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JlokazbiBaeTcs runoresa PuMana o HETPUBUHAIBHBIX HYJIAX JA3€Ta-(DyHKIUH.

Ecin HeKoTopoe KOMILIEKCHOE YHUCI0 Sg = 0 + ity ABASIETCAS HETPUBHAIBHBIM HYJIEM,
10 mapa (0g, t) sBAsIeTCs PEIleHneM HEKOTOPOI CHCTeMbI JIBYX YPaBHEeHUH JBYX JefcTBU-
TEeJbHBIX TIEPEMEHHBIX O U .

Uzy4yenne o/lHOTO W3 3TUX JIBYX yPaBHEHWUI MMOKA3aJ10, YTO OHO UMeeT eJIMHCTBeHHOe
pemenue upu ¢t = tg.

13 cBoiicTBa CHMMETPUYHOCTH HETPUBUAJILHBIX HYJIEH OTHOCUTE/BHO MPAMO

1
0 = — cJeayeT, 94TO 0y = —.
5 Ay 0 9

KiroueBsnlie ciaoBa: runoresa Puvana, n3era-pyHKIMS, HETPUBUAJILHBIE HYJIH.
Abstract

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

If a complex number sy = o9 + ity is a nontrivial zero, then the pair (og,ty) 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 = to.

1 1
As nontrivial zeros are symmetric about the line o0 = 3 it follows that oy = 7

Keywords: the Riemann hypothesis, zeta function, nontrivial zeros.



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

HMeroT MecToO paBeHCTBA

1

=== (cos(tlnzx) — isin(tlnx)),
s g

1 oc—1 ) t

s—1 (0—121£ (o—12+e

[Tosromy ypasuenue (2) GyaeT 9KBUBAJIEHTHO CJAELYIONIEH CHCTEME:

¢ +0o
{z} o—1
/ gjo'+1 COS(tlHI’)d{E = m,
1
X .
/ xUJrl Sln(tlnx)dx = m

1

Kak wusBectno, nysu j3era-pynknun Pumana cuMMeTpUYHbI OTHOCUTEJIbLHO Bellle-
CTBEHHOW OCH O, IO3TOMY JOCTATOYHO PacCMOTpPeTh ciydait ¢ > 0.

B nanbreiimem m3goxkennn Bcerma 0 < o < 1, ¢ > 0. Kpome TOro, HEKOTOPHIi
HETPUBHUAJIBHBINA HYJIb Sg = 0( + ity Oy/meT cuanTarbed (GUKCHPOBAHHBIM.

['unoreza Pumana yTBepzkjiaer, 4T0O BbIIOJIHIETCH PABEHCTBO 0y = 5>
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Puc. 1: ILnockocts t = ¢
O JieBBbIX U MPaBBIX YacTAX ypaBHeHuii cucrembr (3)

Bsejiem ciepyroniue 4 pynkium:

)

u(o,t) = | —5 cos(tIlnz)dz,
xU'
1
+oo
vi(o,t) = / {le sin(tln z)dz,
xa'
1
o—1
uz(o,t) = CEEE
t
UQ(O', t) = m

Takum o6pazom, cucremy (3) MOKHO 3alMCATh B BHJIE

U1 (Ua t) = u2(07 t),
(4)
{Ul(O', t) = va(o, ).

Ecnu sg = oy + ity - HeTPpUBUAJIBHBINA HYJIb A3eTa~-(DYHKIIHH, TO Mapa (00, to) SABJILET-
cst perterneM cucrembl (4) u, B 9acTHOCTH, ypaBHeHust vi(o,t) = ve(o,t); B naapHeiinem
n3yioxkennu (pukcupyem 3Hadenne t = to > 0. amee n3yuaem mnosejerne odenx dacreit
HMEHHO dTOr'0 ypaBHEeHHS KakK (PpYHKIMHU IepeMeHHON o. l3ydenue apyroro ypaBHeHUs
9TOM CHCTEMBI JIOTHYECKONH HEOOXOAUMOCTH JIJIsl TOKA3ATEIhCTBA TUIIOTE3bl He UMeeT (Bbl-
O0p ypaBHEHHUs peIajcd MyTEM IMOA0PAChIBAHUSA MOHETHI; IPH KeJaHUU JOKA3aTeIbCTBO
MOZKHO TPOBOJMTD, U3y4asi TOJbKO ypaBHeHue uy(o,t) = ug(o,t), cxema Ta xe camasi)

JIemma 1. Qynrxyua w = va(0, ty) npu purcuposannom ty > 0 6ospacmaem xax Gynkyua
om nepemernol o.



Joxazamenavcmeo. CipaBeyIiBOCTD JIEMMBbI CJIEIYeT U3 HEPABEHCTBA

d’UQ o 2(0’ — 1)t0
do - (01242 0.

Caencrsue. Hz semmor 1 caedyem, wmo ece snavenus Gynryuu w = vy(o,ty) npu

t 1
o € (0;1) npunadaescam unwmepsany U = —02, — .
1415 to

Onpenenenne 1. [lpamoyzorvrur {(J, w) ‘ o€ (0;1),w e U} bydem Ha3vi8aMYH KPU-
MUYECKUM TPAMOY2ONLHUKOM.

W=v,(5™)

Puc. 2: Kputudeckuit npaMoyroabHAK

Sameuanue. Kpumuueckue npamoy2oibHuKy 04eHb MOHKUEe, UL WUPUHE DABHA

1 t 1

L 5 = 5 Yoice Oad HEMPUBUANDHOZ0 HYAAL C CAMOTE MANEHBKOT NOA0IHCU-
meavHot MHUMOT wacmoio to = 14.134725141... noaywaemcs wupuna 0.0003523461812...

Haree Hac waTepecyer dacth rpaduka byHKun vi(o,ty), JeKamas B STOM IPIMO-
VTOJTbHUKE.

Onpegenenne 2. 3uauerue nepemerHoti o, NPu KOMOPOM COOMEEMCMEYIOULAL MOYKA
(o,v1(0,t0)) epadura dynruuu vi(o,ty) HaTOUMCA 6 KPUMUECKOM NPAMOY20ADHUKE,
bydem HA3BLEAMD KPUMUMECKUM 3HAMEHUEM.

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

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

to 1
Ecu o - KpuTHieckoe 3Hadenue, TO, COTMIACHO ONpeenenuo, 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(af)g(x)dx = u/g(x)d:c, ede € [m, M].

a

CaenctBue. llycmb yeaosus meopemuvt 0 CpeoHem BuNOAHAIOMEA 044 4100020
b

b € [a,+00) u cywecmeyem maxoe seujecmeentoe B, wmo /g(x)dx > 0 npu scer b > B,

a
+o0 400

NYCMBb CYWECMBYIOM HECOOCTNEEHHDLE uHmeepa/m/ f(x)g(x)dx u /g(:z:)da:7 moe2oa

a a

“+o00

+/Oof(x)g(x)alx =« / g(x)dz, 2de o € [m, M)].

a

Jokasamesvcmeo. CornacHo Teopeme 0 CpejHeM
= u(b) mpu b > B,rue p(b) € [m, M].

Tak Kax HECOOCTBEHHBIE MHTETPAJIBI CYIIECTBYIOT, TO MpU b — +00 CYIIECTBYET Mpejiest

JIeBOIT 9aCTH, a 3HAYUT, CYIIECTBYeT U ( = blim p(b). Tax xak wu(b) € [m,M], To u
—>+00
a € [m, M]. O
Jlemma 2.
! !
: 0
/ F Sln(to In fL’)d(L’ = 0_2—% (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

01(0,t) = ——.
o2 + t2



['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
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.

CoryacHO CJIEICTBUIO U3 MEPBOil TEOPEMBI O CpeIHeM IJis WHTerpasa, s KaxKIoTo
o > 0 u, Tem Gosee, nua kaxaoro o € (0;1) maitnyres rakue a(o), f(o) € [0; 1], uro

400 +00 +oo +o00o
{z} _ 1 +sin(toInz) 1 sin(to In x)
W(l + sin(tgInz))dr = a(o) g dx = a(o) p dz + (o) e
1 1 1 1
1 to
- CE(O'); + Oé(O') o2 + t(g)a

(6)

+00 +o0

xa—i—l xa—i—l

1 1

(7)

[IpupaBHUBag MpaBble YacTH paBeHCTB 6 W 7, MOIydaeM

(@)L + a(o) =2

B sin(tp In x)
o o2+ 12 o+l

+oo
By + [ oy e,

X

OTCIOJa IMOJIy4daeM

/ {=} Smgif—j?x)dx = (afo) — @(a))l +alo)—2

Takum obpaszom,

vi(a,t0) = (a(0) = 6(0))3 +a(o)oi(o, to). (8)

PaccMorpnM cHavana Tpu caydasi, Koraa GyHKIHsS o — [ TepeMeHHOl o COXPaHsIeT
3HaK Wi Hysesoe 3Hadenue ua (0;1).

1. a(o) — (o) < 0 na (0;1).
13 paBencra 8 ciemyer, uro vy (0, ty) < a(o)vy(o,ty) < 01(0,to) upu Beex a € (0; 1).
2. a(o) — B(o) =0 na (0;1).
3 pasencrsa (8) caemyer, uro vy(o,tg) = a(o)ii(o,ty) < 01(0,ty) npm BCex

o € (0;1). Ilpu a(o) < 1 touka vy(o,ty) aekut HEKe TOUKE 01(0,ty). Ilpu a(o) = 1
400

JIOJIZKHO BBILOJIHSITHC U pasercTBo (o) = 1. Ho Beap Toryia u3 paBeHcrsa / |
z

1
“+o00 “+oo +oo

1 {z} 1
B(o) dx moJydaeTcss paBeHCTBO dxr = dx, KoTOpoe He BBIMOJIHSI-
Ia—ﬁ-l xa—‘rl $0'+1

1 1 1
ercsi. 3HaduT, papeHcrBo ao) = 1 He gocruraercs, nosromy afo) < 1.

8

dr =

/ {z} (1+sin(tgInx))dz = 5(0) / ! dx—i—/ {z} %ﬁlx)dx = 5(0)3“‘/ {z} miii)—+1§lﬂd$'



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.

CuenoBarenbno, ecau rpadgpuk YHKIMKA v TPOXOAUT Yepes TOUYKY A, To yepes Touky
B yike He TpoiiyiéT, u eé abcuucca oy He MOXKET OBITh PeIlleHneM ypaBHeHust vq (0, tg) =
V2 (07 tO)

3. a(o) — B(c) > 0 na (0;1).

Ouenb xopormmuit caydaii, byukuus vy (o, ty) yosiBaet, dyHkims va(o, ty) Bo3pacTaer,

uX TpaduK B cJIydae mepecedeHust (4 OHW MepecekarTes, Mo MPenoI0KeHNI0, B TOUKe A

1
¢ abCIuCccoit o) UMEIOT TOJBKO OHY OOIIYIO TOUKY, IPH ITOM eé abciucca og = 3 nHade

o0MUX TO4YeK ObLIO ObI KAK MUHEMYM JIB€ B CUJIY TOTO, 9TO UX abCIHUCCH ObLINA ObI PABHBI
oo 1— o0y

[Ipex e dem mepeidTu K caydato 4, cienaeM caeayolniee
Bameuanue. B paccmompennux mpéx caywaax emecmo unmepsaaa (0; 1) moorcro 6pamo
npoussosvhuil unmepsas (p,q) C (0;1).

4. a(o) — B(o) - 3makonepemennas dbyukus zva (0;1).

ey

xa—f—l

n+1

+oo
r—n
T = E dx. na xaxxmoro n € N
xa—‘rl
n=1
n

Pacemorpum dynkmnumio ¢(o) =

1
n+1
r—n 1

nMeeM HepaBeHCTBO / e dr < — 7> MO9TOMY GYHKITMOHAJIBHBIN Psi 119 (DYHKIIUH
x n

n
—+o00
1

p(0) MaxKOpupyercst psiioM E
n=1
CcJIeIOBATEJbHO, OH 110 IIPU3HAKY Beliepmirpacca Ha TOM OTPe3Ke CXOIUTCsS PAaBHOMEPHO.

Tak Kak Bce ciaaraeMblie (GYHKIHOHAIBLHOTO psafga Juist GyHKIUE (o) HENPEePHIBHBI KAk
MHTErpaJjbl OT HenpepblBHBIX byHKIWMil, 10 dbyHkus ¢(o) HenpepbiBaa. B cuay npowns-
BostbHOCTH € DyHKIHs (o) HenpepbrBra Ha (0, 1] u, 3naqur, u wa (0,1).

— na orpeske [¢, 1] aus nponssosbuoro £ € (0;1),
n

DOynkuus [ spiasiercss HenpepbiBHOW dyHkimeir Ha (0;1), Tak Kak, CONIACHO OMpe-

(o) . )
jesennto, (o) = T 9TO OTHOMIEHWe J[BYX HEHIPePhIBHBIX dyHKIMi, npudém

1
/ xa+1d:c

1

+oo

1 1
/1“7+1de; > 0.

1

1 1 lo
Banumem pasencrso (6) B Bume — + vi(0,ty) = a(o) | — + ——— | ; Bolpaxas u3
2 | 42
o o o0+t
Hero (o), ycranaB/uBaeM €€ HePEPbIBHOCTh, HOCKOJIbKY BbIDAXKEHHE B CKOOKAX Herpe-
PBIBHO U He paBHO Hurjie Hymo Ha (0;1), a dyukus vi(o,ty) HenpepbIBHA KaK 1efiCTBH-



“+oo

N ey 1 C(s)
TeJIbHAS YaCTh aHAJTUTHYECKOH (DYHKIHH mdaz = {4 B COOTBEICTBHH C
x 5 — s
1

paBercTBoM (1).

Urak, dbyukius « — [ nenpepsiBHa Ha uaTepBase (0;1), caegoBaTenbHo, OHA TG0
BOOOIIE He UMeeT HyJieil (Toraa oHa 3HAKOOCTOSHHA, ¥ TOL/IA 3TO cjydan 1 u 3), 1ubo uH-
tepsast (0;1) Gymer oObeJHHEHEEM JIBYX MHOYKECTB: MHOYKECTBA HYJel, 3aMKHYTOTO KaK
poobpa3 OJHOTOYEYHOrO (M TOTOMY 3aMKHYTOro) MuO:kecrBa {0}, W OTKPBITOrO MHO-
JKeCTBa, KOTOpOe Mojydaercst yiganenuneM u3 wHTepBaia (0;1) yKazaHHOIO 3aMKHYTOIO
MHOZKECTBA.

[Ipuseaém mosesnywo teopemy 21 w3 kuuru |4, ¢. 135]:

Teopema. Bcaxoe omrpumoe muooscecmeo I' na wucaosot npamoti R ecmv cymma %o-
HEUHO20 UM CUEMHO20 MHONCECNEA OUSBIOHKMHBLL UHMEPBANOE, KOHUL KOMOPYLT NPU-
nadaescam donosnumenvhomy x I samrnymomy mmoorcecmey ® = R\ ['; cpedu amux
UHMEPBANOE MORYM OKA3AMbCA 00UH UAL 068G DECKOHEYHBIT UHMEP6ass euda (—oo;a)
uay (a; +00).

Urak, cornacuo 31oit reopeme, uarepsas (0; 1) aBiagerca o0be MHEHTEM 3aMKHY TOTO
MHOKeCTBa HyJeit PYHKIUKU o — [ U KOHEYHOT'O WU CIETHOTO MHOYKECTBA JU3BIOHKTHBIX
MHTEPBAJTIOB Bua (P, q) ¢ KOHIIAMY B 3aMKHYTOM MHOYKecTBe Hyseil bynkmun o — 3, Kpo-
Me MHTEepBaJIOB ¢ JieBbiM KoHIoM 0 u npasbim KonmoMm 1. Ha kaxkjgom TtakoMm mHTEpBaJje
dyHKIUS v — [ 3HAKOIOCTOSIHHA.

Panee MbI ycTaHOBUIN, 9TO HYAIM DYHKIUA  — [ COOTBETCTBYIOT TOUKH IpaduKa
dyHKIMN vy, JexKamme HIxKe rpaduka QYHKINH U1, a HHTepBaaaM, riae hpyHkmus o — [
OTpHUIIATE/IbHA, COOTBETCTBYIOT IyTI'd Ipacdpruka GYHKIHH v, TaKKe JeKallie HUKe I'pa-
duka GYHKIUN 01; Ha HHTEpBaJaaX, rae HyHKIHA o — [ MOJOXKUTEIbHA, (DYHKIHST vy
yObIBaerT.

Takum obpazom, ecin rpadpuk QyHKIUT v TPOXOJUT depe3 TOUKY A, TO OH HHKAK

HE CMOKET MPONTH Yepe3 TOUKy B.

1
CJIG,ZLOB&TGJII)HO, IpeamnoaozKeHue og < 5 OKa3bIBaeTCdAd HEBEPHDbIM.

Coayudait, Korjga abciucca ; HETPUBHAJILHOTO HYJIS A3eTa~-DYHKIHH OOIBIITe X CBO-

JIATCS K PACCMOTPEHHOMY CJIYYa0: MPOCTO ToJaraeM og = 1 — o0y.

'mnoresa Pumana jgoka3aHa. ]

1 3akJiroyeHue

B obmem ciydae dyHKIUS v BeAEST ce0ds COBEPIIEHHO HENPeICKa3yeMo, XOTsd, Kak
Mbl YCTaHOBWJIM, OHA W SIBJSIETCS JMHEHHOW KoMOmHammeit aByX TyiaJakux (yHKIHH, HO
BBIUUCIUTH KOXDDHUIHEHTH v ¥ [, OT KOTOPBIX 3aBUCUT €é IOBeJeHHe, TaK, YTOObI I'pa-

1

duk pyuknuun vy Opomén yepes Touky ¢ abernmccoit oy = 5 HETPUBUAJBHOTO HYJIS, HE
MPEJICTABIACTCA BOZMOKHBIM.
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Ho, Tem ne menee, 06 atux Ko3(dpdunmumenTax MOKHO KOe-u4TO CcKazaTh. Hampumep,
CJeyIoNee: uX MOYKHO, paju WHTepeca, MPUOJIMKEHHO BBIYUC/IUTH, YK€ 3Has MOJIOXKHU-
TeJIBHYIO MHUMYIO 9acTh ty HETPUBHAIBHOTO HYJIS.

O6osnaunm a(og) u f(0g) cuMBoTaMu ap 1 [y COOTBETCTBEHHO.

1 1 R 1
Tak kak Ul(Uo,to) S U, TO — > "Ul(O'(),tQ) = (ao—ﬁo)——FC\JoUl(Uo,to) > (Oz()—ﬂo)— =
to 0o 0o
= 2(ap — fo), caegoBaTeabHo, o — By < oY Jlns HeTpUBMAIBHBIX HYyJIEHl ¢ GOJBIIHMU
0

MOJIOKUTETbHBIMA MHUMBIMU YaCTIMHU 3TU KOIPUIIHEHTH OUeHb MAJIO OTJINYAIOTCS JIPYT
OT Jipyra.

Paccmorpum ciydail HeTpUBUAJIBHOIO HYJIsl ¢ CaMON MaJIeHbKOM 110JI0KUTEIbHO

1 1
MHUMOI 4dacTbio tg = 14.134725141... Torna o = 0.03537387498... Ilpu oy = 3 BEI-

0

MOJIHAETCST PABEHCTBO (g 60) + apt1(00,to) = va(00, ), U3 KOTOPOTO MHOJIYYaEM

1.035329666...cc0 — By = 0. 03532966658

+o0 +oo

- {z} 1
Haiiném temeps [y B COOTBETCTBUU C PABEHCTBOM dxr = By x
xo’o+1 :C0'0+1

1 1
CHavajia BLIYHCIIM nHTerpaJ B JIEBOI 9acTH paBe€HCTBA.

k+1 1 1 1

x—k t k+t k
——dr=lr=k+1 —/—dt:/—dt—/—dt:
/ l-o’+]. | | (k_|_t)0'+1 J (k_l_t)0'+1 J (k_l_t)0'+1
h ; 1 k 1
dt—k (k+0)TT+ 2
/ /k—i—tUH (1—0 (k+1) 5 (k:—i—t)a)
0

0
k 1 1 k1
A Rl 2o ) =
<1 T +0 (k’+1)0) (1—0 5 k‘“)
(k1) k10+§ 1
l—0 o \(k+1)7 ko)’

Hakonern, mnojy4daem

[ $ [obuos (et 'f“+§-<ﬁ—,;a>>-

1 k=17

—_

+

“+o00 —+00

R 2%k +1-2VEVE+1
22 NS .

1 1
Ilpuo =0y = 5 oIy 9aeM / xao+1dx =2,

1 1
k

Tpn k = 1000000 mosryaaem / =} e — 0.0170582237...
xO’

o+1

1
13 pasencrsa 0.9170582237 = [ - 2 nosaygaem [y = 0.4585291118...
Bo + 0.03532966658

=04 .
1.035329666 04770063050

Tenepb MOxKeM HalTH oy =
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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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