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Nofeéitadiey Taiei-ée i 4i00daiiadé ~anoesaé adaadi idadilea &aou aaniepoil 6isoasie.
Aigieéado +aaeainé anain 1 nalénoaad nalaiaiial aaceediey oa éié +anoesd. Agy +anoe-

0adée+eaanl ~efél ai6odaiied Aodidiaé nataiat oaéié ~anodd Nedascdo ia+adéiool, +of aai-
aeila oaéel 1adacii fiodiaié fataiat acaeiiadénoaopo assda i a aodil & 1aiei-éié ~anoeod
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2 2 — 2 2
mV2Z, + MUZ, = mV2+ MU_? (2.3)
€446l le6+e0l Tai+i6p faycl 1deead feidifnoyie ai & Miea fofeé fTadiey ai6odaiiaé +afoesa
A 1aiei+é1é
Vn+1 Un - Un+1 Vn (2 4)
YOI aldasedied ca461 10a1adaciaaol é aea¥, ., Uy = U, V, &, Nédaiaacdeii, a oaéié
Aefioaia Aiddaiyaonyju, V.j = const 1&li+ac&éuil iMed+ei 101adasedied, 1i0aadéypudd
yaiepoep féidinoaé aivodaiiaé ~anoeodn e 1aiei-ée a aénédaoiil adaiaié noieéitadieé
m M 2M
Vn+1— m+ M n m+MUn f(Vn,Un)
2m M m
Un+1 = V, + U Vh; U 2.5
n+1 m+ M n m+ M n g( n n) ( )

NN O axies

éi+éé e aiv0daiiaé ~anoeold. Caia+aoaéuil

fy
=]
=)
(O
N
o

Vhsz = F(F(Ma;Un);9(Vhi Un)) Vi

Unez = 9(f (Va; Un); 9(Vn; Up)) Uy
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fiodaifoal éfiiiceciié ~afioeol. Aey yoial aaaaai éiioaeiaod x; ilélaeaie é +a-
z (L= 0aioda a4 Taiei-ee. Oldaa ana aicgiieeila iifoiyie y 0aéié

paffiiodel éaé atdeyaeo a éliveaddaceiiill 16ifodaifioad adése diea i adaiadial ai6o-
0aii&é +anoeol & 14iéi+éé +anoeol. 1a+aéiia Meledied ai60 B4aiiaé +anoesl xy, e 1aié1+éé
1 :
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Xo = tUo + Xo2 (26)

X1 = (t th)Vl + X1

V; & U, Tified Aofeén 1.2716acai0 52526083104 egiAiaiey 05a&801586 Tifea
Aolseiiadiey. Oale ', Tioaaasyaony e 6oaaidieytan( 1) = %, a 6&i6" , éctan(' 2) = Y.
i feeii ROSO0 AT OA 1676 TAcAIBI60TAT Aeseeada

i0aaaeei 6ai é iagaiey ia yanoaiede, 1 € 6
STAT Tad NN

faal iaéoe 6die 1daedd ioyiié  xp, = xg + L=2

Uo
Xo = v(xl Xo1) + Xo2
0

U,
Xo = — (X1 X@1)+ X@)e
Vi
A iagdi fieo+ad eaaél caiaoeol, =0l = "1 =4,a ,= + =4 ', Aaeeili jadepadiedi
ec yoial yaeyaony, +0i 6ale iazdiey ia 0addi 6480 10dasediey. Ne&aodéuil, 0aéta 10dasedied

N\ AN AN

aaiieiyy caiaio
p_—
B = mxi
p_—
R, = X
Oaéoe+anée yoi iMoadonoacas iafiegoaailil idaiadaciaaieyi dioaeiad. 1adané ansin, eaé
ecidieony éficeadsacetiiia idiiodaifioal 16e oaéié caiaia éioaeian? RAil, +oi a ifaad
glidaeiacad 1aéanon éliveaddaceiiiial idinodainoaa éaia €acaisyao oneiaep
B4 | ) L
m M 2
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6daié iaéélia ieina, éioioteé a4 0 foilgaiey ian . O4iddu Tiddadéel cadli ecia-
iaiey odadeoiaee ive noieéitadiee. Naie 0dadeoidee idaiada copony i+aaeaini tasach. Al
fofeéitaaiey
p__
MU,
B = P——-(B1 Ro1)+ B
m Vp
& 1G4 foTeeiagiey
p__
B, = pMU””(E En1) + B
2= P= 1 1 2
m Voo n n

A

daieoo dadai 6380 Todazediey. Adénoaeodéuil, adédidida

N~ A

) ¥n MU,}\+ mV,
sin 1= ——— o) P
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XZ:
C+L2+--
c-uz +-- |
O III:IIIIIIIIIIIIIIIII;III
0 Cc-L2 C+L2 X,
penioiié 2.2.1: Nadoel nadai 6adol iéacaia 1aéanoi na+aieyelioeacdaseliinal
idifiodaifioda iéinéinou x; = c.
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2.2 Xxanoeodan a oy aidodaiieie Noalalyle nalalau

X1 X2
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pm1X'1+pm2X'2+ Mx3 =0

P— _ L
M)('1+pm1X'3 Mm1§=0
— p L
M+ myxs Mmzzzo
T0é6aa, iaidadsypued adéoida na+aieé yoed ieinéinoaé i ieiméinoup, a éoiaié idiendiaeo
adaeecedied, eaaét iaéoe
Y
& =( mM; maM;my + mp)
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Oaiddu lieeil ad+efeeol 0aidainit 6aéia idsead yoeie aaéoidaié
S
mi(m; + my+ M)
tan(\ =
(\ &) —
S
M(mi+ my+ M)
tan(\ =
(\ egtp) —
S
mo(m¢+ mr+ M
tan(\ ar) = MMt M2t M) (2.8)

AMoilgaied 0ae1a oddoaieuieca. Oidigl ecadnoil, ~oi 4e6e eada a 08a6&IE1Iea i daveliasi-
il Afecidoeitie 6acaie ia yoaiae+ai[  107). A ideioeia aiéacaia & aieda 1auay 0disdia. Aey
daoetiaguiial ifeeaiia & epaial iaidcadeaiey, aeeeeadaité i Tolé jaiadaidgeadaaité [ 111].
la initaaiee +eneaiiis yeniaseiaiota 60addaedadony, +of anee oleué iaei 6aie 0dadaieiiesa
daoeliaglil ffeciasei i , O 4éEEAdA 4 il yoaiae+ai & neadl iaddidgedapueé [ 117. A
daaiod [L1] ~efeéaiii iléacail, +0f & odaoaieuieéa i 0daly 6aeaie davel iaguii iaiieciade-
itied , eéeeada yaeyaony iaddidgeadapuei. bacdiddony feeuité oat ifiaioeaeuiai
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ai60daiiaé ~anoeol a ifiaio noieéitaaiey 1aiei+ée i aaduast 1. liéleediéd daduada
f01a+aiT g0desiagié. laidadcaiea aaeaediey ai noiééitaaiey & fiiicéoiié ~anoeo
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1 arcsin(? sin( 1))
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4+ A ile6-Aiey caaeneiifioe adee-eia | 10 ia+a8ui06 iléleaieé & fedifoas Taiei-ae,
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x{! x; mcos +x; M sina

Pp_— . P
x3!  x; msin +Xx; M cosa
p_ P— .
vi! V. mcos +U Msina
Pp_— . p_—
Vo | V. msin +U M cosa
!
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Agy idefaaédeseiinoe

é
|
@aaeaol ideedd aaéoidai® B, e PBy 1

B. = mecos() Xo1
k — — .
@k + DL msin( ) X
[
p o .
L mcos() Xoz
PBk 1= p_ .
2k 1)L" msin( ) X2
!
\%1
PS°=
\/)
lTfieéa ainoaodi+it 61000 ad+efneaieé, Mied+aal onéeiaea
. p_— . , pP_— .
jd+ L m(2kvysin( ) wvocos())j] Lvy msin( )
83ad = VoXo1  VoXp. Od€Ta +efiéTk 6aéoe+anée i61ad6ao coauy ieeld & aai eaaeél ied+eou, éaé
00ié0ep ia+aéuilo néidifoaé e iadaiaodia ~anoeod
1 Vo d
k = p——— (2.10)
2 vitan( ) L mvysin( )
aaa éaaadaoilieé féladéaie Taicia+ail []- ecaéad+aiea 6aéié ~anoe.
lTiea ofal, eaé 1idaaadcail k, ideeil adynieoul, ia éaéop é¢ ddaiaé coaa ieel - aadodipp

gée ieaeipp 6iaado +afioeoa. Eoeoddedi iieedod fedaeeol oi+éa iddiad+aiey odadéoidee i Thup

Xo =  Xitg + 2kLp msin

. = VoXor  ViXoz + 2v1kLIO msin cos
1 — .
S V,COS  V;Sin

VoXo1  ViXo2 2V2kLp m cos
Vo COS V1 Sin

Xs2 =
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q p__ .
— . 2 VoX ViXoz + 2kLvy msin
I = jASY= x%4+ X 2kL msin = 220 1% L
Vi Sin + V,COS
I* eaaéi onoaitaeol eniielcoy 0aidaio neionia e gia+aiel
| 3 [
sin( + ) sin( )

1 tg = 2

m mVy + MU
| = 0o 2kL n(i'f' M 0 UoXor  VoXo2
|+ — (m + M ) UO

N ANANN AN SN N A AN N AN N

m M 2M
Vh+1 o) Vh - m+M  m+M Vh
- e 2m M m
Un+1 Un Un

Vn+1 g Vn _ 1 O Vn
= b =
Un+1 Un O 1 Un
gioiv0é Tioaaagyaony eciaiaieal féioinoe Taiei+ée ia ioioe  aiiléleeiop i0e foieéitadiee
fi 4ad0adii. Oaé éaé foleeitadied 1aiei+ée n 4aduddh NOdTaT 48440401y fioleéiiadieyie Tai-
éi+ée fi ai6ooaiiaé +anoedaé, ileeil 6a4é1 66+l € 1a00e606 dannayiey aéyN €daoild fioieé-

gint(N): Qb (QC Qb)(N 1)
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féisifioaé éfiiiceoiié +anoesn ide acaeiiadénoaée i 4aduash . Al+eénsdied yoié 1a08eod
alfoaot=ii idTfoay caaa+a. 1ihed faneleeiis idaiadaciaaie é eaaél aiefiaoi 4 1éii+aodenineé
aea o !
By o) = cos(?(\l 1) ) M sin2(N 1) ) (2.11)
Po—sin(2(N 1) ) cos(2N 1))
TAfai0& 6adagoasenogée 1208860 dannayieydet(Bn ) = 1 & sp(8ny) = 0. Oaééi 1ada-
¢l Aélaifoe éfiigeoiié +afnoesl a 6ac6eloadd foieeiiadie y i 4aduadhi iaiypory Aiaeanit
Aloilgaiey
r__
Vy =cos(2 (N 1)V, %sin(Z (N 1)U
r
Uy = gsin(z (N 1)V, cos2 (N 1)U, 2.12)

A~ .. \;I\ AN A . pY T

EAaél aeadou, +
N (Vy; Up) foieéitadieé i daduaai ( 2.9). 1adaoel aieiaied, +oi 1oiadasediea (Vi; Up) !
ila e
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gaaeén 1 1€ 1
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_ — SN
Vn = V]_COS(ZN ) Vr1 (2 ) (2N )
Vimy=  V 2 sin2N )  Vricos(2N ) (2.13)
T(N) — 1Sin(2 ) T1 .
5 Torioof0Ace AOTEETARIRY fi AABUAST V & jVrj MGaaiyhony it Ad8I&I&1 (Al Aioioaied

sin2 (N 1)) sin(2 (N 1))
sin( 1 2 (N 1) ‘sin(+2 (N 1)

T y0io i60U caderieo 10 ia+aéuild 6adaéoddenocédiizhénoaey i 4acuasli ;ef e

-féfleeiié +anoeon . Oldaa adaiy acaeiiadénoaey saai

S _ . sin(2 (N 1))

tit = — =

W sin(1+2 (N 1) mVZ+ MUZ2
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Pen2.3.6 [41461aeita edeoddee aiciiaeiinoe ieial iveaseadiey & iiceoilé +anoeod ide
acaeiiaaénoaee n aaouadil iindadanoail N foieéitadieé Taiei+ée i iéi 1deaiayo é nedaop-
uel 6nefaeyi ia inoilgaied iann Taiei-ée e aibodaiiaé ~anoeod (R, ieaed)

sin( ) .

sin2N + )
sin( )
sin2 (N 1)+ )
Caanu Tioaaaeyaony iioiigadiedi tan( )= M=m
lied+ei édeoadee ieilar ioéaseaadiey éiiiceodiié ~anoeod 1 dé acaeiiaaénoaee n dasua-
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T b
2a IminN

|
2a(N-1) maxN

4e8Eead4AIN0 00a3E0T8eE, Oi+il cadail 6rieiacdi 1Meiial ibease Aadiey. Adee+eio 10daceax ¢4as
faéoe é¢ 0aidaid neionia

sin( )

sin(3 )
Olaaa idiadiaeita ongiaed x > E ideieiado aea

>
4
Yol igia+ado, +0o1 1éila i0easeadied ide 1-0a0ii fo1eéilad  iée i 4adiadi ileedd adepaaoiny
OielIEl 4&y éiiiiceoitd ~afnoed i M=m > 1. [dé yoil iaraelila cia+aied §, 6adaéoadecopuadd
fofeéitaaied, aieseill 6aiaeaoaidyou iadaaainoas
1':"mln 1 < 13l < E

Adee+2i6 &, 1 028aed 834681 iaéoe

e - sin(3 )

min 1 Sin( )

aaiep ioe N-édaofii

B

fi a
ieé fi 4a6uddil. Ec Def2.3.7 yiiia ilaeoeéacey i6aa0aoued

fioilgdieé. Oae, oaie iaadiey
1= 2 (N 1) aeeéeadaiié ooaaéeoioee ioe ieiii ibéaseadiee iiiéa N foleéitadieé
i 4adUadN. [&1aoiaeita onetaed x> B iiodaiyaody, i il i6aadeyad Bhan < E. Cia+aiedx
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sin( )
sin2N + )
[&Ta01aeiTa onetaed, éaé & daida, naiaeony é Tadaie+aiep ia i annd aicodaiidée +anoeod e
14iéi+ée aeada _
sin
. Q) > 1
sin2N + )
Tadaoei aieiaied, +oi yoei 6nétaeyi 641aeaoaioyao ianéiensl ia  eanoaé (iveiddil N=2) 6asia
, 1044€4ii006 4664 10 adoda. Alioadi+ila onelaey faiayony é

ﬁminN < 131 < pmaxN

sin( )

Fraxy = Esin(z N D+ )

8¢ N =1 aai cia+aied fan = E. 18e yoii dicieéado aliieiéodediia 1adaie+aied ia 6aed
aeaa _
sin( ) 1
sin (N 1)+ )
Al+enedied B, Oadaed i+aaeail
e Esin(2N + )
in sin2N )

[aioeidas, aéy ieiial i6easeaaiey Tgé iaitéoanind noieéita aieé N =1 yoeé iaiasdiaeita
onétaey aapo 1adaie+aied iaiannd - M=m> 1. AéyN =2 ﬁ’l“(?ﬁﬂél’éé. ann ajeeseil 6aiaga-

p_ p FOAZ AmALL ANNA O L A iAA N 2 p p_ \

< 1. Aéy N = 3 i3iadiaeind ofeiaey pips < M=m< 3=3. i8e

sin2N + )
sin(2N )< i<k sin2 (N 1)+ )




44

e fi AadUAail iTeedd fadépaaol iy daeeel Tiéfi

\\\\\\ O N\ A ss AAA s N '~ AAN IR RS

e
y AEIaTNOU ~anoeol 6adééeaaaony ftacanii Atioitgdiey

(2.13
— — 1
VN = Vl
cos(2N )
Addaeie nefaaie, ~anoeoa onéiayaony iiiea acaeiiadénoaey i daadii. Eioddanii 1oiaceou,
+0f aifaud iodasediéd +anoeol 10 aaduada yaeyaony iaoidoael, dnitody ia o+anoead ide

AOBOEOOSIT-NETeiTe +afioedl & 4adiash. ESNA yoiadl aey 0aéial ddeeeia Todaseaiey éyooe-
0edio aifinoaitagaiey e > 1, +0f fill04aonoacao iatad-+iio yooaéc y

10 Tieilal 16easeaaiey
[484€4ai1 04iddU é Tandaeadiep a éaéii of NiRea 146aoilc daaee i1a jaddadaa éiiiiceoiié
+anoeol. EAAET NodiaT aiéacaou, +0i ddeaedi iieial iaddaaa (8e éioidii  Vy = 0) idaiciieedi
laiaél, ivdaifeadaay Vy V. 4381 ieo+eou aiciieiiiou iaddada
1
VTN T1
cos(2N )



45




Teeil a e foaiaiyie nataiatl aéeeea o0a flaiaaado n ooasaiel-
iié 16eciié a 08381adiM 181i0daiNoad. Aéy 0aéié ~afoeol 6n o0ailaeain aiciieeila daeeeil
aaecediey é onelaey ed daaéecaceée. Adoaeuil danniiodait cadii fioleéiladiey NOd6E06dIi-

N AN AN



47

N AN N se



48

Q»
Q
)
gz
e
D
<
(@
gy
D
D
(@]}
|
Q-
=]
o
D
o
a»
3t
S\
[
(@]
<s
D:
Qo
g
o
3t
D
-
(@]
=5
D:
<
(@]}
(DN
(0l
D
D
D
Q-
Qx
9\
)
D~

iTAoTYiiTi yodaéoeail iiea a iifaiiaciii aeeeeasaa noodial 1 iddadeaiié oisia. Noua-
Aoaaiilal oisiuaiey Tiefiaiey adéaediey 0aéié ~anoeod aifioed adofy efiiéuciaaiedl, 16aaei-
sediilal a aennadoacee, Taiatdiey idedia @aasoa fidyiediey a eeseadailé 0dadeoisee. Yoio

bafifiilooel adeaeaiea éiiiiceoiié ~anoeod i 1aiié aicooaiiaé i oaiaiu fafaiad a inoi-
yiiii yeaéoode-anél iea E. I6fou Taiéi-éa +anoeod, yoi teeeiad aéeiié L i caéslolie
didoaie eiddo ianfo my (fi. e 3.1.1). Aidode Taigi+ée naiaiail aaeaedony aivodaii

mix; =0; myx, = Ee, (3.1)
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my
Vi A
—]
m, &
peénoiié 3.1.1: Noaiaoe+anéta onosiénoal eliiiceoiié +anoeol, aaeaeduaény a inomyiil
yeaéode+anéii iiea E. Aidodaiiyy ~anoeda i cadyail e, €1aao ianfio m,. laiéi+éa idéodaéiia
e, = 0 fi iaffié my. N&difou Talei-éeé faicia+aia Vi, a ai6odaiiaé ~anoesiVv,

Add x, - élldaeiaoa éleediey 0aioda aa 1aiei-ée, a x, - élidaeiaca aivodaiidé oi+a+ié
+afioeold. Aaegadad 14daéaai é iladi élivaeiaoal, x; = pmlxl € X%, =  Mm,Xp, 101004 aaeada
10481 faciaaou aeeseadaitie. Odadidiey adceediey a 4eeéeadald E1daeiacad ideieiapo
aea
Pt =0, P =eF (3.2)
barifiiodel élicedddascetiiia 1difiodaifioal éfilicediié ~a fioeod. BAIT, +of afa aicilaeitia
iiéleediey oaéié fienoail Mdaaaeypony iadaaainoai
xq ) L
p: pr— 6 -
m, m, 2
8101814 Tcia+ado, +oi ai60daiiyy +anoeoda ia ileedd atéoe ca idazel iaigi+ee. EAAEN ii-
iyol, ~oi élioeaodacetiiia idifiodaifioal fifoilyieé oaéié nen 0ail, yol iieiia geédeiié
L = LIO m,, iMéacaiiay ia beéf. 3.2.1 Yoa 1iéifa iaééliaia il 10iieéiep é ine X1 '|T§ 0aefti
s 1 4 1 Al 1ann Taiéi+ée é aigodaiiaé +afoeol éadg = 2

Yol igia+ado, +0f 6&ie 108asediey 08adéoisee 10 adaie0l dedndaa 40440 Badai 64606 Taadiey
Oéce+anée yoi edaeél iauynieou. Aaét a ofi, +of caélil foleéil aaiey iann éiéasui e ia ¢a-
aenyo 10 iaee+ey eée ic Tyoli6, aiéacaodéunoal adeeeeadailo élioaeiaoad

AN A Z N AN AN s
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%) = ¥ (3.3)

=
Ez(t) = Epﬁ t2 + VZnt + %o

B1(t) = Pint + %10 (3.4)
Alfioézedied aeéeeadaiié 0daaéoideaé aaddiaé asaiedl iciaado, +of élidaeiaod a inaio
foieéitaaiey i iaé 6aiacaoaidypo ddaaiaiep
(1) _ xa(t) | L
P =Pt
mo mq 2
Efiifelicoy, iMeo+aiina alega eciaiaied éioaeiac il asaiaiai, e Aaél iaéoe aoaly noieéiiaa-
iey ec 6daaiaiey I
t2 + 2m- n‘?Zn nvln t+ 2m,L 0
P P— -
ek my 1 ek
Dagaieéa yoial éaaadaociial 6daadidiey aaao aaa aiciiaeilo €idi y, ec €10id06 asaiy foieéiiaa-
iey Tidaaadeyaony iéieiaelili éc yoed dagaieé
8 v 9
2 Yo ! =
t my 1n \Z {’J %1n \Z 26EL
12~ ——= — p— p—=
ek > ms ms ms ms my >

Agy 01al +otal foieéitadied n 44o0idé adaieodé aeeeeadaa aai aiciieeil, aleaeil adiie-
YOy RERAGPUAR 6METaea ,
ms 2 my
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iadaa noieéitaaieai
8 v , 9
e, e 2
eZE — 1n 1n 2n ZezEL
‘921:1 0) = _t1+92— mo — — —
(tc ) p m, c n > . ﬁ_ml ﬁ_mz m, ’>
Vl(tcl O) - Vll’l
Taiaél, aey inoataiey efénial fotadasediey ideeil 6fdailae ou cia+aiey néiainoaé inea

16a&ia0ad. [Tned i8inono idaiadaciaaieé ed+ei
2" mom;y m, mg
92 1 = Vl t 1 0) + 92 t 1 0
n m,+ m (te ) m, + m; (te )
¥ M Mg, 0)+ 2" 19,(t,  0) (3.6)
1 n+l m2+m1 1\tc1 +m1 2\tcl .
llanoaaeyy cia+-aiead néidinoaé ai noieéitaaiey, Meo+ei caél i idaiadaciaaiey néidinoaé ige
Aolééitaaiee fi Adodiaé adaievaé aeeeeadaa
i
p 4 '
° - Mg my(m; m)f %, %, 26EL
20+l = P=—W2 — ——
" m; " my + My v m; v 2 mo
v .
u T
2m," M @ \A 2e,EL
¥ =@ g =S} 3.7
2 n+1 1n m, + m, pml 19?2 m, (3.7)
lie6+aiita iaeeiaéiia ioladaseaied, Tiddadeyaoc idaiadacia aiea néidinoe (%, ;% ,), éioidta
€1340 éiiiiceoiay ~anoeda iaiindaanoaaiii 1inea noieéita  aiey i iéeeiaé adaieda fa+aiey

mo
Oaeéoe+aneée imaolayy idaataoted dafnfoseadiey Tiddadeel asaiynoieéiiadiey i ieeeiaé ada-
jevaé 8 v . 9
> ! u f >
my Vln yZn P v1n VZn 2E)ZEI—
tc2 - 4 P—== + p— p—




lTiéa yoial éaé e aliga iaéadi nélainoe 1iea noieéiladiey i ieé  seidé d0aie0aé(Py n+2 ;%o nio).
Tioneay aiagéiae+ina iddanaouei ad+ensaiey ideadadi aéa yoia 110iadaseaiey
v :
P P u '
.9 mZV m2(m2 rnl)‘kJ ‘?\1 n+1l ‘?\2n+1 + 2e2EL
2 n+2 p_m—l 1n+l m,+ m; pm_l pm_z m,
V
Pt ’
2m2 mlP Vl n+1 ‘62 n+1 ZeZEL
Crnio = Brpa + P— P— (3.8)
my + My my ms ms
Oaéei 1adachi, yaiepoey félainoaé a 4enéadoil adaiaie 1iod  43eyaony iiieaalaacasiii ive-
1431081 1R6RIA6106 01AdazAIee ( 3.7) & (3.9). Yoo ioiadazeaiey Tientaapo ecididied Aeis:-
fioaé a ddezeeia, €ldaa aeeceadaiay 0dadéoidey ineaaiaaohdtoaseadony of ieaeiaé, of 4aado-
éial daeseeia ide@il alwa (M. Alioiigaiea

-

Iiied yoial odadéoisey

~ A

aa. Aadaeie fef

6daaiaiep

Efifelcoy ¢

aaié a inaio noieéiiaaiey
% (1) _ x1(t)
my my

t = 2m; ﬁl n yZn
° Ee, "M my
foe 1aiei+~ée e +anoeoa a inaio
P_—
Ee, mo
0) = p—tct %, —2ﬁ: %
mp my
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VN0 ]

VN0 ]

[63]

=
N
S

N
e J I S O T N A S B M B

=
o

Ol T r a1

[oe]
w

(o2}

Vl(tc 0) = ‘91 n

N AA NN

Efiféucoy cadiil iddiadaciaaiey néidinoaé ise

doaievaé

92 n+1 & 2m2 M2 1n M m2 2n
mi(mz + my) my + my
Gy = o2t Mg - 2 MoMig 3.9)
msy + My my + My
Oaé éaé a yoii daeseeid noileéiladiey anasaaa 1d1efdlayo i iéaeidéadaievdé aceeeasaa, of yoi
jotadasedied ieiifiolp Tiefiaado ecididied nelainoae a aen €oaoili adaiaie. Eidadanii 10-
iaoeou, +0of a yoi 10iadasedied ia adiaeo yeaéode+anéia iie aaony yoi ia iciarado

fi Tadeie noaiéaie, a endiaits élidaeiacad, éaé
' 26,EL
mz Mg €2
V. =V V (VK
2n+l 1in m2+ m; ( 1n Zn) m.
2 ' 2e,EL
mo €
AV =V \ VL
1n+l 1n m2+ m; ( 1n 2n) m,
r
m, my 2e,EL
Vonsz = Vipss + ———— (V. V. 2 4
2n+2 1n+l m2+ m; ( 1n+l 2n+1) m.
r
2m, 26,EL
V. =V + —= (V V. 24 3.10
1n+2 1n+1 m, + m; ( 1n+1 2n+1) m. ( )
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Adazeaiey, fffoaaonoadpued daseeid 10daaeaiey olelél 10 failé ddaieol déeeeadaa, a yoeod
éiioaeiaoad ioeieiapo aea
V. 2m, m, mj
2n+l m, + m; m, + m, 2n
3m, + my 2m-
Vi = 2n (3.11)
maz + My mz + My

1A Uy = (M2Van + M1Vin)=(m, + my) Eliilceoiié +anoesa e 1oiifieodsiiné fediioe R, =
Vin Vs,. 1014dasediey (3.10 & yoed iadaiaiiis iseieiapo aieda idifiolé aea
26EL
Rn+l = R%
mo
' 26,EL
€
R 2 = R2,, +
n+ n+1 m.
mo
U =U,+ —(Ry,+R
n+1l n m2+ ml( n n+1)
_ mz
Un+2 - Un+1 + m, + m:L(Rn+1 + Rn+2) (3 12)
E&3é1 caidoeol ada aaseilo naiénoaa yoed ioladasedieé. 10adanaal, madadied ioiineodéu-
i06 NEBIR0AEé & caaeneo 10 féldTRoe vaioda ianf. EaNA yoiali Teil caidoeol, +of éliilcevey
Rni2  Rna = | 4380 0leedanoadiiia foladasedied. Yol icia+ado, +oi adée+aiioiineodéuilé

fiéacaou, +0i iaddaa aivodaiiaé noaidie nataial oaéié é&iiiic eoilé ~anoeod ia idiendiaeo. A
vaaee+aiea néidinoe vaioda iann idiendiaeo iafiidoetiagu T Adiia 1oiifieoaénits néidinoaé
ioé fofeéitadiee f idioealieizseilie &livaie 1aiei+ée (R + Rns1). A yoli Al0RE4 iMieaa-
iaa foladaseaiea éc foiadaseaieé (3.12 eégiada é ieiifioup ffaraaado i idaaganoadpuei aio.
(281180, 101adaseaiey ( 3.11) 1a8361Ey0 a
Rn+l - Rn
2m-
Un+l - Un + Rn (3 13)
mo + My
lTadaaiea éfit I Olgéitiaal  eé oleuét i Taité ec adaieo 1ai-

Aeéodéliay nedinou a iniaiod noieéiladiee Taiei-ee & aiooda iiaé ~anoesd ia iaiyaony. N
Oece+anéié oi-ée ¢aadiey yoi igia+ado 10fidofoaed v.iadddaagi@iaiiaé nodidie naiaian. Néi-
0 6 1iomiin i OiEéi i :



Fae e N AN N s

adaoeify oaradl é fned+ap Tauaai ieiaeediey éliliceoiié ~an  0eodd f Taité fodiaiup fai-
Ala0. 16fou aidodaiiyy nodiaiu Aataiald eiddo cadya e, a Taiéi-éa e;. Dacdiddony, a yoi
feo+ad adseia ia Ol6lET Adee+eia cadyaa, il & 6adaeoad aal addnacaiey 1M 1alei+ead. Nia-
+26a 40441 i0a4i1eadaol daailadita daniodadeaied cadyaa il 1aiei-ed. 0aéa danivaadeaied

y aaeie+iti adéoidll ~ éanacaéuill é adaiedad. Eii
ffoaeiacad eiapo aea

\ s~ N AN

= pﬁ( P mz,p m;)
&al jaivaaedied anasail 10 ieeeidé adaiesn aivoal iMetin. Odaai aiey aaeaediey éNiniaio
éliticeoiié ~anoeoa, ifa aaénoaeai inoiyiital ey ar noieé ifadieé, eidpo aea
P my % = e E
m, %, = &E (3.14)

s~ N A
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(e}
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Q)
(9]
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(@]
Q.
(9]
o
Qo
D:
c:
-=;

XA AL s

iadagedeuil acaieca déeeeadaa dac noleéitaaieé i iaé. Aéylaiceoiié ~anoeod yol icia+a-
ao ftaeaniaaiiia caaiionéioaiiia aadeseaied aidodaiiaé +anoeo 0 e T1aiei+-ée aac foieéitaaieé
4004a fi aooaii. Biil, +of 0aéié ddaeel dacdowaaony ide iyaeaiee iaraguiié i e



eeadaa 0.ap - P = . R, ~of ide iage+ee fioieéiiadieé i ieaeiaé aoaiecdé a éa+anoad
ia+asuial eleediey ileeil 40406200 0i+806 foieéiladieé n ada eodé. Niloadonoadpudp ii-
ia0a+iop éiidaeiacs Taicia+e n, Niddaea aa eiadéni n. Ioe+efa yoial foaido yhia

iTlada~iié Aéidinoe ileeil ofoaitaéol aicadauayni é eidiaiti i éldinoyi
P
V, = P m4 V>, m-V; = p&( 2 V]_)
mq+ mo mqi+ mo

—_
>
4

Z AN AN

Aoal

\7;,2n L

as5 a,
Oece+anee oleuél ioe yoii onelaee isiendiaes noieéiladied n aao6iaé noaielé. 1ae adie-
faiee 140a0iidl iacaaainoaa, ~anoeda ifa aaénoaeai ey dacaida+eaaaony ia aifioéaay aacdiaé
40aie60 & foacéeaadony n iceeidé noaiéié. A yoii &4 aey aoaiaié noleéitaaiey

7
X
,
-




i Tadieai Tioaaaeyaony
fffoilgaiedi a, tcl(V? n) + Vs, EEE]
0 S 1
. V- V- 2C
1:cl(v'? n) = min @ & .2n + —A
t> 0 a a5 ar
iTnéa 1odaaediey 10 aad0iaé noaiée TMada+iay Aédinol 1aiya o ciaé e, ffioaaonoaaii,

Vone = a ta(n)+ W, (3.17)
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V? n+1 V? n+1 ZI:A
a, a?; a,

teo(Vons1) = ng)”g @

Eaé & daidd, iaiindaanoadiil iadaa noleéiiadiedl imadd+i  ay Aésinou eaa

o teo(Ponsn) + Voner . O+-20084Y €GIATAICA ciaca iTA0A+1TE AEdIR0e i

ddaieé0aé deeeeanaa, caiegal ioiadasediea 1iddadeypuda Aeidanod Minea 1odasediey 10 ideeiaé
adaieoa
Vone = a to(Vons)+ Vonu (3.18)

At a00 ltanioaaeyy, nioaaonoadpued adoae adaiai noieé-
ifadieé, iied+ei yaité aea aéiaié+anéed ioiadasedieé agéy 1mad  a+i(o néidinoaé
q
Vo1 = V?Zn +2Ca,

igtaieuiié néidinoe. Olaaa ieiay fnenodia 1diadaaedieé eia 8o aea
q_ -
\7’? n+l — V?Zn +2 I:a?
q —
V? n+2 — V?2n+1 2':8.?
q —
_ & 2
vkn+1 - ; v?n + ZI:a? v’?n + an
q -
- X 2
Vin+2 = P Vi 20 + Von + Vi (3.19)
Caid+ay, ~0f 101adaseaiey 46n + 2 & n + 1 j08e+apofiy oieudl ciadaie, el ideaanoe aeia-

S

V
Vons = - ’n V72n+2|:a’7 ’n

]V’>nJ JVon)

!
V.
Vikn+1 = 3 Vo n+1 .?Ll.v’?n + Vin (3-20)
a Vo n+1]
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iT1ada+iop féidifon Atacanii ddaaiaieyi

p_—
1 mo

V]_ = \7k 19—_\7')

mq¢+ mo mq
1 Py

V2 = P Vk + ﬁ—Vo
mp+ my 2

Ailed ffoitgdiey, eaaél iied+eou oi+iia aeis s

.....

yoial ideeil Aud Tataueol idedi @aadoa é eciaieol, ifadiayuel Tadacti, aea yedéode+anéi-
al ey a 10dasediill aeeceadad. lyoiio, idaaeediia idiaiéee aieéa odaadéoidee a fodasediiil
4deéeeadad, 164aiicadaac e idaaeeuila eciaidied oaioeaga yeadéode+anéial iey. EAaél ii-
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penoiié 3.3.1: liéacai ideai fidyieaiey 0dadéoioee,
4688230414, /LdiTé eéiedé 10ia+aia adaiéoa aeeseadaa ia
Xa
3L/2
Xa
L/2 L/2
0 / 0
i~ )
0 X||
peénaiié 3.3.2: Nedaa iléacai aéééeada a anadsaiité
fadiaiola odadéoioee. Nidaaa Oacoeloao niayieaiey
caidoia fidia 6adaéoada aaeaeaiey ec-ca éciaiaiey
yeaéooe+anéial ey

CA AN A

faéétiaia 1

n O 7\ — z — ml by m2 ‘A A~ 7 o o 7 ON A 7AAAZ A~ N~ ONO
ffgaiep tg = 2 (cos = o, asin = B2Z-). [lyoli6 iadaeaal € ifaié nefoala
éiidaeiao

Xk = %1 C0S + %, Sin
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Xo = %1SIN + %,C0S; (3.21)

X X» . la+idi A

dagtia &iiiaioa ey ia 14IyA0RY. A AA4AAITN5 & 60 The
xi 18 Tadaie=AiT adaiesaie. Tiyolio 65aaIAIea aadaeaiey AATel 1A A lieedd A00U 31ei0aAe-
SaAiiT a6Ta2801, & AGE6 AcAASREIT 10 TTTAGA-I00 addaeaies
Xk = %Ekt + Vok
= P Bt Vot + xor (3.23)
mg+ m,
CAARMo & Xox 1a-A80T04 I5TATEUI0A RETBTROU & TTaTeeaied oT-a=16 ~afoed 0. Oasel Tadach,
Hoeciivasiiay eee iSialeliay aNA0a AGIBIR0S & eIl AiGA NI0ATA00 x.(t) ATIOARDAOAG-
80 BAAITGREIBAITIO aaéeeaieh A 6REISAIRAI, BI0TOTA TIDAAAEYA ORY AAGe-&iié YBDABORANA!
[STATEUNAT yeAc00+AREGIAT 16y,
[a00eacaBUINI SCIATAIRYI 108 YMIOyIBAIeee: TTAAADEARONY Ol UET AABOSEABUIAY &iil-



64

U4
Urnax; 77777777

0] 3

L Lo L oa s L

2 2 2 2 2 2

peénaiié 3.3.3: 040a804di0é ada ioaiveaca yéaeode+aneiaiay ioe efifelciaaiee
Talauaiiiar vuiigyieaiey:, 0daaéoideé. laidaacaiea yeaéode+ anéiai iey a yoii néd+aa
a04dail a iaidaaesaiee e x, (eE, > 0)

Caanil (x» ) 1adeiae+anéeé ioaiveas yooaeoeaiial imada+iial yeaeode +anéial iiey. Eniled-
coy yoi 6daaiaiea, eaaél onoaiiaeol aea ioaiveaéa ia éioddas® C=2 X, =2. lifiea

se AN AN

U(x») =( 1)”*1%(&, Cn) aiaéanoe n = LC<xo, n+ 1 C
(Mg + my) 2
Caafiin 6aeTa +~efnel. Oaéei 1adachi, caaa+a 1imada+il aaéeedice 4 0a &1 4éeeeadad Rataeony
@ aaeaeaiep cadyaediiié ~anoeol a dacadaie+ill 16Tnodaifioaa, it a 1adeiae+anéi Moaiceaea
ieélidoaciial aeaa éaé ia bef.3.3.3
Eeanfieoeéasey oeita aiciieeilo 4aeaidicé 4 0a6ed 1odiveasas Talaecadnoia. A ied 11400
AoUANoalaaou olelél ada oela aaéaedieé, M0AA0N0As ) 2

W, > U i01680i0€ daaeel. Adee+eia iaénieiasiilal cia+aiey Modioea ea 10aadéyaony
fifioiTediedl  Upax = Ep% . A 14120 0eiad ddeseeiia iMiada+iay feldinol 1aiyaony 1a-
mi+mp
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L2 12

L2 L2
X

-3L/2

X

peéfioiié 3.3.4: Nédaa 08adé0idey a aeeeeadad, fiioadonoadpgadaa+aiilo daeeeio i
jaidadéadiep e x,. Nidaaa yoa sed 08aaéoidey iiied yuiioyiediey; odadéoioee

A&y cadaa+aiind daeseeiia iAdeia aaceedieé Ti0dadeyaony addaeiniioigdiedi
S
T:4pm1+m2 Wi eE, C
ek, 2 mi+m;

|6&iad idiedoiié odaaéoidee ideadaai ia befn. 3.3.2 a cadaa+aiiié ia befn3.3.4 1adadia 1o
aacagaie+ilé é endiailé casa+a a aceeeadad nalaeony é néddaiep odadéoioee. laideiad
00aaéoidey Tiéacaiiay ia Ben3.3.21iea nidyieaiey ideieiado aea éaé ieéacail ia ben. 3.3.2
fiidada. Dacgoiaaony, iieeil adanoe iMoaioéae yooaéoeaiial yeadaoe-anéian iey e ai anai 1o1-
fiodaifioad, ia 1adaie+eaayfil iMada+ité aninidioté. Aétaa  éuil iMoaiveasiiay yiddaey aimoi-
€0 éc NAI0 16aa0a6Uaal lioaiteacea e Modioéaéuilé yiadaee |, cadenyuaé 1o idiaieniié éiio-

I : gliliceoiié ~anoeoa f iaiié aivodai -

7
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peéfisitée 3.3.5: Aédodeaseiiiay acaasaiia. 16TA&IRoU cadyal a (e; e,) dacadedia fa faeoida, a
8101606 daasecoporny a+afoaaiil dacee+ina Moadioeasn aidoidal ifey. Oeie+ié aga
foaiveasiié yiddaee ia 140eiad iléacal a daseal fAdoIda. [assliiay eeiey 1idaadeyaony
6daaidiedl exmy = e m,. 864344106 aea 466088a0&1Ié 48aa8aii0 fT0A0A0A0AC
iielaee0aciilio yeaaode+anéio iiep E > 0, 480688a0éliiay 46a4daiia a6y E < 0 6348l
ife6+ad0fy ec i5eadadiilé, ecidiaieal ciagia casyaia ia 1ot oeafileieeita
(er;e)! ( e; &)

I (SIS
P mi %, = gE + 5
%2 *1 L
my my + 2
€16
m, % eE 5 (3 26)
%9 %1 L
mz my + 2
Of T oy éfiiicéoiié +anoeon éiia+iial daciada

N s N AN

% = e+ &)E
mq+ Mo
8 9
1 m; emy) 2
x, = (ezpl 1M2) pm s €16 ; (3.27)
m; + my > mim; C

caaefieiifolp fesn e6sTianeal Acasitadénoasy oleuer 1o iMia  84=i1é &idaeiada. ide yoi
514160108 Aaeaeaiey RATAYORY eaé & Baiaa idifoT & BaAl6Reidal Mo aasaiep, Aiasani
dagaiep ( 3.23 ia anad ad&IATas yalspoee
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A yoli 6azeeid aidodailyy +anoesa noageeaadony i Taiié eg noiaiiaiei-ee oleuél 1aei dag
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27 2 3’ 3
peéfioiié 3.4.1: Efiiiceoiay +afoesa i 446y aioodaiieie fiodi aiyie naiatad. Nélaifioe
aivooaiie n aiaiéi+ée Vi. lannad a ed +afoed my, ms, a 1aiei+ée my.

N~ AL

(@)
|

g)/

o

-

-t O
25
&

Yoe iadaddinoda icia+apo idaiciieeiiiol anéoe aivodaiiei ~an oevai ca 18&daded Taiei+éee
(ETidaeiaol oaioda Taiei+ée ii-iddeeiaid Taicia+ail éaé X1, 4 4a 1annd 6aiait faicia+-aol
éaém,). Aué 1aii idoaadinoan

X2 X3

aiié +anoeol feéaicu & 80adp. 148414 & aéeseadaili

&Tdaia0al THOUAROAEYAORY AOAIAAGOIGN AMATAN [ 11]. OaéR, = P Mixs B, = | Myx, & i28i-

.....

A, By C Pe= P O
A, By C = P#zl 0 prln—fa =0
A; Bs C; 0 P P

adeypued Tetnél Il qiciaraiey élydoecedioia. Olaaa eaeoadeé
oisiediaaiey 1einéinoyie odasdaienité idecit fajaeony é iai  adaudiep a ioel 11 eédaéiaé
1404 1aiial ec idaaaeeodeaé [ 115

A; B; D A C; Dy B; C; D

A3 BS D3 A3 C3 D3 B3 C3 D3
A yoii 833871 6adaeolny iaitioaanoaaiiné manoainasgié ciaza ieé lydoeveaioia. Aey aasuiaé-
oAl Adseil 6Mfoaitaeol iaidaacdied ie yoié idecid. Yol iaida acaied 1idaadéyaony adéoidi
T=( 1 o 3), [AI0AAEAIINT AdTEl éeiee T1adana+aiey aa6o 1€1RéINo0aé Aixi+ Bixo + CiXz +
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_ B1 G _ G A A1 By
1— ’ 2 — ’ 3 ’
B C; C A A2 B
L. xNAAN A _ 1 _ 1 _ N _ 1 _ _ 1 N /N AAZO
O+eolaay, +0iA; = P B, = P C,=0,aA; = P B, =0,C, = P € ia€iiao
— — 1 — 1 Ann SNZN N A S NANA A O A NAX DY ONA/\’\I\_\N \ A~
A3 =0,B3= ps=, C3= p €10a€Ia00 yoidl aaéoida €aaei at+eneypony
- i 1 1
moms’ " mymg’ " mim,
Aaeaa ataoadi iaidaaeaied e idecid a idioealiieiaeiii iaid aaediee enéep+ay ciaé ieion

- 1 p Pp_—
~= —=p (" mg; mgy; T mg)
i mi+ Mz + M3
YOio 436016 a0adai aaiel eefee 1adand+aiey 14da06 4aod isiféifiodé. Afoanoaaiil, Tida

AL~ AN

Z AN AN YO

ox
Qo
QD
Qo
D
<
Qo
o
]
<
=4
D:
C:
(4
o
3t
-
Q-
-
Q»
(@}
(@
Qx
Qo
o
(@]}
-]
o
Qo
o
Do
D~
-]
T)



daidd [11] é Tandaeaadluny ia 46ado. [aeaiead idinolé neo+aé fnoadoacdd ioee<idi 10 ivey
cadyaai faiei+ée e 1aiié ec ai6odaiied ~anoeo.
[a=iai A yoial iaTfoial feo+ay. iofol, aey 1idaadéaiiinoe of  eiél e; = 0, & cadya 1aiei+ee
e, 0AAINAdIT dafiodadedi il idé. Olaaa aaeadied anaod éiliaio o0aéié Néieeiié ~anoeon ai
foleéiladiey éaéed-eeal aa yeaiaioia flientaaaony édaaiaieyie
e]_Etz e@ltz
B = p—+ Gpt+E + Gt + B
1 2 ml 10 10 2m 10 10
2 2
eEt ele,t
By = p—+ Voot + Xpo + Byt + B2
2 my 2m

Eaé & daida, yoe 6daaidiey ileeil €ioddidaoedsiaaou éaé fienaied a jadaidode+anéié oisia
aaeesediey 1aiié cadyeediiié oi+a=iié ~anoeod a Mnoiyiili yeaéo de+anéll iiéa aeaa
E= ( El, Ez, O)
AANA A0 o o N\ o~ ~ o 7 N AN Az Y A~ — m — m Y — Y Y e AN
ioio0a Tidaaaeypony neaacpuei 1adacli B, = p-E, B, = Eﬁzmzz EelB;=0 e m idiec-
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o
~

|

penoiié 3.4.3: Tiéacai aéa na+aiey idecid 1eiiéinoup ®r, = 0 ide cia+aieyd iani m; =1,
m,=2,mz=3 &L =2.laéafol 0daddaieliial aeeeeadaa 1édagaia Naddi. laidadeaies
yooaeoeaiial yeaeode+aneial ey B ifeacaii adéoisli isé e =1,e,=2¢&e=0
cadniul, = B ~, &%y = ¥~ iarasuiay idtaieniay neidifiou. Adee+eia istateniial ey
caaeneo 10 ffioiigaiey 1afn & cadyaia éfiiliaio éliiiceoiié + anoeol
1 _
By = Elp my+ B, m;

S|lo

2 e
ey a 1Mmada=+iii faidaaeaieé B, = 0. 15¢ adiieidiee y
3 4 . i 7

4a éfiilidioaie. Yoi naité iainiolé daseei aaeaediey. Ecididied fiéioifioaé e éfidaeiao yo-
baéoeaiié ~anoeod fivaaaeyaony, ioeadaaiitie alea, ifoifegdl  éyie. BAil, +07 ide jagé+eée
féleu 6aiait iagié ia+-aeuiié iMiada+ité neiginoe eée iagia 1 iMiada+iTal ifey yoio ddeeéi

1484074 & oaéop fenoaid
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aeeeeadaa. Eo aea Tiodadeyaony eeiedé iasana+aiey noaaanpues iglnéinoaé. Oag, adéoid
_ 1 1 1 1 1
1— P=— +t — P— P

aidadeai aaiet noionit, 1adaciaaiiié iadana-aiéai ieifié  Thoeé (3.29 i iéfiéifoup 19% =
p%. A&éoid
3
- 1 1 1 1 1
> = p—; p—ip—= —t+ —
mp 1 My 2 3 My my

iTRoTyiilal yedeode+aneial ey E,. laimiel, +of difoéaedied 08adé0ideaé iaiié e¢ 4daieo
aeeseadaa igiarado noieéiladied Tigaadeadiiné 1adl 1audeo 1a. Oaé ainoesedied noisTa ii-
eo+aiite na~aiedl ddaie »Z = pi, icia+ado fioieéiladied aicodaiied +anoed. Aifdesedied
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ey

aivodaiiyy +~afoeoa f 1aiei-éié eée il

ai6odaiiyy +~anoeva ia noacéeaadony i 1aiei+éié.

faiei-ée. Oaéei 1adaghi ffioifedie 4 1anf e 1i0dadeyac yanoaiai,
e+iifioe. Dacoiadony a yoed 6neiaeyd idefoonoadho & argdiaeita idoeiae+a
al 4eeeeadaa a acaaeoasetiin ié 4, iiaeil iaéoe a daa
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1104a&eyaofy Aliofieaiedi [ 127
NX¥ m 1
gsS)=1+ -
i=1 n'
O&iadu 6+041 iase+ea 1nolyiilal yeaeode-anéial iey. 1atau  &ii0é 18eioei @aassa ide-
41480 & 14i1adaiaiMo iyasaiep ia yoié 11addsiiioe Aidoeas uital yeaeose+anaia iey
yeaiaioasiié y+aéeié &ioisial nedaeed odddaieuies. Oadel fadacii a yoil ied+ad aicieéado
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bendiié 3.4.6: liéacaia dacaddoéa oida fi 6éacaiedl faidadéieé iiolyiilal yeaéooe-anéial
ifey fa ial. Oliéele eeieyie iléacail iféoloea éaaadaoa efidi  aili odasaieuiesi. Oid
aicieéido 1nea néeaeaaiey ioioeaiiiéleeitd AT iTiadi i

yolo 4aduas. Niaeanit yolie, il oasial dacoacaiey, asecad 00aaeoidee Santiayony fa cia-
~80ABUMA BaRROTyIEA. TTyoTi6 4 0Aced REMOAIAG Tiedd Alcied adu 6aT0E+-AMAIA iTARAdied if
~~~~ 01614, TATAl SafMiTodAIMo a [ 123. Oaéei 1adacii aaced ide cia-

~NAAZ AN AN

iadiial casyaa ioep 6aiosd iafnn AGdaiyaoc faip neldinou. Taiaé 1, &laisy T aeiaieéa &iiilceo-
06 ~anoeos neaascao iasacoiadaou, ~oi iaaepaaaiié éiiilia ioié yaeyaony iaiei-éa éiiiiceo-
iié +anoeol. Adéaedied ai60daiied Nodiaiaé naiaial, eaé idaaeédi, ia &liodieesdaoiy. lyoiid
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AN AAANAOD i dXxAA N\ N /AN AA N\ O AWA AN AA/Z A~ N AN

4.1 Oagciaia 10ifodainoai e aai naienoaa
Paniiiosel aeeiyoa a 0daoaleiieea al aideidl iied. fieidy yid 048y aéeeeadaiié ~afoesd
AioBaiyA0RY. Yol fidycail fi 0&l, +oi aieeuoiieal ye 3i0 1 & caaefieo 1o adaiaie. Eaee-
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(@}
(@}
Qo
D .
(@
D
a»
S
D~
e =
Q)/
Qx
<
Q:
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Q.
>
(@
(9%
(@}
8

v
==+ eEy = const

(le.;
@
(@]
|=
ot

E, 1feo+ei aaé

~ AN A~

2 2
my ¥
= — — + Yy = const 4.1
2EY 29tV (4.1)
cadfig adee+eia Onéidaiey a caaaiiil iied. Adénoaeodedil, aiéasedi , +of adee+eéiah, 1164aa-
gyaiay ffoitgdiedl ( 4.1) yaeyaony aedaéodenié iadaaiee+anéié odadéoioee. Caiegddania-
ied 0dadéoioee a aéaa
Y=(X XOg ool (X X0 + Yo (4.2)
2v§ cog
aaa vp- 1iacel ia+aédiié néioinoe, ' - odié iaéélia ia+aéuité nAéioifoe é he X, (Xo;Yo)-
ia+aéiind éioaeiaod +anoeod. Ecaanoil, ~oi afnee 0dadidiediadaaiel casaii a aeady =
Ax? + Bx + C, Of 61éoi 0aéié iadaaiel 46aao daaai
2 o 2
E’l D = % Vg sin 2 Yo Vg cos 2 (4.3)
27" 4A 29 29
334D = B2 4AC. A cia+aiea 4ed3e08end
1+D 2
= — + yp = const 4.4
A g YO (4.4)
Ec faiénoa iadaaied neaacdo, +oi andameiied. @) aiceeii 400U Aadi0i & epaié o1+éa 0dadeé-
oidee, a ia oleuél a ia+aelité imaio. liyolid aac Tadaie+ai &y Tauiiioe iieedl caidieol
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a
E
a6y anad Naaidioia aeeeeasdaiié 0dadeoidee. Oaéel 1adachi daié Naaidio 0dadéoisee 1daead
aaoiy noieéiiaaieyie faiicia+it ioaaaeyaony ieleediedl 61 éona iadaaied. lotadaeeay i
fieaataaoaedit nddiaiol ooaaéoioee a iéiaeaiey 61éofia ile i1 ie6+eo0l aaéaediea 616614,
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pefioiié 4.1.2: Naddi 64401 Taicia+aia 1aganol il andie &l oRoeidie oi+-eaie dacialal
idTiodaifioaa, fifioadonoadpueie anadi fddidioal 00adéoioeé. la 6iid daciaial idifiodaifoaa
i0eadaai ffoadonoadpueé ooadsdaielilé aeelydsABC . Adeay Taéafnol a 1édanoiiioe aadeeid
C &aédia
na&idiota agy caaaiilé 0daoaieuiié asaiesn. Oiaaa 6aciaia 1dIN0SAIN0AT &

caidoeou, ~of a dacial 161fiodaifioaa iieedo 19efivofiodac Taéanou, oi+ée &loiai

N~ Az

143acadied 828610 ANAAAA a-61adBY A Of+ee. E 1adaaisd, filoado-
Aoacpuay yoié oi-4, A caaeneiifioe 1o dafiiieieediey 0dA0ATERES, 1B16TAe0 8&4T ~ABAC 444,
8847 ~A0AC 058 AAT Aadwell (fl. De.1.3
A 74166 AB6+ayd foadondadhldp e5e0e+-afech A8ee+ei6 48588eMl h, iteell 83461 jaé-

1 p
he = > Vs + Yc (Xs  Xc)?+(ys Yc)?

_ X3X&(Xg  Xc)?+(x2Yys X3Yc)?
dxgXc(Xg Xc)(XsYc XcYs)
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éieuot daaeodna i Gacagoadiié oleueiié iioyaéa eeiaéitd daci asia odasdaieuieéa
Oaéei 1adacii 433440114 6acgiaiad isTiodaifoal caieiado éia  +iop 1aganou ieinéiioe, 1ada-
fe+aiiop adaaie 1édoeeiinoaé e igyiieeiaéitié iodacéaie. 16 e adieiaiee oneiaey ( 4.5

faial ioinodaifoaa yiii, +oi
fa-aeliay oi~éa filoadofioadao naaiaiod odaaéoioee, €16 ia+efadony i ol+éé atsdiaa é ioi-
aléaeapldainy ai oi-ee iaadiey. Nedaopuay oi+éa 46440 foaddioaiaaci naai&iod ia+eiapua-

iaio. BAil, +01 aey ieo+aiey deeeeadaiial 10ladasediey a6y 0 oadaielieéa iai aifoaoi+it
ife6+-eou iofadasediey, Tidaaaeypued iodasediey nddiaiota 1o é aseaié éc foidii odadaielieéa
Agy yoial oanfiiodel cada+o 1oladaaediey 10 10yiié fagéliaii  1é ifa 6aei é ine x éaé

Z A~ AN
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aeoaéosend
2 2 _ 2
(X )"+ (Y y)=(h vy (4.6)
Caani(X;y) éiieaeiaod 6ieona, a (xyy) élidaeiaod oi+aé iadaaied. Tonpaa, iiedi iacoe
0aiaain 6dea iaéélia éanaoaeliié é epaié oi+-éa iadaaied.
d x X
ay _ (4.7)
dx Y h
Nii0a&ofioadiii, ileedi iAdaienaou aaiita atidasedied 46y 1aaap 04é & Todasediiié 1adaaié a
0+83a (Xo; Yo) 6-eo00aay, +0f 10dazeaied yaeyaony oidoaei e ifafocaaeyy aiandgx;Y ) nfoado-
fidadpued éiidaeiact 6iédnia:
X XE X XE
0 =tan —+ . 20 =tan -+ + (4.8)
Ye h 2 yr h 2
Ajd  o&ie iaadiey +anoeol ia fodies. Taigia-el élidaeiaol 61é6  ha Taaapudal fndaidioa

glioaeiaol oi+ée 1aaaiey e 6aieé iaadiey 11 iiéleedieyl 618611 aaren . O&-
iadu, iafncaaeyy flicaaonoadpuea cia+aiey 6iédnia a 6daaiaiea (4.6) & ideiéiay ai aieiaiea
ftioifgdiey ( 4.8) Mied+ei iedadpuada fiioiigdiea aey oiédnia aaoo iiedaiaa 0aeuits iada-
aieé+anées naadiaioia aeeeeadaiié odaaéoidee

zi iFF =tan2 (4.9)
Yol fifloiigdied icia+ado, +oi ide épaii 10daseaiee 10 Taiié & ¢ Noaiié aeelydaa neaaopuay
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Xe = Xe  (Yr  Yr)cOt2;
3 2 4 2 _
_ B+ (L K°+5K)y-+8KD 4k Po (4.11)
(1+ k?)? 1+k?

~AL . O 7\ O \ ~

ayuay a yoi 1oladasediea, fisdadéyaony yaii iioiigaie

YF

D=(h vye) 2b+h 1+k® + 1 k% vye 2kxe

& & yoii fie6+aa iieeil A+e0aol, +0f fioleéiiadiey i aaiilé A0ai &1é oadeed i idiendiaco. EdNa

yoidl 1iyaeyaony anoanoadiiay iansaadeéaiiinol a adaisd ciaéa yolal éisiy. Yol faycaii f

ai, +0f iadaaiéa i D > 0 e éiiéoaoili 6iednil afasaa 1adanaéaao ioyiop a 2-6 oi+éad
a y fi

X
2
|
—
x
2
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p Dy Qo >

Q»
Qo &
Qx

3N
Qo

, filloadonoasdao ieieedied oiéona T (%) iTéacailié fa ben. 4.2.2 féaaa.

NN A~

Xg = Xg +t cos2; Ve =Y+t sin2 (4.12)
E&aél caiaoeoi, o1 yol iadaidode+anéia 6oaaidied isyité ivoe 1adaiaiil 1adaiaosa t . Nea-
ataaoaédit, anaesayt a iioadonoaee i aeeiié 10d0acéd F 1ied+ei addaop 6idi6 aeiaie+a-
AETAT Toladazediey. Adee+eio t iieeil iagoe
2k (b+ kxg)+ k( 1+Kk2 pP_—
t =2 hk+ X F)+ K( )Ye Pg (4.13)

1+ k2
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adaa a inoyiili 1ed. Eidadanii 10i40eou, +oi anp 08a4é01d ep & caéii aaeeaediey ileeil
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befoiié 4.3.1: 18e1ad odadaieuieéa-néaaa i daciadi 1difodaifioall caileiaiia
daioe+anéeie odaaeoioeyie-fidada. [-e0aéiaé fa fai ia 6aa &ifl 1aiaddeeedll Thodiasia
ofioié+eainoe.

fage+ee 1Mnoiyiitar ey, |dasead anaal, éaé iéactaapo ~enea iida yéniadeiaiod, a neo+aa
fauaan iefeediey, ia daciald 1Moooacad 16efivonoacpo éaé faéafioe i feeuili 6aifil, oaé
& Taeanoe f eaieiadill adeaediedi (fil. ben. 4.2.3. lia dajoe+iifioup ieaed adaai iieiaou

1a0+i0a naiénoaa 0daaéoideé aaesediey a daciail i8ifiodaifod, a ~anoiiinoe Méleeedaeuiiion

€aéoin (bef4.2.3b) ) iaéioiona noaceiiadita oi+éé yaeypony yeeeioe+anéeie, a c iyagaie-
Al noaifayony 6eed aeidddicé+anéeie bér.2.9c). Addaeie fnefaaie idiendiaed naiaiadaciay
aéoodeavey iaadeseio oi+aé

Odaoaielieé i iieitnoup 6ajoe+anéel daciadi Mo0dao0N adc 1 f0d1aéia 6rioié+eainoe ii-
gacai ia bef4.3.1

ESNA yoidl, & dacoelioacd +efediilal iiadeesiaaiey adee Tai adoaedil ddaeeil, 101804
ANT0Aa0M0a0po dalde+anéel iadaidseadili ddseeial (Pef.4.3.2. Nedaodo 10i40eol, +oi 0aéié
daeeéi faéaai a ned+aa neiiaode+iial fieleediey odadaieuieé a a iea i aedaéodedié danil-
éleediiie Meiiioup ieaed 1ailé éc noidn. Oaéoe+anée yoi Al 0a80M0a0a0 aééliyoad a 6aea,
8i01d0é danfiiodal iaie a neaaopu i

O\~ A 7 O N .

04401104640 iddaiaseadiinoe 3-ai oia [128. 6& 0aéii oeid 1adaia-
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penidiié 4.3.2: Nedaa ideidd 0daoaieiiesa i +anoup aéeeeaddiodsadéoisee a &ioisi
daaéecoaony iadaidseadilé ddseel aaéaediey. Nidada Nod6éosdasddIdee a daciail
i0Ti0daifioad 16e 1adaidaeadiii ddseeid adeaediey.

TR ~ N A

31430 & fe6+ap Resunal ey, 11 1404 Alcdanoaiey 1 16y 4ed3codefia iieedd

AOIST 08a0aTEUIeEa. YOI IBeaTae0 & 4Tedd 181010 Ned+ap 4 eseeadaa a 646a. Dacoiddony ide
faee~ee iTAOTYIiTal iey. xafoita fned+ae 6agialal aeceeadaa a ado6ail daciall 16ifodaifioaa
anée 8anfilodait a 5aaioad [6,8,9). Adg 1Toade Tauiinoe, aey calanoaa daniieieei 4adeeio

ji1 3)16eyol jj j |
Caiepdl 101adaceaied & 1a00 iA0AIAI00 46y eamealé ec RO &  nGHAY ec Aldilgaieé
(4.12 & (4.13

Xn+1 = Xn  €OS(2( )t (XniYn);

Yntr = Yo SIN2( ) t(Xniyn) (4.15)

1
3

t(x;y) = (2 cos( )(1 ycos2( )+ xsin2( )

P 1 y)@ ycos2( )+ xsin2( )) =sin( ) (4.16)

RS te s e TS o

A 0aéeed 0BaaiaieY NOAGETasitd 18y
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4x cos ( )+ 2sin( )
3sin( ) +sin3( )

|
—~
o
[EEN
~
~

AQyAiel 52528085104 1A0AIA050 YO&S &iaadeaidins 658406

ipaaiisicedl, +0f efaadeaioay edeaay, 6i0id0p 10 Ui, Jaeyad Ay yeeeiri. Olaaa, if-
Fefetes ana 00acee, flaaeiypued of-ee 0dalcoidee iadsiian ia 6aeaie 2( ) (4.9), o
yasypofy 6idaaie efenial yeseifa. EcAdnoN, ~of AA0AASII08 48AIA080 0A6ES 1a5a8EA8UIN6

O s A

oyaed ideaéeaeaiey ia dannolyieyd aeecéed é

Aif0a40R0A0hO faisaasaieyi iasa ROABRTTAGIAs i3Yias ( 4.17).
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befidiié 4.3.4: [a 4450ied 5enoiead eciadasedil Nialdied & 436idiacey 6adaéoddenoe+anées
yéeeifiia ioe iaodgaiee fneiiaooe+iinoe, a ia ieaeied egiadase ai aafiu 6aciaté i6ooao ioe
040 2ed 12062i14006a0. Oidigi caidoia E1504&yoey 1daedd 4adisiacedé 6adaéoddenoe+anees
yééeifita e oidiie Thodiaéia onoie+eaifoe

e= 1l+tan tan (4.18)
daa  oaie iaéelia oivad, a odie iaééeiia nlidyeediiial aeaiaoda. Aaeaa, iniaganii fi-
AN A O s\ 7 \ AL A N N A [N \ — 3sin +Sin3 ANAAY 1 N AVAX s
ioiigaiee ( 4.19H e (4.16, anocaaéyai tan = cot2 e tan s~ Olaaa 06idaa,

T

A 524104 ] Geed alee danfiiodail iaéloidna aniaéol aeiaieée a +anoili A 86+ad neilaode+ia
a 1o aao | aiaéeoe aiiTAoe, éiol 804 ia adeeé ¢aodiivol daida. Yoi Aaycal
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fiéoao idé cia+aiée , élaaa aaa 1adl NNidyaediilo aidadcdieé iddadatapony a 1aié i ado
Agy yoial aifoaoci+iT idedaaiyol oaidaifit 6aela flidysediilio fa i1dadeadieé, T €i0id0o il
oilieiaee ated. 18 yoii, ataeday ciaé, fiioadonoaopueé daci Gi foidiiali 0dadaienieéa,
A 2 3sin_+sin3 TAARA A pp_— AA A TARAAA A ARTTOMToATAA
0a. =,z = ctg2.l|oebaatg = 5 2eée 2591 . lianoaaéyy a niioligaiea

Nae s AN 1 p— AA NAAN A O N AN AL O N AZXNXNsAZ AO Y AT AXA (AANAANRTET 3 ew s
(4.19, iéo+el e= 3 1+ 5 ,+00 I04a00a0a0 Tadaoiié aaée+eia o0aé iagclaaalial ¥4ci

o O 7N\ s IS Y0 NA g ALiAN AQ ~ O O s O 1 Pz Ty An AX A maa N A AN O N N\ o~ O rrn 1
Oidl Aa+aiey¢, (iaiiiel, +0i ¥aciéiola Aa+aiea, = 1+2 %), 1aiaél, éaeé iiéactaado +eneaiineé
yéniadeiaio (fi. ben.4.3.9 aaiiay noaoceliadiay oi+éa Téaclaadony aeiadaiee~anéié dadaéoa-

Eaé 7eéacaéinu, 0aéed aeiddaice+anéed oi+aé 1éaciaadonsoma a°ﬁéT|'°+ﬁ§1 iifeednioar.
A [116 a0é1 iléacail, +0f &6 iteeil iaéoe 11 61816ea cos2,= 3+3 5+4cos:.16é n=4
ol+éa fifoadonoacdo +anoilio neo+ap, danfiiodaiiiio aigd. Ana yoe ol+éeé afeiioioe+anéee

fiffoaaonoadpo éaaceiadeiae+anéel odadéoideyi adeece ianaexiié oi+ée. Aliiiélciaaageni
yoei fifioilgaiéal iieeill iaéoe 0aiadu é nioiigaied 1deedd ae y 6aéTi iaéélia 6ioal e 6aeli
ftidyeediiial aeaiaoda
tg n=19° 19 » (4.20)

834 , & , AlOAROAOAAIT 6&TE [aeélia 6164 (0.4. ITHOIYIINE 646 1A dasediey & ¢.19) & 6ale
faééiia fiidysediital aéaidoda aey niioadonoadpudé éaaceia deiae+anéié odadéoidee

ETRAIAY eciaiaieé, aicieéapued ide 1oééliaiee 10 fAeiiaod e~iinoe. 10é 1aélod 10ééi-
jaieyd oaea 1o fielldode+iifioe 1, 0.4. 16¢ 6 0, 464a0 ia ofelél filauaouny foadeliadiay
Of ) aié iaéénan

Az~ AN
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180 fied+ayd, adesedied yaeyaony iddeiae+anéed idsan ne e
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OIBITCITAT eceo+aiey & eceo+aiey daaiionéidaiilal dacoyaa. Eidaddaddioey yoed éfiiliaio
46440 T6eaiaeou é aicieéitadiep eceo+aiey, 1acadapuaddi fifa oede+anéei niaeoadil
A i4d&eyoeaenonall nec+ad eceo+aied Oneidaiil aaeaeouddiny diaa a 0aeaniné oaié ia
Tiddaaeaiiié ~anoioa fientiaaaony idinoié 61dioeié:
Z 2
di(!) e? :
. H) It
sin ve' dt
d 4 2¢2 -
Oaié  1of+e00aadony 10 iaidadediey aaeeediey cadyaa. Oae1aay cadwitl sin® Yaéyaony oa-
daeoadiié aey eceo+aiey cadyaa aaeseoudainy i iaddéyoeaenom@dinoup. Oaéay caaeneiinol
icia+ado, ~of éced+aiea a Tiifaill 16iéndiaeo a 1einéinol, € Toiday 1adidiaeédeydia é iaidaa-
gaiep aaeeaeaiey +anoeod. lnéleies 10 1adaie+eaadiny ned+adl idddeyoeaenonéed néisinoae,

N AN N A

T

o
}
1l
o

aaieé aioooaiiaé ~afioeol fi 1aiei+¢eié eaaél adieiyaony, iinéie Uéo foieéitaaiey idiendiayo
+&08¢ 6aaila idlidsed0ée addidie t, = n . A 6c6Elinacd Mideod eced+aiey 19814080280 0aéié

di(!) €*sin? ,SIPN! = 2
= v
d 4 23 Sie! =2




96

+afoedd, ainoaoi+it Ndaaie i 1= fuitioup eécéd+aaiié adnfooe-
i : &1l il TuitAol eaaél ieo+eou

Ndaaieaay iieo+aiita iuiinoe eced+aiey iieeii 16aieol yo0aé oealiifiol ecesd+aiey éiiil-
ceoiié +anoeod 1t Ndaaidiep i 4dnNod6enddiié. Adénoaeodéuil ed Toiipdied Tiddaaeyaony
éaé X

Peomp Aol




HENTYS

+anoeod e Taiei-éé i adaiaiai

Xy = Upe mo
aaat aoaiy 1ifiea n-ai foieéitaaiey aidooaiiaé +anoeo idaali édaai 1aiei-ée &  6+0a-
i0 fa+aéuita

y Tiddadeyp  uea éciaiaied é
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MVh41 + MeUOps1 = MVpys MoUpig

(Vn+1 Un +1 ) = (Vn+1 Un +1 )
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Efiielicoy yoe 65aaidiey 834

1
Vil = m+ mo 2moUn+1 + (M Mg) Vi (4.25)

O-20043y 65ATAIRA 4.24) & (4.29 iTe6-8l T01adazeaies, TIGAAEYPUAA eciaidiey AETBIi0Aé

1 . : eE

Vet = m+—mo 2moU,e mo (Vo) +(m  mg) m (Vn;Un) + V, (4.27)
1 eE o :

U = me 2m 8 (VU + Vo (M mo)Une (Vnitn) (4.28)

U Wi
tI‘l+l Zi Un
m Mo
I5e 164iadddaediee 0daiedl yoi fitioilgdied 1ad0adiae 414681 & élédaaieé a ned+ad iondonoaee
ooaiey. Oadeed ec yoial Aloilgaiey feaacdo didilgdied adaiai & idsedd noleéitadieyie i
fdaaiaiep A idaenfgiaoeaitie neo+adl. Yol Ralénoal oaaiyao iy e aey oi+ilal dasaiey a
+ai Vel 64daeouny enielcoy aaliaode+anéed iinodidiey é aé ia bed.4.4 Aacda acaai en-
ifeiiciaaoi eiaiit 0aéia 1aicia+aied. O&iadl Thoadony adyhie ol éaé 1aiyaony Aiaéod néisifnoaé
i 8TA0TT n. Aéy yoial neaadao iaéoe iaitaaeseita oi+éeé iaeeiaéiiai ioia odaaediey ¢.27), (4.29
& 6foaitaeol 6 oei. Nefiodia odaaidieé 46y ilenéa iditaaeaeins o +aé(Vs; Us) eiddo aéa
1 (Vs;Us) ek
= 2moUse mo * 7 +(m m — (V5 Us) + V. 4.30
= e 2Mo (m mg) = (VerUo)+ Ve (4.30)
1 eE
Us = 2m (VeU) + Vs (M mg)Use mo (VsiUs) (4.31)
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eE Vs; U
Us = — (Vsi Us) (4.32)
Mo 1 e mo (Vs:Us)
Oaéei 1adachi cia-aiey néidinoaé a idiadeeeiié 0i+64 Tiddad éypony adaididl ideedd

foleéitaaieyi. Yoi ifioilgaiea iicaieyao efilélciaaou 6ecé  +anéea fifadasediey. Adénoae-
04a&lil, éasedony anoanoaaiii ivaaiiéieeeol, ~of & fédanoaedrideiacee adaly idsedd noieéii-
aaieyie fnooaieony € i6ep (! 0), oiaaa éc 16€aaaaiitd adea ffoilgaieé iiaeil Mé6+eou

fodidilp AATATA0 & 1TRoIIIN 11ed. 18a4ilélaedied 14 I 0 adiidode+anée eaaél nosial
aiéacaou
Alcadataynu é filoilgaieyi, Tiddadeypuei Méleedied idaaeaiié Oi-8e (4.32, eaaél

\~ O O ANAZ A

)
iaied, Tiodadeypudd . Efeep+ay ec 6daaiaiey .22 Vs & Us 16+l caieiooia 6daaiaied

aéy aeaa
ek eE e mo m mgeE _ e
2m Mol e mo 2mp m
YOI 6daaidied oataii caiehaol a adcdaciadiii agaa = oo Oidaa 68aaidied ioeieiado iai-
foié aea
1 e
— 4+ =1
2 1 e
Ei0adanii 10i&0eoi, <07 yoi 65aaidied ia Aiaddeeed ieéaded iadaiandia. Aaeifoadiina oasa-
ied yoial 6daaidiey = 0 €aaél ileo+eou adade+anee. O8iadl ciay &1idaeiaod iditaacaiié
Oi+ée (4.39 lieeil 161addeol aa o6foié+eaifiod.
leaeedi, +0i daciifiol fédinodé U, V,! 0ide n!1 . laicia+ei daciifol félainoaé
aiei+ée e ai6ooaiidé ~anoesd iiea n-al fioleéiladiey +&dac . E¢ (4.27) & (4.29 iiéo+ei
Ee — (UnV,
ne1 = Unsr Vour = — (Uy,Vi) - Upe ™o En¥) 4y, (4.34)
|8& aifioaoi+it alelgeéd n, a 1464l 16edéeaediee 11 eidal
U, V, mmg 2 e E eE
Un;V, 2 = ;U Vi — 4.35
(n n) e E m + my eEnn n n ( )
X o - m mo N A O Ors NN A~ TAL A~ N N A A NTA - AA N ~ A NAX AN A sr s AAY
Ada = TS i0edaaaiiay ianna. llanoaaeyy a ( 4.34) e 1adaie+eaaynu aoiodi 1oyaé
iaéinoe it 1éd+éi
2mm g 2
n+1 n = n (4.36)




aedied A Nélaéacd avaao iailiga aaeiesd, +of afol 6felaedl oian-of daciiiou féidifioaé +anoeod
e Taiei+ée 1nea éasediadl iMneaacdpudai noieéitadiey acado i ailwga 16aaldacuaé é fiiioado-
foaaiil fiodaieouny é ioep idé n!1 x0f & 0daalaaéinu aiéacaol
|adaéaal oaiaou é dacdaciaditi radaiaiiai:
— eE— — eE—
= __: Vn = VsVn = _Vn; Un = UsUn = _Un (4.37)
0
Olaaa éidai:
n !#
_ 1 = o _ “n UV
Ups = Une n(Un Vn)(l )+2 Vi + - AL ;
1+
" !#
_ _ — h UV
o1 = ——— 2Upe n(OnVa) (1 ) V4 L0070 (4.38)
Aadd = mﬂo |8& yoil, 6daadidiea aey  i6eiéiado feaadpueé aéa
Un l e n = 2_ + _nVn (4.39)
Eaé aeaei, a 44coaciadind iacaiaiind fotadaseaiea noaiagony ailiadaidode+anéel i 1ada-
ia0a0 lied e élydoeoeadio ffidiogagaiey ia aigée aioiadazdied. |  dé oaéli ioiadaseaiee
fidavéiiasiié oi+élé 46add Vo= Us=1
panniiodel oaiadu +anoité feo+aé, éidaa 1 (0.4. ai60daiiyy ~afoeoda iaiilal oyaedeaa
jaigi-ée ). Olaaa ileedi caienaou (4.39 éaeé
Un+1 = Une n(Un Vn)+2 V,+ 7y Unyvn )
Vn+1 - 2Une n nen + Vn + n Un;Vn (4.40)
E 16fi0U ia+aeliay nédinouU, = 0. Oldaa ec 4.39 iadiaei o= 2 Vo, a éc¢ 6.39
U= 2Vg;Vi=  Vy;
e Tanoaaeyy odiadu a 6daaiaiea aey, Meo+ei
Mol et == Vo (4.41)
[ieTaeei 0aTadu janoieuér aieuwgei, ol
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1:5936 (4.43)

LSRN

pY A .. iX 0 22 0 sias O N A AN A YOS

AZ4W (x) 0aé iachaadiay 66ievey Eaiaasoa [L31], éioiday 1idaadeyaony éaé 6aiacaoaioyp-
Uay feaaopuaio 6daaidiep: W (x) exp(W (x)) = x. Odaa, 1ianoaaéyy a4.40 addasedied ¢.43

U,= Vgi1= Vo 2+W é ;
Va= Vo (4.44)
Eaé agael, a iagdi ioeaéeeedice onelagsd — Vo &0480 08iadu adieiyony aey épado n
Nyolio, ieazay Vo = 1;10 ilecdi iaéoe 8466034i0iTa flidiigaied aey n
T = f ()W f(T)e 0 (4.45)
aadf ()=2 _—.leeiiéacaol, +of limy —» =0,
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fiodiaf al ~eféa aivooaiied nodiaiaé faiaiat aicieéado daeseei Aidoe-
oe+anéial aedooceliiial aédeeaaiey ~afioedl. liéacail, ~of  6eed fa+efay i 4add ai6odaiied
fodiaiyd nataian oeie~ii iiyacaied daioe+anéed daeseéiia & 6Mo aifagai 1ddaieci Gaivecadee
Alyiiiait caélinasiiioe iadasanisdadediey yiadaee it aicodad  iiei fiodiaiyi naiatad.

s A
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Daco6iddony éasealé yeaidio éiiiiceoiié ~anoeod ileedo aaedadiiy i id&iolsié néidinoup. Oaé
AEIBIRon Talei+ee adadi Taicia~aol 6aé +, a NEIdIN0e Aiv0daiied ~afoed éaés. Oadaed anoa-
foaaiil adanoe adaeia 1aicia+-aied aey yoeo néioifoaé a aeaa

| 58A48VA0 yeeeide-Afees HeEeiAd

0
1aaiedl 4 4644 6800  S? (fl. jaideidad [ 133). Oece+aniée yoi daaaifioal 1ida-

(fo ®)> (Ro Ri)% i=1:::N: (5.2)
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Qo
=
o

odéliay AEdIR0L a oi+éa 10dasediey fiGdaiyaony, a iidiaeliayaiyao ciaé E&aéi itiyou, +of
a danniaodeaaalii ned+aa ii ia adieiyaony. Aéy 1aania+aiey ati Téiaiey oaéial caéiia ioda-
aediey neaaoy 109 1a6aéadi é deeeéeadaili elidaeiaoai . = P mf; eée

~= (" Mofo; Maify;ii:; Myty)
Adé01d felaifiodé a aeeeeadains eiioaeiacad caientaaaony éa

_ P P— ... p

Y= mofe, ml‘ﬁll y mN f‘N

Tait ec 10aeiduanoa ifand éidaeiao fiioieo a oii, +of aéeia a aéoida féidinoey = =Tida-

446y80NY Teilé eeiade-analé yiadasas alificeoilé +anoesa
U
1
_EXT e P
M= mit = 2E
i=0

- An

fa f0dasea iee oleuéi aey aoaied éii-
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2 ~0 ~ 2 ~0 ~i
~= p= p=— Pp—=— :0::150 p— p— p=—= ;0:::;0
0 0 m; i 0 i
ioieddy aal ia aeeio Med+ei aaeie+ité iidiaeuiné é asdaieo a 486010 a oi+é&
1 P o ~ P_— o ~
A= P mi p— P= 0 ; 0, My p— P= . 0 ; 0
JRO RIJ Mo + m; 0 m; Mo m;

Ans

ajodasediey
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¥ A= ’ Al (4 ) Ro R
- A i 0 i
JRo  Ri]’ mg+ m;
NoTeéitadied 1aiéi-ee & aivodaiiaé ~anoeod aaniepoii 6idda 1a, nedalaacaeuii, adieiyao-
Ay fipoiitanéeé caéli aey noicéitadieé. Aéy noaeéeaapuedn y ~anoeo noade+anéié 6idia yoi

&Ciaiyao ciag, ide 10dasediee 10 a6aiesl éideacsaseliinal a esseadaa. Aiagiae+idi 1ada-
cil 1flaed0d alou aléacaia fidadaaeedinou aeeeeadaiial caélia i0daseaiey 10 ddaied &liceas-
daoefiiial ioinodaifoaa, fiffloadonoadpued foieééitadiep &€ palod aaod éiiiniaio Efiiigeoil

rrAN 7 AN N A
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Caarnilr, - ia+aéuiia iéleedied 6dioda iann i8¢ t = 0. N dadiliaose+anéié oi-ée ¢daiey yoe
ffioitgdiey Tiddaaeypo 00adiadiop a€iadieinéinon a élioeda  6daoeliill 16ifodaifioad

O J— p_— _
Mo o1+t M1 11=tVg+ra

O J— p__
Mo o2+ My 12= Ve + I

p_— p_—
Mo o3+ My 13=tVga+ I

fa+aiey eaaéi iaéoe o mum(Ro Ry)?
~  Mo(tVe+ %) = (Mo + my)?2 (5.4)

A yoii 6daaiaiee iaoadaii ociaol fdadd S a 08adiaadill idifodaifioad R 3 ~,. O4i0d yoié
f6adl dafiieisedi a 0i+8a ~ = P Mo(tV, + ). O+@004aay, ~+0f 004diadiay 4&iad11aaddiTtiol Al
adaiaiai favaaony radaeeaeuitl 1adacii a éa+anoaa éaiailia 1 na+aiey ileeil aladaol aeiaos-
iéTAélfio, 18i6iayudp ~adac ia+ael éiidaeiao e 161acediaaso U déeéeadaiop odadéoioep ia fa-
+aiead oeeeiada yoié aeiasieinéinoup O%A il 1adacii, yooaé oeaiay oi+a+iay ~anoéoa adeseaony

........
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r
((ro (Zc)(uvo)zv’c))2 +R2  (fp *o)?
0 c
' = 2arccos !
(fo o)+ ((fo_fe)(to V)2 R2  (f )2 (fo_fc)(to V)  Ho Ve

(to Vc)? S jto  Vej jto  Vej
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2Rssin 5
Tt

Oaéei 1adach, 1aiei-éa aaeaeaony i éliailé niedace daaedona Rs. Ad il iaidaaedia aaieu

V.. Adaiy idiedoa 10adéuiial nadidioa fiedase - ¢, ad&iy 1eiar 1aiaioa - T. Paa oaéié
Aiédaee daddis = TV,.. A éliilceoiié +anoesa fi 1ailé foaraiup Ratatan Meiedied ai 00dai-

iaé +anoeoan iaidyidp naycaii i iiéfeedieal 1aiei+ée Mo(te tV. )= mi(xr tVe +*)

(fi. AfMoiledied ( 5.3). Nifoadonoaaiil, aivodaiiyy ~afoeda a eéeidiace+aneéli daaeda 0aésed
aageedony i ioleedsé &fiaiiie fiedase, il ad6&1a1 oaaesfa - R, = muRe Ril

AU ATédaee ftnoaaeyao 116dadediiné 6aié i iidiadup é iéiféifoe, a &ioidié idiensiaeo
Y,adaudiedy, 14161+ alédoa 6aioda eiddoee. Aar adse+éia
VN
= arCCOST
IVCIN]

N Neeee

iiéeooaa idiaieuito éi-

idaaediee aiieeooaa Mada+ind éiedaaieé dadia a; mn = 2Rscos . Afid0anoaaiii, +of +anoiod
yoed éiedaaieé iaeiagiad & daain 1=T. laifiiel, +0f 6éacaiila éledadaiey ia yasypony ne-
iofieaaéd DAAEUING 6+afoéia idyiieel aéiial aacaediey. Easealé 0asié

Aee 1806 Al00DAITAE ROATAIUD HATATAD & Taisi+6ié. T0IFe0a BI04 eTdaeiadt AIGOdAIAs
~afoeon & falei-ee AR08t RAYCAID mo(fo V. )= mi(h V. #). Nii0A&OA0AAI,
2 THEOABIINA AETSIR0E Mo(te Vo) = ma(ty V). (166086 & Taiel-6a
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E m
—0_- 1 (5.6)
1 0
Ec yoial flioiigdiey neaacas, +oi a Aeo+ad €aaéié aioodaiiaé +anoeon & oysedsié 1aigi+ée,
i+0é any éeidoé+anéay yiadaey ioiifiecasliial adeseadiey a6ao fifdaaioi~aia ai aivodaiiaé
Aodidié naraian. Oaéei 1adacii i0 iMeitioup Tiehage 6adaco  adenoeée égidoe+anéial daaeeia

il. Nifoadofnioadiil, iaaepaa 14iei+€6ié iolaieeecodcuiia  adaiy e 6Mdaaiead aa iéledied

iiceil Tiddadeeou NEBINOU adéaediey 6aioda ianf élilgeoiilé  +anoeslv,. Agaaiaasy yoiio

iTeeil Tiddadeeou Toififiecdeuiop NEdTAOL aaeadiey 1aiei~ée  +y V., a 0aéeed iaidaasaiea fo-
iTneoaeuiié néeioinoe aivooaiiaé ~anoesa, iMAEeués 1t iol  oealiiéiaell iaidadéaiép ioii-

T

20U, +01 daciad ai00daiiaé nataiad R, 1aé il fidaaiaiep i daciadn iaiei+ée Ro, O 83467
ie6+-eou 1vaiée iaff ai6odaiiaé ~anoeon e fajei+ee
R
m' 1 == M m;' —M
0 Ro

faleT-ee & ai60daiTae ~anoesd foiifiedasuil 6aioda Iaff, 11 feleaiep Taler-8e eaael Tioa-
adeeol Teieedied ai6osai1aé ~afnoeol. Eilie fietaale, iadeha &y ca adéeeaisdl Taier-éé &ii-
iiceoiié +anoesd fi ai6odAiiaé foAiailp 1a&é 1aRA0 ilell 60 AfTaddl fatéfoaa ai6odaiiaé
ro&iaie Aataian

5.3 xafioeda fi 4aoiy & aiéaa foaiaiyie naiaiad
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N AN e

8aa oi+ii ieooanfiacaapueé deeeéeada [134], €ioido0é eiapo 6+-afnoée fi éoeaeciié foee+iié 10
i6ey O6AT & 4800 iaidaasdieyd. Yoa adaiesa AMoadonoas A@AC gial oeeeiada fi

2
-0 1 _ 2
p— — =(Ro+R;
M m (Ro )
_ _ 2
0 2 — 2
P=—— P== = ( Ro + Rz)
Mo mz
Yoé Ofél [0 S Ui0ééré éée o1

~A s A

aaiel éio1o00 of+a+iay ~anoesa ieéiaaa ia noieéidony i Ada&ibaé 4eeseadaa. Ana iaidaasdiey
Taéaaapuea yoei naiénoaii iaoyiool ia ode 1doiaiiaelitd aaé oida n; = (1;0;0;1;0;,0;1;0;0),
A, = (0;1,0,0;1,0,0;1,0) 13 = (0;0;1,0;0;1,0,0;1) (1 # =0 &fieei 6 ji;j =1;2;3). Nil0A4onoaaiii,
0dadéoioee aaeaedue éldaa fa nofeéioouny f adaievaé



Aicadatiayiii & éeidiaceéd éiiiiceoiié +anoesl ¢ 1
&l 4eeeeacaa daaeecoaony o
Eyioiiaa. Addaeie fgtaaie, sdaeecoaony neeuiié 6ain. bacoadony, a daciail i8inodaifioad

18eA60N0a0a0 é fi+aoila +enél 1adels

ca0dGaiail. Taiaél, i 6ece+anéié oi-ée ¢odiey eidadanii aayn ieol iadadied 1aiei-ee oagié
0068000811 fiéiaeilé +afioedl. Ide+efa yoidl & ofi, ~of eiaiii  iladaaiea 1aier a

A A

daa + aaeoio oanfolyiey idaeadi aivodaiiaé +~anoeoaé e iaiei-éié. Aeeia yoial aaéoioa
1a0aie+aia adsoo adee-eiié(R, R) a fnenoadia ofi+aoa 6aioda eiasoee. Oiaaa 6aaél ivaieol

~ N~



O sxAv N A N

+ea 10 iadeiae+anéial aaeeseaiey ~afioeod i 1aiié aivooaiiaé noaaiup nataiaa (fi.
Nedaoao 1014001, +0f & a0dieeadiitd feo+ayd ileedo daaceciadni e 1adeiae+anéed daseeil
adeaediey 1aie+ee & e Aleligdl ~efied aio0daiied fodidiaé nai alad. iase+ea 1aseiae+a-

~ AN AT

ayaony. 1aseia oaéié o A+3 e
i8d +anoeo atasdait nelidode~idie joiieodsdil Taiei+ee. 1a fidaei odiadl dafiddaaeaiea
il fi0&idiyi RaTatad. faifiiel, ~of & féfodia 6aioda e jadoee foiiadiné eiiceun

aedé 1aiei+ée é aibodaiied nodiaiaé naraiad a fenodia c6aioda eiadoee
E Mo
—_n 9 (5.8)
Eo m

N AN e

aifé noaraie naraiag. 'I'6éa'|“|éaaay daaiidaniddaacaie a yiaoaee
1 aigooaiiei ﬁc‘)éléu'yi naraiad ec yoiai ﬁTT(‘)iTﬂéiéy 8aaél e 6+e0u 10ilgdied yiddaee
1aiéi+ée é yl'ééééé E, |6é“ayuééﬁy fa1aio él’é(‘)ééil’pp +anoeoo
E m
- 2 (5.9)
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£

Anoanoaaiil, dicieéado aiisii T ddaeecasee daaiidaniddaddiey yiadaee ideedo aioodaiieie
fodiaiyie nataiad. Aey iadépaaiey ca faiéfioaaie +afioeo i aady e 4ieaa aivodaiieie nodia-
iyie fiataian efitelcodl ~eneaiina iadeesiaaied. Nianoadii  1yol iagaledd neleeité feo+aé
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n n
pefioiie 5.4.2: Nedaa iéacail eciaidied nodaiaé yidoaee aioodaiies nodiaiaé nataiad
iidiediaaiita ia yiadaep Taiei+-ée a ned+aa 08ad, a nidaada a ii é6+aa 4 aivodaiied fnodiaiaé
AATATA0. 18108 11 15328416 1534RGAcAINA cia~aied (5.9

+adofy 1al0%10 16daféactaadiial ffoilgaiedi 5.9. Ec +@neaiitd yeniadseiaiota neaascao
Aleda néefeeiay cadeneiiinol

E Mo M I?l

— 1+N

AN N i ANAN

s AN AA
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Ta lieeil 63481 1Miyou endiay e¢c  6fiodiénoaa iifaias-
ial aeeeeadaa. Aigieéiadied oaéed daseeiia naycaii fi aiieie  dlaaiedl eeal noleéiiadieé

O ~AAZ A~ AN by .

éefdiaoeé+anéead naiénoaa +anoeo, iaéaaapued iadidigei ~enéli aibodaiied nodiaiaé
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daiieie nodiaiyie nataiad e atyaeaia eo itada fauea e odiaaiaioa éuita narénoaa. Efnea-
aiaail eeidiace+anéea e aéfaie+anéed naiénoaa 0aéed +amdied+ail nedadpued &eaaita

ATauai aeeuyoaité ifadia aey Mefa
daiieie noaiaiyie naiaiad a 1Mnoiyiind aideied 1Meyo. 16dacied i iTtadé iadia é 1efa-
iep aefaieéée 0aéed ~anoeo a 6aciall 18Tnodaifioaad 6iéonia ia dadiée+anéed naaiaioia. lieo-
+ail aiaeéoé+anée aeiaie+anéia 1oiadasedied adeadiey NOS@SSIT-Meleilé ~afoedl i aadly
aivodaiieie foaiaiyie naiaiad a ihowiin med. Onoaitagaid ifatid ddeeeil aaeaediey
0aéed +afnoeo i iadielugel éiee+anoail aioodaiied noaiaiaé naaiad a Mnoiyiill yeaéode+a-

N AN N A

QD
<
(@)
(@}
Qo
D
(@]
(0 d
Q»

elyoainé oidiageci. Onoaitagait i alénoa






\\\\\\



123

Nigfiié 6048a06d0

10.

Smith B. W. Encapsulated C60 in carbon nanotubes / B. W. SMitiMonthioux, D.E. Luzzi //
Nature. 1998. November. Vol. 396. P. 323 324.

Monthioux M. Filling single-wall carbon nanotubes / M. ktbioux // Carbon. 2002. Vol. 40,
no. 10. P. 1809 1823.

. Yudasaka M. Nano-extraction and nano-condensation flri@rporation into single-wall car-

bon nanotubes in liquid phases / M. Yudasaka, S. Lijima //sSHRgv.Lett. 2003. Vol. 380.
P. 42.

Slipushenko S. V. Scattering of particles with internaytes of freedom / S. V. Slipushenko,
A. V. Tur, V. V. Yanovsky // Journal of Experimental and Thetical Physics. 2013. \Vol.
117, no. 2. P. 274 292.

Ratner M. A. Pecularities of nanopatrticle reflection franbarrier / M. A. Ratner, A. V. Tur,
V. V. Yanovsky // Journal of Computational and Theoreticahbiscience. 2015. \ol. 12.
P. 589 594.

. Miller B. N. Stochastic modeling of a billiard in a gravital field: Power law behavior of

Lyapunov exponents / B. N. Miller, K. Ravishankar // Journalstdtistical physics. 1988.
\ol. 53, no. 5-6. P. 1299 1314.

Classical and quantum dynamics of electrons in open eqralatriangular billiards / L. Chris-
tensson, H. Linke, P. Omling [et al.] // Physical Review B. 189 \Vol. 57, no. 19. P. 12306.

Korsch H. J. A new integrable gravitational billiard / H. Borsch, J. Lang // Journal
of Physics A: Mathematical and General. 1991. Vol. 24, nol. P. 45. URL:
http://stacks.iop.org/0305-4470/24/i=1/a=015

Optical billiards for atoms / V. Milner, J. L. Hanssen, W. Campbell, M. G. Raizen // Physical
Review Letters. 2001. \ol. 86, no. 8. P. 1514.

Stability of classical electron orbits in triangulae@ton billiards / H. Linke, L Christensson,
P. Omling, P. E. Lindelof // Physical Review B. 1997. \ol. 56no. 3. P. 1440.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

124

Rifa ﬁé‘e A. A. Noieéitadiea fod6eoodii-feieiié ~afoeol i 4aduaah / A. A. Rilaféeé,

I
A. 0068, b. I. 1afigtanéeeé // £YOO. 2008. 0.133,+1. N.117.

Yanovsky V. V. A charged composite particle in a constalectric field / V. V. Yanovsky,
Tur A. V., Yu. N. Maslovsky // Theoretical and MathematicahyBics. 2013. Vol. 175,
no. 2. P. 655 680.

Emission of composite particles in a constant electeicl ¥ S. V. Slipushenko, V. V. Yanovsky,
A. V. Tur, Yu. N. Maslovsky // East European Journal of Phgsic2014. \ol. 1, no. 4.
P. 26 30.

3D composite particle / S. V. Slipushenko, V. V. Yanoysky V. Tur, Yu. N Maslovsky //
Functional Materials. 2015. Vol. 22, no. 1. P. 69 78.

Triangular billiard in a constant field / Yu. N. MaslowskS. V. Slipushenko, A. V. Tur,
V. V. Yanovsky // Functional Materials. 2015. Vol. 22, no2. P. 47 54.

laneianéeé b. I. Efiiiceoiay +anoeda ai aiaeiai iled e aa e ceo+aied / b. I. laneéta-

fieeé, N. A, NeeIOﬂaIEI A. A. Ritaiéeé // VIl laeadiadiaiay séiéa-i  aieiad 11eiand
6+&i00 Difio édenoacela : 0acenn aiéeaaia. Oésaeia, Oasué : [a. ], 2013. N. 13.

Slipushenko S. V. Radiatoon of charged particle in anreateelectrical fields. / S. V. Sli-
pushenko, Yu. N. Maslovsky // V Young Scientists Confereteplems of Theoretical Physics:
Program & Proceeding. Ukraine, Kyiv : [s. n.], 2013. P. 94.

Emission of composite particles in a constant eledtfiedds. / Yu.N. Maslovsky, S. V. Sli-
pushenko, A. V. Tur, V. V. Yanovsky // Ukrainian-German Syssjum of Physics and Chemistry
of Nanostructures and Nanobiotechnology: book of abstratikraine, Kyiv : [s. n.], 2015.

P. 166.

Maslovsky Yu. N. A charged composite particle in constlactric field / Yu. N. Maslovsky,
V. V. Yanovsky // 4th International Scientific and Techric@onference for Young Scientists
Luminescent processes in condensed state of matter : lmfakbstracts. Ukraine, Kharkiv :
[s. n.], 2015. P. 56.

Maslovsky Yu. N. A scattering of structurally complexrtides / Yu. N. Maslovsky, S. V. Sli-
pushenko, V. V. Yanovsky // International Meeting on Clustand Nanostructured Materials
(CNM-4): program & materials. Ukraine, Uzhhorod : [s. n.]025. P. 36.

Feynman Richard P. There's plenty of room at the bottom h&a P. Feynman // Engineering
and science. 1960. \ol. 23, no. 5. P. 22 36.

Nocaagda E. 1. lailoasiteiaey: éeg;e deiey iailéeanoa oia, iaifiodoéosd e iaifiaoa-

deaeta. / E. 1. Nocaagada. |I.: EliEieaa, 2006. 592 f.



23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

125

Launois P. Encyclopedia of Nanoscience and Nanotechpokdited by HS Nalwa American
Scientific / P. Launois, P. Poulin // Stevenson Ranch, CA. 200Vol. 4. P. 1.

Baletto Francesca. Structural properties of nanockisEnergetic, thermodynamic, and kinetic
effects / Francesca Baletto, Riccardo Ferrando // Reviews dienmophysics. 2005. \Vol. 77,
no. 1. P.371.

AN

oey, éioioda

~IA AN A

Aagaaaiia A. E. [aiiodoiieiaee. [acea acaoudal. / A. E. Aaé aaaiia. 10éd
ifoayfiée iéd. 1. : YEénii, 2009. 247 A.

Buffat Ph. Size effect on the melting temperature of galdiples / Ph. Buffat, Jean Pierre Borel //
Physical Review A. 1976. \ol. 13, no. 6. P. 2287.

Pawlow P. The dependency of the melting point on the serf@energy of a solid body /
P. Pawlow // Z. phys. Chem. 1909. \ol. 65. P. 545 548.

Chushak Yaroslav G. Melting and freezing of gold nandelss/ Yaroslav G. Chushak,
Lawrence S. Bartell // The Journal of Physical Chemistry B. 200 Vol. 105, no. 47.
P. 11605 11614.

Levi A. C. Solidification of hydrogen clusters / A. C. Le\R. Mazzarello // Journal of low
temperature physics. 2001. Vol. 122, no. 1-2. P. 75 97.

Hot and solid gallium clusters: too small to melt / Gary Breaux, Robert C. Benirschke,
Toshiki Sugai [et al.] // Physical review letters. 2003. ¥®l. 91, no. 21. P. 215508.

Why do gallium clusters have a higher melting point thamhihlk? / S. Chacko, Kavita Joshi,
D. G. Kanhere, S. A. Blundell // Physical review letters. 200 Vol. 92, no. 13. P. 135506.

Berry R. Stephen. Melting of clusters and melting / R. StepBerry, Julius Jellinek, Grigo-
ry Natanson // Physical Review A. 1984. \ol. 30, no. 2. P. 99.

Ajayan P. M. Quasimelting and phases of small particlsM. Ajayan, L. D. Marks // Physical
review letters. 1988. \ol. 60, no. 7. P. 585.

Ajayan P. M. Experimental evidence for quasimelting maB particles / P. M. Ajayan,
L. D. Marks // Physical review letters. 1989. \ol. 63, no. 3 P. 279.

lijima Sumio. Structural instability of ultrafine pates of metals / Sumio lijima, Toshinari Ichi-
hashi // Physical review letters. 1986. \ol. 56, no. 6. P616.

Size-dependent icosahedral-to-fcc structure chaongérmed in unsupported nanometer-sized
copper clusters / D. Reinhard, B. D. Hall, P. Berthoud [et aBF}hysical review letters. 1997.
\Vol. 79, no. 8. P. 1459.



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

126

Koga K. Population statistics of gold nanoparticle nmaipgies: direct determination by HREM
observations / K. Koga, K. Sugawara // Surface science. 200/l. 529, no. 1. P. 23 35.

Nagaev E. L. Equilibrium properties of small particlestlaeir ultralow vapour pressures /
E. L. Nagaev // Surface science. 1991. \ol. 243, no. 1. P.52 260.

Oadseni 6ece+anees adee+ei/ 11a 844. E. E. E&é&ei. 1.: Aol iécaao, 1976. 1008 f.
Eaiaad E.A. Noaoenoe+aneay oeceéa / E.A. Eaiaas, A. 1. &8e6. 3 éca. 1. : [aoeéa,
1976. 584 fi.

[adada V. E. 1ag0a iacaeee-anéeead ~anoeon / Y. E. iagadaddi. 1992. 0. 162, 9.

N. 49 124.

Hill Terrell L. Perspective: nanothermodynamics / @#ri.. Hill / Nano Letters. 2001.
\Vol. 1, no. 3. P.111112.

Hill T. L. Thermodynamics of Small Small Systems / T. LIIHiNew York : Benjamin, 1963.
\ol. 1.

Wales David J. Energy landscapes:[with applicationgltsters, biomolecules and glasses] /
David J. Wales. [S. |.] : Cambridge University Press, 2005Vol. 1.

Borel J.-P. Thermodynamical size effect and the stractirmetallic clusters / J.-P. Borel //
Surface Science. 1981. \ol. 106, no. 1. P.19.

Exceptional ballistic transport in epitaxial graphe@moribbons / Jens Baringhaus, Ming Ruan,
Frederik Edler [et al.] // Nature. 2014. Vol. 506, no. 7488 P. 349 354.

Is it the boundaries or disorder that dominates elediramsport in semiconductorbilliards'? /
A. P. Micolich, A. M. See, B. C. Scannell [et al.] // Fortscheitier Physik. 2013. \ol. 61,
no. 2-3. P. 332 347.

Beenakker C. W. J. Magnetotransport and nonadditivityadfitecontact resistances in series /
C. W. J. Beenakker, H. Van Houten // Physical Review B. 1989. V@9, no. 14. P. 10445.

Conductance fluctuations and chaotic scattering inisiallmicrostructures / C. M. Marcus,
A. J. Rimberg, R. M. Westervelt [et al.] // Physical review éett. 1992. \ol. 69, no. 3.
P. 506.

Beenakker C. W. J. Billiard model of a ballistic multiprobenductor / C. W. J. Beenakker,
H. Van Houten // Physical review letters. 1989. \ol. 63, nal7. P. 1857.

Classical and quantum dynamics in an array of electrofiaroié / Roland Brunner,
Ronald Meisels, Friedemar Kuchar [et al.] // Physica E: Lamehsional Systems and Nanos-
tructures. 2008. \ol. 40, no. 5. P. 1315 1318.



52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

127

Transport through open quantum dots: Making semidasguantitative / lva Bezinowa,
Ludger Wirtz, Stefan Rotter [et al.] // Physical Review B. 2010/0l. 81, no. 12. P. 125308.

Schomerus Henning. Quantum-to-classical correspmedén open chaotic systems / Hen-
ning Schomerus, Philippe Jacquod // Journal of Physics Ahbraatical and General. 2005.
\Vol. 38, no. 49. P. 10663.

Resolution of distinct rotational substeps by subneitiand kinetic analysis of F1-ATPase / Ry-
ohei Yasuda, Hiroyuki Noji, Masasuke Yoshida [et al.] // bf& 2001. Vol. 410, no. 6831.
P. 898 904.

Kozlov V. Billiards: a genetic introduction in the dynamsiof systems with impacts, Transl. of
math / V. Kozlov, D. Treshchev // Monograph. of AMS. 1991. ®. 89.

Aagiiaoei AA. Aeeeeasan e 6ain / AA. Aagiiddei, I. E. x&a. 1. : Ciaied, 1991.
48 7.
Oaada+ieéia N. AdNaodey e aeeeeadal / N. Oada+ieéia. 1.-Eadanieé : IEO "Paaceydiay e

daloe+aneéay aéiaieéa 2011. 180 fi.
Oaif a éMiilceoins aeeeeasaad / A. A Aaduysoad, A.A. RitanéeéN. A. [aéaaita [e ad.] //
AYOO. 2006. O.103,+2. N.335347.

Eageiei A. E. Addaaied a ileadéoeysiop aéoonieiagp. / A. E. Eagéiei. Nia: NiaAOO,
2002. 302 .

Linear artificial molecular muscles / Yi Liu, Amar H. Fd, Paul A. Bonvallet [et al.] // Journal
of the American Chemical Society. 2005. Vol. 127, no. 27. P9745 9759.

Macroscopic transport by synthetic molecular machindsse Berna, David A. Leigh, Moni-
ka Lubomska [et al.] // Nature materials. 2005. \ol. 4, n®. P. 704 710.

Molecular machines: nanomotor rotates microscalectbjeRienk Eelkema, Michael M Pollard,
Javier Vicario [et al.] // Nature. 2006. Vol. 440, no. 7081 P. 163 163.

Light-driven monodirectional molecular rotor / Nag#io Koumura, Robert W. J. Zijlstra,
Richard A. van Delden [et al.] // Nature. 1999. Vol. 401, nd6749. P. 152 155.

Rate Acceleration of Light-Driven Rotary Molecular MatdrMichael M. Pollard, Martin Klok,
Dirk Pijper, Ben L Feringa // Advanced Functional Material2007. Vol. 17, no. 5. P. 718
729.

Ligation of DNA triangles containing double crossoveslecules / Xiaoping Yang, Lisa A. Wen-
zler, Jing Qi [et al.] // Journal of the American Chemical ®&bgi 1998. Vol. 120, no. 38.
P. 9779 9786.



66

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

128

Seeman Nadrian C. DNA nicks and nodes and nanotechnold@drian C. Seeman // Nano
letters. 2001. Vol. 1, no. 1. P.2226.

x&diaafnéeé b.l. iees6eyaina idadiadaciaaodée yiddaee . eaié éadoée. iaioiiiay AOO-
fiegioaca Aadavapueény ieaeoeydiné 11o1d / b.l. xadiaaneeé, A . 1. Oeaiita // OOI.
2010. O.180,+9. N. 931 956.

Kelly T. Ross. In search of molecular ratchets / T. RossyKktianol Tellitu, Jos Rerez Sestelo //
Angewandte Chemie International Edition in English. 199%/ol. 36, no. 17. P. 1866 1868.

Bedard Thomas C. Design and synthesis of molecular tlemsti Thomas C. Bedard, Jef-
frey S. Moore // Journal of the American Chemical Society. 98B Vol. 117, no. 43.
P. 10662 10671.

A DNA-fuelled molecular machine made of DNA / Bernard MeirkAndrew J. Turberfield,
Allen P. Mills [et al.] // Nature. 2000. \ol. 406, no. 6796. P. 605 608.

Simmel Friedrich C. A DNA-based molecular device swititbebetween three distinct mechan-
ical states / Friedrich C. Simmel, Bernard Yurke // Applied §lby Letters. 2002. Vol. 80,
no. 5. P. 883 885.

Dynamic control and amplification of molecular chitaliby circular polarized light / Nina
P. M. Huck, Wolter F. Jager, Ben De Lange, Ben L. Feringa // SCIENERY YORK THEN
WASHINGTON-. 1996. P. 1686 1687.

Beyer Stefan. Periodic DNA nanotemplates synthesizedoliyng circle amplification / Ste-
fan Beyer, Patrick Nickels, Friedrich C Simmel // Nano Ledter 2005. Vol. 5, no. 4.
P. 719 722.

A chemically and electrochemically switchable molecukhuttle / Richard A. Bissell,
Emilio Cordova, Angel E. Kaifer, J. Fraser Stoddart // Nature. 199%0l. 369, no. 6476.
P. 133 137.

Artificial molecular machines / Vincenzo Balzani, AlbeiCredi, Francisco M Raymo, J Fras-
er Stoddart // Angewandte Chemie. 2000. Vol. 39, no. 19. F3348 3391.

Balzani Vincenzo. Molecular devices and machines: angurnto the nanoworld / Vincen-
zo Balzani, Margherita Venturi, Alberto Credi. [S. |.]: Johwiley & Sons, 2006.

Drexler Eric K. Engines of Creation: The coming era of riaabnology / K. Drexler Eric. [S.
l.] : Anchor Books, Doubleday, http://e-drexler. com/p@&EOC_Cover. html, 1986.

oli [aéiai Aeseli. O&idey Raitatiidiecaiaytesny aaonaot a / Azeli 61i [aéiai. 1. :

188, 1971. 384 f.



129

79. Directional control in thermally driven single-moléewmanocars / Yasuhiro Shirai, Andrew J. Os-
good, Yuming Zhao [et al.] // Nano Letters. 2005. \ol. 5, noll. P. 2330 2334.

80. Morin Jean-Francois. En route to a motorized nanocaam-Feancois Morin, Yasuhiro Shirai,
James M Tour // Organic letters. 2006. Vol. 8, no. 8. P. 173 1716.

81. Osawa Eiji. Kagaku (Kyoto) 1970, 25, 854-863 / Eiji Osaiv@&hem. Abstr. Vol. 74. [S.I.:
s.n., 1971. P. 75698V.

~ A~ N AN O

82. Aiaas A. A. 1 &eiloace+anéed nefodias: eadaiaiadéayad s-eéifayadd & eadal-s-
eéifayasd / A. A. Ai+aad, A. A Aaeiidsi // Aiéé. Al NNNB. 1973. O. 209, « 3.
N. 610.

83. C 60: buckminsterfullerene / Harold W. Kroto, James R.thle&ean C. O'Brien [et al.] //
Nature. 1985. \ol. 318, no. 6042. P. 162 163.

84. C60: a new form of carbon / Wolfgang &schmer, Lowell D. Lamb, K. Fostiropoulos, Don-
ald R. Huffman // Nature. 1990. \ol. 347, no. 6291. P. 354 &8.

85. Efaooi Al. iaifiacddeasl: oddileiaee & jaoddeasiadad iead / Al. Eiadsi, A. A. Addaa-
gei. Oasueéia : 11O OOO0E, 2010. 73 .

86. Adnaa A. E. iailiacddeaen, iaiiiod6eo6da, iaiioddiieT aee / A. E. Aoiida. 1. : Oéciao-
éeo, 2005. 416 fi.

87. lijima Sumio. Helical microtubules of graphitic carbb8umio lijima [et al.] // nature. 1991.
Vol. 354, no. 6348. P. 56 58.

88. Oberlin A. High resolution electron microscope obsBoves of graphitized carbon fibers /
A. Oberlin, M. Endo, T. Koyama // Carbon. 1976. \ol. 14, no..2 P. 133 135.

89. Gibson JAE. Early nanotubes? / JAE Gibson // Nature. 2990l. 359. P. 369.

90. Agdoeeé A. A. Oagasiaind iaifoooaée / A. A. Aedoeeé /I OO 1997. O. 167, « 9.
N. 945 972.

91. Dong Lixin. Carbon nanotubes for nanorobotics / Lixin BprArunkumar Subramanian,
Bradley J Nelson // Nano Today. 2007. \ol. 2, no. 6. P.1221

A s A ~NAAZ AN AN

92. Auy+éia 1.1. Cae&siaita iaiiosoaée: nosiaied, naténoaa , iveiaiaiey. / 1.0, Auy+éla
Eaaidaoiaey ciaieé. 1. : AEINY2 2006. 293 f.

93. Zhang Mei. Multifunctional carbon nanotube yarns by dewing an ancient technology /
Mei Zhang, Ken R. Atkinson, Ray H. Baughman // Science. 2004. oV 306, no. 5700.
P. 1358 1361.



94

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107

108

130

. Carbon nanotubes / Mildred S. Dresselhaus, Gene DrasselR. C. Eklund, A. M. Rao. [S.
[.] : Springer, 2000.

Hanson George W. Fundamental transmitting propertiescastbon nanotube antennas /
George W. Hanson // Antennas and Propagation, IEEE Traaesacon. 2005. \ol. 53,
no. 11. P. 3426 3435.

Cyclisationen von langkettigen dithiolen-versuche darstellung sich umfassender ringe mit
hilfe von einschlussyerbindungen / A. Luttringhaus, F. Gearil. Prinzbach, F. M. Henglein //
Justus Liebigs Ann. Chem. 1958. \ol. 613, no. 1-3. P. 185 98.

G. Schill, H. Zollenkopf / L. De Cola, V. Balzani, F. Barigetii [et al.] // Liebigs Ann. Chem.
1969. \ol. 721. P. 53.

Zollenkopf H. Dissertation : Ph.D. thesis / H. Zollenkg@Jniversity of Freiburg. [S.I. : s.
n.], 1968.

Harrison lan Thomas. Synthesis of a stable complex of erougicle and a threaded chain /
lan Thomas Harrison, Shuyen Harrison // Journal of the AcaeriChemical Society. 1967.
\Vol. 89, no. 22. P. 5723 5724.

@eee A Eaodiain, aidaénail e oced / A gees. 1.:188,19 73. 211 A.

A molecular information ratchet / Viviana Serreli, Cliia Lee, Euan R. Kay, David A. Leigh //
Nature. 2007. \ol. 445, no. 7127. P. 523 527.

Solid-state thermal rectifier / C. W. Chang, D. Okawa, rAMiajumdar, A. Zettl // Science.
2006. \Vol. 314, no. 5802. P. 1121 1124.

Smart hybrid magnetic self-assembled micelles andwalapsules / 8bastien Lecommandoux,
Olivier Sandre, Federic Checot, Regine Perzynski // Progress in Solid State Chemistry. 2006.
\Vol. 34, no. 2. P.171179.

Liposome-based nanocapsules / Tristan Ruysschaetthidla Germain, JF Pereira da Sil-
va Gomes [et al.] // NanoBioscience, IEEE Transactions or002. \Vol. 3, no. 1. P. 49 55.

Nai+eéia b.A. Adiadeiddn i1adé eeand ifeeidsia / b.A. N &i+eéta // Nisiftanéeeé
ladaciaacaeniné Aodiag. 1998. O.12. N. 4551.

1aic

| A. A Aadadied a 0aisep 68aeoasia. / A. A. lisigia. liféaa-Esedanieé : Eifioe060
eniip

aoilo efineaalaaieé, 2002. 160 f.

o Q»
[l

. Neiaé RB. A Aadadied a ydaiae+anéop odioep / R. A Neiaé. 1.: OACEN, 1996. 132 f.

. Eajaao E.A. 1a6aieea / E.A. Eajaas, A. 1. Eéoges. . :la 083, 1988. 216 fi.



131

~

109. Aagéiidoei AA. lacdiaoe+anéed ageuyoan / AA. AaglidgeA. I. caieyéia. APOIE :

javea, 1990. 287 A.

110. Casati G. Mixing property of triangular billiards / G. @asT. Prosen // Phys.Rev.Lett. 1999.
\Vol. 83. P. 4729.

111. Katok A. Interval exchange transformations and soneeiapflows are not moxing / A. Katok //
Isr.J.Math. 1980. \ol. 35. P. 301.

112. Artuso R. Numerical study on ergodic properties of gidar billiards / R. Artuso, G. Casati,
I. Guarneri // Phys.Rev.E. 1997. \ol. 55. P. 6384.

113. Gutkin Eugene. Topological entropy of generalized/goh exchanges / Eugene Gutkin, Nico-
lai Haydn // Bulletin of the American Mathematical Society1995. Vol. 32, no. 1. P. 50 56.

114. Neéiaé R. A Aeeeeadaita osadédioee A iiaiasaiin 6aea / B. A Neiaé // Oli. 1978.
0.33,+1. N. 229 330.

O A’ 0

115. A&&7i4 A. I. Aiaceoe+aneay aanaosey / A. I. Adsiia, A. A. b aééla. 1. :
O&dieéi-0aidaoe+aneéié e20adantdd, 1949. O. 2. 518 A.

116. Richter Peter H. A breathing chaos / Peter H. Richter, IScliolz, Andreas Wittek // Nonlinear-
ity. 1990. \ol. 3, no. 1. P. 45,

117. Whelan ND. Two balls in one dimension with gravity / ND Wdre| DA Goodings, JK Cannizzo //
Physical Review A. 1990. Vol. 42, no. 2. P. 742.

118. Szeredi Tomas. Classical and quantum chaos of the weatligedbi. classical mechanics /
Tomas Szeredi, D. A. Goodings // Physical Review E. 1993. Mel8, no. 5. P. 3518.

119. Baldwin P.R. Soft billiard systems / P.R. Baldwin // PhydicaNonlinear Phenomena. 1988.
\Vol. 29, no. 3. P. 321 342.

120. Turaev Dmitry. Soft billiards with corners / Dmitry Taev, Vered Rom-Kedar // Journal of
statistical physics. 2003. Vol. 112, no. 3-4. P. 765 813

121. Oliveira H. A. Soft wall effects on interacting paréslin billiards / H. A. Oliveira, C. Manchein,
M. W. Beims // Physical Review E. 2008. \ol. 78, no. 4. P. 046P8.

122. Gutkin Eugene. Billiards in polygons / Eugene Gutkin ly$ica D: Nonlinear Phenomena.
1986. \ol. 19, no. 3. P. 311 333.

123. Neeiogaiél N. A. 1adaieci aicieéiiadiey iddaiaseadiinoe a fieiaoeydind elifddaacea-
i06 nenodiad / N. A. Neeiogaiéer, A. A. 069, A. A. Ritanéeé // Eca. adgia #iAs. 2010.
0. 18, « 4.

—_



124

125

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

132

. Privalov I. I. Analytical geometry / I. I. Privalov. Mecow : Phis.- Math. Literature Pub., 1966.

. Chaos in composite billiards / V. G. Baryakhtar, V. V. Yesky, S. V. Naydenov, A. V. Kurilo //
Journal of Experimental and Theoretical Physics. 2006. oM 103, no. 2. P. 292 302.

Kolmogoroff Andrei. On the logical foundations of infieation theory and probability theory /
Andrei Kolmogoroff // Problemy peredachi informatsii. B9. Vol. 5, no. 3. P. 37.

Bolotin Yurii. Chaos: concepts, control and constructivse / Yurii Bolotin, Anatoli Tur,
Vladimir Yanovsky. [S. |.] : Springer Science & Business Miq 2009.

Schuster Heinz Georg. Deterministic chaos: an inttoln / Heinz Georg Schuster, Wol-
fram Just. [S. ] : John Wiley & Sons, 2006. 312 p.

Agicaoda A. E. Oaiddoe+aneay oeceéa e anodideceéa. Aidodeuild aeaan / A. E. Adi-
caoda 1. : "Eieaa il 0ddataaiep 1981. 503 f.

Asedéfii Ase. Edanine+anéay yeaéodiagiaieéa / Ase. Asedénli : 188, 1965. 703 f.

Aoaeiia A. A. W-66iéoey Ealaddoa e &4 ioeididied a1acdl aoe+aneéed caia+ad 6eceée /
A. A. Aoaeiia, E. A. Acaeiiaa, N. E. Naééia. Nasia : OAOT bORO-AIEEYO ¢, 2006.

150 f.

Neeiogaiéi N. A. banfiayied +anoes i aidodaiieie nodidiyie naiaiad / N. A. Negidgaiéi,

bicaiodéua A. A. 11aN&di0d idthodaifioda / A. A. Dicai 6&éua. . : 1adéa, 1966.
648 fi.
Sinai Ya. G. Entropy per patrticle for the dynamical egstof hard spheres / Ya. G. Sinai //

Harvard Univ. Preprint. 1978.

x&oita I. E. Ooieveiiagiiné aiagec, i1atd aiéacacdéun o0al o1aioen Neiay aey ai+en-
gaiey yiooiiee aeiadaice+aneed aceceadaia. Ioesiadied é axo Eiddioa e noaaelio Ao-
ieifag+a / I. E. x&oiia // O6ies. aiagec & &ai idoee. 1991. O.2 5,+3. N.5069.
Aodieiiae+ E. A. Pannayied, adoieonesiaga e anoediaoeci / EA. Adieitae+ // 1aoai.
iatfa. 1. : 101011, 2001. O.5é¢ 3. N. 106 124.

Lansel Steven. One-particle and few-particle bdsar Steven Lansel, Mason A. Porter,

Leonid A Bunimovich // Chaos: An Interdisciplinary Journal Mbnlinear Science. 2006.
\Vol. 16, no. 1. P. 013129.



	Введение
	Структурно-сложные объекты
	Выводы к Главе 1

	Столкновение структурно-сложной частицы с барьером
	Частица с одной внутренней степенью свободы и ее кинематика
	Частица с двумя внутренними степенями свободы
	Взаимодействие структурно-сложной частицы с барьером 
	Выводы к Главе 2

	Заряженная композитная частица в постоянном электрическом поле
	Биллиардный формализм
	Режимы движения композитной частицы с одной внутренней степенью свободы
	<<Спрямление>> траекторий
	Две внутренние степени свободы
	Выводы к Главе 3

	Треугольный биллиард в постоянном поле
	Фазовое пространство и его свойства
	Динамическое отображение для треугольного бильярда
	Режимы движения в треугольном бильярде
	Излучение заряженной композитной частицы.
	Выводы к Главе 4

	Частицы с внутренними степенями свободы в трехмерном пространстве
	Частицы с внутренними степенями свободы
	Частица с одной степенью свободы
	Частица с двумя и более степенями свободы
	Численное моделирование
	Выводы к Главе 5

	Выводы

