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ITPO BIJIMB EJINCOITAJIbHUX IIOIIPABOK HA BUBHAYEHHSA BHCOT T'EOITA

Awnorania. B nauiit po6oTi orpuMaHi 3HAYEHHS eJINCOINAJIbHUX IIOMPABOK IIPY OOYMCIIEHH] BUCOT Teoifa SK
onHlel 31 CKIIAIOBUX 36yp1010qor0 moreHmiany 3emui. 13 peayanaTiB 004YMCIIeHb BCTAHOBJICHO: JJIS TOrO0, 00K
ofiepsKaTH OLIBII TOYHINI Pe3ysIbTaTH 00InCIIeHb, Kl OyayTh CIIBPO3MIPHI 3 JaHUMH Cy9IaCHUX CYILyTHHKOBUX
BEMIPIOBAHb, IIOTPIGHO BPAXOBYBATH €JILIICOINaIIbHI IIOIIPABKH JI0 KOMIIOHEHTIB aHOMAJIBHOIO TPaBITallHHOro
o1t 3eMUITl. Ocmnmcn icHye CHIbHA 3aJIe’KHICTD BHCOTH reoifia Bl 3MIIIEHHs ped)epeHIIHOI CHCTEMH, TO €JILIICO-
inapHY mompaBky e’N| Heob6XiTHO BpAXOBYBATHU IIPH OOUMCIEHHSAX AHOMAJBLHOTO rpaBlTau;mHoro ot 3emuti.
Perxomennyerncst qist Bu3HadYeHHsT BUCOT reoina N TakoK BKJIOUATH €JIIIICOITABHI LIONPABKY € ’N, ta &’N] y
PO3KIaI B pAn 3a cheprnyHUMU (PYHKITISAMY, OCKIJIbKYA HEXTYBAHHS JIUIIE OCTAHHBOI MIOMPABKYU B CEPETHBOMY
JULSI TepUTOPil YKpaiHu qae IoXUOKY MOPSIAKY TOYHOCTI CyYacHUX aJIbTUMETPO-TPABIMETPUYHUX 00UMCIEHb AHO-
MAaJIBHOTO TPABITAI[IHOTO IO/ 3eMJIl.

KirouogBi ciioBa: ayibTUMeTpo-IrpaBIMEeTPHUYHI 00UHCIeHHS, aHOMAJILSA CHJIN Bard, aHoMAaJIbHe IpaBiTaliiiHe 1IoJe,
BHCOTA Teoifa, rpaBIMeTPUYHI CYIIyTHUKOBI JaHl, eIincoigaibHa IIOIpaBKa, cepryuHl (PyHKIII, 3araJbHO3eMHA
reouearpuuHa cucrema (WGS 84), esporieiicbka perioHasibHa reogeandra cucrema (European 1950).
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ON THE INFLUENCE OF ELLIPSOIDAL CORRECTIONS
ON THE DETERMINATION OF HEIGHTS OF GEOID

Summary. Many geodetic tasks cannot be rigorously solved without taking gravimetric data into account.
For example, the measured elements of the earth's surface (angles, directions, distances) must be projected onto
some correct surface (plane, sphere, or ellipsoid) for their further processing. Such design shall be performed tak-
ing into account the gravity deflection, gravity anomalies and gravity heights. Another example of the need to use
gravimetric data in geodesy is to obtain heights of points that cannot be determined strictly without knowledge
of gravity. To determine the anomalies of gravity in gravimetry, you need to know the height of the geoid. As the
anomalies of the gravity and height of the geoid as elements of the disturbing potential are small in magnitude
compared to the size of the Earth, so in the formulas that bind them, they apply a spherical approximation, ne-
glecting the compression of the reference ellipsoid. The problem of studying the external gravitational field of the
Earth is to study first the figures of the Earth, and such a task is largely given to the theory of the potential of
gravity of the Earth. When studying the shape of the Earth by gravitational field, the method of decomposition
of the potential in a row by spherical functions is properly used. The same method of image potential proved to
be quite convenient for studying the shape and gravitational field of the Earth by the perturbations in motion of
artificial satellites of the Earth. This method makes it possible to represent the gravitational field, which is given
on a spherical Earth, as the sum of harmonics, and the higher the harmonic order number, the smaller the wave-
length. Specifying the coefficients of such a trigonometric series is quite convenient for all kinds of calculations.
Ellipsoidal corrections to the components of the Earth's anomalous gravitational field must be taken into account
in order to obtain more accurate computational results commensurate with current satellite measurements (for
example, those obtained with Global Navigation Satellite Systems). In this paper, the values of ellipsoidal correc-
tions are obtained when calculating the heights of a geoid as one of the constituents of the Earth's perturbation
potential. From the results of calculations it is established that in order to obtain more accurate results of cal-
culations that will be commensurate with the data of modern satellite measurements, ellipsoidal corrections to
the components of the Earth's anomalous gravitational field must be taken into account. Since there is a strong
dependence of the height of the geoid on the displacement of the reference system, the ellipsoidal correction e’N|
must be taken into account when calculating the anomalous gravitational field of the Earth. It is recommended
to include ellipsoidal corrections e¢’N, and e’N, in a series of spherical functions for determining the heights of
geoid N, since neglecting only the last amendment on the average for the territory of Ukraine gives an error in the
accuracy of modern altimetry-gravimetric calculations of the anomalous gravitational field of the Earth.

Keywords: altimeter-gravimetric calculations, anomaly of gravity, anomalous gravity field, height of geoid,
gravimetric satellite data, ellipsoidal correction, spherical functions, World Geocentric System (WGS 84),
European Regional Geodetic System (European 1950).

ocraHoBKA mpoobsiemu. CTporuii po3s’ 30K
0araThOX TEOME3WUHUX 332U HEMOKJIH-
BU 0e3 BpaxyBaHHS I'pPaBIMETPUYHUX TaHUX. Tak,
HAIIPUKJIA[, BUMIPAHI €JeMeHTH 3eMHOI II0BepX-
HI (KyTH, HAIIPAMKHN, BIICTAHL) IJIA IX HACTYIIHOI'O
OIIPAITIOBAHHST HEOOXITHO CIPOEKTYBATH HA JEAKY
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IPAaBIJIbHY IIOBEPXHIO (IJIOIIUHY, chepy abo eJriIico-
im). Take mpoexkTyBaHHS Mae BUKOHYBATHCH 13 Bpa-
XyBaHHAM BIIXUJICHHS BasKKa, AHOMAJILH CHJIM BATH
Ta BHCOT reoina, skl fae rpasimerpis. Jpyrum npu-
KJIa/[0M HeoOXLTHOCTI BUKOPUCTAHHA IPaBIMeTPHY-
HUX JAHUX B reofiesil € OTPIMAHHSA BUCOT TOUOK, SKI
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CTPOT0 HE MOKYTH OyTH BH3HAYEH] 0e3 3HAHHS CHJIN
Baru. [[J1s1 BU3HAYeHHS aHOMAJINI CHJIM Baru B rpa-
BiMeTpii HeoOXIIHO 3HATH BUCOTH Teoima. OCKLIbKU
aHoMaJIll CHJIM BarW Ta BHUCOTH I'eoifa SK eJIEMeHTH
30ypIOIOUOro IIOTEHINAJY € MaJjl BeJINYUHN Y IIOPIB-
HAHHI 3 po3Mipamu 3emutl, ToMy B (popMyJiax, IIo
TIOB'SI3YIOTH 1X, 3aCTOCOBYIOTEH C(DEPUUHY AITPOKCHMA-
11110, HEXTYIOYM CTUCHEHHSIM pedyepeHII-eIincoiaa.

AmnaJtia ocraHHixX gociigikeHsb i myOikarii.
IIpoGisiema BUBYEHHS 30BHIIIHHOTO I'PABITAIIAHOIO
oJ1sT 3eMJIL TIOJISATAE Y JOCIIIMKEHH] B IIEPIIY Yepry
dirypu 3emiti 1 Taka 3agava B 3HAYHIN Mipl TpHIi-
JISIETHCST Teopll IIOTEHINAJY CHUJIA Baru 3eMJIl.

ITpu mocmimrenni girypu 3emiri 3a rpaBiTarii-
HUM TI0JIEM HAJIEKHHM YHHOM BHKOPHCTOBYETHCS
MEeTOJT PO3KJIAJY TTOTEHITIATY B P 3a ChepUIHUMU
dyurmiavu. et e mertox 3o6pa91ceHHa OTeHIIia-
JIy BUSIBUBCS JIOCUTD 3PYIHUM 1 JJIs1 BUBYEHHS (iry-
pH Ta TpaBITAINIMHOTO IOJII 3eMJIl 3a 30ypeHHsIMU
B pycl IITYyYHUX CYIyTHHUKIB 3emui [5; 10; 11].

Ieit meTon mae MOKIIMBICTE 300PA3UTH IPABITALII-
He TI0JIe, AKe € 3aJaHnM Ha cpeprYHiil 3eMIIl, y BUIJIS-
JTl CyMU TAPMOHIK, TIPHYIOMY YHUM BUIIHI TTOPSTKOBI
HOMEp TFapMOHIKH, TUM MEHIIIA JOBKHMHA 1i XBHIIL. 3a-
JTaHHSA KoelI[ieHTIB TAKOTO TPUTOHOMETPUIHOTO PSTY
€ JIOCUTD 3PYYHUM JIJIS1 PIZHOrO POy 00UHCIIeHb.

IIurapasavu  pobIT 1m0 BHU3HAYEHHIO (OpPMU
Ta po3MipiE 3eMJIi MEeTOAOM PO3KJIA]y MOTEHITIATy
B pAn 3a chepuyHuMHU (PYHKIISMA JeTaJbHO 3a-
nmanucs I'. Mopirr [4], . 3arpeoiu [3], II. Byt
[2], YO. Hetiman, B. N'odman-Bemrenrod [1], B. Ieit-
crauen [8], /1. Jlenxpreman [9]

Cdepuyana anmpoxcuMalisi 1 Hajfaml 3acTOCOBY-
eTbest y (PISHYHINA reomesii, Xo4a I Oflep:RaHHs
OlJIBII TOYHUX peSyJIBTaTlB o04unciIeHb L[BOTO He J0-
CTaTHBO, OCKITIBKH Cy9acHl IPaBIMETPHYHI Ta aJb-
TUMETPUYHI CYIyTHUKOBI BUMIPIOBAHHSA Ial0Th HA
TIOPSIOK TOYHIMT pedyabratu [12].

Buninenusa meBupinmeHux pasHime yacTuH 3a-
raJbHOI Iposemu. J1j1s Toro, mmobum ogepsxaTy OLIbIT
TOYHIIN Pe3yJIbTATH OOUMCIIeHb, Kl OyIyTh CIIIBPO3-
MIpHI 3 JAHUMH CyYACHUX CYIIyTHUKOBUX BUMIPIOBAHD
(HAIIpUKIIaJ, OJEep:KAHMUX 34 JIOIOMOIoK IJ1o0asIbHMX
HaBlraumHHx Cyl'IyTHI/IROBI/IX Cucrem), 11oTpiOHO Bpa-
XOBYBaTH €JIIICOIIa/IbHL TONPABKH /10 KOMIIOHEHTIB
AHOMAJIBHOTO TPABITAITIAHOIO IT0JI 3eMJTi.

Ilocranoska sasganua. OTpuMaTy 3HAYEHHS
€JIIICOITAIbHIX IIOIPABOK HPKM OOYHCIIEHHI BHCOT
reoiga sk ogHiel 31 CKJIALOBHUX 30y pPIOI0YOro IIOTEHII]-
any 3emutl. JloBectr abo CIIPOCTYyBAaTH JOILJIBHICTD
BpaxyBaHHs] JAHUX eJIIICOialbHUX MOIPABOK IIPH
o0umciIeHH] BUCOT reoina N MeTOOM MOpIBHAHHA
iX pesyJIBTATIB 13 TOYHICTIO, KA 3a0e3MeTyeThCs
CYyJYaCHUMHU BHCOKOTOYHHUMH aJIbTUMETPO-TpaBiMe-
TPUYHUMK OOYMCIIEHHAMN AHOMAJILHOIO I'paBiTa-
mitHoro moJia 3emuti [12].

Bukiax ocHoeHOoro marepiasny. Bucory reo-
iga N samuineMo y BUIJIAOL, IIpeacrasiaeromy Mopi-
oM B poborTi [4], a came

N =N"+e*N', (1)

me N° — HyILOBHH YIeH PO3KJIALY, SKHI MOKHA

ofepsxaTu 31 cepuunoi amporcumarrii; e’N' — tax

3BaHAa eJIICcoiaibHa MOoIIpaBKa abo WeH PO3KJja-

Iy, 10 XapaKTepU3ye BIIXUJIEHHS pedepeHIr-esi-
coiga BiI cepm.

Bemnunay N° MoKHA OOYHCIUTH i3 PO3KJIAAY
B psa 3a chepruIHuMEU PYyHKIIAME [6; 7]
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z z A, cosmA + B,, sinm2) P, (sin ¢), (2)

n=0 m=0
e y — HopMaJibHe 3HAYeHHS CHJIXd Baru. Toml
emncomaanI/m eJIeMeHT po3kany N' momxe OyTu
nop’a3aHmii i3 N HacTymHUM umHOM [4]

N‘:(%—%sinqu)NO. 3)

3HaimeMo CIoYaTKy IePIIui eJIEMEeHT PO3KIALY
pany (2). Tooro mpu n = 1 orpuMaemo

0= l[AIOP,O(sin ) + (A, cos A + B sin ) P, (sin ) |. (4)
14

Koedirientu A,,, A, 1 B,, I0B’s13aH1 3 BIOIIOBII-
10 11 11
HuMHE iM koedinientamu C,,, C; Ta S;; Taxumu dop-
mymaamu [8; 12]:

anm __:Z%%{,(;m >
®)
lﬂm :‘Zzz;skm'
R

Bigomo, moxoeditierntu C10, C;; Ta S, emoB’sa3aHi
3 IPAMOKYTHHUMU KOOpAHWHATAMU (A.x, Ay, Az)
3MIIEHHS CUCTEMU KOOPJUHAT TAKUMU (POpMYJIia-
mu [8]:

C11 = (6)

A, =5 Ax; (7

Buropucrosyioun 3amicts P (sing) 1 P, (sin¢) ix
3HaveHHs [12]

Py (sin ¢) = sin ¢ ;} ®

P, (sin¢) = cosg,

BpaxoByioun dopmyiy (7)
™ 0
g =7 BeIIIHa N Oymne maTu BUTJIST
N} = Azsin ¢ + Axcos A cos¢ + Aysin Acosé . (9)
Iz dopmysnu (9) MoskHA 3ayBaKUTH 3aJIEIKHICTD
BHCOT Teoifa BiJ IPAMOKYTHUX KOOPAWHAT 3Mi-
menus cucremu. [[lodu mpocmiguTy 4YmCIOBY Xa-
pakrepucTury N, 3a7aMOCA TIOYATKOBHMHM IIPA-
MOKYTHHUMH KOOPJHUHATAMH 3MIIIEHHS IIapaMeTpiB
perioHaJIbHOI T'e0Ie3NYHOl CHCTeMU (HAIPUKJIAI,
moOpe B1IOMOI €BpPOIEMCHKOI perioHaJIbHOI Treofe-
auunoi cucremu European 1950) B 3arasibHO3eMHIN
reoreHTpuyHii cucremi WGS 84 [6; 7]

Ta HOPUUHABIIN

Aa= 251 m;

Aa =0.14192702 x 107 ;

Ax =-87 m; (10)
Ay =-98 wm;

Az=-121 m.
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Marpoun BIOIOBIAHI KOOPIWHATH 3MIIIEHHS
(Ax, Ay, AZ) , MOXKHA 3HAWTH YMCIIOBY XapaKTEePHUCTH-
Ky cdhepuanoi anpokxcumarlrii N . JJsa mporo Heoo-
XizHO BubpaTH AKychk Toury O 31 chepuIHIME KOOp-
puHatamu ¢, . ocuts nopedro sa toury O (¢, 1)
BUOpATH LIEHTP cdpepomanbﬁm Tpaneuu B SIKY BIIH-
CyeThbCsl TEPUTOPiS YKpAIHHU, OCKITBKH TaKa TOUYKA
Oyme posmiiieHa mo0su3y reorpadidHoro IEHTPY
Vxpainu 3 koopauHaTamu: ¢, = 48.3°, 4, =30.8°.

OcTaTo4YHO 0/IEPIKIMO

N =1734 m . (11)

O0uuc/ImMo Termep Ie eJeMEeHT eJIIIICoimaIbHOI
monpasku N, . 3riguo dopmysn (3) 1 BUIE OIH-
caHoi ToukH O (¢,, 1)) 110 BEJINYHHY MOKHA 3aIIHCa-
TH HACTYIIHUM YMHOM:

1 3
N!'=| = -Zsin N . 12
(5 3sina) (12
IifcTaBIA0OYH YHUCIIOB] 3HAYEHHS, OTPIMAEMO

N =-29.1m. (13)
Tomi Bes esimcoimasibHa IompaBka e’N| Oyme
piBHA
e’N! =-0.19 m. (14)
Jocaignmo Terep eaeMeHT APYroro CTeIIeHs pPo3-
KJIaay BHCOTH reoifa N° B pan chepuuHux QyHK-
Mi#, To0TO TIpU 1 = 2 psax (2) 3amuiIeTbesa

Ny = 1 [ Ay Py (sin ¢) + (A, cos A + By, sin 1) P, (sin ¢) +
4
+ (A, €08 22 + By, sin 21) Py (sin ¢)] ) (15)
Bramaroun, mio [12]
P, (sin ¢) = %(3 sin® ¢~ 1) ;
P, (sin ¢) = 3sinp cos ¢ ; (16)
P,(sin ¢) = 3cos’ ¢

Braskamoun, 1o

Py(sin ¢) = (Ssm¢ 3sing);
P,(sing) = - (Ssm¢—1)(
P, (sin ¢) = 15(1 —sin’ ¢)sin ¢ ;

2 W2
—sin ¢) L (24

Py(sing) = ~15(1 - sin )"
Ta

C, =2.535x10° ;

C, =2.192x10° ; S, = 2.72x107;
C, =8.93x107 ; S, = 6.23x107 ;
C,, =7.00x107; S, = 1412x10°

(25)

1 3uaoBIH 3a popmysaamu (5) koedireHTH
Ay, =158.6 m* / 7

A, =137.1 M / &% B, = 17.0 M /c% 26)
A, = 5590 ) ¢ B, = -39.0 % / &;
Ay = 43.8 M / % B,= 883m/c,
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1 | APy (sin ¢) + (A;; cos A + By, sin ) Py (sin ¢) +
+(A;, €08 24 + By, sin 24) Py(sin ¢) + (Ay; cos 31 + By sin 31) Py(sin¢) |

(77) * ciuenn, 2020 p.

Ta
C,, =-1.082626 %107 ;
Cy= 0; Sy= 0; (17)
C,= 1571x10°; S, =-9.03x107

1 3HaiIoBIIH 3a QopMysiamu (5) KoedirrienTn [12]

Ay = 677343 2% ] ¢
A= 0; B, = 0; (18)
Ay = 983 M /% B, =-56.5m" / ¢,

nist roukn O 3 KoopauHaramu ¢, = 48.3°, 1, = 30.8°

HyJIBOBHI €JIEMEHT PO3KJany N. Oyme piBHMIA
N =-23241m. (19)

I3 peayabraTie (19) mo6pe BUIHO CHIIBHY 3aJI€K-
HICTh BUCOTH Teoifa, 30KpemMa, BiJ JIpyroro 30HAJb-
Horo rapmoHiuHoro kKoedirienra C,,.

Jocmimumo Terep eTincoigabHy IIOIPaBKy e’ N, .
BacrocoBytoun opmysay (3) O BHINE OMUCAHOI
Touku O (¢, %) , 3AIMIIEMO CIIOYATKY BeJINIUHy N, .
TobTo

1 3.
N, :(Z—Zsmzqﬁoij. (20)

IligcTaBiisgoyn YKCIIOBl 3HAYEHHS, OTPHUMAEMO

=390.7 M. (21)
. L . .
Tomi Best erminicoinasbHa onipaBka e’ N, Oyre piBHa
e’Ny=2.6 m. (22)
OcklIbKM pe3yJibTaTu obumciieHs (22) Ham BKa-
3yI0Thb HA JOCUTH BEJUKY 3a a0COJIOTHOI BeJIH-
YMHOK eJITCOINANbHY TONpPaBRy e’N,, IOITJIBHO
BUKOHATH IIe HACTYIHI HOCJIIKEeHHsS. 3HANIemMo
Temep Ile eJIEMEHT TPEThOTO CTEIEeHST PO3KJIATy BH-
cotu reoiga N° B pan chepuuHux QYHKINH, TOOTO
upu n = 3 pan (2) sanuiierbes

(23)

st touru O 3 koopamHaTamu ¢, = 48.3°, 4, = 30.8°

HyJIEOBHIA €JIEMEHT PO3kIany N Gyme piBHMIA
N? =—67.0 . (27)
Jlocrimmmo Temep emincoinaibHy IOTPaBKy e’ N, .
3acrocoByoun gopmysay (3) OIS BHINE OIMUCAHOL

Touku O (¢, %) , 3QIMIIEMO CIIOYATKY BeJIMIUHYy N, .
TobTo

1 3.
N, :(Z—Zsm2 ¢0jN3°. (28)

IligcTaBiisgoyun YKCIIOBl 3HAYEHHS, OTPHUMAEMO
N =113 x. (29)
Topmi Best estincoinanbHA TonpaBka e° N, Gyze pisHa
e’N; =0.076 m=T7.6 cm. (30)

I3 pesynbraris oounciens (30) MOsKHA BIIEBHEHO
cKasaTy: MOXMOKa JJIs1 BUCOT reoima N uepes HexTy-
BAHHS €JIITICOITATBHOI TOTPaBKn e>N) B CepeHbo-
My i teputopii Yrpainu gae Besuuuny + 7,6 M,
II0 Mae TAKUM Ke CaMHU IOPSIOK TOYHOCTI, KA
3a0eamedyeTbCs CyYacHHMHU aJIbTUMETPO-TpaBiMe-
TPUYHUMU OOUYMCIEHHSIMH aHOMAJBHOTO TpaBiTa-
IMHOIO II0JIT 3eMJIl.
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BucHoBkn 3 maHOro OOCIII;KEHHS Ta IIep-
CIIEKTUBH. TakuM YMHOM, TOCITIIKYIOYN BUCOTY T'e0-
ima N, MOJKHA ITICYMyBATH HACTyITHe. ICHye CHiIbHA
3aJIEIKHICTh BUCOTH Teoima Bif 3MiIIeHHS pedyepeHIr-
HOI CHCTeMM, SIKA TIOKa3aHa pe3yJjbraTaMu B cde-
puusiit amporcumarii (11). Hlomo esmncoimassHmx

1 (77) * January, 2020

monpaBok e’N|, e’N, ta e’N; 1o IXx HeoOX1IHO TaKOXK
BPaxOBYBATH, OCKLIIBKM IX 3HAYEHHS, IIPeICTaBJIEH]
BIATIOBIAHO v BUTJIAAL pedysbraTis (14), (22) ta (30),
MAalOTh BEJMYMHU TAKOIO 3K CaMOr0 TIOPSIAKY, IO
1 cyJacHl BUCOKOTOYHI aJIbTHMETPO-IPABIMETPUYH] 00-
YMCJIEHHS aHOMAJIBHOI'O IPaBITAIIIHOIO ITOJIS 3eMJl.

129

Coucoxk gireparypmu:

1.

A

o

10.
11.

12.

T'opman-Besnenrodp B., Mopur, I. @usuueckas reomesus: Ilep. ¢ amrs. F0.M. Heiimana, JI.C. Cyrawumosoitr /
Ilox pen. 10.M. Heiimana. Mocksa : Usn-so MUUT'AuK, 2007. 426 c.

Jsymit I1.JI. ®isuuna reogesis. Kuis : Excrapec, 2008. 256 c.

3arpebun J[.B. Teopus peryssipusupoBansoro reomma. Tp. UTA. 1952. Ne 1. C. 52-61.

Mopuwurr I'. CoBpemennas dpusuueckas reogesusi. I[lep. ¢ aurs. Mockea : Hempa, 1983. 392 c.

Boucher C., Altamimi Z. ITRS, PZ-90 and WGS—84: Current Realizations and the Related Transformation
Parameters. Journal of Geodesy 2001. V. 75. P. 613-619.

DMA Technical Report: Part I — Methods, Techniques and Data Used in WGS84 Development, (DMA TR 8350.2-A),
Headquarters Defense Mapping Agency, Washington, DC, December, 1987. P. 194.

DMA Technical Report: Part II — Parameters, Formulas and Graphics for the Practical Application of WGS84,
(DMA TR 8350.2-B), Headquarters Defense Mapping Agency, Washington, DC, December, 1987. P. 302.
Heiskanen W. and Moritz H. Physical Geodesy. W.H. Freeman and Company. San Francisco, California, 1967. P. 402.
Lelgemann D. Spherical Approximation and the Combination of Gravimetric and Satellite Data. Boll. Geold. Sci.
Affini. 1973. V. 32. P. 241-250.

Lemoine J., Bourgogne S., Biancal R., Reinquin F., Bruinsma S. EIGEN-GRGS.RL04.MEAN-FIELD — Model of
the Earth's Gravitational Field with Time Variable Part CNES/GRGS RL04, 2019.

Zingerle P., Brockmann J., Pail R., Gruber T., Willberg M. Polar Model of Extended Gravitational Field TIM_R6.
2019. doi: 10.5880/ICGEM.2019.005

Corop A.P., Corop M.A. TIpo BILIHB eJIiICcOigaIbHUX MOMPABOK HA BHU3HAYEHHS aHOMAJIM cuym Baru. Mosioduii
sueruti. 2019. Ne 8(72). C. 153-156.

References:

o vk

8.
9.

10.

11.

12.

Hoffmann-Wellenhof, B., & Moritz, H. (2007). Fizicheskaya geodeziya [Physical geodesy]. Moscow. (in Russian)
Dwvulit, P.D. (2008). Fizychna Heodeziia [Physical geodesy]. Kyiv. (in Ukrainian)

Zagrebin, D.V. (1952). Teoriya regulyarizirovannogo geoida [Theory of regularized geoid]. Trudy ITA, no. 1, pp. 52-61.
Moritz, H. (1983). Sovremennaya fizicheskaya geodeziya [Advanced physical geodesy]. Moscow. (in Russian)
Boucher, C., & Altamimi, Z. (2001). ITRS, PZ-90 and WGS-84: Current Realizations and the Related
Transformation Parameters. Journal of Geodesy, vol. 75, pp. 613—619.

DMA Technical Report: Part I (1983). Methods, Techniques and Data Used in WGS84 Development,
(DMA TR 8350.2-A), Headquarters Defense Mapping Agency.

DMA Technical Report: Part II (1987). Parameters, Formulas and Graphics for the Practical Application of
WGS84, (DMA TR 8350.2-B), Headquarters Defense Mapping Agency.

Heiskanen, W. and Moritz, H. (1967). Physical Geodesy. W.H. Freeman and Company. San Francisco, California.
Lelgemann, D. (1973). Spherical Approximation and the Combination of Gravimetric and Satellite Data.
Boll. Geold. Sci. Affini, vol. 32, pp. 241-250.

Lemoine, J., Bourgogne, S., Biancal, R., Reinquin, F., & Bruinsma, S. (2019). EIGEN-GRGS.RL04. MEAN-FIELD.
Model of the Earth's Gravitational Field with Time Variable Part CNES/GRGS RL(04. Available at:
https://grace.obs-mip.fr/variable-models-grace-lageos/mean-fields/release-04 (accessed 12 August 2019).
Zingerle, P., Brockmann, J., Pail, R., Gruber, T., & Willberg, M. (2019). GO CONS GCF-2 TIM Ré6e. Polar Model
of Extended Gravitational Field TIM_R6. doi: 10.56880/ICGEM.2019.005

Sohor, A.R., & Sohor, M.A. (2019). Pro vplyv elipsoidalnykh popravok na vyznachennia anomalii syly vahy
[On the influence of ellipsoidal corrections on the determination of anomalies of gravity]. Molodyi vchenyi,
no. 8(72), pp. 1563-156.

TEXHIYHI HAYKU



