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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.



4 H. M. Mycun

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



6 H. M. Mycun

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) cauemyer, uro vy (o,ty) = a(o)v1(o,ty) < 01(0,tg) nmpu Beex o € (0;1). Tlpn
(o)

a(o) < 1 rouka vy(o,tp) aexur HIKe TOUKH U1(0,tp). [lpr a(o) = 1 AOMKHO BBITOJHATHCS U
+oo +oo

{z}

1
pasenctso (o) = 1. Ho Beap Torma m3 paseHcTBa / ot dr = ﬁ(a)/ de HOJTy 4aercs

1 1
+o0 +o0

pPaBeHCTRO / a:{‘ir}l dr = / xal+1 dx, KOTOpO€e He BBINOJIHSAETCs. 3HAYNT, paBeHCTBO (o) = 1 He
1 1

gocruraercs, nosromy afo) < 1.

B cayuagx 1 u 2 rpaduk GyHKINK v1 JEKUT HIKe rpadruka GyHKIUNT U1, HO TONIA ¥ TOYKA A
u B ynexanu 6b1 amxke rpacduka QyHKIUA U1, HO, KAK ObLIO YKA3aHO paHee, OHU JIOJIZKHbBI JIE2KATh
IO pa3Hble CTOPOHBI OT 3TOTO Tpaduka.

CrnemoBarenbHo, ecan Tpaduk GYHKIUKA v1 TPOXOJANUT depe3 Touky A, To depes Touky B yike
He poiijér, u eé abciucca oy He MOXKeT ObITh perennem ypasaerust vi(o,ty) = va(o, tg).

3. a(o) — (o) >0 na (0;1).

O6ozuauum §(0) = a(o) — B(0).

B srom cayuae vy (o, ty) = (5(0)% + a(o)v1 (0, tg) > 5(0)% + (0)01(o, t0) =
— 5(0) (; (o, t0)> .

1 t
Buaunr, rpaduk byHKINE V] JEKUT BhIMIe rpacduka GyHkmn v = 0(0) ( + 2—|0—t2) )
o o
0
W3zyunm B3auMHOE pacrosioxkenue rpaduKoB v u U1.

to to
Jist iponsBoibHOTO 0 € (0;1) mocTpoum BhIpaykenue (o) [ — + — . Tlocte
Asst p (0:1) mocrp P ( )<a 02+t§) o 13

Tpeobpa3OBaHmil TToIygaeM JApo0b ¢ TONOKHTETBHEIM 3HaMeraTeeM o (02 + t3) u ¢ BhIpasKeHueM
§(0)o? —to(1 — §(0))o + §(0)t3 B umcUTeC.
Jna ykazanuoro o € (0; 1) mocTponm KBagpaTHBIH TPEXUIEH

P, (z) = §(0)z? — to(1 — 6(0))x + 6(0)t3. )
BrramenuM guckpuvuHanT D = —3t2 (5(0) - 3) (0(o)+1).

Xorst k03ppunment d(0) ompemensiercs N0 ¢ OAHO3HAYHO W B Tpéxunene P, () oH mocrod-
HEH, MBI €r0 TOYHOe BbIpazkenue mo dopmyaam (6) u (7) UCOOIB30BATH HE CMOXKEM, TTOITOMY HAM
npuaérca «nepebuparsby BO3MOXKHBIE BAPUAHTHI €ro 3navenuii n3 uarepsana (0;1).

B namem cayuae koadduiment §(o) nosoxknuresen, modromy Bapuant d(o) = —1 ornazgaer -
OH OTHOCHTCA K caydaro 1.

fo (11
o(1-3)

1
IIpu §(0) = 3y Tpéxaena Py (x) ennHCTBEHHBI KOPEHb T( = — g = to u ma ayge

2. =
3

(—00,tg) on monoxkurenen. Tak KAK y HETPUBMAJIBHBIX Hyseil caMasi MAJIEHbKAs ITOJOKHUTE ThHAA
MHHMasd 9acTh paBHa tg = 14.134725141..., To (0;1) C (—o0,tp), ciaemoBaresbHo, TpéxaaeH Py (x)
nostoxkuresied Ha (0;1) u, B 9acTHOCTH, HA HAlEeM 0. DTO 03HAYAET, YTO TOUYKA C abCIUCCoil o Ha
rpaduKe v JIEXKUT BBINTE TOYKK C TAKOM ke abcrmccoit Ha rpaduke 0.

1
ITpu 3uavenusx §(o) € <3; 1> tpéxuanen P,(r) me mveer KopHei, KoabbUImenT mpu 2 mo-

JoxuTeNeH, 03ToMy Py (2) > 0 Ha BCeil 9ncI0BO# MpsIMOit U, B YaCTHOCTH, HA HAIEM 0, 9TO HAC
BIIOJIHE yCTPAUBACT.

1
[Mepeitném k 3uadennsM §(o) € (0; 3> .
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1—6(0) £ /(1 —35(c))(0(0) + 1)'

Kopnn kBaipaTHOTo Tpexunena P, Haxomum 1o gpopmyie r12 = to 25(0)
o

CpasruBas 1 u KOpHH, OJydaeM myTéM npeobpaszoBanuit, aro 1 < x1 < x2.
Tpéxanen Py(z) > 0 na (—o0,tp) u, B 9actHoctu, Ha BcéM (0; 1), BKIIOYasI, KOHEIHO, H HAIIE 0.

Nrax, rpaduk vy jgexuT BhINie TpadprKa 7y, KOTOPHI, B CBOIO OYEpeib, JEKUT Bbille rpaduka
dyukmum 01. Ho Besib 06e Toukn A u B SIBJISIIOTCS TOUKAMU TpaduKa v1 U TIOITOMY 06€ OKa3BIBAIOTCST
BhIIIe rpaduka U1, & JOIKHBI OBITH 00€ TI0 Pa3HbIe CTOPOHBI OT HETO.

[pex e wem mepeiiTn K caywaio 4, caemaeM Caemayoee

BAMEYAHUE 3. B paccmompenmois mpéx cayuaar emecmo urnmepsara (0;1) moocno 6oiio us-
HauaabHo Opams npoussosvrwll unwmepsas (p,q) C (0;1).

4. a(o) — B(o) - 3nakonepementas dyuxnus va (0;1).

+oo +o00 n+1
P Y C) T N
accmorpum GyHKIHIO @(0) = por T = zzl pors x. Jasg xaxkgoro n € nMeeM
1 n=ln

n+1
r—n .
HEPABEHCTBO p—) dr < o1 HOITOMY dbyukumoHaTBHLI psax At GyHKINE (o) MaXKOpHU-
T n

n
+00

pyercs paioM E ot Ha orpeske [g,1] maa npoussosbhoro £ € (0;1), ciaegoBaresbHO, OH IO
n=1

npuzHaky Beiiepmrpacca Ha 3TOM OTpPE3Ke CXOAUTCS PaBHOMEPHO. Tak Kak BCe ciaraemble (pyHK-
IIUOHAJIBHOTO Dsifia 71T GYHKIUU (0) HEMPEPBIBHBI KaK WHTErPAJbl OT HEMPEPBIBHBIX (DOyHKITHI,
To dyukuus ¢(o) HenpepbiHa. B custy nponssosbHocTH € dyHKIms ¢(o) wenpepwisHa Ha (0, 1] n,
sragnT, n Ha (0, 1).

Oyuknust [ sBiasiercss HempepbiBHON byuKimeit Ha (0;1), Tak Kak, COTJIACHO ONPEIEJIEHHIO,

+oo
o 1 1
B(o) = L, 9TO OTHOIIEHWE JIBYX HENPEPBIBHBIX dyHKImil, mpuaém [ ——=dz = — > 0.
+oo 1 o+l o
1
/ o+l dx
1
1 1 t
Barmmem paBeHcTBO (6) B BHE p + v1(o,ty) = 0(0) (a + 02_(;752) ; BBIpaxKkast u3 Hero (o),
0

YCTAHABINBAEM €€ HEMPEPBIBHOCTD, MOCKOJBKY BBIPDAXKEHWE B CKOOKAX HEIPEPBIBHO W HE DPABHO
uurge myso Ha (0;1), a dyakuus v1 (o, tg) HenpepbIBHA KaK JefiCTBATEIbHAS 9aCTh AHAJUTHICCKOM
+oo
{z} 1 G(s)
dyHKIIIN dx = —
s+l s—1
1
Nrax HKIMst 0 — [ HenpepbiBHa Ha mHTepBajie (0;1), ciaemoBarenbHo, oHa OO0 BOODIIE
7 ? ) 7
He mMeer HyJel (Toria OHa 3HAKOMNOCTOSHHA W MOJIIAJAeT o7 cjaydan 1 u 3, HO He moj Cirydait
4), 60 unrepsan (0;1) Gymer obbeauHeHNMEM JBYX MHOXKECTB: MHOXKECTBA, HYJIEH, 3aMKHYTOIO

, B COOTBETCTBHHU C paBeHCTBOM (1).

Kak 11poobpas3 ogHoTOUedHOro (M moTomMy 3aMKHYTOro) MHOXKecTBa {0}, M OTKPHITOr0 MHOYKECTBA,
KOTOpOe TIoJTydaeTcst yaaaenuneMm u3 warepsasa (0; 1) yKazaHHOTO 3aMKHYTOTO MHOYKECTBA.
[TpuBeém mosesuyto Teopemy 21 u3 kuuru (4, c. 135]:

TEOPEMA. Bcakoe omxpwmoe mnooicecmeo I' na wucaosoti npamoti R ecmv cymma Koneurnozo
UAU CUEMHO020 MHONCECTNEA QUSBIONKIMHBIT UNMEPBAAOS, KOHUDL KOMOPHIL NPUHAONENCET ONONHU-
meavromy € I samrrnymomy muoocecmsy ® = R\ I'; cpedu smuz unmepsasos mozym oxasamuvces
00uH uAu d6a beckoneunux unmepeaaa suda (—oo;a) uau (a;+00).

Urak, coracHo 9roit Teopeme, narepsal (0; 1) apagercs 00beIHHEHHEM 3aMKHYTOTO MHOKECTBA,
Hysielt HyHKIMK 0 — 5 1 KOHEYHOTO MJIH CYETHOIO MHOXKECTBA U3 bIOHKTHBIX HHTEPBAJIOB BUIA (P, q)
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¢ KOHIIAME B 3aMKHYTOM MHOYKeCcTBe HyJielt pyHKInn § — 3, KpOMe JIBYX WHTEPBAJIOB: OJUH ¢ JIEBBIM
koH1oM () ¥ MpaBbIM KOHIIOM B MHOXKECTBE HYJIEl, U APYroif - C IpaBbIM KOHIIOM 1 U JIEBBIM KOHI[OM
B MHOKecTBe Hyseil. Ha KaxkjoMm takom mHTEpBaje QyHKIMA & — F 3HAKOIOCTOSIHHA.

Panee mbr ycramoBwam, uro HyssaMm (byHKIMT § — J COOTBETCTBYIOT TOUKM Tpadpuka (QYyHKIAN
vy, Jexalpe HuKe rpaduka GyHKOUU U1, a HHTepBaJaM, rae (hyHKIud § — [ 3HAKOIOCTOSHHA,
COOTBETCTBYIOT jiyru Tpaduka yHKIMT v, TaKKe JjexKarue ke rpaduka Gyskimm U7. Tak kak
Touku A m B mexar na rpaduke v1, TO OHU OKa3bIBAIOTCA HUXKE IpaduKa U1, & JOTKHBEI OBLTH OBI
JIEZKATH TI0 PA3HBIE CTOPOHBI OT HETO.

Taxum o6pazom, eciau rpaduk GYHKINN U] TPOXOAUT 9epe3 TOUYKY A, TO OH HUKAK HE CMOXKET
MIpOHTH Yepe3 TOUKYy B.

CrenoBaTebHO, TPEANOIOKEHTE 0() < 3 OKa3bIBAETCH HEBEPHBIM.

Cayuait, korJa abciycca 01 HeTPUBUATLHOTO HYJIs I3eTa~-QYHKIIE HOIbIe > CBOJUTCS K pac-
CMOTPEHHOMY CJIYYalo: MPOCTO TojiaraeM og = 1 — o7y.
T'unoresa Pumana noxkaszana. OJ

3. 3akJiroueHue

B obmiem cayuae dyHKINS v7 BEIET cebs COBEPIIEHHO HEMPEeICKa3yeMo, XOTs, KaK Mbl YCTaHO-
BUJIM, OHA W ABJIAETCS JIUHEHHOW KOMOMHAIEH IBYX TIaIKnX (OyHKINI, HO BEIYUCINTH TapaMeTphI
0(0) u (o), KOTOpBIE «yIpPaBJsIny OBl €6 TOBEJCHHEM TaK, IT0ObI rpaduk (DYHKIUU v TPOIIET

4epes TOUKy ¢ abcruccoit g = ~ (IefiCTBUTEIbHON YacThi0 HeTPUBUAILHOTO HYJIS), HE TPEJICTAB-
JII€TCSA BO3MOKHBIM. 2

Ho, rem He menee, 06 9TMX mapaMerpax MOXKHO KOe-4TO CKaszarb. Hampumep, caegytomiee: ux
MOKHO, PAJU WHTEPECa, TMTPUOIUKEHHO BHIYUC/IUTD, YK€ 3HAA TOJOKUTEILHYI0 MHUMYIO 9acTh tg
HETPUBUATIBLHOTO HYJIA.

O6osuaunm a(og) u B(0g) cumBosamu g u By COOTBETCTBEHHO.

1
Jamee ox og Bcerma HymeT monpa3yMeBaThCs 5

1 1 1
Tak xax vi(0g,ty) € U, To % > v1(00,to) = (ag — Bo) — - + a1 (00, to) > (ag — 50);0 =

= 2(ap — Po), caemoBarenbHo, ag — fo < ——. st HETPUBHAIBHBIX HYJIElH ¢ GOJBITIMMH TTOJIOK -

2t
TeJIbHBIMU MHUMBIMU YaCTAMU 3TU KOS(b(bI/IHI/IeHTbI OY€Hb MaJiO OTVIMYaIOTCA APYyT OT OApYyra.

Paccmorpum ciyuait HerpuBuasbHOIO HyJIsi C CAMOM MAaJICHbKON MOJIOKUTEIBHON MHUMOM va-

1 1
creio tg = 14.134725141... Torna . = 0.03537387498... Ilpu o¢ = 3 BBITIOJIHAETCS PABEH-
0

1

crBo (o — Po)— + apvi(og,to) = wva(oo,to), u3 koroporo moaygaem 1.035329666...c0 — By =
00

0.03532966658...

+oo —+o00

O’Q—‘rl
1 1
CHadasia BBIYUCIUM HHTErpaJ B JIEBOIT JacTn PaBEHCTBa.
k+1 1 1 1

x—k t k+t k
do=|z=Fk+t :/dt:/dt—/dt:
/a:fﬂrl | | Sk S )T S ()T

; 1

1 — kK 1
—k dt = BT S ———
k+t /k+t‘7+1 <1—a (k) "+ (k+t)">0
0

Haitaém Teneps By B COOTBETCTBUU C PABEHCTBOM {z} dx = By / | dx
x

D\H;T‘
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1 e k1 1 . k1
— (. 1 S S e M) =
(1—0 (k+1) T (k—i—l)a) <1—0 g 5 k’U>
_(k+1)1—”—k1—0+@ 1 1
= sl .

l1—0o k+1)° ko
Haxkomnerr, nonyqaeM

(o), (kDK k(11
:I:UH Z/ cr+1 kl( 1—0 +U.<(k+1)akg>>'

1 B=17%

+o0 +o0

1 R 2%k +1—-2vVkVE
dx = 2, =2 g i VhvE 1 .
UJ+1 UJ+1 /k.+

oo |
Ilpw 0 =09 = 3 IOy IaeM
1

1
k
IIpu k£ = 1000000 mosyuaem / {z} dxr = 0.9170582237...
$UO+1
1

W3 pasenctsa 0.9170582237 = [y - 2 moayuaem By = 0.4585291118...
03532
Po +0.03532966658 _ ) |- 63050,

1.035329666
Ilonpobyem Teneps xoTsi 661 TPUOJIN3UTENBHO NPEJICTABUTE, KAK BeJIYT cebsi JIEBBIN U TPaBBI

vacTu ypasaenus v1 (o, tg) = va(0o, to). Koneuno, mug sroro namo 661 3HaTh 3HaMeHUa KO3DDUImIEH-
ToB (o) u B(0) mpU BCEX OCTAJbHBIX 3HAYCHUAX 0, U BBIPAYKCHU [T UX BBIYHUCJICHUST TIPUBETECHBI
BO BTOPOI YaCTH CTAThU, HO OHU OYE€Hb I'POMO3JIKHU.

Tenepb MoxKeM HaliTH g =

1
Ecnn npenmonoxuts, aro a(o) ~ o < u fB(o) = 5 ) » To papenctro (8) mpuHMMaTO GBI
O TSI OE O (0,10) 0.0184771932 n 6.742353011
IpUOIM3UTENBHO B V1 (0 = .
P SRR o o2 + 199.7904548

Puc. 4: Tlepeceuenne rpadukoB v 1 U2

1 310 BCE, uTO TOKA YCTAHOBJIEHO.
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