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KHA NANG PHAT HIEN SOI HE NIEU CUA PHIM KHONG THUOC AO
TAI TAO TU’ X-QUANG CAT LOP VI TINH HAI MU’C NANG LUONG

Lé B4 Hong Phong!, Nguyén Pai Hung Linh?,

TOM TAT

Muc tiéu nghién ciru: Xac dinh kha nang phat
hién sdi hé niéu cua phim khong thudc ao (VNE) dudc
tai tao tUr X-quang cat I3p vi tinh hai mirc ndng lugng
(DECT) khi doi chi€u véi phim khéng thubc thuc. DO
tuong va phuong phap nghién ciru: Nghién cau
cdt ngang mé ta tUr thang 5/2022 dén hét thang
10/2023 tai Bénh vién Nguyen Tri Phudng- TP Ho Ch|
Minh. 197 bénh nhan ¢ chan doan sau md la sdi niéu
dugc khao sat dudng niéu trudc mo d ché d6 DECT
trén 3 thi ( thi khong thudc, thi nhu md, thi bai tlet)
Hinh anh phim khéng thuoc that dugc su dung lam
t|eu chuan d0| chiéu d& danh gla kha nang phat hién
s6i hé niéu cua phim khéng thudc do tai tao tir thi nhu
mo va thi bai tiét. K&t qua: VNE tai tao tir thi nhu mo
c6 do nhay, do dac hiéu trong phat hién sdi hé niéu
can quang la 95,4% val00%. VNE tai tao tir thi bai
tiét co do nhay, do dac hiéu la 83,2% va 94,6%. Kich
thudc soi do dugc trén phim khdng thudc thuc thudng
I6n han kich thudc sdi do dugc trén phlm khong thuoc
o tai tao tur thi nhu mob va tUr thi bai tiét. Séi co kich
thudc < 5mm co thé dugc phét hién véi ty 1€ khong
cao, do nhay va do chinh xac Ia 74,2% doi véi VNE tai
tao tl.r thi nhu mo, d6 nhay va do ch|nh xac la 31,4%
d6i vai VNE tai tao tur thi bai tiét. V@ vi tr| Soi G dal b&
than dugc phat hién thdp nhat so vai cac vi tri khéc,
dd nhay la 93, 05% ddi véi VNE tai tao tir thi nhu md
va 77,7% véi VNE tai tao tir thi bai ti€t. Két luan:
VNE tai tao tir DECT c6 kha ndng phat hién t6t cac soi
hé niéu kich thudc I6n >5mm, tuy nhién VNE tai tao
tur thi nhu mo6 c6 kha ndng phat hién soéi cao hon so
vGi VNE tai tao tU thi bai tiét. Tar khoa: phim khong
thudc ao, chup cat Idp vi tinh hai mirc nang lugng, soi
hé niéu, thi nhu mo, thi bai tiét.
SUMMARY

DETECTABILITY OF URINARY STONES ON
VIRTUAL NONENHANCED IMAGES
GENERATED AT DUAL-ENERGY CT

Purpose: To evaluate the detectability of urinary

stones on virtual nonenhanced images generated at

both pyelographic-phase and excretory-phase dual-
energy computed tomography. Methods: Cross-
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sectional study from 05/2022 to 10/2023, at Nguyen
Tri Phuong Hospital, Ho Chi Minh City. DECT images of
197 patients with postsurgical-proven urinary stones
were analyzed. All patients were examined with DECT
urography in 3 phases: true nonenhanced (TNE)
image, pyelographic phase and excretory phase. The
contrast medium in the renal pelvis and ureters was
virtually removed from pyelographic phase and
excretory-phase images by using postprocessing
software, resulting in virtual nonenhanced (VNE)
images. The sensitivity regarding the detection of
calculi on VNE images compared with true
nonenhanced (TNE) images was determined. Results:
The Sensitivity, specificity of VNE created from
pyelographic phase for détcting urinary stones
were95,4% and 100%., The sensitivity, Specificity of
VNE created from excretory-phase were 83,2% and
94,6%. Most urinary stones detected on VNE appeared
smaller. VNE had a moderate detection rate for small
stones (<5mm) with the sensitivity of VNE created
from the pyelographic phase was 74,2% and the
sensitivity of VNE created from excretory-phase was
31,4%. Most undetected stones wewe in the urinary
calyx with the sensitivity of VNE created from the
pyelographic phase was 93,05% and the sensitivity of
VNE created from excretory phase was 77,7%.
Conclusions: VNE can detect large (>5mmmm)
calculi with good reliability. VNE created from the
pyelographic phase has a higher detectability than
VNE created from the excretory phase.

Keywords: Virtual nonenhanced CT, dual-energy
computed tomography, urinary stones, pyelographic
phase, excretory phase.

I. DAT VAN PE

Viét Nam la nudc ndm trong vung c6 ti 1& soi
hé niéu cao trén thé gidi. Ti I&é mac soi hé niéu &
Vit Nam tU 2-12%, trong do soi than chi€ém
40%!. DGi vGi bénh ly soi hé niéu, X-quang cat I6p
vi tinh 1a phuong tién chan doan hinh anh dau
tay. Ngay nay, v6i su phat trién manh mé cla
khoa hoc va ky thuat, X-quang cdt IGp vi tinh hai
mic nang lugng (Dual Energy Computed
Tomography DECT) da ra ddi va ngay cang dugc
U'ng dung rdng rai. Mot uu diém cua ky thut
DECT la cho phép tai tao hinh anh khong thudc ao
(virtual nonenhanced- VNE) t&r phim chup cé
thuGc. Ky thuat nay cho phép thuc hién khao sat
V@i thi chup c6 thudc ma khdng can thuc hién thi
khong thudc trudc do, tir dé gitp lam giam liéu tia
cho bénh nhan, gidm thdi gian chup va tdng tudi
tho may. Vi vay ma tir khi DECT dugc ap dung
rong rai hon trong hinh anh niéu hoc, van dé su
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dung phim VNE thay thé cho phim khong thudc
thuc (True Nonenhanced - TNE) d€ phat hién soi
hé niéu dugc dat ra va ban luan. Tuy nhién do
nhay clia VNE trong phat hién séi hé niéu con dao
dong gilra cac nghién clru nay tir 53-95%727. P06 la
ly do ching t6i thuc hién nghién clru nay nham
danh gid kha nang phat hién so6i hé niéu ctia phim
khong thudc o (VNE) dudc tai tao tir X-quang cat
I8p vi tinh hai mdc nang lugng (DECT) khi doi
chiéu véi phim khong thudc thurc.

Il. DOI TUONG VA PHUONG PHAP NGHIEN CUU

2.1. P6i tugng nghién ciru:

- Céc bénh nhan cé chan doan sau md la sdi
hé niéu dugc khao sat dudng niéu truéc mé &
ché& d6 DECT trén 3 thi (thi khong thudc, thi nhu
mo, thi bai ti€t). Hinh anh phim khong thudc that
dugc st dung lam tiéu chudn ddi chiéu dé danh
gia kha nang phat hién soéi hé niéu cia phim
khong thudc ao tai tao tir thi nhu mé va thi bai
tiét trong DECT.

- Cac bénh nhan chup khong ding ky thuat,
khong dugc khao sat & ché do DECT sé bi loai
khdi nghién cuu.

2.2. Phuong phap nghién ciru

2.2.1. Phuong phap nghién cuu. Nghién ctu
cat ngang mo ta, hoi cru va tién ciu s6 liéu.

2.2.2. G0 mau: Ap dung phudng phap chon
mau thuan tién khong xac xuat, luva chon tat ca
cac bénh nhan thda tiéu chi chon mau trong thdi
gian nghién ctu.

2.2.3. Bién s6 nghién culu:

- Céc bién s8 chung: Tudi, gidi

- Vi tri soi: Soi than, soi niéu quan lung, soi
niéu quan chau soi bang quang, soi niéu dao

- Kich thudc soi: Bon vi Milimét. Kich thudc
I6n nhat cla so6i dugc xac dinh la dudng kinh 18n
nhat cla soi trén mat cit ngang Axial. Bién sd
nay dugc danh giad trén phim khong thudc thuc
TNE va ca phim khong thudc 4o VNE tai tao tUr
thi nhu mé (VNEp) va tUr thi bai tiét (VNEe)

- Su hién dién cua sdi trén phim VNE: bién
dinh tinh (cd/ khong).

2.3. Quy trinh nghién ciru

Quy trinh chup DECT: - May DECT sU
dung trong nghién ciu la hé thong may Rapid
Kvp Switching Dual energy-GE Revolution HD
128 14t cdt. Hé théng nay cé mot dau bong co

kha ndng chuyén d6i nhanh gilta 2 mdc ndng
lugng 80 va 140 kVp trong vong chua dén 0,5
ms. Cong nghé GE exclusive Veo cho phép giam
toi da liéu tia xa phdi nhiem ma khéng lam anh
hudng dén chat lugng hinh anh.

- Cac bénh nhéan dugc khao sat véi protocol
khao sat hé niéu qua 3 thi & ché d6 DECT: thi
khong thudc, thi nhu mo than va thi bai tiét.

Quy trinh phan tich hinh anh. Tat ca hinh
anh déu dudc phan tich doc 1ap bdi 2 bac si hinh
anh c¢d kinh nghiém. Khi xay ra su bat dong, két
qua clia bién s6 s€ dudc thGng nhat bai mot bac
si hinh anh th(r 3 giau kinh nghiém khac. Hai bac
si chan dodan hinh anh s& tién hanh danh gia déc
lap phim VNE tai tao tU thi nhu mé va thi bai tiét,
danh gia c6 hay khéng cd soi hé niéu. Cac thong
tin trén phim khong thudc that sé khéng dugc
tiét 16 va sé dugc danh gia lai bdi 2 bac si trén
sau khi da khao sat va cd két luan trén phim
VNE. Hinh anh CT dudgc chuyén dén tram lam
viéc Advantage 4.7 (GE Healthcare, Milwaukee,
WI, USA) dé& tién hanh xt Iy.

Tai tao phim khong thuéc do. Lua chon
phim thi nhu mé va thi bai tiét d&€ xr ly bang
chuong trinh Virtual Preconstrast ta thu dudc
hinh khong thudc o VNE tdi tao tur thi nhu mo
va VNE tai tao tir thi bai tiét. D6 day lat cat cua
VNE la 1.25mm

2.4. Xur ly so6 liéu

- Tat ca dit liéu cia bénh nhan dugc ghi
nhan lai tir phi€u thu thap dir liéu

- Dt liéu nhap va dugc phan tich thong ké
bang phan mém SPSS 25.0

- Thong ké mo ta bién dinh tinh trinh bay
dudi dang tan s6 va ty Ié phan tram. Thong ké
mo ta bién dinh lugng trinh bay dudi dang trung
binh va dé |éch chuén.

- Phép kiém x2 hodc Fisher so sanh 2 hay
nhiéu ty I&. Phép kiém T ho&c Anova dudc dung
dé€ so sanh hai hay nhiéu s& trung binh. Gia tri p
< 0,05 dugc cho la cd gia tri thong ké.

Il. KET QUA NGHIEN cUU

Pac diém chung: Nghién cfu trén 153
bénh nhan va&i 197 séi ghi nhdn dd tudi trung
binh trong nghién cltu 1a 49,90 +13,35, tudi nho
nhat trong nghién cru 1a 18, dd tudi Idn nhéat 1a
78. Tilé nam : nir la 51:49

Gia tri ciia vNCT trong phat hién séi hé niéu
Bang 3.1. Gia tri cua VNE trong phat hién soi hé niéu can quang

S6 lugng sdi (n=197) A Do chinh xac
VNE Phat hién dudc | Khéng phat hién duge | 2¢ Mhay
VNED 188 9 954 % 100%
VNEe 164 83,2% 94,6%
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Nhan xét: VNE tai tao tlr thi nhu mo va thi bai tiét déu cé dé nhay, dé dac hiéu cao trong phat
hién séi hé niéu can quang,tuy nhién VNE tai tao tr thi nhu mo6 c6é d6 nhay va do dac hiéu cao han.
Badng 3.2. Pac diém kich thudc soi trén TNE va VNEp
Kich thuéc ( mm) TNE
M % SD (min- max) 10,78+9,83(2-52) 10,59+9,98(2-52)
Gia tri p (Paired-SamplesT-Test) < 0,05
Nhan xét: Kich thudc sdi do dugc trén phim khong thubce thuc thudng 18n han kich thudc séi do
dugc trén phim khéng thudc ao tai tao tur thi nhu mo.
Bang 3.3. Pdc diém kich thudc s6i TNE va VNEe
Kich thu'dc ( mm) TNE
M z SD (min- max) 10,78+9,83(2-52)
Gia tri p (Paired-SamplesT-Test) <0,05
Nhan xét: Kich thudc sdi do dugc trén phim khong thubce thuc thudng 168n han kich thudc séi do
dudc trén phim khong thuGc 4o tai tao tir thi bai tiét.
Badng 3.4. Pac diém kich thudc soi VNEp va VNEe
Kich thu'dc ( mm) VNEp
M % SD (min- max) 11,37+10,24(2-52)
Gia tri p (Paired-SamplesT-Test) > 0,05
Nhan xét: Kich thudc sdi trén phim khong thuGc ao tai tao tir thi nhu mo va tir thi bai ti€t khong
6 su' khac biét mang y nghia thong ké.
Bang 3.5. Gia tri cua VNEp trong phat hién soi theo kich thuodc soi

VNEp

VNEe
10,13+10,35(2-52)

VNEe
11,28+10,31(2-52)

Kich thuéc VNEp VNEe
(mm) DO nhay PO chinh xac DO nhay PO chinh xac
<5 74,2% 74,2% 31.42% 31.42%
5-10 100% 100% 92.07% 92.07%
>10 100% 100% 100% 100%

Nh3n xét: \IGi VNEp, sdi co kich thudc < 5mm cd thé dudc phat hién vai ty 1€ khéng cao, do
nhay va do chinh xac la 74,2%. Vé&i VNEe, séi kich thudc <5mm cé thé dugc phat hién véi ty | rat

thap, chi 31,42%.

Bang 3.6. Gia tri cua VNEp trong phat hién soi hé niéu can quang theo vi tri soi
Vi tri = VNEp - ~ VNEe -
: Do nhay Po chinh xac Do nhay Po chinh xac
Dai, bé than 93.05% 93,05% 77.77% 77.77%
Niéu quan Iung 98.1% 98,1% 94,54% 94,54%
Niéu quan chau 98.43% 98,43% 82.81% 82.81%
Bang quang 100% 100% 83,33% 83,33%

Nhgn xét: Soi § dai bé than c6 thé dugc phét hién véi ty 1& thap nhat trén VNEp. Soi & dai bé
than cé thé dugc phat hién vdi ty 1€ thap nhat trén VNEe.

IV. BAN LUAN

Nghién ctu cla ching t6i nhan thay gia tri
cla VNE trong phat hién soi hé niéu ¢ dé nhay
[an lugt la 95,4% vai VNE tai tao tur thi nhu mo,
va 83,2% vdi VNE tai tao tu thi bai tiét. Két qua
nay co su khac biét so vGi két qua cua cac
nghién cttu khac. Su khac biét d0 nhay giira
nghién cfu cia ching toi v&i cac nghién cltu trén
c6 th€ mdt phan do khac biét phudong phap
nghién ctru. Nhin chung, VNE tai tao tir thi nhu
mo vGi d§ day lat cat mong sé co kha nang phat
hién séi tot hon VNE tdi tao tu thi bai tiét hoac
c6 do day lat cat I6n. Theo Keteslegers?, bé day
lat c8t mong hon ¢ thé gilp cai thién dd nhay
phat hién sdi niéu do gidm hiéu (ng thé tich ban

phan trén TNE. Khd nang phat hién séi trong
nghién clfu cla chdng t6i cao hon cac nghién
cltu khac co thé do bé day lat cdt tai tao mong
hon (1,25mm). VNE cling cé thé bi anh hudng
do thuat toan xda thu6c tuong phan iod qua mic
hodc xda chua hét thudc, dan dén che 13p séi do
thé tich ban phan3. Chang t6i nhan thdy trong
nghién cru, hinh anh thu dugc hinh VNE tai tao
tr thi nhu mé va thi bai tiét cho thay kha nang
phat hién soi ¢ VNE tdi tao tur thi nhu moé cao
han so véi VNE tai tao tir thi bai tiét, véi 188/197
s6i phat hién trén VNE tai tao tur thi nhu mo co
do nhay 95,4% va 164/197 soéi phat hién trén
VNE tai tao tUr thi bai ti€t c6 d6 nhay 83,2%.
Nghién cru cta Scheffel* ghi nhan c6 kha nang
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phat hién soi cila VNE tai tao tur thi nhu mo vdi
dé nhay 74%. Nghién clu clia Takahashi* kha
nang phat hién soi clla VNE tai tao tir thi bai tiét
la 63%. Nghién cliu cla Moon® kha nang phat
hién sdi clia VNE tai tao tur thi nhu mo la 78% va
bai tiét la 74%. Ly giai VNE tai tao tU thi nhu mo6
phat hién soi t6t hon cd thé do thudc tuong phan
hiém khi dugc bai tiét dén dudng niéu trong thi
nhu mo, nhung xudt hién & thi bai tiét. Iod tap
trung cao & dudng niéu lam cho VNE khong xoa
dugc hét chat tuang phan nén kho phan biét sdi
niéu thuc su’ va chat tuong phan con sot lai trén
hinh két hgp 80-140keV. Budng niéu Idp thudc
tuagng phan & thi bai ti€t nhiéu hon so vdi thi nhu
mo, dan dén VNE tai tao tir thi bai tiét s€ bd sot
nhiéu sdi han so véi VNE tai tao tur thi nhu mo.

- g ——/ 4
Hinh 4.1. Bénh nh

Vé d3c diém kich thudc séi phat hién trén
VNE, chung t6i nhan thady phan I8n soi dugc phat
hién co kich thudc trén cac phim khéng thudc ao
nhd han so véi hinh thi khong thubc thuc. Két
qua nay ciling tuong tu véi nghién clu cua
Takahashi* va cta Park®.

Kich thudc so6i do dugc trén hinh thi VNE thap
han so v6i TNE bdi vi thuat toan phan tach vat
chéat khé phan biét iod véi calcium, do xao anh thé
tich ban phan lam do dac dam do CT cua iod va
calcium khong chinh xac, gay xdéa qua mic phan
soi cung vdi chat tugng phan. Kich thudc soi phat
hién trén VNE thi nhu mo va thi bai tiét khong co
sy’ khac biét y nghia, c6 thé do cg ché tao anh
moi thi VNE la gidng nhau nén khéng anh hudng
dén kich thudc sdi trén phim tai tao.

an Nguyén Hong T. (a). Hinh khéng thuéc thy‘ gi nhan soi #2mm dai

than trai. Hinh VNE thi nhu mé (b) va thi bai tiét (c) khéng ghi nhan soi, cé hién tuong
Xx0a qua muc (oversubtraction) soi nho bé than.

Nhiéu nghién ctu ghi nhan séi tiét niéu
khong dugc phat hién trén VNE tai tao tU thi nhu
mo va bai tiét véi ty 18 [an lugt 23% va 26-47%.
Nhitng soi khong dugc phat hién nay cé kich
thuéc nhd hon tor 2.9-4mm trén TNE’. Chat
lugng hinh anh kém cla VNE so véi TNE ciing
anh hudng dén ty 1€ phat hién soi trén VNE*7,
Moon® cho rang xda iod tir kh6i mé mém anh
huang phat hién sdi nho. Trong nghién ctu cla
minh, ching téi cling nhan thay séi cd kich thudc
nhd han 5mm co ti I€ phat hién khong cao trén
VNE. Tac gia Botsikas’ ghi nhan v&i chup DECT
split-bolus sau dung furosemide cho phép phat
hién t6t hon séi 2mm, diéu nay co6 |é do
Furosemid gilp lam lodng dam do chat can
quang trong nudc tiéu nén kha ndng xda thudc
tuong phan cua VNE sé t6t han, tir do gilp phat
hién soi t6t han.

Uu diém tiém ndng cta DECT trong chup
chan doan CT dudng niéu la kha ndng tai tao
hinh khong thudc ao tir hinh chup c6 tiém thudc,
cho phép phat hién séi hé ni€u ma khong can
phai chup thi khong thu6c thuc sy. V& mat lam
sang, viéc phat hién cac séi nho & dai bé than rat
quan trong vai bénh nhan ¢é tiéu mau, thadm chi
du phan I6n cac séi niéu quan nhé han 3mm co
thé troi theo nudc ti€u. Nhitng soi nay thudng
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khong gay triéu chirng, nhung la nguyén nhéan
hay gdp gay ti€u mau vi thé. Néu nhitng sdi nay
khong dugc phat hién trén CT khong tiém thudc,
CT tiém thudc sé dugc thuc hién dé tdm soat cac
nguyén nhéan ac tinh & bénh nhan I16n tudi. Va
néu CT van khong tim thdy nguyén nhan, cac
thdm khdm x&m 13n khac cd thé phai si dung
nhu ndi soi niéu quan, bang quang, bé than. Tuy
nhién qua nghién cltu ching t6i nhan thay VNE
khdng thé thay th€ TNE dé& phat hién sdi nho hé
niéu. Chat tugng phan dam dac & hé thong bai
tiét la nguyén nhan gay cing hoéa chum tia va
tang nhiéu & hinh khong thubc do, dan dén xda
nhirng so6i nho vdi dam doé thap hon. Mat khac,
su' ton tai cla chat tuong phan dam do6 cao & hé
th6ng thu thap do xda dudi mlic c6 thé thdy la
vai diém anh dém dd cao trén VNE, dan dén
nguy cd bd sét va nham lan séi’.

Vé kha ndng phat hién soéi cia VNE theo vi
tri, chiing t6i nhan thay soi & dai bé than cd ty 18
phat hién thap nhat, 6 ca VNE tai tao tl thi nhu
mo va bai tiét, vdi ty 1€ [an lugt la 93,05% va
77,77%. Két qua nay ciling tuong tu’ vdi nghién
cltu clia Park®, vdi ty 18 phat hién sdi 6 dai bé
than trén VNE thi nhu mo va thi bai tiét [an lugt
la 71% va 65%. Diéu nay cd I€ do cac so6i nho
<5mm trong nghién cltu clia ching toi tap trung
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phan 16n & dai bé than, dan dén ti 18 bo sét soi
do hién tugng xdéa khéng hét thudc tugng phan
hodc xd6a qua muc cla thi VNE sé cao han & dai
bé than so vai cac vi tri khac.

V. KET LUAN

VNE tai tao tur DECT c¢d kha nang phat hién
tot cac séi hé niéu kich thudc tir 5 mm, tuy nhién
VNE tai tao tu thi nhu mo cd kha nang phat hién
s0i cao han so vai VNE tai tao tir thi bai tié€t.
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TOM TAT

Run tay cd thé anh hudng dén ké&t qua thuc hién
cac nhiém vu. Muc tiéu: Thiét ke chudng trinh dong
bd Vvéi thiét bi do do run tay va danh gla budc dau
trén sinh vién & Hoc vién Quan y. Poi tugng va

phuang phap nghién ciru: Nghién citu, thiét k& ché

tao thiét bi va chuong trinh ghi do dd run bang
chugng trinh 1ap trinh Java, C++; danh gia thuc
nghiém trén 210 sinh vién 3 khda K52, K54, K56. Két
qua: Ché tao thanh cong thiét bi do do run tay c6 do
cd dong, d6 chinh xac cao, do bén t6t, co kha nang ap
dung trong sinh vién cac nha trudng va cac cg quan,
dan vi. Chugng trinh do dd run tugng thich vdi thiét
bi, giao dién than thién, dé st dung, chiém dung
lugng |t va khong xugt h|en 10i khi sir dung. Sinh V|en
cht yéu sai tr 4-6 16i; cac khda mdi nhap sinh vién
thuc hlen bai kiém tra tao ra nhiéu 16i sai han; Cac I0|
sai chu yéu gap phai & cac hinh phuc tap, pha| chuyén
hudng tay nhiéu. Két luan: Chudng trinh va thiét bi
hoan toan cé kha ning dua vao thuc tién st dung
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SUMMARY
RESEARCH ON ESTABLISHING THE
PROGRAM AND EQUIPMENT TO MEASURE
HAND TREMOR — INITIAL EXPERIMENTAL
EVALUATION IN STUDENTS AT THE

MILITARY MEDICAL UNIVERSITY

Hand tremors can affect the performance of
medical tasks. Objective: To design program that is
synchronous with hand tremor equipment and initial
assessment on students at Military Medical University.
Subjects and research methods: Research, design,
manufacture equipment and program for measuring
tremor using Java, C++ programming programs;
Experimental evaluation on 210 students in 3 courses
K52, K54, K56. Results: Successfully fabricated a
hand tremor equipment with high mobility, high
accuracy, and good durability, capable of being
applied in academies, schools and military units.
Vibration measurement program is compatible with
the machine, friendly interface, easy to use, takes up
little space and does not appear errors when used.
Students mainly make 4-6 mistakes; Incoming courses
take tests that produce more errors; Errors are mainly
encountered in complex shapes that require many
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