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Abstract

Theoretical and experimental researchs have shown that insulators divide into two groups,
after 70 years from creation of quantum mechanics and solid state physics. One of these is
“ordinary insulators” and others — “topological”. Valence band is fully occupied by electrons which
belong to the first group of insulators, but conduction band is separated from valence band by
energetic gap. Such kind of material is diamond. For the other group of insulators, energetic gap
changes by the strong spin-orbital interaction. It means that electronic states of high energy are
situated under the energetic gap and vice versa. For this reason, on the surface of the topological
insulators, create many conduction states. They are the stable enough toward scattering on the
ordinary defects. Even if exist high energetic barriers, surface states flow current. In this case we
say that topological insulator is a crystalline material, which is conductor on the surface and it is
insulator within the volume. It must be note that the number of charge carriers is constant in the
topological insulators. It differs from ordinary insulators by this sign.

The electronic band structure of non-interacting topological insulator within the volume
looks like to the ordinary one. The Fermi’s level and the special surface states are dropped into the
volume energetic gap and create the metallic surface.

At 1987 firstly has started to study experimentally and theoretically topological insulators
and it’s still timely. Such materials exist in the nature, for example Kawazulite mineral. Thereby, in
the bulk part of the Bi-based 3.0 materials exist ordinary insulating or topological states (Nature
Physics 2014). At 2012, several group of scientist suggest that samarium hexaboride is a topological
insulator in accordance to the earlier theoretical predictions. Beside this, it’s possible to observe
helical Dirac’s fermions in such structures and these quasiparticles are massless relativistic objects.

There are highly popular above-mentioned crystalline structures in the modern solid state
physics. For this reason, we've generalized such prominent example of topological insulators as Su-
Schrieffer-Heeger’s (SSH) model. In this case, we’ve studied theoretically especially the long bulk

part of quasi 1D chain by the four different hopping amplitudes.
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More concrete, we've derived analytically bulk matrix Hamiltonian in the momentum-
space with its eigenfunction and dispersion relation. After this, we’ve constructed dispersion curves
and evaluated conditions, which define the metallic phases from insulators. On the other hand, we
speak about the phase transitions.

We've defined the winding number for especially the long quasi 1.D chain beside the above-
mentioned things. Its every member of sum looks like to the same value expression of the SSH
model outwardly. We can perfectly define any phase with this parameter.

At last, we’ve constructed the phase diagrams with parametrization of hopping amplitudes
and by calculation formula of winding number for the generalization model of SSH.

As it defined, from one insulator phase transition to another is possible to cross metallic

border in one case and via insulator border — on the other case.
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T

l
A= j A OFHGOAUR)dk, 0

_r
l

boQS(3

~12 ~



Hk) = <t1 +(t)ze”‘l t1+ tée_lkl> = (dx(k) f: dy (k) o _oldy(k)> 1)
@b
Al = (ggg) (5.2.)
(5.1.)-96 3500996, G™I
d,(k) =ty + t, cos(kl) (6.1.)
@0
dy, (k) = t; sin(kl). (6.2.)

(5.1.)-0b Fgbsdsdolo OL3GOLOYIEPO MsbIBIMPMBOL JobMIdS®, 8930005 35d0en-
A™b0560l osgyMboroBsiEosl dogdsMmmon:

det(H (k) — E(k)I) =0, (7)
Lo
_(1 0
1'"(0 1)' (8)
(7)-80 (5.1.)-0bs o (8)-0b gomzswoliiobgdom 30mqdm,
E?(k) = d?(k) = t? + t2 + 2t,t, cos(kl). (9)

(9)-05b 5935655, 33 bLY)-IM0g39M-30900L I o FsbbowEo LoliEgds MOBMbosbos s
535bmobogo,
d(k) = {d,(k), d, (k)}. (10)
(10)-0b Lsdswgdoom d,0d,, LodMEHY)DY Bgodergds HMgho®molgdMo F93MEo JsGrymgo
535300 (bsb.4.). 580l 30BgBo Bs3dsMLO AMIGo 335D0 1D Y5330 dm9356M0 bsfoerol 0d-
39BM0o oM gbols Igladsdolio 3580¢EHM™bosbol 39M0Mm@IeMdss. (10) Moomi-39d-
AMM0b JogM sBLEOLMS PIMHIMD Tggboo 3Mmmbg 30, b9 49BOLIBEOZMYDS:

— -1 dy(k)
¢(k) = tan {dx(k)}'

(11)

~ 13 ~



waSENurmGeEr &

i ko, i i i
1
- [
.- 1 . (}-I Q‘J OI! O B
in -1 i) ih) i 1yl

Bob.4. by-dM0x96M-3089M0l dmEgeol gbsdsdolbo obdgdlioreo dMwYdo. 5ty = v ©d
t; = w, bagoem | = 1. dmggdyer 990mbgg3sdo, (a) t; = 1,t, = 0;(b) t; = 1,t, = 0.6; (c) t; = t, =
1;,(d)t; =0.6,t, =1; (e) t; = 0,t; = 1. (f) o (g) 9900b39390d0 v = 0, M550 0bMWsEMMO
G®0305MH0s, b (i) s (j) 99000b3939080 30 V = 1 ©©5 0BMWSEGHMMO GHM3MEMP0MM0s.
53 999b9ds (h)-b, k-b 356339990 360d3690MdGOOLIMZ0L WEORM JM9gds s Bg@owo
3d000q0o.
(11)-q056 Gg0dgds 396385MEM™ ,,5b3930L MoEbzo”, HMIgeos LyBmYdsmE d,0d,
LOBdMEYOL LyM30L oM T9dM, (10)-000 5BLEBOZIOIEO FoGywys10l F9Mmbg93500 MOMPIBMBSL
0068596l s dogaro Looys:

1
2T

do (k)
— k. (12)

|
~_AT I

099 (12)-80 (6.1.)-b, (6.2.)-b5 s (11)- o3035¢0L{0bYdM, 35d0b Lsdmemm© dog0-
©9om:

b= ty t, + t; cos(a) _ {O, t; >ty (13)
2m ] t2 + 2 + 2t4t, cos(a) Lt <ty

(13)-80, Gxass t1 > ty H3ME M0 0HBMEsGHMOL BHM03050MM0 9ficmgds, bewm HmEs
t; < ty, 35806 — BHM3m@ma0©o. 59439 Mbs 50360dbmm, Mmd a = kl.

(13)-0b gom35¢0olfobgdoom Fgodergds, Lwy-d6Hr0x396m-30g9MHol ImgErols Jglsdsdolo, g3o-
DM O05YMT5 5358Mmm (65b.5.):

~ 14 ~



2.0

topological o <w

trivial o ==

0 0.5 1.0 L5 2.0
7

Bsb.5. b)-dO0x9M-309600L Bl TgbsdsdoLo BoBLIMHO EOsYEMSs. 58 99dmbaggzsdo, v = t;
QO W = ty. g t; > t,-B9, HO0305¢060 (bo3H0LGBYMH0) BoBS J00WYd, beagrm o £y < ty-BY
— HM3MWMP0MO0 (0gNE0). OMES t; = tp, 35906 50b0dBME BsBYOL gOHNTo67g00Bo6
LoBOZ96M0 (0530 MHY39G0 HoM0) gmxl. 58 Jgdmbgz935d0, X9F30L 93500 bofoerols
d9L50530b0 MGBM k-l 256339 36033690 MdYdDY JO9do.

(13)-0l domgds bbgs abomsg 890d¢ngds, 09 08309elvy® Fomdmygbsdo dMgobygmols
UGHOE0MbIOMEO FEYMTdMGMDIIOL 256E MOl gobgzobosgzm, HMIGE0E BoBHMO3YIEIQ SBY

3960l bEzMYd.:
H k)P (k) = E()WP(k), (14)
Lo
_ (¥
Y(k) = <1/)_(k)>' (15)
099 3530035¢00b{obgdm bMOHI0MGOOL 306HMBdL:
1PN = v+ (RP (k) =1, (16)
35906 (16)-8o (5.1.)-0U, (9)-0b, (14)-0bs s (15)-0b FgEsboo dogz0Lgdo:
1 t, + tze‘i“>
Y= e ( EG) ) an

099 boddg OB IgEHD™b0D LOLEFHIIYGOME 335d3L, 35d0b sbgzg3z0L Moibgo (12)-00m 39-
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©56 2560L5B036M9ds s 580G ™I, 53 BMEOIMEOL FobBMYSEIDSS BoFoMM:

T

l

1
v=— LA(k)dk, (18)
1
Lo
A(k) = i‘PJ’(k)dlZ—’ik) (19)

09M0L B MOl FoMIMoybl. 3065056 sbz9g30L Morbzo dmgwo ooy, (18)-8o (17)-
ol Ibemerm jd0bs Fo®dmlsbgomo bafowols dg@sbom, olgg (13) doowgds.

35¢ng0bols dmgero

35¢090bol Imgwo olgmo MFsMEGH039L0 MODMB0sBbO 3GMOLEHIWYOO LGOI MEY-
B0 3enslil 50Hgdl, MmO Es ,BIMBOL FHM3MEMA0MMHO 0DMEWOGMEOYO0“ [9]. 5333500 MmdO-
99H900L b5m3909LM BOB03ZMOO Fo9E0M0, B5bg35MBYE I IMHO AMR9BOS. SbgmOo LEOWYE-
0900 OHMamO3 Hobo, 3390 MORBEDMIoWgd0sbos. B=0 0bwdiool 3sboG e 39endo 3o,
bl ©MBY9d0 56 2o5Bb0s s BMbYdO 9OHTbgMOLsYD WOGRMMOs QsdMmymzoo. ByH-
6ol He3m@myowe 0BmEsGMOm™s sGLYdMS, 9Ju39gM0a96E s sBEZ03JdEo [10].

35¢090b0l ImYeo 330G ddol dosbermgdsdo, ML30bm gugd@®™mbydosb 335%0 2D
AM3MWMA0O 0DMWOEGHMOGOL S©FIOL, OMIgdOE 95M50M39L BH030L 39JLsgmbowrwm&mo (go-
Fobidsg356M0) dgl0m bollosmgds. 53 390mbgz93580, 9OHGMM3560 MX OGO ME 56593035~
BB 5EHM™AL 890393L, MOL 459Mm3 3OOLEHIMMO LEMWIEVIOS TgodEgds BodMMbs dGOZ9L
dgLO0m SE3TaOMm.

35er©9g0bol IMgol Msbsbdo, 39JLsgmbsgrm@o dglimolb Msbermglio dgbmdgwo
5G™3900 9OTbgmMb 56 MOHM0gHNIJIGIOL, bmgrm mBg3bm Mobemgls 5EHMIgdmb -
009OMJI9JO0M 30, 9. §. 590MbM3-0mToL Gobs BBEYds. Bodolosdy, s0bodbmero mgm®mools
d9L53530L0 350 EHMB0sBO JNMOOBsEM FoMTmpygbsdo sbg Bsofgmads:

~16 ~



7y At A i At A M
H=thi ¢ +tye'? Z ¢ cj+3

(L.) (U9

i€A jEB

At A At A

+ h.c.

(20)

(20)-8o t,t; = 0 25005bGMA0L 5330 GH¥YO0, P — 55(IMbMZ-dMToL Gobs, A s B -

960993560 MR MHIOOL 5659930350 9bGHMEM0 SEHMIGd0, M - J3999LMH0L 300G 9BYMHROS,
boewm (i, j) s ((i, j)) 30 89LsdsTOLO® — FGUOOL i @ j LYbeErmglio s IMII36M »sbErmglio

d9DBmdgo 5EMdgdo.

(20)-0b dglsdsdolo 03349ebryMo FoMdmqbol 3580 EHMb0sBOL Fobomgds LoFoMms

39JO™d0L, 35Bg6oL M3gMOBHMEOIOOLS O OMS30L I ES BY6J300LIMZ0L BMGMOIL QoMo Jd-

6o 499m30ygbmon:
1 P - -
Crmn = Jf elk'rm”(’]\(k)dk,
Qpz
~ 1 .7 o ~n —
= || e (R)ak
Qpz
@9

o

L. 1 P
6(k—F) =5~ D elEF

mn=—oo

(21.1.)-80, (21.2.)-b5 > (21.3.)-80,
k= {kyk,},
Qo
k' = {kl, k).
535300MHMMWS,

Tyn = Mmby + nb,

(21.1.)

(21.2.)

(21.3.)

(22.1.)

(22.2.)

(22.3.)

306053060 IGLEOOL FHOIBLES300L 39dEMM0s, beargnm (M, n) 9300 3OOLEIWYOHO bEBHOY)I-

AMOOL SGHMIM 3MMOHO0BEJOL 5©0b0odBIZU.

(21.1.)-0b, (21.2.)-bs o (21.3.)-0UL (20)-8o 99Eoboo dogz00gdm:

A= ff ¢+ (R)# (R)C(R)dF,
boQS(3

~17 ~
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C(R) = (

bowe

(24.2.) 0831@b60 Homdmaqbol ds@®0o3wmwo 3580¢EHMbosbos, Bosog

o(F)
1)

. ho(k) + by (k) hy(k) — iy (k)
H(k) = (hx(z) iy (F)  ho(K) — hy(F)

), (24.1.)

). (24.2.)

3
ho(k) = 2t, cos(¢) Z cos(k - by), (25.1.)
i=1
3
hz(E) = M — 2t, sin(¢p) z sin(E . Bi), (25.2.)
i=1
hx(E) = t[l + cos(E . 51) + cos(E : Bz)] (25.3.)
9
hy(E) = t[sin(E : I;z) - sin(E . 51)] (25.4.)
(25.1.)-90, (25.2.)-80, (25.3.)-bo o (25.4.)-80
by =@, —d; = <_£ E), (26.1.)
2 2
by = d; —d; = <_£ _E) (26.2.)
2 2
9
53 =d; —d; = (3, 0) (26.3.)

00 9690l GHMEos (656.6.).

3060530600 IguMOL Je9d96@MMWo BHEMmBLESE00L 39dEMMYd0s, Brm3s IgbMol dvdogs ge-

(26.1.)-80, (26.2.)-b5 ©> (26.3.)-80
i = (? %) 27.1.)
i, = (_g %) (27.2.)
@b
Gy = —(@, +d,) = (0, -1 (27.3.)
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Mobermgl IgBMdG 5EGHMI90L, 56w goblbgs39dwo A s B 439996 900L 3356d90L GmMols gob-
LSBEOZMMEO 99d9bE OO BHOIBLESE0OL 39dBHMEMYd0s. FglMol 3)ET0gzs S0 Tgdmbzgzs-
dos 9OH0 9M0JYWOL GHME0S.

Bob.6. 3509060l dmgerols dglsdsdolio 3gdLogmbowrm®o, 335%0 2.D 3HobEHswweo dglgco,
Gdol 8530 3395609000 A 3Ho30b 53™B7d05 50bodbmwo, bmgrm mgom®om 30 - B Godob.
(24.2.)-0L 99L50530L0 EOL3GOLOYIEPO MsbIBIOEMBOL Fmlsdgdbso, boFoMms 0d3 Y-
U oMMy gbsdo FoBMoEIo GmMIom 2obLsbLzMo IMg0bygHoL bESE0MbsGIEo
900 M3oMm9Mdgd0L gobEmegds gobgzobowmo:

#(k)w(k) = E(k)¥(k), (28)
Lo
w(k) = <Z:Eg) (29)
(28)-80 (24.2.)-0b> > (29)-0b 350350 0lFobgdOM Bogz0wIBd:
B.(R) = ho(F) £ A(E), 30
Lo
h(k) = {he(K), hy (K), b, (K)}. 31

(24.2.)-0b 99L50530L0 B3O BbJ300l IMVBEdgdbs, F9630bow M be®IoMmgdol

(@) = e (®)¢(F) =1. (32)

(32)-80 (24.2.)-0U, (28)-0bd5 s (29)-0b Fom35¢olfobgdom, Bo300gdm:

306MHMOS:
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. (k) =

(33)

1 h,(k) + h(K)
0 2 o o Vu(R) ik (K))
£2(8) [, (F) + h(E)]

35¢r©90bol IMgol Gglsdsdolo GHM3MEIMAO0IOHO BIDBMOO OIZMHTOL sloQ9ds, Lo~
Jo6ms Bgebols 1-¢ro Gogbgol 390megds, Mmdgerogs (25.1.)-0b, (25.2.)-ol, (25.3.)-0bs s (25.4.)-

ol 35m35eobfiobgdom, sig gobolisbwzmgds:

€, = %Z sign[h, (E)]sign [ai;"kak) ai;ykgk) _ a’;ykgk) a}g;((yk)], (34)
keD
Lo
D={1?=(—4—”, 0), 1?’:—1?} (35)
33
309339600 0M530L FaMGH0wms LoIMOZEYs.
(35)-do,
sign(x) = {i’l, J; Z 8 (36)
(25.2.)-80, (25.3.)-bs 9 (25.4.)-do (35)-0b gomgzserobfjobgdom, d0300900:
he(K) = hy(K) = he(K") = hy (K') = 0, (37.1.)
h,(K) = M — 3v/3t, sin(p) (37.2.)
Q5
h,(K') = M + 3v3t, sin(e). (37.3.)
(34)-80 (25.3.)-0U, (25.4.)-0U, (35)-0U, (37.2.)-0bs s (37.3.)-0b gomzseolfjobgdom, dogo-
900 [9]:

cL = %(sign [g + 3\/§sin(go)] — sign [g —-3v3 sin((p)]). (38)

306500056 3merob 3356@1M0 0BMmEsEMMgd0 Fbmm© ) 456BMmT0Egdgddo SOLY-
0mdUL, 30@M™d BgMbol 1-cwo Gogbgzom dgodwgds 6adoLdogHo MOHBMbosbo, 335%0 2D GHm3m-
WMQ0YMHO0 0DMWHGHMOO 535b5L0SMMM, MHMIgEog (31)-000 500(gM9ds.

35¢rg0bol Imgerols Mobobdo, M953960L (35) H9OEH0wgddo MIsEMmo Mgbm 56
SOLBYOMBOU:
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m(®) =0, (39)
bmEm GM3mEma09)OH0 3sDMGmO 0saEMToL Lomszgdo 30 (65b.7.), LobEgds 0BmWsEHME™M-
Wo:

h(k) # 0. (40)

Bob.7. 430639690, 3
IM| = 3V3t, sin(p) (41)
Q05365350 4 2oblb35390 0DBMWHEHMOMW BsBI© Ymxb, Mo 4odmg (41)-00 4obLIBEOZ-

e 3600G03 HoMgdbg LobBgds babgzsmTgE ol Foedmogbu.
35er©90obds 583965, GMI

M| > 3v/3t, sin(¢p) (42)
960083690 ™d900Lsm30U,
¢, =0. (43)
9L 30 035l 603bs3L, HMB FGHM3MWMP0IMHO OBMEOGMMO BHEMO0Z305IMH0s. FgmeEg IbGO3Z, OHM3s
|M| < 3V3t, sin(¢), (44)
95806 [9]
c; = %1 (45)

LHmOgo (44) 356LsBOZMZL 35 gobol Mol Fglsdsdol BsBME OSYMHTS.

M/t

3V/3

0

_3\/§

¢

~T 0 7

65b.7. 35¢0g060L ol Gglsdsdolo GHMm3mmma0Mo BoBMMO OsdEsTs.
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Bg®BOL MoiEbzo 890dEqds 2obgzoboemm, Hmam®E (31)-000 J5BLEBMZOIO Mo0dg ho-
39300 B953060L 396¢MTo Inmaglgdyeo 9. §f. 065306 dmbm3meol“ doge dgddboero
95260 M0 3900l 060Y300L X530 5535000. OMEs IMBMIMEo Bg30MHOL Jogbomss, bo-
3900 56561035605 5 0DBMWHEGHMMO — BHM3MEXMYO0IOSD 5MOBHM03050 M0, beagnm MYy do-
959, 5335000 M GBS O BB BHM0305¢MOs (Bob.8.).

Bo6bols goblbgo3909o Moibgzgdols ddmbg M 0bBmEs@MmMl IOl BoBME@mO Qool3-
@@obsl, Lo™o39 B539GH0W BYPI30ML YM39w ™30l 339ML s (39)-0b Mbsbds, WMHIRM os-
30U 960 9O Eodo 35065 JMgds.

B5b.8. 3509060l dmgeols Jglsdsdolio BoBMEMmO oolizargdol yMoa303w9wo HoMdmoygbs.
0BMESGHMOO FHM3MMY0MO05, 0399 0530l IMbM3Mero (fomgwo FodEowo) BszgdEowo
B9053060b (b53M0LRYMO0 BEBIOMOO) Foabomss. ML @ BoTsBL 033w, LRgM™moEOL
M609b@93053 033w9ds. M -0b F933w0m 30, B539G0W0 BgI30600L (396G M0 OMS30L
9mbm3memols Aozl 5dmIMS30gds.

Lm-d0089M-3039M0L 336BMYsIdYmo Im©gEro

099 356Lb35390E0 oIBEHMIOL 5330 EGH¥IIOOL MOMOIBMdS MOHDY BgE0s, 3580b
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33290 30639008 MM, B53d5M0LIE Mo 3350 1.D xsF30LsM30L, FglsdwrgdgEos
U)-060839M-3039600L 3mEYolL Fo6BDMYsYds. 58 J9dnb3z935d0, 3MOBEIWHO TGOl 35-
30@GHMb0sbL 300MmOHObsEME oMM gbsdo sligmo Lobg 9dbgods:

(o]
H= Z [t1Dh@m + tolhbm + tsdhém + talihy1dm]| + hec. (46)

m=—oo

(46)-0o ty, ty, t3, t4 = 0 goobEHMIOL 533¢00EI©Y005, brrewm bs3dsM0Bs© yMdgmo 335Bo 1.D
X 9330 3M58303ws© 5L 25dM0yEmqds (b5b.9.):

---ttlit2.t3¢t4ct1----

65b.9. b)-060139M-30396M0L FobBMYSIOEo Yol Tgbsdsdolo, by30sM0ols© {MmIgE0
33990 1D x5330L 30053560 Bofiorols, 20159303290 45dmbsbmemgds.
(46)-0b T9glsdsdolo 03349ebMo FoMdmqbol 3680 EHMb0sBOL FobE®ds® 30 JoJOM-
00U, 296960l M39M5EHMMJIOLS S POMS30L WIEES BB 300LsM30L Tga30d0s BWEGmOIL

39659abs 99m3z30949bmon:
Y
L L
a, = f e *ma(k)dk, (47.1.)
Qpz T
L
T
1 L
by = f etk*mp(k)dk, (47.2.)
\/'QBZ T
T
T
L
1 .
bm = J efxmé(k)dk, (47.3.)
Qpy ™
T
) I
d, = f efrmd(k)dk (47.4.)
Qpz T
T
Qo
1 <
5(k — k') = — z gile=k")xm, (47.5.)
'QBZ Moo
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BOQOE Xy = ML X53300L 5™ 3:0mMmE0bsEHd0s, beagwm L — dgltrols 3vydogs.
0 (47.1.)-b, (47.2.)-, (47.3.)-U, (47.4.)-bs> s (47.5.)-b (46)-30 d930& 560, 35806 dog0-

©9om:
T
qH= JB’J’(k)?—[(k)B’(k)dk, (48)
_r
L
Lo
/ 0 tl 0 te—ikL
_ ty O ty 0 \
}[(k)—\ 0 t, 0 ¢, / (49.1.)
t4eikL 0 t3 0
Qo
(5o
_ | bk
B(k) = &) [. (49.2.)
d(k)/
MHMEo
1 0 0 O
_(0 1 0 O
=10 01 of (50)
0 0 0 1

35906 (7)-0b gomgzseolobgdom, (49.1.)-ob Fglsdsdol olidgMLoren MIbsFIMEMSL sligmo
Lobg 946905 (65b.10.):
E*(k) — (t2 + t2 + t2 + t2)E% (k) + (t1t3)? + (tyts)? — 2t tytst, cos(kL) = 0. (51)
(OIUTEN
ty =t3 (52.1.)

Q5
ty = s, (52.2.)
95906 (51)-80o (52.1.)-0ls s (52.2.)-0b gom35¢olfobgdoom do3009d0:

kL
Ef(k) = t? + t5 + 2tyt, cos (7) (53)
boQS(3
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L=2L (54)
E(k)

",
T

__h-h-'"""El.________

65b.10. Lvy-dB0x39M-3089M0L gobBMYsYdMEo TmgEol Jglsdsdobo, olidgmlorwo
0565835MmEMO0L, FM95303M0 FodmbobrIangds.
130H03OHO M35 LsBOHOLom, (52.1.) s (52.2.) 396G MHOL I9HBMdsE© IEYdsMY
60 0OBML godHMdOL 30HMdSL FoBmoyqbl, Mog 03l 60dbsgL, HMA MmmMbBMbosbo 3Gol-

GO0 dgLgMHo — MODBMB0sDbS© Fotrs0dabgds (bob.11.).
E (k)

Bob.11. by-d605396-3089M0L 456DMYsIdMwo FMEYEols dglsdsdolo oldgMloyro
9611900, OMEd t = t3, t; =ty @ kL = 17/,
dgmég dbMog, v

t1t3 = t2t4_, (55)
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05906 396@®Mo®mo g, JMgds (bob.12.).
E(k)

.__——""'_F_-—._-__‘—h—q—""‘*'--_.

>k

—_

65b.12. 119-d605396-303960L 456DMYsYOIMWo FMEgErols dglsdsdolo oldgMloryro
961900, OM3S tit; = trt, s k = 0.
5990096 259m80bscg, ) s3sEHYdom
—-nm < kL <m, (56)
35306 0BMsEHMOHMo IAMI>MgMd0ID glodegdgE0s — 3gEOMIMHDY Q9ILZWS.
00

Y1 (k)
P2 (k)
Ys(k) |’
P4 (k)

35906 (16)-8o (14)-0U, (49.1.)-0b5 s (57)-0b 45035¢oLF0bdOM, 300GOD B3O Bb30sL:
E(k)[tyt; + tatae ] \

(k) = (57)

1 | t,[E?(k) — t2] + tytatse KL

YO =yw| T EwEw - - e (58)
ts[E2(k) — t7] + tit t ekt /
LoQS(3
NG = B0 215260 — 7 — (I2E200) — 6 — 3 — 13 — £3] (59)

(18)-0UL 565¢MmA09M5, MMbHMbosBo LolE IOl H3Z930L HOEHZO S PobolsBPZMGDds:
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A(K)dk, (60)

3 =~

1
V==
T

L
Loo@E (19)-00 2obLEBOZOHPO BYOHOL BT MBS QoMZ50L0bgdO.
(60)-do (51)-0b, (52.1.)-0b, (52.2.)-0b, (58)-0bs s (19)-0b Fomz5eolfobgdom, 33wsg

(13)-b 8030090m, G55 J9BBOW IO T9YRgO0L FGAToM0EHJOsBY 89gEY39wgoL.
(60)-80, (51)-0Ls s (58)-0b b HomdMbobz0mo Bofiools yomzswoliobgdom, bm-
e 899092 3039000 oMsddbgd0l FglM¥Iegdom, 30090 FoAMbObBLIgdsL:

_1,V1 :V3 = O,VZ = 1
0,v, =v; +v3

VEVI V2t Vs = 1L,v, =vg, v, =1,V = vy, v3 = 1" (61)
2V1—V3—1V2=0
(61)-8o0

st tat, + t t, cos(a

34j€ sty + tit, cos(a) «, (62.1.)
(t1t5)? + (tsty)? + 2t t,tst, cos(a)

_tt tit, + tat, cos(a

12% 1ty + taty cos(a) o (62.2.)
(t1t5)? + (tsty)? + 2t t,tst, cos(a)

gpb

t1t3 3€ tits + tyt, cos(a) 623

(t1t3)? + (tyty)? + 2t t,tst, cos(a) @ (62.3.)

(62.1.)-90, (62.2.)-bs s (62.3.)-do, a = kL.
MmO 3 3690530, MMbIEGHMT05b0 9B ™m3560 MR MgEOL dJmbg o3l Mdg-
o0 3350 1D #Hm3memyom®o 0Bmes@dm®mol @sbgzgaol Gogbgo, (61)-0m gsbolisbng®gds.
(62.1.), (62.2.) 05 (62.3.) G90dgds sbg 390Mo3Jdbs:

0, |x| <1
1 x + cos(a) 1
_ ={ =1. 63
2 ] x7 1+ x + 2 cos(a) ¢ 2’ x| =1 (63)
1, [x|>1

OG5 0 < P13 <T/o 0 —00 <t < 00, 35006 osbEHMI0L 5330 IEIBOL 356G39d-

0Hy000 J0300900m:

~27 ~



Qo

t; = tcos(¢3) sin(¢,),
t, = tsin(¢3) cos(¢,),
t; = tsin(¢s) sin(¢,)

ty = tcos(¢z) cos(¢y).
(61)-0U, (63)-0U, (64.1.)-0U (64.2.)-0b, (64.3.)-0L5 s (64.4.)-0L IHAMJO0™, GbodEGdg-

(64.1.)
(64.2.)
(64.3.)

(64.4.)

@05 B¥)-06089M-3039M0L FobBMYSIdME0 BMmEYEol TgbsdsA0BO BsBMMO OSREMSTJOOL

52905 (69b.13.):

0T

ol
=

[

bolm
0

w

Q‘b

A\

Bob.13. Ly-dM0xgH-3089MH0L F56DMYId0o FMmEYErols Fglsdsdolo GsHBWMO OsYMITJO.
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(61)-056 58356155, ™A 305MHOLOE Mg 335B0 1D 3HOLEBIME Fglg®do bvyen Mmo-
b0 0BMEOEGMOI0 MdIBO OLYIMBL (BogMolgg®o, 8)3569, y30mgeo s Ba®obyxoliggmo
569900, 65b.13.). 0Lobo gOHMTs6gPOBOYIL bHYZ35MTYESMHO LOBOIMGIOMS odMYMBOEVO,
L50QBSE YOO OBMEIEMOIE0S (W OX-30LGRIMO LOdMEYY, Bob.13.), v

_ (0
v={ e (65)
39069 30 — 939G M0 (05b5IBOLRIM-35MEOLGBIOHO LOdMEGYY, Bob.13.), HmEs

1

v = g (66)
2

(64.1.)-0U, (64.2.)-0U, (64.3.)-0L5 s (64.4.)-0L MsbsbTo, BMmEs 0 < ¢y, P, < 7T/z Qo

T

¢3 = (67)

4
95906 bvy-d605396-3089M0L IMYEols gLsdsdolo BoBIOO LEHOWIIEHIMS Yo5EX0dIYdS

(@mex-30L8gO LOdMEYIHY 373569 IMbs339m0, bob. 13.). Bsdolosdy, Lwy-dM0xIM-30ggMH0L
396%M25098990 IMEgol Msbsbds, JOHMO 0BMEOGMOE0 7sD0EIL — Fgm9gdo -
5L3WS BB FgBOMH0 LEBOZMOMHs TgLodgdgEro s bobsi — OBMESGHMOMEOm.

513369

Q3LILOE MBS 5036086Mmm, MHMA Jm39999)e0 BSIOMAOL IM3MGLO IBOTBMEdS
AGM3MEMQ07)H 0BMWOHEGHMOMS MYNOH0Es© FLHogEol 4o0Mdsg9dss. 53 0Bbom, ME3wg-
@0 3063900l EOML OB Jg@o goblibzs390w0 A9IbEHMAOL 5830 EMEOLIMZ0L, livy-
360933960-3029600 Yo 35635HBMASI.

39bboen 990mbgz93530, 5bseoB Mo 2963L5bPL3MYIo 083MELMO HoMdmpygbol
953030 35d0eGHMb0osbo, dglodsdolo by3MMsMo BbJ30s s OLZIOLOIO MsbsgsEI-
©Mdy. 530l 99009y 9353900 OL3GOLOYIEO IMHWYOYIO S O35R0DJ 306OHMBYdO, OHMIgE M
d9LEMEgd0L I9dbz935303, ODMWHEHMOWO BoHBYOOLIYIL — FgBSEMEO BooMgds. 9. 0. bbgs
L0GY39000m OMI 30Jz3sm, L9 BB A5MOJIBIOM6 g35d3L.
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3905 Bgdmm bligbgdmeols, Bs3d56Mm0LE FMdgwo 3350 1.D 3M0LEIWGOO Igleo-
Lom30L sbz930L MoEb30 49B3LSBWIMGM, HMIWOl MOMMYMEo glszMgdo QocMgabrIes
1)-80608396-3039600L dmEYobsmzol b53m3bo 03539 LooOL TgLsdsdol AoTMBsbmeEgdsls
33930. 93 35659930 JgLodEgdg0s LOMEYMBOWSE Z5bsBOsMM® BxdoLdogmo BsBs.

MMl 30, 35sbEHMI0L 530G JIOL 356539BHMOBIOOMS s sb3930L MoiEbloL
2300MBM3WgE0 BMOHIMEom, 1Y-dM089M-3089M0L obBmysqdIo dm@geolsmgol, ggo-
DM O0MHTYO0 5353900. OMAMO3 503MBBY, OO 0BMEGMO™ME0 BsDBOEID — Tgmeg-
do BoBMOO 2553, BB 9B IHO LEBOIMOL 4505339700 J0IOBIMGMIL S bobog -
0BMESGHMOMEOOL 493000,

9009090 09MOH0ME0 §90939O0B 4obLs3MPMGd0m 360T3bgEM3560 — 5b5EOB Y-
65 653360 oL3gOLOMWO MbsBIMEMBdS, 0d37)LMO FoMdmyqbols Jo@MmoEMWo Gown-
000 31bJE0s s Ib3930L MOEbZ0s. B3O PIHAIMGO0? Tga30d0s 115305MOLBS® JMIGEO
339500 1D %5330L 80053560 boffoerols Gglsdsdolio 3653500 B0B03MMO dsboliosmgdgwro dmg-
d906Mmm, 3590 3OO JegdGHMMYSEOIMHMDY, JengdBHMmbmwo @ow ol Lod3zMo3g s
Lbg.

39BmM350Lobgd90s 0l BodBHOE, O™ Lv-IH0BIO-3099MH0L 2o6BMYSIdMEo Bm-
QIO HILOSMYOIMEO 3OOLEIXMOO BEAMMIGIOYOO0 g. . J3506GHWE 3mB30mEgemgddo dg-
00¢ng0d 259Mm30949bmm, MmO 3 06BMMTS300L 49360 gargdgb@gdo, 308OWwo dmbsgg-
d900L 99d65b39e00 8mfymdomdgdo s o. 0.

99099690730 wWoBhIMsGHYOS
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