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NGHIEN CU'U THU'C NGHIEM TiNH PHAN BO PEU
CUA CAC DAY SO NGAU NHIEN, GIA NGAU NHIEN
VA TUA NGAU NHIEN

NGUYEN VAN HUNG, BUI VAN THANH

Vién Cong nghé thong tin

Abstract. In numerical Monte Carlo methods it has been remarked that the randomness of se-
quences is unnecessary, the most importance is their uniformity. Therefore the uniformly distributed
non-random sequences have get more and more important role. These are quasi-random sequences
with discrepancy as a measure of uniformity. Most of the 23 sequences studied satisfy the uniformity
criterion, thus they can be used effectively for calculations in Monte Carlo schema’s. The algorithm
proposed by the author of [12] based on the moment of sequences (criterion of uniformity of second
type), however, the generated sequences V also met all the criteria of uniformity of first type (mea-
sured by discrepancy of distribution funcrions). All the tests show that these quasi-random sequences
V' are significantly better than random and pseudo-random sequences.

Tém tit. Trong phurrong phiap Monte Carlo s6 tri ngurdi ta nhan thay rang tinh ngau nhién cia céc
day s6 13 hoan toan khong can thiét, ma quan trong hon cé la tinh chat phan bé déu cda chiing. Vi
thé cic day s6 khong-ngau-nhién phan bs déu cé vai tro ngdy cang quan trong. D6 chinh 1a cic day
s6 tura ngau nhién véi do do cia tinh déu 1a do phan ky. Hau nhur tit cd 23 day s6 duoc khio sit
déu théa man céc tiéu chudn vé tinh déu, nhuwr vay cé thé st dung hiru hiéu ching trong cic tinh
todn theo so do Monte Carlo. Thuat toan do téc gid ([12]) dé xuat dua trén cic gid tri clia moment
(tiéu chuan phan bé déu loai 2), nhung cac day s6 V' duoc tao ra ciing ddp ting day di ca céc tieu
chuan phan bé deu loai 1 (vé do phan k¥ cia cdc ham phan phéi). Qua tat cad cdc phép thir cic day
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s6 tua ngau nhién V nay déu vuot troi so véi céc day sé ngau nhién va gid ngau nhién.

1. SU PHAN BO PEU CUA CAC DAY SO

1.1. CAc s8 ngau nhién va gid ngau nhién

Phwong phdp Monte Carlo 1a phwong phép s6 dé gidi cdc van dé toan hoc bang cidch mo
hinh héa cic dai lwong ngau nhién va danh gia cdc dic trung théng ké cia ching.

C6 thé nhan dwoc dai lwrong ngau nhién tir ba nguén sau day:
a) C4c bang s6 ngau nhién

Pung ra phai goi 14 bang céc chir s6 ngau nhién. Bing s6 ngau nhién 16n nhat da dwoc
cong bd bao gom 1 triéu chir 6 ([7]).
b) M4y phét s6 ngau nhién

Mot qud trinh vat 1y ngau nhién nhu bitc xa cia céc chat phéng xa hay tap am cia
den dién tir ¢6 thé gép phan sinh ra cdc s6 ngau nhién thue suw ([1,5]). Thiét bi phu tro
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cho may tinh dé lam viéc nay dwoc goi ld may phét, bé tao sinh hay nguon s6 ngau nhién
(random-number generator).
c¢) Céc s6 gid ngau nhién (pseudo-random numbers)

Céc s6 ngau nhién trén mdy tinh dién ti thue chat la cdc s6 gid ngau nhién. D6 1a cdc
s6 gan giong véi s6 ngau nhién, duoc tao ra bdi mot hé thire dé quy hodc mot thuat todn
cho truée. Ching cé thé thay thé cho cc s6 ngau nhién khi gidi mot s loai bai toan nao dé.
Céc phép thir thong keé sé danh gid mic do thich hop doi véi cdc yéu cau vé s6 ngau nhién.

1.2. Céc s6 twa ngiu nhién (quasi-random numbers)

Trong mot s6 tinh toan theo so A6 Monte Carlo, nguwoi ta nhan thay rang tinh ngau nhién
cla céc diem la khong can thiét, ma quan trong nhat la tinh déu cia ching ([5,9]). Thay cho
céc s6 ngau nhién, ngudi ta chu dinh dung tap hop céc s6 khong-ngau-nhién (non-random)
phan bé déu dé tang toc do hoi tu (theo ¥ nghia thong thwomg chit khong phai hoi tu ngau
nhién) ma khong lam hdéng cau tric cia thuat toan Monte Carlo twong ttng. Céc s6 gid ngau
nhién don dinh (deterministic pseudo-random numbers) nhw thé dwoc goi 1a sé twa ngau
nhién. Céc phwong phdp dung dén s twa ngau nhién duoc goi la phwong phdp twa Monte
Carlo (quasi-Monte-Carlo methods).

Tuy cdc s6 tra ngau nhién ¢6 moét s6 han ché, nhung wu diém chinh cia ching 13 bao
ddm dwoc su hoi tu ciia thuat toan va khong can dén cdc thit nghiém théng ké. Diéu quan
trong hon ¢4 la tang dwoc téc do hoi tu va gidm bac sai s6 tir 1/N1/2 xuéng 1/N17¢, trong
d6 & > 0 1a 86 nho tuy y ([9]). Trong mot s6 trudmg hop sai s6 ¢6 bac In N/N.

Ngudi ta da dé xudt nhirng day s6 twa ngau nhién hay néi chinh x4c hon 14 nhirng day s6
c6 do phan ky thap, nhu day Van der Corput [9], day Faure [10], day Halton [1,9], day loga
[5], day LPt [9], day Niederreiter [10], day Sobol [10]. Néi chung céc thuat todn tao ra ching
deu dua trén céc tiéu chuan phan bg deu loai 1 (vé do phan ky gitra cdc ham phan phdi mau
va 1y thuyét).

Trong [12] da trinh bay mot thuat todn don gidn tao day s6 V phan bo déu dua trén cic
dang thitc vé moment (tiéu chuan phan bé déu loai 2). Trong bai niy ching téi tién hanh
kiem dinh thong ké trén cdc diy s6 twa ngau nhién V nay theo ca hai tiéu chuan phan bé
déu loai 1, loai 2 v& so sanh v&i cac day s6 ngau nhién, gid ngau nhién khac nhau.

1.3. Céc tiéu chuén théng ké& vé phan bs déu

Néu c6 mot diy s phan bé deu trong khoang (0,1) thi bang phép bién doi tuyén tinh
don gidn ta cé thé trai deu ra trong khodng (a,b) bt ky. Vi thé du la s6 ngau nhién hay
khong-ngau-nhién, ciing chi can khdo sit suw phan b6 déu trong khodng (0,1).

C6 hai loai tiéu chuan ve phan phdi déu cia mot day s6 ([5]):

+ Loai 1 dua trén do khéc biét ciia cic ham phan phdi mau va Iy thuyét. Dé kiem dinh
tiéu chuan loai nay, thwomg ding nhat la ba phép thit: x?, Kolmogorov va w? ([1,5,12]). Dai
v6i cde 6 trra ngau nhién con thém do phan ky (]9, 10]).

+ Loai 2 dua trén cdc gié tri clia moment mau va 1y thuyét. Viéc so sanh cdc moment sé
duoc trinh bay trong Muc 3.2.

1.4. D6 phan ky
Do phan ky (discrepancy) cia day s6 Xg, X1, ..., Xy_1 dwoc dinh nghia nhw sau:
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D(Xo, X1, ..., Xy_1) =D = sup |Sy(z) — N.z|,
O0<z<1
trong d6 Sy () la s6 dieém thudc khodng [0, ).

Néu X; da duwoc sap: X; < Xo < ... < X thi hé thite trén day dwoc rit gon thanh cong

thirc Niederreiter:

D:1+ max |i—l—N.Xl-|.
2 1<GKN 2

Cong thirc nay cho ta thay: cuc tieu ctia D 14 1/2 va dat dwoc khi X; = (i —1/2) /N trong dé
i=1,2,...,N. Trong truomg hop N ¢6 dinh, day s6 nay la toi wu theo tiéu chuan cia dé phan
ky. Nhung khi chuyén tir N sang (N +1) thi tdt cd moi diem déu phai thay doi. Vidu day s6
t6i wvu véi N = 314 (1/6,3/6va5/6), véi N = 4 lai1a (1/8,3/8,5/8,7/8). Nhu vay khong thé
xay dung dugc mot diy v han cic diem X; sao cho doan Xo, X1, Xo, ..., Xg, (kK = 2, ..., N)
nao cing phan bé déu toi wu (]9]).

Nha toan hoc Ha Lan J.G. van der Corput da nhan xét rang khéng thé nio xay dung
dugce day s6 X; sao cho D(Xg, X1, ..., Xy _1) bi chan v&i moi gid tri N. Gid thiét cia ong da
duge T. van Aardenne-Ehrenfest chimg minh chét ché ([4]): do phan ky cia tat ca cdc day
s6 deu théa man bat dang thirc dang D > C.Inlnln N/N, va trong day s6 X; bat k¥, can
trén cta do phan ky la vo cuc limsup D(Xg, X1, ..., Xy_1) = oo.

Két qua nay cé nghia la trong day s6 X; bat ky ¢6 nhirng doan “xau kém” véi do dai tuy
v ma & dé do phan ky tang vo han.

Sau d6 K.F. Roth di ching minh rang, d6i véi nhitng doan “xau kém” nhw thé D >
C1.VIn N, trong dé C; 1a hang s6 tuyét doi (khéng phu thudc vao day s6 dang xét).

Cudi cing W. M. Schmidt da chinh xdc héa thém rang D > Co.In N, trong d6 Cs 1la mot
hiang s6 tuyét doi khic. Bac cia dai lwong In N trong déanh gid trén day 13 khong thé ci tién
dugce nra ([9)).

2. CAC DAY SO SO SANH THU NGHIEM

Viéc thit nghiém so sanh trong bai ndy dwoc tién hanh trén 23 day s6, moi day cé 2459
phan tir (2459 14 s6 nguyén t6).

+ 4 day s6 1ay tir céc két qud x6 s6, ky hiéu 1a L; (Lottery).

+ 5 day s6 do mdy tinh tao ra, ky hiéu 1a R; (Random).

+ 6 day s6 1ay tir cac bang s6 ngau nhién, ky hiéu la 7T; (Table).

+ 8 day s6 tua ngau nhién, tinh theo thuat todn cia [12], ky hiéu 1a V;.

2.1. Céac day s6 ngiu nhién va gid ngiu nhién

C6 thé coi cac két qua rit tham x6 s6 14 nhitng s6 ngau nhién thuc su.

Céc bang s6 ngau nhién phan 16n do méy tinh tao ra, titc 1a bao gom céc s6 gid ngau
nhién. Ciing c¢6 bang s6 dwoc tao thanh tir mét nguon ngau nhién nao d6. Vi khong biét 1o
xudt xit, cho nén khong thé khang dinh la ngau nhién hay gid ngau nhién.

Codn cdc s6 ngau nhién do mdy tinh tao ra thi 14 s6 gid ngau nhién theo ding dinh nghia.
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2.1.1. Céc day s6 Li dugc tao thanh tir cic két qua x8 s8

Day L; ldy tir két qua x6 s6 dang trén bdo New York Times ngay 30-10-1940 va dwoc in
lai trong [2].

Day Lo gdom 2 chit s6 cudi cac phiéu tring thwdng hién vat cia x6 s6 Hungary ky thang
2 nam 1987, in trén bao Népszabadsig ngay 05-3-1987.

Diy L3 gom 2459 két qua tring gidi dic biét ciia x6 s6 kién thiét mien Bac tir ngay
03-11-1993 dén ngay 20-2-2002.

Day L4 1ay 3 chir s6 cudi cac s6 chirng minh nhan dan cia nhimg ngudi tring thwdng
chwong trinh khuyén mai “Ngan loc xuan, doat ngan Kim Ma”, in trén bdo Tudi tré thanh
phé Ho Chi Minh ngay 16-3-2002.

Pem céc nhém 5 chit 6 lién ti€p chia cho 105 ta dwoc cic gid tri trong khoang (0, 1).
2.1.2. C4c day s6 T; 14y tir bang s6 ngiu nhién

Céc day 6 T1, ..., Ts Ian ot 18y tir cée bang s6 ngau nhién cia An Do ([8]), Pic ([6]),
Hungary ([11]), My ([7]), Nga (|1]) va Phdp ([4]). Piéu ddc biét la trong bdng s6 cua [8] ¢é céc
chir s6 ngau nhién (random digits) va cdc hodn vi 10-chtr s6 (10-digit permutations). Ching
toi thir chon day s6 T} tir cdc hoan vi 10-chir s6 va hau qud sé thay & Muc 3.1.

2.1.3. Céac day s6 gid nglu nhién R; do may tinh tao ra

Céc day s6 Ry, ..., R5 gom cac s6 gia ngau nhién do ham Random trong Turbo Pascal tao
ra & nhitng thoi di€m khéc nhau va da dwoc ngau nhién héa béi lénh Randomize.

2.2. M6t thuét toan tao s6 twa nglu nhién

Thuat toan do téc gia trong [12] dé xuat duwra trén tiéu chuan phan bs déu loai 2: moment
bac 1 va bac 2 ctia cdc diém phan bs déu trong (0,1) bang moment twong tng ctia phan phai
déu lién tuc.

Gid sit K diém phan bé deu trong khoang (0,1). Céc diém céch déu nhau mot khodng w.
biem dau (X;) cdch diém 0 va diém cudi (Xg) cich diém 1 mot khoang T° (Hinh 1). Nhuwr vay

2T + (K — 1) = 1
u=(1-2T)/(K—1)
X1 =T

X2 =T +u

Xk =T+(K—-1)u
0 x-T, X X, -
| | | | |
[ [
T uo e T
Hinh 1

Pat S1 =Y X; = KT +tuw[l+2+ -+ (K—-1)] = KT +u.(K —-1).K/2,

So=Y X} =KT?+ 2Tl +2+ -+ (K- D] +u [l +4+ 9+ + (K — 1)’
= K.T? + 2T (K — 1).K/2 + v*.(K — 1).K.(2K — 1)/6.
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Céc hé thitc trén cing cac phwong trinh vé moment bac 1 va bac 2:

dwa t&i phwong trinh bac hai déi véi T
1

T° - T+ ——=0
Yewrn Y
phuong trinh nay ¢é hai nghiém:
K — K —
= (1- )2T (1 )2T Ty = 1.
! Ky B R e ) E T
DPay chinh la hai diem X, va Xg. T dé rit ra:
w=(1-2T)/(K—1)=1/y/(K —1)(K +1).

Dé dang tinh dwoc cac diem X, Xs, ... tir céc gid tri 71, Th va w trén day. Xin néu vai tri
s6 tinh toan dé minh hoa:
véi K =5 ta tinh dwoc 71 = 0,09175; 15 = 0,90825 va u = 0,20412;
véi K= 12 thi 17 = 0,04007; 15 = 0,95993 va u = 0,08362;
véi K = 90 thi T} = 0,00553; T = 0,99447 va u = 0,01111.
Khi c¢an tao ra N diém phan bs déu thi ta tach N thanh tong cia h s6 hang:

N=K +Ko+t..+K,
sao cho cic K; déu khac nhau.
2.3. Céc céch tao day s6 twa nglu nhién V;

V; (i = 1...8) la ky hiéu cia 8 day s6 twa ngau nhién theo thuat toan da trinh bay & trén.
Mbi day s6 dwoc hop thanh tir A doan c¢é s6 phan tir khac nhau, sao cho tong s6 cdc phan ti
la 2459. Ching t6i xét nhiéu cach tao day s6: tuy ¥, ding cic day truy toan va ding céc so
nguyen to.

Vi chi gom 1 doan duy nhat (h = 1).

Vo (h=24):

Ky — 29, Ky — 49, Ky — 14, Ky — 36, K5 — 183, K¢ — 113, K7 — 178, Kg — 206,

Ko — 80, K10 = 15, K1y = 22, K19 — 205, K13 = 75, K14 — 7, K15 — 198,

Ky — 193, K17 — 308, K1 — 53, K19 — 39, Kop — 6, Ka1 — 95, K9 — 203,

Kos — 97, Koy — 55.

Vs (h = 12):

Ky — 24, Ky — 415, K5 — 23, K, — 722, K5 — 608, K — 45, K+ — 88,

Kg— 92, Ko — 18, K19 = 311, K11 = 93, K2 — 20.

Hai day Vj va Vs duéi day dwoc hop thanh béi cde day truy todn (recurrent sequences)
Kit1 = K; + K; 1.

Vi (h=75): Ky =125, Ky = 262, K3 = 387, K; = 649, K5 = 1036.

Vs (h=17): K1 — 63, Ko — 82, K5 — 145, K, — 227, Ks — 372, K5 — 599, K7 — 971.

Ba day s6 Vg — V7 — Vg bao gom cic K; 1a cdc s6 nguyén t6.

Ve (h = 15):

K1 =17, Ky =1549, K3 =19, Ky = 67, K5y = 47, Kg = 31, K7 = b5,

Kg— 89, Ko — 277, Kjo = 7, K11 = T1, K13 — 3, K15 — 23,
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Ky = 97, K15 = 157.

Vz (h=19):
K1—=293 Ko—7,Ks—29, Ky — 5, Ks — 311, Kg — 43, K7 — 11, Kg — 1993, Ko — 37.
Vi (h = 24):

Ki=5,Ky= 43, K3 =283, K, = 7, K5 = 29, Kg — 277, K7 = 61,
Kg = 113, Ko = 149, K19 = 2, K11 = 13, K12 = 53, K15 = 73,

K14 = 239, K15 — 3, K16 — 47, K17 — 79, K18 — 211, K19 — 11,
Ko = 41, Ko = 281, Koo = 19, Ko5 = 31, Ko4 = 389.

3. CAC PHEP THU VA CAC TINH TOAN KIEM DINH
3.1. Kiém dinh vé sy khéac biét gitta cAc ham phan phéi

bé tinh gid tri x% ta chia khodng (0,1) ra 60 doan bang nhau. S8 bac tu do sé 1a 59 va
cic gid tri x? téi han twong tmg 13 ([6]):

2= 77,93 véi xdc sudt tin cay 6 = 0,95 va mitc ¥ nghia (1-5) =0,05 = 5%,

V2 — 8717 v6i & — 0,99,

Y2 = 98,32 véi 6 = 0,999.

Néu day s6 phan b deu thi trén moi doan cé trung binh 2459/60 = 40,983 phan ti.
Chuong trinh mdy tinh dém s6 phan tit thue t€ trén moi doan va tinh gid tri x% theo cong
thite.

Bén cot 2-5 cia Bang 1 ghi két qua tinh todn kiém dinh theo 4 phép thit néu trong Muc
1.3 va 1.4. Ba dong cudi cling cia bang ghi cdc gié tri téi han & mite ¥ nghia 5%, 1% va 0,1%
(twong ng véi xdc sudt tin cay 95%, 99% va 99,9%).

Trong 23 day s6 dwoc khio sit, chi cé mot truomg hop can bac bé gia thiét vé phan bo
deu. Gid tri x% = 164,920 cia day 7} tinh tir bdng s6 ngau nhién cia céc téc gia An bo ([8])
vurot qud ca tri s6 98,32 cia mitc ¥ nghia 0,1%. Nhw da néi & Muc 2.1.2., day s6 T; duwoc tao
thanh tir cdc hoan vi 10-chir s6 chit khong phdi tir cdc chir s6 ngau nhién. Trong cic hodn
vi nay moi chir s6 0,1,..., 9 xudt hién ding 1 Ian trong bo 10 chit s6 lién ti€p. C6 thé coi cac
chir 6 ngau nhién nhw két cuc cia sw lay mau ¢é hoan lai, va cac hodn vi 10-chit s6 nhu
két cuc cia su lay mau khong hoan lai. Vi thé tinh chit thong ké cia ching khac nhau.

Béang 2 tinh céc ddc trung trung binh cia cic day s6 L;, Ty, R;, V; va LTR = (L; UT;UR;).
S trong dau ngoic 1a s6 lwong cac day s6 cung loai.

Phan cudi cia bang ghi ty lé so sdnh céc tri s6 trung binh cia cic day s6 L;, T;, R; va
LTR vé6i cc day s6 twa ngau nhién V; va cho ta thay:

x? gidm tir 19,7 (day L) dén 27,6 1an (day T), trung binh 24,2 Ian,

Dy gidm tir 7.4 (day T) dén 9,0 Tan (day L), trung binh 83 Ian,

w? gidm tir 254,9 (day T) dén 367,1 lan (day L), trung binh 316,0 lan,

D gidm tir 7,6 (day T) dén 9,1 lan (day L), trung binh 8.4 lan.

3.2. So sdnh moment mau véi gia tri 1y thuyét

Nhu da néi trong Muc 1.3., bén canh céc phép thir vé ham phan phdi (tiéu chuan phan
b6 déu loai 1) nguoi ta con so sanh cic moment mau véi cdc gia tri 1y thuyét twong ting
(tiéu chuan phan bé déu loai 2). Céc dic trung thong ke sau day cia phan phéi déu lién tuc sé
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Bdng 1. Pac trung thong keé cia tirng day s6

(ba dong cudi ghi cdc gid tri t6i han & mitc ¥ nghia 5%, 1% va 0,1%,

twong tng véi xdc xudt tin cay 95%, 99% va 99,9%)

Day X’ Ky = |100w? | Dophan ky D | Ej (sais6 % | F> (sai s6 hé s6
0 DyVN moment bac 1) | léech va do nhon
Ly 54,876 1,200 32,282 60,526 1,551 2,978
L2 33,794 0,789 12,692 39,120 0,756 2,489
L3 60,195 0,749 5,827 38,142 0,369 1,856
L4 55,266 0,860 12,509 42,637 0,991 0,370
T1 | 164,920 | 0738 | 7453 36 580 0,960 0,498
T2 42,773 0,667 10,910 33,098 1,037 1,860
T3 | 45360 | 0758 | 11,682 37601 1377 2467
T4 | 54778 | 0757 | 9435 38 535 0,304 1754
Ts | 57120 | 0631 | 5280 32 983 0,419 1612
T6 63,952 0,892 21,169 45,249 1,148 2,083
R1 66,783 1,239 33,462 62,460 4,173 2,086
R2 66,880 0,779 12,086 38,617 1,059 3,090
R3 | 62879 | 1,015 | 19,258 50,326 0,896 3,875
R4 49,703 0,h34 3,201 27,481 0,337 0,401
R5 | 60341 | 0,706 | 7122 31 986 1,070 0,744
Vi | 0024 | 0010 | 0,003 0.500 0,000 0,000
Vo | 592 | 0151 | 0081 7,500 0,000 0,036
Va | 3,008 | 0070 | 0,039 3 454 0,001 0,012
v, | 1976 | 0040 | 0017 1,988 0,000 0,001
Vs 1,488 0,050 0,024 2,500 0,000 0,002
Ve 4,221 0,151 0,058 7,500 0,006 0,049
% 1,683 0,091 0,032 4,500 0,004 0,028
Ve | 2318 | 0232 | 0,000 11,500 0,004 0,090

Mtc

(1- 6)

5% | 7793 | 1358 | 46
1% | 8717 | 1624 | 74

01% | 9832 | 1950 | 117

N ~ ’
dwoc dung dé so sanh:

Ky vong todn hoc: = 1/2 = 0,5.

D6 léch chuan: o = 1/2v/3 = 0,28868.

D6 léch tuyet ddi trung binh: [ abs(z — p). f(2).de = 1/4 =0,25.
Hé s6 léch: pg/o3 = 0.

b6 nhon: py/oy = 9/5 = 1,8.

Chung t6i da tinh céc dic trung trén day cia tirng day s6. Viéc so sanh dinh lwong cin

ctt vao 2 chi s6: E) la tong gid tri tuyet déi sai s6 phan tram cia 3 moment bac 1 (trung

binh, do léch chuan, do léch tuyét doi trung binh); Fy 1 tong gid tri tuyet doi sai s6 cia hé

s6 léch va do nhon (nhan v&i 100). Theo dong cudi cia Bang 2 thi khi dung céc day s6 tua
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ngau nhién V;, sai s6 Eq gidm di 585,1 lan va sai s6 Fs gidm di 68,6 lan.

Gifra céc s6 ngau nhién va gid ngau nhién suw khéc biét 14 khong ddng ké, tuy rang céc
day s6 T; (dwoc tao thanh tir cidc bang s6 ngau nhién) cé cdc dic trung tot hon gid tri trung
binh cia LTR.

Bdng 2. Céc dic trung trung binh cia cac nhém day s6

Ky hiéu KN = bo El (sai s6 % | E2 (sai sohé s6
(s6 lwong x> DyvVN | 100w? | phan ki D | moment bac 1 | léch va dé nhon
cac day s6

L(4) 51,0326 | 0,8995 | 15,8274 | 45,1064 0,9169 1,9231
T(6) 71,4840 | 0,7406 | 10,9883 37,2244 0,8742 1,7122
R(5) 61,3172 | 0,8545 | 15,0257 | 42,7738 1,5071 2,0390

LTR(15) | 62,6413 | 0,8209 | 13,6246 41,1761 1,0965 1,8774

V(8) 2,5921 | 0,09943 | 0,04311 4,9303 0,001874 0,02738
(Ti s0)
L/V 19,7 9,0 367,1 9,1 489,3 70,2
T/V 27,6 7.4 254.9 7,6 466,5 62,5
R/V 23,7 8,6 3485 8,7 804,2 74,5
LTR/V 24,2 8,3 316,0 8,4 585,1 68,6

3.3. So sanh céac cuc tri cda céc day s6

Céc tri s6 nhé nhat va 16n nhdt clda 6 dai lwong dic trung cho cdc day s6 V; va cdc day
s6 LTR = (L; UT; U R;) con lai dwoc trinh bay trong Bang 3. Ta thay trong moi truomg hop
céc gid tri kém nhat cia V; (titc 14 V-max) van t6t hon (nhd hon) cédc gid tri khd nhat cia
LTR (ttc 1a LT R-min). Ty lé nhé nhat gitra 2 dai lwong nay 1a LT R-min /V-max = 2,30
(d6i v6i Ky = Dn.V/N, gitta Ry va Vg).

Con ty lé gitra LT R-max va V-min duoc ghi trong hang cudi cing. Gia tri 16n nhat xap
xi 1 triéu 391 nghin lan (doi v6i Ey) 1a ty s6 gitta Ry va V.

3.4. Tuwong quan gitra cac chi s6 dic trung va s6 doan hop thanh

Hai dong 4 va 5 ctia Bang 3 cho thdy, trong s6 cic day tira ngau nhién thi Vi (gom 1 doan
duy nhat) cé céc chi s6 t6t nhat va Vg (do 24 doan hop thanh) cé cdc chi s6 kém nhat. Tat
nhién s6 doan hop thanh (k) cang ting thi tinh déu cang giam, tirc 1a do phan ky va cdc sai
s6 cang tang. Cau hdi dat ra 1a cdc chi s6 ting ty 1& v6i A hay ham ndo cda h?

Chiing t6i tinh cdc hé s twong quan gitra cdc chi sé ddc trung véi 4 bién s8 h, k2, Vb, In(h)
roi chon ra tri s6 tuyét déi R 1ém nhat clia moi chi s6.

Céc chi 86 w?, Dy, do phan ky D va sai s6 Ey twong quan chat ché véi h:

R(w? h) = 0,99455,
R(D, h) = 0,92776,
R(Dx, k) = 0,92776,
R(Ea, h) = 0,83142.
Tri s6 x2 tang theo VA, & mitc do thap hon
R(x*V'h) = 0,75444.



TINH PHAN BO BEU CUA CAC DAY $O NGAU NHIEN, GIA NGAU NHIEN VA TU'A NGAU NHIEN 61

Chi riéng sai s6 phan traim moment bac nhat (F) twong quan kha yéu véi cd 4 bién s6:

R(E1, In(h))= 043285,

R(Ey,Vh) = 0,41233,

R(Ey, h) = 0,35487,

R(EL, h2) = 0,23346.
biéu nay dé giai thich: ¥ tuwdng co ban cia thuat todn [12] 1a hai moment bac 1 va bac 2 (M,
va M3) cia diy s6 bang ding moment twong ting ctia phan phéi déu lién tuc. Nhw vay, bat
ké h bang bao nhiéu, néu céc doan hop thanh K; (cia moi day V;) doc lap véi nhau thi sai
s6 moment bac 1 phai bang 0. Thuc t&€ trong cot £y Bang 1 cic sai s6 ctia V; déu rat nho,
khong vwot qud 0,006%.

Bdng 3. Céc cuc tri va ty so

Day Ky = Po phan | Ey (sai s6 % | Fs (sai s6
s0 > DnVIN 100.w? ky D moment ) hé s6 léch
bac 1 va do nhon
LTR-min | 33,793819 | 0,534012 | 3,200899 | 27480767 0,304425 0,369813
(L2) (R4) (R4) (R4) (T4) (La)
LTR-max | 164,92029 | 1,239398 | 33,461951 | 62,459663 4172557 3,874531
(T1) (1) (1) (1) (1) (123)
V-min 0,023993 | 0,010085 | 0,003389 0,500102 0,000003 0,000020
(V1) (V1) (V1) (V1) (V1) (V1)
V-max 5,928833 | 0,231910 | 0,090391 | 11,500000 0,006497 0,090418
(V2) (Vs) (Vs) (Vs) (Vo) (Vs)
(Ti s0)
LT R-min 5,70 2,30 35,41 2,39 46,86 4,09
/V-max
LT R-max 6873,7 122.9 9873,7 124.9 1390852 193726,6
/V-min

4. KET LUAN

Céc phép thir thong ké trén 23 day s6 ngau nhién, gid ngau nhién va twa ngau nhién cho
thay hau nhuw tat ca cic diy s6 dé déu thda man cic tiéu chuan ve tinh déu. Nhw vay cé thé
st dung hiru hiéu ching trong cic tinh todn theo so do Monte Carlo. Chi cé mot tri s6 x?
cla mot day s6 vwot qud gia tri t¢i han. Pay 1a day s6 dwoc tao nén tir cdc hodn vi 10-chi
s6 chit khong phai tir cdc chit s6 ngau nhién.

C4 8 day s6 twa ngau nhién V;, dwoc tao thanh bang cic céch khac nhau (tuy ¥, truy
todn, nguyén té), déu ¢é cac do do vé tinh déu (2, Kolmogorov Ky = Dy.v/N, w?, d6 phan
ky D, sai s6 phan tram moment bac 1, sai s6 hé s6 léch va do nhon) tot hon han céc day s6
con lai. Gifra cdc s6 ngau nhién va gid ngau nhién suw khéc biét la khong déng keé.
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