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BBEJEHUE

H 4newm ¢ mocT HOBKHU HCCHGZ[yeMOﬁ OHHOPOHHOﬁ Kp €BOM 3 1 YM M IUI H ee
peHIeHusd. HyCTb KB HTOB § U CTHL[ JBHXETCH B JACHCTBUTEJIbBHOM CHJIOBOM IIOJIE

V(gic) = c(secp)?, wel0,m/2], c=Rec (1)

Mycts p> u b = 0 — NOJH 4 ®HEPrUsi M YIJIOBOH MOMEHT 3TOil 4 CTHMIbI,  ee
BOJHOB ¢ (pyHKIMa ® momuungercs ¢t 1MOH pHOMY yp BHeHuto Lllpenunrep

[02+p* = V(pic)] ®(p;p°) =0, ¢ €[0,7/2], )

I/IyCJIOBI/ISIM
O(0;p%) =0, (r/2p%) =0, (e:p*) €Ch o[ \Clmjzr B

TocrenHee U3 ®THX YCTOBUIl O3H Y €T, YTO UCKOM $ BONHOB 4 (yHkims ®(¢; p?)
JOJMXH ObITh HelpepblBHON H BceM orpeske [0, 7/2] M3MEHEHHs ee pPryMeHT
, HO MOXET HEe HMETb HPOHM3BOOHBIX MEPBOTO U BTOPOIO IOPSAKOB TOJIBKO B
Touke ¢ = 7/2. CBs3 HHOE COCTOSHHE 4 CTHLIBI ONKCHIB €TCS IeHCTBUTENBHOM
sHeprueil p?> M COOTBETCTBYIOIIEil ee BOMHOBOI (hyHKimeir P, HOPMUPOB HHOIi
yCIIOBHEM

w/2

ol = [ deletest) =1 @

0
Ipu T KoM ycnosun emuunn | ®(p; p?)|? uMeeT cMbICI IJIOTHOCTH BEpOATHO-
ctu [1], npoussenenue |®(p;p?)|? dp ecTh BepOSATHOCTH OOH PYXMTb 4 CTHILY
H orpeske [, ¢ + dp] GecKOHEYHO M JIOi WTHHBI d¢.

[T BH s Uenb H CTOsieil p 60Tl — K YECTBEHHBIA H JIM3 GONBLINX 110 MO-
Jlylio JIeHCTBUTENBHBIX COOCTBEHHBIX 3H 4eHMil p? = p?(c) U COOTBETCTBYIOLIMX
cobeTBenHbIX yHKumit P (p;p?(c)) B 3 BUCUMOCTH OT BEJMYMHBI 1€HCTBUTEb-
HOTO I P METP ¢, CUHTYJIIPHOTO B TOUKe ¢ = 7/2 mosns (1), u MOIyTH s WLIIo-
CTp LSl KOJUT IIC .

B kB HTOBOH Mex HuKe [1] mom KoOJT 1coM (3 XB TOM, CTITUB HUEM) U -
CTHULBI B CWIOBOM IIOJIE TOAP 3yMEB €TCs JIOK JIM3 LKl ee BOJIHOBOM (DYHKIIUH B
OECKOHEYHO M JIOH OKPECTHOCTH LIEHTP 9TOro mossi. JIOK Jiu3 uus (pusmdecku
HHTEPIIPETHPYETCS K K I JEHHE Y CTHIBI B 3TOT LIEHTP.



IIpemn r emplil H M3 SgBASETCSd HOBBIM MCCIIEIOB HHEM M IPENCT BIAETCH
HWHTEPECHBIM, BO-TIEPBBIX, I 000OIIEHNS CIEeKTp JIbHOW TEOPUH I' MHIbTOHOBBIX
onep TOpoB [2] H ciyd i cuHrynsgpHoro nosd (1), BO-BTOpBIX, IOTOMY YTO 3H -
HHUE JeHCTBUTENLHOTO CNIEKTp , T.e. COBOKYMHOCTH {p?, ®} Bcex neicTBUTENDb-
HBIX COOCTBEHHBIX 3H UYCHHI (p2 = Rep2) U OTBEY IOLIUX UM JEHCTBUTEIIbHBIX
cobcrBenHbix yHkuuii (P = Re @), siBnsiercst KJIIOYEBBIM JUISl P CIIUPEHUS AUD-
(epeHnu JIbHON HOPMYITUPOBKH TPOOIEMBbI TpeX 4 CTHIl [3] H ClIyd ¥ I PHBIX
B3 UMOJICHUCTBHUI IIEHTPOOEKHOTO THII .

ToYHBIM pelieHHsIM U KOJUT IICY B 3 JI Y€ HECKOJIBKUX Y CTHI[ C T KUMHU B3 U-
MojieicTBUSIMU mocBsieHbl p 60Thl [4]-[10]. [IpexcT BieHUEe TOYHOTO W, BOOOIIE
roBopsi, KomiuiekcHoro crektp {p?, ®} 3 1 um (1)~(3) yepes psamni ' yee [11]
TUN o F) TpemToxXeHo U UCCIIeIOB HO B OPHUIHH JIBHOM P 3. 4 0030pHOM p OOTHI
[10]. Pamer oF) comepX T p B K YecTBe CJI I eMOro UX ABYX I p meTpoB. Ilo-
BTOMY B CIIyd € GONBIIOro Mo MO0 COOCTBEHHOIO 3H 4eHHs p’ MpPEICT BIEHHE
BONHOBOI (hyHKIMu P ((p; p?) Yepes 9TH pslibl HE CTONb YIOOHO, HX CYMMHPOB -
HHME CT HOBMTCS JIOBOJIBHO CIIOKHOM BbhIUMCIHMTENIBHON 1pobiemoit. Ee pemenuto,

MMEHHO BBIBOJy CHMITOTHYECKHX MPEICT BieHHil BOHOBOI (yHkimu @ (ip; p?)
B npezienie GONMBIIOH MO MOMY/II0 PHEPruM p2, MOCBANIEH H cTosdml g p 6or . B
HEell TONBKO I ONpPEeIelIeHHOCTH MOJM T eTCs, YTO \/F =p >0, ecmu p? >0,
" \/F =1 |p|, ecnm p2 < 0; cuMBOJI MU P,(la’b), T' u © 0003H 4 I0TCH IIOJIMHOM
SIxobu, T MM - U TeT -(pYHKIMSA; BBITOJTHEHHBIE HCCIENOB HHS U3 T IOTCH IO
ClleflyloleMy I Hy.

B p3n 1 cH 94 BeIBOEITCS CHUMOTOTHKH (PYHJ MEHT JIBHBIX CHCTEM pe-
menmii (PCP) {®F} u {®+} yp srenns (2) npu o — 0 U @ — 7/2, 3 Tem ¢
MOMOIIBI0 3TUX CHMITOTHK (DOPMYIUPYIOTCS NP BWJI HPEACT BIEHHS BOJHOBOU
tynkunn ¢ K K JIMHEHHONH KOMOUH MU (DYHI MEHT JIBHBIX PELICHHI.

B p 31 2 H iineHHsle B p 30. | CHMNOTOTHKH TOYHOH BOJHOBOM (DyHKIIMH
® wncrmonmp3yloTCs 11 K YECTBEHHOTO HCCIIENOB HUSI JEUCTBUTEIBHOTO CIIEKTP
{p?, ®} Gombumx (|p/c| > 1) coGCTBEHHBIX 3H YEHMH U COOTBETCTBYIOIIMX MM
cobcTBeHHbIX (pyHKLMiA. C 9TOM LIesbIo IPUMEHSIETCS] M3BECTH 51 M (PU3UUECKH IIPO-
3p uH s Bepcus [1] meron Bennens—Kp mepc —bputioen (BKB) [12]. B urore
npuOIMXKEHHbIE AeHCTBUTEIbHBIE COOCTBEHHBIE (DYHKLIMH BBIP X IOTCS Yepe3 diie-
MEHT pHbIE, YTO MO3BOJISIET 1 Th H JIN3 (PM3UYECKH MHTEPECHBIX OCOOEHHOCTEH
T KUX COOCTBEHHBIX (DYHKIMi, He NMpUOEr g K K KUM MO0 BBIYMCIICHHUSM.

B p 3x. 3 14 BONHOBO# (hyHKLIMH BBIBOASTCS JOBOJIBHO MPOCTbIE CHUMIITOTH-
YyecKue B mpezene OOJIbIIOi 10 MOAYIII0 SHEPIUH MpPEeICT BICHUS.

B p 31. 4 npenct Bisercd NpocToil cnoco® BBYMCIEHHS CHEKTP , OCHOB H-
HBIl H TINPOKCUM IIMU UCKOMOM BOJTHOBOM (hyHKIMU ¢ KoHeuHoil mogcymmoii ee
(ypre-p 3710XeHHs 110 6 3UCHBIM JUTS UCCIISNyeMOU OIHOPOIHOM Kp €BOi 3 JI 4u
(1)-(3) pysxumam sin2np, n =1,2,. ..

B p 3m. 5 uccnenyercs neHCTBUTEIBHBINA CHEKTP C (PU3NYECKON TOUKU 3PEHHS



Gosee pe JIMCTUYECKOM 3 JI 4H, MOIyd eMOu u3 ucxomHoii 3 a uu (1)—(3) 3 MeHOI
cuHrysgpHoro mofs (1) «obpe3 HHbBIM» B HEKOTOPOM TOUKE (p, ONM3KON K TOUKE
/2, necunrynsipasiM moneM O (p, — ) ¢ (sec )2,

B 3 xitoueHHM CyMMHUPYIOTCSI OCHOBHBIE PE3YJIbT ThI H CTOSIIEH p OOTHI.

1. IPEJCTABJIEHUE BOJTHOBOI1 ®YHKIINA YEPE3
OYHIAMEHTAJIBHBIE PEINTEHUA

g moctpoenus (yHI MEHT JIbHOU cucteMmsl pemenuit @CP {q)(jf} yp BHe-
HUd (2) B M JIOM INOJIyOKPECTHOCTH PEryIdpHON TOUKH ¢ = ( MOJIOXHM B HEM
D(p) = 97 (14 0(1)). Yerpemus @ K HyITO, MOIYYUM X P KTEPUCTHYECKOE Yp B-
nenue o(o —1) = 0. Ero pewennsm 0 = 1 u 0 = 0 0TBeY 10T HCKOMBIE (DYHKLIHH
@6" u ®; ¢ cUMNTOTUK MM

‘I’(J)F(SD;PQ) ~ @, q’&(g@;pQ) ~const#0, ¢ — 0. 5)

Yro6bl H iith @CP {®+} uccrnenyemoro yp BHeHus (2) B M JI0ii MOIyOKpecT-
HOCTH ero 0co0OW peryisipHOi TOYKH ¢ = 7/2, yooOHO CH 4 JI IOJNIOXHThH
s=(m/2—¢)u P(p) =v(s) =s7(1+o0(1)). Tory mnOMyIUTCS X P KTEPHCTH-
yeckoe yp BHenue o(o — 1) = ¢. Ero kopusim 0 = 1/2 + v, tne v = /c+ 1/4,
COOTBETCTBYIOT HCKOMBIE peiienuss ®+ ¢ cumnroTnk Mu

OE(p;p?) ~ S cE-1/4, s=(n/2-9) = 0; (6)
<I>+(g0;p2) ~ 51/2, q)*(ap;pQ)Nsl/ans, c=-1/4, s—0.

Tpemmonoxum, uto 06e ®CP {®F} u {®*} cymectsyior He TOIBKO BOIM3H
Touek ¢ = 0 u ¢ = 7/2, Ho u H BceM orpeske [0,7/2]. Torx mw6Goe pe-
meHne yp BHeHHs (2) MOXHO HPEACT BUTh H OTOM OTPe3Ke B BHIAE JIMHEHHBIX
KOMOUWH 1Ml ¢ HEKOTOpbIMU K0a(duiment mu Ag, By u A, B:

®(p;p%) = Ao ®f (¢;0*) — Bo @ (p3:0%) = AT (¢;p°) — B (¢3p%). (7)

Hcnone3ys cumnroruku (5) u (6), BeiOepeM U3 BCeX BO3MOXHBIX pellie-
Huil (7) TONBKO pelleHus, NMOJYUHEHHBIE YCIOBUAM (3), T.€. p BHbIE HYJIO IpU
@ =0 unpu ¢ = w/2. YroObl yIOBIETBOPUTH IIEPBOMY U3 HHUX, B (OpMyIie
O = Agdt — Bo®, npuzercs nonoxursb By = 0 u 6e3 noTepu 06LIHOCTY MOXKHO
BLIOp Tb Ag = 1. Torn mnomyunm ® = & u ® ~ ¢ npu ¢ — 0. Bropoe
u3 ycsiosuii (3) MOPOXi eT crekTp jbHoe yp BHenue O (7/2;p%) = 0, onpene-
JSoIIee J0MyCTHMblE cOOCTBEHHBIE 3H ueHus p>. IIpu HCHONB30B HUM (hOPMYIbI
® = ADPT — B®~ BO3MOXHBI 1B CIyd : TPH ¢ = 7/2 B HyJIb 00p I eTrcs
Toneko ¢ynkima & wim xe obe dynkmun ®*. B cuny (6) mepsbli cayd i
uMmeer Mecto npu ¢ > 0, korx v > 1/2, Bropoit npu —1/4 < ¢ < 0, xorg



v=Rev <1/2umpu c < —1/4, xorn v = Imv = i|v|. TlosToMy mpu ¢ > 0
cnenyer nonoxuth A =1wu B =0, torn ¢ynkuus ® = &+ Gyner p BHOIi HysO
npu ¢ = /2, cnekrp {p?} ompenenurcs yp suenuem ®F(0; p?) = 0.

Mycts Temeps ¢ < 0. Tora /oGoMy H meped 3 J HHOMY p? OTBeY eT
eIMHCTBEHH 1 cobcTBeHH 1 ¢ynkmua ® = A®T — B®~ ¢ xooumment mu
A =0 (0;p?) u B = &+(0;p?). Dyukuus & = A®T — BO~ ¢ u mepen
31 HHBIMM A u B 6yger co6CTBEHHO TOTA M TONBKO TOIN , KOO p? SBId-
ercs kopuem yp BHenus @~ (0;p?)/®T(0;p?) = A/B. B 4 cTHOCTH pelleHue
® moxeT coBll A Thb C (pyHKUHUEH dt, ecu A=1, B=0, u p2 — KOpEHb
yp BHEHH <I>+(O;p2) = 0, unu cosn j 16 ¢ QyHkimeit ¢, eciu A =0, B= -1
u &~ (0;p?) = 0.

K x 6pUT0 TOK 3 HO, ecinu (OyHI MEHT JIbHBIE pPEIIeHHUI <I>(j)[ u ®* yp Bue-
Hust (2) cymectByioT H BceM orpeske [0,7/2], To moboe peumenne P uccieny-
emoii 3 1 uu (1)—(3) umeer cuMnTotuky ® ~ , ¢ — 0, Bce ee BO3MOXHbIE
H, BOOOILE ToBOps, KOMIUIEKCHBIE CHEKTPBI {p?; @} ONpesensoTcs cieayionmm
06p 30M. Eciu ¢ > 0, To

O (0:p%) =0, P(p3p?) = g (03p7) = ADF (p3p?) ®)
u B cuity (6) BONU3M TOUKH ¢ = 7/2 peuienne P He OCLHUILIUPYET:
D(p) ~ sY2 s =(n/2—¢) — 0. )
Eciu ¢ < 0, To mipu J1iI060M 3 JI HHOM p2 HUMEETCS €IMHCTBEHHOE pelleHue
D(p;p?) = A®Y (p;p°) — B (¢3p%), A= (0;p°), B=®"(0;p%). (10)
B ciyd e —1/4 < ¢ < 0 910 pelieHre UMeeT HEOCHIUTUPYIOIIYI0 CHMIITOTHKY
<I>(<p;p2)~sl/2+”(A—Bs*2”), o —m/2, (11)

U HEOrp HUYEHHbIE B TOYKE = 7/2 MpOU3BOAHBIE, B Ciiyd e ¢ < —1/4, Korxa
v =i|v|, ero CcHUMITOTHK B mpexesie ¢ — /2 GBICTPO OCUILTUPYET:

®(p;p?) ~ /2 [(A — B) cos(|v|Ins) + i (A + B) sin(|v|1Ins)], (12)

[POHM3BOIHBIE HE MMEIOT OIPEIETICHHBIX MPEeioB IpH ¢ — /2.

Ipomomxute H au3 3 1 4u (1)—(3) MOXHO IBYyMS CITIOCOO MH: CH 4 J H UTH
Tounyto wiu npubmuxennyio ®CP {®*} u Bcem orpeske [0,7/2], 3 Tem mo-
JIy4UTb CHEKTP IO YX€ HOK 3 HHbIM dopmyn M (8)—(10), uiu xe H UTH CHEKTp,
He npuber s K nocrpoenuto OCP.

IepBeM cioco6om B p 6ote [10] caH ¥ 1 DPCP Bblp X J1 Chb Uepe3 psmbl
I' yec oFj, 3 TeM JOK 3bIB JI Cb CIIEYIOII 5 TEOPEM CYILECTBOB HUS.



Teopem 1. 3 0 u (1)—~(3) npu mo6om ¢ > 0 umeem moavko Oelcmeumens-
Hblll, npu4em OUCKPEMHbLIL CReKmp:

2
pi(c) = (2n—%+y>, v=+/c+1/4, (13)

®(pipl) = sing(cos)/2 PP (cos2p), n=1,2,...,
npu no6om ¢ < 0 u 06oMm KOMRIEKCHOM D* cywecmeyem eOUHCMEeHH A cOb-
cmeenn a (ynkyua ®(p; p?), eouucnsem a no gopmyn m (10), ¢ komopvix npu

c#m?—1/4, m=0,1,..,

dE(p;p?) = singp(cos )2 Ry (ai,ﬁi, 1 + v; cos? <p) ., (14)
3 v p
o Zi§+§, BE =at —p;
I'(1+v)
ot (0; p? :L. 15

Bropoii crioco® nmpuMeHstieTcs B p 34. 2, HO TOJBKO JUIS ONpeNesIeHus Jeil-
crButensioro cuektp {p% ®} npu |p?| > |c| m corn cylommMxcs ¢ TOYHBIMHU
cumntotuk Mu (5), (11) u (12) ycnoBusix

(pip?) ~ p, o= 0; (16)
O(p;p?) ~ s'/?Re [ASV+BS_V(1+54C7_1 1ns)], p — /2.

JroT Ke crnocob pe nu3yercs B p 34. 3 U 4, HO yXe, BOOOLIE roBops, VIS MpH-
GJIMKEHHOTO BhIYMCIIEHHs coOcTBeHHOM dynkuuu @ (p; p?), oTBey Iommeii 3 p Hee
3 ] HHOMY COOCTBEHHOMY 3H YEHHIO .

2. BOJIHOBASI ®YHKIIUS B ITIPUBJIN2KEHUU BKB

TIpucTynuM K McClenoB Huio jeiictsutenbhoro crnektp {p?, ®} B npenene
|p2 /c| — oo. s sroro npumeruM ussectHyio Bepcuio [1] meron BKB [12], Ho,
yt0661 BKB-pemenne & = Re ® 061 1 70 mp BwibHON cuMmnToTukoit (16) mpu
© — /2, IpeAB PHUTENBHO CIeJ eM JOomycTuMyio B p MK X meton BKB 3 meny
cu v =c+1/4.

Ilycts ¢, — TOYK MOBOPOT , ONpeleisieM s K K JEHCTBUTEJIBHBIA HYJIb MO-
aymst kB 3ummiyiise ¢ = q(p) =0,  I(¢p, ) — HHTErp JI OT HTOrO MOIYIISL:

1/2 @]
q(¢) = [p* — (vsec <p)2 , wp = arccos (v/p), I(pp,p) = / q(¢’) dy'.
(17)



OGN CThb U3MEHEHHs pPryMEeHT (o, Il MOJH s SHeprust p> Gojiblle IOTEeHIH-
JIbHO# sHepruu (vsec )2, H 3bIB €Tcd KII CCHYECKH P 3PelIeHHOil, OCT BII scs
0071 cTh — KJI ccuyecku 3 mpemennoil. HempepoiBHoe H Bcem orpeske [0, /2]
BKB-pemienre, onpeneneHHoOe B p 3peLieHHOH 001 cTté (opMmysn Mu

1
Beip’) =z cos ([ Henpll = 7)o 77> sec)®sa8)

IpU HenepephiBHO I hepeHIpyeMoM MPOJOIKEHHH B 3 MpEIIeHHYI 001 CTh
NPUHUAM €T BHA

1
D(p;p) = 5 exp (= [I(gn,9)]), p° < (vsecy)’. (19)

T x k x unrerp 1 I(yp, vp) cBogurcs K T Gmuasomy ( [13], ctp. 219) mpu mo6bix

v? u p?, To BKB-pelenue He TpyaHO H iiTH B fBHOM BHje. P ccMoTpum Bce

BO3MOXHBIE CITyY H.
Cnyyw ic> —1/4up>0. Boromciyd e v > 0. P 3pewenn s 061 ctb —
nomyunaTeps 1 0 < ¢ < ¢p. B 31001 0611 cTH

psing

™ v
I(p,0p) = =(p — V) + varct (—t )—parcsini,
(P o) = 5(p—v) g {8y N

tynkums (18) p BH Hymio ipu ¢ = 0 TOrA M TOJBKO TOTA , KO I P METp p
COBI /I €T C HOJIOXKHUTEIBHBIM KOPHEM D, COOTBETCTBYIOLIETO YP BHEHHMS

I(O,gob)—%:wn—g, n=12...

Cor cHo copmyn M (17)—(19) kB ap Ty p? = p2 K XKIOrO T KOTO KOpHS

2
1
Pi=p1(0)=(2n—§+u> , on=1,2,..., (20)

B COOTBETCTBYIOLIEH p 3pemmeHHoi 061 ctu 0 < ¢ < ¢y, = arccos (v/p,) oTBe-
Y eT eIMHCTBEHH s COOCTBEHH 51 (DyHKUUS

(< in o

. v . Dpsi
——~—sin | varctg (— tg go) — parcsin —— |, (21)
V4 [ q Vp?—v?

KOTOp S B 3 MPELIEHHOM 00 CTH @p, < ¢ < 7/2 T HOBHUTCS (PYHKIHEH

2 _
@((p;pQ) _ Q(@) : p v
2,/q \ psingp+qcosyp

D(p;p°) =

2

p
) ; D(p;p?) ~ (cos )/, o — /2. (22)



3pech U [ Jiee 119 COKP IIEHUS 3 IHCH UCIob3yeTcsl (pyHKuus () T K 1, 4TO
lv1/2
lvltey —q

< oo, ¢ €10,7/2]; Qo) ~ (cosp)”!, o — 7/2,
e T a @ €[0,7/2]; Q(p) ~ (cos )™, o — m/

(23)
coOcTBeHHbIe 3H YeHud (20) cYuT I0TCS JIEMEHT MH OSCKOHEYHOH U BO3p CT -

IOLIeH 10 HOMEpPY 7 TOCIIEIOB TeTPHOCTH MOHOTOHHO P CTYWIMX (DYHKLMI pry-
MeHT ¢ > —1/4

Qp) =

{pi(c)}zo:1 : pi+1(c) > pi(C) > 4712, pi(C) > pi(c/)7 c> CI; n= 1725 s
(24)
Cnyyw ic>—1/4, v >0, Ho p2 < 0. DTOT cilyd i KJI CCUYECKH 3 IPEeLIeH:
3149 (1)-(3) ve mmeer BKB-pemennd, ormumanoro ot Tpusu JibHOTO (P = 0).
Cnyu ii ¢ < —1/4, v < 0 u p?> > 0. Ku ccuyecku nocTynH s o6j1 CTh
— Bech orpe3ok 0 < ¢ < m/2. IlosToMy MOXHO MONOXHTH @p = 0,  BMeCTO
topmyt (18) u (19) H Bcem orpeske [0, 7/2] UCHONB30B Th NPEACT BIICHHE
1 in
D(p;p°) = NG sin[1(0,¢)], 1(0,9) = —InQ(p) + parcsin \/%, (25)
KOTOpOE IpH JII0O0M p? obecIeurB eT BBIOIHEHHE yciouit (3). JeilcTBUTENBHO,
®(0;p?) = 0, u xora uz-3 yukuuu (23) unrerp 1 I(0,) p cxomurcss 1pu
» — /2, ¢ Mo petienre ® B 3TOM Ipejiesie, OCIUUTHPYS, CXOAUTCS K HYIIO:

) 2|v| p
®(p;p?) ~ (cos )2 sin | |v|In cosp — |v|In ———— — parctg — | .
(v:9?) " it L
(26)

Cryu tic< —1/4,v2 <0 up? < 0. B 2TOM NOCTETHEM U3 BCEX BOSMOXHBIX
CTyd eB KJI ccudyeckw JoctynmH o6m ¢tb 0 < ¢p < ¢ < 7/2. B Heii unterp n
I(pp, ) HEOTp HUYEH JHULIb NPU @ = 71/2, HO peiuenne (18), BbrumMCcIIEMOE K K

1 | T
D(p;p?) = —cos[ln@ga + |p| arctg <—tgga +lpl=——=1,27

o) = = () +Iplareg (2 o1

IpH ¢ — /2, OCLHWUTHPYS, CXOMUTCS K HYITIO:

®(p;p?) ~ (cosp)/? cos(|v|In cosp + 6) (28)

2|v| Pl T

0 = —|v|ln —————+ |p|arctg — + |p| = — —.

p?[ — [ V] 2 4

B 3 mpewennoit 061 ctu 0 < ¢ < ¢y, uarerp 1 I(pyp, @) u peenne (19), T.e.

1
®(p;p?) = Q—ﬁexp [Il/larctg <ﬁctg <p> + |p|arctg <ﬁ ctg w)} . (29



Orp HHUYEHBI, HO, K COX JIEHHIO, IpU ¢ = 0 3TO pelleHHe OTIMYHO OT HYJNd:

Ipl* + |v°]

D(p;p?) ~ exp | ——
VIp?| = [v?]

9TO H BEPHOE SIBISIETCS] CIIEACTBHEM MpeHeOpeXeHHs B MCIIONb30B HHOH BEpCHH
meron BKB cn r empivu mopsmk  O(|p~3/2|).

=0, (30)

Buisoowr u gusuueckue creocmeusa. K x BumHo u3 dopmyn (17)—-(30), mpu
|p?/c| < 1 neiicteurensubiii BKB-ciektp {p?, ®} 3 1 un (1)~(3) o6n 1 er cie-
AYIOLIMMU K YECTBEHHBIMH OCOOGCHHOCTSIMU.

B ciya e ¢ > —1/4 umeercs TOJIBKO AUCKPETHBIN CIIEKTP MOTIOXUTETbHBIX
cobcTBeHHbIX 3H yeHHMd (20) co coiictBoM (24). OTBed IoLIME ITOMY CIIEKTPY
coOCTBEeHHbIE (PYHKIIMU BBHIYUCIAIOTCS 110 popmyin M (21), (22), uMer0T KOHEYHOe
YUCIIO Hyled H COOTBETCTBYIOIIMX HonyuHTepB 1 X 0 < ¢ < (py,, MOHOTOHHO
yOBIB 10T IIPH ¢ — 7/2 H MOJIYHHTEPB JI X Vp, < ¢ < m/2 1 00611 1 10T Tpebye-
MBIMH CHUMITOTHK MH (16) ¢ HyneBbM Koa(purmeHToM B. CTOUT OTMETHTH, YTO
npu ¢ > —1/4 nonydennsiit B p MK X npubnukerus BKB crektp coOGCTBEHHBIX
3H yeHHid (20) COBI I €T C TOYHBIM JICHCTBUTEIBHBIM CIEKTPOM COOCTBEHHBIX
3H YeHMH, BhIYMCIAeMbIX N0 opmyn M (13) He Tombko mpu ¢ > 0, HO U TpHU
€[-1/4,0).

B cinyd e ¢ < —1/4, kora v = i|v|, uMeercsl CIUIOLIHOMA MOMOXUTEIbHBINA
criekTp: mpu jio6oM (p? > |c|) 3 1 HHOM p? CylecTBYeT eMHCTBEHHOE pelleHue
(25), 06 g1 tomee cornm cHO (26) OECKOHEYHBIM CUETHBIM YHCIIOM HYJEH, Crymy -
IOIMXCS K TOYKE 0 = 77/2, ¥ TOYHBIMH CHUMITOTUK MU (16).

B Tom xe ciyu e (¢ < —1/4), Ho npu J060oM p? < 0 yp BHehue (2) uUMeeT
pemenue (27), (29), o6 n romee cumnrotuk M (28) u (30) u Onu3Koe K HYIH0
npu ¢ = 0 B mpenen X TOYHOCTH UCHONB30B HHOM Bepcuu Meton BKB. Dro pe-
urenne pu3MYEcKn 0co60 MHTEPECHO, OTOMY YTO TIPH P> — —00 OHO IKCIIOHEH-
LM JIbHO yOBIB €T B 3 MpEIIEeHHON 001 CTH U, OBICTPO OCLMIIIMPYS, JIOK JIN3YeTCs
B OECKOHEYHO M JIOU MOJIYOKPECTHOCTH ¢ < ¢ < 7/2 TOUKH ¢ = 7/2.

WU3-3 ocuwuisimii BOMM3M TOYKH ¢ = 7/2 IUIOTHOCTH BeposTHOCTH |®P|2,
KpPOME IJI BHOTO M KCHMYM , UME€ET CIIp B OT HEro GECKOHEYHO MHOTO YOBIB 0-
X [PH @ — 7/2 M KCUMyMOB. [To0XeHHe [T BHOTO M KCHMyM (g CMeLl -
€TCA 1Ipu p2 — —OO K TOUKE ¢ = 7T/2, U IUIOTHOCTb BEPOATHOCTH JIOK JIM3YETCA
BOJIM3H 9TOU TOYKH. JIOK JIM3 LU IJIOTHOCTH BEPOSITHOCTU O3H 4 €T KOJUT IIC,T. €.
11 JIleHHe WIM CTATUB HMe Y CTHMILbI B TOUKY ¢ = 7/2 npu p? = —oo. Komn 1ic
ABNeTC 0COOBIM COCTOSIHHEM, T K K K B HeM 3Heprus cBssu (—p?) 4 cTUIbI
GECKOHEUHO BENUK U TOITOMY CPEIHEE P CCTOSHUE MEXIY U CTULEH M CHHIY-
JIAPHOI TOUKO# ¢ = 7/2 noiis ¢ (sec )2 6eckoHeuHo M J1o0. Puc. 1 wutocTpupyer
KOJIT TIC B ¢iyd e ¢ = —25/4 < —1/4.
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Puc. 1. Bonmossre dynximu ®(¢; p?), BeramcaeHnsie mo opmyn M (27), (29) u HOpMH-
poB HHBbIe ycioBueM (4) (a), ¥ COOTBETCTBYIOLINE INIOTHOCTH BeposTHOCTH |P(¢; pQ)|2 0)
npu ¢ = —25/4 1 3H YeHHSIX DHEPrUH P, YK 3 HHBIX UMD MU H 1 KPUBBIMH

3. ACHMIITOTHKA BOJHOBOW ®YHKIIUH B MPEJEJE BOJIBIIOMI
1O MOAYJIIO DHEPTHHA

Orp HHYMMCS H Tu30M (PU3MYecKH H MOoIee MHTEPECHOIO CIlyd s MPUTH-
ruB omero (¢ < 0) mons (1), Korg mpu TOOOM 3H YEHUH DHEPTHH p? uMeercs
COOTBETCTBYION] ¢, IPUYEM €IMHCTBEHH $1, BOJIHOB ¢ pyHK1ms (10). Boienem mst
T Koil (hyHKIMH GoJlee MPOCTOE CHMITOTMYECKOE NPU p? — 400 MPEJCT BieHHe,
yeM mccnenoB HHoe Bbime BKB-npubmirkenwe.

K x mox 3 Ho B [10], HOpMupOB HH 5 ycioBueM (4) BomHOB 5 pynkmms (10),
HO TOJBKO H noxmuoxectse [0, vp], Vo, < /2, Becero orpesk [0, 7/2] nsmene-
HUS €€ PIyMEHT , MMeeT CHMIOTOTHKY

D(p;p?) = D (p;p?) [1+O(p| )], (31)
o L (2//7) sinpy, 2, too,
2<l) = {2lplexp[—lpl(7r/l2w—s0)], P, PE0T/).

HenpepsiBHo jaudepeHupyeMoe POIOIKEHUE 3TOM  CHMITOTHKH H  OCT B-
mmiicst OTpe3oK [pp, /2] — cymm P, = A ®T + B &, xoapuuMeHTH KOTOPOIA
A u B ynosiersopsiior cucteme aByx (n = 0,1) yp BHeHwuii:

N[ P<(pip®) — s (p3p*) ] =0, n=0,1, o= (32)

DT cuCTeM COINl CHO INPHUHSATOH B KB HTOBOH MeX HHKe [1] TepMuHOIOrHN 0OBIYHO
H 3bIB €TCSl YCIIOBUSIMU «CIIMBKH» B TOUKE (0 = (0p WM YCJIOBHEM HETPEPHIBHOCTH
nor puchmuyeckoil npoussonnoil (0,P) nckomoit dyukiuu ® B 310N Xe TouKe.



Ecnu ana dyskumii @ ucrnons3os T ux TouHble mpenct Bienus (14), To ama
KoapuenToB A 1 B 1onyd Tcs SBHbIE, HO HE CTOJb IPOCTHIE ISl BHIYUCIICHHUS
BBIP XEHMS yepe3 TpUroHomeTpuuyeckue (hyHKuuu u psgel I' ycc .

YroGsl BbIp 3uTh Kod(puuuentsl A U B depe3 »jeMeHT pHble (PYHKIIUH,
HOCTYNUM cliefytomuM o0p 3oM. CH 4 71 BbIOepeM TOUKY @ H CTOJIBKO OIU3KON
K TOuKe ¢ = 7/2, uto6bl H OTpe3Ke [y, 7/2] dynkiuu ®F MoxHO GbL1O GbI

IIIPOKCUMUPOB Th CT PIIAMH CJI T €MbIMH MX CHMITOTHK (6) nipu ¢ — 7/2
¢ orHocutenbHOi Tounoctbio O(|p|~1) mpu |p| — oco. 3 Tem, ucnonbsys T Koe
npuoIKeHue, H iigeM A U B U3 yCIOBUN «CIIMBKW» W BBITHIIEM ITOTyYHBLIAECS
HpesacT BieHust uCcKoMoit cumnrotukd P~ ¢yakumu ® v orpeske [y, m/2].

Jng pe nM3 MM H MEYEHHOIO IUI H IOJIOXHUM

_ _ —3/2
s=m/2—p, sy=7/2— ¢y =glp| "/,
Ie g — HEKOTOp 51 HEeHyJIeB § JEeHUCTBUTENbH s KOHCT HT . Torm comt cHo (14)

pH 8 < Sp, T.€. IPH @ > @y = /2 — g|p|~3/2, GymyT BepHBI HCKOMBIE TMPOK-
CUM UM

dE(p;p?) = s [1+ O(|sp|?) ] = sY/* [1+O(lp| '],

cumntotuku ynkiun = O~ H  orpeske [pp, /2] npu p? — +oo mpenct -
BATCS JIOBOJILHO HPOCTHIMU (opmyst Mu. TIpuBeseM uXx.
Ecin p? — oo, 10 pu ¢ € (—1/4,0)

. 1/24v
sinppy (s
P (p;p°) = — (—)

2v/T \ sy
—2v
{[1—2V+Xb]—[1+21/+><b] (i) }7

opu ¢ = —1/4

D (p5p%) = Sm% (i)m {2— (1+x5/2) In (fb)] ,

npu ¢ < —1/4

2 sin pyy s\ /2 . S
O (pip?) = ———— (= In|— | —arct
>(<,0,p) ﬁSiHTb (Sb> s |V| n Sb arctg 7y | ,

e Xp = 2pspctgp sy u 7 = 2|v|/(1 + Xb).
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Eciu xe p? — —o0, 1o npu ¢ € (—1/4,0)

) |p| s 1/2+v
D (p3p%) = 5, exp(—|plep) (S—b>

2
{[1—2V+Xb]_ [14 20 4 x3)] (Sib)QV}

BCeaoys e c=—1/4

ety =l enilo) (2) - aenm(2)].

b

U, H KOHell, npu ¢ < —1/4

2[p| exp(—[ples) (5" s
Do (pp?) = ———————— (S_b> sin {|l/| In (S_b) - arcthb] )

sin 7

e xp = 2|plsy u 7 = 2|v|/(1 + xp).

4. ®YPBE-PA3JI0KEHUE BOJJTHOBOI ®YHKIINN

Hmeer MecTo cremyiommee yTBepXKIeHHUE.
Teopem 2. Jliv6oe pewenue ® 3 0 uu (1)~(3) npu ¢ = b(b+ 1) u wemnom b
npedcm gumo koHeunvim (N < 00) padom @ypeve ¢ kosppuyuenm mu X,,:

2 - 2 : 2y — L P # 4n?,
O(p;p*) = Y a(n,p’) X, sin2np, a(n,p®) = (n? — p?/4)1, p? = An?
n—1 ) )

(33)

80 cex ocm JbHbIX Cyd AX — Oeckoneunvim (N = 00).

Ipuctynum x moKk 3 TenbcTBy. [To Teopeme 1 dynkuus @, ynosmerBopsiony s
3 1 ge (1)-(3), wenpepsiBH H otpeske [0,7/2] U, CIEOB TENBHO MPENCT BUM
H 9TOM oTpe3ke paaoMm (33).

Ilycte ¢ = b(b+ 1), tne b = 2k, k — BoIOp HHOE wLenoe ymcio. Tory
no teopeme 1 3 1 u (1)—-(3) npu x koM n = 1,2,... UMeeT E€IUHCTBEHHOE
cobeTBenHoe 3H Yenne p? = p2 = (2n+ b)? = 4m?, e m — LENOe, U COOTBET-
CTByIOLIYI0 eMy cobcTBeHHyio (yHkimio P (p; p? = 4m?), BeIp X I0ILylOCd Yepes
MOJIUHOM SIKOOM ¢ MOJTyLIe/IbIMA BEPXHUMU MHIEKC MH:

®(p; p? = 4m?) = sin p (cos @)°T? Pr(nlﬁ’/b;ﬂm)(cos 2¢).

11



3 MeHMB 3TOT MOJUHOM M3BECTHOH KOHEYHOU cymMMmou [11] 1o uenbM creneHsm
ero PpryMeHt cos 2y, HeTpyIHO HOK 3 Tb, uTo ®(p;p? = 4m?) — KoHeuH 4
(N=m—1<o00) cymm @ypse (33):

m—1

O(p;p® =4m®) = Y

n=1

Xn :
——— sin2nyp + Xy, sin2mep. (34)
n? —m

[Tyctp Teneps ¢ # b(b+ 1), tme b = 0,2,4,... Torn NOPeNONOKUM, YTO
p zmoxenue (33) pyakunn ¢ — koweun 1 (N < oco) cymm . HuddepeHuupys
ee, UMeeM |8Z"CI>| =0 npu ¢ = 7/2 u mobom n = 0,1,... C gpyroii CTOpOHSI,
u3 cumnroruk (9) wim (11), (12) cinenyer, uro |8§"<I>(go;p2)| =00, p = 7/2,
Beryiec>0u2n>v+1/2uwmBcenyd e ¢c < 0un > 1. IonydyeHHoe
NPOTUBOPEYHE 3 BEPII €T JOK 3 TEeJbCTBO TEOPEMBI.

IycTs ¢ ¥ p? 3 1 HBI B COOTBETCTBMM C TeOpeMoii 1, T.e. IpH T KUX C U
p? pemenue ® cymecrsyer. Torn 1o Teopeme 1 OHO eIMHCTBEHHOE, IO Te-
opeMe 2 npenct BuMo psaoM ®Dypse (33). BriBenem ¢ Mble IPOCTbIE Yp BHEHUS
VIS BBIYMCIIeHHS KoouuueHToB X,,, n = 1,2, ..., 9TOro psii ¥ ONUILEM OMNTH-
M JIBHYIO TIOCJIE/IOB TEIBbHOCTh PEUIeHHs T KMX Yp BHEHHMH B TpPeX BO3MOXHBIX
ciyd sx. KioueBbIMM i BbIBOJL OYIyT MCXOOHOE yp BHEHHE (2), YMHOXEHHOE
H (cosp)?, T.e. yp BHeHHe

[(cos)? (07 +17) — c] D(p1p°) =0, (35)
U CIIp BEIJIUBBIE IIPU JIOOBIX ( U LEJbIX 7 TPUTOHOMETPHYECKHE TOXIECTB
4 (cos p)? sin 2np = sin 2(n — 1) + 2sin 2nep + sin 2(n + 1)¢p. (36)

Cayu i c=bb+1), b=0,2,..., p*> = 4m? = (2n + b)2. o Teopeme 2
B oToM ciayd € & — xoneun g cymm (34). 3 menum @ B yp BHeHum (35) 37Ol
cymmoii. HMcrions3ys Toxzmects (36), cpoeKTHpyeM MOJydeHHOE COOTHOLIEHHE
H Bce 0 3ucHple (pyHKIMU sin2np, n = 1,2,... BeBemenHsie T KUM 00p -
30M JIMHEHHBIE Yp BHEHHWs 11 UCKOMBIX Koaduumentos X,, n = 1,2,...m,
NPEeICT BUM COBOKYITHOCTBIO OJHOPOAHOrO M TpH4HOro yp BHeHus A X = 0 s
cronbu X = (X1, X2,..., X;m—1)T u p Bencrs X, = —X,,,_1/(4), onpene-
Jsomero koagguiment X, depe3 koadgurment X,,—1. T K K KX M Tpupr, A
TPEeXAU TOH JIbH 4, BCE €€ HEHYJIEBbIE 3JIEMEHTbHI BBIYMCIISIOTCS IO 3JIEMEHT p-
HbIM (QOpMYIT M

Appr1 =1, Appn=2+c/(n®>—p*/4), n=1,2,..., (37)

TO Bce KoapummeHtsr Xo, ..., X;n—1, 3 TeM U X,, MOXHO IOCIEHOB TEIbHO
Y OJIHO3H YHO BBIP 3UTh Yepe3 OfuH KodduipeHT X1, KOTOPBIN IS YIPOIIEHHS
BBIYUCIICHUI YIOOHO MPUHSATH P BHBIM €IUHHIIC.

12



Cayu i c #b(b+ 1), p? #4m? 20e b=0,2,4.., m=1,2,...Ilo teo-
peme 2 uckomslit psix (33) 6eckoneunsiit (N = 0o). Yp BHeHue (35) TeM Xxe cro-
co0OM, YTO U B P CCMOTPEHHOM BBIIIIE CITyd €, CBEIEM K OMHOMY M TPUYHOMY yp B-
nenmio A X = 0, HO Tenepb i Geckoneunoro ctonbu X = (X, Xo,...,)T
B »TOoM yp BHeHMHM A — Tpexau TOH JIbH S M TPUL[ C HEHYJEBBIMH dJIeMEeH-
T mu (37). Ilostomy Bce KoadpuuumeHTsl X,, ¢ n > 2 MOXHO MOCIEN0B TEJIbHO
BBIP 3UTh 4epe3 oauH KoaduuueHt X;.

Cayw it ¢ < 0, p?> = 4m? 20e m = 1,2,... Ilo Teopeme 2 HCKOMBIii
psan (33) — Geckoneunsiii (N = 0o0). IlosToMy, K K U B MpeIbIAyIieM CIyd e,
M TpuuHblid H jor yp BHenust (35) — yp BHenne A X = 0 g GECKOHEUHOro
cron6un X = (X1, Xo,...)%, Ho Tenepb u3-3 p BeHctB p? = 4m? sraeMeHTHI
Apm+1,m M Tpusl A p BHHI Hym0. ITosTomy yp BHenne A X = 0 p cuennsercs

H B M TpuuHbix yp BHeHust A~ X~ = 0 u ATXT = 0 s xkoneunoro u Gec-
KoHeyHoro ctonbuos X~ = (X1,..., X, 1)T u Xt = (X041, Xongo,.. ) 1
coorHomeHne X,,+1 = —4cX,, — Xim—1. DJIEMEHTBl TPEXIU TOH JIBHBIX M TPHL

A* cBaz bl ¢ anement mu (37) M Tpuust A dopmyn Mu A, = App, n < mou
A:_mm,_m = Apn, n > m+ 1, B KoTOpeix 1’ = n,n + 1. Bee xoaddunmenTs
X, n=2,3,...,m—1, B ToM yucie u KkooppurmeHT X,,_1, IOCIEI0B TEIHHO
BBIp X foTcsd U3 yp BHeHHs A~ X~ = () uepe3 ofuH 3 A HHbIH K03 duuueHT X;.
3 TteM Koa(pduumeHT X,, CYUT eTCd M3BECTHBIM U TOJHKO MOTOM KOD(HUIIMEHT
Xyn41 onpenensiercss p BeHCTBOM X411 = —(Xpp—1 + 4¢ X,n). I Jiee Bce xo-
atppurmentsr X, ¢ n > m + 1 NoCnenoB TENbHO BBIP X IOTCS U3 yp BHEHHUS
ATXT = 0 uepes koappurment X, 1.

K K 6BUIO TIOK 3 HO, €ClM ¢ ¥ p? 3 1 Hbl, TO 3 HCKJIIOYEHHEM MOCJIEIHEro 1
ocoboro ciyy s (¢ < 0, p? = 4m?) Bce KoachurmenTsl ypbe-p 310xkeHus (33)
BOJTHOBO! (pyHKIMU P OTHO3H YHO BBIp X IOTCHA uepe3 KoaddurmeHt Xi, B
9TOM 0CO0OM Cllyd € — 4depe3 KoappuuuenTol X1 u X,,.

ITycTp Temepb 3 A HO HEKOTOpPOE HOJIOXKUTEIBHOE 3H YEHHE I P METp C U
TpebyeTcs H HTH NPUOIMXEHHOE 3H YeHue P2 (c) coBCTBEHHOrO umea  p2 (c) u co-
otBeTCTByMOmEee npubIIkenne P (p; p2) TouHOI cobeTBeHHOM hyHKImit P (p; p2 ).
P ccmorpum H ubonee obwmii ciayd i ¢ # b(b+ 1), b= 0,2,4..., xorg HCKoO-
M s yukims © npener Bisercs 6eckoHedHbM (N = oo) psagom @ypee (33). Ee
npubmuxenne O GyIeM HCK Th B BHIE KOHEYHON CYMMbI

N -
= Xn .
o = E m sin2np, N < co. (38)

n=1

3 menuM ¢ynkuuio ¢ sroit cymmoii B yp BHenuu (35). I[lomydyeHHoe yp BHEHue
CBEelleM K M TPUYHOMY M OTHOPOJHOMY Yp BHEHHIO AX =0, B KoTopoM A —
TPEXAU TOH JIbH S M TPULl C 3 BUCALIUMHU OT P2 HEHYJIeBbIMU 3jieMeHT Mu (37),

X = (Xl, X’g, X N)T — cronber nCKOMbIX Koa(durmenTos. Mcciaenyemoe
yp BHEHHE AX = 0 umeer HETPUBHU JIbHOE pellleHue X TOrg ¥ TOJBKO TOIX ,
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Korg p? — HYIb ﬁi nerepmMud HT (det A) M Tpumbt A. T K K K A — M TpuIl
Slko6u [14], To Bce T Kue HyIU ﬁi, k=1,2,..., N, mpocTbie, U K XIOMY U3 HUX
OTBEY 10T TONBKO OfMH BekTop-cronGen X*. IToaToMy, MOICT BUB B yp BHEHHE
A X = 0 B™ecTo p? H iileHHOe 3H YeHHe p‘i HyJs1 qerepmMud HT det A u moso-
KB X = 1, MOXHO MOCIIEIOB TE/IbHO M OJHO3H YHO BBIYHCIHTH BCE OCT JIbHBIE
Koa(uumentsl X,,, n > 2, 3 TeM, HCIONb3yd STH 3H YeHHs, H UTH U COOT-
BETCTBYIOIIYI0 NPUOIIKEHHYIO (DyHKIIHIO i)(go;ﬁi) K K cymmy (38), B KOTOpOIi
p* = Pi.

Iyt npuMep , HOATBEPXKA IOLIEro CXOAUMOCTh OIMC HHOTO Croco0 , CH 4 J1
K K Hylb gieTepMuH HT det A onpenensnoch NpubnuxeHue ps(c) NepBoOro Tod-
HOro COGCTBEHHOTO 3H YeHus p?(c) = (3/2 + v)? upu p 3HBIX 3H YeHMAX I -
p MeTp c u BepxHero uHIeKC /N cymmsl (38), 3 TeM BBIUUCIIAT Chb H mOOjee
yIo6H s g rp puyeckoil wutocTp MM X p Krepuctuk  x(p?(c), N) otHocH-
TeJIbHOI TouHOCTH TpubMKenus p3(c) ~ pi(c), onpemeneHH 8 K K yHKuus
Leaoro pryMeHT N M I p MeTp c:

x(pi(c), N) = log |pi(c)/pi(c) —1]. (39)

I'p uku T0il (PYHKIMM IPU P 3HBIX 3H YEHHSX [ P METP ¢ U300D KEHbI H
puc.2. K K BUIHO, OTHOCHTENIbH 51 TOYHOCTH NpubIMkenus pi(c) ~ pr(c) 6picTpo
yAy4Ill eTcsd ¢ pocToM ¢ U N.

1(p*(), N)

1k
-2
-3

0,2
4 0.5
-5 1,0
-6
7 2,0
-8

3,0
9 1 1 1 1

0 50 100 150 200

N

Puc. 2. Oecatuunsiii or pucM (39) OTHOCHTETBHOM TOYHOCTH TIPOKCHM LHH pj(c) =2
$3(c) cobcTBeHHOTO 3H YeHHs p;(c) K K (pyHKIMs BepxHero mumekc N cymmsl (38) mpu
3H YEHHSX I P METP ¢, YK 3 HHBIX HU(P MH Y KPUBBIX

5. CIYYAH «<OBPE3AHHOI'O» ITOJIA

B uccrenyemoit 3 1 ye (1)~(3) 06 sHeprerudeckom cniektpe {p?(c)} u cTuumbl
B nojie ¢ (sec p)? 3 MeHUM 3TO mojie «o0pe3 HHbIM» B HEKOTOPOii TOUKE (© = (p,
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6nu3Koil K Touke ¢ = /2, noneMm O(p, — @) c (sec p)?. Tocnennee u3 Tpex
ycsoBuii (3) oci GuM, HO TOJIBKO B TOYKE (0 = (0p: B OTOH TOYKE HEPB 51 MPOU3-
BOIH 51 McKoMoit yrkimu P (p; p?(c; ©p)) MOMKH  ObITH HENPEPBIBHOH, BTOP 4
MOXET UMETh P 3pbIB IepBoro pox . Mcciemyem 3 BUCHMOCTD I€HCTBHTEIBHOIO
cniektp {p%(c; ¢p)} chopMyIMPOB HHOIA 3 JI UM OT PryMEHT C M Il P METP ¥
npu pp — /2, KOrx  «obpe3 HHOe» I0JIe CXOMUTC K UCXOiHOMY. Uit COKp -
IEHUsT 3 IHCH MO T eM 8 = /2 — o u 8 = 7/2 — @p. Ipu @ > ¢, T.e.
npu s < sp, UCHOJB3yeM TouHOe pemenne ® = O = sinps/p, HenpepbiBHOE
no p B Touke p = 0 u p BHoe s npu p = O u sh|p|s/|p| npu p? < 0, korn
p = i|p|. Tpu ¢ < @p, T.€. IpH S > Sp, peurenre O OGygeM HUCK Th B 00IIEM
pute ® = & = APT — BP~. IIpu 1OCT TOYHO M JIBIX § U Sp U OIP HUYEH-
HOM |p|, ucnonb3yst cumnroTuku (6) U sBHBle peacT Brenus (14) dynkumit ¢F,
HPEACT BUM HCKOMYI0 (pyHKIHi0 P B CHMOTOTHYECKOM BuIe

vt =2 o] { (G0 (20 @

CH 4 11 W3 yCJIOBHI «CLIIMBKH» (32) ompegeinM oTHoiueHue o = B/A u Koad-
dutmentsl A u B X K GyHKIMM PryMeHT p’ U 11 p MeTp p. 3 TeM H iieM Te
3H 4eHHs p?, P KOTOPHIX (yHKims ® = ®_ yloBIETBOpAET MePBOMY M3 Tpex
ycnosuii (3), T.e. 00p 1 ercs B Hyab npH ¢ = 0.

Mycts ¢p — 7/2, HO |p| < oco. Torm s, — 0, |p|sy — 0 u mosromy
uckomMyio ¢yHkiuio P MOXHO 3 MEHHTh B YCIOBUSIX «CIIUBKU» (32) ee CHUM-
nTotukoi (40). P 3pemuB momydeHHble B pe3ysbT T€ T KOW 3 MEHBI yp BHEHHUS
oTHOCUTENIbHO A U B ¥ NOJOXHUB ISl KP TKOCTH 3 IHUCH Xp = 2pSp Ctg pSp, H -
XOOUM

—1-2 1 -
an X T s 1/ o~ X e=—1/4 @41
xp +2v—1 24+ (1—xp) Insy

P ccMoTpuM 1B BO3MOXHBIX CIyY SI.

Cayyw 1 ¢ > —1/4, v > 0. U3 (41) cnepyer, uro o« = B/A — 0 mpu
sp — 0, T.e. ipu pp — w/2. Ilosromy ¢pynkums P cxomurcss npu JIOGOM
¢ € [0,7/2] u p* x cynn ment sbHOMY pemtennio AT, Kotopoe p BHO HyJIIO

B Touke ¢ = 0, Tonbko eciu p> — KopeHb yp BHenms ®(0;p?) = 0. K x
u3BecTHO [10], 3T0 yp BHEHME MMEET TONBKO JeiiCTBUTENbHbIE KOPHU p° = p2 (c),
n = 1,2,..., onpenenennsie opmyn mu (13). 3u uur npu ¢ > —1/4 u p —

7/2 cuextp {p*(c,pp)} ABIAETCS NMCKPETHBIM U CXOAMTCH K TOYHOMY JMCKDET-
Homy crektpy {p?(c)}%,, K xu s cobctBenn s dynkuus P (¢;p2(c, ¢p)}
CXOMIUTCS K COOTBEeTCTBYIomIeil TouHoil dynkiun ® = & (p;p2(c)) H BeeM OT-
peske [0, pp]. CTOMT OTMETHTB, YTO T KO IPENENIbHBIA HeHCTBUTENbHBIA CIEKTP
{p2, ®(p, p2)}2, BbrumcseTca no hopmyt M (13) He TobKO TIpU ¢ > 0, HO U
npu ¢ € [—1/4,0].
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Cnyw i1 ¢ < =1/4. T K x K Tenepb v = i|v|, T0 B cuy (41) oTHOLUEeHHE
o = B/A He uMeer omnpeneneHHOro mpexel mpu s, — 0, T.e. npu @, — /2.
ITosToMy, B OT/IMYME OT P CCMOTPEHHOTO BBIIIE CITyd S, HICKOM 51 pyHKums . =
Adt — B®~ Bcern comepxur 06 yHI MeHT JbHBEIX pemenns &+ u B cuy (40)
u (41) umeer GBICTPO OCLMUTUPYIOIIYIO CHUMIITOTHKY

1 sin psp

s\ 1/2
B (¢;5?) )(—) sin(|In's — 8) [1+ O((slp])?)]

- p sin(arctg 2|
0= |v|Ins, —arcetg [(xo — 1)/(2V])], ¢ — pp — 0 m/2. (42)

Venobue @ (o = 0;p?) = 0 BHINOAHAETCS TONBKO, €CIIH
a=B/A=o(0;p*)/"(0;p%).

3 MEHHB B 5TOM COOTHOLIeHHH P+ (0;p2) U « ux npenct siaeHusmu (15) u (41),
MOJIyYUM Yp BHEHHE

arg'(3/4 +i|v|/2 4+ p/2) + argI'(3/4 +ilv|/2 — p/2) + (43)
+arcetg [(2pspetgpsy, — 1)/(2|v])] = [v|In sy —arg T(1 — i|v|) + 27n,

onpezesoliee HessBHBIM 00p 30M p(¢; ¢p) K K (OYHKLIHIO PryMEHT ¢, [T P METP
pp M LEIOro Yucil m. Eciu Opd 1 HHOM 7 9TO Yp BHEHHE P 3PELIUMO, TO
0 M3BECTHOH Teopeme [15] o HesBHBIX (PYHKLMSIX €ro perieHue p = py(c; Sp)
eJMHCTBEHHOE U ABJIseTCS (PYHKIIUEH, HENPEPBIBHOM 110 ¢ U p. B CHIly H3BECTHOIA
tpopmymer [11]

e}

argT(z +iy) = Y [y/(x+n) —arctg (y/x)]

IIPM JI HHOM ¢ U @), — 7/2 4uMciio aeiicTBUTeNbHBIX pemenuii (p2 > 0) He orp -
HUYEHO CBEPXY, HO YMCIIO YMCTO MHUMBbIX pelneHmii (p2 < () BCErj KOHEYHOE,
P2, 1(c;0p) > p2(c;p), KB AP T p2(c; pp) K KIUOTO PELLICHHs HMEeT eAUHCTBEH-
HBIA HYNb ¢, (pp), cXomsdmuiics K Touke ¢ = —1/4 ciaes mpu ¢, — /2, no
3 KOHY

1 2mn
Cn(SOb) ~ -

-4+ — 2.
It hma—ay P

VYK 3 HH 53 KOHOMEPHOCTb IOSICHSETCS] pUC. 3, H KOTOPOM H300p XEHbI BbI-
yuCJIeHHble K K KOPHU yp BHeHus (43) coGcTBeHHble 3H uenus p2(c;pp) npu
n=1,23,4uce[-2,0] ciyd e s, = (7/2)/300 u B cnyu e sp = (7/2)/999.
Puc. 3 wumocTpupyet emie OHy 3 KOHOMEPHOCTb: MPH A HHBIX 70 M C TIOJNH 51
sHeprus p2(c; pp) 4 CTULBI B «OOPE3 HHOM» TOJIE YMEHBII €TCsl IPU @y, — /2.
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p2(c; pb)
60
40

20

Puc. 3. CoGcTBeHHbIE 3H YeHHst B «00pe3 HHOM» B TOUKe ¢, = /2 — s nonte (1): cruiom-
HbIe KpUBble — 1IpH S, = (7/2) /999, wrpuxnyHkTipHble — 1pu s, = (7/2)/300; ToHKHE
CIUIOLIHBIE TOPU3OHT JIbH s U BEPTHK JIbH s JIUHUM — mpsMbie p° = 0 u ¢ = —1/4; cum-
BOJIOM ® 0603H 4eH TOYK ¢ KoopouH T Mu ¢ =0 u p2 = (2n)%, n =1,2,3,4

K x 6but0 mOK 3 HO, mpu ¢ < —1/4 u moboM ¢, # 7/2 B «00pe3 HHOM»
MOoJIe 9 CTUIl HMMEEeT JeWCTBUTENIbHBINA, AUCKPETHBIN CIIEKTP ®HEPIUil, COIT CHO
(42) uncno Hyneit ee BOMHOBON (pyHKIMH ® = P, p CHOTOXKEHHBIX CIIEB OT
TOYKH = (@}, HEOTP HHYEHHO BO3p CT €T HpH ¢, — 7/2. T1o u3BeCTHOI ocLmI-
JIAUMOHHOH TeopeMe [15] BoHOB 5 pyHKIMS OCHOBHOTO COCTOSIHMS JUCKPETHOIO
CIIEKTp , KOIl p? MUHUM JIbHOE, BOBCE HE MMEET Hyjleil, 4TO BO3MOXHO TOJBKO
B npesiene @ — /2 W NpH ee sHepruu p°> = —oo. Y cTuIl ¢ T Koii sHeprueii
JIOK JIM30B H B TOYKE (p = m/2.

3AKIIIOYEHHUE

CyMMHUpyeM OCHOBHbIE Pe3yJIbT Thl P OOTHI.

IMoct BiieHH s BO BBejeHu# 3 1 4 TOJNHOCTBIO pelieH : Ui JiIoOoro jeii-
CTBUTEJILHOTO Tl P METP ¢ CHHIYISpHOro mnons c(sec)? NpemioxeHsl W Hpo-
WIDTIOCTPUPOB HBI TP TOBOJIBHO MPOCTHIX CHOCOO BBIYMCICHUS HPUOTIKEHHBIX
JefiCTBUTEIBHBIX U OGONBIINX MO MOIY/II0 COOCTBEHHBIX 3H UeHHil p? U COOTBET-
CTBYIOIIIUX COOCTBEHHBIX (PYHKIMA P HMCXOMHOW OTHOPOMHOW Kp €BOM 3 1 4d
lIpemunarep (1)—(3). IlepBbiii crioco6 — oOmUc HHOE B P 31. 2 NpHOIUXEHUe
BKB, BTOpOii crIOCO6 OCHOB H H 3JIEMEHT PHBIX CHMITOTHYECKUX (DOPMYJ X,
MPUBEOCHHBIX B P 3. 3, TpeTUil cocod MpeACT BJICH B p 3. 4 U pe JU3yercs pe-
[IEHHEeM CHCTEM JIMHEWHBIX yp BHEHHU C TPEeXAHW TOH JIbHBIMA M TpHUIl MU SIK0OU
U MOCJEYIOIIUM BbIYUCIIEHUEM cyMM Dyphe.
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[MepeynciiuM 171 BHbIE (PU3MYECKUE CIIEICTBUS BBIIOIHEHHBIX MCCIIENOB HUM.

B p MK X u3BecTHoii Bepcuu Meton BKB B mose c(secp)? npu ¢ > —1/4
9 CTHI] HMMEET TOJIBKO HeHCTBUTENbHbIN, JUCKPETHBI, HE OIP HUYEHHBIA CBEPXY
M Orp HHMYEHHBIH CHU3Y BeMunHOM p?(c) = (3/2 + v)? sHepreTHUeCKuil CIeKTp,
COBII [ IOLIMIA C TOYHBIM CHIEKTPOM, yCiIoBHe ¢ < —1/4 sBisercs 10CT TOYHBIM
ISl KOJUT TIIC 9 CTHLBI B CHHIYISIDHYIO TOYKY ¢ = 7/2 HOJIs, P T KOM YCIIO-
BUH B mpejienie p? — —0O BOJMHOB s (DYHKLMA 4 CTHIbI, GBICTPO OCIMILTUPYH,
JIOK JIM3yeTcsl BOJIM3H 9TOM TOYKH,

B nio6om «o6pe3 HHOM» mosie O (¢, — @) c(sec )2, @y # m/2 9 cTUIl UMeeT
JEUCTBUTEIIbHBIN, JUCKPETHBINM, HE OIP HUYEHHBIM CBEPXY U OIpP HUYEHHBIA CHU3Y
BeJIMUMHON D7 (c; p,) PHEPTETUUECKHUIA CIIEKTp, IpU ¢ > —1/4 u ¢, — /2 310T
CIIEKTP CXOIUTCA K TOYHOMY CIEKTPY B IOJIE c(sec )2, HU NPU K KUX C U @) 7
7/2 3H yeHue p? = —0O He JOCTHXMMO U KOJUI TIC U CTHIIbI HE BO3MOXEH.
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