on the screen. It was shown that two orientational mechanisms exist in
planar cell, whereas one type of ring pattern is obtained for the planar cell. It
was concluded that one type of ring patterns emerges due to the cis-trans
transition and the cause of the second pattern is thermomechanical effect.

The results obtained in the frame of dissertation can be used in war
industry, in the industry of liquid crystal devices, in medicine and in other
areas. The obtained results can be applied as well to improve the quality of
liquid crystal monitors, optical limiting devices, spatial-light modulators and
other liquid crystal devices.

The following results are obtained in the dissertation:

1. Theoretical study of toroidal flows in liquid crystals due to the
absorption of the Gaussian laser beam has been carried out for the first
time. Dynamics of this process has also been studied. It was shown that
there is a strong agreement between these theoretical and previously
obtained experimental results.

2. The third type thermomechanical effect in the nematic liquid crystal
twist cell due to the transversal temperature gradient created by the
Gaussian laser beam has been studied theoretically for the first time.
Theoretical and experimental results of thermomechanical effect are in
a strong agreement.

3. Director reorientation depending on the temperature gradient has also
been studied.

4. It was shown that thermomechanical orientational nonlinearity is as
strong as the well-known direct optical nonlinearity. It is worth
mentioning that unlike direct optical nonlinearity, which is absent in
the case of normal impingement of the laser beam on the cell wall,
thermomechanical nonlinearity is strong for all incident angles.

5. Themomechanical effect in twist and planar azo-dyed nematic liquid
crytal cells has been studied experimentally for the first time.
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SUMMARY

In this research some mechanisms of reorientation of molecules of
nematic liquid crystals are studied theoretically and experimentally.
Particularly, laser induced toroidal flows and third type thermomechanical
effect has been studied theoretically and experimentally.

It was shown that Gaussian beam may induce toroidal flows in liquid
crystal due to the absorption of the heat by the medium. Theoretical
calculations show that the velocity of this flow is about a few um/sec.
Director equation for homeotrop and planar cells were obtained and solved
in conjunction with the equations of Navier-Stokes and thermal
conductivity to find the director, velocity and temperature distributions in
the cells. It was shown that this thermal — orientational flow induces big
changes of director whis is at the same range as well known direct optical
nonlinearity.

The third type thermomechanical effect has been studied
theoretically and experimentally in twist nematic liquid crystal cell.
Impingement of a laser beam with Gaussian cross distribution of intensity on
the twist nemaic liquid crystal cell has been considered. Molecules of liquid
crytals reorient due to the third type of thermomechanical effect. This
nonlinear interaction between laser beam and the medium changes the
refractive index of LC. As the third type thermomechanical effect depends
on the temperature gradient, the first step toward finding the director
reorientation, i.e. coefficient of nonlinearity was finding the temperature
distribution inside the medium. Heat-transfer equation solution has been
presented. It was shown that for P = 40mWatt laser beam after lsec of
heating, the LC is still in anisotopic state. This 1sec is enough time to register
the reoirinetation by menas of a probe beam. Coefficient of nonlinearity has
been calculatied. It was shown that the nonlinearity in this case is within the
same range as the well-known direct optical nonlinearity. Director equation
in cylindrical and Cartesian system of coordinates has been obtained and
solved numerically. It was shown that x and y temperature gradients
reorient the director in opposite directions.

Thermomechanical effect has also been studied in liquid crystal twist
and planar cells containing azobenzene. Ring patterns showing the
nonlinear interaction between laser beam and azo-dyed LC were observed
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KUAKOKPUCTALINYECKUX IPUOOPOB, B MEIUIMHE U B APYTUX OOIACTAX.
TNomyyveHHBIE pe3yabTaThl MOTYT OBITH IIPUMEHEHBI TAKXKE U JJIS YIIyIIUICHUS
Ka4yecTBa >KUIKOKPUCTUUIMYECKUX MOHHTOPOB, CBETOBBIX OIpaHHYHTENIEH,
IIPOCTPAaHCTBEHHBIX CBETOBBIX MOZYJIATOPOB, a TakKkKe U  JPYTHUX
KUAKOKPUCTALINYECKUX IprbopoB. Tak kak Tepmomexanwdeckuil addexr
He 3aBUCHT OT [UIMHBI BOJH H3JIy9eHHS U MCTOYHUKA CBETa, MOXHO
CKOHCTPYHPOBAaTh HOBBIE JATYUKU WIN AETEKTOPHI IS HEBUIMMbIX BOJIH.

B nuccepranuoHHOM paboTe IOJIy4YeHBI CIeAyIOLIMe OCHOBHBIE
PesyJIBTaTHI:

1. BmepBble TeopeTHYeCKH HCCIEAOBAHBI TOPOHAAIBHBIE IIOTOKA B
KUAKUX KPUCTA/UIAX 32 CYET IIOIIEPEYHOTO TEMIIEPATYPHOTO IPAAUEHTA,
00yCJIOBJIEHHOTO IOIJIOI[EHUeM JIa3epHOTO WU3JIydeHUs TIayCCOBOTO
JIa3epHOTO IIy4YKa. bplia mM3ydeHa AUHAMWMKA STOTO IIpolieccca. Bpuio
TTaKa3aHo, YTO MMEETCH XOPOIIoe COOTBETCTBHE C paHee II0NyJeHHBIMH
SKCIIE€PUMEHTAIPHBIMU JAHHHBIMU.

2. BmepBsle TeOpeTHYeCKU HCCI€IOBAH TOPOUJAIBHBIN IIOTOK, MMEOINH
TEPMOMEXAaHUYECKUH XapakTep B TBUCT SYECHKe HEMaTHIECKOTO
JKHAKOTO KPUCTAJIA 33 CYET IIOIIEPEYHOrO TEMIIEPATyPHOTO IPAAUEHTa,
00y C/IOBIEHHOTO IIOTJIOIIEHIEM JIA3€PHOTO U3IydeHUs . TeopeTudecKe
nu SKCHepI/IMeHTa]II:HI)Ie pesyanaTLI HCCJIEJOBAaHU A TepMOMeXaHI/I‘{eC—
KOro 3¢ deKTa HaXOIATCA B CTPOTOM COOTBETCTBUM.

3. MHccremoBana mepeopmeHTAalUs JUPEKTOpa B 3aBHCHMOCTH  OT
TEMIIEPATyPHOTO rPAfIUEeHTa.

4. IloxasaHO, 4TO TepMOMeXaHHYeCKasd HeIMHEHHOCTh TAkXKe CHJIBHA, KaK
1 O0Ien3BeCTHAA «CHJIbHASA» ONTUYECKas HeJIMHEHHOCTD, U, B OTIMYUHU
OT INOCIemHeW, KOTOopas He JelCTByeT NpH HOPMAIbHOM IAJeHUU
IIy4YKa, TEPMOMEXaHUYIEeCKAs. HEIMHENHOCTh IIPUCYTCTBYET IIPU JH000M
3HAYEHHM yIJIA MALEHIS TyYKa Ha SIeiKy.

5. BmepBsle 5KCHEPUMEHTAIBHO H3ydeH TepMOMeXaHUdYeCKuil 3hdexT B

TBUCT ¥ IUIAHAPHBIX sSYEHKaX HEMATUYECKOTO >KUAKOTO KPHCTAIA C
a300€H3EHOM.
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UTUSULRP CLT2ULARL LUUL TSNP E8NRLE

PEduh wpnhwljwbmpmb
Zhnniy p]mphrlhhp]} hnkughg hhplp.u]ulghnu[ Eu niunudtwuhpdwt htwnwppphp

Upgunjujplp, pt” nbuwlub b pk hinpdwpupului hbnwgnnm piaibph nbuw-
Ytinhg: ‘Lpwup Yhpwrynud Eu wybtwhuh uwppuwynpnudubpnud, pusyhuhp b,
htnnily poipbnuljut Eypwtiutpp, nhnkljunpubpp, npnp nwquwljut b wpnyniiw-
pipulul vwppuynpmdttpp, pdojujutt nu swihhy gnpshpltpp: Uy wppuw-
wnwbptbp B nupymd hinmly pmpbnuiljut vwppuynpnudubph EbEinhynipiniip
pupdpugubne hwdwp: Zwdwju wyn vwppuynpoidubpmd  ogunugnpéynd Bl
nyuh wnpympubp, npnup hwigkgund ki dhpwjuwyph mwpugdwun: Swpugdwt
htnlwipn] thnpudmd & dhpwduyph hwnlmpniuttpp b jupnn o phndbp
wbguuh Eplmgpubp b pbpnudubp uljqpwljut vyuuynn wpyyntpubphg:
Guipnn ki wpwewbtuy ph Ynnuunpnpnidwhtt b ph ghpdughtt Epumputp: Uwpph
putujuiintt wopnunwipp wwjwhnybnt hwdwp hwpluynp £ htwpuygnphiu hwpygh
wnbl) ponp twbwwnhy Gplnygputpt m gputg hbnbwipubpp: Zuynih E np
wbqud gunn thnpp Gjubnidubph Eubpghwt pudupup E hinmly ppmpknh nhpkl-
wnnpp YEpuynndunpnobine hwdwp [1]: Snympynit niukt puquuphy dkuwtihqd-
ubp, npnup pny] kb wwjhu htinoly poipbnh Yondhg Jubdws tutpghwb
YEpwthnfuby dnjkynyubph Ynndunpnondught Eubpghugh: Ujuyhuh dkuwmthqt-
nhg b, gbpuwyhtip [2], Bwunghh Ephunp [3], Ynudnpuwghnlip [4], obpuwght hnupt-
mny wuydwtwynpguws nsqdwjunipiniup [5,6], nidtn oyyinpljujut nygduyinipniip
[7], dwltpinypeny dwlwéduép [8], dnunntdpulnpyp [9] b wji: Ujuughuh
dbkhiwmthquubphg tptpp (nuuwhpypnphtwdhljujut Jekpunndunpnodwt dkpow-
Uhquukpl ko gpujpinwghnt, ghplwduquljui b nigquh swwquyht plyup-
dwljdwl dEwthquubpn [10]: Uju dEjpudhquubpny wuydwbwdnpdus oupunnhlju-
Jul nygébuyumpinmiuutpp Uh putth jupgny qghipuquiignid tt nidbn oyyunnhjuljut
nyqdujunipniip, hul] juyniugdwt dudwbwlubpp wju nhypmd tnyut Eu:

[11] wphiuwnwtipmd gnyg k wmpyky, np ny hwdwubn ninnnpnh puppudwdp
ukdwnhy htnniy pppbnubpnid fuipnn o mbknh muktw) okpdwdbiwhjulut
Eplinyputp: dputighg wnwghth tnipnitp juywimd b upwunud, np ghpdwunp-
&wutth qpunphbkunh wnjumput yuydwbubpnud htwpwynp b quntmd hbnnily
poiptnh hpppoghwdhjujute hwdpupug hnupp ghptljunph hwppnipu Gy
gpunhkinhtt minpuwbuwjug mpnnipjudp: Gpypnpph Empmibp  juyuiund  k
upwunwd, np hhnpnphtwdhjuljwt hnupp Jupnn L wnwewguby hinnily pymiptnp
Epynt uwhdwtubph dholi obpdwunhdwubph wmwppkpnipnit: Gppnpy mhyh
ohpUwlbjumthjuljut Epinyph by pnd ohpdwunhdwth qpunhbinp wnwgwg-
unud £ hbinnily pymipinh munnnpnh (pugnighs JEpulnnuunpnyonid: QEpuwdbhaw-
uhjuljmt plnypubpp, npnup wudhpwlwinpbt jupujus L ghpUwunplumuh
gpuinhkunubphg b jupjws skt inupwuginng wnpniptikph wyp hmnlmpniuubphg,



Jupnn kb wnlju 1hut) (JEpunud tpdus wy) (ntuwhpnpnphttwdhuljut plinypib-
nh tdwt) gpbpt ponp hinniy poupbnujut vwppwynpoidubpnud:

Pusybu pduplus wjuybu b jmqkpughtt fwnwquypttph nEjujupdu
hwdwp twpiwnbuqué htnniyy pnipnujut vwppuynpodtbpnid hhdwjuimd
Ukup gnpd niukup quniujub jujtaljutt ypndhiny nruuyght thugkph htin: Twljuyu
uhts wydd pujupup nuunidtwuhpdus sk tdwt thugkph Jrubdwdp wupdwiw-
Unpywé hhppophttudhjuljut m ghpUwdkmthjuljut tpuinygputpp tkdwnhly
htnnily pymipnubpnid: Upwing b wuwjdwbwdnpdws hunbhuhynmpput quniupub
wuwut  pupjumd mubkgnn uqbpughtt fwpwquyptbpny  Gkdwnhlubpood
dwljusqus hhnpnphttwdhjuljut hnupbph, ghpdwdbiuthjulwb Epinyputph nu
nnuigny wujdwbwynpjws Ynndunpnoniduhtt oyyinhjuljuts nggdurjunipjniuitinh
niunidtwuppmpjul wpphwljwnipynibp:

Uoluunnuiiph ujunnuyp
Unbtwpinunipjut tuypuinuljy £ hwinhuwugh) nkuwluinpkh ntunidbw-

uhpl ukdwwnhy hinniy pniptnubpnud peoh uvwhdwtuyght vwjbptuhtt qgniquhtn
hwppnipmniund Eplsuth ohpdwunhwtughtt gpunpkunh wnjuympudp tppnpn
osbpUwdkiutthjuljut plinypny wuyjdwbtwynpjus §nndunpnynidught owyunnhlju-
Jut nygdujuinipniip b gmyg wmwy, np okpdwdbuthjuljul nygduyunipniip
Jupnn Lk 1hulk] tnyupwt Uks, npputt mdtn owynhljuljut nygdwjuinipniip: Luyyw-
] kup niikgh) twl hwyntwpknl) gbpdwdbiwthjujwt tplinype wqnpkuqbunyg
hwpunwugus tkdwwnply hbnmly ppbnujut wjwtwp b hndbnwnpny pehott-
poud: Ukudwwnhly hbnmly pmipbnubpmd obpdwdbuiwthjuljwt Eplinygph £2qphn
pugunpnipju b pujupdwt hwdwp tyuwnuly Eup mukgk] twb ntunuduwuhply
(ugbpny  dwwésyws hhnpnpptwdhfuljut  wnpnhnu)  hnupbpp wjwbwp b
hnubnwnpny pohoubtipnid:

Shuinuljwb impoypep
Ushmuwnwtiph ghinnwjutt unpnypp npnpynud £ wnwghtt wiqud hpulju-

twugdus nmbuwljut b thnpdwpwpuljut wphwnwtpubph htnbjuy hwdwhudpn-

pyudp’

¢  Unwght whqud whkuwmuinpbi niumdtwuppdl) ko juqbpny dwuljusqus
wnnpnhnu) hnupbp tkdwwnhly htnniy pmpbnh hwdwubn okpnmd quniuyut
[wytwut ypndhy nukgnn juqkpuyght thugh Judwt htnbwupny: Nrunid-
twuhpyly b pputlg qupqugimt phttwdhlui: 8nyg E wpydk, np ju quyg
hwlwdwjinipimt twpjhtmd juwnwupjuws thnpdwupupuljut wpyniupubph
htan:

SAKJIIOYEHHWE

B zuccepranuoHHON paboTe TeOpeTHHYeCKH M SKCIEePUMEHTAIBHO
M3yYeHbl MEXaHU3MbI IIePEOPHEHTAIMM MOJIEKYJ] HeMaTHYeCKUX XUIKUX
KPUCTaJITIOB. B YaCTHOCTH, UsydeH s dexr TOPOUIATBHBIX
TEePMOMEXAHWYECKM — KOHBEKTHBHBIX [BIDKEHUN B JXKMAKMX KPHCTalIax,
MHIyUMPOBAaHHBIX IPU IOMOWIM TayCOBCKOTO Ja3ePHOTO ITy4Ka, a TaKXKe
TePMOMEXaHW Ie CKU MeXaHH3M OPHEHTAalMOHHOK OITHIECKOM
HeJIMHe MHOCTH.

TeopeTwyecky TOKa3aHO, YTO IIOIJIOWIEHME JIa3epHOTO IIy4Ka C
TIONEePEeYHBIM TayCCOBCKMM pacIipe/ieleHHeM WHTEHCHBHOCTH IIPUBOIHUT K
TOPOUJATBHOMY TE€PMOMEXAaHMYECKOMY IIOTOKY B XKHIKO-KPHCTa/IMIeCKOH
aaeiike. IlomydeHEI 1 pemeHsl ypaBHeHMA AUPEKTOPA JJII TOMEOTPOIIHOH U
IUTAHAPHOH A4eiiky ¢ ypaBHeHuAMM Haspe-CTokca M TeIIOIPOBOAMMOCTH.
IlepeopuenTanysa AUpeKTOpa 3a CYET IIOTOKA TOTO K€ IOPAJKa, YTO U B
Crydae CHJIBOM ONTHYeCcKOH HeimmHedHOCTH. IlokazaHO, dYTO CKOpOCTB
[IOTOKa  IPUMEPHO  HECKOJIbKO  MKM/ceK. JlaHHBIe  IIOJIyYeHHBIE
TEOpPeTHYeCKMM ITyTeM HaXOJAATCA B XOpolleM COTJacMd C paHee
TIOJTyYe HHBIMU SKCIIePUMEHTaJIbHBIMU Pe3yIbTaTaMu.

Teoperwyecku n3ydeHa IepeopHeHTAIMd JUPEKTOPa 3a CYET TPeThero
TepMoMexaHudeckoro dbdexra. HalizeHo paccmpegenenue u rpagueHT
TeMIIepaTyphl 3a CYeT IIOIJIOMEHHA JIa3epHOro Iydka. IlokaszaHo, 4ro Ha
IVCTAaHIMAX 3a, THe a — pasMep IIy4Ka, TeMIIepaTypHBIN rpafiieHT 6IM3Ka K
HYJII0 W IIO3TOMY IepeOpHeHTalus IUPeKTOpa B TaKUX PerrOHaX TakKXke
paBeH HYJIIO.

Tomydgensr u pemeHBl ypaBHEHHS AUPEKTOPA B IVUIMHIPUIECKOM U
JeKapTOBOM CHCTeMaX KoopauHAT. IlakasaHo, 4TO X M y TpamHeHTHI
TeMIIepaTypbl ~ IEePEeOPHEHTUPYIOT  JAMPEKTOP B  IIPOTHUBOIOJIOXHBIX
HaIpaBIeHUAX.

ODKCIIepUMEHTATBHBIM IIyTeM GBUIO IOKAa3aHO M HMCCIEeNOBAHO HaIHYue
TepMOMeXaHUYeCKoro dbdexTa B TBUCT U IUIAHAPHBIX  A4YeHKax
HEMaTHYeCKOX0 >KHIKOTO KPUCTaJLIa C a300eH3eHOM. BBII0 mOKasaHO, 4TO B
TBHCT f4eliKe CylIeCTBYIOT /B OPHEHTAIMOHHbIe MEXaHU3MBI, a MEXIY TeM
B IUTAHAPHOM A9€MKe eCTh TOJIBKO OJMH MEXaHM3M.

PesynbraTsl, IOTy4eHHbIe B PaMKaX [IMCCEPTAI[OHHOM paGoThI, MOTYT
OBITh HCIIOJIb30BAaHBI B BOEHHOM IIPOMBILNUIEHHOCTH, B IIPOMBIIUIEHHOCTH
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e  Unwohti wiqud whuwlfwinpki niunidbwuppdl] b quniyut juytwlui
wpndhiny Jugkpugptt dwpwquyph Juwbtdwt htnlbwipny pyhun poenid
wnwowgwd mnpnhnu] hnupp, npt muh ghpuwdkimtthuljut pm;p:

e Munudtwuhpyly E ninnnpnh JEpulnndunpnydwt quppp gbpdwunhgmtughu
qnuhtunhg jupujus:

e 8myg k mpyky, np Eppnpn mbuwlh obpdwdbhuhuljut tplinygph nhujpoid
ny qdéuyumpiniip unyt Jupgh E huy np huynih mdbn owwnhljulub
nygdujinipjut  nhwpnud: Zwply L upk, np b wwpphpmipmmit mdbn
ownpljuljuit nyqduyunmpjut, npp puguljuynid k qduyhtt piknugmu niikignn
jmqtpughtt  thugh  tnpdw)  wbldwb  phypnud,  ehpuwdbjumthjuljut
Ubkjuwithqup wnlw E wiljdwb pnpnp wlniattph hwdwp:

e Unwohti wiqud thnpdwpwpuljui  bpuwbwln] nundbwuppdl; E
obpUulkiuthjuljut Eplinygpeh wejuympmniip wgnpkiuqkiung hwpunugjus
ubdwwnhlj hinnly pjniptnh pyhun b yjyuwp pehoutpnid:

Yhpuwowljwh bywbwlympim iy
QbpUwdbjuwuhjuljuu  Epinyph  numdbwuhpnipmnitip juptnp  k

Yhpuntjhnipjut mkuwblpyniihg, pwth np obipdwihtt gpuphbtunubpp wnlju ku
gqpbipt pninp htnnily poptnujutt vwppwynpnudubpmd, npnlip g qquymt
mnnnpph JEkpulnnuunpnodwt bjuundwdp: Unbktwinunipyut gpewbtiwmljubipnid
unwgyus wpynibpubpp Jupnn i oquugnpéyly puquuphy uwppuynpnid-
ubipnud, huswhupp Lu pnnphu pwe hwynth hbnnily pmipbnujut Eypuubpp,
pdojuljut, nwqUuwlwut vwppuwynpnudubpp, phnklunnpubpp b wypi: Lwth-np
ohipUwlbjumthjuljut tpunypp wuyjdwiwynpjus b obpdwunpdwh gpunpbku-
ung, npp Gupkih b ounwbw) gulugus puup wypmiph dhengny (ophtwy
nyinbuwtikih (nyuh vhongnt), wmupw wy bwl upkih £ oginugnpst) inp nkuwlh
nhnklwnnputp unpuunbknt hwdwp:

Nurnyuimpmub tkplluugdusd hhiuljmt 1puk:

‘Uhkudwwnhl hinnily pympbinubpnid wbinh £ niubumd htnbkuuhymput quniuyw
wyuwyh pupuodwp uqbpny dwljudjws wnnpnhnuy hnup, npp wuydwbunp-
Jusb E gwnuquyph jlubdwudp ghpdwwiguinnudng:

Ukdunnpl  hbngml  pmpbnibpmd juqbpughl dwpwqupdui jwidwb
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ngqéujumpniip Utmd £ Jupgny unybup juqbpughtt thugh wuljdwt pninp
wtlynibutbph hwdwip:

Uqnpkuqtkuny bwpunugyws tbkdwinhly htnnil poipbnubpnid htwpuynp B
(uqbtpny dujusjws ghpdudbuutthjuljut kpinypubp:

Uoluunnuiiph Swduiyp
Unbtwpinumpnip punjugus b tkpuémpymihg, tpkp qniutbphg,

wdthnthnidhg b qpujutinipjut gwtlhg 87 hnnudubpny: Upjnwwnwtph punhwinp
Surduip Yuqunud £ 101 te, tkpunyuy 43 Wjwpubkpp:

Ushiunwph wuypnpughwb

Ushiwtnwiiph  hhdtwljutt  wpnynmiiptbpp  qhymgyl; & «Lwqbpught
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Ujuyhuny, wnbkiwjnuujut wopunwipmd nbuwut b thnpdwpupuljut
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oyunhluljut nsgdbujumpul, npp puguluymd b qduyhtt phtnwugmu
niikgnn juqbpuygpht thugh tnpdw) widwb phypnud, ghpdwdkhwth-
Juljub Ukhwuthqup wnlw £ wiljdwb pojnp wilymbtbkph huwdwp:
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§1.4-mu phpJwé E hinmy pympbnh dhwhiwpindwt wqun Eukpghwt
npu hwwnlnipniubpn:

§1.5-mu Juuwpdués Lt hbnmil] pmpbnubpnd Ynndunpnonudughe
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hwdwp, gnyg k npydty, np Epjne mkuwfh Ynndunpnonidugptt Ukjuwuhquubp Bu

13



nbnunpjus pyhun peoh nhuypmid punbuuhynipjut UkSwgdwip qnigpupug
Eypwith Ypu uvnnugynn dnip wuwnltph mbnp wewewimd k jntuwynp yuwnlbp:
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htnlwtpny dniknyubph Jipuynnuunpnomu sh Yupnn (hub: 40 ddwn qjugbph
hgnpmipjut b 3ud? Jubdwb qnpswlgh nbypnid jugbkpp dhwgubnig dkl
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Zhnlbwpup, tnyl ghpdwunhdwtughtt gqpunhtnp, husybtu twb obipdw-
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1ht Ynnpphtwnwljut hwdwlupgnud: Ninnnpnh Epkp p, @ b z pununphsutpp
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sin? (2) v? dn,, —sin(Z)cos(2) v?2 dn, +dn, +m, cos’ (Z)sin(Z) 1ot = 2
rr ot

VZ8n, +8n, +n, sin(Z)ﬁ = con,
r ot

npukn 8n,, 6n,, 80, -p nhpkiunph jununpoudibpt B, hwdwyuonuubo-

puip p, @ b Z ninnmpjniinbpny:
1
1.0 @ o, 0 28, - & +-8
V2 = (0 —(p—)], = 251753 2
p[ap(pap) az(paz)] M= <
P, Z 1 t-u tnpldwynpius ki htnlywy Yhpy,

2

P:£> z=2% 1= an

2L 2L 4yL

Ujuntn & ehpuudbmtuhjuljut hwmunwinnibubpt &, 6n.-p obipdudbhuwtp-
Julwl tpunyph hbnbwipny wnwewgus nhpklnnnph jpugnighs jannpnudi k:

8§3.4-mud méyky Lt nhpkjninph pununphsubph (6) hwjwuwpmdubph

hwdwljupgp Mathematica 8 dpugpujhti thwptph dvhengny htnlyw) vwhdwbwgh

wpwjdwbibkph phupod

t

- - -
dn((r=0,20),z,7) =dn(r,(z=0,L),1) =3 n(r,z,0)=0

Minnnpnh Epbp pununphstbph hwdwp unwgyly Bu pupijudnipjui
gpubhlutpp: dbpwlnnuunpnodwn  p b ¢ pununppsubpp mbktu hwljunwly
upwtiitp: Mwpqynmud t, np wyny JEpulnniunpnomudubpp dbsSnipjudp tny Jupgh
Eu: Quuyus uytt hwbiqudwpht, np z punqunphsp dh putth mwubyul wihqud dbs £
Ujniu tpyme punuinphsubkphg, gnyg E wpdl, np ug Gbpppmd sh nwthu ns-
géuum il Uky, kipp &wnwquypn unpuwy E puljuncd iniph Jpu:
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§3.5-mu phpylk] E oyynpljujut nyqduyimput hwpywpyp: Lwqbpught
Sunwquypp pulubng 28 Uhewdwyph Upuw, nsgduyhli thnpuqybgmpput uke k
Uintimu Jkpghihu htwn' thnjubiny tpu phdwi gmghsp: Uyy phljdwt gmghsh
thnthnjumpmiin  mnhn hwdbdwnwlwbt £ jugqbpughtt - Swnwquyph
huntuuhynipyuip: Zudbdwnwljuinput gopswihgp pinipugpmd gy
dbhiwthquny wwpwiwynpyws nsqébuwjumpiniip: P = 40 Udwn hqnpnipjudp
htijhnud - ubkntwghtt qnunnn fwnwququypp ogiiugnpdyty L nsqéujumpiniip b
pyhun  poonud bLppnpn wbuwlh  obpUwUkiwthjulwt  bpunyph ounphhy
wnpwowugwsd uUnjhklniyubph  JEpulnnlunpngnudp  qpuighint  hwdwp:  QOnunnn
wbunynp  wrwquyph thoh  hnhnjumpjut hwdwp uwnwgdlp £ hbnlyuyg
wpnwhwjnnpyip’

do £,0p

E ‘e—wave =

(cos Zcos” Bdn,, +sin Zon,, —cosZsinBcospdn,),  (7)

cncosfB
npunkn B-t wiljuwi whlymbh b, wp-t’ qningnn §wpwquyph swihp, n - p' phljdwl
gnighsp b &- nhlyEynpuljub pljupmbwympyub wihqnnpnuy hwb:

Gpl pEiuwt gnighsh thnthnjumpjut dwuhtt yunlbpugnud juqulinm
hwdwp oqulip A® =271LAn/A pwbwdlihg, npntn L - p pooh hwunnmpyniul L,
hull A-u qnupnn  Swnwquyph  wihph  Epjupmipmniip, wyw unwbwbp
An=0.4x107%: Nygdujimput gnpsulgh Yuhrjusmpymip phlijdwl gnighsh
thnthnjumpiniihg b hinkiupympyniihg nih hknlywy nbupp

g, = @ — 0.14ul¥/tpq,

npntn -t hunkbuhympymib E mo - o phljdwb gnighsp: Uyuwghuny, nysgdwyint pyub
gnpéwlhgp unyyt fupgh k, hs-np nidtn oyinhjujut nygdujunipju by poud:

§3.6-nud phuwn ppoh hwdwp (nsyky E nhpkljinnph hwjuuwpnudp nhljup-
njut §nnpphtnwljutt hwdwljupgnud, x b y mugnnipjniiibpny obpduyhtt gpu-
nhkunh wnjuympjut yuydwbbbtpoud: 8nyg b wipyk], np wyu Epnt gpunhtuwn-
utipp yEpunndunpnomu Eu nhpkljninpp hwjurwl mupnnipnitiutpnyg b wipyniu-
pnid wnwowtnid Bt inhpnyputp, npntn Ykpunnuiunpnynidp pugujuymud E jud
wykh thnpp £ h oinphhy dhgun kynijughtt mdtph:

§3.7-nud ubkpuyugyl] E pyhun pponid tppnpn nkuwlh gbpuwdbkjuwih-
Julwt btpunyph thopdwpupuluwit  nmunidbwuhpmpniip: @npdh  ujubdwb
ubpuyugyus t bl 2-mud: Bdhun peoh dpw jugbpuyht fwnwquyph unplug
wbluwb nhypnid Eyputth Jpu nhundl) Eu onuljukp, hugp Jiumu k juqbpughl
Swnwiquyph b hinmly pnipinuju dhowguph dhol nggduhtt thnpuwgnbgnipjut
dwuht: Udkh Uk Jepulnndunpnonid nndky k peoh wyt mhpnypbkpnud, npuinkn
oipuwunhywth gpunhbnp Uks b Zupnbwpbpjus tpinyph nndinpnynudught
punypl wwyugmgnud t wjt thwuwnp, np qniquhbtn phbknwugmghsubph dhol
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