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,HOK&SI)IB&GTCH runoresa Pumana o HEeTPpUBUAJIBbHBIX HYJIAX ,ZLSGT&—(bYHKLLI/II/I.

Ecnn HEKOTOpOe KOMILTIEKCHOE YHUCI0 Sg = 0 + ity IBASIeTCS HeTPUBAAIBHBIM HYJIEM,
TO napa (0g, tg) sBAsIETCS PEIIeHneM HEKOTOPOIl CHCTeMbI IByX YPaBHEHHH 1BYX AeficTBI-
TeJHHBIX IIEPEMEHHBIX 0 U T.

N3ydenne oHOTO U3 3TUX JABYX ypPaBHEHUH MOKA3aJI0, YTO OHO UMeeT eJINHCTBEeHHOe
penreHue upu t = ty.

13 cpoiicTBa CHMMETPUYIHOCTH HETPUBUAJIBHBIX HYJIeH OTHOCHUTETHHO MPIMON

1
0 = — CJAeyeT, 9TO 0y = —.

2 2

KoaroueBsie ciaoBa: runoresa Puvana, n3eta-pyHKIHS, HeTPUBUAJIbHBIE HYJIH.
Abstract

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

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

Considering one of that two equations one can found that it has a unique solution at
t= LL().

1 1
As nontrivial zeros are symmetric about the line o = 3 it follows that oy = 7

Keywords: the Riemann hypothesis, zeta function, nontrivial zeros.
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BBesnenune n moctaHoBKa 3a/1a4n

[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

/iﬁdmzsil. 2)

1

Bameuanue. [Ipu pabome ¢ dopmynoti (1) e [1, c¢. 34] asmopwv onpedesusru dynruuro x*
daa x > 0 pasencmeom x° = ™. Tozda x° = 172" = 3¢ ?,

NmetoT MecTo paBeHCTBa

1 JE—
s+l - o+l (
1 oc—1 . t

3—1—(0—1)2+t2_2(0—1)2+t2'

cos(tlnz) —isin(tlnx)),

[Tosromy ypasrenune (2) Gyaer SKBUBAIEHTHO CJELYIONIEH CHCTEME:

¢ +00

{z} B o—1
/ sy cos(tlnx)dr = sy
1
x .
/ Lot sm(tlnx)dx = m

\ 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



O 7n1eBBIX U NPaBBIX YaCTAX YPaBHEHUil cucTeMsl (3)

Bregem caeayionue 4 GyHKIUNT:

+o0

ui(o,t) = / ji}l cos(tInz)dz,
1
+o0o
vi(o,t) = / %sin(tlnx)dm,
1
oc—1
us(o,t) = CEEE
t
UQ(U, t) = m

Takum o6paszom, cucteMy (3) MOXKHO 3alHCATH B BHIE

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

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

AW

Puc. 1: ILnockocrs t = ¢,

Ecnu sy = 0¢ + ity - HeTpUBHAIBHBIN Hy/b n3eTa~-GyHKIMH, TO napa (0g, o) ABITET-
cst perierneM cucrembl (4) W, B 9acTHOCTH, ypaBHeHust vi(o,t) = vy(o,t); B naabHeiinem
u3JI07KeHnn (puKcupyeM 3Hadenue t = to > 0. lanee u3ydaem moBefieHne 00enx dacreit
MMEHHO 3TOTO ypaBHeHHs Kak (DYHKIMH IepeMeHHOi o; Oylder IIOKa3aHo, 9To Ipaduku
06erx YacTeil JOJIZKHbI EPECeKATHCS TOJbKO B OJHOM TOUKe ¢ abCHUCCOl 0g, U U3 ITOr0

OJIYYAETCs IIPOTHBOPEUNE IIPeIIIOI0KEHIIO O TOM, UTO 0 7 3 MO3TOMY W3yUeHHe JPYyTo-

ro ypaBHEHUA 3TOH CHUCTEMBI JOIHIECKON H€O6XO,ZLI/IMOCTI/I AJ1d DOKa3aTeJIbCTBa I'MIIOTEe3bl



He mMeeT (BBIOOD yPaBHEHHUST PEINaics MyTéM MOAODACHIBAHUS MOHETHI; TIPH KeJAHUHU JI0-
Ka3aTeabCTBO MOYKHO TPOBOJINTE, N3ydasi TOJABKO ypaBHeHUe u1(0,t) = us(o,t), cxema Ta
Ke caMasi).

JIemma 1. Qynryus w = ve(0, ty) npu dukcuposanmom ty > 0 6ozpacmaem xak Pynryua
om nepemernnol o.

,ﬂOHCLSGm&/LbCTnGO. CHpaBe,D;JII/IBOCTb JIEMMBI CJIeJIyeT U3 HEPABEHCTBA

@ _ 2(0’ - 1)t0
do (o0 —1)2+t2)?

> 0.

CaencrBue. Uz semmo, 1 caedyem, wmo ece snavenus Pynkuyuu w = vy(o,ty) npu

t 1
o € (0;1) npunadsescam unmepsany U = —02, — .

Onpenenenune 1. Ilpamoyzorvrur {(O’, w) ‘ o€ (0;1),w e U} bydem Ha3vi8aMYH KPU-
MUYECKUM TPAMOY2ONOHUKOM.

W=,(5%)

Puc. 2: Kpurnyeckuit npgamMoyrojibHuK

Sameuanue. Kpumuyeckue npamoy2oibHuKky 04eHb MOHKUE, UL WUPUHE DABHA

1 t 1

- 5 = 5 Yoice O HEMPUBUANLHOZ0 HYAAL C CAMOT MANEHBKOT NOA0IHCU-
meavHolt MHUMOT wacmoro to = 14.134725141... noaywaemcs wupuna 0.0003523461812...

Harnee nac maTepecyer dacth rpaduka dbyHkumn vi(o,ty), JeKamas B 9TOM IPSIMO-
YTOJIbHUKE.

Onpenenenne 2. 3nauenue nepemennoti o, Npu KOMOPOM COOMEEMCMEYIOULAA TOYKA
(o,v1(0,ty)) epadura Pynryuu vi(o,ty) HaTOOUMCA 8 KPUMUHECKOM NPAMOY20ADHUKE,
6ydem HaA3BLEAMb KPUMUUECKUM 3HAMEHUCM.

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

rpacdukoB Gynknuit vy (o, tg) 1 va(o, to).



to 1
Ecu o - KpuTrieckoe 3HaYeHHe, TO, COTIACHO ONpefenenuo, vi(o,ty) € ( —, — | ;
B qacTHOCTH, V1(0, to) > 0.
O6o3naunm R[a, b] MHOKECTBO Beex GYHKIHUIT, HHTErPUPYEMBIX 110 PUMaHy Ha 0Tpe3-
ke [a,b].

Hawm GyjeT mosie3Ho cyreficTBHe U3 cJeyoleii Teopemsl |3, ¢. 347]:

Teopema (mepBas TeopeMa 0 cpejHeM Jjist uarerpaia). Hycmo f,g € R[a,b],

m = il[lfb]f(x),M = sup f(z). Eeau dynruus g neompuuamensvra (Uit Henosotcu-
z€la, z€a,b]

meavha) Ha ompeske |a,b|, mo

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

CaenctBue. I[lycmbv ycaosus meopemv, 0 CPEOHEM BUINOAHAIOMCEA 04 N100020
b

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

a
“+oo “+o00

b > B, nycmos cywecmsyiom HecobCmeenHbie UHmeepaJm/ f(z)g(z)dz u / g(x)dx, mo-

a a

2da
—+o00

+/oof (2)g(z)dr = a / g(x)dz, 20e a € [m, M.

a

Jokaszamenvcmeo. CorjiacHO TeopeMe 0 CpejHeM
= u(b) mpu b > B, rne u(b) € [m, M].

Tak Kak HecOOCTBEHHBIE MHTErPAJIBI CYIIECTBYIOT, TO TPU b — 400 CyIecTBYeT Mpees

JIEBOH YACTH, & 3HAYUT, CYNIECTBYET U o = blim p(b). Tax kak u(b) € [m,M], To u
—+00
a € [m, M]. O
Jlemma 2.
T t
: 0
/ ot Sln(t() In I)dl' = 0‘2——|—t8 (5)



Jlokasamenvemeso. O6oznadum F'(x) nepoobpasHyo QyHKIHH sin(tgInz).

LUUJ’_I

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

Q30+1

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

o o o
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
t 1 t
- J—(; (cos(tou)e"“ - /e”“d cos(tou)) = sin(tou)e 7" — 0—02 cos(tou)e 7" —
2
_ 5 sin(tou)e “du = ! sin(tolnz)e ™7 — k] cos(tolna)e M —
o2 o o2
1 sin(fo In )e "W d1n 1 — _lsin(tolna)  to cos(tolnz) ﬁ/sin(to lnx)d _
o2 o xro o2 xro o2 ro+l

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. Ecau 6vi mvi smecmo pasercmea vi(o,t) = ve(o,t) cucmemos (4) 6vibpanu
pasencmso uy(o,t) = ug(0,t), Mo Ham npuwLLoct Obi 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 —

Jloka3areabCcTBO runore3bsl Pumana

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

2de tg > 0, mo o9 = —.

2

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
OIIYCTHM, 4YTO O —. Ilonaraem ajag onpeme€HHOCTH, UTO o < —. Torna Touyka
’ 9 ’ 9

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

—+00 “+o00 —+00 “+oo

{z} . 1 +sin(tgInz) 1 sin(to In )
/ po (1 +sin(tgInz))dr = a(o) xa+(1) dx = a(o) mo_Hdm + a(o) %dw =

1 1 1 1

= a(a)l + a(o) fo

o o2+t

(6)
+oo +oo +00 .
./ﬁgﬂHaMMm@Mx:m>/PUHW+/{}“”“m%mzﬂw%+/{@§%%$ﬁm-

1 1 (7)

[IpupaBHUBag npaBble YaCTH paBeHCTB 6 U 7, MOTydaeM

(o) +alo) " = 8o)> + [ (o e,

o o2 + t2

OTCIOJa IIOJIYy4daeM

/{}$““m@ — (a(0) = B(0)) - + a(o) "

xot+l o o +t3

Takum obpasom,

0 (0,10) = (a(0) ~ B(0))~ + alo)ir o, 1), ®

Paccmorpum cradasa Tpu ciaydas, Korya MyHKIus « — [ nepeMeHHol o cOXpaHsgeT
3HAK Wid HyjdeBoe 3Hadenue Ha (0;1).

1. a(o) — B(o) <0 ma (0;1).
I3 paBencrsa 8 cirezyer, uto vy (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,tg) < 01(o,to) mpu Beex o €
(0;1). TIpu (o) < 1 rouka vy (0o, ty) mexuT HUZKe TOuKE U1 (0, to). [Ipu a(o) = 1 gomkuo

BBIIOJIHATECS U pasenctso (o) = 1. Ho Bean Toraa us paBeHCTBa
+oo +o0 +oo
iz}

{e} 1
ﬁdx = (o) / o= +1 Iaﬂdx, KOTOpOe

1 1 1 1
HE BBINIOJHIETCS. 3HAYNT, paBeHcTBO (o) = 1 He jocruraercs, nosromy (o) < 1.

8



B cinyuasax 1 u 2 rpacduk dpyukimn vy JexxuT Huke rpaduka pyHKIun 01, HO TOTIA
n Toukn A u B jexxanum Obl HuzKe rpaduka GYHKIMT U1, HO, KaK OBLIO YKa3aHO paHee,
OHHU JIOJIZKHBI JIeYKaTh [0 pa3Hble CTOPOHBI OT 3TOTO rpaduka.

CuenoBaTebHO, ecan rpaduk (hyHKIUT v IPOXOIUT depe3 TOUKY A, TO 4epe3 TOUKY
B yxe ne mpoiiieT, n eé abcuucca oy He MOKET OBITh pelleHueM YpaBHEHHS

Ul(O', to) = U2(07 to).
3. a(o) — B(c) > 0 na (0;1).
Bameuanue. [Tycmob 0—KPUMUYECKOE 3HAYEHUE.

Iyemo o(o) — (o) > 0. Tax kax

vi(o,tg) € U, mo % > vy(0,ty) = (a(o) — B(O’))é + a(o)v1(o, ty) > (alo) — 5(0))3 >
> a(o) — p(o), caedosamenvno, a(o) — (o) < %.
Ecau orce a(o) — (o) <0, mo vi(0,ty) = (a(o) — ﬂ(a))% + a(o)v1(o, ty) > %Ot%’

B(o) —a(o) < (afo) — B(O’))% < a(o)vy(o,ty) — T < 010, ty) < tl’ credosamennho,
0 0
1

Blo) —ao) < .

0

1
Taxum obpasom, |a(c) — B(o)] < o
0

O6oznaunm §(0) = a(o) — B(o).

B srom cayuae n(ot) = 6(0)= + alo)ir(o.te) > 8(0)= + 6(a)in(orts) —

5(o) (é + (o, t0)> . ’ ’

1 t
Buaunt, rpaduk GyHKINN v JeKAT BhiTie rpaduka byHKImN v = §(0) <— + = —10- tQ) .
o o 5

N3yunm B3auMHOE pacroJiokenue rpaduKoB ¥ u ;.

Jlemma 3. v(0) > 01(0), 2de o € (0;1).

Joxazamenavcmeo. YTBep:KjieHUE JIEMMbI CJIeIyeT U3 HEINOYKH YKBUBAJICHTHBIX 1Ipeodpa-
30BaHUI:

5<o—)<1+ fo >> fo <:>5(0)§>(1—5(0))

o o2+1} 0% + 13
1 to
o o+t
MbI BOCIOJIB30BAJIMCH TE€M, YTO, TaK KaK y HETPUBHAJIbHBIX HYyJell HaMMeHbIIas I0-
JIOXKWTeJTbHAas MEUMas 9acTh paBHA to = 14.134725141..., To, ¢ y9éTOM 3aMedJaHUs , UMeeT
MecTO HepaBeHCTBO 1 — (o) > (o).

to
0%+ t2

to
0%+ t2

3(0)

& o + 13 > oty

[]



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. B pacemompennox mpeéx cayuasr emecmo urmepsana (0;1) moorcro 6oui0
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
1

©(0) MaxKOpHpYeTCcs: PsIOM E
n=1
cJIeIoBaTebHO, OH 110 IIPU3HAKY BeliepmiTpacca Ha 3TOM OTPe3Ke CXOIUTCsS PABHOMEPHO.

Tak kak Bce cjaraembie (DYHKIMOHAILHOIO Psijia Jyisi GyHKIMU (o) HENpPepbIBHbI KaK
MHTErpaJjbl OT HenpepblBHBIX byHKIWi, T0 dbyHKus ¢(o) HenpepbiBHa. B cuay npowns-
BostbHOCTH € yHKIHs (o) Henpepbisra Ha (0, 1] u, 3naqur, u wa (0,1).

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

nUJrl

Oyuknus [ spisiercss HenpepbiBHO# byHKuumedr Ha (0;1), Tak Kak, COMIACHO OMpe-

(o) . )
jesennto, (o) = Too» 9TO OTHONICHHE [BYX HEIPEPLIBHBIX dyuKIMit, npuyém

1
/ x”“dx

1

—+00

1 1
/J}‘H‘ldx:; > 0.

1

to
o2+ t2
Hero (), yCraHaB/IuBaeM €€ HEeIPEPBIBHOCTh, OCKOJIbKY BbIDAXKeHHE B CKOOKAX Herpe-
PBIBHO ¥ He paBHO Hurjie Hymo Ha (0;1), a dyukius vi(o,ty) HenmpepbIBHA KaK 1efiCTBH-
+00
x 1 C(s
Aok, - 1)

- -~ B COOTBETCTBHUH C
st s—1 s

1
Bamumiem pasenctso (6) B Buge (o) +wvy(o,ty) = a(o) (— + ) ; BBIpazKasi U3
o

TeJIbHAS 9aCTh aHAJHUTHYECKON (bYHKI_LI/II/I

1
pasencrsoM (1).

Urak, dbyukus a — [ nenpepsiBHa Ha uarepsase (0;1), ciaegoBaresbHo, oHa 160
BOOOIIE He mMeeT HyJiell (Torga OHa 3HAKOMOCTOSTHHA | TTOJNA/IAeT Ho caydan 1 u 3, HO He
oy, cay4vaii 4), 6o wareppaa (0;1) Gyaer obbeanHeHNEM JIBYX MHOXKECTB: MHOXKECTBa
HyJIeil, 3AMKHYTOrO Kak Mpoobpas OJHOTOYEYHOro (M MOTOMY 3aMKHYTOIO) MHOXKeCTBa
{0}, u OTKpPBITOTO MHOKECTBA, KOTOPOE TMoIydaeTcsa yaanenneM u3 narepsaia (0;1) yka-
3aHHOI'O 3aMKHYTOI'O MHOYKECTBA.

10



[Mpusesém nosesnyio reopemy 21 w3 xuuru |4, ¢. 135]:

Teopema. Bcakoe omkpwmoe muoscecmeo I' na wucaosot npamoti R ecmv cymma xo-
HEYHO020 UMY CHEMHO020 MHOHCECTNEA QUSBIORKMHHLT UHMEPBAN0S, KOHUDL KOMOPHLT NpU-
nadaescam donoarumensvromy k I samrrnymomy muoocecmey ® = R\ T'; epedu smux
UHMEPBAAOE MOZYM, OKA3GMBCA 00UH U 060 BECKOHEUHBLT unmepsana euda (—oo;a)
uau (a; +00).

Bameuanue. Bonpoc 0 mom, Kaxo8a MOUHOCTIL MHONMCECMBG HYAET PyHKUUL O — (B, He
ABAAEMCA KPUMuU“eckum npu dokadamensvcmee 2unomesdv, Pumarna, mem ne menee um-
mepecer, cam no cebe. OKa3v8aemces, ImMo MHOACECMEO Koneuro. B camom dene, dzema-
PYHKUUA ACAAECNCA GHAAUMUNECKOT, HA BCET KOMNAECKCHOT NAOCKOCTU, 30 UCKAOUEHUEM
mouxu s = 1, caedosamensvho, oHG AHAAUMUYHG U HA MAKUL MHOACECMEAT, KaK 3aAMbl-
KaHUA KPUMUYECKUT NPAMOY20ALHUKOS, NOIMOMY MAKGS GHAAUMUYNECKAA OYHKUUA, KAK

+f<>o {} dx—s L

] 1 uMeemn Ha Mmaruxr MHOWCECTNEAT NUUD KOHEYHOE MHOHCECTIGO Hyﬂe?j
x R

Taxum obpasom, mHostcecmeo nysel Gynkuuy o — 5 KoHewHo.

Urax, cormacuo 3roit Teopeme, uarepsas (0; 1) sBisercst o0beuHEHTEM 3aMKHYTOTO
MHOZKeCTBa HyJeil GyHKImn o — [ 1 KOHEYHOTO MU CIETHOrO MHOYKECTBA AU3BIOHKTHBIX
HHTEPBAJIOB BU/IA (P, ¢) ¢ KOHIAME B 3aMKHYTOM MHOKeCTBe HyJqeil hyHKIun a— 5, Kpome
JIByX HHTEPBAJIOB: OJUH C JIEBBIM KOHIIOM () M IpaBbIM KOHIIOM B MHOYKECTBE HYyJei, n
JIPYTOii - ¢ IpaBBIM KOHIIOM 1 M JIEBBIM KOHIIOM B MHOKecTBe Hy/eil. Ha KarkaoMm Takom
uHTepBasae (GyHKIUS o — 3 3HAKOIOCTOSHHA.

Panee mbl ycranosusn, 4ro upu (o) — (o) < 0 coorBercrByoniue To9Ku rpaduka
dbyukun vy rexar Huzxke rpaduka Gyskiwpn 0 (To ecth u npu (o) — (o) = 0 Toxe!),
a npu a(o) — f(o) > 0 coorBercrBytonme Touku rpaduka (YyHKIHA v JeKAT BHIIIE
rpacduka yuKIwu 01, B HyJIgX OyHKIMA o(0) — F(0) 6bL1r 66 Pa3pbIBbL, HO BBIIIE GBLIO
JIOKA3aHO, 4TO 3Ta (DYHKIUsS HEIPepPbIBHA.

CrenoBaTeIbHO, TAaK KaK rpaduk v; HPOXOIUT Yepe3 TOUKY A, To W Bech rpaduk
HaxojuTcd Huzke rpaduka 1. Ho Touka B ToxKe JiexKUT Ha rpaduKe v; U IOITOMY TOXKE
qexxuT Huzke rpacduka U1. Ho mbl yxe ycranoBmiu panee, 910 Touku A u B 10/2KHBI
JIEZKATDh 10 Pa3Hble CTOPOHBI OT rpacuka 0.

Urak, ecnu rpaduk GYHKINKT v7 MPOXOAUT depe3 TOUKY A, To OH HHKAK He CMOXKEeT
IpoiTH Yepe3 TOUKY B.

1
CJIG,ZLOBaTeJIbHO, IpeaIoJIOXKeHue oy < — OKa3blBaeTCsl HEBEPHBIM.
2

Coyqaii, korga abcmucca ¢ HETPUBUAJIBHOTO HYJISI n3eTa-(pyHKIHHA OOIBIIE 2 CBO-

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

I'mmoresa Pumana gokasana. ]
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1 3akJjro4yeHue

B obmem ciaydae yuknuss vy BegéT cebs COBEPIIEHHO HEINpeICKa3yeMo, TaK Kak
BBIYUCJIUTE Hapamerpsl «(o) u (o), OT KOTOPHIX 3aBUCAT €€ MOBEJCHHE, TAK, UTOODI

rpacuk GyHKIUE vy TPOIIET Yepe3 TOUKY ¢ abCIuccoit oy = 5 HETPUBUAJIHHOTO HYJIS, HE
MPEJICTABIACTCA BOZMOKHBIM.

Ho, Tem ne menee, 06 3TuX mapaMeTpax MOKHO Koe-4TO cKazaTb. Hampumep, ciery-
olee: UX MOXKHO, PaJId UHTepeca, MPUOJIHKEHHO BLIUYUCIATD, Y2Ke 3HAs MOJ0KUTEIbHY IO
MHUMYIO 9acTh ty HETPUBUAJIBLHOTO HYJIS, HAITpUMep, tg = 14.134725141...— HamMeHbITas
HOJIOXKUTEIbHAs MHUMAas 4acTh U3BECTHOTO HETPUBUAJIBHOIO HYJIS.

O6oznaunm a(og) u G(og) cumBonaMu ag 1 [y COOTBETCTBEHHO.

1
Hastee oyt 0y Beerjia 6y1eT 10/ Ipa3yMeBaThCS 5

Kak ykazano B 3amMedenun 3, 11 HeTPUBUAJIBHBIX HyJ/1eil ¢ OOJIBIINMHU I10I02KUTE b

HBIMH MHUMBIMH YACTAMHI 3TH KO3(P@PUIUEHTH 09€Hb MAJIO OTJIMYAIOTCH APYT OT IPYTA.
1

Ilpu oy = 5 BBITIOJIHSICTCS PABEHCTBO (g — Bo) + apv1(09,tg) = ve(og,ty), u3

koToporo mosaydaem 1.035329666...a9 — 5y = 0. 03532966658

“+oo “+o00

- {z} 1
Haiiném teneps Sy B COOTBETCTBUU C PABEHCTBOM dx = [ x
oo+l oo+l
1 1
CuavaJja BBIYUCIUM HHTEIPaJl B JIEBOM YacTH PaBEHCTBA.
k+1 1

1 1
x—k t kE+t k
de = |r =k +1t :/—dt:/—dt—/—dt:
k/ gt = | R A Y S URO

1

1
1 1 1 N 1
— dt—k | ———dt = k4t -
/(k+t)" /(k+t>"“ (1—0 (k+9) *s (k+t)")
0 0

1 S 1 k1
- (k+1D) T+ ) — e D) =
(1—0 (k+1) 5 (/{4—1)0) (1—0 5 k")

:(/c+1)1*"—k1—0+k ((; 1)'

-0 o \(k+1)° &

Hakomnern, momydaem

- § et <<—>>

1 k=1 %

+oo +oo

oot T =2,
1 1

k
Ipu k = 1000000 moryuaem / {z}
T o+1

R 2% 4+1-2VEVE+1
22 T :

o [
[lpuo =09 = 3 MOy 9aeM

dr = 0.9170582237...
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13 paserncrsa 0.9170582237 = [, - 2 monyquaem [y = 0.4585291118...

Bo + 0.03532966658
1.035329666

[TonpoGyem Tenepb XOTst ObI HPHOJIU3UTEIBHO MPEJICTABUTH, KAK BEIYT ceOd JeBblit

W TpaBBIil wacTu ypaBHenus vi(o,tg) = wvy(0o,ty). Koneuno, mag sToro namo Obl 3HATH

sHadenust Koadbdunuentos «(o) u $(0) Npu BCeX OCTATBHBIX 3HAUCHUSIX 0, U BbIPAZKEHHS
JUIST UX BBIMHACICHUS TPUBEIEHBI BO BTOPOH YaCTH CTaThbU, HO OHU OY€Hb I'POMO3IKH.

= 0.4770063050.

Tenepb moxkem Ha#iTH (g =

1 1
Ecau npeanosoxurh, 910 o(0) ~ « 5)H Blo) = B (—) , TO PaBeHCTBO (8) mpu-

2
0.0184771932 6.742353011

o * o2 +199.7904548"

HUMAJIO OBl MPUOJIU3UTENBHO B V1 (0, tg) =

0,18+
0.16+
0.144
0.124
0.104

0.08+

T T T T T T T T T |
01 02 03 04 03 06 07 08 0% 10

Puc. 4: Tlepeceuenune rpadpukoB v, u vy

1 310 BCE, 9TO MOKA YCTAHOBJIEHO.

B sTrom mpuuwnna toro, yro aBTop, HaumHas ¢ 2017 rozga, 6Ge3ycnentno mbITaacd Jg0-
Ka3aTh, 4TO (PYHKIHA v1 YObIBaeT UMEHHO B 00IIeM ciaydae. B KoHIle KOHIIOB OKa3aJ10Ch,
YTO OHA M B cCaMOM JieJie YObIBaeT, HO TOJIBKO B COBEPINEHHO CHEIUMUICCKUX CIYyUasX.
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