doMwgds Jmygobogr 3mga03096@ L.

aobgobogrmm do@@Fogo holids:

fr)=Ar", g(R)=R* v, ueR (V-17)
(V-L5) 0m3 ©053533540080@mn, 5300950
2 4
= , =, a= , Vv < 2 V-1.8
H 2_y A/ (2—V)2 Av ( )

sbogoo 3m@gbiosgo sbg godmoyy@dgods

49



W, (R)= B _4V)2 RZZ—V{V[RZ—ZVJ— E} (V-19)

o0 gobdodBgdgdol dgdwgy hggb ybrs wogsxgoJbodmm Lasmsbswm Iglgeoeo
390Los, @mIgaroi bodgomgdsl Imygi39dL hogo@o@mm ao®wsdbs Fodby
0b@ga@omols dgbgdya aobdo®@BHgosdo. sbogn dglgdbg (33eogdl ey sbg
3obgdo®M@ogm, I =g(Rk), R, :R(Tk), do'dob odmeols, @mI sbogro Iglg@dyero

“d908085” & ©odMoEgdgmo 0dbgds woymxzol [gdEomgdbyg oby k-by.
(g0 gdol goMEsddbols dglodsdobo olgMg@yemo gg@los, Mmdgenoi §gobdsbols
9ol Lodg@@osl o6 dgigerol, dmoiggds sSby:

g = &[f(GRF (IR = A RR ) v (V-1.10)
9L 235d@ g3l 06@ga®siol bmdol godsgdbol dgdwgy Be@dyasl Fodgdols
Log®3gdo:

(ng)’N’zﬁdl’k _ Av‘l’z(Rf R, )72(2V—v)1ﬁ[(275i512 )mZﬁde
K=

k=1 1 k=1

(‘].0.
Dr(t)= A"2(r,r, ) ""*DR(z) (V-L11)

3odmdobodyg 5Jgsb, b®dodgdols dsd@sgano sligmos
2 v/2
Nir.r. )J= ——\r,r,

obens 9339 aoLs3gmgdgemos dgbgdyemo Lobom hofgdomo Jdggdol aodsJdbs.
Ama@3 [0bs 300535539060 2035033090, 30bgHogy®do gbgdaools §93@94To

2@ 9bs hogs@odmm LodiEomols dobgogom dgmmbyg Goysdwy, b9
2 2 4 5
5—k=A—,k+ V(4 ZV) A—,k+o A—,k , A =R, -R, (V-1.12)
e & 122-v)’RR, & &
dOMYbol dBomdols Jomgdo@dogy®do gm@dgemomgdolsls 0@md LEmJslGymo

063 ga@o@gdols 2obdo®@gdol godmygbgdom (ob., dsp., H.P. Mc Kean, ‘Stochastic
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933085 9bG®os aodmbobyegbols (9J3mbgbEsdo):
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{ l:ng k 8(2_‘/)2 RiRes

9b0Agbs: F9350dem0s @ogosobmm Gl gaueolbdmdl gb 950550965035,
aog0bbybgdo dgdogs gonbosh 0bBgs@sarl

i A
dAexp| ———
| Xp{h 2¢ } _
(27ine )"
s@360F6mm £ = s gl 0bBgaHE0 G IH Fogsfe@dmmm A -b Jobgwgom @s

J9gosGmm odeb Fgwgab. doowgds Fdwgso Ju9095agbBg@mds A — —3°h?.

5do@md gl ods@Ggdomo FggM0 dooseny® Jdgogdsdo omgoolifobgdl dgl{m-

Mg0oL 3960®a>dbow §936do, AmIganoi odanggs dgbfTm@gdsl 9539dB® gyobyd
demdgb@do
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Lbooabs godmgom
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Lo Ay (V-113)
Yo2(2-v)

09 o3 gbTem@gdsl gogomgomolifobgdm, wogobsbogm, @md doowmgds Fodby
063 ga@5@00 [o@dmeagbs, Lo@s Mos@osmy®o agaos K,_V(Tf;Rf,Ri[\Nv), boam
‘dgdsgogo Lowoggdo dmoigdosh (V-19) s (V-1.13) aob@mergdgdom. yomwsdbognro
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099 OMDbY-©sdM9300 o9 @oEosEY@ g)";]pr\nb K, 2obgdoM@ogm Sl
k,(E;rf,ri[\/):iIdTe‘HK,(T;rf,ri[\/)
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SOZJOED SO Qoqoggg\)a&n ?)o(ﬁggo;]%ob tB(Y)(ﬁS"']g\nob

) (E rf’rl[v) . f ‘ V/AJ‘dTb o - V/2 r V/ZM/ ) (V-115)
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gL _o@0l 53 3oGop®eg0l 80)030&)0 ‘d90920. 030 239906905, GMI Bg0635601
a0 dmEgdgeo 3m@gbiosmon Vs gobodgdygmo ggobydo dmdgbGom |
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39mby®o dmdgbGom L, .

09 InEgdgeo V 3m@gbiosmobsmgol dmgdgdbom gom@sdbsls, Gmdgol-
0golbsi (V-115)-0L dodxggbs dbotg dgodengds aodmomgogml Gmam®a gbgdyools

396J30s, LoFygobo LolEgdol gbgdaool wmbggdo s Fomeymdo ¢3bj3ogdo
dmodgdbgds ygmol L3gd@dsydo [o®dmwygbols dgdggmdom

X n(rf)Zl n( I)

k(Erf,,[\/) Z E _E

9690300l Lod@RYygdo 3meyglols s bsdmol aoblsbmgdom.
3o6335MG M0 Ooosgry®o yMobol BubjiEos Mobsgs@ombom

G (r, V)= iIdTKl(T;rf V)= limk, (E;r, ,ri[\/),

dodob obs (V-115) god@sddbols 3m@dygans dgagodemos gosg(gomo dgdwgyo
30335JBydo Laboom

k (E; rf,r,[\/) (rf )G (r2, 2w, ) (V-1.17)

(V-1.16)

I,n

V-2. Jopgdgmo grgagdol dmyog@mo gs3myggbgds

bgdmo dowgdymo Ge@OIymgdo J0®gge @opdo dggedmfdmm mgomndgmsbbdgdy-
@dsby. 9Is@FH0g9bo ogomomos megolygemo bsfomsgo, Gmwglsg V(r)=0,
v=] E:k%. 33099@mbdmn msgolygsemo bofoamszol agmobongol mobsgs@ombsl:

KO(Esryor ) =20} GES,, (fry /) (V2.1)

domxggbs dbo®gdo aohbs 3o®Imboyeo mlgoms@mdol a@obols gy9bjios
Q =2k (sdmbobgomo Lobdoom. do@mess, shbogro 3m@gbiosero (V-1.9)
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obao@s@m®obsngol bsdwgomo @ LobdoMggdol @AOML Fodby 0bGgydsios
ho@o@gds do®@ogom s dJoowgds

—1i 312 el i2(24n2 )oote i
kIOSC(T;rf,ri)z( ) VT e 2( I) t TJ|+1/2(ﬂJ®(T) (V-2.2)

sinT sin T
09 hogo@o®gdm o Lododm sbogoby® gogddgemgdsl s dgwgal
aodmgoygbgdm (V-1.15)-9o, d9Lgenol 9630900l mgolgdgdols aomgsgolifobgdom
dogogo Igdegy by
s 1+3/2 ererriZ r ri

K|O(T; r; 7ri): r:r %EZT( )JIH/Z(fTJ@(T) (V-23)
gbos MoEosE @0 A0, 09 35O G0S@YD FAom®gdo© 25d@ol mobogo®Omdgdls
2030blgbgom, sEgoms® o350 9bm, AMI mogobygseo bosfogszols 3OM3sys@dm@o
450D

KO(t,, %t % )= (AT ) 2 gzt 4 o(T), (V-24)

@53 gdmbggge ogg(f)a h3gbl dog® o@g aodmmgmogn dgoga .

—3obgobogrmm sbas gmmbyg@o 3m@gbosgo
€
V(r)=—%
)--¢

530000 go@oddbs v=1. 35806 f(r)= Ar=4r=4R> 569 g=R’. 5] hg96
RmAbo®gdygmsm goygbgdom (V-1.7-8) moboga@omdgdl. a3sd3l spcgmgy

2
W, (R) = —4e? — 4ER? = —de? + % R? (V-25)

sdols doggsgo®m LOYer BoJBdmOobsiEosdeg ddol 3mbl@ob@ols

K2|+1/2(T;\/?’\/Fi[vvl) e rK§i§/2< ;\/E,\/Fi) (V-2.6)
K (Esrear)=2(r 1 kS, (ae?: r, ) (V-27)

530 3o0dmboyg@o mbo@s@m@ol sdmblibs gogom, gl 93obslgbgeo gm@Iyan gdo
blboob gyemboli sdmEsbsl. dodmenss, hogfgdmm L3g@@samy®o gm@Iygas o3
obGma gdols m@ogg dbo®obosmgols

= in (rf )Z ()
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oby

C

3-306bmdogngdosbo mbEoms@m@ols gbgmgools wmbggdos Ef osc Q(2n o +3/2)
33mgemon (Q=2+-2E)
EZOIiS.E/Zn _4“_2E(nr+|+1):4 —2En, n:nr+1+|
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Ealavrzn, —4e’ _i _E
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(V-2.8) gm@dyensdo m@ogg Ibs@ols 3maylbydo LEA®y]dgaol dgos®gds godrym-
Qomo LOymo 9bg@a00l @AOML (sby 53 WO®ML m®ogg dbsdgdo bodmgdols
3odmg@om) odanggs dogndg@ol (3bmbdog Rm@IPasl [ysmdswols sEmdolomgols

eA

E-E =-
" 2n?

3™3360 5@ 30 353mmgegdols AsloGomgdeswo

dogod0mm gydomgds gom 25®9dmgdsl. bgdmm smfg®ogo dgmmeo
305JHogmse dbmammo ba@olbmgsbo ymasdigzol 3m@gbiosmgdby asdmwagds
9990 90s©. dogM53 gobogodo bdodow a3bgogds 3mBgbioogmgdo, G®Igdoi o6
50056 (dobps bo®olbmgsbo. sbgm dgdmbgggedo yadm 9939]G9G0 dgmnmeoi
sOLgdmdl. gohm-ghom [obs 3o@og@sggdo hggb aobgoboengm M3g@SEAMOMS
oM©sJdbol mgm@os s dolbo gbsdsdolo ggogmol ImFgbdoygds. gbobgm, G™I
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d3009 LowoEggdol doensblol wslsiogow gobgdogn®o gbgdyool (9g30do dg-4
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2R? 2R*  8R’?
G553 0daggs dgogal
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TERE AR
8\ R R

s>do@ma

W, + AV =£R2_8_D__4E _iz
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3m@gbgosmgdolsmgols s(1=0) - 8pymds@gmdsTo:

8 gb3mbybzoser G0 @I
V(r)=-Ae ™, Aa>0
3odmoygbgds ©goB®mbols (n, p) sdm3obsdo.

3) [Egogeo@ bAwowo 3B b05e00
V(r)=gr, g>0.
20dmM0949bgds 3350 3-56@ 03350 30L ddgeno damdsdgmdgdols
(306935063963 0L) sdm3565do0.
&) ds0g-argbod@-a0mblbol 30959630500

V(x)= \2/—;{(%)27 - 2[%]7} x>0

3odmM0ygbgds dmengsyey@o 3gB®gdol sdmzebgddo

) 30obbmgogdaao yaarmbamo 30896000 (bgdolbdogmo m@dodor o
dd96500)

2

vir)=2 -S4y,
r r

3odmM0ygbgds (yomdowoligbdo s@mdgdol s dmengsyemgdols sdmzobsdo.
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0530 VI. 3M6506395RIA0 06BId@OR0L 853(MJI6TdS 1B SBGOLB033H
B0H03530

VI 3o6sfoggdols g9bdizool §s@dmwygbs
aobgobogrmm LEs@ob@ogydo d9dsbogols 3obmbogydo sblsddano. |n> s> E,
04l dsdogn@mbols H m3g@s@m@ols bogymo®o dpamds@gmds s bomsbsom
Loggmoto 360dgbgenmds. 3530b 0dol sedsmmds, GmI bolEgdsl godmgoom |n)
doamds®gmodsdo E - gbgdgoom, dmogds sbg:
e

T
m

5do@md dpymds®gmdsms Lodigmogol m3g@s@dm@o 0dbgds

p=Swlnnl= L e

w, = H|n)=E,|n) (VI-L1)

V|-

33>d3l
_ e 1w
pP= me,—m) = 69 (VI-12)
Lo@o aobosfoemgdols g39bioos
Q=Trle)=Y e &/ e /K _g (VI-13)

boaem mogobyggomo gbg@gos
F=-kTINQ=—kTIn) e ™'

53539 ©@OML gb@d®m3oolomgol 35430
S=-k> W, Inw,,

Lowo(s
1 e
W, =—e™
Q
sbens gobgobogmo Lodjg@mogols m3g@o@dm@o, Gmamai - gybjios

-1
ATl )
ob, bm®@do@gdols yomgomolifobgdom,
pu(B)=e"", Q=Tr(p,)
ol o®obm®MIo@gdyan Lodzg®oggl 9fmwgdgb.
‘d9damddo o3 0bgJll Hodmgydggdbom s 9bgdag@ogm Toddmwygbsdo wogfgdm
pnm = 6nme_ﬁEn 2

@53 603bogls

op _

M = §,m(—E, e =—E

aﬁ nm( nk npnm(ﬂ)
obey



5do@™md 3mbxgoyydsaoygm bogmgdo g3myemmdn

_M _ﬁip(x, X"; ﬂ), p(X, X';O) = 5(X - X')

‘dg3bo'dbemm, G®A holids f —)%t 2350M9bgdlL 9306 O gobygdol aobGmeng-

d0lggh. gl sbognmyos agodeggl dglodengdamdsls 83 ©oxgMgbzos@y®o
23obBM@gdols 5dmbosblibo obig hogfg®Omm:

p(x X )=

(x— x’)z} (VI-14)

m exp| - m
27h° B 2h°
2
doomoms, doMdmboygao mbEoms@maolomngol H, = p%m+maozx2 12,
330@Mb!m

(VI-15)

0og30bggoeo boFognszolomgols (VI-14) dgogao godmdwobos®gmdls Fodby
0b@ga®ools godmmgeopsb (U =7p)

x(U )=x' u .2
1%, mx*(u)
plx,x5U)= Dx(u)exp| — = | du———= (VI-1.7)
bofoansgolomgols V 3(‘0@)366()»;@‘30 Sbogmpoy®o aodmdobs®gmdl, H™3
x(U )=x
plxxU)= | Dxu )exp{—— Idu{ L) v o ))ﬂ (VI18)
x(0=x)

53M9mgg LoobBgmgbms d3g@ols Fo@dmwpgbs

e’ =Q=[dxp(x,xU) jdxxujlxax exp{__jd { 2( ) oV (x(u ))}}:
= | DX(U)GXF’{—g! du{mXT(u) +V(X(U))} (VI-19)

all closed
paths

aobsfomgbols gubdizool o3 Lobol 0b@gydsma®o Fo®dmwagbs bdoGow
20dm0yggbgds LEsGoLG G dgdsbogsdo.

VI22.  §o6bg 0b@gydsmgdols godmmgas bEsGobEogn® dgdsbogsdo

OMAMO3 9339 30300, bylFoe asdmomgmgds Bybombsamy®o 0b@ga®sggdo,
amImgdoi 9Jlsmbgb@odo ggo@Me@ e Bm@Igol dgo308396. 53 0bGHgyG o gdls
odgm 2odmygbgds LEsEBobo s do.

oMy aobbogoyao (33amsol [obsigergdols dgmmwom sbigmo Bm®dgdowsb
06@gaOomgdo 235d@ 9396 Lokodm Robogy® Lowowggdl.
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aobgobogrmm, dopsmoms, asdmbobyegds

(6, %:0)= [ Dx(u)exp{_%zm(u)}

2
Lo X(O)=X1, X(U):Xz. 9L godmbobyagds s@ol bodggdogol ds@@oiols
boFogo, Omam@ i hobl [obs 3s®op@ogosb. asgdogmm mommgygeo GMsgdBmmos
F®%5050 B69JB™@00l dsbamdasw (X,U)-Lod@dggdo:

X(u)=x(u)+y(u)

d5dob doowgds

2 u
f(xl,xz;U)zexp[— m;hu JH Dyexp{—%!duyz}
oo v s@ol Lobgsdg (390dogo)
dx(u) X, —x
du U
[ONICEIN Y y(U)zy(O):O, hggbo Ladogdgano 0b@ga®sgo Fodbg obanohgds m@

dod@ogans, MMIgenmogsb ghmo sdmgoegdygmos jo®s {gdGogdbyg s U -
by, bogom Jgmeg ©sdmowgdyemos do@Fm U -bg. oy dgdmgodebm s0bodgbsls

FU)=|[ Dyem[—z—n;zysz]

Lodgg@ogobomgol gdmyanmdm

plx,%,:U)=F(U )exp{_m(xzzh—bxl)z}

v=

‘d9330dg00s d0go@mm AobBmegds F(U)-l)m301), 09 253m304969d0m Fo®Ima gbsls
p(X, y;u, +U, ) = IdX'p(X, X' U, )p(xl’ y: ul)'

5dm356s: doowgor gsbBmargds s Shggbgm, Gmd Jobo #begswgbo HF93960
5dmbsbbbo dgdoggo bsbobss

FU)= 5 o0(av)

bops o - b6gdobdog@o @Goibgos.

30bog Mo mgo@lsb@obon o3 dydogol 360dgbgermds s@Oss@lgdbomos,

Goa5b 3m@Fgbzosmols smgmol ©mby, Go3 53 Lowogbg sbEgbls dogangbsls,
5058390l o6 (33e00ls sdmEsboll Bobogy® dobss@ s do.

0g0m g9bjios FU) Log@mme 5@ s@ob bodko®m, @oeysb bgdoldogmo
30bogyg®o Lowowol Lsdygomm dbodgbganmds 2ob0do®@Ggods dgae@dogdom
(A) = Sp(pA) ,
sp(p)

o 53 Ygno0rgdsdo FU) g96dcos 0439G90s-

sbggg dgag0oderos asdmgmgsmmmn Fomgdby 0bGga®ogo do@dmboygemo
obao@s@m®ol sdm3sbsdo. oo 0bFga®oe Jggds godmlobyegdols asTdeom
geobogg@o Gesgddmmool dobamdmow 3obybl mM0 BoJBmdol bsd@sgen by
©5g0ygobo:

u 72 2
f(Xz,XliU)=e><p[—%j[m; . m;" izjdu}lz(u)
0

bogos
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g 77)

33(3565: @s8IBPoGIm gb MSbsBsELMBSbo.

V-3, g5®os530gmo 36Gobiodo Fodgddg 06@ga@smolsmgols

Oma03 bAsABobogol 39@lowsb s@ol 3bmdogno, msgoliggseo
969@300Lomgols spaoeo ofgb dgdogy gAMErMdSL:
F<F+(H-H,), (VI-3.1)
ob
F<(H), -TS, (VI-32)
Omdgeoi hofgdogos m@o dsdoen@Gmbosbolbomgol H o Hy. Gmym@d dgygodaos
Lomobo@m msbosgo@mdgbols hofgds Fomgdoby 0bGga®ogol aodmygbgdom?
LEo@ob@dogg®o xodobomgol 353l
e = [[[e~tIDx(u) (VI-33)
x(0)=x(U)

g3mJgom S -0l bsagmsw goboasgm Lbgs 939bJEombsels S; (o6 sgy®omm

960®™305d0)., OMIgEmsbsi3, 0mgegds, @M godmmgangdol ho@o®gds 9B®™
sgognos. d5dob (VI-33) dgagodemos sbg aowegfgdmm

F _U Dxexp[-(S - S, )]exp(~S,) s
e = J.J, Dxexp(— 50) e, (VI-34)

Lowo(s
e /™ = [[e " Dx (V-35)
(V-34) a5dmbobyargdol d@obggerdo dpamd dod@sgeols oJgl Ladygogmml Loby
eXp[—(S—SO)]—QOE e fPmbon o 339990 X(U) A®s9JBm@oobomgol. sdo@md gL
aodmbobyangds dgagodaros sbg yowsgfgtmo:
N :<e7(5750)>50 i) (V-3.6)
539 dgom, @md S s S5 sMosb bsdwgoeno Lowowggdo s sdmgoygbmm

9B MdS
(e")ze" (V-37)

o3 YBHO@mdSL 53l dodEog0 39mgB®oyeo 0b@gMm3dgdoicos (ob. bobsbo 9).

6obobo 9
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A0 <eff> ymggeomgol dggl e_<f>8¢)‘ggpob doas. s gl YHm@mds 5@ s@ols

035%g odm3oEgdyeo, 09 @ 3obmbom s@ols gobsfoengdymo f Lowowy.
dogyygbemo (VI-3.7) {obs (VI-3.6) mobogo@omdsls, gogdbyammdm:

e F > 5%l (VI-3.8)

[[(s—5,)*Dx
S-§,)= 5
< > _Ue‘f’Dx

amam®3 (gbo, (VI-3.9) aodmbsbyamgdols godmmges ga®m swogogmos, goeayg (VI-
34)- Lo. s3M0go0, dogomgm dgdogao mgm@gds

Lo

(VI-39)

F<F, +%<s -S,), (VI-3.10)
sdm30bs: gorggsm,
] mx(u)
S :I > +V (x(u)) du
0 (VI-3.11)
B mx2
S, = j{ : +V(x(u))}du
0
SB96907, Gerd
1

(5=80) =),

sddogo, (VI-3.10) msbosgodwmds dgoiogh (VI-3.1.2) mobosgo®omdgdl, dmgm®
396dm dgdmbgggob.

VIL 30V5@3(MABINR0O BI6IGNMESR0

OMamO3 Jggdmm sgobsbogm, @ubjaombsgyg@o dgmmwgdo 360dgbgenmgsb
Aol SOy gdgb a®Mobols Bybji30gdol, [390mgdol, o563 g0l 5d3mo@ywgdols
©> o.9. bbgs gobogy®do Lowoggdols aodmmgegbobsmgol. gl ¢35boL36gebo,
OmamO (3 3030w, 25dmobobgdosh 6g0bdsbols BubiEombogmaudo 0b@ga®omgdols
d93d39mdoms3. 5do@md domo gbfogas s dgomEgdol ©sdydoggds gOM-g@ 00
00300 53m 35655 Mgm@ool oy 9d0lsl. LoobFg@glbms s dybgd®ogo, G™AI I
2bobg Ygagbgwgds goobognsbo dMsgsao domgds@ogy®o bolbosmol Lodmyany,
AmIgeomsasb 360dgbgenmgebo bofogo J3gdmm 0dbgds goedmgdyemo. 306 ggen
@0ado >0 gdgemos Lbgoslbgs g@Mobols (569 jm@gmsizoyg®o) g9bjiogdols
do0gdoB0g9@om 3@ 9]@mo gobdom@gdgdo s, s mdds gbws, domo Fobogy®o
063 9M3M 9B o30s. ©og0fgmm gOm-g@mo 3Gobiodygmo Lsgombon — 93500090
Lbowowggdols dgdmygobom.
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VII-l. 333007600 d0d09bgds

hggb sy gbobgm, MmI 3930 dgdmbggzsdo Loddg agedal LEobsGE e
2o9L0sb 0bBga®ogdmseb (HmIegddoi gJl3mbgbBol dohggbgdgemo s@ols
335005 9e0). Lobgeromd@,

0 - 1/2
J. dxe™ =%
s a

sdm3obol bobom obgobogngom sdol gobbmpswgds NxN do@®ogdols

‘dg3mbgggoby
. NN
J‘dne“f’*’7 = (iz)
i det A

Lbosi A os®ol g@do@ygeo do@d@ois. dgagodemos ©og®(dybogm, Gmd gl dgogyo
dognsdo @hgds ey od doG®oiol Ig33geom g@doG o m3gas@maom. Lbgs Lod-

439000, dga39degds o3f ghmm
t
| Dnexp{i | dtn(t)O(t)n(t)} = N[detO(t)] ™
5

Lows(s O(t) >0l 9gMdo@ o Mm3gOs@mao s N s@ol s@ssdlgbomo bo®do®gdols

dy9dogo.
od ge@dgeol slsdymgdolsmgol ogofomm 3EmEs 9306 do®Imboyano
obao@s@m®ol sdmEsboliggh s aogoblgbmm, G®I y350b3gM9LgdLs 0b@Ggy®omo

IDUeXp|: J.dt(——mTa)ﬂ J} '[Dnexp|:izﬂh}dt(ﬁ2_a)2772):|=
= j Dnexp {— iﬂt‘ dtn(t)(i +o° Jn(t)} (VII-L1)

d 2
Lobabpgam 3ommdom n(ti):n(tf)zo. >d 0bBga®oeols 360dgbganmds Sdy
odmgmgsmgom s 00 Geeos Lbowowols

. _1/2

A”(S'M’Tj L T =t -t

ol
9L 0bGgaBomo asdmgmgomgmn Mol 0b@gagomol wolig@gBobsioom Jowgdaao
do@®ool ©g@gMdobsbBol godmmgmmom. sbans yodmgmgogmm Mm3gHsGmaol
093 9M3dobsbBo bowsw ©o dggoedmm dgger dgogab.

300390 3OMmdmgds, Gobsi o gbggdom, s@ol ol, @™ bodolbols dshggbgdg-
@0 obEoo®gdl s 0bFga@omo ¥bes A5bgdo@Amm Mgy yms®yms. 3bswos
‘dg30d@os 25dm3094gbmm hggyemgdb@ogo mbEoms@dm@gao gogbosbo 0b@dga@dsaols
3ob3doMmBgos. Lobgaomd®,

IDnem{izmhIdt(ﬁz— }_IlmIDnexp{—— dtz( {—-l-a) —|gﬂn(t) (VII-12)

9L 9bAYbggaymal 0bGgydomdggds godmbobymgdol LYm@ ©si3gdsl ws doygo-
435bL 3g06dsbols a@0bol B9bJ3090msb. Lbgs Lo@yggdom, Fomgdbbg 0b@dga®sgro

d99695M0g50 dgo3o3L Jobgbmd@og Lolsbwgdm 306mdgdl.

>OLYOMdL saEn@g@boGoygao, Jog@sd 933035 gb@ o abs Fodbg 0bGga®ogols
2ob3oMBgoobs, Mo damdo®Mgmdl ggges 0bFga@omols sbooby® aopa®dgengdsdo
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Fomdmbobgomo @®moliggh 3md3agdly@ t Lod®Eygdo. bowow gl sbyg dodmoyey-
M9do
t > t'=-r, 7 real. (VII-1.3)

Imt

/ Ret

6obsbo 10

sbgmo aopa®dgergdom hggbo obGga®ogo (VII-11) Fmeaos

| Dnexp{—iﬂtf dtn(t)(i + wz]n(t) } -

2n 3 dt”
Tt d 2 )
— IDnexp{—z—n;l J‘dn](r{— iz +w }7(7)} =
N j Drnexp {— j dm(r)(— d 22 + o’ Jn(r)} (VII-14)
: dr

o] grool IgEgeslmob ©s3o3d0Mmgdygmo 0s3mdosbol dgbfm@gds dg@sbognos
sbogn d9wdogdo.

dogdymo godmbobymgdols do®xggbs dbodg s@ob 9339 oMo 2oblobe-
309@o0 Loowg, MoEasb 0bGga®ogmdzgds godmbaobyangds 9Jl3mbgbos@y@sw©
999> (5bsen0by@s© goaMdgengd e m3gHoGmAl oJgl wowgdoms aoblisbe-
3090 L3gB®M0). sbens 0b@ga@oml asdmgmgmom s sbsgobydoe godmgs-
3Mdgengdm 9356 Mgogydo wOmoboggh holidom

T—> 7' =1, t real

h3gb 33506@9MgLgol ©g@AgMIobobBo, MmIgeoi Ybws Asdmomgsmmml gybjizosms
Lbog®i9'do, MMIegdoi Eolidyge Lolsbmg®m 300Mmdgdl s3dogmaoa gdgb, 77(7”):0.

SdoR Moz Ybo 53mgblbom ob@mengds Logyms®d dbodgbgermdgdby
d? 2
- +o =1
I
Omdgool bey@do®gdyao 5dmboblibgdo swgoems dmodgdbgds s s@ols

nz\t, — 7.
v, ()= 2 sin L (VII-15)

Ty =T, Ty =T

‘dglododolo boggmo@mo 360dgbganmdgdos

2
An:( 7 J +o? (VI-16)

Ty =T

sdo@mad goliggbom, @mI Lodogdgero m3g@sGm@ol @gRg@dobsb@Go s@ols
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of g e ol ) |

sinh a)(rf —ri)
=B (VII-1.7)
a)iz'f -1 )
9356 Sbogroby@ow 2odma®dgangdol dgdwgy g3mYmdm
2 2 sinalt; —t; i
det| ~ 9 07| > deff L it |- ti-t)_ psinat (VII-18)
dr dt a)(tf —ti) T

9L 2odmbobyagds, bowos ©sgegdoMgdygmos Fodby sdg gobbogoye
063 ga@o@msb. sdo@md, golizgbom, GmI

.t . ~1/2 -1/2

im ¢ sinwT d?
Dnexp| — | dt(#? — w’n?)| = A" = N| det| — + w? VII-19
I g Xp{Zh{ (77 “n )} ( ol j [ (dt2 e B ( )

‘dgdamddo 53 Fgogal 3obgsbmaswgdbm ggaol mgm@osby, msgolygegdols
bo@olboms glsl®ygamm Gomegbmdol dgdmbgggsdo.

VII-2. go@gmsaogto g96]diogdo

3obgobogrmm 350bgbdg@aol Yomdmagbols m3g@s@m@mgdol w@mdo dm§gl@o-
39090 b5dMogeol do@G®oEymo gegdgb@o H<Xf’tf ‘T(XH(tl)XH(tZ)XXi'ti>H
5300m0 Jodggamds t >t,. d5dob Lagemo 3@gdamols asdmygbgdom gFg@m:
Ot X )X (6 ) X0t
:jdxldx2H<xf,tf‘X t) %t (0t X ) %00t (Xt Xt =

:J‘dxldxlex2 ! <xf T ‘xl,tl Do (Xt [X00t), <x2,t2|xl,tl>H

‘d9360dbmm, O™ gmggero dobogobo bsd@Mogemo od aodmbobyegdsdo s@ol goal-
g0l 5d3eo@ s s 5do@md, oo gmgds Fodomo 0b@gadseols dgdggmdom.
boddogemgdols 3mddobo®gdom g 9@ m:

et X )X ()0 8),, = NIDxx(tl)x(tz)expBS[x]} (VII-2.1)
sbognmpoyg@o, @mas t, >, g35J3b
(et X )X () %), = N J.Dxx(tl)x(tz)exp{%s[xﬂ (VII22)

5] Bg9b 3535099690 ol BoBHo, @M 0bFgaGems9d X(t, ) X(t,) G056 janslogy@o
Lbooggdo ©s gOMASbgmmsb 3mdyg@o®gdgb. 53 MG FHMEMdowsb godmdoobs@dyg-
™oL, G™d
i
(e TG )X, ()%, = N J.Dxx(tl)x(tz)exp[%s[x]j (VII23)

Lobsdgoagdo, bgdoldog®o Gosmegbmdol M3g@sEmEgdols wdmdo dmf§glido-

29090 bsdMogemo yg5denggl jm@gas3oy® B9bj30gdl Fomgdbyg 0b@ga®owols
Lobom:
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(50 10U, (0))-0,0¢, 8, )3 1), =
=N [ D0, (1,10, (4t oo 5 Sb

Fodbg 0b@ga®oeols dodbowggenmds 0dsdos, M dodxggbs Ibodgdo 353l
doO B geslogy®o Lbowoggdo s @S M3gAOSEM@gbo.

30dmygbgdgddo Lodo®m begds gopslgaols sd3@mo@gogdol omgams Mo0dy
30b0ogy® JamdsMgmdgdl dm@ols s oMo Jbmerme M@ JNMEEObsE Y
damdo®gmdgdls dm@ol. Lobgmmd®, ©sp350639m9Lgol gogmwgm LobEgdol

(VII-2.4)

LoPgobo gobogn@o dpgmds@gmdoesb |¥;) ©Amol t dmdghddo Lodmmemm ‘Wf>
damdo®gmodsdo @mols t; dmdgb@do ao@sligenol sendommds. glos ol, @slsg

0mbmgl S- ds@@oigol doG@oEymo gargdgbBgools 3mwbs.
3ob35MB ool mobobdo, yoesligarols sd3@o@ s dmogds Sby:

H<l//f ‘l//i>H
:J-dxdeiH<Wf ‘Xf’tf> <Xf1t ‘Xu i < i ||'//|>
- dexfdxix/f‘(xf (%, IDxexp(ES[x]j (VII-2.5)

o podmybgdymos hggymgd®ogo 3356@®-3gobogndo gobds@@gods
W (th), =pixt)
obggg dgagodaos hogfgdmm amdo Infgldopgdyao bgdoldogHo gm@gersizoyg®o

Babdios
H <l//f ‘T(Ol(XH (tl))...On(X H (tn ))]l//i >H -

Nl b ot o ) D900, o, D 5 51

aodmmgen gddo b'dodo 83506390 glgdl Lodysenm d60dgbgermdgdo. Lm@o
bo®dodgdobmgols osbig Fgdgb

T(0.(, 1)-0,(x.: 1, ) =
H <l//i |T (Ol(x H (tl ))---On (X H (tN ))) l//i>H

H <V/i |‘//i>H _
J.dxf dx;y i (Xf L )//i (.t )J. DxO; (x(t,)). O, (x(t, ) exp [711 S[X]j
'[dxfdxit//i*(xf,t X, t, '[Dxexp( S|[x ]j

sdol dgdgy 350bgbdgmyols Ly@omols 0bwgJll hodmgydggdm.

sbens d93603bmm, GmA Jgagodgros gm@gas3ogmo }9bliogdol ggbgdomgds
do@B0go abom mygz0 godgdg Fygo@mbsi godmgoygbgdm. asbgds®@@mm dmwogo-
(30M9deo Jdgogds obgmf)ooﬁ)ogg

(VII-2.6)

(VII-2.7)

S[x,J]=5 j dtd (t)x(t) (VII-2.8)

LobiGgdol @obsdogols 6061)0%;@3(1)0315 J9g909ds S[x]=S[x,0]. 25639s@FmM Sbggy

(wilw), =NIdedXilyi*(Xf,t (Xt IDxexp(%S[ J]] (VII-2.9)

bomgemos, Gmd
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Wwilwi),, =(wilwi)
odogg @OMb, dmEs t, >t >t;, 33(0‘3@(*)600
5<Wi |‘//i>
a(t,)

= dexdeiWi*(Xf 1% )Vi (x;.t, )_[ ngx(tl)eXp(gS[X’ J]j
59056 25dmI0bo@gmdl, HmI
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A
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:%<V/i|XH(t11Wi>

% (;)W X)X (v (VII2.11)
‘dglodsdolow, e
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(v, |t//.>
(VII-2.12)
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J(t)=0, Gogs  [t|>7
©5 530090m brgodl, GmES T —>00.
‘dgg0d@os ©@ogf ghmm

. i 7 .
tiIlﬁr[1oo<xf X, = NI Dxexp(% Idt(L(x, X) + JX)J (VII-32)
ty > —©
S B g@bo@ogmse, (VI-3.1)-sb
. L i
tI|Ln_1oo<xf e xit), = limlim(x, .t ‘T(exp& [ dtax D| X\t (VII-3.3)
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tf%oooo

70 tj —>—00
ty >0
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ty >0

t > 300 brg®gddo gJl3mbgb@gdo mlEomodmgdgb byaoliyggh yggms dpamds®gmdo-
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- (ol o e e[ o
>d®H0a s
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S[x 9] = [at(L(x X)+ X)

‘d9360dbmm, OmI 0y 3obgdo@@ogm

z[3]=(0l0), =N DxexpBS[x,J]} (VII-3.7)
dodob 2391690
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996J30mbogo o6 gogyydy®o a@oboli gy9bdizogdol JsFo@Imgdgano Bubjizombogno.
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?]NTE)] : :(_ih)ﬁ% : (X)) (VII-3.10)
BRI
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L(Qi’Qi)’ H(qi’p' jd XL (P’ /ﬂ’ Id XH ¢” )
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K(x,y)=6"(x-y —oaViru (VII-1.6)
T
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aogbol dgdogao Lobol 0b@ga@dsgmolss

1
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W, [J]=exp E I d*xd*yJ (x)A(x, y)J (y)} (VII-1.8)
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37 g®0g50 L -0l bodolbgdols dobgogom, dogomgdm gogol gobs53F3003L o ddyano
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‘dglododolmds 0gmlb obgmo, Omd JgbO gl m@o dnsgs®o mgolgds, O®Igoms
boloosmegds hggyagd®ogo asblobwgdymo 0b@gadoo Lol ygam bsbwgmgddo,

.[de (X); Lobganmd®, [OR0gmds s F@sblans3oy®o 0bgo®osbBmds.

1751‘)30 L0o®Ygg9000, gnbmyemdm dgdogy mgoligdgol:
() [d&(&)=[dd(£+0), bogog @ aGoldsbols Goibgos.

@ [defaf (6)+bg(€)]=afdef (£)+b[deg(é).
oo a,b - bgdboldogdo C-oibggdos.

30300, @3 aMsbdobols (33eools Bubjiosl o3l do®dEogo Loby

f(E)=10+10
©> Moa5h 0bGgadomo C-Moibgo 9bos ogml, a5638s0Fmm sSbg:
1(f)=[de[r @+ £0g]= £ (VII-2.9)
9L 256do@BHgods ogdoymxzomgdl bgdmblgbgdye 2 dmmbmgbsl. sdogg @™l 2
sdmy30gdgmo Rubjiaoobsmgol, 1 ©s &, gl gobdod@gds ©ooygobgds dgdwgy
0gobgdgdby:
[d¢-1=0, [de-g=1 (VIII-2.10)

b9dmbligbgdygemo Jmmnbmgbgdo, bowos, gdogmxzommogds. dggbodbmm, Gmd sligmo
3ob3oMmBgools dgdmbgggsdo g@sldsbyao 0bGga®sios gdmbgggs aofo@mdmgdsl:

[def (&)= % f(&) (VII-2.11)
9L mgolbigds go gdgo@gds dgdgal: D-0m 50gbo'dbmm aofo@dmgds g@sbdsbols
(g oom, boem | ogml 0b@gadscos. ggod3l dgdwgao mgoligdgdo:

ID=0 (LOyao Fodmgdagmopsb 0b@ga@omo 9bws ogml byano)
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DI =0 (c-®oigbgol (o@dmgdygao go@ols byenls)
@530 2®@obdobols 33e0s@om gofo®Imgds boen3m@gb@y®os, 53 30Mmdgdols

slio3dogmagom goms , d9bgdM0gos, og50303Mm
|=D

2@oldobyeo sbogmobo slig aobgogdimm: yobgobogmon N mdbdogddo, GmIagdoi
9dm@ho@ gbosb 5bE0gmIgGoosb:

& &l
25635ME gd0m sgo@mm &) =1

53G0g00 [o®3moddbgds 2" YOgogo 0sdmyzogdgero LE®IBn@gdo:

1

4:11§2!""§n

5152 ! §1§3""’§n—1§n
152830

. oo 2" (VIII-2.12)

9L bLA®YIHYDgo0 [o@mIMJdbosb 2"-a56Dmdogngdosh [Ox03 Loghgl, G, .
@oldobols & @obggdl gfmegdgh o3 seragd@ols Fo®dmdJdbgangdl, @o@asb o9
S0 9d@ol bgdoldog®o gegdgb@o dgodangds hoofgdml dgdwgao Loboo:
f(glﬂfzv"vgn):

= O+ RO Y R G e DA gg g (VITRD)

oo f-gdo s@0ob hggagemgddogo (30dygBomgdswo) C-moibggdo. bgdoldogmo m®o
@oibgol aoesldol dodo@m &-9d0l bod@ogengdol sbEolodg@®oyammdols godm,
dmygobogo aod@s 5@ s@ol ghmogOmo, f-93L gmggemgols dgagodeos ©ogyde-
Ao mA0 0bpgdlols yoesldol dods®om Lodg@@moyeo §93®o.
bdodse dmbobgdbgdganos aobgoboenmm “Fdobpsw @yfo” s “fdobpsw

396007 J39Lod@sgemggdo 53 senagd@obs, GMdggdoi dgoieggbh dbmamo wyfo
(3950¢0) @omEgbmdols &£-gdols bod@sgan gdls

for = fO 4 10 & + £l &8 8+ (VIII-2.14)

ol = 108 + 10 &8 & +... (VIIL-2.15)
bomgeros, @M cyfo Jggloddsgang 3mIyg@odgdl G, seoagddol yggeos
92093963 msb, 35Tob, AmEs 39600 Jggboddsgamols §g3@9d0 5bEo3mdy@domgdgb
9O 565 msb.

9L dobos@ O yms© 03 goJBol aodmbs@ymgdss, M3 gg@mdombms gyfo
AomEgbmds TomdmJdbol dmbmbl, d5Tob @m@Es gg@dombms 396G0 Mom©gbmde—
39®dombL.

35350m0: G,, OmIgmoiz  [o@Imolddbgds 2 gangdgbBom: & s &,.
2ob3LobE@gAOMM MOX gHs©o 0bGgy®ogoo:

[dede, f(8,8)
b96906®03005, 9bs Imgomnbmgmm sa®gmgy, M R gM9biosmgdo SbGo mdey-
A0M9dgb:

&, dg, }=1dg;, &, =0 (VIII-2.16)
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G, samggdds dgoiegh 4 wsdmyzogdge g9biosl;
1L & & &é (VIII-2.17)
s>dols dobggom 2obgdo@@mm 0b@ga®omgdo:

o [d&[dg, 1=[dg|[az, 1]=0

i jd§1Jd§2 & = _J‘dé:ZUdglglJ: _J‘dgz -1=0

b J‘déjljdéz &, :jdfl 1=0

* J.dgljdfz(éégz): _J.déglljdégz &, kjl = _J.désl & =-1

96 §9lgdo dnmosbsm goblobgdsggs bgdoldog@o f(&,&,) BubJEo0wsk
06@gaOoml s SEg0e0s 2obbmaswgds bgdolidogd G, -by.

@530 bgdoldogdo f -gubjios dgodengds hoofg@ml bgdmmhsdmmgamogno
LEAO 9B YO9d0L Jobgogom godaol Lobom, bsmganos, @m3 0b@gy® o do:

[d&[ds,..[ds f(5 .48,

SO5bygamgab {gmoal dgo@obl dbmeme ¢zobsligbgero Fg3do. yggans Fobs §g93@0
‘9903036 9O obgm 0b@Gga@siosl ds0bz, MMIganlsi @ swdmshbpgds dglsdsdolo

& s M550 jdfi 1=0, 5do@m3 gggews slgmo §gg300056 0b@gadomo byaols
Aoo godmgs. 93obobsgbgmo 93600 0bGga@odgds & & .6 bod@ogaols doggsbom

d9degy Lobgby &.&,4...&, Lomobowme 603bgdols pomgommolifobgdom mommgyeo

aosldol AML.
Sdo@Rmads(3,

[dé..[d& (66,4, )=, (VII-2.18)

[ PR 8
Lowo(s (—1)P sMol dgdwgao aowslidol bodsbo: (l 21 1}
nn-1,...,

G3geool FOxogo g3gms a@sbdsbym 06@ 930S To.
30J3om a35Jgb G, -0l (51,52,...,/:“) 90 9d96@ 9000 (o®dmJdboeno Logtg wo
BO0S3035MM (338050 90bg (771,772,...,77n). aoslgans 4obdo@Bgoygemo oyml sby:
n, =ZBij§j = B;¢; (VIII-2.19)
i

Losi 3mgR03096@ 900 hgguer gdb@ogo @oibggdos, @mdmagdoi Jdbosh s@sbobygeos-
A oB@osl. bomgaos, GMA 3G gdyemo ) 03539 bogydggen by dgagodanos
aobgobogrmm, Amamei G, sagd@ol [omdmdJdbgamms 3@gdaeo, 9.0. gggems 7,
bR 0g3mIYB0®gdls
wr.1;§=0

bgdolidogdo @9bdEos, Omagebeg sy 3fgoOwom 3maobmdosgnols obom,
bybow sbggg dgag0deos hoglgdmm sbogmo (3gams@gdol 3maobmdosgrse. 4339
30300, @3 G -Fo gOmsEg®Omo N-xgHoeo 0bGga®omos:

j dé,... j d& (£.&,,..4)=1 (VIII-2.20)

@opyob 03539 YR gd00m smagd@s Ygag9dmm 9dmag9@obs (17,77, 77,) dobolols
3>9mggbgdom, asodgl Spt9m3y

[dn.[dn, (2,00 1) =1 (VIII-221)
2odmg049bmm sbans (VII-2.19) ao®sdbs. 35Td0b bowos, @™
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Mol g7, = (et B)E &, .8 (VII-222)
5d0@™md 0bGga®si3ool 3obygbgdols gOMIsbgmnmsb dgmoglgdols dggdergdbom do@FEm
dodob, 0y

dr,d7,..dn, =(det B)'d&ds,..dE, (VIII-223)
230blgbmm, MM hggymgdbdogo @oibggdbol dgdmbgggsdo yodwsJdbols
9B gHdobobBo smdmhbpgdmes IMobggerdo. go@esddbols 3 ©gRgMdobsbBl by
053mb05bL hgguergdbdogo oibggdol dgdmbgggsdo, a@slidobol 3gemo@gdols
dgdmbgggsdo bdodsw 9Ylmegdgb 890906056,  Loddmms smgds@ogmbols ¢.o.
3909b0bols LodsBoggdygeme, @mdgendsi db0dgbgenmgsbo geogo dgodsbs
2@oLdsbyeno sbogmobols yobgomsmgdsdo

aobg0bogman @53dpgbody 3603gbgemgsbo 06@ga@S@o:

L. 0bBga@oemo 9]b3mb9bB 006
[d&[dg ool 248, ]= [d [de, (- 28.5,) =2 (VIII-224)
2. sdobo gobbmysgds 0bFga®ommbyg dof@xog0 gm®dowsb gJldmbgb@sdo
Logdome do@Bogo (yogds. dos@mes, aobgobogmm 2n g@mmdenomds
dbobgengdolss:

(& &)
o ogbg bobom PdMogmE (33Eo©gd0s 50bodb Yo s sMoPIMHo Loghmm 5@

5J3L gy gdol Mm3g@siEosbmsb. gl geregdo LOYEosE ©sIMY 00 o9ebo
5056 gOmMdobgmoliogsb.

aobgoboermm 0b@gy®@omo
| = [d&dEdE,dg, . dE,dg, eXP{—ZfEA,—é,— } (VIII-2.25)
i

Logoi Aj @0l Go0dg NxN s@olobygmsdgmo Gogbgomo ds@@os, Gedmols
05 Mbo@0boi0s dgodangdmwgls, gmdgom, yodwsJdbom
BoA, (B™), = 45, (VIII-2.26)
o A-900 o056 A Fs@@oiol Lsggmedo 3bodgbgenmdgdo.
3ob3Lob@gOMm a@sldobols sbogro (3g3emo©9d0 (771'772""’77n;77l’772""'ﬁn)' ‘dgdm-
30¢obmm Igdpgabsodo {@x0g0 dgigas

1 = By&; (VIII-2.27)
> dobgob @sdmyz0@gda o
_ 1) — _ ~
= ((BT) )ki & =6 (B l)ik (VIII-2.28)

sbans hogo@o®mm bgdmmadmygsboao dgigas, Mobmgolsi godmgoygbem
]de?ldfl---de?ndfn =

dn,dn,..dn,dn, =

det B - det [(BT )’ (VII-229)

- d&dé,..dE ¢,

5d539 @AM, 09 aodmgoygbgdm (VII-2.26)-, dmdgeroi osbg hogfgdmm
B-A-B™" =2, Joomgds
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é?iAij(fj =1,B A,—Bﬂlm = Z/Ikﬁkﬂk
k
SdMogs:

| = j d7,dn,..d7, dn, exp [— Z/Ikﬁknk} = (VIII-2.30)

=1:[Ud77kdnk)=1:[ﬂk — det A

09y 53l dggos®gdm C-Moi3bgmgeb aogbol 0bGgydoml N (3gamsoliysb,
dogomgdoom (det A) ™%, 2n ggaopols F99mbgggado go — (det A)* . gbgoogm, Gmd
@obdobyemo b9bgdols yodm 0b@gaydsmdo ©g@gMmdobsb@o hbpgds dG0bggen do.

sdols dgdgy bomgeos, MM gg@dombyeo ggergboli ©s3356@g0bomgols
3996J30mbogy@o 0bGga®omon geslbogy®o Rg@dombyemo ggergdo l//(X) S W(X)
9bs hogmgogrmm g@slidsbols glolOygam 2sbbmdoggdbosbo s gd®ols gengdqgb-
Bgdo©. bgdmm Jogdymo g gagoo SEgoms© Ass0Rsbgds 53 dgdmbgggeby.
“30ologg®@o bpgs®o” dgodgngds 3obodo@Bml, Gmamai 7 —>0, GmEs yggems

5bBH03mIYBGM@0 bygms® aoms0di3gge. o3 bwgs®ddo ¥g@dombyeo ggargdo S@o®
30056 5@SFM0g0o M0 3356 YA M3gMoBmMgdo, >3 hggyegodogo C-Goibgm-

3560 ggangdo, @oEash gamdsbgmmsb sbBogmIy@odgdgb 3mdygRsiool bsigersw.
obobo dgodangds 043696 g@sLIsbols Mozbggdo.

h3gb o>@0gb0dbgm, GMd G, oeagd@ols Fo®Imd]dbgano g@slidsbols Moibggdo

93003909l gmgeols 5@0sb Mo0dg oli@g@yero mdogdBgoo, s sMs (33EoEgdo,
AmIe gdoz 00gdgbh 360dgbganmdgdls Gows ©0s35bmMbdo. dog@sd o3 dgbryogsls

o ofgl spgogmo G, saagddols bgdboldogdo gangdgb@olomgol. bgdolidog®m
f ge0gd9b@dl o3l c-Moigbgmgsbo 3mgx03096@go0: f(o), f(l),..., £, 59 ®o3bggdl
‘dg9dg0o0 03320 90mebgb 9Fyzgd o0, dgodagds ©odmgowgdygmo 0943bgb Lbgs
®oibgom 3geo©gdbg, dosm dm@ol Logh Y o WOMOm JOmObsGgdoby. I
‘dgdmbgggodo G, -0l gangdgb@gdo sa®gmgg dgodengds 0(33ergdmebgb w®M-
Log®39do.

390dme, dgagodanos gobgobogmen F@xgogo gy9bjios

f(xt)=2 ¥ (xt)

gbos 5b@Go3mdy@odgdoo ggemo
{f(x,t), f(x',t")}=0
‘dg360'dbemm, G®3 dgodargds dobo oxgg@gbioMgds 5b 0b@gadsios hggna gd®ogo
‘dobos@bom.
@md dogoemn hggbo @o@szol “gansbogy®o” ggano, ybos gobgobogrmm
3@513sbols sanp 9dds 39bg@OsGMAOms YLosbEyerm GomEgbmdom, GmMda gdlsc

hogVgom (ygogad swbodgbgddo, (51,51,...,;,5”; n—)oo) YOM0JN NI 3009 9-
@0 2@5Ldsbyano 2gbg@s@mdgdom. aobgoboermm sa@gmgg Mo0dg MGOMMbm®IoG -

dyemo C- @oibgmgobo g9biogdols LOygmo 3G dyeo ¢i()?,t),
[dx [ dtg (%, t)g; (%,1)= 5,
3obglobegOmm

w<x>zg¢i (x)z, w+<x>si¢:<x>a

oﬁ)bab(_)mog) 9L s®ol ods ol (;Q)ol;o(y(j&m 3920 960. domo d9dggmdom 535396,
5 M5bg0sbl. @oa@obgosbdo gg®dombymmo ggangdo, Gmama G §gbo,
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305G mae ge00b: L=, Ay). sdo@dmd (VII-2.1) 9g0damgds hogogemmmm
2o9L0sbol 2obbmpswgdse. d5dob bgdmm dowgdaero gogagdbol msbsbdsg,
dogowgdm

W = [DyDi7exp|[d*xpAy |= det A (VII-231)
o] o6 hogdmgm [g30960 Fgodmgdom. gl Lowowyg s@0b go399d-3o399dg®0
aosligenols s33go@ s s, d37Eo ©0sRMSIgo0, MA@ golsi Fo®dmdbols InW,
5009696 2M5%03950L gOMMIEomdsl ghmo hoggBogo Bg@dombyao do@ysgom(ob.
J399m0 5@556ga @0 Yo od@ymo ggangdols ©s3356@g0LsL)

am@as hggyegdodogo @ubjaombogado 0bBga®omosb  omsgogs®m
390dombye g9bjiombogy® 06@gaMomby 5bG0 mIYE0Mmgdoo (3geo©gdom,
d609gbgeols bogeoe dMoibggendo hbpgds ©gBg@mdobsbBo, doi 0fgg3l INW -1
Log@omm bodbol dgigerol. oJgosb godmdpobs@gmdls gobdsbols go®asw (36mdogno
Tabo, @03 gmggen hoggdoe gg@ddombye dodyggl 9bos dogssnmgbmm dobyls
b0dsbo.
gbgoogm, ™3 mgm@ools OgagesGy@o ©s3356@g0Lomgol ¢g0bdsbols

39JGombsgrg@o 0b@ga®ogo SO gdl 3obdbobmg@ger @menls, Lobganmd®,

0 gm@05d0 hoBo®gdymos ©o33563 35, ™y gowsligenols sd3god s b gogydydo
396Jaombogro hofgdogos gybjiombogrydo 0b@gaydsmol Labom. 3 dgmmeds

2oblLoggm@gdom (ob (olifos mgm@os g9.¥. gomod@dyeo ggangdols dgdmbgggsdo,
Omdgol gobboangobygi sbens dowsgsam.
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00030 IX. dOROdGINRO  3INRIOL  Rd3356B5H3S

4o 0d@ygemo  mgm@ogdol (0sby-doenlols Fodol ggaogdol) dmsgs®o mgoligds —
4o 0d@ gm0 06350056 P mds — ©53356@g0Lol sdgmaghgdl Logdom Lodmyaggdls
0doll  20dm, @AMI 5OLYdMdgh bgdgpo mogolbygmgdols badolbgdo, mIgerms
dgbodsdolbo  s@oxobogMo  geogdologeb  sdmyzowgdgero  gbos 043696

053300390500 Bobogy®o Lowowggdo.
IX-1. 33560900 ggl@Hmeobsdogs (QED)

3356090 9 9dBOMm©0653035T0 good@ o 30g5M05bB o moa@sbgosbom
1 v
L7 :_Z F#VF” (IX-1.1)

0339 by@o Logd ol a®obol 53yubjioobomgol doowgds aobBmagds

(k*g,, —k,k,)B; (k)=-ig,,, (1X-12)
o3 M3gM5BMAOL 5@ aoohbos dgd@ybgdyeo. doGmasis, My s@gbodbsgm

_ L2
K. =kg,,-kk,, (IX-13)
SOZJOESW O3S Gbm, @I
KWK; ~ K, (IX-14)

9L 60dbogl, Gmd Loddg g35J3L 3OMgJBHo®gdol M3gAsAMAO®Msb (ol 53MmgJBo®gdls
goenod@yeno ggaols 2obog mogolygagdoll bo@olbgdbg) o 30@md o@ yoohboo
‘dgo@9bgdoao.

od  3OMogdoesb  mogol  obom{ggo  aodmoygbgds  do@Rogo  dgmmwo,
Omdgeoi IEymIs@gmdl  3oM 33990 Yood®gdol o®hggado (sby goeodb@dgdols

©550Jlo®go5d0). slig, dogommoms, @m®gbizol ysaodmgdsdo, 6HA” =0, 9353l

k’D(k)=0 (IX-15)
sdo@md (IX-12) aob@magdowsb ggmbhgds
~ . - . g ,
k’D,,(k)=-g,, = D, (k)=—i-% (IX-16)

dog®od slgmo doamds sO®3g3L Yo odb@ e 0635M05bG Y@ mdsl, @oloi dgydanos
d9J36ol  Lg@ombyemo  Lodbgarggdo gobdamo@mdsms  sbognoboll @A™, bmysw©
dgdmbgggsdo  (IX-12) aob@magbol  sdmbsblbo  s@o@smlsbos, @sgo  dodibgbs
dbomgdo Jpamd Mm3g@sBmal @ ofgl dgodrbgdyeo.

@md  Jmgobemdmm o3 gobBmagdol sbogobo, aodmggmo dsbdo gobogo wo
aob{gMog0o bofomgdo oby (IX-12) gobBmagdols sdmbsblbo ggdgdmm olbig:

~ kK \ze KK, =
D#V(k): g,uv_ k2 D +k—2D (IX-17)
dodob (IX-12) gob@mangdsdo holidol dgdwgy dogomgdo:
Lo
kz[g””— kklz jD" =-ig”“’ (IX-1.8)

o>Jgobsi gg®  godmgom D'-l, ol @hgds  3obylobrg®gero. sdoBmd dogogs@m
0dol  oy@Eomgdambedpyg,  @m™I D 96d300l  goblobmg@obomgols  ¢bws

uv

©0535OMZOM” 4o 0d® Yo  0bgoM0sbGymmds, g.0. 9bps sgo@home  @mIganody
Yo 0d@ygeno  Jo@mds.  39@dem  dgdmbgggedo, ol dgodgrgds o0gml, dspseomsw,
m@Agbiol good@gds (mydie gl 5@ s@ols s9yiogdgero):
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k"D =0 (IX-19)
bmpoe  dgdnbgggsdo  gomoddgdols  wogodbodgds  doow(gge  @op@sbgosbdo
535395000 Fagool ‘dgBobom, GmIganog >O®393L Yo 0d@® e
06350056@ e mds:
L =—2(a A f (IX-1.10)
&-L o®bggs dgodengds bgdoldog@ow. dob fmegdgb gomod@gdol 3o@sdgB@L. sdols

dgegaoe dowgdygmo LOYPmo @oa@sbgosbosb

1 , 1 2
U+ Ly ==, FF” —z—g(a#Aﬂ) (IX-1.11)
3900bmgol 25dmIobs®gmdl dgdpgao aob@mangdgdo:
%A, —{1—%)@1 (6,A")=0 (IX-1.12)
5Jgob 0339 ly@ Log®gdo 3OMm3sao@maolomgols doowgds aob@meangds:
1)Kk, )=, i
(gw—(l—gjﬁ—z]Dg(k)z—Fgw (IX-1.13)
0gy Sbans of (IX-17) gob@mengdsli odmgoygbgdm, gobglsbmgdsgm
S o Bt -l (I-1.14)

k? k2
d99bgdMogos, Gmd £-ol Lbgowslbbgs os®@bggom Ubgowslbgs goamod@gds doomgds.
gomod@ygmo [gg60lL Ly god@mds bpgds brgs®To £—o. 53 Ml D' - .
SdoRmdsz  aodmmgegbols @M Lobymdggaos & dggobo@bybom dm@mdpg ©o

d9g o300m0 begs@o. MoEasbh yggms Bobogydo (s330M390500) Lowowyg s@ols
Yo 0d@ygeno© 0635M05bF @0 s 8doF™M3 0O 5@l oMo gdygmo gseod®godols
3005d9BMbg, o0 hbpgds bgodbg aowoligemol oyEoegdenmds. @o@g@s@y@sdo
43905bg bdodo agbgogds dgdwgao s®hggsbo:

E=1 6ﬂv(k)=_kl_2gyv (390635601 5b Bobogydo yoenod®gds)
(IX-1.15)
~ i kK,
&=0, Dﬂv(k)z—k—2 9, — ﬁz , (@obpoygl o6y aobogo goeod@gds)
(IX-1.16)

olidol gombgs: @ob ofg93L Ly (g0l gomgogolfobgds 5d3emo@gwgddo?
aobgobogrmm 063060 gbodo@ @0 Yo odd o aoMsJdbs:

1 1
A* — A* —Eaﬂ(ae(x)), 0,A* =0, A" —Eaz(ae(x)) (IX-1.17)

@530 L7 0bgo@osb@ygmos, gl (ggoo  (gmoel  o@  dgo@ebl  Jdgwgdols

(338000 gb5do.
s>do@ma

,, oL P P u 1o 4
__5j ( A“fd*x = 2 (GﬂA 0 %(x)j[ayA 0 w(x)jd X+

TA o) d“xﬁ o4, Pt

09 o] bsFogmdomn 0b@gadoEosl hogs@edgdm, dogowgdm
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1 4 2 u
&= ]d x30(x)6% (0, A")

o569 m9 dmgombmgm (0bgo@®osb@ygamosls) %:0, doo@gds

8*(0,A")=0 (IX-1.18)
gbos  aob@mengds  dgdegao  ggeolbomgol (ob  “bofomsjzolbomgols”) n=0,A",
OmIgaenoi  mogolygogos  oby 0@ YOmogAmJdgogol SO ghm  ggemsb. oy
aobgobognsgm dobmgol gmdols sdmEsbsls

U(X] =0=0 Qo U(XX =0=0
d0gomgbdbm BEA0gosmy@ 53mbsblbl 7 =0 yggams t-Logol.
SdM0g o0, "n- bofogs3960”  Tgagodmos 5@  gobgobogrmo  (Mo@ash o®
9H0009Om Jdgegdgb  sMog0Lmsb), bmam  gsod®gdols  wsdsgoJbodgdgano  §g3do
YO Bo@s @sa@5bgoobdo s@oo@lgdomo ©obsds@o.

3356090 g gdB®meobsdogsdo sy 0393006, ©o@sddg@ols  aob@mengdols
0’1=0  53mboblbl Fo@mdmowybgh ©oEgdom ©s godymaomn LobdoGum bofomms

N odo:

n(x)=n"(x)+7(x)
©> 053356@30LoL Bobogy® JamIoMmgmdgdl 5gdgbh ©ods@gdom 30Mmdsl (3 y3@o-
dangoang@ols 306 mds):

7 (x| @ ) =0 (IX-1.19)
oby 5obogyd dgmdo®gmdgdbdo @ 9bos g3]mbogl  “n-bofomsjgdo”.

IX-2. 5SA558ge M0 (056p-3ogliol) ggemgdols gdmbgggs

gbosbmm sbans Omam@os daMAsMgmds M09 Y@ Yo od@ Yo (0sby-doanlols)
390950l dgdmbgggedo.  od @M good®gdol sdogoJlodgdger (930l gJbgods
Lbobg:

1 2
Ly = —2—§(ayA;') (IX-2.1)
bogm 06530603 bodogny@ ao®wsJdbgdl -
s, =iofr A ]+ 1o,0°T, (IX-222)
g
Loss
A, =AT, (1X-2.3)

sdo@Bm3d doomgds
a H a 1 a
A =i, A[T ,Tb]+§8#0 T,

5> (oAb
[re. 70 |=if, T (IX-24)
dogowgdm
a abc A b 1 a
5Aﬂ =f A,ﬁc +§8ﬂ0 (IX-2.5)
obey
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§A; = 1 D ﬂﬁa (IX-2.6)
g
aobgobogrmm sbans  Jdggdol goMosios 0dol gomgoeolifobgdom, Gmd dsldo
SObyermgabo (geroano dbmenmo Ly -©ob ‘dgodangds dmgowgls:
1 1 1
&S =—=(d*xlo ANO,OA )]=—= d*xlo A:{—@VDVé‘Haj

bofoemmdomo  0bFgadsGoom s 3mgsMmosbGymo  [o@dmgdygmol  gobdo®d@gools
3omgoolfobgbom gl aodmbobyegds dooygabgds Lobgby:

& = _g_]-g_[d4x[59aaz(6;lA:)_ g(avﬁﬂAC”Xf cbaAk/)é‘ea)]:
=—g—1§jd4x5¢9a(Dvavna)

oo 77, EaﬂA:. 530 M % =0. 339690

a

D"0,n, =0 (IX-2.7)
gbos aob@mangds 77, ggenobsmgol. gboswo Lobom
o*n, +dof , A 0,1, =0 (IX-2.8)

gbgoogm, @md QED-Lyob goblbgoggoom of d9dmeols s@s{@xg0g0 Fg360, G™Igeog
dgoogl  0sby-dogoliols  ggaol, Ay . sdodmd  71,,17, Lowowpggdbolbmgol byamgsbo

LoFygobo 3ommdgdol dgdmbgggedoi go 17, ggeo 3gewsg agbg@odgds A- ggagdols
dog®. 3356016 gbobg gl 60dbogl, Mmd A ggeo s@oybbgdl 7, ggeols 3356@ Y@

Re9dB9°3090L o [o@3mTmdl 17, bsfoesjz9dl, GmImgdoi dgodengds a3]mbogls

OOamO3  AOgo@y®  (sLod3Gm@Y®)  damds®gmdgddo,  olggg  Iyoengoy@
(300 Yo 9@®) damdo®gmdgddo ( g.0. dodyyygddo).

QED-90 g30bogydo dpamdsdgmdgdol s@hggom (IX-119) gogedgggm 17, ggengdo.

@53 dggbgds 0sby-dogoliols mgm@osl, o aob@mergds sbgmos
8277a = _gfabcA‘gavnc

030  dgoogl  Fgodml, @mdganlsi  dgydmos  aoshobml  17-bsfoansggdo. o3
aobBO@mgdol  5dmboblbo  s@s®  ©ooTmgds  (£)  LobBodym  Eofomgdo s
sdgbse  dgydangdganos  dmgosbse  aodmodobmlb  7-bsFogrs3gdol  godmbgbe.
Lo(gol @ bodmgoemm  sbod3@em@g®  doamds®mgmdgddo x96  gowgy dgagodmos
sgowmn  0,A =0,003 aobfgeog0 3mmomoboEogdol godm@oibgsl bodbogl o
0do@dmd  sL0od3AmA NG damdstgmdgdbdo  n-bsfoenoggdo s a39dbgds.  dog@sd

o0

RedBoEogool  asdm  sbgmo  bsFoensggdo  dgodengds  aohbebgh  Gmameg
530960, b7y do® 4do_olbobo dgodgngds dmbofoemgmdwbgb. S30l gode
300139300 Robodol gOm-ghmo R16EsIgbGgto 30063030 — 760GSAOMSS.
od  5M5x830b0 M0 JamIo®mgmdgdols hobobTdmodo asdmoygbgds gowgggols s
3m3mgols dgmmeo. dobo Lodmemem dgogao 0dobyg ©o0ygebgds, MM @sa@sbgosbdo
sOLgoYe g9 gbmob  gOmoE  Ybps dgdmgoygebmo  @sdsFgdomo  s@oR0bo @0
39e09d0, 9.(. “bLyewgdo”.  dogomoms, dgodangds  dgdmgo@obmm  bgogms®ygen
bofoamsgms 9B 03a 9@ o (¢(+))a, GOmdgeEoos obgonbogy 3obBAMaEgdsls
5330gmgoamgdl, Gmgm@alsi 7° ggeo
D,0"(¢") ) =0 (IX-2.9)
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odogg ©OmbL  9bps  hogmgomm, @md (¢(+))a 390960  gdm@hoangdosb  g3g@dols
LEAoB0LbE0goL. 530l gogasm o3 ggagdol hogg@omo dodyygo bgedgd (-) bodobl
‘dgoiogl  7-bofoaosgol  dodygyggmob  dgoodgdom. o @oEasb gl mdogg ggero
9O Lo@s0dsgy obBME gdsls 9de@bhogogods, domo doy9900 9JO»Isbgmls
200050 g6 9b. sdMoo© JoMyyggddo god@gds 1-3g9egdol Fgmogo. @si3 dggbgds
3509  oLod3FMAYO  (Ogoy@d)  JEamds@gmdgol, 9bos  hogmgommm, ™3
¢(+)33Q36b obobo  o®  Tgoieggh. o3 abom  mogosb  sogomgds  gggmos
>M5x30bogyg®o badolbo.

gomod@mo g9mgdol ©53356@3> B9bomboma@do 0bdgy®dsmon

bgdmon  se(gdogo  opgol  ©9dmblB®oMgds  SgBMIsHYGo  dgagodanos
396J3ombosga®o 0b@ga®ogols d9dzgmdom.

3030m, @3 IoFo@3mgdgeno g9bjiombognydo 0b@gaydsmo sbg hoofg@mgds
w(3]= [ldA, Jexo i d*x|Lw (x)+ 3, (x)A, (x)] (IX-2.10)
30mdengds  [omdmodbgds 0dol godm, @M 0b@gaMoi30s HoMgds  Yogod®yano

39e0 960l ygges db0dgbgamdbgdom. dom dm@ol ggbgogds obgmgdo, GmIengdos
9O Isbgnl yoeod@yeo as®sJdbgbom 9308300 gb0sh. sdM0gs, gOMLo©s0doggl

3000300 YLalOygamme dg30x 9@, G530 Yoeod@ymo xa9x0 6ol ¥Fyggdo. hggbo

533065 20dMZgYM® Yo od@ o 5M5933035e 9bB M0 geoslgdo s dbmenmo
domnbg hogo@odmm gybiombosgy@o 0b@ga®sioo.

3obgobogrmm Loogal@@sEom dogsgomo:
Jde @300 859b52000L 3533909995 64300964 @0 065986503006 0BGl

aobgobogrmm m@ysbbmdogngdosbo 0b@Fga@omo
W = [ dxdy explis(x, y)] = [ dr exp[is(r)] (IX-2.11)
9JL3mbgb@dodo  wasl  MOASbbMmIogngdosb  LogMigdo  BmdAYbgdgdols  dods@m
0635M056@ a0 Lowoyg, GmIgaoi dbmegrmo dobdogbgs ©sdmjoogdaeo

s(r)=s(r,)=s(r) F=(r,0) (IX-2.12)
Jmd@gbgds slgs 2obdo®d@gdyeo
F > T =(ro+¢) (IX-2.13)

0943056, M3 MO0 3mbRoa®s30s, OMIEdoi3 gOmMmIsbgmmsb s ogdoMgdyeos
XAIBIO0  3o0©sJdbom, gOnloes0dsgg XaYRNO “m@doBsby”  0dymggds. hggbl

dopomom@o  S(r) dgpdogos m@BoEsby (F@gF0dbg). 09 o8 9g90bgggedo agln@ls
3og0mgo@oblfobmo  0bGga®ogdo  {geroao  do@FH™ S(I’)-ob 56593308580 9b6F 90
db0dgbgemdgdo@sb, 9bos aodmggmo g.f. “dmEygmmdomno dsd@ogano”, @GmIgeroc
9gnsbo@gds  0bGga®oiosl  ggmbggools  dobgogoon: Id@ =2r. Sdobomgols

aobgobogrmm Ygdwgao 3OmEgEYOS, MmIols aobbmgswgds hggbmgol Loob@g®glim
‘dgdmbgggobyg dglodangdgamo 0dbgdo.
30039 Moy'do 3obgobogmon MobsgsMEMbs
1= [dgs(0-¢) (IX-2.14)
s hogligoo (IX-2.11)-Fo:
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= [dr [dgexp[is(r)ls(0 - ¢) = [ dg[ drexplis(r)l5(0—¢)= [daw, , (IX-2.15)
Lo
W, = [dro(0 - g)eplis(r)] (IX-2.16)

9L Lopowpg aodmomgmgds ¢ 3gmbols dmgdygao dbodgbgermdolbsmgol — sd@ogsg,
gongomn W-U O-39mboll gomo ao®3399e00 3b0dgbgenmdbdobsmgol 8 =¢, bomeom
93092 3506 9aMgdm ¢ Jgmbol yggans d60dgbganmdgdols dobgogom. “cm@bdo@gdo”
Fogfodgdos — bgdolidog@o 2 Fg@Rommo m@bo@oby gamdsbgmmsb s 533060 9dy-
@05 d@Ybgom (ob. bobobo 11,0)

g=¢ gtry=0
a a
bobobo 1L &6 s &

d@9bgols dodo@m 0bgoMoob@yermdols (IX-2.12) mgolgdowsb gowaqbm, G™3

W, =W, (IX-2.17)
5dM050, MAOG0HL InEyemds RBoJBoydo© godmgysgom
W = [dgW, =W, [dg = 22, (Ib-2.18)

obans dmgobeobmo 53 Jo®Fogo dsgomomols gobbmgswgds. bemysw dgdmnbgg-
go'do dggg0deros >g30Mbhomm YROM Gmgao  3ogdo®o, gopdg O=¢. gb 3ogdo®o
2odmgigm Fodols aob@mengdom:
g(F)=0 (IX-2.19)
©s dmgombmgmn, Gmd gl fodo 339009l mommgye m@dodsl dbmeme gOHnbgen,
@53 bodbogl, ®md g(f¢):O 3obRM@gdols  9bws  3Jmbogl  Ibmermo  gOmo
5dmbsblibo - ¢ @opoyglol dmizgdymo 3bodgbganmdbdolsmgol (ob. bobsbo 11 o).

d930020bmm sbans ghmosbol, sbyy (IX-2.14) Godols gyodmlobyamgds

Ag (F)]fdw lo(F, )|=1 (1X-2.20)
QLo A -l gobds®@gos. odgoob hobl, Gmd
-\ oglr
A, (F)= gg)‘g—o (IX-221)
9L Be@dgens godmdobo®gmdls §-g9bjiools 3bmdogmo mgoligdowsb
S(x=x,)
2 e,
boam  0gonmb Ag() 0635005605 2-256bmdogngbosbo  b@9bggdols dods@m.
doOmans G
2, (5, )] = [dgs[a(,,, )= [dg"sla(F, )= [a, (F)] (IX-2.22)
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30805MMm  sbars obo®hgbo  g@o3gdo: ggz0@ebmm 0b@Gga®ogzgd gomosbo, oby
0oboggo@omds  (39) o  aopoglgom  0b@gadsiogdols  @ogo  (dgopsdgmn  bgdemm
s gdoem  AOMby ©odmgopgdygmo  3gmogdols dgigeeol  dgommel  @swosey®
396d30mbosgad 0bGgydomdo 3356 u@ dgJobogsdo, (V-12)):

W = [dgw,
oo
w, = [drexplis(r)la, (F)s]g(r, )] (IX-2.23)
9L ooy 0630(1)0‘56@@@00 6(1)‘3633601) Hoaoﬁ)m
W, Idr expis(r )5[9 = jdr exp [iS(r’ ( )5[9( = =W, (IX-2.24)

o] bggb '338(*)30@06300 Gamowo T'=(r¢) wo 301)0&)63653300 0d0om, Gmd S(r), AQ(F)
©> 060ga®s3zool bmds  dF 5®056 0635M05bG @0 d@9bggdols JodoGm. SIGH0y s,
063 ga®oe 399 “dE9emdomo” dod@sgmol godmbogmesm dgodangds dggo@ebomm

dgabogesgo 0 -g9bJaos ©o dogoddsgmmmn A, gubjizoody, Gmdgmon bgdmom
356335 gm.

) @300 858059600 95e003@ a0 @600l 6420096500 0% 068980

d9390p90 oSbas gomod@dymo ggeols ©s33obGgol. hggbo sdmzsbss godmgymm
Joggmdomo  dod@sgmo  gubdEombsay®  0b@gadomdo s Jo[oMmImgdgen

396Jd3ombogndo.
303909605 momdol wsgdmbgggs bgdmm s g@oal.
J39©09d5 063500560 Yo 0d@ o ao@MsJdbols dods®m

A, (X) > AV(X),
Loo aoMsddbs sbgmos
a0 L _ AL Ly 1 )
AL _u(a){Aﬂ 2+igu () U (e)}u @) (IX-2.25)

U(0)=exp|-id(x)-7/2]

o] ] Looggdo  5@05b  xa9R0l  3o@odgdMgdo, AmImgdo3  ©AOM-bogAEob
V9oBomgdbgs  @odmygogdbymo.  Jdgogds  dygedogos  gomod@ymo  xaygol
0®b0obg, OMIgmoi Fo@dmowagbl ygzgms od Az—ls JOOMIomdsls, @mIggdoz
doomgds Gmdgenodyg goJboMgdyao Aﬂ 306x0a90s300sb SU(2) xa9gol @sody

U(0) go®0od600. Lfm@o ©s3356@30bsb  gubjombsmu@o  0b@gadomo  96wms
3930390egl  doOFA™M 03 “303g0bgesdomby”’, @Omdgmoi  mommgge A0S
3390l oM ghmbgan. gl 3o bodbogl  dgdwgal: oy 3039@bgosdomols
3obBM@gdols hogfgmo dgdwgao Laboo:

fa(&)z 0, a=123, (IX-2.26)
do'dob 2ob@Gmengdsls
f.(A%)=0 (IX-227)
9bos 3Jmbogl gHmsg®mo s3mbsblibo, g, 39e00ls A 39990 Ay 3Mbgog @S-

3oobomgol. msgobmagose (IX-226) s@ol yomod®gdol wsdsggolodgdgeo 3o@mde.

30039 Goado oo gdgeos  aobods@BHML  0b@gadocos  xa9n by
sdolbomgols hogmgsgmm, ®md 0 s 0" o0y3bgb xangol  gegdgb@gdo, g.o.
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Omama3  gb bdods  s@ol bmendg  domgdyeo, owbodgbgdol  oe@gzodmgols

0530056 sbosgomgdmom xR0l gergdgbdgdo ©o  35MadgBMgdo  gOmbso®ow
>0gbodbmm. my U(H) stol SU(2) xa9gol ®o0dg (o®ddmeygbols ds@@ois, 35Tob

NX39B30 god@sgangds dgodangds sbg Fo®dmgswyobmm:

u@u(©)=u(6e) (IX-2.28)
9O GYEmgobo gergdgb@ols dobamodermdsdo gfgom
U(0)=1-i6-7/2+0(6?) (IX-2229)
X3998bg 060905300l bmds dgodangds sy sgo®homo:
3
[do]=]T]de, (IX-2.30)
a=1

9L bmds 0bgo@®osb@ygaos '337359360 dobos@GLom:
d(6o')=de’

sbans 9339  dgag0d@os  30b@Ybmm  dmEygmmdomo  dodMogeol  2sdmymasby.
‘dgdmgoBobmm g9bjiombago Af[,&” :

ai|A, = [laotx)slf. (A ) (IX-2.31)
SdM0 5
A A, |=detm, (IX-232)
Lows(s
S
(M, )ab = 591 (IX-2.33)

sddogo, M, 5o ©s353d0Mgdygaos fa[:&#] 396J30g00L Lol ymme
d3009 go0db@ Y@ as®sJdbgdmsb. yR@m bylEow, YlolOymmme J3zoMg ygosod-
O asM©sJdbgdmsb, OMAmgdlsi (IX-2.29)-0l mobobds@ sfgm Loby:
a abcpb pcC 1 a
AT = AL +50° A —56/,9 , (IX-234)
dodob gogmod@gbols doxgodlo@gdymo ybjiogdo sbg dgoigegds
£,[8%]= .14, ]+ [a*yM, (x y)] 6,(y)+0(6?) (IX-2.35)
(IX-2.26) 3obBmEn gdols >dmboblibols 9JONSEJONMdOLs dombmgbowsb
203030650 gm3l, @md (detM, ) goblibgogogds bumolisash.

gohggbmm  sbegos,  @mI Af['&u] 396300 gomod@ymaow  0bgoMosb@yaos.
sdobomgols (IX-2.31) gosgfgtmm sbg

ailA, = [lao ]t (A7) (IX-2.36)
d5dob
a4 = [lae (sl (A2 ()= [[ae(e ()bl . (A2 )] =
= [[de (x| f, (A7 ()] = a7[A, (IX-2.37)

hoglgom  g@mosbo  goggdoesb  gogynddo  aowoliganol  sd3@o@ s do,
amdganoi hofgdomos gubliombsy®o 0b@ga@smols Lobom

1A, lexo [ d“xL(0)j= [[da(x)[aA, (), [A, bt (A7 e i fd*xL(x)} =
= f [d ‘9(X)][dﬂy (X)]A f [Aﬂ Hf (A;, )]exp {II d* XL(X)} (IX-2.38)

od  odmlobyegdol dobomgdo hggb gobodygdamgm o] dgdsgoeo  gojBm@gdols
0635005bG Permdom  Yogodb@yeo  ao®sJdbgdol dods®m. sbans  bosmganos, ™3
0b@BgaGom3gds  aodmlobamagds  ©sdmagomgdgmos  O(X)-bg ©s dols Jobgpgom
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063 ga®o30s  0danggs m@doRol  YLolOymm IJmEygemdsl, @olo godmymaols39b
dogoL{@sgmeon hggb.

5dM000, Yo0d@ o g9 gdol  dofo®Imgdgamo  gybjiombogro  dgagodaos
hog(gomo olig:

W, [j ] = '[ [dﬁ\y Kdet M, )5[fa (Aﬂ )lexp {I _[ d 4X[L(X)+ J, A ]}J (IX-2.39)

535b 9FmEgdgh BSRINB-3M3M30L S6bSBGL 563 BB,
gbgogm,  @md  Slgmboo®o  godmodoibs  ggges  bgodgpo  0b@gadsios

396J00Bom bmdsFo Fgdwga0 ded@sgmals Fg@oboo det[&@}é[f(Aﬂ)].
aobgobogrmm 3mbg®g@ o 2odmygbgdsbo:

30039 Mogdo  5mgbodbmm, @mI  ggaol  335b6FH YO mgm@osdo  aodmoygbgds
Lbgowobgs goemod@gdgdo, dom dm@ol yggansbyg gog@gegdygemos dgdwgyo:

* oJbosayg@o gogmod@gds A,? =0
* 39embydo gomodmgds V.A*=0
* o 35dogBmby®o gomod@gds Ag =0

*

bogowo slosma@o gogoddgds  n-A*=0, n®<0

*

Lobsm@olidoggo®o Yomod@gods; Gmam®; bgdmm, mombo n? =0
93obobgbgar M@ good®@gdsdo N, s@ol bydoldog@o Igedogo 4-3gdBemco, bomare
4oe0d@9dol @odorgologdger 930l @oa®obygosbdo o3l Loby —%(HAZ)Z.

o Bgdmo  hodmmgmogo  gomod®gdgdo  5M0ob oMo mgo®osb@yao.
30350M05bF @0 Yom0d®gdgdowsb  yzgmoby bdodse  godmoygbgds  arm@gbiols
gomod@gds: 0“Al =0, bome gomoddmgdols dogodbomgdgm  §gamdo —Z—J%(G”A;)z
S0mgdos:
— @byl yoemodb@gdsdo =0
— 99063560l goeod®gdsdo =1
— 9bo@Go® o yogod@gdsdo =

od 3bmdgdols Igdwgy Loby®ggeros Boeggg-3m3mgols dgmmeols LsogrglG®sizomo
3obgobogrmm 53356330l dogomomo AMAgeodyg 3mbzM g goerodb@dgdsdo:

S>) B5g93-33m3g0L SbBsGE0 SJlosSEN@ Yom0d®9dsBo
4o 0d@ Yo 30Mmbdol bobom sgowemm dgdwgyo doxgobodgdgamo gublios

f,=A; =0
dodob (IX-2.34) omgdls Lobgl
1

f,(A7)= A2 + 200 A —%asea i
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5Jg0ob 25dm3obs@gmdl, Gmd dsd®ois M :—3635&) 5@ M0l o3 ogdbymo
g9

Yo 0d@ygen g9abg. o3 @Ml dgag0od@os 9y ggdgegymm 0s3mdosbol dsd@sgano
(deth) > 37 90mm

w, 3= [loA, b4 Jewp s |}
hjor ter ]
9BO® dnlbobgdbgdbganos godydogmm @9bdEombommol asoblbgoggdymo gm@don
wi[3]= [ldF,. JoA, b(A, Jexo s |31}
Lo
S'[ﬂzjd“{—%(Fj)z +%Fa””(aﬂAf —0,A + ggabCAflAf)}riAa”

09 53 odmlobymgdsl  go0b@ga®gdm F:V-l) dobggom W -0l godmlsbyengds
aoogs Wi -do.

sbens  sy@omgdgmos  ©og®(dybogm, MM Powggg-3m3mzgol  FmEIYP@odgds
030mdgmobbdgdyamos  5by  moglgooos  gobmbogy®  0s330ob6@goLmsb.  Lbge

Lo@yggdom @md gomdgom, gbos og@{dybogm, @mI gybjiEombomy® 0b@gy@oado

aobboanyan  Jgbeyoggdl dogysgo®m ©obsdogy@o (33eegdols 03539 3OgdYEMSb,

@obo 0d@gmEs 39bmMbog Mo ©0s3356@30.
sdobomgol  xg®  hodmgmgoemm  ©sdmyYgogdgao  3obmbogydo  (33Esgbdo

s@hgae go0d®gdsdo Al =0. @mog®@sbgosbls S'-Fo ozl Loby
’ 1 a \? 1 aij a a abc c
L =—E(F#V) +2F i(0,A2 =0, AT + ge™ A A )+
+ Faoi(aOAia _aiAg + ggabcA()aAic)+ Fai3<—83Aia)+ FaOS(_asAg)
oo 1, j=12.
9o g@-@ oAbl 2ob@mangdgdo
o o I
slo*F2,) oF2’
. o !
S5(0*AY) oA
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