Lém hoc & Diéu tra quy hoach rirng

Xay duwng cac ham phan b6 chiéu cao cla rirng tw nhién hon loai

va rirng trong thuan loai déng tudi

Nguyén Van Thém?, Nguyén Vin Quy?”
1Héi Khoa hoc va Ky thudt Ldm nghiép TP. H6 Chi Minh
2Trwérng Pai hoc Ldm nghiép - Phdn hiéu Bdng Nai

Developing height distribution functions of mixed species natural forests

and even pure- species plantations

Nguyen Van Them?, Nguyen Van Quy?*

IHo Chi Minh City Forestry Science and Technology Association
2Vietnam National University of Forestry - Dong Nai Campus
*Corresponding author: quynvfu@gmail.com

https.//doi.org/10.55250/jo.vnuf.15.5.2026.043-052

Théng tin chung:

Ngay nhén bai: 24/11/2025

Ngay phan bién: 29/12/2025

Ngay quyét dinh ddng: 20/01/2026

Tir khéa:

Ham phén bé chiéu cao,

phén bé chiéu cao, quén thu
rirng, rirng tw nhién hén lodi,
rirng tréng thudén lodi déng tudi.

Keywords:

Even pine plantation, forest
stands, height distribution, height
distribution function, mixed
species natural forest.

TOM TAT

Bai bdo ndy gidi thiéu ba ham mdéi dé wdc lwong phén bé chiéu cao cia rirng
tw nhién hén lodi va rirng trong thudn lodi déng tudi. Muc tiéu cda nghién ctu
nay I xdy dung ham phén bé chiéu cao cta rirng tw nhién hén lodi va rirng
tréng thudn loai ddng tudi vdi cdc bién dw dodn thich hop. S6 liéu nghién ciru
bao gém 10 6 tiéu chudn & rirng tw nhién hén lodi va 15 6 tiéu chudn & rirng
tréng Théng ba Id (Pinus kesiya) tai tudi 15, 20 va 28 ndm. Dién tich méi 6 tiéu
chudén & 2.000 m?. Nghién ctru ndy dé xudt ba ham mdi sau déy: (1) F(H) =
exp(a + bxLn(H) + cx(h/Huw)?); (2) F(H) = exp(a + bx\[H + cx(h/Ha)?); (3) F(H)
= exp(a + bx(h/Huax) + cx(h/Hwmax)?). Ba ham mdi nay duoc so sdnh véi 4 ham
phdn b6 cia Gompertz (1825), Weibull, Burr (1942) va Richards (1980). Két qué
nghién ciru cho thdy khéng cé ham phdn bé nao trong s6 7 ham dv tuyén mé
tg tét nhdt phdn b6 N/H cla rirng tw nhién hdn lodi va rirng tréng thudn logi
ddng tudi. Khi phdn bé N/H cé dang 1 dinh léch phdi, ba ham mdi nay phi hop
hon so vdi 4 ham Gompertz, Weibull, Burr va Richards. Khi phén b6 N/H cé
dang 1 dinh léch trdi hodc gén déi xitng, ba ham mdi nay kém phti hop hon so
vdi ham Burr va Richards, nhung vén tét hon so vdi 2 ham Gompertz va
Weibull. Uu diém cda ba ham mdi ndy la cdc tham sé cua ching duoc xdc dinh
dé dang bdng phuong phdp hoi quy tuyén tinh va hoi quy phi tuyén tinh.
ABSTRACT

This paper presents three new functions to estimate the height distribution of
mixed species natural forests and even pure-species plantations. The objective
of this study was to construct height distribution functions of mixed species
natural forests and even pure-species plantations with appropriate predictor
variables. The research data included 10 standard plots in mixed species
natural forests and 15 standard plots in Pinus kesiya plantations at 15, 20 and
28 years of age. The area of each standard plot was 2,000 m?. This study
proposed the following three new functions: (1) F(H) = exp(a + bxLn(H) +
ex(h/Huax)); (2) F(H) = exp(a + bxH + cx(h/H)%); (3) F(H) = exp(a + bx(h/Hua) +
cx(h/Hmax)?). These three new functions were compared with the four
distribution functions of Gompertz (1825), Weibull, Burr (1942) and Richards
(1980). The results showed that no function in 7 candidate functions best
described the F(H) distribution of mixed species natural forests and even pure
plantations. When the height distribution has a left-skewed peak, these three
new functions are more suitable than the four functions of Gompertz, Weibull,
Burr and Richards. When the height distribution has a nearly symmetrical peak
or right-skewded peak, these three new functions are less suitable than the
functions of Burr and Richards, but better than the two functions of Gompertz
and Weibull. The advantage of these three new functions was that their
parameters are easily determined by linear and non-linear regression methods.
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1. DAT VAN BE

Quan thu 1a mot tap hop céc loai cay gb
trong mot khodnh rirng. Nghién ciru két ciu
loai cay gb va cau tric clia quan thu 13 nhiém vu
quan trong cla l1am hoc va diéu tra rirng. Két
qua cla nhirng nghién clru nay cung cap co s&
khoa hoc cho diéu ché rirng va quan li rirng. Cau
trdc ding clia quan thu 1a sy td chirc va sdp xép
clia cac loai cay gb theo chiéu thang dirng. Cau
trdc dirng cla cac quan thu cé thé biéu dién
bang cac bang va d6 thi phan bé s6 cay (N, cay)
theo céc cap chiéu cao (H, m) (ki hiéu: N/H). Tuy
vay, hai phuong phap nay khéng cho phép nha
l&m hoc va diéu tra rirng wdc lwong va dy doan
chinh xdc s cay trong céc cip H. Xac dinh s6
cdy trong cac cac cip H cla cac quan thu & rirng
tw nhién hdn lodi va rirng trong thuan loai dong
tudi la mot cong viéc rat kho khin [1-3]. DE wdc
lvong phan bd N/H cla cdc quan thu, ngay nay
cdc nha 1dm hoc va diéu tra rirng thudng ap
dung cdc moé hinh phan bé xac suit. Puong
cong phan bd xdac suat tich Iy sé cay (N, cay)
theo cdc cap H (Ki hiéu: Fu) cla cdc quan thu cé
dang duwong cong Sigmoid hay duong cong
hinh chi¥ S. Tuy theo kiéu rirng va trang thai cla
rirng, phan bd F(H) cla cac quan thu cé thé
dugc md td bang cac ham phan bé chuln,
Lognormal, Gamma, Beta [4, 5], Gompertz
(1825) [6], Burr (1942) [7], Weibull va Richards
(1980) [8-10]. Rirng tw nhién nhiét d&i ¢ cau
trdc rat phirc tap. Vi thé, Renato Lima va céng
sy (2015) [11] d3 &p dung rat nhiéu ham khac
nhau dé phan tich ciu tridc cda rirng muwa nhiét
dd&i & Brasil. O Viét Nam, mot s6 tac gia [12-14]
d3 ap dung ham phan bé Richards (1980) dé md
td phan b6 N/H cda rirng kin thudng xanh hoi
am nhiét dai (Rkn) [1] & tinh Pdng Nai. Néi
chung, phuong phép xac dinh cac tham sé cla
cac ham phan bd nay thuwong gap rat nhiéu khé
khan. Vi vay, bén canh viéc dp dung cac ham
phan b6 d3 cd, nghién clru nay phat trién céc
ham phan bd N/H m&i véi cac tham s6 dé xac
dinh. Trong nghién ctru nay, cdc ham phan bd
N/H md&i duge dé xuat dé udc lvgng phan bd
N/H cla cac quan thu trong rirng tu nhién hon
lodi va rirng trong thuan loai dong tudi. SO liéu
dé phat trién cdc ham phan bd N/H mdidya trén
phan bé N/H thuc nghiém cta cic quan thu

trong rirng kin thuong xanh hoi 4m nhiét ddi
(Rkn) & giai doan 8n dinh tai tinh Ddng Nai va
rirng trong Théng ba |a (Pinus kesiya Royle ex
Gordon) & tudi 15, 20 va 28 nam tai khu virc Dirc
Trong thudc tinh LAm Péng. Muc tiéu cda nghién
cru nay la xay dung cac ham phan bé N/H cla
rirng tu nhién hon loai va rirng trong thuan loai
doéng tudi vdi cac bién du doan thich hop. Két
qua cla nghién clru nay cung cap cac ham mai
dé wac lvgng phan b N/H cla rirng tu nhién
hdn loai va rirng trong thuan loai dong tudi.
2. PHUONG PHAP NGHIEN CU'U
2.1. Phuong phép thu thap sé liéu

Phan b& N/H cla Rkn & giai doan 6n dinh
duoc phan chia thanh 2 trwvong hop: (1) Phan
b6 N/H cé dang léch phai (Ki hiéu: Rkn - 1); (2)
Phan b6 N/H c6 dang gan déi xirng (Ki hiéu: Rkn
-2). S6 liéu chiéu cao cta Rkn dugc thu thap tur
10 6 tiéu chuidn tam thoi (OTC) vdi dién tich
2.000 m? (50 m x 40 m); trong d6 mdi trudng
hop 1a 5 OTC. Trong cdc OTC & Rkn, tat ca
nhitng cay gb trwdng thanh (D = 6,0 cm) duoc
xac dinh chiéu cao vut ngon (H, m) bang thuéc
do cao Blume — Leise; sau do6 phan chia thanh
cdc cap H. Sé liéu 10 OTC cho thay bién do H
clia cac cay gbd dao dong tir 7 dén 34 m. Dé thay
rd quy ludn phan bé N/H cla Rkn, sb cay trong
cac OTC duwoc phan chia thanh 7 cap véi moi
cdp H = 4,0 m. Phan b8 N/H cla rirng trong
Thong ba 1a dwgc phan tich theo 3 trwvong hop.
Trudng hop 1: Phan bé N/H cé dang 1 dinh léch
phai. Trudng hop 2: Phan bé N/H cé dang 1
dinh léch trai. Truong hop 3: Phan b6 N/H cé
dang 1 dinh gan doi xrng. Ba trwd'ng hop nay
déc trwng cho rirng tréng Théng ba 1a & giai
doan non va trung nién. Trong nghién clru nay,
phan bé N/H cla rirng tréng Thong ba 1d dwoc
xem xét & tudi 15, 20 va 28 ndm. Téng sb 15
OTC & rirng trong Thong ba 13 véi kich thudc
2.000 m? (40 m x 50 m); trong d6 mdi tudila 5
OTC. Trong céc OTC, chiéu cao vut ngon (H, m)
duwoc do bang thudc do cao Blume — Leise. S&
liu 15 OTC cho thay bién d6 H cla cac cay gb
& tubi 15, 20 va 28 ndm dao déng twong rng tir
10 dén 18 m, 13 dén 21 m va 15 dén 23 m. bé
thay rd quy luat phan bé N/H clha rirng trong
Théng ba 13, sé cay trong cac OTC dwoc phan
chia thanh 6-7 cap véi mdi cap H = 1,0 m. Bang
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1-5 téng hop tuong rng phan bé N/H cla Rkn
va rirng trong Théng ba 1a & tudi 15, 20 va 28
nam; trong dé N 13 sé cay, N% la ti & s6 cay

o

trong cac cap H, f(H) 1a xac suat bat gdp s6 cay
trong céc cap H, F(H) la xac suét tich Iy s6 cay
trong céc cap H.

Bang 1. Phian bd N/H chia Rkn (1)

Cap H(m) N (cay/ha) N% f(H) F(H)
<8 215 21,3 0,21287 0,21287
12 480 47,5 0,47525 0,68812
16 169 16,7 0,16733 0,85545
20 78 7,7 0,07723 0,93267
24 42 4,2 0,04158 0,97426
228 26 2,6 0,02574 1,00000
Tdéng s6 1.010 100 1,00000

2.3. Phuong phap xtr li sé liéu

Truwdce hét tinh cac dac trung théng ké mo ta
phan bd N/H cla Rkn va rirng trong Thong ba
|a. Chi tiéu tinh todn bao gdm trung binh (Haq,
m), trung vi (Me), chiéu cao xuat hién nhiéu
nhat (Mode), sai tiéu chuan (SEE), hé s& bién
dong (CV%), dd léch (Sk), & nhon (Ku), cdp H

nhd nhat va |&n nhat. Tiép dén xdy dwng ham
phan bd F(H) déi véi Rkn va rirng tréng Théng
ba I4. D6 thij biéu dién phan b6 F(H) ctia Rkn va
rirtng trong Thong ba 1& déu cé dang duong
cong Sigmoid. Puwdng cong nay cé thé md ta
bang ham s6 mii (Exponent).

Bang 2. Phan bd N/H chia Rkn (2)

Cap H(m) N (cay/ha) N% f(H) F(H)
<8 40 4,9 0,04878 0,04878
12 80 9,8 0,09756 0,14634
16 200 24,4 0,24390 0,39024
20 280 34,1 0,34146 0,73171
24 155 18,9 0,18902 0,92073
28 55 6,7 0,06707 0,98780

232 10 1,2 0,01220 1,00000
Téng sd 820 100 1,00000
Bang 3. Phan bd N/H cha rirng trong Thong ba 1a & tudi 15 ndm

Cip H (m) N (cay/ha) N% f(H) F(H)

<12 55 5,9 0,05946 0,05946
13 155 16,8 0,16757 0,22703
14 255 27,6 0,27568 0,50270
15 205 22,2 0,22162 0,72432
16 165 17,8 0,17838 0,90270

217 90 9,7 0,09730 1,00000

Téng sd 925 100 1,00000
Bang 4. Phan bd N/H clia rirng trong Thong ba 1a & tudi 20 nam
Cap H (m) N (cay/ha) N% f(H) F(H)

<14 55 6,4 0,06395 0,06395
15 110 12,8 0,12791 0,19186
16 200 23,3 0,23256 0,42442
17 265 30,8 0,30814 0,73256
18 158 18,4 0,18372 0,91628

>19 72 8,4 0,08372 1,00000

Téng sd 860 100 1,00000
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Trong nghién ctu nay, ham phan bd F(H)
méi dugc dé xuat theo 3 dang nhu ham 1+3
(Bang 6), twong tng ki hiéu la Thém 2025(a),
Thém 2025(b) va Thém 2025(c). & Ham 13,
H(m) |a cp H; h(m) 1a H cda cdp H th i; Huvax 13
H cla cip Hwmax; @, b, c va d 1a cidc tham sé. Uu
diém cla 3 ham 1+3 duoc so sanh véi 4 ham
khdc: Gompertz 3 tham s6 (1825), Weibull 3
tham s8, Burr (1942) va Richards (1980) (Bang
6). O ham 4+6, b 13 t&c do gidam s6 cay theo sy
gia tang cap H, a la tham sé vj tri, c la tham s&
hinh dang. @ ham 7, q 1a tham s6 vi tri; p 13
tham s6 ty 18, r la tham sé hinh dang (p, g > 0; r

< 0). Cac tham sb cla cac ham 1+7 duoc xac
dinh theo phuong phap hoi quy phi tuyén tinh
cla Marquardt. Mic d6 chinh xac cta cac ham
nay dugc danh gid theo hé sé xac dinh (R?),
téng binh phuong sai léch (SSE), sai s6 wdc
lwong (SEE), sai s6 tuyét déi trung binh (MAE),
sai s6 tuyét doi trung binh theo phan trdm
(MAPE), sai so trung binh (ME) va sai so trung
binh theo phan tram (MPE). Muc dich cta phan
tich héi quy 1a tim ra mot ham mé ta tét phan
b6 N/H cuia rirng vdi sai léch nhd nhat. Theo
muc dich nay, ham phan bé N/H thich hop
dwoc chon theo tiéu chuan SSEwmin va SSEmin.

Bang 5. Phan b8 N/H cua rirng trong Théng ba 13 & tudi 28 nam

Cap H(m) N (cay/ha) N% f(H) F(H)
<16 32 4,1 0,04113 0,04113
17 55 7,1 0,07069 0,11183
18 145 18,6 0,18638 0,29820
19 200 25,7 0,25707 0,55527
20 250 32,1 0,32134 0,87661
21 76 9,8 0,09769 0,97429
222 20 2,6 0,02571 1,00000
Téng sd 778 100 1,00000

Bang 6. Bay ham du tuyén dé wéc lwgng phan bé N/H cha Rkn va rirng trong Thong ba la

Dang ham'”) Ham phan bd
F(H) = exp(a + bxLn(H) + cx(h/Hwax) ) Thém 2025(a) (1)
F(H) = exp(a + bxafH) + cx(h/Hua)™) Thém 2025(b) (2)
F(H) = exp(a + bx(h/Hwax) + cx(h/Hwiax) ) Thém 2025(c) (3)
F(H) = (1 - bxexp(-cxH))? Gompertz-Verhulst (1825) (4)
F(H) =1 - exp(-((H - a)/b))° Weibull 3 tham s& (5)
F(H)=1-(1+(H/a)")* Burr (1942) (6)
F(H) =1+ exp(-(H - q)/p))" Richards (1980) (7)

3. KET QUA VA THAO LUAN
3.1. Dic trung thong ké phan bd chiéu cao clia
Rkn va rirng tréng Thong ba 13

Déc truwng théng ké phan bé N/H cla Rkn &
giai doan 6n dinh va rirng trong Thong ba |13 &
tudi 15, 20 va 28 nam dugc tdng hop & Bang 7.
Da6i vai Rkn (1), N = 1.010 cay/ha, H binh quan
(Heq, m) = 13,4 m = 4,7 m. Bién dd cdp H dao
dong tlr 8 + 28 m. Hé sb bién déng rat Ion (CV
= 35,0%). Gia tri Hsq > Me va Mode, Sk > 0 va
Ku > 0 chirng t6 duwong cong phan bé N/H cé

(*) Nguén: [6-9]

dang 1 dinh léch phai va nhon. Déi véi Rkn (2),
N =820 cay/ha, H binh quan (Hgg, m) =19,1 m +
5,0 m. Bién d6 cap H dao dong tlr 8 + 32 m. Hé
s6 bién déng rat lon (CV = 26,2%). Gia tri Hgq <
Me va Mode, Sk = 0 va Ku < 0 chirng té duwong
cong phan bd N/H cé dang 1 dinh gan d6i xirng
va tu. Déi vai rirng trong Théng ba 13 15 tudi, N
= 925 cay/ha, Hgq = 14,6 m * 1,37 m. Bién do
cip H dao déng tir 12+17 m. Hé s6 bién dong
rat nho (CV = 9,4%). Gid tri Hgq> Me va Mode,
Sk > 0 va Ku < 0 chitng té dwdng cong phan bé
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N/H cé dang 1 dinh |éch phai va tu. Déi véi rirng
trong Théng ba 14 20 tudi, N = 860 cay/ha, Hgq
=16,7 m + 1,32 m. Bién d6 cip H dao déng tir
14+19 m. Hé sd bién dong rat nhd (CV = 7,9%).
Gia tri Heg< Me va Mode, Sk < 0va Ku < 0chirng
td dwdng cong phan bé N/H cé dang 1 dinh léch

trai va tu. Dai vdi rirng trong Théng ba 13 28
tudi, N = 778 cay/ha, Hsq = 19,1 m + 1,32 m.
Bién d6 cdp H dao déng tir 14+19 m. Hé sé bién
dong rat nhé (CV = 6,9%). Gid tri Hgq = Me va
Mode, Sk < 0 va Ku < 0 chirng té duwdng cong
phan b6 N/H c6 dang 1 dinh gan d6i xirng va tu.

Bang 7. Pac trung thdng ké phan bd chiéu cao ctia Rkn va rirng trong Théng ba la

Rirng tw nhién

Rirng trong Thong ba la & tudi (ndm)

T Théngke® Rkn (1) Rkn (2) 15 20 28

1 N(cay/ha) 1.010 820 925 860 778
2 Haq (M) 13,4 19,1 14,6 16,7 19,1
3 Me (m) 12 20 14,0 17 19
4 Mode (m) 12 20 14,0 17 20
5 Hutin (M) 8 8 12 14 8

6 Hutax (M) 28 32 17 19 22

7 +SEE (m) 4,7 5,0 137 1,32 1,33
8 V% 35,0 26,2 9,4 7,9 6,
9 Sk 1,215 20,100 0,058 20,171 20,352
10 Ku 1,346 20,088 20,787 20,544 20,138

(*) Me = Trung vi; Mode = Gid tri H xué@t hién nhiéu nhét; SEE = Sai tiéu chudn; Sk = D6 léch; Ku = D6 nhon.

3.2. Xay dwng ham phan bd chiéu cao ciia Rkn
va rirng tréong Thong ba 13
3.2.1. Ham phén bé chiéu cao cta Rkn

Nhitng kiém dinh thong ké tir s6 liéu & Bang
1 va 2 cho thdy 7 ham dy tuyén 1+7 mo ta tot
phan bd F(H) cta Rkn (1) va Rkn (2) (Bang 8-11).
Da&i vdi Rkn (1), s6 liéu & Bdng 9 cho thay 7 ham
du tuyén déu nhan hé s6 xac dinh rat cao; trong
dé cao nhat @ ham 1 (R2=99,99%), thap nhat &
ham 7 (R?=99,13%). Hai thong ké sai léch nhan
gia tri thap nhat & ham 1 (SSE = 0,000021; SEE
= +0,003209), cao nhat & ham 7 (SSE =
0,003876; SEE = +0,035944). Ham 1+3,5va 7
nhan sai s6 hé théng am (ME < 0), con ham 4

va 6 nhan sai s6 hé thdng duong (ME > 0). Gia
tri MAPEmin xuat hién & ham 1 (0,20%), con
MAPEMmax @ ham 7 (3,83%). Noi chung, so véi
SSE cCla ham 1, gid trinay @ ham 2, 3,4, 5, 6 va
7 1én hon tuong ¢ng la 1,33 1an va 1,76 lan,
11,29 |an, 24,24 lan, 38,10 lan va 184,57 lan.
Hinh 1(a) biéu dién sy khéc biét vé hinh dang
cta dudng cong phan bé N/H cha Rkn(1) dwoc
uwdc luvgng theo 5 ham phan bd khac nhau.
Theo tiéu chuan SSEminva SEEmin, ham 1 (Thém
2025a) xép hang 1. Pay la ham thich hop dé xay
dung ham wdc luvgng phan bé F(H) cda Rkn (1).
M& hinh wdc lwgng phan bé F(H) cda Rkn (1) co
dang nhu ham 8.

Bang 8. Bay ham wé'c lwgng phan bé F(H) chia Rkn (1)

Ham Biéu thirc todn hoc clia cac ham F(H)
(1) F(H) = exp(-0,476577 + 0,14598xLn(H) - 0,0081902x(h/Hwax)*583¢) (8)
(2) F(H) = exp(-0,283876 + 0,0558949xAH - 0,010015%(h/Huax) %) (9)
(3) F(H) = exp(-0,137258 + 0,150874x(h/Hwax) - 0,0115717x(h/Hwmax) >5°6¢%) (10)
(4) F(H) = (1 - 4,13585xexp(-0,192921xH))%7187° (11)
(5) F(H) = 1 - exp(-((H - 6,89528)/1,31x10°%))?87742 (12)
(6) F(H) =1 - (1 + (H/8,57562)%6375) 0491672 (13)
(7) F(H) = (1 + exp(-(H - 0,329973)/3,18098)) 17:024> (14)
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Dai v&i Rkn (2), s6 liéu & Bang 11 cho thay 7
ham dy tuyén déu nhan hé sé xac dinh rat cao;
trong d6 cao nhat & ham 7 (R?=99,99%), thap
nhat & ham 5 (R? = 90,26%). Hai théng ké sai
léch nhan gid tri thdp nhat & ham 7 (SSE =
0,000063; SEE = +0,003961), cao nhat & ham 5
(SSE = 0,095802; SEE = +0,154760). B3y ham
nay déu nhan sai sé hé théng dwong (ME > 0).
Gid tri MAPEwmin xuat hién & ham 7 (0,80%), con
MAPEmax @ ham 5 (59,2%). N6i chung, so vdi
SSE clla ham 7, gidtrinay @ ham 1, 2, 3, 4, 5va

6 1&n hon tuong ng 90,6 lan, 62,2 lan, 49,5
lan, 129,9 lan, 1521 lan va 13,0 lan. Hinh 1(b)
biéu dién sy khac biét vé hinh dang clia duwong
cong phan bd N/H cla Rkn(2) dwoc wdc lwong
theo 5 ham phan bé khac nhau. Theo tiéu
chuan SSEwminva SEEmin, ham 7 (Richards, 1980)
x&p hang 1. Day |a ham thich hop dé xay dung
ham wdc lvgng phan bd F(H) cia Rkn (2). M6
hinh wdc lwgng F(H) cta Rkn (2) cé dang nhw
ham 21.

Bang 9. Sai léch clia 7 ham wé'c lwgng phan bé F(H) cia Rkn (1)

Ham R2(%) SSE +SEE

MAE

MAPE ME MPE Hang

(1) 99,99 0,000021  0,003209

0,001644

0,20 -0,000011 -0,01

(2) 99,98 0,000028  0,003763

0,001929

0,24 -0,000015 -0,02

(3) 99,98 0,000037  0,004294

0,002197

0,27 -0,000020 -0,02

(4) 99,25 0,000237  0,008888

0,0047

0,52 0,001744 0,17

(5) 99,88 0,000509  0,013026

0,00827

1,15 -0,000671 -0,19

(6) 99,82 0,000800 0,016329

0,009328

1,08 0,002628 0,21

(7) 99,13 0,003876  0,035944

0,02265

Nofun|h~lwiN

3,83 -0,009418 -1,95

Phén bé N/H cua Rkn(1) (cdy/ha)

500. 4

400 A

300 4

100 A

0

20 24 28
——N (Thém 202 5a)
N (Burr)

8 12 16
===N(True)
——N (Weibull)

N (Gompertz)

——N (Richards) H ( m)

350 7

300 A

200 4

150 4

100 4

50 1

Phén bé N/H cua Rkn(2) (cdy/ha)

8 12
===N(True)
—N(Weibull)

20 24 28 32
N (Thém 202 5¢)—— N (Gompertz)
—N (Burr) —— N (Richards) H(m)

16

Hinh 1. D6 thij biéu dién phan bd N/H cGa Rkn(1) va Rkn(2)
dwoc wdc lwgng tir 5 ham phan bd khéac nhau

Bang 10. Cac ham wéc lwgng phan bd F(H) cta Rkn (2)

Ham

Biéu thirc todn hoc clia cac ham F(H)

(1)

F(H) = exp(3,26862 - 0,823046xLn(H) - 0,403937x(h/Huax) %182

(15)

(2)

F(H) = exp(3,99907 - 0,54804x\[H - 0,896x(h/Huay) 574%)

(16)

(3)

F(H) = exp(3,45691 - 2,04853x(h/Hwmax) - 1,41257x(h/Hpmax) 2%5%)

(17)

(4)

F(H) = (1 - 1,22851xexp(-0,245644xH))337963

(18)

(5)

F(H) =1 - exp(-((H - 8,59548)/-986349,0)) 103647

(19)

(6)

FH)=1-(1+ (H/28,0089)4'36347)'6'203

(20)

(7)

F(H) = (1 + exp(-(H - 18,2616)/2,58027)) 0764453

(21)
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3.2.2. Ham phén bé chiéu cao cta rirng tréng
Théng ba ld

Nhitng phan tich hoi quy tir s6 liéu & Bang 3-
5 cho thay 7 ham du tuyén 1+7 mé ta tét phan
b6 F(H) cta rirng trong Thong ba 13 15, 20 va 28
tudi (Bang 12-17). D&i vdi rirng trong Thong ba
14 15 tudi, s6 liéu & Bang 13 cho thay 7 ham du
tuyén nay déu nhan hé s6 xac dinh rat cao;
trong d6 cao nhat & ham 3 (R?=99,97%), thap
nhat & ham 5 (R? = 93,74%). Hai théng ké sai
léch nhan gid tri thdp nhat & ham 3 (SSE =
0,000210; SEE = +0,010239), cao nhat & ham 5
(SSE = 0,043964; SEE = +0,121056). Ham 1 va 2
nhan sai sé hé théng 4m (ME < 0), con cdc ham
khdc nhan sai s6 hé thdng duong (ME > 0). Gid

tri MAPEwmin xudt hién & ham 2 (2,3%), con
MAPEwmax @ ham 5 (34,7%). So v&i SSE ciia ham
3, gia tri nay & ham 2 khac nhau khéng dang ké,
conham 1, 4,5, 6 va 7 1&n hon twong ing 3,4
lan, 24,4 lan, 209,4 lan, 11,3 1an va 23,2 lan.
Hinh 2(a) biéu dién sy khéac biét vé hinh dang
cta dudng cong phdn bé N/H cla rirng trong
Thong ba 1d duwoc wdc lvgng theo 4 ham phan
bé khac nhau. Theo tiéu chudn SSEwinva SEEwmin,
ham 3 (Thém 2025c) xép hang 1. Day la ham
thich hop dé xay dung ham phan b6 F(H) cla
rirng trong Thong ba & 15 tudi. M6 hinh wéc
lwgng phan bé F(H) cda rirtng trong Thong ba 13
15 tudi c6 dang nhu ham 24.

Bang 11. Sai léch cia 7 ham wéc lwgng phan bd F(H) cia Rkn (2)

Ham R}(%) SSE +SEE MAE MAPE ME MPE Hang
(1) 99,42 0,005708 0,043619 0,023598 19,63 0,009112 16,47 5
(2) 99,60 0,003921 0,036151 0,019019 17,11 0,007357 14,50 4
(3) 99,68 0,003116 0,032229 0,017456 14,80 0,005793 12,38 3
(4) 99,17 0,008181 0,045225 0,030674 20,74 0,015794 17,07 6
(5) 90,26 0,095802 0,154760 0,110564 59,20 0,023454 18,04 7
(6) 99,91 0,000818 0,014301 0,007884 8,00 0,003631 6,98 2
(7) 99,99 0,000063 0,003961 0,002595 0,80 0,000901 0,49 1

Bang 12. Bdy ham wé'c lwgng phan bé F(H) ctia rirng trong Théng ba 1a 15 tudi

Ham Biéu thirc todn hoc cia cdc ham F(H)

(1) F(H) = exp(17,6327 - 5,65395xLn(H) - 1,61951x(h/Hwmax)>?"7%3) (22)
(2) F(H) = exp(1,88477 - 0,388517x\/ﬁ -0,281717x%(h/Hwmax) 8153) (23)
(3) F(H) = exp(0,967523 - 0,702191x(h/Hwax) - 0,264755x(h/Hwmax) 3%7€) (24)
(4) F(H) = (1 - 1150,83%exp(-0,82476xH))>8812 (25)
(5) F(H) = 1 - exp(-((H - 12,0312)/3,98141))+7128% (26)
(6) F(H) = 1 - (1 + (H/14,6004)45114) 151505 (27)
(7) F(H) = (1 + exp(-(H - 8,04611)/1,20632))°23042 (28)
Bang 13. Sai léch cia 7 ham wé'c lwgng phan bd F(H) cha rirng trong Thong ba 13 15 tudi
Ham  R%(%) SSE +SEE MAE MAPE ME MPE  Hang

(1) 99,89 0,000722 0,019006 0,010052 4,4 -0,00173 -2,9 3

(2) 99,96 0,000211 0,010277 0,005202 2,3 -0,00022 0,8 2

(3) 99,97 0,000210 0,010239 0,005221 2,4 0,00027 1,0 1

(4) 99,27 0,005127 0,0413 0,025278 11,1 0,01163 8,9 6

(5) 93,74 0,043964 0,121056 0,076745 34,7 0,01593 13,4 7

(6) 99,66 0,002374 0,028128 0,017103 7,9 0,00065 -5,2 4

(7) 99,31 0,004869 0,040287 0,024245 10,2 0,01149 8,1 5

Da&i véi rirng trong Thong ba 13 20 tudi, s6
liéu & Bang 15 cho thdy 7 ham du tuyén nay
déu nhan hé sé xac dinh rat cao; trong dé cao

nhat &@ ham 6 (R?=99,96%), thdp nhat & ham 5
(R?=90,48%). Hai théng ké sai léch nhan gia tri
thdp nhat & ham 6 (SSE = 0,000290; SEE =
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+0,009827), cao nhat & ham 5 (SSE = 0,071338;
SEE = +0,154206). Bay ham nay déu nhan sai sé
hé théng duwong (ME > 0). Gia tri MAPEmin xuat
hién & ham 6 (1,8%), con MAPEwmax & ham 5
(45,1%). So v@i SSE clia ham 6, gid tri nay & ham
1, 2 va 3 1&n hon twong (ng 3,7 lan, 3,5 lan va
3,5 [an. Hinh 2(b) biéu dién sy khac biét vé hinh
dang cla dudng cong phan bé N/H cla rirng

tréng Thong ba 13 20 tudi dugc uwdc lugng theo
4 ham phan bé khac nhau. Theo tiéu chuin
SSEmin va SEEmin, ham 6 (Ham Burr, 1942) xép
hang 1. D3y 1a ham thich hgp dé xay dung ham
udc lwvong phan bd F(H) cta rirng tréng Thong
ba 13 20 tudi. Md hinh udc lwgng F(H) clha rirng
tréng Thong ba 14 20 tudi cé dang nhu ham 34.

Bang 14. Bdy ham wé'c lwgng phan bé F(H) cha rirng trong Théng ba 1a 20 tudi

Ham Biéu thirc toan hoc ctia cac ham F(H)
(1) F(H) = exp(17,9857 - 5,69522xLn(H) - 1,21354x(h/Hwax) >?78*3) (29)
(2) F(H) = exp(12,7883 - 2,64946x\/ﬁ - 1,23976%(h/Hwmax) >5%%?) (30)
(3) F(H) = exp(5,93097 - 4,91643x(h/Hwmax) - 1,01197x%(h/Hwax) >*°%%%) (31)
(4) F(H) = (1 - 4763,23xexp(-0,898611xH))?7>056 (32)
(5) F(H) = 1 - exp(-((H - 14,0689)/6,81437E6))>8175%%6 (33)
(6) F(H) =1-(1+ (H/17,6421)6:1782)297844 (34)
(7) F(H) = (1 + exp(-(H - 15,1823)/0,957998)) 215193 (35)

Bang 15. Sai léch ctia 7 ham wéc lwgng phan bd F(H) ctia rirng trong Thong ba 13 20 tudi

Ham  R%(%) SSE +SEE MAE MAPE ME MPE  Hang
(1) 99,86 0,001074 0,023176 0,010587 6,7 0,002910 5,0 4
(2) 99,87 0,001005 0,022414 0,009986 6,4 0,003868 4,9 2
(3) 99,86 0,001029 0,022677 0,010141 6,5 0,002728 4,8 3
(4) 98,69 0,009851 0,057304 0,037074 20,2 0,019001 16,1 6
(5) 90,48 0,071338 0,154206 0,103258 45,1 0,018844 13,1 7
(6) 99,96  0,000290 0,009827  0,005965 1,8 0,000962 -0,6 1
(7) 99,41 0,004401 0,038300 0,023836 9,8 0,007382 6,2 5

Bang 16. Bdy ham wé'c lwgng phan bé F(H) cha rirng tréng Théng ba 13 28 tudi
Ham Biéu thirc todn hoc clia cac ham F(H)

(1) F(H) = exp(20,8742 - 6,45541xLn(H) - 0,926505x%(h/Hwmax) ®>*>%7) (36)

(2) F(H) = exp(14,4659 - 2,71276x\/ﬁ - 1,68676x%(h/Huax) #3%2%) (37)

(3) F(H) = exp(7,49832 - 6,22343%(h/Hwmax) - 1,24263x(h/Hwmax) >2%47) (38)

(4) F(H) = (1 - 12,7856xexp(-0,463805xH))?°%>77 (39)

(5) F(H) = 1-exp(-((H - 16,1806)/0,0239051))°0717872 (40)

(6) F(H) =1 - (1 + (H/25,2066)7,0915)105,712 (41)

(7) F(H) = (1 + exp(-(H - 19,519)/0,509976)) 0425414 (42)

Da&i véi rirng trong Thong ba 13 28 tudi, s6
liéu & Bang 17 cho thdy 7 ham du tuyén nay
déu nhan hé sé xac dinh rat cao; trong dé cao
nhat &@ ham 6 (R?=99,92%), thdp nhat & ham 4
(R?=89,01%). Hai théng ké sai Iéch nhan gia tri
thdp nhat & ham 6 (SSE = 0,000772; SEE =
+0,013894), cao nhat & ham 4 (SSE = 0,110280;
SEE = +0,166042). Ham 1, 4 va 5 nhan sai s6 hé
théng dwong (ME > 0), con cadc ham khac nhan

sai s6 &m (ME < 0). Gia tri MAPEwi, xuat hién &
ham 6 (3,1%), con MAPEmax @ ham 5 (57,1%).
So v&i SSE clia ham 6, gid trinay @ ham 1, 2 va
31én hontwong ing 5,7 1an, 15,8 lan va 8,0 lan.
Hinh 2(c) biéu dién sy khac biét vé hinh dang
cta duong cong phan bé N/H cla rirng tréng
Théng ba |4 28 tudi dwoc wdc lugng theo 4 ham
phan b6 khac nhau. Theo tiéu chuidn SSEmin va
SEEmin, ham 6 (Ham Burr, 1942) xép hang 1. Day
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la ham thich hop dé xay dung ham wdc lugng
phan bd F(H) cba rirng trong Thong ba 1a 28

tudi. M6 hinh wdc lwgng F(H) cda rirng trong
Théng ba 14 28 tudi cé dang nhu ham 41.

Bang 17. Sai léch cia 7 ham uwéc lwgng phan bd F(H) cha rirng trong Thong ba Ia 28 tudi

Ham  R%(%) SSE +SEE MAE MAPE ME MPE  Hang
(1) 99,56  0,004380  0,038209  0,019683 14,2 0,012055 12,9 3
(2) 98,78  0,012211  0,063799  0,033849 10,3 -0,011432  -7,7 5
(3) 99,38  0,006211  0,045502  0,024535 9,6 -0,004468 0,9 4
(4) 89,01 0,110280 0,166042  0,112379 49,4 0,026150  -34,7 7
(5) 92,59  0,074380  0,136363  0,080245 57,1 0,002922 16,6 6
(6) 99,92  0,000772  0,013894  0,008934 3,1 -0,001739  -14 1
(7) 99,90  0,001005 0,015848  0,010248 7,1 -0,000853  -4,6 2
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Hinh 2. D6 thij biéu dién phan bd N/H cla rirng trong Thong ba 1a & tudi 15, 20 va 28 ndm
duoc wéc lwong bang nhitng ham phan bé khac nhau

4. KET LUAN

Nghién clru nay phat trién ba ham mdi dé
uwdc lwgng phan bé chiéu cao cta rirng ty nhién
hon 10ai va rirng trong thuan loai dong tudi. T
giad thuyét duwdng cong phan bd F(H) cla rirng

TAP CHI KHOA HQC VA CONG NGHE LAM NGHIEP TAP 15, SO 5 (2026)

tw nhién hon loai va rirng trong thuan loai déng
tudi c6 dang ham s6 mii, nghién clru nay dé
xuat ba ham F(H) méi: (1) F(H) = exp(a +
bxLn(H) + cx(h/Hwax)?); (2) F(H) = exp(a + bx[H
+ cx(h/Hwax)®); (3) F(H) = exp(a + bx(h/Hwmax) +
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cx(h/Hwmax)?). Uu diém cta ba ham F(H) mdi nay
duoc so sanh vai 4 ham phan bé cia Gompertz
3 tham s6 (1825), Weibull 3 tham s&, Burr
(1942) va Richards (1980). Néi chung, khéng cé
ham phan bé nao trong s6 7 ham dy tuyén mod
ta t6t nhat phan bd N/H cla rirng tu nhién hon
loai va rirng trong thuan lodi dong tudi. Khi
phan b6 N/H c6 dang 1 dinh Iéch phai, ba ham
ma&i nay phu hgp hon so v&i 4 ham Gompertz 3
tham s6, Weibull 3 tham s&, Burr va Richards.
Khi phan bé N/H cé dang 1 dinh léch trdi hoac
gan déi xirng, ba ham mdi nay kém phu hop
hon so v&i ham Burr va Richards, nhung van tot
hon so vdi 2 ham Gompertz 3 tham sd va
Weibull 3 tham s6. U'u diém cda 3 ham mai nay
la cac tham s6 cla ching duoc xac dinh dé
dang bang phuong phap hoi quy tuyén tinh va
hoi quy phi tuyén tinh. Nhdm tac gid ki€n nghi
cac nha lam hoc va diéu tra rirng cé thé dp dung
3 ham phan bd F(H) méi nay dé xac dinh ham
phan bd N/H thich hop d6i vdi rirng tw nhién
hdn loai va rirng trong thuan loai dong tudi.
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