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AuHOTanua

B crarbe mokasbiBaercs runore3a Pumana 0 HETPUBHAIBHBIX HYJISAX 13eTa-(DyHKINN.

Ecan HEKOTOpPOE KOMILIEKCHOE YHCJIO Sy = 0 + ity ABIAETCA HETPUBHAIBHBIM HYJIEM, TO
napa (oo, tg) ABJIsSETCs PEIIeHneM HEKOTOPOil CUCTEeMbI IBYX YPABHEHUil JBYX JeiiCTBUTEIbHBIX
epeMEeHHbIX O U t.

N3y4enne oqHOTO U3 3TUX ABYX YPABHEHUH TTOKA3aJI0, 9TO OHO MMEET €JIMHCTBEHHOE PEITeHNE
npu t = tp.

W3 cBoiicTBa CHMMETPUYHOCTH HETPUBUAIBHBIX HYJIEH OTHOCUTEIHHO TPAMOM
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Abstract
In paper the Riemann hypothesis on nontrivial zeros of the zeta function is proved.
If a complex number sg = og + it( is a nontrivial zero, then the pair (og,tp) 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 it has a unique solution at t = ;.
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As nontrivial zeros are symmetric about the line o = 3 it follows that o¢ = 3
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1. BBeeHue n mocTaHOBKA 3aJ1a4n

Ilyctb s = 0 + it — KoMmIIeKCHAd TIepeMenHast, /e 0 = Re s, t = Im s.
Haumee, x € R - npeiicTBuTeIbHAS TIEPEMEHHASI.

Ussectro [1, c. 40|, aro mpu o > 0 a3era-dyukuust Pumana ((s) MoxKeT OBITH TPEJICTABICHA B

BUJEC
—+00

— —s/jﬁdw- (1)

1

C(s) =1+

BeiBog dopmysts (1) nmeercs Takxke B [2].
Toryia HaxoXkK/IeHIe HETPUBUATLHBIX Hysel dyHkmu ((S) CBOIUTCS K PEIeHNIO YPaBHEeHNsT

o} oo 1 2)

Nwmeror MecTo paBeHcTBaA

1 1
— = o (cos(tlnz) —isin(tlnz)),
x x

1 oc—1 . t

s—1 (0—1)2+t2_z(0—1)2+t2'

ITosTomy ypasrenue (2) Gyaer SKBUBAIEHTHO CJIEIYIONIEH CHCTEME:

+oo

{z} o—1
/ :1;‘0""1 COS(tlnfL’)d.T = m,
1
+OO{ } ; (3)
x .
/ xa—i—l Sln(tlnx)dx = m
1

Kak u3BectHo, Hysn q3eTa-yHkinn PuMana ciMMeTPUYHBI OTHOCUTEIBHO IeHCTBATENBHOM 0CH
0, TIO3TOMY JIOCTATOYHO PACCMOTPeTh cayuait t > 0.

B nganpmetinem nzmoxennn Beerga 0 < o < 1, ¢t > 0. Kpome Toro, HEKOTOPBIIT HeTPUBUATLHBIHN
HYJb Sg = 0g + ttg Oyaer cunTarhbCd PUKCUPOBAHHBIM.

T'unoresa Pumana yrBepKmaeT, 9T0 BBITIOJTHIETCI PABEHCTBO 0¢ = 5
2. O 7eBBIX U MPaABBIX YaCTAX ypaBHeHUil cucTeMsl (3)

Beenewm cremytommue 4 dpyuxrmn:
“+o0o

ui(o,t) = / {fjl cos(tlnz)dz,
x
1
+o0
vi(o,t) = / ;fjl sin(tInz)dz,
1
oc—1
uz(o,t) = CEE ez
t
va(o,t) =

(0 —1)2+¢2
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Takum 006pazom, cucremy (3) MOXKHO 3aNKCATH B BUJE

ui(o,t) = uz(o,t), )
U1 (07 t) = UQ(Ua t)

Ecan sg = o + ity - HeTpuBnasbHbIA Hy/Ib j3eTa~-GyHKINM, TO napa (oq,ty) ABASETCA pere-
HEEM cucTeMbl (4) u, B 9acTHOCTH, ypaBHeHud v1(o,t) = vy(o,t); B JaabHeRIeM n3/I0KeHnn huK-
cupyem 3uadgenne t = tg > 0. Jlanee uzydaem mosesienve 06enx 9acTeit MMEHHO 9TOTO YPABHEHUST
KakK (DYHKINE ODepeMeHHOi ¢; Oyaer moka3aHo, 9To rpadpuku 00enx JacTeil TOJKHBI IePeCeKAThC s
TOJBKO B ONHOM TOUKE ¢ abCIUCCOit 0, M M3 ITOTO TOTYyIACTCI MPOTUBOPETHE TPEITOTOKEHUIO O

TOM, 9TO 0g # > [I03TOMY U3Y4YeHHE JIDYI'Or0 YPABHEHHUS 3TOH CHUCTEMBbI JIOIMYeCKONH HeoOX0MMo-

CTH ISl JOKA3aTeJbCTBA THUIIOTE3bl He MMeeT (BbIOOD YPABHEHUS DELIAJICs ILyTEM [O0PaCchIBAH
MOHETBI (H_IyTKa), npur 2KEJIaHUKU JIOKA3aTE/JIbCTBO MO2KHO IIPOBOJIUTDL, M3y4dadd TOJbBKO YPDaBHEHUE
ui(o,t) = us(o,t), cxema Ta xe camas)

AW
0 |
\_" 4

Puc. 1: Ilnockocts t = ty

JIEMMA 1. Qyuryus w = ve(o,ty) npu durcuposannom ty > 0 eospacmaem xax Pynruuis om
nepemeHHoll o.

Hoxazamesvemeo. CrpapeimBOCTE JEMMBI CJIEIyET U3 HEPABEHCTBA

dvy 2(0 — ity
22 - > 0.
do (0 —1)24¢3)2

CHEACTBUE 1. Hz aemmor 1 caedyem, umo sce snanenus gynxyuu w = va(o,ty) npu
to 1
o € (0;1) npunadaescam unmepsary U = | ——, — |.
(0;1) np peany (1 e to)

ONPEAENEHUE 1. Ilpamoyzosvrus {(a, w) ) o€ (0;1),w € U} bydem HA3BI6aMb KPUMUYE-
CRUM NPAMOY2OAOHUKOM.
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1>t : =

Puc. 2: Kputndeckuiit mpaMoyroabHIK

Hasnee nac uarepecyer uactsb rpaduxa dyuximn v1 (0, tg), teKamas B 9TOM IPIMOYTOJIbHUKE.

ONPEIEJEHUE 2. 3nauenue nepemennoti o, npu KOMOPOM COOMGEMCMEYIOWAA MOYKG
(o,v1(0,to)) epadpura Pynryuu vi(o,ty) HaTOdUMCA 6 KPUMUHECKOM NPAMOY2OALHUKE, GYdem Ha-
3bI8AMY KPUMUBECKUM 3HAYEHUEM.

Takum obpazom, 3HAMEHWE O( ABAAETCI KPUTHYECKUM 3HAYCHUEM [M€PEMEHHOH o, T.K. TOY-
ka (00, v1(00,t0)) HAXOMUTCA B KPUTHIECKOM TIPAMOYTOJLHUKE KaK TOUKA MEpecedeHns rpahuKkoB
dbynkunit vy (o, ty) u ve(o,ty).

SAMEYAHUE 1. Kpumuueckue npamoyzoivhuky 04%eHd MOHKUE, UT WUPUHG DAGHA
1 to 1
to 1+ (1+8)h
Mrumolt wacmovro tg = 14.134725141... noayuaemca wupura 0.0003523461812...

. Yorce dan HEMPUBUAADBHO20 HYAA C camoti MaNeHvrOT NOAOHCUMEALHOT

lo
Ecau 0 - kpurnyeckoe 3HadeHue, TO, COIACHO Onpe/ienenuto, vi(o,ty) € (m’ o ; B 9aCT-
o Y
Hocru, vy (o, ty) > 0.
Ob6osuaunm R[a, b] MHOKecTBO Beex DyHKIWMI, HHTErpupyeMbIx nmo PuMany Ha orpeske [a, b].
Hawm 6yzer nosiesno caepcrsue u3 ciejytomieit reopemsr [3, . 347]:

TEOPEMA (nepBas Teopema o0 cpejHeM jis uuTerpana). [yemo f,g € Ra, b,

m = iI[lfb] f(x),M = sup f(x). Ecau dynxyua g neompuyamervna (Uit HENOAOACUMEADHA) Ha
z€la, x€|a,b]

ompesxke [a,b], mo
b b
/f(a:)g(x)dx = ,u/g(ac)dm, ede p € [m, M].

CHAEJACTBUE 2. Ilycmo ycaosua meopemuvt 0 CPEOHEM BHINOAHAIOMCA 048 4100020
b

b € [a,+00) u cywecmsyem maroe deticmeumenvroe B, wmo /g(a:)dm > 0 npu scex b > B, nycmo

a
—+00 —+00

CYwecmsyom HecobcmeeHmvle UHmeepa/m/ f(@)g(x)dx u /g(m)daz, moeada

a a

+0o0

wa(w)g(x)dm =« / g(x)dx, 2de o € [m, M].

a



JlokazareabCcTBO THIIOTE3BI PuMana 5)

Hoxaszameavcmeo. CorjiacHO TeopeMe 0 CpeIHEM

= = u(b) mpu b > B,rne u(b) € [m, M].

Tax kak HECOOCTBEHHBIE HHTErPAJIBI CYIIIECTBYIOT, TO IPU b — 400 CYIIECTBYET Mpeet JIEBOH JacTu,

a 3HAYUT, CYIIECTBYET U (¥ = blir+n w(b). Tak xkak wu(b) € [m, M], o u o € [m, M]. O
— 00
JIEMMA 2.
+oo
1 to
/ ﬁ Sln(to In .T)dx = m (5)

1

Jloxazameavcmeo. O6o3nauum F () nepsoobpasuyto (yHKiuu

7 sin(fo In ).
x

1
F(x) = / sy sin(tp Inz)dx = /Sin(tg Inz)e "Mdnz = |u=Inz| = /Sin(tou)e_‘mdu =

1 1 1
=—= /sin(tgu)de"“ =—— (sin(tgu)e"“ - /e"“dsin(hm)) = ——sin(tou)e” 7"+
o o o

t 1 t 1 1
+ 2 [ gou cos(tou)du = ——sin(tou)e 7" + 2 / ——cos(tou)de 7" = ——sin(tou)e 7" —
o o o o o
_h cos(tou)e 7% — /e”“d cos(tou) | = . sin(tou)e 7" — o cos(tou)e 74—
o? o o
t% : —ou L. —olnz to —olnz
— —5 [ sin(tou)e”™""du = ——sin(tp Inx)e — — cos(tplnx)e -
o o o
t2 ) Colng Isin(toInz)  to cos(tolnz) 3 [ sin(tolnz)
—OQ/SIH(tOIHCE)e dlnx:_o’gja_ggl‘g_og/xa'i'ld =
Isin(tglnz) to cos(tolnz) 3
L _h B p
o o? x° o?
1 sin(to1 t tol t3
[Mosyunsim pasencreo F(z) = —— in( oan:c) - —OQCOS( oanx) - —%F(m), CJIEJIOBATEJIBHO,
oz o x o
Fz)+ t—%F(x) _ 1 sin(folnz) ¢ cos(to lnx).
o x° o2 x°
rax 3+ UQF(x) _ 1 sin(tolnz)  t cos(toInw)
T o2 o a° o2 x° )
Hauree,
12+ 02F T Tsin(tylnz) [Tty cos(tolnz) [Tt
2 FO| =T e | TR e |, T
1 1 1
OTCIOZIa CJIeJIyeT, 9To
+0o0
L sin(tolnz)de = F(z)[f> =
—1 sin(to Inz)dz = F(z)]; =

1
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BAMEYAHUE 2. Ecau 6u mor 6mecmo pasencmea vi(o,t) = wva(o,t) cucmemvr (4) ewbpasu
paserncmeo uy(o,t) = uz(o,t), mo Ham npuwaoce 6v OKA3BIEAMH PAGEHCNE0

+o0o

1
/ v cos(to lnx)dx =
1

o
o2+ 1%

Tloctpoum dymkmmio
+oo

1
01(0,t) = / Fsin(tlnx)dw.
1

JlemMa 2 o3HavaeT, ITO
20

b1(o,t0) = pEaL

Ipadukn byuximit 01(0,tg) u ve(o,ty) PACIONOKEHBI EJIUKOM B KPUTHIECKOM MPSIMOYTOJIb-

HUKe W CHMMETPWYHBI B HEM JIPYT JAPYTY OTHOCWUTENBHO MPSIMOil 0 = > IePeceKadch B TOYKE C

o1
abcruccoi 35

1 1

B camowm piesie, dyukuus 01(0, tp) ybeisaer Ha [0; 1] or S o I dbynkums va(o, ty) BO3pPaAC-

0 0
0:1) or —— 0 1(0,t0) =~ L (1-0.t0)
taet Ha [0;1] or —— 10 —, npu arom O1(0 = = = vy(1 — 0, tp).
; 1—|—t%'ﬂ tO’ p 19, 00 0'2+t% (1—(1—0'))2+t% 2 > L0

. to to

Pagencreo 01(0,t)) = v2(0,ty) o3HAUaeT TO Ke camoe, UTO U = OTKY/Ia

02+t(2) (1—(7)2—i—t(2)7

1
cienyer o = 3

\W \W: Va\(‘gf*’l:)

W= \Gg(é\tzn
2

N

—
—1—. 1'_ G'O
Z.

Puc. 3: [lepeceuenue rpacdbukoB 01 u v
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Joka3zaresgbcTBO runore3nl Pumana

TEOPEMA. FEcau dsema-dynxyus Pumana umeem nempusuaabnull Hyso Sg = oo —+ itg, 2de

1
to >0, m000:§.

Jlokasameavcmeo. Kak m3secTHo, B KOMILUIEKCHOI 110cKocTH (0, 1), eciamn TouKa
S0 = 00 + ity - HETPUBHAJIBHBIN HYJIb Ji3eTa-bYyHKINN, TO TOUYKa 1 — 0o+ itg, TO eCTh CUMMETPUIHAS
1

el OTHOCUTEJILHO NPsAMOit 0 = 2 TOXKE ABJISIETCS HETPUBUAJIBHBIM HYJIEM n3eTa-(DyHKIIUH.

To ectb, ecnm napa (0g, tg) aBaserca pemenunem ypasaenus v1 (o, t) = ve(o,t), o mapa (1—oq, to)

TOKe OyZIeT pelreHneM 3TOTO YKe YpaBHEHUS.
to

ITpu s1om Touka A(og, va(0o,to)) umeer opaunary ve(oo, ty) = m, a TOUKA
— o 2
t
B(1 — 09, v2(1 — 09, tg)) umeer opaunary va(l — g, tp) = %.
oy + 15

1
HomyctuMm, uro o9 # —. llomaraem mig onpemeéHHOCTH, ITO 0 < 3 Torma Touka A Jexkur

Hmxke rpaduka dbysrnuu 0109, to), a Touka B - BbIIIE.

Takum obpasom, rpaduk QyHKIUN V1, COTJIACHO HAIMEMY IMPEANOMIOKEHUIO O TOM, U9TO 0( HAB-
JISIETCsI pelnenneM ypasaenus v (o, tg) = ve(o, tg), TPOXOaUT Uepe3 TOUKy A, u Tenepb IpejcTOUT
BBISICHUTD, TIPOHIET JIM OH W 4Yepe3 TOUKy B.

CoriacHO CJIEJICTBHIO M3 MEPBOil TEOPEMbI O CpellHeM sl HHTerpaja, Jid Kazxjaoro o > 0 u,
Tem Gostee, mrst kKaxaoro o € (0; 1) maiinyres takue o), B(o) € [0;1], aro

o] +oo +oo +oo
{z} ) 1+ sin(tpInx) 1 sin(tp Inx)
g (1 +sin(toInz))dr = a(o) Tdm = a(o) o dz + a(o) de =

1 1 1 1

1 to
:a(0)5+(1(0)m,
(6)
i in(toInx) 1 i sin(tp In )
) sin(tg 0
/ ) (14sin(tgInx))d / Jde—i—/{ }de—ﬁ(a)a—l—/ {z} R dz.
1 1 1

IIpupasnuBas npasbie 9acTu paBeHCTB 6 U 7, TOJIyIaeM

+00 .
(o) +alo) 2 = Blo)s+ [ oy e s,
1

o o2+ 13

OTCHOZ[a TI0JIyYaeM

/ () smxtaoj?x) dr = (a(o) — 5((7))l ™ a(U)UztO

Takum obpazowm, .
vi(o:to) = (afo) = B(0))— + a(o)t1(o, to). (8)

PaccMorpuM cnauana Tpu caydasi, Koraa GyHKIua « — [ HepeMeHHOl ¢ COXpaHsieT 3HAK UJIn
HysieBoe 3Havenue Ha (0;1).

1. a(o) — B(c) < 0 na (0;1).

W3 pasencrsa (8) caeayer, uro vi(o,ty) < a(o)v1(o,ty) < 01(0,tg) npu Beex o € (0;1).
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2. a(o) — (o) =0 na (0;1).
W3 pasencrsa (8) crenyer, uro vi(o,ty) = a(o)v1(o,to) < 01(0,to) mpu Beex o € (0;1). Ilpn

a(o) < 1 rouka vi(o,ty) nexur umxe touku 01(o,tp). Hpu a(o) = 1 AOMKHO BBHIIOIHATHCA U
+00 +o00

{z}

1
pasercrso (o) = 1. Ho Beapr Toryma m3 pasencrsa / o dx = ﬂ(o)/ de [0JIy4aeTCst

1 1
—+00 “+oo

T 1
PaBEHCTBO / {o+}1 dr = / e dx, KOTOpOe He BBHITIOJHSETCs. 3HAYAT, paBeHCTBO o) = 1 He
x x
1 1

nocruraercs, nosromy a(o) < 1.

B cayuagx 1 u 2 rpaduk GyHKINKT v1 JEKAT HIKe rpaduka GyHKIUN U1, HO TONIA I TOYKH A
u B jiexkanm 06b1 auke rpaduka GyHKImU U1, HO, KAK ObLIO YKA3aHO PaHee, OHU JIOJIZKHbBI JI€2KATh
110 pasHble CTOPOHBI OT ITOTO TPAPUKA.

CrenoBarenbho, ecan rpaduk GYHKIUT v TPOXOIAT Yepe3 ToUky A, To depes Touky B yxke
He TPOHJET, 1 eé abcIeca oy He MOYKET OBITh pelenneM ypasHenust vy (o, tg) = va(o, to).

3. a(o) — B(o) > 0 na (0;1). X
B srom cayuae vy (o, ty) = (a(o) — ﬁ(a))g + a(o)v1(o, tg) < 04(0); + a(o)v1(o, tg) =

= a(o) ((1; + 6y (o, t0)> .

1 t
BuaunT, rpaduk dbyrknmm v gexuT HUKe rpaduka Gyakmun v = (o) < +— —(i)-t2> .
o o 5

N3yuum B3anvuOe pacrnosmoxenne rpadukos v u 01.

( ) 1 tO tD 6
JId IIPOU3BOJIBHOI'O 0 IIOCTPOUM BBIPAZKEHUE (O — — . ocJie 1Ipeo a-
Host up p p +— 7 T2 Il peobp

3oBaHuil nostyuaem Beipazkenne a(o)o? —to(1 — a(o))o + ao)t3.

Ykazaunomy o € (0;1) mocrponM KBaIpaTHBIN TPEXUIEH
Py(z) = a(o)x? — to(1 — a(o))z + a(o)t.

1
Boraucauy muckpuvunant D = —t2 ( a(o) — 3) (a(o)+1).
Ecnu ve yanrhBaTh orpanndenus Ha (o) u o, 10 rpaduxu GHyHKIWMIA Y u U1 TEPECEKTUCEH Obl
1

mpu (o) = -1 u afo) = 3

Jms HaxoXKJAEHUS COOTBETCTBYIOMNX HysJefl KBaJIpPaTHOTO TPEXUIEHA BOCIOJIbL3YEMCS paBeH-

to(l —
ctmon 71 4 — L= @)
’ 2a(0)
to(l1 — (-1
IIpn a(o) = —1 monyvgaem x1 = fo1 = (=1)) = —tp.
2(—1)
1
0(1-3)
IMpu a(o) = 3 TouyHaeM Ty = ———— = to.
2.z
’ 1
t
Ha nnrepsase (—tg, to) KBaapaTHbI TpEXUIeH orpuraTeabublit. CiiegoBaTessHo, ofo) < + i t2> <
r oz 0
< (o) L, b <
———>. lloacrasiraa smecTto x 3Hadenme o, monydaeMm o(o) [ — , & 3TO
2 Y o 2+82) " 2+

ozHadaeT, 910 (o) < 01(0).
Tax Kak y HeTpUBUATHHBIX HyJIEH caMas MaJeHbKAd MOJOKATEIbHAS MHEUMAas TacTh paBHa ty =
14.134725141..., To 1 < tg, mosromy nepasenctso (o) < 01(0) Bemousierca ma (0;1) C (—to, to)-
Beirire 65110 yeranoBieHo, uro rpaduk HyHKITUT v JEKAT HUXKe T'paduka (DyHKIUT 7y, HO BEJIb
Touka B smexwut Ha rpaduke vy, CJAEAOBATEIBLHO, TOYKa B jexur mmuxe rpaduka 7y, KOTOPBIH, B
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CBOIO 0YepPelb, JIEXKHUT HuXKe rpacduka 0.

CnemoBarenbuo, Toukn A u B B paccMarpuBaeMoOM CIydae OKa3LIBAIOTCS HUXKe rpaduka U1,
YTO HEJOMYCTUMO.

Ipex e wem mepeiiTn K caywaio 4, caemaeM Caemayoee

BAMEYAHUE 3. B paccmompennnx mpéx caysasr emecmo unmepsana (0;1) moorcho 6vi0 us-
HauaAbHo 6pamsd npoussosvuul unmepsana (p,q) < (0;1).

4. a(o) — (o) - 3naxkomepemennas dyuxims Ha (0;1).

+o0 +oo n+1
P B O G SR N
acceMoTpuM GYHRIHO @(0) = —od1dT = nzjl s Jna kaxxmoro n € N umeem
1 - n

n+1
rT—n .
HEPABEHCTBO P < = 1> T09TOMY dbyHKIMOHATBHBL s Ayt DyHKINH (o) MaKoOpHU-
xr n

n

+o0
1
pyercd pdaaom E Totl Ha OTPE3Ke [6, 1] IJId IIPOU3BOJIBHOIO £ € (0, 1), cJjIea0BaTe/JIbHO, OH IIO
n
n=1

npusHaky Beiiepmrpacca Ha 3TOM OTPE3Ke CXOMTCS PaBHOMEPHO. Tak Kak BCe ciaraemble (DyHK-
IIMOHATBHOTO psijia Jiis PYHKIUU ©(0) HENPephIBHBI KAK UHTErPAJbl OT HEIPEPBIBHBIX (DYHKIIHIA,
To dyukuus @(o) HenpepbiBHa. B cuity npoussosbHocTr € dyHkius ¢(o) wenpepoisha Ha (0, 1] u,
suaquT, u Ha (0, 1).

®Oyukuug B saeiagerca nenpepbiBHol dynkuueit wa (0;1), Tak Kax, COTJIACHO ONpeeJEHUIO,

“+oo
o 1 1
B(o) = —mf(i)’ 9T0 OTHOIIEHUE JBYX HENPEPBIBHBIX (DYHKIUHA, IPUIEM / Wdaj = > 0.
1 1
/ sy dx
1
1 1 t
Bamumem pasencTro (6) B BHIE p + v1(o,to) = a(o) <U + 02—10—t2> ; BeIpazkas u3 Hero a(o),
0

YCTAHABJINBAEM €€ HEMPEPBIBHOCTH, IIOCKOJLKY BBIPAKEHNE B CKOOKaX HEIPEepPBIBHO W HE PABHO
nurze wyo #a (0;1), a dyakums v1 (0, tg) HENPEPBIBHA KaK AEfCTBUTEILHAS YACTh AHATUTHIECKON
+oo
{z} , 1 C(s)
dyHKIIAN Tde = —
x5t s—1
1
Urak, dyuxnus o —  menpepwiaa na unarepsasne (0;1), ciemoBarensro, ona qubo BOOOIIE
He uMmeeT HyJeill (Torja oHa 3HAKONOCTOSHHA M MOANAIAeT Moj ciaydau 1 u 3, HO He moj Cirydail

, B COOTBeTCTBUU C paBeHCTBOM (1).

4), 60 uurepsan (0;1) Gymer obbemuHEHHMEM JBYX MHOXKECTB: MHOXKECTBA, HYJIEH, 3aMKHYTOIO

Kak 1poobpa3 ogHOTOUYedHOro (K moToMy 3aMKHYTOro) MHOxkecTBa {0}, U OTKPBITOrO MHOXKECTBA,

KOTOpOe TIoJTydaeTcst yaaaenuneMm u3 warepsasa (0; 1) yKazaHHOTO 3aMKHYTOTO MHOYKECTBA.
ITpuseném nosnesnyio teopemy 21 uz kuurn [4, c. 135]:

TEOPEMA. Beakoe omupwoimoe muoocecmso I' na wucaosot npamoti R ecmov cymma xoneunozo
UAU CHEMHO20 MHOHCECTNEA QUSBIOHKIMHVIL UHMEPEAA0E, KOHUDL KOTMODHLT NPUHAOAEHCAM QONOAHU-
meavromy k I samrnymomy muoocecmey ® = R\ T'; cpedu smuz unmepsasos moz2ym oka3amves
odun uau dea beckoneunux unmepsaaa suda (—oo;a) uau (a;+00).

Wrak, coraco sroit reopeme, narepsad (0; 1) apasgercs 00beInHEHIEM 3aMKHYTOTO MHOYKECTBA,
Hyseit GyHKIMN o — B 1 KOHEIHOTO WU CIETHOTO MHOYKECTBA N3 bIOHKTHBIX MHTEPBAJIOB BUA (P, q)
C KOHITAMY B 3aMKHYTOM MHOXKECTBE HyJeil (DYHKITMH o — 3, KpOMe JIBYX WHTEPBAJIOB: OJINH C JIEBBIM
xoHTIoM () 1 TPaBLIM KOHIIOM B MHOYKECTBE HYJIeH, 1 APYToi - ¢ TpaBLIM KOHIIOM 1 W JIEBBIM KOHITOM
B MHOXKecTBe Hyseil. Ha KaxXj0M TakoM wHTepBaje QYHKINA « — [3 3HAKOIMOCTOSTHHA.
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Panee Mb1 ycranOBUIN, 9TO HYASIM (QYHKIUU ¢ — [§ COOTBETCTBYIOT TOUKM rpaduka QYyHKIHT V1,
JIexarnre HuxKe rpaduka QyHKINT U1, & HHTepBaIaM, rjae GYHKIUI « — [ OTPUIATENbHA, COOTBET-
cTBYIOT ayru rpaduka QyHKIUM U1, TAKXKE Jjexkalie auxke rpaduka GyHKIny U1; Ha MHTEPBAJIAX,
e QyHKIUS o — [ TOMOKUTETbHA, (DYHKIHT v yObIBAET.

Taxum 0bpazom, ecu rpadpuk GYHKITAN ] TPOXOTUT Fe€pe3 TOUKY A, TO OH HHKAK HE CMOKET

npoittn yepes Touky B.

1
CrenoBaTenbHO, TPEANOIOKEHUE 0o < 3 OKA3bIBAETCA HEBEPHBIM.

Cayuait, korjia abcicca 01 HeTPUBUATBLHOTO HYJIst 3eTa~-QyHKIIH HOIbIe > CBOJIUTCS K Pac-
CMOTPEHHOMY CJyYato: MMPOCTo TmojaraeM og = 1 — o7.

T'unoreza Pumana nokaszamna. O

3. 3akJroueHue

B obmem cioyuae dpyukims v; BegéT cebst COBEPITIEHHO HEPeACKaA3yeMO, XOTd, KAK Mbl yCTaAHO-
BUJIM, OHA, U SIBJIAETCS JIMHEHHOW KOMOUHAIMEN TBYX IVIAIKUX (PYHKINN, HO BBIYUCIUTHL KOhdu-
IUEHTHI v ¥ 3, OT KOTOPBIX 3aBUCHT €€ MOBeIeHNe, TakK, YT06bI rpaduk (hyHKIMN v1 TPOIIET depes

TOYKY € abcruccoit oy = B HETPUBUAJIBHOTO HYJAd, HEe HPEICTABIAETCI BO3MOXKHBIM.

Ho, tem e menee, 06 stux xoadpdpuimenrax MOKHO KOe-9TO cKa3aTh. Hampumep, ciemyioree:
WX MOKHO, PaJMi WHTEPECA, TPUOIMKEHHO BBIUHUC/IUTD, Y2Ke 3HAA TOJOKUTEIBHYI0 MHUMYIO 9aCTh
to HETPUBUAIBHOTO HYJIS.

O6oznaunm a(og) u (o) cumBogaMu o n g COOTBETCTBEHHO.

1 1 1
Tax xak v1(00,t) € U, To % > v1(00,t0) = (0 — fo) — - + a1 (00, to) > (g — 50);0 =

1
= 2(ap — Po), cnegoBarenbro, ag — By < ? JIist HeTPUBUANBHBIX HYJEH ¢ DOJIBITUMU TTOJIO0MKHU-

TETLHBIMHA MHUMBIMA YaCTIMU ITH KoacbcbmmeHTbI OYeHb MaJIO OTJIMIAI0TCI IPYT OT APYTa.

Paccmorpum ciyuait HerpuBuasbHOIO HyJisi C CAMOM MaJIE€HbKON MMOJIOKUTEIbHON MHUMOM va-
creio tg = 14.134725141... Torua 210 = 0.03537387498... Ilpu o9 = % BBIIIOJIHAETCS PABEH-
crBo (g — Bo)i + apt1(00,to) = wv2(00,tn), 3 koroporo moayuaem 1.035329666...c9 — By =
0.03532966658...

. z 1
Haitaém Teneps By B COOTBETCTBUU C PABEHCTBOM {z} dx = By dx
xao—i-l xog—&—l

1
CHauana BBIYUCIUM HMHTEI'PaJI B JIEBOI "acTu PaBEHCTBA.
k+1 1 1 1

r—k t k+t
dx:x:k+t:/(ﬁ:/ /
/ 2o+l | | / (k+t)a+1 / (k+1) a+1 (k+1) a+1

1 1
1 1 P T

k) — = N L A —
- [ oo /(k:+t)"+1 (1_0 AR N T >
0 0

k 1 1 k1

11 o A L Ll-0o r —

(1 k+) o (k:—i—l)a) <1—0 g Ty k”)

_ (k+1) kﬂ”+§ 11
l1-o o \(k+1)7 ko)

Haxomerr, mosryaaem

B
o




JlokazareabCTBO TUIIOTE3RI PuMana 11

o —o —c
T Sy e (=)

1

+0o0 +00
Ton o — o — | e — 9 o <2k +1—-2VEkvEk+1
pum o =op= 5 noJjrydaemM 200 1 i s m Z \/ﬁ .
1 1
k
TIpu k£ = 1000000 mrosryvaem / {z} dr = 0.9170582237...
:L.O'[)-i-l

1
W3 pasenctsa 0.9170582237 = [y - 2 nosyuaem By = 0.4585291118...
. 2
Po + 0.03532966658 _ ) 0063050,

1.035329666
Ilonpobyem Teneps xoTsi 6bI TPUOJINBUTENBHO MPEJICTABUTE, KAK BEIYT cebsi JIEBBIN U TPaBBI

vacTu ypasuenus v1(0, tg) = va(0, to). Koneuno, mnga sroro namo 661 3HaTH 3HaMeHUa KO3DDUIMIEH-
ToB (o) u 3(0) pU BCEX OCTAJbHBIX 3HAYCHUAX 0, U BBIPAYKCHUS J[JIs1 UX BBIYUCJICHUST TIPUBEICHBI

Teneps moxkem HafiTH g =

BO BTOpOfI JaCTU CTaTbM, HO OHMU OY€HDL I'POMO3IKHU.

2
0.0184771932 6.742353011

o * o2 +199.7904548

1
Ecnn npeanonoxurs, aro a(o) ~ « ( > u (o) = g <> , TO paBeHcTBO (8) npuHUMaIO ObI

npubsmsntensHo B v (0, ty) =

Puc. 4: Ilepeceuenne rpaduros v 1 vo

1 310 BCE, uTO TTOKA YyCTAHOBJIEHO.
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