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BBenenune m moctaHOBKa 3aa49N

[Iycts s = 0 + it — KOMILIEKCHAsI iepeMenHast, 1j1e ¢ = Re s, t = Im s.
x € R - geiicTBuTE/IbHAS TEPEMEHHAS.

Nspectno [1], uro npu Res > 0,s # 1 azera-dyuknus Pumana ((s) MoxkeT GBITH

[IpeICTABJIEHA B BUIE
(o]
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Bnecs {z} obosnavaeT ApOOHYIO YACTh YUCTA .

[Iepenumtem paBeHCTBO 1 B BHE

C(s)s(sll x{i}ldx)
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Toryma HaXOXKIeHUEe HeTPUBUATBHBIX Hyseil pyHKuuu ((S) CBOAUTCS K PENIeHHIO ypaBHe-
HUS

ol = @

NmetoT MecTo paBeHCTBa

1 1
= = om0 (cos(tlnzx) — isin(tlnx)),
xS x°
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[Tosromy ypaBHeHnue 2 OyaeT SKBUBAJIEHTHO CJEYIONIeil cucreme:

( OC

{z} B o—1
/ g cos(tInz)dr = CEEEr
b {a} t ?
/a:"“ sin(tInx)dr = o E

\ 1

Kaxk HU3BECTHO, HYJIN ,ZL3eTa—(1DyHKIll/H/I Pumana CUMMETPHUYHbI OTHOCHTEJbHO Belle-

CTBEHHOW OCH, TIO3TOMY JOCTATOTHO PAcCMOTPeTh ciydait ¢ > 0.

[Iycts sg = 0¢ + ity - HEKOTOPBI HETPUBUAILHBIH HYJIb.

['unoreza Pumana yTBepzKaaer, 4TO BHIMOJIHSETCS PABEHCTBO 0y = 3

O JeBbIX U MPAaBBIX YAaCTIX YPaBHEHUII cucTemMbl 3

Bregem craeayioniue 4 byHKIUNT:

T cos(tInz)dr,

-sin(tInz)d,

o=
on- [ 12

O'_

us(o,t) = m,

vg(o,t) = W

Takum obpazom, cucTeMy 3 MOXKHO 3alHCATH B BUJIE

{ul(a, t) = us(o, 1), (4)

v1(0,t) = ve(o, t).

§ = 0 + it aBJsgeTCd HeTPUBHAJILHBIM HYJIEM J3eTa-DYHKIUNA TOTJIA U TOJBKO TOIJIA,

Koryia (o, 1) ABISeTCs PereHneM CUCTEeMBI 4.

JIemma 1. QPynkyus w = vy(o,ty) 60spacmaem xax dynryua om nepemennot o € (0;1)..

Jloxazamesvcmeo. CrpaBeyIiBOCTD JIEMMBI CJIEIYeT U3 HEPABEHCTRA

d?}g B 2(0' — 1)t0
o~ (@12 "




Puc. 1: ILnockocts t = ¢

t 1
ObustacTbio 3Hauenuii GyHKun w = vy(0, tg) saBasgercs uareppain U = (rotw t_>
0 ‘0

Hpyrumu ciaosamu, rpaduk GYyHKIUH w = vy(0, tg) TEJTKOM JIEKHUT B MPIMOYTOJIb-

nuke 11 = {(a,w) ‘ o€ (0;1),we U}.

Hasee Hac waTepecyer dacth rpaduka dbyHkimn vi(o,ty), Jekamas B 9TOM TPSIMO-
YTOJIbHHUKE.

Onpenenenune 1. IIpamoyzorvrur 11 6ydem Haszvieams Kpumuyveckum npamoy2osvHu-
KOM.

WYo= \/a\Cgﬁt’n)

Puc. 2: Kpurnyeckuit npsgaMoyroabHIK

Sameuanue 1. Kpumuueckue npamoy2oibHUKU 04eHd MOHKUE, UL UUPUHG PAEHG

1 t 1

-0 5 = 5 Yoice A HEMPUSUANDHOZO HYAA C CAMOT MANEHOKOT TIOA0IICU-
meavrot Muumot yacmwro tg = 14.134725141... noaywaemesa wupuna 0.0003523461812...

Onpegenenue 2. 3uaueHue nepemennots o, npu KOMOPOM COOMBEMCMBYIOULAL oYK
(o,v1(0,t0)) epadura dynryuu vi(o,ty) HATOOUMCA 6 KPUMUHECKOM NPAMOY20AbHUKE,
bydem HA3VIBAMY KPUMULECKUM 3HAYEHUCM.



Takum 06pa3oM, 3HAYCHUE 0( ABJIACTCS KPUTHIECKUM 3HAYCHUEM ITEPEMeHHOI o, T.K.
Touka (09, v1(00,%y)) HAXOAUTCS B KPUTHYECKOM TIPAMOYTOJIBHUKE; B TO YK€ BPEMs 5TO
TOYKa mepecedenus rpadukos GyHKIuii v1 (0, tg) u va(0, to).

Ho Toraa gng o, mMeeT MecTo HEPaBeHCTBO

—+o00
to

I
vi(00, to) = / g sin(tgInz)dr = B > 0.

1

bosee Toro, ectm o - MpoU3BOJIbHOE KPUTUUECKOE 3HAUYEHNE, TO, COIVIACHO OIpeIeeHnIO,

t
v1(o, ) € (rot%’ t_> ; B wacTHOCTH, v1(0,t9) > 0.

O603HAYNM

U(o,x) = sin(to In ).

ZEU+1
Torma nmeer MecTo paBeHCTBO

o0

o (0, t) = / (o, 2)dz.

1
JIemma 2. I'paguru dynruut vi(o,ty) u ve(o,ty) moeym nepecexamves moavko 6 00rot
mouxe (0g,to).

Jloxazamervemeo. Tlycrh 0’ - HEKOTOpOE TOMOKATEILHOE YUCI0 TAKOe, U9TO 0 + 0 - KpH-
Trdeckoe 3Hadenne. Hano nokaszark, uro vi(o,ty) = vi(o + o', to).

OdeBuIHO, YTO

1
V(o +0' 2)=—V(o,z).
:EO'

[
vi(o+ o' ty) = / (o, x)dz.
1

Torna

xo’

Tak kak o u 0 + ¢’ - kpuTHYecKue 3Ha4enus, To vi(o,ty) > 0 u vi(o + o', ty) > 0,
MOITOMY JJIsI HEKOTOPOro JOCTaTO4YHO Oosbmioro Xy m aoboro X > X; UMET MecTo
HEpaBEHCTBA

-U(o,x)dx > 0.

o

X
/\I/axd:c>01/1
1

Tt~
%[ =

O6oznaunm R[a, b] MHOXKeCTBO Beex GYHKINUIT, HHTErPUPYEMBIX 10 PUMaHy Ha 0Tpes-
ke [a,b]. Ham 6yzner nosesna |2, ¢. 352|

Teopema (Bropas Teopema o cpejHeM i uarerpana). Eeau f(z), g(x) € Rla,b] u g(x)
- MOHOMOWHAA Ha [a,b] dynryus, mo natdémea mouka & € [a, bl maxas, wmo

b £

/f(x)g(x)deQ(a)/f( )dz + g(b /bf
3

a a



1
Tak kak dynknus g(xr) = o7 MOHOTOHHO yOBIBaeT 10 I, TO MO0 BTOPOl Teopeme o

cpeJiHeM Jist HHTerpasa Haiinéres Touka £ = £(X) € [1, X] Takasg, uro

X

< 1, momyuaem

X
Ecan /\II(U, x)dx > 0, T0, TOCKOJIbKY —— o
3

3 X

X €
1

/—, o,x)dxr = /\Il(a x dx+ / dr < /\I/(J, x)dz+
:UO'

1 1

1 ¢

U (o, x)dx =

T —

TO €CTb B 3TOM CJIydae JeMMa 2 BepHa.
X
[epeiiném x cayuazo /\I/(U, x)dz < 0.
3
By,ZLeM MMpUMEHATH MOJEJINPOBaHUC FHHep,ZLefICTBHTeJIbeIX quceJI Ha MHOXKECTBE T10-
CcIe0BaTeIbHOCTelH JAefiCTBATENbHBIX dncesn’. ['umepaeiicTBUTeIbHOE YHCI0, MOJCTNPYe-

MO€ MOCJIEIOBATEILHOCTBIO |G, g, A3, - . . , Ay, - . . |, JJIsl KPATKOCTH 0B03HAYAEM [a,] . [eii-
CTBUTEIHHOE YHUCIO T OTOXKIECTBISETCS ¢ MOCTEOBATEBHOCTBIO 1,7, . .. 7). .| = [r].

CorylacHO UPUHIUILY [EPEeHOCA HECTAHAAPTHOrO (MHMUHUTE3MMAIBHOIO) AHAJIU3A
UMeeT MeCTO WH(PUHUTE3NMAJIbHBIH aHAJIOT BBINIENPUBEIEHHON BTOPO TEOPEMbI O CPe/I-
HEM JJid WHTETrpaJia.

, 11 1 1
[lycts o' = |1, =, =,..., —,... | = | —| - GECKOHEYHO MAJIO€ TIOJIOKUTEJTHLHOE THCJIO.
2°3 n n
lunepaeiicrsurensnoe uuciao & € [1, X] coorsercryer unciam o’ u [X].
!
Ecin  a—npou3BojbHOE TMOJTOKHUTENBHOE [AeHCTBUTEIHLHOE HYHCI0, Torjga a’ =
3 ~ —
la,/a,Va,..., Ya,... ]~ [1,1,...,1,...] = [1].

Ecnu [a,]— mpou3BosibHOE THIEPAEHCTBUTENBHOE YHCIO, TO [dy,]”
qactrocTH, [X 7] = [1].

/

1 1
I/ITaK, F = T ~ [1]
Ob60o3naunM

1Cm.[3], §9 (mocTpoenust MPOBOAATCSA € MCMOJBL30BAHUEM HETPUBHAIBHOTO yIbTpaduIbTpa Ha MHO-
JKECTBE HATYPAJBHBIX YHCE] B KAYeCTBE WHIEKCOB B MOCIE0BATEILHOCTAX JAefCTBUTENbHBIX dnces. CM.
rakxke[4].

V(o, x)dx,



BoraucanM npou3BoIHYIO

I ST
u_ XU—/\II(U,x)dx: X"—/\I’(a,x)d:v:
do o’ 1

3 n 3

_ K); _ 1) n} Z\If((;? 2)de = ln(X)jW(a, v)de.

Suaunt, B101b rpaduka GyHKIUH U] TPOU3BOHAS OCTOSHHA, TIOITOMY 3TOT I'PaduK
ABJACTCS MPAMOI JTIHAei?. O

X
B cayqae / V(o,z)dr < 0 mpoM3BOIHAS MOJOKUTEIbHA, TIOITOMY TPSMast U; HIET

3
BBEPX (IIPH ITOM, COTJIACHO YCJIOBHUIO, OHA MPOXOIUT Uepe3 TOUKY (oo, Wp.))

Cortacuo siemme 1 rpadux QyHKImT vy BO3pacraer u, 60jee TOro, BLIIYKIA KBEPXY
(Bropas mpomsBogHas orpurarenbua). [losromy mpsamas 07 aub0 KacaeTcs KPUBOH Vg B
e TUHCTBEHHOM TouKe (00, Wy), b0 B ABYX ToUKax (B Touke A(0p,wp) U emgé B KaKo#H-TO
rouke B(oq,w)).

1
HomycTum, A7 onpeIe IEHHOCTH, YTO BO BTOPOM CJaydae gy < 5

Kak uzBecTro, npu (DUKCHUPOBAHHOM ty TOUKY Sg = 0g+itg n 51 = 1—0g+itg aBAsIIOTCS

HYJISMU J13eTa-PYyHKINT, I'PAUK Uy CHMMETPUYEH OTHOCUTE/ILHO HPIMOl 0 = > IO3TOMY

o1 = 1 — 09, 3HAUNUT, TOUYKA B JIeKUT HA KPUBOH Vo BHITIE TOUKN A.

[Io sTuM ByM TOYKaM OIpeJie UM TaHT€HC YIJIa ¢ HAKJIOHA HPIMOi Uy:

to to
_ UQ(O' ,to —Ug(O'o,tQ) 0'2+t2 B 1—0 2+t2
tg(g&) _ 1 ) _ %0 0 ( 0) )
X
B 10 ke Bpems tg(@) = — In(X) / U(o, z)dx.
£

[IpaBbie yacTu STUX PABEHCTB SIBJIAIOTCH KOHCTAHTAMU U JOJIZKHBI OBITH PABHBI JPYT
APYTLY.
[Toryyaem paBeHCTBO
to lo
o8 + t2 B (1 —09)%+t2
1-— 20’0 )

—1n(X)/‘I/(J, x)dr = (7)
3

X
2Cayuait / U(o,z)dxr > 0 coorsercrByer yObiBaHUIO (DYHKIMU U1, YTO €IIE PA3 HOATBEPXK AT HEPa-

13
BEHCTBO 6.



[Tycts Tenepsr X — Geckoneuno Gosbimoe wmcso. Torga n In(X) Gyaer GeckoHedHO
X

OospmmM uncaom. Ho Torma /\I/(o, x)dr He MOXKeT OBITh KOHEYHBIM HeHH(MUHUTE3N-

3
MaJIbHBIM YHCJIOM, WHAYe JieBas YacTh PaBeHCTBa 7 OyjeT OECKOHEYHO OOJBITUM YHC-

JIOM, a IIpaBad YaCTb dBJIAETCA ,ZLGIL/iCTBI/ITeJIbHI)IM HEHYJIEBbIM YHUCJIOM. CII@,H,OB&TGIII:HO7
X X

/\If(a, x)dr ~ 0. Ho MbI ke paccMaTpuBaeM CoIydait /\If(a, z)dr < 0.
3 3

[lomy4uennoe MpoTUBOpeYNe JOKA3BIBACT JEMMY 2.

Jloka3aTeabcTBO runore3bl PuMmana

Teopema. Ecau dsema-dynruus Pumarna umeem nempusuaronull nyiv So = og + ito,
1

mo og — <.

2

Joxasamenvcmeo. Jlocrarouno paccmorpers caydaii tg > 0. Cornacuo jgemvam 1 u 2,
rpaduKn v 1 vy TEePeceKalTCsT B eIMHCTBEHHOI TouKe v1 (09, to) = v2(0, to).

Kak n3BecTHO, B KOMILIEKCHOH TIJIOCKOCTH, €CJIN TOUKA Sg = 0g~+1ity - HeTPUBHAJILHBI I
HYyJIb J3eTa~-QyHKINT, TO TOYKa 1 — oy +ity, TO €CTh CHMMeTpUYHAas eif OTHOCHTEILHO Mpsi-

Mot Res = 5 TOe ABIACTCA HOTPHBHAILHEIM nyném nzera-pynknun. [losromy 4ucio
1 — 0( aBsieTcs perenneM ypashenus vy (o, ty) = va(o, tp).
Ob6osznauum 01 = 1 — oo, w; = wvi(0o1,t) = ve(o1,tg). CuepoBaresibHo, eciu 1npu
1
TOM 0y # —, TO TOYKa (07, W) TOXKE SIBJIIETCS] TOYKOI mepecedernst rpaduKoB HyHKIHIT

w = vi(0,ty) 1w = ve(o,ty) , oTIHaHOH OT ToUKH (00, wp). Ho BeITe GbLIO ycTaHOBJIEHO,
9TO 3TU IPADUKH MOT'YT TIEPECEKATHCA TOJHLKO B OJIHON Touke. [loydaercs npoTuBopeyne,
1

cJIe10BaTe/IbHO, o) = 5 [

I'mnoresa Pumana gokas3aHa.
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