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PO NEPEXI/ BIJI ''"TOBAJIBHUX 10 JIOKAJIBHUX COEPUYHUX 'APMOHIK

Jns moOynoBH TapaMeTpHYHOI MOJIENi PETiOHANTBHOTO TpaBiTalliifHOro abo MAarHiTHOrO MOJs 3AeOLTBIIOro
BUKOPHCTOBYIOTH cepruuni ¢yHkuiil Jlexxanapa minoro nopsaxy i aiicHoro crynens. Takuii criocid6 Mae 1eBHi nepeBaru
MOPIBHSHO 3 THIIMMHU ITiIX0JJaMH 1 MPEACTaBICHNI HU3KOI0 METO/IIB 3aJISKHO Bijl 00J1acTi BUSHAYCHHS 0a30BHX (QYHKIIIH.
Cepex OCHOBHHX MeTOAIB MOkHa BHAUTMTH Taki: SCHA — oOmacTio Bu3HaueHHs1 € cdepuynuii cermeHtr, ASHA —
obnactio Bu3HaueHHs € miBcpepa, STHA — obnactio Bu3HaueHHs € cdepuuna tpaneuis. Meron STHA mae ictoTHi
MepeBaru MOPIBHSAHO 3 IHIIUMH METoJamMH. BOHH MOJIATar0Th HE TUIBKH Y JOBOJI MPOCTUX 1 3pYYHHUX BHpa3ax it
00YHCICHHS K caMHUX (YHKIIH, Tak 1 IX MOXiTHUX, ale i B TOMy, 0 06a30Ba cucTeMa (YHKIIiH BOJOII€ BIACTHUBICTIO
OpPTOTOHAIIFHOCTI Ha NOBUIBHIN cepuuHiil Tparernii, o 1a€ 3MOTy BUKOPUCTOBYBATH JJISI MOJICITIOBAHHS PErioHabHOTO
TPaBITAIHHOTO YH MAarHiTHOTO TMoJNiB MoaudikoBaHuii Merton Heiimana. BaxnmmBuM mHTaHHAM € 3B’S30K MiX
r1o0abHUMHE Ta PerioHaTbHUME 0a30BUMH (DYHKITISIME Y BiAIIOBIIHIN iM 00acTi BU3HaYeHHA. BusBiIeHO Takuii 3B’ 130K
Mix SCHA-pyHKmisMu i1 riobansHUMEH chepuaanMy QyHKIOisME Jlexanapa, a takokx Mk ASHA-dyHKmissM#E 1
rnobanpHuMH  chepuunumu  GyHkuismu Jlexannpa. I[Ipore 1 CbOrojHi 3aMuIIA€TbCs AKTYyaIbHHM ITMTaHHS IPO
BCTaHOBJEHHs 3B 513Ky MK STHA-dyHkuismMu Ta riobansHuMu chepuunnmu dyskuismu Jlexannpa. Mera. Meta
poboTu mojsirae 'y BusABJeHHI 3B’s3Ky Mik STHA-QyHkuisiMu i rmobansHumu chepuunumu ¢yHkuissmu Jlexanapa.
Metoauka. Criepury 0yno BukonaHo tpancdopmanito STHA-dyHkuii 31 chepuunoi tpaneuii Ha cdepy. st uporo Mu
BBeJIM y 1i QyHKLIT BIAMOBIHI TapaMeTpH, a BiaTak oTpuMaiu Gpopmyiu rnepexony Bin STHA-dyHkuiit 1o riaodanbHUX
chepruanx QyHKuii Jlexxanapa nepmoro poxy. PesyabraTu. s anpoOamii oxepkaHux (opMys 3MiHCHEHO pO3KIa
rinobanbHoi chepuunoi dynxuii P,(cosO)cos(2h) y pan 3a STHA-QyHkuismu 1o 4 cryneHs/mopsaxky Ha cepudHii

=70°%A, .. =30%A

chepuunoi ¢yukii Jlexannapa B psag 3a STHA-dyHkiisimu Oyna MeHiow 3a 5 %. HaykoBa HOBH3HA i MpaKTHYHA

Tpamenii i3 koopauHaTtamu BepuuH 0 =20°0 =50°. IloxmbOka po3kIamy TI00ATHHOI

max ‘min ‘max
3HAYYIicTh. Y poOoTi nmokaszaHo, mo STHA-¢yHKuiT y pa3i 3aiaBaHHs IEBHUX MapaMeTPiB MOXKYTh TpaHC(HOPMYBATHUCS
y rnobanbHi chepuuni dyukuii Jlexxannpa. Takox Brepiie BUBEJCHO aHATITUYHI (OPMYIH MEpexoay Bij Ti00aIbHUX
chepuunnx pynkuiit JIexxanapa no STHA-dyukuii. Takuit mepexin 3 MpakKTUYHOTO MOTJISAY A€ 3MOT'Y 3 TIOSBOK HOBUX
JIAaHUX YTOYHIOBATH TJI00abHI MOJIENI, SKi BXKE ICHYIOTh, 3 BAKOPHCTAHHIM PEriOHaIbHUX MOJICINCH.

Krouosi crosa: chepruni pynkmii, STHA-¢pyHKIii, chepudna Tpameris.

Beryn

Jliist moOy0BY NapaMeTpUyYHOi MOAEINI TI100albHOro
IPaBITAIIHHOTO YM MArHITHOTO TOJIB 3eMJIi 3BHYAHO
BHUKOPUCTOBYIOTH SIK 0a30By cuctemMy (QyHKIiH cdepryni
¢byHkuii Jlexanapa 1iJI0ro crenexst i mopsiiKy, siKi BBEIH
ie Jlexxannp i ['aycc Ta BIaCTUBOCTI SKUX JOOpPE BUBYCHI.
Taki Mozeni MOIUISIOTE Ha MOJENI BUCOKOI Ta HAJBUCOKOT
PO3pI3HIOBATBHOT 3MATHOCTI, SAKi OTPUMYIOTH i3 3airy-
YEeHHSIM BEJIMKOI KIIBKOCTI PI3HOPIAHUX HAa3eMHHUX Ta
CYNYTHUKOBHX JIAaHMX Ta BHUKOPHCTOBYIOTH ISl TIpaK-
TUYHUX 1 TEOPETUYHHX TEOJIE3UYHHX 3aBIaHb (HAIPHUK-
nan, moxeni XGM2019e 2159 [Zingerle et. al., 2019],
EGM2008 [Pavlis et. al., 2008] Ta iH.), Ta MOJIeJi HU3BKOT
Ta CePeAHBOI PO3PI3HIOBAIILHOT 3/IATHOCTI, SIKi OTPUMYIOTh
3 BHKOPHCTaHHSM OJIHOTO YH JBOX BHUJIB JaHHX 1 SIKi
31€OUIBIIOrO CIYIYIOTh JUIS YTOYHEHHS JESIKHX TIapMo-
HIYHAX KOe(ili€HTIB HU3BKUX TOPSIKIB (HAIPUKIA,

mozeni ITSG-Grace2018 [Mayer-Giirr et. al.,, 2018],
GOCOO06s [Kvas et. al., 2019] Ta in.). CBO€IO Yeproro s
OTPUMAHHS TapaMeTPUYHOI MOJENi PerioHaJbHOro abo
JIOKJILHOTO TpPaBiTAL[IfHOr0 YW MAarHiTHOTO TIOJIB 3Jie-
O17IBLIOT0 BUKOPUCTOBYIOTH cepruHi (yHkuii Jlexanapa
IIIICHOTO CTEeNeHs 1 IIOTO TOPAAKY, SAKi 3aJIe)KHO Bif
obyiacti Bu3HaueHHs (opmyroTh pizHi meroau: SCHA
(obmactro Bu3HaueHHs € cermeHT cdepu) [Haines, 1985;
De Santis & Torta, 1997; Hwang & Chen, 1997], ASHA
(obmactro Bm3HaueHHs € miBcepa) [De Santis, 1992;
Ixyman, 2014; Marchenko &Dzhuman, 2015], STHA —
spherical trapezium harmonic analysis (o0macTp BH3Ha-
yeHHA — cepuuHa Tpareiis) [Dzhuman, 2017]. Meron
STHA mae Hu3ky nepeBar HaJ iHIIMMH MeTojgaMu. BoHn
MOJISITal0Th HE TUIBKI Y JIOBOJII MPOCTUX 1 3pYYHUX BH-
pasax ansi OOYMCIEHHS SK camMux QYHKOiH, Tak 1 ix
moximaux [Dzhuman, 2018], ame i B Tomy, mo 0a3oBa
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cucreMa (DYHKIIIH BOJIOJIIE€ BIACTUBICTIO OPTOTOHAIBHOCTI
Ha JOBUTBHIM cdepuuHid Tpamemii, o0 [Jae 3MOTy
BUKOPHUCTATHU [UIS MOJICIIOBAHHS PETiOHAILHOTO TpaBiTa-
MIfHOTO WM MAarHITHOTO IIOJIIB MOIU(IKOBAHUH METO.
Hefimana [[xyman, 20180]. Hampuxmazn, 3acTtocyBaHHS
STHA-byHKui# U1t MO/IeIOBaHHS MTapamMeTpiB ioHOChe-
pu 3nificieno B [SHkiB-BitkoBchka & Jlxyman, 2018],
Tomi sk B [Sumaruk et. al., 2019] HaBegeHO TeopeTHUHE
OOTpYHTYBaHHSI BUKOPHUCTaHHs LMX (DYHKLIH 11 MoJe-
JIFOBAaHHSI PEriOHAIBHOTO MAarHiTHOTO MOJISI 3eMUII.

BaximBe mutaHHS — 3B’S30K MDK NJIOOQJIBHUMH Ta
perioHanbHUMK 0a30BUMH (YHKIISIMHU Y BIJNOBIIHIA iM
obnacti BusHaueHHs. Y [Torta et. al., 1999] mokaszaHo
takuil 3B’s130k MK SCHA-yHKIiSME 1 Tn00ampHEMHA
¢ysakmisMu, Tomi sk y [Younis et. al.,, 2013] naBeneHo
BiIMOBiTHMHA 3B’sA30K MK ASHA-QyHKIisMH 1 Tn00anb-
HUMH QyHKUIssMA. Y pobori [lxyman, 2018a] 3HaiineHO
aHamiTHuHUH nepexin Mk ASHA-dyHkuismu i riio6ainb-
HUMHU (QYHKIISMH, 1HAaKIIe KaXydH, JACHIO0 y3arajJbHEHO
dbopmynu, orpumani y [Younis et. al., 2013]. [Ipote noci
3aJMIIAETHCSl AKTYaJIbHUM IIMTaHHS PO BCTAHOBJICHHS
3B’s13ky MK STHA-dyHKUIisMH Ta Ti00aibHUMH cde-
PUYHUMHE () YHKITISIMH.

Puc. 2. I'nobanvha chepuuna pynxyis
P, (cos0)cos(2N) na cpepuunii
0 . =20°0__ =70°

A =30% A, =50°

mpaneyii

Puc. 3. Mooenv enobansvroi cpepuunoi
Qyuryii P, (cos0)cos(2))
Ha chepuynitl mpaneyii
0,. =20°0
A =30

max

Mera
Merta miei poOOTH TOJSraE y 3HAXODKCHHI 3B’S3KY
Mix STHA-¢yaKIiIME 1 THOGamPHUMH CHEPUIHUMU
¢yskuismu Jlexxanapa.
MeTtoauka
Burmsag STHA-dyukmii takuit [Dzhuman, 2017]:
R, ©0,%)=F,©)h, 1),

: (1
Sin©@,2) =B, ©)h, (),

ge hy(A)i h (L) — ue 3BHYAliHI TPUTOHOMETPUYHI
rapMOHIKH:
he =cos| 2nm A=h
kz - 7\’1
Y 2
B =sin| 2 m—"-!
}"2 - }"1

/

Puc. 1. 3mina obracmi eusnauenns gynxyii (1)

Puc. 4. Kapma pisnuys misic enobanvHorw
cepuunoro Gynryieio P, (cos0)cos(21)
i it MoOenvbrumuy 3navenHaMu
=70°,
=50°

‘max

00 4 cmyneHs/nopaoky
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V dopmyni (2) A, 1 A, — MiHIMaJbHE 1 MaKCUMAaJIbHE

3HAUEHHsl a3UMYTaJBHOI'O KyTa JOCIHIIKYBAaHOI cdepud-

P, (©0)=sin"(® —Omin)~F(m—nk,nk +m+1,1+m,

P, 0)=(-1)""sin"®,, —6)-F[m—nk,nk +m+1,1+m,

ne 0.1 6, — MiHIMambHEe 1 MakCHMalbHE 3HAYEHH:
3CHITHOI BIJICTaHI JOCHIIKYyBaHOI CQEpUIHOI Tparermil
BIANOBIAHO, kK 1 m — migl uucna; O — cepejHe

mean
3Ha4yeHHs, acame 6, =(0_ . +6__)/2 . CBoer yeproro,

mean min max

3HAYEHHA K, 3alekKath Bink, mi 0, .
3HaiieMo, K 3MiHIOBaTUMYThCSA GyHKIT (1), skmo
ix 00nacTh BH3HAYCHHS 3MIHUTH 31 chepHyHOi Tparemii y

coepy (puc. 1).
Jnsa mporo B piBHAHHA (2) MOTPiOHO BBECTH TaKy

A =0 4
A, =2r]" @

3aMiHy:

nm

P, (©0)=(-1)""sin"(n —e)-F(m—n,n+m+1,1+m,WJ, if %se <

ab0 0CTaTOYHO

nm

I3 dopmyn (5) i (8) oueBMAHO, M0 MU OTPHUMAITH

rinobanbHi chepuuni Gpynkuii Jlexanapa.
PosrmstHemMo  mepexim MK riIo0ambHUMH 1
STHA-pyHKIOiSIME Ha IOBINBbHIA cepuuHild Tpare-
cos mh

P (cosO) . =

ok
" sinmh {5

PesyabTaTn
Bukonaemo posknan (9) mias rinobanbHOT GyHKIIT
P, (cosB)cos(21) Ha
0,., =20°0, . =70°%%_. =30°A%

HS/TIOPSAIKY METOJIOM HaifMEHITUX KBaJpaTiB.

chepuuHin Tpamenii

— o
max ‘min ‘max =50 Y 4 cTyne-

Oyukuito P, (cosd)cos(2h) 300paxkeHo Ha puc. 2,

MOJIeNbHI 3Ha4eHHs Iiei QyHKIil mogano Ha puc. 3, a ix
pizHUII — Ha puc. 4.

[Toxmbka po3kmamy rinodanpHOl QyHKIIT JIexkanapa B
psn 3a STHA-QyHKIIAMU CTAaHOBUTH MEHIIE HIK 5 %.

HaykoBa HoBHM3HA i mpakTHYHA 3HAYYIIICTH

Y pobori mokazano, mo STHA-pyskumii y pasi
3a/laBaHHsl TeBHHUX IMapaMeTpiB MOXYTb TpaHchopMmy-
Batucsi y rinobanbHi cdhepuuni pynkuii Jlexxanapa. Ta-
KOJK BIICPIIIC BHBEICHO aHAIITUYHI (OPMYJIH MEPEXOaY
Bix riobanpHUX chepwaHnx ¢GyHKOiH Jlexanapa no

P (9)=sin'"(9)~F[m—n,n+m+1,1+m,

P (6):sinm(6)~F(m—n,n+m+1,1+m,

A=A A
n,m,c(s) nm,c(s) o3
Z:(AkH cos[Znu . 7»1 j+BkH sm[an .

Hoi Tpaneuii BianosinHo. CBoeto ueproro ¢yukuii A, (0)
MOJKHA MOJaTH TaK:

Mj if0,, <6 <6

— T mean

3
1-cos®,,. —6) ©)

2

Tonai micis He3HAYHUX MATEMATUYHUX MEPETBOPCHB

OTPHMAEMO:
h;, = cos(mh)
h =sin(m)) |’

m

j’ lf emean Se Semax

)

Takok HEOOXiTHO BBeCTH 3aMiHy B piBHAHHA (3).
[pwitmemo, 1m0 cepeanHa cheprudHoi Tparerii 30iracTbes 3

eKBaTopoM, ToOTO 6

mean

s . -
ZE , 4 PIBHUIA MaKCHUMaJIbHO1 1

.. . . . o . T .
MIHIMAJIbHO1 3€HITHUX BIACTAHCHU JOPIBHIOE 60 :5. TO,I[I

OTPUMAEMO
emin = 0 (6)
emax :Tc .
[MincraBuBmm 3aminy (6) y dhopmyny (3), ogepkumo
1—0056} if 0<0 T
2
) (7
ﬂj, if 0<0 <n (8)

mii. Jlns meoro 3a ananoriero 3 [Torta et. al., 1999]
i [Younis et. al., 2013] posknagemo riodaib-
Hy cdepuuny o¢yHkmiro y psag 3a STHA-pyakmi-
SIMU:

2 1

A

kl j)‘Pkp ©). )
STHA-¢yukniii. Takuii nepexig 3 MPakTHYHOTO IOT-
JSAY JJa€ 3MOTY 13 IMOSIBOI0 HOBUX JIaHUX YTOYHIOBATH
BKe c(hopmoBaHi r100aNbHI MOJEI 3 BUKOPHCTAHHIM
perioHaJbHUX MOJENIEH.

BucnoBku

Buxmagene BuIe nae migcTaBd 3pOOWTH Taki BHUC-
HOBKH:

»  BIepIlie BUBEACHO aHAMITHYHI (OPMYIH Mepexo-
oy Bin riobanpHuX chepuyHux QyHkuid Jlexxanapa 1o
STHA-¢byHkwiii;

» 3pilicHeHO ampobanito oTpuMaHMX (OpMyT Ha
OCHOBI po3kiany rinobansHoi cheprunoi ¢dynkuii Jle-
xanapa B psan 3a STHA-¢ynkuisimu. IlToxuOka Takoro
po3kiagy MeHma 3a 5 %;

» mnokazano, mo STHA-dyskuii B rpannyHomy
BUNAJKy MOXYTh KOHBEPTYBAaTHCS Yy IJI00ANIbHI chepryHi
¢ynxmii Jlexxanpa meprioro poxuy.
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ABOUT THE TRANSITION FROM GLOBAL TO LOCAL SPHERICAL HARMONICS

In order to construct a parametric model of a regional gravitational or magnetic fields spherical Legendre functions
of integer order and real degree are mainly used. Such way has several advantages over other approaches and is
represented by a number of methods depending on the definition area of basic functions. Among the main methods are
the following: SCHA — definition area is a spherical segment, ASHA — definition area is hemisphere, STHA — definition
area is spherical trapezium. The STHA-method has significant advantages over other methods. These advantages are not
only in simple enough and convenient expressions for calculating both the functions themselves and their derivatives, but
also in fact that the basic system of functions has the orthogonality on an arbitrary spherical trapezium, which allows to
use the modified Neumann method for modeling the regional gravitational or magnetic fields. An important issue is the
relationship between global and regional basic functions in their respective area of definition. This relationship is found
between SCHA-functions and Legendre global spherical functions, as well as between ASHA-functions and Legendre
global spherical functions. However the question of finding a relationship between STHA-functions and Legendre's
global spherical functions remains relevant today. Aim. The purpose of this work is to find the relationship between the
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STHA-functions and Legendre's global spherical functions. Method. The transformation of STHA-functions from a
spherical trapezium to a sphere was first performed. For this purpose the corresponding parameters were entered into
these functions. The next step is to obtain formulas for the transition from STHA-functions to Legendre global spherical
functions of first kind. Results. To validate the obtained formulas, the global spherical function P, (cos0)cos(2A)was

extended in a series of STHA-functions up to 4 degrees/order on a spherical trapezium with vertices
0, =20°0, =70°%% . =30°A%A
series of STHA-functions was less than 5 %. Scientific novelty and practical significance. This paper shows that
STHA-functions can be transformed into Legendre global spherical functions when given certain parameters. Analytical
formulas for the transition from Legendre's global spherical functions to STHA-functions were also found for the first
time. This transition, from a practical point of view, makes it possible to refine existing global models using regional
models as new data emerge.
Key words: spherical functions, STHA-functions, spherical trapezium.

o in . =50°. The error of the extention of the Legendre's global spherical function into a
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