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c.J1. Cep.QIOKoaa 

OB OCQJ1JIJUIQJ1HX,., 
B03HJ1KAIDmHX llPJ1 qJ1cnEHHMX PACqETAX 
PA3PMBHMX PElliEHJ1M 

~J11!li!JEPEHUJ1AJibHMX YPABHEHJ1M 

HanpaBJ19HO B "')!(yj:JHan· Bhi'!I!CnuTenhHoli MaTeMaTHKH 

li ·MaTeMaTuqecKOii ~li3HKH"' 



ITpii "'IICneHHhiX pacqeTax pasphiBHbiX perneHIIfi nii!f>!f>epeHuiianbHhiX 

ypaBHeHIIfi HaomonaeTCSI pa3MhiB8Hl!e pa3phiBOB II. 1 KaK IlpaBIIno, B03HIIK8IOT 

OCUIInnSIU!Ili 1 KOTOpbie MOryT ClinbHO .liCK83HTb pellle HHe. · l13y"leHHe SIBneHHfi 

TaKoro pona IIpencTaBnSieT OOnblllOll: IlpaKTH"leCKHfi HHTepec. 

B rrpen!'araeMoll: paooTe paccMaTpiiaaeTcst sanaqa c •pasphiBHhiMII .. 

H8"18nbHhiMII ·naHHhl.MH !lliSI niiHeti:HbiX · pa3HOCTHhiX CXeM C IlOCTOSIHHh!Mli KO

a!f>!f>IIUIIeHTa~m 

= k a
0 

u
0 

lfl ~k f J+f 
(1) 

IIpli j < 0, 

npii j~ 0. 

PernenHe 9TOti: sana"'H oyneM H83b!B8Tb pa3HOCTHOH CTyiieHbKOH. Pa3HOCTH8SI 
. . n 

cTyrreHbKa oyneT 0003H8"18TbCSI qepe3 Gj B OTnH"llie OT perneHHfi ( 1) c npy-

. riiMII Ha"lanbHhiMII naHHhiMII. OoosHa"'IIM qepes f( z) xapaKTepiicTH"lecKyiO 

!f>yHKUHIO ( l): 
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X· 

ITpennonaraeTcSI, 'ITO cxeMa ( 1) ycTOH'IHBa £ L :! : 

IHe'¢>1.5:1 

n 

npu 
) 

0 ~ ¢ < 217. ( 2) 

PasnocTHaSI cTyneHhKa Gl MO:lKeT 6biTh npe.ocTasnena a. anne . cnenyromero 

unTerpana: · 

.j n 

Gn = _1_ J z f (z) d z . 
l 217i D (z-l} 

(3) 

3.uech· D -KonTy~, co.uep:lKamuii: BHyTpu ce6SI ·.z =1 u nonroca f ( z) ., pacno-: 

no:lKeUHbl8 BHyTpH e.ouHH'IHOI'O Kpyra I z.l ~ 1 • OKpy:lKHOCTh- e.uunuqnoro 
.- . , .. . · n .. 

Kpyra I z I =l p6osHa'IHM qepes D 1 . • p a3HOCT'HaSI iflynKUHSI rpuna rj' .. sa·-: 

.uaeTcSI unTerpanoM: 

r; 1· l-1 n • 
=--. J z f (z)dz. 

217i D 
• I 

( 4) 

. Pa3HOCTHaSI CTyneHbKa H ·pa3HOCTHaSI iflyHK~HSI rpuna CBSI3aHbl COOTH0lll8Hli8M 

n 

Gl 

j 

~ 
-oc 

(5) n 

re 

llnSI yCTOH'IHBb!X B C pa3HOCTHbiX CX8M pa3HOCTHaSI iflyHKUHSI rpuaa orpaHH-• . . . 

'lena B L 1 pasnoMepno no n 

r . I ~ n 1 :s. c • npu o ~ n ~ oo ~ 
""' 

O~cro.u'a cnenyeT, 'ITO .rtnSI ycTofi'IHBbiX B C pasnocTHbiX cxeM ·pasnocTl!aH 

CTyneHbKa OI'paHH'I8Ha B C paBHOM8pHO no D 

n l n 

I G 1 I =I_~ re 1-< 

.. < 

"" .. :rf 

n 

~I rl I~ c·. 
j 
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XapaKT8p!ICTIPJ8CK851 cjlyHKUII51. pa3HOCTHOH CX8Mbl C IIOCTOSIHHbiMII Koacjlql!IUII:-

8HT8MII, arrripOKCIIMIIpyroiUeii: K8K08-nii60 .. lliic!JcjlepeHUIIanb~Oe ypaaHeHIIe, ·ylloa-

, .TaK KaK abliiOnH518TC51 ( 2) 0 a· 0Kp8CTHOCTII 

· ¢ = 0 ( z = l · · ) cpaaellniiao pa$no>KeHIIe 

{6) 

3aecb a e .(3£ - aemecTaeHHbl8 II rrepabifi OTnii<Hihiii: OT. Hyng f3 e . ( ecnii Ta-

Ko~oii: aoo6me IIMeeTcsir i:ii:se;aeT qe'iHoMy ··- ·-i,2~t 

Ha3oaeM cTyrreHhKoii: cnellyro.myro cjlyHKUIIro: ' 

u(jh,nr)=l 
0, j <an,-

l,j~an. 

0603H8'1llM 'l8p83 g( n) -aenii'liiHy yKnOH8HII51 p83HOCTHOH CTYII8HbKII OT CTy-

rreHbKII:. . n_.. , . n. n 

g ( n )_"" !.l I G l - u ( j h , n_r) I "" !. I G l I + !. II-G l I . 
J<an j~an 

n· 
Mbl XOTIIM. oueHIITb g( n) • nn51 9TOI'O HafilleM 8CIIMIITOTIIKY. G j a 

oKpecTHOCT~ xapaKTepiicT~KII ( lln51 j · , 6nii3KHX K an ) , B pa6oTa/ 1• 21 

fJbimi IIonytJ8Hbi 8CHMIITOTH'leCKll8 OU8HKII p83H<;lCTHOfi cjlyHKUllll fpi!Ha, I1HT8_: _ 

pec.yromnfi·: Hac HHTe;pan ( 3.) -oTn~tJaeTc51 oT HHTerpana ( 4), rrpellCTaangromero 

Ja3JI~CTHyiO cjly~KUIIIO fp1IH8 0 nHIUHIIM --MIIO>K-l!TeneM -lf(~-1) IIOil 3H8KOM II H-. . . . 

Terpan(l. ·npu r . 6nl!3Kl!X K an· J aCIIMIITOTl!Ka ( 4) orrpe)len51eTC51 TO'!K8Mll 

nepeaana, 6nH3KHMn ·K. z~-1 , Ho {3) rrpn z.,l· . IIMeeT rronroc, KaK Tonb

.. KO rronroc rrorra)laeT ·a o6nacTb annsmim orrpellen51IOIUIIX TotJeK rrepeaana;_ ·o6bi'l

. H~Ifi' M8TOil. rrepeaana CT8HOal!TC51 He Ilpl!M8Hl!M, nng- j 1 _DTileneHHbiX OT an, 

rro~roc .. z ~ l .. ": ~aXOilHT~si na. rr~n-D>KIITenhJIOM pa~-CTOSIHHH- oT orrpellen51roiUnx ·_ 
.' ' . 

, TO'l8K -rrepeaana. pn51'. T8KIIX. ll8HCTal!TeneH o6bi'!Hbifi . M8TOil rrepeaana II 

8CHMIITOTHK8 IIHT8I'pami--' ( 3) OTnii'l88TC51 OT 8CHMnTOTIIKH liHTerpana ( 4) 

5 
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MeAneHHO MeH~IDmHMCH COMHO~H~eneM, TaK KaK.pa3HOCTH8H CTyiTeHbKa H 

pa3HOCTH8H !flyHKUHH fpHHa CBHaaHbl COOTHOllieHHeM ( 5) 1 ecTeCTBeHHO ITblT8Tb-. . 
n n • 

CH. rrony'IHTb oueHKH llnH G j. cyMMHpOBaHHeM oueHOK AnH rj • nocTpo.- . 

eHHb;e paHee'oueHKH rln 

o5 yCTOll'IHBOCTH. B C 

5binH llOCTBTO'IHbl llnH n·On!IOI"O perneHHH BOITpoca 

01lH8KO. OHH HellOCTBTO'IHO TO'IHbi1 'IT05bi C HX 

rroMomhro Mo~Ho 5bmo a!fl!fleKTHBHo oueHHTb pa3HOCTHyro cTyrreHbKy, KpoMe 

Toro1 cyMMHpoBaHHe TaKoro polla oueHoK - neno TPYilOeMKoe, · Mbi rrpell-

rro'lnH rrocTpOHTb oueHKH G~ He?aBHCHMO OT OUeHOK r: 1. BOCITOf!b30B8B-

n 
lliHCb MeTOAaMHI pa3BHTbiMH rrpH rrocTpoeHHH oueHOK 'llnH r j • CTapbie 

MeTOilbl oueHOK 6bmH ycoBeprneHCTBOB8Hbl~· B pesynbTaTe ~llanocb yny'IIDIITb' 
n . 

, 11 yrrpocTHTb oueHKH u n'ng .r1 • B· aToM CMbicne pa5oTa TaK~e1 rro-BIIAIIMo-

My1 rrpe/lCTaBnHeT IIHTepec, 

'4To KacaeTc.II pa5oT llpyrllx aBTopoB1 To 3necb rrpe~ne Bcero cnenyeT. · 
.. -/3/ . . 

yiTOM.IIHYTb CT8TbiD 4>ellopeHKO. 1 B KOTOpOH OITIICbiBaeTC.II .IIBneH!Ie OCUIInn.II-·· 
,. /4/ 

unil1 Ha5nrollaeMbiX rrpii 'IHcneHHhiX pac'leTax, B pa5oTe rnBellCKoro MaTe-

MaTHKii\ Thomee ITOCTpOeHbl HHTerpanbHbie aCHMllTOTHKH pa3HOCTHOH' CTY-' 

rreHbKH lln.II cny'la.II yCTOll'IHBbiX B C pa3HOCTHbiX cx.e~,_ ~Til: . 8CHMITTOTIIKII 

IT03BOnHIDT oueHll;b lliHpHHY pa3Mb!B8HH.II pa3pb~B~~. 'C yBen!IlJeHHeM llOp.IInKa 

TO'IHOCTH · o5nacTb pa3MhiBaHH.II cy3KaeTC.II, KpoMe Toro1 aBTop rroKa3biBaeT, 

'ITO pa3HOCTH8.1I CTyrreHbKa .IIBnHeTCH.MOHOTOHHOll nHllib nnH CXeM rrepBOI"O 

ITOpH/lK8 TO'IHOCTH, llnH . CXeM 5onee Bb!COKOI"O llOpH/lK8 TO'IHOCTH Heirs5e:nmo 

· B03HHK8IDT OCUHnnHUHH, 'lJT05bi 'paso5paTbCH B xapaKTepe 9THX OCUHnn.IIUHH1 

Hy~Hbl 5onee llpOCTb!9 8CHMITTOTHK!1 1 '!eM 'HHTet"p~f!b,H~Ie 8CHMllTOTHKH Thomee, 

KpoMe TOI"01 ·;C;C;ll~HB~IX B C .CXeM H~· TBK MHOI"O,· IT09TOM; lKenaTenbH~ 
pacCMOTpeTb Knacc ycTOll'IHBbiX' B L :a pa3HOCTHbiX cxeM'~. B pa5oTe Mats.· 

. . . /5/·. ,. . 
Y .• T. Apelkrans paccMaTpHBaeTCH Knacc ycToli;'IHBhiX B L2 

nnccnrraTHBHhiX pa3HOCTHhiX ex eM, 'nn.II ypaBHeHHR· ·. ut + u x "'0 rrony'leHa 

oueHKa CBepxy /ln.II yKnoHeHH.II pa3HOCTH0ll CTyrreHbKH OT CTyrreHbKH, OueHKa 

38BellOMO He HBnHeTCH TO'IHOH1 TBK KBK pa3HOCTH8H CTyiTeHbKa OK83hlBaeTCH 
. ~ ·.,¥".; 
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. HeorpaJUPiaHHOfi OKOnO xapaKTapiiCTIIKII .(la)Ke AnH ycTOfi"'IIBb!X B C CXaM, 

/6/ . 
HaKoHeu, ocTaHOBIIMCH aa pa6oTe G. W.Hedstrom • B nett cyMMIIpoBa-

HIIeM OU8HOK .(lnH r; nony"'aHbi OUaHKll CBepxy AnH yKnOH8HHH pa3HOCTHOfi 

cTyneHbKR OT cTyneHhKH. ITprr .. aToM 6brn rrcnonh30BaH MeTOA cyMMIIpoBaHH.II 

ITyaccoaa • .[loKasaTenhCTBO .noBonhHO rpoMos.nKoe. ITony:<~eHbi nHIIIh oueHKH 

CBepxy,. Heyny"'IIIaeMOCTb OU8HOK Ha Knacce CXeM AOKa3b!BaeTCH ITOCTpoeHH

eM cneuiianhHbiX npnMepoB. ,, 
~ npe.nnaraeMOfi pa6oTe Henocpe.(lCTBSHHO CTpOHTCH aCHMIITOTHKa pa3-

HOCTHOfi CTyneHbKHo 3TO · Il03BOnHeT li36a)KaTb CnO)KHOfi TaXHHKH. cyMMHpOBa-. 

HHHo C IIOMOIIlhiO ITOCTpoeHHb!X 8CHMIITOTHK y.naeTCH IIpoauanH3HpOB8Tb xa

paKTep rrapa3HTH"'8CKHX OCUHnnHUHfi,· HaKOH8U 1 C ITOMOIIlb!O STHX aCHMIITOTHK 

nony"'eHhi , ;O"'Hb!e ITO IIOpHAKy OU8HKH B C KaK CBepxy, 

TaK II currsy. PaccMaTpHBaeTcSI o6ru1Ifi cny"'afi ycTofi"'IIBbiX B L 2 cxeM, 

KaK AHCCHI!aTHBHbiX 1 TaK II H8AHCCHII8THBHbiXo 

ITepexoAHM ~ rrsno)KeHHIO OCHOBHotl: "'aCTH pa6oThi. ITpe*Ae Bcero AO

Ka3biBaeTcH 

n eM M a n 0 K an H 3 au H H • CyruecTBy!OT IIOCTOHHHbie B . H_ c I TaKrre, 

'ITO .nnn Bcex' n > 0 cnpaBe.nnrrBa ouenKa 

n 
~ I Gl I+ ~ 

1<-Bn J>Bn 

Ill 
.[loKa3aTenbCTBO TO"'HO TaKoe )1(8 1 KaK B o 0TnH"'He COCTOHT nHIIIb. B TOM, 

'ITO nprr .necjlopMa~HH rrcxoAHoro-KOHTypa D B (3) AnH j> 0 B OKpy)KHOCTb 

12:1 ;;. e <1 Mbl I!pOXOAHM IIOniOC Z =1 o CooTBe~CTB8HHO K HOBOMy HHTe ... 

rpany HaAO A06aBHTb Bb!"'8T OTHOCHTanhHO Z =1 • . 3ToT H>r"'eT paBeH l.o 

3aMeTIIM 1 'ITO IIOCTOHHHbie 8 , c 

He· 3aBIICHT.·HH OT n _1 HH OT'j 

ll Bee Apyrrre IIOCTOHHHbie B STOll pa6oTe 

o .(lng IIpOCTOTbl o6o3Ha"'aHHfi O.(lHll 'll Te 

)1(8 IIOCTOHHHbia 6yAyT llCIIOnh30BaThCH H8CKOnbKO pa3 B pa3Hb!X "'aCTHX pa-

60Tbl AnH o6oa Ha"'eHHH pa3nH"'HbiX BenH"'HH, 

7 



. . 1¢ 
nanee OT.IlenbHO paccMaTpHBSIOTC.H TaKHe cny'laH: If ( e ' ) I < 1. 

BCIO.IlY Ha 9.1lHHH'!'JHOli OKpymHOCTH 1 KpOMe KOH9'1HOrO 'JHCna TO'I9K 1 B KOTOpb!X 

lf(e 1¢)1_=1 ;lf(e 1¢)1=d npH0_<¢<277,, 
1 

1 cnyqalt: If (.;~~--L< 1 H- BCJOnv ll'fl 0 S. ¢'< 2" 
- -~· I ¢J 

KJ2.0Me KOH9'1HOrO 

'IRena To'leK ¢t • ,, ¢t , B KOTOpbiX I f(e ). I·"' 1 ... ·,.• 

To'IKH ¢. 1 , ••• , ¢t HaaoBeM onpenen.HJOlliHMH TO'IKaMH, CpenH HHX 

ecTb ¢= 0 • B Manoli oKpecTHOCTH Kamixofi onpenen.HJOwefi ·T'O'IKH 

cnpaBennHBO paanomeHHe 

n I¢_ · r." _ 2 /L . r . _ f 
exp(ij¢)f (e )=expli(j-ainH¢-¢. )+n <e~ iael.¢-¢.) 

- 21L 
-{3 (¢-¢_ ) 

21L •. 

00 r,..-c - e 
+ ~ ~e<¢-¢. >>+ 
e ..all+' 

..... -
ina 0 + ij ¢. I . 

¢ •. 

(7) 

".l.·· r 
3necb ae -BemecTB9HHbie, {32/L > 0 • ITycTb D COBnanaeT c D t BCJOJly, 

KpoMe 8 -oKpecTHOCTH z= 1 • B 8 -oKpeCTHOCTH z=1 KOHTyp D . HJleT 

no nyre I¢ I = 8 , IT_$ arg ¢ _$. 2 " (na z -nnocKoCTH aTa 'laCTb D 

nemHT BHe 9JlHHH'IHOrO Kpyra) • p SCCMOTpHM HHTerpanbi ITO OKpeCTHOCT.IIM 

onpenen.HJOWHX TO'IeK ( ItHTerpan··k no ocTaBirrefic.H qacTn D aKcnoHeHunanhHO 

Man). ITpH'IeM nn.11 Hac · npencTa-Bn.HeT UHTepec nHmh HHTerpan no 8 -oK:-

pecTaocTH ¢ = 0 • OcTanbHbie :iuiTerpanbi HU'IeM .. He -·oTnu'laJOTC.H oT nHTerpa-
. I 1 2 / . · · · . 

noB1 paCCMOTp9HHbiX B 
1 

• • 11TaK1 Tpe6yeTC.II HafiTn ·?~HMnTOTHKy cneJlyJO-'• 

mero nHTerpana: 

n . 1 2/L e 
I =-f exp I ij¢ +n(-ia¢ + t iae ¢ 
J 217 

. I 10 o I 

21L 00 e d¢ 
-{3. ¢ + ~ ce¢ I~= 

21L .21L+' 1-e 
K = ¢= 8 e , TT~ :>: 2~ 

1 . . p . d¢ 
·= -- f expl ij¢ -ina¢+ncP ¢ (1+0(¢))1 ~· 

2 1T - · • 1-e 
K 

.. 
. ~~~ 8 

·.r -,: 

( 8) 



TipnMeM j -an aa Hoaoe npocTpaHCTBeHHoe nepeMeHHoe n 5y.neM 
-:1 tip 

o5oaHa'laTb ero qepea j • OT.nenhHO paccMaTpnBaiOrcSI MaJlbie J n 

J In tiP. nop's:!.nKa e.nnHHUbi .n 6oJihll!lle J In '1: 
· j-an I ' n eMMa. Ecnn I P. r=- . :s:.A • TO AJISI .nocTaTO'IHO OOJiblllllX. n ' cnpa-v n . 

BeAJIHBO TaKoe npe.ncTaBneHne: 

1. p - He'leTHoe, TorAa 
j-an p) 

I
n 

1 
. ..._.

1 
J"" sin ( Py'ii ¢+aP ¢ 

J = -+ -- ---'----,..----- d¢ + R , 
2 2lT -0<> ¢ 

·- ... -

j-an P 
sin(--¢+a ¢ ) "" 2k . 1 "" Pyn p . 1 k E k1T .. 

- f'----'------ d¢ ="""'" (sgnaPH }; (-1) -
1 

sin(-) l2k-l + 
27T_"" ¢. 1T 0 2k. . p 

ICtJ 
2_. p- 'leTHoe, cP =Ue 

"" e p j-an Io=J ¢ exp-la 1¢ dcp,E =-,r;:=-sgna . 
{. . p . -...;; p 

: C CXeM, C = ia - {3 llJISI yCTOfi'lllBbiX B C · p p p 

AJISI HeyCTOfi'lllBbiX B 

cxeM); Tor.na 

sin( j-an ¢) 
n 1 1 "" vn p ~=!'I'""+~ f __ _..;..._n..,-__ exp('l> ¢ ·) d¢ +R, 

;.: :.:_:77_"" ¢ 

r.ne IRI '5 c(A)I prn . P'-
,. nnSI MaJibiX I j-an I I v n 

"" . (j-an ,~,.) 2k+l ~2k+l)t. 
1 SIR -w 'I' . P 1 "" k ( . p 

-2- J ----'---- exp(c ¢ )d¢ =-}; (-1) ---'-e 
1T -O<> ¢ p . . 1T 0 (2k+l)! 

I . 
2k. 
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ll 0 K a 3 aTe nbC T B 0, npOBO.I:UITCSI TOnbKO nnSI lt9'19THblX p • llnSI 

qeTaoro cny'laSI noKasaTenhCTBo aHanornqao. qTo6br nopy'IHTb ncKoMoe npen~ 

cTaBneane, npeo6pasyeM I1n B cyMMy nByx HHTerpanoB: 

- . p . 

I
n l exp(ij¢+ina ¢) l 8 
l = -f p d-1.. ( (•-=- . p 

211i K · ·· -¢ '+" + 211 _[) exp IJ¢ +inaP cP, )~ 

l l 
X I - TT ----:-:r + 

1'+" l-e1'+" 

p+l 
exp(inap+l¢ (1+0(¢))) -l 

i-e lcp 
ld¢ =II +I2 

11HTerpan I~ MO)I{HO saMeHHTb HHTerpanoM no BemecTBeHaoll:· ocn, cnenaB 

COOTB9TCTBYIOlllYIO nonpaBKy: 

8 :.... . . . 

I 
l l sin(j¢+na P) 

1=-+--.·£ pep 2 211 . - •¢ 

. ( j . . p 

dcp=~+-1-oo SIR P../ncp+apcp 
2 2tr _L 'd¢+ R, 

¢ 

rne ~ ( j -I. p 
SIR Vn '+"+apcp )_ 

¢ 
dcf.>l.s: L I 

IRl= 1211 l¢1>8 PVn 

_ qTo6br oueHHTb HHTerpan I 2 , ne<PopMnpyeM KOHTYP HHTerpnpoBaHHSI:, 

0Tp93KH [-8 ,0), [ 0,. 8] noBopa'IHBaeM aa yron_ .. tr/_2p B TaKOM HanpaB-

neann, 'IT06br aa noBepayTbiX oTpesKax 

Re (inaP cf.>P) =-nlaPil¢PI· 
'", 

KoaTyp saMbrKaeTcSI nyraMn oKpy)I{HOCTH I¢ I ;., 8 Ha coenHHSIIOUIHX 

nyrax npn . nocTaTO'IHO ManoM 8 H nocTaTO"'HO 6onhwoM n , nonHHTerpanhHaSI 

<iJyHKUHH no Monynro He npeBocxonnT . 
... ; 
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' ..... '~. 

3aecb' rrocTOSIHHaSI c He -sanncnT Hn oT n , Hn oi A • 0TCIOJla cne

ayeT, 'ITO HHTerpanhi -rro coeanHSIIOlllllM ayraM He .rrpeBocxoasrT c/ n • - 'tJTo-

6bi oueHHTb llHTerpanhi IIO IIOBepHyThiM OTpe3KaM 1 Ka)I(JlhiH ll3 9TllX 0Tpe3KOB 

pas6nnaeM Ha Tpn qacTn: 
I I 

- p--KU ' - j) t<U 

[O,c(A)/ PV-;h [ c(A)/ \f;, n ], [n , o]. 

Ha JlBYX rrepBhiX 'IaCTSIX rroanHTerpanbHasr ~yHKUIHI rro Moaymo He rrpeBocxo.,.. 

JlllT 

DocTOSIHHaSI _ c , He saBncnT HI} OT n 1 Hll oT A • DocTOSIHH~flo, c(A) 

6epeM TaK 1 'IT06bi Ha BTOpOM OTpesKe 

rro.ti-

' ..l..p 
I1HTe.rpan rro TpeTbeMy oTpesKy aKcrroHeHunanbHO Man sa c'!eT 'IneHa maP'~" • 

I1s rrony'IeHHhlX oueHoK cnenyeT, 'ITO 
p 

1121•::::. c(A)/ j;'. 

Pasno)l(eHne B psra no cTerreHSIM c cTponTcsr cTaHaapTHhiM o6pasoM. 

Oc~anocb paccMoTpeTb 6onbmne I j-an I I '~'v-;; 3To Han6onee 

cnO)I(HhiH ll llHTep,eCHhiH cnyqafi. -llnsr TaKHX j aCHMIITOTllK8 rronyqaeTCSI C 

rroMOlllbiO,MeToaa rrepenana. To'!Kn rrepeBana rroanHTerpanbHofi ~yHKunn,(8) 

YJlOBneTBOpSIIOT COOTHOilleHll!O_' 

j p-I 
-+pc ¢ (l+¢Q(¢)),o. 
n P 

j 
Dpn n ... o 9TO ypaBHeHHe nMeeT p -1 KopHefi, cTpeMSillliiXCSI 

I I (2k+l) TT I 

"" j p-=-!' ' P -I 
¢k ,(--)- c 

n Cp-
U+0(*-/-=1 

), k=·O,l,2, .. ,p-:-2 
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OcTanhHbte KOpHir ( 9) npu {--,... 0 CTpeMHTCH K OTnU"<IHbiM OT HynH pe-
l 

IlleHUHM ypaBHeHHS!_ 1 + ¢ Q ( ¢) = 0 • Dpu nocTaTo"<I~o ManoM c n no-

cTaTO"<IHO ManOM r{- B 0 -oKpecTHOCTll ¢= 0 ne>KUT, pOBHO p-1 TO"<IeK ne

peBana nonnHTerpanhHoii cjlyHKuun ( 8). Bnpenh 6yneT npennonaraThCH 1 "<ITO 8 

Bhi6paHO T8K 1 'ITO KOpHU ypaBHeHUH- l+ ¢ Q(¢) = 0 nelK8T BHe 2 0 -OKpeCTHOC-

TH¢=0. B (8) nenaeM 38MeHy nepeMeHHhlX! 
I 

IJIP p-I 

(-) =A ¢=(J.D.__)~ n I = c I , 
n 

n HapHllY c nony"<IeHHhiM HHTerpanoM 

- p 
c cxp .\I ( isgn j )¢ +c ¢ (1 + 0 (c¢)) I 

=- r p d¢ 
2TTKk 1-clf 

( 10) 

paccMoTpirM IrHTerpan 

1 _ f exp A I ( isgn j ) ¢ +cp ¢ P 1 

1-oo,- ~ IU K/cU 1£..,ool ¢ d¢' 
f 

., 2 TTi 

"' Dpn ManhtX c HHTerpan I MO>KHO paccMaTpnBaTh KaK B03MyllleHne HH-

Terpana I • Dpn 6onhll1HX A acnMnToTHKa I onpenenSieTcH cnenyJOilJirMH 

TO"<IKaMn nepeBana: 

¢k =(-isgn j 
pc p 

1 2 kTT I - --
p-I p-I k 01 2 ) e , = , , .. ,p-, 

Rc((isgnJ )¢ ~c ¢P),!l:O. 
k p k 

1;2 

I 

<~··~ 

--..... 

"~ 



. npu DOCTpoeHllll 8CllMDTOTllKll B03MymeHHoro HHTerpana 

BeHHO OTaenbHO p8CCM8TpHB8Tb ·cnyqan 

ecTecT-

( B rrepBoM cnyqae onpeaenmomne ToqKn nepeBana naxoaHTCH BHyTpn pac-

CMaTpllBaeMOH OKpeCTHOCTH, BO BTOpOM - 3~ npeaenaMH aToil oKpecTnoc· ... 

Tn). CooTBeTCTBeHHo oTaenbHo paccMaTpHBaroTCH TaKne o5nacTn H3MeHeHHR 

"-· 

I j - an I_< o en , l.j ~an I > oen . 

"" B nepBOM cnyqae acnMrrToTnKa I aaeTcSI B03MymeHHbiMH ToqKaMn 

rrepeBana, 5nH3KHMH K orrpeaenHromnM ToqKaMn nepeBana, Bo BTopoM cny-

"' qae yaaeTCR. aoKa38Th aKcnoHenuuanhHyro ManocTb I rrpn 5onhlllllX n 

noKa3aTenbCTBO COOTBeTCTByromHX OUeHOK COCTaBnHeT coaepmaHHe TeopeM 

H 2, 
I 

TeopeMa 1, npn n-> oo , lj-ani_soOn, A=( IJIP) p-
1
-.oo 

n ·"' 
HHTerpan I paBeH cyMMe 8CllMDTOTHqeCKllX BbiqeTOB OTHOCHTenhHO B03-

MymeHHhiX orrpeaenHromnx ToqeK rrepeBana: 

rae 
·. 
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ll 0 K a 3 aTe nbC T B 0 ITpOBOilHTCSI JlnSI HeyCTOH'li!BblX B C pa3HOCTHbiX 

cxeM (p <2JL) • B o6weM cnyqae noKa3aTenbCTBO aH~nornqHo. Tipn rroc~po-

eHnn acnMITTOTHKn HeB03MyrneHHoro HHTerpana I KOIITYP H~TerpnpoBaHUSI 

ne¢opMnpyeTcSI B KOHTyp L , cocToSiwnil: n3·nn11nil: HancKopeil:wero crrycKa, 

rrpoxOJlSIWIIX qepe3 orrpenenSIIOWMe toqKH rrepeaana. Bo3lviymeHHbie ToqKM rrepe:-

a ana HaXOil5!TC5! BH8 o6naCTI! Bni!5!HI!5! H8B03MYW8HHb!X orrpenen5!JO-

wnx TOqeK rrepeaana, TaK KaK rrpn 1 j 1 > n t/P 

I 

( I fl . > ;;-::~ > ( I j lp ) 2 <P -n 
n n 

TaK qTo HeB03MyrneHHbie ToqKM rrepeBana, Boo6we roaop5!, He orrpenen5!JOT 
"' "' 

8CHMITTOTHKY B03MYW9HHOrO I!HTerpana qT06hl HaiTH 8CMMITTOTHKyf 

rrocTopnM HoBwil: KOIITYP HHTerpnpoBaHM5! L B oKpecTHOCTH B03MyweHH?IX .. 
orrpenen5!IOWHX ToqeK rrepeBana KOHTyp L HJl8T ITO B03MYW8HHb!M nHHHSIM Ha-

llCKOpeil:wero crrycKa, rrpoxonHWHM qepe3 aoaMyrneHHbie orrpenemiJOtrrne ToqKn 

"' rrepeaana. B11e oKpecTHOCTn orrpenenHIOWHX ToqeK rrepeaana KOHTYP L 1 

rpy6o roaopH, coananaeT c L • l1HTerpan I acuMrrToTuqecKH paaeH cyMMe 

UHTerpanoB ITO ManbiM 0Kp8CTHOCT5!M B03MyW8HHb!X orrpenen5!JOU!HX ToqeK rre.:. 

peaana. nanbHeil:wuil: rrop5!Jl0K Il3nO)K8JIHSI T8KOB. CTpOHM 'KOHTyp L ' Bb!ITH

ChlB88M rnaBHhlH qneR 8CUMIITOTHKH Il 1 H8KOH8U 0 llOK83hlB89M ·8KCITOH9HUH8nb-

HYIO ManoCTb OCT8TKao 
"' 

Tipn rrocTpoeHHH KORTypa L oTrrpaBn5!eMC5! oT. KORTypa L • KoRTyp L 

COCTOI!T H3 nHHUH HaUCKOpetiwero crrycKa 1 I!M8IOWIIX. CBOHMH aCUMITTOT8MII 
. ...., 

nyqu, Ha KOTOpb!X 

-aP sin pw =-laP I .-~. tw 
't'""Pe 

PaccMaTpnaaeMwe nnHnn HancKopetiwero crrycKa coenuR5!eM c .cooTBeTCTByJO-

wnMn acuMrrToTnqecKnMn nyqaMn .uyraMu oKpy)KHOCTH p= R • Tipn ·a acTa-

ToqHo 6onbWOM R 

i .... 
. -;··< 

Ha C08AIIH5!IOWHX nyrax BbiiTOnH5!9TC5! 
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I 
I, 

· ~Ia I<- a sin pw· <-Ia l/2. 
p p p 

OpH nocTaTO'IHO ManoM 0 (lv!bl paccMaTpHBaeM IJ I ::; o 0 n ) R MOJKHO 

Bbr6paTh MeHhllie 1'IeM 8/£ • B nanhHefirneM Ha R HaKn8JlhlB8IDTCH H8KOTOphle 

norronHHTenhHbJe orpaHH'I8HHH, no B uenoM R -¢uKcupoBaHHoe qucno. 06o3-

!Ia'IHM qepe3 0 y y - OKpeCTHOCTh H8B03MYlU8HHOll orrpenemiiDlU8ll TO'IKH 

rrepeBana, coaepJKiuuym 8JlHHCTB8HHYID H8B03MY1U8HHYID TO'IKY rrepeBana. Upu' 

Jl0CT8TO'IHO ManOM € B03MYlU9HHhl8 TO'IKH rrepeBana BOllllYT B ·- ~ .. ~ 

y 
y-oK-

peCTHOCTH COOTB9TCTByiDlllHX H8B03MYJll8HI!blX TO'I8K nepeBana I II B KBJKJlOll 

n y 6yJieT HBXOJlHThCH 9JlHHCTB8HHaH B03MymeHH8H TO'IKa nepeBana.. B ny 
"' KOHTYP L HJleT rro B03Mymemwil nHHHH HaHcKopeilrnero cnycKa, npoxonHmefi 

"' 
qepe3 B03MymeHHYID TO'IKY rrepeBana. Bue ny KOHTYP L HJl9T no H9B03My-

Jl(9HHOll nHHHH H8HCKOpefirnero CilyCKa 1 npOXOJlHJll8ll qepe3 H8B03MYlU9HHyiD 

TO'IKY rrepeBana, BrrnoTh JlO nepece'IeHHH c oKpyJKHOCThiD I ¢1 =R • TaK 'ITO 

,B Kpyre I ¢1 ~R BHe Y -oKpeCTHOCTH onpenenHIDlllHX TO'IeK nepeBana KOHTyp L 

coBnanaeT c L • llnH 6onhrnHx I ¢1 · o6nacTh 

RcF(¢)=Rel (isgnj) ¢ +ia ¢P },:;: 0 
' p .• 

' 
pacnanaeTcH na ceKTopa. AcHMnToTaMH L cnyJKaT 6HcceKTpHCbJ sTHX ceKTo

poB.· B ceK.Topax, npHMbJKaiDmHx K BemecTBeHHofi ocH, npoxonHT no onHoil 

BeTBH L • B ocTanhHbiX ceKTopax - no .tiBe BeTBH L , KOTOpbre npH 1¢1 ... "" 
CTpeMHTCH K o6mefi 8CHMnTOT8o 3TH B9TBH C08JlHHH8M nyraMH OKpyJKHOCTH 

I¢ I"' R .• BeTBH L , npoxoJlHJllHe B ceKTopax, npHMbJKBIDlllHX K BemecTBeHHOfi 

OCH, C08JlHHH8M C COOTB8TCTBYIDlUHMH aCHMnTOTH'I8CKHMH ny'IaMH nyraMH 

"' I¢ I = H • / nanee L Hll8T rro acHMITTOTH'I8CKHM ny'IBM< Ha~oHeu, acHMITTO-

~H'I9CKH8 ny'IH coenHHHIDTCH c BemecTBeHHofi ochiD nyraMH oKpyJKHOCTH 

\¢\=oft • TaKHM o6pa3oM. BHe Dy KOHTYP f. neJKHT B o6naCTii 

15 



' . 

Rei ( isgn j) ¢ + i aP ¢P I ~ 0. 

Ha pnc.l aTa o5nacTb samTpnxoBana, KOliTyp L I . 
nan nyliKTnpoM, sBesno~-

K8Mll OTM9'19llbl TO'IKll nepeBana. 

- 1 I \r.i I II I ... j . 

. ·' ./"~~/; 
/)A~? j 

I~ I I 
I I . 

I 

tA. 

.. 
-~--:;' 

d's. 

npencTaBnen cnyqati: F(¢)=i¢+i¢4
• 

c:rcf) -= ~r ·1- ir't 

~ ... -. 

.. ·". 

• 
Pnc • 

. ,~:; 

~ Pnc. 2 
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0603H~"'IIM ttepe3 ¢0 Ot:lHY II3 HeB03MyrueHHhiX OIIpeJlemiiO!UIIX TOtteK 

rrepeBana. Tor!la B y -oKpecTHOCTII ¢ 0 crrpaBeJlniiBo pasnO}KeHne 

, 

C!lenaeM saMeay rrepeMeHHhiX: 

. '· 2 t/2 
F(¢)=F(¢

0
)-u, u=(-B) (¢-¢

0
)(l+p(¢-¢

0
)), 

rile p ( t) - aHaniiTIItteCKBSI B OKpeCTHOCTII t = 0 tPYHKUIIY 1 p (0)= 0 • Tipn 

TaKofi saMeae KycoK aeBosMymeaaofi niiHIIII aancKopefiwero crrycKa, pacrrono-

meHHOfi ·aa cp-IInOCKOCTII B Y -oKpeCTHOCTII ¢
0 1 rrepeXOJliiT B 0Tpe30K 

BeiUeCTBeHHOll . OCII -Y1 ,:5. u::;; Y 2 • TiyCTb 

y = min ( y , y ) > 0. 
1 2 

Tor!la aa u -rrnocKOCTII B y -oKpecTHOCTII u = 0 

.. . . p 2fL 2fL-p 
F(¢ )=(isgnj)¢+ ia ¢ + ... + (ia .-{3 )¢ c (l+O(c¢))= 

p 2fL 2fL 

0TCIOJl8 cneJlyeT 1 'ITO B03MyrueHH8SI TO-itKa rrepeBana Ha U -IInOCKOCTII IIMeeT 

BIIJl 
u 0 = ~ (l + p (l )) . 

2 

t.JTo6ol rronyttiiTb' atjJtjJeKTIIBHbie oueHKII OCTaTO"'HhiX ttneHOB 1 IIpOBOJliiML 

ae TottHo rro BosMyrueaaofi niiHIIII aancKopefiwero crrycKa, a rro rrpSIMofi, rrpo

.XOJlSimefi ttepes u 0 rrapannenbHO BeruecTBeHHofi ocii,. BIInO'l'h JlO rrepecetteHIISI 

. c oKpymaocThiO I u I;= Y B TOttKax y 1 , y 2 (eM. piic. 2. Ha aTOM piicyHKe 

17 



KOHTYP i. JJ.aH nyHKTIIpoM. 06nacTb lh· f'( u ) < HP ~, ( u 0 ) 

PaccMoTpiiM UHTerpan no [ Y
1 

, Y2 l : 
3aWTpnxoBaiw ) • 

( cxp :\F(¢\J) 

v::U 

2 . 3 

Y2 Pxp-.\1 (l+p(E))(u-uo) +O(du-'b) )I (l +p (d) (I+ p (u-u ))du = 
I 2 0 J lcp(u) ' 

"' 1-c 

~ ::::: 

27T 
yl 

= 27Ti 

~ ::::: 

cxpAF (¢0 ) 

v-'h 

"' '. 2 3 • -

y2cxp -.\l(l+p(c)) (u-uo) + O(du:-uo) ) I O+p(c))(l +lHu-uo ))d~. 
J "' 

"' -¢ yl 0 

3JJ.ecb lp(!)l.$c 1 c • I R(u-uo)J_~ l'2 lu-uo I • Danee oTpe30K nH-

TerpnpoBaHIIH yJJ.o6Ho cy3UTb JJ.O 
I - I 

[-A-z-+w, A -~+w ] . 

HHTerpan no oT6poweHHOA qacTn He npeBocxoJJ.nT 

"' "' 2w 
l' I exp F (¢o) I exp (-:\ /2). 

Ha ocTaBweAcH qacTn :\£ t 3 Mano. 0TCIOJJ.a cneJlyeT1 qTo 

(l+p(!)) expAh¢0 ) 

I 
A-z-+w 

. 2 3 ~ 

J (exp-A{(1+p(c))t +O(n )l)(l+R(t))dt= --
-A 

27Ti -¢ ·v- 8 
0 

(1 +p (£ )) 

27Ti 

expAF <¢ ) 
-'¢ v-fi 

0 

-3/2 
rile I R I.~ c A 

,. 
>:";' 

-i+<u . . . ... -.• 

00 2 -· 
J exp (-At )dt +R 
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V27TA 

. -"-, 

exp F (¢: ) + R, 
--;;;--:, 
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'11HTerpanhi ITO nyraM (-Y. Y 1 ) • (y 2 • Y ) 9KCITOHeHU118nbHO M8nhi1 .. .. 
TaK K8K B TO'IK8X Y1 • Y2 non11HTerpanbHBH ~yHKU11H no Monynro He npe-

BOCX0ll11T cxp(-eA) 1 a TQ'IK11-y,y E·-6.n113K11 K TO'IK8M y1 ,y 2 ~--B 

TO 'IKe y2 nemecTBeltHaH 'laCTb F(¢) He npenocxon11T -c < 0 · 11 Ha [ y, y ] 
2 

Ref(¢) MOHOTOHHO y6hiBaeT, TaK 'ITO aa seeM [y •Y-l] l!MeeM ReF(¢) <-c • 

11 TaK KaK F E -6n113Ka K' F Ha [ y, y2 ] , TO ITP11 LIOCTaTO'IHO 

ManoM E 11HTerpan no [y,y2 ] He ITpeaocxon11T exp 1-c A/21 3Kcno-
"-· 

aeHu11anbHaH ManocTb 11HTerpanoB no K:ycKaM .neBo3MyiUeHHhiX n11H_11fi na11c-

Kopefimero ciTycKa noKa3hiBaeTCH aaanor11'1Ho. 3Kcnoaeau11anbHaH ManocTb 

l!HTerpanoB no 38MhiKaroiU11M t:~yraM pan11yca R cnenyeT 113 oueHK11 

.. p p+l 
ReF(cf>):o-Rsinw -"'R (sinpw)+O(c R 

OueHKa sepna nnSI nocTaTo'IHO 6onbmoro R n nocTaTO'IHO Manoro c· 

3KcnoHeHU118nbH8S! ManoCTb 11HTerpanOB ITO 0Tpe3K8M 8CHMnTOT11'1eCK11X ny

qefi cnenyeT 113 oueHK11 
... p 

ReF(¢) <p-Ia IP (l+c8). 
p ' 

3Ta ·oueHKa sepHa npn nocTaTO'IHO ManoM 8 11 noc1'aTO'IHo 6onbiUOM R 

3aMeT11M, 'ITO aa paccMaTp11BaeMhiX oTpe3Kax p ::::_ R • HaKoaeu, 9KCITOHeH

U11anbHaSI ManocTb .11HTerpanoB no 6onblli11M 38MhiKaiDIU11M nyraM, coen11HSiro

mn~ ac11MITTOTn'leCK11e ny'l11 c ~emecTBeHHofi ocbro, cnenyeT 113 TaKofi oueH

K11: na ·nyre, coenHHSiromefi. npaBhifi ac11MITTOT11'1eCK11fi ny'l c nonoJK11TenbHofi· 

'laCTbro BemecTsennofi oc11, 

8 
P = 7 e:'l' I i w (sgna P ) I . , 

TT 
O_s:w_< 2P, 

ciTpasenn11Ba oueHKa: 

.19 



"' ReF'(¢)~ 
8 8 p 8 2 /l' . 
-lsinwl-la 1(-) (sinpw)(l+c8)-(-) {3 (cos2p.w)(l+c8)x 
f • . p f f 2p. 

2p.-p 
X f 

f32p. 2~ -p 
<---8 f - 4 

8 p 

-Ia I<-) 
p f 

sin(rrp/8p.) 

2 

lipH 

lipH 
TT 

TT 
O~w~--; 

Bp. 

-.-< w < L. 
8,.,. - - 2p ' 

0Tcrona cnenyeT, qTD HHTerpan liD paCCM8TpHB89MDH nyre He .lipeBDCXDilHT 

" -c n !_ -c n u 2 p 2 
c1-e ~Bn e ~e 

f 

-en 

I1HTerpan. liD neBDil cDellHHsrromeil nyre DueHHBaeTcsr aHanDrHqHD. TeDpeMa 1 

llDK838H8o 

. TeD p eM a 2. Llnsr nro5DrD <jJHKCHpDBaHHDrD K > 0 HailnyTcsr liDCTDSIHHhie 

c , c 
1 

, c 
2 

, TaKife, qTD nnsr I j-an I >Kn ClipaBennHBa DUeHKa 

n 

I I j 
-( l -rsgn j ) I ( -c 1n -c2 !J- ani 

2 See +e ( 11) ) . 

- ···- -. 
n 

LlDKa3aTenbCTBD BDcliDnbsyeMcsr HCXDilHhtM lipepcTaBneHHeM I l 

( 8). Bbtpa)KeHHe liDil sHaKDM aKCliDHeHThi npencTaBHM B TaKCM BHne: 

. "';' . 2p. c 2~ 
n F(¢) =n I i ~ ¢ + i ; a C ¢ -/32p. ¢ (l+p(¢ )) I. 

~DHTyp K liepeTsrrHBaeM B KDHTYP. K' , CDCTDSI!IlHil Hs liDnyDKpy)KHDCTH 

¢=ae IW(egni) 

' ..... 
-:•'.-:· 

, O~w~rr, ..... ·...:: 
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H 0Tp93KOB (-o, -a) , (a, 0) • npn j > 0 KOHTyp ilpOT8CKHB89TCSI 'I9-

pe3 nomoc ¢= 0 • HoBbiii HHTerpan oTnH'IaeTCSI oT ncxonHoro Ha aenH'IH-

HY Bbi'IeTa npli ¢= 0 • OueHI~a ( 11) cnenyeT na nayx HecnO)!{HbiX oueHoK. 

OueHKa 1. npn Jl0CT8TO'IHO ManoM (nnSI4JHKCHpOB8HHOf'O /( napaMeTpa 

MQ)KHO C'IHT8Tb 4JnKCHpOB8HHb!M) H8 nonyoKpy)KHOCTii pannyca a cnpaBeJlnH-

Ba oueHKa 

ReF(¢):5, 
"·IJI f32JL 2JL 
---a I sinwl- --a • cos(2ptU) 

2n 2 
~ 

npn O<w<E- H TT _ _!!_< W 5, TT ; - - 8 JL -8JL-

I j I . < ·". ) TT TT 
--asm -- npn --· <w < Tt---. 

2n 8/L 8JL - - 8JL 

OueHKa 2. npn JlOCT8TO'IHO ManoM a Ha [-8,-a].[a,o] 

nnBa oueHKa 

ReF(¢)..s:- (32 /L a 2JL. 
2 

TeopeMa 2 noK~3aHa. 

cnpaBen-

3 aM e 'I a H He. J13 TeopeMbi 1 cnenyeT 1 'ITO pa3HOCTHbl9 CTyneHbKii 1 OT

. .B9'I810lllll9 H9YCTOH'IHBb!M B C JlllCCiiil8THBHb!M p83HOCTHb!M CX9M8M 1 HM910T 

B OKpeCTHOCTH xapaKTepHCTHKii H9CHMM9TpH'IHb!H OCUHmrnpyiO.UlHH XBOCT lllH-
2U,-p±l . .l-~· 

pHHbi n 2 JL • TaKoii XBOCT naeT B g ( n) BKnan nopSIJlKa n 2 4JL 
L 
p 

BKnan o6nacTn rnnpHHhl n 1 HenocpeJlCTB9HHO npHMbiK810lli9H K xapaKTepHC
.L . 

THKe, ecTb aenH'IHHa nopSIJlKa n P • B 9Toii o6nacTn paaHoCTHaSI cTyneHb-

21 



..J,. 

Kl'i yKnonsreTcsr oT cTyrreHbKH na senH'IHHy rropsrnKa I. OrrJ?enensr!D:Ullfe TO'IKH, 
- - 2y-p+l 

OTnH'IHbie OT ¢= 0 t )la!OT OCUHnnnpy!OIUHe XBOCTb! IUHpiU!bl n 2 JL 

~- +u- -
3TH xaocTbi na10T B g (n) BKnan rropsrnKa n _ll , aoo6rue roaopsr, c 

npyrHMH p . If /l t TaK 'ITO 9TOT BKnan MO>KeT 6h!Tb 6onb1Ile BKnana OT ¢=0, 

II cnv'!aii:: I f(e r¢ )KId· rrpn 0~ ¢.~ 211 

B aTOM cny'!ae OKOnO xapaKTepHCTHKH HMeeTCSI OCUHnnHpy!OIUHll XBOCT 

IIIHpHHhl n • 3TOT XBOCT naeT B g(n) BKnan rropsrnKa Vo ~-- 0CTaBIIIaSICSI 

'!aCTb pa6oThi rrocBHIUeHa noKa3aTenbCTBy aToro <PaKTa. AqHMIITOTHKa CTpo

HTCSI ITO rrpHHUHIIy, H3no)KeHHOMy B TeopeMe I •. nnsr j , 6TIH3KHX K an 

ncxonHhiH· Konryp HHTerpnpoaannsr cnerKa neljlopMnpyeTc~, rrocne 'lero Bo3-

HHKaeT CHTyaUHSI 1 paCCMOTpeHHaSI B TeopeMe I. 0THOIIIeHH9 MHOI'O'lneHOB C 

BemeCTBeUHhiMH KoaljlljlnuHeHTaMH, YllD~neTBOpSIIOIUee ycnOBHSIM 

lf(z) I :i l rrpH lzl = l; f(I)=l, 

Mo>KeT 6btTb rrpencTasneuo B anne rrpOH3Beneunsr BnsriiiKe: 

k z+a e 
f(:.d = n < · ), 

e=~ ae z +l 

r¢ e' ae = r{ ' r e fl. 
, 

Hac HHTepecy!DT TO'IKH rrepesana ljlyHKUHH 

n 1¢. 
exp(ij¢)f (e )=ecp nF(¢). 

STu TO'IKH ynosneTBopsr!OT cooTHoiiieHHIO 

2 • 
k 1-re + _J_)=O. 

F'-i(~ . 2 n 
¢- fkt'l+2recos(¢-¢e)+re 

' .·"·~ .. :;-
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Ka~aaR ToqKa eanHnqHoil oKpy~HOCTnlzl=l RBnHeTcH ToqKoil nepeBana 

ITpH HeKOTOpOM, j o Ka~AOMy j OTBeqaeT KOHeqHOe qncno ToqeK rrepeBa-

na, 'B qaCTHOCTH, cp= Q HBnHeTCH TOqKQH IT~peBana npn ··· 

1¢1 I cp2 
3ToMy j Ha lzl =i··: OTBeqaeT· KoHe.,-moe qncno ToqeK rrepeBana: e , •• ,e 

··. • •. , ·e'
1cp6 .Qn_~.f , 6nnsKHX K. j 0 ,. aTn' Toqi<Ii nrpaiOT ponh orr:-· 

penenHIO!llliXo B Manon 'OKpeCTHOCTR ¢. ' cnpaBeitnnBo pasno~eHHe 

j-jo ·.:. e 
F(¢) "'F(¢. ) + i( 

0 
H¢-¢. )+ i tae (¢-¢. ) ... 

... ,t 

Bee ·ae- BemecTBeHHbte. 

liOCTH ¢; '"' ¢t 

ITycTb pasno~eHHH. TaKoro: poAa BepHbi B. 8 -oKpecT.,;. 
8 ' 

BHe 2 OKpecTHOCTeil 9TH X ToqeK, Ha OTpesKaX . ,, · 

8 . 8 ' 
["'. +-,¢+1--l. 

'I' '2 r 2 
r = 1, .. , l , 

rrpn j=j 0 BbmonHHeTCH cooiHollleHne W¢1> 2d Hs. (12) cneAyeT, 

qTo ~pn I j-j0l < dn Ha Tex ~e oTpesK~X W ¢I> d • . ITpnqeM Ha Ka~AOM 

H3 paccMaTpnBaeMbiX oTpesKoB ( F ¢I i) - BemecTBeH~oe n nMeeT · rrocToHHHbiH 

3H8Ko TaK ~aK -~e.;, 1 ' BTopaH ~p0ll3BOAH8H F ¢' orpaHnqeHa B OKpeCTHOCTR 

eAHHnqHoil oKpy~HocTn: ecrin. non10ca f( z) HaxoJlHTCH Ha paccTosmnn· . B oT 
,l ''•.:..- ·-

ei:tnHnqiwil OKpy~HOCT~·.·· TO B KOnbUe 1-' : <I z I <1 '+: -~- BblllOnHHeTCH ' 

cooTHOI!!eHRe. I~¢ I <A 

B AanhHeilllleM He 6yneM BbiXOJlliTh sa npeJteni>r aToro Konhua •. B oK-
.. . ' . ' ' ' ' lfp 

peCTHOCT_H" npOli3BOnhHOll TOqKH, e)lliHHqHOI'O Kpyra e 0 
,' ., ...• ~ . 

' ~ • 2 
F(¢) = F(¢0 )+F '(¢~)(No J+ R, I R [ ~T I ¢-¢o I· 

OTCIOJla cnenyeT, qTo Ka,~Abiil oTpesoK . [<f>r +.;., ¢ r+ 1 - : ] Mo~Ho rron-
. l ' ' ' ' 

HHTb (nnn onyCTHTb) napannenbHO C8MOMy ce6e Ha TaKoe. paCCTOSll~He K 

23. .;, 
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( riOTpe6yeM JlOIIOnHIITenbHO, 'IT06bi K < 8/2 )., 'ITO o B .ITpHJ110yronbHOii. 06-

·nacTII 

[ rl. 8 0 rl. 8 0 '] 0 .. 
'1'r+2+ II, '~'r+t -2 +.II ,· _<I_,SK, 

.6yJleT CIIpaBeJlniiBO HepaBeHCTBO 

ReF (cp) .$- d1 /2 o 

I 

llnH niiH.S:Ij-j 0 l~8011 B 8 -oKpecTHOCTII paccMaTpnBaeMbiX "orrpenemuo-

~IIx"·To'leK rrepeBa~a KOHTyp IIHTerp!IpOBBHIIH Jle~opM!IpyeTCH T8K ~e, K8K 

B TeopeMe J, C TOll pa3HIIUeii, 'ITO. 8CIIMITTOTII'IeCKHe ny'III 'coeJlHHHIOTCSI He 

c Bemec_TBeHHoii ocbro, a c oTpe3K8MII [ cp;+·f.+K i,¢,+ 1 - }+Ki] • BHe 

8 . -OKpecTHOCTII 
0 

u OIIpoeJlenSIIOlliiiX" TO'Ie~ .. KOHTyp 't IIJleT ITO 9THM 0Tpe3K8M 

(eM. pilc.3). ·. 

Tlonb3YIOCb cny'laeM Bblp831ITb 6naronapHOCTb H.C.EaxBanoBy II n.r.3a-
cTaBeH~o 3a.rrtine3Hhl~ 

i 

' 

' /:: .. ~ 
" . ~' ~ 

't 24. 
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~('f)=- ~r-i- ~r5' 
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