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MerpiB, a AoBxliHa 200 u; aiauerp rpyoonpoBoAy Aoxoafir! ao 1,5 M, a orsopy axrepurreBH, cyAHa _ 2,5 M;
.qaaMerp onopnoro Kinbqq p€aKropa AEC 6rnlbl(o urecrx Merpi!.__ qe; nepeniK MonHa npoaosKysaru.

38'riox b BaxnrBuM {ryraoBxMn i flpaKr qs''Mn 3aaaafificM''. 3acrocyBaHHr cneqianh'xx cnoco6iB ra
3aco6iB KoHrponlo, rpunHflrnx y MaEnHo6ylyBaHHi nia qac eurorosreH r Aeraneit ra ByariB o6naAHasHr, y
AerKHx BHnaAKax |lle MoKnsse [4], npore nia qac r6rpaHH, a6o MoHmky arpefaris m MauxH ui 3aco6u He Moxyr6
6)"rfi BUKop craHi rJr Kolrrporro rKocTi 36RpaHHr a6o Mornaxy Benrrxora6apnr'rx arpemnB Ta MarrxH 3n3Buqafi
BnxopxcroByorb crroco6, ra 3aco6x iHxefleprrci rcoAe3ii.

nepruo'eproBo qe crocy€rhcr (oHrponrc ,.a€MHom po3rauy.a'Hr sy.niB o6narHa*H, ra nprMorisiiiHocri i.,r
ocen [3,4]. Pa3oM 3 r M BnMiprcsaHHr Aerxtx napaMerpiB, 3oxpeMa OopMr.{, a B nepury .lepry reperaHrB BFnrs m
AeTa"leii Benr.jKora6apmHoro o6raAHaHHr Ta MauhH, MoxHa ErKoHarx rin6Kr 3a AorroMoroK) cnoco6iB ra 3aco6iB
fHXeHepHoi reoA$ii, npr'{oMy 3A€6irbrroro H€rpaauliitHnx 12,3.6,7 ,B,g,1O,tZ,l41. nir qac Morjraxa
rpy6onpoBoaiB' BrroroBneHlrr oro3enrxiB rimxiB, BrroroBneHnr ra:6Nparur Mo'axHxx bno*iB ropnyciB
o6eproBux nc'rct oqHHM i3 napaMerpiB, tuo nilrrrae o6oB'r3(oBoMy (oH.rporro, € oopMa i\ ropqiB. ,llo uLofo
napaMerpy npe!-rBnrrcrbcr aoclr' nopcrxi snMofx_ TaK,3fi4'o cHhll II_45_75 He nepleHAxKyrnpHicrr lopu,
ereMeHry lpy6onpoBory Ao ioro oci He noBxHHa nepeB,.rryBarr.j 2 MM (ro,rHicrb Br.{MiproBaHH, J 0,3 MM). He
flepneHAxxyrrpHicrb ropqhoBoi nnour{Hr.{ eneMeuriB koprryciB o6cproBux rtcaei,3okpeMa MoHraxH x 6noi{iB, Ao
oci xopnyca a6o 6Jto'.a He rroBrl'Ha nepetsnuryBarr 2 MM, a Bitxlr,leHH, Bia',tourfiHx _ 3 MM_ Xopcr*ic-rb BxMo.
a6conlorro 3po3yMija, ocKirhK noolnsoxi MoHraxHi eneMeHr[ HaAari noBlrHHi crr{rryBarxc, oa(H 3 oAHxM.

AHanb AorniAr(eBb ra ny6niKruii, npncBsq€Hnx BrpiuGHHro uici nrro6neMr. An, xoHrponrc ropuiB
Berxxorabaphr{fix aeraneil ,ra BFniB usnis,qph,lHoi OopMU 3anponoHoBafli cneqia_tlHi cnoco6x ra 3aco6
iHr(eHepHo-r€oae3'.rfirx BHMiproBaHh [2,7,] I,l2,l4l. flpxtsqrnoBoro BiaMiHom Bi! rpa,ruuiilHxx pexoNreHAauin Il]
€ npono3urlii ruoAo BuxoplrcratrHr 6a3x Bt MiproBas6, rr{orc cnyrye reoNeTptrqna Bicb qxniHApD,lfioro o6,€kry
[2,7,11.|. OcKi,lbr rroMcrpnqHoo Biccto o6'eKry BrMiproBaH6 € ni ir, uro 3.eAHy€ rcoMerp !fii ,reHrpu
nonepevHux nepe-ruHiB [3,5],3anponokosaHi cnoco6r ra 3aco6{ BxMiprcBaHb e locKoH:r.jlrMr{ y po3yMiHUi
Iocr.Hessr HxMn Bucor{oi roqHocri. BoHa 3a6$neqeBa ruM, uro 40pMy ropuiB srMiprororb Bi^HocHo nnoxruH. ,Ki
byrylorb nepneHAuKyrrpHo Ao r€oMerprqHoi oci o6'eKry. AIr xoHrpo o ropuiB ereMeHriB rpy6o|poBo4v
Bn(opEcroByro.rL 3opoBy rpy6y aBroKoriMauitrHoro reolori.ra, anprKna!, 3T2A. nicn, Bu|lryrcHH, BiAoMr.{Mr.r
cnoco6aMn [3,5] ueHr]iB norepevHux neperxuiB no6rr3y xox8oro 3 ropuiB B ueHrpi orHoro 3 Htlx scraHoBrroor.r
3opoBy -rpy6y aBroxoniMauiiHo.o reoaonira 3T2A, a B qefirpi Apyroro Mapky. nnouxHy Map(t pa3oM i3
trp{crpoeM Bfi3HaqeHHr lleHrpa flonepetrHoro reperxHy aBToxoniMaqi}HnM cnoco60M BcraHosnlororb
nepneHAxxyrrpfio !o reoMerpxqHoi oci eneMeH.ry rpy6onpoBoaJ. noMjrrrBl!r MicurMr rpy6y ra Mapr,], y raKnn
xe cnoci6 BcmHo'n'orcrb nepneHAxkynrpHo Ao reoMerp,,tHoi oci Apyrfifi nonepe,l, n neper{H. Cneuia,lbHfiM
npxcrpo€M BaMiprorors oopMy m nonoxeHHr rurouHH lopuiB BiaHocHo reoMerprqHoi oci cJreMerrry rpy6onpoBony
[2, r r].

HeBnpiure$i .{acrsHn 3aralrbHoi npo6neMfi. 3Ha,rHo 6irLrli m6apHrHi po3Mipu KopnyciB o6eproBhx ne,r€fi
nepeu(o&(apTb Brrropgcrar{Hro asmxo,liMauiliflfix npxnaAis ,qrr BxMiproBa]rH, QopMr rlp|r|B ejeMeHrrB
xoprrycjB. 3aMicrb Hxx 3acrocoByorb roqHi reoAorirn rxny 't2, n'lr MZ. 3opoBy rpy6y
reoao,rira BcraHoBroror6 nepneflAuxynrpHo ro oci o6epraHHr flp',rata iAo oci crinxu. Ha,Kin BcraHoBnrclo,rh
reoaori, i ,I{a p$rauoBaHa B oIHoMy i3 nonepeqHDx nepernHiB brrcLko ropur. B;3npHa Bic6 3oposoi rpy6s
36iraerbcr 3 r€oMerpH,rHnM qeHrpoM qeperrjHy. Criiry pa3oM 3 reoAoriroM Haxnrrlorb y seprr{narrbHiil ruounrri
rax, Ilro6 repexpecrr cirxu Hnrox 3opoBoi rpy6r cyMicrxnoc, 3 flepexpecrrM MapKfi, Bc.aHosneRoi y ueH.rpj
noriepe'rHoro nepernny no6rBy ,qpyroro ropur. rlicnr nosopory a,riaatu ropx3oHra,rbHoro kpym Ha 900
KorirMaui;Ha nnorunHa BcTaHoBr.trbcr ncpneHAxxynrpr$ Io reoMerpxqHoi oci l{opnyoa. y lpyl-oM) neper"Bi roro x
cavoro loctralor6. IoMrHrsulx vic(rMH rcononit i vapiy,

JlocrafioBlta 36BAaHse. Ha IaHHi qar se Bfipo6neHo 3aranbHoro nilxoAv no onrcy OopM ropuiB
Bernxora6apkrHoro ocnaAHaHHr uxriHAplqHoi OopMrr. Cnoco6 m 3aco6H BlBHarreHH, OopMn nonepeqnux
flepe-rxHiB ra oopMx ropuitr 3.arlaBoro senuxo.a6aptrHor.o o6raArrasHr locHrb 6rrx36(i oAHe 3 ApyryM, ToMy
niaxia no onficy ra B[3Ha\€HHr QopMft ropuiB o6raABaHHr noBxHeH cnfiparhc, Ha 3a.itnLHt npxHur rl
MarcMarHr{Horo npelcraBneHHr QopMt i :oxpeua $opua nonepolHxx neperxHiB ll3l_oopMy ropur B|43Havarorb,
BxMiproro.rx BilAarb BiA crily (oniMauiiHoi nnorurHr Ha Kopnyci Ao ttro.o Kpalo. BrMiprcsasts, Br.||roHyrorb no
T3'pHl1x xopnycy, po3€u.toBaHUx Ha Heo6xiAfliii, piBH;n BiAaa,ri oaHa Bir oAHoj, ,xa BilnoBiAa€ Aer(oMy
ueHrpa,nbHoMy \yry, mnpttruraA I50. 3a pe3y,1|,-ramMx BxMipjB y pa3i Heo6xiAHocri 6),rryorh rpaojx BiAx,ueHb
GHB.pxc- 3 a,6).
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H€nepneHAnxynrpHicrb m OopMy ropq, NtoKHa nPercmBHrH y sllr.fltni chllaloBllx Bi4xu,rexL oci Or-Or

(p|c.l) nnoLq Hn ropur (nnoullrHrl crtiKyBaHtrt) Bia reoruerpnYtsoi oci Oo Ha r]r d' a raxo^ tk BinxxneHHq

ILlou.trnn crxKyBaHnr Birl rlflounHH, HopMarhHoi 4o oci ofor. llrt Br3Ha'icHHt QopMIr roput Mox$a B Kopxcra, u

vcroar ftopii iMoBipHocli, Hanp"x,la!, Ha ocroBi 3aKoHy BenxKMx qlrcerl a6o po3paxyHkoso_aHarrlrl,{'rHxi Mel.o)r!

uro rpyHrycrLcx rra peanbHoMy rs't3Ky noxtr6rs i3 ii qflHHnKoni y aanoMy Bxna,qRy rexBonoriqHo-Bupo6H qnM

H€nepneHnnKynrpHicrb ra BiaxlrreH fl Bia rl-rolunrrfl ropuq Bxpo6y aouinblro po3rntlla'Jl tr renepep8ny QylrriulKr

si;l aeqxoro r€oMerpmHoro rrapaMerpa (y .uaHoMy Bxnaaxy x)m) i roMy ii MoxHa uuaxa.H QyH{uiorraalHoro
noxHbKoro. tx'!o n€peiru Bia xoHKp€rHoro o6'€Kra ao ix cyqnrtocri ocHoBHe 3HaqcHHt 6y/ry'rL Marv

HeBBHaqeHi $yHKrrioHanL'ri noxn6Kfl, tki xa BinMiHy Bi.a Be3tsaleHHx noxH6ox 3a rnx xe aHa,rjfftiHnx Bxpa,iB

3avicrb Kocoiqierrriu Ma|oft 3MiHHi napaMerp!.3 €roro BlinineHRt oKpeMxx cKnanoBxx rexroJroriql|xx noxn6oK

i\ xouinrHo npe.ucraB -ru y Bxrnt.q; po3uraa.v y rpHroHoMetpu'rHHii pttr O)?be. 3aclocyBauHt raroro po3KnaAy raK

caMo, rlr iam sBHaqefllrt OopMu nor€peqHhx nepenr iB [13], triJtrou BHnpa8naHo 3 orntry rra RnnanxoB'crr'

si'lxHnerrb ra 3aNrxHeHicrb KoHTypiB. uro nocnia)tyor[ct- onHc MsroAy. no3naq€HHt ra lx rnyMa'lctsHt aoKnaaHo

nolaHi y po6ori03l, roMy aoqintHo onpa3y nepetuH ao r(oHxpertroro Bttnaakf no.o 3acrocy8a'rflc

ni in'

Crocosrro ropuiB uxnirLlph'rHoro ()6'€{ra reoMerpxqHa iarepnperauir rrcpLxHx qnerliB rprro oMerpH'lfioro

pray oypb( raKa. HynboBHr qn€H ptx) olpL€ $ t'rt '"ou*,"nrtr€ 
no,roxeHxt I ourtrntr r-nt

nepneraxxyttproi .,ro leoMerpr iHo-r oci O-o B no\ar(oDHi MoMeHr snMiploBallt BiaHocro lourfiHl,t n'-n'; s '
ryoae uiaxrJre'rrtr nrrolrtxtsu crrxyBaHHt.

IIepDa rapMoHixa pray Oypr'c ,4, cos(p+@1) xapaxrepfiryc Ben lxHy i rtanptMox po3Bopol] nnouluHH

crrxysaHHr MoHt?xrrcro ere[tcH1a, 3 Heron notclleHH,l ctia po3rtrH)'rn neperxH. nepncrrnHKyntprlHft no oci O_o

(pHc.2). Koop^HHarri ro{Ku A y |lonrpniti crcre$i r=r,tig-0 B iHa!arurh rto{arkonriiMorveHr sIMiPnnaHL.

(tx iB l3l r .6ixyq!fi pariyc nepernHy).locxa C Hanexxrt nnourxBi, txa npoxoJLnl b 'rep€3 paniyc OC (r" = f,)

HopMarbHo,ro rnoutlr r ,-,l i tKii, naqe,{hrs kf'r o noroxenHt ro'tk'' B (r=t"B,(p) siAlroBiaac 6ixy'roMy

BxMipy. MoxHa 3aDucan'I

Q =Q+Qc'.

a€ ? xyrosa Koopaurrala MoultrHtl. tKa Micrfirb Kyr rr/

noxH6m roput 43MiHlo€rbct 3a 5ixr"'rtrM palriycov r HopManLxo 
^o 

nxourHIrH n'n

5' = r'tga' '

a6o

5, =, tga 'cos(r2 + ,Po)

txuo nnouxHa cru\aBarrHt 6yna 6 piBHoE nnouruHom' 1061() He Ma,1a 6 Bi,ux,eH$' BoHa yruopuna 6 3 Bicclo

O.o x).r a. 13 €niBBiaHoueHH, (3) 3po3yMino, uo nepuia rapNoHiKa pt,lly oypbe xapaKrcpn3ye nono,tteHHt

po:ropory o6'exra 9o iee,rt$tHHy rq'roBofo Bi4i'$eHHr d-

(r)

(2)

(l)
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BltcHoBKl|
BiAxnreHHr rr,IoqnHr 3aMKFeHom xoFD/py 3 BiaoM{M 3axoHoM s"1"" r=f(q), Hanpuxja!, rm

orc3€ntxy riram" aa€ Mo{crrBicr! cxnacrn piBHrHHr 3 cr y HerBHiX OopMi

6r=A1cos(g+pn),

rc A, = rtga,a q = arctg4L .

Brxntoqatoq$ noxu6xy 3a |qrr, oaepxaHo prA 3HaqeH6, rqo xapakrepBytor[ si&rrneHHs mpu, rlA ffoulrfir,
B 3anexHosri BiA cnoco6y BrMiproBamr 4,,[,r ryra 4 MoxHa oaepxari pi3Hi aHaniTx,rHi Bnpa3r,r. Hafiqacrirne, ml(
r B HauroMy BlnaAky, xx &t(e 3a3Haqruocr, BxMiproBaHHr BnKoHyrorD no rBipHt x lllrriHApxqHoro o6,erra,
Ilp[iMa€Trar, uto r = cor( TaKe rBep&KeHHr [paBoMipHe, ocxinH(n BiAxroeHHr OopMn nonepeqHoro fieperrHy
[3,13] BiAHocHo Ben',q Hn / crcra.ua'o* xe 6i*'oe O,Ol /. AnrBU ipoBa'b no aiaMerpanh'o nporrrexfi]rx rBip'fix
e'=0,a5,=y.1to.

(4)

v

v
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6, = r(rp)tga.cos(p + rpo). (5)

Po3B'r3xoM piBHrfiHr (5) aiaHocHo o e Br{pa3, llro 3a,lol(I,rb BiA cfioco6y sxMiprcBarHr siaxrreHb 3i!
nlour"xu, ro6ro eia r = /(p).

Bx3Ha'{nBu[ nepuy rapMoHixy pray o]ph€, B;auryKylorb apyry cl(na,[oBy BinxxneHb Bia nno,!l.rHr, tk
pb8llurc 6$nocep€aHix Br.r MiploBauE T a noxr6|(aMu, o6qHcn€HvMu 3a3anexHicro (4).

Ha pMc. 3 a,6 Has€aeuo pe3ynlrarn BnMiprcBaHb rcprriB MoHraxHoro 6noKy Koprycy o6eproBoi ne'riy Bxmrni
pq3mprxx. Ha pHc 3 B,r HaBeaeHo rpaHcoopMo8aHi psynbraru BriMiprcBaHb nicnt Bulcnrcq€HHt 3i|aqeH[ 3a

sn€xHicrlo (4) arr xoxroro 3 ropuis BianoBi.uHo (rpaoikaM p c.3 a,6 BianoBiAalorb flepersoperri prc- 3 3,r).

L Bidy& M.f., fpwu6scbKui 8.n., PaKunoe I.l. 3acmocyaanHl zeod%il 3 Mauuqo5ldysaH1L 'Ru/l:
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*;flt1:
HauioHa,bH iiyHisepcnre,'Jlb3iBcI'Ka roniT exHiKa'

K,'TACI4OIKATUT CvqACHrrX METOAIB
BPAXYBAHII' BEPTI,II(AJIbHOi PEOPAKUII

@ knLu C.A., 2004

8 cmomhe aa pacurompenue zeodetuqectoi o6u(ecmseruocnt nPedcmaeteha I rccu$aRaqun coepeuekfiux

x e m o I o s ! ve,nt s eP,ttu k&r h tt o i p e Qp a li4u n.

In this article o examine geodelic conmanit! prcsenls classalic\lian of mode t melhods consideration

wnical r4raclioft.

flocraxoBxa npo6ieMr. Meroo crarri e iH4opMyBaHnt reoae3xqsoi rpoMaAcbKocri npo cyqacqi loctlHeHH,
y rany3i reoaelr,rHoi p€opaKroM erpjl.


