Lo M390ML B9dbozm@o mboggMliodgdo

bgbsfgMob MRwgdom

dbg30b56 39396509

3560 EMboligmeo Lombol Lslisbmz®m Bgbo

©MJGHMOOL 53500930M0 bsGOLbOL Imbodmz9dws©
0909600 olgMHE o300l

53 MmM9gxngds@o

®doolio
2016 Hgro



LodmPom g9 gdME0S BodsMMNZ39wmb 39dbozmmo »bogzgdlo@g@ol
b23dgbgderm Bo3GIO®I
Lo0bgobO™  dgdobozols  @s  8dgbgdEmdol  BHgdbozmeo  9du3gdEGHOBOL

©93503>39b&H0

L5993b0gMH™ bgeddmgzsbgwo: BoB-sm. d9336. KMmdEH™Oo,
36OHMRgL@EOO K. JoM0godg

530b-dsm. 393b. 396osE0,
5390090099600 EMIGHMM0, 3OMBILMEOO
%b. 3ogjodzomo

©9395%963H900: B0B-Tom. d9;36. 396COIE0, 535009d0MHO MIEHMGO,
36OMxzgLeMOO . xodody

50b-dsm. 393b. 396C0WIE0, 535009800 MJEGMOO,
36xz9LMOOo 3. 3vEJo®mody

@533 d9pq0s 2016  {igwols  T------ T e , e Loosnbg

Logomzgerml  39dbozmmo  Mbogzgdlodgdol  1sddgbgdwrm  Bs3MEEHIEOL
LoOLYIOESEOM LY FML LbEMdsby.

I 30063790, 99OGHMOM0S

doLsdsemo: 0175, mdowolo, 3mbEoegsol 72.

oLYOES300L 453bMds F90dwgds bE¥)-b dOdOMmMY35d0,

b 53GMOIBIOGHOL - B3N EHIGOL 3903390©DY

LoEOLYOEI30M LSO FmU
LHog3ereno 303960 Q. 9053509



Bsdm@Aols BMas@O EIbOLOSMYDS

09d0L 5B Meemds.  5MmBoEHMbolgMmo  Lombggdol  obgdoms
3960mbDMB0gMqdolL godm33wg3s o 360d369cmdsls 0dgbl 88969d¢md5do
(30039900, obmbondo), dM9H39wmdsLs (BgGowMyos) s G9dbozsdo
5boewo oboggdol 94abols s GoMm™ 35dmygbgdolismzol; s1g3g Lbgoolibgs
d0MEMPO)OH0  4oM9gdml  gLobogars  MHMYMMHGd0Ess  Lobbero, odxgol
©0b9ds.

Jodomemo 3M9fH300mdOL  Idwsgz®mds  2ob30005M9d5T, A5BLHIMMGOOM
boewo  39dbmermyoqgdol  99FMsd  Loddgbgderm  sliognrgdols  dggdbsdo,
OMaM90035  bbgoobbgs  ©@sbodbmgdol  sbogro  Godob  Lymgdsgzgdo,
3¢0bB ool godmygbgds M350 odommvengdom, [obs 3wsbbg Fodmfoos
3M5bomEBHMmbolbgmwo  Lombggdols  FMmIGSMdOL 3309301 YMOOVE-
36543030 s1399dEGHgdol, 3960dm© 30MME0bsd03MEMO  BobolosmgdEgdol
(OMamOH00355  Lombols bsbbo  390gbyg, Lolsbegzmm  ggbols  Loldol
©53965, 9MIM5MdOL  LoRJs®OL 253w gbs,  AMLAM©Ybso  Lbgmagdols
39:mb30L s 495Mmb30L 2om3500olHobgds s 5.9.) F90M33935 s Tgbfogams.

30560 EBHMbolbgo  Lombggdol  ©obgdol  Jglfogerol  ®sdgbodg
doaMds  sMLYOMBL:  30M39wo  —  BoDBogMMO  Jodool  L3gEoswroliGo
3M5bomEBHMmbolbgmwo  Lombggdol  Ji3g35L blbol Lombols RoBozMMo s
Jo3om6o 30999006 258mdE0bsY, FgMMY - FomgBoEH0IMNEM-MIJMEWMY0IMHO
domdoo 0435905 8909000 MO0, Fod™d MJoErMmdLmB Josbermazgdveo
o935¢03196M0 IM©IE0o, ®MmIgeois g9mHbmds 30Mm©0bsdozol dJoMHomo©
3606303905 s 30YMIGOL s 3ol 9989y TgolHogwgds s boliosmgds
5L9dwo Lombol 3930l Ms30L9dMmM9d9d0.

50560 EBHMbolgo Lombggdol obgdoms Fglfogers AobLOIMMEOIBOM
Lo0BEBHIOIMS  LobdBM3zO™m B9bdo  ™Msz30LvGBsEo  3mbBgzgdzool  sOLYdIMBdOL
30609330, MHMmOgLsE LoMbOL  gargd@OHMAIBHIMJIWMOOL  3m95303096G0
033905  LoBJotol  dobgzom,  OmameE  LBEsgombsGmwo, ol
3M5LGH930MbIMMEO 0bgdOLIMZ0U.



d3bEGH0 LomMbygdol HOB030 396906MH030 3mb39J300l AodM 3319390l
©509ggdsol Lomogg ©ogm Aobvemo bsm3mbols 60-0560 {ergdol sbshyoldo,
0935 063 9bLoMEMs© g 53m39BYBO Fob3oMMIs 80-056 fergddo. batrolbmgsbo
Lombobsmzol dlobglizol JogH LIMO  53BHMIMPIMOO  5FM3569d0L
d0sbEmgdomo  5dmblibgdol dowgdols Fglodrgdermdsls sbserobo  gow3gmaL
LBy g39MTs 06FHIYMI MM FgomPOom, bmerm Bo@3sblgbds, s wo
509L3s  XAMBOS  MIMOO0L  A9TMYJbgdom.  2odM33wg350  3bs3ym, ©MI
933™IMOgmds ((O3030 X3MBoLsmz0l) dgladwgdgeos dbmerm@ 35306,
GG B93060L B3a3gMeBMcs 033wgds x 7 356mBom. L30MIwEHO
X 31530L 99000b3930L5030L 93GHMIMOIEMdS 9)dgdIE0s.

boseobbmgsbo  Lombol  mogolwgsewo  3mbzgdaowm®o  ©obgdols
3990330939000 256300560930L5m30L 0O 360d36gEMds 3Jmbs s3M03MLOL
399033009390L.  dsLTo  30MZ3gWOE©  A9IMOEs  SBOIZGHMGHMMO  LolobOIOM
1960L 0gs 08 Lombgmomzol, MHMIGELMS3 Fo9BRb0sm IMbEEHWOL ©OEOo
(oEbgzo. 98 0@9ed 9630msMgds 33Mm3s Moy IOMIZEdo s Lblssolibgs
Lbgmems  BobErmdmdsdo  0BMmmgMHIMwo  Bgs30M0LsM30L RG0S
0530LGBoo  3mb3zgdEool  sdmEsboms  sbosewobo. 83 490m33e93900L
910G I00 IIBEHOGOIM 0dbs 9Ju3dgMm0dgbG s 9dgMol, 35Bodols
©5 Y mdol Jog6.

0©Jg5¢M0 Lombol 0bgdolL 56 F30MHgE dEsbEHo Lombol obgdols
Ao, H™IgELsg bdoMs 094969396 Lombggdols s obgdol dgdsbozsdo
0doLom3z0lL, MHMI 356033909 0sbErMmgdsdo o530l F9dmmogz5Hgdvew
356@Mgdsms Mo LobEGHIIoL SIMbLbS, 350E0bsEs© goblblzszwgds
30560 EBHMmbolgmwo Lombggdol obgdol dmEgolsysh. 3Ebmdowos, GMJ
doMoms©  LoOMMgl  HoMTIMOEAIBL  LodEsbEg, G™Igwos  9IM3L
36035 MHO 3Ho3ol IMdMsmdL, MMIWol 45035¢0obfiobgds bgds Greaymes
330M9© 3sbE0, 0bY Aoy dsbEHO Lombggdol dgdmbgggzsdo, dbmem od
3oblbgoggdom, ®md  3oMzge  Jgdmbggzsdo  sLgmo  ©obgds  5EHIMYOL
BLBMEYEHMOI©  JEYM©  bslosml, bmeom  dgmeg  dgdmbggzsdo ol



539bMMFOL LOMLOL 2oISAO0GOL s J9FMYMBOE0 gbgMY0s ASIOL
LomdMO 9bgMyosdo.

3M5bomEBHMmbolbgmwo  Loobggdol  ©obgdols  dglHogwrolisl,  dsomo
LOBEOBEOLS O 3eOlGO3MYOMOOL BMBIdOID 45dMTEOBsMY ABLOIMIMGdOM
L50BEBHIOILMS LbgmEol godlEboLLl LolsBE3MM 73gbsdo s®IMo bsbwybols
doengdob 9oz, H™BwgdoE 30603060 353060305 d3M0L LoRJsMGLMLb.

1530bol LOOMIOEIL 25dMIEOBEY, 53 30MHMDYdOL glHogersls s
399m 33935l d0gdm3bs obgmo (36mdoo 393b0gMgdol IOHMTGdO, HMYMMHGdOEYS:
SLBHMOGS ©.3., 56MPBo ©.5., Mgobgeo 9., Jgwdsbo b.3., Mo 3obbmbo v).q.,
deobBobao ., LgdoLo @&., 3MgEIMYY 3., 09693 M.c., F509OLO ©3.9., F>BM 5.0.,
WwMmo0sbl3o .y, 390D @.9. ©s ULbggdo. ULods@omggwwmdo o3 s dob
dmbsmgliogg Lo30mMbgdBY godmd39969d0s ©@. WMEP0dobl, b. }XMmMdYBsdol, §.
599L5dol, K. o60dsdol, . sHTS0RIMTZ300l 0. }¥0Jodol, d. 3i3do®odol
dm™I900.

Bod®mdols 3obsbo. LoolgMEHsEom bsdMMdol JoBsbl [omdmoygbls
5M560B™MbolgMmo  Lombggdol  LoloBP3OM  ggbol  Jqlfogws, GMAMEOS
LEHOEOMBIOMEO, 0l  IMLESEOMbIOMO  ObgdOLLL,  GmEs  Lomby
99 GHOMASTEHIM05 QS SPPO0L0 5J3L MO30LMGsw 3mbB39dE0sb.

53 30Bbol Joboe(g3500 659OMITo EILIME0s s STMbLBo oS F9dga0
59m396900:

e  ULbgmgdol LEHEoMbsGIMEo 25MLEgbs BsMOLbMmgzsbo desb@o w34ddo
3993960 Lomboom.

e  Lbgmgdol 2smLIbs 9MLESE0MbIOWO  9egdBHM™YsEIM0 dIbEO
329990 LoMbOM, MIMYS390L o35 olobgdoo.

e LYLAHIE IGO0 bomOlbMzsbo Lombol mogolwaswo 3mbzgdisos gobog

dogbod® 39w do.

33@930L  md0gdBHo @o Logsbo. 33awg30L  mdogdAHL  FoMdmoygbl
5560 EBHMboligmeo Lombggdol obgdol dglfogers LolsBEzMM sdobsdyew

039630; Losbo - 9MB0BHMbOLgMWo Lombol oMol sdmEsbgdo, Mm3s



Lombyg 9egdBHO™aod@ o605 @S LalsHw3zmm ggbdo 500 5d3L Mog30LwMes

3™b39J30sL.

33w930L  GgmEgdo.  LooLYOEGs30Mm  BIdMMIOL  MgMOOoME  ©
3900MMEM0H BoxgYdzws@ godmygbgdmwos dgsb@o w37ddo Lombol
dm9geo. 5M5BomEHMbobgMe Lombggddo LodWIBE) ITMI0WIIME0s 56
dbmwm  39339MsGH ey s 693519, 9699 oLy FodBHmMmgdbY,
QMM900(359 IMdOSMOOL IBRMOT5300L LoBJs6Y, 909gamL 3MBLEOWMJE0MWwo
0530190916 90900, M™MIgedoi 099mxygds Loobg s Lombol ©obgdol Fobs
oLEMM0s.  LELYDBEZO™ BBl 59  LoMbol  FMIMIMBIBY  LOdWSHEOL
39320b> 893300005 RTILgOILZYND > LOMbY BIZNZIW MR ORI IOIQ.
Sbgmo  dmEgErolomgol  dgddbowro  Fsabo@mmo  3oMHM©Oobsdozol
396@GMgdsm5 5MfiOM53030 LOLEHGIS Bo3ToMm® MO 5FMLEbLBYE0s; sd0EH™I
3900530035000 MQobBMmIowgdm LoOYJdHBY s F0PIdMo 39MIMHoMIMY-
0MEg00sb 0B MIbE0sMG  ABBHMGdsMs  LOLEHGIL  LolsDEIOM
3060093096 9MHmo 3bLBOM MbMBbMBdOMO FosbEMgdols gmm©oo.

Lsdg3bogMm Losbeng LoolgMEsEoM b5dMMAol Fgwgagd0L dg3boghmero
Looberg 8gmds®mgmdl 3mgwgdols s 39mMEYdol sd+)dsggdsdo; 39MIME
33X9©O0  99dEHOMYPSTEHIMGOCMOOL  2om35¢0lobgdom  93BHMIM©ILMMO
©06900L 99dmbgz935d0 LI 5FM3569d0 STMbLBOOS MIBIMIBMdOM
d0sbeEmgdols s 0b@HgMsMo Igom@ol godmygbgdom. bsdmgbo BmLEO
50mblbgdo, §oMIMoaabl ©IMM300989 MgMOOVIE S  PodmYgbgdom
06@96mqLL. Bom0 godmygbgds glisdergdgeros 51939 3odMmmM3Erol dosbErmgdomo
3d900MmEOL  52900L5mM308 S oGO  FoMgIdE0ZMNMO S BODBOZMOO
058390900 899mdgdolomz0b.

300900 39093900 990dEgds 359mygbgdeo odbsls Abasglbo Godol
365JGH03Mw00 59m 356900l gosliafiyz9@o.

6odGMmAol  3MsgBHozmmo  360d3zbgemds.  domgdmwo  F9gagd0L
3659d3H03Mwo 860d369gwmds 8amdstgmdl 0dsdo, M™I obobo Lsdrswgdsl
0d93s  Loombol  9egdBHMmsd@smgdemdol  Lbgsslibgs  35M05300LSL



399mM300o 0ol LolobEgmm  1qboll  Lolidg;  Lombol  odsdwye-
©IBMOHI0MGOM0  dEYMIsMIMBOLIL BYI30MHwo bobmboll ooy s
o3 000035605, ©YI60o 0dbsli Jsabo@MMo 390l as3agbs Lolisbrzmm
13960L Loldqby.

39093900  259mygbgdol LxgMm 2sblsbEzGWWos 0dom, MM Jomo
3o0mygbgds  MgoMo  Iglodergdgeos  MGMMOMWO S 3MdEH03Mwo
590396900 4505L5)Y39G 9 LBEosE BBZOILbZS IMATO. dogy. FF9bgdEMdSTo
(093H™bobL 656930L BHGBLEMOEGHMYdS B0 gdT0), 9B IMHR0580  (odbso
@ommbols GMmBL3MOGH0MYdS) s 5.0.

do60moo Lsdg3bogMm 33303909 gdgd0L LsbMMdS.

LoobyOGHs30om  BsdMMIdo  Jogdmwos  doMomso  Lsdgabogm
©909g3900 @5 BIMYs0dgdwo 1336900l LsbmMds M HOMBlgEym-
3005 080m, MMA
® Y395 9990 F0PGIMW0s osHBMGIMo ©sd398900Ls s FgMEOIdOL

bo3dz9 by, HMId0E G FoRBIMW0s LHTSONE06I.
o 250mBGHsbowo  mgmMommo  ©s133bgd00  F9gIMGOMOs  JoOMZgX
mbmger 33309350ms (36MdO 39092900b.

B5dH@A0L 53HMDS305. LOOLYMESEOM bITOMIOL, MMAMEMF (390 3JML0,
obg doMOMs©O  F99agd0  dmbligbgdmeos  LoMmd@HMEOM  3OHMYMIT0m
3o0350Lfobgdme ™  BgdobsHdy s Lodo®mzgerml  3gdbozm®o
160390L0GIGHOL  LAHMIPEGHS  ©O  OMIGHMOBGHDMS  ©os  LsTgboghHm
306%396M96305%g 2015 §f. g9 3oLy, LoEolLgMESE0M 65HMAoL dJobgwzom
3990939969005 6 Lsdg3609M™ FOMIs.

B53mMmAol LEGHMNYIGHMOS ©S BMEFMEEMBS: EOLYOESEOOL LAHOYIEGHIOS
39bLsBOZOME0s 3309308 OLIMEO HTM3DJO0 S WILOIbYIEO FoBbYdO.
030 89905  dglogoerol, Lsdo  ™s30L,  JoMOMsO  EIL336gdOLS o
39590g9gbgdo 0@ IMsGHMMOLOYSD. Loolgh@szom bsddmdo dgoiEegl
33960, 12 BobIBL, o@HgMo@ Mol Bsdmbsmzseo G90393L 77 olabgegdsl.

©oLgOES300L BLEGHMIGHWOMEO JOHJMEGdOL F0bssMLO SbgmOs.



dgbogsemdo  olvdMMYdM0s  LoolgMOGs3om  658GMAol  0mgdol
593G MdY, Bo8MYs¢er0d9dw0s 33e09350m9 30Hb6gd0 s oMo 5dM3969d0;
©oLFMOo  5dM356900L 5458y 9MLYIMWO sMbLBOL dgMmEIdo s oo
R0D03MO0  0bBHIM3MYBHO(309, ©OLYMOEHE05d0  358mMmYygbgdEo  dOMOMSEO
2396@MWgdgd0 @5 Bomo LolLDBPIOHM J0MHMDYd0; OLSEIZ9©  JoTMGHsboo
©JOMg0gd0 @5 Bomo 3MdE03Mewo 360d3bgumds, 1939 obbomEos

39390 353900L IM3eg F0bs5MLO S WO FHIMIGHMOL dodmbogngs.
30639 5300 dosbemgdomo  dgmmEom  sdmblbowos  (33¢00

999 GHOMPFEMGOMO0L IJmbg LgliEoAsd@sMo 9653499335000 bamolbmgsbo
5560 EBHMbolgeo LomMbol IMdMSMBdOL LEHOEOMbIOEO STMEIbgdO.

dgmeg o300  99Mm33gM0s  5653MITZ00  LLBOREBHM0
56560mEBMboLYMEo LoMbOL sMIBESEOMBIOIEO BMIMSMOOL STMEsbgdo. 5T
0530l 30039 35M53M583d0 TGufogwrowos sMHs60EH™Mbolgmwo boGolbmgsbo
Lombol LobsBzm™m Bgbol sMLESEOMbIMMo 53M390s, BMPgLyE bLombols
909JGHOMASTBHIMJOWMOS T = GO(I_UEJ LolobEgmm  ggbsdo  Lombols

LoRJoMOL (330505 s FoLO 53MBILLBO FoMdOs FoSHEPMGIOMNO FGOMPO.
d9gmMg  356MMoxdo  GgLfagerowos  LoMBdMASHEYIOL  gomzserolfjobgdom
L9L3OAGM0 batolbMgsb0 desbEo Lombol BOMBOEOL SMLEEOMBIGWMEO

390LEYbs, MMmEILss LBombol  gugd@MmMYSIBHIMJOWMds o = 00(1 - ULJ

33505, Iglodg  3oMMmoxdo  653mgbos  M8gbodg  93GHMIM©YMEO
59m3sbols  53mboblbo, MMAWgdoE gbgds M990 BHIO BoOROGHId0 Lombols
3950b30L  gom35¢oljobgdom  sMbomEHMbolgmmo  Lombol  ©obgdsl,
Omdgwog  9dmOBogds  MJMEmaool  bsMobbmgob  356mbl, 98539 ©O™UL
39035¢0l{0bgdw0s LOMOMYSS(393S QS dooBbggo, (OluYs)
99dBHOMPBHMPOw™dS =, U"" Lobolss. 58 53mbsblbgdl sdgm dmdcmsgo

GOS0 Egdol  Lboby, MMIgWms BOMbEO 3MEIEYds  9MJIML  IIOSMOOL
LoRds®0oUl, LomMboOL A9Mb30L oMM gdOm.



dglsdg 05330 gobobowgds  gargdBHMMYSIBHM0  9MboMEMbolgmo
bseobbmgsbo  Lombol  mogolmgswo  3mbzgdsom®o  ©obgdol  sdmEsbs,
OMEILYE o 9w9dGMRSTBHIMIOEMOOL  (33C0GdS  QOTMIOWIOIMW0S
LoboBezdm ggbsdo Lomboli LoBds®mgbyg. 8 ™o30L 3039  356oMoxdo
d9LPo300s  3MEHIF0MbIOMo 3mb39]30MM0 ©0bgds 03 Fgdmbggzsdo,
Omgs o=0c,U", m=0 s 30093905 5dmbsblbo dosbgrmgdomo dgommom,
boem  dgmMg  3o6M0Moxdo  LBEIEombsGywo  3mb39d30mo  obgds
39003090 06EgAMMMO FgOMPOm, HMmEILsg o =o,U”.

39630bowmm 1533505303530  65dOMTOL  Fobss®lo  YEGITMMO©
053900L dobg3z00m.

30639 15380 30boEIs3m 5M60EHMbOLYMO bsGolbmgsbo

azao(l—Uij , m>0, (1)

33W9©0  99JdGOMASTBHIMGOWMOOL  BLBoEd@IM0 565303500
03bBH0 Loobols LEsEoMmbsmwMe sTMEsbsL; 3mb3MgE M 2sbbowrmeos
Lbgweols BEsEombs®emo 2s®mligbs bosMolbbmgsbo dersb@Ho 3330 Lombom,
OMIol bLobdstg MLOLOYMdSTo SOOL U (x), bogom U 5ol Lolsbdogtm
139630 Lombob Lohds®g.

LoloBEZOM B9IBOL yz9ws FobolinsmMgdErol L5d0GdIsE ZLIMYJOIMOM
LoloBEZOM  ggbol  LEOMo Lobdol @Ebgdom. o6y LolsdEzdm  ggbols
d0M0MQ© PobEHMEgd9dL 593L Loby

n-1 P P
U,y 2U _nK|oU[" U _10P oB', oB )
o pla| & pax p p
P _o, Y,y 3)
oy ox Oy

0 B53m3mom, ®md E =0 ©5 3530035e0bfobgd0, Gmd

B? B
U 8Uw=_l6_P_am u, o, E. @)

© ox p Ox Yo, Yol

35306 (2) sy gos0HgMgds



Ua_UWa_U:ﬂ(

-— —-U,—+
oy oy dx

2 m m
+O-OB 1_£ _@ 1_£ . (5)
p U, p U,

ou\"' U du
ox oy p

x'zi, y :XReHn , V!__ReH—n
L L U

U Vo i

U’:E, (I):_DO’ VO'__OReHn’
V U U
1 r -
5’ :_RelJrn , TI :_L”Re l+n ,

L KU"

35306 30300900 (079 9BHG0obgdl IM35309dm)
ou ov

- 4+ =
ox Oy

2 n-1 m
SECRVRTANC BN T RS A
Ox oy dx oy oy ()

:cpdi’m(az(z]j(a_UJn +M®|:(1—gjm+ —(1—gjm}MK(1—gjm, ™)
d Lot \ oy ® ‘D @

2
Oy

0, (6)

bogog M = L 5oL 33 MOMN0gMHMJd9gd0L 3m950(309063)0.

50 9900b393590 LollsBOzO™ 30MMdJIL 5g300 Loby
Ux,00=0, V(x,0)=V,(x),
U(x,0) = D(x). (8)
0¢) 99930396 ©9bol Bxbjzosl Y (x,y), 3sdob

G R |

U=—-, =——.
oy ox

(7) LoLEFHYFI0IE @S (8) LOLLYBEZMM 306MHMdYd0E6 Y (x,y) ©9bol

1369 300LM30L 030090 256E MOl

(ahpj"'l 0¥ 09 ¥ dp W

n —_—_— e —
oy’ oy Oy oxdy oOx oy’

10



m m+l
—CDdE'f‘M(D _ia_(D — 1_ia_(0 R (9)
dx @ Oy @ oy

8‘{’(;)6, J/) =0, aa_‘P — _VO (X) ,

Y y=0 X y=0

N o). (10)
o) -

(9), (10) 58m3560L 53Mbsblbo 39d9dmm F0dY3zMMdOoMO Fosbermgdol
3900Mom. 530LsM30L FgIM30EBM™  LolsbBEZOM ggbols LsbOo Loldq
0(x), 030 @5b3LsBOZIOM® LsLIBOZIOM GBgbol ASLHIM030 LOBRJSGOL oMy
6535000l LoBJs09d0 FEMMYE A5LZEOL 30OHMBOWID

ou o'y
o’

=0. (11)

y=6(x)

LoloBEgOM  ggbol  MEbmdo  Logobg o(x)  gobglobrzdmem (11)
306MM005b. J(x) -0l goblolisbm3zMog50 33976905 39bEHMEgds

d5n+1

30" _16M }5“1 30D s ()@, (12)

+(n +l)[F— Ol

doMado  9BGHMgds  O(x)-0b 0T  SMHOBRO0Z05  (33¢SO
30958030963 90000 5 oo s3mblbs Bmas Fgmbgg35d0 939539060 ME0s
O 50935303296 LOOMIEXGJOIMB.

3obg30bowsgm  M399bodg  39Mdm  Jgdmnbzgzsl, MmEglsg  (12)-ob
59mboblbo 90dwgds dowgdme 0dbgl 3bso Lsboo.

L V,(x)=ad(x); 1L V,(x)= /5" (x); L Vo(x):—%wa(x).

v, 2@ _ec1: vy =22 ars s 4 g — MO
D(x) 4(n+1) H

VL. V, = const .

000MJ)00 53 §9dmbg930Lsm30L JogdmE0s LalsHLzmmM Bqgbols s
dgmob bsbubols sdsd)eMdOL 98mLsmM3EgEo BMEOTMEd0, dsqsoms III
39d0bg930L5m30L, OmEs @ = const , LLLSDBYZOM 73gbol Lobdg GHMeos

1 1

S(x) =[8n(n+1)®@" 2] xm (13)

11



boeom 7 bobmbols odsdermdolbmzgol 435d3L 3odmUabumegds

r= (fj [8n(n+ 1)<I>"’3x]_”“[1 PCIURDY e ’”)Mx} .
3 HO

O3 7 =1 HBHMBOL EdsdMWMBSL goblibgsggdmwo m-9dolmzol 9dbgds

Loby:

3
(7], = 2[0,333 + 0,666@} ,
X ()

3
(7], :O,3331/—CD ,
X

(7], = 23[0,333 - 0,166%} .
X @
9L 603653, ™I Mm-ob obBOHom bobmbo 999300 ds.
dgmMg  ms3do  obbowmwos  sMsbomEmbolgmo  Lombol
3M5LEOE0MbIOMo  FopboBM30MME0bsdnzMHo  ©0bgdy; JgMdme § 1-do
396bOEM0s  HMVBEIEOMBIOME0  BslsbM3mm 39bo, OHMES  9EgdEOMPSOES-
90MdoL 30998303096G0 FoMdmoy0bgds (1) Lsbom (R, <<1). bs®olbbmgsbo

036E0 LoMbOL LELLBEZMM BgbOL JOMOMSWO JI6EHMWYGDId0S

oU aU aU  10P nk(azUJ(ﬁUJ”I_O'BZU 14

— U —+V =t —| — | —
ot ox oy pox pl oy oy P

2
oU,, ‘UL oU,, :_la_P_O'wB U (15)
ot ox L Ox P

=0, (16)

0] (1) Bogligodo m3965b3690 LobGHgdob 306039 ME obEGHM@gdsdo

d030090m
2 n—1 m
8—U+U8—U+V8—U:ﬁ éli v +8U°°+UOO—NU1—i . (17)
ot ox v ploy? | oy ot U,
2
og]N:ﬁ.
P

m3bmdds U s V gmbd3ogods mbos @o530symzowmmb 8990
306d9d0:

12



U(x,0,t)=0, V(x,0,t)=V,(x,1),
U(x,0,t)=U_(x,t). (18)

@960l B6J3z00L F9dmEsboom

U:Ei_‘P,Vz_a_‘I” (19)
oy ox

(16), (17) 2569098056 @960l B31bJz00LsmM30L 030090m FobEHMgdsl

ﬁ(az\yja“{' Y oYY o¥aY

p\ oy oy’ ovor oy oxoy  ox oy
m m+l1
ULy, aUMNU{l_La_‘PJ _(l_ﬁ_‘f'] 20)
ot dy U, oy U, oy
@5 LOELLDWIOHM 306OHMBYOL
o¥ -0, = i s =U_(x,1). (21)
ay y=0 ay y=0©

(20) o (21) 59mE3s60L 5IMbsbLBO 39d90Mmm 80dEg3OMdOMO Josbermgdol
3900Mom. 53oLom30l F9dm30EHBMm LolLBEO3OM 79gbol ,Lslitrmeo bolidg*
o(x,t), MHmIgwog XIOXIOMO0m 3bmdo Gmbd3oss ©s Imzombmgmo
306t0930L JglmEgds 565 MLolOMEMdST0, 50539 J(x,t) dsbdowby. d5d0b
33996905 LobisBOzm™ 3063900

ks =U,(x,1). (22)
&y y=0(x,t)
LoboBOzmm 39gbol wEbmdo Loldg o(x,f) gobgLsbrzmmm J0OHMdOWID
2
8_U:8 T:O,ﬁ)mgo y=0(x,t).
o

9b65EMa0MGe©, MmamM3 fobs mogdo  asbgobowrmm  ®odwgbodg
09000bg935,  LOLLYDBEZO™  B3bol  LolLol  4obLEBOZOOLIMZOL  Fglsdsdols
LolBEZOM 306HMdYdT0

1 aé‘rﬁ—l UOO aé‘rﬁl
J— +_

6 ot 16 ox

1 a ianc E 5n+l_
12 ot 16 ox H

+(n +1)[——an +

_ n(n+1) K

1
U+ ﬂjV D" 23
U (4 o (x,1) (23)

13



OMIgdLsg 996905 5dmbsblbo 3bso Lobom. FJowgdmwro sdmbsblbgdo o
BoG9690ME0 330935 09935 Bodwoegdsl obloBzMme 0dbsl B39bols bLoldy
@S 0 50dOMEo  Bgs3oOwo  bsbumbol  3mgx03096G0L  Mosbgzomo
96003369 mds.

396y 3569305800 2obobogds  LLBeAIBHIM0  boGolbmgsbo
03bEH0 3330 Lomboom bgyeols sMBLESEFOMbIMO F5MLEIBOL sdm35bs
00MA99390L  om35¢0Lobgdom. (33wEO  JegdBHOMYFEIMGIMdS (1)
Loboboss.  Mgobmelols dsgbodmMo Mosbzol dgocg 3608369 mdolmgol

33993V 99900930 396GHMgdsms LobEgds

2 n-l 2
W,y U _nR(OUYU)" 1oP o8 24)
ot ay pLy Ny pox p
P _y. (25)
oy

2
8Uw:_l8_P_UOB U 26)
ot L Ox P
P n+l

a—T+Vo(t)a—T:aa€+ R |6U . (27)
ot v ' pC, | o

0 (1)-b 9930&9bo (24)-do 9 (26)-80, J03009d0:

oU dU,
— =
oy ot

=1 _,
ﬁ(@Uj U _U b

p oy oy ot

+NU{(1£] _(I_LJ ] 08)
U, U,

2
o,B

P

bogosg N =

M3bmdg00s BoBJotg U(y,t) ©s (H9gdd396sdMs T(y,t); boombol bszso

5305945300 gdl 99999 LolsDBEZMM 306MHMBYBL:

omas y=0  Uyt)=0 (29)
Gogs y=0  Uy,n=U,()
@M =0 T =T, =const,

ICT I 0 (30)
Omgs y=o0, T=T,.

14



(28) s (29) 58mEsBOL 53Mbsblbo 39d90Mmm F0dY3OMBOMO Fosbermadol
3900mom. 899Mm30396mm  LolsDdzmMm 89bol LoOmo Loldg () s

LoLOMEo LoMdMMO bobdg O, (), GMIwgdog TgbodsdoLOE A6OLIHBLZMYIO06

3061900 sb:
a—Uzo,ﬁ)mgo y=0(t); a—Tzo,ﬁ)mgb y=0,(). (31)
oy oy

B905306099000 bsbybols 9dsdEMdOLMZ0L 0GOS 25TMbbIgds

U
oy

T=R

§ nRU™\3 dt 6 dt

n n-1
:R{$+ ps [éde JUod s

y=0

VU,  NUS H . 32)
2 (m+2)—(m+3)

beeom boboBE3O® 53960l LoliJob AsTMBsmzeEgEs J0MIOME0s

i5n+1+n+l[ianO®_l2N}5n+l _3(n+1)

V.(O)S" +3v(n+ 1)U . 33
7 ny T, o () v(n+1)U7 (33)

50  Jgdmbggzsdo  gobbovyemo  s3mEsbgdol  s3mblbsl  39dgdm
B90m0b0dbmeols Aboglio, 300d35m, gogmbzol Lobds@gs V() =C,0(f) ©s

U, (t) = const, 35806

Urtfer —1]. (34)

5n+1 (t) — 3V. 5\’;+ 1)

bobmbols 3mgz303096¢)0 8306y Mt -bomzol 0dbgds

1

" el -
[Cf]”°:2[§j 5 R [1—2n+sclnt—n—Nt+..}t mtl
: 2) | pU[3n(n+1)]" 4 2

[C, 1 = /#[1,229—2,143clt—0,613Nt+...+],

[C, 115 = .| k —[2,779-12,505¢,t = 2,779Nt+...+],
pU_ t

[C, 1" = /%[1,225 —2143¢,t—035TNt+...+],

[C, 172 = /#[1,225—2,143clt—0,224Nt+...+] :

15



1

: i i
[C) ]y = 2@) K -[1— 2n+3 nclt} =)
- 2) | pUZ Gr(n+ 1)y’ 4

[C) 1 > 1€ ) [C)Lhmo <[Cy Lo (€ Iv0 > 1€ Tnso-

5990096 BBL, MHMA (1) 9e9dBHOMPSTEHIMGOMOOL 3mgR03095EHOL dJmby
Loombom  dOGHYJo  ROOROGHOL  oMLEgbolsl  bobrmbol  3mgxz03096G0
330M©Y0s, BMAMOE 35gboG Mo 390l QoBOEOm, sLg3g 1 -0l JoHBOOm,

a

boeom V() = 50

-0l 253HDMOm 0DBMHYdS.
R U n+l
21939, ) V(1) = —(—‘”j 07 9009dos 3930060 § ©s I, -b
pC,0\ &
dmOob.

o _ a2
== (Pr+ 2aj(1 Nt). (35)

T

B50QBaG BB, ®M 5/5, B30MEYDS B3aBOGIOO 390l FIBOEO.
d9L53g 356AMRT0 gobobogds sMbOWEHMbOLYMEo dBsMo Lombols
933™AMEIMH0  59Mm390s  BLomMdMYsO3gdoL  domzswolfobgdom. dzmol T

53500 MdLS S LoBJo®ols %—U 2650096 dmMob dMEHYgEro IMIGSMdOL
i

d9dmbgg35d0 593L Lobg

"ou
EX
LoOE R 5 1 o6dml MHgmEma0w®0 399000039305, 3MZL0m, OHMI (33¢09Q

999 GHOMASTEIMGOMDSL 593L Loby
c=oc,U"", m>1. (37)

U
oy

T=R , n>0. (36)

690bmlol 906y Mosbgzgdolbomgol, g.0. Re, <<1 9obGHmegdqdo,
OMIgdog  s0fgMgb  9MLEIE30MbIM  ObJdL s MIMEZSL 45603
35abo@we  39do, ©OLO3SEOMMO  LOMOMYSTMYMABOL  Yomzsolobgdom
M3®5009bEGHM 83 J9000b3z935d0, Bs0fgcmqds sg

v + V(t)a—U =a
ot oy oy

olleu["eu | o8t 38
| | p

16



n+l

2
oT v 0T a , (39)

—+V(t)a—T= —t—
ot oy pC, " C,

U
Oy

Logois a = R , U(p,t) 560L bombols ©obgdol LoBJstg, T(y,t) GH9d3gcmo@«ds.
P
) (37) Bogligoom (38)-do

W U2
ot oy oy

n—1
a—U] ~NU", (40)
oy

o
oy

2
0,B,

yo,

bogosg N =

Bmemgsbo Lsfigolo s LollsBEZBM 306HMdYdO Slgmos
U(y,t)=L(), 6dmgs y=0,
U(,0)0=0,6m35 t=0, (41)
U,t)=0,6m35 y —> 0.
5L3M0 533560l 5IMbLBS 39d9dMmm gdagy0 Lobom

q)i(y’t)a yO >y>0’

(42)
OJ yO <y5

(D[(y’t) :{

i=12,bo003 @, (»,t)=U(y,t).

5023565 LoboBO3OM (41), (42) 306HMBYBOL Qom3z5¢olfobgdom mbs
90dgdbml (39), (41) 396GHM@WgdgdoL sdMboblbo D(y,1), MHmaLbsg ¥, >y >0
@5 d3Momo 8993mm9gdol  BHowols FOMBEHOL dMdMsMdoL  356mbo, MHmEs
Y=Yo-

V() o5 U(t) ©s8m30090wwgdol 6gdolidogmmdols 99dmbggzsdo (38)-
(41) 50353030 59MEsbol sb5¢P0BMEMO 5dMbsbLBO 96 FMm0dgdbgds. Fbmerme
509b0dg L3930 H F9dmbgzg3580, OHMPYLSEG sOLYdIMBL FoBLEBLIOMEO
3930060 9559630l V(1) LoBdsGgls s BOOTROEHOL dmdMsmdoL U(f) LoBgstgl
dm6ob, dgbodegdgro bgds 3m3zbs (38)—(42) 58m3560L 3@ ™MIM©YWIGO

59mblbs, 09) 533MIMEIXMEO (33EOIQ S30L0JO)

n=[V(dr-y. (43)

17



Q5 ©933390m, ™I

n+l

U(t) = AﬁV(r)dr}n_m , (44)

1

]H" , 85906 (40)-b 94693 Lsby

ai 4y =NU",
dn|\ dn

35306 59m3sbsL (39), (40) go5Bbos 93BHMIM©YOH0 5dmbsblibo

N(n—m)-(n—m)
na(l1+m)(n+1)"

Logog 4= {

n+l

Uy,0)=U(p)=| 41", 1>0, (45)
0, n<0.

Sbgmo  s3Mbsblbo  gmobogds  0dsl, MMI  OESGHBGHMEG >0
Lombggddo Mmool bgdolbdoge (n>1) dmdgb@do KoOBOGHOL FMIMIMIOM
350039990 5390 MDdYO0 SLHOOID Fo3M39egdsL FbMmEm© LEbEOYEO
Lbobdob 0<y <y, Lombolb ggbsdo, 53 ggbol FsMgm Fbgdo EodsdMWMdJOO
Bmols Gmeos s Lomby 5695 89053930 56w ¢dGs300.

d9L53g 0530L 306039e0 3565YMIRA0 Fobobogds dEIBEHO LOMBMALDE GO
@5 LMUEHO©9dBHOMASIEGM0  bs®olbmgsbo Lombol  sMsli@sgombs®mo

0530LMBoo  3mb3zgdEos, MMIgwog  2odmfzgMos  ®og0l  LodMEYgdo
0MHGHYJ0  39OA035MMH0  MLILOWMWM  BOORBOGHOL  ZOIWISPAOIOO00).
Bogmzomm, GMI Loobol 9Egd@OM-250GHIMIOIWMOS  (33CO0S S SMOL
39900920 Lsbols ba®olbmgsbo Bwbjgos

c=o0,U", m=>0, (46)

85806 goMg BsaboGM 39wdo 63doldoge Bgs3oMBY bodolbmgsbo Lombols
LoLOBEZOHM BI6oL JOMOMSO FobEHMEGdBO IMIMIMOOLS s LOMDdMBFIELPOLS

096905 899090 Labols
nl a2 2
e S L
ot, ¥ Pl p . (47)
oT or  o°T

e ey
o, 1()8% oy;

18



50 396¢M9dsms LobiEgdol sdmbsblbo Mbs 93d59MmBO9gdEIL 999y
LolBEZOM 3060 MDY

U1(y19t1):U(;(t)o AdoEs », =0, (48)
U](ylatl)zoa (4)0()(30 y1:519
T=T,=const, Gags y,=0; T=T 603> y, =0,, bdsg T, KBoORoEGOL
GJ390oGHMss,  Uy(t)  godgodol  LobBdstgs, T, =const  Lombol

$H9939M5@M55 Boligsb ImImMgdom, V() BoOHB0EHSd0 LoMbOL gogmbas.

0 Yz{k

1
/ V“}n SO0l 30FoMmM)egdol  Jobslosmgdgero  bmds,
P

AT =T,-T, - (&933965@M0L  Bobolboomgdguo bbgomds. 85806 dgodengds
999m30396Mmm 305Gl gobbmysgdmmo  Gogbzo, MmoL3mxyol o
296OLEYBOL Foboliosmgdgero LokJomy:

Sn—1 3(n-1)

2n(n+l) 2(n+1)

P :l{ﬁ} { par v } ,
a|p

1 ]2 (49)

- 1

G, = g,BAT{ k/p} I = [vepar]

399m3094356mm, MAs6bMIowgdm Loowggdo, v, U, Vo, U t, 6, 6 ©s o,

3900090 BMOHIMGd00):

1

Y U, Vi 2(n+1)
Y ==LG, 2 2<n+1) U=—,V,=—=G "7,
Y I ° 1
a; t
U, ==, t=-2L1I, T=T. +6AT, 50
0 H T © ( )

1 1

5 — iGrZ(rHl) , 5]‘ — ﬁGrZ(nH) )
Y Y

35806 Bgdmom s©bodbmo (47), (48) 29b6FMEgdsms LobBYds o
LobsBOZOM 3063930 MYEBMI0WGdM (33WsJdd0 Joowgdgb Lobgls

2
0T =5 T
a £ oy
: (51)
n=1 _,
aa—(t]wa)a_U: % ‘2(2]+9—MU'"“.
y vl

19



{9:1, OomEs ¥y=0; 0=0, dogs y=0;; (52)

U=U,, an@s y=0; @mgs +U =0, Om@Es y=0.
59 M =c,B*Y/plI™ 560l 830-0b #6m096m4d90950l 3098303096¢3)0.
(511) o (521) 99mEsboL  53Mbsblbo  39d9dmm  F08Y3OMBOMO
305bEMmgdom. 5dobmob 98ma3z59d3L LolisBwgz®mm Bqbols LsbOvyero Loldg o(¢),

OMIgLsg  39b3L5HW3Ms3m  LELEBEOZO™  Ggbols LoBJs®OL oty bs3sOL

LoBJo6980 MFY3939® F9IBZEOL 30HMBOIH

U _y , Gmgs y=0(t). (53)

oy
565@0Ma0Mo 999Ma3543L LalOEro LoMdMEMOo Loldg I, (1), GMIgeos
3960L5BOZMdS 306MdO0O

o0 —=0,60m35 y=0,(7). (54)

0y
0560m36Mmd0m FJosbewmgdol dgomols dsdmyqgbgdom mizbmdo o, (7)

Lobd9 gobolsB3MNds (54) 30OHMdOIB 9RO 396G MEgdom

iaﬁ —3V, ()6, = g (55)

r

OmIols  5dmblbsl  39babo  aogmbgol LoBJoMol  Bmpaogmmo

36003690 mdolomgol. dsy. V, = §§T (t), 85906, ®mss 0, () =0 23996900

S5.(t) = \/7 e —1T (56)

9bsErmaom®me  (512) @5 (522) STMmEobols  s8mblbs  dosbermgdomo
3900M0m, dglsdsdoLo LObIBOZIOM 30MHMdJO0” 435993l LobOBOIO™M R9bols
Lobgob 29bLsBOZMOLIMZ30L T90gY 39BGHMWgdHOL

n+l
dort nifdy o 3 GMED) g
di | 2 |dr UO
2+n
LA SR UL D) VI SYAIR I (57)
U, s, 2

50 89d;bggzsdoz 30bosgzm Bmyoghom 39Odm  d9dmbggzsl, MM

/s)

53mbsblbo Joowgds 3bso Loboom: dop. V, =t = 3(2]

20



Lo
5(t) = Br(n+ YU 71 (58)
OmEs n=1 bonEmbolgmwo Lombol Loljolbsmgol dmygzzqdl o =61 , 85806

(56) 3030090 O = \/?rﬁT, bom, Omgs P =1, 6=0,.
00 Jgdmbggzsdo, Omas V, = % , 0 =y0,, 05806 dzMolL bsbwybolimzol

90090 0s 99890 99Ia9gd0

[r]" = ﬂ(o,mz - 0,153(7 ;]2“ jt ~1,0728t+0,459Mt +-- j ,

n=l1 \/; .

L U -
[7]"" = —0(0,612 —0,153(7 20 Jz ~1,0728t+0,33MU t +-- J :
U

n=l1 \/; .

1
3 _
[r]"2 = UO(UO j (0,328 - 0,164(9 U2a jt —1,47 B+ 0,626 Mt +--- +j ,

t* .

1
3 _
[c]™ = UO(UO j (0,328 = 0,164(9 Uza} —1,47 Bt+0,49MU 1 +-- +J :

3 :

B90mm J0gdmEo memIMEgdo 3303969096, O™ Fsgbod Mo 39wl
05655MLGOMBS,  OMPILSE  JIIGHOMRASTGHIMJOWMdS o =0,U"  bsbobss,
BOOOL LoMboL bobbols dsgsls FoMRoESbY.

dglsdg 30l dgmEg  3oMoaMoxdo  sbobowgds FJgdgao  sdMm3bs:

909dGHOMATBHM 5M560EHMboLYME bomolbmgsb Lombgdo dmmogligdmeos
OMHGHYI0 39090, MOMIol  Bgs3o®ol  GHgd3gMo@ess T, , Lombol

A99396M53HMMS 390Esb dmdmMgdom T, . Lombol ©obgds 459mfizgmeEos
3939 gdmwo  Bbgmeol  sbeoml  s30LvgBso  3mb39J300m, HMEILYE
35Mm0MdMEo© ImJdggdlL 4969 dogbod Mo 39eo. ®gobmebol dsybod®o
(oEbzo 0m3wgds dgoMgo Re,, <<1.

0Y) 39000l 399396053 es 033wgds bgdoldogMo 3sbmbom, 8sdob
SL0I3BHMEGHMOO0 93EGMIMPIWIOHO 5FM (356900l FJNMEO MBS JoTMLOIR0. S0
doBgbob 50 25dm0yqbgds bom@Embobgmeo Lombol Ls3dom© 989JEHOO
063 9365¢M0 3900900 LMo LobJob LolisDLzmM 739gbol MgMMOoLS.

21



39630bowmm oo odmygbgds mgMdMmo bsdo GHodob Labobgm™m
3060MdJO0LIMZ0L,  OHMOILSE  JEIIGHOMPTBIMJIWMIOL  309B03096E0
33990505 5 FoMdMoaqbL LoRJs®ol 3bJiz0sL 99990 Loboom

c=0,U", (59)

Loss a =0 6gdoldogMo Goibgos.

5) 0BM®MIMHINO 3900900

3H993905GHMOM @5 9JgdBGOMYsd@M  Lobobgmm g96do Lombols
M 3HY9gero ©0bgds 500(gMgds 4obGHMmgdqdom

8U+8U 0, (65)
ox Oy
2
U@_U V@_Uzﬂi 6_U +gB(T - T)_O-B (61)
ox a poy\dy p
L e @

Ox oy oy’
(60)—(62) 256¢)™Mq05m5 LoliEgdol s8mbsblibds Mbs os3d59gmMmzoMU
99900930 LaboBEOZOHM 30MHMDYdO:
OmEd y=0,05806 U=0,V=0,T=T,

(63)
MmEgs ¥y > 0,08806 U >0, T —>T,.
(59)-9b gom35¢0lfobgdoom (61) A56EHMEgds ImMy3(39dL
2
yU U _Ra(oUY + gB(T-T, )28 ) e (64)
ox oy p 8y 8

0v) (62) ©5 (64) 56FMEgdgOL 35063 9aMgd0 Lolobzdm  ggbols
bogoboom @y 2s9m30ygbgdom (60), (63) LobOBEOIOM 30MHMBYOL, 0300 dIM
B39 906003 0RIMHG63E05NO A5BEHMEgdsms LObEGIsL

, (65)

y=0

—'[U dy = g,b’ATj@dy MJU““d (6UJ
yo,
: (66)

oy
w2
dx oy =0

ooy  O=(T-T,)/AT  <9356%m3ogdm  #H9939MoGHMOOL 539355,

AT =T, =T, 39939605600 sHmws.

22



090amd  0olbdgds, ®Mmd LLLEOYIo Lobdol LsloBEzm™m B9bols

339030 dmEgdmeos  LoBdoMobs s 3H9gd3gMo@E Mol 93EMIMPIIOHO
36MHMB0EO0L JOHMN356539BM0sbo My sbo:

U =Lx)2(®), (67)
0=0(n), (68)
155G 5= ({x) . (69)

53GMBMOIMOO (330000, 5(x) —bSLaBO3OM ggbol Lobdgs, [I(x)—
dobaliosmgdgeo LobgsMgs.

(65) o (66)-d0 oy @ogomzswolfjobgdm (67), (68) s (69)-U,
990mz03bm  x, =x/L, &, =6/L  p6BmBowgdem  Loowygdl;  sLg3Y

a=(3n-1)/2, 30300950

w1 |-[2] 2 e

1) oo T 1-3n
ETE e 122] ™ -
cTET 1 [wax]
FIET el
Al D s 1s
N

Gr = gﬁAT{Lz”’/ (RJ ]“ , (71)
Y2

n+l
M =0o,B; (al) 2 /R ,

39630b0wmm ©obgds 3MBEHEOL gobbmyswgdmwo Mosbzol oo
36003690mdgd0bmzol  Pr>>1, 08 3oOmdom, MM @mOHgb3zol  dogs
RBOOEMO0Msd LOBWSBEHOLS s 5FMIRIO0 doggdoLy. BmEs Pr — 0o, 35906

(70)-80 9am3909w3ymom 0bgMiomwo 936900, 9.0. dsMEbgbs Tbotyg o
3930035¢0LHobmm HBgo30MolL AsLH3M03 LELEBOIO™ BIBOL Q93O EILOOL

23



99bodEMm 3G9I MMHO S FMbMBHMbMMI© DBMEI©O bolosmo, MHMIgwos
996HbMds, MHMaMOE Gom9do@03M, oy B0B0IMM dMLsHBMYIYOL. ©3MIZom,
(QION]

0, (x)=Nx™, b(x))=x{. (72)

B90mm bomd3s80 533999000 om35eolfjobgdom 239690

N3n+1x(2n+l)a] _ (gj E 1 x(l—al)n _
! B\(1-a)D) GrPr" "

3n+l

Ty ‘—a1n+3n+1
_Im Ef £ L Lo, (73)
B|D(U-a)| Grpr

b 396¢™gds HMI ©553859MBoml 6gdoldog®mads x, -85, 3930EgdI0S

©534)9350:

3n+1

Cn+)a, =(-a)n=2y-ab+

5J90056 2560L5HM3Mgds @, S ¥ I9T03z900

n n+l

o, = , = -, 74
aper U4 74
5093565
0,(x)= Nxf”:l, 75)
B(Xl) = BOXI_TJ
boQS3
1
e w1 s
N C 1+3n'£ .1+@ 1+3n.£ 2 . (76)
BGrPr"\1+2n D C \1+2n D

599056 Bsbl, M 33 OMOYHMNJIgEIOOL 356M15d9BHMOL ASBOOLOL
LolsbBEZOHM Ggbol Lobdg T30S M-bY (76) BMOTMEGIOm.

0) 300090Hg LoMOMMHO b53500L dmdogo bLod3zMog9

50 9900bg935d0 BolsB3zm™M  5dmEsbol godmdsgzswo  BMMINWoMmgds
0l90399, MMAMOF 0HBMMIMIMo 390000l O™, dbmemo 9033w 9ds (63)
306005 5 sboero sbg Bsogcgds

24



—/”L(a—T] =qy, 6Mmgo y=0. (77)
V),

LomdmMo 9bgMool (66) 0bGHgaGmsHo 306MHMds BsofjgMgds 89dwgao

Lsbom
d aE
D—(Uo)=—, 78
dx (H ) o 78)
bogom (65)-U 946900 Lobg
2 b 2 3n+l
Di(]_[2 5):M_£C(gj —MFH 25 . (79)
dx AE p \o o,

0 890030@ 96 2M513M30L Q9BBMYSMIdME Gosbll

-2
Gl" — gﬂLqW I:LZ-M(EJ
v p

L
2-n

(80)

@5 Pr— o 0ligg 30350 s033GHMEGHWIO0 LolasH3O™ Bgbob gobEmergdsdwy

2n+2 _ Ec E ! xlﬁ n_
o) {BGrPr"(D) }[Ia}

0

3n+l 3n+l

_M(Ej@]z | [Iﬁ} ()5 (x)=0. (81)

B AD) GrP" ||d6

9b65¢MQ0MEM5@, HMAMO 3 306039 d90mbgzg358d0, 30300900
51 (xl) — Kx12+3n ,

ml

B(xl) = Boxl_T’

(82)

boQS3

1
1 -
ntl 043,

n 2430 i
| _EC_(E 2+3n o[ FYE 2+3n)>
BGrPr"\2D 1+n CA\2D 1+n

(83)

B) 3000l 330 B3O YD
50 990mbz935d0 LoMdMMO  LobyBOZO™ §gbols (62) 9bGHMWgdsdo

599353905 $9939M5@MMo )Hbg30L AoLH3M030 FMo©0gbE0, 9.0.

25



d _d
E[TW (x)-T,]= e (84)

3H9939M5GHMMHOL 39308 AbDMTogdm  3OHMBOWOL  QoBLEBLIMS
13960L 3390030, bsbosmMYdS LOWOOM

p=l"1 , (85)
t(x)
35306 (61) 296@Me9g00s6 (85)-0l gomzseolifjobgdom, dogz00qdm
L(x,) = ak 1 jtl (x)dx . (86)
LD, ()| 6,(x)1 6,(x)

v (70)-d0 2530035¢0L{0b7d0 (86) s Pr — 00 20000350000 DrzsmHBY
SL0d3GHMEGHIOO LELIBEOIO™ 3960l 396
t1512n+l ()C1 ) _ [EJ(EJ 1 ) J‘ tl (X) dx tl_n B
BAD) GrPr" | |{06,(x)
3n+l 3n+l

X 2
— ME(E) 2 1 t_ldx X
B \D GrPr" | 9,

n+l 3n+l

xB*(x)8,% (x), 2 (x)=0 (87)

85806, GmEqbsg 4 (x,)=x", P>0, 85306 &,(x,) bobdg ©s go6g dogabodm®o

390 B(x;) 8000gdL bobgl

n—P

3, (x,) = Ax/", (88)

ml

B(x,)=B,x, * , (89)

boQS3

1

A e 43 EY' |
BGrPr" \ (1+2m)+(2+3n)P D

1
ntl 1143,

wE 1+3n E)?
cl(+2n)+2+3n)P D

(90)

51939 M6 500b0bMUL, BT Lsdogg d9dmbgzgzsdo bsdmgbos bmligw@ol
6oEbzol  mzsmOo  360d3bgemdgd0, Lyosbss BBL  MHMI  3geob

26



5M50DMMYMTIMEMd3 56 09mMJdgds 69Lge o, 3MBEWOL s FML3Mmgol
3600GH960m39d3L IOl 35300600l  396MmbbY, GMIgEoa MRS oligmogg Lobob,
MO 899000030 3§993965@OOL Jmbg 39wl oGO EHOLIM30U.

oLy Gs3ool 09dsbg 398md3zgybgdmeeo dmmagdo

©oLgOHES300L 09959 29dmd39969dos 6 bsIMMT0. 399803530900
Bmlbs A 399990 953EHMMIRIMGOL dmgombs.

30650 {j3eromo

©oLFMOo MBS 0EIs O FYMME35HYdGO0 93360l Mgdol
L5993b0gH ™M Bgdd®3569gdL. Mobss3EHMOMdOm  45dMmd39Yb9dmeEo  g39es
Bsd0™ddo 3560 93500 Fgalcrmemgdgro. g 993360l sliggg 999 gdoL
565¢0D0 @5 06EIM3MYGH930d, 35000 TgsMmgds bbgs 93@™MM9dol doge (56 bgs

3900 900m) 0OV 9IAJOMNb.
do6005©0 990093900 ©s ©sl5336900

99dGHOMASTEHIM0 56533350  9M560EHM™MbolgMo  boGolbmgsbo
Lombol LEOE0MbstrmEo Qo 33LBHOE30MbG MO 59m 396900l
399M33093900Lm30L 9MHRgMos obgmo MY gdo, GMIgEs 53mbsblibgdo
30090005 56 BMLEHO, 56 FoobEMgdom B oBYMI:

1. 299m33egmeos ©0bsdo3memo LEAHOYIBHWMS s LOMOdMYSWI(393d
339090500 25T BSMGOEMBIOL 5053350 9MDbOEMbOLYMEo botolbmgsbo
Lombol, MmIgeog 0dymagds 4509 dogbod® 39cdo. 33 obGHMEgdsms
LobBYIob FosbErMgdoMO b5EOBMEMmO STMbLBOL Loymdzgebg JoMgdMEos
©0653031600 @5 $H9339Mo@G o Lolobzmm  19bgdol  Lobdgoms
39bLoLsBPZMO35  2oTMUobegdsbo.  LobsBO3O™  §969d0  Fo®mdmoddbgds
0 3HYgero bsbgg®oLoslmem BMmOmM356 BoOROEIDY, HMIgedos Aogmbas
©59M 3000939905 LabOBOIOM BBOL 356509EHMYdDY.

653969005,  ®MI 3565990l  JgMbBg30L  gbom,  HMIdO3
30U B3M9396  9MBoMEBHMbolgMwo  Lombol  HgmEmaosl s oL
994 GHOM59BHMJOMOSL, FgLodergdgeros 3dsMHMM™ HBYs30MHEo bobmbo
5 29MLIMEYbs Y306 BY LOMdIYGO Bs3oo.

27



3. 3009305 2oMLIMIbs Lbgmedo gogmbzol 4sm35¢olfobgdoom
50560 EBHMbolgMo  bo®olbmzsbo (3395090500  godE9MJIMdOL  Lombob
63990 ©0bgd0l 53360l gobBMYsIdMEo 533MIM©IEMOO STMbsblbo.

4. 3oQaRYwos  dOGYIW  BoOMZHo  39OGH0IIWIAO 39ROl
3obErMdEO® (3¢90 39FBHIMGOMBOL  5M9boEBHM™MbolgMwo bsMolbmgsbo
Lombol ms30Lvgswo  3mb639J300L  5dmEsbols dosbermadomo  sbsEroBGO
53mboblbo. 259M33Wgm0s Q56 35360EWMHO 390l S 39Ol doxmbzol

393w960L 9933993900 930LvRBsw0 3mB399d300L LabEBOZO™ B9bol LoldgBy.
5. 80090mos  35M90mb  LLiBosdBMIOMdoLLl  30MHMBOMS©

33X9©O  35TBHIMIOWMOOL  9M9boEMbolgmeo  bsMolbmgsbo  Lombol
0530LBowo  3mb639J300L 58M39BOL sFMbBbLBo 0bEHIYMIMGHO Fgomm©oo.
31939  2bBMYsIdMEo  sdmboblbo  Jogdmwos 0obyzg  OMYMEOS
30006HM©065803580 Mmoo Lombgadolmgzol. bsbg96930s, MMI 390wob
3M50DMmMGMHINMds 56 SHIBL 293w 9bsls STMEsbols 33 3M0EIM0dgdol
3930060L 356mb%Bg, MHMIgeog 0bs@PMbgdL 53 35300ML Joegdolis s sHHYdOL
d9Lobgge 5O gddo @S BdOGHYJe Bsdotrmen  Fogendo. 53539 MM
LolOBPZOM Bgbols godm3zeg3s FoMLEYOOLS s LOMOdMEZEEOL sdM35690d0
dbmem© LIHYol 9BHO3Bgs. 9MLYdIMOL G3dgbodg bsddmdo, MHMIgEoE gbgds
0653031600 Lolsbw3zmm 539bol 93EGHMIMPIE STMEsbgOL. MMI3s 959y
5O 3PS @O 9O A5TM3IZW s byzombo  LGogombomwo o
SMSLBHOG0MBIOMEO  5MLLIBPZOM  ggbol  Fglodem  53EMIMPYIHO
50m3sbgdol  dglsbgd. 0dMgdomO,  JOHMMIWO30  (MHZ0LMRIEO D
00190000), 515939 0530LvRWO 3mb3g]3ool 98mbggz9ddo.

5J980g 96 49BbowMWs 5®boBHMbolgMwo Lombggdom BmOHM3Zsbo
Ubbgegdol  49mMbgbs, vy Mol  aobboremo  doosh mEss  BMLEGo
50mboblbgdo s omJdol g3zges 96  sLobogl  FmMEsbol  sGfiBZ0Z3MdOL
139(30530350. 93GMET5 53 bO30MHYIL MM OO YMMSPWYDS.

BsdM™mddo 30w gdomss  390Mm33W o LobaBegzhm  ggbol
933™AMEYOH0 59MEsbgdol 3o s BMPOgMMO Fomsbo sdmblbogros
3Boe0BHMMo@. 6563969805 BMLEHO MOEb30MO H8MbLBYdO RBLIZMIWIBE0IMGO
Lombol  MmMQobBMI0Egd0sbo  Lolsbzmm Bqboll Moo  93@™MIMPIYOHO
59m396900Ls, MHMAd0iE 300gdYIo 046 5EMY (300l FJGNMPO.

28



Bs3mgbo  BMLGHO  sdmbsblbgdo, Bzgbo  sBMom,  FoMmBmopqb9b
©59M93000939 MJMOOVIO ©S 25dmYqgbgdom 0bEHgMgLl. dsmo godmygbgds
d9L5d 9390 51939 29FMMZEOL F0sbEPMYO0MO FJNMEYOOL 5293030l S
300900 Jomg3oE032)MH0 O BoH03MOHO 3399900l d9dmfidgdolmzgob.

BodM™ddo godm399)e0s s19g39 baMolbmgsbo Lombggdol Lsllsbzm®
13960L 0653039600 s LOMBMGO 5TMFIBJOOL STMBLBOL sSboero dgommgdo.

©s13360m  ™H300  A539M9dME0s  9MVBoMEHMboLgME  Lombggddo
LOMOMYPSPIBHIBOL  FoBBHMWgdsms BoLEBHIIOL Bmyso Loboom s3900L (3.
3obboemos LoLsBEZOM 539630 3063943060 LomdME3EOL
53¢™AMEIMH0  53m3565, LOMOMYSTBHIMJOXMBOLS S BOdEBEHOL dgzMol
LoBRJsM9Hg sdM300090MEgdOL Fom35¢obfiobgdoom.

399md394b90mero ImMmAgdo

—_

X. 0560045dg, b. 03dodzowo, d. 393965d9. 35659 MO  BMOHMIZ56

30000l dmOOL  dwsbGo  3mddo  LLEBHOIPSTGHIM0  Lombols

3M5LGHO30MbIGMEO  FMdMHMds  LOMOMYPSHEJIOL  FoM35¢oLobdOm.

15393. G9d6. FObowro ,,08969dMds, N°4(31), mdogrolo, 2013, 93. 12-20.

2. x. 0560dodg, 0. 393969dg. 963boMEHMboLgMwo  20dFsM0o  Lombol
LoloBEZOM 79630  FMIMHMIOL  sdM3560L  Fosbermgdomo  STIMbLBOL
063930 3gomo. bsdga. GH9db. Fm@bosewo ,38969dmds“, Ne2(33),
0d0obo, 2014, a3. 35-50.

3. x. 05607599, b. 303J0d30o0, 3. 39396999. LMLEHIYSTEHIMO BsMOLLM360
Lombol  sMbEHIE0MbIOMmo  MI30LbGBsEo  3mbB3gd00L  sTMmEebols
305bEmgdomo 5dmblbs. Lsdga. GH9db. Fm@bosewo ,38969dMds“, Ne4(35),
0d0obo, 2014, a3. 69-74.

4. 9. 39396509. 065303100 Lolobgmm  g960l  Lobdol  FsbLsBOzmOL

Dma09mmo  390dm F9dmbggzs LlBosdGsMo bsMolbmgsbo Lombols

SMLBHOE0MbIGIMo  magobyBsemo  3mbzgdool @GML.  LEYY-L

LAMEIPEGHMS 83-9 0  LOgMMITMOOLM  Lsdgsboghm  3mbxzgMgbaos.

”doolo, 2015.

29



5. 3. 393965d9, Pb. 303Jodz0wo. sMbomEHMbolgmwo god@smo  Lombol
933™AMOYE©OHO 58m3EBIdOL Fqlobgd LomdMYS3900L Fomzswolfjobgdoom.
Georgian Engineering News Ne¢ 4, 2015.

6. x. 0o60dodg, b. @oggodzowo, 9. 393969d9. 9660 EHMboLgMo
LYUEHOPITEGIM0  LoMbol OHBJds BobdHzO™m ggbsdo. LogosGmzgeomls
&9960319600 Mb039OLOEYEHOL LsdgEboghm IHMIgdOL 3Mgdmwro, Ne 3(497).
2015.

dsmdols gbsgbogro

3oMdsl  3Mbo  399©doz0  YMMmoEgdol,  dBOWB3gEmdOb.
3oL MEIdgeo  F960336900L,  MOELs©  LolaMygdem  MBg3gd0Ls o
bsbaMdeogo d0bs5MB0sBO LymdMgdoLsmz0L LsdgEboghH™m bgeddmzsbgwgdl —
36OHMRGLME ¥ Mbm F560dsdgl o 3OMTBILMO DMEmsd 303J0330L.

QOEO  F50gMgdol  4Mmdbmdom  Jobs  903608bm  LoobgobMm
d9dob030Ls s d9bgdEmdsdo  BgdbozmEo gdudgMBH0BoL WI3sMEHSTgbEHOL
3OMBILMEO  0535H  053035d0L  FBIMOFIOS  MOMGLO©  LolGRYGI M
©0L3ML0gdo bgdobsergdby.

3omdsl  3Mbo  3b0dzbgemzsbo  3gdbozmMo  obdsMgdolmgols
36xBgLME IO G505GSAYL.

30



Abstract

Almost a hundred years ago as the object of scientific investigation are the
non-Newtonian liquids. But only recently has begun its intense study that is
caused due their wide application in industry, household equipment, aircraft
engineering and so on.

To prove this is enough to mention all polymer fluids, the theoretical and
experimental study of flow properties of that gives the possibility to create
engineering basis for manufacture different products from polymeric materials.

To studies and research of non-Newtonian liquids are devoted works of such
famous scientists as: Astarita D.J., Marucci D.]., Rainer M., Shelmann Z.P.,
Wilkinson U.L., Schlichting G., Sebis T., Bradshaw P., Bennett R.O., Myers J.E.,
Mazo A.B., Loitsianski L.G., Meiz D.]., Prandtl, Nikuradze I. and others.

In Georgia on this and related issues are published works of D. Dolidze, N.
Jorbenadze, G. Abesadze, Z. Kereselidze, J. Sharikadze, L. Azmaiparashvili, L. Jikia
and B. Tsutskiridze.

Non-Newtonian liquids means sufficiently broad group of different materials.
Polymers application in production of construction materials (linonium, facing
tiles, etc.), automobile tires, chemical and radio electronics industries is huge. Is
hard to imagine any type of production, in that is not used the synthetic or non-
metal materials.

There are several approaches in study of the non-Newtonian liquids flow,
in the work is applied the mathematical and rheological model. By this approach is
created relatively complex, but close to the reality mathematical model, which is
based on fundamental hydrodynamic principles and approaches; after this is
studied and characterized the singularities of behavior of fluid.

At study on non-Newtonian liquids flow, due the nature of their viscosity
and plasticity particularly interesting is in boundary layer, in the conditions of
existing of free convection, when the fluid coefficient of electroconductivity
varies according to the rate at stationary as well as in non-stationary flow. It is also
interesting to determine the thickness of boundary layer that is directly related to
the shear rate.

As theoretical and methodological basis of the dissertation work is applied
viscous in vacuum fluid model, when in boundary layer of motion is laminar.
Outside the boundary layer of fluid the influence of viscosity on motion is
neglected and fluid is considered as ideal. For such model created a system of
nonlinear differential equations with magnetic hydrodynamic partial is quite
complex for solution. Obtained due the transition on dimensionless values
corresponding simultaneous equations with the boundary conditions is solved by
method of gradual approximation.

In the work are set and solved the following tasks:
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The stationary flow of body in qualitatively viscous in infinity conducting
fluid.

The flow of body by non-stationary electricity electrically conducting viscous
in infinity fluid with taking into account the heat transfer.

Free convection of weakly conducting qualitatively fluid in transverse
magnetic field.
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