2.TEOMETPIF 3EMHOIO EJIICOIIA

Tema 2.4: loB:xxuHu ayr Mepuaiana ta napaJeini. Ilinoma cepoinnoi Tpanenii.

1. OGuwnciIeHHs TOBXXKWHU Iy MEpHaiaHa.
2. OGUMCIICHHS TIOBKUHU TyTH Tapaiedi.
3. O6uucnenHs miomli chepoiqHoi Tparerii.

[Tockinpku y Qopmyii JiHIHHOTO eneMeHTa MoBepxHi emincoina (2.46) KoXHa CKJIaloBa B
MpaBiii YacTUHI € KBaApar qudepeHiiiana Jyrd KOOpIMHATHOI JIiHil, TO 3BIITH OTPUMAEMO HACTYITHI
BUpA3U JUISL JJOBXKHH JIyT MEpUiaHa Ta rapaiei:

dX = MdB;
B,
X = [MdB;
B,
dY = N cosBdL,; (2.49)
L,
Y = [NcosBdL.
L
7 4
ds.
‘N
- ds,
dB A
0o B
Puc. 2.9.

Ha mpakTuiii TakoX YacTo BHHHMKA€ HEOOXINHICTh OOYMCICHHs IUIONII YacTUH TOBEPXHI
exnincoinga (chepoinHux Tpamnenii), ki IpeACTaBIsI0Th MU0 3HIMAIBHUX Tpanerii.

CdepoinHoro Tpamnelniero Ha3UBa€ThCA YaCTUHA MTOBEPXHI elNincoifa, oOMexeHa MepuaiaHaMH i
napaiuensmu (puc 2.10).

Puc.2.10.
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Enement mmomi cdepoignoi Tpamerii 0P BH3Ha4aeThcs JOOYTKOM AMQEpEHINaTiB Iyr
koopaunaTaux JmiHid: dP=dXdY. 3amiamBmu dX i dY ix 3HaueHusmu 3a (opmynamu (2.45)
OTPUMAEMO

dP = MN cosBdBdL,
ne M i N Buznavarotecst popmynamu (2.39) 1 (2.40) BiamnoBigHo.

Toxi nnomta chepoinHoi Tpamerii BU3HAYa€ThCS MOABIHHIM 1IHTETPAIOM:
LZ BZ

P=b?[ [ (1-e?sin® B)? cosBdBdL. (2.50)

L B

1. O6uuc/IeHHsI TOBKMHH TYyT'H MepuaiaHa
OOuwnciieHHsT JTOBXHMHU Jyrd mepumaiana X, 3rimHo (2.49), 3BOIMUTBCS A0 3HAXOKCHHS
SIINITUYHOTO IHTErpaty

X =a(l- ez)f(l— e? sin? B) 2B, (2.51)

Bl
KU B eleMeHTapHuX (QYHKIsSX He Oeperbes. OQHUM 13 KIACHYHUX NUISXIB HOTO 3HAXO/KEHHS €
pPO3KJIaA MiAIHTETPAIbHOTO BUpa3y B OIHOMIHAIBHUNA P 3 MOAAJBIIMM  MOYJICHHUM
iHTerpyBanssm. OTpumMaemMo

(1-e’sin? B)*% =1+gezsin2 B+1—85e“sin4 B+%e‘35in6 B+...

3aMiHMBIIY B [IbOMY BHpa3i MapHi CTENEeHI CHHYCa KOCUHYCaMH KPaTHHUX JIYT 3T1IHO BiJIOMHX
PIBHSHB

sin? Bz%(—COSZB +1),
- 1 6
sin B=§(COS4B—4COSZB+E),

sin® B = 3—12(—00368 +6C0s4B —15c0s2B + %),
Ta 3rpyIyBaBILY MOCTIHHI YWiIEeHH 1 MO3HaYMBIIM iX OykBamu A, B,C,D,..., oTpuMaemo

B
X = a(l—ez)J.(A—ZB cos2B +4Ccos4B - 6D cos6D +...)dB.
B,

3BiJiCH, MICHISI MOWIEHHOTO 1IHTErpYBaHHS 1 M1JCTAHOBKH IPaHULlb, 3HAHAEMO OCTaTOYHO

A(B, -B,) —g(sinZB2 —-sin2B,) +

X =a(l-e?) +%(3in4B2 —sin4B,) - (2.52)

—%(sinGB2 —sin6B,) +...

Koedimientn A, B,C,D BU3HAYaIOTHCS 13 HACTYIHUX BUPA3iB, OCHOBHUM apryMEHTOM SIKUX €

EKCIIEHTPUCHUTET eIlincoina



A:1+§e2 +£e4 +ﬁe6
4 64 256
B :%e2 +ge4 +%23e6 +..
(2.53)

C= Ee4 Jr&e6 ¥ ...

64 256
D= Ee6 +...

512

3a gopmyioro (2.52) MOXKHA 3HAWTH JOBXKUHY JYTH 3eMHOT'O MepHliaHa Oy/b-KOi JOBKUHH,
B3SIBILIM TIPU IIbOMY HEOOXIJJHY KUIBKICTh WICHIB PO3KIIaLLy.
Jlnst 0GUMCIIeHHs TOBKHUHM Iyrd Mepuaiana Bin exaropa ( B, = 0°) no 6yas-saxoi napaneni 3

mupoToro B, hopmyna (2.52) oTpuMae HaCTYITHUN BU/T

X = a(l—ez){AB —gsin 2B +%sin4B —%sin 6B + } : (2.54)
Dopmyity (2.54) MOXKHA TIPEACTABUTH LIE B TAKOMY BH/I1
X =AB—-A,sin2B+ A,sin4B — A;Sin6B +... , (2.55)
ne xoedimientu Ay, A,, A,, A; BU3HAYaIOThCA Yepe3 napaMeTpy MPUHHATOTO eNIcoina
A, =a(l-¢e%) 1+§e2 +Ee4 +Ee6 o,
4 64 256
A, =1a(1—e2) §e2 Y +5—25e6 o,
2 | 4 16 512
1 15 , 105 (2:56)
A, =-al-e?) =e'+>—"e’+..|
4 | 64 256
1 35
=—a(l-e’)——e’+..|
A 6 ( )_512 }

Bupa3 nns 1oBXMHM AYTH MepuJliaHa MPU MajJuX BiACTaHHSX (JOBXKHHH CTOPIH a0 JIaHKH

TpiaHrymsuii 1 kimacy) MOKHa OTpUMaTH Ha OCHOBI 3acTocyBaHHs (Gopmynu Teitopa 3 BBEJEHHIM

CEpEeIHBOrO apryMeHTa.

[To3HaunMo NOBXKMHY Ayr MEpHJIiaHIB Bl €KBaTOpa A0 TOYOK 3 MMpoTOor B, B, Ta B depes

X, X, Ta X . Kpim Toro,
(Bz — Bl) .

B, =
2

X, =X, =AX =

AB =B, —B,. Toai Mo)xHa HanucaTu

f(B.)- F(B)= (B, + )~ (B, -2 (257)

[TpuiimMaroun pi3HULIIO IIKUPOT MIXK JABOMA TOUKaMH AB Masoro BEIMUMHOIO, 3aIIUIIEMO PsIJI 3a

crerieHsaMu AB

-l

ax
dB

AB?
48

d’X
dB°®

AB?
8

d?X
dB?

28
2

L3

(dx} AB (d2X) AB® (d°X) AB® '
X - = | =+ =5 e +..
d8), 2 |dB?) "8 |dB") 48
a6o
dX 1 (d°X
AX =| —=| AB+— AB? + ...
(dBjm +24(d83 ) " (2.58)
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Iapexc “m” npu koedimieHTaxX HOTO Py O3HAYAE, IO BOHH OOUYMCIIOIOTHCS 3a CEPeIHIM

aprymenToM B_ . IloxinHi B (=1,3), moxxHa 3HaiTH Ha OCHOBI mepinoi dopmymu (2.49)
MOCTITOBHUM JH(EePEHIIIFOBAHHSM:
) .

dB )

d?X ) 3ae’(l-e®)sin2B, 3e’M sin 2B

dBZ m - ZVVmS B Z\Nmz ,

d®X ) 3ae’(l-e”)cos2B, 1. 5e’ sin 2B, tg2B,,

dB® ) w,’ AN, '

Tyt W Bu3Havaetbes popmyiioro (2.21).
OcraHnHii BUpa3 3 TOYHICTIO 10 WIEHIB 3 €° MOKHA 3aIliCaTh

3
d )3( =3M e’ cos2B,.
dB® |

[TincTaBuBIIM 3HAYEHHS NOXITHUX Y (2.58), OCTATOYHO OTPUMAEMO
1
AX = MmAB+§ae2(1—eZ)COSZBmAB3+... , (2.59)

ne Mm oGuncntoeTsest uepe3 Bm 3a hopmynoro (2.39).

Hpyruii unen B mpaiii yactuHi ¢opmynu (2.59) Ha muportax 45-55° ckiiagae BChOro JMIle
0,002 » mpu AB <30'. Tomy mist Manux pi3HUIL HUPOT AB, Myry Mepuiana MOXHa pO3TIIsIaTu
K Ty Kojla 3 IEHTPaIbHUM KYTOM, SIKHW PIBHHUN PI3HUII HIUPOT ii KpaiHIX TOYOK, 1 OMUCaHY
paaiycoM MepHAiaHHOTO niepepi3y, piBHOMY Mm , TOOTO

AX =M AB. (2.60)
B,
HaOnwxeHeHe 3Ha4YeHHs iHTerpany X = j MdB MokHa OOYMCIIUTH Ha OCHOBI 3aCTOCYBAaHHS
Bl
YHCEIbHUX METOJIB PO3B'sI3yBaHHS O3HaueHuX iHTerpamiB. Cepen Hux: (opmynu Tpameuiu,
Cimncona, ['aycca, YeOumeBa Ttomo. B momepemaHix jekmisix Oylno NPHUBEACHO JIBa METOAU
b
OOYHMCIICHHS 1HTETpaTy If(x)dx: dopmynu (1.10) ms meroxy Cimmcona Tta (1.11) mis metomy
a
I"aycca. 3actocyemo BkazaHi ¢GopMyiH st OOUMCICHHS JIOBKUHU AYTU MEpHJliaHa MK TOUKaMH 3
muporamu B, ta B,.

B nepmoMy Bumaaky po3aUIMMO IHTEpBaJ IHTETPYBaHHS Ha JBI YacTMHM 3 KpPOKOM
B, - , "
%. Jlns xoxHoi By3noBoi Toukn K(k =0,1,2) 3 kpokom h 3a aprymentom B, =B, +kh

3HaXOAMMO 3HaueHHs miginTerpanbuoi Gpyskuii M, . Toxi, 3rigHo (1.10), orpumaemo

h:

B,-B
xz—x1=(2—61)[|v|1+4|v|m+|v|2]. (2.61)
[Tpu 3actocyBanHi ¢popmynu (1.11) BuGepeMo aBi By3/10Bi TOUKH (i=2). 3 BpaxyBaHHSM JIaHUX
maba. 1.1, BusHaunmo aprymentu ¢yukmii M,. Ilpu i =1 aprymentom Oyme 3HAYCHHS MIMPOTH
B, +(B, —B,)0.21132487, a npu i=2 — B +(B, —B,)0.78867513. OcrarouHo, (opmyna s

o0unCcIeHH HOBKWHU OYyI' MepI/I,I[iaHa METOAOM Faycca, 6yL[e
X, — X, = (B, — B),[0.5M, + 0.5M,]. (2.62)
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Bkazani ¢opMynu € piBHOTOYHUMH 1 JTO3BOJISIIOTH OOYHCIIIOBATH JOBXKHUHY IYTH MEpHiaHa
npu pisHui mumpot a0 5° 3 moxubkoro < 0.001y. Jlns pos3lupeHHs MIMPOTHOTO ianasoHy Tpeba
JUTMTH IHTEpBAJI IHTETPyBaHHS Ha OUIBIITY KUTBKICTh YacTHH (1711 MeToy CimricoHa) abo BuOupatu
OUIBITY KUTBKICTh BY3JIOBUX TOUOK (Ji71s1 MeToay ['aycca).

MoskHa TOCTaBUTH OOCpHEHY 3ajady: MpH BiJOMIA MOBXMHI Iyrd Mmepumiana AX 1 ii
cepenHii mupoTi un X , 3HAUTHU PI3HULIO MUPOT KIHIIEBUX TOYOK YH MHUPOTy B .

Ha ocnosi (2.60) orpumaeMo

AX
AB = (Bz - Bl) = |\/|_ . (2.63)

m

Jns Bu3HaueHHs mmpotd B 3a momkuHOIO Oyrm Mmepuiaiana X 3a OCHOBY MOXKHA B3SITH
bopmyy (2.54)

B=#+Esin ZB—Esin 4B+Rsin 6B—..... (2.64)
a(l—e’)A 2A 4A 6A
OOuucieHHS] MUPOTH BUKOHYIOTH METOJOM TMOCHIJOBHUX HAOMMKECHb, MPUIAMAIOYH B
X
a(l—-e?)A’

Kouu 3a ocHOBY B3siTH hopmyny (2.49), TO OTprEMa€eMO HACTYIIHI BUPA3H

nepmomy HabmmKkeHHI B =

B' =,
A

B" = B' +%sin(28')—%sin(48'),
Bl — B +%Sin(28”)_%sin(48”)+%sin(65”), (2.65)
BlV — BI +%Sin(ZBIII)_%Sin(4BIII)+%Sin(68m)’

B =B +%sin(ZB'V)—%sin(4B'V)+%sin(6B'V).

Henonikom dopmyn (2.64) Tta (2.65) mnpu oOYHMCIEHHI IIHPOTH € HEOOXITHICTh
3aCTOCOBYBaHHS TIpollecy HaOmmkeHb. be3 HaOmwkeHb aHa 3a7ada pO3B’SI3YETHCS METOJIOM
NepeTBOpPeHHs (00epTaHHs) TPUTOHOMETPUYHUX PsiAIB. K0 3aJaHUil TPUTOHOMETPUYHUN Psifl

y =X+ P,SiN2X+ p,Sin4x+ p,Sin6x +...,
TO HACTYITHUM P

X=1Y+0,SiN2y+q,sindy+q,sin6y +...,
Oyne oOepHEHHMM IO BIAHOIIEHHIO 10 3anaHoro. KoedilieHTH B LMX pIBHAHHAX IOB’s3aH1
CHIBBITHOIIEHHSIMU

1
9, =—P,— p2p4+5 Pyt

9, =—P, + pz2 to

3

3
Us =_p6+3p2p4_5 p, +....

Sxmo Tenep 3a 3amany B3aTH dopmyny (2.55), To obepHeHa A0 Hel Oyae BU3HAYATHCS 13
BHpa3y

B=AX +Asin(2AX)+ A,sin(4A X ) + A;sin(6A X), (2.66)
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ne KoeimieHTn E, KZ, A_4, E 3HAXOIATHCS 13 CIIIBBIIHOIIEHD
— 1
A=y
g:i+%§4_l£iJ,
A A 2(A
Ao AL(AY
A M(AJ’
e L §(&]_
A A 2LA

2. O04HCIeHHs TOBKMHH TYT'H TapaJeJi.
PiBHSIHHS TOBXXMHHM JYTH Tapayielli IHTeTpy€eThCsl 3pa3y B KIHIIEBOMY BHU/I1, OCKUIBKH Iapaelib
€ kosioM (muB. puc. 2.9) 3 pagiycom =N cos B

Y =|?NcosBL=(L, —L, )NcosB=INcosB. (2.67)

OueBuaHO, IO HpU OAHIN 1 Til ke pi3HUII AOBror |=L,—L, &xyra mapaneni Ha pi3HHX
mupoTax Oyae MaTH HEOTHAKOBY JIOBXUHY, IOCKUIBKU Pafiyc mapajeli 3aJ1eKUTh BiJl IIUPOTH.

Obeprena 3aja4a, TOOTO 3HAXOKEHHS DI3HHMIN JOBIOT, PO3B'SI3YETHCS CTPOTO HAa OCHOBI
dbopmynu (2.67).

3. O6uucaenHs mioili cepoinHoi Tpanemii.
Jns o6uncnenns mwiomii popmyny (2.50), 3 BpaxyBaHHaM (2.67), IpeACTaBUMO B HACTYITHOMY
BUTIISIAL

B,
P=b%(L, —Ll)J‘(l—ezsin2 B)* cosBdB. (2.68)
B,
TICIISE YOTO BUKOPUCTAEMO MPUMOM, aHAJIOTIYHMM SIK TIPHU 3HAXOJKEHHI 1HTerpany (2.51), a came,
HiAiHTerpaibHy QyHK1i0 (2.68) po3kianeMo B O1HOMIHAIBHUN PSI:
(1-e’sin®B)” = (1+2e*sin*B+3e*sin* B+4e°sin® B+...)cosB .

3acTOCOBYIOUM 3arajibHy OpMyJy IHTErpyBaHHS

1
_[sin" B cosBdB = ——sin""' B,
n+1

OTtpumaemo
(sin B, —sin Bl)+§e2(5in3 B, —sin®B,) +
P=b?*(, -L,) Jr%e“(sin5 B, —sin®°B,) + (2.69)
+;e6(sin "B, —sin’ B,)+...
Y ¢opmym (2.69) B,B, Ta L,L, — reoaesnyHi KOOpIMHATH BEPUIMH CQepoigHOi

(3HIMaNBHOI) Tpamneii.

SIkmio 3ajaHa HOMEHKJaTypa 3HIMaJbHOI Tparelii, IOy SKOi HEOOXiTHO OOYHCIUTH, TO
mepur 3a BCe HEOOXiAHO BU3HAUUTH Teojie3ndHi koopauHatd B 1 L 11 BepmmH. Jlns 1mporo
CIMOYATKY 3 JIOMOMOT0I0 OJIAHKOBOI HOMEHKJIATYpH KapTH 3HAXOJATh KOOPJMHATH BEPIIUH Tparernii
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macmTady 1:1000 000, a motiM 3a CTaHIAPTHOIO MPOIEAYPOI0 (METOIOM IOy MacIiTabiB)
T'e0JIC3MYHI KOOPJMHATH BEPIIHH, 33/1aHO1 TIEBHUM MacIITaboM, Tparierii.
Yucnosuii npuxnao.

Jlns mucta kaptu M —36 macmtady 1 : 1 000 000 B,=52°, B1=48°, pi3HuIls JOBroOT CXiHOI 1
3axignoi pamok kaptu L, — L, =6°. Toxi, 3rimHo dopmynu (2.69), mns emincoina KpacoBchkoro
mioma tpanenii M —36 nopisaioe P =191360km?.

Komu MoBa #izie mpo miicHY Moy AUTTHOK (Hi3udHOT mOoBEpXHi 3eMJIi, TO i1 MiApaxoBYIOTh HE
3a MPUBEACHUMH (POpMyJIaMH, a MUIIXOM Oe3MOCepeHHOr0 BUMIPIOBAHHS IUIOII Ha TOIOrpadiaHux
KapTax 4M IUIaHaX.

Jist o0uMcieHHs TUIoIi BCiel MOBEPXHI 3eMHOTO enincoina y ¢popmydi (2.69) tpeda npuitHATH

L -L =2r, Blz—%, Bzzg.Toz[i

P:4ﬂb2(1+§e2+§e4+§e6+...). (2.70)

Ha ocHoBi wiei ¢opmynu MoxKHa 3HAWTH paflyC €KBIBaJEHTHOI Kyai R, Iuoma sKoi

JOPIBHIOE TUTOMII eJtinicoina P

4R ° = 4ab* (1+ 2024360 A +..),
3 5 7
3BIIKH
RK:b\/l+ge2+§e“+ﬂe6+... (2.71)
3 5 7

Paniyc kymi, piBHOBENMKOI 3a MIIOIICIO MOBEPXHI 3araJbHOro 3eMHOro enincoina WGS-84,
JopiBHIOE, 3rigHO dopmynu (2.71) 6 370 894 m. Lle 3HauuTh, IO PH PO3B'I3yBaHHI JACSIKUX 3a]ad,
B OCHOBHOMY, HAOJIMKEHOTO XapakTepy, Ko (Gopmy 3emiti MOXKHA MPUUHATH 3a Ky, ii pajiyc
notpidHo 6patu 6 371 xm.

Kpim rutomi Tpanenii, Ha MPaKTHINl TPUXOAUTHCS OOYHCIIOBATH 1 JiHIIHI po3MipH i paMoK B
MacmTabl kaptu. Pamku Tpameuii — 1e BiIpI3KM Oyr MepuiiaHiB 1 mapaneneil. @opmynu aus
JIOBXXHMH paMOK Tpaneli, y BianoBiaHocTi 3 popmynamu (2.63) ta (2.67), OyayTh

N B
al,c,u :100&(L2 - Ll)’
N B
0, =100 =222 (L, - L), (2.72)
M
Cc,u :100 . (BZ - Bl)
' m

Je M — 3HaMeHHMK MaciTady kapTu. [lo3HaueHHs cTopiH Tpaneuii nokasasi Ha puc. 2.11.

h
B, [

1

Puc. 2.11.
CrpinKy IporuHy paMKH 3HIMaJIbHOI TpareLii po3paxoByOTh 32 GOPMYIIOI0

h =% N sin 2B (L, - L,). 2.73)



3a3HaunuMO, 1110 BC1 KYTOB1 BEIMYHMHM, SIKI BXOAAThH y BUIICHaBEACH1 (hopMyu Oe3mocepeHbo,
Tpeba OpaTu B paaiaHHii Mipi.



