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,ZLOK&SI)IB&GTCH runoresa Pumana o HETPpUBUAJIbHBIX HYJIAX )136T&—(1)YHKHHH.

Ecsin HEKOTOpOe KOMIIJIEKCHOE YHCI0 Sy = 0 + ity ABJsSeTCS HeTPUBAAIBHBIM HYJIEM,
To mapa (0, tg) SBIASETCS PEIIeHneM HEKOTOPOi CHCTEMBI JABYX YPABHEHHUI IBYX JAeHCTBE-
TEJIbHbIX II€PEMEHHbIX 0 U t.
N3ydenne ofHOTO U3 THX JIBYX yPaBHEHU 110KA3aJ10, YTO U3 CBOMCTBA CHMMETPHY-
1

HOCTHU HETPUBHAJIBHDBIX Hyﬂeﬁ OTHOCHUTEJIbHO HpHMOﬁ o = 5 ciaenyer, 4To og = 5

KiroueBsnie ciaoBa: runoresa Pumana, n3era-pyHKINS, HETPUBUAJILHBIE HYJIH.
Abstract

The Riemann hypothesis on nontrivial zeros of the zeta function is proved.

If a complex number sy = 09 + ity is a nontrivial zero, then the pair (0g,ty) is a
solution to a system of two equations of two real variables o and ¢.

Considering one of that two equations one can found that as nontrivial zeros are

1
symmetric about the line o = 3 it follows that oy = 7

Keywords: the Riemann hypothesis, zeta function, nontrivial zeros.
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1 Bseaenme u mocTaHOBKA 3aJa49n

[Iycts s = 0 + it — KOMILIeKcHasd epeMeHHas, I7le 0 = Re s, t = Im s.
Hanee, x € R - neficTBUTeTbHAS TTepeMeHHAL.

NzeectHo [1, c. 40|, uro npu o > 0 azera-byuxiust Pumana ((s) Moxker ObITH mpe/-
CTaBJICHA B BHUJIE

_ 1 {z}
Q(s)—l—l—:—s/qj_sﬂdm (1)

BriBog, hopmyabt (1) umeerca Takzxke B [2].

Toryia HaX0K IeHue HETPUBUAIBHBIX Hy el (byHKImU ((S) CBOAUTCS K PENICHUIO YPaB-

HeHnud
+oo

o} e 1 ()

xs—&-l s—1

1

Bameuanue 1. [Ipu pabome ¢ gopmyaot (1) e [1, c. 84] asmopw onpedeauau Pynryuo

x° das x > 0 pasencmeom x° = ™. Tozda x° = 273" = %" *,

NmetoT MecTo paBeHCTBa

1

== o (cos(tlnz) —isin(tInx)),
:st xa

1 c—1 . t

3—1—(0—1)2+t2_2(0—1)2+t2'

[Tosromy ypasrenune (2) Gyaer SKBUBAIEHTHO CJELYIONIEH CHCTEME:

( +o0
{z} o—1
/ FCOS(tlHl’)dl’ = m,

. (3)
/ o} sin(tInz)dr = !

2o+l (0 — 12+

\ 1

Kak wu3BecTHO, Hysm j3era-pyHknuu Pumana cUMMeTPUYHBI OTHOCHUTEJILHO Bellle-
CTBEHHOH OCH 0, MO3TOMY JOCTATOYHO PACCMOTPeTh ciydait ¢ > 0.

B nmanpreiimem m3noxkenwu Bcerna 0 < o < 1, t > 0. Kpome Toro, HeKOTOpbIit
HETPUBUAJIBHBIN HYJIb Sg = 09 + 1ty OyJeT cunrarbes (PUKCUPOBAHHBIM.

1
['unore3sa PuMana yTBep:K/1aeT, YTO BBITIOJTHIETCA PABEHCTBO 09 = 5



2 O JieBBIX U TPaBBIX YaCTAX ypaBHeHUil cucreMbl (3)

Bregem caeayionue 4 GyHKIUNT:

+0o0
uy(o,t) = / {mjl cos(tInz)dz,
:[:O'
1
+oo
vi(o,t) = / :j‘ffl sin(tIlnz)dz,
1
oc—1
wo ) = e e
t
UQ(O', t) = m

Takum o6pazom, cucremy (3) MOKHO 3alHCATh B BH/IE

{ul(a, t) = uy(o,t),

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

AW

Puc. 1: ILnockocts t = ty

Ecnu sy = oy + ity - HeTPUBHAJIBHBINA HYJIb J3eTa~-(DYHKIMH, TO apa (00, to) SIBJILET-
s peneHneM cucTeMbl (4) M, B 9acTHOCTH, ypaBHeHust v (0, t) = vg(0,t); B maabHeiimmem
n3jiokennn puxcupyeMm snadenne t = ty > 0. /lajee uzydaem mnopejienne odbenx dacreit
NMEHHO 3TOr0 ypaBHeHHs Kak (DPYHKIUH TEePEeMeHHON ¢; OyaeT MOKa3aHO, u4TO W3 Mpe/-

HOJIOXKEHUS 0 7 3 [IOJIydaeTCd IPOTHBOPEYMNe, MOITOMY M3y4YEeHHE JPYroro ypaBHEHUA

STOI CHCTEMBI JIOTHIECKONH HEOOXOMMOCTH JIIsA JOKA3ATENLCTBA THIIOTE3bI HEe UMeeT (Bbl-
6Op YpABHEHHS PeNrajics MyTéM IIOA0PaChIBAHUA MOHETHI; IIPU YKeJAHUH JTOKA3ATEILCTBO
MOKHO IIPOBOJIUTD, U3y4dasi TOJBKO ypaBHenue uy(o,t) = uy(0o,t), cxema Ta ke camasi).
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JIemma 1. QPynryus w = ve(0, ty) npu dukcuposarnom ty > 0 6ozpacmaem kak Pynryua
om nepemerrot o.

Jloxazamesvcmeo. CrpaBeyInBOCTD JIEMMBI CJIEIYeT U3 HEPABEHCTBA

dUQ 2(0’ - ].)to
— == 0.
do  (o—-121)2

Caencrsue. Hz semmor 1 caedyem, wmo ece snavenus Gynryuyu w = vy(o,ty) npu
t 1
o € (0;1) npunadaescam unwmepsany U = —02, — .
1415 to

Onpenenenne 1. [Ipamoyzorvrux {(0’, w) ’ o€ (0;1),w e U} bydem nasvieamov Kpu-
MUYECKUM NPAMOY200DHUKOM.

W=v,(5™)

Puc. 2: KpuTudeckuit npaMoyroabHAK

3ameuanue 2. Kpumuueckue npamoy2oibHUKY 04eHb MOHKUE, UL UUPUHG PLEHG

1 t 1

-0 5 = 5 Yoice OAd HEMPUSUANDLHOZ0 HYAA C CAMOT MANEHBKOT TOA0IICU-
meavrot MHUMOT Yacmwvio tg = 14.134725141... noaywaemea wupuna 0.0003523461812...

Haree Hac wHTepecyer dacth rpaduka dbyHkun vi(o,ty), Jekamas B 9TOM IPIMO-
VTOJTBHUKE.

Onpenesnienne 2. 3nauenue nepemennoti o, npu Komopom COOMEEMEMEYIOUWAAL MOYKA
(o,v1(0,t9)) epadura dynryuu vi(o,ty) HATOOUMCA 8 KPUMUHECKOM NPAMOY20ADHUKE,
bydem HaA3BLEAMb KPUMUNECKUM 3HAMEHUEM.

Takum 06pa3oM, 3HAYCHUE 0 ABJIAeTCS KPUTHICCKIM 3HAYCHHEM IIePeMeHHOi o, T.K.
Touka (0g, v1(0g, tg)) HAXOAUTCS B KDUTHIECKOM MPSIMOYTOJIBHUKE KAK TOUKA MePECeTeHusT

rpacdukos Gynknuii vy (o, tg) 1 va(0, to).

to 1
Ecn o - KpuTnieckoe 3Hadenue, T0, COTIACHO ONpefenenuo, vi (o, ty) € | —, — | ;
1 + tO to
B 9acTHOCTH, U1 (0, ty) > 0.

O6o3naunm R[a, b] MHOXKeCTBO Beex GYHKIHUIT, HHTErPUPYEMBIX 0 PUMaHy Ha 0Tpes-
Ke [a,b].

Hawm Gymer nosiesHo cirecTBue U3 cieyioneii reopemsl |3, ¢. 347
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Teopema (nepBas Teopema 0 cpeaHem st uarerpana). Hycmo f,g € R[a,b],

m = ir[lfb]f(:c),M = sup f(z). Feau dynruus g neompuuamesvra (Uit HEnoA0#cU-
z€la, z€a,b]

meavha) na ompeske |a,b|, mo

b

/f(a:)g(x)dx = u/g(a:)d:c, ede € [m, M].

a

CaenctBue. llycmb yeaosus meopemuvt 0 CpeoHem BuNOAHAIOMEA 044 4100020
b

b € [a,+00) u cywecmsyem maroe deticmsumenvroe B, wmo /g(x)dx > 0 npu ecex

a
+o0 +oo

b > B, nycmo cywecmsyiom HecoOCmeEenHbLe u%meepa/m/ f(x)g(x)dx u / g(x)dz, mo-

2da
—+o00

+/Oof(x)g(ac)alac =« / g(x)dz, 20e a € [m, M].

a

Jokxazamensvcmeo. CoracHO Teopeme O CpeaHeM

[ F@gtwyis

— = u(b) mpu b > B,rue p(b) € [m, M].

/ g(x)dx

a

Tak Kax HECOOCTBEHHbIE MHTETPAJIBI CYIIECTBYIOT, TO Mpu b — +00 CYLIECTBYET Mpejiest

JIeBOIl 9ACTH, a 3HAYNT, CYIIECTBYeT U = blim p(b). Tak kak p(b) € [m,M], To n
—+00
a € [m, M]. O
JIemma 2.
g t
: 0
/ Lot Sln(to In SL’)dSC = 0‘2——|—t% (5)
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Jlokasamenvemeso. O6oznadum F'(x) nepoobpasHyo QyHKIHH sin(tgInz).

LUUJ’_I

Q30+1

1
F(z) = /— sin(tpInx)dr = /sin(to Inz)e "™ dlng = |u =Inz| = /sin(tou)e”“du =

1 1 1
= - /Sin(tou)de_au =—= (Sin(tou)e_"“ - /e_"“d sin(tou)) = ——sin(tou)e 7"+

o o g

t 1 t 1 1
+ 22 [ e cos(tou)du = —— sin(tgu)e 7" + = / ——cos(tou)de 7" = ——sin(tou)e 7" —
o o o o o
" (costtome ™ = [[ememacos(tan) ) = = sin(tau)e=" = 5 costau)e ™
— — | cos(tou)e ™ — [ e cos(tou) | = ——sin(tou)e 7" — — cos(tgu)e 7" —
2 0 0 5 0 2 0
t(2) : (t ) 7oud 1 : (t 1 ) —olnzx t() (t 1 ) —olnx
— — [ sin(tgu)e u = ——sin(tglnx)e — —cos(tgInx)e —
02 0 o 0 02 0
t2 1 sin(tg1 t tol t2 in(to1
— 2 [ sin(tgInz)e " *dInz = _1sin{olnz) _ to cos(tolnz) —0/—8111( 0 nx)d
0-2 o xro 0-2 xro 0—2 xo‘—‘rl

Isin(tglnz)  tocos(tolnz) ¢
o a0 o2 ar o?

Isin(tolnz)  ty cos(tglnz) ¢
o i o2 x° o2
Isin(tglnz)  to cos(tplnx)

[Mosyunnu pasencrso F(z) = F(x), cnegoBarensHo,

F(a:)—l—%F(x):—

x° o2 x°

t2 2 1 sin(ta1 ’ i1
Mrax, 7 F(z) = __w _ _(;M_
il 7 o 7 g z
anee,
te + o? e Lsin(tolnz) |7 to cos(tolnz) |7t
2 F(‘T) = D ==,
g 1 o A 1 o T L o

OTCIONA CIEIYET, UTO

]

Bameuanue 3. Ecau 6v, Mol emecmo pasencmsa v1(0,t) = vy(0o,t) cucmemol (4) 6vibpanu
pasencmeo uq (o, t) = ug(0o,t), mo Ham npuwLrocs Ove JOKA3BLEAMH PAEEHCMBO

—+00

1 o
/ g cos(tpInz)dr = i
1

[TocTpoum byHKITHIO

1
01(o,t) = / g sin(tInz)dz.

Jlemma 2 o3nadaer, 9To

b1(0,t0) = PURTE
0



['padbuku byuxmii 01(0, ty) 1 v9(0, tg) PACTONOKEHBI NEJUKOM B KPUTHIECKOM TMpsi-

MOYTOJIbHUKE U CHMMETPUYHBI B HEM JIPYT JAPYTY OTHOCUTENBHO NMPAMOH 0 = 3 nepece-

KasgCh B TOYKe ¢ abCIUCcCoi 3

B camom gene, dbyukuus 01 (o, to) yobisaer ua [0; 1] or % 110 %t%’ dbyukIHs v3(0, tg)
1 N to lo
e 110 ™ upu atom 01 (0, tg) = R = 1T 0oz =
ve(1 — o0,tg). PaBencrBo 01(0,ty) = v1(0,tg) O3HAUAET TO Ke caMoe, YTO U aQt—j—tg =
to

(1—0)?+15

Bospactaer Ha [0; 1] ot

OTKYJa CJeJyeT 0 =

N —

3 Jloka3areyibCTBO runore3bl Pumana

Teopema. Ecau dzema-dpynrkuyus Pumana umeem nempusuasvroil nysv sg = og + ito,

2de tyg > 0, mo o9 = 7

Jlokasamenvemso. Kak n3BecTHO, B KOMILIEKCHO( LI0CKOCTH (0, 1), €cau ToUKa
So = 0g + ity - HeTPUBHAJBHBINA HYJIb JA3eTa-OYHKIUUA, TO ToUuKa 1 — og + ity, TO eCThb
1

CUMMeTPHUYHAS eli OTHOCUTE/IHHO IPSAMOR 0 = 5> TOe ABJISETCA HeTPHBHANBHLIM HYJIEM
n3eTa~-(pyHKITHH.

To ectb, ecau napa (oo, ty) siBisiercst perieHueM ypasHenusi vi(o,t) = vy(o,t), To
napa (1 — 0g,ty) Toke GyaeT pereHreM 3TOro *Ke yPaBHEeHHS.
to

[Ipu sTom Touka A(oy, v2(0g, tg)) umeer opauHaTy vo(0g, ty) = m

to
o8 + 13

, & TOIKa

B(1 — 09, v2(1 — 09, ty)) mmeer opaunary ve(1l — og,ty) =

W = \/a(‘gl%n }

Puc. 3: Tlepeceuenune rpadpukoB U u vy



1
Jomycrum, ato o # 3 [Tonmaraem st Onpee/IEHHOCTH, YTO 0y < 3 Torana Touka
A nexut mmxke rpaduka byakuuum 01(0g, ty), a ToUka B - BbIIIIe.

Takum obpazoMm, rpacduk (GyHKIUU v1, COTJIACHO HAIIEMY MPEINOJOKEHUIO O TOM,
q9TO 0 SABISETCS perenneM ypaaerus vi(o, ty) = va(0, ty), mpoxoauT yepes Touky A, u
Tenepb MPEJACTOUT BBIACHUTH, NPOHAET M OH M ¥epe3 TouKy B.

CoryiacHO CJIEJICTBHIO M3 HEPBOIl TEOPEeMbl O CPeJIHeM JJIsi HHTerpaJia, JJist KayKJI0ro
o > 0 u, Tem Gosee, s kaxkaoro o € (0;1) maitnyres rakue a(o), f(o) € [0; 1], aro

x , 1 +sin(tplnz 1 sin(to In )
/ :;{UJr}l (1 +sin(tgInz))dr = a(o) / xo<+(1) )dx = a(o) / :Boﬂdx + a(o) / %dw =
1 1 1 1

1 o
= a(@g + 04(0)02—%7
(6)

+oo{ } +o0 1 400 . (t 1 ) 1 400 ) (t | )

T _ sin(tp In x sin(tp In x
/ F(H—sm(to Inz))dx = 5(0) / xa+1d:c+/ {z} #dz = ﬁ(a);—l—/ {z} #dm.

1 1 1 1

(7)

[IpupaBHUBad MpaBble YacTH paBeHCTB 6 U 7, MOJIydaeM

(o) +alo) 1z = (o) + 70{@ nllolnz) s,
OTCIO4a IOJIy4daeM 1
+oo
[ 1 =R s = (alo) = Bl + (o)
1
Takum obpasom,
n(o0,t0) = ((0) = B(0)) + (@)oo, ). ®)

3ameuanue 4. [[ycmb 0—Kpumuveckoe sHaverue.

Iyemo o(o) — (o) > 0. Tax xax

or(o,to) € U, mo % > 11(0,10) = (a(0) = B(0)) > + a(0)u(0, ) > (alo) ~ (o))~ >
> a(0) = B(0), caedosameavno, a() — B(o) < %

Eeau orce a(0) — B(0) < 0, mo v1(0, fo) = (o) — ﬂ(a))é + a(0)in (0, to) > %Otg
B(0) - alo) < (B(o) - a(o))% < a(o)in(o,to) - - ft% < bi(0to) < % caedosamentio,
5(0) alo) < -



1
Taxum obpasom, |a(o) — B(o)| < e
0
PaccmoTpum cHavasia Tpu cirydas, Koraa GyHKNuS o — [ TepeMeHHO| 0 COXPaHIeT
3HaK WK HysaeBoe 3nadenne Ha (0;1).

1. a(o) — B(o) <0 ma (0;1).
I3 paBencrsa 8 cireayer, 4to v1(0,ty) < a(o)vi(o,ty) < 01(0,to) upu Beex a € (0;1).
2. a(o) — B(c) =0 ma (0;1).

13 pasenctsa (8) camemyer, uto vi(o,ty) = a(o)vi(o,ty) < 01(o,to) mpu Beex o €
(0;1). TIpu (o) < 1 rouka vy (o, ty) mexuT HUZKe TOUKE U1 (0, to). [Ipu a(o) = 1 gomkuO
BBIIOJIHATECS 1 pasenctso (o) = 1. Ho Beap Torna u3 pasencrsa

—+00 “+o0

[ i) [ iz
x 1 x
ﬁdx = 6(0)/ zaﬂdx MOJIYIAeTCsT PABEHCTBO de = /
1 1 1 1

HE BBINIOJHIETCS. SHAYNT, paBeHCTBO (o) = 1 He jocruraercs, nosromy o) < 1.

o dx, KoTopoe
x

B cinyuasax 1 u 2 rpacduk dpyakimn vy JexuT Huxke rpaduka QpyHKIuu 01, HO TOTIA
u Toukn A u B nexxanum Obl HuzKe rpaduka GYHKIMA U1, HO, KaK OBLIO YKa3aHO paHee,
OHU JIOJIZKHBI JIeYKaTh [0 pa3Hble CTOPOHBI OT 3TOTO rpaduka.

CuenoBareibHO, ecain rpaduk (hyHKIUT v IPOXOIUT depe3 TOUKY A, TO 4epe3 TOUKY
B y:xe #e npoiiér, u eé abciucca oy He MOXKET OBITh pelleHueM YpaBHEHHS

Ul(O', to) = "U2(07 to).
3. a(o) — B(o) > 0 na (0;1).
O6osnaunm §(0) = a(o) — B(o).
B srom cryuae v(o,fy) — 5@)% + a(@)in(oty) > 5(0)5 + 8(0)in(oty) =

L.
(5(0’) (— + Ul(U, to)) .
o
1 to
Buaunt, rpaduk GyHKINY v1 JeKUT Bhilie rpaduka byHxmmn y = 6(o) | — + prarl
o 0o 5
M3yuum B3auMHOE pacioJioKeHue rpaduKoB ¥ U V7.

Jlemma 3. v(0) > 01(0), ede o € (0;1).

Jloxazameavcmeo. YTBep:KjieHNe JIEMMbI CJIeyeT U3 MeMOYKH SKBUBAJIEHTHBIX 1peobpa-
30BaHUI:

1 o to 1 o o
(o) (a + o? 4 tg) o2+t (0>0 ( (2)) o+ 13 (0)02 + t2
1 to 9 9

o o241t}
MBI BOCIOJIL30BATUCH TEM, YTO, TaK KaK y HeTPUBUAILHLIX HyJleil HanMeHbIIas 10J10-

JKUTeTbHAs MHUMas 9acTh paBHa g = 14.134725141..., To, ¢ yuéTom 3aMedanus 4, nMeeT
mecto HepaBeHCTBO 1 — (o) > (o).

]



Nrak, B caydae 3 rpacuk vy Jexkut Boile rpaduka 7y, KOTOPBIi, B CBOIO O4Yepe/ib,
JIEZKHUT BbINIe Tpaduka U;, caegoBaTebHO, rpaduk v, Bbie rpaduka 0, HO TOTAA U
Toukn A m B OKaxKyTcs 10 OJHY CTOPOHY OT rpaduka Ui, & OHH JOJKHBI JI€KATH MO
pasHble CTOPOHBI OT HETO.

[Ipexk e deMm mepeiTn K caydaio 4, cienaeM caeayolniee

Bameuanue 5. B paccmompennols mpéx cayuaax emecmo unmepsana (0; 1) moorcno 6via0
UBHAUAALHO Opams npoussosvrod unmepsan (p,q) C (0;1).

4. a(o) — B(0) - 3nakonepemennas dyuxuus na (0;1).
~+00 n+1

+o0
Pacemorpum dyuknmio ¢(o) = {ledx = Z /
:L»O'
n=1

1

xr—n
p dx. Ina xaxxnoro n € N
x

n+1
T—n 1
nMeeM HepaBeHCTBO dr < ,
no'Jrl

v M03TOMY (DYHKIMOHATBHBIN Pl I (PYHKITHT
T

n
—+00

©(0) MaxKOpHpYeTCcs: PsIOM E
n=1
cJIeIoBaTeIbHO, OH 110 IIPU3HAKY Beliepmrpacca Ha 3TOM OTpe3Ke CXOIUTCS PABHOMEPHO,

sHaunT, HyHKIWs (o) HeupepbiBHa Ha [, 1]. B cuity npoussosbrocTu € dbyukius ¢(o)
nenpepbiBaa Ha (0, 1] u, 3nagnt, u #Ha (0, 1).

1
nUJrl

Ha orpeske [g,1] mis npoussosbraoro £ € (0;1),

Oynkuus [ spiasiercss HenpepbiBHOW GyHKimeir Ha (0;1), Tak Kak, CONIACHO OIMpe-

(o) . )
Jesiennto, (o) = T 9TO OTHOMIeHWe JBYX HelPePhIBHBIX dbyHKIMi, HpUIEM

1
/ xa—&-l dx

1

+oo

1 1
/x0+1d1’:; > 0.

1

lo
o2+t
Hero «0), yCTAaHABIUBAEM €€ HEelPePBIBHOCTD, MOCKOIBKY BbIPpayKeHHE B CKOOKAX HEIpe-
PBIBHO U He paBHO Hurje Hyaio Ha (0;1), a dyuxmus vi(0,ty) HeIpepbIBHA KAK MHUMAs

+o0
{=} 1 ¢(s)
de T s—1 s

1
Banumem pasenctso (6) B Buge ¢(o)+wv;(o,ty) = a(o) (— + > ; BhIpAzKast U3
o

JaCTh AHATUTUIECKON (pyHKIINN

(1).

, B COOTBETCTBHH C PaBEHCTBOM

1

Urak, dyukmus o — § Henpepbisaa Ha naTepsase (0;1), cregoBatenbHo, oHa JHO0
BOOOIIE He UMeeT HyJiell (Torga OHa 3HAKOIMOCTOSTHHA | ITOJA/IAeT HoJ ciaydan 1 u 3, HO He
oy, cay4vaii 4), mu6o uareppaa (0;1) Gyaer obbeanHeHIEM IBYX MHOXKECTB: MHOXKECTBA,
HyJIei, 3aMKHYTOrO Kak Mpoobpa3 OJHOTOYEYHOTO (W MOTOMY 3aMKHYTOTO) MHOXKeCTBa
{0}, 1 OTKpPBITOr0 MHOXKECTBA, KOTOPOE TOoJIydaercs yaaienuem u3 uarepsaia (0;1) yka-
3aHHOT'O 3aMKHYTOI'O MHOYKECTBA.

[Ipuseaém mosesnyo Teopemy 21 w3 kuuru [4, ¢. 135]:
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Teopema. Bcaroe omkpumoe muoscecmeo I' na wucaosot npamoti R ecmv cymma xo-
HEUHO20 UAU CUEMHO20 MHONHCECTNEA JU3BIOHKMHBLE UHMEPEAA08, KOHUbL KOTNOPBLL NPU-
nadaescam donoarumensvromy k I samrrymomy muoocecmey ® = R\ T'; epedu smux
UHMEPBAAOE MOYTM, OKA3GMBCA 00UH UAY 060 BECKOHEUHDLT unmepsana euda (—oo;a)
uau (a; +00).

Sameuanue 6. Bonpoc 0 mom, KaK08a MOUWMHOCTIL MHOHCECMBA HYyael PyHryuu o — 3,
HE ABAAEMCA KPUMUYECKUM Npu dokasamenvemeae 2unomesv, Pumarna, mem He menee uh-
mepecen cam no cebe. OKasvleaemces, Mo MHOHCECB0 Koneuno. B camom dene, dzema-
PYHKUUA ACAACTNCA GHAAUMUNECKOT, HG BCET KOMNAEKCHOT NAOCKOCTU, 30 UCKAOUEHUEM
mouru s = 1, caedosamesvho, oHG AHAAUMUYHE U HA MAKUL MHOACECMEAT, KaK 3aAMbl-

KaHUsA KPpUMuvYeCKur nNpAMOYco0AbHUKOEG, TLOIMOMY TMaKaA GHAAUTNUYECKAA gb'ymwu;z, Kaw
—+00

{z} -
/ ] dxr — 1, UMEETTT HA MAKUT MHONHCECTNEAL AUUD KOHEYHOE MHOMNCECTB0 HYAEU.
X S —

1
Omeroda caedyem, wmo mHoHcecmeo nyset PyHKyuL o — B KoHeuHo.

Urak, cormacuo 31oit reopeme, nurepsas (0; 1) aBiasgerca 00be MHEHTEM 3aMKHY TOTO
MHOYKeCTBa Hyseil GyHKImI o — [ 1 KOHEYHOTO WU CIETHOTO MHOYKECTBA AU3BIOHKTHBIX
HHTEPBAJIOB BU/IA (P, ¢) ¢ KOHIIAME B 3aMKHYTOM MHOKeCTBe HyJeil hyHKum a— 5, Kpome
JIBYX MHTEPBAJIOB: OIUH C JIEBHIM KOHIIOM ( M NpaBbIM KOHIIOM B MHOXKECTBE HYJIEH, U
NIPYTOii - ¢ IpaBbIM KOHIOM 1 M JIeBBIM KOHIIOM B MHOKecTBe Hyseil. Ha kaxkmom Taxom
uHTepBasie QYHKINS o — [ 3HAKOIIOCTOSIHHA.

Panee mbl ycranopusan, ato npu (o) — (o) < 0 coorBeTcTByIONIe TOYKN rpaduKa
dbyuKIMK v Jexar HuzKe rpaduka GyHkiwn 01 (To ecth u npu a(o) — (o) = 0 Toxke!),
a mpu a(o) — f(o) > 0 coorBercrBytomue Touku rpaduka MYHKIHA v JEXKAT BbIIIe
rpaduka GbyHKIUN U1, B HyJIssX GyHkimn «(o) — (o) 6bm ObI pa3pbIBbI, HO BBITIE OBLIO
JIOKA3aHO, 4TO 3Ta (PYHKIMs HEIPEPbIBHA.

CaegoBaTeibHO, TaK Kak IpaduK v; MPOXOAuT 4depe3 Touky A, 1o m Bech rpaduk
HaxoauTCca HUXKe rpaduka 1. Ho Touka B Toxe JeKuUT Ha TpaduKe v; U ITOITOMY TOXKE
JekuT Huke rpacduka U1. Ho MBI yKke ycTraHoBmIn panee, 910 Todkn A u B J10J2KHBI
JIeXKaTh [0 Pa3sHbIe CTOPOHHI OT Ipaduka 1.

Nraxk, ecnu rpaduk GYHKINKM v7 MPOXOIUT depe3 TOUKY A, To OH HHKAK He CMOXKeT
NpOITH Yepe3 TOUKY B.

1
CJIQ,ZLOB&TGJH)HO, IpeAIloJio2KeHue og < 5 OKa3bIBa€TCdA HEBEPHDbIM.

Cayuyaii, Korjga abcnucca ¢ HeTPHUBUAJIBHOIO HYJIA J3eTa-QyHKIHH OOJIbIIe 2 CBO-

JIUTCS K PACCMOTPEHHOMY CJIYYalo: MPOCTO ToJiaraeM og = 1 — 4.

'mnoresa Pumana jgoka3aHa. ]

4 3akJo4deHue

B obmem ciaydae byHknmst vy BeZéT cebs COBEPIIEHHO HENpeICcKa3yeMo, TaK Kak
BBIUUC/AUTL napamerpbl (o) u f(0), 0T KOTOPHIX 3aBUCAT €€ HOBEJIEHHE, TaK, 4TOObI
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rpacduk QyHKIUE vy TPOIIET Yepe3 TOUKY ¢ abCIuccoit oy = 5 HETPUBUAJIBHOTO HYJIS, HE
MPEJICTABIACTCA BOZMOYKHBIM.

Ho, Tem He menee, 06 3TuX mapaMeTpax MOXKHO Koe-4TO cKazarTb. Hampumep, ciery-
oIee: UX MOXKHO, PaJid HHTepeca, MPUOIHKEHHO BLIUYUCIATD, Y2Ke 3HAsT MOJ0KUTEIbHY IO
MHUMYIO 9aCTh ty HETPUBUAJIBLHOTO HYJISA, HAITpuUMep, tg = 14.134725141...— HamMeHbITasg
HOJIOKUTEIbHAsT MHUMAas 4acTh U3BECTHOTO HETPUBUAJIBHOIO HYJIS.

O6oznaanm a(og) u f(og) cumBosaMu g 1 Sy COOTBETCTBEHHO.
1
Hanee o oy Becera OyaeT moapa3yMeBaThCst 7

Kaxk YKa3aHO B 3aME€YCHHUU 4, AJ1dl HETPUBHUAJIbHBIX HyJ’[eIU/I ¢ OOJIBITUMU ITOJOXKUTEb-
HBIMHW MHHMBIMHA YaCTAMHU 93THU KOSCI)CI)I/H_[I/IGHTBI O4Y€Hb MaJIO OTJINYal0TCA APYI OT ApPYyra.

1
Ipu oy = 5 BHIIIOJHSACTCS PABEHCTBO (g — ,30) + ag1 (09, tg) = va(00,to), U3
koToporo mosay4daem 1.035329666...a9 — 5y = 0. 03532966658
+oo “+o00

- {z} 1
Haiiném teneps Sy B COOTBETCTBUU C PABEHCTBOM dx = [ x
xag—&-l x00+1
1 1
CuavaJja BBIYUCIUM HHTEIPaJI B JIEBOM YacTH PaBEHCTBA.
k+1 1

1 1
x—k t kE+t k
de =z =k+t :/—dt:/—dt—/—dt:
k/ gt 4= | R B Y S UR

1 1 1

1 k1 1 k1
- . 1 AR S e 2L ) =
(1—0 (k+1) +O’ (/{+1)U) (1—0 b 5 k")

:(/c+1)1*"—k1—0+k ((; 1)'

-0 o \(k+1)° &

Hakomnern, momydaem

£ 58 ( <—>)

1 k=1 %

+oo +oo

2k+1—2\/_\/k;+
QZ VirT

x0'0+1 ’
1 1

1 1
[lpuo =09 = 5 TOTTyaeM / dr =

[Ipu k£ = 1000000 nosrygaem %dw = 0.9170582237...
:EU
1
13 paserncrsa 0.9170582237 = [, - 2 monyuaem [y = 0.4585291118...

Bo + 0.03532966658
1.035329666

= 0.4770063050.

Tenepb moxkem HaliTH (g =
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[Torrpobyem Ternepb X0Tst O6bI TPUOIU3UTEIHHO TIPEJICTABUTD, KaK BeJAyT ceOsi JeBbIit
¥ TpaBblii wacTh ypaBHenus vq(o,ty) = wvy(o,ty). Koneano, must sToro wHamo 6bl 3HATH
sHaderust Kodbdunuentos «(o) u $(0) Npu BeeX OCTATBHBIX 3HAUCHUSX 0, U BBIPAZKEHHS
JIJIST UX BBIYHCJICHHUS ITPUBEJICHBI BO BTOPOH YAaCTH CTATHbH, HO OHU OYEHb I'POMO3JIKH.

1 1
Ecau npeanookuTh, 910 o(o) ~ « <§) u fB(o) = (5) , TO paBeHCTBO (8) mpu-

0.0184771932+ 6.742353011
o o2 +199.7904548"

HUMaJI0 Obl HpUOU3UTEIbHO Buj v1(0,tg) =

0.18-

0.16+

012+
010+

0.08-

Puc. 4: Ilepeceuenne rpadukoB v; u vy

11 310 BCE, 9TO MOKaA YCTAHOBJIEHO.

B sTtoMm mpuunna toro, uro aBrop, HaumHag ¢ 2017 roma, 6e3ycHenino IbITaacs T0-
Ka3aTb, 4T0 PyHKIUA V1 yObIBa€T UMEHHO B 001IeM ciydae. B KOHIE KOHIIOB OKa3aJ/10Ch,
YTO OHA M B CAaMOM JieJie yObIBAeT, HO TOJbKO B COBEPIIEHHO CHEIU(pDUIECKUX CIAydadx.
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