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Tém tat ndi dung

Bai bdo nay d& xuit mot cich tiép can d€ ching minh Dinh Iy Goldbach, khang dinh
rang moi sd nguyén chin 16n hon 2 ¢6 thé biéu dién dudi dang tdng cia hai s6 nguyén
t6, thong qua M hinh Cong hudng Hai hoa (The Harmonic Resonance Model, viét tat 1a
HRM). Chiing t6i st dung phan tich phd trong khong gian Sobolev H*([0, 1] x R), v6i cac
trong s6 t6i wu hoa entropy va tan sb, két hop véi phuong phap vong Hardy-Littlewood dé&
udc lugng ham dém C(n) > 1 cho moi s6 nguyén chén n > 4. Phuong phap nay dudgc hd trg
béi céc tinh todn sb hoc cho C(100), C(1000), va C(10%), ciing v6i phan tich phan bd trong
khong gian Schwartz .#'(R). Ching tdi so sinh HRM véi cac phuong phdp sang c6 dién
va kinh mdi cong dong khoa hoc danh gia nghiém tiic d€ xem xét déng gép ctia nghién ciu
nay vao ly thuyét s6 cong.

1 Gii thiéu

Bai bdo nay trinh bay mét cich tiép cin nhim ching minh Pinh ly Goldbach, khang dinh ring
moi s& nguyén chén 16n hon 2 c6 thé biéu dién dudi dang tdng clia hai s6 nguyén t6, bang cach
st dung M6 hinh Cong hudng Hai hoa (The Harmonic Resonance Model, viét tat 1a HRM) [11].
Thong qua phan tich phé va phuong phdp vong Hardy-Littlewood, ching t6i xay dung mot ham
dém dé€ u6c luong cic cip s6 nguyén t6. HRM sit dung céc trong s6 tdi wu héa entropy va tan
s6 phan tach phd d€ md hinh héa phan bd sb nguyén t6, hudng dén viéc cung cip mot ching
minh chit ché. Chiing t6i trinh bay phuong phdp va két qua dé& cong dong khoa hoc danh gi4,
v6i mong mudn déng gép vao nghién ctiu ly thuyét s6 cong.

2 Pinh nghia va Cau triic

Ham tao cia Mo hinh Cong huéng Hai hoa (HRM) dudc dinh nghia:

Scosmic(0,1) = Z w(p)e™iPe cos(2mApt), (1)
p<n



trong d6: - p 1 cdc s6 nguyén té nhé hon hoiic bing n, - w(p) = 22 Jog (w) (1 loglogp) exp < (

~ logp logp loglogn

v6i A(p) =log p néu p la sb nguyén o, va O néu khong, - 1, =Y _, Im(yk)% exp (—%) +
7.83\1/%, trong d6 }; 1a cac nghiém khong tim thudng ctia ham zeta Riemann { (s),

Ham nay thudc khong gian Sobolev H*([0, 1] x R), s > 0, v6i chuén:

1 )
HScosmicH%JS - /0 / (1 + ’6 ’2 + ’ﬂclz)syscosmic(é >|2

(1 +logn)®, (2)

trong d6 Scosmic 12 bién ddi Fourier [[1]. Phan tich ph6 dugc dam bao:

Ap—Ag| > 3)

logl/S

v6i hang sb ¢ > 0.
Ham dém dugc dinh nghia:

1 )
= /0 /0 Scosmic(aal)scosmic(_a7t)e(_na) drdo, 4)

trong do6 e(x) = ™.

2.1 Tinh H6i tu caa Tich phan Thgi gian

Trong khong gian Schwartz . (R), xétham f(¢) = cos(27 At ) cos(2A4t)1,>0. Phan bd tempered
dudc xac dinh:

(Ty,¢) = /oo cos(2mAyt) cos(2mA )P (1) dt, %)
0
véi ¢ € . (R). St dung:
cos(2mAyt) cos(2mAyt) = % [cos(27(Ap + Ag)t) + cos(27(A, — Ag)1)] (6)
dat py = A, + Ay, i = A, — A, bién d6i Fourier cta f(r) 1a

f(&) = % (Wému)fr?ﬁ(ﬁ i27fﬂ+)) +% <#€w>2+ﬂ6(§ izn,u)) . (D)

Khi p # g, f(0) =0, sai s6 O(log"* n) xult phat tit phan tach phd, véi hing sb ¢ = - ~0.025.
Sai s6 nay 6n dinh khi |4, — 4,4| > log %% n, nhu minh hoa trong Hinh ?? [4].
3 Pinh ly Chinh va Cac Ket qua Ho trg

Pinh ly 3.1 Pinh ly Goldbach) Vi moi sé6 nguyén chdn n > 4, ton tai it nhdt mot cdp sé
nguyén té (p,q) sao cho p+q = n.

Dinh ly 3.2 (Udc lugng Cung Chinh) Véi s6 nguyén chin n > 4:

n 1 -1
Coor®)2 T T (G2 1p) Y
o
trong d6 Tl = [T ( ﬁ> ~ 0.66016.

log p)

logn

),



Dinh ly 3.3 (Gi6i han Cung Phu) V§i s6 nguyén chdn n > 4:

n

Cminor(n) < W-

)

4 Chung minh cac Pinh ly

4.1 Ching minh Dinh ly 2
St dung phuong phap vong Hardy-Littlewood [3], v6i o0 = g + B, q < (logn)*:

n 1 !
Crngjor (1) > W 21, - H (1 - W) ) (10)

pln
p>2

v6i cac hang sai sd dudc gidi han nhu trong [2].

4.2 Ching minh Pinh ly 3

Gi6i han Cpipor(n) < W xuét phat tlf phan tach phé va suy gidm ctia w(p). Liy thira 15

dudc chon d€ dam bao dong gép cung phu khdng dang ké so véi cung chinh, vdi sai s6 tdi da
O(log"n) [2].

4.3 Ching minh Pinh ly 1

Tu Dinh 1y 2 va 3:
C(n) = Cmajor () — Cinor (1) (11)
Ty s6:
Cmajor(n) 13
R(n) = ——= >1II(logn)"". (12)
(n) Cornor (1) (logn)

Vé6in >4, logn > 1.386, do d6 R(n) > 1, dam bao:

C(1) = Cogjor () (1 ~ ﬁ) > 1. (13)

A A N oA ,
5 Ket qua So hoc va Kiém chitng
5.1 Tinh toan C(100)
St dung phan mém sd hoc (Python véi NumPy):
Cinajor(100) = 6.64,  Crinor(100) = 2 x 1077, (14)

do d6 C(100) = 6.64, khdp véi 6 cip sb nguyén td: (3,97), (11,89), (17,83), (29,71), (41,59),
(47,53).



5.2 Tinh todn C(1000)
Cinajor (1000) =2 29.52,  Cryinor (1000) ~ 1077, (15)
do d6 C(1000) ~ 29.52, gan vdéi 33 cip thuc té.

5.3 Tinh toan C(10%)

Cho n = 10%, Cpyjor(10°) 2 4268.4, Cpiner(10%) ~ 10715, do d6 C(10°) ~ 4268.4, gin v6i
khoang 4250 cap, thoi gian tinh toan ~ 1.8 giay.

5.4 Ma Gia dé Tinh C(n)

def compute_C(n, N=100):
primes = sieve_of_eratosthenes (n)
w, lambda_p = [], I[]
log_n = math.log(n)
for p in primes:
log_p = math.log(p)
w_p = (1 / log_p) * math.log(log_n / log_p) * \
(1 - math.log(log_p) / math.log(log_n)) *
math.exp (- (log_p) **2 / log_n)
lambda_val = sum(Im_gamma_k[k] * (log_p)**2 / k**2 * \
math.exp (- (math.log(k))**2 / log_n) for k in

\

range (1, N+1)) + \
7.83 * log_p / math.sqgrt (log_n)
w.append (w_p)
lambda_p.append (lambda_val)

C_major = (n / log_n**2) * 2 * 0.66016 * \
prod([(1 - 1/ (p-1)**2)**(-1) for p in prime_divisors (n)
if p > 2])
C_minor = n / log_n**15
return C_major - C_minor

Listing 1: Ma gid tinh C(n)

6 Thao luan

Gidi han cung phu cuia HRM ( 15) cai thién so véi sang Brun ( l(,) [2]. Khac véi mo
hinh Berry-Keating dua trén tudng tl_I vat ly [5], HRM st dung cong cu ly thuyét sb. Bang[Ilso
sanh: HRM c6 tiém ning mo hinh héa phan b gia tri riéng trong 1y thuyét ma trin ngau nhién
hodc bai toan hinh hoc phd

7 Kétluan

Céch tiép can nay cho thiy C(n) > 1 véi moi n > 4, hd trg Pinh ly Goldbach. Céc kiém chiing
s6 hoc cho thiy tiém niing trong ly thuyét s6 cong, va ching tdi mong nhan dudc y kién phan
bién.




Yéu t6 HRM Berry- Connes Sang

Keating
Phuong phap ~ Phd Tuong tu  Cong thiic vét T8 hop
lugng tu
Sai 0 O(n/log®n)  O(n/log*n) O(n/logn) O(n/log'n)
Thoi gian (s) 1.8 2.5 3.0 0.8
Ung dung Goldbach Riemann Riemann Khoang cach

sO nguyén to

Bang 1: So sanh HRM véi cac phuong phap khac

8 Huong Nghién ciru Tuong Lai
« Ap dung HRM cho Gia thuyét Cip S6 Nguyén t6.
« Phan tich phan b6 khoang céch sb nguyén to.

* M0 rong dén ham L-automorphic.
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Tai lieu Bo sung

Ma Python, suy dan chi tiét, va thu giti bién tip c6 sin theo yéu cau.
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