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ABSTRACT

This paper presents an optimization method for determining locations and capacities of distributed
generation types in order to reduce total loss and improve voltage quality of distribution networks. The location
and active power of distributed generations are determined in such a way that the total loss of active power in the
network is the smallest while it still ensures constraint conditions of power balances, voltage limits at the nodes
and the current limits allowed on its branches. The IEEE 33-bus test network is used to verify the proposed method
in this paper. The simulation results show that when the distributed generations with optimal position and capacity
are connected to the network, the total loss is reduced and voltage quality of the grid is improved significantly.
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T6i wu vi tri va céng suat nguon dién phan tan
nham nang cao chat lwong dién ap trén lwéi dién phan phoi

Ngo Minh Khoa®, Huynh Dirc Hoan

Khoa Ky thudt va Cong nghé, Truong Dai hoc Quy Nhon, Viét Nam

Ngay nhdn bai: 25/10/2019; Ngay nhdn déang: 26/11/2019

TOM TAT

Bai bao trinh bay phuong phap t6i uu dé xac dinh vi tri va cong suit ciia cc loai ngudn dién phéan tan nhim

cuc tiéu ton that cong suat tdc dung va nang cao chat lugng dién ap trén ludi dién phan phoi. Vi tri va cong suat

t6i uru ctia nguon dién phan tan dugc xac dinh sao cho tong ton thit cong suit tac dung trén ludi dién 1a nho nhét

ma van dam bao cac diéu kién rang budc vé can bang cong suat, gidi han dién ap tai cac nit va gidgi han veé dong

dién cho phép trén cac nhanh cua ludi dién. Ludi dién IEEE 33 nit duoc sir dung dé kiém chimg phuong phap

dugc trinh bay trong bai bao nay. Két qua mo phong cho thdy sau khi déu nbi cic ngudn dién phan tan véi vi tri

va cong suat toi wu da lam giam ton that cong suat tac dung dang ké va nang cao chat lugng dién ap cia ludi dién.

Tir khoa: Ludi dién phdn phéi, nguon dién phan tan, chat heong dién dp, chat heong dién ndng, phirong phdp toi wu.

1. PAT VAN DPE

Ngay nay voi sy phat trién cia ngudn ning
lugng tai tao, yéu t6 vé moi truong, sy phat trién
cua cac cong ngh€ mai, chét lugong dién nang, do
tin cay hé théng dién... su ra doi cac nguén dién
phan tan (DG) la thiét thuc cho nhu cAu ning
luong dbi voi mot xa hoi phat trién, hién dai
nham bd sung va dap tng nhanh chéng nhu cau
su dung dién cho cac khach hang.! Tuy nhién,
viéc d4u ndi tich hop cac DG vao lu6i dién phan
phdi (LDPP) lai ndi 1én mot sé van dé can quan
tam do la: Trang thai on dinh va su kiém soat
dong dién ngén mach trén ludi; chit lugng dién
nang, diéu khién dién ap; tinh on dinh va kha
ning cia DG dudi tac dong cua cac nhiéu loan;
vén dé bao v¢ role va ché do van hanh khi lugi
bi ¢6 1ap. Cac van dé nay c6 thé gy ra cac han
ché nhit dinh dén viéc sir dung nhiéu DG tich

‘Tac gia lién hé chinh.
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hop vao LDPP.? Bai bao nay tép trung vao viéc
nghién ctru lya chon vi tri va cong suét tdi vu cua
cac DG nham giam ton that cong suét tic dung
(CSTD) dén mirc nhod nhat dong thoi cai thién
chat luong dién ap (CLPA) trén LDPP.

C6 nhiéu phuong phap dugc sir dung dé
ti wu vi trf va cong suit DG trén LDPP da duge
dé xuét trong nhiéu cong trinh di cong bd. THi
wu vi tri va cong sudt DG bang cach sir dung giai
thuat di truyén dé cuc tiéu ton that CSTD trén
luéi dién.>® Xac dinh vi tri t5i wu cia DG va tu
b bang phuong phap téi uu bay dan dé cuc tiéu
héa ton that CSTD c6 xét dén chi s6 6n dinh dién
ap.¢ Phuong phép tdi wu dua trén cong thuc tinh
chinh x4c ton thit CSTD dugc trinh bay trong’
dé toi wu vi tri va cong suat ciia DG, tuy nhién
trong cac cong trinh do, cac diéu kién rang budc
vé dién ap khong duoc khao sat. Viéc so sanh cac
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vu diém va nhuoc diém cua cac phuong phap
tdi wu vi tri va cong suét cua cac DC dua trén
phuong phap dd nhay dugc phan tich kha rd rang
trong tai liéu.’ Trong d6, cic tac gia da dé xuat
phuong phap dé xac dinh cong suét toi uu cua
DG véi hé s cong suat tdi wu, nhung ciing chi
khao sat cho DG loai IIL.!° DG ¢6 thé duoc phan
loai nhu sau.? Loai I: DG chi ¢6 kha nang phat ra
CSTD, chang han nhu pin quang dién, pin nhién
liéu,... Loai II: DG chi c6 kha nang phat ra cong
sudt phan khang (CSPK) dé cai thién CLPA trén
ludi, chang han nhu: tu bu CSPK, may bu dong
bd. Loai III: DG c6 kha nang phat ra ca CSTD
va CSPK, vi du nhu may phat déng bo. Loai IV:
DG c6 kha nang phat ra CSTD nhung lai tiéu thu
CSPK, vi du nhu may phat tuabin gié sir dung
méy phat dién khong dong bo. Trong bai bao
nay, cac loai DG néu trén duogc khao sat dé tbi
wu vi tri va cong sudt phat ra nham cuc tiéu hoa
tong ton that CSTD trén ludi dién ma van thoa
man cac rang budc vé cin bang cong suit, giGi
han vé dién 4p va gi6i han vé dong dién cho phép
trén cac nhanh cua ludi dién. Phuong phap dé
xudt trong bai bao nay s& dugc cac tac gia danh
gia va kiém chimng trén luéi dién IEEE 33 nit.

2. TOI UU VI TRi VA CONG SUAT DG

Thong thudng, dién ap trén LDPP truyén thong
duoc van hanh 6n dinh, tuy nhién khi c6 DG dau
n6i vao ludi thi trao luu cong sudt va dién ap s& bi
anh huong. Dé co6 thé phat duge CSTD 1én ludi
thi may phat phai van hanh véi gia tri dién ap cao
hon so v6i dién ap cac nat 1an can khac.'2 Piéu
nay c6 thé duogc giai thich bang cach st dung mo
hinh LBPP hai niit ¢6 DG dugc ddu ndi ¢ phia
cubi ngudn. Boi vi hudng trao luu cong suat bi
dao nguoc, do d6 dién ap tai diém déu ndi DG s&
tang cao hon so vé&i dién ap nat ngudn.!!

«— P Q
()

HV OLTC

Hinh 1. Anh huong cia DG dén LDPP.

Trong Hinh 1, DG dugc ddu nbi vao nit &
phia cudi ngudn noi ¢6 dién ép 1a (U,); P, va
0, 1a CSTD va CSPK dugc phat ra boi DG; P,
va O, 1a CSTD va CSPK cua tai va Q. 1a CSPK
phat ra ctia thiét bi bu. DG, tai va thiét bi bu dwoc
n6i v6i hé thong dién truyén tai cao ap théng qua
dudng day c6 téng tré 1a R + jX va may bién ap
diéu ap dudi tai OLTC. Do ting dién ap doc theo
duong day dugc xac dinh nhu sau:

RP+ X0
AU =Upg =Uy x——= (1)

DG

trongdo: P=P,.-P,vaQ=0.-0,+0, . la
CSTD va CSPK truyén tai trén dudng day; U, 1
dién ap & dau nguodn (phia ha &p ctia may bién ap
diéu 4p duéi tai OLTC). Néu U, duoc biéu dién
dudi dang hé don vi tuong doi, thi phuong trinh
(1) duoc viét lai la:

AU =U,, -U;
zR(PDG_PD)""X(QC_QDiQDG)

Nguon dién phan tan DG phat ra CSTD
(+P,,) va c6 thé phat hodc tiéu thu CSPK (+0,, ),
trong khi do tai ti€u thu ca CSTD (-P,) va CSPK
(-0,) va céc thiét bj bu trén LDPP phét ra mot
lugng CSPK (+Q,). Gan day, cac may phat dién
ddng b ¢& nho, may phat dién tuabin gid ¢& nho

@

va hé thong pin mit troi duge ung dung rong
rdi nhu 13 cac DG trén LDPP. Béi véi cac may
phat dién dong bo phat ra CSTD va c6 thé phat
hodc tiéu thu CSPK phu thudc vao gia tri dat
ctia hé thong kich tir cia méay phat. D6i véi may
phat tuabin gi6 ciing phat ra CSTD nhung c6 thé
phat hoic tiéu thu CSPK 1a phy thudc vao toc do
gi6!"12, Hé thong pin mat troi duoc sir dung dé
phat ra CSTD tai mot hé s6 cong suit nhat dinh
nhung c6 thé sinh ra dong dién hai bom vao luéi
tuy thudc vao chét lugng cta bo inverter.> Do
d6, huéng trao luu cong sudt trén ludi dién phu
thudc vao gia tri CSTD va CSPK cua cac phu
tai so voi CSTD va CSPK do cac DG phat ra va
tong ton that cong sudt trén ludi dién. Nhu vay ta
thdy cac DG c6 anh huong dang ké dén trao luu
cong sudt va CLDA trén LDPP, do d6 mot cach

tong quat dé co the luya chon vi tri va cong suat
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ctia cic DG nham ning cao CLDA trén LDPP,
cac tic gia trong bai bio nay tién hanh khao sat
mot md hinh LDPP tdng quat ¢6 N nat. Khi do,
ham muc tiéu dugc lua chon trong bai bao nay la
ham t6ng ton that CSTD trén ludi dién nhu sau:

- vl (RF+00))
Minimize P, = 3)
A48 (08 - RO))
v,
trong do: @, =—2—cos(5, -5, (4)
i
r.
By =——sin(6, -5 (5)
i
Zy =1+ (6)

Véi: Z, 1a phan tir (7,/) trong ma tran téng tré nut
Z s T X, la dién tro va dién khang cua phan tu
Zi/.; U, J,1a bién do va goc pha cua dign ap tai nit
iU, 5, la bién do va goc pha cua dién ap tai nit
J> P, O.1a CSTD va CSPK bom vao tai nuat i; P]
0, la CSTD va CSPK bom vao tai nut .

Trong bai toan cuc ticu ham muc ti€u (3)
can phai thoa man céac dieu kién rang budc
sau day:

i) Rang bugc vé can bang cong suat:

P.-P NUU ijcos(é"_aj)
= Di_z i +B’,jsin(5,~—5j) @)

vi=12,3,...N
v G..sin(5-—5-)

=0 =dUU, |

0, -0y, ;‘ [—BUCOS(@_@J ®
Vi=123,...N

trong do: P, O 1a CSTD va CSPK phat tai nat
i; P, O, 1a CSTD va CSPK tai tai nut i; G, va
B, 1a dién din tac dung va CSPK cua nhanh giira
nutivaj.

ii) Rang budc vé dién dp tai cdc nit:

Uy <U, <U,. Vi=12,.N )

trong do: U, , U ladién ap cho phép nho nhét
va 16n nhét.
iii) Rang budc vé dong dién trén cdc nhdnh:

I <1

i imax

Vi=12,. .N-1 (10)

trong d6: /, 1a dong dién 16n nhét cho phép
chay trén nhanh tha 7.

Khio sat cong thirc tinh chinh xac tong
ton that CSTD trén ludi dién (3), tong ton that
CSTD nho nhét néu vi phan riéng phan cua (3)
theo gid tri cong suat bom vao nut bang zero. Do
d6, vi phén riéng phan cua (3) theo CSTD bom
vao nut dugc xac dinh nhu sau:

N
% =2a,P, +2;(%Pj -B,0,)=0  (11)

i
J#i

N

1
P=-— Z(aijpj_ﬂvgj) =0 (12)
i | J=1
J#Ei

trong do: P, 1a CSTD bom vao nut i, duge xac
dinh béi:
F=Fy—by (13)

Thay (13) vao (12), ta dugc:

1 N

PDGi =Ipi Z:,(aijpf _ﬂzQ/) (14)
i | J=
j#i

Twong ty ddi véi CSPK, ta co:

op, N
0" 2a,0, +2;(0{ij +B,P)=0  (15)

i

trong do: O, 1a CSPK bom vao nut va dugc xac
dinh:

Qz = QDG[ - QDi (16)
Do do:

Opei = O L ﬁ:(%QJ +ﬂUPI) (17)
|

Nhu vay, phuong trinh (14) cho phép xac

dinh CSTD phat téi wu cia DG loai I va (17) cho
phép xac dinh CSPK phat t6i wu ctiia DG loai II
tai mdi nut. Néu DG loai I duoc ddu nbi tai nut
i 1am cho tong t6n thit CSTD trén ludi nho nhit
so voi DG cung loai duoc dAu nbi tai bat ky mot
nat nao khéc trén ludi, thi nat 12 vi tri tdi wu dé
dat DG loai I. Tuong tu, néu DG loai 1T dugc dau
nbi tai nat j lam cho ton that CSTD trén ludi nho
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nhét so v6i DG cung loai dugc d4u ndi tai bat ky
mot nut nao khac trén ludi, thi nat j 1a vi tri tdi
wu dé dit DG loai II. Trong trudng hop vi tri tdi
wu dit DG loai I va vi tri tdi wu dat DG loai II
cung chung tai mot nit 7, thi (14) va (17) duogc st
dung dé xac dinh cong suét va hé sb cong suat tdi
wu ctia DG loai 111 duoc dau ndi tai nut i. Bt ky
cong suét cua DG loai I khac véi P, va O, .
tai nut i, s& c6 tdn that cong suét 16n hon. Khi
d6, hé sb cong suat toi vu (OPF) cua DG loai 11
duogc xac dinh theo (18):

OPF:L (18)

V DGI + QDG!

Néu vi tri t6i wu cua DG loai I va II khac
nhau Ian luot tai i va j tuong tmg, thi c6 thé xem
DG loai Il dugc dau nbi tai nut i voi gia tri
CSTD va CSPK phat cta n6 duoc tinh toan theo
(14) va (17) tuong tng. Trong truong hop nay,
hé s6 cong suat cua DG loai III ciing duoc xéac
dinh theo (18).

Vi tri ddu ndi DG ma lam cho ton thét
CSTD trén ludi nho nhat dwoc xem 1a vi tri tdi
rru néu thoa man cac rang budc nhur da trinh bay
o trén. Thu tuc tinh todn xac dinh vi tri va cong
suét toi vu cac loai DG duge mé ta nhu sau:

Buée 1: Chay trao luu cong suit & ché do
co ban (khéng c6 DG).

Buée 2: Tinh toan ton that cong suét & ché
d6 co ban bang cach sir dung (3).

Buoc 3: Su dung (14) va (17) xac dinh
cong suét ctia cac loai DG khac nhau tai mdi nat
ngoai trir nat can bang dé cyc tiéu ton thit CSTD
trén luoi.

Burée 4: Kiém tra cac didu kién rang budc
(7)-(10) sau khi déu nbéi DG duoc xac dinh &
Bude 3 tai mdi nit.

Bude 5: Lua chon vi tri du ndi DG ¢6 ton
that CSTD nho nhat ma van thoa man cac rang
budc.

Buée 6: Sir dung (18) xac dinh hé s6 cong
suét toi uu néu st dung DG loai III.

Budc 7: Chay trao luu cong suat sau khi
dau ndi DG tai vi trf va cong sudt tdi wu.

Buée 8: Tinh toan do giam ton that CSTD
sau khi ddu ndi DG vao ludi.

3. KET QUA MO PHONG

Phuong phap dwoc dé xuat dé toi wu vi tri va
cong suat ciia DG trong bai bao nay duoc cac
tac gia 1ap trinh bang ngdn ngir Matlab va duoc
kiém chung, danh gia cho mot ludi dién mau.
Trong muc nay, bai bao trinh bay két qua mo
phong trén luéi dién mau IEEE 33 niit ¢6 so d6
nbi dién nhu Hinh 2 ddng thoi bo dit liéu nat va
d@ liéu nhanh cua n6 dugc cho trong Phu luc 1
va 2. Thyc hién cac budc tinh toan ctia giai thuat
dé xuét da trinh bay & Muc 2 dé xac dinh cong
suét toi uu ctia DG loai I theo (14) va DG loai II
theo (17) tai cac nat trén ludi, két qua nay duoc
thé hién trong biéu dd Hinh 3. Qua két qua nhu
trén Hinh 3 cho ta thay tai cac nat tir nit 2 dén
nuat 33 ¢ cac gid tri cong sudt toi uu cua DG loai
I va DG loai II thay d6i theo vi tri cac nat trén
ludi dién. Tir két qua nay, cong suit ciia DG loai
111 bao gdm cong suit tac dung P, . vacong suat
phan khang O, . ciing dugc xac dinh theo (14)
va (17) nhu trong Muc 2.
27 28 29 30 31 32 33

26

4 5 é 7 8 9 10 11 12 13 14 15 16 17 18

21

Hinh 2. So dd ludi dién IEEE 33 nut.
i - -nGbm(MW) ‘
| [ G oai 1 (MVAR) |

IIihmnmnilmm

‘.I T8 M 13 158 17 19 21 23 25 X 2 3 B
Ten nut

Hinh 3. Cong suat toi wu ctia DG loai I va II tai cac

EX

w

Cong sual cua DG
~

m = ;oM o

e

=

nt trén ludi dién mau [EEE 33 nut.

Sau khi d4u ni 1an lugt DG loai I, 11 va IIT
tai cac nat trén ludi ta thiy tong ton thit CSTD
nhoé nhit ung voi DG loai I dau ndi tai nut 6,
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DG loai II tai ntt 30 va DG loai III tai ntit 6 nhu
trong Hinh 4. Ta thdy vi tri téi vu ctia DG loai
I va II dé ton that cong suat nho nhét 1a khong
trung nhau, do do ta khao sat 4 phuong an: dau
ndi DG loai I tai niit 6, dau ndi DG loai I tai nat
30, ddu ndi DG loai 111 tai nut 6 va déu ndi d@)ng
thoi DG loai I tai nat 6 con DG loai II tai nat
30. Két qua tong ton that CSTD trén ludi cua 4
phuong 4n nay duogc thé hién ¢ Bang 1. Tur két
qua Bang 1 cho thiy rang khi ddu ndi ddng thoi
DG loai I va II tai cac vi tri khac nhau (DG loai I
tai nat 6 va DG loai II tai nat 30) thi tong ton that
CSTD giam tir 67,85 kW (d6i voi DG loai I1I tai
nuat 6) xudng con 58,89 kW.

2

—8—DG loai |
—+— DG loai Il
Bl\ | —©— DG loai lll

200+

()

rho nhat

Ton that C5TD

L 1 L L L I I
1 3 5 7 @ 11 12 15 17 19 21 23 25 27 29 3% 33
Ten nut

Hinh 4. Tong ton that CSTD khi d4u ndi DG loai I, 1T
hoac III tai cac nut.

CLDA trén ludi dién duoc cai thién dang
ké sau khi dd dau ndi DG véi vi tri va cong sudt
t6i vu nhu Hinh 5. O ché d6 co ban (chua c6 DG)
dién ap nho nhét 14 0,88 p.u (nit 18) va dién ap
16n nhat 1a 1 p.u tai nat 1. Sau khi ddu ndi DG
loai III (3,02 MVA; cosp = 0,82) tai nut 6 thi
dién ap nho nhét 12 0,96 p.u tai ntt 18 va dién ap
16n nhét 1a 1,00 p.u tai nat 6. Két qua cac truong
hop con lai dugce thé hién trong Bang 2. RS rang
chi ¢6 truong hop diu nbi DG loai I1I tai niit 6 1a
c6 dién ap trén ludi van dam bao diéu kién rang
budc vé dién ap. Vay phuong an nay la phwong
an duoc lya chon dé t6i wu vi tri va cong suit DG
trén luéi dién mau IEEE 33 nit.

—— No DG

=+ DG Loai | B
g | —©—DG loai ll
DG loai | & II |

—&— DG loai lll

. .
103 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33
Ten nut

Hinh 5. CLDA trén ludi khi d4u nbi cac loai DG voi

vi tri va cong suat toi uu.

Bang 1. Két qua t&i wu vi tri va cong suit cua DG va ton that CSTD trén ludi.

Vi ) Céng suit DG toi wu Tén that CSTD (kW) P giam
tri Loai (MVA; Khong Co tén thit
MW MVA :

DG DG (MW) (MVAD 1 os0) DG DG CSTD (%)
Nt 6 I 2,49 - - 114,91 47,57
Nit 30 1l ; 1,71 - 152,08 30,19

, 3,02;

Nit 6 1 - - 052 219,14 67,85 69,04
Nut6 & 11 2,49 1,71 ; 58,89 73,13
va 30

Bang 2. CLDA sau khi dau ndi DG.

Loai va Dién 4p (pu) Di¢n 4p (pu)
i tri ct @ nut @ nut
v ]l)'Icha trudc khi c6 DG sau khi ¢c6 DG
Min Max Min Max
Loai I
(niit 6) 0,92@18 | 1,00@1
Loai II
(nit 30) 0,91@18 | 1,00@]1
(ﬁilg) 0,88@18| 1,00@1
va loai I 0,94@18 | 1,00@1
(nut 30)
Loai III
(nit 6) 0,96@18 | 1,00@6

Ngoai ra, bai bao ciing da khao sat sy anh
hudng hé s6 cong sudt cia DG dén ton that CSTD
trén LDPP. Gia thiét du nbi DG loai ITI véi cong
suat khong do6i 1a 3,02 MVA va tién hanh thay
d6i hé s6 cong sudt cua no, ta thiy ton that CSTD
trén ludi s& thay doi nhu Hinh 6. Qua d6 ta thdy
téng tdn thdt CSTD dat cuc tiéu ung véi hé $6
cong suat toi uu duge xac dinh boi (18).
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T Fi] T T, =k T

— Khong co DG 7
= Dot DG o ll tasi nt 6|

]

3 3
T

160 -

140~

Tan that CSTD (kW)
g 8 8
TS

o T

r r L r r
0.1 0z 0.3 0.4 0.5 08 or 0.8 08 1
He so cong suat

Hinh 6. Anh hudng cua h¢ s6 cong suat ciia DG loai
111 tai niit 6 dén ton that CSTD.

4. KET LUAN

Bai bao da trinh bay phuong phap toi wu vi tri
va cong suét cua cac loai DG nham cuc tiéu hoa
tong ton that CSTD ddng thoi nang cao dugc
CLDPA trén LDPP. Phuong phap d& xuét trong
bai bao xac dinh gia tri toi wu cua vi tri va cong
suét ctia cac loai DG bang phwong phap giai tich
boi cong thire tir mo hinh bai toan tdi wu ¢6 rang
budc. Phuong phép nay dugce danh gia va kiém
chung trén luéi dién IEEE 33 nut, két qua mo
phong cho thay déu ndi DG loai III tai nat 6 da
lam giam ton that CSTD trén ludi so v6i truong
hop khong c¢6 DG dong thoi dd nang cao CLDA
cua ludi dién. Ngoai ra, bai bao ciing da khao
sat sy anh huong hé sb cong suit cia DG dén
t6n that CSTD trén ludi dién. Qua do ta thay ton
tai mot hé sd cong suit ctia DG 1am cho ton that
CSTD trén ludi nhé nhat.
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KHOA HOC

TRUONG DAI HOC QUY NHON

PHU LUC Phu luc 2. Dt liéu nhanh cuia luéi dién IEEE 33 nat.
Phu luc 1. D li¢u nut cua ludi dién IEEE 33 ntt. Nat | Nat | R X Nat | Nat R X
di |dén| (p.u) (p-u) di [dén| (p.uw) (p-u)
Nt P Q Nt P Q 1| 2 |0,005753 | 0,002976 17 | 18 | 0,045671 | 0,035813
(kW) | (kVAr) (kW) | (KVAr) 2 | 3 | 0,03076 |0,015667 2 | 19 | 0,010232 | 0,009764
1 0 0 18 90 40
> 100 60 19 90 0 3| 4 |0,022836 | 0,1163 19 | 20 | 0,093851 | 0,084567
3 90 20 20 90 20 4 | 5 [0,023778 | 0,01211 20 | 21 | 0,02555 |0,029849
4 120 30 21 90 40 5| 6 |0,051099 | 0,044112 21 | 22 | 0,04423 |0,058481
5 60 30 22 90 40 6 | 7 | 001168 |0,038608 3 | 23 |0,028152 | 0,019236
6 60 20 23 90 50 7 | 8 |0,106779 | 0,077061 23 | 24 | 0,056028 |0,044243
7 200 100 24 420 200 8 | 9 |0,064264 | 0,04617 24 | 25 | 0,055904 | 0,043743
8 200 100 25 420 200 9 | 10 | 0,064888 | 0,04617 6 | 26 | 0,012666 | 0,006451
9 60 20 26 60 25 10 | 11 | 0,012266 | 0,004056 26 | 27 | 0,017732 | 0,009028
10 60 20 27 60 25 11| 12 | 0,02336 |0,007724 27 | 28 | 0,066074 | 0,058256
. 45 30 28 60 20 12 | 13 | 0,091592 | 0,072063 28 | 29 | 0,050164 | 0,043712
12 60 35 29 120 70 13 | 14 | 0,033792 | 0,04448 29 | 30 | 0,031664 | 0,016128
13 60 35 30 200 600
14 120 20 31 150 70 14 | 15 | 0,036874 | 0,032818 30 | 31 | 0,060795 | 0,060084
15 60 10 30 210 100 15 | 16 | 0,046564 | 0,034004 31 | 32 | 0,019373 | 0,02258
16 60 20 33 60 40 16 | 17 | 0,080424 | 0,107378 32 | 33 | 0,021276 | 0,033081
17 60 20
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