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C. B.TPOMOB

ONPEJEJEHUE ®UIYPbI ®U3HMUYECKON MOBEPXHOCTU 3EMJIM
YEPE3 AHOMAJIMM BEPTHUKAJIBHOTO TPAJUEHTA
YCKOPEHHUSI CHJIbl TSHKECTH

KjaccuuecKuifl TMHAMHYECKMH METOJ ONpeAeJCHUs ¢Gurypsl reomia, mpem-
nosenmpii Crokcom B 1849 roay [8], ocHoBaH Ha HCHOJIL30BAHHMU 3HAUYEHUH
nepBoil (BepTHKANBHON) POU3BO/HOM ToTenuana W yCKOpeHHs CHJIBI THKECTH
B TOUKAX ONpejiessieMoil moBepxHoCTH. M. C. Mouosenckuii [4] pemni 3ajgaqy
onpejesieHuss (PUTYPDI (usuyecKoli MOBEPXHOCTH Semsu. Pelenue 3T0 TaKXKe
OCHOBAHO HA 3HAHWM PACIpPee/eHHsI AaHOMAJIHH CHJIBI TSIKECTE B TOUKax OIpe-
nensiemoil mosepxHoctd. Hapsny ¢ GOJIBIION TEOpPEeTHUeCKO# LEHHOCTHIO OHO
JIMEeT MCKJIOUNTeJbHO BaXKHOE IPaKTHUECKoe SsHAaYeHHe, TaK KaK M3 BCEX IIpo-
WBBOLHBIX MoTeHIHana W B HacTOsillee BPeMs Jyulle BCEro Mbl yMEEM H3MepATh
nepByl0 BePTHKAJIbHYIO MPOH3BOIHYIO (9)-

Ho He JumieHsl MHTEpPeca M METOABI OIpeNe/CHHUS ¢urypst 3emii, Korja
HCIIONb3YIOTCSl JPYyrue IPOM3BOJHBIE OT W, MaccoBoe M3MepeHHe KOTOPBIX
eme He HaJaXkKeHO B JaHHOE BPEMS HJH NMPOM3BOAMTCS C HeJI0CTATOYHOH TOY-
noctbio. Tak, B 1949 rony H. K. Muranp [2] naer crporoe peileHue Sajati
onpejesienust GUTYPbl yPOBEHHOH NOBEPXHOCTU MOTEHNIMANA CHJBl TSKECTH
yepes 3HAUEHHS] CYMMBI [JIABHBIX PajiyCOB KpPHBHSHEI focsenHed. 3HayeHuUs
[JIaBHBIX PaJMyCOB KPUBH3HEI IIOBEPXHOCTH W = const mMoryt ObITH TIOJTydEHEL

5 14

B KaxXJ0OH TOUYKe qepea yCKOpEHI/Ie CUJIbI TAXKECTH g n HpOHSBOIIHbIe W'

( W W
0y? x>

2

) a TaKxKe BTOP VIO BepTUKaJbHYIO NPpOU3BOJHYIO noreHnuaJsa Cu-
A

02w A
JIbl TSI2KECTH —5— HJIHN KakK 4acTc roBopsHT, BepTI/IKaJIbeIH rpa)meHT p CHJIBI TA-
02> %

KEeCTH. Ha HpaKTI/IKe JJaHHOE pelIeHue elBa JI1 MOXKET HUMETb CyIlIeCTBeHHOB
3HaueHue, Tak Kak npu HpI/IBe,ZIEHI/II/I H3MEPEHHbIX HpOI/I3BOIleIX (] q)HSH'—IeCKOI':I
IOBEPXHOCTH 3eMJIM Ha YPOBEHHYIO B IOJE peasibHOM 3eMJIM MOMKHO BCTPETHTD
HEHPEOJIOI[I/IMI)IG TPYI[HOCTI/I. KpOMe TOro, AJis HOJ'Iy‘-IeHI/Iﬂ HeOﬁXO)II/IMbIX JIAHHBIX
HY2KHO B KaxXJIOM NYHKTE HpOI/IBBO)lI/ITb KOMIIJIeKCHbIE U3MEPEHHUST paanquan
WHCTPYMEHTaMH, [0 KpaiiHeil Mepe TPeX BHJIOB: I'PABAMETPOM (g), TpaBHTAIHOH-
02w 2w W
02 0x> ' 0x0y

HBIM BapI/IOMETpOM( ) U BePTUKAJbHBIM I‘pallI/ICHTOMeTpOM

2w
1966 roxy V. @. Monun [5] pemaer 3anauy onpeie/eHn urypsl Gu3HUECKOH
noBepxHOCTH 3eman S uepes 3HAUCHHA POM3BOJHOI CMeIlaHHON aHOMAJIHU
CHJIBL TSKECTH (g — y) TO HarnpaBJeHHi0 HOPMaji K yPOBEHHOMY SJUIMIICOMILY
OTHOCHMOCTH (HOpMaJbHasi 3emis). DTa NPOM3BOIHARA HE HABJACICH HHCTO
(pM3UUECKOll BETHUMHON (BELb Y — YCKOPEHHE CHUIEL TSKECTH B BOOOpaXkaeMoM
IPABHTAIMOHHOM II0JI€) H He MOXKeT ObiTb MOJydeHa B pesyJsbTaTe M3MEpeHUi
KakuM-Ju60 MpuGOpoM. 3aTem B Apyro# paGore U. ®. MouuH [6] noxkasai, 4to

). [Ipuuem nocJefHuil npuGop eme HAXOAUTCS B crajquu paspabortok. B
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T OMsIHYTasl IPOU3BOJHAA paBHAETCA

Ap + “gp—‘?)-, (1.0)
e Ap — cMellaHHAs aHOMAJMsl BEPTUKA/TLHOrO TPAJHEHTa CHUJIBL TSKECTH,
| p — palHyc-BEKTOp COOTBETCTBYIOMICH TOUKH BCIIOMOTaTeIbHON MOBEPXHOCTH.
Ipasna, suipaxenue (1.0) st IPOH3BONHOM, O KOTOPOil HIET peub, HeIOCTa-
QUHO TOUHO, TAK KaK €ro aBTop He Je/aJs pasjuudsi MeXIy HanpabJeHHeM
OpMANH K YPOBEHHOMY 3JIIMIICOMAY W OTBECHO JIHHHEH. st Touek ¢usude-
Kol MOBEPXHOCTH 3EMJIH 3TO DasjuMuue B OTIAEJNbHBIX C/ydasX MOMKET JOCTH-
b 1, omm6ka B BoipazkeHuu (1.0) MoxeT HMeTb MOPALOK 0,1E, uto B He-
JIbKO JECSITKOB pa3 MPEBOCXONHT TpeOyeMylo TOYHOCTb H3MEepEHHsl BEepTH-
HHOTO Tpajuenta CHJbl TsikecTH. [1osTOoMy (aKTHUECKH peIleHue, NaHHOe
®. MonuubiM |6], TpeGyer auisi cBoefl laze NPUO/HKEHHOH peasu3alty u3Me-
eHust ABYX PA3JUYHBIX (DH3HUECKMX BEJMYHH B TOYKAX 3eMHOH MOBEPXHOCTH:
Wbl TSUKECTH W ee BEDTHKAbHOTO rpaauenTa. B sroii xe pabote [6] 1. @. Mo-
H, n0ab3ysch KpaeBbiM ycsopHeM —Crokca—MOJIONEHCKOTO, — HCKJIIOUAET
HoManmio cuibl Taxkectd u3 (1.0). On mosyyaer npub/nKeHHOE KPaeBoe ycJo-
He, CBsi3bIBalONIee BO3MYIIAIOMIMI MoTeHual u Ap. Pemaercs BHEIIHss Kpae-
asi 3ajaua TeOpHH INOTEHIHasja C STUM NPHG/INKEHHBIM KPaeBbIM YC/JIOBHEM.
MeHNE CBOIUTCSA K PElleHHio CepUH MHTerpasibHbIX ypaBHEHHIl IePBOro posa.
~ Heckoabko panee pa6or M. @. Momuna Bpiia padora aBropa JaHHOH
maten [1], B KoTopoii pemaercst 3ajaua onpeieseHnst GUIypbl reuona uepes
W aHoMAJuH Ap BepPTHKAJBHOTO TPAJMEHTa CUJIbI THKECTH. 31eCh Mbl NOCTa-
MCS PElIUTb aHATOTHUHYIO 3ajady NPHMEHHTENbHO K OlpeJe/IeHHIo ¢urypol
husnueckoil mosepxuocTH 3em1d. Tak Kak KpaeBoe YC/JOBHE B PEIICHHH Crok-
MoJIOZ€HCKOTO ToJlydaercsi B IPHOJMKEHHOM BHAE, Mbl He GyneMm HM
b30BATHCA KAK HMCXOJAHBIM TIPH TOJyYEHHH KPaeBOro yCJOBAs B Halled
ajaue. B NpOTHBHOM CJyyae B H3IIEM KPaeBOM YCJOBHH MOXKHO yIIyCTHTDH 3a-
{eTHEIC BeMYKMHbl, TAK KaK TMpHAETCs An(depeHnnposaTb npUOJIHKEHHDBIE BbI-
KEHHA.

1. KPAEBOE YCJIOBME JAJIA BO3MYIHAIOIWIEIO MOTEHLHAAJIA

Mycrs Touka A HaxonuTcsi BOJIMBH (U3HUECKOH TOBEPXHOCTH Semsn S,
He ee (cM. pucyHOK). PaccMorpum B A TpH Hampab/eHus: z — HanpaBJ/eHHe
Heil HopManu K noepxHoctH W= Wy, mpoxozsuieil yepes A; n— Hamnpas-
qFe BHEWIHeli HOpMaJsiu, OmYyIIeHHOi u3 A
YpoBeHHEI daMTcou Bpawenns Eo; Ha- g
aB/ieHie { BHEIIHEH HOpPMasH K YPOBEHHOH
gepxuoctr U = U, npoxonsimedi uepes A.
BeHHBI 3Juuncoun E, opueHTHpYeM B
¢ 3eman a6COTIOTHLIM 00pa3oM. Y IJIOBbIE
KOpOCTY Bpallenusi 3eMJIH U aasunconna E, o
[DHMEM DABHBIMM H OCH Bpalll€HHs — COBIa- 3
muMiE. B TakoM cjydae BO3MYLLAIOLUIHH 2e0ud
orenman T = W — U, rze U — HopMadib- e
Blii moTenuuas; >GgekT BpamieHus 3eMiH U E
uunconna E, us T Oyner HCKJIOYEH, H 7
SyIer rapMonuueckoil pynkuneit sue S n E, Fipiepuot | pacnalens i
by o PbLIX MOBEPXHOCTEH U HOpMaJieH K
i peryJisipHoil Ha GeckoHeuHOCTH. PasMepsl U T e
jopuy nosepxrocti E, BeiGepeM Tak, 4To0bl
Ha Obija 10cTaTouHo G6;u3ka K moBepxHocTn reomua. Ilpumem TouKy A 3a
auano TPex CUcTeM MPSMOYTOJbHBIX KOOpAMHAT: m, ¢, 15 X, Y, Z H E iy G
Jeu m, x, & BLOepeM B MJIOCKOCTSIX MEPHAMAHOB MecTa (CeBepHOe Hampasie-
He), COOTBEICTBYIOMMX OTBECaM n, 2z, C; OCH g, ¥, M HallpaBHM B BOCTOYHOM
anpaB/eHuH. ;
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TMosioxKenue JIOGOH TOUKH IIPOCTPAHCTBA MOXKEM ONPEAC/THTb B Jio6oi
W3 TpeX CHCTeM KOOpIHHAT; MPUIEM MEXKIy KOODJMHATAMH HMEET MeCTo psii
3aBHCHMOCTEH, HalpHUMep:

m = o x + Py + 1% E=a;x + by + ¢z,
(7:0!2)(—!—‘32!/—}—'\722, (1.1) n=a2x+b2y+022r (1.2)
n = agx + Pay + Vs ¢ = agx + byy + ¢z,

rje o;, Bi» Vi» @i by, €; CyTh HANpaBJISIOAE KOCHHYCEL, i =1, 2, 3. [lorenunan
W cuibl TSMKECTH peasibHOl 3eMJn MOXKeM 3amucarb B BHLE W (x, y, 2i=
— UIE (% 4, 2), 1 (% 15, 2), L (% 9, D1+ Tm(x, 4,2), 4 (%, 4 2), n(x,y,2). (1.3)

Huddepenunpys (1.3) mo z, yuuTeBad (1.1) u (1.2), momyuaem
oW oT oT oT au ou ou
W+ antmutgatamatgs 09
Nuddepennupys (1.4) eute pas 10 2, 3aAMNHCHIBAEM:

02w 0T 02T 02T 02U oU 02U
022 T Yl{ om2 V1 + amaq V2 + omon 73} + Cl[agz 61 + agan Cy + ()?;0; ca] +

02T 0°*T 0T U 02U U

+ Yz[ aqam Yl + aqz 'Vz —|— aqan Y3} + CZ[ anag 01 + anz 02 + ()na; 03} +
02T 02T 02T 02U 02U 02U

S Ys{mﬁh S 7 W%} + Ca[—a@gcl R T R 03]-

(1.5)

Cnaraemple B mpaBoii 4acté (1.5) uMEOT pasJMUHyIO BEJMHHEHY, HEKOTOpbIE
W3 HEX MOTYT ObITb onyliens Boobume. Ha camom neqe, yribl 0, 0" MexKLy OCAMH
z ¥ [, a TAKXKE Z U 7 B TOYKaX MOBEPXHOCTH 3eM/aIM U B HEMOCPEACTBEHHOW OJIH-

30CTH K Heil MOTYT JOCTHTaTh 3HaueHnfl B 175 yros p Mex1y OCAMH { U n paBeH
NoMpaBKe 3@ KPHBU3HY CUJIOBOI JIMHUH B HOPMAJILHOM noJe. Jljusa Makcumalb-
HEIX BLICOT Ha 3emJie OH cocTaBHT Beero 1,5”. Bropble MpoU3BOIHBIE B A B (1.5)
MMEIOT CJIeAyIoLlHe BeJTUYHHbIL: Sy e, _U ~ 8E; e

e otom R eoE

~ — 1500E;
02U 02U
e 1500E; o 3000E (amseut).
T 0T 0T 02T 02T

HpOHBBOJIHbIe W 5 —Fq_z 5 Wé_q_’ m, W MOFyT HpHHHMaTb 3HaA4YeHud,

nocruramonze 100—200 u Gosee smseut. YUUTHBASA, 9TO Oy = B = Y3 = 0 =

2

0
et by~ ¢y | ——5—, @ OCTaJIbHEIE KOCHHYCEI HMeIOT NMOopSANoK 0, MBI MOXKEM

HanucaTb B Touke A:

02w 02T 02T 9 02T 02U
=gy T 2o T B e T (1.5)

=/
npuyeM OmHOKa 3TOr0 PaBeHCTBA MeHee 0,005 E. Copepuias OmuOKH =~ 1,10 E,
3aIIChIBAEM

o 0°T 2T 0°T
Vs Tgpz = Ve o T Ton®
0°T 2T o°T 0°T
omus, 4T0 Yy 55— T Ve e s 5 o HANHIIEY (1.6):
W U 02T 02T (1.7
02~ oc? 0z0n  on® ° -0
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i 3Ke TOUHOCTBIO I10C/Ie yCTpeMJIeHH S A x As nonyuaem

o*W 02U 02T 02T

o2 | on® \S+ {2 ondz __ on? L' (1.8)

02U 02U o’U

(én2 = Ton? T, on3 LN e (1.9)
2

WJIU BBICOTA gBasureoja Hal 3J1JIUIICOUIOM EO-

\SaMeHI/ITb yepes HOP-
2

pie N — aHoMasusi BBICOTHI

2[7

8,/ % £ o}
C npeneGperaemo Ma/iou omu6koii MoxkeM B (1.9) —5.3

= 3 7 2
ia1bHBIN BepTI/lKaJIbeIH I‘paIIHGHT CHUJIBI THAZKECTH ZVI,JZ
5

\. Bripasum N mo ¢op-
z

gysie Bpynca [3] 1 nocsie MOJCTAHOBKH B (1.8) mosnyunum

2 T 0°T #U | { Tst+Us—Wo
Ap—l? ozon _ on? |s | on® EK Vs )’ (1.10)

; oW 02U

e Ap=—»—| — 7 __ cMellIaHHAsi aHOMaJsusi BepPTHKa/NbHOTO  Ipa-
HTa YCKOPEHHS CHJIbI TSZKECTH, V= — HOpMaJibHOe 3HaueHHe yCKOpeHus
bl TKECTH B TOuKe As. Copepuiast OIWHOKY B (1.10) e Gosee 0,0005E,

6yz
\ 3aMEHHTb uepe3 —;—. DTHM CaMbIM B Kad4eCTBE OTCUETHOH TIO-
!

>

0°U
A an3

xiocti E, Mpl pHHHMaeM chepy HEKOTOPOTo pamuyca R. B takom ciydae
ecro (1.10) monmyuaem paBEHCTBO

02T 02T 6T Bl W)
\ 0200 T 0p? SEi P% :Ap+T, (111)

Tjie p — paccTosinye, U3MepsieMoe OT neHTpa OTCUeTHOH cephl. Tak Kak Qu-

geckast TOBEPXHOCTb 3eMJi HaM HEHsBECTHd, TO B rnepeoM [pHOIHIKEHHH
opue (1.11) cunTaem OTHECEHHDBIM K BCTIOMOraTe/bHOl MOBEPXHOCTH % (31,
JIyuerHofi OTKJajbIBaHHEM OT E, HOpMa/ibHBIX BhICOT. KTaK, Mbl IPHILIH
K TOMY, UTO HEOOXONHMO pelleHne BHEIHel KpaeBoil 3ajlauil TEOPHU NOTeHILHAA
0 KpaeBbIM YC/IOBUEM .

2 2

#T 6T T S R G(Uop:WO) . (1.12)

e e

9. OCHOBHOE MHTEIPAJIbHOE YPABHEHUE

Hanpapasiiomue KOCHHYCBL V1 H Vo ABJISIIOTCS TaKykKe NPOEKIHUsAMH yTJd
Mexi1y OcAMH f H 2 Ha IJIOCKOCTH nAm u nAg. Copepuasi OWHOKY, paBHYIO
fonpaBke 3a KPUBH3HY CHJIOBOH JIMHMKM B HOPMaJIbHOM TOJIE (ze Goasee 1, 57),

L Ol erst g ol O
1 B OB vy 0g
cjle 5TOTO Kpaesoe ycsioBHe (2.12) mpuMeT BHIL
0*T 6T 2" dL 02T oT 02T
W—F—T\W'W —aq—'Tqaﬂ_—ﬁm (2:1)

6 (U, —W &
Ap - —("pz——‘ﬁ—. V3Ke BHEIHHUI BHJ KPaeBoro yCJIOBHS (2.1) cBu-
NHOCTH peIleHHs 3aiauyu Olpelc/eHus notenuuana 7.
pelierye YIpomaercs TeM, 4910 TpeTuil ujeH npaBoii 4acTH (2.1) ectpb
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peJUuNHa MaJsas, eIBa JH MOrymas JIOCTHIHYTb 0,2—0,3E. B paBHUHHBIX
paiioHax NpH OTCYTCTBUH PE3KHX CKaiKOB NJIOTHOCTH MacC 3€MHOH KOpBl HM,
0-BHAMMOMY, BooOLle MOXKHO npenebpeub. [losToMy HaMETHM CJIEYIOMI M
MyTh pElleHHs 3aiaui: B MEPBOM npuGuKEHNH peluM Kpaesylo 3ajady, npe-
He6perasi TPeTbUM HYJECHOM B YyCJIOBHH (2.1). Haiins norennuans T B NEpBOM
T oT o0*T 0?
om ' 0g ' omodp ' 0q0p
g (2.1). TNocse mepenoca 3THX YJIEHOB B MPaBYIO gacth (2.1) mpuUxoauM CHOBA
K YCJIOBHIO BHJA

HpI/I6JII/I}K€HHI/I, onpeneauM U IIOACTaBHUM HX

02T 6T

SO = — 8p. 22
apz pz p ( )
Hano nosaraTth, 4TO JaJjblle BTOPOTO npuG/MKEHHs UATH He MPHUAETCA. Tou-
MLl JKe OTBET Ha 3TO MOTYT JaTh (paKTHUeCKHe pacueTsl ¢ Ha6ar0leH HBIMH
JanHbIMH. Ternepb HaM CJIEyeT peraTh BHEIHIO KpAEBYIo 3ajiauy TEOPHHU MOTEH-
muasa ¢ 6oJiee TIPOCTHIM KpaeBbIM yCJIOBHEM (2.2). Ilns 3TOTO MPEACTABUM rap-

oT
MOHMUECKYI0 (YHKIMIO BHE X H PeryJspHYyIO Ha GECKOHEYHOCTH P —57= (71

B BUJE IOTEHIHaJaa MPOCTOro CJI0A HeKOTOpOﬁ TIJIOTHOCTH W, pacnpenene}moro
Ha IOBEPXHOCTH 3emsn 2 nepBoro l'IpI/I6J'II/I)KeHI/I$I, TO eCTh MOKeM Hamucarthb:

oT
g S”sz, (2-3)

rge 72 = p* + p? — 2pp’cosp, p’ — panMyc-BEKTOP TeKymeil TOUKH Ha X,
0 — paxuyc-BeKTOp ¢uKcUpOBaHHOH TOUKH 2, B KOTOpOIl ONpeje/sieTcsi 3Ha-
yenue norenuuana T, | — yroa Mexay p 1 o’. Pasnenus (2.3) Ha 0 ¥ IPOUHTEr™
pupoBaB ofe 4acTd PaBeHCTBA 1O O OT O 1O Geckoneurnoctu, M. ®. Monun [5]
TOJTYIHI

L guLdz, pip Lo —in p’—pcospFr @.4)
b e 2p sin? %)—
U3 (2.3) HaXoAUM TaKkKe
o AR S 1 - 1 9 (_1_) o
0p® = pz'j:‘_r‘dz_}_T:SMW r d (25)

TMocse noxcranoBku (2.4) u (2.5) B Kpaepoe yCJ/OBHE (2.2) u mepexoja Ha Io-
BEPXHOCTb X, HCIOJIb3Ys ¢gopmyay Iliaemenu, norydaeM

2 3 el il 7 P
—%L—cosoc——plz—gplf‘)L——gr—-i‘f’Q,—a—]dz—ap, (2.6)

(&N

IJle o — YroJl MEXKIY O ¥ HOpPMajbio K MOBEPXHOCTH 3emsu. Copepiias OMHUOKY
B HECKOJNDKO JECATHTHICSUHBIX 3TBEIA, MOXKEM IOJOKATDL

6(Uo—Wo)

R? 5
HuTerpanbHoe ypaBHEHHE (2.6) OTHOCHTENbHO NJIOTHOCTH MPOCTOro caos @
Oyjem pemaTh METOZIOM MaJoro napamerpa [3]. Lns 3TOrO BBEJEM HOBYIO BCIO-

MOraTeJbHYIO TJIOTHOCTb ) TIPOCTOTro CJIO, OTpeNie/IsieMyl0  PaBEHCTBOM ), =
= psec a. Torna BO3MYIIAIONLH TOTeHnHal MPeACTaBHTCA B BUJIE

—T= S y Lo do, 2.7)

&p=—Ap—

rie do — 3JIeMeHTapHBbIil TeJeCHsll YToJl. Vpasnenne (2.6) MOxker OLITh 3a-
M1CaHO:

—Zi”}(;‘()sgi _— p12 .s. XFp'Zdu) = 6p, (2.8)
©
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: ?__ o2
Je F = 6L — % + —p—Te'p—. Jlns  pemeHHs HHTErpasibHOTO ypaBHEHHS

2.8) BosbMeM IPYTYIO KPaeBYIO TIOBEPXHOCTb 3, JUIsi KOTOPOQ panuyc-BeKTop
)= R + kH, rne 0 < k < 1. IIpennonoxum, yto anomanuu 8p 3ajaHel Ha 3,
OrJia TIoTyYaeM HEKOTOPLIH APYTroH BcroMoratenbHbifl morennuana 7. CorJacHo

—7 = {3 Lo, *)

I¢ ¥ — HOBas IUIOTHOCTb TPOCTOrO CJOSI, KOTOpas JOJKHA YAOBJIETBOPATH
HTErpaIbHOMY ypaBHEHHIO, aHAJIOTHUYHOMY (2.8), TO ecTh ypaBHEHHUIO

Zrade 1 (3Fp"do = op, 2.9)
p L3
T R MR e
or 2r3

Kaxtgozz ktga [3], 10 mpu o < 45° asis1 Beex k B paHee yKasaHHBIX Ipe-
fiax cos’ @ = | — K*tg?a + kltgta + ---, a

- k (H' 4 H B2 g 155, 05 ( H' - H kiud
—fo[l—{—T(T)—l——Q—%—Tk% R = 3 + Ve ’
e % =i_—H, H' v H — HOpMaJ/IbHbIE BBICOTHI TEKYILEH M (buKCcHpPOBaHHOM

HeK, o — PacCTOsIHUE MeXKJly TOYKaMH Ha OCHOBHOH ctepe, COOTBETCTBYIOIIHU-
i TEKYIIel 1 QUKCHPOBAHHOM TouKaM X . Bosmymaromuii norennuan T U MJIOT-
CTb % IPELCTaBHM pSIAaMH:

k'T,; %= % k", (2.10)

~|
f
/) 8

(=}

€y, i T, — 1oKa HeusBecTHble HaM (GyHKIHH, He 3aBHcsuine or k. Haias
Yins J€TKO TIONYYaeM T ¥ y, TaK Kak pu & = 1 X nepexoxur B 2, a T u ¥
PEXo1siT B 7 1 7 COOTBETCTBEHHO; HHTErpasibHoe ypaBHeHHe (2.9) mepexomut
i 310M B (2.8). Bosmymaromuii motenuuan 7' cymecTByer, Kak ¥ MJIOTHOCTD X,
ectb psanpl (2.10) cxoparea npu k = 1. A torma npu 0 < k£ << 1 onu cxomsaTcst
0MOTHO, ¥ C HEMH MOXKHO 0oOpamarbCsi KaK ¢ KOHEUHbIMH cymmamu. [Ipen-

iB L B BHIe k"Ln U NOACTABJsIS (2.10) B (*), HaxoguM
0
— D ET, = j <2 k"x,,> (}_‘ k”L,Z> (R + kH')? do. (2.11)
0 ® 0 0

(2.11), mpupasruBas KO3DDHIHEHTE IIPH OAMHAKOBBLX CTENEHSX K, MOJY-
M CHCTEMY DPaBEHCTB

—T,= RZS %oLo do;
(0]

—Tn:RZS(XoLn+X1Ln—1 + - +9,Ly) do, e (2.12)

(0]
X BHIDAXKEHHAX, HAYMHasA C Tl’ OT6pOIHeHbI MaJblé YJIEHBI IOpPSJKa
A BbIIIE.

Maisi onpenienenus Bequunt T, KaK CAefyeT H3 (2.12), HeobxoauMo HaHfTH
MHHbI . [Toc/iesiHne ke MOryT GbITh MOJTyYeHBl H3 PEIIeHUi HHTerpaJbHbIX
BHEHNH, HAXOXK/IEHHEM KOTOPHIX MBI ceffyac 3afiMeMcs.
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Ypaenenue (2.9) nanumem B BHIC

fg—(l—k2tg2a+k4tg4oa+ s X

(e - |-
[I—Qk( )+3k2( )2— H(ixnk”>x

(S s+

[TpupaBHiBasi KOS(QUIHEHTE NPH OJMHAKOBBIX creneHsax k, Tmosydae
CepUIo MHTErpabHbIX ypPaBHEHHil BTOPOro poia ¢ ONHUM H TEM KC sapom F

H 2
npu 3TOM 0T6pOIHeHbI MaJible BeJIJUUUHBI IIOPALKA Yo ( R ) U Bbime. Mrak, umeg

20t = { v
,—R—Xn‘—ganOdm=6pn, (0252800, 2.1
2 H 2 ’
rae Op, = op, 5p1: “; * —R_XO‘I‘SI X0F1dm_7S(H—H)X0Fod‘D;
(0] (0]

2 2 H
Sp, z—g’—xotgza—l——%— . Txl -+ S(X1F1+X0F2)dm_‘
o

—iS(H‘—H’)(hFo”{‘XOFﬂd(’) u T.

By)leM HCKaTh pELIeHHe HHTErpajbHOro ypaBHEHMIA (2.13) B BHIE Y,

= ,V () T (Y cepuueckad (QyHKIUS m-TO MOPALKA. B pesyabr
m=0

TE€ TMOJYy4aeM
Yo = Gtn)s — 64 “64m2 Sapndm o o 16 2 S & (1l3) 6pnd(’*)

T (m—1) (m+4)
Jpa crenenu m; (¥,); MOKa OCTaeTCH npou3BOJIbHOH. B samkHyTOil opme D (
MozKeT OBbITh 3alucaHa:

rie @ (P) = Nl Do Ay P,, (cos ), a Py, (cos ) — TOTUHOM Jlema‘]

397 237 147
o) = I — BT cosp— —2sinF ——5—cos' P +

+495in Y cosp 4 147 sin - cos® p — beie—s2d
sin %)—

— —%8— cos ln (sin 1713 -+ sin? —3’—) 147 (3cosp—5Hcos®P)ln (1 - 1I>
E sin ——
2

3
Ly=&In (1+ ) Fo=6L,— 5=

i R e e S Al e
o B
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ek %%y +4Hx

32 B f
i e | :,0__%( + H) |,

2= 2 B} ’
4R f(r;

< 3 4 P e 9%2 H’—I—H St 3R 3

L=—ai Fy=6l,—22 ( - ) e

~ 3. BBIYUCEHWE MOIIPABOYHOI'O YJIEHA B OCHOBHOM KPAEBOM YCJIOBUU

2 H 0T 0T

Hast Borucienns neGosbiioro caaraemoro B (2.1) = (2 . 90 =+
. v \om omop
y or °T 5 3
" 9y ' oggp | HY¥KHO 3HATb BOSMYIIAIONINI NIOTEHIHAN U €TO MPOH3BOMIbIE
puGmukennoum Buge. Eciu 3a NpUG/IMKEHHOE 3HAYEHHE IOTEHIHAAa TPHMeM
MIaBHbll WieH Ty B €ro pas/oXeHWH, TO /s BbluHcjeHus T, He MOHANo0HTCS
laTh HHTETPaJIbHble YPABHEHNUsl, TaAK KaK BhlpaxeHue T, uepes Ap yxke Haii-
0 pariee [1]. Ha camom geste, pewas samauy no ompexesieHuio (burypnl reou-
d, Mbl TIOJTYIHM KpaeBoe yCJoBHE Ha cdepe Jis OmpelesieHHs] BO3MYIIAIOLLEro
reRnnana. Eciu He TpeGoBaTh paBeHCTBA MacC reoMja M YPOBEHHOIO 3Ji-
HIICOH/a ¥ IPHHSATH COBNA/AIOMIMMHU HEHTPHI MACC, TO [OJ1ydaeM

Ty=4 [ 8p|2W) — 4] do — 2w, —w,). (3.0)

He cep! panuyca R
1 R 3
Ty(p) = qn—( Ap [Q(p: ) — T} do —— (U, “Wo)—f“ .

Jia MeeM B TOYKaX OCHOBHOI cepol

oT, g 1 3 (Uy—W
. :HéAp[F(¢)+W]dO+7(_—OR ), 9
“;‘; T () = = g;‘ LA Iln(b(bepeﬁuupyﬂ (3.1) mo m u g, nonyyaem mocise
~ =R
3MEHeHUsl mopsinka AuddepeHIpOBaAHUS
a( 0T, )
e Y e 1 dr -
ama‘; e T é-Apd—q; cos ado, (3.2)
a( aT, )
By - Py - 1 ar . —
aq@p" S e aeb et o gApd—lpsm ado. 3.3

o
€Ch ( 1 A — mKpoTa K J0Ir0Ta TOYKH Ha cdepe ¢, a o — ee asumyT. s (3.0)
R

S Lol g8 e

oT 1 aQ . —

aqo = —W_S.Ap_dlp—sm odo. (3.5)
o

8K, Bce HEeOOXOIUMOE JUISi BLIUMCIICHHS nonpaBoyHoro uJjeHa B (2.1) maercs
puynavu (3.2), (3.3), (3.4) u (3.5).

- Pesyaibratel, nonyuentsie B [1], nosBossiior HECKOMBbKO YIPOCTHTDb pelleHne
H0BHOH 3ajauM jfanHOH paGorel. Ha camom nenae, ecau npuHATh H = H' =
0, 10 Kpaesoe ycioBue (2.2) GyneT 3ajaHO B TOYKAX IIOBEPXHOCTH c(ephl
fHyca R, 1 Mpl TpPUJEM TOJBKO K OJHOMY HHTErPajJbHOMY yPaBHEHHIO
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S ML F,dow = 8p. Pemenne Kpaepo#t 3amaum OynaeT corJjacHo (2.7) —
R %o %ol o p yAe?
(0]

_RZS %o L, do, a paHbile Mbl yKe TOJYyYHJH 3TO peIleHHe B BHIE
w

_%Sﬁp lg ) — %] do + X,. [IlpaBma, TaM OTCYTCTBOBalH B IOTEHIIH-
o

aJle TAapDMOHHKH HYJIEBOTO H TIEPBOTO MOPSAKOB, 31€Ch K€ Mbl HX yJepiKHBa-
eM. DTUM caMBIM Mbl He TIpEAIIoJaraeM pPaBeHCTBA Macc 3eMJH H 3/IIHIICOHU-
Ja, a Takxke He IpeAroJaraeM COBNAaJeHHs IIEHTPOB Macc oboux Ten. Mrak,
uMeeM

R [ galoo = - | 89|20 — +]do + %, (3.6)

[Tosarasi B KpaeBoM ycsoBuu BMecTo Op Op,, a 3ateM Op, ..., MOXKEM Ha OCHOBAaHHH
PEIBbLAYIIETO NOMYYHTh

Rzyleodw = %ﬂ S op, lQ(xp) — _‘ll_]l do - X w T a3
(o) o

Tak kak T = T, + T; + ..., To cornacuo (2.12), (3.4), (3.7) MoxkeM HaIHUCaTb
1 1
T= o § @ —bpy —8pa— - )| 20 — - do—

— 5 Wy—W) + Yy — [ oLy + Ly + -+ ydo—

— L+ - ydo— [y (L 4+ L+ -~ Ydo ¥ --- (3.8)

3nech Y; — mpousBosibHas chepryeckasi GyHKIUS NepBoro nopsaiaka. ®opmyJaa
(3.8) m pemaer nocTaBJeHHYIO 3a4a4dy.
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