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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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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
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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) — B(o) =0 na (0;1).
13 pasencrsa (8) caemyer, uro vi(0o,tg) = a(o)v1(o,tg) < 01(o,to) npu Beex o € (0;1). Tlpn

a(o) < 1 rouka vy(o,tp) aexur HUKe TOUKH U1(0,tp). Ilpu a(c) = 1 A0MKHO BBIIOJHATHCS U
+oo +o0
)

1
paserctso (o) = 1. Ho Beap Torma m3 paseHCTBa / o1 dr = ,8(0’)/ de HOJTy9aeTcs
1 1

+o0 “+o00

T 1
PaBEHCTBO / {ajl dr = / 577 4T, KOTOpOe He BBIIOJHAETCS. 3HAUUT, PABEHCTBO a(o) =1 me
x x
1 1

jocruraercs, nosromy a(o) < 1.

B cayaasix 1 u 2 rpaduk GyHKIUYT v] JEKUT HIKE Tpaduka PyHKIUU U1, HO TONIA U TOYKU A
u B jexasu Obl Huxke rpaduka yHKIUUA U1, HO, KAK ObLIO yKa3aHO paHee, OHU JIOJI?KHbI JIEXKATh
IO pa3Hble CTOPOHBI OT 3TOTO TpaduKa.

CrnemoBarenbHo, ecan rpaduk GYHKIMNA v1 TPOXOJANUT depe3 ToUKy A, To depes Touky B yike
He poiijér, u eé abcuucca oy He MOXKeT ObITh perennem ypasHerust vi(o,ty) = va(o,tg).

3. a(o) — B(o) > 0 na (0;1).

N | =

SAMEYAHUE 3. Ilycmov o—Kpumuneckoe 3HGHEHUE, MAKOE, YN0 T <

IIyemv a(o) — (o) > 0. Tax xax

v1(0,t9) € U, mo tlo > 01(0,10) = (a(0) ~ B(0)) + 0(0)in(010) > (alo) — H(0) >
> 2(a(o) — B(0)), caedosameavno, ao) — B(o) < %
0
Ecau orce a(o) — B(o) < 0, mo vi(o,ty) = (afo) — [3(0))l + ao)v1(0o, ty) > 1 5
o 1+
2(B(0) — alo)) < alo)vi(o,to) — Hlt% < 01(0,tg) < tlo’ caedosamenvro, a(o) — (o) < 210.
Taxum obpasom, |a(o) — B(o)] < %
0
O6oznaunm §(0) = ao) — (o).
Tak kak B paccmarpuaemom ciaydae d(o) >0, o 0 < §(0) < %
0

A~

B srom cayaae v1 (o, tg) = 5(0)%4—&(0)@1(0, to) > 5(0)%—#5(0)@1 (o,t0) = d(0) (i_ + 01 (o, t0)> .

1 t
Buaunt, rpaduk byHKIMI V] JeKUT BhINIE rpadnka GyHkun v = 0(0) ( + — —(l)—t2> .
o o 5

WN3zyunm B3amMHOE pacrosio)enue rpaduKoB vy U U1.

s npoussosbhoro o € (0;1) mocrpoum Beipazkerne §(o) (a + 0220_ t%) - 0220_ 2
Tpeobpa3oBaHmil TToIygaeM Apobhb ¢ TONOKATETBHBIM 3HaMenaTeeM o (o2 + t3) m ¢ BhIpasKennem
§(0)o? —to(1 — §(0))o + §(0)t3 B unmcuTeE.

s ykazanuoro o € (0; 1) mocTponM KBaJIpaTHBIH TPEXUIEH
Py(x) = 6(0)z? —to(1—0(0))x+3(0)t:. Mer kax 661 «3aM0opos3nm» KoadbdutmenT §(0) A/Tst TaHHOTO
0. 3areM U3y4YuM NOBeJeHne TPEXUIeHA W MOJACTABUM B HErO 3HAUEHUE T = O.

1
BLIYUCanM TUCKPUMUHAHT — 3t3 ((5(0) — 3) (0(o) +1).

ITocse

Xorst koaddunment §(o) onpezpesnsiercss Mo o OJHO3HAYHO U B Tpéxuiene Py(x) oH mocros-
HEH, MBI €r0 TOYHOe BhIpazkenue 1mo dopmyaam (6) u (7) WCHOIB30BATH HE CMOXKEM, TTIOITOMY HAM
npuAércst «nepebuparhy BO3MOXKHBIE BAPUAHTHI €ro 3Hadenuii n3 unrepsaia (0;1).

B mamewm ciayuae ko3ddunment §(o) nonoxurenen, mosromy Bapuant §(o) = —1 ormamaer.
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Tak kax Y HETPpUBUAJIBHBIX Hy.)'[efl HanMEHbIIaAd IMOJOXKHUTEJIbHAA MHUMAA IaCTh PaBHA
to = 14.134725141..., 10, coryiacHO 3amevaHuio 3, 3HadYeHus 0(0) 00eCIeINBAIOT IOI0KUTETHHOCTD
JOUCKPUMUHAHTA.

1-6(0) —/(1-35(c))(6(c) +1)
26(0o) '

Memnpmuit Kopeusb Tpéxanena P, naxogum mo ¢popmysie r1 = g

s ynobounraemoctu 0603HaumMM §(0) TPOCTO J.

Briparkenne B auCIHTeTe TONOKATEMbHO. B camom gene, 1 — 6 > /(1 —38) (6 + 1) &
1-204+62>(1-38)(0+1)<1-25+62>1+0-352-35<4>0.

Takum obpazom, 1 > 0.

IIycte n € N— mponsBosibHOE HATYPAJIBHOE YUCIO.

CpaBHUM — U X1, IPOBE/Ist HEOOXOIMMBIE IPEOOPAZOBAHUS.
n

1 1-0—+/(1-35)(+1) 25—750”(1—5—%(1—35)(5“))

CocraBuM pazHoCcTh ——x1 = ——1g =
n n 26 26n
JlokaxkeM, ITO 9Ta PA3HOCTH TOJOKUTEIHHA; TTPOBEIEM SKBUBAJIEHTHBIE TPEOOPAZOBAHMS:

25 > ton (1 —5— /(1= 3) (5+1)> & 26 > ton — bton — tony/(1 — 30) (0 + 1) <

ton\/(l — 35) (5 + ].) > ton — 0tgn — 20 &
t3n?(1 — 20 — 36%) > t3n® + §%t3n® + 46% — 26t3n? — 40ton + 46%ton <
t%n2 — 25t(2)n2 — 352t(2)n2 — zfgn2 — 52t(2)n2 —45% + 25t%n2 + 46ton — 46%tgn > 0 <
—45%t3n? — 46% + 48tgn — 46%tgn > 0 & —5tin? — § + tgn — ton > 0 &
ton 1

St2n2 + 6+ dtgn < tgn < 6 (2n2 +1+tpn) <tn < d < ———— < —.
0 0 0 (t3 on) < to 202 ton 1 " 3

1
TTocsnesree HEpaBEHCTBO BBITOJIHAETCH HA (0; 3 OTOMY, ITO HanbOIbIlIee 3HAUECHNE BhIPaZKe-

ton

HUAd ——F
t3n? +ton + 1

npu to > 0 paBHO 3 CJIe/I0BaTEJIbHO, B CUJIY SKBUBAJEHTHOCTHU [Ipeobpa3oBaHuii

1
BEPHO U MCXOJIHOE HepaBeHCTBO — — x1 > (.
n

1
Wrak, npu nrobom wHarypasbaoM 1 € N mMeer MecTo HepaBeHCTBO X1 < —. Cie1oBaTEIBHO,
n
x1 = 0 gBagercst kopaeMm Tpéxaiena Py, Ho Torma 0(0) = 0, HO, Mo mocTpoenuto, §(o) > 0.

IIpexie uem nepeiiTu K ciaydaro 4, cjesiaeMm Ciiejyloliee

BAMEYAHUE 4. B paccmompennnx mpéx cayswasr emecmo unmepsana (0;1) moorcho 6vuio us-
HauaAbHo bpams npoussosvuul unmepsan (p,q) < (0;1).

4. a(o) — B(o) - snakonepemennast dyukiws Ha (0;1).
+o00 n+1

“+oo
x x—n
Pacemorpum dyrkmmio ¢(o) = / :ja+}1 dr = E / o dr. Jlna xaxmgoro n € N mmeem
n=1

1 - n

n+1
r—n .
HEPaBEHCTBO T < , 09TOMY (DYHKI[MOHATBHBIN syt fyist byHKIMKM (o) MaKopu-
xa-l—l no+1

n

—+00
1
Pyercs pamgoM g — 7 Ha OTPe3Ke [e,1] st mpomsBosibHOTO € € (0;1), cremoBaTeIbHO, OH TIO
n
n=1

nmpu3Haky BeiiepiiTpacca Ha 9TOM OTpE3Ke CXOIUTCs paBHOMepHO. Tak Kak Bce ciaraemble (hyHK-
[MOHAJIBHOTO psijia jiis PYHKIMK ©(0) HElpephIBHBI KaK WHTErPajbl OT HElPepPbIBHBIX (DYHKIIWIA,
To dbyHKIHUs (o) HempepbiBHA. B cuty mpomssosbHOCTH € byHKIHNs (0 ) HenpepbisHa Ha (0, 1] u,
suagnT, n Ha (0, 1).
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Oyuknus [ asasiercs menpepbiBHOit dyrkimeit Ha (0;1), Tak Kak, COrJIACHO ONPEIETEHHIO,

+oo

B(o) = &, 9TO OTHOIIEHUE IBYX HEIPEPBIBHBIX (DYHKITUN, TPUIEM / Ldac = 1 > 0.

400 xU+1 o
1 1
/ o+l da
1
Barmmem paserctso (6) B Buge p(o) + vi(o,ty) = afo) <i + 2tit2> ; BBIpazKasl M3 HEro
g 0

a(0), ycTaHABINBAEM €6 HEMPEPBIBHOCTD, TIOCKOJIbKY BBIDAsKEHUE B CKOOKAX HEMPEPLIBHO U HE PABHO
nurge Hymio Ha (0; 1), a dynkiws vy (o, t) HeNpepbIBHA KaK JefiCTBUTEIbHAS YaCTh AHAJINTHIECKON
+oo
{z} 1 ¢(s)
dyHKIIAN Tde = —
x5t s—1
1
Nrak, dyuxiust o — [ Henpepbieaa Ha unTepnase (0;1), ciaegosarenbro, oHa b0 BOOOIIE
He WMeeT HyJel (Toriaa oHa 3HAKOMOCTOSIHHA W MOJIIAJAeT MOof cjaydan 1 u 3, HO He MoJ crydait
4), m6o unrepsasn (0;1) OGyger obbejuHeHNEM JBYX MHOMKECTB: MHOXKECTBA HYJ€H, 3aMKHYTOIO
KaK mpoobpas OJHOTOYETHOrO (M MOTOMY 3aMKHYTOTO) MHOXKecTBa {0}, M OTKPBITOTO MHOXKECTBA,
KOTOpOe Tosryuaercst yaaneanem u3 uarepsana (0; 1) yKazaHHOrO 3aMKHYTOTO MHOYKECTBA.
ITpuBeém mostesnyio teopemy 21 w3 kaurm [4, c. 135]:

, B COOTBETCTBUU C paBeHCTBOM (1).

TEOPEMA. Beakoe omxpoimoe muooicecmeo I' na wucaosot npamot R ecmov cymma xonewnozo
UAU CUEMHO20 MHONCECTNEA QUSBIONKIMHBIT UHMEPEAA0E, KOHUbL KOMOPHIL NPUHAOAEHCATN, OONOANU-
meavromy k£ I' samxnymomy muoorcecmey ® = R\ T'; cpedu amux unmepeanos mozym okasamocs
0dun uau dea beckoneunux unmepsaaa suda (—oo;a) uau (a;+00).

Wrak, coracHo 9roit reopeme, narepsad (0; 1) apagercs 00beTHHEHHEM 3aMKHYTOTO MHOKECTBA,
Hyneit pyHkImn o — 3 1 KOHEIHOrO WU CIETHOTO MHOYKECTBA JIN3bIOHKTHBIX MHTEPBAIOB Bua (P, q)
C KOHIIAME B 3aMKHYTOM MHOKECTBE Hy/e# (pyHKIUN o — 3, KpOMe JIBYX WHTEPBAJIOB: OJINH C JIEBHIM
koHIOM () ¥ MpaBbIM KOHIIOM B MHOXKECTBE HYJIEl, i APYroif - ¢ TpaBbIiM KOHIIOM 1 U JIEBBIM KOHI[OM
B MHOXKecTBe Hysel. Ha kaxkmoM TakoM mHTepBaie (QyHKIUT  — § 3HAKOIMOCTOSHHA.

Panee mb1 ycranosumu, uro npu o) — (o) < 0 coorsercrBytomue Touku rpadpuka GyHKIUN
vy Jexkar Hmke rpaduka Gyukinun U1, a npu «(o) — f(o) > 0 cooTBeTcTBYOIMIE TOUKHU rpaduKa
dbyuknmn v1 mexar soie rpadpuka GyHKIWY U1, B HYIg9X DyHKIHIN (o) — ((0) 6bLIM GBI pA3PHIBHI,
HO BBITITE OBLIO JOKA3AHO, YTO 3Ta (HYHKIUS HEITPEPLIBHA.

CremoBarebHO, TaK Kak Tpaduk v TPOXOIUT Uepe3 TOUKY A, To u Bech TpadpWK HAXOIUTCS
nmke rpachuka 01. Ho Touka B Toxe jexxuT Ha rpaduke v 1 TOITOMY TOXKE JIEXKUT HUXKe rpadpuka
01. Ho MBI yKe ycTamoBwAM pamee, 9TO TOYKH A W B JOMKHBI JEKATh 0 Pa3HBIe CTOPOHBI OT
rpaduka ;.

Urak, ecnu rpaduk PyHKIMU v1 TPOXOJAUT Uepe3 TOUKy A, TO OH HHKaK He CMOXKET TMpoHTh
4yepe3 Touky B.

CrenoBarebHO, TPEATOIOKEHTE 0 < 3 OKa3bIBAETCH HEBEPHBIM.

1
Chyuait, korga abcrucca ¢ HETPUBUATIBLHOTO HYJS A3eTa-DyHKITUN O0JIbIITe 3 CBOJUTCS K Pac-

CMOTPEHHOMY C/IyYalio: IPOCTO MojaraeM og = 1 — 4.
Tumnoreza Pumana gokasaHa. O

3. 3akJIroueHue

B obmem cioyuae dpyukims v; Beg€T cebst COBEPITIEHHO HEPeACKaA3yeMO, XOTd, KAK Mbl yCTAHO-
BUJIM, OHA U SBJISIETCS JUHEHHON KOMOUHAITMEH ABYX TIAAKUX (DYHKITHH, HO BRIYUCJIUTE TapaMeTPhI
a(o) u B(0), KOTOpBIe «yHPaB/IAINy Obl €€ ToBeJeHneM Tak, 9To0bl rpaduKk MYHKIMA U1 TPOLIEN
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—

yepes TOUKY ¢ abcnuccoit og = — (IefiCTBUTENbHON YaCThI0 HETPUBUAIBHOTO HyJIsl), HE [IPEICTAB-

JIdeTCd BO3MOZXKHBIM.

2
Ho, Tem me menee, 06 3Trx mapaMerpax MOXKHO KOE-9TO CKa3aTh. Hampumep, ciemyromiee: Ux
MOXKHO, PaJii MHTEpeCca, MPUOIMKEHHO BBIYUCIUTh, YKe 3HAS TOJOKUTEJIBHYI0 MHUMYI 9acTb t(

HETPUBUAJIBHOTO HYJIA.
O6oznaunm a(og) u (o) cumBoTaMu o n g COOTBETCTBEHHO.

Jamee on og Bcerma HymeT monpa3yMeBaThCs 5

JJtst HeTPUBHUAIBHBIX nyJeit ¢ OOJIBIIIMHA TTIOJOKUTETbHBIMI MHUMBIMA YACTIMEU 9TU KOIDPH-
OUEHTHI OY9€HDb MaJIO OTJIMYaIOTCA APYT OT JAPpyTa.

PaccmoTpum caydait HeTpUBHAIBLHOTO HYJIS ¢ HAWMEHBITIEH TOJOXKUTETBHON MHUMOM YaCTBHIO

1 1
to = 14.134725141... Torma o = 0.03537387498... IIpu o9 = 3 BBITIOJTHAETCSA PAaBEHCTBO
0

1
(g — Bo)— + agt1(og,to) = w2(00,tg), m3 oroporo momyuaem 1.035329666...a9 — By =
0. 03532966658

. T 1
Haiiném Tenepb Sy B COOTBETCTBUM C PABEHCTBOM {z} dx = By dx
mag—i—l xUO‘H

1
CHagana BEIYUCIUM MHTETrPpaJI B JIEBOIT wacTn PaBEHCTBA.

k+1 I 1 1 1 1 I
T — t +1
do =z =k+t :/dt:/dt—/dt:
/ gt | | (k+t)7! (k+t)7 (k+1)7*!
k 0 0 0
/ / 1 1 k 1 !
= —k — —  _dt= i k‘i‘tl_gﬁ-*-ia _
/k+t /(k+t)0+1 (1—0 (k+1) o (k+1) )0
0 0
1 1ok 1 1 . ko1
= (k+1 - ) - KT 2 ) =
1-— (k+1) t5 (k—i—l)U) <1—0 5 k”)

(k:+ k10+§ 11
1—o o \(k+1)7 ko)

Haxomnerr, HO.quaeM

Oo{x} (k+1)'77 k= &k 1 1
:L‘cr+1 Z/ xo+1 P 1( 1—0 +U'<(k+1)g_k‘7>>'

1

+oo +oo
1 Lo {z} X2k +1—2VkvEk+1
IIpn 0 = 09 = 5 noJiydaemM o] T =2, x00+1 =2 Z NCEST .

1

T} g0 — 0.9170582237.
oo+1

1
k
ITIpu k£ = 1000000 mosryuaem /
x

1

W3 pasenctsa 0.9170582237 = [ - 2 moxygaem By = 0.4585291118...
. 2
Fo 1008532966658 _ 770063050,

1.035329666
Ilonpobyem Teneps xorsi 661 TPUOJIU3UTESNBHO NPEJICTABUTh, KAK BeJyT cebs JIEBBIH U TPaBbI

yacTu ypaBuenus v1 (o, tg) = va(o, to). Koreuno, mist sToro Hamo 661 3HATE 3HAaUEHUsT KO3hOUIIEH-
ToB (o) u B(0) TPy BCEX OCTATBHBIX 3HAYEHUSAX 0, U BbIPAYKEHUsI JIJIS UX BBIUUCJIEHWS] TIPUBEEHBI
BO BTOPOIl 9aCTH CTATHU, HO OHM OYEHD I'POMO3IKH.

Tenepb MoxKeM HaliTH g =

1
5 | » TO paBencTBO (8) mpuHHIMATO OBI
0.0184771932 n 6.742353011

o 02 4+ 199.7904548

1
Ecmu npeamonoxkurs, 910 o0) ~ « (2> u fB(o) = B

npubsmsurenbHo Bug v (o, ty) =
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Puc. 4: Tlepeceuenne rpaduKkoB v 1 U2

1 510 BCE, uTO TTOKA yCTAHOBJIEHO.
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