YAK 550.831+ 838

OO0 omnpeAeAreHNH MTOTPENTHOCTEN rPaBUMETPUYECKUX
TpaHcopMalumn

© FO. H. Ay6oBenko, 2011

NuctutyTt reodpusuku HAH Vkpauns, Kues, Ykpauna
[MToctyniuaa 16 pekabpsa 2009 r.
IlpegcmaBaeno ureHoM pegkoareruu B. M. CmapocmeHKo

AHaniTHYHe IPOAOBIKEHHS CUAU TSIKIHHSA B PeTiOHAABHOMY MacIITaOi BU3HAYA€ PO3B'A30K
HeAiHINHOI Me>KOBOI 3apa4i AAeKCip3e A PIBHAHHA CUAU TsDKiIHHA. O1jiHeHo NOXUOKY I 3aMiHK
Ha BIAIIOBIAHY 3apauy AAS PiBHAHHA Aanaaca. TOUHICTb po3B's3Ky iCTOTHO 3aAe>XKUTh Bip Mipu
00yYMOBAEHOCTI 3apadi, HaOAM>KeHb HalIPSIMKY IIIYKaHOTO I'PAAI€HTa, TapaMeTPiB YUCEABHOIO Me-
TOAY, HAIIPSIMKY 30BHIIITHBOI HOPMaAi, B3AOBIK SIKOI OOUHCAIOIOTH IOXiAHI Y TPAaHUYHUX YMOBAaX.

Exact gravity transforms in the regional studies are determined by the solution of nonlinear
boundary-value Alexidze problem for the gravity potential. The errors of its substitution by the
appropriate problem for the Laplace's equation have been estimated. The accuracy of its solu-
tion extremely depends on the problem's conditioning, approximations of the required gradi-
ent direction, parameters of numerical calculus and direction of the external normal, along
which the proper derivatives are calculated.

TpaHchopmMaum CUABI TSHKECTU. 3apada BOCCTAHOBAEHUS TTOTEHITMAaAa CUABI TSIXKECTH B OOADL-
X 0OAACTIX BO3HUKAA ellle B Tpyaax Kaepo o urypax paBHOBecus: B BUAE C(DEPOHAOB, KOTOPEIE
000CHOBaAU I'paBUMeTPHIO KaK HayKy. [Tocaepytomue paboTel CTokca, [Tyankape u MoAOA€HCKOTO
YKa3aAu IyTh ee PellleHUsd B BUAe CMEIlIaHHOM TPaHUYHOM 3aAa4U AT ypaBHeHUd Aanaaca. M3-3a
IPUOAVIKEHHOCTH I'PaHUYHBIX YCAOBUH 3Ta 3aAaua rapaHTUPYeT YAOBAETBOPHUTEABHYIO TOYHOCTE BEI-
YNCAEHUM NOTEHIIMaAa TOABKO B AOKAABHBIX 00AACTIX "Marol Mepsl” [Axumuuk, 2001].

Apyroy IyTh BEIUMCAEHUM IIOTeHIIMaAa OCHOBAH Ha TOM, 4TO, coraacHo pabote [IOHT, 1936],
QHOMAAWU CHUABI TS)KECTU CUUTAIOT B IIePBOM IPUOAVIKEHNUN 3HAaUEHUSIMH " BepTUKAABHOU "' Ipou3-
BOAHOM 3TOM aHOMAAWH, T. €. PpearbHbIe 3HaUEeHUS CUABI TSIPKECTH 3aMeHeHbl TaApMOHUYECKOU (PYHK-
nuei V, . OTO IO3BOAMAO Ha 6a3Kce TeOPUH FapMOHUYECKUX PYHKIMK BO3BECTH BCIO TeOpeTHhYecC-
KYIO HaACTPOMKY COBpEeMeHHOM rpaBUMeTpuu. Ho morpenmrHocTs TakoW 3aMeHbI, KaK YKa3aHo B pa-
oote [Axumunk, 2001] u HIXKe, pacTeT ¢ pa3MepaMy OOAACTU COCPEAOTOUEHMS aHOMaAbBHBIX Macc.
BcaeacTBUEe CKa3aHHOTO AAS HAAEKHOI'O BOCCTAHOBAEHUS IIOTEHITHaAd IIPU PeruOHAABHBIX UCCAe-
AOBAHUSIX CA€AYET BOCIIOAB30BAaThCI MHBEIMU MeTOAAMH, HanpuMep [AyOoBeHKo, 2009].

'paBUMeTpUYECcKas CheMKa OIIpepAeAsdeT Habop 3HaUeHUN MOAYAS IPapreHTa IIOTeHIInaAd U CU-
AbBl TRecTr (MITICT) g| g = grad u| g=V (S) Ha HEKOTOPOM 3aMKHYMOU AHEBHOU IIOBEPXHOCTH S,
KOTOpas IJeAMKOM OXBaThIBaeT TAroTeloIre Macchl B ooaacTu G moucka TpaHcdopmanT. [Tpamas
ero TpaHcopManus He MMeeT OTHOIIEHUST K AMHEWHBIM 'PaHUYHBIM 3aAa9aM MaTeMaTUIeCKou u-
3WKU U SIBASIETCS HETPUBUAABHOM 3apaded M3-3a HEM3BECTHOTO HAITpaBAEHUS BEKTOPAa g‘ ¢ - Ipn
IPUOAVKEHHOM PEIIeHUN 3TOM 3aAaUM ee TPaHUYHbIE A@HHBIEe MOJKHO 3aAaBaTh Ha He3aMKHYTOH,
HO AOBOABHO OOABIIION MTOBEPXHOCTHU [AreKkcuA3e, 1965].

TpancdhopManyio 3HaUeHUY IPaBUTAIIMOHHOTO IIOASI OIIPEAEASIOT ITyTeM PelIeHUsl 'PaHuYHOU
33Aa4M HEIIOCPEACTBEHHO A HeAMHeNHOro AuddepeHnarbHOro oneparopa A (g) CHUABL TAXKeCTH
B 00OAQCTU 3apaHUS g‘ § [Hepnsrit, 1970]:

Ag)=8g(x;)-a’ (g% )g(x;)=v(x;), x€G, i=13, (1)
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3 3 3 g 2
rae a’ (g, X; ) = 2 coso; Acoso; = 2 2 i °r — reoMeTpUYEeCKUU (PaKTOp IIOAL
i=1 j=1 i=1 Ix; g
TsKeCTH, v (x; )= — 4my ‘ grad 6 ( x; )‘ — 3aAaHHAsA PYHKLOUS PAcCIpeAeAeHus Macc, O; — YrOA

Me>KAY HallpaBAeHNeM BeKTopa g‘ g ¥ -l KOOPAMHATHOH OCBIO. OTO ypaBHeHUe YYUTHIBaeT Ha-
IIPABACHHE CHUABI TSKECTU U CAOJKHO AASL BEIYMCAeHUN. ECAM BEKTOp g‘ ¢ B AIOOOM TOUYKe IIPOCT-
paHCTBa HaIlpaBAeH B OAHY U TY Xe TO4Ky P ( xio ), i=1,3 (BAOAL HOPMaAU K TTOBEPXHOCTH HA-
AMIICOUAQ), YpaBHeHUe (1) yopomjaerca [Arekcupse, 'enamiBuau, KaprBeaniisuau, 1972]:

3

ag(xi)=28 () ) r2=v(x), r= | 3 (5 -x0)7. 2

i=

ITpakTuueckue crrocoObl mepepacueTa 3HaUeHUH CUABI TIKECTH — IIOCTaHOBKA U pellleHue rpa-
HUYHOM 3aAauM HenlocpeACTBeHHO AAA 3HaueHUM MITICT [Anekcuase, 1985] ambo pellleHne HeAu-
HellHOU BHeITHeM! IPaHUYHOMN 3aAauM ANEKCHA3€e AAS TTOTEHIIMaAa CUABI TSAXKECTH:

AnHeapu3alusa 3apaun (3) BO3MOXKHA B IPEATIOAOKEeHUU KacaTeAbHO HamnpaBaeHus MITICT ra
IIOBEPXHOCTHU §, KOTOPOe BHOCUT 3HAaUHUTEAbHBIE [IOIPENTHOCTH, a OIIpeAeAeHe HAallpaBAEHUs CUABI
TSXKEeCTU — IPOMO3AKas 3apava, Kak u onpepererHue MITICT. Aast BHeIlTHeHN TATOTeIOIEeN TOUKHU
IIOAY4YEHO ypaBHeHUe [AneKcHup3e U Ap., 1972]

0d cos O —

3
gAcosaingl. P +Agcoso; =0, i=1,3,
i

i=1

OIIPEAEASIONIee MOAYAD CHUABL TSDKECTU g II0 U3BECTHBIM paclpeAeAeHUsIM yTAOB O.; B IIPOCTpaH-
cTBe G (MAM KOCUHYCHI YTAOB (f; IO M3BECTHBLIM 3HAaUeHUSAM g B G C HEOIIPeAeAeHHOCTBIO €os a; Ha
OeCKOHEYHOCTH).

Bonpoc pa3pennMocTy 1 eAWVHCTBEHHOCTH 3aAauU (3) AAS IOTeHI[MaAd CUABL TSKECTH IPUHIIH-
[IMaAeH B IPaBUMETPUM: OTBeYaeT, BO3MOXKHO AU BEICOKOTOYHOE OgHO3HAUHOE OIPEAEAEHTIE CUAB
TSIPKECTHU BO BHEIITHEM IIPOCTPAHCTBE II0 TOUHLIM aOCOAIOTHBEIM 3HAUEHUSIM CHUABL TSKECTH Ha 3aMK-
HYTOM ITIOBEPXHOCTH S, IEAMKOM OXBAaTHLIBAIOIIEN BCe MACCHI, ¥ KaK¥e HyKHBl MUHVUMAaAbHBIE AOTIOA-
HUTEAbHBIE AQHHBIE . BEIUMCAEHTE CHUABI TSJKECTH BO BHEIITHEM ITPOCTPAHCTBE IIPU YCAOBUSAX OAHO -
BPEMEHHOI'O OIIPeAEACHHUS Ha IIOBEPXHOCTH S ee aOCOAIOTHBIX 3HaUeHUH U HAIlpaBA€HUS HECAOXK -
HO, HO AOPOT'O U AEAQETCS PEAKO.

PemaroT 3apauy (3) myTeM IOCAEAOBATEABHBIX IPUOAMIKEHHNM . B IIAOCKOM CAydae (rpaHUYHBIE
3HaueHUd VY (S) U MYHKIMA u 3aBUCAT OT ABYX IIepeMeHHBIX) 3ajaua ONpepAeAeHUd FapMOHUYHOU
(PYHKITNH, MOAYAB I'PapMieHTa KOTOPOY 3aAaH Ha 3aMKHYTOM KOHTYpE,

Au(xi):O, x; €G, u‘w:O,
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He UMeeT eAUHCTBEHHOrO pellleHus [Arekcupse, 1985]. Ecau f (z)=u (x;) +iv(x;), i=1,2, —
IPOM3BOABHASA TOAOMOPGHAaSA B G PYHKIIMSA, ACUCTBUTEABHAs 4acThb Re f(z) KOTOPO COBITaAaeT C pe-
IIIeHreM TPaHUYHOM 3aAa9M (4), ee MHMMas 4acTh Im f(z) makke SBAIeTCS pelieHreM [ AAeKCHA3e,
1985] 3apauu (4). OtHOmeHue Komu — PumaHa k| - k9 = —1 — yCAOBUe IepIEeHAUKYASIPHOCTHU

du ou v dv
IPAAVIEHTOB U, v, TAe ky = tg 0.y = I o u ky=1tgoy= Ix Py yTAOBBEIEe KOadu-
2 1 2 1

IMEHTHl KaCaTeABHBIX BAOAB TPAAMEHTOB MYHKIUU u UV (0L, Ol9 — YTABI MEKAY IOAOKUTEABHBIM
HallpaBAEHUEM OCHU U U U V). 5
u
B KOHeuHOM U-OKPeCTHOCTM HalpaBAeHHUs / rpapueHTa grad U = — OAHOIO U3 pellleHUM rpa-

ol
HUYHOM 3apaui (4) He CYIIeCTBYeT APYTOTO pelleHUsd 3apauu (4), T. €. HeT ABYX pellIeHUM 3apauu
(4), HanIpaBAEHUS TPAAUMEHTOB KOTOPBIX COCTABASIAU OBl YTOA MeHbIIIe U (YTOA MeKAY I'papuieHTaMUu
ABYX pellieHu# (4) — 1/ 2, pellleHus, pa3Andarolecs: IOCTOSHHON, — TOXKAECTBeHHE!). [IpoBepka
3TOTO NIPEAIOAOKEHMS OCYILeCTBA€HA IIyTeM YHCAEHHOTI'O PeIlleHUusT MeToAOM [Aaekcupze, 1978]
IPAHUYHOU 3aAa4U (4) C IIOMOIIBIO UTepanui

ou S —
——=vy(s), i=1,2, 5
ax,-

rae Ko3(ppUueHThH

k-1
O e DA

HANpPaBAAIOIIUX KOCUHYCOB IIOAYYEHBI HOPDMUPOBKOM I'PDAHUYHBLIX YCAOBUU 3apaud (4), u F— ke
IpUOAVIKEHUE ee PellleHUs.

ITorpemnuocTu Tpancopmanuii. [TorpenrHoOCTs € 3aMeHBI ypaBHeHU (2) Ha ypaBHeHHe Aarl-
Aaca Ag (x; ) = 0 — pasHoCTh pemteHnit Ha cepe G papuyca a TDAHUYHBIX 33734 AASL YPABHEHUN
cuAbl TsRectn Ag (x;) — 28 (x; )/r2 =0, x€e G, u Nannaca Ag(x;)=0, xe G, ¢ OAUHAKOBBEIM
TPAaHUYHBEIM YCAOBUEM g ‘ gV (S). BekTop g ‘ ¢ HAIIPaBAEH B OAHY U Ty JK€ TOUKY OE n 0.
[TorpemrHOCTE YAOBAETBOPSIET TPAHUYHOM 3apade A€ = 2g (x; )/ r 2 ,x€ G, C OAHOPOAHBIMU TPaHUY-
HBIMU A@HHBIMU € ‘ §= 0, mprueM u <& <v. EcAu Hauar0 KOOPAUHAT COBIAAAET C IIEHTPOM CepHl
G, ToBTOUKe x; = 0,1 =1, 3, umeem

a’y,/6<e<a’y, /6, ©)

U NIPU YCAOBUH, YTO 0OAACTE G KacaeTcsl IOBEPXHOCTU 3€MAM, HOPMaAbHOE IPaBUTAIIMOHHOE MTOAE
OyAeT paBHO

2 . 2-981000
yizmax2g(xi)/r S2maxg(xl~) mnr| = —————
x;€ G x; € G x;€ G (6360)2
2. -
Y, = min 2g(xl~)/ r? <2 min g(x;) max r| = (978000 300a)'
x;i€ G x;i€ G x; € G (6380+ a)2

OrTcropa, coraacHo (6), npu a = 100 km ntoaydaeM 76 <€ <81 mI'an. B mepepacyeTe CHUABI TS)KeCTH B
CcBOOOAHOM IIPOCTPAHCTBe 1o hopMyae [TyaccoHa morpermrHocTs MoxkeT pAocTudb 100 MI'an Ha GOAB-
IIIUX IIAOIIAASIX 36MHOU ITIOBEPXHOCTH.
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2 2
B mnrockoMm cayuae Yo aZ—inz 4<e<vy, a2—2x2 4 mpu x; =0,i=1,3,
i=1 =

paeT 51 <e <54 mTlan.

CoraacHo (6), € =g — g < 0, TO3TOMY AeUCTBUTEABLHOE 3HaUeHUe CUABI TSIKECTHU BCETAa MeHbUe,
yeM IIOAYUYEeHHOEe B IIDEATIOAOSKEHUN ee TaDMOHUYHOCTHU (Ha 3TO yKasblBaeT U Ag > 0 — ycAOBHUe BO-
THYTOCTHU ITIOBEPXHOCTH).

Ecam Ha cdhepe G BeamunHa 2/ r? mocrostHHas, TO IOI'PEIIHOCTb € SIBASICTCS PelleHheM Ipa-

HUYHOMU 3apaum Ag; = 2g (1/ ro2 - 1/ r? ), re G, TAe ry — CpepHee 3HaueHue r B cepe G.
3
1| » 2| 28
Briparkenue 5 a’® - 2 X 0,03 makopupyeT €;, o3ToMy €; < 2,5 Ml'an, a ipu a <
: 6370
i=1

<100 xkm — €< 1 MI'an. TakuM 00pa30M, YAEHHI IIPU ¥ B YPAaBHEHUH (2) MOUYTH NOCTOSHHBI. Cpas-
HeHMe COOTBETCTBYIOIIUX ITOTPEITHOCTe!N YKa3blBaeT, YTO YpaBHEeHNE CUABL TSXKEeCTH Ay4llle allllpoK-
CHUMMpPOBATh YpaBHeHUEM (2), 4eM ypaBHeHHeM AalAaca.

YpaBHeHUE CUABI TSKECTH (2) IpU r = ry ObICTpee CXOAUTCS, a IIPU MAaAOM a /ry NOIPElIHOCTb

3
3TOM 3aMeHHI €9 = 2g X3 a’ - 2 X; 5 rg’ MMeeT 3KCTPEMYMBI Xy = X9 = 0, x5 =ta/, 3.
i=1

Ha rpanune S anomMaabHOM obractu G €4 = 0, T. e. max‘ €9 ‘ =4g a’ / 15, 3 rg’, OTKYyAQ IIpH a =
=100 kM €, < 0,5 M'an. B 9TuX olleHKax MOTPEeNIHOCTH 3aMeHbl ypaBHeHus (2) ypaBHeHUeM Aamaa-
Ca TIPEATIOAOKEHO, YTO Ha 3aMKHYTOM TpaHuIle S M3BECTHBI MOUYHble 3HAUEHUST CUABI TSIKECTH; TIPU-
OAVMIKEHHBIE 3HQUEeHUS g | o HECKOABKO YBEAUYAT BEAUYHHY IIOTPEIIHOCTEH.

B mpakTrke rpaBUMETpUM NP IlepepacyeTe BO BHEITHEM IMPOCTPAHCTBE PeIaroT He BHYTPEH-
HIOIO TPAHUYHYIO 3aAa4y, @ BHEITHIOIO (€€ CBOAST K PEIIeHNI0 BHYTPEHHUX 'PAaHUYHBIX 3apad [Aae-
Kcup3e, 1965]). ITorpentHocTs IepepacyeTa BO BHEIIHEM NPOCTPAaHCTBe G (3aMeHBl BHENIHEN rpa-
HUYHON 3apauu Ag (x;) —2g (x; )/r2 = 0 Ha BHemIHIOIO 3apa4y Ag; (x; )= 0 OpH OAMHAKOBBIX

¢ 2
I'PAQHUYHBIX YCAOBUAX g ‘ i, = V(S g ‘ .. = 0)paBHna ¢ = 4 alr® —1/r)upocTuraetr MakCu-
MyMa B o0AacTu G IpU YCAOBUU € ‘ rooa = "8 (a) /4, rae g (a) — 3HaUEHVE CUABI TSPKECTHU HA TI0-
BepxHOCTHU chepoupa. [IpepnrorosKeHe TapMOHUYHOCTH CUABI TSPKECTH B IIepepacyeTe Ha BBICOTY
6000 KM paeT mOTrpelIHOCTh ~ 245 Taa.

9 M M (r—{Ccos®)
PapnanbHast KOMIOHEHTa V, = ——— =

ad
' \/x12+x§+(x3—C)2 (r2—2r?;cose+§2

)3/2

anomaruu V (x; ) =M/ (xl2 + x22 +(x3 - 0) 2 ) OT OAHOPOAHOU cephbl Maccou M C IIeHTpPOM B

_ &
touke P (0, 0, { < 6375) uMeeT IOrpeNUIHOCTh lepepacyeTa €, = — + V., IAe ¢ — IPOU3BOABHAS IIO-
r

CTOsIHHasA. B Toukax r=a u 6 =0 norpemrHocTs paBHa €1 =M [-a / (a — C)Z r+V,], aee makrcu-
MyM IIPHU AFO60M (QUKCHUPOBAHHOM 7 cyiecTByeT B 0 =0, Bo3pacTtast o —oo (r=0) A0 + oo (x5 = (),
CllapaeT K OTPUIATEABHOMY MakcuMyMy B Touke r = r ({) u paBeH HyAIO B TOuKe r = a. Ecau mMacca
M =100 (a - C)2 , @aHOMaAmd B OAM>KHeM Touke nosepxHocTH (0, 0, a) paBHa 100 mI'an; ipu @ = 6371,
{=6361 1 r=6381, €, = 8 mlan.

Urak, Tparchopmaruioo HaOAIOAEHHOTO UAW HOPMAABLHOTO ITOAS CHUABI TSI)KECTH BO BHEIITHEM
IIPOCTPAHCTBE MOKHO OCYIIIECTBASATE ITyTEM peIlleHUs MEeTOAOM [AreKkcua3e, 1978] rpaHUYHON 3apa-
YU AAS YPaBHEHUST CUABL TSDKECTU (2), KOHKPETHBIE OllepaTophl KOTOPOTI'O AAS Pa3HBIX pedepeHI]-
IIoBepxHOCTeH [Anekcrp3e, 1985] B cAydae 36 MHOTO SAAMIICOMAA BPAIeHUs (C AOCTATOYHO MaABIM
c>KaTmeM) He TeHEpUPYIOT CYIIeCTBEHHO Pa3ANMYHBLIX PEe3YABTATOB OAU3 3eMAH.
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0. 1. AYBOBEHKO

HeobOxopuMBIE B UNCAEHHOM MOAEAMPOBAHUU SBHBIE aHAAUTUYECKHE BBEIpAKeHUS (DyHAAMEH-
TAaABHBIX pellleHuY YpPaBHEHUs CHUABL TSI’KeCTU (2) MoAydYeHHI B oOuieM Bupe [HepHbii, 1982]. Ara
BBIYMCAEHUY Ba’)KHO IPEACTABASITH COOTBETCTBYIOIIME UHTETPAABLI B JA€MEeHTAaPHBIX (DYHKIIUSIX.

IMepepacuer "anoMaruu" CUABI TsKecTH g =g (S) — v (S) (pa3sHOCTH HOPMAABHOTO U HaOAIOAEH-
HOTO TIOASI CUABI TSIKECTH) UMeeT CBoU HIoaHCH! [Ay6oBeHKO, 2010]. BipoueM, ¢ TouHOCTBIO 0 <€ <
<0,04 mI'an aHOMaAAMY CUABL TSIKECTH Ha PaBHUHE SIBASIOTCS 3HaUEHUSMM BePTUKAABHON COCTaBAS-
IOIe! 110 HAlIPaBAEHUIO MOAYAS TPAAUEHTa.

[NepepacueT B HUKHee IIOAYIIPOCTPAHCTBO U3BECTHOM NAOTHOCTHU © (P) B ypaBHeHHUHU (2) HECAO-
JKeH. B mpakTuKe pernoHaAbHOM IrpaBUMeETPUU IIPU IlepepacueTe B CTOPOHY MacC HEepeAKO Ha IIo-
BEPXHOCTH S MU3BECTHBI BePTUKAAbHEIE COCTaBHEIE dW / d X3 aHOMaAWH, a MOA TOBEPXHOCTHIO aHO-
MaAbHBIE MAaCChl PACIOAO’KEHBI Ha HEeM3BEeCTHOM PACCTOSHUU OT Hee U CAeAyeT TapMOHHUYECKH
mPOAOAKUTE OW / d x5 B CTOPOHY MacC K OAMIKAUIIAM OCOOBIM TOUKAM ITOAs. 3apada B MOAOOHOM
IIOCTQHOBKE CyW,eCMBEHHO HeKOPPeKMHA (MMeeT OeCKOHeUHOe MHOXKEeCTBO pellleHUN [AAeKCHA3e,
1989]).

PesyaAbTaTsl BRIYMCAEHUM. HrcAeHHO pellleHa [Arekcup3se, 1978] HeAnHelHas rpaHUYHAs 3a-
Aada (3) AASI IPOCTPAHCTBEHHOI'O CAyYas C IIOMOIIbIO UTEPAllMOHHOr0 IIpoliecca

3
du
2
Au, =0, Zai(”n—l)aTr.l =y (s), (7)
i=1 ! s
A€ U, M u,_4 —n-eu (n— 1)-e npubrmxenue, o; (#, _;) — i-1 HAIPABASIONIUI KOCUHYC IDa-

AueHTa (n — 1)-ro npubAr>KeHus u,, _ 1. C LeAblo IPOBEPKU CXOAUMOCTH UTEPALlMOHHOTO Ipoliecca
(7) pelleHBI TaKVe BHEIIHKE 'PAHUYHBIE 3aAQ4M:

Au=0, ‘graduHs=L, 8)

2 2 2
Xl +x2+x3

Au =0, ‘graduHS= h + " ; )

(xp=h)>+x3+x; (¥ +h)>+x] +x]

(x12+x§—2hxl+x§) <x12+x§—2hxl+x§)
+ + , (10)

(- ex2ex2) (en)?es2es?)

rae h=10, x3 = 5 KM, § — ropu3OHTaAbHAsA IAOCKOCTb. TOYHOE pellleHHe I'PaHUYHBIX 3aAad (8) U
(10) TakoBoO:

140 I'eogpusuueckuti xyprnaa Ne 1, T. 33, 2011



OF OIIPEAEAEHUHM IMTOT'PEILIHOCTEHW TPABUMETPUYECKHUX TPAHCDOPMALIMHA

h h h
u= u u= + s

2 2 2 2 2 2 2 2 2
X+ Xy +xg \/(xl—h) + x5 +x; \/(x1+h) +x5 +x3

a rpaHUYHas 3apada (9) TOYHOTO pellleHUsl He UMeeT. Prc. 1 UAAIOCTpUPYEeT pe3yAbTaThl pellleHus
3a 5 urepanuii 3apauu (8) B 30 TOUKax IOBEPXHOCTU S HA PABHOMEPHOU ceTKe ¢ maroM Ax; = 10 kM
B obracTu —25< x9 <25 kM, —25< x| <15 KM (HyMepalus y3A0B — POCT X; [IPU HapacTaHUU X, ).
[NepBoe npubAMKeHHe HANpaBAeHUS Ipyboe — oy (uq) =09 (uy) =0, 03 (u;)=1. B aApyrom
BapHaHTe pellleHusd B3ATO O (uq) =08 0,9 (u;)=0, ot3 (u;)=0,6, a TpapAMEeHT u, W IOpaBas
YaCTh TPAHIYHOTO YCAOBHS (8) COBIIAAM C TOUHOCTHIO A0 €= 10 % 3a 6 uTepamnmit. MoayAH TOUHOTO
1 MPUOAMIKEHHOTO TPAAMEHTOB COBIIAAAIOT C TOYHOCTHIO 10~ 7.

I'panuunbie 3apaum (8)—(10) peltaru AAS Pa3HBIX ITEPBBIX MPUOAVIKEHUMN U TTOAOKEHUS BCIIO-
MOTaTeABHBIX TOouek [Aaekcupse, 1978], onpepensdroninx pyHAaMeHTaAbHBIE pellleHNus . B cayuae
puc. 1 BcmoMoraTeAbHBIE TOUKH B3ATHI Ha IIAOCKOCTH X3 = 1. UncAO UTepallui B BapUAHTAaX BapbU-
poOBaroO He3HaUHUTeAbHO (He 6oaee 10). [panHuuHble 3HAUEHUSA TOUHBIX U NIPUOANIKEHHBIX TPaANeH -
TOB COBIAAAIOT C TOUYHOCTHIO € = 10~ 7, OHM caMM COBIIAAQIOT C MEHBIIIEH TOYHOCTBIO U3-3a NA0XOU
00yCAOBAEHHOCIMU 3aAa4 C IPOM3BOAHBIMU B 'PAHUYHBIX YCAOBUSAX (AAS HUX, B OTAMYME OT 3aAa4U
Aupuxae, HeClIpaBeAAUB IIPUHITUI MaKCUMyMa) . DTy OCOOEHHOCTh, He CBSI3aHHYIO CO CXOAUMOCTBIO
UTepanui, CAepAyeT YUUTHIBATE B IPAaKTUUYECKOM MOAEAUPOBAHUM.

B ompepeAeHUYM MOTPEINTIHOCTH pellleHUs 3apaui (8) 3apeiicTBoBaHbI 36 hyHAAMEHTAABHBIX pe-
IIIeHU, PABHOMEPHO PACIIOAOKEHHBIX Ha IAOCKOCTH X3 = 1, rpaHuIia § — IMAOCKOCTb x3 = 5. Ae-
Basi ¥ IpaBasi YaCTU TPAHUYHBIX YCAOBUH (8) TOCAE YeTBePTOM UTepaluy COBIIAAY C TOYHOCTBIO € =
=105, oTHOCHTeABHAs mOTpenTHOCTH permenus u — 10 %, abcoatoTHas — 10 !; B TPOM3BOAHEIX

HOTPeLIHOCTH AoCTUTAIOT 80 %. YBeandeHUe yrcAa PyHK-

¥ Corran, . e o A0 49 CHI/ISI/IJOXO IIOI'PEIIHOCTb peU_I(iHI/ISI U, IIPOU3BOA-
75423 :"Lu‘m'i‘:l TPRARE HEIX — A0 3—5 %, du/dx3 — po 20 %. HapamuBanue
aas 3384 = - S0, WX YHucAd A0 64 YBEAWUYUAO IIOTPENIHOCTH PeIlleHus U
ETE| IPOU3BOAHBIX A0 70 %, XOTs IIpaBasi U AeBasl YaCTH Tpa-

134 T
575 T E HUYHOTO YCAOBUS (8) mocAe BOCbMHU UTepaliii COBIAAU
525 pe ¢ TOUHOCTHIO €= 10, DTOT 3(hPeKT 0OBACHIIOT [ANeK-
475 99 cupse, 1985] HeMUHUMAABHOCTBIO CUCTeM (PyHAAMEHTaAb-
425 g HBIX pelleHu#¥ U MaAOCThIO AeTepMUHAHTa MaTPHUITBL KO-
175 14 3(ppUIeHTOB AT PYHAAMEHTAABHBIX PElIeHUH.
325 TE Touka x; = x9 = x3 = 0, co3paronias IoAe B 3apaue
e (8), — opHa M3 BcrioMOraTeAbHEIX [ArekcHuA3e, 1978], om-
3 i 2 { J ™. peaersionux (yHAAMEeHTAAbHBIE pelleHUsd. DTUM 00b-
23 0 I I I I I I I I R I R SJCHSeM HeMaAYIO TOUHOCTh OIPeAEAEHUST TPOU3BOAHBIX
s % 10 1 2% ¥ Jdu/dx; 1o MPUOAMIKEHHOMY pelreHuio. Ecau oHa He
o0 4 8B 12 16 XN MM IS BXOAUT B COCTaB BCIIOMOTraTEAbHBIX TOUEK, TOYHOCTE OII-
; u, |owsox|owsox)on o, peAeAeHUsI IPOU3BOAHBIX Xy>Ke, 0COOeHHO ,A,VAﬂ du/dxsy.
| = EcAam HampaBAeHUe TpajpueHTa Ha Bcel rpaHuile S
1 | 34361 3875 | 28096 | 0548 oOpa3syeT Cc BHYTpeHHelN HOPMaAbIo OCmpPhblll YTOA, BHEIII-
2 | 75455 | 6281 | 4088 | 0839 pasy! yTP p phLU yTOA,
3 |3aex| o2 | 3087 | 1.0 Hsig TPaHWYHAsA 3apa4a (3) pellaeTcs C YyAOBAETBOPUTEAD-
4 | 330,304 | 100819 | 2307 | 1,442 HOM TOYHOCTBIO U ITOTPEIIHOCTh OOYCAOBAEHA He IIAOXOU
o | 3136861 362 | 3006 1 1.5 CXOAUMOCTBIO UTeparui (7) (4McA0 MX MaAO), a nAoxol
6 |275596 | 6200 | 4191 | o.ma7 A, pati . 8
7 | 275607 | 4100 | 6282 | 0837 00yCAOBAEHHOCMbIO TPAHUYHON 3aAa4U C KOCOM IIPOU3 -
8 | 350,066 | 8481 8,581 1.713 BOAHOIA.
9 | 440,022 | 15497 | 8,533 3412 .
10 | 420,256 | 20553 | 5588 | 471z B oOmiem cayuae, rpaHUYHAsA 3apada C KOCOM ITPOM3-
i1 | 440,203 | 15,200 | 8,533 | 3412 BOAHOU BAOAB HAITpaBAeHUS [
12 | 350,065 | B.582 8,584 1,717
du
) ) Au=0. = =w(s) 1
Puc. 1. Pemenue BHelnIHeW IpaHUYHOMU u=9, 91 (11)
3apaun Anekcuase (8) u oparMeHT cooT- s
BeTCTBYyIOIIEH TaGAMITL AaHHEX (X 10%).  mpm; YCAOBHM, YTO HAIlpaBAeHWEe BHENIHEW HopMaAu N
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HeopmoroHaAbHO HallpaBAeHUIO [ (/ HU B OAHOM TOUKe rpaHullbl G He COBMAAAeT C KacaTeAbHOM)

inf (N,1)>0, (12)
xy €S

He UMeeT pelleHUs], OTAMYHOTO OT IOoCTOssHHOro [Buijaase, 1966]. B rpannunbix 3apadax (8)—(10)
3TO YCAOBME BBIIIOAHSETCS Ha AFOOOM KOHEUHOU Yacmu IIAOCKOCTH S, TaK KaK IIOAe CO3AAHO TOUeU-
HBIM MCTOYHUKOM, @ Ha BCelU OECKOHEUHOU IINOCKOCTH — HeT, 0O B OECKOHEUHO YAAAECHHOU TOUKE
naockoctu S (N, 1) ‘ e T 0. AAst BHyTpeHHeM IpaHUYHOM 3apauu (11) ¥ TOUeYHOTO UCTOYHUKA
P BHe obaacTu G ycaoBHe (12) AAS AOCTA@TOYHO I'AAAKOM T'PAHUIILI HEBLINNOAHUMO, TaK KaK BCErAa
OyAeT CyIeCTBOBAThH TOYKA Ha S, B KOTOPOM BEKTOP C HAYaAOM B P OPTOTOHAAEH K HOpMaAu. Uu-
CAeHHBIe 3KCIIepUMeHTHl Ha cdepe G 0OHAPY’KHUAU IIAOXYIO OOYCAOBAEHHOCTH I'PAHUYHOMN 3aAa4H
(11), XOTg rpaHUYHBIE YCAOBUS YAOBAETBOPSIOTCS XOPOIIIO, BEIUNMCAEHHBIE ¥ TOUHBIE 3HaUeHUs Ipa-
AUEHTA U U eTO IPOU3BOAHBIX CyU,eCIMBEHHO DA3HBLE.

Pemenue BHyTpeHHeN IrpaHUYHOM 3aAa4u (8) AAT eAMHUYHOTrO KyOa G (BHEIIHSAS HOpMaAb UMeeT
1IeCTh Pa3HBIX HallpaBAeHUM, Hauaro KoopauHaT (0, 0, 0) pacmoaoskeHo Ha paccTossHUU 0,2 OT HUXK-
Hel KpOoMKU KyOa G, a 24 BcmoMoraTeAbHBIE TOYKM B3SATHL Ha KyOe cO cTOpoHOU 1,4) coraacHo (7)
opu oy (uq) =04 (uy)=0, a3 (uy)=1TaKoBO: IOCAE IATON UTEPAIINY TPAHNYHBIE 3HAYEHUS YAOB-
AeTBOpeHH (€< 1 %), HO MPUOAUIKEHUE u U eTO TPOU3BOAHBIE HEe UMEIOT HUUEero OOIIero ¢ TOUYHLIM

peiienueM U = h /,l x12 + x% + x§ U ero NPOU3BOAHBIMU ; YBEAWYEHNeE YUCAQ UTepalluii A0 24 He

YBEAMYHUAO TOYHOCTb NPUOAMIKeHUM. B TabA. 1 B yeTbIpex TOYKaxX IpaHUIIBl (TOUYKU KOAAOKAIIUM)
AAHBI TOUHBIE ¥ IPUOAVIKEHHble 3HaUeHUsI TPaANeHTa U TPOU3BOAHBIX (B ADYI'MX TOYKaX OHU M3-3a
CUMMEeTPUM COBIAAAIOT C OAHUM M3 IPUBEAEHHEBIX B TaOA. 1). AobaBuB 25-e hyHAAMEHTAABHOE pe-
IlIeHHe (OHO COBIIAAO C TOUHBIM pellleHueM 3ajpauu (8)), Iocae UeTBepTON UTepalliu TPaHUYHbIE yC-
AOBUsI, pellleHre U MPOU3BOAHBIE CTAAM YAOBAETBOPSITH C TOUHOCTHIO € = 103, UTOGHI paspeAnTs
BAUSHUE HEYCTOMYMBOCTU I'PAHUYHOM 3apauH (11) Ha cyMMapHYIO IIOTPENIHOCTE PellleHUs TPaHud-

HOU 3apaum (8), paa dyHruMU U = h /,[ xl2 + x22 + x§ peliieHa rpanuyHas 3apayda (11). [Tocaep -

HHe CTOAOOBI TaOA. 1 AQIOT pellleHWe u TIpaHWYHOU 3apaud (11) B TeX Ke TOYKaX: IIOTPENIHOCTh
00yCAOBAEHA HEYCTOMYUBOCTHIO 3aAauM (11), a He MepAAeHHOM CXOAUMOCTBIO UTepalui (7).
CXOAUMOCTB UTepalui (5) B IAOCKOM CAy4Yae UMeeT 0COOEHHOCTH: TOYHOCTE PellleHNd BHeIIHeN

TPaHUYHOU 3aAauM (4) c TPAHUYHBEIM YCAOBHEM VY (§) = 1/ \ x12 + xzz = | ¥ TOYHBIM pelIeHU-

N
eM u =1In )C12 + x% ANST €AMHUYHOTO KpyTra € IeHTPOM B HA4YdA€e KOOPAUHAT IIPpU HAYaABHOM

HAIllpaBAEHUH, OC? =cos (t + ), OL? =sin (t + @) (¢t — IIeHTPAABHBIM YIOA, 0 — BO3MYIeHHEe Ha-

YaABHOT'O HAIIpaBAeHWsd) 3aBUCHUT OT @ U N. B TabA. 2 mpuUBeAEHO KOAMUYECTBO uTepanuii N A0

-5 .
YCAOBUS UX OCTAHOBKU ‘ € ‘ = ‘ ‘ grad u(k) ‘ - 1< 10 7, MakCUMaAbHBIE [TIOTPEITHOCTH PelIeHUHN

. -4
B TOYKAX KOAAOKAIIUU TTOCAE Ka>KAOM UTEPAIINU AAST IPOU3BOAHBIX — €1 < 107, a MeXKAY TOUKaMu

Tao6aArumna 1. PelneHne BHYTPEeHHEH rPaHUYHONM 3ajAauM (8) m 3apauym Cc Kocou
npou3BoAHOM (11) AAST eAMHUYHOrO KyGa

Ho- du du du ou, ou, ou, _ du ou ou
Mep 4 dx4 dxq dx3 o dx; dxg | Ox3 ! dxq dxq dx3
1 21 29 29 19 39 4 4 45 30 10 10 78
2 8 1 1 1 28 0 0 8 12 1 1 5
3 14 14 8 11 36 18 2 8 19 11 6 18
4 9 3 2 6 30 18 0 8 13 1 2 8
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Tao6amua 2. [TapaMeTpsl pelIeHUsI MAOCKON BHEIIHEN rpaHUYHONM 3apauu (4)
AASI €AMHUYHOTO Kpyra

N 1 2 3 2 3 2 3 1
[0} 0,001 0,1 0,1 1 1 1,57 1,57 3,14
€ (gradu) [ 0,000003 | 0,005021 | 0,000004 | 0,850805 | 0,000005 | 0,999000 | 0,000060 | 0,000004
4 du oulr? du
KOAAOKAIIMU B KOHEYHOM pellleHuu €9 =10 ° , rpae €1 9 | —— | =max| ——— —
' a X a X a X

PeliteHne BHyTpeHHeN TPAHWYHOM 3apauM M NPU OAQrONPUSATHBIX YCAOBHSX OIIPEAEASIETCS C
TOYHOCTBIO AO IOCTOSTHHOM (IIO3TOMY He CpaBHHBaeM TOUHOe U MPUOAMIKeHHOe pellleHus ) U 3HaKa
(mpu @ =T mepBas UTepalys YAOBAETBOPSET I'PAaHUYHON 3ajpaue).

Pemrena 3apaua (4) ¢ papuycoM Kpyra r = 2 W HallpaBA€HHEM TIpapreHTa 0L1 = oc2 \/_ 2/2
(coBTaA ¢ mpsSIMOH x| = x, ). DTO HampaBAeHHe o6pasyeT ¢ HOpMaAbio yroa 90° B Toukax Kpyra

J2o 2 J2 2
———— | u My | ———, — |, T. e. He BHIIOAHseTCH ycAroBUe (12). TouHoe pelleHue
2 2 2 2
3apaum u = 0,693, a rpaHngHOe ycaoBue Y (S)=0,5. B IpuOAMIKeHHOM pellleHUM 33apauH (4) (puc. 2 —
PE3YABTAT AEBATU UTEPALUY, TAE X;, X9 — KOOPAMHATHI TPAHUYHBIX TOUEK KOANOKAIINHU) 'PAAUEeH-
TBI IPUOAMPKEHHOT'O M TOYHOTO PellleHUs OAM3KH, & CaMU pellleHus U UX IPOU3BOAHBIE CyWeCMBEH-
HO pa3Hble, TaK KakK MPUOAMIKEHNEe oc? = ocg = \/_2/ 2 He obecneumBaeT ycAoBus (12).

AAST CXOAMMOCTH UTepPalui (5) HeOOXOAUMO He TOABKO, UTOOBI MOYHOE pelleHUue YJOBAemMBOPAAO
ycaoButo (12), HO 1 BEIOOP HaYaAbHBIX IPUOAMIKEHUM, AAST KOTOPBIX B UTepalusiX (5) He BOZHUKAAU
OBl Ko3ghpuyuenmel ocf.C , He obecneunBaoliye ycaoBus (12).

Pentenue no urepanusaMm (5) BHympeHHel TPaHUYHOMN 3aAaUU AN €eAMHUYHOTO KpyTa C IIeHTPOM

+(xp-1)7

B Hayare KOOPAWHAT, TPAHUYHLIM YCAOBHEM Y (S) = 1 / \/ (x; - 1) 2 IIpM HallpaBAe-

ﬁ!’r‘r_.

-
|
|

5105 D05 1 L5

J272.

=15 -1 05 0 05 1 1.5

0

Puc. 2. PelteHue BHeIIHeN IPaHUYHON 3aAa4 (4) AMSL KpyTa ¢ r=21pu o, =

0 _
Oy =
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HUU I'PapveHTa oc? = 0,8315, oc(z) = 0,5556 (rak ArO0OO€ MOCTOSTHHOE HallpaBAeHUe, 3TO He obecte-
YyuBaeT BBHINTOAHeHUd yCAoBU4 (12)) martoctpupyet puc. 3 (N = 8 urepanuii). TouHoe pellleHHe

u= ln\/ (x1 - 1) 2y (x2 - 1) 2y KOMIIAEKCHO-CONPSIKeHHad (0 = u + iv — roroMopdHasa (PyHK-
oud) ¢ HUM (DyHKIMA v II0 COOTHOLIeHNI0 Komu — PuMaHa TakyXe yAOBAETBOPSIOT 3TOU 3apauve.
Ipu Oc? uTepanuu (5) cTpeMdaTcsa He K TOUHOMY PeLIeHUIO #, & K KOMIIAEKCHO - COIPSI>KeHHOMN
(PYHKIIUHU V.

Beruncaenne anoMmaamnn. Ha npakTHKe OTBICKMBAIOT He IOTEHIMAA W =u + v CUABI TSJKECTH, a
MIOTEHIINAA 1 QHOMAAUM CUABI TSIJKECTHU (IOTeHIMaA HOPMAABHOM CUABI TSJKECTH V U3BeCTeH). B au-
HeUHblIX TPUOAMIKEHUSAX TPAHUUYHBIX 33Aa4 I'PABU - U MAarHUTOMETPUU IIePeX0A K aHOMAAUM He U3 -
MeHsAem He TOABKO yPaBHEHHUsS, HO M BUA OllepaToOpa IPAaHUYHBIX ycAaoBul [ HTepnperanud ...,
1992]. Heo6x0AMMO AMIIE B KaUeCTBe I'PaHNYHON (PYHKIUM Y (S) B3ITh aHOMAAUIO CUABI TSIXKECTH.

B HeAMHeWHBIX I'PaHUYHBIX 33Aadax Iepexop K aHOMaAuU M3MeHseT A€BYIO 4acTb 'PAHUYHBIX
ycaoBui (3), (4), Tak Kak olepaliysi BHIYNCACHUSI MOAYAS I'PaAeHTa He AUCTPUOYTHBHA: ‘ grad w ‘ #
# ‘ grad u ‘ + ‘ grad v ‘ . Ecau rpannuHas @yHKIUS Y (S) — MOAYAB T'PaAMEHTa IOTeHIara W CUABL
TSIKECTH, AAS IIOTeHIIMara aHOMaAUM ¢ ITIOAy4aeM HeAUHEeWHYIO TPaHUYHYIO 3aAa4y:

Au=0 § ou +2 § Iv ou > (8) - gradv]| ? 13
= E— _ = —_ T. =
u=0, ox, dx; x, " gradv| ™, Uy, =V, (13)

i=1 i=1
I'PaHUYHbBIEC 3HAYEHUA KOTOpOﬁ IIpKY HyA€BOM IIOTEHIIUAAe HOpMaABHOﬁ CHABI TA>XEeCTH COBIIQAAQIOT

C TPAaHUYHBIMU yCAOBUAMHU (3). PemaioT 3Ty 3apady OAHUM M3 IOCAEAOBATEABHBIX IPUOAVKEHUN
(ycAOBHS Ha oo OIYIIEHE]):

2 5 ov +8un Uy 4
i1 axi axi axi | gradv|2
Auy 1 =0, =y (8)-——.
|grad(v+un)| w(s)
S

08 04 0 04 08 08 04 0 04 08 08 04 0 04 08

Puc. 3. Pemenne BHyTpeHHeN I'PAHUYHOM 3apauu (4) AAS €eAMHHUYHOTO KpyTa.
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’ v du, ) U,
Y |2 +
axi axi axi

2
i=1 |gradv|
Ay 11 =0, =y (s)- ———. (14)
v (s) v (S)
N
Au =0 i ’ Jv +aun aun+l 2(S) ‘ rad ‘2
- Y, = - v .
i P ox;  dx; 0x; v ¢
N

OnpeaenreHre YUCAEHHOM CKOPOCTU CXOAMMOCTU uTepanui (14) mMeeT MpakKTUUYECKUM WHTE -
pec, Tak Kak Ha Ka’KAOM UTepalum pelaeTcs IpaHUYHast 3apada U CAaOOCXOASIIUEcs Mpoliec -
CBI CYIIIECTBEHHO YXYAIIAIOT 3KCIAyaTallio aATOPUTMOB. CXOAMMOCTS (14) BEIUMCAEHA Ha MOAEAU

h 1

U= Vo= , W (S)=|grad (U +V)| na rpanune

x12+x§+x§ \/x12+x§+(x3+h)2
S (MAOCKOCTE X3 = 5 Ha 36 y3AaX KOAAOKAIIUM B TOUKaX, x; = —25+ 10k, xo = —25+10j, x3 =5, k,
j=1,2,3, 4, 5) ara 36 pyHAaMEHTAABHBIX PEIIeHUN, MOAI0CAa KOTOPBIX HAXOAITCS IIOA Y3AaMU
KOAAOKAIIMY Ha IAOCKOCTH X3 = 1) AO BEIIIOAHEHUSI YCAOBHS max ‘ ‘ grad (v +u,) ‘ -y (S) ‘ <Eg.
N

Ipu ¢ = 1073 IIepPBBIY UTEPAIJUOHHBIN IIPOIecC 3aBEepIINACA 3a TPU UTepalluy, BTopoi — 36, no-
caepunii — 103 uteparuu (pu € = 10°* — 3a 4, 78 u 146 COOTBETCTBEHHO).

Ans Bcex utepanuu (14) nepBoi pellleHa 'paHUYHAA 3aAada C IIPOU3BOAHOU BAOABL X3 HA Ipa-
HUlle. BcmoMoraTeabHBIE TOUKM AAST (DYHAAMEHTAABHBIX PELIeHUM B34Thl Ha IIAOCKOCTH x3 = 1.
[MTpubanskeHUe pellleHnsI U eTo IPOU3BOAHBIX U3 BCeX UTepalii XOPOIIO COBIAAAIOT MeXAY COO0M
(pu €= 103 ¢ TounocTsio 102, pu € = 10~ 4 ¢ TounocTEIO 10_3), HO AAA€KM OT TOUYHBIX. VX cpea-
HeKBappaTUUHble 3HaUEHUs B yY3AaX KOAAOKANUM (1-11 cToAOell) U B cepepriHe MeXXAY HUMHU (2-H
cToAaGelr) AaeT TabA. 3, a COOTBETCTBYIOIIKE MOTPEITHOCTH AASL PA3HBIX €= 10 k (k=1,2,...,5uN—
TabA. 4.

IMTocrepHsa TaOAMIIA TOKA3BIBAET, YTO yBEAUUEHUE MOYHOCMU ANNPOKCUMAUUU TPAHUYHBIX YCAO-
BHUM B Y3AOBBIX TOUYKAX KOAAOKAIIUU Oe3 yBeANYeHUSI KOAMYECTBA Y3AOBBIX TOUEK (YBEAUYEHUSI YHC-
Aa QYHKIOVH B Pa3A0KEHUU) HE BAUSiem Ha IMOTPEINTHOCTL (HauuHas C k= 2). DTO TOBOPUT O HEAU-
HeMHOM OBEAEHUHU ITOTPENTHOCTEN pPellleHNd 'PAaHNYHBIX 33Aa4 C IPOU3BOAHBIMU U OOy KAQ€eT UC-
CA€AOBATH IIOTPENTHOCTHU PelleHNN Ka’KAON KOHKPETHOU 3aAa4U.

BeiBoaBI. TpaHchopMaIuio 3HaUeHUH [TOASI CUABI TSIKECTH BO BHEIITHEM IIPOCTPAHCTBE MOXKHO
OCYIIeCTBUTE IIyTEM pellleHUsI TPAaHUYHON 3apauM (3) AAS YPaBHEHUSI CUABI TSJKECTH (2), KOHKpeT-
HBIM BUA KOTOPOTO 3aBUCUT OT M30paHHOM MoAeAUu 3eMAU. B MAOCKOM caydae 3Ta ollepaljusl CBO-
AUTCS K pellleHUIO TPaHUYHOU 3apauu (4) no urepanusam (5). TOUHOCTE ee pellleHUs CYLLeCTBEHHO
3@BUCHUT OT Mephbl OOYCAOBAEHHOCTH 3aAauM, IPUOAMIKEHUN HallpaBA€HMS HNCKOMOTO T'PDAAMEHTa,
IIapaMeTpOB YHUCAEHHOTO MeToAd [AreKcupze, 1978] (uucha u MOAOKeHUS PyHAAMEHTAABHBIX pe-

Taoarmummga 3. [IpubANIKEHHbIE PelIeHUS HEeAMHEMHON IPaHUYHON 3apauun (14)
Ha MAOCKOCTH

Howmep u ou / 0x; ou / 0x, ou / 0x3
36 0,565 0,598 0,029 0,021 0,029 0,021 0,026 0,067
64 0,605 0,611 0,032 0,028 0,032 0,028 0,038 0,053
121 0,617 0,614 0,030 0,032 0,030 0,032 0,047 0,043
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Taoarmuima 4. [NorpenIHOCTH pelIeHNI HEAMHEMHONM rpaHUYHOM 3apaum (14)
Ha IIAOCKOCTH IIPHU Pa3HOW TOYHOCTU

k € (u) € (du /9dx,) € (du / dxy) € (du / 0x3) N

1 0,206 0,025 0,019 0,007 0,019 0,007 0,025 0,057 36
5 0,050 0,173 0,019 0,006 0,019 0,006 0,018 0,057
1 0,492 0,479 0,017 0,010 0,017 0,010 0,026 0,033 64
0,018 0,066 0,013 0,004 0,013 0,004 0,011 0,030
0,647 0,613 0,013 0,013 0,013 0,013 0,026 0,023 121
0,027 0,001 0,001 0,001 0,001 0,003 0,003
0,005 0,007 0,001 0,001 0,001 0,001 0,002 0,002

=N -, W
o
[=}
N
[ee]

LIEHW), HAlIPaBAE€HUS BHEIIHEW HOPMaAU, BAOAb KOTOPOU BEIUYUCASIOT IPOU3BOAHBIE B I'PAHUYHBIX
YCAOBUSIX (BBIIOAHeHUe ycAroBus (12)). HeB3upast Ha 3To, ee pellleHHe Ha IPOCTHIX MOAEASX NIpHU
OIlpeAeAeHHBIX OTPaHNUYeHUAX ycelllHo. OCHOBHBIE MCTOUHUKY HEOAHO3HAUHOCTH PeIlleHUN 3aAa-
Yy — KOHEeYHOe BePTUKAaAbHOe pa3pelleHne pellleHul, HeaAeKBaTHBINM BEIOOP MOAEAM 3apAa4M U Ha-
YaAbHBIX IPUOAVIKEHUN pellleHus.

Baarogapro akagemuka B. 1. Cmapocmenko 3a UeHHble 3aMeNaHUs KACAMeAbHO PYKONUCU cmambl.
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