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Gmdagdoz  0mbobozool  Lobmgdowsk  somgargdosh (g,  mogobo
3603gbgmmdomn  msbbgogds h 0mbobszool  gbg@aosl); Ae=¢g —¢g, —
opbbgdols gbgmdgoss, Ry — ®owpdghaol ghmggmo, ag — dm@ol Gowoglo
b/3-Bo, £, — o@doGomagmo J3sbdgto Gogbge; Q, —  sgobydo
BoJBmG0, OmIgmoiz ©sImjogdgmos 0, ©> a; Jdpamdsmgmdgdol
3a0bg@o  dmdghgool  Jgobdu® coibggdby x—  FgmGodmmyg@dmdols
0bpgdlos.  dm@bol  FoobwmgdsTo,  Gmamez sl Mogbgomo
3>3mmgangdoll gogpgdo a30hgg6gdgb, doMomosp (gmogl xsddo -0l
dobggom ggodmggl  Fogc@o x=xmm=‘lo—l, | Tyomdopolgddo s@mdols
Impgmol  Ygdmbgggsdo, @mIgmlsi hggh Fgdpamdo  podmmgmgdolsls
25dmgoyghgdm, mei"(oco,oc,)=l, £,=0. C > o 35MdgBMgools
d60936gemdgdo dmygsbogos dg-20 3b®oaTo [15]. Is—>2p
aopsbgmobsmgol Fyomdopolgdnm sgmddo C = 514, o= 5,62.
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bgod@omyg®o  SEMdolb  ombobsizool  jggmo  dm@bol dosbenmgdsTo
ad3momgengds  353%6g50L  3ggmol  sbogmpog@se, Foa®sd 53 ML
o0 gdgmos  ©ogdsHMmL  oxodgzs mAdodomyto  dmdgbBgdom o
>dmgoMbomo  gangJB@mbol  9bgHangdol  dobgrgom 0bBgydgds. ol
Jgpgaoe ombobozool  gggmol asdmmgms dm@Mbol osbeomgdsBoi 3o
3603gbgemmgbo  MmymEgds gowmg oabbgdol  gggmols.  asdmmgangdo
30RI3 9BROm  Gogeos sbbEgenmo dm@bols dgmmeolsmgol. ®oyo

3Mb6309@ gm0 godmmgargdols  Fgrgagdo  agohggbgdgh, @md  s@mdols
ombobozool 33900l asoblabmgdolomngol  Fgodangds  godmgoygbmm

5m@bols  ombobo@gool  gggmo o  YgIslLfmegdgmo  353Gsgmom

[(u' +1)/u']”2:

5. (€) =(“'+1J o® (12)

ul
Lfm@ge g dgmmpo  ofbs  as8mygbgdgamo  ombobsiool  3g9mols
Aodgamodgdobsl. dob ogl babyg [15]:

o,(€) = naé(?} L(Di(u') (13)

) 20, +1
Y
- u C . E—E;
bk < q) u)= T . '; u = 1
MReG () (u +1) u+Q g

07 5 5306330 3begbom  ombobszool  Ygogaor  FomImJdbogno
ombol Ladmemm Bpgmds®gmdomn, 35306 £ F@owsb ombobsioobsmgols

(m- gdg035mgbBamo  gegdembgdol  @oibgos  dGHgd0)  Q,=m.
Fyomdopoligdg@o sdmdolsmgol Q;=1.C > ¢  35M358G 80 Gogo
6g0@Gogy@o >@™dgdols ombobszool 33gmols 356Lobma@olisl
dnizgdgmos 27-g @b®omTo [15]. Fgomdool s@mdobsmgol Is mbols
00bobsizoobsl C'=93, ¢'=2,5.

5739 8magyogl as®Fydoma ombobsoiool gmgx030gbdol gsdmmgarols
390939%0. 3>3mmngmobol 0mbobszool oxggHgbzosmyg@o  gggmobismgols,
b93mmdmygsboao by genmdols Loy ydggen by, (13) R0@OIYE0S
3°8m30ygbgo.
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Lods®@ogolomgol goLodagdmgmn dojlggam-dmen(3dsbol asboFoagdols
3963000

f(Te)~exp<—fT-—) (14)

AmEglsg Igbdol dsGomgdmol gbgdaos, GmIgmbsg ol gganoliyeb
0909emdl Lf@Msxgom gopsbofommgds Lbgs 8o@oMgdegdl dm@ol, (14)
Fomdmopagbl 3oty dosbemgdst ©s ob 0bFgadsmgdo, Gmdmgdoi (14)
aobsfomgdol  ggbjizosl  Tgosggh,  Ygodemgds  sdmblLbogn 0656
56omobydop.  gargJBGmbamo  ®933g@sd @0l 8osbarmgdsdo A (T,)-
Lomgol, gobbabmg@ol msboblap gmgdgmmdn:

-]

folo,eEplee

A(T)==

w0

[flelole)e

BT, 7L Ly, dx
-1

x-e .
T x T
T /T, e i
itle — X +
(Tej ?

(15)

)
_aBC.

bopsi Ti — d0bo@ggnmo 3g6@®ol omboboool Ggddg@ms@ymss.

(L5) gm@dgmon dmEgdgeo gsdmbabgamgdol asd8mmngmol Jgwgagdo
dmygsboganos bob. L1-bg (I 3G9we0).
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$12 0mbobsgool gargddGmngddonamo dyfs60bdo s
352059359555 g gm0 Fodwgggs [80]

aobgobognmo  bobggampgadGoemo @sdogm  {9d3gMsG ™ gdby, Gmeglsg
ol Jgoogh obgmo  mbmGPmo s  5J3g3@magmo  dobstygggdol
0503309 GomEgbmosl.  edb@gbymgdgmo  gepgdd@gmo  ggerol
>MLYdmdolisl 3bgmo gagd@®mbgdo 9bgMansl 3oMysggb o6 @mbmbgdby
3o0bggolal, o6 dobo@mggol  bgodMomy® (396 goby  sMop@giemo
do0bgggdobol. [16] 659dMmdTo bohggbgdo ofbs, MM oM iggee 30MMdgdT0
gbgmo  gangdBGmbgdol  sMsG oo dodbggs  dobstggol  bgod@omu@
>@MIgdby Bgodmmgds aobpgl gbgdgool @oldsiool Bmogsto o@bo o
>308md Ygodagds goGobml aodygggmo Fganomo asmmgggol 3GmEglido.

53 0Eged oMo oblbs  3bmboamo  gJu3g@adygb@smedo
RoImgoRgdgmads  3oddeggze  gmgddGgme  ggobs  dobadygols
bgodGogmado  SHm3gdol  3mb3gb@MoEosby  [16],  Foa@sd  oyblbgmo
@hgdmps  dobo  Bgd3g@sdggmo  sdmgoEgdgmgds. oG >Gligdmds
03Mgmngg  odsgdogmgpomgdgmmo  sbbbs  gangJBMmasd@omgdmmdol (o)
Eodmgorgogmgoobs dmegdyuro gmglhegmo ggmol Esdedgumdsty (E)
2oMmgggol  Fobs  oMgdo  [17].  Dbgdmmbsdmmgmomo  Ygglisdsdgemdols
>dmlogbgdgmop  bbgopobbgs  538m@gd0  Lomdy®o  Bokg@ols o
EoMGYdomo ombobazool 3OHmMEgLgdol godmggmmggolsl LGy gdmmdobgb
3obofomgdol g9bdiool Lbgopslbgs Labggdoms s gbsdsdolo 3ggmgdols
Ubgoobbgs  Joobamgdgdom.  sdobps  dogbgoogse mgm@oobs  ©s
9Ju3gM0dgbGol  bEgmo  Yglsdsdobmds  3o0biz  gg®  odbs  Boe§gneo.
4ymggmogg  bgdmmbomJgodol  sbomobopsb  odmdpoboty  Fgodangds
o35 3gbom, “md >l gdmdl 30093 JOm0, Bg93gaoHgtom
356Lob@gAgmo abs 0mbobsz00lsggh. gg@Mdme: 3bgmo  gengdBHmbydolb
SASEMYJoEo  3adbggs  Bobatggol  bgo@Momy®  (396@Mgdby, o0
43565L3bgmms  53bbgdom, goM3339me  30MH™d3030 Fgodangds  gobgl
I9bBol msgolygsmo ds@stgdemgdol jmbi3gbGMsGool el s@bo.

[80] 65T@mmdTo Tgdmmsgobgdgm @o yodmygmrgym odbs Bobo@ggols
bgo@@omamo sGmdgdols omboboizool sbogmo  3m3dobsizoydo  83dsbobdo:
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3bgeo 920 9JH™bgdols 5>M3M ] o00 3506g3900Lsb dobo®ygols
bgo@@omado  s@HMIgdo  swoabbgdosh. gmg]@®mmbgdo 58 5abbgdyena
dogmds@dgmdowsb  gmbmbgdoll  JmsbmJdol  89Tggmbdom  Bgodangds
23005300696  2083>Mgdmmdol bmbsBo. 58 8gJobobIL  ombobszoob
g gldOmmg@dogmo  (go)  39Jobobdo  gFmes.  88sgg  653G™ITo
aodmmgmogn  0dbs  ombobsigool 90 33do60bdol  FgLsdodolo
3M9980309600 ©> @oagbogr o0dbs  3oMmdgdo, @mImol  FgLEgmgdols
eOmbsg  domomngdygmo  39Jobobdo  Ygodangds  obrgl  mIobodmgdswo
0mbobogool  3Gm3gbgdl  dméob.  godmmgangdo  Bos@adgdmme  ogbs

g addGmbgmo  3983g0sd9@0l  (Te) Josbermgdsdo. omboboiool go
dgJobobdols adomgagolifobgdom 3>dmmgemogm 0J6s 203 ®3930
agdd@gmo  ggawob  FboBgbgmrmdgdo  @s  gEgdHHmysdHotgdmmds
3°Mmggg0L  Fobs 5M9To. mym@ogmo ©s gJu3gmedgbdmo  Fgogagdols
35030 0obbgpgbs agodmgal Ladsdl gogodemm, @m8 ombobsgool go
dgdobobdo poMyggnm 30MHMgdTo bodpgomom Sl gdl d60Tgbgermgsh
Gl bobggomasd@emgddo dodpobomyg j0bgGogn® 3Gm3gLgdTo.

Aeam®3  §L1-3o ogbs S@boBbgao, omboboigoobs s sybbgdol
3899300l godmmgmoblisls dmebol dgmmeo oy VgdmbggggdTo agodenggls
dmds@gdger  gregagol  gdu3gmedgbgmsb  Bymomgdom. @mzs  gbgmo
9 gdHmbgdols  gbgdgos, o6 Agbdol  B9d3g@msdgds  (T) Ge(Si)-bomgols
bogmgdos 100°K (400°K)-bg, sojgomgdgamos 33900900L bm@ddodgds. sJgrosb
3odmdabady, 9o (A7) > M Gydomo 0mboboiool (Ap
3M9803096@ gd0bsmgols 30496900 >3 bbgdols > 0mbobszools
bm@domgdgm 339090 [15]. [18]  658MmITo  Bowydygmros  Jgmmbygmo
dobodgggemo  (3960@0b  53bbgdymo  Jpamds@gmdol wmyg@dogmo
ombobsgool  semdsomds.  [15] o> [18] dOmdgdol  gogygdol
aomgomobfobgdom s  0mbobszool  mgx03096G0L asdmmgaols
300630301 mobobdo,  Apr-bsmgol  garg]@@mbygmo $ 933958 c0b
doobamgdsdo dogomgdm Fgdegy godmlabemgdsl:
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AET — S_RIFL.Caé . &. L M(l.{.&)exp(_g)x
V" m kT \T ) 26,41 U T T

L. 1+ x-rl-:l—'fi)”2 x exp(—x)dx (16)
X J- ,}
Tex /Te —x+¢-1

EX

T1-80bodggaemo  396@®ol  dodomowo dpamdsmgmdol ombobsiool
B99390sH @, T2-53Bbgdegemo 8 mIsGgmdols 0mbobsiools
993900890, Ty =T, =T, —o3bbgdol §gd3g@s@yde.

ao8mmgmadol  Ygogagdo  dmggsbomos  Bob.ll-by A (T.)
©odmowgdamgdol Lobon  (Ge-Lsmgob). I 3¢9m0 spgdemos T=42°K-
boomgol, bmge I — T=10°K-boogol. I ws I 3@Guwgd0l Bgeomgdowsh
hobl, Gm3 @Gs3g 9uem owos dgbGol Bg33g@sdag@ms T, dom 9ueam
godmgs Teli ol @y, GmIgemBoz g 89ds60b30 ombobszool sBEYdom
87156030056 Bgros@agdom skl 3568bsbegHamo.

9308d0bsi309m0  30bgdoz0l AbGM@gdol s3mbbbs LEsEomMbam
dpamdomgmdsdo,  ombobsgool go  dgJobobdol pomgomolifobgdom,

nsgobyggsmo g gd@®mmbgdols 3mbigb@Mainolismgols ygodanggls:

_b+4b>+4A (N, ~N,)-a
- 2a (1.7)

n

b=(A1 +AET)(ND _NA)_AT ~B;-N,

(18)
a=B,+A, +A,

INCYES {

5] At > Br Lomdydo ombobsgoobs s Lomdyg®o Bogg@ol
3M9803096@ 9005 Ygbsdsdobow.

A o Apr (oM3moagbgb Tl bOpoe gubliogdl. (1.7)-psb Asbl,
@md 33003 Te-gdobomgol - b<0, bogrem Te-l bApom, b oggamols bodsbl —
b>0. 5308®3 n-ob 3603gbgemdgdbo b<O o bB>0-Lol  gHMISbgmnoliyob
dan0g@ 3oblbgogmgds.

(1.7)-56 gogdymmmdn:

. d(N, -N,)
'UONL(A4p+0)-Ny(1+4)°

b<0 - Lol (L9)
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_(1+4N, -N, (1+p+?)
- (1+p+4)

: b>0 - Lol (110)

A B
Vg Bob 60Qdgbgdo: d=—L, =—L, (=
JIm@obognas seabo'dgbgdo A, p A, A,

g0bsoEsb  m > m-ol  bopowggdo dmrogdoe  3sblbgagogdosb
960 35bgmolysh, Bobodmggymo aodmgggol doMmdsw somgds b=0. b
>0060dbml, ®md 53 Ygdmbgggsdo doboMgggmo  go@dmgggol  3GmzgLo
LHo@gombadgmos. 580l Bgbobgd  0fymdobgdmpbgb  [19]  F@mdols
>3EMAgdoG3.

(19) s (110) geadygmgdol sbogmoboo  golggbom, @md g
39d560b30l  gomgoeolifobgdsls doggsgoto mogolbygsmo  gmgdG@mbgdols
dMb63g6EM@>3ool (M) bAEslmsb aommgggol Fobs oM980 ©s> Te-l od
360336germdgdol  Fgd30Mgdalosh,  Gmdmol E@mbs3 N ool
boxg@mdaby (ny)

363 @Yo godmmgmgdo 40h3969096, HMI GmEgbsiz TST-by s
Ny -N, 210°18%, A;<<(A, +AL)YN,-N,), 5808m3 b=0 3o6hmds
d3>de gL

A+A; K
B, 1-K

(L11)

>] K~ 608930l 3md3gbbozool badabboo.

(L11) aob@memgds Apr=0-Uol 0mobbgpgds dobosdggaao aodmggaol
Gbmdogn 30Mmmdsl [20] (L11)-0L sbsgobopsb hsbl, @md ombobaigool gom
39J560%3L Bggderos Ygagemml 3sddmmggzo ggerol Lowowg (Epr), Gmas
Agt>A] bob.lll- o6 Bobl, Gm3 gl 3o@mds LEYmEgds Lybdo ggmgdols
>  dopsmo  §gd3g@odgMgdol  5M9T0. Mmam@i3  3bmdomos, Lybo
39e9d0lol  aoMmgggs  ©sodbodgds  dzodg jmd3gblagools  bodolbol
6039390B0. >doBm3 ombobszool 3 Igdobobdol  sALYOIMSS  yogagbols
Imobegbl 353Mmgggo ggmol Lopowpgby Fbmmme 0d b0d9dgddo, Lopss

K 30695 ©s M53 YPO™ 330095 K, 3om d9@omp 8(30&);9(]?)0 253003930

39500l Lowogy. ‘%/L\:’ﬂ\, S
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35MEs 530bs, 253tmggzo ggmol Lowopg G9d3g@ms@dydols dobgrogom
Fgodargds ggomm Fbmmme 0mbobszool g dgsbobdol LoBygsmgdom,

30650056 BT  (o®3mopagbl  §933505@ gm0l dobgogomn  bgams  (33emoE

B96Josl.  580dm3  podtmggge  ggmol  Fgdodgds  §gd3g@sda@ols
dobgegon ©s3bg@mom 9bws 0dbsl 3s@ods 3md3gbboool badobbol 3jmby
603489330 ©s Joo YROM Jawogd, M3 YROM Jomsmos T.
bgdmngdgmol  aomgomalifobgdbom  Bgodmgds  goggm@gl  @slggbs:
gmem@-533gMgeo  dosbobosmygdamgdolbs @ godmgggol  3@mzgLgdob
3odm 33 gg0Lsls 59(3080 939005 0mbobozools 9o d93560%30ls
3omgo@olifobgds, GmImol @mmoi Hgd3g@sdgeol bEEsLmsh gohmswe

deno gt gds.



10‘5 E T T LA | E
108 | 1
, 3
0°F W %
108k 5
a = 1
10°% 3
ook .g
10"k 1
1012 -:
1013 / "
10k 3
o5k 1
ek -
10"k -
10—18 L raal 1 1 AT |
10 100
Te
bob. 1.1

0mbobszooll  oM@ydomo ©s  gmgJ@Hmmgmdogmo
3980G0gbGgo0l  eslmgorgogmyds gy mbyw
$9839M5§9@oby.

I - A(Te); 11— As(Te), T=4,2°K;

11 ~ A31(Te), T=10°K
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§ 13 bgemo gangidombydol Bsggmol sbogno
JM830bscz000 (RomBgdomn-mgmdonana) dgisbobdol

dabobgd bobggomgodBomygddo [81,82]

[81] 658®m3Bo hggbl dogd Bgdmmsgobgdgmo odbs Ggim3dobsiools
sbogno  gmddobsioyg®do  dydobobdo,  @mImols  g39m03 go@ gy
300mdgdTo  bpgds  dgdo  @gdlol  aogsbdydo  hsdgMmo  396@@gdol
33900mob  grootgdom. o3 39dobobdol gobogydo sBMo  Fgdpgabso@se
Tgodargds  hodmyogmodegl  [81:  dobostgzol  bgoG®smado  s@mIgdols
>Mlgdmdolal, @bgmo gmgdd®mbo, asbogeol @G> domby sESEAg @
300bg3ol, 3oMaogh 9bgdaosl o3 (3968900l 53bbgdsby 1s—2p-To, bmenm
ngommb  hsodoMgds opgdom  (396@MDbY. Bomgmos, MMI  sAM Y oL0
3506935 5Mbgdomo  Somgdls g gddMmbols hakg®ol Fomomsabbgdmen
©mbgbyg, bmarm doMomo doymdsmgmdsTdo gowsbgms bm@oganwgds
3obgoag®o 35dobobdom.

5399300, 335]J3b B0botgggmo bobggomysd@omo Np pmbm@mgdols s
Na  9J3g3@mHgool  3mb3gbHMs@Eoom. 35Bob opgdomor  @odynbdHyeo
3963 ® 930l 3mb3gbdMsgos N, =N, +n, bogme bjod@sma®o s@mdgdob
3M63gb®®s3os Ny =N, =N, -n. 5] n - osgobggemo g gd@@mbydols
3Mb63gbHHSE0sS odBoMgdmmdols bmbsTo.

bomgmos,  @md  bgod@omado  (3360@gd0lL  oabbgds  1S—2p-To
Vgdmoom dbmeme 03 gang]G@mbgdl, GmIgmms gbgtaosz €2 As. o]
Ae - 53bbgdols gbgdgoss. 0ddganbyd LogMgdo, b3gde®ol gds®dBogglo
dmgmol 9gdmbgggodo gl ols gangd@®mbgdos, @mdmgdoi 0dYmegdosb

Ap=+2mAe  Gopoalol Lgytml  3oGgm.  gmadd®mbgdo, GmImgddac
356035l sMoMgiomo 235693, S@ImAbogdosh 03 3s@sMs  LggHmls
Bogbom, GmImol @spoylos (p—Ap). 8 gwgd®G™bgdl Bgmdmosm: 1)
335boEAggoo  3odbgzs T, ©Mmol obdogmmmdsTo o Aodmlgms o3

bggthmesb;  2)  sShfsmgds E g 9JdB e ggerdo TE=AEp" ®Mol
e

3o635ge0mdsTo s Ap 03d39mlol obgg gdgbs; 3) 04sbyb hodgdommbo T,
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AMmol  356d5gmmdsTdo N, do8bogsgo (3960Mgdol Bogd. gang@dGomo
ggmol, (3g60®gdolb N, s Ny 3mb3gbdeszogdol s  dgbmol
$993goG Mol 353399800 d60836gemmdgdolismgols Bgoda gds
b gmegl IgBrgye YHMmmmdgdo:

T, <T,, Tg (112)

o0 gHmemdgdols  Ygbtgmgdobsl, gargJd®mbgdo, GmameaE 4o
dmbgogdosh 3oGods Lygdml Yogbom, 35Tobgg 0J6gd0sb hokg@oemo N,
3960®gddbg T, ©AMOlL 3ob3zommdsdo, obg, MM gg® dmolifMmgdgb ggd
33oboE@ggo  addbggel s ggMm3 ggmTo  ohJomgdsl  Lafyol
dam3omgmdsdwey.

do>Bolosdy, (1.12) 30Mmdgdols LA gdolsls 3bgmo
9 9JB®mbgdol omomgdygmo GmPgmo SMIPMYGoo  godbggs (ghgegools
Es35Mags o  d5Tobgg  hAodgds)  Dgodawgds  gobgobogrmen  Gmameg
9omosbo,  Ygagbogo  3OmEglo. 53 Fgdmbggzedo  gangJ@@mbols
Logm@baol e® Bokg@ol 3m3dobsiogmo 3GmEglol dodsdo Tgodangds
Fomdmgopaobmm AmameiE xsdo dsbosbosmgdgmo @mgdols: 1s—2p-To
oabbgdols o AokgmMolo:

T =T+ 7T, (1.13)

5] Tp-m0 Sebadbymos Logmabmol @M 3mddobszogmo haggdol
dododm, Gmdganlsi  Fgdrpamddo  dmgobligbogdem  Gmgmai  Asdgdols
Es®@ydom-mg@dogan  dgdobobdl. T, @S  T,-000 g0 o@boTbymos
oM EYIom-0g@doygmo dg9Jdo>b0bdols ‘B3935 9bgemo e 9dgb@ oG ano
30m3gLgdol obsloomgdgmo MMgdo, gbsdodolop - s3bbgdols s
hokg@ob.

(L13) odmgogdamgdowsb 2s3mdpobadyg, o9 gaogomgseobfobgdm
dobobosmgdgmo  E@Mgdol  3ogTo@dL  Fgbodsdol  sEdsnmdgdmsh,
4M3d0653079M0 (m) Bodg@ol serdsmmdobsmgol dogomgdm:

W W. (114
W, +W,

Losz 0bpgdbos sbMo dgbs@hqbgdgmos.
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a6 (L14)-056  BSBL, (L13)  306Mmds  ag5dmggl  oygobogn
>mdsmmdsl  3mBdobsiog@o 3@mzgbobasmgol: ol 9xuGm 33oMgs, gopdy
dobo  Bgdomagbgmo  gommggamo  gmgdghdedgmo  3@mgbgdol
>endommdgdo. gl BJHo Fobogydo bsglgdoom asbisygdos.

EOmol gAngge o gagJ@Ombol sMosEMglo@o 356bggol sadsmmds
bgo@@sma®  (396¢MDg, Gmdmol ML  gmgdd®mbo  dopspol &
969400l dJmby dpaMdamgmdopsb (e—Ag) 9694000 dJmby
dpamds®gmdsTo, bmem dobstggol bgod@omado 336®o 1s ob 2p
doamdo@gmdsdo, Gmaos:

W, = N,0,()u(e) (1.15)
2 %
— 2 Ry . _8_1 2 .mein (ao,al).
bos(3 G, = naB(—AgJ [80) TR ®(u) (116)

FoMm3mopagbl bgodMsmn® (336fMb sMoEMgioo 3o5dbgz0L 33gmb
(ob. §LI), v(e) — gargdBGM®EOl LobJscrgs.

(e-4e)  gbgeipool  3Jmby  gamgddGmbol  Eomgdom  3gbHGDY
3obgoEnG0 Bodghol smdsmmds Fgodwgds Bsfgdom 0fbsl obggg (L15)

Lobom:
W, =N,o, (e - As)u(e - Ae) (1.17)
Looi [} osbobdop

o)=L 2 )3(1—exp(—5/—y—§§°—)] (L18)

2 2%K,T
é_msz’ 'Y_msl’

S- 3900l LobJsdgs bobggatasd@e®do, o, -

430b dobodogg@o gbgMgos, o, - 33g9mob 2o6Bmdoangdols 8mbgy Lowowg,

m — gagJ@®mbol 989JG9®0 dsbe.
(L15)-0bs o (L17)-0L gomgomolifobgdom (1.14) mgdnmmdl Lobyl:

NOU(S)GO (8)N+U(8 — A8)0+ (8 — AS)
Wi = N o). E)+ N oe—rel, e—ag) )

3563LobEgBmm  obaws o hoZg@ol 3GmEgLol  ©oxg@MYbiosmymo

1989d09%0  gggmo  (119)  godmbobymgdols  godmygbgdom. Gmame3 o3
3odmbobymgdoesb  HsblL, W, 3@m3méagogmos NN, -653Gsgemols.
semdommdols o Yglbodsdolo  ogghgbizosmg®o  jggmol  bmyswpo
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3°390M0E5b 3°dmM3pobamy, Wi -bs ©> N,N, -l Yodol
36M3m@O30g@mdol gbs@hbgdom s 2obbmdoagdol domgomoblifobgdom
Tgoden gds o537 gOM”, G™I:

= o (epole )N I\*I (120)

(119) o (120) as3mlobyangdgdol  godmygbgdom, Gogmo oo
hokg@ol  dgJobobdol  9g8gdBaMe ©oxggmgbiosmgde  jggmobomgols
32909 md0:

(8)0' (8 As) l——

onle)= 121)
(1-K)o,(e)+K 1—?c+(e — Ag)

N, >>n- bsb. o] K=% - b0d9Bol 3md3gblozool boMoliboo.

D

@egemai3  (121)-sb  Asbl, 3mddobsizoygdo  3GmEgbol  ogg@gb-
(305 M0 4339m0 ©>3MJogdgmos bodyndol 3md3gblisiool bodolbby s
nsgobyggsmo  gangdd@mbols s s3bbgdol  96g@Ma00l  msbosgsHomdaby.
a56gobogman 3gMdem Ygdmnbgggado:

[ K<<1l. g-Is @> Ae-bU JmAol bgdoldogMo msbsgodmmdolsl,
(12D)-0b  360TgbgenBo  Tgodamgds g gdgmymxzom  odbgl  dgmey
Ygbogmgdo. dogomgdo:

Ag

0’+(8—A8) 1——;:— Ac
o(e)= %) ~o, (s - Ae) l-— 21y

5) €>>Ag-bsl

o(e)=o,(e-As) (121 3)
d) €2 Ae-Lol 6, 3mozgds (121 o) aodmlsbyangdom.
II. K<1
5 &>> As-bsl o, (e)=o,(e) (121 p)
3) £2Ae-bob 0,(e)-Lomgol Boopgds obgg (121 3) o8mlobrymgds.

gl 535330050 9mos 0dobmsb, @M3 obbomygm Fgdmbgggedo (121)
a5dmbobyyargdols 360T9gbgeBo  Yglog@mgodgdo Bgosggh gomo @S 0p039
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®030Lb  Lodizodol 3Jmby Lowowggdl (1-K)-bs o 1fl—é—g—-b, dop®od
>

o, (e—Ae)-L 5J3b dyg9mc0 35Jbodg80 €2 Ae-Lsl (ob. (1.18)).

12 bobobdy  Foddmppgbomos  o(e)/o,(e)  0sbsgotpmdals
9696390049800 ©sdmopgdgmgds  (ob.  (L18) s  (121))  603yTob
3M3396Lsz00L  Lbgowobbgs bodolbol ©@mL. @mam@a3 dmbsgmebgemo
ogm,  gm33gbLszools  bodolbol  3s@ods  3bnTgbgmmmdgdolal  (1,2,3-
3¢pgd0), BoxgMol o 33Js60%ol  gggmo gobolsbmg@gds o, (e—Ac)
©33m joEgdgmgdbomn ©> FoMamopygbl Aobakg@mo gergd@®mbol gbgmyools
ggose  g9bjaost. 3md3gbLoiool ba®olbol bHwomn (4,56- dGypgdo)

orle) ©o8moEgdymadsTo Lym 9gem gOHGImo brgds oBg, Laps
2o63Lsbmgdgamos a,(€) (399930l bAspo bafomo). '



Oir (8)/G+(8) I‘

1000 | :
. .
100 -
o 5 5
4 i
\ 3\:
~ 2
\
1
1 2
clAeg
bob. 1. 2

o(e)/o,.(e) wsbsgotpmdols
©>3m gogd g gde.

663950820

25
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§ 14 o 3gfs60bdol dmfdgmgdol s@ggdo dobsdggol
6905 G5 adG0o (3963Hg30bs Ny @ gmddgblbsiool bs@olbbol
(K) Lbbgowslbbgs dbodzbgarmdgdobsmyol.

303mgmm  300mdgd0, GOmIgmms  YgbOymgdol  @mbsg  (L12)
a5bGmmagdsms  LolGgds Lododommosbo bpgds. 3JoMgger  @oado  9bos
2505379308mo  Lsgombo a0bsFomgdol g9bjzool Lobol Jgbobgd. hggbo
259mygmgaol  Logobl  Fomdmopagbgb 6039dgd0, @mdmgdToig  Igb@ol
358otgdangdol  gbgdgool S3qbBogn® Rmbmbgdby godbgggdmsb  gHhmow
0b@gbbogdo  80dobs®mgmdls  Bobstggol  bgoddomad (368G dby
963300l a53bg30L  3MmEgLgdoE.  godEs  sdobs,  Amam®OG 9439
omgbodbgm § 13 — Do, hHggbl dogd Fgdmmnsgobgdgeno  hokgdols oo
dgdobobdo  sxsMmmmgdl  msgolo  EmIoboMgdsmdol  osmglh  bodydols
4M3396L5300L badobbob bAEsbmsb ghmoE. sdo@md gbps golo®ygdmmm
a56sFoamgdol g96jiool obgmo bmpswo bobom, Gmdgandoi dobsmggols
bgo@@omy®  (3960Mgdby  3odbg390mab ghmoe  domgomolfobgdygwmo
06955 0mbygd 336@®3dbg 353693503

bgdmnJdgmoesh  aodmdpobodyg,  gloMagommdo  pobofogngdols
396J300b 03 bmgowo bobom, Gmdgmoi [21] b53MMdBos Fo®Impagbogmo:

f(f))=f0(e)+é-f,(s) (122)
p

09 3ogomgsgolfobgdm Fbmmme Impgdamo gangdd@gmo ggerol
dmJdggdsl, doabodygdo ggwrol gomydy (ﬁzO), f,(€)-obs o f(e)-
obamgols dogomgdo:

f,(x)= exp{— jd—x} . (123)

1+E%0(x)
f,=—e o ¢ (124)
€
e?0(x)4(x)

€
, X=——. b98mobhsdo®9dnerao db o0l
3(k0T)2X K, T d Homgogm X

Logos o(x)

Loggdgamby:
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1 1 1 e 4%

@(x)=—E—2 . —=——"N_%  (]25)
o Jrafn 1
0 x

; B2 3(k,T)
2% > £5 - 0839mlol dobgwgon mogolygom asbs@dgbms Logddggdols
903JHMmbol  gbgMgoologsb  s8mygoegdgmo  bofoggdos  dobsmggol
bgodGomam 3960Mgdls s 0mbgdby 3odbgggoolol (£ o £;) [22] 73 -
9696300l Bobgogom  mogolggsma  dobsMdgbol  Lop@dgs, @mIgeog
0mgsamobfobgdl Fbmamme Iglidol s39LGosam Gbgggddyg 3o86935L.

59 o0boBgbgodo psbsfomgdol gubjiool Lodgd®ogmo bsfomo
0gdnermdl Lobgb:

f,(x) = exp; L (126)

3M63098 9o godmmgmgdol Rsbs@omgdmmop gbowsp hogfgtmm
00 T ©AMdol  godmlabyrgdgdo, GOmdmgdoz (112)  asbGmegdoms

LobEgdsBo Ygeob. N, B0dbowsg 3gbd®dy g g®@mbols Bokgdob @M -
T., 30b5@g30L bgoG@omad >HmIby aodbg30L Fgdpgy Imo3gds HMAMM3:

1

¢ N, (o(e - Ae)-v, (e - Ae)) (127)

T

9438065300 LoBJodol olsTgogmgds (GU) hogo@otmn (1.26)
25bsFoagdol g96jzoom, slidgmo 53m3sbol 30Mmmdgdols dgladsdolse:

?G(X — Ax)-v(x — Ax)- Jx - £, (x )dx
(o(x - Ax)- v(x — Ax)) = & (128)

oj&-fo(x)dx

Mo Tgabgds T > T, bLopopggdl, @mImgéoz  (112)
256@mmgdsms  LobFgdol Bsdxggbs boFoaTo  s@osh  Immaglgdegeno,
domngol ggodgl :
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T, = JZAXm(kOT), T = Tthp (_5(_)._1/2

= 129
) ac 2\/§m5/2 ~E:(koT)”2 ( )

sm3obob  gFy30H0  adogogamo  pboo.  gagddGgmo  gymgdol
Lobmgmgdo, Gmdagdbobmgolis (1.12) 3obGmm gdsms Lolidgds

Byl gds©0 ((E,)J(q Qo(Ez)Jﬁ), dmobobgds  GmameE T, © T

dO9gdols  aoEogggomol  TydBomgdo, gobsowsb T <T,.  gBmEmds
LOgmEgds ggmob 3gmomgdols 4uGM FosMmm 5930, gop®y T, <T; (ob.
bob. 1.3).

K-bs @ No-ob ggmogngdon (E,), ws (E,) ,-ob 36036gmmdgdo
d3ggmdoe  03gmgdosh. 14 s 15 bobabgdby  dmygobogmos  (112)
3ob@magdsms LolGgdol >dmblLbol s@gg960 N()=5-10Mcm'3 ©> No=5-10"cm™
~bomgol.

14 > 15 bobobgool dmbs3gdgdby woy@ebmdom  Fgodangds
35390©9b ©sbygbs: K-bs s Ne-ob bdwon (L12) g@memdoms LobBgdol
Bgbobogmgdeoe  Logodms  gmaddGgmo  ggaol bLgm  9g6Ge  oro
db0dgbgmmdgdo. gl o@Bds  ologgo®o,  gobsowsb Mo 9ne™
0b®gblog@Mos  gbgdgools  godbggol  3GmEglgdo  Bobstggzol ombyd  ©s
bgod@omgt  39bG@obY,  gryddBgme  gool oo ge@m  Jsgomo
360Tgbganmdgdos bokodm gagd@dmbms LoBgomm gbgdaool s 33970
Loopols dolopfggoe ©s doBobowsdg, 03 bpgdgmo As  gbgHaools
dolow§ggoma(s, M3 599(30e0 gd g0 969400b 3065300
SM5Mgso0  3Mm3glgdol  aoblsbmAogmgdemsp. g.0. ggmol bEom
HYmdl  0d  gmgddHmbms  @oibgo, @MImgddsi o etygl  Ae

369005 s Tggoebgb <G(8—-A8)U(8—As)> 3o bodgommydsdo.
b3dmmdmyggoboano by gemdoesb go8m3obodgmdl: K —lis s Np-
ol boOgon  G93m83065300L  BoJbodsma@o  Lobdedg  ((ov))  BoomFggs
390l 9anGm ©ow 3603365mmdgdby. sbgmo gobogmdo LaGsmo stols
30bgbo 080ls, G 1. (E) modngopgdagmgdol 30608480 asmssmpommyds

oo gmgidGgmo gamgdol dbodgl



T, Sec

te10 ©

110

1910

9

110

1910

1910

1’10

110

10 (Ey 10 (Ex)wp 10°
E, V/icm

65b. 1.3

o (@@, 1), = (@0. 2) > T (30. 3) Logmgbeol
baby®dmogmdoms msbogs@pmds Ny=5- 10" 1,83 > K=0,5
3505d9HMgdol 3Jmby bodydolomgab.



7, Sec

1010 7

1o10 8

te10 ?

E, V/cm

bob. 1.4

e (@@ 1) s 7 (@34, 2, 3, 4) Logmgbaol
bobp@dmogmdgdo  No=5- 10" 183 3mbigbEHaGoob
dJmby  60dyTolomgoals, 3™M33gbLozools  bamolbbols
Lbgoalbgs d608369emmdgdby:

d@. 2 - K=0,1; d@. 3 - K=0,5; 3d&. 4 - K=0,9;



T, SEC
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E, V/cm

bob. 1.5

7 (3. 1) oo 7. (8. 2, 3, 4) Logmabarol boby@damogmdgdn
No=5- 10" 133 jmbggb@@sgool  3Jmby  6odgdolsmgal,
3M33gbLsiool bamobbols Lbgowslibgs 8608369amd9aby:

d@. 2 — K=0,1; d@. 3 - K=0,5; 8&. 4 - K=0,9;
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mogo 1T
dnbBol dsBo@gdangdol bsggms aobdbowsg yaerebnd
GIbGAg3 by

§ 2.1 godgmaomse ©sdgbdam 9660939 JeglBGmbgdol
Bogg@ol j39m0b 3sb6bs bmgds dmbb-3@ 795060l dobgmgom.

OMaMA3 9439 >mgbodbgm, 09 dgdnbgg399do, d9b@ol
358oMgdmagdols  >Moa5dmlboggdomo  hokgdol  3@m@Eglo  Bobsmggymn
3960%gddy bmAGogmegds g §. gmbmbyco dgJsbobdgdom: Igb@ols
doBoMgdangdols  9bgMaos  9Tgomme  gosogigds  dgldols @bgggal (3
d9do60%8ms  Jodmbongsl  Fgodemgds gog393bmom  [30]  65TF@m™3To).
dm3odpsdo®mg  60Bboon  ©sIYbBmo  mbgmo  ©mbggdol  IgBmbgggsTo
mmgdlols golgseygdo mgm@os [11] odgnggs Bmgangbol 85 3doymayoam gdqe
Sblbsol. Jgomgdom mMds (396GMgdol Bgdmbgggsdo gobgoy®o mgm@ools
2odmygbgbol  3oMmdgdo brgds bLsgdome 33s3®o s dolo gogagdols
9JU3g0396@mo6  mobbgoghs 9odgbrgds. dmenml,  bgo@@omymo
(3960®gdols @ dom 9dgdgl, gOmbobgems 60Bbom EodgbG g Hadkgeo
(396@Mgd0l  BgdmbgggsoTdo  golbgoyg®d  mgm@osl  Lsghmme st ofgl
35dmygbgdol  Lobmgdgdo [31].  Bgbodsdolop, Gmbmbydo  839ds60bdols
ho®hmgd3o @hgdo Bgboden gdarmds dbmeme J3o6@ o
0535 ambmbosbo >Moy5dmlboggdsmo aopsligangdols.

dIgbBol  FoBoMgdmgdol  hodgdolal  gobdbosg  (396GMgdby
3568Lobmgiga B JBmAlL  FodBmopagbl  gummbydo  ds@mogdols
aopomabgs. 256dbopago (3360®gd0 b/a-gdTo — glss hggnemgd@ogo @@
(9b@Mgdo, 6ol gbgdaoom, @MIgeroi S@Lgdomsr  s@gds@gds  dmeal
9469605b. sbgm  3g6@®gdby  hokg@molol BynbHob Bo@Gomgdgemds ¢bws
©335MamL gbg@mans, MmIgmoig ddol gbgMaool Gmeno 35063 0bgds.  m9
gL 96gMa0s  dgbgdl  popsg(39ds, 85T0b @o3sMsgos  BMogemRmbmbosb
3oobgmgdbg.  ogudgom, (396H®o  bolosmpgds hoggdols  @spoboon,
GmdgmoE  3obbobpgsgl 3gbdmol as®Tgdm  sdgl,  @MIgeTog
dmbggodol Fgdegy d3y9m dpamdstgmdsdo gopslgms Tglsdangdgmos.
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o9 gl Gowogbo  dggtise  bogmgdos  dm@ol  Mowoglby,  hoggdo
JMbEOM@oMEgds Jammby®o dsMog@ol opomabgol sygEomgdmmdon.
Bokgtol sbgmo dmegmo Jgdmygomsgsbs  dmbh-3dggg0hds (1958, 1959),
Amdgedsi pgohgghs, Mm3 Godog® Bgdmbggggddo gangd@@mbols BgmFygs
BodgBHol 5330 bpgds ggododgmo asbgamol abom [38, 39]. Ygbodsdolo
0 gm0l 5093350 O™ hokg@ol A gogEy® 300695056
©93mb6LHOM e 0dbs @oy FO™IgdTo [40, 41, 42]. powygboa ofby,
@md 29085609330 @®ds, gobdbowsy (336®YOby  hoggMmol  jggmgdols
36033bgemmdgdo  BoHymmdgh  gmgJ@@mbgdol  gbgdaool  bAEslmsb
gomse  dgbdol  §gd3gded ol 3dgdolsl, b domo  aa3bgmgdolisl
g 9dGgmo ggmom. 53 bOpol bobosmo doBomspse Fggbodsdgds od
QRIUIoTel Tuy 53M o gdgan gosb, Gmdgaro3 25dm30boMgmdls
340 9JB®mbgd0l a30M589mo gobgmol Fomdmpgbowsb.

08 ©EAEML, GmE LsE dmbh-3¢9ggz0ohds 58 Lojombmsb sjog30Mgdom
mogolo  mgm@os hsdmoygsemods, (ob. BOm3gdo [34] s [35]), J3o6@uto
dGogo@mambmbosbo  sMoa03mliboggdomo do@slgmgdol bmgospo mgm@os
oMo 0gm  asbgoms@gdneo  (ob.  dop:  [32, 33]), dopa@ed  dobo
4Mb3MgB0bsioolols  Foddmoddbgdmps  ™m@o  Lodbgang,  GmIamgdog
5353900636  mgm@ool  a5bgomsmgdsl. doMggmo dpymds@gmdps  035To,
@3 o3 EAML >OLgdomo Bgodamgds odbeodoygbgb dmymg@ommmgsbo
#mbmbgdo. Lsgombo Bomo gegJ@Bmbgomsb gMmmogAmJdgrgdol gbgHaools
Lobol Bglbobygd (H,) LT ogemomo ogm dognosh (3ypse. dmbR-d64930hds
2500793080  gLodiggdms  dodBogglo  S3GmJLodsigoom, hosmgoms  @o
Reobmby®o 13gJHMo ©sds0l U3gdfee oo 3oFygzods ogo bemgHam
dosmea®  Gogbgby - g,, GEImog  Eog§BoMegme  age
403896@>Ggmo  gxGol ¥, dmgammdstmst dmmmdom: ¢V, =6x’.

H,-0 356 osopm hgggergddogo  obm@@mdgmo  ©gxm@dsgogmo
3m@gbgosgo.

3gm®g Lodbgemyg o353T0Mgdgeo ogm 0dslosb, Mmd goblisbognggeno
aosbgaols S dsmmobols 353mLongam gan o Loko®m 0ym
goemgomobgdgmo  gegdhombydol  Gomeg@o  ggbjgegéol  gmwbs. o
960 g g@®mbosbo  Fosbmmgdol dodmyYgbgdsi go SO GHogosgygdo.



34

dol Bhshmgddo go asdmmgaergdo dmombmgl 3mgdnmo LEGY]GgGgmo
©99839J6oL  dogrg@o  ggaol 2oblLobdmg@sl  Is@s@s (IglMol  Igedogsl
Gogol) 3o6dogngdby. dmbh-3@9gg0ho FggiEoms 53 Lodbganggdolmgol abs
593 08 gbodgbols  Logyydzgmbg, @3 IgbGol  mogoliggomo
do@omgdmol  odsbsbosmgdgmro  Gommol  Loaddg  3609gbgmrmgbog
omgdsBgos Amama@E dgldol  Fgedogol,  oSbggg 0d  Is@o@mgdmols
“amgomobogool  s@ob”  §Ogog3  bmdst, @Omdgmoi  Fmmogbgdgmos
Fodkg®  3960®Dbg.  Slgen  dmbabHgdgddby  EoyMwbmbdom  Fgodmgds
30580J6mm, Gmd 0d ggmol bowo Loby, Gmdgamoi s@Lgdomos Hodkg@o
96@®ol 3o@sdg@Mgdol asdmmgmolol, s@@Emey obg 360Tgbgemgsbos 0d
36m39L9030, GMImgdo IMdEobs@Hgmdl  mogolggsmo  JsGomgdangdob
dmbsFoggmdom.

dmgoboobmn hodd géo (396@®obs 39030 g 9J@®mbols
3m§gbiosgg@o 9bgdgool s3MmJLbodsizos aadmlsbym gdom:

VE)=-08@)+ 22 @)
er

Losz Vy- LoEgdomo dgwdngss, € - gagd@®mbol d9gbdo, Z - 396@®0L
Igbos lel §Om gy 9ddo, £ - doomns©o bogmogMgdols
RogegdB@oggmoe gaFogopmds.

3mBgbiosargdo  gbgtaool  sbgmo  bLobom  Fgdhggzs  6oBbogl
Bgamygdomn Ml Imddgoo 3mmsdobsigogmo doggdol 9omymasl. domo
Gmmo  a5blobomggen  S8m3sbsdo  s@ds  s@bLgdomo  [31]  Fgmeay -

R0y gdBGoggmo BoeVagormsol d980go0 Fod3mepgbs
aododmmadagmos  dbmame  (396@Mowsb o dobdogmgdby.  ©ybols
doGoMgdmgdol hokg@obsl jpmmbamo dsMogHol Gmmol as8mbs®jgggoe
30 LFmeége sLgmo 3s56dogngdos 360336gemmgabo. dgbsdy - v, 3sMedgH®o,
@G> 0Jds 9bps 9Ebmdos, doa@msd ol @3 Fggs 3obybTo, gl 9 obslbgeo
3g03ogL Ibmmme  gangBGmbol  9bgHaosl goblsboarggem  @olg@gd e
©mbgby - A. 53 Lopopgh sgomgdbm  (Eoesbh s  dmoblbgds ol
Lodbganggdo, OMImgdo ©S35330Mgdgma  oym  IMsgsm gen gJBGMbosbo
989J6900b  3omgomobfobgdaliosb:  (2.1)  Ygdmbgggsdo  gggees  oliobo
“o0domgds” gtm gddodogm A 35M589@®To.
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slidygmo >dm 3560l ho®hmgdBo >beo 9450390
0ngongnsbbdgdgmo  3m@Ggboomol  aoblbgsggdoms  aomgomolifobgdsls
Ubgoalbgs bmbgdol TFgdmbgggsBo. Lsdogdgamo Gommydo |9b6j09d0
30b0Lsb@gMmgdosb G goobyg@mol aob@mengdowsb:

2 2

Ze
V% + U ‘*'—8;_7(1(1 =0uXw (22)

0
(5 m, - mogolyggsmo gangd@Ombol doboso, U(f) - 39LM0l 99839]@ M0
3gtomeageo 3m@gbzooaa).
obobo 8m0(398056 53mbabyem gdom:

7)= NZ 2a(0)x /1 (7) 23)

kI Oy~

dobm@Botgdgao dsd@oganobasmgol jo 339]6gds:

N=nv2. 1", I= jk A(k)‘;f (2.4)
cok—

bosiz 4 - 3bmdoano [36] gymrmbygdo 3s8sgmos asobdbowsg ggendo:

-] 5
A= x| Z 1|, a,=2 - (29
ka, kay 2me

MM (36mdogmos [32], d@sg0mRxmbmbosbo hodgmolbs

379803096@0L bmaswo bobg sbgmos:

=T it @6

o] f(ﬁ) IgbBol  JoGomgdmgdol  gobofogrgdol  g9bjioss,
bm®3odgogamo 1-bg.

IAl-a,
w,, = e Z/ o (an+1)exp{— (w”+ a )Z} 2.7

52
=3V, 2 2n, +1), a, =%Z/qu /*(hoq)” 28)
q q
Vs = jdfy/;fr/,,e’ﬁw,,,, V= J‘dr”/t//l IV, (29)

n, - g {omea®o 3gddmeol 3Jmby gmbmbgdol Lsdygsemm @oibgos, v,
bm®dodgdgmos gbg@gool & g9bjosby.
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goboanogm Moo 35Mgd g garg@dmbygm  aobL  gbgdgool
3obggom Lomdyg®o FmbsbTm@mdol 30Hmd93T0. Bglsdsdolswe

-1
ho
n, = [exp( T" J - 1] ., f(p)=const- exp|:— %J

AMAMO3 9439  d>gbodbgm, Fgzobfsgmon  Boggdol  3Gm3gLL

JNEmba®o  dsMog@ol sGLgdMdolsl (ghmbobgams 603bom s39bFymo
hoBdgto 396@Mol Bgdmbgggs). Lods®Bogobsmgol hogmgsmmo, Gmd

2
ho, <<m\8ms’W, , T<</A/ , T<<%—///1/—a,1/‘l (2.10)

d5T0b (24), (2.5) s (26) — (29) gmAEIYmgdo az5dmgals

{ (w,,+/,1/-a1)2}

expy— 3

13,571+ EW o

— T (oc 1 B(hwm (211)

172
a)pl - 2 2) 2
hA Ms
exp| 27 Wy -1 1+£0L
o, Al

108z R EW, T’ (ha)
" AQ2mmr)"?

©5

1/2
M’;) l+p.e°l (212
A}

Loy

o .“ N
1= de expl:- X —%xz ][exp(yx'”2 )— 1]—'[1 +X /_T?UJ (2.13)

2 1/2
=T o= 5 (/,1/ 2al) , yzzﬂ(W?) ,
T+o, 2(//1/—a,1) 5 T

2
a,1=0,07]§;2, 5 —011h“A’4sE (+p,) (218

bogm @, 353Msgmol LobglBom, hgggmgddogo ©gdsol gubjioss:

4
T ) "x3dx
=8 — = DT/T 2.15
e (TDJ J.e -1 3T ( ) 215

3 % x’dx
9600 D(& =—3 1 Aodgmomgdgaos (ob. doy: [37]). T <<T, s

0

T>>T, - Lol ggodal:
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N (5 N 4
=757 S Pe= 3

2 2/3
0‘)B

, \3/4
Ampglsa T << 0,06(1’310“’- E, ) =0,02 gg-0o  Ge-Lomgol), (2.13)

Be@GIPeool 0bGgadsmsqTs godmlobygmgdol  gJudmbgb@sdo Tgodangds
Gosgdmgngose ofésk (T°/6f  Fazeo. o8 ool gosdimyse
doomgds bobygroagbmdgbmmmaogdo godmlsbygengds, @Gmdgmox oMy
253myg6gdgmo ogm [39] 653@m3Bo (T -0l Bgzgmoom T-mo agoMsdsgmo
aobgamol  owdfg®d  3o8dogemBo). ¥ >>1-lbol  (213)  0bGgpdomo
3o0momgmgds oliggg, Mmym@ [39] 6536MITo s grgdmgmmdo:

2 7/6 «\5/6 1/2 /3
Cn—32~103h E,W B(T)S (hmm) /1+(pc exp{—c—(?ﬂj } (2.16)

xz (mT)3/2 MSZ

Lasi, 0lggg Gmamea [39130, T, =271*W, ($g33g@od @ 3odmalisbgds
969®00L gHMN e gdB0).
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$§2.2 3bgemo gargJBEmbgdol bsggms ms@mymomse
@sdgbdae 3gbd@33tg Fo3g@ob 3m930303660-

Fobs  3otoa@sgdo  Nggbl  Bog®  Bmygobogn  obs  Bmgmy
moBgBodgdnmo  dodmboargs  6-bo  dmbh-ddgggoholi  6>BGMBobs
GoBymRomse  ©3IgbGam  396¢Mgddby  Mg3mddobszoygmo  3Gmzgligdals
d080botgmdols  Yglobgd. o3 mgméool Ygegase domgdgeo  Lszdsme
aogmo  Bomgdodogn®o  asdmlbobymgdol  3odmygbgds  mgm@ogeno
2503 gdobol  5M33MsJGogymmos. dsemdom 3oL as8m gbws ogml, ®mI
dmbholl gl 360dgbgarmgsbo mgm@ogmo FGHMIs momgml  dogo§ygoyen
0dbs  mgmAgdogmbgdol  dog® > 2d8mygbgds  d3mgs yem
35350 B039099@d> gm@Imgdds. dogdsd dmbhol Bgogagdo Fggbol sbdom
dogmosb 360Tgbganmgsbos 03 jgmbom, @m3 dol Bog® dowmgdgee Gmgen
350 g3sGogy®  aodmbobymgdgddo hopgdgmos dmaFTgdago 0bgm@dsios
609930l Ygdoppgbgero bogmogmgdol gobogado 3s@odyg@@gdol gliabgd
> gb gogoe  sggomgdgmos Aggbl Bogdh  @obabgmo  ymbytgdgmo
Sdm35bols goslsfyggdose.

Bodmgogomodmo  gotigngom  396@®3gd%y  hogg@mob  ;mgm@ool
25630056350l dmyerg obEm™Mos: 1958-1959 FangdBo dmbh-dHgg0hols dogm
BPImmogobgdgme mgm@osTo  omgmgdmes,  @md  hoggHolb  jggmols
doGomoo 9696390049900 33030 o gds 3o60LobEgMm9gdms
23003890 golgmol  sendsmmdom (g 0. 396@Mologgh agzo®sdymswe
aobygaro gangd@®mbols Aodgdol sandsmmds bgbBow ogm ©sdmoegdemo
9696300%9).  35Tob  Aogg®ols  33gm0l  gangJBOMbym  §9339Mo@ oty
9Jb3mbgbzosmy®o  sIMm o damgds  Ygodangds  dogazgmem  yzoMsdeano
aolgaol  smdsmmdol  aodmbobymgdol  exp(-&/kT)  g96Jgosby
2odMogangdom ©> € 9bgManols dobggom 06GgaMgd0m. Fgrgase hokgmol
33900bsmgols Joomgdms godmbabyengdes:

1/3
czexp{—(%—j ] kT0=277r2EB=E7—7;;?kZ# (2.17)

e

V900am83B0, [43] 659GmATo godmndge  ofbs Imbab@gds, @md

230M5d7mo aolgmol EGML 4bgmaool godgagol smdsmmds =&’ (p <0,
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& ggdd®mboli 9bg@ao0ss), bmanm [44] 65TMm3Bo ©sGJo39d g 0fbs,
Gmd  goMsdgmop  obgmo gmgJ@®mbol IGsgomambmbosbo  Rokgmols
S dSMMdS ~exp(—8—J Lbopoi € Mbggol Jgobdol gbgmpooss.
1

[45] Mol 0obobds o-b 9gueOm sgg@s@gmo gomgms Fgodangds
hododpgl  9gdpgao  Foddmepygbopsb  godmdpobsdyg: (396G Moliyob
dndm@gdomn  gargddOmbgdl sjgm € 3obgdogn®o gbgdaools dobgpgom
29M3399mo  aobofomgds.  s@os  bogogegdgemm,  @md gl ogmb
Fobslifmdgmo  gobsfoangds. gpmmbygdo  dsMogHol oMlgdmds ofgg3b
0dol, Om3d  gargdB@mbol  Jmgbol  semdsmmds  6gdolidogd  goMydm o,
396@®ol  obmmmdmse oMol guedm  bogmrgdo, gopeg  Slgmogy
InEgemdol goMgdmTo 3mghs (396@®0basb dmBmmgdom. gengd@@mbymo
Lodggtogol gl ao@sM0dgos  seofgmgds  bm3gMagmeols  dsddagmom
Z_(e), @odgmog  Hmmos  gmgddGmbol  dommate  grbigogdol
I gdol Jgoe@oGadob Fgnomegdols r=0w@s r—>w-bsl, GmElsy
235J3L 3o63bowasgo dgbdo Ze r=0 FgOEo Do

Z (¢)= Zﬂ\/-é—;{exp(2ﬂ\/§] - 1]1 (2.18)

hokgdol 3mgnogogbdobismgol 3g9dbgds
C= jc(g (e)f(e)ple)de (2.19)

booz  f(&)ple)-gergd®@mbgdols aoboFomgdss  gbgdgogdol  dobgogom,
bome c(g)—pg0@edgmsp olgmo gmgdd@mbols hokg@ol 3mgxoiEogbdos.
g Bogmgmom, ®md  f(e)  3sJbggmols aobofogmgdos T

30dBOmbgmoe  $33g@sGPom,  PyIwIdgYnBe  gHmosbl  (2.18)
MBI gmol 3609369mTo s gogodonegdm, M3 c(e) gbgMmaosby Lyldap
sdmgogdgmo §abjizoss, 3530b (2.19) 0bGgatsmol s3mblbs Aokg@ol
339m0bomgols ag5dmaggl (2.17) gLdmbgbosmy® @sdm jopgdamgdsb.
©Ad> 396@®@ol dog®d 9yddbogn Jymmbyd dsMogMmTo agzoMadymop
aobgmo g gd@®mbol  hodgds  gobolabmgmgds Bd@sgemymbmbosbo
360mi3gloo:  Bokgdol @AMl gohmo  s5JGobsl  godmbbogogds oo
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GomEgbmds dgbgdygmo, 5b @mysmyg®o gmbmbgdols. Sligm Fgdmbgggsdo
c(e), Poxgtol EoggMgbiosmamo 303n030g6d0, 3Jb3mbgbiosmayMmspss
©odm gogdgmo gamgJ@@mbol 9bgMyosby
c(e)~ exp(— —8-] (220)
81

535Lmsb, (2.19) gm@Igmols  msbobdoe  doomgds  gJu3mbybzosgneyda
Ra3moRgdgmgds (2.17), @GmdgmBoz gagddtmbamo  Hd3gasdacs T,

9bps Ygoigommlb @omsi 989de9M0 Bgddgehsdygton T;:

1,=L+i (221)
kT, kT, ¢,

35Boboady, [45] s53@™mOms mobobdoe  hokgHol 59083(636(300@:360
379980330960 godangds hsafgmmlb Fgdrgao Loboo:

Cle)= co,/%[ez"‘/§ —1J e (222)

oo Co— bgoddosmagm  39630Mbdy hsggdol  j3mgx03096G0s. dgm@yl
dbMog, §2.1-0L Ygrgagdol aomgsmolifobgdom, aomgmgdol  Tgwgasw
3200 md0:

2, e\ el f
C(8)=B(K,Z)1/%[l+ﬁ} [e ‘/T—l] e o (223)

27°k*  (E,W, Y ho, '
Loo B(}»,Z):msl2 ~ ( I}»ZBJ(MSZJ ,  ho, - ©gd50L gmbmbol
B

96gé05s, E; -  ©ggmadsgogmo  3mGgbgosmol  jmbbEsbEs, M-

gm0 g396Bodygmo  gx@geol  dobs,  a, o 8 =8l+o,(T)] -
3obLsbEadgmos §2.1 —To.

09 Yg8mgoLaobmg@gdom oMo ©sdsmo Bgddgmedmgdol stom
(T<1) s psBmgmgmon C(A,T) Bsxgmol 3mgg030g6@L  sbogrobedo
dgonmpon (223)-s6 dogomgdo:

w3 (T |/3_a
c(1,7)=B(1,2) 16;’ (”;f” ) e(T') (224)
~ X /
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— 2 2
O 1 A U S

bogem (222)-s6 339J6g0s:

273 N i /3
c(a, T)=CO,/167”(V—Z§,1) e #) (225)

1 1 1
==+
T T g

Lo

amEgbsg T<eg/(e,), T" =T > c(1,7) Fomdmopagbl

$9939058 Mol bOwo  gyubjgosk.  Fomogr  Byd3gMoBucgdby 4o,
OIRTCH NG T =¢/(g,), c(a,7) 39N JOIdS. dAsgom@obmgsbo
9JU3g4H0836H gm0 8mbygdgdol  sbogmobo  (ob.  §23-Fo  Bmygsbowo
3bMomo) 230h39690L, GM3 GmaMAG B1839Gsd YO gm, oby ggemby (<103
viem)  ©sdm opgdnmgdgddo  hoggdol  jmgn030gb@l  gbps  3Jmbogl
doJbodydo. Tgbododolisw, (224) s> (225) gm@dygmgdo, OMaMOE 9339
33dmbrs  >@bodbgmo, gJu3g@odgbdoma® Ygrgagdt SeFgtgh dbmmme
3000 Bg339MoG 1Mool G ygddo s 330y JmgldOumo ggargdolsb.
LeOgero by@smol dobs@gdae bakodms Bo@odegl @ogbgomo dgmmpgdon
06dgaMgds (222) > (223) goedgmgdol  godmygbgdomn o
aomgomolifobgdgm 0Jbsl gergd@embagmo gobol aoibgergdol dmgmgbos
dopgdgmo  gmgddogme  gamob  (gegddembgmoe  G3d3g@hadmol)
bAolsb.

08 39dmbgggeTo, MmEs Boggds bmMdzogmegds ghmbsbgms bodbom
©s39bG g (3960®30%g, hokgol LobJs®g >G3 9y oby owos ©s Bggh
F93309em00 YA gdgErgymm  gmbmbygdo  gobsfoamgdol  gwbjiool
Vgdgmogds. (hogmgosmmo  o0go  Fmbslfm@agmop). gergd@@gmo  ggeals
Eododgemds  Aggnmgddog olgmos, Gm3 dobo FIgomm  bgdmJdgmgds
39bdob 35@5Mgdmgdols (hmgmo3 e gogobo@gdgano, slggg
oogobggemo)  Homead  ggbdaegdhby  spGgogy  Fgodmmgds
AW IogmgmBog  ofbob.  3>Bobopsdy, @8y  gmgddHBImoe  gymol
Gogro  aoblisbognggen  58m3065T0  godmoboGgds  dbmemme  dgbFolb
doBotgdmgdol  gbgtgool  dobgegom gobsfogmgdob  gubjieol  Labol

GaemogngdsBo — f(s).
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§ 2.3 9Jb39%039608 men dmbsigdms Jodeboangs,
ngedoobs s gfb3g@H0d96B0l Fapomgds.

Gbgmo  gm@mgmgdOmbgdol  3obdbosg  Fobstggum 396030y
hokg@oliols 06390 Logao aobsFoggdols 296300l Rm@do@ gdols
YgLodmgdmmdol  godmbsggmagore 3oMgger  gdo3bg soEomgdgamos  Ce)
969039003900 ©53MJoEgdnmgdol  sbomoby@mo  Lobol oy gbs. od
dobboo hoGotigdgm ogbs Lbgopslbgs Bobsmgggdom mgyo@mgdge Ge-obs
s Si-ob 60393gdTo hogg@ols 3mgxnoEogbdms Tglobgd  9Ju3gMmedgbdymo
dmbo39dgdol sbogrobo s dmbs 53 Sboamobol Fgwgagdols mgm@oslimsb
Fgoomgds.  (3bopos, GM3  pobdbopsg  (396HAL  gurgd@Bmbol  Rodg@o
Fgdaros 03 Fgdobgggedo, oy Imzgdgeo  dobskggo  J3bol  m@
5J393@¢MOgm mbgl ds0bi3. Si-Lomgol sbgm Jobodgggdl Fomdmswygbyb:
Cd, Cu, Ni, Pt, Zn, bogoe Ge-Lomgol: Cu, Ag, Au, Ni, Pt s ». 9.

aobdbowago dobsMgggemo 396¢Mgool 9403506530900
dobobioomgdmgdo 4ggmmodyg 9udem 2dmIFgmsgere Ge-ob 6o89Tdgdolimgobss

gbFogmomo. o]  godmggamggmos  hokgol  33gmgdol  Gmymag
HGoH YA, obygg  podogbgmpdgee  gargddtgwe  3amby
53m jowgdnmgdgdo. hgab 935Go09m, dmgggboobs > bgdeeno
3Jb3gModgbdgmo  dobogmol  YgxgMgds s  FoMdmaggreaobs  bmpswo
bg@omo, @mdgmoi 1 gbdogrols IgTggmdomn 3mygysgl.

odolbomgol, @m3d dmgobwobmn  hokgdol  Fomomgdgmo  dgdsbobdols
dodotm  Logmabamol @mob  goMomgds Qotmm  s@gTo, SY(3080 §O Y0
Bgodhgl dolbogns s Fglodsdolo Bobstiggo oby, Gm3 Jogowemn hodg@ol
339mobs > blbosmdbol oo 860336gammdgdo. bMogrowsbh Asbl, @md
sbgmo  Bobstgggdos Au, Cu s Pt. Cu’, Au" > Au-olb Dgbodsdolo
0mbobsizool  gbgdigogdos 026 g3, 0,04 g3 o 02 g3 gobogy®o
I liobMgogdowsb gs8mdpobomyg, Cu s Au-bg Bodg@olol gengd@d@mbads
9bps opsmabml gBmbso®mo 3mGgbiosemy@o dsMoghgdo, Fog@sd Cu-ob
Fgboddbgmoe  9bes @sgoMamb 9™  dgBo gbgdaos (Hybgmodgdgmo
90 gJ@®mbol  hodkg@ol  sandsmmds  bogmngdos),  gowdy Au-ols
gL Jdbger s, Sdo@md Cu=-%3 hokg@ol 30M9n03096¢0 bogangdo gbws ogml,
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go@g  Au-bg  hokg@ols.  Au-ol  Yglodbgmop  gegd®®mbds b
aoomsbml  gx®m oo 3mEgbgosmudo  dsdogHo  (Gybgmomgdols
Sandommds 58 EAML  byjmgdes), goweedg Au -ol Ygbsdbgmor. Sdo@mad
bgero g0 gdH®mbgdolomgol (odsao  Gg33g@ms@ymgdo) Au by hokgmol
3M98030960  9bps oymlb dgBo, bmwm 9uGm oo gbgtaool dJmby
90 9d@GHMbgdolomgol 3o@ojom — bogangdo, Gybgamodgdagmmo gurgd@®mbols
hokg@ol sedsmmdol gemgdols yodm.

Imbo3gdms  Fgomgds (ob. 3b@.1) Cu -obos ©5 Au=-bom30b, 53M9mgg
AuT-obs > Au-bomgol 58§40390L Bggbl Bogd Bs@omgdagmo by gemdols
Lo3oBmn@m0sbmdsl. 5Jgesh odmdobsdy, hodgmol 43900 (3mMgxn03096@0)
9bps  ogml  g9bjgos  Gmam@aE  dobstggagero  (396@®ols  AgbHomo
8am3s@gmdol (Z), sbggg hoxgdol 969Ma3B04ao pmbobs (4).

Amam®3 Fobs 3o@oa®ondo 5mgbodbgm, hoggMol LEgeno Lydsmoals
dolowgdo@ >9300 gdgan0s hs@omegl (222) s (2.23) gm@dygmgdon

dm3gdgmo hokgdol ©0g3g@dgbiosag®o  jmgxno3E0gbdgool 0bGga®gos
H9939658 M gdol gaEge >MyTo.

addmmgmgdo hoGodgdam obs Gmame 3 PodMommp GgddgHsdt g

®gg90880 (bob. 2.1 o 22), obggg asdogbgmgdgeno  gengd@d@ogmo  ggerols
5ALgdmdolal  (bob. 23 s 24), ggdOmbymo  §gd3gmsdgeols

dosbamgdsdo.
bob. 2.1  o3gdgmos (2.22) gm@dygmol g5dmygbgdom, beomem bob. 22 -

(223). 2bws  om060B6ml, ®md C(A,T) ©s8my0wgdmadgdo, GMIgmo
dogadgmos  (23) gm@dgmol  aadmyggbgdom, gy seFg@gb
336394039689 Bgrgagdl. olobo domosh 83@™mdbmdosty st0sbk @, s §°
35M5dgHMgdol  dods®om. 5%- oogol btog 0zgommbos 3993305 ®ab
396J30s o 0d0m3  &,-03 0bOEgds T-ob bEom. aosGes  Sdoby,
hodgdol  3mgx03096@0l @3garomgds A-Ls s Z-By ©sdmjopgdagmgdom
300 smofg@gds B(A,Z) aodmbaobymgdoom.

do3>3bgmgdgmo  gegdd@gmo  gomob  dmggdobsb, GmyMAG  Yy3o
>mgb0dbgm, c(4,T.) adm o gdgmgdgdl aoohbosm d33900Mo@
addmbodgmo  doJbodydgdo. 1 @bmogols gJb3g@medgb@umo dmbyzgdgdobs
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s 23, 24 b6obobydol obogrobopsb goblizgboo: Bodmygmo  gugdd@gmo
ggsols 300md93To  g30MoGglimds (23) gm@dygmon dnigdge  Ygogagdls
960&gdo.
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ab®ogno 1:
2obdbosgo 396@®gdol Bobslinsmgdgamo 3s@sdgBMgdo  Ge-To [40,41, 46-52]
] Ge
&
o
2 c C(T) Coa (E) Non
3 2 | Mew) (cm®) (cm’-sec™) C(T) (cm™)
&
310" (30K )
) 0.2 107 (§7 K)) 3-10_: (20 K) 17 (20K) .
Au 210" (300 K) 910" (77 K) 2.6 (717K) >10
2 0.04 | 310" 30K) | 210" (20K) 1750 (20 K)
1 0.35 |2-10"7 (300 K)
Cu 18 9-10"° (30 K) >10'
2 | 026 | 410"%@25K) 10 (71 K) 600(30K)
510"%..10'¢
Ag ! 0.28 (120 ...300 K) <10"
2 0.09 10" (80 K)
Ni 1 0.3 |510"(300K) 10(77K) <10'¢
6:10"7..2.10" | 6.3:-10"°(26.2K) | 315(26.2K) 6
P13 1 02 1062 778) | 18100 (77K) 84(77k) | 10
Cd 1 0.51 | 10" (160 K) <10'

Z - (3968®0l 39bdo
A - §od8mgdbogro (396@®0b omboboool gbgdaos
o - hokgMolb 33900
C(T) - bhokgdob gmgno3ogbdo
Crnax(EYC(T) — gergd®®ger ggendo hog@ol 3mgnoEogb@ols dsJlodsag@o
Loopol Fgnommgds 33539 4Mgn030g6GoL 0g@ddmemobsdo g
36093690 mdsLmsb

g — blbsmdol d60Tgbgenmds



C, cm’/sec
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bob. 2. 1

(222) go@8ygmon oblisbmgHgmo hoggdol jmgxoz0gbdols
sdmgoEgdagmgds  dgbdol  Ggd3gMo@moby  Lbgopolbgs
do3ol dobstgggdols 3Jmby 6087390 To:

1-Cu”; 2-Au ;3-Au"; 4-Pt7
(FgoBogngdon smboBbymos Fgbsdsdobo gJbidg@modgbd o
Imbs(3933%0).
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bob. 2. 2

(223) gm@dgmon gobbsdbmghgmo Bokg@mol 3mgxe30gbdol
©odMJoEgdmgds  dgldol  §gd3g@msGy@msdy  Lbgowsolbgs
Godob dobomgggdol dJmby 60d4dgdTo:

1-Cu™; 2—Au ;3-Au"; 4-Pt°
(Fao@omgdom >pbodbygmos Bgbsdsdobo gJu3dg@modgbdyero
dmbo(39979%0).

47



C, cm’/sec
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10_6 L) T L) llllll T L

Pt

L lllllll 1 '] Illllll L i llllll'

10 100 1000 10000

T K

bob. 2. 3

(2.23) geadgmon asbLodbmghagmo hsggmol  3mgznoEogbdoel
33Mj0Egdgmgds geg]GOmbym Bgddgnsdndsty Lbgswslbgs
G030l Bobomgggdols 3jmbg 603390 To:

1-Cu"; 2-Au ;3-Au"; 4-PF.
(VaoBomgdom  >wboBbgamos  Jgbodsdolo  gJu3g@odgbGyemo
dmbo(39dgd0).
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T

1078

T 7 I

107

10"‘1 O

C, cm®/sec

LIS BRI L) B R N R

10_1 2

LB R ALLL |

10—1 3

T llln1'l'|

10—-1 4

T llllll!]

1071 -

10

bob. 2. 4

(223) geddgmon goblsbmgmgmo hokg@ol 3mgae0gbdol
30 3oRgd g gds 129JH by $3333650M>dy
bbgspalbgs Godob 3065Mgggdol 3jmbg 6037 39d3n:

1-Cu; 2-Au"; 3-Pt.
(TaoH@omagdon >@bodbygemos Bglisdsdolo gJldg@odgbdgeo
8mb5(3999%0).

49
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mogo IIT
Gbagero gmBmgagJBEmbgdol 0bggilbonemo 3sbsfoemgdols
G063 gbgdgool gsdbggol y35 boedgyswo s darogise
SHsEM@H 500 dggfs60bdgdobsl

§ 3.1 jobgBoyolb gobBmangds o 0bggdblbonamo gsbsfoamgdols
R96J;;00L ReIHdocigds

306380g0b aobGman gdals dgbols doGodgdegdols 356 omgdols

39bdoobomgol, g63Magdogase Fod8meagbsTdo ojgb TFgdwgao bmyoswo Loby
[53]):

ge)L =4, - B, ()¢ (o) 6D

boog  f(€) - 39bBol BsBotigdagdol gobofomgdals 964005, 4,(e) -
>bodbogh EMOlL  ghoggmdo  FgbGol  FoGoMmgdemgdol  GgbymGod e
“doligenols” € gbg@aool 3Jmbg dpamdsdgmdsTo domo gg6gdsizool abom,
By(¢) - & BpmIsmigmdopsh “Falgmol” Gmol g@mgmmdo 94m8d0b>33000

aboo; Co(e) - oxobgdol  obGgydomos, GmIgammoi  agohzghgal  dgbdob

do@oMgdgmms  AgbymBsGgo  “dmlgmol”  (“Tolgarol”)  Loddmosghgh &
damdomgmdsdo  (Bpamdsmgmdopst)  j@olb@omamo  dgldol  ©989JBgody
359bg30L gboom.

poxobgdoms  0bGgadomol  bmyowo  bobg  gangdHHmbgdols  LGyaro

369Ma00L, &,-b Fo@8mpygbsTo mgdgammdls Lobgl [54]:

Cole,)=-gle )1 e )_“]w(e,,e; e, +_°]f(e; kW e e 62

bo@o@ W(a,,a;) - aowolgmol  LEgao  semdsmmdss & gbgdgools
AopmBocrgmdopsb £  damdsmgmdsdo, gomgmomo @Ml gHmgamls  ©s

3bgtao0l  gBmggmbdg.  (3.1)  gobGmangds  0bdgadm-ogg@mgbiosea@o
aobfmemgdss,  @mdmol  Sbogodbydo  sdmblLbs3  Fgodmngds  Bbmarme
356Lob@gH e dosbermgdgddo.
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3065056 (3.1)-F0  poxobgdoms  ob@gadomo  Cole,)  gomopgtoo

0bBgatomydo (93005, 53 gobBmagdol  s8mlobbbgmow C, (8, )-b

3500053J3600, GMAMA3 ©ogxgMgbgosmyd Fag@l: Co(é‘,)=—ailo(£,). 35306

{

£,(g,)-bsmgol 33946g0>:

50(8 Idgn _[f u ) (8:|812)d812+

(3.3)
+ Idsu If(eu)g g, )We &, e,
(33) 3obmangds Fgodmgds hsofgdmlb Fg8rgao Loboo:
l (‘9 )"_ IdA&‘“ _[f(gtl (8 Agtz )d&’” (34)
-0 c-Ag
booz Ag, =¢,—¢&, - ge3gdd®mbol gbggool (3gamomgdss 3sdbggol Jgpgyemw.

GmEglsg  gmgd®mbgdols  gbgdaool  aodbggol  gdobobdo  s@ol
JgobopMggomo, (go Ag <<g,), 35T06 (34) aomlsbymgdol 0bGga®om Jgg8s

B96Jzos dgodengds o0Tsmml 3F3M0g0w (&, —&,)-0L Bobgogom ©s A>TmsBo
s3HMgmm 3otggeo s dgmmg Fggdgdo. 8 aoobv\nmabo‘aoz
1 (e )g(en W (entre, )= fle Jg(e, W (eatre, )+ (e, 8) o (2.)gle, W (e48¢,) (35)

(3.5)-0L Asldom (34)-Bo gmgdaxmmdn Bm3gH-3esbyols 606@)(*);@;]60{5:
5)
We)=-5)r(e)-pe) 28 6o

{

Lowo:

D(g,)= 2 gle,) jw g, Ag, Ae, ) (3.7)

Blg)=-g jW £,A8, )Ag, +— i 4 D) (338)

D(g,) w> B(s) ogqbog®o s obsdogmo babygbol jmgxoE0gbdgdns
96903006  dmge  sh9F0. (38)-wsb  Bobl, @m3  B(g,) ©5dM 30 O gds
3560LsbEgMmgds gamgJBOmbgdols gsd6g30L d3J560bdol odom.

Q0 390-3e056 3ol dosbarmgds godangos 35dmygbgdoe 0J6sL
90 gJOOmbol  g6gGa00l o3l G Bmbmbgdby  aodbggolol,  goboogwsb
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aebmbols  doboboomgdgmo  gbydaos - ms’~IK s ofgosh  asdmdwobady,
IO mbols  gbgMaool 53 39Jobobon  sdbggs  Bgodamgds  Bsomgommls
330boEM g 5050.

Fgodmgds gobggbmm, O™ gm gM-3msbiol (3.6) gobBmengdsdo D(S)%

Vagho  3igodgs B(S)f(s)-moﬁ Ygoo@mgdom. gl 6oTbogl, M3 oo
359Mga0g9%0bomgols  o53gbBoggG0  gembmbgdol  L3mbRSEgMo  asdmliboggds
0535dmdL  donoge® @l gamgd®Hmbgdol  gbgdgools aodbggol  3Gmi3gLTo.

Ygbodsdobsw, C,(g) pogabgdsms obGgatomalngols 235JgL:

Co(s)—i[g(e)g f(g)] (39)

" B¢ T (8)

aobgobommo  bobggedasd@oto  Esdsm  B9933@s@gmgdby (T <<g,),

Godga o oMy ImbmJOmds@gmao  godmbboggds smagabbgdl  gmrgd@mbgdls
3o00oMgdmmdoll BmbsTo  gbgdgoom £ (spgdol  gbgdaos). gL gbgHyos
o302 g%000  dgBos  Fmbalfm@gmby.  s3bbgdgmo  gangJB®mbgdo  wEm®s
3ob3ogammdsdo  aobogposk  @ggmddobsizosl,  Fobolifsd  gobsdbgggh  @o
mogosbmo Lofgolo gbgdaool @opsi bofoml Igldol s39LGogy® @Gbgggddy.
hggbl >ImEobsls FoMmamawagbl gangd@®mbgbols gobofomgdol ¢9bjiEool Lobols
woEagbs bgdmmom{gtom 30Mmdgddo, BmEgLsia g gdG®mbgdol LogmEbmol
boba®damogmds  jmbGtimmommgds  8obstggol  obdbowsg  (yedymyom)
(3966®3d%y hoggdoo.

opgools  dopom  gbgta0gdby (&), oxobgdol  0bFgadomobamgols
glodggdemmdmn (3.9) aodmbsbymagdomn. godboggdow gl dodbogl, Gm3 bgero
AmGMgmgdBOmbgdolomngols 539LBoggM0 Qmbmbgdols L3mb@obyyMo
353mbboggds ©mdobomgdl odymgdomn PHMogH»Jdgrogdgdby.

b3dmanJdgeols admgoolifobgdom, 30698 030b 35bGmmgds
LBo30mbogy® 306Hmd30To,  b/g-ob  ImbmJ@mdsEgmo  wolboggdobsl
0907emdl Lobgl:

%{%’% f(a)] _Llekgle) (:)é gg) +16(s-£,)=0 (3.10)

o0 aob@mmgdsTo fle)g(e)z.(e) Vagdho seo(ghl oémol gomngyedo

433038060G gm0 gegd®Gmbydol Gogbgl, 7.(g) - gargd@B®bOl Logm@abgol
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Ams, 18(e-g,) - BOGOI@IHOMEgdol 2969053000 spdTgho Faghos &
oagdol  gbgManom. opo s@ofghgds & ggbgoom. I - “@sdowgdymo”
B9 gJGOHmbgdol Gogbgos MmOl gHm gy do.

(3.10) 2o6@mangdol 53mblbgdl Lbgswalbgs g6g¢agdosgee >6ggddo sfgm
Lobyg [55)

p

f(e)= CIT““)ES exp| — _[ T (€) ds] £<g, - bogol (3.11)

cT(eke

£ (8)— CITak( )exp I‘lﬁe(g)} E>Ey - 1)078015 (312)

Lows 1/ p(e)=1+7,, (kT Ale) (3.13)

T‘(é')é‘

bm®doMmgdol 30MmMdoesb asdmdpabsmy:

Ejf‘ 5‘95& + fzf- 23)( )ds -1 (3.14)

hggb gwgdymmdmn C 8ygpdagsls 360336gmmdsls:

1_ 1 ‘trale)
E=_,3(_805—x|i ‘,Jc(e) } (3.15)

09 3og0mgaobfobgdm T (8) > T, (8) -ols 3596398043

©a8m 3o dmgdgdl, Bgodmgds ©ogolygbsm, Gmd Jim(1/BE) =1. gl 60T6sgl,

@md  f,(€) po6sfomgdol @gbjzos & 36300l bEwon dzoGrgds 9BGM®
L ®sgop, gopdg dmm3dsbol aobsfomgdol gubjios. bmam 08 gbgdaogdby,
G0dmgdby3  LEgmpgds  o6mds  Ple)r, (ekT /7. (e)e <<1,  gopopols

dmen 38560l gobofomgdol g9bj30s30 f(&)~exp[-¢/kT].

Ao ggbgds £i(e) 356sfomgdols g9bjiosl, dgodengds bohggbgdo odbsls
@08 gangd®B™Bol Bodghol bmgopo 8ggsbobol BgdmbgggeBo (7.(€)), 85

5J3L 9JbE®g8xndol FgdBomo &, HMIgmoi yobobsbmgmgds Fgdrgan oMmdom

(@)
o€ '

ule) _, (.16)
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§ 32 modgmgoms@ @sd9bdammo dobsdggaamo 966@gd0l
G0 RGeS EIEIIBPMmbgdol 0bggmlbonaro zsbsfoangdols
2mG306935 do

3bgeo 9 9JHH™bgdols Lolggds JO0LB S y@ dgLgAmob
Fobslfmemdsdo  dmlgmosl  ofygol  gbgdaool  godagom o3  dgb@ob
Lbgoolbgs  s@ob@ganymegomgdgdby. 9bgdagdogamo  @gamslbsgools
36m3gbdo  gargdembgdo Mg3m3dobocgdgh bbgswslbgs Lobol Hadd g
GybH®gddy. 9y koMdo gbgtpool o oMYzl sEndommds 8gBos, oAy
mogobyggomo  gegdd®mbol  Aoggdol  smdsomds,  3sTob  3bgmo
9 gJBo™mbgdo xgH MgAdsmobEgdosh (gagdd®mbol gbgMaons 33oM@gds
dols  og®doygan  9bgd0ody kT -30g) o dbmemme  s30b Jgdpgy
hook®gdosh ULbgoolbgs Godolb (396¢®gdoby. o3 Fgdmbgggodo aliobo o@
J36056  gbgdgool Bobggom o@SFMbsLTMGgm  asbsFomgdsl, gobsowsb
SsLFMgdgb 8gLgemsb FTmbolfm®mmdsBo dmbgmol. slLgmo dpamdsmgmdos
90 gdHembgdols golgopyg®o hokgdolol 30dbowsg jummby® (3966G9d%y.
049330 Poggdol serdsmmds dg@os, gopdg gbgdagdosgmmo @gmsglsioob
Sdammds,  Slgmo  gobofogngds  0Jdbgds, s ogo  godangds  ogmbs
0bgg@logao, g o, FoM3moEagbegl  gbgmpgool  dobypgom  bEwo
A96daosl  df/de>0. ggd®®mbgdao 53 300M330T0 g9 SLFMgdgb
Bgoomgdom  Esdom  gbgtpyngdby  aoobsfomgdsl.  gmggemogg  sdob
aomgogobfobgdom s o0dol ©sTggbom, @Gm3  gbgdgools @gansdlbaios
d080bsMgmdl  o53qlGogn® Bmbmbgdby  godbggolol,  aobaFomgdols
396Jd300L 06390 Logmmdol 3oMmmds Mgdgmmdl Labgl [56]:

r (g)<7,(e) (317
IbGol doBoMgoamgdols 3obol gm@mysiabgmgdoliol yobsFoangdols
396J30ol  3mgbobamgol  jobgdogol  aobGmangdoli  sdmblbob  bogombls
99mgbgds @opo BMMIgdols [57-59]. 8 BMMIgdTo sMssMydgb@ M gdnm e
00gem 9dMEs, M™3 7.(e) $o®3mopygbl  gbg@pool bowse  Gbiosh.

OmamAG  358m3gagggdds ggohggbs (§2.3), gmgJB@mbgdol LogmiEbaol
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baoba@daogmdsl godymazon 396@®gdbg hokgdolol o3l dobodydo =g,
9080 Bo. Bgbodsdobsw 7 (g) 396J30sl  goshbos Gmym@iE bewol,
sliggg gemgdo@mdol 9d6gd0. godes 5dobs, Fodmme odbs glFogmogo
03 bogmog@gdoms bL3gd@Mo, AmBgmgdai Ge-To PoMymgomswe sdynbFym
hodkg® (3960®g dL J3boskb o go33mgdgm odbs ©slggbs, Gm3 Fbmanme
Au” S Pt” 3960®9dby hodg@obsl dgodangds 3bysmo
BoBMgmadH®mEgd0lL  Logmiabmol  bsby@dmogmdol  (7.(g)) go@modgds
RANM  ©0535bMmbTo. Ygbsdsdobsp, godymgon (336¢Mgdby hoggMobsl
aobofomgdol 963080  obggdloygmo  9db6gdol  Lodmgbgmop e<¢,

3606390089 5@ f(e) Gabdgos psdmggmanm offs AuT @ Pr°
dobo@gggoobomgol  g,-obs > N-ol  Ubgopsbbgs 860T3b9anmdgdby.
ogeolibdgds, @md gbg@gools GgmodloEos dodpoba®gmdl  o3gbdogy®
3mbmbgdbg as6bggom [60]:

2..5/2
)= 2280

. (3.18)

domgdgan 076>, %M N -obs > €,-0b do@ao
8603369a0mdg30bsmgol  f(£) ©s3mjowgdgmgdsBo agodsh (3.16) Jommdom
3oblobeg@gmo  dsJbodyndol FgOGomo o> o3 FgohBomsdweg fi(e)
Fom3mopagbl  gbgdgool  bowse  gubjaosl.  ofgesb  gs8mwabsty,
969M200L 53 5@980 daMds@gmMdgdo polsbagdgmos 0bggdloygmae.

g,-0b  domogn  860Tgbgmmdgdby  gmBmgmgJ@@mbgdo  0fygdgb
037b@0g9M0 gmbmbgdol 0b@gbloy®d gsdmbboggdsl s "Asdmammogdosh”
339300, 969@Rad0g e  U3gddHby,  gbgdpool &, 8boBgbommdadwy,
Gmdemols Jggdmmss 1.(e) <1, (€); 3 0. goOgmgo0 3968GDY I 9d@Ombols
hodkg@ol  smdsmmds  sMol  3gBo, gopdg  s>39LE0gRGe  Bmbmbol

353mUboggdol sgdsmmds. LEm@ge sbgmo goboggdo bydosmo agsdanggl
B0 gdsb ogoliggbom, “md BMGM e gJHHmbgdo, Gedegdo3
©oO5gOPYmo 5M05b £, SaEgdol gbgtigoom, ¥g@ "sammggdosh” ¢

3

9696300 5M9To, s Ibm@me Sdol Fgdegy hookoMgdosh ysBymyom
CHENIKAIH]
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£y >> &, 300m058F0 hodmlgmol O™ s@s> E8M3oEgdygmo &,-by
©s ol goboliobpgmgds Gmenmdom:

z(s,) (\/_ \/_}/—1_2( \/;] 7. (8) (3.19)

hggbl dog® ho@o®gdyamo 3odmmgegdols 9093900
{oddmeagboamos  bob. 3.1, 32, 33 o 34-By. gaobsfomgdols 59bjio0l
doJbodgdol FEgdsMgmds dmarosbo  Aobobsbmg®gds N -obs (blibspmdols)
d603gbgmmdgdom s oSS EsIMoEgdgmo  £,-bg. N-ol bOpon ¢,
3oo0bs(33e 9ol oy gbog, Gomoi 0bdEds 0bgg@lLool 9gdsbo (bob3.1).

0bgg@lboygan  >@gdo  ghgdaool  360Tgbgmrmdgdo  oligmos, Gmd
gbodegdgamo  bpgds  ™m3Gogy®o  gmbmbgdols  as8mlboggds.  sdoGm3
969M00b 53 53930 39]69d0:

=1, +,,” (320)

Lo@ss Top'c'l - gbgd00l Ggmsdloool AMms M3Gosato gmbmbols
a>dmlboggdom [61]:

-1/2
Tap:: = \/—7[h3/€s d -1 (321 )
’ (’nth) ]op hwo
o] E ,— ©)ge6dsgogmo  3mdgbzosmol  jmggoizogbdos

M3B0g9M0  gmbmbols  as06gg0lol.  bob32-sb  AsblL, @GmI  ™M3Bogy@o
BMbmbol  35dmlboggdsd dbmeme  Fgogofdmgs  gbgdaool ol oMy,
GmgBoi f,(€) 0bgg@bomaos.

350> >dobs, bob. 33 o 34-By Fom3mpagbomos aoboFomgsols
3963300l 0bgg@lbogmo  gdbgdo €, spwgdol  gbgdgool  Ubgopsobbgs

d609gb9emmdgdby, KoJbo@mgdygmo N-Lsl s@ol. g9bjizosl oJglb dojlodydo
e, VgoBomBo, myg g,>e,. £,<g, Tgmbggzodo 85JLodxndol Fyg@Eols

3

Fo®8mop96L €,. 35Tolosdy, 0bgg@logmmds gobsFomgdol 9bji0sTo

©o0dboMgds €., +€,38, gbgMagdogae 5Mgdo. o3 Tggbgds doJlodydols

TaO@omol  dpgdomgmdsl, ol domosbsp  @sdmjopgdgmos  60dgdols
35M539HMgdbg ©> 5M5> ©SIMJoEgogmo SaEgdol £, 96g@Ma0sby.
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bg0mngdgmopsb  aodmdpobsdg  Fgodmrgds  ogobygbsm, ™I
abgmo  gmEmgmgddHhmbgdols  96gtg0gdols  Bobgpgom  asbsFommgdol
896430580 — f(g), 063g0Logmmds ©508BoMgds Pt* §odob “gotigmgon
3960Mgdbg Bog@olbsb, @mpgbsz N, >10°em™ @> g >¢,. bome
Au”-bsmgoll N -ob 3dobopgd 8603369amdgdbg 0bggdlios s@ol  LybFo
969M00L gof@m >@930.
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f(ey/M

6ob. 3.1

3o6sFomgdol 396308 Pt -0 mgaomgdam Ge-ols
6039330 Np-ol Lbgopolbgs 3bndgbgmmdgdby.
1. - Np=10""187 ; 2. - Np=5 101187 ;
3.-Np=10°0687 ; 4. - Np=5 -101°0687
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praond savund poeond g oreand g

paared saamd g 130

Lo a2 r el

0,01 0,1

bob. 32

3565fomgdol gubjios Pt -0m mgaomgdgm Ge-ob
6039330  Nprol  Ubbgopolbgs  360336germdgdby.

M330g9H 3mbmbgdby

(a>mgoeobFobgdgmas
3906330L 3Mm3gb0).
L. - Np=10'°682 ; 2. - Npe=5 +10"°63° ;

3. -Np=10""1:9" .
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10°

10t

10°

10°

L | 'lll"l

—
<
L Illll"l llllllll

-t
<
T 1 lllll'l']

-2 1 1 1 a3l 1 1 I 1

s aannl 111l L v vuul Lo el L nuol

L s

0,001 0,01

bob. 33

aoboFoamgdols  ggbiios Pt -om (Np(=5'10'6b8'3)
mga0Mgdgm  Ge-oll  bodyddo gy-ol  Lbgosbbgs
360936900 Mdgdby.
L - =0,02 eV: 2. -g;=0,03eV; 3. - g=0,05eV;
4. - g=0,08eV; 5. - g=0,1eV.
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10*

10° |
10°
10" b

10°

fe)M

10°"

1072

104 ks
10°° &
-6
10 2,34

107

10‘8 1 1 i llllll 1 1 1 llllll

0,001 0,01 0.1

bob. 34

a56oFomgdol  g9bjgos P -om (Np=10""183)
mga0Mgdgm  Ge-ol  60d98To  gr-ol  ULbgopolbgs
36033690 mdgdby.

L - =002 eV; 2. - g=0,08eV; 3. - g=0,1¢eV;

4. - g5=0,15eV.
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§ 3.3. gmBmgangdcmbygdol obggimlbonano gsbsfoangdols
2mGdo@g3s Jodbowsg gaembad 9bB@EYddy boggmobsh

0930  g39J@®mbol  gbgMagdoggmo  Ggamsgbsizools  3Gmi9LTo
bydgdo gbgpool oMzl SEdsmmds 3g@os, oMy msgolygsero
9 3Jd®mbols  hogg@ol samdommds, 35Bob (bgaro  gmgddHmbgdo X 9@
0 gAdomabEgdosd s Fbmmme 530l Fgdpgy Fsoko®gdosh Lhgswslbgs
Aodols  Bobodggue  (396@Mgdhy. 8 Fgdmbggzedo gargJ®®mbgdo gg@
39J36056  gbgeongdols  dobgwgom 0bgg@loynme  aobsFomgdal, gobsowsb
sbfdgdgb  Iglgdmsb  Fmbalfm®mdsdo  Imligasl. oby  bgds
9 gJBOmbgdols  gobgopgmo  hodg@olsl [11]  wopgdomore  @odnbdaem
39 mbgd 396H@ by

Gepgbsi  Igbdol  mogolggsmo  s@o@mgdemgdol  Logmaberols
bobpHdagogmods (r.(c) gmBEHM@mOGEIds  gbg@maool  s@oEEASL0
25069500 dobomggols bgo@@omme (3950 g0by, 3byo
MY g mbgdobomgols dodbowog 39 mby® (3968 gd%by
Bodg@ololsz  Bgodmgds  Abogmogl  g@mmeds:  7.(e)<7,(e). opo,

GrRmOE 9339 3030m,  Toddmopagbls  obgg@logmmo  aobsFoemgdols
396J300L Bm@docgdol Bglademgdemmdol 30@Mmdsh.

[81] 65TBMm™dTo hggbl dogd Tgdmmogobgdgm obs Hg3mddabsizonl
Sbogo  ymddobsgoyg®o  89do60b8o,  @M@3mol  339mo3 oM 339E
30MM96d0  brgds dgdo  @gdlob  goaobdygmo  hsdg@mo  (396H®Mgdol
33900056 Fgesmgdoo. 0d dg8;mbgggodo, Gmpgbs 3bgemo
BMEMgmgJBH™mbgdol 353G dmmdol bmbsdo saEgdol g6gmaes (g,)

>®gdo@gds  bgod@Msmado  dobsdggymo  3g6@®ol  o3bbgdol  9bg@ansl:
A€=%(8i), 9690006 S3gbBogn®  BMbmbgdbg  Aod69390056  gPmo
s>aomo  odgl sBopMggoo  asdbggol  3Mm@igbgdlsi.  3bgmo
BoFMggdHOH™mbgdo  3oMasg9b  gbgMaosl  bgogMomado  s@mdob

9 9JHHmbol  1s—>2p oabbgdody s mgommb hsododgdosk ogdomo
G96BMYdol  Fog®. oMMy o0 addbggs  s@lLgdoms somangdl
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9@ 9JBOmbol  hokgdol  domomapabbgdgm  mbyby, bmamm  doGomsp
Jpgmdsmgmdodo  gowolgms  bmdgogmegds gobgopgdo  abom.
®94m3d0b>300L g Gogmo  3gJobobdo  hggh  aobgobogngm  @mymag
9Om0560, Jgggboamo godbyge.

g303mgmo  gbgeo  gmEmgmgJ§®mbydols fle)  as6sFoagdols
2964300, Gmdgeog AN GRS Vg9 g0 3Ge3gbgdom:
BOOOImJHGMbgool  Boggds  porgdomee  odgbdgm  obo@yggm
(3360®30%g o abom s  gbyMaool 236935 S3aLE0GNG BMbmbgdby.

3999000 0bgg@logmo aobsFomgds gbgHaools &, > &> Ag >cgdo,
30boosb dbmmme Ag 96900056 oFY4gdamo 9bokgds sbMo hoggdols
o dgJobobdl. gbgdgool 53 56gdo (3.10) gobGmemgdol 5dmbBLESL o3
Loby:

£e) = Lrale) exp[— [”—(3) dg] (322)
gle)e 2 trle)e

@@ Fobs g58m33er9g90ds ag0hggbs, Rogg®ol o dgjsbobaol
emdobo@gdomdols  badolbo  jolgoayd  dgdobobdby  sAligdomow
35bobabrmgmgds 60d9Tol 3md3gblsigool bodmobbols (K) s bgoddosgeco
G9bd®gdol  3mbi3gbd®ozooll  (No)  860Tgbgermdgdom.  bob.  3.5-By
Fomdmpagboanos (322) aobofoagdol 939b]Ji0gd0 Lbgopsbbgs  K-bs o
No-bomgol.  85Jb03780L  §g@@ogmo  (g,), ®mdgmog  aobobsbmg@gds

ak (8m)

056585M©Mb0m %=2, ©odM30Egdgeros 6039dol o3 3oMmsdgHHgaby.
T gm

93390 No-olbob, 3m33gbloiool  bodobbol béwom, ogo bgm-bgens
350006533901 @sdsamo gbgtgngdol bsmgl.

Go(3  dggbgds 8M9wgdol  0bgg@loygem  9dbgdls (ZL>0), No-ols
&

bAwom 0bobo MbEsMsb FoMmnmgrgdosh. gl s0blbgds 0dom, Gm3 No-obs
bAon Uy quaem  dapogdo  brgds  bgo@Momud (396G gdby
SO5RM40 3536330l 3MmEgbo. bOEswo 9d63d0 o () BBmwgdby,
Amdmgdox Fomdmpagbomo oym bsb.12-%g, s Gmangdoi odm§ggmo
0ym  Gy(€)-0b mBobodgdon (121) gm®dnmsBo, bpgdosh Lym wacEe
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Botmg. gL msgol sbobgol 33mggdl  T.(e) ©oBmopgdamgdsBo  ©o
3o65300m3g8L  b@wopo  (0bgg@bomao)  «M3bgdol  sALgdmdsL  f(e)
aobafomgdol B96d30sT0. 53 936330l 96939040 s@g950 go K o
No 356589890000 3mbGOM@mom@gds.

bgdmmbondgsdol  Logydggmbg  Dgodamgds  ogobygagbso:  amgdlols
3OLgoEgdo  hokg@ol  89Jobob3ol  ImJdgrgdolsls  0bgg@lonmmds

mogobygomo  gm@mgmgd@embgdols fle)  aobofogmgdsdo o6
©s08boMmgds. Bbmeme o hoggdol  dgJobobdol  mBobomgdopmdols
300mdgdd0  Bgodmngds  dmoadgdbml  0bggdlogmo  9dbgdo fle)

aobsFomgdols  96]di3osBo.  3g@dme, No>5-10"° 1,83 > K9,5-bsb

a5boFogmgdols 196J3000 06396 Logmmdy 5 4d0m (3960 ®9d%y
hokg@olal gpogme.
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mogo IV

dobodggaamo g66Mgo0l gowsdnbBdgol Gmano gmand-53390% aano
dsbsbosmydangdol Fsdmgsarodgds do.

§ 4.1 dobodggaaro gomwmgggol 306Gmds 0mbobsgoobs s
bsggmol sbsgmo jddobszondo dgfsbobdgdols
aomgoarolbffobydom

ao35(3bgmgdgmo  gergd@dGgmo  ggmols  s@lLgdmdobsl  Fgb@ob
nogobygomo  doGomgdmgdols gbgdaos 08rgbs 0bMEgds, @md hbpgds

ombobozool, @g30m8d06s300ls  ©s gbggool godbggol  sbogro s@bgdo.
BgLodsdolo 30698039®0 3M380309b6@ 00 brgdoob dmEgdoemo
029dBG e gogmob  gubjaegdo. Gopm@E 9433 >3bodbg:, Fgbdob
nog0olegseo d58oMgdagdols 3M6396¢ M0 30953 bgm gdgero
90 gddHgmo  ggaolb  s@Ebgomdobol  gobobobrgmgds LFsEombsdgemmdols
300 0Mb0056.

Mg3mddobsigogmo  jobgHogol  ob@megds,  oby  @maméE 3ol
Lbgobooto  gfmmgdgh  bobdodgms  gob@mangds, hoofgdgds  ydrpgyo

Loboo:

dn

a-_[AT(T)+Al(Te).n+AET(Tc).n]_ (4.1)
_[BT(Te)+Bl(Te)'n+B1T(Te)'n]’(NA +n)~n

B,(T.)- ms6§y8omo (mgg) B34088065300L 3mg5030g680s.

LBo3ombsmy@d Ipgmds®gmdsTo (%::0) (4.1) 3ob@megds Fydgao

Loboo posnfgmgds:

Al(ﬁ+ﬁ+nJ(ND -N, —n)—Bl(B—uﬁmj(NA +n)n=0 (42)
1 Al BI Bl

Ar s A, 98030960300k  3obdbobmgdgmo  asdmbabym gdgdols

Fgotigdbomn  spgomse  ©sgtfdgbmgdom,  ®@md  Ge-Lomgol  @sdog
$93330589Mgddg  0mbobszool  sMGydomo  gJsbobdo  mBobomgdoro
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begds n210° b33-Lsb. @o@ Dggbgds By /B, Bggotpgdsl, Dggolgdgdo
230hg3969896, ©®m38 B./B, >>n, n<10" U133-ULob. 5Jgob  0dmBrpabamy,
@94m3d0bsiogmo  3obgBogol gobEmangds, @mdgmoi RsFg®omo 0gdbgds
hggbl Bog®m Ygthgumo 3odmdgdobomgol (Lsds@marosbo n-ol bgdolidog@o

Ggoma@o  360Tgbgmmdolomgol), mgdgmmdl  Ygdpgy  godoMEBoggdgm
Lobgl:

A,(f:—T+ ‘ZET +nJ(ND —N, -n)-(B; +B,;)-n-(N, +n)=0 (4.3)
1 1

>3 35b6@mangdol s3dmblbom n-ob d08s®;, Jogomgdo:

n=b+b’>+d (44)
bo@ogs b=(1+l)ND—NA(l+l+k+p)—a @53
20+k+1+p)
a= 4NN, (4.6)
1+k+1+p
5 Bgdm@sbogros 5mboBgbgdo: a=%;k=i—:;l=pzT ;p=i—'lT

ONYES Tggbgods Lomdg@o 0mbobsz0ol 338030968 L, ol
2560Lobmgmgds godmlabymagdom: A; =K, -B.(T);

32
B.(T)-B,(T,)-b 8608g6garmdos T, =T-Lob, bmgnm K0=(ka) e

med kT
27h?
©gBsmg@o Fmbsbfm@mdol 30063030056 258mwobsdy.

T,-ls odogro 360Tgbgmmdgdolsl (bobsd po®d@ydomo ombobaizos xg@
3093 oM oMol mIoboMgdowa), >Abgdmdl  T,-b obgmo oMy, Lopsa
b <0, 5308md (44) godmbobyengds aoesnfgagds gdegao Loboo:

d b
=/b/| 14+—+— 4.7
" (\l b’ /b/} 47

39L3J39T> aod3mlbabyangdols gmag Fg3dolomgol gmgdymmdm, Gmd
iz<<1

d a(N,-N,)
b <0-bal: == 48
Soe " | N, (Q+k+1+p)-(1+IN, +a (48)
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(1+)N,-N,(1+k+1+p)-a
(l+k+1+p)

b>0-Uol: n=2b= (4.9)

T,-bU  @sdogo  360Tgbgemmdgdowsb  Bopombg  opabgmolasls
mogolbggomo  Io@omgdmgdols  3mb(396GMS30s  833gmMoe  0bApgds (ob.
(4.8) > (49). ospaomo o3l dobstggamo godmgggols dmgmrgbol. I
aoEslgmol  Fggbodsdgds  60Tbol  (3gomgdospmds  (44)-Fo,  sdo@ma
d969dMagos dogomm:

b=0, 69 (1+1)-N,-N,(1+k+I+p)-a=0 (4.10)
Jobstggnmro  astmggzol  3oMmmdsp. sbgmo  aoblabmgdol  930@s@glimds
Logmggeemnsme domgdnmmnsbt Fgoocgdon Ipamds®gmdl 0d5To, Gmd (44)
> (4.10)-0  mobobds  dobotggzymo  Aodmggzol  3GmEglo  @hgds
bHogombodgana. as@mgggobsl (44)-sb godmdwabsty agsdgl:
e an

T  1+k+1+p
3063090 9e8> 3odmmgmgdds ag0hggbs, @m3 N, —N, 210" 133-lsl,
Gmglsg T.>T, A, <<(A, +A, )N, -N,) 59 JoGmdol
domgomolifobgdon  (4.10)  yoddmgggo  gamol  (gamgdBOmbymo
$933g@5@M0l) 360Td3bgammdgdolomgols dmyg39dL:

Al+tAy; K
B;+B, 1-K

4.12)

A =0 ©5 By =0-bogob (4.12) ag5dmgab gaodmgggol  osdwy
bmdog 30GMdsL.

bob.  4.1-%y Fomdmeagbomos mogobygomo 920 9] Mmbgdols
3b3eGGGo0b  (n)  @edmgorgdgmyos  grgddOmbysmo  §addg@adgaol
T, 3860dgbgmmdaby dobosdgggmo  aodmgggol  3Gm3gLd0, GOmEglsg

Mg3m3dobsioynmo  jobgBogzol  aob@magdsdo  gomgomobfobgdymos
ombobszoobs s ®g3m3doboizool sbygo  3mddobszoygdo  89dsbobdgdals
ImJ3ggds. aMox03900 sa9dgmos n-Ge-Lomgol 3md3gblazools badolbols
Ubgopslbgs 360T3bgammdgdolial:  0,01<K<0,96. bgo@@ogmgdo  (336®gdols
3639635305 BoJbodgdamos MNo=5-10""133). dgl@mol gd3gBopa@s ~
T=4,2°K. 6ob. 22-%3 go Bgps@gdobmgol  Foddmeggbomos 03039
256@ME 9ol 53mblbs  3m3dobszoydo  89d560bdgdol aoMydy. GmamE3
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29339 33Jmbrs 5@boBbymo (§14), Izoty 3mB3gbLsEool badobbgdobsmgols
9o 33d560b3g80L  bgdmJdgrgds  S830Mgdl  T,- 03  3b0oTgbgmrmdgdls,
Loosbsz  3oMmgggol  3Mm@Egbo  ofygds o bAel  mogobygsmo
90 9JHHmbgdol  3mbi3g6GMsE0sl godmgggol Fobs o@Mgdo. @s3g dggbgods
0  Aggmddobszool  3Mm3gbl, 9335 39390909 slggbgdols
Bglododobow, o0go  mIobodydsl 0fygol aglol oMesdo®o  hadg@ols
39ob0babg K- o 3I6odgbgmmdgdobsmgol  (K>0,5). K=~0,7-bg opo
0dpgbse  360383bgmmgobo  bpgds, MM3  Mgymddobszogmo  3Gm3glgdo
Ldo™dmdl ombobogosl 9439 3oMmgggol Fobs 59T0 ©s ©s0dbodgds
magobygomo g gdd@mbgdol  jmbgb@@sEnol  Fgdomgds  dobo@ggygeno
23MM3930L oFygdedy (bob. 4.3).

Gmpameg 41 s 4.2 bobabgdby [omdmpagboamo  g@sx03980L
BgoB 550056 BB, Esdsm 3m33gbLocogddy n(T,) ©sdm jopgduengdgdols
dMA3JBoMgdsl  g3o@o@gboe  obpgbb  ombobszool g dgdo60bdo
(derogtwgds ombobsiEogmo 3GmEglgde odmgggol Fobs ocmgdo), bmenm
dowogn  3md3gbloz0gdby, GmEglsiE 8339mMse garobpgds o dgdsbobdals
©m3InboMgdomds  JoBEs3otmmsb  Ygosdgdom, Log@dbmdmaw  ob@gds
353Mmggge g gJdOmbygmo  Bgddg@dodgtol T, ., 8b60dgbgmmdgdo. doy:
K=0,96-Lsb T, . ~350-o6 820K-9g gs0bodws.
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0530l Rs@o0 g 9@ ®mbgdols 363336 ®s3000b
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SRR EHIHED)
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bob. 42

nogobyggsamo 90 9JBO™bgdols 3M6396BMS300L
odmgorgdgmgss  gmgddBmbam  Hd3ghedmaty
(3ongosamolifobgdgmo SASS 4m3d0bsz0gMo
393560%3330L 3mJ3g090s)
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TS, K
bob. 4.3

o d9]o60bdol dmJdgegdom godmfgggemo msgolingswro
9e09d@®mbgdol  3mb3gbd®oEeol  goMpbs  poMmgggols
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§ 42 d9bBol msgobaygoamo ds@s@gdangdol xxsdadio
dgis@mds JargdBHmbaamo Bgd3965d 9ol dosbarmgds do

nogolbyggomo  gangdembgdols dg@omdols (1), Gmpmeg
99J5OMbgmo  B983g@sda@ol  (T,)  §96jcool  goblabpg@obsl
dbgoggmmdsBo 9bps dogomm, Gm3 dgLMol FJd3g@s@gdol  ©sdsano
360336gmmdgdolsls  dgbGol  BooMgdangdo  35600bggosb  Fobomggols
bgod@oma@  5BmIgdbg,  ombgdby o S3gbBogu®  gmbmbgdby.
FgLododolo dgBoEmdgdo y, KU, 5 Uy hsoFgmgds Fgdrpgao Loboo:

o N
Hy =Hy N(Te) (4.13)
— 9 NI Te 3/2{ln(1+ﬂ0)_1+ﬂ02:|
Ha =t NI(T) T 2 B’ 0
[m(nﬁ )_1+ﬁ2]
(T 12
Hp = IUF(FL») (4.15)

o] Hy» M Hp - dg@sEemdgdos bygmmgsb gmaddeym  ggmo;
B2 =B oogobygem dgbGol Bo@etgdgmms gobol aoabgmgdol o6
5>OLgomdol  300mdgddo,  N,- ombgdol doJLodserydo  JmbEgd@aiEass
dobsmggols bgo@@smaco SE™3gdols ulolady 0mbobazoobsl
(N,=Np,+N,); N- 4obggdoozool 860836ganmdss  mgh3mmobado g
Fobolfm@mdsBo  (N=N,-N,). gggms o3  go8mbobymgdsBo
gomgomolbfobgdm 3836330 dobotggaeo (3958 gdols dgbGomo
ppm3s@ymdol 3gmomgosl gmgddhgmo gamol yogagboo:

N,(T.)=2N, +n(T) (4.16)
N(T,)=N,-N, (4.17)
s d3Mgng] 35336330  0mboboMmgdyaro  BobsMggymo  396@®0l

936560t gdols Gopoglbob (3350 gosLs, 94@5b0Mgdgao dgb@ols
mogobygsmo do@o®gdmgdol 3mb39b@GMo300lL (3geromgdslinsb gBmsp:
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f kT,
R= _______47”1 (T,_,)ez (4.18)

I9bBol mogolyggsmo o§o®mgomgdols 3mb3gd®S30 (n), OTUPNUILTE
I29JHOmbgmo - Hd3g@oGtol  ggbdzos, Bggb 9430 3°63LodRgGIM
93m3d0bsi309o 30bgBogol yob@mengdol sdmblbolol.

GMyMAQ3 36mdogmoas, dobs@ggols 0mbgdby 350bg35Lmab
53539090 gmo  dg@spmdols  oblobmg@olisl  gobobibgoggdgh ™
dopamdsl. [70] 65TF@m3To  bohggbgdos, ®MM3  my  gHmo  ombob
3mBgbzosgy®  ggmPo  08yme3gds  Modmpgbody  ULbgs  ombo,  35F0b

Imgdgeo ombol gagd@®ygao ggemol YglalEgds 08 ombgdol ggengdom,
Gmdmgdoi  03gmxgdosh  dol 3m@Ggbgosmygd  ggerdo,  godemgde
0535Tmdpgl  gu@m  3bodgbgarmgsb  @maml, gop®g dolo  dgbdob
9305600 38> msgoliyggomo gangd@®mbgdom. 53 Fgdmbgggedo  u, —Lamgol
domgdagmos  gmbyggm-goolgmiggol  (33) gmEdgms  [71],  @mdmol
538™MM3d03  3odmpomebgb 0d  sdggdoesb, @m3  a53dbgygo  (396@ ol
JHmby@o  ggmo omo® 25650633k  9939d@ Mo, dgbmdger Bobomgggdls
ool LoTygoemm  dobdogmols - r,- ol aodgm. (4.14) ge@IgesTo

Fgdsgogo Lowogwey

2
B> =p2, = (——————1 ZZB‘Iﬁ‘EﬁT] “.19)

dgmeg dopamdsdo gomgomolfobgdganos ombobo®ydgmo (336¢®ol
Jambgdo  ggmol  gg@sbomgds  mogobgysmo  gmgd@®mbgdom. gl
sdmzobs  aoboboamgl  ddyglids s bg@mobads (db) [72]. dom  Bogd

3>dmmgemogo

3 24m(kT)2 Yo

B* =By = “emn(T) (4.20)

(4.14)  ao8mbobygegdol  bmaspo  Lsby @hgds  ghmo  ©>  0p039,
Jbmmmp J0Mmdgdol glsdsdolop ogmagds B°.

obdolb  gombgs: 53  gmOIgmgdoesdh  GmImon  gobs®ygdmmn
dMb3M9Hger  gdmbggzede? oy addmmgamolsl  sedmhbrs,  Gm3

My, > My, » gl 603bogl, @MI mogobyggsmo FoGoMgdmagdom yzMsbomgdols
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bop@dg (R) Bogmgdos, gopdg r,— 35386730 0mbol ggemo 9405606 gds
mogolyggomo  Io@oMgdmgdom s  o@  Fgodegds  dobo  ImJdgogdols
hodmdds  Bobdogngdby, Gmdangdoi >r,. ULoFobssmdrpgam  gdmbgggso,
GmEs R>7, o oMb Logo®m  ombolb  ggaools  mogolygsmo
do@odgdbangdom  g3Msbodgdols omgomolifobgds ©s gbws golLadygdmmm
35-0L Bm@EIgamom. >3sLmsh, Mo, <M, - 530350, dogpogotm ©aliyghsdy,
®md 53 m@o dopamdopsh ymggmmgol gbps sgo®dbomm oli, Gmdgmog
335demgal 989@ gl w,—b. S8obmob, FobsbLFs® (3bmdogmos, MM3 s®hygsbo
Esdmogdgaos  dobogrol  3o@edgB®gdby. 3GsJ@ogymo  ymggmmgol,
35MMgg3od@g,  mogolygsmo  do@oMgdmgdoll  3mbigd®oools  odogn
d603gbgemmdgobyg, aodmoygbgos 3g-ol gm@dgms. asdmgggol dgdrgy 4o
5@hggabo aobolobmgmgds R-bs o 7,- Fo@ols  mobsgodomdom, ols 3o

sdmjgopgdgmos dobs@ggamo SEmIgdols 3mbigbHHsEosbs s bodydals
40M3336Lozool badolbby.

hggbo  dbxgermdol  LolboGygdmme  3gdyggegdl  dowgdymo
0gmGogeo  3ggagdol  mobbgogbs  gJu3gMmedgbd e  Ygpgagdmsb [17]):
n—-Ge-ob 603gdobsmgol, dobs@ggol bgoG@sma@mo sGmIgdols ~105L33

3Mb3gbE®Mo3oolol, gobmdogr  ofbs  wxodyco  dg@opmds - 4. 0yo
Josbmemgdoon Gmmos ~10°68%75F8. 09 a°dmgoggbgdom db—ol Gm@Igansls
1, =0l 3o8mbsmgmgmse, mgm@ogmee sdmmgmomo 4 ~3,3-1041:8%/5-§9,
bomm  ga-ol gm@dgms agedmggl - u~L110°63%g§0, Bguolgdgoe o8
®Omb bsdpgomse agohggbgdyh, dm3d R>r.

bob.  44-%g  Foddmwpgbogmos p(T.)  s8mjopgdgmadgdo,
®mdmgdoi dopgdymos bgdmm Rs@o@gdnmo by gmmmdols Logedggenby.
60@;333{501) >s®980, n(T,) ob3EgbEM>300L BOPSLMSE ghmop 0bGLIdS
0mbgdol 3mb3gbGMoi053 o JsTsbowsdy, dgdspmds domby (1) 160>
Bg930tgl  (gemgdomo  9dbgdo  asdmgggol  Fobs  o@gde I, IHI, IV
IHgegdbg). K-U dopogn 360Tgbganmdgdby ombgdol  3mbi96@@si30s
0bIRS3 oo @ S80H™MI yohrgyzel IgBry 4, b 33000 gagdols
30M3900 5 osoadgdigds. dzodg  gmd3gblsgogdby  go (Bop: 8@, 1),
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0mbgdol  @ogbgol 833900® bAsLMSE ghmop Es08bomgds a4, (T.)-b
33390®0 godebol oGy

bob. 4.5-by FomBmpygboaos dg@smdgdo, MM gdoi dgglindsdgdosh
dobomggol  bgoG@omam  5GmIgdby  godbgggdb. 35Mmggzol  Igdeygy,
bgo@Gomyg@o  (3368Mgdol  jmb3gbdMszool  Bgd(30M3doLmsb  gHmsw
brgds #y(1)-b 3339060 begs.

5376303 RMbmbgdby, ombgdls >  BoboMggol  bgo@@omy®
G96®gdbg  aodbgggdol  Tgbodsdolo  dgMopmdgdol  Bgd@bgdygemo
Lopopggdol Fg3@go0m gmgdagmmmdon 396 dg@mopmdsl:

=g gy (421)

UT) psdmgowgdamgdol smdfg@o dGgwgdo FodBmpagbomos bob.

4.6-%y.
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§ 4.3 gbgemo gangfBEmbgdol 9696300l obodsiool
0@ bgdo sEHsEMg o0 J0bs@ggaeo 3sodbgggoobsl

gbgmo g 9d@®mbgdols 3mbEgbG®sEools s dgMopmdol, Gmymes
Imgdgmo gargdd@gmo ggamol g9bjiool aoblobobmgdsgse Lakotms
9 9JHOmbygmo  Bgd3g@sd e  aobolobmgdml, ®mymei  gergddGgmo

doob  gubdgos.  @mpmeG 9430 ofbs  owrbobygmo,  SygbBog®
3mbmbgdby  gbgMaool joMpgolmsb ghmow, obbobmgdnm 3oMmmdyddo,

Logo®ms aogomgomolfobmon gbgdanol godygs ombobsigools s 2p s

25 ©mbggdol 53bbgdsbyg. gbgMa0ol dogmsblol yobFmengdsl dogomgdm,

09 96mdsbgml  aoggdmemgden  Loddaroghgl, GmIganlsi  Igbdob

do@oMgdgmo 030g0L  gaogJdHge ggmBo 03 Loddmogdgl, @mdgmbsg

020 3503036 539bB0gNG BMbmbgdhbg asdbggolols - (%) , d0bodggols
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Ggmadlo@gool ™. begmo  Lgdsmobomgol  0dol  Yglbobgd, og @
dogmgbol  obgbl  aomsdnbdgzol  3@Mm@Eglo  @gmsdlsgool AMbY, oigg
domygobomos 8@ 2, dmBgmoz spgdgmoes Impgag@o bafoms gdol 0dsgy
Gogbgobomngol, @s@ 3G, 2, dog@sd o n=10. 6. 2. assfggeos 3@. 2-msb
YooMgdon oo EAmgdol  bodgl,  gobsowsh N, (f)=N, +An(t)
3odmbabygmagdol mobobdop, N, jmb3gbdmsios ab@pgds n(t)-L BAESLmSE
gOmoe  (ombobogools  3@mgbdo), @53 gdgogomgbdgdos  60dyTob
JM33gblszools  badobbol (K) bépobs, o g o ABggbo mgme@oymo
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InbsbGgdgdosb odmdobs®y obMegds o hsdgol @M. 89-3 IGyoo
dggbsdsdgds  Ygdmbgggol, GmeEglsiz gggms dmgmag®o  boFoms jols
3Mb6GgbEMs30s  ghmo > 0dagg Gopolos ©> ™m@ogg Godol  (3968@gdols
aosdgbBgol  3GmEglol aogmgbs  n(r)  ©odm oEgdgmgdgdby oMol
> gdomo.

dmgmomgdol  Fgogagdol  mobobdsr,  dobodggumo (396G gdob
2o5dgbBgols 30ggog50m ®OmJo Ygodgdom aoF gemogn n(t)
05dM 30 dgm gdslmsb.
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bob. 4.14 »)

0ogolggomo  gmgld®mbgdol  3mbEgbd@sizool AMBY
©53MjoEgdgmgds ggbgMsgool Fystml asdmémgols g3y
Ge-o, T=4,2°K-% g-ob bbgowslbgs bsfyobo
db0dgbgenmdgdolimgols:

. - 0,5A¢; 2. - 3Ag; 3. - 5A¢; 4. - 6As.

(Bmpgmg@o  bofomsjgdol  @omegbmdss:  n=50, Ny=1000,
N.=1000).
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mogobyggogmo  gangd@@mbgdols  jmb3gbG o300l

OMbY

©53M3oEgdgmgds 3gbgdszool Fygodml asdmémgol Bgdwyy

Ge-o, T=4,2°K-bg Ni-ob bbgoalbgs
db0dgbgemmdgdolmgols:
1. -10000; 2. -1000; 3. -100.

Lafyobo
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bob. 4.14 2)

nogobgasamo  gagd@@mbgdols 3mbi3gb@@siEool  AMBy
odmjo@gdgmgds 3gbgdsizool Fysdml godm@mgol Tgdwgy
Ge-Bo, T=4,2°K-Lsl, e=5Ag, n=98, Ni s No-ob UsFyolo
36033bgemmdgdo bbgswabbges:

1. - N4 =500, Ng=100; 2. - N+ =100, No=500; 2". - N, =100, Np=100.
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bsobgddsgom bsdGmddo domydmaro dodomspo dgogagdo s
@obygbgdo:

. 6596Gm330  YgBmmsgsbgdagmos  Bobsdggol  opgdom (396 gdby
Rodg@ols sbogno 3m3dobozog®o 33dsbobdo — g.§. ©s®dEYdom-mg@doygmo
(om). godmmgmogos 58  dgJobobdol  Ygbodsdolo  hogg@ol  zggmo.
a3dmmgmgdo  hodo@mgdgmos n-Godol  60dyTgdolomgol  Fobskggol
bgo@@omgdo  5Gmdgdol  3mbagbdtsgoobs  (No) >  md3gblsiool
bo@obboll  (K)  Ubgopsbbgs  360Tgbgarmdgdby.  bohggbgdos,  @md
34™3396Lo00l badolbol beon o 3gdsbobdol mBobo@mgdsmdols s@y
3609369mmgbs BoGMMgEgds.

2. bbgowolibgs No-obs s K-Lomgol dgsgdspss po@pgbogno gemqd@@ogumo
398950l ol 5Mggdo, GmIgmmsmngobsz domomgdgmo 39d560bdo Ygwols
dognsBo o  bpgds  mdobo@gdoo  ggdbol  gobjgogdo  hagg@ols
d9J560%dmsb gotgébom. Gox 9B®m powos Ny s> K, go. 653 9g86m
06 9bLog@sr 303obotigmdl god6g30L 3GM3gLgdo dabsdyggols ombygd o
bgo@@omyg®  3960Mgdby, oo 9BAMm oo  ggawgdos  Laokodm
9 9JdOmbols LoFgommm gbgdaool go@ygggmo dbodgbgermabol, j9Gdme -
Ag-ol  dobow§ggoe, GmAgmoi os9Eorgdgmos  godbggols  sMsEM g o0
36migLgdol  oblsbm@ogmgdmap.  dogbgosgse  Sdols,  dobamggols
bgodGogmydo  ©s  ombobodgdgmo  sGmgdol  3mb396@® (309000
250 339900 360336gemdgdobiomgols, Uy 99390589 gdby,
4030m 3oL sALgdmL dmeadgmo gmaddGgmo gamol po@yggmoe >hg
AE, lLopsg @bgmo  gargd@®mbgdol  hoggtol o 39J560bd0
Fomdmapagbls mdoboMmgdoe dgdobobal.

3. podmygmggmos  goGmge gdd®mbgool  0bgg@logmo  asbsFomgdols
396Jd3ool  9gJdbols Fgbodmgdmmds dodbopsg Jammbad  396HMYdbY
Bodg®olol, 08 Bgo@oe aoblobmgdgmm 3000389030, GmEgbsi hoggmol
EmdoboMgdse Igdobobdl Fodmdmopagbl pm 3gdsbobdo. 8@ 03090,
M3 Geopglsg  gbgMaools  asdbggol  sGop@ggemo  3Gm39Lgdo
03696  gmgJBmmbydol  Logmabmol  boba@dmogmdal 1 (g),
Yoo  (3960Mgddy  Podgdobolsi  dgodangds ogbsl  Bowgdoaro
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aobsfoangdol  g9bgdiool  obgg@lbogmro  Lobg. gl gudemgdgemo  oym
hokg@ol 3Gm3gLdo agdlol jobgoyg@o dgJobobdol ©MBobodgdspmdols
EAOmlL.  n-Ge-Fo  aobofomgdol  g9bjzool  0bgg@lLogeo  4dbgdo
©o0dbomgds  No>10%633 s K20,5-Lol, aobofomgdol o600l
doJlodygdols  FgdBogol  (g,) Bpgdodgmds 3o, Bomosbse  bodydol
350539Mgdbgs ©IM goEgdearoa.

4. 3gbBols  doGomgdagdol  gbgMaool  a5dbggobal sMopMg L0
d94o60%3gd0l  MBnbo@gdsmdol  306MmgdTo  Aodmygmgamos  SpMgmgy
9oOYMFONSE sdybGymo dobs®ggnemo (96dMgdols Mo
BB gJHOmbgdol  0bggdbommo  asboFomgdol gmMBomgdsTo. oo

@omEgbmdomn gJL3gMmodgbG o dobogrol TgbFogmols ©s 3Mb @Mg@ o
aomgagdol  AoGomgdol Ugpgase @oygbogmos  dmbh-d@eygg0hols

BeG3eols 930GoGglmds Lbgs mgm@onm Yg0g3930056 Fgo@gdom.

5. opagboaros, M3 godygmyon (3363M30bg hokg@molisl 0bgg@mLioymmds
AMBMgmgJHBHmbgdol  fle)  gobofomgdsBo  Ge-oli  60398gdobamgals
©o0d3bo@gds PtT asbdbowsg 396@®gddg  Bodg@olol, Npe>10'¢ 1593 ©>
g,>€,—0l @AML. bmaem  Au-om  @gaodgogm  6099896T0, Naw-ol
Mgome®  860T3bgmmdgdby 0bgg@los ool Lyloe, 96g@aools gofem
>4 gdo.

6. Np:  3mb3gb®®szool  bepom  bgmo  gmFmgmgd@d®mbydols
Logmabmol  boba®dmogmds  gob8bopsg  BobsMggyar (396@Mgdby
Boggdobsl  33odpgds,  s30dmd  gJLE®gdndol  Fgddomo  (g,)
JoasEa0mEgds §69Ma00l wowo 360Tgbganmdgdols Bbadgl. aomps S30bs,
aobsFomgdol ggbjiosl sl 3sJbodygdo €, FgOBomBo, og g,>¢,.
€,<€, dgmbggzoTo d5Jbodxdols Fg@@oml Fomdmowygbl €,. 35Tobowsdy,

0bgg@logmmds  gobsfomgdol  g9bj3osBo  ©s08bodgds €, FELE,

9690398049 >Mg3o. @53 Gggbgds  BogdLodydol Fg@mEomol
dgdoMgmdsl, ol domrosbop ©sdmjowgdnmas 60d9Tol 3o@sdyg@®mgdby

©> 5M5> EsIM o dnmo saegdols €, 36gM00b).
7. 30bgdogol gob@mmgds sdmblboan o0dbs 03 30Mmd5dT0, GmEglsg
dogms@o Ygoli > ©Emdobo@ygdl ombobszool gargdGBmmg@mdoymo (go)
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©> (93m3d0bsizool  s®FYdom-ng®hdogmo (pm) dgdobobdgdo. 53 MM
3oMmgg30l 3ami3gLbo 530 9body 3oblbgaggd o Lobom
Fo®mdmy g0 gdo:

7% odogmo jm33gbLaool ba@molbol 3jmbg 603989380 aodmgggzols
36m@agbol  3m@gJBo@gdsl  dodomspse  0mbobsizool g dgdobobdo
sbgbl:  odanogdgdl  ©s  9nem  0b@gbloy®dl  bpol  ombobszog®
Imgargbgdl, o3 godmobodgds aoMmgggol Fobs 5@9Td0  mogoliggemo
920 9JBmbgdol  3mb3gbB®SGE00l  bOESLs s poddmgggo  ggangdol
99300 93580. LMol Bgd3gMs@amol bAPSLmS ghmsp gm dgfsbobdols
dmJdggds 9xutm 0b@gblogdo brgds.

7% Bopomo  3m33gblsgool  baGolbol  8Jmby  6odydgdda
@93m3d0bsiogmo  3GmEgbgdol  Fomdds®mggamo o dgdobobdos.  oyo
dmJdgegdsBo  Fgrob 9433 oMw3a30L  ©oFggdedrg,  360Fgbyummzbog
admog@gdl  Mggmddobooygar  Bmgmgbgdl  (obg  @m3,  JgoboBbgds
mogolgysmo gmgd@®mbgdols  3mb3gbd@sgool goMwbs 9 Igomme
astmgggols  Fobs  sMgdo) s> sdom  bAol  poddmggze  ggmol
d60336genmdgdb.

8. a3dmygmgnge 0dbs godymaomno oxg@gbiosma®o Fobsmmdol 3Jmby
240630l spdgdobs gLodgm gdmmds n-§odols 60d9dgdols J(E)
doboboomgdegddo 03 EAML, GomEgbsg @bgmo  gmGmgm gddembydols
9696300l 2586930l s@oMg oo 83dsbobdgdo FoMmdmoygbgb gbgMaool
©0b03s300l EM3nboMmgdse oMblL. oEygboa odbs, GMd 53 J0Mmogddo
J(E) dobobosmgdagddo dgodangds >@0d@ols “95MYMB0N0
098904630 YMo god@sMmgdemmdol Ijmby 9dbgdo. 39@Mdme, No>1051433 -
Eob ofygegmo g53-90L ojgm S-ob doggodo boby.

9. 9696300l domsblol AsbBmangdol sImblLbolsl  godmygangyee  ofbs
dobs@gggmo 396@MgdoL dgbBomo BpamBsdgmdgdol gmomgdols Geeo
3 A-5339@gao  dobobioomgdmgdols s gobgdoggdo  jmgnoEegbdgdols
Lobol RoBmyomndgdsBo. o8 ML 39bGob mogobyggsmo ds@adgdmmgdol
4MbigbdGs3os (n), MMamM3 g gJdHmbymo  Ggdd3g@sGagmol 19630
256Lobegd g  odbs  @ggmddobsizogmo  jobgBogol  3obGmengdowsb
ombobo@ools s Mg4mddobaigool shomo  mddobsizoy®o  dgdsbobdgdols
asmgseolifobgdom. oo Ng-gdolomgol (No>5'1014 183) 90 9JBH™byen
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$9939M5@ ML 5 3980b Yool doomgds NURTENGI I
Es3mjogdgmgds. 3ol oJgl S-ol Boggodo Liabg.

10. ge@mestboggdol  Jggd  dymgze  6/3-ol 3M6396@ G0N0
BGMIZAdbmdos®mds  mogol  doJLodomg®  I60Tgbgemmdal  seFggl  0d
b0dvdg9dJo, Gmdang6dogs dobomggols bgo@dome@o >@™dgdols
3Mb396@®s30900 (Np) sMob oo, bmam 3m33gbLaool badolbo (K) go
do6y.

11 360bdomBo dodobosmy ygbg@sEogm-mg3madobszonmo 3GmEglgdo
ombobo@oobs s AodgMols  sbogmo  ymddobsigogdo  83Jsbobdgdols
domgomalfobgdom,  YgLfsgmom odbs ULbgs ahbomsis: gmd3oydgdgeo
9db3960dg6Gols  BoBodgdom  Godbogy®  Impgarby, Gm3gmoi  Fgoddbs
BgbolbFogemo  3GmEglol  Logmo  Ygbsdsdobmdom.  @g3mddobsiogmo
306980g0L  gobGmangdols  o3mblLbol  Bgguymgddogo  dgmmpobsysh
356Lbgoggdom gl gdu3gdodybEo  n(t)  EsImowgdamgsols  3mgbobsl

335dmgglb  Ygbodemgdemmdsl, dbgrggmmdsdo  dogowmon  msgolyggsmo
99JB®mbol  gbgMaool 3geromgds @mol gmgger ImdgbGBo - e(t),
50gmgy  No > No-gdob  ggmomgds  @AmBo,  dedefgggeo
mogolmgomo  gegdd@mbgdol  3mb3g6dGMaEool  Ggmomgdon - Anlr),
(N,=N,—N,-An(t); N, =N,+An(t); An(t)=n(t)-n).

dmaml,  sggomgdbmop 9bes  S@0bodbml, @md  gbgmyogdols
dobgegom  IgbBol  Is@oMgdgmms  obgmo  gobsFoangdol  swdg@e,
Gmdgendoi  oaomo ozl 0obgg@lbogem  wobabargdsl, s®sEsmbsbop
d023560869dL dmbm JHmds@ o 3>3m3dLboggdaols ‘d9Ja6ols
AgLodegdenmdaby. mgdEs gopslgmol 3Mm3glgdo joMmase s@ofg@ydosb
mobg@gdobomgols  bL3gEogon®do  m@Oembosbo  dmwgmom, ™30 e
3oabgmgdl Sdgm 55300053000 bsbosmo. g dmombmgls
0bpy30Mgdgmo  aopslgmols @mobs >  dobo  L3mbRsby®o
3o5lgangdol EAMYdMNSb Mmobogomomdols sdo@gdom FgbFsgmol
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