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Abstract

In the current domestic probability theory textbooks, the distribution of random variable func-
tions is an important knowledge point, but the distribution is more mixed and scattered, which
is not conducive to the systematic teaching and learning of teachers and students in colleges and
universities. Based on this, this paper summarizes the distribution of various common random
variable functions, and optimizes and expands the distribution of functions of the most widely
used two-dimensional continuous random variable, making the problem easy to understand and
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more convenient to calculate. It is mainly manifested in: 1) Using the one-dimensional number
axis to reduce the dimensionality to deal with the variable value range problem; 2) Introduce an
important theorem to generalize the solution of various two-dimensional continuous random varia-
ble function distributions; 3) Introduce the solution ideas of foreign textbooks “total-score-total” to
broaden the new solution path; 4) Briefly describe the problem solving techniques of multidimen-
sional random variable function distribution. Finally, the path selection of the comprehension
question is given.
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2. —HMEBEREROD
21 —HEHEMENERREN ST
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P(X=x%)=p, (i=123--) (1)
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BEY =cos? X o WRBIFLER Y 19 1if
fif: X RIBUE AT E Y U -
X =1,2,3,4,5,6,7,8,-
Y =0,-1,010,-101,-
&
-1, X =4k-2
Y=amgx= 0, X=2k-1 (k=12,3-)
L X =4k
2 1

PY =1) = 3 P(X =4k-2)=3 - -

0
k=1 k:l2

1

2k-1
2

P(Y=0)=3P(X =2k-1)=3
P(Y =1)= 3 P(X =4k) =3~ ==

4k
k=1 k=1 2

4
15’
_2
=3
WS BRI E LA & Y AR 1 TR

Table 1. Distribution of Y
RLYHNHE

Y [ A

P 4/15 213 1/15

WO HBENLAZ & Y B AR 1 PR .
2.2, —HEEGREN TR RBB 25

2.2.1. eRBCE

I3 AT BB SR R — 4 SR LR = B A AR B AR, A0 AR 8T o WIS
BN B R £, (), a<x<b, WRY =g(X)OBERERE . RMEAEL T

1) FIFH X (IRES 5 AN A O (1 IX 8], B2 Y AOBE 3 A O I X 1] B x=a, x=b fRA y = g(X),
WsE y KA B Xty = g(x)RT, EHREEXENAAE, WREERZ DB KB BU
HETxty 5Kk,

2) 7E RRX )P ST LR B Y IR R, (y), BUEE P(Y <y).

3) St A AT T X M9 BRI F, (y) -

4) xfyRT, B2XELY FRMERERE.

T PA— M A T HAA B -

1 2 WRENLAE & X IR % LN

3x, 0<x<1,
fx(x)z{o else.
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KEEHLAS Y = X MR B,

e EARAT AL, 24 HUE[O,1] . y ER{E [1e]

E—2y<1if, R (y)=P(Y<y)=0, f (y)=F/(y)=0

B _ty>elt, F(y)=P(Y<y)=1, f, (y)=F(y)=0

=2 y BUH [Le] B, Y 5 Ai bR BRI 22 25 T O«
F(y)=P(Y<y)=P(e* <y)=P(X <Iny)=F (Iny),

3In

<

f, (y)=Fi(Iny)=f, (Iny)

gib, Y =X MR A,

< ‘

L
y

3iny
—, l<y<e,
fY(Y){ y

0, else.
2.22. ARE

SEFE 1 [ BBENLA R X HAMEREE f, (X),—0<x<+o, BEEg(x) T EH g'(x)>05k
9'(x) <O fHRAL. MY =g (X) RIESRBENAL R, HMAREEA:

f, (y)z{;’x [u)Ju'(y). a<y<s,

3
else.

K, a=min{g(-=),g(+=)}, B=max{g(-=),g(+o)} . u(y)g(x) &%
513 BEREHLAERE X ~ N (07 ), WRIEW] X PILEPERRECY = 2X +3 R IES 41 o
UE: FEATRL X RIREA

1 7()(7/1)2
f (x)= e 20" _co< X<+,
2no
WA y=9g(x)=2x+3, Eialktﬁff%':x=u(y)=y7_3, Hﬁu'(y)zé, BE—SBHEH Y = 2X +3 H 22
EVSE
1 -3
fY(y)zzfx(yT), —0< Yy <40,
B
2
L1 5] | Toewt
f =——— e ¥ = e X _w<y<+o,
) 2| V2no 2N2no peye
Rif

Y =2X +3~N(2u+3,2°0%).

B, JFHERS I N E R, RAIES A BN LA BRI IE S 704, A2
DA SHAH .

3. THIREN T RARKIT
T2 PR BEATLAR S B 0 3 AR S B RS, SR 2 B AN Ik — A LRI R — R 128 B
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TR Bln, A X MY 205 F0m — A ANRERAAE, Z Rz AWk, FEHEMZ 5 X, Y KK
BRRZ=9(X,Y), s X, Y R ARHIE Z B9340, 3 4 B HLAZ B R 20 70 A7 A R A il AL

3.1 ZHEHAMENTERBNIH

311 ZHEHEMNEE RSB —RKE
A RO B LA R RS AT

P(X=x.Y=y)=p;, (i,i=123) (4)
MIBEHLAE R Z = g (X,Y) H5Fe Jo:
P(Z=2)=P(g(xy)=2)= X p (k=123-) 5)

Bl 4 B YERS MBS E (X, Y ) B E AT W0 2 R, 5K Z = X =2Y [ #oop A

Table 2. Distribution of two-dimensional discrete random variable (X ,Y)

%0 CHEHABNTE(XY) WBAS TR

(X,Y) PR At

X \\\\\\ -1 0 1
0 0.5 0.1 0
1 0.2 0 0.2
f: TS (X,Y) HOBRAE, b — A9 80 15 2 R
Table 3. Probability corresponding to different values of (X ,Y)
F# 3. (X,Y) FEIBUER R A
(X,Y) A [ U X B2 () hE
(X.Y) 0.-1) 0,0) 0.1) (1,-1) (1,0) (1,1)
X =2y 2 0 -2 3 1 -1
P 0.5 0.1 0 0.2 0 0.2
B2 3 IE —HBUERIBERARDN, 1355 4 b X -2Y iy5r At
Table 4. Distribution of X —2Y
T4 X-2Y R
X = 2Y oAt
X =2y -1 0 2 3
P 0.2 0.1 0.5 0.2
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312 —HEHEMNEERNERAR
F (X +Y =z,) AT EE T AR SR SAE, B

©

(X +Y:Zk):U(X :XiaY:Zk_xi)'

i=1

X5 Y MEMSL, M.

P(Z:zk)=ZP(X=xi)P(Y=zk—xi) (6)

P(Z=2,)=3P(X =2,-¥)P(Y =) @)

RN THEANE BB B AN RIS, =X, Y KRR ) AR
i, BN FEA AR, ) 5 BEAT U
B15 & XFY AHE S, X ~B(m,p), Y ~B(np), ikiF:
Z=X+Y~(m+n,p)

s X +Y MEUEN0,L,2,-m+n, X T Vhe{012--,m+n}, H:
HX+Y=mziPpth=h—n=wu—mm*iqui
i=0 i=0
=ch . p"(2-p)""", h=012--,m+n.
UESE, FREUEHET: WX, Xy, X BN, X, ~B(n,p)s i=12,,5, N

Xy + X, 44+ X, ~B(n +n, +---+n,, p).
32 ZHEEABHTERYN T

3.2.1. DHMERECE

gt — Y2 252 R AL AR 58 pR B0 7 A 1) 0 A BRAEBGEARIF] R FE 23 A ek B0 il e — 4R S R AL AR
BB AN A R B AT IE ], R IR V. R OB R

1) BiE X, Y RS R T (x,y) -

2) IR REA A 0 KIEE Z =g(X,Y) FIBUETEHE, B Z fER% AN 0 WX . &
0 M I 2 AR m A e R 1 07 U 52 Z 1A RUX T

3) TEMLIX A 1152 Z M AR, (2) = P(Z < 2) -

4) FEMCIXIE LR B R, (2) X 2 KT, 93] Z MRS f, (2), fEHMXIE L f, (2)=0.

N LA 6 HEAT B A -

Bl 6 BOELLHRENLAR R (XY ) FECE R L.

2x+3y, 0<x<10<y<],
flxy)= {0, else.
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HRZ=X+Y . Z=XY FMREE
fifk: X Z =X +Y
HUETT L, 20<x<1, O<y<1W, Z=X+Y M{EEH(0,2). T AE L EHTHH:

C(0,1) | 4 B@,1)
A\
. y=-x+z
N *
0(0,0) A(1,0)
y=-x+z

Figure 1. Distributionof Z =X +Y
1 Z=X+Y W HIER

i —2H0<z <1, FRBPXIENS,, Z AR EOs:

3

F,(z)=P(X+Y<z) jdxj (2x+3y)d Zz,

W Z R
5,

HIE 1<z <20, ARBTIXIRN S, +S,, HEMT1-S,, #Z M Aimsich:
F,(2)=P(X+Y <z2)=1-[ dx[. (2x+3y)dy
5
G

7" +— -,
R
W Z IR N

f,(z)= Fz’(z)z—gzz+52.

=%z<0lf, F,(2)=P(X+Y<2z)=0, MiMf,(z)=0
RS 2<zI, F,(z)=P(X+Y<z)=1, AIfif,(z)=0
ZLEANR, Z=X+Y WIREEN:
gzz, 0<z<l,
f,(z)= —gzz+52, 1<z<2,

0, else.

EIXEZ = XY :
HUEATAD, 0<x<1, O<y<1Wf, Z=XY F{EEN(0,1) . NHEAMAE 2, HMERWE Z B

5
&
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p
o,1) B(j};\\\-—y=dx

0(0,0) A(1,0)

Figure 2. Distribution of Z = XY
B2 Z=XYHWDHER
B —20<z <1, BRI XENL-S,, Z K3 AmRECn:

F, (z)=P(XY < z):1—J‘Zlde(2x+3y)dy:—gz2 +52—§,

W Z IR TN
f,(z)=F,(z)=5-5z.
B2 z2<0l, F,(2)=P(XY<z)=0, MIifif,(z)=0.

HE=41<zif, F,(2)=P(XY<z)=1, Mifif,(z)=0.
LiLRTR, Z=X+Y MM A

5-5z, 0<z<]
fZ(Z):{O else.

3.2.2. ZHEF AN T B SRS TR ERER
PUAT MV b 1E )R B AN BE AL S = (0 bR RO AR, U BRAN LR ) s B AT e . BT 5 R 2
FEVEZRAL, A SCAUET S RBVEAN UL o X 2R AR ] I 8 SRR M. B0 BR8] B T
TR IR, EAERE A RIS EIUE G I BT 8 5, 5 Al o AR SCHE SR 2 300 A Rt 1 R
b, R LA R SRR, oy BIVEH x BUE VS AR P — 4B, B O A5 A 107 W
TGRS, DM T B —ER S A B X k.
1) Z=X+Y 54
Z=X+Y M5k EC:
F(2)=P(z=2)=[ 7|1 (xy)ax]ay,
A x=u-y, H:
Jf:“:y f(x, y)dx}dy = f:“; f(u-y, y)du]dy
= _[;Uj: f(u-y, y)dy}du,
W Z TR 5% PR UM -

f, (z):f:f(z—y,y)dy (8)
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ol
fZ(z):J:c f (x,z—x)dx 9)
# XY MESSL, W Z =X +Y MRS N

fz(z)zrw fu(z—y)f, (y)dy (10)

f,(z)=["f (x)f, (z-x)dy (11)

RWA 2 TN 1, 1 f, B AN FRAHERA KM 6 HZ =X +Y M#REE.
fit: B ANS:

H(X,Y) B AR 35 R
f(x )_ 2x+3y, 0<x<l0<y<]
Y= 0, else.

&

7-1<x<z

O<x<l1 O0<x<l1 O<x<1
O<z—-x<1

=
O<y<l

WETG—%40 < 2 <L, J11%] 3 ch SOl s BUECTE AL 4 31 (0,0) A (2-1,2) (IR AN B8 x A2 LEASHE S,

BN AR X R S, -
Im D

-1 ¢ z 1

Figure 3. Distribution of Case 1
3. BR—RIZHIER

W Z R
z z 5
f,(2)=], f(xz=x)dx= (32—x)dx:522.

W24 1< 7 < 206, JE] 4 of SOl 7%, BRAEET0 B 45009 (0,0) A1 (2 -1, 2) B R K8 x T A4 S,

HI 2Ry X 3«

0 z1 1 z

Figure 4. Distribution of Case 2
4. BEZNSTIER
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MRS,

0 Z MRS RN
+00 1 5
f,(z)=]f (X,z—x)dx:LJ(32-x)dX:_EZz +E7

W=z <0 fI2<z i, M5, 146 Bis, BUATEEA B (0,0) Bl (2-12) R MZE x T2
W RS BT RO KA £, # £, (2) =0,

|_| X

z-1 z 0 1

Figure 5. Distribution of z<0
5. <0 WD THIER

I —

0 1z-1 b4

Figure 6. Distribution of 2<z
6. 2<z 9D HIBM

LiLPTiR, Z=X+Y MRERERE:

E22, 0<z<],
2

f,(z)= —gzz +5z, 1<z<2,

0, else.
2) Z =XY 534
Z = XY HIBERE LN
fo (2) = j_*:ﬁ f [x,é)dx (12)
A XY AHESRSE, W Z = XY IR
)= 01 Jo 13

A A RS 6 o Z = XY AR L
fift: HH AT R
4o 1
fuv (Z) = Lm — f (X,éjdx,

X

H(X,Y) WA 35 5y
B 2x+3y, 0<x<10<y<]
f(x,y)_{ol else.
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(18

O<x<1 0<x<1 O<x<l1
= 7 =
O<y<l 0<—<1 O<z<x
X

W24 0 < 2 <LBF, 1] 7 e % BB 4 31 (0,1) 1 (2,400) MR AN B4 x A2 L3R4S,

B AR KA S,
i X

0 z 1

Figure 7. Distribution of Case 1
E 7. BER—HSHER

W Z (MR A
f, (z) :ri f (x,éjdx :E%(2x+3—zjdx =5-5z.

‘[¥ U x
Wit 24 2 <O B, WL 2 UL B TE 50t SO . WOl BB IR, T, (2) =0
W= 240 < 2 I, B 8 s SU{ECTEL B 4 5100 (0,0) A0 (2,000 B S B4 x AR 1.2 LR 7 304,
B RO KRR R, 01, (2)=0.

—

0 1z

Figure 8. Distribution of Case 3
B 8. BE=ZMamIER

X

g LRTIR, Z = XY MR

5-5z, 0<z<1
fz(z):{o else.

_Y
3) z_XE’J;ﬂ‘ﬁ
Z=§mmz%§ﬁ:

fy (z)= J':j|x| f (x,xz)dx (14)

%xymzmﬁ,Mz=§mmz%§ﬁ:

fy(2)=[
4) U =max(X,Y)FIV =min(X,Y) K54
BEX,Y A SR BN R, e B Fy (X)), R (y) WA

x| f (x) f, (xz)dx (15)
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Fowc (2) = Fy () (2) (16)
Fon (2) =1-[1-F (2)][1-F, (2)] an

XY BSL[E G A, WA
Froc (2)=[F ()] 8
Fn (2) =1-[1-F (2) ] 49

3.3 “HEES RN BB RN I HRERR
331 NERSHH_HEERHIEERHSHH—RL

SEEL 2 [2] ¥ ZHERENLAR & (X,Y) K& % BERRBON T (xy), XHE— 25 € i) — 70 34 4 52 iR 3
z=g(xy)He:

1) fAEME—H x=u(y,z) .

2) X2 e

Mé%&gﬂﬂ)m@ﬁz=yXYMwﬁ$ﬁﬁﬁ-

f,(2)= Ifau(a#f[u (v.2),y]dy (20)
XY AT, W Z = g(X.Y) KR R

f(2)=]" % £ [u(y 2] 1 () @)
I, FAME 4B eSS R 2 =g (X, y) i 2

3) fAEME—I Yy =Vv(X,2) -
gy YD) g
oz oz

MBS (XY ) BB Z = g (X,Y ) B a5 -

f(2)=]" % f[xv(xz)]dx (22)
XY A, WZ = g(X,Y) REREE
10| OV ( X,
f,(2)=[" S; ?) x) fy [x,v(x,2)]dx (23)

AIFHBLE B, W] LORE AR 2 RBR A RO — fie b . 13238 A ] SR i 71 6.

3.32. ESMEMHR B EE RN TR R BN S H[5]

H5EWNRATER 5 -7 fEUERRAE, EAN B R R - - BT WS
AR XY FBARER BN | (xy), RS R 2, Z, KB R IEN 0(2,2,)
X=V1(lezz)’ y=v2(Zl,ZZ)E‘ZZl=u1(X,y) Zz_uz( ' ) UIIJZl,ZZEl’Ji‘E}EiHﬂ}#gl( l) gz(zz)E@ i
Bl o i
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£,

=
&
CH
55

B [ 5h 0k
|
| | |
AT AR ﬁﬁgg%ﬁ

SRAA B — AR

B3 AT R WH—

RS R AR B L SRR —FT AR

NRFIAL WD G

SR L_

ERIMR % R

SR B — AR B A A T

Figure 9. Thinking of solving the problem in domestic and foreign

textbooks

9. EIRSNEA RO R B B

44 H RS0 R R
1) K Z,,Z, WA 0(2,2,)

9(2.2,) = fF (v (X ).V, (X, y))|det(M)| (24)
Horps
v (xy) v(xy)
0z, 0z,
M = det(M)=|20%Y)
N, (X, Y) v, (X Y) 0(7.2,)
0z, 0z,
2) R BRI GEE:
0,(z)="09(2.2,)d2,,0,(2,) =] 9(z.2,)dz, (25)
NI Z A R A 7 (5]
(17 B YEBESRIBEHLAS R f (x, y) ML A 2 1
Xx+y, 0<x<10<y<]
f =
(%) {O, else.
HAAEE SN R Z = XY, Z,=Y , R Z, fR .
fift: HUEFREL Z,e(0,2,), Z,e(0,1), ARA XA 10 d1 S Fios:
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C(,1) B(,1)

0(0,0) A(1,0)

Figure 10. Effective integration area

B 10. BRI

i TS R R AL

Z
x:vl(zl,zz)zz—ly y:VZ(Zl,Zz):Zz,
2

FIRIRERE 5 3T A7 95Kk H det(M) , #ETTR H g(2,,2, ) -

N (X, Y) vy (X, Y)
az, a7, | o v, ov v, 1

det(M) = A Wil A W B
(M) v, (X, y)ov,(x,y)| 0z oz, 0z, oz, 1,
oz, oz, |
z i+1, 0<z,<z,<],
g(zl,zz):f(z—l,zzJ~|det(M)|: a4
2 0, else.

39 (z,2,) B, (E015 Z, A% 9, (2,) -

gl(zl)=J'j:g(zl,zz)dz2 :r:(zz—;ﬂjdzz =2(1-7), 0<z <1,
2

pud

MR AT VS, L2 00 BRATA5 sk B AL AR B I A MR B, R HOR A5 i AR

THBESETINEN AR B G E RE. AEALERRA RS, CR - 57 U ARAEAE B I RBR Y, A
ToVEE I A G S MRS . TR -2y - B MU AR T B -y BAERAE. HE

R 2 B R BRI BRI LR B 5 BB AR AL SIS AT BT 15 A e R A A LT B K
), 0T8T AR AT (EZMEAA RO A RIR I, TR 1) X T/ B0 e R &
GG 2) BRI BREDARA, AR R — R BRI, RGN SR SRR, P
ME . ULERREARBAER B 6 (5 R R i R

2
Z,+47; —42;2,

2

2 1
7, -z} - 477,

2

x=V,(2,2,)=

2
7, +47; 472,
2

y=V,(2,2,)= . .
7, -7’ —42.2,

2
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HARSETEEE, AR AT RETCI R M IERRSS R, BRI SR A 20 A R BOE A ﬁ&mﬁ i bprid, EW
LR AT R B, AEAE R UTIE” Z U TN R FEAT B A M A i A SRS
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