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TOM TAT

Tir sb lidu cdy tidu chudn chat nga va bang phuong phéap xt 1y s6 liéu thich hop, nghién ciru da xac dinh duoc

ty 1€ sinh khéi cho cac bo phan than, canh, 14, ré cta cdy ving Nam Trung Bo tuong ung 1a: 69,2%; 3,2%;
3,6% va 14,0%. Phuong trinh W1:O,O6223”‘Dz‘]zs“*HO‘5432 dugc chon lam phuong trinh sinh khéi phén trén mat
dat cua cdy; sinh khdi phin dudi mat dat duge tinh tir sinh khdi phan trén miat dit theo phuong trinh W,=
0,1750%(W)***%; phuong trinh W=0,06223*D*'2**H*%24(,1750%(0,06223*D>'***H*>3%)%%23 qyoc chon
lam phuong trinh sinh khéi chung ctia cdy rimg ty nhién ving Nam Trung Bo. Hé s6 cac bon K=0,45 duoc sir

dung dé quy d6i sinh khdi kho sang khdi lwong céc bon cua cdy gd rirng ty nhién nuéc ta.

Tir khéa: Cdc bon, chiéu cao, dwong kinh, hé sé chuyén doi cdc bon, phwong trinh sinh khoi, sinh khoi.

I. PAT VAN DE

Dién tich rung cta Viét Nam vao thoi
diém 2013 xap xi 13,8 triéu ha, trong d6 rimg
ty nhién chiém 10,4 triéu ha (Theo Quyét
dinh s6 1739/QD-BNN-TCLN ngay 31 thang
7 ndm 2013 cia BO NN&PTNT). So voi rung
trong thi nhitng nghién ctru gép phan xay
dung co s& cho diéu tra sinh khdi va cac bon
rung ty nhién ¢ nudc ta con it, chua duogc
cht trong dung muc. Tir d6 con thiéu nhing
co s& can thiét dé x4y dung phuong phap
diéu tra sinh khéi va cac bon cho ddi tuong
rimg nay. Xuét phat tir thyc t& d6, bai bao dé
cap dén két qua nghién ciru x4y dung co s&
khoa hoc cho diéu tra sinh khéi va cac bon
cdy dung rung ty nhién 14 rong thudng xanh
vung Nam Trung Bo. Két qua nghién ctu s&
déng gép mot phan vao viéc xiy dung
phuong phéap diéu tra sinh khdi va cac bon
rung ty nhién ¢ Viét Nam.

Nghién ctru dé cap cac nodi dung sau: (1) Xéc
lap phuong trinh sinh khdi phan trén mat dat
ctia cy; (2) Xac dinh sinh khéi phin dudi mit
dat cua cdy; (3) Xéc dinh cac bon cay gb.

IL. SO LIEU, PHUONG PHAP NGHIEN CUU

2.1. S6 li¢u nghién ciru

S6 liéu dung cho thiét 1ap phuong trinh
sinh khdi phan trén mat dat 1a 220 cay; bao
gdém 110 cay thudc 2 6 tiéu chudn diéu tra &
Quang Nam, 110 cay thudc 2 6 tiéu chuan
diéu tra & Binh Thuan (tir nguodn s6 liéu cua
UN-REED VN: Chuong trinh giam phat thai
khi nha kinh do mét rimg va suy thoai rimg
ctia Lién hop qudc tai Viét Nam).

St dung s liéu cta 1 & tiéu chuin (55
cdy) diéu tra & Binh Thuén (tir ngudn sé liéu
cua UN-REED VN) khong tham gia tinh toan
dé kiém nghiém phuong trinh sinh khéi phan
trén mat dat cua cay.

S6 lidu dung dé xdy dyng phwong phap
udc tinh sinh khdi phan dudi mat dit cua ciy
gdm 60 cdy diéu tra ¢ Thai Nguyén (tir
ngudn sbé liéu cua Nguyén Thanh Tién,
2012), va 77 cay diéu tra ¢ rumg tu nhién la
rong thuong xanh vung Tay Nguyén (tur
ngudn sé liéu cua Bao Huy, 2013).

S6 liéu dung dé xdy dung phwong phap
wdc tinh lugng cac bon cdy gb tir sinh khdi 1a
149 cay nga diéu tra ¢ rung ty nhién 14 rong
thuong xanh ving Tay Nguyén (tir ngudn s
liéu cia Bao Huy, 2013).

Nhiing cdy diéu tra sinh khéi 1a nhitng cay
dugc chon ngau nhién theo cép kinh trong
cc O tiéu chudn c6 dién tich 1 ha. Cay tiéu
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chuén sau khi dugc chon, tién hanh chat nga
va diéu tra sinh khdi theo phuwong phép cua
UN- REED Viét Nam.

2.2. Phwong phap xir Iy so liéu

Véi ndi dung 1: Thur nghiém mot ) dang
phuong trinh sinh khéi thuong duoc céc tac
gia st dung dé chon phuong trinh sinh khéi
thich hop nhét.

Log(W)=apt+a,; *log(D)+a,*log(H) (2.1)
Log(W))= ag+a, *log(D**H) (2.2)
W= bot+b;(D**H) (2.3)
W= bgtb H+b,(D*H) (2.4)

Log(W/)=apta, *log(D)Jraz*log(Dz*H)(Z.5)

W= apta; *D+a,*H+as >k(Dz*H) (2.6)

W]Z ao+al *G+a2*H+a3*(G*H) (2.7)

O céac phuong trinh trén, D 1a duong kinh
ngang ngyc, don vi tinh 1a cm; H 1a chiéu cao,
don vi tinh 12 m; G 1a tiét dién ngang cta cAy,
don vi tinh 12 m* W, 14 sinh khdi phan trén
mat dat, don vi tinh 13 kg.

Viéc chon phuong trinh tét nhat dugc dua
vao 3 diéu kién co béan sau:

M0t 1a: TAt ca cac hé sb ay, ay, a, az bo, by, by
cua phuong trinh déu ton tai. Mitc do ton tai cia
mot hé sé nao do cla phuong trinh dugc can ctr
vao murc y nghia cua dai luong kiém tra T (ky
hiéu 1a Sig). Khi mirc y nghia nho hon 0,05 thi
hé s6 cua phuong trinh ton tai va nguoc lai thi
hé s6 cua phuong trinh khong ton tai.

Hai 1a: Phuong trinh dugc chon 1a phuong
trinh mo ta tdt nhat quan hé cua sinh khéi W,
v6i cac bién D va H. Phuong trinh mé ta quan
hé gitta bién phu thudc y véi cac bién doc lap
X1, X2 ..Xm cang thich hop thi sai khac gitra gia
tri Iy thuyét véi gia tri quan sat tham gia tinh
toan cang nhd. Vi thé, dé kiém tra diéu kién
thir 2, nghién ctru s dung téng sai léch binh
phuong giita gia tri W, 1y thuyét véi gia tri W,

quan sat Y (W;-W,1)>. Phuong trinh nao gia
tri cua dai lwong ndy nhé nhét thi phuong trinh
d6 mo ta tdt nhat quan h¢ W, véi D va H.

Ba la: Céc loai sai s6 khi kiém nghiém phuong
trinh déu nho nhét va khong c6 sai sé hé théng.

Muc dich cia viéc kiém nghiém phuong
trinh 1a danh gid dugc do chinh xac khi s
dung phuong trinh xac dinh sinh khdi cdy
dimg. V61 muc dich nhu vay, da st dung 1 6
tiéu chuan ¢ Binh Thuan khong tham gia tinh
toan dé kiém nghiém phuong trinh. Noi dung
nay dugc thuc hi€n vdi nhitng phuong trinh
sinh khéi ¢6 tat ca cac hé sé déu ton tai.

Céc ti€u chi sau day duogc tinh toan khi
kiém nghiém phuong trinh:

- Vi cdy ca 1é: Sai s nho nhat, sai s6 16n
nhat, sai s6 sinh quan, thong ké s cdy kiém tra
¢6 sai s6 duong va s cay kiém tra c6 sai s6 am.
Sai s6 duoc sir dung & day 13 sai s6 tuong doi.

- Véi tap hop cay kiém tra: Dung sai s
tong sinh khdi.

1. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Véi phwong trinh sinh khoi
3.1.1. Két qud tinh phwong trinh sinh khoi

Céc phuong trinh sinh khéi cu thé duoc tinh
theo 7 dang phuong trinh tir (2.1) dén (2.7) cho
ving Nam Trung Bo tir s6 liéu 220 cay tuong
g vé6i cac phuong trinh tir (3.1) dén (3.7):

Log(W/)=-1,2060+2,1254*log(D)+0,5432

*log(H) R’=0,9811 (3.1)

Log(W)=-1,3902+0,9447*log(D**H)

R’=0,9797 (3.2)
W= 0,0435+0,02359%(D**H)
R™=0,9240 (3.3)
W= -138,0085-9,2130*H+0,02478*(D**H)

R?=0,9252 (3.4)
Log(W)=1,2060+1,0389*log(D)+0,5432*log(D**H)

R’=0,9811 (3.5)
W,=147,9278+7,4384*D - 17,9635
*H+0,02326*( D**H)

R’=0,9811 (3.6)

W =149,2430+2323,19*G-12,6954*H
+254,1365*(G*H)
R?=0,9269 (3.7)
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Hé s6 x4c dinh R* & cac phwong trinh déu
rit cao, tir 0,9240 dén 0,9555. Nhu vay sinh
khéi W, ¢ ving Nam Trung bo ¢6 quan hé chat
dén rat chat v6i D va H va duoc mé ta tdt bﬁng
cac phuong trinh tir (3.1) dén (3.7).

3.1.2. Chon phuwong trinh sinh khoi
+ Kiém tra ton tai cic hé sb ctia phuong trinh
Trong s cac phuong trinh trén:
Phuong trinh (3.4) hé s a; khong ton tai
(sig =0,124).
Phuong trinh (3.6) hé sé a; khong ton tai
(sig=0,062).
Phuong trinh (3.7) hé s a, khong ton tai
(sig=0,120).

Cac phuong trinh (3.1), (3.2), (3.3) va (3.5)
tat ca cac hé sb déu ton tai.

+ Chon phuong trinh md ta tot nhat quan
hé W; véi D va H

Theo phuong phap da trinh bay ¢ trén, tinh
dai luong Y(W-WiLr)* cho cic phuong trinh

o tit ca cac hé sb déu ton tai. Gid trj cia dai
lugng nay tuwong ung vdoi cac phuong trinh
(3.1), (3.2), (3.3), (3.5) cu thé nhu sau: 27,40;
29,47, 28,20; 27,90.

Dura vao gid tri cua dai luong Y (W-W11)%,
muc d§ thich hgp cia cic phuong trinh sinh
khéi duge xép theo thi tu tir cao dén thap nhu
sau: Phuong trinh (3.1), phuong trinh (3.5),
phuong trinh (3.3), phuong trinh (3.2). Theo
két qua tinh toan ¢ trén, phuong trinh (3.1)
dugc xem 13 phuong trinh moé ta t6t nhat quan
hé W, véi D, H cay gb rung tu nhién ving
Nam Trung bd.

+ Kiém nghiém cic phuong trinh sinh khéi

Bang sb liéu cdy chit nga ¢ 6 tiéu chuan
khong tham gia tinh todn, tién hanh tinh céc
loai sai s6 nhu di gii thiéu & phin phuong
phap nghién ctru cho cac phuong trinh tir (3.1),
(3.2), (3.3) va (3.5). Két qua tinh sai s6 duoc
cho ¢ bang 1.

Bang 1. Két qud tinh sai sé cho cdc phwong trinh sinh khoi W, viing Nam Trung b

vy mangtin(y  mamgany  AWma TBan%gw)
(3.1) 51 45,1 54,9 31,41 13,93 -4,50
(3.2) 51 373 62,7 32,63 13,49 -13,60
(3.3) 51 41,2 58,8 32,37 15,47 12,21
(3.5) 51 58,8 41,2 31,40 13,93 -5,53

Két qua tinh sai s6 & bang 1 cho thiy:

Sai s6 16n nhit: Sai sé 16n nhat mic phai ¢
4 phuong trinh trén xdp xi nhau, tr 31,40%
dén 32,63%.

Sai s6 binh quan: Sai s6 nay 16n nhét thudc
vé phuong trinh (3.3) va x4p xi nhau ¢ 3
phuong trinh con lai.

Sai s6 téng sinh khéi cdy kiém tra: Sai sb
nay & tit ca cac phuong trinh déu mang dau
am, nhung nho nhat thugc vé phuong trinh
(3.1), & phwong trinh (3.2) va (3.3) sai sb nay
xap xi nhau, tir -12,21% dén -13,60%.

S6 1an mic sai s6 (+) va sai s6 (-): Trong 4
phuong sinh khéi, ty 18 s cay mic sai s (-) ¢

phuong trinh (3.2) vuot 60% .Tir d6 c6 thé két
luan phuong trinh nay méc sai s6 hé théng.

Véi két qua tinh sai s6 & trén c6 thé rat ra
nhan xét chung 13, trong sé 4 phuong trinh
sinh khéi W, dugc kiém nghiém & ving Nam
Trung b9, gid tri Ién nhét cua sai s6 binh quan
thudc vé phuong trinh (3.3), sai sb tong sinh
khéi cay kiém tra 16n hon thudc vé phuong
trinh (3.2) va (3.5). V6i két qua tinh sai sb
nhu vdy, phuong trinh (3.1) dugc xem la
phuong trinh sinh khéi ¢6 sai s6 nho nhét khi
diéu tra sinh khéi cdy dung ring tu nhién
vung Nam Trung bo.
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3.2. Tinh gia tri sinh khoi dwéi mit dit W,
Nghién ctru ké thira s6 liéu sinh khdi phan
duéi mat dat W, cia Nguyén Thanh Tién
(2012) va Bao Huy (2013) dé thyc hién noi
dung nay. Hé s6 K, va ty 1 phan tram W,

duogc tinh theo cong thirc:
— Wy

W (3.8)

w,

W% = 100*% (3.9)

Tir 2 ngudn s6 liéu tinh dugc:

Hé s6 Ky c6 gid tri tir 0,112 dén 0,220, trung
binh 14 0,160; hé sé bién dong S% bang 17,07%.
Tir hé s6 Ky, Wa duoc suy theo cong thc:

sz Kw*Wl = 0,160* W1 (310)

Ty 1é phan trim cta sinh khbi W, so voi
tong sinh khdi cua cdy chiém tir 10,06 dén
19,18%, trung binh 1& 14%; hé sb bién dong
bang 14,89%.

Tu 137 cap gia tri quan sat, phuong trinh
chung dugc xac dinh cu thé nhu sau:

Log(W,)=-0.7570+0.9823*log(W;) (3.11)

Hé sb x4c dinh cua phuong trinh trén

R*=0,9347.
Chuyén phuong trinh (3.11) vé dang mil:
W= 0,1750%(W)>8 (3.12)

bé chon céch thich hop nhét xac dinh W, tir
W, da tinh tong binh phuong sai léch gitta gia
tri W, ly thuyét véi gid tri W quan sat, ky hiéu
la Z(Wz-Wz(LT))Z . Céch tinh nao gia tri cua dai
luong nay nho hon thi cach tinh do dugc su
dung dé xéac dinh W..

Két qua tinh cho thiy, W, tinh tir phuong
trinh (3.12) ¢é d¢ chinh x4c cao hon so vdi
tinh tir hé s6 K,,. Tir d6 W, dugc suy dién tir
quan hé (3.12).

Tinh gid tri sinh khoi chung ciia cdy W
Sinh khéi cua cdy W 1a tong sinh khéi bo
phan trén mat dat W, va bo phan dudi mat dat

W,, duoc tinh cu thé theo cong thuc chung:

W=W;+W, (3.13)

Trong d6 W, dugc tinh tir phuong trinh sinh
khéi (3.1)
Tir phwong trinh (3.1) chuyén vé dang ham

mi ta duoc:
W= 0,06223*¥D>! 2442 (3.14)
W= 0,06223*D2’1254*H0’5432+
+0,1750 *(W,)*98% (3.15)

Thay W, & (3.15) bang phuong trinh (3.14), ta dugc:
W= 0,06223*D>!2*+H*3*3210, 1750

" (0,06223*D2’1254*H0’5432)0’9823 (3.16)

3.3. Nghién ciru phwong phap wdéc tinh lwong
cac bon tir sinh khéi khé

Pé thuc hién nodi dung nay, di ké thira sb
liéu cua tac gia Bao Huy (2013). Pay 1a ngudn
s6 liéu vé sinh khéi va cac bon cua 149 ciy
diéu tra tai ring tu nhién 1a rong thudng xanh
vung T4y Nguyén. Trong d6 149 cdy ¢ du sd
liéu sinh khéi va cac bon céac bd phan trén mat
dat, 61 cay co s6 liéu sinh khdi va cdc bon
phan dudi mat dat.

Tur s6 lidu diéu tra, dd x4c dinh dwoc mot s6
dic trung mau cia hé sb cac bon cho mdi bd

phan cua cay (bang 2).

Bang 2. Két qud tinh mét so dic trung méu ciia hé sé cdc bon theo bj phin cdy

Pac trung Canh La Than Trén mit dat Dud6i mit dat
¥ 0.4395 0.4234 0.4543 0.4501 0.4496
S 0.0694 0.0635 0.0703 0.0669 0.0744
S% 15.80 15.01 15.47 14.87 16.55
Min 0.3337 0.2634 0.3208 0.3294 0.1883
Max 0.5800 0.5740 0.5886 0.5794 0.5789
n 149 149 149 149 61
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Hé s6 chuyén doi céc bon duoc tinh theo cong
thirc:
— et (3.17)

Ke=—
LN

O cong thuc trén, C la khdi luong cac bon,
W 14 sinh khéi kho cta b phan can tinh. Tir
bang 2 nhan thay, gia tri binh quin cua hé s
K. & cic bd phan tir 0,4234 (14) dén 0,4543
(than). H¢ s6 K, cua bd phan trén mat dét binh
quan bang 0,4501. Hé sé K, ctia b phan dudi
mit dat binh quin bing 0,4496. Hé s6 chuyén
ddi cac bon chung cua cdy duoc tinh tir hé sd
chuyén ddi cac bon bd phan trén mat dét va bo
phan dudi mit dat theo ty 1& phan tram sinh
khéi twong tng.

Tur s6 lidu diéu tra cua 137 cdy ¢6 du sinh khoi
ctia céc bo phan cho thdy, ty 18 sinh khéi kho W
va W, 1an luot bang 86,16% va 13,84%.

Tir két qua tinh ty 1& sinh khéi trén, hé sd
chuyén d6i cac bon chung cta cay dugc tinh cy
thé bang:

K=(0,4501*86,16/100)+(0.4496* 13,84/100)= 0,4500

Thong qua hé s6 chuyén d6i K., khdi luong
cac bon duogc xac dinh tir sinh khéi kho cua
cay theo cong thuc:

C=K*W=0,45*W (3.18)

Ngoai viéc xac dinh khdi luong céc bon tir
hé sb chuyén dbi K, con c6 thé x4c dinh tir quan
hé C v6i W. Két qua tinh toan & trén cho thay,
hé s6 cac bon bd phan trén mat dét xép Xi vo1 hé
s6 cac bon bd phan dudi mat déat va hé s cac
bon chung cua cay (0,4501; 0,4496; 0,450). Tu
do sé su dung s6 liéu sinh khdi va cdc bon cia
b phan trén mat dat & 149 cay diéu tra dé xac
1ap quan hé C/W. Qua thtr nghiém véi mét s6
dang phuong trinh, quan h¢ C/W dugc mo ta
thich hop nhit bang phuong trinh:

C=0,4280% W' (3.19)

Heé s6 xéc dinh cua phuong trinh trén

R*=0.9932.

DPé chon cach xéac dinh khdi lugng cac bon

t6t nhat tir hai cach trén, da kiém nghiém bing

sb liéu cua 39 cay co du s6 liéu sinh khéi va
cac bon bd phan trén va dudi mat dat. Két qua
cho thiy, khi khéi lwong cac bon tinh theo hé
) chuyén ddi K=0.45, cac loai sai s6 méc
phai nhu sau:

- Sai $6 16n nhat mic phai bang 13,7%.

- Sai s6 binh quan bang 5,35%.

- Sai s6 tong khéi lwong cic bon cdy kiém
tra bang -3,63%.

Khi khéi luong céc bon tinh theo phuong
trinh (3.19), cac loai sai s6 mic phai nhu sau:

- Sai s6 16n nhat mic phai bang 23,44%;

- Sai s6 twong d6i binh quén bang 12,85%;

- Sai s6 tong khéi luong cac bon cay kiém
tra bang -10,75%.

Két qua tinh sai s6 ¢ trén cho théy, cac loai
sai s& xac dinh céc bon chung cua cdy tir
phuong trinh (3.19) luén 16n hon sai sé xac
dinh céc bon tir hé s chuyén ddi. Tir d6, hé sb
chuyén ddi cac bon K= 0,45 duogc st dung dé
quy dbi sinh khéi sang khéi lwong céc bon ciia
ciy go rumg tw nhién nudc ta.

IV. KET LUAN

Tir két qua thuc hién céc ndi dung nghién
ctru, rat ra mot s6 két luan chinh sau:

- Trong 7 dang phuong trinh sinh khéi thir
nghiém cho cac b phan trén mat dét cua cay,
phuong trinh (3.1) dugc chon la phuong trinh
sinh khéi thich hop nhat cho ving Nam Trung
Bg. Khi st dung phuong trinh nay udc tinh
sinh khéi phan trén mat dét cay c4 1é, sai s6 16n
nhat méic phai 1a 31,41%; sai s6 tong sinh khdi
ciy diéu tra khong vuot qué -4,5% va khong
mic sai s6 hé théng.

- Ty 18 sinh khdi cua cac bd phéan thén,
canh, 14 so v6i sinh khéi trén mat dat W, twong
g bang: 80,5%: 15,4%; 4,1%.

- Hé s6 Kw» 6 gia tri tir 0,1571 dén 0,1629,
trung binh 1a 0,1600

- Ty 18 phan tram cua sinh khéi W, so véi
tong sinh khdi cua cdy chiém tir 10,06 dén
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19,18%, trung binh 1& 14%; hé s6 bién dong
bang 14,89%.

- Sinh khéi dudi mat d4t W, duoc tinh tir sinh
khoi trén mit dat W, theo phuong trinh (3.12).

- Sinh khéi chung cua cay dwoc tinh tir D va
H theo phuong trinh (3.16).

- Gia tri binh quan cta hé s K. & cac bd
phan tir 0,4234 (14) dén 0,4543 (than). He s6
K. cta by phan trén mat dat binh quan bang
0,4501. Hé s6 K. ctoa bo phan dudi mat dat
binh quan bang 0,4496. H¢ s chuyén doi cac
bon chung cua cdy duoc tinh tir h¢ s6 chuyén
doi cac bon bd phan trén mat dat va bd phan
dudi mat dat theo ty 16 phan trim sinh khoi
twong tng bang 0.45. )

- Quan hé¢ C/W dugc mo ta thich hop nhat
bang phuong trinh (3.19)

- C4c bon cuia cdy tinh tir hé sb chuyén doi
K= 0,45 cho d§ chinh xac cao hon tinh tir
phuong trinh (3.19). Tur dé gia tri K= 0,45

duoc sir dung dé quy ddi sinh khéi kho sang khdi
luong céc bon cuia ciy gd rimg tu nhién nudc ta.
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DEVELOPING SCIENTIFIC BASIS FOR DETERMINING STANDING
TREES BIOMASS AND CAC BON IN NATURAL EVERGREEN BROAD-
LEAVED FORESTS IN THE SOUTH CENTRAL COAST OF VIET NAM

Vu Tien Hung, Pham The Anh

SUMMARY

From figures of cut standard trees and by the appropriate data processing methods, research has identified biomass ratio
for body parts, branches, leaves and roots of trees in South Central Coast as respectively: 69,2%; 3,2%; 3,6% and
14,0%. The equation W,=0,06223*D*'**H"*%2 was chosen as biomass equation for above ground parts of the trees;
biomass for underground parts of the trees was calculated from the above ground biomass according to the equation
W,=0,1750%(W)***?; the equation W=0,06223*D>'>*H***24+0,1750%(0,06223*D*>'***H**#%)%%3 g chosen as
general biomass equation for the natural forest in South Central Coast. Carbon coefficient K.=0.45 was used for
conversion of dry biomass into carbon volume of timber trees in natural forest in our country.

Keywords: Biomass, biomass equations, carbon, carbon conversion ratio, diameter, height.

Nguoi phan bién
: 16/5/2014
: 02/7/2014
: 07/9/2014

Ngay nhan bai
Ngay phan bién
Ngay quyét dinh ding

: TS. Pham Minh Toai

26 TAP CHI KHOA HQC VA CONG NGHE LAM NGHIEP SO 3 - 2014



