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JlokazbiBaeTcs runoresa PuMana o0 HETPUBHAJIBHBIX HYJIAX JA3€Ta-(DyHKIUH.

Ecin HeKoTopoe KOMILIEKCHOE YUCI0 Sg = 0 + ity ABASAETCS HETPUBHAIBHBIM HYJIEM,
10 mapa (0g, tg) sBAsIeTCS PEIleHneM HEKOTOPOI CHCTeMbI JIBYX YPaBHEHUi 1BYX JefcTBU-
TeJIbHBIX TIEPEMEHHBIX 0 U t.

U3zyyenne olHOTO W3 3TUX JBYX yPaBHEHUI MOKA3aJ10, YTO U3 CBOMCTBA CUMMeTpUY-
1

HOCTHM HETPUBHAJBHBIX HYJIEH OTHOCATEJILHO MPAMON 0 = 5 cJenyer, 4To oy = —.

2
KiroueBsblie ciaoBa: ruiioresa PuMana, j3era-pyHKIMs, HETPUBUAJILHBIE HYJIU.

Abstract

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

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

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

1 1
symmetric about the line o = 5 it follows that oy = 3

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.

ﬂOEdSGm@ﬂbcmGO. CHpaBe,ILHI/IBOCTb JIEMMEBI CJIeJyeT U3 HEepaBEHCTBa

d’Ug - 2(0’ — 1)t0
o (o—1psap Y

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

t 1
o € (0;1) npunadaescam unwmepsany U = —02, — .

Onpenenenne 1. [Ipamoyzorvruk {(0‘, w) ’ o€ (0;1),w € U} bydem Ha3bLBAMb KPU-
MUYECKUM NPAMOY20NOHUKOM.

W=,(5%)

Puc. 2: Kpurnyeckuit npgamMoyrojibHuK

Sameuanue 2. Kpumuueckue npamoy2oioHUKY 0%€HD MOHKUE, UL UWUPUHG PLEHA
1 to 1

1+ 1+
meavrot MHumMot yacmwvro tg = 14.134725141... noaywaemea wupurna 0.0003523461812...

. Yoice dan HEMPUBUAADBHOZ0 HYAA C CaAMOT MANEHDKOT NOAOIHCU-

Hasee nac unrepecyer dacrb rpaduka dbyskuun vi(o, ty), Jekamas B 9TOM IPSIMO-
YTOJIbHUKE.

Onpeneinenne 2. 3nauenue nepemennoti o, npu KOmopom COOMEEMEMEYIOUWAHL MOYKA
(o,v1(0,ty)) epadura pynryuu vi(o,ty) HATOOUMCA 8 KPUMUHECKOM NPAMOY20ADHUKE,
Oydem Ha3vLEaAMmd KPUMUYECKUM 3HAMEHUCM.

Takum 06pa3oM, 3HAUEHUE 0 ABJSETCS KPUTHYCCKUM 3HAYCHHEM [EPEMEeHHOi 0, T.K.
Touka (09, v1 (00, ty)) HAXOAUTCS B KPUTHIECKOM TIPAMOYTOJIbHUKE KaK TOUKA [epecevdeH st

rpacdukos GyHkmHit v1 (0, ty) 1 va(0, to).

to 1
Ec/n 0 - Kpuruueckoe 3nadenue, T0, CONJIACHO onpejesenuio, v1(o,ty) € | ——35, — | ;
L+1t3 1o
B JacTHOCTH, v1(0,t) > 0.



3 TIlosBnsgercsa dbyukus (o, 1)

Jlemma 2.
—+o0

1 to
/ g sin(tp Inx)dx = s (5)

1

1
Aoxasamenvcmeo. Obosnaunm F'(z) neppoobpasnyto dynkmun —— sin(fo In ).
T

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

1 1 1
= —— /sin(tou)de_"“ =—— (sin(tou)e_"“ - /e_”“d sin(tou)) = ——sin(tou)e 7"+
o o

o
t 1 t 1 1
+ 2 [ e cos(tou)du = —= sin(tgu)e 7" + — / ——cos(tou)de 7" = ——sin(tou)e 7" —
o o

o o o

o

t 1 t
- —0 (cos(tou) o — /e“’“d cos(tou)) = ——sin(tou)e 7" — —02 cos(tou)e 7" —
o

t2 1 t
- —02/81n (tou)e 7"du = - sin(tolnz)e 7™M — U—Ozcos(to Inz)e 7ne—
t 1 sin(to1 t tol to [ sin(tol
— —%/sm tolnz)e 7" dInx = __—sm( oln.z) OQ—COS( oIn.z) — /—sm( 0+?x)dx =
o i o i o i
_ Isin(tolnx)  tocos(tolnx) 7
o 2 o B —(;F(Z’)
oz o T o
1 sin(tg1 to cos(tg1 t2
[Monyunnn pasencrBo F'(z) = —— in(tonz) —(; lolnz) % F( ), CJIeIOBATENbHO,
i o x°
F(z) + t—%QF(x) _ lsin(lolnz) t_(;cos(to lnx)‘
g o i o i
Mrax, to+ UQF(Q:) __lsin(tolnz)  #o cos(tpln x)
o? o x° o? x°
Hauee,
2 + UQF(m) oo _ lsin(toInz) e 1o cos(toInx) ee _to
o? o a° o2 aC o2’
1 1 1

OTCIOJIA CJIELYET, UTO

! t

: _ oo 0
/ g sin(toInz)de = F(x)|{~ = gl
1
[

Bameuanue 3. Ecau 6v, Mo, emecmo pasencmsa v1(o,t) = vy(0o,t) cucmemol (4) svibpanu
pasencmeo uy(o,t) = uy(o,t), mo Ham npuwsocsy 6b JOKA3BEAMD PABEHCMEO

+oo

1
/ s cos(toInz)dr =

1

o
o2+ 13



[TocTpoum byHKITHIO

—+00

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

1

JlemMa 2 o3HadaeT, 9TO
lo

1(0,t0) = PUSTE
0

['pacbuku byukumii 01(0,ty) u v9(0, tg) PACTOIOKEHBI NEJUKOM B KPUTHIECKOM Mpsi-

MOYTOJIbHUKE U CUMMETPUYHBI B HEM JIpYT APYTY OTHOCUTEIBHO NPIMOi 0 = 3 nepece-

KasgCh B TOYKE ¢ aDCIUCCOIt 3

\\){/ W = ‘V'a_(‘gl%°}

= \i\/; (‘5\{3)

Puc. 3: Ilepeceyenne rpacukoB 01 u vy

1
B camom zene, dbyukius 01 (0, ty) yobBaer na [0; 1] oT A0 T dbyuxIus va (o, to)
0 0
1

0 —, IIPH 5TOM
112 P

N to to
ty) = = = 1—o0,1).
U1(07 0) 0_2 + t(2) (1 — (1 — O'))2 + t% UZ( g, 0)

Bozpactaer Ha [0; 1] or

. to to
Papenctpo 9, (0,tn) = v2(0, 9) 03HaTaeT TO AKe camoe, 9TO i ———5 = 3
o2+t (1—o0)2+ 1t}

OTKY/Ia CJAEJIyeT, 9TO rpaduKu U1 U Uy MEePeceKaroTcd B TOYKE ¢ abCIucoii o =

[\Jlr—\|

4 O kKoJIm4ecTBEe HETPUBUMAJIbHBIX HYJIE HaA BBICOTE

O6o3naanm M MHOXKeCTBO HyJeit HempepbiBHON byHKINN v1 (0, o) — ve(0, ty) Ha
1
3aMKHYTOM OTPE3Ke {0; 5 | OHO 3aMKIHYTO KaK pooGpas3 0HOTOYEYHOTo MHOKecTBa {0}.
Kpome Toro, ono orpanudeno, noyromy inf M = min M, sup M = max M.

llycts 0p = max M.



Kax n3BecTHO, B KOMILUIEKCHOH TLTOCKOCTH (0, 1), ecin TOUKa Sg = 0 + ity - HETPUBHU-
aJbHBIN HYJIb ja3eTa-QYHKINH, TO TOYKa 1 — 0g + ity, TO €CTh CUMMeTPUYHasl eif OTHOCH-
1

TEJHHO NPAMOR 0 = 3 TOXKE SBJISIETCH HETPUBUAJIbHBIM HYJIEM J13eTa-(DYHKIUU, TO €CTh,

ecim napa (0o, tg) siBJIsieTcst penierueM ypasraerust vy (o, t) = ve(o,t), 1o mapa (1 — o, to)
TOXKe OyIeT pemeHneM TOTO K€ yPABHeHHS.

[Mocrpoum dyukiuo v(o,ty) = v1(o,ty) +v1(1 — 0, ty). Yucaa og u 1 — 0¢ aBiisiiorcst
to n to
(c—1)224+1t5 o2+1t3
['pacduk mpaBoii YacTH 3TOrO paBeHCTBA, TO €CTh (DYHKITUS
to to

W= p + = ;3 Ha unTepsase (0;1), cummMeTpruYeH OTHOCHTEIBHO IPSMOIL
o + 0 o° + 0

pereHusiMu ypaBuenus v(o, tg) =

1
o= 3 a caMa YHKINS w UMeeT HYJIeBYIO ITPOU3BOIHYIO B TOUKAX
1

1.1 1 1 3
50 5 E VAP S TE2VAP L, S /4 = 1= 2VAP 11, 1o ccm pu ¢ > \/7_
OJTUH JIeHCTBATEIBHBINA KOpeHb U 4 MHHMBIX KODHs, u TeM Gostee mpu ¢ > 14 (y merpuBu-
ALHBIX HYJel camasi MaJeHbKast TTOJOKHTeNbHAS MEUMAs JacTh pasHa 14.134725141...)

Uraxk, mpoussoauas dyuximn w(o, ty) Ha uarepsase (0; 1) mMeeT TOIBKO OTUH HYJTH,

1 1
Ha HHTepBaJe (0; 3 BDYHKIUS BO3pACTAET, HA HMHTEPBAJIE 5; 1 ) yOniBaeT, HauboIbIIIEE

SHa4YeHue JOCTUTACTCA IIpU 0 — 5
1

CaegoBaTe/IbHO, €CJIH 0o = —, TO Ha BBICOTE ty OyIeT TOJbKO OJWH HETPUBHAJbHDIN

2
1 1
HYJIb, & €CJIU 0( 7# 5 TO 5 He ABJIMCTCH ELICHNeM yPaBHeHNs v1(o,t) = ve(o,t).

OTCIO,IL& cijaeayer, 4To Ha HHTEepBaJie (0'0, 1 - O'()) HEeT APpyrux peHIeHI/Iﬁ YpaBHEHHA
U1<O', t()) = ’UQ(O', to)

Bameuanue 4. Imo osnavaem, wmo dyea (AB) epadura vy (na puc.d on «nesudum»)
yeaurom aestcum aubo nusice, aubo evue dyeu (AB) epaduka vs.

5 Jloka3arTejabcTBO rumore3bl PuMmana

Teopema. Ecau sg = og + ityg, 2de tg > 0 - nempusuarvhwvili HYAb 03eMa-PYHKUUL

Pumanra, mo oy =

DN | —

Jlokazamenvemeo. OyHKIUs v HEIPEPbIBHA, 3HAYUT, €€ rpaduk, Npoxojs u3 To4ku A B
TOouKy B, nepecekaer rpaduk GpyHKIUN U; B HEKOTOPOil To4YKe, abCIUCCy KOTOPOil 00o-
3HaunM o (CM. puc.4).

1
Cortacto 3aMe9aHuio 4 MoJIydaeTcs, 9To 01 # 5

Jlemma 3. Ecau epagiuku 01 u vy nepecexaromea 6 mowke L(oy,01(01)), mo onu nepece-
kymea u 6 mouxe L(1 — o1,01(1 — 07)).



1+ 8 LK LM L ‘

1-011-0, 1 o

b =

Puc. 4: Tlepeceuenune rpadukoB v u v;

1 T
Jlokasamenvemso. Tlepenumiem paBerctso 1 B Buge ((s) = —s [ —— + / Qdm

llycTh s = s;— pellleHne ypaBHEHHS

) == (12 +1) )

—+00
1 {z} 1 1
TOTJIa, —S§ + ——dr | = —s +—.
. ! 1— s /x51+1 1<1—51 51)

1

“+oo

{z} 1
Hamee, ———— + dr = + —. Kax Buamm, B MOJIYy4eHHOM paBEeHCTBE
1—9 psitl 1—s51 s

1
paBas 4acTb HpH 3amene $; — 1 — s coxpauser csoé 3uadenue. Cjieg0BaTeIbHO, YTO-

ObI 1 JieBasd 4acThb COXpaHWJIa 9TO 3HaUYeHue, HHTerpaJja 1mocjae 3aMeHbl JOJIZKEH MPUHATH

3HAYEHUE :
LT @ 1
T
— —————dr = — )
51 + / 2=+ S1 + 1—s
1
Ho Torna
. 01 .t
ty) — to) = —
ul(alu 1) ZUI(O-L 0) U%—’—t% ZU%—f—t(Q)?
(1= o0 t1) —inn (1 — o t) = 00— o
w(l—o —w(l—o = —1 CJIeI0BaTeIbHO,
1 Ll 1 1, lo U%—i-tg (1—01)24—75%’ A
to .
v1(01,ty) = —5——= = v1(00, to),
1(01, o) T+ 12 1(00, t0)
t R
v (1 —o01,t0) = ? = 01(1 — o9, to)

(1 — 0'1)2 + t%
]

Nrax, corjiacHo JIOKa3aHHOMN JiemMe, ecjin rpaduk vy IIPOXOAUT 4depe3 TouKy L, To



OH MPOXOAUT W 4epe3 To4Ky N, TO ecTh nosydnmiack O6er myra (ALN B) rpaduka 1, HO,
COIJIACHO 3aMedanuio 4, 3To HeBo3MoxkHo. [losrydmiocs mporuBopeune.

'mnoresa Pumana jgoka3aHa. ]

6 O dpysKOHT V4

+oo
Oyukmus vy (o, t) = /

1

{z}

$a+1

sin(tIn x)dzr oxkazanach TMONIE3HON TPU JTOKA3ATETHCTBE

rurore3bl Pumana.

O6oznaunm MRla, b] MHOKECTBO Beex (QyHKIHUil, HHTErpUPYyeMbIX 110 Pumany Ha OT-
peske [a, b].

Hawm monaobures ciiecTBue u3 cieaywoineil Teopemsr |3, c. 347]:

Teopema (nepBasi Teopema 0 cpeHem st uarerpana). Hycmo f,g € R[a,b],

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

meavha) na ompeske |a,b|, mo
b b
[ H@lg@rts = [ gta)dz.coe e fm. 1)

CaenctBue. ITycmov ycaosus meopemvs 0 cPeOHEM SUINONHANOMCS OAA A100020
b

b € [a,4+00) u cywecmsyem maroe deticmsumenvhoe B, wmo /g(x)dw > 0 npu ecex

a
+oo “+00

b > B, nycmo cyuecmsyiom HecodbcmeenHvie uwmeepa,/m/ f(z)g(z)dz u / g(x)dx, mo-

a a

2da
—+o0

yoof(w)g(w)dw =« / g(z)dx, 2de a € [m, M].

a

Zokxazamenavcmeo. CorsiacHO TeopeMme O CpeaHeM

[ f@gtwyis

/ g(x)dx

a

= u(b) mpu b > B,rme p(b) € [m, M].

Tak Kak HeCOOCTBEHHBIC HHTErPAJILI CYIIECTBYIOT, TO IPH b — 400 CYMIECTBYET Mpeest
JeBOi dYacTH, a 3HAUUT, cymectsyer u « = lim p(b). Tak kak wu(b) € [m, M|, o u
b—+o00

a € [m, M]. O



CorIacHO C/1eCTBUIO U3 IEPBOil TEOPEeMBL O CPeJHeM Il HHTeTPaJia, AJIsl KazK0ro
o > 0 u, rem Gosee, s kaxkaoro o € (0;1) naiigyres rakue afo), B(o) € [0;1], uro

+o0 +oo +0oo +00

{z} _ 1 +sin(toInz) 1 sin(to In )
/ o (14 sin(tgInz))dr = a(o) :1:"+(1J dx = a(o) g dz + (o) %dw =
1 1 1 1

1 g
= 04(0'); + OZ(U)UQ—JH%,
(7)

+oo{ } +o0 1 400 . (t | ) 1 +00 . (t | )

x _ sin(toInz sin(toInz
/ F(H—sm(to Inz))dx = 5(0) / o dx+/ {z} %dm = 5(0);—#/ {z} #dm.

1 1 1 1

(8)

[IpupaBHuBas npaBble 4acTu paBeHcTB 6 U 7, 1oJIydaeM

(o) +ala) s = (o) + +/Oo{x} nllolnz) .
OTCIONA TOTYIaeM 1
"
[ e = as  (alo) - o))+ alo)
!
Taxmy 06pasom,
01(0:10) = (al0) ~ B(0) - +a(o)in(o, ). )

3ameuanue 5. [[ycmb 0—Kpumuveckoe anaverue.

Iyemo a(o) — (o) > 0. Tux xax

vi(0,t0) € U, mo % > 11(0,10) = (a(0) = B(0))~ + a(0)u(0 ) > (alo) ~ (o))~ >
> a(0) = B(0), cacdosameavno, a() — B(o) < %

Beau oice a(g) — 5(0) < 0, mo v (0,10) = (a(0) — B(0))~ +al0)ir(o, 1) > %Otg
B(0) — a(o) < (B(o) — a(a))% < a(0)in (o, ty) — %Ot% < b1(0,t0) < % caedosamenvio,
5(0) —alo) < -

1
Taxum obpasom, |a(o) — B(o)] < e
0

BosbméMm kakyio-mu6o Touky o € (0;1). Pacemorpum ciyvan, korjga dyukmus o —
IPUHAMAET OTPUIATEILHOE MJIH HYJI€BOE 3HAUCHUSI.

1. a(o) — B(0) < 0.

10



13 paBencrsa 8 ciemyer, uro vy (0, tg) < a(o)vy(o,ty) < 01(0,to) upu Beex a € (0;1).
2. a(o) — B(o) = 0.

13 pagenctra (8) caemyer, uro vy(o,ty) = a(o)v1(o,ty) < v1(0,tg) npu BCex o €
(0;1). IIpu (o) < 1 Toura vy (0, ty) Jaexut HruKe ToUKE 01(0, to). Ilpu a(o) = 1 momxKHO

BBITIOJIHATHCS U papeHcTBo 3(0) = 1. Ho Beap Torma u3 pasencrsa

—i—oo{ } +o00 +oo{ } +oo
x 1 x

/ de = 6(0)/ g dx moy4daercs paBeHCTBO g dr = /

1 1 1 1

He BBIIOJHACTCA. 3HAYHUT, paBeHcTBo (o) = 1 He pocturaercsd, modromy a(o) < 1.

o dx, KoTopoe

Takum o6pa3oM, ecaiu v; OTPHUIIATEbHA HA KAaKOM-TH00 HHTEepBaJie, TO COOTBETCTBY-
IoIast 9acTh rpaduka JeKUT HIKe rpaduka GyHKIum ;.

IIpengmoxxenne. Pynkyus a(o) — f(o) nenpepuena na (0;1).

+o0 n+1

+oo
Jlokasamenvemso. Pacemorpum dbyHkimo ¢(o) = / {z} dr = Z / LY Jnga
n=1

xa—‘rl xa—i—l
1
n+1
r—n <
xo-ﬁ-l T na—i—l’

Kazkjtoro n € N uMeeM HepaBeHCTBO / 103TOMY (DYHKIHOHAJIBHBIN PsiJT

n

“+oo
1
JJI (bYHKLLHH gO(O') Ma2KOPpHUPYETCd pAJ0M E o1 Ha OTPeE3Ke [8, ]_] JAJ1d TPOU3BOJILHOI'O
n
n=1

e € (0;1), caemoBaresibHO, OH 1O MpH3HAKY Beilepirpacca Ha 5TOM OTpe3Ke CXOIUTCS
paBHOMEpHO, 3HAYUT, DYHKIMs @(0) HempepbiBHA Ha [¢,1]. B cuiay mpousBoIbHOCTH €
dbyuknus p(o) nenpepoisua Ha (0, 1] u, 3maunt, u #a (0, 1).

Oyukuus [ spisiercss HenpepbiBHOl ¢yukimeil va (0;1), Tak Kax, COIJIACHO OLpe-

(o)
400

1
/ xa+1 d!lf

1

nesennio, (o) = , 9TO OTHOIIEHHE IBYX HEIPEPBIBHBIX (DYHKIUMA, HPUIEM

—+00

1 1
/1"7+1de; > 0.

1

lo
0% + 15
Hero «(o), ycranapanBaeM €6 HEIPEPBIBHOCTH, MOCKOJIbKY BBIPAYKEHHE B CKOOKAX Herpe-
pbIBHO U He pasuo murie uymio xa (0;1), a dyukuus vy (0o, ty) HeIpepbIBHA KAK MHAMASI
+oo

{z} 1 ((s)

cdx = —
xSt s—1 S

1
Banurem pasencTso (8) B BuUe (o) +v1(0,ty) = a(o) (— + ) ; BBIpazKas n3
o

4aCTh aHAJIUTUYCCKON DYyHKIMH , B coorBercTuu ¢ (1). H

1

Ecyiu rpacduku dynkuuit v, u 91 nepecekalrcs, To
1 R X
(a(o) = Blo))~ + a(o)tr(o, to) = 1(0, 1),
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oTKy1a caeayer, uto a(o) — f(o) > 0 na Bcém unrepsasne (0;1).

Ecnu runore3a Pumana Bepua, To rpaduku GyHKIHUR v1 1 U] TEPECEKAIOTCA B €/IUH-
0

CTBEHHOI TouKe ¢ abcruccoii og = 0.5 u opmunaroit 01(0.5) = 025+ 2

1
TaxkuM 06pa3oM, ecin 5 + ito— HyIb J3eTa-pyHKIMKM Pumana, To BBIIOJHAETCS Pa-
BEHCTBO
to
0.25+ 82

{}

= sin(to Inz)de =
1

B coorBercTrBum ¢ cucremMoil 3 BBIIIOJIHAETCS PABEHCTBO

+

/ s(tolnz)dz = 05

S 0.25 + 12
1

a TaK>Ke M paBEHCTBO

{}

T cos(to Inz)de = ——
= cos(to Inz)dx 2t0

{}

= sin(to Inz)dz.

B obmem cayuae dbyHkius v, BeJAET ceds COBEPIINEHHO HeIpe/ICKa3yeMo, TaK Kak

BBIYHCINTH napaMerpbl «(o) u [(0), 0T KOTOPHIX 3aBHCHT €€ MOBeJeHHe, Tak, 4TO0bI

1
rpacduk (pyHKIHE v, TPOIIET Yepe3 TOUKY ¢ abcIuccoit oy = 3 HEeTPUBHUAJIBHOTO HYJIS, HE

IIpeacTaBadeTCd BO3SMOXKHBIM.

Ho, Tem He Menee, 06 3TuX 1nmapaMerpax MOXKHO Koe-4To cKasarTh. Hanpumep, cieny-
I0Iee: UX MOXKHO, PaJii UHTEepeca, MPUOIMKEHHO BHIYUC/IUTD, Y7Ke 3HAS MOJOKUTETbHY IO
MHUMYIO 9aCTh t(y HETPUBUAJIBHOTO HYJIA, HATpuUMep, tg = 14.134725141...— nammenbInas
HOJIOKUTeTbHASd MHAMAs 9aCTh U3BECTHOTO HETPUBUAJIBLHOIO HYJIS.

O6osnaunm a(og) u f(0p) cuMBoIaMu o 1 [y COOTBETCTBEHHO.
1
Hastee 1oz 0 Beeraa OyAeT MOAPa3yMeBATHCH 5

Kaxk VYKa3aHO B 3aM€4Y€HUHU 47 AJ1d HETPUBHAJIBHBIX Hyﬂeﬁ ¢ OOJIBIIIMU IIOJTOKUTEb-
HBIMHW MHHUMBIMHA YaCTAMHA 3THU KOS(b(bI/ILLHeHTbI O4Y€Hb MaJIO OTVIMYalOTCA APYT OT ApYyra.

1

[pu oy = 5 BBITIOTHACTCS PABEHCTBEO (g — Bo)— + apv1(00,to) = vo(00, o), U3
09

kKoroporo nojaydaeMm 1.035329666...cg — By = 0.03532966658...
+oo
) {} 1
Haitném temeps [y B COOTBETCTBUU C PABEHCTBOM = By
0'0+1 x00+1

1 1
CHavaJjia BLIYHCIIM nHTEerpaJ B JIEBOI 49acTu paBe€HCTBA.
k+1 1 1 1

x—k t k+t k
dr=|lz=k+1t —/—dt:/—dt—/—dt:
/:W“ | | O(k+w“1 O(chrlt)"H 0(k+w”1

k
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—_

+

1 1
1 . k1
—k (k41 —-
/ /k:+t““ (1—0 o)+ 7 (k+t)”)
0 0
k 1 1 ko1
k+D)'7"+2 . —— ) = e L8 2 o
(1 1) s (k’+1)0) (1—0 5 k”)

_(k+1) kl"+k I
l1—0 o \(k+1)7 ko)

Haxkownerr, mosydaem

£ [ <<—>>

1 k=1 %
+oo “+oo
I 1 ae/ 1 ) 222k+1—2\/_\/k+
o = 0pg = — IIOJIVHaEM €r =
p 0 2 y $0+]‘ ) W
1 1
“+o00

IIpn k = 1000000 mosyaaem / %daj = 0.9170582237...
1 x
U3 paBenctsa 0.9170582237 = [, - 2 moaygaem [y = 0.4585291118...
Bo 4+ 0.03532966658
1.035329666
[Torrpobyem Tereph XOTst ObI TPUOJIN3UTEIHHO TTPEACTABUTD, KaK BeAyT CeOsi JIeBhIit
W OpaBblii YacTu ypasHenus vq(o,ty) = wvy(o,1ty). Koreano, mjust 3T0ro Hajmo Obl 3HATH
sradenus kKodbdunnentos a(o) u (o) Npu BCeX OCTATBHBIX 3HAYCHUIX 0, U BBIPAYKCHHS
JIJISE UX BBIYKMCJIEHUS IIPUBEJIEHBI B 3TOM 9acTH CTaThd, HO OHU OY€Hb 'POMO3/KH.

= 0.4770063050.

Tenepb MoxkeM HAUTH oy =

1 1
Eciin nupeanosioxurs, uro a(o) =~ o (5 u (o) = p 5 ) » w0 pasencrso (8) upu-
10 6 A TO L O o1(0 o) 0.0184771932 N 6.742353011
HEMAaJI0 OBl IPUOJIU3HTEIHLHO BI o,ty) = .
P A et o o? + 199.7904548

018

016+

014+

0.124

0.104

0.08

0.06

01 02 03 04 05 06 07 08 09 10
g

Puc. 5: Ilepecedyenne rpacdpukoB v, u vy

1 370 BCE, 9TO MOKaA YCTAHOBJIECHO.
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