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M0bggool  AoeggoMmgdom  ogdymo  ddgdo. §2.4-do  2obdo@Fgdymos o oy gdyEos
5M59Mdo@Yeo Mm3gAsAMA0L  3obmbogy®o dobolo s dgbsdsdolo dos@®oiols gobmbogy®o
Qm@ds.  bohggbgdos, @md gl dobolo gOmsg@mos (LogMgdo germdsaa@o  Rsby®o
3005360l LobylBom), 09y ®3gOsGm@ol g@dodyger bofoerl ofgl do@Bogo L3gd®o s,
M3905@H™MAO0L  35bmbogy®o  Bm@doEsb  godmdwobs@dyg, bodmgbos dobo  @sIMY 0©gdgE0o
bodgomo 3565393 ® 900l (olodsmu@o) GomEgbmds N*+1 gdmwgdamos  dmigdymo
M3905¢™MAO0L 9bo@odymo 0bgo®osbBgdom dgagboeo ds@@ois — 0bgo@mosbBgdol Js@Gocs
— 5 bohggbgdos, @md dolo LEOYIBHYOS gdmbgggs ™m3gHoGm@ol jobmbogy®o ds@d®oiols
LEAOYJB PO, 0dobg @oydbmdom, bs3mgbos ®m3g@s@mMA0l sdmygogdgen 0bgs@osbBms
doglbodogyg®o @smEgbmds s oy gbo@os M@0 s@sgMAoR Yo M3gOsGMA0L (§MdoE e
M3905@mOms  [ygomgdol) ¢bs@dodyero  Ibasglgdolbomgol Logds@olo s oy3oegdgeo
3006950 domo 0b635M05bGgbol B gMm30bgddo. bsdwgomo ™m3gAsEMMgdbol MOMMyMmbogry@o
0635M056@ gb0  dglfogamomos 3o@op@oggdo 2.5. 3 3o@Mog®oxdo gobdgm@dgdygeos §2.4-To
gl g gdygmo 5290900 bodegogo  Logdiol dgdmbgggolbomgol. bohggbgdos, ™3 m@o
bodgomo  s@sbodgB@ogeo  Mm3gAsGM@ol  mAmMmambsgry@o  Jbaoglgbolomgol  bmyow
gdmbgggsdo Lsgds@olos N(N+1)/2 bsdwgoeo 0bgs@osb@oli asdmmgms ©o bsdmgbos gbs
0635™056@gb0.
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J9bsdg mogo Vgagds mmbo 3o@opa®ogologeb s dgogegl 03 sbogn dsmgds@ogy®
(369690Ls s mgm@gdgdl, @mdangdo YbOYbggegmals II msgdo dmgdymo oy gdgdols
dgbfogeols o ©sdzoigdol. §3.1-3o gdmmgdyemos gobpg@dmbooli xg®so doG®oiol
(36905 o @bowo Lobom asdmmgmogmos dobo @ g@dobsbBo xg®omdbgdol bgdoldog@o
bo@ydoyy®o 360dgbganmdgbolosmgol. §3.2-3o Imgdygmos gobwg@dmbeol gobbmpswgdymo
N gDo0 5030l gobdo®@@gds s IBHI0(3gOYE0s, AMI ol Aoblobwg®ymos oEgbomsw
(330 ogool @sgdomo dbodgbgarmdgdols s X gMoMEgdol bgdolidog®o, gOmMIsbgmoliogshb
2oblbgoggogmo bo@dydogy@mo 360dgbgenmdgdolomgol. 0dgg ©od@ 0gdgeros gogdol mgm-
@9dols Sbogrm0y@o  Mobogs@omobs bodpgoo gmowol bo®olbbms xsdobomgol, Gm3s
bo@olbols dohggbgoemgdo os@os dmgeno. gl dgogao godmygbgdygeos §33-do  @opa@sbgols
90 9dgb@Bod o 0b@g@3mmsioydo  dMsgom(gg@mgdol [55] d9di3ggero  Laldygao wxsdols
aodemlbsmgm gans; badmgbos 3ogdodo 3obg@dmbroli gobbmyswgdygmo xg@owo dos@®oiol
©9BgHdobsbBLs o goeng@ols B-gybjosl dm@ol. §34-do dgdmmgdieos gobpg®dmbools
SbmzoMgdygmo s  0byEoMgdymmo  IsBMoigdo s domo  gobbmpswgdgdo, @OMIgams
90 9dgb@gdo  dgygds dmigdgmo ds@@oiol dobm@gdols (sbmEo@gdygmo do@®oEs) ©s
39M35696@ go0lgob  [56-58] (0byio®mgoygmo  dsd@ois) (ob. symgmgyg [59]). wolidymos
odm3obs o8 (3690900L aobbmaswgdol dglodangdermdols dgliobgd oybaol Lbgs Ujgdgdom [7]
‘dgagbogo ds@®ogdolmgols.

Jgerrby mogo 9omgbgds (N+1)-35G5dgHGosbo B(ry, -+, 1) 396300l dglfogensl, dmdgao
Fomdmopagbls goang@ol B-39bJ300l aobbmasmgdsls @s dols 30g3do@mgdl gehmo ©s IBsgseno
(gsool 30390 gmdgd Moy (3p) K9bdEosbmsb. §4.1-do ©sd@3o3Egdoyeros goagdols Gm-
Igeols sbogomao B(r,, 1, 1,) %9bjioobsmgols
(9.1 B(r,,r,r,) =T () I(r)T(r) /T(r, +r,+T1,)
oM19396@ 900l bgdoldogHo 3md3emglyg@o db0dgbgemdgdbolomgol. §4.2-do asdmmgaognos
aogLol 3 ©0xrgMgbios@y®o yobGmangdols [60], [61] gOMblLzosbgdo udg@oligyao s3mbsblibyg-

b0l yggens s@sF@ogosay®o Fygogolmgol. dJomgdymo dgogagdo aodmygbgdaamos 0b@gy-
Ao gdols sbogroby@o Lobom aodmlomngamgase domgds@ogg®o gobogol @oyo L3gEosey®o

396J3000sb s bmyoghmo gangdgb@odyemo guboosh dsgsmomsw (ob. wods@gds B),
1
(92) j u(1—u)>*In(1-zu)du :_L[w(b)+y+|nz+b-lF(1, b 1+b;1-7) |
sin b

0
5pMgmgg bmaogdmo 3730030l o Lob@yao xsdol sbogoby®o Lobom sdmbomge gans.
§4.3-do  pobbogoyaos dAsgogo  (33eoeol dy R9bJ30gdol bmyogdmo mgolgds. badmgbos
oboeno 05bsBoMEMd o0 8390l Bodol N 3genswols 3y B9bd30g0L dmdol. wsbyliEgdygemos
Jobobwgdg 3y B9bJosms ©odsgogdo@gdgee  mobogo®M@mdsms MomEgbmds ©s  (3bowo
Loboo dmgdgeos o3 mobosgo@mdsms Leygmo LobEgds. ghmo 3gmswol dgdmbgggsdo gb
0obogodomdgdo  gdmbgggs  goglol  @Ebmdogw  Bm®@IY@gdl, boem n=2 Ggdmbgggsdo
0dgnggs 38 gm@Igsls s3gamol 3y Bybjioobomgol. assbsgmobgdyaos o3 goblibgoggdols
dobgbgdo @o@g@ody®sdo dmygoboan [62] Bmboi3gdgdmsb. §4.4-To  goobosgobgdygaos ol
25O Y 96960, OMImgdlsi 0fg93L B(r, -+, 1) 596300 3ges@ms Gomegbmdol b@ws.
od mogol dmenm §4.5-Fo, oG lmbols mgm@gdols [63-65] godmygbgdom, s 30(3909e0s
ROEAOIYe0S

(9.3) B(f - r)=[[r()/T(Xr)

3geroms bgdolidogmo @omegbmdols dgdmbgggsdo oM 1dgbdgdols bgdoldog@mo 3md3egJly@o
db0dgbgeomdgdolomgol [47] 53 MoboBsM©Mbosb 25dmdobs®yg, ©sdE30(3gdgEos Mmgmegds

2obbmysgdyge B-39bi05T0 dgdsgogmo ghmo ©s d@sgegmo (33es©ol d039Mygmdgd@oyano
396Jd30g00L Lobyyms@mdgbols dg33930L dgbobgd.
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J9bayong msgdo 3cyzobogros M3gASGMM o0l MGOMMmAMbomu@o 0bgoM0sb@gdols Bobo sdo
20dmygbgdols dspomomygdo. of, Bobogy@o Foboss®lowsb sdmdwobsdyg, oboengds dbmenmo
Lodyobbmdogn gdosh bsdpgoe g33eoy® Logdgdo dmdgoo m3gHs@dm@gdo ©s do@Mogoo.
§5.1-30 obodgB@oyao dgodo Lbgyaol d@ybgs s@{g®ogos 0bg® ool Lodg@®oyemo @ g6-
beodol s Jgobydo Lobo@ols obFobodgd@oygeo I @sbyol Fgbbm@ols (ygomom s
bohggbgdos, ™I domo bodysbbmdoan gdosbo 0bgs®osbBgdom dgodengds hoofgaml d@aybgols
©0bod0yg®o 2obGmengds, @mIgeo doMmgdygmos JmAEobs@ms bgdolidogd m®mnmbm@do-
@909 LolBgdsdo o o@s dbm@me dbGosasls 0bg@00l dmogo® ©gMmdgddbyg o gdoe
30MOobsGms  LobEgdsdo. 390dm dgdmbggggddo gl gob@magds agodaggl dmd@smdols
06@gaMo@gdls mogolygemo db@osgslomgol — d&bgol 30bg@ogu® gbgdyosl ©s 0d3galols
dmd9bBol 3go@s@l s 2oblobmg®agl gymbydo Lohdo®ol ggs®s@Gol @OMDbY sdmgowy-
b godsl [66]. §52-do G gas@ogol@ydse dd@ybsgo Lol@gdobomgol godmmgeomos (Gowo-
9bbg sdmy 09090 Jgmbyd@o LohJo®om d@ybgolsl) LoliGgdol @gers@ogol@y®o 9bgdy0s
> 03379@bol dmdgb@o, LolEgdsdo dsbol gobsfoggboli Lbgowslibgs dgdmbggggdolsmgol.
bohggbgdos, @M m@0gg gl bodysbbmdoagdbosbo 0bgo®osb@o @hgds Lob®dyano d5TDobss, M3
dda9bogo LolBgdol gzgo@m®ol Lobds®g doolf@sgol Lobsmerols Lobjs@oliggh, godos 0d
‘dgdmbggggdobs, OmMEsS 9335¢™®0l Josdmdo dsbols 3bodgbgarmgsbo bofoenos gomgogoby-
0. 30M53gBO Yo bobom og9deos sbigmo Lolgdgbol Ggans@ogolBy®o dsdogrBmbosbo.
dgl§ogemoaos sbgmo Lol gdgdol obsdogs. §5.3-Fo dgL{ogeogmos opgogryg@o Lombols
doMmMJOmbyeo ©obgds [27]H29]. spgdgeos s@s{@R0g ©0xg@gbgosmy®  asb@magdoms
hoggBogro  LolGgds do®meobsdoyg@o Lohds®ol osgmdols Bo@®oiol  m@memambsgg@o
0635M056@ gb0l Bgmdobgddo [66]. gl dgogao Jogdbyaros o3 3oMoa®oxdo WSIBJ0(39d7L00
bmpoo bobosmols mgm@dgdols bogydggenbyg osgmdols do@®oiol s dolo m@mmymbsgny@do
0635005690l AMomn s LogdEom 3geoEgdbyg  sdmoadymagdols 3obmbols dglsbgd
(mgm@gds 5.1, dgogagdo 5.1-53). bsdmgbos dowgdyamo o@sF@R030 2ob@megdgbols  goblos-
30O gog@o  5dmbsblibgdo, @mIggdoi Fo@mdmopagbls bmysmo 5dmbsblibgdols dmdgen gdgdl.
§54-do  bohggbgdos, @m3 os@OLYdMIL doMmmJOmbymo ©obgdol Fbmemo m@o @ggodo —
303 gbzoyg®o s L gbmoy®o. bodmgbos 0s3mdol do@@oiol g4gzgms ©edmy3ogdgeo
OONMAMbs@Y@0  0bgoM05bFol  AMDby  sdmgoegdygmgdols  3obmbo o3 M gg0dgbddo
(bOogno 1).  bodmgbo  msbogo@@mdgdol  3odmygbgdom  dos@mJAmbyamo  wobgdolmgols
sdmblbogos gogg®ol  Lodysbbmdoan gdosbo Jow@mobsdoydo gob@Gmangdgdol LoliEgdol
Ameagslo  s®s(Mg0g0 ©0xgAgbgosmy®o  aobGmegdgdol  LolEgds s  bsdmgbos
do®amEobsdog®o  Lobhds®ols  ©s  Lodggmogol ©odmyogdygemgds ©OmMby ©s LogdhEom
3OMO0bsBgdbg wobgdol mmogg dglodenm @ggoddo. ggddmw, bohbggbgdos [66a,b], ™I
303963090 do@mJHmbyeo  obgdolsl  Jo@mEobsdoyg@o  LohJo®ol  ©sdm owgdbyan gds
@o5009l-39]BmObg (bgboldogdow s@hgymo 3mm@obs@ms Lomsgol dodo@m) sofg®gds
dodaol s@s@gans@ogolGydo gobmbom
(9.4) a(t,r)=——.

t+1,

53539 35M5M5%do do®mJOmbymmo Lmengbmoy@o ©obgdol Ggg0ddo bodmgbos Lsgds@olo
5 5930 gdgeo  30@mdgdo  0dols, O®I  goggdol Jo@mEobsdoyg®o  aobBmegdgdols
5dmbosblbl 3Jmbpgl do@Bogo ob m@dogo ool [27] Loby (mgmegds 54). bshggbgdos
53M9m39, MM dboMmJAmbyao Lo gbmoy®o ©obgds 0bmdo@ymos [30]. badmgbos 3meano-
b0dxa0 mobogsMomdgbo 053mdol os@@oiol 0635(05bGgoL dm@ols (3bGogo 2), Gmama3
300 gboyg®o, sbggg Lmerobmopy®o ©obgdol @gg03do ©s bohggbgdos, M3 gl mobogo®-
©OMdgb0 oM 033380 gds WAOMJo, g.0. Fo@Imoagbls dmd@omdols 0bGgy®om gdls.

@3bz600r bsfoar do HdmgoEodgdgmos olg@@eEosdo Jowgdgmo dodomswo w9y goo.

5353 9690do ao@obo@os godmmgmomo o ©sdbdodg bolosmol bsgombgdo s bbgs
dologns, MMdgeoi oG oMol Ydysmm ©s353d0M oo doomnswo BgdbEol doboss@lmasb.
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@odsGgds A Vg gds 6 396JBobysb. 396J@do Al Jowgdymos bosady@ ol go@Iygeaols
sbogno obsgnmgo [45a]. 396]@do A2 sdF303gdgmos mgm@gds gogbol dy ¢9bjiogdols
25bLo370®gdgammdgdol 9339600 gbobgd gogrg@mols aobbmaswgdyan Bla,B,y)-396Jc0sdo.
3996J®do A3 0533 30390905 sbogo Mmobsgo®mds 2obbmaswgdygen 3y (Lalidyer) 373003900
‘oo, OMIgero3 odmdEobs®gmdl wolg®@oiool IV msgdo aodmygobogro gm@dyga gdowsb.
3996JB 0 Ad mobogodmdbgdo aoglols dmbsbwgdyg dy Fyubaosms s dom Fo@dmgdymms
‘ool 303mygbgdyemos §4.2-do bs3mgbo mobogoMEmMdgdols LooylG®sGomo ©s bmyogdmo
sbogoo  2oblobegdymo 0b@gadomols sbogoby@o Loboom godmlbsmgmgansw. dowgdygeo
V998900 gxedgdygeos 3bGoado 3. 396J@do AS sdmfgdomos  gggems  s@sBMogosm o
30mblLjosbo aoylols oggmgbiosmy®o 3 gobGmergdol 39dg@oligyao 53mbsoblibgdols {ygo-
@ gdobomgols (3bGogno 4). 39963 do A6 godmygsbognos msbsgomomdgdo s3gaols 3y 39bjiosbs
s> dob  Jobsbegmg 3 gybjaosms  dm@ol. Jgogagoo  gobbmasmgdymos  (33Esms
bgdolidog@o @oibgobmgols (gbGoano 5). aodmmgmomos 538 MobsBoMEMgdl dm@ol oblibgs-
39099005 MomEgbmds s WosbYLFJdYEos o gMs@Msdo Jmygsbogno dmbs39dgdo.

@sdsBgds B dgoiogl [27]-[28] deOmIgdTo  hodmysgnodgdgmo  bempog@mo [obswswgdols
MG0g0bo@ @ ©sdF 0ol (396Jpo B.l) wo @gdbogydo bobosmols sdmmgangdl, @md-
m9d03 Lododms ©obsdoyg®o aob@Bmagdgdol hobsfgdom m@mmymbogy®do 0bgs®osb@gdols
®9M30696do sLodgB@ogeo dbGosgsls bOyYbgolomgol s oEgs@y@o 0ol boMm JOmbyao
©obgdobomgol (39bJ@o B.2).

653530l S3G35¢305. 65Ol dodomswo Fgogagoo Inbligbgdya ©s asbbognygan 0dbs:
o Lododmggamml 3936090 gdoms s3o09dool o. @sbdodols bob. domgds@ogols 0bLGod @ do;
o UoJ 393b. 035009300l g. sb@mbogsdgoemols bob. gobogols 0bLGoEyE do;
®  0.x0535bodgolol Lob. mbyg-ol mgm@oygmo gobogol Jomgo@sby;
e Jnlgmgol gangdBOmbyeo 3obdsbomddgbgoenmdols 0blEo@y@ol domgds@ogol gomgo@sby;
e olyb 0. ggggol Lob. godmygbgdomo domgds@ogols 0bLGoEyE do;

e J0MmgyEo 332093900l 3590m0569d9emo 0bLBo@y@ol yodmmgmomo B gdbmermaogdols
@ 56M@>BAMM05do, 1dbs (OYLgmo);

e LoJodmggemml Lods@@os®ml §dobps sbp@os 3o@mggenfmwgdamols Lobgermdols
JoOmge 9bogg@boh®hdo
53M9m39 bog@msdm@olie bgdobs@mgdbg s 3mbygmgbz0gdby:
. The 4-th Nat. Conf., Cairo (Egypt), 1992;
XXV-th General Assembly of IURS, Lille (France), 1997;

Lododmggerml domgds@ogmbos I yBHoenmds, mdogoolio, 2001;

H

b0OmMgYE0 338093900l 259Mm0sbgdgeo 0blBodyBol Lgdobs®by, ©ydbs, 2003;
DIPED-2005, IEEE X-" Int. Seminar/Workshop, Lviv, 2005;

CFTI: From Condensed Matter Physics to String Theory, Yerevan-Thbilisi, 2007;
S bo 9603960 L0RgBA™ 36839 9b63090by.

@.m.b.w!v

398@20,5(30980. ©olgAHH>300L doGomswo Jobso@lbo slobygmos 22 bodgkwo s g 9B m-
byan  bodO™Io, GmIagdoz @odg@s@ygdol  bodogdgerdo s Gg9JlE o domomgdbymos
bmdmgdom: [40], [41], [43], [44a], [44b], [45a], [45b], [46a], [46b], [47], [66a], [66b], [67], [94],
[95a], [95b], [96], [107], [109], [143], [144], [151].
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mogo 1
0bg5®05630s 0gm@ools 3O gds@ogs
§1.1. olm@oygmo dodmboangs.

0635M05bGgbdols mgm@os hoolobs XVIID boyiynbgdo. aobgoms@gdol Lofyol gBedbg ol
©5353doMgoygemo ogm @oabgms mgm@ool, 2gmdg@®ools s saagd@ols bmpogdm sdmze-
bobmsb, 3gddme, m@o 33mseols 3go@s@Gyeo gm®dgdols mgm@oslbonsb.

J- 0o @obgds (1736-1813), 033emgg0s o dJmgero Goibggdol Fo®Imagbgdl jgo@s@yano
Beoddgdon f(X,y)=ax?+2bxy +cy? wosepobs, @™ 53 gmGdol 3095030966 gd0bys6 goag-
boao jmddobsos A=ac—b’ @ o@igegds §OG0g0 as@Esdbolsls X—> X+AY.

3-9G- ao9Lds  (1777-1855) gobobogns gensms bmaswo [OR0g0 go@©s]dbs dobo@yeno
(m@0) ©s BgBbsdgeo (Lodo) Ggmopols gm@mdgdolomgols (Disquisitiones Arithmeticae, 1801).
356 55330, O™ (X, y)=ax’+2bxy +cy? jaoecs@dgm ge®ddsdo X, Y 3geogdol bmaswo

(095030 a5005Jdbs Gm@dygmgdom X=01, X' +0,Y, Y =0, X+0a,, Y, 335d@ggl Lbgs 3go0@s@ e
Boadsl /(X y) =a'x?+2bXy +cy'? dmdgmobongobss
(1) A =b'?—alc’ = (det(a, )’ (b?—ac) = (det(ay, ) °A.

x- boenggl@®ds (1814-1897) godmlsbyyagdsls A=ac-b? 9fows wolg®odobsb@o (1852).
©olg®odobsbBo A=0 35T0b ©o Fbmerme d5dob, @m@Es Jgo@sdygmo gm@ds  f(X,y)
>0l {@gogo gm@dol 33oe@s@o (bodbols LobylLEom, 0y Ggeswgdo bodwgogos). oy
X, Y 33eogool ao@sddbols dsg@ois (o) eSL,(C), g.0. oo det(a, ) ==1, 95906 A=A, 564
@0l yB030b56¢50 0655505605 7a0s 0d gomwefdbgdol Jods@m, Gmdargdoi owagbl SL,(C) xgaanb.

9339 359L3s>  oEmEs, M3 ©olM0dobsbGo oMol dobsdymo  jgoEOSEYo  Fm@dols
Jo@005©0 0635M056F0, g.0. ®™3 &, b, ¢ 3mgR030gbEgdols ymggmo 3meobmdo F(a,b,c), dm-

dgeroi 0bgo®osb@yemos SL,(C) xa9gnol dods®m, mgommb s@ol A ggeswols dmenobmdo.

2o9Lds ogmws oloE, ™I AmI gl gdgegds Lods@menosbos Lodo (33@oEol 3goEAsE oo
Bm®Igdolomgolsgs.

N 33oEol 33o®s@yamo gmmdgdbobsmgols
q(le'”'Xn)=Zk§|akIXkXI’ a, €C,
©olig0dobsbBo A(Q)=det(a,). msbsgosdomds (1) dotmgdygeos N bgdoldogdo (bs@ydomy@o)

db0dgbgemdolomngol. bmaswo dgogao 3goe®sdymo gm®@dgoolbsmgols doowgl . 40699 ©o
®. 303d0d (1815) bod@sgenols ©g@Bg®dobob@ols mgm@gdol obdo@gdom.

06350056 g0l mgm@ool bbgs [oboddmg®gdl g3myemdm 33e09390d0  3go0@s@ Yo
QmAdgool  33oM5F ool xodoe  2odsddbol dgbobgd  m@mmymbogy@o  o®wsJdbgdols
Lodgogmgdom s, o mJds gbps, 3MMgdaoge 2gmdgdMosdo — 3. 3mblgagl, ¢.domdoyglols,
d. dognols, 0. dBo0bg®ols, 0. 3eoy39Mol dOMIgddo. dspogomolongol dmgobligbomm LogrggbE@ols
069000l 3obmbo (1852; gl 3obmbo omwbgb 9339 053md0d (1847) ws Denggenod (1851)).

0635M056F gool mgm@ools gobgoms@gdsdo dbodgbganmgsbo oym x. dgenols bsdGOmIo (1841),
Amdgeoboi bmaxg® o3 mgm@ools §9ddo@o@ Lofyobsw 800hbgggh. mgm@ool dgdpamd gob-
3005M9d5do  JmboFomgmdws XIX  Loygynbol  Lobgaasbmdyen  domgds@ogmbms  dmgero
30 gos: X. oo, m.39Lg, x. bogrggbE®o, L. sOmbidmao, s. 3geo, 3.053md0, 4. 90bgbdBgobo,
d. 933030, Q. 3M0mTo, . gergddo, 3. aMO©sbo, bLogyl o, 4. 3@s0bo, . jodgero.

XIX boyggybol Do Fangddo 0bgo®osb@gdol mgm@os @edpgbody dodos@myagbom yodmgym
@obgms mgm@osl. 53 wOmobsmgol bybEo mAdymmomgds Joowm xR0l ©s 0bgsM0sbE0l
(36909035, 335300m© Hodmysgodos M@0l doGomso 5dm35bgd0 s MObEsmsb yolioggdo
aobs, MM jansbogy®o o 3Omgdaogeo 39mdgd®ools doMomswo Bod@gdo, sOLgdomsg,
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2odmboBoggb 0g039mdgdl 0bgo@05bGHgdl dm@ols poM@sdbsms dglsdsdobo xayeol dods@om.
39500, dmag0oobgdom 3o gersobo mogol gO@sbygbol 3@Mma®@sdsdo (1872), goboboensgobgb
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OM0O3 9339 >©00b0dbs, XIX boygybgdo gagdgb@o®yamo 2gmdgd®os do®dme oy,
©05353'd0Mgogeo 0635M056F b0l Mmge@oslmsb ©s LE0dyel sdagges dob gobgoms@gdsls.
o3 30M5Mox3do dmgmge smg{g®o 53 3ogdo@b.

“3MmmgJaogmo ggmdgd®os — gl dmgmo agmdgR@oss” — gobsibows 3garod; dgdwgmd,
1872 (geols, g3gemol 3ensobds dgdmggmagsbs magolio g@esbygbols 3Gma®sds [12].

xg®  aobgoboermm  3gaol 33 30390s. 30mgJcoge  g9mdgd@ost  (3md3egdlydo  ob
bodwoao @oibggdol F ggenbyg) Loddg ofgb F9oBoggdmsb s @m@dgdmsb. Gy izoqamo
89m3965@00l B 0950 P" bogdigdo gbgds N =M. n") T90Homgdol LobGam @oigbgbs
o f(V’:ZaOEV)x“ Bm®dgdol LolGge Gogbgls ol @ 9bos 0gml ©sdmogdgeo JnmEAEO-
bo@ms LobRgdol s@bggodyg, g9.0. gbws ogml 0bgs@osb@yemo PGL (F) xa9aol dmfdgogdols
d0do@m. Sbogobydom sbgmo 3G3gozgds dmoigds FTgdGoamgdols s gm®dgdols gomma©o-
boBms MoiEombsgy®o g9bjioom (p(T]i, agv)), @mdganlsi ofgb dgdwgao mgoligdgdo:

1) gybjgos (p(ni,a((lv)) Fomdmoagbls byanmgobo Gogol g@Omage®mgsb aubliost, g.o.
(p(kini,pvaév)):(p(ni,ag)) 403900 Xi,pve[F—{O}-lmmgols. Lbgoagooe, @ g9biools

d60dgbgeomdgdo ©odmjogdygemos dbmegomo mgom [gO@oamgdls s Bm®dgdbbyg s
5@ 0d @oibgms 360d3bgermdgdbg, GmAgmgdoi dom o@g@b.

2)  gubjios (p(ni,aftv)) BoOmdomo 0bgoMosb@os GL, (F) xa9gnol dmJdgogdols dods@m,
9-0. (p(c(ni),G(a((lv)))=(detG)m(p(ni,a((lv)), ceCGL, ,(F), Lopsa m — dmgeo @oibgos,
Omdgeloig @ g9bdaool Fmbs gfmwgds.

sbigom  @sEombogny® oM, af])) 396Jcool gGwggodmgsbo obgo@mosbHo glmwgds.
P" Log®Eol 39m3gd@osTdo sd@o o3l Fbmmme 9Hmy3560m356 Go@@mdom 0b35M056@ 9oL

DYOIGHTS P" Lbog®i9do — gb ool 3meobmdyg@o ogoggmds, 5by Loboyos goHmygemmgsbo
0635M056@ gb0l H50dg LolGyao bogdgdol gangdgbBgol dm@ols.

5d@00, GL,,; ¥2980L 06350056@0ms 0gm@os goblsbmg@sgl agmdg@dosls P" Log®gdo.
aobgobogrmm do@@Fogo dogsgomo.

dsgomomo 1. gogom, dmigdgmos boghgg PYF g@mpgo0mgebo jom@oobsdgdomn (X, Y)

XY
> mobo Fgodomo P=(x;,Y;)eP’, i=14. 35306 Aij=det{x ;/' } >0l (Xi, Yi) gom®©obs@gools

i ]

5M59AMY3oAMZobo 0bgoM0sbGH0 Fmbom 1. 5do@md A 0@ 53l 5B 3BMgJsogm 3gmdgdo-
>do. 09 odmhbps, Gmd A;=0, 35306 gl dBHg0390> 9ONYZAMZobos s Aol ol ygm-
dgB@ogmo sb@o, 3g@dme, gl bodbogl, ™3 (g@Gomgdo P, oo P, gdmbgggs g@mdsbgmbs.

Aii ©909®30b5bEJo0©ob gHmago®mmgobo 0bgo®0ob@ol dobomgdo@ LokoGms s@obs e o
mobo {gO@oaobs. mobo (9@O@o@ol 3mm@obs@gdom dgagodaos sgogemm @oEombsgeyg®o
G960 (Au-As)[(Ay-Ay), GMIgaoi sdlm@adg@o 0bgomoobGos; glss mmbo §g@@omols
35000 (3bmdoao m®dogo Jgnodwgds.

Lobogos
(2) ApAgy+ A1 AL +ALA,;=0
V99b5059905 0ge®gdsls P -0, Gmdmol g9mdgdGogmo 0bGgMm3hgdo30s 80436980 JoGas©
(36mdogn MmobogsdmOmdsby mmbo P, Py, P, Py {g@@ogols m@dsgo dggnomogdol gl ‘dgbsdanm
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(03 F90Bomgdoll Gogbyg @odmjzoegdyge) 3d60dgbgermdsl dm@ol. ol Lodmgbgesw (2)
0obogo®Omdol m@ogg Jbo@g 2o394mm g3obsL3bger gbo3®Mgdbyg. dogomgdm:

(2" (Alz ) A34)/(A14 ) Asz) =1- (A13 'A24)/(A14 'Azs)-

200530090  g9eols 33 303905bg 030l dglobgd, G®I 3GOmgaogmo agmdgddos — gl
dongemo 29m3gB®0ss. O dbOom [o®dmowygbgb 5x50by®o, 9330 YM0 S SMSY3IL0 YO0
2903dgBM0s 3MMg3ogeo 39mdg@ool bofoagdls?

30J3om, Xy, 00, X, — 30O©065E 950 P"-Yo. >mgbodbemm Hw:{XOZO} LobO g mE ©sdm-
9090 303g0LodbARYg ©o A"=P"-H - 59 303g0L0d@AYoL sds@gos. A" Fo®dmowagbls
P"-30 howgdym N-256Bmdoggdooh 08069  Logdigl  globdgmeme  sdm@gdygmo H,
30390 L0dAOEYom.

9ol 309 BmOIYEo® oo 3G0b030 dgodangds hodmgsgseodmmn m@o [obswswgdols

Lobom:

0

fobopogds 1 sn0badmo  390895G00b 950693930 @5 mgmagdado A" -do  bobdgaro
G bmdol [9@Goangdoms @s bob@Gaamo Gomwybmdol 3marobmdgdom, by A" -do 30390-
bagwssomgdom  dawggboaro 89mdgBE om0 269208 9HS30930b dgbsobgd Fomdmowsgbl 3@y -
GO0 899395@00l 45, 03939005 @5 mgmEgdedlb H 30390 bod@Eg00 digbgdaaro dgbsdsdobo
SOOI 0000 306308 95309000 d9bsbgd (d936038bmm, M3 >xoby® X=X /X, i=1,n, 3OMO-
0653 gdby M 0egdgm I bo@olbol gmgger (%) 3m@obmdl dgodangds Vgg9Lodsdmm
X (33eogdby @sdmgowgdgmo I bo@obbol gem@ds X, f(X) =f(X,---,%,). A"-ol gmggemo
Tgodomo asboboamgds, Gmymag Fgodogo P"-3o).

fobsosgds 2. ggiao@a@0 39395000l JB 0393950 @S mgm@mgdado 899G @0 a0 joob-
9208 2G35(;0960b Jgbobgd A"CP"-Bo — gboos G d0ma0 JB54093900 dgbsdsdolbo 3@Gmgdgomemo
J69208 9@530930L d9bobyd, Gmdengdor; dgbgdaaros Hbsbemganm@ s dmmgdaaro 39500 9-
@00 30390 bgsso@Gom, Gmdeolb gobdmargdss X,=0, Zin:lXiZ:O.

9338000 M0  a9mdgB@ools  3Omgoygmo  g9mdgBMoosb  gsdmygsbols  gobbognyends
dgmmeds, Gmdgedoi sOLgdbomos (p(Xi):O-X02+Zin=1Xi2 335005 Yo gmdol asdmygbgods,
dooyggobs 390 0©godEyg, bgoolidog®3mgno30gb@gdosbo  bsdwgoeo  (s@opo@eyg5M de0)
o(X) eP" 33o0G5¢ o gm®dols asdmygbgdom, Jogmm 3Omgdcogeo 39mdgR®oosh s@o-
93382000 M0  39mdgBMos.  dmag00b9b000  gas0bds  ghggbs, @md o3 Jgmmwom  FoOmenss
Fgod@gds 50593300900 39mIgHH0gdols osg90s (ob., dsp., [13]).

3093090 390393 000sb ,,0sbsMhgbo® 39mdgB®ogdols ysdmygsbolisls 3gero 0ygbgdws
bageo  30mgJgogeo Xa9gol 0b300056@ 9L, MmEMmbe  AoxsOMMgdymo  4gmdgB®oyero
30bLAOYJ30gd0bomgol. gemsobds [12] obhggbs, Amd Lbgowslbbgs ggmdgd®ogdo dgodan gds
dogommm, oy PGL, begeo 36mgjgomeo xaganol bospgmow aobgobommagm dols Gmdgerody
J39%398b ©s 53 J39xa9n8ob 06350056@gb0l mgm@osl. Lbgswslbgs agmdgd@ools dgbsdsdolo
Jaaxaa80 9gogegb PGL,  36myigogmoe xaggob bimdge ol gagdgh(gol, @mdmgdoq
063500565 Bmggdgh 3 2gmdgB@osdo dgdm@obogr ©sds@gdom ™MdogdBl. dogomomsw,

500bm®0 29m39d®o> A" =P"—-H_ Log®:990 3oo0ads sn0b90 wamaols 06350056 ms
BobY 3IM99H 396 S| BooY X393 3 6]

MgM@00©s6, 5I5Lmsb, sxoby®mo xagx0 Ygoggds P" Logdgol ggges 03 3Gmgdcogeo
20M5Jdbgd0Lg5b, M gdlisi mogol msgdo gowadysgm YlobOgmme sdm@gdoymo d03g®-
bgosdomo H_ . gggmogo g9mdgd®os dJoomgds A"=P"—H_ Logd3gdo 03 aodwsddbgdols
X3 9B0L aobboangom, Mg gbdo, gods YlslOyPmme sdm@gdygeo H_ 303g@bgosdomols,
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0635005bG el Gmggol gg3eo® 3go0Ms@ Y oAl

¢ (X) :Zin=1 Xiz'
bodgomo aoMs]dbgdols sligmo xaux0 s@ol mA®mmambsmag®o xaygo O,; dolo obgs®oshb-
Agool mgm@0s 235d@ g3l 933 09® agmdg@®osl.

300060l JowymdsTo, mommgy@o 5@z YA0  2gmdgBMos  dJoomgds, MMAMA 3
Ygbodsdol 5Mog3380 0 YO AoMsJdboms xR0l 0635M0bFHMS mgm@os. do®wsJdboms gls

N 3980 [omdmswagbls bsdwgoen 3MmgJogee aot©sdbsms xa g0l 03 Jggxagal, dmdgmoc
9d®ogl Beggdl dgbodsdol 5093480009 335G Y oISl

¢ :aX02+Zin:1Xi2’
(aeR, a=0).

5dobmsb, Gm@s a<0, 239J6gds dmenoso-gnmdohgglgol g9mdgB®os, bomerem @GmEs a>0 —
®095601 g9mIgHGos (ob., dsy., [13]).

0530l gHesbagbols 3GMyMsdsdo jansobo 3B 30gdl [12], ™I bmpsw dgdmbgggsdo

PGL, xaag0l 6930bdog@o Jaaxaano 356bsbwgdsgh Ggbsdsdolb ggmdgddost,
GGG 59 Jaxanaol  06gs@osbBors  mgea@osh.

‘d9dega0 dopoomgdo [13] o3 300630390 O™ bomganls beols.

3ogom000 2. pobgobomman n+1 godomo P = (1, x/x’, -, X'Ix’) e A" P", i=0,n. 85306

58 Fg®@0mgddoT3900m980L Jmby (P, P, P) Lod3egdlol (ob., dog. [97], N°162, a5. 348-350)
(096G 0Ggdyena) InEymdss

1 %o X %o

0 0 0
X, X X, Lo i
1 X% N 1 o X %
1 1 1 n
3 V,(R,,P)==det|l ~5 7 v To|=——m——det| X X X
n! X X Xy MxOx%..ox® |« o e
’ Mo M n 0 1 n
. . .l. -2- . . . .n Xn Xr| Xn

1 Xn Xn Xn

0 0 0

— n Xn Xn_

3bowos, gBgHdobsb@o det[XHH]ik:m, Amdgeoi ol (3) gm®dygaols Jo®xggbs Iba®gdo,

0635056 7mos GL, ,(F) xau50b 30ds@m. 0bgo®osb@mmos (XX - X)) 3@ sgemo, Go-
2003 P {go@omgddo X, {Ogogo gm@dol 360dgbgenmdsms bsd@sgao. sdo@md V(P) s@ols
M5(300MbsE Y0 gOHMA3oMMgsbo r=0 ba@olbol 0bg5G056¢0 Pi= (X, -+, X)), i=0,n, Fgo@oengdols
30OE0bsE gd0l Jodo®m, dog@sd Ir'=—(N+1) bodolboli gOmygo®mgsbo 0bgo®osb@os X, {@x0g0
gm®dol (1,0,---,0) 309803096@gd0l dodos@m. doBobowsdg V(P) o@ goshbos ggmdg@@oygano
B0boo@lo 5x50bg®m A" Log®zgdo. gl aologgdoies: bgdoldogdo asbmdgolsmgols syGoegdgeos
9Omggeols  o@hggs. oy A" Logdzgdo wogogodlomgdbm  Gmdgeody  sMoys©oago@gdeen
Loyl (Qp Qu-++Q,) ©s 5353900 gno®gdsls

@ V,(R) =,

Vo (@Q)

dogowgdmn GL, (F) xa9x0L sdbo@yg@dy® 0bgs®osb@l, @mdgemos 9439 9490g60L >xgoby®

30mdgAGosl. bopos, (4) s@fgal (P, -+, P) Lod3mgdlol dngnmmdsl (Qq, -+, Q,) LoddgyJbols
dJoEgermdols gom gy goddo.
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355000 3. 39am0ls JgnemEols MmobobdoE, ggjmoEg@o 3gmdgB@ool mdogddgdo doogmgds
309300 g9m3gd®oopsb dgdwgabsodo by geomdom.

™6 P=(1 X, /X, X, %) €A CP" 0o Q=(L, Y,/ Yo, Yol Yo) €EA" €P" {g@@0el dmcols
dobdogno as3molabgds Bm@IYeom

(5) lg = Do (X1 = Y1Y0) =y [0, (¥ = xy)*.
sgoao dglodm{dgdganos, @md (5) dgodagds hoofgomlb dgdpgabsodswm [13]:
0 0 X Y

0 0 x 0O 0 vy

, 0" E, X' YT ° ’
(5) lpo” = det x o o |jdet 0" E, X"|-detj0" E, YT},

X, X 0 Yo Y O

Yo Y 0 O
oo E,=diag{l -1} — gomgyemgsbo Nxn-ds@cdoass, X=[X, -, X, Y=[y. - V¥,] ©> 0 -
Ixn bBmdol ds@@oigdos (bLE®oJmbgdos), beoam bodbsgo T 50b0odbogl H®obldmbo@gdols.
Qo@adgems (5') g30hggbgdl, ®m3 |PQ2 RBoOEM0M0  0635(056F0s, P s Q FgdFoegdols

JOOAE0bsEJo0L J0dsdm =0 bs@olbol gHmgge®mgsbo, bomm @(x)=0-x"+ Zin:lxiz 3go%-
5@ Yo geo®dol (ob. (oboswswgds 2) gmggnoiogbdgdol (0,1---,1) dodosdm r=—1 bo@obbols
9O 350Mgbo. aoM@s sdobs, |F,Q2 06350056@0L Fmbos M=-2 (0gBg®dobsbBol Fmbss m=2),

9-0. |PQ2 oMo sdbmyBydo s dob Moibgom 360dgbgamdsls 5@ ofgl obMo 3OmgdiEoge
39039B@0530. sdolo dobgbo jgamsg gOMgY@ol 5O LYdMdss, MMIemols ao®gdgi3 dsbdognols
2obmdgs dgydangdgemos (dgoe. dsqsmomo 2). my sgo®@bggm Loa®dol gomgyenls — dobdoanls
lor ®3gar0dg Mm@ goJlo@goyne (Lbgowsolbgs) (gdBoml dn@ols — s ggoygbmn dgxommgdsls

(6) I~PQ2 = IPQZ/ |01'
d0300g0m 56l gd @ 0635M056HL, g.0., 3geoli 3G0b3z030L Mmsboblow, 93380 Y@0 2gmdgdH-
@ools mdogd .

goglowgg dgodemgds godmgmm m@ a € A"cP" s BeA"cP" 303g0L0odddggl Jm@ols
39mbols gmbobylo [13], a:Zakxkzo, B:ZakaZO, 0y 503 9goOmo gl 303g@Lod®Eyg o®
9dmbgggs Lol ygmme ©sdm@gdyger Jodgdlbod®Eygl H .

3525000 4. gngdgom, 2 ©s 3 dospomomgddo N=2, s5by 553l ggzmoeygdo  m®-
256%m3ogn 930560 LodGEYg E”. m@as6bmdomgdosbo lod3eng]lo (P, P, P,) — glss Lsdggobgwo
Vg90mgdom B, P,P, {90Homgddo. @mzs X, #0, o3 FgdhBoggdol sg30byg@o 3mm@©obs@gdo
% =x*x° (i=1,3; k=1,2) Lob®amos, g.0. Lodggobgwo (PP, P,) dnmosbse asbmoglgdgmos
E* Lod®@gol Laldam 6sfomBo. 3bowos, Lod3amgdlol ,,dmEammds” (3) s@ol 53 bsdzgmbgeols
(0096300 go9m0) RoBmnMdo (9330009 390mdgBM05Td0):

1

. 1 % %
(7) VZ(PO,Pl,PZ):SAPOPlpzzadet 1 % %2,
) 1 % X7

boanm PP as596©0l Log®dg godmolobgds go@dygaon

() IPin :\/zk:ﬁ(iik_ijk)z-

2oMsJdbgdols xaux0 G, @mdgmoi  Jdbols E’ Lod®BYgbg 930G  ygmIgdosls,
9903536 MONMaMbsma® 3o@sJ3690L (E* Lod@@ggbg dmd@ubgdgdls ©s 50933 gdl) ©o
AObLEns53090L (3o®oggay® aoo@obgdl), 5byy agodgl:
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9) G={g|g: % > %" k=12},

bongG

(10) st=alsxl+alxi+b, x?=a’xl+ai%’+b,. (i=13
i 1M 27N 1 i 1N 2N 2

o] A=[akj] — 0ONMambsgry@o ds@G@oss:
D a5ah =8, (Bh =1 Goge k=m, ©s &, =0, dogs k=m)

bogom b, b,eR. 3bmdoenos (ob., doy., [98], ag. 47-49), ®m3d sbgmo G xg9n0 0bgsmosbB el
A™3goL (7) o (8) RmAIYegdom goblsbmgdya Lowowggdl. dog@sd my a30bws godmgmm
9335000 M0 29mdgH®ool mgm@gdgdo, GMIamgdoi Lods@maosbos gggms 3mba®ygbByao
Lbodggmbgoobsmgol, gbps asbgobommmn 9axO®m Godmm x50 é, GOmdgol gangdgb@gdo
GeG 3osloboglh 9Y@moghm  3mby®gb@ e Lodimbyregdl gOmdsbgmTo. sligm xaual
dogo@gdm, oy (10) 3omEsdbgol wogyds@gdm {1,2,3} gargdgbBgool aomsbsigagdgdl o, G®I-
mado (P, PLPR) ULadggobgool §5960m93lL gowosbsiamgdgh g0mdsbgmdo [74]. bowos,
Lobmposme (09 bodggmbgoo Gmeagg@os 5@ s@ob), ao®wsddbs 6 3gerol (8) dobdogngdls:
o:lpp > lpp =l o #lpp,
s (7) m®09bG0Mgdyamo Go@mmdols bodsbl. sd0@m3 >G(3 gOhmo gb Lowowyg o6 Fo®Imsw-

296l G X980 063500561 s o dgodangds Foyu@o@goegl (o 3y sw@gdygao Labom)
9339200960 29039000l Mgm®9393d0. G w950l 06356M056@9dL Jog0wgdm, M9 V93502960
(7) ws (8) Lowoggdols Lodgd®oyge 30350bs3090L, AMI@gdoi ao®s0dbgds msgols msgdo
G 2o5b5(33e0 90900l ImJdgegdom. sLgmos, dogsoms, Lsdgymbgool 3g@odg@@o

(12) P =1, +I +IP2P0

ARRP, PP " PP,

s (8) Lowowggbom gy gbogno Lbgs ge9dgb@o®ymo Lbodg@d@oymo Kubliogdo [59], sbggg

(7) ™m®0gbGo®gdymo Go@nmbols jgo®s@o. Lfm@ge 53 Fgadobgddos gmEIgmomgbymo,
dogogoms, 3g0mbol 3bmdogno gm@Iyans

(13) (SAPOPIPZ)Z =p(p-a)(p-b)(p-c),

oo o@bodbyaos a=|P0P1, b=|P1P2, C=|P2P0, p=(a+b+C)/2=PAPOPlP2/2. JoOMES(3, SO0 Yo-
Lolbobyos, @md (13) dgodangds hogfgdmm dgdwgyo Lobom

(13)  (Suppp)’ =—p*+p’(ab+ac+hc) — pabc=—p'/3 + p(a’+ b*+ *) /12— p(a’+ b’ + ¢) /3,

@mdemols oMy ggbs Jbomg dgoiegl dbmeme g gdgbGodygao Lodgd@ogemo gybiogdols
(3@ 0bmdy@) 303ddobsiz0sb.

sgoeno bohggbgdgeros, MM Lodgymbgwols 3390w©gdols Loa®dggdolgsb dgoagboao geng-
d9b@o@yeo Lodgd@oygmo B9bj3z0gdo dgowygbl Lodobolm 0bgo®osbBgdl, @mdggdoms
35300bobgds (3m@0bmdgdsm) badzgmnbgool sdsbsbosmgdgmo 6930L80gmo G-0635@056¢0.
dogogomo 4 bomgals bol jowgg gOo dbodgbgermgsob 3@Mdagdsl, ®mdgaoi ddogo-
OmE 5M®0l ©53533d0M909@0 0b35M056F o0l MgM@osbmsb ©s wobgdEo305Td0 gobbogeyyan
Logombgdmab.  glss  dmigdygemo m@o ob @odpgbody ggmdgddoygamo  (sb  senygd@oeno)

0509JBob 930358096 m™dols 3OMbengds. 0bGyoEoy® ©mbybyg dgodangds dJmggermgm, @GmJ
sbgom  (Mo0dg goggdom) 943085 gbB @  ™dogdBgdl gdbgdom  gOmbso®o  0bgs@osb@gdo.

aobbognygan dogogmomTo sbigmo ogm gggms 3mba@ygbB o badgymnbgwo. bosmgamos, @GmI
306209963 mbols bodbom  yggens  Lodgymbgwol Lod@sgarg ©sodengds  gJgogomgbBmdols

geooligdo. a9mdgd@oymo s sago@ o asdmbabymagdgdols gersliogogsiool sdmEsbs
oMo Jdboms  Lbgoalbgs xa9ngdol mgombsb@olon obEm@oymsw ogm 0bgs@osb@ms
0 gm@ools gOm-ghmo 39bGOs@ @0 Lsgombo. hggbl dospsmomTo ©sligghs m@o Lodgymbgools
AABC o AAB'C’ jmbgd9ggb@mdol dglobgd dgodangds 3539009l domo dgbsdsdolio Lsdsbolim
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0635M056@ 9d01
(14) l,=a+b+c=2p, I,=a*+b’+c* I,=a’+b’+c’
9JO0d5bgnmsh Goemdol dgdmbgggsdo (s a=lg, b=1,., c=1,p):
(15) AABC 3mba®9gbdgeos AAB'C' < I =1, I,=1,, I,=I..
50300 sLobobos, ™I (15) Goeaslbos Lsdggmbggdols Goamdols (3mba®ygbBmdols)
909396300 @ 2 9mdgBM05do (36mdogro bodbgbols. sdMoyoE, dJogooge®m sdm3obsdwy:
35O JIbsms dmpgdaamo G xgagobsmgol dmodgdbeal %obozamo, seoggddzao,
86 8ged9B @00 309JBg30b sdsbsbosmgdgamo 0bgs@mosbBgdols Jobodsarydo bod-
Bsgeng, Gedgaroi bsgds@obo ofbgds msbogogscool 3Gedargdol gswsbsg@aems,
867 58 @3099(5980b 9309520966030 Jarsbydse (G- Jodsdm) wsbsensggdensc.
dogomomolmgol dmgobligbomm jgs@@s@yemo s mMs{Mgogo gm®dgdols gdgogem gb-
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0o, Loa®dol gobobmdo dg@®ol boigmep godmgoygbgdm Lbgs @mdgarodg gomgyml —
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3OM3MAO309@mdol 3mg803096G0 K 9bO9bggmygmgals (19) aob@mergdol “3mgo®osb@mdsls”
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AmIganlsi gdo@gds 8-a56bmdoangdosbo Ly bogdg dsbobom vy, , y,,a =14:
M., v, 1=(0,,)." v M., ¥“1==v"(q,,),",  [P,w,]1=[P,¥"]=0,
v =059 =0,  {y,, ¥} =(4")/P,.
5 v, 20b0dbogl oGS 0l do@@oigol, o, =14[y,,7,], ,u:(B, bogem vy, a=14, 3obm®gdos.

(42)

13(*)6(*)@6).5(30&80 [6] o bmgoghm Lbgs Yys@mTo [114b] LEsEool obsds@mo Jomomgoygmos s@obyl@oc.
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P, @5 My, ==M,;, 50b0dbogl 39obgodgl xa9n0L 296g05@m@gdl — 0d3yabol 4-39]Bm@L
> 0337 bol dmdgbRol sbEolodgB@oya 4-39bbm@AL.

3990630M9L Lydg@-oga9dds dmJdgogol Lydg@bodgd®oyga Logmgdo, obyy oligmo (aenggo)
39630900l Loddogemgbyg, @Omdmgdoi ©odmowgdygaos (x*,0%) G oEgdby. o X dob-
303bgol Log®Eol — Lobmpswme, D-256bmdomgbosbo LogdEg-e@mol — goma©obs@gdos,
bogm 07 5060B6ogl 56303m9H0MJEom  JOM®EBGIAL, GmImgdoi X 3nm@0bsEHId0L
@O b(3-oM5Jdbgoolsls aoMs0ddbgds L3obm@gdogom.

Omam0 ;3 gbgosgm, by3galodgd®oymo yo®esdbgdo 0fg93L o®wsJdbgdl dobgmglgols
Lbog®igdo, @53 bodbogl, @md  ULy3g@-s@agdo@ol  30do@m  0b35M05bFMdol  Jmmbmgbs
‘dgoiogl  Logd®Eg-edOmomo  Lodgd®ogdol  dJmmbmgbolsz. Logds@olos  bhogmgogrmm, @md
M39053 MM gd0 (42) s (42') gm@dyegddo Jmdgogdl @mgomydse (oby ©odmowgdyeos
30MO0bsBJOb) o 3Pobgodgl  Ly3g@-osgago@ol  ho@bmgddo  dmgdigze  erem@gbiols
Yo 0d@ Yo X3 9R0, M5 3M5306 5300l s gm0l dglsdagdbenmdsolisE dmyg39dL.

35350000 5. mogobggomo gdole bofomsgol Jdgrgdol Lydg@lodg@@oge aobbegs-
905l ol Vgdgao bobg [6] (X“(z)=dx“/dz ©o &.9.):

(43) S =[drn,, (x“(2)-i0v"0)(X'() ~i0y"0).

J3g0g90s (43) sxfgal bofoaszoli dmd@osmdols by3g@log®3gdo gom@obs@gbdom (x*,0%).
o] 0° >mbodbogls 0% L30bm@ols oMs3ol gy gdyel. 7 bgdoldog@o ¥fyggdo 3oGe-
9HG0s bofoeszols D-gobbmdogngdosbo X*(7) G@ogdpm@ools gobfgdog w,v=01:--,(D-1);
Muw — 30bgmglgol dg@®ogss D-gobbmdoangdosh Log®g-e®mdo.

>@dmbbos [6], @m3 oy (43) J9gwgdsTo 07 ggmspgdo 530@hgzm M@ 9ol b3obm@yen

3920, ©53356@30L dgdogy dogowgdm 5069d@Gs0bols (gof®B039d9e0) gobBmagdgdols bydgm-
LodgB®oge Ao85MMNMgosl.

L39O L0dgB®ool gOm-gOmo Jmmbmgbols Mmobosbdow, ymgger $9@dombl (dmbmbL) 9bws
dggbodsdgdbmegl dobo Ly3g@lodg@®oygamo “d9Fygoerg” dmbmbo (gg@dombo). Jbasglbo @3
31690530 5@ ©s0dboMgds o oM IshJoMmgdbangdbg dodwobodg gJl3gMm0dgbBgdds g0hggbs
@539 — eEgobsmgol gOHMogOm bydgalodgd@oygao bofoanszgbols @3 gomo [ygomo >@
@0l s@dmhgbo@o. goMoyomdgb, @mI (3bmdogro bofoesjzgdols gggems byY3g@3o@Ebom@L o3l
dogr0sh oo dsbs. sdoGmd, Joybgosgs mgm@ools go@dsayg@do [o®ds@gdgdols, Laly®-
39005 5M530M©530M0 (053300396000 BoJBgools Jomomgds, GMIagdoz osESLEYYM YS9
d96905d0  by3g@lodgB®ool s@lgdmdsl. gam-gomo slgmo ©gdmblEMsioss o. bohodols s
. bgeosdgoenols dog® dgb@ e gdygeo 393eg@ols gensbogy@o s 33obG o sdmEabols sbo-
eobo [118] ws Uy3gdlodgB@ool dmmbmgboosb gyemby®o 3m@Egbigosmol  mgm@oymso
aodmygebs. Lbgs Lo@ygggdom Omd godgom, d9bgdsdo  gyemby®o 3m@Fgbigosgol s@Lgdmds
©> 53 3mAb0o@msb s 353d0Mgdygao @ s3@sl-Mbyg-e0 b0l dmd@omdols 0b@gydowo
(2], 8- 134) 3939392090l d9969d5>To Ly3g@lodgB@ools Ggomy@o s@Olgdmdol Lols®agdem.

RoOEME0MME0L bm oo mgm®ools ho@hmgddo LogMg-eOmol 29mdg@®os gobolsbmgmgds
©0bsdogom. 0y039 dgodangds omgol Bo@Mbommdol bmyswo mgm@ool by3g@lodgd®oye
30BOMMbobg — b33908 G53095(;300Dg ©> mgm@osby, Gmdgaoi doowmgds Lydg@lodgd®ool
3590m05bgdoon bodgdol mgm@Gosbosb — bysgmbodgdol ogmdos by.

0530s3003ges© bodgdol mgm@os hodmysaodes g.39693056mL dogm (1968) dgJdbogno
dmgeols bogyydggerby. gl dmwgero dgdmmgdygero ogm domsgo 13obgbol dJmbg do®mbgdols
(dgog@oe 9OmogemJdgoo bofogs3gool) as0bggol sd3go@ ol s@bsgom ©s gdgemgds
350MMbgo0ls YOmogOmJdgrgdsdo sdmbgbogmo @@ aGmdol dmgegbsls (ob., dsy., [48]),
Omdgero3, mogol db®og, godbggol sd3emoB ol b3gioxgoyd Lodgd®ost — 9.V, py@mbobg-
bodgdh@moslb 9353300©gds. 3 LodgB®ool Jommbmgbols sbsgdsgmaogmgdanso g9bgz0obm3
ho( g god3930L sd3emo@ s gogrgdols dg@o-0b@ga®sgmol boboo [49]:



35

1
(44) AGs.t) = [ x“O7(1=x) O dx =B(-a(s), —a(t)) = FCa()ICab)
: FCa(s) -a)

o] T(2) >®ol gogng@ols aods-9bjios, S=(Pi+ P2)’, t=(p2+ps)’, >0b03bogls dobgeli@odols
M9e053030bH YOO 0bgoM0sbH Y (33eogdl (P, P, ©S Py Py — 206bg35To dmbsfomyg dm-
bmbgdol Lofyolbo @o Lodmenmm 4-0339algdos, dglodsdolow), boam a(z) s@ol dgx gl
AO59JBMG 05, OmIgemoi g9693006m3 homgsms [Ogogew: a(Z)=a0)+a'z (dmymes 3bm-
dognos [64], [48], Ggxgl HOo9BMO0s 5g@Om0obgdls Lbgoslibgs dolols ws Ldobols bofoasjgdls,
AmImgdlo wobs@hgbo 3356@ M0 Moibggdo gambso®o oJgl, 5byy a30hg9690L dolols wodm-
300909 gdol bofoaszol B3obby). 3@mboba-lodgdmools A(s,t) = A(t,s) dmobmbs (dmbmbgdo-
Lomgol) ©s3dogmaom gdgemos (44) gobdo@@gdol mebobdow.

396930060 (44) 533@o@esl gl LF®sgsw jangdso do@sm 9bg@a 9@ os9eo slod3@m-
A0go. BoJbodgdygmo s oo [s| 3gmoEgdol s@9do gl sbod3GmEogs bodolbmgsbos,
(45) A(s,t) ~s“" (o' >0)
@53 Bobogg® 5Mgdo (1<0) odgggs LY@sg gangdol, Gm@Es S—> . jowgy 9u6m LYdsgos
&0 90, OmEs goJboMgdbymos aodbggol jymbyg s S — 00, o83 AML [63]

2t=—s(1—cosH,)

©> S0 agsdanggl t— —oo, t/s=C <. 35T0b (43) 5d3gmo@yws 9Jl3mbgbEosmymo Jarg-
de0mol gbgdaools bOslmsb gHmsow:
(45) A(s,t) ~[F (1",

sbgmo LF®sgo gangds 5@ sbolosmgdl ggeoli 3356¢ M0 mgm@ools s@3 gom dmwgenls
(499gmmgbols mgm@ools ho@hmgddo); (45) ©o (45") oboddGm@Eoggdo soblbgds odom, G®I
dDogoemo Hgbmbablols s dmenylols Fgmomo aodbggols sd3eo@ywsdo YHhmogdom 39033930

3o@mMbgdols obsdogols s@bsfgdew, Amama 3 smgbodbgm dglogogdo, Gm@Iyas (44)
0O 303mEys, doa@od  aobgoms®gdyao  dowamds Labo@ygdenem  s@dmhbes a@dsgo@siools
335639M0  mgm@ool sggdolomgols, gobsosb oligmogg (44) Lobg odgl s@o§gdGoermgsbo
9053 030LG YO0 Mb0gdBgool — (derbmby@mo) Lodgdol — gOmdsbgmnbdg aodbggol sd3eo@ywsoliag.
JmogoM0 3OHMdangds 33563 M0 3M530H5(300L M5b63d0dggd o o960l absbg s@ol mgm@ool
2o bMm@dgomds, (o3 535300 daemos AMog0@o30gmo ggeol 33obGol — yMsgo@mbols
— 2h e B30bmob s dglodsdolo 3OM3oas@mAgbols aobdesmdgdmsb domoen 969M2095%g.
dopM53 3969(3096mL F@Igens 3odgo STgAOl domogro L3obol bofoasigdl s ofgl jodao
do@omgbg@y 9B 04790 sLod3BmEogs. sdo@md Lodgdol godbggols sd3mo@moolomngols (44) goG-
dygeol dowgdolmsobogg oofygl dobo godmygbgds 335bGYM0 a@sg0d o300l dmwgengddo [6].

bodgbdol s by3g@bodgdols mgm@ogdbobsmgols sdsbolinsmgdganos “@90bdsbols s ®sdgdols”
35300900  bogergbo MomEgbmds: dgdgmmgdols mgm@ools ymgger @opdo  Lodgdobsmgols
235J3L dbm@me momm osa®sds [6]. gl mogolgdydgds o oMy domsmgbgda 9@ 037e00
4mgodigge dgodangds ogblibsm 0liggg, Mm@ 3 doE@mbgdol sd3go@ywol “3ocy0” ymasdigge:
Lodgdols — s@5{gdGoenmgsbo mdogdBgdol — gOmogOmJdggds begds os®s gho §gd@oendo,
>™5dge Lodol @bggol dmgan Log@dgbg. 2o0bggol sd3@o@ s, s@OLgdomsw, sfgal dgmbggo
Lodgbol Imwgdol gOMogAmJdggdols 3mengdBdog® 989JAL. sdo@md a35J3L wsdmy ogdgero
©0ogM5dgd0l 30609 @omEgbmds. 5dobmsb, Lbgowslbgs dmwgdols {gmogrgdbo g@Omdsbgmls
5303396LoMgdl, @oms soblibgds sd3ero@ ool 3amgdoo sbod3Gm@ogs dosmo 9bgdaogdols
bpgo®do.  RoJBoygdo, oMs(gOGommgsbo  mbdogd@gdoll  gOmog@mngdggdols s g@olsls
‘dgdgmmngdols mgm@ools (30030 bofogmd®og 9339 >xdgeo0s (dmegdols glsbOygamm @om-
©gbmdom) s 53 sxodgolol begds ggamol 3356@Ym0 mgm@oobsmgol (Lodol momemgyao
Voo @ogobomgols go sbgmo mgm@os 9bws ogml do®mgdygeo) sdsbsbosmgdgero obdans-
Omdgbol  3md3gbloMgds;  Loob@gdglbem  odbgdmes  Lodgdol  mgm@ool  “dog@mbgmdyemo
©5539dbgds”  ggaol  335bGYd0  mgm@ool  ho®hmgddo, sbogmmyoyg@se  LEsEoLE0 Y0
356mbgdols d030mLgm3geo ©oggydbgdols.
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§1.5. g96J0ombomy®o ST ogdmmds 3dgdosk Lolidgdgddo

Lobmasme, ddsgsmo mogolygegdol ba@olbbols djmby mgm®osdo s3> g 03 Lobols
303396LoMgdgdo 39BY39e0gdl od mogolynmgdol bodolbms dm@ols 6dg9d0lb >OLgdmdsby.
33960 sdsbolinsmgdgaos 6gdoldog®o Yo od@ s 0bgs®osb@G o mgm@oolmgol.

3525600000 6. 0530l RoEo YAsLe bofoas ol Jdgegdols Bybombogo D-gobbmdogn gdbosb
3Lggem-934800090 bogAg-eamdo hoofgmgds dgdwgao Loboo [S]:

(46) S =[dre(z)n,, X“@) X' ()

o] 7 bgdolidogmo 9Fy39®o 3oM539BM0s bofoaszol D-gobbmdoggdosbo X(7) B®sgd@m@ools
aob{g@og; #,v=01,--,(D-1); n,, — 30630330 JgB©0 45> D-gobbmdogngdosh Log®zg-edmdo.
396d3os e(r) 9bdybggerymal S Jdgwgdol 0bgoM05bGMoSL 7 30M5dgB®ols dgigenolsl [84].
oMM 53, Yor0d@ Yoo AoMsJdbs

47) T—>7(7), e(r)a%e(f)

0635005bF el Hmggdl (46) dodxggbs Ibos@gl. o3 0635M05bGHMI0ESE  208mIobo®gmdls
d9dogmbdols 3obmbo

(48) d/dz(zn,, X*x") =0.

dopg@od (46) RmEIPeosb, goMs X“=0, #=0,D~-1, dnddsmdols aob@Bmegdgdols, asdmdwo-
bo®gmdl “dmd@smdols gob@mangds”

(49) 6Sloe=0 < 7, Xx=0.

(49) Fo@dmowagbls 3dsl, @MIgenoi gogds gogod®yms 0bgs®osb@ya, g.0. gobo @,
dgbobgoe T =n,, XX bopopgl ©> a30hggbgdl, Gmd (46) Jdgwgdol dobodydo doow{ggs
dobgmgligol D-256bmdogngdosbo Logdg-o®mols Lobosmerol-dopqgo® g9mogboyg®gdby. 5dolmsb,
aob@mangdgdo X“=0 o@ ggodanggl T=0 30Gmdsl; 53 2ob@Bm@gdgdowsb 208mdobs®gmdls
dbmame  dygedogmdols  jobmbo  (48). sd@ogow, (49) Fo®dmopygbl  Lafgol  3o@mmdgdbby
ooy dgboywgol — my T=0 Lo{yol 7=0 d3mdgb@do, 35T0b, (48) mobobdow, gl Lodo@m-
gosbos 7 bgdolidogdo dbodgbgermdobomgol. sbgmo bobosmol ddgdo wsdsbsbosmgdgaos
6960Ld0g@o goeod® s 0bgo®mosb@yao LobEgdobsmgol. dopsmomsw, gergd@®meobsdogsdo
259bol gobmbo 0SISA, =0 o@ godmdwobsmgmdl 3sJliggemols @sbs®hgbo aobGme gdgdowsb,
dop 53 o3 gobBmagdgdowsb doowgds dydogmdol jobmbo 6S/0A; Lowowolomgol s my
9L (o®dmgoyemo byeols Geaos Lofyol dmdgb@do, ol byaols Gmero o@hgds Iygwsd.

3556000 7. gobgoboanme Jdgogdol gbjiEombsmo D-gobbmdomagdosbo bodobmgol.

Lodo — glos gamasbbmdoangdosbo (odo X#(o), w=0,(D-1), Lowsx o 3565dgHHos.
hggnergd®og, omgdgb o e€l0,7]. wO®o ggmeygEoolst Lodo dgdn(gal  LogdEg-edmon

bgesdodl, ®mdgmoi [gO@ommgsbo bsfomszols dbmgmom Fodol m@ysbbmdogrgdosbo
5bognmp0s. 50g6036mm 7 =(0", 7)) M@z6BMIomgdosbo g9dBmGo, olg Gmd do=do'do?

3350 9309L 53 Jbmgom bgsdoMol FGo®mol gangdgb@ L.
Lodol Jdgogdom 0mhgggb Lodol dogd dgdm§g@ogo dbmgemomn Go®mol 3GM3M@ G0y

Logogwgl [6]:

(50) S=-T/2[d’c\hh"p,,8,X "9, X".

5 s 05 h™ 50bodbsgl dgi@ogge Bgbbm@gdls Lodol Jbmgmom bgwsdo@by; h=|det[h,,]I.
o065 (50) Jdggdedo 3gmswo h,; ogmy@os, Lodol mgmom bgosdomol Jnd@smdols
2ob@magds 3S/6h, ;=0 [omdmopygbls ddsbs.
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ddgd0 hbgds bgboldogd Bobo @ ©obsdoy® mgm@osdo. sligmo LolGgdgdol dglfoges
o930 gdeme  dmombmgl ddgdols jmAgld g  aomgogolifobgdol, 39Mdmw, ©s3356@g0LsL.
Lsgomboms gl 360dgbganmgsbo §@g dgbTsgamomos dBHmIgodo [119a,b]-[121].

‘dHd>do [41] dgdmmgdbyammos g9biogdols soGmdomo wodmyyoegdarmdol 3bgds.

300md0m  g9bJ30mbogry@s® sdmoegdyemo (sdmyzogdgeo) Kubldiogdol (3690l
23mYggbgds Imlobg@bgdgeros IMsgogo bmyswo s gsdmygbgdomo bobosmols sdmizebols dgl-
Fogemolol (ob., d5y., [41], [119-121]). s@g60bmm 8503397800 Sbognmgos JoGmdomo gJlE@gdyndols
odm35b60Lmsb, @m0l oygobs Sdbm@ @0 gJuE®Ydndol sdmEsbsby mydzs dglod-
agdganos, dog@sd, Lobmpsme, ©s353doMgdoyeos sdmzsbols LodgB®ool ©sgo®ygolnsb
>  25dm33a 3900l dglodsdol  go®Mmnygagdsbmsb.  Lodg@®ool  dgbobo®hybgdmsw  sligm
5dm35696do  Lo®agoemdgh  @oa®sbigol aobybmgdgan  dod@ogmms  3bmdogno  dgmmwom
(ob., op., [97], n°212, 33. 470-471).

dOmdsdo  [41] bodmgbos  g9bjogdol  3o@mdomo  sdmyzogdermdol  g@o@g®oydo.
odogg bod@mddo gl (3690 ©o 3000 2odmygbgdymos  do@GMoigdol  bo@ed o
0635005bGgb0l dobolol dgbsb{ogansc.

godgom, nMeN ©s g35J3L N+M oxggdgbxzo®gdowo Bybjios, A®Imgdoi sdmowyg-
dg@os N+M (33@00090bg Xieoos Xy Yireeos Vi

(51) f:R"™ >R, i=Ln+m,
Sdobmob, gmgdgom, byaoligob goblbgogogds osgmdosbo J;:
a( fl""’ fn+m)

le ¢O,
O(Xpeer Xy Yreer Vo)

bomm (3000930 Xieoty Xy, Yireeor Yo 03959030093l 300m393L (€330l aobGmemgdgdls”)

(52) B, (%o X Yoo Ya) =0, =1,

Loo mommgyeo g39bdios ¢j:R”+m—>R, i=1,m, s@ols ©0939M96300gdo0 N+M 5@a9dgbGom
Xiseoor Xy Yirooor Y 00 bgenoliogob goblibgogogds osgmdosbo J,:

(53) J, = APy bn) # 0.
(Y Vo)

m03 36mdomos (ob., sy, [97], N°208, 33.453-459), w9y 306mds (53) Vgl gdamos,
ddol gob@megdgbo (52) (3dol 300Mbgd0) 2oblobmg@magl bowo Labom dmzgdym 39bd309dl
Y=Y, (X %), j=1,m, s (51) sbobgs aoblobmg@agh X,..., X, 3gero©gdols Gnge 39biogdl:
(54) o= f (X0 X VoK oo X )y Vi (X X)) 1 I=Ln+m.

83685635935 6. 5763093 (1) gafmwgdo So0Gm300 R@bfzombsgyGo sdmjoydaals
(wsdmy 0 dgal) 6ol (52) So@mmd9d0m, my dybsdsdobo Gomaaro gabijiz09d0 (34) s@olb

963000650 Go© Im 0o (Mg 0@ 8ga00), by my osygmdosbo det[ T ] awdol
(5@ m@mol) buarb. o4 s@bodbyemos

(55) =0, f+2" @, 1)@, %),  ik=1n,
@ O Y, goerbobo@ gobols beg@gds gobdmargdsms bolbdgdoo
(56) 0=0, 4+, @, 4)@, %) k=Ln, j=1m

bod@mddo [41] 3@ 303gdYmos mgm®gds, AmIgeoi Lodgemgdsl ggodanggls agswyobem
39630900l 3o@mdomo BybJEombogy@o sdmowgdymgds (eI oEgdbamds) olyg, Gm3
5@ 30dmgoggbmm (54) bowo gubJ309d0, M3, Lobmgswme, godmws (53) ddol gobBmangdgdols
Sdmblbobmob  ©o303doMgdygmo  Tgods  godMmygagdgdols, 0fggal  sdmEsbols  Lodg@@ools
535035l o ods@gdom Lodmyaggdl Jdbols beandy.
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0ger@gds. oy (31) qabii:0900b 5@8 909665950 Xy Xy Yo Y SgdSgergoggdl  3dols
(32) J0Gm393L, 35F0b  SJo@EMm300 Wb Jz0mbsgr G wodmjowydaemos ol N gebii;00

boddsgarowsb {fi li=1,n+ m}, Godgamnsmgobsi baemols Goaros 0sym30560
o, 10, f
(57) J= Oy, by, Gy 6n) = det|-2- 120t
8(X17""Xn’ yl""’ ym)
oy J£0, odob qubiizo9d0 f,---, f, So@mdomsw mbiizombsgr s @wsdmyjogdaanos.

0, ;10,9
533 303g0s. dgdmgome Jgdmjamgdbygmo >0bodgbgdo 0s3mdols dsG@oigoobsmgol, @m-
30O dOmdsTo [41]:

F:|:F11 Flz}eMmm, O=[®, |®,]eM, e Y =[3,%]eM,,,

I:21 FZZ
Logss
FM:[&X fi]eMn, Flzz[ayl fi]eMnym, i=1n,
Fu=[8, fi[eM,,.  Fpu=[8,f]eM,, i=n+1,n+m,
®,=[8,4|eM,,.  D©,=[0,4]eM,, j=1m

(k=1n, 1=1m).

od >@b0dgbgddo @Iy gdo (55) s (56) Joowgdl dgdpgy Lobgl:
(58) [f|=Fu+FY, -®=0,
5d5Lmsb

J,=detF =0, J,=detd, #0.
sdo@Bmad 39690:
(59) det| f,, |=det[F,+F,Y]=det| F,~F,®, d, .
2odmg049bmm o ROMdgboylol QmEAIY@s darm-gxOgemgsbo ds@®ocol ©g@gMmdobsbEo-
Loomgols (ob., doyy., [42], a3 58-59)

A
det |:A11 A12 } = det A22 det I:All_ A12 A22_1A21

21 22
(AueM,, A,eM, . A eM . A,eM,, detA,=0).
‘dgopoe dogomgdo:
F, F
60 det| f, |=J,"det| * P 1=3/J,.
(60) [fi]=2 [(Dq) 13,

1 P2
5dM0 50, 300940 detl:fi'k:I:O s J=0 9000gamn Goeasbos. u
053330390900 0gM@gdosb 25dmdobs@gmdls ‘dgdwgao

Bggao- vy (B ©o (32) gmedygargddo ¢,=1, ., j=Lm, s 1,20, oby, oz 3ol So@m-

3900 @sEYdaaros Rab;000b5argGE STy 0 d9ero N+M  gmbiiz09d0b (31) bodbsgerols
m  9e»93996(5 b, fnﬂ-:O, j=1,_m, 8> Job

det| f,, [=3,/J,#0
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30bogyg®o mgm@oobomgol. bohggbgdos, G®I gobogy®o mdogddgdo, olgsg, @m-
3003 29M3gBOoYmo mdogd@gdo, s0fgagos mOmmambsgy®o s Ybo@o@dymo
X3 9%9o0L 0635005bGgo0m, bogm gobogydo gobmbgdo, @mIamgdoi o353d0Mgdls
od g0obogy® ™mdogddmgol, oliggg, Omam®O 3 2gmdgd®ogeo mgm@gdgdo, Fo®dm-
5296l mobogsMmEmbgdl  (Lobogogdl) godwsJdboms  dgbodsdobo  xaggnol
(3m@0bmdy@) 0bgo®0sbBgol dm@ols.

. bohggbgdos, G®A (3m@obmdy®) 0bgo®osbBgdl dm@ols mobsgs@omdgdol (6dgdols)
‘dgl§ogans dgoagbl bgdoldogmo gobogy®o mgm®ool dobss@ll.

. olodymgdygmos aodmygeggols dg@hggeo dodo@mymgdols oJ@goey@mds, hodm-
4o 0dgdygamos bd@™dol doGomso dJobobo, goblsbeg@ygaos dobo dgibogdoao
Lbooberg ©s d60dgbganmde.

. 39b3o@Bgogeos  gybJaombomydom  Jo@mmdom  sIMYsogdgmo  BYb09d0
(g3-00  (54-56)). ©53B30gdgos  mgmmgds  gubiogdol  gybjEombsmyg@sw
30005000  ©IMYogogmbobomgol Logdos@olbo ©o oyEoggdgeo  3odmdgdols
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M3905¢™MO g0l s domo Fo@Moigdol gbo@o@ygeo Ibasglgool sdmiEebs (39bGHG sy
9339 ULoygnbgbyg dgBo bbols aobdogenmdsdo. o domgdueo gogygdosb  smlsbodbogos
d3gbBol [16] ©o 3.300Lol [17a,b] mgm@gdgdo nxn dosd®oigdol 9boGodygmo dbysglyg-
dolomgols bogdo@olio 300mdgdols dglobgd, . Lbdomol [18], L3gblgmols [23], Lodo@lgols [24],
J9emdgbgml [122] dgogagdo 3x3 do@®oigdobmgols (ob. sp®gmgg dmbma®sgos [20] s of
dmyggobogoo 30300 ds). 53m30bs dmgrmdoyg goslyggdomos dO™Igddo [40] wo [41], bows
5390990 gAdoF Yo s  5MogMIoG Ym0  M3gAsBM@gbol  YboGo@d Yo  0bgoMosb@gools
dobodogry@o  3m@obmdydo s FYbjiombogy@o  dsbobo N-gobbmdogngdosh  9bodemye

(93320009®) Logd3gdo s ba3mgbos M3gAOSEMAOMS YboBos@ o (MGOMNMAMbsay®o) gdgoge-
m9bGmdolomgols sg3ogdgero s bsgdos@olio 30@mdgdo gbowo Lobom, domo 3merobmdydo

0635M05bGgb0l Bgm30bgddo.
o3 mogdo dJmygobogro m@oyobsenyy®o dgogagoo godmdggybgdyemos dOmdgddo [40], [41],
[43], [67], [96].

§2.1. dJo@omspo (3696900 ©s o gdgdo

F06530gdomg 3oMoa@59390T0 U" 50bodbogl N-3o6bmdoagdosh 9bododyga Lbogdgl, 569
Fog03 39d@megae  Logdzglh gmdsggdbydo @oigbggdol C gganbg, @mdgandoi obdo@-
A9oEos 9Adodgmo dgB®ogymo Be®ds (9OdoGygeo bisms@ygeo bod@sgaro). Gmym®3
Gbmdoaos (ob., 35y, [42], 3. 233-239), Lob®ye-456bmIoagdosh gbods@dyga U" Log@gdo
4mggemgol dgodagds ogogmm m@nmbm®dodgdyeo dsbolbo:

(1 #B"={g|g eU"k=1n},

(2) <ek' j> O = gjk* :< ek> 5k]’ k,j=1’_n:
bos3 6 >0b0Tbogl  3@mbygzg@ol Loddbmemml, bowmm * — 3md3mglg@o  Jgnoegdols
3905300, 0, Lo gl 0@ 3odmoT393L 30933930 ™dsL, Fgdamddo wog(gem B" =7
25630bogmon m3g@sdmmo P:U" - U", dmdgmoi dmddgogdl U Lbogdgdo:
P:X—>y=PX, VX yeU"
BcTU" 55Boldo 3390690 (ob., oy, [98] ag. 41):

3) y=>.ye&=Px=Y" XxPg.

39Jdm®0 Pg e U" Qgy30demos Bo;ﬁaﬁ)mm B 35Boldo. (2) gomgogolfobgdom, dogowgdm:
) PE =2 P& (8,P&)=PRu=21,0nR" k=1n,

©> (3) gm@IYesTdo dgBobols ©o 6080&)@)033601} ‘d99© 9y 63356360

(3) y'=>" x*B i=1n.

Bo@OIgms (4) g30bg9690L, Gmd P =[R'] d5i@ozol k-9@ bE®ojnbdo wysl PE eU"
39JB®A0L gmmEEobs@gdo B dsbolido, k=1,n. sd@oao, P=[R.] eM, (), bowss M, (F)
5036036530 (0b. d@mds [44a,b] s dodmbogangs [20]) yggems obgmo Ixl dsg@oiols Lod@sgegls,
Omdgems gangdgbGgoo gggmgbols F gganls, |€N={1,2,---}. J399mm a39J6g0s F=0 o6 F=0.
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U" Log@(39d0 MAOMMbe®doGgoyao dobolol s@hggs dglsdggdganos IMogogbso@a. B
d5bobol bgdoldogHo gomesddbs, @mdgmoi 06s®hybgdl bgsemomygen bsd®ogenls (2),

(5) BB ={/|g/cU", &'=>U"e, j=1n},
k=1
(6) (e.8)=(e.€)=5,, kj=Ln,
bo®3ogeogds 9boGs@ymmo m3gHhs@Gm@on
(7) u:éﬁéj’zuq:z:uké i=1in,
k=
(8) u=uU", ‘det ]\
53s5bmsb, P:U" - U" m3g@s@m@ols dsd@oigs 250©50J3bgds 3obmbom:
NS itk fem L 1\ K
9 P¥—>PX=>UJU A" =(UPU")" =(UPU™)".

i, k=1

gbowos, Gm3

(9) Zu USRI = (U Pu) :(U’lP’U)ik.
k=1
8563535935 1. Q sBMo3ol, GmIgenoi dJoowmgds dnigdgemo P ds@@oiEol ao®wsdboo:
_ (g

(10) Qu=(V7PV) ,
ooz V=[V,] o@0l bgdoldogho o@opasoblsggm@gdygemmo do@®ois, detV =0, 9fmegds
dmgdygeo P ds@@oiol dbgogbo s >0obodbgds Q~P. my godsdddbgeno ds@@ois V odols
9bo@ oo V=V, |detV|:1, dodob Q o P 358®0i390L gfmwgdomn mboBomaarswe dbgogbo.

SdM0g0, (7)-(9) @Y gbosb 25dmdobs®gmdl, GmI oG mgdygmos

Fobswswgds 1 bydobdogio P:U">U" mag@ms@mdGol 8sB@ocgdo o bgdolbdogd meoem-
bor@do@gd e 3o bolbdo sGolb g@mog@Ho Hbodsdamsw Jbgogbo.

@o0yob 9bododymo 3omEsJdbgdo seagbgb xayxnlL, Nxn Js@@oigool M (C) Loddsgerg
0d@gds 930850 9bGmdols jansbgdow ¥bo@o®yeo Algoglgdols mgosalsb@obomn — m@doBgdswe

(0ob., 35, [73], 33- 67), 53obmob, Mommyggeo MmAdods dgoEogh gomo P:U"— U" m3g@s@dm@ols

gLododol FoB@oigdl U Logdmiol gggems m@mmbm®do@gdgm dsbolido. U" Logmgdo
dmJdgwo Lbgowslbgs ™m3g@s@mmol do@®ogdo dgodagds ogml gbo@odygamsm  Jbysglo,
dog®od goblbgoggdyan doboligddo, g.0. bbgowslbbys m@d05950 oG 8owS0,3390900.

3563535 g3s 2. P:U"-TU" m3g@s@dmaols boygms@o @Gogbgo gfmwgds obgm p;eC @oigbgl,
@mdmolmgolsg U bog@gdo sOlgdmdl s@sbymmgsbo ggddm@o X(p;)eU", obgmo, @Gmd
5200 543l Gr@mdsl:

(11) PX(p)=p;X(p;)-  (X(p;)=0)
59539 AM@mdsl bdodsw hog{gdom dgdmgangdageo Lobom:
(11) PX; =p;X;. (%#0)

(5@ obyamgsb) ggJpm@l X(p;)eU", @mdgmoi ogdsgmagomgdl (1) Gmemmdsl, gfmegds
P:U"5U" m3gao@dm@ols boygms@o g975m@0.

M39053MO0L  bsymmom  Gozbgl bdodow 9fmegdgh 53 ™m3g@s@m@ols dsbsbosmgdgar
@0 bgl, 56 boyamsd 360 dabgarm3sl (0b., Iy, [42], ag.82-84, [8a], ag.21-22, [8b], 93.29).
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Lob@gaasbbmdoggdosh gboFsdya Logdigdo do@mgdygeos dgdwgao oy gdgdo:

Fobswogds 2. byd0bdogi P U"—>TU" m39@5B8mGl ogal 5Goboyangd gbmo s 5G389590
N bbgowsbbygs boygaymsmo @Gocbgo.

Fobsswgds 3. P U">U" migds@mmol bsygmsdo Gogbggdo @ boygms@o g946m@930
o6 om0l @sdm owyaero U bog@eigdo 3sbolol s@bgzs by, g.0.

Fobswogds 3. P.U">U" ms9ms@Bmmols boyagmsdo 394500900 @ bsggmsmo o bggdols
boddogany o oigengds (063560560 aaos) U bogdigdo 3o bolbol by30bdogio go@mw@edbgdobs.
Fobswowgds 3 odenggs Lodygogdol, dmgdgdbmm P:U">TU" m3g@sdm@ols bsigms®o
39JH™@9d0 H®Iganodg dsboldo, Amam®ai dgdpgao FOB0g0 gOHma3zoOmgsbo asbBmengdgdols
LobEgdol s@s@®ogosgy@o sdmbsblibgdo:
(12) Z:zl X“(p;)P =p;x'(p;). (i:l,n, j:1,2,...)
o P! s@ol PiU"U"  m3g@s@dmeol dog@ogs s@hyge  3sbolbdo, bogm  x'(p;) —
X(pj)eU” Lo 3gmoo 39J@m@ol gommdeobs@goo ds3g dsbolido. sdsbmsb, g35J3L

Fobswowgds 4. P:U"->U" msg@ommolb bogams@o Goibggdo Py, Py 3obobo bogmgds
(12) aobBmgargdoms LobBgdol s@ms@@mogosgra@o sdmbsblbbol s@lydmdol so@mmdom
(13) det[P,' - ps, ]l =0,
@903, S8 JoH a0 mgoarbs bGobom, [fo@mdmswggbl N bs@olbol dmwdog,m99003096(593056

53bBMEgdsl o, dsdsbowsdy, sgal babdow N ymdsargfbado q9bg0 (99bgms xgHsemdol
Somgomoliffobgdom).
(13) 29b@m@gdsls gfmegds P:U">U" m3g@s@maols dsbsbosmgdgaro gob65mengds. bdoGow

(ob., 359., [42], 23-82)) 3oL 9Fmgdgb  byyaeromagar 56 boyymbmyddog asbBmagdsl. o3
3obRmEgdols do@zbgbs dbo®gdo dpasd N bs@olbol dAsgoe(gg0l gfmwgds P u'>u"
M39053m@ol (P, 35&®0iob) dsbobosmydgaro ddsgsa 9360 (8sbsbosmydgemo 3manobmdo).

fobowowgds 5. P U">U" msgdo@mmols dsbsbosmgdgaro dmogoan [fggmolb 309900096090
06350563 aos U Logdigdo 3o bobol mbodo@Gaamo go@woddbgdolb dodscom.

abowos, 03039 (oboswowgds dgodangds hodmysaodwgls dgm@gbso®sg:
fobs@s@gds 5°. (abodomaaow) dbgogbo ds@@moigdolb dsbsbosmgdgemo  IGogsar9gcigdo
08039050 (H0IaP0o.

Foboowgds 5 odanggs do@®ogdols (m3g@s@m@gdol) gbo@odygao dlpsglgdolbomgols
5930 gdg@, doaMod, LobmygomE, sMSLS ISMOL 30HMbgdl. gl 3oMmdgdo s@ol bsgds®obogs,

09 ®3g0odm@ao P:U"-U"  Jomosbo  a2obolobog@gds mogolbo  Loggmeto  @oigbggdom,
09963 gOm HmIgenodg MmOMMbo®doMgdyen dsbolido.

fobospsgds 6. bydolbdogio P.U"—U" msgdsdmdobomgol V" bogdigdo s@lgdmdl
JODS@IGD0 m39G5G0G0 P, Godoenoi 6gdolbdogdo mdo g9i6m@obsmgol XeU', yelU"
554930098 Hranrdsls
(14) (%,P'y)=(PX,y)=(7,PX).  (VX,yeU").

(14) 3o6356@gd0©sb 3bowos, G™I
(15) (P*) =P.

M39053m@ 93l P oo P gVmpgdsm g@mdsbgmols dgagmargdmano m39@s@Gm@ 0.
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>g0o Lohggbgdgamos, ®md P' s P m3g@o@dmegdols dgbsdsdolbo ds@@oigdo PT wo
P 6950Ld0g@ (0@0mbm@do®gdye) b5boldo os@ol  9@moghm  F®sbl3dmbodgdyemo s

333 adlg@se gy gdgeo:
(16) P =P"
do@meos3, (4), (15) o (14) Foemdgdol asdmygbgdom gwgdyamdo:
Pil: :<éi’Pék>*:<éi'(P+)+§k> :<P+éi’§k> :<ék’P+éi>:P+ki'
Pik*:<éi’Pék >* - <é’i'(P+)+é.k>* — <P+é~i’é*k>* - <§k’P+§i> — P+ki'
sl ooggdl gfmwgdgb gamoghn dygoagdger (boyxa® — g@dod gaoe dygoagdge)
3550393 b.

8368505985 3 P:U"5TU" m3g05¢mal (P 3s@d@oisl) gfmwgds dod@Gogo b@addamob
™3905GMH0 (3sGG03s), 09 (12) gobGmangdoms LoliGgdol goshbos N FORgogee ©sdmyzomg-
g0 dmboblibo, g.0. oy P:U">TU" M3905@™MAO0L Loggmo®o ggd@dm®gdo oo gbgb d5bolls
U" Logmg@o. 53 3sboll gfmwgds P m3gds@dm@ols boygmsmo 3o bobo.

Fobswswgds 7. wy P U">U" msgmsdmmols sbobosmygdgmo gobmargdol ggaems 99lgo
F5@B0gos, g.0. o o8 3905306 o9l N gE0dsbgomobysb  g5b6Lbgoggdaero  bsymmsdo
@0 bgo, 35dob gb m39@5BmG0 Js@Bogo L@ aJSam0bss.

I>O0@S3, godgom, (11') aobdmargds bEOygmegds N Fygom-Fygomsw gohmdsbgmolysh
aoblbgoggdgmo  boggmsdo  @ogbgolomgol  p; # P, GmES =Kk, j,k=ﬁ. o3 dgom,

>ML9dmdl olgmo Igedoggdo ¢; €C, j:].,_n, ®ma
(17) Zj:lcj X; =0. (7(1 a O)
309mJdgemen (17) ommdol mogg dbodgby 0sbsdodwgg@gmsw PP - P"™ m3g@s@m®gdom
(P* 50603655l P 039658m@0l k-96 bodolbl) ©s asgomgomolifobmo (11'). dogowgdo:
> (p) e % =0, (k=1n, X =0)
30650056 53 gOmA3oMMg5b AobBmegdoms Lol gdol wgBg®dobsbGo s@ols
(13) det[ I:),'l(71:|£1 = H (pj - pm) # 0,

1<m<j<n
2394690 Cj)?j:f),j:ZL_n. >gwob, )_('j¢0 300mbols gomgomolifobgdom, dogowgdm Cj=0, j=]ﬁ,
@53, (17) ©sdg9d0L dosgrom, 60bogl, MM ggJdm@gdo X, -, X, €U" {Ogogon ©sdm9z00906-
@gd0o, g.0. oy9bl dobolill U" Logmzgdo. |

fobs@s@gds 8. dscBogo bB@a S amolb 3g@msdm@mols dgawmengdaao m39@sGm6G0 og@gma9
ds@Gog0 bB@Ba@m0bss.

fobswogds 9. oy ghmog@mer  dyamargdaer m3g@msBodgdl P s P ogal bogmore
Loy mms@o 29450, 3o Job 58 39G5E0@930b Lo yams@mo Gobggdo, @edangdoi dgglbodsdgds

bog@moe boygmomsd 3976000, gbmdsbymols jodsanylba@mso dyawangdaaos.

8363595985 4. P:U" 5 U" m3g00@mal (P dod®0isl) gfmwgds bm@dsaa@o m39@sGm@o
(6m@EIs@ @G0 o5@0c;30), 9 ol 3mdgHodgdl msgol gnwagdgem PU">U" m3g@o@m@msb
(P" 35¢®035Lmsb).

Fobopowgds 10. m3g@smmo P U">U"  bm@mdsgngmos Jodob o dbognm  Js Job, oy
Il il bogms@o 9050 60b beaano m@Gonmbm@Edomydaamo boldgds o6 mm P s PT m39@s-
G760l bog@mem bsyamoo g955m@980 o@a bl (Gmemberddodydaan) 3o bolb U Loy do.

530000, bo®ds@y®o Mm3g@s@dmdo ymggmmgol dodBogo LEHOYIBIGLsS.
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fobss@gds 11. b9d0bdogmo 39605500l dsBGoislb 53 39655 Gol bsygms® s bobdo
(070 Sbgmo 35bobo sGbgdmdl) ogab wosgmbsaramo boby:
(19) P} =(8.P&) = p,5i, k, j=1n.
JJPdm@, bm@dsarado P U">U"  mag@s@mmol dsGogs 6930b8ogm  oGnmboGdodyd gen
3obolido yboBom s dbgsgbos (19) wosgmbsgramo ds@@moiob. 0gogy ds@mydaaros  dyawm-

@gdaamo PT:U" > U 039655060l do@o0bomgolbs. 58sbmsb, P s P m39@s6mmgdol
d5B@moig00 53 m39G5Bm@ 30l (bsg@omem  mGombm®Iomgdyan)  bsymmsd  dsbobdo  s@molb

JO0I5bgmols ymdsangfbadoe  dgamengdmemo:
(20) (éj,P+§k>P=<éj,Pék>P* =p,’6,, Kk i=1n.

8363598935 5. H:U" > U" m3g0s50mal (H 3s@d@oiob) gfmwgds  ogom dyaeemgdaemo
(9530Bma0), o3 ol gdobgggs mogol Vgnomadgm HTU"-U" m3g@sgo@l (HT ds@@oisbl):
21 H=H, H=H"

o3 2obdodRgdosb ©s (20) msbogo®@mdosb 2odmdobs®gmdls

fobospogds 12. borddsgry@o 39655 M@0 g@mdod ageros dsdob s dbmarmo  dsdob, oy:
od M39G5BmG0l yggars boygams@mo @oibgo bsdogoaros; s m39@sGm@mol ds@@mois bgdobdogdm
G006 GdoG93aar 35 bolido 9boBomaamsw Jbgogbos bsdwogoar 9egdgbdgdosbo @osgmbsgrmmo
Is5@0c;00.

Fobowowgds 12 g30h39690L, ™I dgyg0odeos olig sgo@homm m@®MMbm®do®gdyao dobobo,
@md (14) sGGoEol ospmbosmy@o gagdgb@gdo — g@doGyeo ®m3gas@m@ols boggms®o
@0bggoo — 0gml ooy gdymo s dgoeygbogl s@s e gdo Jodwogg@dmdsls:

(22) plS P, S S Pn-
09 9AdoBYmo m3gAs@Bm@0l bsggms®o @oigbggdol £ ={p;} Loddsgmol yggms gangdgb@o

Lbgowalbbges, g.0. 09 53 Mm3g@s@m@mols dobolioomgdgen asb@mengdsl o@ o3l xg@ewo g9lggd0,
3084300, O®I 39G5EG0l b3gfdG0 ds@Bogos. stgm dgdmbgggsdo (22) mobogo®mdsdo

3306905 335360 YHMEMdgdo.

3563565935 6. IshBogo 13gdpGol IJmby g@dodgeo H:U" > TU" m3g@s@maols Lsggms®
d5boll, @mdgandoz Lodsbolm ggJdmmgdo aosbmd@omos (22) 300mdgdols dgbsdsdolsw,

39Vmom0 53 m39a5@m@0ls jobmboymmo dobobo s swgbodbmm FB,, bogem H m3g@s@dmmols
3@l B, doboldo — o3 M3g@AsBA™m@ols 2obmboy G0 JoB@Hoc;o.
‘dg360dbmm, @M gOJoGymo m3gasGm@ol Loggme®o (@mmbm®do®gdygao) dsbolo

2obLob@g@yanos dsbolol ggJBm®gdols bydg@sEools LobybEom. bowos, dsbolols ggJdm®gdols

25056m3305 (Ao, 3bowos, FoMmImswagbl 9bododgm as@sdbsls U Log®migdo) gerols
M39053 M@0l Loggmedo @oibggdol b9dgdsaoslt. (22) 3o00mdgdo ox0Jlodgdl do®@ogo

U39dd®ol 3Jmby g@dodgemo H:U" 5 U"  ®m3g@s@m@ols  3obmbogn®o  dsbolol g9d@m@ms
b9dg@o30sl, 5do@md  3obmbogy®o dos@B@oiEol 0bgo®osbGmdol xayxnl Gmdgmoz, @bowos,

Foddmopagbl U(N) xaagob dgaxaasl, ~efadlb dgdegyo

fobsps@gds 13. dsmBogo bigimol dfeby g@mdod o m396G5Em@0b jobemboyacio ds@@moiol
0b55G056(5Mm30l g 99%0 d9©s oS 960BSG a0 M39GSE@I30bog5b, Gdargdloi 5F m39@s-

B0G0L 256mboya@m 35 bobdo F9gbsd5993s @oogmbsanado dsBmoigdo U =diag {eiwl,---,e"p"}:
(23) U =5 exp(io)). ((PjER1 j,k=1,_n)
abowos, (23) @000 3mdYB0Mgdl gddo@yero Mm3gHs@m@ols 3obmbosgy® ds@@oiEobmsb.
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fobswsogds 4. JomBogo biggdmols dfmby mdmo g@dod agao m39d@s@m@o Hi:U"— U ©o
H,: U"5 U", Godgarms jobmboyado dsB@Goi30 gbmbsomos, a@mmog@o gbodo@aamse dbgsgbos:
(24) H=U"H,U (U*=U").

Foboswogds 14 Fo@Imowygbl m3g@s@m@ms gbo@odyemo gansbogoizo®gdols Logyydggals:
M0 M3gao@m@ols dgbsdsdolo dos@®oiEgdo (MOMMbm®Io@mgdya dsboldo) gz9mgbol gO®
M@d03sL (5by 9OMogO!m  PboFodymasem dbyogbos), My o3 M3gASEMAgdol  3obmbogy®o
doB®0(3960 gOMAsbgmols Gmenos.

Fobsswgds 15. bgdolbdogio  [agogo msgms@mdo P.U"— U"  goabsboe  Fgodangds
fo@mdmgswgobeor m@Go “9bdodaaro j0330696¢50b7 bs dasengydoo:

(25) P=P +iP,

(26) P =(P+P?)/2=P 5, P =-i(P-P")/2=P".

oo bmob, m3g@msmmo P U= U bm@dogngdos J5dob s dbognmo 85 Job, Gogs dobo
J@dod aaro  jmd3069605930 (26) 309395 0@g3 .

Foboswogdgdo 15 o 10 agodenggl dgdwge dgogab:

Fobswowgds 16. boramdsgngdmo P:U"—U" msi9dsbmeols “9mdodae 408306965936 P,
ol bog@orer boyoms@o 39550 @930b (@0mbm@mdomyd aemo) bagaro bolbdgds; dsdsbowsdy,
dsmo dsd@moigdo P, s P dgodargds gom@@Emamse 8304356000 @0sgmbsanad bobgby;
58339 65bolbdo @osgmbsgramo ofbgds (25) m3g@msdmdol P=P, +1P. dsBGoioc, sdsbmsé,
(27) ij = 5jk(p§+)+ ipf)),
bowasez pgi) s@mol P, m39@s8mGob (P, dsB@moiob) boyamsdo Gocbggdo, j=1n.

Is@mgdaanos d9dmabgdaaroi: gboBo@amo gomsfdbom (27) bobyby wooygebyds dbmenmo
borBIs e B0 39050l IS FHoczo.

3936036mm, G®I 0y bo@dsay@o P:U"— U" m3g@s@maol g@dodgeo 3m33mbgbdgdowsb
9Ol 35063 o3l Jod@ogo (bsdwgoao) L3g@B®o, d5dob P m3g@s@maols bdgdd®oi dod@ogos.

d9360dbmm  saMgmgg, @md, 0ygdzs P, s P. m3g@s@m@gdol Loggmedo dobolgdo
9dmbggge gOmdsbgonl, dom dgodagds 3Jmbegl Lbgswslbbgs 3obmbogyg®o dobolo 3s5dobsi o,
AmEs mM039 M3ghodm@ols b3gd@mo dsdEogos.

U" bogdob gg@dm dgdmbgggol To@dmowygbli g33eoyg@o Logdig E"— Yogogo g9d@m-
@90 N-g35b6bmdoagdosbo bogdzg bodwgom Gogbgms ggerbyg wowgboms goblsbmg®yao
d9B 0390 Rm@doon.

E" Logdzgd0 65bolols m@mmbm@do®gdol 3060mdsls 06o@hbgols bsdwgomo gbo@s@eeo
250 Jdbs — MANMYMboe @0 go@msoddbs. sligmo godwsdbgdo oy9bgb X RL, GMAganlsi
9Fmgdgb m@nmambomy® xa9al s smbodbsggh O(n) (ob., dsgp., [7], ag. 338-339).

30650056 bodgoer @oibgms ggeo @ oMol sengy 9d@ s hsgg@omo, bgdmo hedmn-
300 ©939mgdgd0sb bmaogtmo dgoagmgds. §edodmo Mm3g@s@Am@ol boggmow E”
Log®39do 9bws aobgobogmo Lodg@doygero (bsdpgogo gM3o@ o) M3gAsGMA0, AMIga s
5J3L Logyms®o 39d@mdgool Laymo m@nmymbsgag@o LolEgds (goshbos Lsggms®o m@mnm-
bm®@do@gdgao dsbolo E" Log@gd0) ©s @mImols yggems Loggmodo Goibgo bodwgoaos.
bogemo (25), (26) (oddmwygbgdols, bgdoldog@o T:E"5E" m3g@s@m@obosmgol agodgl:
(28) T=T+T, T.=(T£T7)/2,
bowoi bges 06pgdbo T, 0ggg, OHmamt3 bgdmm, s060dbsgl H®s6L3mbo@gdsls.

hodmmgenogo ©gdymgdgdols ©sdHZ0(390Yos, dog., dmbma®sgogddo [20], [42], [123].
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§2.2. 35@0ogo UL3gJ@®ol IJmbg gMHdoG o ™3gASEHM@0L 0bg5@056F b0

OO 3 50360dbgm Fobs Jomspa@ogdo, U Logmizgdo dsbolol gbododgemo yo®mwsdbs
(7) 0F393L o3 Log®igdo dmJdgwo bgdoldogdo P m3g@s@m@ol dos@@oiol aodsddbsls (9)
Foedgmgdon (E" bogdigdo bosggmew (7) go®osddbgdols, 9bws aobgobogmn dsboliols
OOMMAMbse @0 goMsddbgdo. Jggdmm ybo@Godmo s ggzeoy@o (bsdwgowmo) Log®zggd0
2560bogngds 3o@Momger@sE). 5dolimsb, 2.5 Fobswswgdol msbsbdsw, ds@@oiols dobslosmy-
g0 dMsgom§g3@o @ ogagdo.

P 3g@s@maol (P ds@@oiol) dobsbosmgdgano d@sgom§gg@ols 3mgnoEogbdgdo, @ma-
@a9d03, 30gHol mgm@gdol do@om, POMogOhm Eobobo® aobolobwgMgds ™m3g@sSEM@ol
(Io@@0iob) Logymodo Moibggdom, Fo®Imopagbl 53 m3g@s@m@ols (Is@@oiol) wbodomyar
(@0M80b5e0 @) 0bgsG056(595b.

‘dgodgngds gmdgem, @md P m3g@s@maol do@®oigol gangdgb@gdo dgozogh “mdogdda®@”
068m@I>30ol M3gaeGm@ols dglobgd, GmIganoi @ o3gegds LogMigdo dsbobol yodwsd-
dbolisl, s “Uydogddu®d” 0bxgm@dsiosl, Gmdgmoi gobolsobmg®gds dobolol s@hggom ©o
d5bobol  ao@sddbolsls oigergds. hggbo asdmggenggol dJmsgo®o dobobos, @ogsaobmm,
M3905@™MO0L Mdgbo s AMIgero 0b35M056F g0 ggodemggl 53 M3g@sEM@ols dos@@Mo3odo
hogdoero “mdogd@y®o” 0bgm@dsiool 3mgbols, “dg@gyeo” 0bgm@Mds00lasb 3 “mbdogd@y®o”
068m@I>i300L godmymeggols dglsda goenmdsls.

aobgobogrmm gOmysbbmdogngdosbo Logm(zg
U’ ={xt|teC, XeU", (%,%)=1} c U"

> dgdmgo@mm M3gAsGM@0 PX:U”—HUli, Omdgeoi 3obdo@Bgdygemos dgdgao Goermdom:

(29) Py —> X(Xy)eU,, VvyeU"
sgoao bohggbgdganos, @md (29) gm@Iy s asblabogtsgls s@mygjiomer m39@sGm@ b:
P’ =P,.

doMmes3, (29) 2obdo@@gdosb ago]gl:
Py =P, X(X, V) =X(X,X)(X,¥) =X(X,¥) =Py, VyeU"

05b5dgdmgg @0 ghoddsdo Gomme 04gbgdgb woMsgols dogd Igdmwgdyew 4. §.
“300° ©5 “0Go-39]H™® gL, “390-39dHMOL” 50boBboggh |X) Loddmemmo; gobdodEgdom,
|X)=XeU" “d@5-39]30G0” 500606505 Loddmmmmo (Y] ©s gobodo@@gds, Goam63 l-gm@ds
3960-39J®™®90%g  (ob., dop., [8a], g3.54). gobdo@Bgdols  mobobdow, ggod3l <)7| :|}7>+. od
50603369030 30mygGonmo @m3gBodmeo Pi U"— U hoofg@gds, Gmgeasg Py =|X)(X|.

fobswsgds 17. 39J5m@gd0 X, X, €U" Ggoagbl bigar mGomboGdomgdygar bobdgdsl

(G0b0Gd0E 63 5bobl) U bogdigdo ds dob s Jbearew 8> Job, Gmgs d9b@aargdaamos
305035 (.. Lobeygmols 300mmds (ob., dop., [8a], 93.54)):

(30) Zk:lPXk - Zk:l Xk><)?k| =E,
bows; E:U">U" g@mgaenmgsbo  (03059600) m396G550@G00.

09935 1. 3o3B0530 bE@Gaf5acol b960bdogcmo  g@dod o m39GsBmG0 H:U"— U"
803m0bobgds dobo boyamomo Gogbggdon hi @s boyamsdo gaidmdgdoo |7 d9dogsboodso:

(31) H:ZE:lhk|ﬁk><ﬁk|' (<’7k|77k>:1’ k:L_n)
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©53830Ggd>. 306s0@sb gHdodnmo M3g@s@dm@ol Lognmomo 59ddm@gdo |7 ), k=1n,
9o gbls mOMmbm®Io@goge dsbolil U Log®9do, 6360b803(4)0| >€U 39JBmG0obsmgols
‘dg30d@os ©@sgfgdemm:
(0) %) = 20l (i [%).
30600056 |77,) 0@l H:U">TU" m3gdodmeol h, Lognmomo Gogbgol glsdsdolbo bsggmsmo
39JB™®0, (30') godaols aodmygbgdom dogomgdm:

H|)_<>=Zle|l7k 77k Zklh |77k 77k > u

d9603g6s. (31) o (4) BMOIY gdosh godmIobs@gmdl, ™I dodEogo LEAMYIH Y@l gHdo-
AYo Mm3g@sGm@ol Is@@oiol bgdolidogd m@mmbm®do®gdyan dsbolido o3l dgdgyo Loby:

(31) Hy, = Zklh e||77k 77k|e Zklh(m)(ﬂk)

aobgobognmm do@Bogo b3gJB®ol IJmbg g@doB o m3g@s@m@o Jol 3obmbogy@® dsbolido
— o3 03g05@mMm@ol gobmbogydo Is@@oEs. LOYmo 0bgm@dszos, Gmdgalbsi dgocegh dmzy-
Ige0 Mm39053mA0, 2o5blsbeg@sgl Jolo 3obmbogy®o dsboliol m@ogbdsiosl U Log@igdo
>Ohgyeo MmAOMMbm®IoMgdygmo dobolols dodo@m ©s 53 M3gAs@m@ol Lsgymas®o @oibggdols
d6033bgermdgdl. my dsbolols s@hggs U" Log®i9do dgodangds bgboldogMoe, Mm3gAs@m@ols
356mbogy@o dsbolol mM0gbBocosl gg® wogoxgoJlodgdm. dsdobosdyg, o8 m3g@s@ma do
Im3999e00 “Md0gdB M0~ 06gm®Isi00l doJlods@ado InEPmmds don@osbsw gsbolsbwg@mgds
N bsdwgogo 3s@sdgBBom, AmIagdoi YOHmogOm Eobobo@ oblobwg@ogh Mm3g@s@mmols
Loggmad @oibggdl.

9L Lo@9oEos sbogrmaog@os Go@mdommdols 3G0bio30ls: gOMA35MMgsb 0bmE® M3y
Log®igdo 5@ os@Olgomdl aodmygmagogo smgeol LolBgds ©s sdoGmd gg@moxgal godygom
h3gbls Lognme® odm@o@m@oslimsb s ogdo®gdaemo smgenols Lolidgdols dmd@smdols Lohdsmgby;
d9bgd@o0g0s, gl smganol LolBgds hogmgogmm gd@sge, 9BO®m byl — swgfghmm
dmgemgbgdo hggbo Logymo®o smgaol Lob@gdol dods@m. sdom Loglgdom asbolsbmgdgds
od dmgergbgdols boliosmo bgdoldog®o ULbgs smgaol LolLEgdol dodo@msi — ULsgdo@olos
Ygbodsdolo godEsddbols 3obmbgdols godmygbgdbom sbogn smgeols LoliGgdsdo gosligems.

930390 M3gAsAMmO0L sdosbolosmgdge 3oM5dgBMgdoe Logygms®o Moibggdols s@bggs,
amam®3 F9bo, Jmgbgdbgdgaos: mg M3g@sGm@o  mogowsbgg o s®ol dmzgdygeo dolo
Loggoo®o ds@@ozom, boggmomo Moibggdol dmbisdgdboe Lokodms sdmoblbsl m3g@s@mmols
doboboosmgdgemo gobBmegds — N badolbol o goGygmo aob@mmgds, @o3, bobmaswomo,
‘dglodangdgamos  dbmegrme  dosbanmgdom, @oibgomo  dgmmgdol  godmygbgdom.  bmpswe
‘dgdmbgggodo sbogoby@o 53mboblbol 3mgbols dgydagdermds N=5 2s5bbmdoangdgdolomgols
Fom3mdmdl god3399a, bmaxg® 3o 30063037 Lo®nygaggdl, Gmamai hggbl sdmEsbsdo
M3905GMOmS PboGod o gersbogoizo®mgdols dgbobgd, slggg godmygbgdomo boliosmols Lbgs
sdmobgddo.

SdM0go, 239LokoMmmgds olgmo 3oMsdg@®gdo, AmIggboz goblaobmgmagh g@dodyero
M3905BmA0L gggems ©sdmyz0gdge (bodgom) Lsggmod Goibal @, 5dolmsb, 9bo@s®mygmao
06350056 Ye0s s o Jmombmgl dom dmbodgdbo @mIganody L3gEosy®@  dsbolido
aoaligansl. 3bowos, dod@Fogo L3gdd®@ol IJmbg gddodgao m3g@s@Bm@ol bsgyms®o doibggdo
— 3obmbogy®o  doG®oEol  wospmbogrydo  gangdgbBgdo — dgodergds oyml  bgdoldog@o.
odobmsb, 2.1 mgm@gdol mobobdow, do@mBogo UL3gJd®ol dJmby g@do@yemo m3g@s@m@ols
Lboggoma®do @oibggdo @ombobo aoblobmg®ogh o3 m3g@s@m@ols m@bodsl (¥bodscdyao
X980l 30d56m). 5do@Gmd Jo@mgdyeos

0gedgds 2. JsdBogo bigidmols dfmby g@mo g@dodgamo m3g@s@m@mol 3memobeds@moew
@Iy 0098900 9boBSG 0 0635005605930 GSmwIbmds Gmaros Log@miol gobbmdogngdobs.



48

398 30(3g%s. 2.5 (obsswgdol mobsbdop, P:U">TU" m3g@s@meol dsbslbosmgdgaro
dasgoe (9300l 30g503096Ggo0 9boRo@ymsw 0b3oM0sb@G gm0 Lowowggdos, 5dsbmsb, dsmo
oM gbmds dMsgomgz®ol N bodolbl gdmbgggs. bgdoldog® mOMMbmAIoMgdbyan dsboli'do
P 3g@s@m@ol dobsbosmgdge 8@o3o@$’336)b 5Jgb dgdgao Loby:

(32) det[P-AE] =" (-1)"*p,,
boo ddsgoa{ gm0l 3mgxo3z09b@gdo P, Vo(ﬁﬂmoggg)aﬁb 39053 maol P =[P,] ds@®ogol
k @0g0l dmsgo®o dobm@gdol xsdgdls (s@bodgbgdo olgmoggs, Gmam® G dmbmy@sgosdo [42]):
b o —
(33) s p( ‘ .k} (k=in)
1<i<j<n Lo I

30930L mgm®gdol msbobdo, yggems gl 3mgx03096@0 @0l dobslosmgdgero asbGmangdols
3gLggdol — P m3g@s@m@ols bogyms®o @oibggdols — g9argdabBomyaro bodybmogemo dmsgogm-
F930930 (0b., 3sp., [59], o3. 242-246):
(34) Py =0 (A, ) = z 7\‘i17\‘i2"'7\‘ik'

1<i<--<i<n
390dme, p,=trP=c, (A, A)=A+..+%,, p,=0,(A,A)=detP=AA,A,.
sgogmse gohggbgdm [96], @md d@sgoem(ggdgdo (34) g@mdsbgmolasb i3ybjiombsgydswe
©5dM7300909e0s s, do5Tobo@adg, 3meobmdy@o ©sdmMY0gbgenos. [ |

Y9930 1. gbowos, @™ do@FGogo L3gdH®ol IJmby m3g@s@m@ol bgdoldog@o 9bo@osdyero
0635®05bF0 25dmoliobgds dobo Lsggmas®o @oibggdol Lodg@@oygao IGsgeegg@om. gobsowsb
bgdobdogmo  LodydGomaro  Ibogoarfgg@mo  godmobsbyds (ogrbsbo), @mgomm;  gargdyb-
GG aaro  bodgdmonaro Ibogoar ga@go0lb  3egrobmdo (3mg93030966590000 0dsgg @ozbgomo

J9erosb, Gmdgarboc gramgbol dmigdaamo Lodgd@omao Ibsgsarag@molb 20m99%00309605930)
(doGomoo  mgm@gds  Lodgdmoygmo dMegom§gg@mgool dgbsbgd (ob., dog., [59], 9g.243)),

3oL ggbom, ™3
ds@Gogo b3ggB5@m0l dfmby gmmo g@dod oo m39GsGm@mols dsbsbosmydgaro smarobemdol
N 2990096050 99508960 53 M39G5BEMG0L 9bods@ a0 0bgs@056(5930l 30anobednd 35 bolbb.

90300 M3gas@Am®ols 3merobmdoy®o ¥bododygmo 0bgo@0sb@ol dsqomomls odgrggs
59 M3gM5BM@0l bodydoamo K bodolbols ggs@o (69601309 mG®MMmbm®do@goyge dsbols'do),
Amdgeoloi o@gbodbogm, Gmam® i dOMIsTo [41],

(35) t(P)=trP =30 A% (keN)

(35) 06350056301 Fo@Imwygbols (34) doboldo odgggs bomGmbol gm@daangdo ([59], ag. 245):
t(P)=> (-1, (P)o, + (-1 ko, <k <n)
t(P)=>" (D"t (P)c;. (k > n)

35M53@5530L EolslGyels hodmgoysgodbmm JFsdogr@mb- 9ar0l §ubosdgbGydo mgm®gds,
Omdgeroi 360d3bgenmgsbos gdpamdolomgol (sd@jo3gds ob., 3oy, [42], ag. 92-93):

(36)

090985 3 (FodoenEmbo, y9em0). bgdobdogio ds@mois PeM (C) (m3g@s@mdo P:U"—>T")
S dogmR0angdl boyomsm dobsbosmydger (32) gobBmengdsb:

(37) > =P)'p =0.

5] (PY=E, eM,(C) ghomgammgsbo do@®oigos, bomm @ommdols doGxg9bs dbodgdo wasls
byenmgobo Nxn  dos@@ois. dggbodbmm, @md (37) ds@@oiyero 03039mdols m@ogg dbo@ols
3300l aodmmgans a35denggls (36) gm@mdyasl k=n dgdmnbgggobsmgol.
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§2.3. 20535090 gmo 13gJ@®dol 3Jmby g@3o@gmo m3g@s@mdols
06350056@ 90

30 daom, g0dodgmo P:U">TU" m3g@s@dmaol p; Loggmsto @Gogbgol xg@omds I =1,
9-0. M3gO>HMA0L bsggms®o Moizbggdo dgomagbl dge@olboddsgagl (ob., dsg., [99], §3.4)

(38) P={p"Inz1j=1m}, p#p, GG j=k
o] I, eN, P, eR, j=1,_m, 535Lmsb
(39) ZL r=n.

d5dob (33) yboGo®ym 0bgo@osb@ms dm@ols dgodengds sOLYoMdEgl 3maobmdoy®o ©sdm-
300909 9dgb0. bodOmITo [41] aoslygg@omos sdmEsbs sligmo m3g@sGm@ol 1bo@o®yyano
0635M056@gb0l Jobodsgny@o 3merobmdoyg®o dsbolol spgdols dglobgd s bohggbgdos, @mI
M@0 SLgmo M3gAsAMA0 PboGodgms® Jbyogbos (dsmo do@@Mogoo gggmgbols gOm m@do@sls)
d5dob o dbmame 35Tob, Am@Es domo 0bg5M05bFgo0l dobodsgnyy@o 3@ obmdoy®o dsboligdo
9JOMbS0A 0.

slidgeo  5dmEobols goslbayggBow 0bgo®osb@gool (33) dobolol bsiggurs ¢BO™
dolobgdbgdganos (35) dobobols godmygbgds, Gmdgamoi Goglsbo@ ©s3o3dodgdygamos (33)
5bolmsb boy@mbol gm®Iygagdbom (36).

(38) L3gdp®oli dJmbg gMo@Gyero M3g@s@mmolsmgol 839J6gds:

(40) tk(P)=trPk=ZT:1rj pS, k=012,
dgdmgommm [41] g.§. Fobygeols dsBmoigdo (ob., dsy., [42], a3.301):

(41) T.(P)=[t,; ,(P)s; j<ce M (R)

©> >mgbo'dbem

(42) D (P)=detT (P), keN.

gbowos, D,(P)=t,(P)=n.
306500056 P:U"> U" 9O30@ Y0 M39gAsGM@0l gggms bogymsmo Goigbgo bsdwogoeos,
k-l Logdomobow wowo 360dgbganmdgdolomngols Tk(P):[tHj_Z(P)]f do@®ool @obyo Geanos

P ®3905@8m@ol g0mdsbgmolasb gaoblbgoggdygao Logygmasdo @oibggdol m @omogbmdbols
(oo T, (P) 353030l Logbs@y®ols (ob., doy., [42], ag. 494)):

(43) rankT, (P)=m, k=m.
bodOmddo [4]1] oI g03g0geos dgdwgyo

fobsps@gds 18. (42) ©yibg@dobsbBgdo godmomgargds aqecdaaon
(44) D, (P)= Z {ril...rik H (pij - pi|)2}>0, 1<k<m.

1I<ij < <ig<m 1<j<lI<k
©53%303g0s. (40)-(42) Bm®Igagdols yomgomolifobgdom, 33543l
o k
(45) D, (P) = det AB =det[Zj:laij(P)bj|(P)1,
bosi o@gbodbgm
A=[a;(P)]=Irp, 1eM,,(R), B=[b,(P)I=[p,/1eM, (R). (@A<j<m, 1<i, I<Kk)

3069-30 ol ge@Igeols (ob., 35y, [42], 93.20) 253mggbgdom, (45) BmEIY@oEsh gwgdayemmdm
s1o3B 30390980 (44) godmbobymgdsl. |
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V930 2. bomobbegsbo xodgdo (bogBembol xodgdo) t (P) :ZLI’J- pS Beodgarms bomobbol

i

Isb3969d9er0 K=2m, Goombogry@s@ godmobsbyds yodgdoom t(P),- 1, (P).
53¢ 303g0s. (43) BMMIPEoEsb §sdmdEobs@gmol, @GmI

1, -, m m+l
D =0, keN,
1, -, m m+k

D,,(P)>0 80bm®ol ggges dms®Pogdgemo d0bm@obsmgol. sJgosh gdmygmmdm (ob.[59], 3. 32):
(46) b1 (PIDL(P) = 7 2P sPIA( | )P), kel

Lo A(:)(P) >@0b t; ,(P) 9agdgb@ol seago@gmo wsdsggds D (P) ©gdgddobsb do.
bowos, A(f)(P) odm gogdgeos Ibmame tH(P),-1,, ,(P) xd5dbg. (46) msbogo®omdowsb
g3bgoogm, M3 Gmas K=1, hsdmyomodgdymo ©gdyemgds Jo@mgdgenos:

t2m(P) = [Dm (P)T1 z:]j:ltmﬂ—l(P)thrl —1(P) A( IJ )(P)
5Jgsb s (46)-sb k-l dobgogom 0boydizoom dogomgdm 22 Jgogab. [ |

Fobowowgds 18 o Tgogao 2.2 Lodygoamgdsl agodaggl ©0og5d@goEmm 53 3o@op@ogols
Jo@omoo mgmegds [41]:

09e@Gg9ds 4. sbsbgs
(47) {tk(P)|k=0,2m—1}|—>{pi“|i=1,_m}
o@0b 3097590 (GOHM0gaHm 3o lisby).

533 303g0s. sbobgol 0b0gBogmds 25dmIobsMgmdl  2obdo®Egoosb (40), @mdgrols
05bobdo (47) sbobgol dodzbgbs dbotg o lobo asdmolobgds dodxggbs Jbodgdo dasmo

Lboowggdol ©oxrgAgbioMgdoo R9bliogdom. dsTobo@sdg mgm@gdol sbsd@ o3gdaow
Logdo®obios gohggbmm (47) slsbgol by@ogd@ogmods.

30L5M 9@ M0 M3GASEAMOYEO 030390600

(48) IT.(P-pE)=0
(38) UL3gJp®ol 3Jmbg 9@ o m3g@sGmmolomgol (gl 0y039mds swgomse dJn{dwgds
M3905@mA0L bogygmod d5bolido), dmdganoi gowsg(gtmmn Gmaaslbo Laboo:

(49) P"->" ¢P"*=0.

3098030963 gd0 €, (49) 0039mdsdo ©s353doMgdgeos M3g@sAm®ols Lsjgms® (bsdwgoan)

P, Goibggdmsb (P =P, Omas K=1) go@dgmgdon

(50) = (D PP Py k=L,

©o> 256LobEgMogl o3 Moibggdl, Gmam@; Zm—Z:]:lemek:0 25bBmegdols ggliggol.
o530l db®0g, C, 3098030963 go0 IM0dgdbgds (49) Rm@Igegdosb dgdpgao bg@boo [41]:

20353053 mm (49) 0203908900 Mob30d 3t ems P m3g@s@dm@ol ba@olbgdbbg s aodmgom-
3omm dogdyeo 0203900950l m@ogg Jbo®ol 3gogo. 30g300gom 2obBmegdsms Lol gdsl

(5D > iGln i (P) =ty (P), 1=0m-1

Gedmols ©9BgOd06s6G0, (41)-(43) gomgomolifobgdom, stol (=)™ V2D (P)#0. sdyesb c,

M03bggdo 2obolsbwg®gos, Gmym®i 1, (P),--t,, 1 (P) Lopowggdols Goiombsgyg@o i9biogoo.
P ®oibggdols (40) M@y gddo dgGobom dogomgdmn M [Ogog aob@mmgdbsms LoliEgdsl

e T 93603g330bsmgol, ©g@g@d0bs6@om det]p 1" :HKk<jSm(pj -p)#0. |
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9960dgbs. (47) slobgol 053md05b0 504g5bgds o @Mdmbeols 2-x gMo ds@Moioby:

IR S .
(52) Il = (TT7.r)detV (py, -, pi2)

:m!(Him:lri) IT (p,-p)* =0.

1<k<j<m

sbgmo do@@03960 dgdm@gdyanos IOmdsdo [44] s gobboanyganos olg®@siools T msgdo.

0go®gds 24 a35daggl 9@do@dygeo P o Q  m3g@sdmagdol gbo@sdygmo dlyoglg-
dolomgols bogdo@ol 3o@mmdgdls:

(53) t,(P) =1,(Q), -t 1(P) =1, 1 Q).
AMIgEoms MomEgbmds 25bolobwg®gds 53 M3gMs@m@gool Lbgowslbgs Logymo®o @oibggdol
GomEgbmdom m.

‘dO™dodo [41] bohggbgdos, GmA (53) 3oGmdsms dm@ols yggans @ s@0l sdmyyz0wgdgero.

390dmE, ©5dMY300g09e0 30MMdgdol MomEgbmds dgd0MEgds, My bmyogdm (Lbgswslbgs)
Loggmo® @oibgl gl gombso®o xg@ommds.

>©gb0dbmm, Gmyme 3 dOmdsdo [41], p;j, j=l,_Si, 9®doRgeo P:U">TU" m3g@s@mdols ol
(Lbgopolbgs) Loggmo®o Gobggdo, GmImgolsg oJgh xg@oemds (gdmbsoto) I =4, i=1,1.
od s@bodgbgddo P:{ pjrj| j:L_m} I Boloddsgemols 30Mggemo L3gaogogs@os (ob., dsy., [54])
0g0mmb dgoegbli Iy @oliod®sgan gl:

(54) K’:{rij|j=1,_si,i=1,_l,}={qisi|i:1,_l}, G #0, Gogs i=Kk,
>dsbmsb,
(55) Z:zlqisi:n, Z:=15i=m- (a,.5,€N, 1>1)

bmomdols oyd®ggzmse, (38) I mEolod@sgmyg dgagodenos dmgsfgl®ogmm olg, G™3
(56) Py< P 1=18; G <du, i=1I-1

24 0gmgdol msbsbdow, (54) dgaBolod@sgmols gengdgbBgdbyg wo@gdyamo Mm—1 JoGHmds
(57) ==l =0, = [ =-=hy =0
ado0bobgds t(P), -, t,, ((P) 9bodocdge 063500563 g0bg wopgdym M-I w@sdmejoegd e
300md5do. 5do@md 2M -1 9bo@dod e 0b35M056@ 9oL 4,(P), -, t,, 1(P) w0l s@0ls s®oydgdgls
n(P)=m+1-1 ©sdmygz00gdgao.

Ygb0dgbs. woygmgzsms mgm@ools BHg@dobmemyoom, (55) gm@dygamgdo g30hg9690L, ™I
0§ gb@oggdgao Iga@olod@sgmyg (54) Fo@dmowygbl N bs@y@ema@o Goibgol — U Logdol
23obbmdoangdol — oymagsl, odsbmsb o3 oygmaxzgols @sbpo os@ol M. [99] Jmbmy®sgools
>mbodgbgddo agogL:

(g )Fn, (S8 ) Fm.

©obo{ 930 gdoms mgm@osdo bmdogo @sdbols mym@ydol mobobds (0odB3oEgds ob.,
353, [53], a3- 77-81), n(P)=m+1-1e N oscolb ol dobodoerydo (65300m3do [41] ©sTg9dem0s
3009]3 M0l dgarmds s sdgdomos “dolodoemy®o”) bos@ydomydo @oibgo, Gmdgols
6gdoldog@o ogmas | bofogmow

(ny-n)Fn(P)
‘dgoi3o8Lb obgm gom bofoal ds0b3, @mIaolmgolsc
n<s, l<i<l.
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fobsswgds 19. w(P) @oibgolbogols dsGmgdaemos [41] dgaelgds
(58) n(P)=1+> s-1<n,
od5bmsb, Goanmds doowfggs dbmarmw od d9dorbggsgd do, Gewybsc
a) P:U"-U" magdsdmmolb bigfd@o do@mdogos:
=1, q=1 s=n (") kn,

b) P:U">U" ms9d@55m6G0l gGmo bsgagmsmo @Goibgob xg@mo@mdss 2, boanm @sbsd@hybo
bogamsmo @Gozbggdo doddogos:

=2, q=1 s,=n-2, @,=2, s,=L ("% 2)rn
033303905 (55) OO gagdowsb ygodsh
n=>" (G-DE-D+>,. s+>, (G-D=> (q-1-D+> s+>. (q-i)+I(1-1)/2.
(56) 306mdgd0Esb 3odmdmobaty S =1 4 =i 9FmE@mdgdol gsm3emolifobgdom, g§3mmmmdn:
n>Y" s+1(1-1/2

oo Bmemds oo ggs dbmmme 35dob, dmEs o =i, i:]j ©> S, ==8 =1. goboowsb
[(1-1)/2>1-1 s o Goemds dooeggs dbmeme 35306, Gmas 1=1,2, gogogmmdo (58). B

bodOmddo [41] gobbognyanos 2.19 Fobswswgdol bsogal@®szom Gedpgbodg Loob@gmglm
dogomomo:

1. godgom, P m3g@s@m@l ozl s, dod@ogo Loggmsdo @oibgo, g.0. 3ol L3gdol sJgb
‘dgdwga0 Loby:

p={plj, p%| j=1s, i=2,|}.
dodob (55) o (56) agodenggls

n:51+Z'j=zsjqusl+zlj=2 qusl+zlj=2j =s,+1(1+1)/2-1, (nxs,12>1)
Lbooabos
I1+1)/2-n+s,-1<0, =

= -1-,/9+8(n-s) <2<21<-1+,/9+8(n—s)
5 g3mYEmdm:

n(P)=I+sl+z::zsi—122l+sl—2 = 5 <n(P)<,/9+8(n—s)+s, 3.
dodobowadyg, o3 dgdmbgggsdo n(P) gobolsbg@mgds do@mBogo gglggdols S, Gom@gbmdom.
d98603dbmm, G™mI doBBogo L3gJB®ol 3Jmby m3g@ms@m@obsmgol n(P)=n=s,.

2. godgom, P 3ghapohob biglomo Fgdwgao Lobobss: 2 ={p, p; ™} 8506
1=2, 9,=1 s,=1 g,=n-1 s,=1=n(P)=3.
3. godgom, P={p}. 35306 =1 ¢ =n,s5=1=n(P)=L
35639600, GOamGE boTBG®IT0 [41], G@mI doBGmgdagmos
03935 5. 93308 o P:U">U" magdsdm@mol gboBodaao 0bgocosbdgdol bod@msgarol
(59) o (P) = {tk(P) [k=Ln(P), n(P)=1+3" si—l}

ILJI9bOIo0, BFOAG @odmgogdgao (36) Gaaowgdob gableogdo. Fgbcomborgdew
@I 2009890000.
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393 30(3gds. dgdmgommn smbodgbgdo (ob. [41])

¢ij:ri,j+l_ri1’ j:]"si -1, =11,

bows 1; 5@l Py bogameto @ogbgol xgdopmds, j=15, i=L1. 6s960dF0 [41] Fgdmwgdamos
396J30900L 3oOmdomo B9bJombsg o ©sdmygogdemdol (36905 s badmgbos dglisdsdolo
3003900930 (ob. mogo 1L, §5). 0gm@gdols obsd@goigdmew 9bos gohggbmm, MM g9blcogoo

{tk(P)|k:l,n(P)} 300Mdomo B9bJombsgy@s wsdmyzogdgeos dgdogyo Lobol ddgdols
306 Mb9ddo:

(60) 4,0, j=1s5-L i=Ll, ,(P)=> qs =n
Loomoboem mgm®gdol (ob. 33. 38) 30@mdol dglodsdolo, aodmgomgsammm 0sgmdosbo

(to’t1 n(P) ¢111' ¢|s|)

(pll’ 110" pls| 1 s, )
doMmB0g0 2oM©s]dbgdols Igdwge, (41) gm@Iygagdols yomgoeolifobgdom, dogowgdm

~ I _ -

(61) J :(Hizlqi ')det[u1| | Gy1,
boog

J=

U _[ukj ]o<k<n(p) |:Z i1 pu (p|1 ’(pisik),:| ) i=L1l

0<k<n(P)
Od (pijk),:kpijkilz(é?/@pij) pij .
0bydgoom | 0bpgdlols dobgogom swgomsm gohggbgdm (ob. [41]), GmI ©yHYMdobsb@o
(61) go@Igerols dodxggbs dbodgdo s@ol P, Ggeool dmenobmdo, Gmdgrols bo®obbos
2n(P)-4=2(1+1,5~1)-4241-6>2

©> gxuambo {9360l 30g803096¢0 5@ 5@l 0gogg®s© bymols Gmaeno. dsdobo@sdy, J 0.
09056, 3.4 mgm®9dols mobsbdsE, 35dmIobs@gmdls (59) Loddsgamols gengdgb@gdol  ybio-

Mbogy@o ©sIMYJ0©JdE@MbS. [}
06350056 gd0 t,(P), t,(P),-,t,, (P), 05bsbdo 2.4 mgm@mgdols, LeOygmsm asblsbogmogl

P:U"> U" m39&spmc0l b33(]©(ﬁb — dobo Loggmedo @oibggdol (38) dygan@oliod@sgagls,
Omdgeo3, mogol Ib@og, 3oblobmg@oglh P m3g@s@m@ols bgdolidogd gbo@odygen 0bgs@®osb@l.

22 Yg0g00L mobobdow, t(P), t,(P), -, t,, 1(P) 356Lobegdagl trP =1, (P) 0635605691
bgdolidog@o bo@ydomamo dohggbgdamolomgols kK=2m s, (36) boy@mbol gm@dyagdols gsdm-
4969000, ggges ge0gdgb@omyge Lodgd®oyge d@sge@{ggdl o (P, Py), K=LNn. 30,
Lodg@®ogeo dAsgoe(g3dgdols dgbobgd dodomswo mgm@gdols pomgoseolifobgdom, 353l

90930 3. FoEoggomgoaemo b3y d5mol Jfmby gidod oo P.U"—>TU" magdsdmdob yggas
G065 G0 06350056050  godmolbsbyds, @mgmd  t,(P), 1(P), -, 1(P) 0bgs@osbBgdols
bsdpgoaro @;00b5a G0 Wb 300

9603g6s. my 2m—-1=n, 3sdogrBmb-3geols 2.3 mgm®gdol s boydmbol (36) Gm®Iygagdols
25dmygbgdbom k=n bodolbols 3Jmby 0bgo@mosb@gdo Lod@msgen gdo {tk(P)|k:O,2m—1} 3mgnobe-
Ig@o aodmobobgds @M sdsgno ba®obbol dJmbg 0bgs®0sbBgdom. sdMopsw,

3003350 93mem0  bagf5@ol  Jfmby  g@dodaeno P U"— U"  m39@s@m@ol  9bododaao
063500565930l Jobodsana@o 3memobedamo s bobo dgoiogb N gargdybd b, n(P)<N<n.
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B603Bo [41] Bs3mghos mebogadrmdgbo {t(P)|k=0,2m—1 boddsgaol gargdgbdoms Jodob,
Omdggddoi aosobobgds (57) ddgdo.
gdgoemon ©osambsgyg®mo do@G®mo3e
(62) R=diag{r,",~r,"}
(9L 256350 gd> MG gJA s, gobsowsb gggems 1,21, i=1m) s dgg0Lfogemn dgdwagao
Lowogggodo:
(63) t.(R) = trR, T.(R) = [ti+j—2(R)]ll<’ D((R) =detT,(R), keN. (to(R) = m)
JsOmgdgmos (ob. [41]) Fgdmgy0
0gerdgds 6. sbsbgs
(64) {t.(P)Ik=0,2m-1} > {t,(R)|keN}
5@l 0bogBa@mo ws yggas 1 (R)=tRY, KeN, Gogomboanadow godmobsbyds o@a 89659300
t,(P), t,(P), - t,, ,(P).
53¢ 30390s. 2odmlobymgdgdols dgdmgmgdolomgol s@gbodbmm, dmym® 3 dGOmIsTdo [41]:
t =trPX T, =T(P), f=trR" T, =T (R), keN.
(40) Amermdgdols 3oMggeo M asb@Gma gdowsb g3mymmdm:
det R
N =
det[p;""1;
Lows RP=[RPTeM (R) ds@@0iol k-960 Lemombo Fgdwgao bobobss:
[P Pt IS e ], k=1m,
(65) BTy gdoEsb gwgdyemdm
r2— det[l] Rk(ll)] det[Rk(ll)] i :m
' det[r;p,"]det[p/*]’ Y
993339600 53 Go@mdol mcogg dbodg %0 Lowogby ©s gowsgsd@sgmmmn Jo@xggbs
dbo@gdo Jpyo®o R gmdobsbBgoo “LEmModmbo LE®Modmbby” Fglol dglsdsdolow. dogomgdm:
k+j-29m
(66) - det[tk+j—2 +tk—1tj—l _r:i pi : 2]1 , | =1,_m.
det[tk+j—2]1

53 2odmbsbyamgdols gslods®@oggdasm dgdmgommm (ob. [41]) g@mlggdosbo ds@@oizgdo
0=[0]eM,,, t=[t ] meMu B =[P/l zeMps (i=1m)
s goboMygdemmo dgdgao 0g03gmdomn (M+2)x(M+2) bemdol gYx®gomgsbo dsgdoigdobsmgols:
T, t -rp][E, 0 O] |T,+tt'=rpp’ t -rp

m m

(65) i=1,m,

—-t' 41 0 ||tT +1 0 |= o' +1 0
-p/ 0 +1|lp’ O +1 0’ 0 +1
(5] E,eM, g00g9mma560 do@oges; | o@bodbsgl Hsblidmbodgdsl), Gmdgmoig agodmgsl:
Tm t -np
det[ T, +tt'—rp,p| |=det| -t" +1 0
-p; 0 +1

doggdo@demm 935boL3bgeo do@@oizol (M+1)-g LEG0JMblL 3oMggeo LEGoJmbo s Vgdwgy
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aodmgogammm (M+1)-9 Lggdl 3o@ggeo bgg@o. gobsowsb T =[t,, 11" dsGGo3ol odgge LE@o-
Jmb63o ol tT =[t, ], bomem Joégge bggddo — t=[t ], dogowgdm

Tm 0 —Ip; Tm 0 —Ip;
det[Tm +tt' —rp,p/ ] =det| 0" 1+t, -r |=det] 0" 1+t, —(l+t,+r)]|.
-p/ +1 41 -p;/  +1 0

dodxggbs dbomgl dpas®o ©g@AgMmdobobGols gasdems (M+1)-g LEGoJmbol gergdgbdgools
dobgogomn dma3399L mobsgs®ombsls

T - P, —
T T m i L
det[Tm+tt —I,p,p; ]_ri(1+t0)det{_piT 0 }+(1+to+ri)Dm. (l_l,m)
od dggaol dgBoebs (66) dodxggbs dbo®gdo o godo®d@oggds agodegals
Tm Pi P TN
(67) r,det . =D i=1m.
P 0
Omam0 ;3 gbgosgm, ©gBgMmdobsbGo 53 Gmermdols do@mzbgbs dbomgdo Fo@mdmowygbls T,
do®®030L dmoMmBogdya Jobm@l. sdodmd (ob., dog., [59], a3 32) gwgdyermdm
. _ T, P _ | e . —
1_ 1 m i 1 j+1-2 _
(68) n _Dmda{_p: 0}—Dm e A(5) PR (i=2m)
5Jgob g3mymmdm
(69) r.—k — D -k zk(Zm—l) C(k) p.j—l (i :m)
i m j=1 ] i d
Lowsi 3m9g80309bBgdo € (K) 3mmobmdyg@se godmolobgds ty,,t, , Lowowggdom.
(69) M@ e gdols sxodgs | 0bpgdlbol dobgogom ggsdenggls
~ m _ k(2m-1) o m i
(70) =2 L =D > kY. p'" (keN)
o dgdsgogo bodolbmgobo yxodgdo ZL p/ = S;4(P), 1=12,-, bog@mbols (36) gmedgmgdols
3odmygbgdom asdmolobgds (50) 3mgxnoiogbdgdom C,:
k-1
S, (P)= Z:HSH(P)CI +ke,, 1<k <m)

S (P) = Z,n:lsk—l (P)e, (k>m)
s, (51) gobdmangdgdols dognom, s@ol ty,t,-,t,  Lowowggdols Gogombsgrydo gubiogdo.
530®™3 (70) BeEIgmagdom f, Lowowggdo, KeEN, asdmolobgds, GmamaG t, 1 Ggmogdols
A5300Mbsayy®o gy9biogdo. [ |
Ygrgao 4. 18 [obowowgdols mobobdow, (63) Rm@dygmgbom gobdo®@gdygmo do@@M0(39060

T, (R) 5335gmxz0amgdgb 3000951

D,.(R) >0, k<lI,

rankT, (R)=1, k=I.
Sdo@Bmd, 2.6 mgmegdol aomgoeolifobgdom, goliggbom, @md 2m -1 ¢boGos@geo obgo®osb@o
t,(P), -, 6, 1(P) ogdoymagoangdl m—1 @sodmyjo@gdger Gogombsay@m mobosgs@omdsl

(1 e 1 141 _
(72) D =0, k=1Lm-I,
L o 1 1+k

D,(R) =D, >0 306m@ols gg9ems dmscdBogdaemo dobm@olsmgol. do8slbswsdy,
bodmsgang t(P), -, tn 1(P) dgoiogb s@ondadgb n(P)=m+1-1 @sdmg 00989 ge09896(5 .

(71)
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9960336s. (72) 300mdgdo dgodangds hogfgtimm (46) sbogrmpoyg®o gm@dom
(73) faiD=20 oA )RL (k=1m=T)
O 903, 2.5 09 9ol dogom, goblobeg@oglh t o).ty 1(P) Loowggdl, Gmamag (59)
Lod@ogeols gangdgbdgool 69bd3ogdl. dsdslbswsdy, do®mgdyamos dgdwgao

Fobspswgds 20. boddsgang (59)

o7 (P) = {tk(P) [k=LnP), n(P)=1+3"" si—l}

fomdmowggbl gmdod aero m39GsBmGolb  9bods@aaro 0bgsGosbBgdol dobodsara@ 9obg;o0-
@bsgra@ 35 bolbb.

530 J03gOIE b 9dgdbbg syMEbmbdom dOmdsdo [41] hodmysgodgdymos g@dodyero
39053 MM gdol gbo@sdyao Abgoglgdolbomgol syEoemgdgeo s Logdo®olbo 3o@mds:

0g@E93s 7. 963306 garo m39@GsGm@ 30 P:UU" ws Q:UU" gboBomagamow dbgogbos
dsdob o dberare@ 3> dob, Gezs b yanwgds n:|+z::18i—1 (bsdwgoaro) Gearmds
(74) 7 (P)=<7(Q),
bowos bodmogangy o7 (P) gobds@dgdaemos (59) qmddaamoon.

59§ 303g0s: (74) 300mdgdols >y30mgdamds 3bo@os. Lo ds@molmds gsdmdwobo®gmdls

Of(P)H{pij’qu:l’_si’i:]j}
sbobgol 060gBgOmdo©sh, Mo, mogol db@og, 3sdmdEobodmgmdls Fobswsmgdosb 20. [ ]

Lboogal®@oEome dmgoggsbmo m@o dogsgomo.

o) 9o o dotBdozs PeM (C) 3dm3maogmos ghmgyemmgsbo E e M, 3s@@oiobs
(b5dgoemo peR 3OM3mAGE0PEmdol 3mgx03096G0m) 35Tob s dbm@me d5Tob, Gm3
(75) D,(P)=tt,~t> =0 < tP?=(tP)’/n.

Bomgaos, @0 35Tob 3GMIMGE0NmMdol jmggoiogbdo p=n"trPeR s
P=n"(trP)E,e M, (R).

d) oy gbegegdygmos (75) ©o, gods odobs, trP =0, 35306 (s dbmeme d530b)
9®@do@ygao dodBozs PeM, (C) ygodols byenl.

Qgb03gbs. »y gMdodgeo P U"-TU" m3g@sdmeol P dsgdogol gegdgbdgol (Hmdg-
@0dg MONMbm®dodgdyge dsboli'do) gogds Mo0dg ©ods@gdomo Jgbmywggdo (d3gd0), ob%,
0% {pij,qi|j:1,_si,i:1,_l} Lod@ogeols gegdgb@®gdo os@o® G0l sdmyzogdgao (dsp., ™%,
MmO bgdmm  gobbognyan  dspsmomdo, trP=0), 359dob P m3g@odm@ol ¢bods®ygmo
06350056 b0l Legeo LobEgds dgozegl N<n(P) ©sdmgzopgdge 0bgs®osb@l.

>@Lgdomos, GmI | Goibgol ((54) Ige@olbod@sgemgdo gOmdsbgmolisgsb goblibgsggdyeo
9099960930l GomEgbmdol) dnlodgdbow 930 gdgemos {tk(P)|k:m} bod@sgeools yggeos
9999630l 3m©bs. 535L;msb, (72) (o6 domo Gmengslio (73)) mebsgstmdgdo, GMIgdosbs:
dm0dgdbgds @oibgo |, 3god@ggl 3m@obmdy®@ 3o3do@gdl o3 Lod@sgenol gangdgb@gdl dm@ols
— . go0bol Bg@dobm@myoom, 9.¥. bobogogdl (ob., dsp., [83], ag. 145).

Sl 50360dbmm, G®MI 53 3oMoaMox0l by gdgdo osMbgds dognsdo, my g@Mdo@ e

P.U"»>TU" M3905@mOL 93338000 bodg@E®ogeo S:E">E" M3905GHMA00 338000 E"
bogM 3930 s YboRo@dym as@MEsJdbgdl — MmAMMAMbomy®o yo@sJdbgdom.
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§2.4. 5059H30@ 0 ™M3gAa5A™MA0L 06350056@ gdo

Fobs 3oM5aM09396d0 dowgdyamo gogagoo momJdol dgyGgergmse doGmgdygmos bgdol-
dog@o bo@dsgyy®o  m3g@sGm@oliomgol. goblibgoggds g@dodya s bmgoe beo@dsgny®
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Lgogo03 @ 5ol Lsdmenmem, boamm bmgogho dgdmbgggsdo (dog., [19], (33-216)) Logds@olo
5@ 5ol m@d0o@gdols bododyeo jansbogoio@gbobsmgols (g.0. 5@ s@ol LOyYo).



58

H03>To [40] (0b. op@. [43] s [96]) sggdageros bmgswo Labols P:U">TU" (T:E"—>E")
390530l Ybo@Go®yao (MOMMAMbs@®0) 0bgo@05bFgd0ls dobodsgy@do LMygao 36 gdyero
bgdobdog@o (LolGygao) Aobbmdogngdols YboFodym (g33e0y®) Log®gdo. 3bswo Lobom
bo3mgbos sbogroby®o gm@Iggdo, GmImgdoi SOl o3 ®3gASGMGOL  3meobmdy®o
0635005bG g0l 65boll o sdmMyYg0gdger 3M@0bmdy@ Mmobogodmbydls — Lobogogdl —
d5bobol dgdoagbgen 0b350056@ 9L dm@ols.

P:U">TU" m3g0o@m®0l 9bo@do@geo 063560563 gd0l 30bodoga@ Loy 399 To gang-
d963gb0l MomEgbmdol dglsgslgdmsm dOmdsTdo [40] aodmygbgdymos 53 m3g@Ms@maols gHm-
900 9Odo@ o  3md3mbgb@ols (26) Logygmo®o (m@mnmbm@do®gdygeo) dobolo. bmpswo
Lobol m3g@s@m@ols (o@dmwygbs (25) gm@dom godmoygbgdomws sa@gmgg Lbgs sg@m@gdols
dog®. bodOmddo [18] (25) wo (28) Fo@m3mwagbgdols asdmygbgbom 3bowo Lobom sdmfg@ogos

06356056@ 950l d0b0dsgydo LEnmo G 9dmo m3g@sdmagdolsngol P:U-U® ws T:E*>E?

(b0 gdols Lobom). sdsgg Fo®@dmeagbsTo sdmfg@omos 0bgoG0ob@gd0 E® Logd 3990 dmbe-
a®og0sdo [19] (ob. gg. 210-221), dog@sd o aobbogrygeno 0bgoMm05bEgd0 5@ s@ols Lsjds®obo
M39G5GMAJd0l MOMMMbs @ janslogozo®gdolomgol (ob. sa@. [21a,b]), g.0. s@os LEgeo.

0537 dgom, P.U">T" 39053 M@0l P, g®@do@yan 30m33mbgbdl o3l dod@ogo L3gdd®o,

obgy, 2.13 Fobowowgdol dglodsdolsw, ©sgydgom, 3 jmd3mbgb@ol 3obmbogy®o dsbolo B
(0b. 256350 gds> 6) 25bLobrgdgmos Eoelsbs@ (23) 9bodod o yodEsddbols Lobylom.
od d5boldo P, m39@s@mdol ds@@oisl oJgl wosymbosgnyg@o Loby:

2~ p ]-ding{ o, - pL").
bogoem P m3g@s@m@ol ds@®oisl, (76) 30@mdbdols ©s 2.16 Fobopsowgdols msbsbdow, mosym-
boenyy@o Lobyg 5@ oJgl. gobodygdamm (23) godsddbon s dggs®@bomm bsdwgoamo @oibggdo
(351g60) @, @y, @, 0bg, M o Jbodogry@o© godo@Bogegl P m3g@s@m@ol ds@@o(ss.

0geEgds 9. bogowo bobol P:U"—U" m39@56m@b dmgdgdbgds mGonmboddomydaamo
3obobo PBpeU", 556bs brg@aemo U" bog@ol g armds e m@o 9boBo@aaro §oGs 060l

X—>X =Xexp(ip), VXeU" o¢eR,
bobybBom, Gmdgar docz dogdaemo m39@sBmGolb ds@@moolb ogql d9dwgso boby:

(78) [P1,.=[P], +i[P], =diag{p{", -, p}+i[ p, ], ((p) = pS, jk=1n)
bo@oe piq,1+(1+)<"'< pi,§+)) piqé;): pkqi(;)>01 oy i :1+Z?:_int’ k;e[mg_+L m], o piqlfq_)z pkq(iq_)zo' 27
iqe[l, Zfﬂnt] ke[m+Lnl. of m_<m,, g=11, my=0, 121

Fobol{od o35d@303mm dgdpgao m@o gogds:

@gds 1wy gododaao P:U'SU" msg@sdeomol P=[pyl] doddogel o@ ofsb 95 bo-
@058 0bsany@o boby bsdsbobobem 394500950 5@ gGmo b69dg@msc00b5b, Jsdob sb

a) P do3Goolb 5@ ghmo s@sposgmbognado gangdgbdo o@ agomols byanl,
ob

b) dmodydbgds obgmo boGamsgraGo Goibggdo My, My, Ny, Ny, @o dobobols obgmo
BO@bMAgHS, Hd 9 Gg@mgsbo dsBGois P, doowgdl g5 bo-bodwosgmboary@m bobyb:
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A5BAmA0L m@dods (88) xa9xdo 0dbgds (gaBomo (dsg®ozs Q 0bgo@osb@ymo odbgods (88)
2oMsJdbgdols xayx0l d0ds®m). [ ]
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Ygegao 5. bogowo bobob P:U">TU" msgmsdmmol @sdsbsbosmgdgemo  9bododmyasw
0b55%056(5 9aro 50098900 bsdegoaro 35@3995@I30l Hsm@bmds 5@ S@9dsB s n’+1
@o @ dgodaengds d9domogl  9boBo@myamo gomwoldbom, mm P m3g@sBmmol ds@ ool
993960393 bg G50dg ©5IBYd0m0 JoGmBs (3ds) 5@ sGob s dyaro.

533 303g0s. (78) (omImwagbsdo wsdmyzoegdgero bsdwgomo bowowggdol dsJlodsgry@o
MomEgbmds 2353l 35dob, GmEs yggms pjlf_);t 0, jk=1n, 9-0. 5Mol sM5939¢ 9l

n+n+(n-1)+2-(n-1)(n-2)/2=n”+1.
od  Lowowggdols ¢boBo@ygeo  0bgo®osbBmds  25dmdobs®@gmdls 23 [obopomgdowsb o
FoEdgeosh (31) (ob. mgmmgds 2.1), Gmdgmoig doGmgdgmos bmaswo Lobols P:U"— U”
M3905@mA0L gOdo@ymo P, oo P 3m33mbgb@gdolomgol. ]

+

390980 6. bgowo bobol mio Js@oigs P,QeM (C) mbododgemow dbgogbos dsdob @o
dbeoagoe do Job, Geagzo

(89) [P1,,=IRL,:
G agodanggl N(N+3)12 y0dsang ooy (Jog@sd dbeoarme N*+1 bodwgoan) Jo@mmdsl.

d960dgbs. Bm@dyagdo (78) wo (89) 335daggl s@o3mIYB0Mgdswo ghdodsero Mm3g@s@m@g-
b0l Fygoemgdols gbo@odoemo ganslbogoio@gdbolsmgol syiEogdgen s bogdes@ols 300mdgdlsg.

53000, (78) ws (89) gm@dygengdo 3sbygbmdls wolidyan 53m3obsl bmaswo Lsbol m3g@s-
AMAgool (o6 sOo53mIYPR0Mgdoo  g@dod Yo  Mm3gMsGmagdol  [ygoggdol) ybo@sdyao
3obogoo®gdolsmgol sygEoegdgeno s bogds®olo 0b3s®05b@yemo 3o®mdgdol 3mgbols
dglbobgd [40]. dop@sd bodmgbo g@o@g@ogdo 53 Loboo dmygbg@bgdgemos godmboygbgdasw,
@oEasob (78) o (89) 30Mmdgdo hofgdomos 5@o3m35M05bG Yo, L3gEosmydon opgdyen
d5bolido, @mdgols 3mgbs, Lobmyswme, 5@ s@ol do@Fogo sdmzobe.

gLod5dobo 3mgo@mosb@ o 300mdgdols (0b. [40]) dmbsdgdbow dgdmgommm 0bgomosb@gdo

90) 1, .,(P)=2"""tr((P+P*) (P=P")-(P+P")*(P—P")" ) =tr(P/(iP.)* P/ (iP.)"), A,p{mel
S 53530m 53 0b35G056@gd0m gdwgao Lobols dod@ogs T(P)eM, (C).:

7(P) = di (+) +) ) n
) J(P)=diag {t(P),,t"(P)} +[t,(P) | ,
bogogs o
(92) tOP) =1y, P =P}, t, O(P) ==, y y(P)=itr(P'PP}'P?),  A,u=1Ln.

83685035935 7. (91) Js5G05L T(P) gafmemon bmgowo bsbol P =P +iP_ m39G55m@0l
0b55%056(5930L 355 G030

d930L(sg@mm 0bgo®osb@gdols T(P) ds@@oiol LE® Y@ as.
Goa5b gM@do@ Yo M3gOsGmA0l bo@ygdomu@o ba@olbgdo gddo@ymos, 339]6g9ds:

(93) tOP)=trPel, A=12,-
Gbmdogos (ob., Isy., [8a], 83-56), ®™I bgdoldog@o ABCeM () dsi@oizgdolomgols
trA=trA", tr(A") =tr(A")=(trA),, tr(ABC)=tr(CAB)=tr(ABC) =tr(C'B'A") =[tr(C'B*A")]".
5do@m3d (90) 2obdo®@gdosb g3myambn:
o (P) = tr(PL(P)PH (P ) =tr(P (iP.)'P/(iP) )=1,, .. (P)=tr (P} (iP.)"P}(iP.)")

(94) = ()" tr (PGP PGPS ) = (<D™, (P)=(-D™*1 7, .. (P), (1, Cn>1)

Lo, ca(P)=tr (PF(iIP)"™) = (=) “tr (P} (iP)"* )*= D" g 0canyP)= (D" 5, (P).

T
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o>dgsb, C=1,n=2 3dbodgbgermdgdols dg@sbom, g3mymmdm 300mdgdl, AmImgdlsE ogdoym-
o gdls T(P) 06350056 gdol ds@doiol gengdgb@gdo '[MH(P):—l(kfl)(ufl)vlz(P):

t(P)=—(t,O(P) )
LOP) =t P =—(0(P)) =—(1.(P)).

5IM0 50, [tx(;)(P)]; d53®030L @osambogno, 30Mggero LEMoJmbo s doMggero bgg@do Fdobos
Fo®dmbobgomos, obo®hgbo gangdgb@gdo go obF0g@do@yermdol 300Mdgdl o3dogmagoggdl.
>do@™d, (90)-(93) AT gdols pomgoeolifobgdom, b9bgd@ogos 0bgo@Mosb@gools ds@@ools
Fo®dmea9bs dgdwgao Loboom:
(96) JP)=T7.(P)+iT (P),
Lboo o@bodbyaos:

1<, p<n;
(95)
1<A<n.

7.(P)=diag{t(P)| _=diag{trP}| _,

=1n =1n
I@=-i[tOP@], =[P PP
sgoeo dglsdhbggos, GmI (96)-(97) gm@I e gdomn gobds®@goygmo 0bgs®osbBgdols T (P)
do@@ool LEOYIHYOS gdmbgggs (78) Fo@®oizol LEOYJAHYOSL bmaswo Lobols P=P +iP
390G mdobomgol, oy [P, ds@cdoigdol pjl((i) 99093963 9dbg o0 >Mol oEgdymo Mo0dy

97
7 (P=P.+iP)

Ap=Ln

053590000 300Mds (63s), 39Adm, MY [PJ%P do@®ool yggeos gangdgb@Go #0.

659Hm3ITo  [40] bohggbgdos, mmI brmgswo Loboll P: U - U™ m3g@s@maols 3s@s393@gdo0,
Omdggdoz  2oblobwg@ymos 29 mgm@dgdom, s o3 ™m3g@sEm@ols  0bgs@osb@gdols  (96)
doB®0i3ol sdmyz0gdgemo gangdgbBgoo YOHMogHm o bobo aosolobgds gOMAsbgmdo.

09398 10. bogowo bobob P:U"— U ms3g@s@m@ols 0bgsdosbBgdol T(P) ds@@oiols
@Iy 0098900 9argd9605930b boddsgany I (P) :
(98) o (P) = {tr P*|A=1n } U{tr(p P P#P?)|1<r<p<n]}

(P=P+iP, P,=(P+P")/2, P.=(P-P")/2i)

dg@agds od c3g@msBmaol [P, dsdaocolb pj,gi) Jergd9bdgdol (1< j<K<n) @odmeyjoogdgaro
B bJ0900b38 6.
533303905 hogfgdmmm (98) Loddsgammol gengdgbBgdo 2.9 mgmegdoon goblsbmgmye

By 35B0bBo. odmbobymgdgdol Jgdmgmgdolomgol s@gbodbmm pP=x,. B, 3sboldo
do@®oio [Ply, ©oopmbomados s (97) do@@ogdol gangdgb@gdo hoofg@gods dgdwgabsodog:
(99,) P =>" x/  A=Ln;

(99,) (PP PIPY) =300 xR, 1<h<us<n,

2o0©53Jdbom xsdo (99;) Be@IyasTo:
2 X ROR T (P =

1 1 1 _ 1 o 1u— _
=§Z;kzl{xix XX l} P (P2),; + 5 Z?,k:l{xjx X=X l}pjli '(P?),; =

1< P P _ . 1 < e 1o _
= 52j>kz1{xjx 1ka "+ ka 1ij l}{pjlf )(P—Z)kj+ pkﬁ )(P—z)jk}+ Ezkzl{xkx 1ka L+ ka 1ka l}pkl(<)(P—2)kk+

1 o 1o ue 1o ue _ _
+ E Zj>k:1{xjx 1Xku - ka 1XiH 1}{ pjk( )(P—Z)kj - pkg )(P—Z)jk}'
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>Jgwob, pk(jf)pjl(f) P, = (p“ff) p. plj(f))* 0obogo®OOmdol gomgsgolfobgbom, dJogomgdm:
A-1 A1y

tr(P2 PP/ *P?)= Zj<k p(J 0" Dﬁ g }RE{pjﬁ’(Pz)kJ}HZJkldet{ 5 }m{loJ (P}

X' X'
Lo perA séol A=[a,l;] 3s@mogol 39@dsbgb@o (ob. wolg@@szool T mogo o, dop.,
Jmbma®sgos [57]):

perA= per[ajk]l ZH,l io (i)

(50035 begds ygges Yglodgrm gomoboigmgdgdom j—o(j)), boeem p(j,k) s0bodbogl dm§gl-
@090 (J,K) Tygoendo dgdsgogmo Mobggdol xgdomdgdol goJ@m@osgmgdols bod®agenl.

SdM0go0, (99;) obgoohgds gob@magdosms M ©sdmygzogdger LolGgdse bsdwgoeo @
Fo®dmbobgomo bsfogngdolismgols:

A-1 X-“_l
A 1p 2 () (p2
(100,) Retr(P/P_P}P?)=~Imt/ Z,E#p“ k) {’ . X‘kp_l}Re{Djk (P2}
(100,) Imtr(P/'P_P}'P?) =Ret) = Zifkl det[ xjk“} Im{p," (P?),;}
(I<i<p<n)

(991) 29b6@3mM@mgdgdmsb gamow (100,) dgoeagbl gobBmengdsms Lol gdsl Xj—pj(+), ka

936006950l Jodo@m. 5dsLmsb, badolbmgsbo xsdgbdo (991) 3oblobwg@ogl Xi,---, Xy bLowowggdls
b9dg@oi00l LobylFom, Gmdgeos, 2.9 mgm®gdol msbsbdow, goJlbodgdymos o lsbow.

530@®d (1001 ,) BeoGIgmgsdo Re{p,(P?),} wo Im{pjk 'P?).} Tagogomsb dwgsto gmgeo-
(3096900 LOgms© aobolsbwg@gds Lowowggdom trP7, k=1,n. ‘d9360dbmm, ™3 Gem@Es A=p b

A=1, (100;) gm@dgesdo ggod3l 0=0 Lobol ogoggmds. sd@0ysm, sOSEM0305YM0 MobsGsG-
©Mdgdol Momgbmds (100,) gm®Igamsdo s@ols (N-2)(N-1)/2, bogrm (100)) go@IgesTo —
n(n+1)/2, 569 0dwygbogy, Godwgbo 935J3L 9Ebmdo Im pij ©S Repjk(’), ‘dglodsdolsw.

250536mIOmm [ygoemgdo (A, n) o (J,K) egbogma@sgyms ©s dgdmgommmn s@bodgbgdo
(ob. d@Omds [67] o obg@@Boiool LI msgo, §3.4)

Re{p, " P*)}=a, Im{p, O (P?),}=b, Retr (PS'PP'P)=f mr (P'PP'P )=

1 T Xt oxt! :
p |: Xju1:|:p[30i’ dEt|:XJA1 XJH71 :Dﬁa; OL:(?%H), BZ(J,k)
k

p(Jk) ‘ 5
>d >0bodgbgddo gm@mdygmgdo (1001,) ©gdbyamdl do®Eog Lobgl:
(101) £y=7 P, B=1CL,
(101) D=3 2,6, B=LN,  (N'=(n-2)(n-1)/2)

5dobmsb, dga@oobegdlbgdo o, B g39mgbol s@szmgdow 03 gMmdoms Lod@sgergls, begnm
dgen@oobgdlgdo o', B' — d3oE0s bO®s®o d0dygAmdgdol Lod@sganrgl (ob. §3.4):

a,peG,, ={olo=(0,<w,)}, o,p'ecQ, ={ojo=(0,<m,)}, 1<w,<n, i=12.
dogyg@mmo (101y) asbGmengdgdl N—1 0pqoggmds, GmIengdoi doowgds (100;) gobBmeang-
3900056, GmGs A=1 (o GMImgdoi LEYmEds bgdoldog@o P:U"-TU" m3g@s@m@olbomgols):

(102) Imtr(P**P*)=0= Zg,jk:l(xk“*l =IO (P} n=2n.
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(101,) o (102) gomow Fgoeagbl N(N-1)/2 gob@magdosb Lol@gdsl n(n-1)/2 4Ebmdolsmgols
Im{p,’(P?)} 1<j<k<n. @mpméa bahggbydos @olg@@ocool I msgdo (ob. sp@gmgy [67)),
(101D o {(102)U(101y)} LolEgdgdol wgdg®dobsbBgoo yodmomgagds gm@Igemgdom:

C|$+1 n+ Cr? n—
(103) det[pﬁm]l :HKkkgn(xk—xj) '20, det[%a]l :ngkkgn(xk—xj) '20

o, dodolo@ady, onygabgds P, m3g@s@m@ol dobslbosmgdgano gyobBmergbols ©wolg®odobsb® by,
AmIgenoi s@ol 53 gobBmengdol 3mgn03096@gd0l dngamo g9bjios. sdo@dmd Lowowggdo a,

2

s b, a=1C,, gomlobo gsobolobrg@gds (991,) 2ob@mergdgdol dodizbgbs dbo@ggdols —
trP’, Retr(PP_P}7P?), Imtr(P/'P_P/*P?) 360336 mdgdom, A<pu=1n. s3sbmob, Gbowos,
bgdoldogdo P:U">TU" m3g@s@m@olomgols |m{pklff)(P_2)kk}:O, k=1,n, boaom Im{pj(k’)(Pf)kj}
(I<j<k<n) Lowowggdl ool ©osdmygoegdgaos dbommeo  N'=(n-2)(n-1)/2 Lowogwy.
396dm@, gzges IM{pO(P?)} k=2,n, s6ol ©sbo@hgbo Im{p,i’(P?),} bowowggdols F@x0g0

303d0bs300.
0gm@9dols 3B 303goolmgols bsgds@olios gohggbmm, G®I (98) Lod@sgaols gemgdgb@gdo s®ols

|0, | =pp=py (I<i<k<n) ©s g=—4,; (2<j<k<n) gaeogdol ©sdmpgopgdgmo Bab]co-
goo (puexpig, =p Ve, P duell ) o6, 6o {F(P)}={[P1,,} sbobgol osgmdosbo J#0.

300©53000 godmmgegdo a30h39690L, GMI osgmdosbo J Fo®Imowygbl Py (3geswols
N+1 ba@olbols 3m@o0bmdl, Gmdgols 9a@mbo 30980309630, Mobobds® mgm@gdol 30MMbgdols
(Xj# XK Pjk=0, j=K, j,k=1n) ©s (103) gm@dgegdobs, #0:

o(t\”(P), Ret,(P), Imt, ¥ (P)) Ret, O (P), Imt,’ (P))

= det[kxjH]: . 8( s -

104) J=
a(xlf"" Xas P11 s Pany Pjrs ¢jk) a(pn""’ Pins Pjks ¢jk)
:det[kxjH]:-det[pm]f"”-det [Dﬁa]lc”~{[3!2”‘l(plz-...~ )" ] pjk]p11”+1+..}.
1< j<k<n
BBolowady, sbobgs {F(P)}={[P1,,] Fo@dmswagbl dogdzosb. m

90930 7. dbemgowo bobols mdo m3gdsBemmo P,Q:U"—>U" wbododammsw dbgogbos dsdob o

Jbesareso o Job, Gmgs d9beamangdaaos Igdwoggo N(N+3)[2 y0d5agfbamo (N2+1 bsdwogoaro)
@I 300989e00 063560565 0 J0GM3BS
(105) o#(P)=7(Q).

Vg0 8. bodmsganyg (98)
o (P)={trP*|A=Ln }U{tr(P>*P P} *P?)[1<h <p<n |
fomdemowggbl s@ogmdod aemo m39@ms@mmolb gbods@aaro 0bgs@osbBgdol Jobodsary® 9ob -
306 35 bobl.

09 39053MM0 (53 M3gASEAMM0L doG®oiol gargdgb@gdo MMAger0dy MAMMbe®do@gdye
doboldo) sz3dogmaomgdls Mo0dg @sds@gdom 300Mmbgdl, d5dob (105) 30MmMdgdl dmeol yggms o6

06905 ©@oIM300gdgEo. Fogomoms®, MY 5G5gAdoH Yo M3g@s@m@o P:U"—>TU" s@ols
bedIs@y@o, g.0. oy dobo g@dodgmo P s P 3033mbgb@gdo 303gBodgdl, ds5dob [P],

+

BopB0Gob ofgb wosgmbagydo (27) baby: [P1,,=diag{p”,, p  +ilpy1=[ 8, (p{”+ip{ )],

9-0. ggoms P =0, j=k, j,k=Ln s (104) osgmdosbo J=0.
dod@ogo Lohggbgdgeos, @mI Lods®menosbos
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Fobspsgds 21 P-U"U" boaddoarg@mo m39@s@emol gbodomaaro 0bgs@osbBgdolb bodmsgary
(106) {trPU{tr(P/7P)}, A =Ln,
o@0lb borBGIsar G0 m39GSGMG0b mboBoGaaro 0bgs@0568930L Jobodsary@mo Goz0mbsar o
350 b0bo. 535sbmnsb, my P, 39G5650@98L oG 90935 Gs0dy wods@gdomo dgbmawgs (8ds), (106)

3o bobo s@mols mogolygsaro, g.0. Jobo gargdgbBgdo Gubiiz0mbsar aGs© I 00 989000.
53330390, B dobolido (106) Lod@dsganol gargdgb@gdo hoofg@mgds dgdwgabso®ag:

(107) P =Y" p (PP ) =" pp . (a=Ln)
Gbowos, 53 d5boldo bm@dsamyg@mo P:U">U" m3g@sdm@ols bgdoldogo 3menobmdy@o
0b35@056G0 godmolisbgds (107) gangdgbdodamo LodgdGogmo ddsgom{gg@gdol ws p”
90 9396@ 960L LodgB®oyeo 3maobmdom ©s, LodgBMoygao dmaobmdgdols dglobgd doGomswo
0 gm@gdols dogrom, 3meobmdy@dem aodmobobgds trp} (A=1,n) bo@olbmgobo xodgdom. aobGm-
95960 (107;) go@dsg o gdmnbgggs (40) 3obGmagdgdl aowsggs®gdyao 13gdd®ols 3jmby
900G Y0 M3gAaoGHMA0L Loggma®o Moizbggool I xg@smdgdolongol. sdo@md dgygodaos
2odmg049bmm  mgm@gds 2.6, @mImols mobsbdsE, bodolbmgobo xodgdo — 0bgs®osb@gdo
trP* (7»=ﬁ) A530mbsany@o 2sdmobobgds (106) Lod@sgmols gargdgb@dgdoom.

(107) @I gdosh 25dmdobo@gmdl, Gmd slobgs
(108) (e (PP =1n}|={p{, pO|j=1n},
AmIemols 053m805600

A A-1
9= U T o T T 0L, (505 40
I

s@0l dogdios. s30@md, oy pj(”, ij 90 9d96@ 90l 5@ ggds o0dg sds@gdomo dgboywge,

(106) d5Bolo dgygds By9bdEombogy@de (s, dodobowsdyg, 3@ 0bmdy®sew) Wodmyz00gdgeno
0635M056@gb0lgob, OMdgamms LoTdygogmgdon Goglobos@ aobolobwgdgds P m3g@s@m@ols

5Bl gegdgbBgdo 3obmbogg® B, dsbolido o, oTobowsdy, ™m3gAs@m@ol bgdoldog®o
06350056 P00 (39MdmE, 3neobmdy®o) g9bizos. [ |

9603g6s. (105) 306Mmdgdo 0denggs s@o3mdynBodgdswo g@dodgmo PP U">TU" m3g@s@m-
@960l {9g0e0950L 9bo@o®dygao genslogozo@gdolbomgol syEomgdgen s Logds@ols 30GMdgdls.

Lod@sgang (98) dgoagds P.:U"—> U" s@ogmdygdomgdswo Fygomol ghmmdaogo 9bods®ygao
3@ 0bmdyY@0 0635005b@GJb0Lsb, MM gbo, 2.10 mgm@gdols msbobdow, s@ol gybjiombe-
YOS ©5IMYJ00gdger0 s, doTolowsdyg, 3MmE0bmdy@om WsdmMY 0L bge0(3.

3039300 gds500 9Mdod o P,: U5 TU" m3g@s@dmmgdols {yzomgdols gbods®eygmo  gaoslo-
3030Mgd0Lsmgols >y3oEgdgee s bogdoMol 0bgo®mosb@gdls dgoiogl Lod@sgenrg (106).

0y pj(”, pj(f) 92093963 9oL grgds o503y ©sdoBgdomo dgbmayogs (3ds), doqommoms@, 9y
P:U"5U" m3g0s@m@ol 13gdeoo aomseagemgogeos, d5dob (106) dsbolo 5@ s@ols mogoliygsgo,

9-0. dobo dgdoea 9bgero 0bgo@0sb@gdo o@ s@ols wsdmyzogdgano. sligm dgdmbgggsdo, §2.3-do
aobbognygano dgdmbgggols sbogmyoy®aw, sOLgdmdl Lobogogdo (MsEombogrygdo ddgdo) (106)
dobolol 06350563 gdL d@ol, GMIgdoi yodmolsbgds (72) gm@Igmgdom (ob. Jgogao 2.4):

oy 2 et

D, (P)=det[ly 105 (P)licc 11 >0 30600 gggems dms@Bogdgmo dobm@olbomgol (s | s@bodbogls
pj(_) (J:ﬁ) bodgog @oibgms dm@ol gOmIsbgmoligsb 2oblbgoggdgmms @omgbmdsls).
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§2.5. bsdpgogo M3gMsGMmAJdol MGMMyMbsEm @0 06g>M056E o0

9330090 Log®9d0 Indgwo bmaswo Lobol T RIE">E" m3gdo@dmegdols (T,ReMn(R)
353 ®03900L) MONmambsgy@o Jbyoglgdobsmgol (105) 30MmMmdgdo 5@ s@ol bsgds@obo.

O3, GMam@G >w3b0dbgm §1-To, g33og® Logdizgdo bmgswo Lsbol T:E"—>E"
39Godm@0 (TeM, (R) 3s8@03s) 9@m0g@niomboboe gsdmolsbgds dolo Lodgd@onmo ©s
sbBolodgd®oymo 3md3mbgbRgdom (ob. gm@dyamgdo (28), GmIgdo gggeroyg® Logdgdo

330l (25), (26) BoGImgdb):
T=T.+T, T.=(TxT7)/2,
T=T+T, T,=(T£T")/2=+T.
‘dglododolo 3geoergdgdo 23946905 (90) s (94) @Iy gddoi. 3g@Mdme:
(90) 1 (=277 (T (T-T)H(T+T)(T-T)" ) =tr (T/T°THT), A gmel

Ir

e =t (TATETAT) = tr(TETTATE) = tr(TATETATY) = ()™ or(TATITATE )=
(94") = ILHMC (T)=(CD™el e (T) = (D™ e (1), rwém=1,
1o () = tr(TAT) =t (TETY) = (St THT) = (04, (T).

5Jgob gbgwogm, G™I bydoldog®o T.E">E" 39053 mO0Lomgols

(110) I M=1,,(T)=0, Aell

©o, 35Tolowsdy, T'E"5E" m3g@o@dmmol 0bgot006@ 950l (106) Loddsgerg dgozeglh dbmenmo

n+[n(n-1)/2-(n-1)]=n+(n-1)(n-2)/2

bodgom ©sdmyiogdgm gmgdgbdl, Go3 bogmgdos m3g@s@m@ol [T], do@dGoEol ©sdmey-

30©gdge (bsdgoen) gangdgbGms @omegbmdsby T m3g@s@maol 3obmbogy® dsbolsido.
09m09ds 2.9 356mbogy®o dsbolols By s@lgdmdol globgd @hgds momJdol dguge gero.

390dmE, a35J3L (ob. dO™Is [40])

0gemGgds 11 begowo bobol T:EB"—>E"  m39@sdmmlb dmydgdbyds o@Gmmbmmdodydaaro
3o bobo BreR", goblbo begmaamo B bogdiob gamdsa g o (b59wm30em0) mGnmgmbsa @0

X—X =(-1)°X, vVXeR", (G=O;1)
530060 bobybBom, Gmdaar do dogdaemo m39G5BmGol dsGGoislb gl dgdwogso boby:
iy T[], [T ] - diag {10t} [10], (49 =240, jk=1n)

+ + - - - q-1 — -
bowoi <<t O=—, >0, oy i;=1+3 " n, kelm +1lm], @o t,0=t=0, oy

g1+l
iqe[l,Z?zlnt] kelm+1n]. o/ m_<m,, q=LI, m,=0, 1>1
0383 30(390> >3 Jgdmbggzsdoi ggdbmds 1 s 2 @gdgdl s ©o0ygabgds 2.9 mgm@gdols
©5dF) 3039050 tjﬁi)=(tkj(i))* 3033090 Lowoggdbol bodpgoeno tj,gi)=itk§i) Logoggdom
dgge0oby (¢jk:argtjk(’) 3obgdol Ygigomedyg 0,1 3609gbgenmdgdom). |
30650056 6g601dog@ MAOMMbM®Io@goyen dsboli'do sbEolodgB®oyero T_eMn(R) do@®ools

©0oMbsgg@o gagdgbBHgdo bygmgbdos, boge [T],  35bmboga@o ds@Gois, bowos, gy gds
T ®35058m@0l m@Ommambsgyg@o 0bgo®osb@gooligeb, 2.11 mgm®gdowsb 253mdobs®gmdls
2.5 s 2.6 dgogagools sbognmygdo:
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V9920 9. bmgowo bobol T:E">E" m39@58m@0l @585 bsbosmgdgaro mdGomgmbsan s
0b55%0568 garo  sdmy 0 8900 (bodrgoemo) JoGodgd@g00b  Gsmgbmds 5@ S@9dsBgds
n(N+1)/2 @ oG dgodangds G98;00w09b m@G0mgmbsgnadmo go@mwsidbon, my T m39G5GmGE0l
dsG@mozob 9argdabBgd by @o0dy wodsBgdomo S0@mmds (3ds) 5@ sGob s daaro.

53330390 ©o0ggobgds (111) Fomdmagbodo wodmyzogdgaro (bsdwgogmo) Lowowggdols
doJLodsgny@o HomEgbmbdol wosmgmrsby. [ ]

Y990 10. brgowo bobolb mco dsB@mois T, ReMn(R) GO bsgr G dbgoglbos ds dob
o dbogremw 35 dob, Geazo
(112) [T].,=[R],,:

@z 8godemgal n(N+1) /2 wodmyogdger (bsdpgoar) 30@m3sb.

TR:E"SE" 39053 MmO gdols (T,REMH(R) 353®03900L) mAMmambsgng@o Abasglgdols
0635M05bG a0 3H0@ gAMoL wslowygbow (98) Lodd@sgmol byermgsbo (110) gangdgb@gdo
d9333°o0m0 dglodsdobo (0635M056F@0) s@obyammgsbo gangdgb@gdom obyg, G®I dogowmm
(112) gm@dygagddo Jgdsgsgmo N(N+1)/2 @sdmygzogdgeo Lowowols Gmagsbo Lod®sgag.
‘dOd>To [40] hodmyogrodgdygemos dgbsdsdolio

0geEgds 2. bogowo bobol T:E">E" ms9doGmdGol 0bgomosbBgdol bodmogany

(113) o (M) ={trT [a=Ln |U{tr (T} T ?)|A=Ln -1} U{tr (T/ T T T?)[2< 1 <p<n |
(T=(T£T7)/2, T=T+T)

I908905 53 m39G5E @0k [T]%T ds@moiob tjéi) Je93965930L (1< j<K<n) @sdme 0093 9e00

2296730930655 56.

538303905, hogfgdmm (113) Lod@sgmol gargdgb@gdo 2.11 mgm@gdom goblsbrgmye
By d5Boldo s asdmgomgsgmn of (T):>{|_T]%T} slsbgol 0sgmdosbo J. dgdmgangdobsmgols
>0gbodbem

tW=s, tI=A=-A;, T =A.

J

0650056 1,00 (M) =trT =" s*, A=1n, g396930

j=1 "1

\ \ 0 0 ) \
_ 6(' 20,000 | 5-10,201 | x—lp—l,12) 8(| xo,oo) 8(' r-10.201 | k—lp—l,lZ)

a(sl""7sn’Alm) - a(517””Sn) a(A127“"An—1n)
- det[x ij—l}: -, = Jln!l_LSkkSn(sk -s;),

bogos
011020V soyrre ) O(tr(TT2), tr (T T THT2))

b a(Alz'“"A‘n—ln) B 8(A12’”"An—ln)
bogoe gdnbgggedo, Gmas s;#S (j£K), ©s A, #0, 1<l<m<n, by dmEs By dsbolo

goJLo®gdagemos Gogbobo, Gmam®A3 gg0hggbgdl yodmmgegdo J1#0, J#£0 s, dsTDobowsdy,
sbsbgs J‘(T)z{[‘l’]%r} Joddmoagbls dogjiosb. [ ]

gao 1. bmgowo bobol m@o m39G55m@m0 T RIE"SE" mGomgmbsaydowe dbgogbos

Jodob o> Jbmarmw Jodob, Gmo  dgb@aagdaamos  Igdogao n(N+1)[2  w@odmezowgdgaro
bodwgoamo 06350056570 30GM3S
(114) o (T)=< (R).



69

gegao 12. bodosgany (113) gowagbl bmgowo bsbob TE">E" ®m3g@msdm@ol m@Goom-
Sboe @0 063500565950 Jobodser @ Robii0mbsem @ 35 bobl.

9603g6s. my T:E">E" msgdosmmob T,,T. 3083mbgbHgdl gogds o503y ©sds@gdomo
Vgbogegs (33s), dsgomomow, my T, E">E" m3g@s@m@ol L3gJdmo ao0sa3509d9@os,
do'dob, §23-do  gobbognyemo dgdmbgggol Sbogrmpoy@dse, 0bgo®osb@gdol (113) dobolols
90 9dgb@ 9ol do@ol s@Olgdmdl dsgombogry@o ddgdo (Lobogyogdo). sbgm dgdmbggzgddo
0635005bGgb0lL  d5bolols dobodsgyy@mdbols Losgombo s dgbsdsdolbo  Lobopogdols 3mgbs

b3googy@ dgLfogansl dmomnbmgl.
> g®ogo doamds odmbsgaos bmaswo Loboli Lodg@@ogmo s sbFobodg@dogao
SAE"S5E" m3g0o8mm9d0l {yz0egools m@mnmambogmgmo gamslbogoco®gdolbomgols:

gegao 13. bmgowo bosbob bsdwgogro Lodyd@omamo s sbBobodydmogero S, A:E"—>E"
3905G @Yol [930e0930L @00gmbsgrGo 0bgs@0sbBgd0l Jobodsar @ 03 mbiz0mb5a0 4G
30 bobl [omdmswagbl bodmsgany

(115) 7" (S,A) :{trsx|k:1,_n } U{tr(Sk’lA2)|k=m} Uftr(sAs*"A?)[2<r<p<n}.

Ygga0 14. dbogowo bobol bodyd@mozaro wo sbBobodgdmogaro bodogoemo m39@sEmG930
m@0 [ygoeo (S, A)), (8, A,) m@mmgmbsgramsw Jbgsgbos 3sdob s dbmanmo Js Job, @eo
b aangdaaos Jgdogao N(N+1)[2 @wodmy o0 d9ao bodwgomo 0bg5G056¢5 a0 30Gm3s

(116) 7 (S,A)=c (S,A,).

bomgaros, MM 5@53039B0Mgdoo Lodgd®ogeo bsdwgomo (S,,S,):E">E" m3g@s@megdols
Fygoemgdols m@ommymbsgny@o genslogoio®gdobsmgol (116) 30@mdgdo o6 s@ol Lsgds@olbo,
@oEgob Bg  dobolido [SZ]%’sl doB@03ol oJgb (LobmpsmE s@sbyemgsbo) wosymbsgy®o
952995 g00-

0g@Gg8s 13, begowo bobol bsdwgoemo s@symdadodgdowo bodyddmogemo (S,S,): B"—>E"
3905 0@gS0l [ygoamoli 0bgs@osbBgdol bodmsgaryg

(117) 7' (S,8,) = {trsll |r=1n }U {tr(s;'s,8/'8,)[1<A<p<n]

I8 g0 o9 39G5EMG 30l [Sl]‘ 5. ! [82]4 » dsG@moigdol  gangdgbBgdol  wsdmy o dgero
s s
29630960358 6.

59930390 bodmsgemyg (117) dgozogl n+n(n+1)/2 =n(n+3)/2 b6odwgoen gengdgbdl,
09 9boggl, ModEgbloi (bmpswo bobol) dse@oigool (S,S,) [ygomo Bg dsbolido. sbsbgs

(118) 7 (8,8)=1{[8],,.[5.],,|
Fomdmoagbls dogdiool, Moash 53 sbsbgol 0sjmdosbo J#0. [ ]

Ygga0 15. bodrsgany (117) [s@dmowagbl bmgowo bobolb bsdogoaro s@oymdadomydsoo
bodgs@moagamo (8,8,): B">E"  m39@5506950l  [ygoeoli m@Gomgmboga@o  0bgs@osbdgdol
Jobodsgr @ Rmb ;00065 a@ 35 bobl.

Ygga0 16. bmgowo bobob bsdwgoaro s@oymdaBomgdoo bodgdGoaaro m39@s@emgdols
m@0 [ygoero (RLR,),(S,S,) o@Gomgmbsgradsw Jbgogbos dsdob s dbegrmo ds dob, @ezs
b aangdaaros Jgdoggo N(N+3)[2 @odmyo0gdgaro bodwgoao 06555056530 30Gm3s
(119) o (R,R,)=c7(S,,S,).
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049 bsdgomo LbodgBGogmo Mm3g@sdmmgdo S,S, (58 m3gAsdm@gdols S, S, ds@®oigdo
03903y MOOMbm®IoMgdnm  doboliTo) 53dogmRgomgdls G508y TGP0  30MMdYdL,
d5dob (117) 306mdgol dm@ol yggers o@ 0dbgds @odmyzogdgao. dogsmomse, 09 gl

®39BoBm@gd0  JmdgHomgdl, 35306 [S,], Jo@@oasl o3l wosambogy@o Laby @ 0sgm-

By

60560 J=0. 5036036mm, G sLign Fgdmbgggodo B dsbolo s@od >0l Goglisbs.

0906985 4. bodysGogao jmdgdomgdowo 8,8, B">E" m39@sBm@gdol mdGomgmbsgnydo
06550565930l dobodsara@ Goz000b5a @ 3o boll Fdgowggbl bodmsgany
(120) {trs/JU{tr(s;7s,)}, A=Ln,
odsbmob, my 8,8, m39G56mG93b 5@ Jw 3> G50dg SISBYd0mo dybrawgs (3ds), dsbobo (120)

om0l mogolbyasmao, g.0. Jobo 2n 9@ 999650 9336306580 mGS@ ST 00 89000.
538303905 Lo@yge-Logygom 0dgm@gdl 221 Fobowswgdol ©sd@ 039050, [}
96093g6>. 0y Lodg@oyga gmdyBodgose 8,8, E'5E" m390s@mgdl gogds 0sds@gdomo

Vgbeygogs (33s), dogomomse, my S,iE">E" m3g@s@dmmol L3gdd®mo aomspgomgdygmos,

dodob (120) bobolol dgdoagbgero 0b35®M05bF g0 O oMol ©sdmyzoLgdgeo, 39Mdm,
Lobogogdo (Gs@ombogy®o  6dgdo) (120) doboliols 063s@056F 9L dm@ol  aodmolobgds

Be@Igmgdom (72) (ob. gogao 24)

oy v e (emm)

D,(S,) = det[tr(S," )] .. 1o >0 J0bmGol ygges dmo@Pogdnmo dobm@olsmgols (s | spbodbogls
S, m3g053mA0l Logygmed Moibggdl dm@ols gomdsbgmoligseb goblbgeggdbymms Gomwgbmdsl).

s Bogo L39dp®ol 3Jmby bodwgoeo Lodgdmoymo m3g@s@m®o S:E">E" s@sbmwgl
0@ 3mIYBodgol bsdwgoen sbGolodgdMmoyge Mm3gAs@m@msb A:E">E", doa®sd dgodengds
303793009009l 53 M3gASAMO0L 33oM5GMSb — LodgG®oye M3gHsGM@MSb A>:E">E" sbigmo
39053 mMgd0l dmJdgogds S:E"5E" m3g0s@mols Loggme® ggddm®gdbyg sofg@mgds dgdwmgao

QoA e gdom (ob., Iop., [42], 3. 258):

AlX)=-a[¥). Al¥)=al%)  A[%)=0,

A*|X)=-a’[%), A’|y,)=-a’|y,) A’[%)=0
({|Yk>'|yk>’|il>|kzl_m;|=2m—+1’”}=~%)s)

35olosdyg, AE"E" m3gdo@dmeols [A]‘,J/gs 530l SIE"E" m3g@s@m@ols s ggme®

(mH0MbmAHI0Ggdna) PBg 35boldo (Lodsbolim ggdBm@gdols glodedolo gowsbmdg@ols dgdwyy)
o>dgb ggoboosgmbogrydo Lobyg:

(121)

_ 0 a 0 a ]~
122 Al =dia R ™1,0,---,0 ¢,
( ) [ ]%s ) {{_al 0 } {_am 0 i| }
>dolimsb, )'('k>,|)7k>, kzl,_m, 39JB™MA9dbg ododygmo m@ASbbmIoangdosbo LodMEyggoo o>@ol

AE"SE" m3g0s3m@ols 06356056090 J39b030(39900. (121) gm@dgen gdbowsb bsmgemos, G
a,ell  @oibggdol bodobo ogmgds 53 Lod®EYyggddo Lodsbolm ggd@dmmgdols s@gz3egdolsls

%) =[%), |V) =] V) =F| V), k=Lm,
5do@md, dmzgdymo S AE"SE" m3ghsdm@gool Fygomobomgol gobmbogygdo dsbobo B,

| %) —

ymggemgol dgagodeos sgodhomm olig, GmI a3]mbegl a, >0, k=1,m. gbowos, dobobo Hg ,
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goJLlodgds bodpgomo m@nMymbogy@o ao®sddbgdol LobylEom:
(123) U=diag{£E,, -, E, +1-, £I}e M, (0), (E2=[5jk]j‘k_lyz)

n-2m

OmI gdo3 5agbgb S,A m3gMs@Gm@gdol ds@@Mozgdols (S, A) Tygoeols 0bgo@osbBmdol xaab.

(122) 253mbobyegdoesh asdmdwobs@gmdl, @md A? Lodgd®onmo m3g@sdm@ols L3gdd@o
2O 35Mgoyos; Jobo bogygmo®o Moibggdo dgoagbls dga@oliod®sga gl

n-2m
2 2 2 2
-a,—-a,,-a,,-a,,0,-,0;.

Lobmgopme, A* Lodgd®onmo m3g@sdm®ol gomdsbgmnolgsb goblbgsggdgmo Lsggmao
@0bggool GosmEgbmds  dmodgdbgds §2.3-do o@g@ogo Jgmmwom, (43) mobsge@mdbowsb:
(124) detT, (A?)=0, k>q+1.

oy E" Logogol gobbmdomgds 396@0s, 35T0b A’ LodgB®ogeo ®39AOsGMA0l s ymo®
@oibgms dm@ol gOmo ds0b3 =0, bogom sbos®hgbo Lsggms®o @oibggdol xg@s@mdgdos =2,
g-0. (122) 3s@®oEol  @odmyz00gdgeo  30M539d®gdols  dsJlodo@y@o  Gompgbmdbos [n/2]
(Loddmam [X] s@bodbogl Xell @oibgol Jmger bofoals). sd@opse, Jm3gdgemo Mm3gAsEAMa -
0l S, A: E"SE" (ygoemol 9bJ0mbsga@sm wsdmyzo0gdgemo 0bgos®osb@gdols dsJlbodsgy@o
G5 bmds 5@ s@gdoGgds N+[N/2] s Lsds@menosbos Fgdwgyo

0geadgds 15, gogqom, doigdaaos bodgdGoaao m39GsGmGo S: BB dmdyarbs; oiab
A5@B050 bagfpmo @ sbBobodgB@monao m3g@GsGmmo A B">E, obyomo, God A? jodsBomgdl

Imigdme 8 M39G5E@MSb. dodob m39G5BmG930L (S,A) [yz0er0l m@Gomgmbsgrymo obgo-
05605960 J0bodsar @ @sz00bse @ 35 bolbl dgowanbl Lodmsgany

(125) {trs*|2=1n|U{tr(s**A%)|u=1[n/2]},

0dsbmsb, my S,A  m39H5BMmGY3L 5@ gogds @s0dy wodsBgdomo  dybmawgs (33s), do dob

(123) 0bgs@0565930L d5bobolb n+[n/2] 9209396650 99b 3006580 9GS ST 0@ISgar0s.
538 303g0s> o3 dgdmbgggedo ©s0ggebgds dglsdsdolo 053md0sbol godmmgmsby. W

Ygb0dgbs. 2.15 mgm®gdol 300mdom oblsbwgdygeo §,A m3g@sdmmgbol [ygoemols (125)
0635M056@ gb0l dobolo dgodangds dg3goermm dsbolom

(125" {trs* =10 U {tr(A®)| p=1[n/2]},

Omdgeoi opMgmgg oMol dobodogry®o @sEombogy®o, dop@sd dgoogl A m3g@s@mols
9RO Jowoen bo®olbgdl, gopag dsbobio (125).

8363535935 8. 3905500l (JoBGoizol) 0bgs@mosbBl gfmwgds wosygsbowo, oy ob
S@0bmd @ 35d0bsbyds 390Gl (ds@Gozol) 9R@me wsdsgro bsmolbydom sggdaaro
065505659300

dobma@ox0gddo [23], [24] aodmmJdygeos Jmbob@gds (©oyd@goEgosw), M3 obgs@o-
bR gdols Jobodosgny@o 3meobmdy®o dobolo o 9bws dgoogegl woygebsw 0bgomosb@gol.
(125) o (125") geo®dygagdon dmEgdgeo job@@dsysgomo a30hg9b9dL, @md gl Jmbsb@gds,
Lobmpome, daesdos s Mmd gl Logombo dmombmgl gaem boggydgaosh dgbfsgast.

0gm®gdgdo 2.14 ©s 2.15 y35degal o3 mgm@gdgbols 300mb6gdTdo 2obdo®@gdygmo m3g@o-
AMAgool Tygomgdol m@mmambsgydo gansbogoizo@gdolbomgols bogdo®ol s oy gdge
300mdgol. 53Mogo, 0bgo@mosb@gdol Loli@gdgdo (34), (59), (98), (106), (113), (117), (120), (125)
3350935 M3g@oBHm@gbdol [ygoegdols ¢bo@odymo s mOmmambsgy@o gerslbogoio®gdols
sdmi3obol ey ass(ygg@ob.
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II mogol ©sb3gbgdo

1. N-256%mdogngd0sb Ybo@o@ e u" (93380009 E" bogM 3930 ImJdgeo, aowspgomyg-
b0 13gdd®ol Jmbg 9@dod o (Lodgd®oyeo) P m3g@s@m@obsmgols bsdmgbos dolo
5dobslosmgdgmo  sdmy3ogdgeo 3oModg@Mgools dJobodsmyy®o @smgbmds n(P)

o bohggbgdos, HmI gl GomEgbmds gdmbgggs @sdbols Moibgl (g3-gdo (58-59)).

2. ba3mgbos aoopagotgdygmo 13gd®ol djmbg 9@doGyao (Lodg@d®oygao) Mm3g@s-
BO@0l 30@0bmdgdho 0bgs@0sbEgdol dsbolo U (E") Logdgdo (Fobowswgds 20).

3. U" (E") Lbog@3gdo  badmgbos ™@o  g@do@Gymo  (LodgR@oyero) M3gASGHM@ 0L
9b0@ oGO0 (MOmmymbsgy®do)  dbgoglgdolomgols  osyEoggdgmo s bogds@olo
©05dM93009dg@o 30Omdgdo (mgm@gds 5).

4.U" (E" bogM(3930 bmaswo Lobol M3g@sEm@obomgols gobdo®@goyeros Jobmbo-
3900 bobobo s 3boo Lobom sg9dygeos o8 M3gAsSGMA0L do@@oiol jobmbojy®o
Be@ds (wgm@gdgdo 9, 11, g-9d0 (78), (111)).

5. 939090 bmyowo Lobol m3g@s@m@ols 9bo@dos@ymo (mOmmambseny®o) obgs-
0563 900l dobodsgyy@o LOY@o 3@goyeo — 3meobmdy®o 0b3sM056@Ggdols dsbolbso;
0537303909005 JoM0MSo MmgMMgds Mm3gOsGmAol ds@@oiol 3obmbogy®o gm@dobs
5 3 0bmdyg@o 0bg35M056F 0L dobolol YOmoghmEselsbs dglsdsdolmdols dglobgd.
533 303909005 539090 30@obmdy@o 0bgoM0sb@gdols dobolol gargdgb@ms 93ubi-
(30Mbog @0 5dMY 0P o mds.

6. bo3mgbos bmgoo Loboll m@o m39@OsGHM@0l  9boGodmo (@mmymbsge®o)
IgogLgdobsmgols syEogdgeo ©s s3ds@olo sdmyiogdgemo 30MmMdgdo (ngmmgds 7,
B~ (89)); 53obmsb, aogdxmdglgdyemos JoGlols dggolgos slgmo basglgdolbomgols
Logdo@olo  300mbgdol  @ompgbmdols  dgbobgd  (hggbl Bog®  bsdmgbo  dgxoligdss

N<n?+1, bozgeroe 30@Lol dog® dmigdyero N <22 omEgbmdbolis) s bohggbgdos
(g3-amo (2.105)), ®™3 bogow gdmnbgggeTo gl Yggoligds oG godemgds aoudxmdglogls.
7. 99m@gdgeos  bmaswo  Lobol  m3g@s@m@ol  gbo@do®yeo  0bgs®osb@gdols

od®@0io (93-gd0 (290-91)) ©s bohggbgdos, GmI 53 o@Gozol LAHGYIJAHGs gdnbgggs
M39605@m@0l jobmbogy®o dos@@oiol LEOYJB Y@L,

8. bo3mgbos Lbgowslbgs Lodg@@ools IJmby m3g@s@mmgbols (ygomgdols m@mmymbogny-
@0 geoslogoo®gdolomngol Lsgds@olio s s9Eoagdgero 300mdgd0 domo 0bgsM0sbEgdols
doboligool Bg®mdobgddo (mgmemgdgdo 2.12-15); dm@mdpyg ao0s( Y390 000 M3gHsBAm@mS
sbgmo Fggoamgdols ¢bo@o®ymo s mOmmymboey@o gerslogoEo®gdols sdmEobs.
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nogo III

35609®3mbols Js@@oizol gobbmyswgdgdo
©5> dsmo mgoligdgdo

od 0530 aobobogngds mEog0bsenygdo gogygdo, Hmmgdoz Jowgdgmos dMmdgddo [44a,b],
[40], [41], [67], [96] wo Fo®Imopagbls [20], [56]-[58], [123]-[125] deImdgddo dmzgdygemo 36gdgo0bs
> 005b5R8>MEOMEGo0l 3O 2obbMysgdsl, 5dsbmsb, IE 0390900 hoBo®gdimos YRMM
ofgMoamgdom, gow®g m@ogobsgyd dGO™dgddo.

§3.1. 35bEg@dmbpol xgMo@o d5@Mo(3S

X JH5©0 06GgM3mesiz00ls gensbogy®o sdmisbs (ob., 3oy, [55], a3.104-106; [126], ¢3.13-16)
330hg9b90L, MM sOLYomdl N -1 bos@olbol gOwsgOmo 3menobmdo Py ;, @mdgeroc
53354mi0egdl dgde gy 30MMdgdl:

1) P(x) =y Y, k=1r., j=1Ln, n=12,..

l J1
Lowss X; © ygkfl) >0l dmigdyeo gargdgbBgdo bgdoldogdo F ggerowsb; X, %X, OO3S JEE
1o N:Zr;zl r. (1) 3o0Gmdgdo dgodamgds gobgobommm, Gmam®i [ORogo gobGmemgdgdols

Lob@gds Py, 3meobmdol 3mgxno3Eogbdgools dods®m. d5Tob slgmo 3merobmdol s@Lgdmds
5 gOMSEIOMNMds bodbogl, Gmd (1) gob@mangdsms LolGgdol ds@@oizol R gMmdobsb@o

2oblbgoggdymos byeroligsb.
>@gb0dbmm (ob. [44a,b] s dodmbogengs [20]) M, (F) yggers olgmo Ixl 3s@@oiols Lod@sgang,

Omdgens gangdgb@gdo gznmgbol F gganl, leN= {1,2,~~-}. Loddmemmno
VX)) =V (X%, 1) eM ), (x;eF 1 eN, j=1n)
50360 dbmm dgom 3-gxdgomgsbo NxN ds@@dois

n’?

(2) V(Xl’ STRREE! n’rn) [Wl(xo:wz(xz): :Wn(Xn)],
Los(s w;, j:]], >0bodbogl do®mgymbs do@@o9dls
(3) w; () =[ (X Vs o

1<k<r;
sbgmo Godol Fo@Moigdo d9bgdbdogow hbpgds Lbgs sdmEebgddo, dspsmomsw, gboRsd e
(93380009®) Log® 3930 M3gAOSGHMA ool 3 obmdoyg®o 0bgo@osbBgdol dobobol ‘dglfsganolisls
(ob. mogo II @o dO™Igdo [40], [41]).

39@dm  dgdmbgggedo, Gmegbs =...=r, =1 235J3b N=n ©s FoaG03Es (2) @ooygabgds
3560 9®Imbwols Is@@oizoby V =V (X,---, X)) €M, (F):

V=V (x5 x,0) =] X[ 1] ,
AmImol B gOdobsbBo godmomgemgds bmdogro (ob., dsp., [124], a3. 50) BmEIHeom

4) det[xji*]Z: IT =%

I<k<j<n
83563535935 1. (2) Fo3Goisb  gafmwgdm  356090GFmbools (1,---,1,) - g dsG@oisb.
Gogbsz Ti=...=1=r, od J5B8@Goislb galfmwgde gobg@dmbool -y g@op ds@@mool @
o@abo dbsgor N (X, -+, X, T).
9L 353M0(3900 35bdosM@gdmo s dgbfogenogmos dOmdgddo [44a,b].
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0d dgdmnbggzgddo, GmEgLsi ggero F=,0, Lods@manosbos [44] dgdwgyo
ogedgds 1. bydobdogmo 1,....r,eN o X,...X €F @Gogbggdobomgol 556@9Gdbwols
(fy.... 1) -xg@o00 Jo3G0oi0l @yB9HI0b5650 3sdmomgangds qmGIdgaomn

(5) detV (X, rpj...iX,, ) = (HHHK’ O(kl)) IT x—x)™"
I<i<l<n
JI@dm©, Gowybs N=...=r,=reN, a35J3L
r-1 n r2
(5') detV (x,..., X.; ) = (szo(k!)) T x-x)"
1<i<l<n

0 gmAgdols sbsd@goigdmaw Fobolifo® ©oged@goamm dgdpgao wogds:
@gds 1 bydobdogmo U e M (F) darey-gx@gemgobo ds@@ogobsmgol,

(6) U= [ul(xl) : uz(xz) IR u, (Xn)]!
bowasez
(k=1) .
(7) 0, 00=[(109¢,00) "], i=In
1<k<r~
nN,reN, l<n<N, ' r=N, xeF,
bosener gabgizog9do £, F>F opdogmeoargdlb 30mmd93b:
¢, €C*X(F, F), k=1r,
f eC"YF,F), r=max{r,| j=1n},
bods@ma0sbos 0565%5GM3S
® detU = det[v,(x) |- 1o, ITT LT T (%)

bowasez
v;(x) = [( fi(X))(k_l):|lsisN :

1<k<r;
wgdol ©s9§30(3gds (ob. [44]). Jodmgygmbs U(X) Fo@Gozol K-gd0 Lggdo s0gbodbmo
[K];, k= =1,r.

i, j—l,_n. 3bowos, (8) Lads®menosbos G@Mogoseny® dgdmbgggsdo, GmEgbsi Omdgerody
J beddobsmgol, 1<j<n, agodab ¢,,(X)=0. godgom, gggemo j=1,_n bemd@obsmgol ggoJ3L
$,,(X;))£0. 35306 Logds@olos gobggbmm, @md (7) do@®oiol bggdgdol gamgdgbdodgmo go-
5369600 bgdbogds domo aygsbs dgdmgy Lobgby:
(k-1)

©) [T, —> [k, = (£,09)" 6,00 |

(9) eIl Lodos®m0sbmds ©sgsdHIoEMm 0bedioom. Lggdl [1]J 9339 ©J3b (9) Lobg:

[ = [ =[ () 8,9 | j=1n.

©539dgom, ygges Lggdb {[k]j|k:1,mj}, 1<m; <1 =1 op@gmgg oJgh Lokodm Lobg (9). oy k-1

SN.
1<i<N’

AmIgamodg 360dgbgarmdobomgol, 1<k<m;, agodgl @, (X)) =0, 35T0b gm@Igms (8) oI go-
(9o gos. mg osbems K-l o -l yggews 360dgbgenmdgdolsmgols, k:].,_mj, j:ﬁ, 235J3L
(10) ¢jk(xj) # 0,

85306 (7) Bop@ogob [Mj+1]; bgghlb wogadsdmm xodo D7 Ci 1( B jj*“(x)/¢m(x))[q],, G®Ag-
o3, (10) 30HMdol Mmobobdow, 3@y gmom s@ol 3obdo@@gdygmo. gobsowsb o 1<gq<m,,
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0bpgdaogeo ©sdggdol dogrom, xoddo dgdsgoe [q]; 153;]@15 5J3L (9) Lobg. sdo@md y39]690s
S Ca (= 008,00 )lal, ==X e g 0 fL O
s, [M+1]; LggBHdo @o06boizol m@Iygaols g)omgogmob%'oGaEmm, dogowgdm:

(mj) m; m m:
[+ 20, (£096,0,.00) | <[ 20,08 £OWAT W] im0 [17006,, 0]
SdM0g o0, [mj+1]j bgg@ds doomm (9) Loby o @ gds oIGJ03gdYE0s. |

0906930l ©sIHoEgds (ob. [44]). (2) do@@oiaDo i bmddol IJmby LE®ogmbo, i=1N,
>@36086mm {i}. beGodobl {r+i}, i=LN-r, wsgads@oo xsdo " c{q+i-1, Godmol

1<i<N

3098030963 gd0 quF XJOXJOMS0m 5O A0l 2obLobrgdyyao. dogowgdm:

(11) detV (x,r;...

!n!

Lo do@@ois W, (X), jzﬁ, doowgds (3) dod@oiowsb dmem N-r1; LE®ojmbols sdmdgom,
bogae do@@doisl U;(X), j=1n, >Jalb dgdgyo Loby:

@) 5,00=| (¢09) .., i=In.

e,
o QUY=x"+2 1 ¢ X" 5Gob I, badobbol dmgobedo.

3936086000, GO Boydocs W(X) =V () €M, (F) s6ob {f,0)=x"i=1r| gubjgosms
LobEgdol gamblgosbo s sdo@md ggod3L
(13) detw,(x) =detV (x,r) = [k

Yggo0bomn c,eF, q=LN —n, 3095030966950 obg, 603 Q(X) 3m@obmdl 3jmbogl T,

N gOomdols ggligo Fgo@oamdo X=X (gl dgbsdangdgamos gog@ol mgm®gdol msbobdsw). d5dob
(14) Q(x) =(x—x))",

15) Q(k)(xl) =0, k=0,r-1,

©s, 50360308 GmEIY@ol, (12) s (15) msbsbdsw, 939d69ds U;(X,)=0. dgogao

detV (Xl, M X0 1 ) det{————x———l ——————— lewolmm———=

Lo0sbsz, ©gAIMI0bsbBolomgols gadaslols mgmmgdols (ob., dog., [59], 93. 30, [123], 93.51) o
(13) gm@dgmmols yomgosmolfobgdom, gmgdbymmmdbn:

(16) etV (X, Iy X, T,) = (H;j;k!)detd.

(16) ge@IYeosTo dgdogoemo dos@@o3o Uz[uz(xz), el un(xn)]eMN_rl([F) oM 39X Mgmgobo Labobss,

5dobmsb, dobo danmgygdo aobolobwg®gds (12) gm@dgemom. doTolowasdy, ] >3d04mxz0a9dls
1 a0 gdol 300mdgdl, boowsbsi, (12) s (3) gm@Iyamgdols yomgamolfobgdom, g3myemmdm:

detU = det[0,(x,) |- 10, (x)] = det[w,0,) 1 1w, (6) T T,(Qx))".
5do@d™md, (2) s (14) pomgogolifobgdom, (16) a35deggl M939MgbR e MobogsG ML

17) detV (X, ...} X, F.)= (Hrjk!)H:zz(xj—xl)rlr;detV(xz,rz,. SX T,

(17) o (13) ge@Iymgdowsb N-000 0beydiool 3o3mygbgdom gwgdbymmdm sloddyo3gdger
(5) »obogo®dEmbsl. |
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§3.2. gobpg®@Imbrols gobdmysmgdgmo xg@seo dSG@o3S

30dgom, a;, X (i, j=1n) bodwgogmo Goigbggoos, obgmo, Gmd a; #a;, Gmags 1# ]
gImgo@mm s@bodgbs (ob. [44])
(18) oy ={a;li=1n}.
0 bogog gb 0@ 30dm0f393L go9ago0Mdsl, smgbodbsgn o, =a.
dobma@ogosdo [42] (33.372) B30 ds, MM gobog®dmbool 2obbmaswgdygeo dsG@ois
(19) [xj“i]j=V(G)(x1,...,xn;a)zV(G’
(0< X, <..<X;; a;<..<a,)
500l Loglbgdom ©ogdbomo, g.0. o3 do@®ozol gg9e0s dobmdo wswgdomos.

8563595935 2. Is5@oz00

(20) VO )) =V Q0 1 X e ) = W () 1w 00) | Tw, () |,
bowasez
(2D w0 =[ (x¢*)* Vi

1<k<r; .
(xeR', ;eR, eN, N=3" r, j=1n).
gafmemn g56@gm3mbool 5o6bmgswgdaao (Iy,-+,1,) -xg@o@0 o Goco.

‘dOHMI>To [44] Dgdmwgdygao gl Jo@@oEs @0l 3.1 3o@og@sggdo dglifeganomo gobpg®dmbeols
¥ 90500 IsBMoiol d9bgdMogo yobbmgswgds. bowos, MMI, Gmwgbsi a;=i1-1, iI=L,N, g35J3L
VO ra)=V(X,I...; %, ), bomo éGogs [=1i=LN, 85306 VO(xr;a)=VE(x,...,x; a).

090935 2. 35609030600l 556bmgowgdaeo (1,...,1,)-x9Go@0 doB@mocs

VOO s X Fi ) =[ W 00 1w, P (06) e fw @ (x,) |
O0<X <..<X;; a;<..<a,)

o domse 5ol 3obbs bma@maano.

50 gm®9dols sliodBFoEgdEorE ©sa3%k0ME ds @gds (ob. [44]):

agds 2. bydolbdogrio dgwdoggdobomgol CeR, i=1,N, 09303 JON@GEIIEPSE SO HOG0D
baenl 0o o eR, a,#a,, Gmo 1#K, i, k=1 N, g9bji00b T:R-R, f(X) ZZLC?( “ogdal s@o9d9B gl
N -1 @oegdomo byaro (g bayargdol Gsm@ygbmdsl wsgomgerom Jsmo xg@omdol gomgo-

aolbfobydom), g.o0.
f(x) :H::l(x_xj)rj¢(X;a(N))’

ZLJjSN_l; #(Xon) =0, x>0; x>0, j=Ln, 1<n<N.

m9gdol 583303399, 09 BYbJosl FIR->R o54gb Fbmamme do@@ogo bymgdo, by,
0y =---=1=1 35906 N=N s 2 @gdol Lodo@meosbmds 2odmdobo@gmdls y@membdooasb

detV ©#0, dmdgmoi ©3F 30390900 dmbmg@egosdo [42] (33.372). doGdmamsG, gl YHMEMds
60'dbogl, G™3, 0y f(X)=Z:ilCiX“’ 396J300L by gdol @omwgbmds =N, 359ob dypdoggdo C;
53054mR0e gdls gOmagoMMgeb aobBmegdoms LolBgdol, @mdmol @sbyo =N ©s, dgogyom,
¢, =0, i=1N.
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gndgom, @gds LodoGmaosbos, Gmegbsg 1< <1 gggms j bedd@olbomgol, j=1n, o
53530 303M®, MM ol Lads@menosbos 35dobsi, HmEs G®Igeody ' bemddobsmgol, 1< j'<n

2394690 r.=r +1.

537dg5m Lofobss@dwgym: gmdgom, s@lgdmdls olbgmo dyedoggdo CeR, i=1,N, O Mdgeo-
05256 gOmo 35063 o Y@l byenl, H®I N-bodolbbmgeb xsdl oJgb N -1 byenbyg dg@o:

f09 =2 =TT 0-x) "9 e,
" r=N; 1<r<r+1 x>0, j=Ln, 1<n<N.
j=1' i i
250086mIGmm  F(X) g396Jizo0l byagdo Xi olg, G®I Jomo ¥ g@HoE®dS I 5@ 0bOEgdmEyl.

50360dbmm M 03 byegdol MomEgbmds, MMIgamms ¥ g@omds =22, I<Sm<n. o3 >pbodgbgddo

23006900
(22) > n+n-m>N.

25390909800 0533930056 20dmI0bodgmdl, GmI gubaos (X)) s3dsgmaomgdls dgdwge
300mbgdl:

(24) f'(x)=--=f"x)=0, 2<r<r+1, j=1lm.
999050000 (ob. [44]) ©sdbscrg Bb]cos R ->R:

(25) F)=(feox=) =3 fex.
Aol mgm@gdol (ob., 3sp., [97], N°111) mobobdsw, (23) 30HMdgdoEsb 353m80bs®gmdls,
@03 g9bdizos (25) bymols Hmao bpgds TgdHomgddo &, 0<X;< & <X;,,, J=Ln-1 g.o.
f(&)=0 j=1Ln-1
Sdol oMo, @s0bbool o@Iymols s (23), (24) 306™dgdol gomgoeolifobgdom, 3353l

Fx) = F/0¢) == T 2()=0, j=1m,
s, 35dobowadyg, (N —1)-bodolbmgeb xodl (25) o3l dgdgyo Lobg:
~ n-1 m r—-17 ~ 7 ~
(26) F00) = L= )T T (x—x)) 178 (%6 0y) = Py () 6 (%: ),

Lowo Py(X) 3m@mobmdols yggers gglign @o@gdomos ©s oJgl xg@oemdgdo, Gmdmgdos <T.
0b9J30900 ©sdg950L dognom, f(x) 396J300l swgdbomo byangdol Momgbmds < (N —1).

dgmegl dbGog, (26) s (22) gm®Iymgdosb g3myemdn

N=>"(-1+n-1="r-m+n-1>N-1

doggeom (obssmdpgamdsdwg, g.0. ggds Lods®maosbos d5dobss, GM3 f 396J00L @Mdganody

bagaol xg@smbss I =T+1. sdom @mgdol 8B 03900 0bpgdoom olGgmgdgmos. M
0g0®3gdol ©s3FJ0(390s. X 9O  ©og5dBomm, @M  bgdolidogBo Iywdoggdobomgol I eN,

X;>0, X;# X, Omas j=l, j,1=1n, s R, a;#a,, GoEs 1K, i,k =1,N, LG Egds PEMEDMdS

(27) detV @ (x, r;...; X, My ) 2 0.
aobgobogrmm dgdogao Lobols gybjios f:RoR:
(28) f(Xiag,) = det[oy(x, % 1) 10,065 5) - 1o, ()],

oo do@mggmbs ds@@03gol ,,---, U, oJgb gdogao Loby:
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(29) 0; (1) =[ ()} tw, (=20, X7 =N, xR, aeR),

k:l,rj
bogoem (28) ©gBg®dobsob@ol do®ggen denmydo dpao® v, JoG®oEol 3oMgger LggHdo o3l
Xx€(0,0) @geswols badobbgdo Xx“, 1=LN, ©sbodhgh Ugg®gddo go — o3 bodolbgools
Fomdmgdygangdo, godmmgmmomo godbodgdya X, >0 9@ o do:

(30) 0y (X, X 1) = [ X (X))o (x;")“rl’]i:r .
(28)-(30) 2063503gdg6005b 53mM30bo®gmdl, Gm3
(31) f(x;a(N))l =detV (X, n s )

308 do@mo (28) ©g@g®dobsb@Go 3o@ggero LggHol gangdgbBgdols dobgwgom. dogomgdbm
N e
f(Xo) =D GX",
bo@oi 3mgno3ogbdgdo CeR, i=1 N, s6ol (28) ©yBYmI0bsb@To X gargdgb@Bol sera gd@d o
353 g0o. 3bowos, gl 3M9B0(3096GJO0 SIM owgdgmos X, I}, &, (j =1,n, i=1, N) 35M539H®gdols
36093b69@090bg s 5 M0l sdMowgdygmo X 3geoby: C=C (X, -+ X, n,a(N)) oo lso-

539, (28) 53d54mR0oagdl 2 agdols 300mdgdl ©s sdo@md dJobo byagdbol Gomegbmds <N-1.
dgm@gls dbcog, segoeo glsdhbggos, ™I (28) ©gHgMmdobob@ols K-x g asfs®dmgdols Jgog-

oo, k=1r—1, 3odggen v(X,X;1,) deremyzdo m@o bggdo X=X, [gOEoedo bpgds gOmbso®o ©s
(32) FE%a)| =0, k=2r

2oMEs 530bs, (28) 206do@@FHgdol msbobdow, f(Xay,) B9bJ30ol o3l 1 xgdsEmdols bymgdo
Vaopomgddo X=X, j:ﬂ 09 ©53%99390m, M3 YAm@mds (27) IEs®os, g.0. s5@OLgdbmols
olgmo Igedoggdo I eN, XjeR+, j:l,_n, a;€R, i=1,_N, Amdgeomsmgolss

(33) detV O (x,r,;...; %, 1. a(N))zf(x;a(N))L:X:O, (X=X, j#= 1 a2 e, i£K),

dogogdm, ®md, (32) s (33) gm@Ig@gdol msbobdoe, X=X, (g@Homo s@ol f(Xay,)
396Jcool I xg@ombdol byeno; d5Tob f(X;a(N)) 396300l byangdols Gomgbmds (domo
X gOsmools gomgsmolifobgdom) s@ols

r+zlzj Zjn_lrJ_N>N ~1.

dowgdygeo Fobsomdwgaymds 230hg9690L, G®A (33) I3o@os, g.0. (27) 49ddo@o@oo.
390dm gdmbgggedo, dmwgbsg @ =i-1, i=LN, agodsb VO (x,r;a)=V(x,r) s
(34) detvV©(x,r;...; n,rn,oc(N))| >0 (0<x <.<x,).

dog®od a; dyedoggdol bgdolidog® a;<..<a, db0dgbgermdgdoby gosbgams dglodargdgemos
Jogao a;=1—1 360dgbgemdgdols 9(yg980 @Egeogdom olyg, Gmd Dgbos@hybgdye odbsls
9YAMEmdgdo doo Fm@ol. goboowsb ©gBg®dobsb@Go s@ols dos@@oiol gargdgbBgdol 9Fy39d0
396J(305, bomem, ©533 3039090 (27) gm@mdol dogom, ol ggdlom 390 aoy@mer©gds
byenls, gobggbom, MM gggams 0<X, <..<X, a;<..<a, 36033bgemdgdolsmgols ©gBgmdobsb@o
‘dg0bo@hbgdls bodobls, AmAgemoi o3l (34) Y@@ mdsL.

306500056 V@ (x,r;...; X ) 359030l bgdolidog@o dmsgs@o dobm@o s@ols gobwyg-

1n!n1

dmbols Mmmdgenodg asbbmyswgdgmmo (r,...,I)-xgOs00 do@@oxol ©g@gmdobob@o, yggms
sbigomo dobm®o s@ols swgdomo. [
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(27) yBHO@Mdosb 253mIobs®gmdls

g930 1. 6930bdogcio Imgdaamo  ghmdsbgmobsgsb gobbbgsggdaaro N dawdogolbsmgol,
a,eR (0,2, @oo 12Kk, ik =l,_N), o bobow dmodgdbgds obgmo N -1 bsdwogoero dywdogo

C,#0, 1I=L,N-1, ws 9965;05

P:X > d(Xa,), d(X 0 ,)eC
@d9armsmgobsc;

N-1 a. a
(35) Zi:l GX+X N=PN—1(X)¢(X;0'(N))1
bowasz Py 1(X) o@ob XeR ;gens@ol N =1 bomobbol bydobdogdo dmegdaemo seanobmdo, @erdgan-
boi oggb dbmame @owgdomo ggbggdo (Ggbodaremes, xg@mooi) @o (X y,)#0, Gego X>0.

35ON@S3, 50gb0dbmm Inzgdgmo Py (X) 3m@obmdol j-gd0 gglgo X; ©s 53 ggbgols

XJOo©MES I}, ] =1n. 3oG®dols nobobdoE, gggms X;>0 ©s

" r,=N-1 1<n<N-L

j=1"1

Fgo@oagddo X=X, j=1,_n, (35) ge®Igas ygoda g3l

Zli\l=fllci(xjai)(kfl) + (XjaN )(kfl) =0.
(36) — _
(k =1r;, j =1,n)
2obBmMa@gdoms Lol gds (36) dgozogl Z?Zl r=N-1 aobdmamgdslt N-1 93bmdolomgols ¢, o

53 LobEgdol ds@@ois s@ol V (x, I’l;...;Xn,I’n;(x(N)). (27) yBm@mdols dsgnom, (36) LolLEgdsls
o3l goms@gmmo sdmbsblibo
hio)#0,  i=LN.

Ci 3980309630l badmgbo 360dzbgamdgdols (35) gm@Igesdo dg@ebols dgdwge godmgom
- NL o g
P 0)) = (Py_1(X)) l(Zi:l GX '+ X “),
(x;txj, j=1,_n)

C,=C(x,r;...

» Xy

5dobmsb, gobsosb o3 Jggo®wgdol dMoibggals s 360d3bgels 5J3l gOmbsodo xg@smdols
bagmagdo gBnlbowsodsgy Fgd@omgddo X=X;, j=1n, Fabdzoo d(Xay,) Vgagodmos 35bgdom-
Ao olg, ®@md J(X;ay,)eC*(R,R), x>0. [}

‘d9360dbmm, Gmd gl Fobswswgds odanggs gog@ol mgm®gdol gobbmaswgdsl, Modwgbsoas
2obLobmg®ogl bo®olbmgobo xodol  3mgno3E0gbdgdl, oy @bmdomos o3 wxodol  yggaos
(wopgdomo) ggligo.

390dmE, Gmeglsi a=ay+1, i=1,N, 30960 mgm@gdol msbobdow, dmodgdbgds olgmo gmg-
303096 gd0 Ci, OMgEmnsngolss

N-1 i n fo n _
Zizl CIt +tN=Hp:l(t_Xp) ! szlrp_N’
5 F9egowes 53dbgds
n .y N-1 . agti | 4ap+ a n
(37) ¢(tia(N))=Hp:1(t—Xp) “(Zizlcit o*i | g% N)zt ] szlr =N.
Gbopos, ®mI w7y o sg0@gdm ay=0, 35T0b #(X;ay,)=1.
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§3.3. dgdam™do obdbmyswgdgdo s gsdmygbgdgdo

‘dOHmds>To [44] aobgomsdgdygaro dgomegdols 2sdmygbgdom gohggbmm, @mI gobog®dmbools
2obbmasgdy@o % gMs©o V(G)(X,I’;OL(N)) do@B®oiol dgbFogeolols bmpswmdols wsy®mggger s
‘dga30d@os dgdmgons@ymme dgdmbggzom
(38) O=a,<a,<..<a,.

I>O0@d3, gndgom, N, N — Jogao Goibggdos, ISN<N @ Xj>0, j:]], ;< ...<ay.
3odmgoygbmm 1 @ogds, Lo@si sgommo

g, () =x  f.(x)=x“ k=Lr, j=Ln, i=1N.
d5dob (7) o (8) gm®dyagdol godmygbgdom godmgom:
(39) detV ©(x, r;a(N))z( ?:lxj“”i)detv Ox,ri(@—a)n),
Logss
(a—a)y ={ai—a,| o, <..<ay, 1=1L,N}

gbowos, V(G)(X,I’;(a—al)(N)) do@®oiobomgol (38) 30mmdgdo gLty gdbyaos. |

(20) gm@Edymomn dgdmwgdgmo gobEg®dmbools aobbmaswgdyao (I, -+, 1) -xgOoo Io@-
M03o 3obdo@m@gdygeos bo@ydogy®o I, I, Goibggoobsmgol. IOmdsdo [44] bohggbgdos, G™I
‘dgbodengdgeros dmoblbols 538 Goibggdol wogdbommdols Jmmbmgbs.

O3, godgom, |aj|€N, i=1N. 2530056mm (27) ©gBg®HdobsbBols i-g@0 LE®oJmbowsb

dod@ogeno

['(e;+1) — o (o —1) oo e — i=1 N
To—a:D) (=1 (,—q+1)#0, geN, i=LN,

oo I'(2)=(2-D! gogngdol godo-g39bdioss ©s gogomgsgolifobmm, @md

ank-n_ L(e+1) o
G0 () _F(ai—k+2)x !
. I(oi—q+1)  vweny  T(e—q+1) ai—k+1_ (yai-ay(k-q-1) _
(40) FO 2D ey s LA ety 49, g2

OmamA 3 3bmdogos, (40), (40") gm@dymmgdols aodmygbgds slisdggdos d5Tobsis, @M@
FomImgogmol @ogo godymaxzomo Jmgemos (ob., dsp., 127], a3.362-364):

X X 1 X
41 X)) D= | dx...| dxx® =——| (x—t)%'tedt, >-1 x>0, q=12..
(41) (x) 0= [ dx-- [ @ J -9 a q

4=
s 35T0bs3, MmEs [o@mdmgdyamol Gopo 5@ s®ols dmgano 128], 129]. ds®maoi, (41) geo@-
dygaol dodxggbs Ibo@gdo t=Xu holids s B-0bGga®omobomngol goeng@ols gem@Iygaols
Y a- - [()T ()
42 B(a,f)=| u“'(1-u)’'du = ——"—-%, (a,5>0
42) (o, )= u"(1-u) Fasp @P>0

2odmygbgds 2g35daggl (40) ge@dyengdls.
(27) ©9Bg®dobsb@do (40) BmOIPagdol 2odmygbgdom dogowgdm

I'la;+1 ~
(43)  detV O (x,r;.. X, ri0y) = [HilﬁJdetv Cxy =055 X =05 (=) )

Lowoi, (41) gomgogoli{obgdom (08 dgdmbgggsdo, oy a;—0> -1, i=1N),



81

VO 1= a5 %, =05 (4= @) ) = [ () | 19, (x,) |
W (0 = (x” q)<“1>]1<.<N [ €014 K)],

1<k<r;

(44) ORGP [r(q)

U0 =[N i

1<k

j(x £)a-kgen th} ,

<N
<q

1<i
1<k

IA
_
o

XeR', aeR, reN, (a-0q)y, ={e,-qla<...<a, i=1,_N}, q=12,..., N=z;‘:1rj.
5, 03 ] bod@gdobomgol, 1<j<n, Gmdgmmsngolsi 42 I, dgbsdsdolo bemd@ols dJmbg dsd@oizs
Wj(G) ‘dgo3o8L dbmenm U-(G) bofoenls:

(45) Wj(G)(X):Uj(G)(X) [(Xa. q)(k q- 1):| SS |: F(Q) J' (x—1)9¥t kgai- th:l

i
k

V\ V\

(43) ge®IYeoEsb g3myemdm:
I'a,i—q+1
detV ©(x,, r,— Q5eees X [ =05 (@ =) ) =HL%

Loosbs, s@bodgbgdols dgi3gerols dgdwgy, 2 mgm@gdol aomgomolifobgdom, gwgdymmdm

©)(y r- :
detV @ (x, 1. Xy Fs @y ),

1 Ny

~ I'e, +1
(46) detV @ (x, 1yy..i X, o)) = [ 11“(a(+q+)1) detV @ (x,, r+0;...; X, 1+ 05 (@+0) ) ) >0,
r=+1,+2,.., r,+q>0, j=1n. |

aobgobogrmm 39@dm dgdmbggggdo.
dogomomo 1. godgom [44], n=1, N=r, Xx>0. 53 Jgdmbgggodo a3o]gL:

vV (G)(X, r ;a(r)) — ':(Xai)(k—l)] r |

1
g.0. VO(xr;a,) s6ob {fi(X):X“‘|i:]7;X>O} 396Jaosms LolBgdol gOmbLgol o@®ogze.
od 3B @030l ©9BgMIobob@ols godmmgas ggodenggls:

(47) detV @ (x,r;a,) =x" T (o;-),

I<k<j<r
Lowoss ﬁzz:ilai—r(r—l)lz d9360dbmm, @™ (47) sbmaswgdl (13) msbsgs®omdsl.
(47) 3o3mygbgdom g3mgammdm oligm Ci 3mg8o30gbdIdL s d(Xa ) Bubjiost, GmI

Nl 0w )
Zi:l GX'+ X N:(X_Xl)N 1¢(X;°L(N))-
domas3, (47) yomgomol{obgdom, 3®sdg@ol gm@Iygagdo ggodenggls

Ci:_XlaNfaiLi(aN,a(Nil)), |:1,N_1,
Lbooabsi, 2 mgmdgdol dgogaol gomgseolifobgdom,
N+ ay ay N-1 a;
(48) ¢(X;(X,(N))=(X—X1) N lxl ((X/X;L) _Zi:l (X/Xl) Li(aNaa(N_l)));tO! x>0.
s Lila,op_py) o@b0dbogl @noa@sbgols gengdghb@odge 0b@g@dmmscoyn® dmeobmdls [126]:
N-1 N
Li(a,a(N_l)):szl(a—ap)/(ai—ap), i=L,N-1

sgogoo dglodhbggos, dmd (g@@omTo x=x,>0 a35J3L

X, I'(ay+1) n-1 (e +1)
(49) $(X; 0 ))= (N- 1)'(1“(05 _N+2)—Zi_lmh(ama(m_l))j-




82

35a5@om0 2. gmdgom, 1<n<N, quin{rj|rjeN, jzl,_n}, g<a,<...<ay, Xj>0. (43) ge@Igeools
dodx3965 dbo@ols 9@ gmdobab@do 0bBgadomgbol dgd;3g9er0 Lgg@gdo gowsgo@ebmm ds®ygbog
> 25dmg0ygbmm 2 mgm®gdol Igogao. do@B0go goMs]dbgdols dgdwgy 839690 [44]:

detV @ (x,r;ay,) =

= ([ et detlvm(xyn_q;m;X”’r”_q;(““”mnq>) *} _
i

50 _
(50) =T (e;—q+1) 0 A

i,j=1,
N T(a;+1)
= ()] ———=—detV©(x,r,—q;...; X, detA,
(-1) ||,=lr(ai_q+1) (X =0 X 1= (=) )
oo o@bodbygaos
O-lzqz ,Jllj(rj_q)! A:[Ao (Xl):: ﬂn (Xn):IEan,nq(R),

bogom AD(x)eM i=1n, séol ‘9390 Lobol dos@mggmbs ds@@ozs:

AY(x) = {( e “+Z CpX; pl_q)(wl)}lggnq U ¢(t (- q)(N))Hp L) 0G0 ‘ﬁt}l:m

(0<x;_;<X;, X=0, r;eN, j=1n, r;>0, ZLJ,:N)-

o
N=N-nq+1,
bogm 3098030960900 Cip s $9bJiE0gd0 ¢i(t;((x—q)(ﬂ))¢0, t>0, i=1nq, 25bLobmgMyaos
(35) gmAEdYol dglsdsdolsw.
A(j)(xj) do@d@ozol K bmddols 3jmby LggdL godmgsjenmn A(H)(Xj_l) do@®mools 0gogg K
bmddols dmbg Lggdo, j=n, n=1, ..., 2. a39J69d>
A [ -0 a0 )T (-0 e |, =

1<i<ng
1<k<q

1<i<ng
1<k<q

:“1 (" @0 (s (@ a)g) ) % k“HE;ﬁ(uxj—xp)'“‘“du}

Xj-1/Xj
909300, doMmB030 35MmoJdbgdols 3odmygbgdom (ob. [44]), (50) aodmlobyemgdsls dgoden gos

dogzge dgdegao Lobyg:
detV ©(x,r;o )

51 =
D detV ©(x,r—q; (o — q)qu)
s r i+1 n r n ra—q? n
= 1HiN1r(a(iq+)1)Hu[Xi’qHS;ﬁ (% =%, jdEt[B(l)(Xl) 1B ]
Loss
6= 0y +q(N=-na) =q(X7, i(r-a)+N-nq) =", (j+1)(r;—q)
Qo
(i) b, (1 [ ry—k — % v
(2)  BUO)=I0T 00 =) x4 @) (ux;i (e ) § R Yo% |
j-1/%j 1<i<ng
1<k<q

(O<xj,1<xj, X,=0, r,eN, j=Ln, r,>0, ZLJJZN)-
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V(G)(X,r;a(,\.)) d5B®030L aygebs (50) Loggby@mgdosh Lobgbg dglodangdgemos Lbgs bg@bomas(s.
(43) gmedgmol doGxggbs Fbo@ol ©g@gAdobob@Po yowogo@obmm dodxgbog k=r,—q,r; -1
@00l {o@3mgdyamgdol d9dig9e00 LggHgoo. 2 mgm@gdol dgegaol godmygbgdom dogomgdm:

Vv ©) r—q...0X, *
(50" detV ©)(x r;a(N>)=(1)"zdet[ R R N } ,
0 Al
i,j=1,

(NS
(53) o=ay. (i-D(r-a)=6,-2q3." (1,
bogem ds@do@is A:[A(l)(xl):...: A(”)(Xn)]e M, ng(R) 353m0bobgds doGmggmbs dog®ogdom

o . . ] g\ D o

A(J)(Xj)=[ai(kj)(xj)]§li(é<r;q=|:(¢i(X;a(N))Hp=1(X_Xp) q) - L“”q (i=1n).

! 1<k<q

sgogoo dglodhbggos, M of, 2 mgm@gdol dgogaol dglodsdolsw,
7 AN~ N-1 Xitp-1— n - _ .
(54) ¢i(x;a(m)=xq(x Y G q)]_[p_l(X—xp)q =X, (@—a) 5, )-
(54) ge@dgeols yomgoolifobgdom gogodo®@ogmm AL do@®oiol ai(k” 90 9dgb@o:

(k-1)

(rj—a)
ai(kj)(xj):[(¢i(x;(a_q)(ﬂ))xq(x_xj)J qu—l(X X ) & ] J =

X=X

(k-1)

ri-q-m n g (m)
=), C, ((X‘Xj)rrq)( )(¢‘(X;(a_q)<m)ané’;}(x_Xp)p j ] )

XZXJ-

(k-1)

=0 ~m ( _q) . q n =4 " —
z C ( _X) i(X!(a_q)(N"))X HB:}(X_Xp) -

X=X

i
(m+k=1-1)

v, O m?) IRCHICROUN (TCTCR MY s BRCEES ALl

r-a (G-

_Z:( ()1C Zm 0( |)| r q m|(¢(x ((X. Q)(N))Xqu 1(X X )fp QJ

(m+k—1-1)

X=X

(k-1)
=(¢i(x;(a—q)(m)ang;}(x—xm‘*j| PSR

(5] 0 ©0b0dbogl 3OMbyzgMol Loddmenmls). 03(306015(;63;@0 3odmbobyegdols dodxggbs dbomy
253595ME0gmm (36mdoemo gm@dymols (ob., dogy., 130] 0.156.1)
I_
Z| OCnCnF: n+m
3099969600, GMIgmmJosi sgowmon p=m=K-1, n=r;—q. dobmdosmydo 30mg8030963go0ls

Lodg@ Mmool aomgomolifobgdom 394690
(55) aii”(x,-)z(qz(x;(a—q)(m)angi}(x—xp)fp‘*j

(k-1)

(r-a)iC;”

- q+kl

XXJ

(k-1)

:(gﬁi(x; (a—q)(N))quE:}(x —xp)rqu (r—q+k-1)!/(k-1.

XZXJ-
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(55) gAY oEsb 25dmdobs®gmdl, M®I Js@@dozs A=[AD(x)!...1AM(x )] 53d5gme0agdls
3.1 @gdols 300M9dL, sdoGmd (8) gm®Iygmowsb dJogowgdm:

(56) detA:det[N”(Xl)l---l A(n)(xn)]:detq)H:_l(quZH;_;(Xj—Xp)rpqquS:l(rj_q+k_1)!/(k_l)!j’

boo(3
o=[00,]",

;=] 40 (@-a)g,) s

‘dggyoe, (50) ge@dygmopsb gdmygmmdbn:
detV @ (x,r;o )

57 —
(57) 1<i<ng j=1n.
1<k sq

(8) detV @ (x,r—a; 0. _yq) =(FL)mdetA=
=(-1)"det® H:zl(quzl—[g:} (x,— Xp)r"q_qz H:l%j
(51) s (58) gm@dgengdowsb, (53) s (56) Bm@I e gdol gomgsaolfobgdom, dogomgdm:
detV (X, r-ag; e y_ ) _ detAHN C(o+1)
) detV ©(x, r—a;(a—a)y_ng) det At =11 (o, —q +1)

i n 2 -1)!
:detB H_N (o, +1) H Xjr"qfq Hq (k-1)
det® ~ "' (e—q+1) * 407 L (r-q+k-1)!
(59) godmlobyangdols doizbgbs Ibodgl oo dgno®wgdols asdmbsmgegese golo®-
290mm (39) gmEdgeom. dogowgdm
(60) detV @ (x,r—q;a _ o)) =detV € (x,r—a; (@ —q),,. nq))I—L 5 v

s (59) gm@dgesdo dgBebols dgdwge, (57) aomgomolifobgdom, a39]6g0s:
Dront 1m0 na_ D ngr—nN I(e;—q+1) o I'(r,— q+k)
(61) detI:B (Xl)l“‘IB (Xn)]l _det[q)ll’“lq)z]1 H—l 1_,( +1) H] 1H F(k)
(0<x,_,<X;, X,=0, r,eN, j=1n, r,>0, >n=N).

> JoHGoEgdo @ s @, jZH, 2oblob@gdyaos (57) gm@dymmom.
dobsbg@bgdgaros (61) gm@Iygmols dodxggbs IJbo®gdo dgdogoemo dod@sgao Fo@dmgs-
20bmm Lbgs gdg035@gb@@o Lobom. msobsdsd®ogmms gomoxagagds agodenggls:

n T, —q+1) o T'(r;—q+k)

~ (e, —q+1) 0 B Hk N NCD q+1)
H_l T(a+1) HJ 1H Tk Hk 1( (k) Hj:1r(rj Q+k)] Hi:1r(ai+1)

e (Teary e AT TE-a+)
(62) Lol Il q+k)} [T.r(e D

a ([e,—q+1) " L:q [(a.q—0a+1)
M T rgo— Mo )JH?_lr(ai+1)r[?_;‘r<ai+q+1>

q n N-q F(ak+q—q +1)
=11, ml—[jﬂf(ﬁ—%k)]l_[k_l T(ootD)

(62) ge@Iygamol doGxggbs dbodg g30h39bgdl, @M  goblsgym@gdom  LoobGg®glms
gdmbgggs, Omas o =r,+k-1, r,>0, i=1N. 3530b




85

n r-q\ " n n ro+i-1- ro+i-1- :
¢i(t;(a‘_q)(N—nq+l))=(Hp:1(t_xp)p q) (Z’: q tp 1, ¢N- q)to ot -1 g,
©o, 1 ggdol o (57) ge@dymols yomgseolifobgdom,
nq r 2
(63) detpblL.q(DzL»zdetV(xp., n,q)I]J XET,
bogss V(X,. o n,q) >0bodbogl gobg®dmbool g-xg@s doG®oisl (ob. aobdod@gds 2).
dgegaoe (61), (62) s (63) MAOIYEgdoEsb g3mygmdm:
n nq N-g
e T Tt aso Rt
detV/ (x,.... %, @) [T, %" | Tk T(r+k) = = [T r(r+k+a)

Hkl F(r+k)Hq 1, .r(r,-g+k) Hk IT,.orer,- q+k)/T (k) _
(64) Hk 1r(r +k) F(k) HN F(I’O—i—k)

k=N-q+1

Tl r-ar/r® e T,rt-a+k)

[ 1, .T(k+r+N-q) L T(K)T(k+r,+N—q)

(0<xX,,<X;, X=0, r,eN, j=1n, r,>0, >an
oo o@bodbygaos

1 A
(65) b(x;) = in"‘J' ut(1-u)"" ka { ' ;pJ du}

Xj_1/ X p#]

1<i<nq
1<k<q

(52) o (5) goadgegdol aomgomolifobgdomn (64) Go@Iygaol dodibgbs  Ibo@ols
20doMB03g0s 335d@ g3l mobogo@@mdsls

(66) det[b® (x) 110 (x,) " =", rwl_[)jr_zsi?;qr\ltk;) detV (... X,; q) =

=HE-1 F(k) HJ Or(r 9+ H (X|_Xi)q2

r(k+r,+#N—-q) 1<i<l<n

(0<x; ;<X;, X=0, r;eN, j=1n, r,>0, zrj‘:lrij).

j)

gy bsobBgmglem dgdmbgggs agodgl, ®mas =1 3590b N=N-n+1, (52) > (57) dodrm-
39mbs do@®o3960 B(j)(xj) > @, j=1n, 90308l Ibmeme momm Lggdl ©s (61) ©s (62)
ROAOIY go0©sb g3mY@mdon msbogs®omdsl [44]:

UX—X

1
det J. / (1 u)n 1¢(uxj,((x 1)(N n+1))Hp }( X =X,

] du .
R § PR
det[¢,(x,,(a Dn- n+l))] ljsn H. 1%

(0<Xx,_,<X;, X,=0, r;eN, j=1n, r;>0, Z, 1=

(67)

390dmE, M9 o sgowgdm a;=r,—1+i, 1,20, i=1,N, 85306, (37) 05b5BOMb0L dglodsdoliog,

n roi\ N-n _ ip-1, ¢N=n)yro+i-2 ro+i-2 ;
¢i(t;(a_1)(an+1)):(Hp:1(t_XP)p ) (Zp C t +t )t ’ =te ! I:1’n’
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©> (67) go®dymmsdo dg@obols s 0do®mFGH0ggdgdol dggase dogowmgdm:

r,—1 n n
el . -x |’ _oT(ry)
det| x/'[  u'(1-u)" 1Hp 0[ p] du :Ldetv
Xj_1/%; X - X n
(68) T2
(0<x,_,<X;, X,=0, r,eN, ji=1n, r,20, >an=
bowoi V ombodbogl gobeg®@dmbols do@®oizal s aomgomolifobgdymos, Gmd aoblsbognggan
‘dgdmbgggodo
O(r,+>" r
N N .. [(r,+N 0 Z':l i
Hi:lai:Hizl(r0_1+l): U ): ( : )
I'(ry) I'(ro)
‘d9360dbmm, @mI 0gogg (68) MobogoMMbs godmdobodgmdls (65)-(66) Bm@dyan gdowasb,
09 53 oEdgmyddo sgomgdmn (=k=

do@gde0 Mmobogo@momdgdowsb godmdobs®gmdls dgdwgao
9930 2. (67) go@dgmsdo sgoeme n =1, N=N=r122. od dgdmbgggedo (48) o (49)
HRUISHEL
“N+ly ay— an— N-1 ’Zu
g (ux; (a—1)n,) = (-1 ""x; N(u =Y UL (e oy 1)))
a -N
N I'(ay) n-1 o [(e)
X, (o —1 = N o —— L (x,,a
#(i(@ D) = (N- 1)'(1“(05 ~N+1) 2 (e~ N+1) ()
s (67) go@dygasdo dg@obols s 0bFga®gdols dgdwgy g3myemdon [44]:

N N-1 g a N I'(a, n-1 o (e
69) (-1) (zi:1 &; Li(aN’a’(N—l))_aN )Hi—laiZ(m _Zi:1 ﬁlﬂ(awamn)}

93565 3bger  m@IgasTo [g309d0l gopoxangds ©s o@bodgbgdols dgigms odanggs
03089005 @oa@sbgol 0bGgM3mensz09®0 3m@obmdgdol dgdizggero LobGymo xsdobsmgol:

(70) Z_l[ka L () (F(“ ] 00=TT o+ (- )“1F(FX(X)N)
obey
. N X (DY) (-)"'T(x)
7o) §;1£;T+F@q—N)IIEﬁ@}LKX)1+IKX—N)IIth’
Lowos o
L ag) =[], (x-a)/(@-a,), i=1N, N=23.,
Li(X o) =L, (X ay) =1, N =1

ama@o N o@ s@ol oo, segogos (70') go@Iygaol doGEsdo®o dgdm{dgds. dogsgomsw,
N =1 Tdgdmbgggodo (70') s0y4gobgds do@BHog 0g039mdobyg
5+—F(a) =1+ RGN .
a al(a-1) al'(x-1)
d936036mm, ™I Vggomgdgoo T(X)/T(X—N)=X(X-1)...(Xx=N) sbsgobycdos X Egmools
bgdoldog®o 3md3agJby@o (Laldyero) dbodgbgermdolomgol. 5do@md, msbsbds mgmagdolbs
Sbognoby@o aoa®mdgangdols dglobgd, (70") 0po0ggmds do®mgdygmos X (3gemseols s @; 3o@o-
dgB®gdols, i:].,_N, bgdolidogdo 3md3egdbydo dbodgbgemdgdolbomgol (s s®s dbmemo od
030390l godmygeboliols godmygbgdbyano 30Mmdgdol X, o eR, a <...<ay <X, gbOgegdolsb).
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§3.4. 356@g®HIMbEols SLicm(30009d9mo ©S 0bEyYEOMIdYmO 35BG03g00
©> 3500 256bmydpgdgdo

OOmO3 36mbdogos, bgdolidogeo AeM (F) ds@@ozolomgols s dngao I Gogbgolsmgols,
1<r<min(m,n), ao60ds®@Bgds (ob., dsp., [42], ag. 30) r-sbmzoodgdbygeo ds@@oizs Ar(A)=[aqs],

Amdaols  gangdgbBgdos A FoG®oigol I @opol dJobm@gdo, aosbmddomo 4.f. @gbogm-
3058 9@0 05630dggA™Mbom:

(71) aaﬁzdet(A[Odﬁ]), aeQ. ., BeQ,,.
o] wo gdgmddo Loddmam Q  5@bodbogl Lod@sgangl, HmIgaro gy gds yggers d3o3Mo©
bOwopo O=(m,<...<®,) r-30dygamdobysh, o,e{l...,n}, 1<i<r (ob., 3dsp., [56], 3. 9):
Q,,={olo=(n,<...<m,),1<o;<n, 1<i<r}.
a=(a,...,a,) o5 f=(f,....0) 30dpgzermdgdol, a,BeQ, , wyJbojma®ogygmo msbdodwys-
AMd0m ooy gdolisl omgargds (ob., dog., [59], a3. 241), Gm™I
a<pf, oy oy=p,..., =F, . <P 1SK<T

Iop@ozs  Ala|fl Ygeggds A Fod®ogol 03 gargdgb@Bgdolyeb, GmImgdoi sl
a=(a...,a,) beddgdols 3Jmbg LE®oJmbgdols s L=(f,....H,) bmd@gdol dJmby Lggdgools
2o05339mobg. 9dpamddo a=(ay...,a,) ©> L=(L,....0,) bdodsw gyfmogdn r-dygem@o-
0bgJlgdl, o6, Yodogme, Ige@oobogJlgdl. gbswos, Loddsgag Q. dgoiegl C. ge939bd L,
9-0. r-3bemEo0Ggdgmo A (A) Is@@ocol bmdgdos C xCy.

boanggby@-9@56,96 mgm@gdols msbobdow (ob., dog., [56], 2.7.2, 3. 31), bgdboldog@o 33o0@s-
Ao AeM, (F) 3s@@oizobsmgols bods@maosbos gm@dgens
(72) det 2, (A) = (det A) 1.

bgooldog@o ggs@s@gao AeM, (F) ds@®oiobomgol ©g@g®dobsbGols go®ws asbodom@gds
Lgogodygamo gubjzos perA, @mdgalsg gfmwgds A=[a,]] dsd@ozol 39mdsbgb@o:

(73) perA=>"T1 0.

ce$S,
Ygo®gdolomgols ofgg dmgoygsbmm A ds@@oiol ©gBg®dobsb@ol godmlbsmgan gano gm@dyas:
(73) detA=>"T].(Da.

oes,
3903569bGgools do®omowo mgolgdgdol dodmbogrgs ob., dog., Imbmy@sgosdo [57].
3960356960l (369001 godmygbgdom bgdoldog@o AeM  (F) ds@@oxobsmgols s dmgemo
I @obgobomgol, 1<r<n, aobods®@@gds (ob., dop., [56], 33.35) r-obpyEodgdbyemo JsG®o3s
PBr(A)=[papl, OmIemols gengdgbBgdo ©sz0830M9daemos A ds@@oiol I Gogols 39Mdobgb@dgdmsb
05bogs@Mbom:

(74) pap=per(Ala| 1) [\p(@)p(B), a<G,, BeG,,
> G, , ombodbogl Lod@sgegl, Gmdgmmoi geygds yggms osOsgmgdoo o=(0,<...<o,)
r-dodegg@moobliasb, o, e{l....,n}, 1<i<r (ob., doy. [56], a3. 9):

G, ,={o|lo=(0,<...<w,), 1<o;<n, 1<i<r},
beogom p(m) s@bodbogh weG, | d0dpgg@imdsdo Jgdsgomo (Lbgowalbgs) @oibggdol xg@o@em-
3900l BoJBm@osmgbols bod®oganls. ‘dg360dbmm, G®I 53 s@bodgzbgddo Bm@dyas (5) hoofgmgds
9BAEM JoME0gowo:
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detV (x,, 1y;...; %, 1) = p(x¥) [T (x—x)""

I<i<l<n

Loddogang G, dgosagl C,.; ggdgbdl, g.0. oy AeM  (F), 35306 r-obpyiomgdyemo
PBr(A) 35d@0Eol dbmdgdos C. ., ,xCh

m+r— n+r-1*
r

dopomomop, oy N=2, AeM,(F) o r=2, 35906 C ;=3 o
2'per(A[L1(1,1]) 2%per(AlL1]1,2])  27'per(A[L1]2,2])
Br(A)=| 2*per(A[L,2]1,1]) per(Al1,2]1,2]) 2*?per(A[L,2]2,2]) |.
2'per(A[2,2|1,1]) 27%per(A[2,2]1,2]) 2'per(A[2,2]2,2])
r-obpgao®gogao Pr(A) dsdGoiEol bmyogdmo mgolgds ob., dspomomsw, dodmbogngsdo
[56] (2.12.1-2.12.7, 33. 35). 3g®dmw, Pr(A) dsdGocobsmgol Losds@merosbos Logggl@®-5®sb gl
0 gm@gdols sbsgnmayo:
(75) dets, (A) = (det A) "
d936036mm, G™I oy AeM,  (F) (1<r<n), 35706 r-sbmEoodgdgmo do@@ozs 2Ar(A) Fodrdm-
596l A 3s@@oi0l 39dBm®-LE®odmbgdols Lo gamose sbEoLodgdMogen (3Mslidsbols) bsdmsgenls:
(76) A(A)=AA..AA, A=(ay-.a,), i=Lr (1<r<n),
boge  r-0bpgEodgdgmo  dsd®oas Pr(A) Fo@dmowygbl A,,..., A, 39JO™O-bEG0Jmbgdols
bagaos Lbodgd®oyge bod@sganls:

(77) Pe(A)={ pH2(a) per(AlL-r|al) [a <G, }.
bodO 0o [67] Fgdm@gdyaos A ds@oiols I'-obpyco®gdygmo Pr(A) dsd@oiol (36gds.
g0dgom, n=1, AeM (F) ©s o=(1<0,<...<o,<n-r+1)eG,, 1<r<n. r-309ygdrmdsts
g9Vmemn o), o' = (I w<---<w' < n)eern, 0g o, =0;+i1-1, 1<i<r. 3mgo{gldogme Lod®sgeg

-r+1

Gr’n_m, dog 0@ 0mo©, 35©s36mIAMm @ gdlojma®egyus® ggges r-dodpggamds w(“)eGrvanl,
a=1,C . 35706 Lod@msgeny Qr’n={0)'(“)|1S a’SC;} 530gmgg 0d6gds InFgldoygdyano.

3568563935 3. dmpgdmao AeM, (F) ds@@ocobs @s o' G r-dodwga@mdgdols deasy-

rn-r+l1
a0 bdg@oz00bsmgol sgogmm C Gogols dsddogs B (A o) =[p, s1s Gedamol gaogdgbBgdos
Pl (A) =per (Alo®] o) [p(0)

(w(“)eG 0 PeQ,,, af=1 c)

(78)

r,n—r+1?
0d J9dmbggge Jo, Gege T-dodwgg@mdgdo 09 go@sbmdGoaos @ floms@ogmamom, JodGocsl
P (A ) =[p,,(A)] ggfoogdeo AeM, (F) dodbocob I'-obogcomgdae dodGogsl (ob. [67]).
bgdmm gobbogrgen dsgomomTo, dm@Es N=2, AeM,(F) oo r=2, 339J69d>
0o“={L3eG,,, 0={1,2}€Q,, ws P (A o“)=2"per(Al11]1,2])=a,a,,.
590056 Bomganos, HGMmI Lobmgswme detP (A, @) ws detA, dmamo3 &, gerowgdol gubiGo-
960, 56056 G96J30mbsm M ©sdmy owgdgmbo (detPB(A 0)=a,a,, ©s 5@ Y9038 2y, a,,).
bod@mddo [67] bohggbgdos, MM gobpg@dmbols ds@@oiobomgols Lods®mnegrosbos

09eG9ds 3w A:V(Xl,l;...;Xn,]_):[xji’l}:el\/ln([l:), 35 dob bsds@Goanosbos §mermds
@) det (V. o)) =(detV)™ "= TT (%)

1<k<j<n
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390dem dgdmbgggedo r=2 mgm@gds 3 hodmyseodgdyeo ©s ©sd@303gdgeros dOmdsdo [96].
bogow dgdmbgggedo mgm@gdol ©odB 03 ds gydbmds Mm@ @gdsl (ob. [67]):

@gds 3. detP(A o) @gBg@dobsbBol Jbodgbgarmds o5& o@mol @sdmjowgdamo o',
a:l,_Cnr , M-dodpggmcmdgdol badomsool sahygs by.
g0l ©53F3039ds. g dgom, I-30dEggHrMdgdol @Mdgmody 69dg@sgosl o eG
a=1C!, ggbodedgds do@Gozs PTL(A 0@), bomm bndytacosl o’ @eG,
LA 07 ). 35306 (ob., oy, [59], 3. 101)
P (A, %) =T 195 (A )T,

Lowsi CixCh 3sd®oie T doowgds gomgyemmgsbo Ee M (F) 3sd®ogol Lggdgool a—>o(a)
osbozgan gdom. bowos, G™I

r,n—r+1?

— J5@ @03

n-r+1

detT = +1=detT .
>do@dmd 2353l
(80) det P (A, @) = det P (A 0'*) =detB (A). |

aobgobogmmo  A-ds@@oizs A(d)e M, (F), dmdmol bggHgoo s>@gbodbmm A, (1), j=Ln, n>2.
bod@mIdo [67] bohggbgdos, I Lods@manosbos dgdwgyo
@gds 4. wy A=A, [godoedo A(A)eM (F) dsBaogolb 2K bggbo [ggoa-fagoemse Gearos,

J-0s 0
(81) AA)=A (A, A (A)=A (A), 1<k<[n/2],

Jok
Jsdob A, s@mols detA(1) dmsgoenfgg@mol 9bg0 @ o8 39lbgol xg@o@mdss @2k (s [v] sw-
bodbogl vell @ogbgol dmgan bofoenls).

@9dol 88330399 N Gogols detA(d) ©gBg@dobsb@ol M-x 9@ aofs®dmgds (1<m<n)
a35d@gals (ob., dop. [131], g3. 52) N™ Yglogmgdol xodl, Lowsi mommgymo glbo 6 gdo
>0l 0dsgg N @ogol ©gBgMIobob@o, GmImol @Gmdganodg | bggpdo (I<I<m) ©asl

dr - —
Vomdmgdgemgdo Wqu(/l), pELl m-1+4, g1 bowmen ©sbs@hgh n—1 Lggdhdo — detA(l)
9B 9M3dobsbBols Lggdgoo Ajs(ﬁ), g+s=n (pofo®dmgdol goMgdg). goboowsb gofo®dmgdyeno
Lgg@gdol dolbodogy@o @omgbmds Amaos [os@dmgdymol @ogobs, godmlsbyagdsdo

k-1

d
G detA() = > detB (4)

gmggeo ©g@gmdobobGo detB (1), i=1,n*" googl detA(d) ©gdgMmd0bobHols sMobs e gd
n-k+1=(n-2k)+(k-1)

bggdAL. FgORoeTo A=A, o3 U1ggHgol Dm@ol, mobobdo (81) Gmermdgdols, dmodgdbgds

>M5bogagd M@0 gOmbso®obls. d5dolowsdy

k-1

d d
detA(A)|i=lc:d_ﬂdetA(l)lﬂ;lc:'":WdetA(i)hﬁuC:O’
Lboo@abo godmdobsdgmdl angdols 3@ 0(3909e0gos. [
aobgoboanmm CxCl ds@@ois, @mIgols bggdgdoi opgdgeos Legamose LodgBHobgodgmo
bod@sg@ gdbom [lej_ll... Xij’rﬂlcn, (i,<...<i,)=i%eG, .., (i<..<]j)=]"PeQ,,, 1<Sr<n-1 swgogo
‘dgbodhbggos, GmI Xil_l..Xijfrglz perVia|A], Lowsg V:[Xij_l]f M0l gobeg@mdmbrols ds@@o(ze.

(i~
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3 0o 4 g0gdgbosb 5dm3obs®gmdls
Y9980 3. @IBI@I0b5b6B b

i i,—1]Cn
p(V., r)zdet([x(hl... X', j

(i(a)EGr,n—H—l’ i'?eQ,,, @,Bf=LC;, 1<r<n-1, Vn=[Xij_1]f),

GGG Xn Ggaro@ol IGogoa [gg@b, odalb bybdoe N—1 ggbgo [g@doagddo X,=X;, j=1,n-1,
3o bmosb, j-m@0 g9lgol v g@omdss @j=C 5, 1< j<n-L1.

©53330(390s. bomgmos, Gmd [g@Gomo X =X;, 1<j<n-1, @G0l

(82) det([x}hl... x‘jfr)llc”j —a X\ +...+a,
dAogo@{g300L gglgo s yggams o3 ggligh oJgb g@mbso®o xg@smds
@1:@2:...=£n71.

i1
(-

jl,...,jr 0bgdlgdom LodgB®mobgdya X X}r')_l bodMogendo X, (3ge0oeols dgdggemo dglsg-

95980l @omEgbmdss Ci . gbowos, ymgge bggdl r-dge@oobogdlon (J<-.<lpy<n)=j'@
r<n-1, (82) wydg®dobsb@®do dmgdgobgds dolo Tglodsdolo ULggdo, obgmo, GmI gl m@o
Lgg@o begds gO®MIsbgmols Bmero, mey
X, =X, 1<s<r-1,

535L056 3bowos, GMI, oy X =X, Gmgs K=, K, j=1,n-1, 35F0b Xi(1j:l...X}::1171Xr:f)fl Lggdol Fmeno
LgaBo 9OMIAM0S ..., J 4 0b©gdlgdols 63d0ldogHo goJlo@gdamo 60569 mdgdolomgols.
5300, M3 X =X, 1<j<n-1 (82) ©yBg®dobob@do dmodgdbgds Gmmo Lggdgdol C,5
Fygogmo. s30@md, 4 a0 gdol mobobdow, agsdals

(83) > @=0-D@;>(n-1)Cr;.

(82) ddogoamgg@moll N bodolboll s a, 9x®mbo gmggoxogbdol asdmbsmgegeso
(0b. [67]) gowsgbmddmm 1@eG,, ., (o, d5Tobowsdy, j'PeQ,,) r-30dwyg@mdgdo 6@y
Logma®oggeo 0sobdodpggdmdom, @@, 3 @gdol mobobdow, o6 330l ©gRgmdobsb@ols
3609369@mdsl. 35T0b X, (3gmowol 9dswanglo (N—r) bo@olbgdol dgd3g9er0 C 1xC
dobm@o asl (82) gBgMdobsbBol bgos dodibgbs ggmbgdo. o3 dobm@ols ©sds@Ggdomo
C, . xC, , 30bm@o & Fgoaogh X, Ggeoel o, modmobol mgm@gdol msbobdsw, g35J3L

(84) N=(n-nC,=(-1C,7
©S
_ _aCi i i - Coy r r—kk71

(85) ao:det([x'(lhl...x'j'r_i)l]l jdet([x(lhl...xjr)l]1 )Hklk‘:ﬂ £0.
o] badolbols dshggbgdangdo I, s=1r-1, o i, t=1r, ‘dgoagbgb >®sbM o Jodogg@mmdgdl
(Lz..21, ) =1"eG ., o (i,2...21)=1"eG, ., dglsdodologw.

(84) o (85) @Iy gdowsb g3my@mbm
(86) ZT: @& <N=(n-1)C'}

©o (83) 9@m@mdslmsb Vgoomgds agodmgal &j=C,,, 1< j<n-1. [ ]
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0g0®gdol ©83FF0Egds. 3 wgdol gomgsaolifobgdom, swgoaro Yglsdhbggos, Gmd
i— i —1]Cn .
p(Vn,r)sdet([x(ljll...xj'r)l]l j:detm,(vn) [T r(e)

©O€Gy 1y

(196, s 'P<Q, a,p=1C], 1sr<n-1)

(87)

GoEglsg F=N, 3o6dsG@gdol dognom, PBL(A) dsg@dogol Gogos 1 ©s gaodsl
P(V,) =1, ety (V) =1
(V=[x1;),
5b9 mgm®gdols B 3090 gds (m@dyams (79)) 53 dgdmbgggsdo d9dds@odos.

OmEgbsi 1<r<n-1, 3 Jgogaol mosbobdo s (85) gm@dymols asmgomolifobgdom,
33009@Md0 @939096R 9@ M5bsRBsGOOMS:

(88) SUMEEIVAREAIANOT( | CRE RS | S
330085 olfobmm, @md
p(le) = det[xijil]:: H (Xj - Xk)!

1<k<j<n
p(V, , n=1)=(n-1!
5J9056 N-0m ©s r-om o0beydizool godmygbgdom dogowgdm:
n-r+1
= g Ly \Ci2
© PO D =TTk ) T =%

1<k<j<n

1<r<n-1.

H p(o) = (HIZ:lk!C"r_kkl)n_”l

OJEGr, n-r+l

0dols pomgoeolifobgdom, G™3

(I<r<n-1),
(88) o (89) 3m®Iyangdowsb gmgdyemdm (79) msbogo®omdsl. |

SdM0g o, 206 gHdmbools V=[Xij_1]f Isg@mozobsmgol, Gmdarol gangdgbdgdo X, j=1n,
Jiamabols bg60bd0gc 59a0b, detP.(V)=0 dsdob @s dbmarmo dsdob, Gmgs 1<r<n-1 o
Xpyeo s Xy @06gms dodols dmodgdbgds m@Go dsobe; g@mbsomo.

‘d9360dbmm, A3 Lobmpswme, Az#V bgdoldogmo ds@@oizobomgol (79) gm@Igas o6
>0l doMmgdygeo (ob. bgdmm aobbognyano dspsomo). sdslmsb, swgognos oligmo AzV
doB®03900lL 3mgbs, GMIgEmomgolsi gl Be@dges bLOYmgds. yggens sbgmo dsG®oiol
Lod@sganols s@{g@ol sdm@Eobs wolidyaos dO™dsTo [67].

03539 bodO™ITo [67] olidymos sdmobs dgbfsgmog 0dbsl o3 3o@oy@dsgdo detA o
perA  gubjiogdobomgols gobbognygao Logombgdo Ae M (F) 3sd®ozol ULbgs bgsgs@oeo
B9bJcogdobomgols, 9.f. dydol gubjaogdobsmgol. detA ©s perA Fo@dmopagbl Iyg@ols
396J30900L 3g@dm dgdmbggzgdl — dgbsdsdobo, LOYmose sbEolodgB®moym ©s LGymosw
Lodg@@oygee 39bj30gol — A Is@@oiol bggBgool aowslidols dods@m.

bmpse dgdnbggzeodo A ds@@oiol dyg@dols ¢9biogoo Lodgd@ogeos o3 ds@@oiol bm-
309000 Lgg@ol gowsldol Jodo®m ©s obFobodgd®ogemos obs®dhgbo LggBgdol gopslidols
dododm (ob., dsy., [7], VII, §§2-8, ag. 225-283) wo a®ogogymow s0{gdgds 0gbaol jgdgdom.
OmamO3  3bmdoaos, obgmo  ¥9bj3ogdo  Fodmme  godmoygbgds  IAsgombsfogms 3mgsbo
3356 9®0 Lol gdgdol sobsfg@sw (ob., doy., [8a], §63, o3. 272-281).
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I msgol wsliggbgdo

L. 2ob635®@gdgeos s bowo Lobom godmmganogos gobpg®dmbools xg®so do@-
@030l B gMdobsbGo xgHomdgdol bgdoldogdo (bs@ydseydmo) 3dbodgbgermdgdo-
Lomgols (g-go0 (5) s (5)).

2. 35635GBgd 05 gobgmImbrols 3obbmasgdygmo xg@swo Is@®ois (pobdom-
G902, 6-980(20) s (21)). ©sIGJ03gdYE0s, MMI gobgMmdmbool a56bmyswgdyeo
XgOoo  I5HO0GES  oEgdomse  sMol  goblobegdgmo  3gmsEgdol  s@gdomo
db0dgbgermdgools o xgMsmdgdols bgdoldog@o, gOamMAsbgmolsopsb aoblibgoggdyeo
(bo@y@sey®mo) dbodgbgemdgdolsmgols.

3. 3obg®dmbool 2obbmpswgdbymo xg®oo ds@@oiol godmygbgdom ©sd@3oig-
49005 30g@ol mgm@gdol sbogmyoy@®o mebsgs@emobs bsdwgogmo 3gers@ol badolbms
x530bosmgol, Gm@Es badobbol dshggbgdergdo o@ os@ol dmgao (dgpgao 1, g-@o (35)).
9L dgegao aodmygbgdymos woa®abgol gengdgb@o®yeo 0b@GgO3mesi0do JMsgoen-
V930900l 999339800 Lob@gero xodols aodmbsmgm gense (dgogao 2, ¢-gdo (70-70")).

4. bgdoldogdo do@®ozgl r-sbm@Eo®mgdbyemo s r-obpyio®gdoyeo  ds@®oigodols
Sboenmy0g®o®, 5393 9os g.§. r'-0beygEo®gdgmo do@@ois (56ds®@gds 3, g-ans (78))
s dobo ©gBgMdobob@o aodmmgemmomos 3bowo baboo (g-ans (79)).

5. 356 g@dmbeol xg®oo doG®oi3ol ©gBg@mdobobBol  3bowo  Lobols  aodmygbgdom
0533 303909005, @M II mog3do dgdmegdyamo 9bo@o®ygeo 0bgos®osb@gdol Lod®sgang
gy gds  GYbjaombosmy@s®  ©odmy oegdgeo (s, doTsbowsdy, 3meobmdydow
©5dMY30©gdge0) 930 9d0Loa5b.

6. 35b6@gMdmbrols r'-obpyxodgdymo dos@@oiol ©gHJMdobsb@oll 3bowo  Lobols
25dmYygbgo0m ©sdE 03907005, @M do®Eogo 13gJB®ol IJmbg M@0 s@s3mdyYEodgoswo
do@®@oiol gbo@odyeo (bsdwgomo ggerol dgdmbgggedo — m@Ommymbsgyy®o) obgo-
0560 gd0l LobEgds, GmIgaoi sagdgeos I mwogdo (g-ans (89)), dgoagds ¢9bdiEom-
bogny@o@ (0o, 35dobosdyg, 3meobmdy®a) sdmyzoegdgero {930 9d0bogsb.

390dme, (2.58) Loddogergdo dgdogogmo  §9309d0L  o0s3mdosbo  (godmmgenogno
X gDo00 Loggms®o 3b0dgbgermdgdols IJmbg Bgbbm@mols wsdmyyzowgdgero 3033mbgb@dgools
063500560 39630960l LobEgdobomgol) ©snygebgds gobeg@admbrols Mm@y gHowo
do@®ool @gBgmdobsb@by. (5), (57) dogom, gl 0sg3mdosbo aoblbgsgwgds bygrolioysh.

7. 35bg®dmbool I'-0bpyio®gdbymo  ds@@ozol ©g@g@dobsbBol  bowo  Labols
25dmY94gbgdom 53 30(390Yer0s, @md do®Eogo b3gB®ol Jmbg M@0 s@s3MIYE 0@ Y-
oo ds@A®ool gboRodygemo (bsdpgomo ggerol dgdmbgggsdo — mOmmambsany@o)
063530563 960l LoliGgds, GmIgeoi sagdeos II msgdo (- (2.58)), dgoygds ¢96Jao-

Mboey@o© oMY ogdgeo (s, dodobowsdy, 3meobmdoy@o oMY 00 dge00)
Fa3®gd0bogsb.
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nogo IV
o g@ol B-g96JiEool g56Dmyspgds

olg®@oiool I msgdo godmygsbogo gm@dyas (3.68) g30h39690L gobrg@dmbrols «xg-
Moo do@Moiol 3ogdodl gogng®ol 3bmdogr dgBs-539bJEosbmsb, @mIgaenbgi wo0ygzebgds
(368) gm®@dyemols dodzbgbs Ibodg n=1 dgdmbgggodo. o3 Fogdodol gomgogolfobgdom
bsdOmdgddo [44a,b] dgdmmgdyeos gubdios

(1) Bﬂ(rOarla ) rﬂ):Bn(r):
1 oy n=0,
= 1 xu—x )7 n
det[x. ] det|x'* [ u™@-u)" 1", | Z— 2| dul|, oy nx1
[ : i|1 : X J./><~ ( ) Ii2;(1) Xj_xk WJ
=117 1

O=%, <X <X, <..<X,)
©> sbdygmos Sde3sbs:
I S5@5d95@ 0L bydoldogmo 033y fbadmo Jbodabgarmdgdobomgols @sdB 009 FerEdagans
(2) Ba(r)=ITj-oT () / T (X0 1),
bows T(t) =fe”u”du o@ols gogrg@ol gods-mb;00.
0

Qm@Adges (2) N=0 dgdmbgggsdo Lods@mnenosbos (1) gobdo@@gdols dogrom, bmam n=1
‘dgdmbgggodo o0ygebgds gogrg®ol 36mdo@ gm@Iygasby

(3 Bi(r)=B(ro,ry) =_[U "H(1-u)"'du = C(ro)T(ry) [T(ro+r1),

oo B(ro, M) s@ol  goeng@ol  d9@o-996J305, ®mdgemoi  gobdom@gdygeos  bgdoldogmo
33 gJly@o o ws I (Rery>0, Rer;>0) ggmogdobomgols.
dHmdgddo [44] ©09F 30390905 (2) msbsgodomdols gdds@o@gds 0d dgdmbgggolomgols,

@i >0, reN, j=1Ln (ob. gg-gos (3.68)). sd@oase, ULoddg agodgl sdmEsbobmsb, sbogno-
bYOoE 2ogoaMdgEmm  MmobogsMmomds, @mdgmoi Lads@mnmosbos ©oy@mggdols Fg@@Eomols
>M3Jmbg Lod@sgagbyg. sbgmo @odol sdmEebgdo ggbgrgds dswsgro gbg@yogdol gobogsdo,
399dm, M9xgl mgm@osdo bokodm bpgds 258bggz0l 3o@osgy@o sd3go@yogdols sbogno-
bydo aoa®dgangds 3mdgbGols 3md3emglydo 360dgbgamdgdbobsmgols.

J0bodgdodyg mogdo gl sdmEebs gos(yggdomos N=2 dgdmnbgggolbomgols s bohggbgdos
[45] ol Lo®myarggdo, GmImgdoi hbpgds N=3 Jgdmbgggedo. ©od@03goYmo  gm@dymols
30dmYygbgdom bs3mgbos dmgao Mogo sbogro msobogs@mdbgdols goyglol d03g®agmdg@®oygao
396J00bomgols, aobbmasmgdieo 035G gmdgB®ogmo gybjioobsmgol, sa®gmgg bodmgbos
Sbogroby@®o  godmbobymgdgdo bmyog@mo aoblsbwg@ygamo 0b@ga@smolomgol L3giEoseyg®o
©> 9 9dgbBo®ymo By9b(3096005b. 5IsLmsb, gods (3bmdogro Igogygdols, doowmgds sbogno
05b58sOOMdYd0(3 s bMyog@mo 3bmdogo Gm®dymols sbogrmy 9docs.

dgbFogeomos I@ogogo gensol d03gdagmdgd®ogmo g9bjicools mgolgdgdo, j9Mdmew,
533 30(3g0E0s  Modgbodyg sbogno mgm@gds o3 jansbol gybiogdolomgol, @mIengdos
Sbmo©gdl 83geoli s goy@ohgsls gybiogdolomgols 36mdoan dgwgegob.

dmeml, dnEgdgmos sdmEobols LOY@o sd@3o3gds bmaswe dgdmbgggsdo.

od mogdo dmygobogro m@ogobsg o dggagoo dodmdggybgdyeros dOmdgddo [43]-[47].
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§4.1. m@o 3gmoEol Tgdmbgggs
063 g Mo gd0

r-1
X:U—X _
(4) j uta—u)" L (- [J kJ du, i,j=1n,
¢J

X; = X

Xja/X;
O3 gdo3z  RoaYO0MgL  2obdo@@gdsdo (1), dgodargds  ©o3043obmm  d@sgoao  (33erools
30390 9mdgB@oya (3y) R9bJ3ooby (ob. Jggdmm). 39@dme, N=2 dgdmbgggsdo gobo®ygdenmm
9o g@ols 36mdogo gm@dymon (ob., dsy., [60], 2. 1(10)) aogbol 3y 939bjoolomgols

1 :
(5) %JUMO—U)CMO— 2u)*du = ,F (a,b;c;z) = ,F,(b,a;c;z) = ZF{&'S'Z}.
(Rec>Reb>0)
0, Lowoi gb o godmo(g93lL gogagd®mdsl, wog(gmm ,F,(a,b;c;z)=F(a,b;c;z).
(4) ge@3geowsb dogowgdm:

r,1
6)) b, ju 20y ( xzj @,
X =%
r1
b — ur(,+| 2(1 U)rz 1()( u—X, ] du’
(62) X1-/'.X2 X2_X1
(i=12).
‘dgdmgo@mm 50bodgbs X, X, =7 o 063920530 (67) Jmgobobmm holids
u=1-0(1-2).
dogomgdm:
1
(%) b, = (- z)“zj U (L-u)(L-zu) = du,
0
(72) b=~ 1-00-2)]" "0 0-0)" o

0bdgadomgdo  (712) oMol Z Ggpr\naQols @ombobs  osbosgnoby®o  gybjiogdo, oy
larg(1-2)|<z, Rer;>0, j=0,2. 3 9590bg955T0, (5) 0b@ga@oma@o FoGImwaghols asmgools-
Fobgdom, godsM@0ggools dgdegy (1) gobdo®@gooesb dogomgdm:

(8) Bz(r) = Bz(ro’ h, rz) = (Xz _Xl)ildet [inilb”':li,j=1y2 -

J' u*(1—u)"(1-zu)=du I [1-@- z)u]”’_lu (1-u)"'du
0 0
=det . =

1
zj u"(@-u)"*(@1-zu)=*du '[ [1-@-z)u] u= (1-u)""du
L 0 0 N i

(Rer;>0, j=0,2)

ey .y D) I(R) . e A (A1)
o F(1-r,, 1y r+r;2) T(rr) F( Iy, +1;1-2) r(r+r) )
) I (ry+DI(r,) r(r)r(r) |

ZF (1-r,, ry+1; ry+1+1; 2) F(r,, —1,; r+1,;1-2)

L(ry+r+1) r(r+r)
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_ I(r)T(r)I'(r,) D(r:2)
[(ry+r+r,) Y

booi dgdmgowgom sboano s@bodgbe:

F(-r,, ry;r,+r;z d-r,; ;1-
 I(f+rAr)0(r) (ora Toi To+ 1 2) Fre 1= i 1-2)
[(r+n) I(r+r,) z _f F (-1, 41 ro+r+l; 2) F(r,,—ry r+r,; 1-2) .
ot h
(8) BM@3IYowsb godmdobsdgmdl, Gmd N=2 dgdmbgggodo (2) GHmermdols ©sbsIEgo-
(390o Logds®obios gohggbmm, @md

(10) D(r; 2)=1, z€[0, ).

(9) D(r;2)

d9360dbmm, @Omd z=0 s z=1 FgaGoagdbo goblsggm@gdygmos (9) Rgm@IYmomn

2obdsMBgdyamo  D(r;z) g9bjaoobsmgol, gobsowsb gl FgdBoamgdo  aoblsgym@gdygaos
aogbol 3y g9bjioobsmgols. 3bmbdognos, ™I

(11y) F(a,b;c;0) =1,
bogm 2=1 (ga@oado a35]J3L (ob., dop., [61], 14.11)

r'c)'(c—a-h)
I'(c-a)(c-b)’
(1112) ge@Igegdols yomgsmolifobgdom, swgogmo dglsdm{dgdgenos, Gmd
(12y) D(r;0)=1, &m@as> Re(ri+ro)>0,
(12,) D(r;1)=1, &m@as Re(ri+r,—1)>0.

sd@000, (10) mobsgodwmds Lads®maosbos m®ogg aoblogymndgdya oo do, oy
Rerj>0, j=0,2 ©s Re(ri+r,—1)>0.

a>gbols 3y 99bJicos F(a,b; ¢; z) 3obds®m@gdymos a,b,c 35@5dgH@gdols bgdoldogmo jmds-
gdbydo (€20, -1, ...) 360dgbgermdgdolsmgol. sdo@md (8) ws (9) gm@Igmgdo odeggs Bao(r)
39963000 5boseoby® Ao @dgergdsls o, 1, 2 35@53gB@gdol 33er0mgdols 3md3en gJby® s@gby.

(11) F(a,b;c;1) = Re(c-a—b)>0, ¢=0,-1,-2,....

0ge@GYds 1. a) 1 30@59y50930  bgdobdogio  ymdiagfbaco  dbodgbgarmdgdobsmgolbs,
Rer;>0, jzﬁ, (9) @0, g5bdodmBgdmaro D(r 1) gabiizos sbosarobymos 1 ;gemow@ols

dmgar j0dsangfba@ bod@dyyby wo dgwdogoo.
b) z pgarowol dwgar m3sayfbad bodGBygbg ow@goao ofal 0goggmdsb:

@3) F(a,b;c; 2)F(1-a, —b;1-c; 2)+z k():(cl— 3) F(a,b+1 c+1z2)F(1-a,1-b; 2—c; 2) =1.

333 30(390> (ob. [44a,b]) gyPbmds 36mboam MsbsBo@mEMbsl, MMAgmoi sgogdoMmgdls Z
s 1-Z 5993963 9dbg sdmgopgdyan 3y 963090l (ob., dop., [61], 14.53):

F(a,b;a+b-c+1z)+

c-a-b F(C)F(a+b—C) _ hr_a_ . _
+1 T@I0) F(c-a,c-b;c-a-b+12), (|argll-2)|<x),

> (edgmoi bowo Lsbom ag0bg9bgol z=1 (g@d@omdo aoyglol F(a,b;c;z) 3y g9bjiools
2obbogym@gdgemdols  balbosml (o3 Fgd@omowsb o0fygds d@oao  bsdwgogo  @g@ddols
©5©gd0m0  Jodo@myegdom). (14)-0l  godmygbgdom godMsgddbsm (9) aobdo@@Bgools dgmey

Lgg@o. dogowgdm
(15) D(r;z)=Dy(2) + z"*"

1ﬂ(r1)1—‘(ro +h+h )F(_ fh— rl)
1—‘(rz)r(_ro)r(ro + r1)

Dz(Z),
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Loo m®03g g96dios D1(2) ws D2(2) dgygmedgemos 2=0 g @oa do:
r

F(1-1,, I, 1 +1; 2) F(1-ry 1y 2=1o=13; 2)

r+r,—1
(16,) D,(z) = det :
CF(l-r1,, r+1 ry+r+1 2) F(-1,r,; 1-1,—r;2)
ro+r,
F(ry,1-r,; ry+r; z F(r,r=1 ry+r;z
(162) DZ(Z) :det ( 0 2 0 1 ) ( 1 0 1 ) .
F(ro+L 1-r,; rp+r+1;,z) F(r,r;r,+r+1;2)

o] dgdmgergdolomgols s@bodbyemos r=ro+ ri+r,.

Tagopomo Z2=1 aoblsgym@dgdgmos m@ogg Di1(2) ws Da(z) g9bjioolomgol, gobsowsb
(16) gm@Igegdols 3oMggen ©s gmeg bggBgodo Ipgomo 3y §9bjEogdolbomgols 3oMmds
Re(c—a—Db)>0 o0 begmegds gOnOM@s©:

D1(2) Re(r,+r—r,+r,-1)>0 Re(r,+r,-1)>0
: =
' Re(2—r, —r,+r,—r,-1)>0 Re(1-r,—r,)>0

D, (2) Re(r,+r,-1)>0 - Re(r,+r,-1)>0 :{r.lj:CT}eQ
Re(r,—-r+1)>0 Re(l-r—r,)>0 !

}:{r,wJ:cTz}e@

5d0®md dOmIsTo [44] dgzoblogmgm gl 3gbdiogdo |Z|<1 §@gPo, Lowpsi dy A7 3G059d0
L@ YA YOHo 0300d9ds o (16) 19bJiogdo sbosgoby@os.

2o9Lol 3039My 9mdgB®oygmo i9bzogdols 3bmdogno mgoligdols (ob., dop., [132], 15.3.3):
(17) F(c-a c-b;c;2)=(1-2)*""F(a b;c;2), larg(-2)|<m,
aomgoolfobgdom  spgoao  gbsdhbggos, @md  (162) gm@dygasTo dgmeg  Lggdol 3y
39630900  3GM3MAGog@os  30@ggmo  LggHol dp  gggbJiogdobs. So@md |Z|<1 §@gdo
939256, o0 2€(0,1) dmbsgggmols §gd@oagdols, a35J3L

(18) D2(2)=0, (|z|<1, z¢(0,2)),
9- 0. Lobgyes@yano dgbsz®gdo (15) RmOIgensdo 0ldmds s gogdbyemdm:
b(a—c)
F(a,b;c; z Z F(1-a,1-b; 2-c; z
(19) D(r;9)=Du(2)=det| @D 2Ty ),
F(a,b+1 c+1 2) F(1-a,—b;1-c; 2)

(Jz|<1,  ze(0,1))
(5] o©bobgemos a=1-ry b=ro, C=ro+ry).
mobobdoe (19) gm@dymols, D(r;z) g9bjaos Ggaams@gmos =0 Fgo@Goedo. sdo@md
o9 (ghBoedo sOlgdmdl dJobo M @opol (omdmgdymo bgdoldogmo MeN @oigbgolomgol.
aog0mgogolfobmo, @md

d F(ab:cz) = I'a+m)I'(b+m) T(c)
dz" I'a) T(b) T'(c+m)

o, 35Tsbowsdy, 2=0 FgoHomdo aoylol 3y g9bjiool M @ogol Fo@dmgdygemo s@ols

a,b,c 3505393900l Goombogy®o  gublios. s30dmd 53 [gOBomdo  @sEombsgryg@os

D(r;z) g96Jzool M @ogol (omdmgdyeos:

m

dz"
(Gogombogma@o R(M; 1y, 1, T,) 96dGool gbowo Loby ob. ©sds@gdodo).

(20) F(a+m, b+m;c+m;z), m=1,2, ...,

(21)

D(r;z)|z=0: R(m;ry, 1, 1,)
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65O ™o [44] ©odB303gd oS, ®md  bgdoldogdo To>0, ri2eN 3s®5dgB®gdobsmgols
LOgaegds  0sbsgodomds (2), Gmdmol dodxggbs dbomg o@ oMol ©sdmogdyemo Z
Ggeroby. 5Toloady, (21) gm®dyasdo dgdsgseo R(M; 1y, r,1,) Gosgombosgoy®o gubios
byl Bmeos gggens >0, I ,eN 360Td3bgamdgdolomgols, g.0. gb g9bjios bymol Gomeos
030359 M:

R(m;r,, 1, 1,)=0.
SdM0go0, gzges [ 3oMsdg@®obomgols, Rer;j>0, jZCTZ, 335J3L

m

dz™

(22) D(r;z)|Z:0:O, (Jz|<1), m=12, ..,

9-0., Gmas Rer;>0, j=0.2, g96Jgos D(r;z) o6 s@ol @sdmyowgdymo Z ggmemby |Z|<1
Fogdo o, sbognobydo aop®dgeagdols dglobgd mgm@gdols dogrom, sbognoby@os ©s dywdogo
Z 3gseol Joger 3md3@gJbgd LoddRyggby. ofgwsb, (121) aomgoeol{obgdom, gmgdbyamdm
(10) o0po0g9mdsl.  (19) gm@dyasdo  (10)  ogoggmdols  gomgomolifobgdom  gmgdygamdm

©obod@ogdger (13) gmmdyast. M
0533303905900 MgmAgdosb 3odmdobo®gmdl, MmI Lsds@mnanosbos dgdpgao

gegao 1. N=2 Fydmbgggs do gm@dagems (2) bods@mmgnosbos bydobdogmo rj, Rer;>0, j=0,2
b0 dgbgerm3930bsmgob.
533 303gd0Lomgols Logds@olios (8) gm@dyasdo dggodsbmo (10). MW

§ 4.2. 4.1 mgmAgdowsh 353m3pobstg Vgogagoo

gegao 2. (13) gm@dyasdo Ygdsgogo dy  B9bJ30gdol  godwsdbs Jnlobwgmg 3y
96JGogd0bomgol  aomlols  ge@dnmgdol  asdmygbgdom  (F(a,b;c;z) ¢96Jcool  dmlsbmgag
9Vmegds 943b ¥ubjiost F(axl, b;c;z), F(a bxl;c;z), F(a,b;ctl, Z)) Jma 33996 jowygg dmgen
M0y M5boBoOEMIgAL 3y B9bJ3090L dm@ol.

dspaomomo 1. dg3agommo  (13) gm@Igmsdo € 3omadgB@ol swbodgbs: C=C1—-1, ©s
2odmg0g9bmm aogbols m@dyengdo

* a,F(a,b;c; z)+p,F(a,b+1 c;2)+y,F(a,b;c-1 z)=0,
a,F(a,b; c; z)+p,F(a,b-1; c;z)+ y,F(a,b;c+1; z)=0,
boo (0b., dsa. [60], 2.8(42), (43)
a,=—-b+c-1, p,=b, y,=1-c,
a,=c(1-z2), p,=-c, y,=(c—-a)z
aodoM@oggools dgdwgy dogowgdm:
{ F(a,b;c;z) b(z-1)F(1-a,1-b; 2—c; z)}
F(a,b+1c;z) (c-b-1)F(1-a,-b; 2—c; 2)
Lbosowsbs, a2b swbodgbgool gagmom w©o  goglbol 3y ¢ubjcool (5) Lodgd®ools
aomgogolifobgbom, gmgdyamdm:
{ F(a,b;c;z) a(z-1)F(1-a,1-b; 2—c; z)}
F(a+lb;c;z) (c—a-1)F(-a,1-b; 2—c; 2)

(23) =c-1,

(24) —c-1.
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sbognmaogdo, b—>bi=b+1 swbodgbol Ygageol o (¥) gm@dymgdol yodmygbgdom,
30909 Mdm
F(a,b;c; z) ZWF(:{—&, 1-b; 2—c; 2)
(25) det c(1-c) =1
F(ab; c+1 2) (1-z)F(1-a,1-b; 1-c; 2)

3525000 2. >egbodbmo @y, by, €1 (23)-(24) gm@I e gddo ©gHgMdobsb@ol Jgmdg
bE®oJmbdo dgdogogro 3y R9bJ09d0lL 3oModgBMgdo s aowoglgom doMggemo s dgmey
LE®oJmbgdo. dogowgdm Gm@dyan gdls:

[ F(a b;c; 2) (b—c)F(1-a,1-b; 2—c; 2) }—c .

(23") det
' F(a,b-1¢;2) (1-2)(b-1)F(1-a,2-b; 2—-c; 2)

(24 det_ F(ab;c; z) (a—Cc)F(1-a,1-b; 2—c; 2) }c—l
| F(a-1b;c;z) (1-z)(@a-1)F(2-a,1-b; 2—-c; z)
[ F(a,b;c; 2) (1-z2)F(1-a,1-b; 2—c; 2)

(25" det (c—a-1)(c-b-1)

=1
F(ab;c-12) z F(l1-a,1-b;3-c; 2)

€-1(c-2)

9603g6>: MmO 20dmdE0boMgmdl ©sdB 03P mgmmgdowasb, (19) wo (23)-(25")
Bo®OIgagddo  gdogoemo dpy  g9bJEogool  aoblsgymdgdymmds  (d@oeo  ze[l,0) Lbogol
aoL{3M03) 03393900, 30@md z=1 (gHBogo s@0l 53 go®Iygagddo dgdogogro ©g@g@do-

bobBgdol  @gygmsdgmo  [gdGomo ©s gl ge@dgegdbo  dgodangds  godmgoygbmo o3
V9o@ogdo 35Tobsi, mmEs o6 LeOgmegds (11;) gm@dygmol asdmygbgdols 300mdgdo.

Loogn gl @sEome ©sds@gosdo B gobbogagmos ©g@g@dobsb@o (19).
90920 3. goboMygommmn mobsgodmdgbom (ob., dop., [60], 2.8(21) s 2.8(23))
aF(a+1b; ¢;z) = 2°d/dz(2°u,(2)),
(@a-c+)F(-al-b; 2-c; 2) = 2 (1-2)""***"*d/dz (z°u (2) ),
oo (ob., dog., [60], 2.9(1), (2) s 29(17), (18))
u(z)=F(a,b;c;z)=(1-2)°*"F(c-a,c-b;c; 2),
u(z) =z °(1-2)"*"F(l-al-b;2-c; z2) =z *F(l+a-c,l+b-c;2-c; 2)
>0l goglbol 3 gobBmagdols 3999g@ols 5dmboblibgdo. (24) ge®dyesdo dg@obols s 2odo®-
0390900l dgdpgy dogomgdm Gm@dyasl Ui(Z), Us(z) sdmboblibgdols g@mblgosbolbsmgols [133]:

(26) wls(z)zw{ul(z),us(z)}:de{ AR }:(1—0)2‘:(1—2)”“.
d/dzu/(z) d/dzu.(z)

50360dbmm, @md (9) wo (10) gmed g gdosb asdmdwobsmyg dgogao

F(a b;c; z) F(1-a,1-bjc-a-b+11-2)| r(c)r(c-a-b+1)
zbfcF(a b+ c+1z) F(l-a—-bjc—a-b+11-2) }_F(c—aﬂ)r(c—b)
©50435b9ds  go@Igmoby W (z) =wW{u,(2),Us(2)} gOmblgosbolomgol, o9 asgomgsolfobgdm
©9BgHdobobBol dgmeg ULggddo dgdsgoao 3dp K9bdiogdols  3ogdodl  303gdggmd@®oyeo
2ob@mengdols 393900l Us(z) 5dmboblibmsb (ob., dog., [60], 2.9(25) s 2.8(23)):

F(l-a,l1-b,c—a-b+11-2) = z°"(1-2)*"‘uy(z),
F(l-a,-bic—a-b+11-2) = (a—c)'z°(1-2)"* °d/dz[ (1- 2)’u,(2) |
s ge@dyamsl (ob., dsp., [60], 2.8(25))

(**)

27) det
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bF(a,b+1 c+1;2) =c(a—c)*(1-2)""d/dz((1-2)"u,(2)).
(27) »obogo@EMbdsTo 53 BMmAIY@gdols gBobols s AododBH0ggdgdols dgdogy dogowgdm
(28) W, (2) =W, (2) =—T(©)T(c—a—b+1)[[(c—a)] [M(c-b)] 'z °@-2z)**"*

3530mgo@ol{obmo  39dg@oli mobosgo®omdgdo, @MIgdoi 5353300 gdl gomlol 3y ob-
A@gdols Uy(2), ..., Us(z) 5dmboblibgdowsb bgdolidog@d Lodl (ob., dog., [60], 2.9(35)—(43)):

(29) Uy (2) = U (2) + B,Us(2), q=16,
bowo ag ©> flg oG G0l ©odm goegd o Z ggmeowby. (26) ©s (29) go@dgagdoesb dogo@gom
(30) qu (Z) = W{Up(Z)’ Uq (Z)}: quz‘c (1_ Z)C—a—b—l,
boos
a, p _
(31) Kyy =Ky = (1= 0)(@, 8, — @ 3,) =(1—c)det[ap ﬁp} TG
. Fa

Kog 3098030966900 p,q=1,_6 0bglgdols yggems s@s@@ogoseny@o 3b0dgbgermdgdolomngols
25dmmgEogos ©sdsBgdsdo B (ob. gm®dygmgdo (B.14) - (B.28)).
gegao 4. o0ogddbom (30) gm@Igamols Jo@bgbs Jbo@y:

W, (2) = u,(z) d/dzu,(z)- uq(z)d/dzup(z)zug(z)d/dz[uq(z)/up(z)]
(29) ge@Iygaol gomgsaolfobgdom sgosb g3myamdm:

’ U(Z) LI(ZO) Olﬂ aﬁ Us(2)  Uus(z)
32 2 - - GoPq %P
< [Ou” (D) (2) up(z)up(zo)de{u(z) u(zo)} 0,(2) U (2,) t[ul(z) ul(zo)}'
Lboowsbs, (30) s (31) gm@dyamgdol gomgogolfobgbomn gwgdaammdbdon mobsgo®omdsl
-yt 1 U(Z)  Us(2o) —
(33) I teu,(t)? dt_(1—(:)up(z)up(zo)de{ul(z) u5(z)] (p=16)

osgomm of p=1, 20=0, z=1 s yogomgseolifobmm (29)-(31), (**) o (14). dJogowgdm:
1
(34) J.[F(a,b;c;t)] to(L-t)" "t _fu-orfc-ajr(c-b)
! I'(c)r(1-a)r'(1-b)
(Re(a+b)<Rec<1)
b oglowgy, (33) gm@dyamsdo p=1, Zp=1, z=00 360dgbgermdgdol gBobs s AodoM@0g9ds
da 996J300ol sbod3dm@Gy®o 360dgbgemdols (ob., dogy., [60], 2.10(2) ©s 2.10(5)) ©s (B.2) ws (14)
BeAIPgdols gomgommolifobgdom agod@mggl gm@dgasl (©sddgogds ob. IOmdsTo [45a)):
0ti0 FZ(C)
(35) J. c a+b-c+1 2
L t(t-1) [F(a,b;c;t)]
(Re(a—b)<0, Re(c—a-b)>0)
Q@I gdo (34) ©s (35) 'Hg]odgm(‘]?)o Jomdmgoaobmm dgdwgao Loboo:

dt = e*'" sinzb'(a)I'(b)I'(c —a)I'(c —b).

] Sinﬂ'C F (C) —c c-a-b-1 %
3 _ _ ,
54) F(C—a)F(C—b)I [F(a,b;c;t)]° ri-n at r'(1-a)['(1-b)
! 1—*2 (C) T ‘A 2.-c _1\c-a-b-1 _ ei "
(35) T(@)T(c-a)l(c-b) & [Fabien] tt-1) dt_F(l—b)'

OmIgeo3, Sbogoby@o  aoa®dgangdols dglsbgd mgm®gdol dogrom, doBmgdyeos @, b, C
sM99396@ gd0lL yggens a3 gJlyg@o (Lol gero) d60dgbgamdgdolomgols.
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Y9920 5. yoybols 3y K9bdogdol 3oMedgB®gdols 3g@dem dbodgbgamdgbols dg@bggom (13),
(23)-(28) s (30)-(35) gmOdymmgdbowsb gmgdygmmdm dnge @oy mobsgomomdgdl Lbgswoalibgs
L3goomydo s gegdgbBodygmo  g9bjiogdobsmgol. dgg60dbmm, @m3 (33) 0b@gydogo
S0mgos g gdgbBod e ¥1bl3096do 359ob s dbmeme d5dob, AmEabsi 8 Ym@Iyeols
domxggbs dbodygdo dgdogoeo 3y 9bJ0900 ghmwEMPgms© asdmoliobgds gargdgb@o®yeno
396Jd30g000m. o3sbmsb, ®my gl byg@bogds 3oM53gHHgdoll  Gmdgemody A, b, ¢ dbodgbg-
amdgdobsmgol, 35TFob gl Fmbgdbegds axl, btm, ctn  360dgbgamdgdolsmgolsc
(Lmn=12,..,, c£tn=0,-1-2,..).

353o@omo 3. (33) Bm@IYmsdo hoglgom b=1-a, t=(1-£)/2. 35dob (ob., dop., [132], 15.4.16)
F(al-a;c;(1-8)/2)=T(c)[(E-1)/(E+1]“V"*PL (E),
F(l-aa2-c; z2)=F(a,1-a2-c; z) =I'(2-¢)[(-2)/(L- 2)]“"*P (1~ 22),
(Ee(-11), |larg(&-1)|<z, |arg(&+1)|<n),
Lbowoi PA(E) — @ggobodol gygbdioss. dggagoemmn swbodgbgdo: u=1-c, v=-a, n=1-2z,
N0=1-22y. 35350BH0ggd0l dgdwgy dogowgdm
J'n dg __ {PV“(U) _ Pv“(no)}.
n (E-D[PrE)]" 2sinan [R(n) P (mo)

35350000 4. (26) BMAIPY@sTo sgowmmn z=17/b. y39]690>
u,(Z/b) us(Z/b)
t =(1-c)(z/b)*(1-2/b)=*"",
biul(ilb) bius(ilb) (1-0)(z/b) ™ )
dz dz

od 25dmbobyagdsdo aogomgsaolifobmm, @mI
Uy (Z/b) = (Z/0) °(L-Z/b)** F(1—a,1-b; 2—c; Z/b).
dogowgdm
F(a,b;c;Z/b) 7°(1-7/b)* F(-a,1-b; 2—c; Z/b)

det = (L-c)Z °(1-2/b)* ",

iF(a,b;c;i/b) i[ 7-°(1-2/b)"*"F(l-al1-b; 2—c; Z/b) ]
dz dz

250030090 bogo®bg b—o0. 35dob (1—Z/b)_bW) exp(Z) o (ob., dsgy., [60], §6.1)

Z 5
ZFl(a’b;C;BjW) F.(a,c; 2),

z -
2Fl(l—a, 1—b;2—c;EJ —5— R (0-a,2-c;-2),

oo 1F1(a,6,7) s@ol gowogga®gdygao 3039y gmdgd@ogemo iublios (393900l g9blios).
9 gao© §rgdygmmdm 36mdom oMol oo go®gdemo 303gMy gmdg@dMoymo yobBmeng-
3ol 53dmbablibgdols Y, (2)=,F,(a;¢;2) wo Y, (2)=2"°exp(2),F,(1-a;2—-¢;-2) g&mbljosbobomgols
(0b. [60], 6.3(2)-(5) s 63(9)):
F.(a,c;2) 7 exp(2),F,(l-a,2-c; - 2)
WY, (2), Y (2)}=det| (
dz
5d539 bgdboo (30) o (B.14)-(B.28) gm@mdymgdowsb dgodengds godmgmo gomblgosbgdo
2O 35M o Yo 3y gob@Bmgdol sbs@hgbo 5dIMbablibgbolsmgols.

F(a,c7) C%[Zl‘°exp(2)1|:1(1_a,2_0;_2)} =(1-c)Z ‘exp(2).
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3opom000 5. (33) go@dnmsBo Boglgem b=-a, c=1/2, t=sin’& z=sin’ny, 2o=0. 35Tob
(ob., doy., [60], 2.8(11)) F(a,—a;1/2; sin’&)=cos2a& 5> gOgoYEdm:

2sinn F(1/2+a,1/2—a;3/2;sin’&)
cos(2an)

1
dé =—tg(2an)=
JcosZZag d ag( )
0
boowsbs doowgds 3bmdogno (ob., dog., [60], 2.8(12)) gm@dgas:
F(1/2 +a,1/2—a; 3/2; sin*£) =(sin2a&)/(2asin &).
353o@omo 6. aodmgoggbmm (33) GemEIgms, GmEs ¢l segbodbmm  c=1-g, £>0,
2580035@0LF 0600 05b550GMds (17) s gopsgoegmn bwgadby 0 ((33) 06@gaGomols
05656500 3Ogdo®ds dsEgomow dn{dwgds). Jogogdm

‘ dt lim &1 2°F(1-a,1-b;1+¢; 2) ,F(1-a,1-b;l+¢; 2,
= € — =
2% t(l—'[)e”b[F(a,b;jl_'t)]2 &0 F(l-e-a,1-g¢-b;1-¢;2) F(l-e—a,1-e-Db;1-¢;2))

0 2°F(1-a,1-b;1+¢; 2) z,F(1-a,1-b;1+¢; 7,
=0 0g | F(l-~e—a,1-e¢-b;1-¢;2) F(l-g—a,1-e-b;1-¢;2) '

od gm@dyesTo (5) Foddmwygbol godmygbgdom s asds-39bJizool 9Fyzgdmdols yomgsgol-
Fobgdom dogowgdm

=I R I g_f 1 - S_f ] 1
J. t(l—t)a+b[F(a,b;];t)]2 n Zo+a|_r>To] {Z Os (e,2) - 74 P (e Zo)}

Zo

Lowos
f(e,2)= D u“’Sl(l—u)bl(l—zu)a*”du} U u P (2-u)"" (1~ zu)* du } :
0 0

06 gaMoe 3995 godmbabyemgdol ©oggmgbio®gds (5) wo (B.2) gm@mdygmgdol aomgogol-
F0bgdom s £=0 brgodbyg goslgms Jmyg399L
Zt’l(l—t)’a’bdt_ln 2 sinzb lab;z)  1abz)

F(l-al-b;Lz) F(l-al-bLz)|

(36) [O[F(a’b;mr —

oo (@, b; 2) s@bodbogl d9dwgy 0b@ga®ogls:

| (a, b;z) = fu-b (1-u)°*(1-zu)*In u@=uy,
0 1-zu

Omas a=l, gom@dyams (36) FoMB0gogds ©s5 ©o0ygsbgds (3bMmdogn  MmobogeMEMbsby
(ob., dop., [132], 6.6.8)
(***) F(14,2-b;2;2)=-z"'B,(Lb-1)=z"'(b-1) "[1- (1-2)*].
JoONE5(3, (36) Mb65835GEMBOL JoB3bgbs TboMgdo a5dmg0496mm GoGInms F(Lb;Lt)=(1-t)™
(ob., 35y, [132], 15.2.12), bognm docxggbs dbomgdo — ogoggmds F(0,b;c;z) =1. dgogasw dogomgdm

1

I t—l(l_t)—hbdt :|n£+ S|n7Z'b qub (1_u)b*l|n 1_ZOU du.
to % T % 1-zu
(0<Reb<1)

5dgwob, 7 @3geoom aofo@dmgbols s (5) 0bGgydomydo [Fo®Imagbol ao3mygbgdom,
2535030396950l Igdgy gogdgemdm (***) go@dyesl.
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3535000 7. bhoglgom (36) @m@dyasdo a=b=1/2 ©s aogomgomolfobmm, @mI
(ob., 3oy, [132],17.3.9) F(1/2, 1/2;1; z) = (2/7)K(2), Lowsi K(z)=F(7/2|z) séol T ggoéols
Lageno gemoglyg®o 0b@ga@ogo. 839690

(7*14) I Z[t(l—t)Kz(t)Tdt =1In(z2/2,) +12{1(UU2,1/2,2)I K (2) -1 (U2,112,2,)/ K (z,)}
>Jgr0sb, (B.33) 93(*2&)81*_];@01) a5mgo@olifobgdom (ob. [45]), dogowgdm
(37) f Z [t(l—t)Kz(t)]’ldt =—(417) {K1-2)/ K(2) -K(L-29/ K(z) }  (2#0, z,#0)

396dnE, 339dbgos 1
(37) _[ [ta-HK3) ] dt=4/x.

112

sbogmyoydow, (37) gmEdymsdo  dggodsbmm a=—-b=-1/2 ©s asgomgseolifobmm
Go@dgas (ob., dog., [132], 17.3.10) F(=1/2,1/2;1; z) =(2/7)E(2), bowsi E@)=E (7/2]2) 6ol
II 3500l LEygao geroxlby®o 0b@ga®smo, 33969

(7%14) I E2(t)dt = In(z/ 2,)+ [#F(3/2,1/2;1,2)] "1(3/12,112, 2) [ #F (3/2,12;1; 2,)] "1(3/2,112,2,).

od go@dyasdo 1(3/2,1/2,2) s F(3/2,1/2;1 ) 360d3bgenmdgdols ‘dgBsbom gmgdyemdm
(38) I tTE(t)dt= —47[71{(1— z)D(1-2)/E(z)-(1-z,)D(1- ZO)/E(ZO)}.

5 D(2) — I 23560l LAgmo gmogln@o 0bdga@sgos (ob. [130], 8.111(5)).
Yegao 6. (22) gm@ddgmowsb, (19), (20) w©o (111) gomgoaolifobgdom, gmgdyemdm
boos@ B ol go@dgemols (ob., dsy., [60], 2.1(30)) sbsgrmgls:
m a-k+1), ,(b—k+1), ,m!
(39) Zkzo(_l)k( ) 1( ) 1
(c—k),,, kKI(m—-k)!
(m=12,.., ab,ceC)

(02039 D990, &, Db, € 3005393 Mgd0L s>@bodgbgdols Lobyl@om, dJoowgds (23)-(25") gm@I gy g-
b005b5(3). dJgseb, mogol Ib@og, Jo@Bogo F00Mgds MoboGo@OOMds Aobbmysgdye Jo3g@-

29mIgBGoge (Lsleyge) ,F(a,; p,; Z)lZ:1 37 300390L dm@ols:

[abc+ab(m—2k)+k(m—k)(c—a—b)]=0

a+m-1,b+m-1,c-m-1, —m;
a,b,c

(40) abc 4F{

lb s H, 11
1}—2m(a+m—1)(b+m—1)4F{a+m Fme=m,=m 1}

a+lb+1lc+1L

(m=12..)

a+m, b+m, c—m, —m+2;
=m(m—1ﬂc—a—b—2m+D4E{ q.

a+lb+1c+1;
‘d9360dbmm, md o3 gm@dymol oMy ggbs Ibo@gdo Jas®o gobbmyswgdaemo Jodgm-
29mdgBOoygmo B1bdEos s@ol bosedyFEol Labole:
@+m)y+(b+m)+Cc-m+(-m+2)=(@+)+bO+1)+(c+1) -1,
bogm dodbgbs Ibo®gdo dgdogogmo g9bdi300960 bosady@ ol Lobols o@ s@ol.

‘dg360'dbm 5x3M9mgg, M3 MmobosBo@emds (40) ‘dgodengds hogfgemo ®sdwgbody Gmaaslio
Loboo, 09 253m3049690m, dogsmomsw, gm@dgesl (ob., dsy., [134c], 7.5.3.(21))

. a,b,c;—m; m(m-1)(m+c-a-1)(m+c—-b-1 a+lLb+lc+l —-m+2;
40') F, _m( )( )( ) {

a-m+Lb-m+Lc+m-1| (@a-m+1)(b-m+1)(c+m-1)(c+m)* *|a-m+2, b-m+2, c+m+1" |
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§4.3. IHogomo (3gmoeols 3y B96J(30950L bmgogdmo mgolgds

(5) 0bdgy®omy®do Foddmagbols Jbasglow, dgdmgommm swbodgbs:
1
1_‘(C) a-l¢q _ \c-a-1 n _ —by _ a. .. _ a.
(41) r‘(a)r‘(c_a) J.U (1 U) Hk:l(l Zku) du_F(C1b1721""’bn’Zn =F C1{b’z}f’

0

(Rec>Rea >0)
bogos
{b'z}ﬁz{bk’zk | k:]_,_n} ={b,z;-b

n?

z,}, n=12,...
S39emols o 30335 g RgMogl Jmbmg@dsgosdo [62] bohggbgdos, @md (41) Gmermdom

2obdodB goyamo  gybios F(g;{b,z}ln] s@0l N 3geoeol 30390 gmdgB®ogeo  g9biios,

@mdgmoi doggnmgbgds 3. osg@obgarsls dog® dgbfsgmomo g9bdizogdols Bodl (ob. [135]).
bodO™mIdo [62] gL By9bJi0s Swbodbyos Fy:

F [i‘, {b’z}lnj = FD (a;bl,"',bn; C; Zl,-", Zn)'

53 g996J00bsmgols Lods@menosbos {o@mImwygbs I 3@0500 (ob. [62], msgo VII)

(@) (b)), z°
42 = a. b, = * K+ ... +k, n i7k; 5 1
( ) (C’{ Z}l’nj Zkl,kz....,knzo (C)k1+__+k Hj:l k]|
Omdgeroi SOLm@ GG  JOgoswos, HMEILs3 ‘zj‘<lj:1_n o] (@)k >0bodbsgl 3mbisdgmols
Loddmeomls:
43) @,=1 @), =@ @) (ask-1= (1D gty
I'(a) I'—a+1-k) (1-a),

39Mdme, N=2 Jgdmbgggsdo (41) o (42) gm@Igmgdo agodanggl o3gaols dp 9ybiosls
(ob. [62], mogo II, sa@gmgg [60], 5.7-5.11 s [130]):

F (g; {b’z}l,z]: F (2; b, 2;;b,, sz =F,(a;b,b, ¢;2;2,),

boaem N=1 99dnbggzsdo — gogbols 3y gg9bdicosl ,F (@b;c;z) (ob., dsg., [60], 2.1(2), 2.1(10)).
bodOmddo [45a] od@goigdymos dgdogao

@agds L cGowgbsc lzil<1, j=1n, @D B30 35635GE S aar0 303908 939E G0 g0
296 30065050b bsds@manosbos dgdwgso @h,90960 900 0565R5GM35:

K
a. o (a)kn (bn)knznn a+k,.
(44) F(C,{b,z}mj—zkno 0. K F C+kn,{b,z}m, (n>2).
533 303gos:  gndzom, n=2. |z,1<1 306mdol; aomgoeolifobgdom, golo®agdamn (41)
RMAIYesTdo dobmdosayg@o ysda@om. dogomgdm:

F [a; {b, z}mj EERION. J' u a‘1(1—u)"“”“ll_[r;:(l— z,u) *(L-z,u) " du =

c T T@r(c-a)

—& “ 1_‘(_bn—i_l) 2 Yk a+ki-17q  yc-a-1 n1:, —by
T I(@)(c-a) L kn!F(—bn+1—kn)( Z,) Jo“ (1-u) [, (1-zu) “du.

5Jgob,  (43)  mobogodmdols  pomgomolifobgdom, gmgdymmbom  ©sbsdF ozgdge  (44)
QOO0 L. |
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d9603g6>: (41) Rgm@IYas 0bos@hybgdl sbAOL N=0 860dgbgemdolomngolsE, My gogom-
gogoli{obgdbo LEsbps@F g dgmobbdgdgdl: H::m:]" Z::mzo, Om@Es N<Km. 3g®dme, (3)
RmAdgeols yomgomolifobgbom (41)-sb g3myamdm
1
(41) F [2; {b, z}oj=&j ut(l-u)**du =1,
[(@r(c-a) s
bogm (44) gm@dygmmols do@xggbs Ibs®gdo 53 gogaol dg@obs agoderggls

k
(8 () Jor (2 |- TO 5 F@AOTOH) g fask, 0 |y @002
c ! I'(a) =*° I'(c+k) k!'T'(b) c+k 0 =0 (c), k!
— 3(g6ogL g)o‘g]bob 30390 9m3gBd@ogeo  gybjoobomgol. @m@Es N=2, (44) go®OIgws
23593l 3530l 53geols s aoylols J039MgmIgd@ogee §9b6JiEogol dm@ols ([62], 11, (15)).

0gerdgds 2. N ;gerswol 33 abiio0bomgol (41) spgoaro syl dgarob-39@bbol Gosob
06598 @@ [o@dmwggbslb N-ag@oo gobdgm@mgdomo 0bBga@msgrols bsbom:

(b
(45) F( {b,z}. ] 27i) j ds, . j ds,J T, ,r(=s) (r(;;)( J;ﬁii:ﬁiz;?g

59§ 30390 (0b. [44a]). n=1 dgdmbgggsdo (45) gdmbgggo 6g@blols 3mbGydgm 0bdga@smls
aogbol 3y 99bjioobsmgols (ob., dsp., [61], 14.5)

Floib,z =(2ﬂi)_lf.wdsf(—s)m-( 2y: L@+9)T(0)
- s r(b) F@)T(+s)
9-0. 53 FgdobgggsTdo mgmdgds oGogdgmos. g360dbmm, @md n=2 Jgdobgyzsdo (45)

0d@ggs 5390l Fy 36 oobsmgols 36mdogn gm@dgasls ([62], msgoll,(25)) s, dsTsbowsdy,
0gm@gds doGmgdygmos 53 dgdmbgggedogs.

3985390 mm 0beyJ309®o ©sdggds

a o e i, o LB +58) sT(@+s+..+s,,) T(c)
F(c’{b’z}Wj_(Z”') [ g I S OR T (b;) %) T(c+S,+..+5,,) T'(a)

> 25M53J3bom (45) gm@dyamols dodxggbs Jbody:

i o i n F(bj+sj)_ s L@+s+..+s) T() _

(46) (27i) "] ds,[ ds.pf dsl]‘[jzlr(—sj)—r(b_) (=2)) T(Crs,tots) T@
_T©) 1™ oy Dby+s,) a+s, | @+s,)

T @) [ 9 Ts) —pese(-z)” [C o {b,z}l‘nl] fers)

OGS 30Ms39dMgdo @, b, C 5@ oMol Jmgmo sOssgdomo Moibggdo, 358ob 0bEgy@SEn-
J39ds>  gubdiosl  (46) godmlobymgdol ot ggbs Ibs®gdo oJgl do@Bogo  3mergligdo
FgoHomgddo s,=k, k=0,1,.... oy odsgy ©éml Re(a+b,—c)<0, 85906 0bygpGomo o3
396300006 oM ggbs (3mI3engdlyg@) bobgge®dlod®@ygdo gobmsygdygen  YlLolGyem  @owo-
9Lol {@9Fodbg doob{®sggol byaoliggh o (46) 0bBga®ogo godmolobgds o3 §g®@Eoagddo
>0 gd g0 bodmgdol xodol Lobom. (44) gem@dygmmols yomgoeolifobgdom dogowgdm:

r'(b;+s;) s F@+s+..+s,) I'(c) _
(27i) .[ I ds Hjll“(—) r'(b,) (=2) r(c+s,+...+5s,) r@

= (@), (bn)y an a+k. a.
=Zk:O (C)k F F C+k’ {b’ Z}m =F C’ {b’ 2}17\ '
sbogoby@o gog@mdgangdol dgbsbgd mgm@gdol dosgrom, gl Jgegao Lsds@mearosbos a, b, ¢
35M5dgB@gdols bgdolidogdo (3md3engly@o) dbodgbgamdgdolsmgols. |
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(41) o (42) 25bdo@Bgogdosb godmdEobs®gmdl, Amd N Ggasol dy Ryubdiosl oJgl
Lobyyans@mds z,=1 [goFoaTdo. 53 Lobyyms®mdbol dybgds n=1 dgdmbgggsdo o0 gMg9ds
(14) gm@Edgeom, bogrm N>2 dgdmbgggsdo agodgl

0gerGgds 3. N aansol 3039089009830 qabiool (41) bgdobdogmo n=1 dbodqby-
@mdobsmgols ogal dGoaro 7, Ggero@ol jmdiagfbam bodddygdo 7, =+1 [adBoeropsb
2L bG35y spgdomo ma@dol g5bFe@0g, J90dm@, Swgoaro el mobsRsmomdsl
—a- a), (b
@n Fl2 (b2 _I(©r(c-a b)Z @, (),  (1-z)" . a+k;{b,z}7 .\
c ') T(c-a)(c—b,) “-o (1-c+a+b), k! h Lot

c-a-by, 1—‘(C)l—‘(a'i_bn_c) (C_a)k (C_b)k (1—Zn)k" Cc— b +k
F@MG) oo (rooab), K [ c-b, {bz}“-J

+(1-2z)

533 303g0s. N=1 dgdmbgggodo (47) ©s0ggobgds (14) Rm@dygasby. N=2 dgdmbgggsdo
(45) ge@dgesTdo 2odmgoggbmm bg@blol (36mdbdogno grgds (ob., dop., [61], 14.52):

Ta+ty )ﬁéfi ; )I;‘i;f)r(ﬁ *9) _ (24} [ D@+ )N+ Or(-HrE-nat
@mIemol msbobdowsz 339690
r'@a+s,+...+s,)'(b,+s,) _ 1 J‘y“‘” Fa+s,+...+5,,+t)T(b,+t)I'(s,—t)'(c—a—b,—
rc+s,+...+5,) 271 9y~ I'(c-a)l'(c—b,+s,+...+5,,)

Y 4.

o 7 = bgdoldogdo bodwgoemo @oibgos, olgmo, Gmd I'(s,—t)['(c—a—-b—t) asdmbsbyagdols

3m@yligdo  gmI3engJlyd t Lod®Rggdo aobensygdmemos LoobBga®m abol dsdxgbog, boaoem
F(a+s,+...+s,,+)I(b+1t) godmbobyagdols 3menylgdo — ULosob@Gga®m abol  do@bbog.

3290 YOO

I . s;)

(5 et g gy ] re | T e "R oy
xijjmr(b FOI(s _t)F(c—a—bn—t) I'(a+s+..+s,,+t) dt L d
2mi J, i, " ! I'(b)r(c—a) Ir(c—b,+s,+.+s )

09 ¥ 35M3390HOL sgodhggm olig, ®mI t s s, j:ﬁ, 36993k dm@ols dobdogrols Jggoo

bogo®o oymlb swgdomo (byamolasb aoblbgoggdbyao), 35dob o3 gmOIYmsTo wsbisdggdo
0J6gds (ob., dogy., [61], 14.53) 06@ ga®gdols msbdodwgg®dmdols (33(33530. 3394690

a. _I(c) 1 7 I(b,+t)I(c-a-b,~t) N _
F[C’{b’z}“j‘r(a) 2wil T To)rE-a) {mi I_.m( B TESITG t)ds}

F(b +5)) ., I'(@a+s+..+s,,+t)
_J. d ( ( Z)] 1 n-1 .
o > T'(b) Y T(c-b,+8+..+5, )

33°005G e g@hboggddo Jpao®o 0b@ga@omo  Gmeos 0b@gydsmdggds  gybjiools
bodmngdol xodols I'(=s,)I(s,—t) ao8mlobyagdbols 3menyligddo:

1 ——— = (1) B 1 (D)'(=z)" _
27i jiwr( SEZ)TE-0ds, =), CZ)TA-0=2.., zsinz(l—t) NT(1-1+t)
e asinz(=t) '(1+1) L(L+t)(-z,)' IRV
=210 zsinz(l-t) I( t)|!F(1—|+t) (D'C2)'=TC02, Inr(1-1 t)_r( Hid-z,)

>do@m3d dogomgom



106

_ _I(c) 1 (7™ T(b,+t)T(c—a—h,—t) .
F(i'{b’z}mj‘@zﬁjﬂw R(b)  Fe—a) (- HTED

oo

x{H”-li-f (cyr(s) TS T s ot o0t t) g }dt.

1= 271 T(b,) T(c—b,+s+..+5,)

—loo

ofgwob, T(c—a—-b, —t)I'(-t) aodmbsobyagdol 3meyligddo 0bGgadoedggds  gybjiools
bodmgdols xodols podmmgerom godmgom (g3 geolbdmdm, Gmd y<0):

r « (=1 T(b,+k
F(g;{b,z}mj F(a)l“(((i:) a) Zko -Z,) (k!) g(;;))l”(c—a—bn—k)x

1 - L(b;+s;) T'(a+s,+...+5,_,+k)
X{Hu 27z|.[ (-2)"T(=s) r(b) T(c—b,+S+..+5,) S}+

(48)

F(c) B ”bZ k( 1)*TI'(a+b, c—k)l“(c—a+k)><
F( ) k= 0 ) k! r'(b,) I'(c—-a)

a1 . I'(b;+s,) T'(c-b +s,+..+s _,+k)
| (cz)T(-s;) — v ———ds; (-
X{Hl—l 2ri J-_iw( ZJ) ( SJ) F(bj) I'(c—b,+s,+..+5s,,) >

25M©o3Jdbom (48) asdmbsobyamgds (43) go@Igaols o 42 mgm@gdol gomgsgolfobgdom.
030d69%>

a. _ - (1-7) Z) (-D)'T(c-a-b,—k) _(a+k,
F[C’ {b,Z}Ln]—F(C)Zk_O {( ) (b )k F(C—a)F(C—bn) F[C_bn’ {b Z}ln 1)

(- 2)"*" (c=a), (c—by), EDT@+D—c k) F[‘*bﬁk; {b,z}m_lj} =

T(a)T(b,) c—b

_T(e)I(c-a-b) ¢ (1-2)" (@) (b) a+k.
- T(c-a)l(c-b,) 2 k! (l+a+b,—c), I:[C—bn’ {b’z}nlj M

c-a-b, 1—‘(C)l—‘(a—l'bn_c) *© (:l'_zn)k (C_a)k(c_bn)k C—bn+k.
I'(a)I'(b,) 2 ki (1-a—b,+c), F( c-b, ’{b’z}n—lj'

+(1-z)

sdMogo, geOdogyg@s (47) ©o3R30(3g0Yos. IR 303900l olol®ymgdmow s do-
@obos gohggbmm, Om3 of dgdogog m@ogg I[73M03L aoohbos Log@mem 3@gdsmdol o@y.

QIOTET ‘Zj‘<l/2, i=ln-1 |1-z,|<1/2, gl spgomos Esmsddgmol 60Bbol asdmygbgdom, 0y
3030mg5ol{obgdm (42) s (43) ge®Igmgdl. 3geoms s>@bodbym s@gdo o3 IF3Moggo0m

oblobmgdyyamo  gybjiogdo  Sbosgobydos o  (47) ge@dyms  odanggs N 3geosols
3039M29m3gBMoygmo 536300l sbogroby®o asp®dgangdols dsgoeomls. |

300537 90m0 (47) gem@dges dgdpgao Loboo:

a. _T(e)rc-a-h) v- 2z (@)(b), a+k
F[c’{b’z} 37 Onr 1= “] " I'(c-a)T'(c-b,) 2 k! (1+a+b,—c), F(C_bn b Z}“J
(49)
c-a, L(c)T'(@+b,—C) . (c-a) (c—b), ~(c—h+k .
+Zn F(a)r(bn) k=0 kl (1 a— bn+c)k ( C—bn ,{b,z}m_lJ

‘dgg0LFogemm dodxggbs dbodgdo dgdogoano IF 3@0ggdo.
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Fobowowgds 1. z,...,2, ggars@ol bomobbegsbo Jffbog0

1"n

Z:;O (@) (bn), an F[a:k; {b,z}mj:

(C), k!
k ky+..+k n-1 bj kAijj
(50) _Zk 0 (a), (b,), 2, Z (@+k),,. T (), _

(), k! B I () P 91

k;
:ZOO (a)k1+...+kn71+kn H;Ll (bjlzkjlzj _ F[a;{b,Z}m;bn,ZnJ'
. it

oo @,y (@), c G

50b6b5 brgmogl o3 garo@gdol 35 qabz00b dayogrgw do ‘ZJ.‘<1, |Zn|+‘zj‘<1, j=Ln-1n>2.

IO @3, (50) 37300301 3m92830(3096@9d0 o3dsgmxzomgdgb dn®bol 300Md9olL dBsgoeo
3 o0ls 3039Magmdgd®mogmo g9bJiool 37 3Mog0bsmgols (ob., dsy., [60], 5.7(2)):
dnsgogro  gero@ol bo@mobbmgsbo I yGog0 z:jio Akl...knzkl"'zkn od dfymog0l  jG59050080b

j=ln

o9 do  gobbs bwamogl 7,,...,1, Ggero@gdols 3039M59m395@0aer  abii0ob, oy Rabiji;0900
fj(kli---vkn)Z(Akl...kj_lkj+1k“...kn)/(Alk...kﬂ_ k. k) @oGombognados K gaarogdol dods@om, j=1n.

3mbdsdgdol Loddmenml (43) 4obdo®@gdol msbsobdow, (50) I(3M0g30L 3mgn03E0gb@gdolsmgols
dm®bols 306mdgdo gl yan gdyemos:

f (k k)= Aklkz...kj,lkﬁlkjﬂmkn _a+k +..+k, bj +|(j S
j 1™/ T A - k k k l ’ J_ ) y
kyky ki1 i Kjagerky C+K +...+K 4 it

(5D

)= Aklkz..‘knflkn”: a+k +..+k, bn+kn,
A,k ik, c,+k, k,+1
7360300 3M9domdols oGy ogoa0bmm Jn®mbol gubjiogdol (ob. [60], 5.7(40))
q)j(kv---’kn):!LrQ f,(tky, ..., tk), j=1n-1, q)"(kl""’k“):!LrE f, (tky,...,tk.)
aodmygbgdom. 3y IF3M0g0lL  3@gdsmdols  sLmEoo®gdygmo  @opoylgdbo  asdmobsbgds o3
36JG0gom: R =|0;(Kyvwoiky)| s 121N -1 R,=[@, (Ko k)| S (5D goddgmgdol  mobsbsw,
(50) 3§ 3@0g0Lomgols g3 ygemdm:

(52) R =[ @, (K, k, kit tke Al ko
. . K +...+ K, K+ ...+ Kk,

odgresb Rj+R =1 @o3 ggbodsdgds Fobowswgdsdo domomgdye s@gdsmdols s@gl. M

f (K,

,j=1n-1 R,=|®,(K;k,)|

dgb0dgbs. MmEglsi N=2, gybjzos (50) asdmobobgds IFgMogom, @®MIganoE 03M0dgds

o390l F, 396J00baggh (ob. [62], 11(12), symgmgg [60], 5.7(7)):
Ky o ko
(50') F( bl(’:lzl,bz(;:j Z:‘kzzo (a)kl(*(':‘;:ii k)lk(bz)kz T(ll!iz!:Fz(a;bl,bz;c,cz; 2,2,)=F,(a;b,,b;c,,c;2,,2,).
53 3§ 300g0L (SdbmEgBY®0) 3OgdoEmdol 5@y, MmamAE 3bmdoamos ([60], 5.7(42)), scols
M®5b%mdoen gdosbo  Lodden gJlo |Zl|+|22|<1, boam (49) mobosgodmomdbs 53 dgdmbgggedo
hoo{gmgds o3gamols 1ubdogdom:
I'(c)I'(c-a-hb,)
I'(c—-a)T'(c-b,)
c-a-b, r(C)r(a+ bZ—C)
I'(a)I'(b,)

F.(a;b,b,;c;z,1-2,) = F,(a;b,b,;c-b,1+a+b,-cC;z,2,) +
(49')

+Z,

F,(c-b,;b,c—-a;c—b,, 1-a-b,+c;z,,7,).
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0ge@gds 4. (30) I G05000 5obds@B a0 N aars@ols 3039689095 G0aar0 39605

b’ bnyzn
u(zl,...,zn):F(a;{ }1”‘1, Cn] SQdsgmRoangdl  dodwgso  bosbol  Jgmdy  Gogol  j9@Gde
C

[o@mdmgdaangdosbo ©oR9@9b¢z00er@0 356G margdgdol boldgdsb:

_(c+z_l , ][Hz aij (a+z_l I—i][b.+zj6%j]]u(zl,...,zn):0, j=1n-1,

0 0 n 0 0
c.+z — ||1+z — |z ' —la+>. z —||b +z — ||u(z,...,2.)=0.
_( n n azn]( n azn] n { Z,=1 |azi]( n n azn]:| ( 1 n)

0383 30(399>. 0Lg39, MMYMAOE bsdOHMIdo [60], dgdmgommm Mm3g@ds@mmgdo

(53)

> (51) gm@dgeol dodxggbs Ibodol dMobggals s db0dgbgendo das®o 3merobmdgdo
>0360dbmm, dgbsdsdolsw, Gj(K) s G(k)

(a+ky +otky+otk )(by+ k) =G (Koo Kjynniky ) =Gy (K),
(54) (cky otk +otk ) (14K ) =G (Kyn K ky ) =G (K), ]
(c,+k, ) (1+k,) =G, (Ko Ko kg ) = G, (K).

1,
Ln-1

-1,

L J,
bomgeros, mMmI yggews 53 3m@obmdol bo®olbbos pj=2
‘393500006000 3g@dm Fo®dmgdyen gbosbo ©0xgMgbiosmu@o gsbGmangdgdols Lol gds

(55) G(61008008,) 5" = G(8008),.8, ) (2400 2;,,2,)=0, j=1n.
n=1 dgdmbgggsdo (53) go@OIgms mgdyamdls dgdwgy Lobgl:
[(c+6)[1+0) z’l—(a+5)(b+5)]u(z):0
s, 35dolboadg, gdmbggss goylbol gob@mangdsls 3y I 3@ogobomgol. sd@ogew, >3 dgdmbgg-

35790 mgmegds JoGOmgdgmos. dggb0dbmm, Gmd oy n=2, (53) (oo (55) Gm@IYmydo

gdmbggge 3g®Odm  [o®Imgdymgdosh aob@mmgdsms Lol@gdol o3gemols Fy ¢39bjioobsmgols
(ob., 3oy, [60], 5.9(10))

[(c +6, )(1+6,) 2z, —(a+6, + &,) (b, + 51)]u(21, z,) =0,
[(c2+52)(1+ 8,)z, —(a+38, +6,) (b, + 52)]u(zl, z,)=0.

@00l 5dmbobblog ofgb (50') ¢gM0g0L  Loby (Lod3mgdlby |z]+]z,] <1). 3sBobowsdy,

0 g gds oM gdygeos >3 dgdmnbgggsdogs.
(50) obdodRgdols pomgomolifobgbom, aomsgddbom (55) gm@dymols do@ibgbs dbody.
30039e N—1 godmbobyegdsdo y39469ds

C Cn

= (azz()k:)k{ik| {[C+Zl:5ij(l+5j)Zj_l—(a+kn+§5ij(bj+5j)}F[azk {bz} _ J+
{(@—kn) in::}(bjwj)F (azk (b2}, 1]}

2530m35e0b{obmm, dmI (ob. [62], msgo VII, §39)

[(c+51+...+5n_1)(1+5j) ;' (Ga— Ko+ a+k+ 8 +..+8,,)(b+7, )} FLa;{b’z}l-nl' bn,Zng
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Kc +§5ij(1+5,.) z,.l—(a+ K, + E@J(bﬁ-é’j)}F(azk”; {b,z}mjzo, j=1n-1,

i=1
(5,—k,)z," =0,

9-0. (53) Lob@gdol 3oMggero N—-1 aob@magds 3dogmBogwgds.
od LobEgdol dmenm asb@magdols domzbgbs Ibs®gdo 353l
{bz}__ b, z]

[(cn +6,)(1+ 6,)z, = (O—kn+a+ K+ 8 +..+ 5, ) (by+ 5n)}F (a e
c

» (@) (b), 1
=ZKH=OW{[(C“5")(“5“)Z" —(5n—kn)(bn+5n)] w F(a-;k {b, Z} j

n-

kn

z, K,. -
— (b,+5,) ] (a+kn+51+...+5n1)F(a+C ,{b,z}mj}—

n-*

K, L

o o S )

(a) () zo* o (@) () 2 L 2tk )
{ “ (e s (K-D)! " (c.)y kn!(“kn*Z-ﬁ)H ¢ '{b’z}n_l]—

(@) (b 1 a+ko+Q, 6
-y 2, {F("Hhk {b,2}. J— 2,0 [azk”;{b,z}ﬂj}:

Z,

(k,—1)!

=2

— (by+k,)

{ (c, +k,—1)

(. k,! c - a+k,

o (@) (B nk"
> on ;! {(a+kn)F[a+1C+k {bz}n] (a+k+ X6 )F [a” {bz}m]}.

o] Bogudya  g@dhboagddo Jpgodmo  godmlbsbyamgds =0, gobsowsb, (42) gm@Igeols
0obobdoE, 835430

(k) B[ 2L o), -

0 F(a +1+ k + k +...+ kn 1) Hn—l (bj)k] ijj
k20 T@+14K) (), i S

Z C@+1+k,+k+...+k, ;) Hn—l (b)), Z,-kJ 3
B Kook =0 I'a+k, )(C)k+ +Ky 4 = kJ! )

L (b)), 2

[1.——=
j=1 o
k,!

=(a+k,)>.

a+ky), .
-3 (a+k,+ |<1+...+|<n_1)M

Ky, Kp_1=0 (C)k1+...+kn,1

K,
:(a+kn+51+...+5n1)|:(at: {bZ}Ln 1}'

9-0. 33ogmgomegds (53) LolbEgdol deaam gobBmengdse. |
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dOogomo (33eoo0ls 3039y gmdgBHogeo gybjiool bgdmm dmygsboeno Fo@mdmwy 9bgdowsb
30d03d©0bsMgmdl Modegbodg Lolbo@ygdberm msbogo®omds [46]:

L. 0b@ga®ogydo (omdmwygbs (41) dgodengds godmgoygbmm F[g;{b,z}l] 396300k

20M©5Jdbol mgolgdgdols wobswygbop. 39@dmw, (41) 0b@gadomdo dgdwgao holidgdbom

u=1-0
1-0 . —
= :1| ]
1-z0 (J )
a o —
-————  (j=1n)
(1—zj)+zju ( )
>3 g9bJoobsmgols dogowgdm 2N+1 mobogsdmdsl (ob. [62], 38(10)):
a. — n _ ~by C_a Zl .. Zn —
(56) F[C’{b’z}an_Hk_l(l Zk) F[ C ’bl’ Zl—l’m’bm Z, —1]
-z [T @-z)F| © Ap Ak oy BB e gy Bl oy BT
J k=1 k C S 1_21 R o 1_ jl 1) J+1’1_ ] l)"'! n?! 1_Zn

Z.—1 -1 Z Z7.—17, 7.-1 . —
1-z)°F b,g'...'b. oSt p L -p S Cidl. o 210 =1n),
=(-z)" ( Y1 -1 7, -1z, -1 zj—ll (J )

i j
Lowos Lodsd@ogolomgols smgbodbgm
b=b,+..+b,.
9L m5bogoOOmdgdo Joowgdl YBO®m dnbgdbgoya Lobgl, my dgdmgowgdm 5@bodgbsls

1-z;,=12;, z;=1-7;, j=1n.

239J690s:

a. _TT1" 5 bl C—a. 1. . 1 -
(57) F(C,{b,l—z}LJ—Hk_l F(  b,1- 2 ,---,bpl—z—jv--'bn' ‘z_J‘

c-a n _bk c—a. Zi zi z |
:ZJ H F( b 1_ J 1b] 111 C bl Zjlbj+l7 Z._Jl-.-,bn11—Z—JJ_
k=1 J 1 j+1l n
=7 °F | &byl 2.b, , 1- b1
_Zj C’ 11 _Z_j,---, j-1 .’ j+11 J, Moy —J

(b=b1+...+bn; j=1,n).
39Mdme, N=2 dgdmbgggzsdo (57) 335de g3l 5 mobsgodmEmosl s3geols ¢9bjioobomgols
(57) F.(a;b, b, ¢1-2;1-2,) =2, _sz[C a;b,b, c;1- 1 1 1)

2

c-a-b,, -b, . . . Z c a-b, z
=7, bzzbFl(c—a,c—bl—bz,bz,c,l—zl,l—2—2] z; - F(c a;b, c—b,—b, c;1- 22 1—22]_

l Z2

_z‘aF[ac b,—b,,b,, c;1- 1 1_ﬁj_z‘aF(ab c—b,—b,,c;1- Zl 1—1j

o300 dgbodhbggos, G™I (56)-(57") gm@Igengdo sbmgogdl aogbols 3y 59bjioolomgols
bmdoen 393g@0l mobsgo®mmdgdl (ob., dsp., [60], 2.9(1-4)), 39Mdmw, (17) Geo@dygmsl.
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2. (41) 0b@ga®omy@o [omdmwygbowsb godmdeobs®gmdl, G™3
' ]

F(C)(bj)| a+1-1 c-a-1{1 _ b - n _ by
(58) azj [ bl’ Zl’ ey bn’ ZHJ m 6[ u (1—U) (1 Zj U) Ht;}(l Zku) du =

_ @b fas, b, 2.0, +1,2;...3b,,2
A+, 2 2 ,

(©), n
n 6'1 a a+l F(a-f—')F(C) 1_‘(b +1, )
59 —F | %b,z;..5b,, 2, b+, z5 b+ Lz, _—
CONEN I I# o [c’ j (c+| e h ]F(a)F(c+I)HJ " T(b,)
(1=l+.+1,, 1;=012, ., j=Ln)
39Mdme, N=2 993mbgggsTo (59) agsdegsls (ob. [62], §IV,(19))
' o' _(a . ( )|1+|2 a+l,+1
(59) WF(C;bUZl’bz’Zsz(b) (bZ)IZ( )I+I C+|1 |2 b-‘r‘l Z b+|

bogom n=1 9gdnbggzsdo gmgdoymmdn (20) go@dyamsl aomlols 3 gybjioolomgols.

3. (42) 3F3M030L @aodmygbgdom swgoee IBoELgds, G®MI  Lods®merosbos dgdogao
05bogsMEmdgbo (Jggdmm smbodbyeos b=b+...+b,)

(60) (a+3.5,)F - aF(aH b, 2. ,bn,zn],

(61) (c—1+zj”_15j)F=(c—1)F(Cal,b 2. ,bn,znj,

(62) (c—a—zjll[bjzj—(1—Zj)§j])F:(C—a)F(a L,z ,bn,zn];

(63) (c—a—b+2?_l(2j‘l—1)5j)F=c‘1(c—a)(c—b)F(Cil,b ;. ;bn,zn];

(64) (§,+b,)F:bIF(g;bl,zl,.. b+L7; ... ,bn,znj, |=1n;

(65) [c—b—az,+z,zj”1(z;1—1)5j]F=(c—b)F(§;b1,zl;...;b 17 .. ,bn,znj, I=1n

0dols gomgoolifobgdom, G®I bgdoldog®o sbogmobydo f(z) gybjioobsmgols
(G+M) S +A+D)..(S+A+1-D)f(2)=2""dd' [ ()], 1=12,..,
(9L mobogoMEMds segoes InFdogds 0beyJicoom), (64) o®Iaowsb g3myamdm

0! .+
(66) E{zf’ F [ bz bz ;bn,znﬂz ()2 'F (g;bl,zl,.. b+1,z;; ,bn,zn].
j

QoA s (66) sbmyowgdl N=1 dgdmbgggsdo gogbol 3y ¢ybjoobsmgols 3bmbdogn
(0b., 359., [60], 2.8(21)) M5bsRsGOOMEYALs
d'/dz'[zb”‘lF(a,b;c;z)]=(b)|zb‘1F (a,b+l;c;2), d'/dz'[z“"lF(a,b;c;z)]=(a),za‘1F (a+l,b;c;z),
bogm N=2 dgdmbgggsdo agsdemggl dglsdsdol mebsgs®mmdgdl s3genols 3 59bjioobsmgols:

0'/0z, [ z**'"'F(a,b,b,,c;z,,2 )} (b)), 2> 'F (a,b,+1,b,,¢;2,,2,),

(66’) b, +1-1 b,-1
0'10z, [ 2*"'F (a,by,b,,C;2,,2 )] (b,) 2% 'F(a,b,b,+1,¢;2,,2,).
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3ob6350@ gds. gonbol s s3garol 35 Rubi;0980b Sbogrmgogdow, N gars@olb Mm@ 30390-
3JIMNBH0gar  Rabi000, @dganms  5@sdyB@gdos, dgbsdsdobow, a, b, by, ..., b, b, c,
gafeoreeme 9G0dsbgmolb sbeoodgdaaro, oo

(67) a—-a'=l, b,—-bj=k, .., b—b =k, c—c'=m
bowss |, k;, (j=ﬁ) o M s@ol bydobdogmo dogaro (@s@gdomo sb go@yemanoma) @oibggdo.
od 303908903950 @ RabJ;093b galmema  gEmdsbgmol dmbs beghg, g |k, (1=1n)
@o M Goibggdowsb Jboranme Gmdgarody gomo =x1, w@sbombybydo j0 baeol Bmemos.

4. (60)-(65) gm@Igemgdo dgodangds aobgobogrmm, Gmam@E3 2n+4 §Ogogo aobGmergdols
LobEgds, Losi 9Ebmdgdos N ggeswols 3y ¢9bjiools Fo®dmgdygagdo 5J-F, j=1n. 53 Lols-

Agdowsb 3y BybJi00l Fo®Imgdaamgdols dgdggero dglogdgdgdol asdm@oibgomn g3myamdm
(09503 mobogodmomdgdl 3y F 539biosbs ws dol dmbsbmgdyg 19b6J30gdl dm@ols:

(68,) (a—b)F—aF(agl;bl,z . by, n) Z [ b+l z ,bn,znj 0;
a-1,
(68,) (c—a—b)F—(c—a)F( c b,z ,bn,znj
n a. . _n-
+zj_l(1—zj)bjF(C,bl, sbi+1z; . .,bn,znj—o,
(68,) c(c—a—z:ﬂzj‘lb )F (c-a)(c— b)F( a .p oz ,bn,znj
n _ a.
+czj=l(zjl—l)bjF(C,bl,zl, b+1, 755 ,bn,znj 0;
(684) (C_b_l)F_(C_l)F(Ciliblaz ey n! nj Z ( 1y ** ,b+112 seey n’an:O;
(68;) [zl(b—a—z:lzjlbj)Jrc—b}F — (c—b)F(aC;bl,zl;...;b,—1,z|,. ,bn,znj

+ZIZF_1(Zjl_l)bjF(i;bl’Zl;" b,+1,2; .,bn,znjzo, l=1,n.

) J’

od gm@dygmgdoesb N=1 dgdmbgggedo doowgds goybol 15 Ebmdogo msbsgo®@mds
(ob., dop,., [60], 2.8(31)-2.8(45)), begnm N=2 Jgdmbgggsdo (68) ag5derggl mobogom@mdgdls s3geols
396Jd300bsmgols, ®MIgemsash bmaog@mo dmzgdgeos dmbmadsgosdo [62] (ob. [62], §IV, g3. 20).
(68) B@IYegbosb 25dMAE0boMgMdl, @M Lodo®mmosbos dgdogao mgm®gds:

ogeigds 5. U" bogégol ymggar 2=(2,,...,.2,) F90doendo aoom@obgansl 33 9mbjioo F
o dobo Jobsbwgdg 2(N+2) Rabgiooesb

F atl, b, z5..50,,2, ], a b,z;5..50,,2, |, F ab+lz bzl F a;bl,zl;...;bJ_rl,z
C n n +1 n n C n n n n
N+1 o83 dodgdaemos [HGa050 05659350 M3E930m, Gmdgarms dabom9393L drmol sGsbs ey
N=2 dgoio5b 0650930 F( b+1,7;5...;b,, n],...,FKC;Q,12;...;bn+1,zn]. o8 m5bsgs@H@™m3930b

99009603900 @gombsgradmos A, by, .., b, C o@odyb@gdobs ws Z2=(2,,..,2,) [9GB0er0b
JOOG0bSB 0l JodsGor s Jso dmGol bmgogdmo dgodengds baarols Gmaroi ogml.
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obgomo MoboRs@mEMdols o omomos Q@IS

) aF[a; b, 7. b+1,7; ...,bn,zn}t(b—a)F:ZjlbjF(‘é‘;bl, Z; ;b1 2;; sz

(b=b,+..+b,),
@edeols 3gddm dgdmbggggdos aogqbol gm@Iges (ob., dsy., [60], 2.8(32)):

aF [agl; bl,zj—(a—bl)F(g;bl,z]=blF(g;bl+l,zj
s ge@dyges, dmygsbogno  dmbma®sgosdo [62] (ob. §IV, a3. 20) s3gaol gybjioolomgols:
aF (a:l; b,,2;; bz,zzj—(a—bl—bz)F =h,F [‘2; b,+1, zl;b2,22J+b2F (ecl; bl,zl;b2+1,zzj.
53330399 ©> dnbodbwg®g 3 §9bd(30900L ©8s 330G gdgmo MobogsMOMbgdol LYo

hodmbomgogno dm39d9aos sds@gdsdo A 6. [ ]

9b60dgbs. @oy@ohgarsl N geoeol d03gMygmdgd®oyeo gy9bjioobomgol s@lgdbmdls
N(n) =(n+2)[(n+1)(n+1/2)+2], n=1.2, ...

Sbgmo MobsBoMEMds (0b. 5B gds A 6). 5g0as© 33MYEMIM M5bsRSMEMISMS MomME bmdsls
N(@) =15 pogbol 3y gy9bjioobsmgol ws N@) B s3ge0ols 3 ¢9bJoobsmgols.

a0 7. drogoao ool 33 Ggbd0gd0, obmoodgdyao wog@moligaol (41) gabco-
obmsb, godmobsobgds 5 qubiizoobs s Jobo Jmbs bwg@y gab:0950b [E5050 20m330bsc;09800,

Adgeoms 3m99203096(39305 @, by, ..., D, C So@dyBHgd0l o 7,,...,7, Ggars@gdol Goz00bs-
@0 FIbJ3090-
©53330(390s. @m3o> (67) go®ddgmgddo ggges 1K, (j=1n) ©s M dmgemo @oigbgols

Joygao <1, Fobswopgds Lodo@menrosbos 45 mgm®gdol dsgnom. ©ogydgom, Fobowowgds
Lbodo@maosbos, @3

max{|||,|kj|, |m||j=1,_n}sN, N >2.
95306

(70) F (g,’; b, z;...; br;,sz: R,F+R,F (agl;bl, Z; . bn,zn]+RaF (agl;bl, ;. bn,znj+
+R/F [cil;bl’ Z; . bn’znj+Rt:_F [ca—l;bl’ Z5 .5 bn,anJr

n + a. A . . n - a. P . .
+>..RiF (C,bl,zl, o bHLzg bn,zn}tzlej F[C,bl,zl, b=z bn,znj,

bowsi Ry, R; RS R, (j=1n), 3M9B0G0gbRgd0 a,by,...,b,,C 35G5dgBMgdol ©s Z;,...,Z, (3gero©gdols
M530mbsayg®o gy9biogdos. dggagemm (70) gm@Iygasdo a—>a+l. gg9dbgdes:

F(a+1,+ L b z0 zn]=§o':(a+1;bl, Z...; bn,zn}rﬁ;':[a”;byzl: bnyzn}
c c c
(71) +R.F (g;bl,zl; bn,zn}rl'(’:F [‘gﬁ;bl, Z;...; bn,zn]+l'\~’c‘F [f:“j;bl, zl;...;bn,zn]+

N a+1l. L. . . n 5- a+l, .. . .
+ZJ1RJ.F( . ,bl,zl,...,bj+1,zj,...,bn,zn}zj1RjF( . ,bl,zl,...,bj—l,zj,...,bn,zn].
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s RZ RS, Ii s®ob a,b;, C, z; 33ero©gdol MoiEomboga®o gbJ309d0, BMIagdTdoi yowsoliabgds
R,

i) Jl

R RJ, (j 1n) 99630900 a—=a+l dyEgerols Igwgyoc.
0bJoumo ©sdggool dognom, yggems 3 B9bdios (71) gm@dgeols dodxggbs Ibs®gdo
aodmolsabgds F 3y g399bzools s dolo dmbobwgdg 3y 49bJiogdols FOBogo 3mddobsiogdom,

@mdgeos 3mggroEogbHgdo @l a,b;,c, z, (j= 1n) (3800 gdol @sombogydo gubiogdo.
Vg0, (71) gm@dygaols dodxggbs dbodgl gbgds olgmo Lobg, Gmgmai (obswswgdsdos
hodmysmodgdgemo. dbpoglbowgg d@g03gds Foboswswgdol Lods@merosbmds, GmEglsi gobogbm
9ageol a—>a-1 |b|—>|b|+l |c|—|c|+1. [ |
Vggao 8. by30bdogio Jmgero M o bo@damserydo | Gogbggdobsmgol Fomdmgdaangdo
! _
%[ijlz(g;byzl;”"bl’ J,...,bn,an}, (J=1n), godmobsbyds F(i;{b’z}lj R9b 30005 @5 dobo
Z n
j
Ibs bogdy  RabJi0930L  obgmo  FHgog0  j0m380bs;09600,  Gmdgarms 3099030965930
a, by, ..., b, C @395 Gg30L @o 7, ..., 7, 300930 G065 @G0 30650930.
53330390 9dg4o®gos @s0dbo30l @Il s (58) mobsgoMmdsls:

o' a o - I o™ m| 0"k :
ale z"F bl,zl,. 5 b,z .b,2, :k;k!(l—k)! o2 3 o bl,zl,. abuzibz, | =

' I a), (b,
Z [(m+1) z" i @B )k a+tk. by, 2,510+ K, 2,50, 2, |.
sk =K' (m=1+k) (©), c+k’
5Jgob  Fobowowgdsdo hodmysemodgdbymo wgdygmgdols Lasds@meosbmds  godmdobs®gmdls
xodol mommgyer dglsgmgddo 4.7 dgogyols yomgomolifobgdoon. [ |

5. 06@ g0 y@0 (41) Fo@m3dmagbosb s@gomsw g3myemdm msbogo@mdgdls
I'c)'(c-a-b)

(72) [ 0,240,250 .50, 4,2, _l;bmllzl“(c—a)l“(c—b:) F(C b, b, 2;0,,2,5..50, 1,zn_1},

(Re(c—a-h,)>0)

(73) F[z;bl,zl; bz,zz;...;bn_l,zn_l;bn,zn_lj:F (2;b1,21; b,,z,;...;b, +bn,zn1j
(74) F(i:bl,zl; b;,2,; .30, 1,2, 43 b, Oj (a;b”;bl,zl; 1 2 Zn_l}
39Mdme, N=2 d9dmbgggodo 335J3b (ob., dog., [60], 5.10(10)):
(72 F a;bl,zl;bz,l rere-a- b)F ; b,z |, (Re(c-a-b,)>0)
C I'(c-a)l'(c—bh,) (c- b
(73) F(i; b, z;b,, zlj —F [‘Z‘ b,+b,, zlj.
d9860dbmm, @M (74) Be@OIPE0sb, msobobdse (115) BmAIYmgdols, agsgl
(75) E(b,1b, 1. b 1| =F [ &b+ 4b 1| HOTE =07 7b,)
c c I'(c-a)'(c-b,—...—Db,)

F[i;bl,O ,bn,Oj [;b1+...+bn,0j:1

gbowos, gl Igegagooi Sbmaswgdl dgbsdsdol Mmobsgo®EMmdgdl, @mImgdoi ggdmbos
aoglLol s o3gemols 3 By9bji0gd0lamgols.



115

§4.4. N23 (3gmool dgdmbgggs

mobobdo  bgdmm  mJdgmols, GmEglo N3, 0bdgadomgdo (4) wooggobgds N-1
G3gsoool 3y B9bJ3090bg, OmAgems sy ydgb@gdl dm@ol os@ol s@s{®R0g0 Mmobogs®-
©mdgd0. Jo@mes3, (4) RmEIYgddo dmgobeobmo halids

u=a, j=1L u:l—ﬁ(l—xj_l/xj), i=2n.

dogowgdm
(76) B, =det | ™ [det] x"*b, ] _.
bogss
1-r, 1 X r—1
(771) —H (__j IUr0+|-2(1—a)r11Hk_2(_X—:Gj dad,
0
1 fo+i-2 r—1
~ X. X: X — X
77, L=[1-2 .[1_ -2 a VR I [ R M L I, j=2,3-
(77) b.,( ijo{ [ |90 Ht:ﬁ- — da, j=23,

(x,=0;i=1,n)
(77) 0bBga®oggdo 3Ogdswos, My gy gdamos 30MmMdgdo
re>0, rj>0, j=1,n, 0=X,<X <X, <..<X,.
45306, (41) 0b@ga®ogydo Fomdmwygbols yomgomolifobgdom, 3543

. 1-1

~ i— r+1-1 n ‘

(78.) bu:r(roﬂ l)_F(rl) gl Rl 1_rwx1 T [i- X, |
C(ry+r+i-1) o+ r+i-1 X Jm k=2 X

(718) B W) Ny g Ky X k=1, | (%)
| k=j, j-1 X;

DT +r) X, =X,
(76) @3 yeosTo gBoboll o @oyo aododBoggdol dgdwgy N=2 Jgdmbgggsdo gogdbyemdm

j j-1 XJ
( ) . 7, rj—l
(79) B, (2)= H (z-2)" %H, 2[(1_221_]12%_2%1 ] ]Dnl(z)' (z,=1; n>2)

Loo swgbodbgm

r(Xn)IT e

n %—l(z)’
szll“(rj+rj_l)

. : r,+i-1 |
(r0)|_-1 lele 0 ) , 1_ rk’ﬁ
(ro+r1)|71 I’0+ I’1+I—1 X .

i-1 rJ'
zZ.F ; 2— |1—— 1- rk,l—

(80) Dn —1(2) =

(8l) o7 (z)=det

i ZJ

X

Zk:X—, k:l,n—l.
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‘d9360dbmm, Gmd (79)-(81) gm@EIyegdo N=2 dgdmbgggsdo ggodanggl (8) o (9) gm@dy-
@gdl, bogoem n=1 dgdnbgggsdo g3t Dy(z) =1 o (79) o0ygsbgds (3) msbsgomomdstby.

(81) 9B g®3d0bsbBol aslodomBHoggdes® 53mg0mgoenmm @4“7;:_1(2)|le0
L(r+r)I(r+r,+i-2) '1F[ r, ;{1—r z, }
3,n

C(r)I(r+r,+r,+i—2) M+r,+r+i-2 ©7,-7, i
“4(2)],-, = det =

_ r 7 z-7,, |k=2,n
M o+, j 5[ k#] 1) )]imen

(rp+1)i, 212F 2 '{1—& z, }
_(Hn Z)F(r+r)1"(r.|_r) det (r+r+r).z r1+r2+r0+i—2 Z, =17 in

j=2"1 I(r)C(ry+r+r,) _ r i1 Ziy. ,-17;, k=2,_n .
I i k], j—11]]|i=2n

z°F| 53—,
L

(Re(ry+r,)>0, Rer,>0; z,=1)

dJopgdye  gm@OIYegddo  dggEgommm  s@bodgbgdo:  r+ry=r; r.=Fj_1, Z-=Zj_1, j=2,n.
020 2505Jdbgools s 25doMB0ggdgdols Igdwge dogomgdm:

5 -1
~ n-1 _ YA _ 5
D, (@), 0= zll_[k:2 zk(zk_kzlj D._,(2), (Z,.=1)
Loss, (80), (81) g3m@dygangdols sbogmyoy®og,

r(X5 0T

(80I) anz(z) n-1 ~ o ?—2(2)!
I_L.:ll“(errrJ )
[ f Friel ; |
)iy piag| fo*!=t 1y ¢ 4
(fo+ Ty r+r+i-1 L |omm
(81Y) o7 ,(Z) =det
o IR T I A R P ek =Y L L
J_1+~j1 0 1 Zj ’ k? Zk— Zj k;/;J’j_l o
Jdj=2n-1
(Z,.,=1;,n=3)
od sbogn s@bodgbgddo g39]6g0e:
n n-1
[1..0() —nn (2 ()T T 3
(82) Bn(2)|zl:o:%]nj:2 Zi_( ] H (Z (Z): (n 170 ) anl(Z)
F(ijo rj) 2<k<j<n-1 F(ijo I’j)

SdM0go0, (2) ge®dygamols 0bydioon ©sdFgocgdobsmgols Logds@obios gohggbmm, @md
B,(2) =B,(2)], , b9, ®m3 LsdoGogosbos

0gerigds 6. gabjios B (2) oF s@mol @wodmyowgdgao 1, ggarsby, »g Rer;>0, j=0,n:

(83) aiBn(z)=o. (Rer,>0, j=0,n, n=3,4,...)

1
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gbowos, gb mgm®gds s@ol 4.1 mgm@gdol d@sgoeasbbmdoan gdosbo gobbmpswgds.

0bggg, Omam® 3 §4.1-do, dgbsdangdgaos 2odmggmm (81) ©g@g®dobsb@ol Mgy g s@yeo
boFogmo. sdobsmgol dgm@g LE®0JmbTo godmgoyggbmm gm@dyes (49):

r Z,—Z. —
Fl 2 :2-r-il-2 )1, 1- 200 3l =
r+r, Z, Z— 2,

2-r,—i, 2,/z {1—r, 2,—1 2,—1 k:ﬁ}
(84) :AiF rz; 0 1/ 2; k ( 1 2)/( k 2) n
3—ry—r,—i Fg+r+r,+i—2
ro+n+i-2 -
. r, z.[z 1-r,(z,—-2 7,—1 k=3,n}
+[%) BF|ry+r+r,+i-2; * /7, ;{ o @2)[(7-7,) ,
2 rp+r+i-1 Fo+r+r,+i—-2

of 3M9803096@9%0 A s B, i=1n, 3obobobwg@gds Bm@Iya gdom
_ D(r+n)I(r+rp+i-2) B r(r+r)I(2-ry—r—i)
L D(r)T(r A+ +i-2) ' I(r,)T(2—r,—i)
boam dodxggbs dbo®gdo dgdogogmo 1ubi0gd0 s@ol s3gamols F2 139bJi00l aobbmasmgds
(ob. g-@os (50)).

‘g gaow, dogomgdm:

(85)

o2 0T

(86) anl(Z): . {nglrleg(zl)_kc?%n—isling(zl)},
[1,.r(r+r)
Los(s
— o r,+i-1 ]
(ro)|—1 Zl|—1F 0 o 1_rk’ﬂ
(ro+ry)i ro+r+i-1 .
i 2-r,—i, 2,/2, {1-1, (2-2,) [ (2~ 2,) {
(87)  Z9(z)=det|Az;F|r,; ° T 2;{ o (2-2,) (2, 2)}3,n |
3-rp—r—i Py T+, +i—2

=
>

k=Ln
T j Zi=h |k=j,j-1

. r . Z. 7.—17.
2R 2-r-i - ey, =
z
[,

w
>

. . r,+i-1
(rO)I—-l 2 'F oI TS L) rk’ﬁ
(ro+r1)|_1 r0+r1+|—1 Z|__

2,n

ro+r-1
sin z - ) r.,z [z - - _
&) 73 g(Zl):Lz—lJ det| B,z "F| ry+r+r,+i-2; /2 ;{1 fo (2 ZZ)/(_Zk 22)}37

2 friol Mo+ I+ r,+i—2
. r. Z. Z.—Z. k:ﬁ

z,'F b o2-r-i- 2oy, 222 o _

rj_l+rj ZJ Zj_Zk kiJ,J_l ':i

L j=3,n

(z,=1)
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bod@mddo [46] bohggbgdos, @mI Lads@manosbos dgdwgao

fobswogds 2. [gmdoando 11=0 o@bydmdl F () gubdzoob bydobdogio @ogol
fomdmgdaaro 71 gerowom, oby  7,=0 os@ol (87) ©@959@30bs56B0L  [9bogmo [ a@Eoaro,
boogoer  (88)  @ygB59@d0bsbBol gy bB@ojmbdo  dogodo 33 qubiiogdobsmgol,  g.o.
o 3(2) g96doobomgols 2,=0 ool gobboyam@gdaao [9@B0amo.

390dme, N=3 dgdmnbgggsdo Lszdome dOMIs@Gggemo godmmgangdols dgogyom gdmyammmon
(89)

@)y l,! ov a_'_i_l'b g'b g |
©iy (L—i+rag " (c+i-1""2 2" 1z o
. z,-C
2 gm -y el Az E|1ob, 2-a-iCfz, by _
o¢ |o-o e, WA LL)! og" 3-c-i  cby+i-1)|
I-1,-1, _ _
a|| : F( 1=bs ;2—a—i,1—22;1—c+a,1 %
¢ | 2-b,—b, 1-C oo |
L —i=13
[ T=Y) rc-a-b,-1) (), 'Z O HCY |
T(c-b) T(c-a) (c) as ° mi(l,-m—i+1)!
_ Z (C_l)i—l i(l_ZZ)lbz(1_b2)|z(2_a_i)|2—m(b3)m 227(|27m7i+1) F C_bZ_b3+i_1.1_b +m.z
_ll,lz,lngt (c—b)y iz mi(l,—m)i(c—b,+i-1), (3-c-i), _, c-b,+i-1+4m’'~ 7 7
(11, +15=1) .
1-2,)" 1-hb,),(3-c~-i 1-b, +
(1-2) G-b)( )QF[ s+ ;3—c—i+q,1—zzj
g Gl (2-b,—by), 2-b,-b,+q _
i=13

L deeZ (1) i
> bo@gdomgdo Goibggdo -, 0, ©9BIAIbsbE0l dglsdy LE®ombdo Fo@ddmowaabls bod -
Gomy@o 0 Goigbgol pP-ogmasl, osxodgs goEgmegds L=1-1—1, bs@dydsmmamo @oigbgols
gg9ems  omopgdamo (3og. @gdlogma@egnmep) wegmggdol (L) ={m%i=1p, m>m,,}
I Bolod@ogemgby (ob., dog. [53], g3. 15-28; [137]), boem bs@ygdomy@o @Goibggdo m,, g
53054mRoagdl 306Mdgdl:

p p
(90) Ya=q, Ymg=Il, p=12..

i=1 i=1
> ‘dgdmgagdolomgol dgdmmgdyemos sbhogro smbodgbgdo
(91) r,=a, fr,+r=c, 1-r=b, k=1n; z=C.

5g0g0 slsbobos, M3 £=0 {gBoeTo 353l

(ro+r1)>zzzi_2 H .
S22 (T g+, +i1-2; =2, /(-2
det (ro+r1+r2)i_2 ( 2 3170 1 2 2 ( 2)) _

F(ry3-r,—r—i;r,+r;1-z,)

r(rl+ rZ)F(r0+ rl)
2T(r)T(ry+r+r,)

O%—z reg (O' 22) =7
i=2,3
(r0+ r1)ifl i-1 - . . .
—7,(1-2,)"" L(r+r)r(r,+r,) det| (o4 1) 2, F(ry+r+i—L1-r;r+r+r,+i-12,)
2T T(r)D(ry+r+r,)

F(r,2-r,—r—i;r,+r;1-2,)
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od 20dmbobyagdols dgoo@gds (9) Bo@Igeslosb s 4.1 mgm®gdol aodmygbgds ygodangals
2,)"s D(ro+ 1)L (r+6) [(rp+13) _
L(r)T(r,)C(ry+r+r+r,)
dbaoglbogg, m9dEs d60dgbganmgbo 9BO™M TOMIsFggoo godmmgmgdom IGgoEgos [46],
@md (89) gBg®IobobBol yggars dglogdgdo s@ols a, b, b, ¢ 30M539HMgdols doEombsgrydo
B96J0s s, gogye, bgdoldogdo 1>0 @ogols Fo@mdmgdymo (dgo. mgmagds 4.1)
|
O,

Vg30LFogemmm (88) 9b]ios I ™(z,). 58 B96dGoolsmgols TadGomo 2,=0 asblsjyndg-

danos (Z/2,)™ 30d@ogmols a0dm (09 +1L—1 56 @0l ©segdomo dJmgao Gozbgo). (91)

©2) 7, 9(0,2,) = 2,(1-

(93)

5060336900 gwgdgEmdm
i —a-— _ c-1
(94) Ozing (C) _ I'c—a-b+1) I'(l-c) d y

rl-b,) TI@-a)z "
JOPEEERE { Zn) |
! F b,, k=2,
(C)H‘; caio1 L ¢/z n
c—a, [z {b (C-2,) (2 —,_}
x det @,y Rl c—-b,+i-1; /2; ‘ e . (z,=))

© cHi-1 c—b,+i-1

. 1-b. z. -7, z -7, |k=2n

z/'F boo- a—|1—— c-a,—— b, 2= .

2-b, b, Z zi =G Zi=24 |k=),j-1) |,

j=Ln
93603600, G®md N=2 Ygdnbgggodo 73" = F, ™ ws043ob9ds (167) GmGINmsDy (s,
sBgbog, 7 ""(¢) =0.
n>3 dgdmbgggodo (94) @m@dymol aslodo®Eoggdmse Lako®m brgds dgmdg LE®o-
Jmbdo dpasdo (50) Bodol 3y ¢9bJ3ool aodmlsbgs (41) gm@dygmon gobdodFgdywmo Fp

@59@0hgeosls  gubzoom, @mdgmoi asl g RgMIobsbBol  ebsmhgb  LBModmbgddo.  bmysw
dgdmbgggodo  3ogdodo o3 ¥ubdi30gdl dm@ol 3bmdogno 5@ s@ol. dmbma@sgosdo [62]

dgL§ogerommos bmgogOmo 3g@dm d9dmbgggs, OGm@Es slgmo 3ogdodo s@Lgdmdl s3gamols Fy
s F2 396J3090L do@ol, Go3 dgglsdsdgds 360dgbgermdsls n=3.

od d9dmbgggodo (94) gm@dygans ag5daggls

(a)|1 —1 +1 C “
(C)I 1C (C-ﬁ-- Z’C/ZZ’ 31 j( ZZ]
o sing F(C—a—b+1)F(l—c) (a)._ o c—a, Q/Z2 b3! (C_ZZ)/(]__ZZ)]
7, = det| X124 »i-y _ 1 .
©O="raoyraca = ©)..° F(C e

.

1-b,
b, b,

;2—a—i,1-z,, c—a,

1

1zzj
G

Ji=1,

w

30bo@9d@mo I RJHJobsbBol Jgmag LEHMoJmbTdo mobsgs@mbon (ob. [62], 8(10), 3.35)

(95)

F, [oc,

. Bl’ Zl_ BZ’

o

sz = (1_22)_B2F (Bl =P, z; Bz’ j
Y
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o 2530m35@0bT0obmm gm@Iges (567) (ob. sa@.[60], 5.11(4)). hggbls dgdmbgggsdo 939]6gde:
c-a,¢fz, b, (6-2,)[(1-2,) 3 asbc_ (@a+i—1
5 i 2 :(1_Zz)b (1_C/22) F, 10,,8/2,:0,,C |.

F,| c—b,+i-1; ; . i1
2( ? C+i-1 c—b,+i-1 c+i1-1

oTobowady, £, (C) ©gHg@dobsbldo  Jodggeo ©o Jgmedg LAGodmbgdo  gAmIsbgmols
3OM3MAOE0Y@0s S 2353
(96) 7,""(¢) =0.

BoOdgas (95) ygodamggl Logydggmlb gogs@sgemor, G §9dds@odos Jgdwgyo

fobsps@gds 3. (30) o (41) Gosob 33 R@bi090b dm@mol 5@bgdemdl msbsgsmomds:
byz, {b,z,|k=2n}) [ nEey 2 | —
©7) F[a, : = g(l—zk) F| “;a-b+b,z;3b, T k=2,n¢|.
(b=b,+...+b))
(56) moboxnsBMmdgdols as5dmyqgbgdom (97) a3m@dnmo@sb  dogomgdm:
FoORMOY 0°90g9o59 3 YR 309

C a c
bz, {b,z[k=2n}) [ (b, _
97) Fla; ; :|:H(1_Zk) k:|F( ;a_b+blazl;{bklZl/(l_zk)|k:2’n}j:
C k=2 C

k

a

n

_(1_ 5 \c-2b-a+b I O Tt C_bl, _ . 21_21/(1_Zk) _2n =
=(1-2) {H(l Z,—7) }F[ ) :C—a,7;; {bk,m k_2,nB_

k=2

b
o yeba| T 1-z, }" c—b P 4, Z,
=(1-z,) l:klzl(l_zk_zl F . oA bk'21+2k—l k=2,n¢|,

(b=b+...+b,)
o3 ge@dygaol odmygbgdbom ao®wsgddbom 3y Bybjzos (94) B gmdobobBol dgm@yg
bE®oJmbdo. gogdymmdm:

c—a, C/Zz- {bk, (sz)/(zk—22)|k=ﬂ}] _

Flc—b,+i-1; _ :
Cc+i—-1 c—b,+i-1

. ) -b,
:F(‘zi'i:]i; {bk, ¢lz, | k:Z_n}j(l—C/ZZ)am—c lk—!zk( ii:i]
o5, d>dobogasdy,
(98) 7 5"(¢) =0. (n=2,3,..)

3 Jobopogdowsb s (92) s (98) gm®dyamgdosb godmdoobs®gmdls

090935 7. Ra9bi309%0 D, 4, F 1 @, dsdobowosdy, 5 abiiz0900m56 (79-(81) 0@ meny-
300 53 d0@YSaeo Rabgizoo B, N=2,3,-, sGol 1, 0033y fba@mo garsol sbsgrobymo
aabizo0o Fogdo |z, <1. |

>Olgdomos, @M Amaemei3 (49) ©s (49), obg (B4), (97) o (97) geEIPaydo
535890090l 9@ Iobgommsb  Lbgoslibgs  @odols 3039MygmdgB®oygee  39bjizogdl, @Gmdgamms
©543565 gOmo Gmdgeodg Godol gubdiosby @ bydbogds (ob., dog., [60], §5.11). sdslmsb,

LYmogo gb, Lbgowolbbgs @odol 3y ¢39bjcogdo dgool B,(z) g9bJaool @gameedyge
boFogdo (59 396J00lL Lobyyas@yao boFogo, (98) m@dygaol mobobdsw, =0).



121
5d@0 00, (79), (85), (86) ws (98) @Iy gdbosb godmdwobsdgmdls dgdwgao dgwgeo:

'.10 F(rj)
(99) B,(@)= H (Xj — Xy )? l_L—n x
1<k<j<n F(Zj:orj)

r.—1 n n-1
XHn L Xy [ X=X | | Fo+n+h-1T(r+r)C(r+r,) F(Zj:OrJ)szlr(rj) .
=2 | T X, }

X —X r,+r-1 T(r,+r+r,)(r) H?er(r,—”j-l)

J =)

(I M= ro+i-1 . 1_rk1ﬁ
1 Xy

(+r)is ro+rn+i—
x det (r°+r1_l)i‘l xi‘lF r_2—l’0—i, Xl/XZ.{l_rkv(Xz_xl)/(xz_xk) k:31n}
(p+r+r,-1)._, 2 2 o i i |
0 1 o hiTh

_ r X, X —X:_
X 'F bo2-r,-i - 22 -, 2
N+, X Xj— Xk

]

(A)_I—“
S| S

L
[E—

k=1n
k#j, j—1
(0=x,<X <X, <..<X;; N=2,3,.)
Omdgeoi N=3 99dnbgggodo 504356900 Mobogs@Mbsby:

(7 (> r)r(, =
[, 1) (ZFO ) " [xaxz(xs—&)]_l(xa_xz] x

(99) By(2)= F(z,iori) (o + =D T(ry+ 1) T(r+ 1 +1,-1) S h

i . . r+i—1
—(ro)|—1 X'_lF( 0 ;1_r2,ﬁ;1_r3,ﬁ]

(+r)i, ™ rp+n+i-1 % X3
« det (o+6=Dis iapf . 277X /% 1o, (= X,) [(X,—X,)
(p+r+r,-1)._ 2 Y 3orori | fothEnTi-2

X I _
X 'F| ° ;2—r0—i,1—x—2;1—r1, %% B
r+r, X X=X i

(0=Xy <X <X, <X3)

OMamA(3 gbgoogm, 35M539BMgool  MomEgbmdol AobOwom  godmfggnmo  ao@mnygagdols
oS, N=3 dgdmbgggsdo (2) gm@dygmol obsd@goigdbeew  dgbolifogemos I@sgsgno
333 gJly@o (33eopol Lbgowslbbgs Bodol 039Gy gmdg@@moygeo 59bdEogdol Lobyges@mm-
3900. 53obmob, 0bGgyOs@ @ Fo®Imwpgbols o3geols F, a9bjioobomgol s dolbo d@sgoen-
256bmdoagdosbo sbognmagdolsmgols (ob. g-gos (50)) ol 360Tgbgenmgbo® YuO™  AMgeEo
Lobg, goweg o3gmol F, 539bJi00ls ©s @ag@obgesl Fy g39bdiobomgols (ob. gans (41)).

‘d9360dbmm  sp@gmgg, Gmd n=3 dgdmbgggedo (99) Gm@Iymsdo  gohbws  Xj, Jzﬁ
(338050 9dbg odmyowgdygeo dsdMogeno, MMmIgaoi oG agdmbos N=2 dgdmnbgggsdo.

dmeeml, 5gbodbmm, @md 3y #ybjios, @GmIgmoi wasl (99) Rm@dymols dgmey
bE®oJmbdo, aoblbgoggdom obsdhgh LE0Jmbgddo dpas®o moy@ohgasls ybjz0gdologsh,
53004mxzoegdls  39@dm  Fo@mdmgdbymosh (53) aob@magdsms Lob@gdsl; nN=2 dgdmbgggsdo
(10)-(28) ©0gBg®dobob@gddo dgdogogo yggams Bb0s o3dsgmxomgdls asyglols 3y aobBmangdsl.
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§4.5. 35O@Lmbol ngm®gds s dolbo dgegygdo

od mogdo @slidygmo sdmEobs mogolo domgdsGogy®do dybgdom sSbosgmpoyg®os do@oeno
969020950L Bobogsdo 3bmdogo 3OMdegdols [63], [64]: 3m0dgdbml 2odbg30L 3o@(30o@ @0
5d3e0@Pgools sbogoby®o gog@dgemgds 033y lols 3mdgbBol 3md3egJby® Lod®Eygby,
09 36mdo@os o3 533@o@Ygdol ymasdigge 3mdgb@ols gobogy®o 3bodgbgermdgdobomgols
(@mdangdo, 0337gebols Imdgb@ols 335bGYM0 mgolgdgdol gomgsmolifobgdom, bmyswmdbols
oYAmgggeno©  dgagodeos  hogmgogmm  bos@y@smy®d  @oibggdow). slgmo  sbogoby®o
2oaMdgangds  oenlobos, My gobog@dgengdgmo 19630900 o33sgmeoamgdgb 3md3egdlydo
(gsool Bubjiosms mgm@osdo 3bmdoano Jo®elmbol mgm®gdol 306mdgdL:

JoO@bebol ogedgds. oy gabjios 1(2) Ggsamodygamos s@gdo Rez>A, odobosb
|I|im|f(z)|<exp(k|z|), bows; 0<k<m, o f(2)=0, @mge z=N+1,N+2,..., dodob f(z)=0

SOy fbaco 1 ggans@ol Jogar LoddBy by (0530 3039d0bsmgols ob., dog., [62]).
b5dO™3do [44] bohggbgdos, GmI Lods@merosbos
0grGgds 7. Rabz00

(100) f(ro’ r1!"'1rn) :Bn(rO’ rl’ "'1rn) _H?:or(rj) /F(ZT:O ri)

s@gdo Rer; >0 mommgaeo 1, pgars@ol (j=0,_n) S /ba@ LodGdyg by ogdsymepoanydls
JoObmbol mgm@ydols 30Gm393L, Gmis obs@hybo (;5erogdo R0 Jbo@ydaaos.

o3 0gmegdol obisd@goigoee Fobolifo® wogsd@gzocmm dgdwgao

@gds 4. gabjzos B (2) (ob. g-aoo (76)) Ggderbs bogdganos mommggao ¥, cgars@ob
Sy fba®m  bod@By9bg, Geags ||, wsbsabigbo gars@gdo Xy, I+ oo Fees o gogbo-
G905 O Rerj >0, j:(ﬁ:
(101) B,(2) <M <o0,
odsbmsb, M o@ s@ol wodmyopgdaaro Ty, 1, T, Gaaro@go by.

n

@9dol ©5d@30390s. hogfgdmm (77) gm@dymgdbo dgdwgao bobom:

1-n 1
- n Z ro+l-
b”:]‘[kzz( _Z_:j j'u 2§ (u)du,
0
ol ro+l— N
- Zia =7, o i-2 Zi— 1, 1 1 -l q -_2_
b, = 1_Tj — 2 u s 1—ﬁu (1-u) ;(U)du, (j— ,n)

0

bowo3 Z,=X /X, 0=2,<2,<..<7,,<Z,=1 o
r— n r—1
fw=e-w T @-uzz)™,

r-1
-1 n Z;—Z;_, N
f,(u)y=u ij+l[l+ﬁu] . (J:Z,n)
3odmg04gbmm o3 0b@gadogmgdolomgols mgm@gds Ladygoam  dbodgbgermdol dglobygd.
MmO 3 3bmdogos, oy gybjaos  F(X) Fmbm@mbydos ygzgmash [a,b] ULgadgbdby oo
f(x)=0, xe[a,b], bogom  g(X) 0b6@ga®gdowos, 35T0b swyoemo gl g.§. dmbgl gm@dyengdls
(ob., 359, [97], 11, n°306, & 3. 119):
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jf(u)g(u)du:f(a)jg(u)du, as<n<h, g f(X) gmgdowos,

ff(u)g(u)du=f(b)fg(u)du, as<é<b, oy f(X) bOwswoo.
3

a

(xe[a, b])
abowos, O3 Gz ReerI, j:O,_n, d530b Lgadgb® by uec[0,1] 3s3Bogeo

er. n Rer, -
| f,(u)] =(1-u)"n lszz(l—uzl/zk) '
aodmbsbyan gdsdo 61, 380 gdo@0s S 5MSYSMYMRB0M0s, 0lig3g, Mm@ 3 JodMsgen gdo

[1-u(z- Zi—l)/XiT_l(l—U)Re”’l_lij;z[l— u(z;-z;)/(z;- Zk)]Rerk_l (i=2.n)

Rery+1-2

dodmbobyan gdgddo Bj,; dod@ogemo U 20dmlobyen 96590 6“ s dod@ogen gdo

[f@=u™ T 1+ uG -0 /@-2)] T (=2n)

253mbaobyan gdgddo 6” bOEOEoS > SOIPYSGYMIFomos. sdoGmd, dmEs Rer, =1, j=0,n, dmbgl
QM@ gool mobobdo a3543L:

My

61| :H:zz(l_ 2,12, )1rkJ.eXp[i arg fl(u)]ur0+l_2du

0

rj ; 7 r-1
~ Z n — £
i-1 k  7j-1
= _—— X
bjl [ Z; } Hk_j+1£ -1, ]

1 ro+1-2 r—1
] Z.—-7;, , i-2 Z,—7. 4 rjg-1
xj exp[iarg fj(u)][l_ j . j u] I1... [1—ﬁu] (1-u)"*du.

i K
2;j|

(O:zo< 2,<..<Z,, 77“,5“6[0,1])

G3boos, Moibggdo 17y, & LobmsEME, STIMGowEgdgmos Tk dshggbgdamgdols d60dgbgammdsby.
od godmbobyangdgdol (76) gm@Iyasdo dg@obol dgdwgy gogdyemodn:

(102) B,(2)det[ '], - =Mydet[z/ b ]

j=in’
bogo
y
b, = j expliarg f,(u)]u""'"2du,

0
1

e st O35, 1o T 1t 2.0/ 2] a0

il
(741, égn €[0,1)

o o o )

M, bLowowol gobsdom@oggdemse aoogbgomn | ©s K 0bpgdlgdom ao@sddogangdols

0563030 gdOMmds. Jo@FH0g0 3oMsJdbgdols dggasw dogomgdom:
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r-1 1
n z Z —Z Z i
_ kK L™ lka 1 B - _
) -1
:Hn _ Zk71 Hn Zk - Zk—l kal Zk—Zj_l
k=2 Z, k=8| z, -2, =2z, -1z '

kal Zk—ZJ—71 . Zk — Zl
i=2 Zk—ZJ- B L, — 7, ’

30650050

230hgds

M, I]kz[ —Ehi}

‘9300 9bmm gL dgegao (102) gm@dygesdo s gobodygdammn 3bowo YEm@mdgdbom
i-1 n z _ i1
|Bn(z)|det[zj l,,—:ﬁHk=2 Zk—kZH = det[zj bji}_

i, j=ln
Sper[z;’l‘b;iu 5 S per[ - 1b’j’i} _

i,j=Ln’

<

boo

1y

S.[
0
1

¥

0

by,

ur0+i—2‘du = bqi!

1
u'O”’Z‘du Sf
0
7 7 ro+i-2 7 7 r—1
e I el
[1 u Z J Hk:l 1-u Z; =, (1-u)

o aomgomolifobgdyeos, @M sOSYsMYMBomO 06@)365)0Qj33r80 aodmbobyagdgdols 0b@gy-

b,

du Eb';i.

@300Lol Lobgmgdol gogo@mnmgds 7;—>1,=1, &;—>&=0, 1,]=1n, 5dmog@gdl g@memdgdl.
o>gogo  slsbobos, @md  0bFgaMgogdol  Lobwgdgdols  slgmo  s@bggolols  30Mmdgdo
Rer;>1 (J=0,n) 9bAy6ggedgmals yggas 0bGga@omols 3@gdomdsls [b’;i]ij:ﬁ do@B®o3o>do.
dogdyao I:b'f] o do@B@oiol  gangdgb@gdols s dobo 3g®MdsobgbGol dglogoligdasw
30093 gOmnbgan 301)0(4)(536@0000 E)(Y)ng BMAOIY gdom. 3bowos, G®I
bL:I ro“\olu—ljolu<1

0 §1|

1 r+i-2 r-1 Mji
" o_ Z'_Z'*l ' j-2 Zj_zj—l fia-1 1.
b“__[ ( — u] IT. (1—ZjTuJ (1-u)"™ " |du —1jdu <1.

j k
0 ! 0

>do@md dogomgdm (101) Fgxsligdol, Lows dsd@ogao

-1
(103) M= per[zil_l]i,j:fn {dEtl:Zji_l:Ii,j_Ln} HE:z(l_ Zk—llzk )’
3boos, 5@ sGol sdmowgdbymo Iy, I, I bowowggdby.

0obobdos  mgm®gdobs  Sbogoby®o  gop@ddgergdols dglobgd, gl Igogyo, GmIgaoi
53533 30390,  MM@3S Rer.zl,j=(ﬁ, domgdyemo  @hgds oM9gTdo, Lowsi sbogrobydos

gabdzos B (ry1;2), g0, Gmas Rer; >0, 396dme, Gdmgs |-, Rer;>0,j=0n. W
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47 mgm@gdol ©sdGJ0(390s. OMmA3 3bmdogos, Rybdios I'(Z) sbogoby®os yggmysb,
2oMs F9a@omgdols 2=0,-1,.... 5304m3(100) go@Igeom as5bds®@gdymo gublaos f(ry,--,r.)
sbogobyg@os  os®gdo Rer; >0 (j=0,n). I 05330 05333039090 ©gd g gdol  mobsbdow
(ob. gm@Igans (3.68)), agodglb  fo(r)=f(ry,-,1)=0, Gmas ,>0,r,el, j=1n. Sbogobyy@o
aoa®dgegdols  globgd  mgm@mgdol dogmom, fi(r)=0 1, @Egeools 3md3egdlyd
bobggo@lod®@yggbgrosz, Gmas Rer,>0, rell, jzl,_n

sg35g0Jbodmn @oibggdo Iy, I,,...,I, oby, Gmd Rery>0, r ell, j=ﬂ, OO §(3goMm I,
>Mgdo Rer,>0. »s@gbodbmo  fi(r)=f(ry,r,r). @bowos, o3 o®9do  gubjgos ()
sbogmobydos o fi(r)=1(r,r,,r) =0, Gdogs r=12,..

gohggbmm, Gmd GmEs Rer,>0, Rer>0, rel, j=2,_n, ‘IgLO e gdbyaos 300Mds3

‘r[‘iinw| f,(r,)|exp(—k|r|) < const, O<k<m.

doOmeo3, OmEs |z >0 s Rez>0, I'-gybdiool sLod3dm@gmo gmasdicggol aomgs-

aolb{obgdom (ob., 3sp., [60], 1.18(5)), bgdoldogdo goJbodmgdyamo pell @oibgolomgol agod3L

(104) lim (2 _ m @)y
4= T"(z2+p) \—>°o1“(z+p)
5Jgob wo (101) Fggoligdol mobsbdsw, dogowgdm:

B,(2)- (F( [, r()| <

I'(r,) n
mr(rO)H j:21“(rj) } <

F 1
<|\/|‘I‘|Twexp( Kn))+ () [ 1 L) lim {F(rl(:zn) eXP(Pl|n|r1|)} lim {| “exp(=K|r |)}

boo@oboG  3odmdEoboGymdl, Gmd ‘I‘im|f1(rl)|e’k"l‘:0 6gd0lidogBo k>0 ©s p=Fy+0,+ 4T,

exp(pln| |)

Os‘!finw|f1(rl)|exp(—k|r1|):‘rl‘imoexp( kir|)

\ 1|0

< lim exp( kr |){|Bn(z)|+

B0JLoGgdymo Goibggdolomgol. 39@dme, gagodmos sgo@homm 0<k<r, Rery>0, rel, j:2,_n

sdMogow, ®mas Rery>0, Rer;>0, rjeD,j:2,_n, g9bjcos (1, 1) 53dsgmgoggdls
35O bembols mgm@gdol yggams 30MMdsb.
30854900mm  0beJ3ogco  ©sdggds: gmdgom, mgm@gds  Lods@mmosbos I (33eo©g-
dolomgol,  Gmdgems 6(*)86)3?)0 oM owgds@gds M @oigbgl, 1<m<n-1, g.0, gonigom,
396d30s (100) f(ry,- 0 4 0o 1) =F(1) 53959m50e0gdl go@e@lmbols mgm@gdol 3060 goL:
fo(r) =1 (s 0, e 1) =0, @mgs Rer; >0, j=0,m-1, r,=12,..., r, €], k=1,n-m,

\MTJ fm(rm)|exp(—k|rm|)Sconst, O<k<z, Gogs Rer;>0, j=0,m-1, Rer, >0, r, e, k=L,n—m.

35706, joO@bmbols mgm@gdol msbobdow, dGmis Rer >0, j=0,m-1,Rer, >0,r, €, k=1n-m,
dogowgdo f (r)=0, f .(r.)=0 ©s, (101) s (104) gmEIYgdol ysmgoeolfobgdom,

i I'(r
i 1.0 0000(Hr) = i o )+ T, ) 22 Lo

[ finsa| > o0 mat > jem+l I_1(rm+l+pm-¢—l)

oo 0<k<z ©o pp =t +l+l,++ — goJlodgdamo Goibggdos. [ |
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0533303909900 0gM@gdosb 2odmdobs®g Jggngdosh  50gbodbmm bmpogdmo [44].

90930 9. bgdolidogdo rell, Rer;>0, j=0,n, @03bggdobomgols Lods@mnaosbos gm@dyas
Ba(r)=IT}-,[" () / T (X}, 1),

AmIganoi [o®dmopagbl goagdoli gm@dygeol dOsgomasbbmdoa gdosh aobbmpswgdsl.

b

1Mnoy

Ygogao 10. a,b,,.- C 30M5dgBMgdols bgdolidog®o dbodgbgamdgdolomgol Lsds@menosbos
0203900950 (0b. ¢-9d0 (79)-(84), (91)-(93), (108) ws (109)):

a+i-1

(C)I 1

c+i-1

(a)| 1 F[

(105) det D yip|gp,;

2—a—i, X;[X, {bk, (X, — X

X
;{bk’i

]

_,—}

(C_bz)i—l

3—-c—i

c—b,+i-1

1 c+a,

- 1-b,
xj" F r2—a—i, 1—
2-b;—b,_, Xi

k=2,n

— Xj—l

| 1

Jp SiTXia
1 k! X—X
j k

:(C—l)F(C—bz)F(l—bn)Hn F(2-b=b,) x(=% )" | Xdet[x;];
r(c-b+n-)r@-b,) 4= r(-b) (X —X)%* H::Z(xk—xl)'
(b=b,+..+b; 0=X%,<X, <X, <..<X,; N=2,3,.)
i (@) i1 [aFi-L, ——
- F vib XX k=2,
(c)Il c+i—1{ “ l/k‘ n}
(106) det|  @ayiap|copaiog Xl/xz-{bk’ (=) (x=x, "_}
©)y " criol c—b,+i-1 =0.
X' 'F b ;2—a—i,l—h; c-a, 5 b, KX | =20
"\ 2-b,,-b, X X=X X=X k2001 |
- Ti=3n
(n:23...)

39®dme, N=3 (33800133330'30 (105) BmEIgeo©sb g3myermdon:

(rO)I—l

(r0+rl)i—l

1)| -1

xli‘lF(

(ro+r, f

rp+i—-1
ro+r+i-1

i, X /%, 1=r;, (X, -

y1-0,, X /X, 11y, xl/st

X)X,

(105"

det

(rp+r+r,

~Dis

'lF 2_ o_-’ 172
2 3-r—r—i

Xile

3

X3 — X

3 2

|

53 X =

X,— X

F

|

;2—1,
r,+r,

f3
J X2 X3(X3—X2)

0 3b0dgbgermdobomgols o0ygobgds (103) Bm@Igersby.

_Xs)
.|

(X3—X2)/(X3— Xl)]

o+ +r,+i-

-1, 1-X, /X5 1-1,,

I
&l

[(ry+r+r)0(r+r) (r+r,—-1)
C(ry+r+r+r)T(r,) (rp+rn+r,-1) '

)

w
>

_'—“
|5
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Ygb03gbs>. N=2 dgdmbgggsdo (105) BmEIYmosh gmgdyemdm:

F(a,b,c;x/x%,) EaxlF(a+1,b; C+1; X /X,)
(105") det Ty,

F(1-b,1-a;2-¢, % /%) X, C_kl) F(1-b,~a;1-c, % /X,)

@53, 359bob 3 #9600l (5) LodgdMool gomgsolifobgdom, ©snygsbgds (19) gm@mIygesby.

‘d9360dbmm, ™3 (105") go@dygaol do@bgbs Ibo@gdo o@  dgodergds (113) mebogs@emdols
YgBobs Y IgomE, @oEash o3 mobsgoMmdbols yodmygbgdol 3oMmdgdo R gMdobsbEols
30@39a0 s dgmag LbE®oJmbdo dgdsgoano 3y @9bjiogdobomgol o@ LOYmegds gHnOM™-
oo (ob. 99609g6s (25') g-anols gdwgp). doa®sd, Hmam® 3 segomo dgbsdm{dgdgemos n=2
dgdmbgggeTo, 3y R96J30900L gggens asbloggmmgdagemmds (105") 0g0ggmdsdo dsmogmgds ©s
02039005 @hgds dognsTo Ze  yggans mI3ggdly@o 360dgbgarmdolsmgoloi (ob. [45] wo

©odoRgds A).
bmgo dgdmbgggedo 4.7 0gm®gdosb 25dmdobs®gmdls

'33;333)0 1. ry, 1,1, 355393 gdol bgdolidog@o dbodgbgermdgdolomgols (88) ©g@g®do-

n

6ob® o 3 39630900 goblisgym@gdymmdgdo 03393900 © Lods@manosbos ogoggmds [44]
(ob. g-960 (88), (91) > (92))
n n-1
1—‘(ijorj)I_Ijzll—‘(rj)

H?zll“(rj+rj_1)
9- 0. 39®dm, ;=0 >@ol (88) ©g®Bg®dobsb@ols {gbogmo (gdEoao.

1 C 30M0dgB@gdol bgdolidogmo d60dgbganmdgdolomgol ago]3L:
I(c-a)l(c—b+n-1I'1-b,) 8'c7 "

(107) | -
F(E)T(c—a-b,+1)rA-b) %' |uo

Dn—l(z) =

7, 1(z,), (zzeC; n=2,3,...)

g0 12. a,b;,-,b

~ [ T@-b-b) X 10 ran o yyis
=6 11 00l —rasy oo )™ axl'[H"=3(XJ ]

2<k<j<n

X;=0

[ T@-b-b)  x ] I N
:x|| x.—x|| I X
22£k<j§n( : k) 1= 1—‘(:l-_bj) (Xj_xjfl)libj Igz“ln szs IJ'! J

- = (gl =1)

oo dodizbgbs dbodg aodmomgangds (92), (94), (95), (97), (101) o (105) Rm@IZegdols
25dmygbgdom. 3gMdme, GmEs N=3 s 1=0, (102) s (107) odgnggs Go@I sl

(o) 2l 2 g b
_ —a-b+ a —q—
(108) det L =F[c?b’ j: EE?FSr(Z b;’
F[a;b+1,l—zJ F( b, ZJ
c c-a-b

Amdgeoi [o®dmowygbl (19)-(28) Hodol gopgg gom mobosgo®@omdbsl s do@mgdygaos
a,b,c 3505393 ®9d0L bgdolidogdo 3ma3egdlydo 360dgbgermdgdolsmgols.
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IV 0530L ©sl3gbgdo

1. dgdmmgdygaos  3obbmysgdyao, (N+1)  3oMdgddby  odmgoegdyemo  dg@o-
396J300lL 2obds®@Bgds (g-emo (1)), @mdawols 3gddm dgdmbgggss gogrg®ols (36mdogoo
d9Bo-0b@ gadomo (N=1 dgdmbgggsdo).

2. YgbFoganogmos 2obbmpswgdygemo d9@o-59bjiools mgoligdgdo, 3g@dm, bohggbgdos
>3 96300l mobodsdo Ygdmbsbg@gmmds (g-as (101)) dJolbo ymggero s@a9dgb@ol
3033 gJby@ LoddRygby.

3. ba3mgbos @bowo Lobg gobbmpswgdygmo  dgBo-g9bdiool bgws brgs@olsmngols
(g-axo (103)).

4. ©593 3039098005 gogrg@ols Bodol Bm@Igeols Lodo@merosbmds asbbmysmgdbyao
390596 Joobomgols (g-as (2), (10)). gogyo, dgdmmegsbgdgmos 0b@ga®omy®o
Fo®@dmwagbs Igan@obmdosgyg@o 3m9x303096@ gdobomgols s bohggbgdos o3 3mgxnoo-
960900l mobsdo@o  dgambobwg@dyemds domo  ymggmo s@yydgbGol  3md3en gly®
Lod@Eygby.

5. 05933039090 mge®gds gobbmpsmgdbym dgBe-8ybdiosdo dgdsgoemo gHmo @
dOsgomo  3geoeols 30390y gmdgB®moygao  #9bdiogdol Lobyygmsdmdgdols dg33930L
‘dglobgd.

6. b53mgbos obogro moboggs®omdgbo N 3gersol d039MygmdgB@oyger  9bj30gdl
‘@b, ©sbYLFgdgmos dobsbmgmyg 3039y 9mdgdMoger 39bjcooms ©sds3ogdo®gdgen
0565B>OOMIsMS  AomEgbmds ©s dM(3gdYos od  Mmsbsgsdmdoms  LOymo  Lol@gds
gbowo Lobom. gomo @3geopol dgdmbgggedo gl mobogo®wmdgdo gdmbgggs aogbols
3bmdogn BM@IYEgdl, beogm N=2 dgdmbgggodo odgnggs 38 gm@Iyamsl s3gaols dgy
16Jzoobomgol. gl dggao aoblbgogwgds o3gamols o 3od3g ©g BgMogl 93ybwsdgb-
B0 3mbma®ox0sTdo gzmsMoMmgdyemo @oibgolysb o3 mobsgs@Emdsms Momgbm-
dobomgols (56). goobogrobgdyanos o3 aoblibgeggdols dobgbgdo.

7. n=2 dgdmbgggodo bohggbgdos aobbmaswgdygemo dgBo-a9bdiEool gogdodo goyglols
3039M39MdgBMogmo  aosbmagbols  5dmboblibgdol  g@OMbLosbmsb. 53 3o53do@ols
3odmygbgdom bowo Lobom aodmmgeognos 3 aobBmagdols 3¥dg@ol sdmboblibgdols
43905 s@s@@0g05@ @0 Fygzomol gemblgosbgdo.

8. b53mgbo  mobogo@Momdbgdo  asdmygbgdymos  LdgEoomy®o s  gangdgb@o®eyero
296J30900L  bmgogOmo  goblobg@ymo  0b@gadomoli  sbogoby@om  godmmgao-
Lomgol. dowgdymo dgegagool bofogo o@ gogyy@omgol (36mdsmgddo, dsm ‘dm@ols

99O Mbyen o

9. Lob®yao Loboo godmmgmogos L3gaosgygmo }9bdicogdol dgdiggeo bmgo-
gomo 3730030 dowgdgmos  boos@dYBHEol  Fm@dgmol  Godol  @sdwgbody  sbogno
006585 ©Mbs (g3-900 (39), (40)).

10. odmygobogos  @odgbodg  sbogo  mobosgs@Emds  obbmpsmgdygamo  3039@-
2903dgH®0@o gubiogoolomgols (g-ans (40")).
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”nog0 V

M39058mAgdol MmANMYMbsg Y@ 06350056@gdols
30bogsTdo 25dmygbgdols dsgseomgdo

39053 gdol 063500563 9d0l dJobodsgny@o dmenobmdy®o doboliols sqgdols dgmmegdo,
AmIamgdoi sofgdomos Fo@mdmeygbogro wolig@Fsiools §23-2.5-do, dgodargds [o®do@gdom
3od0304gbmm mgm@oygmo gobogol Lbgopslbbgs sdmEobol dglobfogmaw. asbbsgymn@dgbom
bomgemo gobogyg®o doboss®lo ofgl Lodasbbmdogmgdosb ggseoy® Logdhigdo dmfdgwo ™m3g-
A5RAMA ool MONMymbsgy®  0635(M05bFHgoL. Bobogy®o 3OmEgLgdol selsfgdop slgmo
063505bF 960l g5dmYgbgdsl dwos®o FHOs©o30s o5zl Igomo Lbgymols jansbogy® dgdsbogsdo
(0b., d5p., [89], [138]-[140]), 3sdogn@mby@o LolRgdgdol 06@ga®gdolols [90], dJoE@Mm- ©s SgBH™-
©0659035T0 (0b., dog,., [27]-[30], [88], [141]), gergdB©mwobodogsTo ([3], [26], [91]-[94], [100], [101]),
305308 5305T0 [3], [25], 9Fy3900 3509dml gobogobs o @gzomdol mgm@osdo [142]-[144],
M9 o030 mgm@osdo [94], [95a,b], [145]-[147], gOologms LEA®YIHPOol sefgmobsl
[31]-[33] o .9. 8 mogdo dmygsbogno m@oyobseny®o dgogagdo godmdzgybgdygemos dHmIgddo
[40], [41], [664, b], [94], [954, b].

§5.1. sbodg@®oyeo dys@o Lbgyneols dG9bgs

aobgobogrmm dgo@o Lbgyaols sbsgnoby®o dgdobogol g@m-gomo gaosbogy@do sdemEobs
sb0dgA®ogmo db@osgsl dmddomdol se{g@ol dglobgd. 53 dm@Eobols sdmblbols G@swo-
oo 3bs gdygedgds goeng@oli obsdoy@do aob@magdgdols godmygbgdsl dgsdo Lbgyeols
Imd@omdobosmgols (ob., sg., [139], 3. 149-158). soMgo© >0l 3bmdogmo ol LoGmyaggdo,
MmI@gooz FbEgds sbigmo se{g@obsl (ob. symgmgg [1], ag-119-141, [140], §3.177-208). gobosyco
Looggdo, HmIgdoi Boagmo@gol 53 3obGmemgdgddo, sofg@mgds (ob., dsq., [138], g.233-244)
9390 0bgoM0sb@gdom:

1) 0bgd 00l &, (bsdwgomo Lodg@®oygeo Lodysbbmdog gdosbo) Bgbbm@ol 0bgo®osb@gdo,

OMIe0 9d03 YOMogOHmEsglobo asdmobabgds 0bgdools 4, 4, & dmsgs®o dmdgb@gdom,
sdobmab, sLodgG®oymo dbMosasbomgols & # I, # Jy# I, (c‘/k >0, k:ﬁ);

2) sbodg@@oygao db@osasl wgddyeo d@bgol ggmbydo LobJs@ols ggd@mmol jgo@s@0
o' =0+ 0, + 0, bopss o, k=13, stols 390bydo LobJo@ol ® ggd@meol 3Gmygiogdo
db@0sgsls 0bgA 00l Jmsgo® @gddgdby;

3) 3b@os@sls wgddygemo dO9bgols 30bgBogydo gbgdaos %mt:Zi:l 502 =(0cF0)/2;

4) 3b@osgosls 0d3ygenlols dmdgb@ol ggd@m@ol jgo@s@o Lzzzi:l<7kzcok2:<60cf26)>.

hodmmgaogno 6 0bgo®Mosb@o, Gmym® 3 o5mbodbyeos dmbmydsgosdo [19], (pg.226-238)
> olg®@o3ool §2.5-do, 5@ s®ol bsgdo@olio sLodgB®oygmo db@osgrsls dnd@smdols LEygao
>0 gm0lomgol, @sdpgbo@si o@ 5ol sdm owgdygmo d@ybgols Jodo@myagdoby — @ gg4d-
A0l 60sbby (ob., sa@gmgg, [21a, b]). Imd@omdols e gmo s@§gms bgdbogds [40] IHmdsTo
539090 0b3>M05bFgd0l dobolol godmygbgdom o =} s Q) =€, m=—-Q; Fgbbmdgdols
(%,Qij)%’%ogobomgob (Q;; 5@0l gnoby@o bobsmol & g9Jdm@ol gm0 SbGobodgd-
@090 bodasbbmdogngdosbo Bgbbmmo (ob., o, [104], 3.48), beogwe & 50b0Pbogh bEgmosw
5b@BobodgB®oya dglodg @obyol gOmgymmgsb BHgbbm@l — @gg0-hogodsl Loddmenmls).
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(2.115) ge@adgeol msbobds, aoblobogrggan ‘dgdmbgggsdo mO®MMAmboy®o 0bgo®0sbE)g-
b0l d0bodogr®o (3m@obmdyg@o) dsbolo dgoiogh dgdwogy 0bgo®0sb@gdl:

tref =, +d,+ %, tref’=J"+5,"+3° tre?’=0>+5>+4° trQ’=-2(0]+ 0, +0,) =-26"
tr(efQ?) =—d,(0, + 0)) — (0 + 0,2) — & (0] + ©,2) =—d’tref + Zizljkcokz =2¢ ,— &’tre?,
() tr(efQef?Q%) =)’

3 2 3 2
A A —_— A
gt ik Ok By O By g = Zi,j,k,u,m,q:ffijj (0, g O, €

k(é‘lié‘jq_é‘ ;i) =

Iqg™~ji
®, ®, g
3 p p p P e .
:Zj'kJ:l‘jl(szka‘)jwleljk:dEt KOy o,  Foy |=0o,0,(%— ) (0 9) (%= d).
Ko, Ko, Lo

3bmdo@os (0b., 3oy, [138], ag.233-235), (™3 9356503690 aodmbabyamgds aoblsbwg@sgls
dbHosensls ggmby@o Lobs@ols @ =o(t) g9]@mmol ggmeaEosl dmdo (sbs®bgbo 0bgs@o-
SbBgdo — 30bg@ogndo 9bgda0s s 0337 lols dmdgbBol jgoMs@o — mogolygseo db@osgnsls
dd®omdols 0b@Gga®oggdoo).

‘g3 mddo, dmama (3 hggymgdodog [103-104], a5dmgoygbgdm dgmsbbdgdsls asbdgmegdyano
— dmbao — o0bpgdlgdbom sxodgol gbobgd o os@o® og{gdom xodol Loddmenmls.

2.13 g g0l mobsbdsw, Bgbbm@gdols (d{j,Qij) Fygoemols bgdoldog® 7 0bgo®osb@l dm@ols
>@LgdMAL 3mE0bmd Mo MoboBs@Emds. 03 Msobsgs®Mbol Inbodgdbow, MMIgeo 5353doMgdls
(1) ge@dygangdom 2obbobrgdyga 6 063s®M0sbBHL 033y bols JmdgbBol ggo@s@msb, aodmgo-
49600 60bg-3mdol mgm@gds. db@os@sl 0bgdo0l dnsges® mgmdgdbg oy9dge (MGONMbmE-
Jo@gdya) 3emAEobs@ms Lol gdsdo gdmyembn:

o o, o, ||’ o 2¢, L
) det| oo, S0, o, |t =det| 28, L 5% |=[trFQorQ)];
Koy Ko, 5o, L Hol gl
Jlw. =L =tr(Q%#?) + d’tref?,
(3) Fw? =tr(QeF°) + d’trof?,

Jlol =tr(QeF) + d’tref
b 0bgo®oob@gdo tr(Q%ef°) ws tr(Q%e#*) godmomgmgds JodomBmb-ggmols gobGma gdols
F—cF? - tref +F A, (cF) —E,-detef =0
> () o (3) gmedgmgdols yodmygbgdom (Ese M, (R) >®0l g@mggmmgsbo 3x3 ds@@o(30).
3300@mdm 03039Mmdsls
4) tr(Q°c#®) = tr(Q°ef?) - tref — tr(Q°c¥) - A,(c¥) + tr(Q%) -detof =
=L2-tref — 26, A(eF) + & (—tref?- trof + tref - A () — 2detef ),
Lboo@abss
Kol = 0 (tref— tref? - tref + tref - A(of) —2detof ) — 24, A(of) + L7+ tref

rot

©5, d5doen@Bmb-39a@ol obBmergdols yomgsmolifobgdom, godo®m@oggdgdol dgdwge gmgdymmdm

(5) Jiol = & - detef — 28, - A,(cF) + L tref.
Sbo@mp 0@, dsdog@mb-3gmols 3ob@ma gdosb gdmymmdbnm
(6) F '=cF tref —of *- A, (F) + F - det oF.

59056, (3) wo (4) gomgsgolifobgdom,
Jlol = dMtref +tr(Qef!) =L2] (Iref)’ — A,(eF) | - 27, [A,(eF) - tref — detof |+

+632[tr@f4+tr@f2- A, (F) —tref?- (tref)? + (tre?)? - A(eF) — 3tref - det @f],
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Lboo@sbss, (6) Goamdbols omgoamolifobgdom, gmgdymmdm
(7) Hof = & detef - trof +2¢, [detef —A,(eF) -tref |+ L[ (tref)’ —A,(eF) |.
(5) wo (7) 3b0dgbgermdgdols gBobs (2) Bm@IY@sTo s godo®@oggds dsdogrFmb-39emols s
A, (SF) = ey + Sy + Gy = (trPef —tref?) [ 2 go@dgmgdols 3odmygbgdom ggodaggl:
@ 2%, L2
8) [tr(cFQor?Q?)] = det| 27, L2 A+drdetef |,
L?  A+@’detef B+@ detes - trof
bogs(s

A=L’tref - &, [ (ref)* — trer |,

B = L*[(tre?)’ + tres? ] /2+ 26, [ tre”*~ (tre? )| /3.
(8) m®Iyeools dodxggbs dbodgdo agod3l éz(t):—%trzﬂ(t) g ool 39dyMo 3meobmdo

) [tr(@ﬂ)@fzﬂz)]z = —(&°)*- det’ef +¢,(&)*—C,d* +C, .

o3 3mobmdol 3mgn030gb@gdo yobolsobrgmgds 0bgo®osb@gdom tref X:].,_S, ©S L? Crots
I gbdoi mogobygoeo db@osaslomngol dmddosmdols 0b@gydomgdozos:
detef =tre? /3 —trof - tref?/2 + tric?/6,

c, :det@f[zgjot(trzof — tref? ) - thr@f]
c,= %Otz[(trzd—trd2)2+ atref - detof |27, L*(tr'ef - 2tref - trof >+ trof * ) + %L“(trzd— tref?),

c,=(8/3) &, (tr'ef —tre?®) - 2,7 L*(3tr’ef —tre#? ) + 47, L'tres —L°
Gbowos, (9) 3meobmdol A, A, A, 9lggdo gobolobwg@mgds sdsgg tref, tre?? tro?> L2 ooy
0635M05bGgdom. sgoao dgledm§dgoganos, @mI

_ [ 2, tre? - L] -2,

(10) Ay — (k =1, 3)
QO
(11) [tr(eFQer?Q?)] = (0, — ) (A, — )-(h, — &) -det’c? .

(1) 0635@M05b6@gd0Lomgols dmd@smdols aobBmangdol dolowgdsw gobo®pgdemm gogrgdols
©06530900 25b6@mgdgdom (ob., sy, [138], 3.230)
(12) B0+ (T —h)w,m3 =N, G0, +(h —F)ow;=N,,  Fiy+ (% —J)m,0,= N,
(5 Ni, N2, N3 o@bodbogl god9dg dognols 8(*)8;]_6@01) N 39JB™A0L 30m9J3090L dbBosgsls
069M(300L dmogo® @gMmdgdby; @ =do /dt, k=1,3).

(12) LobEgdol k-9@0 aobBmmgds gogsddogmmm &' "o, by, k=13,
5 53x53m. dogomgdm

1 1 1
1
(13) E% I+ o,0,n.det| g, o, gy | = Ziﬂ N 4 o,

@53, (3) o (1) gmAIPegdols pomgoaolifobgdom, dgodagds hogfg@mo dgdpgao Lobom:

(14) %%(tr(@/“gz)— %tr@/“trﬂzjnr(dﬂcf“lgz) = <N@]“’16)>.



132

ONMAMbs @0 0bg5M056Fgdom hofg@ogo aobGmergds (14) do@mgdbymos Mm@ ©o-
bogms bgdoldog® m@Mmbm@do®gdyga LolEgdodo s os@s Jbmgrme db@osamsl 0bg@dz00ls
Jmogo® mg®dgdobyg op9d9e jom@obs@ms Lol@gdsdo. 3g@dem dgdmbggggddo, GmaEs n=12,
aodmbabyangdgdo (13)-(14) o0ygebgds dgdwgy mobogs®omdgdby:

d S d, , o g o
(15) a%:m=<N(o>, e =2(Nef®) = 2(NL),
Mg gbdoi mogolbygego db@osgnsbomgols ggodarggl Imd@omdols 0bFga®omgdl — gbgdaosls
> 0339 lols 3mdgb@ol ggo@s@l.

u=0 dgdmbgggodo (13)-(14) gm@OIHegdosb agsdsl:
1 1 1
Zi:lwk2+wlwzoo3det A A =Zi:1Nka‘l(nk.
cjl_l Jz_l (73—1
3530mgo@olfobmm, @md, (11) gm@Iymmols msbsbdsw,

id
2 dt

1 1 1 VA 1 1 1
wo,0det| o 5 =%det g2 a2 a2 | =det T wo,0,det| 5 g g | =
(71—1 (72 -1 J3—1 1%2%3 1 1 1 (71 2 JZZ (732

= det I tr(e#Qer Q) =[ (A, ~ &)- (A, ~ &)-(hy — &) | .
‘dgegao0, 30300950 3ob@men gdsl:

(16) % dd°t° +[0u-3) (- 30— )] =(NeF ')

(B9bbmG0 F LE*5E® 5@lgdmdl, Gowash, sdmisbol 300mdols msbsbdsw, det(ef) =, > 0).

0530b985e00 db@os@sbomgols (16) ©s09gobgds gobBmergdsbyg go0g@IB@sbols gerogliy@o
P(t) ¢396J3oobomgols (ob., dogy., [132], 18.1.7):

PP =4(P O -e)(PO-&)PM)-e).  (e+e+e=0)
sdolomgols Logds@molios (16) aob@margdsdo Yggoldgmmm jo@wsbml holids (ob., doy., [151])
26 (tref — tref? ) —L?tref
3dete¥

@0l Ygegaosi (1) 3mmobmddo aobymmgds P 2(t) Fg360l 3mgnocogbdo.
5dmboblibo (17) s 0bgo®osb@godo %’r’ot,LZ, tre, tre?? trof® dsiEombogy@om goblobmg@agl

([138], &3-234) g30by®o LobJs@ol 30mg30gol db@osasls 0bg@mEool Jmsgs® @ Mdgdby:

(17) @ (t)=-P (t)+%(kl+k2+x3)=—P () +

02=Q,0= ‘73D‘1,‘2/2 (8% detes 2, [tre? - ] +L7),
2 2 Jg,_ff1 2 -1 e 2

(18) o, :Q31 :W((ﬂ (jz detJ—Z%;ot[tr@/—Jz]+L ),
2_0 2_% "N (~2.1 , )

0 = Q' = (@0, detof — 2, [tref — o,]+L°).

5] D o@bodbogl of Ggbbm@ols dsbolioomgdgero 3meobmdols @olig@odobsb@ls ([59], a3. 190):
1) D=[ (%~ %) (%~ ) (= )| = det [ tr(er™?)]

ik=13"
5dobmsb, ILI1T mgm@gdols msbobdow, dgagodaos hogmgogmm, Gmd J<s,<7;, Q,>0, Q,,>0,
boge Q.=m, 30m9J300L 60Tsbo gobolobwg@gds tr(eQef’Q?) 063500560l 60d6om.
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§5.2. OgesGogolb@ydo dO9bgs

Mg o@B0g0bEYM0 dAYbgol yobbogngol gdwgbgds bsd@mmdgdo [94], [95a, b, [145]-[147]. 3
2dm 33093960l gOm-gBmo dobobos gbgdaools s 0d3yelols 3mdgbGoli ggoe@s@ols gm@gd-
Aao @ges@ogolByg®o aodmmgms. gl Bobogy®o Lowowggdo, Gmamai agohggbs [obs
30M53@553do ho@oMgdoyeds gobboangsd, s@oli Lbadysbbmdoa gdosbo m@mmambsay®o obgs-
0563 gool doboliols gargdgb@gdo wo, 8339 O™, Fo®Imowygbl dmd@omdol 0b@gydomgdls
30bogy@0 5dIm3obgools odmmm Jansbolbsmgol.

AMamO3 36Mmdogos, Agas@ogolb@ydo doamds 5@ >0l moglgdowo sobme @ g@s©
dgo@o  Lbgyaol bgdslmsb [100], [142]. s3pgbo, GoBoMgdygee dO™dgddo goJ@mddogew
aoboboggds sdmy300gogemo bofoasgdom dgagboao Lol gds, Gmdaols bofoagdo b@4bogls
9d®og0 0g@dol goMmdgdm gOmbsodo Jgmbydo LohJo®ggdom. sbgmo LoliEgdgdols dpg@swm-
d5lmob sgogdodmgdyamo Lsgombgdo o3 03m33e09396do @ asbobogngds.

YgbO e gdyads godmmgegdds ohggbs [94], M3, Gmym®3 gL dmbsgmebgamoi oym,
Ago@G0gob@y@o LolEgdol gbg@aos s 0d3gebol dmdgb@do s@sf®gBoge s@oli ©sdm go-
gm0 ggnby®@ LohJo®gbg. bodmgbos Jomgdyeo godmbsbymgdgdols s@s@ges@ogol@y®o
bpgodo dglodsdolo dglfmdgdgdom s 0bgd ool Imdgb@gdols wobyliEgdyamo dbodgbgenm-
3960 bbgowolibgs ggmdg@@ools o doboms gobofoagdols 3Jmby Lol gdgdolsmgol.

bodOmddo [145] gbFogemogos Fgd@Gommgsbo mdogdol odygegdomo dGybgs Iyodogo
39obag@o  Lobdo®om 9d@sgo  (396@®ol  gomdgdm. Gbowos, sdmiEebols sligmo  sldolsls
0339 boll JmdgbBo o@ os@ol Jmd@smdols 0b@gadogmo. dOmIgddo [146], [147] gobobogngds
g sB0gob@yg@o daybgol aogmgbs ®mdogdBol agmdgd@osby ©s dobo gogdodo a@sgo-
Ao3osbmsb. hggbl dogd gl e gdyemo godmmgagdo [958, b] shggbgdl, GmI 033y bols
dmdgbBol Iymdogmdol 3oMmmds s®3g93L [145] dOMIsTdo bo3mgbo @oposgny@o Imd@smdols
39M0m ML,

aobgobogrmm dd9bzol gemoglmowo V.  bobggedmg@ddgdom
a=a, 8,=a;=a > dblboms bodgghogom p(F), FeV sogamols 2 72 aﬂ@m
0d bob@gdsdo, AMIols Jodo@msiz ol YdMogos — ganoglimowols a_f+?

Lo ggme®@ smganol LoliGgdsdo. oy sbgmo geroxlmowo d@Oybsogls
Lodg@®mool OZ wg@dols aomTgdm o ggmby@o Lobds®om (bob. 1),

dobo 9bg@p0o ¢ > 0337 bols dmdgbGol ggd@m@o L oam-

<1

0mgmgds Bm@IYmgdon (ob., dog., [100]):
(20) ¢ =c[ydm,
\Y

(21) L=L,=[(xdp,~ydp,) =[v(xv,—yv,)dm = [ yr’dm, bob. 1.
\% \ \%

Losi dm=pdV s@ol gemogbmowols dV=r dr dzdd dmEygemdols gargdgbBols dobs bsgygms®
soganols Lob@gdsdo; y=(1— v’/c?) 2= Z(l— o’ (r9)?/c? )71/2 M9e053030LG YO0 GoJBm@os;
N oo ¢ >@bodbogl dm gergdgb@ol sdm@gosl d&ybgols OZ @g@Mdosb s sbody@om @
39mbgl  gaoglmowol  Logygms®d  Lob@gdsdo. @sdm@s@moygm  LolGgdsdo  dgbsdsdols
Lowoggdl dogyFgdm (L) obogdll.

Gbowos, M 6gboldog@o Lobfo®om d@ubgolals rV=r, zM=2 53s5Lm56, @m@gbizols
2oM©sJ36gd0ls dodo@m IsLol 0b35M056GMb0l gomgogolifobgdom ygoJ3gl:

dm=p"PdV® =pdV =prdrdzdg.

dooloadyg, 0b@ga®oggdo (20) s (21) dgodangds asdmgomgs@mme geroglmowols bsggms®
Loli@gdsdo.
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3obgoboermm @sdwgbodg dogsgomo.
35a5@omo 1. @ogydgom,

(22) p(M=p=m,/V=m,/(4na a’/3).

35906 (ob. [94])

(23) ¢ =pe? [ (1-r2o?/c?) r.dr,dzdp = (3m,c? /2B {21},

(24) L=po [ (1-rfe?/c?) " ridr,dzdd=(mca, 12) {4~ (B2 +2)1,+B%, ),

boos B=w’a’/c’ ©o> (ob., 802) [130], (2.272.2), (2.271.3), 3. 100])

|_J}/1 5is peide <14+ 2P 1+B

28 1-B
1+ (1-p° ) aith
I — 2 1_ 2+ 2 Zd — _
z_jla\/ Bapede = g N
o3 godmbobyangdgdol dg@obs (23) o (24) 0b@gadomgddo Imyg39dL:

_ 2 -2 _1__[32 1+ —ﬁ
25  &=@Emci2)p {1 28 1_3} (3myc®/2) {1 hZS}

(26) L:(BmOaLc/8)[33{3—[32—(1_32)(3”32)In1+B}:(3m0alc/8)B {3 B2— (3+ B)—}

2B 1-B h23

Lowos3, Omama; hggnegd®og, s@gbodbgom thS =B. gbowos, §€[0,+0), @GmEgbsig Bel0,+1).
53000, Jogrogodm 360T3b6gemgeb wolggbodwyg [94]: sO(3 gbgdgos € o B dmdgbdo
L o0 50l @sdmgowgdygemo ganogglmowols @, bobggs®mg®dol Lowowgbyg, @mdaol go@dgdm
begds d3G9bgs (09 dG9bgol wg@do gdmbgggs geoglmowol Lodgd®ool wg@dl), go. € ©s

L 5@ o600l odmgowgdygemo ganogxglbmowpol gdlgb@d®@obodgdby. 39@dmw, (25) s (26) gm@dy-
@gdo Lodos@maosbo @hgds ©osdgd@ol go®dgdm dd@ybogo gamygodmmgsbo do®mgobsmgols

(03 dgdmbgggsdo a =a =R, bopwsg R dodmgol @ooyglos) s dOFYgeo wobgmbsmgolsg,
amdganoi  dObsgl  dobo  Lodb@Fyol  Jos@mmdyao  Lodg@®ools @g@dol  ao®dgdem (o9
‘dgdmbgggodo a,=0, a =R, Lowsi R wolgml @spoyglos).

sgogo dgbodm{dgdgaos, @md (25) s (26) godmlobyagdgdl oJgl Lim@o s@smgans-
G»0gobB YO0 begodo. 3g@dme [94]:

2k 3 24 SI0%
@7 “ly 1_mC{ZB (2k+1)(2k+3)} Mo+ {“ p+0(p )}

2m,a’ 2 15(k+1)
28 L 1+=-p"+0
29 2= {ZB (2k+1)(2k+3)(2k+5)} { 7P o )}
bowos(s 3:(2/5)m0al >0l genoglmowol 0bg@d ool dmdgb@o (b@ybgol OZ @g@dols dods@m).

393M5© 8AM boobGHgMglms Y B sB030LEAYM0 bEgaMo. mys@0mIero gobdmes-
©mds B=1 F90E0omTo 5@ @0l sGlgdomo (1-B?) dsdGogmols godm ©s §3meymmdo [94]:

P E R Y
(29) |5 ~3M,C {E+8+§In§},

1 S5, 8
(30) L|B_1_Sz3mocal{z+8+ilnz}. (01
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960336s 1. gom@dyangdo (26), (28) wo (30) sgomos assn(g@mgds bgdoldogMsm mogb-
A00 939 30AE0bsEms LoliGgdsTo (09 3gmby®o Lobdstg jmemobgsgy@o Ghgds Lodg@®mools
©g®dols, 0= [4,B]).

35003, 30MEs3000 Jgdm{dgds 230hg3969dL, A™MI Jmm@OEobsGms 03 LoliEgdsdo, G-
woll OZ mgddo go@obgs@ygeos ganoglmowols Lodg@®ool @g@dobs, bsdasbbmdogrgbosbo
39JBMG0 (Bog @y g@hboegddo holidygmo asdmbsbyagds, 3bowos, 0b6g35M05bG0s)

- _6{%3&2 [1+3p72(1- moczl%’)]} [a’lB]{%SB_Z(%_m"CZ)}

(26)

4c? - 4c

©504g5bg0s (26) gm@IPEom goblobmg®dye Lowowgby. (26') m®Iymmols mGOmmymbsgy®o
3035005bFMd0L  godm, ol Lods®menosbo @hgds bgdoldogdom m@ogbBomgdya  smm@©o-
bo@ms Loli@gdsdo. Jbpoglbowgg In{dwgds gm@dygengdo

| . 2% 3
(28" LIB1=§?®aj{1+3552+0(34)}’
~ 1¢ ., 3 2
30" Ll o=~ 1 N ' o
(30" lp1cs cz‘”ai{ "oy 1—8(ln2—'”5)} e

©odm ogdymgdgdo €(B) (ob. g-as (25)) s L(B) (ob. g-@ns (26)) 355dgBO o gm@domn
256LobgMmogl LoliBgdol 3odo@BHmbosbl A =¢(L). >©gbodbmm, M3 ©sdmgowgdyemgds &(L)

— “@9x9b AMo9JBmA05" — 3009 LohJo®ggdols gdmbgggsdo 33o@s@gmos Mgms@ogldg®o
YgbFem@gdol LobylGom):

€2y & —m,c’= (LY 25){1-p17+0(BY)},
bogm gao@@o@ges@ogold® bmgs®do bpgds sLod3@m@ydse Fogogo:
(32) Elprs=B/4)myc*+(c/a )L |, ;. (5<<1)

‘dgbodsdolo a®s303900 bohggbgdos Jggdmm. bob.3-bg 50bodbyemos s@o@gesBogolRy®o
©> e BASOJ@sB030LG YO0 sLod3BmEG Mo E(L) ©odm owgdygmgdgdog.

1.5 F F = 1.5¢

L/meCa, élm, &/ m,c?
a I_,_/_,_,_/_,_/—’_’_, .
1.3
0.75 /
. 12 /
: . /
025 P !
0 : - p 1: ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 L/myca,
bob. 2. 34&9bogo genoglmowols bob. 3. 3d@ybsgo gemoglmowols gbgdaools
969200l () s 03379elbols ImdgbBols (b) odM 30Egoegds 033 lols dmdgb® by —

53030 dmgds 93350 MO g bobdsmgby @9x9L AMs9JBm@0s (3odogBmbosbo)
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‘d9360'dbemm, ®mI gobsoasb dobosms 396F @0 YdAsgos smgeols sdbm@sGmaoygamo Loli@Ggdol
dodo®o (LobEgdol 0d3ygenlso p-=0), 9690200L 2sdmmgerogno db0dgbgermds dm@l dgmeds
©05333003909e0ds 9bes ©o7353do@ml LobEgdol gJl3g@odgb@yesm ©sdbg@oan dobsl, bmenm
03399 bol dmdgb@ols 360dgbgermds — 9JL3gM0dgb@yeom sdbgHogn Lo gms® dmdgbd L.

‘dOHd>To [94] >@bodbygaros, O™ Yo B@o@gesBogolRy® "053306)'30 ag35dgL:

2
€|, =mc’= SMyC . = m=3my/2, Lj,= 3mqa, wmaxz3moaLc :
2 4 4
09 53 @Iy gddo dg30@obm gergdgbGodymo gg@dombols Lsgygmemo 033y lols dmdgb@ol
— B3obols — 360dgbgermdsols L =h/2, dJogomgdm [94]:
(33) a=—
mc’

Omam@3  o@bodbyemos  b5IOMITo  [94], “ddOybsgo  Rg@Iombol  Gowoylol” sligmo
0obbggo®ds 3md3Ambol Gommol Log@dglmsb s s@sbsgmgd dmsddgkosego msbsgo@omds
(34) ho,, =mc’

‘dglodenrms, 5@ @0l gdmbgggomo, s@sdge sbsbogl d9bgdol @®ds 3obmbbmdog®gdgdl.

S @omo 2. dOMmIsTo  [94] gosboamobgdgamos Lolggdol gbg@gools s 033ygmlols
dmdgbBol Lob@ygemdoll Jobgbo B—>1 Dbwge®ddo: hggbo sb@om, “Lbgymol g335¢mODY”,

@mdgoa V9O Gomos 3gmdgdoogeo s©oos, yobaoygdgmos gagmgdymbogmgse 3oy
dols, boam “Lbyymol” ©obodhgh [gdO@owgdl Lobhjodg ogm  Lobsmenols Lohds®gbyg
bogagdo. 53 dmlbsb@gdol gbodm{dgdaa dOmIsTo [94] aodmmgerognos Lsb-

@0 Lolol 3d@gbogo as®bol gbg@yos o 033yenlols dmdgb@o.

godgoo
p,, TeV,
p(f)=1"" _
p, reVv,,vV=VUV,,
bowsi Vi ©s V s@0l gmsbosgnygdo gmoglbmopgdo s aP<a,a?=ka, k<1,

3boos, Labmysme gl gaoglmowgdo @ s@ols msbogmyyby®o (bob. 4). fobs
dogomomdo aobboenyganols boggydggen by, agodgl [94]:

(35) g=2 Moo czﬁz{l—l_B “—B—a—m(l &J{l—l_kzﬁ 1+k'3}}
21-k*a%a 2B 1-B a p 2Bk 1-kp
:§ m,—m, ca,p 3—B2—(1_B2)(3+B2)|n1+ﬁ—
6 81-ka%a 2B 1-B
GO P cepe LKBB+KY) | 1+kp
al p 2Bk 1-kB ||

o) B=wa,/c, my=(4n/3)pa a’(1-k*a®/a )+m, m;=(4n/3)ak’a’p, 3 goadnmgdowsh b,
@md sbgmo “@gbmgobo” gamoxglbmowols gbgdgos ©s 033 bol dmdgbBo @hgds LobOyao
dodoboz, @mzs B=1 gl Lowowggdo begds gLolEygerem dbmerme d5Tob, GmEs dgleygeng-
d9@0s Ae@mdgdo
a®/a =k =(al/af))2. (m,—m,=0.)

56obdoe YAm@mdgdols a,<a, k7?21, gl 300mdgd0 ©s3dsymaomgdgmos dbmanmo 53ob,
@ogs a¥=a, a,=a" g o GmEs 3696sgl dsLoydo lslBgmeme mbgmo @gbs. slgmo
3o@Lol 0@ 9bgs Loko®mgdl oemgzg dgbfogansl, Goasb Lodggmogggdo p s pp bgdmm yobo-
boangdmes, Omyme@;3 bLabeygamo Lowowggdo.
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35a5@omo 3. aobgobogrmen dgddAYgegdygmo gaoglmowol bgosdo®o s ©ogedgeom
dm=(m,/S)dS, bowsi S 50bodbogl geroxglmowol bgosdools Bo@mmmdl (smgeols Lo ggme®

Lol gdsdo), bogoem dS — godnmdols gergdgb@L:

2

~c0s°0 sindd0 =2ra *~/1-¢’sin?6 sinbdo, a>a,

dsS :ZnaLaL\/le

1-¢

—g? 4ra’, £=0,
S=2naa, 176 jpire, 1 =2ra a,chy )R e
- 2¢ 1-g¢ J1-¢2 sh2y 2ma’, e=1.

(37)

>J
0<e=,/1-a’/a’=thy<1 “ o

506036536 9Jb3960®0LEHIBL (9936036mm, HmI a (1-&*) ™ ?=achy =a,). a
ger0gbmool bgosdo®ol gob@magdols \al

. r’ 7
r,=a,sino, a—lf+a—mzzl, ajs
aomgogolifobgdoom (bob. 5), dogowgdm 6ob. 5.
4naf 2 11— ¢%sin?0 . ,4na’ 1 1o U2 1
sin6do = m,c 1-u 1-g’u)"? (1-p?u) ™ *du =
! I psine j( )M (L-gtu)"? (1-B7u)
47ta2 1
38 =m,c?—= —1/2,€%1/2,p% |,
4 2

21 1
L =mya,cp o [ @=u)"?(@-€%u)"* (1-p*u) " du =moaLCB8§% [5/2 -1/2,¢%;1/2, Bj
0

[SNCNE! F[i; b, z; bz,zzj:F(g;{b,Z}zj:Fl(a; bl,bz,c;zl;zz) >0l 839eol mGo gmswol d03gM-

290393090 g9bjzos (0b. @olg@Rsiool IV mego, gm@dgems (42), ag. 104 ©s, dsp., [62]).
1/2 1/2

d9360dbmm, @M g9bJ3ogdo F(S/Z; -1/2,2,; 112, 22] ©d F(5/2; -1/2,2;;1/2, ZZJ 9358 d0O©gds

I wo I §35M0L sGobOPa gemoglig® 0bdgydomgdls (ob. [60]).

03900 996J30gd0L 0g0lgdgdol mebobdow (ob. IV msgo, g-ens (102%)), B—>1 begs®do
m®039 gl RubdEos aobdmswos gJlgbEMolodgdol bgdoldogmo 0<e<l 3b60dgbgermdbo-
Lomgol, boam £=1 dgdmbgggsdo, by “cm@xgbs olgmbomngol” (ob. bob. 5), sdogg (IV.72')
Rm@Adgeols dogrom s (37) yomgoeolifobgbom, ygoJ3L:

drna’ (1 , 4ma’T(3/2)r@) (1 2m, c?
= m,c? F -1/2,1:1/2, L Fl| ;1/2,p% |=———,
#lea=mo S (3/2 b j o3 r@/2)r@) (2 P 14[1-p?

8ra’ [(5/2)1(2) (1., 5=
3’

8na
3S

39) L _,=mac
) | P 3S F(3/2)F(3)
3/2
__m ac(l B?) 31+3[3 /2
3 B
od go®dygmgdols dodxggbs Ibo@gdo dpao® godmbobyagdgdl ozl Lob@geo bgs®o,
amEs =1 s gwgdygmmdo:

(40) % e=1
p=1

1
F[S/Z ~1/2,1;1/2, Bj ,a,cp

e=1"

4
— 2 — —
= 2m,C?, L|1— m,a,c = o

a
203 % 3
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9JL39bB®0LodgBol bgdolidog@mo Lbgs 3b0dgbganmdbolomgol gomlols gbgdgos s 0d3ygalols
dmdgb@o B—1 bwgo®To bpgds glolOgam. dsgsmomsw, @m@s €=0, by a =a,=R @spoybols
bggdgao ao@bobomgol agsdgl [94]:
m,C? n1+B
2B 1B’
L:Em ®R {1 nith i+1_[332Inﬂ}:lmoRc{lﬂz3 In ﬂ—l}

2 B 1-p B* 2p° 1-BJ 2 2p° 1-p P
> B—=>1 bego®do mAogg gL Lowowg @easG®omdgese aobdgswos. dJoygbgosgsw sdobs,
doo do@ol s@bgdyao doMGH0g0 MobsBsMOMbS

_R# 1+BZ_(|n1+_BT
¢ | 2B 1-B

Lodo@manosbo @hgds B—>1 bogs®d@dog. 3g@dm, byg@gmo as@bobomgols (41) gm@Iyeng-
d0sb gmgdagemmdon (Jgop. g-as (32)):

& =
(41)

m,c?

) Flpa= o

d9b0dgbs 2. swgoao Yglodm{dgdgemos, GMA aokodymo gemoxglmowol mbgeo dsboy®o
bgesdo®ol gbgdgos s 0d3y@lols 3mdgbGo godmolobgds gm@Iygan gdom

Ana 1 _g? 4na a 1/2 —p?
ey ey (Y7 W AR Y7 N ) B el B V7 Y 1 i i
m, C? S 3/2 1-¢ S1-p2 \3/2 1-B

L 8raa e _ g% 8ra, a 1/2 _ —p?
F(5/2 1 Z,l/Z,sz:—lF( 1_1/218211/2)1_—B2]y

m aCB 3S —-€ 35./1-p2 \5/2

> B=>1 bwgodTo gobdeowos, mobsi dom Y@M Lf@sxgs©, o3 YoM owos 9Jl9b-
A®obodgdo €, 0<e<Ll gl sslEAYMgoL Dbgdmm asdmmdyer Fbsb@gdol:  aokodyao
geroglbmool 9JuEgbdMmolodgdol bOsLmsb gomsw, Gbowos, do@yemdl g335@m@ols 0d
dosdml dsbs, mdamols LohJo®gi sbapmbss Lobsmeool LobJomglmsb.

sbans gobgobogmo oligmo Lbgygeols ddgbgs, @mIganlsi Lodg@Mool wg@do s@ ojgl.

C
=Llpr

(43)

dsoomo 4. gojgom, My dobol s 1=2b  Log@dol (Logygmsd smgarol Lolidgdsdo)
9OMa350mgobo [gdomo mgdm ddybsgl XOY Lod®Eygdo o Jymbydo Lobds®om, dsboms
(3950 by aodsgomo OZ mg@dols go®@dgdm. sligmo LobEgdol & 9bgdaools s L 0d3ygalols
dmdgb@ol aodmmgens (20) s (21) gm®dymgdoon ygodenggl [94]:
(44) ¢ =mc?plarcsinp, L =(m,ch/2) B-Z(arcsin B —By1—p? )

Yo BASM g sBogolR® bpgs®do B—=>1 s5fgosb g3mymmdm:

¢, 1=(m0c2/[3)arcsin[3|B =@2me’ L, l=(m0cb/2[32)[arcsin[3—[3(1—[32)1’2]‘ =(n/4)mch.
N - - B—1

o0 BmAIY gdosb 3bowos, AMI YOS oBH0golRAYO bpgs®do JdOYbsgo @gAML

“@9x9L BMo9]BmM0s” EEL) brgds {@gogo:
%hml - (ZCL/b)|B»1
9603365 3. gm@dyangdo (44) slggg dgodegds hog(g@mm bgdoldogPsm mMogbdo®gdye

J0O@EbsGms LolEgdsPo (0 ®Lb). s3sbmsb, 9690305, GEamG3 Lsdysbbmdomgdosto
0ONMYMbsen @0 0b35M056F0, 5@ 03320 9ds, bmgenem 033 lols dmdgb@olbomgols ggsdgl:

(45) - BBl #le-me1-F _ ab? #lc-mye1-p7

2 p’ 2 B’




139

bodOm™dTo [145] . dohodgands s o. BMysged yoboboangl Iygwdogo 3ymbydo LohJs@om

A9@5@G030b@ YOS doObogo [gdgeo wdslm dogno, GmIgandoi [oboswdpgamdbols gomgdy
dggdgos dmd@osmds 3300 “bodi3gal” (bob. 6). 53 dOMIs>To bohggbgdos, O™ “bsdi930L”

AoEosg @0 Uy Lobdo®g oM 339990 300mdgdols gy gdolisls oigemols bodsbl, g.0. dogrols
dO99bg0Lsl “bod(39(30” SLOYm gl Aoosey® mlEos3ogdl (bob. 7).

/

(@)
(b)

(a): v =0.001 (b): o =103

T 1

" i --—"":

bob. 6. bob. 7. “653339G0l" Gowosey®mo vy Lobhs@ols
(@) 9Isbem JdG9bog dogndo Imd@ogo (V93900200 F00) ©s ©s 5bodydswy@o v,=0r LobJs@ols
“bod3930L” dmpgeno [145]. (9V 93980 Foco) w@momo ggmeneyzos

(b) gmggo6mgobo Jd@H96sg0 Gammo [95].  boFygobo ve bohJo@ols Lbgowalbbgs 360dgbgarmdgdolismgols.
(@) 0o =107 (b) v, =0.3; (c) vo=~/2/2; (d) ve=0.99.

bod@mddo [95] hggb dggolfogargom gOmagodmgabo Ggans@ogol@ s dd@ybsgo gofdm
> mbgmo Gameol @obsdogs. 53 Lodgd®oygmo Mges@ogolByg®o LobGgdol @oa@sbgosbls
s dodogrBmbosbls 5Jgl, dgbsdodobop, dgdwgao Loby:

< =—me?*(1-5%c)Y? =—me?y 7, H = %zc\/ m?c®+p,* +L%/r?,
bogos
Y — (1_ 62/02)71/2 — (1_ rZ(i)Z/CZ _ r-.Z/CZ)fl/Z’
m — @ameols obos boggmo® LolGgdsdo (Ggers@ogolG®o 0bgs®osb@o), boam asbbmye-
09090 0d3y9mlgdo gobobobmg@mgds gm®Iygan gdom:

p¢:LZ:‘E‘EL:%:conSt:ymrzd); pzzg:const:ymzzo; prza—lfsp.
o 01 or
(46) e
%:¢L+r7+2pz—§i’=const, = & =ymc?,
1

s f 0060B6ogl f ggaswols §o@dmgdymls @edmms@dm@onmo boliEgdols G®om.
5390990 35dogBAmbosbo agodanggl 3obmbogy@ (ob., dog., [139], 33.169-171) asb@mangdgdl:
dr cp _ dp cL’r

(47) a_ : o _ ,
dt . /mZc?+p?+Lr? dt  mZc?+p?+L?%r?

booobsi, L 0d3gabol dmdgb@ol dygwodogmdbols gomgsgolfobgbom, gdmygmmdm @sby®
AM59JBmA 05l
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p’=L%(r,"-r?>=0 = r=x>r,
b53mgbo p(r) w@odmjgogdyamgdols a5dmygbgdom asbGmegdgdo (47) spgogow sdmoblibgde:
) Wtopti2r, /<l
r(t)= r02+(l)0t)2 0 { ot U, 0 LUl <L, p, = E (Uot/ro) ;
Ol fo L+ (0t/1r,)?

(48) Uot/l’o > 1’

FO) =0, (0t)[1+ /) ] F) =02 1+ (pt)? ]
Lowoi bofgolo 360dgbgaomdgdo Iy s vy ©o393doMgdeeos Jmd@smdoli 0b@ga@ow gbmab:

r,=L(&%c* - m*?) ™2 U, =C+J1-m*c*/ &2

dd@smdol 0b@gadomgbols godmygbgdom (46) gm@dya gdowsb dogowgdm

L 1 I
=— = ¢ =arctan(y,t/r, = t=-%tan¢,

E1c? r)+u/t? ¢ (Lot/Te) Uy ¢
bo0sbo3, (48) odm3owgdyegdgdbols yomgamolifobgdom, g3myemdmn Gymaol dgdsowygbgeno
“60939(3900L% H®og]Bm@0gdls:
r

49 r=—2>,
“9) cos¢
@53 [oddmoagbls ry dospoyglols §@gfod@ol Ibgdo bobggzo®-F@99d0lL Lod@sgangls. (48) dmd-
@omdols gobmbosb gbgosgm, MmI dbgdbg Ind@omds begds msbsd@om vy LohJs®om, @ocg
dggbodadgds s@og@m0gam Jdge bofogsims dgdmbgggol. sdslmsb, @m0l bgdoldog® t=0
dmdgb®do “b53(39(3900” aobmspgdoymos I @ooylol FOgfodby s LobEgds obo@bybgdls
0oges3003ge LodgB®oosl (bob. 8).

d960dgbs 4. hggbl dogd dgl§ogeoao LodgB®oygao LolEgds, s@lgdomswe, FoMmdmawagbls
[145] dH@d>To dgL§ogamomo “bsd(39(3900L” gOMM_@0Mbsl, MMIgemoysb mommgyao demd-
@o5mdl Lod@FYgdo Lbgowslbgsbso@s@ m®ogbGo®gdye, gOmo ©s 03039 3gnby®o LobJs@om
6O ybog 1dslim doan gddo. 5do@md dybgd®ogos, [95] O MAs>To Jomgdyero g gagdo 0435690

. L,
= r
¢ &lc?

[145] dg09290bg, 0y LolLFgdsl ogogdm Lomsbswm sdsGgdom ddsls b == const.

.y : .
\ \ \52 \

TN, |

N ;
>j N\
_ A A _,__’40\\\\ NG &
.0

7 ‘:: A-
i=(0,1)
b C 7

bob. 8.
[95] (8) wo [30] (b) BOHMTgdPo sagdyemo LobdsGgms ggengdo

dgbodgbs 5. Ggao@ogolydse do@ybogo Gamanols [95] dgdoeygbgamo “bodggodol”
LobJomggdols Hggbl Bog® bodmgbo Lodysbbmdogngdosbo  (dGEFYger0) 39JBHmOY@o  ggao
53909eos  [30] dOmdsTo aobbogygano  L3gEosgy®o  do®mEobsdogy®do  LolGgdobsmgols
(0b. bob. 8b). @mym® 3 >@bodbyanos dmbma®ogosTo [1], s@s@gms@ogol@y®o dgsmo Lbgyaol
d99bg0ols s Jo@®MEobadogols sdmzsebgdols Abgoglgdsl @®ds dobgbgdo oJgl. dom yu®™
Loob@gaglme doggohbos bodmgbo Jbgoglgds Mgers@ogolByg®oe dd®ybsgo LobEgdol s s@o-
Mg 5B030b@ M0 Jo®mMEobsdogy®o LobEgdol ggJemoa g 39egdl dm@ol. Loobdg®gbm
0dbgdmes  sa®gmgg Ggas@ogob@ydoe  doaybsgo  LobEgdol dgosmgds @gas@ogol@yd
30AME0b5d039@ LobEgdsbmsb [148]-[150].
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§5.3. 450 JOMbygmo ©0bgds

b5dOmdgddo [27]-[30] Lodysbbmdoangdosbo sang gd@yeo 0bgo®osbBgdo godmygbgdyeos
d0®M- ©s 5gOmMEobsdogol s@sfMg0g0 39Mdmfs@Imgdamgbosbo aob@magdgdols Lol@gdols
Ygbobfogeom s bmgowo sdmbsblibgbol LodgB@ools Bodol wslowygbow.

dHMIgdTo [27-29] s [66a,0] bobggbgdos, ™I 9Fy39B0 ao®gdml LohJsmgms ggenol 0sjm-
b0l do@®ool s mgddmeobsdoyg®o Loowggdols Fo®Imgdagagdols ds@@oiol seng gd@ o

0635M056@gb0  53354mRBoggdl  oRgMgbzosm Y@  AobHmegdoms  goMygguc  LoliGgdsl,
Omdgeroi dgbodagdgaos 53506 9aOmMm Lombols ©s s0®ol bmyogOmo dmwgaobsmgols.
390dme, 0bmEOm3ymo  [bggol opgomydo  9393ddgeo  Lombol s opgoy@o  do®m-
Jombyao  so@ol  dd@omdbol  Aob@magdgdols  LOgmo  0bFga®gdolomgols  bsgdo@olios

05330l 5@B0E0l sagd@gemo 06350563 o0l 3©bs (ob. [66]).

8563595935 1. opgorymo soGolb dmd@omdsl gfmwgds 3o @mJ@embya o, wy Jobo
[bggo wo bodygmogy o4 dmd@msmdol sabmiglbdo g@mbsomos ) S bog@zol yg9ers [addoar do

@ Esdm o daaos Jboranme t @M by.
50 JOMby@o Ind@smdols 0bgbBOM3Yemdols godm so®ol (bggs Goglobop aobolisb-
0g®g9ds> dobo LodggMmogom. 5do@MmI ds@mJOmbyeo dmddomdol omdfgHo wogyg®gbiosey@o

3obBMEgdgd0 so0ygobgds dgdgy LoliBgdoby

(50) ou, +Uu,0,u, =0, Gp+pdu; =0, (k=13)

5060l Loho@ol U= (U, U, Us) 39d&™@0l dagbgmgdols s p=p(t) Lodzg@ogolomgol, Lswse

0, = 0lot, 6,=010x; (j=13) ©s, MMM bgdmo, Igbxo 0bgJlbgdbom oagmolibdgds sy sdge.
dHmdgdTo [27] s [28] gL§ogeogos J:[Gkul]eMS(R) 053080l d5M03Eol sy 9d@ o

0635M056@ g0 — dolo dsbslbosmgdgao dBsgoen|g3®ols

(51) det[J —E|=-2°+ kAZ—k,A+k,

3099030960900 ki, (i:]T3) ©s bohggbgdos, MM Lodo®maosbos dgdwgyo

Fobo@smgds 1. o@goersio so@ol oGmfbmbaao @obgdobsl 0sy30l I=[0 U] dsBdGocob

dsbsbosmydgaro dbsgsoe[f9960b 09900309605 930 @m0 daaros dbegreo t @G by @
S ISYrR0an g3l hygaegd@moyg woR9@ 605G 856G mengdsms bsygdoar LobBgdsb:

(52) k/=2k,—k/, Kk, =3k, —kk,, k,=—kpk,,
Gdeol sdmbsblbbydl, bsfyobo sommdgdom  K,(0)=c, | =13, ol dgdwgao bsby (Q'=0,9
@5 o.d.):

53) k,=q'/q, k,=q"/2q, k,;=q"/6q,

q(t) =1+ct+ct?+c,t

odsbmsb, sodol bodg@mogy 85dmobsbyds qm@mdyamon p=p,lq(t), bowsi py>0 duwdogss.
53539 dMmdsdo bohggbgdos, MM (3gemegdol aoMsddbs (t,X,U0) = (1,Y,0) gm®dyemgdbom

(54) y=x-tu, oty)=utx)  (i=13)

(Omdgeroi YOmoghmEsmbsbss, GmEs t bogdo®obop d30Mgs), 3300l 053m0l Is@@ools:

J,=ou]>3,=[a,v]
30650056 (54) 2o0©5Jdbs 5@ 5ol mOnmymbosy®o, J, s J, ds@@ogdols 0bgs®osb@gdo
ki=k;(u) s K;=K;(v), i=1,3, Lbgoolibgss. d0mdgddo [28] s [27] hodmygsgodgdygmos d9dwgao
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fobss@gds 2. ) dsBmoggdo I, @o J, @oy09 do@gdaamos 0sbsRs@omdgd00:

(55) J=3,(E;—td,), J,=(E;+td,)Jd,,
obey
(55" (E;—tJ,)(E;+tJ,) =E,.

3) wy gabiz0930 U, (1L,X) opdogmepoanydl goargmol (50) g5bBmergdgdl, (34) gomwsldbol
Tgegp o 3396g3>: o
(56) oy (ty) =0. (i=13)

o9 Fobos©gdgdol m@opobsgado @od@gogds [66a,b] ob. ©sds@dgdsdo ClL.

bodOm™ddo [27], V.2 Fobowogdols Loggydggen by, so®ol do@mJ@mbymo dmd@smdol s@bs-
Fgooe dgLfogenoamos oligmo LEsEombsdymo ggJ@magmmo O0=0(y) ggeol 3mgbols sdm3obs,
AmIemobmgolsE 0sgmbdols JU=[8kai] doB@oiol 0bgoM0sb@gdo Igedogo Lowowggdos. Imbe-
305530590 [152] aobgoms®gdyeo dgmmegdols 2s5dmygbgdoom bsdmgbos ol doJLodsgny@sw
BoONM @M 3om@o x50 G, d®mdgmoi dnJdgwgdl R(Y,5,C) 9-356%momgdosb Logdgdo

©s (o@mdmo@a gbl sbigm g9Bm®gen 390 gdbg @ogdyemo (56) 3oMmdgdols Lodg@d®ool xayxl.
653m3b0s (56) aobBmegdgdols sdmboblibgdols ggogomgb@mdol gensligdo G xa9xol dodsd@m.

bohggbgdos, MM 5@LgdmdlL (56) 2obBmagdgdols sdmboblibgdols mmbo gaoslo, GMdagdos

Vygoen-Fggomo@  osMogdgogomgbdygdos G xayxol dmfdgogdol ods®om ©s dgglodsdgds
“3006LESbE g0l 3g9JB™m@ol” C=(c,C,,C;) dgdpgy 360T3bgamdgdl:

1. (0,0,0), 2°.(1,0,0), 3.(0,1,0), 4. (0,—1,0).
[27] d@mIsTo domgdygeo 53 Tgogaoesb godmdoobs®gmdl, ™3 (56) gob@magdsms
LobEgdol bgdolidogdo sdmbsblibo gdzogs@gb@y@os olgmo sdmbsblibols, @mdmolsmgobsg

0
(57) C3 :det|:a—yk Uj:|:0,

@o3 b0dbogl, O™ 5(Y)=(v,0,,0;) 39JBMOOL 3MI3MbgbE gL @0l s@Lgdmdl ¢ybjiombe-
@90 ©oJM 0 oY g69d0. 53 Mooy gdgdols MomE bmds (s, JoTobowsdy, (L, v,, ;)
39JBM@0l ©sdmy 009dge0 30d3MbgbRgdol Momwgbmds) gobolobmg@mgds oszmdols [6yk UJ-:I

do@®ool @sbgom r:rank[aykuj]. (57) 300mdol mobobdop (3bowos, GmA r<2.

‘dOds>do [27] hodmysgrodgdygaos dgdogao

fobs@s@gds 3. (36) gobBmargdoms boliggdol bydoldogdmo (dnwdogoligsb goblbbgsggdaaro)
0dmbsbbbo gi9055a096( 905 56 G50 Bogrmol (Gedarobomgobsi Y=2), 5b Js@Gog0 Gorols
(Gmdarolbogolbsi €,=0, r=1).

‘dg360'dbmm, G®I [27] IOmds>Tdo domgdbyao gl dgogao dggbgds LFm@go (56) aobGmangdoms
Lol gdsl. o3 dggbgds Bobogy®d sdmEsbols soMols dodmJOmbymo ©obgdols dgbobgd, wolig®-
Ao3ool I msgdo dowgdyero dggagdosb 25dmdobs@gmdl, Hmad ao®ws (51) dsbslosmgdgero

3m@0bmdol 30g5030g6@gd0Ls, 053030l [G,U,] Fo@dBoiel goshbos goga Lodo obgs®osbdo.
0obobdoe IL12 mgm®gdobs, s®sbodgB®oyao [8ku,] doB®ool s@gd®gmo 0bgo®osb@gdol
Jobodsga@o e gmo Lolgds dgoiogl Vgdwgy 6 Tggob (Igow. g-goo (1))

(58) trs*, A=13; trA% tr(SA?), tr(SAS?A?),

bowo

1 1 1 _
Slk = S|<| =E(aluk+akul)! Alkz_AkI = E(aluk_akul)zzelkm rot, u.
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‘dgdmgengdobomgol smgbodbmm rotl =2m. 39690

(59) G Uy = Sy + Ay = Sy + & (ot U) /2= + €, 0,

o (58) gm@dygagddo dgdsgoemo Lowowggdo hoofg@mgds dgdwgao Lobom (Vgow. ¢g-do (1)):
®, O OF

(60) trA’=-20%  tr(SA?)=(®S®)-a’trS;  tr(SAS’A?)=det| ®S,;, ® S, ©S; |

2 2 2
®SY 0OSY, O3,

(56) BMAIYoEsb godmdEobs@gmdl, M3 do@mJAmbymmo ©obgdolisls

ov; ov;
(61) 0J, = 9 0. =
ot 6yI 8yi ot
(61) mobogodEmdols yomgoeolifobgdom (55) 0goggmdgdooasb g3meyganmdm:
(62) J,(¥) = J,(0,%),

Looobo godmdwobadgmdls (ob. [66])
Fobspsegds 4. 0sy0md0l J,=[0U,] dsB@ozol @sdmjowgdaargdsl t w@mby ogel boby:
(63) 3,(t.%) = 3,(0,%)(E;+13,(0.%))”
((55") 0g0ggmdols msbobdow, dsp@oigs (Es+t3,(0,%)) =(E;+td,) =(E,~tJ, (X)) s@lgdemal). W
(63) 05b5@>OOMI0ESD odmMdobo®gmdl bmyswo bobosmol dgdpgao (ob. [66])

0ge@gds 1. owgograco so@ol do@efbmbagao @obgdolsl osym30l dsdGogs I,=[6,u,]
bgdobdogmo bsGymsgradgo l,mell @moibggdobomgol sypdsymopoangdl msobsns@owmdydls
8m - m L(1+m)
64 J,(tX)] =(-1
(64) [ ()] = ()" 0
53330390 80&)60300 06;9'3;](30000. ]

o0gb0dbmm, @m3 go@Igms (64) dognsTo  @hgds dsdobsiz, Gm@s 1=0,-1---. o3
‘dgdmbgggodo Imbobg@bgdgeos gl gm@dyes hoofgaml dgdwgao Loboo:

aa_:ﬂ[Ju(t,)_()]I:(—l)(—l—1)...(_|_m+l)[‘]u(t,)_(.)]l+m.
(—-lell, mell)

——=[,t0]"  (lm=12-)

(64)

o3 mgm@gdowsb godmdobsdgmdls (ob. [66]) Msdwgbodg Loob@gmglm dgogpo:

egao 1 owgoara@o soGolb dsGmdmembaemo @wobydobsl tr[Ju(t, )’(’)]I (lell) bowowgygdob
t @AM by @wodmowydaemgdols slal dgdogao boby:
(65) o.tr[3, %) =—1tr[3,(t )]

0333 30(390> 9dgomgds (64) Bm@I sl s 6,=0/0t m3gdsiools {Og0gmdsb. u

dggao 2. ogoera@o sodGolb 3o@md@embaamo @obydobsl tr[J, (t,)?)]l, lell, bowowggdo o
30l sdm ogdaao bogdigom X, goodaobsdgdby (0;=010%) :

(66) o,tr[3,(t®)]'=0.  (j=13)
53330390 9dgo®gos (50) gob@mamgdgdl ©s (66) BmEIFYmSL. |
Fa0ga0 3 (65 BoGIgmol Mg 309mggbgds 0330l msbogsmomdsls

(67) o"(tr') = ()" nLAEM) gem i en m

()
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hogVgomo (52) aob@mangdgdo (59) (o®dmeygbol godmygbgdom. (65) gm@dygeols s
dodo@@mb-3geols mgm@gdol gomgsgolifobgdom dogowgdo:

S,/ =1trS'=—(trA+trS?) = —tr(S + A)?,
(trA%+1rS?) = —2(trS%+3tr(SA%)) = ~2tr(S + A),
(68) |
(trs®+3tr(SA%)) = -3tr(S +A)* =
= =512 +3S7 (trA?+trS?) = 3/2(trA’+1rS?)” — 4S (trs*+3tr(SA?)).
59056 25dmIobomgmdls
Fobowowgds 5. gmbicogdo S,=trd=tr(S +A), tr(S+A), tr(S+A)® @sdmjomgdmaos dberaneo
t @Bmby o bEbmenwyds 5obBmErgds
(69) S," +4S,S, +3(S,)* + 65725, +S, =0. u
‘d9360dbmm, O™ 03039 3obBAMEgds dgodangds dogowmm (52) aob@mangdoms Loli@Ggdowsb
(59) Fom3magboli godmeyygbgdanswss. dOmdgddo [27][29] gU gobBmengds gosbsgrobgdyemo o6
NG Y
39990m0 (69) s@o{OB030 ©0xgAgbEosy@o AobGmagdols 5dmbsblibo S,=Ct™ Loboo.

3obRM@gdsdo dg@obs o godo®@Goggds agodmggls
AR+ +2)CtH 3+ Co P2 (40 (A +1)+317) - 6ACt ¥+ C't =0,

t 3geoo@oll ba@olbol dohggbgdegdols ao@mangds agodanggl 3060Mbgdls

—A—3=-2\-2; -A—-3=-3A-1, —A—3=—4\;
20 —-2=-3\-1; 2N —2=—-4);
—3L—1=—-4\.

FOx030 25b3magdgdol gl LobGgds moglgdoswos s dobo gOHmsgOmo sdmbsblbos A=1.
5do@ M3 3wgdy@mdm 300mdsl C 3mgxnoiEogbGolsmgol:

-6C +11C*-6C°*+C*=0.
od gob@dmagdols dodizbgbs dbodgdo dpgo@o IGsgom§gg@ols @sdans dodMogmgdow godanggls:
C(C-1)(C-2)(C-3)=0.
SO0, oM oY@ 0s
fobopswgds 6. (69) 55b05margdol (s (68) 35bBmagdgdlbsi) olel 5dmbsblbbydo:
1°. trS=0, trS*+trA’=0, trS°+3tr(SA*)=0. (C=0)
(70) 20, trS=t, tS*+trA’=t? trS*+3tr(SA*)=t>. (C=1
. trS=2t7", trSP+trA’=2t7, trS®+3tr(SA’)=2t> (C=2)
4°, trS=3t", trS?+trA’=3t? trS®+3tr(SA?)=3t° (C=3)
(32) aobBmengdgdolb dgbsdsdolbo sdmbsblbydos
1°. k;=k,=k;=0; (C=0)
2° k,=t7, k,=k,=0; (C=1
3. k=2t  k,=t?% k,=0; (C=2)
4o k=3t  k,=3t? k,=t7; (C=3)
boagoer so@Gol bodjgmo89 godmolbobyds gmmdaamon
(72) p=py (C=0); p=pt™, (C=123)
bowsi py >0 doywdogss. |
>gb0dbmm, dmd C=12,3 gdmbgggzgddo a35dglb p(t=0)=co.

(71)
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50300 3obolobyxos, MM (69) gobGmagdsl s3dsgmxzoegdls (53) sdmbobliboi trS=q'/q
©s, (68) msbobdow, 339690
. trS2+trA?=—(trS)' =—(q'/q)’ = (q/9)*—q"/q, trS°+3tr(SA*)=1/2(q'/q)"
(73) (a(t) =L+ct+ct?+ct?)
>dmbablibgdo (70)-(72) dogz9mgbgds @oxg®gbiosy@o aobGmagdols g.(. 806bsymo@gdmaro
odmbsblibydol 3aosLL (ob., 35y, 153], 93.72-85) o [o@dmoagbls (53) 5dmbosblibgdol mysbols
dmdgagdgdl. segogo dgbsdhbggos, @md (71) 1°-4° 5dmbsblbgdo doowgds (73) 5dmbsblibg-
b0ob brgo®do t >0, Igbodsdobow, 0d dgdmbggzgddo, Gmglsg

1°. ¢,=c,=¢,=0; 2° ¢,#0, ¢,=¢,=0; 3. ¢,c,#0, ¢c;=0; 4° c,c,,c,=0.
‘d9360dbmm, @md (69) 3obBmegdsl s3dogmezoagdls sdmboblibgdoi, G®Igngdoi doowgds
(70)-(72) 5dmboblibgdowsb t >t+t;, dgigeroom.

Jd@ombol 2obBmengdgdols hoggdoero Lol@gdol dobswgdsw Lakodms dggoglmm Loli@gds

(69) — godmglobmm trS? trA% trS® tr(SA?) Lboowggools Fomdmgdaagdo (58) obgo®osb@gdom.
9L dgbodan gdgaos, owasb 1112 mgm@gdol mobsbdsw, (58) 0bgomosb@gdo dgomegbgb dsbolls.

RHALE

= O tr(S*"A°S*A") =

=A(A°S*A"S /H)kj 38, +¢(S ”A”SZAg_l)kj O A +u(A'S *A°S ”_l)kj 0., + (S *A°S ”A”_l)kjﬁt Ay
(50) 3ob@Mengdgdols pomgsaolifobgdom 239]69ds:

S, 1
at (Ajjkaaat(uj,kiuk,j) =

1
=E(akatuj * ﬁjatuk) = -

o1

t 7 Au.dn

ak(umamuj) iaj (umamuk) - —ud Sjk _ uj,mum,kiuk,mum,j
2 m~m AJk 2 )

dodMx 3960 Fbo®gdo dgdogogo 053mb0ls IsB@ogdols sdas LodgG®oyge s sbFolodgd®oyya
boFoggdow ©s godo®Boggdgdo agodmgal geo@dyasl:
(75) 8ttr(S’1A43”A'7) =-u_0, tr(S FASSHAT) — (A+n)tr(STTATSHAT) — (u+E)tr(SHASSHHAT) —

— Atr(S*ATTES“AT) — utr(STATSHTATT?) — L tr(S*ATTISASHAT) — ntr(SPASS“ATTIS A).

>Jgob 39@dm dgdmbggggddo gmagdbyamdm:
{=u=0, 120, n=2v>0:

(76) Qr(S*A) = —u_o tr(S*A%) — (A+2)tr(S*"A) — Atr(S* A% %) — 2ptr(S*A? 'S A);
A=C=1 pu=n=2:
(77) O,tr(SAS?A%) = —u_a, tr(SASA?) —3tr(SASA?).

(77) ge@3geool godmygobolsls yomgogolfobgdbyamos, Gm3
tr(S*A%*) =tr(S*"A**)" = —tr(A**'S*) = —tr(S*"A*) = 0,
tr(S*AS*A%) = tr(S*AS*A2)T = —tr(A¥S*AS?) = —tr(S*AS*A%) = 0,
tr(SAS’ASA) =tr(SAS?ASA)T = —tr( ASAS2AS) =—tr(SAS 2ASA) = 0.
(76) Mm@ geoosb g3myambo:
OtrS* =—u_a trS* — AtrS* - 1tr(S*'A%); (1=1,3)
(78) OtrA? =—u,_ g, trA?— 4tr (SA?);
O,tr(SA%) = —u, 0, tr(SA?) — 3tr(S°A%) —trA* — 2tr(SASA).
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93565L3bgem0 gm@dgenols Jsdxggbs dbomgdo Fgdogog 0bgo®0sb@gdls dm@ols gg5gb jogdodo
2tr(SASA) = 4trStr(SA?) — (tr’S —trS*)tr A” — 4tr(S°A%)
(0b. @ods@gds C.2). sdo@Bmd
(79) O, tr(SA?) =—u,_ 0, tr(SA?) +tr(S?A%) — 4trStr(SA?) + (tr’S —trS?) tr A’— (trA?)°/2.
993603600, G™I (78;3) wo (79) BeGIRmgddo gdsgomo 0bgomosb@o tr(S°A%) wsgogdo-
9390 (58) doboliols gangdgb@ gomsb msbsgomEmdgdom (dgow. g-gdo (2)-(3))
(80) (tr(SASZAZ))2=det[<a>s”“@)] (B8P0 =tr(STPAY) —tr Atrs T2,
obggg, (76) gmEIP@osb gmgdyemdm:
Otr(S?A*) =—u_0o, tr(S°A%) — 4tr(S°A%) —2tr (SA") —2tr(S°ASA).

o3 gm@Edgeols dodxggbs dbomgdo dgdsgomo 0bgoMosb@gdol godmbsbgs (58) doboliols
90 9d96@ gd0m s (76), (77) @m@d e gdols gomgsmol{obgds ygodan ggl gobGmengdsms Lol gdsl:

tr(A?S®)=S,tr(A’S?) =S, tr(A*S) + S,trA’=S,tr(A*S?) —(S,/—trS*)tr(A’S)/ 2+ (trS°~S,trS*+S,S,)trA%/ 3=
=S,tr(A’S?) — (S/—trS*)tr(A*S) /2 + (2trS*-3S,trS*+ S *)trA%/6,
tr(SA*) =trA*tr(SA%) /2,
tr(SAS?A) =—S tr(A’S?)+S2tr(SA%) + S trA*trS72 —trA*trS76 —S*trA%3 —S, (trA%)?/10,
Lbooabss
otrS=-u_o, trS—trS°— trA?; trS=tr(S+A)=S))
o,trS?=—u,_ 0, trS*—2trS*— 2tr(SA?);
otrS®=—u_q,trs®-3trS*-3tr(S°A?) =
(81) =—u_0 trS®—S%2 — 4S5 trS°+3(S>—trS?/2)trS* - 3tr(S*A%);
Otr A =—u_ 0, tr A>~ 4tr (SA?);
Atr(SA?) =—u_o, tr(SA?) +tr(S?A?) — 4S,tr(SA?) + (S2—trS?)tr A2 — (trA%)°/2;
O, tr(S°A%) =
= —U,_ 0, tr(S?A%) —2S tr(S?A?) — (2trS?+tr A2)tr(SA2) —trS°tr A2+ S,trS2tr A2+ S, (trA?)’/5.
20b@m@ 3930 (81) 9bos Vg3o5Lmm (77) gobGmangdom, GmIge oz 0bgs@osb@o tr(SAS’A%)
Lodo®ms aodmglbobmm (58) doboliols 0bgo@osb@gdom.
305093 mm MobogosMmEmdom (gow. g-60 (1))

ik=1,3

A A A

Sl SZ S3
tr(S"AS*AS A)=A, A, A, det| s* s* st
s, s, S

Mg Lodo@meosbos (S,+A,) Hgbbm@ol 3obmbogy® dsbolido. pobloboengger dgdmbgy-
godo 335d3b 4=0, u=1, v=3 o Ygogpo gwgdbywmdmn (ob., Isp., [59], ag.27):

tr(A’SAS®) = tr(A’SAS?)trS.
Goaoboi dowgdygmo Am@mdol m®ogg dbs@gl asl 0635M056Fgb0, ol Lodos@menosbos
6960309 (ONMb@doMgdyen) dobolido. o3 g gaol (77) aob@mangdsdo dgBsbom dJogomgdm:

(82) O, tr(SAS°A?) = —u,_ 0, tr(SAS?A?) —3S,tr(SAS?A?).
30650056 (0b. {obswowgds 5.1)
9, trS%+ 0, trA>= g tr(S+A)* =g, (k>—2k,) =0,
O,trS°+ 30, tr(SA%) = 9,tr(S+A)° = 8, (K,tr(S +A)* — k,k, + 3k, ) =0,
bogm 0bgo®osb@gdo S, =trS, trS ZtrS3 trA? tr(SAZ) 900 dobgmolasb 939bJEombsgmy@aw
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M9 3009dgE 0o, 339dbgoo:

(83) 0, S,= 0,trS =0, trS*=0,trs* =g, trA*>= g, tr(SA*) =0.
590056, (81) 2obBmangdgdols asdmygbgdom, dogomgdm
(84) a.tr(S?2A?)=0 = 4, tr(S’ASA?)=0.

5dM0 00, ©sd@J03goYos [66] dgdwgyo
fobsps@gds 7. owgoaramo soGol doGmfbmbaaro wobgdobsl ooymdols [8ku,] Is@moz0b
J39EPS s 986G a0 0635005650 ©5dm 00 d7mos dboarmo t @@ by.
[8ku|] 358@00b 5emg93@ a0 0bgs@osbBgdol (38) 3o bobol gergdabBgoo sydsgmRoegdls
6390 g3@03 ©@0R9096(305e070 3568mangdsms boyggdoer bobBgdst (f'=0,1):
(trS)' = —trS*—trA?; (trS=tr(S+A)=S,)
(trA?)' =—4tr(SA%);
(trS%)'=-2trS*- 2tr(SA?);
(85)  (trS% = —3trs*—3tr(S2A%); (trS*=S5,'16+ 4/38,tr$* (S ~tr$*/2)trS?)
tr(SA%)’ =tr(S?A2) —4S,tr(SA?) + (S —trS2)trA>— (trA?%)?/ 2;
tr(SAS’A%)' = -3S tr(SAS°A?);

tr(S2A%) =—285,tr(S%A2) — (2trS2+ trA?)tr(SA?) —trS*tr A+ S trS *tr A%+ S, (trA?)*/5. [ |
3bowos, @3 [28] IHMIs>To Jomgdyao 2sb@mangdgdo (52) godmdpobs®gmdls (85) Lol gdowsb.
>0gbodbem
(86) y=—trA>=20° = (rott)*/2, y=v(t)>0.

o3 5mbodgbol godmygbgdom asob@magdgdo (85:5) hoofgdgds dgdwgao Loboo:
trS®=y-S; tr(SA?) =y'14;  trS®=—tr(SA?) — (trS%)'/2=-3y'/4+S,/2;
(87) tr(S°A?) =—trS*— (trS°)'/3=
=y"[4+S,y +v(S, +S2) —y* 12 —{S;"+ 45,5, +3(S])* + 6SS, + S,*}/6;
tr(S?A%) =y(S, +S) -y’ 12+ v"14+Sy.
M@0 Yg5bob3bgero Be@Iygmol Igoo@mgds ggodmgali aobBmengdsls
(88) S, +4S,S+3(S;)* +6S,°S, +S,' =0,
Amdgeoi gdmbggge 2obGmamgdsl (70). gobBmagds (85) spgogmse 0b@gay®gds:
(89) tr(SAS’A%) =C, exp[—s [s.0) dt}.
dmml, (857) aobBmegbowsb 25dom@B 0390900l dgogas gogdbyamdm:
(90) Y"+6S,y" +6y'(S, +257) +2y(S, +3(S) +4S,’) - 4S,y°/5=0.
3obBMagdgdo (87)-(90) dgoagbl hoggdog Lol gdsl, @mdgrol sdmboblibgdoz Loglgdom
3oblob@g@ogl 0ogmdols [J,U] Fsg@oizol (58) 0bgomosbdgdl. 3 sGof@dgoge, dglody Gogols
©089OG6(30oEYA0 AobBM@gdgdols bmaswo 53mboblibols 3mgbs Logdome @mymos, mydzs
sgoao  dglodhbggos, @md o3 LobEgdol o3l @odwgbodg dodEogo 3gAdm  sdmbsblibo.
30bogydo mgombab@olion goblsgym®gdom LoobBgdgbms 3m@Egb3ogdo do®mJambyemo
©0bgdols dgdmbgggs, dmEgbss
91) y=—trA’=(rott)’/2 =0, S,(t)=trS=divieC?
9L dgdmbgggs dgLsganogros dOMIsdo [66], Lowsi bobggbgdos, Gmame ‘dgodagds (88) ©o
(90) s@oF@%x0g30 LolEgdol sdmblibolmsb ©s3ogdoMgdyemo LoGdmyaggdol dgdmgans.
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§5.4. 560MJOMbymo ©obgdol Mggodgdo s ggmee30s

bogop  dgdmbgggedo  (87)-(90) gobBmagdgms  LobEgdsdo dgdsgsgro  0bgo@osb@gools
t 0OMDbY sdmyoegdgmgbols dmbodgdbow dglsdgrgdganos golodygogrmm (63) gm@IY@om

J(t,%) = 3(0,%)(E, + t3(0,%)) .
g0, det(E;+1J(0,%)) = q(t) =1+ ct+Ct’+C,t’#=0 9@ mmmdol psmgomolifobgdom (G, C,,C, do0-
d0ggool doboo®dlo 00895, GoG Gm®IYagddo (53)), g3myamdo:
J(t,%) =q (1) J(0, %) E;+ttrd(0,X) E, —tJ (0, %) +t°AT(0,%) ) =
=g (1) {(1+1c) J(0,%) ~tI*(0,R) +t°C,E, |,
Lo A(O,)?)=[Aij(0,)?)]eM3(D) © Aij(O, X) 50l 1, ] bmd@ol djmbg gargdgbBols senagd@garo
sdo@gds J(0,X)eM, () dsd®oiol 0gdg®dobsb@ do:

(92)

Aij(O,X):idetJ(O,X), u; ;A (0,X) =0, det J(0,X) =06, C,.
‘dglododols@, 0s3mbols J(t,l)i() do@®ool Lbodg@®ogeo s sbFobodgd®oygmo bsfoggbdos
Si;(t.%) =q7'(t) ((1+1c,)S;;(0,X) —t3%;)(0,%) +t’c,5;),
A6 %) =g (1) ((1+1tc) Ay(0,%) -3 7,0, %))

(5] g5 g@boengddo Jmmsgligdyeo 0bwgdlgdom bsggeolibdggos LodgB®obsoizos, bogm
335005 e g@hboggddo Immsglgdyamgdom — 5bFobodgdMmobsios). yododBoggdgdols dgd-

©gd 30gowgde
S;;(t,X) = g (t)((1+1c,)S;;(0,%X) —tS3; (0, %) —t A% (0,%) +t°c, 5 ),

Ay (%) =g (t)((A+1c,) A;(0,X) —tA, (0,%)S,;(0.X) —tS, (0.X)A;(0.X) ).
(93) WAy gdbosb sgomsw asdmomngmgds Si(t) s y(t) 0bgsdosb@gdo:
S,(t) =tr(S;;(t,X)) = a7 (1), + 2¢,t +3c,t”) = q'(t) / (L),
Y(t)=—tr A*(t, %) = q () {b, +b,t +b,t* },
53bmsb, (942) GoEInmsTo Fgdsgemo dnwdoggdo by,b,b, 25dmolsbgds Lbobdscols (aemeg0)

(93)

(94)

goewol Logdgeo Fo®dmgdygmadol bofyobo 360Tgbgermdgdom U, ;(0,X) ©o 9bps ozdsym-
B0 gdegl (87)-(90) gobHmmgdgdl.
(941) 3b0dgbgermdols gBobs (90) gob@mangdsdo s godo@Boggds Imagigdl 3o@mdsls
a%y" +3(0°)" +3(a°)"y'+(a°)"y —49qy*/5=0,
OmIgano3, @s066030l Bo@IP@ol mobobdoE, ©o0Yzobgds gob@Gmmgdsby

(@*)"-4(a*)"aq'/5=0.
od 2ob@magdsTdo (94;) dbo'dgbgamdols IgBobs dmag(3gdl 306HMbgdls

(95)) y(t)=0 < b,=b,=b,=0 < roti(t,X)=0
ob/o
(95,) q(t)=0 < c=c,=¢,=0 < divi(t,X)=0.

5dM0 00, Lodos®maosbos dgdwgao

09geIG9aS 2. 3@ 330 29IB G0 900, Gd9Eo S@ 9@l oo @mo so@mol 3o f@me-
baaro ©obgdols Lobfs@gl, s@ol o6 3B b090G0, b beengberow . [

dgaobiogmo gl Fgdobggggdo gowEem gy [66].
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L 3m@3gb3ogco dodmJambyamo ©obgdolsl, g.0. GmEglss
rott(t,X)=0, U(t,X)=grado(t, X),
(85) 2063 Megdgdowsb dogowgdm
trA? = (trA?)’ =tr(SA?) = tr(SA%) = tr(S*A%) = tr(S°A?)" =0,
Alk:(ul,k_uk,l)/2:01 ul,k:SIk;
tr(SAS?A?) = tr(SAS°A%) = 0;
(96) trS?=—(trS)'=-S,;
trs$®=—(trs%)'/2=S/"12
(trS% = -3trS*=—-S,"/2 — 4S,trS*+3(2S2—trS?)trs*/2 = S,"/ 2.
59056 25dmI0bo@gmdls
0gerGgds 3. owgseramo so@mol BosGmjmmbaaro 3B gbizomG0  @obgdobslh  Lodydmomaro
S=[S,1=[(u, +u)/2] Fs@oiol dsbsbosmydgano 3maobmdols ymga03096(5950
S,=trS,  S,=(S/-1tr(S%))/2, S,=detS=(tr(S*)-S,tr(S*)+S,S,)/3

@sdmoegdaeos dbogrme t @Gy @ o dsymRoemgdl  F39mergd@Gog  @0R9G 963050 %
3o6memgdoms b g0 LobBgdsl (gow.(52)):

(97) 8t81=282—312, 0,5,=3S,-S,S,, 0,S;=-5,S;, 0;5,=0,5,=0,;3;=0, izﬁ,
@099 b, 06930l 309596309030l gomgoaroliffobgdom, siab dgdrgao bobol sdmbsblbbgdo:
(98) S, =3(t+t,)7", S, =3(t+t,)7, S,=(t+t,)°.  (t,>0)

(98) 53dmbsblibgdo (zoerbsobs@ g5bobs bmy@mgds jo@mmwobsdonmo gsbdmangdgdom (350), beagre
@obydols Lobfsdmol 30959b6;05er0 o(1,X) o bobjsmy U(t,X) godmobsbyds amdmdaangdom:

(99) o(t,X) = const—3(t +1,){R*/2 - X°/6 |, (R?*>0)
(100) U(t,X)=(t+t,)*x.

od5bmsb, somolb bodg@mogol @@ by @odmowgdaargds sollg@gds gm@mdaangdoo:

(101)  p=pll+t/ty|®,  @ege |t|==3p,/ps >0 @ pt)=pt?, p,>0, @Geoge t,=0.

053 30(3909- (97) 35b6dma gdgdo (0bggg, HmymAG (52)) o3mdobs@gmMdl dJo@mEobsdogy®o
23obBM@gdgdosb (50). Logdmyge Jmmeobs@gdby S, i=13, 0635005b@Ggbol @sdmy30wgd-
eemdols godm 2396900
(102) divi (t,X) =S,(t) = f (t).
©0bgbols do®m JAMbyamdols yodm jmm@wobs@ms bgdboldog® LobEgdsdo, Logdiol bgdoldogm
Vgo@ogdo U(t,X) LohJomols 3m@gbaoseo @(t,X) s33sgmxzomgdl 3gsbmbols gob@magdsls
(103) Ao(t,X)=divgrado(t,X) =1 (1),

Amdgol bmpswo sdmboblibo dgodangds hoofgaml dgdwgao Loboo:
O(tR) =0o(t %) - n) “0 10 ] [%-E[ %,

o] Ve E® séol bgdoldogmo R>0 @swoybol bggam 396@®on bydoldog® OcE?® V9o @oanTo,
bogm g9bd3os @t X) 3dogmxzomgdl @msdmslols gob@megdols Agy(t,X)=0 ©s ogogydswe
J90d0g05, OMAMM G Yg9e0aob Ggagesdyao do@mdmboygmo gybios: @4 (t, X) =const.

063 ga®o@ols godmlomgemgemom & “@soybom” 0bGga®gdol Fgomgoo sgdogmmm M
Fgoegoow: E€[0,R]=[0,|X|)U(IX|,R] w5 mommgye dgoemgodo gobs®agoemmn (475|E—)‘(|)7l
dod@ogerols bggg@meo g9b0gd0l Y 300350 aodemols gm@dyan gdom (ob., dsp., [100], 5 3. 137):
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[X] R
o(t,%) = const - £ (©) ﬁ{ﬁ [ €0 [0, (@%@ 1] [ £ [00., (0%, () }

549056, Y, (Q) bggdumo 519630950l MGNMbO®IoG 9ol mgolgdols s Yy, =(4m)™? 3603564-
ool gomgsaolifobgdom, dogomgdo:
IX] R 52 g2
(104) (p(t,X)zconst—f(t){éj gzdg+j F,dé’;}zconst—f(t) R_xL
X1~ %I 2 6

boowsbs, Ut X) =grade(t,X) gm@dgaol asdmygbgdom, a39]6gds:
(105) Gt ) = f(t) g
od 3609gbgenmdols dgBobs gogng@ols (50) gob@mengdgddo agodenggl (F=X):

Liwr+Legevie=o, f=-20,
3 9 p(t)
> 2odoM@03g09d0lL dgdegy 3wgdmmdm aobBmagdgdl

’ l 2 p'(t)
f'®)+=f(t)=0, f{t)=—"—">=,
()+3 (t) (t) o0

Amdgems beopaswo sdmbsblbo dgdogao Loboloo:
S,(t)=f(t) =3(t+t,) 7,

p(t) = Poltal ___ s . (po=p(0)>0, t,=0)
I+t |1+t/t, P
p=pt™  (p=p(@), py=+o0, t,=0)
>d 3b0dgbgermdgdols gBobs (97), (104), (105) gm@dyagdbdo agsdanggls (98)-(101). |
dgegao 4. oegoer@mo so@mol dsGmfHebaao 3eBgbonG0 @0bgdolbsl 0symd0l IsBHoczs
Jo=[0U] @ dsbomsb (35), (35) msbogomomdgdom @oysgdo@gdaao  dsBaogs J,=[0,0],
SOISIG(3049E005 JOOMJ P g5bo dsB@Hoz0b.
5003, (100) Be@IYmowsb g3mygammdmn
__O0X __ 9y .
|[t+t,] [t+t,]
od dgegaol (55) gob@dmengdsdo dg@obs dmyg9dL:
(l_tlt"‘tol_l)Ea(Es"'t‘Ju) =B, = J,= (|t+t0|_t)7lE3'

kul

5Jgob, t+t,>0 9@m@mdol pomgomolifobgdom, gmgdbymmdo:

(106) J,=t,'E;, t,>0.

gbowos, 03039 dgga0 258m30bs@mgmdls ¢ dygsmme (54) yoMs]dbols MMy gdowaba(:
At X) =t+t,[7X = §=X—td =|t+t,|7t,X, Ot Y)=[t+1t,| " X(t,Y)=V/t,, 0, 0v,(t,¥)=t;3,.

am@Es 1,=0, 35T0b U =X/t ©s5 ao®M©oddbs (54) odanggs VYi(t)=0. 53 dgdmbgggsdo do@@oie

[E;—tJ,] bobaymodygmos o s@3 Lobdedg O(tY) s sO@3 0s3mdols ds@c@oas J,=[0,0]

5@ 5M0l 3m@gJBymow gobdod@gdyeo. |

99603365 6. Hmym®O 3 gbgogm, ogsey®o soMols do@mJOmbyemo 3m@gbioyg®o ©obgdo-
Lol [27]-[28] dO™dgddo hodmysemodgdygao (ob. Fobospowgds V.3) wgdygegds 0dmgggs. 39@dmeo,
(106) do@®ool B gMdobsbBo #0 s 5@ >0l gbO Y gdygeo 30MMmds (57).
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9960dg6s 7. (98) wo (53) Pm@Iyengdol goomgds g30h39690L, @M oo ay@o somol
@ fGmbyano 30B9bizomaG0 wobydobsl S (1), 1=1,3, 0bgs@mosbBgdol bsfyol dbodgbgermdgdl
dG0b 5@ g3l msobsRs@wmdE 30
(107) 3S,(0) =S/(0), 27S,(0) = S>(0).

9603365 8. 53303900 Bm@IYans (100) a30hg9690L, O™ owgoara@o soGol dsmm-
JObaao 30959600G0 ©@0bg30L bobs@yg o d5ymR0emgdl (qo@Edsany@ow) Fséarol jobmbls
(ob., dog., [154], 3. 177-198) s@o@garsBogolbBamo gm@dom. s3sLmsb, (100) ©sdmgowgdamgdols

063 gaMgds 335deggl “ooMmJ@mbyao Lodys@ml” yoxgs@mmgbol gobmboll bo®olbmgshb
(o 55 9Jb3mbgbEosmy®, 0bgasizoy® (ob., [151], a3.197)) @g0dL:
(108) )‘((t):io[1+tl} (t,%0)

0

2. sbans Ygg0L{sgemo Lo gbmog@o dos@mJOmbyamo ©obgds [66]. 53 dgdmbgggsdo (94)

BOAIYgd0056 23543
¢,=¢C=C=0, q(t)=1 y(t)=b,+bt+bt

s J,(0,X) 3gbbmmols 3obmbogy® dobolido (ob. @olg®Esiool I msgo), (80) msbsgo@momdgdols
<638”6)>—632tr8”:tr(8“A2), n=01,-, pomgo@olifobgdom, (87) 3ma3399L 3obBmegdboms Lol gdsl:

s}, =s’+s; +5=0; 0% =7(0)/2= @)+ ()" + () =b,/2;

(109) trsz|t:0 = (310)2 + (320)2 + (330)2 = bo; <€OS€0> = 510(0)10)2 + Szo (0320)2 + S30 ((’)30)2 = b1/4;

li-o0
s’ ="+ ()’ + (59)°=-30,/4;  (8S°®)]_ = (")) + (8%0,))° + (s%09) =b, /2.
oo, 3obmbogy®do dobolol gobdo®@@gdols msbobdow, 5103 5203830, (DZOSO, (03020 (bods®@ogo-
Longol g9pamdTo ° 606zl s@e ©ogfgdm).
(89) go@dyms S, () =0 300mdol gomgomolifobgdom dmygi399L tr(SAS’A’) =C, ws (80)
o (109) gm®Igagdol godmygbgdom dogowgdm (dgse. g-gd0 (2) s (1))
(tr(SASZAZ))Z = C2=[ 0,0,0,(55-5,) (3~ 5)(S,— 5) | = detR(T)S ”H@ﬂ .

i,k=1,3

(110) »  (0S®) (9S°®) b/2 bl4 b2
=det| (®S®) (®S°®) (®S°®)|=det|b/4 b,/2 (2S°®)|.
(0s’®) (@S°®) (@S‘®) b,/2 (3S°®) (®S‘®)

o0 ge@Igeol dodyxggbs dbo®gdo dgdogogmo Lowowggdols yodmbomgm gansm gobo@pgd-
o (80) s (109) mobosgo®wmdgdom ©s dsdoan@mb-3geols mgm@gdon:

tr(S°A%) =—S,tr(SA®) + trA*detS = %trSZ(G)S@ —~ %&Ztrsi

(©S°®) =tr(S°A%) + &°trS°=0;
(111) 4p2 272 2 1 2 —~ 2= 2 2 1 2 3
tr(S*A") = —S,tr(SA") + tr(SA")detS = ~trS ((coS ®)+1rS’trA /2)+§tr(SA)trS ,

(©S'D) =tr(S"A%) + @’trS" = %bobz —% b (trs*=—S,trs*=(trs%)*/2).
>d 3b0dgbganmdgdols (110) gm@Iyasdo dg@obols s godo@Boggogdols dgdwgy dogowgdo:

(112) (tr(SAS?A?)" = C.2 =[ (4b,b, ~b?)/16] ~ (b,/2)° 2 0.
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‘dgdmgo@mm >mbodgbgdo [66]

(113) s,=p/b,/6,  ©f=rDb/6, j=13
(114) §=b,(3/2b,)*? o =18b,/b/. (b, #0)
o3 ombodgbgddo (109) aob@margdgdo doowgdl dgdwgy Lobgl:
P+ P, +p; =0; r+r+rn=3
(115) p12+ p22+p32:6; M P+, Pyt 1Py =28,
p13 + p23 + pa3 =—65; r p12 1 p22 13 p32 =d.
(11513) LobBgds Goglobow goblobrg@ogh p;=Ss; \/Fbo, j:]:%, db0dgbgermdgdl, dmam®3
(116) p’-3p+25=0

390900 2560megdols ggliggdl. Mmam®G bmdomos (0b., dog., [151]), 53 390960 95b@margdols
bodogg 89lgo bodpgoanos 35dob s dbmame 3s5Tob, GmEgbsg

(117) 8°<1 < 0<b’<(2b/3)
(112) 30@mdbdowsb doowgds dglsdsdobo dgbmomggdo b,>0 I edogels 3b0dgbgermdsby:
(118) [(4b0b2—bf)/16]zz(b2/2)3 & 4b(b,—+/2b,)2b} & aB-Va) =48
935b5L3bgemo gGHmEmdols sdmloblbgenom Imbobgdbgdgeos smbodgbols dggens:
Jo=B+1, B=-1
d5dob (118) doomgdl dgdwgy Lobgl:
(119) B°-3p+45°-2<0, B=-1.

(116) o (119) mobogo@momdgdols yosbogobgds dmbabgdbgdgenos M09 o©. 5353MM
390960 3oM56mas y=x-3x+2A. bob. 4 230h39696L (116) wo (119) gm@Iyagddo msgolygsemo
F930900L ©o (117) 30Gmdol g9mIgB@oyga Fobss@ll (ob., dsp., [151]). 3g@dm, Lsdo bsdwgogo
3gLgol s@OLgomdols 3o@mds (117) dgodengds hoof gl

ymax ymin <0
9B ™30l Loboo (Jgo. g-gos (117)). 3005040056 sSEgo@ s g3mymmdmn ggliggdols Josbaom-
960m 360d3b9e0mMdgdl, AmEalsg |7»|—)0 S |}\.|=1—8, O<el 1:

x [0 —B+1/3, x,021/3, X, 0+3-%/3, @mgs A—0;
(120) x -2+2¢/9, x,01-+2¢/3, % 01++2¢/3, &m@e A=1-¢, 0O<el 1
x U-1-+2e/3, x,0-1++2¢/3, x,02-2¢/9, cogs A=-1+¢g, O<el 1.
y @) 4P
K 1 ;\\\
1.5 \\
1.0 i 2
0.5 p2(8
1 10 0s E 05 10 8
20 1
] X
\2IIII|1IIIM_\p2II!IIpI1II|2 3 '10_5
/ 1 e,
bob. 9 bob. 10

bob. 5 g30hg9bgoL (116) 2ob@magdols Py, P,, P; BgLggdol wsdmowgdya gdols & 3o®adg@®by.
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(119) 9@memdgdoon  2oblsbeg@ygao  obGgdgomo [Ba,B3], @mIganbsi  9390gbol  3o®odg@H-
@0 B, 5309039 ©5d0300gd 705 & 30M5dgBMDbg. 9 ©odmgo@gdamgds bohggbgdos bob. 6 a-byg
(B2,B3 o@ol B*-3B +48—2=0 aob@memgdol g9lggdo, —1<Br<Ps; sbgmo gglggdol s@ligdmdols
30Gmdss 46°-2<2 < 0<8°<1). bob. 6 b-by bohggbgdos (118) 9EmEmdgdom gsblsbogdemo
‘Fgog g0, @mdgalsi gigmgbols 3o®sdgB@o a. jg@dme,

(121) Bel[-L, 2], ae[0,9], 0<b,<b?/2, GmEs §=0,
(122) B=1, a=4, b,=2b%/9, Gmgs &=L
(04
7_)\_[3 Dok
i
{ ? \L«
f 1 - o
| . I
)8 \\ ] f{
“\,\ 2—_ //
. . B
a e e | Tl T T T 1 |f-1- O T e o | > b
-1.0 05 ojo 05 1.0

1-2-3—- a1 (8);  1-4-3—0,(0).
bob. 11

(116) aob@dmangdo@sb  bodmgbo P, P, P; Bgbggdol TgBobs (11546) oJ393b TOgog  aob-
AOmgdsms Loldgdse I =6wm/by, j=13, 9360069805 dodoOrm, GmAgol ©gBHgHIobsb@os

j

det[ pjk_l]f:(p3—p1)( P;—P,)(P,—P.)- 30@m3 Lodo@ms Jgdpgao 39®dm dgdmbggggdols dgbTogans:
) godgom, 0<b?=(2b,/3)> 85306 (116) gobGmmgdols gglggdo xg@owos ws (111) ©s

(112) gm@dygagdo agoden gl

(123) tr(SAS’A%) = C, =0,
obey
(124) 4, (b, —[2b, ) = (2b,/3)’

‘dglodangdgemos bodo dgdmbgggs (dgow. @olig®@oiools I msago):
a)s=s5,=5=0 b)s=s,<0 s,=-25>0. ¢)s<0, 5,=5=-5/2>0.
a) dgdmbgggodo (109) Lol gdowsb dogowgdm:
=0, & b=b=0 & s=5=5=0 0o=0,=0,=0 < J,(0,X)=J,tX)=0.
o3 A@ogosgry@ dgdmbgggedo dodmJOmbyamo ©obgdols Lohds®g dgwdogos:
a(t,X) = const.

b) dgdmbgggedo J,(0,X) Bgbbm@mols ds@@ozs, 112 @gdols msbsbds@, dsboliols Lomsbsom
‘dg@hgg00 ©o0yg43569ds gdgy Lobgby:

s o 0
JOX)=|-0, s o] (5<0<s;, ®,20)
0 - s

o3 (3obmbogy®) dobolido (115) LolBgds Wgdbyermdls dgdogy Labyl:
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2p,+p; =0; r+r=3;

(125) 2p/ + py =6; ry Py 13 Py =25,
2p,° + p;’ =—68; P +rps =a.

5J9ob g3mg@mmdm (obdmagdoms Lolgds (125) msglgodswos, Gmas b, #0, 8=-1, a=4):
p,=-1 p,=2; r,=8/3, r,=1/3.

‘dglododolow, (113) gm@Igagdowsb gdmygamdn

(126) s,=s,=—(b,/6)"°<0, s,=2(b,/6)"*>0, o =4b,/9, o’ =b/18, ©,=0,
bogom (114) gm@dgegdo a35de0ggl (109) aobBmagdoms LolGgdol msglgdbs@mdols 306mdgdl:
(127) b, =—(2b,/3)*?<0, b,=2(b,/3)>>0.

(306mds (124) 25dmM3obs®gmdls (127) Gemanmdgdowsb.)

C) dgdmbgggsdo J,(0,X) Bgbbmmols ds@@oEs 3obmbogyn® dsbolido, b) dgdmbgggols sbognm-
20O, ©50435690> dgdgy Lobgbyg:

s o, 0
JOX)=|-0, s, of  (5<0<s; ®,>0)
0 - s
boam (115) Lob@gdol o3 dobolido oJgl dgdwgao Loby:
p, +2p, =0; r+r,=3;
(128) p/+2p; =6; [Pyt Py =28

p13+2p33=—68; r1p12+r3p32:oc.
>J90sb g3myemmdm

p,=-2, p,=1, r=1/3, r,=8/3
obey
(129)  s,=-2(b,/6)"?<0, s,=s,=(b,/6)"*>0, w,=(b,/18)"*>0, w,=2b,"?/3>0, ®,=0.

(128) gob@mangdoms Lol@gdol moglgdsmdol 3o@mmdgdos d=+1, a=4, sby
(130) b,=(2b,/3)¥*>0, b,=2(b,/3)*>0.
300mds (124) 53 dgdmbgggsdoi gler e gdoyanos.

530000, SGSGM0gosmy@ b) s €) Tgdnbggggddo osgmdol [U;;(LX)] ds@@oiol gggems
S gd@9a0 0635005630 2560Lsb@gHgds gOHMsEgGmo bgdolidog@o b,=trS*0)>0 dxnwdogom
> (58) dobolol gargdgb@dgdol Lofgyol db0odgbgermdoms dm@ol a35d3b  3maobmdydo
0obogo®Omdgdo (Lobogogdo):

trA’=—trS?  18tr(S?A%) = —7(trs?);  (trs?)’= 6(trs°)’ = B4(tr(SAY))';  tr(SAS?A?)=C,=0.
(131)
(tr$®>0, tr(SA) <0, @m@s §=5,<0<s;; trs’<0, tr(SA’)>0, Gozs §=5,<0<s,)
2) sbans godgom, 0<b<(2b,/3)° 35306
(116) 256@Mma 930l Bgbggdo Jo@Hogos ©s 112 @gdol mobobdsw, J,(0,X) Bgbbm@ol dodcoisl
356mb039@ 55boldo ofgl Loby

JOX)=|-0, s, o | (5<5,<8;, ©,20, ®,<0)
®, —o, S

od dgdmbgggodo (11546) 2obBmengdoms LolBgdol ©gBgddobsb@o #0 s, msbsbdsw [41] dOMIs>To
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2530myg3560@0 gm@dgeobs (ob., g-aos (IL67)), 33543

T . —
r clet[_lsT H =detT, (j=13)
i

(53 BeAIY@sTdo oxsdgs 3obdgmAgdymo 0bpglom @ brgds!), Lowsi ds@d@ogs T, e M)
3ob3oMBgogos obg@Rsiool I msgdo. (110) gm@dgmgdmnsb dgoomgds w©s (80), (111),
(113), (114) gyomgoaolfobgds pgsdaggl:

T, = [Zia:l Y j+k_2]

Jgegaow, (IL67) aob@megds mgdymmmdls dgdwgy Lobgl:

3 28 o«
=[6/0)" (08" %) | _=|26 a 0
a 0 3a-—48

j.k=1,3 j.k=13

3 25 o 1 3 25
o
26 o 0 p. —
132 _ V= i=
(132) r,det 0 3045 p? det| 25 « 0o | (j=13)

: o 0 3o0-48
-1 -p -pf 0

99603365 9. (I1.67) gm@Iyerols aodmygobolsl s@Olo@ o@ oym asdmygbgdyemo ol, Gm3
r, j=]:’>, 936mdgdo bo@y@smmy@o Moibggdos, sd0@md gm@Iygas (132) odanggs (11546) ob-

AM@gdgd0l 5dImboblibls bmasw dgdmbgggsdoi, oy (P, — pPI(P; — PP, —p,) = 0.

OOaO3 9339 ©08b0dbgm, P, P,y P; Lowowggdol db0dgbgemdgdo s a 35@sdgB@ols
5153396 360dgbgenmdoms s@ol LobwgMgdo aobolsbmg®gds 6 3o@sdgB@ols dbodgbgamdy-
dom. dggyo, R s (132) asblobrgmsgls I'j,j:l,_?), Lboowggdols ©sdmowgdyan gdsls
3 35M0dgBMbyg. bob. 7 a,b,Cc 430h39b90L 53 oImogdye gdol, Mm3s, dgbsdsdobsw, j=1,2,3.
390dme, (132) gm@dgemopsb godmdwobs®gmdl, @md

rrr=0 < (3a-48") =d’,
oby, (112)-(114) >@bodgbgdols yomgoeolifobgbom,
(133) 0,0,0,=0 < (tr(SASA%)) =0.

bob. 12

50gb0dbmm, @GmI  0d3gogsoios (133) Lods®maosbos s@s  dbmamme Lo gbmooey®o
oMM JOMbyeo ©obgdobomgol, sMsdge bmase dgdmbgggsdoi. dodmgdyaos

Fobswsmgds 8 S,AESE® magmsimmgdol {S,A|S'=S,A'=—A} fygoaols jobmboyed
30 bolbdo doBbmydyaros geadmdaans:

(134) A Ay Ay = r(SAS?A?)det [ tr(S 1) | (S=S", 5,<s,<5;, A=—A")

k=13’

533 303gos 9dgomgos (110) gm@dgegdobs s ILI8 Fobowswgdol godmygbgdsls. |
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Ro@Odges (132) dodB0ggds, Omgbsi 6=0 < b =0. 538 dgdmnbgggsdo (116) gob@meng-
b05b g3mygemdm pl=—p3=—\/§, P, =0 o (132) go@OI s ag5denggls
n=r,=al/6, r,=3-a/3 <
s=-8,=-(b/2)", 5,=0, ol=wl=b/2b, ©2=(b-2b,)/2b,
(0<b,<bj/2, b=0)
(Gbowos, 03039 dgogal ggsodemggl gdgeeme (115) 56 (109) LolEgdol sdmblbs 6=0 < b,=0

300md0l gomgogolifobgbom). bo3mgh 5dmboblibgdl dgglsdsdgds dgdwgao Loboyogdo (58)
dobobol gangdgb@gdols Lofgol 360dgbgermdoms dm@ol:

(135) trS=trS°=tr(SA?)=0; trS?=—trA?; (4tr(SASzA2))2:(—4tr(S *A%) - (tr$?)*)((trs?)” + 2tr(S*A%) )
(0<b,<b?/2, b,=0)

Lo gbmoa@o do@mJambyamo ©obgdols bmasw dgdmbgggsdo Lobopyogdo Lsfyol d60dgbg-
mdsms dn@ol gobolobmg@gds (112) msbsggs@omdgdom:

(4tr(SASA))' = [trs ?(2tr(S %) —tr S ) - (2tr(S AZ))Z}2 —2(2tr(S )~ RS,
trS?=—trA%  trS°=-3tr(SA?). (trS=0;)

(11546) 3obGMEgdoms LobRgdol 5dmblbols se§gdomo byg@bo (ob. g-gos (132) s bob. 7)
‘dgodangds godmgoyggbmo Lbgs sdmEsbgdolbomgolss, dogomomsw, sbodg@@oygmo db@osgns-
Lomgols ggoby®o Lobfo@ol o, ,, ®, dwggbgegdol Inlsdgdbow (ob. g-gdo (18)) 0bg@00ls
I, 1, 1, 3m3gb@gdol, 0bgd ool Ggbbm@ols 0bgo@osb@gdol, gymby@o Lobds®oli ggJ@m@ols
3350053 0l, d@9bgol 3069304900 9bg@a00ls s 033yebol dmdgbBol ggo@s@ol @siEom-
boeng@o 39630900l Lobom. dgbsdsdobo gob@magdgdo (dgow. (1)-(3)) goblbgsgogds (11545)
3obGMEgdgbolasb  Ibmerme  0dom, @M  0bg@Eool  dmIgb@gdo  IISEMOE oL oMo,
O<l <1, <1y, bogom (11546) LoblBgdsdo P<P,<P; 3MgR030g6Hgo0L bodbgdo dgodengds 0gmls
6gd0Ldog@o (Lo gbmoe®Ho doGMJHmbymo obgdolsl p,<0, p;>0, p,5>0).

2

(136)

?gergds 4. boraogbero@io do60fimbagamo ©obgdolsl osyedol I=[u; ;(tX)] doB@ocol
Isbsbosmydgaro (31) aobBmargdol bodogy 3099009650 baerol Bmenos:
(137) ki) =k () =ks() =0, = r=rank[u,;(tX)], , 5<2. (S;=divi=u;;=0)
od5bmsb, dgbsdangdgaros dgdrgso dgdorbggggdo:

I°. r=0 < trS*=—trA*=0;

2°.r=1 & trS*=—trA’>0, trS°=tr(SA?)=0
(35906, 3bowos, tr(S?A?) =—(tr$?)°/2<0, tr(SAS?A?) =0);

3% r=2 gggers @sbs@byb dgdombzggs do.

Fobol{o® og5d@g0cmm [66] dgdwgyo

@gds. berargbmowydo @obydolsl (LX) o J(0,X) dsB@mopgdol Gabggdo Gmanos:
(138) rank J (t,X) =rank J (0, X).

mqdol ©53F3o3gos. Lmamgbmoy@o ©obgdols dgdmbgggsdo €¢,=C,=C,=0 o, (93) msbo-
RoOEMd0L Aomgoolifobgdom,
(139) J(t,X) =J(0,X) —tJI*(0,%) =J (0,X)[E~tJ(0,%)].
GoEaoboG bemgbmowa@o ©obgdolsl dsg@oigs [E—tI(0,X)] o6 s@ol gowoggomgdamo,

det[E—tJ(0,X)] =1—ct+c,t*—c,t° =120,

306g-30dols Bm@Igeols yomgogolifobgdom, (139) gm@dgmowsb gmgdbymmmdm (138). |
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0g0® 330l ©83F30390s. e gbmowy®mo ©obgdolsl (139) gm®Igmowsb, (136) Lobogogdols
aomgogolifobgdom, gwgdbyammon:
k,(t) =trJ (t,%) =trJ(0,%) —ttrJ*(0,X) = —t(trS(0,X) + tr A%(0, %)) =0,
ky(t) = det J(t, X) = det J (0, X) det[E—tJ (0, X)] =0.
ka(t) godmlomngmgeow gobodagdemmn boygdmbol gm@dymon (ob., dsy., [42], og. 97)
2k, (1) =(tr*J (t,%) —trJ*(t, %)) = —tr(J(0,X) ~tI (0, x))2 = —tr(J%(0,X) —2t3%0,%) +1°3*(0,%) ).
dopg @03, dodogrBmb-3geol mgm@gdol msbsbdow, Lmgbmoyg®o obgdolomgols ggsJ3L
J'(0,%)=¢,J'(0,X) —¢,3"*0,%) +¢c,J'°(0,X) =0, 1>3.
530¢md  ka(t)=—trJ*0,%X)/2=0 s (137) 5340390700

@agdol mobobdow, 0o3mdol dos@@®oiol Mobyols godmmgans Lsgds®olios @@mol Lsfgolo
dmdgbBolomgol. 3obmbogy@® dsbolido, (109) asb@magdoms LoliEgdol msbobdsw, agsal

b,=0 = J(OX)=0 = r=0.
3o@odom, og r=0, 35dob gbowos, dmd J(0,X)=0, g.0. dgdmbgggs 1° ©s3B30Egoge00s.
g0 Jgo0, by=trS’=—trA*>0. 35906 1<r<2. mx r=1, 35906 J(0) odGoiol Lsdogg Jnogs®o
dobm®o Aj=An=A33=0. gl Igydergdgeros, my (116) asbBmagdol @mIger0dg Bgligo X gMoos.
doOmmo3, §=5,=-25,>0=A,=55,+®, >0 s 25=-5,=-5,<0 = A,;=5,5,+®>0. 5Jo@md
(ob. g3-gos (117) s bob. 4) ag5d3b r=1=s<s,<s,=0<b’*<(20,/3)> o309 m9 b>0, 339695
9Ombso®o 60dbols IJmbg m@o Lsggmemo Goizbgo s oligg — ob A, >0, 56 A, >0. @hgds
9050 gM00 dgbsdegdamds (ob. bob. 4 ©s ¢g-gos (132)):
r=1= 0=b’*<(2b,/3)’ < s,=0, s,=-s,=—(b,/2)"?<0, ,=w,=0, ®,/,=hb,/2=s=s].
o956, (1093) (109s), (109¢) o (111) mobsobdow,
trS°=tr(SA’)=0, (®S’®)=0=b,/2 < tr(S°A’)=—(tr$?)’/2=-b’/2<0, tr(SAS’A®)=0.
3o®odom, my b=hb,=0, b;>0,(109) (56 (115)) LobiBgdowsb ©s (116) aobGHmegdowsb g3myamdm:
s=-8=—(0,/2)", 5,=0, 0,=0,=0, @,=-h/2 =
-1 0 -1
JO)=,/b,/2{ 0 0 0| = r=rankJ(0)=1
1 0 1
5Jgob (o6 (109)-(111) 3-9d0@sb) grgdbymmdm
tr(S?A%) = —(trS?)°/2=—h?/2 <0, tr(SAS?A?)=0.
@ 9gdols dognom, 03039 Lodos@menosbos J(1,X) do@d@oiolbomgolse. [ |
0593039090 V.4 mgmegdosb godmdoobs®gmdl @odpgbodyg dgogao [66]:
dgogso 3. boargbmowy@o ds6mjmmbyao @wobgdobsl ds@aois I=[U;, (t,X)] @ode jowy-
3aanos dbmeremo @G DY s bodwgoero m@Gmmgmbsgrmdo gomwsldbols LobaylbBom g@mmogmor-
o bobo@ gob0bs brgmgds J(0,X) dsB@ocol bsfgobo Jbodebgarmdol bsdo wsdmyowgdgemo
0b55G05650m, Hdangdoi 5@ S0l @sdm owgdaero bog@io00 300G0bSBEI3 b,
trS®=—trA% 3tr(SA?) =—trS®  tr(SAS?A?),
sdsbonsb, besangbmo@a@o oG j@embaamo wobgdobsl (38) sbobol 0bgs@osbBgdo ws tr(S?A?)
@S 59 do@gdaaros bobogoom (136) @s s@oimarmbmdydo dd9d00 (#95marmdgdom) (117):

(atr(SASA))’ = [trS ?(2tr(S %A% —tr R trS?) - (Ztr(SAz))ZT —2(2tr(S%AY) ~tr A’trS?)

3
)

0<6(trs*) = 54(tr(SA%) < (trS?) = —(trA?)". (trs=0) m
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dgoga0 6. 0 om0 S0Gol 3G JGb a0 brmangberowmo wobgdolsl Fo@mmwobsdomo
bobfsmg U;(t,X), (j=13), S0[9@93s Bm@Iga 9300
(140) u;(t.X) =(J;,(0) 3%, (@) (x ~u ) +u, (j=13)
bowsi 3;(0) o@ob osymdolb [u; (L, )-()],
bomsggdo (Gmdgemo, @0bgdolb 3sGmJdmmbyanmdols 30Gmdol msbsbdsw, bydobdogmsw dgoo-
@ngds ofbol sehgaaro) ws u=u,(0,0).

533 303g0s. (54) s (55) gmEIYmgdols mobsbdsg,

J,(0,%) =3,(¥) =[4, v;(N].

@oepoboi J,(Y) =3,(0,X) Bgbbmcols 35bmbogag® d5bolido v, (V) §md3mbgbdgdo s, o, j=]:’>,
25b0Lsbwg@gds J,(0,X) gbbm@ols 0bgo®osb@gdom ws, V.7 Fobswsomgdol msbobdsw, o® ool
5303009090 Y 300000653 gdbY, 33mgmemdm (3obmbogy® dobolido S; wosymbsgg@os!):
(141) Y (7) :Sjkyk_ € Y+ Cj = Sjkyk +Ajk Y + Cj = ‘]jk(y)yk + Cj' (J:L_?’)
53 GO gmsdo (54) yo0Esddbols yodmygbgdom dogowgdbm aob@magdsms Loli@gdsl u;(t,X)

dsG@mois w@memob bsfyolb dmdgbd do jmm@Eobsdoms

k=13

936mdgdols dodo@m:
(142) u;(t,X) = ij(O,)?)(Xk— tuk(t,i)) +C,. (j=13)
(142) LobEgdowsb g3myemdm
- o 7. =
C,=u;(0,0)=u," (j=13)
5, (55") @o (55) mobogodomdgdol aomgogolifobgdom,

. U;(t,%) = (E;+13(0.%)) " (3, (0, %)%, +u) =
= (E,—t3(t.9)),, 1 0. 0)%, + (E,—tI (%)), u’ = I, &) (x—tu) +u’.  (j=13)

(92) ge@dgeols s V.4 0gm®gdols mobsbdow, Lmengbmowydo wobgdolsl ggodgls

(144) J(t,X) = J(0,%X)-tJ (0, X).

(144) gm@Igaols (143) godmbsbyangdsdo dg@obom dogowgdom (140) gm@dygasls. |

9609g6s 10. gm@Iyens (140) dgodengds hoo{g@mb ggddmdymo gm®@dom, oy ao6g3>0-
B3 M3HopoGl I E3 EF Goimol dshhogs monmbndloegpaw {&|§eE’ k=13}
d5bolido gdmbgggs 0o4md0l Is@@oEsl t=0 dmdgb@ do,

(81918)=3,0%) =u,, (0%). (jk=13)

0396900
(140" U(t,X) =(J—tJI?)(X—0°) + o

>gogo dgbodm{dgdgmos, G (140") gm@dgmon 3oblsbpgdygmo gaeo U(L X) >gdogm-
Qo gdl goeng®ol (50) aobBmaengdgdls bgdoldogmo uj°=uj(0,6)(j=1,3) 360d3bga0mdgdolsmgols
o, U (7)) =1trd =0 300mbols msbsbdsw, soMol Lodgghogg s (bggs Igedogo Ghgds:
(145) p'(t)=0, p(t)=p,>0.

836855985 2. o@yoramo somol @obydslb gfmwgds (ob., 3s., [27]) 0 bmdo@ maro, oy
dobo [bggs wo bodygmogy o9 dmd@msmdol 3Gmigldo ogogadmoe dawdogos, by gHmbsomos

bogazol y39e0s [admdogrdo s 5@ s@molb @sdmyoogdaero ©o@Gm by.
SO0y, 35O oY@ 0
fobs@s@gds 9. owgoermio somols beagngberoy@mo domefbmbaamo ©0bgds 0bmdod aros. B
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d9603g6s 11. 0@go@ @0 500l dodmJOmbyeo wobgdol U(tL,T) Lobs®ol s@s@@ogosgy®o
©5dM 0oy gds bogMEom s EAMOM 3MMMEbsRgdbyg, [bggol g@sogb@oli byamgsbo
d60dgbganmdol  300mdgddo, aobdo@mdgdymos Lobjo@ol gganol LoFyolio gobsfogngdom,
@53 bowse s0fgMgds m@IPa gdbom
U(0,X) =X/t;, dm@Es ©obgds 3m@gbioydos (roti(t,X) =0, t, #0),
G(0,X)=J%X+1(0,0), M3 ©obgds Lmengbmowgdos (divi(t, X) =0).
5 JIEZ3EB 039050 mc0l ds@®oio (mGmmymbsma®o go6osddbols Lobal@om) goblsbmgmes-
05> dobo 3obmbogy®o gm®@dom s V.4 mgm@gdol 3o@mdgdom. od 3o00mdgddo gogog®ols
30OME0b5d0Y® 4obBmegdgol (50) goohbos s@SLESE0MbsGYmo 5dmboblibgdo, MM gdogs
3obolobwg@gds do@mEobsdoyg®o Lobo@ols s dolo Logdhyeo 3g@dm Fo@dmgdya gdols
(569 054md0l Is@@oiol) Lofgolo 360dgbgemdgdom. sdslmsb, Lsds@menosbos (ob. [66])

foboowgds 10. opgseramo soGol domerfbmbaeo @obydolsl goarg@mol Fodewobsdog@o
39b63mangdgdol (30) LobBgdol bmgowo sImbsblbbo ULX) Goerbsbse (mGnmgmbsgrmo
5300 J60L  LobalGom) so5bobs bma@mgds s@Gsad9dgb gdebo dawdogo ss@sdyd@mom. oggdaan
odmbsblibgd do gobay bogmgero dawdoggdols Gsmwgbmds, bsbmgowm, 5@ dyodargds d9diomwgb.

059§ 303905, 053mb0l JoB®o30L (58) 0bgoM0ob@gdo ggodemgsgl obgdols Mgg0dol oy gbols
VgLsdm gdanmdal: ©obgds 3m@Bgbconcdos GmaEs trA?=(rotd)*=0; 35306 (58) 063560563951
@0l @odmyz0gdgeros dbmenme gOmo, S;=1rS, Gmdmol Lsfgobo 3bodgbgermds S,(0) =3'[0_1
256L5bEgMogl sboMhgbo 0635(056@ g0l LoTyols 360Tgbgarmdgdls (0b. ¢3-d0 (107)), dom @~
300939 gdsls @MMbg (0b. g3-960 (98)) ©s JoEAMEobsdo @ U(t,X) LohJomgls (ob. ¢3-g9d0 (100)).

©0b9ds Lmengbmowy®os, Gm@s trS =divl =0; 35d0b (58) 0bgomosb@gdols Ls{yol d60dgbg-
@®dsms @0l sdmygoegdgeos s@mo9dgpgl Lsdobs (ob. g-gdo (131), (135), (136)):

trS°=—trA*=h,,

tr(SA?) =—trS®/3="h,/4,

tr(SAS?A%) ={[(4b,b,—b2) /16— (b,/2)*}"*.

06350056 gb0l 3b0dgbganmdgdo, mobobdow 113 mgm@gdolbs, Eombobs@ aoblobwgmsagls

39053 M@0l do@@ozol 3obmbogy® dobolido. dgogyow, Lobds@oli Lofgolo dbodgbganm-
dgd0ls ujozuj(O,f)) (j=13) 25dmygbgdom (140) gm@Iygmomn g3mygamdon  U(LX) Lobs@gl.
9J3bo bsdpgogno Iy edogo Goibgo by, by, b, ulo, u2°, u3°, LobmaomE, ©sdmyi009dge 05, g.o.
bmpow dgdmbgggedo domo @osmgbmds 5@ dgodergds dgdzoMogl. |

dgb0dgbs 12. Lmengbmowy®o do@mJ@mbymo wobgdolbomgol Bo@Iyas (57) Lads@omao-
5bos. 8dM0go, mgm®gds V4 sHylRgdl [27] domdsdo hodmysamodgdyger V.3 (oboswswgdsl,
235d@ g3l Go doMmBogo Gomwol os@lgdmdols 3oMmodsl, r=rankJ=1 osgmdols dos@®oiols
0635M056F g0l BHg®mdobgddo; sdobmasb, Lsgdo@obios dgdm{degl Ibmeme m@o 3oGmbds:

trS®=0, tr(SA?)=0.
J3gdmo  Bmygoboenr  b@oaTo  sdmFgBomos  0sgmdol  FsF@oiol  sdsbslosmgdgeno

0635M05bGgb0 @M JAMbyamo ©obgbols Lbgoslbgs @gg0dgdolomgols s mobsgs@momdgdo
o3 063o@M05bBgol dm@ols.
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3b®ogno 1

oM JOmbyao ©obgdols LobJo@ol, so@ol Lbodzg@mogols, osgmdols ds@@oiol gangdgb@gdol wo
063500563 900l AOMbY ©sdmogdyegdol balosmo ©obgdols m@ogg ®gg0ddo

%9080 3m®gbioyg®o, rotli=0 Lmgngbmoydo, divi=0
30b.Lowogwy (t, 20) (by, b,>0)
S, =k =trS=uj 3lt+t,|™ 0
trA®=—(rot )%/ 2 0 —y(t) = — (b, + bt +b,t?)
trs? 3lt+t,]7 y(t) = b, +bt +b,t?
trSA’ 0 Y'(t)/4=b,/4+b,t/2
trs® 3[t+t, | —3y/(t)/4=—30,/4—30,t/2

2 1/2

tr(AS?AZS) 0 C, - {[(4b0b2—bf)/16] - (b2/2)3}
tr (S°A?%) 0 —v*(t)/2 +b,/2 =—(b,+bt+b,t*)*/2 +b,/2

J,%) =[u; ;(t.%)]

|t+t,|'E4 (3, =1, 'Esut, >0)

J(0,0)-tJ %0, 0).

S(t,%) =[ug ,(t.%)] |t+t,|E, S(0)—t (S%0) + A2(0)).

At %) =[ Uy ,(t.%) | 0 A—t(SA+AS).

k, 3lt+t,|° =S, 0

k, [t+t,]°=S, 0

S, 3lt+t,| —b,/2

S, It+t,|° —b,/4

u;t,%), =13 X [t tp|™ U;(t%) =(3,(0) ~t3%,(0)) (x —u ) +u’
p(t) Polt+t/t, 7 (t,=0) P, = const >0

pit™ (po=+o0, t,=0)

3b®ogoo 2

0530805 O, U; 35B@030L bmpg0g@mo 06350056¢ 0L LoFygolbo 3608gbgmmdols 303800
(58) d5Bolols 063500563 gomsb Lmagbmowy®o do@mJHmbyemo ©obgdols @gg0ddo

tr(S%A2) = —b2/2 +b, /2;
tr(SAS’A) = —byb,/8;

tr(SAZS A?) = b¥/4—b,b,/2 +b?/16;
tr (S A?S%A%) = —3b20,/16 + b,b,/8;

tr(ASAS)=tr(SASA)=b*/2-b,;
tr(A’S®)=3b,b,/8;

tr(S?AS2A) = b,b,/2 — b3/4 — b2/ 8;

tr(SASASA?) = tr(SASA) tr(SA?) =b.b, /16 —bb, /8;

tr(SASASA?) =tr(ASASA’S?) =tr(ASAS)tr(A’S*) /2 =3b/b,/8 —b,'/8 —b,’/ 4;
tr(SASASASA) =tr(SA)* = (tr(SASA))’/ 2 = (b,/2 — b,)*/ 2.
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V mog0l ©sbggbgdo

l. 0@G0mymbsgy®o 0bgo®osbBgdol bLEgo dobodsgry@o 3G 9deo 453mygbgdey-
@05 gobogyg@o LobGgdgool obsdogzol s@bs(g@sw. Lodysbbmdoagdosbo 0bgs®osb-
Ago00m hofgdogmos aob@magds sdbmeyBg@em dgodo Lbgyemols s@s@gms@ogol-
A®0  dOybgolomgols (ob. @-gms  (14)), Gmdgeoi FoOWdymos  3MM@EobsGmS
bgdoldog® mOMMbm®do@gdyee LoliGgdsdo s s@s Jbm@me db@osesl 0bg@d 00l
Jnogo® ©gMdgoby opgdym  gomAEobs@ms LolBgdsdo; gg9@dem dgdmbggggddo gL
3obBHMEgds  ag5da gzl Imd@omdols 0b@ga®moggdl mogoligrsmo db@osgsbsmngol —
dO9bgols  30bgBog®  gbgdgosl s  0d3ymlol dmdgbRol  3go@s@l s ob-
Lobmg®ogh d@ybgol jymbydo Lobjo®ol ggo@s@ol wdmmby ©sdmowgdyegdsb.

2. OgesBogobR s  3o09bsgo  LolFgdobomgol aodmmgmogros  (Gopoylihy
©05dMY 3009090 Jgmbydo bobJo@om d@ybgolsl) LoliGgdol @gas@ogob@ydo gbg@yos
> 0d39bols dmdgb@o, LolLEgdsdo dsbol gobofogrgdol Lbgowslbgs ‘dgdmbggggdo-
Lomgol. bohggbgdos, MM m@ogg gl Lodgobbmdogngdosbo 0bgo@osbBo @hgds Lali®eyyeno,
Am@Es 36GYbsgo LolGgdol g3g3o@™m@0l Lohjsmg dool{@sxgol Lobsmerols Lohs@olygb,
3oMs  0d  dgdmbggzgools, @m@s  g330o@™A0L  dowsdmdo  dsLol  3bodgbgermgsbo
bofogros  amjomobgdyemo. 3o@odgBdgemo  Lobom spgdgaos sbigmo Lol gdgdols
g sBogoLR@o 3sdogrBmbosbo. dgl§sgaromos sligmo LobEgdgdols wobsdogs.

3. 039090s 5@ Mx803 ©0xgAgbEosE® aosb@mamgdsms hoggdoero LobEgds
0goy@o  Lombol  do®mJ@mbyamo  wobgdolomgol Jdop®mEobsdoy®o  LobJs@ols
0530060l d5G®oiEol MmOMMAmbs@y®o 0bgo®osb@gbols Bg@mdobgddo. gl Igwgao dowg-
d9a0s olg@Ro305do sdE 30300 bmgsmo bobosmols mgm@gdol Lboggydggen by
053md0L do@G®ool s dobo mAOMmmymbsgry®o 0bgoM0sbGgooll @OMDbY ws LogdEom
3MMOE0bs5E9bbg wsdmowgdygmgdol 3obmboli dglobgd (mgm®gds 1 s ‘dgogagdo 1-3).

4. bo3mgbos Jomgdymo s@s{®R0g0 2obBMa gdgdols 2oblsgymn@gdbyamo 5dmbsbl-
bgdo, @mAggdoi [o@Imowagbl bmgswo 5dmbsblibgbols dmdgangdls.

5. @533 30(390Y0s, AMd s@OLYIMdL dodmJAmbyemo ©obgdol Ibmerme ™o
099090 — 303 96309930, ob Lo gbmoy®o (mgm@gds 2) s badmgbos 0s3mdols ds@@oiol

4gge0s ©053MY3009dg@0 mOMMymbogy@o 0bgsM0sbGHol @AOMDbY sdmowgdyegdols
3ob6mbo 53 Mgg0dg6do (gbGogno 1).

6. doMmMJOHmbymo obgdobomgol sdmblbognos goag@oli Lodyobbmdoan gdosbo
30OME0bsdoy®o 2obGmargbols Amaaslo s@s{®x0g0 ©WoRgMgbxosE Mo Asb@mang-
dg00l  LobGgds ©o bodmgbos soMol doEAmEobsdoyg®o  Lobjo®ol s Lodzg@ogol
©05dM 3o gdygamgds @OMDg s LogdEom gmm®Eobs@gdbby obgdol mmogg dglsdanm
Mg703do. 3gOdm, bohggbgdos, @M  3m@Egbog®o dodmJOmbymo ©obgdolsls Jo®m-
©obsdog@o Lohdo®ols ©sdmgoegdygmgds Gowoyl-ggd@dmadyg (bgdoldogdow s@hgyao
3OMOObsGMS Lomsgol dodo@m) s0fgMgds dodanols s@s@gas@ogol@yg®o 3obmboo.

7. d5OmJOmbyero Lmergbmoy®o ©obgdol @ggoddo bodmgbos Logds@olo o
5930 gogeo  30Mmdgdo 0dols, MM goeng@ols JoEOMEobsdoy®o  asbGmagdgdols
5dmboblbl 3Jmbegl do@Bogo ob m@dspo Fogrmol Loby (mgmdgds 4). bohggbgdos,
Amd doOMJAMbyero Lo gbmoy®o ©obgds 0bmds@yaos.

8. bo3mgbos 3m@obmdoy®o mobsgs@mdgdo (Loboyogdo) oszmdols ds@@oiols
06350056 gL m@ol, Hmam@ 3 3mGgboy®o, sbiggg bmgobmowy®do wobgdols @ gg0ddo
(3bogno 2). bohggbgdos, @M gl mobsgo®omdgdo Ind@smdol 0b@ga@om gdos.



162
©obg@GS305Tdo dJopgdygmo Ygogygdo s ©sLghgdo

1. dgdmwgdyammos gy9bjEombsgy@so do@mdomsw wsdmyzogdgeo Bybjiogdols
(36905 (pobdod@gds 1.6, 3-d0 (1.55), (1.56)) o 5IF 30390 7E 05 mgm@gds gyubjogdols
916J(30Mbs@ @ 30MMb0omo sIMY 0 oermdolomgol Lsgds@olo s o>y3omgdgero
300960l dgbobgd (93-gms (1.57)).

2. N-356m3ogn gbosb gbo@o®yya u" (93380009 E" Log®9do ImJdgoo, aomspgemy-
a0 13gdB®ol 3Jmbg 9@dod o (Lodgd®oyeo) P m3g@s@m@obsmgols bsdmgbos dolo
5dobolosmgdgmo  ©sdmy3ogdgeo 3oMsdg@Mgdols dobodsgy@o Gomegbmds n(P)

s bohggbgdos, HmI gl GomEgbmds gdmbgggs ®sdbols Moibgl (g-gdo (2.58-59)).

3. b53mgbos ao@oggemgdyemo L3gJd®ol IJmby 9@do@yero (Lodg@®oyamo) m3g@os-
A®AoL 3merobmdyg@o 0bgo®osb@gdols dobobio u" (E" bog®39do (Vobowowgds 2.20).

4.U" (E" Lbog@gdo  badmgbos @0 g@Ododyero  (Lodg@®oyeo) ®3gOSGHMOOL
9bo@odygo  (MOmmymbosgy®do)  dbgoglgbolbomgol  oy@oergdgero s  bogds@olo
©05dM93009dgeo 300M6gdo (ngm@magds 2.5).

5.U" (EM bogM(3930 bmaswo Lobol M3g@sEm@obomgols gobds@@gdyeros jobmbo-
3900 b5bobo s boo Lobom og9dygeos 38 m3gAsGMA0l ds@@oiol 3obmbogydo
BeAds (wgm@gdgdo 2.9, 2.11, g-gdo (2.78), (2.111)).

6. 539005 beaswo Lobol Mm3g@s@m@ol ¢gbods@yao (m@mmambogy®o) obge-
0563 gd0l dobodosgnyy@o LOYao JOgdyeo — 3meobmdy®o 0b35M056@Ggd0ls dsbolbso;
0533303909005 JoM0MSo MgMMgds M3gOsGmAol ds@@oiol 3obmbogy®o gm@dobs
5 30 0bmIy®o 0bgoM05bF o0l dobobol YOmogdmEsmbsobs dglsdsdolmdols dglobgd.
533 303909005 539090 30@obmdy@o 0bgoMosb@gdols dobolol gargdgb@ms 93vbd-
3OMbog M0 05dMY 0 o mds.

7. badmgbos bmgoo Loboll m@o m39@Os@®M@ol gboGodmo (@mmymbsge@o)
Igogbgdolomgols sy gdgeo s bsgds®olo odmyz00gdgeo 3oMmdgdo (mgm®gds 2.7,
B~ (2.89)); 53obmsb, goygdxmdglgdgmos 30@lols Jggslgds sbgmo dbasglgdolbomgols
bogdo®olo  300mdgdoll  @osmegbmdbols  dglobgd  (hggbl dog®  bodmgbo  dgaslbgdss

N§n2+1, bozgero@ 3o@Lol dog®d dm3gdygeo NSZ2nz OomEgbmdbols) ©s bohggbgdos
(g3-amo (2.105)), ®™3 begow dgdnbgggeTo gl Ygegoligds oG godmgds aoudxmdglogls.

8. 99dm@gdyeos  bmaswo  Lobol  ™3g@s@m@ol  9bo@odygao  0bgs®osb@gdols
od®@0io (3-gd0 (290-91)) ©s bohggbgdos, GmI 53 o@Gogol LAHGYJAHGs gdnbgggs
M39605@m@0l jobmbogy®o ds@@oiol LEGYJEYOSL.

9. bsadmgbos Lbgoswaslbbgs LodgB®ool dJmbg m3g@sGm®gdol Fygoagdol m@mmambsgns-
@0 geosboggoo®goobomgols bsgdo®olo ©s 5730 gdgeno 300Mdgdo 3500 0bgo®0sbRgools
doboligool Bg®mdobgddo (mgmemgdgdo 2.12-15); dm@mdpyg ao0sFg39B0e00s M3gHsBAm@mS
sbgmo Fggoamgdol 9boGo®dyemo s mOmmymbsgry@o gasbogoizomgdols sdmzsbs.

10. 20bdo®@gd@os  gobg®dmbrol xg@owo dosG@ois ©s dobo ©g@gMdobsb@o
X gOomdgbols bgdoldog®o (bs@ydogry®o) dbodgbgarmdgdolsmgols asdmmgmogos
gbowo Loboo (gm@dygemgdo (3.5) s (3.5Y).
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11. 56350 @F 9dygemos gobg®@dmbols aobbmpswgdymo xg@oo dos@®oEs (gobds®-
A9os 3.2, 1-gdo (3.20), (3.21)). 3B G0(39dYE005, MM gobeg@dmbols obbmpswgdymo
N JDo0 FoGM0GES Pogdoma® >M0lL goblobwgdyano, Gm@Es X gHoEMgdo gHmIsbgmo-
Logob 2oblbgoggdgeo, bgdoldog®o bo@ygdomau®o Goibggdos, boam (33as@gdo —
05 JE000.

12. bodgogro 3gensols ba@olboms xodobsmgol ©0sd@3090geos gog@ol mgm®gdols
SboEMA0gM0 MObsBsOEMS, M3 bodolbols dohggbgdergdo s@os dmgao (‘dgogyo 3.1,
-0 (3.35)) o dobo 2odmygbgdom yodmmgeromos @sa®sbgol gangdgb@odya 0b@g®-
3053096 Moz ggems dgdiggeo Loldygao xodo (dgegyo 3.2, ¢-gbo (3.70-70%)).

13. 6gdolidog@o do@@oEol r-sbmEodgdygeo ©s M-oby3odgdbygmo do@®oEgdols obo-
MA07A©, 5395905 9.5, I'-0byE0Mgdgmo do@@oEs (356350 gds 3.3, gg-ans (3.78))
o dobo ©gBgMdobob@o asdmmgemomos 3bowo babom (g-ans (3.79)).

14. 35bg@3mbeols % g@o©o do@®oiol wgBgMdobsbBol 3bowo Lobol aodmygbgdom
0533 3039090 0s, @M II msgdo dgdmegdyeno bo@o®yero 06350563 gd0L Lod®sganyg
g gds  gYbjaombomy@ds®  ©odmy oegdgeo (s, doTobowsdy, 3meobmdydow
©5dm9 30 gdgenn) F9309d0Logsb.

15. g3obg®dmbrol gobbmaswgdyao r-oboyEoMgdyeo dos@@oizol R gmdobsb@ols
gbopo  Lobol 203mygbgdom  ©sdE 303gdeos, @md dodBogo L3gdd®ol 3jmby m@o
5M53mdYHodgdoo  IsG®oiol  gboGodymo  (bsdpgogro  ggenols  dgdmbgggedo  —
OOMOYMbs@®0) 063500563 go0l LoliRgds (ob. msgo 11, g-ans (89)), gy gds ¢9bJicom-
bogg@o@ (0o, 35dobosdg, 3M@obmdy®ow) sdmyzogdgeo §g3@mgdoliogsh.

16. bohggbgdos gobpg@dmboli  gobbmyspgdygemo  xg@swo  ds@@oiol  gogdodo
bmp0900 360dgbgemgeb L3gEosy® iubdiEosbmsb (g-ans (100)), 3g@dmo, gogng@ols
390 >-896J30oLmseb s gOmo s IMogogmo 3gensols d03gMygmdgBHoye (3y) BYbjio-
90m5b, Mg o3 RoOmm 25dmygbgds 530 Jomgds@Gogn® s Qobogy® sdmzobgddo.

17. dgdmmgdgemos 3obbmgswgdygao, (N+1) 3oM0dgd®mbg ©odm gowgdygeo B-939bjiools
2563503905 (B-@s (4.1)), ®mdeols 39@dm dgdmbggges goeg@ol dgBo-0bBgycdomo (n=1
‘dgdmbgggedo). Iglfogemogmos 2obbmgsgdygemo dgBe-g9bdiEool mgoligdgdo, 3g@dmew,
bohggbgdos o3 59bJiEool msbsdsdo dgdmlsbwgdagammds (g-ens (4.111)) dobo ymggeno
>09dgb@Gol dgbodsdol 3md3emgJby®@ Lod®EYgbg. bodmgbos aobbmgsmgdyemo dgde-

396Jc00L bgos brgsdo (g-ans (4.113)).

18. 053330390905 MmgmAgds aobbmysgdyer B-9biosdo dgdsgogmo ghmo ©o
dasgomo (33aool 3y BYbJaosms Lobyyms@mmdgdols dg339:30L dgbobge.

19. bo3mgbos sbogno mobsgsMEmdgdo N 3ganswols d R9bJiEosms dm@ol. ©sbyl-
Bgdgeos dmbobwgdg 3y B96J30go0l Wsds 3ogdoMmgdbgen MobsGosGOOMdsms MM bmds
> dM393Yos 53 Mmobsgodmdsms LOyeo LobGgds @boswo Lsbom (bGogno 6).
gm0 3geools  dgdmbgggedo gl mobogedemdgdo  gdmbgggs  aoyglol  (3bmdogn
QOOdYegol, bmgom n=2 Jgdnbgggeodo odanggs 38  gm@Igmol  s3gemol 3y
2396Jcoobomgol. gl dgogao goblbgogogds o3gaols s 3od3g @9 BgMogl Jmbmp®e-
505do g3 oM0M oo MoiEbgolash 83 mobosgo@dombsms @smgbmdolomgols (56).

20. gbowo Lobom asdmmgeroaos dp gobBmagdols 393g@ol s3mboblibgdol yggems
sOsGMogosgr®o  Fygomols gamblgosbo. badmgbo mobsgs@omdgdo aodmygbgdbyemos

L3gEooggdo s g gdgbdedgmo g9bj3ogool bmpog@mo asblsbwg@yemo 0b@ga-
@50l sbogroby@oe godmmgmobsmngol. dowgdygmo dggagdol bofoeno sbognos.
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2L Lol®ygero Lobom godmmgeogros L3gEosmy@do gybliogdol dgdiggero bmyo-
gomo 37 3M030; Jowgdygmos  bosa@dYHEolb Be@dyeols Godol @odwgbody sbogno
0565g35MMds  (gg-ans  (4.39)-(40)). godmygsbogros  ®odwgbody  sbogo  MobsgsOEMdS
256bmMyogdgmo 30390y 9mIgBBoymo g9bdiEogdolbsmgols (g-ans (4.40")).

22. 090 mbogr @0 0635M05bE o0l LOyao dobodsgnyy®o 3@ gdygmo aodmygbgdyemos
Bobogy®o LolEgdgdol ©obsdozol sebefg®o. Lodasbbmdogngdosbo 0bgo®osb@gdbom
ho{ gdoeos 2obBmengds sdlmay@adse dgsmo Lbgyaol daygbgolomgol (ob. gg-gos (5.14)),
Omdgenoi oM mgdyeos 3mm@obs@ms bgboldogd m@mmbm®do®gdyge  Loli@gdsdo
> oM dbmeme dbGosamsl 0bgM 300l dmogs® ©gMdgdbyg oggdyen  JOmOobsEms
oL gdsdo, OMIgeroi SOSMYEsB030LEAYM0 dbMosgslomgols Aoblsbmgmagh LoliEgdols
©0bsdogol, 3gddm, 3ymby®o LobJs@ol 33o0Ms@0l MMDbY ©sdmJowgdaen gosls.

23. M ges@030b@ YO 3dOYbsgo LobEgdolomgol godmmgaoaos (Gsoylbyg sdM9y-
30099800 3190by®o Lohdo®om dabgolol) LolBgdol gbgdgos s 0d3yelols dmdgb@o,
LobBgdsdo dobols gobsfoagdol Lbgowslbgs dgdmbggggdolomgol. bohggbgdos, @mad gl
@039 9b bodaobbmdoa gdosbo 0bgo®osb@o @hgds LoliGyero, mEs IdOYbsgo Lol gdols
933500l LohJomg doolf®sggol Lobsmanol LobhJo@oliggh, ao@s 0d dgdmbggggdobs,
OMES 93350™O0L dosdmdo dobiols 3b0dgbgermgsbo bofomos @M joseobgdyemo. 3o@o-
90O g0 bobom oag0ygeos slgmo Lol gdgdol Ggers@ogob@ydo dsdoa@mbosbo.
‘dgbfogeroaos sbigmo LobiGgdgdol obsdoge.

24. 53909905 5M5(MR0g ©0RgMgb0omY® aob@megdsms hoggBomo Loli@Ggds owg-
s @0 Lombol dodmJOmbymo ©obgdolomgols do@mEobsdoyg®o LobJo@ol 0sjmdols
d5@@030L MOMMAMbsgry@o 063500563 gool Bg®mdobgddo. gl dgrgao dowgdymos wolg®-
Ao30sdo o3B30 bmaswo  bsbosmol mgm@dgdol  Logydgganbg, ®mIganoi
3oblob@g®aglh 0s3mdols Is@@oiols s dobo MmOmMambsgry®o 0bgo®0sbFgdols @AO™MDY
s> bogMm300 JMMOEbs@gdby wodmowgdyegdols 3obmbl (mgm®gds 5.1 s dgogagdo 5.1-3).

25. 0593 303909005, O®MI  sOLYIMIL  dos@MJAmbyeo  ©obgbols Ibm@me @O
099030 — 3mBgbxoy®o, 5b Lmergbmowy®o (mgm@gds 5.2) ©s bodmgbos o0s3mdbols
do@®ool  yggens ©odmey3009dge0 @mmambomy®o 0bgo®osbGol wdmmbg ©sdm jo-
©gdgagdol 3obmbo mMogg ®gg0ddo (3bGogoo 1).

26. 00 JOMbyeno ©obgdolsmgols sdmblbogros goeng@ols Ladasbbmdoangdosbo do®m-
©0bsdog®o obBmangdgdols LolFgdol Gmergsbo sOs{®R0g0 R MgbosE@YGO 25b-
A gdgdol LobEgds s ba3dmgbos soMol Jo@meobsdoyg®o Lohfs@ol s Lodjzg@mogols
©5dM0Egdygmgds @OMDY o LogMEom JMm@Eobs@gdby wobgdol meogg dglodaom
Mgg0ddo. 3g®dm, bohggbgdos, @M  3mABgbE0Y@0 doMmJAmbyemo  ©obgdolsl  doAm-
©obsdogdo LobJomol sdmzowgdyagds @swoyl-ggddmady (bgdoldogmse s®bgyao
3OMO0bsGMS Lomsgol dodo@m) 50fgMgds dodanols s@o@gas@ogol@yg®o jobmboo.

27. d5@mJ@mbyemo  Lmgngbmoy®o ©obgdol ®g9g0ddo  bodmgbos Logdo®obo o
5930 gdgeo  30Mmmdgdo  odobs, M3 goag@doli JoE®MEobsdoy®do gobBmagdgdols
5dmboblbl 3Jmbogl do@Bogo 5b m@dogo Fogrmol Lobg (mgmdgds 5.4). bohggbgdos,
Amd doOMJOMbyero Lo gbmoy®o ©obgds 0bmds@yeos.

28. bo3mgbos  3e0bmdoy®o  msbogo®Momdgbo  (Lobogogdo) o0sgmdol  ds@G®oiols
0635M0563 90l dm@ol (bMoo 2), Gmam®3 3mdgbcoygdo, sbggg Loaobmopy®o
©0bgdol @ggoddo s bohggbgdos, MM gl mobogs@omdgdo O o033 gds Mo,
9-0. {o0dmo©y9bl dmd®omdol 0b@ga®oggdls.
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;9.58.5@)36.5 A

L ©09Bg®30bsbBol Fos@mImgdyemolsmgol ens0dboiol go@dgmol asdmygbgdom (4.19), (4.20)
©s (4.111) geoadgmgdoosh gwgdygmmdm:
@@ (D) (=), ,(1-D),

d" ) m (M (©) i c(1-c) (2-C)4
(AD i D(”)IZ_O—ZH@“‘ (8),  (b+1), (1-2), (-b), |
(c+1), . (d-c),
m=12, ...

(4.43) go@Igenols ©s
(A.2) I'2)r@-z)=x=lsinrz
056585@Md0L Aomgomolifobgdomn gmygermbn:
(a)m—k(l_ a)k = (_1)k(a_ k)m J (1_ C)(Z_C)k—l = (1_ C)k J (k =012, .., m)'

5d0B ™3, 3odomBoggdol Igdmga, Be@I s (A.l) mgdyemdl dgdwgy Lobgl:

m

(A3) = D(r;2)] =O=z;“:0 R (m;a,b,c) =
1 k(@-9
o (M), L (@=k),(b k), (a-k)(b-k) _
_Zk=°[kj( 1) k). det b m ok b , m=12, ...
c+m-—Kk b-k

sgogo Jglodhbggos, MM gm@dygms (A.3) LEymegds M=0 3b0dgbgermdolomgolse.
(A.3) xodol mommgyeo dglogmgdo R (m;a,b,c) s@ol a b, ¢ ody9dghdgdol GoEombs-

Eu@0 39bJios:
(A.4) R,(m;a,b,c) = %, R,(0;a,b,c) =1,

m

R mabo =™ 1 (a—k),(b—k), abc+ab(m-2k)+k(m-k)(c—a-b)
Tk (c—k),, (a—k)(b—k)(c+m—k) B

m (@—k+1), ,(b—-k+1)

:(kJ(—l) k) [abc+ab(m-2k)+k(m-k)(c-a—b)],
(k=1,..,m;, m=12..).

5do@md (A.3) xodo doowgdl dgdogy Lobgl

(A5) " R(m;a,b,c)=P (a,b,c)/Q,(ab,c),

Losi P (a,b,c) s Q(a,b,c) s@ol, dglbodsdolow, L @ | ba@olbol 3maobmdgdo a,b, ¢
(330 5gbools gOmmberomdols dodo®m:
L=2m-2)+(m+1)m+3=(m+1)°>+m, I=(m+1)*=L-m.
d9gb0dbmm, AmI, @m@Es M dgodgs, o6 oMol dbgaro (A5) go@I ol domxggbs
dbo@ols  JoMsdo®o  godmmgeos, dog@sd 9339 M=3 @AMl gl asdmmgagdo  dognby
‘dOMI5Fggo005. MM Yeos bmgswo dgogaols

o D(r2)], .= >, R(m;a,b,c) ={

063000 3B 03905

1, m=0

A6
(A6) 0, m>1
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2. (4.19) ©939®3d0bsb@do o0gbodbmm z=1-y ©s gobotygdemm (4.14) gm@dyaon. y396gds:

n b(a—c) Cal-bi2-c1-

(A7) D(L_y) det F(a,b;c;1-y) 1-vy) el c )F(l 1-b; 2—c; 1-vy) _
F(a,b+Lc+11-y) F(1-a,-b;1-c;1-y)

_I(e)I'(c-a- b) det F(a,b;a+b—c+1;y) —(1—y)1:;CF(1—a,1—b;2—c;1—y) N
F(C a)I(c—b) | F(a,b+1;a+b-c+1;y) F(l1-a,—b;1-c;1-y)

cap(@©I'(@a+b-c) det F(c—a,c—b; c—a-b+1;y) 1-vy) % F(1-a,1-b;2-c;1-y)

(2)T(b) F(c-a+l,c-b;c—a-b+1;y) F(l-a,-b;1-c;1-y)

Ty

:F(C)F(c—a—b) I'l-c)I'(a+b—-c) D.(y) + M,Cl“(l—c)l“(c—a—b)D(y)
I(c-a)l(c-b) |T(l+a-c)T(1+b-c) * r(l-a)(-b) °

Ly F(C)F(a+b—0){F(l—c)r(“b_c)Ds(y) pyree IEOTE—a7) )},

I'@)r(b) I'a—c)I'(l+b—c) I'1—-a)r'(1-bh)
bowo godmbsbyagdols dgdm gangdobsmgols smgbodbgom:
'F,, —(1-y)bF [ VY =
D,(y) =det| * (1-y) 12}, D, (y) = det Fu (@ 3')':12},
I:21 (a - C) F22 F F22
D3(y)=det F~11 (1—y)|:12} D4(y):det 1 (1 y)(a C)F12:|
L Fa Fy i F21 bF22
F.=F(a,b;a+b-c+1y), F,=F(-a,1-b; c—a—b+1;y),
F, =F(ab+l;a+b-c+ly), F,=F(-a,-b;c-a-b+1y);
F,=F(c—a,c-b;c-a-b+1y), F,=F(l+a-c,1+b—c; a+b-c+1;y),

F,=F(c-a+l,c-b;c-a-b+1y), F,=F(a—c,1+b—c;a+b-c+1y).
05bsbdo (4.17) msbsgodomdols ©s aogbol dp g9bjaool aa2b Lodgd®oobs, ygodsl:
Fu=0-y)"* 'flz! Fu=01-y)" 'f22’
F,=0-y)°F,, F,=1-Y)F,.
(|arg(y—1)|<7r)
odo@dmd D,(y) =D,(y) =0, Dy(y)=-D,(y) ©s (A7) 3do0®0g0gos:
D(1-y)=D,(y) I(c)I(1-c)[(c—a-b)I(a+b—c) { I'(1-a)[(a)r(b)I(1-b) B 1}
['(1-a)l'(@)r'(b)'(Ll-b) ['(l+a—c)I'(c-a)l'(c—-b)I'(1+b-c)
59056, (A.2) mobogs@mdols gomgsgoliobgdomn g3mymmdm:
D(l_y):Dl(y){sinzr(c—a)sin?(c—b.)—sinzrasinzzb}:
—(c—a-b)sinzcsinz(c-a-h)
_ 1 D,(¥) cosz(a-b)—cosz(2c-a-b)-cosrw(a-b)+cosz(a+b)  D,(y)

a+bh-c cosz(a+b)—-cosz(2c-a-b) “a+b-c’
(|arg(y—1)|<7z)
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Lodmemmme gmgdyemmdn (msgosdo®ggen >mbodgbgddo):

F(a,b;c;z) b(a C)F(l a,1-b; 2—c; z)
(A.8) det c(l— C)
F(a,b+1;c+12) F(1-a,—b;1-c;2)
1 det F(a,b;a+b—-c+1;1-2) —zbF(1-a,1-b; c—a—-b+1;1-2)
“a+b-c F(a,b+l;a+b-c+1;1-z) (a—c)F(1-a,-b;c—a-b+1;1-2)|

(larg(~2)|< 7)

Vgo@oeo 2=1 dgyges@geos (A.8) msbsgs®mdols dodmyxggbs dbosdgdo dgdsgsao goylols
3y R96Jogdolbomgol, Lowsi yggems gl gybjios —1. s80@md dgagodeos as@sgomgm
bwgodby z—1. dogomgdm:

Zb(a—c)
c(l-c)
F(a,b+1,c+1z) F(l-a,-b;1-c;z) |

(larg(-2)| <)

5dslmob, ggyo gOHmbso®os dMomols bgos ©s Jggos bsdodby, g.0. (A8) ©gHg®dobsb@do
(0o (4.19), (423)-(4.28), (4.115") Bo30l ©9BgHd0bsbHgddo) LMo gdo domomgds. Sbogobymo

252Mdgegdoll  Iglobgd  mgm@gdol  dsgnom, Jowgdyemo  Ygogao  dsOmgdygmos @, b, ¢
35M539B®gdol bgdboldog@o (3md3ggJby®o) 360dgbgermdgdobomgols. [ |

) F(a,b;c;2) F(l-a,1-b;2-¢;z) |  a-c+b

a+b-c

=1,

z—>1

3. (A6) @Iy ersdo (Ad)-ol s (4.41)-0L aomgoeolfobgdom, yodom@oggdgdol dgdwmge
3090 9@mdn (4.39) Be@dnmsl. (A6) xodol Jodggeo (k=0) glog@gdol dodxggbs Ibocgl
aos@sbom s k—>ki=k=1, m—>m;=m-1 s0bodgbgdols dg3geomn gwgdymmdm
9 3 CM @ R0, aberm -2 D) (Mm@ rh-0) _ @0

Ok +1)!  (c—k), (c+ m—k)(c—-k-1) ~ (m+1)(c)
(m=12..),
Lowoi aog0mgomolifobgm mobsgo®mds
(m”j( B - g em),.
2>dmgoggbmm (A.2) @I eosb 4sdmdpobs®g mobsgomomdgdo
Fa+m-k) ~ T'(k-a) sin(a—k) _ (1) I'(k—-a) (" (—a), I'(-a) |
'a+1-k) TI'(l-a-m+k)sin(a—k-+m) rd-a-m+k) (I-a-m), I'l—a—m)
I'(c-k) F(—c m+K) sin(-c—m+Kk) (1)m+1(—c—m)k F(—c—m)'
rc+m+1- k) I'l—c+k) sin(c —k) (I-c), TI'(l-c)
d5dob (A.9) gm@Iyas soygsobgds dgdwgy Mmobsgomomdstby:

m ok m! @), (b)k (©)x
(A10) 2o ki(m—k)! (@+1-m), (b+1—m), (C+1+m),

m+1

x [abE + 2abk +k(m —k)(-a—b + € +m)] =0,
booi 9933800090 50bodgbgdo: _
a=-a b=-b,c=-c-m.
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(A.10) a5dmlobyengdol dos®dibgbs dbotg sgdogmmm bsd bsfomsw

m! (@), (B), (©)y
kI(m-k)! (@+1-m), (b+1-m), (E+1+m),
(b), (©),

ab¢ ZLO (D)

4286 3" (-1 — @
(k=D!'(m-k)! (@+1-m), (b+1-m), (C+1+m),

k m! (@), (B)k (€), -0

k-D!(m-k-! (@+1-m), (b+1-m), (E+1+m),

+(m-a-b+6)>" (-
aodmg0g9bmm o Be@dyangdo
(@) =a(a+1)k—l'

= (=m),,

(-D* m —k)'
K m!
(-1 m m(-m+1),=

Log@mm 565?50 doddogenbg d933930L dgdwgy dogowgdm
(b), (©),

m(1-m)(2-m),,.

(A11) Zr:o( :;)k (<'§1+(il)—km)k (l5+1—m)k (€+1+m),
2mab 3 (-m+1),, (A+1),., (b+1),, (E+1),,

kLo (k-1)! @+2-m),, (0+2-m), , (E+2+m),,
(b+1), €+, _ 0

C@E+rl-m)B+1l-m)E+1+rm)
mi(-m+2),, (@+1),,
(@+2-m),_, (b+2-m), , (€+2+m),

N m(l-m)(m—4a—b+ ¢) Z
(@+1-m)(B+1-m)(E+1+m) <=+ (k-1)!
aobbmaswgdagmo ,F 30390 9mdgdeogmo }9bdiEool aobdodm@Bgdols mebsbdog,
k
VA

o ()i (o) (@) (@)« .
ki

Ay, Ay, s, Ay _
Z} Zk:o (P (P2)i (P3)

4F3{ _
P11 P21 Ps:

s 0dol gomgoaolfobgdom, @mI
(-m), =0, k=m+1 m+2,..,

go@dgas (A.1l) hso{gdgds dgdogyboodsw
~ = ~ a 61 Cl
(@+1-m)(b+1-m)(€+1+m) ,F, ~ 1]-
a+l1-m,b+1-m,C+1-m;
[ &+1,b+1, €+1, 1-m; }
1|+

—2mab ,F,
a+2-m, b+2-m,¢+2-m;
sm-m)(m-a-b+¢),F| D&M 1|=o0.
ld+1-m,b+1-m, C+1-m;

od 935b0L3bge asdmlobymgdsTo s@bodgbgdols dgigmom
a=ad+1-m, b=b+1-m, c=€+1l+m

d0g0@gdm @obiod@ oigdger (4.40) go®@I sl |
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4. 303969m39BG 0o 39bj3ogdol 360dgbgermdgdo, GmIamgdoi Im3gdgmos 3bGogndo,
>0gdgeos (36mds®goosb [60] (ob. gm®dymgdo 2.8(4-16)) oo [132] (ob. gm@Igegdo 6.6.8,
15.1.11, 15.1.12, 15.4.16, 17.3.9, 17.3.10); bmaogho dgdmbgggsdo asdmygbgoygmos 3y 9600l
0939096300960l oAy gdo (ob., doy., [60], 2.8(24-27)):

1a

: i[zaF(a,b;c;z)], a=0,
a dz

F(a+1,b;c;z) =

F(a-1,b;c;z) = b z“a’°(1—z)“°’e"bi [2°°%(1-2)*"F(a,b;c;2)], c#a,

c—-a dz

(A.12) i |

F(a,b;c+1;2) =——— (1-2)"** " —[(1-2)*™F(a,b;c;2)], c#a, c=b,
(c—a)(c-h) dz

2—C

2 d
—[z°"F(a,b;c;2)], c=1.
1dz[ ( )]

F(a,b;c-1,2) =

0obobdo (A12) go@dgemgdols, g @b, ¢ 3o(5dgpHgool @mIgerodyg 3bodgbgenmdo-

Lomgol 3gbjios F(a,b; c;z) godmobsbgds gangdgbdotigemo gy9bjiEogdom, 3590b gangdgb@o-

Ao B9bJ3ogdom godmobsbgds dolo dmbobwgdy ¢yblaogdoi F(atl,b;c;z), F(a, btl;c; z)
s F(a,b;ctl;z) (c+1+0,-1,-2,.., c#a, c#b, a=0).

dogomomag,
F(a+l1,2a;a;z)=F(2a,a+l;a;z) =

-z ai[ZaF(a,Za;a; 7)]= . 9 zeaoz)#)=

a dz a dz

=(1-2)""(1+2), a#0,

s, dglodsdolow,
F(a+l,2;2-a;z2) =F(1+1, a+1;2—a;z) = di[zF(l,aJrl; 2-a;2)].
z

d9360dbmm, Gmd a 3oM53gB®ol dJobgogom obogoby@o aop®dgangdols dglobgd mgm@gdols

dogrom gl msbogodemdgbo LOYmgds a=0 dgdmnbgggsdogs.
Sbognmyoy@ow, gobsowsh (ob., dsy., [132], 15.5.3 ©s 6.6.8)

F(l,a+l;2-a;z)=(1-2) *F(1-2a,1-a;2-a;2) =
=(1-2)**(1-a)z*"'B,(1-a,2a),
(5] B,(a,B) o0bodbogl s@slidrge 893 s-39bd3ool) gwgdnmmdm:

F(a+1,22-a;z) =(1-a) diz[za(l— 2)B,(1-4a,2a)] =

d a —2aZ -a 2a-1
:(1—a)d—z{z (1-2) '([t (1-t) dt}:
=(1- a){(l—z)‘1+Bz(l— a,2a)[az*"(1-z) **+2az°(1- z)‘za‘l]} -
1—a[ 2*'(1+2)
= l+a

C1-z (1-2)*

> dobo. dowgdyao dgogagdo @oxsdgdgmos 3b®oado 3 (ob. dglodsdolo gsogno).
gb®ogTo 4 dmEgdgmos bmyogdOmo sbogo aoblsbwgd o 0b@ga®saols godmmganols

39292900

B,(1-a, 2a)}
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gb®ogo 3

35M0dgB®gdo a, b, c

>M293d9b@0

F(a,b;c;2)=(1-2)"*"F(c-a,c-b;c;2)

F(l+a—c,1+b—c; 2—c;z) =(1-2)"*"F(1-a,1-b;2—c;2)

a,b,b z 1-2)° (1-b)z"*(1-2)*B,(1-b, a)
a, b a+l z az *B,(al-b) 1
2a,a+l, a z Liza 1_a{1+a Za_l(1+2§)BZ(1— a,2a)}
(1-2) 1-z (1-2)
a,1-a, c (1-2)/2 r©E)[(z-1)/@z+1)]*“2"?PL%(2) 2°T(2—-¢)(2° - 2P Y(2)
al2,al2+1/2,a+1 (chz)™ e %(2chz)? e*(2chz)™®
al2,-al2, 112 sin’z cosaz (asinz) 'sinaz
al2,—al2,1/2 —sh?z chaz (ashz)'shaz
12+ al2,1/2-al2,1/2| sin’z (cos z) *cos az (asinzcosz)'sinaz
al2, al2+1/2,1/2 th?z (chz)?chaz (athz)*(chz)*shaz
al2, 1/2+al2, 112 —tg’z (cosz)* cosaz (atgz)(cosz)*sinaz
1/2+al2,1/2-al2, 3/2 sin?z (asinz)'sinaz cosaz
1+a/2, 1-a/l2, 3/2 sin’z (asinzcosz) 'sinaz (cos z)'cos az
1/2,1/2, 312 7° zarcsin z 1
1/2,1, 3/2 —7? z tarctg z 1
1,1,2 z —z'In(1-2) 1
1/2, 1,312 z? (22) ' In[A+2) /A - 2)]=z"arthz 1
1/2,1/2,1 z (2/m)F (n/2|2) (2/m)F (n/2|2)
-1/2,1/2, 1 z (2/m)E(m/2|z)

(2/7t)E(7t/2|Z)
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3ab®ogno 4
f u™(d-u)"*"du _B(ab) F(ab;a+b;1-2) F(ab;a+b;1-7)
g [F(a,b;];u)]z ’ F(a,b;L 2) F(a,b;1; z)
f t‘l(l—t)‘l[F(a,l—a;L't)]_zdt sinﬂ -
1/2 T
. Tk u(l—u) - N _ _
6[ (1—u)b(1—zu)aln 1-zu u Sin”b{[\v(l—b)—\v(a)—lnz]F(a,b,l,z)—B(a,b)F(a,b,a+b,1_z)}
: u@@—u) du 5
J In L7 \/u(l—u)(l—zu) K(z2)Inz*-27zK(1-2)
: Ir]u(l—u) du

J 1-zu \/U(l—U)(l—zu)3 —é[(Zan)E(z)+;r(E(1_z)_K(1_z))]

1

[ u~(1-u)**In (1-zu)du

T [y +y+Inz+b FQbL+bi1-2)]

’ sinzb

_du _4]K(@-2) K(@-z)
) ua-uK3() 7| K@)  K(z)

_du 4], D(-2) D(1-2,)
J UE*(u) ”{(1 ? E(z) - E(z) }
¢ du 4, K@K(1-2)
;Ou(l—u)K(u)K(l—u) 7 K(zy)K(@1-2)

c du 4,/0-2)D@-2) E@
J u(-u)E(u)D(-u) 7 | 1-7)D-2) E(z)
J-l du 4
) ul-u)K?*u) 7

: du 4
UIZ U (—u)K (U)K (I—u) —In(2K@)/7)
]'/2 du 0

J u-uK(UK(L-u)

jl du 41 KW2)
4, UE*(u) 7| E@2)
jiz du T {P‘,ﬂ(uz) . PV#(Ul):|
% (UZ—]-)[F’V#(U)]2 2sinzu | B(uy)  P#(uy)




5. 3098030963900 ag s By 393960l (429) mobogs@omdgddo, GmImgdoi 530830090k
9O03obgmmasb gombols 3039y gmdgBBogeo gob@mangdol 39dg@ol Uy(2Z), ..., Us(Z) 5dmbsblibgdls
(ob., 3og., [60], 2.9(35), (37), (39), (43)), gag0demos Fo@dmgoyobmmn dgdwgyo Laboo:

o, =1,

_TI'l+a+b-c)I'(1-c)

a,

_T'(l+a-b)['(1-c)
* I'(l+a-c)l(1-b)’

T(+a-c)l@+b-c)’

(A.13)
_T'(l-a+b)['(1-c)
‘* r(l+b-c)r(l-a)’
o =0,
o = 'l-a-b+c)'d-c)
° r(l-a)r(l-b)
Logss

gzsign(lmz):{

B,=0;
_T(l+a+b-c)(c-1)

b = )

CTA+a-b)(c-1) ey

~ r@r(c-b)

5 :Fﬂ—a+mr@—Demwﬂ
4 T'(b)T(c-a) ’

Bs =1,

_T'(l-a-b+c)['(c-1)

P = [(c—a)l(c—b)

Bs

+1, Imz >0,
-1 Imz<O.

93000bmm gl 360dgbgemdgdo (431) gm@Igmsdo s gsdmgoyggbmm GmEdgms (A2) s

sgoao dglsdm{dgdgmo mobogo®omds

sina +sin(f—a)e*’=sin g e,
2530MB0g98950L Jgdegy dogomgdm Vgogagol, Gmdmgdoi oxsdgdymos b®ogdo 5:

Ky =—Kg =
(A14) :_F(c)l“(l+a+b—c)1 q=2
I'(a)r(b)
(A.15) __ r(c)r(1+a-b) gie(cD). q=3
r'@r(c-b)
(A.16) __ I'(c)r(1-a+b) gire(e-1) q=4:
I'(c—a)T'(b)

(A17) “1-c, q=5
(A18) __I'(e)r@-a-b+c) q=6
I'(c—a)'(c—Db)

Ky =K, =
(A19) _ I'l+a-b)r@+a+b-c) gire(c-b) q=3
r@rl+a-c)
(A20) :Fa—a+mra+a+b—®€mwﬂ’ q=4
r')rel+b-c)
(A21) TI'2-c)I'(l+a+b-c) q=5:

" T'(l+a—c)[l+b-c)’
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(A.22) =a+b-c, gq==6;
Ks = _qu =
(A.23) =(b—a)e™", q=4;
T'(2-c)r(l+a-h)
T'(l+a-c)l@-bh)’
T'A+a-b)Id-a-b+c) ia

(A25) B ra-bric-b) . q=6

(A24)

Koy =Ko =
_I'(2-c)f(l—-a+h)
- Il-al@+b-c)’
(A27) __T'd-a+byrd-a-b+c) gired q=6;
r-a(c-a)

q

(A.26)

I'(2-cll-a-b+c)
rl-ara-b)y

(4.29-30) o (A.14)-(A.28) gm@I e gdo©sb odmdEobs®gmdls ddsgsmo 3bmdogo dgogyo,
390dmE, Be@IY gdo 2os35Mgdyo d 2obGmagdols 5dmbsblibgdols gO™MbLZ0sbgdolomgols.

(A28) Kgs = —Kegs =

6. 20dmbobyagdgools s BMAIP@gdols gdmgengdol dobbom s>@bodbmm F=F£2;{b,z}] ©o

Fla<1)= F[afl; {b,z}], F (b, +1) =F(2; b,z ;b 12 ; ...;bn,zn} F(c+1)=F [cil; {b,z}].

aobgobogrmm (4.683)-(4.687) mobogiomomdbgdo, Gmam®i aob@mamagdsms LolEgds bF(b,+1)
936mdgdols dodos®m, I=1,n. 0530435600 ol Loggby®gdosh (ob., dsy., [S9], mogo 1, §2) Lobgby
(5699 ao9lols dgmmEon msbdodpgzdgmse ysdmgdogbmm bF(b+1) dgbsimgdgdo (4.683-687)
23obBMEgd9b005b). dgdmgommm >@bodgbgdo 53 gobBmagdgdol dodxggbs Ibodggdbolomgols:
(b-a)F+aF(a+1)=A;
(b—c+1)F+(c-1)F(c-1)=A,;
(A.29) (a+b-Cc)F + (c—a)F(a-1) = A;;
(a-c +ZL z;'b)F +c(c—a)(c-b)F(c+1)=A,;
[a—b+z,’1(b—c)+ZF:1zj’lbj]F—z,’l(b—c)F(bl—1):A4+|, I=1,n.
od >@bodgbgddo (4.6837) mobogo®omdgdo dgodagds dowaglg@mm dgdwgyo Laboo:
ijlbj F(b+1)=A;
> bF(b+1)=A;
(A.30) zj“:l(l—zj)bjF(bj+1)=A3;
> (=D F (b +1) = A,;
> DR+ =A, I=1n.
(A.30) 3ob@megdoms Lol gdol aogsmmmgdyemo dos@®oiols gargdgbBos@dygemo ao®wsJdbgbom
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dogomgdm:
I | A, 1 A 1] A,
A, 0 A, -A 1 A,
1-7z A, |~ Z -1, (1-z)A, |~ 2, -7 —(1—zk)A
z;'-1 A, ;' -z, (zk1 1)A, z'- 7" (2 -1)A,
L Zj_l_l j=Ln A4+| L Zfl_ Zk_l Jj=Ln 4+| (Z_l 1)A L Zj_l_ Zk_l - j=Ln 4+| (Z_l 1)A
I 1 | A, I ] A, 1] A,
1 A, A, 1 A,
~ 1-z, A, ~ 1| 1=z A, ~ | 1-z A,
(z;' -z (1-2) A— A, ;' -1 A, ;' -1 A,
(27 = 2 A=2) ] | A — 20A L0 JianlAL A, L0 JiaalAL A,
| 1 ] A,
0 A — A
~ 2, -1, -(1-2z)A, ~
(Zjil - Zkil) (1- Z; /Zm) A4 - (Zk_l_ 1) Al_ Zm_lzkil[As_ (1- Zk)Al]
(" = 29-212,) Jian| A= (20 =D A - 2,7 [A - (1-2)A]
i 1 ] A,
1 A,
~ -1, -(1-2z)A,
(' - - 2,12,) = (2 DA 2,27 A (1-2)A,]
= 00 2,72) Ly | A (DA - 277 A= (- 2)A]
(I=1,n, 1<k<m<n)
000M Yo >3 3odmbobyamgdosb, (A29) smbodgbgdol dg@obols s aodo®Boggdols

399092, 330930 MSboBsMEMIGIL Ibobrgdg dp B9bJ3090L dme@ol — 3bGogmo 6:

(A31)
(A32)
(A33)
(A.34)
(A.35)

(A.36)
(A.37)

(A38)

(a—b)F—aF(a+1) +Zj”:1bjF(bj +1)=0;

(c—b-1)F —(c—l)F(c—l)+zjn:lbjF(bj+l) =0;
(c—a-b)F+ (a—c)F(a-1) +zj":1(1—zj)bjF(bj+1)= 0;
(c— a—zjll
[b— a+z(c—b) —Z;‘:lz;lbj}F +3' (0 -)F(0 -1+ Y (2"~ 1)bF(b,+1) =0;
(a-c+1)F-aF(a+1) +(c-1)F(c-1)=0;

[2a—c+z (b-a)]F - (1-z)aF(a+1) + (c—a)F(a—1) +Zj":1(zj -

[b-c-z*(b-a)+ "

2%, |F —c(c-a)C-b)F(c+1) + X" (27"~ )bF(b,+1)=0;

z)b;F (b, +1)=0;

z;'0,]F - (z.'-1)aF(a+1) +c*(c—a)(c—hb)F(c+1)+
+Z::1 (z.'- Zfl)bj F(b,+1)=0;



(A39)

(A.40)

(A41)

(A.42)

(A43)

(A44)

(A.45)

(A.46)

(A.47)

(A.48)

(A.49)

(A.50)
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[z (a-b) + z'(b-c) +Zjn:1 2%, 1F — (' ~1)aF(a+1) — 7 (b —c)F(b,~1) +
+ z:;l (3"~ Zj_l)bj F(b;+1)=0;

[a-1+z(b-c+1F +(c-a)F(a-1) - (1-z)(c-1)F(c-1)+> " (z,-2)bF(b+1) =0;

[a+b—2c+1— 2 (b—c+1) +Zj”:1z;1bJF +cHc—a)c—b)F(c+1)—
—(z'-1)(c-1)F(c-1) +Zj”:1 (z' = z,))b, F(b,+1)=0;
[a— c+l+ (2 -2 )b-0) -~z + Y 2D, }F + 2c—b)F(b—1) -
—(zk’l—l)(c—l)F(c—l)+Zjll (z'- 2,7 F(b+1) =0;
[(c—a)(zk‘l—l) _2?:1 (2t - zjfl)bj}F -z '(c-a)F(a-1)+c(c—-a)(c-b)F(c+1) +
+Z,-":1 (z' - 2;")(1-z,)b,F(b;+1) = 0;
|@-Db-)+ (2= b-0)- X5~ 7, [F -z (c-a)F(a-1) +
+27(c -b)F(b, 1) +zj":1 (z.'- 2,")(1-z,)b,F (b, +1)=0;

(z7'-1)F - z,'F(b,—1) + c(c—a)F(c+1) =0;

(z.'-z)F —z, 'F(b,—1) + z, F(b,—1) =0;

m

[b —c+ (04 2, )b -a) + 2.7, (c~2a) + Y szJ F+(z'-1)(z' - 1aF(a+1) -

-3z c-a)F @-D) + e e-a)e-b)FE+D) + X7 (572,12~ 2)2, b, F (b, +1)=0;

@+ 2, (b-a) + 7'(c - b) + 272, (2a-¢) - Y 77, [F - (5"~ (' - DaF(a+D) +
+2.77, (c-a)F(a-1) - 7 (c-b)F(b,-1) + D" (27 -27)(z," - 77")z0,F (b, +1)=0;

|asb-2c+1+ (247, )(c-b-1) - 7,7, (a- 1)+ Y], 27, [F - 22, (c ~a)F (a-1) +

+oe-a)(e-b)F(e+1) +z, - 1)z, - DE-DF -1 + Y1 (72, - 4")2b,F b, +1)=0;

[a— c+1l+z(b-c)+(z,'+z,")(c-b-1)-z"z, (a—1) +Z:=lzj‘1bj] F-z'z,'(c-a)F(a-1)+

+z,(c—b)F(b,—1) + (z,"-1)(z,*-1)(c -1)F (c-1) —zjnzl(zk‘l— 2, (z,—2,")z,b,F(b;+1) =0,

(I1=1,n, 1<k<m<n)

‘dg3b0'dbmm, @M Jowgdbymo mobsgo®Momdgdo N=1 dgdmbgggodo ©o0ygebgds aoyglol
3bmdog 15 msbsgo®mmdsby (ob., dop., [60], 2.8(31)-2.8(45)). Mo dggbgds N=2 dgdmbgggsl,
hggbl Bog® dowgdyeo msbsgsMmdgdbol LMY Mompgbmds N=38 gsoblgogogds [62] dmbe-

2®5x05d0 o3gamol F g39bJzolomgols gobibowgdygemo @omwgbmdobogsb N=56.
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393585Lmm Jomgdbyam msbsgs@omdsms Logtmm @smgbmds.

(4.60-65) ge@IYEgdo (GMImgdoiz N=2 dgdnbgggsTo ©s04g569ds 8 36mdogn ([62], IV, g3. 21;
0b., 53M9mgg, [136]) MobogodmEmdaby), a3odmggl yobGmengdoms Loli@gdsl (A.30), Gmdenols
do@®0i0l @sbpo (sby (@x0350 ©sdmyzogdge LE®odmbms dsjlodsay®o Gomogbmds) =3.
doDolo@ody, o3 LobEgdowsb gbsdggdganos godmgmm os@ogdgdHal Lodo F(b+1) dglss@gdobo.

Jomgdygao s3mboblbgdo o303d00gol F g3ybdosl s doli  dmbobwgdg n+2 ¢ybiost,
5dolmab, yggars o3 0obsgodmdsdo ghmo dglogdgdo dgozegh F(@a-1) gybjiosl, bogom

N—2 Fglog@gdo — gabdaogol F(b+) , j:l_n (ob. g3-960 (A.47)-(A.50)). b53mgbo >dmbsblibgdols
‘FgHobo ©@obo@dhgh ([Og0300 ©0dm ogdagem) aobBmengdgddo gomosd3ggh od gob@magdgdls
03080M0gdo©, GmImado o dgogegh B9blcegdlt F(b+1), j=Ln (ob. gobymmgdoms Lol-
$9dol mogligds@mdol JoMmmdgdo — gm@dyamgdo (A.36), (A.45) s (A.46)).

sddogo, 33 F 39bdiools s dobo dmbsbwgdg 539b]0g00l ©adsgogdo®gdgamo mabo-

QoAEMdgdo, domdo F(bj+]) 996309006 Vgdggee  IgbogMgoms @smwgbmdols dobgogom,
‘dgodangds mmbo Lbgoslbgs @odols ogmls:
1) 0obogodomdgdo OMIgmgdo >OG gom sbgm g3l o dgoiegl, domo @omgbmdss
Ny=1+Nn+CZ glos aob@mmgdoms Lolgdol moglbgdsmdols Jodmdgdo (A.36), (A.45), (A.46);
2) 0obogodomdgdo, GMIggdoz dgogogh N—2 sbgm dgbogmgdl; obs®hgbo 3 dglsydg-
d0sb  gomo dgoiegl F(@a-d) ¢9bjaosl, bogm m@o ¢bps sdmgs@bomm  Lod®sgemmowsb

{F(a+1),F(C+1),F(C—1), F(b,—1)||=]]}. Sdobmob, o@ dgodangds gOMAOMYmS©  Sgo®homm

Fygomgdo {F(a+1), F(c-1)}, {F(c+1), F(b 1)}, {F(b 1), F(b,-1)} (k,1=1,n), ®mdagdoi; gobFm-
@agdoms LolEgdol moglgdomdol 30HMbgddos gomgogolifobgdyano. 53 msobogo®omdgdols
GomEgbods s@ol N, ,=Cl?[CZ,—(1+n+C2)|=C[C?,-N, |.

n+3 n+3
3) N, omsbogod@mds, Omdgeoi dgoiegh nN—1dglsimgols F(bj+1) 3963090000 ©s M@
dglog@gdl Lod@sgmowsb {F(a+1),F(a—1), F(c+1) F(c-1) F(b —1)||=ﬁ.} Sdobmob, dmama 3
Ffobs gdmnbgggedo, o@ TDgodgngds gOHM@OMY@s©  sgo@homo  [ygomgdo {F(a+1),F(c—1)},
{F(c+1), F( -1}, {F(b,-1), F(o,-1)} (k,1=1n). sdomd N, ,=Ci™(CZ ,— N,).
4) N,=C. ,=N+4 0565856005, Gmdgmoi dgoiogh N glsg@gols F(o;+D)  gubdiogooom.
5dM0 00, Jo@gdyeo MmobsBoMEMdgdol LOYmo Momgbmds dgoagbls
(A51) N=N,+N, ,+N, ,+N_ =

=N, + C2(CZ.53— N, )+ CH(CE, .= No) = (n+2)[(n+1)(n +1/2) + 2],

n+3 n+4
39Mdm dgdmnbggzgddo gmgdaemdn:
N| 71:3(2-3/2 +2)=15 (n=1 gogbol mobsgomemdgdo, g-gdo (A.31)-(A.45));

Nln:2:4(3.5/2+2)=38 (N=2, 05bsxsOMmdgdo 5390l 9bjicoolomgols F)).

OMamO 3 gbgoogm, b33mgb mobosgs@mOmdsms @omgbmdols aoblbgoggds [62] Jmbma@es-
Q05d0 ggEM0M oy Inbs39dmob ©s3ogdoMgdbymos 0dolimsb, AMI 53 Moboge®Mbyddo
(g9®dm, (A.30) aob@mamgdsms Lol@gdol moglgds@mdols 3oMmmdgddo (A.36), (A.45), (A.46))
bmy0ghmo  3mgn0309b@o bymols Fmaos. dgbsdsdolo mobogs®@omdbgdo, MM gdlsi [62]
doohbggl 2oblbgoggdygegodse, Lobsdpgoggdo gOmdsbgml gdmbgggs o @om-3oegg @
9bes 0ymlb osmgmogno.
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gm®dges (A51) 930h39690L, @M N 3gesols 3y ¥ybjiool ol Inbsbmgdy gubiio-
9omob 0535353400 9d9e00 MNSbsBMPMEYS0l oM bmds 0bOPYds (3gEsEMS MoME bmdols
b LM ghms©, Gmamez N,

53000, 44N 2563 mengds (A.30) 0@ osbs® 2oblob@g@aglh mobogs®mdsms Loddmsgangls
Jobobwgdg 3039y 9mdgddoya q9bi30gdl dm@ol. sdobmsob s3o3d06gd0m dg360dbmm,
@md n=1 9dmnbgggodo (aogbol 3y gyubjioobomgol) gl LolFgds dgoiogh 5 gobBmengdst,
Aedgamsash, gogbols gybjiaool F(a+l) =F(b+1) Lodgd@mool asmgsemolifobgdom, dbmarme
mombo gob@magdss Lbgowslbibge.

30bo0@sb N=2 dgdmbgggedo (s3gemols F 39bjioobomgol) gm@dygemgdo (A.47)-(A.50) @
dgoiogLb F(b+1) g9bd0gdl, golggbom, eI

sagarolb B @b fizo0l  dobs bwgmyg  bgdolbdogmo cmmbo  abijios  @oyog dodgdaamos 38
@050 0obsgs@omdom, @odgerms 0990309603900 G0l F 96500l 35G599¢5@930b @5
G oRgdob Gogomboerytio gyblsogdo. u
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535G gos B

L 51 §obspswgdol 533303gds. I=[,U] Fs@@oi3ol 0bgs®osb@gdo ©sgogd0@gdamos
dobo dobsbosmgdgeno dGsgoe (930l 3m980(3096@ oMb mobogs®domdgbon:
trJ=0,u, =k,

(B.1) tr(Jz):(ai uj)(ajui): k12_2k2,
tr(3°) =(6,u;)(6;u,) (B, u;) =k;trd = k.k, + 3k, =k — 3k k, + 3k,
(B.1) godmlsbygengdosh, (5.50) gob@mengdgdol aomgogolifobgdbom g3meymmdbn:

Ok = kl’: 3 (6, u) =6,(0,u,) ==, (u;6;u,) ==(5,u;)(J,U,) —U; 0, O Uy, == (6, U;)(6; Uy ) + U; (p_latp)'
o9 25dmlobyangdols Igm@g dgbs 3@ gd0 =0, s0@ol doBmJOmbyermdols 30MMbdols dogrom. sJgosb
(B.2) k,=-(6,u,)(@,u) =—trd?

s, (B.1y) pomgommolifobgdom, gmgdygemdm (5.52)) gm@dgesl s 300mdgdl:
Onki==0,(p"0,p) =0,
(B.3) O kl,: ~Optrd®=-2(0, U;) 9,6, u,) = ~0,6,(p"0,p) =0,
0.k, =0, (k’+k)/2=0.
(B.1;) godmbobyangdols gofo®ddmgdom ©s (B.2) yomgoeolifobgdbomn g3myemdo:
ok, =k, '=k'k = (@ u)@u))/2=—ktrd*~ (Qu))d,E,u;) =—ktrd*+(9,u;)d,(u ;) =
=tr°—ktrd*+u, (u;)4,(8;u) =trd°=k,trd*+ u,8,((Q,u)(@,u) )/ 2= trI*—k,trd*~ u, 8.k, /2

o3 aodmbobyegbols dmanm dgloi@gdo, (B.3) 300mgd0l mobobdow, byaos. dgogaysw, (B.1s)
05b5g5MMd0L aomgomolifobgdom, gwgdygmmdm (5.52;) Rm@dgesls s 30MMdgdls

(B.4) 0, k, =0=0,trd?>,
sbogrmaoyg@dsw, (B.13) godmbobyagdowsb, (5.6) 0a03gmdols yodmygbgdom, g3moemdm:

k= (1r32) 13— Kk + Kk, + Kk, = (tr3%) 13+ K 2trd 2k trd 2+ ktrd*— k2trd =

=(trJ 3)'/3+trJ4— kks =8,((6,U;)(0,u) (O, u;) )/ 3+trd*—k,k; = (B,U;)(8,u,) 8,(8, Uy) + trd *— kK, =
=(0,u;)(0,u,) 6,6, u;) + trd *—k.k, = (3,u;)(3; U) G (U, O,u;) + trd “—kik; =
=-U,(6,u;)(0;u,) 0, (6.u;) —kks=—u,. 5, (6,u;)(0,u,)(6.u;) 13—k K;=—u, 3, trd 73—k Kk,

5J9ob, (B.4) 300mdols yomgoemolifobgdom, dogowgdm (5.523).
008996305809 2ob@ma gdoms (5.52) LoliGgdol sdmbablibgmsw dgdmgommm s@bodgbes:

(B.51) k() =q'(®/q(®)

5Jgob, (5.52) o (5.52;) gm@dyangdols yomgoolifobgdom, gwmgdyemdm

(B.5) K, (t) =(k1’(t) +kf(t))/2 =(9"/q-q"*/q*+q'*/q°)/12=q"/2q,

(859 0 = (k) O+ Ok,0) 13 =(a" /20 - 0"q'/ 20" + (a'/a)(a"/20))/3 = 4"/ 60,
Jowgdgmo Jggagool Jg@obs dmmm (552;) gmGIgmsTo agodmgsl q"=0, boowsbog
(B.6) q(t)=1+ct+c,t>+c,t?

bogm 0b@ga®gdols 3gdoggdo ¢, i=13 2560Lsbwg®gos Lsfgolo 3odmdgdom k(0)=c. W
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52 §oboesgdol 58330390 o) (5.54) yodsddbols godmygbgdom gdmymmdo:
U _ ov By, _ v {5mk_tgumJ=%_t%.aum
X

%, 0y, OX Oy,
Lbooobs godmdobadgmdls (5.55):
(B.71) Jo = J,(E;—tJ)).
dgm®gl dbGog, 02039 Mobogs@ombs dgodergds hogfgdmm dgdwmgabso®sg:
ov, ou, , oOvu, ou,
Bt Wil B S W ,
oy, OX, 0y, OX,
Lboo@obss godmdobodgmdls (5.55;):
(B.7,) (E;+t3,)J, =3,

‘d9360dbmm, ™I, HMAMO G 25dM3E0bs@gMIL 5d Go@IYegboasb, ds@@oigdo J, ©s J,

k

3MI9B0AgdL 9O mdsbgmmsb.
) (5.54) 4o6©sJdbol @I gen gdowsb, (5.50) yomgsmolifobgdom g3mygenmdo:
%:%_ui_t