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Noi dung o
QUATEST3

1. Tong quan Vé viéc stra doi dinh nghia don vj SI
- Thuc trang hién nay
- Tu duy va muc dich thay doi
- Binh nghia mdi 04 SI (du kién)
2. Tac dong cua viéc dinh nghia lai SI doi voi hé thong do ludng

3. Két luan



Tai liéu tham khao o
QUATEST 3

- Trang website chinh thirc cla Van phong Can do qudc té BIPM
https://www.bipm.org/en/measurement-units/rev-si/




Tong quan o
QUATEST3

- Hé SI bat dau va3i hé MKS vdi cac chuan kich thudc cla con ngudi dua
trén nhirng gi ma tai thdi diém do dugc xem la bat bién nhu: vong quay
cla trai dat, kich thudc cla trai dat, khoi lugng bat nguon tir moét lugng
nudc nhat dinh

- Cung Vdi ti€n bo cua khoa hoc cong nghé da chiing minh nhirng bat
bién d6 khéng thuc su la bat bién. Vi thé cac chuan don vi do can
dugc thay thé bang dinh nghia khac

- C4c vién do ludng qudc gia (NMI), Vién Can do Quéc té (BIPM) da nod
luc trong nhiéu thap ky qua dé thic ddy hé daon vi do Qudc té& (SI) sao
cho cac dan vi cd ban SI cé thé dugc xac dinh theo cac bién ddi cua tu
nhién, cac hang so vat ly cd ban hodc cac thudc tinh clia cac nguyén tr

- Thuc trang hé SI hién nay nhu sau:



Thu'c trang hé SI hién nay o
QUATEST3

+ Kilogam dugc xac dinh theo vat li€u nguyén liéu, do Oid S
la nguyén mau quoc té cua kildgam (cudc hop dau '
tien cua CGPM, 1889, cudc hop th& 3 cua CGPM,

1901). ‘o ©

> Sy én dinh l3u dai cua chudn kg khéng duoc dam

B = N ) %-‘.;};1;_-’}&_}.'. -y
l Ln o N _. - - . i

+ Ampere la dong khong doi, dugc duy tri trong hai day “*
dan song song co chiéu dai v han, dat cach nhau 1
m trong chan khong, sé tao ra gilia cac day dan nay
mot luc bang 2x10~7 N moi mét dai
+ Mol I3 Iugng chat cia mét hé thdng chilra nhiéu thuc thé co ban cd cac nguyén
t’ trong 0,012 kg carbon 12
>  Ampere va Mol phu thudc vao kilbgam
+ Kelvin dudc dinh nghia vé mat tinh chat bén trong cliia nuGc

>  Phu thudc vao do tinh khiét va thanh phan dong vi cua nuoc



Thu'c trang hé SI hién nay o
QUATEST3

+ Giay dugc dinh nghia bang cach 13y gia tri s6 clia tan so chia tach siéu trang
thai cua nguyén tur Cesi Av (133Cs) la 9 192 631 770 Hz

+ Mét dudc dinh nghia bang cach lay gia tri cta van téc anh sang trong chan
khong c la 299 792 458 m/s, trong d6 giay dugc xac dinh theo AvCs

+ Candela dugc dinh nghia bang cach 13y gia tri ciia hiéu qua chiéu sang Kcd
cla birc xa don sac & tan so 540x10!2 Hz la 683 Im/W, ma Im/W = cd sr/W =
cd.sr.kg't.m=2.s3 (cd hién dang phu thuoc vao kg)

> 04 don vi kg, A, K, mol dua trén ban chat nguyén vat liéu ma chua dua vao
hang so vat ly, nén can phai dinh nghia lai.

- Tu duy va muc dich can dinh nghia lai kg, K, A, mol



Tu duy va muc dich dinh nghia lai kg, K, A, mol o
QUATEST3

+ Hé SI dudc stra doi hoan toan dua trén cac hang s6 cd ban cla tu
nhién dé Kildgam khéng phu thudc vao véat liéu, Kenvin khdng phu thudc
vao ban chat cia nudc, ampere khong dua trén mot dinh nghia kho, mol sé
thay do6i thanh mét dinh nghia thuc té€ han. Ngoai ra khéng lam anh hudng
dén cac dinh nghia giay, mét va candela

+ Hé SI: phai co tinh thAng nhat va cd thé ti€p can trén toan thé gidi trong
thuong mai quoc t€, san xuat ché tao cong nghé cao, an toan & suc khoe
con ngudi , bao vé moi truGng, nghién cltu khi hau toan cau va khoa hoc ca
ban

+ Hé SI can phai 6n dinh dai han, nhit quan ndi tai va trén thuc t& dugc
thé hién dua trén mo ta ly thuyét cda tu’ nhién & muic db cao

- Qua trinh tién tdi SI mai



Qua trinh tién téi SI méi (@
QUATEST 3

Viéc stra doi hé SI dugc dua ra 8 NQ1 & cudc hop lan 24 cia CGPM ndm
2011 va dudc xac nhan lai vao cudc hop lan 25 cta CGPM nam 2014. bén
cudc hop lan 26 cua CGPM vao thang 05/2018 sé co quyét dinh chinh thic
vé hé SI sra doi nay va nd sé chinh thirc cé hiéu luc vao 20/5/2019.
Trong do, 7 dan vi cc ban xac dinh dua trén 7 hang so vat ly.

1. Tan so phan giai siéu tinh té trang thai cia nguyén tur sési 133 Av
(133Cs): 9 192 631 770 Hz,

2. Van toc cua anh sang trong chan khong c: 299 792 458 m/s
3. Hang so Planck h: 6,626 070 15x1034 J.s

4. Pién tich nguyén to e: 1,602 176 634x101° C

5. Hang s6 Boltzmann k chinh xac: 1,380 649x1023 J/K

6. Hang s6 Avogadro N, chinh xac: 6,022 140 76x10% mol -

7. Hiéu qua chi€u sang Kcd clia biric xa don sac G tan s6 540x1012 Hz |3
683 Im/W



Pinh nghia méi kg, A, K, mol (du kién) o
QUATEST 3

New SI
+ Kilogam (kg) la don vi do SI vé khoi lugng. No
dudc dinh nghia bang cach 1ay gia tri s6 clia hang s6
Planck h la 6,626 070 15x1034 J.s, ma J.s = m?kg s
trong d6 mét va giay dugc xac dinh theo ¢ va Av,,
+ Ampere (A) la don vi do SI vé dong dién. N6 dugc __
dinh nghia bang cach 1dy gia tri sO cua dién tich nguyén =
to e la 1,602 176 634x101° C, ma C = A.s trong do
giay du’dc xac dinh theo Av,

+ Kelvin (K) la don vi do SI vé nhiét do nhiét dong luc hoc No du’dc dlnh
nghia bang cach 13y gia tri s clla hang s Boltzmann k 1,380 649x10-23 J/K, ma
J/K = m? kg s2 K1, trong do kilogram, mét va giay du’c_jc xac dinh theo h, c va
AVCs;

+ Mol (mol) la don vi do SI vé lugng chat. Mot mol chira chinh xac la 6,022
140 76x1023 nguyén t6. Day la sO cla gia tri hang s6 Avogadro N,.

+ Dinh nghia vé gidy, mét, candela khdng thay doi

> 04 dinh nghia mai tac dong dén do luong?




Tac dong dén linh vuc do ludng va QUATES
QUATEST3

1. Don vi kilogam, kg

+ Kilogam: dugc xac dinh bang PP can Kibble
(Watt) hodc PP Avogdro (ty trong tinh thé tia X)
dua trén hang sO Planck. Gia tri cia hang so
Planck s& dugc chon ma khéng lam thay doi
dan vi do kg & thdi diém dinh nghia lai.

= Muc dich chung la c6 gang dat tdi DKPB do
chudn tuong déi 1,5.10°% trong viéc thé hién
dinh nghia maoi cua kilbgam

> DKPB do ma cac vién do luong cung cap cho
khach hang hau nhu’ sé khong bi anh huong.

The BIPM Kibble balance

10



Tac déng dén linh vuc do ludng va o
QUATEST3

- So d6 lién két chuan kg cua NMIs trong tuong lai

Methods to provide traceability to the new definition

Metrologia 54 (2017) S99 M Stock et al
Current Proposed Future
Traceability Traceability
Chain Chain

Vacuum/vacuum transfer
Vacuumvair transfer

titornadonal ';Beg:i zx;:g? Vacuum(f:n:r;t ogz; transfer
Kil
Exotype Rlogrs: (invacuum)  [TTTTTTTTTTTTTTTT .
u=0ug Target v = 10 pg :
T .
Mass comparison —l L Airfvacuum transfer 5 i
u<2ug u=10 pg !
\/ * Local set of
National standard National standard Sabistaalabi
a stan: nal standards 2
- 2 (Pt-Ir, SS; Si, other)
kilogram (Pt-Ir) (Pt-Ir, Si, other) | . ____| (o e et
u=4ug u=15 pg gas storage)
SS-PUIr mass comparison Mass comparison u=15ug
u = 10 pg (air buoyancy) (+ air buoyancy)
u =10 pg
NMI secondary NMI secondary
standards (SS) standards (SS)
u=12 ug u =20 ug
S$S-SS mass comparison -J L scg-:fpsa rT::;s J
=5 S o =
Y Hg / u=5ug \
End user reference End user reference
standard (SS) standard (SS)
u=15pug u=25ug

Current traceability route to the IPK and indicative future route to primary methods after redefinition. All uncertainties are given at the k = 1 level.
(Pt-Ir: platinum-iridium. SS8: stainless steel. Si: silicon.)

Source: Metrologia (Link)
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Tac dong dén linh vu'c do luong va Q_ o

QUATEST 3
- SO do lién két chuan 1 kg ciia QUATEST3
+ Theo PP trén, su thay ddi cia DKPB do chuén dén NATIONAL METROLOGY

nguGi sU’ dung 1kg khoang 10 pg so véi hién tai INSTITUTE

+ QUATEST3 hiéu chudn qua cin 1 kg E2, cdp PKDB
do chudn khoang 250 pg

> Su' thay déi nay la khéng dang ké. Do do khi co dinh
nghia mdi ra doi thi khéng cdn phai hiéu chudn lai ngay
ma co thé gui hiéu chuén dinh ky theo ké hoach. A

1 kg, u= 80 ug

{ STANDARD WEIGHTS E, }

Mass Comparator
Mettler; Sartorius

(d=10 ug; 1 ug; 0,1 ug)

STANDARD WEIGHTS E,
1 kg, u=250 ug

12




Tac dong dén linh vu'c do lucng va QUATEST3. o

QUATEST 3

- Mot s6 chuan chinh khdi lugng va cac dai luong lién quan cua

QUATEST3

TT | Tén chuan Chinh xac Linh vuc

01 | Qua cén chuan, 1 kg ZWIEBEL | EO Khéi lugng

02 | Qua can chuan 1 mg- 1 kg El Khéi lugng
SARTORIUS
Can chuén Max: 5g-20 kg | Khéi lugng
SARTORIUS/ METTLER d: 0.1 pg-1 mg

03 | Thiét bi hiéu chuan 100 N-5 kN Luc
MOREHOUSE, L-5000 N 0,002%

04 | Ap ké& piston 0,01% Ap suat

PRESSUREMENTS T2500/1

Universal Calibrating Machine

13



Tac dong dén linh vuc do luéng va QUATEST- (@)
QUATEST3

2. Pan vi ampe, A

+ Ampe va cac dan vi do dién khac dugc xac dinh
G mUc do do luong cao nhat. Cac dai lugng do dién
hé SI nay sé cd nhiing thay doi nho. Dai dién ap
thay ddi khodng 0,1 ppm, dién trg thay déi nhd
han (khoang 0,02 ppm)

= Doi voi da sO nguoi su’ dung thi khong can co
dong thai nao déi vdi nhiing su’ thay déi nay

= Cdc nha thuc nghiém khi lam viéc & muc chinh
xdc cao nhat moi can hiéu chinh gia tri cua cac
chuan va cac nguon PKPB do.

14



Tac dong dén linh vuc do luvong va QUATE

- SO d0o lién két chuan Ampe cia QUATEST3

+ QUATEST3 lién két chuan
don vi A théng qua chuén
dién &p va chuan dién trg

+ Khi dinh nghia lai don vi A.
Pién ap thay doi khoang 0,1
ppm, dién trg thay do6i nho
han (khoang 0,02 ppm)

> Thay dbi trén la kha nhd,
khong tac dong dén viéc lién
két chudn cua TTKT3 va
khach hang

NATIONAL METROLOGY
INSTITUTE

QUATEST3

NATIONAL METROLOGY
INSTITUTE

DC VOLTAGE REFERENCE
FLUKE 7001
1.018 V/ 10 V; U=1.5 ppm

DC RESISTOR STANDARD
TINSLEY 5685A/ 5685B
10/10kQ; U=1ppm

MULTI. CALIBRATOR
FLUKE 5700
1V/10 V; U= 10 ppm

|
|
|

CUSTOMER
1 V/10 V DC; U= 15 ppm

|
|
|

/

DC RESISTOR STANDARD
TINSLEY 5685A/ 5685B
10Q/10kQ; U=6 ppm

|

CUSTOMER
10/10kQ; U=10 ppm

|
|
|




Tac dong dén linh vuc do luong va QUATEST3

- M@t sd chuan chinh dién cua QUATEST3

TT |Tén chuan Chinh xac/ Linh vuc
PKPB do

01 | Chuén dién ap DC 1.018 V/ 10 V |Pién
FLUKE 7001 U: 1.5 ppm

02 |DPién trd chuan 0,001 Q-10 Pién
TINSLEY 5685A/5685B kQ/ (1-5) ppm

03 | Chuan do dién da nang 81/2 digits Dién
AGILENT 3458

04 |Chuén dién da nang 71/2 digits Pién
FLUKE 5700A

05 | Chuén dién ap AC 71/2 digits Pién
FLUKE 5790A

06 | Chuén cdng suéat 0,005% Pién

MTE C1-2

o

QUATEST 3

16



Tac dong deén linh vu'c do luong va QUATEST3 I o

3. Dan vi Kenvin, K

Kelvin dugc dinh nghia lai ma khong gay ra anh
hudng truc ti€p doi vdi phép do nhiét do va viéc
truyén chudn cho phép do nhiét dd

- DGi v6i da s6 nguGi st dung, viéc stra doi dan vi
do Kelvin sé dién ra ma khong tao bat ky su’ chu y
nao.

Pinh nghia mdi vé nhét d6 khi khong phu thudc
vao vat liéu va cong nghé sé chinh xac han, dac
biét la viéc xac dinh cac diém cuc tri cia nhiét dd

- Sau khi dinh nghia lai, nhiét do Kenvin sé dugc
thé hién bdng phuong phap chuan do nhiét do
nhiét dong luc hoc qua thang do ITS-90 va PLTS-
2000.

> Khéng anh huong dén viéc lién két chudn cua
QUATEST3

QUATEST 3

Lién két chuan K, QUATEST3

NATIONAL METROLOGY
INSTITUTE

(STD. PLATINUM RESISTANCE\
THERMOMETER (SPRT)
(-196 to 660) °C

FLUKE 5681, U= 2 mK

CUSTOMER
(-196 to 660) °C; U=(10-20) mK

17



Tac dong dén linh vuc do luong va QUATEST3

- M6t s6 chuan chinh nhiét dé cia QUATEST3

o

QUATEST 3

HART SCIENTIFIFC 5624

U: (5-12) mK

TT | Tén chuan Chinh xac Linh vuc

01 |Diém 3 cla nudc 0,01 °C + 0,0001 °C Nhiét do
HART SCIENTIFIC 5901

02 | Biém ndng chay cua Gallium | 29,7646 °C + 0,0002 °C Nhiét do
ISOTECH- 7402B&M-17401

03 | Chuén nhiét k& dién tra platin | -200 °C to 660 °C Nhiét do
HART SCIENTIFIFC 5681 U: 2 mK

04 | Chuan nhiét ké dién trd platin | 0 °C to 1 000 °C Nhiét d6

18



Tac dong deén linh vu'c do luong va QUATEST3 o
QUATEST3

) Lién két chuan m, QUATEST3
4. bon vi met, m

X _ N o NATIONAL METROLOGY
Met van tiep tuc dugc dinh nghia theo van toc INSTITUTE

anh sang. Phép do kich thudc sé khong can sua
doi va sé tén dung tinh 6n dinh dai han dudc cai

ti€én cua hé thong dan vi do. [ GAGE BLOCKS - GRADE K J
ISO 3650:1998; (1-100)
Mot sd chuan chinh dé dai o
TT | Tén chuan Chinh xac
01 |BO c&n mau cdp K (1-100) mm g:nE:EaBr':tC;‘r
KOBA/ MITUTOYO/ TESA |cap K 25 mm; 5 nm
02 | B6 cdn mau cap 00 (0.5-1000) mm
MITUTOYO c3p 0
03 | May do do dai van nang (0-1220) mm { GAGE BLOCKS - GRADE 0 }
PRATT & WHITNEY +(0,05+0,5L/1000 pm) (0,5 - 100) mm

19



Tac dong deén linh vu'c do luong va QUATEST3 o

5. Pon vi giay, s

Thai gian: van tiép tuc dugc dinh nghia theo
tan sO chia tach siéu trang thai cua nguyén tur
Cesi (133Cs). So d6 lién két chudn hoan toan
khong bi anh hudng. Thdi gian va tan so cling sé
khong bi tac dong.

Mot s6 chuan chinh dd dai

AGILENT, 53230A

TT | Tén chuan Chinh xac

01 | Chuén tan s6 U: 1012
FLUKE 910R

02 | May phat tin hiéu U: 1010
AGILENT, E8257D

03 | May dém tan s6/ thai gian | U: 1010

QUATEST 3

Lién két chuan s, QUATEST3

NATIONAL METROLOGY
INSTITUTE

4 GPS-Rb FREQUENCY h
STANDARD
5 MHz;10 MHz; 1012
\ J

Counter/ Timer
(0-6 GHz); U=1019

20




Tac dong dén linh vuc do luong va QUATEST3 o
QUATEST3

6. ban vi mol

Mol dugc dinh nghia lai qua s6 phan t&r (nguyén tr va phan ti) va sé
khong con phu thuoc vao khoi lugng (kg). Khoi lugng nguyén tir sé khong
bi anh hudng khi thay ddi dinh nghia va hang s6 khdi lugng cia mol Mu
van la 1 g/mol (co mot do khong dam bao do nhéat dinh). DKDB do sé
nho va viéc dinh nghia lai mol cling sé khéng doi hoi bat ky mot thay doi
nao trén thuc te.

7. Dbon vi candela, cd

Candela sé dugc dinh nghla qua hang sO quang hoc va ti€p tuc lién két
vGi watt. Su truyén chudn cho candela van dugc thiét 1ap véi DKPB do
nhu cli vi phucng phap buc xa si dung may do (detector) dugc hi€u
chuan bang phuang phap tuyét doi.

21



Két luan o
QUATEST 3

- Hé don vi SI da dudc soat xét vai lan tUr sau CGPM nam 1960. Tuy nhién,
viéc diéu chinh 4 don vi do co ban vao cung thdi diém doi héi su’ hop tac
trén toan cau trong nhiéu linh vuc do luéng khac nhau.

- Viéc thay doi dinh nghia khong anh hudng dén cudc song hang ngay
va cac phép do xac dinh don vi do theo cac dinh nghia cli van dung trong
DKDB do nhat dinh.

- NguGi s’ dung don vi do néu khong thudc cac phong thi nghiém quoc gia thi
gan nhu sé khéng nhén thdy mot su’ thay doi nao.

- Sy thay ddi dinh nghia clia don vi SI khéng nham dén do IuGng phap dinh,
nhung la thay doi dang ké trong tu’ duy va phuong phap clia nhitng chuyén
gia nghién ctu don vi do Iudng.
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QUATEST 3

Xin cém on quy vi dé chi y ling nghe 11
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