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A. Tinh toan thuy van

Bién soan: GS. TS. Ngo6 Dinh Tudn
PGS. TS. P6 Cao Pam

Chuong 1. Thu thap va phan tich tinh toan s6 liéu co ban

Chuong 2. Tinh toan dong chay nam va phan phéi dong chay
trong nam thiét ké

Chuong 3. Phan tich tinh toan nudc I thiét ké

Chuang 4. Tinh toan va phan tich cac tai liéu thly van khac
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Chuong 1
THU THAP VA PHAN TiCH TiNH TOAN SO LIEU cO BAN

1.1. NHIEM VU VA NOI DUNG TiNH TOAN THUY VAN

1.1.1. Nhiém vu c(a tinh toan thiy van
Du bdo céc dic trung thiy van c6 thé xay ra cho cong trinh trong thdi gian thi
cong va van hanh, cung cap co s& cho thiét k€ cong trinh.

1.1.2. NGi dung tinh toan thdy van

1) Cac dac trung dong chay nam, dong chay cac thoi khoang va phan phdi theo thoi
gian phi hop tiéu chuén thiét k€.

2) Luu luong dinh 14, luong 1i cac thoi khoang ting véi cac tan suat thiét k€ va qua
trinh nudc 1 thiét k€, t6 hop 1 thiét ké theo khu vue va 1 phan ky.

3) Tinh mua 16n nhat kha nang (mua cuc han PMP) va lii 16n nhat kha nang (14 cuc
han PMF).

4) Boc hoi va cac dac trung thuy van khac.

5) Puong quan hé muc nude luu lugng & khu vuc nha may.

6) Tinh toan bun cat.

7) Tinh todn thay van cho tiéu ngap & khu vuc dong bang.

1.1.3. Nhitng diém can chi y khi tinh toan thly van
Tinh todn thuy van hién nay la dua vao céc tai liéu thay van thuc do hoac diéu tra
khao sat, thong qua cdc phuong phdp tuong quan bé sung kéo dai s6 liéu, tinh todn phan
tich tin sudt hodc khai quat thanh cdc cong thic 1y luan dé x4c dinh duoc cdc qua trinh
thily véan theo tiéu chuén thi€t k€. Tai liéu thuy van va khi tugng & nuéc ta tuong doi
ngan, chudi quan tric khoang 30 nam. Theo ly thuyét thong ke, dé xdc dinh cdc dac
trung thuy van véi tan suat nho trén co sd sO liu do sé co sai so thong ké 16n. Vi vay,
khi tinh todn can chd y cdc diém sau:
1) Khau thu thap, chinh bién va thdm tra so liéu co ban.
2) Chon phuong phdp tinh todn phli hgp véi yéu cau thiét k€ cta cong trinh, di€u
kién cu thé cua luu vuc. Khi ¢6 diéu kién nén tinh toén theo nhiéu phuong phép,
so sdnh phan tich chon gi4 tri tinh to4n hop 1y dé lam dic trung thiét ké.
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3) Trong khi xur Iy cac thong s6, néu thdy khé xac dinh nén chon thong s6 an toan
cho cong trinh. Néu s6 luong cdc thong s6 nhiéu cin tranh xu huéng thong s6 nao
cling 14y an toan mot chut dan t6i két qua cudi cung 16n qua miic.

4) Can ki€m tra tinh hgp 1y cta két qua tinh todn tir nhiéu géc do. Khi s6 lieu qud
kém can phan tich néu thay khong hop 1y thi ¢6 thé hiéu chinh lai.

1.2. TAI LIEU CO BAN

Thu thap va chinh 1y s6 liéu co ban 1a co s& dé phan tich tinh to4n thiy van.
Nhiing s6 liéu d6 bao goém tinh hinh Iuu vuc, s6 liéu khi tuong thiy van, tiy thudc vao
yéu cau thiét ké.

1.2.1. Tinh hinh luu vuc

Tinh hinh co ban vé luu vuc bao gébm vi tri dia 1y, dia hinh - dia mao, huéng chay,
dac trung mat cit song, tinh hinh khai thac thay loi va gitt dat gitt nude trong luu vue va
cac dac trung dia 1y tu nhién khéc.

Dién tich luu vuc, do cao, do doc binh quan cua luu vuc, do doc long séng phai
duoc xac dinh trén ban do dia hinh c6 ty 1é thich hop.

Tuy theo yéu cu can thu thap thém céc s6 liéu vé thd nhudng, thim thuc vat, mat
do ludi song, hé s6 udn khic, hé s6 ao ho, dién tich khu vuc khép kin, khu vuc chay
ngam, cac cong trinh dan nudc, tich nuée, phan cham li...

Khi thu thap s6 liéu co ban cua luu vuc can luu y dén cac so liéu anh hudng té6i
mua, dong chay va su hinh thanh 1, néu can thiét cin t6 chic diéu tra thuc dia.

1.2.2. Thu thap, chinh Iy va tham tra tai liéu khi tuong thly van
1. Tai liéu muc nuéc, luu luong
Tai lieu muc nude, luu lugng goém tai liu thuc do ¢ cdc tram co ban cua quic gia,
cac tram muc nudc va cac tram dung riéng cua Thuy lgi, thuy dién, nong nghiép, giao
thong, 1am nghiép, tai liéu di€u tra Id, diéu tra kiét, cac ghi chép lich slr va cdc van ban
nghién ctu phan tich ctua ciac don vi hitu quan. Ching dugc 14y tir cdc nién gidm, cac
Atlas thiy van, céc nién gidm thong ke, s6 tay thuy van do cdc tinh, cic dia phuong
bién soan, cac tai liéu chinh bién 1@ lich stt, cac du n phat trién tai nguyén nudc...
Dé dam bao do tin cay cua két qua tinh toan can ti€n hanh kiém tra theo cdc hang
muc sau:
1) Tim hiéu tinh hinh tram, phuong phdp quan tric va phuong phdp chinh bién, dac
biét chi y kiém tra moc c6t chuén clia tram.
2) Khi ¢6 1d 16n ¢6 hién tugng x6i boi khong? ¢6 hién tugng bat hop 1y khi chinh
bién khong? phan tich nguyén nhan bat hop 1y do.
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3) Phan tich duong quan hé muc nudc, Iuu lugng, can c vao tinh hinh x6i boi long
song dé kiém tra tinh hop 1y clia quan hé d6, dic biét 1a tinh hop 1y kéo dai phan
nudc cao.

4) So sanh cao trinh cia muc nudc diéu tra 1d lich st véi muc nuGe cta nhiing tran 1
16n thuc do, kiém tra sit dung hé s6 nham va do doc c6 hop 1y khong? két qua tinh
luu lugng c6 chinh xac khong?

5) So sdnh can biang luong dong chay nam, dong chay thing giita tram do vdi tram
trén, tram duéi, so sanh kiém tra tinh hop 1y luu luong dinh 18, lugng 1 va qué
trinh 1 cta cung tran il v4i tram trén tram dudi.

6) So sanh luong dong chay nam, dong chay thang luu luong dinh 1d, luong 1d véi
luu vuc 1an can ¢6 ciing diéu kién hinh thanh dong chay.

7) Khi kiém tra tai liéu thy van ciing c¢6 thé so sdnh véi tai liéu khi tugng ctia Iuu
vuc, thi du so sdnh qué trinh mua véi qué trinh 1a twong tng.

2. Tai liéu khi tugng

Cic tai liéu khi twong bao gém nhiét do khong khi, do 4m, huéng gid, t6c do gio,
lugng mua, béc hoi, nhat chi€u va céc tai lieu tham khong. Tai liéu thim khong gom
khi 4p, nhiét do khong khi, do 4m, huéng gid, t6c do gid... cha tdng cao quy dinh
(va tang dac trung), néu cén thiét thu thap ca tai liéu ban d6 sy ndp, ra da, ban d6 may
ve tinh.

Vé tai lieu mua, ngoai cdc nién giam da cong bo con can thu thap cdc ban do
dang tri lwong mua, mua cuc han, cdc tai liéu diéu tra vé mua lich sir va cdc van ban ghi
chép vé tinh hinh mua 1d, han... Ngoai tai liéu ctia cac hé thong tram co ban can thu
thap so6 liéu quan trac do dac clia cdc nganh khdc, ctia nhan dan, d6i v6i nhitng khu vuc
thi€u s6 liéu quan tric thi cdc tai liéu nay lai cang quan trong.

Tai liéu boc hoi chli yéu 1a béc hoi mat nudc tix cidc dung cu do béc hoi bang 6ng
piche, thing GGI, chau A & trén vuon, trén be (ho) & khu vuc cong trinh va gin cong
trinh, hé s6 chuyén ddi gitta lugng boc hoi do bang dng piche thanh luong boc hoi mit
nudce 16n thich hop.

Chinh 1y tai liéu khi tugng khéc tién hanh tuy theo yéu cau cua tinh todn thiy van
va theo quy dinh chung ctia chinh ly tai liéu khi twong. Khi kiém tra cdc tai liéu khi
tuong ngoai viéc tim hiéu phuong phép do dac, phuong phap chinh bién, hiéu chinh s6
liéu.. con cén chd y dén cédc ghi chép vé cdc tran mua 16n thuc do, cdc tai liéu diéu tra
mua, ddnh gi4 tinh dai bi€u va miic do tin cay cuia lugng mua, phan bo mua va qud trinh
mua. Khi kiém tra cin tranh tha ¥ kién clia cdc can bo khi tuong.

3. Cac tai liéu thuy van khac
Céc tai liéu thuy van khac bao gébm nhiét do nudc, chat luong nudc, thay triéu, tiy
theo yéu cau ctia cong trinh ma thu thap.

V€ nhiét do nudc can thu thap nhiét do nudc trung binh thiang, nam hoac cua thoi
khoang, nhiét do nudc cao nhét, thap nhat.
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Chat lugng nudc chi yéu 1a ham lugng cdc hoa chét va tong lugng chat hoa tan thi
du nhu axit suyn-fua-rich, axit cac-bo-nich, cac chat oxy héa va pH, COD, DO, Ca, Mg,
Fe, Al, Ni, Zn, Mn, do cting, do khodng...

Khi thiét k€ cdc cong trinh thuy & ving triéu con can thu thap tai liéu vé muc
nudc triu, luu lugng tri€u va dang triéu...

1.3. PHAN TICH TUONG QUAN VA TAN SUAT
1.3.1. Phén tich tuong quan
1. Phan tich tuong quan va iing dung

Khi bién s6 thuy vian Y c6 quan hé dinh lugng v6i nhiéu bién s6 (nhan t6) X, X,
X5, ... dé don gian ngudi ta chi chon nghién cttu quan hé gitta Y v6i mot (hoac vai) bién
sO cht yéu cta X d6 1a quan hé tuong quan (hinh 1-1). Quan hé twong quan khac quan
hé ham s6, khi c6 mot gia tri cha bién doc 1ap X c6 thé ¢6 nhiéu gia tri cha bién phu
thuoc Y(x) twong tng xuét hién, thong thuong chi chon mot gia tri §(x) c6 kha nang
xuét hién nhi€u nhat 1am udc luong va dong thoi cling cho biét kha niang sai s6 cua y.

y
S
Vi L XX 3
. . M
0.‘ ¢ *
. * Yo yx)
S

Xj X
Hinh 1-1. Quan hé tuong quan 2 bién y, x
Dudng quan hé giita u6c lugng y vé6i x dugc goi 1a dudong hoi quy hay duong cong

hoi quy.
Phan tich tuong quan goém hai ndi dung:
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- Xay dung quan hé tuong quan trén co so so liéu da quan tréic.
- Tinh cac gia tri cia bién s6 thuy van trén co s& quan hé twong quan vira xac dinh.
D¢ tranh hodc giam nho sai s6 clia phan tich tuong quan can chd y c4c noi dung sau:
1) Quan hé tuong quan duoc xay dung trén co sd sO liéu quan trac, néu so liéu ¢
sai sot thi khong thé c6 quan hé tuong quan tin cay, vi vay viéc thu thap va
kiém tra phan tich s6 liéu 1a quan trong.

Y b>1 b=1
a>
b a=0
1 a<0
b<1
a (1) (2) (3)
y \/
5 e S
“4) é a (5) (6)
Y Nhu (2) Nhu (3)
\@ (8) ©
X X X

Hinh 1-2. Mét s6 dang quan hé tuong quan

Bdng 1-1. Bdng quan hé mot so dang duong cong va cdc bién doi
thanh dang tuyén tinh

e Toa do sau khi bién ddi s6 Phuong trinh dudng thang
Dang ham s6 R S
Truc hoanh | Truc tung sau khi bién doi bién s
1 y=a+bx X y [y]:a+b[x]
2 y = be™® X Igy [lgy]=1ga+(alge)[x]
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s o Toa do sau khi bién ddi s Phuong trinh dudng théng
Dang ham s6 khi bign d&i bién s6
Truc hoanh | Truc tung sau khi bien doi bien so
Y~ Yo Y—Yo
= 2 - =a; +2a,Xy +a,|X—X
4 y=ap+a;x+ax X — Xq X—Xg R 1 140 2[ 0]
b 1 1
5 =a+—= = =a+b|—
e s ] []]-a+b]1]
X X X
6 - X = —|=a+b|x
e : MR
a 1 1 b c
b +cx y y a a
: Ay dy
8 = ax lg— lg— |=lg(ab)+(alge)|x
y=c+be X g {gdx} g(ab)+(alge)[x]
Ay dy

9 = b I - lg—= |=1g(ab)+(b-1)[x
y =c+ax gx L {gdx} g(ab)+(b-1)[x]

2) Phai két hop phan tich quan hé tuong quan vé6i phan tich nguyén nhan hinh
thanh dé chon lua duoc nhan t6 chii y&u néu khong s& cho ta két qua khong tot.
Khi da c6 quan hé tuong quan thi cdn c6 giai thich vé § nghia vat 1y va phan
tich tinh hgp 1y cta két qua.

3) Khi xay dung quan hé tuong quan khong dugc tuy tién loai bo hoac sua chita
céc diém dot xudt, can tim hi€u nguyén nhan, dong thoi ciing phai uéc luong
sai s0 tuong quan hodc cho biét hé s6 tuong quan dé tién danh gid.

2. Phuong phap tuong quan hai bién - do giai

1) Phuong phdp thich hop: Gia thiét x;, y; (i = 1, 2, ..., n) la n doi tuong tng so liéu
thuc do cua bién s6 hai chiéu, vé trén gidy ké ly (theo truc hoanh va truc tung)
duoc n diém, qua trung tam bang diém ta vé& dudng trung binh sao cho chénh léch
cac diém & hai bén dudng trung binh 1a can bing nhau. Phuong phdp nay thich
hop trong trudng hop tuong quan dudng thang va dé x4c dinh dudng trung binh.

2) Phuong phép thay ddi bién s6: néu céc diém c6 quan hé phan tdn va c6 xu thé
cong ta c6 thé thay d6i bién s6 u = v(x), u = v(y) va vé trén gidy ké ly bién s6 mdi,
thay c6 xu thé duong thing thi dung phuong phdp thich hop vé tuong quan duong
thang nhu trén, sau d6 déi bién nguoc lai ta duoc twong quan dudong cong. Khi
chon dai bién so ¢6 thé theo xu thé dudng cong va tham khao hinh 1-2.
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3) Phuong phép chia doan: theo truc hoanh X chia thanh mdt s6 doan, tinh toan tri
trung binh cia ting doan y,, X, V& trén hinh 1-3 v6i muc dich giam thi€u anh
hudng clia cdc nhan t6 phu dé diém (trung binh) tap trung dé dang cho viéc xdc
dinh dudng quan hé. Phuong phdp nay chi thich hgp trong trudng hop cé nhiéu
diém quan hé.

A X

Hinh 1-3

3. Phuong phap tuong quan ba bién - do giai

Tuong quan ba bién la chi quan hé giita bi€én Y va hai bién X, X,. Gia thiét c6
cac so liéu thuc do (y;, x;, x;:1=1, 2, ..., n) ¢ thé phan nhém x’ sao cho cdc nhém x'
d6 c6 gia tri xap xi nhau, sau d6 xay dung quan hé tuong quan riéng gitta Y va X cho
riéng timg nhom, vé chung 1én mot biéu d6 va chd gidi x' 1én hinh ta dugc twong quan
ba bién - d6 giai. Phuong phép nay thich hop cho trudng hop c6 nhiéu s6 liéu.

Theo théi quen ngudi ta thudng vé& quan hé gitta 2 bién X va Y Ién biéu d6 va ghi
chi cac gia tri X' bén canh, theo xu thé ta v&€ quan hé¢ Y véi X 14y x' lam tham s6 (hinh
1-4). Trong thuc t€ viéc xac dinh dudong quan hé khong dé, can két hop véi phan tich
nguyén nhan vat ly.

Ngoai ra c6 thé st dung phan tich twong quan ting budc. Trudc tién xay dung
quan hé gitta Y v4i mot bién X tim dugc duong tuong quan hai bién {[(X) sau do tim
chénh léch y;' cua tling gia tri, c6 nghia la:

A

yi =Y (xi)+y; (1-1)
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X -
Hinh 1-4. Quan hé tuong quan 3 bién
Ta lai tim quan h¢ gita y;' v6i x; duoc quan hé tuong quan Y'(x') va chénh léch
y;", thay vao (1-1) ta co:
yi =¥ () 4y = Y(x)+ ¥ (x )+ (1-2)

D6 1a quan hé tuong quan ba bién. Theo nguyén ly c6 thé tim quan hé nhiéu bién
hon nita nhung do han ché vé s6 lugng va chat lugng tai liéu thuy van nén ngudi ta it
dung s6 bién nhiéu hon 3.

4. Phuong phap hoi quy

Phuong phap d6 giai tuong doi truc quan va tién lgi nhung con mang tinh chu
quan do d6 con dung phuong phap gidi tich dé xac dinh quan hé tuong quan, ddnh gid
miic do chat ché ctia quan hé twong quan. Trong thiy vin ding phé bién nhat 12 phuong

phép hoi quy tuyén tinh, dua trén nguyén ly binh phuong nho nhat Z:(yl )2 — min dé
x4c dinh quan hé tuong quan.
1) Phuong trinh héi quy dudng thang ¢ dang:

y:\?(x):A+BX (1-3)
trong d6 A va B dugc xdc dinh nhu sau:

B= z iy — n;;

> x? —nx’ (1-4)
A=y—-Bx
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voi:
n - s0 sO liéu,
X,y - gid tri binh quan cua x;, y;.

2) Hé s6 twong quan y danh gia mic do chat ché ciia quan hé tuong quan, xac dinh
nhu sau:

Xi¥; —nXy
y= 21y (1-5)

S5t (57 -ny)

Khi y = + 1 céc diém tuong quan tap trung trén mot dudng hoi quy, 1a quan hé

ham s6 khi y = O thi hai bién s6 khong ton tai quan hé tuong quan dudng thing.
Trong thily van thuong yéu cau y > 0,8 va n 16n hon 10 dén 15 (tuy theo Cy, Cy 16n yéu
cau n 16n).

Hién nay may tinh tay da c6 chitc nang tinh cac thong s6 A, B va y rat tién 1oi.

5. Tuong quan tuyén tinh boi

Trén day ta xét quan hé tuong quan tuyén tinh hai bién s6 giita bié€n lugng doc lap
chu yé&u, con cac bién lugng doc 1ap khac anh hudng dén bién luong phu thudc khong
dang ké.

Trong thuc t€ tinh todn thuy véan, du bdo thuy van, chinh bién thuy van... ¢6 nhiéu
truong hop su phu thuoc dé khong nhitng chi chiu anh hudng ciia mot ma hai, ba bién
s6 doc lap ciing ¢6 tac dung x4p xi.

Vi du: Muc nuéc, Iuu lugng ¢ tram ha luu khong nhitng phu thudc vao muc nudc
O tram trén song chinh ma con phu thudc vao muc nudc, luu luong & cac tram song
nhanh, lugng nudc gia nhap khu gitra...

Mat héi quy 1a mat ph6i hgp tot nhat biéu thi ham hdi quy cta téng thé. Mat hoi
quy duoc goi la tuyén tinh néu tat ca cic ham hoi quy timg doéi mot cua ching déu 1a
tuyén tinh. Lic d6 cidc mat héi quy trd thinh mat phing hoi quy.

Xét bién ngau nhién Y phu thudc vao cdc bién ngiu nhién X, X,, X;, ..., X,
phuong trinh héi quy tuyén tinh véi quan trac thi i la:
trong do:

n - mot hang so;
by, by, ..., b, - cdc hé s6 hoi quy riéng phan.
Vi mat phang héi quy phai chita diém trong tam nén phuong trinh (1-6) c6 thé viét:
Y =a+b, X +b, X2 +...+ b, Xk (1-7)
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va Y=Y =b,[(X;), X1 [+ by [ (X;), X2 |+
b [(X0), - Xy | (1-8)

Cac hé s6 héi quy c6 thé duoc xdc dinh biang cdch ding phuong phdp binh
phuong bé nhat. C6 thé din ra mot tap hop phuong trinh chuén tic dudi day (xem cong
thac 1-9).

n n n n
2
i=1 i=1 i=1 i1 i1
Giai dong thoi k + 1 phuong trinh s€ dugc cdc gid tri cua hé s6 a, b;, b,, ... va b,.
Hé phuong trinh nay c6 thé dugc biéu thi dudi dang ma tran d6i vé6i tinh Compac.
Liic d6 biéu thiic téng qudt ctia hé s6 héi quy ¢6 thé viét theo dang
D

(e .
K. =y ¥ (1-10)
Gx»

j
i Dyy

trong do:
o, - khoang léch quéan phuong cua bién s6 phy thudc (ham s6);

_ - khoang léch quan phuong cua bién s6 doc lap;

Oy,
Dy ; Dyy - cdc dinh thiic con cta dinh thic D.
J
Doy Ty o Ty Vyx,
Txy 1 Va0 Ty Yxx,
Ty Yxox, | Ty,x, Vxox,
D=l | (1-11)
Ty Txx Yxxg o | B Vxix,
Yxny anxl anXZ anXj 1
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Dinh thic con thi nhat Dy, la dinh thitc g6c D ma ta bo hang thi nhat va cot thi
nhat. Dinh thiic con thit hai Dy,, la dinh thic gdc D bo hang thtt nhat va cot thi 2.

Dinh thiic con thit ba D, ta bo trong D hang thit nhat va cot tha 3...

Dang téng quat ctia dinh thiic con D;; nhan dugc bing cdch bo hang thit i va cot
tht j.

1 XX, v TXX XX,
TX,X, 1 = TXX e TXX,
D | - (1-12)
yy xx,  Yxx, - 1 - TXX,
VXX, VXX, e YX X[ 1
Phuong trinh mat phang hdi quy sé 1a:
Y =K XY + K, X9 +.. + K, X0 (1-13)
trong do:
0 _ i=12,.,n; j=1,2,..,n
Heé s6 tuong quan riéng dugc xac dinh theo cong thic:
m —_— —_—
> (X5 = X5) (X X« )
Vi = —— (1-14)

m — — \2
\/Z(Xj -Xj) (X X« )
1 1
va hé s6 tuong quan s€ 1a:
R= [I-— (1-15)

L4y vi du n = 3, phuong trinh mat hoi quy cé dang:
Y0 =K, X +K,X)

c, D
_ 7y ¥YXq
b5 D,
X1 yy
. =9 Dy,
-
o, D

X2 yy
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Dinh thitc D c6 dang:
L ovyx, Tyx,
Tyx, 7Txx, 1

Cic dinh thitc con cta dinh thiic D dugc rit ra trong biéu thifc cta hé s6 hoi
quy la:

Tyx, VXX,
Dyx, = =Tyx, 7YX, VXX, (1-17)
Tyx, 1
Tyx, 1
DYX2 = = —[YYX1 X, X, 7YX, ] =
Tyx, 7X,X,
=Yyx, ~YYx, VXX, (1-18)
1 x,x, 2
Tx,X2 1

1.3.2. Phan tich tan suat

1. Chon mau

Cac hién tuong thiy van nhu cuong do mua, muc nude, luu lugng... 1a bién lién
tuc theo thoi gian, trén thuc t€ d€ don gian chon dac trung thiy van khong lién tuc dé
tinh todn tan suat, thuong la chon gia tri dic trung don vi nam nhu Q Qnin hodc tri
binh quan mua, nam... Trong phan tich tan suat coi cdc dac trung nam la doc 1ap nhau
va phtt hgp véi mot quy luat phan bo nao do.

max?

Mot mau gom n nam s6 liéu 1a co s& cua phan tich tan suat; mic do tin cay, tinh
dong nhat va tinh dai bi€u cua s6 liéu c6 tdc dung quyét dinh t6i két qua tinh todn tan
sudt vi vay phai coi trong cong viéc thdm tra tai liéu.

2. Dang phan bo xac suat thuong ding

Phan tich tan suat 1a nghién ctru kha nang xuét hién cac gia tri clia bién s6 thuy
van, ty s6 dé€ mot bién s6 thly vian nao d6 c6 gid tri 16n hon hodc bang mot tri s6 x so
Vv6i tong céc tri s6 ¢6 thé xuat hién 1a vo cling 16n goi la x4c sudt, ky hiéu 1a P{X > x},
ching nhan gid tri trong mién [0, 1] bi€u thi kha nang xuat hién cua X > x, 1a ham s6
cta cac gia tri x, F(x) = P{X > x} goi la ham phan bo xac suat hoac ham phan bg, trong
thily van thuong thé hién quan hé do trén hinh vé, hinh 1-5 goi la dudng phan bo xéc
sut, cling goi 1a duong phan bo tan suat.
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e Pi{X = x|=F(x, o, B, 71...)

——

—

—

“—h_\_\__\-\-
E‘w

0 P 50 100 P(%)

Hinh 1-5. Puong phdn bé xdc sudt

Khi ¢6 ham phan b6 xéc suét ctia bién thily vin ta c6 thé biét duge kha niang xuat
hién ctia cac tri s6 ctia bién s6 d6, d6 1a co s uGe luong xac suat.

Nhiém vu cua phan tich tin suét thuy van la xac dinh ham phan b6 xéc suat trén
co s& cua mau. Phuong phdp phan tich xac suét trudc tién 1a xac dinh dang dudng, tic
la chon dang ham phan b6 xac suét F(x; a; B; v...) pht hgp vé6i dac trung thuy van; sau
d6 1a uGe lugng cac thong so tic 1a tinh todn cdc gia tri clia cac thong s a, B, v...

Vi téng thé thily van 13 chua biét va ciing khong thé dung phuong phdp thuc
nghiém hay 1y luan ma xéc dinh duoc do d6 ciing khong thé xac dinh ham phan bo xéc
sudt ciia téng thé. Nguoi ta chi ¢ thé thong ké nhiéu miu cé cing mot dic trung cla
cac noi, khdi quét thanh dang phan bo xdc sudt cta téng thé. Ham phan bo xdc sudt
Pearson II1, Kritxki - Menken va mot s6 ham phan bo xac suit khac.

a. Dang ham phén b6 xdc sudt Pearson II1
(e 0]
[ (x—a)" e Pl (1-20)

Xp

(o)

R& rang x, quyét dinh boi 4 tham s6 P, o, B, a,. Ta cling bi€t ba thong s6 a, B, a,
lai c6 quan hé v6i x, Cy, Cs. Vi vay khi ba tham s6 x, Cy, Cg da biét thi x, chi phy
thuoc vao P. Két ciu cong thic cua dang tich phan (1-20) twong do6i phic tap vi vay
ngudi ta 1ap bang tinh sin dé tién tinh todn (phu luc 1). Can ctt vao X, Cy, Cg va P dé
tim tri s6 @, thay vao cong thiic sau s& tinh dugc X, ting vdi tan suat P:

Xp = X(®pCy +1) (1-21)

Trong thuy van vi Cg thudng cé sai sO thong ké 16n nén nguoi ta thuong lay
Cg = mCy, lic d6 tra bang quan h¢ K, = f(P, Gy, Cg = mCy) duoc Kp sau d6 tinh X,
theo cong thiic (phu luc 2):

Xp = XKp (1-22)
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b. Dang phéan bé xdc sudt Kritxki - Menken

Khi chubi quan trac cho gid tri Cg > 3Cy thi st dung dudng tin suét theo ham
phan bo xac suét Pearson III khong con nhay nita, lic d6 nén st dung ham Kritxki -
Menken s& thich hop hon. O nudc ta vé dong chay nam, dong chay nhd nhat thudng cho
Cg < 2Cy, nén phi hgp v6i ham Pearson IIT con ddng chay 1@l cdc song phia Bic thuong
cho Cg > 4Cy, nén dung ham phan bo xac suat Kritxki — Menken s€ thich hop hon va an
toan hon.

Ham phan b6 xac suit Kritxki — Menken c6 dang:

1

aOL

g_l_[xjé
P=P(X2x)= XP e VW vsi0<x<w

o
ocBbF(oc)

trong d6: o = % ; a va b déu 1a hang s6. Hai ong 1ap ra bang tinh Kp v6i 7 trudong hop
\'%
Cg = 1Cy, 1,5Cy, 2Cy, 3Cy, 4Cy, 5Cy, 6Cy va Xp = XKp (phu luc 3).

3. Tan suat kinh nghiém va gidy tan suat

Tan suat kinh nghiém P, cua tri s6 x, diing thd m trong chudi x; sap x€p tir I6n
dén nho dugc tinh theo cong thic:

p=_1

100% (m=1,2,..,n) (1-23)
n+1

Cham quan hé x,, p,, 1én gidy xdc suét ta dugc cdc diém tan suat kinh nghiém,
xem hinh 1-6.

4. Udc tinh tham s6
Khi dung phuong phap d6 giai thich hop trude tién ngudi ta dua vao chudi so liéu
thuc do udc lugng so bo cac tham sé theo cac phuong phép sau:

1) Phuong phap momen
Xac dinh cac thong so theo cac cong thiic sau:

] (1-24)
n

(1-25)

(1-26)
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Bdng 1-16. Phén bé' i/ (theo Fisher va Yates)

Btd() 0,9 0,5 0,3 0,2 0,1 0,05 0,02 0,01 0,001
1 0,0158 | 0,455 | 1,074 1,642 | 2,706 | 3,841 5412 | 6,635 | 10,827
2 0,211 1,386 | 2,408 | 3,219 | 4,605 | 5,991 7,824 | 9,210 | 13,815
3 0,584 | 2,366 | 3,665 | 4,642 | 6,251 7,815 | 9,837 | 11,345 | 16,266
4 1,064 | 3,357 | 4,878 | 5989 | 7,779 | 9,488 | 11,668 | 13,277 | 18,466
5 1,610 | 4,351 | 6,064 | 7,289 | 9,236 | 11,070 | 13,388 | 15,086 | 20,515
6 2,204 | 5348 | 7,231 8,558 | 10,645 | 12,592 | 15,033 | 16,812 | 22,457
7 2,833 | 6,346 | 8,383 | 9,803 | 12,017 | 14,067 | 16,622 | 18,475 | 24,321
8 3,490 | 7,344 | 9,524 | 11,030 | 13,362 | 15,507 | 18,168 | 20,090 | 26,124
9 4168 | 8,343 | 10,656 | 12,242 | 14,684 | 16,919 | 19,679 | 21,666 | 27,877
10 4865 | 9,342 | 11,781 | 13,442 | 15,987 | 18,307 | 21,161 | 23,209 | 29,588
1 5578 | 10,341 | 12,899 | 14,631 | 17,275 | 19,675 | 22,618 | 24,725 | 31,264
12 6,304 | 11,340 | 14,011 | 15,812 | 18,549 | 21,026 | 24,054 | 26,217 | 32,909
13 7,041 | 12,340 | 15,119 | 16,985 | 19,812 | 22,362 | 25,471 | 27,688 | 34,527
14 7,790 | 13,339 | 16,222 | 18,151 | 21,064 | 23,685 | 26,873 | 29,141 | 36,124
15 8,547 | 14,339 | 17,322 | 19,311 | 22,307 | 24,996 | 28,259 | 30,578 | 37,698
16 9,312 | 15,338 | 18,418 | 20,465 | 23,542 | 26,296 | 29,633 | 32,000 | 39,252
17 10,085 | 16,338 | 19,511 | 21,615 | 24,769 | 27,587 | 30,995 | 33,409 | 40,791
18 10,865 | 17,338 | 20,601 | 22,760 | 25,989 | 28,869 | 32,346 | 34,805 | 42,312
19 11,651 | 18,338 | 21,689 | 23,900 | 27,204 | 30,144 | 33,687 | 36,191 | 43,819
20 12,443 | 19,337 | 22,775 | 25,038 | 28,412 | 31,410 | 35,020 | 37,566 | 45,314
21 13,240 | 20,337 | 23,858 | 26,171 | 29,615 | 32,671 | 36,343 | 38,932 | 46,796
22 14,041 | 21,337 | 24,939 | 27,301 | 30,813 | 33,924 | 37,659 | 40,289 | 48,268
23 14,848 | 22,337 | 26,018 | 28,429 | 32,007 | 35,172 | 38,968 | 41,638 | 49,728
24 15,659 | 23,337 | 27,096 | 29,553 | 33,196 | 36,415 | 40,270 | 42,980 | 51,179
25 16,473 | 24,337 | 28,172 | 30,675 | 34,382 | 37,652 | 41,566 | 44,314 | 52,619
26 17,292 | 25,336 | 29,246 | 31,795 | 35,563 | 38,885 | 42,856 | 45,642 | 54,051
27 18,114 | 26,336 | 30,319 | 32,912 | 36,741 | 40,113 | 44,140 | 46,963 | 55,475
28 18,939 | 27,336 | 31,391 | 34,027 | 37,916 | 41,337 | 45,419 | 48,278 | 56,892
29 19,768 | 28,336 | 32,461 | 35,139 | 39,087 | 42,557 | 46,693 | 49,588 | 58,301
30 20,599 | 29,336 | 33,530 | 36,250 | 40,256 | 43,773 | 47,962 | 50,892 | 59,702
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2. Tiéu chuin théng ké Smirnov- Kolmogorov

(1-61)

Att = max P(‘Xi) _P(X)

trong do:
P, - gid tri tAn sudt di€ém thuc nghiém;

P, - gid tri tAn suét trén dudng 1y luan tuong tng vé6i di€m thuc nghiém.

Ay, = f(n, o) tra theo bang 1-17
Ay <Ay, chapnhan H,
Ay = Ay, bac bo H,.

Thong ké Smirnov- Kolmogorov khdc véi thong ké x* 1a khong xét dén s6 tham
s6 cua ham phan phdi 1y luan. Diéu d6 dan dén 1a ham phan phdi 1y luan nao c6 nhiéu
tham s6 thuong thuong phu hop véi s6 liéu thuc nghiém hon 1a ham phan phoi c6 s6
tham s0 it hon.

Thong ké Smirnov- Kologorov do tinh chit don gian, dong thoi né bac bo gia
thiét H, nhiéu hon so v6i thong ké ” nén trong tinh todn thuy van thudng dung.

Bdng 1-17. Gid tri thong ké cho A,

i “ 0,20 0,10 0,05 0,02
5 0,45 0,51 0,56 0,67
10 0,32 0,37 0,41 0,49
15 0,27 03 0,34 04
20 0,23 0,26 0,29 0,36
25 0,21 0,24 0,27 0,32
30 0,19 0,22 0,24 0,29
35 0,18 02 0,23 0,27
40 0,17 0,19 0,21 0,25
45 0,16 0,18 0.2 0,24
50 0,15 0,17 0,19 0,23

550 1,07 1,22 1,36 1,63
Jn Jn Jn Jn
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1.4.3. Vi du tinh toan

1. Kiém dinh tinh thuan nhat
Chudi s6 Q,.x

thanh 2 mau trude va sau ngay Hoa binh lap lai (1954), mau tir 1902 + 1954 (53 nam) cho

X1 = 16300 m/s va o, = 4125m3/s, mau tir 1955 + 1998 (44 nam) cho X2 = 17300 m?/s,

o, = 5048 m’/s. Gia thiét hai miu d6 1a thudn nhat, nghia 1a it ra cing mot téng thé va

doc lap nhau.

Gidi:
1) Ung dung kiém dinh théng ké Student t theo cong thic:

hang nam tram ST - SH cho tai bang 1-3. Hay chia chudi s6 liéu

%,
t=———
Sq
- Tinh
Sd _ SC I’ll +I’12
V nmn,
- Tinh
2 2 2 2
g _ S (n1—1)+S2(n2—1)=\/4125 (53—1)+5048% (44 -1) _
¢ n;+n, -2 53+44-2
= 4566 m’/s
Vay
S, = 4566,/ 224 _ 931 m¥s
53x 44
. 16300 —17300|
va ty = = 1,07
931

Véi o= 5% va SBTD = (n; — 1) + (n, — 1) = 95 tra bang 1-13 cho t,, = 1,990
Vi t; < tg, nén ching ta c6 thé két luan khing dinh ring sai khdc giita 2 s6 trung

binh X; va X2 1a khong thuc tai mic ¥ nghia 5% va chi 1a do ngau nhién.

2) Ung dung kiém dinh thong ké Fisher theo cong thic:
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Véi
vi=n,—1=44-1=43;
V2=n2_1=53_1=52.

Tra bang 1-15 duge Fy, = 1,667 v6i o = 5%, F < Fy, vAy chénh léch gitta hai
phuong sai udc tinh 1a khong thuc va chi 1a do ngau nhién.

2. Kiém dinh tinh phit hop dang phan bo tan suat

V6i chubi s6 Q,,, hang nam tram ST - SH dan ra trong bang 1-3, cdc dac trung
thong ké cho toan chudi 1902 + 1998 nhu sau: X = 17050 m’/s, G, = 5797 m's,
Cy = 0,34, Cg = 6Cy, = 2,04. Gia thiét rang dang phan bg Kritxki - Menkel 1a phi hop,

hiy kiém dinh thong ké theo tiéu chuén x> va Smirnov-Kolmogorov.

1) Kiém dinh phit hop theo tiéu chudn
- Sap xé&p s06 liéu tinh va vé& dudng tan suat kinh nghiém va 1y luan duoc chon (xem
bang 1-4 va hinh 1-7).

- Chia tan sudt thanh 10 cap déu nhau, nghia la: E; =% = ?—(7) =9,7 xem cot 1 va 2

trong bang 1-18.

- Xdc dinh khoang cap Q,,,, tuong ting vé6i cac cép tan sudt theo dudng 1y luan da
chon (xem cot 3 bang 1-18).

- Trich tdn s6 kinh nghiém theo ting khoang cap Q
bang 1-18).

max tUONg tng (xem cot 4
- Tinh gid tri %3 .
Theo cong thic 1-43 ta c6:
106,1
2 ,
=——=10,94
fe="g7

2

Theo cong thic 1-44 thi:

tht =;—2(49+49+144+169+121+100+100+225+81+9)—97:

=10,94.
SBTD=10-1-3=6,
tra bang 1-6 véi o = 5%:

Yan =12.592 > X,

Két luan: Chéap nhan gia thiét H,,
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2) Kiém dinh phu hogp theo tiéu chudn Smirnov-Kolmogorov
Gia st duong tan suat 1y luan da dugc vé v6i dang phan bo Kritxki-Menkel ¢6
Cy =0,34; Cg = 6Cy; X = 17050 m*/s nhu hinh 1-7.
Gidi:
Trén hinh 1-7, ta tim A = max‘P('XA) —P(X)‘. Sau khi so sdnh céc A; ta chon gia

tri ting V6i Qppqy = 12400 m’/s cho Py =90.,82% va Py = 84%.

A =max|Py — Py| =90,82 - 84 = 6,82% = 0,0682

Véi o= 5%, n =97 ta tinh duoc Ay, = 1,36 =0,138 > A, = chap nhan H,,

Jo7

Bdng 1-18. Bdng tinh }’ chuéi Q,,,,. Son Tdy theo dang duong phéin bo
Kritxki - Menkel

Tan suét P E Khoang cap Quax o} O - E; (Of - Ep)?

<0,10 9,7 > 23800 7 -2,7 7,29
0,10<P<0,20 9,7 23800 + 20700 7 -2,7 7,29
0,20<P<0,30 9,7 20700 =+ 18500 12 2,3 5,29
0,30<P<0,40 9,7 18500 + 17000 13 3,3 10,89
0,40<P<0,50 9,7 17000 + 15800 11 1,3 1,69
0,50<P<0,60 9,7 15800 + 14750 10 0,3 0,09
060<P<0,70 9,7 14750 + 14000 10 0,3 0,09
0,70<P<0,80 9,7 14000 + 12500 15 53 28,09
0,80<P<0,90 9,7 12500 + 11380 9 -0,7 0,49
0,90 <P<1,00 9,7 < 11380 3 6,7 44,89
Téng 106,1

1.4.4. Kiém dinh tinh ngau nhién va xu thé
1. Kiém dinh diém ngoat

Trong mot day quan trac X; (i = 1, 2, ..., N) mot diém ngoat P xuét hién tai thoi
gian i néu X la hoac 16n hon X ; va X;,, hoac X; nho hon X; ; va X;_ ;.

Tiéu chuén diém ngoat duoc xét nhu sau:

S6 ky vong diém ngoat

E(p)= %(N—Z) (1-62)
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Phuong sai ctia diém ngoat

16N -29

r) =g — (1-63)

Z, = P-E(p) (1-64)
s(p)

Néu Z, < Z,, (=1 1,96 v6i o = 5%) chép nhén gia thi€t H,. Nguoc lai 1a bac bo
gia thiét H,, tai mitc y nghia da cho.
Vidu:
Cho chubi s6 Q,,, hang nam tai tram ST (song Hong) tir 1902 + 1998 (bang 1-3).
Hay ki€ém dinh diém ngoat cua chudi s6 d6. (Bang 1-19)

Bdng 1-19. Xdc dinh diém ngodt cia chuéi so Q,,,, ST

Nam Qax Nam Qmax Nam Qax Nam Qax
1902 14100 1927 13200 1952 12800 1977 16300
1903 11600 1928 17600 1953 15200 1978 17800
1904 24000 1929 17300 1954 19100 1979 17200
1905 15900 1930 12300 1955 13300 1980 20000
1906 12400 1931 9630 1956 16500 1981 16000
1907 12700 1932 20300 1957 16100 1982 14000
1908 12000 1933 14000 1958 14300 1983 17800
1909 18300 1934 13800 1959 15200 1984 11400
1910 12500 1935 14600 1960 14900 1985 16300
1911 19600 1936 17100 1961 15600 1986 20600
1912 12900 1937 16600 1962 12400 1987 13600
1913 21700 1938 14600 1963 12800 1988 11100
1914 14600 1939 15400 1964 20400 1989 12500
1915 25100 1940 22100 1965 13000 1990 18700
1916 9630 1941 14900 1966 20300 1991 17800
1917 19300 1942 17300 1967 17200 1992 19200
1918 17300 1943 19000 1968 24000 1993 13100
1919 13600 1944 16300 1969 28300 1994 16000
1920 13500 1945 33500 1970 21800 1995 22000
1921 14900 1946 14800 1971 37800 1996 27400
1922 14200 1947 21800 1972 13900 1997 17300
1923 19000 1948 15700 1973 16400 1998 20800
1924 17500 1949 14700 1974 12400

1925 11800 1950 16900 1975 12400

1926 21000 1951 14500 1976 15700
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Trong bang (1-19) cdc quan trac dugc boi dam l1a nhiing diém ngoat. Trong vi du
p=70.

E(p)=§(97—2)—63,33

5 16x97-29

Sp) =g ~16,92
o(p)=4,114
70 — 63,33
-T2 6«7
u 4,114 gh

Két ludn:

Gia thiét H, vé tinh doc 1ap ngau nhién cta chudi Q
mtuic ¥ nghia 5%.

max ST khong bi bac bo tai
2. Kiém dinh tinh xu thé theo théng ké tuong quan hang Kendal hay thong ké 1

bai v6i mot day X, X,, ..., X, ..., Xn.1» XN phuong phdp mau la x4c dinh s6 1an P
trong toan bo cdc cap quan trac (X, Xj, j>1) ma X 16n hon X;.

Tiéu chudn kiém dinh:

S6 ky vong cua P,
N(N-1
E@):% (1-65)
Thong ké
P-E
(PoEl)_ 4P, (1-66)
E(p) N(N-1)
) L N(N-1) -
Néu P xap xi — 1a xu thé tang.

P xdp xi = 0 la xu thé giam.
S6 ky vong cua T,

E(t)=0.
Phuong sai cua T,

2(2N+5
Var(1) =ﬁ (1-67)
Zy=— (1-68)

{Var(t)};

Zyy, =% 1,96 v6i muc y nghia 5%.
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3.Vidu
Kiém dinh tinh xu thé theo thong ké t ctia chubi Q,,, tram ST cho & bang 1-3.
Gidi:
Tu bang 1-3 1ap bang 1-20, tinh
2P, =P =2602
Tinh
97(97-1
E(p)= % =2328
e 2602 -2328 _ 0.1177
2328
1 1
(Var(t)}2 =[ 2222 12 o689
9x97x96
- 0,1177 _ 1,708
0,0689

tram ST khong khang dinh xu thé ting nén gia thiét

Z < Zy, chudi quan trac Q,,,,

H,, 1a khong bi bac bo tai mitc tin cay 5%.

Bang 1-20
Nam P, Nam P; Nam P, Nam P;
1 67 26 60 50 32 74 21
2 91 27 22 51 40 75 16
3 6 28 24 52 30 76 13
4 48 29 65 53 12 7 9
5 85 30 67 54 34 78 10
6 81 31 13 55 19 79 4
7 85 32 51 56 22 80 1"
8 26 33 52 57 28 81 1"
9 79 34 47 58 26 82 7
10 18 35 25 59 26 83 13
11 74 36 26 60 25 84 8
12 10 37 44 61 34 85 3
13 58 38 37 62 30 86 8
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Nam P, Nam P; Nam P, Nam P;
14 4 39 4 63 8 87 10
15 57 40 39 64 28 88 9
16 16 41 20 65 8 89 4
17 29 42 15 66 16 90 4
18 63 43 27 67 3 91 3
19 63 44 1 68 1 92 5
20 50 45 35 69 3 93 4
21 56 46 6 70 0 94 1
22 19 47 29 71 13 95 0
23 24 48 32 72 12 96 1
24 70 49 20 73 22 97 0
25 9

1.4.5. Kiém dinh héi qui d6i véi xu thé tuyén tinh

Kiém dinh nay c6 thé duoc thuc hién néu cho rang ching 1a xap xi tuyén tinh.

Gia st ring cédc gia tri trong mot chudi n s6 ¢6 thé biéu dién bang:

Kiém dinh xem chiing ¢6 t0n tai mot xu thé tuyén tinh hay khong? Tham s6 o c6
gid tri uGc tinh & va phuong sai Ia S . Kiém dinh bing tiéu chudn Student t:

a-0
Ly = S

(1-70)

1. Xac dinh &

& = (1-71)

hay & = (1-72)
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2. Xac dinh Sy
q2

$v,-07

$? =

o

trong do:
S - Sai s6 tiéu chudn ctia dudng hdi qui,

3. Vi du tinh toan

(1-73)

(1-74)

(1-75)

Cho chubi s6 quan trac Q,,,, tram HB song Da thoi ky 1956 + 1985 cot 1 va 2

bang (1-21).
Tinh todn:

Theo s6 liéu da cho ta 1ap bang tinh dé kiém dinh héi qui d6i vdi xu thé tuyén tinh

(bang 1-21).

Bang 1-21
U, Xi UX X2.10°
1 10300 10300 106,090
2 9500 19000 90,250
3 9200 27600 84,640
4 8930 35720 79,745
5 8640 43200 74,650
6 10900 65400 118,810
7 7790 54530 60,684
8 6490 51920 42,120
9 17200 154800 295,840
10 8070 80700 65,125
11 12800 140800 163,840
12 10200 122400 104,040
13 11100 144300 123,210




SO TAY KTTL * PHAN 1 - CO SO KY THUAT THUY LOI * TAP 4

U, Xi UX, X2.10°
14 15800 221200 249,640
15 13700 205500 187,690
16 16200 259200 262,440
17 10300 175100 106,090
18 7540 135720 56,852
19 8460 160740 71,572
20 8280 165600 68,558
21 8080 169680 65,286
22 9710 213620 94,284
23 8630 198490 74477
24 8700 208800 75,690
25 7160 179000 51,266
26 10200 265200 104,040
27 7320 197640 53,582
28 10400 291200 108,160
29 10400 301600 108,160
30 9770 293100 95,453
Téng 301770 4592060 3242,284

Tir bang 1-21 tinh duoc:

X = 10059
G, = 2625

30
D U;X; =4592060
1

30
> X} = 3242283500
1

30

- 2

522:15,5
2

(30+1)(2x30+1) _ 0455

30 30
U? =
le i
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30 _ _ 30 N
> (Ui -U)(X; -X) =D U;X; -30UX =
1 1
= 4592060 —30x 15,5x 10059 = —85375

>(vi-0)x; )

A _
o= 20 =-37,99

>(u;-0)

1

30 30 —0 30 9
D&l =2 (X -X) —a)(U; ~U) =206859952,5
1 1 1

S? =7387855,5

2 s
St == — —3287.1
Z(Ui —U)
1
Sg =57.33
&-0 37,99

t, = =—0,663

s, 5733

o

Vit <tg, vOi mic ¥ nghia 5% nén khong thé bac bo gia thiét H,,.

1.5. TINH TOAN TRUNG BIiNH TRUGT DOI VGl MOT QUA TRINH THUY VAN
1.5.1. Qua trinh thdy van khong ddi - Trung binh trugt don

1. Ly thuyét
Gia st rang, mot chudi thoi gian duoc tao boi mot qud trinh thily van khong déi
cong vdi sai s6 ngau nhién g, nhu:

X,=b+g, (1-76)
g, - mot bién ngau nhién véi s6 trung binh €, = 0, phuong sai Gg ;
b - mot tham s6 chua biét.

Theo phan tich thong ké thi tham s6 b c6 thé duge ude tinh bang:

> X =M, (1-77)



68 SO TAY KTTL * PHAN 1 - CO SO KY THUAT THUY LOI * TAP 4

hay
_ Xr + X + Xpo + oo+ XNyt
N
Tai moéi thoi ky quan tric xua nhat bi bd ra va thém vao mot quan trac mdéi nhat.
Vi th€ My goi la mot trung binh truogt don N - thoi ky. Tai cu6i thoi ky T, du bao doi véi
thoi ky tuong lai T + t dung la:
X1ie (T) =My (1-79)

M, (1-78)

Ta c6 thé viét (1-78) thanh dang:

X (X + Xy et Xy ) = Xy

T N
ma My, = Xpog +Xp + 1\-; XN+ T XN
X - X
nén M =My + % (1-80)

Nghia 1a ¢6 thé tinh My truc tiép tir gid tri trudc My ;.

2. Vidu
Cho chubi quan trac 43 nam (1957 + 1999) muc nudc triéu trung binh H,, hang

nam tai Hon Dau (cot 1, 2 bang 1-19). Tinh trung binh trugt don, M?

Gidi:
1) Gia st ching ta ding trung binh trugt nam - thdi ky, vi muc nudc triéu trung binh Hy,

cua 5 thoi ky dau la:

X, = 185; X, = 184; X, =185; X, = 186; X; = 189,
nén trung binh truot N thoi ky dau la:
_ 185+184+185+186+189
5

M; = 185,8

2) Di chuyén vé phia tru6c t6i nam thi 6, ching ta tim dugc Mg bing cdch bo X, va
thém X, thu duoc:
_ 184 +185+186 + 189 +182
5

DPon gian hon, ta tinh My nhu sau:

M = 185,2

Xg — X -
M6:M5+%:185,8+@=185,2
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3) Lan luot tinh M, Mg, ... ghi vao cot (3) bang (1-22). Trén hinh vé (1-11) Hy, ~ T cho
ta xu thé khong phai 1a s6 khong doi ma 1a tang dan. Vi vay, cin tinh trung binh
trugt doi véi qua trinh xu thé tuyén tinh.

1.5.2. Qua trinh thiy van c6 xu thé tuyén tinh - trung binh truot kép
1. Ly thuyét
Gia str qud trinh chubi thoi gian la:
X =b; + byt +¢ (1-81)
trong do:

b,, b, - Cac tham s6 chua biét;

€, - Thanh phan sai s6 ngéu nhién véi s6 trung binh bang 0 va phuong sai Gg .

Xét mot trung binh trugt cua cic trung binh trugt goi la trung binh trugt kép,
nghia la:
M[2] _ MT + MT*l + ...+ MT*N-!-]
T N

trong d6 chi s6 trén trong ddu ngoac [2] ky hiéu mot thong ké bac 2, khong phai mot s6

(1-82)

binh phuong. Mot phuong phap luan phién dé tinh M[Tz] la:

M -M
M o pl2l M1 = VN (1-83)
N
Tuwong tu nhu phuong trinh (1-64) d6i véi trung binh truot don
b, =2My - M b1 (1-84)
; 2 [2]J
b, =——|M; -M 1-85
TN-1 [ oo (185

Udc tinh gia tri quan trac trong thoi ky T s€ 1a:
Xy =b, +b,T=2M; - MV (1-86)

Phuong phép trung binh trugt kép c6 thé dugc dung dé du bdo céc thoi ky trong
tuong lai. Du bdo cho thoi ky T + t thu dugc biang phép ngoai suy xu thé cac thoi ky ©
trong tuong lai theo:

XT-‘-‘E (T) = )A(T + BzT

Vi vay phuong trinh du bdo la:

X1ie (T)=2My —M[T2] +T[LIJ(MT —M[TZ]) (1-87)
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Vidu:

Vé6i chubi quan trac muc nudc triéu trung binh Hy 43 nam tai Hon Dau (1957 +
1999) cho & bang 1-22 (cot 1 va 2). Hay tinh trung binh truot kép va du bao trudc 1 nam
duoc 1ap tai cudi nam T?

Gidi:

1) Qué trinh chudi s6 Hy, dugc coi nhu xap xi t6t bdi mot mo hinh xu thé tuyén tinh va
trung binh truot kép 5 - nam duogc dung dé du bdo hang nam trudc 1 nam. Cac trung
binh trugt don My ¢6 thé tinh todn cho mbi nam bét dau & thoi ky 5 va dugce chi ra
trong cot 3 bang (1-22). Ngay khi ¢6 5 trung binh trugt don 1a ¢6 thé sir dung dé tinh
trung binh truot kép theo phuong trinh (1-82). Diéu nay cho trung binh trugt kép &
nam thit 9 nhu chi ra trong cot 4 bang (1-22). Tiép sau, trung binh truot kép c6 thé
dugc tinh tr phuong trinh (1-82) hay (1-83).

2) Cac du bao truéc mot nam dugc 1ap tai cudi nam T dugc tinh tir phuong trinh (1-87)
v6i T = 1 va chi ra trong cot cudi cling clia bang (1-22), chang han:

- 2
Xy0(9)=2M, - M 4 t(ﬁj(Mg - M[gz])

= 2x183-184,5+ 1(ij(183 —184,5) = 180,8

Bdng 1-22. Tinh todn va du bdo theo phuong phdp trung binh kép H,,
tai Hon Ddau

NEm He Trung binh trugt don, Trung binh{;}ruqt kép, Du bélo trudc 1 nam
(cm) My M X7 (T-1)

(1) 2) (3) 4) (5)

1 185,0

2 184,0

3 185,0

4 186,0

5 189,0 185,8

6 182,0 185,2

7 180,0 184,4

8 183,0 184,0

9 181,0 183,0 184,5

10 189,0 183,0 183,9 180,8
11 186,0 183,8 183,6 181,6
12 183,0 184,4 183,6 184,0
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NEm He Trung binh trugt don, Trung binr1[2t]ruqt kép, Du bélo trude 1 nam
(cm) My M X7 (T-1)

(1) 2) (3) 4) (5)

13 188,0 185,4 183,9 185,5
14 183,0 185,8 184,5 187,6
15 189,0 185,8 185,0 187,8
16 187,0 186,0 185,5 186,9
17 192,0 187,8 186,2 186,8
18 189,0 188,0 186,7 190,3
19 188,0 189,0 187,3 190,0
20 188,0 188,8 187,9 191,5
21 184,0 188,2 188,4 190,1
22 189,0 187,6 188,3 188,0
23 191,0 188,0 188,3 186,5
24 192,0 188,8 188,3 187,5
25 192,0 189,6 188,4 189,6
26 188,0 190,4 188,9 191,3
27 188,0 190,2 189,4 192,7
28 192,0 190,4 189,9 191,4
29 190,0 190,0 190,1 191,2
30 191,0 189,8 190,2 189,8
31 186,0 189,4 190,0 189,3
32 185,0 188,8 189,7 188,6
33 190,0 188,4 189,3 187,5
34 186,0 187,6 188,8 1871
35 191,0 187,6 188,4 185,8
36 190,0 188,4 188,2 186,5
37 189,0 189,2 188,2 188,8
38 192,0 189,6 188,5 190,6
39 193,0 191,0 189,2 191,3
40 194,0 191,6 190,0 193,8
41 193,0 192,2 190,7 1941
42 192,0 192,8 1914 194,4
43 193,0 193,0 1921 194,8

194,3




72

SO TAY KTTL * PHAN 1 - CO SO KY THUAT THUY LOI * TAP 4

H(cm)
194.0

DUGNG QUA TRINH Hyz - HON DAU
1957 - 1999 (trugt 5)

193.0

192.0
191.0

A\

190.0

[ =+

189.0

|-
.\

188.0
187.0

\/_‘yu

-

186.0 /

185.0

184.0

183.0

182.0

181.0

180.0 \/

179.0
1957

1971 1978
Pudng Htb — — Trugt don

1985
Trugt kép

1992 1999

Thai gian

Hinh 1-11

1.6. PHUOGNG PHAP PHAN TiCH PIEU HOA

Xét mot chudi xu thé€ - tu do X, X,, ..., X, ctia cdc bién cdch déu nhau tai cic
khoang thoi gian At da biét ta ¢c6 mot thanh phan tudn hoan. Biéu dién ham diéu hoa cta
day s6 do la:

L
X, =+ 34 sin(%i+(pi)+ei (1-88)

i=1
trong do:
€, - thanh phan ngiu nhién;
u- so trung binh téng thé, u = E(X);
L T P
T 1 tan sO xuat hién va do dai song (1a s6 lan c6 dinh gitta cdc dinh lién ti€p
trong moi trudng hop) twong ing cta hai ham diéu hoa,i=1,2, ..., L;
A O - bién do (nra do cao dudng cong hinh sin cia mdi diéu hoa) va cdc pha (dich
chuyén ngang ctia cac dudng cong hinh sin d6i v6i goc tuong tng.
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Nghién ctiu mot trudng hop ma chu trinh d6 ¢6, khong ¢6 tén thit phd bién, mot
do dai s6ng 1 nam la tan s6 co s& tuong ung véi i = 1 trong phuong trinh (1-88). Néu
cac diém t =1, 2,3, ..., p dinh rd thoi khoang ctia chu ki, thi cdc s6 trung binh chu k¥
udc tinh tir ddy quan trac X, X,, Xj, ..., X,, cho boi:

m, :lzn:Xr+p(i—l) (1-89)
n:.-

trong do: n - s6 nam tai liéu, n = —
P

Gia st i, - biéu thi céc s6 trung binh thich hgp diéu hoa doi vé6i gid tri cha T trong

chu trinh nam d6. D€ udc tinh cdc gié tri p, can thiét phai chuyén d6i t, X, va T trong

P

(1-88) bang t, m, va p. Sau do6 viét 5 thay L va khai trién s6 hang sin ctia phuong trinh

(1-88) véi viéc dung cac heé s6 A, B;.

’
|

U =p+ ZAi sin
i=1

o) 2 2
7TiTj+ZBi cos( “irj (1-90)
i=1

p p
Dé uée tinh pu, A, vaB;i=1,2, .., %—1, ching ta cuc tiéu héa téng binh

phuong cta cac hiéu s gitta cac gia tri p cia m; va p.. Sau mot qua trinh dién toan, cac

thams6 A,, B;; i=1,2, ..., F/ —1, ¢6 thé udc tinh theo céc biéu thiic sau:

2
. p 2
A.ZEZ sm( ’”} i=1.2,..04 -1
P45 p (1-91)
Ay =0
2
.=—Zm cos , 1=1,2, ...,I%—l
p” p 2
(1-92)

~ 1 T
B, =—>m_(-1
% P& r( )

Vidu:
Cho cdc chudi s6 quan tric dong chay thiang tai Buon H6, S.Krong Buk (m?/s).
Hay xdc 1ap ham di€u hoa cua dong chay thiang trung binh nhiéu nam trong thoi ky
1977 + 1986.



74

SO TAY KTTL * PHAN 1 - CO SO KY THUAT THUY LOI * TAP 4

Lap bang tinh xac dinh
chzing =m_ t-12,3,.., 12 Gng vé6i thang L, IL, I, ..., XII

Q, =p=394
Cac budc tinh lan luot:
1) N=10x 12 =120;

2) Tu (1-91) ta viét:

Al =£ 3,2251n2—n+2,125inﬂ+1,5sin6—n+1,27sin8—n+
12 12 12 12 12

+ 1,355in110—2n+ 2,185in112—2n+ 2,655in14—n+4,67sin16—n+

+7,12sin18—n+ 8,46sin20—7T +7,68$in%+4,985in%
12 12 12 12

Al :é[3,22x0,5+2,l2><0,866+1,5x1,0+1,27><0,866+

+1,35%0,5+2,18x0+2,65x(-0,5) + 4,67 % (-0,866) +

+7.12x(-1,0) +8,46 x (-0.866) + 7,68 x (-0,5) +4,98x 0 | =
= 2,935

Tiép tuc tinh A,, A5, A, vd A5 theo (1-91). Tir (1-91) ta c6: Ag =0

Tir (1-92) tinh duge By, B,, By, By, Bs. Tir (1-92) cho By = 0,01333.

Bdng 1-23. Tém tat két qud

i A B, i A B,

1 -2,935 1,849 4 -0,0316 0,0117
2 -0,880 -0,378 5 -0,143 -0,143
3 -0,011 -0,037 6 0 0,01333

Tur (1-90) va bang A;, B; ta tinh duoc py, pyy, ..., gy
up =3,94+A, sin?—;E +A, sin#+A3 sin@+A4 sin8—n+
1 2 4
+As sin%+ Agsinmt+ B, cos—n+B2 cos—n + By cos6—n+

+ By cos?—;+B5 cosll()—2n+B6 cosm=3,17 (Xembéng 1—24)
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Ung dung phuong phdp phan tich diéu hoa nhim mo phong qué trinh bién ddi
dong chay c¢6 tinh chu ky nhu: thiy triéu, dong chay phan phéi trong nam trung binh
nhiéu nam. Két qua c6 thé ing dung dé xdc dinh céc bién thay triéu (bién bién) hoic ¢
thé dung xac dinh cac thong s6 dac trung dé phan viing thuy van... Gia tri trung binh
nhiéu nam dugc tinh v6i chudi s6 quan trac ¢6 n > 10 nam.

Bdng 1-24

Nam | Il I \Y \% Vi Vit | Vil IX X Xl XIl
1977 | 1,81 | 1,33 | 0,88 | 0,71 | 0,74 | 0,58 | 0,96 | 0,89 | 418 | 523 | 398 | 245
1978 | 1,43 | 0,67 | 0,91 | 063 | 0,78 | 0,91 | 160 | 346 | 7,22 | 994 | 6,85 | 3,73
1979 | 2,96 | 2,00 | 1,37 | 0,87 | 1,22 | 439 | 560 | 919 | 7,09 | 885 | 7,05 | 4,15
1980 | 2,86 | 1,60 | 1,03 | 093 | 1,78 | 1,73 | 1,73 | 2,06 | 7,56 | 9,56 | 13,00 | 6,25
1981 | 3,68 | 2,72 | 1,90 | 219 | 169 | 3,72 | 427 | 932 | 9,16 | 10,50 | 13,00 | 8,58
1982 | 545 | 3,57 | 2,36 | 2,00 | 1,67 | 3,16 | 3,67 | 3,58 | 7,03 | 6,14 | 442 | 2,79
1983 | 248 | 159 | 1,14 | 0,79 | 0,83 | 0,95 | 1,09 | 345 | 462 | 7,56 | 487 | 3,49
1984 | 3,86 | 2,31 | 160 | 1,37 | 1,58 | 231 | 250 | 6,45 | 8,90 | 10,80 | 10,60 | 7,94
1985 | 459 | 330 | 224 | 211 | 1,83 | 3,09 | 366 | 488 | 741 | 729 | 6,21 | 4,41
1986 | 3,03 | 212 | 161 | 1,15 | 1,37 | 0,9 | 1,40 | 3,38 | 8,05 | 8,73 | 6,84 | 598

3,215 | 2,121 | 1,504 | 1,274 | 1,349 | 2,180 | 2,648 | 4,666 | 7,122 | 8,460 | 7,682 | 4,977

ol






