Chuong II: Tinh todn phu tdi dién

CHUONG II

TINH TOAN PHU TAI PIEN

1 KHAINIEM PHU TAI PIEN VA PHU TAI TINH TOAN
1.1. Phu tai dién (Electrical Load)

Trén thuc t&, tai bat ky thdi di€m nao, viéc tiéu thu ning lugng dién déu dugc thuc hién
bdi rat nhiéu chlng loai thi€t bi, dung cu, mdy méc khic nhau v6i nhiéu cdng nghé khic
nhau, quy trinh v ch&€ dod 1am viéc khdc nhau. Tuy theo tirng quy trinh cong nghé va trinh
dd cda ngudi sit dung cling nhu rat nhiéu yéu td lién quan khdc din tdi viéc cdc thi€t bi
tiéu thu dién ludn hoat dong v6i cong suit thdp hon cong suit dinh mitc va thudng thay
ddi phitc tap. Piéu nay din dén viéc gid tri clia cdc thdng s6 dién tiéu thu néi chung ludén
bi€n dong tai moi thdi di€m.

Phu tdi dién o mot khdi niém bao ham tdt ca nhitng doi tuong cé chitc ndng sit dung ndng
lugng dién va cdc thong sé dién lién quan, c6 gid tri dinh luong la gid tri ciia mot ham
nhiéu bién (titc phu thudc vao nhiéu yéu t6" dnh huéng) thay doi theo thoi gian va thuong
khong tudn theo mot quy ludt nhdt dinh, nhung lai chita cdc thong sé on dinh c6 thé dua
vao dé lam co sé tinh todn, ddnh gid, lya chon cdc phan tit hé thdng.

1.2. Phu tai tinh to4n

Nhu vay, viéc xdc dinh chinh xdc phu tdi dién tuy rdt khé khiin, nhung 12 nhiém vu rat
cin thi€t. Ngoai khé khin do phu tdi dién ludn bi€n dong trong qué trinh sdn xuat, phu
thudc vdo quy trinh sdn xuat, trinh do khoa hoc k¥ thuit, trinh do tay nghé cong nhin...
con ¢6 khé khiin do cdc y€u t6 chl quan trong qud trinh lam cdng tic thong ké va ddanh
gid. Viéc xdc dinh chinh x4c phu tdi dién 13 co sé khoa hoc d€ 1am cin cif trong viéc lua
chon thiét bi dién, thiét bi cung cAp dién. Gid tri cong sudt xdc dinh dugc tir cdc phép tinh
todn phu tdi goi la phu tai tinh todn. N&u phu tdi tinh todn nhé hon phu tdi thyc t€, dan
dén viéc cdc thi€t bi dién dugc chon phdi lam viéc qud tii, gdy gidm tudi tho hodc giy ra
cic su ¢ chdy nd. Né&u phu tdi tinh todn 16n hon phu tai thuc t& sé giy laing phi vé mit
kinh t€.

Nhiu cong trinh nghién cttu nhim dua ra cdc phuong phdp xdc dinh phu tdi tinh todn sao
cho gian chinh xdc nhit v6i phu tdi thuc t&€ nhung chd yé&u vin 12 2 nhém phuong phap
tinh todn phu tai nhu sau:

- Nhém cdc phuong phdp dwa trén kinh nghiém thiét ké, van hanh va dugc tong két lai
biing cdc hé s6 tinh todn. Uu diém clia phuong phdp nay 13 tinh todn thuin 1gi, nhanh
chéng dat k&t qud, nhung thudng cho két qua kém chinh xdc. Nhém nay c6 cdc phuong
phdp sau:

= Phuong phdp tinh theo hé s yéu ciu kinh t&.

= Phuong phdp tinh theo cong suit tiéu hao dién ning cho mot don vi sdn pham.

= Phuong phdp tinh theo sut phu tdi trén mot don vi dién tich sdn xuat.
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- Nhém cdc phuong phdp dwa trén co sé cia 1y thuyét xdc sudt thong ké todn hoc. Pic
diém phuong phdp nay Ia tinh todn phic tap nhung cho k&t qua khd chinh xdc. Nhém nay
gdm:
= Phuong phdp tinh theo cong sui't trung binh va hé s hinh ddng clia dd thi phu tai.
= Phuong phdp tinh theo cong suit trung binh va phuong sai ciia phu tdi tinh todn
(phuong phdp thdng ké todn).
» Phuong phdp tinh theo cong sudt trung binh va hé sd cuc dai (tinh s6 thi€t bi hiéu
qua).
2 CAC PAI LUQGNG CO BAN, CAC PAC TRUNG VA CAC HE SO TINH TOAN
2.1. C4c dai lugng cd ban
a) Cong sudt dinh miic
Cong suit dinh mitc cia mot thi€t bi tiéu thu dién 13 cong suit ghi trén nhin may hoic
trong bang ly lich mdy. P&i v6i dong cd dién, cong sudt dinh mic ghi trén nhin may
chinh 13 cdng suit trén truc dong co. Vé mit cung cip dién, chi quan tim dén cong suit
dau vao clia dong cd goi la cong suat dit va dugc tinh nhu sau:
p, = Lan @.1)
n

Trong do:

P;: Cong suit dit dong co (cong suit dién diu vao), KW

P4, : Cong suit dinh mic dong co, KW

n: Hiéu suit dinh mic dong co.

Thong thudng 7 = 0,8 + 0,95 (ddi v6i dong cd khong ddng by khong tdi), d€ don

gidn tinh todn, 14y Py = Py,

b) Cong suat dat

- Thiét bi chiéu sdng: Cong suit dit 12 cong sudt tuong ¥ng vdi sd ghi trén d€ hay § bau
den, day chinh 13 cong suit tiéu thy clia dén khi dién 4p mang 1a dinh mdc.

- Pong co dién: Cic dong co 1am viéc & ch&€ d6 ngidn han 1ip lai nhu cau truc, mdy ning
ha. Cong suit dinh mitc si dung khi tinh todn phdi dudc qui d6i vé cong sudt dinh mic
trong ch& do 1am viéc dai han véi hé s6 ti€p dién €% = 100%.

Ps

Hinh 2.1. M6 hinh quan hé giita cong sudt ddt véi cong sudt dinh mitc dong co

Trong nhitng trudng hgp khong doi hdi tinh todn chinh xdc, c¢6 thé xAp xi cdng suat dit
vdi cong suat dinh mic dong cd theo biéu thic:

szP=Pdm=Pdm1[8dm (22)
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- Mdy bién dp han: Ch€ d6 1am viéc clia mdy bi€n 4p han 12 ch& dd 1am viéc ngin han
1ip lai cho nén phdi qui doi cong sud't cia mdy bi€n 4p vé ché do 1am viéc dai han (tic
phai qui vé ch& dd 1am viéc c6 hé s6 ti€p dién twong d6i) trude khi tinh todn.

Pi = SamCOS Pim~|€am (2.3)
- Mdy bién dp lo dién: Cong suit ciia mdy bi€n 4p 10 dién tinh bsi cong thic:
Pi = SimCOS Qi (2.4)

Trong d6 cdc thong s6 S, cos,., €, dudgc cho trong 1y lich mdy.
¢) Dién dp dinh mic

bién 4p dinh mic (U,,) cia phu tdi phdi phu hgp vdi dién dp cta ludi dién. Trong xi
nghiép cé nhiéu thi€t bi khdc nhau nén lu6i dién ciing c6 nhiéu cip dién 4p dinh mifc
tuong Ung.

- Di¢n dp mét pha: 12V, 3V stt dung cho mang chi€u sdng cuc bd hoic cdc ndi nguy hiém.

- Di¢n dp ba pha: 127/220V, 220/380V, 380/660V cung cap cho phan 16n cdc thi€t bi clia
xi nghiép (cap 220/380V la cip dugc dung phd bi€n nha').

- Cdp 0,4 kV, 15 kV: Dung cung cip cho cdc 10 nung; cdc dong co cong suat I6n. Ngoai ra
cdn c6 cAp 35kV, 110kV dung d€ truyén tdi hodc cung cAp dién cho cic thi€t bi dic biét
(cong suit cuc 16n). V4i thi€t bi chi€u sdng yéu cau chit ché hon nén d€ thich tng véi viéc
st dung & céc vi tri khdc nhau trong ludi. Thi€t bi chi€u sang thudng dudc thiét k& nhiéu
loai khdc nhau trong cing mot cap dién 4p dinh mic. Vi du § mang 110V c6 cédc loai béng
den 100, 110, 115, 120, 127V.

d) Tan s dinh miic

Do quy trinh cong nghé va sy da dang cia thiét bi trong xi nghiép st dung dong dién vdi
nhi€u tin s6 khdc nhau tir f = OHz (thi€t bi mot chiéu) d&n cdc thiét bi ¢ tin s& hang triéu
Hz (thi€t bi cao tan). Tuy nhién hau hét cdc loai thi€t bi déu nhin dién tir luéi dién c6 tan
s6 cong nghiép dinh mtc (50 hoic 60Hz), do vay, cAn phai c6 qud trinh bi€n ddi tin s6
cong nghiép thanh cic tin sd thich hgp véi thi€t bi thdng qua cdc mdy bién tdn.

Trong trudng hop cic dong co thi€t k& & tin s6 dinh miic 60Hz khi st dung & 1u6i c6 tan s&
dinh mitc 50Hz vin cé thé chdp nhin dugc v6i diéu kién dién 4p cip cho dong cd phai
gidm di theo ty 1¢ ciia tan sé (vi du nhu dong co ¢6 tan sd dinh mic 60Hz mudn 1am viéc &
1udi ¢ tan s6 SOHz thi dién 4p tru6c d6 cla n6 phai la 450+460V).

2.2. Cdc dic trung cua phu tai

MJdi phu tdi c6 cdc dic trung va cédc chi tiéu xdc dinh diéu kién lam viéc cu thé ma khi
thi€t k& cung cAp dién can phdi dugc tinh todn sao cho phit hdp. Cé cdc dic trung sau:

a) Phu tdi trung binh (Average Load)

Phu tdi trung binh l1a ddc trung tinh cta phu tai trong mét khoang thGi gian nao dé. Phu
tdi trung binh gidp ddnh gid dudc gii han dudi clia phu tdi va mic d st dung cla thi€t
bi.
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Poi vdi mot phu tdi

[ Pat
P, = 2 . (2.5)
det
Qu =" (2.6)
hoidc P, = Tp (2.7)
Qy, = % (2.8)

Trong do
P : Cong sult tic dung ctia phu tai, KW
Q: Cong suat phdn khdng ctia phu tai, KVAr
A,: bién ning tic dung tiéu thu trong khodng thdi gian khio sat, KWh.
A, : Bién ning phin khdng ti€u thu trong khodng thdi gian khdo sit, KVArh
t: Thdi gian khao sdt, h

Poi vdi moét nhém phu tdi

Ptb = Zn: Pivi (2.9)
Quw =iqtbi (2.10)

Trong do
Pui - Cong suat tdc dung cla phu tdi thit i, KW
g : COng sudt phan khdng ctia phu tdi thi i, KVAr

f 2 2
Plb+th (211)

[ =X® <o
t ‘EUdm

Vé6i Uy, 1a dién dp day dinh mic cia mang dién, V

Phu tdi trung binh tinh theo dong dién

b) Phu tdi cuc dai (Maximum Load)

Phu tdi cuc dai 1a phu tdi trung binh l6n nhdt dugc tinh trong khodng thdi gian twong doi
ngin 5, 10, 30 phit, thong thudng 12 30 phiit (nhu hinh 2.2).

Doi khi st dung phu tdi cuc dai tinh tdn thit cong sudt 16n nhat, lva chon thiét bi dién,
day din, diy c4dp theo mat do dong dién kinh t€.
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Hinh 2.2. Phu tdi cuc dai
¢) Phu tdi dinh nhon (Peak Load)

Phu tdi dinh nhon 1a phu tdi cyc dai trong khodng thdi gian rat ngdn tir 1 + 2 gidy. Phu tai
dinh nhon dudc stt dung d€ ki€m tra d6 dao dong dién 4p, diu kién khdi dong clia dong
cd, ki€m tra diéu kién 1am viéc clia cau chi, tinh todn dong dién khdi dong role bio vé.
Phu t4i dinh nhon xuat hién khi dong co c6 cong suit 16n khéi dong.
Ngoai viéc quan tAm dén tri s6 clia phu tii dinh nhon con phai quan tim dén tan s6 xuit
hién loai phu tdi nay. S& 1an xuat hién phu tdi dinh nhon cang nhiéu déng nghia véi su
lam viéc khong binh thudng cla cdc thi€t bi dung dién kh4c trong cing mang dién gia
tang.
d) Phu tai tinh todn
Phu tai tinh todn 1a phu tdi dudc gid thi€t 1au dai khong ddi, giong phu tdi thyc t& (bi€n
thién) vé mit hiéu &ng nhiét 16n nhat. Phu t3i tinh todn 1am néng diy din dén nhiét do
bing nhiét dd 16n nhat do phu tdi thyc t€ gdy ra. Lwa chon cdc thi€t bi dién theo phu tai
tinh todan c6 th€ ddm bdo an toan cho cdc thiét bi trong cdc diéu kién van hanh. Quan hé
gitta phu tdi tinh todn va phu tdi khic dugc thé hién qua bat ding thic:

Ptb —<Ptt —<Pmax (212)
HAu hét thdi gian phdt néng clia cdc vat liéu din dién dit trong khong khi hay dudi dat
déu dao dong quanh tri s& 30 phit mdt cdch ngiu nhién. Do d6 tri s& phu tdi trung binh
16n nha't trong khodng 30 phit dugc sit dung 1am phu tdi tinh todn.
2.3. Cdc hé s6 tinh todn
a) H¢ s6'sit dung
Heé s6 st dung thi€t bi 12 ty s6 gifta phu tdi tdc dung trung binh vdi cong suat dinh mifc
(cOng sudt dit) clia thi€t bi.

- Hé s0 st dung ctia mot thi€t bi:

k,, = (2.13)
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- Hé s0 st dung ctia nhém thiét bi:

2. Py
ky = 11)3“’ == (2.14)
dm deml
i=1

Phu tdi trung binh v6i ca sdn xudt c6 phu tdi 16n nhi't trong ba ca lam viéc. Néu dd thi
phu tai tong quat nhu hinh 2.3, hé s6 st dung dudc tinh theo cong thic:

k, = (2.15)
P,.. +Pio + e Pao
AP
P; P,
P3 Pn
Y 207 W R R [ S N—
P> |
| | |
| | | | |
| | | | |
| | | | |
| | | | |
IR | R B
1 L L L [ >
T

Hinh 2.3. D6 thi phu tdi téng qudt
Hé s& st dung cho biét mitc dd st dung, khai thdc cong suit cda thi€t bi dién trong mot
chu ky lam viéc.
b) H¢ s phu tdi
Hé sd phu tdi hay hé s6" mang tdi 1a ty s6 giita phu tdi thuc t€ tiéu thu va cong suit dinh
mifc clia thi€t bi. Phu tdi thuc t€ (P,) 12 phu tdi dugc xét trong khodng thdi gian nao dé va
la phu tai trung binh trong khoang thdi gian d6.

- (2.16)

hodc

k=t (2.17)

c) Hé s6 cuc dai

Heé s6 cyc dai dugc tinh vdi ca sdn xudt c6 phu tdi 16n nhat. Hé s cuc dai k... phu thudc
vao s0 thi€t bi st dung hi€u qud ny,, hé sd sit dung ky, va cdc yéu to dic trung khdc. Do
d6 ke 12 mOt hAm phitc tap. Hé s& cuc dai k., thudng tinh theo dudng cong k.. =
Sf(ksanpg) hodc tra trong s6 tay k¥ thuat.

d) Hé s6 nhu cau
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Hé s6 nhu ciu la ty so giita cong sudt tinh todn hodc cong suat tiéu thu va cdng sudt dit
cta nhém ho tiéu thu.

k. =——=k_ k (2.18)

dm

k. tinh cho phu tdi tdic dung. P&i v4i hé thdong chi€u siang thi hé s6 nhu cau k,. = 0.8.
e) SO thiét bi sit dung hiéu qud

Gid thi€t mot nhém thi€t bi ¢6 cong sudt dinh mirc va ch€ do lam viéc khdc nhau. Goi np,
12 s& thi€t bi tiéu thu dién ning hiéu qua clia nhém thiét bi. PAy 12 mot s& quy ddi gdm
c6 n thi€t bi c6 cong sudt dinh mitc va ch€ d6 1am viéc nhu nhau. Phu tdi tinh todn bing
phu tdi tiéu thy thuc cia n thi€t bi tiéu thy. SO thi€t bi s dung hiéu qué ny, dudc tinh nhu

Sau:
nl 2
s
== 7 (2.19)

q n

z (Pdmi )2

i=1

n,

Khi 8 thi€t bi ding dién trong mdt nhém 16n hon 5 (n > 5), ny, tinh theo cdng thic trén
kha phirc tap. Thuc t€ ny, dugc tra trong s6 tay k¥ thuat hodc dudng cong tinh todn cho
trugce.

S thi€t bi st dung hiéu qua ny, con ¢6 thé tinh theo cdc budc sau:
Buéc 1: Xdc dinh s6 thi€t bi n va tdng cong suit dinh mic clia n thiét bi.

Buéc 2: Tinh s thi€t bi quy doi va cong sudt quy ddi vé cling ch& do 1am viéc.

n
n. =M (2.20)
n
nl
Zpdmnl
p. =—— (2.21)
Zpdmn
i=1
Trong do
n : S6 thi€t bi c6 cong suit I6n nhat trong nhém va khong nhé hon mot nita
cong suit ciia thi€t bi c6 cong sud't 16n nhat.
n: Téng s6 thi€t bi trong nhém.

nl

~ A ~ o« A2 .
D Poun : TONg cONg sudt clia n, thi€t bi.
i=1l

Z:pdmn : Téng cong suit clia n thi€t bi.
=1

Sau khi tinh n"va p'tra d6 thi hoic dung bdng tim dugc s6 thi€t bi hiéu qui quy

d6i n,, SO thi€t bi hiéu qué ny, dugc tinh nhu sau:

Nyg = 0, N (2.22)
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Vi du 1: X4c dinh s6 dong co sit dung hiéu qud ctia nhém dong co cho trong bang sau:

Dong co | Cong sudt, KW
bong co 1 10
bong co 2 7.5
bong co 3 4.5
DPong cd 4 2.8
bong ca 5 1

Giai
S6 thi€t bi stt dungn =5
Téng cong suit clia nhém thiét bi

> Do =10+7.5+45+28+1 =258 KW

i=1
S6 dong cd ¢6 cong sudt khong nhé hon mot nita cong suit ciia dong cd c6 cong suit 16n
nhat n; = 2. SO thi€t bi va cong sui't quy ddi dudc tinh nhu sau:

nl 2

n.=—=—=0,4
n 5

nl
p B ;pdmnl _ 17,5

Z D 25,8
dmn

i=1

Tra bang tim dugc n;q =0,69

=0,678=0,7

S6 thi€t bi st dung hiéu qud: nyg = n, n=0,69 x 5=3,45~ 3

3 pO THI PHU TAI
3.1. Dinh nghia

Do phu tdi dién 12 mot ham nhiéu bi€n thay d6i theo thdi gian nén hinh dnh thiét lip
trén do thi biéu dién moéi quan hé (hay su bién thién) ciia phu tdi theo thoi gian duoc goi
la do thi phu tdi. Trong d6 truc tung clia dd thi 13 truc bi€u dién cdc gid tri cong suit
(cong suat tic dung, cong sud't phan khdng, cong sudt bi€u ki€n), truc hoanh 1 truc thdi
gian.

Khi thi€t k& cung cap dién, néu bi&t do thi phu tdi dién hinh clia xi nghiép s& cé cin cit
lwa chon thi€t bi dién, tinh dién ning ti€u thu cla phu tdi trong khodng thdi gian ndo dé.
Khi van hanh, né€u bi€t dd thi phu tdi xi nghiép sé dé dang hoach dinh ra phuong thitc van
hanh hgp ly va kinh t€ cdc phu tdi dién.

Do vay, d6 thi phu tdi dic trung cho sy tiéu diing ning luong dién cla tirng thi€t bi dién
riéng 1é, clia mot nhém thié€t bi, cia modt phan xudng hodc clia toan bd xi nghiép, né 1a
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nhitng dit liéu vd cing quan trong phuc vu trong cong tdc thi€t k& ciing nhu trong van
hanh hé thong dién xi nghiép.
3.2. Phin loai
Tuy vao céc hinh thic thi€t 14p mdi quan hé ma c6 nhiéu cdch phin loai cdc dang db thi
phu tdi dién nhu sau:
Theo dai lugng do:

» P) thi phu t3i cong suat tic dung, P(t)

» P6 thi phu t3i cong sudt phdn khdng, Q(t)

= D6 thi phu t3i dién ning, A(t)

» P6 thi phu tai dong dién, I(t)
Theo thoi gian khdo sdt:

» Do thi phu tii hang ngay (24 gid).

= Do thi phu t3i thing (30 hodc 31 ngay).

= PO thi phu ti nim (365 ngay hoic 8760 gid)
Quy udc: Khi biéu dién do thi phu tdi ciia cdc thiét bi riéng 1é, diing cdc ky hiéu: p(t), q(t),
i(t)... khi biéu dién do thi phu tdi ciia mdt nhém thiét bi, diing cdc ky hiéu: P(t), Q(t), I(t)...
a) Pé thi phu tdi ngay (Daily Load Curve)
La do thi phu tdi cia mot nhém thi€t bi, mot phan xudng hodc clia cd xi nghiép, dudc khio
st v6i chu ky thoi gian 13 trong mot ngay dém (24 gid), va dugc xdc dinh bing 2 céch:
hoic c6 thé st dung thi€t bi do chuyén dung tu dong ghi va vé truc ti€p d6 thi phu tai, hodc
c6 thé do cic nhan vién truc ghi lai tri s& phu tai sau nhitng gid nhat dinh. Tuy nhién, dé
d& dang trong tinh todn, ngudi ta thudng bi€u dién d6 thi phu tdi theo dang bdc thang, trong
d6 gid tri dugc ghi lai 1a gid tri trung binh ciia phu tdi trong nhitng khodng thdi gian nhat
dinh, nhu hinh 2.4.

ADC

/1

o
N

8 12 16 18 24
Hinh 2.4. Pé thi phu tdi ngay

Viéc nghién cttu dd thi phu tdi ngdy clia mot phan xudng, mdt xi nghiép gidp ta nhan biét

va ddnh gid dugc tinh trang 1am viéc clia thi€t bi, cla cdc phan xudng hoic cd xi nghiép dé

tir d6 c6 thé sdp x€p lai quy trinh van hanh hgp 1y hon nhim muc dich c6 dudc hinh ding

clia @6 thi phu t3i cang “bing phang” cang tot, vi di€u nay ddng nghia vdi viéc gidm dugc
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cdc tdn that dién ning. P thi phu tdi ngdy con 13 ciin ¢ quan trong d€ lya chon thi€t bi
di€n, tinh todn di€n ndng ti€u thuy.

Mot s& thong so dic trung cda db thi phu tdi ngay:

- Phu tai cuc dai: P, Omax

- Hé s6 cong suat cuc dai: cos Qe tUong Ung c6: tg@nax = Omax /Prax

- Bién ndng tic dung va phan khdang trong 1 ngay dém: A [kWh]; Ar [kVArh)].
- Hé s& cong suat trung binh: cos gy, tuong Gng cé: tge,, = Ar/A

- Hé 8 dién kin ctia d6 thi phu tdingdy: K, = A g A"
' $ P 84Y: Ko 24P, Koo 24Q.,.,

b) D6 thi phu tdi thang (Monthly Load Curve)

C6 2 dang bi€u dién d6 thi phu tdi thing

- Do thi phu tdi thdng dudc xay dung theo phu tdi trung binh ciia cdc ngay trong thdng
(hinh 2.5). Nghién cttu db thi phu tdi thang dang nay gitp ta biét dugc nhip do sdn xuat
trong tiing thang ctia xi nghiép. Tir d6 c6 thé dé ra lich van hanh bdo tri stta chita cdc
thi€t bi dién mot cadch hgp 1y nhat, nhim ddp Gng cdc yéu cau van hanh theo thuc t€.

APQO

Ngay

o 1 2 3 4 5 6 T .. 28 29 30 31
Hinh 2.5. D6 thi phu tdi thdng theo gid tri trung binh cdc ngay trong thdng

- P thi phu tai thing dudc x4y dung theo phu tdi trung binh ciia 12 thdng trong ndm (hinh
2.6). Vi vay dang do thi nay con dudc goi 1a do thi phu tdi ndm theo phu tdi trung binh
ting thang.

A PO

|

Thdng
o

ol-—--————-—-oo

I
I
I
I
I
I
I
I
I
I
I
i
2 3 4 5 6 7

|
|
|
|
|
|
|
|
|
|
|
|
1

0 9 10 11 12

Hinh 2.6. B6 thi phu tdi thdng (trong 1 ndm) /DT phu tdi ndm theo phu tdi trung binh thdang
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Viéc xay dung db thi phu tdi 12 thing trong nim gitip ching ta c6 mot cdi nhin tdng qudt
tinh hinh hoat dong ctia phu tdi trong cd mdt nim. Ching han, trén dd thi hinh 2.6, cho
thdy phu tdi xi nghiép trong khodng thdi gian thing 4 va thdng 5 12 nhd nhit nén c6
nhitng ti€n hanh stta chita vira va I6n. O cdc thdng cudi nim, phu tdi xi nghiép thudng 16n
nhat, do d6 chi nén c6 k€ hoach stta chita nhé nhu bdo dudng, thay th€ thi€t bi dién hu
hdng.

¢) Do thi phu tdi nam (Annual Load Curve)

D6 thi phu ti nim c6 thé x4y dung theo dang bdc thang duwa theo cdc ngay dién hinh hoic
theo phu tdi cuc dai hang thdng hodc theo phu tdi trung binh tieng thang nhu da trinh bay.

- B4 thi phu tai nim dang bdc thang dudc xay dung trén co s& dd thi phu tii ngay dém dién
hinh (thudng chon mot ngay di€én hinh mia hé va mdt ngay dié€n hinh mua dong). Phuong
phap xay dung d6 thi phu tdi nim dang bdc thang nhu trén hinh 2.7 sau day:

Ps
Py
P3
P>
Py

Hinh 2.7. D6 thi phu tdi ndm dang bdc thang

Hinh 2.7a bi€u dién phu tdi ngdy mia hé dién hinh. Hinh 2.7b bi€u dién phu tdi ngay
mila dong dién hinh. Hinh 2.7c 13 phu tdi nim dang bac thang tinh theo hinh 2.7a va 2.7b.

Doi véi @b thi phu tdi nim dang bac thang, gia tri trén truc tung (cdng sui't) dugc chi€u
ngang tir dd thi phu tai ngay di€n hinh, gid tri trén truc hoanh 13 tdng thdi gian tuong ¥ng.

Vi du mua he kéo dai 180 ngay, mua dong 185 ngay:
T,= 1851,
T,=180t; + 1851,
T;=1801,+ 1857,
T,=1801; + 185¢’;
Ts=180t, + 185¢’, = 8760 gid

D4 thi phu tii nim dang bic thang cho phép x4c dinh chi phi nguyén liéu hiing nim va
hé s6 st dung cong suit dit.

- P thi phu tdi hang nim theo phu tdi cuc dai hang thdng dugc xay dung nhu hinh 2.8.
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APmax

Thdang
-

0 l 2 3 4 5 6 7I 8 é l=0 11 12
Hinh 2.8. Pé thi phu tdi ndm tinh theo phu tdi cuc dai hang thdang

Céc thong so dic trung clia db thi phu tdi nim:

- Dién ning tdc dung va phan khang ti€u thu trong mot nam: A[kWh/nam], Ar [kVArh/ndm]

(Pién ning dudc x4c dinh bing dién tich hinh thang cong (hodc hinh bic thang) gidi han
bdi dudng bi€u dién dd thi phu tdi va truc thdi gian).

- Thoi gian st dung cong suit cyc dai: T = AL Tooes = Ar
max me X r me
- Hé s6 cOng sudt trung binh: cosg,, tuong Gng c6: tgep, = '2
- Hé s6 dién kin do thi phu tdi nam: K, = A T A, _ Toacr

8760xP_. 8760 ' 8760xQ.. 8760
* Khdi niéem vé T, va t:

Dinh nghia T,,, : V6i gia thi€t phu tdi ludn st dung cong suat cuc dai thi 7, 1a thdi gian
cAn thi€t d€ phu t3i tiéu thu lugng dién ning bing ding ludng dién ning ma phu tdi d6
tiéu thu trong thuc t€ (bi€n thién) mot nim. T, dudc goi I1a thdi gian sit dung cdng suat
16n nhat (clia phu tdi trén 1y thuyét).

N D

P

e

0 T,ax 8760
Hinh 2.9. Minh hoa gid tri T, trén do thi phu tdi

- T,ue Ung v6i mdi phu tai khdc nhau sé c6 gid tri khdc nhau.

- Tri $0 T, dugc tra bidng va thudng dugc dinh nghia theo P va Q hai thong s6 nay
thuong khong trung nhau.

- Qua thong ké c6 thé duara T, dién hinh clia mdt s6 xi nghiép.
- Typax cing 16n, do thi phu tdi cang “bing phing”.
- Tpuax cang nhé, @6 thi phu tdi cang “gd ghé” (tic it “bing phing” hon).
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Dinh nghia v: Gii thi€t phu tai ludn van hanh véi ton thd't cong sud't I16n nhat thi 713 thai
gian cAn thi€t d€ gdy ra mot luong dién ning tdn that bing lugng dién ning ton thit do
phu tdi thyc t& gy ra trong mot nim.z dugc goi 1 thdi gian chiu tdn that cong sui't 16n
nhat cda phu tdi.

7 va T, c6 quan hé rdt mat thi€t v6i nhau nhung thudng khong bing nhau, va ciing
khong ty 1& tuyé&n tinh vi tdn tha't AP khong chi xud't hién ldc c6 tdi, ma ngay ca lic khong

tdi. Ngudi ta thudng xay dung quan hé 7 theo T,,,, va cose (hinh 2.10)
N T

0.6

0.8

0 8760 Tpx

Hinh 2.10. Pé thi biéu dién quan hé 1t theo Ty va cos@
4 PHUONG PHAP TINH TOAN PHU TAI
4.1. Khai niém

Nhu trén di dé cdp, c6 nhiéu phudng phdp xdc dinh phu tdi tinh todn. Nhitng phuong
phép tinh todn don gidn, thuin tién nhung k€t qud thi khong chinh xdc, con cdc phudng
phap cho k&t qué tinh todn chinh x4c thi qua trinh tinh todn hét sitc phic tap. Tuy vay, tlly
theo yéu cau thiét k&€ cu thé ma cin chon phudng phép tinh toan thich hgp. Trong thiét k&
cung cAp dién cho xi nghiép cong nghiép, can thi€t phai chia ra hai giai doan sau:

» Giai doan lam nhiém vu thiét ké (thiét ké ky thudt): Phat thdo phu tdi dién va tinh todn
s0 bd mot cach gan ding phu tdi trén cd s& tdng cong suit da biét clia cac ho tiéu thy.

* Giai doan thiét ké thi céng: Ti€n hanh cdc phép tinh todn chinh x4c phu tdi dién dva
vio cdc sO liéu cu thé, ho tiéu thu, phan xudng.

DP6i v6i mot hé thong cung cAp dién cu thé, ngoai viéc tinh todn chinh xdc phu tii dién
cdc cap dién dp clia hé thong, cAn phai tinh dé€n tdn thit cong suit clia cic cap dién 4p
trong hé thong dién. T6n thit cong sud't chi y&u x4y ra trong may bién 4p va diy din.
Phu tdi cla hé thong cung cip dién dugc tinh tir thi€t bi ding dién tinh ngugc vé ngudn,
ti€n hanh tinh todn tir cAp dién 4p thap nhi't d&€n cAp dién 4p cao nhit clia hé thong cung
cap dién.

Gido trinh cung cdp di¢n 26 Khoa Di¢n-Di¢n tir Truong CD Ly Tu Trong



Chuong II: Tinh todn phu tdi dién
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Hinh 2.11. So do cung cdp dién xi nghiép téng qudt

Muc dich tinh todn phu tdi dién nhiim dé:

* Chon ti€t dién day dan 1udi cung cAp va phan phoi.

= Chon s8 lugng va cong sudt may bi€n 4p clia tram bién 4p.
= Chon thi€t dién thanh din ctia tram phin phdi.

* Chon cédc thiét bi chuyén mach va bdo vé.

4.2. Cac phudng phap tinh toan phu tai

a) Cong sudt dit va hé s6 nhu cau

i=1

Qi = Putgo
P
Stt = VPtzt + th = =

Cos @

Mot cich gan ding, Py = Py, thi
Plt = knczpdmi
-

Trong do
Py : Cong suat dit ctia thi€t bi thit i, KW

Pymi : Cong suat dinh mifc thi€t bi thit i, KW

(2.23)

(2.24)

(2.25)

(2.26)
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Py, Qu, Sy : COng suit tic dung tinh toan, phan khang tinh todn, bi€u ki€n tinh todn cia
nhém thi€t bi, KW, KVAR,KVA

knc : Hé s6 nhu cdu clia nhém thiét bi tiéu thu, tra s tay.
N€&u hé s6 cong sudt cia cdc thi€t bi trong nhém khong gidng nhau thi phai tinh hé s&
cong suit trung binh.

P, cos o, + P, cos o, +...+ P, cos @,

(2.27)
P+P,+..+P,

Coso, =

Phy tdi tinh todn tai cdc di€m nit ctia hé thong cung cAp dién dudc xdc dinh bing tdng
phu tdi tinh todn cdc nhém thi&t bi ndi d€n nit nay.

Stt = kdt\/(i Ptti) + (Zn: Qm] (2.28)

vl

sz : Téng phu tai tac dung tinh todn clia cdc nhém thi€t bi va dudc x4c dinh nhu:

i=1

l)tt = kncZPdi ’ KW (229)
i=1

> Q. : Tong phu tdi phdn khang tinh todn clia cdc nhém thi€t bi va dugc xdc dinh nhu:
i=1

Qi = Pytgp, KVAR (2.30)
kg : Hé s6 1am viéc dong thdi clia cdc nhém thiét bi, kg = 0,85 + 1
Phu t3i tinh todn tinh theo hé s& nhu ciu c6 cic vu nhudce di€m sau:
» Uu diém: Pon gidn, tinh todn thuin tién, dudc st dung rong rai.
» Nhugc diém: PO chinh x4dc khong cao vi gid tri k, tra trong s tay 12 mot gid tri c6
dinh, ma K, = KeKmax V2 Kye phu thudc vao k., va phu thudc vdo qué trinh sdn xuét va
sO thi€t bi trong nhém may, hai y&u t6 nay thudng xuyén thay ddi, cho nén gid tri k. tra
trong sd tay khong chinh xac.
Vi du 2: X4c dinh phu tdi tinh toAn mdt phan xudng sdn xudt héa chit c¢é 4 nhém mdy
méc chuyén ding véi cdc s8 liéu sau:
= Nhém 1: Gom 16 thi€t bi van chuyén cé tdng cong suit dinh mitc 191,4KW, k,.=0,8,
cosp=0,75.
= Nhém 2: Gé6m 2 mdy pha nguyén liéu c6é tdng cong suit dinh mic 9KW, k,.=0,35,
cosp=0,5.
= Nhém 3: Gom 23 dong cd tron cé tdng cong suat dinh mitc 158,5KW, k,.=0,6,
cosp=0,75.
= Nhém 4: Godm 8 quat gi6 c6 tdng cdng suat dinh mitc 18KW, k,=0,8, cosp=0,85.

Giai
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Nhém I: Py =KyPam=0,8.191,4 = 153,1 KW
Qu = Putge = 153,1.0,882 = 135 KVAR

S. =P2+Q% =1531% +135 = 2041 KVA

Nhém 2: P, = k,.Pan = 0,35.9 = 3,15 KW
Qu =Pytgp =31,15.1,372 = 5,5 KVAR

Sy = \/Ptzt +Q2 =4315% +5,5 = 6,3 KVA
Nhoém 3: P =k, .Psn = 0,6.158,5 =95,1 KW
Qu = Pytgo = 95,1.0,882 = 83,8 KVAR

Si = P2 +Q% =951% + 838 =1267 KVA

Nhom 4: Pi =k ,Pam =0,8.18 = 14,4 KW
Qu =Pytgp = 14,4.0,62 = 8,9 KVAR

Su = yP2 +Q% =414,4> +89% =166 KVA

b) Sudt phu tai trén mot don vi dién tich sdn xudt

Phuong phéap nay cho két qud gan ding. St dung tinh phu tdi cdc phadn xudng c6 mat do
mdy tuong d6i déu (phan xudng dét, gia cong co khi,...)

Ptt = POF, KW (2.32)
Trong do
F : Dién tich sdn xuit (dién tich dit mdy sin xudt) , m*

P, : Sud't phu tai tinh todn trén mot don vi dién tich sdn xudt 12 m* (KW/ m?®),
gia tri Py tra trong s tay.
Vi du 3: Xdc dinh phu tdi tinh todn clia phan xudng gia cong ngudi nha mdy cd khi ch&
tao mdy. Cho biét sud't tiéu thu phu ti tinh todn Sy = 0,3 KVA/m” va dién tich F = 13000

2
m.

Giai:
Phu tdi tinh todn xdc dinh bgi: S, = SoF = 0,3.13000 = 3900 KVA
c) Sudt tiéu hao dién ndng trén mét don vi san phdm

Phuong phdp nay st dung tinh todn cdc thi€t bi c6 dd thi phu tdi bi€n thién hoic khong
bi€n thién, (quat gié, bom nudc, mdy nén khi,...) khi d6 phu tdi tinh todn gin phu tdi
trung binh, k&t qua tudng ddi chinh x4c.

(2.33)

~ . ~ ~ A o
M : S6 don vi sdn pham sdn xudt ra trong mdt nim
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W, : Sudt tiéu hao dién ning mot don vi sdn phffm (KWh/sp)

Tmax : Thoi gian st dung cong suit 16n nhat, (h)
Vi du 4: Tinh phu tdi tinh todn ctia nhém mdy nén khi. Bi€t mot nim nhém mdy nay sin
xuit dugc 312.10° m® khi nén. Pién ning tiéu thu trén 10° m’ khi nén 1a W, = 100
KWh/10° m® . Thoi gian s& dung cong suit 16n nha't 1a 7000 gid.
Giai

MW, 321.10°.10°
S 0 — 10 = 4457 KW

max

d) S0 thiét bi hiéu qud (hé s6 cuc dai k..., va cong sudt trung binh P,)
Py = KnnaxPio (2.34)
Ma: Py, = kogPgm, nén:
Pii = KimaxKsaPam = KncPam (2.35)
Trong do:
Py, , Pam : COng suat trung binh, cong suat dinh mitc, KW
Kumax » Ksa : HE 50 cuc dai, hé so st dung. kg tra s6 tay ky thuat
Knax dudc tinh trong phu tdi cuc dai
Pic diém clia phuong phap tinh sd thi€t bi hiéu qua:
= K&t qud tinh todn khd chinh xdc.
= Khi tinh todn c6 k€ d&€n dnh hudng cia sd thi€t bi trong dé.
= Khi tinh todn c6 tinh dén cdc ch& dd 1am viéc khac nhau cia thiét bi.
= Anh hudng cla sd thi€t bi c6 cong suat 16n nha't d6i véi cac thi€t bi con lai rat rd rét.
Mot diéu can luu y khi sit dung phuong phdp tinh todn nay 1a:
- Khi n <3 va nyq < 4 thi Py dudc xdc dinh nhu sau:
P, - iPdmi (2.36)
- Khi n > 3 va nyq < 4 thi P, dudc xdc dinh bdi:
P, = ikpﬁpmi (2.37)

V6i kyi 12 hé s6 phu tdi tirng mdy. N&u khong c6 ky thi c6 thé chon k,; = 0,9 néu thi€t bi
lam viéc & ch€ d6 dai han, ky; = 0,75 néu thi€t bi lam viéc & ch€ dd ngdn han hodc ngin
han 13p lai. ny, tinh bing cdch tra bdng. Cdc thi€t bi ¢6 do thi phy tdi tuong doi bing
phing nhu mdy bom, nén khi, quat gi6, cong suat tinh todn xdc dinh theo cong thifc (2.35)

Né&u trong mang dién c6 cdc thi€t bi mot pha thi phdi cd gdng phan phdi déu cic thi€t bi
trén mang ba pha.
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Vi du 5: Hay xdc dinh cOng suat tinh todn ctia mot phadn xudng cd khi ¢ cdc s6 liéu mdy
moc cho trong bang sau:

Tén mady S6 lugng Ps, (KW) | 2’ Ps, (KW) Cosgp
Midy ti€n T630 4 10 40 0,7
Mady tién C620 5 7 35 0,6
Mady tién T616 4 4,5 18 0,65
M4y khoan ding 5 2,8 14 0,5
M4y khoan ban 20 1 20 0,5

Cho bi€t hé s6 st dung chung cdc may ko = 0,1
Giai:

Xac dinh n; va n«

n=4+5=9
n*=n—l=i=0,23
n 38

Vé6i: p;=40+35=75KW
2p=40+35+18+ 14 +20 =127 KW

P _ 7 _ 459

TSp 127

Tra bidng tim dugc n, = 0,54

Nhg = 0y n =0,54.38 = 20,52

Néu tinh theo cong thifc

nl 2
(;pdmij (40+35+18+14+ 20)’ 128°
N, = = 2 2 2 2 2 = =20,6
S (p,,) 010 +57 4445 +528' 1201 7852
dmi

i=1

Véi cdch tinh theo cdng thic thi k&t qud gan gidng nhu trén nhung viéc tinh todn phic tap
hon ra't nhicu.

Tinh cdng sudt tinh todn P
Ptt = Kmaxksd dem
i=1

T npg = 20,52 va Ky = 0,1, tinh dugc Ky, = 1,82
Vay: P,=1,82.0,1.127=23,1 KW
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Vi cos@ clia nhém mdy khong gidng nhau nén

P, cos o, + P,cos @, +...+ P cos o,

CoS ¢ = -
2P
i=1
_40.0,7 +32.0,6 +18.0,65 + 14.0,5 + 20.0,5 0.61
127 ’
Qu = Pe.tgo =23,1.1,299 =30 KVAR
Sy = _Ptt = E =381KVA
coso 0,61

e) Tinh phu tdi dinh nhon

Phu tdi dinh nhon 12 phu tdi cuc dai xuat hién va kéo dai trong thdi gian 1 + 2 gidy. Phu
tdi dinh nhon thudng biéu dién & dang dong dién dinh nhon. Dong dinh nhon 13 cd s& viéc
chon cdc thiét bi bdo vé (ciu chi, role,...), ki€m tra do l1éch dién 4p. Ngoai viéc quan tim
dé&n gid tri I, con phdi quan tAm dé&n tan s& xuat hién. Dong dién dinh nhon xui't hién khi
ddng co c6 cong suat 16n khéi dong, m4y han lam viéc, 10 hd quang,...

* DOi vdi mot mdy
Lin = Lium = Kinm Lam (2.38)
V6i: K 12 hé s8 m& may dong co
Trudng hop khong c6 s liéu thi ky,, ¢6 thé tham khdo cdc gid tri sau:
= Dong cd dién mot chiéu kyy, = 2,5
= DPong cd xoay chiéu rotor 16ng sé¢ kypm =5 + 7
= Lo hd quang dién, may bi€n 4p han ky, >3
* POT véi mot nhém mdy
Dong dién dinh nhon chi xuat hién khi dong co c6 dong dién khdi dong 16n nhit trong
nhém mdy khdi dong va cac dong cd khac dang lam viéc binh thudng.
Lan = Tnmmax + ( L — Ksalammax*) (2.39)
Trong do:
Lnmmax : DONg dién md mdy clia dong cd c6 cdng sud't I6n nha't va hé s6 m3 may 16n nhat.
Lnmmax = lammaxKmmmax
I; : Dong dién tinh todn cd nhdm mady
Ky : HE s0 st dung cia dong co c¢6 dong dién mS mdy 16n nhat

Limmax+ : DONg dién dinh mic dong cd c6 dong dién khdi dong 16n nha't dugc qui ddi vé
ch& @6 1am viéc lién tuc.

I =1 €4

dmmax* ~ ~“dmmax
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Vi du 6: Tinh dong dién dinh nhon trén dudng day cung cip cho cau truc c6 cic thong sd
cla cdc dong cd thanh phin nhu sau:

Dong co Py, KW | &% Coso kom
Nang hang 12 15 0,76 5,5
Xe con 4 15 0,72 2,5
Xe 16n 8 15 0,75 2,5

Bi€t cAu truc van hanh trong mang dién c6 dién 4p 380 V va cdc dong cd thanh phan déu
c6 cung hé so st dung 13 kg = 0,1

Giai:
Trong nhém dong co nay dong cd nang hang c6 dong m& mdy 16n nhat
Lnmmax = Kmmlam = 24.5,5 = 132A

Phu téi tinh todn nhém dong cd quy ddi vé ché& @6 lam viéc dai han (¢% = 100)
3
P, =Y Pi.eam =([12+4+8)/0,15 = 9,3KW
i=1

3
Qu = D (Punin/Eams te®; ) =12.4/0,15.0,85+ 4./0,15.1+8.,/0,15.0,88 = 8, 2KVAR

i=1

Stt = \/Pf + Qtzt = \/9, 32 +8, 2% = 12,4KVA

[~ Se 124
Y J3U,. +/3.0,38

Dong dinh mic dong co nang hang quy ddi
Limac = Limmas \/Eam = 244/0,15 =9,3A
Dong dién dinh nhon trén dudng day
Ton = Lommax + (I = Kealammace) = 132+ (18,8 — 0,1.9,3) = 149,8A

- 18,8A

Vi du 7: Mot xi nghiép co khi ch€ tao mdy c6 s6 d6 cung c4p dién nhu hinh vé sau day,
biét ring hai may bi€n 4p MBA1 va MBA2 lam nhiém vu cung cap dién cho cdc thi€t bi
clia 1 phan xudng trong xi nghiép gdm:

- Mot day 5 mdy cit got kim loai (ddnh s6 tir 1 dén 5, nhdnh bén trdi) c6 cic thong sd:

Pdl =38 KW, sz =12 KW, Pd3 =10 KW, Pd4 =16 KW, PdS =14 KW, blé/t knc = 0,2 va COSQ
=0,65.

- Hai dong cd quay may nén khi B, va D,, bi€t Py.; = 80 KW, Pye, = 120 KW, ¢6 k. = 0,8,
cos@ = 0,85 gi6ng nhau cho ¢4 2 dong co.

- Mot nhém 6 mdy han giong nhau (ddnh s& tir 6 dén 11 & nhdnh phai), cong suit mdi
mdy 13 24 KW, v6i kye = 0,35 va cos@ = 0,6.
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Chuong II: Tinh todn phu tdi dién

- Mot phu tdi chi€u sdng cong nghiép cho toan phan xudng, bi€t dién tich mit bing phin
xudng 12 3000m” va suit chi€u sdng 1 p = 0,012 KW/m>.
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Hay xac dinh:

a. Cong suat tinh todn cda nhém 5 mdy cit got kim loai trén.

b. X4c dinh cong suit tinh todn cla hai dong co quay mdy nén khi B, va D,.

c. Cong suat tinh todn cia nhém 6 mdy han.

d. Cong sudt tinh todn ctia phu tdi chi€u sdng.

e. Cong sudt tinh todn clia thanh cdi tram MBA1 phia dién 4p thap, bi€t k,. = 0,95
Giai

a. Cong sult tdc dung tinh todn nhém 5 may cit got kim loai xdc dinh theo cong thitc
Ptl = kncZPdi
i=1

v6i kye = 0,2 dung chung cho céc thi€t bi.
Py = Kno(Pai + Pz + Pz + Pay + Pas)
P,=028+12+10+ 16+ 14) =12 KW

Sw=—t =12 <18 4KVA

- cos 0,65
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Chuong II: Tinh todn phu tdi dién

S =P +Q;

Qttl = \/Stztl - Ptfl = \jl& 42 _122 = 13,9KVAR

b. Phu tdi dong cd B, va b,

P,, =k, 3 P, =0,8.(80+120) = 160KW

i=1l
an = Pnztg(p =160.0,6 =96KVAR

c. Phy tdi nhém 6 may han

P.=k, ipdi =0,35.(6x24) =50,4KW

i1
Qs =P,stg9p="50,4.1,33=67KVAR

d. Phu tdi chi€u sdng
Py.s = Fpk,. = 3000.0,012.0,8 = 28,8 KW

e. Phu tdi tinh todn ctia thanh cdi tram MBA1 phia dién 4p thap
Pir1 = Pi1 + Pio + Pis + Piies = 124160+50,4+28,8 = 251,2 KW
Quri = Qui + Qe + Qs = 13,9496+67 = 176,9 KVAR

vGi kg = 0,95
P, =k P, =0,95.251 2 = 240KW
Q. =k, Q. =0,95.176,9 =168KVAR

ON TAP CHUONG II

2.1. Theo sy hi€u bi€t cia minh, hiy cho bi€t trén thuc t&, dd thi phu tdi ngay do cic thiét
bi do v€ chuyén dung ghi lai c6 dang nao: bac thang, dinh nhon, dudng cong hay tip hdp
cic dudng gip khiic c6 do dai thay ddi lién tuc, gidi thich tai sao?

2.2. Trong mdi dd thi phu tdi nhan dugc, thong s6 nao déng vai trd quan trong nhat cho
viéc tinh todn phu tai? Tai sao?

2.3. P&i v6i mot phu tdi dién c6 d6 thi phu tdi khong ddi, gid tri 7 va T,,, dudc xdc dinh
nhu th€ ndo? Tuong ty, v6i mot phu tdi dién c6 do6 thi phu tai bi€n thién, gid tri 7va T,
dugc x4c dinh nhu thé ndo?

2.4. Phin biét va so sanh cdc khdi niém: hé sd tdi, hé s6 cong sudt va hiéu suit.

2.5. Khdi niém s0 thi€t bi st dung hiéu qud c¢6 y nghia nhu thé nao trong bai todn tinh
todn phu tai dién?
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