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mobbabgdoom Bomnyqb8s gmgdgbgemmmo 3qb@ob bowowobsmgal 8oomm 4774107
CGSE. od3o omgobsmgal amgmagds, Gm3 gmad@mmbo 3qbdn 4.803-10"° CGSE
LoEEEYLESL dogmnsb sbemmb sfals.

3ofomgmydom 308nbofgmdms gmgd@mmbol 3mmmo bl e/me a0bbo-
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. 9b gm@Imms LadsMmomosbos Ibmeme 35306,

MmEgbsz ©e3gbGmmoa Bsbomsjzo bobsmmolb boRdsmgbmeb dgmsmgdom gozomgdooc
bgmes dmdFomdl ©s ©abadggdos bobomsjzol wdMamdal dsboo LaMagdemmds. o3

BmEO3Nemab bLodgomgdom gmgd@Mmmbal Geanbobsmgal donmygds 21078 L,a. mM3Mogz-

mabo 58mdgdol Mowoyybo ©ssbemmgdom 2-107° La-b Gmmos sby gmgd@Hmmbal Mo-
onbo ssbrmgdaom 100000-%96 653mmgdos s@mdals Gawanbbg.
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XIX Lominbolb dmmmbomzol ©obemes mgfmdmmnbsdngzol Rsdmysmandgds o
3704865 gemgd@®magbo@nddob zemsbognmo 8sdbggmabgmmo mgmEns. mgmdmonbs-
3030 ©835330gmpamgdmow smbgMms do@gfnal bogmag&o (3m&3qbnmumn) gmm-
3ol oMbgdmdom godmbggnm 3936 @adogn@ Bmgmgbgdl, bmmm gmgd@®mmdag-

69&0b80 go — g dBH™Boabod M 3gmab, Jghdme, grmgd@®mBa3bodn® Goermgd-
056 > Lobsommoalb gmgd@Hmdogbodn® d¢bgdsbmsb ©s3o33nMgdmm dmgmabydl.

9 9d@MmMBogbog o Gommgdal Lobom  gmgd@Mmmdsgbo@mmds ggmds dgadabs
©33m 300989m0 5®bLadmdab dgbadmgdemmds (sdmemjomgdmaw dobo bamdmd]dbgmn
39b@&gdobogsb s ©gbgdobagsb). 3g(3609Mgdsdn gohbos BomBmmagbs godmbboggdal
— Gmgmfig 3oGgfaol ggmalb Loboom sALgdmdal dgbobgd. Bodmags  Lsgomba
358 gc00b 3mE3LIMEYM0 ©s 39mol Labom boMmdmeagbomn gm@3gdol YHMNgM-
®g35M©sddbals 5697 g5dmbbnggdols s bogongfMgdol HmogMonddgwmgdal 3obmbgdal
©503960b dgbobgd.

o3mgbomay 85@qMool mMngg @m®MBs (3m®3mbimmamo ©s 39mob Lobom)
3oMas oym dgbbsgmoamo 3mobogmMo godogzob gemamgddo, dmbgdMogom nomgemg-
dmEs dsmn NEmagMm]dgogdal 3o6mbgdal gmobinznma gabogolb RsRmgdda Rsdmys-
m0dgdab dgbadmgdmmds. 3oMzgmo jmabognmo xgobozol 3obmbgdalb ,Lobybd g3
@830 0B0bs dogab bbgmemalb ao8mbboggdol 306mbgdal sbLBALSL.

30b03530 bdofsm asbabarmgds abgmo 8megmo, Mmogbs Lbgnmo mgHdmoabs-
30396 BmbobBEmmMbsdos bogmmom godmbboggdobmeb. sbgm dgdmbsggssda Lomdomas
9.6, ,353 Lbgymbg“ s ,3530 Lbgmmob godmbboggdedy”. dago Lbgyemalb dngboom
353mbboggdol 3gmo (3ombobom asbobadmazmads bbgymal §g33gGe@mGom. dogn
Lbgmmab L3gd@&Mob dgbBogmom @enbym o&mal ;mgmEaals gMs. dombgmsegsw 0dabs,
M8 @adambobdommm oMgdo dogo Lbgymob a83mbboggdal 306mbgda 3emsbogno
godogolb  goMamgdda s0blbbgds, dobo LEMmYmGomo sbsmada  Jgbadmgdgmos
dbmmme 3356@ M0 39do6030L goMmamaddo. gb gs8mdmnbamgmdl by 0dgwsb,
cm3 dagob bbgymemal  gs8mbboggdal L3gdEMob 08696 Fm@Mmgddo Jgoob A
3mab3ob 3medngs. 335(360@ MM gmgdzom dmbgdsdo sdbmmyG Mo dogo Lbgmma o3
Lo@ygol 330360 avggdam o6 oMbLgomL, dogMmad sbgma Lbgymal dmegmon g30dmeo-
a9%s dogomoms, 3306 bg@gmab 8dmbyg Rs3g@nmo bomeag (bge 2.1) bgdgemal
Lodmmagdoo  LomEmgdn dmbggooma  asdmbboggds  LomGolb  3gmgdol  dag®
AMvgomRgMoa dosbomddol dgogase momddal bEMmow dmenbmgdgds. Jgogasw
bgmgmob bgmadota sbboggdlb Gmam@z dogo Lbgmmo s bzMgmowsb gs8mbyyemo
353mbboggds Bomdmemaqbl EmbsbBm@um Lomdym aodmbbggdsb.
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65b. 2.1 33mmyGMse 3330 bbyymab Imepgma,

30360dbma dogn bbgmemal 353mbboggdol L3gd@MomuGa Lodzzmogg Uy-ma. dabo
356bm3nmgdss — x/(b83.6og\)/58). W (303096 bobJocgbs s v bobJamgl ImEal

w=2mv (2.1)

®bogommdals asmgamabbobgdom U, = 21 U,. g.0. 960 3g63dg dmbymo Uy,
9696gool Lnd3gfngg 2T-xg6 bogmgdas U, gbgGaonl badzzMoggdyg. mgmGogym
353mmgmgddn qucm Imbabg@bgdgmoas Uy Lowowom batggdmmds, bemem 36sddo-
39 asdmozmgddo 3o — Ui-oo. Lobdmaswmm, 360d36gmmasbos sbggg asdmbbaggdals
068 9bbogmdal dgbbogma(s, o dogo Lbgymolb dgdmbizgzsda smnbndbgds By, s B,
booeggdom. g4b3gM0dgbdmmo ©s330M3980L Bggagdo bJofom dmazgds gfMog-
aenmgebo Gomeol Log@dabomgol s o6s LabdaGobsmgal. dgbsdsdabo ab@gblbogmds
500b0dbgds By Loowom, bmemm bLsmsbsm gbgfanal bodzgzmogg go — Up-oo.
Mobs 3g0Mzgmos, bdgd@&Mmob aoM339mm 068 gMzombg Imbmmo gbgManalb Homogbmds
o6 oMol sdmzomgdamo Lismal oMhgzety s 830@md U, U, s U, Logo-
©g9d0bomgol bLadsmmnsbn dgdgan Gmemds

U,A=U,A0=U,Av . (2.2)

Gommab bog@mdgms AL s LobdoMgms AW s Av 0b@gMzemgdo gHm8sbgmmsb
3d99mgan mobogsmmmdgdoom sM0sb ©s33330Mgdmmba

A=clv, v = w/21m (2.3)
Lonsba(s
rw=27-Av,  A=SAv=2"C Ap. (2.4)
1% [

5ebobndbagos, Mm3 bL3gd@MomyMa 06§ gMgamada bamsbswm (33mo©gdol wogg-
9630080l dmEemab Gmeos. daMomss (2.2)-sb Bomgmos, Gm3 dAMdv bowowg
@ygmzomos, 35306 Hmegba AL s Aw bowoggdo ogdomsn gsbbademgEmo
LoEoEggdo sM0sb.
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Moasbss dogn bbgmmol doabom 3gmo 0Dm@EmmM3moas, dabo bszowo bymab
Gmmos. Jogbgosgem 8dabs sMbgdmdl L3gzosmyMa dmEgmoa, Gmdgmdaig gsbabo-
mgds 0dmEEM3Yma bysmb oMo Jos o6y, s6sdgm Fobo Lobasbmg®m wdsba. Labs-
Begem 136l godmbbaggds sMondm@Emm3ngmoas ©s dab dogH Batdmddboemn ggemals
bogowa Baymoabash gobbbgeggdmmos. 98 Bmegmal gofmgmgdda badstmmoasbos 4.b.
LEJBO6-dm(38560L  3obmBa, GmMBrmab Msbobdswsaz Jogo Lbgmemoal asdmbboggdal
LEmmo bsgowo (g98mbboggdolb LEMmo L3gdEMab Jabgogom 06§ aMamMgdamn) 3Gm-
3O 3099mm0d §g33gEe@mEalb dgmmbyg batobbol

U:Idew=6T4 (2.5)
0

Lowoig 0 = 5,67 - 10_83(5 -9 39’ 4 LEJBOLb-6om (33560l Fdogss, bmem T'-
096M3mEnbsdogmco §q33gMe@nMs. gb gm@mdnms oMo asdmnygbads sLEGMMEGabo-
3980 ImFgmma 3560 33mo3980L 353mbbaggdal mbatals Jgbbogmabal 8nbn §gd3gMo-
&Mob dobgogom. 830bomzgol Lagofms gs8mbboggdol bodzzMogzoEsb gobmadgzsem bo-

©oEgdy — Bogedg aomabgms. Bs3omal nb@gadsmato (b3gd@mal dobgozom) gm-
3o godmygaboemas Jzggno.

9mg0-10bbabs s 3060b gmMmINmada

©sdsmo bobdoMgqgdob 7 <<kT o6930 (K dmen(38560b FMwdnzss), GmBgmbacs

Mgego-gobbolb o6y gbmegds gs8mbboggdal gbgMgoal LodzzMogzy dMM3mM(30mmos
3dLmem@mEo §9339GsGmEabs s bobdomab 3350Ms@0b:

2
Uy = To (2.6)
40
vw) :
35 b : N R Fgemgo-xoblo
s ,/ » —_— JmeBzo
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. I == gobo
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6sb. 2.2, 38LmmyG Mo dsz0 bbgymab 333mbbaggdab b3gd§Ha
(59 Lob3aMg 303mA Lab3oMgb (2.1) gMEI Yo 9353306 EYds).
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bob. 2.2-%g gb ¢dsbo dggbodsdgds Bgm@nmmasbn dGmool dom(3bbog dwmadaty
a6gb. gmgo-gnblol gm@dgms dgadmgds aodmygsboma 0gbslb 6306wy 3mabognn
Bocdmeg 96900l bogmdgzgmdg 3356@ M0 bomdmmagbgdals aomgdy.

(2.6) gmEIgmal  gobzMzmds  domsembobdomamo  sMgqdabomgol  sMsdom-
ogdmmos (bob 2.2-%g bgMGommzgsbo 3Gmam bofzgbgdo qdsba). sbgmo b3gd@me-
my@o  3065B0mgdol bodzzMog0bomzal Bmgm b3gd@@adn bsnb@gamgde gbgGanal
L0d33M03g YLOLEMMME oo Lowowgs:

J.:Umdoaeoo.

58 Imggbol ;e EMmonnbygfa Jo@)ob@)ﬁmq;o“ 860799360.
domama LobdoMggdobomgol AW >>AT (656.2.2-Bg qdsbo ,3060%) LodsGormosbas

3060L gy

U <oe —@J. 2.7
o Xp( T (2.7)

03 gm@mInmoEsb RsbL, MM (2.7)-0b Fotxggbs bomg W-b sE8IMbmEGmbmEo
#6700, 39Mdm@, @sdomo Lobdomggdobomzgol Gubdz00L ymeod(3n3oL 83obLob-
036036 W* 353G35mm0 ©d 5808m3 Uy BGHoowos. bobdoGob dBEsbmsé gemen Uyb
bEab §gd3a I30Mmgds, 0go aswal dogbodmdol 360d3bgemmdal, 3939y 3o d(z06-
©985 g4L3mbgbz0omMa 3obmbam. LEMG L 83 FogdLodndals sMbgdmdom gobLbgsg-
0905 353mbbaggdal L3gd@Fab 30bob Wdsbo Mgmga-%0blal Md6abasE.

o3 YBO™M omomos  §q33gMeG s doom qgcm dsmsma  bobdamggdabes jgb
0bo(33madL  gobob  gm®3mmab  LsdsMomosbmdob Jggms Lodmgsta. (2.7)-d0 a
3M950309680L Lowowy ©8m30Egdamos ghmgymms bobGgdab s6Rgzsby, HmBgm-
dos 0BdM3gds §g339MaGce o bobdoMg. 3060L GmAIMmol Fobomgdsw LagoMms
LobBommab 3306@mEn dmbgdal gomgamabbabgds.

(2.7) gm&3nmal dgbodoedobo gubdenl 8s4Ladnda smgb0dbme Wmax-010. 3530b
3060l 6565(33m980b 3o6mbalb Msbobdsw

“’;ax = const (2.8)

3069 Wmax 3OM3ME30mm0s 3BbmmnBMo §933gMo@mab. dnwdogsl 3603369mmds
obg3g odmyoEgdnmos &qd3gHedabs o Lobdofmabomgal ghmgymms Lab@gdal
o6Bgg30Dg. ngo Lbgoobbgss By @s By 5364 (305d0bomgabs.

dm3mmdab ghcgmda mbams@mmgdab Mogbzal gsdmagms

3939(390m o3bbbsm bgdme dmyzsbomo gd3gM08gb@mmo gog@gdo. s8obsmgal
mbobgmbgdgmos dgdmzo8ebmoa LomMmgda Mmbzome@mmgdobs s JpaMowa Goem-
0gdab (36gds. LomGal 390madol os&mIgdo dgadmagds gogongagmo  3mabogn®
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mbgomogmeims  gMomdmomdsbmeb, Gmdgmos dgmdmoase  gbgfanal  aogme
LomEngdo s@bgdnm a0dmbboggdsbmsb. mg@mdmenbsdaznmn BmbsbbEmGHmbal SofMm-
39630 LomM9gdo s@bgdama g53mbbaggds magal IbGog dgadmgds Batdmgowanbmo,
Hmgmds dpgMso Gommgdal by 8.6. ,,Bmcgabnb“ 96mmdmomds. LomGgg dmbe-
bgFgbgdgmos bomdmgoanbmo L badmb 3Jmbg 3900b baboom (bsb. 3).

/}i

[
-

L .EI:_

6sb. 3. ImEgdab 3mb(396§Ms300b 333mbsmgmagmn dmegema.

sbgo LomMgdo damemn Gommgdo Redmysmndmgdosh dbmmmeo 03 dgdmbgg-
3590, HmEgbss JNoob mMo dm3oMEadnfy 39EmoEsb Gommgdol sMgzgmabs ©s 2L
3obdoemol gogmob dgmagasm Gommgdo Lobyolb dgdemgmdsl omdMmbogdosh dsmn
Lobyobo @gobobash 27n Lowowom gobLbzsggdmmo gabom, Lowsi 7 dogemo
0(36300. 530@™3 BaMo©0 Gommgdol sdystgdal Zommds sbg hsobgcgds

k-2L="27n (2.9)
sbyy

k,-2L=2znk, -2L=27n k -2L=27n,

boo k. k,, k. ©o@gdomom aobbodmaMmo Gommain Moibzgdos, n,n,n, —

xo My

80)3@0 606b3860, bm@m k= lkj +kj +k:2 - @oQQ‘gﬁm Bad@)mﬁob amgg‘gqm.

(W, W + dw) L3gd@MomYA abBgMzomdy Imbymo gsdmbboggdol gbgGges Uy,dw
3560bodbEgMgds 58039 L3gd@EomaEm 068 Mzemadn sMbgdmmo  FmgMemmdolb 9.
o gnmdg 3mbymao < E > Ladgamm gbgManal 3dmbg mbsoma@megdol dN, Gogbgoo:

U,do=dN,<E>/V (2.10)

53M0gom, 38m(396s < E > s dN, bowowggdolb gsdmomgmasdy menygsbads.
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dmE3dalb MamEgbmds

Lom@mgdo mbomoGmmgdol Mozbzob ge8mmgmaeb R396 dg3mmagdom Mgmgob
8096 d93mmagodgdmmo s gobbob 8ogH Mgemabgdammo Jgommeolb ©sb3smgdom. 53
3gomEol msbsbdaw ANy, bom@gdn BpaMawa Gommadal ob4 dmegdal Mommgbmdal
Gmmo bos 0gmb. godmmgmgda dmbobgMbgdgmos Ro@omogl bob. 2.4-000 goble-
begenm byggnm gmmMoabsgmns bobggdsdoa.

Gommoms Mozbzo, MHmIgmos GommyMo 39J@mMn dmmogbgdymoas Gommoms
k, k+dk 06@0630QA30 (2.9) gmmIgeals 60m30@0b606360m dma(39ds 3380\)3360060@

dN, =dndndn_=(L/x) dk.dkdk. =(L/2%) 4xk’dk (2.11)

09) aog0mzgamnbbnbgdm k=w/c ®565535MMAsL, Lo ¢ — 3o3ndda babso-
mob boBdags, Gommams Moibgobomzol LobdoMgms @, w+dw 0bggFzsmdo 8ngo-
@96

dN, &'do
r 2z

(2.12)

03gbswa(s gmgd@®mdegbodm Gommalb ozl mEn dgbadmm Smmomabs(zns, bow-
930 IpaMoa Gommgdol bEnma 3mb396EMs(30nbsmzgal Jogomgdm

dN, &dw
T e (2.13)

6sb 2. 4. omeaMa 39d@mAo bggmam 3mmAenbsgos bab@gdsda.
sebobodbagos, HmI (2.13) gm@Igms o6 JgozogLb 3mabzolb dnwdagsb. gb gotg-
dmgds dommomgdl 085y, O™ (2.13) gmGdnms doomgds emobo3nGo godogolb Gom-

amqddo.
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3mabogaMo mbiamsgmab bsdysmm gbgMans

30 dmo(393s 398 a0 gmEINmom

2 ) 2
E(p.q) =L+ 224 (2.14)

2m 2
Lo P o g Jgbodsdobow aobdmaswgdnmo 0d3nmbo s gmmGabadns. Jmobnza-
0 bGo@nb@nzob mebsbdow Bobomszms gbgMangdolb Bobgozom mebsdsma g3obsbormyg-
bobob (Aggbl dgdmbggzedn mbgome@mmgdabomgal) gobobommgdal 306mbL odgl dgd-

©gan babg
W(E)=Aexp(—E/kT), (2.15)

bosz E mbznmo@mtal gbg@agnns, k — dmen38560b 39m3ngs, bmem T s8bmen@mo
89339M0@Ms. 35306 mbzomaGmEab < E > badymsemm gbgMaons ool

A|| E(p, —E(p,q)/kT)dpd
CEoe [[E(r.¢)exp(E(p.9) )pq_ (2.16)

AH exp(—E(p,q)/ kT)dpdq

o4y 398m3z0896m 50bodzbgdl

p m
P=——, =qm,|—, 217
/—2 O=g¢q ) ( )

353d0nb

[[(P*+Q*)exp(~(P* +0*)/ kT)dPdQ

<E>=
[[exp(=(P* +0?)/kT)dPdQ

(2.18)

Bomgdaem asdmbobymaddo P s Q (33mmemgdo aobomeads. bogMom 3s3(ag-
g 83339(30b 399093 d0gogdo

_ [P exp=P* /kT)aP JI O” exp(-Q* / kT)dQ

<E>= [[exp=P* 1&kT)dP  [[exp(~Q* /KT)dQ

(2.19)

m0gg dgbo 3 gdal 3Gnsbggmbs s 360d369m3dn dpamdn ab@gatomygdo @sds§gds o -
dos godmmgmamo. 530l dgdmaa dgndmads mbznma@mEol badmsmmm gbg@Manal Lodm-
mm gmEAdmnb dogmgde:

<E>=kT. (2.20)
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30300090 (36mdamo dgga0, HMBmol mebobowass MmgMdmEabsdn g Bmbsbbm-
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5=¢7" (2.42)
©5 g53d5emo e° 3306 356339@Mnb
e®=1+5+ 052 (2.43)

dggase GMsbL3gbrg@moe asb@mmgds 3ows0d(393° 33oRMIGU 3obGMm-
do© 0-b dndsmo

%62 ~(e*=3)8+3=0. (2.44)

Bg9b030L LonbGgMgbm ggbgas
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W, = Acos(kx—ot),

(8.3)
W, = Acos[(k +Ak)x — (0+ Aw)],
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| Ak |<<k, |A®|<<®.
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_dkdnkdp pctdp
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(Ax)2 M
T~ T . (8.19)

3eobogn® dmgeddn, Mmeabsi B — 0 go63momdal 3mazmagbs o6 ©sndbamgds.

dogomamabmgol gsbgobomma M = 136 3sbobs @s Ax ~1 b3 Bm3al bbgymon. Jobogal
(8.19) gm@3qmom 8ngomgdo T ~ 10'® Bgmb. gb LoEowyg Ladysmmb sbs3bg gozomyg-
b0 3g@0s. 33M0as 3530mML3YsMML Mdngddgdo moz0sbma oMLgdmdol dobdnm by
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3M33085309mo Boogma b3bs(33mgds
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3693089300 YHnngfm]dgogdsdo. s308md goMbggmogolb bgmedamdy gm@mbals
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Lowois M s R — Jgbodadobo 306l 33magal dobs s Moonbos. 306 33moz0006
I 3o6doemdg gmBmbolb 3m@gbzoma gbgMans bymal Gmemos s gbgHannl dgbsb-
300 396mbosb 3mgdnmmdo

Mhw,

2
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‘A—x =‘@ , (8.31)
A )

Gmdgmoi  3odmdabomgmdlb A = 2T /W osbsgsmomdomsb 8ngomgdoy AL =
510°2-10° A = 0.01A. 8%l gm@mbggGmbsmgal T~ 0.5 ev §583g@sga®ob eGmb
Byomdo@al s@mBnbomgol m3mgFal babggzsmbngsby Mol

Aw,

=3.107, (8.32)
@,

(3 Eddbmmzggdom bymo Mognm 3g@ons 30Mg bomgmo Bsbozgmgds. s8Mogsm 3bg-
by mBmbab “gabommgds” gomogsmmmos L3gd@Maemmmo babgdalb Mmool gogs-
bogfgdob guqd@no.

dogc0d 5Mbgdmdgb obgomo mdogd@gdo, Hmdgmmemgabsg afogodsonmo Boomg-
o Bobo(33mmygds dgndmgds 36033b69mmmgaba smd8mAbogl. dsgsmamsm g.6. ogm® xu-
RS 39Mb33mg983dn, Mm3gmms Ma@oyboz 3dab dobol Gmem Jgdmbggzedn asbrmg-
oo dbgg® bogmgdos 3bob Moonbmeb gwsmgdom. (6.29) gm@mdnmoal msbsbdsw
360308930mmo Boba(33emgds 3GmM3mM(zommns 35Mb3gmagzolb dobabs s Mowanbal
RoMEMbab. 380@m8 Zy boowpyg = 21 0™ M0gobos, M3 Igbswatos L3gd@Mormm®a be-
B30 EM3mgFal goasbng®madol bLoowabosb.

5063850635 Zg — mg0b go98moy396s a3tm db@o gm@Inmes

1

7 =1, (8.33)

¢ 2GM

1- 2
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2 GM
AmdmoEsbsz Mms GM [ (Re”) < 1 3onmgds 9339 (36mdagma BU(Qaaozg = R
C
2GM

Rg = 2 bonwgl gbmogds dz96(380mmals Bowogba. oy Mondg mdagd@ob Mowo-

@b bagmgdos dz06(3dnmoal Bowagldy, 35306 GmEMBL o6 gmdmas sbgmo mdagd-
B0Esb g53mbboggds. dsgsmomae dbabomgol Ry Lsda 3ormdg@Fal Gmmos, bememm
©gEs30babsmgal gmo Lob@ndg@Mab.
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©5376@& 0 360d3bgmmds sggo d03Mmbadystimadn dndwmnbsmg Badognin 3Gm(39Lgd-
do s 8353Mmma© BLB0sE 33568 M0 MmgmEnal 33 BoMBmbabgom domem L. 53
0565835MM 30l Mobobo@ s@mIMH Fobd@edgddn sDML Jomasgl baBomms ol jemo-
LogmEo MHogd&™M0nl (56g8s. b0 odgb Bbmmme dgbsbgsm bowowggdl, Hmamtng
a0l dogamoma, babomaszob gbgMaons, 083mmbo, 033xmbob 3m3gb@n. 3356&mcm 3g-
40603030 oM@adnd gobabobmagds Bobommszal gbgMmanol dgbsdmm 3603369mmdgdo
4m3gea356n ImdMaomdol §Magd@mEanlb Bobsbbsmn aobbodmamal aofmgdy.

33968 9M-394obn 3o dowamBs  3mabogyn®abash asbbbgoggdom bobosmwpgds
33m(3060l 38mbLBAL Bgdbognca dbsmal 360d369mmzgeba gofmmgdom. sdo@ma do-
bs6dgbmboemos s@mInEo godogzolb 985 o9y 03 sb3gdGgdab gobbomgs gmobion® bom-
3mEa7693bg ayMEbmdom s BadN& boogms Magalb dggsbgdoo egabymon.

3mdbo3Maesb 3356@9M 94560359 aoabgms
09) ©835330M0qd00 89-8 magob babsb. 8.2-b mognbsbogm, MM Gommu&a 3s39-

&ob Dm3s dofomswsm (396@Momata dogbadndal Logsboom gobabobmamgds. s3n@md
dgaz0dmons @egbgmmo

Ak Ax > 2m. (9.1)

MBMEmdolb 60dsbo 085y dommnmgdl, Hm3 Gomemamo 3s3980b 3(30Mgwn babo-
mo doMomowo 854Lndmdob Bomdsi sMbLYdMBL. sbems Jgzoxsbmm o M MM wab-
FoM090s BommM 35398L 3s30momom, 3MMAMEbsGms Lomagobmgal Robogmgmeac.
Gmam&z (8.10) oo (8.11) gm&®3mmgdowsb BsbL GommumGo gmbiool bobamdmagm-
b5, abggg HmamE(z abo bogM3gdn gobggbammds, 3o6abodmgMgds Gobalb 2w Lowo-

00 (33m0mgdoom s6v)

Aw-At > 2r. (9.2)

300gdmmo mbosgaMmmmdgda 3oMogsm o60sb (36mdambo Mbggsms mgmmnsda. do-
350md, IMbmJGimdsGmma Gommms (sbg) Gommufa 353980, GommMa 39]@mcal
dombg 30b&m nb@gfzomom) Labosmmgds bogM(3gdn domdge 3M(3gmo gobggbarm-
dom. gmEgh IbGog bobdm 3emyg 033mmbgdol (Af — 0) Gganb@®sonbomgzal gofmmm-
bBmemgabo 308mgdal g0dmygbgdss bagofms. ndabsmgal, Hm3 gobzbodmgHma Gom-
@b bog@dg A sm30magdgmos Hmam®(z 3060338 Gormmal m&a 3gdmdgmoa dsgdbodmadals
©55304LoMgds. 835bmob A-L 35bLbadM3MNL LodybEg 8o YPGmm Bomsmo adbgds (AL
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— 0, Ak — 0), B3 gxcm 30 35dbodxdgdal ogajbomgdsl dgzdmgdam (Ax — ).
sbammgonMa, dogsmamae dobgetol Mbgzal bLobdamal gobbabsdmgHagew gobmagg-
b0 qbws Ro@omogl 30b0dnd Mbgzal gMmo 3gMommal asbdagmmdsda. bLobdomal go-
Bm3gob LodYLEGg oo MF®M Fomammo 0dbgds (Aw — 0), Bo3 PYBO™M 3o3DMEoM ©s 3-
306390500 3gMHomEgdal Mabgl (At — ). oy (9.1) s (9.2) gmEdnmgdl mcngg dbs-
9L 30358653 gdo 3mab ol dmdagedg s 3sdmzgaygbgdor gm@mbabmgal (8.21) s
(8.22) moboggatiomdgdl dogomgdm

Ap-Ax>h, (9.30)
AE - At > h. (9.33)

(9.3) E030b mobogsmmmdgdo dgndmgds Rsgbgmmo 3mmEEbsGob mommgmmao
3M33mbgb@abomgals
Ap -Ax=h,
Ap,-Ay=2h, (9.4)
Ap,-Az2h.

(h=1/27). 9bgMgos-GHmabs s 033xmbo-gmmmabo@ol “Byzomqdl” jobmbojuMHsoo
dgmemgdmeno boowggdo 9bmeadsm. (9.4) msbosgsmomds a39mdbgds, Mm3 dgmdemy-
dgmos ghme@mmmse asbobsdbmammlb 6sBaoms ol 033gmbo ©s jmmEEabsgoa. 396-
dmg, o) 396 go3bvm3sgm boBoms 3ol 3mmMaba@ ol Ax LobybEom, 3530b 0d3mbal
36mgdns bomobom mgmddy ouznemgdems 306033 h/AX Loowal (33emaEgdslb go-
Bosab. dommomoas (9.3)-(9.4) msbogamomdgdal dobomgdaw Bggb go8mznygbgom gm-
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LEOGOLEIYM sxbyMsby.
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LEIGOLGFYMO sBFm Mbos 339L3m-
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mmdgdn (08 J98mbzg35d0 gobomgamabbobgdmos L3gd@Mmomumma bobdgdolb 3MbEmEal
BoMamgddn 93 9bgfangdal Lobdadgmes dobgogom gosebsbamgds). Medwgbows(sy do-
GomsE dgmdamgmdado dgmao s@mdab bogmsbmal babamdmagmds 3@ 0 mmow
qbabEnmms, 5808m3 Jgbsdsdabo @mbab bogsbg byemals Gmmas.
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356mbm3zMgmmdolb msbsgemmmdgdn gzondmmadgb “dgzgamma” ghomal dbog
bobomaszol GomemyMo s dgmmglb dbMog gs8mbbaggdal 3mEm3nL Yo d9bgdal
26bgdmdolb o d@gdlL. o9 Azgb LB e® 393dM3gm 6sBams 30l 033mmbn dodsbawady
Bb@ow a3(3m©bos 63Bams 30l dgbadsdabo g-dmamal Gomemnl LogMdgs. dogfod
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356960 Mmdogd@ol d3oMe@ mmysmadgdsl bog@zgdo odoo QLabEMMME ©oE
(30m380mgdals 3308 sbm dabn 033mmabol gobLodmgMsdn oby oggaMasgom ymgge-
3356 abgmmMdsznol Bobamagzol g-dMmamoal Gommalb bLog@dol dgbobgd. Jzgdmo
dmyzobomo  sbGomo  mbdogd@ob  Gomemaa ©s  JmE3MLmmaco  Bsmdmoagbal
305bMgdsb aoa30306@0393L. 5™ gemygd@Ombobamgals dobo LogFzomn mm o=
madagool Lodybdg a, = 0.5-10°18 3mEGals o0boo gobnbadmgmgds. gs6vdmgig-
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34996 35dm3nbsfgmdl, Mm3d s@&mddn gemgd@Hmbo dofMnmaw Bamdstgmdseda 3o
36 560l MdMsga. dobo boRdefg 0ds39 Bogabos, Mg dmMal SoMggm mMdadsdy germgd-

&BmBob dmd@omdol boBdsmy ¥, =2.1877-10° L3/68.

3@mdab dpaMmsmdab bszamba
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MmM30&obg 05b6sdsfn ImdMmds. 35306 dobo 3069803960 gbgfgos ndbgds
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boymm doGongolb g3gemdo dmdEomdal 3m@gbzono

r 9696300
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LAgmao 9696300 ) )
E=T+Uu=2__% (9.7)
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nw_ze (9.8)
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Mmgme g bobad 9.2-006 RsBL 98 ggmb(300L og3Lb 8060380. doMmmzowsb Ime 3s6-
domgdbdyg LEMmo 965Ma0s M3l 3mGgbnmEa 9bgManol Gmeons, ngo Momymeo-
@05 ©> §bgnab gMeggn3z0b ymasdigsze 1/r 3o6mbom bobosmmads. (396@Mmsb ob-
mmb 30 30M0dom, ©mM3nbamgdl B630bws 3356@Ma Bomdmdmdal 30bg8039Mo 9bgm-
305. 030 30960005 5 33bydMgMgmmdol MeboRsMEMbal Mebsbdow doMmznwsb
dobdoemnl 393306980056 gFma 17 39b6mboo adMEgds. (9.8) godmbobmmmgdals r-ab
dnbgegoom 94b@Mgddol JoMmds ggodmasl

2 2
d—EN—h—+Zi=0. (9.9)

dr myr’ 7
Lonoba(s bysmdonbdsggsmn ombal Mowaymbnl dggebgdobogal donmgds

2
Pnin :%mhez :%' (910)

o9y Jomgdam a58mbabamgdsl dg308sbm (7.8) gm@mdnmasda dogomgdgor gemyd-
BMmbab g6gMa00l 8603369mmdal dggzobgdsl

252 4
E:—%. (9.11)

domgdnmo godmbobgmmgds DnbGem ogdmbgs bysmdownbdsgze® ambdo gmgd-
BEMbob doGomswo @mBob gbgManal 3306@MM-3gds603Mo Bogmdom dormgduem

3603d369mmdsl. 830b dobgba 3mmbyma 3m@gbznamal 9.6, “goMmma badg@Fnss”,
Amdgeng o6 goshbosm bbgs (396@Gsmafn Lodg@Mnal 8gmby 3mEgb30omgdl. dogs-
oo, MmbomeGmmal 3m@gbnsmabomgal 396 dogomgde b 3356&mEM-8gds-
dgodmgds 306dmgmgmmdal mebsgemomgdgddg moy®mbmdom s@mal damomm-
dab bagoombal oblbe.
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3&mIYHn godagolb 8dm3069d0 3mobognmMo 3g4sbozol doamdgdabgsb 360b(30-
3o asbbbgogadamo 3356@ G0 89dobnzol dgommegdal asdmygbgdoo ablbgds.
a3 (36mdomos 3s3Mmbgm3gmo bLbgmmob 8mdMomdal smbgs bogy@mbals dgm-
g 3obmbdy aygMbmdam bmMsomgmgds. 39dme, o9 (36mdaemos bbgmmbg dmgdg-
©0 domgdo Bggb dgggndmos godmgmo 8 bbgmmal sBjagds, bmemm dgdmamd asob-
3LobmgMmm bbgmmob ImdGamdal §Mogd@mM0s ©s dmdMmomdolb dabsbosmygdgmo
bbgs gadogyco Lowowggda. s@mMINE dobdBodgddn bobows 0L GMagd@maolb (3650
>BAL JoMao3L. ma30L 3603369emmdgdL 0bofmRmBadgb Bbmemmm dmdFmomdal 0b@game-
mgdo, HmamMgdo(y 560sb gbgMgns, 083mmbo, 083mbol 3m3gb@n s mybmds. 3356-
& 3940603530 gb Lowowggda gobabobdmMgdast ymggmagetn GHagd@mcnals (369-
b0l dg3m@Gobolb as6gdg. asdmmgmgdlb baggydgmem Mogalb dMgonbagmal aob@memg-
b5, ®mIgmoz 3396@ME dgdobogeda gmabogmmo Bom@mbolb dgmEyg 3obmbal “sbsgom-
3055”. dMgonbggmol gsb@mmagdol s8mbbbom gmgdammdom dmzgdynm 3mEgbion®
39dn 8mdMsogn Bobamazol gbgMag@ogmm ©mbggdl (9.6. 9bgMag@ogmm L3gd@ML)
s 8bg3g 309dnmmdm LGB EbE N3N0 babosmal nbgm@Mdsznol LagMol dm(3gdmem
Bg@omdn bobames 30l dgbodmm 3gdsmgmdal dgbabgd.

dMgnbagmab 3356@mmgds

I gabagfinl gob@mmygdal, domgds@ngndem 335360 godmygzabs dgdmgdgmos.
03 368 mmydol Jomgds 9439603gb@mmo Gog@gdal sbsmnbal dgrmggns. sGmBn&
35L3B989830 IMgnbagmolb gsb@mmads bobomos 3ol Gommymo dmbgdolb sxmdbymn
3568 mmadss. 39R396mm o Gmam@ dgodmagds ©ozm3e3d0mma gmmdsbgmb Bggbl

30yt 39-8 3380 gobboemmmao GommyMo 353980 ©d IMgEabagmol asb@mmagds. sd0-
Lomgol hagbgfmo Gommumo 353980b gobGmmgds

W(x,t)= Af B-expli(kc— o) |dk, (10.1)

Loy B ((983mogmmoss. Rogmzsmmao Mma B s33mo@ms y3gmash bawsg kK < —AK wo
k > Ak bgmol @memos, 35306 ab@gamszns dgadmgds go303M(39mme dogmb Moz
bgoo mq@ddg. o g9dm3z0ygb9dm 89-8 moz0b (8.21) wo (8.22) gm&8mmgdlb dago-
@6

‘{’(x,t)zIA-expE(px—Et)}dp, (10.2)
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bos(s A=B/h. domgdamo gm&mdnmolb eAHmom oggfgb3nfgdal dgogase dngo-
LSy
¥ i
ih—=|E(p)-A-exp| —(px—Et) |dp. 10.3
= EW) p[h(p )} p (10.3)
0b@gamamd3gds gmbg0530 gbgManal asBgbsl Fgqbodsdgds ©oggMgbomgdal
m3gMo@mta
.0
E —>ih—. (10.4)
ot
03 m3gMs@mAb 9bmeagds gbgMmanob m3gMe@mta. sbsmmanm@m (10.2) asdmbaby-
m9d0b X 3mmEobs@nm oggcgbznfgdaol dgogaswm doomads

f 0¥ i
Ygsz-A-exp[£(px—Et)}dp, (10.5)
9.6. 0839embol m3gGsGmo
.0

Bggb asbgobomogo gotg 39mab sMombadmbdabalb seMmgmadnzob@y Bsbomas b
9bgfgoom p2/2m. 53 boowegl dggbadsdgds 3mmMENbsGom MmMggMann LoxygMgbzo-
980l m3gMoGmin

n oY ¢ p [i }
O P expl L (- ) |, 10.7
2m ox* J.2m *P h(px ) P ( )
bonoba(s
2 2 42
p h* d
2m  2m ox’ ( )

oy dbms (10.3) o (10.5) gm@Immagdob domg3gbs @ oM (3bgbs Bbomgqdl bame-
bomE gM™3s6gob 3sdmzs 3mgdm dogomgdo

oY oY P’ [i }
h—+— =|A| E—— | — — Et) |dp. 10.9
: ot +2m ox? I ( ZmJ exp h(px t) P ( )

03 20dmbobyemgdal otigggbs dbstigh dogmdn bggon E=p*/2m Bmmmdols go-
3m Bbyemol Bmeos. 530@m3
¥ /R
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_— 10.10
ot 2m ox* ( )

99



30300090 mogabagama Bsboems 3ol dMmgonbgg@mol LGsombomeyGn damdstgm-
30l gob@mmgds gMmasbbmamygdosb dgdmbgggeda. o sbms gsgamgamobabgdor go-
61939 3mBgbz0omo g3gmal sELgdmdal
h2

E=—+U, (10.11)
2m

bowog U =U(x,t) 3m@gbioncn gbgfgoss. dgbodedabsm gmgdnmmdom dMgonbggmab
396@mmagdals

2 2
¥ I

——+UY. (10.12)
ot 2m ox

I gabagfnl gob@mmadal go6bmaswgds Ladgsbdmdamgdnsba dmdMomdabom-
30b ©30y39690s m@a3mabol m3gMs@mEnm X 3mmEEabsG oo 3obsmdmgdal Babs(33mg-
b5y

0 7 N 9

N I AR . 10.13
o’ ox’ 9y’ o ( )
0l dgdmaaes IMgnbagfolb asbGmmagds donmgdl Lobgl
2
iha—\{}:—h—A‘I‘+U(r,t)‘P. (10.14)
ot 2m
Lodgobbdmaemgdnsb dgdmbggzedo 0d3mmbal 39d@m@L dggbedsdgds
Vzeri+eyi+ezi, (10.15)
T ox dy 0z

360009680l M3gMs@men, Lowss €x, €y €; 5oM8momggbgb Lamabowm Lo 3m®Eabs@m
mgMdgdab asbbgmng gMmgmmmzsb 39&mMqdl (m@EqdL).

3396@mM0 3946030l doMomomo 3mbEme@alb mebobdsm 3033060 GaDo mEo
LoEoEggdol dgbsdsdal M3gMe@mmgdl dmmal obgmoggs, Bmamt mzom 938 godo-
396 LoEoEygdL Ml 3emsbo 3n& gdobazeda. s808ma

E - ihi,
ot
R h
p - -V, (10.16)
1
A2 2 2
Y N A S N
2m 2m 2m

Boboms 3ol LB gbgFgoal Mm3g@MoGmen sbv) JodnmBmbnsbo asdmababgds dg8-
©gabsnfo
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H=T+U=——A+U. (10.17)

ih—=HY. (10.18)

dF 900063960 gob@mmgds dgoze3b Bamdmbobzom gMmasbl. s3om ngo gobbbgss-
905 3moboggmo GomemuMo asb@mmgdabgsb. 530l godm 53 gobGmmgdol s3mbablibo

b 4 LodmagoEmE 3MI3mgdbyAo gMbdzns 0d6gds. 93530 sEgomo ©ogMbaNbogdom,
o4y (10.10) 8568 mmgdsda dgz080bo ¥ =u+iV 3m33mgdbned gubdiosl, Hab dgwg-
aoms(3 dogomgdo

Ju av [/ TR e

ih—-h—=-r————i——
ot ot 2m ox 2m ox
9L 396&mmgds gdz030mabBmcas bobEgdal
du _ v
ot 2m ox?’
v
ot 2m ox*’

Lonoba(s 3bgoegm, Gmd u s V gubdingdo gemdsbgmb “asmsegdbyb”. 330mbggma
2030mo@ ©aMbANbogds, MmM3 sbsmmann®a dbggmmdoo 3mabogmco GommuyMa
30b6@mmagdol 30dmyqbgdoom dogomgdm, HmM3 u s V Bbg(30900 35b(30m©gdnsb obyy
3abogn@ dgdmbggzeda o6 sl Gommu®o gubdigonl 3m3dmgdbymsn Bomdmuoag-
Bob 360b(303ma sqzomgdgmmds (933 dmaxg® gsd8mmgmgdol Imbg@bgdmmm-
b0b 80bbom 3m33madnmo GommuMo gmbingdomsz bamagdmmdyb).

dMgoba gl gob@mmads gobbobmgmagh Gommamao gnbdioob 3mmMoabsd by
©d MM ©8dM30gdNmadsb. nbgzg BHmam@g boy@mbol dgmEg 306mbo smbaMb
Boboams 3ol ImdMomdal GMogd@mmMosl sbommagomMam dMgrobagmal gsb@mmgds sm-
BgeL Gomemafo gnbinolb Mmbs s bogM3gdo ggmmeyzosl. Gomemu& gubiosb
dmgmbmggds, Hm3 oo Nby39@© s (3mbabog ogmb aobbsbmamma dabo Labynbn
3603d369mmdgdol Lodmsmygdom Gommymo Fubiool 8mddgwgdaol dogm sMgdo.
abggg 3sb mbrs goshbrgl vyzg@0 30M3zgmoa Mngol Bo@dmgdayma. Jgbsdsdabsew gob-
Gmmads mbes Jgnzegegb Gommamo gubdonlb dbmemmu doMzgmo Mogolb MHmam
BomImgdmmb. gobzobomma sbms Gommmmo ggmbdz00b gobognmo Jabss@bo.

&om@ao gbgnd

Babo 3oMoafogdo Rs@oMgdnmo asdmmgmgdo gymHbmdmms Gommna 3s3980bL
dgbobgd gmabognmo 3gdsbozol Bom8moagbgdl. IMgmabagmol go6@mmygdsda W (r, )
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B96g300 sboen sBML 0dgblb. ol gbmogds Gommamo Rubg30s s smbgMb 339 oG
bg3980L LY3gM3mba30slL vMedg FMgsmnFo bobomos ol Jpgmdsmgmdal. 3356&w6

39gob03e30 bsBoms 3ol dgmdamgmdal dgbsbgd dmgmo abgm@dsgas Gomemne gub-
J30odns mogdmytomos. 3gdmm, Gomemndo gubdoolb dmeumal 33s0Ms@0 Bobo-
ma3ob bogMob 3msgdam bg®mEomdn Mmoal dmzgdnm dmdgb@dn smdmBgbol W
smdomnmdols 3OM3mE (30 mo0s:

W(r,0) o< [B(r,0) =¥ . (10.19)

oy) bogzolb ImG gy BgH@nmgdda Bobomsgal 58mAgbol smdscmmds bobmyy-
mmE 330699, 35306 dogm LogM (3930 smgdemn

j|‘}'|2dr (10.20)
ab@gamomn 3 gdsmons. 530l go8m (10.19) gs8mbabamgds Bonmgdl Lobgl
W(r,0)=|¥(r,0)| . (10.21)

306ndom, omog0bgmee dmdMmsegn babomsjzn dgadmgds smdmgshnbmo LogMob
6930bdng& BgH@nmda. dgboadsdabaw (10.20) 06 gamoma 0dbgds as63mown ©s |‘I"|2
o6 Jdgadmgds aymb s6Msbsato Loowol smdmfgbals smdscmmds. 3 dgdmbgggseda Lo-
doFnmnsbos 358mga0 MobogsMEmMb

[P0 _ W
Y0 W0

(10.22)

Gm8gemng (10.19) gm@8mmowsb 358m8m0bstagmdlb. gabognem dm 3069830 bdoMom
336300905 0bgoo dpamdstgmdgda, Mmdgmms s0dbgMo Bommumo Bnbgz00lb dmuyy-
ol 330056580 96 56 30abbogynl Bymab3gb 56 dombgo byms Jmgdammdl qbobfa-
mdsdo. Jogbgoszew 58abs, sbgo dgdmbizgznddo bogHsob Lbgsmsbbgs by@MEomgddn
W Lopopgos dggemimgds 98 bg@mEomgddn baboms ol sm8mBgbol semdsmmdgdals dg-
BoMadol Gmemo 0dbgds.

dgeobagmal (10.14) g356@mmgds Bomdmomagdlh Gomma@mo gubdioob d0dsmom
b6 g303 g96@mmgdabl. 830@m3 bydabdngmn bEgngo 3m3dabs(sns

¥=C¥, +C,¥, (10.23)

abg3g 0dbgds (10.14) 3568 mmadal 88mboblbgbo. 3Mogo@ GommymMo gmbingdab
bMggoz0 3m3dabaz0s s30mgdmo smbamb Bobams 3ol (96 bobomszmes bobGgdal) Ge-
087 3gmdatgmdab. 3g@dmm, Mmss Cr = 0 3mgdnmmdo, Gm3d dMgraba gl 4568 m-
m9dals 53mbablbo dgmdagal LodybGaom sGal (36mdaema.

BoBoems 3ol Log@ 3ol Im(3gdmem BgMmGomdo semdmbgbals semdsmmds msogobo dnbs-
36bosb godmInbatig gMmdy Mbos ngmb bm@mBamgdmma sby
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[w.ndr=1 (10.24)

o) 65B0ms30b BmdMomds Gabo@m@os sb4 0go mmzsmodgdmmo Logmzab gom-
339m 56930, 85306 b sMbLgdmdogl 068 gaoma

j\}l*(r,t) “¥(r,t)dr=C. (10.25)

83 3965b36gmo Gmmmdab gbEmmadobslb Gommm@o ggmbdios dgazndmas abg
306 53436sm, MHm3

[ .0 W ndr =1 (10.26)

BMEmdslb sanmo 3gmbrglb 353063 3o Bmegbsi C#1. s3nbsmgal bszdstabos dg-
3mz08obma sbaema

=L (10.27)

Jo
#6700, bowos @ s ¥ gubd0gd0 sxmbgmgb bobamas ol gMmbs o 0dsgg dam-
3o6gmdal. W -ob P -Dgy gosbymol 3Gmgbl Gomemnma gbdoal 6mmdo génb
363900605 gbmgds, bongmm @ gubdz0sl (BmM3nfgdama Gomemn&io gubl0s).

g0b0396 Lopogns dgbadsdabn m3gMsgmmgda

83 3oMogMogdn magh dmgymytom yzgmady gucm 360d369mmzeb gadoganed Lo-
©0Egms Mm3gMoGmMgdal asdmbobymadgdl. dofMamomn gobognco boowggdal m3g-
Mo@™MMgdo dm(399mmos (36Goemda

969Ma00b Mm3gHe@mtn . 9
E=ih—
ot
0339mbob 8g9b5madol m3gMo- ., ho . ho , ha
&mta px_iax’py_iay’pz_iaz
33mmbolb m396 G}
0d3mbol m3gMoGmo f)zzv
l
3969@0gnco gbgMgoals m3gcs- - #h?
T=——A
@)mﬁm 2m
3MME0bsG 0L o6 ol Mondg F=x";
#9964 (300b M3gFoGmen 0= U(r)

3omg35 03960 035mbadMboo IMgEabagHol asb@mmgds aoMzgzgnmo babadmgmm
306mdgdolb gomzgemabbobgdom bMgozn oggMabznsmamo gobGmmgdal sdmbbbadg
50y3bgds
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G¥,=G.-¥,. (10.28)

bowog Wi s Gj dgbodsdobsw G m3gMo@mtal bogamemn ggmbd30980 ©d bogmomoio
d60dgbgemmdgdns. (10.28) godmbobmmgdol godogyo b dgdmgado dpamdstg-
mdb: godmdgzob dgmgaem dgodmagds smdmgshobmor godogamao bowowob dbmemao ob
860d3bgemdgdo, Hmdcmgdor; dgonsb dmzgdmera godogmmo bowowob m3g@ms@meob
bogmosma 60d36 9emmd gdob b3 g8 do.

Logmmamo 360d369mmdgdal b3gd@Ma dgadmgds aymb Gmam@s 9693980
abggg @b 369G memo. sgomoma msgabygmaw dmdMagn Bobamsjals 033mmbal m3g-
BoGmMolb b3gd@mn Nbygzg@ns. 93530 sEgamow ©s3MB3Nbrgdom oy (10.28) gm&da-
mado d9308960 gMmasbbmamagdasbo mogabagsma dmdMHomdal dgbedadal 0d3«e-
Lob M3gHeGMAL. bsgmeto gubd300bogol dogomgdm

‘I’zCexp(%pxj. (10.29)

3306036mm 53 gbg(300L 360336gemmzoba Mmegobgdamgds. 396dmm, 30bo dmeyy-
mob 33000980 Mool |CP*-L. Jgbodsdabo magabygmem dmdmago bobamsgn mobe-
do60 smdsmmdao dgadmgds s@dmBbrgl LogMzalb BdabdngM BgMmGomdo. Mmgm(s
Babs 3oMogmaggda o3mbndbgm, sbgmo gubd00b bm&damgds (10.26) 3ocmdoo o6 dg-
admgds. 83Moge, (10.29) Bamdmawagblb obgomn Gommyo gabiool Bsgsmonb,
3ol Imemob 3300MsG0 smdsmmdal 3Mm3m@mommos (10.22) sDMom, Fogod
(10.19) @memmdsb sanmo o6 o430.

g0dozgmao booeab bydysmm 360d3zbgmmds

0y 9373393, Hm3 Gorerg®o BPbiEos J3eRMIGYmIR 06GgaMgsorns by
o4y 53909mgzamgdl (10.25) 30fmmdsl, 35306 m3gMe@mEgdobmgol, Mmdmadaz Jbm-
mmE JOmO0bsGob gubogdo 560sb LadsMmmasbo badysmmb asbdam@gdals dg3-

©930 FMHIYs
(f)= j\P*(x) - f(x)-WP(x)dx. (10.30)

bmgo dgdmbggzedn, GmEs godognco Loowg 3MmmEEabs@ol gMbdigos o6
360l (dogamomam 0834ymbo) obo Ladagsmm 360dgbgmmds sby gobabsdmgmgds

(G)=[¥ () -G¥(x)dx. (10.31)

0b@gacomdzgds asdmbabymgds Mo 0obsdsdfmogmobash dgoagds: ‘P*(X) o
G¥(x)— Mm3gmog BaMdmapagbl m3gMo@mmab W(X) g3mbdz00bg dmddgwgdals 3g-
©gab. (10.30) Bo63morggbl (10.31)-0b 3963dm dgdmbgggsl, Hmgs f(x) = f(x).
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©53m3300 LobEBgds 08ymazgds JpamBsmamdadn, Mmdgmbag dg9bodadgds G; be-
Jmatn 860336gmmmds o Wi boggmemo gablios. o G gobogn®d bowowgl i gab-
Jogdoo gogobsdysmgdo dagomgdo <G>=Gi. 03530 sz0moE ©sgMbdnbogdom
(10.28)-0b (10.31)-30 3@ sboo.

dMg00bagMab bEszombsmyMa gobGmmagds

oy dMgenbagial (10.14) aob@mmgdsdn 3m@gbnamama gbgMans MDY o6
360l ©sdm3ogdamo, 35306 sbgmo LobEgdob E gbgMans nbsbgds. LobGgdab Lomsbs-
©m dpgmdatgmdgdl 30 bsomboemamo 8gmdstgmdgdo gbmmgds. MeBogbowss o3
d93mbgggedn Lol gdal 3sdnmEmbosbo MMy (3boEsE S 3ol ©sdm ngdamn
dgbadmgdgemos (10.14) 3Mgo0bagmal ao6@mmadsdn (33momgdal asbzamgds. do6-
(3, Imeom 83 dgdmbgggedo (10.14) 3568 mmgdals 53mbablbn dgdwgaon Loboo 39dg-

dmm
Y(r,t)= f(t) - y(r). (10.32)

J(#) 358653ma bsBogms 3ol Gommu® dbgdol aodmbobagl. 53530 dab (3bowa Lo-
bob 308mbabaemgdal 8omgdabsb @eg®mbdnbogdom. dgz0896ma (10.32) dMgwabggHnb
(10.18) aob@mmgdsdo

ih- w(r)-% = 1) Hy(r) (10.33)

©> Gmmmdab mMagg bomg f(¢) W(r) 6sd3Gogmdg as3ymo, Gob dgmgasms 8ngo-
LSy

p O _ A, (10.34)
e f y(r)

(10.34)-0b Bo(sbgbs dbocrg dbmmme AMbgs edmomgdamo, dofxggbs 3o
dbmenme (3mmEabs@dyg. dgbedsedabse, mmagg dbscg dgagadmas gMmbs ©s 08539
390803 bororgb ao3:g@m@me

pdOL_HvE) g (10.35)
ae f w(r)

@30mdE ©33MB3Mbogdom 0dsdn, M3 o3 3mwmdogsb gbgMannl asbdmBoemgds
Mbs 3Jmbrgl. 93Gngem, 309dmmdo MM asbGmmgdal

g g,
dt h (10.36)
I:I\p =E-y.
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3gmMg 356@Mmgds 5sbENMadL 0dsb, ®m3 Dgdmembadbama Fmdngs oM-
omag bobgdalb gbgMgool Gmmos, bomm 3ofmggmo asbGmmagdol s5dmblbom 3o g3mg-
dmmdo Gomeno gubdool eOHmdy edm jogdnmgdsl

)= exp(—%EtJ. (10.37)

23Mngo@ LEd(oMbomNMn Bramdstgmdol Gommycn gubiol emomo 3s3-
930 EMHMab MmbzomoMgdomo gMbdnss. 83-8 moz0lb (8.21) gm&®Bmmal msebsbdswm
E 9bgmgosb 0=E/h Lobdomg d99badsdqds. dgbadadabow, (10.37) gm@dmms 08wg-
bo ombgmlb E  gbgfgool 34mbg LEsEombomam dmgmdofmgmdal, Gedwmabows(s
exp(imt) sxbg@mb 0 LobdoMom MbgzsbL.

o3 d99bgds (10.36)-0b gm@g a5b@mmagdsl (10.17) Gmmmdalb gsmzgsmabboby-
dom dgadmgds dog3go dgdmgao Laby

Aw+;—T[E—U(r)]\|J=O. (10.38)

Gemdgembsg IMgabagfiol bGonmbommumo gob@mmgds gbmmgds. bHxma Gom-
0 gbgzns oby BoobgMgds

Y(r,?) =exp(—%ErJ-w(r). (10.39)

LEdEMbaEME doamBsmgmdadn smdscmmdob Lnd3gMogg sme® oMol EHMDY ©s-
dmgzogdamao. doMomas(s, Ma@asbs(y

i
exp| —— Et
p( h )

boBomos 30b bogH 3ol Imzgdm by omoa smdmAgbol smdsmmds o6 360l EMHMbY o-

dmgogdnmo ©s dbmmme Gomenio gubiaolb jmmEoabs@nma Bsbamom gsbo-
LodEgMgde

2 . .
= exp(—%EtJ : exp(+%EtJ =1 (10.40)

W (r) o< |[¥(r,0)|" =|y)| . (10.41)

(10.41) 3mc3ems badmmmme asdmba@osb f(t) ggmbdionb sdML. gb @ 30650 369-
o 50bgMb LG sombamyMa dpamdotgmdol GommuE m30b9d9dL, dogmed ggMebsom
303mgbsl 396 sbgblb Boboms 3ol dgdemgmdsady.

dMgeabagfal (10.38) Lgsznmbaomafa gs6@mmgdals sdmbLbs @sdm jogdemans
dsbdn dgdagamma 3m@abzon®o gbgHagnal 3mbiMadmm Labgbdy. sLgdmdl 3m@gbzn-
smmd bmeme goM339mmo  gmobo, Mmdmgomomgabsz bgMbogds 83 go6@mmadals
sbamo by 88mbbbs. bbgs dg8mbzggzgddn ¢Mbos dngdstmma s3mbsablbbol 3mzbolb Bo-
sbemmgdoom sb Mosbgom 8gommgdL. 396 of o6 asbgobommagm 53 3mEqbznsmms Jmb-
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3M98mo babobogab o Hmam® dgadmgds (10.38) asb@memgdal 58mbbbs. dsgsemo-
@0bogolb gobgabomsgo Fbmmme mogobygsma Bobamszal Jgdmbggzel 969 Hmeg-
Loz 3m@gbznamo byyemals meos

\p"+i—’f5w=o. (10.42)

Lodom@ngobogal gobgabomogm gFmasbdmdamgdnsb dgdmbgggsl s dgbeadsda-
Lo (10.42)-d0 mo 3GMoba X 3mmEabs@oo dgmeyg bscdmgdmmb ombadbagl. oy

d93m3080bo k = W/h 80300930 3om3mbommo ggmbd300L 6@ mmadal
v+ kY =0, (10.43)
Mm3gembsz mMn BMgngsm ©s8ma30mgdgmo s8mbsbbo gashbns
vy, =C, exp(ikx), v, =C, exp(—ikx). (10.44)

s3M0gom (10.37) s (8.22) gm®mdnmadol gomgsmnbobgdom LEMmo Gomemamo
564300 dgadmads sbg BsMmBmzngnbmo

W (x,1) = C, expli(kx—ot) |+ C, exp[i (ke + o) |. (10.45)

domgdaeo 53mbablbo bamdmamaqbl MMmngHmbsbabssmdmgam dadstmyymagdom gog-
668@36‘3]@ ™0 66@)83@0 @ogg\mb b‘gSaﬁBm%neoob. (10.45) CBMF)B‘OQIQ 3093 3(4)—
obge 330h39698L dozHmbadystmmb 860336gmmmzgeb msegabgdumgdslb: gbgManal gMombs
©5 03539 36033b69mmmdal dgodemgds dggbedadgdmmglb Medmgbndy 3396@ M@0 BoamBds-
Mgmds. gbgMaool sbgm ©mMbygdL gomseggzsomgdmemo mbggdo gbmmgds, bmmm 3356-
G0 3agmdamgmdgdol Mommgbmdal gomseggemgdol bomabbo 569 bBoBobBogamo
Embo. Bggbl d93mbggzadn LGSGALEINNE Bmbs MEEl Gmmos, Gommal aogM(3gemy-
30l mEn dgbadmm dndsGornmgdal 56GLgdmdals godm.

sbms agdzom, Hmad dgdmmgsbbomaem dogsmaomdn gbgFannl gMmbs s ndsgy
8609d369mmdslb m@o bbgowbbgs 3356@mE0 doamBsmgmds W1 s Yo dggbedsdgds. do-
dob (3bowns, ®mB LadsMmmosbo 0d6gds d8mgan GMEmds

Vi_2my py=Ye (10.46)
v, h v,

sbyy
vy, -y =0, (10.47)

3565L3bgm Gmmmdal FoM(3bgbs Fbofglb ogNs@mm s asdmgsjmmo i -\,
boog. 980L dgaasm Fomgdema asdmbabnmgds BoMdmawagbl dgdwgan asdmbaby-
mgdals BoImgdemb

Yy, — ) -y, = const. (10.48)
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33973300, HM3 X mgMdab gMomgMomn dodsoymadoo ImdMomds dgdmoemos.
53 dodsBongymgdom (3bowns 3963 gMon baBomszo 396 08mdMagqdlL s dgbadsdnbow
M039 GommMa gubg0s bymal Gmmo adbgds. gb 3o 6036536, HmI (10.48) aodm-
Lobmadsdn IMedags bymmalb Gmeo adbgds sby

Vi_ ¥ (10.49)
vV, v,

03 ¢ 3065b3bgmo Gmmmdab nbGgaMgdom 3o dngnmgdm, Hm3
v, =C-vy,. (10.50)

(10.23) Liy3gM3mDo(300L 3M0B(3030L MsbILAs® 30 GommyMo Bnbd0gda, H™A-
mgdoi gobbbzegmgdnsb dbmmme dmwmdngo Loowoo smbBgMgb gMmbs ©s 08539 g93-
356896 dgm3otgmdab.

23M0go@, 9Mmasbbdmdnmgdosbo dmdmaomdal dgdmbgggedn damdstgmdals go-

0533560985 abbbgds o 3o Bsbosgal ImdGomds Jgadbemnwgds HmIgmady gfma do-
dotoymgdoon.
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39d@mAmo bodMogmo
M =[rp] (11.1)

Gmam&z 39-10 0330 030b0ndbgm, Mm3 335680 3gdobnzal doMomawa 3mbGmo-
Bob msbobdom 3933060 gaDognEo LoEowEggdol Bgbodsdalb m3gMsGmEgdL dmEal
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3m3gb@nlb m3gMe@mta 3356@M dgdobozada sbyg RonbEgds

h

Mzhiz;[rV] (11.2)
6 8s@Gozmmo baboo
e, e e,
I=—i| x y =z (11.3)
9 9 9
ox dy oz

booa(s e.e ,e — dgbadadabom X, ¥, Z mgMdgdab asbbzmag odsmmymo mMGgdos.

(11.3) gmEIgmal sbdsmgdom Jgbadmgdgmas (sbowo Lobom s8mzBgdma Jyombao
3mg896@0b 3Mmygd309d0 X, ¥, Z mgidgddy

109



~ (9 d
ly:—l(Za—x—ng, (114)

S@MBmd MgmEosdn 350536Y398 Ml 08353mdL (396@Msmnco Lodg@nal gg-
ol dosbmmmgds. (36mdomos, Gm3 (396@Gsmnn Lodg@aal Fgdmbggzsdn absbgds
Gmgmez babomms 3ol gbgmMgns sbggg dobo dgdsbognmo Imgb@al ggd@mea. s3sbmsb
©5 3933069500 dmbobgmbgdgmos dg8mgo@sbmm bab. 11.1-0b Bobgoznm asb63s68gda-
mo 9.6. bggPnm 3mmmoabs@os bob@gds, GmBgmdag bogM3gdo 6sboms 0L dgds-
M9mds a9b0badmzmads JmmMEobsGms Lomoznwmsb bobomsjsdwyg r dsb6domoms ©s
Mo Fmoboom: 3mmammmo 8 s sDedn@meo @ Jnmbggdom. 3933060 ©93OGL 3m-
mOEobsgms bobdgdabs s bygym 3MMEAEBsGMS LobEGgdsl dmmal dgdwgabso-
Mo asdmabobgds

6sb. 11.1. bggAgm 3mmEAEabs§os babGgds

x=rsinfBcosp, 0<0<m
y=rsinfsing, 0<@<2m (11.5)

z=rcos0. 0<r<e
a5630b0mmo g aM l: Mm3gMeGmeo s 35h396mm, HM3 ngo LA 3MmEEo-
Bo@o bobEgdsda A/dP-0b 3EMIMA(30m0s. JoBnms(3
0 oJdxd dyd dzd
= 24

dp 0pdx 9y Pz

110



(11.5) -ob a08mygbgdooc sz0ms@ doz0mgdm

g—yzrsinecostpzx,

ox .
— =-rsinOcosQ=—y,
o
sbyy

0 0 0
—_— =X -_
op dy  ox

Lon@obs(s godmdwabamgmdl, Mmd

@:431 (11.6)
o

abms a0b3bobmzMme (11.6) m3gMoGmmal Loggmetio gubingdo ©s Lagmmatn
360d3b6gmmdgda. gb 53m (3065 ony369ds

D=1 -® (11.7)

36 (11.6) m@3emals gomgamobbobgdoom

§2=¢-¢ (11.8)
0]

009396 96(300mM0 gobGmmgdal 5dmblbbodyg, Losg (10.28)-0b Mobobds I, Bochdm-

5003960L iz m39Mo@mMob bogmmam 360d369emmdab. (11.8) 306@mmgdal s3mbbbs o6
BoMm3momaqblb LoMmmmmgl ©s 83mbabbbobamzgal 3mgdymmdo

®(¢) = Nexp(il.g). (9.9)

Gmgmez 3g-10 megdo o30b0dbgo Gommn® gubdosb dmgmbmggds Lab&mmmm-
35 0o (30mbabmds, Gab gs8m(3 I, -0b ©sbsdzgd 360336gmmdsms 3Hgduma

D(p+2m) = D(p) (11.10)
306mB0sb 3ob60bodMzMgds, Lonwsbs(y go8m3mnbsmgmdl, Hma
exp(i2nl,)=1. (11.11)
3m33mgdbay® Bobgzms mgmBonwsb gog0bbgbmm, Gm3
exp(io) =1
356@mmgdsb og3b Msdmogo s8mbablgba

o=2mtm, m=0,%1,£2, +3 ...

111



80g58 o) ©o355304boMgdo dmBg6@0L 39d@mAab Imommb (3ammabbdmdm,
3 3m3dgb@o LabEmn Loowgs), 3sdnb (sbons, M3 Fabo HmPgmndy 3Gmgdos

sbggzg babmymo ooy Mbos ngmb s & bos smyds@gdmmalb mgom 3 39d@&mals
b, dgbsdsdabo || BgBmesb 0fbgds FgmbsbmaGamn Boba I 8sjbodsermio
8603369mmd00>. 35306 (11.11) FoEIqmosh gs8mBwobsGgmdl Jrobanmo 3mdgbEoL
©053356@30L bgbo

L=m (11.12)

z

Loy M gdnmmdl -l-sb -8y Bymal Rsmgmoam yggmes dmgm, ogdoom @s mo-
ymgoo 360d36gmmdgdl

m=0,+1,+2, +3,..., £/ (11.13)

ob Lyyem 2H+1 Lbgobbgs 3Mmad3090L. 3356896 dgdobnzeda b Lowowgl MGdnE)e-
@0 335660 Mosbgo gbmegds 96 B3oMow MdMsmme 3mBgbE Loy Nbmoydyb.

;D

6sb. 11.2. 39nbayMo ImIgbGab 39d@mMab 3Gmad(zngda.

Bobad 11.2-Bg bsRzgbgd08 ImIgb@nb 3Mmgdz0gde I=0, 1, 2, 3 —ogz0L. M Loowy
3ombobgo 30b6badmzMegh [, m3gMedmmalb bogmmam 8603369mmmdgdl, bmemm (11.9)
gm@Igmsda dgdagom bmmomgdob N 3mgzo3096@0 gobabsdmmgds 3oMmdowsb

2n
[|@,[ dp=1
0

bonoba(s

No_ L

Tl

83M0g00, bm@MdaMgdygma Gommuma gubins gobLadmgMnma lz-nor) dmo(3gds
Jd93mgabontom

q)m((p)=ﬁexp(im(p) (11.14)

112



smdsnmdal bndzzMogg

W, () =|®, (o) = ‘ J;_n exp(img)

P
- 11.15
e ( )

439 @ —m30b gHmbsnmos. gb 60dbogl, Mm3 LogM (3930 godmymagama dadsGrmyyg-
b0l dgdmbgggado B6sBoems 3ol 83mAgbol LEYE sEdscmMdl SboLasmMgdL sfbosmuyMo
Lodg@Ens. gsdmymgnma dodstmgmgds bogc3gdn dgadmagds dmag3glb gFmagecmge-
bo gmgd@Eamo o6 dogbodmn ggmol d08sfmmgdsd. Lggmamo Lodg@oal dgd-
obgg3edn Z gidolb odsGmgymgds LobsbBast sMomMom o6 sl gsbLsdmgEmmo.
330@ma go6Mgdg 3gmob sMmambgdmdolb dgdmbgggeda bbgswabbgs mM-ob dgbedsdobo
LEdEOMbamNMo amdsfMgmdgdal gbgMangdn gMmdsabgml gdmbgggs by sgowma
593L Boamdatgmdadol 2/ + 1 ggFom go0s33565d0.
sbos (11.4) gm&Ednmgdol go3myqgbgdoom asdmgamzgsmmmo 12 m3gMs@meo (11.5)
bgggemm 3mmEEbsGgddn. BoM@ g0, Jogsd atmdgmo gsdmmgmagdalb Ro@omgdal dg-
®93°R d0g0gdm
2
P=02+17+17 =-A, :—;i(sineij—%a—z (11.16)
: ®  sin@ 08 08/ sin’ 0 9o
bggenmo bodg@Mmool dgdmbggzedn Im3gbG ol 3goMo@ob 3Mmgd(309d0L Ladysmm
360d3b6gmmdgdo ghmdsbgmal Gmeas
<[}>=<[>=<I}>
Mol godm(3
<PP>=3<[’>. (11.17)
3gmeglb 8bGog Mmam® 3 3356@M0 894060300056 5M0b (36mdoema asbbsdmgMaemo

8mB836@)0b 3Jmby BroamBsmgmdsadn dmdgb@nb 3g0Ms@Gnb 360336gmmds gdmbggss dab
Lo gmmam 3603369mmdal
<P >=r
(11.13) gm&®3nmoab asmzsmobbobgdom dga30dmos gsd8mzomgsmma 8m8qbGab I,
36mygd3nnb 3goma@al badamsmm 36n0d36gmmds
2P +2°+3+..+) 2

1 1
<l}>= = I+ D2I+D==I(+1).
: 2[+1 2[+1 6( X ) 3( )

53 godmbabymygdol (9.17) gm@dgmsdn dg@oboc Ladmmmme 3mdgbG ol 3goMe-
&ob Mm3gMsGmEab Ly gnmama 360d36gmmbabamgal dogomgdo

P=I1+1). (11.18)

83G0g0@ [ 3o68dg@fn (3ombobom gobbsdmgmagh 3mdgb@ob jgomms@nl 360d364-
mmdsb. 380@m8 bodsMGogobsmgalb b MBmEgdgb ,dm3gb@L® 86 ,8m3gbG ol SdLmene-
& 860d369mmdsb” (11.18) sdFoo.

113



3m3gb&nb Lagmmetn gubd(30900 ©s LygMMscn 3603369mmbgda

Y=y (11.19)

3568 mmgdob 58mbLBom gobababdmamads, Moz bygdomm Mo domgds@ngm® sdm(3o-
Bob Bom3moagbl. 380@m38 ed@gn3gdalb gomgdy dmgaygzsbo (11.19) asb6@mmgdals
33mboablbgdl (11.13) s (11.18) 30cmdgdal gomgamallbabgdom

Ao oY, =—IU+D Y, (11.20)
bowss Y, (0,0) 9.6. baggmmmo ogmb309300. 9b Bbd(30980 3gndmgds Mo 0865358~

03mab babom Bamdmgaeanbmm, Hmdgmmagsh ghon dbmmme B, bmem dgmg dbm-
@R @ (33000093Dge @EIMIoRgdNmo

Y,0.9)=06,,0)2,00), (11.21)

bosi @,,(0) (11.14) gmGEIPmoo oMol asbbsbmgMymo. Moz dggbgds O, ,,(0) Byb-
ool ogo 3smgds@n30msb 39Mas@ (56mdom mggebomab dn3s3domgdmeno 3meobm-

0, (0)=(-1y [GEEDE=m o 0), m>0 (11.22)
: \ 20 +m)!

m-b ofymagomo 3603369mmdgdobamgal b Imgaboabmo (33mamgds

dgd0m 358mbobgds

O, =(-"-© (11.23)

l,‘m‘ "

2360800, LEdMEMmE JMobyMa dm3gbGab m3gMoGmal bmmdnfMgbyman bogy-
®oM0 gubgzngdabomazal dngamgdm

2041 (I-m)!

V@)= = I+m)!

P" (cos0)-exp(im@) . (11.24)

—~

8dmgbgFmm (3bsn babom Medmegbndy LegHmmo gublos

‘

_m,

3
Y, = /Ecose,
3. ,
Y, =F,|—sin0-exp(Fi@).
' &n

©5 3500 Jgbads8obn 3mmaMmmo osg®s8qdo (abomgo babsba 11.3)

114



=1

m=0 m=1 m=()

6sb. 11.3. bgggFAnmo gubdogdab Smmas@mamon asaMsdgda.

03gbswa(y (11.24) gm@dgmom gobbsdmgMma gubd0ol dmoymal 33506s-
&0 @ (33m30dg o6 sMal ©sdmoEgdymo, s3wgbsw bogM ol gof339me ImEymmds-
do Boboms 3ol sm8mAgbol smdsmmds 8 3mmofmma jgombom gsbabodmgmgds (abo-
mgo bobaba. 11.3).

dam3dsmgmdab muybmds

Logmm@Eobs@m mgMmdgdol bLomsgalb Bodstion sMg33mob dgmgase  LobEgdob
3amdamgmdal s03bgMds gubd(3008 dgodmads dga(zgommmb o6 o6 dgo(sgemmb mago-
Lo 60dsba. 3ofggm dgdmbgggzada go@yzom, ™I LabGgdal mabmds motymanmas,
bomm g dgdobggzedo 3o — owgdoma. sbms gbsbmo Gmamma ngbgds | 3mdgb-
B0 a56badmgMmmo Bpamdsmgmdal mabmds. bygmmMEabs@m mgmdgdolb nbgg@bo-
ob dgrgaow

X—>=X,y—>-Y,Z—>—Z. (11.25)

Gbocgno, Mmd (11.25) aoﬁ)QodaBnbob r—r. aaaggama zZ——Z 30(4)('72)0(906 (11.5)—0b
30m30mnbnbgdom LodsGmmoasbos Gmemds c0s8 — —C0SB Moz 60dbogl, Hm3 B — 11—
8 (8 — +0 Jgdmbgge gbnbssmBogagds (11.5)-b 3omzgmo LEogmbab gbHmemgdals
306mmdsb). dgbodsdabsm X — —X s ¥ — =¥ 35M©5486980LsL, Mmgmz 835 (11.5) go-
3mbabymgdols 3oMggmo s dgmeg bEGagmbo dogznmamgdl SINP s COSP Bbd(30g-
dobomgol mombmggds gRhmomumao 60360l (33momagds

sing — — sing,

COSQ — — COS®,
(3 dbmeme @ — @+TT 3gdmbgggados dgbadmgdgmo. Bmameg (11.24) gm&Ixgmo-
©36  RSBL  BommmEo  Fubgioob  gMmoba®m  ©edm3ogdmmgdsl  gsbbadmazmagl
B"(cos0)-exp(im@®) 8s3s603ma. @ — @+ (33m0rgdobslb gdbdmbgb@s 3Magmmgds

(=" 858@s3mDbg, benm B — T8 (33momagdobsb P (—cosB) = (—1)"" B (cos0) by

Rbogdos (=D dodMagma. s3Mogsom LEMmO Gommymo Gubdns dMsgmmgds (—1 )l_
(=" = (=1 803M03m by, Moz 60d6s3L, HMI 83 B8mbgg39d0 pamBstagmdal -

Bmds go6obabmgmgdes (-1 3536d3mom. b gdobsmgal dpamdstigmdals oee-
A0 gbgs mbos, bmmmm 39680 Fgdobsmgab — 396@0.

115



0030 12
6530C0000L dOMAN 330603 333603360 dSVEIG

53 mo3do gobabamgds 393mgFal s3m(3060L 3mbLbs I gnbygFnl gmEdormad-
30l g98mygbgdom. R3qb ©o3MB3mbrogdom 08530, MM Mgmsdnzab@ o dgbBmmgdg-
30l gomzgamnbbBobgdol godgdg I gmabagmol go6@mmgdol 3sdmygbgdoo dgbodmgdg-
mod Byomdowal s@mdal 9bgFag@ogmmo b3gd@Fal Bnmygds. Bomgdymoa gbgfggdo-
310 mbggdo g8mbggge dm@-bmdgmggmmob s 33568300 Jomgdmm ©mbggdl, dsa-
53 Gomeumn gubd00b 89d39mdoc gobLadmgENmo MmMdoGemadal gm@ds 333900~
Mo aobbbgogwgds gmgd@®mmbal 3msbognta GMogd@m®oabasb. 3nmmbyma 3mEgb-
odmab 398mbggzo3n Gommumn ggmbd30500bmgol sMbgdmdgb sbsmabm@a asdmbe-
bmemgdgdo, Go godogno boowggdab badgsmm 86033bgmmdgdal godmmgmal be-
Jmomgdol odmggs s sbggg 3304360L Bomdmmaqbol bbgowabbgs damdsmgmdgdda
>&mIob dmPgdal dgbabgd.

3396&60 3gdsbogol gomamgddo Rs@omgdamao sbomoba badymamgdsl ggodmgsl
3563b0bmgfmm 6gdabdogHo o5&mBal dofamsn dpgmdstigmdal d4bgds, sgbLbbsc
96903980390 mbggdal 3gbdgmgdol 3obgbo ambadsgnal LabmgeMmseb Losbemm-
3900 ©d bg3g gbgMag&0gMmo Mbggdal aswagzemgdals Bmgmgbs. Jymbm@o dm3gb-
&ob Jgboadadabo 3356@ M0 Masbgal 3603369mmdgdom gobababrmgmgds dfsegsmg-
mad@Ombosba s@m3gdob Gommno gbgnolb LEGNJGNMS, HMBmalb (3MEbscs o4
30mgdgmos Goymo 5@m3gdalb b3gd&Mmab 3mabogngaznobomgal, Gm3gmmsmnaznbs(s
Igabagfinl bocmsbsm gob@mmgdal sbsmmadyMem 58mbLbs dgndmgdgmas.

©3y336nema dsbs

a5630boemmo Mo 3HmmbaFon NMmogmmnddgon bobamas ol s3m(356s s Rs3Bg-
Amo IMgnbggfol gobGmmgds 3nbopgol U = —Zez/r 3m@gbnsmabogal

hz az\IISS hz az\uss Ze2
= + > Etot

=0 12.1

-
boa(s Fe @ Fz Igbadadobow gemgd@Mmmbobs s doMmmzolb Mowonbzgd@mmgdos, bmmm
Eiot — Lob@gdob LEymma gbg@anss. dgdmgayzsbmom LabGgdol doboms (396@Eabs ©s
9@ mMbab dotmgzol d0ds6o dmdMamdal Mewanbagd@meigda
R= 2L (12.2)
m,+m,
r=r,—r,. (12.3)

e

116



dmzobmnbma (12.1) 306@mmgdsdo madmabob m3gMs@mmgdals Robgms (12.2) o
(12.3) 3gmmB0bs@gdda

> m, ) &
Eeiniweid Rl e
or, or m,+m, )] dR
> m, Y &
oo \mam 7
r, or m,+m, ) oR
(12.4) a53mbobyymgdgdob (12.1) a06@mmgdsdn dg8sbom dogomgdo

2 92 2 9?2 2
i L+L W;ys +h7. 1 . \Vszys + Etot+Zi wsyszo' (125)
2\m, m, ) or 2 m,+m, OJR r

(12.4)

domgdamo g56@mmgdsda dgbadmgdgmoas dmgobabmm (33momms aobamgds
o) badngdgm Gomemne gbgznsb dgdmgan boboo bscdmgawanbom

WSys ZW(I')\I’(R) . (126)

53 gbg300b (12.5) gob@mmgdsda dg@oboo o gob@mmgdolb Yy 30bd30sdg
394mR00 s@30ma© doz009d0m

1 ﬁ[i+ijaz“’(r)+[15”+z—ezj=— 1 n 1 dyR), (12.7)
y(r) 2 m, m,) or ¢ yR) 2 m,+m, OR’

o3mgboway (12.7) mmmdolb Jotigggbs o dofmzbgbs dbafmggda Lbgswsbbges

(339006 GNbg09605 (12.7) §memmdslb sgomn gdbgds dbmeme 85306, Mmugba(s
BMmmdalb mMogg dbatg ghomo s ngogg 3wedogol Gmmon odbgds. bob@gdob LEmmao

q9696a00 Etot 39093935 LobEgdol Bnbsgsbo £ 96gGa00bs o gmgd@Hmbabs o do-
@30b doboms (39680l dmdMamdals Emc 96gMannl gsdobasb

E

ot =E+E,. (12.8)
doboms (396@0L mobsdotin ImdEomds semnbgmgds gobGmmgdom

2 2
PR,

2 1nc=0’
2 m+m, OR
bm@m
2 2 2
h—aLgr)Jr(EJrZij\p(r):o (12.9)
2m or r

356@mmgds 3o Bomdmawanbl gmygd@®mbobs s dofmgol gofomdomo dmdfomdals

emz

m,+m

e z

Lodngdgm gob@mmgdsl. of m= dofhogabs o gmgd&Mmmbol @oygebowa do-

117



bos. 38M0aswm, 0bggg Mmamt(g gemobognm 394603530 meMa bbgmmal s3m306s onyge-
bgds dafmgal ggmdn gmygd@®mbol dsgo3Mo @seygsbomoa dobol 3dmbg Bobagms 3ol
dmdEomdady.

sbama 3563358 Mgdn

Amam®s (36mdamas 33 damdstgmdsedn Bobomszal 9bgMans Momymaomons.
330@ma dgdmysgom 7.6. “©@gdfmamal” Gomemnn Goibgo

kzz—zi’;E, (12.10)
QQO
2
h a, m,

Log@dob 3oLIGedymMo asMmaddbs, bowsg @ dmmab 3oMggmo MMHdo@ob Mawoay-
bos. 83 5603365830 (12.9) a0b@mmgds by Bsobgmgds

A\u+(—k2+2}u=0 (12.12)
r

Lggnm gmmEEnbs@gddn gsmabgmnb dgdwga (16.12) 456@mmydsda dgdagsma
3mabob m3gMmoGmmn sbg ao8mabobgds

A=A 41

r Ty
r

A, :izi(,ﬁ ij’
reor or

1 9(. .0 1 o
00 = oog| SINO— |+ ————.
sin® 00 00 ) sin® 0 dg

A (12.13)

0,0

Looa(s

(12.14)

Bomdmomaqbgb dgbodedabaw madmalinebol “Gomnsmn@” oo “Jymby@” bsBomb.
3¢bobadbagos, Hm3 Jnmbyma bsBorma 6adbal LodYLEGc gdmbzgggs ImdEomdals Mom-
©96m30b 8039680l I -0l m3g@s@mL.

bggfgmn 33eoegdeb 33b3oemgds
(12.12) 3568 mmagdob sdmbabbbo dg98wgan babom 3gdgdmo

y(r)=R(r)-Y(6,0) (12.15)

o) dgog obgobogg Abggmmdsl Rogs@emgdo, Mmames (12.7) §mmmdolb domg-
d0bob, segomem ©36316mgdom, Mm3 sanmo g469ds dgdmga Gmmmdsl

118



A, Y
S[AR e 0] Bt
R r Y
83 Gmmmdals mFngg 3bofgl 33meg Lbgosbbgs (33medy edm 3ogdamo gsdm-
Labmgdgdos ©s domo GmEmds sbadzgdns dbmmme 08 Jgdmbzgzsda oy commgy-

o godmbabymagds gfon s 0gngg 31wdagsl Gmmos

r2[£—k2+é}=k (12.16)
R r
Ay Y
_ 0y (12.17)
Y

1 3obabzbgma gob@mmads gdmbggzs 83-9 mogal (9.20) 4568 mmgdsl s s3mgbaw
BoMImomaqbl 033mmbol 8m3gbG ol m3gMmoGmmal Lsgmmoma 360d36gmmdgdobs s
Lo ggomatn gbd30900L g56@mmadsal. (9.10) o (9.11) gm@mINmgdol Msbobdsw 53

396@mmgdal goohbos (3ommbabs 58mbablbo ¥ =Y, (6,0) 5316d0980b Labom Fbmmme
35306, Bmegboig A=I(I+1), [=0,1,2,.... A-b 53 3603369mmdals (12.16) 368 mmads-
do Jg@obom dmzgomgdor ©oggMgbosmym asb@mmgdsl MonsmuMn  GommMo
#9674 300bomng0b

ArR+[—k2+2—l(ltl)}R=0. (12.18)
r r

Lobsd gowagomam (12.18) gs6@mmgdals s3mbLbady, go39(36mm MowasmuFa dmd-
omdal dmgngfo cmgabgdsb.

983J&:9M0 3m@gbgasera
(12.18) gob@mmgdsdn (12.10) s (12.11) gm&3qmgdal 9@ sboo ogomgdm

A,R+[E+Z—62—M}R=O (12.19)
r 2mr
BobBao
R(r)=@ (12.20)
Bngoomgdan
§;§+{E+$—%}x=0 (12.21)

9L 935653690 3obGMmgds sxbgML gemg]&EMmMbal dmdEomdals

119



ze* I+ DR
Ugp=——"+———

12.22
r 2mr ( )

9539d&m0 3m@abzosmab 3gmda. (12.22) as3mbobmmadolb 3oM3gmo Bgzco Bocdm-
3003 960b 9mgg@HMbal 3nmmbyma yOmoghmddgogdol 3m@qbnomb, bmem dgmeg
Bggcol 3Mnzbggmdo 3o o0l Im3gbGol 3300l Lsggmata 360dgbgmmdbs. 53al
aodm

1+ 13)/%

2

U

o (12.23)

2mr
Loowglb obggg, Omameg geobogn® 8gdebozsda “(396@Masdbawn” 3m@gbznamo
9bmegds. 989d@ M0 3m@gbnsmolb 3Mmgoma 6shz9b980s babsd 12.1-Bg. doMmgo-
©36 dme 356dnmgd by ©MInboMgdl 3memmbama 3m@gbosmmo, bmemm 8306y 856do-
maddg 30 — (3968©853%00 3mBgb(30oman. 33 3mEqbz0omal -y @edm 3ngdemgds
3ma308mbgdL qLoLEMMmM 390mgdosb 3mEqbzo® MMM, dogmed MmMImbasb gs6-
bbgozgdom 3m@gbznomab 3gomgdo YRG™ bogmgdsw @sdMgz0s.

(12.18) go6@mmgds g30839693L, AMI 3MmmbaE ggmdn HoasmyMa ImdHs-
Mol 83m(3065 ool (30em8bngem dgdmbabdrmgMnm sMgdn gMomgsbbdmdnmgdasb dmd-
omdob 83m3065bg. 33568 M 9do603880 8§ 303gds, Hm3 dgdmbadmzMmmo g@-
0g5bbmoemgdnsbo ImdMamds o6 5ol gomaagzemgdmmo. sdMngsw, Mmames dgo-
amddo 3bsbago 3nmmbae Gommumo gbd0gd0b gomagzofgds dbmmmam Gomemyy-
60 g67300b 3obymo 6sBamalb asseggzetgdom s0bbbgds.

U
Al 2

-1

65b. 12.1. 39mmby 39mdn Monsmyca ImdAsmdab
d3Ls3530bo gRgdG M0 3mGgbnama

M303MmYM0 §I3mEyMo g9bdnab 333mmgms

o) (12.14) o3mabnsbol Go@osmu® bsbomb gs3dmoom, 85306 (12.18) aob@m-
mgds dgdmga Lobg doomdl

R”+%R’+{—k2+é—l(l+l)}R=O (12.24)

r r 7'2

120



3m3obnbma 83 35bGmmgdada gobbsggmmgdamo Bgm@nmgdol gsdmymas. doM-
omsg (12.24) 3568 mmgdsls sbabosmgdl mn gobbsgnm@gdgma bg@@oma: 7 —> oo
s 7=0. R, -000 53006036mcn Gomema&o gubdios qbsbemmmdsdn, bomm Ry -om
Bmmmsb sbmmb. o (12.24) 306@mmgdsdo go@azsmo ¥ —> o0 bmzgamdyg Joz0mgdom

R —K’R.=0 (12.25)

00 00

Amdemals dmgomo 53mbablbay s6inl

R =C

o ool

e yC, e (12.26)

Gommmo 364 (30900L LaLEMEMIaL dmebmgbowsb gedmdwnbatig C.,, =0 ©s
5308md 33946900
R.=C_ - . (12.27)

o3 399bgds Gomma gubgiool 7=0-006 Losbemmggda ymgsgdggeb, ob
(12.24) 3568 mmgdol LBmEMgo 03 Bggegdom asbabsbmaz@mads, Gmdgmoa babs dgd-
obggzedo goEogzegmgm. 09 ©d398390m, Mmd [>0 ©s (12.24)-0L 3350658
gMRbomgddo ogn@mzgdm dbmmme (396@Masdbow ByzMb, Bogomgdm

RO"+%R(;—I(I;I)RO =0 (12.28)

23 99 3065b3b69m0 30bEMEgdals 53mbabLBL 39dgdm baabbmgsebo gmbd(z00lL Lobom
R, = crt (12.29)

(12.29)-0b (12.28)-30 39@8960b 398mga 3098mmdo U-b FoBsGro 335MSGMm as68m-
@goob
Hu+1)=0(/+1)
m3gebacz 993b mEo ggbgn
w=L w,==1+1).

33M0gow, (12.24) 356@mmgdob Dmgsm 53mboblbbl 7 =0-0b bosbenmgda s43b Lobg

Ry =Cy ' +Cpy - r Y
sbommgonMae, Gommymo gubjioal LobEAmmmdol dmmbmgbowseb asd3m3dwnbaty
Cp, =0 5 badmmmme a394690

R, =Cyr . (12.30)

s [ =0 35306 R, =const .

121



obmo dmzbsbmom (12.24) as6@mmgdnlb 58mbobbbo Mo@osmuMo 3mmAbs@ab
(330 gdal Jogmb osdsbmbdn, Mobomgabsg s8mbabba 39dgdmo dgdwmgan Labom

R(r)=Ry(r)- f(r)-R.(r)=r" f(r)- e (12.31)

dg36036mm, ®md Cp s C,,; 39mdoggdo sbms 1339 f(r) Lodogdge gubg0s3as
359M006959mo. gb b0 39dgdma dgdmgan batabbmgsba 36 36030l babom

fr)=D Ar' (12.32)

oby

R(r)=e™> 4, (12.33)

(12.20) g5m©54360L gomgomobobgdoom sbsmmaon@o asdms dgndmgds ngommo
X(*) gabiioobomgals

Xy =e > A4 (12.34)
A%

Qo

g ¥ dr drr ¥ dr r

Ape ] d(rz d xj_ 1 d(rx'—P)zx—

BMEmmdob gomgamobobgdom (12.18)-sb godmalb 4, 3mgnoogb@&gdobsmgal do-
3000900 896G mmgdoms qbabEmm LobGadsl

S (vHI+DV+DA, T =2k (vHT+ DA, T+
v Y (12.35)

+b > A, =1+ Y 4, T =0

50a0bs(3 03 M3060L 36 a0dmbobymgdado sxedge NLabEMmmMbsdwg 36 (3ge-

©485 Jqbadmgdamons (12.35) as3mbobymadolb 3039 s 139bsb3bgm %830 ss0-
30b 0begdbo gfmon gog3bsMomo s dgdmamd gMmAbomgdl gofgm gog0@sbmm AR

303Magmn, Mol Jgogasws(s d0gomgdo

Z{[(v+Z+2)(v+l+1)—l(l+1)]Av+l -
v (12.36)

—[2k(v+I+1)-b]4, }r* =0
530gbs@a3 gb 3obabgbgmn Gmmmds 69dobBngfn F -c30L bos LAYYmMEgdmeal,
5308m3d bogoGms dmznmbmamo ol Bob damdn 3mgyn(3056@9d0L bymomsb Gm-

122



mmds. gb 3o mogal 8bMng ggodmggb 4, 3mgn0E0g6@gdal gedmbomgmygm gzmcgb-

& gmeIgmab

A4, _ 2k(v+I+1)-b ‘ (12.37)
A, (VHI+DVHI+2)=I(+]1)

Ag-0bs 3603369mmdals 839300 (16.37) ggm@dgmom dgbadmygdgmos (12.33) go0-
ol 6gd0bdogHo 3mgno(3096@0b 3mabe.

35R396mo sbms, Hm3 R(r) gubdonlb LabHgmmdolb dmmbmgbsls s33sgmegamgdl
dbmeme (12.32) go8mbobanymgdado LabAygmoa bg3@gdal oGmggds s oMo mbobifa-
m 36 360g0. 83absmgal bogomms Jbmemme gohzgbmm, Mm3 (12.32) 363Mng0 ggcm
356dmomns 30y e ooy, (12.37) g308mbobamgds V-b qbsbEmmmo asb-
Mol 390mbggzod0 doabbogal

2k
ﬂw—. (12.38)
A, A%
94L3mbgbE 0L godmabomgals 30 a3543L
kr Sh v v k"
"= —(kr) =D B, B, =— (12.39)
o V! > v!
©5 3mgx3096@gd0b dggemogdabomgzal dogomgdm
B k k
et 20

v

(12.38) o (12.40) 358mbobnmgdgdal dgoegdoom 3533600, O™ R(r) xnbiios o6

800bbMog3nb Byemab3gb doMmmzowsb MLsbGMmmE sdmMmgdalb dgdmbzgzsda. gaboza-
G0 30 5g3b Ibmmme babeemo 36 36030L Loboo RebgFom (12.24) asb@memgdals

53mBbLBL. bobGuem 86360330 sBLgd®3L abgmo V=1, BmdgHo, GmBrob 3gdgas(s

4, #0, 4, =0. (12.41)

1, -b gBeowgds BooserBo 3306 mG0 Gobgo. (12.37)-0b 0sbsbls sBmbobbo s6lg-

33l Bbmenmg 85306, Googzs 2k(n, +1+1)—b=0. s8G0gs0, grgd@FHmbob Gsmmaneo
Go(3bgo 03go6&9ds k =k, =% : 0bo 8603g6gmm3gdo gs60bsbrgBgds

n=n, +1+1, (12.42)

dogma 360d3bgmmdgdam, Bmdgmbss dogsdin jgobdama Gazbgo gbmegds. oy sbms
a530bbg693m (7.10) gm@Inmol s dobdo Jgz0@sbo Kk, -0l 360d369mmd93L, Lodm-
mmme bysmdawob s@m8do gmgd@mmbal gbg@annbsmgalb 8ogomgdm

123



P L L[

= (12.43)

n? 2R’

_L(zn) __Zme
8 2m 2m

na,

qb 993565L36gma gmEBnms gg5dmgsl Rzgba dm (3060l Ladagdgem Logyme 360d36g-
mmdgdb.

bogmmatn gMbg30930 ©o3m3n@gdammos L (1, B, @) 3MMAENbsGDdg s Lod
(n, I, m) 335686 Mobzdg

Vi (7,0,9) =R, (r)-1,,(6,0), (12.44)

bowoi Y, — &omenco gubdionl gnobaco bsBomas, bmmm R, — Goosmao
ds3Mdg0mo

n—[-1
R,(r)= exp(—knr) ol 2 Aé")rV (12.45)
v=0

od ®x980b 3mgxmo0g6@ g0 gMmdsbymmsb dgdwgan Mg3nMabdmmo mebogsmuom-
300 561056 8353306 9dmmbo

(n)
+1 _ V- n,

=2k
AP TVAHIHD(VHI+2) I +])

(12.46)

Lonabs(z 3bgmezm, MM Mopasbs V < n, -y (12.45) 36 36030 603563mba(s3emas.
(12.42) gm®3mmoEsb bsmgmos, ®m3 [<[  =n—1. 3gmeglb 8bMozb gmobm&o

max

3mB336@)0b ©93356@30L MgMF0EsL (36mdamas, Bm3 /=0 . g3sdmwal Gm3 [ -ob (33emo-
m9d0b ©s35dmbas

[=0,1, 2,..., n—1. (12.47)
(12.42) o3mo@asb sbggg bamgmos, Om3 n,,, =1 564
n=12,3,... (12.48)

sebobodbagos, Bm3 gbgmanal (12.43) godmbobnmgdsda o6 a3593L (sbowo babom
[-bg ©8dm30@gdnmagds, donbgosgsm ndabs, Mmd (12.24) 3G graba gl gob@memgds
[-b 3goegb. gb god@o bomdmemaqbl gummba@o 3m@gbznamal gsobbsznmmgde-
moE domammoa bamobbolb bodg@®nal dgwmgal, MgGm Jsmsmon gopMmyg MdMommE (396-
GMsemm@o Lodg@ Mool dg8mbzgzsdo g3o43b. badbmaswm, (396@Momyma Lodg@moal
39mob 3q8mbgg3ed0 gbgMans -bg @edmjomgdmmoas. s@bgdmdl smbadsbgdal L3gzo-
sem@n bob@gds I m@dodoman 3mdgbGob djmbg dmgmdsmgmdol abobabnsmyd-

Mo .

124



abMoea 12.1
dm3939ma [ -ab IJmbg damIsMgmdgdab >¢0bnd3zb69d0

360d36gmmds/ {01123 (4(5|6|7|8]9 |10
>b0dgbo s|pld|flgl|lh|il|k|I] |m|n

&d3mmfo gubdoob bm@M30Mgds s gmgd§FAmbab 3dmAgbalb semdscmmds

dmgombmgmo (12.44) gmcdqgmom gobbadmg@amo Gommato gubiool bmm-
domgdabomgab 3g8mgan 3oHmds

[ Wi (0.0 dr =1, (12.48)

(3 mo30b bz Gommmmo gubd00b Memosmu@n ©s Jnobeyma babomagdol bm-
d06gdabomgol admggs 3063mdgdL

T2 2 2.
[Ryr*dr=1, [|1,,0,) sin6d6de=1. (12.49)
0 4n

36mdabomgolb 8mgnygebmao (16.49) 3ocmdoo bm@m3nMgdmmo Mowosmm@n Goem-
60 gubdzonl godmbobamgds mogqgmal aobbmaswgdamo dmmabmdgdol godmyg-

bgdom
Ry =— 22D (o R b (kY 251 2k, ),
[(n+1)] 2n (12.50)
m — m n! X —m dn_m —X __n
Ln (X)—(—l) (n_m)!e X A" (e X )

sbggg Fgbadmgdgmos Moo gubd(30900L RsbgMs asmaagzemgdamon 30dg-
a39m3g@&momma 36 36M0g0b asdmygbgdoms(s

B 1 (n+D)! 32 _ /
i) =G rnyiae ) o) (k) (12.51)

><F(—n,, 21+2, anr).

bos(s

F(o, B z):1+9£+0€(0€+l)i+oc(oc+1)(oc+2)i
PETT R BB 21 BBrDB2) 3!

350003396M9dmo 303939m3g&Mommn gubgsnss, GmIgmarz 3Hgdons bydabdogmo Lol-
o Z -030b ; A 306339860 63d0bdngMas, bmmmm B 30 o6 Mbos MoMawgl Bymb o6
g MofMymgoo Moisbzb. oy A gl bymb o6 Jogm WoFmomgom Gazbsb, 8530b
F(o, B, 2) |al-b 0gob 3mmobmddg monyzabgds.

125



mo@ame@msdn dgodmgds dgagbzogl (12.50) g3mbg3n0bash g&mal Gmemo Bmae-
ol 3dmbg 3m33emg by dmwdogom gsobbbgeggdamo as3mbsobyymagdgdacs. gb asbbbgegg-
b5 3603369mmzobo o6 5Mal, Mowasbss obognma sbMa dbmmme Gommin gubdznol
dm@memol 3350658)L 593L s 8Ms Mmz00 Gy GMbdz0ob. dg3badbmm, Hm3 (12.50)
#6300 L2 35bmBoemgds 5743, Lo d 83m(3560L gobDmBagmgdss. Azgbl dgdmbggge-

do 3obbmBaemgds  aobabadbmgmgds (an)3/2 3od@agmom. ©baMhgbo msbsdsdMmagmgdo
1a56Dm3aemgdmgdas Y, B0630900L Romngmao.

3939(390m 303mgmm Logfalb gRomgnEmgsb dmEymmdsdn gmgd&Mmmbol sm-
3mBgbals semdosmmds. ngn dg8wgabsntom gobndam@gds

W (r.0,0)dr = R, > drlY, [ dQ . (12.52)

03 g0dmbobymagdal gmmbggdoo 0bGgaaznal 398wgg dngomagdo r o r+dr Ge-
©obgdob bggHmgdlb dmEal sEbgdmm Lggnm dMgdo gmgd@&Emmbal s@dmBgbals sem-
d500mdsb

W, (r)dr=R: r’dr.

asobgoboemmo  Lygnmo  m@doGgdo  obw  obgon  dgdmbggzado, Gmegbacs
n,=0, I=n-1 s Mooy gbdosl 3306dgda o6 asshbnom

R, ~exp(—k, -r)-r"_1 }

3ol dggLodadgds semdsmmds

w

n,n—1

~exp(—2k,r)- 7Moo |

Aol dodbodndacs dmeals 7, :ki 35b6domqdDyg. o sbems 83 3odmbabyyemgdsdo

9308960 k,-0b 3603369emmdgdl asbbabrgmmml (12.43)-0b 3gLs3g s Jgmoaby Gm-
mmdgdnob ngnmgdo

2
n

7, =7a0 (12.53)
domgdmmo aodmbabymads Bamdmomagbl N-mMo m@dad ol dmmol Moanbl. Bobob
12.2-% 65B3969d805 (30m39mmo 3356@ M0 Bamdsmgmdgdobmgol W(r) smdscmmdab
3Gmgomado. gMogogzol sdbnbms @gdmsb dgbgdal BgMmGomagda aobbsbmazmMagh
3396dg30b Gommgbmdgdl. Mmam3 aMox03900056 Rsbl 18, 2p s 3d Bamdsmgmdg-
bobomgab, Lawsg o6 a3043b mbomsngdn, dgbedRbgzos gmgd@Embal dofmgowsb
©53mMgds 3Mobamo Imdgb@ b DMEsLmeb gMmewm
23M0g00m, 3356@ M0 3g46030L L9393 9d0b“ge8mygbgdom ge8mmgmoamon Bysmdswal
>&mdob gbgFag@oznmo L3gd@&n gdmbzazs dmmMal 3MbLEMMG ddy LoyFEbmdom

126



domgdam 9bgfgoal 3603369emmdgdlL. 3M0b303nman sbomn oMol Gommyco ob-
ool (36930b 3g3mEobs, Mnba obdstigdbomsrs bob@gdal dobsbosmgdgma bgdalidng-
0 godognco boowol badgsmmlb godmmgms s6nb dgbadmgdgmo.

|Rir 2
06
an n= 1
1s
04 H (1s) =0
|| n=2
02 -‘ | ~ (28) n=3
I:|'II . (3s)
A -

04 8 16 24 32 r2/a,

2.2
r
IRl n=2
(2p)
0.20 - /=1
4 n=3
0.12 4 (3p) n=4

| (4p)

048 16 24 32 rz/a,

04 8 16 24 32 r2/a,

65b. 12.2. 5mds300mdab LadzzMnz0b Mo@nsmyta 3363560mgds.

127



003013

6530C0000L dOMBNL L3IIOEGOLBHINB0 @ BIVBHINB0 LOTIOIHY.
L306-MGHINOIVIMH0 IGMNIGMIFIVId

Byomda@ab s@&mBob 3Mmdmgds o6 88mabyMgds 39-12 msgdo smbgMomo memm-
bm&o 3gmol Imegmab gsbbomzom. Lbzspbbzs GobognGo God@mMgdolb gsmzsmab-
B0bdol oggozo6o mEdoGomyMa 3356@ G0 Mobzom gomsegzatgdaols dmbLbsdwy.
53 93380 gobobomgds mMa domgsbo: b3nb-mMdaGomaFa YHMgHN]dgogds s dmd-
61530 9mgd@Fmbals dobob godMEs. 3ofMggmo 3Mm3gLolb gomgamabbobgdobsmgals s)-
30emgdgemns 9mgd@®mbals dobsgobo Bsgbodya ImdgbG ol s Bobmsb IgnEme ws-
3°38069dmma gmgd@®mbal Lo ggmetn 3gdsbazmGo dmdgb@ol 86y L3nbol (36530l
dgdm@sbe.

353608mdg4s60396M0 Imgmagbgdn

Jmabogn®o asgqgdoom Rozg@om m@dadsbdg dmdmsgn g dmbGob 8Jmbg Boboms zo

9 9d&Ommo ©gbob bgogbsm gomgdmazggm LogMzgda semd@agl Bogbo@ ggmb,
Hmdgmo(s 99303996 Mo u 80ab0@Mo 8m3g6@ob dJmbg doabo@nlb 8ngm dg4360-

[yle] 38( YOL)O
l,l ( . )

bowsg S — gmgd@®mbal m@dodolb JogH dgdmbadmg@nmo gommmdas, boemm T —
99d&OMbob mAdaGeDg 80dmg(3930L 3gFammos. o) bLoda@Gogabsmgol wegMdzgdm,
M8 mMdo@s bAHommos, 35306 og0mgdom

2
_amv_9v (13.2)

cT T
Loz V babamaszolb mMdo@obg dmdMamdal boRdstgs, bmmm r— m&mdoGol Mawogbo.
sbmo o9 a9g30035m0bbobgdm, Gmd M =m, vr, boss M s m, dgbsdsdobsg bobo-
o 30l 3940603960 dm3gb@ 0 s 3obss, dogomgdm

u=-9 . (13.3)
2ch

boowgl v, =%= Y 80Mmdsgb0@ o mobsgsmomds gbmwgds. o 0dsba(y go-
q

30m35m0bbobgdm, M3 58m8ob dgdmbggzsdo (13.3) gm®3amasdn q gmgd@®mmbob

128



3mb@L 5mbadbogl s 0gn ofygmgnmos gmgd@Mmmbobomgol LodsGmmasbo 0dbgds
Gmmmds

i=— M (13.4)
2m,c

36 gmgd@mmbols m@do@omnfa dgdobogymo s Fogbogmcn dmdgb@gda nMmngM-
obadmMob3dotme dndstorgmo 3gd&mmgdos.

Mmam&z (36mdomos 3306@ME 8590603530 M3gHe@mEgdL Fmmals msbsgamomds
abgonggs Hmagm® mzgom 98 M3gMoGmMgdol dgbedadolb gabagm® bowowggdb dmEal
3eabo3m& 3940603030, 5808m3 dgazndmos ©a369Gmm

° M. (13.5)

‘b

2m,c

o) sbems a030035m060658m (9.1) o (9.18) m®BmemgdL, 35306 gemgd@Hmbals m@do-
Gomo 3s3bodma dm3gbBobs s dobo Z 3Mmydz0oob bsggmato 860d3b6gmmdgdo-

Lomgol s@gams@ dogomgdo
W=Wo I +1), 1, =pem (13.6)

eh -b gbm@gds 3mmab s@mdmmo 8og3698mbo. (13.6)-0b BgmEy ggm®d«-

booa(s W, = 5
e

madn 60dobb 860336qmmds smed 5g3b MeBqbowms (9.13)-0b mobobls M mgd«a-
mdlb, MHmam® (3 ogdom, sbg3g Wofmymagam 860d369mmdgdlL. s3Moasm, gmgd@mm-
Bol LEdEMBaEYMa MAbaGol dgbodadabo Fogbo@umno 3mdgb&o dmal s@mdno
353b9@mbol ggMowos. dgbodsdabo [i-b 3Gmgd(30ob aoMgdy gMomagommgobo dogbo-

&0 39mob ndsMormmgdsdy mobobdaw (9.13) -bs dgmdmos Boommb 2/+1 3603364-
mmdo.

3d89Mbaby > ggMmmababl (300

03 (30008 ©oEo Gmmo  0csdsds

s@mM3nFo godozob dgdmamdn gobgo-
®5Mgdab bodd93d0. (30830 3BgMbo o
agfmsbo  53300090m©bgb  sMogm-
0335Mm306 dogbo@ne 39cmdo gozemo-
Lol o@MBYMa Bogomgdal gowabals
dmgegbol. 83 (3000L bggds bobab
(13.1)-Bgs bohggbgdos.

dogamo  gogmdolb 84mby  dye-
Fgmdo K a03sbyfgdmosb  s3ma@)-

6sb. 13.1. 3§gFbabs s> ggMmsbab
goob Ljgds.

129



gmM 3693006 Gondg JodonEo gmgdgbGob os@mdgdo. B moogmeadgdol Lodmsmgdom
0486935 83 s@mIms 33379mMs© dgdmEmoa bagown, Gm3gmoas P gm@maatmby dmb-
300605309 go03mal N ©s S 3mmabgdnsba 8586080l d0gf dg486nm sGsgMmagetim-
3596 353608 M 39mda. dogbo@mFo 39mmal 36G0Esb sGmIms b 3oy ImJdgmo doms

Gmmos

Fz—vUz—v(ﬁﬁ) (13.7)
boa(s H 3oabo@ Mo 39mab adodammdal 39J@mEns. G8wgbowsz (13.7)-00 gs6-
LadEgEma dogmals 360d3bgmmds H ©> M 39d@mE9dL Immab 3umbgbgs edmgo-
©90mmo 83gbse ImbammEbgmas s@mams Lobyoba bsgomals gobmghgs 2/+1 3m33m-
696@ow. 3&gMbabs s ggMmabol (30830 domms(z s0dbaMgdmes s@Gmdms 65 3omal
aobmghzgs Goma(z eEILEGNO®S Fmbama ImIgb@al 3356@Ma dbgdal sEbLgdmds.
3ebobdbagos, Mm3 Bysmdowal s@mIgdabs s @ g 3g@&omms s&mBgdobamgal, sa-
903 mJembs s 396 Ebmal s@mBms bogowgdobomgal Mmdgmos mMdoGsmyda
3mBgb6@0 byl Gmemos, ©s08boMgdmms 6530l M bobomom asymanlb gugddo.
335bmob FmBMBMDY o@M39d M 335mgdL FmEal Bobdomn MMKgEm smgds@gdmms
>60bmmmzgobo 3mdgb@ ol 3gmbyg gobmafomm s@m3ms bogowals dogH ©oGm3zadm 33o-
3L dmEob o6doemgdl (abomgo babsba 13.2).

6sb. 13.2. 6333000b gobemghalb mMo 33M0s6§n:
dsm3bbag — 1=2, 33603 — 1=0.

Amamd g 656.13.2-00b RsblL =2 dgdmbzgzado bsgowon bnom Bobomow gonbmohgds
(o3 9ggbodedgds 2-2+1=5-b), beeam /=0 dg8mbgggada 3o Bogowo mo gsobemoahg-
35, 835bmsb Fogbo@ufn g3gmal ngngg 360d3bgmmdabsmgal gobmahals Lonwy Babs
dgdombggzedy mExg® ggcm dg§ons.

9m39d@Embab bs 3qmnsma 945603960 Im3gbGn

3mBgb@ob 3Mmmgdioab mymbo Mommgbmds 8nnmagds 8bmemme 35d0b, Mmmgbs(s
ogoo 3m3gb@Gob s8bmmuy@mma 360d36gmmds bobgzmal xgMswo bowowgs. 1925
Bl mmgbdg38s s goebdn@ds d9dmazmegadal gmgd@mmbal dabsgsba bsgmomta
dogbo@men 3mdgb@ ol 86y b30bal 303mmgDs. oy gmgd&Mmmbol MmMdodomu&in dmdg-
bg@&ob dgbodsdal I ggd@meal dbgsgbow dgdmgan@ebor gmgd@Embals bogmmata dgds-
bo 3o 3mdgb@ ol sxmdbgM Masbdmomagdm s 394@mAL, 35306 (3bo©os, GmM3 53 3g4-
BmEab 3dbmeEaE o 360d369emmdgda bymals Bsmgmom dmgmo a@gdocmn o6 dog-
ol ggMemo smgdomn Mosbzgdo ngbgds
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§=0,1/2,1,3/2,2,5/2,3, ... (13.8)

S-0bs o ol Bmgm 3603369mmdgdl Fggbedsadgds 3Gmgd30g9d0b 3gbGo Momogbmds,
B3 gemms dmEnl sqyzomgdmae sGLgdmaL bygmal Gmema 3mI3mbgb@s. bobggcal gg-
oo b3nbal dgdmbgggeadn 3Hmgd30960b Mommgbmds gsdmealb mabo s dgbadsda-
Lo o6 g3543L byymmzgsabo 3m33mMbbd . sdMngsm bgdmmBadmmgmama s@&mBgdobom-
30L 38gMbobs s 3 gMmabob (3000L dgagan s0bbbgds 08 sdz9dnm, Mm3 $=1/2.

994G ™Mbab L30bobamgzal gnfmdsabod Mo mobsgofomds MMk gMm dg@0s M-
0@ omMmsb dgoamgdom

M = —2oS. (13.9)

L3nbo BoMIMoagbl gemgd@MmBal dobobs s IMbGmab gMmaw Jabs sbaen dobobo-
2mgdgm bLoowgl. b3nbo BoMm3memagbl NBGM BMbEI oG Lowowgl, 30wy
9mad@mHmMbal m&doGomo 8mdgbGon, Mm3gmbay 94b3gMndgb@nl ommdgdowsb go-
dmBnbamg dgydmoas doommb bbgewbbgs 360d369mmmdgda. bgdabdngHa Bobogs jab
L30bo 30 ymzggmmzgal 0bsGRmbgdL maz0lb 3603369mmdal ©s n33mmgds Bbmmmm bog-
(3980 go8mymagnem dodsMormmgdsdg dobo 3Mmgdne.

23M0go@ gmgd@®mmbol dabogsbn 3gdobozn@a dm3gbGo asbdmamgdm s 394-
B0l Ladysmgdom d93gabon godmbobgds

M=rhs, (13.10)

HmImob Imnmal 33006580
[s|? = s(s+1), (13.11)

boenm 36mgd30900bomgals 30 3394690
SZ=—1/2,1/2 . (13.12)

mEdo@omnco dmdgbGobogsb goblbbgeggdom bydabdngfa bobamsjal s dgbods-
dobo@ Bsbamogms LabEgdol b3nba Fgdmbodmgemmn Lowowgs. gb d73wmgabsntiow
‘36@0 35308M0! quad@)ﬁm&)b mﬁ)bn@)oqvgﬁm 8m836@n 360560380 NGEERIG 1
dgdmbadrmgmmmoa bowoweg. s80@m38 3mabognm sgdn gomabamoabsl 869 Mmogbscs
mBdoGomm@o dmdgb@ob dgbsdsdobo 3356@Ma Magbge [>>1, L3abyHo 335680
Gogbgo s, [-0ob Jgoemgdom 33067 Lowogw dgodmagds Rsnmzsmmb. 88 goggdom
dgodmgds oogdzel, ®m3 3mobogn® brgsmdo, Gmzs [>>1 bL3obo, obgzg OmamE(3
3mab 30l 3dngs, bymabzgb doabbMogal. s3Gngswm, b3nbo Bomdmawaqbl dbmemme
6306s 339686 (369300 o ol 3mabogyGn sbsmgons 56 goshbos.

9m3d@Embab bGnma 3956 39Ma 3m3gb@n

99d&EmMbob I mBdoGomato s 8 b3abymMa 3mdgbGgda 03M0dgds gmmygd@cmbal
j LEYE 3940603 IM3gbGow
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j=1+s. (13.13)

dm393gmo Fabs s S-ogob j-ab gbadmem 360d3b6gmmdgda dmdgb§oms dgymgdals
6gboor a5babadbgmgds. j-ab 3Gmgdos 3o lobs s S-ab 3Gmygd(309d0lb gsdal Gmemas

Jj. =1 +s..

6sb. 13.3. 3mIgbGms s 3Mmgdosms dg36980b Bgboa.

Bggblb dogé 89-9 o330 dgdmygzoboma M mEda@omco 3mdgbGol 3GHmgd0ol
339660 Moibgob gomos sbms m339 8@ gd0m go330Rbogds bL30bolb 3Hmgd0obs

3 LAY 3g4sb03nMo 3mdgb@nb 3mgd300b 33568 Ma Mosbggda obgy bLmm a3q46g-
b5 bado 39d&™M0b 3Gmygd(30930L Bgbadsdabo 3356@mE0 Mazbzgdo

my=—l,—1+1,=1+2,...~1, 0,1,..., [=2, [-1,1, (13.14)
mo=—s,—s+1,—s+2,...,5=2,5—1,s, (13.15)
M= fy= L= 42 =2 =1, ). (13.16)

mobo 3356&cn Maibgo: n, I, S, j 3ombobom goblbsdmgmaggb s&mddo gemgd@cm-
Bob dgmBsmgmdsal obyy s@maal gbgGag@ognm ©mbggdl. sbems g0d3mgmoa j-b dgbed-
m 360d369mmdgdo. gobgabommom xg6 =0 gdmbgzgzs. 98 dgdmbzgzeda bHgma Im-
896@0bL 860d3bgmmds g8mbgggs L3nbalb 360d36gmmdLL, bmmmm 3Gmgdngdol 36008-
369mm3gd0 (3bowns 08gmAgdl b3nbalb 3Bmgd30gdL J. =%1/2, j=1/2. sbems gobgo-
boemmao dgdmbzgzs Bmgs 1> 0 96 Bmge m®mdodomemo 3m3gb@o b3nbymdg dg§ns.
53 3g8mbgggedo j~bogob (30mbabs 8603365mmdgdn o6 Bonmyds. doGmma(s, godmdwo-
boMg 0dosb, MM l~0bs s S-0b dogLndomyGn 3Gimgd30gdn dgbadadabaw ndbgds I, =1
> Ms =1/2 j-bongol dogLodoeMa 860d3bgmmds 0dbgds j = I+1/2. 3958 53 360d369-
mmdabomgnl 3Gmgdgooms Mompgbmds 242 —ob Gmmas, 3530b Mm@gbsig mMdado-
6 s b30bymM 8m3g68gdLb dgmdmoasm dg4dbsb 2(2M+1) 3Gimyd(30gdab Bygama. gb 30
603bs3L, H™I 2/ 3mgd(30980L HomEgbmdal ¢bos dggbedsdgdmmgl j-b bbgs 3603364-
mmds. sE3z0maE dobgmgdom, Gm3 gb 360d3bgmmdss j=1-1/2. s3Moaswm, [>1 dq3-
obgggzobsmgol ymggmmgalb 0ambgdgdlb j-bL 306088 Mo Lbzswsbbgs 360d36gmmds
J=1%1/2 5695 58m3L 305605 3060343 Mo mby.

Bg9b 3oh39bg0m, M3 $=1/2 Jgdmbgzzedn, Hmss 28, dpgmBatgmdal 8mzgdmmo

oo 5d3b 25+1 ©mbg. Loowglb 28+1 gbmegds dymGndmgdmds. Bggb sbgsg og-
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M63nbom, Mm3 I<S J53mbgg3030 Mbggdal Mozbzo o6 MEab 25+1 L. mMbygdal
obobabosmgdmae dgdmysgm dgdmgan smbadgbs n 2" 1683mme [, 5806 53 s0b0d-
369330 3gbadadabn @mMbggda sbg Roabgmgds n 2p1/2, n 2p3/2, n 2d3/2, n 2d5/2, n 2f5/2, n 2f7/2
5.9, 58 5b0d3gbgddn Laddmenmb bgws Bof(3bgbs Fymbgda ymggmmzgals 2s+1 3@ n3-
mg@&mds 0bgFgds.

L30b-mAmdoGsmuMa YMnngFMmanddgogds

04) ©535330609300 (13.7) gm@Inmol szomsn ©og0bsbogm, Gm3 U 3sabodw-
0 3mdgb@Lo o H dogbo@e 39mb ImGal gHomngmddgregdol 3m@gbomma gbg-
309 d9809absofo gsdmababgds

V:-(a-ﬁ). (13.17)

&Y H dogbo@yMa g3gmo smadzmgds dofmgal gmgd@EmbEedogne 39mdn dmd-
6193 gmgd@mmbmsb ©s393d0Mgdam smgmal Lob@gdsdn. o9 gergd&@mbol dmdEsm-
30l v boRdomg abgmos, Hm3 V/6<<1 85306 LadsMmmasbos gm@Igms

I
H:Z[Exv]. (13.18)

Loy E madmMsGmennm Lob@gdsdn dommzal dng& dgddbomo gmgd@&Hema
390l ©adsdyymmdab 39J&mmos

E=%%5. (13.19)

\:w| §

dg30896mm (13.19) s (13.18) (13.17)-30 s 3ngomgdm

2

V:_Z_i(ﬁ[fx{;]) . (13.20)
Ccr

53 99 3560L 369 GmEIMeal Jotrgz96s AbaMolb dMozbzgmabs s 8603369mals gemg-
BMmbab 8oLody gvdMs3mgdab s (13.10)-0b gomzgemabbabgdom dgndmads ©s369Gmm

Ve Ze* (QM)Z— Ze'h (}IZ)= 2W,Zeh (_S.f) (13.21)

3
m,cr m,cr m,cr

oy dbms (13.21) gm@mdnmodn r-ob bazgmam dgz08 96, (10.16) gm@dqemoo gsb-

LodEgMem 360d369mmdab ©s MaMmgdgmgzymum gmgd@®mmbab dobobs @s daMmgabe
©5 9emgd@®mbab ayz960em obob dmEal gsbbbgeggdsl, 8ngomgdm

z (7 2 (13.22)
Ve ) T |
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domagdamo (13.22) gm@dmmob (10.26)-006 dgoatqds 3308396980, HmB L3nb-m&-
do@omHo NAmogmonddgegds abggg Gmamdg gmgd@mmbol 3sbal bohjstgbg @edm-
300gdnmgds mMagg gb god@mEn ghmbsnfsem 5M0sb @sdmomgdnmbn 0-bg s Z-by.
Jdgbadsdnbo mfngg gb GgmodozobE o gog@mMa 8339mMs@ d(30M©gds &3l
g bbb damdstgmdado gamabzmabsb. o 3mobogm®o 3gdsbozolb gm@dmmgdo
dombg oMb ns ©s s30mgdgmos 33568 M0-8gdsb03mMo gs8mmgmgdal Rsds-
gds.

3396896 3940603530 -0l bofnbbob ba(z3ma Lagnfms dgdmgo@ebmm Lomsbaom
M39M0GmMM0l 3356@ME3g4060360 badysrm

:_3_> () . (13.23)

Jdgdam3 godmgbobmo (3ban Labom L3nb-mEMdog st NGHmngfm]dgogdals j-
b9 3030090 gds. 530bomgal (13.9) gm@mInms sg043sbmm 3goMe@dn ©s gogs-

bodmomma. dgmggsm (Z_?') bgomamuemo B653GMogmal bLodmommbamgal dognmgdo
<7§>=1/2{j(j+1)—l(l+1)—s(s+l)}. (13.24)

353my3560b gofgdg dmgaygsbom AE*

nlj

96963000 3gbBmEgdabsmzal gm@dqemal

AE® = <U >

nlj

_Lzem [N Ly - i+ - (13.25)
e, UG t)=ss 40}

9L gmEIgms LadsMommnsbos Bysmdawab s@mabs ©s Bysmdsmabdsgzscn nmbo-
1
Lomgal. <—3> Lodgammm (12.51) 53964309000 godmmgmads. 83 abBgafaomoal sgds
F [

dgbademgdgmons sbsmnd@msem (nbommam mebmaml ,oMsmgmagnzob@ma 8gdsbozs®)

3 1 4 321 n
=7 >_n31(1+%)(1+1)[a0j ST+ 1) (13.26)

dgegasw dogorgdm

AE® = o2 j(j+1)—l(l+1)—3/4Z_4R

y (13.27)
" 2A0+D(I+ %)

od a0m30m0obBobgdmos, Gmd s(s+1)=3/4. gb gm@MInms [ = 0-;m30b o6 gs3me-
3999, 099335 (13.21)-0b Moboboe 98 dgdmbggzsda L3ab-mEBdoGomaFo YMHmogH-
73900905 bymal Gmens. 83Mogse L3nb-m@mdagomyMa MHmoghmnddgogdol gsdm
3&mBob Nl @mby ™ j= "2 o j=1-7/2 3m33mbgb@qdow gonbmoRgds. 58 aobmmahsl
96m@ads Rofodn 56w FnmEodmgfncn gobmahs. ab Bobommdmog bLBAL FMmmbay®
300033569 0ab.

134



b9535dabo LM

9m9d&Mmmbolb 8basgbom doMmmgbss asshbos FsgbodmEno 8mdgbdo. dommgal
dogbo@ o Im3gb@olb sMbgdmds mz0330Mmgds 3GmE@mbabs ©s bgo@®mmbol 56mBs-
@ o dsabodmma 3m3g6@qdob sMLadmdsl (nbomam ebsmmn). gb 30 mozal
dbMag 3OMGMBgdabs ©d bgo&Mmmbgdal 3356 3mmo vg9dmmgdal LEYJGNGom dabl-
bgds. dofmgal Bogbo@yo 3m3gb@n dotomgm 353698mbgdals ghomgnmgdda gsdmo-
Labgds, BmBgmag sby onbadbgds

ch__ (ij i, (13.28)

2mpc m,

boga(s M, - 3GmGMbab dobos, bmeam [y — 3ol sGm3dnco dogbg@mbos. 3 ghmg:-
mgddo 3OmEmbal doabo@ G dm3gb@n Gmmos

i, =g g5 g=1 g =558. (13.29)

dothogal dogbo@mcn 3mdgb@n sbggg dmn(393s goMmdaabodyMa Mobosgammmdal
Lodmamagdoom

fi=g, I (13.30)

bowa(g | = doGmz0b L3abos. doMmzgal degbodmEo 3m3gb@nb J3qd Hmam&(z Bgbo ng«-
mabb3gds 8360860 39mab asbbzog I 3948mMab 8sgbodseno 3Gmgd0s

u=g,I. (13.31)

99d@OMbabs @ dommgal dogba@yyMo 3m3gbGgdol NMmngMm]dgwgdsl dogys-
3560 04037, HmM3 0babgds s@mal LEYYma dMIgbGn 564y Kodo

F=I+] (13.32)

©d 3 (39em39emo dgbs3@gdn. dgmgasm 80')638‘3]@03 3m3gb@onb 3gmby ombg gonb-
moRgds g5 339mm Mommgbmdol Jygombggdsm, Mmdmgda dggbodedgdosh s@madal
LEmmo 3mdgb@ob gomyzgmm 860336gmmmdsl. 3 gobmghslb gbmegds Dg9sndo gob-
mgBs. ab goomgdoo bsgmados L3nb-m@mdaGomym@ asbmagRsbdy, Mowasbsg asbemaghs
99O ™Mbaby s 3MMEBMBL oboms Gommdol 3GM3mM(304mos.
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0030 14

6530C0500L dOM3NL COLIGIGIT ©MEIIBL 3MEOL
300dL3WIB00 363MB3IIVN 363MLLbN3JB

3396@m® 89dobn3ado godmbboggdal ggmol doMomawa dsbsbosmgdgma megoby-
dm98980L obbbs dgbadmgdgmos 3mabogm®o gmagd@mmmabadngolb 3obmbgdmsb sbs-
mmgoob 30dmygbgdom. Hmam@z 3moboga@o gmgd@Mmmonbsdngzomsb scal (36mdamo
99 d&Ommo ©s 8sabo@ Mo 39mabl @edsdymmmdal 3948mMgdo expli (kr — wt )] g43m-
bgbznommGn 3odMagmoal 3GmM3mA(30mmos, Lowsi g98mbboggdol W bobJocg o
Gomeaco K 39J@mco gBmdsbymmsb W = KkC msbogstmmdom sM0sb s 3ogdomgdaem-
Bo. dgbadmgdgmoas gmgd@Mmmo ©s 3sg3b0oGmma Godal asdmbbaoggdal domygds, Hm-
3gmmogsboz mommgnmb asshbos g.6. wndmenafin, 33006 g3memaFio, mdm3menaEio
© Pmm Jomamo bodg@Mmoob dJmbg Baqbgmgdo, BogMsd Mmam Bgbo asdmbbo-
39%0L ogmEns dg8mabodmgmgds dbmmmm odmemm@mo ©s 33sRMM3mmya 6gg6g-
30l gobbogom. 360336gmmgsbns o gogdado LENIE ML BmEo godmbbnggdals cmgm-
0590, Mo03565(3 dabo bodamg MdENYbggmymal smabbydmm dpamdstgmdsdn Jym-
go 38mIgdob Lombmob 398 bobgMdmagmdol gmgd@®mmbol BHogmm mMdogedy
3abogn@o dmdmgd3g30Lb 3gGomomsb dgmamgdoom. 8308md gsdmbbaggdsda doMaome-

30 ©E03mmamo doggbgmo m3nbomgdl.

9@ gma padmmyMma 35dmbbaggds

a5630boemmo gmgd@Omo @admmon, Hm3gmoag SLEMEEL JoGdmbonm Mbggsl.
©053696mm @admern&o dm3gbGo gmgd@Mmbgdabomgal, Mewasbaz LEmMgo o&mdab

docmgol doLobmsb Jgoamgdam doma 3306y dobol 3odm abobo sGmIda BmbsbmEmdals
dobemmdmo sbMYmadgb Jom3mbagye Mbgzqdl

d=—ef (14.1)

Lo T BmbabmEmmmo damdsmgmdnEsb gosbfss, MHmdgmag 3mbmMmdsd Mo
353mbboggdol dgdmbgggeda sbg godmbabgds

T =T, exp(—iot) - (14.2)

Aoamds gemobogn®o gmad@mmEobsdngnesb oMol (36mdomo oy asgomgomob-
Babgdom (14.1) s (14.2) 3mG3emgdlb gmobo ggmo @admeal godmbbnggdals boddemasg-
0obogalb dognmgdm

2
3¢

2 4
il =260 - (14.3)

0

W = =
3 ¢
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(54 odmenm@a 3m3gb@ 0l 39d@mEab me3Dg mommgymo BaMmEGoma 93 394@mGab
MHmom bo@dmgdamb sm0badbsgl, bememm ®,, = (Em -E, )/h @™ol mbggdl ImEals
3005b3mabsl godmbboggdgm Lobdomgl). o sbmes (14.3) gmE3nmoan gsdmbsbym
Loddmogmaglb gog3ymPm 3396@0b ho,,, 9696305bg dogomgdom M mbglb ImEol pEm-
ab gBogymdo gosbgmal smdscmmdsly

w _gezof

- - 2 (14.4)
" hw, 3 A

aby @Emalb gfomgmemdo s@mab BogH as8mbbagadamo 33068950l Momgbmdsl.
(14.4) gm@3mms 398mgabsomow Rogbgmmo

2

2
N =§;—mm O 2 (ko) (14.5)
C C

o) dbms (14.5) m@3memado bobdomgh Bysmdsmabsedagzs®o ombob mbob 96qMannm
353mgLobogm, bemmm m@mda@olb Moonl dmEolb mgmEoal cmsbsbdsw Bysmdswabdag-
3560 0mbob 86 Byomdomals s@mals Dmasl gogn@mmgdm dngomgdm

Ry #n° me' n e«
k rn=k a =—2. = =— == 14.6
R me’ 2h'c me’ 2hc 2 ( )
qb 30 6036s3L, M3
A < o’® (14.7)

mn mn

m3803Mo gs3mbboggdol nsdsbmbda ®©,,, < 107 53" dgbodsdnbow Amy~ 10°69™.
(10.16) o (10.17) g8 gdob mobabBsw Bysmdamnbdsgzsmo ombgdalb 53mbzg3530

®, <7, a=<1/Z. (14.8)

@080096505(3 (14.4)-0b 0obsbBo 4, = @), a; (14.8)-0b gsm3zomabBobgdom as-
L3Ol sMdsmMInbamzal dognmgdom

A o< Z* (14.9)

8360g50 L3MBEbNG 353mbbaggdal smdscmmds Z-is BFobmsb gfmaw 33390-
o 0DMEYds.

9 9d@Mm-od3mema& asdmbboggdsl, HmIgmoaz E1-000 5¢0bndbgds sgommo ogsb
bmemme goM339mo 30mmdgdal dgbHmmgdal dg8mbgggedn, MmBgmmsg dgmbgg0b
Eg9bgd0 gbmmgdsm. o9y 5mbadbayma Bgbgdo o6 G0l ©s33symzamgdamo ©s gs8mbbo-
3905L 8506(3 3L sanmo, gb 6ndbogl, GMA Ybws asgnmzsmabbobma Lbgs YyH™
Bogmgdom smdasmyMa 3Mm3gLbgdocs, HmamMoy oMol gmgd&mbem-335Mm3mmauma
E2 ®o 353608 m-ndmmayio M1 gosbgmgdo. Gedmgbsmsy o@mdnl dmdgdo asso-
mgdoo Bs3mgdos 3ab doge aodmbbaggdygmo babsommal Gomemal LogHdgbmab dges-
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900m, Gommob bogMznmo Boboemal gdb3mbgb@eda kr <<13gbadmgdgmos dgdmggn
bobal godmob sbgfes

exp(ikr) =1+ ikr — (kr)* ... (14.10)

o7 8osbemmgdamn Gmmmmdal dofgggbs Fbamgl gfmnsbo dggboadsedgds admenn
353mbboggdsl, bemm asdmal 8m3gzbm mea Byzfin godmbabagl dgbedsdabsw M1 ©s
E2 &03ab g303mbbaggdgdl. gmgd@mbam-33o0@gdmmato gs8mbboggdol boddmsgmy,
mm3gmog Q 3390Mm3meamo 8mBgbdnm gobabadmgmgds, dg8mgabsnmam go8mbabgds

1 w2
- :W‘Q‘ (14.11)
Q 33°5063mmu0 3mdgbo Boddmanaqbl
1
Oy = e(xd)cB —gﬁaﬁrzj (14.12)

339 M3mmao §gbdmmob O =0, 8603369mmdsb. o o @s B 0bogdbgdo madaemm-
396 o, f=x,y,z 3608369mm393lL, bmemm XgsXg T o00L39J@mM0b Lo gmmAEabs-
B™ 0gcdgddy 3Gmgd(3090L ggbodadgds.

M1 8sa60@m-od3mmamo 353mbboggdol boddmasgcg (14.3) gm@dgmal sbsgnmao-
@Fo@ gobobabmzmMgds
2

2 oo

“’ 20
=l = © [ (14.13)

Wi 3¢

jwt

o3mgboway d~er, Q~ er’,r~e" (14.4) s (14.11) gmGH3nmgdob gomgsmab-

Babgdom dgagzadmos @agbgHmm
o (o)
@‘xi—~i[m—rJ =((—0rj =(kr)2~oc2 <<1. (14.14)
j c
Jgbodadnbow 3396@0b gfmo s 0gngg gbgMgonbomgal E2 gsdmbbnggdal sedes-

omds asbmmagdom mmbo Gogom Bsjmgdos ET g0dmbboggdals smdscmmdsbmeb dgms-
9600

A _We 2 cq0 (14.15)
AEI WEI

sbagmmgonom dgazndmas gsdmgomzsmmor dogbo@m-odmemm&o s gemg@mm-
33506930 a53mbbaggdgdol semdsmmdgdol dggemmgds(s

.2 2 2
@:ﬁzﬁx("z”g] e << 1. (14.16)
Weo W |d| W eq,

o W, dmmob o@m3Mo dogbgEmbos.
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03M0gom (14.14) s (14.16) q930bgdgd0 a30B839693L, Hm3 E1, E2 s M1 §0ndab
353mbboggdgdlb dmmal yggmodg ab@gbbogmos gmg@Hm-admmyma E1 §adal go-
dmbboggds.

dgmhgzab Bgbgda

ose3mAbrs, Mm3 3396@M6 8gdobngsado odmmyMo as8mbboggdol smdsmmds
3mabognmo (14.4) gm@dqmabasb aobbbgagqgdom bozgmew 2/3-bs dbmemme 4/3 8508-
03mb dg0(303L, bmmm Meonb 394&mMo 30 3g33momns Hoonb g3gd&mmob o@mo-
Game 9egdgbdoo
ﬂezof

mn

A,‘,,E,j) :3T|fmn|2 , (14.17)
C

E, = [, Ty, dr-

Wh (12.44) go68gmoo g56Lbsdmg@mma s@mdn@n Gommumo gbdngdos.
dghg30L Bgbgdo as8m3mabamgmdl (14.17) gm@dmmsdn dqg8s30ema oG Mazemo
99396@9d0b bgemabgeb asbbgeggdymmdal 3ommdawsb. Aggb of o6 dg3Mmagdoom o3

do@Mnmmo gmgdgb@adol aodmomgmal, Mowasbs gb bagombo gof3399m ©mbgdy
3396&M0-89496030L gmgdgb6@gdol asdmygbgdsl dmambmgl s Lzomegds bmgswn
3@™MBFo gobogol guEbab gomgmydb. 530bndbsgm Bbmemme, Gm3 dgmhggal bybgda
dbmemme (12.44) omemnco gubdioolb 3mombamo sdm ogdnmagdoo gs6obsbrmgHg-
ds. Bombgmogem 53abs, (14.17) gm@mImmsdo d5ds35mo fmn do@Mozmo gmgdg6@0b
aodmmgmob aofgdgs dgbodmgdgmas m@mdoGommo 33568960 Mosbzal dgMAgzal
Bgbob domgds. 3g-9 megda dgdm@ebagmn mBmdals msbsbds abggfnal r— —r m3ge-
&mcab 8mddgogdol dgogasm T do@Momo gmgdgbdo oy V.Y, GO
396430900 gP@bsata myBmds sggm azgmal 60dsbl

£, = [V, (O, () dF =~ v, ©F y, ([)di =T, (14.18)

9L 3o dgbodmgdgmos Jbmmme Hm(zo fmn =0. 83M0g0@, ghmoo s 03039 rmbm-
3ol dgmbyg dogmdst gmdgdl dmEinls goobgmol ndmenamo dodmorzmemn gemgdgbdo
bagemol §memns. gb 88 3o39ds 3omgdsG oo 60dbsgl 0dol, MGm3 (12.44) gm&de-
oo gobbodmgEMmn GommuMo g9dbz0olb 3gombama bsbormo nbzgMboal gofmesd-
360b Jgmgasm IMsgmmgds -1’ 3536o3mgbdg, HmIgmog 60ds6L 0330l dbmemme /
b gfoom  (33momgdobsl.  bgdmmddnmowsb Bosomgmons, Gm3  353mbbadzgdmemon
BMEmbals LB ImBg6Go gHmal Gmemons.

23M0go@, Rodmgagsmndmo Bysmdowol s@mdabs s Bysmdawnbdsggsta ombo-
Lomgol | m&doBomaa 3mdgbGol dgMRgsol Bgbo: gemggdmm-odmena@mo dmdgbdo
b9emolbgsb gobbbgszgdmmons dbmmme sdob Hmogbss dgbmmmadmemos 3o mds
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Al =+1. (14.19)

d93gmddo 36sbogm, M3 gb Bgbo MR Goyem s8m3gddgosy 3M(39mmgds.
0g0 LadsBomnsbas (396@Msmnn Lodg@nal ggmda gRmgmgd@HmMbasbn gowsbzmg-
dobogobags.

Gmgmz 39-13 193380 830603650 L30b-MMBoG oo YHMngMmmdgogds 0b3g3L

39mby® ggmdo gomsegzsmgdal bobommdmag 8mblLbslb b Al mMdo@smm@o dm3gb-

B0 99339 S0 360l ImdBHomdbals 0b@gaMama. gofgdy ggmadol sMombgdmdabsl dmd-
Gomdab 0b@gaGamoas Aj s8mab bLEmma 8gdsbogna 8mBgb@o. s308m3 0dmemacgde-
o s@mdabmzgol sObgdmdL bEmma ImIgbdab dgcmbgzz0b bgbn, BmBgmbasg sbems go-
dmgnygabon.

3396&m® 9emgd@Fmm@abado3odn 3@ 3030098, O™ asdmbbaggdal ymggm smblb dg-
qbsdsdgds moz0bo g358mbbogqdol 3356@0L (FmEMbab) dobsgsbn 8m8q68 0l 3603364-

mmds Q. @odmma go8mbboggdabsmgol Qe = 1. @ogdgem 3396@ 0L dmabomgdals
dgogasm s@mdo j Im3gbdo ozgmgds j© 8mBgbGoom. 8mBgb@ob dgbsbgal 306mbowasb
30dm30bsMg LadsMommnsbos Gmmmds

ii=irvaQ (14.20)
Bm@mbob 3m3g6@nb 3Gmadzos mgdmmmadl bed 360336gmmdab Q, = -1, 0, +1. o
Logafms gobgabommor mMa 3g3mbgggs: f< 1 s j 2> 1. ofggm dgdmbgggzedo (sbowns,

3 Bysmdoonb s@mabs s Bysmdawnbdaggsmo ombob gMmgmad@®mbosbo bob@g-
dobomgolb J# 0 s 5308m3 dommzgol Jgbodmadgmos asbbomas saz9bym SoMmoodo

i =1/2 -56. dogad Bggbl 8ngM godmygebama dgmhggzol Bgbn LodsGommasba nbws
agmb bbgs 3@magomgmagd@®mmabosbn s@m8gdobmgabss, Mm3gmmsmgobs(s j dgadmads

Bymol ooz ogmb. 880@md j=0-mg0b j. 09dnmmdlb dbmemmp Bymoal Gmen
3603d36gmmdsl s 53n@m3 ]Z =-1,0,1 569y g3;bggzs Q.0b 3603369mmdqdL. Bgbode-
dobow ] =1 o

j=j+1. (14.21)

39-13 ms3d0 gobboemamo 3m3gb@ms 3g36gdolb Bgbol asdmygbgdom j=1/2-0b
d93mbgg3590 sg0ma© 836396000, H™M3

j =1/2,3/2. (14.22)
(3 dggbgds j = 1 dgdmbggzol Q; o jr s®mgd3ngdal yggmes dgbodmm 3+(2+1) 36a0-
369mmB0sb 2j+3 = 2(j+1)+1 3Gmgdos dggbodsdgds j 8m8g6eol j =j+1 8603-

36gmmdsl, 241 3Gmgdzns 3m3g6@0L j=j 360d3bgmmdal o 2/~1 = 2(=1)+1 36m-
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qd@oe go dggbedadgds dmdgb@ob j=j-1 3609369mmdsb. s3Mngswm jl—b dgdemos
donemmb 3dg3gan 360d369mmdgda

j=j-1j,j+1. (14.23)

sbms o9y ao399Mmnsbgdo (19.28)-(19.30) ggm@dmygdl dgazndmas ©ogbgfmm
dgehgz0L Bgbo LB 8m3gbGnbamgal

Aj =0,+1

Fe (14.24)

sbsmmaonmo dbgagmmdoo dgadmagds 35R396mm, Bmd E2 33006m3memaeo go-
3mbboggdobsmzol, HmBmal 3356@)0L 8mBq6@0 Qez = 2, LsdsMomemnsbos d58qa0 dg@-
Bggob Bgbgdo

Aj=0,£1,42. (14.25)

©50689M9Lgdmma d30mbzgmo smdom moze dgbdemgdl 83 dg&hRgzol Bgbgdal
353mygobsl. (Jomamgds: Mowasbsy o8 dgdmbgggedo Q, = —=2,-1,0, +1, +2 456abo-
mgo j 2 2 s j < 2 dgdmbgzgzgdo).

obabEmmmb, baobGgmgbmes gsbzabomma §.6. mBgmE™Basba gsdmbbaggds. dom-
O3 2s = 1s 3505bgms 8 3Mdsmmmos mMdoGsmamo 8m3gb@Gob dgMmAgzalb Bgboom,
Hmam® s odmeao, sbggg 33eEEON3mmacn g53mbbnggdobsmgl. (3bswns, Gmd do-
mamn M0a0b aoobamadol gobbomas 3396@0b 8mdgb@nb Mum 3580 3603369cmmdg-
0o 3013 PBRO™M go5dmagmgdl s30domaal 306mbl. doyybgwogow 930bs godmbbngg-
3ol 3006(3 9g3L sgamn, membesy 93 dgdmbggzeda gfma 335680l bo(zgmoe Bysm-
doal o@mBn sbbnggdl M 3356@L KedyHa gbgManom E21' Hmdgmog JgmEgosb
30M39m ©mbydy go@abgmoal dggbedsdgds, bmmm o3 33568900l 3mdgbGms 3mgdzo-
900b 880 byl Gmmos. sbgom gosbgmgdb mmam@mbnsbo gowsbamgdo gbmogds.
mOFMGMBosba go8mbbaggdal L3gd@Hn Mbygzg@ns. dgbadadobo gomabzmadol semde-
omdgdo ssbmmagdom 7-8 Mngom 3z0Mgs dgcbgzal Bgbadoo sobedggd go@abymoms
amdammdgddyg. Joybgosgem 830y, sbgma gosbgmadal Bgmama bszdstnbew dgbed-
Rbgg0s, dsgomoma, oMb jgmogmadmmabo gondgnsmgdyma gobalb LomdygMa godmb-
boggdab b3gd@®ao.
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0030 15
36 030WIWIIOAMB060 SOMBIBd0

53 mo3d0 gMmgmgd&®mmbasba Bysmdowals s@mabomgol Jomadym gmagd@mmbob

dobabosmgdgm 5obo e bowowggdl gogegizgmgdo dMagsmgmygd@cmbasbo s@mag-
b0l 3g8mbgggobamzgal. Mo mdds mbos 3Mogemgmg@mmbosbo s8mdgdabomgal Lobdmgas-

EmE 6 Jgndmgds dgdmzogsmgmmo dbmmme gfmo gmgd@©mbol 8mdMomdals gob-
bomgom, dogmed bmangFmo sGmIgdabmzgolb gb Bosbemmgds bszdstmobow bondgom dg-
©09a90L 0dmggs. goMms 330bs FMdzomgmg]&Mmbosba 58mIgdal damdsthgmdgdals
©3LobILOdMgEM®, MmMmamE (3 5dmAbrs, dgbodmgdgmoas bysmdsowal s&mdal dgbBag-
obol dgdm@oboemn amdafgmdgdol 3mobogogsool gogMimds, ol gszgomgde-
Las 98 mo330 93995000

3M533mgm]Fmmbasbn 3§mdab LHyma 3543603960 Imdgb@n

86035mamgd@H™B0560 5@™Bob ymzgm gmgd@GHmbL gooBBos M, mGdo@smo

8945604960 3mdgb@o > M, Logmmsto L3obgGo 8gdobogmGo 8mBgb@o. Gmamei(s

1339 365bgm 8945603mG0 8mdgbEgd0 353306 gdmmbo 5G06 Lamsbomm Bs360@mE

8m39689306. M, > M, 3m3968930 0xs8gds s8mob M, Leme 894560376 dm-

396@9. 535bmsb dgbadmgdgmos mEn gaMosb@o:

1) M, 8m836@930 5Hc08gmEqbosb EmagG®mId0g96 aGm dmaghen 3006y
M, 8m836873ms6, Gm3mgdaz 030 8bMog gGEMBbymms6 NRGM dmogHa
56006 33mmbo g0Gy M, -056. 580l 353m Moomggmo gmgd@GmBab MEG30d-
maGo M, 8m8g6@930 0xs8935 s@mBab xs8mG M, 8m8gb8sm, bome M, L3o-
B0 8gqobogmGo 3mB6@gd0 go — M, %846 3mBgbBom. 580l 398mga s@manls
Ro8mGo M, Lbmmo 3g4s603c0 8mBgb@o M, s M 8m8968930b 35369300
Boomgds. sbgomo Godab 385l Gabgm-bonbrgBbolb 364 LS 33s gBmmgds. sbgomo
B030b 385 5@™8330 g™ b3oGow a3b3wgds.

2)  omoomgymo gmgd@mmbob MI ©d ]\Zv 3m3gb@ndo xodgds ©s Bnnmgds gfon

99d@cmmba LA Jgdsbogmca ImIgb@ o Mj, boem dgdamd yzgms gemgd-
&cmbab Mj %9705 ©d donmgds 5@m3nlb LAY MJ 39dobngntn dm3gb@o.

sbgmo Godab 33sb gbmmgds jj 33s ©s ngo 3dodg s&m38gddo sndbamgds.

a5630b0emmo Mobgm-bonbogMbol 33s. Mogsbsg mnmmanmo gmgd&Hmbal M-
doGommo dmdgbB ol dqbadadobo 3396@mEMn Moibgo | dogmos 56 byymal Gmemos
obgzg dogmo o6 byyemolb Gmemo 0gbgds 0dbgds s@mal LEMma M0G0 dmdgb-
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&0l 3gbodadabo L 3356860 Gasbgas. dsgomomam o s@mdn dgoagds mGa gemgd-
Bmmbabasb bamsbsm mMdagomafa Imdgb@gdom /1 @s  35d0b 5&mBal gsdya L
3dm3gb@o 3g-13 mogdn gobLodbmgEmmn 3mdgbGos dggfgdalb Bgbol cmobsbdaw dnn-
0g8b g8ga 860336gmmmdgdl L=1 +1,,] +1, —l,....|ll —12| . 653 dggbgds Ms LEmn
L30bYMo IMIg6B 0L Jgbedsdol S 3306@mE0 Mosbzolb 860d365mmdqdL ngo dgodmads

aymb Byeob ob Jogemo Gozbzol Gmmo gmygd@®mbgdal mba Gommgbmdabomgol ©s
bobgzmal 96 BobggMabggMonl Gmmoa os&mdda gemgd@Mmbgdol 39680 Momogbmdo-

boogal. s@m8al M, Lbemmo 8gs60gmGHo 8m8gbE oL gbodsdobo J 3356@mM0 Gosbgo
30 300gdl 3g8mgan 360336gmmdgdamsb gfo-gBolb J=L+S,L+S-1,...[L-S|.
035bm56 J 046935 dogmo o S dogemos.

5@mBob 56900 ©38myoEgdmmo 0dbgds M, 8m336@90L MGmngMommagb -
(3007 (s69) L-Bg), M, 8m8g6@3930b mfmog@mmogb@sasdy (64 S -Bg) s obygy
M, ©s My 8m3368930b 9fhmogGom®ogbdsoady (564 J-bg).

Mogamamgd@&mmbosbo s@mBolb 3magmdamgmdol ©obsbsbosmgdmaem dgdmadzm
3oamdatgmdal gfMdolb boddmenm 28+1LJ .94 12.1 gbGoob 50bnd36580bL sbsmmman«y-
o L mgdgmmdl 36d369mmdgdl L=S,P,D,F..J . dsgsmomas, 3P0, 3P1, 3P2 ngcdg-
dobomgob L=1, S=1 ©s J=0,1,2. ovy S <L, 35306 25 +1 g35dmg3lb og®B8al 3@ n3-
m9@mdal 969y J-on gobLbgeggdmmo J390mbggdal Momogbmdsl, bmmm oy §> L,

3590b 3@ admg@mds otob 2L +1.

3@mdab dogbagyMa 3mdgb@Gn

Gmgmz 3g-13 mo3d0 ghma gmgd@®mbabsmgnl dg8mgzn@obgm 353608 mc0 dm-
396@0b (36900 LEYMosE SbammgoyMoe FMsgomgmg]&Mmbosbo s@mdgdobomgaba(s
dgdm30896mom mEmdodomuyma dogbodmeo Imdgbdn

i, =——2 M, (15.1)
2m,c

MHmdgmo(s ]\ZL 3994@™ME0L 5bGo3sMamgrnMmos s IMEMmocm GmEos

W, =—WNo/L(L+1) (15.2)

booa(s U, 3ol 5@mIMa 8ogbg@mbos. Z mgiddg u, -0l 3Mmyd(30900bomngal a394-
bgdo
Wy, =—Wemy . (15.3)

Gmam&g 339 5036086gm L30bal gom@mBegqdamo ©edagbo@gdammdal gsdm
L3obyFo goFmBogboB Mo Mebsgsmomds MmAggm dgGnds MMdoGsmNEmmsb dgoag-

Ly = =21,,[S(S +1) - (15.4)
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530l godm LA 394603900 s bLEMmo ogboGGn dm3gGgdolb anfmdsabady-
0 MobogsmEMbs },l.,/MJ adbgds L, S, J 3396@60 Mo3bzgdolb g3bdzns

W, =—fog.JJ (J+1) (15.5)

booa(s

J(J+1)+S(S+1)—-L(L+1)

2J(J+1) (156)

g=1+

bowowglb msboghb Roj@mmn gbmwgds. o S=0,89006 J=L s g=l.oy L=0,
3580b J =8 o g=2. 0 L=3, S=2,J=1,35806 g=0 069y 5&mBnb LA Bog-
Bo@yMo Im3g6@ 0 bymal Gmmos, bmemm mGdndomacn dogbogo dm3gb@o jo gob-
bbgo39899m0s beymabasb.

>&mdob doabo@yco dm3gb@0b z mgmdbg 3Gmad(30900bsmzol 8394690

W, =—togmy; m, =(=J,~J +1,.J ~1J). (15.7)

3@mdab 39J@mAgmao dmpgemo

s@™M3nFo godogob dmgogMmo bsgombo dgadmygds gsbboramma adbsb g.6. s§m-
3ol 5399&m @ dmogerob gotamgddo. sbgmo 8megmol sgqdobslb s@&maal 3g4sbo-
3060 s 353b0@mEn Im3gb@gdo aodmbabuymoas dndsfmmmmo dmbs33gomgdal obe 394-
BmMM9d0L Loboom. 3353600 HMI 3mdzom, sbgomn doamds 3Mab(3n3d0 sMsdsMmgdyy-
oo, Msdgoy), Mmam@(3 (36mdomons, 33956896 3948mML LogMzgdo gobbsdmgEmmo
dodomornmgds of goohbos. 330@m3 39J&mBmo dmogmol 393 bos g39LdmmgL
Amamz gof3zgmmo bgbgdolb gfommdmoamds, Mmdgmos badygsmgdacmsg Jomgdmon

dgegagdo 88303098 335360 3396@ME-8gd560306M0 god8mmgmgdoo.

65b. 15.1. 58m3dnb 35J@mENmo Imegmo
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bobod 15.1-bg o8m3al 39d@mOmn dmwgmal gofamgddo Bamdmeggbomos

M, My @s M, 3gd@mcgdo o dgbadsdobo fi, . iy @ i, 53608mG0 8mBgb@gdo.
85L3@sd0 abgs Fg@hgmemo, Gmd M, ws fi, 33J&™Mgdo ghmo s ngogg boaGdabss,
boree i 39d@mG0 M 39d@mAdg mexg® a@dgmos. 80l nbgbns bgBmablbgby-
o b306ob mG3sgn ©s30a60@dramds, o3 6086ogL, GmB 1, dmGab s@mBm@o

85369@mbab gFognmgddo M, ws fi, 39d&™FHgdo Gmeo boaGdabss, bomm fi, 39d-
BmGo MRy aGdgmos My -bg. M, 0o My 39d@mgdo M, -ob oBagmog 3Gggbo-
9396 s 580l gsdm [i, g9d@mMacs 3Gg3aLoMgdl. bsbamdmogo Mmoo ©s330M3]-
30l 3g8ga dgbademgdgmos 1, -ob bodgsmmb (1,) agodbomgds. gadmgmom o8 ggd-

GmMab 3Gmgdz00 MJ -l 3ndoBongymgdsdy

W, =—p, cosax — g cos B (15.8)

09 353m304969dm 3mbLobYLYdal MmgmEmgdsl 15.1 Bobobosb szomo d03b3wgd0m,
Amd

M{=M;+M;-2M M cosx (15.9)
Lonsba(s

M +M;-M;  J(J+1)+L(L+1)-S(S+1) (15.10)

2M M 2JJ(J+1)L(L+1)

cos - 30 9989a6506s© 303mz0m

cosa =

M} =M;+M;-2M,Mcosf

M;+M;-M; J(J+1)+S(S+1)-L(L+1) (15.11)
2M M 2JJ(J+1)S(S+1)

oy sbms (15.10) o (15.11) gm&3amgdl (15.8)-30 9308960 s gognmgamabbo-
6gdm (15.2), (15.4) s (15.5) gm&3mmgdl dogomgdom

cos f=

3J(J+1)+S(S+1)—-L(L+1)
= ./J(J+1 (15.12)
My = Mo/ ( +1) 2+
s@30ma @abobsbns, Gmd (15.12) gm&mdnms dybEewe gdmbgggs Bzgblb dogmH bggom
dmygoboe (15.6) gm&mdnmosb.

83M0g00, 39d@MEOMmo Impgmol goMamgddo dammmesy dgbadmgdgma dgngdbs
>&mdal bEemo IMIgbE 0l gosdmogme.

145



3399mab 3Mnb(zn30

30639 Bosbemmydsdo dgadmads omggelb, Mm3 s@mddn yzgmes gmgd@®mbo dmd-
omdb  (396@MomnGo bodgGFnal IJmbg s JPmmMbaE g9mdo. 53 Jgdmbggzedn
9@ mbab dpamdastgmds s@&mdda 3sbobsdmgmgds mmba 3396@mE0 Mazbzoom:

Borogo60 3gobEmGo Goibgo n (1=1,2,3...)
@BB0GmNG0 3gobG@o Gogbgo [ (1=0,2,3..n-1)
853608060 3356 G0 Gobgo m,  (m, =—1,...,~1,0,1,...,+])
L30bgyFo 33ob@mG0 Gobgo m,  (m, =—1/2,..,+1/2)

5@&mBob Bpamdsmgmdal 9bgMaos doMomsmem 1 s [ 335686 Mo3bzgddge ©o-
dmgoegdnma. b3ab-mMdaGomnto NOH@moghm]8gwgdolb LobabGalb godm, gbgmgoals
m, @s m; 3356&mE Mobzgddy edmomgdnmagds bybEons. dBmgngmo gs8mbs jmo-
Lob goMs, s@m3dn Fpgmdatgmdal gbgMaons n-0b BMEEL Jabgogom MEm™m dmog-
o 0DMEgds, goemg [-0b Bl dobgogom. s30@mad Mmames Bgbo domama 7 -0l
39L53530b0 damIsmgmdol 96gMans 5mgds@gds Lomsbswm -0l Jqbsdsdol g6gao-
ob.

dgodmgds a393mbmb, Gm3 s@m3al yzgms gmgd@embn qbos 0dymegdmogl
96953G05mor ghmo dgbgrzeo y3gmedy @eder 9bgMag@osam RMbydy. oadise
993960396& 0 585L o6 ssbGNMgoL.

s@m3olb Z Mogoomn bmdmol bGHsbmsb ghomsm d0dwabsdgmdl s@mdal gmgd-
BEOmMbymo dpgmdotgmdgdals 330360 gobbabmgMmo 306mbbmMBngMgdoo dg3bgds.
03 3obmbbmBngFgdal sbbbs 1940 Bgmb Jgbdmm 3oumnd ©s Rodmaysmnds 9.b. Jou-
ol 36063030, EM3mal Msbobdo@a gHon s ngngg 9GmIdo (56 Gondy 355689
bobBg8sdn) 698008096 3306 mm Jogmism gmdadn dgodmgds 0dymegd8meal dbmenm o
gm0 gemgd@mmbo. Lbgs Lodyzgdom BB 3mdgem, s@mddo o Jgadmgds oMbgdmd-
©gb gfndy Ig@n gmgd®®mbo obgom dpgmdatgmdado, Gm3gmdai n,l,m, s m,
33968960 Mo(3b39800006 gHma Foob(s o6 0dbgds aobbbgezgdymo. 830l godm dofo-
oo amdsmgmdsda 8ymezn s@&mdal ymggmo dm3wgzbm gmagd@®mmba mbws 030390-

©gb 3393bgdgma 356bNb yzgmoedg MYBM™M ©dsmMabyMagGo 3N damdamgmdsl.

o) 30306Lgbgdm Bysmdawab 5&mBab 5bgMagdngmemo L3gd&Mab (12.43) gmmd«y-
ol ©30bsbagm, HmI sanmo o43L 9bgMag@ogmmn mbggdol gomsoggzatgdsl. 396-
dme Msdmgbsmss 9bgMans dbmmme 1-bgs ©sdmzowgdamo ymgge #-ob dgbadadal
[ -obogab 9®bgdmaL m,-0b 2/+1 3603369mmmds. dgbodsdobow dm3g8mma n-0b Jgbe-
3580b0 bbgoabbzs dpamdstigmdgdols Momegbmds L3nbal gomgamalbabgdac ndbgds

n—

1
2 (20 +1) =27 (15.13)

1=0

146



83M0g00, bysmdowal s@mIal mommgymo mby 2n® RIOO@O® M0l aoog30-
9gommo. sbommaoymo doamds 3M(3gmEgds 3Magomgmg]&mmbasbo s@m3dnl mo-
omgqmo gmgd@®mbabsmgal. gBmbsntio 1 ©s [ 3396@mG0 Hozbzgdol 8dmbyg gemgd-
&Mmbgdo 486056 g.6. 0§mIn® 393560980, boemm gBombsoda n-0b 8dmbg dzgasmby-
d0b Mompgbmds 30 gMm0sbogds 9.6, gombgddn. 12.1 sbGomdo 393m@sbama smbnd-
36960b sbsmmann@o dgazodmns dgdmzo@ebmam gombgdal Loddmmu&n smbndz6gda,
AmImgdai 15.1 3bGamal 3oMzgem bgg@dos Bocdmegaboema. dgmeg Lig@do dm(3g-
dnmos dzgasmbgdal gmobogogzaogdo [ o m; 3356@mcn Mozbzgdolb Ladysmgdoo.
39Ladg Lgg@dn Bohggbadas 3Mb3MaB MM J3985Mbgddg Jgbodsdabn gemgd@Embadals
dogbodsemFn HomEgbmds s Gndgda. dgmmbyg Lgg®dn 6shzgb9d0s Jg3bgdymn go-
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3960gmgg3ob 3gfomema bobEgdal 3oMggmo ganxob gmgdgb@gda: momandn
(Li), Bo@momdn (Na), gomonda (K), Omdowondo (RD), 39b0480 (CS), g&sbzomdo (Fr)
&1@g mommbgdos. gb babgmbmogds s dgbedadobo dommdbowgdalb — Gu@ggdo-
56 doomgl. 396gmggzolb LobEGgdab ymggmo 3gMomeo, doMggmob gomws, &uEg
moombgdom 0bygds. ganxdo s@mdynmo bmdMmob bEsbmsb gMmon 0dMogds s&m-
3ol Moanbo, 33060005 ambadsonl gbgMans, g.0. ndGHEgds mocmmbms Jodonn
3J@ngmds. oo sbaboosmgdm dbabgamgds, mdmasd@omimds, gmgd@&Mmasd@ommds ©s
3mab@ognmmds. Gy mommbgdobomgol ©adsbsbosmgdgmas smalb JgggMowgds
B30bsb, ool ggmMab dabgogom dgbadmgdgmos dsmn godmzbmds: bs@Mamdn admyggs
y430mge, gomomdo — 00bggg® JgggMommdslb s 5.3. G&g mommbgda dsmamoa oddo-
@Omdob aodm mogabygoma bsboo dmbgdsdo o6 azbgwgds. Na s K 34658530
3530 (39m9dmmos  3603369mmazsbo dgbsgmmagdalb (NaCl, KCI, NaCl-KCl...) Lsboo.
3596099 B&9 39@omado LEMogom ngebaqds, s30@md dom bogmdo nboboggb.

@9 9g@&omgdal gofg Mol smbogmds gfmbantins (gofyg dMgdy gfon s
99d@M™b0s). 380@m3 GGg mommbgdal ®3z0bgdgdo 3bgszbos. oo Igyydmosc
s@30ma asbzgb aomy dMab, doMmgmsb LybEL® s o3d0Mgdama gmygd@Hmmbo. oy
&89 39&omob 58mab odsb Z gemgd@mmba, 85306 dgndmgds nmggsl, Gm3 s@mdal
Z -1 gmgd@mmbgdo 43b0sb abgMm@mmo s06gdal 3basglh o@mdnd LMY G nGsb,
bommm «3968b 3690 gmgd@Embo 3o dombgm LabEoE d3mmos, Bmamy sbsmBgb
994G Mb0mb, sbgzg doMmzmsb. s308ma dgadmads nmggsl, Gm3 Gu&g dgGomos
>@mIgdolb Z -1 gemagd@mmbgdo s dofmgn J3bnsh g.6. gu3qd@n® doMoglb, HmImab
39edo(g ImdMomdl aMhgbama gMoman g.6. bogomgb@m gmgd@cmba.

83M0g00, Gud&g 39@smms 5&mM3gda domnsb 330656 Bysmdawalbdaggzst ambgdl,
30gM33 3o dmEal 3o0b(z sMbLgdmdL goM3zgnmo asbbbgaggds. bogddg 0dsdns, GmA

&@g 3g&omms s&mBolb aoMg LogsmgbBm gmgd@Embals s&®Lgdmds Jows Z -1

99d&Mmmbgdolb 30mbgdalb gxrm®mBomgdsb 0b3q3b. sdo@masig bagomgb@m gmgd®-
Mmbob 3mBqbz0mma gbgMans sbg bomdmawanbgds

U=—Zae2{l+%l+%2+..}. (15.18)
r r r
bOQQOG Za =Z—1, bm@m (1518) 03(')6)8‘3@0[) 0306‘36‘3@0 C{;F)%bogabnb Bgmﬁg,

39badg o 8.3. Bg36gdo @9 Ig@&omgdal s@mBms 3gmol Bysemdoal s&mdal 39-
mabgsb goob@al nmgamobbabgdgh. sgama dabobzgomas, Gmd (15.18) gm&da-

mado l/r -ob batobbgdob DMopbmeb gfmsw dsma bamoamon 3m@qbzosmdn xbws 3(30-
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Mgdmegl. gb 3o 60d6s3L, Hmd C),C,... 3mggmoE0gb@gda 3306 Lownggdo Mbwos
0gmb. Ogoma®m asdmmgmagddo G989 dg@omms 30dmbboggdol b3gd@mab mogabgda-
98980L  sbabbbgmom bszdstobos (15.18) gm®3mmsdo Fbmmme 8gmeg bgzmal
d9bochmbgds. 85306 sg0mo @obobsbos, M3 sbgomn 3mEgbznsmom vggdmmoa 3Mg-
©0bggcol Mo@asmymMa gobBmmads (12.21) aob@memgdal dbgogbn 0dbgds

2 2 Z 2 Z 2 2
Ll B N R Gk L (15.19)
dr n r r 2m,r
oy) 3gdmgomgdor 5ebadgbsls
Ze o ol(l+1 A (AN
L I IUAD__ D), (15.20)
r 2m, r 2m, r
dnz0mgdm
2 2 2 * ¥
Ty 2m )l p 2 | W LUAD p_y (15.21)
dr h r 2m, r

(15.21) asb@memgds gmMmBomamoe babGee 53mbigzs Bysmdowmabdsgzsmo
0mbal dgbodadal (12.21) aob@mmgdal. 5308md (12.43) gm&dqmal sbsmmmgonMaw
dgodmgds @agbgHmm

mZ et mZ e
E == (15.23)
20 (m,+1"+1) 207 (n+4)
boa(s
pre Ly (10 1) J2mey g
D) 5| T e (15.24)
A, =1%-1

[*-0b 80dston (15.20) 3390M5@mo  3o6@mmgdol  gMmn  53mbsabbbos. dgmeg
3dmbabbo, MHmIgmoag ao@eaadamns 3330MsGmo gqbgob bab, 3obyl 6adsbosbos.
9L ggbzn asdmybsogastos 080@md, Mm3 MmiEs € =0 wbws azdmbogb [*=/. A,
bogoergb 35968 aM0 @gBgIG0 8RS 33°6E:9G0 @yBgJGL 360353bgemdgda /-bgs
©33m3o@gdamoa. s30@m3 sMbgdmdl 336G MG ©gBgd&qdob 3bGMomgdo, HmBgman(
dmgdgmo &mdg 3g@&omobomgal [-0b dgbedsdobo 335680 ©axngd@gde >Gab
3m(3934o.

386M0g00, dogomgm, O3 &g dgGomos E, 9bgMag@ogymo b3gd@o oo dbm-
mmE 1 30s306 339568 Mobadg oMedgo sbgzg I MEdoGemnm 33568 MM Gabs-
by 960l ©edm300gdmoa. 30l god8m Gu&qdg@omms gs8mbbaggdal L3gd@& Mo bysem-
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©ORNHBOMGHO
bgcoos

93390060 bgHod

903360
Lo

5,871 2

656.15.5. momondab 5§m3ab L3gdMa.

d5000bdog 3560 0mbal 3o8mbLboggdals L3gdGMnbash 3Mmab(zndnmow gobbbgogmgds. bob.
15.5-%g Bomdmea gbomoas momogdol s@&mBal L3gd@Mo. momaymdolb 5&m8alb dofams-
©0 gmdatgmdas 25 (n=2,/=0). 53 335686 Bamdscgmdsdns momnndab gHomn
bogomgb@m gmgd@Mmba, brnmm n=1 3pamdsmgmds, 3sgymal 3M0b3030l Mmobsbdsc,
1330 ©539390mm0s momondal 5@mob @ebsMhgbo mEa gmgd@&mmbal dag. 9bgH-
39&039mom Mobemmagbn dpgmBatgmds stob 2p (n=2,1=1) dpagmdsigmds (abomgom
bobaba 15.5). Al=*1 o An- b3dabdngfn dg@hgzol bgbgdol msebsbdsm momandal
0@m3do gowsbgmagdo babad 15.5-Bgs bohggbgdo. gb gowabzmgda Lad ganEs© 906
a04mgombo: g.6. dmogefn bgHos, 3339060 Lgfns ©s ogmbonca Lgfas. L3nb-
MmOd0GornEo NMm0gmm]dggdol godm, bogomgb@m gmagd@®mmbal dwgmdstgmdals
dgbadsdnbo 6gdabdogmo sMsbmmmagsebo 3m3gb@ ol 3Jmby mbg mMow obemahgds. s3o-
B™M3 Y43gms MG asbmghomo p mbowsb s goybmghss mbgdy aoobams mMa
903obgommsb sbmmb Brpgdsmyg b3gd@Hemamo bsbgdoom gsd8mabsobgds (obomgom
bobaba 15.6s). sbms gsbzobomma 8339060 bgMos. 58 dgdmbizgzeda gobemahal bowo-
©g Y39 bobabmgab ghmbsamas. 830l gs8m mommgnm ndmg@dn babdgdo 833900-
Mo 353mbs@mmons (abomagm Bobaba 15.68). Moz 3g9bgds g bam® LyFmosl (abormgom
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3p o 45 »

2p 3s

Psp
|
65b.15.6. 3503Lgmab bggds gogdada LA YMab gomgsmabbnbydao.

2s 2p

bobaba15.6a) 03 LgFoob goEsbamgdo d Ipagmdsmgmdgdowsb 2p Bramdsmgmdsdo

3505bgmgdom oMab 356306HMdgdmmo. Ladbmasme d Bpamdsmgmdgdolb gobmghs
2p 9wamdstgmdolb gobemgBabmeb dgmamgdom dg3Msm Bo3mgdos. 53sbmab bobsbd
15.63-bg bygzg@&omo bobom 6shg9b69d0 aswabgms AJ =0,+1 JgeBggzol Bgboo oMol
sg@dogmama. 530b  go8m  asdmbboggdalb bL3gd@®dn bado gMMIsbgomsb sSbenml
dgdofg bobo ©s0dboMgds. 830@mdsy gb babgda, Hmam@z gfmo gsbMmbImman
bobo, abg 0m0ngdgds. odgmseb bomdmmaqds ababgmgds ,ooxmdanca bLyMas®.
83M0g0m, momomdob s@mab gs8mbboggdob L3g@Mob EMdmaG M0 babosmo
9 9d&M™bBob L3nbal sMbgdmdom 360l go8mBggmmo. 8oaMs8 gb oF oMol gobemghals
a0dm3bzg30 ghmsgmo dodgdo. Hgme@nzab@ndo 95397890l gomazomalbobgdsl
adbmghob bggedodo bEGHNIE ML sSMLdmb8g dogysgemom, Ma doMmmzgalb b3nbobs
©5 9emgd@Hmbms m@da@omeyo 3mdgb@ ol MmogMmddgogdom sl godmbzgmmo.

3gmondab s@mdn

Byombomnbdsggato s@m3nmo Lob@qdgdol dqdwga y3zgmady NnGm doMEos
3&™M3L bamImamaqbl 3gmonmdol s@mdn, momondal 0mbo, dgMomamdol mEggMo©ow
0mbnbofMgdamo  ambo s bLbgs  mgmgd@@mbosbn  LobGgdgda,  EmBgmms
9mad@Ombymo go6bgdo Ibmemme M gemgd@@mbl dgozegg6. dobgemegew sbgmo
LobEgdgdab  Jgemgdomo  bodasMEGogobs, Bsma  ®30bgdgdol  dmEalb  mgmEasady
©oyMbmdom sbLbob 3(3gmmdgdo, MIgmgam smdmAbrs. YgBGm, BgGoiE Mmame(s
dgdamdda go8mafizgs dmMal mgmnal gofamgdda Jgmondal 5@m3ol sdm (3060l
33mbbbs 36Mabz03mom dgdmgdgmoa smdmBbms. gb gs8mbBsgmmo nym doMomo@ow
353mbB3gm gmgd@mmbgdl ImGnl sAbgdnm asEgmom Mogfm dgmgdgdl s oM
94O ™Mbab L30bYH Moz30LYGmMgdal bomabbgdl.

dg30a90 3gmondab s@mBab LGsombsmamo dpgmdamgmdgdal dgbsedsdabo
q69Ma0960L 3356@M-dg4ob03Mo doamdom gsdmmgmol 3Gm39Malb. oy gmad-
BmMbgdab L3nbgdl o6 aognmgamobbobgdm sdm(3obs ©o0Y35698s MG gdEHMbasbo
LobE 3oL Bamdsmgmdalb s@dbgMma IMgmnbagmob LGsombarmma asbGmmgdal
53mbbbsody

(H,+H,+U,)y=Ey, (15.25)
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boa(s I_’;(xl,yl,zl) ©o Ié(xz,yz,zz) domzob 30dsto gmad@cmmbgdal Mool

39d&™Mgd0s, Y =y(7,7) -mgmgd@Hmbosbo bobBgdob dpamdstigmdal 3mmEonbe-

BH0 Gommamo gbdioss, E-LEsombomuMa damdstgmdal gbgMans, bmem

R 2 Z 2 R h2 Z 2

H, =—2h A, -z ©s H, =—2—A2 -2 9609 ad@HmMbosbo 3sdom@mbnobgdos,
m m

e 7"1 e 2

Amgmdag 3bmemmE gemgdGmbgdall bommgmsb Memmogmomddgmgdgdo stal gomge-
mobbobgdmmo. U]Z =ez/l’12 — 9m9d&Mmmbydlb FmEal MMm0gMmd8gmgdol m3gMsGm-

0o, Z — doGmgolb 3qb@os. 3gmondalb 8dm3860L boMormmyg LEm® g (712 =ez/}’I2
m3gMoGmMom oMol gobdommdgdamo, Mol asdmg (15.25) 3sdom@Bmbosbdo 396
bgFbgds mommgnmo gmgd@®mbal dgbodsdabo (33ma@gdol gobzemygds. Mmame(s
063393° 99d&Mmbadl dImMab mEmgHoddgogdal Ladgsmm gbgfagns 3gmondal
3@mM3olb LEYE 9bgFgnsmsb dgefgdom bogmgdns. sbgma Bgdmbggzgdobsmgals
3396&m® 8945603530 3q8mds39dmmos Bogmds, Hmdgmoai d5dxmmgdol mgmenal
bobgmom 560l (36mdama.

83 mgm@onb msbabdo 3oMggm Mogdo LogoMms gmgd@®mmbgdl dmEob @Emmo-
9604399d0L  gomzamabbBabgdal goMgdg  303mzmor  LobGadnl  gbgFagé 0 mmo
©mbgqdo ©> GommyMn xbdngdo. sbgm bymmasb dosbmmgdsda (15.25) gs68m-
mds 0gdmmmdl Labgl

(H,+H,)y* = E°". (15.26)

s@30mn  ©abobsbos, MHm3 ]:1] ©d [:]2 m3gGo@mGgdob W' (7,7)  ®mbd300%g
3mgddggds dgbododobo dbmemme 7 ©d 7 (3309800  0ggMgbsamgdsdy
©50Yg5690s. 5308m3 (15.26) g56@mmgdal 8dmbsblbo mfo gubd0ol BsdGagmals
Loboor bocdmowanbgds

Vo =V DV, (5) (15.27)

boo m,n=12,3... gfogmgd@cmbasba bysmdsmnbdsgsgtn omball damdstgmdals
dobabosmgdgmao 3396@mE0 Mozbzgdos. o9 asgomzgsemabbobydm, Hm3

Ay =g, Hy, =y, (15.28)
85306 (15.26) 3568 mmgdado (15.27) gbd300b 3g@0boo Bogomgdm

E' =g +¢e). (15.29)

nm m

(15.28)  a9b6@mmgdgdo  gMomgmgd@®mbosbn  Bysmdswabdsgzstn  ombab
damdamgmdal  sm86gH  dMgmabagmol  gob@mmgdqdl  Bomdmowmggbgb. sbgoon
356@mmgdab Lo gmmatn b0dzbgmmdgdal (12.43) gm@mImms, sbyg BagbgBmo

Z? me'
8°=——A, A=—+-=13.6 15.30
. e a3 ( )

158



dgdgmmgdal ogmEoal  byemmgeb  dnobemagdsdo  gedmoal, Gm3  3gemandals
3&m3do doMomewo (n=1) dpagmdsfgmdowsb ghomn gmgd@®mmbal dmbsznmgdgman
969Mgos b 3gmodolb s@mIal ghmxgFema ambadagonl gbgMans Z’A=544 q3-b
dgoagbl, bmmm mEmggmsmo ombodsznalb gbgMans s6m mEozg gmgd@®mmbab
dmbogomgdgmem bogom 96gMg0s 2ZzA=108.833-0b &mmo Mbes gsdmbmmoym.
Moo 3o gmad@mmbgdlb dmEal Imgdgmn  gummbyco  asbbowgal godm
3gmodal 9@mIal gRomggMoa ambadsaznal gbgdans 24,4g3-05. gb Lowowg (15.30)
gmEIgmomn Bomgdgmo gbg@anal 360d369mmdal osbemmagdom 40%-b dgoa g6L.

dgdgmmgdal ;mgmEaol gomgmgddn bgdmambadbyma bamggbal ge8mbbmmgds
dgbadmgdgmos o) ©o31d390m, M3 gmgd@&®mmbgdl dmeob mMmogmoddgogdob
Lodmaemm  gbgMans dgdgmmgdalb mgmGaob 3oMggm Bosbemmgdsdn Bomdmsowmggbl

Bymmgabo dosbmmagdol Yy, GommGo g31bd309300 smgdym (712 =62/r12 m3gMo-
GmMab badysmml

AE = [y U,y dv dy,dz dx,dy,dz, (15.31)

(15.31) 3m®8memado (15.27) g3bg(30930L 9@ 9bnm ©s 080b gomzgsmabBobgdom,
™3 Byomdaobdagzstin ombal doMomowo 3amdsfgmdal Gommufo gubdoss

v, =C, e ", Loa(y 0(=2meZ€2/h2 , angnggobmAE=%ZA obg  dgdgmogdals

®9mME00b 30639 dosbrmagdsdo mMgmgd&Mmmbosba 58m3al nmbabs(300b gbgMgnss
, 5
E=|Z _ZZ A. (15.32)

58 gm@mdnmal mobobdow 3gmoydol s@mBabomgol gmgdnmmdm E =20,4 g3,
o3 LdgdomE dSbemmb oMol gJL3gMNBbGMmew gobmdarm 24,4 g3 Loowgbmsb
(356Lb3o3985 10%-bg bs3madas).

sdf0gom,  3gmodab  s@mIabomgolb  dgdgmmgdal  mgmEionl  dofMggmo
dosbmmgdal  g88mygbgdom  domgdgmn  Jgmgao  Bmamis  mgabmdngn, sbgzg
MomEabmdMogn mzgambsdMabom, Lsgdemm MgomabBas. BGm Jomsma Gogol
dgbbmmgdgdol  godmygbgdom  Bgbadmgdgmos  dgmgagdol  360d3b6gmmgbao
358 xmdgbgds. babmgsmme 33968 Mo 8qdsbozab BoamBdgdom, dgmoamdal s@maal
dofomomn  dgmBatgmdol  gbgMgnobomgal  3Ged@ngnmerm  9db3gFndgbGmmaw
a0dm3zs000 3603369mmdob domgdss dgbedmgdgema.

sbms aobzobomma 3gmandalb o@m3al omgbbgdmmo dpgmdsfmgmds. o333,
3 3gmodal 9s@mIal yggme smabbgdymon Jpgmdstgmdgda donrmgds dbmeme
gfo-gfmo  gmad@cmmbol  smadbgdom. gl badbogl, HM3  smabbgdmmn
damdsmgmdgdabsmgal (15.27) gmm3qms 8onmgdl Labgl

Vo = W0 (W, (7)) (15.33)
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boss W (B) =R, (1)Y,,(0,0) . 03obomgob, Gmd (15.33) gubjios  LBmMow

0mbBgFogl  bmmmgebo  Bamdstgmdol  GomemuEo  gubdnsl, omamgdgmos
99d&MMbgdol 0go3nEmdol 30m3zomobBabgds. dozmmbsbamms 3gdl (gmgd@®mbadl,
3Bm@mbgdl, byn@Gmmbgdl s 5.3.) 3536mboBarmszgdabasb aobbgszgdom gsshbosm
080390mdob  mgobgds.  dogomomsm, gl 08sb  bodbogl, ®m3  Jgmdmgdgmos
9035b7m0bgeb gobzobbgogmor ™Mo  gmgd@Mmba. mMgmgd&Hmbasba  LobEgdal

@0omgamo  gmgd@®mbo  dgodmgds 0dymagdmegb  gbedsBobo W @s W,
B6d30gd00 gobLobmgEMm 33568 M doamBsmgmdgdda sby (15.33) gabiioom

smBgomo dpamdsmgmdol goms, W) (KWL, (7F) agbiioom oBgGomo 8wamds-
Mgmdaz oM 30mgdmom  00MbgdgdlL. 3oymol  3M0b3030L  moboblom  ggmdambome
LobEGgAol Bramdamgmdal sm3bgMa LEYMmoO GommyGno GYbdigns, bL3BYMo ©s
3MMOE0bsGm (33mogdol aoobdol dodofMm, sb@nbndgGMmammo 1bos ngmb

v(7,5,0,,0,)=—vy(h.F,0,,0)). (15.34)

603gbsmas 3gmandal s@mddn L3nb-MmGHdoGsmuFn NHmagMm]dgmgds bybdoas,

(dofomo doamdstigmdsdn [=0, bomm ©sdsem smgdbgdam dpgmdsmgmdgdda

le<1) y(7.7,0,,0,) @abdeos W(A.5) gmofgobsgamo qo @(0,,0,) bdobgo
3964 (30900L BsdMagemals babom Jgadmads bsmdImgoambmo

y(7,%,0,,0,)=vy(r.5)®(0,,0,) (15.35)

@300 ©dbabsobos, Hm3 (15.25) JMgwobagmob gobGmmgds  gmygd@©mbab
L30bdy EdM3nEgdmm M3 gMm M3gMIGMAL oM dgaiegb. sdo@md (15.35)

gm&OIemol \V(l_’;,l_é) 3MmEobsmma  Boboma  LbmEge (15.25) IMgmabagiols
356@mmqdol 58mbobba 0dbgds. (3bsmns, Hm8 (15.35) gubiins Lodg@Gommas o
y(7,5) o @(0,,0,) Locwbowm 3mmmEobs@gdal aowsbdol dodstmo ™Mogg
gfoemmamao bodg@mommoas 56 568 0bndg@Mmoyma
v, (7.5,0,,0,) =y, (7.1,) @, (0,,0,) (15.365)
v, (7.1,0,,0,)=v, (7./)®,(0,,0,) (15.360)

3gbododabs, o Y(7,75) s @(0,,0,) B9bd30gdowsb gHo-gmmn bodgémo-

Demos, bomm dgmeg 3o 8b@obodg@Magmo bomsbom 3mmMmEobs@gdal gowsbdabsl,
35906 56LgdmMAL 86@0bdg@Mamma LEmmo gbdnab omgdalb mGo dgbsdmgdmmds

Wa(ﬁ”é’o-l’o-z):‘vs(a”é)q)a (0-190-2) (15370)
Wa(ﬁ”é’o-l’o-z):\va (aa’é)¢s(01502) (15376)

83M0go@ MMgmgd@®mmbosbo LobEgdolb (39Mdme 3gmomdolb o@mBal) dgmds-
Mgmds MO MBS 0ymys: 3sMadamdsmgmds, Gmdgmbsi dggbedsdgds Lodgdmo-
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@0 gnmGeobsgamoe Gammafio gubdzes V. (7.5 )=y, (A.7) @ mHomdpgmdss-
m3s,  GmAgmbsz  Jggbodedgds  s6GnbN3g@Manmo  3mmMEabs@mma  GommyMo
gabdgos v, (7.5)=—-v, (5.7) . (15.26) gRogmgd@®mBosbo Bnsbrrmgdal gmd:g-
mab gomgamabbabgdoo g394690s

WO (7,5) = C, (W, GO () + o ()W (7)) (15.38)

vo (7.7) = C, (W GO () = W (RS (7)) (15.39)

Lo@a(s, Bm(zo m:tn,CS=Cs=l/x/§ggo€)mgom=n, C =1.

39dme, 3gmondol dofMomswn damdstgmdsl 1s? 9e0994@OMbyma 3mbggogyy-
(300 399Lods3gds. ©dmgbsm dofMomae 3rgmdamgmdada 3gmomdo 3oMadamBsmg-

35305, Bmm356 Fosbmmgdsdo ob ggbsdsdgds Wi, (FIW) (7) Lodg@monmo Gowm-

oo gabdos. (965Ma00L 308mbsmgmgmom LEmMgo qb g3mbdzns aodmgoygbgm).
3ol dg8wga, Mo (3bmdamos (15.38) o (15.39) @Gomena gubingdo

dgdgmomgdal mgmeos 3gmodol o@m3dal bgdabdogHo Boamdstigmdal dgbsedsdabo

9696Mg00L 8603365mmdgd0lL 3nMggma Magab dgbBmEgdalb godmmgmol Ladmamgdsl

odemggs.  Lodg@Goyma  Gommudn gbdiogdom  ©sbsbosmgdymo  3oMadamds-
Mgmdob 9bgMgoal 3nMggma Mogol dgbbmEmgdabmgol a39469d0

" drdr, (15.40)

v,

2
o _ e

AE, = [y * (U G )dr = [

12

boenm mfomdamdstgmdol gbgcaool dgbbmmgdobmgal dngnmgdom
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asdmgomgamme dgdmgan Gndab 0bGgaMomgda
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) f p( kT] (5.1)

o0g565(3 Rz9bL dgdmbgggedo N=0,2 nb@gamaomdzqds g3bd(30gdn cbos, s ab@ga-
Mogdabsmgol 43946900

o0 2
1,=2[x' exp[—;—TJ dx, n=0,2. (5.2)
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r(3/2) (k1)
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asodmgomgammo (3.1) 0bGgafoma
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En e -1

03 93565L369m0 FMEIMmol Jofxg9bs Bobomdo sl Masbdmomgdm 068 ga-
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