$/7,78' (6 &+

6<67(0(6 '( 5()(5(1&( 9(57,&%$/(

3DXO 5(%,6&+81*% %1 ’ ¥

QVWLWXW *«RIJUDSK s
Y

) O

6HUYLFH GH *«RG«VLH % HQW
i
‘ e

SDXO UHELVFKXQJ. ¢ <« . <

JRUXP *«RG«VLH SKRWRJUDPP«W Uk

(16* l«YULHU




6200%,5(

/IH FKDPS GH SHVDQWHXU WHUUHVWUH
4X-HVW FH TX-XQH DOWLWXGH "
6\VW2PHVY GH U«l«UHQFH YHUWLFDOH

JHV U«VHDX[ GH QLYHOOHPHQW IUDQ®DL

JRUXP *«RG«VLH SKRWRJUDPP«W Wkl

(16* l«YULHU




UH3$S57,(

/( &+$03 '( 3(6$17(85 7(55(675(

JRUXP *«RG«VLH SKRWRJUDPP «W Wyl

(16* l«YULHU




/IRL GH OD JUDYLWDWLRQ XQL

U 1HZWROQ

@

m m G =6.6742867 10 11m3kg-13_2
F=G u d = distanceentrdes2points
2
d u = vecteuwunitaire

U $FF«O«UDAWGRE GHOD-DWWUDFWLRQ GH

- F m
= =-G—u
aTn ml d2

JRUXP *«RG«VLH 3KRWRJUDPP«W Uyl

(16* l«YULHU




/ID SHVDQWHXU WHUUHVWU|

U $SWWUDFWLRQ GXH DX]
YROXPH «O«HRHQW
dF :—Gm'g'zd[ u \
dg:-Grc'lcyu é,f’f/’m
U SWWUDFWLRQ W DO H
dM = p.dt
F=.Gm r.dt

r = massevolumique= densité

JRUXP *«RG«VLH SKRWRJUDPP «W WYyt

(16* l«YULHU




/ID SHVDQWHXU WHUUHVWU|

H $FF«<O«UDWLRQ GH OD SHVDQWHXU
$FF«O«UDWLRQ GHODWWD YW R ERPFWH GH OD 7THUUH

SFF«O«UDWLRQ FHORMOWLROHGH OD 7HUUH VXU HOOH P~
SFF«O«UDWLRQ GHODRDUXAHWLRQ GHVY DXWUHV DVWUHYV

uH 9DULDWLRQV WHPSRUHOOHYV
— OSHGLVWULEXWLRQPGEWHBBE VWUR¥WH FRXFKHV IOXLGHYV

— ODULDWLRQV GH ORR IYRHWHIMW/LAXQS {OH ORQJIXHXU GX MI
OD 7THUUH

— ODU«HYV HITHWYVY GLUHFW HW LQGLUHFW

JRUXP *«RG«VLH SKRWRJUDPP «W Lkl

(16* l«YULHU




/H FKDPS GH SHVDQWHXU

H $FF«<O«UDWLRQ GH OD
SHVDQ&wh X U
g =NwW
H 3BRWHQWLHO GH
SHV D QWX U

H/LIJQH GH I&JFH
WUDMHFWRLUH G-XQ FRUSV HQ FKXWH OLEUH
YHUWLFDOH
SHQGXOH

M 6XUIDFH «TXLSRWHVMNH HOOH
VXUIDFH KRUL]JRQWDOH
VXUIDFH G-XQH «WHQGXH G-HDX DX UHSRYV

JRUXP *«RG«VLH SKRWRJUDPP «W WUkl

(16* l«YULHU




/H J«sR+GH

Mb6XUIDFH «TXLS
FR+QFLGH DX PLHX][ DYHF OH
QLYHDX PR\HQ GHV PHUVD}

 &UHX[ HW ERVVHV ¢ JUDQGH «FKHOOH GXHYV
¢ GHVY DQRPDOLHYVY GH PDVVHYV GDQV OH
PDOQWHDX MXVTX-¢ P G-DPSOLWXGH

I $QRPDOLHV ¢ SOXV SHWLWHV «FKHOOHV WU?2V
FRUU«O«HV DYHF OD WRSRJUDSKLH

I SBRWHQWLHO VXU OH J«R*zGH

JRUXP *«RG«VLH SKRWRJUDPP «W gkl

(16* l«YULHU




OHVXUH GH GLIIT«=UHQFHV GH SR

U 'LIl«UHQFH GH SRMH¥#OWLHO HQWUH
W,-W, = g.c g=NW

AB

5

nivellement + gravimétrie !

JRUXP *«RG«VLH SKRWRJUDPP «W Wkl

(16* l« YULHU




/H FKDPS GH SHVDQWHXU QRU

HL ORG2OH PDWK«PDWLTXH GX FKDPS U«HO W

XQH GH VHV «TXLSRWHQWLHOOMWMNTHKWW*%® HOOLSVR+GH J«RG:«
O-HOOLSVR+GH D OD P-PH PDVVH TXH 7THUUH DWPRVSK2aUH
O-HOOLSVR+GH WRXUQH ¢ OD P-PH YLWHVVH TXH OD 7HUUH
OH SRWHQWLHO QRUPDO VXUVOHE®OHSVREHM HYVW OH D@ REG IS F

u /D SHVDQWHXU QRUPDOH SHXW -WUH FDO|
go(/.):agEco§/'+bgpsin2/'
azcos’j +b2sin®j/
VXU O-HOOLSVR*=GH

00 ) =go0) 1- 2[+  +m- 2f sin?j h+ b2
a a

¢ XQH KDXWHXU

JRUXP *«RG«VLH SKRWRJUDPP«W U p/hs

(16* l«YULHU




PH33$57,(

48-(67 &( 48-81( $/7,78'( "

JRUXP *«RG«VLH SKRWRJUDPP«WU Lk,

(16* l«YULHU




'« ILQLWLRQ XVXHOOH

Mb+DXWHXU DX GHVVXV GX QLYHDX GH

'‘RLW -WUH H[SULP«H HQ PaWUHYV

'‘RLW -WUH QXOOH ¢ OD VXUIDFH GH OD PHU

‘RLW SHUPHWWUH ¢ O-HDX GH FRXOHU GDQV OH ERQ VHQ
'‘RLW -WUH FRQVWDQWH VXU XQH VXUIDFH KRUL]JRQWDOF

/IHV GLIT«UHQFHYV G-DOWLW X GHV CxRLLYH QW HHAWRJHHYV SUR H K |

JRUXP *«RG«VLH SKRWRJUDPP«WUbh/h,

(16* l« YULHU




'H O-LPSRVVLELOLW« GH G«ILQL
SXUHPHQW J«RP«WULTXHYV

u oL OD 7THUUH «WDLW VSK«ULTXH
HW ¢ VI\P«WULH VSK«ULTXH

i OHV YHUWLFDOHY VHUDLHQW GHV OLJQHYV
GURLWHYV

I OHV «TXLSRWHQWLHOOHY VHUDLHQW GHYV
VSK2UHV FROQFHQWULTXHYV

' RQ SRXUUDLW G«ILQLU O-DOWLWXGH G-XQ
SRLQW FRPPH VD KDXWHXU DX
GHVVXV GH OD VXUIDFH WHUUHVWUH

JRUXP *«RG«VLH SKRWRJUDPP«WUg/h,

(16* l«YULHU




'H O-LPSRVVLELOLW« GH G«ILQL
SXUHPHQW J«RP«WULTXHYV

U ODLV OD 7THUUH Q-HVW QL
VSK«ULTXH QL V\P«WULTXH

i OHV YHUWLFDOHV VRQW FRXUEHYV

' OHV «TXLSRWHQWLHOOHY QH VRQW SDV
SDUDOO20HV HQWUH HOOHV

' SDU FRQV«TXHQW RQ QH SHXW SDV G«ILQLU
XQH DOWLWXGH FRPPH XQH VLPSOH GLVWDQFH

JRUXP *«RG«VLH SKRWRJUDPP «W U k/h,

(16* l«YULHU




/IHV FRWHY J«RSRWHQWLHOC

u & s GLII«UHQFH GH SRWHQWLHO F
SRLQW 0 HW OH J«R+*GH

U SOWLWXGH mbSDUIDLWHD}?

H *PDLV HQ Pt Vt

JRUXP *«RG«VLH SKRWRJUDPP«WULE/h,

(16* l«YULHU




'«ILQLWLRQ J«Q«UDOH G-XQH

L CM _ WM - WO
H M * - *
9w G

ul G«VLIQH OH W\SH G-DOWLWXGH

ey HVW XQH YDOHXU GH SHVDRMXHXU WK«
PR\HQQH @®X SRLQW

JRUXP *«RG«VLH SKRWRJUDPP«WUE/hs

(16* l«YULHU




SOWLWXGHYV G\QDPLTXHYV

D _

gy =cste=g,(/ =45°)

HD:CM :CM
9P cste

U SBURSRUWLRQQHOOHY DX] FRWHYV J«RSRWH
GRQF WRXW DXVVL mbSDUIDLWHVD}

HODLV A4+GK VHXOHPHQW SRXU 6 r

° $OWLWXGHYV VFLHQWLILTXHV PDLV SDV XV

JRUXP *«RG«VLH SKRWRJUDPP «W U k/h,

(16* l«YULHU




SOWLWXGHYV RUWKRP«WULT?

ug, HVW OD SHVDQWHXU PR\HQQH
OH ORQJ GH OD OLJQH GH IRUFH
UHO ODIDXWJI «R + G H
1 W, - W,

=g, = ds=-
gﬁ gM hAJw M@? RAJM

nHy HVW GRQF OD ORQJXHXU GH
FHWWH OLJQH GH IRUFH

U 6LIJQLILFDWLRQ SK\WLTXH WK«RULTXHPHQV
H 6XUIDFH GH U«l«UHQFH J«R+xtGH

JRUXP *«RG«VLH SKRWRJUDPP«WUg/hs

(16* l«YULHU




SOWLWXGHYV RUWKRP«WULT?

H 3UREO2PH LO HVW LPSF@‘M’VLEOH GH FRQQ
°©2Q GRLW IDLUH GHV K\SRWK?2a2VHV

! 9DULDWLRQ OL@«%I;%%%EE&H J

' *UDGLHQW GH 3R|%§:F~n348'<1c3%2m

u /D VLIQLILFDWLRQ SK\WLTXH Q-HVW SOXV

JRUXP *«RG«VLH SKRWRJUDPP«WU bk

(16* l«YULHU




SOWLWXGHY QRUPDOHYV

ugy HVW OD SHVDORHXQWBRHDRRAJ GH OD
OLJQH GH IRUFld OHPQODQSWVR+GH

utHy  HVW GRQF OD ORQJXHXU
GH FHWWH OLJQH GH IRUFH

Hi =QoQ

JRUXP *«RG«VLH SKRWRJUDPP«WUj/hs

(16* l«YULHU




SOWLWXGHY QRUPDOHYV

u 3DV GH VLIJQLILFDWLRQ SK\VLTXH
u ODLY FDOFXODEOHYV GH IDORQ H[DFWH

U 6XUIDFH GH U«l«UHQFH
TXDVL J«R+*GH

JRUXP *«RG«VLH SKRWRJUDPP«WUk/h,

(16* l«YULHU




&EDOFXO «VFLHQWLILTXH- G=LC

Dénivelées mesurées Mesures gravimétriques
dhi o]

Différences de potentiel
‘mesurees’
dWi = gi.dhi

Point fondamental A et sa
cote géopotentielle
CA

Ajustement par
moindres carrés

l

Cotes géopotentielles ajustées
CM

ALTITUDES
HM

JRUXP *«RG«VLH SKRWRJUDPP«WUWh/h,

(16* l«YULHU




PH3$57,(

6<67(0(6 '( 5()(5(1&( 9(57,&%$/(

JRUXP *«RG«VLH SKRWRJUDPP«WUh/h,

(16* l«YULHU




6\VW2PH GH U«xlI«UHQFH YHUWI

Mb(QVHPEOH GHVY FRQYHQWLRQV

G-XQ U«l«UHQWLHO YHUWLFDOD}

5«l« UHQFHV JUDYLP«WULTXHV HW J«RG«VLTXHV >
7\SH G-DOWLWXGHV

&RQVWDQWHY DVVRFL«HV

6S«FLILFDWLRQV GH FDOFXO

3RLQW IRQGDPHQWDO HW VRQ DOWLWXGH FRQYH

1

JRUXP *«RG«VLH SKRWRJUDPP «W UWh/h,

(16* l«YULHU




5HS2aUH GH U«l«UHQFH YHUWL

Mb5«DOLVDWLRQ G-XQ V\VW2PH GH U«l«UH

U 7TUDGLWLRQQHOOHPHQW

(QVHPEOH GH SRLQWYV PDW«ULDOLV«V UH
QLYHOOHPHQW

UHOL«V HQWUH HX[ SDU GHV REWHUYDWLF
HW JUDYLP«WULH

JRUXP *«RG«VLH SKRWRJUDPP «W UL/

(1e- l«YUI HU




SULW2UHV GH TXDOLW«

U ([ WHQVLRQ J«RJUDSKLTXH
U 'HQOVLW« GX U«VHDX

u ([DFWLWXGH VIVW«PDWLVPHY «YHQWXHOV IDLE
U 3U«FLVLROQ HUUHXUV DFFLGHQWHOOHYVY IDLEOH
U J)LDELOLW« DEVHQFH GH IDX\WWB¥XODREVHUYD\

H OWDELOLW« GHV UHS2UHV RX FRBQ QYMHIMVIDEDFAHHGH Ok

U )DFLOLW« G-DFF2V ¢ O-LQIRUPDWLRAQ

JRUXP *«RG«VLH SKRWRJUDPP«WUE/h,

(16* l«YULHU




"«WHUPLQDWLRQ G-DOWLWXGH"

0 K

° 1l«FHVVLW« GH FRQQD°*WUH OOGOHSRVLWLR
U«l«UHQFH GHV DOWLWXGHY SDU UDSSR

MbVXUIDFH GH FRQYHUVLRQDb}

JRUXP *«RG«VLH SKRWRJUDPP «W UWk/h,

(16* l«YULHU




6XUIDFHVY GH FRQYHUVLRQ

Données MNT Modéle global
gravimétriques de champ

y

[Quasi-] géoide

gravimétrique
_ Points GNSS
Adaptation < nivelés
SURFACE DE
CONVERSION

JRUXP *«RG«VLH SKRWRJUDPP«WUg/h,

(16* l«YULHU



apH 3$57,(

/(6 5(6($8: '( 1,9(//(0(17
)5$1&$,6

JRUXP *«RG«VLH SKRWRJUDPP«WUb/hs

(16* l«YULHU




+LVWRULTXH

U S«VHDX %YRXUGDORXH

' (WDEOL HQWUH HW

| SROVJRQHYV N P

' 2ULJLQH WUDLW P GH O-«WKHDQ QM G H DRD U «OHD G H)LRAJO H
|

|

(UUHXU NLORP«WULTXH GH O-RUGUH GH FP iNP

LU5«VHDX /DOOHPDQG

l HWWRUGUH «WDEOLH HQWUH HW

: SRO\JRQHYV NP

I 2ULJLQH QLYHDX PR\HQ HQUHJLGW OB S\DHULOBH VX WIODSKH
S«ULRGH

l (UUHXU NLORP«WULTXH GH O-RUGUH GH PP iNP

JRUXP *«RG«VLH SKRWRJUDPP «W Wb/

(16* l«YULHU




/IHV U«VHDX|[ RIILFLHOV ,*1 HW

u ,*1  )UDQFH FRQWLQHQWDOH
: HURUGUH REVHUY« HQWUH HW
| SRO\JRQHYV NP
1 2ULJLQH GX U«VHDX /DOOHPDQG
I $OWLWXGHY QRUPDOHY HOOLSVR+GH +D\IRUG
I 6\VW2aPH JUDYLP«WULTXH &%)
l (UUHXU NLORP«WULTXH GH O-RUGUH GH PP iNP

o, *1 &R UVH

' 2ULJLQH QLYHDX PR\HQ HQUHJILVWU« SDU OH P«GL
PDU«Pa8WUH G-$MDFFLR VXU OD S«ULRGH

SRO\JRQH

JRUXP *«RG«VLH SKRWRJUDPP «W W /hy

(16* l«YULHU




OWUXFWXUH GX U«VHDX

U RUGUHV GH GHQVLW«V
FURLVVDQWHYV

u NP OH ORQJ
GHV YRLHV GH
FRPPXQLFDWLROQ

u UHSaUHYV
51 NPt

JRUXP *«RG«VLH SKRWRJUDPP «W Wh/hg

(16* l«YULHU




ODW«ULDOLVDWLRQ

u 5HS2UH GH QLYHOOHPHQW GH W\SH O

JRUXP *«RG«VLH 3KRWRJUDPP«W
/

(16* l«YULHU




O«kWKRGHV G-REVHUYDWLRQ

uH 1ILYHOOHPHQW J«xRP«WULTXH WUDGLWLRQ!

H OHVXUHY JUDYLP«WULTXHYV

' 6XU OHWRUGUH

I 6XU OMWWHRUGUHY HQ PRQWDJQH
|

|

OHVXUHY WRXV OHV ¢ NP
DLQVL TX-DX[ FKDQJHPHQWY GH SHQWH HW GH GLUHFWLRQ

JRUXP *«RG«VLH SKRWRJUDPP «W Whk/h

(16* l«YULHU




SU«FLVLRQ

Ordre Ecart-

W (FDUWV W\SHV NLQRP «W U|L Ttypev
LVVXV GHV IHUPHWNXUHV GHmm/ k
ERXFOHYV

&H WDEOHDX QH SUHQG SDV|HQ FJRPSWH 20
OHV HUUHXUV VA\VW«PDWLTXHV GX U«VHDX

3 3.0

JRUXP *«RG«VLH SKRWRJUDPP «W WBE/ht;

(16* l«YULHU




5%)

6XUIDFH GH U«l«UHQFH GHYV
DOWLWXGHYV ,*1 SDU UDSSRUW
¢ O-HOOLSVR+GH *56

I $GDSWDWLRQ GX TXDVL J«R+*GH 47%*)
DX U«VHDX GH SRLQWYV *36 QLYHO«V 5%)

' $VVRFL«H DX V\VWaPH 5%)

i 'LVSRQLEOH VRXV IRUPH G-XQH JULOOH DX
SDV GH NP HQYLURQ

i ,QFRUSRU«H GDQV GH QRPEUHX[ ORJLFLHOV
*36

JRUXP *«RG«VLH SKRWRJUDPP «W WE/h5

(16* l«YULHU




(QWUHWLHQ GX U«VHDX

1 1,9%* 1LYHOOHPHQW D\

(OWUHWLHQ V«OHFWLI GX U«VHDX
&RQVWLWXWLRQ GH mbWULSOHWXN} GH QV KOOHEL WRRKWQ HV G H
SWLOLVDWLRQ GX *36 HW GH 5%Y H®Q B RMRQQYWHPHEMV DR QIH O

u(s51,7 (QWUHWLHQ GX U«VHDX GH QLYHOOH
WULSOHWYV

|
' (QWUHWLHQ GHV WULSOHWYV FEBYVWLOK«V HQ 1,9%* F\FOH

°,QIRUPDWLRQ VXU OHV YLWHVVHY YHUWL

JRUXP *«RG«VLH SKRWRJUDPP «W Wk/h

(16* l« YULHU




'LITXVLRQ

JRUXP *«RG«VLH SKRWRJUDPP «W Wg/hg

(16* l«YULHU




1,5()

I1RXYHDX U«VHDX GH QLYHOOHP

. 2EMHFWLIV VFLHQWLILTXHYV
J«RG«VLH J«RG\QDPLTXH
RF«DQRJUDSKLH 1

I 1-HVW SDV YRX« ¢ GHYHQLU
OH QRXYHDX V\VW2PH RIILFLHO

' 3ULQFLSDOH RULJLQDOLW«
QLYHOOHPHQW PRWRULV«

JRUXP *«RG«VLH SKRWRJUDPP «W Wh/h

(16* l«YULHU




1,5()

JRUXP *«RG«VLH SKRWRJUDPP «W Ub/hs

(16* l«YULHU




1,5() YV ,*1

1,5(0)  ,*1 FP

&RQILUPDWLRQ G-XQ ELDLV 1RUG 6XG
G-,*1 VXVSHFW« GHSXLV ORQJWHPSV
G-DSU2V FRPSDUDLVRQ ¢ GHV GRQQ«HYV
PDU«JUDSKLTXHV

JRUXP *«RG«VLH SKRWRJUDPP «W Ul/hg

(16* l«YULHU




&SRPSDUDLVRQ ¢ GHVY GRQQ«H
PDU«JUDSKLTXHYV

I1LYHDX[ PR\HQV GH OD PHU H[SULMWRHGED

JRUXP *«RG«VLH 3KRWRJUDPP«W
/

(16* l«YULHU




8 (/1

8QLILHG (XURSHDQ /HYHOOLQJ 1HWZRUN

JRUXP *«RG«VLH SKRWRJUDPP «W Uh/hs

(16* l«YULHU




SROQOWULEXWLRQ IUDQODLVH ¢

U SFWXHOOWRHQWH ,*1

u 3UREO?2PH , *1 HVW ELDLV«
uoDLV 1,5() HVW WURS OerFKH

U 3URFKDLQH FRQWULEXWLRQ HQ FRXUV GF
- 1,5()
| HURUGUH U« REVHUY« GDQV OHV DQQ«HV
l HURUGUH RULJLQDO FRUULJ« G- XQ ELDLY HVWLP«

JRUXP *«RG«VLH SKRWRJUDPP «W Uk/hs

(16* l«YULHU




&RQFOXVLROQ

3U«VHQW HW DYHQLU GHV U« «WH

| HW ,*1 (QOWUHWLHQ DLG« SDU *36 (51,7

I IRXYHOOHY VXUIDFHVY GH FRQYHUVLRQ SRXU OD )
P«WURSROLWDLQH HW OD &RUVH DYULO

I 6XUIDFHY GH FRQYHUVLRQ SRXU OHV '20

' '1,5() 'HQVLILFDWLRQ HW LQW«JUDWLRQ GDQV 8(/

JRUXP *«RG«VLH 3KRWRJUDPP«W
/

(16* l«YULHU




0(5&, '( 9275( $77(17,21

JRUXP *«RG«VLH SKRWRJUDPP «W UE/hs

(16* l«YULHU




