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Resume

In the first chapter the current state of laser Raman spectroscopy study of semiconduc-
tors in the world is given in the form of literary review. The cited literature generally relies
both on the experimental data given in Dissertation and necessary materials used with the
purpose of theoretical analysis.

In the second chapter the Raman scattering essence, the theory very generally and
briefly is given mainly from the practical point of view.

In the third chapter the dynamics of Raman spectroscopy progress in the world is given
in details from its discovery up to day.

The fourth chapter includes the detailed description of laser Raman systems I have
constructed first in Georgia, principles of instrument-making I started first in laser Raman
spectroscopy direction, bases of the Dissertation and other investigations.

In the fifth chapter on the ground of theoretical-group consideration and experimental
data comparison, problems of identification-classification of phonon types in semiconduc-
tors are investigated. This process was carried out in case of natural mineral, a-HgS. The
first order phonon frequencies have been determined and on the basis of polarization
measurements these phonons' classification has been made. The minerals under investiga-
tion were from various geological mines of Georgia and other countries. ~Minerals from
certain mines contained isomorphic impurity, selenium, in various concentrations. The gap
vibration corresponding to this impurity was found first by Raman spectroscopy, gap vi-
bration frequency of selenium impurity was determined. On the basis of these investiga-
tions a method of identification of geological mines of cinnabar with the aid of Raman
spectroscopy is suggested, as well as the utilization of these data to state the origin of min-
eral pigment dyes, which is very important for studying as well as for conservation of
ancient and medieval art pieces.

With the aid of Raman spectra we also found the gap vibration of arsenic in GaP when
in GaP there is a big amount of arsenic substituted izomorphically.

The third system, in which we found local vibrations of aluminum impurity with the
aid of Raman spectra, is GaP:Al.

The sixth chapter in the Dissertation is dedicated to the analysis of semiconducting ter-
nary mixed crystals. Generally the mixed crystals are solid solution formed by isomorphic
substitution of two individual sub-lattices. It is stated theoretically that in such crystals be-
havior of LO and TO phonons mainly is subjected to the rules of two types, one-mode and
two-mode behavior. Accordingly the mentioned crystals are called as crystals of one-
mode and two-mode behavior.

We investigated three various systems: GaAs;<Px, Ga;xAliP and ZnTe; Sey. The first
two are of A’B” type, the third belongs to the A*B° system.

The system GaAs;.«Px represented films growing epitaxially on substrates GaAs and
GaP. Their orientation was (001) and therefore we fixed only longitudinal LO phonons
with Raman reflection configuration. We ascribed the mentioned system to the crystals of
two-mode behavior. One of the facts proving this is the formation of gap vibration by dop-
ing heavy isomorphic impurity As in sublattice GaP observed in Raman spectrum. We
spoke about this fact above. We were the first to study this system by Raman scattering
reflecting configuration, when laser exciting wave penetrated only some hundreds nano-
meter depth in the epitaxial film layer. This fact is very important from the practical point
of view, for instance, for quantitative analysis of the same compound synthesized by ion
implantation.

The second system ZnTe; «Sex was bulk crystals as cubes polished optically. The pe-
culiarity of our investigation is that this system has been studied besides volume excitation
in resonance conditions too. As a result besides the first order phonons high order phonons
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have been also fixed. The phonons' repetition is observed against a background of extensi-
ble photoluminescence. The system ZnTe;«Sey was ascribed to one-mode crystals. The
corresponding concentration graphs have been plotted.

The third system, Ga; AlP we first studied by various wavelengths excitation of la-
ser, represented epitaxial films, growing on substrate GaP. The substrate orientation was
(001) generally. In this case too Raman scattering occurred with reflection configuration
and only longitudinal phonons LO are observed from the surface (001) according to selec-
tion rule. Though for some compositions the transverse phonons TO also were fixed.

The system Ga,;.xAlyP was ascribed to two-mode crystals.

With the method of exciting the films' Raman spectra with various wavelengths of
various lasers have been determined thicknesses of films Ga;.<AlP on the basis of theo-
retical and experimental data. The thicknesses of films estimated by Raman scattering
turned out to be in good agreement with estimations of thicknesses by microscope and
electron probe.

Using various discrete wavelength of exciting laser we have first found the resonance
with the participation of the first direct zone E, for some films of Ga; zAlP.

The investigation carried out for this system is employed successfully for quantitative
analysis of the same system synthesized by ion implantation.

In the seventh chapter one of the actual fundamental processes of Raman scattering,
resonance Raman scattering (RRS ) is studied. RRS enables one to enhance the intensity
of common Raman scattering by some order by means of selecting the corresponding ex-
citing laser wavelength. This occurs when the wavelength energy of the exciting laser ap-
proaches to some electron transition energy of the object under investigation. In semicon-
ductors such intermediate levels are indirect, direct zones, exciton and other electronic
levels. The resonance occurring with participation each of the mentioned intermediate lev-
els has its own theoretical ground and experimental manifestation. Thus RRS gives fun-
damental information about intermediate energy levels participating in resonance. Besides,
its role in the field of analysis is great: it is possible to increase matter's detectivity with its
aid by some order. More over, there is variety of RRS increasing detectivity even greater;
it is now real to find single molecules by laser resonance Raman spectroscopy variety.

We studied two types of resonance: the resonance in indirect zone semiconductors,
GaP and a-HgS, occurring with indirect zone mechanism, and resonance Raman scatter-
ing occurring with direct exciton mechanism in direct-zone semiconductor mixed crystals
ZnTe;Sex. We studied RRS for two compositions of these systems: ZnTep¢Seps and
ZHT60_7SC()_3.

The RRS of indirect zone semiconductors GaP and a-HgS has been studied by various
discrete wavelength lasers and dye lasers. It turned out that if weak resonance in GaP is
going with indirect zone participation, the resonance in the second indirect zone semicon-
ductor cinnabar, a-HgS, is stronger. This fact is seen from the experimental dispersion
curves too. Such experimental fact we explain with the peculiarity of zone structure of
cinnabar. This peculiarity becoming apparent in RRS is the fact of existing weak direct
zone in cinnabar. Thus, we can suppose that in a-HgS RRS occurs with intermediate
mechanism to which besides indirect zone contibutes weak indistinct direct zone too.

RRS of classic direct zone semiconductors, ZnTey7Sep3 and ZnTeg¢Seg4, we studied
with continuously working dye laser. The excitation of dye laser on dye Rodamin 6G oc-
curred with integral radiation of argon laser.

RS spectra of solid solutions ZnTe,7Se( 3 at various wavelength excitation of dye laser
show that after using a certain magnitude of exciting wavelength (E=1.983 eV) in RS
spectrum appears phonon 21O, the intensity of which rises sharply when the exciting
quantum energy approaches to forbidden gap width E=2.135 eV of ZnTe( 7Seo 3. Simulta-
neously the intensities of LO and TO phonons increase sharply. The phonon intensity in-



creases by almost five orders. The analogous spectra were recorded in case of mixed
semiconductor ZnTeg ¢Seg 4.

The comparison of dispersion curves obtained by experimental data and theoretical
calculations show clearly that just as in semiconductors of A’B® type, ZnTe, ZnSe,
CdZnTe, in mixed crystals we have studied, in ZnTey7Sep3 and ZnTey¢Sep4, also RRS
occurs with exciton mechanism.

In Eighth chapter semiconductor surfaces modified by ion implantation are studied by
laser Raman spectroscopy. During implantation the crystal structure is destructing- the de-
fects are formed. Defect formation may be so increased that after a certain critical limit
the crystal changes into very disordered structure. The crystal structure transformation into
disordered state depends on types of implanted ions and implantation conditions. Finally,
the crystal may change into entirely amorphous phase.

Raman scattering is an important physical method with the aim for investigation of
such phase transformations. But the main thing is that during Raman scattering study the
object under investigation is not harmed.

By laser Raman spectroscopy we studied structure changes caused by argon and boron
ions implantation near surfaces (111) of GaP and GaAs.

Analyzing the Raman spectra showing processes of GaP and GaAs implantation with
various doses of various ions we arrived at a conclusion that at various stages of ion im-
plantation the above semiconductors undergo phase transformations. In various intervals
of implantation doses we fixed with Raman spectra crystalline, microcrystalline,
nanocrystalline, amorohous and very disordered structures with partially broken bonds.
Internal mechanical stresses, induced due to increase of volume of elementary cell because
of implantation, are also to be taken into consideration. But this is equivalent to uniaxial
stress effect on the crystal. From one's part this fact causes a little shift of phonon frequen-
cies. A cluster mechanism of the mentioned phase transformation is suggested. Critical
doses of amorphization of GaP and GaAs have been determined.

In the same chapter the questions of laser Raman spectroscopy identification and
analysis of ternary semiconductors, GaAssP.x and GayAl;<As, synthesized near surface
GaAs by phosphorous and aluminum ions implantation are discussed.

The technological conditions of synthesizing by ion implantation have been investi-
gated; dynamical processes of distortion of long range ordering characterizing crystalline
structure due to implantation and the dynamics of crystalline long range ordering recover-
ing as a result of post thermal treatment have been studied; The substrate temperature role
during ion synthesizing has been determined.
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05356-139JHMgd0lL  L3gJd®omydo  bsabgdo Fobozgmgdymos dowsao  Lob-

®993g0op @by hofg@oao
3oblbgoggoom o o3 bmargbol bobgge@lopsbggdo 333gmese ©ogofOmgdy-

‘dodggdolio3gb mmnobols 139J®®gdologsb
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gb®oando 3 dmgsbognos jobmgs®ols gmbmbgbols Lobdomggdo, @mIagdos
3obglobmgdgm gJl3gMmodgbdymsw mmabols s sbmEol Bgddg@s@ydgdby.

gbGoao 3 30bmgo@ols gmbmbgdol Lobdodggdbo mmsbols ©s

Sbm@ol  Bgd3g@od®9dby
Symmetry of | Phonon frequency Phonon frequency
phonons according RS (cm™) according RS (cm™)
T=298"K T=80"K
Ay 44 49
Ay 256 262
TO
E 88 92
LO
TO 105 112
E
LO 147 150
TO 284 291
E
LO 292 301
TO 346 351
E
LO 353 361

53 Ugewgbol 0bm3m@Pgeo dobstggol bgdgaoldogdo
®bggol o@gb@oxgogs30s j0bogs®Do, a-HYS
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3ob, @3 bob. 54b-bg d30580m© hobl Lodygsgrem 0bGgblomdols 3030
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@gdoi  oboboosmgdls  Lgergbol  0bmAm@gyao  Jobodggol  bg®genolidog®
Abggol, 0b@Egds Lgergbols 3mb3gbB®sEool bOwom.

@mEgbo bgegbol 3mb3gbH@s30s 1%-0s, a-HgS momdol aogdigodssmy
bgds AL=632.8 63-0l d0doGm, @53 035Dy d0560TbgdlL, @mI Lgergbols wowo
3m639bH@>30gd0  ofgg3l a-HgS-ob  sg@goygmo  bmbols  Fobogagdsl
30dgemo  Bogmgdolsggh. Lgangbol dgdiggemdol yob®wom a—~HgS aowswols
g g Loddoy g@oli@osado HgSiSex. dgagyeo g@obRseols FomdmJdbolsl
30 40bmgo@ols gobs goswols dgBoiEobods@o@ol, B-HES @sbsdo, Gmdaols
5g3Mdogaao  bmbol Lopasby 14 eV Foaos. sbgmo dgagygeo  3@ob@oaols
5B dogaao  bmbols Logobg g0 dgodwgds Lgergbols 3mbi3gbG®ocools gob-
Apom. h39b of o6 3533 303gdm, Gmd 1% Lgangboli @sds@gdom 9339 SwHOEP0O
oJgb BobY@  godMsJdbol, dog@sd bowos Fomgmo JmpogozsiEools  3obm-
gm0l s>3@dogygano bmbols Logobol dgdiodgds. ymgger dgdmbgggsdo  3obe-
gm0l bomgao Fomgamo g9d0 gosol momJdol dog  ¢g®do.

BO0d>do [32] podmmgmogo oy @mgomgdo @ bgdgmgdo  @bgggoo,
OmEgbsg m@s@mdosh (Oxgog xodgdo gohmgdOmo s@mdo hobsigmwgds dobo
0bMAM3YA0 sGmIom. sbigmn dgdmbgggodo omgagds, @mI 5EMIgdlL dm@ols
dmJdgo dogngdo bogmgdo® ogangds o L3gJd®gdol geoegdols dmsgo®o
35JBmA0s dodomswo Iglg@ol sGmdols s dolo 0bm@M3ol Isbgdl dmmols
Lbgomdbs. dobols gogergbs  aomgomolifobgdgeos  3s@sdgB@om  "dobols  (g-
39J®0" e=1-M'/M, ooz M ool doGomswo dglg@ols s@mdols dobs, begnm
M'-bobogergdygao  0bm@Gm3ols.  mobobdo  [32]0ls, GmEglsi  dgbg@ols
Ibygoygdo s@™Io hobogeregds 9@ ddodg 0bmEM30m s e YoMmymBomo
@0oibgos, 35906 o39LE0gY® s ™m3Gogg® IGmgdl dme@ol [omdmo dbgds
bg@gerolidogdo @bggs. a-HgS-do (M=32) (M=79), e=-147; >dols aodm dgodangds
535L33bom, @md hggbl Bog® @535b-13gJH®gddo sdbgMogo m@o 3oz0 203
s 226 13! LobBodggoby domggnmgbgds o-HgS-do Lgargbol bg@gemolidogd
Gbg3zgol s oM E Godol mOxg@ooe aomeygomgdyge dbgggdl.

bo0bRgOglms omgbo'dbmm, @md dggobfsgergm oo Gomegbmdols a—HgS
dobgMomgdols M535b-139JBMgdo LoJodmggerml sdbsbgmols ©s @odols @g-
gl dobg@omgdo

C

3006950056, @a9qlgmols  bogodmggol  Ggaombowasb.
Lbgoolbbgs Ol s  Lbgopslbgs 30Mgdol og® ogm dm3mggdyeo. od @g-
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300bgdols 3903 gOmo dobgBogols M5dsb-13gJp®do ggd o@dmgshobgm  Ug-
@ 9bols dobomggol bgdganoldog®o @bggs. gl @Abgggdo 390 ogsgoJbodgm
3903 0bg@sFomgaro, 1.06 339 s gy bogyano, 632.8 63 s3bbgdgdom; g.o.
Lgangbol bg@gaoldog®o @bgggdo o@ ©osgoJbods sO3 Mgbmboblygmo oy-
6960056 dognosb @l dgmxzgo Foemol Loa®dobsmgol s O3 ®gbmbob-
Loob osbenml dgmgo Foeols Log@dolomgol dglodsdobow. 53 @gy0mbgdowasb
dm3mggoygmo  gggees dJobg@samol Modsb-13g]d®gdom aoblsbmg®yao ™3 o-
3960 @Bmbmbgdol geslogogsios dggbedsdgds 3b®oado 3 Fo®dmeygboan
byggms gobmgo®ol hggbgya gansbogogoiosl. @si dggbgds d9s sbool @g-
L3gdaogol  godaobgmol  bsowo®gobols  Lodswmesh  dowgdyen  dobg®owls,
d3009 @omEgbmdom  g3]mbs, Bog@sd gmgdemog  yggews o~HES @odob-
139JB®gdds wosxzoJlodgl Lgangbols bgg@oalidogdo dbggol dobslbosmgdgeno
@0 b3gdOosmydo bmao. stgmo LHsGobGogol aodm agobos dgdmpme-
3obmm  gobmgo@ols dobg@oggdol Lodo@mgdol dognosh bmpswo sadsmy@o
009bB0%x0 35300l Jgmmwo Msdsb-3gBOmb m300l sdmygbgdom. opo dwym-
domgmdl  @535b-13gJHMgdom  Lgangbols dobos®ggol bgdganoldog®o @bggols
sg0Jbodgosls b dobo s@sOLgdmdol oslFYMgdsdo. 3ol gogy dga-
30dg00s  godbx germm GMdgeo  sendsmyg@o  Lodsmesb s@ol gl 3obmgs®o,
Ooasboi hggbo gobmdggdol LEsGoLE0Z0L msbobdo o-HgS-do dobosdygg
Lgangbol s@Lgdmds 5b s@sMLYdMds Lodswml dsbolioomgdgao mgolgdss.

oda35Mo, LoJotmggerml sdbobgmols ©s @odol @gyombgdo, Gyglgmols
bogo@mggol Lodoswm, boowsbsi dmdmggdya 30bmgs®ols dobg@oemgddo @odob-
139J®®9dds g9® o@dmaohobgl Lgergbols 0bmIm@ Yo dobsdggol bg®ganols-
dogdo ®bggs, d0go39mgbgm  Lodowmgdl, Lsowsbsi dmimggdyamo  Fomgero
Lobgyy@ols dobg@oggdo 5@ dgo3eg9b Lgergbols Jobomggl. yodaobgmol boo-
5@ 3oboesb  domgdyemo a-HEgS dobgdoamgdo 3o, @mdengddoi hggb ow-
dmgohobgm Lgangbols dobodggol bgdgaoldog®o @bggs, 8035379086900 Lods-
ob, bopsx 96980030 39mema0g@0 300M9d0 sendsm olgmos, O™ oJ
bo@dy@oma@  @sdm@s@m@osdo  Lobmgbodgdyao  gobmgs®o  dgozogh  by-
g 9bols dobodggl.

bob. 53-bg (omdmwygbogos  gobmgo@ols  @sdobols  b3gJ@®mo  dgemoyd-
bgmbols eobg@ol Gogwol Log@dols 632.8 63 (1.96 93) sabbgdom. gmbmbgdols
geoobogogsos  dniggdymos  gbdoando 3 9JL3g®M0dgbGoll 03 30®Mmbyddo,
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Amgbsi  odabbgdo  3356@0L  gbgdyos  gobmgs@ols  s3@dognygano  bmbols
Lowogbyg bogangdos 0.14 gg-om. 53 dgdmbgggsdo sepoao ojgl 9.f. Fobodg-
Dmboblya 30mEgll s sdo@md dobsbosmgdgano Bmbmbgdol 0b@gblomdgdo
do0bz aob@ogos olgmo Foemols Log®dol sabbgdom Jowgdyeo Gmbmbg-
b0l 063 9bLomdgdmsb Jgoodgdom, GMEglsE 5M5g3oms® Mgbmbsbl oMo o3l
saomo. slgmo Lodysagos 0ddbgds 35Tob, GmEglsi gobmgsdols @sdobols
B39d&G0 BogPgdgm YAGNd' @msbgdols @ogmemols Log@dol 106 333 spbbgdom.
1.06 339 (1.17 €V) s3%bgdomn hsfgdogo @sdsob-b3g]BMmgdo mogolygsgos G-
bebsbbymo  9539JHg00Logsh, Gowasbsi YAGINA' @mobgdols odabbgdo jgo6-

Aol gbgdgos mmobol Gg9d3g@s@d sy momddol mexgd bsjamgdos a—HgS
530 dogamo  bmbol Loaobgbyg. @odob-L3gJAMo 3MobEodym  asoblbgoggdsl
o6 230h39690L.

m®o bbgoolbgs Gom@ols Log@dggdols (632.8 63 ws 1.06 33d) ogbbgdom
Lbgergbom  @gao®gdyeo  3obmgo@ol  @odob-13gdd®gbol mmsbol  Fgd3g@os-
AO5bg  hoFg@olols wogsgoJbodgm bg@gaoldogo Gbgzgdbol 0bGgblomdsms
33009 aodemog@gds 632.8 63 oabbgdoliol. @opasbsi bgdgaolidogmo @bggols
boao 226 LI 306y 060gbLombdolss, ©doFMI oo GEMIo@gdols §dm
dobomgols dosbamgbon @smEgbmd®og sbo@obls o@ dmgoygobm. o3 3GM3Y-
@Sl Bogododgdm dbm@mme 9adm  0bdgblog@do 203 LI L3y @smado
bogolsmgol. Lgergboon @gaodgdygeo  3obmgs®ols dobgdogrgdo yggens b
abgboangdo o6 3merog@ol@o@ydgdo ogm. sdoGmd  Smeos@obszogmo s
Lbgs  U3gdd®omygdo  gemdogmgdgdol  gsdm@oigbgol  dobbom, Lgengbols
bg@gaolidog@o @bggol beogmoli 063 96Lomds 203 LI 9sbglobwg@gm  jobe-
35000 doGomoo gmbmbgdols 256 L, 290 LI! ©o 346 1I! GodEMdYdmSb.
Y9930 Foddmwagboamos b@ogndo 4. gogagdols msbsbdo, MmEglsi

agb®ogro 4 30bmgo®To Lgangbols bg@geroldog®o @bggols
063 9bbomdsms BoMmMmds 533bbgdo Fomols
Loa®@dol m@o Lbgowslbgs db0dgbganmdolsmgols

Wavelengths of | Ratio of intensi- | Ratio of intensities | Ratio of intensities
exciting laser A (nm) | ties L03/1290 (a.u.) Lo3/l346 (a.u.)
1203/1256 (a.u.)
632.8 0.067 1.17 0.32
1064 0.038 0.5 0.16
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05356-139JH®gdol  sabbgdsls gofo@dmgdm 6328 6d-0m, GmI@ol GmEmbol
3356@0L  gbgdaos sbhaombos 3obmgo®ol s®sdo@@sdo®mo bmbol gbg@osbmasb
s d9ddbognos  Fobo®gbmbsblyamo 3oMmds,  swyomo o3l bgdgenoldog@o
Abgz0l @omJdol mENgH godamog@dgdols 203 131 LobPodgby.

54 GaP-do @s®odbsbol bg@gaoldog@o s sSgngdobols
e oMo Mbgggdol Ms3s56-L3gJ@Mgdo

bob. 5.5 bohggbgdos GaP-l @odsb-L3gHMo, @megbsi dsbdo  mbggswo
9300oJbools  3OmEgldo  dgygobogros  ssbermgdom  12% o@®odbsbols
dobodggo. U39JBMgdol osabbgdoli gofo@dmgdbwom s@ambols @sbg@ols @ogn-
ol Log@dom, 4880 63. m®0gbBoi3os bogggbols ©s go®obs s@ols (001). >do-
A™I 13gdd®do womdbodgds Ibmerme Go®ol sdsbslbosmgdbgano LO gmbmbo
397 LIl gods LO g3mbmbols, Gmdmols 06@gblomds ©owos, ©s0dboGgds

397

’

274

_/

bob. 5.5  g30@oJlosenyg@o godol GaP:12%As. @y L3gd®o, Gmdgeo

Sbobagl 0bmdm®@gygao Jobodggzol As bgdganolidog® @bggol.
M®0gb@o30s (001). s2bbgds 483.0 69
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V9ot gdom 300y 063gbLomdols L3gJd@smy@o bmao 274 13! LobPodygby.
bgdmon aobbogygmmo mgm@ools s 0dol aodm, @m®3 bygms GaP-do gl 3040
o0 ©o0dboMgds, 00 0353903690 WsM0TSbol 0bmIMOG Yo hobsigergdols
3odm FomdmJdbognr bgdgenolidogd @bggol. LO gmbmbols di3oég Lobdodgeno
Foboigangds bygms GaP-l LO gmbmboliogsb (hggbo aobmdggdom opo dwg-
do@gmdl 402 LI Lobdodgby), godmfggnmos doboGggol oo mbEgbd®o-
Goom, @0l godoi Foghogdoe 9439 33>dst Bg@ggmo  gHobEHsmo s do-
J990gdsl 0fygdl dg@gyeo  3HobEoggdol Rmbmbgdols gmeasdiggol 3Gob-
(3030.

5.6-bg dmygobognos @edob-3g]@B®Mo. @mIganoi osbobogl GaP-U dos@®oisdo

930@oJboomn @ gaodgdygao bydygdo sergdobols dobodggzol gx39J@L. L3gd@®ol
Sbogbbgdo@ aodmygbgdymos dgerovd-3odoygdol gsbg@ol aodmlboggds

4416 63 Fowwol Logy®dom. L3gJd®by wo0dbo@mgds Lodygomm 0b6@gblomdols
3030 398 [ Lobdodgbyg. 0go dgglodsdgds go@ol LO gmbmbols Gbggsb.

LO 398 cm!

LVM 442 cm*! TO

bob. 5.6  g30@odbosgnydo godol GaP:Al @ UL3gd®o, GmIgemoi

sbobogl 0bmIm@ggmo dobodggol Al @omgseny® @bggol.
0®096@s30s (001). sgbbgds A =441.6 63

300y 063 gblbomdol 3ogo 442 13 1-by, GmIgmoz UL3gdd®To bomgsw hobb,
9JL39M03gbBobs s mgm@ools Logydggebg (Bo@®oiol ddodg s@mdo  gogn-
09do hobsigmwgds yudm Ibgdydo seydobol sGmdom) dogelzymgbgom obm-
do@gygeno segdobols dobs@ggol @mgomy® @bggsl. 0po ©s0dboMgds ™m3Fo-
3900 LO ggmbmby@do d@mlL dsJlodsgmygdo Lobdomols bggom. L3gdd®do hobl
TO ¢mbmboli glsdsdolo 3oy 0b@gblomdols 30z0¢.
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55 &9bgdtogo dobg@sggdols @gomas@obls s
590303960l @sbgH o ®5356-139)B®gd0

30bmgo®ols dgdwgy  goa®dgengdm  Lodo®@mggerml dobgdogmgdols gL og-
gols @osbg@yeo @sdob 13gdB®mmlgmdoom s shars dmgmge asbgobogmn
>9M03033963 0, m®30396¢0 As:S; 5 @gomys®o AssSs.
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B POE  043egg9b  bogmoml  bymemgbgdol  bodydgdl:  g@ylizgdl,
bobo@gol, dggemadggan bgebs§g@mgdl, 39dogdl, @g@s dobgdl, ¢s0gxgy®als
> 5.9. o3 dodoOmmnyYgdbol gOAMIOMO @oEgAos mbombol  bgamgbgdols
39bgdo, Omdgol wsbgdPm @sdmASEAMG0sTo dgolfogagl bgamgbgdols
doogoeno Lbgoolbbgs bodydo. o3 ggeggoms dobobos @oswyobmb dgo®agslo
bganmgbgbols bodydgdol dgJdbsdo godmygbgdoya @g@ms Loowydammgdsbo —
Lowgdoggdol, dgenbols dgdowygbermds; @s b0gmog®gdgdols dobobyg o®osb
obobo sdbogdyebo.  sdmhbes, MM gl bogmogMgdgdo dJoMomswsw d¢bg-
d@0g0  d0bg@s@y@o 3033963900 ©s domo  3M3bobsi0gdos.  >YM030ydgb@o
JOMJO00 JMdgoMo s A3M(3ggd gm0 30gdgbBos dygsboysybggdol bgenmg-
bgdols 60dydgddo mJdmlggho g9agools Iglsddbgmsw, jobmgs®o ©s @goa-
3500 30 do@omoswos Fomgeo g9@gdol dgbsdbgans. slgggs dggenmsdgge
90303¢9®  39d09dTdo. gl osEa0bgl @sbg@ Yo Modsb-L3g BB ™ML m300m.
d9696M0g0  dobgdoggdol 30339690l 0gbBogogsiEos  360dgbgemgebos
03Mgmgg  bgeomgbgdols  bodydgdbol  @glBogdocools s 3mblgdgeiools
Lg39@ e Jo.

bob. 5.7-bg dmygobogros hggbl dog@ hofgMomo dobg@omol, sy@odoydgb-
Aol @5356-L39B®M0. 3obmgodol L3gd@@mol glbobgd Ibxgemds bgdmm oym.
y39e0o L3gdd®o hog(gmgm 3geoyd-bgmbols @sbg@ols Gogomols Log@mdols 632,8
63 5 bbgbdoom.

b9b6gd@0g0  dobg@smo @gomas®o Fomgao gg@ols 3@ob@ogos dg@ow

Ao bEOYJGHPO0m. 0o Jmbmgeobyg®os, Ggd®sdmgzgmgmo  gaogdgb-
BoOY@o Yx@goom. §gdGommgsbo Lodgd®ool xaygnos Coum. 3@obEogo spg-
dgaos AssSy dma gz gdom, OMAEgdo  gOmdsbgmmsb  dgzo3dodgdyebo
50056 gob-gM-gos@bol dogngdom. mmbo amgo®ol s@Emdo s mmbo -
®0dbsbols s@Amdo @goaas@ol dmagzyesdo gOmdobgmmsb ws3sgdo@gdyanos
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bob. 5.7 &9bgd@ogo dobg@ogols AsyS3 (bogodmgganml Lodswmsb)
@ L3gd®®o. 3meog@ol@omydo. sgbbgds 632.8 63

3035 gb@dy@o  d3g9d00m s  JIboob  ggo@s@gdl o  BgHMogemgdl  dglo-
b5dobo. @oEasbsi Ggomas®ol gangdgbBo@ygemo xdgeo dgoagds mmnbo
As4Sy dmgogagemobogeb, @mdmgdoi gOmdsbymnmsb ©sgo3d0@gdymbo  sM0sb
3ob-g@-goo@liols dogrgdom, o0po s@ss 3sLybolidygdgero @sdsbols L3gd@@ol
(o®3dmJdboby.  5do@Gmd ybs gobgobogrmo dbmeme AsiSi-ol gHmo dJmeng-
duol  Lodg@@os, @mdgaoi  doggamgbgds Coy Fgd@ogrmgsbo  Lodg@@ools
X398L. X39YBRYO-mgm@og@o sbogroboli boggyydgganbg dogwogs®m Bmbmby-
b0l dgdgy Fomdmoagbodwy:

I'=6A,(R+IR)+4A,(R)+4B(R+IR)+4B,(R+IR) (5.8)

AmamO ;3 (5.8)-0086 hobl, @gomas®ol @odob-L3geMdo Lodgd®ools 3obmbols
0obobdo  sBoygdos 18 gmbmbo. o3 gmbmbgdol gensbogogsios bsgdome
OOg@os, mPbesi 0gmb Lodygsamgds, aobmdggdo hogo@o@mo gody, m@ogb-
B0 gdage 3@0LEASgdby. 3bMogdo 5 dmygsboanos @gomas®ol 0d Bmbmby-
b0l Lobdomggdo, M@ gdo 5JBo®bo s@0sb @sdsbols b3g]@®do.
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