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UnbOwfununipjwl  pbdwl  hwuwnwndb ¢
2hGupwpnipjwl whnwlwh hwiw|uwpuwnd:

Shunwlwh nEYwdwn’

GpLlwlp Swpunwpwwbnnipjuwl L

dhahywidwpbdwwnhlwlwh ghinnip)ntGGbph
nnlwnp, wpndbunp Rwpnjwa U. 3.

$haplywiwpbdwinhlywlwh ghuinnipntGibph
nalwnnp, wpndbunp Ywpphbjwh U. U.

NMwzwnnGwlwh pinnhdwtunulbp®

nbhuihywlw ghinnipynillbph nnljinnp
PGpnipblyw k. Jd. :

33 QUU UbfuwGhlwjh hGuinhinntin

Mwainuwlnipjniln Guwjwluwine £ 2007 p.-h hntGhuh 6-ht, dwdp 11 % —ha EpEEMI-nLd

annénn PN3-h 030 dwuGwghtnwlwh tunnhnnned. hbnk h :
et Al ly funphpnnty, nlyw) hwugbny® 375009, p.

Unwowinwp Ywqdwlspwnipynt G

UnbGOwfununtpjwlip  Ywpbih ¢ Swhnpwliwg

GnLwbh Swpuwpwwbn
zhﬁu.lflujrmuajwﬁu{l:mull.{u.rljhummLuu_,r"_l_lﬁl'lqmurl nluwGh pwpwwbinepwi L

wnwlnLy:
Utindwghnl wewpywé £ 2007 p.-h dwjhuh 5-ha:

o

UG pnidjwh U. U.

UwuGughinwlyw( funphpnh ghunwlwG puwnnninuwn
wnbfulhywlywh ghwnipyntGGEph nalunnp, wpndtunp

Tema AmccepTanuy yTBepKAeHa B EpeBancko
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Hay4HEIH pyKOBOAHTEAD AOKTOP cpuanxo-ma*remamqecxnx HayYK,

npodeccop Babaosa A A,
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Jtunwagnuniwl hpuwwnwwnipintOp

Uwnenigwépltipnd nhGwdhy L ubjudhl wgnbgnipynGlbphg wnwewlnd L
nnpiwl nwnwbnudbbp: Ypwlp hwnlwwbu qquih B0 ng uhdbwnphl hwnwép nlbbgnn
dnntpnud L YnpwnnepynlbGGeph ne qubgywélbbph wihwywuwpwswd pwfunid nibbgnn
YJuwnnigwéplbpnid:  Ubjudhly  waqnbgnpynibbph nbwpnud gbinGh npnpdwG
nwnwbnuibbphg  Yuwnnigwéplbpnd  Jupnn G0 wewpwlw] qquih  |pwgnighs
pwpnudlbp: 3wdwdwyld ubjudwlyuynh hGwpwpnipjwl gnpdnn GnpdbphG, npnpduwl
nwwnwbnuiGbph wanbgnepynibp wewnp £ hwzyh welb] ng Ghuyl w)l Yunnigwédpltipnd,
npnbg Ynawnipjwl L quibqyuwébbph pwziudwh YEoipnGGtpp s60 hwdpOlybnig, wy) Gwb
hwuwlwgénud  |phd  hwdwswidh  Juenigdwéplbpnud,  npnGgnud wwnwhwlwl
wpunwlybGunpnOnipjwl hbnlwbpnd Ywpnn G0 wewewlwy ninpdwl tnwnwinudGbn: Con
npnud wyn nwnwinuibepp qguith 0 w)b Junnigwéplbpnid, npnlg hwinwlwqéwihl
swihbpp hwibdwwnbih 560 Gpwg pwpdpnipjwh b ubjudhly wihplbph Gplwpnepjwl hbwn:

Nprpdwl nwnwbnuileph nwnudGwuppnipwl dwdwlwly  Yuplnp k
Ywnnigwdph Jud Opw wnwbahG nwnppbph wquin wnwinwbnudlbbph
hwiwhuwywbnepynGobph  npnanudp: WO dnnbph hwdwp , npnbg - Bpywpnippnilp
qquwhnpkb (1]sloj k tnpwdwgdhg (h>>r), wqun mnwnwbnuibbph
hwiwhwywbnepnLbGbpp Luwd hGswtu wuntd GO ntgnlwluw)h(
hwiwhiwlwbnipniGibpp  pwdwpwp  Saunpjwdp  npnzdnud GO oguiwgnpdtiny

anntph npapiwl nwnwbnuibbph hGdbhbpwlwh wnkunipjnlbGtpp: Ywnd , wihwdwubn
L pwpn bopuyhl wwjydwGGEp nibbgnn dnnbph  hwdwp  pwdwpwp  Sainnepynih
Ywpbth  t unwlwp  dhwl  oguwgnpdbin  wnwdqulwbnipjulb  ibunipjwl
hwywuwpnuiGbpp L Gnwig (nuédwl dwpebdwwnhlywlwh §2gphin GnwlwyGbpp:

Uju nunanipjwip wzfuwwnwiplbp nGkh P. L UppwhwdjwGp, U. 3. Fwpnjwlp, U.
tu. glnpgwip, L. . 3wpnpnilwlp, Y. Jd. UngwGhy-Ypwuwd, U. 9. LefuGhguhl L
nLphbGp:

2nntph L éanquyhl hwdwywpgbph npnpdwl tniwnwbnudGepp , npnbp hhdGdwé
LG hGdbObpwywh  wnbunipntGGph  Jpw, dwlpwdwul  nwndbGwuppdws B6, hGswbu
nbgnGwluwjhl hwiwfuwlwbnipynbbtiph npnzdwl,  wjlwbu kL nhGwdhy
inbnwihnfunigyntGbph L pwpnuiGeph npnzdwl inbuwblyniGhg:

Unwytp phs 60  nwnuibwuppdws  wnwéquiulnipywl  wnbunipjwl  Ypw
hhiGywé  hEwnwagnuneg)nilGlbipp, hwnlwwbu  pwiwlwywh  nduwiltph  unwgdwh
nbuwGlynibhg: Rhy G0 nwnuwibwuppdwé  Gwl wpwdqulwl  JwpdhGGEph npnpdwh
nwwnwinuiGepp  Gniph wlhwdwubnnipjwl, pwnwnpjup Yuenigwéph Jwd  pupn
bapwjhlG ww)dwhiEph nbwpntd:

Yinp dnntiph nhGwdhy npnpdwl abwpnud YEGwnpnGwfunyu nudbph wanbgnipjwl
wwindwneny wnwowlnud B0 wnwlgpwuhdbinphly nbdnpdwghwtin, npnlp 2wwn Yuplnp
kG npn2 YnGuwnpniyghwGbph wdpnepjwl hwdwplyh dwdwbwl:

Wn wwwndweny hpwwnwy GG 2pewlwihG hnd Jud  wbwdby  hwndwéph
pwnwnmw]  Yuwenigyuwép  Juwd  pwpn Ggpwihl  wwydwGGbn  nbbignn  qubGsph
ninpiwl tnwwnwinudGeph nunwibwuhpnipynibGtpp:

Jbnwagnuniwl Guwunwlp b hpdGwlwb ubnhplbpp

o 3bnwgnuniwl  Guuwunwlp  gulwhl  pwnunpjwy
tiqnuwjhh wwjdw bbb nitGbignn  dwndhGGbph
hwiwhwlywlnwpntGibph npnznudb

o fygppin  dwpbdwwhuywh  brwGwlbbph dwynuip  quubwihG  dwpdhblbph
(wpywéwnbpnpdwghnG Jhdwyp plnpnznn wwpwdbnptph npn2dwl hwdwnp’

3

Junnigywép Ywd  pupn
niapdwh  rtignGwbuwhb
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wpwnwphl npnpned wnwowglnn hwpdnGhy waqntgnip :
r ynilGbph nGwpnwd:
* ULzqwd  hulGnppGbph LnonLdp oquwgnpébiny wnwdquljwbnipjwa inbunipywlb
[P;LULJJ.LIUUJr:jnLLiI]hnn;J Umwgq;ud hménu.iﬁbnﬂ hGwpwnpnipyniG G nwihu pwpdp
nnipjwap npnzbint wnwdédqulws dwpilh gwllwgqué h
Lwpnidlbbpp hmbqwihn['umpjmﬁﬁhnr_l: S R !
e 3twnwqgnundwl plpwgpntd wnwdqulwn GwndhGGEph utnh
wnnwlwb npnpdwG
nwunwlnuibbph  dwiwbwly wnwywgnn  (wpnuils L wnb
dtdnipynLGlbph uinwgnudp: h LR H G pif Gt
* Lnodwl plpwgpnid wyGuhuh wlwhwnhy  wpnwhw
Jinnipntlobph  uwagnyg
npnlip  nulbG wylGwhuh  nbup, nn - hOwpwynpnipjniG kG tnwihu nj gpLLnnri
hwawplwjhG  wpngbuh oqlinipjwiip qulljwgws nywd GaunLpjwdp nnnzkint
nhlwdhlwlwG (wpnuiGbph L inGnwihnfunipnLGibph dbOanJnLGGb,nD:

JEunwgnundwl wowpljwh

e Nuwnuilwuhpdwé 66 hwdwubn 6O Ywd pwnwnpjw) Gwnant
uGwiby quiGbph unhwynnwlwh L wqun nlnngﬂjﬁ Enimwuﬁ?&gﬁE?Lﬁhgnq hné L

e Thwwpydwé GO guulwyhl  JwpdhGObph  Bqpught WWJUWUGhnh Bl
nbwptin, wn pyntd fuwep Gapuhl wwydwaGbph welwnipniap, bnp Gwybnlntph
uh dwuntd ndwé B0 nbnwihnfunipynlGGbp, huly g dwund lwPnuiGtg:

e Nunuilwuhpdwd £ phwnnlh L wdpwlh hwdwwinbn Luzh.lLuLnLuGQD, LlnﬂLn.Lu[‘anLth[j

Lwnnidbbiph Juwppp:

Jtwnwagnuniwl dhpnnhlwl
e 3bunwgnuinipinilGbbpp uwnwpyb) 50 dwdwlwlwlhhg §2qnhin m“pb‘m”-”huwumlj

dtpnnlbpp  hpdwl  Ypw'  oquwgnnobind  anug  wnp  hwwuwpnysg
$nilhghnbw| 2wppbph 6h pwih wnpwidbwhwnlnipnltGibpp L dwumuwuwunhné

hwaynnwlwb spwgpkpp:

Shunwlwl Gnpnypp

e 3bnwgnniwh wprynibpnid unwgyb) LG pwlwlwlywb Onp niwbbp, ALwlwyhg
dwpihGatph hwiwhiwwinipynGGbph L wy nhGwdhy wuwydwhGEph hwdwnp, nnnlip
uhlsl wjuon s6G bnby:

* Pwgh npwihg (nuéyby GG Gnp  fuGnhpGhn, Gwulwynpwwbu  fuwnp Gqnuha
Wuwydwlbbpny quubuyhl SwpohGGbph nndwl tnwnwOnuiGhbph Wwnwibinptph
npnzdwl hwdwn, npnlg wlwihwhy |nuéncsbtipp Ywd shwl Gug t_i,hth,_l kG
bhpwnnipyniGGbph hwdwp: ¢

lwnnuiGtipg phnnGh L wopwGh sholy
npbn whwh wank GGk bupnty,
PEnNGh L wdpwlh wwpptp swithubiph nbwptipnyg: U wanbgnipinuGatinh nbuw
o Umtudg!i[t]il bl wuhdwnninpy Pwlwdlbp Jdepbph Pniblghwih qublywgwé wnliwinh
nnnzuw hLULjUJﬂ, ﬂﬂnﬂg U"ILLI”‘]U ] 2w pwnén 62”]”[9]“'.[!:

Tpwlwnbly windbipp L wpnynilipGtinh hGwpwidnn GipnpniaGh "
 Ohunwnlynn fGnppGbpp L uinwgdwe wprynilpGbpp umnﬂﬂ-ﬁéj mlijhnwnth
Juenigwéplbph L Gpwlg wnwpptph nhGwihy L ubjudhy huwzdwnbOGnaLo:

* Uwulwynpwwbu Gpwlp Yuwpnn &G Uhpwnyb ubjudhy ninpdwa wqnbgnipjnilGhGbph
nwy  quldnn  Stuwwnwp  funnnduwlGbph, ppwilznidwihl  wonwpwlGbnh,
uhinuGbph,  wwppbip whwyh L Gpwlwynipjwl  quulbwjhG pwnwlpbbph
hwzwnybbpncd:

o Uwnwgdwé wpmyniplbpp Yupnn &G Gbpnndb)  pbGpkph L hGdblbpwywh
Yunnigdwdéplbph  ubjudhy  hwzdwplyGbpnd, hOswbu Owl  obpbGw;hGwlywh
Ywrnigywéplbnh nhGwidhy hwadwnlbbpnud: i

IpwwnwpwynipiniGGpp L wbuwinwi npdwhwywbnip|ntG

UwntiGwiununipjwl  hhdGwlwG npnuyplbpp hpwwnwpwydtp 66 Ybg gqhnwlwa
hnnywébtpnuy: UwnbiGwfununipjwl hhiGwlw npnyplbpp L wnyntlplbpp phwpyyb) &G
Gplwlh  Swpnuwpwwbnnipjwi L Chlwpwpnipjwl  Mbwnwlwh Jwdwuwpwlh
«GhOwpwpwlwh  YnGunpniyghwibp», «Ujnipbph nhdwnpnipjnils L «Pwpdpwqny
Jwpbdwwhlw»  wiphnGibph  Ghuwnbpndd, hGswbu Gl «ChGwpwpwlwo
UnGuwnpniyghwibny wdphnGh pOnw)Gws, nrlpwg Ghuwnnd L EpGCM3-h «Ujnipbiph
nhdwnpnepyntl L phGwpwpwlwh dhuwGhlus hwiwhwiw|vwpwiwlws ubihGwpnud:

Mwpunwwlinepjwb GEpYuwjwgyned £

= luwnp bqpuyhb wwydwGGbpny quubuwha dwnuhGGEph Apnpdwa nwinwlniibbph
fuGnhpOtnp
w) 3Ind 2ppwlwhG qrubh nnpdwl Yuwynlbwguwd inwwnwbnudGbpp,
p) Pwnwnpjwi hné q|uth npnpdwl Yuynlbwgus nwnwinuiGbpp (Gwubwnp L
plnhwnup nbupbnnid),
q) Uwulwyhnpbl wdpwgwé Yinp hné qwih npnpdwd Yuwjntbwguwé
inwwnwbnuibbpp,
n) @Onthnfuwlwl Yupdwépny punwnpjwy grwih ninpdwi YuwjncOwgwé
nwwnwbnuilbpp,
e dbppwdnp swihbpny uGwaty quuth wnwlgpwuhidtnphy fubnhpp:

Uz huwinwiG wrnigywdpp L Swyw ‘
Unblwfununipjwip zwpwnpwipp uqdnud £ 152 tp L Ywqdywé t Gbpwénip)nilhg,
tnbpL ginifubtiphg, hhiwlwywh BqnuwlwgnipynLlbbphg, gpwlwinipjwh quilhg, L 44 ko
hwyb|ywéhg: Uynipp (nLuwpwbynud £ 30 wryntuwlbtbpny, 41 GywnpGbpny: Spwlwhnip)wa
gulynid pbpdwé £ 109 wnpjnip: Upfuwinwipp Ywuwwpywé £ 6pGCM3-nid:

uChuusSuLLr 3uUUNNS PNYULAULNER@3NILE

Unwphl qifumd  |nuwpwGynid t upnindwl  dwpdGh uhdbwphly  phnGuwidnpnudp:
Ywuinwnpwé t ogunwgnpédwd gpulwbnipywl hwidwnnw dbpinuonipynilp: Repwd GG

winndwl duwpdGh 2wpddwl hwwuwpnudGhp:
3

* © National Library of Armenia



Unuwiphli gufup wewphl wpumugnupng Yuwwnwpdws b winndwh Swndl
pGrOwynpnidwl nwnudGwuhpnepyniGGhph, hwﬂwmwmwuhimul,!] qhinwlwh [;nur:uﬂg::nnﬁlﬂ‘]
wwndwlhwl whbwpy-Jepineénep)nit: B

! Unwiphli &plipn, wawgpuwdoed pepynud GG
Wunndwl dwpdb
hwywuwpnuiGbpp gpywé nbnwihnfunipywG Ytlwnnph pwnwnphsbbpny: et

Wn hwywuwnnidGbpp pwdwbdnud 66 bpyne fudph ;

1. Munndwl dwpibh npnpdwi hwywuwpndp®
v loiTe(rv)) p o
22 or\r ar ) Gar'  V(nat)=ru(rzy); (1)

2. Mnundwl dwpdlh wewGgpwuhdbnphl tulnph hwqqunanbnE.
o-u 6‘11):08;? : ()b+2;1)@_1£ﬁ_[{iﬁ_ﬂﬁi _@i @)

(2+2;1)£+;1[—,—
or 8z oOroz ot 3z r ar & or —par_,.

Uwnwunhly fulnhpGBpned wyn Gpynt hwdwuwnn
nnwlp Junbph k nuob] wnwbdha tumrllluﬂdhﬁ: : e hnuinhg tnhy wllwtu &G L
WnGwdhy fulnhplbpnud Gpwlp Gnphg dLwlwlnpka _
wnlGnd, np dnnh nhbwdhy wwunwlnwibbph nbwanan wn{]ungtnnhn%whﬁﬁmﬂ&“ lil]r.j Sw2yh
nudtip, npnip Jwhuijwé 66 wnndwl wilniGuwghG wnwgnLenLGhg L, wnnn Lu[“uhnLJu
wnwlgphg nulbigwé htnwynpnipjnilhg, wlhpwdtan t nwnlnyg n n”:jtlung G'-I tnh
[nLétipneg htinn nhinwpytp Owl wrwGpwuhdbnphy fulinhpp U'-nlumhlh r’: u:‘i ["UG QEPD
nnqwépny: Uy Ywujwlgnipjwdp wnwehl wwpwapwdh ybpenid phnyuwes 't“" 5 gho hg
nidbph wnunblGghw $niblghwh nbupbpp dwpdGh wynndwb nbwpnLd L uJLl_l.uLuﬂJhD
nwawnud, bpp 6wlpnipjwG nidh ninnnepynilip qniquhbin b quwth wnwngph%nwllhmwghn
Urwighi qifup bppnpn wwpwepwpned ninpiwl nhdbnkGghu (1) hLuq §
Ghplywywgyntd  Bh pwih nbupbpny’ wuipntp
@'g+—m—(iaﬁ—w]=£6.—‘{/. =G o -Gr¥
oz radr\r ér G ar- = ar G oz

v=ry(rzt). (3)
Yuynilwguwd nwnwlnuiGbph nhwpntd wlhpwdtzn b wigll wiwihwninuwhg

$nilyghwlbph
wir.zt)=yir.z)e,
0, IO IV ipre=0, g7 =B (4)
dr- r 0r Oz G

dbpenud pbpduwd bt (4) hwjwuwndwb (nunudGeph $nlnuwdbbnw) hwdwlwpgp
glwlwjhb ynnpnhGwnwlwl hwdwlwpgnid: '

Unwohl  qufuft _snppnpn  upwmgnuepned ppdricd 60 wwwndwh  dwpdOh
wnwhgpwuhdbwnphly  pwpdwdéwihG  Jphdwyp  Ghwpwgpnn  hwdwuwpnwiGbpp - (2):
WGnthbnl GzYnid £, np wewéqulwinipyjwl nbunipjwl wrwlgpwuhdbiphly fuGnhpp
pbpdnud t @¢r.z) phhwpdnGhy $ncbyghwih (83), (B4) npnzdwlp wpws bgpwjhl
wwjdwbbbph nbwpnid (61):

dbppntd  pbpdwé b phhwndnGhy  hwwuwndwl - nuénudGiph dnilinwibbunu
hwiwlwnpgp grwbwih ynnpnhGwnwlwb hwdwlwngned:

O e T M ) S F o oo M JE™,

Eplipnpn_agfuntd nrunuiGwuppynud 6O dGpowynp swihbpny h

quwlttph  nnpowl  GuyniOwgwo  inwinwlinuddGtng: qpu%‘rfut?r:]rﬁuh o
nwnwbnudbbpp nwunudGwupptihu fulnhplbpp (NLéUYnLl kG Bl muppSn LuUJJLTLUGDhrqh
nbwpntd” Gpp niARGWG nhGwdhy hwwuwniwi Wwpwibinpbipp Gnyt 66 2,/ G = p, /G
L bpp wyn wwpwabuptpp hpwn hwywuwn s6G PilGy s gyt 2/ G,

Eplnnpn_gufuf wewehl wwpwemwpned nhinwnpldnud:E Jbppwdnp swihbpny hnd
2nowlwihl quuih Yuynibwgwdé npnpdwl nwwnwbnuibbph fulinph (nudnudp (GY.-1), Bpp
glwlh Gepplh hpdpp wipwlgywd b nmwnwbynn Ynzun hhdGwwwyhb, huy dwlbplngph
Ulwgwé dwubpp phnGwdnpywé 60 Yudwjwluwb dund pwzfudwé 2nzwithnn (wpnoiGbpnyg

‘Z V=Vyr, T(Rz)=g(z), T (rh)=/[(r) (65))

- tuGnph yEpelwlwh (nuéndp nubh hbnbyw) inbupp
— h
//}/L—,,}/\:\ F(rz)= cosy(h—z) fosinyz 23 gul(awr) . o,

y rz)=vy + = sindyz+
I cos yh yeosxh higaurl-(a.R) 3
[ +:7 3 fi‘Shﬁi-: J,(,Il’l.f‘) (6)
l R Burchfih J,( 1 R) ]

: npunbn £, g -hwinhuwlnud 66 fer) L g(z)

norr§R __r $nullghwbbinh dninjh gnpéwlhgltinp’

‘—\._IE'"J.IT* R i _(2k-1)x
I J_-(,HAR)—O, k—?_h

Uli.-1 36 2powhwih gl (7)

el =K-x, Bl=pmi-x"

3né quuih ninpiwh twnwbnuibiph ubithwlwl hwswfuwlwnigntGGtpp npnzbine
hwiwp hwywuwpuwglnd EGp gnnjh (6) pwiwdlinid papnp hwjnwpwpbtipp’
cosyh=0, I.(a,R)=0, chfBh=0: (8)
Uwrwyhb hurwuwpnuihg unwlnud 6Gp 7 =24 Ywl @ ,=2,G/p, (k=123 ..):
Wu hwiwhiwywGnipnibGbnny dnnp nwwnwlyndd £ dhw)b wowlgph ninnnipjwip:
Jwiwwwinwuuwl ubthwlwh nwnwnuibtipp YLhoko
w(z)= Ae™ cos A (h-z) , wiz)=Be™ sind;z: (9)
(8)-h ytpphlG bpynt  hwdwuwpnwilbipp  hwiwnpdbp G0 (nlBD dhLOnyh
wndwwnGbpp): Wn bpyne hwywuwpnuiGph (nusnudlipp Yhako
Arui=x, o =,(i£f+y,‘?i6/p, (kp=12.), p,=z,/R, (10)
npwntn z,-0 hwinhuwbnui t J.(z,) $nllyghwh npwlwl wpdwnp
Utthwiwi  hwiwhuwlwlnipjniGibpp wju  nbwpnd Yho6G  Juiudwé  Bpyne
hGnbtpulbphg, npnGghg dbbp (%) GOUwpwgpnud £ énnh wnwwnwlnuilbpp wewlgph
nunntpjwdp huly gynwup® ¢ p), 2wnwynh nuqnipjwdp:
Ubthwlw0 tnwwnwbnudbbpp Y ho6a
W(rz)=p;'r A () sindz L (11)
Npnzdwé (1) ubthwlywh  nwnwindGephl - hwdwwwnwuofuwbnn - 2nzwihnn
(wpnudGspp YnpnpdbG hbnbyw) pwlwdbbpnyd
T(rz)=—AG o pr)sin Az, Too(rz)=AGu,' A (p,r)cos 4z, (p=123... k=123.) (12)
Uwnnple pbpdntd t hnd quuGh ubthwlwl nwnwbnuibGeph hwdwhiwlwinigynlGitph
wndbiplbpp Ywuywé quuth swihtiph hwpwpbpnipynihg, bpp C=#'G/7p L h/R=05

QuwGh ubthwlwh nwnwinuilbph o,,/C hwiwfuwlwGnu)nlGlbnp,

bpp h/R=05 Unintuwl 1.
> i 1 2 3 4
1 0.95816 | 1.70824 | 2.63022 | 3.59417
2 1.42991 2.01113 | 2.83631 | 3.74762
3 1.91575 | 2.38122 | 3.10968 | 3.95855
4 2.40735 2.7920‘] 3.43443 | 4.21845
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Gplipn Gplinn winwQpwpng g
nhnwpldnud £ pwnwnpjwy hné g
E[npdbw[] hwndnGhy tnwwnwlnuibbph huGnhpp, tpp qlwlp pwnlugwé t brﬂLlﬂL mv.?:hpblr:
InLptinhg Ywaqdywé quuibltinhg, npnGp hpwn htin Shwguws &G SwhwnGlpny (GY.-2):

1z Pununpjwy quulh Gbpplh hhipp wipwygyws t
L. nwwnwldnn  Ynon hhilwwnwyha, huly dw hghm
‘//%'%/’,T dﬁngw?j dwubph  Jpw  wqnnid b[? L;mll{iuZLuu{ﬁE
| J ‘ ] i il p {th ny nLnnnrl.-gnnghnrl |wnnuibep’
i . G WOmvir.  T(Rz)=g(z), E(rh)=fer):  (13)
| "__' “_ll {.I.l y Mnﬁmwunfh (hwpLwGnipywa) Ww)dwbObno &G
'il‘H i‘h"w‘ | = V(rh =0)=%(r.h,+0) "r',(r.h,—ﬁ):ﬁ(r,h,+0)2 (14)
3 ;, ," UL hwjin niblghw Jnipwpwlgnip Gyniph Ghpunud
| | ['Shnm"(;;'1 pwywnuwpned (4) hwqwuwndwﬁﬂ.‘
] | [P G Epp quulwha dwlbplinypp pbnOwdnpjwd ¢
il \ | Yuwidwywlwh 2nwthnn LwpnudGbpny, wuju
b o YnGunwljinwgha (14) WwjydwhbGkph Pwywnwpnuip twwbu

ndduwpwlnud & Uy Wwwndwnny w
U wwpwgpwdned
LY.-2 Pwnunpuwy hno quue  0OMNGYWE & 5, = 7.0 U, u. Qlnngwlip fulinhpp (niénus b
X # x> WwjowGh hwdwnp:
Wn (nonuip hGwpwynp bt bnbp unwGw), pwG
pGnnLGuby b wpnudGliphg wquin: L pulh o0 quubuhl duwlsnlnyen
huGnhpp (nuobpne hwiwp Gwhwwbu nhuwplyynud £ Ginne
nd-Lynt G
tiplint b inidhih fulinph inhwh
1. Cuonipd —Lanfhih fulnpnp fugnidmy
() Ep(z)=0, 0(0)=¢'(h)=0, p(h,-0)=p(h,-0),

Gup'(hy =0)=p'(h+0), G,=G,/G.#1: (15)
2 Z2"-p7Z=0, Z2(0)=0, Z'(h)=1, Z(h,=0)=Z(h,+0),
G,Z'(h -0)=G.Z'(h +0): (16)

fuGnph JEpelwlwa nuéniip hbwnlyw) 6t
L 8 Ii(ar)

l;'}(l‘,:): I'U”(I',.')'F
E’G: P [;(a‘,R)

i ]
w:nEZﬁa (2)d,( per) (17)
2 k=)

npunkn
Do p)=p (G,,c/:[j“.lr,chﬂ‘ W+ shf by shoh. ).
Ay =G,y cos yhycos y hy —sin y hy sin y by,
ai =R -x°, Bi=um-p: (18)

Uuwnbn 4 L g (k=12 pytipp hwlnhuwbnwd &G hmdwmwmmuiuu.aﬁmpwp
htiinlyw| npwGugblnbin hwywuwnnusGbnh npwlws wndwwnlbnp’
Gycos Aghycos Ach. —sinAch, sindh, =0
JA(p,R)=0, G,=G,/G.: (19)
Owywih unnipjwl wwwindwnny ¢,(z) b Z,(z) $nillighwhbpp wjuinbn 566 pbpynea:;
Ubthwlywl hwSwhiwlwbnipntGGbpp Ynpnzykl hbnlyw| Pwlwdbbnhg' .

A(x)=0,
Dip.)=0, I R)=0 : (20)
A,(r=0-hg Yunwlwlp Shuw)b Y hGntipuhg Ywhujwe @, hwswluwywinip)niGp®
o, =G/ p A=w/he (21)
8

Urgniuwlh 2-h L (21) pwlwdbh hhdwl Jpw Yupbih t hwodb) 0y hGnbpuhg
Yuhijwé ubthwywl hwiwhuwywnipniGGEph wpdbplbpp’

Qwlbh ubthwlwb nwnwbnwibbph deYy hGntpuhg Ywuwd ubthwywa

hwswhwlwbnipynlGObpp
Ay )=0 Unintuwl 2.
Yk Yk Y Yk

N | G0 | GVG™12 | guam15 | GiiG=25

5 = =
hhs=0.5 | hyfhp=1.25 hi/h;=1.5 hi/h;=2.5

1.2616 1.68019 1.75965 1.87311
471238 | 4.61542 4.59062 4.93635
8.16317 | 7.92479 7.85398 7.41135
10.6863 | 10.9571 11.1173 10.9955

EN[RIINI N

(20)-h  JtpphG Gpynt hwldwuwpnuiGbipp  hwiwpdbp GG (nGBG ShlGnyG
wndwwnbbpp): Wn Gpyne hwwuwpnudGeph (nuénudbepp YhOsGD .
ai +u; =0, pi+A =0, mﬂr=W’ (22)
npwnkin A4, -tpp hwlnhuwGnud 60 (19) npwlugbinbOn hwwuwpdwl wpdwnbbpp, huy,
H, =z, /R, wjunbin z,-bipp hwinhuwbnwd 60 J.feR) =0 hwwuwnpdwh wpdwinbEpp:
UbithwlwG hwiwhuwlwbnipntGGEphG hwiwwwunwufuwbnn ubithwlwhb
nwuinwbnwiGepp Y p0OLG _
=) A
Wirz)=——J,(ppr)oi(z) : (23)
Hpt

Unnpl phipdnud £ pwnunpuwy  hné  quulbh  ubthwlwl  wnwnwbnidbbph
hwiwhwlwonipniGibph  wrynwowy, bpp A/R=05, h/h, =15, G,=G,/G,=05,
C=n'[G/p"

G wlh ubthwlwl nwwnwbnuibbph Gpyne hGnbpuhg Yuudwé ubthwlywh

hwdmrumuwgmpjmﬂﬁbnn
w0,/ C Unjntuwy 3.
s 1 2 3 4

3.83788 | 6.09831 | 8.65288 | 11.4025
6.08005 | 7.70891 | 9.85444 | 12.3391
8.30978 | 9.56621 | 11.3664 | 13.5772
10.5358 | 11.5526 | 13.0822 | 15.0429

Gplypnpn qufup bppnpn wpwpwepwdned nhinwplynid b pwnwnpywy Yinp hné qLwlh

npdwl - Yuynibwgwé  nwnwinuilbph fuGnhpp plnhwGnip nbwpnud, Gpp guwp
PwnYwgwé t Bpynt twppbp Ginipbiphg wwnpwundwé quuibphg, npnGp hpwp hbwn
Ghwglwé GO SwlwinGlpny, Ghpplh quuih hhipp wipwlygwé b nwnwhynn Ynawn
hhdphG, huly Jtiplh quulh Swhwwh Jpw npwé b6 Yudwjwlwl pwytufws ninpnn
2nawthnn pwpnudGbp (G4.-2): P mwpppnepynld OGwhunpn - wwpwgpw$h,  wjuinbn
pOnnuGyncd £, np wwpptip Gjnuptph uwhph dnnneGbpp hpwp hwywownp s66° 4, = z,, hul
glwlw)hG dwhbpunyphl wpdwd B0 Yudwjwlwh dund pwztudwd 2nwihnn pwpnudGbp

slowln|=[C

To(Rz)=f(z). (0z<h), To(rh)=g(r). (0SF<R). ry(r0)=ver, f(z)=0: (24)
9
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tulnhpp  |nuaynud ¢ wlwntshynu QphGpkp :
gh bBnwlwyny: hGnph nunud
GEpYwjwgynud t dhuwyt skl bnipjt-Thihh pwpph wnbupny’ : :

g(r s )= - _‘;7 9 - Ji(y r)
f,f(r.-)~da(-—)f‘+R;at(é)m v JAmR)=0, (0sr<R, 0<z<h): (25)
Ujuinbnhg hinbinud nn
! R
= e R RS % = 4 ;
a,(z) R (k) [rowtrz)itmriar, (k=123,.), dfe)=—s [fr‘wr..-)dr, (k=0):(26)

Ainpow (1) nhbntGghwy hujwuwnnushg (26) Yuwbph
wtph hhiwG Jpw pwqdwphy
dLwihnfunip)nibGbinhg hbwnn YuunwGwip hbwnbyuy r}hfbbnhﬁghuq hwqmuwnntdﬁbnn'

Grl2)=Birun (204G o(2)=0, By =pi -7, (k=123,... pei 2, (27)
npwnkin

afz)=ay(z). (0s:z<h), a(z)=ap.(z), (h<z<h) (k=123 (28)

(25)-h wquwwn winwdh hwdwn YuunwGwip hGunlywy nhdtintGghuwy hwdwuwpnuip®

a;',P(:)+z,fa,,P(:)+4R':G;"f,, (z)=0: (29)

Loty (27) L (29) nhdbnblghuwy hu.IL[LUULUf’InLLiL‘,[]nD L pwywnwnbny bqpuwjhG no
UnDinwluiughG wwyswGGEPhG YunwGwlp a,,.(z), a,,(z) Pnillighwibinh YbpeGulwe
wndbplbpp *

.J;.a'.g-l(-'—") = (R.{ +T; )Sl?/f{.( =t J::" —*—-(';f’g) {g‘ f;f));f‘fi "f}dt [:_:- EJ,
1kl k! ki< =2

Aay2(z)= NoHochfs(h=-2)+ Qa2 )R, + ”é—:}(}i{gux))i?:((:qj
PO (Yol )chpa(h =z

; i o 4t filt) [z )sin xpt 1<z
banlz)=(Ry+T,)sin g,z +v,0,(z) + — [ LLLL %0 e =
! i(2) R* G,y {Q,,,(I)sr’nz,: o [r ;;]' (30)

) W o i - 4 o faft) Oz )cos y-(h-t) 1>z
dap(z)=NyH,cos po(h=z)+ RQpufz)+— [ L2020 Ko 2 =
Oufz) R MGy |Opaft)cos y-(h-z) dt tzz)’

H_,
£
e
A v
LS
\_“._,_/

npwnkn

Oufz)=Hichf h.chf,(h -z )+ Shp shashfy, (hy -z ) |
Q(z)=H, chff hyshp, -( = =hy ) +shp, hehf(z=h, ),
& = Hychfl hyeh By h. + shB, hyshB, -h.

Ay = H, cos yh; cos y-hs = sin g ,h, sin xahs (31)
Ho=Gw | y,-g.[2C: G G
Bz z: \p:G, G.
Bir=ti=g o Basmi=27 0 Bu=ii. Bp=y.:

nnrk DBRUMURIGUWS £ &y =70, =20 R=/p0 sunfibiiel] Aurinngml qLwah
ninpiwl nwinwldwb vbthwlwh htuﬁwJ“ULUULanijnLDDbph npnaywé wpdtiplbpp, bpp
GGnpLh Gjnipp B20, huly dbplh Gjnipp B12.5 nwuh PEWNGGER BG

10

G whh ubthwywl nwnwbnuitbph o, hwiwhuwlwbnipyntGGbpp L B,k Bk, pubnp,
pp h, =10, b, =20, R=100
Unjniuwy 4.
p 1. 2. 3. 4. 8. 6.
@y 39.8306 | 101.4712 | 166.7571 245.898 304.558 373.703
X 1.18752 3.02526 4.97169 7.33126 9.08018 11.1417
> 0.641333 | 1.63383 2.68502 3.95933 4.90386 6.01719

S wlh ubthwlwl nwinwbnuittph o, , hwwhuiwlwinienGGepp L 6, 4, B..h, pUtipp,
Gpp #, =14, h, =209, R=100 :

Uniniuwly 5.

@, Byl Bizhs @zp By Byohs

51.8597 | 1.85623 | 0.98031 67.4263 | 262205 | 1.37374

106.782 3.34523 1.79442 115.198 3.82492 2.03691

170.169 | 5.17641 2.78771 175.777 | 550441 | 2.95281

: 248176 | 7.47016 | 4.02889 | 251.972 | 7.69867 | 4.14353

bplpnpn_qufup snppnpn wwpwepwpnd - nhnwplynd b b SwuGwlhnpkG

widpwhgywé Yinp hné gqrubh Yuynibwgwd npnpdw tnwwnwlnuwiGbnp, tpp guwGh GepphG
hhipp L quulwjhG Gwytplnyph ©h  dwup wdpwlgywsé &G hwpdnbhly opkGpny
tnwinwbynn hnd hGOwpwGhb, huly quubh dwybplngph G0wgwéd dwubpnud wqanned bG
Ywiwjwlywh pwytunwdnyg ninpnn znpwihnn LwpnudGbn (GY.-3):
42 tuGnhpp pbpynud t (4) hwwuwpdwh |nuédwip
hbwnlyw| apwjhG wwjtwhGbph nGwpnLd’
V(r0)=mr, (0<r<R), T,(r.h)=f(r) (0<r<R), (32)
V(Rz)=Rv, (0<z<z,), To(Rz)=g(z) (z,22<h), (33)
UGhwpin @(r,z) DnLlhghwh thGupblp hbwnbyw
inbupny’

BWINIa g

F(rz)=c,sinyz+d. cos;((h—:)+iZA‘l,(a,.r)sfmliz+
r

k=)
/ n
+ ;Z(Eﬂshﬂp: +Cochf,z)d ( fi,r), (34)
p=!

npwbin u,R -pybpp hwGnhuwOnud 66 J.rx) $niblghwgh

nnpwlwl wpdwinGbpp’

J:(){[PR):Q‘ /1‘ :(2/\'-!—!).71'/(2’?)-’, Q‘: =/121_,t':|
Bi=pgi-x, r=e’p/G: (35)

LY.-3 UwuGwlpnpbG
wdnpwgywé Yinp hnd qub

huly -0 nwnwiiwb unhynqwlwl hwiwfuwlwinienlGa t;
Pwdwpuwpbingd (32) Gapwjhl  wuwydwGOEphG wlhwjn  gnpéwlhglbph  hwdwp
Yuinwlwap'
e N =£:.—£L B = G—Ifk
T cosyh €2 yecosyh ' BBy chfh '
npuntbin £, -hwnhuwGnud b f(r) $nillyghwh ﬂmtmb-’lhﬂhh y&pineonipjwl gnpéwlhgp:
Pwywnwntiny (33) fuwnep bgpuwihl wwydwlGEphG” dh 2wnp dLwihnfunip)nlGGbphg
htitnn .1, gnpédwlhgGbph npnpdwl hwiwp Junwlwlp GnwblynGwswihwlwb gnyg pwnpp

Ci =0, (36)

11
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hwywuwpniitbp®
Zt:(l—m IXisin(k+0.5)z=vw,(z), (0<z< Zodi

k=0
S k+05)x, sin(k+05)z=G"g(z), (z,<zsx), (37)
k=02
nnunkin
=/ _(k+05)1,(a,R)
i a l.(aR)
Oquytiind oh pwpp Inillghwlbph  Ynunpwluha bwpgh woéwhghwGbph L
hOwnbgnpw) Gbph wndtpltiphg™ gnuyq 2wnp th{wuwnnLdDbng YpbpytLa Lhnyh nbgnLywn
Qowjhl hwipwhw)ywlwd hwiwlwpgh Lnuddwip’
X, =Y X J(nk)rd,, (n=0,13.) lim > (n k) =0, limd, =0

k=02

CC‘.A‘[:(Q‘R)zf.(-—a.fj,\"__“ 7 . {f_{?r”}':=0 (38)

Jink)=nk+ 05)'[:" Fu(cosB)F, (cos@)sinddg, (39)

d= J; W,(8)F,(cos@ )sinOd@ + f Gi(6)P,(cos0)sinfdo -

Oqutiny  wldbing hwdwlwpgbphg unwgws G LwpnudGbph  puizfunudp
Ynbuwljinh whpnypnid L nwlqblghwy mbrltuthnrump}mﬁﬁbnh wpdbiplbnp UnGinwlinh
whpnyphg nntpu: UnGunwlinwhG LwpnudGlpp whpnuyph dwypnud nubkG wpdwwnh Yupgh
tiquyhnipyntl, nph qnpéwlhgt £

Ko =Wi(20)=Gy(2,)+ Y 0 (k+05 )X, Pyfcosz, ) (40)

k=0

UBthwlw hwiwhuwwhnipinGGbpp UnpnaubG  (41) whybpe  hwdwlwngh
hhibwlywh dwinphgh ntwntipndhGwhwnh qpn LhGE[NL ww)iwlhg'

Det[1-4]=0, 1={6,}, A, ={a.,}: (41)
npwntin 7 -wiytne Ywpgh dhunp dunnphgb £, huly 4 —twuwphgh a,, =J(nk) ElEGEGnGERp
npnaynid G (39) pwlwdlbpny, huy s, -UnnGLlytph uhdynG t:

TMwhbiny (41) hwywuwpowa dtg Bhask 4-pn Ywpgh nbwnbpdhGwhwp quubh & L 4
swihtiph  wnwppkbp wndbplbph hwidwp L inwppbp wdpwlgdws zp swihtiph hwdwp
hwydwé &G wnwohl  dh  pwGh ubthwlwi hmﬁw[“uLul.;anLpJnLﬂUbn[l (,,/C),
C=h"'JG/p, Reh=x wzdwnlyGhph wpnynilpGtinp GEpywjwgywé &G unnpla:

Q whh ubthwlwh nwwnwlnuibbph o, htuﬁwtumuwﬁmpjmﬁﬂbnﬂ ;
brp z, =05, R=h )

@y, /T @jmuwus

' 1 ; 2 f 3 | 4
5 | 173222 | 237208 | 3.29835 4.33101
10 | 176701 | 259275 | 373128 | _4.97218
: 1.82396 292626 | 4.36295 | 5.89439
i 1.92628 346649 | 535056 | 7.31754
2.13673 301195 | 3.94636 4.90658
267561 | 656132 | 10.7161 | 14.9168

Gplnnpn _ arfuh hhGigbnnpn Wwpwepwpnd  nhnwplyynud  t thnihntuwlywb
Gupwépny  punwnpyuy QLwih Ywjnibwgws npnpdwG tnwinwlnuibbph  plnhwanep

12

G , b whh hhipp L YnnuGuwhG dwytplnyph ch twup wipwygwé 66 hwnpinthy
mwrtxt:[]ul!ﬁqnnrf gtbgmhndruu ﬂngm duwndGhh, huly quih dwykplnyph Ubwgwd dwubiph Ypw
waqnnid 50 ninpnn znawthnn LwpnudGbn(Gy.-4):

1z Gwlp pwnywgwé t btpbip wwppbnp GynLpbphg,
' npnlg uwhph dnnn G6nG o]1]
hwiwwwwnwuhiwlwpwp G,, G, b G;: Ujnipbphg
Gpbnup  dhLGnyG  wnwinny glwhbbp G, huy
tppnpnp ubwdko qu t:

Thuiwnlynn fulnph bapwght Ww)dwhibpt b6
vi(r.0)=vor . vi(r0)=vyr Vi(Rsz)=vyRs, (42)
T.C:s‘(hf"l)=a i r_{;,”(R,.z):g(z) ! .r;;)("vh:):f("):

Swpptn Gynipbph Lnhy hwpLwGnipjwi

(hwpwlgiw) wwydwhGbpp Yiho6G
tl(R.z)=1l2(R,.2) | Vi(Ruz)=v,(Rz), (0<z<h,),

Ly.- 4 (DnLhththJﬁ Yuinpywépny tir )=t h,), vafriy)=vi(rhy ), (0<r<R,): (43)
Pwnwnnjwy glwh

Wuwhun  nhunwnbdnn  fulnbpp pbpdnud £ (1) nhbnbGghuwy hwwuwpiwd
Lntodwlp, bipp tpywé LG (42) bapuight L (43) hwpwlygiwl wwjiwhbknp:

Snipwpwlynip  Gniph  Ghpuned (1) nhdtptlghw hwwuwpiwa LnLénLdp
Junnigdnd b wnwGahG wnwbahG: tubnph plrhwinip (énuip YunwGwip L. tu.
Jwpnipnilywih  Yuinwpbiwgnpéyws dbpnnny: tulnhpp pbpdnud ¢ Gpune whdtipe
hwdwlwpgbph |nLétwip’ ]

Xr' = ia#.ﬁ}’* +EI' L Y,., = ;bi'.pAfﬂ' +Er= £ chkxﬂ- =hy: (44)
k=t = k=

UGdtpe hwiwlwpgtipp (nuékinig hbinn nnnG&Lh $nuGyghwabpp Unpnakhp hbnbywg
YtippGuwlwh pwlwslbpny’

h-z) 2&|(-1}'X R.¥3iv, sind,z
Vh(rz)=v, 2 [ty )*_ ac | : W:‘Lf”')*'_vé,—]wu(") . ,
cos y,h, = G, Aa, a,r
(=) X : 08 yolhy - = 2 & Yshdzd (x.r ,  Siny,z
';;‘{r':}=__2_ ( AU \kl’(ak').wﬂ.»{‘:+\'“ L()\In(lj )+ 3 & ,(/_’; ) 7 i} . .
) hrio Gie, fh(a R, ) cos g, hy Ririci G.8,chd hyd, (xR, ) G, cos y,h,

= 2 5 &di(yir)eosvi(z—h,) 8o (ot ) s ﬂ'CI?(S‘A-(thf)JT(ZAJ-)_
L Ehr Vel2( 7R, ) ' horod if 2oRyr) Ty k=t Si6,shSh,
_ 4 coszg(:—h,)+ Yocos y,(hs —:}_;7’ S YechSi(ha—z) J,(70r) ; (45)
XoR siny,h, G; sin y,h, Ririst Gibishihy, J,(xR)
UGytpe hwdwlwngtpp, bpp ©<w;,; , lhndhG nbgniywp GG, npnyhbinl

R G < G o _ G,G, - (46
Pr‘g;'ai-ﬁlscl_;c: ' p:ﬁgjbﬁ.nlsql_:(;:- p”_pl.pg_———‘(c,-fG:)ij+G_‘)<!. (46)

Uybpg hwdwywpgbph  wqun wlnwdbbpp dquinid  HG annjh, Gpp  Gpuwg
hwiwnObpp wGybpp dESWGNLE BG: N Gawlwlned t, np whybpe hwdwlwpgbpp nuGEG
nénud,  wyn  nuénuip dhwlG bt L owyG Yupblth £ qult) hwenpnwlywa
UninwynipnipynilOph— Gwd  ntinndighugh dbpnnny: Gpt  uwnhynnwlwi
hwwhiwlywbnipynilp qulynid £ tpynt hwplwG ubthwlwG hwSwhiwywinip)niGabph
heli L Gpuwlg htn sh hwdpGy0nud, www (44) wadbpg hwiwlwpgp YnwnGw wnnkG
PUwah thndhG ntgniywn, nno Gnphg Ywnbih b inuoty dbpp Gaqwé EnwGwyny, hul tpk
utnhwynnuwlws hwdwhuwywinipynibp hwdpGybng t ubithwlwa
hwiwhuwlwonipyntGatphg nplt dEYh hbw, wyw LwnWGEWE wdyhinninwl nwnbnug
wayting, htnlwpwn (44) wlyting hwiwlwngp Yspewdnp (nusnud nLibGwy sh Gupnn;
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Wuwnbnhg htwlnid £, np wunhSwlwdl punwnpwy qwth nwnwlnwibbph ubthwyw
hwiwhuiwlwlnipyniltipp wtwp t npnadh widbpe  hwdwlwpgh Jtppwnn [nudnid
snLOGOwnL wwydwbhg'
. DetfI-AB] =0, A={a,}, B={b,}: (47)
Lptilp, np  pOnhwlnip  nbwpnd  4B=B4,  uwluwyh, Gpp  unhwnnulwb
hwiwhwlwinigniip hwywuwndnd b ubithwlwi hwiwhwlwbnipjwlp, wjn nbwpnud’
AB=BA:
Uwywgnigynid t, np (44) widbpy hwdwlwpgh wOhwpnbbpp 06d hGnbpulbph
nbwpntd nLlbG hbwnljw) wuhtupnninhl uppkpp' !
Xe=x ¥ Yomypy kp>>1, 0<é<]: (48)
Stinwnpbind wju wpdtpltipp whlbpg hwiwywngkph dtp L ntO qgbind pwpdp
Yuwpgh whdtpe thnppbnp x, L y, wlhwynGbph npnotwG hwdwp Yunwbwbp qbwjhG
hwywuwpnidbbph hwiwube hwiwlwpg'

¢ . T G,G
x,(G +G:}cosE=_v G,, (G,+GJ‘)cas£‘=-:_r G;, gire ... . Lobs o - L <10 (49
‘ Sy 2 R S GG+, s (49

(49) pwlwdlbph hhiwl Ypw unwgyué bG Lwpnudlbph  gpluwdnp dwubkph
wndbiplbpp Gqulh, wilynibwihG Yeinbkph thnpp 2pewljupncd: Ujn pwlwakbpp pEpdwé
G0 G4.5-hg 8-nil: Ywwnwpwé GG hwywnlGtp, Lwnnudlbph qpfuwdnp dwubph hwdwp
unwgywd 6O hbwnlywy wpdbplbpp:

LwnnudGbph qfuwdnp dwubph wpdbpGbpp

Unjnwuwly-7

vz /- ‘: /1 lu 8.'; Cu Fu

G,=G, G,=G,G;=G 0.6667 | 0.3333 | 1.70547 | 3.25125

1.47698 | 1.47698

G, =G.G,=1.1G,G,=13G | 0.66086 | 0.33914 | 1.67502 | 3.18158

1.44292 | 1.44292

G,=G, G,=13G,G,=15G | 0.67937 | 0.32063 | 1.77618 | 3.41191

1.55564 | 1.55564

G,=G, G,=15G,G;=2G | 0.68265 | 0.31735 | 1.79544 | 3.4554

1.57696 | 1.57696

G,=03G, G,=G,G,=15G | 0.70483 | 0.29517 | 1.93728 | 3.77264 0.74535

1.73276

G, =15G, G,=G,G,=05G | 0.70483 | 0.29516 | 1.93728 | 3.77264 1.34164

1.73276

G,=05G, G.=G,G,=05G | 0.78365 | 0.21634 | 2.68951 | 5.39706 1.0

2.63569

G,=2G,G,=G,G,=2G | 0.53544 | 0.46455 | 1.21361 | 2.06783 | 0.90457 1.0

G,=0.25G,G, =G,

G.=0.25G

0.87181 | 0.12818 | 4.6712 | 9.49751 1.0

4.57682

G,=4G, G,=G,G,=4G | 0.40966 | 0.59033 | 0.96243 | 1.36868 1.0

0.57746
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| ra(r) =B A r.o(Riz)=Ag—22
; (Ri T I') o ol 18,2 o (h,. _:)1-;
Nomatchiy v | 01 T R i T LR
7 : r
: - t a2 t t =
0 Ri Rz 0 Ry Re

Ly.-5 r.,(r.h) (wpniilbinh gpudhlp LY.~ B 7.,(R;.z) (wpndlbph gpwdhlp

| o | X,
D1 )= Dy ————= I T, Rp2)=C,——2—
| Pl o R
I
T N Te(Ru2)
: |
i i
. ] ; - i : s
'0 lR\ R: 0 hs h

V-7 7,,(r.h) (wnnidGlinh gpuphlyn Ul-8 ,,(R,.2) LwnnuiGliph gpudhlp

Uwubwynp ntwptn
1. 3wdwubin wunhtwlwdl b, G, =G.=G;:
Uju nbwpnid (49) tnpwlugblnbOm hwdwuwpnudp YhGh®
2
cos:%é=£ . =E=3 I-g=/3: (50)
Wu nbwpht hwiwwwunwuhuwbnn widbpe hwdwlwpgp unwgynid £ (44)-hg, bpp
G'. :G_., :G_;:

2. G,=0,huy G- L G;-p Yuwiwjwlwh 6G* 0Y.-2:
Uju nbwpntd (49) inpwbughblnbln hwywuwpnidp nunbnud £
d s Ead, FoE=p: (51)
G =nEls = XS0, W =8 (52)
UGYtpe hwiwlwpgp dbpwlnud £ L unwgdnud t fulnph thwy (nenwip, npp
hwdpGyGnud £ ywpwgpwd gnpuntd (needwé fulnph hbun:

-
cos = =0 ,
e ]

3. G,=0, huy G, L G--p yulwjwlwd &G:

[ Wu nbwpnid (49) wnpwlugbbnbln hwywuwpnudp
9
= ypbnniGh hGwnbywy inbupp’
== 7 cos“‘-;;irzﬂ » =E=1, I-E=0: (53)
ol 13"-}3'5'2 W b,=b,=0, X,=a,. Y, =0 (54)

, Uju nbwpp nhinwnlyt £ U. U YwpphGwGh Ynndhg:
) uaytipg hwdwlwngp Ybpwinud t L uwnwgynud b fulinph
wl nuénudp: hub Gn Loynwi k@ :
{00 PR Gl thuwl | 0: fulnhpp Gnphg |nLéynud £ Gqphin

4. G,=w, huy G, L G.-p Juwdwjwlwh 6G:

15
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‘C

] 4nain npnzd

; e Wu nbwpnud fulnhnp phipynud (44) wybng hwdwlwngh
LnLédwhp, npunkn

a =_]_£ri_ ]’(aﬂRf} _“’z.p(RJ) r
Xita; RG, G.l(a,R,) &, .

B G: [./:«J;-’(ZPR;)_i_ 8o +—'-)_5;; = i J

” thé h, R, shé, by hS, by Svi+s

LL.-10 Pwnuwinpwy qqwd, ;
Gnp G;=w - =[ [l(apRl) i Waol R, )J- { Rsziv, Y.-JR;Zujl
P — e e g ’

G;[:(C(,,R;) G" /!'pap.(_ ]),':-i \Vx,p(RI)'i-_—G:aﬂ
/ 26, G,
e S | B
v X+ 1G, thé b, (59)
(49) nnwlugkbnkGun hwywuwpniidp UnbnniGh hbwnlyw inbupp’
st o G, £ +£arccas G 4k
2 GG, YT G+G, % (78]

fulnph  YbpeGwlws Lonip  wiw hnninwihG 1]
UGbUagh hbintgua g wihnnipwihG $nillyghwitph  huwdwp

Fi(rz)=v, 5%l -2) 2 {—1—(_ DX w”(rj+_R:ZE'Vu w.k(r):l"—m“l‘: (57)
B Aa * '

cos y,h, hy = G, La, a,r
A, 2 H(-1) ; .
ofr.z) === %Mﬂsm Lzav, L2220 22) | 2 8 Vishdzli(zr) | sing,s
e Gaad(agR,) €os ol Rir 5 GybichS,hd (2,R,) " Gycos xohy

Wh dwubwynp nbupnid, bpp Gr=G., wu fulnhpp Gupbih t (nusk; qnuyg 2wpp
hwlwuwpniiGeph oglnipjwip pun PGuubp Inillwghwatnh: UGwgws nbwptipnid, bpp
g,:G:,h:UJU rugnhng r;ﬁLunL:;L[nn st (nudt| qnuyq 2wpp hwywuwnpnuiGkph oqlnLpjwdp:
wjg w2luwinwlipnid pEpwé dkpnnp hGwpwynpnipyntl t nnwihu nusk Nt wyu ful :
5. G, =, huy G. L G,p Ywidwjwlwa ba: Ll : S

) U
2 Ju nwpnud fuGinhpp ptipdnud (44) widtine hwdw
— Rt UnLd (44) waiytng lwnagh
i - I 2a, G.J.(a,R,)
stonrs | xival RG: I (a,R,)
. G.lofa,R,) R.y;
\,‘:‘_5_\:;-_4"?)‘\?_:-:. —Simtiee b bl e -—_-"(_“VLﬁ uR Xo
—— T TIar,) L,,a,,(—nf'-’ el B g I
3 Shpnuyp2 7 . . -1 J
Azdoho. T, S s
5 G, Ryshé h, WS,  hy Evi+s7 |
I 26, | thé,hy,  cths h, ]
LY.-11 Pwnuwnpjwi guwd, by, =7—__,"[""+ : J " 58
tnp G, = B0 WO ©; G %)
(49) npwlugtilnkn hwywuwpnuip YpGnniGh hbwnlyw| ntupp®
oG, 4 2 G,
e Y =2

tulnph  ybpplwlwa (nuonwip  wiwhwing
nwjhG ] Ok
uﬁtnUwJLugt[hhhmhjw[mbupnu_' U e aBup

v I P Y S e . s . P
’/";(f'-:J=*ﬁ (-1) ’\"!’(a‘”srrul‘mw“ LD-F,([,(!?;—a)+__2_ Yishé =z, ( y,r) ¥ Sin Yoz
i Gl (e R,) cos y,h, Ryr = G,ochd hid ((r,R,) " G,cos yoh, '

16

= (r Z)=i & gl (yur)cosvi(z=h,; ) goJ 1 ( For) +i = ﬂ"—'hai.-(z_h,t)JJerr)_
Ry hyr i1 Yl :(vRy) horiod ( xoR;) i & 6,shoh,
= 4/ CUS).'(#(Z_”J)+Yucm'l’n(h:—z)_i 5 Yichd, (h.—z) Jf(}.’x"): (60)
YR sin yoh, G; sin yph, Ryr i Gioshéihy  Jy( 1iR)

Gpp G, =G,, fulinph |nLénuip niphg BnwGwyny pepdwé b ywpwgpwd 5-nc:

Eppnpn_giafup - Ghpyws b Yinp uGwdby qwlh wnwhgpwuhdtinphly fuGnph
nuunwibwuhpnigywap: ‘

bppnpa_aifup wowohl wwpwepwpaed niunuiGwuhpynud £ wrwigpwuhdbinphl
fuGnhpp: UnwGgpwuhdbnphly fuGnhpGip hwinhynid GG wwn YnGuwnpniyghwbbpnud b
Opwlg wwppbpnud: LdwGwwnhy  fuGnhplbp wnwowlnd G Gwl dnnbph  ninpdwb
nwinwlnudGbph dwdwbwl, npnGp pipdwéd B0 wnbGwhuinunipjwl wewehG quunid: Ujn
Wwindwnny hpwwnwy b pwnlnud nwunuiGwuhpbine wpwégulwinipywi nbunipjw
wnwlgpwuhdbwnphly fulnhpp, hwadh  welbind  wnndwG  dwpdGh &lg, tanuyhb
WwpdwGibpp L owqwiwjhl  ndbpp  (Swlpnipjwl  nid,  YhGunpnGwhunyu — nud):
UnwGgpwuhubinphy fulnhpltn hwinhwyn 66 Gwl hGwpwpwlwi pOwquywnnty,
dwulwynpwwbu, bpp nrunwiGwuohpynd £ Bplywph L pbnnGh hwdwinbn wfuwwnwlppn:
Udpw(h L pbinnGh Guwwlgnuip Gupbih t dnn&wynpb nwunwiGwuohptinyg Yinp phinntGh
Gdniph dbg npywé dbl wopwlp: 3wpdh webtkind, np wipwlh Ynaunnipnilp wlhwibdwn
06 t phwnGh  YnawnnepyniGhg, Gupblh b sty dhwyh Ypnp Gk pbwnGh
Wowhgpwuhdtnphy fubnhpp hwauh welbing wipwth nb$npdwghwibnpp:

JuwyinGp t, np widpwbh L pbunbh hwdwnbn wpfuwnwiph pbpwgpnid pbwnGh L
Wwdpw@h pGnhwlnip dwybplnyph  Bgpbpnud wnwowlnd GO jwpnuiGeph  dkS
UnLinwynudbbn (EqulpnipynclObn), npnGp  BhGs  wydd  wGwihwnhl alnd kO
ntunwiGwuhpyby: Wnwhuh GquilhnegntGGlph S2qphn pwgwhwjwnnip hGwpwdnpnig)ntd
uw  bwwbu dtéwglb  GphywppbinGt  YnGuwnpniyghwhbph wdpnipntip L
hnLuwihnipynilp:

Unwdqulwinipjwlb wnbunipjwl wyb fuinppOtpp, npnbn Gwh (wpnwiGeph 0bé
UnuinwynudGin (BquyhnipniGOtn), npwbu  YwinG  thwly  skG tnaynid: - Unwhuhp
fuGnhpGbpp pbpdnid GG Jud hOwnbgpw) hwjwuwpdw, 4w wybpg hwdwlwpgkph
(NLédwlp, npnlp hGOdLOERWLWG dwlwpnwlyny hGwpwnp sk nuet;:

PtwnnGh wpuwphG g ulwhi dwybplnypp wipwlgdwé t (qupnn t dhwyb
hLuL{umLupLugLulh ubndyb] wnwynh nuqnnipjwip), huly wipwip Jwpnn £ GGpwplyb
(Wlwhwh nb$npdwghuyh (nungh] Guwd Gwd  ubnoybg pbpdwuwnhdwbh  thnthnfudwG
Wwuwndwnnd), huy wdpwbh nnipu bYnn dwubpnud wanned GG P, L P, nudtipp, npnGp
PEwNGh Ghpuntd wnwpwglnud GO nunnwhwjwg nbnwhnfunipynlGobp L hwlwuwnpwswih
dqnug: U nbnwihntunipynllGltipp YplnnibbGp qéwjhG iR,z )= 1w, + W,z

l Twngnipjwl  hwidwp  GGpwnpblp, np  quubwdk
ptinnGh SwlwwnwjhG dwytplnyplbpp wquin 66 wpuwphl
pbntll:élgg: Wuwhuny wpqwé fulnph bqpuihG wuw)dwGbbpp
YrhGeo®

Qi'W(R,z)=w,+w,z, O;'W(R..z)=0,

—Q“U(R,,:)=u, ' ‘*QmU(R:-ZJ:”: '
o.(r0)=0.(rh)=0,
T.(r0)=1.(rh)=0, Q,=(1+v)/E: (1)

npnbn w, U - ulwdiby quth Yhnbph wnwhgpwjhG L
2wnwynuihl wbnwihntunuiGhnG &G, &,, &.- uliwdbe qrwih

| GBpphl L wpwnwphb pwewdhnGbpp, «,, .- glwlwihG
Ll.12 Qwlip plinhwGnu wupp  dwlbiplnyplbph 2wnwinuwjhb inbnwithnfunip)ntbibpG ba,
17
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v, E-quuih Ojniph MniwunGh anpdwlhgp L wnwdqulwinipjwh dnnnyp:

Stnwihnfunipjwa YGhwinph L lwpnudbbph PwnwnnhsGbpp wnwlgpwuhdtnphly
fuGnph ntiwpnwd wpnwhwynynid GG @yr 2 ) PhhwninGhy dnilyghwyny hbinbyuy hwjwnGh
Ppwlwdlbpny

Utr.z)=—-0, E9r.2)
-

0°@(r,z) 1ow(r,z)

. W Zl=U, =2 fr.z T g e[

drd:z friz) Q[ﬁ Rl ar- +r or J
) 8 d(r,z) d od(r,z)

(e 2) =—OFfpiz) = 1705 WE)s—|UF(r.z) 112/

o (r.z) a:(u (r.z) o ). a,(rz) 6z(u/“(r.) 5 i

o.(r,z)= o:a;[rz-u)F(r,:)———_a'?“j"')J, ) = ga—((f~v)Frr.:)— 2o, :)J'
z 2- - —_—

oz
s U e 25wl _87 18 o
F(rz)=a(rz), Kafrz)=0 B (62)
PhhwnunGhy Pnilyghwa thOunnbbp bpkp gnudwnbihGbph anuiwph inbupny
Dlrz)=By(r.z)+@y(r,2)+ Du(r,z), (63)
npubin. @, (r,z )-wquin wlnwdibbpG ko, @,(r,z)-tinwhly
wnwlgph nwnnnipjwip,

InLbwswihwlwG 2wnpl £ quwih
Unh ninnnepjwcp

21 lg(r) v dyr Iglr )+ d 2 lgfr )4 d 2 lg(r) |
Dyfr,z)= Z[f‘”x lo(a,r )+ B, Ky(aur)+Chrl, (ar)+ DI rk
k=t

@.(r.z)- dbtiptiph 2wnpl t ywnw

Po(r,z)=a,z" +b,2° +2(r e, +¢, lg(r)+d,

Ha, r)]s."n(a; z), (64)
Polr.z) = Y [42,5h( 2 )+ B2, ciy By2)+ B, D2, B2 )+ C 2,00 5,2 )]s, Bor),
=l

Sﬂ(ﬁp’r.):‘j-‘J(rﬁp )yf}(Ri ,Bﬂ)—J[J(R.' ﬂp}){'ﬂ(rﬁp}|
Sf(ﬂ,”r)=J1(f‘/3'p)Ya(&ﬂ,u)—J”(R;ﬁﬂ)Yf(rﬂ,,)f
COnhwnp Pwlwaélh dhp pUnnGklp @, = krz /4, huy B, pytipp hwinhuwbnw &G
HGpbnh 5,(4,.R.) niGlyghuh nnwywi wpdwinbbpp®
& =ka/h , S,(B,R.)=0: (65)
Wu pGupnipjwa 2Gnphhy wlybpg hwiwlwnqbpp uinwgynid &G |hndhG nbgniywp:
Wuwnbn 7,¢x), .(x) Phubh wnwohl L kplpnpn utinh hpwlwh wpgnuiklwnp
Pnibyghwbpa o, Ii(x),  Ki(x) RPbubth wnw
PniblighwibpG 6o, huy 5,75

9hl L GpYypnpn ubinh 4tng wpgniikGnp
,.x) dbpbph $nillyghwibn bG:
Gpb @,(r,z)-h wpunwhwjnnpjwa dke pGnnuGkGp hbwnlyw) Yuwbpp
vw )
7; (. ) :{ S | . L /1:___“’_-'_ v,
" 4v-DigRi/R,) T - Glg(R. /R, b
d; mse N

S d4(o-1)Ig(R /R,
W e 8ca !g(R; /R;)—SC:U/g(R_- /R,}—.?UH’,. —l'g(R:/R,)w”
2Ig(R, /R, ) 2(20-1)Ig(R,/R,)
5,8 Se;lg(R, /R,)—SC_;UIg(R: /R )= 20w, —lg(R./ R, )w, (66)
6(2v-1)lg(R,/R,) '

www  jwpndGeph L nbnwihnhunLdGhph pwlwdalbph 0b9  wqun whnwibbpp
YaGpYwywgykG hGwnpwynphG swih wiblwwwnpg tnkiupny:

Fwlwpwnbiny (61) 2nwihnn lwpnuilbph L 2nawihnn nbnwihnfunip)nLGGbph
Gapw)hb WuwydwhbbphG Yunwhwbp hGunbyw wnbgnip

nlGGpp’
5
('ﬂ@-‘ =0 =0, W(R,.z)=w,~wz=W(R, z)=p (67)
oz 2=/ a: 2=l i
LbipdnuskGp Gnp whhwjn gnpéwlhgbbp®
18

x/l, =lraf[C1; Io(Ra, )— DI Ky Ry )]- vl =he; [Clklu(R:ai.-)_Dﬂ- Ky R-e, )]=
¥2,=050,8:5,(8,.R: )[D2,-(D2,ch(hB,)+C2, sh(hp, )] ,
x2,=050,8.5,(8,.R:)[D2, +(D2,ch(hf, )+ C2,sh(hB, )],

w, =05(RiS7 (B,.R: )~ R;Si(B,.R,))

) Dnn Odwﬁnwu jjnlﬁughwﬁzr:(") =lo(ra; JKof Riay )= 1o Riaty )Ko(rexy )
t2(r)=1y(ra, )Ko( Ry )= 1o( Roaxy JKo(re; )
gh(r)=1(ra, )Ky(Ria, )+ 1,( Ry )K (rex; )
g2u(r)=11(ra )Ko( Ry )+ Io( R0y )K (rar, ) (69)

Enpnpn qufuh bnlpnpn wwpwepwdnd pudwpwpbing o, (r,z) Gnpdw| (wpnuiGbph

L ur.z)

Onpdw|  wbnwihnfunipyniGGeph  BqpughG (61)  wuwjdwGGkphG™  npn;
SluwhnfunipyniGobphg htnn {x/,

vi, x2,, v2,} Gnp wGhwnGbph npndwl hwdwn
Juunwbiwip hbwnlyw] woytpg hwiwlwpgbpp’

(68)

8B, & (s,xli=Royh )((1-v)ai -vb;)
.1'2,,2”.: ﬂl" Z -

h 3s (af "‘,BE Vi ‘
8B, & (S,,x—"——RuJ’ZA-)((f*U)af—Uﬂ,f)+d '
Yatm =Tt 2, (ai +B8; ) ’
da, & sp[(/—(—i)")r2p+(1+(—/)*)y2p}(1—u)af—uﬁ;)_q |
Py 2 (o + ;P (Ri =53
R, 5o [(1=(= 1) 2, + (1= 1 W2, Y1 -v)ai -087) 0
xl,Op + ¥4 Qs =— R, ;-Z:; (a*_. +ﬁ!',‘):(RJ‘ —S;:)
huy c, uc, qnndwlhgbbipp Ynpnzdbl hbnbyw| hwjwuwnpnudlbphg ) e
82} hw, +( W . UR’(1+213(R")R")]1s', e Rli_mup: =
—RI_:'*“;’CJRJRU =u.+ 2R g(R, )R, \6R,Ig(R, )R, 4(1-v)lg(R,) T hRP(RF =57 )57
cC, hw, (2h(1-v)+3R7v)w, ge ‘Susf )'_7:,, . 71)
RO T R e IR (I-0)lg(R,) AR -5 )
Wuwnbn unwpgwé G0 hGwnbyw| Gawlwynidlepp’

(Roghi(R:) = Ri @ 24(R or +4(1=0)thi(R.)
Qul = R_, Q‘.fzj(R.') b
T+4Re (1-v)g 2 (R )R )+ Riai (12°(R,)-g27(R,)) '
Ou = Ry t2°(R,)
I-4R.o (1-0)gh (R )1 (R:)+ Riai (t1°(R.)—gl"(R.)) :
O = Riat2°(R,)

IR.w vTw, (1-v)w, de;0 \2AR.B,S,(f, R:) -4
__ __R_"“rj 4 + 0 =5 ]_2) JT,B:S (ﬂ ,R1) i
= 0B, \(1-20)(1-v)lg(R:/R,) . (1-20) (I-20 Bnee
szS;(ﬁ,,vRJJ , (72)
Si(B,.R:)
Z“,=_s-ech:(hﬁp/’3)(8’?(/rﬂp)—f?ﬂp):
tpp npn;
bppnpn_wwpwepwdned (70) snpu whtng  hwiwlwnpg
emunhfrﬁﬁf;?ugé{alfwhhg PR pondnu 66 bpln. wnptn  wliting - hwdwluwngtinh

GEpp z/2 hwppnipjw(
GUwpwanpnud G0 ubwdby quubh ndnpdwghw [
EZLifnLgcfder?ggmn?]q IE[ 2tin uhdbwnphy pbnGwynpnudbbph nbwpbpnud:

wy—=(=1) (w, +hw,)

i lg(R./ R, o,

- =csech’(hB,/ 2)(sh(hB,)+hp,)
da )

k

19
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