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Tém tit: Dé phuc vu hiéu qud hon cong tac tim kiém khodng san kim loai trong cdc nhiém vu ldp bdn
do dia chat va diéu tra khoang san, cac tac gia da nghién ciiu ché tao may thu cia tram do SuperSting
IP/R8 dé thu lién tuc thé phan cuc trong mzen thoi gian thong qua ing dung cdac thiét bi Data Logger. Cac
phirong phdp nghién citu co ban: Thiét ké cau hinh cia may thu; thiét ké tang vao ciia tin hiéu do va qua
trinh diéu khién; thiét ké mach dién 16i vao; thiét ké phan mém do va diéu khién hé thong; quy trinh ky
thudt do va cdac phwong phap phan tich xu ly tai liéu.

Két qua do thir nghiém va doi sanh giita hai may VN-IPO1 va mdy SuperSting IP/R8 cho thdy: mdy thu
VN-IPOI hoat dong é6n dinh theo tat ca cdc ché dé cia mady trong qua trinh do dac; loagi trir va phan lap
dwge nhiéu ra khoi tin hiéu cé ich; tham sé dién tré sudt gita hai mdy hoan toan giong nhau, dé phéan cuc
gitta hai may co sy khac biét, dac biét trén cac doi twong quang; ham tu tuong quan tham 56 dd phan cuc
ciia hai may la giong nhau trong tdt ca cac doi sé; phé nang lwong tham sé dé phan ciee may VN-1P01 ludn
cao hon may SuperSting IP/R8. Két qua phan tich xit Iy s6 liéu do dac bdng may VN-IPOI co6 do phdn gidi
cao hon, dj thwong dg phan cuc c6 tinh dinh xir hon va phan anh dac diém dia chat chinh xdc hon. Nang
cao kha nang giai quyét cdc nhiém vu dia chat — khodng san bang phwong phdp phdn cuec kich kich thich
mién thoi gian voi hiéu qua kinh té - ky thudt cao.

Tir khéa: Mday SuperSting IP/RS; Khodng san Kim logi; Thé phdn cuc kich thich

1. Mé& dau

Két qua cong tac dia vat 1y trong cong tac dia chat phu thudc rat 16n vao chat lugng thu thap tai lidu thuc
té, trong d6 thiét bi may moc duoc sir dung do ghi dong vai tro then chét. Sir dung may c6 kha ning do ghi
s6 liéu chinh xac, c6 thé loai tru, phan 1ap dugc nhiéu ra khoi tin hiéu cé ich chic chin la yéu td trude tién
gitip khau phan tich xir Iy tai liéu chinh xac, giai doan dia chat ding dén.

SuperSting IP/R8 1a mdt trong nhiing loai may tiéu biéu cia dong may do hi¢u ng phén cuc kich thich
mién thoi gian, do d(‘Sng thoi dién tro sudt va do phan cuc, ty dong diéu hanh bé'mg may tinh PC, lam viéc
vOi hé théng da cuc. Pay la thé hé may mdi, hién dai, c6 dd chinh xac cao, nhiéu ché d6 va tham sb do,
nhiéu tinh ning uu viét, ning suat lam viéc cao, dang dugc sir dung & mot sé don vi trong nude. Tuy nhién,
cac may thiét bi do dac hién nay déu dua ra két qua 6 phan cuc biéu kién hodc do tich dién (M) dugc tinh
toan bang mach tich phan trong cac khoang thoi gian t1, t2 duge gidi han trude va khong xay dung duge
dudng cong suy giam thyc té theo thoi gian. Do vay viéc phat hién, phan chia céc loai hlnh khoang san bi
han ché; ctra sb thoi gian Va gia tri phan cyuc thu dugc qua roi rac theo thoi gian nén hé s6 phan cuc c6 tinh
trung binh cao; viéc loai trir cc tin hiéu nhiéu, dic biét 1a cac tin hiéu nhiéu do cic qua trinh ty nhién trong
khi quyén hodc do cac hoat dong nhén sinh 1a rat khé khin. Nhitng yéu t6 d6 da gy ra nhitng han ché nhat
dinh trong qua trinh thu thap va phan tich dir ligu.

Xuét phat tir yéu cau thuc té san xuét va tiép can cac tién bo ciia nén khoa hoc ki thuat, céng nghé trong
nganh co dién tir, tin hoc va dia vat Iy; dong thoi nhan thirc duogc tinh cap thiét cia viéc nang cao niang luc
giai quyét cac nhiém vy dia chat — khoang san ctia cong tac dia vat Iy trong do v& dia chét va diéu tra khoang
san ty 18 1/50.000. Tap thé tac gia da tién hanh nghién ctru ché tao may thu VN-IPO1 ctia tram do SuperSting
IP/R8 dé thu lién tuc thé phan cuc trong mién thoi gian qua viée {ing dung c6ng ngh¢ mai va dang dugce si
dung rong rai hién nay la cac thiét bi Data Logger véi cac wu thé toc do lay mau nhanh, cho phép ghi nhén
gan nhu lién tuc céc tin hiéu do dac vao may tinh; c6 thé tdn dung loi thé hiéu suét ngdy cang ting cua cac
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b vi xtr Iy may tinh, § cimg, man hinh va I/O bus; cho phép hién thi thoi gian the, phan tich truc tiép, chirc
nang do nguoi sir dung xac dinh, luu trit dir liéu 1€n dén nhiéu Tetrabyte, két n6i mang. Do do, viéc do ghi
tin hiéu IP véi toc do lay mau cao cho phep theo doi lién tuc qua trinh chuyén ti€p, giup loai trir va phan
1ap céc tin hi¢u nhicu, nang cao d9 tin cdy cua so liéu la mot hudng nghién ctru mdi trong viéc thict ké che
tao may dia vat ly.

Trong khuon kho bai bao nay, cac tac gia trinh bay cac phuong phap nghién ciru co ban trong viée ché
tao may thu lién tuc thé phan cuc trong mién thoi gian: thiét ké ciu hinh cta may thu; thiét ké tang vao cua
tin hiéu do va qua trinh diéu khién; thiét ké mach dién 16i vao; thiét ké phan mém do va diéu khién h¢ thong;
quy trinh ky thuat do va cac phuong phap phan tich xtr Iy tai liéu. May thu VN-IPO1 dugc ap dung do thu
nghiém tai cic diém diéu tra chi tiét khodng san vang bac da kim va khoang san wolfram thudc Dé an Do
Béo Loc ciing nhu dang ky chat lugng nhin hi¢u hang héa tai Cuc S& hitu Tri tué.

2. So lwgc vé ché tao may VN-IP01

2.1. Phurong an thiét ké

Cong tac thiét ké may thu lién tuc thé phan cyuc trong mién thoi gian can phai dat duoc cac muc tidu sau:

May do phai dap tmg duogc cac tiéu chi va dic trung ky thudt ctia may thu lién tuc thé phén cuc.

My do dung dién c qui 12V hodc may phat ngoai.

Luu trit dugc s6 liéu do véi bd nhé ngoai.

Két ndi duoc véi may tinh hién thi d6 thi toan mién thoi gian, chuyén dit liéu qua may dudi dang sé liéu
quen thudc dé xu ly.

Dua Va0 c4c muc tiéu trén c6 2 cAu hinh c6 thé lya chon:

- Ché tao mot thiét bi sir dung cac linh kién roi rac thiét ké mot may hoan chinh dap tng day du chuc
nang y€u cau.

- Ché tao mot thiét bi sur dung cac khédi modul (Card dién tir) loai Data Acquisition (DAQ) sin c6 trén
thi truong két ndi vai cac modul ngoai vi chitc nang va may tinh dé thu thap va xwr Iy so liéu (cau hinh dugc
cac tac gia lya chon).

Qua viéc nghién ctru cu hinh, dic trung k¥ thuat DAQ cua cac hang National Instruments (NI), Thermo
Fisher Scientific, Campbell Scientific.... DAQ cua NI 1a t0i vu nhét doi v6i myc tiéu nhiém vu dat ra. Hé
thong thu thép so liéu DAQ cta NI thuong dugc thi€t ké rat phong phu, tot va toi uu cho cac img dung
trong do dac va xtr 1y s0 li€u, cho ngudi ing dung ¢ nhiéu lya chon. Cac h¢ thong nay thuong chay trén
nén LabView nén phai két ndi véi may tinh PC. Chinh vi vay cac thiét bi va phan mém cta LabView thuong
duoc cac hang ché tao thi€t bi do luong ndi tiéng va cac h¢ thong do luong, diu khién trong cong nghiép
Ung dung nhi€u. Qua viéc nghién ciru cac thong so, ddc trung ky thudt, cac tac gia da su dung USB-
6361 cho may thu VN-IPO1 nham dap (g yéu cau ky thuat chat lugng cao.

2.2. Thiét ké tdng vao cua tin hiéu do va qua trinh diéu khién

Céac DAQ thong thuong duoc ché tao chuén dé do cac tin hiéu theo cac thang do ¢ dinh (0,5V; 1V,
5V; 10V...) v6i cac 16i vao vi phan (2 cuc) hay mét phia (1 cyc).

Tin hiéu do trong thyc té clia cac may do phén cuc kich thich (PCKT) thong thuong thay dbi trong
khoang rat rong nén dé dap ung yéu cau do phan giai va do chinh xac cho moi thang do (2/3 thang do),
ngoai kha nang chuyen thang do (th6) ciia DAQ can phai thiét ké bo khuéch dai 16i vao co thé diéu khién
duogc hé s6 khuéch dai theo y mudn.

Qua trinh do trong cac may do PCKT 14 qu4 trinh nhiéu thao tac nhu:

Bu trir thé ty nhién (Offset) — bao gém ca Offset linh kién.

Phat hién tin hiéu dé dong bo qua trinh do véi dong phat.

Loc nhiéu ngoai y mudn.

Vi cac may do PQKT 2 cuc hay da cuc viéc chl}én pffset hay chuyén, I}Oén vi cac dién cuc can thiét
phai str dung cac chuyén mach dién tir co dién tr¢ thap, 6n dinh, toc dd chuyén mach cao.
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Hinh 2.1. So dé khéi thiét ké phan mach 16i vao

Mach hoat dong dugc mo ta nhu sau:

Tin hiéu tu dién cuc dugc dua vao hé théng chuyén mach (SA) dugc diéu khién dé dung cho cac the}o
tac bu trir the offsqt cua maqh dién :u"r va bu trir thé offsgzt moi truong tu ’nhién.’ Tin hiéu sau kh1 qua (;huyén
rnagh duoc ’dua dén tng tién khuéch dai gPreAOC), tang nay co hé s6 k}luéch dai du lén’ dé khuéch dai
nhicu va thé offset nham muc dich loc nhiéu va bu trur thé offset ciia hé thong dién tir va the ty nhién.

Sau khi duogc khuéch dai tllé, tin hiéu duoc fiua‘ dén téng loc nhiéu tan s6 cao LI?F (Low Lass Filter).
Tin hiéu sau khi dgqc lgc nhieu s€ dugc dua dén tang khuéch gai tinh (ARAMP) dé tin hiéu dat Véq 2/3
khoang thang do cén thi€t. Tin hiéu hoan chinh dugc dwa dén 101 vao cua DAQ dé xr Iy va luu trir. Tat ca
cac tang deéu dugc dieu khién va ghi nhd bdi DAQ.

2.3. Thiét ké mach dién 16i vao

- Pong b tin hiéu may phat va mdy thu

May thu VN-IPO1 s& phai str dung cac déc trung phat dong cua may SuperSting dé thu lién tuc thé phan
cuc trong mién thoi gian. Chinh vi vy, bai toan dt ra 1a tai thoi diém phat dong kich thich can phai c6 mot
tin hi€u thong bao dé may thu bat dau ghi nhén toan b qua trinh xay ra trén hai dién cyc thu M, N ¢ thoi
gian thyc. Viéc tach tin hiéu may phat dong kich thich phai dam bao cac diéu kién khéng can thi€p vao may
phat dong kich thich va tin hiéu khong gay anh hudng dén ca hai thiét bi.

- Chuyén mach 16i vao

Trong thiét bi thong thuong, cac chuyén mach léi vao thuong dung hién nay la cac chuyén mach Analog
voi chat luong dong déu, 6n dinh. Tuy thudc yéu cau chat luong ma nguoi ta sir dung cac IC chuyén mach
cho phu hop v6i cong nang va kinh t€ nhat. Thong qua céc tiéu chi da xem xét, Iya chon t6t nhat 1a sir dung
IC ADG529 nhu trong may SuperSting c6 dong do cd 10pA, thoi gian chuyén mach 1a 50ns.

- Tién khuéch dai 16i vao

) Tién khuéch dai 16i vao v6i do nhay cao thuong dugce st dung 1a cac IC loai Instrumentation Amplifier
toc dd cao, co trd khang vao cao va thé offset thap. Trong thiét k& lua chon sir dung loai PGA207 cua TI
(Burr —Brown).

- Chéng nhiéu va khuéch dai tin hiéu da dwoc loc bé nhiéu

Viéc loai bo cac nhidu tan s6 cao nguoi ta dung cac mach loc chi cho tan s6 thap di qua. Cac mach nay
duogc goi chung 1a Low Pass Filter (LPF). C6 2 kiéu LPF: loc thu dong (Passive) va loc tich cuc (Active).

May thu VN-IPO1 sir dung mach loc tich cuc (Active) & dang vi mach ché tao chuyén str dung cho cac
bd loc nhidu MAX 281 ctia hing MAXIM.

- Bil trir thé tw nhién va thé OffSet 16i vao

Ngoai thé tu nhién trén hai cuc thu M, N th‘g trong tﬁng dau tién‘cﬁa mach tién k}}uéch dai con ¢6 thé
offset ciia vi mach nay dong gbp vao tin hiéu cén do. Do d6 cling can phai bu trir thé ndy trong qua trinh
do, c6 hai phuong an bu trir cac loai thé nay: phuong an bu bang tay (str dung R2, thé +V va -V chuan tir
bén ngoai vao 101 vao Ref va chinh R2 d¢ thé 161 ra bang 0V khi khong c6 tin hi¢u); phuong an st dung bo
DAC (phuong an nay bién d6i ma digital thanh thé twong tmg d€ dwa vao 16i vao Ref bu trir the dé the 16
ra bang OV khi khong c6 tin hi¢u).

- Phuong an sw dung DAQ (USB-6361) diéu khién tuan tw mach khuéch dai



Trong may thu VN-IP01 trude khi do, mach diéu khién phai thuc hién mot s6 thao tac nhu: kiém tra thé
tu nhién cia moi truong va tg dong bu trir thé nay veé 0; dat he so khuéch dai twong d6i phu hgp vdi thang
do. Do d6 can thiét phai st dung mach vi xtr 1y hay cac diéu khién tr DAQ dé diéu khién.

- So d6 nguyén Iy va thiét ké ché tao
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Hinh 2.2. So' dé khéi may thu VN-1PO1

May thu VN-IPO1 duoc cau thanh tir 3 phan chinh (Hinh 2.2) va dugc md ta nhu sau:

B xt 1y tin hiéu dau vao (IPPREME-9118): bao gém cac chtrc nang khuéch dai tin hiéu va diéu chinh
duoc hé sb khuéch dai; bu trir duoc thé offset 16i vao (thé tu nhién trén dién cuc thu) va tich hgp mach
chéng nhiéu tich cuc 5 béc. H¢ thdng nay dwoc diéu khién bang mach diéu khién s6 (MCU). Ngoéi ratrong
phan nay duoc tich hop san mach cho tin hiéu dleu khién may phat ngoai va nhan tin hiéu ddng bo tir may
phat ngoai. Trong phan nay cung bao gom ¢4 ngudn nudi cho hé thdng thiét bi.

Bo thq thap - dleuqkhlen - sap xép s6 licu (USB—6361). USB-6361 dung 1 16i vao ADC?dé do tin hiéu
IP. M6t 161 ra DAC dé bu trir thé phan cyc (Offset). Bon duong Digital Output duge dung d¢ diéu khién hé
s0 khuéch dai. Hai dudng Digital Output dugc dung dé di€u khién 161 vao tin hi¢u. Hai dudng dung lam tin
hi€u dong bo voi may phat ngoai (Khdi dong - nhan tin hiéu dong bd ngoai).

May tinh diéu khién: Vié~c do dac dugc thuc hién trén may tinh V(’;i mot giao dién dudi Qang mot thiét
bi chuyén dung than tl}ién, de st dung, dong thoi dé luu trit tam thoi két qua do duoc, dugce két ndi voi may
VN-IP0O1 thong qua cong USB.

Thiét bi luu trit s6 lidu: O dia di dong nhdm muc dich luu trit s 1iéu khi bd nhé trong may tinh qua day.

2.4. Phdn mém mdy thu VN-IP01

Phéan ’mém may thu VN-IPO1 duoc viét trén co s& ngdn nglr 1ap trinh LabView. Viéc thao tac va van
hanh thiét b1 hoan toan trén may tinh‘ Vdi‘giao‘dién‘nhu mot thiét b1 thgc, Viég xu ly s6 li¢u khong phf}i sao
chép tir thiét bi vao mdy tinh. Luu d6 phan mém gém 2 phan: phén diéu khién va do dac tin hiéu; phan xur
ly cac thong tin can quan tdm va luu trit ching dudi dang file thong dung.

May thu VN-IPO1 dugc déng ky nhén hi¢u, chat lugng hang héa tai Cuc S hiru Tri tué va Cong bao S&
hitu Cong nghiép so 368 tdp A (11.2018) tai trang 1111.

Hinh 2.3. Mat ngoadi mdy thu VN-1P01 Hinh 2.4. Trang 1111, Cong bao S hitu Cong nghiép 6 368
tap A (11.2018) vé may thu VN-1POL.



3. Ap dung may thu VN-IP01 tai diém diéu tra chi tiét khoang san vang bac da kim thuéc bé an
Déo Bao Loc

3.1. Quy trinh, ky thuat do

Cong tac do thir nghiém may thu VN-IPO1 dugc tién hanh dong thoi cung may SuperSting IP/R8, tirc 1a
sir dung cac ché dg phat cua by nguén phat may SuperSting IP/R8 d€ phat dong dién vao mdi trudng, sau
d6 2 may tién hanh ghi nhan tin hiéu doc 1ap v6i nhau. M6 hinh thu thap dir liéu dong thoi 2 may dugc thé
hién trén Hinh 3.1 va quy trinh thuc hién dugc mo ta theo cac budc nhu sau:

Buée I: Ghép ndi cac thiét bi v6i hé cuc do va khoi dong may.

Buoc 2: Khai bao cac thong tin cua phép do.

Buoc 3: Thi’é't 1ap cac thong s6 do ciia may thu VN-IPO1: tan s6 Iy miu, thoi gian do cho 1 chu ky cua
may phat, h¢ s6 khuéch dai (phai c6 bién do du 16n trén thang chia £5V, thong thuong chiem 2/3 trén thang
chia).

Buéc 4: Thiét 1ap cac ché do do ciia may SuperSting: Cudng d6 dong phat, thoi gian phat — thu.

Burde 5: Do thé tu nhién t’rén 2 dién cuc thu M, N (ché d6 nay chi c6 & VN-IPO1) nham xéc dinh thé tu
nhién cling nhu tinh trang tiép xuc cua dién cuc voi moi truong.

~ Buoc 6: Khéi phat dong cua tram SuperSting IP/R8: phat 2 chu ky véi moi chu ky day du gdm 4 bién
c0 (Phat dong “+”, ngat dong, phat dong “-”, ngat dong) va may thu VN-IPO1 dong bd dong phat véi may
SuperSting IP/R8.

Buée 7: Kiém tra hinh dang ctia duong cong suy giam thé phan cuc dé danh gia nhimg sai sot trong qua
trinh thao tac ngoai thyc dia n~hu’ cac hiép tuong: cam long cuc; quan sat sy bao hoa cua tin hiéu dong; noi
sai cyc; phat hién cac loai nhicu qua nhicu trong qua trinh do dac. Néu duong cong suy giam bi anh hudng
cua cac hién tugng trén thi phai loai bd két qua, tién hanh khac phuc va do lai.

Buoc 8: Khai bao cuong d6 dong phat, thé phat bao hoa, luu trit s6 liéu, ghi chép tén file do vao s6 thue
dia.

_Budc 9: Phén tich xur ly két qua do bao gdm xac dinh cac thoi diém t, t, t3 va ty dé tinh toan tich phén
theé phan cuc kich thich (PCKT); nhap so liéu tich phan thé phan cuc cac diém do; phén tich xtr Iy két qua
trén cac phan mém chuyén dung.

3.2. Phwong phédp phan tich xir ly sé liéu

- Nhan dang cac logi nhiéu

b- Nhiéu tir tellur

a- Nhiéu do dién cuc Iivlp dja khong 1ot
5

c- Nhiéu do déng sét

2
1
0
d- Nhiéu

do hoat dong dan sinh

Hinh 3.2. Cdc logi nhiéu thirong bdt gap trong qud trinh do dac



- Phirong phdp tinh tich phdn thé phén cuc
Viéc tinh tich phan thé PCKT toan mién thoi gian bang cach xac dinh cac thoi diém ty, t3 (thoi diém bat

I3
13

dau phong dién p clia moi trudng) va to, ts thoi diém két thuc bién cb “ngat” (ddi voi may phat SuperSting)
hoic khi thé phan cyc bang 0 hodc mot gia tri nao d6 do ngudi xir 1y Iyra chon dbi véi may VN-IPO1. Tich
phan thé PCKT chinh 1a dién tich ving duoc gidi han boi: duong cong suy giam thé PCKT, truc ti, truc
to (hodc t3, ts) va truc hoanh. Phuong phap tinh tich phan dugc thé hién trén Hinh 3.3.
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Hinh 3.3. Phurong phdp tinh tich phdn ciia may VN-IPOI véi 2 chu ky phdt — thu ciia mdy SuperSting IP/RS.

_Tuy thude vao cl}é d6 phat — thu theo chu ky (1 chu ky hodc 2 chu ky hodc nhiéu hon) dé tinh tich phan
thé phan cuc cua di€m do theo cong thirc sau:
M=Z=1Mjyn
Trong d6: n 14 sé chu ky do & ché d6 ngat dong phat.
- Phirong phap logi trir va phan ldp nhiéu
_Trong trudong hop nhiéu c6 tinh quy luat nhu nhiéu do cac hoat dong cong nghiép, giong sét ma khong
thé loai trir duogc tai thuc dia thi trong giai doan xt ly van phong cac loai nhiéu nay dugc phan lap va loai
trir ra khoi tin hiéu ¢6 ich. Viéc loai trir va phan lap dugc thyc hién nhu sau:
Xem xét tat ca cac duong cong suy giam thé phan cuc cua diém do, néu dudng cong nio bi anh hudong
nhiéu qua manh thi can phai loai bo.
Tinh tong gié tri tich phan cac vi tri nhidu trén mot duong cong nhur trén. Gia tri tich phan thé phan cuc
cua duong cong nay dugc tinh theo cong thire:
Msig - Msig+noise _ inoise

Trong d6: M9 |3 tich phan thé phan cuc dudng cong do dwoc; Mi™* tich phan thé phan cuc cua
nhidu tai vi tri thr i; n 14 s vi tri bj nhiéu trong mot dudng cong.

3.3. Két qua do thdr nghiém trén than quang vang

Trong thuc té, khi tién hanh thuc hién mot nhiém vu dia vat 1y, cong tac do thi nghiém trén ddi tuong
nghién ctru da dugc phat hién 12 nhiém vu quan trong nham xéc dinh cac thong sé dic trung cling nhu xéac
dinh va thiét 1ap cac ché do do ti uu clia may khi tién hanh san xuit dé dam bao higu qua vé kinh té k§
thuat va thoi gian thyc hién. Tuy thudc ting loai may co6 cac ché do thoi gian do dac khac nhau, ddi voi
may SuperSting IP/R8 cac ché d6 thoi gian do tham sd phan cuc 13 0,5s; 1s; 2s; 4s va 8s. Nham dé kiém tra
déc tinh, su 6n dinh cia may thu VN-IPO1, vi vay viéc do thur nghiém duoc tién hanh do dac trén tit ca cac
ché d6 thoi gian ciia may SuperSting IP/RS, céc tan s6 1y miu va cac hé s6 khuéch dai. Trong pham vi bai
bao nay, tac gia trinh bay két qua do ghi & ché do thoi gian 2s, 4s, 8s (d6i v6i ca 2 may) va 12s tinh tir thoi
diém ngit dong (d6i v6i may VN-IPO1).

Than quéang dugc khéng ché boi cac hao va cac diém khao sat dia chét. Than quang dang mach, doi
mang mach chiéu day tur 1,3m dén 2,8m, trung binh 2,05m, chiéu dai 350m, thé nim: 240.,60-80 va



100£80. Quing thudc kiéu khoang thach anh-sulfur da kim. P4 vay quanh 14 granodiorit pha 2 phtic hé
Dinh Quan, bién d6i nhiét dich: thach anh hoa, felspat kali hoa. Than quang nay dugc bd tri do thi nghiém
vi hé cuc (hé thiét bi Wenner, a=1m, d=Im) va do thi nghiém (hé thiét bi Wenner a=10m, d=10m va hé
thiét bi 3 cuc lién hop AN=MB=20m, MN=10m, d=10m) ngay tai vi tri cong trinh hao; 3 tuyén do mit cit
PCKT va 01 tuyén do anh dién PCKT.

- Két qua do thi nghiém:
Hinh 3.4. Két qua do thi nghiém Vi hé cue trén than quéng

Tir két qua do vi h¢ cuc, do thi nghiém cho thay may VN-IPOI hoat dong 6n dinh trong qua trinh do
dac; voi ché d6 1dy mau 100Hz va 1000Hz gia tri thé phén cuc hoan toan giong nhau ¢ tat ca cac hé sb
khuéch dai va cac khoang thoi gian thu phat; véi cac hé sé khuéch dai khac nhau gié tri do dac ciing hoan
toan gidng nhau cho thay tin hi¢u ghi nhan ciia may rat 6n dinh; gia tri thé phan cuc ctia 2 may ghi nhan va
tinh toan duoc & cac khoang thoi gian thu phat 2 gidy, 4 gidy va 8 gidy cho thiy thoi gian thu cang dai thi
d6 phan di cia may VN-IPO1 cang 16n, didc biét trén cac ddi tugng quing hoa.
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Hinh 3.5. Két qua do thi nghiém 4 cuwc doi ximg, thoi gian thu — phéat 8 gidy
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Hinh 3.6. Két qua do thi nghiém 3 cuec lién hop, thoi gian thu — phéat 8 gidy



- Két qua do thir nghiém dnh dién PCKT:

Tuyén do thtr nghiém anh dién PCKT duoc thuc hién ngay trén vi tri cong trinh hao véi chiéu dai 200m.
Muc dich chinh cuia cong tac do thir nghiém la dé d6i sanh két qua ciia cac may do. Vi vay, trong pham vi
bai bao, tap thé tac gia chi thé hién viéc ddi sanh cac d6i di thuong do phan cuc cia than quing ma cac may
ghi nhan duoc. Két qua cong tac do thir nghiém anh dién PCKT duoc thé hién trén 3 dang tai liéu: mé hinh
mit cit dién trd suat, mé hinh mat cit d6 phan cuc theo may SuperSting IP/R8 va md hinh mit cit do phan
cuc theo may VN-IPO1 (Hinh 3.7).

Trén md hinh mat cat do phan cuc, do phan cuc trén doan tuyén bién doi tir vai ms dén <150ms d6i véi
may SuperSting IP/R8 va tir 20-200ms ddi véi may VN-IPO1. Nhin chung, trén tai lidu ca 2 may, tuyén
khao sat dugc phan chia thanh 3 doan tuyén c6 su phan di vé tham sb do phan cuc nhu sau:

Tir dau tuyén dén khoang cach cong don -40m: co su khac nhau vé tham s6 do phan cuc ciia 2 may do
(hinh thdi, bién d6 va sy phan bd). M6 hinh mit cit may SuperSting IP/R8 thé hién sy phan di
manh theo phuong ngang. M6 hinh mit cit d6 phan cuc theo may VN-IPO1 thé hién c6 sy phan di theo
chiéu sau. Tir md hinh mit cat dién tré suat, do phan cuc cho ta théy may VN-IPO1 thé hién mdi quan hé
giita tham s dién tro sudt va do phan cuc 16 rang hon va phi hop voi tai lidu dia chat hon.

Tir khoang cach cong don -40m dén khoang cach cong don 15m: hinh dang, sy phan bd cac doi di
thuong d6 phan cuc ciia 2 may vé co ban 1a giéng nhau, c6 su phén di theo chleu sdu va theo phuong ngang.
Tai vi tri than quang, trén md hinh may VN-IP01 thé hién doi di thuong rat rd va lién tuc tir trén mat dén
d6 sau nghién ciru ngoai ra hudng va goc cim ctia d6i phu hop véi cac so lidu ciia than quing dugc do dac
tai cong trinh hao. P6i v6i md hinh may SuperSting IP/R8, d6i di thuong cua than quang van c6 su phan
di v61 mdi truong xung quanh, nhung khong rd rang ca vé bién d¢, hinh thai cling nhu sy lién tuc va dac
biét 1a tir trén mat dén do sdu gan 10m so véi tai liéu cia may VN-IPO1. Qua do, ta thay di thuong do phan
cuc theo may VN-IP01 c6 tinh dinh xtr cao hon, khoanh dinh vi tri di thudng va phan anh két qua dia chat
chinh xac hon, d§ phan gidi dugc nang 1én 10 rét.

Tir khoang cach cong don 15m dén cudi tuyén: xét vé mirc d6 phan di ciia cac doi giita 2 may déu co su
tuong dong, tuy nhién xét vé cu thé ¢ su khac nhau vé bién do, hinh thai va quy mé phan bd. Trén m hinh
méy SuperSting IP/RS ton tai cac doi do phan cuc cao (84+113ms) va thap (<20ms), dbi véi may VN-1PO1
d6 phan cuc bién doi tir 26+84ms. Diéu do6 cho thiy d6i voi may SuperSting IP/R8 doan tuyén niy van xuét
hién cac déi di thuong ao (do anh hudng ciia nhiéu trong qua trinh do), may VN-IPO1 khong c6 do da duoc
loai trir va phan 1ap trong qua trinh phéan tich xur ly.

- Két qua do thir nghiém mdt cit PCKT

Tuyén do mit cit PCKT cit qua 3 than quing trong d6 c¢6 2 than quing gin nhau, két qua tai liéu ghi
nhan duoc giita 2 may ciing giéng nhu két qué cong tac do thi nghiém.

Ket qud tinh ham ty twong quan tham s6 d6 phan cuc ciia may VN-IPO1 va may SuperSting IP/R8 la
gidng nhau trong tat ca cac dbi sb. Diéu nay chimg to ca 2 may déu ghi nhan ding tin hiéu cia cac ddi
tugng cua moi truong bén dudi giy ra.
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Hinh 3.7. Két qua do thir nghiém anh dién PCKT

Két qua tinh phd ning lwong tai vi tri cac than quing dat 6+9 (VN-IP01) va 4+6,5 (SuperSting
IP/R8). Ching t6 rang bién do tin sb ctia cac tin hiéu c6 ich va nhidu ciia may VN-IPO1 ludn cao hon may
SuperSting — tirc 1a ty sb tin hiéu c6 ich/nhiéu may VN-IPO1 ludn cao hon may SuperSting. Pic biét, ty s6
nay cang 16n tai cac vi tri gap quing va do ¢ khoang thoi gian dai hon.

Khi quan sat duoc déi di thuong do phan cuc co bién do va bé rong kha 16n phan anh 2 than quing gin
nhau. Tap thé tac gia da ché tao ngudn phét ngoai bang pin véi bo dicu khién va khong ché thoi gian (phat
xung 4m dwong, ché d6 phat 4 gidy, ché do nghi 12 gidy) tién hanh do trén déi di thuong nay. Do khong
phai 1 mot may phat hoan chinh, nén khi do duoc 8 diém (tir coc 0 dén coc 8) bo diéu khién va khdng ché
thoi gian da bi hu hong do khong khdng ché va kiém soat dugce cudng do dong dién. S lidu do dac va ghi
nhan duoc dung dé tinh tich phan d6 phan cuc theo khoang thoi gian suy giam 4s va 12s. Mic du chua quan
sat duoc hét doi di thuong, tuy nhién két qua duogc thé hién trén Hinh 3.8 cho théy r0: hinh thai va gia tri
khi sir dung ngudn phat ngoai va tinh tich phan ¢ thoi gian 4s kha twong dong khi sir dung ngudn phat may
SuperSting IP/R8; khi vao ddi tugng quing tich phan do phan cuyc tinh & khoang thoi gian dai (12s) ting
xap xi ham bac 1 véi hé sé goc 16n; tich phan d6 phan cyc tinh ¢ khoang thoi gian ngan hon (4s) hoic theo
méy SuperSting IP/R8 ciing ting x4p xi ham bac 1 nhung véi hé sb goc nhé hon nhiéu. Van dé nay dang
moé ra hudng nghién ctru nham phat trién va ing dung hiéu qua hon nita ciia phuong phap ciing nhu cac
thiét bi do ghi.

Hinh 3.8. Két qua do thir nghiém mat cat PCKT
4. Thao Luan

May VN-IPO1 dugc nghién ctru, ché tao dya trén co s cua 3 thanh tyu vé khoa hoc cong nghé thudc 3
linh vyc: thanh tuu vé chuyén nganh dia vat ly; thanh tyu vé cong ngh¢ co - dién tir; thanh tyu vé cong ngh¢
phan mém. May dugc thiét ké theo nguyén 1y tich hop cac thiét bi dién tir thuong mai, da dung ciia cac
nudc tién tién va noi dia phﬁn mém ung dung trong do dac cac thong sb dia vat 1y véi xu hudng thuc dung,



hiéu qua da va dang dugc ung dung rong rdi trén thé gi¢i. May do VN-IPO1 14 loai may do hién dai dua
trén co s& PC, khong nhing cho phép ta c6 thé dé dang nang cip ma con co thé sir dung céc tai nguyén cua
PC.

Bo phan mém dién khién - thu nhan - xir 1y s6 lidu c6 y nghia cho muc tiéu lam chu cong nghé cdt 15i,
1a tién dé cho viéc phat trién cac thiét bi do theo yéu cau va diéu kién thuc té ciua Viét Nam, chi can thay
Firmware (chuong trinh dién khién) va Sensor 1a hoan toan c6 thé chuyén ddi chirc ning thiét bi cho muyc
dich do dac khac.

Hudng nghién ctru va kha nang ap dung may VN-IPO1 phu hop véi xu thé hién nay ¢ Viét Nam khi céc
duong 161, chu truong, chinh sach da va dang dugc Pang va Nha nudc dé ra dé dua Dat nude hoi nhap sau
rong cudc cach mang cong ngh¢ 4.0.

Két qua do dac, phan tich xtr 1y tai liéu cho thay tich phan d6 phan cuc ctia may thu VN-IPO1 lubn cao
hon may thong thuong 1a do:

Dbi voi cac may do thong thuong, gia tri do dac ciia may 1a tong cac gia trj tich phan & cac cira s6 thoi
gian — time slots (may SuperSting c6 6 cira s6; may Elrec Pro c¢6 20 cira s6; may SAS 1000/4000 c6 10 cira
s0). P6i véi may VN-IPO1 gia tri do dac 1a tich phan ciia toan bo dudng cong suy giam thé phéan cuc (tich
phan toan mién thoi gian).

Viéc quan sat truc tiép tin hiéu ngay trong qua trinh do dac ctia may VN-IPO1 cho phép ta x4c dinh duoc
nhidu anh hudng 1én qua trinh do dac dé tir d6 c6 bién phap loai trir va phéan lap. Van dé nay ddi véi cac
méy thong thudng rat kho phat hién, din dén s liéu ghi nhan dugc khong tranh khoi ¢6 di thudng ao hoic
bo sot di thuong quéng.

Vi€c ghi nhan dudng cong suy giam cia thé phan cyc kich thich trong toan mién thoi gian va phuong
phap tinh tich phan thé phan cuc ctia may VN-IPO1 cho phép ta c6 thé ap dung cic tham sé phan cuc da
duoc nghién clru trong cac cong trinh (Hoa, 2016; Huong, 2011; Loan, 1996; Nga, 1997; Trong, 2000;
Trong va Hung, 2006; Trong, 2008) dé nghién ctru chuyén sau Véi cac muc dich khac nhau.

Lam tién dé cho viéc cai tao 1ép rap cac thiét bi dia vat 1y khac trong nudc. Han ché viée nhép khéu cac
thiét bi dia vat Iy dat tién. Gop phan tao tu tin va khuyén khich nghién ciru img dung céng nghé méi, hién
dai phuc vu san xudt va doi séng xa hoi, tao ra cac san pham co6 thuong hiéu trong nudc va chua duoc
nghién ciru san xuét trén thé gidi.

5. Két luan

My thu lién tuc thé phan cyc trong mién thoi gian VN-IPO1 da dugc nghién ciru thiét ké, ché tao va do
thir nghiém dbi sanh két qua cuing may SuperSting IP/RS trén céc loai hinh khoang san kim loai ciia Dé an
Déo Bao Loc. Két qua do thir nghiém cho thiy may thu VN-IPO1 hoat dong 6n dinh theo tat ca cac ché do
clia may trong qua trinh do dac; sb lidu do it bj anh hudng cua bé day 16p phu va c6 thé loai trir, phan 1ap
dugc nhidu ra khoi tin hiéu c6 ich. Tham s6 dién trd suit gitta hai may do dugc giéng nhau; riéng d6 phan
cuc giéng nhau khi do theo cac ché d¢ ciia may VN-IPO1, con do theo may thu SuperSting IP/R8 d6i khi
¢o su khac biét.

Két qua phan tich xtr I s6 lidu do dac bang may VN-IPO1 c6 d9 phan giai cao hon loai may do thong
thuong, dic biét 1a trén cac ddi twong quing. Hinh dang, birc tranh phan bd cac d6i di thudng do phéan cuc
clia hai may vé co ban giéng nhau. Tuy nhién, di thuong do phan cyc do bang may VN-IPO1 c6 tinh dinh
xtr cao hon va phan anh dic diém dia chat chinh xac hon, vi vay c6 d¢ tin cdy cao hon. Nang cao kha ning
giai quyét cac nhiém vu dia chit — khoang san bang phuong phap phan cuc kich kich thich dong mét chiéu
v6i hiéu qua kinh té - k¥ thuét cao.

Léi ¢dm on: Cong trinh nay 1a mot phan san phim cua dé tai Khoa hoc va Cong nghé cip Bo, ma sb
TNMT.2016.03.06. Tap thé tac gia xin trin trong cam on: By Tai nguyén va Mai truong da cap kinh phi
thuc hién nhiém vu nghién ctru nay; Vu Khoa hoc va Cong nghé, B6 Tai nguyén va Méi truong; Téng cuc
Dia chét va Khoang san Viét Nam; Lién doan Ban dd Dia chat mién Nam da quan tam, chi dao va tao moi
diéu kién thuan loi dé Dé tai hoan thanh tot nhiém vu.
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