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(HpenCTaBneHa HAYYHO-METOJAHYECKHM CEMHHAPOM KaleApbl HHMKEHePHOH H
BbIUHCJHTEJbHON MaTeMaTHKPI)

3anaua npuOIHKeHHS (YHKIMH BpPeMeHH WIH APYyrux (yHKUHH, onpe-
JeJIeHHBIX Ha NoJy0ecKOHeYHOM HWHTepBase, 4acTOo BO3HHKAaeT B Pas3JIHYHbIY
OTPACJAAX COBPEMEHHOH TeXHHKH.

Econ Qynknua 3ajaHa aHaJIUTHYECKH, TO 3ajavya NPHONHIKeHHs] Hau-
AvymiuM p6pasoM pellaeTcss nyTeM ee Pa3foXKeHWsT B KOHeUHBIH P 110
TOH MW HHOH CHCTeMe OPTOroHaJbHbIX PyHKuMiA. B 3ToM cayuae, Kak u3-
BeCTHO, omnOKa npubamxkeHus OyleT MHHUMAAbHOI B CMbICAe METPHKH
COOTBETCTBYIOLIEro TMHiabOepToBa H#ApocTpaHeTBa. M3 Bcex cucTeM Takoro
poZlla HaWwAyYlUIBMH aAllIPOKCHMHPYIOLUAMH BO3MOXHOCTAMH  06JafaioT
3KCIIOHEHIHAJbHbIe TOMHMHOMBL («e»-nosiiHoMbl) YeboiweBa | pona Tk*(t)
(k=0, 1, 2, ...) u «e»-pyuxkuun Yebomesa II1 pora Sk(t) (k=1, 2, ...)
[5). Oanako, ecoin xoabuuuentsl Pypbe passokerus no GyHkuuam Sy(t)
(k=1, 2, ...) MOXHO NOJYYHTb C MOMOILBIO 3KCHOHEHIHAJILHBIX MOMEHTOB
IJisi BeCbMa UIHPOKOro KJaacca (QYHKUHMHA BpeMeHH [6], To pasjomeHHe no
«e»-nonuHomam Ti*(t) (k=0, 1, 2 ...), KaK mpasuJo, HAUTH HE YAaeTCs
[6]. Mexkny tem npHGJMKeHHbIe 3HaueHHsi Ko3gduuHeHTOB o6OHX pasJo-
KEHHWH, JHIIb HE3HAYUTCJbHO OTAUYaloluxcs otT xodpduunentoB ®ypbe,
MOXKHO NOJIYYHTb B pe3yJbTaTe HHTEPIOJSLHOHHONO {Ipoliecca, B KOTOPOM
y3/1aMH HHTEPNOJHDOBAHHUA CAYXKAT HYAH «e»-nojHHOMa Tyn*{t) Wan ¢QyHK-
nuH Sp+ {t). Takoil nyte onpejenenns ko03b@HUMEHTOB pas3JOXKEHHS $B-
Jasietcsi HauboJsiee TIPOCTHIM H COBEPIIEHHO eCTeCTBEHHbIM, Korna yHKIHs
BpeMeHH, MOoJJexalras pPasfioKeHUI0, 3a/laHa B Bile HEKOTOPOH 3SMIHpPH-
YeCKOH 3aBHCHMOCTH, T. €. IpadHUUecKH.

3ameuaTesibHOe CBOHCTBO OOGBIYHBIX OPTOTOHAJbLABIX HOJHHOMOB, OIllpe-
J1eJeHHBIX HAa KOHeYHOM HHTEepBaJse, 3aKJM0ualolieecs B TOM, UTO OHH OpTO-
rOHaJbHB He TOJbKO B CMBICJE€ HHTErPHPOBAHHS, HO H B CMbICJE CyMMHPO-
BaHHA 10 ya3JaM HHTepHoaupoBanus [4], 6e3 BCAKHX H3MEHEHHI Ppacmpo-
crpaHsieTca Ha «e»-pynkunu Yeboimepa Tx*(t) u Sx(t), 4To cyuiecTseHHO
yupouiaeT Npouenypy BbIYHCIEHHS.

3ajauy HHTEPONHPOBAHHSA ¢ MOMOLILIO  OPTOrOHA/bHLIX (DYHKUHE B
CBSAA3M C 3THM yA00HO paccMaTpPHBATh C TOYKH 3peHHs IKPOCTeHIUHX MOHATHH
¢ VHKIHOHAJBHODO aHaJH3a.

Bo3aMoOXHBE pasguyHbie CXeMbl HHTEDNONNPOBAHHSA C IIOMOLLBIO «E»-
bynkuuit Te*(t) u Sk(t) (k=0, 1, 2, ..., n), Kaxn0i H3 ITUX CXeM COOT-
BE&TCTBVET eQHHCTBEHHBIN CPTOTCHAJbHBIA 6a3uc, NOpoXkKAAONHil HEKOTopoe
fOANPOCTPAHCTBO «M»-MEPHOTO 3IBKAHAOBA mpocTpancTtBa Rn. Huxe pac-
CMaTPHBAIOTCSA HEKOTOpPbIe H3 3THX CXeM.
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1. OproroHajsHbie 6a3UChl HEKOTOPHIX MOAMPOCTPAHCTB

a) [ToainpocTpancTBO R,

[Tvery To*(t), Ti*(t), ... Ta—i(t) — «n» nepBeIX «e»-noauHOMOB Helbilie-
Ba [ poxa [5]. Tlpexmonoxkum, uto £ (i=1, 2 ... n) — HYJIH «e»-NOJHHO-
ma Typ*(t). O6pasyem cucremy U3 «n» BekropoB Ty (k=0, 1... n—1).

«N» KOOPAMHAT KaKIOTO BEKTOPA ITOH CHCTEMBl ONpelde/foTcs Kak 3Haye-
Hus «ex-noangoMa Ti*(t) B Byasx «es-nmonamnoma Tn*(t), T. e.

Ti={Tw* (t:7), T* (L"), ..., Te*(ta")}. (1-1)
[TocTpoennas cucteMa BeKTOpPoB o0pasyeT OPTONOHAJbHBIH Gasuc He-
KOTOPCro moinpocmpancnBa Ry™ 3BKAMI0B2 nmpocTpancTBa Ry [1], tak xaw

fmpunozmeune 1]
(Tk, Tm) =0 k#m

ITllz= (T, Ti) = - (1-2)

Jwboit sextop TR, npemcrasum B (Gopme [1]

n—1

T = 2 b Ty ‘ (1-3)

B uwacraocTH, INpeAnoaoxKuM, YTO 3aiaHa HeKoTopas oOrpaHHYeHHas
pyvikuig 1(t) (oKt<Coo), y,[[O‘BJIeiT‘BOpHIOIJ_LaH yicaosHio [b]

e Q[f(t)] :
V1i—e-2 dt <

TO“la 0Ha MOXeT ObITb pfasnomeﬂa B CXOISILMI PAA IO «e»-TTOJHHOMAaM

b oo
f(t) - 20 + EbKTK*(t)'
K=
Paccyorpuni’ oTpesok psiga

n—1
f(t) =~ %’— -+ ké]]bKTK*(t). (1-4)

[Todoxun nocaenoBareabto t=4" (i=1, 2, . M), TOTAA MOJYYHM CHCTC-
MY H3 . TideHHbIX ypaBHeHHH, KOTOPYIO B BEKTOpHOH dbopMe MOXKHO 3amH-
caTp CI21yrotum obpasom:

n—1 :
= ZbKTTxv (1-5)
k=o
rie Be.m.;opb'fT HMeeT BHJL
fr={f(t;7), f(ts7), ..., T(ta™)}, (1-6}
‘ka (k=0, 1, .., n—1) —CcKanApHBIE BENHUMHDBI, HECKOJbKO OTIHYAIOUIHO-
ca oT kosppuuuearos bgx (k=0, 1, ..., n—1) B pasnoxenuu (l1-4);
Ty (k=0, 1, ..., n—1) —cucrema BekTOpOB, onpeneasemas GopmMyaoii

(1-1) 1 oBpasyromas opToroHasbHbelil 6aszuc noanpocrpaHcTBa Ry™, mpH-
yen BektTop Ty Gepercs ¢ BecoM !/

Pageucmso (1-5) coBnanmaer ¢ (1-3). OHo o3HauaeT, YTO CYILIeCTBYeT
onepatop I,™", OCYILECTBJAAIOIIMA H30METpPHYeCKoe OToOparkeHHe MOLIpPO-
crpancTsa RnrT Ha N-MepHOe 3BKJHAOBO MPOCTPAHCTBO Ry, T. e.

Turr - fr=hr, (1-7)
rie

b= (bo?, byT, ..., bu_iT). (1-8)
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BhiscHHM CTPYKTYpPY omepatopa 1,7". Ywmuoxum (1-5) ckanspHo ua
BekTop T, Torza B cuay (1-2) GyaeM uMeTb
1,7 2 &
wt = ) o 2 S T () (m = 01,20 — 1), (1-9)
“ Tm | n i=1
COBOKYNHOCTb 3THUX YpaBHeHHil MOXKHO sanmucaTbh B dopme (1-7). Cienosa-
TeapHo, onepaTtop [T onpelensieTcs MaTphLed NXn ¢ 3JEeMeHTaMH

T 2 ey D =
gy = T = h Te* (M) (k = 0,1, .n N = 1,2...n).

@opuyaa (1-9) onpenender mpubJauKenHoe 3HaueHHe Koadbuipentos
B pasaoxenuu (1-4), moJydyeHHOC B Pe3yJabTaTe UHTEPNOJALHOHHOIO IpO-
1ecca 110 HVJISM NEPBOTO H3 OTOPOIIEHHBIX «e»-monuHomos B (1-4), T. e. no
nynav Tp*(t). Ecau npoussectu nHopmuposanue BextTopoB Ty (k=0, I, ...,
n—1), 10 NoaAy4uM OPTOHOPMHPORAHHBIH Gasuc noinpocTpancTsa Rn™T, Ko-
TODHIIT MOMKHO paccMaTpHBaTh KaK COBOKYHNHOCTb COOCTBEHHEIX BeKTOPOD
HEKOTOPOro caMoconpsikenunoro omnepatopa AT. CucreMa ypaBHeHUH AJ5

HOPMHPOBAHHBIX BeKTopoB Ty= ]/_Q__-Tk MMeeT BH
n .

AT -Ty=hc-Tx (k=0,1, ..., n—1), (1-10)
76 (k=0, 1, ..., n—1) — cobcrBeHHble 3HaueHus omnepartopa AT. Bmeaem
varpuiy nxXn UpT, cToa6usl KOTOPOH ecTb KOOpPIHHATH BeKTopoB  Tx
(k=0, 1. ..., n—1}.
OuyeBH1HO,
U™ - Up*=E, (1-11)

rie E — eldHH4YHad MaTpuuma, a CUMBOJ (~ ) O3HauaeT TPaHCIOHHPOBA-
nne. MoxHo BHIeTh TakiKe, yTo

- n | ]
O, = 1/7 g (1-12)

InTTffnTT _ —ET E. _ . : (1-13)

H CJ1e10BdTeJIbHO,

Vuuoxuy ypasHende (1-7) na I,T, Torna nomyurm
n
2
270 ypaBHeHHe IKBHBA/IEHTHO BEKTOPHOMY YypaBHeHHIO (1-5), moJayueHHO-

=

IThT . (1-14)

[L.TT ecTecTBEH-

MV B De3y/bTaTe HHTEPNOJHPOBAHUS, NMO3ITOMY MATPHIY
HO Ha3BaTb HHTEPNONAUHOHHON MarTpuuel. CronduaMu 5Toll  MaTpHUbB
cayxar Bektopel Tx (k=0, I, ..., n—1), ymHokeunrie Ha o

Halzem cTpykTypy omnepatopa AT, coOCTBeHHblE BEKTOPHI KOTOpPOTO obpa-
3YIOT OPTOHOPMHPOBAHHBIH 6a3uUC paccMaTpHBaeMOrO HOMAIPOCTPAHCTBA.
Beemem auaroHanpHyro MaTpuuy A

o 00...0
. 0~ 0...0
B (1-15)
; 000 . Ay
¥ HanuimeM MATPHYHOE VpaBHEHHE
AT UnT=U,TA. (1-16)

Ono 3KkBUBa/MEHTHO BCell COBOKYNMHOCTH ypaBHeuuit suma (1-10) [4]. ¥Ymuo-
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KuM (1-16) cnpaBa Ha TpPaHCHNOHHPOBAHHYIO MaTpHUY Uyt YuuThiBas
(i-11), 6yaemMm HMeTb cjelylolllee TpeacTaBaeHHe [AJA MaTPHUHOTO ofe-
paropa

AT = UnT)\-iFnT = %_IHTT'}*'];TT- (1-17)

6) MMoampocTpaHcTBOo Rp%S

Oproronanbibiil 6asuc, nopoiawoliuit noinpoctpadcTso Ry5S, wmox-
HO TOJIYYHTb AHANOTHYHe NpeIbLLYIHeMY.
BoseMem n nepseix «e»-pyukuuii UYeOpiuresa 11l poxa S (t), ..., Su(t)
[5]. Myets tS (i= 1, 2, ..., n) ecTb HYJH PYHKUMH Spp(t), T. e. Hyau
«ey-noinHoMa Yebniniesa Il poaa Un* (1), Tak Kak

Sper(t) = 2-€7 Ty T = e @ - Un*(0).

Q6pasyem n BeKTOPOB Mo Ppopmysae
Sk={Sk(i%), Sk(tz5), ..., Sk(ta®)} (k=1,2,...,n). (1-18)
Moo nokasatps [npuiioxeHHe l], UTOo
(Sks Sm) =0k +#
(S S = 1 Sna= "L (1-19)

MO3TOMY cHCTeMa BEKTOPOB Sy, Sg, ..., Sp MoxXeT OblThb NpHHATA B Kadc-
¢TBe OpTOroHaJ/JbHONO 6a3kca HEKOTOPOro MNOINPOCTPAHCTBA, KOTOPOE Mbl
oGo3nauum uepes RpSS.

PaccMmoTpuM 3ajpadyy HHTEpPHOJHPOBAHHA C MOMOWDbBIC (PyHKUME Sk(t)

(k=1, 2, ..., n). @yskuno (1) (O<t=Coo) NOAUNHHM JONOJSHHTEJBHOMY
| YCIOBHIO
f(c) =f(cc)=0. (1-20)
3ajgauya COCTOHMT ‘B olpeieqeHHH KCID@OHUHEHTOB YaCTHOH CYMMbl -
f(t) = b 2xSk(), (1-21)
=1

KOTOpas HMeeT BEeKTOPHBbIH aHanor
n
J— N S
= ¥ B«*Sk (1-22)
K=1

Cwumuicn pasenctBa (1-22) cocTtouT B ToM, yTo BekTop IS, npunauie-
Kaului noanpoctpancemsy RpSS, packiaaapipaeTcs no opToroHaabHoMy Gasu-
. CV 3TOro NOLANPOCTPEAHCTBA, MO3ITOMY

. (5, S¢) 2

85 = — S i 1Zf(t HSu(t®) (k= 1,2 .. .n), (1-23)

I Sx i =
rae {(tS) — anaueuus (pyﬂxuwu f(t) B yanax uHTepmonHpOBaHHA, T. e.
KooDAMHATH BeKTopa fS. AHamorHuHO NpeabAYLIEMY Mbl MOXEM BBECTH HH-

n—+-1 .
TEPIONALHOHHYIO Mampnuy—_g—— 1,55, cToa6upl KOTOPOH ecTb KOOPAHHATLI

2
COOTBETCTBYIQOUIMX BEKTOPOB OPTOrOHAJJbHOTO 683HC8, YMHOXEHHRI€ Ha I'l-{‘l

C nmomomblo 3Toit Matpuub {1-22) moxHo 3amucats B (opme (1-14)

LR (1-24)
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rae BS= (B3 B25, ..., BnS) — BSKTOp N-MEPHOro 3BKJAMIO0BA NPOCTPAHCTBA

n
R.. Takum o6pasowm, [, ecTh marTpuua, ocylmecTBASIOMAS H3OMOPD-

2
1Oe COOTBEeTCTBHE MeXIy NPOCTPaHCTBOM R, u ero moanpocrpaHcTBom R,SS.
YuuteiBasi, uTo

n 42~ 1 1,58-1,58 = E,

MOXHO MOJIYYHTb pelleHHe ypaBieHHA (1-24) oTHocHTesbHO BeKTOopa PBS

pS=1,5% . {5, (1-25)
KOTOpoe OOBbeTHHAET BCIO COBOKYMHOCTb CKa/JfpHBIX ypaBHenuit (1-23).
OTmeTuM TaxiKe, YTO OPTOHODMHMPOBAHHBI 6azuc Sy, Sa, ..., S, paccuar-

PMBAE€MOro NMOANPOCTPAHCTBY ecTb OcOGeHHble BEKTOPbl MATPUYHOTO onepa-
Topa AS, cTpykTypa KoTOporo ompepensiercss GpopMyJIoi

AS — 1 ;‘ 1 1,55 -h-[58,

B) [ToxmpocTpamcTtso R,ST

[lycte umeer Mecno koHeyHoe pasjoxenue (1-21). B xauecmse y3ji03
HHTEPNOJHPOoBaHKS BbIOepeM He HYJNH «e»-nmoauHoMa Up*(t), kak B mpeaw-
Ayuiem cayuae, a HyJdH «ex-mojiHHoMa Tn*(1). BextopHoe pasnoxenus mo-
JVUHT BHHA

n
= 38 | (1-26)
k=1
rie fT ects (1-6), a BexTop SkT omnpeneasercs hopmymaoh
SkT={Sk(tiT), Sk(tzT), ..., Sx(taT)}. (1-27)
Cucrema sekropos ST (k=1, 2, ..., n) Takxe obnanaeT cBoACTBOM OpTO-

FOHAJIbHOCTH [mpuaoxkeHue 1]
(SKT’SmT) = O k ?é m
n (1-28)

(SKTv xT) = || SKT I e —2

H, CJ€10BATEJbHO, MOXKET CJAYXKHTb OPTOTOHAJbHBIM (a3HCOM NOPOKIAN-
IIHM HeKoTopoe moampoctpanctBo Ry, Bce panee moayueHsble (opMyJbi
COXDaHSIOT CBOH BHI. B YACTHOCTH, €CJIH BBECTH WUHTEPNOJSUMOHHYIO MaT-

n .
prLy —- IxST, cToa6UB KOTOPOM eCThb KOOPIHHATBHI COOTBETCTBYIOILIHX BEK-

n
TOPOB OPTOroHaJbHoOro 6asuca, yMHOMKEeHHbIE Ha 5 T0 (1-26) MoOxHO 3a-
nucaTe B popme
1= 5 LS5, (1-29)
rie
BT=(B.T, B2T, ..., BuT). (1-30)
bynem Takxke umerp
T (fT’SKT) 2 5 T T
W= gta = oy WD S (k= 1,200 (1-31)
’ =

Hin Bosee KOMIAKTHO _
BT =1,5T - T (1-32)



CosmecTHoe pewerue (1-29) u (1-14) naer

@T - ,TnST_InTT.bT,

n ~

bl = —~ 1,77 1,577, (1-33)

DTH BEKTOPHble PABEHCTBA CBA3LIBAIOT KODQHIMEHTHI paznoxeHuil (1-4)
u (1-21), nahianeHHble MHTEPMOJHPOBAHHEM IO OTHUM H TeM XK€ y3jaM Ads

o @ n ~ n ~
O4HOH ¥ TOH ke QYHKUMH. MaTnpuupl - InST - I,TT g 5 [nTT. IS8T ecTp

Matpulbl npeobpaszosauus Bexropa pT B Bektop bT m uaoGoport.

2. CBA3b C YHCJEHHBIM HHTErpHPOBaHHEM

Leario paccMaTpiBaeMblX HHTEPHIOJASLUOHHBIX IPOLECCOB  SIBJSETCS
nosiydenve NpUOIMMKEHHBIX 3HaueHH# Kod(poduuueHTos Dypbe B KOHEUHBIX
pasNokeHUAX Mo «e»-pyHkuuaM Ty*(t) u Sk(t) (k=0, 1, ..., n). Koso-
duunentol Pypbe 3THX PA3J0KCHUE eCTb OmpereeHHble HHTerpadasl [bl,
MOITOMY TIOJIyYeHHBIE WHTEPHOASUHOHHBle (QOPMVIBLI €cTh GOPMYNBL UH:-
JEeHUBIX KBaapaTyp. [lokaxkeM, UTo OHM OTHOCHATCH K TpYINe KBa1paTyp-
HBIX (ODPMYJ HAUBLICIIEH TOYHOCTH, T. €. K TaK HA3bIBAeMBIM TIayCCOBBIM
ksaaparypam [3]

PacevoTpum uuTerpa
2a o(t) e
= V1 —e—at

o}

CienaeM NOICTaHOBKY x=e“at, TOria MHOJAYYUM

y ) gy, (2-2)
V x(1 — x)

BecoBas ¢yakuus P(x)= W__S €CThb YaCTHBIH cCiy4yafi BecoBOi
X X
dyrxun dxkobu P G 9(x) = x7(1 — x)°®, COOTBETCTBYIOIH 3HAUEHUIM

at

dt. (2-1)

1 . .
2” SDTOT YaCTHBIH CAYyUal XdpaKTepH3YyeTCda TeM, YTO NOJHHOMDI

HK06H npesoﬁpasy}OTc;i B CMelleHHble noauHoMbl Yebwimesa Typ*(x) (n=0,
1, 2, ...), KOTOpHIE ‘oép‘asyloT NOJHYIO OPTOTOHAJIbHYIO CHCTeMY (YHKIHA

y=0=— -

na (0,1) c Becom P( _2—) (x) 3, 4] Cornacro o6uwei TEOPUM TaYyCCOo-

BbIX KBaapaTyp [3] npubanxkenHoe 3HadeHue uHTerpasna (2-2) MOKHO MO-
JVYHTB 110 N opauHaTamM GyHKUMH ¢*(x) B Toukax x;,T (i=1, 2, ..., n), rae
(2i — D=

XiT = COS?T (l =1,2...n) (2'3)

ecTb HyAu TmosauHoMa Tn*(x) [mpunoxeHue 1]
Takum 0\6‘pa3iO‘M,

i=!

rie Ry(g*) —OCTBTOWHbIH uleH, UMenlHl Bux [3]
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L o)

ES —_ . -

Rale™) = o3 @)l 0 <& (2-5)
BepHemcsi K npexHed nepeMeHHoﬁ TOrA4, OYEBHAHO,

2a -5 ¢(t) 2 T

y Tt = 4 Bt RCe) (2-6)

3aec 4T (i=1, 2, ..., n) ectb HyaH <«e»-nounHova Yebwpunesa 1 poaa
To* (t) [mpuaoikenue 1] Ilomomum

p(t) =@r(t) =1(t) Te(t) (k=0, 1, 2, ..., n—1), (2-7)

Torma umuTerpaa (2-1) Owier ompesenath KodpduuuenTer Dypne YHK-
uun f(t)
@ at
2 (e TIOT0)
= | ]/’1 — e—at
0

7. . Ko3hbULHEHTH B KOHeUHoM pasgoxeidnd Qynkuxn [(1) no «e»-mosu-
yoMmam Yebwimesa I pozna [5]

by =

dt (k=01 ...n—1), (2-8)

n—1

i(t) = + 2 BT, (2-9)

Cornacso (2-6), y‘l'HTbIBa'H (2- ) n (2-8), moayuum

Qa 2 -1(1) T 2 T " i
fV = T }l‘f )T *(47) + Ry (25). (2-10)

Ecau umers B BHAY (1-9), To MOXKHO HamucaTb
bie=biT+Ru™ (1), (2-11)

rie
2 2 .
= 5 2 (M) (1-9)

ecTh npuG/IHMKEHHOe 3uadeHue Kospbuunenta Pypoe B pasnoxkenuu (2-9),
lioJydenHoe B DPe3yJbTaTe UHTEPIONHPOBAHHS IO HYJIAM  «e»-MOJHHOMA
Ta* (t).
UE‘I‘(a’I)’O‘{Hbei unen Ry”(¢r) uMeeT BUI
__l__ _g_n_[f(t)T *()]
Ry () = 2%7% . d<*" ) 0< < o, (2-12)
(2n)!

[Tonoxum Temnepb _

e(t) =gs(t) =f(1) - Sk(t) (k=1, 2, ..., n), (2-13)
npuuyeM 6yaem cuutath, uto f(0) =1(c0)=0. Dro TpeCoBanue He yMeHbIlld-
et obuinoctH, Tak Kak npu f(0) 740 u f(o0)=~=0 MOXKHO paccMaTpUBaTL

(hVHKIHIO
at

(1) = £(1) — f0)e~T — f(e)(1 — e 7).

Cavuaii f(0)=o00 u f(o0) =00 HCKAWOUAETCH.
Sk(t) (k=1,2, ..., n) «e»-dyuxkunn YeGeunesa 111 poaa [5]. Ioxacra-
suM (2-13) B (2-1), TOPJIa 3HAYEHUsT HHTerpajioB

oo

2f(t)
By = — S Sc)dt (k= 1,2...n) (2-14)
l/1 e ,
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Oyayt aaBaTh kosbduuuentsr Oypbe pasaokenus ¢yukuun f(t) B woner-
HBIE PSIN MO OpPTOrOHAMBHBIM PyHKuHAM Sk (t) {5]

i) = 3 BSult). (1-21)
Ecan noxcraguth (2-13) B msa,ﬂp—amypﬂym dopmyay (2-6), To 6yaem HMETE
b = S SAT + RyM(69) (k= 1,2,
Coraacho (1-31) _
8,7 — —i—if(t;)-sx(tf) (k=1.2... 0 (1-31)

i=1

ecThr npubanxKeHHoe 3HAUenue KospdpuuneHToB Pyppe B pasiomeHu!
(1-21), noayueHHOe B pe3ysabTaTe HHTEPMOUPOBAHUMA MO HYJSAM «e»-MOJH-
Hova Tp*(t).

KsazpatypHas ¢opmyna (2-6) mno3ponsieT MOJAYUHTb HPHOAHIKEHHOE
sHaueHHe HHTerpaJja no n opanHatam QyHKUUH @ (t), B3ATEIM B HYJASAX «e»-10-
auHoMa Tp*(t). ITOT pe3yJabTar ABAAETCS CIeACTBLEM OPTOTOHANbHOCTH G-
aunomon Typ*(t) (k=0, 1, 2, ..., n) ¢ BeicoMm

a

& 2 —pw,

Viee

HO C TAKHM K€ BeCOM OpToroHaubHbl «ex»-pynxkiuun Yedwimesa III poaa
Sx(t) (k=1, 2, ...}, KOTopble ABJAITCA TaksKe COOCTBEHHBIMH (YHKIUSIMu
cooTBeTCTBYyWOLero Anddepenunanbiono onepatopa Iltypma-JInysuaiia
[1, 4]. dTo OOCTOATENBCTBO MO3BOJIALT, HHUCTO He MEHSAA IO CYLLECTBY, MO-
JAYYHTb KBaApaTypHyw (GopMyJay 0o opAHHATaM QYHKUHH ¢ (t), B3ATHIM
B HYAAX QYHKUMH Spyy (t), T. e B Toukax t8 (i=l, 2, ..., n-4=1) [mpuao-
«enue 1]. Byaem wumers n+2 opaunate @t®) (i=0, 1, 2, ..., n+1),
BKJIOUAs 3HAueHHs Ha TpaHHIaX WHTepBanaa. Ecau BbIIOMHACTCA ecTect-
BeHHOe TpeGoBanue ¢(0)=¢(o0) =0, To KBagpaTypHas (QopmyJd TPHHU-
MaeT BH1

.00

at n
2 ] 2
LS = 5 Y e RS9 (2-15)

T dl/l_e—at dam

0
Mycre @(t) onpemensierca gopmyaoi (2-13), Turza ciaesa NOJAYYHM TOUHOE
snauenne kKosdpduuuenta Pvppe Px. Takum obGpasowm,

e = g 30 1) Sult®) + Red(9s) (2-16)
i=1

MW TIO-APYTOMY

fx= px>+Ru®(¢s),
rie BxS ecTp npubankKeHHoe 3HaueHHe Koddduuuenta Pypbe, onpegesse-
Moe ¢opmyaon (1-23)

2 ]
i = g 2 A Sl (1-23)

3. TorpemwHoCTH ¥ CPaBHEeHHEe HHTEPNOJSLHOHHBIX TPOLECCOB

TounocTh paccMaTpHBaeMbIX WHTEPIOJISLHOHHBIX NPOLECCOB ONpeaeis-
eTcss aGCOMOTHBHIM 3HAYEHHEM OCTaTOYHBIX HYJIEHOB B COOTBETCTBYIOUINX
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kBaaparypuux ¢popmynaax. OqHako cpaBHeHHe TOUYHOCTH Ha TAKOH OCHOB2
NPOBECTH MPaKTHUECKH HEBO3MOXKHO, TaK Kak Tpebyercs 3nayeHue 2n mpo-
M3BOMHOH pasitaraeMoil PYHKHHE B HEKOTOPOH HEHM3BECTHOH TOuKe, pacmo-
JoxeHaHo B uUHTepBajie (0, oo).

Huxke paccmaTpusaercs Apyrofl nolixod x 3Toi npofaeme, oueHb ya00:
HBIf 1J151 Leqedl cpaBHEHH.

ITyers f(t) (0=sCt<Coo) ecTh HenpephiBHAs H OrpaHHUeHHAA QYHKUHS
BO BCceM MHTEepBalje, TOrAa ee Pas3joxeHHe B OeCKOHeYHBIH PAL MO «e»-Io-
anHomam Yebbimesa Tp*(t) 6yneT cXoAHTbCA PABHOMEPHO H TOYHO Tped-
ctaBaATh f(t) B KaxIoH Touke

be l
f(t) = T + m2=1 mem*(t)v (3'1)
[Mepsuie n KO3()(HIMEHTOB ITOro PAa3NOKEHHS MB MOMKEM NPHOIHKEHHO

OnpeNeyiiTh, HHTEPIOAUDYS MO HyAdaM «es»-nosuHoMa Ty*(t), T. e. mo dop-
mygse (1-9)

l bo

byt —

o i§1 (N -T ") (k=01,...n - 1) (1-9)

[Toaoxum B8 (3-1) t=1T u noacrasum B (1-9). Torma noayuum

bt = 22 3 TH (1) + 2= 3 b 3 T (1) TH (1),
m=1 i=1

i=1 n

Ecav umeTh B puAy [mpumoxenue 1], uto

2 nﬁ Ty, TY 1 Sin(m - K)Tf Sin(m + K)Tf )
— %Tm*(h) Te* () = 5| — = = + — T (3-2)
B sin ————— sin —————
2n 2n

TO MOKeM HallHCcaThb

b, & 1 & sin(m — x)=w sin(m -+ )=«
T -0 *(4 T B N
bK 9 EITK (tl ) + omn mZ:,-l bm ) (m — K)W 'J!_ ' (m + K)T:
sin ——s—— sin ————
2n 2n
(3-3)
PackpoiBasi HeompeneneHHocTd npu m=wv2n=+k (v=0, 1, 2, ...), Oyuem

HMeTb (mpu JIOOBIX APYruX 3HaueH#daXx m (3-3) paBHO HYJIO)

b = b + 3 (busacy + D) (K = 01...n—1) (3-4)

v=1
HJIHN B pas3BepHyToH GopMe

by T =bx+bon—x+ban—x+ - .. +bonsk+bansxt - .. (3-5)
Boeipaxenue
2 (b‘v‘Zn—K + bv2n+x)- (3‘6)

v=1

eCTh, OUeBHIHO, omubKa paccMaTpuBaeMmoll uHTeproasuud. Ilpu Maawsix
k (mo cpasHenHio ¢ n—1) omubGKa HeBeJHKA, OJHAKO C POCTOM K omuOKa
pacTeT W mpu 3HAYeHHSAX K, OMIU3KHX K n—1, oHa MoXKeT OBITL cou3MepHMa
co sHauennem bxT. Tak, npy n=7 MOMyuHM CJASAYIOILYIO KAPTHHY:

boT=bo+2b1442bgs+ ... ,
b;T=b;+bjs+bis+ ...,

bsT=bs+baFbro- ... ,
bgT=be+bg+bgo+ . .. .
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Ecan ¢yvukuug i(t) 1ocratouno raaaxas, T. e. pax (3-1) cXoaurncsa OblCT-
po, TO MOrPEIHOCTh HHTepHnoJsiuud OyAeT Magna. HajoXKuM TONOJHHTENb-
Hoe orpaHuuetive Ha paanaraemyn ¢yskuuio f(t). [lorpebyem BHITOSHE-
HHSI paBeHcTBa

f(0) =1f(0) =0, (3-7)
Torna pasaoxkelnue o OPTONOHAJBbHOH cucteMe Sm(t) (m=1, 2, ...) Oy-
JeT CXOTUTBhCH PaBHOMEDHO
() = Y PuSmlb). (3-8)
m-1

Fcian BOCHOAB30BATHCA  HHTEPTIOJHPOBAHHEM O HYJAM  «e»-IOJHHOMA
To*(t), To npubauKeHHoe 3HaueHde MEPBLIX N KO3(QQUUHUEHTOB pas/oxKe-
Hust (3-8) moxewm ompereautb no ¢dopmyae (1-31)

9 n :
B! = —— DEDSKED) (K =1, .. .n) (1-31)
izl
[Toctynas aHaJoTHYHO MNPEAbIAYIEMY, NOJYUHM
57— —— N by 3 St Skt).
m=1 i-=1

Yuutbas, uyTo [mIpuaoxenne 1]

2 Wy | sinfm — x)=  sin(m + ¥)=
—_— -T -T = — —_— i
T 3 Salt)sut?) =5 L= ge T i e
o) 2n 2n
6viem HUMeTh
* sin(m — &)= sin(m -+ k)=
b = _21_n V P sin (____m — K sin (-I—Il—jtl-)—ﬁ— ' o
e 2n 2n
Bce uiennl 3Toro psiga, y Kotopblx m=~=v2nxk (v=0, 1, ...), 6y1yr pas-
Hel Hymo. PacxpeiBas HeompeaeneHHocTH npd m=vZ2n=xk (v=0, 1, ...),
MOJTYUHM
Bk =Pr+PBon—x—Pan-kt ... — PonsktPantx— ... . (3-10)

Bce 3aMeuanuws, BbICKA3aHHBIe paHee, OCTAKOTCS CHOPaBeIJUBBIMH M [5
sTOoro cJayuas. Mwmeercd, oaHako, 0IHa OCODCHHOCTb, 3aKJIOYAKONLAACS
B TOM, YTO mNoOCAeIHHH KodDduuueHT, CooTBeTCIBYOWMA k=n, Moxer
ObITh OmpegesieH B pe3yabTaTe WHTePIOAHPCBAHUA BecbMa Touwo. B caMoM
aene, nonoxuMm B (3-10) k=n, toria

BnTZQﬁn‘Q Bsn_i‘--‘ ’
. 1
OTKyJ1a C GOJBIIOH TOYHOCTBIO MOKHO CI{H‘T'aTb-—;Z-— ﬁnT: [Sn.

1
Takum oOpasom, ecau HOCAEIHHA KOI(BQHIUEHT B3ATL C BECOM 5 o

To TMOJyYeHHoe 3HaueHHe Oyl1eT BecbMa MaJjo OTJAHYaTbecd OT Kodpduumed-
ta ®yppe Bn. pyruMu croBavH, HOKOMOE DasyioKeHHe c1e1yeT HHCATbh
B (hopme

1
(£) 22By™S: () +B2"S2 (D) + - ..+~ Ba™Sa(b), (3-11)
eciu Ko3(GPHIUEHTH onpeleastb no gopmyJse (1-31).
Hailiem cBA3bp Mexay KoapoduuuentoMm piS, HOJdyUeHHbIM IIPH HHTEPHO-

JAHDOBANHMH 10 HyAsaM (GYHKUHH Spi (1), u Ko3dpduuuenramu Pypbe 8 pas-
JomeHun (3-8).
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Mmeen

s — Y E(49)S () (k= 1. 2. ..n). 1-23
B 0 + 1 E:J f(t%)S (%) (x = 1, n) ( )
TMosTOpssa Ty XKe Opouerypy, moayuuM [cm. mpumoxkenne 1]
sin(m — K)®-CoS (m — K=
8,5 = - 1 N s 2(n + 1)
Ko™ 201 1) .in (m — )=
e 2(n + 1)
.
sin(m + k)w-Cos (———t]i)—ﬂ—
— (n + 1) (3-12)
sin (BT K): ,
2n + 1)
0TKY14a, pacKpbiBasi HeolpedeJeHHOCTH NpH m=v2(n-1) =k (v=0, 1, ...),
HallaeM MCKOMOE COOTHOIIEHHE .
=Bk — Bom+ -k — Bawsyk— - - - + Bkt Bamtnrk Tt .. - (3-13)

Maxkcuvanpiast aGcomothas owHOKAa NP TAKOH HWHTEDPTOIAUMM  Oyaer
nasua

[BkS— Bx| = | Bamsv—x | + | Basrny—x |+ - . - + | Bosnsxl+ ... (3-14)

B To BpeMs Kak NIpU HHTEPNONUPOBAHUHM NO HYJIAM «e»-noauHoMa Tp*(t)
OHa HMeeT BUJI

| BxT —Bx| = | Boan—x| F | Ban—x]+ ... 4 |Bonsx|+ ... . (3-15)

Ecau woadduunuentsl paszioxeHud (3-8), HauuHasg ¢ m>n, MOHOTOHHO
yHBIBAIOT Mo abCONIOTHOH BeJAUUHHE, TO
[ Bic®— Brc| << | Bu™ — B,

T. ¢. KO3pdHUMeHTsl, onpegeasemMele mo ¢opmyde (1-23), MeHbule oTauya-
I0TCS OT COOTBETCTBYIOIIMX Kodddunuentos Pypbe, dYeMm Ko3pOHUHEHTH!
BkT, ompepenseMble HHTepnoasuuonunod Gopmyaon (1-31), npu omHomM H
TOM Ke KOoJIM4ecTBe OpAMHAT. [IpyruMu CJIoBaM¥, HHTEPNOIUPOBAHHE IO
nyasM Snii(t) 3aMeTHO TouHee, ueM HHTEPHOJHpOBaHHE 10 HYJAM Th*(1).

JlJtst TOIYYeHUs TOH 2Ke TOYHOCTH KO3h(QUIMeHTH PrT C/AeLyeT BBHIUUC-
JAThL yXKe no n+1 opauHatam @ynkuun f(t), Tak xak samexHa n Ha n-1
B (3-15) aaer (3-14).

Uro kacaerca Kospduuuentor byT, onpenensieMblX HHTEPIOIALHOHHONM
topmynoin (1-9), To uUx OTaAMuYHe OT COOTBETCTBYIOUIHX KO3DPUIIHEHTOS
Dypbe B pazaoxesduu (3-1) Oyier onperneasaTbess ¢opmyaolt tuma (3-15),
O1H2Ko nocgeinuit xospdunueur b, T 6yrer uvers 3HaYUTENBHYIO MO-
FPEUIHOCTh, 109TOMY TaKoe WHTepNnoJHpOBaHue Oyjaer, BooOuUle FOBOPS,
MeHee TOUHBIM, yaM TIPH UCMOJIb3CBAHHM (YHKIHH Sk(t).

[Tocnennee Moxidc 0O6BACHUTH TeM, UYTC HPH HCHOJBL30OBAHMM 3ITHX
(hVHKIME HyJeBble TPakUuHble YCJAOBHST YAOBACTBOPSIOTCS 3apaHee, Heaa-
BHCUMO OT KOY(QOMHUIMEHTOB Pa3NoXKeHUd, IM03ToMY paBeHcTBO B (3-11)
(paKTHYeCKH JOCTHraeTcsi He B N Toukax uuTepzanaa (0, o), a B8 n+2 Tou-
Kax, 470 He MOXKeT He 10OBJeus 3a CODOH HEKOTOpoe yBeJMuyeHHe TOd-
IIOCTH.

Takuv obpascm, U3 BceX PacCMOTPEHHBIX WHTEPNOASHKOHHBIX TPO-
neccos Hauboabllled TOYHOCTbIO 064a7aeT Npoiiece, M0 KOTOPOMY ONpeie-
JAIOTCS Koaqp(bHuHeHTbI B (k=1,2, ..., n), T. e. kBagpaTypHas Gopmy-
Ja (2-15).

OTmeTnM, KpoMe TOrO, 4TO U3 DABHOMEPHOH CXOAHMOCTH Pa3/oKeHHI
(3-1) m (3-8) caeayer bm—>0 H Pm—0 NPH mM—>oco. YUHTHIBAA 3TO, MOMKHO
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BuaeTh 43 (3-5), (3-10) u (3-13), uTo mpH n—oco NpubAHKEHHBIE 3HAYe-
Hust ko3bpuuuenros Pypbe CTPEMSITCH K TOUHBIM, T. €. HHTEPNOJIALHOHHbIE
MpPOUECCH CXOXATCH.

B npuioxenun 2 TPUBENSHBI 3HAUEHUS HYJeH «e»-mojuHoMa Tp*(t) u
GOYHRIHH Speq(t) 1o n=8. 3a HedoCTaTKOM MecTa He NPHBOIATCH HHTEp-
NOASUHOHAbBe MaTpHubl. VX s7eMeHTHl MOrYT ObITb HaiJeHbl C NOMOLIBIO
TaGaul JAs TpUPOHOMeTpHueckuX GyHkuui. Tak, sneMeHTaMH MaTpHIlbI
—n—lnTT GyAyT BesauuuHB! [npmacxkedne 1]

2
2i — 1
T *(t")=cosk%" = cosk L—lT)ﬂ (k=',1...n—1) (i=1,2 ..n)
Ana sneMeHTos MaTpHil ; I,5T u n+1 1,38 cooTBeTcTBEeHHO GyaeM HMeETn
(bopMyabl
. . . 2i — )=
Si(t") == sinkey™ = sink (‘*'Qn ) ,
) i
Sk(tis) - SlI’lkO!iS = sin< m .

Cronbupl THX MAaTPHUI €CTh KOOPAMHATH OPTOTNOHAJBHBIX BEKTOPOB, obpa-
3yI0IIHY 0a3dchl COOTBETCTBYIOUMX IOANPOCTpaHcTB. UTo Kacaetrcsa mapa-
MeTpa «a», TO OH AOJIXKEH BHIGUPAThCSl W3 YCIOBHH, yKasaHHblx B [6]. He-
06X0AKNMO, OZHAKO, NMOMHHTb, uTO ecau f(0)==0 u f(o0)=+~0, T0 KO3} PH-
uveHTel pasjoxenus no Gyukumam Sk(t) (k=1, 2, ..., n) caenyer
HCKaTbh 1/ HOBOH (PYHKUUU BHIAA

() =Tt —F(0)e T — (=) (1—e~ ),

TOrAa g 3aAaHHOH (YHKIHH NOJY4YHM [pejicTaBjeHHe
at

() ~ fo)e™ + f(e)(1 = e=%) + 3 ASull).

B xausecTBe npumepa HaigeMm npuGIMKeHHble 3HauyeHMs KO3(DUUHEHTOH
®dypoe biT, BT u pS oaA QyHKUHH
f(t)=et-cos3t. (3-16)
DTa (QYHKIMA HUMeeT JOBOJbHO CHJBHO BbIPaXKeHHbIH KoseOaTeJbHbIH Xa-
pakTep, OHAKO Mbl MOMBITaeMCsl HANTH IPHONHIKEHHOe 3HAaueHHe HEeCKOJIb-
KUX MepBbIX K03(h(HUXEHTOB, B3SiE BCErO JHIIb BOCEMb OPAHHAT. Pesyuib-
TaThl pacyeTa II0 PACCMOTPEHHbIM cXeMaM npuBeieHs B Taba. 1 (a=1).
Ta6unuuwa L

K 0 1 2 3 4 5 6
b7y 0,5159 0,5224  0,3480 —0,0390  —0,1400 0,0390 0,3969
Prx — —0,6550  0,1204 0,2307 —0,0304 —0,0785 0,0415
Psk — —0,6509  0,1137 0,2385 —0,0355 —0,0805 0,0547
B — —06529  0,1175 0,2335 —0,0304 —0,0839 0,0544

Pacuer NPHBOAKJACA IO IMECTH3HAUHBLIM MaTeMaTHyecKHM TaOuma
Yembepca, oTHaKo B3ATO JHUHIL UETHIPE 3HAKA, B HOKOTOPHIX CJyyasx mpo-
M3BeJEeHO OKpyrieHde. B TmocieqHell CTPOKe NpPUBEIEHBb! 3HAYeHHsT KO-
¢uumentos Pypoe px (k=1, 2, ..., 6), noaydeHHbie N0 TOYHBIM GOPMY-
dam [6]. HecMoTps Ha cTosb MaJjioe 4HCAO ODAMHAT IJAA Takod (GYHKUMH,
kKax (3-16), NOrpemHoCTb A8 TeXHHYECKHX NPHJOMKEHHIl DBiloJHe TpHeM-
aema.
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[Mpunoxenue |

IlOK&S&‘I‘e.J‘IbCTBO OPTOroHaAbHOCTH 0a3nCHBIX BEKTOpPOB

a 2 a
[loacTanoBKa e—at=.cps? —5HaH t=— —a—ln COST (IT1-1) npeobpa-
3yeT MOCAeJ0BaTeNbHOCTH «e»-nojduHoMoB Yebwiea I poma T, *(t)
(k=0, 1, 2, ..) m «e»-bynkuuit Sx(t) (k=1, 2, ...) B nocaenoBaTeabHO-
CTH TPHUTOHOMeTpUUecKUX (PyHKIHH cos ka u sinka (k=0, 1, 2, ...) coort-

BEeTCTBEHHO [D].
Kopun ypasuenus cosna=0 (0==a<{m) omnpeieasorcs Gopmyaoi
T

2n

[O3TOMY HVIH «e»-ojquHoMa [p*(t) pacmosaranTcs B Todkax

o' = (i — 1) (i=-12...n), . (TTI-2)

T

4n

as ypapnenus sin(n+1)a=0 na ortkpbiToMm uuTeppase (0, m) Oyrem
MMETH N KOpHei:

t o= — —zln cos (21 — 1) (i=1,2...n). (Il-3)

im
S -,
a4 = ——— (i =1, 2...n). [11-4
1 n 1 ( 3 . ( )
B COOTBETCTBHH ¢ 3TUM HYAM «2»-QyHkiuu YedwiueBa Spy(t), coBmajaio-
liige ¢ HynaMu «es-moaunoma Up*(t), pacrosnaraiorcst B TOUKAX

2 in
s _ = T = .
t; - In cos TEES)) (i 1,2..,n). (F1I-5)
a) Tlokamem, uTo
o 0 m<stk
(T, Tw) = 2‘ T TR ) = n (I11-6)
= 5 m =Kk

[Tocko/bKY
Ti* (4T) =cos kayT, a Tp* (1T) =cos myT,
3a71aua CBOJHTCH K J0KA3aTENbCTBY COOTHOLIEHHS
B ' 0 m=#k

cos ka;T-cos ma;T = n

i1 ~

HMveem

coske;T-cosmy’ = [cos(k — m)a;" + cos(k -+ m)yT] =

|

10. 3araz 907. 145



1 . (k — m)=n N 1 or (o
=3 cos(2i — 1) o ! —:,E-COS(“I 1) on

Ecau yuects, uto [2]

. 1 sin nx
. cos(2i — x = — ==
) 2 sin x

14

b

TO MOXHO HaoHucartTh

n 1 sin{k -—— m)= I sin(k - m)=
) coskagt-cosmay = o Tk = me T & _mn
= 2n ) 2n

Ifpu so6bix uepaBubix k 1 m 370 Bhipamedue paBho nyawo (k+m=£2n u

[\ e ]

k—m=%2n). IIpu k=m, packpbiBasi HEOMpPe1eqeHIOCTb, 0JAYYHM ——. Ta-

kM o6Gpasom, cootHoirenue ([11-6) ngoxasano.
6) IMokamxewm, uro

- 0 ks m (11 )
— .S S) ==
(SicSm) = B SIS ult) LB R
i1

Awvaaoruuio IpaipLayulaMy 3ajdaya <30AHTCH K ALO0Ka3atTeJhCTBY COOTHO-
HieHHSA

n 0 k == m
sinka;®-sima;® = n—t—] K.
i-1 2
HUcnonssys (I11-4) u Beimoauas npeo6pasosanie, ROJIYYHM
& . 1 2 Ak — m)= R (k 4+ m)=
S. S o N pgje T BMES b gj & 1 Hw
gn sinka;® - sinma; 5 2 Cosi T 5 12‘# cosi P
Jast m1060ro X HMeeT MecTo TOXIeCTBo [2]
n -+ 1 X , X
n . €os —gX-sinng- 1 sin2(n -+ 1)x-cos -5
COsix == = —
. X 2 L
i=1 Sin 5 Sin G
— oz L
2
[loacraBasiga x— (k—n-—f——ﬂl)i U X — (kn++mi)ﬁ» MOJIYYHM TOCJie NPOCTBIX
npeobpazoBaHHi
1 . - (k - m)T:
\ « o 1| 7sintk = m)mecos or
sinke;® - sinma® = —
2 sin (x — m)=
i=! T2 4 1)
L sin(k -}- m)w.cos (k + m)=
2 2(n + 1) . .
— ~— sinkw-sinmm.
Sin (k——f—_g.l_zf_
2(n + 1)
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Ilpn k==m 3To BBIpAaXKEHHe PaBHO HYJI; NPH K=m, Packpelsas Heompe-

JIeNIeHHOCTD, TTOTYYHM , 9To U Aokaszwmisaer (I11-7).

2
B) Tlokaxem, uto
n 0 k 7& m
(ST, Sa) = ¥ Selt) Sulty”) = 2w (T11-8)
i=1
3amena (I11-3) naer 7
n 1 sin(k — m)x_~ sin(k 4 m)=
—_ H T, T — L -
(ST, Sah) —Esmkal sinma; 71 sin (k — m)x ein (k , m)
i=1 2n 2n

oTkyaa W caeayer ([L1-8).

[Mpuanomenne 2.
Hynu noauHoma Tp*(t) - -

aty l ats ' ats l at, ! ats ’ atg ' atT l als

I 0,69315 -

2 0,15835 1,92108

3 0,06934 0,69315 2,7022

4 0,0388 0,3691 11,1755 3,2686

5 0,02678 0,23080 0,69315 1,5794 3,71024

6 0,01628 0,15835 0,45764  1,00171 1,9380 4,12610

7 0,01261 0,115560 0,33275 0,69315 1,2613 2,21560  4,3786

8 0,01065 0,08803 0,25130  0,51492 091017  1,50411 247379 4,64615

Hynu Spiq (1) O0<t<< oo

n at; | aty at, } aty l ats I atg ' at- I aty
1 069315
2 0,28768 1,38629
3 0,15835 0,69315 1,92108
4 0,10036 0,42387  1,06279 2,3487
5 0,06934 0,28768  0,69315 1,38629 2,70325
6 0,0508 0,20857 0,59223 0,94485 1,76996  3,05836
7 0,03880 0,15835 0,36912 0,69315 1,1755 1,92108 3,26859
8 0,03062 0,12440 0,28768 0,53313 0,88388  1,38629 2,14577 3,50145
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