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0 d=ILRNYN\BERUCI—=ILE/NYyNRR
4 YU E o3

4=2+2  6=3+3,  10=3+T7=5+5,
16=3+13=5+11, 30=7+23=11+19=13+17,
72 =5+67=11+61 = 13+ 59 = 19+ 53 = 29 + 43 = 31 + 41

DL, ZOoDFEBOF L LTEERELNZ 20 S MREIZ, 280 FERHICT—IL KNy
MNZEDIBREN, (=L FAY AT ¥ LGEMSINS, BRI LR\,
2EBNEEREEZNL. FNS ZOoDMMBEICEBE D, TDOXS R oDEEK
DHAEDLED, 2 & 4 ZRROEZEOEBEE2REZR TV Zida—L F Ay T
DERTH 2, WVHEZIUR, 4 EYREINVEEIDT ZO0FREHOME LTHEEXRY
52 0WH FHETH 5,

D=L ERNYANATRIZED, 6 L EOBHPL T =00 LTHEERESZ
bRy PV
) D=V ERYANATFREPED DO WSREICE D, Bfin > 21 LT, 2R p,
E o WFELT, 2n=p, +pr EFEIFEDT,

n+2=p +p+2, 2n+3=p1+p+3

MDD, BB, 6 L FORTOBMEZ=>0FE KoM TtEXR T TE3, O
e 1. 5 LUF O IR # z2 AUl

1, 2 (FH), 3 (FER), 4=242, 5=2+3
Wb, 1, B F2EZL 3T O00FRKOME LTLrRERWNS IR T
Hb7D, 6L EE VS EENRETH S,

WE 2. —H, 4 5dFRLT, AU LOETOEREN SOEROMTEERIND
AR TE S, B1EE TR L5 1T, HERZ2 LW EAEKTH L, E
PR, A 2n+ 1 %2&F 2 UL

(0.1) 2n+1=p +po

EETZLTIE pr,pDOB, —OMEHTH D, 5 —DEFARTRITINILS R
Vo Ko T (0.1) DR D LD T DI,

(0.2) 2n+1=2+p

ERDTHERR p BPFELRIFIUIEZ SV, LrL, THEHD X512, RTOETHNE
BTH2DIITIERVED, (0.2) 2 TaE 2+ 1257 EDORTOREZRS 20,
EIE, ZODORBOMTEETREBLVARD T SAD S, HIZIE. 11,17, 2383 =2D



FHOMTEERE LN, ZOo0FHOML LTHEIT RV, (o T, EEEENL O2D
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ET =L RNy NBEETH 5,
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NFREDERT 2

6 U LD TOEBN=DDRBOMTEERE S

EWVS FRIFEETDH 205, 6 LEOFRITH LTI, T8I =L F AT & L
THISH, EFRRESNIZHDTH %,

FETHIANE K5 %, EOEEE —ooTmEHoOMTEERITEHOMELICHHET 2,
BARINZIE, B8n > 6% ~ODOFEROME L TEERITHIEOMEE

(0.3) G(n) = E 1
n=p1+p2
2{p1p2
p1,p2: B

EWSHHEEZ S, Blin > 6I1CRoT, G(n) DEFK(0.3)ICBT25:M42 1 pip, 2
WEZEMTES, Lol Gn) Z—ROEBECH LTERT 2 & =13, &5 21 pips
RLUTERTHIEDEN, TOBE. 2n—13FEHMTHDHL X, G2n+1) =2 27250
ZHRLADETE 2m + LI LTI G2m+1) =0 TH %,

EBEORITICBNT, n=p+p DELF%Z (03) DX I G(n) EHOTED X EH
ZBDTERL, 7Y« wral bR

logp, Fpst. n=p" (VkeN:={1,2,3,...}),
An) :=
0, Ip1 # p2 st pipeln B =1,

DE A% 7 BRI
(0.4) Va(n) = Z A(mi)A(m)

mi+mo=n
m1,ma: IEEEE

BERTDHIEDEN, TOMEBTIT y(n) TRZZIEEEnORHEZ -l RNy
NREL R, ha(n) ldn 2R FROBOMTHER I HELZER ETEEL R
5 XM OEATHZ 5, ZOUDBROBITHETE 5,

G(1,000,000) = 10, 804, 1h(1,000, 000) = 1,756, 567.53. ..
G(1,000,002) = 16, 400, 5(1,000,002) = 2,673,061.24. ..
G(1,000,018) = 8, 121, ¥5(1,000,018) = 1,322, 135.60. . ..
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FKIEDIGHIZBWT, EHEM

(0.5) m(x) = Z 1~ = = () = Z Aln) ~ x

= log =
p: R n: IEFEEL
DEIIT, G) WL THEOLNBHERE ho(n) I L THE LN KRS —RIIIHAL T
%o ZIZT. f(x) ~g(x) D o)
x
Ty

ZERT %,

ROELRE, WHEARORAEE oG e L, RO A — & -5, Bb. MEXR
WCHBMT 23X 2 RT X5 REBOBRICHEON L5 EHN T 5, B f(r) L IEAE
B g(x) 1L T,

F. HLERC >0 BFEL T,

|f(x)| < Cg(x)

MWr—oo DEZWI/HIIOI L EZERL, Z0E XD fEIC

f(z) < g(7)

1 V=R E-—SEHDER

Y —< ¥ — 2B

=AY A VB
d@@*}j—i (Re(s) > 1) qg—z%kwm(ﬁ)ruf@Q1f@
B n>1 n 7 _:\MM 2 —
= tra A

n: IEFEEL

WBEBEZHRAIL, RROMHEICB O TIFFICHEHEREBTH %, ((s) iERe(s) > 11TH
WTERZFZT., FRROGHNCH 2BHERITED Re(s) < 0 IZBWTITEDEER
s=—2,—4,—6,..., -2k, —2k—2,... DATHEMA (—OHEH) 2HbL., Tho0FEALAE
THAZLER L LTRISNATV S, ko T, HALEAMMORAZ, FETIUI wHE
B0 < Re(s) < LICFTET 225, REEH L OBRICE D, ((s) & Re(s) =1 LICHA%
Ferzlawizo, BIFRFELADANDOEAIIHTEIN O < Re(s) < 1 AIC L FEAE LIFZRW,
HIATEZRWERIZ JEEHARER @I,

C(s) DIEEFHRFERILTHERRe(s) = 1/2 EiZH 2 e FRIhTHT, ZHhFEH
7T —< T OFRTH S, V-~ FHLAERFRO—DIF. (0.5) TERL
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T TR A 2 B8 () e O ap(2) WX LT 1901 £E1Z H. von Koch [vonKoc01] 12 & -
“C*Eﬂ_\‘émj:_\ EE:EE.'\OD 13 > O b\-—j‘j'l/wc'\

() wl)= [ dir O R () = 0 (27)

DFHETH 2, (1.1) DX 572 7(x) & p(z) DEBARICET 2342 THIZ 212 DEBETLL
E F=F =T 22 2k TMA BN D) 25 o PERICIEET % [Ping3], Bl
B (L1) BT 2EHIZ O (212) U Fickiizwn, Hb, U — 7y$mtﬁﬁaun
BEMEEOREDETD 5, ((s) DIFAARFROAMIEICERONTMERL, B
FEROBEHELBETH 5, LIE, p=+iv I EHIC, FEB Ly IR LTHEZ., ((s) DIE
HHREREEKRT 2, ZoRGTLEHVIUL, V-~ TFTHOFRIZB=1/2TH %,

((s) DIEARLE RO fEIE
T, T T
(1.2) N@p:21:§m§f§+mmﬂ
0<y<T
([Ing32, Theorem 25] % [Tit86, Theorem 9.4] 5%) ICX o THA D I LD TE S,
M. (1.2) BT 2MTIE((s) DIFBIARER p = + iy TEBEEAATHZ %,
SN .
N(T) ~ —logT
27

Hhird, £, FHM

(1.3) NT+1)-N(T)= Y 1<logT
T<y<TH+1
b X fEbhs,
2>0&7T >3 LT, HL. Montgomery [Mon72] %3
o 4

- i(y—") _ A —

(1.4) F(x,T): Z x w(y —~"), w(u) yp

0<yy'<T

REF Lo TIZT, MD((s) DIFEARBEROER v & + ZEEEAATE S, [GMST,
Lemma 8] I & D, F(a, T)IEFEKTH Y., F(x,T) >0, F(z,T) = F(1/z,T) &z L.
V=< FPRPEDITE 1<z <TIMLT—HIC

7, loglog T’
F(z,T) = — 2log? T +1 14+0
(z,T) 2m (7" log™ T + ogx) ( i < logT ))

DD ILD, D Fx, T) BEIC X 5T ((s) DBEEOMMAE (R7aVYL—2a>) HF
NHND5, (13)ICED, TRTD x> 010 LTy ROFESEMFITHL D 37D HHAZR 3 X
HohTnd

F(x,T) < F(1,T) < Tlog*T.
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REVIINLT, FEESNTZ A> 1TITHLT,
1
(1.5) F(x,T) ~ ZTlogT

BT <z <THITHLTHRICHKD Io e PRI, ZoFRICE ST, HHR T((s)D
F R DORHB T4

a<BINLT. T — o0 DE X,

B . 2
Z 1~ (/ (1 - (sm7ru> > du + 6((1,[3)) Kl log T,
o U 2m

0<yy'<T

2ra 1o 27f
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o‘(a,/f)—{l’ a<0<p
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HES [Gol05],
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DK

> ta(n)
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B, p=1/2+iy) CARETIUL,

‘ ]\72 Np+1 4 4
(2.1) T;ng(n)—7—2;m+0(]\73(10g1\7)3>
WD LD,

fE. (1.3)2& D, (2.1) D((s) DEAZTE 2 FOMNIRMEITRIES N5,

FEED Fujii OF#55RIE G. Bhowmik & J.-C. Schlage-Putcha [BS10] 12 X o TR X 1,
(2.1) 12BF 2#EHIE O(N log” N) KB TE /2, ZAUIHIZ, A. Languasco & A. Za-
ccagnini [LS12] 12 & T O(Nlog® N) £ TR XN 7= ([CY17] WZHIFEEHB b ), [BS10]
T

N? Net!
Po(n) = — -2y ——— + Q(Nloglog N



PSR D IO Z L bt S e, Hib,

N? NPt
n)——+2 —— | > Nloglog N
Y725 N DERICIEET 5. & o T, [LS12] DR O(N log® N) 237072 b & 3
SR

|2 < TSR L TUR S %, SERRAN

(2.2) U(z) = A(n)z
¥
(2.3) U(2)*= Z A(m)A(m/)zm+m = Z < Z A(m > 2" = Z% n)z

Ei7e S 720, o(n) DEBEEDE 6N 2, A [GS-pre] 13 U(2) ZHWT 1y(n) D
ATz, F3E. Fujii [Fuj9la, Fujolb, Fujole] IZHEEIT 2 ¢y (n) DFIRNRUIRD X
S1TET B,

T 0. N> 2R LT,

7V +1 C Nl 2k
N? Nﬂ+1
:7—2;W+E(N)+O(N)

MY ITD, T 2T,

E(N) := /(; (Z(A(n) - 1)6_”/1\[627”"‘“) Z N g=2mina g0,

n<N
TH 2,
iR, T 0 ST D D,
TERL 0 DFER DN
I(z):=) ="
L ETIE,

I(2)* = Z ( Z 1) 2" = Z(n —1)2"

n>2 \m<n—1 n>1
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L AH. (2.2) BHOVAUL

1(2)¥(z) = Z ( Z A(m)) 2" = Z”{/}(TL —1)2"

n>2 \m<n—1 n>1

LRBIEDbHB D, e (23)TRLEESIC

= Z ha(n)z"

n>1

b WV AUE,
ng(n)z” = Z(Q’l/)(n — 1)+ (n—1))2"+ (¥(2) — 1(2))?

n>1 n>1

PEOND, R, BAENT, e(a) =™ LFEL, 0<r < LIIHMLT, z=re(a) &
BT,

/0.1 (Z anr"e(an)> > rte(—an)da =" ar" / (n— n')a) da

n>1 n<N n>1n/<N

~Y

n<N

(2.4)

BELN D, HIZ,

S wn(n) = 3 (26— 1) + (n— 1)) + / (U(re(a)) - I(re(a)))? 3 r~"e(—an) da

n<N n<N n<N
N—-1)N
—anv) - BV

Z Ty i (N) OBHRAT

22 s ¢ 12k

= Z — (log2m)x + = (— 1)—2—7 r>1

2 Zplpt ) ¢ 2 22k — 1)
([Ing32, Theorem 28] %° [MV07, 12.1.1 Exercise 6] #5%) ZHWT., r = e /N 5L
L. EM 0 DED O

RIZ,

Z(A( )_ 1 n/N 2mino

n>1

§ ()n/N —2mino

n<N

(2.5) E(N) = /01

EBLEL |E(N)| <EN)H#bd, 720 N>2IIHLT, (24)ICKDEBI

2o ww-~= [ <Z<A<n>—1>en/Néﬂw)Zen/Nemnada

n>1 n<N



PEOND, 0<a<1/21ITH LT,

E en/N6727nnoz

n<N

(2.7)

5%%¥%g5k<mm{Aﬁé}

DAL T 2 ZEICERL. a—y—=> a2 VLY OREREAVIUL, (2.5) Ik hRD
RO X5 ICEBEHICB T 2EHIZE(N) ZHVTEERIN S,

T 1. N> 212/ L T,
G(N)=N+0 ( E(N)log N)
DAL T %,
(2.6) DFRUT D=V RNy ARIFOIFINCEEE T 2 BRI T [BRIS, 2 (7)]. AR
BHAISHTVS [Koul9, R (5.20)],
JIZ, 2lowN = NITHE L.

ok+1

gMy < Y %AN

0<k<logy

2

do

Z(A(n) - 1)677L/N62m‘noz

n>1

CEHMTE 5, B, (2.7) ZHVIUZ.

1/2 2 1
E(N) <</ min{N,} do
0 a

ER50% a< WAL Tmind{N, 2} < NEZHAWV, a> 212U T, XKz

2k 2k+1
U <N’N}
N

1<k<log,

D (A(n) — 1)e /N ePmine

n>1

DX ST FR

2

5(N)<<N/O%

Z(A(”) - l)e*”/Ne%ina do
n>1
N ok+1 ,
" .
" Z ? k Z(A(n) — 1)(3*"/N627rma doy
1<k<logy N % =

LRHETE %,

2
do

L

W(N, h) = /0 YIS (An) — 1)emV prine

n>1
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ARV alEN

1 1 1 L1 1 N
W(N.B) < 5 H(h) + 55 > S (kN) + > o/ (kN.B) + 5

h?
E>1 k>1

7%, V< YTFTROREDTT, ROFHEIF SN T NS !

H(zr) < x* (H. Cramér, 1921 4 [Cra21]),
J(z,h) < hxlog? (QhT) , 1< h<az (B. Saffari & R.C. Vaughan, 1977 4 [SV77]).
ZI 5 ZHVIUE, v
W(N, h) < %(log Ny, 1<h<N

HEBIEOLNS, ZhxHVIUX, KD X 512, Languasco & Zaccagnini (2011/2012)
DAGEH [LS12] KT von Koch (1901) [vonKoc01] 12 & 2 SHBUE PO i 5% 7T A3 EIE T & %,

21 V—<UTHEIEONIDET S, 2O E, N>2IH LT,
E(N) < N(log N)?

iﬁﬁil‘z?— 60 ?}éo T\
Y(N) = N + O(NY*(log N)?)

S aln) = -~ 2" MJZ—L) +0 (N(log N)?)

P RIRIASR

SR, RIETO#ETHA L7 Montgomery @ F(z, T') BI% (1.4) (B3 % 7 2 Fw
Ty J(x, h) Oz HENT, LRl oiHiiz X 51T’ R T %, Goldston & Montgomery (&
[GMS7] TV —< Y FREEREL., F(r,T) BT 2T (1.5) DR EFEETH 5 Z & &R
L7t EROFEE XNz e > 01T LT,

J(x,h) ~ hxlog (%)

D1 < h <27 W LT—HRIZED LD, 5 LT, Goldston & Montgomery [GMS87]
& F(x,T) & J(z,h) ZRECDF 720 Tk [GS-pre] 13 EFE & D FHTOFREEREL T, (N)
& Yoy Ya(n) DFHIIC I T 2 BRAEHDO B R 2 il A7z,



FI 2 V-~ TPHRPRDIDERET 2, 2 >2¢L
logz < L(7) < log*x
% i 72 5 SRR BB RL £ () 12t LTy
eVE@ < T < g It ULT—HIC F(o,T) < TL(z) &T 5.

(2.8) 1< h < 20e VEO TR ULT—RIC  J(2,h) < hal(z) DD I,
HBEWICED. E(N) < NL(N)log N 237 L.
Y(N) = N+ O(NY2\/L(N)log N)
A RVASH
EH 2 ORRLIGE L LT, ROZODRREZHENT 5,
22 V—<YFEBPERDIDOLT S,

(1) i
F(x,T)=0o(Tlog’T), T<zx<T* (VA>1,T>2)

DI D LTI
J(z,h) = o(hzlog’z), 1<h<z (x>2)
DD IIH, E5IT, E(N)=o(NlogN)?) ¥ 725, ZAUTED,
$(N) = N+ o(N'?(log N)?)

K r 2 ot
g;vqu(n) =5 -2 zp: PSR o(N(log N)?)
L RRVASN
(1)
(2.9) F(z,T) < Tlogw, T <x<T"9s7 (T >2)
b IR AN

J(z,h) < hxlog, 1<h<uz (x> 2)
RS, ZHUTE D X512, E(N) < N(log N)? DD 31D, HE- T,
U(N) =N+ 0 (N'?(log N)*?)
KU

_N2 NAHT T )
";V%Q(N) = 7 —2;m + O (]\ (logN) )

A
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EIL 2 IZBWT, L(2) = elog’z LHAUIFR 2 D (1) 5S4, L(z) =logz £ EL tHR
2 @ (1) 2E S,

R 29 0FHE. T <z <THIZHLTDA, Montgomery @ F(z,T) FA (1.5) 1Z
e, T4 <z <77 TR LTHLWFRTH 5, ¢ > 7787 10t L TId AT
%60

TEFE 2 DFEH DN,

J(x,0) = /w (b((1 + 0)t) — ab(t) — 6t)* dt, 0<d<1
0
EHOWT, V=< Y PRERE T,

F(x,T) < TL(x), eVED < T < g

ZED
T (z,0) < d2*L(z), 1z < § < 2eVE@

MEoh s, BEITED E 51T,
J(z.h) < hzL(z), 1 < h<2ze VE@
Y725, TNHIEFERE, KO REVHPICBWTHRD D, EARMITE,
F(z,T) < TL(z), 2<T <z (VA>1)

= J(x,0) < 62°L(x), 0<6<1
= J(z,h) < hel(x), 0<h<z

P ARTASR
b/ N
2 [ v ?
x’t
F(I,T):—/ dt
T J- 0§;T1+(t_7)
2
2 (T el
S L — log7')?
7T/0 ;1+(t—7)2 t+0 ((log7)°)
BN
R smnt "
T,0) = [
G(x,0) ‘ZH |

EBFE V<Y TFRORED T, 1/z <5< 1IXLT,

J(x,0) < 2°G(z,6) + O(62?)



125

ETEZ, i, 28)PEBIS,
BEEDERTDIE, 1< h <2/81If LT,

T, h) — J(x)2,h) < ©

8h/x .3 8h/x
T, 0)do < SE&) / §do < hal(z)
h Jo h 0

WCHERL.
J(z,h) — J(z/2* ) = ; (J(z/277 1 h) — J(x/2, b))
<<J/;Z(x/2j1)c(x/2j1)
<t

LIS 5, (logz)? < 28 < 2(logx)> WA LT, J(z/2% h) < ha TH B 7=, BFEOFE
SRDE S o O

BB, V=TI DI TREHCEZTHMEZENT %,

O :=sup{f: (B +iy) =0}

& B <, Bhowmik, K. Halupczok, K. Matsumoto, & Y. Suzuki IZ & % [BHMS19] D¥§%k
BGEE LT, 1/2<0<1&l, N>221<h<NIZHLT,

J(N,h) < hN*®log* N

MY IO, ZAUTED
E(N) < N*®log’ N
b, ZThERAVWIUE RORBELNS,

%3.1/2<0<3/4F5L,

NrHl 3
Zl/)g(n ——2 Z +0o(N2)
n<N p + 1
- Re( p)>1/2
N RYASR
BE W
BS10 G. Bhowmik, J. -C. Schlage-Puchta, Mean representation number of integers
g

as the sum of primes, Nagoya Math. J., 200 (2010), 27-33.
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