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TOM TAT : Théng qua hai phuong phdp théng dung dé do dién tré sudt cia ddt la
phuong phdp Wenner va phuong phdp déng coc (driven rod method). Bai bdo dd phdt trién
mét quan diém mdi vé dién trd sudt cila ddt la mt ham phitc, khdng nhiing bdn than né
thay déi theo tdn s6' @ va thoi gian phuc hdi phan cuc v, ma cdc tham 6 o va € ciing thay
ddi theo  c6 dang pliw) = [o(w) + jo.g o). Két qué dugc trinh bay trén cdc dé thi va
dugc vng dung trong mét s6 truong hop cu thé.

G101 THIEU

Nhu da bi€t viéc do dién trd sudt clia dit duge thuc hién chi y&u theo phudng
phdp Wenner va phuong phdp déng coc [6). Tir cdc gid tri nay c6 thé ng dung vao tinh
todn nhi€u van dé trong k¥ thuit dién nhu dién dp budc, ti€p xic [7]-[8], dién trd cia
hé thdng ndi dat [9],phén tich qud dd dién tif clia hé thdng ndi dat [10],[11]...

Tuy nhién né€u coi dién trd suit dat 12 mot gi4 tri thuc thi vin chua gidi thich dugc
cdc hién tugng vit 1y khdc nhau trong dat khi x4y ra cdc qud trinh qud dd hodc hién
tugng cdm tng dién tir trudng sét ... vi cdc qud trinh nay ludn ludn phu thudc vao tin s8.
Nhu th& doi héi dién trd suit dat ciing phai th€ hién dudc su phu thudc vao tin s6
ngudn tdc dong. D€ gidi quy€t van dé nay c6 tdc gid da biu di&n dién trd sudt § dang
phiic p(jo) = [c + jo.€]™. Trong d6 dién din o va hiing s§ dién modi € 12 nhitng tri thuc
khong ddi. Piéu nay vin chua chinh xédc, vi theo 1y thuyé&t din dién va phén cuc thi khi
tdn s6 ngudn kich thich thay déi s& 1am cho céc gid tri nay thay ddi, néi cdch khéc céc
gid tri o va € phdi phu thudc tin s6. Do d6 Pelton [3] dd dua ra mét phudng trinh biéu
di&n dién trd suit da't 1a m6t ham phiic phu thudc vao tin s& vi thdi gian phuc hdi phan
cuc dat p(jo) = [o(o) + jo.e(w)]” (phuong trinh (7) va (8)). Vi cdch biéu dién nay c6
thé gidi thich dudc cdc qué trinh din dién va phan cuc x4y ra trong dat va cdc tham s&
cia dién trd suat da't phu thudc vao tin s6 ngudn tdc dong.

Trén cd sd d6 bai bdo xdy dung cdc cdng thiic tinh dién trd sudt dat hai 16p dang
phifc va so sdnh két qua tinh todn theo hai phuong phdp trén trong mit phing phiic phu
thudc vao tin s8. Cudi ciing néu 1én mét s6 wng dung cu thé khi thay dién trd suit thuc
bing dién trd suat phic.

1/- CAC PHUONG TRINH CO BAN:
a/- Pién trd sudt dat hai Iép theo phuong phdp Wenner:

Phuong phédp do dién trd sudt Wenner [6] dudc thuc hién theo sd d6 nhu hinh 1:
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Hinh 1: So dé do dién tré sudt ddt theo phuong phdp Wenner.

Mot ngudn dong I di vao dit qua hai dién cuc C; va C; s& tao nén trong dat mot
dién trudng. Gan mit dit mat do dong dién 16n va cing xudng sdu cang gidm, d€n mot
d6 sdu nao dé thi n6 sé biing khong. Vi dit 1a mot vat dan hitu han nén s€ gy sut dp
trong dat. Dit hai dién cuc dp Py va P, gilta hai dién cuc dong thi s&€ do dudc hleu dién
th€ gifta hai dudng ding th€ di qua P, va P;.

Pién trd sudt cia dit theo phuong phdp Wenner dugc x4c dinh nhu sau:

vV _p,

1 2na
Theo [1] chiing ta c6:

ofiete )

Véi A=1+2nh/a)> va B =A +3

(D

+a 1a khodng céch giffa cdc dién cic [m].
+h 12 d6 sdu clia 18p dat bén trén [m].
+ p1 12 dién trd suat cda 16p ddt bén trén [Qm].
+ p; 12 dién trd sudt cla 16p d't bén dudi [Qm)].
Hé s6 phédn xa thuc
r=f8tc @
p, TP,
Hé s6 ' nay thay ddi trong pham vi tit 0,9 dén +0,9
b/- Phuong phdp déng coc khi dién tré sudt dat la thuc:
Phudng phép nay dugc thuc hién theo sd dd hinh v& 2 - [4]:
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Cuc do 4p Cuc dat Cuc do dong

Hinh 2: So dé do dién tré sudt ddt theo phwong phdp déng coc

Phudng phdp ndy vé mit nguyén Iy tudng ty nhu phuong phap Wenner. Ngudi ta
stf dung mét coc do (dugdc goi 12 cue dit) c6 chiéu dai chon trong di't 1a L, bdn kinh coc
1a r.. Mot coc thit hai goi 1a cuc do dong, coc thif ba goi 12 cuc dd 4p dudc dat cdch xa
cdc cyc khdc 12 d€ gidm tdi thi€u tdc dong nhiu. M6t ngudn dong I dude ndi gifra cuc
ddt va cuc dd dong s& tao nén mét dong dién chay trong di't. Tuong tu nhu trén chiing
ta s& do dudc dién 4p trén cuc dat. ‘

Dién trd cuc dit:

R=Y P 2L (4)

I 2aL™ &

Dién trd sudt cda dét theo phuong phdp déng coc dude xdc dinh nhu sau [2]:

i/-Truong hgp L > h

ir".ln[ 2nh+L )
L.p,.p, = (2n—-2)h+L
Py = J1+ e (5)

L : chiéu dai coc [m].
d : dudng kinh CQc [m].
ii/- Truong hop L < h:

P =p,| 1+ a1 (6)

c/- Pign tré sudt ciia dat hai lép phu thujc tdn s6:
Theo [3] dién trd sudt clia tirng 16p d4't dugc tinh nhu sau:
: . 4
pijo) = [o((0) +jo.e(@]” O
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P 1 —
. =p,0)[1l - m (- ———

+ pi(0) va pj(c0) 12 nhitng tri s6 gidi han clia dién trd sudt clia 16p dat thit i tuong
ing v6i tAn s6 biing 0 va o , [Qm].

+ 7; 12 hiing s& thdi gian phuc hdi phdn cuc cia 18p dat thii [s].

+ G 1a chi s6 phudng sai = nd béng 1 vdi chdt léng cuc tinh tinh khiét, v6i moi
trudng dat thi né nim trong khodng tir 0,1 dén 0,6.

m = PO =p()
p.(0)

Thay thé .phUdng trinh (8) vao (2) chiing ta c6 cong thiic Wenner § dang phic:

+ Hé s& m; :

®)

n=l

o, (j0) = p.(jco).[l + 253 ITGO)T R(y, n)) -

Gday: w2 111
ay:y 3 (11)
1] 1 1
ER(y,n)=— 2 N2 2 257172 (12)
n|[1+(y*/4n%)] [1+(y*/n%)]

Hé sd phan xa by gid ¢ dang phic nhu sau:

F(JCD) - pz(.]m) = pl(.]w)
p.(jo) +p,(jo)

(13)

d/- Phuong phdp dong coc khi dién trd sudt dét la phiic:
Tudng tu nhu trén khi thay pt(8) vao (5) va (6) chiing ta c6:
i/-Truong hgp L > h:

[ e 2nh+L )]
I'(jo)]".In| ——
L.p,(jo).p,(jo) 1+ g[ ()] n[(Zn —2)h +L]

p,(j®).h +p,(jo).(L—h) 3L _q

P, (j0) = (14)

ii/-Truong hgp L <h:

i[l‘(jm)]“. ln(nh+L]_

p,(j®) =p,(jo)| 1+ £ 7P oh-L/1 s

In—-1
d
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2/- KET QUA TINH TOAN

Vi du: Cho m, =[p,(0)— p,(«))/ p,(0)=0,8. Chi s& phuong sai &, cho viing dat
béndudila 0,5.a=L=10mva h=1,1 m. Cho p;(jo) = p1(0) '
p.(0)
p,(0)

Vi nhitng gid thi€t & trén chiing ta s& v& dudc gid tri phic pw(jo) va pp(jo) trong
mit phdng phitc. Thong s6 @t thay ddi tit 0 — o ting v&i mdi gid tri ctia C.

Chiing ta c6 ti s8 dién trd sudt DC ciia cd hai ving 1a: C = =0,1;10

Véi C = 10:
10 10
-Im(pw(@))
SIm(pD(w)) |
0 o .
10 20 30 40 50 60
10 Re(pw(® )),Re(pD(w )) 60

Hinh 3: Su thay déi ciia p.(®) va pp(®) khi p;(0) = 1002m va p(0) = 10092m

Véi C=0.1:
3 | | [
4“—OT
-Im(pw(0)) 2| 3
-Im(pD( 0 ))
i S
0 2.4 4.8 72 9.6 12
0 Re(pw(® )),Re(pD(® )) 12

Hinh 4: S thay d6i ciia p,(@) va pp(w) khi py(0) = 10002n va py(0) = 102m

Trong hai hinh 3 va 4 chiing ta thdy dién trd suit by gi khéng phdi 12 tri s6 thuc
nita ma 12 mot ham phitc thay ddi theo tin s6. G tdn s& thdp céc gid tri pw(jo) va
pp(j®) chénh léch nhau vao khodng vai ba don vi, khi tin s ting thi ching gin bling
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nhau. Piéu nay khing dinh lai 1in nifa tinh tvong duong cla hai phuong phép va ching
thong thudng dugc sit dung d€ do dién trd sudt ciia dat.

3/-UNG DUNG

Khi thay d8i dién trd sudt dat ti gid tri thuc qua gid tri phifc chiing ta s& thdy c6
rdt nhiéu van dé xdy ra d6i véi cdc thong s6 vit Iy dugc trinh bay nhu sau:

i/- Py sdu p (d6 sdu thdm nhip): Theo phuong phdp dong phdn hdi (return
current) [4], ngudi ta dd dua ra gid thi€t coi dong phdn hdi tdp trung trén mdt mit
phing tudng tugng nim song song va cdch mit dat mot do sau phifc cé gid tri dugce tinh
nhu sau:

. 1
P(J0) = ==
Jiou,p™

Nhu th€ khi ching ta phét trién cong thic (16) theo quan di€ém mdéi vé dign ud
sudt phitc thi phuong trinh trén c6 dang:

(16)

Véi dat mot 16p: thay thé (8) vao (16) '

; 1
p(jo) = (17)

. . -1
Jiow,(p(jo))
* Vi dat hai 1dp: ching ta 1dn Iugt thay dién trd sudt biéu kién tir (10), (14) va
(15) vao (16)

1
p(jo)= - (18)
Vioat, oy, (o))

bit ham p(o) = p(jo) theo pt(16)  g(o) = p(jo) theo pt(17)

2000 7000 T I ]

6000 [~
5000
-Im(p(® )) 4000

-1m(q(9)) 30001~

2000~ '
1000~
0 l [ B D NI, N
"0 1000 2000 3000 4000 5000 6000 7000
0 Re(p(v )),Re(q(v)) 7000

Hinh 5: Biéu dién gid tri do sdu phitc theo pt(16) va (17)

Khif = 1Hz thi  p(2.m) = 2516 - j 2516
q(2. ) = 1366 .- j 1877
Khi f=50Hz thi p(100.m) = 355,88 - j 355,88

q(100. 7) = 160,82 - j 182,56
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Khi f— o thi p(®) va q(o) tién tdi 0.

Tur vi du trén ching ta nhin thdy khi tin s& cing nhd thi gid tri ciia pt(16) va (17)
khéc nhau nhiéu (c6 thé tdi 10°) va khi tdn s cang 16n thi cdc gi tri cia (16) va (17)
gan bing nhau va ti€n t6i 0.

ii/- Bén kinh phéng dién trong dat:

Theo [5] bdn kinh cla viing ion héa phéng dién trong dit do sét ddnh vao mat dat
s& bing:

10° 2.10°
I, = 16p + (19)
2m.e p

0
+ ep 12 gradient dién 4p phéng dién & trong dat.

Nhu vay theo [5] bdn kinh viing ion héa trong dat (r,) ¢ gid tri khdng phu thudc
tdn s8. Nhung theo quan di€ém dién trd suit phifc , phu thudc tin s& thi ro ciing c6 dang
ham phifc va thay d6i theo tdn s ngudn.

Khi xem dién trd sudt dd't 12 ham phuc, theo tin s& chiing ta c6 phudng trinh nhu
sau:

2M.e

=2

r00m>=\/ il [lﬁp.(jw-)+ 2'1.06) 0)
p.(jw)

Trong d6 p= c6 thé dudc thay bing pp (pt(8) — Pelton), pw (pt(10) — Wenner) hoic
pp (pt(13) va (14) — phuong phédp déng coc).
(m) :
< og A T T T E T T T 1T T 1
191 =]

1.8~
yr
161
p) 15[
14 _
{ar .
jar ' <
Tl -
T N AN 0 IR

0 100 200 300 400 500 600 700 800 900 10001100
0 D 1100 (€2m)

Hinh 6: D6 thi biéu dién sy thay d6i ciia bdn kinh viing ion hda trong dat.
Hinh 6 va 7 biéu di&n bdn kinh viing ion héa trong d't & mién tri s§ thyc va mién

phitc. Chiing ta nhén thdy phén thyc ctia pt(20) so véi gid tri tinh tir pt(19) khdc nhau tir
vai centi mét d€n vai mét tiy theo tdn s& ngudn. Khi tdn s6 bing khong thi phan 4o
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pt(20) triét tiéu va phin thyc ding bing gid tri theo pt(19), khi tin s& ngudn ting thi do
sai léch nay ting.

Re[r(jw)] 1°

4 Samg* n 2010 >
-4-10 -Im[r(jo)] 4-10

Hinh 7 - Bdn kinh ving ion hda trong ddt & dang phitc theo tdn sé' ( O day ppla
ham bién phitc theo pt(8) va py thay ddi tix 100 — 100092m, tdn 6 @ = 2,3.10°
rad/s).

4/- KET LUAN

Bai bdo da xdy dyng dudc cdc phuong trinh tinh dién trd sudt theo phuong phédp
Wenner va phudng phép déng coc vé dang ham phitc phu thudc theo tin s& va thdi gian
phuc hdi phan cyc dat. Tir d6 cho thay sy thay d8i ciia céc gid tri dién trd sudt nay trong
mit phing phic va din dén nhiéu dng dung cu thé trong k§ thuat dién nhu: do siu
phirc (vi nd ¢6 dnh hudng tdi bién do dién ti¥ trudng cdm ing tinh dién clia cdc dudng
ddy siéu cao 4p - cuc cao 4p) va bdn kinh viing ion héa trong dat.

ANALYSIS OF TWO RESISTIVITY MEASUREMENT METHODS
OF TWO-LAYER EARTH AS A COMPLEX FUNCTION
Hoang Viet - Vu Phan Tu

ABSTRACT: Via two common earth resistivity measurment methods, i.e. the Wenner
method and the driven rod method. This paper dévelops a new thesis on earth resistivity as
a complex function which not only varies itself with the frequency @ and the relaxation time
contant 7, but also has its parameters o and ¢ varying with @ in the shape p(jw) = [o(®) +
jo.g )], Results of the analysis are presented on diagrams and may be applied in a
number of specific cases.
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