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NPEOUCJAOBHE KO BTOPOMY U3JAHHIO

Co BpeMeHH BLIXOAA B CBET MEPBOr0 H3AAHHA KHHPH MpOLILIO
12 ner. 210T MHTEpPBAJ BpeMEHH HeBeNHK /8 KJIACCHYECKHX METO-
n0B. OIHAKC OH COCTABMJ LEJNYIO 3M0XY B PasBHTHH CIHYTHHKOBOH
reojieann, PaspafoTaHbnl HOBLle METOALl Onpeje/ieHHsl KOODIHHAT
CTAHIMH H CHYTHHKOB, OCHOBHBLIX [apaMeTpOB TPaBHTAIHOHHOTO
nosis 0 purypsl 3emau. [To Goapmomy MaTepHany CIYTHHKOBBIX
HaGa01eHHil BLIYHC/IEHBl YTOYHEHHbIE 3HAUCHHSA 3THX IIapaMeTpoB.

VEBepeHHO MOJyueHbl HOBble 3HaYeHHs! KO3((UIHENTOB pasJoxKe-
HMsl TOTEHIHAJMa TpaBHTauuoHHoro mnoJs. OJHOBpEeMEHHO HAKOIJIe-
HHe HAa3eMHBIX TPAaBHMETPHUECKHX H3MEpPEHHi, KQTOpble cedyac yiKe
MOKPEIBAIOT OOIIHPHBIE [LJIOUlAJAH HEe TOJBKO KOHTHHEHTOB, HO H
OKeaHOB, OTKPhIJIO HOBEIE BO3MOMKHOCTH B H3YYeHHH (QUTYPbl 3eMJIH.
PaspaboTaHbl H MPUMEHSIOTCS METOLBI COBMECTHOIO HCMOJMb30BaHHA
COYTHHKOBBIX H TPABHMETPHYECKHX JAHHBIX, NMpHYeM, CIYyTHHKH Ha-
mekHno 00eCneyHBalOT HU3KHE TADMOHUKH B PasJoeHHH NOTeHIHA-
Jla TPaBHTAIIHOHHOIO MOJIA B Psij 110 chepruueckuM (PYHKIHAM, a rpa-
BUMETPHUECKHE TAHHBIE — BbICOKHE.

Bce 310 3acTaBH/IO aBTOpa NEpecMOTPeTh KypC H 3aHOBO Ham-
caTh TPETbI0 YacTb — «ACTPOHOMHUECKHE METOABI H3yUEHHs TPABH-
TALHOHHOrO 10/ W (GUrypel 3eMaHu», a Takxke raaBy «Peaykuuu
CHJILL THAMKECTH», B3MVIAL HA KOTOpPble HAYaJ 3aMETHO 3BOJIOINHOHH-
poBaTh, H raaBy «CoBpEeMEHHOE COCTOSIHHE H3YUEHHOCTH TDAaBHTA-
UHOHHOTO moJasi u Gurypsl 3emun», Kpome Toro, BHeceHb He06XO-
AMMble HM3MEHeHHS W yJAyYylIeHHHd B TIJIABBl O HOPMAJIbHOM M aHO-
MaJbHOM TpPABUTALHOHHBEIX MNOJAX, HAMHCcaHa HOBad raaea 00
HCTOPHMH TPaBHMETPHH.

[ToMHMO BONPOCOB TEOPHU aBTOP CU€] LEAECO06pasHBIM BKJIO-
YHTh B KHHFY HEKOTOpHle (pakTHYecKHe naHHble 06paGOTKH pe3y/ib-
TATOB H3MepeHHi, KaKk HanpuMep, TabJIHIB KO3D(HIIHEHTOB 30Ha/b-
HbHIX 1 TeccepaJbHBIX TAPMOHHK TPaBHTAIMOHHOrO NOTEHIHAJA,
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BLIUHCTAEHHBIX MO0 HAOGJIOLCHHSIM HCKYCCTBEHHbBIX CHYTHHKOB, Ta0JH-
Ubl OCPeJHEHHBIX aHOMAaJHI, CXEeMy BBICOT reoMIa M aHOMaHML.
OtH nanHbie MaJo nyGJIHKOBANHCh, HO, GyAyYH BKIIOUEHHBIMH B
yueOHHK, OHH TO3BOJIST HCHOJb30BaTh (haKTHYECKHH MaTepudn AJs
MOCTAHOBKH pAa3JHUYHBIX yueOHBIX 347134, a TakxKe MOTyT ObITb TO-
Je3HbIMH H /s Pa3JHYHBIX HaYYHBIX HCCJeJ0BaHUH.

ABTop Boipaxkaer ray00KYIO NPH3HATENLHOCTh HAYUHOMY penak-
topy B. I'. Jemuny, Hemago cnoco6CTBOBABIIEMY YJYULICHHIO KHH-
ru, a takxke cpoeit xene H. b. Caxunoii, ¢ KoTopoli 06cy:/1a/HCh
OTHeabHble TJAaBbl M KOTOpas BO MHOrOM ¢nocoOCTBOBAaJa BBIXOIY
KHHUTH B CBeT.

H. I. I'pyuuncrud
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I1oT yueOHHK COCTABJCH N0 MAaTepHaaaMm JEKIHH, YHTAHHBIX
ABTOPOM B TeweHHe psjga JeT B MOCKOBCKOM yHHBEpCATETE LI
CTY/IeHTOB-aCTPOHOMOB.

OH paccudTaH B NEPBVIO ouepelb HA CTY/IEHTOB-TPABHMETPH-
cTOB (pn3nyeckoro M (PU3HKO-MaTeMaTHYeCKoro (axkyJabTeToB YHH-
BEPCHTETOB, a TAaKMKe HA CTYACHTOB-TPABMMETPUHCTOB W FeOe3ucTos
reofe3NyeckHX HMHCTHTYTOB M caymiaTesaeH COOTBETCTBYOIHX a-
KYJbTETOB BOCHHBIX aKajeMHit. *

B OCHOBY KHHFH IIOJIOXKEHBI aBa Kypca: obmui Kypc «OCHOBHI
BBICHICH Teole3HH M rpaBuMeTpuu» n cmeuxkypc «Teopusi ¢uryper
3eman». O6a 3TH NOJYTOJIOBEIX Kypca $BJAI0TCS KaK OBl 4acTSIMH
OJIHOTO TOI0BOTO Kypcd, B KOTOPOM H3JIAraloTCs OCHOBLI ONpele/e-
Hug GUrypst 3eMan ABYMS CnocofaMu: TeoNe3uueckumM H rpaBumMer-
pHUeCKHM. IDTOMY TrOJ0OBOMY KypCcy H COOTBETCTBYeT HACTOSLLHI
yuebHHUK.

IlepBasi yacTb €ro OXBATBLIBAET OCHOBIBIE KJaCCHYECKHEe 3agaui
Beiclell reojesnu. IlocsienoBaTe bHOCTh HX H3J0MKEHHSI COOTBETCT-
ByeT 10CJHeI0BATEJLHOCTH DCHIeHHd: H3MepeHHd Ha (H3HUeCKOH
MOBEPXHOCTH 3eMJH, PeAYKIHSA HA NOBEPXHOCTH OTHOCHMOCTH, HA-
X0 ieHle 3eMHOrQ 3JARNCOoHAA. IJTOMY UPEANOCchIaeTCs ONUcCaHue
pelienisl reoJe3HUYecKHX 3aJa4 Ha 3SJAHICOHAE, NOCKOAbKY (opmy-
Jbl TOTO pasiesa sABASIOTCH, COOCTBEHHO TQBOPA, Pa3iesom Ieo-
MeTpHH Ha 3SJJHICOHAE H TpeOyloTcsi NpH H3JNO0KEHHH MartepHasa
NocaAeyIOIIHX pasieoB.

B stoit yacTtH, B OTJIHYHE OT HMEIOILHXCH YUEOHHKOB MO BHICHIEH
reo/le3uy, BCe pasjienbl KJAcCHYeCKOH Teofe3HH H3JI0KEeHbl CKATO,
KpOMe TOro, NPUBO/IUTCH pElleHHe UpAMON U 06paTHOM 3a1au BHIC-
el reoe3uu MeTOAOM XOpJ, npeanomeHHbiM 4ia.-kopp. AH CCCP
M. C. MosoneHcKkuM. DTOT MeTon MO3BOJAET He mpuberath K pas-
JOKEHNAM B pAJBI, HCCAeJOBAHHE CXOIHMOCTH KOTOPHIX CH/BHO
YCIOKHsAeT paccMoOTpeHHe, a HCKJIOYeHHe 3ITOTO BONPOCd JHIIAeT
u3joxkeHHe crporoctd, OJHAKO MBI He COUJH BO3MOXKHBIM OFpa-
HUYHTLCS JHIIb 3THM METOIOM, TaK KdK B 3TOM c/lyuae cTyIeHTam
TPYAHO OBIIO Gbl OPHEHTHPOBATHCH B BOMPOCAX KJ/ACCHUECKOH BHIC-
Llefl reoJe3nH.
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Bropasi yacTbh CONEPKHT H3JOMKEHHE OCHOBHBEIX 3a1au re0/e3u-
4eCKOIl rpasuMeTpuu. 3/ech paccMaTpPUBAETCH 3ajaua MOCTPOCHHS
NOTEHIMAJA CHJAbI TAMECTH M 3eMJH, NPHHATOH 33 3SJUTHICOH]
BpAIlleHHsA, 1 yCTAaHaBJHBAeTCs CBSI3b MeXKIy NapaMeTpaMi rpaBH-
TALHOHHOTO T0JIS1 H CKATHEM 3TOro 3JJuncouad. Jlanee uaaarawTces
BOMPOCH], CBsI3aHHBIE ¢ H3y4eHHEM aHOMAaJbHOTO TPABHTAIHOHHOTO
noJsisi.” IIpH H3JIOMKEHHH MaTepuaja BTOPOH YacTH MBI HCIIOJb3yeM
HOBBIE METO/bI PEUIeHHs OCHOBHBIX 3a/14a4 reofe3HueckKoil TpaBUMeT-
puy, noaydennbie M. C. MoJioACHCKUM ¥ Haie[iine YKe CBOE TpH-
MEHeHHe B NpakTHKe reofe3HuecKux pafor.

B pewennn 3anaun onpeneseHuss ¢urypsl 3eMJH rpaBHMETpH-
YeCKHM CNOCOO0M MBI IIHPOKO TNOJb3yeMcsi anmapaTtoM pas/oxke-
HHS no chepuueckuM GyHKUuAM. Bes atoro ceiiuac yie HeBO3MOKHO
NOJHOE H3J0KeHHe TeopHH ¢urypsl 3eman. Mwmes B BuLy, uto aa-
JEeKO He BO BCeX By3aX, TJe H3yuaercss TPABHMETpHS, YHTAIOTCS
KYPCHl CMENHAJbHBIX (YHKUHI, MBI BKJIOYHJAH B Yu4eOHHK TJaBy,
IAIOIIYI0 OCHOBHbIE TMOHATHA O CchepHuecKux QyHKIHIX.

B nacrosiiee BpeMst Kypc Teopuu gury pol 3eMu Gy eT HenmoJHBIM,
€CAN B HEM He paccMATPHBATL HAIIEAIMX MHPOKOE INpHMEHeHHe
METONOB omnpeaeneHus Gurypsl 3eMyd [0 BO3MYILEHHSIM OpOHT
HCKYCCTBEHHBIX CMNYTHHKOB. I103TOMY B yueGHHK BKJIOUEHA TPETbA
yacTh: <«AcTpoHoMHYecKHe cmocoObl H3yueHHS QULYPH 3eMin».
OcHOBOII 3TOH YyacTH ABAAIOTCSA NMOHATHS HeGeCHOW MeXaHHKH, Kypc
KOTOpOH CJayliaeT KpafiHe orpaHHuyeHHOe uYHca0 cryaeHToB. [loato-
MY B HeH aBTOp cues le/jecoo0pasHbiM paccMOTPETh, N0 BO3MOMK-
HOCTH 3JIeMeHTapHO, OCHOBHBIE 3a/1auM HeGecHON MeXaHHKH 1 C HX
MOMOILIBI0 PaccKka3aTb yiKe 0 camoMm Meroje. Hekoropble okoHua-
TeqbHBle (QOPMyJabI 3TOH YacTH NpHBeAeHB 6e3 BHIBOAA, TAK Kak
uX BuIBOJA norpeboBan Oul Ooaee yraybiaenHoro manoxenusn Hebec-
HOIl MeXdHHKH, UYTO CHJIbHO YBEJHYHJI0 Gbl 06BEM KHHIH H MOBTOPA-
J0 Dbl COOTBETCTBYIOIIHE KYPCHI. ;

ABTOp cunTaeT CBOUM NPHATHBIM JOJTOM BLIPA3HTh TJIYOOKYIO
npuzHarespHocTh peuensenty A. A. MuxaiiioBy, HayuHOMy pejpax-
tropy B. B. Bposapy u A. U. ®ponoBy, orpeslaktipoBaBIineMy mep-
BBl€ TATH ryae, a Takxe Koameram M. V. CarurtoBy, M. C. fpos-
fdposomy, B. I'. Hemuny, I'. . Mapuyky 3a psii LieHHBIX COBETOB

H YK833HHI"/I, Cc/leJaHHBIX BO BpeMs NOATOTOBKH KHHTH.

H. M. I'pywunckud
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Onpenenenune npeamerta. [log Teopueit ¢urype 3em-
JM NDHHSTO NOHMMAaTb pasjie] Hayky, 3aHUMAIOUIMICS H3YYCHHEM
(GopMBl 3eMJIH 110 €e M0J10 CHJbl TsixKecTH. I1epBBHIM MmaroM B 3TOM
HCC/IEIOBAHHH SBJAETCS YCTAHOBJEHHEe (HIYPbl OJHOPONHOH KHI-
KOCTH, Bpallawmueics ¢ HEKOTOPOH NOCTOSHHOH CKOPOCTbIO, YaCTH-
IBl KOTOPOH MNPHTATHBAIOTCA OPYr K APYTYy IO HbIOTOHHAHCKOMY
sakoHy. [lokasano, 4To Takas uieajbHas njaHeTa J0JKHA HMEThb
(opMy 3JAHNCOHAA BPALIEHHS MAaJoro CKATHS, IPHYEM CIKATHE TEM
foablie, ueM ObICTpee CKOPOCTL BpallleHHs. ¥ CTAHaBJANBAIOTCH Tpe-
Zesbl IONYCTHMOH CKODOCTH BpallleHHs, NPEeB30HAa KOTOPYIO IJaHe-
Ta NOJXKHA PA3PYIIHTLCS.

Yca0BHEM YCTOMUMBOTO DPaBHOBECHS BpalllalolleHcs njealibuol
HKUIKOCTH SIBJASIETCS HEPABEHCTBO

(,)2
m:ﬁ__ 0,2247,

rle 0— MJIOTHOCTh, @ — YIVIOBAas CKOPOCTh BpauieHHs, f— rpaBH-
TaUHOHHAs NMOCTOSHHASL

JTa 3ajava paclIupsercd MepexojaoM OT OJHOPOAHOH XKHIKOCTH
K HEeOJHOPOAHOH. 3/ech 3a1al0TCs KAKHM-IHG0 3aKOHOM H3MEHeHHs
IJIOTHOCTH Bpallalomieiicss KHJIKOH MAaccel, HamnpuaMep, 3aKOHOM
BO3pACTaHHUA IJIOTHOCTH ¢ yray6JeHueM BHYTPb Macchl, s Tako#
HEeOIHOPOJHOH NMaIaHeThl (UIrypoil paBHOBECHSs] yiKe OYIeT He 3JJ/IHI-
couj BpauieHus, a (urypa, 6/muskas K HeMy, KOTOpyio Mbl GymeMm
naspiBath cepongom. Teopusa o d¢urypax paBHOBecHs Bpauia-
IOIIeHCS KHJKOH Macchl C HEKOTODLIM 3aJaHHBIM pacnpeipejJeHHeM
HJIOTHOCTE pacnpocTpaHAeTCs B PABHOH CTelMeHH HA Bce TJIaHeThl.
ITosromy ee NMpHHSATO HasbiBaTb TeopHeH (urypsl miraHer. Hakoren
BLINOJHAETCA OoJiee JeTAJbHOEe H3yyeHHe (OPMHBI yiKe KOHKpeT-
HOH TJaHeThl — 3eMJIH — 10 ee TPaBHTALHOHHOMY MOJI0. 3TO BO3-
MOXKHO, TOCKOJIBKY (urypa 3eMaH C/I0XKH/Iach HMEHHO MOJ JeHcT-
BHEM CHJBI TAXKECTH. 37ech Mbl CUMTAeM Y3Ke H3BECTHEIM, YTO Hea/b-
nag 3emas uMeer ¢urypy, OIM3KYI0 K 3JJIHICOHAY BpAaLleHHS,
H H3y4aeM cxKaTHe 3TOT0 3JJIHNCOHAA H OTKJIOHEHHH HCTHHHOH 3eM-
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Ju OT HJeaJbHOH. IT0 (PU3HYECKHH, HJIH TPAaBUMETPHUYECKHI Crocob
H3yuyeHHsi GHTYPBI 3eMJlH.

Onunago.npoGiemMa YCTaHOBACHHA GUTYyphl 3eMJId BO3HHK/IA 3HA-
YHTEALHO PAHbIIe, UeM MOSBHJIHCH NOHATHS CHJBI THMKECTH H MPHTS-
ernus. [Ipu 3ToM 3ajaua cTaBU/Iach H peHlasach YHCTO TEOMETPH-
yeckd. DTHM 3aHHMAaJiach W 3aHHMAETCS cefuac reo/eaus.

B reojesun paccMaTpHBAalOT BONPOCH H3MEPEHHS YTIJOB H pac-
CTOSIHHH Ha 3€MHOH NOBEPXHOCTH, OIpeJe/JeHHS M3 3THX H3MEPEHHH
Gurypsl 3eMan ¥ H300paxKeHHf HM3ydyaeMoll nosepxHoctH. Pelnenue
3aj1au TeOJe3HM /s HEe3HAUMTENbHOH YACTH NOBEPXHOCTH HAalleH
IJIaHETHl, KOTJd 3Ta 4acTb MOXKET OBITh € A0CTATOUHOH TOYHOCTDHIO
NPHHSTA 34 MJIOCKOCTh, COCTAB/IAET NMPEAMET Huauiel eeode3uu, NAH
Tonoepaghuu. “Pelllenne BCcero KOMIIEKCA 3afau sl 3HAUATEIbHOMH
YacTH 3eMHOH TOBEPXHOCTH, KOTAA NPHXOAHTCS NPHHHMAThL BO BHH-
MaHHe KPUBHU3HY 3eMJil, a TakxKe AJs Beel 3eMJH B IeJOM OTHO-
CHTCSH K 8blctueli eeodeaut.

Pasnen phIClIefi reofesud, B KOTOPOM TpakTyercs o cnocofax
H3o6paykeHus ITOBEPXHOCTH Halllell mN/JaaHeThl Ha IJIOCKOCTH, BHIIE-
Asgercs cefiuac B COeUUANbUYI0 AUCHHIAKHY — MATEMATUYECKYIO
Kaprozpapuro.

OcHoBHOJ 3ajaueil BbICHIeH TeOfe3HH SABJAETCH Onpe/lescHHe
(opMbl 1 pasMepoB 3eMJH H CO3JaHHE CETH ONOPHBIX TOYEK (Om-
peneleHne KOOPIMHAT, Hamnpas/JeHHH u paccrosuuit). Meroanl
BLICOKOTOUHBIX YIJIOBHIX M JHHEHHBIX H3MEpeHH#l Ha NOBEPXHOCTH
3eMan Takmxe ABJIAIOTCA Pa3jiesqoM BEICIIEH Teoie3uH.

Ecan reomerpuueckHi crnoco® onpejpensenus QHrypbl 3eMJau
N03BOJIAET YCTAHOBUTH KaK (opMYy €e, TakK § JHHeHHble pa3Mepsl,
TO (U3HYECKHI WM TPaBHMETPHUECKHH MeToj I[03BOJSET ycTa-
HOBHTb TOJBKO (hopmy 3eMJH, OJHAKO B 3TOM BONpOCE OH HMEeT
NPEeHMYILEeCTBO: BO3MOMKHOCTh H3YUEHHST TPABHTAIHOHHOTO TOJIA
Ha OKeaHax, e HCK/IOUeHa MOCTAHOBKA TOUHBIX [CONE3HUYECKHX
H3MEpPeHHil. DTH ABa HE3aBHCHMBIX MeTOMA H3YueHHsl (QHIYPbl 3eM-
JH ABJAIOTCS B3AaHMOKOHTPOJHPYIOMMMH H B3aHMOJONOJHAOUIHMH
Apyr apyra. EcTecTBeHHO MOITOMY HX cOJTHIKEHHE.

Crporoe pelleHHe MHOTHX FeOfe3HYecKHX 3ajiauy HeBO3MOMKHO
6e3 yyera rpaBHMETPHUYECKHX MaHHBIX. Tak Hanpumep, H3MEDeHHbIe
3JeMEHTHl 3eMHOH [OBEPXHOCTH (YTJIbl, HanpaBJ/JdeHHs, OTPE3KH)
IUIs UX nocqaeaylouell c6paboTku HeoO6XOAHMO CIPOEKTHPOBATL HA
HEKOTOPYIO NpPaBHIBHYIO INOBEPXHOCTb (IJIOCKOCTB, cepy HIH 3.1-
JIMICOUA). DTO NPOEKTHPOBAHHE [OMMKHO NMPOH3BOANUTLCSH C YUYETOM
OTKJOHEHHsI OTBECHBIX JHHHI H aHOMaJjHil BBEICOT, KOTOpbIE AaeT
rpaBuMeTpus. BTopbiM INpuMepoM HeoOXOIHMOCTH TpaBHMeETpHYe-
CKHX JIAHHBIX B TEOJE3HH CJAYIKHT IIOJIYYEHHe BLICOT TOYeK, KOTO-
phie CTPOTO HEe MOTYT ObiTh Onpelielienbl 03 3HaHus CHABl THIKECTH.
1 waoGopoT: 115 onpejie/ieHHsT AHOMAJIHH CHJIBL TAXKECTH B TpaBUMET-
pHH HeoOXOAMMO 3HaHHE BHICOT MecT Habmiomenns. KoopnHHaTI,



BBEJEHHE 15

Ompe/eeHHBIE ACTPOHOMHYECKH, MOTYT ObITh npeobpaszoBaHbl B
reojie3HuecKye BBeldeHueM rpasumerpuuecknx mompaBok. C npyroi
CTOPOHBI, H TPAaBUMETPHsI He MOxKeT 00OHTHCHL 0€3 reoJe3HuecKHX
JNAHHBIX: Kajoe TpPaBuUMeTpPHYecKOe H3MepEHHe Bcerga MI0J/IXKHO
CONMPOBOKIATLCA H3MEPEHHEM BBICOTHI TOUEK HaOMI0eHHS.

3a HECKOJbKO MNOCJeIHHX AeCATHJAETHIH BBHIACJAHJIACh H BIOJHe
onpelnennach TaKas HayKa, Kak eeode3uuecKkas epasumeTpus,
Ona paccMaTpHBAeT BONPOCHL MPH/IOKEHHS IFPaBHUMETPHUECKHX IaH-
HBIX K pelIeHHIO Te0/l€3HUeCKHX 3a7ad H B NepBYIO o4epellb K pelle-
HHIO OCHOBHOWN 3a7daYd BHICIIEH Te0jle3HH — ONpele]entio (QHUIypLl
3ema. Takum oO6pasoM, rpaBHMeTPpHs B KOHEUHOM cueTe MpH-
BOJAUT K PELIEHHIO TOH Ke 3ajaul, 4TO U BbICIIAsI Te0le3HUsl, TOJIbKO
METO/bl pPelIeHys 3TOH 3afa4yH CYHIeCTBEHHO HHHIE.

Ecan B8 reogesnn Mbl HMeeM JeJo ¢ MeTOLaMH YHCTO FeOMETPH-
YeCKHMH, To TpPaBHMETpHUs onepHpyer (PU3UUECKHMMH KaTEropHAMH,
H3ydasl CHIOBOE noJe 3eMJaH H ero 3aKOHOMEPHOCTH.

Kpome reomerpuueckoro (reomesmucckoro) H (uaudyeckoro (rpa-
BHMeTPHUECKOr0) METON0B OMNpeieaeHHst (urypsl 3eMan, CYIecTByeT
ellle TPETHI — acTpoHomuueckuii merod. OH OCHOBAH HaA TOM, 4TO
OTKJIOHEHHE pachpejiesieHHsi Mace MIAHETBl OT MpaBHJbHOTO cdepu-
YEeCKOrO BHI3LIBAET BO3MYIIEHHS B ABH:KEHUH N0 OpOHTe ee COyTHH-
koB. Habunionasi paxkriaueckoe JBHMKeHHe CNyTHHKA M CpaBHHBAad
€ro ¢ TEOPETHUECKHM, MOKHO ONpPEAedHTb CiKATHE IIJIaHeThl H He-
KOTOphle GoJsiee MeJKHe OTCTVIICHHS €€ OT NpaBHALHOH (HOPMBI
9JJIHIICON1A BpALLEeHHs.

Oanako no HaGaIOJEHHSM eIHHCTBEHHOrO €CTECTBEHHOrO CIYT-
HHKa 3eman — JIyHB, BcleAcTBHE YIaJdeHHOCTH IOCjaefHeH, 3TH
onpejeNeHns AeJaluch KpalHe HeyBepeHHO, TAK 4TO IIPH H3yUeHHH
Gurypsl 3eMJH acTPOHOMHUYECKHII METON HC TPHHUMAJICS BCEpPbes.

C TOro MOMEHTa, KaK 4YeJ0BEYECTBO OCYLIECTBHJIO 3amycK
HCKYCCTBEHHBIX CIYTHUKOB 3€MJ/IM, MeTOJ H3YUeHHS (QHIYPB 3eMJIH
H HEKOTOPLIX OCHOBHBIX XapaKTepHCTHK TpaBHTALMOHHOTO MOJA
3eMaH MO BO3MYUIEHHSAM OpPOMT CNyTHHKOB HAdaj J1aBaTh BecbMa
TOUHBLIE PEe3yJIbTATHl H CTaJ OJHHM H3 OCHOBHBIX METOIOB H3YYEHHS
¢urypol 3eman. [lostomy cefiuac, crapg mnepea cofoil 3ajgauy
H3YUYeHHS TeopHH (GUIYpHl 3€MJH, eCTeCTBEHHO pacCMaTpHUBATL BCe
TPH METOJla: TCOMETPHYECKHH, (PH3NYeCKHH H ACTPOHOMHUYECKHIL.

Kparkuii uctopuueckuit ouepk. Ilpobuaema wnsyue-
HUS OUCypbl 3eMJH OTHOCHTCS K YHCJAY JAPCBHEHIIHX Hay4YHBIX
npo6JieM, IOCTAB/IEHHBIX YeJOBEUECTBOM elle Ha paHHell CTyNeHH
CBOEr0 KYJbTYPHOrO pasBuUTHA. Ha mnpoTsKeHHH MHOTHX BeKOB
OHAa fABJANACH, Jla W TeNepb ocTaercsl OJHOH M3 BaKHEHIIHX
npobneM ecTecTBO3HAHMA M TNpeXje BCero acTPOHOMHM H reo-
nesud. Hauanom B nayuenun ¢urypel 3eMau B cMblciie ompefe-
JeHHsa (OpMbl ee NOBEPXHOCTH U pasMepoB SBHJIOCH HayuHOe
000CHOBaHHE ee IAaPO06Pa3HOCTH.
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OO61en3BeCTHO, YTO J0KA3aTCIbCTBOM WIAPOOGPasHOCTH 3emJH
CIIYIKAT:

1. Becerpa Kpyroeas JHHMS TCOPH3OHTA B OKeaHe W H4
OTKDBLITHIX PABHHHAX.

2. IlocTenenHoe HCUE3HOBEHHE BLICOKMX IIPEIMETOB  CHU3Y
OpH y/lajieHHH OT HHX M, HaoG0pOT, MOSABJEHHE HX CGepXYy UpH
OpHOJIHIKEHHH.

3. ®opma TeHH 3eMan Ha NOBepXHOCTH JIYHBI TPH JYHHBIX
3aTMeHHAX.

4. TlocneoBaTe/lbHOE H NPaBHILHOE H3MEHEHHe BBICOT 3Be3f
NpH repeMellendy 1o MepHAHaHy (BLINYKJAOCTb MO MepHAHaHY).

5. Pasnnune Bo BpemeHnn Bocxola H 3axofa ConHla W 3Be3fd
MoJ pa3HLIM{ J0JroTaMH (BHINYKJIOCTH [0 MapaJaenu).

6. BoaMOKHOCTL KPYrOCBETHLIX NYTEIIECTBHI M NOTEPs HJH
BBIUTDBILL PH HHX OJHHX CYTOK.

7. CxoncrtBo 3eMsM ¢ APYTHMH ILTAHETaMH, KOTOPLIe HMeEIOT
mwapoobpasHyio Gopmy.

Becemu 3THMH [0Ka34aTeMbCTBAMH, KpOME [BYX MOCJEIHHX,
T. €. BO3MOXHOCTH KDYFOCBEeTHBLIX IyTeINECTBHH H CXOJCTBA
3emyin ¢ APYTHMH MJIaHETAMH, DACHOJarajH JIiogH ¢ JAOHCTOPH-
uyeckux BpemeH. Cumralor, uto eme [Tudarop (okono 571—497 rr.
[0 H. 2.) BbICKA3aJ MBICTbL O WAapooOpasHocTn 3eMau.

Puc. 1.

MHuorue H3 Ha3BAHHBIX NOKA3aTeJbCTB 1apoo6GpasHOCTH 3eMJIH
npusoaut Apucrorenp (384—322 rr. mo m. 3.), KOTOpHIl yKa-
3blBaeT TaK#xe pasMepnl 3eMau no oxpy:xkuoctd — 400000 cra-
quH (cramus — Mepa JAJMHBL, npuMeHsBuiascsa B IlpeeHem Erunte
H apyrux crpaHax bBumxkdero Bocroxka. Toudas JJHHA eTrHIET-
CKOM cTajauu HeuspecTHa, CUHTAIOT, UTO OHA 3aKJloyeHa Mexay 158
H 185 m). Onnaxo ApHcroTenb He TOBOPHT, KAK 3TO YHCJIO MOJYUEHO.

[TepBoe ECTOpPHYECKH H3BECTHOE ONpeJesieHHE pasMepoB 3eMJIH
KaK mapa BbimoaHeHO Jpatocpenom (276—196 rr. 1o H. 3.).
Dpatocthen H3Mepusa 3eHuTHOe paccrosHue Cosuua z2=LAS
(puc. 1) B Anekcanapuu B moajaenb Toro a#s, koraa B Cuene Coun-
e HaXOJHJAOCh B 3eHHTE, T. €. 3eHHTHOE paccTOsHHe OLLIO PaBHO

L]
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z,=0. B 3T0M npeinoJoKeHHH, a TaKkKe NPH yc/I0BHAX, uto CHena
u Anexcaujpus HaxoisTcsi Ha ogHoM Mepuianane u CouaHile 6ecko-
HEuHO ydaJeHo oT 3eMJH, HMeeT MecTO paBeHCTBO yriop £ LAS=
=/ZLOS, 1. e. 2p=2. 3HaunT, yroa 2z, KOTOpH#H y Iparochena
noayuudicss paBHbIM 1/50 wacTtH OKpYMKHOCTH, H3Mepsiercss M-
rofi AC. 3uas [0 AAUTEABHOCTH NEPEXONOB KAPABAHOB PACCTOSHHA
mexny Auexcanapueii 1 Cuenoil, pasioe 5000 cranufi, dparochen
NMOJyYH/T M JIWHEL MepHIHaHa 3em/Ii BETHYHHY, PaBHYIO 250 000
cTaiui.

Tounocts onpeneneHns dpartoceHna, KOHEYHO, BechbMa HH3Ka.
Cpenan psan rpyObix jonymenuii: B CHeHe 3eHHTHOe paccTOfHHe
tdakTHuecKH He H3Mepsa/och — nojoxeune ConHIa B 3eHHTE
()HKCHPOBAJNOCh OTCYTCTBHEM TEHH OT BEPTHKAJbHLIX HPEIMETOB;
npexnosarajoch, uro CueHa u AJsekcaHApHS pachnoJOMKeHbl Ha
OJiHOM MepHAHaHe, YTO HaJeKO HE TOYHO, HAaKOHel, (aKTHYECKH
He MNpPOHM3BOAHIHCH JHHeHHBle wuaMmepeHusd. OAHAKO He B 35TOM
peno. [TpuHIMN, TNOJOMKEHHBIH 3paToceHOM B OCHOBY BBIIOJ-
HeHHBIX H3MEpeHHH, fABJASeTCd M J0 HAaIIHX JHEH OCHOBOH Treo-
He3nuecKOro MeTola Onpeje/ieHHs pasMepoB 3eMmaH. AHaJornyHoe
ompenenenne GObio  npousseneno Ilochponmem  (135—50 rr.
IO H. 3.).

TlepBrie ompeneseHHss pasMepoB 3eMJIH OCHOBBLIBAJHChH, Kak
MBI BHIHM, Ha IpPHHIHIE H3MEPEHHS YT MEpPHAMAHOB. 3HAA JJIHHY
AyrH W UHCJAO TPaaycoB, B Hell cojepiKaliMxcs, JeErko NoJgy4ani
JIUHY ayrd B | rpaayc u LJHHY Bcell OKpy:HOCTH. Takum obpa-
30M NOSIBMAKCH epadycHbie UBMEpeHus, CAYIKANlNe OCHOBHBIM Me-
TOZOM TeOMEeTPHUeCKOro (reofe3nueckoro) usyuenus Qurypel 3eM-
JH 10° HAIIHX JHeH.

B namy apy nox BAHAHHEM pPa3JHYHBIX COLHAJILHO-IKOHOMHYE-
CKHX NpPHUHH HavaJcs YHaJ0K HAayKH H KyJbType B ['pemun u
Erunte, 1 Mbl He HMeeM CBeJeHHH O CKOJb-1H00 cepbe3HLIX reo-
Jle3HYecKHX H3MepeHHsix B 370 Bpemsa. Toabko .8 VII B, B nepuox
pacuBeTa MoryllecTBa apabCKOro rocyfapcTBa, COMPOBOXKAaBILE-
rocAd OypHLIM pPasBHTHEeM HayKH, OBbIIM BLINOJHEHL HOBLIE Tpajyc-
HBle H3MEpeHus Aad onpeaeienus GHIYPH 3eMan. DTH H3MEpeHU:
6bi1u npousseiensl npH xaande Anp-Mamyne (786—833) B pouu-
e Cummxap 8 Meconoramud nop muporon 35°. Ykazaunas pabo-
T4 MO ONpejeJeHHI0 pasMepoB 3eMJH SBJSETCS MepBOH, NMpPH KO-
TOPOH OBlIM (paKTHYECKH IPOH3BEJAcHbBI H3MepeHHs Kak YrJoBble,
TaK M JjuHeliuble. IIpn 3T0M apabckue yueHble HaHWIH HMEHHO 1y-
Ty B OAMH rpaiyc, HemnocpelICTBEHHBLIM H3MEepeHHeM BHICOT 3Be3[T
B Mmepuauane. Ilo apaGCKHM H3MepeHHAM JIHHA Jyri B OJHH =
Ayc moayunnaco pasuoil 111,8 xm, a paamyc 3eMHOro mﬁ%{‘é.‘
6406 xm, T. e. ANA CBOETr0 BPEMEHH apaﬁcxne yueHble nﬁﬂymﬁ‘;&r‘
PE3yabTaT, YIAUBHTENLHO OJH3KHHA K 1efCTBATENLHOCTH. H@tﬂe STOH,
dbyunameHTaasHoll paGoThl AMUTENLHOE BpeMs He ﬁbmo ;xm:a i ) ik

2 H. M. Tpywmmsckil bafy ’;’}f{}h;'
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BHIAIOLLUXCS HCCIef0BaHui B o6Jactu onpenenaeHus (Gurypol 3eM-
an. IloctenenHoe ociaGaenne apaGCKOro rocyZapctsa H OKOHUA-
teJabHblll pacnan ero B XIII B. mox BausinMeM SKCNAHCHH BOCTOU-
HBLIX MOHFOJBCKHX IIIEMeH, TOCHOJACTBOBABIIAS B CpPCIAHHE BeKa
CXoJacTHKa W LEepKOBHAsl PeaKlHs HAJO0Jro 3aAepiKald pasBHTHE
HayyHOH MblcIH. B 3THX yCJIOBMAX HE MOr MOJYYHTh PasBHTHE H
Bonpoc 0 ¢urype 3emau. Toasko B XV B, xorza B EBpome Hame-
THJICH TepeJoM B pas3BHTHH OOILECTBEHHBIX OTHOMIEHHA H BO3HUKJH
KpynHble HAIHOHAJbHBIE TOCYAapCTBa, PAa3BHTHE TOPTOBJAH M ¥KaXK-
J1a HaXXMBH BBEI3BAAH TOBLILEHHBIA WHTepec K MNYTELIeCTBHAM,
a 3T0 B CBOI0 OYepelb OKHBHJIO HHTEpec K npobJeme ONpeneaeHHs
pasMepoB H ¢opMbl 3eMan. B sty snoxy OblIH cOBeplICHBI BETHKHE
MOpCKHE NyTeUlecTBHs M reorpadHyecKHe OTKPBITHS, KOTOpPHIE,
C ONHOH CTOPOHEI, OKOHUATENBHO YTBep:KIadH IJIHTEJbHOE BpeMs
nojiBeprabileecsl HamajakaM npeicrab/leHHe 0 MapoodpasHOCTH
3emun, a ¢ JApyroi,— BBI3BIBAJIH HeoOXOIHMOCTb YCTaHOB/EGHHSA
pasMepoB 3eMJH [AJ5 COCTABJEHHS MOPCKHX KapT. Oanako Heco-
BepIIEHCTBO METOJa H HH3Kasd H3MepHTeJwHas TeXHHKa He [aBajf
BO3MOKHOCTH 3HAYUTEIBHO TOBBICHTb TOUYHOCTb H3MEpeHH: IO
CpaBHEHHIO ¢ H3MepeHHAMH apabGoB 10 Tex MOp, MOKa FOJLIAHICKHM
yueHniM Caeanuycom (1591—1626)  He Obln npeajoKeH MeTON
Tpuareysayuy. MeTos 3aKJI0YAeTCsd B TOM, YTO MEMKAY JBYMS TOU-
KaMH, paccTosHHe KOTOPHIX APYT OT-Apyra tpedyercs ONpeLeauTh,
pasbuBaeTcs IleNnb TPEYroJbHHKOB TaK, UTO KaK/ble [BA CMEKHBIX
TpeyroJbHHKA HMelOT OJHy OOLIYyI0 CTOPOHY. ¥TIJbl B 3THX Tpe-
yrolbHHKax uaMmepsiorcsa, Ecanm rtenepb Hu3MepHTb OIHY CTOPOHY
OJIHOTO TPEeYIrOJbHHKA, TO BCE OCTAJ/bHBIE TPEYTOJbHHKH MOTYT
OBITh pELICHBI, @ 3HAYHT, MOMKeT ObITh HallecHO H HHTEpecyiolulee
Hac paccrosuue. TakuMm oGpa3om, BMeCTO H3MepeHHs JLJIHHBL BCeH
JAYTH OKa3BIBAETCH JOCTATOYHLIM H3MEpPEHHe OJHOH CTOPOHHl Tpe-
VroJbHHKA. Ta CTOpOHA MOXKeT ObITb KOPOTKOM, H ee MOXKHO BbIO-
patb HA POBHOM, ynO0OHOH [IJsi M3MEPEeHHH MeCTHOCTH, HOITOMY B
HOBOM METOJleé 3HAUHTEILHO CHUIKAJIHCHL OIIHOKH JHHEHHLIX H3Mepe-
HHH. YIJOBbIE K€ H3MEpeHHs Bceria aenanuch ¢ Gojblieil OTHO-
CHTeJbHOH TOYHOCTBIO, ueM JHHefHble,

Hasblit Metox 6v1i1 yenewHo npuMeden [lukapom (1620—1682)
npu uaMepenuu ayru or Ilapumxka no Ambena (1669—1670), npexn-
npuHsATOM (paHUy3ckoll Axajzemued Hayk. Bulia mamepena ayra B
1°22755”. Ee muauHa OKasajach paBHoH 78854 Tyasam, uTo COOT-
BETCTBYET B MEeTpHuUecKoll cHcTeme Mep 153 689 x. Orciona nnuHA
OJIHOTO rpamyca Obiia mosaydeHa pasuHoi 111212 u. CoBpemennoe
3HaueHHe IJIHHBI IYTH OJHOCO rpajyca moj TOH Ke MIHPOTOH pPaBHO
111221 m. Takoe GnH3KOe COBHIAJEHHE HAl0 CYHTAThb CJAy4ailHBIM.
Ho ans cBoero Bpemenu wu3amepenusi [lukapa Obliim Bce Ke He-
KJIOYHTeNbHO TOYHBIMH, ITAKap npHMeHMJ 1Js H3MepPeHHs T[OpH-
30HTAJbHBIX YIJIOB 3pHTelbHBIe TPYOLl ¢ CeTKOH HHTeH, a aad on-
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pelleJieHHsT INHPOT — 3CHHTHLIE CEKTOPbL. IDTOH KJACCHUECKOH pa-
60TOH, MOMKHO CUMTATH, 3AKAHUHRAETCH [ERBBLH NepHoL B H3VIEHHH
¢urypel 3emuan, aausmuiics Gomee 2000 ner, mepHoxa, B TeueHHe
KOTOPOTO ellle He BCTAaJ BONpPOC 00 OTKJIOHEHHH 3eMJaH OT Iiapood-
paanoil GopmuL.

CnenyonumM LIaroM B pasBHTHH TpejacraBielHii o ¢opme 3eM-
an aBuaach teopusi Hoiortona (1643—1727). B tpernelt wuactu
«MaremaTHuecKHX Hauaa HarypaJeHOH ¢Quiaocopuu» Huroton wus-
Jaraer TeopHio (GUIypel 3eMaH, OCHOBAHHYIO HA 3aKOHe BCeMHp-
Horo TsroTeHns. OH onpene/sier cuay TsMKecTH KakK pasHOAEHCT-
BYIOULYIO CHJI NMPHTSAXKeHHs H LeHTpobexnol. HMcxons na npejacras-
JICHHS THAPOCTATHYECKOTO PaBHOBECH§ BHYTPH BpallaloleHCcs KHJI-
KOH 0J1HOPOJHON MacChl B I110Jle CHJI TATOTEHHsl, OH BBIBOAUT (opMmy
3emMau B BHJe CINIIOCHYTOH y MOJI0COB cdephl, MOJAADHBIH pajaunyc
KOTOpO#l J0/KeH OLITL MeHbIIe 3KBATOPHAJBHOIO HAa BEJHUHHY
coucatusn oo=1/230. I1um cxaruem HpIOTOH 06BACHHJ, B YaCTHOCTH,
3dMeueHHble K TOMY BpeMeHH sIBJAeHHsI H3MEHEHHS X044 MAATHHKO-
BBIX YACOB IIPH H3MEHEHHH WIHPOTH MECTa.

B cepenune XVIII B. dpannysckod AxkajgeMmuell nayk ObIIH Bbl-
HOJIHEHBl TpajiycHble H3MEpPeHHs Mo pPAasJHYHBIMH IIHPOTAMH C
Ie/ibi0 3KCNEepUMEHTANLHOrO pelilenusd Bonpoca o durype 3emad.
Beliu opraHu3oBaHbl IBE SKCHOEJHIHH, BBINOJHHBIIHE T[pajlyCHbie
H3MCpPCHHSI B 3KBaTOpHAaNbHOH obaacti—B [lepy—mn noa moasp-
HbiM  KpyroM — B Jlannaugun na CKaHIHHABCKOM, [OJyOCTPOBE.
Ilepyanckas skcneauuust B cocrase byre, onewa, JlakonnamuHa
patorana ¢ 1735 mo 1742 r, u BHOOJHHJIA H3MEPCHHUS JyTH MepH-
muana ot 0°2°30” ceepnoit mwmpotsl A0 3°4’30”  10XKHOM MIHPOTHI.
Haa paussl ayru B 1 rpaayc 66110 noJyueHo 3HaueHHe B 56 748 tya-
30B. Jlannauackas skcmennnusi B cocrase Kuepo, Momeption, Ka-
miosa H llenb3usa wusmepuaa B TeueHHe 1736—1737 rr. nyry B
5730” nox wmpoToit B 66° M nosayuyuia 3HAYeHHe JIHHBI AYTH B
1 rpaaye, paBuoe 57 422 tyasam. Ma panee Boinoanennoro K. Kac-
cunln Goabmoro rpaiycHoro uaMepenus mox I[lapmxem (1718 r.)
Obl1a u3BeCTHA JJIHHA rpajlycHoi n1yru B 57 084 Tyaza. dtu uaMepeHus
MOKARAJH HA OMNBITE CMPABEAIHBOCTH BHIBOLOB HEIOTOHA 0 cXKaTHU
3eMaH, KCTaTH TOBOPSA, 0 3TOTO YNOPHO OCMApPHBABIIHXCSA PALOM
YueHbIX H B nepsyio ouepeab Kaccunu. Jlamea rpamycHod Ayru
101 CceBepPHBIMH WIHPOTAaMH 0Kasajgach HauGosbliell, UYTO COOTBET-
CTBYeT HaHMeHbLIeH KpHBH3HE W CBHIETEJBCTBYET O MOJSAPHOM
cxKaTHH. 3HaueHWe cXKatui oo 3eMau nmo ayram JlannauAcko# H
[Tapuxckoit nonyunnoce pasubim 1/214, a no Ilepyanckoit u Ila-
puxkckoi — 1/314.

Tak 6BlI0 goKazaHo, yTo (urypa 3eMJH NPeicTaBaseT coOoil
CIJIIOCHYTBIH cepoHl ¢ NOASPHOR 0¢blo, MpUMepHO Ha 20 KM MeHb-
niell 3KkBaTopHaabpHOH ocu. B 1743 r. peiunia 8 cBeT paBora Kaepo
«Teopust ¢urypsl 3eMau, OCHOBAHHASI HA HAUAJAX THAPOCTATHKHY,

7
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B KOTOpO#l oH, pas3BmBasi TeopHio HeloTona, nmokasan, uto 3eMas
umeer (opmy cdepouza M 4TO YCKOpeHHe CHJBI TSXKECTH Ha IO-
BEPXHOCTH H3MEHserTcd Kak (QYHKLHSA MHPOTHl MO 3aKOHY

g=g.(1+psin?q),

rje @ — MHPOTA MECTa, g, — YyCKOPeHie CUAbl TAMKECTH Ha 3KBa-
: @4 _ orHowenne a8
g,

SKBATOpA LEHTPOOEKHOH CHJIbl K CHJIe TSMKECTH, ® — YIJIO0Baf CKO-
pOCTL BpalleHus 3eMJaH, @ -— 00/bludst N0JIYOCh.

3TO COOTHOLUeHHe [oJayuHJ0 HasBanue TeopeMmbl Kaepo. OHo
JlaeT 3aK0H H3MeHeHHsl CHJIbl TAMKECTH ¢ LIMPOTOM H CBA3bIBAeT pac-
npejiejieHHe CHJABl TAMXECTH HAa 3E€MHOH NOBEPXHOCTH €O CiKaTHEM
3eMma,

Ilpu BwBoae 3TOoTO cooTHOmenna Kaepo npeanosara’, uTO
3emJs sBJAgeTcsl KMIKOH, NMpHYeM IJIOTHOCTh €€ H3MeHAEeTcsl IOo
panuycy NPOU3BOJNLHBIM 06pPAa30M, HO NMOCTOAHHA B GECKOHEUHO TOH-
KHX CJ0SIX, OTPAaHHYEHHBIX CO(OKYCHBIMH 3JiaHncongamu, Teopema
Kiaepo oTkpbiia HOBbIE BO3MOMKHOCTH B HCC/AEJOBAHHH (HCYpPHI
3emau. OHa gaja MeToj ONpeieNeHHs CHKATHS HE3aBHCHMO OT reo-
METPHUECKHX 3JIEMEHTOB IIyTeM H3yUeHHs TDAaBHTAIHOHHOTO MOJA
3emau. C 3TOro BpeMeHH HauyaJa pPAa3BHBATHCH TpaBUMETPHS Kak
HayKka, H3ydamoollas CHIY THKECTH, H ee pacrnpejel]eHHe Ha NOBEpX-
HOCTH 3eMJiH M ompenensioniass (GUrypy 3eMJaH [0 H3BECTHOMY pac-
NpeieJeHHI0 CHIbl TAXKEeCTH.

Cro ger cuyerd, B 1840 1., Croxc ofobmun swiBoas Kiepo.
Oun noxaszan teopemy: Ecau 3adawel yposeHHas nOBEPXHOCTb, ye-
AUKOM OXBATHIBANOUWLAR BCE MACCH, 00WAs MACCa TeAq U Yeaosas
CKOPOCTb BPALLEHUA TeAd, TO ITUM OOHO3HAHHO onpedeifsercsa cuia
TANMCECTH KAK HAQ CAMOU YPOBEHHOU NOBEPXHOCTU, TaK U 80 BCEM
BHEUIHEeM NPOCTPAHCT8e. JTa TeopeMa maer CBiA3b (GHTYpPhl 3eMJIH
¢ cuJoH THAXKecTH Ha HeH. CToKc pemua u oO6paTHYW 3ajauy: IO
13BECTHO CHJIE TAKEeCTH NOCTPOHTb YPOBEHHYHD MOBEPXHOCTb. JTa
3ajzaya pewaercsi He B oOmeM Byle. Xon ee pelleHHs TAKOB: MBI
sanaemcs (urypoii 3eman B BHAe cheponaa M BHIBOAUM TEOpEMY
Kuepo ne3aBuCHMO OT KakKMX-1HOO NPENNoNOMeHHI O BHYTpeHHEM
CTPOSHUKM 3eMaH, T. €, NOAYYaeM paclipeieseHue CHABL THMKECTH HA
stom chepoune. Ecin 6b 3emas gelicTBHTeNbHO OblIA ChepoHIOM,
To HabJaI0leHHAS CHJA TAXKECTH TOYHO COOTBETCTBOBaja OBl HOP-
MAaJbHOH, momyueHHoH mno ypasHenuwno Kgepo. PasHocts cuibl
TAMECTH — HAOMIONEHHON Ha YPOBEHHOH TOBEPXHOCTH M HOP-
MaJsibHOH Ha cdepoHnje — XapakTepH3yeT OTCTYNJEHHS YPOBEeHHOH
NOBepXHOCTH OT chepouna. CTOKc H ApyrHe yueHble yKasaJH NyTb
HaxoXKIeHHsl MO ITHM PasHOCTAM (aHoMaJJHsM CHJ/Ibl TSKEecTH) pac-
CTOSTHHH YPOBEHHOH IOBEPXHOCTH OT 3JJIMICOHIA BPAaLIEHHS.

J
TOpe, f= - g—0a, o —CKaTHe, g =
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B cepenune XVIII B. yyenne o chepouanynoctn 3eMJH 0OJIy-
unj0 Bceobllee NpH3HAHHE, YTO MPHBEJIO K HOBBIM HCC/IEIOBAHHAM
0 onpefeaeHnio pa3MepoB 3eMJH yiKe KaK SJJHICOH/1A BpallleHHdd,

Ecauy paHee pasMephl 3eMJIH 3aJaBajuch OAHOfl NOCTOAHHON —
pagMycoM, TO Temepb 3eMJI0 XapaKTePH3YIOT yiKe JB€ I0CTOsH-
Hple — GoJbINAs M MaJjas noJayocu @ u b uan Goapluas nmojyoch &
n cxkarie o= (a—b)/a. Ha py6exe XVIII nu XIX BB. BO MHOTHX
cTpalax HadyaaH pAa3BHBATLCA ACTPOHOMO-TEOJE3HYECKHe paboThl
145 cocTasjenuss KapT H 0O0CHOBaHHS TOMOTpa(HUUYECKHX CHEMOK.
IIpy 3sTOM NONYTHO pelIaIHCh BONPOCHl H O pa3Mepax 3emiH,
B wHacrofillee BpeMs TEePPUTOPUH BCEX TEXHUUECKHW pPA3BUTHIX
CTPAH TI'YCTO MOKPBEITH CeTAMH TPHAHTYJRIHEH, HeoOXOAHMBIX Kak
ANs BwBoAa (uUrypni 3eman, Tak M A% KapTHPOBaHWs CTPAHBIL
[Tourn Kamjoe H3 KPYNHHIX TpaIyCHBIX H3MepPEHHH COmyTCTBOBA-
JIOCh BLIBOJOM DPa3MepOB 3eMHOTO 3/IIHIICOHIA.

Haunubie 0 pasmepax 3JJIHNCOH/I0B, roayueHHeix B XIX u B mep-
Boit mosoBuHe XX B., npHBOAATCA B Tad./1. 1.

Tabnuua |1
ABTOp r;ﬁﬂﬂgﬂi' a,m o %5k hy

Henam6p 1800 6 375 553 1: 334,00

Banbbex 1819 376 8OG 1:302,78

OBepecr © 1830 377 276 1: 300,81

Spu 1830 376 542 1:299,33

BecceJb 1841 377 397 1:299,15

Teunep 1844 377 096 1:3025

HIy6epr 1861 378 547 1:2830

Knapk 1866 378 206 1:294.98

Kaapk 1880 378 249 1:29347

K aanos 1893 3EL T 1:299,7

TeabmepT 1906 378 200 1:2983

Xeithop 1909 378 388 1:297,0

Xehipopa 1902 378 246 1:2988 (1:38000) 38°E
Kpacoecknii 1936 378 210 1:2986 (1:30000| IO°E
Kpacosckuit 19410 378245 1:2983

Aaauncoun Xeiipopna 1909 r. npunsaT B KauvecTBe MeXRAyHApoOL-
HOTO 3JIJIHIICOHIA.

[Tocaenyiolliee COBEPIIEHCTBOBAHHE METOJOB H H3MEPHTEJbHOM
TEeXHHKH, 4 TAK)Ke HAKOIJIEHHe MaTepHasJ 0B M3MePeHHH NOCTEeNneHHO
BeJO K MOBLIMIEHHIO TOUHOCTH pesyabTaToB. B mauasne XX B. GblIo
ofpalieno BHHMaHHE Ha BO3MOXKIHYK TpexocHocTh 3emuu. Csejie-
HHSI O TPEXOCHOCTH H HampaBJeHHH HaHOGOJbIIEro 3KBaTOPHA/IBLHOIO
panuyca npHuBefeHbl B Taba. 2.

B 1abaHIAX oy, — SKBATOPHAJIBHOE CiKaTHe, a;, @ — Oosibmas
H MaJjas MOJYOCH 3KBaTOPHAJIBHOrO 3JJIHNCA, Ao-— AOJrOTA HAaH-
6oJIbIIET0 3KBATOPHAJABHOTO pPajaunyca.
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Tabamma 2

ABTOD rox a1—a; Ao
Teabmept 1915 230451 17° W
Beppor 1916 15058 mn w
lefickanen 1924 345438 18 E
lefickanen 1929 165457 38 E
XupBouen 1933 13916 19 W
Kpacoscxuii 1936 213 10 E
Telickanes 1938 25 W
Iefickanen 1938 3 W
Hzoros 1948 213 15 FE

OnHAaKO TPaKTHYECKOTO TPHMEHEHHA B TEOIe3HH TPEXOCHbIH
3JJIANCOHI He TMOIYYHI BCAEACTBHE VCIOMKHEHHS Bcex (opmy.r.
K Tomy e u onpelenseTcd OH HEeyBEpeHHO.

B ceasu ¢ paGoramn Kaepo n Crokca durypy 3eman navain
MOHHMATHL KAK YPOBEHHYIO NOBEPXHOCTb, T.€. TAKYI0 MOBEPXHOCTb,
B KaX»IOH TOUKe KOTOpOM [eHCTBYIOIIAS cH/Ja TSXKECTH HamnpasJe-
Ha 1O HOpMajau. DTa yPOBEHHAA IOBEPXHOCTL HE COBNAAET CTPOTO
¢ sanuncounoM. Ee yKIOHeHH:A OT ofIiero 3eMHOr0 3JIJIHNCOHIA
XapaKTEepPH3YIOTCs AHOMAJIHAMH CHJIB TAXKECTH.'

B 1873 r. memenkufi ¢uszux JIiucTunr BBEA TepMmun eeoud. [Tod
2eoudom NOHUMAETCA YPOBEHHAS RNOBEPXHOCTL NOTCHYUAAQ CUAbL
TAMCECTH, COBRAOQIOUNL HO OKEAHAX ¢ YPOBHEM HEBO3MYULCHHOL
600bl U npodoantaioinacs nod marepukamu, eoe oHa onpedeatt-
Aacy ObL yposHem 8006l 8 CeTU KAHAA08, COOOWAOWUXCE C OKea-
HOM, NPU YCAOBUL COXPAHEHUS BCEX MACC HAOD HUMLU.

[TonsiTHe TEOMAA KaK NOBEPXHOCTH, TPEACTABANIONISH (UTYPY
3emJH, cOXpaHHAOCh A0 HAWHX JHEI.

Ho reouj— NMOBEpXHOCTb HENPABHJABHAS; /I HEro Helb3s cO-
CTABMTDL TPOCTLIC TeOMETPHUeCKHEe cooTHouenus. [losTomy reonesu-
yecKHe H3MEepPeHHs HeBO3MOXKHO obpabatwiBaTh Ha reomme. Hampu-
Mep, HEBO3MOMKHO HANHCATh NPOCTOe YpaBHeHHe MAJAd Mepegaui
KOOpDAUHAT 110 asuMyTy M PACCTOSIHHUIO HAH, HaoOOPOT, PacCTOAHHA
no koopauHaraMm. Huas Toro uroGbl ofpabaThisaTh TeoLe3HyecKiie
H3Mepenusl, HeoOXOJHMO I0Jb30BATLCS MPOCTOH MAaTeMaTHUeCcKOM
NOBEePXHOCTBIO, HO A0CTATOYHO OJH3KOH K reouay. Takoi noBepx-
HOCTBIO SIBJISIETCS INIOCKOCTH /IS MAJBIX IJomaneil (IecaTKH KH-
JOMETPOB) M IJAIHICOHA JAJAS 3HAUHTENbHBIX nJjouiageii. Bece reo-
Ae3UUeCKHe H3MepeHHsd, NPOU3BOAAWINecs Ha (H3WUECKOl NOoBepX-
HOCTH 3€eMJIH, JO0JIXKHBI OblTh PEIYIHPOBAHBLI HA 3JJIHICOHA. D10
OTHOCHTCS K yriaM, HampPaBJeHHSIM H PacCTOAHHAM. JLIHICOHJ,
NPUHATHYN A4S o0paldoTKU TPHAHTYASIKK, HA KOTOPLIH OTHOCATCH
HIM PeAYHHDPYIOTCH Bce TreoJle3HUecKHe H3MepeHHsl, HaabiBaercs

L]
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pegepeny-aaauncoudom wau  aaauncoudom oruwocumocru. Ilyte
peayunpoBaHus Ha pedepeHi-3aauncou ObT TAKOB: H3MEpeHHbLIe
37€MEHTHl PeIYyLHPOBATHCh HA «YyPOBEHb MOpPfi», T.€. Ha TEOHJ IO
M2BECTHHIM HATIPABJEGHHAM OTBECHON JHHHM U BhicoTaM. [locne sro-
ro Bce peAyIHPOBAHHBIE 3JeMEHTH NepeHOCHANCh Ha 3JIHICON]
fe3 wusMeHenuii. DT0 TaK HasplBaeMbli MeTOI pa3BepThIBaAHHS.
flpn stom Merome wHa KoHuax GoOAbIIUX pPAAOB TPHAHTYISHHH
1A 6oabUIOH crpanbl Heu3GeKHO HAKONATCS 3IHAUMTENbHBIE WC-
KaxKeHust.

B 30-e rogel ®@. A. Kpacosckuit (1878—1948) npeanoxna merton
NpoeKTHpoBanHua. B atoM cayuae u3MepeHHble BeJHYHHBI JOJMKHLI
NPOEKTHPOBATHCH Ha TEOMJ M0 HM3BECTHLIM BHICOTAM H JaJjee ¢
reoH/ia HA 3JJIHMCOHJL 10 H3BECTHbIM BBICOTAM TeoHa [ H HOpMa-
agM k reouay. Ilpun stoM saemeHTaMH, OnpelelsOIINMH (GHIYDY
3eMH, WJIH TEOHJ, ABJIAITCS pas3Mepbl HIIUICOHLA @ H o M BbICO-
Thl § reOHAa HAX 3JAHOCOHAOM.

Ho, xak nokasza/ju wuccleIOBAHHS COBETCKHX T€0AE3HCTOB W B
nepsyio ouepeap M. C. MonoaeHcKOro, 3ToT NyTh OKAa3hIBAeTcCH
HelpHeMJ/IeMbIM 110 C/AeAYIOUIUM NPUYHHAM:

1. Ilpn .npoekTnpoBanun ¢ (uU3HUECKON TOBEPXHOCTH 3eMsH
H4 TEeOM] MBI He 3HAeM XOna CHJOBOW JHMHHH BHYTPH Macc 3eMJH
H He MOMKEM 3HATh €ro, TOCKOJbKY HEH3BECTHO pachnpeleleHue
5THX Macc.

2. Ilo Toit ke mpuuMHE ML He 3HA€M W HANpaBJeHHs HOpMamu
Ha recupe.

3. HusennpoBka naer BbICOTHI, JHIIb MPHOJHMKEHHO XapaKTepi-
3YIOIHE PaccTOsiHHE OT (PH3HYeCKOH NABePXHOCTH 3eMJH /0 reouja
(B cTporom cwmbicsie cjaoBa), G0 B CHAY HeNapaiie]bHOCTH Ypo-
BEHHBIX TMOBEPXHOCTEH BBICOTA 3aBHCHT OT TYTH HUBEJHPOBAHHS
(puc. 2).

Puc. 2.

Boicota Toukn A max B moxeT ObTb onpeleneHa u kak H,
M Kak H,, Tax Kak Npu ABHMKEHHH NO yPOBEHHON MOBEPXHOCTH OT
B’ x A npupawenne BbicoT 6yier pasio Hyaw. Ho H,5#%H,, a pas
TdK, TO T€OH/L B CTPOrOM CMbIC/IEe HEONPEeILeNnM.
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Bce 3to npuBeao M. C. M0J0JEHCKOTO. K MBICJIH O HEleaec000-
Pa3HOCTH paccMAaTPHBATh reoH] Kak (urypy 3eMJaH H OCHOBHYIO
peaykuuonnyo nosepxuocts. Cefiyac pazpaGoran HHOH IyTb, MeTO-
OHUCCKH TMOXOXKHI, HO TeOpPeTHUCCKHM MNPHHUHIHAABHO OTJHYHLIH.
OH COCTOHT B TOM, UTO ONpe/easiercs MOBEPXHOCTh caMoii 3eMau, a
He reouja. 3ajaua COCTOHT B ONpeJeJeHHH CHCTEMbl BHICOT (hH3H-
uecKoil MOBEPXHOCTH 3eMJH Haji SJJIHICOHIOM OTHOCHMOCTH — TaK
HA3LIBAEMBIX 200e3uteCKUyx @blCOT. DTH BLICOTH PAa3JeNslOTCs Ha
HEKOTOPYI0 HOPMAJIbHYIO 4acTb H aHomaJjuu BbicoT. M 10 n apyroe
onpejeasieTcss TOYHO U CTPOro M3 HHBEJHPOBOK U IPaBHMETPHUECKHX
H3MepeHHH, BBHIMOJHEHHBIX HA (H3HYECKOH MTOBEPXHOCTH 3eM/IH.
C nomoulbi0 3THX BRICOT H OTKJOHEHHH OTBECHBIX JHHHH BO3MOZKHO
CTpOroe NpPOCKTHPOBAHHE BCEX M3MEpPEHHBIX Ha (H3HUECKOH MO-
BEPXHOCTH 3eMJH BeJHUYHH Ha sJjauncoui. Teopus storo meroia
H IpakTHuecKue (GopMyJibl npejliozens 0 paspaGoransl B 40—50 rr.
M. C. MononenckuM. Ilpu takom noaxone ¢urypa 3eman ompejle-
JfAeTCA CACAVIOLUMH 3JeMeHTaMu: 1) 60JbLoHd NOJyOoChlo JJHM-
coMia BpallleHHs; 2) c:KaTHeM ero; 3) COBOKYNHOCTbIO Te0jle3H-
YeCKHX BBICOT, PACHajlAl0IIHXCs HA HOPMAJbHYIO 4acTh U dAHOMAJIHH
BLICOT. Bce 3TH 3/MeMEHTH NPHHIHNHAJALHO M IPAKTHYECKH ONpe-
IeTMb.

[Ipn Takoii mocranoBke mnpoGJaeMbl Qurypa 3eMin omnpejens-
eTcsl ¢ TOH HeoOGXOAHMMOI TOUHOCTBIO, KOTOpasi BhITeKaer M3 Tpebo-
BAHHH NaHHOH KOHKPETHOH 3aJayl C yYeToM, ec/i 3TO Hy:KHO, BCex
HEPOBHOCTENH €€ NOBEePXHOCTH.

Peposiionuio B reojieann caenas 3amyck HCKYCCTBEHHBIX CIYT-
HUKOB.  lcnoab3oBannme HCKYCCTBEHHBIX CNyTHHKOB 3eMJH a0
rCOLE3HH METO/bl, IO3BOJAIIIHE pPEIaTh paHee HepaspelmHMble
3aJlayu, ¥ YPe3BLIYANHO PACIIHPHIO ee BO3MOMKHOCTH, IIPHYEM CIIYT-
HHKOBBE[e METOJB OGOraTHIH KaK TeOMETPHUECKYI0 Te0de3Hio, Tak
1 (PH3HUCCKYI0 — rPaBHMCTPHUCCKYIO.

Onuoft 13 nanboJiee BaxKHbIX H OUEBHHBIX HOBBIX 3a/1a4 SIBHJIAChH
BO3MOKHOCTh CO3/1aHHSA EeIHHOH reojle3NyecKol ceTH, OXBATLIBAND-
1leH Bechb 3¢MHOH IIap, a Ha NepBBbIX LIarax — BO3MOXKIOCTL reoje-
3HYECKOH CBfI3H KOHTHHEHTOB. CNyTHHK, ABHKYILHKCA Ha GoJabLION
BBICOTE, MOXKeT HabaI01aThbCid OJHOBPEMEHHO ¢ BecbMa Y/1ajeHHBbIX
IOYHKTOB, H TaKHM 00pa3oM BO3MOXKHO INOCTPOEHHE TPHAHTYJSLHH
¢ OueHb OOJIBIUMMH CTOPOHAMH TPEYroJibHHKOB, B Thicsuy H OoJjee
kunomerpos. Ho 3to eme ne sce. HaG/monas Bo3aMylieHHs 3/JeMeH-
TOB OpOUT CHYTHHKOB, 0Ka3a/JoCh BO3MOXKHLIM OlpeleNHTh KOOP-
JHHATLI CAaMOTO CHYTHHKA, KOOPAHHATLI CTaHIHH HaG/II0IeHHA H Oc-
HOBHBIX 3JIEMEHTOB TIpaBHTAallMOHHOTO Modsi, CoOTBETCTBEHHO BO3-
HUKJH 182 METOJd CNYTHHKOBOH re0je3HH: TeOMeTpHYecKHH, B KO-
TOPOM CHOYTHHK HCIOJAb3YETCH KaK MAaCCHBHBIH 3/J€MEHT, KOria
CIYTHHK CJYXHT 4YeM-TO BpOIe CHrHajJa B TPHAHCYJIALHH, 1!
opOUTANBHBIH, HIH JIHHAMHUECKHH, B KOTOPOM MO BO3MYIIEHHAM

"
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371€MEHTOB OPOUTH HAXOAATCA CHJABL, HX BO3MYTHUBIUME, T,€. TPABH-
TALMOHNOE NOJe W YKIOHEHHS €ro OT HOPMBI, a N0 NpeABLIYHC/eH-
HbIM H HAOMIOZCHHBIM NOJOXKEeHHAM YTOYHSIOTCH KOODAHHATHL CTAH-
uui. Tak BO3HAKIM METOAbl TPEeXMEpPHOH CHYTHHKOBOH TPHAHIYJf-
UHH, METOALI ONpefe/ieHus LEHTPpAa Macc 3eMJIH H KOOPIHHAT ¢
HayajoM B 3TOM UEHTPe MACC, MOABHMAACH BO3MOMNKHOCTH CBA3H TPH-
AUCYJIAUHA OTAe/MbHBIX KOHTHHEHTOR H CO3/laHHUsl e/IHHOH ofuleseM-
HOH reoe3H4ecKOil CHCTEMBI, a TaKiKe MOCTPOEHUA NPOCTPAaHCTREH-
HOH Te0fe3HuecKOH cHCcTeMbl 0e3 HeQOXOAUMOTO paHee BBEICHUA
BCIIOMOTATEJLHOH OTCHETHOH NOBEPXHOCTH B BHAE pedepeHI-3/IHI-
conpa. LUlupokue mepcrnekTHBbl OTKPBIIH COYTHUKH U B GHI3HUECKOH
reQesnH, Haydawlleil rpaBHTAlHONHOe noJe U QUrypy 3emiH. Yixe
Hepeble HaAOMIOACHUS BOIMYILEHHUH OPOHT CHVTHHKOB [O3BOJIHJIH
VTOUHHTE CKATHE 3eMJH H ONPeje/iuTh €ro Ha [Ba NOPSAKA BhILIe,
YeM 3TO MO3BOJAJIH CAENATh TPABHMETPHUECKHH HJH TeoMeTpHue-
CKHH METOALL. ITOT Crnocolh A4eT BO3MOMKHOCTL TAKMKE VCTAHOBHTH
raaBHble KpynHble UYepThl OTKJAOHeHHsi (opMbl 3eMad or oO11ero
rpaBHMETPHUECKOTrO 3JIJIHIICOHIA; OH MNOATBEP/IHA H OTKDELI HOJlFlp
HVIO H 3KBATOPHAJBHYK) aCHMMETPHIO 3eMJIH,

' Henosabzosanne opOHTANBHOTO CHYTHHKOBOIQ METoAa H3MEHHJIO
caM MOAXOJ K H3YYEHHIO FPABHTALHOHHOIO NOJS H (QHCYPBl 3eMJIH,
Haubonee ymorpebisieMbIM METOAOM CTa/Jd MeTOJ] PAasJOKEeHHS
rPABHTALHOHHOIO MOJs 110 chepHuYecKHM rapMOHHKaM, MpHYEM
HayaJaH NPHHHMAaTb BO BHHMaHHe rapMOHHKH JI0 JIBaJLATOTO H jia-
#e Doaee BBICOKHX MOPSIKOB.

Onnako upesMepHOe VYBJIEUEHHe CIYTHHKOBOH reojesneill Ha
NepBHIX M0Pax, KOrjla HeKOTOPhle CHeLHAJHCTHl CUHTAJH, YTO OHA
HOJHOCTBIO 3aMEeHHT Ha3eMHble MeToJbl, IPOLIIO, H ceduac Hayka
pasBHBaeTca TaDMOHUHMECKH, HCNOAb3YS H COYeTAs KAK HA3eMHLIE,
TaK H KOCMHYECKHE METO/bI.



YACTH IHEPBAJ

FEOMETPHUYECKHH CIIOCOB
M3YYEHHA ®UTYPbI 3EMJIH

Hayuenunem ¢opmbl H pasmMepoB 3eM/H TeOMETPHUECKHM METO-
oM 3aHHMAeTcs reofesust. M3 reojesun BbIAEIAIOT YACTh, B KOTO-
poil paccMaTpHUBAIOTCH METOJABI H3MepeHH 3eMJH C y4eTOM KpH-
BH3HbI €e [0BePXHOCTH. ITy uAaCTb HA3bIBAIOT gbicuwiell 2eodesuell.
OcHoBHOH 3ajayeli BbiClIei reole3WH CYMTAIOT onpenenenne ¢pop-
Mbl 1 pasMmepos 3eMJad. OnHako B MOHATHE BBEICHIEH TEOe3HH BXO-
AHT M MHOrO ADYTHX 3ajau: ONpeje/eHHe KOOPAHHAT NyHKTOB H
paccrosnuil Ha 3emJie, MOCTPOEHHE Teofe3HYeCcKHX ceTel, TeopHs H
NPaKTHKA JHHEHHLIX H YIJIOBBIX H3MepeHHH, HUBEJHPOBKH, METObI
00paGoTKH reoqe3HuYecKUX H3MepeHHil M ypaBHHBAHHE H T. I
B nacrosuesi kuure, nocesieHHol TeopuH GUrypsl 3eMJH, U3 Beeil
COBOKYIHOCTH 3ajay BbICIIeH TeOJE3HH Mbl, €CTECTBEHHO, MOJIKHLL
BbIJIe/INTh HMEHHO 3TY TJaBHYIO ee 3ajfauy.

B nepeoil yacTH KHHI'H H3J1ATAIOTCS METOAbl PEleHHs OCHOBHOM
3ajauy BbICIIEH Teo/e3HH yHuCeTO reomerpuueckdM nyteM. OcHOBHBIM
3llech ABJAETCS NpejacTaBjende 3eMJH B NepPBOM NPHOJHMKEHHH B
BUJle 3J/UIHNCOHAA BpalleHHs, HAWAYYIIHM. 00pasoM MOAXOASALLErD
K MCTHHHOI 3emje, H OnpeleseHHe HapaMeTPOB TaKOrO 3JIHICOH-
Jla U3 TeOMETPHYECKHX TPALYCHbIX H3MEPEHHH.

Ha sTom 3Tame, moka mnl elle He NO3HAKOMHJHChH C TOHATHIMH
(hH3HYECKOH Teofe3nH, T. €. CBA3bl0 (opMbl 3eMJH C CHJIOH TAMKEe-
CTH, YKJOHCHHS MCTHHHOH (DH3HYECKOH TMOBEPXHOCTH 3eMaH OT
3JIIMICOHA OTHOCHMOCTH MPAKTHYECKH ONpeJeJIHMbl TOBKO MpH-
OJTHKEHHO, ¢ MOMOILBIO CHCTEMbL BBICOT TOYEK (VH3HUYECKOH MOBEpX-
HOCTH 3eMJH HaJ YPOBHEM MOpPS M BBICOT YDOBHS MoOpst Hal
H3GpaHHBIM 3JJIMIOCOUAOM OTHOCHMOCTH. MeToAbl pelieHdst 3TO
3ajayy JAaTcs 3[echb JHMIbL B KPATKOM H3JIO0MKEHHH, NOCKOJbKY
reoMeTpHUECKOe pelleHHe 3TOH 3anayd CJA0XKHO B TNPAKTHUECKOM
OCyIeCTBIAEHHH M TNPHMEHAeTCA Pelko. \

IlosTomy, He npeanoJarasi NOAMEHsATh KyPChl BBICIIEH reoie3HH,
B 3TOH YacTH KHUCH MBI H3JIOXHM OCHOBBI C(PepOHAMYECKOH reoje-
3UH, METOJ INOCTPOEHHS IpajyCHBLIX ceTeil M BHIBOJAA H3 HMX napa-
MEeTPOB 3eMHOro aJjauncouga. [las ayumero NOHHMaHHA, KaK 3TO
Jejiaercs MpaKTHUECKH, B KHHre (parMeHTapHO LaHO NOHATHE OC-
HOBHBIX TeoJe3nuecKux paboT, MPOH3BOAMMBIX HA MECTHOCTH s
rpajycubix H3mepeHHil. Bee ocTanmbHble pasjiesibl BbICIIEH reofes3ny
ciona ue Bousu. He BxaloweHa B 3TOT pasjen] U Ta 4acTb CIyTHH-
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KOBOH reosieauyt, KOTOPas, MCNOAB3YS CHYTHUKY KAK.BH3UPHBIE L],
pemae"r Te0Je3HYEeCKHE 34144l TaKKe FEOMETpHL]eCKHMH MEeTOJ1aMH.

C Takim ¥Ke NpaBoM, Kak paszjejenye npeaMmerd TeOpPHH (PUrypLI
3emMJIH Ha TPH YacTH: reoMeTpHYecKylo (reojiesHuecKylo), (puszHue-
CKYI0 (TrpaBHMETPHYECKYIO) ¥ aCTPOHOMMMYECKYIO, MBl MOTIJAH OBl
pa3aeauTh ero Ha aBa nojipasfena: reoMeTpHYecKHH H AMHAMHYe-
CKHH, pas®uB TakHM, 00pa30M CIYTHHKOBLIFI METOJ Ha JBe YaCTH,
OTHeCs K NepBOH, reoMeTpHYecKoH, Ty ero 4acTb, B KOTQDOH CHOyT-
HHKH MIPaloT NACCHBHYIO DOJib, & KO BTOPOI BMeCTe ¢ TPABHMETpPH-
YeCKUMH METOJaMH TaKKe MeToJ BO3MYIleHHs OpbUT B HeONHOpOI-
HOM FpaBUTAUUOHHOM noae naager. OAHAKO CHYTHUKOBLIE METOXbLI
HMEIOT chelH@HKY, POAHAILYI0O HX H B TO € BPeMf OTJHYAIONIYIO
OT H43eMHBIX METOJO0B. DTO JAaerT npaBo oObeJHHHTbL TFeoMeTpHye-
CKHH M AMHAMHYECKHH CIYTHHKOBHIC METOJLI, BHIIEJHB HX B CHElH-
aJbHBIN pasiel ACTPOHOMHYECKHX METO/0B H3yueHHsl (PUryphl 3eMm-
AH U OTHEANB OT [ABYX KJAACCHUECKHX TNyTeH pelleHHs NpoGaeMbi:
reoMeTpPHYECKOr0 H TPaBHMETPHYECKOrO.

TAABA 1

OCHOBHBIE CNMOCObbI TEOMETPHYECKHX M3MEPEHUH
HA NMMOBEPXHOCTH 3EMJIH

FeoMmerpnyeckuit cnocod usyueHuss QHUTYPb 3e€MJIH COLEPIKUT
B cefe ueThipe OCHOBHDBIC 3aauy, 9BJAAIOLIMECH OLHOBPEMEHHO dYe-
THIPbM# OCHOBHLIMH Da3/jefaMH Belculeil reojesns. dt1o: 1) namepe-
HHSl YIJIOB H PACCTOSHHE MEXKJ1y TNyHKTaMHu (PH3HUECKOH IoBepX-
nHoctn 3emad, 2) BeiOOp pedepeHi-3JIHICONAA, HAHJAYYIIHM oOpa-
30M npejcTaBafAlIlero 3eM/JII0 B H3ydaeMoM paioHe, 3) peaylHpo-
BAHNE U3MEPEHHLIX BEAMYUH HA pedepeHi-3AAUNCOHA, 4) peuenude
TeojIe3HUECKHX 34/1a4y HAa NOBEPXHOCTH 3/AJHICOHAA.. BoamoxeH u B
noc/jeayolleM H3Jaraercs crocod peleHHs reojle3HyecKHx 3ajnau
HENoCpeJCTBeHHO 10 H3MepPeHHSM, BLIMOJHEHHBIM Ha (DH3HUECKOM
nosepxHocTH 3eman (cnoco6 M. C. MosogeHcKoro), MHHYs peayk-
uuo. Ho #u B ToM, # B Apyrom cnocofe MCXOAHBIMH JIAHHBIMM AJA
pellcHHA 3ajlau ABJIAITCA reofesndeckue yamepenus. B stolt raa-
Be B CXKATOM BHAE jgaercsd oblllee mpe/cTaBjeHHe O BHAAX TeoJe3H-
yecKux paboT, HeoOXOAMMBIX Aas pelleHus 3agayd o Gurype
3eMJH.

§ 1. Tpuauryaauus

OcHoBOH Bcex reofiesHuecKHX paboTr CJayKHT CeTb ONOPHBIX
NyHKTOB ¢ H3BECTHBIMH KOOPJAHHATAMH M OPHEHTHPOBKOMH, T. €.
¢ M3BECTHHIMM ILIMPOTOM, AOJATOTOH ¥ A3MMYTOM HEKOTOPOTO (HHKCH-
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poBaHHoro Hanpasjenusa. Ecan 6n 3emas Obl1a npaBHILHLIM
IJINICOMAOM C MPABHABHLIM 3J/JIHICOHAANBHBIM paclpenejeHnem
Macc M JJs1 Hee HampaBJeHHe OTBECHOH JHHHH BCErja COBIANAJ/o C
HanpasJ/ieHHEeM HOpMaJHi K IOBEPXHOCTH, TO CEeTh TAKHX ONOPHBIX
NYHKTOB MOXKHO OBLIO Gbl NOJMYYHTb C MOMOILBIO ACTPOHOMHUYECKHX
HaMepeHHii. OflHaKO HaJHYHe YKJOHEGHHH OTBECHBIX JHHHI OT HOp-
Majed K 3JJAHICOHAY IPHBOAHT K HECOBNALEHHIO KOODAHHAT HA
SJIIMIICOHE C KOOPAHHATAMH TeX e TOueK, OmpejeseHHbIX acTpo-
HOMHYECKH. JTO NMPHUBOJHUT K HeOOXOZHMOCTH YCTAHOBJIEHHS CHCTe-
Mbl KOOPAHHAT Ha pedepeHil-3JJIHNCOHAe — TaK Ha3blBA€MOH CHCTe-
MBI T€0/le3HYeCKHX KOOpPJHHAT — M TOCTPOEHHS CHCTEMBI ONOPHBIX
TOYEK ¢ H3BECTHBIMH Te0Je3MUecKHMH KoopanHataMmu. Takas reo-
Ie3HuecKas CeThb, B KOTOPOH H3BECTHBI KOOPAMHATHI TOUEK H pac-
CTOSHHMS MEMIYy HHUMH, B TNPHHLMIE ITaeT BCe HeoOXOnUMOe A5
onpejeseHus CKatug U O0JAbUIOH NOJYOCH 3eMHOrO 3JJHICOHAA.
B caMmom meJje, 3naHue JJIHILI ONHOM IPaiyCHOM 1YTH O3BOMAET ONpe-
JeJIMTh pajuyc IApoBOH 3eMJ/iH, a 3HAaHHE ABYX IPALYCHBIX 1YL N0
pA3HEIMH MIHPOTAMH TMO3BOJAET OMPEACTNTh 3/THICOH] BpPAlleHHS.
Haanune ke onopHOH Treone3HuYecKOll CeTH PaBHOCHJABHO 3HAHHIO
GOJBLIION0 YHCAAa TPaiyCHBIX AYr TOJ PAasiHYHBIMH  LIHPOTAMH.
OnopHast reojlesnyeckasi CeTb CTPOHUTCH METOAOM TPHAHIYJSLNH,
B KOTOPOM JHHEeHHBle H3MepeHHs 3aMeHATCs (GoJee TOYHBIMH H
60J/iee TPOCTHIMH YIVIOBBIMH. [ onpenenends JHHEHHOrO MacimiTa-
6a TPHAHTYJANUH NPOH3BOAATCH JHHeHHBle (6asuCHBIE) H3MepeHHs.
OcHoBHAsA HAes TPHAHTY-

8 D JAIHH COCTOHT B CIEAYIONIEM.

Ha wmectnoctn B TOugke A

C H3BECTHBIMH KOOPJHHATA-

MH HPOH3BOAUTCS H3MEpeHHe

yriaa Mexay HanpabJeHHAMH

i ” £ Ha 1aBe 1gpyrde Touku B n C
(puc. 3), cay:xkamue BeplIH-

Pue. 3. HAMH TPeyroJbHHKa, Tak ke

: H3MepseTcsl yroJa MexAy Ha-
npasaennavu BA u BC. Ecaum kpome Toro, M3BeCcTHa IJHHA OJ-
HOW CTOPOHBI TpeyroJbHuka ABC, B paHHOM cjyuae paccros-
nue AB, TO, pewmas MeTOZAaMH TPHUTOHOMETPHH TPCYTOJBHHKH,
HaxonaaT aauHel cropon AC wu BC. [lajee u3MepsiloT VIJbl
DBC u DCB wu, 3unas cropony BC, pemaior tpeyroabuuk BCD
u 1. 1. Ilo u3BecTHBIM pACCTOSIHHSIM M HANPABJEHHSIM H [PH
H3BECTHBIX KOOpDAMHATAX HCXONHOH TOoukH A HaX0ZAT mocnaenoBa-
TeJbHO KoOpAHHATh Touwek B, C, D, E ... KoopauHaTol HCXOLHOTO
IYHKTa NPHHHUMAIOTCH PABHLIMH ACTPOHOMHUYECKHM MJH YCTAHABJH-
BAIOTCH MO TOCJAEIHUM C YUETOM YKJIOHEHHI OTBECHBIX JUHHH B HC-
XoHO# TouKe, JlMHA BHIXOAHOHN cTOpOHBl AB ompeiensieTcs ¢ MO-
MOUIhIO CHEIlHAJbHBIX JHHEHHBIX H3MepeHHH, HasplBaeMblX OasHc-

L
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npiMy. TakuM o6pasoM yCTaHaB/JAUBACTCH CETb ONOPHLIX reo/esuye-
CKHX To4ek, HeoOXoauMmasi Kak aJa pellerHsi 3anayun o (opme
H pasMepax 3eMJH, TAK H AJs NPOBeJEHHS TONOTPa(HUECKHX Cbhe-
MOK H cocrapjeHus kapt. Cosjpanue BHICOKOTOUHBIX TPHAHTYJIALH-
OHHBIX ceTeil sBJsieTCA BechbMa TPYI0eMKOH H J0pOrocrosieii pa-
Goroit. IlosroMy pjd TeppHTOPHH OGOJBIIHX CTPaH BMECTO CHJIOIL-
HOH BLICOKOTOUHON TPHAHTYJAALUMH CTPOUTCH OCHOBHOH TPHAHTYJISH-
LHOHHBIA Kapkac, TaK HasbiBaemble psiibl TpuaHryasuuu I Kmacca,

Puc. 4.

COCTABAMIOMME 3AMKHYTHIC NOJAUTOHL! (pHc. 4). 31U pAapl pacnona-
ramTcs NPHMEPHO BAOJL NapaJjuiedneil H MepH/HAHOB HA PacCTOSHI-
ax 200—250 ku. B mepeceueHHAx psmoB TpHaHryasouum 1 Kiacca,
WAW, UTO TO XK€ caMoe, B BePIIMHAX MOJUIOHOB TPHAHTYIAUHH,
¢ nomolplo (GasHCHBIX H3MEDPEHHH Onpeae/siioTcsi BBIXOJHBIE CTO-
POHBI M HA KOHHUAX MNOC/EIHHX ONpeNeNfaloTCs acTPOHOMHUYECKHe KO-
OpAMHATH M a3uMyThl. Kpome Toro, nns nopwlurenus TOUHOCTH U
Ans npHaanus GoJplled JKecTKOCTH BCEH TPHAHTY/IALHOHHONH CH-
cTeMe Ha MPOTSKEHUH KamJ0i CTOPOHLI NOJIMIOHA, TAK HA3LIBAEMOM
3BeHe TPHAHCYJAALUMH, YCTAHABJAHBAWTCH l—2 acTponyHKra, T. €.
B H30paHHbIX BeplIHHAX TPEYroJbHHKOB, OTCTOANIHX OT OA3HCOB MJIH
OT APYTHX acTponyHKToB Ha 70—100 xm, onpefeasioTess acTPOHO-
MHUYeCKHE KOODP/IHHATHI.

B 3TOT OCHOBHOH KECTKHH reojle3HueCcKHH Kapkac BIHCHIBAlOTCH
CIJIOLIHBIE CEeTH TPeyroJbHHKOB TPHAHTYJSALHH BTOPOrOo KJacca,
HMelomue croponbl oT 7 10 20 xm. He pexke ueMm uepes kakAble 25
TpeyroJIbHHKOB paBHOMEDHO no Bceli 3anoaHsionleir cetn II xiaacca
onpeneasn0Tcs Hasucunie cToponbl. 1lpn 3ToM 0043aTeNbHBIM ABARA-
eTca ycTaHoBJenHe §asycHOH CTOPOHBI B cepejHHe noauroxa } xmaac-
ca. Ha Konuax 6asucHbIX CTOPOH ONpeiefsiioTca a3uMyThl H aCTPO-
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HoMuueckHe KoopauuHatel. Othocurenbno nynkros I u II xaaccos
OnpeneasloTCa MYHKTHl rOCYJapcTBeHHBIX ceTell Tpuanryasuun I11
n 1V kiaccop, KoTopblie MOTYT 00pa30BLIBATL TPHAHTYJIAIHONHbIE CE-
TH, MMEIOIHe CBSI3H CO BCeMH OJIKaMIIHMH NYHKTaMH TOTO XKe
WA BeICHIero Kjaacca. TpuadryisiuuonHsle nynktel III u IV knac-
COB ABJSIOTCS HENOCPEICTBCHHO OIOPHLIMH TOYKAMH IIPH “BBIIOJI-
HeHuH JI0OBIX TEXHHUECKHX 3a/ad: IpH OpPHeHTHPOBKe aspodoro-
CBEMKH, OOOCHOBAHHH TonorpaHYecKHX CbhEMOK, OPHCHTHPOBKE
reoJIOTHYeCKHX, TpPaBHMETPHUECKHX, [JIAHHPOBOYHO-CTPOHTENLHBIX
u Apyrux pador. Ilo mMepe cHuKeHHs: KJjacca TPHAHTYJIALUHH yMeHb-
' malTesl JJHHBL CTOPOH TPEYToJdbHH-
KOB, CHHKAeTCH TOYHOCTb H3MEpeHHil.
[IpunsATHE TAKOH CXEMBl TOCTPOECHHS
ONOPHBIX TEOJe3HYECKHX CeTeH cylle-
CTBEHHO YaeueBaseT paboTel U oec-
NeYHBAET BBICOKYIO KECTKOCTb BCErO
NOCTPOEHHS,

B taba. 3 npusejenb OcHOBHBIe TPeOOBANNA K TPUAHTYAALNAM
pasMHUHLIX KJACCOB B COOTBETCTBHH C HHCTPYKLME!l O NOCTPOeHHH
rocynapcerseHnoi reofesudeckoil cetn Coioza CCP 1966 r.

Pue. 5.

TaGauma 3
1 knacc 11 knace 111 xaace 1V knacc
1. JInuna 3BeHa, KM 200 — — —
2. Yneao 6asucos 1 na 3BeHo | 1 uepes 25 1 yepes * 1 yepes
: : TPeyrodn- 20—25 Tpe- | 20—25 Tpe-
3. Unesno cropOH MekK- HIKOB YrOJBHHKOB | YrOJbHHKOB
oy OasHUCHBIMH CeTH- 10 20—25 20—25 —
MH
4. Nnuna Gasuca, ku 6—id 6—15 - —
5. Tounocts wH3Mmepenus | 1:1000000 | 1: 1000000 = -
Gasuca
6. Tounocts onpeaene- |1 :400 000 1 : 300 000 1:200000 | 1:150000
Hus 6a31CHOI CTOPOHDI
7. Hdnuna cropoH, Kum =20 7—%) 3—5 2
8. TounocTh H3MepenHi
KOOpAHHAT:
wWHPOTH B 3 0”4 = —
poarots L 05,03 08,03 — —
asumyrta A 0”5 07,5 — —
9. Tounoctb u3MepeHHH
VIJI0B 077 170 %5 o
AcrtpolovHYeCKHe TNYHKTH pACNOJaralTess napaMi, 1m0 O0JHOMY Ha ABYX

CMEXKHBIX NYHKTax reoe3Hueckoi ceTH.
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Yacto npu npoBeleHHH TPHAHTY/SLHH Ileb NPOCTHIX TPeyrofb-
HHKOB 3aMeHsercs GoJsiee cJ0XHBIMH ¢urypamu. B HekoTopbIxX
CTpaBax NpRHATO AJS YBEJAHYCHHS MKECTKOCTH reoje3nuyecKoil cetu
CTpouTH ee M3 GoJee CI0KHBIX Guryp, HanpuMep, H3 PsJOB ABOM-
HBIX TPEYTOJbHHKOB (pHC. D), MJIH H3 PSAOOB IEHTPAJbHLIX (QULYD
(puc. 6). Yacto npHMEHSIOTCA NOCTPOEHUS H3 PHAOB TCeole3Hye-
CKHX YeTLIPeXYroONbHHKOB (pHC. 7).

Puc. 7.

B CCCP reoje3nueckHe ceTH CTPOATCS B OCHOBHOM H3 DSI0B
NPOCTHIX TPEYroAbHUKOB, mO ¢opMe OJAM3KHX K PaBHOCTOPOHHHM.
YBEiueHHe KeCTKOCTH CHCTeMBl JOCTHrAeTcsi OCHAIleHHeM 3TOMH
ceTH GOJIBLIMM YHC/IOM BbICOKOTOYHLIX ACTPOINYHKTOB, 43HMYTa/b-
HBIX onpejeseHHil H NPHBJACYCHUEM CPaBHMETPHUECKON CheMKH.

[Tepexoy k GoJee CAOXKHBIM Treoge3udeckum (urypam Obisaer
HeoOXoAMM npHu nepe0pocKe PALOB Uepe3 TOPL MJN ellle Kaxkue-1100
NpensTCTBHSA, TAe YXYALIAKTCA YCJAOBHS BHIHMOCTH COCEIHHX Teo-
Je3HUeCKHX MYyHKTOB.

OcHoBiEle PAAB TPHAHTYASHUE OGHIUHO CTPOATCA BAOAL G0ML-
WX peK, Ke/1e3HbLIX H/IH IIOCCeHHBIX JO0pOr, YTO . YACIIEBJSCT.
cTpouTenbHble paboTbl. i BBHIMOJHEHHS YIJIOBBIX H3MEpEHHH B
BepIHHAX TPEYrOJbHHKOB CTPOATCS ClielHa/bHble COOPYKEHHT —
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TaK Ha3blBaeMble CHTHaJB (pHC. 8), KOTOpHIE CJAYXKAT OLHOBPEMEH-
HO BH3MPHOH ILleJbl0 H MECTOM YCTAHOBKH HHCTPYMEHTA. YCTAHOB-
JeHHBIl Ha CHUTHAJE YrJAOMepHLI HHCTPYMEHT pacrosiaraeTcs BhHICO-
KO HaJ MeCTHOCTbIO, TAK UTO BH3UDHbLIH Jyu NPOXOJHMT Ha JOCTa-
TOYHOH BEICOTe (6—8 M) HaL HpenaTCTBHAMH, DTO TNpPEIOXpaHfAET
OT HMCKa)Kalollero BO3LEHCTBHS HENOCTOSHCTBA IJIOTHOCTH BO3AYII-
HBIX Macc Oau3 npenatTcTBhi. Ecnu BCOOMHHTB, YTO JJMHA CTOPO-
Hbl I'€0Je3MYeCKOro TpeyroabHuka cocraBasier 20—30 kM u ydecTb
HEOOXONHMYIO BBICOTY BH3MPHOTO Jyua Hajg NPENATCTBHEM, TO
MOMKHO MOJCYHTATh, UTO BHICOTA CHTHAJIOB B PABHUHHOH OTKPHITON
MECTHOCTH A0JXKHa ObiThb nopsinka 20-—25 u. B 3anecenHoit mect-
HOCTH 3Ta BLICOTa yBeanuunaercs 10 40 » u Goaee.

B cayuae mepeceyeHHOH MECTHOCTH HCIOJb3YIOTCS MECTHLIE
BO3BLILIEHHOCTH, [O3ROJSIONIME YMEHbIIATh BBICOTY CHIHAJOB.
K curnany npeanpsiBisioTcs OdyeHb BHICOKHE TpeGOBAHMS B OTHOIIE-
HUHM €ro KeCTKOCTH. DTO NMOHATHO, €CAH HMETb B BHUILY, YTO C HErO
LOJIKHBI ObiTh N3MepeHbl yrawl ¢ omubkoi nopaaxka 07,7. IMosromy
CHIHaJ IpeAcCTaBadeT coOOH CJA0XKHOEe AepeBAHHOE WM METajjHye-
ckoe coopyxenne. Taxum o0OpasoM, BBINOJHEHHUIO TPUAHTYJSLHOH-
HBIX padoT MNpeuecTByeT PeKOrHOCUHPOBOMHAS H CTPOHTeNbHas
paGora, cocrosuiasi W3 Buifopa Ha MECTHOCTH BepPIIHH TPEYTOJbHH-
KOB, pacyeTa BEICOT CHTHAJOB U CTPOMTENbCTBA cHrHanos. Ho cur-
HaJ He ABJSAETCSH NOJTOBPEMEHHBIM COOpYKeHHeM, DoJjee TOTO, 4acTa
cTposiTcs pasfopuble CHrHAMALL, [ TOTO YTOOB BEPIIHHEI TPEYroJb-
HHKOB ObiH 3adUKCUPOBAHbl Ha MECTHOCTH NOCTATOYHO HENOABHIK-
HO H Ha J0JTHE BpPeMeHa, MOJ CHIHAJOM 3aKJIaJbIBAIOTCS TAK Ha3bl-
BaeMble IIeHTPbl — TPYAHO pa3pyllialolHecs MOA3EMHble COOPYKEeHHs
C MAapKoH, yKa3blBalolleli TOYHOe MEecTo, K KOTOPOMY OTHOCATCS KO-
OPAMHATH JAHHOH TOUKH.

Bce yriobble u3Mepenns, a Takme acTpOHOMHYECKHe orpejese-
HHfA, BLINOJHEHHLIE € BepxHefi MJOWAAKH CHTCHAJa, NPHBOLATCH
K IIeHTPY, KOTOPHIH W BAAETCA MYHKTOM TPHAHTYJISIHH,

§ 2. Ba3aucol TpHAHIyasLHK

Ona toro wroGbl B TPHAHTYJALHHY OT HeNOCPENCTBEHHO H3Mepse-
MbIX YIJIOB NepedTH K AJHHAM CTOPOH TPeyroJbHHKOB, HEOOXOIHMO
U3MEPHTh IJTHHY XOTA OBl OXHOH CTOPOHBI OJHOTO TPEYroJbHHKA —
8vix00H0l cToporst, ONHAKO IJHHA CTOPOH TPEYrOJbHHKOB COCTAB-
aser 20—30 ku u H3Mepenue Taxkoil GOJbIOH JJIHHBI Ha MECTHOCTH
€ OTHOCHTEILHOH TouHOCThIO 10-% BechbMa 3atTpyanuTenbHO, ITostomy
OOGBIYHO HA MECTHOCTH H3Mepsercs AJHHA HeKOTOPOH JIHHHH — 6a3u-
ca, yao6HO pacrno/OKEeHHOT0, HMEIIero AJuHY mnopsanxka 6—8 ka.
C moMolbio 6asuca U YrioB, H3MEPEHHBIX B BePUIHHAX TPEeYroJibHH-
KOB 6a3uCHOH CeTH, BBHIUHCJsieTcsl AJHHA BHIXOAHON croponnl. Ha
puc. 9 noxasan npumep cxemsl Gasucuoli cetn, AB — BrIXO1HAA CTO-

e
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poHa tpuanryasuun, ab — 6asuc. Mamepennble 0a3uChl peaynHpy-
0TCS K pedepenn-3IHICORLY, HAIpHMep, ¢ TIOMOINLIO NPHOJHKEH-
HOIO COOTHOIIEHHSI

d] 1S R . o e
Tt T di=d-—d

; (L)

|

rae dy — anuna Oasuca Ha ANNCOMAE OTHOCHMOCTH, d — TOPH30H-
Ta/lbHOE IIPOJOKEHHE H3MEPeHHOro (a3ica Ha MeCcTHOCTH, R — pa-
auyc 3emun, H — Beicotra MecTa H3Me-
peudsi Ga3uca Ham  IMIHICOHIOM

Pyuc. 9. Puc. 110,

(puc. 10). HMamepennss 0a3HCOB NPOH3BOAATCS € NOMOLILBIO
CleunanbHbIX 0a3HCHBIX NPUOOPOB HaAH JAajbHOMepoB. bBaaucHble
NPHOOPB! COCTOSAT H3 HHBAPHBIX MEPHBIX NPOBOJOK IJIHHON B 24 win
48 M, KOTOpble HATATHBAIOTCS ¢ MOCTOSIHHOM CHJION HAa CHELHATBHEIX
wratiBaxX. KoHUbl MPOBONOK UMECIOT WITPUXOBHIC WIKANH, OTCYETHI
KOTOPBLIX JeJaloTcd NPOTHB  CHELHANBHO VCTAHABJHBAEMbBIX BAOIb
Gasnca wWTatBOB ¢ Neaukamu. Jlanma caMoil MepHoit NpoBOJOKH
CHCTEMATHYCCKH CPABHHBAETCS HA CeNHANhHOM KOMIApaTope ¢ 37Ta-
JOHHOH ennuulel aMunbl. [lanbHoMep cHeTeMaTHUeCKH 3TANOHHPY-
ercs Ha 3TaJoHHOM DOasHce,

CiereMa Mep JJIMHBI 10 HACTOSIILEIO BPEMeHH OCHOBBIBAETCS Ha
yeaopnoi eaunnie — [1apiKcekoM apxuBHOM MeTpe, NpHOJHIKEHHO
pasrom 1/40000 000 panub Mepuamana. ITOT 3TATOH OB OTIHT
u3 mnartunbl B 1800 1. B Ilapuxe, H ¢ HUM 20/KHBI OBIIH CPABHH-
BAThCA BCE MepHBIe npubopul. B 1875 r. no oSpasuy apXuBHOro mer-
pa OBl OTJHTLL H3 HPUAHEBON TaatuHbl 31 merp-npororum. [Ipu
CpaBHEHHH HX Merp-npototHn Ne 6 okasaJcsi cOBNajalomuM B mpe-
JAeax TOYHOCTH H3MepPeHHi ¢ HCXOAHBIM o6pasnoM. Ero pianna Geita
NPHHSATA 338 MEKJAYHAPOAHBI MeTp. OcrajbHEE METPhI-MPOTOTHIILI
NOJYYHJIH NONPABKH /sl IPHBEACHUS HX JIHH K MEXAVHAPOAHOMY
H OLLIH pa30Cianbl B PasJIHUHBIC CTPAHBI, A5 KOTOPLIX CYKAT 9Ta-
AonoM panusl. B Poccuio nonanu Merpui-nporotnnm Ne 11 n Ne 28,

3. I1. TpymBsHCKn#
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B nopsiike cay:KObl Mep H CTAHAAPTOB METPBI-IPOTOTHILL CHHAIOT-
cs ¢ napumckuM oopasuom Ne 6 pas B 25 qer. BuyTpH cTpanbl sra-
JIOHBI, IO KOTOPLIM MPOH3BOAMTCH KOMIAPHPOBAHHE MEPHBIX IPOBO-
JIOK, €KEroaHo CAHYAIOTCS ¢ MeTPaMu-IIPOTOTHIIAMHE.

§ 3. lMoHsaTHE 00 YPAaBHUBAHUHM TPHAHTYNAUHH

TIpi HOCTPOEHHH TPHAHTYJAUHH H3MEPSETCS 3HAYHTCABHO 00ib-
e BeJHUMH, yeM TpeOyeTcs AJst BbIIOJHeHHs pacuetoB. Tak, aas
pelleHusi TPEYroqbHHKA AOCTATOUHO 3HAHHS OJHON CTOPOHBI H ABYX
VIVIOB, B TPHANTYJISINE e M3Mepsercs Tpu yraa. [Las pacuera seedt
TPHAHTYJISIIMH OCTATOYHO H3MEPHTL OHH §asne, a Ha3uchl HAMeps-
JOTCH B KOHIC KAXKIOr0o 3BeHa W T. A. Bce 370 NpPHBOAHT K H3OBITOY-
HBIM YCJIOBHSIM, KOTOPbIC TMO3BOJSIOT BBHIYMCIHTE BEPOsTHEHIIAE
NONpaBKH H3MCPEHHBIX YIIOB TPEYTOMbHUKOB, MOJYUHTE B Pe3yabTa-
Te GoJee TOUHYIO TPHAHTYJSIHIO H OLUECHUTH €e TOYHOCTD.

PaccMOTPUM CXCMATHUHO BO3HHKAIOLIHE NPH MOCTPOCHIH TPHAH-
ryasigaH yeaosus. [TyeTb TPHAHTYJSAIMS COCTOMT M3 A TOUCK (Bep-
mHH Tpeyrogabuukos) A, B, C ... u HMeeT BLIXOANYIO CTOpOHY S.
Jlaist onpejle/ieHnst MOJOXKEHHS BCeX 7 TOYeK HeoOXOLMMO H3MEpHTh
2(n—2) yraos. (Toukn A u B uaBecTHbl 03 H3MepeHHs YII0B; 15
ompeieJeHAs KauKA0H H3 TOCACAYIOUHX 1 — 2 TOueK Hal0 H3MEPUThH
2 yria). Beero uMeem B CeTH 1 — 2 TPEYTOJIbHHKOB 1 3(n—2) yrios.
Usicsio u3GuTOUREIX yraos 6yret 3(n— 2)—2(n — 2) = n— 2. O6o-
3HAYHM M3GBITOYHBIC YIVIB uepes ¢, a HeoOXxoanmbie uepes o. Kax-
ABIT VIO  MOXKET ObITh BBIPAKEH Yepes YIbl o

@1 = f1(o:),
Do = Ol s
P2 = fa(2;), (1.2)

Pp—2 = fHMQ(a'i)'
CocTaBiM pa3HoCTH H3OBLITOUHBIX YIVIOB (M3MepPEHHBIX H BbIUHC/EH-
HBIX uepe3 HUX):
Preme — Prusm = Agy-
Tenepb MOXKHO HanucaTh 3HAUEHHS HCIPABACHHBIX H3MEPEHHBIX yI-
J0B @y wm+A@r. OHH MOTYT GBITH BBIUHCIEHBI € HOMOLLBIO YDABHEHHH
(1.2), onmako uepes HCTIPAB/ICHHBIE 3HAYEHHS o, T.€. HMEEM CHCTEMY
@1+ Ay = fy(a; + Azy),
P, + APy = fa(a; + Ac;), 5
(129
Pn—2 T APr_z = fn—sz (a; + Aa;),
rie i meHseres ot 1 go 2n —4.

~
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Cucrema (1.2°) naer n—2 ycnosuit u copepxur 2(n —2) peus-
BECTHBIX MONPABOK YIVIOB TPHaHry/siiiuu. Jlis HaXomAeHHA NOmpa-
BOK VIVIOB HAJ0 COCTAaBUTH ellle no KpaHHeH Mepe n— 2 yca0Bui.

ITepeunciium HEKOTOpHIE H3 TAKUX YCAOBHI, *

1. Kaxapiit TpeyronbHik HMeer TpH H3MepeHunx yraa [, 2, 3
(puc. 11). Cymma 3THX YrioB JAOJXKHA COCTAaBUTL poBHo 180°
nimoc chepuueckuil u3GnITOK. [TockombKy H3a-
MEpeHHS He TOYHBLI, B Ka’KJIBI YroJ J0JKHa
6niTh BBeneHa mnonparka Al, A2, A3, Tor-
Ja moJyuaeM ycaoBue I-FAI+2-4+A24+34

+A5=180°. 210 Tak HaspBacMble YCJIOBHS
uryp.
B nHawreil menu Takux ycaoBHi OyaeT no Puc. 11.

YHCJY TPEeyroJbHUKOB h—2.
2. I1pn Hamuyuu B CeTH TPHAHTYJSIAH [EHTPAJBHEIX QUIYyD BO3-
HHKAIOT YCJIOBHSI TOPH30HTA, COCTOSIIIHE B TOM, HUTO CyMMa YIVIOB

B BOKPYT IeHTPasbHoll ToYKH paBHa 360°. Uncmo
TAKHX VCJIOBHH PABHO YHCIY LEHTPAJbHBIX
1 ¢uryp.

3. Ilpn manauyun aMaroHajefl, CBA3LIBAIO-

IMHX BEpUIMHBI JBYX COCEJHHX TPEYTroJbHHKOB,

2 ¥ BO3HHKAIOT OOKOBHIE VCJOBHS, BLIPaxKalo-
! 6 uue to, uto auaronanb AC (puc. 12), onpene-
Jennas u3 tpeyroasnnka ABC, cosmagaer
C JHATOHAJBIO, OMPCACHCHHOH H3 TPEYroJb-

817 nuka ADC.
b M3 tpeyroapuika ABC
ABgs AC e An sing 3—’,—4
e sind = sin(3--4)° AC = sin & - (1.3)
M3 tpeyroasunka ADC
AD AC A s 8) 4
Sig @ sin{r =k 8)" 4C= sin 6 Che)

Bo BropoMm ypasHennn Bhipasum AD uepes AB, moayuennoe ns
Tpeyroabnnka ABD:

AB AD AB sin 3

S St S D B g

sin & sind ? sin &
Torpa (1.4) npeacraBuM B BHLE

AB sin 3Slﬂ(7T8) (14!)
sin 6 sin &

AC =

Tak Kak JAparoHaJy, BbluHcaelHble H3 PasHBIX TPeyroabHHKOB,
3%
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pasubl, To w3 (1.3) m (1.4'), mens oaHO HA APYroe, NOJYYHUM
sin 5 o sing sin(7-18§

sim(554y ‘sing " sinbé . - 1. (1.5)

ITO COOTHOIIEHHE CHPaBCAJIHBO B CJydae, ecau YIJbl TouHbl, Tak

KaK H3MepPeHHble YIJIBl ONO0uHEl, T0 ypaBHeHne (1.5) nmeer mecro
JUIS YIVIOB € BHECEHHBIMH B HHUX IOTIpaBKaMu:

sin (5 4 A5) . Sin(@+ A3) sin(7-+A7 48+ A8) 1.(1.5)

sin (3 +A3+4-4 - A4)  sin(8-+ A§) sin (5 -+ A6) kbt oa

Yenosue (1.57) comep:HUT HCKOMBIe TIONPaBKH yr/ioB. UHcio Takux
YC/AOBUH PaBHO UYHCIY TEOAE3HYECKHX UYETLIPEXYTOJBHHKOB B CETH.

4, Kaxaplit HOBBI Ga3uc AaeT TaKmKe OQHO ypaBHeHHe AJAS Ha-
XOXK/JeHHS MONPaBOK VIJIOB, BhIpaxKalollee TO YCJOBHE, UTO IJAWHA
BTOporo 0Gasnca, BbUMCAeHHAs uepe3 HCXOTHBIHE Oasnc u Lenb

Puc. 13.

TPEyroALHUKOB, PABHA H3MepeHHOH Muiune. [lyerb B 3BeHe TpHARrY-
asiuun (puc. 13) a-—ucxonnsiit Gasuc, b — Bropoll 6asuc B KOHIE
3pena. [lo teopeMe cuuycos

o A L Y o BC sin 4 gSin2  sin 4

sin{’ P e R M T
HT. O
sin2 sin4 sing
it e R S (1.6)
Yemosue (1.6) cnpagefsnBO NpPH TOUHBIX ymax [Tosromy B Hem,

TAK e KaK U B NpeALIAylem 1yqae yrast 1, 2, 3, ... Haj0 3aMe-

, HHTh CyMMaMH H3MEPEHHBIX

YIJOB H HX  TONPABOK
[+Al, 24A2, 34+A3,

Yneao TakuX VCJIOBHH paB-

HO uMcay Gasucos 6e3 of-

HOTO.

5. AHaJjornunoe ycJmao-

BHEe MOKHO HANHCATb JJs

' 43MMYTOB — TaK HAa3LlBae-

Puc. 14, ° Moe asuMyTajbHOe YC/JA0BHE.

OHO COCTOHT B TOM, 4TO

A3UMYT oy, TEPEIAHHBIA [0 LeNH TPEYToJLHHKOB OT oy, JIOJKeH

paBHATBLCS M3MEPEHHOMY a3uMyTy og (puc. 14). Hs puc. 14 Bunuo,
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410 0+ 180°—2—180°+5+ 180°—8—180°+11 ... =05 mH
i i 8 8 G ] (1.7)

B ecayuae HeyeTHOro 4YHc/Jda TPeyrodbHHKOB K [PABOH 4YacTH
ypasuenusi (1.7) caepyer notasurs 180°. ¥Ycaosue (1.7), rak xe
KaK W npegplaynlee, 10JA:KHO ObITh 3alHCAHO /s HCIPABJAEHHBIX yIr-
aos 2+ A2, 5+ A5 u 1. n. ObGulee uucjo a3uMyTaJdbHBIX YCJAOBHH
PABHO YHCAY ONpeneseHHbIX a3MMYTOB €3 OXHOr0.

6. B Ka)k10M TNOJHTOHE BO3HHKAIOT 4 NMOJHIOHAJBHBIX YCAOBHSI
Las Gasucos, WHPOT, AOJTOT W A3UMYTOB, COCTOALLHE B TOM, 4TO
fiepeiaHHbIe 110 MOJHTOHY H 3aMKHYTBle HA HCXOAHBIE DA3HCHI MIHPO-
Thi, AOJATOTH U 23HMYTH AOAKHK PAaBHATHCH HCXOLHBIM.

KpoMe mnepeduc/ieHHBIX, BO3HHKAIOT e€llle HEKOTOPble YCJIOBHA.
Bee st yesioBus 1al0T CHCTEMY YCJAOBHLIX YpaBHEHHi, M3 KOTOPO#
no ¢nocody HAHMEHBIUHX KBAJPATOB HAXOAAT BepPOSTHEHIIHE MO-
NpaBkH B 3HAYEHHH YIJIOB TPHAHTYJSIIHH, [TOC/E Yero TPHAHTYJsLHs
CUNHTAETCH MECTKOH M HCIOAb3YeTCsl KAaK ONOpHAs [e0je3HyecKas cH-
CTeMa H KaK OCHOBA JI/IS BbIBOJA Pa3MepPOB 3eMHOIO 3/IJIMIICOHIA.

§ 4. Meronsl u3mepenus paccrosiHui. Jlanbromepbl

/1o mocjenHero BpeMeHH HauOoJiee TPYLOEMKHME B reofesHye-
CKHX paboTrax sIBJASIHCH JHHeHHble naMepeHus, I1pH 3Tux H3MepeHH-
AX TPYAHO NOCTHXKHMBI BHICOKHE TOYHOCTH, TpeOyeMble B FEeOfe3Hu.
[TostoMy H Obly1 BBeJeH METON TPHAHTYJSIIUH, MO3BOJSIOHI B OC-
HOBHOM BC€ CBOJHTBE K YIVIOBBIM H3MmepenusiM. OpHako reoiesus He
MOKET OrPaHHYHTLCS TOJLKO YIJIOBLIMH H3MEPEHHAMH, KaK Obl HH
OblJIH OHH TOYHBI; YTOOBI ONPEEaHTh [10J0KEHHE BEPIIMH TPeyroib-
HHKOB, TTOMHMO YIJIOB J0JIKHA ObITh H3BECTHOH JJIHHA XOTS OBL OJI-
HOH CTOPOHBL.

[lepBoHaua/ pHO JHHeHHBlE H3MepeHHs OCYILeCTBAAIHCh MHOCO-
KPaTHBIM OTKJIaAbBAHUEM MEPHOro nputopa: 3es3aa, JCHTHI, UenH,
HPOBONOKH. DTOT MeTOA C TEeYeHHEM BPEeMEHH YCOBeplleHCTBOBAJCH
HACTOABKO, YTO €r0 OTHOCHTEeAbHAsi TOuHOCTL jocrturia 1-10-6. Ho
B CHJY TPYAOE€MKOCTH MeTOJa ero IpHMeHeHHe OrpaHHYHI0Ch H3Me-
peHHeM AaAHH ©a3ucoB TpHAHTVIsnuu. B rpybolt MmopupuKaunn 3ToT
METOJA JHHCHHBIX H3MEPEHHI IPHMEHST B Tonorpaduu. Camu mep-
Hble NPpUOOPHI: KE3Jibl, MPOBOJOKH U T. II. CPABHUBAJINCH HA 3TAJOH-
HOM KOMIApaTope ¢ 3TaJOHHBIM Ke3J10M.

JL1s NOBbILIEHHS TOYHOCTH HpPH TAKOM CpPABHEHHH HPHMEHSICH
KAK [1POCTOH MHKPOMETPHYECKHH METOM, TAK H HHTepdepeHIHOHHBIH.
HurephepeHniHOHHBIA METO/ HalleJ NPHMEHEHHE H IPH NOJEBBIX H3-
MepeHHsX pacCTOSHHH. DTOT METOJA OCHOBAH Ha SIBJCHHH uHTep(de-
PEeHIHI CBeTd, KOTOpAsl COCTOHT B TOM, YTO MNPH HAJOMXKEHHH JHHEH-
HO MOJAPUIOBAHHBIX BOJH NPOHCXOAHT OCJAAGMCHHE WIH VCUIeHHE
HHTEHCHBHOCTH CBETa B 3aBHCHMOCTH OT COOTHOLIeHHsI (paz CKJalbl-
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BaGMBIX CBeTOBbIX BOJH. Ecianm mepemeiiath HCTOYHHK OAHOM H3
CKJIaAbIBAEMBIX CBETOBBIX BOJIH, TO CYMMapHasl OCBelleHHOCTb Oyaer
H3MeHATLCH OT MAKCHMYyMa /10 MHHHMYMa IPH CMELIeHHH OJHOrO U3
HCTOYHHKOB BAOJB [0 JIyuy Ha MOJOBHHY AJMIHHBI BOJHBL Taknu o6-
pasoM, uHTepdepeHIMONNLI MeTO) B NPHHIHIE MO3BOJISET MPOH3-
BOJHTE H3MEpPEHUS € TOUYHOCTBIO JI0 AeCHATHIX J0Jell AJHHBI BOJHBL
fBnenne uHTEp(eEpeHINN AaBHO HCNOJb3YETCS B TeOJesHH sl
JUHeHNBIX H3MepeHHi HedoJpmux paccrosHui. Eclu Henoab3oeath
BOJIHBL OOMBIIOH AJHHBL, TO METOJL HHTEp(epeHlHH, OYeBHAHO, MOK-
HO IIPUMEHHTh /IS H3Mepenusi DOABMKMX paccTosHui. Taxne BOJHBI
60/bII0N IAHHBI IPEAOCTABASCT HAM Paauo.

Iupoxoe pacnpocTpaHeHue MOJMYHH KJace ONTHYECKHX Aa/bHO-
MEPOB NapaaakKTHYeCKOr0 MeHCTBHS, OCHOBAHHBIX Ha H3MepeHHH
yria, N0A KOTOPHIM BHAHA TOUHO KaauGpoBaHuas Ajauna peiku. On-
HAKO TOYHOCTH MOAOOHBIX mpubopos mopsaaka 107* urto Aesaer wux
HNPHTOAHBIMH TOJBKO 51 TONOTPAPHUECKHX CHEMOK.

Hau6oaee ynoOGHBIMH, TOUHBIMH H MMEIOIIHMH G0JbllIHe NepChek-
THBBI OKa3a/Kch AaJbHOMEepbI, OCHOBAHHble HA NPHHIIUIE H3MEPECHHS
BpeMeHH pacnpocTpaHeHHsi 3JeKTPOMAarHHTHBIX KoJeOaHuit B cBe-
TOBOM H pajaHojauanas’oHe OT HCTOYHHMKA, TA€ MPOHU3BOJAHTCH Hal-
Jiojenne, 10 00beKTd, paccTOSHHE 10 KOTOPOTro H3Mepsiercs,
u cOpartno. B sToM cayuae paccTosiHie MO:KeT ObITh BBIUHCIEHO IO
dopmyae

1

e

ric v — CKOpPOCTb DacnpoCTpaHeHHA CcHruanaa, ! — BpeMsA, HPOTeK-
Wee OT MOMEHTA TTOCBIIKH CHrHada 10 ero npHeMa B TOM K€ NyHKTe,
T. €. BpeMS pacnpocTpaHeHHsi CHIHATa Ha ABOMHOe u3MepseMoe pac-
CTOSHHC.

ITOT METOJ CTaJ NPHEeMJeM TOJBKO TOrAA, KOTja PadBuTHE eK-
TPOHHO-U3MEPHTEJbHOH TeXHHKH CJle]1a/l0 BO3MOMKHBIM H3MEpeHHe
KOPOTKHX HHTePBAJOB BpeMelHn ¢ To4HocThio nopsaka 10710 cex. Do
NOHATHO, €CJAHM BCIOMHHTB, UTO CKOPOCTb pacHpOCTPaHeHHS CBeTa
cocrapaser okoao 300000 xa/cex, 1. e. 10 ku cBer npoiaer npubJin-
auTenbHo 3a 107° cexk. PaJMOBOJHBL pacnpocTpPaHATCd €O CKO-
poOCTBIO, BIH3KOI K CKOPOCTH CBETA. B reomesnueckux gajbHOMEpax
HCIOJNIB3YIOTCSE yacToThl 3810 'y, uTo COOTBETCTBYVET AJHHE BOJ-
Hu 0,4 — 0,9 mukpon u pagnouacrore or 40 no 0,1 Mey, 1. e. B nau-
Hax BOJIH 3TO jaerT MAHANasoH OT HECKOJbKHX MH/IIHMETPOB 10
3000 m. TanpHOMEpHl, B KOTOPBIX HCNOJB3VIOTCS CBETOBBIE KoOJeHa-
HUS, Ha3BbIBAIOTCHA CBETOJAAbHOMEpAMLL, TIPHOOPHl, B KOTOPBIX HC-
HOJB3YIOTCSA PagHOBOJIHb,— paduodarsromeparu. CBeTOAAIbHOME-
pHl MOJYUHIN GOJBIIOE pacnpocTpanenne nocde toro, Kak 8 1943 r,
weeackum ¢dusnkom BeprerpanaoM Obll CKOHCTPYHPOBaH MEPBLIA
3JEKTPOONITHYECKHH Jla/ibiloMep ¢ OOJBIINM PaJIHVCOM ACHCTBHS, TO-
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JYYHBIIMI HazBaHue 2eodumerp. DTH NPUOOPEL B YCOBEPLICHCTBOBAH-
HOM BapHaHTE TO3BOJSIOT H3MepSITh pAacCTOSHAA A0 15 Ku. Daexrpo-
onTHYECKHE MaJbHOMEPHl 00eCeuuBaloT cefiuac nepBoKJAacCHbe Teo-
Jleanyeckne padotsl. Booble 371eKTPOONTHYECKHE 1aJbHOMEPBI MOXK-
HO Pa3/eJIuTh HA TPH KATerOPHH IO TOUHOCTH H oOecrneuynBaeMbiM
3ajayaM. BBICOKOTOUHBIE AaJbHOMEPBL A/ OCHOBHLIX Me0Je3HYeCKUX
pabot obecrednBaioT TOYHOCTH 2 <+ 3-10-°, uMes pajbHOCTb AeHCT-
BUSI B HECKOJIBKO IECATKOB KHIOMeTPOB. ITH NPHOOPBI NPHMEHAIOTCA
UpH TOCTPOEHHH TPHAHTY/IAINHH H MOJHIOHOMeTpHYeCKHX X010B [
u Il xnaccos. Jlpyras kaTeropusi npuObopoB HMeeT AajdbHOCTb Aeid-
ctBusi 8—20 km u TouHocTh mopsigka 1075 —4.10-% u moxer npu-
MEHSIThCS [PH BLINOJHEHHH TPHAHTYASALUHH HIH IOJHTOHOMETPHHU
IIT knacca. Hakouen, serkue npuGopbl, 4acTo Ha3blBaeMble TONOrPa-
thryecKIMH, 00eCHeuHBaIONNe PAAOBbIE reofle3ndeckine padboThl H MO~
crpoenne onopHbix cerefl IIT u IV KiaaccoB, MMeT pa/bHOCTH
0.1'—2.2 —8 rom ¥ TounoeTh 10~ 4] (=

Cheayounit mwar B yJay4ylleHHH cHcTeM AaJbHOMEPOB, NMOBBIIIE-
HHH TOYHOCTH M YBEJHUYEHHH AaJdbHOCTH OBII cAenaH, KOrla B Kade-
CTBE MCTOUHHKA CBeTa OB MPUMEHeHbl Jasdepbl. JlazepHble ycra-
HOBKH TO3BOJHJM C HEeBUAAHHOH Jo0cCe/je TOYHOCTBIO OMNpeledHTh
paccrosinue 1o JIyHBL .

§ 5. lousiTHe 0 pajHOre0[e3HYECKHX METOAAX
onpeneseHusi KOopaHHaT

[Tocsennee BpeMs IIHPOKOE PACNPOCTPAHEHHE B TeOAE3HH TOJY-
UIJIH pafHoAaJbHOMEPEl, OCHOBAHHDBIE HA M3MEPEHHH CKOPOCTH pac-
NpocTPpaHeHHsl pPagHoBOAH. JlyuliWe THOB TakKHX AaJdbHOMEDOB
o0ecreunBaT AaJbHOCTh H3MEPEHUH B ABA-TPH AeCSITKA KHJIOMET-
POB C TOYHOCTBIO, HEOOXOAHMON [AJsI .IOCTPOEHHSI TPHAHTYJIALHH
[ knacca. Ha 310oM Ke npuHIMNE H3MEPEHHI OCHOBAHBI Pa3HYHbIE
HABUTALHOHHBIE CHCTEMBl, NPeAHA3HAUCHHBIE IS ONpeLeJeHHs TOY-
HBIX KOOPAMHAT KOpabJisi B MOpPE, caMoJieTa HJIH CIYTHHKA.

[lpumensiiorcss ABa MeTOAA PajHOTeoAe3NUeCKUX H3MepeHHi pac-
CTOSTHMIT: UMIYJIbCHBIH U Qa30Bblil. M3Mepennuss BO3MOKHBI B Clayuyae
npAMOH BHANMOCTH npeaMera. [Ipu HMIyJIbCHOM METOIEe PACCTOSHHE
JI0 00BEKTA ONPEeIseTcss BpeMeHeM PaclpoCTPpaHeHUs PajiHOBOIH
10 o0BekTa 1 oOpatHo. CKOPOCTL pacnpoCTpaHeHHsT BOJIH IPH 3TOM
CUMTAETCST M3BECTHOH. DTOT METOA MOJYYHJI HIHPOKOE pacnpocTpa-
HEeHHE B NPAKTHKE aMEPHKAHCKHX H AHIVIMACKHX TeoJe3HYecKHX pa-
00T. Pa30BLIA METON OCHOBAH HA MCIOJB30BAHUH HHTEpPhEpPEHIHN
PaJiIHOBOJIH.

Hasecrio, uto ¢asoBasi cKOpOCTb PajgHOBOJMH AHamasoHa 150—
500 & npakTHYeCKH NOCTOSIHHA Ha paccrosiHuax 1o 200 kx u paBHA
299 600 km/cex (c TouHOCTBIO A0 2 =+ 3-10-%).
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B npocrpancTBe, OKpYy:KaLIEM CIHHHYHBIH H3/yYaTesab, CO3/1a-
erca (azoBoe moJie, XapaKkTepH3YIoLleecs TeM, uTO pas3HocTk (a3
KoaeOaHHH B TOUKe H3JY4eHHs B JHOO0M TOuKe HOJASI onpenessiercs
TOJBKO €€ KoopauHataMu. B ciyuae H30TPONHON CPeIsl pPasHOCTh
(a3 P onpejesnsiercst TONbKO paccrosinneM K OT IEHTPa H3JydeHus.
Ecan [-—uacrora (uncio xkojaebaHHH B cekvHAY), o = 2mf —
UUKJIHYECKas uacToTa (YHCI0 LUMKJIOB B CEKYHAY), U — CKOPOCTH
pacnpocTpaHenust KojnebaHui, R — paccTosHHe OT LEHTpa uaIyue-
HHs, TO pasHoCTb (a3 W, npuodpereHHas KodeOGaHHAMH Ha nyTH R,

oynerp = R —(’:— B camom pene,
R 2
v=—; ¥ =%th=2nft.

Ecau Obl MBI MOTJTH M3MEPHTBH NOJHBIH (aszoswlil yroa 1, samaua
Opla Gbl pelleHa, NOCKONBKY @ H U — BEAHUHHLI H3BECTHLIE.

B ocHoBy ¢azoBbiX pagHoHHTep(epeHIIHOHHBIX METOJOB OIpee-
JIEHHST PACCTOSHHE I0JI0KEHO H3MepenHe (a30BEIX COOTHOLICHHH
B IloJie MepejlaTunKoB, M3JYy4alliuX KorepeHTHble KoaeOauus. [To-
CKOJIbKY NPaKTHYeCKH OCYILIeCTBHTb H3JydyeHHe HA OAHOH U TOM Xe
yacToTe (M3 ABYX TOUEK) HEBO3MOZXKHO, NPUMENdioT Crnocod® TpaHc-
dopmanun yacror. O1Ha U3 craHuHi, Haxoaamlascsad B Touke A, H3-
Jayuaer KoseOanus cyacrtoroii[. Jpyrasg craHuus, pacnosox)eHias B
B na paccrosnun R.s, NpUHHMAeT Kogaedanus f, TpanchopMupyer ux

n
B KOoJeOaHU 4acToThl -m—fﬂ uaayuaer nocjaenune B MpocTpatHcTBO,

B s10M cayuae nanyuenns oGoMX IepelaTUHKOB KOTEPEHTHBI H pas-
HOCTh (ha3 MeKAy H3JyuyaeMbIMH KoJeOaHHsIMH MOKeT ObITh H3Mepe-
Ha 1o ¢urypam Jluccaxy B 3JeKTPOHHOJYUEROM TpyOKe.

CyuiecTByIOT pasiHuyHble cnocobbl (a3oBLIX TeoAe3MUECKHX pa-
JnousMepennii. PaccMOTpUM KOPOTKO OCHOBHBIE H3 HHX.

Merton paauopaabnomepa. Obe pagHocTaHUHH (344al0-
Ilas M oTpa)karoulas) HemoABHKHbL. Byaem H3MeHATH vacToTy H3JIY-
YEHHS TOCTENCHHO OT @) 0 ©f H OJHOBPEMEHHNO H3MEHATh 4acTOTy
HBIVUEHHS APYrOro nepefatuuka Tak, yTo0un B KaXAbH MOMCHT
COXPaHAJI0Ch HEH3MEHHBIM OTHOLIEHHE

(ﬂ]im

[ i

B cuny usMenenus vactor 6yayr Menstocs u ¢aswl. Ilycrs A — unc-
JIO TIOJIHBIX IIMKJOB, HAa KOTOpPOC H3MEHHTCSl (paza mpH nepexoie OT
YACTOTH @] K G)T, H OYCTb W, U — HauaJbHbIA 1 KOHeuHblil ¢a3so-
BLIC YIJIbl, KOTOPBIE MBI MOMKCM HENOCPEeICTBEHHO H3MepuTh. Torma
I8 fy H P MBI TOJYYHM CJIeAYIOUIHEe NBa YPaBHEHHA!

u R x R
20 + ‘PH :2(01 %: (2+h)9+_1i’ﬂr_-2fﬂi %B,
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rae D — usMencHue Gasbl 3a OXHH LUK, 2 — UHCIO HEIBIX HHKIOB
naMenenus Qaswt 0,
CPE€/ACTBEHHO H3 H3MEDEeHHUI.

M3 3THX ABYX COOTHOMIEHHMH MOMHO HCK/JIIOUHTBL 2 H BBIYHCIHTH

Ras:

R = g35-(h0 + i — ).

a5 ofHO3HAUHOTO OnpejeSeHHst HCKOMOro NyHKTa HeoOXOAHMO
HMeTh TPH NpHeMHO-Tepefatomue craHuud, OaHa W3 3THX CTaHUHI
zajalomas u ase oTrpaxatomue. OTpaxkaouiue CTaHUHH HABASOTCH
fasncubivu. OnpenensioTess KOOPAHHATH 3aAa10IICH CTAHIHH.

Meton paamongara (MeTox nepemenialonierocs Harepde-
pomeTpa). YHactoTel @) H @z OCTAKTCH HEH3MEHHbIMH. 3ajaromiast
npHeMHO-Nepesalollas CTaHIUd PACIONoKEeHd Ha ABHKYIILEMCs 00b-
eKTe, KOOPAHHATBI KOTOpOro onpepensworcs. Ilpu usMeHneHuu pac-
CTOAHHS MCXIOY SHILEIIO[U.eﬁ H OTpa}KElIOIqu{ CTaHOHSMH PDa3HOCTh
(a3 MOKHO ONPefe/HTL NyTeM HEeNpPepPHIBHOID cyeta yucaa GazoBbiX
LHKJOB B TEYEHHE BCEro BPEeMEeHH MepeMelleHHS 3aAaollero mepe-
IlaTyHKa OT M3BECTHOH HCXOAHOH TOYKH.

[lpu paGorte paanosaroM JUHHH paBHLIX (ha3 mpefCcTaBISIOT CO-
00l KOHLECHTPHYECKHE OKPYXKHOCTH C LEHTPOM Yy OTpaamouux
craniuit. [Trotnocte H3o(as npu paGoTe METOAOM pajgHOJgara BCIO-
Iy OJHHAKOBA, YTO O3HAYAET, 4TO TOYHOCTh MeToAa He 3aBHCHT OT
PacCTOSHHS 10 OTPaXKAaIOUIHX CTAHIHHA, HO 3ABHCHT OT YIJIOB nepece-
yeHysA H30pa3.

Mertoj, pajpuonara HeynoOeH, MOCKOJBKY Ha ABYX GasHCHBIX
CTAHLUAX MOMKeT paboTaTh TOMBKO OJHA CTAHIHs, KOOPAHHATHI KO-
TOPOH ONpefesoTCs.

Meton ¢dasoBoro 30HZa. Merog COCTOHT B TOM, YTO BCE
TPH INepefalolde CTAHIHH HAXOAATCS B (PUKCHPOBAHHBIX TOYKAX,
a ABWKYUIHICST 00BEeKT HMEET TOJABKO TPHEMHHK.

Takum o0pa3oM, ecqaH INpH HepeMelleHHH NPHEMHHKOB Hempe-
peIBHO HabJloxarh 3a mpUpalleHneM ¢a30BOro yria, MOXKHO BBIYHC-
JWTE TIPHPAlleHHe PA3HOCTH PACCTOSHHE O ONOPHLIX To4yeK [ u 2.
3Hag Pa3HOCTH PACCTOSIHHI OT HCXOAHOM TOYKH £y 10 OMOPHBIX, MOK-
HO BBLIUMC/JHTL PA3HOCTH paccTOSHHH (Ri:— Rj;:) HckoMmo# Touku E
JI0 OIOPHBIX.

ITOT METOX HPHMEHHeTCs, B YACTHOCTH, /s ONpeflesieHus Koop-
IHHAT Kopaob.is.

a5t onHo3uaYHOT0 ONpeaeaeHus MOJOKEHHT TOYKH & HeoOXomau-
MO HMECTB BTOPYIO CHCTeMy Nepepatomnx crauuuit C u D u Ha npu-
EMHOM HYHKTE BTOPOH CABOEHHBIH NPHEMHHK. '

[TpuBenem ngajee KpaTKoe ONHCAaHHE OCHOBHBLIX PaAHOre0e3H-
YecKHX CHCTEM, MOJYUHBHIMX PACIpOCTpAHEHHE. '

Cucrema Ilopan (Short Range Navigation). ra amepu-
KaHCKas CHCTeMa OCHOBaHA HAa HMNYJAbLCHOM MeTole, TMPHMeHSeTcs
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KAK a35pPOHABHTALHOHHAS CHUCTeMa OJHMKHEro AedCTBHA ¢ PaguycoM
no 400—500 xm. CucreMa COCTOHT M3 KOMIIEKTa CTAaHIMH — ABYX
Ha3eMHbIX 0a3UCHBIX M OAHOH camoJjerHoH. CamogerHas craHuus
sieasiercs 3anatonieil. Hasemnble crannun npeoGpasyioT noJyieHHbe
OT 3ajaloulell CTAHIME HMOVJABCH H H3JYualoT UX 00paTHO. JTH npe-
o6pa3oBaHHble HMIVJbChl BHOBb TPHHHUMAeT
camoJeTHas cranuus. Paccrosnne D ot camo-
Jeta 10 0a3dcHOH CTAaHUUH OIpejensercs IO
thopmyae D=uvt/2,r1e v — U3BeCTHAs CKOPOCTh
pacnpocTpaHnenus BoaH, { — spems. dauna BoJ-
Hbl, HA KOTOpoH paboraer cranuus, 1,2—1.,4 u.

Jasi onpejpeneniisi KOOpAHHAT CaMOJETa C
noMouiblo cuctemer Illopan mnaMmepenHote Ha-
KJOHHBIE 1aJbHOCTH L NpPOEKTHPYIOTCH BbICO-
TamH H Ha 3MHMNOCOHA M N0 1MHHAM NPOERIHI,
ABNSIONINXCHA TEONAe3HUECKHMH JHHUAMH Sy
OTPeAeasiOTCs HCKOMbIe BeJHUHHBI (pHc. 15).

TounocTe onpenenenns paccrosHuit cucre-
moi Illopan =420 M, npHueM TOUYHOCTHL NMOUTH
He 3aBHCHT OT paccrosnus. OTHOCHTeNbHAS TOUHOCTL NPH PaccTos-
Husx nopsiika B 500 xkm cocrasasier 1: 25 000.

Cuncrema Xupan (Hight accuracy Shoran) ssasercs yco-
BepiuencrsoBanneM cucreMmbl llopan. Ona paGoraer Ha GoJdee Ko-
POTKHX BOJHAX, OTJAEJIbHbIC Y3Jbl CHCTEMEBI TePMOCTATHPOBAHDI, YaAYU-
meHa crTaOWIH3alusi 3JeKTPOHHLIX cxeM. JlanbHocTb AeHCTBHSA
cucrembl Xupan go 800 xa. Tounocts nopsiaxa 1 : 100 000, pas Godk-
wHx paccroauui 1:150000.

Cuctema [ xu— anrauickas a3poHaBHTANHOHHAS HMOYJbC-
Hasi CHCTeMa; COCTOMT M3 TpeX Ha3eMHbIX mNepeparoilluX CTaHIHM
M CaMOJIeTHOH CcTaHUHH, Ha KOTOPOW Npou3BoAsiTcs u3aMepenus. Cu-
crema [lxu paboraer Ha NPHHILMITE ONpPeeJeHHs] Pa3HOCTH BPeMeHH
NpUXoAa pajHOMMIIY/JABCOB OT JABYX CTAHIHH, COCTABJIAIOIINX Hapy.
Kax 0/l H3MepeHHOI pa3HOCTH PACCTOSHUI COOTBETCTBYET THIepdo-
Ja ¢ doKycaMu B HazeMHBIX cTaHuuax napul. [lonoxkenne camonera
onpejfensieTcss TOUKOHW IepeceuyeHHs OBYX THOepOOJ, COOTBETCTBYIO-
IHMX ABYM napam crtaHuuil. CeMeiicTBa COOTBETCTBYIOUIHX TUIEpGOI
3apaHee HAHOCATCS HA HAaBHrAllHOHHBIE KapThbl, HA KOTOPHIE Ccpasy
JKe 10 NOJYYeHHH CHrHaJa HaHOCHTCS moJoyKenue camodera. CHcre-
ma paboraer Ha BoJaHe gaunon 10 .

Cuncrema [Hxu-H — ycoepmencrsoBannas cucrema [l —
paboraer B 1Hana3oHe CAHTHMETPOBLIX BOJIH.

Cucrema Jlekka— aHrauiicKkas HaBHTAUMOHHAS CHCTEMA,
paGoralomas no npunuuny ¢asosoro songa. CucreMa COCTOHT U3
TPeX Ha3eMHBIX (GA3HCHBIX CTAHIIMH M NPHeMHON CTAHIMKM HA Kopao-
Jie MM caMoeTe, KOOpPAHHATHL KOToporo ompeaensiiored. Cucrema
pa6ortaer Ha ganne soadel 2000—-5000 x. BasucHble cranmin nepe-
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AAI0T KorepeHTuhle koaebanus. Pasznocts (a3 koaebannil, IpHHAATHX
OT OBYX CTaHLMH, XapaKTepuayer pa3HOCTb pacCTosiHuil A0 3THX
cTannuil, JIuHUYM paBHEIX paanocteil (has, ABIAIIHECT T'Mlepbogaa-
MH, 3apaHee HAHOCATCS Ha KapTy, 0 KOTOPOH ONpefensieTcs HoJio-
JKenme KopaGusa. JlanpHocTe geficTsHa cucreMbl Jexkka woupio — no
500 xkm, nuem — mo 1500—2000 xm. TouHOCTH NpPH AAJBHOCTAX MO-
paixa 500 xx — 1 :10000. Ipu MakcHMajibHbIX AaJTbHOCTAX TOH-
HocTh nagaer ao 1:3000, Ora cucreMa WHPOKO NPHMeHSIETCS TIPH
reoJe3HYeCKHX H reohU3nUYecKnx cheMKax.

[IpuHOHOD H3MepeHHS pacCTOAHHH pagHOTrEO-
pe3nuecKkuMu cuctemMamMu. CBs3UM KOHTHHeHTOB, Pa-
auoreofesndeckue cuctemol lopan u Xupan nNpuMeHsioTCS LIS H3-
MepPeHHs] PACCTOSHHH MEAY yAaJeHHBIMH TOYKAMH, B YaCTHOCTH,
LA CBSI3M KOHTHHEHTOB., MeToj) OCYULECTBJIEHHS TaKOH CBA3U
COCTOHT B CJCAYIONIEM: B KOHEUHBIX TOYKAX H3MepsieMOH JHHHMH yC-
TaHABMUBAIOTCS Oa3nCcHble HazeMibie craniiu. [IpuMepHo nocepenu-
He MEeXAY 3THMH CTAHUHAMH COCAHHSIOUIYIO HX JHHHIO IEepecekaer
caMosIeT, HAYIIHH KypcoM, MNeprneHIHKY/JSpHLIM K H3MepseMOon JiH-
HUH, B B mpeaeaax npaMoil BUIHMOCTH ¢ 00eHX HA3eMHBIX CTaNIHIL,
3a HecKoJIbKO KMJIOMETPOB [0 CTBOPA OA3MUCHBIX CTAHUUI caMoJer-

Has CTAHIMS HAUMHAET H3MEPATh paccTosHuA  dy, di; dy, do; dy, dj
¥ 1. A. (puc. 16). IMo Mepe npuOIHKEHHST K CTBOPY cymMa d; - d;

Puc. 16.

OyaeT YMEeHbUATLCS H B MOMEHT MEPECeUeHHs CTBOPA JOCTHLHET
MHHAMYMA. DTH MHHHMAajbHbe paccToshust dydg PeAyHHPYIOT HA
SJMICONT, H TIOJYYeHHBIe NMPOeKIUH §, §° B cyMMe HadyT HCKOMOE
paccroguie. Bricoty camonera, HeoOXOAUMYIO A PeAYIHPOBAHUA
H3MEPEHHBIX NaJdbHOCTEH, ONPeIeAI0T ¢ MOMOIULBIO PAAHOANBTHMETDA,
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B naGumonenusi BBOMHTCH TOTpaBKa 3a H3MeHeHHe CKOPOCTH pac-
NMPOCTPAHEHHS PaIHOBOJH, 38 KPUBH3HY TPAeKTOPHH pajHoJyda 1 3a
HHCTPYMEHTaAbHbie omnOKH. ITHM MeronoM B 50-¢ Tofbl co3qaHbi
obmupHbie paanoreonesnueckue cetn B CIIA, Kanage, ABcrpanaun,
CCCP. B Kananme, nanpuMep, pasfnura oOUIMpHAS Te0ge3HuecKasn
ceTh, cocrosias u3 73 nyHkToB. Ceth onupaercsd Ha 10 HCXOIHBIX
CTOPOH TPHAHTYJAALNH I Kiacca M OXBATHIBAET MOYTH BCHO CEBEPHYIO
vacte Kanaapl. Beero 6bi1o usMepeno 325 cTopoH cpeaHeil AMMHON
368 xu. Hanbonpuras cropona umena ganny 590 xm. Cucremoir [1lo-
paH BhiNOJHEHB reofeandeckne cpisn CrauauHaBuu u Anrauu, Ma-
J01 Azun n Adpukn uepes Kpnr, Aurann u Mcenananyu, CeBepHoil
n 1Oxuoi Amepukn uepes AHTHAbCKHe ocTpoBa. [lozxke cucremoit
Xupan ocymectsaenbl ¢Bsisn Esponsl ¢ CeBepHoit AMepuxoit.

Takum oOpazoM, BBeleHHe B JeHCTBHE PAaLHOre0de3HYeCKHX
JNaJTBHOMCPHBIX CHCTEM BHOCHT cefiuac PeBOJIOIHOHHBIE H3MEHEHHS
B METOJbl TeOJe3HyecKuX H3MepeHHiH, paspyllaer IepKaBLiyIOCH
BEKaMH MOHOIOJHIO TPHAHTYJSIHH ¥ OTKPLIBAET HOBbIE MEPCHEKTH-
Bbl JIJIsI M3y4eHHs] QUTYPBI 3eMau reOMeTPHYECKHMH MeTOAaMH,

§ 6. lNMoauroHomeTpruecku MeToj onpejeneHns
ONOPHBLIX TOYEK

IMosisuBmIMeCs 3a nocjaefHee BpeMs JaJbHOMEPHI, NO3BOJAIOLINE
C BBICOKOH TOUHOCTLIO H 00JIbIIOH NPOM3BOAHTENLHOCTBIO BBIOMHATD
JUHeHHble H3MepeHHs, [aJH BO3MOXKHOCTD B PALEe CIVYaeB 3aMEHHThL
TPAJHIIMOHHBLIC B CO3JaHUH ONOPHLIX reoge3HUecKHX CeTeH TPHAaHTY-
JAIHOHHBEIE PSAL JHHHSMH BBICOKOTOUHOH noJuroHomerpuu. Meron
TIOJTHTOHOMETPHH COCTOHT B H3MEpPeHHH HA MECTHOCTH IJHH JHHHUIT
U YIJIOB IOBOPOTA, T. €. YIJVIOB, IO KOTOPbIMH pacroJaraiorcs npu-
MBIKaollHe 0Ha K JAPVFO# JUHHH HOJUrOHOMeTpHH (puc. 17).

Puc. 17.

ITo unerpykuun 1966 r. mpu MOCTPOEHHH TOCYAAPCTBEHHOH reo-
Je3uuecKoil CeTH AONMYCKaeTcd Hapsiiy ¢ TPHAHTYJAsIHell mpuMeHe-
HUE METOAOB MOJUTOHOMETPHH M TpHJIATepaluu (IOCTPOeHHs Tpe-
YroNbHHKOB MO H3MEpPEeHHBIM cTopoHam). IIpu 3ToM noauroHomMeTpH-
yeckue paabl Moryt Owith psagawu I, II, IIT1 u IV xaaccos, pasau-
4adach, KAK W TPHAHTYJSLHH, 10 HA3HAYEHUIO W TOYHOCTH.
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,B‘OIIYCKEIETCH nepexon OoT paaoB TPHAHTYJ/SIUHH K IIOJJUTOHOMET-
pHYECKOMY XOAY MPH MOCTPOCHHH Me0Ae3HYecKoH CeTH OJHOr0 H TOro
ke kKjaacca. Ilo YCJIOBHSAM MECTHOCTH TOJUTIOHOMETpHYECKHEe PSIHI,
TaK K¢ KaK H TPHAHTVJSIHH, CONMPOBOXKAAKTCH BBINOJHEHHBIMH TI0
onpenenedHHOH nporpaMme aCTpOHOMHYECKHMH TYHKTAMH H asHMY-
TaJbHBIMH H3MEPEHHUHSMH. T?]K, NOJHTOHOMETPHYECKHE DA LI [ kaac-
€a cocTosIT M3 3Benbes AanHHOA B 200 KM, HA KOHILAX KOTOPBIX OHpe-
ACJAI0TCST aCTPOHOMHYECKHE TTYHKTBI. 3BeHO AOJKHO COOep:KaTb He
toaee 10 cropon aaunoit 20—25 xa. Huxe npuBomsitcs oCHOBHBIS
Tp@ﬁOBaHHH, NpeAbsBIAsieMble IIPH MOCTPOEHHH TOYHOH MOJHTOHOMET-
PHH pasJMUYHBLIX KJ4aCCOB.

1 11 111 2 AN
Tounocrs uamepenns cropod 1:300000 1:250000 1:200000 1:150600

TounocTh H3MepeHHs YIJIOR +0” 4 17,0 175 245
Hanua cTopoH, KM 20—25 7—20 5—8 2—5
Uncso cTOPOH B 3BeHe 10 20 20—25 20—25

§ 7. Hupeanposanue

¥raoBule M JUHEHHBIC H3MepEHHS, BLIIOJIHSCMbIE B TeO/e3HH,
IPOH3BOAATCH Ha (pusnyeckoit nmopepxHoctu 3emau. [ljas mociaenyio-
e 0O6padOTKH H HX COMNOCTABJEHHS OHH MOJMKHBl ObITH CHPOEKTH-
poBanbl Ha pedepenu-sanuncoun. [las 3Toro Haxo 3HaTb BbICOTHI
Touek (H3uUecKOoH NoBepXxHocTH 3eMau Hajg pedepeHIl-3JIHICOU-
JIOM — T4K Ha3bLlBaeMble TCONe3HUECKHEe BLICOTHI M HanpapBJeHHS
HOpMaaHu K pedepenu-sanunconny. Henocpeacrtpennbie namepeHus
He JAI0T HaM BBICOTH HajA saiuncouaoM. Ilostomy reogesmueckas
BLICOTA  JE€JANTCS HA COCTABJMAIOIIHE: BHICOTY IYHKTA Haj reoHIoM
H BLICOTY Teoujaa Hanx pedepenu-sanuncouaom. Ilepeylo moaygaior
H3 TeOMEeTPHUECKOr0 HHBEJHPOBAHWUS, BTOPYIO H3 aCTPOHOMHUECKOTO
HJH aCTPOHOMO-TPABUMETPHUECKOTO HUBEJINPOBAHHS.

3nanue BuICOT HEOOGXOAMMO He TOJbKO AJ5 PelleHHs pelyKUHOH-
HOM 3aja4y, HO TaKzkKe W JJI5 MHOTHX NPaKTHYECKHX Te0fe3HYeCKHX
H HIKeHepHBIX 3ajay. C noMouipio HUBeJIHPOBAHHA IOJYYalOT npe-
BHIIIEHNA OAHON TOuKy paj japyroi. CymecTsyer Tpu cnoco6a HHBe-
JupopaHus: 1) HUBeNMpPOBAHHE TOPH3OHTAJLHBIM JY4OM, HJAH Teo-
MeTpHUECKOe HUBEJHDOBaHHE, KOTAa M3MepHIoTcs HeNocpeACTBEHHO
DpPeBLILIeHHs] OQHON TOUKM HaJ APYroi 0e3 H3MepeHHs YrJoB H pac-
croauuil, 2) HUBeMHPOBaHHE HaKJOHHBIM JYYMOM, HJIH TaK Ha3sblBae-
MOE TPHUTOHOMETPHYECKOe HHBEeJHPOBAHHE, KOTAa H3MepPSIOTCs VUL
HAKJIOHA € OJHOH TOUKHM Ha JAPYTYIO H DACCTOsSIHHE MEXK1y HHMH,
H 3) OapoMerpuuecKkoe HHBEJIHPOBAHHE, OCHOBAHHOE HA H3MEHCHHH
NJOTHOCTH BO3AYXa ¢ BelcoTo#. [lpu cospanum - rocyiapcTBeniion
HHBEJHPHON ceTH NPHMEHSIeTCH TOIbKO IepBLIA BH HUBeIHPOBAHNUS,
SABIAIONIHHCA HanboJaee TOUHBLIM,
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TexHuyecku ompeaesneHNe MPEBBIIEHNH OLHON TOYKH HaJ ADPYroh
MPOH3BOAUTCS CAELVIOMIHM 00pa3oM: HHBEIHP € TOPH30HTAJBLHOH
BH3HPHOH TPYOOIl HABOAHTCS MOCAEA0BATEIBHO HA PEHKH, YCTAHOB-
JgeHupie B Toukax A u B (puc. 18). Pefikin UMeoT OAHHAKOBbIE MIKA-
Jibl, OM(POBAHHEIE B CAHTHMETPAX C OQHOI CTOPOHLI U B '/, momax

Puc. 18.

cauTuMeTpa ¢ Apyroi cropoubl, Ilycts oTcuer no peiike npu Hase-
NleHnH Ha Touky A 6yaer a, a mpu HasegeHuu Ha touky B — b, Pas-
HOCTh OTCYETOB MO PeiKe @ — b 1acT HenmocpejcTReHHO TPeBbllieHHe
B cantuMerpax. /lajee HUBeJHDP [EPEHOCAT B APYTYIO TOUKY CTOSIHHSA
(2) n peaawT naBegeHus Ha peiKy, VCTAHOBJEHHYIO B Toukax B,
Cnrn.

HenocpeacTBeHHO H3MepeHHOE NPEBLILIeHHe ¢ OJIHOH YCTAaHOBKIL
HUBEJHPA HA3LIBACTCS 3JIeMEHTAPHBIM HHBEIHPHLIM MpPEBHIEHHEM
Ah, CymMMa 37eMeHTapHBIX HHBEAHDHBIX INPEBLIUIEHHH COCTABJAAET
BeicOoTY f = ZAh.

Jlanee MBbl YBHAWM, 4TO /s TOTO, YTOOBLI MOJIYYHTH BBICOTHI, HE
3aBUCSIIHE OT MYTH, BAOJb KOTOPOTO HMPOH3BOAHJIOCH HUBEIHPOBA-
HHE, BBOAHTCA CHCTCMA TAK HA3LIBAEMbIX OPTOMETPHUECKHX BBHICOT.
Hx snauenus onpenessiiorcest GopMyIoi

H =7 X ghh.

31ech g, — Cpe/lHee 3HAYEeHHE CHJbI TSKECTH BJOJL OTBCCHOH JIH-
HHH OT YPOBHS MOPSA 0 (H3MUYecKOH nopepxHoctu 3emun, g — 3Ha-
UeHME CHJDLL TAXKECTH B TOUKAX CTOSHHS HHBCAHPA.

Taxum 06pasoM, BAOb JHHHH HHBEJAHPOBAHUS NOJKIO MPOH3BO-
IHTHCS ONMPefeJCHHE CHJBLI TAMXKECTH J.

OueBHIHO, UTO /51 ONPEAEJCHHS BLICOT HEODXOAUMO YCTAHOBHTH
HEKOTOPDLIH HYJEBOH YPOBeHBb, OT KOTOPOTrO LOJIMKHEI IPOHIBOLHTHCS
OTCUYETLl BBICOT INpH HHUBeJAHPOBKax. EctecTBeHHO ObLIO 3a Takoil
YPOBenb NPHUHATL ypoBeHnb Mops. OQHAKO YTOUHEHHE ITOrO BOINpoca
[I0Ka3a/10, 4TO VPOBHU PA3JHUYHBLIX MOPEH M OKEaHOB MOLYT OTJIH-
yaThest APYT OT JAPYra BCJAeJCTBHe JeHCTBHS MOCTOSIHIIBIX BETPOB, Te-
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YeHHH, CTENEeHH COJEeHOCTH BOABI, Kondurypauuu Oepera. Ilostomy
I Hayada oTcdera HHBEMHPOBOK yCTaHaB/JAHBAETCsT HEKOTODBIH yc-
JTOBHEIN ypoBeHb. Tak, A5l BCeX HHBEIMPOBOK, BBIMOJHAIOIIMXCH HA
teppuropun CCCP, 3a nHauajo orcuera BBICOT NPHHHMAETCs HV/b
Kporurragrekoro QyTiiTOKd, YCTAHOBICHHBIA IO CPpeIHEMY YPOBHIO
MOpsi B paiione Kponmranra.

Ilns obecrneuenns BBLICOTHOTO OOOCHOBAHMS CO3a€TCs HHUBEJHP-
Hasl ceTb. IJTa CeTh COCTOHT M3 XOMOB BHICOKOTOYHOIO HHUBEAHPOBA-
s 1 kaacca, o0pasyiomnx 3aMKHYTLIE NOJHIOHBI € TepUMETPOM
nopsiaka 800 xkm. DTH XO0Hbl CAY:KAT OCHOBOH JJA HHBEJIHPOBOK
11 knacca, 00pasyoNHX NOAHTOHE ¢ nepuMerpom 500—600 ku. Ilo-
JUTOHBI HMBeaupoBoK I Kiacca ¢rymaioTess NoJHroHaMH U XO4aMu
uupenuposok 11l kracca, mpoTsKeHHOCTh KOTOPBIX He MPEBOCXOAHT
150 xm. danpHedniee cryiienue MPOH3BOANTCT HHUBEJHPOBKAMH
IV xaacca, cayKalgnMi HETOCPEICTBEHHOH OCHOBON Tomorpaduue-
CKHX ChLEeMOK.

J8 co3naHus CeTH TNYHKTOR ¢ ONPEACJCHHBIMH 8bICOTAMII Ha
MEeCTHOCTH BIOJb XOMOB HHUBEJTHPOBOK 3aKaaJblBalOTCsl pPenepel
H MapKH, KOTOPble JOJ#KHbl COXPAHATH CBOIO BBICOTY HEH3MeHHOM.

[TocTpoenue HUBETUPHOH CETH B BHAE 3dMKHYTHIX HOMHIOHOB
JAaeT KOHTPOJb NPABMJILHOCTH
NPOU3BeJ€HHEIX HHBEJUPHHIX Pa- TaGanuna 4
00T U KPHTEPHH IS OIlEHKH TOU-

HOCTH. TOYHOCTH HHBENHPOBOK |umsenupon- |O0UAS dobry- | m e
P A HeBSIZKH, MM 3,
onpepenseTcd HeBA3KAMH, BO3- e Has

l

HHKAIOUIUMH TPH  3aMBIKAHHH I 5V L 50
NOJUTOHOB, T. €. OTJHYMEM OT HY- I 107 L 100
Jil CYMMBl MPeBLILIEHHH MO 3aM- v 207 L 200,

KHyTOMY KOHTYpY. B rata. 4
NPHBONATCA  JIONYCKAEMbBIE MH-
CTPVKIHUEH HEBA3KH JJI HUBEJH-
POBOK Pa3JHUYHBIX KJaCCOB. -

Hupennposanne | xmacca BEDOJHAIT ¢ HAUBBICIIEH TOYHOCTEIO,
JOCTHraeMOH TpHMeHeHHeM HaunboJjee coBepleHHBIX HHCTPYMeHTOB
U MEeTOHOB HaOJIOJEHWH, i C BO3MOMKHO TOJAHBIM HCKJIKUEHHEM CH-
cTemMaTHuyeckux omn6ox. He pexe uem uepe3 Kamawle 25 JeT Bbi-
NOJHAIOT TIOBTOPHOE HHBeJHpOBaHHe mno Beem Jaunuam | xmacca
H HeKoTopbIM JunuaMm 11 knacca ¢ mebio UX MOREPHU3AlMH, 4 TAK-
e AJST NOJYYEHHS KOJHYECTBEHHLIX XAaPaKTEPHCTHK COBPEMEHHBIX
BEPTUKANBHBIX ABHIKCHHH 3eMHOH KOpWI.

L — nnyna xoma B Kujlomerpax.




FTABA 2
PEWUEHHE OCHOBHBIX 3AJAY TEOHE3HH
HA 3NJIMNICOUAE BPALLEHWS
(C®EPOHOHUYECKAS T'EOE3MHS)

§ 1. OcHOBHbIC napamerpsl 3eMHOr0 JJAUNCONLA

leonesuyeckue u3aMepeHus BHIMOJIHSIOTCH 1A thrsuyecKoil mo-
BEPXHOCTH 3eMJH. DTa MNOBEPXHOCTH SIBASETCH BEChLMA CJAOKHOH
H HE N03BOJIACT NMOJIYYHTh 0CTATOYHO MPOCTHIC COOTHOLICHHS MEKIY
FEOACSHYCCKHMH S/IeMeHTAMH, HANPHMEDP, MeK/ly KOOPAHHATAMH TO-
UCK M PACCTOSTHHEM MEMIY HHMH.

K Tomy ke u camo nomsitue PacCTOfAHUA MEKAV TOUKAMH 37eCh
e onpeneneno. MOXHO rOBOPHTB O PACCTOAHHH 11O npAMOH, 0 pac-
CTOSHHH 1O xyre GOJBUIOrO Kpyra Aasi cdepbl, MO Feope3HuecKoil
MHHHE IS 30/IMNCOUAa, 0 HEKOTOPOH KPHUBOH, JAexkatniel na dusn-
YCCKOl nosepxHoctTu 3eman. st BHeceHus 5 BOIIPOC onpenejied-
HOCTH B reofeanu penaiorcest ynpoutenus. [Ipn pemennn reogesmuye-
CKAX 3aJa4 Ha MaNbX y4acTKaX 3eMHOIl NOBepXHOCTH 3eMJs mpen-
CTABJIAETCA MJIOCKOCTBIO H COOTBETCTBEHHO pelleHHe NMOJYYAETCS Ha
OCHOBE TOMOZKeHHH MIOCKoi reoMerpun. Ilpu pemenun reogesmye-
CKHX 3anaq AJsd 3HAYHTENbHBIX YYacTKOB 3eMuu HaH Beeli 3ewmian
B 11e10M 3eMJ/Isl NPeJICTABAACTCS SJIHIICOMIOM BpaLLeHH.

Haxoxpenue sinnncouna, manayuimnm 06pa3oM NpeacTaBas0-
MEro BCIO 3eMJI0 B HEJOM, TaK HA3bIBAEMOro OOMIEr0 3CMHOMO
S/LIMNCOH/A, MOKET OLITh OCYHIECTB/ICHO NPH YCJIOBHH IOJHON reo-
J€3HYECKOH H rPABHMETPHYECKON H3YYEHHOCTH 3eMIH. DTOT 3JAHI-
COMA 10JKeH ObiTb OPHEHTHPOBAH B Tese 3eMJIH TaK, YTOOKI
COOMTIOAANHCh YCIOBHsA: 1) coBmagenus LHEHTPA 3JJHICOHIA C MeHT-
poM Macc 3emuin; 2) coBnafeHust HX Oceil Bpalenus.

Ecan snauncoun sesectn no pesy/abTaraM H3MEPeHHH Ha KaKoi-
AHGO OTpaHHYCHHON TePPHTOPHH, TO OH Oyner npeacTasnfnTh Ha-
HIYUIINM 00PasoM HMEHHO 3Ty TeppuTophio. [lo cnx 0P ‘B pasfuy-
HBIX CTPaHaX TOJAb3YIOTCH PAa3auyHbIMH saauncouaamMu. B CCCP
NPHHAT TaK HAa3blBaeMblil 3/iuncona KpacoBckoro, BobiBeneHHBI B
1940 roay @®. H. Kpacosckum u A. A. M3010BbIM H HMCIOUIHA 37Te-
MEHTEL

Goabwaa noayoes 6378 245 a,
cxKaTHe 1:2983.
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Bee reomesuueckue H3IMepeHUs Ans UX nocienysomell o6paboTky
JOJAHBL ObITh COPOEKTHPOBAHBL HA MOBEPXHOCTb IJIJIHIICOUIA,

DIeMeHTDI reoae3nvYeCKHX I-ISMep(;‘HHl‘:I, peAyuHpOBaHHbBIE Ha 3JI-
JUICONIL, SIBJASIIOTCSH HCXOAHBIM MATEPHANOM [J51 PELIEHUS Teofe3H-
YyeCKHX 3ajau.

OCHOBHBIMH T'e0Je3HUCCKHMH 3agauyaMi sBJASIOTCS: 1) yroume-
Hie QOpMBI H PA3MEPOB 3¢MHOIO JIIHICOHA; 2) mepeHoc HanpasJ/e-
HUfl H paccTOSHHH ¢ (PH3HYECKOH MOBEPXHOCTH 3eMJIH, rie MpPOH3BO-
IATCS  M3MepeHHd, Ha  pedepeHu-3AJAHUNCONT  (PeAyKUHOHHAL
npofiaema); 3) HaXoXKAeHHe KOOPAMHAT TOUEK Ha 3aJaHHOM 3JIJIHil-
COHAE IO M3BECTHLIM KOOPAHMHATAM MCXOAHOH TOUKH, PacCTOSHHIO
OT Hee Y HanpasJenuio (Tax dHaspiBaeMas npsMast reoesnueckas
3ajgaua); 4) HaXOXKACHHE PACCTOSIHHS MEMKAY TOUKAMH H HampasJe-
HUil NPH 3agaHHbIX KOOPAHHATAX TOYEeK Ha 3aJaHHOM 3JIHIICOHAL
(rak HaspiBaeMas oGpaTHas reoje3uyeckas zajgava); 5) yTOUHEHHS
KOODAHHAT TOYEK IMPH H3MCHCHHSIX OCHOBHBIX 3JEMCHTOB 3/JIHI-
couja.

B BHICLIEH MeOfe3HH pacCMaTPHBAeTCs pellieHHe BCEX 3THX 3aad
Ha NOBEPXHOCTH 3j/nnconna spauienns. COOTBETCTBYIOLIHHA pasmnen
BLICUIH Teome3HH IMOJAVUHI HazBaHue cghepouduueckol eeodesu.
Hac npe:zae Bcero uHTepecyloT mepBasi H BTOpas H3 c(hOpMYJIHPO-
BAHHBIX 3a/a4, 8 HMEHHO ONpe/leJicHue HIH yTOYHeHHe (GopMbl 1 pas-
MEPOB 3eMHOr0 3MJAUNCOHAA W peayxuuoHHasg npodaema. Opxaxo
[ pelleHHst 3TOro Bolpoca HeoOXOAHMO HMeTh TIOHATHE O pelle-
HHH 1 IPYTHX OCHOBHBIX 3anau Boicmed reopesnu. [loatomy B pasns-
HelllleM NMPUBOAHTCS H3M0KEeHHe NMPHHIHIOB HX pellleHus.

BbiBOJ OCHOBHBIX FeOMETPHUECKHX COOTHOLICHHH Ha 3JTHIICOH/IE
HeH30eKHO CBA3aH C MPHMEHEHHeM 3IJJIHITHUECKHX (DYHKIIHII, KOTO-
pble B NPaKTHKE pellelnHs reomesnye- P
CKHX 3aJlay NPHXOAHTCS NPEICTAB/ATh
B BHIe OECKOHEYHBIX pPAmoB. ITo Me-
Jgaer (GopmyJabl ST pelleHHs 3aaad
BHICUIEH reofe3HH OYeHb IPOMO3AKHME
W CHOMHBIME B Tpumesenwn. yKenaa- £
HHE VIPOCTHTH MYTh PEHICHHSA NPHBO-
JUT K TOMY, 4TO TPH PeUICHHH 3ajay 7
Ha MeHBIIHE PACCTOSHHS CTPOATCH YII-
pOLLEHHBIE, MeHee TOYHLIC (OPMYJILL. A
Taxum oOpasoM, N5 pelleHHs 3aaau 'l
OIHOTO M TOTO K€ THIa, HO Tpebylo- Prc. 19.

IIHX PA3JUYHONH TOYHOCTH, TPHMEHS-
J0TCsl pasaunuible GopMyabl. JTO BecbMa YCJI0KHIET MPAKTHKY reo-
JIe3NYEeCKHX BbIUHCACHH.

Oanako mpH HcnoJb3zoBaHuu IBM 310 He ABASETCA MPEMsITCT-
BHeM, uGo Beerga Jerko MocTPOHTh MPOrpaMMy Tak, uToObLl aBTOMAa-
THUECKH YACPIKHBAJIOCH HY)KHOE YHCJI0 YJIEHOB PasjOMKeHHs,

4 H. 1. pymmuckad
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Boenem caeayiomue ooosnauenns: OA = OE = a— Goabmas
noayoch saamnconia, OP = b-—mMajas T10ayoCh SJJHICONIA
(puc. 19).

HOJIHPHOE cRaTHe g IJNJHTICONAA ONpeaeanTes Kak

a=222 (2.1)

NMepBLIfl 3KCIEHTPHCHTET e MCPUAHAHHOTO 3JJHINCA paBeH

7 ey
e = V—a;—, (22)

BTOPOIi SKCUEHTPHCHTET ¢’ MepUIHAHHOTO 3JHNCA paBeH

2

eu:yf”bff (2.3)

~ Mexay 5THMH NapaMeTpaMH CYUIeCTBYIOT CJEAyIOllHe OueBHAHBIC
COOTHOIUEHUS:

2 e2 e’
e e et ezzTTe'_”
a TaKiKe
b LG T, (2.4)
st Lae (2.5)

Mexay cKaTHeM H 3KCHEHTPHCHTETOM JIETKO NOJYYaercs C/AeAylo-
1as 3aBHCHMOCTh:

G e e

Bozsoas B KBaapar H yacpaiHBasl yJeH J0 KBajpara CXaThi, noJay-
UM ﬂpHGﬂH)KE‘HHO(’ paBeHCTBO

e?=2q—a’. ; (2.6)

§ 2. MpumeHsiOmHKECS B FEOJE3UH CUCTEMbl KOOPAHHAT

1. KpuBoauHejinpe CHCTEMB KOOpPAHHAT B Bric-
el reoae3ny HauboOJee 4yacTo NPHXOAUTCH HMETh €0 C reorpadu-
yecKOll, HAHM Teoe3nyecKkoil cucreMoli koopaunart. B artoil cucreMe
HOJMOKeHNE TOUKH ONpeaeasieTcss ABYMsi KPHBOJIHHENHBIMHE KOOpPAHHA-
TAMH Ha INOBEPXHOCTH 3JJIMICOMAA — WHPOTOH B ¥ 0JTr0TOM E
(puc. 20). lInpora B = ZNKR onpenensercs Kak yroa, oGpaso-
BauHH HOpMaabio MN x 3aauncouniy B Aauwnoii Touke M u mioc-
KoCThl0 3kBaTopa. lllnpoTa oncuuThIBaeTCA OT NJOCKOCTH 3KBATOpa OT
0 1o 90° k ceBepy H k tory. CoOTBETCTBYIOULHE IHPOTHI HA3bIBAIOTCA

s
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CEBEPHBIMH M HOMKHLIMH ¥ UM HPHIHCHIBAKOTCH COOTBETCTBEHHO 3HAKH
MJI0C HJIH MHHYC.

Hoarora L ycrauaBiusaercs Kak IBYTPaHUBIH YIHoA MEKAY M0-
CKOCTHIO HauaJabHOTO Mepuanana PEP’ u mepuauana PMR, npoxo-
ASIIEro yepe3 AaHHy Touky M. B kauectBe HauaJbHOrNO MepHIHA-
HA APHHAT MO0 MEKAYHAPOAHOMY COTIAUICHHIO MEPHIHAH, TPOXO/A-
muit yepea [puHHBHYCKYIO oGcepBaTo- N
puio. JoJrotel, OTCUHTLIBAeMble Ha 3a- P
nag 0T [pHHBHYCKOTO MepHaHaHa 10
180°, nazwBalOT 3anaJHLIMH J0OJATOTA- . M ’
MM, Ha BOCTOK — BOCTOUHBIMH. B Mex-
AYHADOAHON NMPAKTHKE UPHHSATO TaK- £ 8 '
JK€ CUMTATh 3aMajHble LOJTOTHl MOJNO- - /
JKUTEJLHLIME, a4 BOCTOYHbIE — OTPHILA- R
TeJbHbLIMH.

["eonesuueckie MUPOTHI H JOJTOTHI P

cJeiyeT OTJIMYaTh OT acTpOHOMHYE- Pue. 20.
ckux. IlocnegHue onpeensioTes HOP-
MaJblo K YPOBEHHOIl MOBEPXHOCTH, MPOXO/ISILEH yepe3 NaHHYI TOY-
Ky. PasHoctH reoge3vyecknx W acTPOHOMHYECKHX IIHPOT PABHEL CO-
CTABJAAIONINM OTKJIOHEHHS JHHHI OTBECA B J@HHOH TOUKE OT HOpMAaJH
K 3eMHOMY 3JIHICOHIY B MJIOCKOCTH Mepuaunana. PasHocTH reomesu-
YeCKHX H acTPOHOMHYCCKHX JOJATOT PaBHBI COCTABJSIONIHM OTKIOHE-
HHSI OTBeCcHO JIMHHH B IEePBOM BepTHKAJe, YMHOXKEHHBIM Hd KOCHHYC
IIHPOTHI.

B reorpadun u npu noc*rpoumn o0Ouux reorpaHyeckdx KaprT
DAaSHOCTRIO MEOIC3HYCCKHX H ACTPOHOMHHECKHX LIHPOT 4ACTO Mperie-
OperaioT M IHPOTY M JOATOTY MeCTa HAa3bBAIOT reorpapHyecKHMU

KOOpIHHATAMH, He YTOUHSS, K KaKOil

# * HopMaJu oHn orHecenbl. [lostomy mo-

HATHE reorpauIecKux KOOPJIHHAT HO-

i cuT B cebe HEKOTOPYIO HeompejeseH-

: HOCTb.

/ @ £ Ecan nopmanb 3aMeHHTh Hampas-

LL JexHueM paaumyca-sextopa OM u mu-

POTY OTCYHUTHIBATH Kak yroa O mex Ly

3THM palHycoOM-BEKTOPOM ¥ MJOCKO-

; CTBI0O 3KBATOpa, TO MBI OyIeM HMeTb

B e C CHCTeMOH TreolleHTPHYeCKHX KO-
opannar @, L (puc. 21).

Puc. 21. B psile TeOpeTHYECKHX TOCTPOEHHH

NPHUMEHSAETCA CHCTeMa KOOpJIHHAT C

npuBeieHHol wHpoToid u. Ilocaennsa moayvyaercst Kak yrona Memxmoy

nJI0CKOCThIo 3KBatopa EE’ u panmycom OM’ céepol, moctpoeHHOI

Ha 3sxBarope. Touka M’ spasgerca npoekuuein Toukun M na coe-

py. Ilpoektuposanue Benercs npsimoit RM, napaniensuoit manof

4*
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noayocH saaumncounra (puc. 22). Bropoil xoopaunaroii B 3TOH CH-
CTEME CJAYIKUT, KaK M B NpeNblAYLIHX, A0JT0Ta.

KoopnuHaTHBIMH JHHASIMH BO BCeX 3THX CHCTEMax CJykar Mme-
PHAMAHLL H TapaJlJIesu.

2. CHCTeMB NPOCTPAaHCTBEHHBIX 1€KAPTOBLIX KO-
opaumnart., B Teopernuecknx NOCTPOEHHSAX BBHICHIEH Te0/le3uH IpH-
MeHseTCst TaKKe CHCTeMa NPOCTPAHCTBEHHLIX AeKapTOBBIX TEOLeHT-
puuecknx koopanuar XYZ (puc. 23), B Kotopoit ocb Z OOBIUHO

i

Puc. 22, Puc. 23.

HanpapiserTcsd N0 MaJjoil NOJYyOCH 3AJauIconlia, ocb X JIeKHT B
IIOCKOCTH HYJIEBOTo - MepHAHana, a ocb Y HampaBjgeHa K BOCTOKY
(nnu sanany) or ocu X. [ToMuUMO 3TOM CHCTEMBI, IPHMEHSIETCA CH-
CTeéMa NpAMOYTOJBHBIX KOOP/AMHAT Xy, JeKAUIUX B NMJAOCKOCTH MepH-
JiMana, 3alaHHOTO npeABapuTe]bHO cBoei jdoarotoir L, B stom
cayyae NOJIOKeHHEe TOUKH Onpelessiencss KoopAnHaTaMmu X, y, L.

§ 3. ®opmyan npeodpazoBanus KOOPAMHAT

l. BuipaXeHHe KOOpPAMHAT X, §y MEPHAMAHHOTO
3JaAHNICa Hepes reopesnueckyw mupoty B. Tou-
ka M (puc. 24) yznosJeTBOpPSieT YpaBHEHHIO IJJIHICA

3

.;‘_; 8 % = 1. (2.7)
Ouddepenuupysi 370 ypaBHEHHE [0 X, TOJAYYHM
gt o
% e % ‘&% =1, (2.8)

SHH‘JQHHG l'IpOIfIE}BOIlHOﬁ paBHO TAHTEHCY yma, OﬁpaSOB&HHOI‘O
KacaTeJbHOH € OCBIO X

% = 1g(90° + B) = — ctg B. (2.9)
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Buocum B (2.8) snauenue npoussoanoii u3 (2.9):

X 4 L (—ctgB) = 0.
Orcioga crmeayer:

y:-;lllz—,rth.

IMopcrasass ciopa sHaueHue b u3 (2.4), moayuuM

y=x(l —e?)tg B. (2.10)
JlAsi TOTO uTOGH BHIPA3HTb Pa3jAelblo KOOPAHHATH X H y uepes B,
¥
n

d

|

I

H 90°+8
A

Puc. 24.

HCK/IIOYMM y u3 ABYX ypasuemuii (2.7) u (2.10), yumrmsas (2.4):

2 (0 —PPtetB
@ e (1 —éd)

=1

.

Pemraem 370 ypaBHeHHE OTHOCHTEJIBHO X:
x2(1 4 tg? B —e%tg? B) = a?,

I—efsmi B 2
2 A
i ( cos® B ) i

HJIH

1 OKOHUATCJIBLHO
acos B

el eyl e
Bripaxenue ana y nonyuum, BHocs (2.11) B (2.10):
RS L L (2.12)

WT—e*sin? B

2.CBA3b reopesnyYeckod M TEOUEHTPHYECKOH
IIHDPOT TMoayyaeTes cedyac e, ecau B Boipaxenue (2.10) BHectH
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oueBmjHOE U3 pHC. 21 cooTHomeHue y/x= tg O:
tgd = (1 —¢)tg B— = tgB. (2.13)

HUntepecHo OUeHHTb, KAKOE MAKCHMAJbHOE PAaCXOMXKJIEHHE reo-
HEeHTPHYECKOH M re0fe3HYecKofl MIHPOT BO3MOMKHO MPH 3amLaHHOM
IKCUEHTPUCHTETE €.

Has storo npeobpasyem Boipaxenne (2.13) x sugy

tgB—tg® = 2tg B
HITH

sin(B — @) = e? sin B cos ©. (2.14)

Pasnaras jieByw yacth B PSiJ U npeHeOperas MaJjblMH NOPSAKA
et a tTakke zamensns cos O ‘Ha cos B, nojyunm

B—d=~ ; e* sin 2B. (2.15)

STta pasHOCTb AOCTHTAET CBOEro MakCHMyMma mpH muporte B = 45°
Bruipaxkass B— @ B MHHYTaX AYTH, HMeeM

(B— @) = % e?p’ sin 2B

i aas B = 45%(B — ®)- = 11',8.

3. BblpaxeHnHne KoOpPIHMHAT X, Yy MEeDHIHAHHOTO
3ANMHUNCA W TreoAe3HYecKoW wmuEporH B uepe3s
HPHBEeJCHHYI0D WHPOTY U

M3 puc. 22 oueBHAHO COOTHOLICHHE

¥ = cost. (2.16)

ns Toro 4ToGbl BRIPA3HTh y Yepe3 NPHBEAEHHYIO LIHPOTY 4, 3aMe-
THM, YTO U3 Tpeyroabiuka ORM’ cnenyer

224+ RM” = e, (2.17)

a M3 ypaBHEHHS 3JJIHICA, KOTOPOMY YIOBIETBOPAIOT KOOPAHHATHI
TOYKH M, ;

2yt = al. (2.18)
Cpasunpasi (2.17) u (2.18), noayuaem RM’ = %y.
Tlanee, u3 puc. 22 BuaHo, uto RM' = a sin u, otkyna
y=bsinu. (2.19)
Ieas (2.19) na (2.16) u yuurbiBas (2.10), noayunm
: Y — 2 tgu—(1—etgB

X
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HJTH
tgu= 2 (1—etgB=YT—etgB=—tgB. (2.20)

4. BrpaxeHHnAe. ITIDOCIPaHCTBRHERX . 1D MO
yronbHbBX KOOPpAHHAT uYepe3 NJOCKHE NPAMO-
yroJbHEE H Yepe3 Teoje- :
BUUECKYIO HIH mpHBe-
NeHHY MHPOTY MEpHIH-
AHHOTO 3AauBca. JAs npoct-
PAHCTBEHHBIX MPSMOYIOJBIBIX KO-
opaunart X, Y, Z nmeior Mecto dop-
Myabl 1npeoGpasoBaHua (2.11) u
(2.12), TOJBKO POJIb OCH I HIpaer
Tenepb OCb Z, HaNpaBJeHHAas 0 OCH
ppaulénnsi. 3emau. Koopaunartsl
X n Y noayuawoTcsi M3 OTpe3Ka X, ,
3ajgandoro gopmysiaon (2.11) u Je- i
JKallero B IIOCKOCTH MepHaHaHa
L, npoektupoBaHueM Ha IJIOCKOCTD Puc. 25.

HYJ€BOT0 MepHAHaHa M Mepned--
aiRyaspuvio el (puc. 25). CooreercTBennbie GopMyabl npeodpaso-
panua Oynyr:

X=xecosL=—o-2 —_cosBcosl,
¥1—e2sin? B
Yo— esinl = ——u:COSBSiﬂL
V1—ésin’B i (2.21)
A= — Al ot
V1 —esin® B
WM, eclH 3aMeHHTD e? uepes (a?—b?)/a?,
) 2
X = — - : cosBeos L,
¥ a%2cos? B} b2sin? B
ot =3 cos Bsin L
YV a®cos? B I b2sin® B ' (2.22)
b2 #ic f
L =— 2 _ sin B.
a® V a2cos? B |- b*sin® B

§ 4. HopmaabHble Ce4eHMs UM T[JABHbIC PaJHyChbl KPHBH3HbBI

CeyeHHs TIOBEPXHOCTH MNJOCKOCTSAMH, IPOXOASIIUMH uepe3 HOp-
MaJb K NOBEPXHOCTH B KaKoii-1100 ee TOuKe, HA3bIBAIOTCS HOPMAJb-
HLIMH CeuycHHSMH B panHon touxke. ['eoMeTpHUECKOe MECTO TOYEK
NepeceueHnsi NOBEPXHOCTH H IVIOCKOCTH NPH HOPMAJbHOM CEUEHHH
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oOpasyeT KpHBYIO. M3 HecuncaeHHOTO MHOXKECTBA TAKHX HOpPMAaJb-
HBIX CeYEHHH, NPOXOJASIUIHX Yepe3 TOYKY, MOMKHO BLIAEJHUTH JABa, 00-
pasviollHe KPHBLIE C 3KCTPeMAaJbHBIMH 3HAYEHHSIMH KPHBH3HBL ITH
CeueHnsl HasblBAlOTCs TVIABHBIMH HOPMAJbHBIMH ceueHusiMu. B maud-
(epeHUHaJbHON TeOMeTPUH BLIBOAUTCA (QopMmyaa Jijepa, Aaromas
CBAI3b MEKAY KPHBH3HAMH IVIABHBIX HOPMATIBHLIX CEUCHWUH W KPHBH3-
HOH TPOH3BOJBEHOTO CeYeHHsI:
1 cos? A sin? A

paaa el o (2.23)

3necs N, M — paauycsl KPHBH3HBI [VIABHBIX HOPMAJbLHBIX CEUEHMI,
R4 — pajuyc KPHBH3HBI CEUCHHS, PACIOJOMKCHHOrO mox yriom A
K TJ1aBHOMY Ce4eHH10 ¢ HauboJbliuM paanycom KpususHbl N. [nas-
Hbie HOpMaJ/ibHbiC CEYUCHVIA OPTOTOHAJIbHBLI H CayzaTt OCiMH CHMMET-
pHY TIOBEPXHOCTH, T. €. ceyeHus, o6pa30BaAHHBIE MIOCKOCTSIMH, pac-
MOJOKEHHLIMH MO/l OAHHAKOBBIMH M0 aOCOJIOTHOR BeJMYHHE yraamu
OTHOCHTEJNBHO IVIOCKOCTH TJABHOTO CEUEHHS, HMEloT OJHHAKOBHIE
KPHBHM3HLL ITO BUAHO u3 hopmyan (2.23):

1 § =31 By
M*R,

1
T (2.24)

Joist 3/IMICOMIA BPANICHUS IVTABHBIMH CEYEHHSIMH CJIYKAT MEPHIH-
AHHOE CRUEHHE W CeueHHe IJVIQCKOCTBIO MepBOro BepTukata. B atom
Jerko yOemAuThes, ecAM BCIOMHHTB, UYTO MOBEPXHOCTH BpalleHHsS
CHMMETPHUHLI OTHOCHTEIBHO CBOHX MEpHAHAHHBIX CEYEHHi, T. e,
KPHBH3HKI CEYE€HHH, OJIHHAKOBO HAKIOHEHHBIX K MCPHAHAHHOMY, paB-
Hbl MeKAY coBoH.

Jasi HAXOXKICHHA MEPHAHAHHOTO CEYeHHs BOCMOJb3yeMCs H3-
BecTHOH M3 AubdepenunanbHoil reoMetpun Gopmynoll aas paanyca
KpPHBH3HB R MI0CKO#H KPHBOH y = y(X):

21372
1 +y :
s (_y_)_ (2.25)
4
JIJsi MEpHAHAHHOrO ceueHHs y' = —ctg B, 4T0 reoMeTpHYecKH
oueBugHo (puc. 24). Torna

[ dB
Whss =
ligi 9 e e

3HaueHHe

Haligzem u3 Belpaxkenust (2.11):

dB . a(l —e?)sin B

de (1 —e2sin? B)¥%

Broca ponyuenunie anavenus ¢’ u y” B (2.25), nonyunm A% paiuyca

(]
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KPHBH3HBbI Mep}IJHaHHCFO‘-CeLleHIIH BbIpazKeHHE

o gl =red Ay
e (1 — e?sin2 B)3/2 g e

Pajguyc KpHBH3HLI JAPYrOro INIaBHOTO CEUEHHSI — CEUeHHH IJ10C-
KOCTBIO NEPBOTO BEPTHKAJAA — JIETKO MOJYUHM, €C/AH BCHOMHHM, YTO
no TeopeMe MeHbe pajuyc KPHBH3HBI HAKJIOHHOTO CEUEHHs PaBHsieTCs
paiuycy KpHBH3HBI HOPMAJBLHOTO CeyeHHf, YMHOMKEHHOMY Ha KOCH-
HyC yIia Memly sTuvn cevenuamyu. B xauecTBe HAaKJIOHHOTO CeyeHus
BO3bMeM CeueHHe ILIOCKOCTBbIO, NapasienbHoii 3kBatopy. Paliye
KPHBH3IHLI TAKOTO Ceuedusi corjacuo (2.11) Gyner pamen (puc. 25)

P acos B %
V1—¢sin’ B

a papuyce kpuBuausl N oupefenures xak

S
AR o A (o

H3 JBVX TJIABHBLIX CeueHUl MIUNCONAA CeUeHUE MepHAHAHHOE fB-
JAsieTcsl HaUMeHBUIHM. TO JIeTKO M0Ka34Th CJeyIONIHM 06P330MI

N 1 —e2sin®> B
Y SR e Tt N e

N=M.

B reomesun uacto NpHXOAHTCS INOJAB30BATBCS CPEAHHM PauyCcoM
KpuBM3HLL sl TOro 4T00Bl MOJYUHTL CPEAHHI Pamguyc KPHBH3HBI
B aHHOH TOYKe, BOCIOJb3yeMcs ypaBHenuneM (2.25), KoTopoe samu-
weM B (opme

ecosB

Ry it
A= NcosPA T MsimE A

(2.24)

Torna cpemmﬁ PaAnyC KPHEHIHBL NOJAYYMM KaK
2r 21

1 1 NM
Rep = 2 ,{S Radad = 27 g' N cos* A -+ Msin? A dA.
0

Yro6bl npOHHTErPUPOBATL 3TO BbIpAMKEHHE, PasjeqHM YHCIHTEb H
3HaMeHaTeJlb MOJABIHTErPalbHOrO Bhipamenus Ha N cos? A H, noJb-
3ysiCch CHMMEeTpHEH, ()y,ueM BCCTH umHTerpuposanne or 0 mo m/2:

_J, ]/M =
ch:"?ﬂ— —TA_\S‘ coszA :-—2— N_Sl

_1g2A “
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rjae

Torza
e T
Rep = ‘;VNMLarctgt‘ =} NM.
0

Broas smavennss N u M, monyuyum

e a l/-l —g?
C ™ 1 —e2sin* s

§ 5. BsaumHo oGpaTHble HOPMaJbHbIE CedeHHs

[, 2

(2.28)

BoigeguM H3 Myu4Ka HOPMAJbHBIX [JIOCKOCTEH K 3JIHICOHLY
B Touke A (puc. 26) Ty, KOTOpast MPOXOAHT TakkKe H uepes Touky B,
JIEKAMIYIO HA TOBEPXHOCTH 3Jaunconia. B Touke B 3r1a MI0CKOCTh

He OyIeT HOPMaJbHOW. ITa IJIOCKOCTh,
fiepecekasch C MOBEPXHOCTBIO 3JIHICOH-
na, obpasyer JHHHIO, HA3LIBAEMYIO MPA-
MBbIM HOpMaJbibIM CEUEHHEM, IpPOXO.si-
ugum uepes rtoukn A n B. Iliockocts
npavoro u3 toukn A B B HOpMasbHOTO
Ceyenus OMpellesieTess HOPMadblo  3il-
anmconia B Touke A u npavoit AB. U3
yuka HOpMaJbHbIX TJIOCKOCTeR B TOUKe
B BuifepeM MJIOCKOCTb, MPOXOUSIULYIO Ue-
pes Touky A. JrTa mJIOCKOCTL He COBHA-
naer ¢ nepsoit. IIpn mepecevyennu ¢ 3J1-
Puc. 26. JUICOHAOM OHa 00pa3ayer JHHHIO, HA3LI-

BaeMyio auuuelt o6parsoro nz A B B

HOpPpMAaJIbHOTO CeUeHHst. Jlunns 06pa’rn()r0 ceueHHs Olpe/esaercsd

HOPMAaJIbIo 3JUTICONAa B Touke B u npsimoit BA.

Jlerko yCTaHOBHTH B3aUMHOE DACHOJOMKEeHHe HOpMaJbHbIX ceue-
Huf. s 3TOro paccMOTPHM COOTHOIIEHHE MEKAY OTpe3kamu, Ko-
TOpbie OTCeKaeT HOPMaJb K 3JIHICOMAY Ha ero OOJbIION H Maloi

MoJaYyoCsX.,
[eomerpuuecku acHo (puc. 25), uto
il
TR e
Torna

OM = x—yctgB
u
ON = OMtigB =xtgB--
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WM, BBOAS 3uadeHus x 1 y us (2.11) u (2.12), nonyunm

ae?sin B
V1—e2sin®B

Orciofa caeayer, YTO 4eM ceBepHee paclo/ozeHa TOuKa, Yepes Ko-
TOPVIO IpoOBeaecHa HopMadb, TemM ON GoJblle H TeM I0xKlee nepece-
KaeT HOpManb ock BpauleHus. [Tostomy mpsamoe ceuerne u3 A u B
OyZieT NPOXOMHTh CeBepHee oOpaTHOro, ecaH Touka A pacnonoxena
cesepHee B.

OueBnnno, uro B clyvae pacnosoxmenns Towex A u B na onnom
MepHANaHne HJH Ha OJHON mapaJjJenn B3a- 5
HMHBIE HOPMaJbHBIE CEYeHusi COBIALAIOT.

Ilpu yrioBeIX H3MEpPeHHsX, KOTJAa B TOU-
Ke CcTosiHHS A HHCTpyMeHTa NIpPOH3BOAHTCSA
BH3UpOBanue Ha npeamerst B u C (puc.
27), MBbl onpejensieM, O4eBHIAHO, YIVIbl MEHK-
Ay npsimbiMH ceuenusimu AB u AC. Haobo-
por, uaMepss yrasl B B u C na AC u AB,
MBI OnpejedseM YIJIbl Mem1ly oOpaTHBIMH
ceuennsamu BA u CA. Takum obpasowm, npu
H3MEpeHHH YIJI0B B TPEYroJbHHKe (HTY-
pa moayuaercss paszoMkHyTo#H. HroOwl n3ba- Prc. 27.
BUTBCSL OT 3TOH ABOHCTBEHHOCTH, MOXKHO OT
HOPMaJbHBIX CeyeHWl MepelTH K reoJe3HYecKHM JHHUAM, 4TO H Je-
JaeTcsl IPH pelIeHHH 3afau seiciieit reofesun. Ho wnorza nopmaas-
Hble CeYeHHs M Treo/le3HYecKHe JHHHH He pas3J/Hyalorcs, TOCKOIbKY
pacxoxaeHus MeKJYy HHMH, KaK Mbl YBHAHM Jallee, MOTYT OBLITh
MHOTO MEHbLIE TOUHOCTH BLIYHCJICHHI.

ON = (2.29)

§ 6. T'eopeanueckast JHHUSA

leopesnueckasi JUHHA onpefensieTcs Kak KpaTuafllee paccTosi-
HHE 110 NOBEPXHOCTH 3JIJTHICOHAA MEXKAY ABYMS Toukamu. PaccMor-
PUM Ha MOBEPXHOCTH JIHNCOHIA 37aeMeHT ds kpusoit. Ilyere xoop-
JMHATHL KOHIIOB 3TOH 3JeMenTapHoil ayru @ u b cyts (B, L) u
(B+dB, L+dL) cootsercTBeHHO, a o — a3UMYT HAmpaBJeHHs OT
TOYKH a K Touke b. Torma Momno namucate nudipepenirabibie
COOTHOLLIEHHS

dscosa:MdB,l i
dssino — AdL, | (30

rae
A=N cos B.

Jlas sneMenTta Ayrd moayuuMm Beipaxenue ds? = M2dB? - A2dL2,
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[Tonaras poaroty L QyHKmHed MHPOTHI, NOJYIHM
e e 2( dL \? ‘
B sTOoM 1peAno/oKeHnH HMeeM
. dL \2 1/2
et 2 4 M2
ds_ﬁ[A (dB) | M] dB,

a oJast AYyru KOHeYHOro pasmepa

b
\2 112
s HAZ(%—) i M?] dB. (2.32)
2
JLast npocToTh BBEAEM 0003HAUCHHE [Az (%—) —§-M2] -- g2, Torna
]
s = ) RdB. (2.32")

a

Byjem Tenepb HeKaTh Takoll BHL Qynkuny L=F(B), npu KOTOPOM §
HMeeT HaHMEeHbIIee 3HayeHHe, T. €. H3 ceMeilcTBa KPHBHIX §, MPOXO-
JSIIHX MeXAY @ H b, BeiOepeM KpaTuaimyio. HMameHeHue s B 3aBH-
CHMOCTH OT H3MeHeHHs Buaa GYHKUHU L ecTb BapHanud s. ¥YCI0BHEM
SKCTPEMANBHOCTH § CAYHKHT PABEHCTBO

6s = 0. (2.33)

BosbmeM Bapuauuio or s. Ilo yeaosumio s = s(B, L, L”). Bapuanus
S eCTh M3MeHeHHe S K GeCKOHEUHO OJH3KOMY §; 32 CUeT M3MEHCHUS
¢ynxunn  L:

e S(B, iR ‘%)

' d“)—s(s, L, L.

ISS:Slr-St‘S(B,L—;'— 6L, L’TTB—

PassepTbiBast B Psijl MePBbIil YIEH CNpaBa, MOLy4dHM

7l ds dbL
8s =s(B,L, Ly — - 8L + 275 + . ... st ot =
as ds dOL
Bsopnm sHauenue s u3 (2.32):
b : b
R PR E e
05 == S‘EéL dB T s : F15 4B dB.

a a.
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Hnrerpupyst BTopoi’I HHTErpaJj mo yacTsaM, HaxolHM

as:S aLdB—{—‘S e SdB (dL,) SLdB.

a

d 5
Oyuknusg K gBHO oT L He 3aBHCHT, I03TOMY % = ( u nepBHIf 4/ieH

B BhIpayKeHHH JLISl BapHaluu obpamaercs B HyJab. Bropoi uieH Hc-
ue3aeT, MOCKOABKY BapHauus 8L B Toukax a u b oGpautaercst B Hy-
au. [Toaromy yeaosne (2. 33) NpHMeT B

SJ—jndB ("R)aLdB—o (2.34)

B cuny npou3BoJbHOCTH Bapuauuu 6L 310 yc/l0BHe TOMKIeCTBEH-
HO VCJIOBHIO

d aR
(E-a—y) L (2.35)
HIH
IR
e const.
Ho
R A dlL

A T
4TO NoJlyyaeTrcd HenocpeacTeeHHbIM auddepennnposaiinem K. Torga
A2 dL
Td? e (‘OIISt, (236)
KN :

wil

dL\ZViE
[+ o)

Bocroibzyemcs cootHomenusaMu (2.30), H3 KOTOPHIX MOJIydYaeMm

= Mtd oo,

= const. (2.36")

Beoznsa sto B (2.36), nonyunm
AMtga G idin

—_— — YASTH o == coli
VME(L -t o) sec o %o gt

WK, HCHOJIb3YSl UPUBEICHHYI WHPOTY A=acosu,

acosusina = const. (2.37).
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DTo 3aMeuaresbHOe CBOMCTBO I'GDIE,&‘.SH‘-«ICCKOII:] JJUHHH — MOCTOAHCTBO
NPON3BEAEHHS pajnyca TNAapaie]H Ha CHHYC a3uMyTa — MOZKET
6LITHL NOJOMKEHO U B OCHOBY oOIlpejAe/]eHHA 1‘(301!,6314'-1(3(3(05[ JHHHH,
Hnaue reofie3nyeckylo JHHI MOKHO OMPEACINTh KaK TaKkyio JHHHIO
Ha NOBEPXHOCTH, B Kax10il TOUKe KOTO-
P po¥i riaBHas HOpPManb CoBlajlaer ¢ HOP-
MaJpio K nosepxHocTH. Takyio JHHHIO
MOKHO IIPEICTaBHTb KaK JHHHIO Bewle-
HIIS 1O TpeM ToukaM rnpH OeCKOHeuHOM
cOanKennn 3Tux Touex *) (puc. 28). M3
b BusmpyeM Ha Q@ ¥, TMOBEPHYB TEOAOJANT
na 180°, nmaxoamm Ttoury ¢. Ilepenocs
TEONONHT B ¢, BU3HpyeM Ha b u Haxo-
IUM d, TOBEpPHYB TeONOJHT Ha 180
w . j. Torza, ecam @, b, ¢ GecKOHEUHO
6JM3KI, HOpPMaab K IOBEPXHOCTII B
fyser JexaTb B conpukacaioueiica mio-
n,  cKocTi, npoxonsuei sepes a, b, ¢. Tlpsi-
ny  waa PP’—oce Bpamenus 3eMJH.
Haiizem ypaBHeHHe Te0le3HYECKOH

, 74 IuEHM, HCXOJAA H3 ITOr0 OTNpeleeHus,
P hi 11 TIOKaKeM, uTo 00a OnpelesNeHus TOx-

J1eCTBEHHBI.
Puc. 28. TlycTh NMOBepXHOCTL 3ajana ypaBHe-

HieM

Fix, o, 2) =0, {2.38)
a reofesHueckas JAHHUS — YPaBHeHHeM B NmapaMeTpHueckoil dopme
x=x(8), ~y=1yis), =2=2(). (2.39)

Hopmaab K IOBEPXHOCTH (2.38) Oyaer
X—x_iY—y_Z—z
£ T T T
ax dy dz

rae X, Y, Z — KOOpAMHATH TOUKH, B KOTOPON ONpeAeIseTcs Hop-
MaJab, U X, Y, 2 — TeKyllue KOOPJHHATLL HOpMaJIH.
Hopmauab k annun (2.39) Gyzer

X—x Y=y L2
ds? ds? ds?

#) He nyraTh ¢ KpHBOil TIPOBEUINBAHNI, noayuaolefics KaK TEOMETPHUECKOE
MeCTO TOUYEK, B KOTOPHIX HOPMAajbHble IJIOCKOCTH OJHOBPEMEHHO HPOXOMAT ue-
pes xomeylibie Toukw A H B, T. €. pasHOCTL a3HMYTOB B KOTOPLIX Ha A n B pas-
na 180°
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D;JISL reOae3UUYeCKON JTUHHU 3TH HOpMaJAH COBIAXAMOT. YcaosueM
3T0ro OyJer ypaBHeHHe
aF ar aF

T o 3
rr 22
ds® ds? ds*

a TAK KaK Mbl HMeeM JieJ0 C [IOBEPXHOCTBIO BpalleHus, A% KOTOPO#
ypasueune (2.38) umeer Bun

2+ Pr4f(2)y=0,

To ycaosne (2.40) mpumer B
' 2x p .

T =Ty = T
ds? ds? ds*

Pl

Hurterpupyst, noayuuM ypaBHeHHe
Teo1e3NUecKoil JHHNH B BHJE

xdy—ydx—1cds - 2.4])

JleBag 4acTh 3TOr0 ypaBHeHHs eCTh Puc. 29,
yABOeHHas IMJIONLa/b TPEyToJblH-
ka AOd (puc. 29). Ilaomans ke cexktopa AOB pasHa

| 1 i
—-Q—rdc— -2—rdssma.

B npenese aast 6ecKOHEYHO MaJjoro 3jeMeHTa JAyrH ds mJI0HaAb
CeKTOpa paBHa IJOILAAH TPEYroJAbHUKA U
1 2
—Q—rd.s sino, = ¢ds,
e iplein e oSt

Taxum oGpazom, Mbl HPHLIVIH K ypasHenuio (2.37), KoTopoe Obl-
JO HOJYYEHO H3 [epBOro onpefeneHds. D10 H0Ka3biBaeT HIAEHTHY-
HOCTB 0GOUX Oupee/IeHHit.

§ 7. PacxoxaeHHe B3AMMHO 00pPATHBIX HOPMAaJbHbIX
CEUYEHHH

Jas cdeper npsiMoe U 00paTHOe ceyeHHe COBNAJAIOT C Feoje3H-
yeckoli AuAMed. JLas 3JATHNCOHAA MaJiOr0 CHKAaTHA HX PacXomkILeHHs
Masibi. PaccMOTPHM pacxojaeHue npaMoro # oOpaTHOro ceuenui.
Teonesnyeckast JHHNS, SIBASACH NMPEAENbLHBIM CAYUaeM HOPMalbHbIX
ceyeHHi, OUeBHAHO, HE MOMKET CHIBHO YKIOHATHCH OT HHX.
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PaccMOTpHM reoMeTpHYeCKHH BLIBOX PACXOMKAECHHSI HOPMAJLHBIX
ceyeHMil. DTOT BLIBOA CBOEH HAIJISIAHOCTBIO M KPATKOCTHIO BBIFOAHO
oTanYaercs or GoJee CTPOTOro aHaJHTHUECKOro *).

Hafigem yroa mexnay miaockocrsimu AaBn, npsamoro u AbBn,
00paTHOrO HOPMAJbHBIX CeUeHHH, mepecexawlumuca no xopae AB
{(puc. 30)}. Oas 3710TO M3 TOuwkM B,
KaK H3 LeHTpa, NMOCTPOHM IyrH An,,
u An,. Paccmorpum  chepuuecknil
TPEYroAbHHK C BepllHamMu B A, 1,
n,. B stom rtpeyrosibuuke yroa f
npu BepmxHe A M ecTh HCKOMBI
Yros MemAy CeKymiMMi TIOCKOCTsMI.
Cropoue Ny COOTBETCTBYET yroJ g,
a cropore An, — yron ABn,=
=90"—S§/2.

Yron npu n, pasen 360° — A,,

KaK yroJ Mex1y TeMH Xe NJIOCKOCTA-
MH, YTO B yroa npun B B noasprom
Tpeyroabhuuke ABP.

Yroa [ HaxonuMm H3 TpeyroJbHHKA
Ann:

P

sinf sin (360° — A, )

LT Lo,
S sin(90=——)

(2.42)

Puc. 30. 2

Bxonsuwuit B ¢opmyly yroa e uaiijzem
H3 [JOCKOTO TpeyroJbHuKa Bn,n,:

Slﬂk' Si]’l(gﬂ)—Bh—F S)

non, i Bn, (2'43)
Beanuunnl, Bxogsmye B dopmyny (2.43), u3BecTHbL:
|
Bn — N :_"—a__.._._-— I
b . /1 —étsin? Bb’ |
Nty = Ony — On, = (2.44)
g B sin B, A sin B, ']
V| —elsintl, . Y 1-—esinth | ]

cornacho dopmyne (2.29).

*y Cm. ®. A, Cayncxuh, Jlexnwn no smcweli reopeswu, M., 1894 n
@®. H. Kpacoscguii, Bucmas reopesns, leonesuspar, 1942.
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PackiranpiBasi 3HaMeHaTeJab B Pl W npeHedperas BeMHYHHAMH
nopagka e*(B, — B,), noayunm
B, — B,
2 2
= ae* (B, — B,)cos By,. . (2.45)

nanb = 082 (Sil’l Bb e Sil’l Ba) — 2(182 SiIl

Bepuemcsa Teneps K popmyne (2.42), B KoTopoil caenaeM HeoOX0AH-
MBIE 3aMEeHBl ¢ nmoMoubio (2.43), (2.44), (2.45):

cos(Bb — s.) sin Aba

N S
b e £
cos 5

sinf = — n,n,

¢ (B, — B, )cos B, cos(B, —e)sind, /1 —e*sin*B,

5
cos )

Coxpanas Ty ke TOYHOCT, T. €. npenedperas ef n e?e?, noryuynm
e2(B, — B )cos* B, sind
( b a) m ab (246)

Sil’lfﬂ e S
C05_2"'

Wz manoro mnpamoyroasHoro cdepuyeckoro tpeyronbHuka ACB
(pnc. 31) umeem
WAC = B, — B, =

—\vABcos A 1 — S cos Aqgp-

Torxa dopmyay (2.46) wmoxHO
nepenucath B CJAeLYIOIIEM BHIE: ,

P

: eSsin A4, cos A, cos* B,
S — 5 ~
Ccos oy

~ — LQ ¢S sin® A, cos? B, .(2.467)

[lpu AB =100 xu, B,—45° n
Ay — 45° umeem [ = 6",

Huast Toro utoGel HafiTi Tenephb
HanGosbliee pacXomKAeHHE MeXK-
1Ly B3aUMRO OOPATHBIMH CEUCHHSAMH, 0CTATOUHO HAHTH JJIHHY Tep-
HEHAUKYJ/ISPOB OT CepelHHbI XOPAbl AB no ayr AaB u AbB (puc.32).

Pue. :31.

. Ipu s1OM Gymem paccMaTpuBaTh XOpAY H Ayrum mjs cheprl, uTO JI0-
. IYCTHMO B CHJY MaJoOCTH [.

5 H. Il. I'pymunckuii
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HaunGonbmee pacxoxkienne ab Gyaer (puc. 32 u 33)

ab = ad-f.
Ho ad:NB—NBcos%:NB(I—cos—‘g—):QNBsinﬁ% H
“ab=2fNp sin2-4i W/, B CHAY MaJocTH S,
ab = 9fN 3. (2.47)

Jlast yKe pacCMOTPEHHOTrO Ciyuas

fzﬁﬂ’ ot 1

Mk ab = 0,006 .

Onpepedtum Terepb yro Mex1y B3aHMHO OOPaTHBIMH HOPMaJIbHbIMH
ceyennaMy. [IpHOAHKEHHOR 3HAYEHHE 3TOrO YIVla HalAeM U3 MaJoro

Puc. 32. , Puc. 33.

cdepuueckoro Tpeyroapuuka Aab (puc. 32). ¥V Hero M3BECTHBI JiH-
HelHOe 3HaueHWe pacxoxjacnus ab m ayru Aa u Ab. Tlonaras
Aa = 50 ku, moNyuUM

sin A < sin 907

sinab  sinAb’
HAY

sin ab
A

B nameym cayuae A = 0,003. Yranl Mexkly HOpMAJbHBIMH CEHCHHA-
MH B TeOAe3HUecKOl JuHHel OyayT TaKOro ke nopsiaka, uro oue-
BUIHO H3 ONpeleseHHs re0/le3HuecKon JHHUH.
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§ 8. JdauHbl Oyr MEpUIHAHOB M llapaJiene

Jyra wmepuanana JlIuAa Jyrd MepHAHAHA Sy, 3aKJII0-
YeHHas MEX/y TOUKAMH ¢ WHPOTaMu By u By, nosyuaercs B peayib-
TaTe UHTETPHPOBAUMS BLIPAKCHUA JJIA 3JCMEHTAPHOH AYTH Mepu-
Auana ds = M dB (puc. 34) B npenenax ot By 10 B:

Bs
s— | MaB. (2.48)

B

Hmesn B Buay snavyenne M (2.26), naxonum

B]: B:
(1 — &%) 5‘ dB
=\ — " __dB=a{l —e? _
2 5 (l—e*stB)”zd i & (1 — e?sin2 B)3/%

By By

[TonyuenHoe ass § BpIpaxeHHe NPEACTABAACT COOOH MAHIITHYE-
CKHII HHTEDNPAJ, KOTOPHIH He HHTErpUPYETCs B 3JeMEeHTAapHBIX QYHK-

4

M

/

8

Puc. 34.

uuax. B nensx NPakTHYECKOTO pelleHust 3ajladyd IOAbIHTEerpaabHOE
BblpazKeHHe pdCKJAaAblBalOT B pPAN H, TOJb3YACh 6bICTp01.fi CXO K-
MOCTbIO MOJYYEHHOTO pdAxa, OrpaHHYHBAKTCHA, B 3aBHCHMOCTH OT
Xapakxrepa pemaeMO}"i 3ajauyd, OIHHM, IBYMHA HJIH, pexKe, TpeMs
yjeHaMu pasozKeHnd:

B3 B

S(L e S](l—+e2 sin? B)—3/2dB=

| —e2sin2 B3/,
1

B2

— 8(1 4 g e? sin? B+ e“sm‘B{— e“qm“ B+ ) dB.
B,
3aMeHuM CTEIeHH CHHYCOB u4epe3 KOCHHYCHI KPATHBLIX YIJIOB:
? 1 1 o 3 1 1
2 VoAl | R s 4 IR e T ST 5 —aa
sin®? B = 5 3 cos 2B, sintB = 3 = cos 2B 4 3 cos4B.

R
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BBoasi 3T 3navenusi B NOJABLIHTErpaJbHOE BBIpAMKCHHUE U TPYINHPYS
YaeHbl 110 KPpATHOCTH YIVIOB, IMOJYYHM

fz*"[(wre b Bt ) (Tt e wsont
+(éie +- )cos4B 1-(512 +...)cosGB+...}dB.

O6o3nauas crobGKH NMoJji 3HAKOM HHTerpaJsia COOTBETCTBEHHO uepes

Ay, Ay, ..., A,, 408 LNHHL LYTH MepuaHaHa OyleM HMETb
B;
s=a(l —e?) s (Ay — Azcos 2B + Agcos4B +- ...)dB.
By

Buinoansas HHTETPUPOBAHHE, MOJYyYHM

s:wub—&%AdBfiBQ—mgAﬂﬂnﬂﬁﬂsm28Q+

%f%—A3GMABffsm4BQ47%rAtwmﬁBf—smSBﬂ%-”.}

\ (2.49)
Jlsl XapaKTepHCTUKI CKOPOCTH CXOAUMOCTH psina (2.49) mpuso-
AHM 3HAYEHUS ero KO3(DHHUIHEHTOB:
Ay = L005o517739§
A = 0,0050623776,
As = 0,0000106245,
; ‘A, = 0,0000000208.

B fpefeaLio Heéﬂaronpumuow cJayyae yeTBEPTHLIH U/JeH AacT Bce-
To 2,1 cMm.

Ilﬂﬂ HEeKOTOPHIX 3a/a4, B YACTHOCTH, JNS MOSCHEHHS NPUHIHIA
ONpejeIeHNs MEMEHTOB 3eMHOO SJNHNCOMAA U3 TPALYCHbIX H3Me-
peHnii, BHIrOAHO TpeacTaBuTh Gopmyay (2.49) B BHIe pas/ioKenu:
[0 CTemeHaM IKCHueHTpHCcHTeTa e, JIIA 3Toro BBeieM 3HaYeHHs Ko3g-
$rnnenTor A M CrpymmupyeM WieHbl NpH OAMHAKOBBIX CTENeHsX e:

% . s e T
A1‘—1+—*‘464*—G4€—5...,
AT AE T S D
AE_TE +T6—e o

g e d g

14
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s::a(l-e?){(l—-r et Bay ...)(BgﬂBl)a

3 L5 ¥ 3
—(Tez + et ...)(sm232—sm281)—}—

2_5—6 et (sin4B, — sin4B;) 4 . }

IlpencraBassi pasHOCTH CHHYCOB Uepe3 NPOH3BENeHHs
sin 2B, — sin2B, = 2 sin(By; — By)cos(B; -+ B)),
sin4B; —sin4B, = 2sin 2(By; — B;)cos 2(B; + B)),

NOJIYUHM

s=a(l fez)f(l 2 et ...)(B.Z——Bl)n

= (—3—e2 +Bag ...)QSin(B.aiBl)cos(BgJ,- B;)+

15 2
o etsin 2(B, — By)cos 2(B, + By) + }
Ecan 3agaua pemraercs He AJs O4eHb OOMBIINX IYT, MOMKHO BbI-
Pa?KeHHe y‘ITpOCTHTb., OO HR
g B, — B;)3
sin(By — B,) = (By— By) — L Bl

cos (By +-8,) = cos 28,

_ Bt B
roe B —5— HJH, €CIU IAPOTH 33/1aHbI B CEKYHAX,
_ O T
S111 (82 g Bl) = o7 Ret 6p"®
Torna
Bt i
S =id (_E_,M_L {1 — (Tl - —-iﬁcosﬂi’m)e2 —
i
3 3 15 Pl b (BE 1)H ]
—H(EI—{— T —cos 2B, sl v cos4Bm)e e il “'_T““—COSQBWI]
(2.49")

Hdyra nmapaananeau JInuHa Ayrn napaniend ecTb AJHHA
YaCTH OKPYIKHOCTH, IO3TOMY OHA IOJYYAETCH HENOCPEACTBEHHO B KO-
HEUHOM BHJAC KaK [POH3BeAcHHe panuyca MaHHOH mnapaJsjienu
r = N cos B na pasunctb JoarorT | XKpaWHHX ToYek HCKOMOM IyTH.
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Hwmesa B Buay 3uauenue N (2.27), ana ayry mapajjeld IoJdydaem
BLIDaXKeHHe

" 4 acos B
S:—”NCOSB:—Tﬂ 2.50
P P YT —e2sin®B ( )
rae p” = 206 265” — unci0 CeKyHI B pagHaHe.
B xauecTBe mpumepa mpuBeneM 3HaueHHS IJHH OLHOTO TPpagyca
M OLHON CEeKYHALI AYT MepHIMAHOB H mapaJJesed Mo pasJHYHLIMH
IIAPOTAMA A4 saaunconga KpacoBckoro (taba. ).

TaGauma 5

lilnpoTa B, £ l 15 upora B, 144 1 1%
FRo Jlyru MepHAHAHOB, M ERe Jlyru napanaeneif, m

O " 1105763 30,7 30 96 4899 26,8

30 1100 8544 30,8 40 85 395,3 237

60 111,414,1 30,9 50 71 6969 19,9

90 111 695,8 31,0 60 55 8009 15,5

70 38 187,2 10,6




FTMTABAS3

ONPEAEJEHUE FTEONE3HYECKHX KOOPOAUHAT
U PACCTOSAHHHA HA 3JJHUNCOUIAE
OTHOCHMOCTH

§ 1. MMocranoBKa 3amayu

OnHoft #3 OCHOBHBIX 3a1ay TEORE3HH HABAACTCA OnpenejieHne
KOOPIHHAT CETH OMOPHBLIX MYHKTOB. I1pH acTpoHOMHUECKHX Olpefe-
JeHHAX KOOPAMHAT NOCAeqHHEe NoJAyualoTcs 1o HabaioneHnsM Hebec-
HBIX CBETHJI C NMOMOILBIO YCTAHOBJIEHHBIX 110 OTBECHOH JIHHHH HHCTPY-
MEHTOB. DTH KOOPAHHATH OTHOCATCS K YPOBEHHON IOBEPXHOCTH CUJILL
TSIKECTH, NPOXOAsHlell yepe3 TOUKY HaO/IOACHHS, M He COBNALAIOT
¢ KoopauHatamu pedepeHi-3Jiuncouia H3-3a yriaa Mexay 3JIHI-
COMIOM i HAa3BAHHOH YPOBEHHONH MOBEPXHOCTBIO, T, €. OHH OTKJOHS-
IOTCA OT TeO/Ie3HYECKHX Ha BeJIHYHHY NPOEKLUHH VIVa VKJIOHEHHS
OTBECHOH JIHHHM Ha NJIOCKOCTh MEPHJHAHa H HNePBOTr0O BepTHKala
B JAHHOH TOYKe. 3afavya HaXOMKIEHHS CHCTEMbI TeOAe3HUECKHX KO-
OpAHHAT pellaeTcsl YHUCTO TreoMeTPHYECKHM IyTeM MpPH 3aJaHHEX
pasmMepax 3JIJIHICOHAA, KOOPAHHATAX HAUa/lbHOH TOUKH H a3HMYyTa
B Heil, T. e. IPU 3aJaHHOM pedepeHIl-3/IIHNCOUE.

st onpefe/nents reofe3yecKuXx KOOPAHHAT TOYKH HEOOXOLUMO
3HATh 43MMYT HamnpaBJeHHs Ha 3TY TOUKY C MCXOAHOH TOUKH, KOOp-
BHHATHI KOTOPO# H3BeCTHBI, H paccrofHue aa Hee. HaabGopor, ecau
H3BECTHLI KOOPJMHATHI ARYX TOYEK, MOYKHO ONpeAeNHTL paccrosnue
H a3UMYTHl HANPABJCHUSA MEMXKIAY HHMH.

COOTRETCTBEHHO TOMY, 4TO JAaHO M 4TO HaXOAHTCS, QOpMyaHpy-
IOTCSI TAK HaskiBaeMble Npsmas H obparnas reojfleanyeckie 3aJau.

OCHOBHBIM METOJOM ONpPEJeJeHHusi OMOPHLIX HYHKTOB SIBJIAETCS
METOA TPHAHTYJSLIHA.

Cxemy onpejeTeHns KOOPAHHAT M PACCTOSHHH B MeTOJE TPHAH-
PYJSLHH MOMKHO HAIVISAHO HJAMIOCTPHPOBATH CJAELVIOUUM 06pa3soM.

Ha puc. 35 nokasan psja TPUAHTYJSLUHE, cocrosmuil u3 71pe-
yroaerukoB (1, 2, 3), (2, 3,4), (3,4,9) n 1. 1.

B 3Tux TpeyrosbHHKAX H3MepSAeTCs IJIHHA CTODOHHI S;o H” BCE
yrawl npu Bepmunax f, 2, 3, 4 u T. 1.

[To 13BecTHON CTOPOHE S12 W yriaM Npu BepminHax I u 2 pemraer-
Cfl mepPBLIH TPEYroNbHUK (1, £, 3), HAXOASTCA €ro CTOPOHB! Si3 U Sos.
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[le wW3BeCTHHIM CTOPOHAM Sy W S;3 W wWanpavienuam (I — 2),
(/ > 3) npu AaHHBIX KOOPAHHATax HCXOAHoro myHkra I (Bi, L)
pelaercs npsiMasi reofie3dueckasi 3ajaua H HAXOZATCH KOOPIHHATHI
Touek 2 (By, Ly) u 3 (Bs, L3), a Takxke obpaTHble a3uMyTel Ay u

31.

MHanee, no cTopoHe Sps H yriaM NpH BepuinHax 2 u 8 pelnaercs
BTOPO# TpPeyYTOJAbHHK (2, 3, 4), HAXOMSATCS CTOPOHBI Sps M S3¢ H HX
asumyThl. Ilo 3THM croponam, H3BecTHLIM HanpaejenusMm 2—>4 H

p 1

Puc. 35.

3 —4 u HaiigenHplM KoopaHHaTaM nyHKTOB 2(Bs, Ly) u 8(Bs, Lj)
peliaeTcs npsiMasi reoje3nyecKas 3agaua H HaXOAATCH KOOPIHHATHL
ToukH 4 M Tak Jajee, MOKa He OYyAyT HaHgeHbl KOOPAHHATHEL BCEX
NYHKTOB TPHAHTYJIALHH, ABASIOUIHECH BEePIIMHAMH Hamiell CHCTEMBI
TPEYTrOJAbHHKOB,

- 3aMeTHM, YTO NIpH pPelIeHUH TPEeyroJbHHKOB H3MEpeHHBIX IaH-
HHIX OKa3blBaeTcs GoJsblle, yeM Tpebyercs (H3MepsIOTCs TPH yriaa
W O0JHa CTOpPOHA), IDTO NPHUBOIAUT K HEOOGXOXMMOCTH BHITIOJHEHHS
TaK Ha3blBAeMBIX YpPaBHUTEILHBIX BBIUKCJAEHHI, CBOIANHXCA K Ha-
XOXKJEHNI0O HAUBEPOSATHEHIINX 3HAUEHHH ¢ NOMOUlbio crnocoba Hau-
MeHBLIIHX < KBaJIpaToB.

Tenepsp, ecin Hamo ONpeNeHTb pacCTOSIHHE S MEKAY TOYKaMH
(1) u (n), To ero onpepeasiioT METOAOM pelueHHsT 0OpaTHOH reone-
3UYeCKOH 3aJauH no HalJeHHbIM KOOPIHHATAM KPaeBLIX MYyHKTOB (1)
)51 (n), (B], L]) 14 (Bn, Lﬂ).

Taxkum 06pasom, /15 TOFO YTOOEL MOHATH METOAHKY W IPHHIHIILI
CO37aHHA CETH OMOPHBIX Ie0e3HUeCKHX NYHKTOB U H3MEpPCHHA 00Mb-
LINX paccTOSIHHH, Hal0 PAacCMOTPETh CIOCOOLI pelleHHs: chepoHiu-
YeCKHX TPeyroJbHHKOB, CHOCOOBl pelleHHs NpsSMOH Treole3nuecKoi
3ama%k H CIocoObl peuleHHsT 00paTHON reose3udecKon 3anauH.

Kpowme Toro, Hago #MeTh B BUIY, YTO BCe H3MEPEHHA NPOH3BOMIAT-
ci Ma (U3HUECKOH MOBEPXHOCTH 3eMJH, TOTAa KaK BBEIYHCICHHS
JOJIZKHBI TIPOU3BOAMTLCS Ha MOBEPXHOCTH 3IJJIHICOMILA OTHOCHMOCTH,
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K KOTOPOMY OTHOCATCS H WaHIeHHble KOOPAHUHATHL I pacCTOSHHA.
[Tosromy HeorbeMaeMOH 3ajlayell BBRICUIEH TeOJe3HH SBJASETCH 3a/1a-
- 4a PeAYKLUHH H3MepeHUbIX Ha (H3NYeCKOH MOBEPXHOCTH 3eMJH 3.e-
MEHTOB K IIOBCPXHOCTH pedepeHI-3/1IHIICOH LA,

§ 2. Cnocolbi pelmieHus TPRYTOJbHUKOS Ha 3JIMNCOUAL
OTHOCHMOCTH

Bornpoc peutennss cheponaudgeckix TPeYIOABHUKOB  ABASETCA
CA0KHBIM. B 3/1eMeHTapHBIX DYVHKUMIX OH He penraeTcs. K cuacTbio,
3eMHOH 3/JHICOH] BecbMma OH30K K cepe, NOITOMY NpPH He CAMLI-
KOM O0JBIIHX CTOpOHAX cdeponaHyecKHe TPEYroJbHHKH MOXKHO 3a-
MeHHTb CepHUYECKHMH, ¢ TeMH JKe CTOPOHaMH M yr/iaMu, He aejasd
NpH 3TOM OULYTHMBIX OITHOOK. 3Ta 3aMeHa JONycTHMa MpH CTOPOoHAX
TpeyroabHuKa << 100 — 120 xa. CTopoHbI TPEyroJpHHKOB B pAfax
TPHAHTYJAIHH [MePBOr0 Kjaacca 00blYHO HMeEIOT AJAHHE B 30—40 xn.
Tonpko B TropHBIX MeCTHOCTAX OHH JOCTHIAIOT COTHH KHJIOMET-
poB. Taxkum oOpa3om, NpakTHUECKH BO BCeX CJayvasfx reojiesmue-
CKOIl MPaKTUKH MOMKHO NOAB3OBATLCA pewlenueM chepuueckux Tpey-
rOJTbHUKOB.

Onpaxo peutenue cHepHUCCKUX TPEYLOJBIHKOB TaKXKe MpeacTas-
JASIeT pAd HeynoOCTB: B 4aCTHOCTH, HEVIOOHBIM fABJASETCH HeoOXOLH-
MOCTb BHIPAXKEHHS TIPH TaKOM peUIeHHH CTOPOH TPeyroJbHHKOB
B yr1oBoil Mepe. HroObl n3bexars 3T0r0 H YIpoCTHTh 3aady, pelre-
HHe chepHUeCKHX TPEeyrOJAbHHKOB CBOAAT K PELICHUIO IJIOCKHX Tpe-
YrONBHHKOB, OAHAKO ¢ YIJIAMH, HECKOJAbKO OTJIH4HBIMH OT YIJIOB
LaHHOTO CepHueckoro. ITOT IPHEM OCHOBAH Ha TeopeMe Jlemanipa
o cepnueckux uszbnitkax. ChepuuecknM H3OBITKOM HA3BIBAETCS OT-
JHYHE CYMMBL VIVIOBR cepudeckoro TpeyrodbHuKa 0T x. Teopema
Jlexkauapa yTBep:KaaeT, UYTo ecau CTOPOHbL NAOCKO2O U Cheputecko-
20 TPeyeoAbHUKOB pagibl Medcdy codol, To Yyeabl TAKO20 NAOCKO20
TpeyeoabHuKa PAGHbL COOTBETCTBYIOULUM Yeaam Ceputeckoeo Tpe-
yeoabHUKA, ymenblierHbim HA Yy cipepuneckozo usbuitka e, Chepu-
YeCKHH e H30BITOK siBAsiercss (QyHKNHel paauyca chepnl H pasHs-
eTcs

s e L o \
£ __-Tég—p (I 1 —QW——-"I"...},

rae S — maomane Tpeyroashlka, R — paauyc coepsl, @, b, ¢ — cro-
POHBI TPEYTOJbHHEA.

Taxum obpasoM, peurenne cepHyecKuX TPEyrolbHIKOB CBOAHTCIH
K pellieHHo NJAOCKuX Tpeyronbrnkos. Cdepuueckuys U30LITOK BHIUKC-
JAsieTcsl O H3BECTHBIM CTOPOHAM TpeyroabHHKa a, b, ¢ u paanycy R
chepol. i

Horamem chopMyTHpoBaHHOE MOA0KEHHE.
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Ilycrs nmeem cheprueckuit ABC u nuockuit A’B’C’ Tpeyroibuu-
KH C COOTBETCTBEHHO PABHBIMH CTOpPOHaMu (puc. 36).

HafizeM oT/HuMe YIJI0B MJIOCKOFO TPEYTObHHKA OT YIaIoB cdepu-
4eCKOro.

B 5

Pue. 36.

Hannmem nns tpeyrosibiuxos anajorun Henepa:

Sin%:i]/-sin(p——b)sin(pmc)

sinbsine¢ ?

sin psin (p — a)

A
= sinbsing

2

!

Siﬂ—/i- s b 1/ (p_—...b_;’(...p_:_c_)’

2 c
Al ]/p (p—a)
Cos 5~ = i iy
rue P = %‘i—_‘f.
OGosnaynm gepes S MmIom@Ap MIOCKOrO TPEYroMbHHKA
S=Vp(p—a)p—0b)(p—c) (3.2)
H COCTABHM CHHYC Pa3HOCTH YIJIOB
. A—A . A A’ A b
$in —5— = sin - cos 5~ — cos - sin —-. (3.3)

Hcnonwsys (3.1), noayunm

A AT Vsin(p——b)sin(p—c) /S plp—a)
e D sin bsin ¢ ¥ be

/

__V sinpsin(p — a) (p—b)(p—c):
sin b sin ¢ be

S {Vs{n(p—b)sin(pu—c)_'l/sinpsin(p——a)}

% Vbesinbsinc (p—1b)(p—rc) pPp—a
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HJIH, BbIHOCSE b, C 32 3HaK KOPHH:

A—A
2

sin

hy sin (p — b) sin(p — ¢) 3 sin p sin (p—a)}
R b st {V p—b p—¢ ]/p preg . i

air "/sm bsine
be AT

sin X
B nocaennee paBeHCTBO BXOAAT BBIpAKeHHS BHIA e Hwes B BH-
Ay MaJaoCTb BeJW4HH p—a, p — b, p—c (x B yriosoi Mepe pas-

usietest X/R), pasnoMuM BCe OTHOLIEHHS %@, R T
sin(p—a) (phez)2 (p—a)?
e =1 Tt

/Ssin(p—a) _ ;_(p—af |, (p—a)}
V P—a e 12 " 1440

E = yAEPHMIM WIeHB A0 YeTBepTOro nopsaaka manoctd. [loayuyuam
L A—A S I (p—b)? | (p—b)
S S T R R, {{1 N ]X
(I = ;2) o 12)
syl o Pl P P
’<l1 RSP T ]_[ _TE'+1440]

5 [1“ (p—a)® +(p—a)4]}:

12 1440
(I o b"jrcz) {p2+(p—a)2_(12_15)2‘,(,)__5)2+ g
e L
144 1440 :

Canenas npeobpasoBanie Kaxa0i ApoOH OTAeAbHO, NOJIYYHM
Lpr+(p—a)—(p—b)>—(p—c)® = 2cb.
2. (p—b)*(p— ) —p(p—a)* = 5 (& — BT — b
L0 b e A (e =

=[PP —(p— 0[P+ (p— ) + [(p—a)2— (p—)*]X

' X[(p—a)? +(p —c)’|=0bc[3a® + % + ].
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A—A",
R

IMoayuenHble 3HAUEHHSI BBEAEM B BhIpaiKeHHe JJs sin
A— A

5]

L

Ca P 2.1 p2 o2
Z%(l—l—b +C)|}b_66_+bc(ﬂf 62)_b0(3(1 - ‘I"C)] (3.4)

sin

12! 288 1440

Packpule cKOOKH, OJYyYHM
A—A’_g(l : b9+c2)(1 a® — b2 — ¢ 3a2+b2+ca)g
[ I = —_—

- S T - 1 TR T T

12 .
RS Wi el AR e e
T \ 12 ! 48 240
WJaIH, NpHBOAA HO,IIOGHbIC YJE€HDI,
L A=A 3 a-|- 7h*-1- 7¢*
L R (1 ety )

OTHocsl CTOPOHBL K paaunycy chepbl, nepeBois yrjbl B CEKYHIBI H 3a-
MeHsld, B CHJYy MAaJoCTH YL/IOB, CHHYCHl apryMeHTaMu, noJydaeM

T a? -+ 7b% - 7c?

(A—A) = zm0 [\.1 w5 —W_) (3.5)
Aunasornunnble Bolpakenus nojyuaem aas B u C:
AN S " o Ta? - b? + TR
(B=BY —ghp {1+ T, (3.6)
v S5 . Ta? T4
(C—CY = 5mp" (1“__ _—12-@—) (3.7)

Coepuuecknit H36LITOK & HaligeM, npocymmuposas (3.5)—(3.7):
p 8 a® 4 b2 - 2
Sf e = " lrL | I 7 '8
oG i S
OnpeneanM Telnepb MONpaBKkH JAJAS nepexoga OT YIJOB INIOCKOTO
TpeyroJbHuka X cthepuuyeckoMy, HMes B BHAY, YTO OHH pPAaBHE
1/3 chepuueckoro u3bLITKA.
Bripazum uepe3 cepruecknii H3GLITOK &, KOTOPbIH MOKHO Teneph
MOJYUNTH B UHCIOBOM BHIe, Kosdduunent B Gopmyaax (3.5)—(3.7)

A Tk el azk}_be_;ﬁca
3% P *_3“(1— 7R ) (3.9)

i BeegeM (3.9) B popmyant (3.5)—(3.7); Toria nojayuyum
A-‘-A”’:i 1“02+b2+52 (1 a® -+ 7b2 4 7c? 59,
( =% (1 )

24 R? 120R>

:i l’az—}—b'h{—::2 i e o A R - 1+b2+c2—2a3
3 24R2 120R2 )_ 3 ( 60R* )

(3.10)
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g a4 b2 2 :
Beenem oGo3HaueHHe ——————:m " npeoﬁpaayem ¢ ero mo-

moibio- (3.10). HOCﬂeH.HIO}O apodb B cxoﬁxax HpE'J.lCTaBHM B BHIE

b2 c?—2¢* b4 4al . 3a2. J m? a?
60R2 L . 60R2 ~ BORE 201’?2 T o0REC

Torpa
m2 —a? AT

.’” EH
(4—4) ZT(1+ 20R% )’

aHaJorHunble BbipakeHus moayunm masi B — B’ n C— C'. Oxon-
qYaTeJbHO HMEEM

(A— &Y = 5 + gopalm? — &),
(B—B’)!,:%+%}ez(m2—b2)! (311)
(C—“C’)H {o ‘?3 + 60R°(m2_c2)

B cayuae, ecau CTOPOHEI TprI‘OJ]bHHKa a, b, ¢ << 200 kM, BTOpbIM
yeHOM cdeprHueckoro M30BITKAa MOMKHO npeHeﬁpeqb Takuwm o0pa-
30M, /151 MPAKTHYECKHX ONEPaLMil HCNOAb3YIOTCH GOPMYIbl

” e’ \
A—Ay =%,
(B—B) ==, (3.12)
(C C:’)H F _3'_. ’

Jlas mpHMepa NPHBOAMM 3HaueHHs cpepHyeckoro H3OLITKA & A
TPEYroJIbHHKOB Pa3HBIX Pa3MepoB:

JlMHa CTOPOHB TpeyroJbHHKa a=b=c, ku & 10 30 60 111
Coepnuecknii H3GHTOK &7 : 007 cun2h,. Fie 8 gy

§ 3. MNpsamaa reojesuueckaa szagava ;

Ussectnn koopauuatel (B, L;) ucxoanoit touku I, asumyt A,
HanpapJeHus ¢ TOUYKH /| Ha TOYKY 2 H paccTosiHue § MexAy TOUKa-
mu. TpeGyerca naiitn KoopanHatel Touku 2 (Bg, Ly) M 00paTHLL a3H-
Myt Aoy (puc. 37).
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33-,[[3113 pemae'rcs{ HOCPE}ICTBOM Hpe,ilCTaBJIEHHH HCKOMbBIX 53Jie-
MCHTOR KaK (PyHKUMA MCXOAHBIX B IPEANONOKEHHH MaJOCTH AYTH §
o CpaBi{EHH}O C pannycom
3emu;

By = [i(By, Ly, Ay, ),
Ly =f2(31, Ly, Ay, 3),
Az =f3(Bh Ly, Ay, 5).

2 (8:.L:)

Azt

(3.13)

e, Ecnu mbl duxcupyem wucxon-
Hywo Touky (B, L;) u nampae-

Pac. 37. Jderne A Ha HCKOMY0, TO

KOOPAMHATHI HCKOMOH TOUKH
{Bg, Ly) Gyayr 3aBuceTh TOAbKO OT pacctosinus s. [Tostomy npasoie
yacTy (3.13) MOKHO IpeiCcTaBHTL B BU/IE CTEMEHHBIX PsiJIOB

aB (')2 2 ’38\ 3 )
B B afaB s Ba (a—s)ls i (55—3)1%— T (S'S"L%T S

Agy = Ass +180° + dA =
= Au 180 H () s (G S (B
(3.14)

3HaueHHs TEPBBIX NMPOH3BOJAHBIX IIHPOT, AOATOT H A3HMYTOB MO
paccrosHnio s, T. ¢, Ko3pPUIHEHTH MEepPBbLIX UYJICHOB pAa3ioMeHH,
JIETKO TOJIYYHTh reoMeTpHueckn. PaccMoTpuM /s 3TOTO HA 3JTHI-
COHJIE IyTy NPsIMOro HOpManbHOrO cedeHus ab, pasnyio ds. [Ipose-
JaeM U3 b aunMio be, mepneHUKYJSIPHYIO K Mepunuany aP (puc. 38).
Torma bc Gymer ceuenuem mepsoro Beprikasta. M3 smemenrapHoro
TPeVroJabHUKa abc HaWIeM BeJNHYHHBL AyT ac u bc:

ac = ds cos A,
bc = dssin A.
Pasnocts mmpor dB Touek @ u b pasHa pPasHOCTH [MHPOT TOYEK U

U ¢, HO IMHEHHOE pacCTOsIHHE @c CBA3aHO € YIJIOBOH BeJUYHHON mpH-
pallerus WHPOThl COOTHOLIEHHEM

(3.15)

ac
UBi= i
MU
. sip dscosA

M
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Auajoruyno, JJisi pasHOCTH AOJATOT TOUKH @ H b nMeeM

ch dssin A
dL = NecosB NcosB®

Taxum oGpasoM, AJs mepBLIX NPOU3BOAHLIX LIMPOTHL H KOJTOTHI
N0 § UMeeM BhHIpaKeHHs
daB cosA dL sin A
ds M ' ds = NcosB (3'16)
15 HaXOXKACHUS NPOH3BOAHON a3HMyTa PAacCMOTPHM TPEYroJib-
nuk ¢Pb (puc. 38, 39). B sToM TpeyroJbHHKe YroJ Npu ¢ NpsMoi,

e

dssinh b Ve

Puc. 38, Prc. 39.

a yroa mpu b oTuHYaeTca OT MNPSMOrO Ha Majylo BEeNHYHRY, e
yron Mempiy Mepuaumanom bP n nanpaBieHneM bi, napannenbubIM
Mmepuanany cP.

Jlns mpAMOYTOJILHOTO Ccepuyeckoro TPeyroibHHKA bcP umeer
MECTO COOTHOIIEHHE

cos (90° — t) = sin dL cos[90° —(B + dB)]
HIH
sin f = sin dL sin (B 4 dB).
Cunrast dL, { 1 dB ManuiMyu ¥ 3aMeHsis CHHYChl 3THX YIVIOB apry-
MEeHTaMu, TOJNYYHM
t = dL sin B.
Ho f ecth npupallieHHe NPAMOro asuMyTa HalpaBJeHHs § IIpU mepe-
X0/l OT TOUKH ¢ K TOuke b:

te=dA.
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ITosTomy e o , :
dA e
Beoas 3navenne dL u3 (3.16), nonyuaem
e T o .+ dA . sin Atg B B pae
—d?g_"—_—N - i (’3‘17)

Dopuyant (3.16) u (3.17) maoTt kos3hdHIHEHTE MEPBOro 4ieHa pas-
noxennsd (3.14). Jnst mosydeHHS NOCJeayIONIHX UYJeHOB pasJioixKe-
HUs HAZO BBINOJHHTH auddepeHunpoBanne 3THX Bhipamenui, [lpu
3TOM CJeLyeT HMeTh B BHY, YTO BXogsiiide B (opMyJabl BeJHIHHBL M
u N rtakxke sBasioTcsi QYHKUHAMH muporel B [(2.26) u (2.27)].
Opuako mns HeGOJBIIHX PACCTOAHHA (He npesblluamnmux 30 xMm)
MOKHO InpeHeOpeub ChepoHJAHYHOCTIO 3eMan U cuutath M = const
u N = const. Torma Ko3GOhHIHEHTH BTOPOTO uJdeHa Pa3TOMKEHHS
(3.14) 6ymyr °
d*B sin AdA sin? A

S ey il el 7l 4

d2L cosA dA | sinA tgB dB

ds® ~ NcosB ds. N eoniBidi
cosA51nAth¢sinAcosAtg _ tgBsecBsin24

~ N?cosB ‘ NA o8B e s NM 2
d2A cosAthdA smA
e e
i _ cos A'tg Bsin Ath g sin Asec® Beos A
oy NM 7,
51nAcosA(thBJ~seczB) sin Acos A(l +21g®B)
NM ; NM:

HOILCT&BJTHH 3TH 3HAUYEHHH B HAIUH nuqnq)epenunanbﬂme dpopM}
JIBl, MOJIYUUM . A e

, cos A sin® A Geine Loy
By—g, htee SR
in A tg Bsec Bsin 24 s
L:Lll iz e ——"i‘
2 - VN
NcosB . MN 21 (3.18)

Ap=— A+ 180°+‘S£*}V1Q5,_;_ , e

i sin Acos A (1 4 2 tg? B) sz
el . N +

E¢an samaua pemaercs na 0oJbline paceTosiind, chepougnyHocThio
3eman npenebperatsb yxe HelAb3sl H nuddepeHuupoBaHué HaNO BbI-
NOJIHATh, HMes B BHAY, uTo M u N cyTh ¢yHKuuH muporbl. Kpome
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TOTO, OKa3bIBAETCH YIKE HEBO3MOMKHBIM OCPAHMUHTHCH BTOPBIMH UJje-
Hamu paanoxeHusa. Tak, npm peumennn 3agaun Ha 600—800 xa
NPUXOINTCA YAep:UBaTh N7k uieHoB psna. ITousiTHO, YTO NpH 3TOM
IOJyyaloTcs rpoMosjkue (GopmyJibl, omepaluy ¢ KOTOPLIMH BecbMa
Heyno0HbBL. T1o3TOMY B IpAKTHKe reofe3nueckux paGoT NPHMEHSIOTCH
npHeMbl [/ YOPOULEHHS MoJyueHHBIX (opmya. PaccmoTpum aBa
TAKHX NIPHEMA.

§ 4. Mpuembl ynpouwedus dopmyn aas peuwieHds NpaAMoi
reoje3uueckKoil 3ajgauu
QopMyJaB. €O CpeaHel WHPOTOH H CPEeIAHHM
A3UMVTOM. IDTOT HNPHEM YNPOUIEHHA (OPMYJ OCHOBAH Ha TOM
H3BECTHOM (PaKTe, YTO CTelEHHON P, Pas3JokeHHEI 1O CpegHeMy
3HAYEHNIO apryMeHra, He COJEPsKHUT YJIEeHOB YETHBIX CTeNeHeH H 4uc-
JIO uJeHOB (hOPMYJLI 0OKa3LiBACTCS B JBAa pa3a MeHbIIE, UeM B pas-

JIOXKCHHSX 110 HauaAbHOMY apryMmenty (3.18).
B camoM pene, paccMOTPUM DS

r /2 i’ 1
ﬂm+m:ﬂw+w(m+gﬁ(ﬂf
-l 3; I”” ) ftv( ) o (3'19)
Hanuiuem s7or psiji 1o cpeaHeMy 3HauyeHHio aprymenra h/2. Has

3TOTO MOJYUHM 3HAUCHHS BCEX NMPOH3BOAHLIX JJI5 CPEAHETO 3HAYCHHS
aprymenra. asa nepsoit npouspoaHoil GyHKHuM [ GyleM HMeThb

Plet5)=F@+ g P0+ PO+ 5 0+
Orciona

Lo e i S =
Beons ato B pax (3.19), nomyt{aeM
fl W =0+ AP (x4 7)== VU#SFW

e (e e PO S g iy B S
31ech uJeHbr %if”(x) B3aHMHO YHHUTOXKAIOTCHI H OCTAETCS

fw+m:ﬂﬂ+w@+§y%HW@+%muﬁunwm>

Ananoruyno npeacTaBUM  TPETBIO l'IleI/IBBOJlHYIO [0 cpegHeMy
6 H m TpymHHckuit
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dPTyMEeHTy

Pt g) =0+ g Y@@+

OTKYJ4
@)=zt g) -5 @S5 ru ..

u BBejieM ee B (3.20). Ilomyuaem

Pt =10+ (x4 5) + 717 (2+5) =

B = AR
HJIH )
PR =)+ (x4 )+ 57 (s + 5 )+
_|_%)fv(x+%) I o

Mbsl BHANM, YTO NPU Pa3JOKEHHH IO CPeAHeMy apryMeHTy COKpaTH-
JNCh UJIeHbl ¢ YeTHHIMH crenenaMy h. [IpuMenssi 3ToT npHeM K §op-
MyJaaM ajs nepefaun kKoopawnat (3.14), MBI moayunM HOBblE §op-
MYJIBL, B KOTOPHIX He OYAeT 4JIeHOB ¢ YeTHBIMH CTENEHSAMH S:

_fdB\ , $%(d%B $ (BBY |
o S(E)s/z 2 ﬂ(“" )s/2+ 1920(3?)#2 A

dL s 1oL $ (L
L= bi=s(g),, +5(a ), + wm (@) 0t -

£ S pdh s (d3A ¢ (BA\
A 110 _S(Eg)s,fz—l_—“(w)s/z+T§2-0(qd?)s/2%

(3.22)

rje WHgexc §/2 o3navaer, YTo QyHKIHUS OTHEeCEHA K cepelHHe AYTH §.

Tax nmocrpoennble opmyJsibl 6YIyT HMETh B J[Ba pasa MeHbIle
yneHoB, vem Qopmyan (3.14). Tlpn ynepxannu ujJeHoB ngToOro
nopsiKa, T. €. TPeX UWIeHOB pa3jioxeHHs, 3TH QOpMyJabl obecrneun-
BAIOT HeoOXOMHMYIO TOYHOCTb NPH PelleHHH reofe3nyecKoll 3amadn
Ha 600—800 xu.

Has toro utobul Gopmyas (3.22) npeacTaBHTL B Pa3BepHYTOM
BHJ€, HAZI0 B HUX BBECTH 3HaueHHs HaWAeHHbIX AHGdepeHIHPOBaHK-
eM npousBoanbx (3.16) m (3.17), umes B Buay, uto N u M cyTs
(QYHKIHH LIHPOTH, H BBECTH CpellHHe 3HAueHHs aprymeHToB s. [Ipu
3TOM 3HaueHHs B, L 1 A N0/KHBI ObITh B3ATH AJs CpPeIHEH TOUKM
Iyru §.
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[IpubaukeHHo npHHEMAETCH

B+ By
Bcp: L

2 ¥
ey
boy="9"%
Ay Ay — 180°
Aizep =Lt A = 19 3 .

Tak kax 1o peulenis 3ajayd Halo 3HATH Bl s XA 500 RO
npu 3ToM By, Lo 1 A21 ellle HE H3BECTHDI, 3ajlauya PEIIaeTcst METOLOM
MOCAEI0BATENBHBIX TIPHOIHKEHUI.

Hanpumep, ¢ KaprTel CHHMAOTCH NPHGAHMKEHHBIE 2HadeHHs B,
La, Aoy Ilo 3THM 3HAUYCHHAM BLIYHCITSIOTCS npuOIHKEHHBIE CPelHne
3HAYEHNHST apryMenToB Bep, Lep, A12cp- C STHMH NPHOIHKeHHBIMH 3Ha-
YCHHAMH HaXOIAT NMepBoe NpHOIHKEHHEe KOODPAHHAT HCKOMOI TOYKH

B'g, Lo, A’21. [To HaliieHHBIM KOOpIHHATAM TOUKH B, L'2, A,zi HAXO0-
NAT HOBBIE, 0oJsee TOUHBIE 3HAYEHHS KOODIMHAT CPenHeH TOYKH H
BHOBb, BBOAS HX B (popmyabl (3.22), Haxoast BTopoe npubIuKenue
KOOpAHHAT uckoMol Toukn. OOBIYHO BTOPOe NpHOJHKeHue ObIBAET
OKOHUATE/IbHBIM.

Ynpoumenne ¢GopMyanT MEeTOZLOM BBeJeHHsS BCMHoO-
MOTATEJAbHON TOYKH, MeToL COCTOHT B TOM, 4YTO MEPEXOJ
OCYIECTBJASETCH He HEloCpPeJCTBEHHO OT TONKH & K b, a moctenosa-
TeJbHO, Yepe3 HeKOTOpyIo TOouky ¢ (puc. 38), BBHIOpPAHHYIO TaKHM
o6pa3oM, uToOBl B GopMmyJdax 4yacTh UJIEHOB 00palllajachk B HYJIH.
Hanpumep, BriGepem TOUKy ¢ Tak, 4ToOBl OHA Jexajga Ha MepHIH-
ane aP Ha mepeceueHHN ero ¢ HOPMaJbHBIM ceueHHeM, MPOXOAALLINM
yepe3 b # mepneHIUKyAsSpHLIM K MepuaHaHy aP. Torna npu nepexo-
Ie OT @ K ¢ OKa3blBaeTcs PaBHbIM HYJII0 asuMyT A.. U B QopMy.aax
(3.18) oGparsTcs B HyJiL BCe 4aeHBI, cojaep:xkaiine sin Aq., H dop-
MYJbl OYAYT UMETh BHI

Be=B,+ 3+ -0
ch'Lav
A= 18,

3nech B opmyse NS ompemesedus] IHPOTHI BbIMAIH BCe Y/EHBI,
comepaKaniue sin A, B YaCTHOCTH, BHIIAJ TPeTHH YJIEH pas/oKeHHs.
Hoarora TOYKH ¢ COBTMAZaeT ¢ AOJATOTON @, 0OpPaTHBIN asUMyT TONY-
yaercs AoGasaennem kK npsimomy 180°.

Ilpu nepexosme oT TOYKH ¢ K Touke b mpsmoil asumyr A, 0Ka3wl-
Baercd paBubiM /2. Tlostomy B psimax (3.18) BeIMAgaiT 4Y/eHbi

6‘
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¢ cos Ay 1 sin 24, Torna B dopmyse 11 WHPOTH BHIMAAAET Nep-
BBLL WieH pasjiomeHus, B GopMyJie AJs OJATOTH — BTOPOIl, YeTBEp-

THIH u T. . B QopMyJe IJd a3HMyTa — TaKKe BTOPOMH, 4eTBEPTHIH
H T,

§ 5. Pemenue oOpartHOi reofesduyecked 3amadu

HssectHbl koopauHatel Touek By, Ly u By, L, Tpedyerca HaliTh
paccTosiiie S MEXKAY TOuKamMu M mpsmoit A, u obpatHbil Ag
a3HMYTLI.

Pertenne ocyliecTBIseTCH METOLOM TOCHCAOBATEALHBIX NPHGIH-
HKeHul. PaccMOTpHM NPHHIHD €r0 Ha Tex xe (GopMmynax:

r:osAn smA
B,=B;,+ ! ke B14 Heitacd
figh sin A12 sin ‘2A12tg Bl
Li”Ll"'"NcosB,s_ MNcos B, 4 ' "%
sin A1. tg B
A=Ay +180° + T2 Bt}

sin Ay cos Ay 5 G
W3 miepBuix ABYX HOPMYJ € YUeTOM TOABKO IEPBHIX HIEHOB Ofipefe-
JUM npuOANKeHHBle 3HaucHHS Ajz u So. IlofgcTaBuB HX B TPETHIO
thopmyny, HaliaeMm mepsoe npubammenune A,. lanee sBegem nail-

0
IeHHble 3HayeHns Aiz U So B HCXOAHBIE GQOPMYJIEl YiKe ¢ yUeTOM BTO-
POTO 4JIeHA

cos A, smA 5
B?‘:Bl"‘l—sl( M Rost ) l thl4)

H HafizeM mepBoe npubanxenue s;. M3 Bropoit GopMyanl onpemreaum
anajoruynslM o6pasom Aje, a U3 TpeTthelt — Ao M Tak jgaJjee, Noxa
pe3yabTaThl ABYX TOCAELOBATEJbHBIX BBIUHCACHHH He COBHAIYT.
OO0bIuHO OBLIBAeT JOCTATOUHO ABYX-TPeX NpHOJH:KeHHH.



TJIABA 4

MOHATHE O PEAYKUHOHHOH NMPOBJEME
BJIUSAHUE YKIOHEHUWSA OTBECHbBIX JIHHUH

§ 1. PepyuupoBanue 6a3ucoB Npu MeToAe
pa3BepTbIBAHHS TEOE3HYECKUX H3MEpeHHH
Ha pedieperi-3aauiacouie

Penykunonnass npoGJema COCTONT B pelIeHHH 3ajaul OTHece-
HHfl BCeX TeoNe3HUeCKHX H3MEpeHHH, BBINOJHEHHBIX Ha (uanye-
CKOH TOBEPXHOCTH 3eMiH, Ha pedepeHi-3aaunconl. MoKHO
yKasatb jABa MeToJa pelleHHs Pe1yKLUHOHHOH mpobjeMbl: MeTol
pasBepThHIBAHNS, NPHMEHABHIMHACA 10 TPHALATHIX TOJOB HAIIErO
cTOJIeTHS, H Meroj npoektuposaund. Ilepsuil sBngerca npHOJIH-
HKEHHBIM, BTOPOH — TOYHBLIM. BO3MOMKHOCTL IPaKTHYECKOrO TIpH-
MEHeHHsl BTOPOrO MeToJa NOABHJAACh B pe3yabTaTe pPasBUTHS
reo1e3nuecKol rpaBHMETPHH.

MGTO,EL Pa3BEPTHIBAHHA COCTOHT B TOM, UTO H3MEpPEHHbIE Ha
(hu3yuueckoil TOBEPXHOCTH 3eMau AJHHbl JHHHH H YIJB peay-
IHPYIOTCS. Ha YpoBeHb Mopsi (reouj) M Jjajdce OTKIaAblBaIOTCH
Ha 3/Hnconsie 6e3 Kakux-au0b0o u3MeHeHui.

[Mpocaeanmy Goaee noxpoGHO MOCTENOBATENBHOCTL OlepamHit
B 9TOM METOAC NpPH PELYILHPOBAHHH H3MEPEHHBIX JIHH.

Ha c¢usnueckoit nosepxuocti 3eMJH H3Mepsercss JHHHA ab
(puc. 40). Ilockoabky QusHueckas MOBEPXHOCTE 3eMJIH MOMKeT
ObITb HAKJOHEHHOH K T[OPH30OHTY, IPOH3BOIUTCA MNpHBEJLeHHE
H3MePEHHOH IIMHE K TOPHM30HTY — NOJYYEHHE Tak Ha3hlBaeMOro
FOPH3OHTAJBHOTO NpPOJOXKeHHA ab. 3ITO INpHBeIeHHE OCyLlecT-
BJASETCS 110 H3MEPEHHBIM BepTHKaJbHbIM yrJaaM. [lajee BoinoJ-
HAETCsI MEPEHOC AJAMHBI POPU3OHTAJLHOTO MPOJIOKEHHS! Ha TCOHJ
U noJyueHue AauHbl a’b’. B nepBoM npubJaHKeHHH TakKoe IpOeKTH-
poBauHe UPOH3BORUTCS 1O pajuycaM cpepdl cpeJHero paauyca KpH-
BH3MbLI B JlanHoil Touke R=7)YMN na Bwicoty h (puc. 41):

H
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Packnanwisas cko6ky B psa no Ma/loMy apryMmedty AR, no-
JAyuHM

h 2

h
o i ey - el (4.1)

ITpenebperas TpeTbUM YieHOM PA3/IOKEHH, COCTABAAIONINM B 06U~
HBIX yCn0BHAX (paBHHHA, s<C 100 &m) mecatwe n0JIH MHAAHMETp A,
floyuaeM NpHBENEHHE 3a BBICOTY B BUAE MO-

h h ‘
MpaBKH 7 § (1 ——R). 3aech peayuHpoBaHie

(=T

—  Qusuveskar
b nebepzrocms
Jenm

|

1

il
1/7!'

leoud

Zrruncous

pliEa

Pue. 40. Prec. 41.

Gasuca BbIMONHEHO Ge3 yueTa YKIOHeHHS OTBECHBIX MU, Ecm
HMeeT MECTO yKJOHEHHe OTBECHBbIX JHHMIL, paBHOE HA KOHIAX 6a-
3uca (B TOUKax @ b) coormercTBeHHO & u &, dopmyaa gaa
BbIYHCJACHHST MPHBEACHHOH K IeoHAy [JIHHBI 6GasHca noayyaer mno-
npaBKy

QUEeBHJHYIO H3 pic. 41.
B stoMm cayuae dopmyna aas npusemenus 6Gazuca K YPOBHIO
Mopsa 6ynet
h h? E;—§|

SDZS—?Si—r-@S——p}—-h. (4‘.2)

Tak xak nsveHeHne YK/JOHEHHS OTBeca OT TOUKA @ K b He MOKeT
OBITh BEIHKO, TO 1l IONPaBKa &S Beeriamana. [las cayuasn £y — &y — 27
H =05 km ona coctaBut 5 mam. Mckamenmns NPUBEIEHHOH IJHHLI

Gasuca 3a CueT HeHHEHHOTO H3MeHeHHs E B HuTepsaJe ab npaxkTu-
YECKH NPeHeOpeKHMbI.
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CaenylOLIHM 1IaroM B METOJe Pa3BepTLIBAHHS SBJSETCS Mepe-
HOC TIpHBEJEHHOH Ha YPOBeHb MOpS AJMHHB a’b’ Ha sanuncoun Ges
H3MEeHeHHH. DTOT MepeHoC OCYLIeCTBJSIETCS] NPOCTHIM OTKJIaIbIBAHH-
eM JJHHBI Sp OT TOUKH @g (puc. 40)

aobo=a’b’.

ITpn sTom npeanosnaraercss 3HaHHe BBEICOT TeOHAa Hajd pedepeHil-
saaunconoM. OyeBHAHO, 4TO 3a CcUeT NepeHoca AJMHBLI ¢ OJHOH IO-
BEPXHOCTH Ha JApyryio 6e3 Kakux-1160 H3MeHeHHH NpH YKIaAbIBAHHH
pAla TaKHX OTPE3KOB BO3HHKHYT HcKaxenns. Onn 6yayt tem 60.b-
we, yeM Xyzxe pedepeHI-3JJNICOHA NMpeACTaBJseT reoll B JaHHOH
obnacty. B KauecTBe nmpuMepa MOMKHO yKasaTh, 4TO 1IpH NpHMEHe-
HHH MeTOojJa pa3BepThIBaHHS Ha 3Jaunconje bBeccens nmpu opueH-
tupoBke no [lyakoBy caBur koopaunat i laasnero Boctoka mo
MepHAHaHy JTOCTHTHET HECKOJLKHX AeCHTKOB METPOB.

Ilpn peayuupoBanun mnperepneBarT aedopManmio Kak JAJIUHBL
JUHUH, TaK 1 H3MepeHHBle yrabl. BejeacTeHe TOro, uto yKJIOHEHHE
oTBeca B TOUKax @ M b He OJHHAKOBO H YTO OHO HE OAMHAKOBO Me-
HeTCs NpH Nepexoje Ha TeoHJ, NPOHCXOANT NOBOPOT IJIOCKOCTH
HOPMAaJbHOTO CEeYeHHs] YPOBEHHBIX TIOBEPXHOCTEll B TOUKaX JIHHHH
aa’ W npoXojsIlell Yepe3 COOTBETCTBYIOLUIHE TOYKH JuHHH bb’. Aau-
MYT NJOCKOCTH HOPMAaJbHOTO CeueHHs B TOUKE 4 H IPOXOIAIIETO
uepez TOuUKy b GyAeT OTJAHUHBIM OT a3UMYTa TaKOIO iKe CeueHHs
B TOuUKe a’ ¥ NpOXoAfllero yepe3 TOUKY b’. DT0 U BHI3LIBAET H3Me-
HeHle HanpaBJeHHl NpH peaynuposanuu. [1pn nepexone otr HabJII0-
JeHHBIX Ha (hH3HYeCKOl MOBEPXHOCTH 3eMJH BeJHUHH Ha pedepeHi-
5JJUICOHA OCYUIECTBJSETCA TaKzke Nnepexo] 0T KOOPAHHAT acTPOHO-
MHYECKHX K KoopanHaTaMm reojaesnyeckuM. IIupors, m0/r0TH
H a3uMyThl TOJYYalOT NONPaBKH 33 CUYeT YKJIOHEHHsS OTBECHBIX
JMHHA.

§ 2. PeayuupoBanue GasHcoB NpH MeTone
NPOEKTHPOBAHHSA TEONE3HUECKHX H3MepeHHi
Ha pedepeHl-3/1JUNCOH]L

MeToa pa3BepTHIBAHHSA IOJYYHJ 1IHPOKOE NPUMEHEHHE B Ieo-
J€3UH, KOTjJa HeAOCTATOYHOCTL TpPaBHMETPHUYECKHX JAaHHBIX He IO-
3BOJISIET TIOCTABHTbL 3ajauy oOnpejieneHHs OTKJOHEHHH reouiga oT
pedepenu-saanncona. IlospuBliasaca K TpUANATEIM TojJaM HaLIero
CTOJIETHSI BO3MOXKHOCTb MOCTPOEHHS] NMOBEPXHOCTH reoHjla H HaXoX-
JEHHA BLICOT TeoHJa Hal 3JJAHIICOMAOM OTHOCHMOCTH, a TAKKE IOo-
BhilleHHe TPeOOBAHUA K TOYHOCTH Treoje3HYecKHX H3MepeHHH mnocra-
BHJM HOBYI0 npo6GJeMy B reole3ny — TaK HasbiBaeMmylo npobiaemy
npoekTuposanns. ra npobiema 6uiaa chopmyanposana ®. H. Kpa-
COBCKMM B Cepe/liHe TPHANATHX rogoB. OHa COCTOMT B TOM, YTO BCE
M3MepeHHbie Ha (H3HYecKoil NOBEPXHOCTH 3eMJH TeofesHuyecKHe



88 MOHSTHE O PEAYKIIMOHHOIM TTPOBJEME [TJ. &

JIeMENTHl (JAJHHBEL, YTAb) NOC/HAE PEAYUHPOBAHHS HA FeOHJ JOJKHbI
ObITb elle CHPOEKTHPOBAHBI Ha 3/IHICOHL OTHOCHMOCTH C [O-
MOIIBIO H3BECTHBIX MPEBbIMIeHHI Te0H1a HAa SAJHICOHAOM.

Taxknm ofpasoM, npu peuenun 3Toii npodJeMb Teona Tepsa
CBOE CaMOCTOATENLHOE 3HauyeHHe KaK MOBEPXHOCTH, TIPEACTABJISIO-
uleit 3emua10, U npHoOpeTasT CMBICA NMPOMENKYTOUHOH MepeXOLHOI

3 [NOBEPXHOCTH, MOMOraloned ocy-
LICCTBUTL nEpexoa or uanye-
CKOM MOBEPXHOCTH 3eMJH K 3J-
JHIICOny oTHocHMocTH. [locue-
JlOBATE/ILHOCTL  PACYETOB  OpPH
fipUMEeHenn MeT0Ja NPOEKTIpO-

| 2 Banug mo @. H. Kpacosckomy
M COXPaHsAeTCH TAKOH e, Kak H B
16q [ nepsoum Merosie. [lepBuM marom

OCYIeCTB/SIETCA npHBedeHHe
JJIMH K TOPH3OHTY, BTOPEIM Lia-
Prc. 42. roM — JlepelHoc Ha reoui] IO BBHI-

coTaM /i U TPEeTLHM — MEPexon
Ha 3JANACOMA N0 H3BECTHHIM BbiCOTaM reonia § (puc. 42). Buico-
Thl /i MOJAY4aloTCs H3 HHBEAHPOBOK, BBICOTH  HaXOMATCA TpaBH-
METpHYECKHM MEeTOA0M HpH NOMOUIH pemrenus 3agaun CTokca HJH
U3 aCTPOHOMO-TPAaBUMETPHHECKOTO HUBETHPOBAHU.

§ 3. Bausinue YKJIOHEHHS OTBECHBIX JHHHH
HA ACTPOHOMUYECKHE WHPOTHI, AOATQThI,
43MMYTbl H TFOPM30HTAJbHBIE YrJibl. ¥Ypaeuenue Jlanaaca

YRJIOHEeHHA OTBECHBIX JHHHII OLPeLeaA0TCsI Pa3HOCTbIO [e0Ae3t-
YECKHX H aCTPDOHOMHYECKHX KOOPAHMHAT H Ha3BIBAIOTCA abCOTIOTHBI-
MH, €CJIH Teoe3HuecKue KOOPAHHATH OTHeCeHbl K 06IieMy 3eMHOMY

JUTHIICOHAY, W OTHOCHTEJNLHBIMH B CJyUae HX OTHECEHHS K HEKOTO-

poMy naHHOMY pedepenu-samHnCcONLY. Bee acrpoHomo-reogesnue-
CKle H3MepeHHs, BLINOJHEHHLIE ¢ IOMOIIbI0 HHCTPYMEHTOB, yCTa-
HOBJIEHHBIX 110 YPOBHIO, OTHECEHBl K YPOBEHHOIl TOBEPXHOCTH CHJIBI
TSKECTH B JAHHON TOuYKe /M, TOCHAE DPeIyKiuH, K yPOBHIO MOpd
(¥ reouny). Hasg Toro 4ToObl ¢ H3MEPEHHBIMH BEJHUHHAMH IPOH3-
BOIHTb ONEepauyH ¢ nomoubio GopMy.a’ cepoHaHUYecKol reoaesun,
Ha/JJIeKHT OCYLIeCTBHTD ellle nepexoJ Ha 3JJIHICOHA H YueCTb MpH
3TOM BJHAHHE YKJOHeHHH OTBecHBIX Junui. Paccmotpum paaee,
KaK VYKJIOHEGHHT OTBECHBIX JHHHA H3MEHSIOT UIHPOTH, JOJTOTHI
H A3HMYTHI IIPH HEPEXoje OT reouia K 3/JAHNCOHLY.

[Tycte 3 Touke A (puc. 43) H3BeCcTHbI acTPpOHOMHYECKHEe HMIHPOTA
¢, AOATOTA A ¥ a3UMYT o, Ha Touky m. Ilocrponm u3 rtouku A,
KaK H3 1eHTpa, chepy NpoH3BoabHOro pajiuyca. PaccMOTpHM TOYKH
nepeceuenns cgepsl pasaMUHBIMH HANpaBJeHHAMH H3 A H Ayru

-
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GOBIINX KPYTOB MEHAY 3THMH TOYKAMH. Yeprex caeaan B mioc-
KOCTH MepHAHAHA, NPOXOAALIETO Yepe3 TOuKy A.

Ilycte Z — reonesnueckuit 3eunt B Touke A, onpenensiemblit HOP-
Maabo K pedepent-31annconny, Z, -— acTpoHOMHYECKHUIl 3€HHT, Ofl-
pelenseMbll HOPMAanblo K
YPOBEHHOH  NOBEPXHOCTH,
MPOX0AALLICH yYepes YpOBeHb
HHCTDYMeHTa, ZZj==u—
Jdyra  GOabLIOr0  Kpyra,
paBHas TOJHOMY OTKJOHE-
HHIO OTBeCHOH JuHuH, P —
NOJIOC, /M — HanpasJienHe
Ha HeKOTOPHIH NpeaMer,
A3HMYT o, KOTOPOTO Ompe-
zeJsiercs.

Ilposenem uepes Touky

Z, ayry O6oJbWOro Kpyra, Puc. 43.
nepecexkarlymo 101 nps- :
MBIM YTJIOM AYrY MepHAHaHa B Toyke Z,. Jlyra ZZ,=E —cocras-
JAA01asn  yKJAOHEHHS OTBeCHOH JHHHH B JIJIOCKOCTH MepHauaHda.
Hyra Z,Zy=1v-— cocraBasiomas YKJOHEeHHS OTBECHOH JHHHH B IIJIO-
CKOCTH MePBOrO BEpTHKAAA, Y104 npu nomwce ZoPZ =Al=h—L—
PA3HOCTb TeONe3UUECKOll W acTpoHOMHUYECKOH ponror Ttouky A.
Hyra Z,P=90°—(B+E), rie B — reogezuueckas MUPOTA TOUKH
A. llyra Z;P=90°— @ — 1onoaneHHe 10 ACTPOHOMUYECKOIL LIHPO-
Tol Toukn A. M3 cepHueckoro mpsaMOyro/JbHOro TPeyroibHHKA
£1Z9P moayuum :

tg[P0°— (B+&)] = tg(90°— q)cos (A — L)

HJIN

cos(h—L)=tggctg(B+E) (4.3)
1

sin n==sin (AL — L)cos . (4.4)
Umest B Buy, uTo & 1 0 Al — Benuuunbl MaJule, NOPAAKA He-

CKOJBKHX CERYHI, HANHIIEM IOC/Je/IHNne (.IJOpMyJIbI B le{éJIIDKEHHOM
BHIE, 3aMEHHB TPHUTOHOMETPHYECKHE (t)YHKU,HI/I dpryMenraMu

tgg=tg(B848),
CJe10BaTeabHo,

B=¢—% (4.5)
H

L=L—nsecq. : (4.6)

[Tocaeanue (pOpMyJ!.bI NOKAasuBapwT, Kak AOJKHB H3MEHHTLCS
mMipoTa 1 J0JAroTda TOYKH IIDH TNepeXo/e C reoupia Ha 3JUIHICOUT
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OTHOCHMOCTH. HaﬁﬂeM BblpaxKeHud AJdA IOJHOI'O YKJIOHEHHS OTBEC-
HOH JIHHHH U H €ro HalmpaBJeHHs 0.
[Tonarasi 8 cuiay MaJoOCTH TPEYroJbHUK ZZ1Zy IJIOCKHM, MOJYYHM

= o ig==0sing,
il HanpasJeHue O ompeaesqHTCs Uepes TAHTeHC yria

_m_ (A=L)cosy
e el AR

[oJiHaf Ke BeJHYIHHA YKJAOHEeHU S OTBECHOIl JIMHHH BLIDA3HTCA 4epe3
COCTAaBJ/AIOIIHE KaK

A L BN Y T TR
u-fc_o's""'é-f- VV% I'r"

HJIH

u=7V (9 — BP - (h— L)*cos’q. (4.7)

PaccMoTpuM BAHSIHHE YKJIOHEHHS OTBECHOH JIHHHH Ha asuMyT.
Ha pucynke 0 — reoje3uyeckuit a3uMyT HaNpapJIeHus IIOJHOH
COCTABJASIONICH YKJIOHEHHST OTBECHON JHHAH, 0 — acTPOHOMHYECKHH
asuMyT HaNpaBJeHHs TOMHON COCTABAAIONIEH YK/JIOHEHHS OTBECHOH
aunud, A,=0-+4R — reoxesnveckuii asHMyT HaNpaBJEHHT Ha TOU-
Ky m, on="0,4R;— acTpoHOMHYeCKHI a3UMyT TOTO e Hampas-
JICHUS.

H3 cdepuueckoro Tpeyrodibiuka ZZ P TOJAy4YNM BHIPaKEeHHE
pasuoctit O; — 8, 7. e. H3MeHeHHe yrja O npH nepexojlie OT reoje-
3HYECKOH CHCTeMBl KOOPAHHAT K acTPOHOMHYECKOI:

— ¢08 0;=-—cos B cos (L — L) +sin 6 sin(r — L) sin B.

[TpeneGperaa ManbIMH NOPSIKA KBajapara yK/JAOHEHHS OTBECHOH JIH-
Hun £, AR, v? En, EAl, nAl u 3ameHss reoJesnyeckyio LUIHPOTY ye-
Pes acTPOHOMMYECKYIO, TOJAYYHM

cos B — cos 0= (A—L)sin O sin g,
HO

By
sin

cos b —cos 0, = — 2sin ; 3

! — —(8—0,)sin®,

OTKyZa
0—0,=—(r—L)sin g=—n tg q. (4.8)
AunasornunpiM o6pa3oM HalileM H3MeHeHHe yrjia R, npm mepexoje

K reojesnueckoi cucreMe koopiauuar. M3 cdepuueckoro tpeyrob-
unka mZZ; nmeem

cos (180°— R|) = — cos Ryj= — cos R cos g+}sin R sin g cos 2,
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OTKYAa, NPHHUMAS BO BHHMAaHHE MaJOCTb YI1a ¢, NOAYYHM

cos Rj—cos R=gq sin R cos 2,
HITH
R - . - .
cos Ry — cos R =2 sm“—gﬁ sin R—,—Rl = ¢ sin R cos 2.

[lonaras ﬂ—z——ﬁ—‘

~ R, noayuaem

Ri—R = gcosz. (4.9)
Bripasum ¢ uepes semuTHOe paccTosiHHe 5 yKaOHeHHe OTBeca H3
TpeyronsHnka mZZ:
sing  sin R
sinu ~ sinz

HJH, ¢ TOYHOCTBIO 10 KBajpara YKJOHEHHS OTBECHOH JIHHHH,

g=ullX, (4.10)
Beenem (4.10) B (4.9):
Ri—R = usinRctg z. (4.11)

Bounras (4.11) n3 (4.8), noayunm HCKOMYI0 3aBHCHMOCTL [AJ151
a3HMYTOB

(0+R) — (01 +Ri) = —ntggp—usinRcigz.
Tak kak 04+ R =4, u 0, + R, = a,,, 10

usin R
tge

Cpy — Am = nige -+

IlpeoGpasyem npasyio wacTh ypaBHenHsi, NPHHIMAS BO BHHMAHHe
(4.7), (4.8) u paBencrso R =A4,,— 0:

inA_— ncos A
e R o R e Oy

tgz

Hanu

feos. A —Esin Am-

Am =y — (A —L)sing +

iy (4.12)
YpaBHenue (4.12) naer BJHAHHE VKJOHeHHS OTBECHBIX JHHHE Ha
4CTPOHOMHYECKHI a3HMYT. DTO BAHSIHHE CKJAAABIBATCS H3 HOCTOSH-
HOrO B naHHON TouKe Bausihus (A — L) sin¢ u nepemenuoil wacri,
3aBHCAUIEH OT asuMyTa A,, HabGI0OIaeMoro NpeAMeTa W ero 3eHuT-
HOTO PaCCTOSHIS.

B cayuae semnthbix paccrosmmii, 6anskux k 90°, uto 0GHuUHO
HMEET MeCTO npH OTDENeJEeHHI a3HMYTOB B TPHAHTyAa1usX | Kaacca,
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BTOPOIl ujen ypaBHenus (4.12) ucuesaer:
Ap = tm— (A—L) sing. (4.13)

Ypasuenue = (4.13), naiomee CBsI3b e0/(@3HYECKOr0  asuMyTa
C aCTPOHOMHYECKHM uepes LIMPOTY H J0JIOTY, Ha3bIBACTCS ypdBHE-
unem Jlannaca, a reoe3nuecknil asuMyT, BLIMUCAEHHDBIH ¢ NOMOLLBIO
3TOro ypasHeHHs, asuMyToM Jlamaaca. 9TO YypaBHEHHE HrpaeT
B reoJe3ul OUeHb BAXKHYIO posb. OHO NO3BOJISAET BBIYHCINTbL TEO-
Je3HUecKHil a3uMyT 4epe3 M3MepeHHble B JaHHOM TYHKTE acTPOHO-
MHUeCKHEe KOOpAHMHATLL U reojesHueckyio noarory. Comocrasienue
TAKOTO 43MMYTa C re0j1e3HUYeCKHM as3uMyTOM, NepeJaHHbIM 10 TPH-
auryasauuH pelieHueM TeoJe3HYecKOoH 3aJaud, I03BOJgeT Cy/IHTb
0 HAJIMUHH GOKOBBIX HCKAMKEHHH B TPHAHIYJSIHOHHON ceTu. Asu-
MyTbl Jlangaca Ompeneasiores ¢ TOYHOCTBIO, XapaKTepH3yeMOH
cpeaneil KBaapaTHUYeCKO# olIHOKOM,

m=+Vm+ misinte = + 0,7

IlosToMy npH TNOCTPOEHHH TPHAHTYISUHA  IPEIyCMaTpPHBAETCH
obszaTenbpoe onpeenenie asuMyrtos Jlanaaca. 9TH a3uMyTbl OIl-
pelensioTCs 0 HEeCKOJbKY B Ka)IOM 3BeHe, UTO JIeJaeT TpHaHry-
JAHOHHYIO CeTh 3HAUHTEJLHO GoJiee JKECTKOM.

Bosspamasnch onatb kK dopmymne (4.12), samMeTum, uTo nepBbli
MONpPaBOUHBI UIEeH He 3aBUCHT OT a3uMyTa, a spjdercs QyHKImed
WHPOTH H YKJIOHEHHs OTBeca B MePBOM BepTHKAJE. On BXOJTHT Kakx
HOCTONHHAA NONPaBKa B U3MEPsSEMBIH a3UMYT H He BJHSET HA H3-
MepeHHsl TOPH30HTaJbHLIX YIJIOB.

BTopoii NMONpaBOUHbLIH YjeH 3aBUCHT OT YKJIOHEHH: OTBECHOH
JAHHHE 0 a3UMyTa. DTOT UJeH XapaKkTepHayeT OT/INUHE H3MEPEHHBIX
rOPU3OHTA/IBHBIX HanpaBTeHuil OT COOTBETCTBYIOIIHX WM HalpaB-
nennit na pedepenn-sanunconie. Takum obpasoMm, OH sBJAETCA
MOMpaBKOH M3MEPEeHHLIX HanpaB/eHHH NpH PEAYKIHH HX Ha pede-
pemi-3JaHncona. 14 paBHUHHBIX paloHOB 3T4 TONpaBKa MaJa,
ona coctapaser npubanzutenpio 07,08, B ropHbix 00aactsX ona
CTAHOBHTCS BIIOJIHE OLLYTHMOM. :



F'J1ABA S

OINPEOEJEHHE OCHOBHbIX 3JIEMEHTOB
SUTYPbI 3EMJIH .
H3 TPAINYCHbBIX HBMEPEHHUH

§ 1. Onpepenenne GoOMbILOR MOJYOCH M CHATHSA
no rpagyCcHbiM HIMEpeHusiM, BbIOJAHEHHDIM
BIO0JIb MepUAUaHa

B Hacrogulee BpemMA NoJ TpajyCHbIMH H3MEPEHHSIMH NOHHMAIOT
COBOKYIIHOCTb Te0[e3HUYeCKHX, acTpPOHOMHYECKHX H TpaBHMeTpH-
yecKHX H3MEpEeHHH, BBINOJHAIOUIHXCA AJs ONpPEeIeHHs pPa3MepoB
u ¢opMmel 3emaH. JTa 3ajava HepaspblBHO CBsi3aHa ¢ 3anadei
CO3JAaHHA TEOAE3MUECKON OCHOBLI JJs KapTorpaduuceckux uedef.
B xauecrTBe nmoBepXHOCTH OTHOCHMOCTH IIPH PEHIEHHU Te0Le3HYeCKHX
3a/1a4 MBI MDPHHHMACM 3JUIHIICOHN BpallleHHs, KOTQPHIH onpenender-
cfl IByM# 3JIEMEHTAMH: CKaThHeM M GoJabluioil noJayoceio. Ilaa onpe-
neseHus (GOpMBl U pasMepoB TAKOTO SJJIUIICOMJA OTHOCHMOCTH He-
06X0JNMO NPOM3BECTH H3MEPEHHd IO KpaiHeidl Mepe JByX IYT,
pACMOJIOMKEHHbIX 10Jl PA3HOH IIHPOTOH, B 00J4CTSX DASIHYHBIX
KPHBU3H 3eMHOH NOBepXHOCTH. B camom jese, aauHa JIyTH IO
Mepuauany onpeneasercs GopmyJoi (2.49):

§ = a(B.Z—BI){l "_(_zli' ﬁ—%cosQBm)e2+ }

Ecan nponssejeHo naMepenne AyrH § Mexay mupoTamMu B
u By, To dopmyna (2.49") npencramisier ypaBHeHHE ¢ ABYMS Heu3-
BECTHBIMH ' H €% HJIH @ U o, TaK Kak

e — 9% — g2

OueBHAHO, YTO AJF TOro, 4roGHl ONpeAeNuTh HEH3BECTHhE a H &2
HAW G U o, HEOOX0/AMMO H IOCTATOUHO MMETh /B4 YPaBHEHHS BHIA
(2.49), B KOTOpPBLIX AYrH § M3MEPEHBl TMOJ DAa3HLIMH INHPOTAMH.
B nporuBnoM ciaydae Kos(duuuentsl OyAyT HPONOPLUHOHAJNBHBL
I ypaBHeHMs ToxJaecTBeHubl. Ilpakrtuueckn 3ajzaua onpeje/eHHs
GopMbl B paaMepos 3eMJH KOTJa-To pelianach uMeHso Tak. CoBpe-
MéHHAas MOCTAHOBXKA ee OTJHYAETCs TeM, UTO, BO-TIePBLIX, HEKOTOPHIE,
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NPUHHMAeMble 34 HCXOAHBlE, 3HAUEHHS o H €5 yXKe HMEOTCH,
H BHITOJHEE HCKATH NMONPABKH K HUM Ad i Aéj, BO-BTOPHIX, BHTOLHO
H3MEPHThL He JBe, a 0OJbIIEe YHCIO AYT U COCTABHTL CHCTEMY 00/b-
we IBYyX ypaBHenuii Buaa (2.497), Koropble MOMKHO peHIUTL IO
crnoco0y HanMeHbUIHX KBaAPaToB.

Wrax, GyaeM ucKaTb NONPaBKH K H3BECTHLHIM 3HAUEHHSM g

W €], Toraa HOBbie yaydlleHHble 3Ha4YeHnst 6OJIbIIOH MOJYOCH H 3KC-
ueHTpucuTeTa OVIyT
a=a, -+ Aq, ]
i B% -+ Ae. J

(5.1)

Buecem sTi 3Hauenns B ypaBHeHHe (2.49°) u, npenebperas uJe-
HAMH BTOPOrO MOPSIAKA MAJOCTH, TOJYYHM HOBOE ypaBHEHHE:

e gt By B [1 s (-;— +3 cosQBm) e%l - Aa(B, — By)x

X [1 e (% -+ —i— cos QBm) eﬁ] — a,(B, — By) (—;— + %COS 2'JBm) Ae’.
(5.2)

Bripakenne, cTosiilee B KBaJAPATHLIX CKoOXKaX, paBHO paanycy
KPHBH3HLI MEepPHIHAHA HMCXOJHOTO SJJIMICOHAA B TOUKE CO CpeiHel
mupotoit B,. B camom nene, mbl umenn (2.26)

2 b LR —3/2
M = a,(1 —ep) (1 = egsin? By )e %
PassepthiBasi 3Ty (YHKLMIO B psijl M OrpPaHHUNBAfACh WIEHAMH
NOpAAKa €j, TOJYUHM

M= a, (1 — é&f) (1 L2 g—eﬁsin"Bm) s g [] o (i— + % cos QBm)eg].

Tenepb ypasHenne (5.2) MOXKHO NPEICTABUTH TaK'
§=(By— By M+ 22(B,— B,) M’ —

oy
— a,(B, — By) (_i_ e _i. cos QBm) Ae?
HJIH

s Aa ol 3 2
mﬁ:(Bz_“Bl){l _J[_E)—W(T_[_TCOSQB”‘ Ae® ;.
A
Pemas cucreMy TakuX ypaBHeHHil oTHOCHTEILHO Aa n Ae?, na-
XOINM HCKOMbIE TIONPABKH K noayocH u cxatnio. OJHAKO NpH 3TOM
eule He pelleHa 3a4avya OPHEHTHPOBKH BHOBL IOJYUYEHHOTrO 3JJINTI-
conna. ITosTomMy cnenaem eule HeCKOJbKO mpeoOpasoBanuii, KOTO-
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pbie NNOMOTYT BblﬂCHPITI: Kak pemiaercsa H 3TOT BOl'IpOC & le{HHTOH
TOYHOCTbIO §/ M= 32—31_p33H0CTb LWHPOT HAa HCXOAHOM 3J/JIHII-
couse. Umes s1o B Buay, a Takke npenedperasi B nocJjeqHeM ujieHe

BeJHUYHHAMH TIOPSAJKa YETBEpPTOH CTeNmeHH 3KCIEHTPHUCHTETA, IO-
JTY4HM , :

BBl Bl){l +22 (% + 3 cos QBm) Aez}. (5.3)

[eogesnyeckne MIHPOTHI TOYEK HA HOBOM AJJIHICOHIE BLIDA3HM
uyepe3 aCTPOHOMHYECKHE LIMPOTHI H YVKJIOHEHHS OTBECHBIX = JIHHHI.
Torma

B — B = (g — 9 — (B2 — &) + (B, — B3 —
= (5 —Bl)( i cosQBm) Ae.

s Bulpaxennsi YT B CEKyHAaX BCe UJEHB YPaBHEHHA HAT0
pasgenuTb Ha o = 206265. B unenax, rje pasHOCTb IHPOT yMHO-
JKaeTcsl Ha NonpaBku Aa U Ae?, MOoKHM

B, —~B,~ B3 — Bj,

T. €. IIPH TMepPEexXoe Ha HOBLIT 3/JAHICOHI IpeHebpe:keM NpPOH3BEIe-
HHEM H3MEHEeHHsI PA3HOCTH WIMPOT Ha MCKOMble mnornpabku. Que-
BHJIHO, UTO OTOpACHIBaeMbli y/jeH He GOJbLIIe KBaapaTa MONpaBoy-
HBIX ujeHoB. Mmes 3T0 B BHAY, Hanuuem

B = &+ (02 — o) — (B3 — BY)] + (B — B —.
i

O6o3Hauas cKOOKY COOTBETCTBEHHO [, p, ¢, TOAYYUM

Ea=Ei+ 1+ péi[ + gAe. (5.5)

Beauuunusl /, p, ¢ noayuyawoTcs B pe3ysabTaTe acTPOHOMHUYECKHX
HAG/II0EHHH U OTpeJeJeHus reo/e3nuecknX KOOPAHHAT Ha HCXO/-
HOM 3JLTHIICOHIE.

OGLIYHO TPH H3MEPEHHH [AYrH MEpHAHAHA AaCTPOHOMHYECKHE
onpeje/eHHsA NPOU3BOJSITCS B psijie TOUeK, TOraa /s KasKIblX ABYX
COCeIHHX ToueK MOryT ObITh Hanucawbl ypaBHenus Buma (5.5):

Ea=§& ’*Plﬂﬁ q1Ae” - 11,]

Bt m;+qM-t[ o
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Ias yio6eTBa  pemieHns  npeoGpasdyeM ypaBHeHHsi Tak, uTOOH -
B INpaByl 4YacTbh BXOIAWJH YKJOHEHHs OTBECa TOJKKO B HCXOIHOH
touke. lasi 3T0r0 moAacraBuM &, H3 NEPBOro ypaBHEHHs BO BTOpOe
H TakK naJee: ;

E,=¢ —LpI\ et 1,

B =Bk (o P+ (0 g A€+ (l+ ).

i T i

O6o3nauas X p; = Pi, 2q; = Q;, 2 1; = L;, noayuuM OKOHUATelIb-
1 1 1

HYI0 CHCTEeMY YCJAOBHBIX yPaBRHEHMI:

E)—E '*"P']_""—}‘QLAB2 } le

B = B Pyl -+ Quet -+ Ly, j f2:1)

Cucrema (5.7) cOLepKHT TPH HEH3IBECTHbIE BEJIHYHHLI
‘El, Aﬁl, A€2,

KOTOpblE H HaxXoJdaTcsd 0o CHOCO@Y HAUMEHbLIUHX KBaJApaToB H3

YCHIOBHA MHHHMyMa CYMMb 2&% IIpu stom & paccmaTpuBaloTcs
Kak cayuaiinpie omnbku. Onpenenenne §; COOTBETCTBYET Olpefee-
HHIO TEOAe3HUECKOH MWHPOThl HCXOAHOH TOYKH HOBOTO 3JIIHMIICOH]A,
T. €. €T0 OPHEHTHPOBKE.

Hafigenunsiit TakuM 06pa3oM HOBLI pedepenu-3/IIHICORT Oyaer
HAWJIYUIIHM 00pPa30M NOAXOJHTb K TOH MEpHIHAHHON Ayre, IO KO-
TOPOH €ro ONmpeaeIH/In.

§ 2. Onpenencnue GOJLINONA NOJYOCH M CHATHS
M0 rpajycHbIM H3MepPeHHsi M, BbIONHEHHBIM
BIOJb mNapaJdienei

Ananorndso TOMY, Kak B cjyuyde H3MepEHHH MepHIHaHHBIX
rpajiycHbIX AVT, Goabiwas 1o JAYOCh H CKaTHE MOTYT ObIThL ompene-
J€Hbl T0 H3MEpPEHHBIM MIHPOTHHIM ayraM. OpHako npH 3TOM
HEoOX0NNMO, uTOOLI W3MepgeMbie IyrH JeXaJu I0J pPasHbIMH
mupotaMi. McxoanbM ypaBHeHHeM JUIs  pEUIGHHS 3TOH 3ajaun
cay:xur (2.50)

s:NcosB%,

Aaoulee CcBA3b AJAHHBI AYTH ¢ PAa3HOCThIO AOJACOT H WHPOTOH MecTa,
Brons ciona anauenne N u pa3BepThiBas 3HaMeHaTenb B pAX, MO-
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AyyaeM GopMyJy, CBSSHIBAlOLLYO LJIMHY M3MEpeHHOR JAyTH C G0Jb-
IO NOJYOCHIO ¥ IKCIEHTPHCHTETOM:

| o e
:a(l+,—,e-’sm33+ ...)cost-;;. (5.8)

JanpHeHmui X00 pacCy:KAEHHH OCTaeTcss TeM e, UTO H IpH
OTpeNesIEHHH CXaTHsT H O0JBIIOH IOJIYOCH IO MEPHAHAHHBIM Iyra.
[Ip# HCHOJB30BAHHH HIHPOTHHIX Jyr TIPOH3BOJAHTCS OTHECeHHe

Puc. 44.

KaykJ0H 4acTHOH AYTH K cBOed cpexuell mmporte (puc. 44) H Bcex
YACTHBIX Ay K elHHOH 001lefl MHPOTe C NOMOUIbI0 COOTHOUIEHHS

g, = SU&COS Bi- (5.9)
N, cos B,

ITo HecKoabKHM H3MEPEHHBIM AYyraM MOZKeT OBITH COCTABJEHA CHCTE-

Ma YCJOBHBIX ypaBHEHHi'{, peliaeMas OTHOCHTEJLbHO IONpaBoOK Aa,

Ae.? K 3JleMeHTaM 3JJHIICouAa H VKJOHEHHS OTBECHOH JIHHHUH

B IIJJOCKOCTH IIEPBOTO BEPTHKaJa 1 B HCXOJHOH TO4UKe.

§ 3. Onpenenexne 3J€MEHTOB 3€MHOr0 2JIHICOMAA
no O0JBINHM ACTPOHOMO-T€0JEe3HYCCKHM CETAM

Meron onpefe/neHHss 3IJEMEHTOB 3€MHOTO 3JIJIHIICOHAA IO OT-
JeJbHBIM AyraM ceiiuac IOYTH He npuMensdercs. [e0le3HCTHl pac-
NOJaTalOT Tenepb aCTPOHOMO-TEOAE3NYECKHMH CETSMH, NOKPHIBAlO-
IMMH CTJIOLIb MJH PaBHOMEPHO PacnoJOoKeHHbBIMH psiiamyu oOMmHp-
HElE 00JIaCTH TOpPAAKa OTAENbHLIX CTPaH, TPYNM CTPaH HJH jaxe
KOHTHHEHTOB. BBIROL J&MEHTOB 3€MHOrQ AJAMICOHAA QCYILECTRJIA-
€TCsl MPH 3TOM IO BCEMY HMeEIOUIEMYCST acTPOHOMO-TE€0Ae3HYeCKOMY
matepuany. Kak npu BbIBOJAaX 1O OT[AeJbHOH AYre INOJyvaeTcs 3.-
JAUICOH, OJMXKe BCero npejcTaBasiomuid 3eMai0 BAOJb 3TOH AYTH,
TaK NpH BHIBOAAX HO aCTPOHOMO-TEO/IE3HYECKHM CheMKaMm O6uIHp-

7 H. 1. Tpyumuckuf
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HbIX TEPPHTOPHH MOJYYAIOTCHA SJINICOMIB, HAHIYYIIHM 0Gpazom
[pelCTaB/AIOUie HMEHHO 3TH TepPHTOPHH.

[lyctb MBI HMeeM acTpOHOMO-TEO[e3HUYECKYI0 CeThb, COCTOSILYIO
U3 GOJBIIOrO Yueaa noauronos. Ilo Bcell ceTw BHIUHCIEHBI KOOPIH-
HATEl Te0Ne3NUecKHX NyHKTOB: wmpora BP nosarora L° asumyt A°.
Hnnexc «0» BBepXy o3Hauaer, uYTO 3TH KOODAHHATH OTHECEHHI
K MCXOIHOMY pedepenil-3/1Iunconly, uMeouemMy 00/blIyio NoIyoch
Qp U cxKaThe og. Kpome TOro, 1ns reoje3Hyecknx NMyHKTOB NpPOH3Be-
AEHbl acTPOHOMHMECKHE HAOJI0NeHHS H ONpeNesNeHH acTPOHOMUYe-
CKHEe KOOPAMHATE: LIHPOTA (p, AOJrOTA A, a3UMYT o

3ajaua COCTOHT B ONpeleseHHH HAHJAVYIIeTO 3JJIHNCOuAA s
TEPPHTOPHH, HA KOTOPYIO 3ajJaHa acTPOHOMO-TeOJesHUEeCKas CeThb,
H 3/eMEHTOB €r0 OPHEHTHPOBKH B Tese 3eMJM, T. €. B HaXOXKICHHH
HOBBLIX 3HAueHHN OOJbLLION MOJAYOCH 4, CKATHSI o M YKJIOHEHHH
OTBECHO!l JHHHH &; U 7); B HcxoxHoil Touke. KpoMe Toro, tpedyercs
10 BCEH acTPOHOMO-TeOJe3MUYeCKOol ceTH OCYIIeCTBHTh TNepexod OT
cTapbix reojxesnuecknx koopamuar BY L° A°, 3ajaHHmX Ha 31-
JIMTICOMAe ¢ GOJLIIOH NOMYOCHIO W CHATHEM dp, Ctp, K HOBBIM KOOp-
nunatam B, L, A na noBom 3auunconzne ¢ GOJBUIOH TNOJMYOCHIO @
H cKaTHEM o.

3ajauy ecTeCTBEHHO CBECTH K OTHICKAHHIO MONpaBok Aa n Aa
K s7eMenTaM saaunconna u dB, dL, dA xk xoopiunaram. Torpa

nMeem
B (5.10)
a =t + Aa. I
Jna McXOAHOrO myHKTA MOXKeM Hamucath (GOpMyJbl mnepexoaa OT
CTApPLIX KOOPJHHAT K HOBBIM, YYHTHIBAs CBf3h MEXIY Teo/l1e3HYecK-
MH K aCTPOHOMHUYECKMMH KoopAaunatamu (4.17), (4.2):
B,=Bi+dB—gi—ty |
Li = L3 4 dly = &y~ 56C.4, I (5.11)
A=Al +dA = a;—mtgoy, |
Auanoruuno n04 060 TOYKH TPHAHTYJIAUHN
By = B} + dB,, = ¢, — &,
Ly =L b dly = hy— 3 56004, (5.12)
Ay = AL+ dA, = o, — My 18 9.
3ameruM, yto B cucrteMax (5.11} u (5.12) Tperbe asuMyTanbpoe

ypasHeHue ne Heszasucumoe. OHO Jerko HOJMYUAETCHT M3 BTOPOTO,
JIOATOTHOTO, YMHOXEHHEM ero Ha sing. B camom nese, BHINOJHAA




§ 3] OTNPEINEJEHHE 2JIEMEHTOB 3EMHOTIO 2JJHUINCOHUIA 99

yKazannoe YMHOXKEHHE, HOJydaeM
(Ly — M) sin @ = — Mu 12 @
Ho coraacuo ypasuenuio (4.13) Jlanaaca
(Ly— M) sin g, = Ay —ot.

Taxum oGpasom,
ay— A4, = MNr tg s,

T. €. MBl IOJYUILIM TPeThbe ypaBHeHHe cHeTeMbl -(5.12). 3Haunur,
CJElyeT pAaCcCMATPHBATL CHCTEMBI, COCTOALLHE TOJIbKO H3 IIHPOTHHIX
U JOJTOTHBIX WM IHPOTHBIX H a3UMYyTaJ/bHbIX YPaBHEHHUH,

Bocnoabsyemcst puddepenunaJbHiMI GOpMYIaMi 1JIs HAX0XK-
nenusn dB, u dL,. N3amenenne xkoopaunat dB u dL 3aBHCAT OT H3-
MEeHEeHHs HCXOAHBIX JAHHBIX (mepeMellleHHe HaYaJbHOH TOUKH)
W M3MeneHds pasMepoB 3JATHNCOMAA. [103TOMY MOMXKHO HanucaTth
noauuiit guddepennuan dB u dl B Buze

B aB? aBY aB)
dBy = - 50 4Bs T A+ g a5t A,
a1y oy on !
dLR—dL1+ a’Bl + ModAl +=tpa+ o2

31ech 12 = L,—L; — pasHoctb 104roTH AaHHON TOUKH M HCXOIHOH.
Cl)opmyna HE COJAEpP:KHT uiena ¢ juddepeninanom AOJTOTEI, HAIPH-
c‘iB

Mep - *dL, Taxk Kak 10aroPa He He3aBHCHMA, a Cl)yHKU.PlOHaJIbHO
¢BA3aHA ¢ A3UMYTOM H NPOM3BOAHAS MO a3HMYTY VIKE€ COAEPIKUT
B cebe H3MEHEHHs MO JOJTOTE.

Snauennsd nouausix auddepenuuanos (5.13) dB, u dL, BBenem
B ypaBHeHHA KoopanHat (5.12) u pazpelinM HX OTHOCHTEJBHO YKJIO-
HEHHH OTBECHBIX JUHHH §, M 1), SEC @,

Bi=0n— Bi—dB, =

aBY aB? aB” a8y
0 k 3
= (Ph = :Bk d : Uy (}A? dA A aa AOG,

.14
"'Ihse‘l(Pk:M‘—Lrg—’dej (g

al? a1? al" o ab
5By — —% dA; — =2 Aa — = Aa.

VR i
L 3B 9A"

7.



100 OMPEIEJEHHE OCHOBHBIX 3JIEMEHTOB ®UIYPbI S3EMJIH [T &

BBeneM B NONyueHHLIE YpaBHEHHS 3HaueHus Beauuun u3 (5.11):
dB; = ¢ — B} — 38
dli— Ak 2 L ny'sec @y,
dA, = a, — A} —n tg s

Torpa (5.14) mpeacraBuTCcs B BHAE

aB \
Ek:(Pk_Bg—gj((Pl_B(;—‘gl)— i
1
) i B, aBj
_EA_?(Q'I_AI -”htng;)-"a—;Ad—&—;A&,
Mpsecy, = A, — Ly — (7\-1 i Lllj) A secpy = (5"15)
al} 5 aly
_E(WL =t By —&)*ﬁ(%—ﬁl? —nltgtp[) -
\ :
al? at?
Bhat P
du oL )

Cucrema (5.15) pemaer mocTtaBieHHy0 3amady. OHa COACPIKHT 2k
YPaBHEHHH, B KOTOPbIX HCKOMBIMH BEJHUHHAMH ABJSIOTCH MONPaBKH
K OCHOBHEIM 3JeMeHTaM ajaunconga Aa 1 Ac, 3JeMeHTH OpHEHTH-
poBkH Ej, 1 sec @i, M1 tg @y, HWAH, YTO TO XKe caMoe, HCHpPaBIeHHBIE
KOOPJAHHATH HCXOAHOTO NMYyHKTa By = @;—§&;, Li = A1 — 11 5€Cqy,
Ar=o;—n; tg @1. KoadhduuuenTsl, npeactas/ifoiie MPOH3BOIHBIE
KOODIHHAT k-fi TOYKHM HA HCXOJHOM 3JIJHICOHIE IO HAYaJbHOH TO%-
Ke, paccMmartpHuBaiores B § 6.

CucreMa pemraercsl 1o cnoco0y . HaUMeHbIIHX KBajApaTOB MpH

yeaosun Y (B2 4+ n2) = min.
§ 4. YcraHoB/JeHHe HCXOIHBIX reoje3dvyecKux mar

Has toro 4toObl BhIOPAHHLIH 3JJIHIICOHA OTHOCHMOCTH HAHJY4-
wiM 06pa3oM MpeiCTaBasa 3eMJI0, HaJ0 He TOJbKO TNOCTPOUTH
SJTHTICOM/ ¢ HAMJYYIINMH 3HAYeHHSIMH OOJIBIIOH MNOJYOCH M C¥Xa-
THS, HO H CyMeTb HAHJYUIIHM 06pasoM OpPHEHTHUPOBATH 3TOT 3JIHUI-
coun B Teqe 3eman. OpHeHTHPOBaHHE OCYLIECTBJ/ISIETCS MOCPEACTBOM
COBMELIEHHS COOTBETCTBYIOLLEH TOUKH 3JJHICOHAA C Te0fe3HUeCKH-
Mu koopauHatTamu By, Lo 1 a3AMyTOM 3aflaHHOrO Hampasaenus Ao
¢ MCXOAHBIM NMYHKTOM TPHAHTYJAALHH, HMEIOUMM acTPOHOMHYECKHE
KOOPAHHATHL (o, Ao, H A3HMYTOM HANpaBJeHHs HA TOT Ke mpen-
MET oig. ;

Ecau roBOpHTb 60/1€e TOYHO, HaJ0 HEe COBMECTHTb BBIOPaHHBII
HCXOMHBI NMYHKT 3JUIMNICOMIA OTHOCHMOCTH C HCXOIHBIM IyHKTOM
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Ha TEOH/e, & PACHOJOXKHTb €ro OTHOCHTENbHO HCXONHOTO MYHKTA
Ha TeouJe Ha HEKoTopoH BHICOTE HJAH TAyOHHE Tak, d4TO-
OBl TIOBEPXHOCTH TEOMJAa H 3JIJIHICOHIA OTHOCHMOCTH IPOXOILH/IH
BO3MOKHO GJiKe 0Jua OT Apyroil Ha BceM HX TeueHHH. OCHOBHBIE
3JIEMEHTL OPHEHTHPOBKH 3JIJIHIICOMIA OTHOCHMOCTH, T. €. Teoie3i-
yeckne K0OpIuHATH By, Lo 1 asumyT Ap HCXOQHOTO re0Ne3HYECKOro
NYHKTA ¥ BBHICOTY §p FeOHAA HAJ 3JJIHINCOHIOM B 3TOH TOUYKE, IpH-
HSATO HA3bIBATL LCXOOHbIMU 2e00e3udecKumi oaTami.

B npocrefimem ciyyae OpHEHTHPOBKH 3JJIMICOHAA OTHOCHMOCTH
B TeJe 3eMJH MOYKHO IOJOXKHTh, YTO B HCXOJHOM MYHKTE KOOpIH~
HATbl Te0e3UYeCKHe PAaBHBl aCTPOHOMHYECKHM M IOBEpXHOCTH Kaca-
foTCH, T. €.

Bo = @o, Lo = ko, Ao =00, Lo =0. (5.16)

IlepBrie TpH ypaBHEHHS ITHX YCJIOBHI PABHOCHJbLHBI YTBEPIKICHHIO,
YyTO B }MCXOAHOM NYHKTe YK/JIOHCHHS OTBeCHBIX JIMHHH DAaBHB
HYJIIO, T. €.

8o=0, no=0. (5.17)

Onuako Takoe yTBepikjAeHHe B 00IIeM Clydyae HECIPaBeIJIUBO H MO~
HeT TOBEeCTH K 3HAYMTENbHBIM HCKAKEHHAM KOOPAHHAT, yAaJeHHBIX
OT HcxoaHoro myHkrta. [TosToMy npH yCTaAHOBJEHHH OPHEHTHPOBKH
3JINICONAA OTHOCHMOCTH B Tese 3eMJH B HCXOJIHOM IYHKTe OIlpe-
IeNsOT YKJAOHEHHS OTBECHLIX JHHHH £ H 1o U YCTAHABJHBAIOT He-
KOTOPY10 BBICOTY o. YCJ/IOBHS OPHEHTHPOBKH 3JIHNCOHAA OTHOCH-
MOCTH B 0o0lleM C/Iyuae MOXKHO 3amicaTb B BHAE

By =g, — &,

Ly = ko — My S€C @y,

Ay =y, — 1,129,
E= Co'

Besnnunnbl E 0 1M HaXOOATCHA NPH pelieHHH cucrembl (5.15) oguo-
BpEMEHHO C MOJAyYeHHEeM IIONPABOK K GOJBLUION ITOJYOCH H CHKATHIO.
Haunyumee pewmenne cucrema (5.15) maer, ecam Bce BXojsiilie
B Hee £, U 1), U3BECTHHl M3 TpaBHMETPHYECKHX NaHHBIX. Torjaa £, u
Mo OyayT O/M3KO cOBmagaTh C IPABHMETPHYECKHMH VKJIOHEHHSMH
0TBeca B HCXOAHOH TOUKE.

Bropoil nyTh HaXOXKIEHHS HMCXOAHLIX 3HAUEHHH Eg U 1)p FpABH-
mMerpuyeckiit. OH COCTOMT B ' BBIUHCIEHHH &y H 1o NO aHOMAJIHIM
CHJIBl THKecTH. B 3ToM cayuae, CTPOro TGROPS, aHOMAJHH CHJILI
TAXECTH A0MKHE ObITb U3BECTHH HA BCell 3em.e.

Hanayumymo BBICOTY HCXOAHOTO NMYyHKTa MOXKHO HOJYUYHTh, €CIU
BBIMIOJIHEHO aCTPOHOMO-TE0Je3HYecKoe H/IH acTPOHOMO-IPaBHMETpH-
yeckoe HuBeapposaHHe. Torpa, ecaH B HCXORHON TOUKE IPHHATH
BBICOTY TeOHAa Had 3/JIUINCOHLOM OTHOCHMOCTH paBHOR Go, TO

(5.18)

[ ——
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B COCelHeji TOYKe BbicOTa GyleT paBHa BHICOTE B HCXOMHOH Touxe
IJI0C NPHPAIleHHe BBICOT, ONpeJeJeHHOe METOAOM AaCTPOHOMO-TPa-
BUMETPHYECKOTO HUBENHPOBAHUS:

;o = t.'oy
G =L Blor,. (5.19)
gz = 5p = A&»ol +A ng

Haxosxenne BulcOTHl reonia HaX JIJIHNCOHAOM o B HCXOIHOMH TOY-
K& PaBHOCHJBHO NMOCTYNATENLHOMY NEpeMEelleHHI0 3JUICONNA B Te-
Je reoyd no Hanpas/JieHdr0 OTBeca B HCXOAHOH TOYKE 10 TOro
noaoKenus, HpH KOTOPOM CyMMa KBalIpaToB MpeBblINeHHit OxHOH
DOBEPXHOCTH HaJ JApyroi Oyzer MmunnMaapHOM. IlosTomy nqs na-
XOXJAeHHsd §p pewraercss cucreMa ypaBuennit (5.19) oTHocHTennbHO

Ly IpH YCIOBHH >Xi=0.

§ 5. Pedepenn-aaauncona. Inaunconn Kpacosckoro.
MeXayHapoOAHbIH 3JJIHNCON]L

Beinosinenue reofe3Hyeckux pador Ha TepPHTOpHAX GO.bBIINX
cTpan ¢ cobaI0ieHHEM TOUHOCTEH, NOCTHKHUMBIX COBPEMEHHBIMH TeX~
HHYECKHMH CPeACTBaMH U NPEeAIICLIBAEMbIX IPaKTHUECKIMH noTpeb-
BOCTSIMH, TpeDyeT yCTaHOBJEHHS CIelHaJbHOro, HauayuylnnM obpa-
30M OTBEYAIOLlero paccMaTpuBaeMoil 00JacTH 3JJIHNCOHIA OTHOCH-
MOCTH.

HOas yuudHKanuM TeojesHYeCKHX H3MepeHHii Ha Bcell 3emae
yA0GHO TIOCTPOUTHL OOIIMH 3€MHOM 3JJIMMNCOHI, T.€. TAKOH 3JIHINCO-
NI, IPH KOTOPOM YCJOBHE MUHHMYMa OTKJIOHEHHS KBaAPaTOB BHICOT
reoufia X2 = 0 Boinoauserca Aas BceH 3eMay B LeaoM. Takoi
SAMHNICOUA Jay4lie BCero npejcrasiser peaabrylo 3emmaio. Oanako
AJS NOCTPOEHHSA TAKOr0 3JLINNCOMAA TPeOYeTcss BHINOJHATL Teoie-
3uueckne HabJ/II0/1eHHs Ha Beel 3emie, T. €. Ha/l0 UMETh OMHOPOLHYIO
Te0/Ie3UYECKYI0 CeTh. B paMKaX KJacCHYeCKOH reojesuH 3TO Npak-
THUECKH HEBO3MOKHO, TaK KaK HeJb3s NMPOH3BOMAHTL TeOJe3H4ecKue
H3MepeHus Ha okeaHax. Kpome ToOro, cuaeinyer HMeTb B BHAY, UTO
TaKoil ONTUMAJbLHLIA 3JITHNICOMA AJASt BeeH 3eMJHM MOkKeT U HE OblTh
ONTHMAJLHBIM JAJs jaHHod Tepputopun. OAHAKO, echH CTPOHTH
pedepenI-3/THICOUR M0 H3AMEepeHHAM Ha HeGOJbIOH TeppHTOopHH,
TO mapaMeTphl 3AIHICOHAA GYRYT NoayuaThes Heysepenno. ITosto-
MY HCTOPHUECKH CJOXKHJIOCH TaK, YTO GOJBIIHHCTBO HCCAEA0BaTEeH
CTPEMHJINCh TIOCTPOUTE pedepenI-/IIHICONI N0 BO3MOKHOCTH TIO
GOJBLUIOMY MATEPHAJNY M 110 BO3MOMKHOCTH MPHOAHKAOMHMHCA K 00-
[1e3eMHOMY.

Hautosee mnpokyio M3BECTHOCTL ¥ NPAKTHUECKOE TPHMEHEHHE:
TOJYUHJIH celyloune pedepeni-31Inunconibl:
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Jaauncoud becceas, seiBeeHHbll B 1841 r. Ha ocHOBaHHY €BpO-
neficKuX, HWHAHHCKHX H NEPYaHCKHX TrpajycHblX u3Mepeuuil. IDToT
SJJIHIICOMT, MOJy4YMJ IIHPOKOE pacmpocTpaieHie B eBPOMNeHCKHX
reogesnyeckux pa6orax. B yactuoctu, B PoccHE OH IpHMEHSICH [0
BuiBona B 1940 r. samumncouna Kpacosckoro.

B 1866 r. Kirapkom OblJ BhiBeeH 3JIIHICOHI, NOJYYHBLIMI Ha-
3Banue saauncouda Kaapka. Ilpu BEIBOAE HCHOJIB30BAHEL [PaLyCHBIE
H3MepeHysl sanajHoeBponeiickue, pycckue, HHANRMCKHE, MepyaHCKHe,
ATOT 3AAUNCONA NPHMeHAJICA BO PpaHuun U ee KoJoHHAX. B 1866 r.
Kaapxkom 6bls1 BbIBeJeH APYTOH 3/IHICOUA, KOTOPBIH MOJYYHJI TIPH-
vmenenne B CIIA u Kanape.

B 1924 r. 6bl1 UPHHAT B KauyecTBe MEX/yHAPOAHOTO 3JIJIHIICOHL,
BeiBeeHHbI Xefipopaom B 1909 1. B OCHOBHOM IO AMEDPHKAHCKHM
TPajyCHLEIM H3MEPeHHSM.

B 1940 r. nmox pyKOBOACTBOM KpYMHEHIIEr0 COBETCKOro reoie-~
sucta Deogocuss HukosnaeBnua Kpacosckoro (1878—1948) u
A. A. MizoToBa Obina 3akonueHa pa®oTa 1O BLIBOLY HOBOTO 3EMHOTO
SJJIMNCOHJA, MOJYYHBINEr0 Ha3BaHHe 3aduncouda Kpacoeckozo.
Ilasi ero BbIBOZAa OBIIH HCNOJb30BAHBL BCE HOCTYMHBIE B TO BpeMmd
rpagycHbie M3MepeHws, a MMenHo rpafaycubie uamepenns CCCP,
CIIA, Mnauu, a Takxke rpaBHMeTPHYECKHE CHEMKH, BLINOJHEHHBIS
Ha tepputopun CCCP. B KauecTBe HCXOQHOTO IYHKTa, 110 KOTOPOMY
Obil OPHEHTHPOBAH 3TOT JJIMNCOHJ, NMPUHAT HEHTP KPYIAoro sana
Ilyakoeckoit o6cepsaTopuu. OpHeHTHPOBaHHE IPOH3BEIEHO MO Ma-
repuagaM rpaaycubix cereli CCCP, 3 KOTOpBIX Halifienbl 3HAYeHHA
By, Lo, Ag v Beauunubt £ ¥ Mo. B 1946 1., 7 anpeas, NOCTauOB/ICHH-
em Cosera Muuuctpop CCCP saannconst Kpacosckoro yTBepxiaex
B KaueCcTBe OCHOBHOIO 3JIMIICOHAAa OTHOCHMOCTH /sl BCEX Te0ie3H-
yeckux pador CCCP.

Pasmephl 1 3JeMEHTBl OPHEHTHPOBKH 3aaurnconaa Kpacosckoro:

Gosibinas moayoch a = 6378 245
cHaTHe o =215 AR
Bo = o — Eo = 59°46"18”,71 — 0”, 186,
Lo = Ao — mp sec By = 30° 19’ 38”, 55 4- 3”, 54,
Ag = ag —notg Bo = 121°40736", 13 + 27,66 Ha nyukr Byrpsr,
Co—0

Qaanicoss KpacoBcKoro, BbiBeIeHHbI M0 GOJbIIEM dCTPOHOMO-
Fe0/1e3HUECKHM CeTAM, SAB/ISETCH SJIHICOHAOM, GJIH3KO IpeicTaB-
JSI0MAM BClo 3emJio. Ero aseMentsl 6/H3KH K 3JeMeHTaM 0O6ILero
aeMuoro aanuncouga. OpuentupoBanue ero no I[lyakosy nenaer ero
ganﬁoﬂee noAxoAAutHM 145 Esponwl, sananuoit Asun u CeBepHoil

(hpUKH.
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B 1967r. 8 CIIA 6w BHBegeH HOBHIH pedepeHil-3/JIUICONL
¢ MCNOJIb30BAHNEM BCeX CTaphlX H 60JbLIOro 00bemMa HOBBIX rpamyc-
HbIX H3MEpeHMi, a TakKMKe MHPOBOH TI'DABHMETPHUYECKOH CBHEMKH.
ITOT 3JJUNCOMI 3aMEHHJ B KauecTBE MEKIAVHADOXHOTO 3JIJIHICOUT
Xenidopna 1909r. u moayuusn HaszBauue MeHOYHAPOOHOZO IAAUMN-
couda 1967 2.

B caeaymowenl tabauie NPHBOAATCA NapaMeTphl HMEBHIIX HaH-
6oJiblIee pHMeHeHHe pedepeHL-3IIHIICOH/10B!

Tabauma 6

Hazsanue Tog a,m o
beccens 1841 6 377 397 1:299,183
Kaapk 1866 6378 206 : 294,979
Kaapk 1880 6378 249 : 293,466
Xefihpopa, Mexayuapon- 1909 6 378 388 12970

HEH

Kpacosckuit 1940 6 378 245 : 298,3
MexnyHapoaHLi 1967 6378 160 : 08,247

§ 6. dudpepenunanpubic GopmMyas nepsore poaa

Mpi yake Bujeny, YT0 YTOUHEHNE M PACHINDEHHE Ie0ne3HYyecKHX
ceTell HeH30EKHO BeIeT K BBIBOZAM HOBBIX 00J/ee TOUHBIX 3HAUYEHMi
60,1510/ MOJYOCH H CKATHA 3JJIHICOHAA OTHOCHMOCTH H 3JeMeHTOR
ero opHeHTHPOBKH. [lepexon Ha HOBBIH 3JJHOCOMA OTHOCHMOCTH
1e()opMHpPYET BCID TEOAEe3HUECKYI0 CEThb U BBI3LIBAET H3MEHEHHE
KOODJAHHAT ONOPHLIX TreoAe3nueckux nyHKTos. llosTomy npu mepe-
XOJle HA HOBHIl 3JJIMICOUJ OTHOCHMOCTH HJH NPH H3MEHEHHUH ero
OPHEHTHPOBKH (H3MeHeHHE HayaJibHbiX KOOPAMHAT) NPHXOIHTCSH
NePecUHTEIBATL KOOPAMHATHI BCEX ONOPHBIX NYHKTOB. [las takoro
nepexoja CJayMKaT TaK HasbiBaeMmble duggheperyuarvrole opmyast.

[Mpumensitorcsi ape rpynnsl Auddepennnaipbix Gopmy.ar. Lud-
depeHnnaapHere GopMysael I pofa MO3BOMAOT BBIYHCINTL MOMPABKH
KOOpAMHAT U HAIpaB/JeHHH, BO3HHUKAIOULHE BCJACIACTBHE H3MEHEHHS
MadaabHLIX RaHHbIX TpHanryaaund. duddepennnansusie GopmMyast
11 popa npawT nonpaBku KOOPAMHAT U HAanpaBJaeHHi 3a cueT H3Me-
nenns OoJplloi 10JYOCH H CXKaTusl 3JJIHICOHNA.

Oundbdepenunaabrnne popmyan I pona. Ilycrs ume-
eTcss wayasabHas Touka A TpuamryJsuMd ¢ KoopAuHatamu B,, L,
Ajs. AsuMyT B3AT Ha TOYKy B ¢ KoopauHatamu B, L, Aj. Pac-
cTosinne Mexay Toukamn A u B —s.

TlycTh M3MEHMJHCh IMMPOTA HAYaJbHOH TOYKH Ha dBj, asuMyr
Ha dAjo ¥ MuMHa JanHAH Ha ds. MaMenenne N0OJroTH HAUaJbHOM TOU-
KH Jerko cBectH kK usmenenuio ds u dA. [Ipu nocrosinnux By u Ay
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dLy =dL,. B pesyabTate 3THX H3MEHEHHH KOODAHHATBHI BTOPOH
TOUKJi 110JIy4aT NpHpalleHHs dBs, dLs, dAs;. HanumeM npupalieHua
KOODAMHAT BTOPOH TOUKH B BHIE MOJHBIX AuddeperInaNoB:

dB, =222 dB, + T2 ds + fﬁzdﬂm,

dL, =32 dB, + “ﬂ ds + jj . g dLl,i (5.20)
dAy =242 5. 4B1 g “ ds + " LA !
s kpaTkocTH 0603:{aqHM
— dB%* 4 dB} + dBi™, l
dL, = dL3* 4 dLy 4 dLi* 4-dL,, ! (5.21)
Ay = dAS -+ dAY + dASS, l

TAe HHACKC BBEPXY TNOKa3biBaeT, 3a CYET YEro NpoH30Uia0 NpHpa-
P

lLieHye KOOPAHHATHL.

Pewnm 3aZayy TeOMeTpHYeCKH.

Haﬁnew H3MEHEHHST KOOPAHHAT
dBE', dL¥: dA%r, npoucmenmme 3a
cueT n3MeHenms ITHPOTH HAYaJbHOMH
TOUKH.

. Pacemorpum H3MeHeHHe WIHPOT
dB% (puc. 45).

A. ITosepuem aunqaio BA rax, 4to-
6Ll OHa IpoMfa uepe3 TOUKY A’. Tax
KaK JJHHAa § HEe HM3MEHHJIach, JHHHA
BHICTYNHT 3a Mepuaunaun AP u npu- Puc. 45.
MeT noJoxkenne BA;.

Bb. Ilporsauem auuHHI0 BA; camy no cefe 10 COBMELIEHHS
Aj ¢ A'. Teneps oua 3afiver noaoxenue A’B’.

B. Jluuuo A’B’ noBepuem y ToukH A’ 10 HampasJeHus, Onpene-
JIEHHOTO a3uMyTOM Ajs.

Havenenne WHPOTHI dB%* caomutes 3a cueT H3MEHEHHS LIHPOTHI
Ha nyrax BB’ u B'B).

Jlaisl M3MeHeHHs IMHPOT, AOJTOT H a3WMyTOB paHee ObLJIH BhiBe-
nennl npubaukennbie Gopmyas (3.18). YaepxKuM B HHX TOJBKO
nepBEIe UJIEHb! Pa3/IOMKeHHS:

By =By =S84, ]
sin A !
L,— L= gt \ (5.22)
!
AzlﬁAlz :Sln Ii’ths 180:}- !
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Msmenenne mupots Ha ayrax BB’ m B’'B; noayusM no rnepsoil
u3 dopmya (5.22):

s = BB = 414’ = AA;sin (90° — Ay,) = MdB; cos Ay,

Buecem 3to s B mepsyio ¢opmyay (5.22), uMmes B BHAY, YTO IJ4
nyrd B'B A = Ay u M= M, Toraa

P dBay— —MBSRetls, (593

Anaaoruugo gas dB -
BiB

s= BB = AA'— AA) cos(90° — Ay,) =
= M,dB, sin A,,

T It M, sin 4;, sin Ay dBy : (5.24)
BB’ M2

[Tonnoe W3MeHeHME LIHPOTH 33 CYET H3Me-
HeHUs IIHPOTH HEXOAHOH TOYKH CAOMHTCH
3 (5.23) u (5.24):

dBY'= dByp + dB =

BiB’

Puc. 46

s ok ﬁ‘ (cos Ay, €08 Ayy + sin Ay, sin Asq) dB;.
2

U3z coepuueckoro tpeyroabnuka (puc. 46) caenyer

cos [ = — cos A cos As; — sin Ao sin Ag cos s.
[Moaaras s MaJbiM H cos s =1, umeem

cos Ajgcos Ay + sin Ay sin Ay = — cos [

dBS' =3 cos dBl (el ST (5.25)
2

M
2. Usmenenne AOATOTHI dLn CJOMHTCA H3 H3MEHEeHnH JOJroThl

Ha ayrax BB'u B’Bi Llns Haxomxaenust UX BOCNMOJb3yeMCH BTopOH
dopmyaon (D.22) npu Tex XKe 3HAUEHUAX S:

Braicne wosindsy . sin (Axn + 90°) 5
dLy* = N, cos By BB T " N_cos B, SB'B1 B
Sy sin Ay cos Ay, e
Zrd NzcosEngCDSA”dBl o N, cos B, M, sin/A; ,dB
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Buinocst 32 ¢cKOGKH 0BLLy[0 4acTh i HMed B BHAY puc. 46, moaydum

dLy = % (— sil Ay €0S Ay - Sin Ay €08 Ayy) =
T Ml .
= N_1-€05_13; sin 82 sin t,
HJIH
B; M, :
2

B

3. JIna onpenesennst u3MeHeHns obpaTHoro asumyte dAsf
BCJIEACTBHE H3MEHEHHS MIHPOTHl HAYaJbHOH TOUKH PACCMOTPHM [O-
aapubil chepuueckuit Tpeyronbiuk ABP (cm. puc. 46), B KOTOpOM
nposenem BC Tak, uto6nl BC o6pasosana ¢ mepumuanom AP nps-
moit yroa. Torna £ PBC=90°—{, Ay=A1180°+{, ddq =dt,

W3 tpeyroasuuka BCP umeem

cos (90° — B;) = ctg lctg (90° — ¢)
HJIH
tgt = tg {sin B,

OTKyZa CJIELyeT, 4YTO H3MEHEHHe a3uMyTa ecTb (DYHKIHS H3MEHEHHS
IHPOTH # JOJTOTEL TOYKH B.

Mckomoe sHauenue dAp noaydum, Au(gepeHnupys MocaeHee
BHIp@;KEHUE ¥ BHOCS B HEro paHee moJyueHnbie dB, u di:

dt_ _ 4l in B, -t tglcos B,dB,.

cos? ¢ cos?l

ITonaraem cos?i=1, cos?/=1 u BHOCHM 3HAUGHUSH dl=dl 7t dlL3*
n dB3'us (5.25) u (5.26)

dA3} = sin B, %‘ tg B,sinldB; + tglcos B, AMT: cos [ dB,.
OKOHUATEILHO

Al = 200 [i‘ﬁ'sin2 By + 3 cog? B.z]dBI. (5.27)

Dopmyast (5.25)—(5.27) nokasplBalOT H3MEHEHHS KOOPAHHAT TOYKH,
npouciieire 3a CyeT U3MEHeHUst WHPOTH HAaYya/bHOH TOUKH.

Haiizem Tenmepb M3MeHeHHs koopauuar dB3, dL3, dA5; 3a cuer
H3MEHEHHS TJIHHBI JHHHH S.

Bocrnoasayemes nepsoit gopmyaoil (5.22) B npHMEHEHHH K CJy-
yalo, KOTAa JUHHA § yBeJauyuaach Ha ds = BB’ (puc. 47). drtu
dopMyabl MOXKHO HAMHCATh [/ H3MeHEHHH s, uMes B BHAY, 4YTO
B TOYKe, AJsi KOTopoi oHn nuumytesd, M = My, N = N,, B = B,,
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a asumyT HanpaBaeHuss BB’ = Ay, — 180°. Torna
cos A

ANanoTHYHO JJI9 JOATOTH H a3uMyTa

s sin Ay
Gl o N, cos B,

ds. ‘ (5.29)

dASy = ——i"“_AR;T‘g—Bi ds. (5.30)

Hajinem n3MeHennss XoopauHaT ToukW By 3a cueT HSMeHEHHA
asumyTa: dBIP Al s cdAe

as

Puc. 47. Puec. 48.

Ilpn u3MeHeHHH HCXOAHOro asuMyTa Ha dA,, NEBEHS S TIOBEP-
HeTCS M KOHell ee mnepeifizer u3 B B By (puc. 48). Haligem Laugy
BB,. W3 cdepuueckoro Tpeyronbuuka ABB, moayuim

BB S

H i .
Sll’l"‘R—' SIHTQ'
St A

sin '2_

rae BByJR 1 s/R — ayru BB; u s, seipamennble 38 paguanax. Beuay
manoctd yraos BB /R u dAjs MOMXKHO HanmucaTh

BB, = Rsin 4 dAy,.

Tenepsb 114 MOJyuUeHHS M3MEHEHHs KOODAHHAT H3-3a I3MEHEHHs
HCXO0IHOTO a3WMyTa BOCHOAb3yeMcs TeMu ke (opmynamu (5.22),
B XOTOPHE B KayecrTse s BeedeM snement BB IMloayunm

cos ABBj BB
ety 7

a2
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Ho
g 4
App, = A+ 5
CuaenoBaTtensHo,
dB* = B2 Rin & dAs. (5.31)

Ananornuso HalileM H3MEHEHHe J0JrOTH 1O BTOpofl dopmy-
ae (5.22)

dLfe — %%; R sin - dAs. (5.32)

[NompaBka 0OpaTHOrO a3uMyTa 3a CYET H3MEHeHHs HPAMOro
COCTOHMT M3 ABYX 4acTeil: MONPaBKH, OOYyCJOBJEHHOH H3MEHEHHEM
cOJIMKeHHsS MEePHIHAaHOB, ¥ NONPABKH OTHeCeHHs K INpPHBEIEHHOH
naHHe reojesnuyeckod aunuH. [lepBas mompaBka ONpenessieTcs
Tpetbeil hopmynoi (5.22), B KoTopoit npumem 3a Az asuMyT B TOY-
ke B, a 3a A + 180° — asumyr
B Touke B; (puc. 49). Torna

dAz :S-mN—A“ stg B,=dL3"sinB,,
2

HJH NOCJIE BBEJEHHSA 3HAYEHHA
Ajp
dLs

Puc. 49.

Bropyio nonpasky npusoauM 6e3 seiBoga (cm. @. H. Kp a-
coBCKHH, Pyxosoacrso mno Boulcuredt reomesuu, [eomesuspar,
1942).

dm s
— dd, = coS— 5
rae

. s
= K Sl —=
s R

[Tonnasn nonpaska o6patHoro asumyTta 6yaer

dAZ® = cos 4 dAy, — Rsin 4 cos An =4+ ddy,.  (5.33)

R

Tenepp auddepenuuansusie popmyas I poaa mosayuarcss corJjacHo
(5.21), ecan cnoxuts (5.25), (5.28), (5.31); (5.26), (5.29), (5.32)
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u (5.27), (5.30), (5.33) cooTBETCTBEHHO:

dB, = it cosldB, ~ B gs 1 WA pin S 44,
L} 2 2
dL, = g B, sin LB — S0 1
Cos A2| N 8 1
i N, cos B, R sin —R—dAlz +dL,, (5.34)
sinl (M . B e in Ay tg B
dAn = 20 (—N-‘ sin® B, + 4 cos? BE)dBI— b

+ COs “%‘ dAlg'“'“ R sin -;—' cos Ail thf‘é dA]_z.

§ 7. Muddepenunanbibie hopmyiibl BTOPOro poga

IlycTs KOOpAMHATEI HAYAJbHON TOUKH B L?, A?g H HEKOTO-

pofl TOYKH TPHAHTYJIALIHH Bj, L3, A3  BHIYHCACHBl 1A S/IHICOH-
Ie, nuMewllemM GoJbIIYI0 MOAYOCh @ H cxkartue oq. Tpebyercs mony-
YHTb HOBHIE Koopaunatel By, Ly, A, paccMarpHBaeMoll TOUKH Ha
APYroM 3JIJHICOMAE ¢ GOJIbIIOHE MOIYyOChIO Gy M CHKATHEM op. byaem
CYHTaTh, UTQ KOODIAHHATHI HCXOI{HOi‘f TOUKH IPpH nepexoae Ha HOBBIH
3JITUNCOR] He n3MensaTcsa. HoBble KoopauHaTH moJaydarcs po6abae-
HHEM K CTapPBIM KOODJAMHATAM HEKOTOPHIX NONPABOK, MNOJYYEHHBIX
B pe3yJbTaTe Iepexofa Ha HOBBIH 3JJAHNCOMA. DTH MONPaBKH HAf-
nem nubdepenuuposanuem Qopmyn (5.22) nas pasnocreidl Koop-
JIHHAT:

” cos 4 scos Ayg (1 —e®sin2 B /s
Oy =B =B g ey i~ Py et
o AR sin Am & ssin Alg(l — g2 sin? Bm)'/a 3
il it Neieog Bl = acos B, ’
c sin A, tg B ¥
180° + (Ay — Ap) =" =p” —A}_—ms 47 uin B
m

UnnexcoM m 0603HAUYECHB CPeJHHE 3HAYEHHS BeTHUHH MeEXIY
toukamu [/ u 2. Iudpdepenuupyem b”, I u t” no a u o

db’f.:_ g Alz (l — e*sin® Bm)1f2 rr
a(l—e?) A
da St oo 1 I 5
X[’T“‘“ (“ 5 Sin° By, [—esin’B,, 5 _ea)de 1

Bripaxas de yepea de 13 npnGanKeHHOTO YPABHEHHS
e ~ 20 (des = 2da),
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HONYUHM

- 3sin® B
A= brr{_d_a_ Ly ( 2 i jdo.’.:l. (535)

o _ p2cin?
a 1—eé 1 e\s:_an

GopMy/Iy MOMKHO YIPOCTHTb, €C/AH OMYCTHTH B 3HAMEHATENE 1 —e?
i 1 — e?sin B,,. 9To NpHBEIeT K IOTPeIIHOCTH 1opsiKa b”e?. Tlo-
JydaeMasi pH 3TOM TOYHOCTD (07,001—07,002) oGecmeunsaer me-
pPEBbIYMC/ICHHE KOOPIHHAT OMOPHBIX MYHKTOB TPHAHIYJIALIH. [Tocue
yxasaHnnoro ynpouienus: Gopmyaa (5.35) mpHHHMAaeT BHJ

A= — B [:“a"_ — (2—3sin? B,y) da]. (5.35')

Jlas 1OJTOTEL HMEEM
Al = ssin A

m pfr s
Fas
cos B,

g s h 1
l——;a(l —e?sin? B_ ) 2 sin? BmdeZ—(l — e?sin? Bm)2 da]

a2
1

ssind . (1-—esin® Bm)E [da sin® B, de? l

a5 = @ T 2(1—etsint By)

cos B, a
uaN, onyckas B 3HaMeHnartele 1 — e2sin? B, ¢ TOfl K€ CTENEHbIO To-
TPELHOCTH N0JdyYaeM

da i
dl" =—10 (7 - sin? Bmdoc). (5.36)

I asumyTa coriacHo (5.22) MOMXKHO HalHCATb
Ay —Ais 4 180° =t =lIsin Bn

i, auddepennupy,
dt = dl sin B;

pBoOAA 3Hauenns d/ us (5.36), NOJyYHM OKOHYATE/JIbHO

di" = —I"sinB,, (E{f— + sin? Bmda). (5.37)

Buimimiem Teneps Bee Anddepenuuansusie  Gopmyas II poxa
BMeECTe:

) [Eaﬂ — (2 — 3sin® B,y) da],

dr L (ﬂ - sin? Bmda), (5.38)

a

dhig = =1 (-d—a <L siftt B dcc) sin B,,.

a




FTABAG

HU3YYEHUE GUTYPHI
®H3UYECKOM MOBEPXHOCTH 3EMJIH
(10 MOJIOAEHCKOMY)

§ 1. MocranoBka 3apaun. KoopauHate To4ex
u auddepeduran Ayrd Ha (H3HUECKOH NOBepPXHOCTH 3eMJiK

C npuHUKMNHANLHOH TOYKH 3peHHs] BO3MOXHO MOCTPOHTH CTPO-
TyI0 TeOpHIO (QHIyphl (DH3HUECKOH NMOBEPXHOCTH 3eMJH UHCTO Teo-
MeTPHUYECKHM CIOoco00M B 3aMKHYTOM BHAe, He mpuberas K pasJo-
JKEHHIO B PSIb, YeM UIHPOKO TmoJab3yercd cdepoujgHyecKas
Teode3Hsl.

Ecan 6bpl B Kaxnoli TOuKe Obl1a onpejeneHa IpsMOYroJbHas
KOOpAMHATHAs CHCTeMa, OCH KOTOPOH HMEIOT BO BCEX TOUKAX OLU-
HaKOBO€ HalpaBJ/eHHe, HalpHMEp, ©ch 4 — I1apaJjeJbHO OCH Bpa-
uleHnsa 3eMiad, ocb X — lEpleHIHKYASIPHO, K' ocH Z B TJIOCKOCTH
HYyJIeBOTO MepHJHaHa, a ock Y —B IJOCKOCTH 3anaj — BOCTOK, TO
KOOPAMHATLL JIIOOOH TOUKHM 3@MHOIl TNOBEPXHOCTH B 3ITOH CHCTEME
MOXKHO Oblio 6bl ONPELENHTh METOAOM MPOCTPAHCTEEHHBIX 3aceyer
OT OLHOT0 HCXOMHOrO Oasmca, ONpPeNeasouIero JHHeHHBIH MacmTad.
TIpakTHuecku B KaxaA0H TOUKe HMeeTcsi CBOSI coOCTBEHHAs CHCTEMA
KOOpANHAT, 3aaBaeMas HalpaBJeHHEM OTBeca, MoITOMY JJs onpe-
IeeHUs MON0KeHHs JI000H TOUKH (PH3HYECKOH NOBEPXHOCTH 3eMJ/IH
HAJI0 YCTAHOBHTh CBfiI3b BCEX MECTHBIX CHCTEM KOOPAHHAT MEM1y
coGoll. JTa CBfA3L YCTAHABJAMBAETCH IBYyMs VYILJIaMH [OBOpOTA,
C TOMOILBIO KOTOPBIX HAIlPABJ/IEHHMS OCeHl HOBOH CHCTEMbl KOOPAHHAT
MOMKHO INPHBECTH K HaUpaBJeHHSIM TepBoil cucreMmsl (puc. 50).
[TpakTHueckn omnpejessiiorcsi aCTPOHOMHYECKHe KOOpIHHATHI, T. €.
BCErjla H3BECTHHl YIJIbl MEKAY OCAMH KOOPAHHAT H OChIO BpalleHHs
3eMan (MK TNJIOCKOCTHIO 9KBATOpPA) H OCLI) HYJEBOrO MepHAHAHA,
TaK 4YTO NPHHIHIHAJBEHO BO3MOMKHO CBEACHHE BCEX MECTHBIX CHCTEM
K €/IMHOH CHCTEME KOOD/HHAT.

Jlng omnpeleleHus TOJOMKEHHST TOYKH Ha (DH3NYeCKOH mMOBepX-
HOCTH 3eM/IH CJeAVer Mpexkae BCCr0 VCTAHOBHTL OTCUCTHYIO MOBEPX-
HOCTh. [IpHMeM 3a TAKOBYIO 3JIHICOHT BPall(eHHS

e s L e (6.1)

a‘.! b=
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IlpocTpancreennoe nosnoxenue toukn A(x, y, Z) Ha ¢usHye-
CKOM TOBEPXHOCTH 3eMJIH Ompefe]uM KPHBOJHHEHHLIMH KOODIHHA-
Tamu: H — BbicoTa Hax saqunconzoM (no mHopmMaan), B — reome-
3uueckas mupora, L —reoneanueckas goarorta (puc. 51). Takum

Z Pusuvecras
nobepTHOCTS Semms

Alz,y,2)HBL)

Pue. 50. Puc. 51.

06pasoM, MOXKHO CUHTATH, 4TO (PH3HYECKAS MOBEPXHOCTb 3eM/H
3ajaercs ypasuennem H = H (B, L). '

[TpsMoyronbHEle KOOPAHHATHL Xg, Yo, 2o JEAKALIET0 HA 3JIHNCOH-
Iie OCHOBaHHS oTpe3Kka [f ompenensiorcs coraacHo (2.22°) u (2.27)
thopmynamu

Xg=NcosBeosL,
Yo = N cos Bsin L, (6.2)

b? :
zy = —y Nsin B,

rae % %
N = = -
Vacos? B+ b%sintB ~ P (6.3)

— pajuyc CeYeHHs NUVIOCKOCTBIO IepBOro BepTHKa/a. Popmy.sbl me-
pexoma or KpHBOJHHEHHBIX Koopaunat f, B, L K npsiMOyroJbHbIM
X, Y, 2 7151 IPOH3BOJLHON TOYKH NPOCTPaNCTBA GYAYT

x=(N+ H)cosBcos L,

y:(A;j-H)cosBsinL, (6.4)
P (a—;N+H)sinB.

Haiinem temepn auddepeHnnan ayrd npoctpancTBEHHON KPHBOM
B KPHBOJHHENHOH cHcTeMe Koopaiuuat B, L, H. Ofuiee BbipaxeHHe

8 H. I1. Tpymunckuit
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auddepenuuana nyru Oyaer
o= [ (3 (G (2 + )+
o <[] () + (o 0o

TMoabsysck dopmyaoir (6.3) ana N, MOKHO NOJYUHTh BCIIOMOTA-
TeJbHLIE (POPMYILI

d ——(N cos B) = Msin B,

y (6.6)
=5 (-—NsmB) M cos B,

rae o603HaueHo
' qie b2

L LR
Tenepsb, umest 8 uny (6.4) u (6.6), HafizeM BCe HaCTHBIE IIPOH3-
BOAHBIE B Belpa:kenuu aunddepennnana Ayru

—003- = —(M-+ H)sinB cas L,

e e

T (M -+ H)sinBsin L,

az

7 = (M4 H)cos B,

—gi—z—(N-kH)cosBsinL,
(6.7)

%f— = (N + H)cos Beos L,

iz

aL

ax
JH

ay 5
=i = cos BsinL, — 0H = sin B.

=,

=cosBcosL,

BBoas 5TH 3H4uenus B Bhlpaxkenue AJd ds?, NOJAYYHM CJefyliouiue
3Hauenus KBajJpaTHLHIX CKOOOK paseHcrsa (6.5):

() (22 + (]~ ot
[(-‘%?)2 3 (%)2 T (-gf—)z} = (N -+ H) cos® B,
(o) + () + (&) ] = v
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Teneps Jerk0 MOAYYHTh AJAA ds? cleAyioLlee BbIpaXKeHHe:
ds? = (M -+ H)2dB? 4 (N -+ H)2cos? BdL? | dH*. (6.8)

Hanpasienue s1eMeHTa AYrH dS MOXKHO ONpeNeHTh TaKikKe 3eHHT-
HBIM paccrosiigeM Zz M asuMyroMm A, oTCYHTHIBAEMBIMH OT TeOLe3H-
YECKOTO 3eHHTA H MepHHaHAa,

[TpoekTHpys OTPe30K ds Ha KOOPAHHATHbLIE JIHHHH, TMOJYYHM

dscosz = dH,
dssinzcos A = dx = (M + H) dB, (6.9)
dssinzsin A = dy = (N + H)cos BdB,
OTKya
ds =V dH* 4 [(M + H)cos AdB + (N + H)sin Acos BdL}*. (6.10)

§ 2. Duddepenunanshpie Gopmyanl Aas nepexofa
K HOBOH cucTeMe KOOpAKHAT

INMoaoxenue xoopauHaTHoil cuctemsl X, Y, Z oTHOCHTEIBHO 3eM-
JIIT OIPeJeHTCA, eCJAH 3afaHbl IapaMeTphl SJJIHIICOHIa OTHOCHMOCTH
a u b, KoopAuHATBHl HCXOAHOH Touku By, Lo, Hy, 3aduKcupoBan
as3uMyT A OZHOTO U3 HallpaBJIeHHH, MKeCTKO CBA3AHHBIX C 3emei,
H VCTAHOBJEHa NapaJJenbHOCTb OCH b 3/JHNCOMJa TOJSIPHOH OCH
BpalleHns 3eMJIi.

3ajaHne STHX BEJHUHH YCTAHABJHBAET CBA3b KOODPIHHATHOMH
CHCTEMEI C TOYKAMH IIOBEPXHOCTH 3€MJH C TOUHOCTBIO [0 MaJbIX
H3MEHEHHI yTJIOB, BEI3BAHHBIX ABHIKEHHEM IOJIOCOB.

VcTaHoBUM CBf3h MEXJY H3MEHEHHeM NPAMOYTOJbHBIX H KPHBO-
JHHEHHBIX KOOPAMHAT H NapaMeTpoB sJunnconaa. s storo Hamo
npoauddepentnposate Gopmyant (6.4), cauras Bce BXoAANlHe B HUX
BeJHYHHBI ePeMeHHBIMH,

Kpome TOrTO, VUTEM NOCTYMATEAbHOE NEPEeMelleHHe 2JJHICOHAA
no ocam X, Y, Z na dxo, dyo, dzp H NOBOPOT OKOJNO TOUKH Xp, Yo, 2o
Ha Manble YIJbl € &y, €. Koopaunatel ¥, Y, 2, BblpaxKeHHBIE ypas-
nenusmu (6.4), cyts dyuxunu a, b, H, B, L, npuueM 3aBHCHMOCTB
or @ 1 b BHIpAXKAETCHd KOCBEeHHHIM o6Gpa3oM uepe3s N, a 3aBucu-
MOCTb OT B BhIpamaetcsi u HemocpenctseHHO M uepe3 N. ITostomy
a5 auddepennuana seanunnsl x=x[N (a, b, B), H, B, L] moxem
HATHCATh

ax aN dx aN
dx

ax N
N T

GN 8B
4% dB 4 SrdL.  (6.11)

—db 4+ — dB+ dH+

8*
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Ananornynble BEIPaXKeHHS MOXKHO NOAYYHTH Mas dy a dz. Bxops-
uHe B BHIDAaXKeHHe dx NpousBojHble Haiigem nuddepeHnupoBaHiem
tdopmyn (6.4) c yuerom pasencts (6.3) u (6.6)

ONZ Sh SN 2
W_2 . p—cos B —Q—(QN M-—cos B}
g oy da*cosBcosL—-daﬁcosBcosL ——MfCOSEB da,
N oa @
<ON. O abEint B
b= Pl
ox 2
- ab _ db — cosBeos L 2¥ dbfcosBcosLsm B
i db
= — Msin BcosBcosL—b—,
aIV a? 2 3 S
Wz_ﬁ-(&—az)schosB,
g; aN dB_COSBCOSL dB__coszBCOSLSIHB

X (bz—a‘*)dB_M “sin B cos? B cos L dB.

Beons 31u BhIpaxkenuss B paBeHcTBo (6.11), a TakKe yuHTBIBas
aerko noayhaemele w3 (6.4) mpomssoanwie x no B, L, H, nomyuum
Bbipaxkenue 151 AuddepeHuuasa NpsMOYroJbHOH KOOPAHHATHI X
B 3@BHCHMOCTH OT Juc(pepeHuualNos nojayocel sJjauncouna da u db
i AM¢depeHIHanoB KpUBOJIHHEHHBIX KoopanHaT df, dB, dL:

S
L ( 2N qa
a b2

cos B) cos Beos L da —

-—ﬂsm*BcosBcosLdb—y-M schoschosLdB -

b
4 cos BecosLdH — (N —f—H)sinBcosLdB—(N+H)cosBsinLdL=
= —(M -+ H)sinBcosL dB — (N -+ H)cos Bsin L dL +-

—&-éosBcosLdH-;—NcosBcosLEE+

- M51r12BcochosB(——~—) (6.12)

3ech HE YUTEHO nocTynaTte]bHOEe mnepeMelleHHe 3JJHICOHAa O
ocam X, Y, Z ua dxg, dy,, dz; U TOBOPOT SIJHNOCOUAA BOKPYD
HEKOTOpPOH (HKCHPOBAHHOH TOUKH Xo, Yo, 20 HA Majble VIV &,
g, €. K nmoayuenHomy snauenuio dx (6.12) nmago 106aBHTb 4ieHHI,

L]
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NpEICTaBASIONIHE 3TH NepeMelleHns ¥ noBopoTH. Toraa
dx =dxq+(y — y,) €. — (2 —2,)e, — (M -+ H)sin Bcos L dB —
— (N -~ H)cos Bsin LdL -+ cos Beos L dH -+

da db

-+ N cos B cos L—dg -~ Msin® Bcos Bcos L (T S 'T)‘ (6.13)

AnasornyHelM 06pa3oM MOMKHO TNOJYUYHTH Bhlpaxenus aas audde-
peHuuanoB dy U dz ABYX APYrHX KOOpJAHHAT:

dy = dy, + (z_zu)sx_"'(x*xo)sz_(AM+H)SillBSiHLdB~}»
4 xdL 4 cos Bsin L dH --N cos Bsin L%" -

+ M S,in'chosBsinL(ffﬁi — %), (6.14)
dz = dz, + (x — Xg) &y — (Y — Yo)e, + (M- Hycos BdB -+
-i—sianh’+-bpisinB-%E-—McosnginB(%ﬁ%). (6.15)

MozHo HanucaTh Takxe (OpPMYyJbl NpupalleHHii reoge3nyecKux
koopanuat B, L, H uepe3 mpupaumenus GOJbUIMX NOJIYOCEH H CXKa-
THs. g 3TOro BLINOJHHM cJaelyrolune npeo6pasoBaHus: YMHOKHM
obe uactn pasencrBa (6.13) na cos B cos L, paBeuctsa (6.14) na
cos Bsin L, a pasenctBa (6.15) #a sin B, cloXHM OTAEJBHO JeBbie
¥ NpaBbie YacTH NOJYYeHHBIX COOTHOWIEHMN W 0OpasyeM BrIpaeHue

Iy =dxcos Bcos L+ dycosBsinL 4 dzsin B.

IMoxo6ueiv o6pasom yMHOxKHM o6Ge yacTh pabencrBa (6.13) nasin L,
a paBenctBa (6.14) na cos L. Cioxus 06a NOJY4eHHBIX COOTHOLIe-
Hud, obpasyem

Iy = —dxsinL —dycosL.

Haxonen paseHcrBa (6.13)—(6.15) yMHOKHMM COOTBETCTBEHHO Ha
sin BcosL, sin BsinL u cos B, canoxum u oOpasyeMm

Iy = — dxsin Bcos L —dysin Bsin L 4+ dzcos B.

Beenem B Buipamenus [y, Iy, I3 3nauenus dx, dy, dz u3 (6.13)—
(6.18). Torna, uves B BuAY (6.4) u BBOAA 00O3HAUEHHSA

dxy + &42) — &,4, = dx,
dy, + e,%, — ex2, = dy, (6.16)
dzy I Exly — EyXy = dz, :

noayunm dopmydasl, onpefensouwue nuddepenuuan Kamaol KpuBo-
Junennolt koophunatsl df, dL, dB B 3apucuMoctH 0T auddepen-
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Ha 0B noJjyocelt syunconna da u db u nuddepennnalos npsmo-
YTrOMBHBIX KOOpAUHAT dX, dy, dz. Tak, gaa dH moayaum

cos Beos L dx + cos Bsin L dy +'sin Bdz =
— dH 4+ cos Beos L dx + cos Bsin L dy - sin B dz +

TR ER (db__éi)_
—;—Nda-,—a2N31nB-b— =t

g g :
= sin Bcos B (e, cos L — ey sin L).

!
i

s dL umeewm

—sinLdx +cosLdy = (N + H)cos B(dL —e,) + (6.17)
4 cos Ldy —sinL dx + z(e, cos L 4 g, sin L).

Ona dB umeem

~—3ginBeosLdx —sinBsin L dy + cos Bdz =

= (M -+ H)dB — sin Bcos L dx — sin Bsin L dy +

+cos Bdz— (M + N)sinBeos B(%L — 2

2

__Naﬂ;b sin B cos B%ﬁ—{—(pw{—f[)(sycos[, — e, sinL).

PaccMoTpuUM TOT cayuail cBA3H NpHpanieHua AuddepeHunanos Kpu-
BOJMHHEHHBIX Koopauuatr dB, dL, dH c usveneHueMm mapameTpoB
4 ¥ o 2JJUNConna, Korgd CHcreMa npaMoyroJbHhEX KOOPDIHHAT YKecT-
KO cBsizaHa ¢ 3ewmJeil. B stoM cayuae NpHpALICHHS KOOPAMHAT,
BO3SHHKIIHE OT TINOCTYyNaTeJbHbIX W BpallaTeJdbHbIX HEpGMEL[leHHf:I
3eMJH, paBHB! HYJIO, T. €.

ag =iy =—fz — ) e —s =g, ==} (6.18)

npu Jo00M npeoGpasoRaHUl KPUBOJIMHEHHBIX KOOPAHHAT.
IIpeobpasyem teneps Qopmynsl (6.17). M3 nepsoit opmy.s
(6.17), umesi B Buay (6.18) u (6.15), nonyuum

dH = dx, cos B cos L + dyycos B sin L 4 dz,sin B + % da-+
h2 db d
+;Nﬂﬁ4;—f)

@
3nech dxg, dyg, dzo— nuddepeninaipl KOOPAMHAT LEHTPA IJIJHII-
couaa ¢ HOJLLIOH NOJYOChIO (4 ¥ CKATHEM o IIPH TePexojie K HOBOMY
3J1IMNcouay ¢ OOJBLIOH MOIYyOChio a4 M cikaTHeM o da, db — Aud-
depennnans noayoceit, dH — nuddepenuuan BHICOTH.
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OT npupalleHds TOJAYOCEH JIETKO TepeliTd K OPUpPAULEHHO
cxKaTHA:
(SR e O e

Ega T i b

b RS a

Teneps nepsas dopmyaa (6.17) Gyner HMETL BHEA
dH = cos B cos Ldx; 4 cos Bsin L dyy -+ sin Bdzp+
+ 2 (a—a)+ L NsinB(a—7a). (6.19)

(DOpMleE‘l TOUHa A0 MaJblX BTOPOIro nopsiiika, TaKk KakK B noc/JeJHemM
yiene nonoxkeno afa=1. dopmysa gaeT M3IMEHEHHE HKOOPAUHATH
H npu nepexoje Ha HOBBIA 3JJHICOHA ¢ OOJLIIOH TOJYOChID @

H cKaTHeM o, CABHHVYTHIH Ha dXp, dyy, dzZy OTHOCHTEILHO SJJIHICOH-
Ia ¢ GOJBINOIH TOJIYOChI0 @ H cxkaTHeM . Axamornuno npeofpasy-
em BTopyio dopmyay (6.17):

dL (N + H)cos B = —cos L dijy + sin L dx,. (6.20)
Tpernst popmysa NPUMET BHI

(M -+ H)dB — sin Bcos L dx, — sin Bsin L dy, — cos Bdz, —

Qs 7o
—(M+ N)sinBcosB(d—‘f — Ebz)—— NE azb sin B cos B -%= 0.
B nocaenneii popmyie cienaem npeodpasoBaHue
da  db a .
e e
db _b—b__ a(l—a)—a(l—w) _a—a
b el e a(l—a) A

l—a
[Tonaras —— = 1, noayunm
5oy,

(M -+ H)dB = sinBcos L dx, -}-sin Bsin L dy, - cos B dz, +

+ (M -+ N)-~ sinBeos B(a.— &) + N £ sin Beos B 22°.

a

(6.21)

@opmyasl (6.19) — (6.21) naror npupalleHHs KpHBOJHHEHHBIX KO-
OpAHHAT TOYEK NPH NEpexoje OT 3JAJMNCOHAA ¢ GOJBIIOH NOIYOCHID:
@ ¥ CXATHEM ¢ K HOBOMY 3JIIMIICOHJY C COOTBETCTBYIOLIHMH Napa-

MeTpaMH a H o¢ 1 NEPEMECTHBIINMCA IIEHTPOM.
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§ 3. leojeanueckne MOCTPOEHHS MPH NOMOLLA NPAMbBIX
JUHHA (XOpA aaauncoupa)

Ilpu pemenun 3anau cepoHAHYECKON Te0de3Hd MPHXOLHUTCA
HMETb JeJ0 ¢ nocTpoennem (Guryp, neqHkoM JeKaumnx Ha chepou-
Jie, TouHee — 3JIIHNCcOHAe Bpamenud. [Ipy 3TOM NPHXOAHTCA MOJbL-
30BaThCA JIMHMSAME, TaKike JeXaUlHMH Ha 3J1JIUNCOMAE, OOBIUHO
reole3HYecKUMH JHHHAMH. Pelllenne reoMeTpHYecKHX 3ajad Ha
SJJUMNCOUAE BPALIEHHS BBIIOMHAETCS C [OMOLLBIO  3JIHITHUECKHX
dyuKuui, npeAcraBasieMblX B BHIE psijoB. B raasax 2, 3 MBI uMesn
BO3MOXKHOCTE B 3TOM yOenuthes. [IpH peleHHH OJHOH H TOH XKe
3ajlaul, HO MpPH pas3/IMUHBIX pasMepax 06JacTH, Ha KOTOPOH BLINOJI-
Hf€TCS pelleHHe, NPHXOAHTCH YIEPKHBATL PasJHYHOE HHCJIO YyJje-
HOB PasJOXKeHRH#d, YTO HPHBOAUT K HeoOXOZHMOCTH CTPOHTH AASA pe-
LieHHd OJHHX H TeX XKe 3a/1ay, Mo pellaeMbIX B DPasHBIX YCJIOBHAX,
pasunie ¢opmyas. [lpy usMeHeHMH JJAHH CTOPOH pellaeMbIX Tpe-
YIOJLHUKOB HacTO MEHseTcs He TOJbKo UHCI0 4IeHOB psijia, HO
H CTPYKTYPa QOpPMYyJb U JaxKe METOA NMOAX0/a K PelIeHHIo 3ajladud.

M. C. MosoneHCKHH IpeiJIOXKHI MeTOJ pelleHHs Teofle3H-
YeCKHX 3a[au MOCTPOGHHEM IJIOCKHX TPEYroJbHHKOB, COCTOSIIIHMX H3
XOPA 3JIMNcouaa. B 3TOM ciayuae MOMKHO NOJNYYHTH TOUMHOE peIIe-
HU€ 3aMKHYTOrO BHId B 3Je€MEHTAPHBIX (YHKIHAX. 3ajada pemra-
eTcs OJIMHAKOBBEIM METOJOM W C MPHUMEHEHHEeM OIHHUX U TeX' dopMyn
HE3aBUCHMO OT BEJIHYHMHBLI CTOPOH TpeyroJbhHuKoB. Takoe mocrpoe-
Hie pabounx GopMyJa yIpOoUlAeT KaK H3/J0MKEeHHe 'TeopHH 3afadd,
TaX W NPaKTHUECKOe pellcHHe ee, B OCOOEHHOCTH B C/Aydae NpHme-
HeHHs] BHIYHC/AHTENbHLIX MallHH.

Broipon ocHoOBHEBEIX GOpMYyJ AJS peHmieHHA 06par-
HOH TeoLe3sHuyecKOW 3ajaun. Mmeem nse mnpoH3Bo/bHBIE
TOYKH Ha MOBEPXHOCTH 3JjuHnconna My (xy, ¥y, 21) u Ma(Xe, Yo, 22).
Hanpapaenue orpe3ka npaMoil, COSTUHSIONIEr0 3TH TOUYKH, OIpere-
JUTCA HANPaBJAAIOUUMH KOCHHYCAMHE o, M2, Mg, 4 LJIHHA S12 GOP-
MY J10H

TR A | S s (6.22)

S —— 2 -
2 s Mys His

CoBMecTHM TJIOCKOCTh § = 0 ¢ MepuIMaHOM MepBOH TOYKH H IIe-
peiiieM K KpHBOJHHEHHBIM KOOpAHHATAM C MOMOLIBIO (opmys (6.4).
IToayunm

Xg— X; = Syolys = (N3 + Hy) cos Bscos Ls — (N 4+ H)) cos By,
(6.23)

Yy — U1 = S1aiyg = (Ng + Hs) cos By sin Lg, (6.24)

2y — 21 = Siollyy = (—Zr:- N, + Hﬁ) sin B, — (%2_- N+ Hl) sin B;.
(6.25)
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Boseenem npaBeie u Jeswle vactu atux YpaBHenu®i B Kpajpar
H C10KHM pesyabTarsl. [lomyunM Belpakenue mis1 paccrosinus
MEKAY HawmMu Toukamu M, M, uepes kpuBoJIHHeHHbE KOOPIHHA-
Tbl 3THX To4eK. Touxku M, M, sBasiorcs KoHmamn xopasl M Ms.
Hiuna s710it Xopasl paBHa

S?g - (N2 - HZ)Z cos? 32 -+ (Nl - H1)2 cos? B1 i
—2(N, + H,)(N1+ H,)cos B, cos B, cos L, +

5 2 s 2
= (_gf N, + Hz) sin® B, -i—(%— N1+H1) sin®* By —

A (—f}— N, + H,) (-Z—NI + Hy)sin Bysin B,

YroJa P MeXKAY KOOPAHHATHLIMH JUHHAMH H| u Hs MOxkHO onpe-
LeJUTDh H3 CJeLYIOUlero paseHcTsBa (puc. 52):
cos ¢ = sin B, sin By + cos B) cos By cos Lo,
(6.26)
Toabaysch 5THM COOTHOLIEHHEM, BBELEM B (op-
MyJay A8 St Bhipaxkenue cos By cos By cos L.
‘Toraa -

stz = (N, + H,) cos® B, 4 (Ny - Hy)* cos?B, —
— 2(Ny + HyXNy--Hy)lcos ) — sin B, sin B,]-+-

+ (—‘Z;Nz - Hg)-sinszlL(% N+ Hl)usin?Blu

Puc. 52,

i (_i_ N, + H:,) (%2- Ny + Hl) sin B, sin B,.

IlpencraBum cos? By u cos? By uepe3 cHHYCHI COOTBETCTBYIOLIHX Y-

JOB, TorAa OyaemM UMEThb

3%2 =(Ny+H P+ N1+ HP —2(N, Hy)(Ny+4-Hy)cosp —

Y (N:] “}- H2)2 Siﬂ?‘ B'Z s (e (J’VI IT H1)2 Sil"lz B]_ —’r—
+ 2(N, + H,XN, + H,)sin B, sin’B, -4 (%—2- N, + H.z)- sin? B, -

o (Z_Z N, + Hl)"sin% By (2—]\/1 b HE) (—f’ﬁ it Hi) sin B, sin B,

(6.27)

Boigenum oraeasno uiensl, comep:aumue b*/a%, 106aBHM K HHM
YAeHbl, CONEPIKANIKE BTOPHE cTemenu N:

=+ (N3sin® B, + N3sin® B, — 2N, N, sin B, sin B,) —
— N3 sin? B, — Nisin? B, 4 2NN, sin B, sin B, =
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Eopant Nz sin® B,

—2b—;—4TN1NasinBlsint_ b.ﬁa (N,sin B, — Nysin By) .

Boinnmem ocraBumivecss B paBeHctBe (6.27) uieHBl, 32 HCK/IIOYEHHEM
IepBLIX TpeX:

— 2N, H,sin* B, — H3sin® B, — 2N H  sin® B, — H% sin? By +-
+ 2(N,H, -+ N,H, + H,H,)sin B, sin B, + 2 N H,sin® B, +
+ Hisin?B, + 2 T; N, Hsin? By + H% sin? B, —
_2 (’27 Ho 2Ly, HIHZ) sin B, sin B, —
= 2N, sint B, (£ — 1) 4 2N,y sint B, (45— 1) 4
2N Hy (1 2 )sin By sin B, + 2N, H, (1 ) sin By sin B, —
= 222" (N, sin B, — Ny sin By) (Ha sin B, — Hysin B,).

OxoHYaTe/bHO MOJAYUHM (GOPMYJY s ONPELeIeHHS PACCTORHHs
MemAy Toukamu M (xy, ¥y, 21) u Ma(Xx, Ys, 22):

st = (N + H)* -+ (Vo Ho — 2N, - Hy) (N, + Ha) cosp —

al—b

————(N,sin B, — N,sinN,)® —

B

— 2% =% (N, sinB, — N, sin B,)(H, sin B, — H, sin B,). (6.28)

Onpenenum Hanpas/eHHe OTPe3Ka Syp B re0Le3HUYeCKOR rOpH30H-
TaJbHOH CHCTEeMe KOODJAHHAT, T. €. Yepe3 3eHUTHOE paCCTOSHHE 22
Hanpap/eHyust U3 IIePBOH TOYKH HA BTOPYKD M A43HMYT ILIOCKOCTH,
NPpOXoAALICH yepe3 0TPe30K Sz U Fe0Je3NdecKull 3eHHT B NIepBOil TOY-
ke. Paccmorpum cdepy exmnuusoro pagmyca (puc. 53). Cucrema
npAMOyrofbHbX Koopaunar X, Y, Z Bu6pana tak, uto oce Z Ha-
npasjena No ocH spamenus. Toukon M; oGo3HaueHo HampaBiIeHHE
TeOe3HUECKOro 3€HHTA B IEepPBOil TOuKe (X1, Y1, 21), My yKasbiBaer
HaNpaBJIeHHe HA TeoJe3HYeCKHil 3eHHT BO BTOPOH TOuKe (X, Y, 232),
Ajp — reofieanyeckuit a3UMYT HATPABAEHHS H3 TOYKH (X1, Y, 21)
Ha TOUKY (X, Us, 23), Bi, Bs— reomesnueckue mupoTsl Touek. M3
cepHUeCKHX TPEYroNbHHKOB HMeeM C/iefYIOUHe BbIDaMKeHUs s
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HanpasJasoliiX KOCHHYCOB:

cos (X/}.\\/Iz) = l;, = cos B; cos 2;, — sin B; sin 23, cos A4,
(6.29)

~~
cos (Y M) = my,y = sinzy, sin 4y,,

AN
cos{ZM,) = iy, = sin B; cos z;, 4 cos Bysinz;, cos Ay,.

D1 GOpMYJIbl BEHPaXKalOT HaNpaB/IsiollHe KOCHHYCH OTPE3Ka Sip
Yepes ropH3OHTAJbHLIE KOOPAHHATH: 3€HHTHOE pacCTOSHHE Zjp H
asumyr App. Paspemns dopmyast (6.29) orHocHTenBHO 213 M Ay,
noIyunM GopMyJIs 06paTHOTO
nmepexola, 7. €. OT Hanpa.-
JASIOMHAX KOCHHYCOB K TOPH-
B0HTAJBHEIM  KOOpPIHHATAM.
Jist 3TOTO MOCTPOUM BCIIOMO-
raTeapnyio Gopmyay: yMHo-
XKUB mepBoe  ypaBHeHHe
(6.29) na—sin By u TpeThe—

Ha cos By H ClOKHB, MONyuaeM X

sin 219 cos Ajg = nyacos B —
- 112 sin B] . h]2. (630)
Hanee yMHOMKHM NepBoe ypas- y

Henne (6.29) Ha cosB,, a
TpeThe — Ha Sin By U caomuM:

l]z CcOos B|+ﬂ12 sin B;'——-COS Z1o.

(6.31)
Hakonen, paspenus o6e yactu paBenctBa (6.30) Ha mys, NOJAYYHM

Pnc. 53.

719 COS B] == 112 sin By A il..].g. 2o, Ctg Alg_. (6'32)

fMyy M

Ypasuennst (6.31) n (6.32) cayxaT OCHOBHBIMH COOTHOLICHHSIMH
JJIs1 BBIDaXKeHHsI FOPH3OHTAJNBHBIX KOOPAMHAT 232 U A5 uepes Ha-
NpaBJsione KOCHHYCH npaMoit (ljg, myg, f19).

Teneps BBeneM B Gopmyay (6.32) 3HayeHHss HanpaBASIOUIHX
Kocunycos u3 (6.23) — (6.25):

b? ; b2
(32— Ny + HQ) sin B, cos By — ('a_z Ny -+ Hl) sin B, cos By

(Ny - Hy) cos By sin Ly

__(Nr_:—!—HE)COSB‘ZCOSLESiHB1+(,’\/1+H1)C03315in31 633
(N - Hy ) cos By sin L, . (6.33)

ctg Ay, =

Ipeofipazyem uucauTendb, KOTOPHIH oGo3naunMm uepes [. Crpyn-
nHpyeM ujelbl, codepxamue ortHomenne b?/a® u xosddunHeHTH,
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CTOsINle TIPH ITHX OTHOLIGHHAX, NpuUdyeM A00aBUM H BHIUTEM 4YIEH
Ny sin Bs cos By:

= (Eg— = )NgsinB.zcosBl—(—g; — I)leinBlcosBl+
-+ N, (sin B, cos B; — cos B, sin B; cos L,) +

-+ H (sin B, cos By — cos B, sin By cos L,).

Bgonst mpeoOGpa3oBaHHBIM uHCIUTeNb B Bbipaxenue aaa ctgdj,
(6.33), moayunm
ctg Ay =

112—52

Gar T (N, sin B; — N, sin B,) cos B,

: sin B, cos By — cos B, sin By cos L,
(N, -+ Hg)cos Bysin L, cos B, sin Ly v

K uncanTento BTOPOro ujieHa no0aBuM M BbluTeM sin Bjcos B;. [lo-
AyYHM :
ctg Ay, =
U2mb2
a2

(Nysin By — N, sin B,) cos B; N (B = By
(N, + H,) cos Bysin Ly " Cos Bysin L,

+sin By tg 22
(6.34)

Mensist MectaMu HHAEKCH, NOAyuyuM Gopmyay nis o0paTHoro azu-
MyTa, T. €. a3uMyTa XOpAbl Sg; OTHOCHTEJIbHO TE€OAE3NHUeCKOro MeEpH-
Anana ¥ reofle3HYecKoro 3eHHTa BTOPOI TOUKH:

ai’__ b2
——— (N,sin B, — N sin By) cos B,

a‘.‘
Ctg A'ZI PR (Nl __l_ Hl) cos B, sin Lg —
sin (B; — Bs) ; I,
— S EanT —sinB, fg5-  (6:39)

Popmyast (6.28), (6.34) u (6.35) nawor peteinne upaAMoi 1 06-
paTHON reojie3MuecKHx 3ajau HpH JwObHX Buicote H u  gaaxe
XOPJHL S.

Ecau ote toukn M; n M, nexar na NOBEPXHOCTH 3J/IHICOHMAA,
a OOBIYHO TeojesHUecKHe 3ajJaud peumarwTes JAJsS Takoro cayyad,
10 H) = Hs =0 u dopMybl peureHys reoJe3nyeckux 3afnav aHaun-
TeqpHO yhpomatoored. Jis AAHHBL XOpAsl M3 pasenctsa  (6.28)
TOJIYUNM

siz = Ni+ Ni — 2NN, cos —-“4;!’4 (N,sin B, — N;sin B,)?
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HJIH, 100aBHB H Beiuts 2NN,
sta = (N1 — N,)* — 4NN, sin? L C =By sin B, — N, sin B,).
(6.36)
P

Bripaxenue pas sin®--noayuny us (6.26) s suze

B
sin? — "[’ = sin?® 22 * 4 cos B, coqusmsz

I asumyros A1z u Ay uMeeM cienyioiine 1Ba paBeHCTBA:

ol 42 A 3

: (Nysin B; — Ngsin B,) cos B

ctg Ay = N cos Bysin L,
g sin (B, — % Ly
] —--—~—mS AT -+ sin B, tg s 6:87)

s o
—=— (Nysin By — Ny sin By) cos By
ctgdyy = — at

Njpcos Bysin L,

__sin (By— By)
cos Bysin Ly

—sin B, tg =X, (6.38)

Tak kak oGe Toukn M (x1, yi, 21) B Ma(xi+Silie; y+Siomia,
21-FS1o712) J€KAT HA 3JAJIHIICOHJAX, TO HX KOOPAMHATHI YACIATBO-
PAIOT YPABHEHHIO 3AAUNCOHIA

X3 \2 Ty e oz
(al) (t:) t(b) 5

A 2! Y1+ S1amia\2 | (21 §15m9)\2
( alw) ( @ Z)T(l 0 1)_1'

BoiuTeM H3 BTOPOTO YPaBHEHHA MEpBOe:

o

1 mi e e T it o Zean
S12 ( £ + 12 4 i)) + 251‘-’( 1;21_ e yl'a”zl" 5 % 1{;:2) =0.
N

a=

Bwmecro KOOpAHHAT X, Yy, 23 BBEIAEM KpHBOJKHHEHHb\Q KOOpARHaThl
B], L1 H3 (6 2)

i
s (B  miy ad)
1 g e R )

L
iz 25121\‘,1( cos By cos Lily, 48 cos By sin Lymi, i o= Sin Binig )

a? a* b*




126 M3YUEHHUE $UTYPhl ®H3UUYECKON IOBEPXHOCTH BEMJH ITJ, 6

K JeBoil 49acTH mOc/deAHero paBeHCTBa A00aBHM H  BLINTEM
2
n3,5%,/a*; nonyuum
5 g 2 2 o 2
1 my: 1y 1 it 2__p2
& b Mg + 14y ”12_”12\:5 e 2 b a2
12 a2 i o az/ 2 1 o]

Tak Kak OTcYeT IOJroT HAET OT MepHAHaHa MNEepBOi TOYKH, TO
Ly =0. B atom cayuae ypaBHeHHE NPUMET BHA

51.2(1 N kg 1132) — — 9N, (cos Byly, -+ sin Byny,).  (6.39)

’

b

Wwmes B Buay (6.31), nonyuaem

2 — h2
sh.(l Y s ni) _ 9N, c08 255, (6.40)
1 a2l sy E Bl
BBojas obo3pauenne TV_I(I - e ”12)*,?;2’ (6.40) 3anuuieMm B
BHIE
s b1
€08 21y = — 55— (6.41)

Ilpu s;3—>0 Ry cTpemMuTCcs K pajuycy KPHBH3HBI CEUSHHs SJAHI-
COHJla HOPMAJbHOH MJIOCKOCTbIO, MPOXOAAIIEHl Hepes XOpAY Sip M

rouxy {(x1, ¢1, 21}. Tax KaK fija = — Nar, U3 (6.40) moayuaem
cosziy N, ' 4
coszy - Ni (o)

[Moawaysick (6.24), (6.29), (6.42) u noMHs, HYTO R==—f2y,
noayuum (GOpMYJay, KOTOpasi CBSISbIBaeT KPHBOJMHeHEIE KOOpLHHA-
Thl KOHIIOB XOPAbl 3JJHICOMIA C ee Teo/Ie3HYeCKHMU rOpH30HTA/b-
HBEIMH KOOPIHHATAMH (212, Agp):

JV._! sin Bl -+ N, sin Bg g€ ! 1 4
Nl Ctg A'_vl AT Nz ctg Al? e Bl tg 212 A AI-Z. (6' 3)

OGpaTHas Teojesnueckasi 3ajaya, Kak yxKe QOpMYJNpOBa/lOCH
B I'aBe 3, COCTOMT B TOM, uTo TpebyeTcs ONpPELeJHTb PaccTosfHle
MEXAY ABYMSI TOUKAMH M A3HMYyThl HanNpaBJeHHil OT MepPBOi TOUKH
Ha Bropyio (Aig) n HaoGopor (Ag;) npH H3BECTHRIX KOOPJAHHATAX
ToyeK. B paccMarpHBaeMOM cilyyae pelieHHsl 3ajaud 1Mo XopaaM B
KauecTBe PACCTOSHUS MPUHHMAETCH, OYEBHAHO, OTPE3OK INpPAMOH,
COCNMHSAOUINI 066 TOUKH M SBJIAIOIMICA XOPAOH 3/MHICONAA.

Peurenne 3anaum naercs HemocpeactBeHHo Gopmynamu (6.28)
A5 AJMHB S XOpAbl U asuMyToB (6.34) u (6.35); ama cayuas, Korna
TOYKA JIEKHT HA TNOBEpPXHOCTH saauncomnia,— dopuynamu (6.36)
ana s u (6.37) u (6.38) nas a3uMyTOB.
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§ 4. Pewenne npsiMoil reoie3nyeckoi 3amauu

[lpamag reomesnueckasi 3aJadya COCTOHT B HAXOMKIAEHHH KOOp-
auHaT Bg, Lo, As TOYKH IO H3BeCTHHIM KoopauHatam B, L; A
HEKOTOPOH HCXOJHOH TOYKH H PAacCTOSHHIO MeXIY ITHMH TOUKAMHE.
OTa 3a1aua pellaeTcs IpH MOMoIIM TeX Xe GOpMYJa METONOM Mo-
CA€I0BATEIBHBIX Npub/IMKeHHil. KpoMe TOro, ykameM H Hemocpes-
CTBEHHLI MyTh PelleHuss mpsAMOH 3ajaud AJd caydas TOYex, Jexa-
HIMX Ha 3JIHNCOHTE.

Hz ¢opmya (6.23) n (6.24), pazneaus MepByI0 HA& BTOPYIO H
pMesi B BHLY, uTo f = 0, noiyuum paBHOCTB JOJITOT

Lin N cos By N, cos By llo
=ctgl, ———F, ctgl,=-—+1— 6.44
Mis gL, MygS1a £ M1512 + ( )

Beena B (6.44) 3HaueHus HANPABAHIOUIMX KOCHHYCOB (143 6:29).
BbIpa>KeHHple Yepe3 HIHPOTY H 3eHHUTHOE paCcCTOdHHe 212 HampasJ/e-
HHS Sy2, NOJAYUUM

eteili = I (N‘ s B‘ -+ cos B, ctg z,, — sin B, cos Aln). (6.45)

= sin Ay S1s Sin 2y,

Jas onpenenenus pasHOCTH umpOT ymHOoKUM bopmyay (6.24)
Ha — sin By cosec Ly, a (6.25) —Hua ?-coq By u c1oxum. B peayssn-

TaTe HAXOAHM

— N, cos B, sin L, sin By cosec L, - —N‘,smB2 == cas B, —
PN in B in B Ls & cosB
— —5 V135 COs B, sin By = — 3, sin By cosec L, - s1af1, 77 €08 By

[Tpoussoas npeoGpasoBanns, no’nvnmm

sin B
N,sin{(B, — By) = N,sin B, cos B, —{— rrl,sh ROS B e Ll 585

B stoii hopmy.e samennm Ny cos By Boipaxenuem u3 (6.44)
Nycos By = mss1pctg Ly — 519049

H BHeceM 3Hauenus ljp 0 myp u3 (6.29). Torna

Nysin(B, — By) = my,sy,ctg Lysin By —

s a2 sin B
— S15l15 500 Bl“!—sl:!Tﬂ' My, COS By — ml"slzsle e

=il (sin 23,81 Ay, sin By ctg L, — cos B, cos 24, sin By +

sin

; B,
-+ sin® By sin z;, cos Ay, + nl, cos B, — SHES sinzy, sin Au)
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Bropofi u Tpernil uneHs npaBofl yacTH npeobpadyeM Cleiyio-
L1HM 00pasoMm:

— sin B cos 215 cos B, + (1 — cos? B) sin 21, cos 413 =
=— cos B, (sin B, cos 2;3 4 cos B; sin 215 cos A1) + sin 212 c08 A==
= — ¢0s Bin;s -+ sin 212 cos Az,

Teneps
. Siaf . : :
sin (B, — B) = “,V—‘z (sm 219 5it Ay, 8in B, ctg L, 1~
: a— b sin B, sin 2y, sin A,
-+ 81N 235 €08 Ayg + ~—55— 13, €08 By — ST s
MU

. S1o .
sin(B, — B,) = ,;,2 (sm 21908 A1s —

— sin Ap,sin Bytg 22 + E e s cos Bl). (6.46)

3nauenus cos 2z U nyp onpegensiiores no Gopmynam  (6.29) wu
(6.40) meroaom mocael0oBaTeJbHBIX NPUOIUKEHHH.

§ 5. duddepenunanpipie GopmMyast NpaMoi
# o6paTHON reofe3Mueckux 3ajpay

Huddepenunanpunie Gopmyast crpoarcs AJ4s TOTO, HTOGLH MOXK-
H0o ObIJI0 HCOPAaBUTL pPe3VIbTATH peIleHus e0je3HdecKoll 3agadn
IpH MaNnoM H3MeHeHMH MCXOUHBIX JaHupX. Huddepenunanshoie
dopMyasl 06paTHOH 3adauu HAOMKHBl AaTh NPHPAUleHHR IJHHBL H
43uMyTa, BOZHHKINHE B Pe3yJabTAaTe MaJLIX H3MeHeHHH LIHPOT H 10J-
rotr. Ou4eBHAHO, YTO HCXOAHBIMH A/ BeBOAd AHGDepeHnHaILHBIX
dopmMys o6parHOW 3aJayd AOJIKHBL ObITh YPABHEHHs, peliaiouiHe
3Ty 3ajaqy. Qus moaydendst nmpepamenuss LIHHE ds npoauddepen-
uupyem (6.38) B mpenamnonoKeHnn usMensieMoctH By, Bp, AL. 3o
audepenunpoBanne ¢ nomoubio (6.36) u ¢ yuerom (6.34) u (6.35)
DNPHBOAUT K opMmyJie

-gﬁd—z. — NN, cos By cos B, dL &= M,N, cos By ctg A,,dB, —
e N2M1 COS 32 Ctg Aldel
nnu

ds = N;cos By sin A2dL — M, cos A5 sin 219dB —
— M; cos Az sin 294 B;. (6.47)

Hasa noayuwenns npupawenus asumyta npoanddepennupyem (6.37)
H nocae npeoGpasoBaHuil, BhOAHEHHBX € yuetom (6.23)—(6.25),



§ 6] ONPEAEJEHHE BBICOT 129

nojyyaem :
ssin z
— 24, = — (M, scoszy,)dB, -

sin Ay,
cos By 02 — B2 nyos .
- Mzcos Bﬂ(1 R R SN S o Bg) dB,
az—b2 I-z-[ I

Y N2 COSBI (Ctg A'Zl i -""-"'b"j"“" n]g] lngz) dL- (6,48)

®opmyasl (6.47) n (6.48) pewaior 3ajauyy BBelEHHS IONPAaBOK B
PACCTOSIHUST U HanpaBJeHus (a3uMyT), BO3HHKAIOUIUX BCJEACTBHE
HaMeHeHna Koopaunart. Popmyna 1Jsi 0OpPATHOTO asuMyTa IOJgyua-
ercs U3 (6.18) myTem nepecraloBKH HHIEKCOB.

Huddepernnannusie GopMyabl NpsiMOH TeofAe3NUECKOH 3amgau,
JA0NlHe NPUPaNeHHs KOOPAHHAT TOUKH, BO3HHKAIONIHE BCIENCTBHE
H3MEeHEeHHs] KOODAMHAT HCXOJAHOH ToYKH, noayudaiorca u3 (6.47)
u (6.48), ecaH ux paspemuTbh oTHOCHTebHO dBy it dL,.

§ 6. OnpeneneHue BbICOT

{IpeBbilieHHsI OJHON TOYKH Haj APYroil onpeiensiores ¢ Tmo-
MOUIBIO TEOMETPHYECKOTO0 HUBEINPOBaHHs. YcTaHOBHE B Touke C
HUBEIHP TO YPOBHIO H BH3HPYS HA DPERKH, VCTAHOBJIEHHBIC B TOUKAX
A n B (puc. 54), noayuaem
npesbllieHne Toukn A Hax B |
HENOCPeACTBEHHO 110 PAa3HOCTH

oTCueTOB Ha pefikax a— b. ;gg;;ffggg;z
Takoe npeBbunense a—>b | \a b| e S
Ha3LIBAETCH  3JCMEHTAPHBIM e

HUBEJHUDPHBIM  TIpeBbIIICHHEM

; 1 a4

Ah. Oxo onpelenser 3JeMeH

TapHOe INpHpalleHHe BhICOTEL

OTHOCHTENLHD  YDOBEHHOM MD: ==L Ypobennus
BEPXHOCTH, TPOXO/SIICH Yepes Gl
TOYKY CTOSIHHSI HHBEJHpa Ha Puc. 54.
(hr3uuecKoi NOBEPXHOCTH

3emau. Ecni uuBenHp yCTaHOBHTL He 10 YPOBHIO, a 1o HOpMaJH
K 3JJIHICOHILY OTHOCHMOCTH, TO OTCUeTHl OYAYT APYTHMH H HX pas-
HocTh @’ — b’ ma Toit e peiike nact BeanuHHy AJ] 371€MeHTApHOIO
npHpauienns BLICOTH Hajl pedepenn-saaunconson. Oba sTi npesul-
mwenust GYAYT OTHUATBCS Ha cyMMmy orpeskoB aa’+bb’. ¥Yroa &
MexAy JHHHAMH ab u a’b’ ecTh yK/IOHEHHe OTBeca B NJIOCKOCTH
yeprexka. QueBnaHo, uto Aauna orpeska aa’ + bb’ = OAl (¢ Tou-
HOCTBIO 10 KBaapaToB ¢). Moo 3anucarthb

Ah— AH = GAL

YxaoHeHHe oTBeca U B JIaHHON TIJIOCKOCTH MOKHO BbIPasHTb
uepes YKJAOHeHHe oTBeca & B IINIOCKOCTH HauyajbHOTO MepuimuaHa,

9 H. I1. T'pymnAnckuii
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N B ILTOCKOCTH MEPBOTO BepTHKAJa H a3uMyTa paccMaTpHBaemoil
[JIOCKOCTH
= Ecos A + nsin A.
Torna
AH = Ah— (EcosA + nsind)AlL (6.49)

@opmyJ/ia yCTaHABJAHBAET CBA3b MEMKIY 3J1€MEHTAapHbIM HHBEIHP-
ILIM NPCBBILICHIEM W TIPHPAlleHHeM BBICOT OTHOCHTEILHO 3J/LIHI-
ceuda otHocumoctd. M3 atoit dopMynsl BHAHO, 4TO Npupaule-
M€ BLICOT TOYEK (H3NUECKOH MOBEPXHOCTH 3eMJH HaJ 3IJJIHI-
COMiOM MOMHO MOJYYHTb C IOMOLIbIO TEOMETPHYeCKOro u
ACTPOHOMIIYECKOrO HHBeaHpoBanus. IlepBuiit uien dopmyasl Ah
NnoJyyaeTcsds U3 reOMeTPHYECKOrO0 HHBEJHPOBAHHSA, BTOPOH €CTh BHI-
paxKeHye M3MCHCHHSI BBICOT 34 CUET YKJIOHEHHH OTBECHBIX JIHHHIA,
NOJYyY4eMoe ¢ IIOMOILbI0 ACTPOHOMHYECKOT0 HHBEIHPOBAHHS.

Jdng uyakros A u B, yaaleHHHIX Ha KOHEYHOE PAaCCTOSHHE
Zpyr ot npyra, dopmyaa (6.49) moker ObITh 3alHcaHA TAK:

Hy— Hy— | dh— {(Ecos A + nsinA)dl. (6.50)

AB AB

§ 7. Pepykunonnas 3apaua

Kak yxe ropopujaoch B riase 4, Bce H3MepeHHBIC Ha (usuge-
CKOH TOBEPXHOCTH 3€eMJ/H 3JeMEeHTbl IOJIKHB OBITH OTHECeHbl Ha
MOBEPAHOCTD OTCYETHOrO 3JJIHICOMIA, T. €. HOMKHBI OBITE PejyIlH-
poBalLl. PepynupoBaHHIO MOAJekKAaT asHMYTHl HampaB/eHHH, 3e-
HHTH)LE PACCTOSTHAS M JIHHEHHBIe H3MepeHHs: Ha Oasucax.

Has nonyuenus GOPMYJL PEAYHHPOBAHUS AZMMYTOB BOCHO/b-
syemcst dopuyaoil (6.34), BhIpaxkaloumel asumyT, H obpasyeMm pas-
HOCTh KotaurencoB asumyrta npu H = H u H = (. Bocnoasayesmcs
U3BECTHLIM 1PHrOHOMETPHUECKHM COOTHOUIEHHEM

in[Ars (H) — Ay, (0
ctg Ay, (H) — ctg 4, (0) = — S35 ((H)’ = Am{(o))‘ :

C npyroit cropoiisl, u3 (6.34)
ctg Ay, (H) — ctg A1 (0) =
srghas [(N1 sin B, — Nysin B,) cos By (N sin B, — N, sin B,) .cos B,]

gl (N, + H) cos B, sin L, = Nycos Bysin Ly
[Mocaepnne asda 4icHa BbipamenHs (6.34), Kak He 3aBHCsLIHe OT
BBICOTBI, AAI0T B PA3HOCTH HYJb. I’Ipyxpam—[usaﬂ npaBble 4acTH ITHX
YPaBHEHHIT, TOJYIHM

sin [Ay, (H) — 415 (0)] =

a® b H cos By sin Ay, (0) sin Ay, (H) ] N, sin B; — Ny sin Bg]

aZen N Ny +H 3 cos By sin Ly
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st BeiBoLa peaykiud Oasuca 3a Bwicoty H Bociogbzyemcs
Gopumyaoit (6.9). Hannmewm Brolpamenpe agast pud@epennnansa ayri
no (6.10) nansa cnyvas H = 0. Tak kax, peAyuHpys Ha 3JJHNCOHI,
Mbl 110J1b3YeMCs OPTOIOHAJNBHON IpoeKUuHell 3J4eMeHTa JyrH ds ua
3JAUnCoU A, TO sin 2 = 1. Taxum oGpazowm,

dse=M cos A dB + N sin A cos B dL
HJIH, HpefcTaBass dSy KaK paszHocTbh dSsinz HepeaylHpOBaHHOTO

3HAYeHHs! NPOEKIHH dS Ha YPOBCHHYIO TOBEPXHOCTh Ha BhIcoTe H
Il IOTIPABKAK 3d DELVKIHIO, MOIYUuM

dsp = dssinz— H(cos A dB -+ sinA cos B dL)=dssinz— H dy,

rae dip— yroja MexJy KOOPIAHHATHBIMH JHHHAMEH [, Tpoxoasuiu-
MH Yepe3 KOHILbl 0Tpe3Ka ds.

T ~

g"



TJACTH BTOPAYH

FTPABUMETPHYECKHH CIIOCOb -
U3YYEHHUA ®UTYPbI 3EMJIHU

3emus 00pasoBagach U NPHHSIA CBOIO (GOPMY MO BO3ACHCTBHEM
CHJBL TArOTeHHA. B Hall Npegmer He BXOAHUT PAacCMOTPEHHe TIpO-
necca obpasosanus 3emau. [Toayuuaach JH oHa B pe3yJibTaTe KOH-
fcrHealtnn o6yiaka XOJ0AHbIX MBIJIEBBIX YACTHI[ ¢ MOCAeRYIOHM pa-
30TpEBOM, HJAH H3 TCPAYero rasa, Wik faxe Obljla BhIpBaHa OJH3KO
NPOWeIIUUM IprbuTHPYIOUHM TeaoM M3 Heap Connna,— BO Beex
caydyasx HMeHHO TpaBuTaldsg Oblia cuiaoi, oGpasosaBuielt 3emaio
H NpEjasiliedl ed coppeMeHHyio dopMmy.

Ha Oonee mosgmem srame, korga 3eMJst yiKe CylleCTBYer Kak
HeOecHoe Te/10, HMEHHO TPaBHTauUMs ompefesaser ee ¢GopMy, B oc-
HOBIOM OJIHM3KYI0 K 3JAHICOHAY BpalleHus, H B 3HAYHTENbHOH CTe-
MEeHH OTK/JIOHEHHS ee OT 3TOH OCpeLHEeHHOH (OpMbl: BO3BHIIIAIONIHE-
¢ KOHTHLEHTbl M TOPHblE OOJACTH, 3AIMOJTHEHHBIE BOJOH BIIaJHHbI
mopeft. CiTé TAMKECTH YOPABJAET NMPOLECCAMH, NPOTEKAIMHMH Ha
NOBEepXHOCTH M B Heapax 3emuu. OueBuano, uto, H3ydas CHIAY TH-
HKECTH, Mbl MOXKEM H3YUHTh (urypy 3emiau u oOBACHUTH OCHOBHHIE
ueprTll ee, a Tak¥kKe MOHATL MHOTHE MpPOIECCHl, NPOTeKaloIlHe B ¢e
Heapax.

OcCIIOBEl TPABUTALHOHHONA TEOPUH (PUrypbl 3eMJIH GBELIH 3aJ0MKe-
bl Knepo, ncxoauBmmMm H3 TeopHH HbIOTOHOBA moTeniuana. Teo-
pus Knepo mpueoant Hac K noHATHIO oOmel Gopmel 3eMan Kak
3JIJIHIICOMIA BpAllleHUsl MJH, jJydyllle cKa3aTh, chepouzia.

Jast yao0CTBa TEOPeTHUECKHX, a TaKKe M I[PaKTHYeCKHX IO-
crpoewiit, 3afauy usyyeHus dopmbl 3emaH pa3GUBAIOT Ha JBe Hac-
TH: onpenenente o0llero 3eMHOro cdepoupa M H3yyeHHe OTKJOHe-
HUH YDOBeHHOH NMOBEPXHOCTH CHJBI TSKECTH 3eMJH, TaK Ha3hl-
BAGMOT0 [E€0MAA, OT 3TOro cheponna. B rpaBuTallHOHHOM IMOJIe 3TO
COOTBETCTBYCT HOpMa/JbHOH ero yacTi u anoManusaM. Ilepas 3ana-
ya Obla peilleda, Kak yxe ckasano, Kiepo, Bropas mocraBieHa H
perneria CTGKCOM.

Onnako peanbnas @uaHuecKas H/IH, KAK 4aCTO TOBOPAT [EO/OrH,
JAHEeBHasi NOBEPXHOCTh 3€MJIH QTJIHYAETCSs OT YPOBEHHOH MOBepPXHO-
CTH HJH Teon/a CYUlecTBeHHO O0oJibllie, ueM 3TOT MOCJAeLHHH OTJ/IH-
yaercs or odulero 3eMHoOro ciepouia. 3ajgada H3yyeHHA (HLYPLI
peasnbHol 3eMiu, Koraa noj ¢Gurypoil 3emau TMoHHMAeTcs ee (H-
3HYeCKasl IOBEPXHOCTb, NOCTABJeHa M pellieHa BIOJHE CTPOro
M. C. MonoAeHCKHM.
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B Takoil ke NocJel0BATeJbHOCTH H3J0KEeH MaTepHaa B 3TOfl,
BTOPOil YACTH KHHTH: HOPMaJ/bHOE IPABUTALUOHHOE MOJe H OO
3eMHOi cdepou], 4HOMAJHH H reouj H (H3HYECKas MNOBEPXHOCTD
3emsn. Ho rpasurannonnyio Teopuio Qurypsl 3eMau Heab3s pac-
cMaTpUBaTh COBEPIIEHHO HE3aBHCUMO OT reoMeTpHUYecKoH, Tak xe
KaK ¥ reoMeTpHueckas Obuia Obl HemosaHOH Ge3 rpaBHMETPHYECKOMH.
Hsyyenne CHJbl TSKECTH jaeT Bce HeoGXoauMoe A/ IMOCTPOCHHA
dopMBI, HO He obecrmeyuBaeT MacmrTad 3TOr0 MOCTPOEHHA. Teomet-
pHYeCKHIl METOA AO/KEH JAaTh BeJHYHHY 3JUIHICOHAA OTHOCHMO-
CTH — eT0 GOJBIIYIO MOJYOCh, TPaBHUMETPHYECKHH XKe MeTOx Heo0-
XOJMM [IPH ONpejeleHHH BbICOT (hU3HUECKOH NOBEPXHOCTH 3eMJIH.

I/ISMepHEMOE YCKOpeHHe CHJIbI TAKECTH ge= B JIO3BOJISIET

ofecreunTh onpeeaeHne GoJpIIOH MOAYyOCH @ 3eMHOTO 3J/IHIICOHAA,
OMHAKO NPH 3HAHMM APYrofl Beamunubl fM MM, MOCKOJBKY IpaBh-
TaNMOHHAS TOCTOSIHHAS | M3BECTHA 3KCIEPHMCHTAJBHLIM TYTEM,
vacesl Semau M. CoueTaHue reofe3nyecKux MaHHBIX, Koraa a o-
peJessercs reOMeTpPHYECKHM METOAOM, H IPABHMETPHUCCKHX, Adl0-
X SKCIEPHMEHTAJIbHO 3HAYEHHs g, NO3BOJIAET ONPEACAUTH MACCY
3eman M nmu npoussenenne fM,— Tak Ha3bIBaEMYIO CTOKCOBY KOH-

CTAHTY.

FTTABA 7

HCTOPHUS PASBUTHUA TPABUMETPUH
H TEOPUHU $UTYPblI 3EMJIW B POCCHMH

§ 1. Upen JlomoHocOBa O npHpoje THTOTEHHSA

Bonpochl 3eMHOTr0 MNPHUTSKEHHST W H3MEPEHHsSI ero BOJHOBAJH
Hay4yHyl0o Mblcab B PoccHH Ha caMBIX paHHHX CTagusX DPas3BHTHS
poccuiickoii Hayku. Onum OBIIH TpPEAMETOM HCCJAeI0BAHHH TONBKO
yto obpasosannoii Akaaemuu. DBobllioe BHHMaHHe YIeIHJ 3TOH
npotaeme M. B. Jlomoxocor (1711—1765) — oanH H3 yAHBHTENb-
HbIX T€HHEeB 4YeJIOBeyecTBa, MPO3PeHHd KOTOPOro 4acTo' omeperalH
CBOE BpeM#d Ha MHOTO IECHTKOB JeT.

Cospemennuk Herorona JlomonocoB B cBoeit paGore «3aMeTKH
O TSIKECTH Tesd», HANHCAHHOH B COPOKOBHIX rogax 18 Beka, BbiCKa-
3plBaeT paA rayGokHX (QHI0COPCKUX 3aMedyaHHH 110 BONPOCAM CIJIBI
taKecTH. OH TOBOPHT, B UYACTHOCTH, UTO <TSKECTh MOKOSLIErocs
TeJla €CTh HE UTO HHOE, KaK 3ajep:KaHHOe ABHIKEHHe»... W JaJjiee:
«A TaK KakK CTpeMJeHHe TAKEJIOTro Tesa K LEeHTPY 3eM/H ecTb He
YTO HHOE, KaK TAMKEeCTb, paBHO KaK H HpHpalleHHe IBHKEHH{ Ts-
KEJOTo Tesa, YCTPeMJsIomerocs K IeHTpy 3eMaH, TO, HeT HHKa-
KOTO COMHEHHMS, YTO OHH NPOUCXOAAT OT OAHOM H TOH K€ MPHUHHBIL
CrnemoBaTenbHo, A0CTATOYHOE OCHOBAHHE TAXKECTH COCTOHT B JBH-
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JKeHHH HEKOero Teja, HEempepbhiBHO TOJNKAIOUIEro TaXKenabie TeJsa
K HEHTPY 3eMJaH».

JloMoHOCOB, OyAyuH YyYeHbIM-MAaTepHAJHCTOM, HE MOr IpejacTa-
BUTh ce0e MaJdbHONGHCTBUS TATOTeHHs 0e3 MaTepHaJbHOrO MOCpes-
Hika. OH He MOr NpeACTaBHTL ABHMKEHHsi 0e3 MaTepHu H MaTepHH
fe3 JBHIKEHHS M C 3THX MO3WIIMI TONBLITA/ACS BbLICKA3ATh THIOTE3Y
0o Mexanuame tArotenus. O TNpeanoNOXKHA, YTO BCio Beeaennyio
HaMOJHSIET HeKasi «TATOTHTeJAbHAs» MaTepHs, KOoTopas HaxoAHTCH
B NOCTOSIHHOM J[BHKEHHUH, €€ YaCTHIbLl ABHMKVTCH BO BCeX Halpas-
Jgennsx. Ha nanHoe Te1o OHM 1ajalT PABHOMEPHO CO BCEX CTOPOH.
Ecan B cpefe Takolf MaTepHH NpegCcTaBUTh ABA Tejdd, TO OHH OYAYT
B3aMMHO 3KPaHHPOBATh NMOTOK YaCTHIl, HANPABJEHHbIH HAa HUX, AaB-
JIeHHEe CO CTOPOHBI SKPAHHPYIONIETO Tesda YMEHbIUNTCS H, 3HAUHT,
TeJa HAYHYT COJHMKATHCS, TOJKAaeMble YaCTHLAMH. ;

Yepes 30 aer, B 1762 r., TeopHsi TATOTEHHS, OCHOBAHHAS HA TeX
e mpHHUMNax, Oblia paspaborana JK. JlecaxeMm, KoTopbli, ojaHa-
KO, He 3HaJa 00 ugesx Jlomonocosa. B ormmume or Hblotona, Koto-
pBIl B CBOMX HCCJ€IOBAHHAX ULIeJA YHCTO HHAYKTHBHBIM NYTEM H
BbIBEJl 3aKOH BCEMHDHOILO TSHTOTEHHSI HA OCHOBAaHHH 0000ULeHHd
onbiTa, JIOMOHOCOB CUHTAJ, UTO «MO3HAB MPHYHHY TATOTEHHS, MOK-
HO OyIeT pacusJeHHTb pasJHyHs YJAeJbHOT0 Beca Tejaa» U 00bsAC-
HUTH SIBJAEHHST M IOHBIHE HEMOHATHBIE: AeHCTBHE HA PACCTOSHUH,
MTHOBEHHOCTb pacnpocTpaHeHus. Ha 3ToM nyTH He/b3s OBLIO OXKH-
LaTth ycmexa, BnpoueM, JIOMOHOCOB BHICKA3BIBAJCH MO Tpobiaeme
CHJIBI TSIXKECTH JOBOJIBHO aKKYpPaTHO.

Hurepecysich npoGJaemMoil TaroTenns, JIoMOHOCOB YKasaad H He-
KOTOpbIE TyTH H3Mepenusi cuinl TskecTH. OH NpelJoXKHI, a Nno3mxe
NONBITAJNCS OCYULECTBHTb HMHCTPYMEHT M/ HM3MepeHHs H3MeHeHHH
CHJIbl TAMKECTH MOJ BJAHSHHEM JYHHO-COJIHEUHBIX NPHUJHBOB, TdK Ha-
3bIBAEMBIH «yHHBepca/pHbIH Gapomerp». [lo cyuecry, stor 6a-
poMeTp He 3aBHCEeJ OT JaBJeHHS aTMocepbl, a SIBJSJCA Fa30BbIM
rpaBHMETPOM, B KOTOPOM B COOOINAIOIIMXCS COCYAaX BeC PTYTHOTO
crosnGa ypaBHOBellnBaJ/aca razom. Mpaes Takoro rasoBoro rpasumer-
pa Bospoauiachk uepe3 180 jer u Oblia BOMJOLIEHA B TpPaBUMETpE
I'. FTaanbpka B TPHUALATLIX TOAaX Hauiero crogerus. JIOMOHOCOB MHO-
TO CHJI TIOJIOXKHJ TaKie Ha TMONBITKY OOGHAPYAKEHHS OTKJIOHEHHS OT-
BECHBIX JIMHHH M MUX BapHalHii.

§ 2. MlepBbie MasiTHAKOBbIE ONpeleNeHHs

Paseutue Kiaepo B cepeamne 18 Beka teopun durypsl 3emiiu
BbI3BAJIO HHTEpeC K OlpeflefeHHI0 IepHona KoJebaHHA MasTHHKA.
ITockonbKy HANPSIZKEHHOCTb CHJIBI TAMKECTH ONpejesaseT MepHoi Ko-

JebaHHS MasiTHHKA:
l
PR V —_—,
g
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GBLIO [IPEeJJIOKEHO HCIOJb30BATE MASATHHK IJS Olpefe/elins CHIAB
THKECTH g, a N0 3HAaYeHHsM HabJiofaeMblx g H3y4uth dopmy
YPOBEHHOH MOBEPXHOCTH, NpeacTapasgonied 3emaio.

B Hauase 19 Beka dpaHuy3ckue yuyeHble HAYAJH MOMBITKH NPH-
MEHHTb HUTAHOW maaTHUK. B 1818 r. anrauiickum ¢usukom Kere-
poM OLLT CKOHCTPYHpPOBAH 0OOPOTHBIH MAasITHUK, OCHOBAHHBLIA Ha
TOM, 4YTO BcsKoe (H3uuecKoe Tesjo HMeeT [Ba B3aUMHBIX ILeHTpa
KauaHns, TaKHX, 4YTO NepHoabl KoJeDaHWs OKOJI0 3THX IEHTPOB
oanHakoBbl. Toraa BO3MOMKHO H3MEPHTb pacCTOsHHE [ MeXIy
STHMH LIEHTPAMH, KOTOPOE HrpaeT pPoJb IJHHLI B HAEaTbHOM MasT-
HHKe, H, ONPeHe/qdB [IepHOJA, BBIYUCJIHUTL HATPANKEHHE CHJABLI T-
XKecTd g.

Magmunkamu Kerepa Gbiio ompegeseHo 3HayeHde CHJBL TAMXKe-
CTH B JOBOJBHO OOQJBIIOM KOJHUYECTBE MYHKTOB B PasHLIX YacTax
3eMaH.

Ilepsble pycckie H3MEPEHHA CHJIBI THHKECTH Gbmn NnpoH3BeeHbl
®. I1. JIlntke (1797—1882) Bo BpeMs €ro KpyrocBeTHOTO myTelle-
creust 1826—1829 rr. Ou npoussen HamepeHus Ha Anscke B Cur-
xe, [lerponasnoscke-Kamuarckom, B Tuxom oKkeane Ha ocTpoBax
Kycake B Kapoanuckom apxunenare, I'yvam B rpyume Mapranckux
OCTPOROB, Ha OAHOM H3 ocTpoBoB bounmnu — Cuma, B Basbnapaiico
¥ Ha octpoBe CB. Enennt. B 1830 r. M. ©. Peiinexe ¢ TeM xe npu-
Oopom npousses namepenns B Kangaaaxuie.

O6paboras HaG/iofNeHUs MagTHHKOB, JIWTKe caenan 3akiaioye-
HHE © HAJHUHH MOJOMKHTE/bHbLIX TPABUTALHOHHBIX aHOMAJHH Ha
OKeannueCKux ocTpoBax. [aBnoit npuuupoil anomManni, mo MHe-
Huo JIuTKe, fiBAsiercsl HadWuue MJAOTHOTO 0a3aJbTOBOrO OCHOBAHUS
Y OCTPOBHBIX NYyHKTOB. «B Tex ke NyHKTaX, KOTOpbIe JexamnH Ha
TOJCTHIX CJOSIX M3BECTHAKA H NMecyaHHKa, BeJHUHHB aHOMaJHH OKa-
3a/IHChb TOYTH BTPOe MeHblle». Pe3yabTaThl NMPOH3BEJEHHBIX H3Me-
peHuil cHabl TaKecTH JIHTKe HCNOJAb30BAJ IJd BbIBOJa CKATHA
Jeman, Ongnako, uMesi GOJIBIIOH TPOLEHT OCTPOBHBIX, T. €. Pe3KO
aHOMAJbHBIX NYHKTOB, JIHTKe He MOr IOJVYHTb MPaBHJAbHBIH pe-
gyaprar. CopaBeIHBO OLEHHB 3TO OOCTOATENBCTBO, OH 100aBHI K
CBOMM HaBIOJEeHMSM IIeCTh HabJ/IOJeHHH AHTJIMYAH H, COBMECTHO
00paGoTaB 3TH JaHHble, [MOJYUHJ IS CXKATHI 3eMJH BeJHUHHY
1:288. Tlo stomy moBopy B «llyremectsuit BOKpPYr cBeTa Ha BOEH-
Hom uumione ,,Cenapun’’» Jlutke nuwmer: «..HabGmonenus uax no-
CTOAHHBIM MaSTHHKOM B A€BATH NYHKTAaX. ITH, COMNIACHO C IIpOU3-
BEICHHBIMH IpeKje pasHEIMH HaO6JaaTeNsMH, [okKasald ooJee
3HAYMTENbHOE cKaTHe 3eMJsiM NPOTHB BBIBOAMMOro H3 HepaBeHCTBA
apmxKenust JIyapl, OOHmMH BLIBOL CXKATHA H3 3THX HaOJIOJCHHA BbI-
xoaHT 1:269, HO B COEQHHEHHH C HEKOTODBIMH )lp}I“HM!/I NPHOIHIKA-
etca Kk 1:288».

[Toutn onHoBpeMenHO ¢ JINTKe NMpPOHM3BEa PAJT MaATHHKOBBIX H3-
MepeuHil cuabl Tskectd B IlpuGantuke m Ha Kapkase mpodeccop
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Hepnrckoro ynusepcurera M. @. ITappor (1829). Um 6wam, B ua-
CTHOCTH, MPOH3BCIEGHBI HAOMIOACHHS Ha Apaparte B MOHacTeIpe
Cg. SlxoBa Ha Bbicote 1940 u. Marepuaant ITappora, o6paGoTantbie
B. jI. Crpyse, naau cxkathe 3emau anas nyukros Jlepnr -— Tudaunc
1:312,5 u aas nynkroB epnt — Apapart 1:279,3.

B 1848 r. npodeccop actponomun [lerep6yprcxoro yHuBepCcHTE-
ta A. H. Capuu (1810—1883) nocraBua nepen PycckuMm reorpadu-
yeckHM 00IecTBOM BONpOC 06 OpraHu3alyH HaOJIOLeHHH CHJAbl TH-
XKectd Ha Teppuropun Poccuu. B xauecTBe mepBof uacTH mporpam-
MBl OH IIPEIJOMKHJ BBIIOJHATL MAATHHKOBLIE ONPENeNeHHs BIOJb
pala Pyccko-CKaHAWHABCKOrO TPaAyCHOTO H3MEpeHHs, HIYILEro or
Toprneo B Ounagnaun no Mamanaa na JlyHae u K TOMY BpeMeHH
yIKe 3aKaHUHBAEMOTO. !

OnHAaKO OT NPEeJOMKEeHHs A0 OCYUIECTBIEHHS INIPOLLIO HEMAJO0
BpeMeHH. B mectuaecAThie rojbl npoGiemMoil 3aHHTePecOBAJHCh
Axanemusi mayk n Kopmyc Boennbix Tomorpaos H HaxoHeEL,
B 1865 r. A. H. Casuu u npodeccop P. 3. Jlenn, nojayuns HOBBIH
npud6op ¢ 0HOPOTHBIMH MaaTHHKAMH QUPMBI PencoJbl, NPHCTyhn-
Jn x padore. OcHoBHOH 3anavell pafoT DBIC H3yuenHe (QHIYDLI
3emau. B csoem oruere A. H. Casuu oT™Meuas, uto yBeJHYeHHE CH-
JABl TSKECTH ¢ YyAaleHHeM OT 3KBaTopa HAOMIOAAeTCs  TOJb-
KO B CpPeIHMX HH(Pax ONLITA, HO YTO MpaKTHUYECKH B KaxKIOoM IyHK-
Te HMEIOTCH CYIIeCTBEHHble YKJOHEHHS OT TEOPCTHUECKH OXKHlac-
MBEIX BeMMYMH, ITH YKJIOHEHHS 3HAYUTEJIBHO TPEBLILIAIOT BO3MOXK-
Hble MOTPELINOCTH M3MepeHHil H 00bACHAIOTCH, C OIHON CTOPOHLI,
OTJIHYHEM MCTHHHON 3€MHON NOBEPXHOCTH OT 3JJMICOHAA Bpalie-
HUS, a C JAPyroi,— reoJOrHYecKAMH 0COGeHHOCTAMH BOJNH3N KakK-
Jloro nyHkTa HaGaiofeHusd. ITosToMy MecTHBIe VKJIOHEHHT CHJIBL Tsi-
JKECTH «Mbl BIIpaBe NPHHHMATL 3a (PHSHUCCKHE SIBJICHHS, KOTOPbIE
HAXOAATCH B TECHOH CBSI3H ¢ BHYTPEHHHM YCTPOHCTBOM 3eMJH H
TIPEHMYIIIECTBENHO ¢ YCTPOUCTBOM 3eMHOH KOpHI».

Ixcnenunusi Casuua padorana TPH rofga H 34 3TO BpeMsa Bbl-
noanuna wamepenus B Topueo, Hukonaitmrazte, Pepede, Ilyikoze,
Buasho, fAkoomranre, Hepnre, Bennne, Kpemenne, Kamenen-Ilo-
noibcke, Kumnnese n Mamaue.

[To ceBepuoit wactn ayru Caeuu noayunsa cxarve 1:296, onnako
Mo Bcel Ayre pe3yabTaT okaszajcs OoJee AalekuM OT HCTHHB —
1:309.

B 1876 r. nupektop IlyaxoBckoii oBcepatopun O. B. Ctpyse
MOIPOCH.T. BOCHHBIX TONOrpados MpousdBecTH HAGIOACHHA CHALL THA-
xectn na KaBkase. PaGory wauan M. M. CTeGHHIKHH, PYKOBOAHB-
WHii B TO BpeMs reoje3nyeckuMn paGoramn Ha Kaskase, W mpo-
poaxua 1. TI. KyasGepr, u3MepHBIIHI CHIY TSIKECTH € MasiTHHKA-
MH Pencoabna Bo Buaaaukaskasze, I'viayrax, Ilymere, Bartywme,
Enucasernone, Hlevaxe u Baky, u nosxe 8 Kpuwmy, B Camdeporno-
Jge u fare. .
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§ 3. Mockosckaa arrpakuuna. Mpaen o npumenenuu
rPABHMETPUYECKOro MeTOLA JJs H3y4eHHs
CTPOEHHSA 3E€MHOH KOpBI

B Tpuanateix rogax mpouwioro croterus npu nocrpoenin Kop-
IlycOM BOEHHBIX TomnorpadoB TpuaHryJdsuuu nox Mocksoi Oblin
3aMEUeHbl 3HAYNTEJLHBIE PACXOXKJAEHHS KOODJAMHAT, MOJYUEHHbIX
13 00paboTKK TpHAHTYJsALIUl, ¢ acTpoHoMuueckuMu. B. §. Crpyse
(1793—1864) o6partua Ha 3T0 BHUMaHHe TODAAUIHErO AWPEKTO-
pa Mockosckoli obcepsatopun B. §. Ilpefinepa (1816—1873),
KOTOPBIH MPeANPHHA B 9TOM HampaBJeHHH ChenHaJbHble HccJe-
JLOBAHMS.

ITpex e scero IllBefinep BbIYHCAHI IIHPOTY KoJIoKOAbHH MBana
Be/iukoro ot psma pasiMYHLIX NYHKTOB TpPHAHI'YJAsUHE MoCKOBCKOAH,
Teepckoii, Hosropoackon, Cmonenckoit u IlerepGyprexoit ryGepuuit.
DTHM OH NpeAnoJaraj UCKAIOUATL MECTHLIE aHOMAJHH HIH HeTOYHO-
CTH B ONpe/leseHiHn KOOPAHHAT OTAeNbHBIX MYHKTOB, OT KOTOPHIX BbI-
UHCAAAACh HIHPOTA KOJOKOABHIL

Brlia nosmydena eanunHa

B—g=28"9,

T. e, oTBec oTKJIoHAAcA ma 87,9 Kk cesepy.

B 1848 r. IlIseiinep npousBesa ClelHaJbHOEC ONpefeseHUe UIH-
pOT LIECTH MOJAMOCKOBHBIX MYHKTOB, LIS KOTODPBIX MOATBEPAHIACH
aHOMAaJLHOCTL pakioHa. B 1853 r. oH OpraHusoBaJj 3IKCHEAHLHIO IO
onpejgeleHtio Muporsl ente 14 moaMOCKOBHBIX nyHkToB. B 1859 1.
oulto onpefeneHo eme 50 MHPOT yKe ¢ JYULIMM HHCTPYMEHTOM,
a B 1861 r. x uum Gbu10 mobGasaeno ente 40 TYHKTOB, OMpeaeaCHHBIX
TpouukuM. B pesyabrate 3THX paboT Bhillia MoHorpadus [lseiine-
pa «Mccrenosanue mecrHof aTTpakuUMH, CYIIECTBYIOIEH  OKOJIO
MockBpi». B Heli npHBOAHTCH KapTa YKJIOHEHHH OTBECHBIX JIHHMI
nog Mocksoii. [lIBefinep ykaseiBaer, uto B 12 £u K tory or Mock-
BLl B HAMpPaBJAEHHH [Oro-3anajio-3amdaf MNPOXOAHT JTHHHS HYJEBBIX
OTK/JIOHEHHH OTBeca, K CeBepy OT KOTOPOH pacnojomeHa 006/1acTb
MOJIOKHTE/NBHBIX AHOMAJHU, a K 10Ty — OTPHIATeAbHLIX. JIMHHS
HanbOJbIINX NOJOXKUTENbHBIX (mopsinka 107) orkionenn#t orseca
npoxonut yepes MockBy, a JHHHSI HaHOOJBIIMX OTPULATENBHBIX
(mopanxa 5”) — uepes Hapo-®omunck.

HIsefinep nmonbiTajacsa 0OBACHATL 3TH aHOMAJHH HaATHYHeM Macc
MeHpIIEeH NVIOTHOCTH, YeM OKpYy:Kaloulie NOPOoAbl, 3aJ1eraiolux K ce-
Bepy or MOCKBL B BHje N0J0CH WHpHHOH 620 Bepct, W Macc us-
GLITOUHO MJIOTHOCTH, 3aJieraloIiMX K IOTY B BHJE NOJOCHl, Pacupo-
cTpanenHoit Ha 60 sepcr. B 1862—1863 rr. @. Caynckuit u Tposu-
K{it OTIpelesiniu OTKJIOHEHHe oTBeca eule B 152 roukax, nocie uero
AMEJNHCh JaHHble NPUOAusHTeNbHO A8 250 TOuex.
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B 1863 r. Cayackum 6blJ0 npeanpuauato 6ogee nogpoGHoe Teo-
peTHYeCKoe HCCIeI0BalHe 3TOTO BONPOCA.

Tax nossuoch nepsoe B Poccun nccienoBanne VKIOHEHHS OT-
BeCHBIX JHHHH M NepBble yKaszaHus HAa reodU3HYECKHH CMBICT aHO-
Mauji CHJbBI TSXKECTH H Ha METOJ PAasBelOYHON TPaBMMETPHH, 1O-
JYUHBUIHI B HAIIH AHH LIMPOKOE NpUMeHeHHe.

B 1888 r. na MockoBCcKoji ofGcepBaTopHH Hadajg padoTaTb
II. K. Ilteputepr (18656—1920), xoTopblit NMOCTABHI MasTHHKOBbIC
onpenenenuss cuanl Tsxkecrn. CoMectHo ¢ O. A. BpeauxunbiM
(1831—1904) B 1888—1889 r. on mpousBes OMpeeTeHHE CHIbI Ts-
#KecTd Ha MOCKOBCKOH 06CepBaTOPHH ¢ OOOPOTHBIM MAaSTHHKOM
Pencoasrpa. B 1916—1917 r. ou npouzsen rpaBHMETpHYECKHe Ha-
OmoneHust noa MockBoit ¢ MasTHHKOBEIM npuGopom [Htiokpara ¢
LCJBI0 COMOCTABUTH TPABUMETPHUCCKHE MAHHBIE € YKJIOHEHHAMH OT-
BecHbIX JHHUH. Haduoenns 6uiin npoBeaenst no npodunno Kues —
Mockosekass  obcepBatopusi — Heckyunsiit  cax — Yskoe — Ilo-
noabeK — Moaonu. 9tor npodnab, MOJYUHBIINI HAa3BaHHE «paspe-
3a Irepubepra», moJxeH OBl 1OKAa3aTh, KaK BeAYT cels anoma-
JHH CHJBl TAXKECTH B HaNIPaBJIEHHH HAHOGOABUIHX TPAAHEHTOR OTKJIG-
Henu# otseca. B paborax LlrepuGepra npHHUMAaAH ydacTue Moc-
koBckHe acrponoMbl A. A, MuxafiioB n M. A. Kasauckuii.

Paborel no rpaBuMeTpuueckoil chbemMKe MOCKOBCKON aHOMannu
Beauch a0 1917 r. C 1917 r. I1. K. lUlrepubepr neaukoM MOCBATH.I
ce6a 00eBoH PEBOJIOLHOHHON AeaTeJbHOCTH. Korna Havanach rpam-
npanckas poiina, I1. K. IlltepuGepr Obli1 HazHauen kKomuccapom 2-if
apmun Bocroutoro ¢ponta. B nos6pe 1919 r. on, Gyayvun na dpod-
Te, MPOCTYAH/ICST H C TAXKeJblM IJIeBPHTOM B jAeKaOpe ObLT npHBe-
3eH B MockBy. B Houb na 31 smBaps 1920 r. TI. K. Wreputepr
CKOHUAJCH.

Paborul nmo uccaeroBanuio MOCKOBCKOH aTTpakUui OLLIM TIPO-
noaxkensl A. A. Muxainoseim u M. A. Kaszanckum uw B 1926 r.
o6paboransl nocaenuum. B 1930 r. M. A. Kaszanckuii nepeiiej Ha
pabotry B LleHTpasBHBIA HayyHO-HCCJAEMOBATEABCKHI HHCTHTYT reo-
© Jie3un, aspocveMkn # Kaprorpadun (LIHUWUTAuK), rae coBmectHo
¢ @. H. KpacosckuM HpoBOAMJ B KH3Hb HJEI0 OPraHH3alMH oblen
rpaBuMerpuueckoit ceemkn CCCP, moarortoBisig TakuM oGpasoM
peureanie Coeera Tpyaa u OGoponst ot 1932 r. B 1936 r. M. A. Ka-
3aHCKHI VKa3blBaJ Ha NPHHUHIHAJBLHYIO BO3MOXKHOCTH HCHOJIL30-
BAHUS I'PABHMETPHUYECKON CHEMKH IIPH ACTPOHOMHYECKOM HHBe/JHpO-
Bauuu. Meron 6uin1 pazpaboran B pansueiimiem M. C. Moaozenckim
W TOJAY4YHJ HasBaHHE aCTPOHOMO-TPABHMETPHUYECKOro HHBEAHPOBa-
nusi. Llenb cmemmanabHbix paGoT 1O TeoAe3HYECKOH TpaBUMETpPHH,
nauvatas Ilseiimepom u Cayackum, Iteputeprom, Kaszanckum
u MuxahnaoBbiM, nojyunaa OJecrauiee npojpo/iKeHnne B Gynzamen-
tadpHbix pabdorax M. C. MoJjogeHckoro H ero COTPYJIHHKOB
B. ®@. Epemeesa u M. M. IOpxunoii.
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§ 4. PazeutHe ujaed B 06aacTH TeopHH (Urypbl 3emJH

B 1884 r. Pycckoe reorpaguuyeckoe oGHIIECTBO BKIUHUIO0 MasT-
HHKOBble HAOJIOAEHHS B IJ1aH CBOHX MOCTOSIHHBIX HCCJACIOBAHHH 1
Obl1a o6pasopaHa KoMuCCHS 110 M3YUYEHHIO CHJBL TSXKeCTH Ha Tep-
puropun Poccun mox npeacepateascrsoM M. M. CreGuunxoro.
B Komuccuwo Bouman O. B. Crpyme, C. . Prubke, A. A, Tunno,
3. U. @opuw, H. §. Huurep, K. B. Mapuroper.

KoMmuccus paspaboTala [JIaH  MAasiTHHKOBBIX — ONpe/le/eHHi
¢ 1efbl0 H3yuYeHHs (GUrypul 3eMid. B mepByio ouepeilb MaaHHPOBA-
JUCh I'pABHMETPHYECKHE OlpeleJeHHs BAOJAL PAla TPHAHTYJISALHH
no 52-it mapanneau. Padorsl 6nian nopyuedst A, M. BHIbKHIIKOMY.

B nepuoj 1888—1889 rr. ®. A, DpeanxuH, IHpeKTOp aCTPOHO-
Muueckoil oGeepBatopun Mockosckoro yausepeutera u [1. K. lrepn-
Oepr onpeneuay CHJIY TAXKECTH B CeMH NYHKTaX eBPOIeHcKOH yac-
ti Poccnn. B nauane 90-x romos A. M. Buabkuukuit 1 npodeccop
A. II. CoxosioB cOCTaBU/IH TepPBbE KATaJ0T MaATHHKOBBLIX OMpeJe-
Jdennit na Tepputopun Poccuu.

B 1894 r. P. lilrepnex, ascrpuiickuit reojgesnct u n3odperarenb
MasiTHHKOBOro npHOOpa [AJ8 OTHOCHTEIBHBIX H3MEpPEHHI CHJIbI TH-
KecTH, ocyniecTBHa cBsa3b IlyiakoBa ¢ Bencii — B TO BpeMst OCHOB-
HbLIM HCXOJHBIM IIYHKTOM MAadATHHKOBHIX pabor, a B 1896 r. acrpo-
HoMuueckas obcepBatopusi Kasancxoro ynuBepcuTeTa Havada Cu-
cTeMaTHUeCKHe H3MepeHusi ¢ npuGopom IllTepreka moa pyKoBOACT-
soM npod. O. M. dyodsaro u gou. . M. Bapanosa. 9ta cepus pabdort
BeJgach BIJOTL A0 NepBOH MHDOBOH BOHHDIL

UpasuMerpuueckue paloThl BLI3LIBAANW BCe OONBIUE uutTepec u
MOCTEIEHHO pPACIIHPSAAHCh, HMes OCHOBHOH IeJpio H3yuenue (Hry-
pBl 3eMJH.

[ny6okoe TeopeTHUECKOE HCCACAOBaHHEe TMpodJeMbl (QHIYpLI
3emau OBLIO BBHIMOJMHEHO B BOCHMHIECATHIE TOABI MPOLLIOTO CTOJE-
tusi npodeccopom Mockoeekoro yuusepcurera @, A. Cayackum
(1841—1897). B 1888 r. Cayackuii onyOankoBas cBoio «OOLLyI0
teopuio curypsl 3eman». 3a gurypy 3eman CaymacKuil npuauMaer
VPOBEHHVIO NMOBEPXHOCTh, COBMNAJTAIONIYI0 C MOBEPXHOCTHIO OKeaHoB
U NPOJOJTKEHHYI0 Ha 001aCTh KOHTHHEHTOB NMPH HX MBICJAEHHOM BHI-
papHuBaHuH. [1pumeuarTeabHo 10, yro CiayicKHi cyuTaer, 4To B CBS-
30 ¢ He3HaHHeM pachpele/eHHsT MacC BHYTPH 3eMJIH CJAeAyeT OT-
Ka3aThCsl OT KaKHX-Ju60 runores3 of 3TOM pacrnpene/]eHHd W ONepH-
poBaTh ¢ (haKTHUECKHM 3HAaYeHHEeM MOTeHIHAaJa BO BHEIUHHX TOYKAX.
druMm oH mpeaBocxutua Haen M. C. MoJogeHCKOr0, peIlxHBIIero
KPaeBylo 3a1auy TEOPHH NOTeHlUHa a AJas PHIHYeCKOH MOBEPXHOCTH
3emn.

CayacKHH NOCTaBMJI 3ajauyy COXPaHHTh B Pa3iOXKEHHH IIOTEH-
nuana 3emau 4iaeHbl 10 4-ro nopsaxa. [locTpous TeopHio, oH mpo-
H3BEJl BBIYHCTEHHS C:KaTHsl 3eMJH, BBICOT TEeOHAd U YKIOHEeHHIl
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orBeca. OH MOJYYMJI CIKATHE JAJs JJuICOHAa Bpautenns 1:292,7,
a s TpexocHoro saaunconma— 1:297,1. Bricothl reonpa H
VKJIOHEHUS OTBECHBIX JIHHHH OH Bhiuucaua ans 134 touek, mo xoro-
PBIM TIOCTPOMJ JIMHHIO HYJEBBIX BEICOT TeOHJA H IepeXxola €ro M3
004CTH MOJOKHTEJABHBIX B 00J4CTh OTPHUATENbHLIX BeICOT. IlpH
stoM Cayackuil mpuinesa K HHTepeCcHOMY BBIBOLY, 4TO T'EOHI HMeer
NIOJIOKHTENBHLIE BLICOTH HA/J OKEAHOM I OTPHIIATe/bHble Hal KOH-
THHEHTOM, AHaMeTpaJbHO pa30iilisch B 3TOM MHenuy ¢ Ieabmep-
TOM. DTOT BLIBOJ, CHEN4HHBI HA OCHOBAaHWUHM aHalu3a HabJaoneH-
HBEIX 3HAuUeHHH CHJLI TsKecTH, CAYICKHH 0ODBICHHI HeOLHOPOIHBIM
pacnpefielieHHeM Macc, a MMeHHO HaJuuueM M30LITKAa Macc NOJ
oxeanaMd. OIHAKO OH MOHUMAJ HEJOCTATOUHOCTh JaHHBIX AJ5 060C-
HOBAHHBIX BBIBOJOB M JejaJ HX BecbMa ocTopomuo. OH nucan B
Bionnerene ofuecrBa HempiTaTe el npupoasl: «<HMMerouecst renepsb
nabaiofenus HaJl MasTHHKaMH He pemialorT JaKe BONpoca o cynie-
CTBOBAHMH anoMasuii obmux. Tpebyercs NOKPHITL M OKeaH H KOH-
THHEHTHI CIVIOIIHON CeThIO Olpe/le/leHHil BeJHUNHBl CHJBL TAMECTH.
JTa upesBLIYalHO TPyAHAd NpaKTHYeCKas 3ajada, 6e3 BCAKOTO COM-
HeHus, 6yaeT paspeliena co BpeMeHeM».

Hecxonbko 103%Ke, B AeBSHOCTHIE TOAB TPONLIOTO — IEPBHE
rOfibl HALIECTO BEKA pa3BepHyJach HayyHas AeATEJbHOCTL metepOypr-
ckoro actpoHoma A. A. Hsanosa (1867—1939). Ou noctpomnsa pas-
JIOJKEHHe B DAL 3¢MHOTO NOTeHIHala CHJABl TAKECTH H, HCIOJIb30B4B
367 MasiTHHKOBLIX HaAGIIOAEHHH, BhIBeJX CxKaTHe 3eMJH, KOTopoe
nonyunnoch pasubiM 1:297,2. MpanopniM OblJia BHICKA3aHa MBICIDL O
HECHMMETPHH CeBEepHOTO H loxKHoro moaymapuii. Ilpoeenenune mis
3TOTO BLIYHCJIEHHS HMEBIIHXCH B €0 PACHOPAKEHHW MUPOBHIX Ma-
SITHHKOBBIX HM3MEPEHHH IPHBEJH K PA3JHYHIO B 3KBATOPHAJBHON
KOHCTaHTe g. [Jsi CEBePHOIr0 M IOKHOrO MoAywapui na 20 aea.

A. A. HMBaHOB OCYIIeCTBHJI TakKiKe OIpenejenHe aGCoMIOTHOrO
3HAYeHHs YCKOPEHHS CHJIBI THAKECTH MeTOAOM CBOGOAHOrO MafgeHHs
Tel H METOAOM HHTAHOr0 MafgTHHKA.

§ 5. OGo6menne Teopun uryps 3emau B padorax
Mosiogenckoro

B nocaepesosionnonnslit nepuox passutue rpasumerpun 8 CCCP
npuoGpeso HOBBIG OPMEI, GYAYYH [OCTABJEHO Ha CIY:KOY rocypap-
ctBy. B 1932 r. Boumiio nmocranosnenue Cosera Tpyna u O6opoHbt
0 CIVIOUIHOH MasiTHUKOBOH CheMKe BCeH CTPAaHbl H B TeueHHe necs-
THJIeTHSI OBLIO TOYTH MOJHOCTBIO ocyulectBadeHo. Ilupoxum dpou-
TOM pasBepHYJIHCL pabOTHl 10 MPHMEHEHHI0 TPABHMETPHYECKOTD Me-
TOJA NPH MOKHCKAX H Pa3BeiKe NOJE3HLIX HCKONMAaeMbIX, CO3[aBaiach
BBICOKOTOYHAs! annaparypa.

Pa3BuTHe TrpaBHMETPHH, HECKOJbKO 3aJepiKaBlieecs B TEpPHON
BTOPOH MHDOBOH BOWHBI, NOJYYH/IO HOBBIH HMIYJBC B MOCJIEBOEH-
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nsle roasl. [Ilupoxoe pa3sBuTHe, B HACTHOCTH, NOJAYUHIa MOpCKag
rpaBUMeETpHA.

ViKe HeBO3MOMKHO B KPAaTKOM OQUEpPKe OXBATHTh BeCh I'DaHAHO3-
HBH pasMax HCCJAeN0oBaHUH M B mocjeBoeHHbli mepnoi. KpynHeim
JOCTHIKEHHEM KakK COBETCKOH, Tak W MHpPOBOii HAaykKu B 00J4CTH
teopun Qurypst 3eman sismiaack teopust M. C. Mogoznenckoro, 1o-
CTABUBLIETO IPOOJEeMY COBEPIeHHO IO-HOBOMY H DElIHBIIEro Kpae-
BYIO 3alauyy rpaBUMeTPHH He /s TeX HJH HHbIX aGCTPaKTHBIX 110-
BEPXHOCTEH, NpPEACTaB/SIONHNX HAeaTH3HPOBAHHYIO MOJe]b 3eMJiH,
a JJis peaJibHOR 3eMuH, 174 ee (PH3HYECKOil MOBEPXHOCTH.

B teopun MoJojeHCKOro yAHBHTENBHO NPOCTO pellléHa, Ka3anoch
OBl, Hepa3peluMas cTporo npotJjeMa peliyKIHi BBeJeHHeM CHCTCMBI
HOPMAaJbHBIX BLICOT H PacYeTOM HOPMaJbHOTO NOJS 1A (H3HUe-
ckolt nosepxHoctH 3eman. Ilepexoa xk ¢uanueckofl MNOBEPXHOCTH
3emi 0CBOOGOIHJ 3aJady OT YCJIOBHsI HeOoOXOJHMOCTH 3HAHHsI pac-
npefeseHns Mace BHYTPH 3eMJH HJIH HeoOXOANMOCTH IIOCTPOEHHS
Kakux-Au60 rUnoTe3 © BHYTpeHHeMm crpoeHHn 3emun, Pemenue
Kpaesoil 3agaun MosoaeHckoro aast (pu3nyeckoil TOBEPXHOCTH 3eM-
JH TpHBeao K cTporuM QopMyJam ajs BLICOT Feonjaa, BKIIYAIOWHM
pemenne npobaemsl CTOKCA Kak nepBoe NpuoaHKeHHE,



FIABA 8
HEOBXOOUMBIE CBEAEHWA W3 TECPHWH
HbIOTOHOBA NMOTEHILHAJIA

§ 1. Cnaa rTaxKecTH

CorsiacHO 3aKOHY BCEMHPHOTO THTCOTEHHS [Be MaTepuajibHble
TOYKH TPHTATHBAIOTCS APYT K APYry € CH/OH, HPSIMO TMPOMOPIHO-
HaJbHOH MX MaccaM M 0OpaTHO NMPOIOPUHOHAJBLHOH KBaapaTty pac-
CTOSHHA MeKAy HHMH. [lJAs IBYX TOYEUHLIX MAacC 3Ta CHJId MMeEer
BHIPaKEeHHE

s MqMs F
F:’f B

PR

rae f = 6,673-10~% cm3fe.cex® — rpaBUTANMOHHAS NOCTOSHHASA, MM
I 1My — MAacchl TOYEK, 7 — PacCcTOSHHE MEeKY HHMH. 3aKOHY BCeMUp-
HOrO TATOTEHHS MNOAYMHEHO B3aHMOJLEHCTBHe MeKJy BCEMH TejaMu.
st 3eman, cocrosiiieil i3 HenpepbiBHO NMPOTSKEHHBIX Macc, B3a-
HMOJeHCTBYIOLLe ¢ TOUEUHON Maccoii m, 3aKOH BCEMHUPHOTQ TArO-
TeHUs MOXKHO 3anucaTth B HHTerpaabHoi dopme

A

\ rdm
P

Aer:— FCGU,QHT[)H‘{CCKHIU[ painyC-BEeKTOp MAacCChl 1.

Hp][TH)KEHHe 34BHCHT OT B33HMO,§€I‘:ECTB}’IOII1HX macc. Ognako ec-
JdH UMEEeTCH TOJbKO OoaHa mMacca, TO MOXKHO CUHTATh, YTO OHA PAa3BH-
BaeT B OKpPY:KaWIIEM INPOCTPAHCTBE CHJAOBOE IOJAE, TAKOE, YTO €CJIH

B J0OYIO TOYKY 3TOTO MOJS MOMECTHTH eIHNHHYHYIO Maccy, TO MeXIy
MacCcaMu BO3HHUKAET B3aHMOAEHCTBHe, onpelenseMoe GOpMYI0H

T. €. paBHOE CHJle, OTHECEHHOH K eIMHMYHOH Macce. Takas cuJa,
OTHECEHHAd K eJIHHUYHON MAaccCe, HA3BbIBACTCH HANPANEHHOCTHIO NO-
A5, Hanpsi:KeHHOCTb NOJA Onpejeaser yCKOpeHHe, ¢ Kakum Oyaer
nagath K macce s/ Jpyras macca, IOMEIIeHHAs B CHJOBOM IoJie
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3T0i Macchl. UHCIEHHO YCKOpEHHe NPHTAMKEHHsi paBHO HaNpsIXKeH-
HOCTH AAHHOTO MOJIA.

3emJ51 Bpaulaetcss ¢ MOCTOSIHHON YIJIOBOH ckopocthio. IloaTomy
Ha TOYKY C Macco# m;, HaXOASILYIOCsl B II0JIe 3eMHOr0 NPHTSIKEHHS,
JeHCTBYET elIc LeHTPOOCKHASA CHIA HHCPLUHH

P = mpw?;

rie — paccTosiHHe OT OCH BpPAallieHHA, © — VIJ0Basg CKOPOCTh.
LlenTpobexkHast cHia, OTHECEHHAS K Macce, TaKKe ONPeNeSUT HeHT-
poGeKHYI0 COCTABIAINIYIO YyCKOpeHHsl cBoboaHOro najienuda. PasHo-
JleficTBYIONLAST TPUTSIKEHHs U 1eHTPo0 e ol CHIBI

F+P=g

Ha3bIBACTCH CHJIOH THAMKECTH.

Kpome 3TuX IBYX OCHOBHLIX COCTaBJSIIOUIMX CHJBI THMKECTH, HMe-
eTCS CLIe COCTABJISIONIAN, BO3HHKAIONIAH BCJIEACTBHE PAa3JIHUNSA MpH-
rsokenus Jlyno#t u ConHulem mentpa 3eMJu U paccMaTpHUBAeMOi
TOueUHOH Macchl. BeawunHa M HampaepaeHHe 3TOH COCTaBJSIIONIEH
NePHOAMUECKH H3MEHSIIOTCH B 3daBHCHMOCTH OT NOJ0XKeHHs JIyHbI,
CosHna u meHTpa 3EMJAH OTHOCHTENBLHO PacCMaTPHBACMOH TOYKIL

JIyHHO-CcOMTHEeYHAA COCTABJAAIOLLAA paccMaTpHBaeTcs KaK BO3MY-
LIeHHEe CHJBI TAMKECTH.

YcKopeHHe CHJBL THXKECTH I0Jy4aercs OTHECEHHeM CHJIbl TsiKe-
cTH F K eJHHHYHON Macce:

v
rdm | a
g=—I|5" +po. (8.1)
B cucreme CH 3a eaunuuy YCKOPEHHs CHJBI TSKECTH NPHHHMA-

eTCs YCKOPEHHe, KOTOpoe pasBMBaeT macca B 1 Ke moi AeHCTBHEM
Ke+M
ciabl B | H (HBIOTOH): e Bblio npeAnoxeHo Ha3bBaTh 3ITY

enunuuy raiuneo (copaumenne Gf) B uects I'. I'anunes, suepeole u3-
mepuBilero cuay rszkectd. [loanoe yckopenne cuiel TsectH 3eMJi
g cocrapasier 9,8 raxux enunni., Opnaxko yame ynorpeGJsiercs B
KauecTBe HCXO/JHON elHHUIL Bennunna 10-2 raanaeo, pasHas enu-
Hune B cucreme CI'C, T. e. yckopenue, pa3BHBaeMOe Maccoil B
1 rpamm nox AeiicreHeM cuabl B | auny. Takas ennHuIla HasbiBaeTcs
raa (cokpaimienno 2a4). M raa, 1 tem 0o/ee rajniaeo — eIHHHILH
caumKoM Goablide. B mpaxTHke NPHMEHSIOTCH OObBIYHO ©IHHHULL,
COCTABJSIONIHE OJHY TBICAYHYIO A0JI0 raja W HasklBaeMble MHJJIH-
ran (cokpalleHue MeA) HJAH JaKe OIHY MHIJHOHHYK rajla W Ha-
3bIBAEMBIE MHKPOIaJ (COKPAlleHHO MK2A):

108 e n—lmen—107%2a1—107% G|—=103% &

[Mosinoe cpefHee YCKOpeHHe CHJbBL TSMKECTH HA 3€MHOI MOBEPXHOCTH
pasno 979,1 rana.
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Ycxopenne CHJbl TSKECTH H3MEHSETCA MO NOBEPXHOCTH 3eMiid,
BO-TIEPBBIX, 34 CYET H3MEHEHHUS IEHTPOOEeKHON CHJB, PAaBHOH HYJIO
Ha N0JI0CaX M JOCTUralolleii MakcHMyMa Ha 3KBaTope, H, BO-BTO-
pbiX, 3a cuer CIJIIOCHYTOCTH 3eMan. B cuiy 3Toro cuia THAXKecTH
YBEJHYHBAETCS OT 3KBATOpa K moJiocaM, T. e. ofa spdexra aeicr-
BYIOT B OJIHY CTOpPOHY.

Kpome 3THX mpaBHJIBHLIX H3MEHEHHI, CHJIA THAKECTH U3MeEeHSeTcs
TaK:Ke BCJ/IEACTBHE aHOMAJbHOTO paclpefeleHHs Macc. DTH HaMe-
HEHHUsl He NMPEeBBIIIAI0T HEeCKOJAbKHX IeCATHX AoJeH raJa.

Ot 3KBaTopa 10 MOJIOCA YCKOPEHHE CHJIBl THIKECTH H3MEeHSIEeTCH
npubIH3UTEJNBHO Ha D rau:

Jlerko NOACYHTATh TAaKiKe OTHOLUCHHE HEHTPOGQ}KHOH CHJIBI Ha 3K-
Batope K CHJe TAXKeCTH!:

g="=. (8.2)

i
ITonaras paauyc sxBatopa a = 637 824 500 cm, w = 862%’ rie
4
B 3HaMeHaTe/Je CTOHT YHCJO CPEAHHX CeKYHI B 3Be3IHHIX CYTKax,
u g, = 978 049, noayunm
1
9= 388,365 °

e d 1 1 1
Pasnocts -2—° = 79 XaPAKTePH3YeT BelHuHHY

PR .
H3MCHEHHA YCKOPDECHHS CHJILI THAMECTH 34 cyer CHJIIOCHyTDCTH 3eMJIH.

HpH H3Y4YeHHH YCKOpPEeHHS CHJblL THXKECTH MNPHUXOJAHTCH HMETh Ae-
JIO C COCTAB/SIOMHMH €e Mo TpeM KoopauHatubeiM ocsiM X, Y, Z, Ko-
TOpble BeIOEpeM CaeAyIonlHM o0GpasoM: ochb Z HanpasleHa HO OCH
Bpamenuss 3eman, ocu X, ¥ — B 3KkBaTOpHA/IBHON IIOCKOCTH, HpPH-
yeM och X JIeXXHUT B NJOCKOCTH HayaJbHOro MepPlIlliaHa. HaHHI_UE‘M
AJIg g COCTaBAAKINIIHE MO OCAM KOOPAHWHAT:

AN
1 _fSCOS(F X) d” -+ pw? cos (P, x),
s :
fgcos E, y L pw?cos (P, y), (8.3)
o
fs cos (F,2) dr—m -+ po?cos (P, 2).
v

Hanpasasione kocnuycot gaast F u P, oueBHAHO, BBIPAKAIOTCS
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CACAYIOLIHM 00pa3oM:

S Gt
CoSEr iy =

)
i
|
cos (1{,;) 0 i‘ (8.4)
|
!

-

Z—2z
r

casil, 2y =

2
oS P x) =

?

'bl‘t 'DIH

cos(P,y) =
i
cos il Y = 1)

rie X, y, 2 — KOOPAHHATLI NPHTSATHBAEMOH TOYKH C €IHHHYHOH Mac-
cot u X, ¥, Z— KoopAuHATB NPHUTATHBAIOILEH TOYKH C Maccoi
dm, a

|
i‘ 8.4
)

r=Y(X P+ ¥ —yP+Z 27 (85)
Buocs 3nauenns Hanpasasiomix xocHuycoB B (8.3), moayuum
g = — fS X;xdm 4 x0?,
v
Yy — 2
4 '*f( 73 ydm‘!.— yw=,

v

et
gz;:ffS razdm.

v

e R it eyl
—
e 2}
o
-

? § 2. MoTeHuHAaN CHJIBI TAKECTH

st IpOCTOTHI BMECTO TpeX COCTABAAIIIHX YCKOPEHHS CHJIBI
THKECTH BBOAUTCH NMOTEHUHANbHAfd QYHKINSA, ONpeaesdionasaca Kak
(yHELs, TPOU3BOAILIE KOTOPOHl 1O MPAMOYTOJLHLIM KOOpPAMHATAM
PABHBI NIPOEKIHAM YCKOPEHHS CHJIBI HAa COOTBETCTBYIOULHE KOOPIH-
HaTHee ocH. COrIACHO 3TOMY ONpPEAeIeHHI0 NMOTEHUHAJ CHJ/blL IPH-
TAXKEHNT Oyaer

d
v=rlz, (8.7)
4 NMOTEHIHAJ UeHTPOOEIKHOH CHJILI
U= (4 g2). (88)

_ B camom mene, auddepenuupys V u U no x, y, z nociaenosa-
TeabHO H HMes B Buny (8.5), Jerko y6exaaemcsi B 3TOM.

10 H. I1. IpymH#ncxui
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ITorenunan W cuabl TaKeCTH OnpefeaHTca kak cyMma V u U:
W=V+U, g

HIH

=iy ey g, (8.9)

[Tpoussoanas notennuasa no JoOGOMY HalpaBleHH paBHa Co-
CTaBJASIONEN CHJIbI, ACHCTBYIONIEH B 3TOM HAaNpaBJeHHH:
aw
- =& (8.10)

Hokaxem cnpasegansocts (8.10). Ilycrs MartepHaldbHaf TOUYKA C
Maccolt m = | nepemecrusiach u3 A B GeckoHeuHO OJIM3KYIO TOUKY
A’. Nepememenue AA’ = ds. Cocrasasiolilie TePEMENIEHHA 10
OCAM KOOpAMHAT OYAVT

di = dstos(ids, &), ]

dy — dscos (ds, y), | (8.11)

dz = ds cos (ds, z). J

Pacemorpum nuddepenunan norennnana:

dW = Z2dx - o dy + 2L dz. (8.12)

dz

B Beipaxenne mIs NoJHOTO nHtl)d)epeHunaﬂa (8.12) BRegem u3
(8.11) dx, dy, dz n 3nayennsi IPOU3BOAHBIX 1O ONPELENCHHIO:

au/

= g = g cos(g, x),
aw
—- =gy =gcos(g, y),
cJW

55 = 8: = g cos(g, 2).
Torpa
dW = g ds[cos(g, x)cos(s, x)+ cos(g, y)cos(s, y)+
<+ cos(g, 2)cos(s, 2)].
Ho Boipakenne B ckobkax paBHO ¢0s (g, §), C1e10BaTENbHO,
dW = gcos(g, s)ds. (8.10")

M3 sroro csoiicrBa NoTeHNHANa BHTEKAalOT 1Ba BAKHBIX CI1EACT-
BHS, NO3BOJAIONHX BHUKHYTbE B QDH3HYECKYIO CYIIHOCTL BBEJIEHHOTO
MOHATHSA.

Hz (8.10) Buano, 4T0 npuHpanleHHe MOTEHIHATA €CTh paGma CO-
Be€pllaemMasi CHJION NpH TepeMelleHHH eIWHHYHON TOYeYHOH Macchl
B [I0Jie CHJILI TSIXKECTH.
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Paccmorpum cayuail nepemeniendsi TOUKH B HallpaBJAeHHH, [ep-
MNEeHAHKVAIPHOM K HanpapjeRwto JefictBust cuapl g. Toraa
cos(g, s) = 0 u nu3 (8.10")

dW = 0.
HuTerpupys, noiyuaeM ypasHenue
W — const. (8.13)

Kak byHKUHOHAJAbHAST 3aBHCHMOCThL MEXKIAY KOOpPAHHATAMH B MPO-
CTPAHCTBE 3TO ypaBHeHHe eCTh ypaBHeHHe HEKOTOPOH HOBEPXHOCTH,
obJajanolei TeM cBOHCTBOM, 4TO B JI06CH €e TOUKe CHJIa Hanpasie-
Ha Mo HOpMaJiu K Hel. PaboTa cuipl Npu NepeMelleHHH MACCH 110
9T0H nopsepxuocty pasua nyaw (dW = 0). Ha marepuaapHyio To4-
Ky, PacroJ/ioKeHHYI0 Ha 3TOH IOBEpPXHOCTH, He AEHCTBYIOT TaHTeH-
UABHBIE COCTABJSAIOIKE CHIBL, TaK Kak Cujda HOpMalbua ed H,
CT410 GBbITh, 3Ta MOBEPXHOCTH OVJET MOBEPXHOCTHI) PABHOBECHS
JKHAKOCTH; IO HeH ycTaHaBJHBaeTcs YypobeHb muuxkoctd. TlTostomy
TaKas NMOBEPXHOCTh HA3BIBACTCH yposexHofl. VlHaue ee 30BYT KGU-
NOTCHYUAABHOL 13-32 TIOCTOSHCTBA HA Hell MOoTeHIlHAa/a.

ITpupaBas KoHcraHTe B ypasuenut (8.13) pasnuuuble syaueHus,
Mbl IIOJYUHM CEMEHCTBO YPOBEHHBIX MOBepXHoCTed, obgaajaoliee
TeM CBOHCTBOM, 4TO COCeJHHE YPOBeHHble MOBEPXHOCTH HHKOTAA He
MOLVT MEPeceKkaThess MM KacaTbesd. B NPOTHBHOM CaAyyae y HHUX OKa-
3ajach 6bl 0aHa obllas TOYKA, B KOTOPOH AJAs 00eHX NOBEpXHOCTEH
norenuua’ obpawancs 6bl B ofHV H Ty e mocrosindyio C, HO B
cuay ypasuenns (8.13) sro osnavajsio GBI, YTO BO BCeX TOYKaX 0OeHX
MOBEPXHOCTEH INOTeHIHaJbl paBHB ToMY ke 3HaveHuio C, 1. e. mo-
BEPXHOCTH COBIAZAIOT TOAHOCTLIO.

Ecan KoHcTante 3agaTh Takoe 3HayeHue, uTOOBl YpOBeHHAs IO-
BepxHocTh (8.13) coBmajana ¢ HERO3MYIIEHHBIM YPOBHEM BOALI B
OKeaHaX, TO Mbl MOJYYHM YPABHEHHEe T'eOH1a.

Tenepp paccMOTpPHM ciyuall nepeMelleHHA TOYKH BAOAb JAHHHH
neficreng cunastl g. Torna

cosg,ys)= N ds = %. (8.14)

B vpasuennn (8.14) ds — sneMentapnoe nepemellleHHe no HOPpMaJ/H
K VPOBeHHBIM mnosepXHocTaM, dW — npHpallleHHe NOTEHUHaaa NpPH
nepexojie OT OLHOH YPOBEHHOH NOBEPXHOCTH K JApyroi. ITH ape
OEeCKOHEUHO OJH3KHE TOBEPXHOCTH ONpeNeasioTcs YpaBHEHUAMH

W=CuW==C-|dC

Ha ypaBuenns (8.14) saxaiouaem, 4TO paccTOsSiHHe MexKAY ABY-
Msi OeckOHeWHO OJH3KHMH YPOBEHHBIMH IOBEPXHOCTAMH 00paTHO
NPONOPIHUOHANBHO AelicTBYIOMIEH cHie.

10
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Tak Kak Ha Kax[10ii NOBEPXHOCTH MOTEHLHAJ] NMOCTOSHEH, TO H
npupalleHte MOTeHlHala NP nepexofe TOYKH ¢ OJHOI YPOBEHHOH
NOBEPXHOCTH Ha JAPYIVIO €CTh BeJHYHHA NOCTOSHHASN, HE 3aBHCSIIAs
OT NOJOMKEHHSI TOYKH Ha 3TOH IOBEPXHOCTH. DTO 3HAYHT, YTO NPHU-
palllenue NOTEHLHAJA He 3aBHCHT OT NYTH IlepeMelleHUs Mare-
pHaJabHOl TOukKH (/ nau 2 Ha puc. 55),
a ecTb JHIIb (YHKIUHH KOHEUHBbIX TO-
YyeK repemelleHlsg. B yacTHOCTH, npi-
palleHHe TMOTeHIHAaJa N0 3aMKHYTOMY
KOHTYPY PaBHO HYJIIO.

M3 nByx ¢yHKUHI, BXOIALLHX B
BhIpaKeHHe TOTeHLHAaka CHJBl TAXKE-

Puc, 55. cti (8.9), Bropas — NOTCHUHAJ LEHT-

POGEIKHON CHJB — ABJASETCS TPOCTOM

HenpepbiBHON (yuKIMed, 3aBHCALLEH TOABKO OT NOJOKEHH§ TOUKH.

Ona He TtpeGyer cnenHanbnoro paccMmorpenns. Ilorénnman npuTs-

JKenHsl 3aBUCHT OT pacnpelesieHHsi Macc W PACHOJ0KEHHT HCCACLY-

eMOll TOYKH OTHOCHTeJbHO 3THX Macc. Iloatomy caeayer paccmor-
peTh 0c000 HEKOTOPLIE CBOHCTBA MOTEHIHANa MPHTAKCHHS.

§ 3. PeryaspHocTh nmoTeHUHANA TPUTAKEHHA
Ha OeCKOHEYHOCTH

otenmuan npursizenus V apngercs Qynkiueil, pery/spuoi Ha
6ECKOHEYHOCTH, T. €.

limrV = fM, (8.15)

Troo

raie M — o6mas macca Bosbyxaawouiero morennuan V tema, Cam
JKe noreHiMay V npu cTpemjenun r K GeCKOHCUHOCTH ofpariaercs
B HYJb:

limV = 0.

r—->oc

Yro6b! noKa3aTth paBeHcTBO (8.15), HamuIIeM BuIparKeHHs MOTEHIHA-
Ja TIpUTSIZKEHUs, pa3BHBaeMoro maccoi M, 3ak/0ueHHON B KOHey-
HoM oGbeme, Ha Touky A (puc. 56):

e dm

,[La.nee, NpeaAnoJIOKHE BCE MacChl TeJga COCPEeJAOTOYEHHBIMH B O1-
Kanmed k A Touke Tesa ffl’, HanmumieM BBIpaKeHHe IOTeHIHaJla

vi=f|e,

passuBaeMoro maccofi M B 3ToM cayuae. AHAJOrHYHO JIs CaAyuas
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Macc, COCpeJOTOYeHHBIX B HaHOoaee yaajennoit ot A TOuKe s,
dm
VH — f j‘ ";.T'

3nech ' W r” — COOTBETCTBEHHO PaCCTOSHHSA OT A no GauKanme

Puc. 56.

i camoii yaandenHoit Touek. OueBHAHO, UTO ST TPH CIydas MOKHO
cBSI3aTh HEPABCHCTBOM

f}gf—,f<f5m—"—<f5éﬁ—l- _

i

B KpailHHX 4acTAX 3TOTO HEPABEHCTBa B 3HaMeHareae HMeeM 1O0-
crosinubie peanuuubl r/ u r”. TlomHs, 9TO Sdm—_‘ M — macca Te-

Ja, MOKHO HanucaTb
M

£

M
7<V<f

VMHOMKAsA 3TO HEPABEHCTBO Ha 7 H NMEPEXOAd K Mpeaesy NmpHr—o,
r/— oo, r" — 0o, NOJy4YaeM HCKOMOE COOTHOUIECHHE

limrV = M,
r—-0oo
TaK Kak
4 r - £
lim - = lim— = 1.
T P00 7

§ 4. MoTenuuan npocroro cjaos

B ypasuenun (8.7) 3aeMeHT MacChl dm 3aMeHUM TIpOU3BENEHUEM
NIOTHOCTH Ha 3aeMedT obbema dt:

dm =0 dt.
Torma unrerpan (8.7) sanumercs Kak HHTerpal, B3ATHI MO 00Be-
My T:

V=7 (“—-fi (8.16)

T
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Ecny npuTATHBAONINE MACChl PACHONONKEHH HA HOBEPXHOCTH S
B BHIC CJI0f MaJoH TOJUHHBI /i, TO 37aeMeHT 00beMa, B KOTOPOM
HAXOIHTCA 3JeMeHTapHas Mmacca, Oymer dt = hds, rue ds — ae-
MEHT MOBEPXHOCTH. DJeMeHTapHafd Macca MOJVYHTCS KAK MPoH3Be-
JleHHe TIAOTHOCTH O Ha 3JeMeHT ofbeMa oftds, u uHTerpan (8.16)
DPUMeT BHA

( (ohds
v = i fhte
e i
s
Ecan c/10it S cxKHMAaTh K ToJmHHe /i — 0, IPHTOM TaK, 4TOOBI IPOH3-
BeJcHHE o/l 0cTAaBa/OCh KOHEUHOH BETHYHHOM

Himah —o;
hs0

TO MBI TIOJYUHM HNOBEPXHOCTHYIO NJAOTHOCTB of, a uuterpas (8.16)
0OpaTHTCS B

V= \ g ‘ (8.16')

TaK HasbiBaeMbIH NOTEHUUAL NPOCTORO CAOA.

Bo Bcakoi TOuke, He Jealled Ha MOBepXHOCTH S, BbipameHHE
(8.16") npexacrapager co0oll KOHEUHYIO HENPEpPLIBHYIO $YHKLHIO,
HMelolIyio HenpepbiBHbIe d9acTHBe NPOH3BOMHbLIE JI000ro mnopsiaka.
ITH YacTHBIC IPOH3BOHBIE MOTYT OLITE MOIYYCHB NYyTeM AHPGhepeH-
itnpoBanus (8.16") mox suaxkom mHTerpasa. COOTBETCTBYIONIHE HIPO-
EKIHH CHJI NPHTAMKEHHA B TOYKe X, Y, 2, He JeKalled Ha MOBEPXHO-
et S, Beipazarces GopMyaaMu:

P f{j LT jj"‘%’ds:
“s s .

rd aiy r3

5 aVv ! Stz 7
F:, = —07 S (S S ) alehsS,
5

[Tepsele mpoussoguble ¢yukuuu V, oupenensiemoit dopmyJion
(8.16"), npH NPOXOKIACHHH TOUKH X, y, 2 uepe3 MOBEPXHOCTb S mpe-
TePNeBaIOT PaspbiB HEeNpPepbiBHOCTH, H3MEHAACh TIPH JIBHIKEHHH IO
HOpMaJd cKaukoM Ha BennuHHy 4mfo’. PaccMorpuM caydai, Koraa
TOYKA IPHOJIMIKAETCs K NMOBEPXHOCTH S, He mepecekas 3Ty NOBepX-
HocTh. [Ipon3Boanbe NOTEHIHAAA TIPOCTOTO CJOS MPH NMPHOIHKEHHH
TOYKH K IIOBEPXHOCTH OYAYT HMEThb HEKOTOPBIH mpeiet, pa3JaH4yHbIH
B 3aBHCHMOCTH OT TOr0, KaK NpHOAMIKAETCs TOUKA: W3BHE WJIH H3-
HyTpH. ITycrh Touka npuGaIHMKaeTcsl K S MO HANPABJICHUIO HOPMAJH
n. Ilpu stom spmauxkom [ OyzeM o00o3HayaTh NPHOJNMKEHHE TOUKH
B K MOBEPXHOCTH H3UYTPH, 4 3HAYKOM ¢ mpubammkenune Ttouku A
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uzpHe, O6e Toukn A u B Ha nosepxuoctn crpemares Kk C. Hannmewm
JBa TpejeNbHBIX SHAueHHs IPOM3BOAHEIX TMOTEHIHAaMa IPOCTOTO
CJ0ST Ui cJAydasi BHEUIHEr0 H BHYTPEHHETO CTPEMJIEHHS TOUKH K
MOBEPXHOCTH S

dVe, dave ’ Bl A
"'C'{—!T/f‘f Im—dr—i:——hmf j—;gd&
/ A=C ACT v r'a
dvi dvi 0’ cos (r g, n)
e I B B>C ¥_v 'y

8

YUTo0Bl yCTAHOBHUTH XapaKkTep H3MeHeHHS MepBhIX IPOH3BOAHBIX NpH
NOAXOMe TOYKH K MOBEPXHOCTH, BBIIENHM HA TOBepXHOCTH S Gecko-
HEYHO MaJyio 00ad4cTh Sy ¢ nentpoM B Touke C, H HHTErpaJjsi, BXO-
JsllHe B npefebHble BLIDAMKEHHS /s [IPOHIEOAHON, pazobbem Ha
nBa: no o6aacty Sp u 110 Beell ocTaabHON MOBePXHOCTH S—Sy:

dve, ] aeosliro 1
Rl e o Rl e l
A o, 21 A~>C o AT
DL PSSP L [ PR e o)
Al By re B30 e 'y
0 0 J
(8.17)

Ilepeble ciaraemble 0GOHX paBeHCTB, A KOTOPHIX 06JacTh Sg
HCKI0YeHA, HMEIOT OMHAKOBLIH Mpeie:

tim f ”‘Mas e Y “—OS—(J?-L)M

foin r_,, B»C §-3, h‘
ke \1 g g’ L()S( o ”)dS (8 18)

[T r
8—8, C

PaccMOTpHM Teneps, KaKHe 3HayeHHs NPHMYT BTOpEIE HHTErpa-
apl (8.17). Tax kak obaactb S, GeCKOHEUHO MaJa, ¢e MOMKHO pac-
cMaTpHBaTh KakK 4acTh MJIOCKOTO NPOCTOTO CJOA.

PacemoTrpum npHTSMKeHHe TOYKH IJIOCKHM OJTHOPOIHBIM NIPOCTHIM
ciaoeM. TIpoeknusi Ha ochb Z CHJABI TIPHTSIKEHHS TOUKH A 3JeMeHTOM

ds (puc. 57) Gyner
Tas gk ipp\ Ll e

dz 2l
8

Brenem noaspHble KOOPAHHATHL p, ¢ B KOOPAHHATHOH IJIOCKOCTH
XY. DneMeHT moBepXHOCTH dS BLIPA3HM B MOJSPHBIX KOOPAHHATAX:
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ds = p dp do.. Onako, NOCKONBKY AJsi panHoil Touku A z = const
224 p2=r2 10

S — A

Kpowme Toro, cos(r, z) =z/r. Umes 310 B BHY, MPOCKIHIO CHabl F2
HallHIIeM B BHIE

Vailtat on
dr do. \
F2 = ifdz j'—rH—-*QTLO"(lﬁ—IL i
z fj ) 2 f _]/az_l“zz) sign z.

Ilpu npubanxennn Toukn A x C BTOPO# u/ien B cKoGKAX obpa-
IAeTcsl B HyJb. 3HAK CHJIBI TIPHTSKEHHSI onpenenser sHak z. [pu
NoAX0Ae H3 0OJMACTH MOMOMKHTEAbHBIX 2 3HAK CHIILI COXpaHsIeTca oT-

PHUATENBHLIM, A4 08JACTH OTpPHIa-
. TEJIBbHEIX 2 — HA060pOT:

2 F} = — onfo’ signz. (8.19)

[Ipumennm tenepn coornowenus (8.19)
K (8.17), xpome Toro, mameHuM na-
) NHCaHHe MepBOro0 CJaraeMoro B CO-
OTBETCTBHH ¢ (8.18) m Gynem Heorpa-

/,“ T ¥ HHYEHHO yMEeHLIIATL 06J4cTh Sp:
dve, Y S‘G €os (rp, n) ; )
E?"“.l_w—ds 2nfa’, '

i ’ i }

A dV' G cos(r-, n
: 2.0t 35 (C SRk e?) go ) S |
Il
5 ]
Pue. 57. (8.20)

Boiunras sropyio dopmyay (8.20) u3 meprofl, noayunm

ave,  avg ¢
L ——L— —dnfo’, (8.21)

B cayuae noaxona x mosepxHocTd He 10 HOpMaJaH, a 1O HPOH3-
BOJIBHOMY Hanpas/iennio [ Bhipaxenus (8.20) u (8. 21), NOJIy4aloT
100aBOYHbII MHOKHTENb C0s(l, n):

qVe LAy

AT e cosibn). (8.21)

@opmyaa (8.21) sueegena II. Kyaonom, ®@opmynn (8.20) “H3BECT-
HBL 101, HasBauHeM Gopmya I[Tnemenu.
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§ 5. Moredunas wapa Ha BHEWHIOW TOUKY

Haiinem mnoTenimas, pasBHBaeMblil 0ECKOHEUHO TOHKHM chepu-
yeckuM caoeMm S na BreurHioio touky A (pue. 58). Ilas sToro ua-
NHOIEM  [OTeHLHAJ] TNPUTAXKEHHA
MpOCTOro caos mias chepol S: : A

o'ds

{0 i

[Ipencrasum fanee 3aeMeHT dS 10-
BepXHOCTH chepsl B chepHULCKHX
koopaunarax. Hauano xoopimmat
pacnoJoxHM B IeHTpe mapa. [lo-
JASPHOE DAaCCTOSHUE 1 OVAEM H3Me-
HATb OT HamnpasjaeHus OA mo ¢ =
= n. Jloarory A OvIeM H3MEHHATb
OT IITOCKOCTH yepTexKa A0 A = 2m.
DiaeMeHT  TOBEPXHOCTH  CepH-
4ecKOoro  caost  Oyiaer = Pnec. 58.
= R? sin dip di.

BBoast 310 3HaueHue ds B BLIpaskeHue noTeHnHana cdepHuecKo-
rQ CJ0s], NONYUHM

2n

ik YUstll’Hbdlpd?\,
0

S~
‘31—-"3 a

[MTonaras NOBEPXHOCTHVK IIOTHOCTH IMOCTOSIHHOH H HHTECPHPYS 0O
A, TOJIy9HM

V = 2nfo’ f&i‘};lm

0

Ilnst Toro 4ToOB MPOMHTETPUPOBATH ITO Bhipa)KeHHe, IepeHgeM K
HOBO# TmepeMeHHOfi HHTerpaiunn r. eoMeTpHueCKH Ou€BHAHO, HTO

r2 = R? 4 p?> — 2Rp cos .

Huddepennupys, noayiaem
rdr = Rpsinydy
i
Ranyio, Rz
P

e

Torna
0+ R

B sl 2 L 2 A
V=o' & | ar—dujor & 2, (8.22)

rn
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Tak kKak 4nR? — nosepxHoctb cdepnl, a 4nRZe’ = m. Ilpenennt
HHTErPHPOBAHHUS CHPEAeNSIOTCH MOJ0XKeHHeM caMoit 6auskoi (a)
1 camofl ynasenuo# (b) rouek cdepbl. IToTeHIHAM HOpPHTAMKEHHS
chepryeckoro cjosi Ha BHELIHIOK TOYKY PaBCH MOTCHIHAJIY TPHTSI-
JKEHHsl MaTepHaabHOH TOUKH, DACIOJOMKCHHOWH B ueHTpe cdepbl H
HMelolleld Maccy, paBHyio Macce chepHUecKOTo CJ10s.

Uro6Bl mepeiiTH K NOTEHIHAJY CJI0S KOHEYHOH TOJIHHBL, HAaLo
poipaxenue (8.22) mpowHTerpupoBath mo R B npejenax ot R, no
dm
ds
(ds — 3JileMeHT NOBEPXHOCTH) HA OOBEMHYW IJIOTHOCTE 0 = 'fi'—:,r,ue

R, 3avMeHHB nOpEABapUTENBHO NOBEPXHOCTHVIO IIOTHOCTH 0 =

dtv = ds dR — snemenr o6beMa. [lonbaysch OUeBUAHBIM paBeHCT-
BOM o’ = ¢ dR, noaydaem

R
Lt ‘%9 g R%2R = %Rf %(R“ —RY). (8.23)
Ry
Jl1g nosHOrO mapa.
Ri=0 u V=—gafZR. (8.24)

4
Benoynus, 410 —-7tR?  ecth 00beM: llapa, noayyaem
M
N (8.25)

raie M — macca ogHOpoAHOrO Wwapa. JTo ypaBHeHHe O3Hayaer, yTo
OTEHIHAJ NPHUTSMKEHHsT MaTePHAJBHOTO IHapa HAa BHEIIHIOW TOYKY
paBeH mOTeHUHAa Yy, PA3BHBAEMOMY MaTepHAIBHOH TOUKOH, pacrnono-
KEHHOH B IleHTpe Llapa M HMMelouleil Maccy, PaBHYIO Macce wiapa.

§ 6. MMoreHuuan mapa Ha BHYTPECHHIOW TOYKY

Juist Haxo:KeHus noTeHIldaja Wapa Ha BHYTPEHHIOO TOUKY Hail-
JeM cHayaJa [OTeHNHa/] IIapoBOro CJI0si Ha BHYTPEHHIOW TOYKY.
Jast aroro Bocmoab3veMmcss Gopmyaoit (8.22), TOAbKO 3aMeHHM
B Hell npelenbl HHTerpHPOBAaHHA, KoTopoe OyaeM Telnepb BECTH OT
R—p 1o R+ p (pue. 59):

R4-p
V= 2ujo £ 5 i~ dnFals (8.25)
R—p

Yro6bl pacnpocTPaHuTh, 3TO BbIpaKeHue Ha CJIOH KOHEYHOH TOI-
UMHBI, HALO0 nponuHTerpuposate (8.25°) or p mo R:

R
V = dnfo | RdR = 2nfo (R* — p%). (8.26)
!)
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Jast HaXoMKAeHHS TMOTCHUMANA TIOJNHOTO IAPd HA BHYTPEHHIOO
TOUYKY pasoOpeM LIiap Ha JABe yacTH S; W Sy Tak, yToOBl HCcaenye-
Masg rtouka A jgemxana Ha cdepe, cayxa-
el rpaHuleil MeXIy 3THMH YacTHAMH.

[Iycts pamuyc cdepbl, Ha KOTOpDO# Je-
KHT TouKka A, pasen p. Ilorenunan mapo-
BOro c1osi So Ha Touky A Oymer

Vo = 2ajo (R* — p?)
B cooTBETCTBHU ¢ (8.26).

[Torenunan mapa S; Ha pHelIHIOW TOU-
Ky A Gyner B coorBercTBHH ¢ (8.24)

a9

4
o e wfop?. Puc. 59,
Iorennuan Becero mapa Ha Touky A NOJIYYHTCS KaK Cymma Io-
TEHIHAJIOB LIAPOBOro c10f Sy H mapa S,

4
3

V =V, + Vy= 2nfo (R — p?) + —nfop? = —-nifo (3R — p?).

(8.27)

JLast TOro 4TOOLI MOJYYHTL CHJLI TPHTAMKEHHS LIAPOM BHEIIHE!
H BHYTpDeHHeH TOYEK, HaJo MOJyUYeHHLIC BLIpAMKEHHS MOTEeHHHAaIa
npoaudpeperuupoBaTh 1o p.

Cuna, passuBaeMas IapOM Ha BHEIIHIOI TOUKY,

Fie —f%. (8.28)

i Ha BHYTPEHHIOIO
Fin == — - nfop. (8.29)

HMen B By, uTO Macca wapa pajuyca p ecrb

4

m = —— aop?,

BoipaxkedHne (8.29) npencrasum B BHIE

m
Fi'nz_”fF:

T. € CHIa TNPHTAXKEHUS, pa3BHBaeMas ONHOPOJAHBIM IIAPOM Ha
BHYTPEHHIOID TOYKY, OTCTOSILLYIO Ha PacCTOSIHHH p OT LEeHTpa luapa
(p << R), paBHa CHJe NPHUTAKEHHS OXHOPOAHOrO liapa paanyca p
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WJIH CHJIe TIPUTSIKEHHS] MaTepHAJbHOH TOUYKH, pacro/iokeHHoH B
IeHTpe lapa M HMelolledl Mmaccy mapa paapyca p. Buemuuit no
OTHOIIEHHIO K NPHTATHBAEMOH TOUKe CJIO¥ LIapa Ha 3Ty TOUKY He
aeiictsyer. COOTBETCTBEHHO CHA TPHTSMKEHHS OJHOPOLHBIM HIapOM
LleHTpa luapa pasHa HyJio.

§ 7. Ypasueuus Jlannaca u flyaccona

Onepatopom Jlamraca HIH BTOPBIM AH(PepeHIHAIbHEIM Onepa-
TOPOM HA3LIBACTCS BHIPAKEHHE

a2V 5L a*v i 6___21 A (8.30)

a2 ' ot ' o

Ecau V — noredHiiHag  NPpHTAMXKEHHS, TO AJAs TOUYEK, PacrnoJoXKeHHbIX
BHE HpHTHFHBalOUlHX Macc,

ViV = 0. (8.31)
310 serko nokaszate Auddepenunposanuem. HMmes B Budy, uTO

A e

e A

HOAYUHM

(& —nl=

v

i (X —x) or 7] (X — x))
:fqhz—3—ﬁizﬂdm‘”*fVF'ﬁ 5 ran;
AHaJoru4Ho,
e e e
et Ry e e
TARLES 1 (Z —2)
Ll fjl{——ra eyt }dm.

CxaajpiBasi Bce TPH yDaBHEHHs, NOJyudaeM V2V = 0, mOCKOAbKY
(X—x)2+ (Y—g)+ Z—2) ="

JIAsi TOro uTOOH NOAYYHTH 3HAauenHe Omepatopa Jlamiaca A
noreRuuata cuabl Txkecrw V2W, mamo K BBIpaXKEHHIO (8.31) no-
faBUTh CYMMY BTODBIX IMPOM3BOJHDBIX MOTEHIHAA 1LeHTPOOEIKHOM
CHJIBI:

02U a2U a2u

Friany dnst
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Torma n/s ToOukH, pacnoNoXKEHHOH BHE Macc,
VW = 2’ (8.317)

Ias Toyek, pacno/JOMeHHBIX BHYTPH Mace, HMeeT MecTo ypas-
nenre Ilyaccona, u sropoit auddepenunanbublii onepatop obpaiia-
ercsl MOTEHIHAJOM NPHTSKEHHs B BeJHYHHY, paBHY0 — 4nfg. Yro-
Gbl 3TO MOKasarh, MoTeHUHas V mpHrs-

JKeHHsl Ha TOUKY, PaclOJOKEHHYI0 BHVT-

pH Macc, pasjaeqdM Ha [Be 4YacTH o

(puc. 60): ma norenwman V; coepnl @
Manoro pajgmyca R, BHYTPH KOTOPOH Ha-

XOLHUTCH HCCIeLyeMast TOUKA, U HA TOTEH-
uxas V Becex ocTanbHBIX Mace, pacnogo-
WeHHbix BHe cdepsl. Ilpu stom naot-
HOCTH BelLlecTBAa BHYTPH cdepbl pajuy-
ca R O6yneM cuuTath NOCTOAHHON. B aTHX
NpelnoJoXeHnax aAas Ve HMeer Mecto
ypaBHenne Jlannaca V2V, = 0, nocko.ib-
Ky TOYKa SABAfeTCS BHEIIHeH [Js BCeX MACC, Jexaliux BHE
chepsl R. Uro kacaercs Vi, 10 1151 HEro MOXKHO HAalNHCATh BHIpAKe-
HHe NOTEHLHaa 0AHOPOJHOTO 1apa HA BHYTPEHHIO TOYKY

Vi= 2 nfo(3R: — p).

Puc. 60.

Huddepenunpys 370 paBeHCTBO ABAKALI 110 X, 4 H 2, MOJYIUM
a2 e o v 4

- et 7 Tt w20 0 T ety 1

CyMMHDyst 3TH TPH BbIpazKeHHs, ¢ yyetom (8.31) mosyuaem

eV |, a2V | 8V 2
aE T ap =+ o e ViV = —4xfg. (8.32)

Uro6bl NOAYYHTb YpaBHEHHe [/ NOTEHNHAJa CHJABI TSXKECTH,

k (8.32) Hamo 106aBHTH CYMMy BTOPHIX NPOH3BOAHBIX NOTeHIHAAA
HeHTPOOeKHOIN CHJIbL;

V2W = —4nfo 4 202 (8.32")

. § 8. dopmyaa Ocrporpajckoro

Ilycte 3apmana 3aMKHyTas IOBepXHOCTL S Takasi, uTO NpsIMBIE,
napaJjielbHble OCH Z, NepecekaloTcs ¢ MOBEePXHOCTbIO He GoJee 4eM
B JBYX TOYKAaX, W MYCTh 3ajlaHa HeNpepuiBHAA H HMeEIOIIas Hemnpe-
puiBHBEE Tpon3BoaHble Gynkuua U(x, y, 2). Paccmorpum unrerpan
no 00beMy, OXBATBIBAEMOMY IIOBEPXHOCTHIO S, OT NPOH3BOLHOMN
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dyukuun U:

5 jw‘g‘m'_/ (;;,zy, z) dt.

T

Taxk Kak dtv = dz do, ero MOMKHO NpeACTaBUTb Yepes HHTErpan mo
niockoit o6sactu £ (puc, 61) caeaylomum o6pazom: :

g
.

j‘j i:% dt = Efds %%dz - K&[U (%4, 2) — U (x, y,2:)lds,

T > 7,

HJTH

”5%‘“ T HU (¥, y, 2,) ds -—”U(,\;, y,z)ds.  (8.33)
T 3 et

Murterpan no njockoil o6aacti X MOKHO 3aMEHHTL HHTCrpajaoM
10 NOBEPXHOCTH S, 10Jb-
o 3ysCh COOTHOIIEHHEM

ds = dS cos(n, 2),

raie N — BHELIHAS  HOP-
Malb K TOBepxHocTH S.
Tak K&K MOBepXHOCTb S
JBaKbl nepeceKaercs
NPSIMbIMH, TaPaJIelbHBIMH
ocH Z, TO pa3ienHM ee Ha
ape oBaacty I n 1l
(cM, .. puc. - Bl)  -rag
yToOBl  NEpPBOE  Mepece-
yepe Oblio B o6aactH |
, n Bropoe B obaactuy Il
y Torza HHTErpaJbl Ipa-
BOH yYacTtu BBIpaKeHHs
Puc. 61. (8.33), BasATbHIE 1O MIOCKOH
obJacTH Z, BLIPA3HM uepes

HHTETSPMH, B3ATBHIE TI0 COOTBeTCTBVIOUMM 006J4cTaM [OBepXHO-
CTH O: 3

5‘ EY %Uz‘dT = ‘SY U(x, y,z)cos(n, 2)dS -- jﬁ Y U (x, y, 2)cos (n, 2) dS.

El I

(8.31)

31ech y BTOPOTO HHTerpana NpaBoil uacTH W3MEHHJICS 3HAK, Tak
KaK yroa, obpasoBaHHblil BHelIHed HOPMaJbio o6aactu I ¢ ocbio Z,
TYNOH, MO3TOMY €08 (1, 2) <0 u ds = cos(n, 2)dS.
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[lpaBas uacto BeIpaKeHHs (8.34) npeacraBaser cobOi HHTe-
rpaJ, B3sTbLI 1O Bceill MoBepXHocTH S, T. e.

SH il ”U(Jﬂ Y, 2) cos (n, 2) dS . (8.35)

T 8

Bepﬂ NIpOU3BOAHDLIC MO X H I, MbI MIOJYYHM TEeM 2Ke MOyTeM BBIDA-
HKeHHA i

jjji’% dr = SSJPU(x Y, 2)cos (n, x) dS, (8.35')
” T H U(x, 4, 2)cos(m, y)dS. (8.35")

T

-

Cymmupysa Bce paseHcrpa (8.35), mnoayuum  dopmyay OcTpo-
TPaACKOTO

i

v

(d,—U—L d,i—'— S )d’c = S g U |cos(n, x)---cos(n, y)--cos(n, z)1 dS.
g

dx= gy gz
(8.36)

§ 9. OcHosHple npeoGpasozanus I puna

PacemerpuM unrerpan

CC(foU aV , oU oV |, oU oV |
[:J-H(m Py o az)dT (8:37)

B3ATBI 10 00BbEMY T, OTPAHHYEHHOMY NOBepXHOCThI0 S. ClaraeMmule
HOABIHTErPAAbHOTO BHIPAKEHUA NPEACTABAM B BAAE

WV o (ol o
dxiox W ldx ax |

orek (8.38)

nocae dero HHTerpan (8.37) mnpuBedeTca K cJAedyioOLIeMy BHAY:

=[S (05) + v 50)+ 3 v

( o2V, a2V | 3V
T

IlepBoe u3 caaraeMblXx npaBoil uyacTtH [peoGpasyeM C IOMOLIBIO
dopmyasl Ocrporpaackoro (8.36) u mpencTaBuM B BHIe HHTErpasa
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160

10 MOBEPXHOCTH
av
{ = SXU [%YX— cos(n, x) + % cos {n, @) o+ 57008 (n, z)] as —
Bkl

f oo

riae
' : L S A e
Ty e R Al o
M= GRS
Tax kak
av av oV AN
—5 €0S {n; x) + 3y o (n, )+ 57, €0S (i 2) = ==,
HaTHIIeM

j'j'j'(%ﬂ_‘rgﬁti?i,gﬂﬁi‘i\d 7
ax ox ' oy 9y ' oz az} b
o

~ (v as - ”ju 2y dr.  (8.39)
s T

Jlepas uacTb pasedHcTBa (8.39) me MeHsieTcs OT [epeCcTAHOBKH
dbysximin U u V. Tlosromy, menss mecramu ¢yuxknud U u V
(8 (8.39)) u mpousBoiAs BeIUHTaHHe, moayunm dopmyay [puda

el el R <] (JV f)U :
| SJ (UTV — VU de = | S(U Y Va)ds. (8.40)
% 8

4

[Ipumenum Gopmyay Ipuna K ¢ynkmun V= lfr, rxe r— pac-
crosiue ot Touku Mg, B KOTOpOil OI-
pereasiercss Gyukuus V, no Texyiuei

S

toukn M. Tlyctb Touka M, JaemuT

5 BHe obaactu 1. Torga lfr ynosaerso-

z; psieT BO Beex TOYKax ypaBhenHio Jla-

| njaca, Tax 4To
L oy : S‘“ | aUu
/ HJHTVU‘“KJTWC‘S-
§ i s

a 1
Puc. 62. :SSUW(T) ds =0, (841
s

PaccmorpuM cayuaii, koraa Touka Mo JeKHT BUYTPH 0OJIacTd T.
®ynkims V = 1/r Temeps crpemures K Geckomewdoctd mpu r—>0,
u dopmyay (8.40) npuMeHsTL HENOCPEACTBEHHO HEJR3s.

rs
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Orpannunm Touxy Mo cdepoit T pamuyca p (puc. 62). Paccmar-
pusaemble Gyngunu U u 1/r nenpepbiBHbl B 00/MaCTH Tj, OrpanH-
yennoit nopepxuoctsMi S u X, K stoit ofJacTH 1 cAeLyeT Temepb
npuMesnTs (8.40)

[{§loe (L) =L ooar -

Ty !
Pk et 1 U g T
B | et

L%
-
o &

3aMeTuM, 4TO ql}fHKLLHHI 1/r B TllyII,OBJIETEOPHCT vpaBHeHHIo Jlam-

naca ¥ i chepb "(Z---——BT— 597 I03TOM
JidiC J17 (x 1 pra| i = 577 o 720 I\ y

=J {5 e [ fog = R las+

‘1
i U A " 1 aU

VL as— || +-%as. (842
52 2
Byzem cTpemurn paauyc cdepsl ¥ K mymo. Toraa HHTerpan mo
obbeMy T, Oyder CTPeMHTbCS K HHTerpaay mo obbemy 7. Ilocaen-
HUIl HHTerpaJ npaBoil 4acTH paseuctBa (8.42) OymeT CTPEMHTBCA
K Hymo. B camom zneae, na cepe r=p— BeJHUHHA IOCTOSHHAA.
TTons3ysch TeopeMoi 0 cpeiHeM, MOJYUYHM

A

L R Sl ;
lim \ B—tif—eiSzhm l—j \ﬂ
p->0 -1“1 i on p=0 p L dn
e=dim ]—(ﬂ) S YdS = iim(ﬂ) Aag =)
o0 8] an /Pep 5 g0 . an JPep

al ;
Tak KaK —- 70 YCJIOBHIO OrpaHuuena BO BCEX TOYKaxX o0Jactd T.

IlpeoGpasyem BTOpDOHl HHTErpasJ, pacmpoCTpaHeHHBI Ha cde-
py . [IpuMensas Kk HeMy TeOpeMy O cpeflHeM H IOMHs, dYTo Ha cde-
pe BeJHUNHA r NPUHHMMAeT NOCTOSIHHOE 3HAaueHHe, PaBHOE pajmycy

cihepsl p, NOJIYUUM

({Lvas=2 (fuas— Ly | fas=
i de b 02 $ir o 0 R

= b
1 9
:—-p—gU(Mn)4np~=4nU (M,).
B npenene npi p— 0 515.-:—2—(;’(18 = 4al (M,).
; 3

J1] S Ipymnicknil
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Tenepn ¢opmyay (8.42) nerko manucath B BHIe
=t \ﬂ Vil \ \ Um(%)ds + [+ 2 as — anv (m,).
e =% it

- (8.43)
Ecnn rouxka My Jieskut Ha moBepxuoct# S, 10 jJ%UdS: 2nU(M,),

2
TaK Kak HHTerpas Oepercs 1o noaycdepe u

[T o g e

+ (L% s — onv(my).  (3.44)
it

N3 dopmya (8.43) u (8. 44) nosmyunmm snauenne Qyukuuu U
B M0G0l Touke M, Haxoafulefica BHYTPH OGJACTH T WJIN Ha ce
rpaHune, uepes OGbeMHEL 1 MOBEPXHOCTHBISl HHTErpaJibl

U(M0)=--4—IE‘L”—,'_—%%—~U£1(r It S—mf” U dv

(8.45)
(BHyTpU O6sacTH 1),

PR | EXTREATS) PO J TR

(8.46)

(1a nmoBepxnocTH S).

I1u GopMyasl HasuiBalorca GopMmysnamu ['puna.

Ecan ¢ynknua U rapmonnveckas, to V2U=0, n Mpl noayuaem
CAeAYIOIHE COOTHOLIGHHS:

et ( JJas

] = 0 Ans BHewiHedt o6nactw,
}d = 2nU/, Ha MOBEPXHOCTH,

= 4al/ pns BHYTpeHHeilt of6nacTy.

(8.47)

IMpumennm ¢opmyay I'puna (8.41), (8.45), (8.46) ans noTeH-
IHarmna Macc, pacnpoCTpaHCHHLIX B obObeMe T, OrpaHH4YeHHOM
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nosepxuoctbio 8. Ilyete U=V — notenuuan npursxeHus; Torjia
AJIs1 TOYEK, PACNONOMEHHBIX BHVTPH o0BbeMa T, OrpaHHUEHHOrO TO-
BEPXHOCTBIO S, HMeeT MecTo ypaBHenue Ilyaccona

V2V =—A4naf.

[Tostomy Bxoasiuyiii B (opmyant [puna wuHTErpas, cofep:kauyuii
V2V, npuMer BHI

5”2;!“= —4ﬂf515j’°,—‘”:d 4av. (8.48)

Beons snauenne (8.48) nocaemoBateanno B (8.41), (8.45) u (8.46),
nonyuaem Qopmyas I'pHna aas moTeHnHana:

S' ( l_:_ %E By .JG,T (%)] dS — —4aV (M) nns puemnedi  (8.49)
: obJacty,
j. 5 [+ %‘f. s ai (L)] dS = 0 aas BHyTpenueii oG- (8.50)
i n i
. nact,
” [rL v (—:-HdS — — 2aV (M) pan (8.51)
S

NOBepXHOCTH S.

§ 10. Npeo6paszosanue tdopmyasl Mpuna
no MoJojsenckomy

Kax caeayer u3 dopmysn (8.49) u (8.51), norenuuan V npu ne-
PEXOJe M3 BHELIHErO NPOCTPAHCTBA HA TOBEPXHOCTb S nperepmne-
BAE€T pA3DPLIB HENPEPLIBHOCTH H H3MEHSETCSl CKAYKOM Ha BEJHYHHY

1 1 av I DY
?z;fs”?*,a—n"*""aw(ﬂ]ds-

CooTsercTBenno 31oMy 3nauenme motemmmana V ma TIOBEPXHOCTH
i BO BHEIIHEM NPOCTPAHCTBE ONPEALSETCs PasIHUHBIME (OPMY-
TaMH. -

IlpeoGpaayem dopmyay (8.49) Takum o6pasoMm, uTOGHl OHA OMH-
 ChiBaja TOBeenne NOTeHnHaNa I BO BHEUIHEM NPOCTPAHCTBE, H Ha
. S. B xauecTBe mosepxHocTH S Oynem paccMaTpHBaThL cepy paan-
yca R. ®opmyaa (8.49), Gyayun sanucana B BHIe

v = - [ [[+5 - vZ(L)]as, @52
S

\

10hd
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CrnpaBelaHBa TOJBKO TOrA4, KOrja toika M HAaXOMHTCH BHE Cepbl
S. Hnas Toro uTobbl cHenaTh €e cOpaBelJHBOI M s S, A06asuM
B MpaBylo 4acTb paspLiBHYI0 GYHKUHIO, KoTopas BHe chepbl S pas-

Ha HyJ0, a Ha chepe - V{(M). Herpynno norasatb, 4te GVHKILHT
] @ 7 3 a l b3

"_T:Ej \ li(,m(—r—)dS KaxK pa3z H obranaer TpebyeMblM CBOICT-

g

som (Vo— 3nauenne ¢yuxkuud na chepe S). B camom gene, sta

(yuKuHa paBHA HYyJio Bue cdepsl S mo teopeMme Iaycca u pasHa

1

—2—V(M) ma S. Tenepr npeobpasopanue I'puna (8.52) npunnumaer

BHI
v (IR vy & L]as. w3
Ilpeo6pasyeM aHaJMOTHUHO M TEPBLIH u/deH GOPMYJB, T.&. BMECTO
1 1 av
g 5 r r?_ndS
s
BBELEM
1 1 (aV oV S
—_KTT jlsjl"r—(é—ri— f-a?:)) ds. (804)

HobGasnennsiit uley pasex

I FAVy gl ] avﬂi" I _ 1 aVy4aR® _ R2 GV,
4;585, andg ﬁantj‘?"ds“ﬁan G S
8

Tak Kak notenuuan cgepbl paBeH NOTEHHHAJY €€ LEeHTpa ¢ TOf
XKe Maccoil. DT0T wiIeH Haxo BHYecTh H3 (8.53), ecan mepsulit uieH
NOJABIHTETPaJbHOTO BhIpa:KeHua samucan B Buze (8.54). Toraa npe-
ob6pasosanne 'puna nprobGperer BRI

R Y 1 (ov avo)f (1_] a2
A 2 { (% s V°)a r “ p o’
o (8.59)
3ech ellle YUTEHO, UTO ~a—rf ~— 3HAYCHHE TMPOHUIBOAHON B TOUKES Te-

peceuenus cpeph ¢ pauHycoM-BeKTOpoM p. IloaToMy npoussoaxasn
110 HOPMaJ¥ COBNAJAeT C NPOHU3BONHOH HO pajHyCy-BEKTOPY:

oy _ oV,
. o on
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-§ 11. Onepartop Jlansaca B OPTOrOHANbHOH KPHUBOJHHEHHOH
cHCTeMe KOOpHHAT

Ilyers X, y, 2— NexapToBel Koopauuartel # nyerb U(x, y, 2)—
HeKoTOopas NPOU3BOJbHAast (GYHKUHMA 3THX KoopanmaT. Paccmorpuu
sHadenye omepatopa Jlamaaca :

g* a*Uu

ST e

B CHCTEME Kp'ﬂBO.TIH’HEﬁHLlX OpTOTOHaJIBPHBIX KOOpAHBHAT &, U, W.

@opMyasl  mpeoGpasoBaHUA KO-
OpIUHAT OT CHCTEMBL i, U, W K CHC-
teMel x, . ff, & 0yAyT

x = qu,v,w),
y=1b(u,vw), (8.57)
2=y (u, v, wh

Ecan KoopaHHaTam #, U, @ JaTh
majapie npupamenns Au, Av, Aw u
MPOBECTH Yyepes TOYKH C KOOpjaHHa-
tamH u 0 u-t+Au, v 1 v4+Av, wn
w-+Aw KoopJAHHATHHIE IOBEPXHO-
et #=-const, v=const, w==const
i u-+Au=const, v4Av==const Puc. 63.

i w-+-Aw=const, TO nNOCHEAHHE

cpoum nepecevenneM o8pa3yroT Malblil mapadjjesenunell, npeacTas-
AeHHBIK Ha puc. 63.

PacemorpuM, Kak OyayT H3MeusTbCs KOOPAHHATH X, Y, Z IpPH
H3MeHeHHH KPHBOJIHHEIHBIX KOOpAHHAT HA Au, Av, Aw. Jamgum npu-
pallenne KOOpAHHATE #, T.€. NMepeilleM H3 TOUKH 4, 0, W B TOUKY
u-+Au, v, @ (Ha pucyHke #3 Toukn O B TOUKY A). KoopauHnatsl
B Touke O

Xe==lil, U5 W);

y=1(u, v, w),

2—y (10, W)
KoopaunaTtsl B Touke A

_t:cp(u,v,w)jL%Au,

1% N
y =10 (u,vw) -+ = Au,

1

LA

Z=X(H-Us w)_}'a
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~ Hanna orpeska OA B OPTOrOHAJBHBIX KPHBOJHHEHHBIX KOOpPAHHA-
Tax MpelcTaBUTCs KaK KBaApaTHBEI XopeHb M3 CYMMBl KBajpaToB
DpHpaUleHul KOOPIUHAT X, Y, 2

orsu/ BT+ T~

aHaJOrHuHO MOJNYYHM BBIpayKeHHs IJsT ABYX JAPYIHX CTOPOH napa-

JeJgenunena:
on—so/ B+ -

oc - se )/ BT B+ @

,quﬂ KPaTKOCTH 0003HaUNIM:
op\2 | [OW\E | [ox\®
V G+ G+ () =
ETEE | o
AN L R G g
T

Torza nast otpeskoe OA, OB, OC, BHpaxKCHHLIX B JEKaPTOBBLIX KO-
OpAUHATAX, TIOJAYYHM B XPHBOJHHEHHLIX KOOPIHHATAX BLIPAaMKEHHST

OA == hl Au,
0B = I, Av, (8.59)
06 kAo

DieMeHTapHOE pAcCTOSHHE MEXKAY INPOH3BOJBHBLIMH TOUKAMI
IpH NpUpaleHnH BceX Koopamuart (ua ueprexe sto ayra ON) Oy-
IeT paBHO

ON = AS = VOA® + OB - OC* = |/ b} Au? -+ h3 Av® + hi Aw®.

(8.60)
[Tnomaan rpaneil napaJaneienunena OyLyT
Aoy, = OB-0C = hhy Av Aw,
Ag, = 0C-0A = hshy Aw Au, (8.61)

Aoy = 0A-08 = h;h, Au Av, J
2 00L,eM 3J1eMEeHTAPHOTO NapaJJenennnena /
AT=0A-0B-0C=hhhz;AulvAw, (8.62)
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[IpumeHuM K saeMeHtapHoMy o6beMmy Qopmyay I'pHua, CBs3bI-
Balollyio oObeMHBIH HHTErpaJ ¢ HHTerpaJoM To moBepxHocTH. Ha-
nuuem dopmyay Ipuna ans ¢ymxuuit U n V

. gty dv
SSS(U\T’V VW) dt = — ﬂ (V_z; i Uﬁ) do (8.63)

H moaoxum V=—1. Toraa

55 | v~ — ”%dﬁ- (8.64)

o
T

Jiasg Toro uto6nl Bhipamente (8.64) mpHUMeHHTL K pacCMOTPEHHOMY
3JeMeHTapHOMy 00BbeMy, Halo B HErO MOACTABHUTb 3HaYeHHs dT H
do us Buipamenuit (8.61) u (8.62), mpuuem B mpapoii yacTu Hamo

BEECTH BCE IIECTh 3HAUYECHHII ~-— d0, COOTBETCTBYIOLIHX BCEM NPAHAM
sJeMeHTapHOTO mnapaJiaenenunena. [Ipumenum dopmyay (8.64) x

saeMeHTapHoOMy o0beMy; TOTJAa 3HAaK HHTerpasja B JIeBOH WacTH
MOJKHO OHYCTHTb, a B IIpaBOil HacTH HHTeTpaJ 3aMeHHTb CYMMOM

BLIpaKeHuit Edo IJIsT BCeX LIeCTH rpaHeil:

ag
S du
VU dv = VUhihhy AuAvAw = X2 do,. (8.65)
U 1=
a u
CocrasuM BbIpaykeHus BHIA -dG 1As ABYX TpaHeil paccMartpu-
BdeMOro TapaJaenenunena, a HMEHHO JLJs rpaH-eﬁ, OﬁpaSOBaHHbIX
TIOBEpXHOCTAMH
u=u H w=utAu,
Ha rpann u=u
AU 1 U

s i = i e {60

rie ¢ — GeCKOHEYHO MaJlast BeJWYHHA.
U
Bsenem snauennst z— H Ag B BHpaxenue (8.65)

Y do = Flf Y hahsho Aw. (8.67)
O&osnauum S
}2:135? = —A(u, v, w). (8.68)
Toraa nas rpanu u=u
[g% Ac} — — M(u, v, w) Av Aw. (8.69)
u

JIJs npOTHBOMONOKHON TpawH #=u-+Au B Boipaxenun (8.66)
3HAK HODMAaJMW HU3MeHHTC Ha oOpaTHBHI, KOOpAHMHATA U MOJYYHT
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npupamenue Au:

[g_u a‘o] =Mu-+ Au, v, w) Av Aw =
it utAu

= A(u, v, w)Av Aw -+ 5& 2 AuAvAw.  (8.70)
CkanaznbiBas sHaueHds sopipaxkenus (8.66) nma obeux rpamed, T.e.

(8.69) c (8.70), noayunm

oU an d [hohs 0U
[ d0] +[Gmao] = GAudeaw — £ (FeCT) Audo aw.
(8.71)
Ananoruyno Ans rpaeii v u v—{—Av wu wt+Aw
|5 a0] +[5rae] =2 (M50 Ausvs,
n 1, dn u—f-m: ks oo (871’)
oU au hh, 06U :
[WA"L, +[aae] . = aw{ e 5 Au Ao .

Byocs 31 3HaueHust B vpaBHenue (8.65) moJ 3HAK CyMMBI, mOJy-
YHM

AgUhshohy Au Av Aw — — (’lof’h au

hy o
hahy aUY

%(— ) Au Av Aw -75(

) Au Av Aw -

hyhy 8U

5 6@) AuAv Aw.
Coxpamasn naitlennoe Borpaxenue Ha Au Av Aw # gens o0e yacti

Ha hyhshs, nonyunM 3Hauende omeparopa JIanJIaca B KPHBOJHNEI-
HEIX KOOpAMHATAX

2 I (3 (hohg 0U 3 (hshy U | @ (kg 0U 2
VU = hlh,,fz..lau( I au)Jr%( h, aa‘) T Iu( i aw)} (8.72)

B xauecmsBe npuMepa paccMOTDHM caydali, Korja KpHBOJHHENI-
Hbhle KOOPAHHATHL CVTh HHUIHHAPHYECKHE:

XioTr oS,
y=rsing, (8.73)
2=2.

3uauenus cncpaiopos iy, hs, hs 6ynyT
ax\* | iEG . a2\’ i s
- (—3 i (—r) =ielet g S

G . e ,
) - (—2) =FICOS? @k rosiE @ = 17,
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Bpogg ux B (8.72), nonyu}m

1 (2 9 (1 9U\ | a [, dU\
s f dr)_{‘dq;(r 6tp)+6z(r5)j‘

bri e SR B e
vU*T(ar)‘dﬂﬁ}—r ag® G

HIH

3T0 — H3BECTHOE Bbipa:KeHHe omeparopa Jlammaca B HuauHapHde-
ckux xoopaumarax. Omo Jserxo noJsyuaercs, ecan B (8.56) Beectu
zHaueHns (8.73).

To xe Jerko mpoaeaaTs AJas chepHyecKHx KOODAHHAT:

Yetricin § eosh == F Si1l Brsin b se —=rcog B
3nayenus xoapduunenTor hy, hs, hs ByAYT _
hlz l, h2= I h3=f sin 0.

[Mogcrasasa stu 3nauenus B (8.72), moayunM omepatop Jlanaaca
B cepHYECKHX KOODAHHATAX:

G = L2 (0 L (g ga) | 1o
u {w(r :/r) " sin aaa(smefw V sin2Bloaz )|




r;iABAY9
CPEPHYECKHE ®YHKILUH

Ilpu uccaeroBauHn (GUIypbHl 3eMJH [0 TPaBHTALHOHHOMY TOJIO
OueHb IIVIOJXOTBOPHBLIM 0KA3aJCs MeTOJ pa3fJoXKeHHs IOTeHIHaJa B
paa Mo chpepuueckuM QyHKIHAM. DTOT Ke MeTO] MpeACTaBJeHus
MOTEHIIHAA 0Ka3ajcss BecbMa yIOOHBIM u TPH M3YyYeHHH (UIYDHI
M TPAaBHTAUMOHHOTO MOJs 3eMJIH TI0 BO3MYIEHHSM B JABHKEHUH
HCKYCCTBEHHBIX CIVTHHKOB.

Merton ro3BosgeT NpeICTaBHTL TPABHTALHOHHOE MOJIe, 3aJaHHoe
Ha chepuueckoil 3eMie, B BHIEe CyMMBI TAPMOHHK, MPHUEM UYeM BhI-
1ie TIOPSIKOBBI HOMEDP TapPMOHHKH, TeM MCHbBUIE JJIHHA €€ BOJHHL.
3ananne Ko3((HIMEHTOB TAKOTO TPHTOHOMETPHUECKOTO psijla O4YeHb
ya0bHO 14 pasnHdHOrO pOAA BBIUMC/JAEHHH, 0COOEHHO Ha 3JeK-
TPOHHBIX BBIUHCJAHTEJNbHBIX MallMHaX. B 3Toil rJaBe Mbl paccMoT-
PHM HeKoTopHe ofnine cBoficTBa chepruyecKuX hyHKIHIL

§ 1. Onpegenenne chepuHyecknx (yHKUHI

Beakuil OHOPOAHBIA MHOTOYIEH 7-fi CTeneHH, BBIpAXKEHHBIT B
cepHUECKHX KoopaHnarax p, 0, A, MoxKeT OLITh TIpeACTABJGH B BH-
Jle mpOH3BeleHHs] ABYX (DYHKIUI, OJHA U3 KOTOPHIX 3aBHCHT TOJbKO
OT p, a ApYras — TOJbKC OT c(epHuecKHX KOOpPAHHAT € © A:

Un=0"Y.(0, 1), 9.1
rae
Y, (0,) = > ClMmimatms) inMtms 0 0a™s § 0os™ A sin™: A.
My+Mmz+my=n (9 2)

Ecau BuOpanublii Muorounen U, ecTh MHOrOYIEH rapMomuue-
CKHII, T. €. OH YJIOBJETBOPSAET ypaBHenHo Jlanmaaca
4 U |, U |, 92U
VU = EPe +5!;§"J|"W7—0,
TO OH HasbiBaercs 00beMuoil chepuueckoil dyHKIHEH, a MHOTOYJIEH
Y.(0, &), onpeneasieMulil ¢opmysoii (9.2), HasbiBaeTcss MOBEpXHO-
cTHOH cepryeckoii PyHKiHel.
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Cdepunueckaa ¢ynrnus (9.2) sBasgercs MHOTOUYJEHOM OTHOCH-
TEJAbHO CHHYCOB M KOCHHYCOB YIJIOB B H A.
MHoxuTenH, cofep:kauue 0, 6yneM B AajbHefilleM paccMaTpH-
BaTh Kak QYHKIHIO cos O, T. e.
my-ma

sin™ 7 ™0 cos™0 = (1—cos20) * cos™ 6.

Jpyrofi MHOXKHTENb, COAEPKAILUA TOJAbKO A, NPEACTABUM B BH-
A€ TPUTOHOMETPHUYECKOr0 MHOTOYJeHAa OTHOCHTEJbHO CHHYCOB H KO-
CHHYCOB LeJIbIX KPpaTHOCTeH A.

BriGepeM Temepb 3s/aeMeHTapHble TaPMOHMYECKHE MHOTOUJIEHBI
TaK, YTOOBl KaXIblil H3 HHUX NPENCTaBJAJ MPOH3BEAEHHE HEKOTOPOil
(YHKUHH OT cos 6l Ha KOCHHYC HJIH CHHYC yIva m), Tle m HaMe-
nsercs of 0 no n. Torna Mbl moayuuM 3/7aeMeHTapHbIE CchepHUECKHEe
hyHKUUH

P2 (cos 0), P (cos0)cosh, P2(cosO)cos 2, ... l
vovy P (cosO)cosnh;p (9-3)
P (cos8)sink, ..., P (cos 0) sin nh. l

Beaxas cdepnueckast (GyHKIHS NOPAAKA 72 MOXKeT OBLITH MpeacTaB-
J€Ha B BHIC
7n
Yu(0,4) = > Pl(cosB)(Amcosmh-- B, sinmd), (9.4)
0

=
rae A,m 1 B, — IIPOH3BOJBHLIE [TOCTOSIHHEIE,

§ 2. NuddepeHunanbhple ypaBHeHUst a0 CEpPHUCCKUX
tdyukumnit. MHorouaensl Jlexangpa

["apmonnueckuit muorouned U, ynoeaersopsier ypaBHenuio Jlar-
Jaca, Kotopoe B cpepuueckux xoopiHHartax umeer Bua (ro. 8, §11)

Forad st A B e O RS R it
o (P 5) T o (Sin 0% ) t o) =0 09
Bynem uckate U B BHIE

U=f(p)Y (0, 2).
[ToxcranoBka storo soipakenus B (9.5) nact

I d af (p1
Y = 92— £ o
p* ( ’”dp[ dp ] ¢

(,_{_(g_)(#ﬂ[.nemf(e,k)}%ﬁ 1 aW(O,ME

a0 Sin® B gA® J':O'

Mbl nmosyunau paBeHcTBO, B KOTOPOM JeBasi 4aCTh €CTh (YHKIHA
TOJIBKO {, @ NpaBasi — TOJAbKO 6 H A. 3T0 MOKET UMETh MECTO JIHILL
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B caysae, Koria obe uacTH paBeHCTBA DaBHBl ORHOH H TOll e
nmocrosiroi, Takum o6pasom, ypaBHeHHe (9.5) pacmajgock Ha JEa
A pepenunaabubiX YDaBHeHH:

BT e
’f (P} dp !P f (P)] =k (96)
H
1o E e L A
sin (}iﬁ}(sm . W)l_‘— smeeaE TRV =0 (9.7)

Tax xax U ompenenserca dopmynoit (9.1), to ¢ynxuus f(p)=
=¢" Tloacrasus 310 sHavenne B (9.6), momyynm

?mgpnw—ﬂ—k

uau
a(n--1)pr=~kp~, .

OTKyIa

k=n(n-+1).

Bpeas awauense k& B (9.7), bl Ioxvauv Yp2oHeHue, KOTopo-
MY [OJJKHA VIOBJETBOPATH BCAKAs Cpepuuecxas QPYHKUHAA M-TO
nopsaaka:

1o oY [ @t
s +nnt+-DY,=0. 9.8
sin eae(sm a9 }451.126 dh’ ( ) (9-8)

Cohepuueckasi GyHKuHg 3 0o0uieM BuAe ecTb JuHefinas KomOu-

HalHg OJHOUJEHOB, KaIbll H3 KOTOPHIX ABJAACTCS NPOH3BEARHUEM

(GYHKIHUE TOBKO OT O HA (PYRKIMIO TOABKO OT A, mO3TOMYy Oyaem
UCKaThL yacrioe pewenne (9.8) B Buge

P.(8)L.(}).

dro pemente BeneM B (9.8)

v ap ) P, L
el e eiaa LT o pfnl Iy PAL )]
sinﬂd&)(sme W taeage PO Uea et

dT0 ypaBHEHHEe pacnajgaercy Ha B4, TaK Kak, pasgesus nepe-
MEHHBIE, MBI TIOJIyYaeM DaBEHCTBO, B KOTODOM JeBasg 4acTb eCTh
dbyuxuus Toavke 0, a npasas — Toabko h. IlostoMy olfe wactu Mox-
HO TIPUPABHATL OJHOM M Toil ke mocrosinuoil /. llomyuum ypasme-
HHe
&L
o =~ L (9:9)

e LR e o :
» sin OH_G (sm 61.7(7> +[n(n+4 1)sin?0 — 1 P, = 0 (9.10)
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[Tocrosnunasa [ poaxHa ObITL KBaJApaTOM IeJOTO 4YHCHIa, TaK Kak
pHaue QyHxnus L, He Oyaer JuHeldHoH KoMmMOunalueld KocHHyca H
cHHyca.

[Monowum [=m? Torma L, npeactaBurcs BHIPaXKEHHAMH BHIA
cos mhi 1 sin mh.

Muoxurens P, onpefensiercs ypaBuenuem (9.10), B xoTopom
[ zameneno yepea m? Kpome Toro, mepeiifiem or sin 6 k cos 0 u 060-
3HauuM cos B=x:

d%[(l & ,@)%]H— (n(n 41— %] Brpb

310 ocnosHOe ypaBHenHe Aja cdeprHueckux (pynxuuii. YacTtHble
pelieHHs 3TOTO ypaBHenus M OyayT cepHueckKUMH QYHKUHAMMU.

byjaem mcxarp pemlenne ypaBHeHus (9.11). Ilia 3710ro paccMmoT-
DHM BCIIOMOraTebHyio QyHKIHIO

y=(x*—1)>2, (9.12)

rie p — leJ0e TOJ0KHTeNIbHOE Yica0. Bepa morapudMuyeckue mpo-
nasoaHbie 0T oGenx yacteil pasencrsa (9.12), nmoayyum

g ng
e ]
BJIH
Gvd
(1 — 22 4 2pxy = 0. (9.13)

Suaunt, ¢ynkuua (9.12) yraosrerBopsier auppepenunanLHOMY
ypassenuio (9.13).

[IpoanpeperunpyeM 310 ypaBHenue k4 1 pas ¢ noMoulblo
dopuyasl JleiiGuuina AJas BBIYHC/IEHUS] BBICIIKX NIPOH3BOTHBIX:

4 G
%T%]C"%w_—yg (9.14)
rue
Ch =Gyt
[Moayunm ;
(1= (o — 2+ xSk 1 (2 — )k + 1) 2L =0,
(9.15)

PaccmorpuM ¢yHKLHIO
_dt(e2—1P

o (:=0,1,2 ..., 2p) (9.16)

&
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Ota (GQyHKLHA YJAOBJeTBOpsAeT JHHeliHOMY Au(depeHIHalbHOMY
YpaBHEHHIO Bropom nopAaKa

(=) (920 + et

& 1 (90— )k 4 1)z=0. (9.17)

D10 Jerko mnokasath, ecan B (9.17) Beectu (9.16), mocne uero
nojyunrcst ypasuenue (9.15). Tenepn nepenumem ypasuenne (9.11),
0603na4yuB HCKOMYIO0 GyHKIHIO yepe3 z. [Toryuum

(1 — T2 —ouf2 4 [n(n Lo x_]_z Lne )
ITpn m=0 moay M JpaBHEHue .Heofcanapa
(1—x)dx~~2 t“ n(n-+ 1)z=0. (9.18)

Ono coBmapnaetr ¢ ypaBHeHueMm (9.17) nmpu p =k = n. 3mnauurt,
yacTHOe pemenne (9.16) sBJsercs TakXKe OpH p = R = 1 HaCTHLIM
peumleHpeM ypasHenus (9.18). Oro peurenue

L i (9.19)

it

[
3nece € — npoussoapkas nocrosiuuas.  [Todomxnm e
n
Bosspamascb K ypasueruio (9.11), mbl uauMm, uto petenie (9.19)
ABJAseTcs AAsA  caydas m=0 TaxkXe U €ro pemweHneMm, TakK
uTo
1 dV(e2— I
s ——— } Q'ﬁ
Pn (%) 2"l dx™ ol

[oayuennas TakuMm 006pazoM (YHKIHA HA3LIBACTCS MHOZOUACHOM
Jexcandpa.

dopmyna (9.20), onpeneasionias wmuorodnennt Jlexanapa u
NO3BOJISIIONLAS BBIMOJHHTL HEMOCPeACTBeHHble BBLIYHCACHHS HX IS
M0GLIX 3HAUYCHHI 11, HAasbiBaeTes gopmyaoll Podpuea.

[Tonarags n=20, 1, 2, 3 u 4, naxonum MHorouJeHn Jlexaunpa
0,1,2 3 u 4 nopajkos:

Palx)i—,

Bilvy —x-—cosf

Pylx)= 24 — 1 — 1(3cos20 | 1),
Ps(x):%.t:‘~%- -:—:3-(5(:0330 - 3 cos 0),
Pg(x)-ka—;x‘A'Iﬂ).x = J‘(31"12054(?){ 20 cos 20 --1—9).
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Paccmorpum ypasnenue (9.11) mas cayuas m 5= 0. Beenem noa-
m s

CTaHOBKY z:(l~—x2)§§ Ho.nquM ypaBHeHHe i
(1— % o(m+ x® f(n(a+ 1)—m(m+ 11z =0. (9.21)

ITO ypaBHEHHe coOBnajpaer ¢ ypasHenweM (9.17) mpu p=n u
k= n -+ m, mosTOMy ypaBHeHHe 3aBeJIOMO HMeeT uyacCTHOe pe-
HieHHe

g C d11+m (IZ e ])

dxttm 2
a agaunt, ypasHenue (9.11°) uMeer pelenne
m
i ey dn—?—m(xz_[)n
2= C(I —=X ) W—-,

KEOTOpOE MBI IOJ1yuaeM MepexoioM ot § K 2.
BriGepeM mocrosinuyio Tak e, kak B ¢dopmyae (9.19), u Boe-
nem 0603HAuYEHHS, MPHHATHE panee. Toraa MOAYYHM

PR (x) = (1 — x?) (9.22)

®yukuuy Py, onpenenennsle ypasnenusmu (9.22), HasHBAIOTCS
npucoeduHenHoIMU pyuyuamu Jerxandpa.

[Monarags n =2, n=3 u m= 1, 2, 3, noNlyuuM 3HAYEHUH NpH-
coelliHeHHbIX QYHKIHA B IBHOM BHJE.

IIpucoenunennsie dynkuun Jlemanapa NepBeIX MOPSIAKOB HMEIOT
C/eYIOIMI BHA:

1
1 oy o .
Pfx) = (1 ~3%) =gl f

=

Pi(x)=3(1 —x2)* x = -g— sin 26,

P3(x) = 3(1 — &%) = (1 — cos 29),
i
Pix) — (1 — 27 (552 — 1) —

15

3

5 (sin 0 - 5sin 30),

Pi(x)=15(1 — x*)x = (cosG—— cos 30),

8
P} (x) =15(1— ¥ = 22(35in 0 — sin 30).

Mnorounen Jlexanjipa siBJsieTCsl YaCTHEIM PelIeHHeM JIHHEHHOro
oaHoponnoro auddepeniuaibioro ypasnenns 2-ro nopsaka (9.18).
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CorniacHo TeopHuH Juuelfinelx aug¢epeHnHalbILIX YpaBHCHHH, ec/au
H3BECTHO YaCTHOe pewieHHe ero £,(X), TO MOXKHO [PH MDOMOLIH
KBajapaTyp HalTH BTOpoe uacTHoe pelucHue Q,(x), JuHefino me-
sapucuMoe oT niepsoro. O6mee pemenne GyLer

2= C/P,(x) + C:Q.(x).

Pemenne Q,(x) moxer 6bITh npeaCTaB/ICHO B BHE

x

dx

sy = P g‘—_d 9.23

%A= REE S (9.23)

Oyuknun Q,(¥) naswBalorcs @yukyusnu Jewandpa sropoeo

poda. Oun ABASIOTCS TPAHCUECHACHTHBIMI (DYHKUHSIMH H MOTYT OLITh

BHIUHCIEHBI 10 (hopMyJe (9 23) Breimnmem ¢ynkmun Jlemaunapa
BTOpoOro poga gas n =20, 1,

fkes

b

2

:arcthx:—,flnl

| ¢ - 1
L= Pl Qyx) — 1 = —:Z—.tlilz—:—i o

Qo = Po(¥) Q(¥) — 5
Qs = Py(x) Qp (%) — ‘2—.’63 o =

AHA4JOTHUHO  mpucoeinHennas ¢ynkuusg Jlemauapa Py (x)
ecrb uactHoe  pemennie ypasHenns (9.11). Ilostomy BTOPOE, JH-
HeltHO He3aBHCHMOC pellieHHe 3TOT0 YpaBHeHHA MOKHa HaliTy npu
NOMOILH KBaaApaTyp:

X

Q7 (6) = P2 ()| =

PE el

Qyuxunn Qy (x) nasviBatorcs npucoedurerHbimu Gynryuami Je-
scandpa 8TOpo2O poda.
O6mee pemenue ypasHenus (9.11) Gyzer

2= G Py (X G005 ()

§ 3. Hexkotopnle croiicTea mHoroudseHos Jlexanapa

1. Muoroueunt Jlexangpa sBASIIOTCS yHKUHSMH, dpmronaﬂb-
HEIMH B obnacty —1 sCx <1. ®ynkumu fi(x), rne i =0, 1, 2, ..,
Ha3bLIBAIOTCA OPTOTOHAJBLHBIMH Ha oTpeske [a, b], ecan BbIMOJIHA-
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I0TCS YCIOBHSA

b

j. L) a(xlde =0 npansEm. . (9.24)

Hanpwem ycaosue (9.24) ans mHorouneHos JlexaHjapa, 3anaH-
HeX B BAfe (9.20). OGnacTh 3anaHug ONPeAeNHM B COOTBETCTBUEH
¢ npenenamMy H3MeHeHUs KochHHyca oT — 1 Ao +1:

+1 . +1

: HEt
f Pl Putnde= i L Z SN b i
iy 2™n) & Vi o
[TpounTerpupyeM 1o yactam, noaaras Pp, (x)=u, d_();_;—l_ dx =
X

S By

S e g _Sw<xw4wwm |
" ong) [ dx" 1t Py (X}:} dx a1 d)‘"-

Qypguust (x2—1)" HMeeT KopHAMH KpaTHOCTH N 3HaueHud
+1 n —I1, (n—1)-a nponzpogHas (yHKIUH HMeEET Te JKe KOPHHU;
NO3TOMY MEPBHIN 4YJeH KBaJpaTHO cKoOKM oOpallaercd B HY.b.
OcraBmuiica ¢ npaBoit CTOPOHBI HHTerpag cHoBa Gepem Mo
qyacTaM, NpHYEM MOJAy4aeMblili NpH 3TOM HeHHTerpa/bHBIf ujeH
onsAThL - ofpatUTCcd B HYJAb, a NOJ UHTErpajoM  NOBLICHTCH
NMOPAAOK IPOH3BOAHOI [EPBOTO COMHOXHTEJAS U TIOHH3HUTCH —
BTOPOro:

—+1 Sl ;
d"Pm (x) gn—2 (x2— 1"

1
gl BPoi ) P (eyds == - g X s i dx.

o e

Ilpoponzxkaem mpolecc HHTePHPOBAHHSA MO YACTAM [0 Tex [op,
NoKa He NOJYyYHM n04 HuHTerpatom (7t -+ l)-i0 npousBoanyl oOf
P,.(x). Ho tak xak P,(x¥) ecrb MHOrousleH 'm-H CTeneHy,
10 ero (m-1)-a nponussoiHas ofpaulaercs B Hyab. IlosTomy
oGpaniaercs B HYJb W BCE MOJBIHTErpajbHOE BBIpAr<€HHE, & CTajao
OniTb, H caM HHTerpasj, 4eM H J0Ka3niBaercs ChHopMyJAHPOBAHHOES
NOJI0KEHHE.

2. Murerpan ot kBaapatra MHorodieHa Jlexanapa mopsanka 1,
B35THIH B npenesaax or —1 no 41, paBen

+1

j- {Pn (’L)]E dx = ﬂ}i_I' (925)
| y

12 ©. 0. Cpywasckuit
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Urobbl 370 nOKasarb, B JeBYio uacTtb Bripaxenus (9.25) mBezem
3navenne P,(x) u3 (9.20) n npomusBeneM HHTErPUPOBAHHE MO
YacCTAM:

+1

T

+1
B S e ol
_51 P ()P dy =k | Py () SEZ g

o e O e dP_ n—i.2._ 1) '
bl l[pn(x).d__ixf_”_J _J“ © et |

2"l dx—1 e I

31ech, KaK yKe NOKa3bIBaJIOCh, NMepBbiil uieHn QUIypHoil cCKOOKH
B pesyJbTare MOJCTaHOBKM oOpamiaercsa B Hyab, IIpomomxas mpo-
11eCC MHTErPHPOBAHUSA MO YacTAM J0 TOJYYeHHS MPOM3BOAHON
nopsiaka n ot P,(x), noayuum

+1 aq o )
A7,y X
X[Pn(x)lzdx:( =y j 2 (42 — 1)y (9.26)
i 2™n! Y dx’
Bblugesum  OTAENBHO  CTOANMI TOJ  MHTErPajoM  MHOMXKHTEb
[y
___mdx?‘( ). noab3ysich nas P, (x) seipaxenuem (9.20):

AP Y S g e o Rt

dx: M) dr

310 ecTb NPOH3BOJAHASI NOPsAKA 21 OT MIUOrowjeHa ¢ HaHBLIC-
weli crenewbio 2n M ¢ KoapduuueHToM NpPH X2°, DaBHBIM eIH-
nune. Juddepenunpys 2n pa3 MHorousaen cTeneHH 2n ¢ Koagh-
(bHlIHEHTOM TpH HaHMBBICHIEH CTeNeHH, PAaBHBIM eIHHHIE, MOJYUHM
Npou3BeIeHHe
2n(2n—1)(2n—2)...3:2:1= (2n)l.
Tlostomy
L AR L D RS R
dx" P SN 2"nl )
Beons sro B (9.26), nonyunm
+1 ' +1
1 ] o
§ 1o dr = 2 omyt Gt — 1t
gt (nt)? Asd!
.+

i (211 Llraavy 92
2.,sz’(l #yds. (9.27)
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PaceMoTpuM OTHENLHO B‘(OJF[LU,HH B (9.27) uurterpan

f(l—xﬁ)ndw

ol
On Gepercs MeTOAOM TIOHHMKEHHS CTelleHH [OC/He 3aMCHBbI mnepe-
MEeHHEIX X = sin @

X I
+1 nT TR
Y (1 —xndx = \ cos™ Mg de =2 (,‘ os" o de.
s 0
Ho ¢
I £ 3 m—1 —9
S COs™ @ d@ = — cos"—  @sin @ T S cosm 2 qdeg,
TaK 4To
n
+1 e
( (1 —x¥)ndy =2 Y cost pdp =
0

-—i

I

= Lcos%nsin ?
T 12n1 P Plo 2rt—!—l

S |8

2 cos?n—1 @ de.

[Toacranoska mnpejfesos ofpallaeT NepBHE UjeH npaaoﬁ YyacTH B
HYJ/Ib, T4K YTO

2n
2n+-1 2n—1
ensstt o dogy = 5m . €08 n—1 ¢ de.

°---"‘a o] A

GL’-;Nl:;‘

IIpononkas 9TOT mpolece, nocjae A-KpaTHoro npumerenus Gop
MYJIb TTOHHKEHHS no.nyuaew

e T
\ (lgxz)"dx~2(' cos2n+1 @ dg =
S 0

;i
% :
o 2n(2n—2)...2 ;
.25 cos @ dp o Y ox LIS SR %
0

e 2n Con P S a0
O 2 AL e =Y R

Brojaa 3to 3Havense & (9.27) H BLINOJHSA COOTBETCTBYIOILHE

COKpalleHs, NOMyYHM
g "
s 4. (20! 9n(2n—2)...2 ,
Si [Pn (x)l d,\. b 22n (”!)3 (2?1 + 1) (21’1——- |) ) 3

to®
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YMHOKHB 4YHMCIHTENb W 3HaMeHateab Ha 2n(2n—2)...2 =
= 2"n(n—1)...2 . 1 = 2"n!, nonyuaem HcKoMOe

+1
2-(2n)! 2"n! 27x! R

DPde = = . ;
n ()] 22" (a2 @n 4+ 1) 2n(@n—1)...3:2.1 2n+1

—1

3. Kospduuuent y Bpicwieil crenenn x MHorowigena Jlemauapa
2n
2&()1)2 Jror koadpumieHt noayuum u3 (9.20), swnoa-
uag guddepennuposane GvHRIHT (¥2— 17
Ilpu n-gpatHom pudieperuupoBanny HCUE3HYT BCE 4jelbl CTe-
NeHH MeHpIle n, a Koo (uuuent npyu x" Gyner

paseH

2n(2n—1)(2n—2)...[2n— (n—1)].

Torna xosddpuunent npu BpiCwieil creneHH NoJHHOMA OYHET

n(2n—1)2n—2)...{n+1)

2"nl

¥YMHOXKHB Bce 3TO Ha n !, noayuyum

2o — B (an=—2 o (2n)) (9.28)
L T 9 (pl)e i

4. Mrorounenn Jlemxanapa npu aprymenrtax +1 u —1 pas-
Hel [u (—1)"

Dyukuuo (x2— 1)7, Bxoggmywo B (9.20), npeacraBum B Buje
npousseaennst (x— 1)"(x 4 1)". Tenmepp npou3BOAHYI0 3TOTG INpo-
n3BeJenns npejacrasum Qopmynoit Jleibnnua

(uv)(“) = y(My —!— L uln—ty’ L ﬂ(':—,—) W= 4, ;, 1+ yoim,

Torpa nonyunm

dac ) el A it L
LEW [ o= 1] e 17

Sy ](x 4 It

(x — 1)n,

e i i A (n1)?
gl [d el iy }(v e, 10
(9.29)
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PE!CCMOT“HM NPpOH3BOJHBIC B KBaJApaTHBIX cKoBKax:

din(t—l}n nn—1)(n—2) ...2:1=nl,
df;h;i](x — I =nn—1)(@n—2)...2:(x—1), (9.30)
:;;jk(” =P =nln=1¥n—=2)... (k= l)(x—— 1)k,

Pasencrso (9.29) nocne seegenus B Hero (9.30) mnpencraBHM
B BHJE

LEZT0 (e e M0 e 2y (e 1)
dx
i r?(u—l)..:).IS.'ze{nuI)'-‘f (x — 1) (x + I)n—2+ T I)R.

S1obu monventn @opMyay (9.20), ymHOXKHM 00e uyacTH paBeH-

i S L B i e SR

{y e e Sl i B
B =™ o At
pln—1),.. 9", ) n—1
B e o (6 e L R
ony|
nin—=1) o d-n? =1 n—2
x—-1Px+1 S
+ o] ( ¥ )
5 J,——-—-’” b e 8
2%)
Ilonaras rtenepp B 3TOM BppadeHuH Xx=1 ® x=—1, 1m0
JYUHM

Podly=s e Do 1= (= 1) 5

§ 4. PexyppentHas dopmyaa anas MHorouseHoB Jlexawapa

Besikuii MHOTOWJIEH n-if CTEMeHH OTHOCHTE/ILHO X MOeT OHiTh
npeicTaBied B BHAE JHHEHHOH GYHKUMH OT nOJHHOMOB JlemaHapa
nopsjka He Bbie 7. [losromy muorounen (n-4-1)-f cremedu or-
HOCHTEJbHO X, NOJyvyalouiuiicss NpH yMHOXKeHHH noaunoMma P,(x)
Ha X, MOXHO NIPeJCTaBHTb B BUAE

XP“ (Jf) = CUP"_H (x) —'—C]Pn(x) —|—(,'2Pnﬁ1 (x) —!—CaPﬂ_g (x) + ot (931)
TJl€ Cy, Cy, Co, ...— NOCTOSHHLIE KO3 QHIHEHTEL.
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Ilokaxem cHauana, yto Bce KOI(D(HIHEHTL, HaYUHAA C Oy,
obpaniaiotess B Hyau. Huas 3T0oro yMHOMKHM 00e 4acTH paBeHcTna
Ha P,_,(x) u Bo3bMeM HHTerpan B mnpeaerax or —} go 1.
Torna ma ocHOBaHHH CBONICTBA OPTOTOHAJLHOCTH NOAYYHM

=
2

+
( XPn_s(%) P (x)dx =0 =1¢, s Pyp(x) Pra(x)dx = c35—,
4 15 -

T. €. ¢3=0. Ananoruyso, ymMmHOXKasa Ha P,_; moayuum cy=0 u
TaK jajee.

ITokaxeM, 4to KoapduuHeHT ¢, Takxke pasen Hy/ao. [Las 3toro
obpaTHM BHHMaHHe Ha TO, YTO MHOrounen Jle:aHZpa Bcerna HMeer
TOJNLKO CTENEeHH 4YeTHOCTH MOopsiika MHoroyaeHa n. Iloatomy yer-
HOCTH MHOTrouseHa ¢;P,(x) coBmajzaer ¢ YeTHOCTBIO 71, TOL1a Kak
yeTHOCTh XP,(X) paBHa ueTHocTH 74 1. B 3TOM c/iyuae paBeHCTBO
BO3MOZKHO JIMIIL NPH YCAOBHH, uTO ¢ = 0.

HauBricuias crenenb x B npouasenenun xP,(x) pasua (n-+1).
Uied, copepiamuil Takyio Ke cTemeHb X B NPABOH ¥acTH paBet-
crBa (9.31), momer ObiTh JHIIL B CJAaraeMoM, - COAepIKalleM
P,.1(x). PaBenctBo (9.31) uMeeT MecTo TOJLKO IPH YCJOBHH, UTO
KO3()(HUHEHTH TpPH BLICIIUX CTENEHAX B JEBOH 4YacTH U u/eHa
P,.1(x) B nmpaBoii paBHHI

@n)l= 2 [2 (n D]}
27(nl)2 o [(n D! :

OTClO1a
e 105, 1)2 M tom )
O™ @2n+2)(2n+1)  2n4- 1

Has toro uyroGnl HaWTH 3HAYeHHE Cp, NosoxuHM B (9.31) x= 1.
Torna wa ocnoBanun ceoiictBa P,(1) = | noayuum
n-1 n

1=C0—l-cg " C._,:l‘“CO:l—m:?m.

Haiinennsle 3nauenust ko3(pQHUIHENTOB NOACTABIM B (HOPMY.IY
(9.31)

+1 :
xP, (x) = ﬁﬁ Prt1 (%) + 577 Par (2)

HJTH

(n+ 1D Puri(x) = (20 + 1) xP,(x) —nPri(x). | (9.32)

DTO COOTHOLIEHHE MO3BOJAET MOCTPOHTh MHOrouJaeH nopsaka n 4 1
no JIByM NOJHHOMAaM NPeALIIYIHX MOPsIKOB. ¢
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§ 5. Pasaoxenne dynkuun 1/r B psip
no MHorouaeHam Jlexanapa

IMorenunas B Touke M ¢ KOOpAHHATaMH X, Y, Z, BO3OYHKAACMBIH
eHHUHON Maccoil, cocpejgorouenHoi B Touke P (puc. 64) c koop-
nnuatamu X, Y, Z, onpeleJuTCa KaK

Dilry = <= : (9.33)

T e e it (e s
NpHYEM pacCcTosHHE MEXIAY ToukamMd M u P MOXKHO npeacTaBiuTb

e rz) r

M(z4,2)

t

Puc. 64.

Kak (QyHKUUo yraa 0 H paccTosiHug p:
r =V R®+ p* — 2Rp cos B, (9.34)
WJIH, B cayuae cdepsl eauHnyHOro paauyca R = 1,
r=1T1- p2— 2pcosB. (9.3¢4')
Torna norennnan (9.33) npejAcTaBuM Kak

l %
R L e I 9.
vip) V1--p2—2pcosH G

Buipazenue (9.35) pasioxuMm B paa Makaopena:

2 n it
U(p)=U(0)+ LU (0)+ £ U"(0) + ... + & U (0).
Haiijem sHaueHHs NPOU3BOJAHBIX OT QyHKuHH U:

U =1,
U’ (0) = — st ] i

(0) [ e e Al cos 0,
B = [Mlﬁ s %1_] — 3cos?0 — 1,

p=0

U”(0)= []5 P ocoa® . Bl cos B)L_U — 3(5¢cos%0 — 3cos B)

r? rd
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5 B e o BBOILF[ 3TH 3Ha4YeHusl B PAd MaK.’lOpeHa, NoAYy4YHM
g 3cos?f— | { 3 5c0s30— 3cos0
—t— p'

U(p):+:1-§~p(:059+p 5 5 v
(9.36)

Mpl MONTyyHJIM pasfozkenne, 4ieHbl KOTOPOro MpONMOPIHOHAALHEL
nosmuuoMam Jlexauapa, tak uro (9.36) MOxHO 3amucaTb B CJe-
Iyoniem Bu,ne:

U(p) = — = Py(c0s 8) + pP; (cos0) 4- p2Py (cos0) 4- ... =

— ¥ p"P, (cos8). (9.37)
=10

Oo6sacTb CXONUMOCTH 3TOTO pAda OmpefeasieTes 00JACTLI CXO-
nuMocTH pana Makjopena p << 1. B cayuae cdepnt panuyca R == |
06J1aCTh CXOZHMOCTH p << R.

Ectu p> 1, To cxogsamumes OGyaerT psaa 0ODATHHIX BEINHUYHH

i
ook Torna B paa (9.37) Moxer OHTL PAa3JI0KeHO BLIpaMeHue

1
]/1-{~Lq~—2_Lcosﬁ
P P

s nero Mb! MO:KeM HamucaTb. pasiomenue (9.37), samenus
p Ha I/p. D10 He HM3MeHHT pes3y/ibTara, Tak KaK p HE BXOIHT B
npou3BoiHLle 0T QYHKUHH 1/r. OTanume pasioxmenua OVIeT JHIUDL
B TOM, YTO BCe MHOMKHTENIH ( pa3foxkeHus (9.37) NOMKHE OBITH
saMenennl MHOXKHTeAMH 1/o n mepen pasiomeHHEM HYKHO macTa-
BUTHL 0OlUA MHOXEHTe L 1/p, Tak uTO

R L
S

Up)= = = -'p—[P (cos 8) ---_p (cos()———P (cos 0) - ]:
= E M P, (cosB). (9.38)

n=>0

Ecan R = 1, To (9.35) MOMKHO HaOHCATL B BHIE
1 1 1

AR L Rj_z ﬁ cos 0
u paznoxenue (9.37) nmpencTaBUTL caeyiouiei (bopmyﬂof?t:

1 | 1 N R
o REe i b aete Dadege . (0.59)
i P R? R oy p"H
14 ) cos O n=0
V Tk
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§ 6. Hekoropble cBoiticTBa npucoefuHeHHbIX GyHKUHI
Jlexanpnpa

Ilpucoenunennse dyukuuun Jlemxanapa OpPTOTOHAJIBHLL Ha OT-
peske [—1, 41}, 7. e

| PR PR()dc=0 npn k£ (9.40)
2y

Ilnsi nOKa3aTeJbCTBA 3ITOrO CBOHCTBA CJENyeT HamucaTh ypabHe-
une (9.11) gas Pr(x) m Pp(x), yMHOXHATL mepBoe H3 mOJiyueH-
HBIX ypaBrenmil Ha Py (¥) u Bropoe Ha P§ (X¥) M BblYecTh OZHO
u3 apyroro. IMoayueunyio pasHoOCTh HPOUHTErPUPOBATH B HHTEpPBA-
ae —1, +41. Ilpn noncranoske npenenos HCue3aldT UJEHBI, COAEP-
mamue (1 — x%), u nosyuaercs pabedctso (9.40). Ias mprcoean-

rHenublx dyuxkuuil Jlemkanapa uMeer MecTo paBeHCTBO
-+

J{PZ‘(.v)jzd.x: S i R (9.41)

: 2n-t+1(n—m)l

Wau, eciu ¥ = casf,
27

! m 7 2% {(n-Em)}
f 058 = —,
.x [Pn (CQS ﬂ d cos 6 2n-+1 (n—m)l
0
Jlas  1nOKasareabcTBA 3TOrO  CBOHCTBA BOCMOJB3yeMcs  (opMy-
a0t (9.22), nanucaunuoil g npucoenunentnolt dyukuun (m--1)-ro
nopsiAKa:

M4

2 +1
el oy e e s WG
Pn (\) I (] ST ) # a!xm.:‘ o
KOTOPYIO TPeNCTaBiM B CJASAVIOIEM BUie:

1 o 5
n-1 AT e Pt d Py Y b
Bttt At | o L]
4+ (1 — x%)2 xm(l — :cﬁ)—zﬂt1 L3 150 R

l dx™
w? Py (%) g A
=(1— 7 =27 L mx(l — 2% % Py (x).

Bossenem 310 PABEHCTBO B KBaApaT H MPOHHTErpHPYEM OT =}

no +1:
b a4

§ [2mH (1))% dx = \ .L)[ ”]dr+

i o
gb 2
S.?me 22 x4 [ 22 [pm ]2 ar.  (949)
21
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BepeM no uyactsM epBHl H BTOPOfl HHTErpajsl MPaBOft 4acTH:
darm apm +t
S(l—xz)[ (")] dx ._[(]—xz)PE(x)F-——Z-}{)—] il
1

3 Spn (¥ [(1— kol ] dx.

Szmmm( ) Pm(") dx = jm (P (0)]dx =

= {mx [PR (%)) _1~m5 PR (0}

Ilpn noacraHOBKe INpPefes]oB NepBHe ujenbl NPaBLIX yacTeil Ha-
NECaHHBIX PABEHCTB O6pamalOTcs B Hyai, Tak Kak Pp  coxep-
®uT muoxutenb (1—x%) (cm. (9.22)). IMostomy sanmumem (9.41)
B CNeIVIONIEM BHIE:

+1 +1

[ [Proe)tar =~ | PR [(1 Bt ] ies
e

—1

- —I;’{ 3.5
—m 5 (P2 (0)2dx + T [P () dx.
] oy :

I[IpeoGpasyem mepBbil uurerpas, HMes B BHAY ypasrenue (9.11):
dP™ d2P™ apm
%[(1 s xZ)__l_T_Efj_] = (1 — x2)—=2 (%) A el (x) e

T dx2 dx
ot [n (n+ D=7 i}] Py (x).
Torpa 6yaem HMETb
+1 o
f [Pt )zac= § [0+ 1) — 25| [P ) e —
B =1 A4 :
) S (PR (0)]* dx + S [PIT( )| de=n(n+ 1) —
+1 74 o

—mmt 1) § [PR@]2ar =@ —m)tmet ) | [PECOP de

2y R
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Aty GopMmyay npuMeriaM K Pp (%)
1 4

f (P2 ()| dx = (n — m + 1) (n + m) ﬂ [P (%)) %dx.
iy it
ﬂpOllCCC IMOHHZKEH S nopd’iKa IlpI’lCOE,ZIHHel!}EO[‘O MHOTOQUJIEHA 1IpO-

0
LO/IKaeM 10 TOJydeHHst crnpara TnoauHoMa P (x) = P, (x).
Toraa :
+1

VL Proltdy = (n—m At D= m+ Y —mL 3 ...

el | o
coen{nt+myn+-m—NDNn+m—2)...(n+1) j‘ 1P dx

Hau, uMest B Buay (9.25), o

_‘-r'ii

\ [P,'f‘ (.x)]zd,t =hn+mn+tm—1)...(n—m-+1)x

e (n—m)n—m—1)...2-

(n—mj(n—m—1)...2

¥ Jiiige T i)
I 2041 " 2nfl{n—m)l’

§ 7. HnTerpasbHpie cOOTHOIWEHHS 175 ChepUIECKHX (yHKIMI

[Tycre nanwm ase ¢ynkuuu U u V, rapMmonuyeckne BHyTpH 06-
J4acTH, orpannyentoi nosepxuoctbio S. Torjza umeer mecto gopmy-
aa I'puna 2
[ av U
jj(\UWﬂV—aT)dS:O (9.43)
s

(n— nanpapaenne BHyTpeHHell HOpMaaH K noBepXHocTH S).

Buiiepem B xauectse nosepxHocTu cdepy S paanyca R ¢ uesrt-
poM B Hayanae xoopaunat. B xauectse ¢ynrunit U n V BosbmeMm

U =pnY, (0,}),
jites A, } (9.44)
V = ™Y, (6, ).
Buecem suaucunsa U u V B (9.43), uMest B BULY, uTO Fan' = ——?%—

HdS = R?sin0d0 d).. Torna

2
{ § 1= 07V (8, )ympm—17,,(6,2) +
00
+ ™Y 1 (0, A) np™—1Y (6, )] p2sin 0 d6 dA =

25
= pmintt (n—m) | | V,(0,2) Y, (6, 2)sin0d0dh =0
¢ ¢
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ninu

n 21
f ¥(8, 2 Yo (0, 2)sin 0 @B dh. — 0. (9.45)
0o

DTO COOTHOINEHHE BHIpaxKaeT OPTOTOHANBHOCTL (yHkuui ¥ ®a mo
BEPXHOCTH ChEeprl.

[IpumeHuM Teneph npeobpaszosanue [puua (8.41) x dynxuuu
V, sagamsofr cootnomennem (9.44), u k dyaxuwun 1/, toe (=
=7Vp* -+ p’?— 2pp’cosyy.  Teomerpuue-
CKHII CMBICT @, 0/, ¥ H HX CBR3b C paHee
BBeJeHHBIMH BeJHUNHAMH 7, R dcubl H3
puc. 65.

JJg TouKH p ¢ KOOpAHHATAMU p, O, A
MBI HMeIH DPa3a0KeHHe

! p" ;
-?—': E '—F“);Pn (CO‘D 0)

Ilas Touku p’ ¢ Koopamuaramu p’, 67, A
MOJYIHM

— = 2 P [cas &).

’

Pyc. 65,

Haxonen, as TOYKH p° OTHOCHTENLHO p HMeeM

oo

F=1 3 (T Putcosw,

HJIM, ECJH TOJMOXKUTE p = R, T. e. chepy paanyca R nposecTu yepes

TOUKY 7,
o I S0 p.! n
= = 2 (7?—) P, (cos ).

n=0

.._‘_.

Hannmem npeoGpasosaune I'puna (8.49) nna suewmneln ToukH

o= flral 8o

2711_5'5’{1@“1/ (6, a,)z(nJ 1) —55 Pn(cos¥) +-
Q

+ mRm_-l Ym (9, ?“) Z % Pn (COS \P)] R2 Si[‘l 0 df‘] d.
n=0
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Henasi saeMeHTapHbIe Npeo0pa3oBaHHsA MOJABIHTErpaJbHOrO BHIpa-
enus 1 pasBepteiBas V(p’), noayunm

1!12111

oY, (@, ;;)_ZP L 5 (anl)Y (0, &) P, (cos p) -

+ mY,, (0, 1) P, (cosp)] sin 0.dO d\ =

2 2 p’”Rm n { ‘ (4 m -+ 1)Y,, (8, &) P, (cos ) sin 6 dO dh.
B v

)

=

n=0

JT0 paBEHCTBO BBINOJIHSETCH TOMKAECTBEHHO IJSI BCeX 3HayeHHiT
p’'<<R. TlosromMy KO3I(p(HUHEHTH Yy OAHHAKOBEIX CTerneHell p
crpaBa M cJIeBa PaBHBL. 3HAUHT, IPH 1 7= M

J'l:.u‘l

(n -+ m - 1)) j 72 (8,0) P, (cos $)sin 00 dh—0  (9.46)

0

er—n

B OpH N =11

S SR e {
Yo (0, N) = = H Y, (0, ) P, (cosp)sin0dB di.  (9.47)
00

PagencrBo (9.46) j10KasbiBaeT OPTOrOHAJBHOCTH Ha cdepe (PyHK-
uuit Y, u P,..

B cuny oproronaastoctn Y u Py Y mon uuterpasom B (9.47)
MOMeT OBITh ONylIeH HHAEKC, H TOT]a

T 21
Y, (¥, w):?”g‘“ Y (0, 3) P, (cos ) sin 0 40 di

00

HJH, TIEPEXOAs K 3JeMeHTY NOBEePXHOCTH IpPH paanyce cdepsl, pas-
HOM eIMHHIE,

¥ (07, 5= S S Y (6, &) P,, (cos p) do. (9.47")
S

§ 8. Pasnoxenue B paabl no chepryecKAM (yHKUHAM

Ilyets MBI mmeem Hekoropyio ¢yukuuio f(6, A), xoTopas pa3-
Jaraetcss B PaBHOMEPHO CXOASUHICH PAJ BHAA
[(0, A) =Yo(0, &) + Y1(0, &) +...+ Ya(0,0) +-.., (9.48)

rae Y, onpemensiercs ypashenuem (9.4). Onpenenum BHJA 5TOro
pAfa, BHIPAXKEHHOTO uepes cdepuueckne Qynkuun Jlexkanapa.
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Tlogcrasus 3nauennus Y,(0, A) us (9.4), dynkwmo f(0, &) mMomuo
3anucaTtb B BHIE

[8,2) = ZV (6,2) =

(A, m €OS mA + B,y sin mh) Py’ (cos B)J ;
: (9.49)

oo

= 2 [A P, (cos 8) 4

n==0

?‘m

{

YMHOXUM 00e yacTH 3TOT0 PaBeHCTRBA HA COS KA dA H npopmrer-
pupyem ot 0 xo 2x:

{10, ))cosknar = X {A P, (cos ) ﬂ cos kA dh +

0 ey

2n
+ 2 [ A ' cos mh cos kA dh By i sin mh cos k) d.l] w (cos 6)}
0

0

an

Tak Kak &cosk;\ drA=0, T0 nepBbIil YJ€H HaIIero BLIpAKEHUST
0

cos m cos BA dh = 0,

5 EiJ

obpamaercst B nyan. Ilpn k%0 u ks=m

¢
2n

npu k=0 u k=m 5 cos mh cos khdh==m. T[lo3TOMYy BTOpO# HieH
He paBeH HyJIO JHIIL Jas cayyas k==m. Hakouer,

2n

ﬂ sin mh cos kA dh =0

;
npu moGLiX 3Havennsix k& u m. Ilostomy

\ f (0, k) cos mh d\ = 2 ApmtPr (cos 0).

n=0

OGe wacTi TOCHEIHETO paBeHCTBA YMHOKNM Ha Py (cos8)dcos
1 mpouuTerpupyeM B mpegenax or —I1 no 1

+1 2 +1
{ { 7(6,2)cos mhP(cos B)d cos 0 dh = A, | [P (cos8)]? d cos 8.
J ) o

~—~10
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2 (ntml

HHTC!‘paJI, CTOAINHH B MNpaBOM 4YacTH, paBeH m(n—_m

corsaacuo (9.41). ITostomy

5 & |
—m)! 2 ’ m
A = L2l 20 j 0\ £ (6, 1) cos mA P (cos 0) sdeGd?\.,'
A3 } (9.50)
—m)! 2n-- ¢ m
By E';_*_’:;)), - 5(} f (8, &) sin mAP] (cos 0) sin 6 dO d\ !

(B.» HaX0OAUTCS AHAJOTHYHO TOMY, KaK 3TO chelaHo M Aum).
Hafizem Tenepb kosdduupment Agp. [ag 3TOro npouHTErpHpyeM
ypaBnenne (9.49) mo A B npegenax or 0 no 2xn. Tak Kak

2%

21
j"cosma_ dA=0 u f sinmh. di = 0,

2n %

Jrona =3 ap (cosB)jdh_2n2 A4Py (cos 6).

n=0

YMHOMKas NOJAyueHHOe paBeHCTBO Ha P,(cosB8)d(cosB) u uurer-
_ pupys no cos 0 B mpemenax ot — 1 go 41, moayaum
+12n 41

[f(e 3) P, (cos 0) d (cos 0) d) = 2n j Ay [P, (cos 0)12 d (cos 0).

—10

B cuny csoiictBa (9.25)

Ao I 2!£ -1‘ 1

3 £ (6, ) P, (cos 0) sin 0 df d. (9.51)
0

§ 9. Teopema cJ0OKeHHUSA

Pan (9.48) ymHoxum Ha P,(cosp) sin 6 dB dl u npouHTerpu-
pyeM IO NOBEPXHOCTH cepbl €ANHHYHOrO pajuyca

2n

,\q 5 f(0,%) P, (cos ) sin 0 d0 dh =
i 0

T aAn
= [ V¥,(8,%) P, (cos ) sin®dB dh + ...
D0
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Uurerpann or npoussesennii ¥, (0, 1) P,(cos ) npu nz=m obpa-
IAI0TCH B HYJab, @ npu n=1m B cuay (9.47) ouil paBHE

It 25
§ {7(0,0) P, (cosp)sin 0 a6 dh =
a G
n 4nY_ (07, A
= 10,0 Py (cosysin@abdh Fiad g T

Hannmem Temepb pasaoxenne 1as Y (0, A7) cornacHo (9.4)
¢ KOo3(hPUUHEHTAMH, ONpeieeHHLIME PAaBEHCTBAMH (9.50) u (9.51):

7 2m
Y, (0,))= ?-“4% “ F(0, 1) P (cos 6)sin 0 d8 d}u]x
b

0
n
O (n—m)) 2n--1
(n-Em)! 2an
m=1

XPalcosd )i

2%

X {[ g | 7(6, %) cos miPy (cos 8)sin @ df d?{l cos mh' -+
i}

_%_ :

o 21
[Y ( f (8, &) sin mi.Py' (cos 6) sin 0 d6 d?.} sin ml’} Ly (cos B)
00

uJaM, cAeaB 3JeMeHTaprbe npeobpaszoBanus,
o

Yoy {5 5 £(8, ) P, (cos 0) Py, (cos 8) sin 0 d0 dh. +-
00

o ot

n
- —mi m
o E':‘ ‘ﬁ'fz.! j Sf(es A) Py (cos 8)0c
(U1}

m=1

s PT (cos 8') cos m (A — 2) sin 6 d0 dx}. (9.53)

3amenus Y, (0, ') nocpeacteoM (9.47) u (9.48)
m 2% 20

§ §7(0,0) P,(cospysinoaoan = | § jo.n) [P,!(cos 8) P, (cos 0) -+
00

00

-+ 2 Zﬁ H%,l P} (cos 8) Py (cos 6') cos m {(h — A’)] sin B db d),
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NOJAYUHM
P, (cosp) = P, (cosB) P, (cos ') -

: e ! m I m r
+2 2} H"))T PM(cos 0) P™ (cos O) cos m (b — A'),  (9.54)

rie
cos | = cos B cos B" 4 sin 0 sin 8’ cos (A—A).

Pagenctso (9.54), Bbpaxkaiollee Teopemy cioxeHHd cdepHye-
ckux (yHKIUI, NOKa3bBaeT, Kak MHorou/aed JlexaHjapa moJspHoro
paccroauns 1P, ABJISIOUIETOCS OJIHOH CTOPOHOH cepHuecKoro Tpe-
VroJIbHHKA, MOeT OBITb BbIPAaXKeH uyepe3 cdepHyecKHe QYHKIHH
NOJSIPHBIX PACCTOSHMI, SBJASIOLIHXCSH IBYMs ADYTHMH CTOpPOHAMHI
chepnueckoro Tpeyroapbauka Ppp’ (puc. 65).

§ 10. HopmupoBanue cepudeckux (QyHKuuH.
Hurterpaibnoe ypaBHenme 3JeMEHTapHbIX ChepuyeckKux Qynkuni

IlonGepeM TaKoH MHOMHTeNdb, 4yTO, OyAyud Ha HEro yMHOXeH-
noii, cepuueckaa ¢ynkuua P(cosB) obdpatutca B DyHKHHIO
F(0’, &), y10BJIETBOPSIONIYIO YCJIOBHIO

[ f [P, a2 do =1

(8, A’ — xoopanHaThl TeKylled ToukH Ha cdepe, 0, A— Koop-
IMHaTH moaioca). @ynruus F BoiGpaHa npH 3TOM  CJAEeQYIOMHM
oBpasoM:

45 TR f it A cos MA
F(8,2) =V _%TH% Pr'(cosh) s?n ma, = Fn (8,4
npw =12 0. 2n
It

F(8,2) = ]/2 4:"‘; ! P, (cosB) = F,(0,%) npu m=0.

Bgejgem 3Td (VHKUHH (HOpMHpOBaHHBIE cepuueckde (QYHKINH,
WM, Kak HX ellle Ha3hBAIOT, 3JeMeHTapHBIe) B ypaBHeHue (9.54)
TeOpeMbl COKEeHHA. YuTeM NpPH 3TOM, 4TO

((Fm@,wydo =0, §{Fm@,0)FE @, V)do' =0,

ecaH. ecTb XOTsi GBI OjHa mapa uucea n, m W n’, m’, He paBHHIX
Mex 1y coboii. Beejem HOpMHpOBaHHBIE cdepHueckKHe (QYHKIHHM B
(9.54):

P, (cosp) = E‘%‘i—l N Fr(e, 0 Fr (@, 1). (9.55)
m=0

128 . Tpymmncrni
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PaccMoTpuM HHTErpaJbHOe YpasHEeHHe, KOTOPOMY Y/IOB/JITBOPSIOT
HOpMHPOBaHHbie chepuuyeckine (yHKIHH B TOUYKax caMoi ciepsl.
Jns Buyrpennero nosioca 6, A, p<<l uMeeT MecTO pa3JoiKeHue

— = 2 PP, (cosap).
0
3amenuM P, (cos yp) ¢ nomombm (9.55)
] og‘ 4 m m T !
= gﬂﬂf 2 F™ (8, %) F2* (6, A)).
n=0 m==0

Ymuuoxaem ofe uactu pasencrsa ua Fr (0, A') n uHHTerprpyem o
cpepe. Ilpu 3TOM cnpaBa B CHIYy OPTOrOHAMbHOCTH 00paTATCH B
HYyJb BCC YJIEHH C Pa3MHYHBIMH HHICKCAMH, 4 COBNABIIHE HHIEKCHI
AanyT efunuiy. Fn (0, A), Kak BeAHUMHY MOCTOSHHVIO A8 TAHHOIO
ToJIoca, BelHeceM 3a uaTerpas. Torna momyuaercs

(P 0, %) ’ 4rp” rm
j‘) T G 2n--1 f (9 "‘) (956)
Jlns BHelIHero moJaioca p=>>1 aHaJOTHIHO
( ( Fw (0,2) i RO s
j j. r de’ = 2n -+ 1 T)m n (6, ), (9.56")

H, €CaH IOJIOC JIEKUT Ha caMmoll chepe p=1I,

\" F;{" {8, &) o 4
J r 2n—+1

46 =4 3 B4 (9.56")
Hurerpan Jepoil 4acT# ecTh MOTEHIHAJ HPOCTOro CJAOR C Hempe-
pHIBHOR muoTHOCTBIO Fr' (87, A/}, T. €. OH CXOAHTCA.

§ 11. TpakrHKa pasioxeHus Mo cPepUUECKUM (YHKUHAM

[lycTe Ham sajzaHa HekoTopas (YHKIHA MNOJSPHOTO PaccTos-
HMs u aoarorsl f(0, A), HanpuMep, GYHKIHS pacnpeieseHis aHo-
Maauii CHAbl TamectH wiau peabeda, Coraacno (9.49) ee moxHO
PasnoKHTh B CACAYVIOUHIT PAL 110 chepHUecKHM QYHKUWHAM, KOTOPLI,
B otanune o1 (9.49), Mbl nueM B pa3BepHYTOM BHAE

£(0, X)=A,P, (cos 0) - A, P (cos B)-(Ayq cos h-+Byy sin 1) P (cos 0)+
b AyoP (€S B) - (Agy €08 A - By, sin M)P3 (cos 0) -+
+ (A, €0S 2\ - Byysin 21) P3(cos 6) 4 ... +
+ ApoP p(cos B) - (Apycos A+ Bpysin k) Pofcos @)+ .us
~(App €08 pA - Bpp sint pA) PR (cos 6) + .. .. (9.57)
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Koxphuunentsl pasioxenns A,, 0 B,, Tpebyercs onpeennts
W3 cucTeMbl 3aj1aHHBIX 3Havyennil gyukuun f (0, A). Kaxnas crpoxa
pa3JOMKeHHs HBJAETCS TaK HasplBaeMbiM <HrpekoM Jlamnmaca» ¥
B3 coorserctBuu ¢ (9.48) u cojepXKuT
chepuueckne MHOTOUYJIEHBl TOJBKO OJHO- ‘
ro nopsaka. IlepBble uJI€Hbl KamIOH 39°30"
CTPOKH COCTOSIT H3 MHOTOuJeHoB Jle-
#anapa P, (cos®) H He 3aBHCAT OT JIOJ- +
rorsl. MaBecrHo, uto Muorounen Jlexan- v
npa P, (x¥) mmeer n BelleCTBEHHLIX KOp-
Hel Xj, Xz, ..., Xn, PACTIOJOKEHHEIX CHM- :
METPHYHO OTHOCHTeIbHO X==0, uTO 40°30"
COOTBETCTBYET 7 3HaueHuAM 0, cuMMer-
PHUHBIM OTHOCHTEJNBbHO O = m/2, T. e. OT-
HOCHTEJIbHO SKBaTopa. ITHMH KOPHAMH Pre. 66.
cepa aeanrcs Ha n - 1 mumporHylo 30-
uy. [Tpn mepexone OT O1HOI 30HBI K JAPYroi MeHnsercss 3HaK QyHK-

nuu P, (x). Tax, nanpuMep, MHOrOYJIeH TpeThero nopsuaga Ps(x) =

:%(5):3 — 3x) umeer kopHu X;'=0, x,=- V%= -+ 0,774;

%3 = —0,774, uT0 COOTBETCTBYET NOJSAPHBIM paccrosuusim 0°, 39°30”
1 140°30" (puc. 66). IDTH MOJAPHLIE PACCTOSHHS [eafAT cfepy Ha
4 30mbl, BHYTPH KOTOPLIX (YHKIHUS Pj(X) HMeeT 3HAKH, yKasaHHBIE
na puc. 66. 3T nepBble WIEHB KaykK/JI0H CTPOKH Pa3JIOKEHHS HOCHT
Ha3BaHle 30HAAbHLIX chepudeckux YKy,

Bropbie # mnocjeayiolle UJeHbl KayKJIOH CTPOKH — TpOH3Bee-
HHA TpHcoennHeHHRIX GyHKUH Jlexanapa Ha cyMMy CHHYCOB H KO-
CHHYCOB KpaTHeIXx ayr. O6umuii BHA 3THX uWieHOB corsacHo (9.22)

d™P_ (cos 0)

nm COS A - B, sin mi) sin™ 0 ;
(A m - m ) d (cos ﬂ)m

(9.58)
V nochepHHX 4JEHOB Kaxkio#l CTPOKH n=m. B stom cayvae
d”P?1 (cos 0)

= const 1 cepuueckne QYHKIHN HMEIOT BH],
d (cos 6)"

A..sin"@cosna u B,,sin"@sinnk.

Tlepsnlii MHOMKHTEAL Sin "0 >THX (YHKIHI ofpauaercs B I_-Iy._IjU%
npu 6=0 u 6=mn, 7.e. Ha nomocax chepbl. BTOpble MHOXKHUTENN
sinnA W cosn) ofpaumalTcs B HyJdb  Ha  MEPHAMAHAX,
OTCTOALINX JAPYr OT jpyra Ha m/n. B cexkrtopax, orpaHHYeHHBIX
3THMH MepHIHaHaMH, QYHKIHH HMEIOT OJMH 3HAK, M3MeHSIOUHics
npH nepexone yepes Mepuanan. Takue pyHKIHE HA3EIBAIOTCA CEKTO-
puarvHomu cepudeckumu pyukyuasmu. Ha puc. 67 nokazan xon
H3MEHEHHs 3HAKOB CEKTOPHAJLHBIX QYHKLUHHA MATOrO NOPSAKA. ;

13*
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-Haxonen Bce npoMexyTounbie u/eHbl KaxJO# CTPOKH, /S
d™P, (cos B)

d (cos )™
#MeeT f—m  BelleCTBeHHBIX KOpHefi, KOTOPBIM COOTBETCTBYIOT
f—m 3HadYeHHil moJasipHoro paccrosuusi 0. Ha stux n—m napad-
genax ¢yuxnus (9.58) obGpamaer-
ca B Hyab. Ilpu mnepexone uepes
3TH napasjend (QyHKUUS MeHSeT
sHakK. Cdepa pmeaurcsi 3THMH na-
pannensiMu Ha n—m-+1 30H, B KO-
TOPLIX 3HAaK (YHKUHH MOMepeMeH-
HO H3MeHsieTcsi. Kpome Toro, Kak-
JblH MHOMKHTE/Ib Sill M HIH COS Mmh
obGpautaercsi B HyJb npuH 2m 3Ha-
yeHHAxX jgoarotel A. Takum obGpa-
30M, ctepa pmenurcs Ha 2m-+1
CEKTOPOB, MMEIOLIMX MIMPHHY /M,
BHYTPH KOTOpPBIX (YHKIHA HMeeT
ONMH M TOT :Ke 3HAK, OJHAKO Me-
HSIOLIHICS TpH [epexoge uyepes
Puc. 67, mepuaunaH, rae ¢yHkyqua odpama-
ercsi B HyJab. Takum o6Gpasom,
cepa JenrHTCA CHCTEMOH napaJnJeseid H MepHAHAHOB Ha cdepuue-
ckue Tpanenuu (puc. 68), B Ka)KA0il M3 KOTOPBIX QVHKUHS COXpa-
HAeT NOCTOSHHLIII 3Hak. PaccmaTpuBaemple YJeHBI pasviomeHH:
NPeACTaBAAIOT PYHKIHIO B 3THX CPepHUYECKHX TPaneuHsx H Hasbi-
BAIOTCA ‘'TeccepaavHolmu cpepuveckumu Qyukyuamu. Ha puc. 63
nMoKasano JeneHHe cdepsl Ha 30HANbHBIE, CEKTOpHAJbHbiE H Tec-
cepajbHble OOmacTu 3aiaHusi cpepuueckHX (QYHKUHA 1715 PasiHy-
HBIX TIOPSIZIKOB #1 M 11,

B paszsoxenun (9.57) nepBble usIeHbl KaxkKa0H CTPOKH CyThb 30-
HalbHbie (QVHKIHH, TOCHeHHe — CeKTOPHA/bHBIE H TIPOMERYTOU-
Hble — Teccepaabhble, Kaxpaas ctpoka pasnoxenns (9.57) comep-
KHT 2n-+1 ujeHOB, H3 KOTOPBHIX OJMH 30HANBHBIA (mepsblil), nBa
CeKTOpHaJbHBIX (Tmocienune) u  2(n—1) Teccepanpnbix. Obutee
uuca0 ueHoB pasnoxenus (9.57) pasuo n(n+2)-+1.

B npakTHKe pas/oKeHHs TPaBHTAIHOHHOTO Mojf 3eMaH Mo
chepryecknM (YHKIHAM IePBBIA uJeH sIBJASETCS 30HAMLHOA (YHK-
uueii Hysaesoro mnopsaka. OH XapakTepH3yeT cpelHee 3HaueHHe
YCKOPEHHS CHJILI TSXKECTH, T. €. OmpejejsieT IPaBHTAlHOHHYIO MO-
CTOAHHYI0 g, IlepBbiil uJeH TpeTbell CTPOKH — 30HajbHasi (QYHK-
1M BTOPOrO IOPsiJiKa — XapaKkTepusyer cxaTtue. Bropoit uien BTO-
poil CTPOKH SIBJISETC CEKTOPHAJIbHOH (DYHKIHEH NepBOro mnopsika
W XapakrepHayer TpexocHocTb 3emuH. Ilocaenyiomue uJeHLl pas-
JI0AEHHST XapPAKTEPH3YIOT JeTaJH OTKJOHEHHs reouaa ot cdepouaa,
8a/1aHHOTO MEPBLIMH TPeMs Y/aeHaMH.

KOTOPBIX n==m, umeor BuA (9.58). Muorouaen
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Vpasuenue (9.57) mnpeacraBasier ypaBHenue ¢ n(n-+2) +1
HEH3BECTHLIMH KO3 duunentaMu A,, U Bon. ®yukuun Pr (0CHOR-
HLle MHOTOUWJIEHB! JleaHjapa W NPHCOeIHHEHHbe (QYHKIHH) MOryT
ObiTb BHUHCJEHBl B 3ajxaioTcst tabamuno. Ecaum ¢ynxuua [(0, )
M3BecTHA B KaKoH-1uOO TOuke 0O, A; TO, MOACTABUB 3TO H3BECTHOE
% 3HaueHne B JieBylO uacth (9.57), BBeaa 0;, A;

1 Py’ W BBIYHCAHB HX, Mbl TOJYYHM OJIHO
) ypaBHenue ¢ n(n—+2)+1 neussectHoiMu A,.
u B,. Ecau 3uauenue f[(0, A) ompenenuTtsb
B n(n+2)+41 Toukax, TO Mbl NOJAYUHM

‘}.\
b
,‘I
Cop &y
<
( /
Cop Gos )
N i
\
/
Puc. 68.

cucremy n(n + 2)+ | ypanHeuui H, 3HAUHT, Mbl CMOZKEM ONpeeNHThH
Bee KO3(h(UIMEHTHl Pa3/IoKeHusi. 3HAUEHHA MHOrOuJeHoB Pr 110
BOCLMOTO NOPsAJAKa Aaubl B TaGauuax Taabksucra, KpaTkue Tadn-
LBl €CTh B CNpaBOYHOM cOOpHUKe SIHKe H IMJe, a TaKkikKe NpHBEJe-
uel B padore M. JI. Konronopuua «BHemHee rpasiTallHOHHOE TOJIE

3ewan n QyHAaMEHTAblble NOCTOsHHBIE, cBA3anuble ¢ HHM» ([oc-
Texusnar, 1948).



TJIABA 10
HOPMAJIbHOE TPABHTALLHOHHOE MNOJIE 3EMJIH.
HOPMAJIbHBIH 3EMHOH 3JIJIMIICOUN

§ 1. Teopema Kaepo o pacnpejneeHHH CHAGLI TAMKECTH
Ha 3eMHOH NOBEPXHOCTH

Paccmarpusas 3eMia0 Kak OIHOPOJHYIO BpPAalIAIOHLYIOCH KHIL-
KOCTh, BCe Macchl KOTOPOH B3aHMOAEHCTBYIOT 1O 3aKOHY BCEMHp-
noro tarotenns, HuioTon nokasan, wro ¢urypoii 3eman Oyier
CXKATBIT 3JUIHICOHT BPAIEHHsI, HMeIHl cxkatne o=1/230. Ilos-
xe Kiaepo, npeanosokuB takmxke, uTo 3emas KXHAKas, H OCHOBbI-
BasCb Ha 3aKOHAX THAPOCTATHKH, YCTaHOBHJI (QHIYPY YpOBEHHOI
IIOBEPXHOCTH, onpelesionei 3em/110, H A0Ka3ad OOILIyI TeopeMy
O pacnpejie/NeHHd CHJBl TAXKECTH Ha 3T0il nopepxnoctd. Ilpn 3Tom
Kaepo cuuran, yTo IJOTHOCTb B 3eMJje H3MEHseTca ¢ rayOHHOI
TaK, YTO Kam/blii OeCKOHeUHO TOHKHH /0, 3aKJI0YeHHbI MKy
JABYMS COPOKYCHBIMH 3JIJTHIICOHIAMH, HMEET NOCTOSHHYIO TJIOTHOCTE.
MeKay 3THMH CJIOAMH I[IOTHOCTb MOKET H3MEHSThCA MO J60MY
34KOHY.

B stux npeanosoxenusix Kiepo BbiBen 1Ba ypaBHeHHA, CBA-
3BIBAIOILIHX 3HAUCHHS CHJLI THMKECTH HA 3eMHOIl TOBEPXHOCTH C 10-
AOKEBHEM TOUKH M OKatneM 3emau. DTh ypanBHehds 4acTo Ha3bi-
BaloTcs Teopemoil Kaepo. Oun uMeloT caenyomuil Bui:

Y=+%.(1 4+ psin®*B), (10.1)
p=—g—a. (10.2)
wia

31ecs B-—mmpora Mmecra, = r1e ® — VIJ0Bas CKOPOCTL

Tk
Bpaulennsa 3eMaH, a— 60JblIast NOJAYOoCh 3eMHOTO 3J/HICOHA.
CMblca NOCTOSIHHBIX Y. H B, BXoAamux B ypasuenns (10.1) u (10.2),
JErKO PAacKpbiTh, ecan Qopmyay (10.1) Hanucarts 145 3KBaTOpa u
noJI0Ca.

[Tycts ¥ onpeneneno aas sksaropa (B = 0); Torna y=x,, T. e.
Y. 3HAUCHUE CHALI TAKECTH Ha 3KBATOPE. DTy BEAUYHHY HA3LIBA-
0T 3KB8ATOPUANALHOU NOCTOAHHOL.
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Ecau y onmpeneneno A1 TIomoca (B = n/2); 10 15 =.(14+B).
Orcrona

p— e, (10.3)
e
T. €. D ecTh OTHOLICHHE H3OBITKA CHJ/BL TSIKECTH Ha MOJICe Hal
CHJION TAMECTH Ha 3KBATOPE K mocjenfed.

Teopema Kuepo nosponsger 1o uaMepeHHbIM 3HAYEHHSIM CHJILI
THIKECTH HAHTH CKATHE o YPOBEHHOTO 3JJIMMCOM/IA H NPH H3BECTHOI
H3 PEOJICBHYCCKUX H3MEPenHil noJyocH ¢ HWOCTPOHTL 3eMHON 2AMHN-
COMJ, HJH, HaobOpOT, AJS H3BECTHOTO YPOBEHHOTO 3JIJIHICOHAA
HAUTH 3aKOH H3MEHEHHS CHJIBI TAAKECTH Ha HEeM.

B paccmorpernom BapuaHTe 3ajaya peliena ¢ TOYHOCTBIO 10
M&JblX MopAaKa CKaTHs.

®opmyay (10.1) ¢ uncaoBwiMu KosdhuLHEHTaMH Y, H P uacTo
Ha3blBAIOT (POPMYA0L HOPMAALHORO pacnpedeneHus cuabl TANCECTI
B CHJY TOrQ, UTO OHA [1AeT 3aKOH PACHPeILICHUS CHJALL THIKECTH
Ha naeaJapHod 3emie, T. e. Ha 3emue, HMeUeH (QOPMY 3IJIHICOH-
Jla Bpalledus Co CXEKAaTHEM o.

B patotre Kiepo mpeamosarajoch, YTO NOBEPXHOCTL 3eMJH ¢
JIOCTATOYHOH TOYHOCThIO COBNAZaeT ¢ HeBO3MYIIEHHOH TOBEpX-
HOCTBIO OKeaHa, KOTOPasi B CBOIO OMEpPe.b C AOCTATOUHON TOMHOCTLID
npejcTaBisieTcs 3JAHICOMAOM BpallleHHd, H 4TO BCe OTBECHbIE JIH-
HHHl Ha 3€MHOH I[OBEPXHOCTH COBINAJAKT € HOpMAJasgMH K 3TOMY
SJHICOHY.

Onuako yxke B Hauasge XIX B. W3 MaTepHanoB MHOTHX Tpajayc-
HBIX H3MEpeHHH CTag0 sSCHO, YTO pa3/qHuYHe B KPHBH3HAX Iyr Ha
3€MHOH IOBEPXHOCTH He €CTh cJe/lcTBHe omnOOK H3MepeHuid, a pe-
aJbHO CYIecTBYION U PaKT, ¥ YTO OTBECHBIE JHAHN He COBNANaIT
¢ HOpMaJsMH K 3aiunconny. Torza m ObJIO BBeIEHO [IOHATHE
reou1d — ypoOBeHHOH [IOBePXHOCTH, coOBIajnawlled Ha OKeaHax c
YPOBHEM HEBO3MVIICHHOH BOJBI, KaK NOBEPXHOCTH BCIOJY HOPMaJb-
HOH OTBeCHBIM JHHuSM. B 3TOM cilyuae uM3aMepeHHBIe B TpHAHIYJd-
L1 TOPH3OHTAJNLHbBIE YIVIBI JOJXHBl IaBaTh yIJbl Ha TeoHjae, NpH-
BeleHHble K TOPH30HTY 6asHChl— JJIMHBI JAVT, [apajeJ]bHbIX reo-
WY, ACTPOHOMHYECKHE KOOPIHHATHL @ H A JOJKHBEL ONpeLendarh
Hanpap/JIcHHs HOPMa/lH K Teoufly, a peayabTaThl HHBEJ’!HpOBaHHH—
BLICOTBI HaJ[ TE€OHI0M.

Takum o0pazom, BBelleHHe TeoHIa Ha NMEPBbIX nopax He BHECIO
HHYEro HOBOrO B 00paboTKy acTPOHOMO-Te0[e3HYEeCKHX JAHHBIX,
a TOJbKO 3aMEHHJIO HOBEPXHOCTb OTHOCHMOCTH. Bmecto saaumnco-
U2 B KayecTBe GHIYPbl 3eMJH Ha4Ya/ i NPHHUMATh TeOHIL.

Takoe npejcrasjenne Qurypbl 3eMJaH H CBfA3b aCTPOHOMHYE-
CKHX H TPHAHTYJSILLHOHHLIX H3MEPCHHH C reOHIOM MNO3BOJIHJN TNPH
00paboTKe TPHAHTVIAUHI NMOJB30BATLCA METOJ0M pas3BepThIBaHHI,
T. €. BCe M3MepeHHHle Ha (PH3HYECKOH MOBEPXHOCTH 3JeMEHTHl —
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VIV, JAJHHB, KOOPIAHHATH — PEAYIHPOBAJHCh 34 CYET BRICOTH
TOYEK H3MEPEHHil Ha MNOBEPXHOCTL reowna, Ha KOTOPOM H OTKJa-
JABIBAJINCL 3TH peayunposanHbie 3aeMents. B 1849 r. . I'. Croxc
ony0J/HKOBaJ CTaBUIHE BMNOC/JAeACTBHY 3HAMEHHTHIMH pPaGOTHLl, B KO-
TOPBIX, BO-HCPBBIX, [0KA434J, 4TO H3MeHEHHe CHJBl THMHKECTH HA
3eMHON MOBEPXHOCTH M 3aBUCHMOCTb €ro OT CXKaTHH 3JUIHICOMIA
He 00sg3aTeJbHO CBSI3AHEI C THUNOTE30H TIHAPOCTATHYECKOTO PABHO-
BecHss 3eMJH, BO-BTOPHIX, MOCTAaBHJ H PelIHJ B YacTHOM cCayuae
3ajlauy onpejeseHHs BHEUIHEro NOTEHIHaJa CHJBl THMKECTH IIpH
JaHHO} BHelIHeH NOBEPXHOCTH M HM3BECTHHIX Ha Hel 3HAYeHHiX
CHJBI TSKECTH W NOTeHIlHaJa.

B kaueccTBe BHeIIHCH VpPOBEeHHOH mnoBepxHocTH CTOKC NpHH:AT
3/1JUIICOUT BpalleHHs.

Yacro npumensercs apyro#t cnocob 3aianns BOTEHLHAMA CHIb
TSIZKECTH, OCHOBAHHBIH HAa TNpPHMEHEHHH CcdepHyecKux GyHKIMIL.
B stom cayyae moreHuHas npepcrasiasercd B Bujae pana. Ocrasasis
OTPaHHYEHHOE YHCJO 4YJIeHOB pasJioxkeHus — 0OBUHO TJiaBHBEIE C(e-
piyeckne (QYHKUMH HYJIeBOTO, BTOPOTO H UYETBEPTOrO MOPAAKOB,—
NoJAy4alT y1o0Hble (OpMyanl IJs OpPEACTABJIEHHS TNOTEHNHANa H
CUJIbI TAYKECTH,

Takomy 2zaiaHHi0 NOTEeHUHAda H CHJBl THMKECTH COOTBETCTBYET
HEKOTOpash yPOBEHHAA NOBEPXHOCTb, NPEeACTAaBJAIONIAS HIealH3u-
POBaHHYI0 3emJ10, HO 3Ta NOBEPXHOCThL yike He OyAeT 3JIHNCOH-
nom. TakiKe, COOTBeTCTBEHHO, He OyAyT COBHajaTh H NOTEHIHAJBL,
npejcTaB/IeHHble TeM H APYIUMM MEeTOJIOM. ¥ POBEHHVIO IOBEPXHOCTE,
NPe/CTaBAAONLYI0 3eMA0 BO BTOpOM cnocobe, GAH3Kyi0 no dopme
K 3aaauneomay, Oynem HasbiBaTh cdeponnom. C TOYHOCTBI N0 Be-
JHYHH TIOPAJLKA C:KaTuA BCe CHocoObl JaloT COBHNAJAlOlIHe pe-
3VJbTATHL

Onpenenennbllt TakuMm 06pa3oM A8 HEKOTOPOH HAEAJIH3UDO-
BAHHONH 3eMJM NOTeHINaJ CHJBI THXKECTH, M0 BO3MOXHOCTH 6Jn3-
KHil K noreHugaJgy peanbHOH 3eMJiM H HMEIOUHIT 0CTaTOUHO Npo-
CTO BHJ, HA3BIBACTCH HOpMAAbHbIM noTeHyuaaom. OH onpenens-
ercs Juisl y1o0CTBA pelueHHs pPas3JMuHbIX 3a1ay, CBA3daHHBIX C
onpejiedendeM (Urypbl 3eMJaH H ee BHEIHHEro TpPaBHTAHOHHCIO
noas. bnaronaps ero BBeleHHIO M3y4eHHE CAaMOrO BHEUIHEro 1o-
TeHIHAaJ a 3aMEHAETCH M3YUeHHEeM MAaJbIX OTCTYNJIEHHH peaJbHOro
MOTEHIHAJA OT H3BCCTHOrO HOPMAaJbLHOTO. ¥YPOBEHHAs NOBEPXHOCTS,
115 KOTOpOH ONpeacJcH HOPMAJBHBIH NOTEHHNAJ] CHJIBI TSMKECTH,
Ha3bIBAETCSH HOPMAJbLHOIM.

B cayuae onpepeseHnsi HOPMAJBHOTO TIOTEHIHAJA METOIOM
Crokca 310 Oyner nopMmaJabHblil aanuncona. Cuaa TAXKeCTH, 3ajlan-
Hasi oTnpeneseHHbM TakuM 06pasoM noTeHunanoM, OyaeT HasLIBaTh-
CA HOPMAALHOU CUAOL TANCECTLL.

Crokcom Gpl1a pemeHa Takxe obGparHas 3ajaua-—3ajada Tno-
CTpOeHHsi BHENIHER YPOBEHHON HOBEPXHOCTH (reoiuia) OTHOCHTEALHO

-
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}’})()BEHHOF[ MOBEPXHOCTH HOPMAJbHOrO MOTeHlHaJ/J d 1m0 3Ha4eHHIM
CHJ/Ibl THAXKECTH Ha reoHje. BOIIpOC 0 TOM, 4YTO CHJA THIKECTH H3-
BE€CTHAa He Ha reoHIe, 4 Ha CbHSH‘IECKOﬁ IMMOBEPXHOCTH 3€MJ[H, H5BO3~
HUKaioniHe B CBA3H C 3THM 34TPYJIHEHHS OCTaBJ/IsAeM IMOKa B CTOPOHE,

§ 2. Teopema Crokca

Ecan teso m3secTHOH Macchl M paBHOMepHO BpamlaeTcss OKOJIO
HEH3MEeHHOH OCH CO CKOPOCTBI) © H €eCJH 3aJaHa YpPOBEHHAas No-
BEPXHOCTb S NOTEeHUHAJa CHJBl TSXKECTH, LETHKOM OXBaTbiBalo-
ias Maccy, TO NOTeHIHa bHas (YHKIHA CUJbl TAXKECTH M ee Jep-
Bble IPOH3BOJHBIC OVIVT OIHO3HAUHO OMpene/eHbl Ha IOBEPXHOCTH
S 1 BO BCceM BieUIHEM NPOCTPAHCTBE.

HonyctuM cyllecTBOBaHHe [BYX pasJHYHBLIX 3HAYCHHH TNOTEH-
wnana cuabl Taxeets W) u Wo na S u BO BHemiHEM mnpocTpaHcTBe,
COOTBETCTBYIOLUMX IBYM pacnpeleneHusiMm maccol M Buyrpu S.
Ha popepxHocTu § 37U nOTeHUHANBHLIe QVHKIHUM COXpaHAWT TO-
CTOStHHBIE 3HAUCHHA:

W= Gl

HDCKOJIbe NOoTeHUHaJJa CHJABI THAMXKECTH CKJalblBaA€TCA H3 IOTEH-
uuasa TnpHTSKeHHs VM nOTeHUHAJNa LEHTPOGEIKHON  CHJIbI
W =V -+ U u nocko/abKy NOCAEIHHH ABJISAETCH TOJIbKO (yHKIHEH
KOOPJIHHAT H HE 3aBHCHUT OT MacCC, MOXKeM Hanucartb

‘W;—WQZ‘VI——ngT.

T ecTb TaKKe MOTEHIUHAJILHAL QYHKUUA, IPUHHMAOILAY HA NOBEpX-
noctH S 3HauyeHne C; — C..
Bocnoas3yemcs npeodpaszoBadueM ['puna B Buje

=R () (2 oo (7o ] {rovrae

rae 0ObeMHBIE HHTErpaqa paclnpocTpaHed IO HPOCTPAHCTBY, 3aKJI0-
YeHHOMY MeXKIy YPOBEHHON NMOBEPXHOCTbI0O S H NOBEPXHOCTbIO He-
KOTOpoil cdepnl X paauyca R, LEJIHKOM OXBaThBaiomleil MOBepx-
HOCTh S, @ NOBepXHOCTHBIH HHTerpaj—mno noBepxHoctaM S u X
B cuay rtoro, uto T -— QyHKNBS rapMOHHYecKas M JJIA Hee BO
BHEIIHeM npocTpalcTBe omepatop Jlammaca of6pauiaerca B HyJb,
[JIs Halllero cay4as HMeeM
rzfqr%do—gjridc.

an
s

Ll

Bropo#t uHTerpa/ HMeeT 3HAK MHHYC, NOTOMY 4TO BHCIIHSfA HOD-
MaJb K NOBEePXHOCTH S fIBJAFETCS BHYTpeHHEH K 00beMy T.
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Pacemorpum nepsuiit 03 WHTErpasoB BulpazkeHus I mpH Heorpa-
HHYECHHO BO3pacrawineMm panuyce R chepw =. B arom caygae B
CHJIY OCHOBHBIX CBOMNCTB NMOTEHIHANA TIPHTSIKEHHS

M aVv fM

R' ‘on R

ITosromy
M
lvl—v21~|ri<’°
V5 ands ,rM (10.4)
“on anl &n & R

3amensisi Bo BTOPOM HHTerpaJsie [ TOAbIHTErpaJbHBIC BLIPaMKEHH,
coraacuo (10. 4), 66NbIINMH BeJIMYHHAMHI H VBEJIHUHBAS TEM CaMbiM
KazJIbIH 3JeMeHT HHTerpaa, UMeem

,g‘j’l‘ﬁld f—}éw;g‘ydofiln'm%.
z

Ilpn R—»oo npaBaH YaCcTh HEepaBCHCTBA CTPEMIUTCA K Hyao. Tew
Bosee K 5 T ——d0—>—0 npu R — co.

:~”T~_aa

[To ycnoBuio na S T==C,—C,. Toraa
av aV,
Pl #cz)ﬂ(aﬂ‘ 22) do.
S

CorsracHo opmysie I'puHa MOXKeM HanucaTh

avl
| {2 4o ’“SH\_/ V.dx dy d,

o
=

Tenepb

rac OOBLEMHBIH MHTErpaj pacnpocTpaHeH Ha BHYTPEHHHH 00BEM
VPOBEHHOH NOBEPXHOCTH S, IJsi KOTOPOTO UMEET MEeCTO ypaBHeine
[Tyaccona

V2V = — 4naja,
rie 6 — NI0THOCTL, [TosTomy

”%‘1"0 - —4nfﬂgcdr — —4afM.
) )

Auanoruuno, nMeem

" * 1
j'u G;i:dg i _4_-,5]‘) fj‘adr = — 4alM.
s T
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Taxum: obpaszom, -
7on Y dVl Vi S S’:ﬂ/; B
¥ dn
Ay e xs a7 aT
1= §T() +(2) + (& )]0
G 7

HJIH

(7

BesiencTeHe TOTO, UTO KaiKAbld 4ileH B MOJABIHTErpatbHOH (yHK-
3 aT
UHE He MeHbplIe HYJ/f, B KaXKAOH TOUKe 00JacTH T HMeeM ==

= % = G]T; =0 BO BceM BHeIIHEM HPOCTPaHCTBE.
B cuay onpenenenus T
; oWy oW, oW, oW, oW, oW,

PTANGE R R T T
Wy aVy OV, @V, aVy _aV,
dx e Loy R oIk e g )

ja

4yTo o3HauyaeT V;— Vy= const BO BCEM BHEIIHEM IMPOCTPAHCTBE.
[Ipu neorpaHnuensoM Bo3pacranuu R norenuuan V,—0 u Vy—0;
snauur, V,— Vo—0, 1. e. V; =V, Taxum o6GpasoMm, BO BCeM
BHCLIHEM NPOCTPAHCTBE, B TOM YHCJAE Ha NMOBEPXHOCTH SiVi=V,,
CJ/1e10BaTEIbLHO,

WI = Wg,

T. €. NpeAnoJoKuTe b0 pasnuie ¢pynkuun W, u W, coorsercTBy-
WLHE Pa3JHUYHBIM DacnpeieJeHHsiM Macc BHYTPH YPOBeHHOH T0-
BEePXHOCTH, OKa3blBAIOTCH NPH 3aJlaHHBIX YCIOBHAX HeudGekHOo
COBMAMAIONIMMH, UTO H JIOKa3biBaeT eIHHCTBEHHOCTb BHELIHEro Io-
TEHILHA1Aa.
§ 3. MoTeHUHAN CHIBI TAKECTH A YPOBEHHOH NOBEPXHOCTH,
 3ajaHHoi B opMe INTHNCOHAA BpaUlEHHA

3&],-12111& HaXOK/AeHHus MOoTeHuHaJJaa CHJABI TAXKECTH /s YPOBEH-
HOI ITOBEPXHOCTH, 3ajaHHOH B (opMe 3JIJIHIICOH]Ia BpalleHHs, cO-
CTOHT B MNOCTPOEHHH (’p_XHKlLHH BO BHEIIHEM IIPOCTpAaHCTBE IIpPH 34-
JaHHBIX TPAHHYHBIX YCJIOBHAX Ha YPOBEHHOM SJUIHNCOHJE, T. €.
B pPelICeHHH BHEIIHEeH 3aj1aul ﬂHpHXJIe JLIST 3JI.,'IHII(,0HJ13 BpalleHHA.

[ToCKOABKY MOTEHUHAT LEHTPOOEMHOH CHJIbI U———- (x24y?) wue

3aBHCHT OT Macchl TeJa u (opMbl, 3aJaya CBOAMTCS K HaX0MKle-
HHIO Takoll YHKUMH, KOTOpas BO BceM BHeIIHEM K 3aJaHHON ypo-
BEHHOH 'NOBEPXHOCTH [POCTPAHCTBE YIOBJETBOPSET CJACAVIONIHM
YC/IOBHSAM:
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1. HenpephiBua, KOHeYHAa W HMMeeT HENpepbiBHBIE H KOHEUHHIE
nepBble NPOH3BOAHLIE, 2 HA GECKOHEYHOCTH peryasipHa, T. e.
limrV = fM.

700
2. O6pamaer B Hy.Jb BTOpOfi Au(QepeHuHaIbHbil mapamerp:
ViV =0,

T. €. VIOBJETBOPseT ypaBHeHHwo Jlanaaca.
3. Ha ypoBennoji noBepxHOCTH NPHHHMAET 3HAUEHHS

Vo = const — i;-z(ﬁ -+ y3). (10.5)

Crporoe pelmieHHe 3TOH 3ajauyu JAJas 3JJHNOCOHIA BpallleHHs
610 pano IL. IManertu. B 1945 r. pemenne 3Tod ke 3amaun
B Gojlee H3AUHOH QopMe mpea-
aoxeno M. C. MoaoneHckum.
B nanpneiimeM nasioxenun oy-
JeM  TpHAepPEKHBATRCA  myTiH,
npeljoxenHoro MonogeHCKIM.

ITyeTh B KayecTBe ypOBEHHOI
NOBEPXHOCTH 3aAaH 3SJJIHICOHA
Bpallenus, LEJHKOM OXBaThl-
Batomnii Maccol M. Ero ypas-
HeHHe B JeKapTOBHIX KOOPAHHA-
tTax Oyner

Z2

&

s A Z_:z 1, (10.6)

a?

riae a — Goabliag (3KBATOPHAb-
Piic. 49 Hasi) u b— mayas (moJspHas)
HOJYOCH.
Ilyere yraosas ckopOcTh BpallleHHsI TAKOTO 3JUIHICOHAA OKOJO
noasipHoit ocx Gyner o. Hanviuem ypasHeHHe 51JMNCOHAA B KPHEO-
JUHEeNHBIX KOOPJHHATaX 4 H U:

x — asinusinuv,
Yy = asin ucos v, (10.7)
2 = bicosiu)

3necy u— jponoaHenne 10 90° npuBeNeHHON MHPOTH, U— JOJTO-
Ta; MPH 3TOM i M v H3MeHsAWTCA B npenenax or 0 g0 =« u or 0
10 27 COOTBETCTBEHHO. ['eOMeTPHYECKH KOOPIMHATH 4 H U npel-
cTaBjeHbl Ha puc. 69. Jlast oOmIHOCTH M NPOCTOTH JAaJbHEHIIETO
pemlennss GyfeM paccMaTpHBaTh @ M b Kak nepeMeHHbIe BeJHUHHEL,
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3aBucgllye OT w CAeAYIONINM DﬁpﬂSDMZ
a—cchu,

10.8
bi—csh w.} ( )

Toraa ¢opMyJabl nepexoia OT JI€KapTOBLIX KOOpJAHHAT X, Y, 2
K KPHBOJHHENHBIM U, ¥, @ Oyayr

x = csinusinochw,
y = csinucosvchw, (10.9)
z=ccosushuw.

®opmyas (10.9) npeacTaBasioT ypaBHEHHE NOBEPXHOCTH BTOPOro
nopsjaka B napameTpHueckoit dopme. IlpupapnnBag B HHX NOCTO-
SHHOM @, U WIH i, NOJYUHM KOOD/AHHATHbIE NOBEPXHOCTH:

1. w = wy = const
x = ¢ ch wy sin u sin v,
y == ¢ ch wp sin u cos v,

2 = ¢ sh wo cos u.
Cornacuo (10.8)
2 = g? — b?
H
b
th Wy = —a—

BErois HOBble KOHCTAHTH ¢ ch w, = a, ¢ shwy = b, nonyyaem ypas-
Henue saaunconna spawenns (10.7).

2. v = vg == const & o
x = ¢ ch w sin ¥ sin vy,
Yy = ¢ ch w sin u cos vy,
z=cshwcosu
Z HE 3aBHCHT OT Up; /1B NEPBBIX YPABHEHHS! ONpeessioT MJIOCKOCTD
1y = x clg v, IPOXOAAULYIO Yepe3 OChb alIlJIuKar.

3. u = uy==const. Ilonaras csinuy=a, ccosup=>=, ne-
JYUHM

X =asinvchw,
J=acosvchuw,
z—=hchw,

x2 2 22
nan -:,y s ch?w—sh?w = | —ypasnense runepboONOHLa

BpallleHus.
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BpiOpanubie TakuM 00pasoM KpHBOJHHEHHblE KOOPIHMHATHL TeO-
MEeTpHYECKH IpeacTaBiasioT ¢co0ofl JuHuH, o0pasoBaHHbIe: mepece-
WeHHeM 3JIJHICOHIA C IIJIOCKOCTBIO, TepecedeHHeM 3JIHICONAA ¢ Fii-
nep6oJIOMI0M, nepecevueHHeM runep6bo/a0H1a ¢ MIOCKOCTHIO.

[ToxkazkeMm, 4TO KOOpJHHATHBIC TOBEPXHOCTH WU =¢(, U=,
W == ¢ 06pa3yloT OPTOTOHAJLHYIO CHCTeMY, YCJIOBHEM QPTOrQHajb-
HOCTH SIB/JSIOTCS pABEHCTBA

o X gy Lok 0x Bga_y_r_ﬁ_czz__e
d(u, vy  du oV + j R
d(x,y,2) dx dx | dy 9y | 0z 0z 0
dw,wy  dv dw ' odv dw ' dudw i
dix, 4, 2) 5..0x _l_dy dy - 02 0z e
d (@, u) 0w da t 0 Tu ow O ;

Hns Toro uro6bl 10Ka3aTb OPTOrOHAJAbLHOCTb U H W@, HAaLG obpa-
'30BaTh YACTHBIC IIPOM3BOJAHEIE OT (pynKuni (109) mo w, v, @ u
yOeNHuTbCH, YTO CyMMBI NPOH3BEJCHHA MPOU3BOMAMHBIX IEKAPTOBLIX
KOOpIHHAT 1O JABYM KpHBOJIl{HeHHblM KOOpJAHHATaM o6panianrcs
B HYJb.

O6pasyeM uactubie MPOH3BOAHBIC OT ACKAPTOBLIX KOOPAHHAT

10 KPHBOJHHEHHBIM:

a ; a
—}-”’-:ccosusmvchw, i:ccosucosvchw, \
ou o
0. 3 d ; 3
a—j = ¢sintu cosvchw, 5?- = —¢sinusinvchw
p 2 a
Ec—:::sm.usmushw —"'—wcsmucosvshw :
Jw w
oz (10.11)
-_—:—csmushw
du
0z
o0v “O
e co h
% = C SuClw.

Beona (10.11) B (10.10), jgerko yGempaeMcs B CIpaBefJuUBOCTH
Halero yteepxkaenus. B camom pmeae,

abx y, 2 i ‘ 5
—é(uy—u))_:c"smucosusuwcosvch-w~
b
—c?sinucosusinvcosvch?w = 0,

il 2 syl i
OL% #:2) _ r2qinysiny cosushwchw--
d (u, w)

+ ctcos® vsinucosushwchw — ¢?sinucosushwchw = 0,
i 5 : i i
9.2 _ 2gin2 ysinw cososhwehw —
d (v, w)

—e?sinfusinvcosvshwcechw = Q.
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Ilna BEIGpAHHON CHCTEMB KOOPAHHAT HAMHIUEM - ONEPATOD
Jlanaaca

il hzhgaU) a (hqh L OU a 'lt,h u}
s Lk gy iau(nl =l ELT hy 0w ) (10.12)

rie

Ei)z, (10.13)

Beoasi B (10.13) cooTsercTByiOLHEe 3HAYCHHA UACTHLIX TIPOU3BOJI-
apix 13 (10.11), noayunM

h — c2cos?usinvch®w - ¢ cos® ucos?vech?w 4+ ¢?sinush’®w =
— (1 —sintu)ch?w + 2 sinush®w = ‘
— cch?w — sinu(ch®*w — sh?w) = c*(ch*w — sin® u),
h3 = sin®u costvch®w -+ ¢*sin* u sinfveh?®w = c?sinfuch’w,
h2= csinfusin?vsh®w 4 c2sinfucos?vsh?w - c?cos*uch®>w =
= ¢*(sinf ushw -+ cos®u ch®w) =
— (2 (sin® g sh?w + ch®w — sin®u ch*w) = ¢? (ch® w — sin® u).
Taxum o6pa3oM,
h} — hj = ¢ (ch®*w —sin® u), } :
5 $ {10.14)
h3 = c¢?sin® u ch®* w. g

Bpenem 3nauenus Ay, hg, iz u3 (10.13) B omepaTop CLEL2)

1 o [ c2sinuchw J/chPw—sin®u U :
ap) i o o
¥ hihghg { ( "|/ch3w—sin2u du ) 25
T (c- Vo —sinfu /ch?w —sin*u 6U) a
ov csinuchw dv
J__ﬁ_( ¢ V/eh?w — sin®u sinuchw ()U) i
' ow ¢ Vehtw —sin?u ow 5

A W » aU)_I_
N hIh,hS]_@— (C sinu chw 7

—’rai[c—-—-——-khg sintu) 0U | 4 e (csmuchw U)} (10.15)

] simuchw 40|
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Hckomas norennuanbhnas QyHkuus V — rapmoHHueckas no ye-
JIOBHIO, IO3TOMY JU/ISL HeE HMeeT MecTO ypasHeHHe Jlaniaca

vV 2 19 — sin2
(csmuchwo );i(cwa_v._14_

a
u dpilt ou sinuchw ov

-} a‘i (csmuchw-—-] —0: 4(10.16)

B cnny ocHoBHOro cpoficTBa YPOBEHHOH MOBEPXHOCTH MOTEHILH-
aapHas beHKLllm Ha Hell NpHHHMAET nocrosinHoe 3Hauenne. IToato-
My /sl Hallell YPOBeHHO#l MOBEPXHOCTH, 3aJaHHOH B BH/IE 3JJIHI-
couga spamenus (10.6), umeer mecro ypaphenne W = W, u, co-
rnacHo ycaosuwo (10.5), nas moTeHNHaAa NPHTSIKEHHS HA [0BEPX-
HOCTH JIJIMIICOHTA COPABELIHBO ypaBHEHHE

Vo= W, — 5 (2 + ). (10.17)

Ilorenunas LeHTpoOeKHOMH cuabl nmpeofpadyeM K BLIGPAHHON HAMH
KpUBOJHHeHHOI cHeteme KoopauHat (10.9)

2y =c?sinusin? v ch®? w+4c?sin® ucos? v ch? w=c2sin? u ch?w
Torna

Vi g ——c-sm-uchzmﬁO (10175

B BripaxeHHH [OTeHIHAaJa HEHTPOOEKHOH CHJBI HHIEKC TPHIIH-
CLIBAETCS TOJBKO KOOpJHHATE W, MOCKOJbKY SJJHNCOHA, JAJs MO-
BEePXHOCTH KOTOpPOro Mbl nuumeMm ypasHenue (10.177), moayuaercs
13 (10.9) oOpamenneM @ B KOHCTAaHTY W@,.

Jagaee npobaemMa COCTOUT B pellleHHH BHewHel sanaun Jnpuxie
npu Kpaesblx ycaosusx (10.177), 1. e. B noctpoennn ¢yukuun V,
HCNPEPLIBHOI BMeCTE C NCPBLIMH NPOH3BOAHLIMH BO BCEM BHCIIHEM
NPOCTPAHCTBE, DEryaspHoil Ha OecKoHeuHOCTH, obpallaiollel one-
patop Jlannaca B Hy/Jb M NPHHHMAMOUIEH HA MOBEPXHOCTH 3JJIAMN-
counaa (10.4) snauenus (10.177).

B cuny noxkazaHHOH €THHCTBEHHOCTH pelleHMs zanadu dupuxie
nocrpoennas Jo06M 00pa3oM (QYHKUHS, YA0BJAETBOPAIOINAR 3THM
yCaoBHAM, Oy/ieT HCKOMBIM NOTeHIHagaom V.

ITockonbKy KpaeBoe yCJIOBHE OT U He 34BHCHT, OyaeM H caMy
(yuKIHIO HCcKaTh He 3apHcamed ot v. IlpeacraBum peLieHue B
BHIE CYMMLI YACTHBIX pellleHH, He 3aBUCAIIHX OT U, BHAA

Anga () Yo (@), (10.18)

rje A, — NpOH3BOJBHEIN MHOXKHTE/b.
Kaxkjoe M3 TaKHX YacCTHBIX peIUeHHil MOJKHO YIAOBJIETBOPHTH
ypasHenuto Jlannaca (10.16), B xotopom noc.e Beexexus (10.18)
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yied, quddepeHupyeMblit o v, HCUE3deT:

a5, aA g, (WY, (W)]] ]
-é?{sm uchw == -
A
v{—-;u?{sinuchw : %f;})\b (“’ ]} =4
HIH

dep,, (u

‘ o
Pn (@) ch w{; {sinu ]+ Pn () sinu— - [ch w2 ‘L’éw(f’}] =i

Pasnenas nepemenuble, nonyqaeM

1 d [ - (u)] 1 d [ h v, (w)]
—q>n'\u)sinu_d_t; smu du P, (w) chw ) e e

JleBas yacTh NOJyYeHHOro paBeHCTBA He 3aBHCHT OT @, a mpa-

Basi — 0T &. TaK KaK 3TH 4acTH paBHbl MexKJy co6oll, To 3TO O3Ha-

Yaer, 4TO KaM{Jaf M3 HHX €CTh IOCTOSHHAs R, K KOTOpO#l Mbl HX

TpupaBHuBaeM. Bbpi6op 3TOH MOCTOAHHOH OCTAaeTcsi B Haulel BoJe.
B passepHyTOil (hopMe NMoOJyuHM ABA YpaBHEHHT

dz

e et T L kg, (u) = O,

o % (10.19)
dwz T th ww — ky, (w) = 0.

Ypasuenus (10.19) npu k=n (n+ 1) npu mobGoMm ueg0M mO-
JIOKHTEJBHOM HJIH DABHOM HYJIO0 7 NPEACTaBIsioT coboit audde-
peHlHa bHLIe ypaBHenHsi Jlexanapa. DTH ypaBHeHHS HMEIOT CBOW-
MH YAaCTHHIMM peileHHAMH cHCTeMy MuOroujenos Jlexauapa
P, (cosu) u dpynkuuu Jlexanapa Bropore pona Q,(cos u). Bropoe
peinenne He orpanpueno. CieoBaTelbHO, MOXKHO NPUHATD @ (1) =
= P, (cosu). Toraaz wuacrtHoe pemenne (10.18) mnpeacrasurca
B BHJI®

A, (w) P, (cos u). (10.20)

Bua pysxunn |, (@) Mbl n0Ka ucKaTth He OyaeM.
Uckoman dyuruug V, pewarowaa 3anauy Jlupuxae. npeacras-
AsieTcd cyMMon uacTHbix pemwennit (10.20), 1. e

V = X AP, (cos 1) ¢, (w)- (10.21)

[TonGepem Tenepb Ko3(ghuINEHTH 3TOrO psilia Tak, 4TOOBI YAOB-
JIeTBOPUTL Kpaesoe yoaosue (10.177). [dag storo BHecem Halifed-
Hoe pewiende B ypasHeHHe (10.17°) W noJNOKHM B HeM @ = W

Ve 2 AP, (cos u) P, (wy) = W, — %* o S ikt

14 u, . TpymHHCKHE
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B stoM paBencrBe BbipazuM sin?u uepe3 moaunoMmel Jlexauapa

g 2 1 s 2 2
sm~u:T——'§-(3cos~u—— 1):?P0(u)ﬁ?P2(u).

Torna ‘
Y= 2 AP, (cos u) P, (w,) =

LA 2 i 2
=W, — s-0’c*ch’w, [? Py (cos u) — 5 Py(cos u)|.
B nocaennee pasaoikenne BXOMAT NOJHHOMBL TOJbKO HYJIEBOTO
¥ BTOPOTO TOPSANKA — 3TO MOKEeT HMeTh MeCTO JHILb B TOM cayd4ae,
Koria KOs HIHEHTH TpH BCEX OTCYTCTBYIOUWNX HONHHOMAX [aBHbI
Hyao. CoxpaHsilores: ToJabKO Koadduumentsl Ao n As:

V = AyPy (cos ) o (@) + AsPs (cos u) o (@).

310 u ecTb HcKkoMas (GyHKLHSA, B Hell ocranuch, He ompeneen-
HBIMH 3HauyeHus: GyHKUHH §, KOTOphle OyIYyT HalijleHbl MO3XKe.

Jad noayvenns noreHuHaJda CHJIbl TAMECTH K NMOTeHuHanay 1s-
rorennsl V Ha1o 106aBHTHL MOTEHIIHAJ 1eHTPOOEKHOH CHIIBI

W = Ay, (w) 4 Aup, (w) P, (cos u) El- w’c®sin® uch?w. (10.22)

Hafizendoe 3Havenne norteHunasta GyaeT YAOBJETBOPATH YCJAOBHAM
TeopeMbl CTOKCa, T. €. OHO HENpPephiBHO BMECTE O CBOMMH TEPBLIMHU
NIPOM3BOHBIMH H DEIYJsIPHO Ha OECKOHEUHOCTH. ITO CJenyeT u3
HeIpepPBIBHOCTH M pPeryJaspHOCTH MHOrousenoB JlexaHnipa H no-
TeHlHala UeHTpobGe:KHoi cHJabel. Kpome TOro, npH YCAOBHH COOT-
BeTCTBYIONIero noabopa QyHKHE o (@) U o (W) OHO yAOBJIETBO-
psieT ypaBHeHuio Jlammaca. 3uauur, ecam GyayT nonoGpaHbl yIoB-
JAeTBOPAIONINE 3ITHM JKe YCJAOBHAM (QYHKUHH o (@) u o (@),
To Gyaer Halileno pemenue npo6Jembl Crokca. IT0 pellleHHe B CH-
J1y panee J0KA3aHHOH TeopeMul OYICT e THHCTBEHHBLIM.

[Ton6epem Tenepn. 3Hauenus QyHKIIH o U Po. OueBuaHO, 370
MOZKHO ¢/leJaTh ¢ MOMOLIbI0 Broporo ypasuenus (10.19).

Kak yxe roBopuaoch, ypasHenne ~(10.19) npu k=n(n-1)
aBJaseTess ypapuennem Jlexauapa. Hro6bl npHBECTH ero K KaHOHH-
veckolt Qropme ypasHenns Jlemanapa, HaIO BBeCTH MOACTAHOBKY
x =i sh w. Torpa nonyunm

d? d
¥n Q,V—l—ll’i ~pn+1)p, =0.

Fratdr

& ako s

HacTHBIM pelICHHEM 3TOro ypaBHeHHS HABJASIOTCH QyHKuuu Jle-
wanjapa I u II pona, 1.e. P,(x) u Q,(x); obuiuMm pemennem Oyaer
JupeiHasi KOMOHHANHSA 3THX MHOTOUJEHOB

Py == CalP,, (%) + €nQn (%)-
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Hac untepecylor GyHKUMH o H W2, TAK KaK TOJbKO OHH BXO-
JAAT B HalileHHoe HaMM 3HauyeHHe moTenuuasna (10.22). ITostomy
Tpedyercs HAlTH peuleHHe ;

H

b p— ’P ;
Yo = CoPy (x) 1 coly (x) } (10.23)

4 Vs = 2Py (%) + c2Qy ().

‘Bxopamne B (10.23) ¢ynkuun Jlexkanapa uMer0T BH/L

3 e |
Pyxy=1, " Pg(x) = 5 £ — 5,

Qo) = —;— In E = [kn ——iarcctg shw,

ST o e R el T
Qz(*‘")__g_(\Qx Q)Inx—l 9%

Haiinem tenepn Beanunust Appg u Ay, Toabsysics (10.23) u sHa-
ueHnssMH Gyuxuui Jlexanapa, noayuum

x7—1

AowofAncoP (%) AOC[)QO ()= Aocu - Aucu—ln =

D e S e bR PSR A P R g
Ag‘Pg*A.ng(’?l _2—) 1 A2C2[2 (?x ?) 1nxkl 2 x:l.

BBeneM nojacraHoBKY X = ish @ H HOBBle KOHCTAHTHI €y, C2, Ci,
Cs, B Ko"ropme 6ynyt Bxoauth Ag u A, ITonyunm

Ao = €1+ ¢, arcctgshw,

Ap =S @BshPw 1)+ - © (10.24)
—{-%‘(SCh‘-’w + l)arcctgshw ——%0451’1 w.

Tenepw notenuuan npuraxenus V saauncouna oyner

1

V =c¢,+ c,arcctgshw + P, (cosu){ (3sh>w -+ 1) 4-

-+ CT‘ (3sh®w -} 1) arcctgshw — % cysh w] (10.25)

# noTennHas cuabl Takeets W=V 4+ U

W = ¢, + ¢, arcctgshw 4 P, (cos u)[ (3sh?w + 1)+

+£2“~(35h'3mr+ l)arcctgshw——-g-»c45h w]+

14%
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OnpeaeanM KOHCTAHTHL  (y, C2, C3, €4 Iloabsysacs (10.9), no-
JYUHM

224 y? - 22=p?=c?[sin? u ch? w+ (1—sin? u)sh? w] =
= ¢2(sin?u + sh*w),
OTKYLa

1
shw = — V p? —c*sintu,

¢/p— BennunHa orpannuenHas (c?=a?—b?). Ilosromy mnpu 60ab-
IIHX p BeJHuHHOH c¢?sinu MoOXHO mnpeHe6peub 10 CpaBHEHHIO
¢ p?. Beibepem joctaTouHO GOJIBINOE p, TAK KAaK KOHCTAHTa, MOJY-
YyeHHas npH J1000M p, OCTaeTcs NOCTOSHHOH NMpPH BCEX JAPYTHX 3Ha-
yennsx p; toraa shw==pfc, ortkyma arctgshw=p/c, a 3uaunr
arcctg sh w = ¢/p.

Kpome Ttoro, mas GOMbIMX p TNOTEHUHAN 3JMJIUNCOHAA MAaloTo:
CaTHY MOXKHO CYHTATL PaBHEIM IOTEHIHAMY LIapa

v
7
Beesnem 310 3Hauenue 5 (10.25):
M
V:f—‘;“:cl"rcz‘g“i‘
2 2 . \ 3
4 P, (cos u)[E;-(a &+ 1) +4 (3 &+ i c,,-%]. (10.25)

Hanumem V 1paa Takoro sHaueHHst 4, npH Kotopom Pj(cosu)
obpamaercss B Hyab. Hasi 3T0oro maao B3siTL Takoe U, 1Jas KOTO-
1 3 1
poro coszu-——-—g—, Tak Kaxk Ps(cosu) = & cos’u——. Torna
NOJYUHM
e M
Veo=061+ Cz?:j.
0TKyJa

M
Gy == Cy = s
Hanee, BBOasi ¢; H ¢ B8 (10.25%), BuamMm, uto KBagpaTHas CKoOKa
B (10.25") obpamaercs B HyJb. UYTOGH y1QBJIETBOPHTL ITOMY YC-
J0Bui0, ©00a caaraemple JOJIKHB OBITb HYJAMH, a [TOCKOJBKY
KO3((HUIHEHT NPH (3 CYUIECTBCHHO MOJOXKHTENbHBIH, TO Cc3=0.
[as onpeneneHHsT ¢4 NMOJO¥KHM ©W=W,; TOrAAa MOTEHUHAJ CHJbI
TaxmecTn ofpauniaercs B xoncranty W, xoropas onpepessier uc-
XOJHBIH sanuncoua. IIpH 3ToM 3HAYeHHH W

a b
chw, = —; shw(,:—c—.
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HamlmeM noTeHuHaa CHJAbI THXKECTH 1IJ14 Cﬂy'—laﬂ W= Wy C
yueToM HaieHHBIX 3HaYeHHH C), Ca, C3!

W= f—f}-/lan:tg =+
-+ (—3— cos?u — ;—) 321 [(Ecb—z -+ 1) arctg% — 3%] + (i%ifsinﬁ "
(10.26)

ITpu 3toM ¢i noaKHO o6pamaTth B HyJb KO3(QHUHEHT npu
nepeMeHHOM ujeHe, T. e. mpu cos?u, Tak kKak Wj— KoHcrauTa:

®2a? 3 gt c b
—2— = —4— Cy [(*L—: o l) al‘Ctg-E‘ -_— 3"6—] = 0,
OTKyxa

Cp= %- w?a? [(%!:—2 -L ])arcctg—g— — 3'—23—}_1.

Orciona xe HaxXoJXHM BbEIpaxenHe JAJs WG-—HOTEHU.HaJIa Ha
3JAJHIICOnae:
M

, wiat
¢

{og
arctg-b— 8 pi 0

OKoHyaTe bHO 115 NOTEHIHAAa CHJABl TSKECTH HMeeM

W, = (10.26')

P, (cos u)

(302 e c b )

W= f# arcctgshw g X

P arctd mme—d s

>[(3sh?w -+ lyarcctgshw — 3shw] — L& sintu. (10.27)

§ 4. ®opmyaa INuoerrn — ComuabaHa

Tenepp, Koraa HaHJIeHO 3HAueHHe IOTEHIHAJA [AJS BHEUIHEro
NPOCTPAHCTBA HIEaJbHOH 3eMJH, JerkKo NOJY4YHTb TeopeTHyecKoe
3HayeHHe CHJBl TaAXKecTH Ha Hei. Jlasg storo pocrartouno W us
(10.22) npoaud¢epenunpoBaTs MO HOPMaaH K NOBEPXHOCTH HIe-
aJbHOH 3eMJaH

e

__'__a‘;-

OTa NOBePXHOCTb HBJAETCH SJJHICOHAOM BpalleHHs H ONpejuens-
erca ypasHenuamu (10.9) npu W=const. Hopmans k 3710#i no-
BEPDXHOCTH XapaKTEpH3yeTCs TeM, YTO INpH ABHIKEHHH II0 HeH Ko-
COpAHHATHL ¥ H U OCTAlOTC HEH3MEHHhIMH, T. e. du=dv=0\.
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DJjieMeHT JAYIH B KPHBOJHMHEHHBIX KOOpAHHATAX 4, U, W@ Bblpawa-
ercs (popMyJI0# :

9 o 2 o
ds? = hidu® + h3dv® + hidw®.
Torna aas aneMmedTa HOPMaJad dr MOMKHO HANHCATD
dn = ds = hydw.

B BLIpaXKE€HHH [J1d HPOH3B0,HHOI‘:! norteHuHasg Ia 0o HOPMaJH 3aMme-

HUM 3J€EMEHT dn TMOJYYCHHBIM 3HAaYeHHeM

i O, sy, O

ik Vire e TR
Uto6el NMOJAYYHTH 3HAUEHHE CHJBl TSAMXKECTH Ha MNOBEPXHOCTH VpO-
BEHHOI'0 3JIJIHICOHMAA, BHINOJHUM JduddepeHnHpoBanue ¢ yYeTOM

(10.8) n moaoxkuM, W=w,:

BRI A0 = s i
ik Oy o VchEw, —sinfa . -

% [Agbo (@o) 4 Aspa (w,) Py (cos u) |- wie?sin? u chwshw].
Vyureisas (10.8), noaygaem

—1 A
cVchPw, —sinfu [Aﬂli”o (@o) +
+ g, (wg) Py (cos u) + o*absin®u]. (10.28)

‘V =

Orcioa BHIHO, YTO 3aKOH M3MEHEHHs - CHJIbl THAMKECTH Ha ypo-
BEHHOM 3JIJIMIICOHJe BpallleHusi MOXKHO 3anucaTs B BHIC

~ Acos?u-+Bsin®u (10.29)
Vchiw, —sindu ¢ : ;

B camom pmene, packpomis Py(cosu) = %(3 cos®u — 1), Bmipaxe-
nue (10.28) MOMXKHO MpeACTaBHTb B BHJIE :
A cos?u -+ B sin? u + const,

B KOTOPOM B CBOI OY€peIb IOCTOAHHYIO BEJHUHHY MOMKHO BBIPa-
3UTb uepe3 KBaJpaThi KOCHHYCOB H CHHYCQGB, YeM M JOKAa3biBaeTcs
CleJaHHOe YTBEpIKIeHHE.

[Toctosinnbie A u B onpejenuM W3 cJAeAVIOUHX €00GpaKeHHIl
PaccmoTpuM ycKopennsi CHJBl TSXKeCTH s IKBATOpa M 1Js TO-
aoca. JlonolHeHHst 10 NPHBEJEHHOH IIHPOTHL GYAYT COOTBETCTBEH-
HO paBHbI

u=mn/2, u=0.

Torna 5
gl A Ac ;

".’e:s‘h——%*'b_, Yp:chwﬂ i
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OTKYZa

A:ppi, B:‘\?e——_

Beoas nalinenssle 3Havenns A u B 8 (10.29), noayunm

Yl cos®u -y, bsin®u

¢ YV ch®w, —sinu

‘V:

ITpeoGpaszyem 3Hamenarteab ¢ yuerom (10.8)

¢/ ch®w, — sin*u = )/ c*ch®w, — cfsinfu = J a® — ¢sinfu =

=V a® —(a® — b*)sin*u = J a*costu + b*sin*u

Tpa costu + Vb sin?u

s (10.30)

V a?cos®u - b%sinu

Ocraerca nepeditn 8 Boipaxenun (10.30) or nonosaHenust npHBe-
JeHHOH IIHPOTEl ¥ K reojesnyeckoi upore B. CBsA3b npHBeIeH-

HOH MMPOTHL U ¥ Teoje3nuecKoit B maercs ypaBHeHHEM

tgu =Y T—ettgB = tgB,
rie u = 90° — u. BBoxs 3To 3HaueHHE u, OJYIHM
clgu=1tgu = —th.
[Toacrasum ero B (10.30):

e sin®u -+ y,bcostu e 7pa tg2u -+ 7,b o
Va2 sin2 @ - b2 cos? Va’atg“"ﬂ—’,— bz]/ 1-ttg2u

b 1

"o cos®B ( 'p

bsin® B+ y,acos? )

b 14-tg2B

2 2B 2
acosBVR cos? B - b2sin* B
Cokpatns 0HHAKOBble KO3((HUILHEHTH], MOJYYHM

Woa.c0s2 B - vr,bsinﬁB

Va®cos® B+ b®sin® B

o (10.31)

910 gopmyaa [Tuyerru — Comuasvana. Ona gaeT CBA3b 3HAYEHHS
YCKOPEHHsI CHJIBl TSJKECTH ¢ INMPOTOH MecTta j1id HIeaJbHOH 3eM-
JH, NpPeJICTABASeMOH YPOBEHHBIM 3JLTHIICOHJOM BpalleHHd.
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§ 5. ®opmyaa Kaepo

®opmyna CoMHIbsHA JaeT TOYHOE BbIPAMKEHHE YCKOPEHHH CH-
Jbl TAXKECTH HaA MOBEPXHOCTH YpoBeHuoro saaunconga. Ecau ee
NpeACTABUTh B BHIE DAJZA H OTPAHHYHTHCS MEPBEIMH UYJeHAMH €ro,
TO MBI HOJYUHM YIXKe H3BecTHyO HaMm dhopmyny Kaepo.

uz _-.'\)
Oﬁosnaqnm—p—?—e:ﬁ. [ToacraBuB 3HaueHHS Yp H MAaJOil MOJYOCH
e
b=a(l —a) B popmyay (10.31), moayunm

ay, cos® B y,(1 4 B)a(l — e)sin® B
Va@cosP B+ a(l —a)Esic8

’v:;

PasnoxuM Tenepb 3HaMeHaTeNb B CTCNMEHHOH DA H, NPOH3BEAs
nepeMHOMKeHHe UJEeHOB, OrpaHHYHMCS 4ICHAMH BTOPOro MOPSIAKA
MaJIOCTH, T. €. YJeHaMH, COJAepPIKAIMUMH KBaApaAT CKATHHA WJIH TpO-
H3BeleHHe «f:
1
v = ¥e [c0s2 B -+ (1 4 B)(1 — a)sin® B] [cos? B ++ (1 — &)®sin?B] * =
1
=711 4+ (B —a—ap)sin? B][1 —(2a — a?)sin?B] * =
= Ve[l 4+ (B — o — af)sin® B] X

% {1 + 4 (2a —a?)sin® B+ 5 (2a — a2)sint B 4 .. ] &

:ve[l—1—ﬁsin2B—(%aﬁ—;~—é—a2)sin223~i— ]

Mpbi mosyunan ypasuenue Kiepo ¢ TOYHOCTBIO 10 MaJbIX BTOPOIo
nopsaka

y = v.(1 4 p sin? B — §, sin22B), (10.32)

rine
1 L
ﬁl — ‘4'— ﬁa L ? az. (10.33)
Ocraercsi HaUTH CBA3b p CO ciKaTtuem o, T. €. HNOJAYYHTb BTOpOEC
YpaBHEeHHE TeopeMbl KJIEDO, HMerIee NMpH yAep:KaHud YJICHOB I10-
pAnKa CXKAaTHS BH]

5
ﬁ=-2-4*‘°‘-

Has sT0rO BBEAEM B BLIpamKeHHe aas cuabl Taxecru (10.28)
snauenus Agp, (w,) H Az, (@), kotopuie noayuum, nuddepeduu-
pyst (10.24) ¢ yyetoMm 3HaueHMH HafJeHHBIX KOHCTaHT Iy, €3, C3, C4
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u pasencte (10.8):

’ 1 43 fM
Ao%(wn):—az T+ shew, Chwo:'"cz_a‘ TR e
A, (wy) =

f ¢ \ab c
3larctg— —— )5 + —
c ¢ \ab ¢ o Tt ( b b)c a
”[3("‘“th‘"?)?+7]64— i 352 c b -
(1+—E;)arctg"5~—37

Teneps Bulpamenne cuasl Tskect (10.28) npumer Bux

! N
P= X

c Vehiw, —sin?u

¢ c\ab
5 M 87 23(arctg?—7)?-{—
— — =o'

2l

a

a 3 b2 (2 b
(I +3-Er_;) arc:tg—t_}--—-:?o—‘C

P,(cosu) — w?absin®u |.

I[IpeoGpasyem B 3TOM BHIpaKeHHH 3HAMeHATeJb Tak, KaK 3TO yike

Aeaanocy npH moayweHuH Gopmyawr (10.30), a B KsaapaTHOi

CKoOKe mpeacrasuM sin®u uepe3 MHorousenn Jlemxangpa: sin®uy =
2

= [1 — P, (cosu)]; Torna

1 ffM PR

=S — — — 0P, (cos u)x

v Valcostu - Bsintn | @ 3 2 )
¢ ¢\ ab

¢ (arctg?—?) At

N e
(I ~+ 30‘1) arctg—- —3

e
X - = wab[Py(cosu) — 111, (10.34)
c

ITpeo6pasyem ypaBuenue (10.30):

Vpa cos?u + v bsin?u

V atcos?uy - btsintu

Bripasus B uncantete cos?u u sinu yepes muorounen Jlexauapa

o2 Loy 2
cos?u = — | 3 P{cosu),
HOJYYHM
1 1 2 2
£ = Ayp + = bye + = (ayp—bye) P.(cosu
i Vazcoszuf;—bﬂsin?u[*g Trig ety (@7 0%e) £y ( )]

(10.35)

Dopumyast (10.34) un (10.35) BHpazkawoT OaHY H Ty Ke Bead-
YHHY — CHJIY TSZKECTH Ha YPQBEHHOM 3/JIHNCOHAE. 3HAYHT, BHpa-
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JKeHHe B KBajapaTHol cko6ke (10.35) paBHO BBIpAXKCHHIO B (QUryp-
Hoit ckoOxe (10.34) u coorBercTBeHHO paBHb KOS(GDHIHEHTL MPH
Pzgcos #) u cBOGOAHDIE uJeHbl ofoux BeipameHui. [locae ynpomnte-
HUH TIOJIYUHM

1 2 ]
= Wpt+ by = Bl j

B

3
- c A
B(Hrctg i 7)5-——7 - (10.36)

ayp — by =0’ab}l —

<o

(2

S S
—;RSCi)arctg ol

ITocne mPOCTEIX MpeoGpasoBanuil KBaapaTHOl CKOOKH OyreM HMeTh

c ¢
i arctg -

2w2ac?
by, =

AV — (10.37)

b fed C c
(ET - &) arctg ?,‘— o &y
Ypasuenne (10.37) Bmecte c dopmyaoi ITumerts — CoMmuipina
(10.31) npexcrapaser coboit TOYHOe BhpaxeHue rteopembl Kiepo
/I yPOBEHHOR NOBEPXHOCTH, 3afannoit B gopme 3/LIHICOHAA Bpa-
nienusn. Teopema Kaepo mokaswiBaer, uTO HpPH H3BECTHHIX 3/eMeH-
Tax UIHNCOMAA @ W o (WM, 4TO OJHO W TO XKe, a U b), a Takxke
YIJIOBOK CKOPOCTH BPALLEHHS €TO © H*3KBATOPHAILHOH MOCTOSHHOI
Y. BO3MOXKHO NOJYUHTb 3HAYEHHE YCKOPeHHsi CIJIbl TAXKeCTH B JIO-
00l TOUKE HAa MOBEPXHOCTH 3IJJIHIICOUIA.

B ¢opmyay IMuuerrn — Comuapana (10.31) Bxoaur emle Beai-
YHHA Yp, KOTOpast BRIPAMKAETCS Yepe3 OCHOBHbIE NapaMerphl MOay-
qennpM cooTHomenuem (10.37). Tak e xak ot ¢opmyas (10.31),
MBl npuxozuM kK (10.32) —obbiunomy Hanucanmio Teopembl Kire-
po; packaanbiBas B paf (10.37) u ynepxupas 4JeHLl NOPAAKA KBa-
1paTa CKaTHs, MEl TONyYnM OObluEyi0 (GOpPMY HamHCaHHS BTOPOI
vacty TeopeMsl Kiepo.

. a—b
Beenem B (10.37) BTOpo# sKcnentpucnteTe = ﬁé—,-— = -bc":
9w2abe’® (¢ — arctge’)
ayy, — bve = — : 10.38
v s (e’ 4+ 3) arctg e’ — 3¢’ ( )
Pasnoxnm arctge’ B pan
1905 "
R I Rl f_f.__ s s
arctge’ =¢ 3+5 e e

HCII0/b3YeM NMpHOIUXKeHHOe PaBeHCTBO .
e'? = 2a - 302,

Bblipamaroiiee BTODGI:’I IKCUCHTPHCHTET Hepe3 CMATHC, H BbIDA3IHM
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b uepes @ n a. Torma
5 18
Tpa — 7ea(l — @) = 5 0'a*(1 — oc)(l ik 3—505).

Hensa obe yacTy paBeHCTBa Ha aY., MOJYTHM

Yp— Ve 5 m2a 17
s ke E
WK ¢
P e 5 wla 17 w2
L o= —— - —a. 10.39
e 2N Ty ( )
Tt w? >
O603Haliaﬂ ‘=P u ?—a = ¢, NOJyYHM, OKOHUATEJbHbIH BHI BTO-
Te e
poit dopmyasl Kiaepo ¢ TOUHOCTLIO 10 KBA/ApaTta CKATUR
i) 17

H C TOYHOCTBIO 1O nepﬂoﬁ CTCIICHH CXKaTHH

5=ﬂ_1‘1s:.g_q-—a. : (10.41)

v
ie

§ 6. TMoTeHunaa cHabl TSKECTH, 3aMaHHBIH B RHULE Pa3OMKEHHS
B psiji 0 chepHUEcKHM QVHKUHAM

TMoveninan npuTaXKenns 0OBEMHBIX MACC MMeeT BHJ
dm
V=il

[das Toro 4ToObl DasBepHYTh 3TO BhIpameHHe B psJ, HALO0 Mpen-
cTaBuTh 1/r B BHIe psza MHOrouJeHOB JlexkaHIpa M NPOU3BECTH
NOYJIeHHOE HHTErpHpOBaHHE.

Panee 6bl10 mosyyeHo pasJoxKeHHe BENWYHHE l/r mo MHoro-
yjaeHam Jlexannpa (9.39)

[48

1
==

op

-

{

Bpoaa 3maueHns nepBbIX MHOTOWJIeHOB JlexaHapa, passepHeM

cymmy (9.39):
1 1 A R

ot gl B;cosﬂ 2

+—;-—RT(5cosse—3cose) Sy .-ypfﬁp (cosB) + .... (10.42)

(3cos*8 —1) -
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Pasnoxenue (10.42) Buecem B ¢opmy/ay Aas OOBEMHOTO HO-
TeHIHAJA: -

v

d N "
v :f{rﬂz fj‘;ugf—ﬁ[’n(cose)dm.

HpOBEIREM HHTEerpHpoOBaHHE IEPBLIX TPEX YJIeHOB PpasIoKeHHs.
OcranpHble YJeHbl 3anulieM B ofuem BUIE

V=f§%"-+f§§;cosﬂdm~;-f5%(3cosze—1)dm+

$F Y S% P, (cosb)dm. (10.43)

n==3
[IpousBeneM TOC/eJ0BATeNbHOe HHTErpPHPOBAHHE TPEX Bbile-
JMeHHBIX uaeHOB. lIpH 3TOM clexyer uMeTb B By, uTO p==const.
1) s dm = M — nojHasi Macca 3emJIH.

2) SRcosedmz'O, ec/aM HAYAJO KOOPAHHAT BbIOpaTh B LEHT-

pe macc.
[locaienHee yTBEpIKJAEHHE MOMKHO N0KasaTb CJae1yIOIHM obpa-

som. Hanumem 1Ba BeIpaxeHHs aas re:

A= (x—E)2+ ()Pt (=82 ="+ +2) +
+ (B4 248 — 2(x& +yn +2L) =p? + R2 —2(x& +yn + &),

r’=p?*+ R? — 2pR cos 0.

31ech X, Y, 2— KOOpAHHATH MNPUTATHBAEMOH TOYKH, §, n, §—

i TeKyline KOOpAHHATHI 3JEeMeHTa

JNE4% yacewm  (puc. 70). CpasuuBas
ob6a BBIpameHHd A 1, TOJY-
yaeMm

x§+yn+ 28

costd — oR

Ilcatomy
5 RcosBdm =

o xE 4 yn+- 2L o
#SR———-pR dm =

Pue. 70.

:-:)—{le‘édm + ygn dm--z SC dm]l.

Ecan Hayaao KoopauHaT BeIOpaTh B IleHTPE Macc, TO KOOPAHHATEL
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HenTpa Macc paBHbl HYJAIO:

2 ﬁj‘Edm Ky = _J‘ﬂdmmﬁ = _."Cdm
& = j‘dm =0, 1= Idm =0, ‘:0—"—‘;__

Orciona nmeem '
ﬁ.%dm:jndm :SCdm =0,

YTO M [IOKa3bIBAET HANHCAHHOE PaBEHCTBO.
3) PaccMOTpHM TpeTHH ujeH -

5% S R*(3cos*0 — 1) dm.

Hrolbl packpuiTh 3HAYEHHE 3TOrO BHIpaKeHHS, npejxcraBuiMm R
€os 0 yepes KoopauHaTH %, ¥, 2, §, 1, §:

ni S R?*(3cos?B — 1)dm =

2p3
= g5 | [ O+ om+ 202 R dm —
i 21_p° S [3xE2 -+ 8y - 32202 — p*R?| dm —
1 280 > e 2 /08 3 2
=55 | B8 + 3y2e 4 32202 — R (2 + ¢ + &%) dm.
31ech OMyLIeHBl NPOH3BENEHHS BHAA

5 xy&ndm = xy 5 Endm,

TdK KaK 3TO NIpPOH3BEIECHHS HHEPUHH HJH TAaK Ha3blBaeMble LEeHTpO-
Gexnble MOMEHTBI, KOTOphle 00palaioTcs B HyJdb B CJAy4de, ecid
KOOpAMHATHBIE OCH BLIODAHBl COBMAAAIONMMH C TJIABHBIMH OCSMH
uHepiuy. TlonyveHHEI HHTerpan pa3o6beM Ha uJieHm, Comepxa-
mue x%, y* u 2% u BHeceM 3Hayemne R2=E2- n2+ 2 Toraa
NOJIYYHM

EHS x2 (382 — R?) dm - Ey'z (302 — R?)dm +-
4 532 (35 — RY) de = Q—LEU X2 (28 — 2 — £%) dm +
e — e —gan (200 -8 —wan]. (1040

Beenem o6osnauenns

Jo+ydm=a, [@+e)dm=B,

] (10.45)
j‘(‘i2 + n?)dm = C.
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3TO— MOMEHTBHI HHEPIHH TeJia OTHOCHTEJBHO Oced E,m,T cooTBeT-
creesno. C nomomibio (10.45) npexcraBum HHTerpajbl, BXOAdllKe
B BolpaxkeHne (10.44), caenyromum obpasom:

fee—n—tydm—B+Cc—24,

fe——t)am—C+4— 2B,

f(er—e —wydm=a+B—2c.
Torna (10.44) npumer BHJ

2pf,g\c-(B C—24)+ y*(C+ A—2B)+ 22(A+B—2C). (10.46)

IlpeacraBum 3TO BhipaKeHue B chepHueCKHX KOOpPIAHHATAX:
X = P COS (cos A,
y=pcosgsinh, (10.47)
z = psing,

rae ¢ — mmpora, A— goarota. Ilpexcrasass cos?) uepes QyHK-
11{10 TBOHHOrO YIJla, MOJYyYHM

1 D 9
55;_‘ R?(3cos*0 — 1)dm =

:;?(C-ALB)(1_351HZ(P) r-4 a(B A) cos? ¢ cos-2A,
(10.48)

BueceM mnoJiydeHHble 3HAUEHHd HHTerpasos B (Gopmyay A7a
pasaoxennst noreHnuana (10.43), npuueMm sin?¢ 3aMenHM depes
KOCHHYC TOJSPHOTO paccrosinusa cos?0, rae 0 -— moJsipHoe paccTos-
HHEe OT MOJca 3eMJIH,

V=%”—}—§f—( Lo )(1 3.c0s20) -

p3
+ (B — A)sinz 0 cos 2h -+ 23 Sp_"i?l] P, (cos0)dm. (10.49)
Nn—

Ecan mpeHe6peub uyjeHaMu PasjioXKeHHst BHIIIC BTOPOro NOpPsii-
Kd, TO MBI MOJYyYaeM 3HAyeHHe MOTEeHIHAJa TPEXOCHOH 3eMJH, Hc-
noJb3yeMoe NpPH TOJyYeHHH HOPMaJjbHOH (OPMYJIbl € JOJTOTHBIM
yJIeHOM

M A 2
v="11 r%(c : )(1— 3ost0) -

i f;fa(B A)sin®*Bcos 2,  (10.50)
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HIH, TpeacTaBsis BTopoﬁI 4jeH yepe3 cepHueckHe QyHKIH,

et s f(c— JP (cos 0) -
P
+ LB a)sin*0cos 2. (1050)

Ecan pacemarpuBath 3eMJI0 KAk TeJao BpAalleHHs, TO MOMEHTH!
HHEDUHH OTHOCHTEJNbHO 3KBaTOpHaJbHBIX ocefl pasnel A = B;
TOT/1a Tpemﬁ uteH B (10.49) mcuesaer, a BTOpOH NMPHHHMAET BHI

i
zpu (C— A)(1 — 3cos?B) = — —p:;(C—A) Eatcosys
M
Brinocs = 3a cko0KH, npeacrapuM notenmnuan (10.49) s Bune
IM|R (=4 QR ¢ oR
_,___,-_______ R e ;
J = 3 TR P . (cos B) — A ipﬂ_:_l P, (cost)dm}.
n=3 R
(10.51)
(C— 4
O6o3Haunm '_1\4'1337‘“:",‘3‘ OTa KoucTaHTa XapaKTepU3yeT ciKaTue
3emad. AHAJOrHUYHO MOXKHO BBECTH 5 WYJEHOB pasloxkKeHH:
BBICIIErO NOPAAKA BeAHUHHB J3, Jy, ..., J,, KOTOpHIE XapaKTePH3YIOT

aunamuueckue ceoiictea 3eman. Torna Beipaxenue (10.51) MoxKHO
3anHCcaTh B BHIE

' oo
b Lﬁi]{{i % Jg%z—P.l(cos 9) — § 5 (%)"ﬂ P, (cosO)l. (10.52)

Yrobnl MONYUYHTL NOTEHIHAA CHJBL TAMKECTH, HAXO 106asnATh
K (10.52) morennmnaJ ueHTpoﬁe)KHoﬁ CHJTBI

®3 p-

%(xz + )= p sin? 0 — — P, (cos 8)].

Tenepp NOTEHUMAJN CHJbL TSXKECTH 3eMJH, paccMaTPHBaeMoOil B
BU/le Tela BPAlLIEHHs, BBIDAXKEHHBI uepe3 chepHuecKHe (GYHKUHH,
oyner

__m e W i n+-1
W =1 p g P(cosG) 231,1(9) P, (cos0)} -+

+ 22 1 — P, (cos)].
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]'Iepable JBa 4JjeHa H 4YJIeH, BaBHCHLU.HI“{ OT BpallleHHd, ONpeAendaT
HOpPMaJbHbIH noreﬂuuan
M w?p?
WJR{ — Ty %5 Pa(cos0) + S (1 — Py (cos O} (10.53)
STOMy TOTEHIHAdy COOTBETCTBYeT YPOBEHHAf IOBEPXHOCTL B
BHIE ccpepou,u.a, KOTOprﬁ C TOYHOCTBIO OO0 CXaTHg CcoBMamaeTr ¢
sanuncongoM Bpamenus. IlosyunM ypaBneHne 3TOro cepouaa n

VCTaHOBHM CBSI3b Jp €O cxatueMm. [asa 3toro B ypaeHenun (10.53)
3ameHHM Pg(cos ) uepes cHHyC TeOlEeHTPHUeCKOH MIMPOTHI, a YT-

®R w?R3 g
J]OBY}O CKOPOCTb 20 e '-lepes q. q e T = —--fM ¥ OTKyﬂ.a W
[ -}
M
. qj;g . Torna
; M M
W= f—p—' 293 MR? s (1 —3sin?q’) - q =D COSZCP

IlpupaBunBass W KoHCTaHTe, NMOJYYHM CEMEHCTBO YPOBEHHBIX TO-
BepxHocreil. UTto6bl M3 HHX BHOpATL HOpMadbHHIH cdepoun, Halo
onpeieNHTb KOHCTaHTy TakHM o00pasoMm, uTo0bl NOJYYeHHasd Io-
BEPXHOCTb HaMJy4IINM O0pasoM COBHAajaNa ¢ NOBEPXHOCThIO 3eM-
JM, T. €. HAg0 MOJOXHTh Ha 3KkBaTope p=R, ¢'=0. Toraa

i :%(I - %v‘r %) H ypapHeHHe chepona Gyaer

M. RS 3 9 M
e g LR 2 cos (p}‘ (1+ L )
(10.54)
HOJI)"HGHHOE ‘ypaBiEEHHe MO HO I'[pe,II,CTaBHTb B BHIE
: R? e g i
ITJgg_pz([ﬁaslnzq))-{—TﬁCOS“(P
gy oot
i o 3y i
Packnanpisasg B psij 3HaMeHaTeJb M Jlenas nepeMHOMKEHHe ¢ yaep-
KaHHeM 4JIeHOB nopﬂzu(a cXKartnd, ]'IOJIy'—IPIM

¥ 4
R

3J 2 7
L1 (72+%)sm2cp. (10.55)
370 ecTb ypaBHenHe cepousa co cxKaTHeM
_ 3s g
= Yty (10.56)

Taknm o6pa3oM, YpOBeHHAs MOBEPXHOCTb Monean 3eMJH C HOp-
MaJbHBIM TPAaBHTALLMOHHBIM TIOJIeM MNpejacTaBjaser coboit cdepou.
3ToT cdeponn ABJAAETCH TeOHAOM HAeaabHoil 3eman. PasnocTsb
Mex1y norenusajsom W peasnpHofi 3eMJH H HODMaJbHBIM INOTEH-



§7 ®OPMYJIEL HOPMAJIbHOTO 3HAYEHHS CHJIB TSUKECTH 295

unanoM U Ha3LIBAIOT BO3MYIMAICHINM noTeHinajgoM 1 0603HAYAIOT
T=WwW-—U.

B 3aBucHMOCTH OT BbjOpa HOpPMAJBHOTO NOTEHAHAaka pasJo-
sxenne aas T Gyner uMetb pasamunblii Buj. Ecim U BuiOpatsh Tak,
yroOsl fM u J; B (10.53) TOUHO paBHAJHCH COOTBETCTBYIOUIHM
seanunaam B (10.49), To Bosmymamouluii noTeHmuaa OyaeT paBeH

e 23} pf—il P, (cos 0) dm. (10.57)

n=

Pasnoxenne (10.57) um B 3TOM ciayyae COJAEPXKHT C(epHYECKYIO
(GYHKIMIO BTOPOTO TOPSAAKA, TAK Kak mnpucoenunenHbie QYyHKIUHA
coxpaustca. Pasnoxenne (10.57) moxaselBaer, uro mpu G6/4ro-
NpHATHOM BbIOOpe HOPMaJbHOrO NOTeHIHa a IPOH3BEIEHNS

19T 20T 10T

|p*T|, [p axl, \p i e e (10.58)

MOIYT OCTATLCSl BEIHYHMHAMH, OrpaHHYEHHBIMH TPH HeOorpaHHYeH-
HOM y/JajeHHH Toukd OT 3eman (p/R—o0).

§ 7. ®opmMyabl HOPMaJbHOrO0 3HAYEHMSA CHJbI THANKECTH

@opmyasl (10.31) u (10.32) ¢ uncnoBeiMH KO3 dHIIHEHTAME
6y Yo Yp HIAH Yo, B, P’ MONy4HANH HasBanwe (HOPMYJN HOPMAJLHOTO
pacnpejaeseHns CHJbl TAMXKECTH HJIH NPOCTO HOPMAaJbHBIX (OpMy.I.
Ouu jaioT 3HAYeHHsI CHJbl TSMKECTH B 3aBHCHMOCTH OT IUHDOTHI
MeCTa [Js1 YPOBEHHOH NOBEPXHOCTH HEKOTOPOH mHaeaJbHOH 3eMJIH,
3ajaHHoll B (PopMe 3JIHIICOHIA BpalleHHS.

YpaBuennus (10.31) u (10.32) nosayueHsl npu €IHHCTBEHHOM
NPeinoNOKeHHH, 4YTo BHelIHAf dopMa 3eMaH npeACTABJAAETCS
3JJIUTICON/I0M BpalleHHs MaJoro CXaTHsg H UTO BHE ITOTO 3JIJHII-
coHja HeT HHKAakuxX Mmacc. Bo3MOKHO moaydeHHe ypaBHeHHS THIA
(10.32) TakKe WM B NpEANOJOKEHHH, 4YTO 3eMJs NpeiCcTaBJafAeTCH
HAWAYYIIHM 06pa3oM TPEXOCHBIM 3JJIMICOHJOM, KOHEUHO, TOXKe
¢ MajbiM 3KBaTOpHajbHbIM, cxKaTHem. Toria dopmyaa (10.32)
npuoGperaeT uleH, 3aBHCAILHA OT JOJTOTHL:

Y = Y.[1-B sin? B—p’ sin? 2B+4-B” cos? B cos 2(A—Ao)].  (10.59)

Ypasuenne (10.32) ycraHaBJiHBaeT 3aKOH PacOpepes€HHS CHJBI Ts-
KECTH Ha ypoBeHHOM 3Jaunconge. @opmanpuo coornomenne (10.32)
M03BOJISET ONPEAEJHTb CXKaTHe 3eMJH TOJLKO MO TPEM Olpemese-
HHSIM CHJILI TSIKECTH. YpaBHEHHE HMEeT TPH HEH3BECTHBIX: Y., B, B’.
Ecnn onpefeanTs CcHIY TSXKECTH B Tpex NMPOH3BOJBLHBIX TOUKAX C

Pa3IHYHDIMHE MHPOTaMu B, MBI HOJYYWM TPH yPaBHEHHS AJAT Ha-
XOXKIEHHS TPEX HCKOMBIX BEJHUYHH.

15 g, m. TpyHHCKHI
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Bce 370 cnpaBeanuBO MWL IS 3JIHICOHAAJLHOH  3eman.
Cuna TsxecTH Ha HCTHHHON 3eMJe nopupHsiercss 3akoHy (10.31)
uan (10.59) Tombko B mepsoM mNpHOAumKenHH., B KawI0d LaHHON
TOUKe CHJIa TAKECTH H YPOBCHHBIE MOBEPXHOCTH MOTYT OTKJIOHATH-
¢ OT HJeaJbHOH CXeMBl BCJAEICTBHE CHCHH(pHKH pacnpeeacHus
macc. TTostomy nas Toro uto6bl HANTH CXKaTHe YPOBEHHOrO 3JJIHMN-
COHA W 3aKOH paclpeNe/]eHHs CHILI TSKECTH HAa HeM, HAMIYYIIHM
06pasoM COOTBETCTBYIOLIME HCTHHHON 3eMmie, MOCTYNAIOT CJAeayIO-
WuM 00pa3oM: ONPENeNsIOT CHJY TAMKECTH B BOIMOMKHO 6OablIeM
YHcJae TOUEK, BO3MOXKHO DaBHOMepHee pacmpefeneHHBIX Mo 3eMHOH
HOBEPXHOCTH, MOACTABJSIOT 3TH 3HaueHud B ypasBHeHnus (10.32),
(10.59) u, pemas no cnocoly HaHNMEHBIUHX KBaJPaTOB CHCTEMY
YCAOBHBIX YpaBHEHHH, HAaXOAAT 3HAUCHUA Y., P, @ Mg TPEXOCHOTO
sanunconaa —u B, u Ay Koabduuuenr B’ npu peumrenun cucreMmbl
YCJIOBHBIX ypaBHeHui# Bujaa (10.32) B cuJy MaJoCTH onpejelsiercs
Kpakie neysepenno. OOBIYHO €ro ONpefefsioT [IPOCTHIM pacdeToM,
3ajlaBasick cxarHeM 3eMJau U Beanyuuod ¢. [Topcrarnds HaiijieH-
Hble uyucaeHHble 3HaueHus B dopmyay (10.32) umu (10.59), noay-
YaloT 3aKOH pacnpene/eHns CHJbl TSMKECTH Ha 36MHOH MOBEPXHOCTH.
DTOT 3aKOH NMPEACTABJsSIET UCTHHHOE PaclipeieseHie CHJAbL TAKECTH
HapgyumHM obpasom. KomeuHo, 310 ypaBmeupe OyAeT TeMm OJmiKe
K HCTHHEe, YyeM Mojpo0Hee M3y4eHO TPaBUTAIMOHHOE MOJEe 3eMJI.
Hatinennomy TakuM o6pa3oM ypaBHEHHIO ¢ UHC/JIOBBIMH KO3Gulin-
eHTaMH OVIeT COOTBETCTBOBATH BIIOJIHE ONpPEAeNEHHLIH 3JJIHICON
CO CKATHEM L.

DopMyas HOPMAJLHOTO paclpeleneHuss CUJAL TsIKECTH BBIBO-
IHIMCHE MHOTHMH aBTOpPAMH, OJHAKO B HacTosllee BpeMs NpakTi-
YECKH MPHMEHSIOTCH JHIIb ABE H3 HHX. JT0 dopmyna [eabmepra
1901—1909 rr. pas sanuncoupa ppamlenunss u Gopmyna Kaccn-
muca 1930 r., npuHATAas Kak MeXJAyHapopnHas. Dbbuto Buimoanexo
elle HeCKOJLKO BLIBOJAOB HOPMAaJbHOH (OPMYJbl, B UaCTHOCTH
H. 1. JXouronosuuem B 1952 r., Ieifickanenom B 1957 r., Yoruna
B 1957 r., H. Il. I'pymnackum 3 1962 r. n np. Huxke npusoasarcs
3TH (HOPMYJIBI C KPATKUMH NOSCHEHUSAMH.

[. dopmyna HOpMAaJabHOH cHabI TsaxectH [eabMepra 1901—
1909 rr. nonryuena mo 1603 rpaBmmerpHyeckuM CTaHUUAM, pa3bu-
THIM HA 9 IWUPOTHLIX 30H, Ka:KAad H3 KOTOPLIX pasjiesieHa Ha KpH-
BoJnHeliHEe Tpaneuuu co cropoHoi B 10° M3 uucaa cranuuil ne-
KJIIOYeHBl CTAHIUH, pacrojioXKeHHble HA OCTpPoBaX, BOAH3HM Geperos
H Ha ropax. Popmysa HMEeT BHI

1o = 978,030 (1 4 0,005302 sin? B — 0,000007 sin?2B). (10.60)

- dra (Qopmyna mojdyueHa MeTOLOM pa3J/oMeHHS NOTeHHHala B
pAn MHOrouneHoB JlexaHapa, B KOTOPOM yaepiKaHbl BTopas H
yerpepras rapmousky. llosToMy ¢urypoit OTHOCHMOCTH B 3TOM
caydae Gyner cpepoull, OAHAKO B NPUHATOM NpHOJHIKEHHH He OTJIH-
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yapuIniics OT 2JJIHTICOMIA BpAaUleHHs, COOTBeTCTBYIOUEro dopmyJe
(10.31}. Cdepoun, coorBercTBYIomuil dopmyne [eapmepra, umeer
cxarne o = 1/298,2. Ilpu BrIBOZE opMyJibl [0 paBHMETPHUECKHM
JAHHBIM [oJdyueHul kKodhduuueHtst g, u §. Koadduumenr §/ =
= (0,000007 BLYHCJeH I'eIbMEPTOM B COOTBETCTBHH C THIOTE30MH
Buxepra u [apBuha o BuyTpenHeM crpoennn 3eman. Ms peumenusi
ypaBHetus (10.31) atoT Koadduuuent moayuaercs HeyBepeHHo. [Tpu
COBPCMEHHOH TPABHTALHOHHOH H3Y4eHHOCTH 3eMJaH (opmyaa Lesb-
Mepra npejcraBiasercs caabo o6ocHoBaHHOR H ycrapesiueii. Tem
He MeHee OHa MPHMeEHSeTcsl B NPaKTHKE COBETCKHX TpaBHMeTpHue-
ckux paforT B CHJy [OBYX OCHOBHBIX OGCTOATENLCTB: SJIJIUNCOHI,
IpefcTaBasgeMull 3TOH (GOpMyJIOH, HMeeT czKaTHe, MOYTH COBIALAN-
Hiee co cxkaTtueM saauncounia Kpacosckoro (e=1/298,3), xoropuiil
OPHUHAT B KAaUecTBe 3JJIHICOMAA OTHOCHMOCTH MJSI TeOfe3HUeCKHX
pa6or CCCP u KoTOpBIfi, I10-BHIUMOMY, ZOCTATOYHO XOPOIIO Npej-
cTap/isieT BCHO 3emJaio (coBpeMeHHOe 3HaueHHe cxKatusa 1/298,26).
ITepexon Ha HOBylo Gopmysly TPoMO3NOK H Tpebyer Gonbioil 0-
HNOJHHTENbHOH paboTHL.

Cefiuac B Qopmysay leibmepra BHOCHTCS MONpPaBKa HA HOBYIO
NOTCAAMCKYIO cHCTeMy, paBias — 14 muanuran

B 1971 r. na accambiee MeXIyHapoJHOTO €0103a TeO(PUIMKH
u reodesnu B MockBe Oblna pekOMeHI0BaHa HOBasd (opmyaa Hop-
MaJbHOro 3HaYeHHs CHJBI TAMKECTH, MOJYYHBIIAS Ha3BaHUe CHCTe-
Mbl 1967 r. D1a popmysaa uMeer BUI

y==0 780 318 (14-0,0053024 sin’p—0,0000059 sin®2¢)
HJIH
¥ = 9780 318,5(1 - 0,005278895 sin? ¢ - 0,000023462 sin* ¢).

Hns nepexofta ot dopmyan Kaccunnca k cucreme 1967 r. cae-
JAyeT BEECTH NONPaBKY

—17,2 4 13,6 sin? ¢ mea.

2. ®opmyna Kaccuruca 1930 r., npuHATAasg Kak MexIyHapon-
nass Ha CTOKroJbMCKOM MEXIyHapoOJIHOM reofe3HYecKOM KOHTpec-
ce s 1930 1.

Yo = 978,049[1 + 0,0052884 sin? B — 0,0000059 sin?2B].  (10.62)

B stoit ¢opMyJ/e 1mo rpaBUMETPHUYECKHM JaHHEIM NOJYYeH JMHIIE
Koapuumnent g.= 978,049. Kospdunuentsr p u B’ nHailizeHs mo
dopmyaam (10.33) u (10.41) nns saauncoupa Xeidopra co cxa-
tHeM o = 1/297,0, Takme MpeAJOMKEHHOr0 B KayecTBE MEKIVHa-
POHOTO Ha TOM 2Ke KOHFpecce.

3. ®opmyaa JKowronosuua 1952 r. mosnyueHa u3 06paboTKH
26000 rpaBHMeTpHYECKHX NYHKTOB. Ilo 3tHM mnyHkTam Gblau 06-
pazoBaHel cpeiHHe 3HAUEHHA aHOMAJHH /8 KPHBOJHHEHHBIX Tpa-

15%
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HEelHd, PaBHBIX MO IVIOIATH TpamenHH MOJ 3KBATOPOM CO CTOPOHA-
Mu 10°. Bea 3emasa 6blia paséura Ha 410 naomanok, B 229 u3 Ko-
TOPLIX HMEMHCh HAOJIOACHHBIE 3HAYEHHsI CHJLL TsiKecTn. I[lpen-
CTABJEHHBIH TaKuM 00pa30M MOTEHIHAJ TPABUTALUOHHOIO MOJS
pasnarajcsi B psj N0 chepHUecKHM (QYHKIIHAM.

Takum nyrem JKOHroJIOBHY MOJNYYHI CaeAyioniHe (GOpMYJIbl HOP-
MaJbHOM CHJIBI TSIKECTH:

ISl 3JTHIICOMIA BpallleHus

v, = 978,0573 1 4~ 0,0052837 sin? B — 0,0000059 sin? 2B},
1
%= e

(10.63)

IJis1 TPEXOCHOTO JJIHIICON 1A

yo=978,0573[ 1 +0,005268 sin? B—0,0000059 sin2 2B+
4+0,0000155 cos? B cos 2(h+6°)],  (10.64)

HapMenblliee cxkatHe o = 1/298,1.

4. Boisox (GopMyJbl HOpPMAJbHOTO 3HAYEHHS CHJIbL TSMXKECTH
Iefickanena cienan B 1957 r. [lpun 3TOM Bce rpaBHMeTpHYECKHE
HaOmolenHs 00BbeHHAMNCH 10 MJIOMmaAkaM co cropoHamu 1° X 1°
Bcero uMeJn rpaBHMeTpHUecKHe panHble 6679 Takux IJIomanoK
(y 7KoHrosoBHua HMeJH XapakTepHCTHKY 4378 Takux IJIOMIA/0K).
CpeznHie aHOMaJHH MO OJHOIPAaAYCHBIM ILIOMAAKaM O0beIHHAIHCH
B CcpejliHe MO DJjollaasM co cropoHamu 5°5°. KoadduuneHtn
dopmyant (10.31) momydenbl H3 pelleHHsI CHCTEMbBI YCJAOBHBIX ypas-
HEHHI MeTo/l0M HaMMeHBIIHX KBajpartoB. PelueHHe HaXOAHJIOCH
IS JBYX CHCTEM YpaBHEHHI, MpPeNCTABJSAIONINX OJHOTpayCcHbIe
H OATHrpaiycHblc IVOMANKH. Pe3yabTarthl B 060HX caydasx HOJY-
ueHbl OJH3KHE.

ITpusoyum dopmyay Tefickanena 1957 r., nonyqeﬁﬂym no 5°
N0 AAKaM A5 3JJAHICOMLA BpaUleHHs

Yo = 978,0497 [1 |- 0,0052902 sin* B — 0, 0000059 sin® 2B],
1

%= 500

(10.65)

H AJ5 TPEXOCHOr0 JLIHICOHIA
Yo=978,0516[14-0,0052910 sin? B—0,0000059 sin% 2B+
-+0,0000106 cos? B cos 2(A+6°)]. (10.66)
[IpumepHO B TO Ke BpeMa YOTHJOH OblIM BbIYHC/AEHBI NapaMer-

pul GOpMyJaBl HOPMAJLHOTO pacnpeieneHus aas 3emJyu. BeiBon mo-
JlyyeH IyTeM peIlCHHA CHCTEMBbl YCJOBHEIX YPaBHEHHH, KOTOpHE CO-
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CTABJAANKCH JAAS CPefHHX 3HAUCHUH CHAB TAMKECTH B TpPanemugx
€O CTOpOHAMH 1° AyTH 1OJ SKBaTOPOM.

YoTuaoi TakxKe pemleHa 3ajava OTAe/bHO IJF CeBEePHOTO H H0¥K-
HOTO TNOJyLIapui, NpHYeM [OJY4YeHO 3HAUYHTEJIbHOE pAacxoikKAeHHe
MEXK/1y HanpasjaeHHeM O0JIbLIOH SKBATOPHAJNBHOH OCH B CEBEPHOM
H I0JKHOM ToJyIuapusgx. 3ajaaua pelleHa s aHOMAJHH CHJbl TH-
WeCTH ¢ penykuuefl B cBOOOJAHOM BO3AYXE M C H30CTATHUECKOH
peAyKkuuef (tabda. 7).

Tabnuuwa 7
s mnouzhen | o Te p-10° % e b ho
Adomasud B cBOGOAIOM BO3AYXeE, M2a
Cepepnoe noayma-| 9780449 ] 5, 9594 297,7 209.0 3°.5W
K)I:lifoe HOJAVIa- 57,5 20041 296,53 297,7 79°,0E
Bciinge.\mﬂ 0480 20803 7.2 2984 8°5W
H3ocTatHueckie aHoOMa/uH, MeA
Ceseproe noaymia-| 978 0447 5,30507 297,5 299,0 TPOW
10]:::00 oJyIa- 051,56 5,29455 296,6 298,3 84°5E
BCI;{H% eMJIs 045,5 5,30157 297 5 208,56 1 8"_0‘},\'

B 1962 r. Yornaa yTOYHHJI CBOH De3VAbTATEl W IOJYUHJI HOP-
Maabible GOopMyabl N0 aHOMaluaM B CBOOOAHOM BO3AYXE

Y = 978047,8[ 11+ 0,00529743 sin? g — 0,00000586 sin? 2¢]
H M0 H30CTATHCTHUYECKHM 4AHOMAJHAM
y = 978045,1]1 + 0,0053009 sin? ¢ — 0,00000585 sin® 2¢].

AnanoruuHo, HO HA CyulecTBenHo unom matepuaie H. IL. Ipy-
muHckuil B 1962 r. moayuua Ko3@@UUHEHTH 115 (GOopMyJabl HOp-
MaJbHOTO 3HAYEHHsI CHJBI TSMKECTH AJs Bcell 3eMJH H pas/e/bHo
7014 CeBePHOTO U I0KHOTO noaymapus (rabij. 8).

Tatbanna 8

Oﬁnaca'r];,c):;;sghsonamm Ve ‘ B. 108 l o 3
CeBepHoe moaylrapue 9780501 0,0052889 297,1 15°W
I0:xuoe noayutapue 057,1 52905 2072 S0 E
Best Semasn 053,1 52883 207.0 W
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BriuHc/ieHHsT BEJHCh IO OCPENHEHHBIM 3HAYeHHSAM aHOMAaNHid B
npejenax paBHOBeJHKHX Tpanewuit 5°X5° mox skeatopoM. Bcero
6LIJ0 HCNOMb30Bano 842 TakuxX TPanenuy ¢ u3BeCTHLIMH 3HAYCHHA-
Mu aHoMaJguii. 910 cocraBiaseT 51Y MOKpHITHS T'PaBUTAUHOHHBIMH
nadHpiMu Beel 3emad. aa mycThIX Tpamenuil npHHHMAJHCL THIO-
TeTHUeCKHe JaHHble, NOJYYEHHBIE II0 pPAa3JOKeHHI0 AaHOMAaJbHOTO
rPABHTAIMOHHOTO moAf no cdepuueckuM (YHKUUAM [0 BOCHMOrQ
nopsika. B aTom nepsoM npuOAHKEHHH 1Js IYCTHIX Tpamenui

Tabauma 9

ABTOP Tog O6nacTe 3eMau (a—b)sm A

[To TeOAe3HYECKHM onpeleneHnsaM

Teabmepr 1915 — 230451 17°W
Beppor 1916 — 150458 10W
[efickaneH 1924 — 345438 1I8E
[efickanen 1929 C - 16557 38E
Xupsonen 1933 = 13916 19W
Haoros 1948 — 213 I5E
Kpacoscknit 11936 — 213 10E
Teiickanen 1938 — 364 25 W
Tefickanen 1938 — 303 W

ITo rpapnMeTpHYECKHM ONpepeIeHHaM

JKouronosuny 1952 Besa 3emas — 68°W
Tefickanen 1957 Best 3emas - 6W
leficknen 1957 Ceb. nonyiapne - 10 W
Telickaten 1957 I0:xn. nonymapue — 56 E
YoTuna 1959 Bes 3emas — 830°'W
Yoruaa 1950 Cen. nosymapne o 330°W
Yoruaa 1959 I0xn. monymapue — 79 30°'E
I'pymnHCKIi 1961 Bes 3emias — TW
[pyurHnckui 1961 Ces. moayiiapue — 15 W
Tpyuinnckmd 1961 10xn. noaymapue - 25°E

NPHHHMAJNCh HHTEPNOJIHPOBAHHLIE HJH HyJeBble 3HAYEHHS aHOMA-
JHH, B 3aBHCHMOCTH OT oO0uiefdl H3YUeHHOCTH. BBIBOABI MOATBEpAH-
JIH aCHMMETPHIO CEBEPHOrO M I0XHOr0 MOJYIIapHi, OJHAKO pasHH-
ua Ao 178 pasHbIX MoJyllapuil 37ech OKasajach MeHblle, & HMeHHO
15°W n 25°E. Ias Bceit 3eman Ly OKazajoch GJIH3KHM K Pe3yJib-
TATaAM, NOJYUEHHBIM YOTHJOM.

B cBoe BpemMsi MHOTO BHHMAaHHsI yJe/s/1Ooch TakK Ha3blBAeMOM
TpexocHoctd 3eman. IlpuBonmmas 3nece raGanna 9 cauierens-
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CTBYeT O HeyBepeHHOCTH OIpeJleseHHs 3TOH TpexocHocTH. Hampas-
JeHHe 00/bLION KBATOPHAJBHON OCH B 3aBHCHMOCTH OT HCIIOJIb30-
BaHHOIO MarepHajaa Kosebjercs Mo J0JaroTe B mpegeaax or +-38°
oo —25° T. e. HampAaBJIeHHE 3TOH OCH OIPEIEAETCA C YIJIOBBIM
pas6pocom B 60°, BbiBo# ke 00 acMMMETPHH CEBEPHOrO H IOKHO-
ro noaymapui emle 0oJjee CTaBUT NOX COMHEHHE IIPaBOMOYHOCTB
TPAKTOBATE H3MEHCHHE 3KBATOPUAALHOrO panmyca 3eMan Kak
TpexocHocTh. EcrectBenHnee H3MeHenHs 3KBAaTOPHAJbHOTO pajnyca
CyHTaTh KPYMHOIl BOJIHOH TEOWJa, HMEIOUleH K TOMY Ke pa3JHYHBLE
X0l B CEeBepHOM H I0XKHOM NOJyIIapHax. JTO 'cOrJacyercs Takike
C TeopeTHYECKHM IOJIOXKEHHEM O HeyCTOHYHBOCTH TPEXOCHBIX Bpa-
marmmuxcd GUryp, 3a HCKIOYEHHEM CHJIBHO BHITAHYTOrO, THMa CH-
rapbl, TPeXOCHOIO 5JJjuncouga $IxkoOu, KOTOPLIM HHKAaK HEBO3-
MOKHO ANNPOKCHMUPORATE 3eMJIIQ,

§ 8. Mpeacrapaenne GoOpMYyabl HOPMAJLHOrG 3HAYEHHA CHJbI
TsKecTd yeped KoahPuuueHTs! pasnomeHus
no chepudyeckum (QyHKuHsM

B mnociennee BpemMss AMA  XapaKTePHCTHKH TPaBHTALMOHHOTO
nots U Gurypsl 3emMan OGBIYHO [OJbL3YIOTCH KO3(hduIHEHTaAMH
pasnoxerRua aHomanauil mo cdepuueckuMm QyukuuaM. B coorBerct-
BHH C 3THM HOpMaJ/bHAS (OPMYJa CHABl THAKECTH, NPEACTABICHHAS
B obmem sune dopmyaoir (10.31) nam dopmyaon (10.32), moxer
GBITH TpeicTaBJeHa B BHAE CYMMHl cdepHUeCKHX rapMoHHK, [las
MOJIyyeHHsl BEIPAXKEHHA HOPMAaJbHOTO 3HAUEHHs] CHJIBI TSAKECTH ue-
pe3 cdepHyecKHe MHOTOY/JIEHB H COOTBETCTBYIOUIHE KO3((HIHEHTHI
pasyioxenHs BocnogbsyeMcs opmydnoi ITuuertH — CoMuibaAHA

1+ (B —oa—af)sin2B
VI — (20— a?)sin® B

= Y.

(10.67)

Buipamenne (10.67) pasiok¥m B pia N0 o ¥ P, orpaHHuUuNBACH
HX BTOPHIM MOPSIAKOM, H NpPEACTABUM B NOJYYEHHOM BBIPAXKEHHH
cTeneHy sin B yepes dyHKUUM Jlexannpa:

L 2 3
5 Hg Relsind), |

Sin'B = — - P, (sin B) + = Py (sin B), |

sin®B =
(10.68)
5

sintA = — — — cos 2h. (10.69)

Torna wopmaabHasi QopMyna 3HAUEHHS CHJBI TSMKECTH MOMKET
ObITH 3aMHCaHa B BHIE ;

%= Ao + AspPS(sin BY - A,,P3(sin B), (10.70)
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rie Koa(guuuenTsl A, MOryT ObITh BLIpa)KEHBI uepes B:

1 8 23
Ao :?e(l ‘}‘Tﬁ__]‘gﬁl—%ﬁzgﬁﬁ:;),
4 8 8
Ay = ve(Tﬁ—gﬁl— S Pl ﬁs) (10.71)
: 128 Sl B
A4U ( ﬁl—‘} 385 "’T mﬁa)i

1 e 3 s 1 1 3
pr=—gob+ 50 fy=—70aP+ 10 Py=5 P+ at

Urobul y6enurnesi, uto Koshbuuuentsl Ag, Ago, Az ecThb neii-
CTBHTEJNLHO Ko3(p(HUIHEHTH pasJjoxeHHa no MuorouseHam Jle-
)aujpa, najo B ypasnenue (10.70) BBecTn 3HAUEHHS MHOTOYJIEHOB
Jlexanzapa u snauenuss A, w3 (10.71), nocme 4ero Mbl NOJYUHM
(opMyJy HOPMAaJbHOTO 3HaUEHHs] CHJLI TSMKECTH B ee OOGLIUHOM
HanHuCaHuH

1= Ye(1 + psin? B — p, sin*28).

Anajsornydo gas TPEXOCHOI0 3JIIHINCcOHAa HOpMaJbHas ¢}0pMy-
Jla MOzKeT OBITL 3alKcaHa B TaKOM, BHIE:

T=AQQ+AQDP2 (Siﬂ B) +A4QP4(Siﬂ B) —|—
+ (Ags cos 2A~+ Bas sin 21) P3(sin B). (10.72)

JdonroTel MepHAHAHOB 3KCTPEMAaJbHOTO CKaTHA HoJaydaTtcs mo ¢op-
MyJe
to Dk, — A; : (10.73)
Uncaennpie 3nauyeHHd Ko3(Q(QHIHEHTOB pasJoxkKeHHS N0 cheprye-
CKUM ¢yHKUHAM, noayuennsle M. 1. JKoHrososxuem s Tpexoc-
HOTO 3JJIMICOHA, Cllelylouine:
171 TPEXOCHOTO 3JIJTHIICOHAA:

AOD = §79776,84 + 1,8 mea
Ag = 344298442,

Am = 5,27 S

Agy = 49141,2,
Bgz—': —1.120-192

JLTSL IBYXOCHOTO 3JIJIHICOHA:
A =97977 6,84+ 1.8 an,
A, = 3442,98 + 4,2, . (10.74)
Age = 5,27.




§ g HOPMAJIBHBIF TEOU/]] 233

COOTBETCTBEHHO HOPMaJjbHbie (HOPMYJbHI CHAB TAXKECTH, BHpa-
JeHHble uepes MHorousenbl Jlemxamapa, mo M. I, JKonromnosnuy
HMCHOT BHIL :

A5 TpexocHol 3eman:

v = 979776,84 + 344298 P, (sin B) - 5,27P, (sin B) 4 (sin B),
+(4,91 cos 21 — 1,12sin 27-.)P22 (10.75)

U1 IBYXOCHOH 3eMJIH:
v = 979776,84 + 3442 98P, (sin B) + 5,27P4(sin B). (10.76)

§ 9. HopmanbHbiii reoun

Ho cux mop, BBLEASs HOPMAJbHYIO COCTABJSIIONLYI0 TpaBuTa-
[HOHHOTO MOJIS, Mbl OrDAHHYHBAJNUCH 30HAJLHBIMH CchepHYeCKHMH
rapMOHHKAMH BTOPOTO H 4YeTBEPTOro mHopsakos. Takomy HOpMaJib-
HOMY TIOJIIO COOTBETCTBYET MOBEPXHOCTb OTHOCHMOCTH B BHIe c(e-
pora. T'eona OTCTOHT OT 3TOrO c(epoHNA OTHOCHMOCTH Ha pac-
CTOSTHHAX, ONpeeaseMblX anoMmanausmu BeicotT §. Hopmanbuas dop-
mysna KaccuHuca, NpHHATAs 3a MeX/AyHapojaHyio, Oyayun BbIpa-
MeHa yepes cepHuecKHe QYHKIHH, HMEET BUJL

v = 9780491 + 0,00175965 + 0,00352335P (sin B) +

+0,00000539 P19 (sin B)]. (10.77)

HcnonbzoBanne 3ToH (GopMysbl o03HAYaer, 4YTO NpPH oBpasoBaHHH
aHOManHi B HOPMAaJbHYIO YacTb BKJIOUCHBl TAPMOHHKH, YYHTHIBA-
iOlHe TOJBKO C¥KaTHe, OmNpelensieMoe rapMOHHKOH Pa(sin B),
i 30HAJBHAS BoaHA Pyo(sin B), nmeromas HeGOIBLIYIO aMILIHTYILY.
[apmonnkn Gosee BBICOKHX TOPSAAKOB BKJIIOUAIOTCA INPH 3TOM B
anomannu. Takomy BeiGOpY HOpMa/bHOH (OPMYJBI COOTBETCTBYET
(urypa OTHOCHMOCTH B BHJe c(epomaa Bpamenus. Bce orOporen-
HEIE UJeHBl 00pa3yioT aHOMAaJIHH.

Coxpanenne B KauecTBe HopMaJbLHOH (opMyanl Bcero Gecko-
HEYHOro pfAja OpHBeAeT K TOMy, 4TO Takas (¢opmynaa 6yner mpen-
CTaBJATh NOJHOE TPABHTALHOHHOE MOJIe, A COOTBETCTBYIOUIEH el
durypoii otHocuMOcTH OyaeT ¢Hrypa, MOJMHOCTBIO COBHAjamouIas ¢
reonom. Ilpu BeIGOpe HOpMAaJabHON (OPMYJBl €CTECTBEHHO BKJIIO-
YHTb B HEE XOPOUIO H3BECTHYIO, 0OYCJOBJICHHYIO GOJBIUHMH BOJIHA-
MH TeOHJA 4YacTb TPABHTAIlHOHHOrO I10Jsi, OTHecl BCe OCTaJ/bHOe
K anoMaJHsAM.

Pasnoxenne morenuuana B psAj H3BeCTHO ceflyac JOCTATOYHO
HajJeXHo A0 rapMoHHK |8 nopsaaka. HauGomnee ycroiiunBBIMEH NO-
JyqaloTcs FapMOHHKH 0 BocbMoro nopsigka. ITostomy yno6Ho mo-
CTPOHTH HOPMaJbHOE IPABHTALHMOHHOE MOJIE, BK/IKOUaloLlee rapmo-
HUKH JI0 BOCBMOTO NOpPsi/IKa.
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[Torenunan cuiab TAXKECTH MOXKHO NPeACTAaBUTL CJAeAyIOUIeH
popmyoii:

W(p, ¢, &)= f%wl'l + 2 E (%)H(Cnmcos mh -

+ Sy Sin mA) Py (sin q)):l + 2801 — P, (sing)l. (10.78)

3npech p, ¢, A— chepuueckue KOOpJAHHATHl TOYKH, B KOTOpPOH oOn-
peneaserca norenunas. [Tocnennee caaraemoe npasoil yactu ectb
MOTEHNHA/ UEeHTPOOEKHOH CHJIBI, OGYC/JOBJEHHBII CYTOUHBIM Bpa-
uleHneM 3eMJH, @ — yIJ0Basi CKOPOCTh CYTOYHOTO BPALIEHHS, KO-
3OPUUHEHTH Cpm, Spm— CTOKCOBH KOI((HIHEHTH, He 3aBHCAMIHE
OT KOOpAHHAT TOYKM; OHH sBJAIOTCH (QyHKUHel (urypsl 3emau u
pacnpenesnienns B Heii macc. B ofluem BHue OHM BmIpAKAKTCS Cle-
AYIOIUMH hopMyaaMu: <

Cao =1 [ 5(, 4, 4) PPy (sin ¢) do,
l

Coum 1 — m)! LS CHs e (10.79)
Snm £ f&_'i"z_;'jlo(p’ P l) pnpnm (S[I'l (P) sin mh, dU,

v

Tle p, ¢, A — TeKylllHe KOOPIHHATH B Tese 3eMJIIl.

JBoiiHO# psij npeacTaBasieT peadbHOE TNOJe 3eMIH BO BCex
ero neranax. Kamxnaa nerans perbeda, Masedmas HeOHOPOJHOCTE
IJAOTHOCTH BHYTPH 3eMJIH HaXOAAT OTPaKeHHe B IPaBHTALHOHHOM
noJje, omHcaHHOM BoipaxenHem (10.78). Onuako Hcmogab3oBaHue
Bolpaxenus (10.78) orpanmueno HeamanumeM K03(hGUUMEHTOB Con,
Sum BBICOKHX MOPSIKOB.

YpaBHeHHe reouna noJsyuuM, NPHPABHAB MOTEHIHA W(p, @, A)
koHcTaute C = W, KoTOpyio BbIGepeM Tak, uToGbl oHa Gbiaa pas-
Ha TIOTeHUHaJy B TOUYKe TeOHJa € KOOpAHHATAMH p =R, ¢ =0,
A=0. Toraa ypaBHeHHe reoHfa MPEJCTABUTCS BHIPAKEHHEM

Wi, 9. 2) =W, (10.80)

Orciofa MOXKHO BLIDA3HTh PaNHyC-BEKTOp p T€OHAa KAK (yHKLHID
KOOD/IMHAT @, A, MPeJICTABJEHHYIO B BH/JE Pa3/JOKEHHS

P(CP, }“) I R[l o Qg +k§2§0 (akl cos I -+

4 by, sin IA) Py, (sin (p)], (10.81)

[1—na,g— n 3.3 (a,; cos i -
+ bypisin IX) Py, (sin@)], (10.82)

Tlory
PR
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TAC Ay, by — NOKa He H3BECTHhIE KO03((HIIHEHTH, KOTOPbie MOjJe-
®ar onpenenenuio. Qs storo noxacrasuM p(g, A) u 1/p" B ypas-
HeHHe reouma. [IpH BBINOJHEHHH 3TOH MNOACTAHOBKH NOSABJISIOTCH
NpOH3BeJleHUs] PANOB. B 3THX NpOH3BeJeHHSX YAEPKHM HWJIeHBl 0
nopsiKa C3- Kmanpat chepuueckon QyHKUHH ng(SiﬂCp) npei-
CTABHM COOTHOIIEHHEM

P3y (sin @) = Py (sin @) -+ 5o Py (sin ¢).

Torna, orpannunBasch NOpsAKoM n =8 H cpaBHHBad KO3( HIH-
€HTHl TP OJHMHAKOBBLIX MOPAAKAX cepHuecKHX (QYHKUHH, TOJTYUHM

3 2 I 3
ﬂou:—2—620—3022—'8—049—%+?QCZB—TS-Q2—3—0220, l

13 33 2 I

‘120*620_% i ﬁ‘?c‘zo_—céo—%, +
6 4 54

Qg = Co+ S_chm e q® — 35 = CH, ‘

(10.83)

1 IS OCTAJbHBIX KO3S(QQHIHEHTOB

]
s C”m(l —E—%q)? bnm:'sn.m(l ——:— % q‘)
(10.84)

(1=3,56,7,8, m=01, 92" 0.8
rae e

Ina nocTpoeHHs HOPMAJdbHOH (OPMYJbl CHJIB TAMKECTH HAI0
NONYYNThL 3HAYEHHE | HA NMOBEPXHOCTH FeOWAa Kax ¢QyHKuH# TOIb-
KO KOOpIHHAT @ H A.

IMosnaa BenuunMHa HOPMAJLHOTO 3HAYEHHS CHJBI THAXKECTH MO-
et OblTh BHIUUCJEHA 110 Gopmyae

v:—]/ T
[ - ()] o

llncpcpepeﬂunpyﬁ W no p, A, ¢, noayuaem

2

—‘—= 2—|‘2 Z( + 1 Mﬁl [(C,mcos mh +

n=2 m=0

+ S, sinmA) P, (sin @)1 — —3— ®%p [1 — Py, (sing)
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H T. A. ¥1epkuBas wileHsl 10 kpaapara Cy, NOJYYHM
aw M Rz :
= 7{1 + 3o 5 Po(sing) + }
= SCH qu (sin @) cos 2i + 5640 PM (sin @) —

2 :
i _3"7_“]?'&[1 = on(smqj)l},
oW M Y
%=%%WAMm@—
T F " Py (sin @) cos 24 - G, § P, (sin ) —

3 -
— L2 p,Gsing),

A REAS fM R3C,,P,, (sin ¢) sin 2).

i

(10.86)
Toncrasnsas suwavenne (10.86) B dopmyny (10.85) nas y, a Takke
BBO/S 3HAueHHs lfp u I/p cornacuo (10.81) u (10.82), moayunm

e [1 -~ Boo + 2 (Qnm COS M -

?zﬁ.?m 0
& h,,, sinmA) P, (sin (p)]. (10.87)

Ecau npenefpeur ulenamu BTOpPOro M TPeTbEro NOpsaKa MaJgoCTH,
9 2 5 72 s
kpome C3p, H NOJOKHTL p/R = 1 u P53, (sing) = —~33-P4{, (sin @) +

6 g 6 \
+T Py, (sin @) + 5, TO 151 KOSPDHUUNEHTOB G H Hapm NOJAYUHM
C/IeIYIOUIHE BbIPaMKEeHHs:

5

2 12 2 |
8o = — 5 G — 289 + (15 het= Czo) e =y 9% T

ﬂ——-5—qC20—{~?C§0%]—I542”
g =3Cu+20—(24 K gy %f‘—C-zo)azﬁ
5 (%q — 12C20) Usn -———?—quo . C20 =T ll g
G =505~ (2—1 = q) +(;§ q--%lgﬁcae) B30 —

36 A2 Aneny 24
—'ﬁgczo“‘%qdﬁ"gqczu

(10.88)
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H AJ5 OCTaJbHBIX 4J/J€HOB
Zom = (1+ 1) Can — (24

hnm B (n A= 1) Snm R (2 =5

Q) anm;

l (10.89)
q) brms l

fne re= S3ih 6 -7 8 — () 1.0
[loacraBass B GopMyny OAS1 @um H Mpm BMECTO Qpm H bum HX
Bhlpazkenust uepe3d C,., S,n U ¢, NOJIYUUM OKOHYATEILHO

| 3
gou:_Tq_Ciu‘wL’GCN_!_TCd"— ]
— CQ.O'T' q3,
: G 15 0 (10.90)
gzo:CQO“Tq+7qC°° Con_'— 19‘, l
16 144
Sio =0 5 qu,U = 7 — Czo, )

m =1 —1—2q) Cpp,
l"""nm = (I’L il e 26}’) Snms (n

Ypasuenue (10.87) npu ynep:auuu Bcex u/JeHOB PasJOXKeHHS
NpefcTaBAsAeT TPABHTAIIMOHHOE TOJE HAa NOBEPXHOCTH TE0HZa.
B Tom Bule, KaK OHO HAMMCAHO y HaC, T. €. C yAepKAHHEM TrapMmo-
HHK 710 BOCbBMOrO IODPSIIKAa, yPaBHEHHE YUHTLIBAET OCHOBHbBIE KpyIl-
Hble OHIYJSIHH TeOWAa H TOJs CHJIbI THKecTH. Bocnonb3oBaBIIMCh -
3THM, Mbl MOXKeM NpHHATH Bulpaxeunue (10.87), B KoTopoM coxpaHe-
Hbl YJI€Hbl Pa3/IoKeHHsI A0 BOCLMOro INOpAIKa, 32 HOpPMaJbHOE IO-
Je. DTO 3HAUWT, UTO B aHOMaJbHOIl YaCTH QCTaBJeHbl KaK 30Halb-
Hble, T4K H TeccepaabHble TapMOHHMKH ¢ JIHHOH BOJHE L<TLsg,
YTO COOTBETCTBYET Ha 3eMHOH NOBEPXHOCTH PACCTOAHHAM, PABHBIM
2500 xm (25°) mox skBatopoM. Bojubl aHoMasnil GOJbIIEHd JJIHHEL
YUHTBIBA€T caMa HoOpMaJabHas ¢(opmyaa. Yuer rapmMoHHk go 18
NOpAJAKA NP COCTABJEHHH HOpMaJbHOH (opMysbl, uTO cefiuac BO3-
MOZKHO, YMEHLIINT JJHHY BOJHBI, YUHTLIBAEMOH HOPMaJbHOH Gop-
myqoit 10 1000 xkx, T.e no 10° Ilpu mcnonb3oBaHHH OOBIYHOH HOP-
ManpHOH (opmyabl, Hanpumep, ¢opmyanl KaccHHHca, yjaep:KHBa-
I0TCSl BOJIHLI MOPSAAKA n==2, 4TO 03HAYAET OTHECEHHe K HOPMAaJb-
HOMYy IIOJIIO BOJHBI npotsaxkenHoctbio 10000 xu, T.e. HOpMmaJ/bHOe
NoJIe yYHTHLIBAET TOJbKO CKaTHe 3eMJl.

Koneuno, nopmasabHas ¢opmyna suna (10.87) ciaomHee NpHHA-
THIX (OPMYJ, OJIHAKO, €CJH YYecTb, UTO B MPAaKTHKE BLIUHCJICHHS
AHOMaJINA HCNOAb3Y0TC OObiuHO TabaAHLBLI WM CHET BEAeTTesi Ha
BLIUHC/UTE/NbHBIX MAIlHHAX, 3TO YCAOKKHEHHEe He MMeeT CyllecTBeH-
Horo 3uaveHus. OnHaXKaBl cocTaBjeHHBle TaG/HIBI HOPMAaJbHbIX

=3,5,6,7, 8). } (10.91)
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sHaucHuH obecrmeyaT INpPakKTHUECKHe ONEPAalHH CTOJL 3Ke MpOCTo,
Kak 3T0 IeNaloT Ta6JHLbl, IpUMeHseMble cefiuac.

Koabohunuentsr HopmaabHoii Qopmyant (10.87) 10 BockMOro
nopsiika OBIIH BBIYHC/IEGHBl IO HCXOJAHBIM 3HAUEHHSM [apaMeTpPOB
rPaBHTAIHOHHOIO MOJIsE 3eMJIH, MOJYYEHHBIM N0 CIYTHHKOBHIM JdH-
noM. McnosabszoBaubl  Kosdhuuuents, noayuenusie CmuTcoHnan-
ckoii acTpodusnueckoii o6cepBaTopuefi H ony6JHKOBaHHBIE B
1973 r. B kuure «Craumapraas 3eMJs-3».

Paznoctn Mexny HODMAJBHBIMH 3HAUEHHSMH CHJBl TSKECTH,
BLIUHCJAEHHBIMH 1o (opmysae KaccuHuca B OTHECEHHBIMH K MEKIY-
HAPOAHOMY 3JJIHICOHAY CO cxKaThueM o = 1/297,0 u BBIYHCJEHHBIMH
no ¢opmyne (10.87) c yaepxaHHeM 30HAJBHBIX M TeccepaJbHBIX
TapMOHHK 10 BOCBMOrO NOpsfiKa, NMOKAa3aHbl Ha KapTe-cXxeMe MHpa
(puc. 71). Toukamu oGosHaueHbl 06/JaCTH OTPHUATENLHBIX pPa3HO-
credi. Ha puc. 72 1nama Kkapra-cxema oOcpelHEHHBIX aHOMAJIHi,
MOJYYEHHBIX TI0 HOPMaJbHOH (POpMyJie BOCEMOTO MOPSIAKA Ys.

HopmanbHoe 3HaueHHe CHJIBI THIKECTH, BBIUHCJEHHOE ¢ yaep-
JKaHHeM TapMOHHK BOCBMOTO IOPS/IKA, NEePHOAHYECKH CTAaHOBHTCH
TO Menbile, TO COJbIlieé 3HAYEHHS ¢, BHIYHCJEHHOTO TO (HopMmyie
Kaccnnnca, cnenyst 3a KPYNHBIMH BOJHAMH TeOHJa.

OcpenHeHHOe noJie aHOMaANHH, 06pas3oBaHHOE MO HOPMaJbHOMH
dopmynae ys, KaK H CJAELOBAJO OXKHAATh, CHJABHO OTJIHUAETCS OT
[0S AHOMAJMH, MOJYYEHHOTO ¢ OOBIYHOM MeXKAYHApPOAHOH (dopMy-
JIoi Hau BooGuie ¢ JO00H NPHHATONH GOPMYJI0H HOPMAJbHOW CHJIBI
THAMKECTH, COOTBETCTBYIOLIEH TeM HJIM HHBIM 3JJHICOHIAM OTHOCH-
mocti. OHo 60see CMOKOHHO H aMIVIHTYJa aHOMAJHH MeHbIIe.

§ 10. Macca M cpefHsis MJOTHOCTb 3€M.IH

[TocKOJIbKY HanpsXKeHHOCTb CHJIbl THXKECTH Y 3aBHCHT OT Mac-
cbl 3eMJIH H CKOPOCTH €e BpalleHHs, TO 110 M3BECTHLHIM 3HAYEHHAM
CHJIbI THMKECTH, CKOPOCTH BpauieHHs # OOoJbliol NOJAYOCH MOMKHO
onpeneanTh Maccy 3eMJH. Pemenue 310fi 3ajaud no rpaBUMeTpH-
YecKHM M Te0JIe3HYeCKHM MATepHas aM JaeT eIHHCTBEHHBIH Crnocod
onpenesneHuss Mmacchl 3eMan HemocpeactBenHo B cucreme CI'C.
Actponomuueckuii cnocof omnpepeseHHsi Macchl 3eMJH, OCHOBaH-
HBIl Ha 3akoHax Kenjepa o JIBHXKEHHH IIaHeT, JaeT 3HaueHHe
Macch! 3eMJH, oTHeceHHoe K Macce CoqiHiia. B Tex Xe elMHHIIaX MOK-
HO NOJYUYHTb Macchl APYrHX naaneT. Macchl cryTHHKOB, HampuMep,
JIyHB!, MOMKHO MOJIYYHTh BblPaXK@HHBIMH B Maccax IeHTPa/IbHbIX TeJ.
Ho Bce 310 naercsi 8 OTHOCHTeNbHBIX enuuuiax. OnpeneneHue mac-
chl 3eMJaH B abCOJMIOTHOH CHCTeMe eJHHHI] NO3BOJAET B 3Ty CHCTe-
My NpPHBECTH 3HaueHHA Macc Bcex HeGecHbix Tesd. Kpowme Toro,
3HaHHe Macch HeoOXOAWMO /s OomnpeJeseHHs MIOTHOCTH 3eMJ/H.
B cuny CKa3aEHOrO TOUHOe OnpejefeHHe Macchl 3eMau TCPaBH-
METPHUECKHM METOLOM MpeJcTaBasger 00JbIION HHTEpeC.
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Macca 3eMau NOJy4aeTCss HENOCPENCTBEHHO H3  (QOpMYJH
(10.36), Tounee rosopsi, U3 3T0f OPMYJB HoJaydaeTcs 3HAYEHHE
npousBefeHus [M:

M = a%y, + = aby, + 5 %%, (10.92)

Ilpeacrarum 3Ty dopMyay B TakoMm BH/le, uTOOLI B Hee s$IBHO BXO-
JHJIH CKaTHe H §:

> o B ey |
fM:-é—ﬂ'Ye(l+-ﬁ)f70‘(1‘“)\’e‘l“§_mgaa(l‘O‘):

Gl 70 b2 L2 nan
—RVe[l+_3 ot —Ye(lfoc) l
o
IMomHs, uTO oﬂ-g- =qu ﬁ:_g —ot, MOJMYUHM JJISI TIPOH3BEIeHHN

e

Ta6auwa 10

I'paBuTanuonHas
ABTop Top, TMOCTOsIHHAA
f- to—d J,M"/’R’a-rerc?

Cpemuast nuoTHoeTh
3eMau o, 2/cud

Kpyrunbnsilt Metoq

I'. Kapenanr (Anraus) 1798 6,754-0,05 5,454+0,04
®. Paiix (Tepmannug) 1838 6,64+0,06 5,54-10.05
@, beiinu (Anraus) 1843 6,63+0,07 5,55-£0,05
A. Kopuio u JK. Befinn 1873 6,640,017 5,540,014
(Ppanuns) i
4. Boiic (Auraus) 1895 6,6580,007 5,527-0,006
P. 3rgeim: (Benrpus) 1896 6,657-+0,013 5,526=£0,010
K. Bpayn (Ascrpus) 1897 6,649+-0,002 5,5294-0,002
. Broprec (®panuns) 1902 6,64 5,55
1. Xeinp (CIIA) 1930 6,570--0,005 5,510--0,004
WM. 3apansmiex (Yexo- 1933 6,660,04 5,524-0,04
CJIOBAKHS ) !
I1. Xeftnp u II. Xpxa- 1942 6,673--0,003 5.513--0,003
#osckmit (CLIA)
. Pennep (Benrpus) 1968 6,670+0,008 5,5102-0,007
M. Carurtoe (CCCP) 1973 | 6,67424:0,0006 5.513540,0005

Meton B3BeLIHBaHHSA

®. Floamn (Tepmanus) 1878 6.4740,11 5,69-0,10

I. Tloitataur (Auraus) 1891 6,700,04 5,49--0,03

®. Puxapu u O. Kpurep 1898 6,683-+0,011 5,505-£0,000
(Fepmanus)

Menzeas # W. Buasunr 1889 6,594£0,015 557940012

(I'epmanns)




L]

240 HOPMAJIBHOE FPABHTALIHOHHOE [1OJIE 3EMJII fra. 1o

fM OKOHYAaTeJbHCE BHIDAYKeH!IC

fM::asze (1_a+—g—q-—%qa). (1093)

Beoas B (10.93) umcaoBbie 3Hauenuss 14s [, @, Ye, &, ¢, NOJYYHM
maccy 3eman B cncreme CI'C. [Tpumem

a= 6378245 u,

Yo = 978 050 mea,

o==1:2983,
g = 0,0034677,
[=:"56,673 105

Torna nmomyunm maccy 3emau paBuoit M == 5,9737 - 10% ¢, a cpen-
HIOI TLJIOTHOCTbL O, = -4——”—22? =B b7

Bxogsmue B (10.93) Beanuunwl, Kpome [, U3BECTHBI [0 LIECTH
sHavamux nudp, 1.e. no 0,001%. Beauwuuna [ u3pectHa 10 uer-
BepTOH 3Hayauleil uudps, T.e. g0 0,1%. CaenosarenbHo, TOUHOCTD
ompejieJieHHs Macchl 3eMJH JUMHTHPYETCH TOYHOCTLIO OIpesese-
HHf TPaBHTALHOHHON mocrosHHOM [. Takum o0pa3oMm, noka macca
3eMJiH H3BecTHa ¢ TouHocThio 10 0,1%.

B rta6auue 10 npuBOZMTCA CBOAKA 3HAUYCHHI TPaBUTALHOHHON
NOCTOAHHOM [ M cpeHeli MIOTHOCTH 3emJii [0 ONpEleJeHHSM pas-
JIMYHLIX aBTOPOB.

§ 11. Pasanunbie (opmMbl npejcTaBieHus MOTEHUHAJNA
NpuTsKeHus yepes cepryeckne QGyHKIHA

B nagabHefilieM H3JIOKEHHH Mbl OyaeM MOJb30BATHCH PA3IHY-
HBIMH TNIpeJCTaBJICHUAMH IIOTEHI[HA/la MPHUTSIKEHHS, M03TOMY MpH-
BOAMM 3JleCh HX OCHOBHBIE (DOPMBL.

Han6onee mupoko npuMmeHsiercst ¢opMa 3amucH, peKoMeHJ0-
panHass MexaynapoansiM ActpoHomuueckuy Coozom

M = {ae n )
i lr—}: Jn(';—) P, (sing) +

T
n=2

o0 T
n
-} 2 2 (%) P (sing) (Cpmcos mh -+ S, sin md)
n=2m=1
3pech [ — rpaBHTAIHOHHAS MOCTOAHHAS,
M n a, (yacto R) — macca u cpefunuit 3KBATOPUAJBHBIA pagnyc
3eman,
r, @, A — IeoLeHTPHYeCKHE. chepHUecKe KOOPAHHATL TOUKH,
P, — monunom Jlexaunapa A-ro nopsijka,
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P...(sin ¢) — npucoennHentbie chepuueckue QYHKIHH,

Jry Com, Snm— 06€3pasMepHble TOCTOSAHHBIE, XapaKTepH3YIOUIHe
GopMy H rpaBHTAIHOHHOE TIOJIEe 3eMJIH.

[TpunsaTa Taxkxe nuHas Gopma 3anucH, a HMEHHO:

V=)2_w l+n§2]“ (i_e)npn(Sin(P)—]—
—[-2 E Inm( ) nm(sincp)cosm(k*lnm)].

n=2m==1

ITocTosiHHBIE, BXoAsiHe B 3Ty (opMysay, cBsi3aHbl ¢ IOCTOSH-
HeiMu dopmyaer (10.94) caenyomuMu COOTHOIEHHAMH:

Tt o iees mka i S on— Lo S1N thiknm
o =}/l F Siw (10.96)
HakoHel, yacTo IOJb3YIOTCS PSAIOM C Koa(p(pnunemamn Bi/a
i T I(2n+ 1 !
Ph(sing) =) == (nm_?_ m;l!+ ) Pom (sin g);
TOra
M| S P
V= fr—ll = HZ:Q . (—) P (sin @) 4
i 22 21 (%) Py (sin @) (A, cos mh -+ B, sin mh)
P e
rpe
5 (n -+ m)!
Anm = Cum 2(n—m)!(2n+-1)°

i (n+ m)!
Bnmi Snm 2(;1—171)' (2n 4 l) :

ITepsblil uien 3THX GOpMYyJ JaeT NOTEHIHAT NPHTAMKEHHS IIapo-
o6pasHoil 3emJH, u/JeH NepBOH OAHHAPHONH CyMMbI— 30HAJbHbLIE
rapMoHukn notexHnuasa. OHH XapaKTepH3yloT 3eMJ0 Kak Teslo
Bpaulennst, HeueTHble 30Ha/bHBIE TAPMOHHKH H JOJTCOTHBIE YJIEHB,
A5 KOTOPBIX A - M HEeueTHO, XapaKTepH3YIOT ACHMMEeTPHIO 3eMun
OTHOCHTE/IbHO MJIOCKOCTH 3KBATOpa.

16 1 . Tpywunckmii



FT1TABA 1l
NPOBJIEMA PEIVJISPH3ALLKMKW 3EMJIH.
PEAYKLHUHU CHJIbI TAXKECTH

§ 1. lNouarne peryasipusauvu. CMbica BBeJEeHMS pepyKu i

Teopema Crokca (ria. 10, § 2) ycranasanBaeT eIHHCTBEHHOCTh
NOCTPOEHHs! MOTEeHLHaJa CHJAbl TAMXKECTH Ha NOBEPXHOCTH 3eMJH
H BO BCeM BHEIIHEM NPOCTPaHCTBe, HE3aBHCHMO OT paclpe/eseHHs
Macc, IpH YCJIOBHH, YTO 34 NOBEPXHOCTb 3eMJH TPHHSTA YDPOBEH-
Has TMOBepPXHOCTb, LeJHKOM OXBaThIBaloIllas 3TH Maccel. Mel Bupge-
JAH paHee, 4TO 3eMal0 yA0OHO AaNMmpPOKCHMHPOBATb 3JIIHICOHIOM
Bpauienus. Jlanee Gyaer nokasaHo, uto ¢popma 3eM/IH AeHCTBHTENb-
HO oueHb O/M3Ka K 3100 urype. OTKIOHEHHe Teouj1a, T. €. YPOBEH-
HOH TOBepPXHOCTH, OueHb GAH3KO HNpeAcTaBadioliell 3eMa, OT no-
BEPXHOCTH XOPOIIO n0A06PAHHOrO H OpPHEHTHPOBAHHOIO 3JJIMIICO-
HIa BpauleHHsi OrpaHHYMBAeTcs BCEro HECKOJbKHMH MeCATKAMH
MeTpoB. 3ajaBas yPOBEHHVIO TOBEPXHOCTL B BHIe 3JJAHINCOHIA
BpallleHHsl, MBI JIOJIXKHBl BEIOpATh ero Tak, urtobsl Bce mMacchl GLIIH
BHYTPH Hero.

BosBpalasice K pasio:KeHHIO NOTeHLIHas a B DA, Mbl TaKkKe
BuauM (ra. 10, § 6), 4T0 3TOT pAA CXOAMTCH TOJBKO NPHU YCJIOBHH,
uTo p/r<<l, T. ., UTO HET Macc BHEe MOBEPXHOCTH HAEAJBHOTO TeoH-
1a. Takum obpaszom, Teopus (HUryphl 3eMJH AOJKHA CTPOHTHCH B
NpeanoJokKeHHH, YTO BHE YPOBEHHOH NOBEPXHOCTH, IMpercTaB/Islio-
niefi 3emuito, HeT Mace.

OaHaKo ecJaH paccMaTpHBATb B KauyecTBe YPOBEHHOH MOBEPXHO-
CTH 3JUIMICOHJ, HAWJYYIIHM 06pasoM mpeacTaBJsIOUIEi 3eMJlo,
TO Hen3GeXHO OCTAKTCS Maccel, BBICTyHalllHe 3a MOBEPXHOCTh
3JJIHNICOU/IA, HanpuMep, KOHTHHEHTH. BosHukaeT 3ajgada INOCTpOe-
HHS TAaKOH HAeaJbHOR 3€MJH, y KOTOPO#l Bce Macchl JieaT BHYT-
pH OrpaHHuHBalollell ee YpoBeHHOH mnoBepxHocTH. Omnepauus ycT-
paHeHHs BBICTYNAIONIHX 38 YPOBEHHYIO IMQBEPXHOCTH Macc IOJYy4YH-
Jla Ha3paHHe pezyaspusayuu 3eman. Bo3MoKHBI IBa OCHOBHBHIX
IYTH pelIeHusi 9TOH 3aJau.

1. IlepeHeceHne Bcex MacC TeM HJH HHBIM CnOCOOGM, BHYTPb
ypoBenHoii nosepxnocTH. TIpn 3ToM HeoOX0auMO no3a0OTHTLES ©
TOM, uToObl 001las mMacca 3eMan H Gopma ypOBEHHOH MOBEPXHOCTH
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H3MEHHJIHChL 110 BO3MOXkKHOCTH Mano. Ilpoctoe cHsATHe macc Ges ne-
peHoca BHYTPb Bbi3biBaerT Oogblide jge(OpMALHH YPOBEHHOH MMO-
BEPXHOCTH H IO3TOMY HeyAOOGHO NMpH pelIeHHfAX 3ajad, CBA3aHHBIX
"¢ ompefnenenuem ¢urypel 3emau. Taxas peryaspHaanus Tpebyer
3HaHHUA pacrnpeieJeHHd Macc B 3eMHOU Kope.

2. O1Ka3 oT ypOBEHHOH NOBEPXHOCTH, GJIH3KO coBnajammei ¢
peasbHoil 3emJeff, H TNOCTPOEHHE MNOBEPXHOCTH OTHOCHMOCTH Ha
BBICOTE, OXBATHIBAIOUIEH BCE BBICTYMAIONIME MACChl 3eMJIH, HampH-
mep, Ha Beicote 10 xm (reoun Bpuamosna.) 3ajnaua B 3TOM cay-
yae MOxkeT OLITb pellleHa CTPOrO, TAK KaK He IPHXOIHUTCS HMeETb
IeNo ¢ TNOTeHIHAJ0M BHYTPH Macce, OAHAKO pPEIIEHHe B 3TOM CJy-
yae }MeeT OrpaHHYeHHBI NPAKTHYECKHH CMBICA. AHOMaInH Ha
TakOH TOBEePXHOCTH OYIYT CriaarxKeHHBIMH. ByAyT ycKoJb3aTb Jera-
JIH TPaBHTAIHOHHOTO MOJIsi, BaXKHble B TAKOM IIPHJIOXKEHHH, Kak
rpaBUTAllHOHHAs passelka. Haxowneu, Bpaa g yno6HO NIpeicTas-
JSATh 3eMJII0 NOBEPXHOCTLbIO, B OCHOBHOM OTA4JeHHON OT peaJbHO
3eMau u npuGamKalouledcs K Hell JHWb 8 00JacTH CAMBIX BBLICO-
KHX Iop, T.e. B HeOOJIbIIOM UHCJIEe OTHAEeIbHBIX TOUEK.

B stom cmbicie reompa JIucTHHra HecpaBHenHO yaoGHee, Tak
Kak OH Ha [BYX TpPeTAX I[OBEPXHOCTH 3eMJiH, T.€. Ha OKeaHax,
TOYHO cOBmajaer ¢ (H3HYECKOH NOBEPXHOCTHIO 3eMJH, a Ha oOc-
TAJbHOI TEPPUTOPHUH IMPOXOAUT B OCHOBHOM HA pPACCTOSHHM Hec-
KOJIbKHX COTEH MeTpPOB NojA (HU3HYECKOH NOBEPXHOCTbI0 3eMau U
JHIIb B paHOHaX NJOCKOrOPHH W TOPHBIX Lerneil oTjajeH Ha Hec-
KOJIBKO KHJIOMETDOB.

Habaonenua cuapl THXKECTH MOTYyT TNPOU3BOAMTHCA Ha dhusu-
yecKoll noBepxXHOCTH 3eMJ/H, Ha pa3HbIX BbicOTax Haj 3eMJell, noa
3eMJsiell W OJ BOJOH. 3HAUEHHS CHJBI TSMKECTH, OTHaOJI0ACHHBIE
B CTOJIb PA3JIMYHBIX YCJOBHSX, HECONOCTABHMBI MeXK1y co0oi; TeM
6o/lee HECOMOCTABHMBl OHH ¢ HOPMaJbHBLIM PaBHTALHOHHBIM T0-
JIeM, NOCTPOEHHBIM AJA (ULYPBl OTHOCHMOCTH B BHJE 3JIJIHIICOHA
Bpamenusa. Bce Hal/io/leHHBIe 3HAYEHHS CHJBLL TAXKECTH MOJXKHBI
ObiTh OTHeceHHl B TeopHH CTOKca K HeKOTOpoH eJHHOH YpOBeHHOH
nosepxHocTH. Tak Bo3HMKaer peaykiunoHHasi nmpobGaema. [Ipu stom
JOJMHO OBbITh KaK-TO YUYTEHO BJ/IHMAHHE MacC, pPAacnoJoMKeHHbIX
MeX1Yy TOUYKOH HabGM0JeHHs H IOBEPXHOCTHIO OTHOCHMOCTH. 3/ech
peavkuuonHas mnpobieMa COBNajaeT ¢ NpoOJeMOH peryJsipH3aiuH
3eMJlH, TOCKOABKY B - O00MX CJydYasfiXx CTOMT BONPOC O TOM, Kak
HNOCTYNHTb C MAaccaMH, PacHoJOKEHHBIMH MeX1y TOUKOH Hab./ione-
HUA U TIOBEPXHOCTBIO OTHocuMOcTH, OQHAKO He BesKas DPELyKILHs
BeJeT K peryaspHsauun 3eman. [Ipu ocymiecTBieHMH pefyKLHH
CHIBl TAXKECTH Ha YPOBEHHBIA 3aauncouj TpebyeTca 3HATh BBLICO-
THl TOYeK HAOG/I0AeHHS HAA SJJIHICOHI0M,— TAK HAa3blBaeMble Teo-
Jne3nyeckile BbICOTHL. OIHAKO 3TH BBICOTHl HeH3BeCTHH. [3 HHBesH-
POBOK TOJYHAaIOTC BBICOTHl TOueK HaOMOAeHHS Hajx TeoHI0M.
Crporo roBops, H 3T0 He cOBceM TO4YHO. B raase 14 Oynmer nokasa-

16*
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HO, YTO FeOHJ, MPAKTHYECKH HEONPEeAeJHM H UTO CTPOr0 MOTYT GBHIThL
onpeje/eHbl BbICOTHI HAJ KBAa3UIeOHJOM — HEKOTOpPOH BCHOMOra-
TeNIbHOH IOBEPXHOCTbIO, COBNAAAIONIEH C TEOHAOM HA OKeaHax H
OTKJIOHSIONIelCA OT reowaa o 2 m B ropubix obJaacrsix. [Toka 6y-
JleM, CYHTaTh, 4TO BBICOTBI Haj TEOHAOM WM HAd YPOBHEM MOpSs
isBecTHbl. C NOMOIUbIO H3BECTHHIX BHICOT M MPOH3BOIMTCS PelyIM-
pPOBaHHE CHJIEI THAMKECTH.

[lyctb cuaa TsXKECTH onpejedsiercs Ha (H3HUECKOH TNOBEpX-
noctn 3eman B Touke A (puc. 73). lis cpaBHEHHs ¢ HOpMaJbHBIM

NoJIeM ee Ha/lo pPefyLHpOBAThL Ha

PUSUYECKER 3 TTHIICOMJ]T OTHOCHMOCTH B TOY-

TOGEnTHOEN S

Gemnt Ky B, Ha paccrosiiHe, paBHOe

reofesndeckoil Beicote f. Te-

oje3uuecKass Beicota I Heus-

BECTHA, [I09TOMY pPeayIHpOBaHHE

IPOH3BOJUTCA HA YPOBEHL MO-

Jnmincoud psi, T. €. Ha reoua B TOuky B’,

110 BBICOTE A HAJ YPOBHEM MOPS.

Puc. 73. Taknm o6pas3oMm, pelyLupoBa-

HHEe TIPOH3BONMTCA HE Ha TY

MOBEPXHOCTh, JJ8 KOTOPOH B mpeibluyllleld raase oupeeleHo HOpP-
MaJjibHOE 3HaueHHEe CHJIBl TAKEeCTH.

-Bpenenne HopMajabHOH (GOPMYJIEI CHJBI TAXKECTH, JAalOliell npocroe
BBIpayKeHHe /IS pacrnpeleeHHs CHJIBI TAXKECTH H4 HEKOTOPOH Hiaed-
JH3HpOBaHHON 3emJe, OJM3K0fl K peadbHOll, NO3BOJsSET 3aMEHHTh
H3yUeHHEe CHJIbl TAMKECTH H3yyeHHeM HeOOJLIINX YKJIOHEeHHH ee OT
HEKOTOPBIX HOPMAaJIbHBIX 3HAUCHHI, ONPEICNSIIINXCA A0CTATOYHO
npocroil Gopmyaoll. DTH yKjaIoHeHHsS Ag = gy — Yo NOJYUHIH Ha3-
BAHHE QHOMAAUL CUAbL TAYNCCTU. 371ech Yo — HOPMAaJbHOE 3HAUCHHE
CHJIBL TSI?KECTH, OTHECEHHOE K pe)epeHI-3/MIHIICOHLY, Zo— H3MEPeH-
HOe 3HAYeHHe CHJbI THAMKECTH, OTHECEHHOE, KaK yiKe TOBOPHIIOCH,
Kk reonay. Takas aHoma/us naseiBaerTcda cMmewaHHo#. Ecinu 6b1 MBI
3HaJH TeoJe3nYecKyio BHICOTY [ W OCYIIeCTBIANM peaylHpOBaHHe
Ha INOBEPXHOCTh ZJIMNCOMJA, TO aHoMajus obpasopajach ObI H3
CpaBHeHHsl BEJHYHH, OTHECeHHBIX K OJHOH W TOH e NOBEPXHOCTH.
Takast aHoMaJusl Ha3blBAeTes YUCTOL,

CnoxHOCTb MpO6GJaeMbl pelyllHPOBAaHHS COCTOHT TaKXkKe H B TOM,
YTO TIPH MepeHoce CHJAbl TSIKCCTH H3 OJHOH TOYKH (Ha (PH3HYECKOH
NOBEPXHOCTH 3eMJH) B Ipyryio (Ha reoule) HeoOXOLHMO 3HATD,
KaK H3MEHSeTcsl CHJIOBOE TOJde BAOJb JIHHHH IliepeHoca (peayiH-
poBanus). Has 3TOro Hajgo 3HATh CHJAOBOE NoJe B J0O0OH Touke
BHYTPH Macc, JIeKalluxX MoJ TOYKoH HadmoleHus, HJIH pacnpeje-
JieHue Macc.

[Tpu peryasipusanui 3eMau HAZ0 COXPAHHTb Maccy 3eMJaH H
(opMy YPOBEHHOH TNOBEPXHOCTH HJH 3HATh, KaKoe H3MCHEHHE
VPOBEHHO!H MOBEPXHOCTH Npu 3ToM npoucxout. Ilostomy mpH Juo-

leoud
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60M mnepeHoce Mace B JyuylleM caydae JOJMKHO ObITb H3BECTHO HX
pacnpeneseHue.

PenyuupoBanHe Heo0X0JAHMO BO BCeX IPHJIOKCHHAX [PaBH-
METpPHH, OAHAKO B pAasJHuHBLIX CJAyYadX K HeMy MNPelbABIAITCA
pasubie TpeboBauuda. Ilpu pemennn Bompoca o durype 3eMan H
NPOYMX BOIPOCOB Te€0NE3HYECKOH TrpaBUMETPHH HeoOXOLHMO CTpO-
roe coxpaleHHe yCJIOBHS OTCYTCTBHSI Macc BHE yPOBEHHOH HOBepX-
HocTH. M3 3T0r0 mpuXOAHMTCs HCXO/AMTH M NPH BhIGOpe pejlyKIHH,
Ilpu reonorpyeckoM HCTOJKOBAHHM pe3yabTaTOB TpaBHMeTpUYe-
CKOH CBEeMKH COBepIIeHHO Oe3passIHuHbl BOIPOCHl COXpaHeHHs 00-
et Maccnl WJIH obliee coXpaHeHHe (OPMLI YPOBEHHOH NOBEPXHO-
cTH. B 3ToM cayuae penyKlHIO cJejyeT IPOBECTH TakK, UYTOOBLI B
OCTaTOUYHOM TOJe aHoManui Haubosee penbedHO TIPOSBHIUCH OCO-
" GeHHOCTH paclpejlejenns Mace B gaHHoH obmacti. Takum oGpasow,
MBI BHAMM, BeIGOpD MeTola peiyKIlMH H pelieHHe BONpOca peryJs-
pusauun 3eMJH IeAHKOM 3aBHCAT OT TOTO, Kakas 3ajaya CTOMT
nepen uccaenoBareseMm. Mbl, ecrecTBeHHO, JOJKHB HanboJbLIEE
BHIMaHHe yIeJHTb BOHpocy Bhl6Opa peayKuHH, COXpaHsIOIIUX YycC-
gosus teopuu Crokca. Bompocam peAyKUHA CHIBL TSAKECTH I10-
CBAlleHO 00JbIIOe KOJHUecTBO paboT. D10 0OBACHSAETCsS, C ONHOMH
CTOpPOHBI, Bd;KHOCTLIO BONpoOcd, a C APYrOH,— HEACHOCTBIO €ro H
OTCYTCTBHEM $e3yCJOBHO Y/OBJAETBOPUTENbHOTO pelleHHs.

M. C. Mounojenckum paspaborad crnocob pemiennst Bcex 3aznau
reo/Ie3NYecKoN rpaBHMETPHH H Teopuu (GUrypel 3emuan Gez peryJs-
puszanuu 3eMJH. DTOT NyTh NMPHHIHNHAJLHO COCTOHT B OTKase OT
reonjia Kak OT HeompejeJsisieMOH MOBEPXHOCTH H B NOCTPOEHHH pe-
LIeHHS BCEX 3ajiay reojle3HyecKod rpaBHMETPHH Juis (HINYeCcKOd
nosepxHoctd 3eman. Ho u B 310M ciyuae mpofiemMa peayKIHH He
CHHMAeTcsl, a TOJNbKO YHPOULAeTCS TeM, UTO peAyLHpOBaHHe 10.-
JKHO TPOH3BOAMTLCSA TeNepb B HopMasabHOM cHJIoBOM nose. Hop-
MaJ/bHOE 3HAaUYeHHE CHJB TAXKECTH, ONpeJe/eHHOe Ha 3JJIHNCOHE,
HE JOJIJKHO 3aBHCETh OT peaJbHOro pacnpenefeHHs Mace ¥ Xapakre-
pHu3yer Heko1opyio HieaapHyl 3emmo. llostomy mpu peayunposa-
HHH HOPMAJbHOTO 3HAUEHUST CHJIbl THXKECTH Y C TOBEPXHOCTH 3JI-
JUNCOHZA HA YpOBeHb (DH3HUECKOil NOBePXHOCTH 3eMJH NPHHILH-
IHaJbHble TPYAHOCTH, BO3HHKAIOUlHE H3-3a HE3HAHHA pPCAJBLHOTO
pacnpejielleHHss Macc B 3eMHOH KOope NIpH peaiyuupoBaHHH HaGJ/I0-
JIEHHOH CHJLI THKECTH Ha Treouf, oTtnajgaiT. B stom cayuae
He HaO/mojleHHOe 3HavyeHne g nepenocutces u3 A B BY, a HopmasbHoe
3HAUCHHE Y MEPEeHOCHTCS M3 B Ha (PH3HYECKYIO NOBEPXHOCTL 3EMJIH.
Onnako mo Toil e NpHUMHE He3HAHHs reojleanueckux Boicor H me-
peHoc ocyuiectsasercd He B Touky A, a B HekoTopyio Touky A’
OTCTOALLYI0 OT TOYKH A Ha To Ke paccrosiHHe §, Ha KOTOpOE reoHn
OTCTOHT OT 3JuIHICOHAA oTHocHMocTH: AA’ = BB’. Oo6pasosanus
TakuMm o6paszoM aHOMaJaHs

Ag:gu_‘\{a
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rie g,— HaOMOIeHHOe 3HaueHHe CHJIBL THMKECTH B HEKOTOPOMH
TOYKE (PH3HYECKOH [OBeDXHOCTH 3eMJH, 7 -— HOPMaJabHOEe 3HAUeHHE
CHJLI TSIJKECTH B TOYKe, OTCTOsUled Ha Beanuuny t=AA’ or du-
3HYECKOH TOBepxHocTH 3eMsH, OyJeT TakxKe CMellaHHOH, HO pac-
CMATpHBAEM MLl ee Telepb yXKe Ha peasJbHOH (DH3HYeCcKOoH MoBepx-
HoctH 3eMuau. Benmuunna { HaszbiBaeTcss aHOMAaJmel BBICOTHL.

Tax o6pasoBanHble aHOMAaJJIHH MO3BOJHJIH TOCTPOHTL TEOPHIO
¢urypsl Qusnyeckoit nosepxunoctn 3emau. Onn Takxe yupoOHee
JUISL Te0JOTHYeCKHX HHTeprpeTaluii, Tak Kak OTHOCATCA K pealb-
HOH TMOBEPXHOCTH, NOJ KOTOPOH HILYTCS aHOMAaJibHble MAacChl.

Otnecenne HaGMIOLEHHOH CHJABL TSAMXKECTH K TEOHJAY HJIH HOP-
MaJIbHON CHJIBI TSIKECTH K (PH3HUYECKOH MOBEPXHOCTH 3eMJIH MOKeT
ObLITL OCYIIECTBJIEHO TNO-pasHoOMy. B 3aBHCHMOCTH OT TOTO, KaKoi
cnocob peaynHpOBAHHS MpPHMEHEeH NpH 06pa30BaHUHM aHOMAJHU, TMO-
JydaeT HasBaHue H cama anomanand, Tak oGpasyloTcsi aHOMAaJHH B
cBOOOJMHOM BO31yXe, aHOMaauH Dyre, nsocratnueckue u Ap.

Byaem noab3oBaTthbeda H B JajibHeHlIeM CTaHAapPTHbBIMH 000O3HA-
YEHUSIMH: Y — HOPMaJbHOE 3HauyeHHe CHABL TSXKEeCTH, Yo — TO Ke Ha
3JIHICOH e, g — HabJoleHHoe 3HAUeHHe CHJILL THAMKECTH, Zo — Hab-
JIOJIEHHOe 3HaueHHe, pellyllHPOBaHHOe Ha YPOBeHb MOpH.

§ 2. Perynsipusanus 3eMJH METOJOM HHBEPCHUH

[IpuMepoM OXHOTO H3 CNOCOBOB PEryaspH3alHH MOXKET CIYKHTDb
MeTOJl HHBEpPCHH. DTOT MeToA GBI HMpeasoKeH MOJbCKHM reo@H3H-
koM M. Pyznsckum Kak MeToJ| peryJ/sipH3anfH, He Ae(OpMHpPYIOUIHH
YPOBEHHYIO IOBEepXHOCTh. MeTON COCTOMT B MEPEHOCEe BCeX BhHI-
CTYNAOIHX 34 YPOBEHHYID NOBEPXHOCTb Macc BHYTPb 3TOH I10-
M  BEPXHOCTH TakHM o6pa3oM, UTOGLI
MOTEHUHAJ 3THX MacC B HCCaelyeMOoH
TOUKE He H3MEeHHJICH.

Bynem cunraTh YypoOBeHHYIO MO-
BepxHOCcTh cepoii. [lpu 3ToM MBI
npeHebperaeM omHOKaMH TPETLEro
HOPAAKA MAJOCTH OTHOCHTE/bHO CHa-
. PaccMOTpUM MOTeHIHaJs, pasBu-
Baemblii Maccoll Touku M, pacnono-
KeHHOH BHe cdepsl, Ha Touky A, me-
Kamylo Ha cdepe (puc. 74).0n Gyzer

Puc. 74, Paii i ,

4 Vp? + R?—2pRcos
rie p =R+ H, R— panuyc chepbl, H — Bpicota Touku Hanm cde-
poil, m — Macca 8 Touke M.

IMepenecem Temepb Maccy m u3 Toukd M mo paauycy BHYTPb
chepsl B Touky M’ m u3MeHHM Maccy m TakuM 06pa3oM, uTOObLI
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norenuuasa V’, pasBuBaeMblii TpaHchOpMHPOBaHHOI Maccoil m’ B
Touke A, ocrancAa HemaMeHHBIM. JlJsi TOro 4ToOBl IPOM3BECTH TAKYIO
TpaHcopMaluio, Hal0 NOJOKHTE

p’: OM’t

Torpa

Vf

'l/'p,z_'_ R2— 2p" R cos ¥

BBenem BoipaKeHHe HOBHIX 3HAYeHHi pagmyca o' u maccel m’
uepes. craphle:

R
V = R4 R2 be R ? : ¥ = .
-p—z._:JRZ——Q?Rcosq; TVR'T.O — 2pRcos

3aMeTuM TPH 3ITOM, YTO NOPH TAKOH TPAHCMOZUUHMH Macc HX HAMO0
ONYyCTHTb TIOJ MOBEPXHOCTb Ha IJIYOHHY, MOYTH paBHYyW Bhicote H
TOuKH M, a Maccy YMEHbIIHTb HA HEe3HAUHTeJNbHYIO Bennunuy. B
caMoM Jede,

R R?
e H’ = — o' = e ) e o

Paszyaras 3HaMeHAaTeJb B PsAL U yIepxkHBas ujelbl KBajpaTa oOr-
Howenns H/R, noayyaem

—H’:R—R(l—{—%)_!:H(l—%).

To xe moayuaeMm H AJs Macchl

Ui s B '_.E)-
m—mp_m}H_H_le R

dror cnoco6 NOJYYHa Ha3Banue MeTo0a UHBEPCUl, TOCKOJIbKY
IPH HeM BCe BHEIIHHe Macchl TIOYTH 3ePKaJbHO O0ToOpamalTces
BHYTpb. MeTod MHBEPCHH He MOJYYH/ LIHPOKOTO pacnpocTpaHeHus.

§ 3. Penykuus B cBOGONHOM BO3AYXeE

CMBIC/l PEAYKLHH COCTOHT B TOM, UTOObl NPOH3BECTH IpHBee-
HHe HaOMIOLEHHBIX 3HAYEHHH CHJBl TAMKECTH B NYHKTAX, pacnoJo-
JKeHHbIX Ha pasJMYHBIX BbICOTAX, K IIOQBEDPXHOCTH, OIpe/e/fiollel
HAYaJ0 cueTa BHICOT, He NPHHUMAA NPH STOM BO BHHUMaHHe BJIHSA-
HHE Mace, PACNONOKEHHBIX MEXAY 3TOH TOBEPXHOCTBIO H TOUKOH
nHabaioenus,. DTO peniyuupoBaHHE 34 BBICOTY H, €CJAH H3BECTHO
H3MEeHEeHHe CHJIbl THKEeCTH C BBICOTOH, T.€. BePTHKAJbHBIH TPaJHeHT
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d
-67‘?. TO OHO TPOM3BOAMTCH TpocTo. Ecjau npu BbIIOJHEHUH pe-

IyUUPOBAHUSI 332 BLICOTY MNpPHHSATA OPTOMETPHUECKAs CHCTEMa BBbI-
COT, TO TMOBEPXHOCTBIO OTHOCHMOCTH fIBJsieTcA reoua. B cuay ompe-
JIeJends Treowla KaK YPOBEHHOH NOBEPXHOCTH, COBNAJAOWEd C
IIOBEPXHOCTHI0 OKEaHOB, TPHHATO TFOBOPHUTH O IPUBEAEHHH CHJIBI
TSIKECTH Ha ypoBeHb Mopa. Hassanme «penykuusi B cBoGOJLHOM
BO3/yxe» Herouno. Pejpyuuposanue npoussoiurcs Oe3 yuera Ka-
KuX-1H60 Macc, B TOM 4HcJe H Macc Bosjyxa. TouHee GbLljio OBl
Ha3BaTh 3TY PEAYKIHIO peaykiueil B nyctore. Penykuus B cBo-
6ojiHOM BO3iyXe ¢ mobaBiaeHHeM MONPABKH 34 pelbed MEeCTHOCTH
HaspiBaercd pepykuued @aa wam Tenbmepra B YecTh yYeHBIX,
BBe/IINX ee ymoTpebaeHHe. BBeneMm peayKuHiO B cBOOOIHOM, BO3-
IyXe B IMpeANoJIOKeHnn apoofpasnon 3emMan.

HaMeHeHHe CHJIbI THXKECTH ¢ BBICOTON Xapakrepuayercs BesH-
YHHOI dif: B mamem npeanoaoxennu

dg _ dg _ dW

dH ~ dR ~ dR¥

rie R — pazuyec.
Hwmes B Buay, uto W = fM/R u [M/R? = v, nonyyum A1s Bep-
THKaJbHOTO TPaJHEHTa CHJIBI TAMKECTH

g

dH e
HIH
'\"I

rae Y — NpUHATOE 3HaueHHWe ycKopeHusi cuabl Tsxectu. Hurerpu-
pysa 3710 Bhipaxenue no H or 0 po H, monyyaem 3HaueHHe npHpa-
MeHHst CHJBl TAYKECTH NMPHU H3MEHEHHH BBICOTHL B 3THX Mpelenax

H
gn— g = 2% | dH = 2. (1L.1)
0

BBB,U,E}M YHCJOBLIEC 3Ha4YeHHdA JAJd ’Y " ]\) a HMEeHHO HX cpemme
3HaueHuA Yy = 979773, R = 6371 087. Torna

g n— go = 0,30864H, (L2

rae H BolpaykeHa B MeTpax, a pe3yJbTaT B MUJIHCAdax.
MOKHO BBIYHCJIHTb  BEPTHKAJbHLIH TPajJHEHT HOPMAJbLHOTO
rpaBHTANHOHHOTO NOJS, HCXOAs U3 ypaeHenus [lyaccona
eU , PU |, o >
-+ — e s e SN L 4
ox2 ar U 9z it ajo.
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Hmesn B BHLY, uTO
oLy Loy -aMi U

g ke
022 " P e RIS

Mg
’
Ry
nojgydaem

g A BT
5 = 20 -lLv(Rx—i—Ry) 4nfo.

[lepeiing x HOpMa/JbHOMY TPABHTALMOHHOMY [MOJIO BHE 3JJIHI-
conjla ¥ BHIOpaB OCH KOOPJMHAT B INIOCKOCTH MEpPHAHaHA H NepBO-
ro BepTHKAaJIa, NMoJyuaem

oy 2 1 1

Bpoasa snavenne M u N n yaep:kuBas BeJHUHHBI NOPSALKA CIKATHS,
HMeeM

X T (24 e — 2sinB)

nau, uHTerpupys or 0 no H u BBOAS uMC/IOBBIE 3HAUeHHA ¥, @, e,

8g = 0,3086 (1 + 0,00071 cos 2B) H. (11.3)

ITonpaBky cHJBl TSKECTH B CBOOOJIHOM BO3IyXe 4acTO paccmart-
PHBAIOT KaK PA3HOCTb MNPUTSKEHHs LIAPOM TOUKH, PacCIIOIOMKEHHON
Ha ero nosepxHoctH u Ha Bbicote 1 nHan Hum. [lpumem 3emiio
3a mwap paaumyca R. IlpursKenue Takoil 3eMJyed TOYKH, pacmoJo-
JKEeHHOH Ha ee NOBEPXHOCTH, OyleT onpeaendaTbes GoOpMyJIoH

M
Vu:—fﬁ-

[Tpursxkenne Tofi e 3emJjeH TOUKH, PAaClOJOXKEHHOH Ha BBICOTE

. H, byner
e e SR
e f(R+H)"’"

OueBHIHO, YTO M3MEHEHHE CHJBI TSKECTH NpPH IepPexoie OT TOUKH,
Haxondlledcs Ha BeicoTe ff, K TOUKe HA MOBEPXHOCTH 3eMJH paBHO
¢ TOYHOCTbIO 10 KBajparta oTHoueHus H/R

Penykuua B cBo6oaHOM BO3JAyXe, KaK 3TO BHJAHO M3 BBIBOIA,
YVYUTBIBAET H3MEHEHHe HOPMAaJbHOH CHJbl TSAMKECTH C BLICOTOH.
[Ipu6auxenno ee MOXKHO NPHMEHHTb H K peajibHOMY TPaBHTAIlHOH-



250 TMPOBJIEMA PETYJ/ISIPH3ALIMM 3EMJIK (L. u

HOMY moJio. MaMeneHue CHJIBI TSKECTH C BHICOTOH B COOTBETCTBHH
c (11.2) pasno mpubausuresbHo 1 mes Ha 3 4 W3MEHEHHS BBICOTHI,
Orciona BuITekaloT TPeGOBAHHA K TOYHOCTH ONpENeNeHHS BhICOT
NpH IpaBHMETPHUECKOH cbheMKe. [IpH cOBpeMeHHBIX IpaBHMeTpHue-
CKHMX H3MEpPeHHfiX MOJYyYaloT oGbYHO TOYHOCTb mopsijaka = 0,01 —
= 0,1 sea. Jlna Toro 4ToOBl OMMGKH ONpele/eHHs] BHICOTHI He HC-
Kaxa/aHn 3aMeTHO Pe3y/JbTaTOB TIpaBHMeTpPHYECKHX HM3MepeHHH, Tpe-
Overcs ONpenensTh BBICOTH ¢ TouHOCTBIO =+0,03 — 40,3 x. Takoe
onpejnejeHne BLICOT SIBAfIETCA BeChMAa TPYAOCMKOH, 4 B HEKOTOPLIX
YCJOBHAX U CJAOXKHOH 3amayeii, ocoBeHHO NpH OpraHu3aluy Macco-
BBHIX TpPaBHUMETPHUECKHX ONpeesernii.

Beegenue peAyKUHH B CBOGOLHOM BO3jlyxe, GeccrnopHo, HeoGXo-
AHMO NpPH BBIYHCJAEHMM MIOOGBIX aHoMa/Juik cuibl TaKecTH, [lpwu
HOMOIIH 3TOH pefyKUHH HAGMIOMeHHs CHIB TSMKECTH OTHOCATCH K
obei, enuHOM AJA Bcex HaGaioneHHil moBepxHocTH. B cayuae
npuMeHeHnss merona MoJoeHCKOro ¢ TMOMOMIBI) PeIyKIHH B CBO-
00aHOM BO3JyXe OCYILEeCTBJSeTcS MPHBEACHHE HOPMAJbHOIO 3HA-
YEHHS CHJBI TSMKECTH, ONPeeJeHHOTO Ha 3AJuncouge, k ¢usnue-
CKOH TNOBEPXHOCTH 3eMJH H TeM CaMbiM OTHECeHHe aAHOMAaJni K
3TOH Ke NMOBEPXHOCTH.

Anomanus CHAB TSIKECTH B cBOOOIHOM BO3JyXe IJISI perynaspu-
3HpPOBaHHOH 3eMJIH eCTb DasHOCTh MEXKIy 3HAueHHeM g, ycKope-
HUf CHJIBl TAXKECTH, pPeAyUHpPOBAHHEIM B CBOOOJHOM BO3AyXe K
VPOBHIO TeoHaa, T.e. Ha ryOHHY f{, H HOpMAJbLHBIM 3HAUEHHEM Yo
YCKODEHHS CHJIBI TSKECTH Ha 3JIHICOHIE OTHOCHMOCTH

28,
Mgown = (g + 2 H)—m, (11.4)

rie g.,— CcpeiHee 3HaueHHe g no BeicoTe . Penynuposanmue npu
9TOM JIOMKHO IPOM3BOJAUTCS B peaJbHOM CHJQBOM noJe 3eMJH,
OJHAKO H3-32 HEe3HaHHS TAKOBOTO OHO MPOM3BOJAHTCHA (hAKTHUECKH
B HOPMAaJILHOM MOJI€.

[lpu paccmoTrpeHun (QUIypH M TPABHTALHOHHOIO IOJSA pPeaib-
HOH 3eMiaH aHOMAaJHs B CBOOOAHOM BO3ayxe obOpasyercsi Kak pas-
HOCTb MeXAy (akTHYeCKH HabaioAeHHbIM Ha (DH3UUECKOH MOBepX-
HOCTH 3eMJH 3HAYEHHEM YCKODEHHS CHJBl TSKeCTH g U peaylHpo-
BaHHBIM B HOPMAaJbHOM CHJIOBOM II0Jie Ha BeicoTy H ero nopmab-
HbIM 3HAYEHHEM Yo :

1)
Agens =g —7, (1 == 2?). (11.5)

TIpakTHueckn, ecaum He YUYHTLIBATL TOHKHE 3(QexTs, GopMyJbl
(11.4) m (11.5) naloT OAMHAKOBYIO BeJHUMHY aHOMAaJHH.

Ilpu BBefeHHH MONPAaBKH B CBOOOLHOM BO3jyXe Mbl HE MPHHH-
MaeM BO BHHMAaHHe BJIMSHHS Macc, PACHONOKEeHHbIX MeX1y TOUKOH
HaGJI0eHHs U TOYKOH NMpHBeIeHHs, T.e. 3TH MacChl COXPaHANTCA.
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§ 4. Ilpuraxenne nJIoCKoro cjaos

BriBojl MHOPHX H3/laTaeMBIX B JAaJdbHEHIIEeM MEeTOLOB pelyKLHH
OCHOBbIBAeTCS Ha TEOPHH NDUTSKEHHS IJIOCKOro cJaos. Paccmor-
PHM 3Ty 3ajnauy.

ITycts pan cjofi B BHIE IJIOCKOTO MarepHaJbHOTO AHCKA
(puc. 75). lloTeninas, pasBlBaeMBIli B TouKe
A sjpementoM 3TOro mucka, 6yuer

V= iy S (11.6)

'1/2;« =y
INputaxenne saemMentoM amcka touku A no-

Jy4uM, npoauddepeHnHpoBaB  NOTEHIHAJ
(6] - nor 2

dbg =dV = — f—m 11.7
= e e
Yrobbl ompenenuTh nNpuTSKeHHe TOuku A Prc. 75.

BCEM JHCKOM, Hajlo nponHTerpnposath (11.7)
no BCeH Macce JHCKA. Cuur dasl NJAOTHOCTb JUCKA OILHOPOHHOH. npen-
CTABHM 3JIeMeHT Macc dm B BHJe

dm = ordedrdz. (11.8)
Beoasi (11.8) B (11.7) u BhimosnAs MHTErPHPOBAHHE IO BCEM TpeM
KoopanHaTaM, HaXOAHM MNDPUTIKeHHe AHCKOM TO4YKH A
25

G 2\: \g j‘ zdzrdrd(p
0

z; 0

(22 + ,2)3/2 (1 19)

Hurterpuposanue BeAeM B caeAylolel MNOC/e/0BATebHOCTH;
cHauajaa HHTerpHpyeM 1o ¢ or 0 gno 2m, najnee no r OT HyJds H 10
¢ H HaKOHEI, Ha TOJHYIO TOJIHHY NJAaCTHHBI OT 2y HO 29, THE 2; H
Zy— paccTosiHuA OT TOYKH A 10 HuMKHell u BepxHefl rpameft mnia-
CTHHBI

Torpa

23 @ 21 z

e

a

¢ _zdzrdrdg ? rdr
6g=—fcjé§ @+ a2 = 2o Zdzj(zua%ﬁi:
Zy Z 0

23

R Lt e e § 2
= 2JTfG SZVW GdZ i 22'£f0' j (Vﬁ -_— l)dz =

= 2nfo (]/zg + a* — }fz?—k a*—z, —{—zl). (11.10)
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PackaanwiBas B psiJ KBaApaTHHIC KODHH H yIepiKHBasg HJICHH MO-
psanka z%fa?:

" A e
sz—i‘a_:a]f/lT%t (ITT?)’

MOJTYIHM

8g = 2nfo (m;— %Z—Z_ Ha#a;—__,--t— zl——z.z):

2

i 2nf0[(zl~—22) +zi;]i} (11.11)

310 ocHOBHas (opMyaa A NPUTHAKEHHA IJIOCKOro CJOS. Ecan
NPOTSAXKEHHOCTL CJIOSE BeJHKAa MO CPaBHEHHIO C paccTosiHueM 2z /10
NPHUTATHBAEMOH TOUYKH, TO OTHOMIEHHE z/a man6, tem Gojee MaJIo

OTHOLIEHHE (zﬁ—z?)/Qa, 1 Torma ¢ TOYHOCTBIO 0 KBajparta 3TOro

OTHOLIEHHS,
dg = 2af6lz — ). (11.12)

ST10 BhIpaxeHHe He 3aBHCHT OT PACCTOSIHHA 2 TOYKH OT IIOCKOTO
CJI051, A 3aBHCHT JHIIb OT TOJILHHBL c10f (21—22), T. €.

8g = 2nfo(z1 — z2) = const.

HHpIiME  c/lOBAMH, NPUTSKEeHHe M[JOCKOCTH cJaoeM MaTepHaJbHoH
TOUKH C TOYHOCTBIO [0 KBajapara Z/CI He 3aBHCHT OT pPacCTOsHHUs
ToukH OT cnaos, Jas HeCKOHEeUHOro CJ0s 3TO IMOJOKEeHHE crnpaBen-

auBo (e3 OroBOPOK.

§ 5. llonpaexa 3a peJsbed) MECTHOCTH

[lonpaBka 3a penbed MECTHOCTH MMeeT Le/bI0 y4YecTb BJHSHHE
NPHTSKEHHs BeeX (OpM BHEWIHEro penbeda W TMPHBECTH 3HAUEHHE
CHJIbl THKECTH B JAHHOH TOUKE K TaKOMy, KoTopoe GblIo OB, ecan
6bl 1oa TOUKOH pacroJjaraJjcst poBHBIH cjoit macc, 6e3 BBLICTYIOB
u Bnajnud. [Tonpaska 3a penbed Mect-
HOCTH BCerja ypeJiuuBaer HAOMOIeH-
HOe 3HauyeHHe CHJbl TAMKECTH He3aBH-
CHMO OT TOTO, HaxXOoAATCd 1 BOIN3H
HCCAeAYEMOH TOYKH BO3BbILIEHHOCTH
WJaH, HaoGopor, Bmajauuel. B caMom
nene, Hanuuume H3IOBITOUHBIX Macc
CDE (puc. 76), pacmnojOMKeHHbIX BHI-
uie TOUKH HaOJaI01eHys, BLI30BeT /106aBOYHYIO CHJY, HANpaBJAeHHYIO
K 3TuM Maccam. Beprukajbnas cocrapiasiomas CK 310l cuibl
yMenbinuT 3Hauenne g. Hemocratok macc B obamactu ABC rakxke
YMeHBIIUT BeJHUMHY ¢ OTHOCHTEJNLHO TOrO 3HAUEHHS ee, KOTOpoe

L]
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JHo/zKHa Obl MMEThL 3Ta BeIHYHMHA B CJydae DaBHOMEPHOTO 3amoJ-
HeHuss MaccaMp Bcefi 00J1aCTH, paCHOJOMKEHHOH HHIKEe TOYKH Ha-
G6ironennsi. Takum oBpasoMm, B cjayuae HEpOBHOH MECTHOCTH BOKDYD
TOUKH HAOGMOJeHHsT, KOrfa BJHSHHUS 3THX HEPOBHOCTEH CTAHOBATCH
ONLYTHMbIMH, JTOJI2KHA BBOJHTBbCA MOMpaBKa 3a penbed. Baesenue
B H3MepeHHbie 3HAUEHUS CHJIbl TSKECTH MMOMPABKH 3a penabed MecT-
HOCTH 0053aTeJbHO IpH J00LIX penykuusax. I1peneGperxkenye sTuMH
nonpaBKaMH (KOria OHH BeJHKH) MPH PelIeHHH TeoJle3HUeCKHUX 34-
JIay BeJeT K OCTaBJEHHIO Macc 3a YPOBEHHOH NOBEPXHOCTbIO M Ha-
pywennto yeaopuii CToKca, a IpH pelleHHH reoJOrHUecknx 3agay —
K HCKajKeHHI0 HCCJelyeMOro aHOMAaJbHOTO MOJSs, BbI3BAHHOTO IOI-
3eMHBIMH HOBHIMMBIMH MAacCaM{ 3a CYeT BHEUIHHX BH/JHMBIX Macc.
Has yuera BAHSHHA OKpyiKaioulero peiabeda NPHMEHSIOT pa3HbBie
crocobwl, HanpuMep: 1) pasbuenue Bceil MeCTHOCTH Ha YYacTKH,
NpPEeHCTABAAIINE KPUBOJHHEHbIE NPH3MBI, H YUeT BJHSIHUS KaXK-
JOTO TAKOTO YYacTKa OT/AENbHO MO YIPOULeHHOH dopMyJe B Tpei-
MIOJIOKEHHH, YTO BhiCOTA B HEM MOCTOAHHA, 2) NpelcTaB/jeHHe MecT-
HOCTH B BHJe HaKJOHHON IJIOCKOCTH H YYeT BJHSHHA TPHIMBEL C
HaK/JOHHOH BepPXHeH TpaHblo, 3) BBeJeHHe NMONPaBKHU 3a penked no
XapaKTepHBIM TOUYKAaM.

PaceMoTpum 3TH cnocobhl.

1. Okpy:Kamulylo MeCcTHOCTb TPEJACTABHM B BH/IE KpPYroBOTO
uHaunapa (puc, 77) W paccMOTpHM
TNPHTHAKEHHE BHIpE3aNHOH M3 3ITOTO
nHauHApa npuambl abdcefig na Touky
O. Buicota npuamel f, pamuycel mu-
JHHIDOB BHYTPEHHEr0 M BHEHIHETro
COOTBETCTBEHHO @y W dy. [lpHTsiKenue
KPyrosoro ummmlpa Jaet ¢dopmyaa
(11.10).

Has toro 4to®bl U3 NPHTSKEHHS
UHAMHOPA  BBIJIEJHTb  NPHTAXKEHHE
KOJbla, HMEIOUlero BHEHIHHI pajuyc
@y U BHYTPEHHHIH @i, HALO BBIYHCJIHTH
OPUTANKEHHE JBYX UWJIUHIPOB: TpH-
THAKEHHe HHJIHHApPa ¢ paluycoM Qe
H TpHTAXKEeHHe LHAHHApPA C paliny- Puc. 77.

COM @, @ 3aTEM U3 [E€PBOTO 3HAUYEHHS
BBItecTh BTopoe. llponenas 3ty omepanuio, AJAsl NPHTSKEHUS KOJb-
Ia MOJYUYHM

sg=2nfo(Vai+d—VE+a+n—2—VE+A
HIIH - ]/ a1+21f21~z)

=ofo(Va@+d—Va+a-—Vita+Va +.25).
(11.13)

[o [uN
i
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Ecau Touka sexur Ha npname 2 =— 10, 10
6g—2nfc(]/a1 ]/a2+21—5—a, ] (11.14)

Ecan Mbl XOTHM H3 NPHTSMKEHHs KOJbIA BBIAEAHTb NPUTAKEHHE
NPH3MBI, cOcTaBJsiiomlell 1/n yacTh BCero Kosblia, TO HAZO Be/HYH-
Hy, noayuennymo aaa Og (11.13) mam (11.14), pasgeautr Ha n:

g =2V E+d-VaB+a+a—a) (1115

Haa caydas, Korja TOYKa He JIEKUT Ha BepxHeld IJOCKOCTH
npusMel, opmynaa (11.15) mpumer Bupn

e=2(Vad+a-—Va+d-Va+ad+Vda+a)
(11.16)

Hasi Toro urobGbl BLIYMCJAHTD INMONPaBKY 3a peabed B TAHHOM
TOYKe, BCS MECTHOCTb BOKDYr 3TOH TOUKHM pa3bHBAeTCS Ha KPHBO-
JHUHEHHbIe TIPH3MbI CHCTEMOI PaJHyCOB H KOHICHTPHYECKHX OKPYK-
Hocrell, Jns Kaxa0H npuaMbl, 06pa3oBaHHOH mapoil cocefiHHX OK-
pysKHOCTEH M pajuycoB, BBIYHC/AAETCA NPUTAMKeHHe 10 (opmyse
(11.15) uau (11.16) n 3navenus s BceX MNPH3M CKJaJbIBAlOTCH.
O6bMHO  pacueTel MPOH3BOAATCA C NOMOMIBIO 1AaJeTOK, KOTOpHe
HaKJ1aJbIBAIOTCS HA THICOMETPHYECKYI0 KapTy TakK, 4ToOBI LEHTP
najeTkH cosmafian c uccaeiyemoi Toukoil. as xKamaoH KpuBO-
JUHeHHON TpamelyH CHUMAaeTcsl C KapThl CpedHAS BEICOTA MECTHOCTH,
T.e. TOJIIMHA NPH3MBI 2 — Z; M BLICOTA TOYKHM HajJ NPHU3MOH 2,
3aTeM BEIYHCJAAETCS BhIpaiKeHHe B cKoOke (11.16) m ymMHOXKeHHeM
3TOH CKOOKH Ha COOTBETCTBYIOIIMH KO3(P(QHIHEHT NoJyyaeTrcs Io-
NpaBKa 3a NpuTsaxeHue jgaHHoil npusMbl. [Tosnag mnompaBka mo-
Jydyaercs CyMMHPOBAHHMEM BJHMAHHS BCEeX TAKHUX NPH3M:

L S e B e SR

(11.17)

Bausuane peabeda yﬁhIBaeT NPOHOPUHOHAJIBHO KBaapary pac-
CTOSHHS. HOBTOMY BJHAHHE Jaxe HE€ OUYeHb Y/J1aJJ€HHbIX He3HadH-
TeJbHBIX HepOBHOCTEﬁ pe.nbecpa OKa3blBaeTca MaJ/Jo OLIYyTHMBIM.
[IpakTuyeckn nompasku 3a peabed BBOAATCA TOJAbKO npu pabore
B CHJIbHO BCXOJMJEHHOH H FOpHOﬁ MECTHOCTH.

2. Bropoii cnoco® ocHOBaH Ha MpHMeHeHHH (QopMyJIbl

T

8g — foa | (1— cosi)da, (11.18)
0

parwlien BEPTHKAJBHYIO COCTaBAAIIIYVIO NIPUTAXKEHHA MaccC, 3aKJIo-
YEHHBIX Me:K/Jy TOPH30HTaJbHON mockocTbio OB ¥ HaK/JIOHHOH
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OA wu orpaHHYEHHOH KPYroBLIM IH/IHHAPOM panuyca a (puc. 78).
Hcnonb3oBaHHe MeTONA HAKJIOHHOH NJIOCKOCTH BBHITOJAHO B Cjaydae
POBHOH, HO HAK/IOHEHHOH B KaKOM-IH00 HanpaBJeHHH MeCTHOCTH,
B Caydae IBYCTODOHHEro CKaTa, CeJJIOBHH H HEKOTOPHIX HHLIX JOC-
TATOUHO XapakTepHuix Gopm penseda.

ITpn pacuerax BAHsSHHSA peJbeda MECTHOCTH OOBIYHO MNOJB3Y-
foTcd TabJMIAaMH HJIH HOMOTpaMMaMH, HanpuMep, HOMOTpaMMAaMH,
cocrasnennbiMu I1. M. JlykaBuenko («Ta6-
JUIBI H HOMOTPAMMBI I/ BHIYHCJEHUS MO-
DNpaBKH CHJbL TsXKeCcTH 3a peqabed», [oc-
Tonrexuanar, 1951).

3. Cnocof BBeneHHS MONPABOK 33 pe/b-
e no XapakTepHLIM TOYKAM COCTOHUT B
TOM, YTO Ha MECTHOCTH (mo Kaprte) BLIOH-
. paioT TOYKH, B KOTOPBLIX MPOMCXOAAT Xa-
pakrepHble H3MeHeHHA (JopM  pedabedaa.
ITompaBky 3a peiabed MexAy ABYMS COCe-
HHMH XdpaKTepHBIMH TOUKAMH HHTEpIOJH- Puc. T8.
PYIOT MO TOMY HJH HHOMY TIPOCTOMY 3aKO-

Hy, HanpuMmep, JuHedHOMY uauM runepGonnueckomy. Ilocrennui
npepnoxed B. M. BepeskunbiM *), um 3Ke COCTaBJAEHHEl COOTBET-
CTBYIOILIHE TAOIHIB H HOMOTPAaMMBbI.

Bunsane penbeda MecTHOCTH yGBIBAeT NMPONOPLUHOHAJBHO KBal-
paty paccrognud. IlostomMy yKe cpaBHHTeIBHO OGJH3KO OT Hccie-
AyeMol TOYKH 3TO BJHMSIHHE CTAHOBHTCH MaJio OmYTHMBIM. IIpak-
THUYECKH MNONPABKH 3a peabed YUYHTHIBAIOTCH TOJALKO NpH paboTe
B TOpPHOH HJIH CHJIBHO BCXOJMJIEHHOH MECTHOCTH.

§ 6. Monpagka 3a npPOMENYTOUHLIH CJACH
H aHomaJus bByre

Haubonee yacTo npuMeHsieMbIMH Hapsi/ly ¢ aHOMaJMsMH B CBO-
GonHoM BO3NyXe ABAfIOTCH anomasuu Byee. Ilo cBoelt njee OHH
ObLIIH BBEIEHBI /4 TOTO, YTOOb! NpejCcTaBUTh I'PABHTAUHOHHOE no-
Je peryaspusuHpoBaHHoii 3emun. [Ipu ofpasoBaHHH aHOMAaJHi
Byre peryaspHsaiusa IOOCTHraeTcd TeM, YTO H3 TIDABHTALHOHHOTO
noJisi 3eMJH HCK/IIYAeTCsd BJHSHHE BHENIHHX BBICTYIAOUHX 34
MOBEPXHOCTL I'eOHOa Macc. ITO HCKJIIOYEeHHe OCYUIECTBJISIETCS BBE-
JieHHeM TJIONpaBKH Byre, COCTOSIIIIeH H3 NPHTHAXKEHHA IIJOCKOTrOo
CJI0s1, pAacHOJIOXKEHHOTO MeKAY TOYKOH HaGJIOLeHHS H NOBEPXHO-
CTBI0 MPHUBEIEHHUS. ‘

[TpursizkenHe niockoro cjosi naerca ¢opmyaoi (11.10). ITpeo6-
pasyeM 3Ty (opMyJy, HMes B BHAY, 4TO paccMaTpHBaeMas TOHYKa

*\ V3s. BHICUINX YYeOHBIX 3aBefeHuii, cepus reomorHa H passeika, NeNe 10
u 11, 1960 r.



256 TIPOBJIEMA PETVJ/ISIPH3ALIMH 3EMJIH [TJ. 11

JeKNT HA BepxHed TpaHHIE GecKOHEYHOro IJIOCKOTO ¢JIosl, KOTO-

pPHIM Mbl anmpokcuMupyeMm npomexkytounnifi cnod, Torpa z=0, a

zp = H — tonmuHa cJ0si paBHA BRICOTE TOYKH Haj yYpOBHEM MOpS.
B srom cayuae dopmynaa (11.10) npumer sum

o= onfo(VH> + a® —a— H).

BelHoca 3a 3HAaK paaWkana @ H pasjiaras KOpPeHb KBajpaTHBId B
pSL 1O CTemeHsiM MaJoH Beauuunbl H/a, nomyunm

6g:2nf0[a<l—:——;§—§— ...)—a—H].

[TpeneGperasi ujeHaMH BHIUE TePBO creneHd oOTHoweHus H/a,
HAaX0JHM
o
3to dopmyna i BLIUHCACHHA nonpasku byee.
[NoacraBaaa clOfa UHCJCHHBIe 3HaueHHd = 3,14, [=
= 6,67 - 10~®, mosiyuuM NpHUTAKEHHE TPOMEXYTOYHOTO CJIOS B BHAE

— 419 . 10 %H (1 el 21)
ad

I

6g]3 =

WJIH, BHIpaxkasgs Ogs B MHJAJIHra’nax,
8g5 = 0,04196H (1 o 2—’];) (11.20)

OO6bIYHO BTOPLIM YJIEHOM 3TOrO BLIPAXKEHHs IpeHeOperaipT H
TOT1a

Anomasus Byre ofpasyercas Kak pasHOCTh NPHUBELEHHOIO K
YPOBHIO MOpsSI 3HAUEHHS] YCKODEHHS CHIBI TSXKECTH C MONpaBKod
3a BJIHSHHE IPOMEKYTOUHOrO CJI0S H HOPMAJLHOIO 3HAYEHHS:

Ags =g + 2L H — 2afoH — v, (11.22)
HJ/IH, ¢ YHCJIOBLIMH KO3 dHunHenTamy,
Ags = g + 0,3086H — 0,04196H — ,. (11.23)

IlonpaBky 3a mpOMeXKYTOYHbIH CJOW MOKHO TIPEICTABHTb B BH-
Jle QyHKIHH OTHOUIeHHS MJIOTHOCTEH MPOMEMKYTOYHOTO CJOSI H Cpel-
Heit naotHocTH 3eman. daa storo sbipasum 2nf uepes Maccy
3eMad H CPEJHIOI0 CHJY THXKECTH.

[Ipunas 3eMa0 3a luap, NOJAYYHM

m 4
v=Ffg» HO m=—aR,,



§ €] MOITPABKA 3A TNPOMEKYTOUYHLIF CJION 957

Fitte 0 —— C])Cﬂ.}]ﬂﬂ IJIOTHOCTb 3CMJIH H TOra<d
AT 11.94
20 = 5 b (11.24)

Buocst 310 3nauenue B (11.22), mosyuuM BhpaykeHHe i aHoMa-
aun Byre B caenyiolmeM BHAe:
App Sgiug i —UU—H(I—%)—*YO- (11.25)
m

Bpezenye nonpasky bByre npuBOAHT K MOCTPOGHHIO MOJIENH pe-
ryJAsipH3HPOBAHHOI 3eMJ/IH NOCPEJCTBOM YCTPaleHHs] BHCIIHHX Macc.
ITpu sToM yjoBaeTBOpsieTcst oaHO TpeGosanne Teopembl CTOKca,
yTOOLI BCE MACChl OXBaThlBAJNCh YPOBEHHOH NOBEPXHOCTBIO, OfHA-
KO He BBINOJIHSETCsS BTOPOC YCJAOBHE: HEH3MEeHHOCTb 00IIell Macchl
(Macca mnamell MoAenn yMeHbIleHa CHATHEM NPOMEXYTOUHOTO
cnos). Kpome TOoro, mpm 3TOM, MPOHUCXOAUT 3HAuHTeJbHAs Jedop-
Mallisi YPOBEHHOH IHOBEPXHOCTH. B cHay 3Tux 06CTOSITENbCTE aHo-
Maauu byre HenpiMeHHUMB! B TeopuH (UIYpPbl 3eMJIH.

Tem 6Gosee monpaska DByre mnpeicraBasiercd HeHYXKHOH, ec/H
peAyHHpOBANNE TPOU3BOAUTCA Ha (USHUECKYIO NOBEPXHOCTL 3eM-
au, B sToM cayuae H3-mOJ TOUYKH, B KOTOpoi o6pazoBaHa aHOMAa-
Jud, Kak OBl ycTpaHsieTcsi IJacT TOMUMHOH A M IVIOTHOCTBIO ¢ H
10/l TOUKOH 0fpasyercss nycrora.

OznHako A5 BEISIBJIEHHSI CKPBITHIX AHOMaJbHBIX MacC pPeAyKLHA
DByre nMeer mpeuMyllecTBa Nepejl peAyKuuel B cBOGOAHOM BO3MY-
xe. Ilpn 3710fi peryKUMH YCTpAHAETCS BJHAHHE MAace, JeKalUlux
MeK1y Toukoil HaOaiofenus u reoujgom. Ilostomy saBucEMOCTB
anoManauil Byre oT BBICOTBI TOYKH 3HauHTeNbHO ciabee, yeM A
aHoMaJuii B cBOOOZHOM Bo3ayxe. AHomajnun Byre B ropHbix 00-
Jacrsix HaMensloTcs 6Gosiee IJIABHO, YeM AaHOMAJHH B cBOGOHOM
Boznyxe. CHsiTHE NPHUTHMKEHHS HPOMEKYTOUHOTO CJIOSl €O CpejiHel
MJIOTHOCTBIO ¢ CHHMAET BJHMSHHE BCeX Macc NaHHOH cpeiHed IJIoT-
HOCTH, COCTaBAfAIOIMINX 3TOT caoil. TeM pesbedHee NpOABAAIOTCS
aHOMAaJbHEIE MaCCHL.

Bsenenne nomnpaBku DByre sBasiercst sJeMeHTapHLIM CJydyaeM
pasjeseHUs TPaBUTALHOHHBIX monel. CHuMaercs BausaHHe GoHa,
CO3/1aBaeMOro BLICTYNAIOIMUMH 34 reoHMJ MAcCaMH HEKOTOPO# cpejl-
Hell TJIOTHOCTH W BHAesiseTcs Gosee penibedHO COCTABASIONAS TO-
J5I, CO3ZaBaeMas HEeBHJHUMBIMH aHOMAaJbHBIMH, OTKJOHSIONINMHCSH
OT cpejiHeil NJIOTHOCTH MaccamH. Beenenne nompasknm Byre moxHO
paccMaTpHBaTh KakK NepPBHIH 3Tanm HHTepnpeTalud TPaBHTALMOHHLIX
anomanuil. Peiykunio B cBOGOJAHOM BO3ayXe ¢ IIOMPaBKoii 3a mpo-
MeXYTOUHBIA c/10i nasnsaloT pedykyued Syeae.

Penykunio 8 ¢Bo00/HOM BO3JyXe C NONPABKOH 32 MPOMEKYTOU-
HbIl cJofi n ¢ IONpaBKoM 3a peaped Oausmekamux obJaacred
Ha3LIBAIOT HenoAHol Tonoepaguyeckol pedykyuel, a anoMaJuy,

17 4. . I pyMIHHCKHI
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o0pasoBaHHLIe NPH INOMOLIM 3TO peAyKUHH, HENOAHbIML TORO-
2paguyeckumMu aHOMAAUIMU.

Uncaennwie snavenns peAyknuu byre n Henoauoil ronorpaduyec
Ko peayknun OAu3Ky MexAy coOo¥, MCK/Iouasi BHICOKOTOPHbIE 00-
JlacTH, Tle OHH Pa3nHyaloTCsl BeChbMa cyiuecTBeHHO. Ilpu mcmoan3o-
BaHHM peayKnuH Dyre 0oJblloe 3HaYeHHe HMeET BBIGOD IJIOTHOCTH
0 DIPOMEXKYTOYHOro ¢J10f. B ciayuae 3aHHMKeHHBIX IJIOTHOCTE! wi-
c/leHHEIC 3HaucHHA aHoMmaaHii Byre Gynyr npuGamkartscs K aHo-
MaJHAM B CBOGOJIHOM BO3AyXe, fIpHUEM OYAET MOABAATLCH MpAMAad
Koppeasanus ¢ peapedoM. B cayuae 3aBHIUIEHHBIX INVIOTHOCTE, Ha-
0o00POT, NOABAAIOTCE JOXKHLIC aHOMAJAMH, HAYHHAIONNEC KOPPeIH-
poBath ¢ peabedoM, HO € MPOTHBONOJOKHLIM 3HAKOM.

B rTeopun ¢urypul 3eman anomannn Byre yacTo HCNoJAL3yHOTCH
JUIs TaK Ha3LIBAeMOH KOCBEHNHOH HHTEPMOJISUMH aHOMAJHE B TOp-
HBIX ofJaacTtax, rae anomMaaud DByre H3MeHSIOTCS 3HAYHTENLHO
nuasnee. KocBennas HHTepHpPeTanys COCTOMT B TOM, YTO aHOMAJIHY
8 cBOGOIHOM BO3JyXe IepecuHTHIBAIOT B aHoMaau# Byre, no stiu
AHOMAHUAM OCYUIeCTBASIOT MHTEPNOASUHIO HA HYKHBIE TOUKH U B
3THX TOYKax IO H3BECTHBIM BEICOTAM BHOBb NEPEXOAAT K aHOMafH-
AM B CBODOLHOM BO3AYyXe, HYMKHLIM JJIs PEUICHHs TeX HAH HHBIX
reofle3aHYeCcKHX 3ajau.

§ 7. Nonpaexka Tpes n anomaams CHABI TAMKECTR
BHYTPH 3eMau

DTa pemyKUHs COCTOHT B TOM, 4YTO HaGuwjeHHoe B Touke A
Ha (u3NUEeCKOi NOBEPXHOCTH 3EMJIH 3HAUEHHE CHJBI THIKECTH De-
AyuupyeTcs Ha reoua 6e3 Kakoro-IHOQ CMelleHHA Mace, T. €. pe-
AyKIHsS Kak OBl MePEHOCHT TOYKY HabmiofeHusi BHYTpPb 3eMJan Ha
TayOuHy, pPaBHYI0 OPTOMETPHUECKO! BbicOTE TOUKH mabnatoaenns.
Srta penyKIHsS COCTOHT H3 CAEAYIOMINX onepaluii:

1. CraaxuBaHHe peJsbeda BBeJEHHCM NONPABKH 3a pefbed IO
tdopmyaam (11.17).

2. CHsiTHE B/JAHAHHS MPOMEKYTOYHOIO CJI0S BBEACHHEM IONDIB-
xu Byre 3a npoMexyTouHbli cl10i no dgopmyae (11.25).

3. Ilepenoc TOYKH HA YpOBeHb TeOHAA peayKuHel B cBOGOAHOM
posayxe no Hopmyse (11.1) npu OTCyTCTBMM NPOMENKYTOUHBIX
Macc.

4. BoccTaHoB/IeHHe Mace, CHATLIX NPH Onepanii 2, BBeAeHUEM
nonpaskn Byre.

QopMmysa AJs BBeAeHHs peaykuuu Ilpesi moaydaercda BbIMHTA-
HHeM M3 PeIVKUHH B CBOGOAHOM BO3JyXe JBOHHON NONpaBKy 32
BJAHSAHNE TIPOMEIKYTOUHOTO €05

Ly 1

2 \
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HIN

agnz2%H——4nfoH(l— H). (11.26")
2a
B ulnc/I0BOM BhIpazKeHHH OpH ¢ = 2,3, 6, = 5,17
dgn = 0,3086H — 0,08380cH (1527}
HIH
Sgn = 0,3086H — 0,1927H = 0,1159H. (11.28)

Penykung ITpes nokasniBaeT H3MEHCHHE CHJbI TAMKECTH HPH TO-
rpy:ennn B rayor 3emau. OHa yuuThIBAET NIPHTSZKEHHE Macc, oKa-
34BUIIXCA [PH  YrAYGAEHHH BbILIE paccMaTpHBaeMOH TOUKH I
yMeHBLIAIOINX 3HaueHust cuibl TsxecTH. [loab3ydck pegykunuel
Ilpesi, nerko ycTAHOBHTbL XapaKTep H3MEHEHHs CHJbI TAXKECTH C
yraybaenneM BHYTPb 3eMJIH. JTO H3MEHEHHE 34BHCHT OT BeJIHUHHBI
nnotHoeTH o. Ilpn o, obpawamoumeil Buipaxenne (11.27) B Hyab,
cula TsKeCTH MPH yrayOJeHHH He H3MeHsAeTcs, ITO HMeeT MecTo
npu o = 3,7. B ciayuae 0<<3,7 cuna TaKecTH ¢ yraybaennem Oy-
IeT YBeJHYHBATBHCH, HAo0OpOT, NpH ¢>>3,7 cHJIa TSIKCCTH NPH yI-
AyGaeHHH yMeHblIaeTcs. DTO MPABHAO OPHEHTHPOBOUHO CNpaBeX-
JIMBO JJIs HE3HAYNTEIbHLIX TIJyOHH, NOCKOJbKY (opmyanl audde-
PEHIIHAJIBHEL

Penykuuio [lpeqa ¢ ofparubiM 3HAKOM He0GXOAUMO BBOAWTb B
HAOJI0JICHHS CH/IBI TAXKECTH Ha TOJIBOJNHBIX J0o1KaXx. B atom cayuae
CHIA THAXKECTH ONpejeseTcss BHYTPH MAacC; OHA yBeJHUEGHA 3a cdeT
npub/aHzKeHHs K LIEeHTPY M yMeHblleHa 3a CYET NMpHTAMKeHHs Mmacc,
PACTOJIOKEHHBIX HaJ TOUKOH Hab/iofeHus H COOOIIAI0MHX 3JeMeH-
TapHON Macce cHJY, HanpasjeHHylo oT uneHtpa. Habaozennoe ana-
yeHre HeoOXO0AMMO PeLyIHPOBATL HA MOBEPXHOCTb MOPSH, IJIF UYEro
cleldyer clesaTh NpHBeAeHHe B cBOOONHOM BO3JyXxe, a mociae 3To-
ro y4ecTb, YTO CJOH BOJbl, PACIOJOMCHHBIH Hag TOUKOH H yMeHb-
lIaBlHi 3HayeHHe g, Nocae MpuBeleHHs OyIeT pPacnoJioMeH MO
TOUKOH ¥ Oyfer Ha Ty JKe BENTHYHHY YBEJHYNBATD 3HAucHHe g,

[TpubauzkKeHnblil pacueT U3MEHEHUS CHIABL TSKECTH ¢ rayGunoit
NOrPY:KeHHsT BHYTPb 3eMJIH MOXKHO BBITIOJHHTb HCXOAS H3 CJeIylo-
mux coobpaxkeuuii. Ilpumem 3emuio 3a map. Pacemorpum mpH-
TAMKEHHe 1apoM BHyTpeHHell ToukH A. IIpHTSIKeHHs BCeX 3JeMeH-
TOB BHELIHEr0 OTHOCHTeNbHO A cdepHyeckoro cosi B3aHMHO YIHY-
TOXKAIOTCA, M CcJ0f oKaswiBaer Ha A HyjeBoe gefictBue. Buy-
TpeHHsia cepa panuyca r nputarueaer A ¢ cuaoi

m
g Rt f F:
rje m-—wMacca mapa pajauyca r. Hahgem m, umes B BuLy, UTO
OecKOHEYHO TOHKHIl c(epHueckuil CJOf pajauyca p HMeeT Maccy:
dm = 4np?odp,
17
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rie ¢ — MaoTHocTh, Torma

o
m=4n j ap?dp.

0
Buoca 310 Bhipamenne B ¢GopMyay A YCKOPEHHs CHJILL TAKECTH,
MOJIYIUM

r

4nf

0
ITomns, uro B npefenax cAeJaHHHIX JONYCKOB (mapooGpa3Hoctb
3eman)

M 4
y:f-]e—.zz%z——g—nomRs, (11.30)
OTKyZa dnf=3 Rz ! MOJIYYHM
gzaa—?R-rlchpﬂdp. (11.31
0

Dta (opMyaa faeT 3aKOH H3MEHEHHs CHJBI TSKECTH BHYTPH 3em-
an. Ecan 3agate (yHKIHIO 0, TO GyAeT onpejencHo g.

IlpunuMas nans uU3MEHEHHS MJAOTHOCTH 3akoH Poma o=
=ao(14+kp?), rae k=0,764 — ynucaoBoit KO3QHIMEHT, P — PACCTO-
siHHE OoT LleHTpa 3eMaH, dp= 10,1 — MIOTHOCTb B LEeHTPE 3eMaH MpH
p = 0, monyuuM, uto Ha rayGuHe okosao 1000 xku cuaa TsKecTH
HMEEeT MakxKCHMYM, HOCJde KOTOPOro yObIBaeT MOHOTOHHO 10 uyJ/d B
LleHTpe 3eMJIu.

Ilo amomamuam Ilpes MOKHO NPHOMIIKEHHO ONpeACTHTH rpa-
BHTAILMOHHYIO NOCTOAHHYIO.

B camoM pmene, mycTh cmsa THMXKECTH H3BeCTHA, HanmpHmep, B
Touke A pa moBepxHoCTH 3emau W Ha ray6uue A B maxre. Torma
corsacio (11.26”), npene6perass pennunnoit 4nof?/2a, umeem

i

4ol

g (11.32)

3nas Ag M pacnpenedeRHe HIOTHOCTEH B paitoHe IMAaXTbl, onpere-
apm f

§ 8. Tomorpaduueckas noinpaska

OrHecenne HaOJMIOJEHHOTO 3HAYEHHS CHJLI THMKECTH K Teouay
¢ HCKJ/IOueHHeM MNPHUTAMKEHHsT BCeX BHICTYNAWIIMX 3a TCeOH] Macc
Ha Beell 3eMJie Ha3biBAGTCH NOAHOL Tonoepaguueckoil pedyxuyuer.
[TonpaBka 3a npuTAXKeHHe BCEX BHICTYNAIONHX 3a TeoMJL Macc Ha-
3pIBAETCH NOAHOL TOnoepaguieckoil nonpasroil.
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Bpejenne noaHoH tonorpaduueckKoH MoNpaBKy BeCcbMa TPYLOCM-
KO. Jlns ee BBIYHCJICHHS NPHXOANTCH YYNTHIBATH MO THICOMETpPH-
UECKHM KapTaM BJHSHHE BLICTYNAIOIMX 3a TEOHJ Macc— Tak Ha-
3BIBAGMBIX TOnOzpaguueckux macc— njas Beell 3eman. Bo mmorux
ciyuasix OLIBA€T BO3MOIKHO OrPAHHUYHTHCS BBIYHCJICHHEM BJIHAHHS
mace, GJH3KO PACHOJOMKEHHBIX K Hccjaenyemoll Touke. B atom cay-
yae BBOJAMMAs NONPaBKa M COOTBETCTBYIOULAS peAyKIHS Ha3bBa-
10Tesi Henoaxol ronoepaguieckor. OOGLIYHO TPH BHIUHCJACHUH He-
NOJIHOHA Tomorpa@HUYecKofl peayKIHH OrpaHHYHBAIOTCA y4eTOM Mace,
pacmosiokenHblx B paamyce nopsanka 200 xm. Hmetorcs TaGauubl
Xe@topsia, coctasjienHble AJs ydyera Tomorpad)HyeckHx Mmacc B
panuyce 166,7 xn.

Eme vanie mompaBka 3a mpuTsa:KeHHe TolorpaHuuecKux mace
saMeHsieTcsl NMONPABKOH 3a NpHTsAXKeHHe OeCKOHeYHOH MJIOCKOH mnJja-
CTHHEI, KOTOPOH INpeICTaBJIsSIOTCS TomorpapHuecKHe Macchl, pac-
nojozenble BOMH3I HCCAEAYEeMON TOYKIL, 4TO, KAK YiKe FOBOPHJIOCE,
naet peayxmnuio bByre.

Ilpi BBEAEHUH NOAHOH TOHOrpa(pHUECKOl PeAyKIHH HPHTHKeHHe
tTonorpaduyecknx mMacc Bceft 3eMJn pasjenasercd Ha BIHAHUe GJIH-
JKalmux K Touke obJacredf, NIpHHHMAeMhX 34 IJIOCKHe, H BJAHAHHS
JAJbHEX ‘00JacTel, AT KOTOPBIX HeOOXOAHMO HMETh B BHAY cde-
puuncceth 3eman. [lpu BBemenuyu Kakux Obl TO HH OLIIO pPeAYKIIMI
chepOHLABHOCTE 3eMJIH He yuHTEIBACTCH.

ITompaBKH 3a NMPHTSAKEHHE TONOrpa(HUecKHX MAcCC IMJIOCKOH 00-
JIACTH BBIYMCAAIOTCA NPH mOMOILH ToH e dopmyast (11.16) mpu-
TSKCHHST KPYTOBOrO IMJAHHApA, KOTOpas yiKe BHIBOAMJIACH s
yuera BAHSAHHSA pesbeda.

Ecau o603HaulThL TOMIIHHY CJOs 4epe3 f1, a BBICOTy TOYKH HAf
numM uepes A, To B Gopmyae (11.16)

2o A R

H OHa §OpHHHMAaeT BHJ

0g = O%’ [(l/r‘é L (H+R— VBB —
—(V A+ H e — VA +R)] (1139

TMonpaBka 3a TPUTSIKEHHE TONOTpaHUECKHX MACC BCEHl MNJOCKOM
00JacTH MOJAYYMTCH KaK cyMMa Takux 0g, BSATBHIX 10 COOTBETCTBY-
IOIUM pagaycam.

PaccMOTpHM fajee MeTOA yueTa C(epHUecKOH COCTaBIAIONIEH
NPUTSKEHUST TONOrpapuueckux Mace Ha TOUKy A.

[lycTh smementapuas Macca dm pacmojoxena B Touke M Ha
BoicoTe h manm coepuueckoin 3emaed, M’ — npoexkuus no pa-
amycy Toukn M wua cdepy, | — mojaspaoe paccrosHne Touxkm M,
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p—yron noummenust Touku M mom ropusonr (puc. 79). Bepru-
KaJibHasg COCTaBAAIOLIASA NMPHTAMXKEHHS TOUYKH A BJ]EMEHTBPHO}“{ Mac-

coit dm Gynerdg = ff—;nsinﬁ. Bripasum yrost p uepes h, P u a

2
sinp :-l—(—a-—hcosq; , %= a® - h? - 2ahsin Y.
r\2R 2
Tenepn moxcraBuB 3Hauenus sinf u r, HOJAYUHM BHIpAXKEHUE 1.5

L

Pue. 79.

BePTUKAJIbHOI COCTABJSIONIEH NMPHTSKEHNS TOUKH A 3JeMeHTapHoil
Maccoit B BHIE

a2
R — hcos ¥
(02 - h? - 2ah sin (1p/2))

re yepes E(h, P) o6o3nauena ¢yHKuus

2
QER-—hcoqu

32"
(a3_+ h? - 2ah sin (1]3;’2))

Hnsi BbUHCNEHHs] BJHSHHS TONOrpaQHYEcKHX Macc 3eMJaH Tmpen-
CTAaBUM BBICTYHAlOWUI 3a cdepy peabed B Buie chepHuecKHux
UHAHHJpUYECKHX KoJel (puc. 80). Bausnue Kaxkaoro KoJblia Tio-
JAYYHM HHTErPHDOBaHHEM BHIpaxeHHs dg mo BceMy Kouably. [lis
9TOr0 3JEMEHTApHYI0O MacCy NpeiCTABHM B BHIE 00BEMa 3JeMeH-
TAPHOH TPH3MBI, BBLIPAXKEHHOrO B chepHYeCKHX KOOpAHHATAX,

YMHOXKE€HHOTO Ha MNJOTHOCThH O:
dm = (R+ h)*sinp dy d\ dh,
h 137., 2n

6g=Ffo | | [ ECp, 1) (RER) sin dp dh db.

0 1Py 0

dg = ol dm = E (b, )] dm,

)
; (11.34)
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&

Oyrakiusg £ B KoHeunoM BHAe He nnrerpupyerca. OOwUNO Aa8
Kaxi0il npusMnl Gepercs cBoe cpejanee 3naucnue F. BuiHocs ero
34 3HaK HHTerpana, MNOJYYHM
h 1]:3 2n
6g =Efo | | f(RTh) sinp dip di dh. (11.35)
0Py 0
Buinonussg nuTErpHpOBaHHE, ﬂpHILeM K opmyne
s rh
ag = 21f0Rh(l —[— -{— SR") (cos P, — cos ) E.
OObuHo yaeHaAMH IOPSIAKA h/R npenebperator. Torga
= 2afo R (cos p, — cosP,) E. (11.36)

Benencreue GoJbIIOH TPYAOEMKOCTH Bhluuc/aenus E uanie npw-
MEHSETCS  HECKOJbKO BHIAOH3MEHCHHBIH MEeTOX pacyera BJIHSHHS

Puc. 80.

AanbHuX 30H. B ¢yukuun E 3HaMeHate/qb DAasMOMHM B PAL H
VICPIKHUM UICHBI MOpsIKa fifa:

—3/2
L g jl_J__) i
E:—a?(ﬁ'—-hCOS'lP)(l—!-‘—Sln 5 ==
1 et F e i
. :iz—R' PGS 2 =R sin -
3amenum a uepes 2R sin (P/2) u 06pa:~;yeM NpOH3BEIeHHE

1
Esiny = 5p; cos %— —;%(2 —[—ctgz%)cos%.
ITopcrapnsin 310 puipaxenne B (11.34) u nurerpupys mo ¢ u A,
nosayuaem
P Wy

g QRfoh[(sin %— — sin —2—) - 4}; (3 sm -1- cosec o —

2
3nech yepes & o6osnaueHa (QyHKUHS B KBaAPAaTHBIX ckoOkax. [Ipu

— 3sin¥e — cosec M2 )] = 2nfoh& (h, p). (11.37)
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yyere BIHAHNIA A4JBHHX 30H I{GYILOGHO 6[38'1'13 9TH 30HBI KOJIblle-
BbIMH, TaK KakK BBICOTBI /I 1O KOJbLY MOTYT H3MEHATbCH CJAHIIKOM
CH/IbHO. 1109TOMY 0GBIYHO KOJIBIO pa3GHBAaeTCs HA 7 CHepHUCCKIX
ngSM, 1 Toraa (opMylna TPHTAXKEHHS KakJI0H TOUKOH NpPH3MbI
yaer

bg =% & (h, ).

B xauecrse h Gepercst cpenasa BHICOTa HPHIMBL

§ 9. Teopusi uzocrasuu

3emHAast KOpa HaXOAHTCS B COCTOSHMH paBHOBecHs. TouHee, oHa
Beerja CTPEeMHTCH K PaBHOBECHIO, NOCTOSIHHO HapyllaeMOMy paa-
JHYHEIMH TnipolieccaMM passutus 3emau. TexTonnueckue npeobpa-
308aHysA, NPOUECCH HAKOMJIEHHS OCaJKOB, H3MeHeHHe JeioBOTO
pexinMa B 00/acTaX oJedeHEHUsI— BCe 3TO HapyllaeT COCTOSIHUE
pasropecud. OrjenbHble 061acTi 3eMHOH KOPBI, B KOTOPHIX NPOH30-
10 Takoe HapylleHde, HA4HHAIOT MOTPY:KAaThcAd WJIH, HA0O0POT,
MOJHHMAThCS, ¢ TEM YTOOBl BOCCTAHOBHTH HAaPYLIEHHOEC paBHOBECHE.
Wupivu coBamy, H3OLITOK Macc Haj NOBEPXHOCTbIO KOMIEHCHPY-
eTcsl HeJ0CTATKOM HX BHH3Y. ITO fBJEHHE MOMYYHJIO HazBaHHE
U30CTasuu.

flBJIcHHE KOMIEHCAIlHH OCOOEHHO uYeTKO HaljalogaeTcs Io pac-
npeesecHuio IPABUTANHONNBIX aHOMaauil. DTH aHOMAJHH H3MeHs-
JOTCS B 3aBHCHMOCTH OT pesbeda 3HAUHTEJBHO MEHbIIe, UeM 3TO
JLOJZKHO Ob1710 6L OLITh BLI3BAHO HAJHUHEM H3OLITOUHBIX BHEILUHKX
Macc. Kazanoce Obl, Haj ropaMu J0JIKHBL OblTh GOJbIIHE NOJOMNH-
TeJbHLIE aHOMAJIUH, 4 HAJ OKeaHWYeCKHMH BlaJUHAMKH — OTpHLA-
TenpHpie. OQHAKO TPaBUTAIMOHHAS KapTHHA 3HAYUTENTBHO Gojee
raankas. Han okeanamu BooGlue, Kak NPaBHJIO, HET 3HAUHTEJIBHBIX
agoMasui, Oun KosaeOaiorest B npemenax -=40—50 mea. Hanm ro-
paMH — ToXKe NOJOXKHTEJLHLIE aHOMAJJHH 3HAUNTEJBHO MEHLUIE Tex,
KoTopble MOraH Obl BbI3BaTh ropbl. ToJgbKO B 00/acTAX MOJOAOH,
elle He ycneswell CKOMHEHCHDOBATBCH, CKJIaAYaTOCTH TPaBHTAMM-
OHHBIe aHOMaJIHH MOTYT OKa3aThCfl Pe3KO IOJOXKHTENbHBIMH.

CoBpeMeHHOE NpeacTaBieHHe O CTPOEHHH 3eMHOH KOpBl C YBe-
JHYeHHeM €€ MONIHOCTH NMOJA KOHTHHEHTAMH U B OCOGEHHOCTH TOJ
ropaMup H ¢ yMeHbIeHHeM BO BI4JUHAX H 0COO6EHHO OKeaHHTeCKHX
06s1acTAX XOPOUIO cOoTyIacyeTcs ¢ TeOpHel H30CTasnH.

Eme B cepeanHe mpommjoro crosieTHs Oblia cOpPMYJIHpOBaHa
TeopHs PaBHOBECHOTO cOCTOsHHs 3eMHOH Kopul. Ilo sTo0it Teopun
Npeanonaranocb, 4To B 06JAacTAX [JONOJHUTENbHBIX HArpy30K Ha
KOpY, HanpHuMmep, B ropax, HMEEeT MeCTO Pa3yIJIOTHCHHE BEIIECTBA
BHYTpH 3eMJIU TaKOe, 4yTO Ha OIpeeJeHHON riyOHHe HabJ/ionaercs
noctosinHoe 1Js1 Beell 3emuan nasnenue. HaoGopor, B 3omax BHeul-
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Hero gnedexta Macc B KOpe JOJIKHO CYHIeCTBOBATH YIJIOTHEHHE.
dTa THMOTe3a ONHpaJach HAa SKCNepHMEHTaJbHble JaHHbLIE, COCTOS-
IHe B TOM, UTO HaO/IONEHHOE 3HAUEHHE BEeJIHYHHBI NPUTAXKEHHS
ropHoro MaccuBa [mMallaes 0Kasajoch MeHbIIE pacueTHoro. Tak,
onpenensds YKJIOHEHHSI OTBeCHON JHHHHM B pafione I'mManaes, aHr-
JAnfAckHi reogesrcer IlpatT noayuypsa sHaYeHHE 3ITOr0 YKIOHEHHA
3HAUYNTENBHO MEHbIIE OXKHjaeMoro. B uacTHOCTH, Ajs hyHKTa [lu-
Mapruia pacuerHoe sHaueHue Owuo 2779, a uaGuaiofenHoe 57.2.
Orciopa cleloBas eAMHCTBEHHO [PaBHABHLIM BLIBOL, 4YTO €C/H
ropbel HNPHTATHBAIOT Cu"lél()(.‘(‘., yeM JA0JXKHa HPHTAruBaTh HMX Mdcca,
TO, 3HAUHT, 0L TopaMu ecth Aetekr macc. Ha srtofi ocnose Onina
chopMyIHpOBAHA THIOTE3a H30CTA3HH.

Cxema naocrasuu no Ilparry xopomo namocrpupyerca puc. 8l
deMHas Kopa paccMaTpHBaercsi cocrosimlell H3 OT/eNbHbX OJ0KOB
pasnTnuHOl MIOTHOCTH. DTa IJIOTHOCTH M3MeHseTcs or OJ0Ka K
670Ky TakuM 00pa3oM, 4ToObl Mac-
cbl BCeX OJIOKOB OBLIH OAHHAKO- WSt
bl Toraa mamjenne Ha HEKOTOPYIO #4 jr— g
NOBEPXHOCTh S, PACMOJI0KEHHYIO IF
Ha rayOune 7, cuuTas OT ypPOBHA ZA T
Mopsa, OyaeT ONUHAKOBHIM [J4
Bceii 3eman. B stom u cocroHT ¥
PABHOBECHOE  COCTOSIHHE  3eMHOH 7
xopel. IloBepxmocts S HaseBaer- _
€ TNOBEPXHOCTBIO KOMIIEHCAIIHH, Puc. 8l.

a rny6uHa T — rayOuHOH KOMMen-

canud. [lnoTHoCTh OTAENBHBEIX G/IOKOB 3eMaH GydeT TeM MeHbIIe,
ueM Oosbule BhICOTa 6J0Ka Hajx ypoBuem Mops. HuwiMu cloBamy,
CCJIM HaJ ypOBHEM MOpS BLICTYHAIOT KaKHe-JHOO0 MacChl, TO 3TOT
USOBITOK Macc Ha 3eMJle KOMIEHCHPYeTCs HelOCTATKOM Macc 1oj
3emuelt, T. . TeM, YTO NIOTHOCTH TAKOro 0JOKA MEHBIIE, YeM TOTO,
YV KOTOpPOro HeT BRICTyHalomuXx macc, OCHOBHOE yC/I0BHE HAJIHUHMS
u3ocTa3uy no IIpatry MoKHO Hamucath:

NI CYLIH

o(T -} H) = const,

IJIST MOpS
(T ~ P) +-1,08P = const.

3pecb O-—MNJOTHOCT Kopul, I — rayGuHa KoMueHcauuu, H — BLi-
cora 67a0ka, P—raybuna mops, [,03 — NJIOTHOCTL MOPCKOH BOBIL.
C ¢u3uyeckor TOUKH 3PeHHsI NofoGHAs cXeMa BEI3LIBAECT MAcCy BO3-
paxenuil. OpHako ME OyneM IpPHHHMATh €€ He Kak JAefCTBUTC/Ib-
HYI0O CXeMY CTPO@HHS KODHI, 4 KaK HEKOTOPYI0 abCTpPaKIHio, NO3BO-
JSIOUYI0 MOCTPOHTb YAOOHBIM BBIYHCIAMTENBHHI anmnapat. Bosee
0DOCHOBAHHOH € (PU3NUYECKOH TOYKH 3PEHHS IMPENCTABRJIAETCH cXeMa
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H3ocTasuu no Jpu (puc. 82). B Helt 3eMHasi Kopa NpeiacraBiser
csl COCTOALLeH H3 OTAEeJAbHbIX G/J0KOB pAaBHOH MNJOTHOCTH, IJIasalo-
mux B BA3Koi Marme. Yem Gosblle BLICOTA TaKOro GJokKa Han
YPOBHEM MOpS, TEM OH TfAXKeJee H TeM Iay6ixe NOrpyxKeH B Marmy.
ITosroMy ropupiM 00/1acTsiM COOTBETCTBYeT GOJLINAA MOLIHOCTH KO-
PH, HH3MHAM HJAH, TeM Oonee, HHY oKeaHa — maaad. MoxHOo 00-
P43HO CKasaThb, YTO COrJIaCHO STOI:i CXEMe H30CTasuH ropbl Kak Ol
HUMEIOT KOpHH, yxojsfmue B rayOb 3eman. Iny6uHa NOrpy:KeHHA
IaHHOTO 6J10Ka OHPERGHHETCH 3aKOHOM ApXHMC,Ila, H  COOTBETCT:
BE€HHO €MY OCHOBHBIM YypaBHEHHEM TEOPpHH H30CTa3HH SpH SABJSIET-
cs yCJOBHE

O'(JB =S O'b, (1]38)

raie op— IJIOTHOCTb KOpbl, ¢ — IJIOTHOCTE Marmhl, B—MOIILHOCTb
Kopbl B naHHoM OJioke, b — rayGuHa norpy:euust GJoka B Marmy.

TlpnununuanbHo cxema DpH He OTJAHYaeTcs OT cxeMbl [lparTra,
a sBJISETCS HEKOTODHIM €€ ycaomHeHHeM. B camom jene, ecam Ha
puc, 82 mpoBectH NOBEPXHOCTH S Ha
rayoune T, paBHoIl rayOHHe morpyxe-

Ny - HHs CaMoro Buicoxoro On0Xa, TO Ha
i 3TOH TNMOBEPXHOCTH OGyAEeT MMeTh Mec-

Ry TO THApPOCTATHYECKOE paBHOBECHe,
1% TOYHO TdK JKC KaK Ha IIOBEPXHOCTH S

l KIA B cxeme [Iparra. Macest Gioxos, pac-

i l ¢ NOJIOXKCHHBIX HaJl 3TOH NMOBEPXHOCTBIO
g e R e B cXeme 2pH, OyAyT paBHBI, TAK Ke
Puc. 82. Kak aas cxembl IIparra. B camom ne-

ne, paccMoTpHM fABa 6J0Ka B CXeMe
dpu (cMm. puc. 82). Macca nepBoro H3 HHX 0oB. Macca BToporo clo-
JKHUTCST M3 Macchl 6J0Ka 0oBy W Maccnl oR uactin MarMmel B ofbeMe,
npojoKamieM 3ToT 6J0K xo raybuubnl T, T. e, Macca BTOPOro
crtoxba Oyzer
00Bo + oR,

1o R = b — by, nosTomy, coraacuo (11.38),
0, a,
=B —G"— . by, =8 -G—".

3Haunt, Macca BTOpOro ctoaba Gyaer

GoBy + (b — by) = Bygp+- 0 (B '0(% fr BGG—;) = 0,8,

T. €. Macchl GJOKOB paBHBl M, 3HAUHT, yIOBJCTBOPSETCH OCHOBHOE
ypasHenue cxemul Ilpatra.

Hekotopeie aBTOPH IpeaiaraloT paccMaTpHBaTh CMEIaHHYIO
cXeMy H30CTasHH, T. €. TaKylo, B KOTOPOil M MJOTHOCTH 6JOKOB H
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ray0HHa TOrpyKeHHs mepeMeHHBl. QueBHIHO, 4TO Kak pa6ouas
CXeMa Takas cXema CJOXKHEe M NO3TOMY HempHeMJAeMa; Kak cxeMma,
NpejCTARASI0NAS peaanbHoe COCTOSHHe 3eMJIH, OHA HeCKOJIbKO O.1H-
#e K ucrune. Xefihopa 1 Boyuw npuuumaior cxemy Ilparra, yenox-
HAST €e TeM, YTO BHOCST pasHble 3HAUEHHUs [JIOTHOCTEH B TMOI3EM-
Hyl0 H HaJ3eMHyIo dacty 6J/I0KaB.

Bo Bcex mMoaH(HKALHAX OCHOBHBIM HEIOCTATKOM TIHIIOTE3LI H30-
CTa3N1 SIBJSIOTCS NPCATOJNOMKEHHST PaBHOBECHOTO COCTOAHHA KOPbI
H npenebpexeHne CHJAaMM CLeIVIeHHs Me:xly OJOKaMH, KOTOpLie
paccMaTpHBAOTCS H30JHPOBAHHBIMH H MOIYIIMMH BepPTHKA/ILHO Me-
pemeiiaTbesi caMu no cefe 6e3 B3aUMOJEHCTBHS € COCEAHHMH Mac-
camui. OqHAaKO 5TH HEJOCTATKH HeCyLIECTBEHHbLI, ecaH CXeMy H30-
CTA3ul pAacCMAaTPUBATE KAK METOJ BBeNEHHS OUpE/leNeHHBIX PelyK-
nmit, Ecin ee paccmaTpHBaTh Kak JEHCTBUTCIBHOE COCTOSIHHE KO-
DHI, TO CTEAYeT BHECTH CYHIeCTBCHHBIe KOppeKTHBB. M3ocTasuio cie-
Lyer paccMaTpHBATL He KaK COCTOSIHHE pPaBHOBECHS KODLI, a Kak
nponecc ee passurus. Heapssl npeacrasisite 3eMHYIO KOpy Kax 3a-
CTLIBLIYIO paBHOBecHYI0 cTpykTypy. HaobopoT, oHa BCe Bpems Ha-
XOAHNTCS B ABHMKCHHH, B pasBHTHH. ['eosormueckue mpollecchl, mpo-
TeKalolneé Ha NOBECPXHOCTH KOPHI, O0CATKOHAKOIJIEHHE, TNPOLECCHl
3p03HH, a TAKMkKe TEKTOHHYECKHe IIPOIIECCHl MOCTOSIHHO HapyIaloT
pacmpenesenye Mace Ha 3eMJae, 3HAYUT, BCE BpeMS M3MEHNIOTCH Ha-
rPy3KH, 1 3eMHAas KOpa Bce BpeMs OYHeT HCIBITHIBATH BEpPTHKAJ/b-
Hble INepeMelleHNsi, BLIPABHHBAIOIIHE IIPOMCIICIING HAapYIIeHHS.
Taxkum o6pa3oMm, 3eMHAg KOpa HMeeT cTpeMJeHHe K NPHHATHIO BCe
BpeMs HapyllaeMOro ypaBHOBELIEHHOro cocTosiHHA. KoHeuHO, peak-
s Ha HapylleHHe paBHOBecHs OyJeT He MTHOBeHHasd. 3/7eCh BO3-
MOXHBl NOCTeleHHBIC NMPOTHOBL, @ TaKKe HAKOM/JIeHHA HaNpAMKeHHH,
npHBoAdUIHe K OBICTPBIM TeKTOHHYeCKHM npeoGpasoBaHusM. Oue-
BIJIHO, 4TO pearHpoBaTh Ha H3MEHEHHs HATpPY3KH OYyIyT He TOJbKO
jarpy:eHnnie 00nacTH, HO H CMEXKHBIE C HHMM BCAGACTBHE CHI
cuemJienns B BellecTBe KOPBHL. 3HAUHT, H30CTA3HIO HAJ0 pacCMATPH-
8aTh HE KAaK JOKAJbHYI0, OXBATHIBAIOULYIO 0GMACTh TPOHCHISNIIHX
M3MEeHEeHHI HAarpys3oK, a Kak perHOHaJbHYI0, 3aTparHBaiIy0 00Jb-
e 06JacTH, OTACJbLHLIE YacTH KOTOPHIX MOTYT HE TOJLKO He OHITh
KOMTIEHCHPOBAHHBIMH, HO Aa)Ke He HMeTh TeHAEHINH K 3ToMy. B Ka-
YyecTBe TaKOH YJydlIeHHOH perHoHaJLHOH H30CTA3HH, YYHTLIBAIO-
eil CHABL YNPYroCTH KOpBI, ObLIA NpeaokKeHa TeopHs H30CTa3HH
Bennnr-Mefineca, paccMaTpPHBAIOMIEr0 BepTHKAJbLHBIE NEpeMellents
OTAEJLHBIX YUaCTKOB KOPBHI MOL JAeHCTBHEM H3MeHEHHBIX HaTpy30K
Kak nporubbl ynpyroil maacTHHLI, BAaBjHBalollefics B Marmy. JTa
cXema M30cTasuu Gojee npHeMsaeMa MOTOMY, UTO OHA NpPECcTABN-
erT (QH3NYECKHH NPOLECC H30CTA3HH, OJHAKO B BBLIYHCJHTEALAOM OT-
HOLIEHUHN OHA KpaiiHe CJI0KHA M CaM eeé aBTOp BeJEeT BLINUC/IEHHE
I30CTATHYECKHX PpeIYKIHH B OCHOBHOM mno cxeme Xeldopna —
Boyn.
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C TeueHHeM BpeMeHH B3TJIS[LI HA THNOTE3y H30CTAa3HH H3MEHS-
JICb OT NPH3HAHHSL €e B caMoM rpy6o cxeMaTHYeCKOM: BHJIE J10
MOJHOTO OTPHUAHHA M HOBOro mnpH3HaHus. CoBpeMeHHble JaHHEBIe
3aCTaBJAAIOT HAC CUUTATh H30CTA3HI0 0e3yC/JI0BHO CYINECTBYIOMIEN,
OHAKO MMEHHO B TOM IOHSITHH, KOTOpoe OBIIO M3J0XKEHO, T. e.
M30CTa31H PErHOHaJbHOM, LIHPOKOOOGJACTHOH € BO3MOXKHBIMH JLIN-
TeJbHBIMH 3aNa3JbIBAHUSAMH BEIDABHUBAHHSA, H H30CTA3HH KaK INpO-
lecca CTpeMJIeHHsI NMOCTOSHHO HAPYIIAEMOTOo PABHOBECHS K €ro Bhi-
pasnuBanuio. IloaTBepxkKaeHHEM HAJHYHS H30CTATHYECKOH KOMIIEH-
calMH SABJSETCS H3yyeHHasi M H3yuyaeMas B HACTOdIlee BpeMs Kap-
THHA CTPOEHHS 3eMHON KOpbl. SBiasercs obulenpH3HAaHHBIM, 10Ka-
3aHHBIM TOT (DaKT, YTO MOIIHOCTH 3eMHOM KOPHI 0] KOHTHHEHTAMH
cocrapasior 30—70 xkm, npuueM oHHM GoJablie B 00JaCTAX TOPHBIX
crpan. Ilox okeamammu, Ha060pOT, 5TH MOLIHOCTH COCTABJIAIOT BCE-
ro 5—1b k.

§ 10. HsocraTHyeckada peayKuus

Hzocraruuveckan pedykuyus COCTOMT B TAKOM TPHBENEHHH CHJIbI
TSAMECTH, KOTOPOE YUHUTHIBAET BJAHAHHE KOMICHCHPYIOIIHX Macc.
Ecan macca ropbl KOMIeHCHpYeT aedeKT Macc noj Heff, To H30cTa-
THYCCKAas PeAYKIHA JoJKHAa ybpaTbh M3 HaOII0JeHHOTO 3HAYEHH:
CHJIBI THIKECTH BJIHAHHS MacC 3TOH Topbl U A06ABHTb BJAHSHHE STHX
JKe Macc, Koraa OHH OyAyT pasMelleHLl NojA TOpoll 10 TayOHHE
KOMIIEHCALLHH.

B cayuae BbimosmeHuss HaeaJbHOH H30CTATHYECKOH KOMIEHCA-
LMY H30CTATHYECKHE aHOMAJHH CHJBI TAXKECTH OVAYT PaBHBI HVJIIO.
D10 cjenyer H3 TOTO, 4TO IPH HJeaJbHOH KOMIEHCAlHH H30CTaTH-
yeckasi PeIyKIHS YCTpaHsieT BCE AHOMATHH Macec.

COOTBETCTBEHHO CKAa3aHHOMY M30CTATHUECKAfd PEIYKILHA COCTO-
UT H3 CHATHS BJHSAHHS BHEIIHMX MAacc BBeJeHHEM NOMPABKH 34 TO-
norpauio H BBEJEHHS BJIHSHUSA 3THX MacC NOCJE TOrO0 KaK OHH
GyayT pasMelleHbl C OLHOPOAHON MJOTHOCTBIO HA BeCh CJOH KOpHI
10 rayGHHBL KOMIIeHcAnuH, JTOT TakK HasbBaeMas IONpaBKa 3a
KOMIIeHCAlHD MAH COOCTBEHHO H3ocTaTHueckasi nompaeka, Kpowme
3TOr0, CHJAA TSMKECTH MPHBOIHUTCA 3a BLICOTY no (opmyJie peryK-
1 B cBoOOAHOM Bo3ayxe, OcHOBOH BBIYHCAEeHMI Kak Tomorpadu-
YeCKHX, TAK M KOMIIEHCALHOHHBLIX MONPABOK O/HMMKHHUX 30H SBJSET-
ca ¢opmyna (11.33) npuTAmKEHHS UHJAHHAPHYECKHMH TpH3MaMH
TOUKH, JIe:Kalllell Ha OCH KPYroBoro nuanuapa. Bes mecTHOCTH BOK-
pyr HccjenyeMoi TOYKH pasbusaercs (Ha KapTe ¢ IIOMOIIbIO Iia-
JeTKH) Ha TakHe LUJIHHADHYECKHe NPH3Mbl, H BLIUHCJSAETCS BJIHS-
HHe Ka)KJaoH n3 Hux. CyMMHpOBaHHEM MOJyuyaeM IONPaBKy 3a TOMO-
rpaduio Arg. Ira dopMysa CIYKHT H AJS pacyeTa MOMPaBKH 3a
KOMIMEHCAl}lo, TOJMBKO B Hell Haxo mosoxuth /[ paBHOH rayGuHe
komnencanun T, i 3aMeHuth uepe3 H -+ /7 — BHICOTY Hazx ypOBHEM
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MOPSl M IWIOTHOCTH IOJIOXKHTbL paBHoi ofl/T. Ilpusencuuas dopmy-
Ja CAYMKHT JAJs yyeTa BJAHAHHSA OJHMKHHX 30H, KOTODbleé MOXKHO
cynTaTh TiockuMu., OAHAKO TPH BBENEHHH H30CTATHUECKHX pelyK-
unil 06s3aTeJied y4yeT H JaJbHHX 30H; JJ513TOTO CJyKaT (OpMYJbl
(11.34), (11.35) nas coepuueckoin wvactn. ITo cxeme Xefdoprna
Besg 3emJast pasjensiercd Ha 15 miockux (BHYTPH OKPYMKHOCTH pa-
amuycom 167 xkm) n 18 cepuueckux 3zon. 3oHbl pazduBaioTcs Ha
199 nuaockux u 118 chepuyeckux cexkropoB. Ilag Kaxaoro Takoro
CEeKTOpa CHHMAeTcsl BBICOTA H BBIUHCHAAETCs Tomorpaduueckas Io-
npasKa, Iocje Uero BBIUHC/ASETCS AJsi TeX MKe CeKTOpOB nomnpaBKa
3a xommeHcanuio. CyllectByloT Tabauibl Xel(opaa, B KOTOPBIX
LAHTCH BCIHYHHBI H30CTATHUCCKHX MONPAaBOK MO CCKTOpaM MpH 3a-
AayHoii ray6uie KomneHcauuu, Xebgops aas rayOHHBL KoMIieHca-
LMy npunuMaer Bejauunny 113,7 xau.

Kpurepuem mnpaBuabHoro Bunibopa rayOHHB KOMIEHCAIIMHM TIpH
HAJHYHY KOMIEHCALHH SBJAAETCA OJH30CTh HYJI0 H30CTATHUCCKHX
AHOMAJNH. 3aMeTuM, YTO allOMaJinio B CBODOAHOM BO34yXe ¥ aHO-
Majmio Byre MOXHO paccMaTpuBaTh Kak Ipejenblble Caydad H30-
CTatTHUeCKUX aHOMA/Auli np¥ rTaAyOMHAX KOMNEHCallWl, PaBHBIX HY-
J0 1 GeCKOHEYHOCTH COOTBETCTBEHHO.B camoMm aese, mpu BBeIeHHH
PeAVKIHH B CBOGOXHOM BO3AYXE MAacchl, PACHOJOKEHHBIE MOA TOY-
Koif HabJIIOJeHHs, ONYyCKAaIOTCsl Ha YPOBEHb MOPS M KOHIEHCHDPYIOT-
cst B 0eCKOHeUHO TOHKHE ¢J10fl. DTO COOTBETCTBYET H30CTATHUECKOMN
peAyKIHH ¢ TJayOHHOH KOMICHCALMH, pasHOH HyJawo. B cayugae pe-
aykunin Byre Bamsinme mMace, pacnoJOKEHHBIX MeEXKIY TOYKOH Ha-
GJIOIEHHA H YPOBHEM MOpS, IEJHKOM HMCKI0Yaercd. ITo MOXKHO
paccMaTpHBATL KaK ONycKaHHe Macc IoJ YpOBeHb MoOpsl M pacnpe-
nejeHHe Hx Ha OeckoHeuno Gouaeluyw rayGuHy. Taknm obGpaszom,
penykumio Byre MmMoKHO paccMATPHBATH KAK H30CTATHYECKYIO pe-
AyKIHIo ¢ rayO6HHOH KOMMeHcauuu, paBHoH GeckoHeynoctH, Orcio-
Ja cJejyeT, YTO H30CTATHYECKHE aHOMAJMH JIOJKHBLL JekKaTbh Mex-
Iy aHomajuaMu B cBoOOsHOM BO3iyxe n anomaausamu Dyre. Tak
KdK B cJydae H30CTaTHUYECKH KOMIEHCHpPOBaHHOH 06JacTH H30cTa-
THYECKHe AHOMAJHUH JOJKHB ObITh GAH3KH K HYJIO, 4 OHH JeKar
MeRLy aHoMaaHaMH B cBoboanoM Bozayxe H bByre, To o6Gsasatenb-
HEIM TIOKa3aTejJeM HaJH4YHsg H30CTaTHUECKOH KOMIEHCAIHH SIBJISIET-
sl YCJIOBHE, YTO aHOMaJIHH B CB0OOHOM BO3/lyXe B JlaHHOH 0GJacTH
TIOJIOMHTENbLHB, a anoManaul byre oTpuuatenabusl. Ecian anomanns
B cBOOOAHOM BO3/lyXe H aHoMmaaHa DByre ofe oTpumateabHbl HIH
NOJOMHTENbHBl, TO 06JacTh HeKoMIeHcHpoBaHa. [Ipumepom saBas-
ores Kpoim 1 Kpbimckasa $ina, rae oGe aHoMajuH HMEIOT 3HAYH-
TeJbHbIE TOAOKHTENbHEE BeNWunubl. Hapymenne mnsoctasun na-
Gaonaeres Takxe Ha 3amanHoMm Kaskasze, Boapmom Baaxane, Ha
ocrpoBe Kunp, B Cubupyu, 3 Munun, a xpome TOro, B mepexoinbix
30HAX OT KOHTHHEHTOB K OKeaHy,Hamnpumep, B paione Kypuno-Kam-
YATCKOH OCTPORHON YTH.
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§ 11. Pepykuus KonpeHcaunuu

Penykunio KoHgeHCAlHH, OCHOBAHHYIO Ha KOH/JEHCHPOBAHHH
BCeX BLICTYNAIOLIHX MACC HA YPOBEHHOH IOBEPXHOCTH, IOJB3YACH
TEOpPeMOH O He3aBHCHMOCTH NPHUTAMKEeHHS OecKOHeUHOH MIacTHHBI
OT BBHICOTHI PACIOJIOKEHHsT TOUKH Haj Hel, paccMaTrpuBaa elle
Teaemepr. OaHako oHa He HMeJa NPHHIUIHAIBHBIX [PEHMYLECTB
nepej YHCTOH peiyKkuHeldl B cBOGOTHOM BOajayxe.

Oxnoft M3 HanGoJee COBEPIUIEHHBIX, OJHAKO HECHPABELJIHBO
pPeAKo npuMeHsIoLleHca ABJASETCS PelyKIHS KOHJCHCAUHH, npeilo-
:keuHaa A. A. MuxafiiosniM. OHa cOCTOHT B TOM, YTO Hab.JaI0JeH-
HOE 3HayelHe CHJIBl TAXKECTH B TOUKE C BBICOTOI /I NPHBOAUTCA K
reonuay, NMpHYeM Macchl, pacroJaraloiinecs MKy TOUKON Ha6.o1e-
HUS 1 TEOHAOM, KOHJEHCHPYIOTCE HA TNOBEPXHOCTH MOCJAEIHErO C
VUETOM H30CTATHYECKOLO COCTOAHHS 3eMJIH.

Ilns pasHUHHBLIX 06JacTell PeAyKUUs KOHJEHCAUMH NpaxrtHye-
CKH coBmazaer ¢ peiykuHeil B csoboxnoM Bo3ayxe, B ropax mex-
Ay STHMH pPeAyKUHAMH HMEET MecTo 3aMeTHoe pasjanune. Ywucras
PeAyKLHS B CBOOOTHOM BO3JyXe MM Ja)Ke C MONMPaBKOil 3a pesbed
OMycKaeT TOYKH Ha ypOBeHb MOpS, BAasjuBag Maccel B 3emmo. Tax
KaK pas/uyHble TOYKA HMMEIOT pPasHble BBRICOTHI, TO H BLABJIHBATLCA
B 3emJ/i0 OHH OYAyTHA PasHYIO INIYOHHY — NMOJYYHTCS HepaBHOMEp-
HOE mepepacnpesesiende Macc, KpoMe TOro, JajeKHe Macchl MpH
3TOM OyayT BBIXOAHTH 3a TpaHuly reompa. Peaykuus KomaeHcallHH
B TOM BHJe, B Kakom ee npeado:xkuia A. A. MuxaiiioB, He TOJIBKO
yCTPaHAET ITOT HEJOCTATOK, HO H IO3BOJISET OCYILCCTBHTHL Cam
NepeHoc CHJbLL TSZKeCTH Ha reoup B HauboJee BHITOJHBIX YCIOBHAX,
4 MMEHHO IHPH YCJHOBHH HAaHOOJbLIET0 BHIPABHUBAHUA AHOMAJHI
IVIOTHOCTER B 3eMHOl Kope,

Jast penykuun no MeToay KouaeHcauumu A. A. Muxaiiiosa co-
cTaBJenbl TaOJHIL, NPH IOMOIIH KOTOPHIX OCYIIECTBJAAETCH KOH-
JIeHCAIWs BHEMIHHX MAacc agas Bced 3emau. Hnsg storo Bes 3emas
pa3buTa Ha 30HBI, COOTBeTCTBYIoLHe 30HaM Xefidopna B Tabanuax
JUUISl BBIMHC/CHHS H30CTATHYECKHX DPEAYKLUHIH, 4UTO [O3BOJSET HC-
NOMbL30BAThL 3TH Tabaunbl. [Ipw npuMenenu# mMeTona KOHAeHCANHn
HMEeT MeCcTO CJeyIllas IoCae0BaTeIhHOCTE ONepalni:

1. YoandioTcsi BHelllHME MAacChl ¢ MOMOILBI TONPaBKH 3a Tpo-
MEXKYTOUHBIH CJ0i. DTa MONpaBKa BHOCHTCS JJS KaxK/I0H 30MHLI 1O
COOTBETCTBYIOILEH cpejiHell BLICOTe 30HBI H H CTAaHAAPTHOH NJOTHO-
cru 2,67.

2. YpanenHble SHEUNIHHE Macchl BKJIAJBIBAIOTCA B 3eMII0 Das-
HOMEPHO OT YPOBHsL MOps N0 rJyOGHHBI KOMIEHCAuuH, pasHo# [ =
= 96 xm. JoBGaBoyHad TJIOTHOCTb 3THX MACC ONpEIeNseTcs coOT-
nomenueMm o' = (H/T)ap (0o = 2,67).

3. Ilpu nomomu pelyknuH B CBOGOJHOM BO3LYyXe TOYKa mepe-
HOCHTCS Ha MOBEPXHOCTb reoHa. DTOT NepeHoc Tenepb MocJae TpaHc-
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NOSHUNY BHEWIHHX MACC BHYTPh 3eMJaH OcylilecTBasiercs Haubogee
TO4HO. DTO NPOUCXONUT BCJIEACTBHE TOTO, UTO 3eMHAS KOpa nocke
BBINIOJTHEHHDBIX ONEepalHii CTAaHOBHTCS HauboJee OJIHOPOAHOIN, a 3HA-
HHT, NpEACABHO YMCHBINATCA aHOMaJHH BePTHKAJbHOrO rpajiieH-
Ta CHJBI TSAKECTH,

4. Tlocsie Toro Kak MpoH3BeleH MEepeHOC CHJLI TAXKECTH HA Ypo-
BEHL MOps, BHYTPEHHEE CTpPOeHHe KOpPbl BOCCTAHABJIHBACTCA B
npexueM BHAE, IJIA Yero Bce pacnpocTpaHeHHBle HA TIyOHHY KOM-
NEHCAUMH Macchl BHIHHMAIOTCH H3 3eMJIH, T. €, BBOAHTCH TONpaBKa,
ofpaTHas NonpaBKe, BBEICHHOH B 1. 2.

5. BpiHyThle Maceel cnyomHBaIOTCS B GECKOHEYHO TOHKHII CJOM,
JeKallluil Ha ypoBHE MOpS, T. e, MpUGABJAAETCS BEPTHKAJbHAA CO-
CTABAANLAs] NPHTAXKEHHS TAKOIO €J0S HA TOYKY, PACHOJOMKEHHYIO
Ha ypoBHE MOp3. :

6. loGasasierca MaJasi nonpaBka, BO3HHKAlONlasi BeJeACTBHE
NPOUCINEAIIEr0 TPH BBRIMOJHEHHH NPeAbIAYIIHX oNepaluil u3MeHe-
HHSL YPOBHS reoua.

§ 12. PepyKuun cuasl TAXKECTH M 06pa3oBanue
aHOMaJHi HA Mope

Ha mopsx n okeaHax TeoH] cOBHajaer ¢ (Hu3HYECKOH MOBEPXHO-
cThio 3eMJH. ['paBHMeTpPHUECKHEe oOmpelelieHHs Ha OKeaHax IIpo-
H3BOJATCS, TaKuM 00pas3oM, Kaxk [OpaBHJO, Ha YPOBHe TeoHia.
B stoM cayuae He BO3HHKAaeT HpobJeMBl pery/isipH3allH, Tak Kak
HAOJIOACHNST TPOH3BOAATCA Ha YPOBEHHOH TOBeDPXHOCTH, OXBATHI-
Bawiieir Bce Maccehl 3emau. [lostomy pasnocte HaG/II0ZEHHOTO
1 HOpPMAJBHOrC 3HAYEHHI CHABl TsxKecTH 3eMiun Ag=g—y, Jaer
CMeUIAHAYIO aHOMAJHIO, 3KBHBAJEHTHYI0 aHOMAJHH B CBOOOJHOM
BO3AvXe A5 cylud. Takme aHOMaJuH 4acTO HA3LIBAIOT TOJHBIMH
aHomaausamu. Ilpu ux obpasoBaHuH He BBOAHMTCS HHKAKHX IOIpa-
BOK 1 He IeJaercs HHKaKHX [pHBeLeHHH.

ITpakravyeckn HaOJIOJEHHST CHJBI TAXKECTH TPOHU3BONATCA HJIH
Ha HaaBOiHOM KopabJe, Toraa mpuGOp pacnosaraercs Ha YpOBHe
MOpSl MJIM HA HE3HAUUTEJBHONW BBICOTE HAX HHM, WJIH HA TOABOM-
HON JIoJKe, TOTJa MecTo H3MepeHHs pacliojaraercss Ha HecKOoJdbKO
JecATKOB MJH COTHIO METPOB HHXKe ypOBHS Mops. B caywae mc-
TOJIB30BAHHST JIOHHHIX TPaBUMETPOB TJayOGHHa Todex HaOMONAEHHA
COBNIAlaeT ¢ IayOmHOll MOPCKOTo JHA.

B nepsom cayuae, ecad npuGop YCTAHOBJIEH HECKOABKO BBILIE
YPOBHS MOpSsI, BBOJAHTCS [IOIIpaBKa 3a BLICOTY B ¢BOOOJHOM BO3-
AyXxe.

Bo Bcex cayuaax, Korja HaGJIoNeHHs MPOU3BOAATCS HUMKE YPOB-
HA Mop#, JenaeTcsd IpHBeleHHMe HaOMIONEHHBIX 3HAYCHHH HA Ypo-
BeHb MOp#, JJA YEero BBOAATCA pPEeAyKUHH B CBoOOAHOM BO3-
ayxe u nonpaska Ilped, yunrsiBalolilas HOPHTSIKCHIE CJIOA BOJHI,
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3aKJII0OYEHHOH MeXKAYy YPOBHEM MOPS H YPOBHCM TOUKH HAOJIOAEHHT
Ha ray6une. Toraa aHOMAadHH CHJIBI TSKECTH BLIYHCASIOTCA IIO
dopmyie

Ag'rn.uzg i 'YO‘ 0y3086p+0~08380—ﬂp1 (l 139)

rae p— rayGuia norpyXKeHHs, g H yo— HaGMI0JeHHOE H HOPMAb-
HOe 3HAYEHHS YCKOPEHHS CHJBl TSMKECTH COOTBETCTBEHHO, Oy —
MJIOTHOCTB BOALI, paBHas 1,03 e/ca.

ITonpaska 0,3086 Geperca CO 3HAKOM «MUHYC» TPH YCIOBHH,
uTo rayOHHa p NOJOMKHTeJbHa KaK B 3TOH TONpaBKe, TaKk U B TO-
npaske -+ 0,08380,p, yuuTHBaOlIell NPHUTSKEHHE CJAOS Macc BOAHL
C yxasamuslM 3HAUEHHEM MJIOTHOCTH BoAm dopmyna (11.39) yn-
polIaeTcs:

Agr=8 — 10— 0,222p. (11.40)

Ilnst M3ayuyenHs CTPOeHHsl 3eMHOH Kopbl HA OKeaHax 4acTo #Hc-
NOJL3YI0TCA anoMaJsny, ofpasoBanibie #u3 anoManuii 8 cBOOOA-
HOM BO3IyXe JA00OaBJcHHEM TONpPABKM 3a pas3jpude IJOTHOCTEH
MOPCKOIl BOIBI M 3eMHOIl KOpLI, Jiexameil 101 AHOM OKeana. dta
MONpaBKa paBHa TPHTSKEHWIO CJOA TOJIIHHOI, paBHOH Tray0HHE
OKeaHa, U IJIOTHOCTH, PABHOH PasHOCTH INIOTHOCTEH KOPBI H MOD-
CKOI1 BOJIHI.

HinbiMi caoBaMH, CTPOHTCS MOJenb 3eMJH, B KOTODPOHl BCE OKe-
aHbl 34CHIIAHBL MacCaMM, AOBOASIUIAMH IJIOTHOCTH BOAKEL 10 TWIOT-
HOCTH 3eMHOH Kopel, Takne anomaJ/uu oOBIYHO HaA3LIBAIOT aHOMA-
ausmMa Byre. Of#ako B 3TOM JerKo YCMOTPETL NPOTHBOpEuHe: II0-
npaska bByre ects nonpaBka 3a MNPUTAXKEHHe BLICTYNAKIMX 32
TEOHJl Macc H M0o3TOMY MPONMOPLUHOHANLHA BLICOTE:

6g; = 0,041961.

B cayuae waGJuiofdennsi Ha oxeaHax H = (0 Macchl 3a TeoHT
He BLICTYNAIOT, IIOTIpaBKa NpeBpallaeTca B HyJab U anoManny Byre
COBNAAIOT ¢ NOJHBLIMH aHOMATHAMH.

Qopmyna A BBUHCAEHHS TaK HaselBaeMbiX aHoMasunit Byre
TIPH H3MEePeHHH CHJIBI THKEeCTH Ha HaJABOAHOM Kopabsie uMeeT BHJ

Ags = g — 7o + 0,3086/ + 0,0419 (c — 1,03) P, (11.41)

rie P—ray0uHa MOPLKOTO AHA B Merpax, fii— suicotra npubopa
Hajx ypoBHem Mmops. Kosadduuuentel B ¢opmyae TakoBbl, UTO aHO-
MaTHH MOJYYaloTcs B MHJIHIaIaX.

IIpu Boluncnenun anoMaJuii Byre mo pesyiabraTaM H3MepeHHH B
HOABOAHOR JIOAKEe HJIH OYKCHPYeMOH TOHAoJe TpuMeHsercs (op-
MyJa

Ags = g — yo— 0,222p -- 0,0419 (6—1,03) P, (11.42)

rie TayOHHLL p B P CYHTAIOTCS MOJOKHTENEHBIMA.
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B cayuae usmepennusi ma JHe Mops ¢ AOHHBIMH TPaBHMETPaMH
p = P u dopmyaa (11.42) npumer BUI :
Ags = £ — 10 —(0,265 — 0,04190) P, (11.43)

TJl¢ 0 — IVIOTHOCTb BEPXHHX CJIOeB 3eMHOIl KOpHL

Ipu Bblumcienun Gojee Townblx anoManuit Byre cienyer sso-
AUTL IONPABKY 3a peabed nua. OHa 0MKHA YUHTHIBATL BJAHSHHE
TNPHTAZKEHHUS H30BITOUHBIX Macc, BOSBLIIIANNIUXCA HAL YPOBHEM,
TPOXONALIHM Yepe3 TOUKY, PACNOJOXKEHHYI0 HAa MODCKOM IHE U sIB-
JAIOUIYIOCS MpOeKUHel TOYKHM HaOJI0fEeHHd, H HeLOCTauy MAacc HH-
e 3TOro yposHsa. B HeGmaronmpuaTHHIX YCJHOBHSIX MONpaBKa 3a
peabed MOXKET NOCTHYL HECKOJBKHX NeCATKOB MHJIHTAJ.

§ 13. duanyecKuit cMbICA PeAyKUMi.
Hckaxende reouja npu BBEJEHHH MOMPABOK

Jlerko mpencraBuTh cefe hH3MUECKHH CMBICA DeAyKUHHA H Bce-
BO3MOMKHBIX MOTPABOK M JATh UX rpafuueckoe Haobpaxende. OHO
npusopurces ua puc. 83. Ilyers B Touxke A Ha ¢du3nuueckoil nmosepx-
HOCTH 3eMJ/IH NPOH3BeAeHO HaGJIOfeHHe CHJIBI TAKECTH g; B TOYKe
A’, naxopsiulefica Ha MepeccUeHHHM SJITHICOUAA OTHOCHMOCTH CHIOBOH
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JUHHeH, npoxoAsmiel uepes TOuky A, H3BECTHO COOTBETCTBYIOILEE
Touke A HOpMaJbHOE 3HAaueHHe CHJBI TaXKecTH Y (puc. 83, a).
Byaem BBOIHTL Bce paHee paccMoTpeHuble mompaski. 1. ITo-
npaBKa 3a penbed npHUBOLUT ero X (GopMe IIOCKOr0 ¢Jos: cpesa-
IOTCA BBICTYMAKOMIHE HAJ YpPOBHeM TOYKH A Macchl M 3aceaiorcs

18 p. . IpyWHHCKHIE
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nycrorsl nuxe ypoBHa A (puc. 83,6). 2. IlonpaBka B cBoGOAHOM
BO3LYXE COOTBETCTBYET OnycKanuio Ttouku A ma suicory H, 1. e.
HA Teoun 0e3 HapyuleHHs BJHAHHS MacC INPOMEXKYTOUYHOTO CJIOos,
PACTIONOKEHHOrO MexAy ToukaMmu A u A’ Biaugnue sTux Macc ma
ONYILeHHYIO Ha Teonk Touky A ocraercs Ge3 H3MeHeHHH, T.e. Mac-
Chl MPOMEMKYTOUHOTO CJI0f COXPAHAWT TO Ke PACHONONKEeHUe OTHO-
cutenbHo toukdH A. Ilpu 3TOM BBICTYHAlOUIME MACCH, PAaCHOJOKeH-
Hple BOJMH3H TOUKM HaOJII0JeHHS, ONYCTATCA MO VDPOBEHHYIO IO-
BEPXHOCTh, Ha KOTOPYIO peAylHpOBaHa cuJja TAMXKECTH, T.e€. IOIL
noBepxHocts reonna (puc. 83, 8). Belctynaiomue maccel, pacnoso-
AEHHBIE Ha IPOTHBONOJOMKHOM NOJYIIAapHH, HAOOOPOT, BLICTYNAT
ellle nafbllie 3a YPOBEHHYIO mOBepXHocTh, O1HAKO B CHJIY yAajeH-
HOCTH 3THX Macc H TOTO, YTO HX BJHAHHE YOBIBAET MPONOPLHOHAIb-
HO KBaZpaTy pacctosinusi, 3TUM 3@dexTom 00blun0 npeHeGperaor.
[ocne BBefeHus: peayKU¥H B CBOGOJHOM BO3AVXE 34 HOBEPXHOCTbIO
ypoBHSI BOJHM3H TOYKHM HaOJIOLEHHS OCTAlOTCA MACCH, pacro-
JIOKEHHble BbIIe 3TOH TOYKH. ECHH BBecTH ellle MONpPAaBKy, KO-
TOpasi YYHTHIBAET MNPHUTSKEHHE 3ITUX Mace, TO BOJH3H TOUKH
HaOJIOLEHHST 3a TMOBEPXHOCTBIO I'eoHMa Macc He OcraHeTcd. TakuMm
ofpasoM, pelyknusa B cBOOOJHOM BO3JyXe 1 NolpaBKa 3a pelbed
MECTHOCTH pellalT 3ajavuy peryaspusaunn 3eman. Has pasnnn-
HLIX PAOHOB PEryJasApH3allHI0 MOMKHO [POH3BOAMTL, NpeHebperas
nonpasxoli 3a penbed. Peayxinio B cBo0ofAHOM BO3AYXE MOXKHO
HHTEPIPETHPOBATh TAK K€, KAK KOHAEHCAIHIO MACC HAa [OBEPXHO-
cTih reouna (puc. 83,2), 7. e. KaK NpeBpauieHue MIACTHHBL KoHey-
HOIl TONUMHB H ¢ NJI0THOCTBIO ¢ B BeCKOHEUHO TOHKYIO MJIACTHHY
¢ MOBEPXHOCTHOH MIOTHOCTbI0 0'==0'dz. IT0 MOKHO CAENATL MO-
TOMY, YTO CHJIa, pasBHBaeMas MJacTHHOI Ha TOUKy A, pacnosaoiKeH-
HYIO HAaJ NJIacTHHOI, He 3aBHCHT OT paccrofuus 2 Touku A or niaa-
cranbl. [Ipeanoxkenne CcrnpaBelIHBO ¢ TOYHOCTBIO JO 2/a@, T.e. KOr-
na a>»z, JUHeHHBe pasMephl IUIACTHHBI BEJHKH N0 CPaBHEHHIO
C BEICOTOH pacnoJioKeHus ToukH. B 31omM ciayuae mpoMmeyTou-
HBIIT CJA0H MOMHO paccMaTpHUBATh COCTOSIIIHM H3 MHOMKeCTBa
TOHKHX IIJACTHH, KOTOPble B CHJIY cOpPMYJHPOBAHHOIO NpeAIoiKe-
HHUS MOJKHO 3KBHBAJEHTHO INIEPEHECTH HA NOBEPXHOCTb TeoHAa, TIe
NOJYUHM OCCKOHEYHO TOHKYIO INTACTHHY ¢ INOBEPXHOCTHOH IIJIOT-
HOCTBIO o,

Ecan obpasyercst aHoMa Hs byre, To U3 BeJHUHHBI g BBLIUHTAET-
cs NMOMpAaBKa, paBHasi MPHUTIKEHHIO IPOMEXYTOUHOTO CJO0S, UTO CO-
OTBETCTBYET INOJHOMY HCKJIIOUEHHIo BJHSHHIS STOTO CJIOf, €ro Kax
6bl cpbiBalOT H BuIGpacbiBaloT (puc. 83,0). 3nauenus g u y orTHe-
ceHbl XK Touke A’ Ha reousme.

Has o6pasoBanus anomanuii [Ipes BoccTanapauBaercs IpoMe-
AMYTOUHBIH c/iol nan Touxoin A’, T. €. BBejena Jpoiinas NONpaBKa
Byre, snauenns1 g u y oTHecensl K Touke A’ (puc. 83, e). B ary cxe-
My YKJAAOLIBAIOTCA BCE TONPABKH, pPeryaspusyiomuie 3eMmiai.
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B npusenennoil cxeme Mbl npeHeGper/H pasJHuHeM Treonja, Ha
KOTOPBIH peAyUHpveTcs HabJioleHHOe 3HaueHHe g, H 3JIHICOM]A,
Ha KOTOPOM 3aJaH0 HOPMAaJbLHOE 3HAUEHHE CHJBLI TSIKECTH.

Ecan paccmartpHBaTth ciayuaili oOpasoBanus aHoMmaunuil Ha ¢H-
3HUECKOH MOBEPXHOCTH 3eMJH B TOYKAX HENOCpeACTBeHHOro HabJo-
JeHHA, TO cXeMa PeAyKUHI ¥ obpa3oBaHus aHoMaJHi MOMKeT ObLITh
TPOUABIOCTPHPOBAHA CACLYIOUINM DPHCYHKOM (puC. 84).

1. Cuna TaxKecTH ToJyuedHa Ha (GU3MITECKOH MOBEPXHOCTH 3eM-
aua B Touke A. Hopmanbnoe 3naueHue M3BECTHO HA 3/JIHNCOMIE OT-
HocuMocTH B Touke A’ (puc. 84, a).
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2. TToppaska 3a penbed) MECTHOCTH CIMAXHBAST BAHAHHE BCeX
BBiCTYMalOMMX GopM u aepekra macce. (puc. 84, 6).

3. Beoanrcs nonpaska B cBOOOJHOM BO3NyXe, 3HaUeHHe Y Ie-
DEHOCHTCH B HOpManbHOM noJe H3 ToukH A’ B Touky A. B atom
NEepeHOCe MACCHl IPOMEKYTOUHOIO CJIOg He YuacTBYIOT, TaK Kak
HOpMAaJbHOE IoJe IIOCTPOCHO MJS 3JJUIICOHAA, OXBATbIBAIOULETO
Bce Macchl (puc. .84, 8).

4. TlonpaBka DByre 3a npoMexXyTOUHBI CJIOH HCKIIQUAET BJIHA-
Hue 3TOTO ¢/10s (puc. 84,¢), obpasHo ropops, yAaJdlOTCs Bee Mac-
Chl, PACHOJIOKEHHBIE MEXIy YPOBHEM reouaa u Toukn A Ha (usu-
yeckoil mopepxuoctH 3eman. Touka kKak Obl noBHCaeT B BO3AYXe.
[TockoabKY aHoManus oOpasoBaHa yiKe Ha BHELIHEH MO OTHOLIe-
HUIO KO BCEM MaccaM MOBCPXHOCTH, C TOYKH 3peHHs Teopuu GHTY-
pBl 3eMJH TaKasi onepanus GeccMEICJEHNA M [ae BpeaHa, TaK Kak
npH 3TOM Hapymaercs obmas Macca 3eMJIH. :

5. ITo TOH e npHUHHE TepsieT CMBIC/ KOHJeHCAIHS Macc (pHuc.
84, 3). Jlpyroe jaeso, eciii 3TH ONMEPAlHH PACCMATPUBAThL C TO3HIHI

18*
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rpaBuTalHoOHHON pa3BenkH. Torma ypajseHue cjios HEKOTOPOHR CTaH-
JapTHOH IJVIOTHOCTH COOTBETCTBYET CHSTHIO C aHOMaJHH HeKo-
Toporo oO0Ilero rpaBHTAllHOHHOrO (oHa, Mociec uero GoJee pefb-
eHO mpelCcTaBATCS AHOMAaJbHBIE MacChl, TAaK Kak TOJbKO OHH OC-
TAHYTCS B NPOCTPAHCTBE MEKAY YpOBHAMH Touex A u A’

6. ITonpaska Ilpea B cayyae OTHeceHHs aHOMaNuil K ¢usuye-
CKOJl MOBEPXHOCTH 3€MJIH CMBICJIA He HMeeT.

BruiGop peaykumil CHJABI TsXKeCTH 06YCA0BAEH IOCTaBJISHHBIMH
3ajzadvyaMy, B coorBercTBHE ¢ 3THM JKe gaercda H HCTOJKOBaHHC BbI-
OpaHHON PeLyKIHH.

Anomanus B cBOOOIHOM BO3JAyXe fBJSAETCA OTKJIOHEHHEM peaib-
HO HaOmoAawlleiics B NXaHHOH TOYKe HCTHHHON CHJBl TAMECTH OT
ee HOpMAaJbHOTO 3HA4YeHUA, B 3TOM cMbic/e oHA HpPENCTaBJsIET HC-
THHHOE DpaBHTAllHOHHOE aIoJIe. To e MOKHO CKa3aTh npo aHo-
majuu Ilpes, ¢ monpaBkofi Ha HETOUHOCTh 3HAHHMA IJIOTHOCTEH H
pacnpeneJeHHs] MacC B Kope. ITH aHOMAaJHM MpeLCTaBAfIOT HC-
THHHOE 3HAUYeHHEe CHJbl TAXKEeCTH Ha peryJspH3HpOBaHHOM (B caydae
PEAYKLNE B cBOOOAHOM BO3AYXE) HAM Ha HEPeryJaspH3HPOBaHHOM
(B cayuae penykmun [Ipes) reomne.

CoBceM uHOIl cMblca HMeloT anoMaaun ' bByre. Ilpu nx oGpaso-
BaHHH MBI HCKJJIHOYAEM BJHAHHE HEKOTOpOf[ JacTH 3eMHBIX Maca,
TeM caMbIM Kak Obl H3MeHss 3eMJl0, CO34aeM HOBYIO €€ MOZLEJb.
TlosToMy M NIpPOHMCXONHT 3aMeTHOe HCKa)Kenhe (OpPMBI reonpa NpH
onpenesneHdy ero nmo anoManuaMm bByre. OGpasopannoe TakuMm obpa-
30M aHoMaJbHOe TpaBHTAllHOHHOE IoJie He COOTBETCTBYeT HCTHH-
HOMY TIOJTIO 3eMJIH, a NPejCcTaB/seT co0oil moae HEeKOTOPOH MoJeH,

paCCMOT]_'JwHM Janee, KaKue ,zzecpopmaumi reomaa BbI3BIBAIOT pas-
JUUHBIE TIOTMPAaBKH.

Penyxuysa HHBepCHH He HCKaXKaeT reoi]l 0 CBoeMY NOCTPOEHHIO.

Penyknss B cBoOOZHOM BO3AYyXe HCKAXaeT TEOHI OUeHb He-
snauntenpno. IlokameMm 3To aas cayuasi pefiyKUud B CBOGOAHOM
BO3AYXE C KOHJeucamuell Macc NPOMEKVTOUHOTQ CJIOA Ha MOBEPX-
pHoctn reonpa. CMeilleHne YPOBEHHOH NOBEPXHOCTH IIPH TepeHoce
mMacc Gymer mo TeopeMe Dpymca cooTBerCcrBOBATh H3MEHEHHIO IO-
TeHILHaJga

s =i

3!—[31{‘1’1’1‘, eCJIH Mbl Haflﬂ-eM BEJHMUYHHY H3MEHEHHsS TOTeHIlHaJja, Ipo-
HCIIeAIero BCJEACTBHE NEPeMellleHHs Macc, TO TeM CaMuM Oymer
H3BecTHa H JAeopMaliisg ypoBenHoH moBepxHocTH, [Tonvuum noren-
IHaJ CJO0s, B3TOrO B BHJE TJIOCKOH KPYTJOH IJACTHHBI “TOJIIHHEI
H, pagmyca a o MIOTHOCTH 0, HAa TOYKY, PACHOJOMKEHHYIO HA BHI-
cote z Hall ero uentpoM. Ilorenimans sjgeMenrta TAKOH NJIACTHHBI
Oyaer (cMm. puc. 75)
s PR g o B
e Va2
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a 3JeMeHT Macchl MO;KHO 3alHcaThb 4uepes obbeM H ILJIOTHOCTD:
dm=rdgdr do.

Torna
rdedrdz

Vet

4 moTeHIwmaa BCero JAMcKa TOJydHM, HHTErpupys 10 yray, pamtycy
H TOJIIHHE JHCKA: 7
o a H
* ( rdrdgdz
V=fo Y} S—“'(P v
fe g

0

dv =f

a H
= 2.‘-tf0‘8 dz S‘-z—-r—dr—— =12xfo ( (Va*+22— 2)dz =
0 0

0

HMonctanagg npeaelbl, noJgyyaem QKOHUATE/bHO NoTeHnuaJ AHCKa:

Fg. R H
V = afo {Ha }/ 14+ -if Lmp areEh v s Hz]. (11.45)

H
Packjaaplpas B P paauxal u arcsh ~= 7 YAPKHBAS UJIeHbl BTO-

& H
poii cTenenyd OTHOCHTEIBLHO —= (H<a), noayunM

y DEPOHINS

v =2nfch'a[1—fi~7(—a—) 1 ] (11.46)
D10 BHpaKenie COOTBETCTBYET NOTEHIHATY CJIOA TONIMHLI H. Oas
Toro 4TO6bL NPOH3BECTH KOHACHCANMIO, CELYeT B (11.46) mOJOKHTD
H—0 u ¢H=o¢', nae ¢ — NOBepXHOCTHAfA IJIOTHOCTB. Toraa mno-
TeniaJ CKOHIeHCHPOBAHHOTO /1051 GyAeT

V,=2nfo’a=2nfoHa. (11.47)
MaMenenye moTenllHaga IpH KOHACHCALMH OyI1eT PaBHO pABHO-

oTH TOTeHIHasna mcxoamoro caost (11.46) m moTenupana CKOHAEH-
CUPOBAHHOIO CJI05 (11.47). Ilpouspons 3TO BHUHTAHHE, NOJYYHM

H 2
TEE g R ansHa[%—i—-:— (i) 1 (11.48

a

wim, npeneOperas KsaipaToM OTHOIIEHHS Hla,
dv=—nfcH>
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CMmenlende YPOBeHHON MOBEPXHOCTH OyaeT

3aMeTHM, 4TO CMelleHHe PeoHJa B pe3yabraTe PEAYKIHHA B CBOOOJI-
HOM BO3AYXe M KOHAEHCAWKH Mace He 3aBHCHT B MepBOM NpHOAU-
MKeHuH OT pajHyca ¢Jof, T.€. He 3aBHCHT OT NPOTSXKeHHOCTH 00-
JacTH, KOTOPYio MBI KOHAEHCHPYeM.

JIerko paccuMTaTh UHCACHHYIO BAHUNHY CMEUICHUS YPOBEHIOH
MOBEPXHOCTH B pe3yJabTaTe peldYKIHH KOHIeHCalul, H}FCT!:: KOHIABH-
cHpyeTcsd KOHTHHeHT BbicoToll H=1 xm nmotmocty ¢=2,5; Torza

14.6,67-1078.2,5. 1010
o8By ,7920 2,5-10 welty

i

TaxuM 00pa3oM KOHAEHCAUHs HeJOF0 KOHTHHEHTAa MOIHOCTBIO B
1 kM mpousBemeT cMelleHHE YPOBHS BCETO Ha D cM.

CirenosatenbHo, BBeleHHE DELVKIHH B ‘CBOGOLHOM RO3AYXC 103-
BOJSET NpHBECTH HaGMIOACHHOE GHAYLHHE CHJIBI TSKECTH K YPOBHIO
Mops, He Hapymas npH 3ToM oOuleil Macchl 3eMIH H BHI3LIBAR BeCh-
Ma He3HAYHTENbHOE HCKaKeHHe VPOBEHHOIl MOBePXHOCTH. YCJOBHA
TeopeMpt CTOXKCA HApYHIAlOTCA B 9TOM CAyuYae OueHb Mano. B cH-
Jly 3TOTO PeNyKIHs CHJBI TAXKECTH B CBODOZHOM BO3IyXe MPUroaHA
LIS peryasipHsauud 3eMJIH TDH pelIeHHH 3a4ad TeoAe3ndeckoil
TPABHMETPHH.

Honpaska Byre 3a Baasnne NpOMeXKYTOUHOTO CI0S COOTBETCTBY-
€T CHATHIO CJ0sl TOJUIHHON f, moTennuan xoTopora onpepenserca
dopmyaost (11.46). Ilpu cHatuu cios moTenimaa B Touke A u3Me-
HHTCA Ha BeJHYHHY, PABHYI0 NOTCHIHAAY 3TOTO €04, T.e. Ha Be-
JHYHHY

2a

o)
dy = ZﬂlfﬁHa(lﬂ- )
Orclona mepemeltenyie ypOBeHHOH 11OBEPXHOCTH GVAET

dv 2nfaHa
Y il

ds = (11.50)

Ilpyn peayuupoBanHH 3a BIMAHHe OCTPoBa BbicoToll H=1 xu
pazaycoMm a=100 Kxu H NIOTHOCTLIO 0==2,5 2/cu® moayuum

R L A R o BT T
o= 530 ~ 10 m.

Taxoso OyaeT MCKaxKeHHE I'eoHAa B cJaydae pery/apH3alli Mero-
oM BBedeHHd ToipaBku DByre.



TJIABA 12

AHOMAJIbHOE TPABUTAULHOHHOE MNOJIE.
FEOUO PETYJAPU3HPOBAHHOW 3EMJIH

§ 1. Bropoe npudamnxenue B onpenenednn Gurypbl 3emau.
IlocTaHoBKa 3ajnayn

B rnase 10 Mul onpellesHay 3aKOH paclpefleJeHHS CHJBI TaXKe-
CTH Ha 3eMmJe, npejicTaBJeHHON B (opMe JAJUICOHIA BpalleHHsT,—
TaK HaspiBaeMoe HOpPMaJbHOe pacnpejeseHue cHAbl TamKecTH. Tam
’Ke NoKazay NyTh OmpejeseHHs CXaTHA 3eMJH N0 3HAYeHHAM CH-
Jbl TRKECTH, H3MEPeHHbIM Ha ee moBepxHoctd, Has Ttoro uTobhl
3HaTh (QWrypy peanbHO#l 3eMJH, TOCTAaTOYHO Telepb 3HATH pac-
CTOSIHMsI OT 3JJIHICOHIA OTHOCHMOCTH TOUeK (PH3HUeCKOH moBepX-
HOCTH 3eMJH — TaK HasblBaeMble 2eodesuteckue avicoTsl. Torpa
MOZKHO TOBOPHTH O TOYHOM 3Hanuu Qurypsl 3eman. TouHocTs Oy-
JIeT 3aBHCETL OT IYCTOTLl TOYeK, B KOTOPHLIX H3BECTHBHl 3HAUCHHS
BLICOT 3eMHOI NOBeDXHOCTH HaJ 3JJIHICOHAOM. DTHM Ke ompele-
JHTCS CTellelb CriaKHBaHus penbeda NPU PelleHHH TeX HJAH HHEX
KOHKPETHBIX 3alad. 3HAYeHHs BBICOT MBI TOJYy4aeM M3 HHBEJIHPO-
BOK, OfHAKO NOJyYdeMble B 9TOM CJy4de BBICOTHI OTHECEHBI He K
SJJIMIICOHAY, 4 K HEKOTOPOIl MHOH IOBEpXHOCTH, 3a KOTODPYIO OOBIU-
HO NPHHHMAIOT VPOBEHb Mops. ITa MOBEPXHOCTDL, COBIALAIONIAs Ha
oKeaHax CO CpeIHHM YDOBHEM HEBO3MYILEHHOH BOJHAMH M IIDPHJIH-
BaMil BOJBLI 1 IPOJOJIKEHHAs MO KOHTHHEHTH! [0 3aKOHY IOCTOSIH-
CTBa mNOTeHNIHAaJga, TMOJyuUnJa HaspaHHue eeouda. Ilomsitiue reowmpa
BBedcro B 1873 1. meMeuxkum reofeauctoM JIHCTHHIOM, KOTOPBIH
OTpeleans ero Kax cJjaelyiolllee IOCHe JIIHICOHAA BpAllGHHS IPH-
Ganzxenne K ¢urype 3eman. Onnako BpSA JH Len1ecoo6pasHO CUH-
TaTb TeOH BTOPLIM TIPHOJHIKeHHEM B TIPEACTABJIEHHAX o (HTYpe
3eman, OOLIYHO NPHHATO CYHTATh, YTO KOIJA B PelleHHH KaKOou-
JH00 3a/ayy ecTeCTBO3HAHUS JeJAIT MIAT KO BTOPOMY NpHOIHKe-
HHUIO, TO MPOMCXOAHT MpHOMMKeHnHe K HCTHHE Ha mopsiok. Tax, ko-
Fla OT mapa MepellIH K 3JJIUNCOHAY BpaLleHHs, IPOH3OLIIO0 MPH-
OaHKeHne Ha BeJUYHIY CiKaTHsl. B JnHelHOI Mepe H3MeHeHHd,
BHECEHHbIe B ‘pajgHyc 3eMJH, ObH nmopaika 21 k. Bpenenue cie-
Ayioulero npHOJHAKEHHs NLOMKHO B OCHOBHOM YYecTh OCTATOUHBIE
BEJHYHHL — OTKJIOHEHHA 3JJHICOHIA OT (PH3UUIECKOH NOBEPXHOCTH
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3eman. Ha okeanax sta lleab AocTHreyra. ['eoms coBmajgaer c mo-
BEPXHOCThIO BoAbl. Ha MaTepHKaX reouj, mo CYLUIECTBY, He MpH-
GIHKaeT Hac K HCTHHe, MOCKOJBKY pacXoxKAeHHe TeOHIa ¢ 3JJIHI-
COHIOM CYIUECTBEHHO MEHBIIE QCTATOUHBIX BEAHYNH — BHICOT Husu-
YECKOH TOBEPXHOCTH 3eMal Hal TeouAOM,— AMANas’oH H3MeHeHHS
BLICOT coctaBager 8000 #, Tonna Kax mpeBBiliedye reonsa Hajg 37-
auncongoM coctaniaser 100 m. Moxuo cnopits © ToM, ABAsieTcs
JH TeoH] CAelylouiuM IpHOAHAKEeHnHeM B peuicHHH Bompoca 0 dury-
pe 3eman. Ognako OeccIOPHO TO, UTO BBeldeHHE TeoHJa HIM Ka-
KOIi-1100 HHOHl NOBePXHOCTH, DAas/iesaiomieil ocTaToYHEIE OTKJIOHe-
HHA (H3UYECKOH NOBePXHOCTH 3eMJIH OT 3JIJIHICOHIA OTHOCHMOCTH,
Ha HEKOTODYI T[JajJKyl0, NJA4BHO H3MEHSIOUIYIOCH T[eOHAATbHYIO
YacTh H HA HENPABUJIBHYIO 4acTh (DUSHUECKON MOBEPXHOCTH 3eMJIH,
onpeenseMyio HHBeJIHPOBAHHEM, 0K43a/10Ch BECEMa IVIOAOTBOP HBIM.
Ecau npefiunonoXuTh, 410 HABEJHPHBIE BBICOTHLl OTCUHTBHIBAIOTCH OT
MOBEPXHOCTY, onpenensieMoll ypasHenuem W = const #t comnapgaio-
Hieli Ha oXKeaHaX C HeBO3MYLLCHHOH NOBePXHOCTLIO BOALL, T.e. OT
TéOHAa, TO 3ajava OyAET COCTOATL B ONPEIeJeHUM HHBEARPHBIX
BLICOT TOUYCK (PH3HUYECKOH IIOBePXHOCTH 3eMJH, a TaKke B Olpese-
JIeHHH BBICOT TeoHAa OT 3JAJHICOMAA OTHOCHMOCTH. Taxum 006-
pa3oM, sajfada ompefejeHuss Gurypsl! 3emMau OYAeT pelieHa I0J-
HOCTLIO, H TOUHOCTL NPEACTaBJCHHS (UrypHl 3eMJH, KaK Mbl y#xe
¢k4sany, Gyler 3aBHCeTb OT I'YCTOThl BLIOpAHHBLIX TOYEK H CTEINEHH
acTPOHOMO-T€01e3HYecKOll H IpaBUMeTpHUYeCKOl Hayuenxocri. Cre-
JaHHoe UPEeANONONKEHHE He BIOJIHE CTPOrO, TaX KAK HHBEIHPOBKH
He MOTYT AATh TOUHbIE 3HAYEHUA BHICOT wazx reoimoMm. Oaxaxo Ta-
Kas TOUKa apeuus Oblia BCEMH HDHHATA ¥ B DABHHHHLIX palioHax
NPaxkTHyecKy onpapisiBaercs. PaccMompuM jasee 3aladyy onpene-
JEHHS BHICOT TEORAA HA AJATCOUAOM OTHOCHMOCTH.

§ 2. Teopema Bpynca. Beizon rpaumnsHoro ycﬂosnﬁ

QbHo3nayuM 3HAYCHHE CHJLI TAXKECTH Ha TeoHJe mocje IpHBeLe-
HHsI ero B CBOOOAHOM BO3JyXe uYepe3 gy, 4 HOpPMaJbHOE 3HAYEHHE
CHJBL TAKECTH HA 3IATUICOHIE OTHOCHMOCTH — depe3 Yo. PasHocTh
go—"p==Ag ecThb aHoMatus cHiaLl TaKectu, [Tpn Takom ompenene-
HHM aHOMAJAWM [OPOU3BOAUTCH CpABHeHHe BeAHYMH, OTHECEHHBIX K
Pa3HLIM TOBEPXHOCTAM, 1 €aMM 21OMAJHM HA3LIBAIOTCS CMellanHbl-
MH. Beanuunbl anoMasauii XapaKTepH3YIOT CTelleHb pacXoKAeHus
yposeHHbIX moBepxnocreil. Orciona, obpaTHo, ayoMamiIH HalOT Ma-
Tepyaa JAJd HAX0XKIEHHA DaccTOAHHI VDOBEHHOH MOBEPXHOCTH re-
OMA4 OT 3JJIHNCOHJAA OTHOCHMOCTH.

Snpavende noteHuHasa 3eMaH Ha MopepxHocTH reouja W=C.
HopMmanapHblil 5JJHOCOHN MBI JIOJYyYaeM H3 YCJAOBHS, YTO HOpPMAa/b-
HblI TIOTeHIIHAaJ Ha ero INOBEPXHOCTH paBeH IOTEHUHAJy Treonja
U=C. Tlpu BeIGOpe 3/UIHNCOHNA OTHOCHMOCTH MBI TIPEANOJATANH,
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YTO TeOHA M 3JJUNCOMI OTHOCHMOCTH OXBATHLIBAIOT OJHHAKOBEIE
MacChl, MMelolHe OZHY H Ty XKe CKOpocTh Bpaulenusi. Kpome Toro,
y 000HMX NMOBEPXHOCTEH COBMAJNAIOT LEHTPLI Macc H OCH BpallleHHS,
4 TOBEPXHOCTH 0XBAaTHIBAIOT PaBHOBeJHKHe 00BbeMbl. Mamenenue mo-
TeHuMaJa WIPH TaKHX YCJOBHSIX MOXKET BBI3BIBATBCH, COTJIACHD TEO-
peme Croxca, Tolbko nedopmanuell NOBePXHOCTH.

Iycrs mpH mepexole OT MOBEPXHOCTH FeOHAA K MOBEPXHOCTH 3J1-
JuIconaa OTHOCHMOCTH, OTCTOSAIIEro OT reoupga Ha pPacCTOAHHH C,
MOTeHIH A H3MeHHTCs Ha BeJquuuny 7, T.e.

W—U=T
(Bernunna T naswiBaetrcs 8osmyuiaroujum norenyuasror). Ilpu me-
pexolie C reomjaa ya 3JJMICOHM H3MeHeHHe Tmorennuasa Gyner
W [h—=]i=="Ty, (12.1)
910 Tak HasbiBaemoe ypasrenue bLpyHca, CBI3LIBAIOIEE BLICOTH
reou7a C BO3MYILAIOUIMM MOTCHINAIOM:
. . 4
= —. 2.9
= (12.2)
M3Mmenensne ciabl TAXKeCTH HPH Hepexoje OT JNICOHAA OTHO-
CHMOCTH K TEOHAY BhI3BAHO BO3MYILAIOIIMM loTeHIHajsoM T u oI-
4 oT
pejie/IsieTcst IPOHSBOAHON ero 110 HOPMAJH K Sannconny —— Cuia

THAHCECTH HA TeOHAe paBHa gp, HOPpMAABHOE 3HAYEHHE CHJIBI TAMXKE-
CTH Ha TCOHAE PaBHO 7Yo IIIOC NMPHBEJEHHE B cBOOOTHOM BO3AYyXe

OT NOBEPXHOCTH JIIHNCONJA K Teou1y, paBHoe C-g%r. Torna

or d ay
~on :g"“(%” ?}):Ag+§?;
HJIH
aT oy
G i . e Lo

ITonyuennoe TakuM 06pasoM DAaBEHCTBO SBMASETCS IpaHHUHLIM
yenosueM nas I, 3amaHHBIM HA TIOBEDXHOCTH SJUIUIICOMIA OTHOCH-
mMocTtH. Peulenye 3Toll TpaHnuHOll 3aJa4H BO3MOXKHO, OLHAKO CJIOMK-
Ho ¥ Tpefyer HDpPHMeHEHHS CHelHaJbHHX (YHEKIMWHA. 3aiaua peua-
eTcs MPOCTO, €CJIH 3a TIOBEPXHOCTh OTHOCHMMOCTH NPHHATH cdhepy
i ypasHenne (12.3) nepectpouthk K cdepe; ARedasd ITO mepecTpoe-
HHe, MBI JONyCKaeM HETOUHOCTb, BLIPAXKAEMYIO BeJIHUMHAMM, He
OONBIIIMU  KBajpara cxkaTusg. B camMoM Jene, BO3MyIIawmuil
norennuan I u aHOMAJMIO, PaBHYIO NPOHM3BOAHOH BO3MYILaiolle-

aT
ro NOTeHIHANA ——, OTHECeM K cepe S ¢ NOMOMBIO PasIoKeHHs
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B psA

Tz:Ts‘!‘(-%g—)SdE -2-‘—( e ) et 4.

oT oT &T ) i SR
(%)= (5) + (F) e+ (G 0+

653 72'!— ();d js
31[6(1!:. H3MeCHEHHe paCCTOﬁHHﬂ d; HMECT NOPSAOK a, aomMaJiugd

'af He QoJblIe o, BeJIHYHHa EE: TaK;Ke He Goablie o, HMmes B BH-

Ly, 9TO HAmNpaBJcHHe pajuyca R cepbl coBmagaer ¢ HANpaBleHH-
eM HopMaJaH, ypasuenue (12.3) mas cdepbl MoKEeM NOpPEACTaBATD
B BHIC

or 2v¢ 278
R =&t =Agt

o RN 4t |
Tie —~ =5 =5, Hm

aT AN
GRS (12.4)

Ypasucuns (12.3), (124) aBasioTCS IpPAHHYHLIM YCIOBHEM CMe-
magnofl npeleanHON 3akaul 3MAHNTUUECKOro THHa: Tpedyercs nafi-
TH B obaactn £, BHemHel 1m0 oTHOWeHHio XK cdepe S, rapMounue-
cKyto Qynkuuio T, yA0BJIETBOPSIOUIYIO HA HOBEPXHOCTH cephl yc-
JgosHio (12.4). IlockoapKy 3ajiada BHEIHSS, CJASAYET YCTaHOBHTH
XapaxTep H3MEHeHHd HCKOMOH TapMommudeckoil (yvukmun I dHa Gec-
KOHEYHOCTH. DTO JerK0 CAenaTh, €CJHH BCIOMHNTH PA3jaoXKenne mno-
TeHIHaJsa MPHTAXKEHHs N0 MHoroudnenmaMm Jlexanapa. Tam Oblio
N0Ka3aHo, YTO PasiioskeHHe BO3MYIIAIONIEro NOTeHHAJA HAYHIAeTCA
co chepuuyeckuX GYHKIHI BTOPOro Mmopsiaka, TAK 4to I peryadap-
1o #a Geckoneuynocty (10.58).

§ 3. dopmyna Crokca. Pag Crokca

3&;1811_\/ onpenae/JeHHs BLBICOT reonja Hal 3JAJHIICOHI0M OTHOCH-
MOCTH II0 AHOMAJHIM CHJIBI TAMECTH BuepBple pemtnsi CTOKC B
1849 r. On noayuusn uuaTerpanbuyio dopmyay (KOTOPYyK BIOCICA-
cTBUA Haspaan gopmysocl CToKcg), MAOMYyIO CBSISb BHICOT TEOHAA
Hal 3JJIATICOML0M OTHOCHMOCTH C aHNOMAJHAMH CHJIBI TSXKECTH. DTa
(opMyJia 1103BOJSIET 110 AHOMAJHSM CHJLl TSKeCTH, M3BECTHLIM Ha
MOBEPXHOCTH DeouIa, QUPeNelNHTh B J00G0il TOYKe BLICOTY TeoHaa
nan sanunconiom, Qopmyna Croxea urpaeT UCHTPAABHYIO PONbL B
TeopuM HUTYpBl 3eMJil, NOCKOJbKY ONperejacT TeOHl, KOTOpbiii
AJUTEJbHOE BPeMsl CUHTAJICS MOCACLHHM HPHOMHMKEHHEM B Tpel-
crapjennn ¢urypel 3emun. C COBpEMEHHOM TOUKH 3peHHS, KaK yixe
TOBOPHJIOCE, TEOHI He CJAeAYVeT PaccMaTpuBaTh KaK nochAefadee H Ja-
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e Kak caeiyiouiee Mocje 3JIHICOHAA OTHOCHMOCTH NPHOIHIKEHHE
B MpeACTaBJEHHSIX O Gurype 3emJH, 10 POJbL TeoHIa OCTAETCs I0-

npeKHEMY LEeHTPaJbHON — 9TO IOBEPXHOCTE, PA3JesIonas 3eM-

J10 Ha TVIaJKyl0, TeOHNAJbHYIO 4acTb H Ha HEPABHOMEDHO H3MeEHs-

IOLIMICS CJI0il, OrpaHHYeHHBI (H3HUECKOH TIOBEPXHOCTBIO 3eMJIH.

Taxoe paszzerepne LeaecoobpasHo HIJsI OKOHUATEJNBHOTO MOCTpOE-:
Hus GUTYpH (usHyeckoil mosepxuoctH 3eman. ITostomy dopmyna

CTokCa COXpaHfeT CBOE IEHTPaJbHOe 3HAUEHHEe U B COBDEMEHHBIX

veaoBHax. Has Beizona ¢opMynn CTokca BBeIEM B COOTHOLIGHHE

(8.53) B KauecTBe MOTeHNHAJIbHON (GYHKUHH V 3HaueHHe BO3MY-

wamouiero noresuuana T, mpH 3ToM yuTeM CBA3b I ¢ BHICOTAMH

reouza ¢, naBaeMyio ypaeHenuem Bpysca (12.2), u rpanHuHOe yc-

nosue (12.4)

T (M) = S” (82 + 28]+ 96— 202 (L] do. (125)

Ilo ycaosuio BpiGOpa BTOPOrO wjeHa IIOJ 3HAKOM HHTErpaja
nocrpoennas ¢yukuus T'(M) ue Tepmur
paspeiBa HENPEepLIBHOCTH NPH TNepexoe
Ha chepy. OcymecTBUM mpeaeaAbHbIH

>~

Vs

Puc. 85. Puc. 86.

nepexos, K moBepxHocTH cdeprl, Ha Kortopoit (12.5) Gymer mmers
pag (cm. ra. 8, § 10)

M)= L SSS [ir (Ag 3 QLR;) +vt = (%)] do. (12.6)

Gyuxrnua 1/r, Bxoasmas 8 dopmyay (12.6), moxer O6LITL BHIpame-
Ha uepes p, R, y (puc. 85):

1
1 e (92 21 Rz'—QPR COSIIJ)—?, (127)

r
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mocJie 4ero ee MOKHO NmpoaHQdepeHIIpoBaTh MO HOPMAaJH, KOTopas
COBMafaeT B HalleM ciayuae ¢ paauycoM cdepsl R M Hampas.ieHa
B TIPOTHBOINOJIOKHYIO CTOPOHY:

0 Sl 1 or 1 >
B b R e s
Ho cos(nﬁ):sini—z—( nc. 86), mosTomy
¥ 2 "QR P * ) &
g7l 1 '
R (12.8)

Bsenem (12.8) B (12.6):
To(M) = y8, = [H = +SS($T€ 54 dcr] (12.9)

HJIH

HJIH

& = m“ 22 4o+ o ”—da (12.10)

Peuwrenne 3TOro HHTENpaJbHOTO ypaBHEHHs MOJIKHO NPHBECTH Hac
K ¢opmyne Crokca. [ns pemenus (12.10) Bocmoabayemcs H3BeCT-
HBIM CBOHCTBOM cipepHueckux ¢ynxuuii. Korma Hccaenyemas Tod-
Ka JIeXKHT Ha mOBepXHocTH cdephl, T.e. p = R, To HMeeT MeCTo Co-
orHomenxe (9.56), BuBenennoe Aas chepsl paauyca R:

Fm (07, &
F,’?(a.m):grng'“ “‘r ) (9.56)

rae Gynxius Fi— Hopmuposannas chepuueckas QyHKumsa, 0, A —
noJspHOE PACCTOSIHAE M JIOATOTA TOUKH, B KOTOpO# Hccaenyercs
dynkuus, 07, A — KoopaHHATEL TeKyIlell TOYKH, r— paccrodnie oOT
ToukH (0, A) ;o Touxm (0, A').

IlpencraBum Tenepb aHOMAJdHM CHJABL TAMecTH Ag H BLICOTH
reousia § pasnokeHHLIMH TO chepuueckuM (QYHKIHIAM

; Ag e ngz Agn: Q ra 2 Zm (1211)

a—=2

rje
n

Agy = ApoPn(cos0) + X (Apmcos mh - By, sinmh) Py (cos 8),
m=1

e f‘!.no P, (cos8) 1+ X (Enm oS A - B Sin mh) Py (cos 0).
m=1
(12.12)
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Hwmes: B BuAy Bbipamenue (9.56), moxem manucatbh ang Ag, u &,
clefylolte IBa PaBeHCTBA:

Ag.. (8, W
” g“(r )dci: 2R Aga(6,1), (12.13)
PAE (07, 4) 4nR
j;j ——do = 5 00 (B, 1) (12.14)

Buecem Ttenmepp (12.13) m (12.14) B ypaBuenue (12.10), mocse ye-
I'0 MOJYYHM

2R 1 3 €
b = Grty A8 Tyt
[IpuBoas unens ¢ §,, OvVIeM HMETb
% R
Cn = ——— Ag,. (12.15)

T =Dy
910 obumuil uaeH Tak HasbiBaeMoro psaga Crokca. 3nadenue § MoxK-
HO MOJYUYHTb Tenepb B Buae pada Crokca

RN\ Agn
[= = 2 (12.16)

[Tocnennee BLpaxKeHHe JdaeT 3HAYeHHe BBICOTHI TeOHJA uepes pas-

JOKeHue aHoMaJjuil mo chepuueckuMm ¢QyHKupAM, CyMMHpOBaHHe

BeJeTCS €O BTOPOro 4/eHa, TaK K4aX B BO3MYLIAIOUIEM ITOTeHLHAJE

OTCYTCTBYIOT TapMOHHKH TepBOro U BTOpPOro mopsikos (oM. §6
n

ra. 10). Ecau ciofa BBectH 3Hauenue Ag, = 2 (Apm cOS mh -+
m=0

=+ Bpm sin mh) PI?(CB?G)?{ TO TIOJNYUHM

A
C:% 22 (niml cos mh - I;B"_"'i sinml) Po(ecost) (12.17)
=2 m=0

Sra QopmMyaa MO3BOJSET MOCTPOHTH BHICOTHI TeOHJAA, KOTAa chesa-
HO pas/joXKeHHe aHoMaqaHii mo chepuueckuM (yHKIuAM. IToapayacsk
poipazkennem (12.16), MoxHO nHOMyuHTh HHTErpajabHyi QopMmyay,
NPeICTABJIAIOMIYIO BLICOTLI TeOHIAa uepe3 aHOMA/aHH CHJBL TaKe-
cri,— ghopmyay Crokca. as storo pacemorpuM pan Croxca, Ha-
MUCAHHDBIN I/ BO3MYILLAIOLLErO HOTeHuHana

T RE b (12.16')

CrosiliHe mojJ 3HAKOM CyYMMBI BelH4YHHBI Ag, SBJASIOTCS Tak Ha-
3niBacMBIMHI  «HTpekamu» Jlanmaca. B raase 9 6wl10 mosyueHo
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HUTErPajabloe BbIpaKenue A7 3THX Beanuus (dopmyna (9.477)).
Hanumem ero mas Ag

41
hgimid LS AgP. (cos 1) de, (12.18)

pae p— NoJAApHOe paccTosHHe OT NMPOH3BOJLHOI HCCAeLYyeMOoil Tou-
K¥ 10 Texylileii TO4KH, do — 3MeMeHT TIOBEDXHOCTH eAHHWUHON cde-
put. Bpenem 3Hauenne Ag, B pax Crokca (12.16):

T=% ) o [”Aan (cos 1) do. (12.19)
Buipaxenne (12.19) M0:KHO 3anucaTh B BUIE
i gﬁ > 251 p, (cos) do (12.20)
1!—2

Kaxaplii ynen a1oro psijia npelicrapiser coboil chepHueckyio ¢yHK-
nuio. Cymma sTux (GyHxuuil gaer sHauenne § Ha chepe pamuyca R.
Has toro utoGrl pasmomenune (12.20) pacmpocTpaHHTh Ha BCe
BHeIlee MpocTpaHcTso (p=>R), B KOTOPOM, KaK MBI 3HaeM, BO3MY-
malomnit noteHunan I ectb (YHKIHS TapMoHHYecKas, Halo B pas-
JoMmenne BBECTH MHOKHTeadb (R/p)"*!; Torma (12.20) moXHo Ha-
nmHcaTh B BHIE

R{F Qb1 R
/3 :—4-n—j J Ag[z ;n—-:—‘:T FPﬂ(cosw)] do, i (12:21)
S n=>1 @

Bripaxkenne B KBaJpaTHLIX CKOOKaX 0B603HauuM uepe3 S(p, P):

o]

S (o) = ) 27 pnzi P, (cos ). (12.22)

n=2

Torna AA% BOAMYMAONIETO noTenuuana noaydaem dopmyny

2
— 2 [ {aes,mao (1223
: s
HIH, JeNist Ha Y,
{o= — s ‘SIEAgS (0, P) do. (12.24)

Iro gopmyaa Crokca, AawUlast 3IHAYSHHsT [peBblUeHHRE § reouja
HaJ 3JIHICOHJIOM IO AHOMAJHAM CHJBI TsxKecTH. AHOMannu Ag Ha-
0 3HaTh Ha Bcell 3eMJle, TaK Kak IO BCell 3eMJae BelleTcs HHTerpH-
poanue. ®yukuusa S(p, ) noayunia uazpauue ¢yuxyuu Crokca.
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§ 4. BuiBog dopmyant IHuuertu

Ilpn BeiBofe opmyanl Croxca ObIIHM CLETAHB NPeANOIOKEHH:
1) uTo ¥ MOBEPXHOCTL OTHOCHMOCTH, B KaYecTBe KOTOpoll Oblia B3f-
Ta cdepa, H TeOH] JexaT BHe Macc.- U 2) uTo ob6e 3Ty TOBEPXHOCTH.
COOTBETCTBYIOT OAHOMY H TOMY Ke 3nauenmio C = W,. Bropoe or-
paHHUEHHE HeCYIIecTBEHHO, H MOXKHO MOJOXKHTb, 4TO

U= U - Ties © =60,
Torza paccrogHHe MEKAY STHMH TOBEPXHOCTSIMH ONPEAEAHTCA IO

teopeme Bpynca (12.2), oanako mpu 3TOM Halo OydeT B3fATb BMe-
cro T sznauvenne T —8C:

D10 0O06UEHHe HCXOIHLIX YCIOBHH H3MEHAET BHA TDAHUYHOLO yC-
JoBus (12.4):

082 2T a0 v
RGeS (12.25)

Wz yenoeus (12.25) caenyer, uto B pasiomxeHHe Ag mo chepHue-
CKHM (pyHKIHAM BOiL1eT nocrosuubit unen 286C/R, xoTopwlit ofyc-
JIOBHT HEKOTODPHIl CABHI TOBEPXHOCTH ypOBHf. Temepb yxe He Oy-
IeT BHINIOMHATBCT YCITOBHE

H Agdo= 0,

>

a BMECTO 3TOr0 OVIeT
R0 o F i 26c‘” __8asC
L“Agda__ ” = do = el Ao = —5
5 s s
OTKYAA ILQJIYTHM

R
6= = ([agdo.

3HauuT, NpeBLIICHNe TeoHAa Hax cPepoHIOM OTHOCHMOCTH Te-
nepp Gyler

£ = Cor— | | Ao,
8

rae Ge, — mpesbllenue reouga naix cheponiom mo Croxcy. Bpoas
Ler Mo (12.24), monyuaem
; B :
¢=Tny Y S Ag [RS (P, ) — —2-] do. (12.26)
S

310 gopmuyasa Iuyerru. Ona He uMeer NPHHIHNHAIBLHOTO OTJIHUHSI
or ¢dopmyabl Crokca. Bropoit wmen srtoit Gopmy.an — BeanunHa
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NOCTOANHAA, He 3dBHCANLAA OT NOJOMKEHHS| TOUKH, CJEIOBATENLHO,
OH He BJHUseT Ha ONpeAeJCHUE PACCTOSHUS MEXLY TeoHnoM u cde-
ponjgoM. Ero MoxHO OTHECTH, HapHMep, 3a CUET BJIMSIHUS H3MeHe-
HHA cpelHero pajauvca R, KOTOpHIA He onpenpe’sieTcs H3 rpaBHMET-
PHUECKHX aHHBIX.

§ 5. fIpeoGpasosanue pynkuun Crokca

Packpoem spnauenne ¢ynrunun Croxea S(p, ¢) (12.22). Bpoaa
27 + 1 = 2n—2 4 3, npencraBum papercro (12.22) B BHRE

d _
S (o, %) 22 Py (cos ) +32 o Ll Uoom

n=2
BripasnM nepBulii uaeH nmpaBoil yacTH qepe3 NOJHYI0 CYMMY

22 m-xp (COS‘P)*QE =i (cosqj)—i—-ﬂgR cos .

p?
n=2 n=0

43 P =l ab)s = Imz S /2 ity
ak Kax Pg(cosyp) =1, Py(cosy) = cosp 1 Rz a (cosp) = -
TO

9 <« R" P, (cost) 2 2R cos P
S(p,¢)=7+32—‘;m(7:17——-f——7—. (12.28)

2
Tlpocymmupyem Bxonamuii 3 (12.28) psax

R™ P, (cost)
3 gt n—1 ~
N=4d

Benomuum, urto

1 1

—_— £y o
Epnx (cos §) = Vi w3 i R 91/1

2—'c031|3+
BeeneMm obosnauenue R"/p® = x"; Torga
—— P, (cos ) = = ¥ 5P _(cos ).
g R gl R

IlpencraBum cyMMy HanmcaHHO® CO BTODOTO UJeHA COOTBETCTBEH-
HO pady, BXoasueMy B (12.28),

;‘0‘_‘, x*P, (cos ) = 1 4 xcosp -+ g x"P,, (cos 1)
2
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: n P Y = 1 IS, e
g,x n (Cos ) e 1 — xcos .

Pasnenns 310 ypasnenne mousenno #a x2, TIOJYUHM

@
e 1 1 c
x"—2P_(cosp) — O, SRR B sl LR os P
; wABs o 22V I+x2—2xcosp x® o

Ilposenem nounennoe muterpuposamne B npefenax ot 0 mo x;

SE}.“— a(cosP) dx =

e b -
S j % _5’ cos § dx
5 V1+x2—2xcosq; 0 X2 x

B pesyabTare HUTETPHPOBAHHUS TIOJYYHM B JeBOH YacTH

= xn—-i
; e P, (cos 1),

nepBHil HHTeTpasa npaBoi 9acTH
dx ¥ X—2xcusp LI 3
22 x2— 2xcos + 1 *

2cosxpj‘ dx V/x® —2xcosp + 1
+ o x'l/x).__

2xcosPp -1 o *
—cos¢1112(1 — xcosP -+ J x®— 2xcosy + I)—{—cosxp]nx.

Tlostomy

[- -] n—1 x 2 A
o0 i

N Pa(cosy) = —| LE=Eesv L

- 0

—cosypln2(l — xcosPp+ )V x® —2xcos ¢ | 1)+.3'C.._

3aMeTuM, HTO

: e i PR I 1—1 -}- (2rcos1p~x2)—
hm[_l__]/x 2xcosxp+l]=]im e
e L ¥ L x>0 &

= cos .

19411, Tpywsnckui
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[ToscTaBasst npeebl, MOJTYYUM

(e

% o et
2 x~1 P, (cos ) = B0 e 21«?{:0511;_;_1Jr
2

n X

L cospIn2(1—xeosy+ VF—Zrcos I 1) —
— cosp - cos P In 4.

BOSBwpaH}\aH-Cb K MpeAHUM NEPpEeMEHHBIM, MOJYUAM

zf:_::np I(Cc,s\p):m!%-[l———cosw ]/ s —2—-(:05113]

2

1———R.COS\P+]/’_1'F -R—f- _Qicomp
o7

—cospln——0F 5 - o 12,998

Teneps, uTo0bI MOJNYYHTH B OKOHUATENBHOM BHAE HCKOMODE HAMH
Bblpa}KeHHe Broporo ujgena (12.28), nocrarouno (12.29) yMHOXKHTDH
Ha 3R/p*

N R“ 2 (cosq) 3
it e
2

R ) el
5 COSIP_"p-_szH'T'RH_'2PRCOSTp-—-

n—l i

"—-Eicos win —Rcosp+ ¥ p‘—R“Hszcosp
P 2p
§ 008 3r 3R Brosibsl s
= el _—— - _“___'__,d
T S R e e )

Haiinennoe spauen#ie cymmsl BBeZeM B (12.28). Torma ucxomas
(hysKIHsA MOXKeT OHITh NPEINCTABIEHA B BHIE

S(p, p) = % S L B G L e L

p p? p? o2 20

(12.31)

Has nosepxnoctit chepst hynxuno S(p, §) JETKO NpeACTABHTH
B BUAE QYHKUMH TOJLKO OJHOTO mepeMeHHoro . Jas sToro mocra-

TOYHO BCHOMHHTE, UTO HA cdepe r==2R sin %, a p=R. Torga

Q9

“

S (PJP) [COSGC% —]—lh—acoaq—ﬁsm—w——

— 3cosyln (sin—g— -+ sin? %)] — —-}e— S(¢). (12.32)
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§ 6. lpakTHka BLIYMCHEHHS BBICOT reonja

Ecnu snavenne ¢pymxumu S (i) BBecTH B (12.24), T0 MH nonay-
yuM dopmyay CToxca B pa3BepHYTOM BHAE:

ey jjAg[cosec — bsin LE_ +1—
— S cos —3coswplnksm~— + sin® - . )]do

[lepeiineM K HHTErpHpPOBAHHI IO CQepHUECKHM KOOPAHHATAM 1
# A. D1eMeHT NOBEPXHOCTH €IMHHUYHOI ChepH do B HOBBIX KOOPAH-
Hatax oyner
do = sinydypdA.
[Ipepenst uHTErpHpoBanus 6vayrmoy or 0o mumo A or 0
0 2m:
on

I’: -3
;mri,-ngglcosec%——ﬁsin§+ 1 —5cosy —
0

— 3cos P In (sm —}—sm2 )]Simp dpdA.

OGogHauasi nmpou3seienne KsajapaTHOH CKOGKH Ha !/psiny uepes
F (1), moayunum

Sﬁ 5 AgF () dp dA. (12.33)

“= 2y,
00

3aMeTHM, UTO [pH NOPABHJIBHOM ONpeLeJeHHH apoMaJauit 4aeH

YjAg(I~5cos¢)dcr ofpamaerca B HyJb, TaKk Kark DasNoXeHHE

BO3MVIIAIOUICIO IMOTEHIHAJNA He HMeeT 4JIeHOB €0 CchepHuecKHMH
(GYHKIMAMH HVJIEBOTO B TePBOTo MOPIIKOB.

Oyuxuus F(¢) 3anaerca rtabauyno. B taba. 11 mpusomatcs ee
3HaUEHHs] B COOTBeTCTBHH ¢ Tabaullamy Jlambepra. Ha puc. 87 xoj
(hYHKIUY Tpencrasiel rpadiyeckd,

Beoas (12.32) B (12.26), monyunm dopmyay ITunerru B apyrom
HANACAHHH:

v ’

b= \ S.Ag[S(mp)——-—]do (12.26')
8

B ypaBrennu (12.33) uurerpupoBanue Bemercd 1O Bcell 3emae.

OTO 3HAYMT, UTO JJISt KAKJIOTrO 3JeMeHTa HHTerpHPOBAHMS NOMMKHO .

ObITb HM3RECTHO 3HAueHHe Ag, H}’JH 3TOM 3aMeTHM, HTO BJIHAHHE

AHOMAJRH JMaJeKuX OT HCCAeTYyeMOI TOUKH obaacteil ne }Meﬂbma-.



9092 AHOMAJIBHOE TPABHTALIMOHHOE ITOJIE [CJ1. 12

ercst. ITO BUAHO H3 Tala. 8. ITosToMy mpu mo/b30BaHHH (HOPMYIION
{CToKCa ONHHAKOBO CYIIECTBEHHO 3HaHHEe aHOMalHi Kak B OJIH3KHX,
Tak # B JAJIEKHX 30HAX.

Ta6amma 11

» Fop) ‘ P ) i v Fob) » F)
0 10,000 | 13 +1,163 | 70 —1,082 || 135  |-0458
1 | k1,088 | 14 +1,130 || 75 ~1,105 | 140  |+05%
2 +1,139 | 15 41,112 | 80 1,082 | 145  |+0,560
3 +1,175 | 20 10941 | 85 1017 | 150  |+0,559
4 41,200 | 925 +0,722 | 90 —0914 | 155 (40525
5 | +1216 | 30 10474 | 95 —0,780 || 160 |L0461
6 +1,227 | 35 +0.210 | 100 ~0623 || 165 |40,370
7 41231 | 40 —0054 | 105 —0450 | 170 ' |+0259
8 +1,230 [ 45 —0,307 | 110 —0270 | 175 10,133
9 41,224 || 50 —0537 | 115 —0,092 | 180 0,000
10 41215 | 55 —0,736 | 120 0,077

1 +1,201 || 60" —0,89 | 195 40,299

12 “+1,183 | 63 —1,012 | 130 40,358

Cefiuac, Korja HpHEM pa3/IoKeHHS aHOMAJHH N0 chepHYeCKnM
«DYHKIHMSM BOLIeJ B NPaKTHKY, Haubomee yIoOHBIM myTeM [OJyde-

ey
5

Puc. 87.

HAS BBLICOT TeOHJa sBJsieTCs “Hemoab3oBanHe psga Crokca (12.16).
Ecnn mssecTHnl Kozh@uinenTsl pasnoeHus anomaauii no chepu-
YeCKUM (QYHKUUAM Anm H Bam, TO 15 J060i1 TOYKH € KOOPAHHATA-
MH @ H )\ JerKo BBEUHCIHTE §. C NOMOILBIO 3/JeKTPOHHBIX BLIUHC/IH-
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TEJIbHBIX MaIlMH, TPUMEHHTeJbHO K 'KOTOPLIM celuac COCTaBJEHBl
CTaHAapTHLHIE NPOrPAaMMBbl PasJIOKEHHS AHOMAMHH IO cepHUeCKHM

QYHKUHSIM B BBYNCAeHHs Gynkuuii Py (cos0), moayuenne BHICOT
reoufla Tpedyer HeMHOro BpeMenH. OcHOBHBle TPYAHOCTH B pellle-
HHH 3alayd CBOJAATCA K MOJATOTOBKEe MCXOJHOTO TPaBUMETPHUECKOTO
MaTepHanaa, o KOTOPOMY HOJIKHBI ObLITh MOMYUYEHBl Apm H Bum. Has
pasoXKeHHsT aHOMAJHIl B pal I0 chepHueckHM OYHKUHIM OHH
(anoMaauu) AOJKHBI ObITh 3aJaHBl Ha Bcel cdepe.

Onnako jmajgexko elle He BCs 3eMJs H3yueHa B IpaBUMeTpHue-
CKOM OTHOLIeHHU. 3HayHTeNbHble 00JaCTH €e He MOKDHITH Jaxe
PelKHMH IpaBHMETPHUYCCKHMH cbeMkaMH. OO6JacTH OKeaHoB, 0CO-
GeHHO B IOMKHOM MOJVIIAPHH, HA OTPOMHBIX IJOINAJAX He HMEIOT
HH OJHOTO rpaBHMeTpHYeckoro myHnkra. IlpuxomuTes IJig sTHX my-
CTHIX MECT Ha3HauaTb THIOTeTHYecKHe 3HAUEHHS aHOMAaJuH, IOJY-
YeHHBIE B TeX HJH MHBIX UpeAnooxKeHHsaX. HacTo Ans Bcex HEH3Y-
YeHHBIX O0JiacTeil 1MOJAralT aHOMAaJHH B CBOOOJHOM BO3AvXe HJH -
H30CcTaTHYECKHe aHOMAaJuu paBHbIMH HyJao. Muoil pas mpumensier-
26 BTOpOE mPUOJHIEHHE, T.e€. BBIUHCAAIOTCS KO3PQHIHEHTLI pas-
gnoxennsa A,., 4 Bn, B NPeANOJOXEHHH, YTO B HEH3YYEHHBIX MecTax
anoMaJun paBHel HyJd0. C 3THMH KO3((HIMEHTaMH BBIYHCIISIOTSA
anoMaaud mo GopMyJe pasIokKeHHs NI BCeX MeCT, TAe OHH (ak-
THYECKM HEU3BECTHBLI, W Jajiee, C BHOBb BLIUHC/JIEHHBIMH THIIOTETH-
YeCKHMH anOMAaJHAMHU, BLIUUC/ISETCS BTOPOe NpPHOIHIKEeHHe pasio-
JKEHHS aHOMAJIHH.

Teneph nmo moayucHHBIM KO3((HIHEHTAM NPOH3BOIAAT BbIUHCJE-
HHe BHICOT reoupa g, noabsysace popmynoi (12.17). 3to oaun nyrts
peleHHsl 3amauH.

3anavya MmoxeT ObiTh pemieHa Takxe Ge3 Pa3/IOKeHHA aHOMA-
Juit B PN — YHCJIEHHBIM HHTETPHPOBAHHEM C IOMOLIBIO GOPMYJIBI
Croxca.

B stom cayuae Takke HeoGXOAMMO 3HATH pacHpereseHHe aHO-
Maauil mo Bcelm 3emiie. [l NpPAaKTHUECKOTO BLIYMC/ICHHS § HHTe-
rpan (12.33) pasGuBaerca Ha CyMMY MHTErpasoB, pacnpocTpa-
HEHHBIX Ha MaJble V4acTKH 3eMHOil mnosepxnoctu. Pasbuenue npo-
n3BoaHTCH mo P H A

B ofumem Buge CyMMy HHTErpa/oB, ONPeeNsIONIHX §, MOKHO
s3anuecaTh CJAeIyIoWUM 00pasoM:

;:2%,2 [ | desrnavas, 2

rie Yo =20, ¢ =x, Ag=0, A,, = 2. O6bIYHO AN KaXKI0il TIO-
Ia/IKH, OrpaHHYeHHOH KoopAuHATaMH Yi—Y,1 H A—A,.,, npu-
HHMAeTCss HeKOTOpOoe cpeaHee Ha HeH 3HauenMe Ag,;. Toraa
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dopmyaa (12.34) moxer OHITH mepenucaHa B CJelyiolleM BHJe:

o Vitg Ajy
o 2 e S § Fapapaa=
=l y=0 ¥ Alj
it
=~ 23S aguds—4) | Faya.
Vi

Bxoasmuit B Bhipamenue HHTerpaJ MOKHO TPEICTaBHTh Kak
Pit1 Vit b
[ Fpyav= § Fpyay— | Fap)ap = @ (i) — B @),
P; o 0
Broca aTn 3navenus B npemblayiiee BuHIpaxeHue, TOJYYIM
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Sunavenus dyuxmun O (p) sagaores rtabaunamu JlamGepra, Bbl-
MHCKa M3 KOTOPHIX NpHBedeHa B Taba. 12.

Tabauma 12

v D(p) ) D) P @) Jt ) D(h)
0 -+H0,0000 13 40,2692 65 -+0,2970 125 |~—0,3792
1 ~+0,0183 14 --0,2895 70 -£0,2053 130 -—0,3534
2 40,0378 15 40,3089 75 +0,1096 | 136 |-—0,3177
3 --0,0580 20 --0,3989 80 +0,0138 140 [--0,2745
4 -+0,0787 95 +0,471% 85 —0,0781 145  |—0,2269
5 --0,0968 30 40,5241 90 —0,1626 150 |—0,1778
f 40,1212 35 40,3540 95 —0,2308 155  }—0,1302
7 40,1426 40 40,5603 100 —0,2981 160 [—0,0870
8 +0,1641 45 40,5549 105 —0,3451 165  |—0,0506
9 40,1855 50 40,5078 110 -—0,3764 1700 | —00230
19 40,2068 a5 -+0,4520 115 —0,3922 175 |—0,0059
11 --0,2280 60 10,3806 120 —1,3928 180  |-—0,0000
12 40,2487

§ 7. Kapra reouga. CoBpemenHbie NMpeACTaBieHHs

@opmyna Croxca uan psaa CToKca INOZBOJAIOT NPOM3BECTH BHI-
YHCJIEHHs BLICOT FeOHa Hal 3JJHOCOH/0M OTHOCHMOCTH, €C/TH  H3Be-
CTHBI aHOMAIHK CHJIbI TAKECTH HA BCell 3eMHOH TOBEPXHOCTH H BCIOAY
NPHMEPHO C OJZHHAKOBOH TOYHOCTBIO. IT0 CIEIyeT H3 paccMoTpe-
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Ena Qynxnui O (), HA KoTopble yMHOMKaeTcd Ag mpH HHTErpHpoO-
Banud. Qyexuns @ (p) Bo3pacTaer NpPH YBEJHUYEHHH [IOJSPHOTO
paccroanus ot 0 ao 40° nanee ona yOmsaer po 120° roe uMeer
OTPHIATEAbHOE 3HAYeHHE, TOCJC 4erQ HayHHAeT BO3pacraTth U JO-
cruraer wyng npu 180°. B oGnactu 80° oua mepexomHT yepes HyJb
(puc. 88). Ilpu cymmupoBanuu B (12.35) anoManuss YMHOXKAETcs
Ha pasHocth GyHKuHA O (¢) Aas cocennux Touek. OUeBHIHO, UTO

a 0° /;’ﬁ” ?

5TH  pa3HOCTH MOTIyT 06pamarthes B HyJAb JHIIe  BOAH3U
sxctpemyMoB GyHKIHE @ (¥), T. e. sOanaw 40° u 120°. Bo meex oe-
TaJbHLIX CAydasx 3Ta PasHOCTh He WyJ/ib, [lo3ToMy BiaHsHHE aHOMA-
Jui 1aJBbHHX 30H OCTaercsl CYLIeCTBEHHBIM. A 3TO 3HAYUT, YTO NpH
UHTErPHPOBAHUH BCe 06JacTH 3eM/n AOJKHBI YUHTHIBATLCS O1HHA-
KoBO. Mbl yiKe YKasbBa/JqHM, YTO NPH BBIUUCIEHHH BBLICOT TI'eOM/a
HHTETPHPOBAHHE 3AMECHACTCS CYMMHPOBAHHEM 10 30HAM, HAa KOTOPHIe
pasOupaercsa Best 3emad. SICHO, UTO CYINECTBEHHO HMETh IPABHMET-
pHYECKie XapaKTepPHCTHKA AN Beex son. MMenno nostomy dopmy-
na Crokca He Mor7a CBITh NPHUMEHeHHON MIHTEJLHOE BpEMs, T4k
KaK CpaBHMeTPHUECKad H3YIEHHOCTh 3eMAu Ouia oueHb caaGofi.
34 nocnaenHHe ABA NECATHAETHS Ha6.I104aeTcsl 3HAUHTeNbHAS AKTH-
BH3ALUSl TPABHMETPHYECKHX Hccaenosanuit. EBpoma, Cesepnas
Awepuka, sHaunrenbnas wacts Asuu, ABcTpanusi uMewT NOAPOG-
Hbie rpapuMeTpudcckue Kaprel. B Adpuxe n IOxHoir Amepuke
onpeieneno Go/bUIOe KOJHYECTBO, IPABHMETPHYECKHX NYHKTOB, TAK
4TO0 MBl HMeeM NpeicTaBjeHHe 06 MX TPaBHTALHOHHOM MOJE, XOTsI
HE C TOil CTENEHBIO JETaNbHOCTH, 4YTO AN JPYTHX KOHTHHEHTOB.
3a mocieanue rofibl BBLITOJHEH DSl MOPCKHX TIPaBHMETPHYECKHX
OUPELENCHUt U 3HAYUTC/IbHEIC O0AACTH OKeaHoB, B NEPBYIO OUEpPenDb
ATIaHTHYECKOTO, OKa3alHCh TAKKC MH3YYCHHBIMH TPABHTALHOHHO.
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TakuM o0pazoM, NOABUAACE BO3MOKHOCTL NOCTPOCHHS KAPTHL
reonaa ¢ nomouwbio psiga Ham Gopmyast Crokca. B 1952 r, Onura
onyOankoBada Kapta reomaa M. 1. JKouromoBuua. JKOHrosoBuu
NPOBOANJ BLITHC/IEHNE BLICOT TEOMAA METOAOM Pa3oKeHnss aHoMab-
HOTO 101 3eMatt 1o chepudeckuMm Qyukuuam. [Jast Toro 4tobsl oc-
JaOHTL BJAHSHHE CHCTeMAaTHUeCKHX MOTpeIlHOCTel, BO3HHKAIOLIHX
0py ydeTe HeumszyueHHLIX obuacreil, JKOHTONOBHY NPHMEHHJ METOX
BLIYMC/AGHUS € ToMOmibio psifa Croxca ¢ ABYMA NpuOIHKeHHAMH.
[Tepponauanbno rpaBHTALHOHHOE MoJie OBLIO Pa3JoXKeHo mo cde-
puueckM GyHKUHAM 0 4-ro mopaaka. C HafieHHBIMH K03(HIIH-
eHTAMU Da3joeHddss ObLLIH HallleHbl 3HAUEHHS aHOMAJ uH 15 He-
uceaenoBannpix obaacrefi. Jlasnee, yike ¢ yyeToM STHX THNOTeTHYe-
CKHX aHoOMaJiuil, OblJI0 MPOU3BENEHO passoXKeHHe 10 8-To MOpPsAAKa,
H K03(p(MHLUHEHTL 3TOTO pa3siokKeHus A,n H B, OBIH HCNOJb30BA-
Hbl /151 mocTpoenus § no dopmyae (12.17).

B 1958 r. Gpiia onyGauxoBana xapra reonAa [efickanena. Ilpu
ee MOCTPOEHHH HCTOJB30BAH 3HAUMTENLHO OoJee Gorathiil MaTepH-
a/l, ueM B paGote JKoHro/n0BHYE, TaK KaK 3a mpollejllee JecATHJe-
THE TPOH3BENEeHo O0JbLIOe KOJHYECTBO TPABHMETPHUYECKHX OII-
pefeneHuil, B TOM YHCJAe ¥ Ha OKeaHaX. [IpM HOCTPOeHAM BLICOT
reouia [efickaHed  NOJB30BAJCH HeMOCPEJACTBEHHO (POPMYJIOil
Croxca. [lpu BbuHCTEHHH BJHAHHUS HeHCCIeJOBaHHLIX 06J/acTelf
T'eiickaen npuMenHa Huofi Merox, udem JKouromoeuu. On Besle,
rie 370 ObUIO BO3MOXKHQ, TPOH3BOAMA HHTepIOAHpOBaHUE aHoMa-
JHil B ¢BOGOJHOM BO3AYXe C YYeTOM DeOJOTHYECKHMX YCJOBHil, Tle
#e o 370 OBIJIO HEeBO3MOXKHO, IPHHHMAJ HX PABHBIMH HYJIIO.

TefickaHer cOCTAaBHJ KapTy Teouua JWMbL AJs CEBePHOTO TIOMY-
wapust, cuuTas A7 W0XKHOTO MaTepuat HefL0CTATQUHLIM.

ComocrapJjenne cxeM BhcOT reonga mo Kouwromosduy u Ieil-
CKAHEeHY CBHIETEJNbCTBYET O 3HAUHTENBHOM DAaCXOXKIEHHH pe3ylb-
tatoB. MaxcuMa/abible BHICOTH Teonaa mo IelicKaneny TpHMepHe
B 1B4 pPa3a MeHLIIe W COOTBETCTBEHHO HMEWT G0Jee IIaBHOE H3-
venenne. Ha puc. 89 npuoantcsi cxeMa BbicoT reoufa Kayasl (10
asTopckomy opuruuanry 1961 r.) (o= 1:298,26). Kayua ans 3a-
MONHEHNA TYCTHIX MeCT BBIYMC/ASA CTaTHCTHYSCKH naubosee Bepo-
ATHbIE B JAHHOM MeCTe aHOMAJHH B 3aBACHMOCTH OT OKpYKalollix
anoMaauil. B mocaenyioumeM oOcpelHeHHble KapThl AaHOMAJHH 15
BCEro MHpa CTPOATCH 0OBIYHO € UCIOIb30BAHHEM KAK HA3GMHBIX, TaK
W CHYTHHKOBLIX jnannbix. Ilpumep Taxofi CXeMbi NPHBOARTCS
B raaBe 21.



TJIABA 13
YKJOHEHHE OTBECHbIX JIHHHH

§ 1. OcHOBHbIE MOHATHS

B aro0oit JaHHOH TOUKE OTBEC YCTAHOBHTCS IO HEKOTOPOMY Ha-
ppasnenuro ON (puc. 90), coBnagamoueMy ¢ HanpasleHHeM Leil-
CTBHSI CHJILI THMKECTH, DTO HanpasJeHHMe OyIeT BCerja MepIHeHIi-
KyJAspHO K ypopennoll mosepxuoctu W = C, npoXonsmeii uepes
IaHHYIO TOUKY. PaccMoTpHM Temepb OOWIMA 3eMHOI  3JIHNCOHI,
HauAyuiHM o00pa3oM mpeacTraBasiomui  GuHrypy 3eMman. 2T0T

A=

{1
it
i
/__\ IARURGOUT
_,__4——\ Pepepeny -
-3AAUNCOUT

Puc. 90.

3/JHICOU HE MOMKeT OBIThb BCIOAY MapaJ/iie/]bHbBIM YDPOBEHHOH Io-
pepxHocty W = C, XoTd B CHJAY TOro, 4TO OH HAWJy4YIIHM 00pa-
30M MPEACTABJAACT 3eMJI0, YIVIbI MeXAY HOPMAJIsIMH K 3/IIHICOHILY
W OTBECHBIMH JHHHAMH B CPefHeM OyAyT MHHHMAJbHLIMH.

Yroa 0,5 Mexay orecHoil auauedr ON u HopMaabio K obIIeMY
3eMHOMY 3JJIHICOHIY HasblBaeTcss QOCOAIOTHbIM YKAOHEHUeM OT-
gécroti auruu, OOpaboTKa BCeX Te0e3HuyecKHX H3MepeHHi, Kak
H3BECTHO, -IPOH3BOAUTCS Ha pedepenn-aamanconie. Pedepeni-aa-
JIATICOHJ] He COBMAJAeT, KaK MPaBHJO, ¢ OGIMM 3EMHLIM 3/THICOH-
noM. B pasauunbiX cTpaHaX M B Pas3iHYHOE BpeMst MOTYT HCMOJb-
30BaThest Mpy 0O6paboTKe reoie3HuyeckHX MaTepPHAJOB pasIHUHbIE
pedepen-aAnICOHIB. YToa O, MeXKAy Hamnpas/jeHHeM OTbBeca
ON B Touke O Ha Teouie H HampaBJeHWEeM HOPMAJH, Mpoxosuleii
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yepes Touky O K pedepeHl-3JaHNCONLY, HA3bIBACTCH OTHOCUTE1b-
HbLM WIAH QCTPOHOMO-2200€3UNECKUM YKAOHCHUEM OT8ECHLLX AUHUL.

Hanpasaenne oTBeca Jerko YyCTAHOBHTH HHCTPYMEHTaJbHO —
OTBECOM WM YPOBHEM. 3TO HalpasJjieHle ONpeelsercs acTpoHo-
MHYECKHMH IHPOTOl ¥ Joarorofl TouxkH crodmus. Ieoiesuueckie
WHPOTH W LOATOTHI ONpeesioTCs HanpaBJCHHEM HOPMaad X pe-
tbepenu-aaannconny. CreloBaresbio, yK-
JIOHEHHS] OTBECHBIX JIHHHH moJdydarcsd Kak
pa3HocTh AaCTPOHOMHYECKHX WM TeojesH-
vyeckux Koopannat. CKasaHHOe MOMKHO
NPOHANIOCTPHPOBATL  CAAYIOMHM  HO-
CTPOEHHEM.

[Mocrpouw cepy eAUHHEHOTO paidy-
ca ¢ neurpoM B Touke O 3eMHOM IOBEPX-
~woctu  (puc. 91). Hampasaenue oTBeC-
soit munuu OZ’ nepeceuer cepy B TOY-
ke Z7, sIBJSIOUlelca aCTPOHOMHYECKHM
seruroM. HanpasjaeHue HopMaaH K pe-
(pepenil-3IHICOMLY nepeceuer chepy B

touke Z (reogesmueckuit senut). OP — £
JUHHA, TapaiielbHasd OCH BpallleHHsd
Seman. Touku Z u P JexkaT B ILIOCKO- Puc. 91.

cTH reofesHueckoro Mepuauana. Ilaoc-

KOCTh 3KBATOPA NEPNCHAMKYJAspHa K Haupasienuio OP u JjunHA
Z2'7". coennusouas Z’ co cropoxolt ZP, mepneninkyispHa K Io-
caenged, Jlunuu Z'Z”, Z"P u 7/ P 06pasylor cepuuecKuil Tpeyrob-
HUK, ¥ KOTOpPOTO cTOpona ZZ) = ¥ — 10JdHas BeJUUHHA YKJ/JIOHEHHS
orpecuol anHuy, ZZ” = g, Z'7 = v — COCTaBJAI0ONINE YKJIOHEHHN
OTBeCHOIl JHHUH B MepHAHaHe H B IePBOM BepTHKa/Ie COOTBETCTBEH-
wo. OTknoHenus oTBeca K 10y (s §) M K sapajy (Ans 1)) CYHTA-
I0TCS TOJOMKUTEILHBIMH, TAK KAK OHH YBeJHUHBAIOT IUUPOTY W JOJ-
rory. Orxnomenna orpeca K cesepy (E) u BOCTOKY (n) cunTanTcs
oTpHUATeAbHBIMH, Yroa ZPZ’ = ) — L — pasnocts reofesHuecKou
W acTpomoMHYeckoi goqaror, ZP = 90° — B — nonoauenne jo reo-
nesuyeckoll muporsl, Z'P=90°—¢ — HONOoNHEHHe 1O acCTPOHOMUYE-
CKOIl MHPOTHL. /LI IPSMOYTOTLEHOro CPEpHYECKOre TpeyrodbHHKa
7'7Z"P MOXHO HalucaTh B cooTsercTsHu ¢ dopmyiamu chepuye-
CKOH TPHUTOHOMETPUH

clg(B 4 &) = ctg g cos(h—L),
sin n == cos ¢ sin(h— L),
OTKYyIa C TOUHOCTBIO A0 KBagpata § H N
B=g—~t L=J\—nsecy (13.1)

Ecau 6bl koopausaTtsl B w L Guinu 3ajaHsl Ha 0O0HIeM 3CMHOM
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saaunconne, To dopmyasl (13.1) namanu 6bl  abcosiOTHBIE YKIO-
HEHHST OTBecHBIX JumHil. Tak KaK TeofesHueckue KOODAMHATH OT-
HOCSTCA K peepeHIl-3JJHICOHLY, TO H moayuenHule mo (13.1) yx-
JIOHEHHA OTBECHLIX JIHHMI OTHOCATCA K 3TOMY #e pedepeHu-ajaum-
conay. UtoOpl mosyuuTh aGCOMIOTHBIC YKAOHEHHSI OTBECHBIX JHHHIL,
K & H 1, BBIUHCJEHHBIM IS JaHHOTO pedepeHil-3/JHICONAa, HAL0
n06aBHTb nompaBKH AE H Ar, paBHble TMPOEKUHAM YIJIOB MeXKIY
HOPMAJISMH K pedepeHil-3JIHICOULY H o0lleMy 3eMHOMY 3JJIHII-
COMAY HA COOTBETCTBYIOILIHE KOOPIAHHATHHIE IJIOCKOCTH.

§ 2. TpaBuMerpHYECKHIl BBIBOJ, YKJIOHCHHS OTBECHBIX JHHHH

YKIOHEHHS OTBECHBIX JHHHII MOMKHQ ONPENeNUTb TPABUMETPH-
yecKHM nyTeM. B camMoM Iese, VKJIOHEHHe OTBECHON JIHHHH €CTb
VroJl MeXJy HODMAaJsgMH K YDPOBEHHBIM TOBEPXHOCTIM pPeabHOTO
H HOPMAaJbHOTO I'DABHTAUHOHHOTO moast. Ha reouIe 3To COOTBET-
CTBYET YTy MeXAy HOPMAJAMH K 06LIeMY 3eMHOMY 3J/IHICOHAY

Duauvechar nobeprHocms
emau

[eoud

Januncoud

Puc. 92.

i reonay. Cuay TszKecTH g, HanpaBJIeHHYI0 N[O HODMAJH K ypPOBeH-
HOI MOBEPXHOCTH [PeaJbHOTO CHJIOBOTO IOJIS, PAa3J0KHM Ha COCTas-
JsiolllHe TI0 HOPMaJll ¥ KacaTeNbHOH K ajaunconny. 1lepsas cocras-
Jasiomas Oyaer GaH3Ka K Yy — HODMaJIbHOMY 3HaueHHIO CHJBL TH-
JKecTH, BTOpas COCTaBJRIOMIAN ofycioBiena  AelcTBHeM

aw
BO3MYIlaiomero moTeHuHasa. ObosnaunM ee gs = 3= Ornoue-
HHe g, K Y ONpeeJuT YKJIOHEHHe OTBecHoil maunun (pHc. 92)

s
tgﬁ' = T g
4 — Bcerza Maabii YroJd, B HCKJIIOUHTENLHBIX VCAOBHAX LOCTHIAO-
HIMIT HECKOJBKHX 1ecATKOB cekyni. IlostoMy ¢ TouHOCTBIO OO BTO-
poit crenenu 1 paBHa
g
0= 7‘- (13.2)
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Hmes B BHAY, UTO

W=U-++T,
MOJXHO 3anucaTthb
1 oW 1 (U oT
e b ’?(a—ﬁa)-

Onmnaxo gays- =0, Tax KaK CHJOBble JHHHH HOPMaJbHOr0 NOJA Ha
TeoH/e TePNeHIHKYJASPHH K HOpMalbHOMY 3saauncoupy. Toraa

1 ar ‘
¢ =— e (13.3)
Tax xak T = yC, TO MOXKHO 3aIMCaTh
B % (13.4)

os °

Jra opMyna NOKA3LIBAET, YTO YKJIOHEHHE OTBECHOH JIMHHH €CTh
TPOH3BOJAHAA MPEBLIIEHHS TeOHLa Haj 3JIJIAINCOHIOM MO HaNpas-
JeHuio HanGOoJBlLIEr0 H3MeHeHHS NOTeHLUHasJa Ha IJJHICORIE HJIH,
YTO TO JKé caMoe, HaubGoJblIero H3MeHEeHHS BHICOT. ECIH MBI XOTHM
NONYYHTh VKJIOHEHHS OTBECHLIX JUHHA B MepHIHaHe, T. €. MO ILH-
poTe, H B MepPBOM BePTHKAJe, TO COOTBETCTBEHHO HAJIO MTPOBOJHTL
nnddepennyposanue MO HANPaBJCHHIO MEDHIHANA H IePBOTO Bep-
Tukaaa. B mepBom cayuae ds=R dqo, B0 BTOpOM 0S=R c0S @ydho,
rie (o, Ao — KOODAMHATHI TOYKH, B KOTOPOH ONpejeasieTcsi YKJAOHe-
nue ortsecnoit JauuHud. Toraa cooTHomenue (13.4) npHBORUTCH
K popmysam

s el e o b
=¥ Y Rop, R dq ]
: 3 (13.5)
¢ S S Lt Ak ]
| e y Rcosgpydhg Rcosgydry™ |}

Suauenne § sanaerca ¢opmysoil Croxca. 3HaK MHHYC IIOCTaBJIEH
NOTOMY, UTO VKJOHEHHS OTBECHOH JHMHHH €O 3HAKOM ILIKOC YBesH-
YHBAIOT WHPOTY ¥ JOJTOTY H NONPaBKY HAIO BBOIHTH CO 3HAKOM
MUHYC.

31 hopMYIH 1aI0T 3HAUEHHE YKJIOHEHHs] OTBECHOH JIHHUM Ha
reonfie. Jas Toro utoOLl MOJAVYHTH HX B TOuKe (HH3HYECKOH 110-
BePXHOCTH 3eMJH ¢ BeicoToil H, Hazo K HEHM J00aBHTH TONPaBKY
3a MCKpHBJeuHe CHJIOBOH AMHHM Ha nytd H. ITta Ke mompaska
CAYAKNT Taxkme U AJd NPHBeJeHHS H3MeDeHHBIX IIHPOT K YDOBHIO
MOpH.
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§ 3. U3MeHeHHe YKJIOHEHHS OTBECA BCJCACTBHE KPHBH3HBI
CHJIOBOH JTHHUH :

Ilpu nepexofe OT OAHOH YpPOBEHHOH IMOBEpPXHOCTH K APYroil mo
CHJIOBOH MHHHH, T. €. [PH M3MEHEHHH BBICOTHI TOUKH, HMEET MerTo
H3MeHEHHE MWHPOThI ¥ AOJTOTHL 310 TIPOUCXOANUT BCACACTEHE TOTO,
YTQ YDPOBEHHBIE [OBEPXHOCTH He MMapa/UIeJNbHBI, CHJAQOBAad JHHHS
HMeeT KPHBH3HY, H 3HAYHT, HaAllPABJAEHHE QTBECA B NPOCTPAHCTBE,
ABJAICHIEECH KacaTenbHol K CHAOBOH JHHHM, pAa3IUYHAD B PA3HEIX
TOYKAX CHJIOBOH JIHHHH. 3HAUUT, H KOOPAUHATH TOUKH, Onpenesse-
MBIE YTJIOM MEKIY HampaBJIeHHEM OTBeca H IIOCKOCTAMHU 3KBaTOpA
¥ HAYa/JAbHOTO MepHianata, pasdauuHbl, B HOPMaJabLHOM CHJIOBOM TIOJA€
CHNIOBASl JUHHS SBJISETCS IIOCKOH KPHBOH H IpH ABUMKEHHH IO Hell

az & 2

A “r—-w w=C

W+ dWw=C

Puc. 93.

H3MeHdeTcd TOABKO WHPoTa. PaceMoTpum nogpobHee BIHSHHE HC-
KPHBJEHHS CHJIOBOH JIMHHH HAa KOopAuHathl IlepeiiiemM or ypoBeH-
Hoit nosepxuoctd AB(W = C) x GeckoHeuHO Gau3KOH YPOBEHHOI
nosepxuocty A’B(W-HdW=C) (puc. 93). Ipu stom ana nepeme-
menuit dz, u dz; UMEIOT MECTO B COOTBETCTBHH ¢ TeopeMol Bpynca
paBeHcTBa

o)l 7
a8 e @L.

& €n
Munexcst A m B 0THOCAT COOTBETCTBYIOIAE BeJIHUHHBl K TOUKAM
A n B. Orcrooaa

iy oy
: dzy T gg
O6pasyeM MpPOH3BOAHYIO TPOMOPLHIO
' dzp—dzy  g,—8p

Y dzy SR
M 3aMeHHM gy uepe3 g., pacKiaipiBag gy B PAl

g |
gﬂ-:gﬁ_%-(—)%dxq—
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Toraa
g
dzg—dz, 22847 'g}dx
dz 5 ool g5

HJIH

dzB—-dZA 1 g

_mflx—:_aa_xd A (13.5)

dzgp—dzy

H3 puc. 93 gcHo, 4TO =g U dz,= p«&, TAE P=— Pafiuiyc

dx

KPUBH3HB CHIOBOH JIHHHH. Unmest 510 B Buiy, npeacrapum (13.6)
B BHJE

A 1 0g
b=, a gx_pxsr
oTKy1a
pp=— 1 IETLNE .
S L e
ox
ApaJorudHo moaydaeM
p e i = — -—--—-g :
: % Wzy
dy

3uas KPUBH3HY p CHJIOBOI JHHMH Ha TYTH H ot reonna fo ¢u-
AUUECKOI TMOBepXHOCTH 3eMaH, NOJyyHM H3MEHEHHE IHAPOTHL H
70JIOTH Ha myTH f{ 3a cueT HCKpHBJIEHHS CHIOBON MTHUHEH. DTH HU3-
Menenua OyayT

ﬁ(p:.ﬂ. = ﬁiwxz,
Py g
(13.7)
H H oo
Slcosp—-— = — — 3
0y g 2

Onnako senuuuusl We. u W,. BuyTpPH MacC Ha nyTH H uam neus-
secTHLL Tlostomy snavenus W, u W,. Gepyrcs B HOpMaJbHOM Ipa-
BHTAIMOHHOM IIOJIe, 4TO BejleT K YIPOIIEHHIO 3alavH. Hanumiem
ypaenenust (13.7) Ans HOPMANBLHOTO MOTEHIHaja CHIEL TSMKECTH.
[Ipu sroM 3HaueHHs BTOPLIX NDOMSBOMHLIX NOTEHUHAJA Pa3BEpHEM,
nomust, uto y="1.(14+psin?¢q),

H L H ooy H ooy H pef .

—_— — — 74 —_— e —— = — ——— B s i S

= v A e ¥ Gx v Mdp Yy M sin 2g,
il e e il o 10 0% o

Shcos p= _.\‘TWUZ*‘ e NCOWM-O.

(13.8)
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Ypasuenus (13.8) noKaswiBaoT, YTO CHIOBLIC JHHHH HOPMAJb-
HOTO TPABHTAIMOHHOTO MOJS CYTh NJOCKHE KDHBBIE (OTCYTCTBYeT
HCKPHBJIEHHE II0 JOJINOTE), MPHYEM BLINYKJIOCTH 3ITHX  KPHBLIX
BCET/la HalpaBJeHa K 3KBATopy. Eciu BBeCTH 4HC/IOBBIE 3HAYEHHA
Y, M, B, TO H3MeHeHHe WIHPOTH NPH PEAYIHPOBAHUE €& K T[eQHLy
oyaer

8¢"” = —0”,171 H sin 2¢, (13.9)

rne H BoipaxkeHo B Kuiaomerpax. Temepp m3 dopmya (13.1), yuu-
thiBasg (13.9), nonyuum (QopMyab npHBeAeHHA H3MEPEHHBIX aCTpPO-
HOMHUYECKHX 'KOOD/HHAT KIeOJe3HYeCKUM HA pedeperl-5 I IHIcot1e:

B=¢@—&t—0",171 Hsin 29, L=A—nsecB.

§ 4. BeiBoa (opmyasi Benunr-Meiineca Aas yKJIOHEHHR
OTBECHBIX JIHHHI

Ioacrasnsis B8 (13.5) §, 3ananHoe dopmyaoir Croxca (12.24),
u TOMHS, YTO IIpHM KOHEYHLIX p M HHTerpaJj, H NOABLIETerpaibHOL
eupakenue B dopmyiae CTokca KOHEUHBI, a

S (9, 0) = S (),

MOZKHO HANMHUCATh

rrr#

a8 ()
m’ J S Ae = o, £,

e 1 as ()
L 4y cos @ “ E Ag ok do.
g

BBoas cwona ssauenne do=sinydydA u unterpupys no cdepe
eIMHHYHOrO Pajnyca, TaK KakK MoAbHTerpajabHad (yHxuus S ()

He 3aBpHCHT OT R, NOAYYHM
2%

E=— EY) Agas(w)smlpdlpdfl
0

:! (13.10)
2n

SlA 68(11; smlpdq;dA '
0

T
= 4:rw COS ¢y Y

0
CTOHIU,He o4 HHTerpaJoM NPOH3BOAHLIC 3alHIIeM B BHAE MPOH3-

BOJHOH OT HEABHOH YHKLUMH:
oS (p) _ 9S () o
0py oy Oy’

aS () __ S () o
. e R W

(13.11)

L
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[lpouseoznbie § 10 (o H Ao HafifeM, paccMaTpHBas MNOIAPHBIH
chepuueckuit Tpeyroabuuk (puc. 94), B xoropom P —monioc 3eM-
au, N —Touka, B KOTOPOH HUIYTCA YKJAOHEHHS] OTBECHOH JIMHHH,
M — Teryuiag TOUKA HHTEIPHPOBAHHS.
HanuumieM pans Halmero cheprHyeckoro
TPeyroibHuKa (opMyasl chepHuecKol TpH-
TOHOMETPHH:
sinsin 4 = cos @sin(h — A,;),
sinpcos A = sin g cos ¢, —
— ¢0s ¢ sin @, cos (A — Ay), ! (13:12)
cosY = sin gpsin @, 4 i
~+ cos @ Cos ¢, cos (A — Ay).

Hduddepenuupyem nocaennee BhIpake-
HHe M0 Qgt
—sinpdp=singcosgodqo—
—Cc0s @ sin qg cos (A—ho) deo.
3mech mpasag HacTb paBHA MpaBOH YacTH BTOPOH u3 QopMmyn
(13.12). Hmesn 5TO B BHAY, 3amuleM —sinpdyp = siny cos Adqy,
OTKy,H.a

Puc. 94.

Ad

— = —cos A. 13.13
dPy ( )
AHaMOTHYHO JJIsi HAXOMACHHS TPOH3BOAHON 1o Ay Aubdeperuupy-
eM TpeTbe ypaBuenue (13.12) mo Ag:

—sin  dip = cos @ cos @ sin (A—ho) dho.

3aecb ko3(puuueHT mnpaBoil YacTH OpH  COS Godhy COBHALAET
¢ mpaBoi yacTeio nepeoit dopmyasl (13.12), tax uro

—sin | dip=rcos qo sin | sin 4 di,
oTKYy/a
o

T s P, sin A. (13.14)

Teneps, BHOCa (13.13) m (13.14) B BHIpameHHA AJA YKJIOHEHHH
orBecHoll muuuy (13.10), moayuum
7 om

§= —:{ ‘S‘Agﬂ;smq:cosAdqadA
(13.15)
2n

1
TI:E‘[F"‘-

GL—1:1

: AgalpsrmpsmAdq dA.

0
20 {1, m. TpymuHCcKHf
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Uro6rl BLIpAa3uTh 3HAYEHHE VKJOHEHHH OTBeCHBIX JHHHI B CeKyH-
dax pyru, ymuoxum (13.15) ma p”=206 265”.
Bsenem, xpome Toro, obosHauenue
pﬂ' a8

— sin 13.
b Ssing = Q. (13.16)
(Q uaswiBactca (yrryuer Beunune-Metineca. Torpa
i

E”z-—ﬁifiAngmAdwdA,

: f (13.17)
3'152.1

: Y AgQsin A dipdA.
0

Yoms

2,
0

@opmyabl (13.17) naloT 3nauenne yKJIOHEHHH OTBECHBIX JIMHHI
10 HMIMPOTe U B HAmpaBJeHHH NepBOT0 BepTHKAJa MO H3BECTHHIM
AHOMaJUAM CHJILI TAXKECTH.

§ 5. Xapakrep uaMmcHenus pyHkuun Benunr-Meitneca Q.
Bausuue aHomaiuii OGAMKHHX 30H

Crosluas moj uuTerpasoM ¢yHrmus Q HenpephiBHa BO BCelt
obaactn 3ajganus, KpoMe Touki =0, sBJsOLUIeficsi 0COOCH TOUKOIL.
Pacevorpnm yHxunio Q, xoropas nosayuaercs n3 S(¢) auddepen-

” ” 0

LHIpoBaHHeM N0 P H VMHOMXKEHHeM Ha £ _sin = %sin—gp- cos—-

2y
Q = £ cos* L [ecosec -+ 12in - — 82sin® - +
e ————3 i 12 sin® — p In (sm—‘g—“ sin? 1{’) - (13.18)
1—‘;—sin~2;'

Snauenus @ zanawrca tabauuen 13, a xonee-—rpaduxom puc. 95.
[lpu 4 = O mepsblil wieH CKOGKH B BEIpaxeHnu 118 Q obpamia-
erca B OeCKOHEYHOCTB, a NOCHeNHHMH HMeeT BblpaxkenHe Buaad Q- oco.

OngHaxko #3 MaTeMaTHYECKOT0 aHaJn3a H3BECTHO, UTO CTPEM-
; h 5
Jenue  sin’ - K HYT0O 3HAYHTEJIbHO OBICTPEE CTPeMJeHHs

fil W o b &
In ‘51}’1 —‘lj—fl- sin? QT) K OeCKOHeYHOCTH. HQOHpE:LC.FlGHHOCTb JEeTKO
\
PackKpbiTh, eCJH NPeACTaBUTb sinx ¥ Insinx B BHIe pAAOB
i3

Sinx =X — 3+ + ...,

Infsin x| =In| x| —i;_-{_
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UM PACKPHITH HeompeldeneHHOCTh no npasuay Jlomurandg. HUro xa-
CAeTCS MEPBOTO YJeHa, TO NMpH HWHTETPUPOBAHHH OH TaKKe JAeT A5
TO4KH 1) = ( HeonpedeJeHHOCTs BHIAa (- 0.

Ta6auna 13
P Q P Q P Q P Q
o o 40° 0,61 90° —0,29 140> | —0,25
1 +12,35 50 +0,43 100 —0,38 150 | —0,16
R i 60 +022 [ 110 —0,41 160 | —0,08
20 +1,02 70 +0,03 120 —0,40 T =
30 40,79 30 =115 180 —0,34 180 0,00

HOI‘(H}KEM, UTQ 3Td HEQUpPeae/IeHHOCTh MPHBOAHTCHA K KOHEHUHOMY
3HaYCHHIO.

Q) |
0¥
vl i
| i\
d e\ . Ry
kAT, —— W g
Puc. 95.

PaccmorpuM Boipakenns (13.17) B HemocpeICTBEHHOI GaH30CTH
oT Touku 1 = 0, mwampumep, B KPYrosoil o0JacTH, ONpelenaeMon
moagpHLIM paccrosunem V. [Tockoabky ¢ Mand (1o BLIDODY), MO-
JKEeM CUHTaTh 006JacTh IJIOCKOH, a 1 BHIPAsHThb Yepe3 r; TeoMerpH-
UCCKH fCHO, UTO

e v
5 fRsmw,z—,

20%
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3HAuUT, dr =R cos% dp unpu p =0, dr = Rdy

cosec—‘g— =2—R—. (13.19)

r

B cuay manocru r 1as1 BhIGpaHHON 061aCTH Bee YJaeHbl Pa3/omenns
Q MaJbl 110 CpaBHEHHIO C NMEePBBIM; TOTAA MOJYYHM

e o (13.20)

2y 1 r

M3 nurerpanpnoro suipaxenus (13.17) seigenum obmaacTh, HuTe-
TpupyeMylo B mpepenax ot 0 Mo r, COOTBETCTBYIOILETO =5 K.
B o6.acta 1 ot r 1o 10° ¢pyHKRUKIO Q MOKHO VIPOCTHTH Ge3 yiuep-
6a A1 TOYHOCTH BhuMcJeHuil. Packnaamsas (13.18) B panm u or-
OpaceiBasi ujleHbl, copepKaline BTOPEE H (oJee BHICOKHE CTEneHu 1,
TOJYYHM

=g (5 T me+3)

MurerpapoBanue ocraBiledcss uacT# sbipamenns (13.17) npo-
Be€IeM Tak¥Ke pasfeJbHO B npeaenax Po—\ H P—7a.

r.22n 1p‘ on
" s A 1
e = — 2| (2 cos garan— L | [ AgQucos adpan—
00 P U
mon
. j o b b
""2‘?“, J AgQcos A d dA,
b0
Ty 270 P 2
5 7t iy 'A g 1 : s
W= — £ | [ i garaa — L | | Ag@sinadpaa—
0 0 b, 0
:\‘.2.;
i 3
#ﬁg' AgQsin A d dA.
v 0

(13.21)

paCCMOT-pHM OTAeJdBHO ItepBbl€ YACTH 3THX Bblpa}KEHHI?!, coaepixKa-
wue 1/r; o6osnauns ux yepes &, M;:

Te 21
.
e E’_ L\_.Q‘
Ea i 2"”’{5 'l - cos AdrdA,
(13.22)
T 2T
i " 4 A 3
)= — 5‘;.;?8 j%”smAdrdA.
0
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Hurerpans £” n n” He H3MeHaTca oT A0OaBJeHHA K TIOJBIHTET-
pPAaJbHOMY BHIDaJKeHHIO TOCTOSIHHOH BeJHYHHBI

To

2:['
Y\AgcosAdrdA \ YAg Ag“co:.AdrdA
b 0

Tq 27T

r L L2

Ui

B camom gene,

To 27 To 270

Eg—ficosAdrdA Agug‘lgi:-cosAdAio_
0 00

HoGasass K MOALIHTErpaJdbHOMY BhIpamenuio (13.22) Ago, mo-
JYYHM BbiDajKeHHe TpaiHeHTa CHJBI TAMXKECTH, KOTOPHIH B TOYKE
r=0 ne obpamaercss B OeCKOHEYHOCTH,

ran
(" ( Ag — Ag,
b=—5 .‘,5 S —= _S0cos Adrda,
. 13.23
r2n ( )
Y A A TN
Mo = 2’:[? s Jﬂ £osin A dr dA.

—A dA
Tlpu yMeubuienuu r hm—‘giTﬂ—— arg’ T. €. TOA HHTErpajoM

-0
NOABJASETCE TOPH3OHTAJBLHBI TDAJHEHT CHJALI TAXKECTH, KOTODbIf
MOMKET ObITb TIpEICTaBJCH B BHIE

dAg aAg
p T csA+—51nA (13.24)

Bruocsa (13.24) B (13.23), y6exaaeMcs, uto Jas paccMaTpHBae-
MOTO HAMH VKJIOHeHHSI OTBeca TO IOHPOTe B  NOALIHTENpPaJbHOM
BRIDAJKEHHH COXPAHAETCH TFPajHeHT CHJIBL THXKECTH B HaupaBJIeHUU
OCH X, T. €. II0 MEPHIHAHY:

To 278 Zﬂ

B 2;5 s £ cos? A dr dA — 510—? gaa—/i;gsinAcosAdrdA,
0 0%
72211- To

W, = — ”a_ﬂ cos A sin A dr dA — -QP—S S 58 sin® AdAdr.
0 0 0

FpaanenT npu Jocrtatoyno Magaoi o6JacTH rg MOXKHO CUMTaTh
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IIOCTOSAHHBIM. TDI‘,-’IEE, BbIHOCSI ero 3a 3HaK HHTerpaJa, 6)"}161\{ HMETb

o 27T
X .0” aAg [ <
g[,j_-m = \gcosrAdrdA—-
00
7'._‘.2:: To n
_ﬁ_aAg\Y. ﬁ__p”aAgY S‘ :
S oy ) sin Acos AdrdA = e dr' cos* A dA,
0% 0 0
ry 20
ﬂ’é:—-é%:f‘%}‘fi‘glsm,qcosfldrdA -
(i)
% ro 270 To b1 4
0" 30g [ [ goa _,yp”adgg‘ {
B Oy )) sin? AdrdA = ks s dr | sin A dA,
F 0 0

TaK XKax

%) 4
Y sin A cos AdA = 0.
b

Hoacrasaas yncaennble 3HAauYCHUs, MOJYYHM BJAHSHHE aHOMAJHI
CHJIBl TSIMECTH B HeNOCPeACTBeHHOH OaHM30CTH HCCaedyeMON TOUYKH
Ha YKJIOHEHHE OTBGCHOH JHHHH B BHIE

E) = — 07,1057, 2L,
N aAg (13.25)

e et

Taxum o6pasom, I0Ka3zaHo, 4To BeIpamenus (13.17) Bciomy coxpa-
HAIOT KOHCUHYIO BeJIAUMHY.

§ 6. MpakTHKa BBIYHCACHUST VKJIOHEHHH OTBECHBIX JHHHM.
Yuer BAWSIHHA AHOMAJUHA LEHTPANLHON 30HBL

MeToJl BLIUMC/IEHHS] YKJIOHEHHH OTBEeCHBIX JIHHUII B COBpeMeH-
HOM BHZe paszpadoran B. @. EpemeeBLIM Ha oCHOBe MeToda, Mpel-
JOKEHHOr0 B TPHANATHIX rozax mpodeccopom M. A. Kazsamckuu.

[Ipu mpaxkTHYeCKOM BLIUHCJIEHHH YKJIOHEHMT OTBECHON JHHNHN
nparyio yacte Hopmyan (13.17) pasCGuBaoT na TPH HacTH, COOT-
BeTCTBYIONIHE TpeM O00JaacTaM HHTETPHPOBAHHS: IEHTPaJbHOH oG-
JlacTH pajguyca rp, B KOTOPOH TDagHCHT CHJBL TSAKeCTd Mo BbIOpaH-
HbIM HANpPAaB/JEHHAM X H y MOXKHO CYHTATH NMOCTOSHHBIM, OIMMKHCH
KOJILIIEBOH 30HEe pagmyca X, B KOTOPOH MOXKHO IpeHeOpeub KPHUBU3-
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HOIl 3eMJH, ¥ JaJbLHHM 30HaM, Ile KPHBH3HA 3eMJIH YYHTHIBaeTCs:

ro 21T

8=t + 8+ 5 = — o | | AgQycos Adrda —
00

W

T om It 27
= 2—1- ” AgQ,cos AdrdA — 5 S AgQ cos A dpdA,
0 0

St (13.26)
W =1+ N + Mg = —%j S AgQ,sin A drdA —
00
T 20 7 on
5 Y AgQysin AdrdA — 2%5‘ AgQsin A dpdA.
To U Tl’ 0 <]

IepBHie M3 HHTErpajoB Kaxaoi popmyast (&g, o) yKe paccuyura-
HBEI H NPEJCTaBJAEHB B BUJe Bhipaenud (13.25), rae rpaguentTsl cH-
JBl THKECTH CHHMAIOTCS C KapThl, IPHYEM MM NPHUIHCHIBAETCS 3HAK
IJII0C, €CJd IIOJIOXKHTeIbHAs aHOMaJHs VBednuHBaercs K IOTY
(mast x) # X samany (mnast y), a rp noJaraercs paBHbIM b xm. On-
HAKO NMPAKTHUYECKH OOBIYHO /IS BHIUHC/JAEHHST TPHMCHSETCH IPYTOi
TIPHEM.

BocmomnbayeMess BblpasKeHHeM VKJIOHEHHSI OTBECHBIX JIHHHII 3a
CYeT aHoMaJHH LeHTpaJbHBIX 30H (13.22):

2.11
T e Ak Af:

By = mj | =£ cosddrda,

00

o 25
o= — | | 22 sina dr aa
s o B '

00

Pazo6pem nuteppan or 0 A0 r Ha OBe 4acTH Tak, 4YT0OLI B LEHT-
paJabHOH oOJacTH paaMyca p MOXKHO OBLITO CUHTATH TpPajHEHT CH-
Jbl TSIKECTH BeJHuMHOH mnoctogHHeod. [as awo6of Toukd 3T0H 06-
JacTH

Ag = Ag, + (‘g )0 £ (13.27)

raie Agp— aHOMAaJaus B IEHTPaJbHOM TOYKE, 7 -— PACCTOSHHE OT
HneHTpa 10 110000 ToyKK oGgacTH pajanyca p. Teneps HHTerpHDOBaHHE
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B (hopmy/aax (13 22) Gynem Bects mo obaactam [0, p] u [p, ro]:

'b

St A L
o 5o 22 cos AdrdA
% Ty 27C

2“1’ 55 cos AdrdA =1,+1, (13.28)

(ananoruuyHo ¥ AJs Mo ). B mepswit wmHTerpaa (13.28) BBemem 3Ha-
yenne Ag u3 (13.27). Toraa

0 21 02

L=~ A ? \q 280 cos AdAdr — 2"11: Y f ('%é:\)ocosAdAdr.
00 s

IMTepBuiit MHTErpan B /i, Kak OblIO [0Ka3aHo BbIIE, PAaBeH HYJIIO.
ITosromy

p 2% 2n
p.'r . ag o p (* Bg \
I, = = 55 (-5;;)0 cos AdrdA = — 7 j o (7)0 cos AdA =

2n

o s i gl Ag,cos AdA. (13.29)

Onv
0

3neck Ag,— 3HaueHHe aHOMAJHH Ha PACCTOSHHH p OT LeHTpa. Tax
Kax, [0 MPeArnoJ0KeHHI0, aHOMa/HH B Kpyre paauyca p H3MeHSIOT-
ca BOOJb pajuyvca aHHelno, dopmyny (13.29) moxkHO 3amucath
B BHJE

Fies j Ag (r) cos AdA. (13.30)

2m7 T
B stoMm Cay4dae 3nayeHuda aHOMaAni Depy’ncsi 0 OKPYyXKHOCTH paik-
yeca r, BHIOPAaHHOTO HPOU3BOJBLHO BHYTDH p, H HHTEPHNOJHPYIOTCH
B OTHOLIEHHH p/r, T.€. HAa OKPYXKHOCTh paauyca p. Ecan B obaacty,
B ‘K'OT-OpOﬁ onpeneasercsd YKJIOHEHHE 0TBeCa, aHOMAaJHH H3MEHAI0TCS
He3HaUYHTeJabHO, 0e3 GOJIbMINX FPALAHEHTOB, TO MOXHO IEHTPAJNbHYIO
30HY paccMaTpHBaTh UEJHKOM, T. €. OTPAaHHYHABATBCH BLIYHCIACHHEM
TOJILKO OJHOTO HHTErpaJa 11, NOJOXKHB 0 =171, I = Iy. Torna

25
& wa Agy, cos Ad4,
. (13.31)

Mo = 241? S Agr, sin AdA.

H
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3aMenss MHTerpaJbl CVMMOMH, TpHYeM IEeHTpPaJbHas 30HA panuyca
ro =5 km pasbuBaercs Ha 8 CEKTOPOB, NojydaeM (QOPMYJIE AN
yueTa BAMSHHS UEHTPaJbHON 30HBI NPH CHOKOIHOM TPaBATAUHOH-
HOM ToJie:

)
e 8
Eo=— 2?1? kz‘ Agry, COS Ay = — 0”’02628;2 Ag’m; cos Ay,
it 8
Mo = om 5= }E} Agror Sin Ay = — 0”,02628 kzi Agr% sin Ay,

(13.32)

rie Ag,, — aHOMaJHs HAa OKPYXKHOCTH PajHyca o B k-l TOUKE H
A, = kx/4. Ecau mnose aHoOMaaHi B pceae veMoli 00JaCcTH Heemo-
KOHHO, TPUXOAUTCS YUHTBIBATH 00a HHTETpasa (13.28).

PaccMOTpHM MeTOJ BHUHCJIEHHS BTOPOTO HHTErpaJja I,. Boc-
noab3yeMes GOpMYJIOH UHCIEHHOrO HHTErpHPOBAHHA Jlarpanxa ¢
ABYMS OpAUHATAMH; TOrda /o MOXKHO MPeACTABHTDL B BHIAE

ro 27T

To
pJ.' i Ag p” Son o
[zzﬂ—mu\ jl r—cosAdAdr=-— ij(r)dr,w
p 0 e

m~ — L (1, — p)[A:F (rs) - ASF (r3)), (13.33)

2ay

rie

N

14
F(r) = +— | Agecos Ad4,
(]
Az 1 Aa =1, l
Agxy + Agty = 0, (13.34)
2r —(ry +P) ’
Py gl
Vckmouag & U3 BToporo ypasHenusi (13.34), moayuum
A, 2rs —(ro + 0) % A3 2ra— (ro + 1) R

i rg—p fo— P

X =

Ortcrona HaX0AUM
- ro+p
Aoty + Agrg = —5——

YuuTeiBas NepBoe paBeHcTBO (13.34), nafjnem

S e e e 2ro—(ro 1+ p)
Ay = 2 (rg—ry) iR 2(rg—ry)
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[T, 13
[oncrasasis nonyuennsie 3navenns B (13.33), GymeM uMeth
L= — e tr— ) [ Bt Fy — 2ol f)
HJH, pacKphLIBas 3HaueHus Fy H F, N
ly, = — Q?I—r;,(rﬂ —p) [22;?;%@—\ AggosAdA -
0

b
2r, —(rg+ 9)
0
Tenepr BeMuHHA YKIOHEHHS] OTBECHON JHHHY, BLI3BANHAN BJHSHH-
eM GNIUSKHX 3CH, NPEeACTaBHTCHA B BHIE
21

"

CaenBy prfp . i
" mn 5 Ag(ry) cos AdA
0 .
I (rg— p) J2t—rg—p : e
4ny [ e —ry ry ] Agcos AdA
0

27
_ hh—pP 2 —ry—p

s ~ j AgcosAdA]. (13.36)
0

3amenolt cos A Ha sin A moayuuM anaJOTHYHYIO hopmyay nag n”.

OOGbiuHO Npy yueTe BAHAHHS IEHTPANBHAIX 30H OKPYKHOCTb Pas-

Gupaior Ha 8 uacreil. Torna, saMensas WHTePpaJbl CYMMON 110 BOCH-
MH pajuycam, IOJdyYHM

: 1
" ph'p
Ep = — Sr 2 Agp(ry) cos A, —
R—=1 |
" ( £ oy Sj |
P g —0 2rg— (ry +p) - -
T Ty rﬁﬂ_ — ;-,,u Z Agi(rs) cos Ay
G i 3 h=1
5 8
| PIERRY Jagr e P -
S rTe ot gy
o8] g i - k=1 (13.37)
" pfj p _\ ¢t
L e ZAgk(rl)mnAhu
k=1
PRl e S %
£ EEy g = = . :
16y ra—r, r.: Z Agy(ry) sin Ay,
h=1
e 4 5
1 Y i £ A el —p 3
T 06y rg—r, Tr; Z Agi(rs) sindy.
B =4
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IIpu BuiumcieHud KoIppuuuentol mpH cymmax B (13.37) mpupas-
HHBAIOT IIOCTOSHHLIM, T.€. YCTaHAB/JIHBAIOTCA IIJIOUIAAKH pPaBHBLIX
paugnuil. IlpunaTo npuHHMATE CcJAelyIOUIMe 3HAUEHHS 3THX KOH-
CTAHT:
OL0EE 0. 03: s e e e 0”.03
8yry Sl by ety 5y Bk

(13.38)

Y lrg—p 2y —ra=—0  nu
16y ro—ry rg = ’003’

nIpH 3TOM @ BHIOHPACTCA INPOH3BOJABHO, MOCJAE Yero H3 ypas-
nennh (13.38) HaXOAHT ry, Iy, ry— pPamuycH pa30ueHus HEHTPaNb
Hoit 3sonnl Ha 4 o6aacrd. OOwuHO mnpHHEMaercss p == 1,2 g

L/ Can /
8

7
Ky \

/

=

e
Puc. 96. Puc. 97.

Torna r; = 1,051 kat, ro = 2,838 xm, r3 = 4,516 xm u okopuaTeb-
Hble (OPMYJBI ANs BLIUACJACHHSI VKJIOHEHHsS] OTBEeCA 3a BJMSHHE IleH-
TpaNLHOil MATHKAJIOMETPOBOIl 30HH HyaAyT

8
E=—0703 X Ag(ri)cos Ay —
k=1

8 8
— 07,03 X Ag(rs)cos A,—0",003 X Ag (rs)cos A,
=1 h=1 (13.39)

8
Mo = — 07,03 X Ag(ry)sin A —
E=1

. 8
— 07,03 X} Ag (ry)sin A, — 07,003 X Ag (rs)sin 4.
h=1 h=1

)

[Tpu BpiumCTEHHH BAHSIHHA TPABHTAUHOHHLIX AHOMAJHH IEHT:
pPanbHON 30HH  HA VKJOHEHHS OTBECHOH JHHHH ONPENesioT CHJIY
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TaXKecTH B 24 TOUKAaX DPABHOMEPHO PACMOJOMKEHHLIX Mo 8 Ha Tpex
OKPYIKHOCTAX COOTBETCTBEHHO PalHyCcOB 7y, 72, F3, KaK TNOKazaHo
Ha puc. 96, U BHIUHCASIOT §0 H My 1o dopmyaam (13.39). B cay-
yae CIOKOMHOIro IOJISI aHOMAJHH OIpeaendiores B 8 Touykax, paBEO-
MEpPHO pacHmoNOXEeHHBIX IO KPYyry pazmmyca ro (pHuc. 97); & u 1o
Bbluncadaiores: no Gopmynam (13.32).

§ 7. Yuer BauMAHHMS aHOMAJMi GAMMKHUX M CPEJHUX 30H

Bropo#t uurerpan (13.21) &;, 11 pasGuBAKOT HA ueTLIPE, MHTEr-
pupyeMble IO COOTBETCTBYIONIHM KOJbIIEBLIM 30HAM C PajHyCaMH OT
ro=>5 kKa Ho ry=100 xu, or ry 0o rs—300 KM, OoT rs 10 3=
=10000 xm u or r3 o ry=2000 xu. B 3THX 30HAX NMoX MHTErpaja-
MH ‘dy, 3aMensercs uepe3 dr/R B coorserctBHu ¢ (13.19) u umre-
rpaJ 3aMeHsercsa CyMMOM, IIpHYeM CyMMHPOBAaHME HJIET IO MJIouaz-
KaM, OPraHHYeHHLIM OKPYMKHOCTSIMH C ONpeIeJeHHBIMH paanvceamu i
pannadbHBIMK gydami. Pannychl okpymHocTell H pajua/bHblie Jayul
BBEIOHPAIOTCA TaK, YTOOBI BIHSHHE OrPaHHYHBAEMBIX MMH ILIOL[AJOK
Ha BEJHYHHY YKJIOHEHHs! OTBCCHLIX JIMHHII B HANpaBJCHHH pagnyca
O6bl10 mocTossHubIM. COOTBETCTBEHHO TAKOMY pa30HEHHIO CTPOATCS
najeTkd, KOTOPBIMH H IIOJB3YIOTCS IPH BLIUHCACHHH YKIOHEHHH
OTBecd.

{I3Hpe06pagyem TeNepp BTOPOH HHTErpag s &, 7 YpaBHeHHH

.26) 4

2n

AgQ, cos AdrdA,

” 1
| = e

2n

ore

=

(13.40)

o
—
.

il
I_

AgQ,sin AdrdA,

e S

m
s

o a1 FE—341

B KOTOPOM YNPOCTHM BblpaxeHHe Q aas mananix r (zo 1000 xa).
Packnannisas B Boipaxeuuu (13.18) tpuronomerpuueckue QyHKIHH
B pan ¥ OTGpachBas YJAEHHI, COAep:KallHe KBaApPaThl apryMeHTOB, a
TaK¥Ke NoJaras B CHIY MaJOCTH Y=r/R, noxyuyum

Q=L (1-%)(2 12 1op+3—2v)
Q= r( +Tg . +3)

!
I

(13.41)
[

HMJIH, BBOJS 3HAYEHHS p”=206265”; y==981 2as, R=6371 kx,

(1340

G 407,315 + 07 ooooaar) (13.42)
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Beegem (13.42) B uHterpan u HamuuleM HHTerpasa g, n; Aas Kax-
noii IJIONIAJKH PaBHOTO JEHCTBHA:

,-, 1 13407 .
B = — o | Ag(B 40315+
P o
+ 0,000066r ) dr | cosada,
Ap—i
- L (13.43)
n = —grz ) Ag(2Y 107,315+
2 -
o+ 0”,000066r) dr |\ sinAdA.
Ap—t

Hanee, Bui6upass 3Ty ILIOLAAKy MaJjoif, cuuTaeMm [11sg Hee Ag u
cos A nocrosuusiMu. Torma

Ti Ap
3 3 13 0" ! " "
= — 2L S (—f— 1+ 07,315 -+ 07,000066r ) dr cos A S dA,
Ti—1 Ap_q
i Ak
i HETY G s s ; ¢
ﬂih=_2%% J (—r-~rO 31540 ,000066r)drsmAAj dA.
Ti—1 h—1

Huterpupys, nonyuaem

: Ag. A
b _gﬂg_—;_m (13407 Inr -+ 0”,315r -
+ 07,0000337]F  (Ax — An—1),
a0 s (13.44)
: . 111 A;
nft = — STk 113407 In 7 4 07,315 4

- 0",000033r2]::_i (Ar — Ap—1)-

JJs Toro yroObl obecNneydTh PaBHBIE BJAHSHHS IJIOIIAJ0K, HAmo
HIPUPABHATL KOHCTaHTe Ko3bduuueHt npn Agycos Ay, AgasinAg,
B (13.44). B 3THX NpPeANOJONKEHHSX MOXKHO HaA¥TH pajuycs
KOJAbLEBLIX 30H mo Gopmynam (13.44), B KoTopbix KoapguuuenT
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npu AgcosA npupaBHHBaeM KOHCTaHTe
ﬁ [1340" (In r;—In i) - 07,315 (r; — riq) +

+ 07,000033 (r7 — ri_1)] (A, — Ax—1) = const. (13.45)

3anas suadenne KoHcTanTul papueiM 07,005, a wHCIO CEKTOPOB
16, mostyunm A5 GAHMKHAX NJA0CKUX 308 0T 5 mo 100 xu

0,006 = 1 [1340" (In ry—lnr;_y) + 07,315 (rs — riy) +

4 0",000033 (r} — ri_y)].
O6o3Haunm
P(r)=(1340"(Inr; — Inr;_4) + 0%, 315(r;— ri—1) +
-+ 07,000083 (r§ — ri—1)]
H

( rr
B (r) = =g = 07,005,

Has cpeannx mnJjockux 308 or 100 10 300 x# u ot 300 mo
1000 xx anasoruuHo GyjleM HMeTh

P n P ( 1)
o () =220 _ 7,000, 220 — 07,0015 (13.46)
I 7St Cpelinix Cq)epnt:ecxm 30H ot 1000 nmo 2000 xa
f) r
48}? = 0",000871.
[pu onpereaenni P oGLMHO TPETHUM UIAEHOM B CKOOKE MOMKHO

npereOpeyk.
TTosnHoe BANSHHE AHOMAJHII CHJBI TAMKECTH OJVMIKHHX H CpPeIHHX

30H MOMKHO NPEeACTABHTH TENePh CYMMO#H, COCTOAUICH H3 4/IeHOB BH-
na (13.44) ¢ yuerom (13.46). Benencrsue BbIOPaHHOTO pasbHeHHSA
Ha uyeTelpe 06JacTH 3TO BJANSHHE 3aMUINEM B BHAE CYMMBI YeThipex

YJIEHOB:

16 8 p 24 13
P o | 2 l Y

B rar Y 20 cos Ay tp X Y Agucosd
i=1 k=1 i==1 k=0

P Rl ) iz O
n EI?EZ Agir. cos Ay + g 2 2! Agsn C0S g,
22
8
P,
1]1:15—122Agk5m 4,1{ —?Z 2 thIHAk__r—
5 e

Py W Pi N N
-{m_i' Agipsin Ay + 25 2 Z Agiysin Ay,

(13.47)
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Hnsa onpenenennst pagHycoB KOJNbUEBLIX 30H MaJeTKH CJAOYRKHUT
ypasHenne (13.45). ITpome Bcero st pajnychl onpeaenutb rpadi:-
yecku. Jias 3TOTO HafAO MOCTPOHTH TpadiK HyHKUHN

A

i
@ (r) = %=1 (1340Inr 4 0,315r 4 0,000033r%),

2nR

npeAcTaBieHHblil na puc. 98. IIns  TOro yToOB C MOMOILBIO 3TOrO
rpadHKa OnpeieJauTh PAAHYChl MaleTKH, HAal0 3a4aThCs HCXOMHLIM
PAAKYCOM rp, KOTOPHl CIeAYyeT OTAOKUTL Ha ocit ademuce. M3 ero

leale
" ]
4,97 -l-

006

g 100 B0 rEM
Prnc. 98.

KOHLA HYIKHO BOCCTAHOBHTb OPAMHATY [0 IepeceyeHust ¢ rpadHroM
B TOUYKE ¢y H HalTi COOTBETCTBYWOMYIO opauHaty Py OTa0XKHB HA
ocH OpAHHAT ToukH P, Py, P, orcrosamue or Py Ha PACCTOAHUH
npuaATLix xoucrant 07,005, 07,002, 07,0015 (13.46), Haligem coort-
BETCTBYIOIIUE DPAAMUYCHl Iy, Fg, s, KOTOPLIE H ABJSIOTCS HCKOMBLIMH
paguycaMu naJjieTkd. ECJH NpoH3BecTH COOTBETCTBYIOILMI pacuer,
NOJIYYHM 3HaUeHMs PAaJHYCOB M UHCJHa CEeKTOPOB IJf Najerox, NpH-
BeleHHHX B Tabu. ' 14,

_ TManerxky npencrasaensl Ha puc. 99. OHu crposTcs B Macmrade
npuMeHnsieMoll Kaptel, OGBIYHO Ans 6MMMKHHX 30H (mazetsa Ne 1 —
puc. 99) macwrat 10°%, nas cpemmux u panbuux 30H macmrad 10-7
(manerka Ne 2 — puc. 100). »

Teneps MOXKHO HaNHCATh NONHBE GOPMYAH AAA YKAOHEHHA ©T-
BEeCHBIX JIWHHH 1101 BJHAHHEM TPaBUTAlHOHHLIX 2HOMaauil B ol/aa-
cta 10 2000 xu. BauaHHe LEHTpaNbHOM 30HBI 3/€Ch NMPEACTABJIEHO



TaGnuua 14

Pagnycn 308 B KnaoMerpax
3oHa YHCA0 CeKTOPOB
TIJIOCKHA cayual I cepuuecKuit cayuait
5,0 5,0
I 16
7.8 T3
7 16
10,7 10,7
3 16
15,7 15,7
A4 16
22,9 228
5 16
33,5 33,3
6 16
49,0 485
7 16
717 70,6
8 16
104,9 102,6
9 24
131,8 128.0
10 24
165,7 159,6
11 24
208,1 198,6
12 24
261,5 2467
13 24
328.6 305,4
14 24
389,9 b8
15 24
462,7 418,1
16 24
549,2 487,4
17 24
657,7 566,6
18 21
77185 656,6
19 24
9179 758,0
20 2
% 1084,4 872,06
21 2
4 1292,9 1000,0
22 48
1163,7
£3
i 1345,5
24
* 1545,6
05
4 - 1763,9
26
i 2000.0




POPMA Nl

Hassanue asena B N
Haseanue nynxra : L
|
K 2
32 128 . B G pip b 55 : , L L e
N 1 i 9 15 t = 2 6 10 ‘ 14 : o 3 5 ’ 11 ' 13 : T 16 8 ! 4 RE t n
E A e n g A Ly B SRS | H,q
S A S R T L ol e e = 0,626%0 0263 65
o | \ | l Gee | yee | 4e6 ] o6 | 0| | I B 64 |45 |64 |ies | +1 |41 | 4518
I | 464 | +64 | +65 | 64 464 | 464 ) 466 | 466 +66 | 464 | +d6 | 65 +63 | 64 | 464 | 466 +1035
11 +62 +64 +65 +64 462 +64 +66 +65 +65 +65 +66 465 162 | 464 | 164 | <66 +-1029
111 +62 +64 +64 +63 +62 +64 +65 +64 +64 i 146 Jiba o 362 | 363 -tea| +66 +1022
v -+59 +62 +62 462 —H_‘)U —+65 +65 464 +62 466 +65 +-64 +60 162 | +-64 | +64 ~|--1006
Youl: o A0 A Bl e o s g +62 +59 +69 | 465 [ 62 156 | 58| 163 | +62 4978
VI +50 +58 +54 +56 +52 +60 166 +58 1858 472 138 458 251 |l L6l | 436 1922
VII 420 +46 +45 +43 +56 +52 +54 +54 -+4-36 +58 | +47 +52 +30 | 442 | 446 | |48 4699
VIII +22 +20 +28 +10 [0,0046/0,0019] 4 +26 +42 +50 [0,0035/0,0035 43 437 +80 +37 [0,001900,0046] 26 | 92| 95 | 135 [0,0050/0,0050| 303
2 1 40| 4aoe | +us | a9 Lzl 474] 4o | 4am | 4ass | +ar3 [4105 (4109 | 4410 | ta96 | 1468 | 467 | sz | 124| yass | 420 1451 |63 | +71 | 12 [16094] 3] rea
| 186 ] [_F186 | +204 | +214 | 106 ] |06 ] o W
Fi FhE 1,42 10,79 1 4,82
Tunersy crumas : dara
Boiuucaan dara
Ha3zsanue ssera B POPMA Ne 2
Haseanue nynxra L
K ' 4 ' 4 ; e b '
23 | 22 : okl Xz £ . X | BX . fd it 30) o i 3 3y . ) ;
\ 1 ’ |13 ] % 5 2 | 10 ’ 14 ] 22 | =5 3 R U A B . 4hR l 16 | 20 | =7 . 5 l 7 { 17 | 19 Z; T% 20| 12 | @ ) 2;_ 2311 >
W L % (O e g ERTEE SPEee -
n =]+ [+ S i o e o —{—d+l+ —1— 1+ |+ Bk |
IX |4-10] --2) +37] —4 +10| +2 [+35 [—10 [-1{4-10]--32 |-|<15 =l ATH - 28] 00 [ —9 —25|-+-27 |33 —14]-4-37 }—12 |1-36 §
X |£10| +44| 44| —s 10118 |38 |12 +6|—67|4-34 | —7 ~-3l—88 | 30| 21 —4) —83)1 29 |98 B Bl iR o e
X1 |11 447] +44] —7 110|447 |36 |—25 ~| 6|—83|-34 |—11 +4-4/—89 |--25/4-10 +9/—102|.1 38 |4-18 0147 | -1 428 o8 186
XIT [ -3 37| +52| O -+-9/--37 [{-38 [—18 4-9/—65(4-21 | —7 +19|—75 [4-20] -6 +4-261—137]-1-35 |--16 410|454 |—12 |22 100 9392
XTI [+20] 90| +17|-+100,0019]0, 0005} 4-15--80 | 1-10 | -4-10,0017|0,0010| 418 -20] -4 | +60,0014]0,0014)-+20] .12 | 2| +-9/0,0010/0,0017]:38] 84| —7 |1-17 |0,0005/0,0019| +6|--79 | —50 | +2 |o.0020]0,0020| 1445 288
X |+54+200] 194+ 19]4-379 | +-99 |—54]+-190] 1 154|—64|1-354 |—154 | | 38|—85| - 1254 | +6 [+ 168 | 47| —2s7]405 |+-70|—299 |1 415 :]+ 60|—a31]+ 129] - 112481 |—605 |4 |1-263]—85 | 1121|267 |1-207 | -+-950 | I
f E‘” I \-\IJ ‘ ,N!H
+1,32]+-2,30] 12,09

Maserky crnuman dara
Bottucaan dara
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B COOTBETCTBHH C (13 32):

== —m 2 Agy,cos Ay — 16R Z kzl Agi cos Ap —
i 2% 21
.__2_4{').}_?. 2 Aglh Cos Ak 48R 2 2 Ag"tk cos Ay,
i=1 k= 9 1ﬁ1 =32
N = 2ﬂ 2 Agr sin 4, — lGR 1_1;Agm sinAd, —
P ” 24 l)i i . "3
24‘; zAglk sinA4, — N > 2 Agip sin Ay
i=1k=9 i=1 k=22

(13.48)

Tak Kak Mbl MOJOMKHAH Ko3(huimeHTs npH Ag cos A paBHBIMH
nocrosinybiM Beanunnam (13.46), nepenumenm (13.48) B Buze

8 16 8
B’ — —0,02628 Z Agrq, €08 A, — 07,005 E 2. Agixcos Ay —

24 13 2&

—0 0022 > Agiy cos A, — 07,0015 X hz Agiy cos Ay —
1 5=9 i=1 k=
48 26

— 0",000871 2 2 Agihcos Ay,

16 }

8
v — — 0,02628 2 Ag,,sin 4, — 07,005 2 E AginsinAdy —

24 i? 24
— 07,002 D) X Agisin A, — 07, 00152i E Agi,sin 4, —
i=1 h“ i k=14
48

— 07,000871 X 2 Agiy sin Ay.

1_,1 k=

(13.49)

@opmyasl (13.49) oxoHuaTenbHO pellaloT 3ajavyy LA HaXOxje-
HUS VKJIOHEHHMS OTBeca, BbI3bIBAEMOr0 aHOMaJHUsMH B 00JacTH [0
1000 km oT HMccaeLyeMOro MyHKTA.

Ina pacuera yKJIOHEHHH OTBeCHBIX JuHuil TpeGylOTCA TpaBH-
MeTpHUecKkHe KapThl Ha McCiaeayeMblit palion macmrada 1:1000 000
nnu kpyndee u Macmrada 1:10000 000, nanerku, 06bIYHO H3TOTOB-
JeHHble Ha Lejayjonte, H 6JaHKH — (pOPMBI 3aIIHCH CHATHIX C Kap-
ol 3nagenuit Ag. Ilanerka waknageiBaercs Ha KapTy, ee UEHTP
COBMelaeTcsl ¢ MYHKTOM, /5 KOTOPOrO BBIYHCASETCA YKJIOHEHHe
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OTBeCHOH JHHHH, a ock NS cosmemaerca ¢ Mepuiuanom. [lpumep
HaJIOXKeHHs NajeTKH Ha KapTy mpejicrasieH Ha puc. 101.

Teneps B Kam0ii KPHBOJHHEHON Tpanelnuu omnpeieaseTcs: 1o
KapTe TpaBHTALHOHHBIX aHOMaJHH 3HaueHHe Ag. YMHOXAas HX Ha
COOTBETCTBYIOIIHE KO3(Q(HUHEHTH H CKJAAALIBAs, TOJYyYaeM YKJO-
HEeHHf OTBECHBIX JiMHUH. 3aech mpeAcrasiaena gopma Ne 1 zanucu
Ans 1-it manetku. B BepxHeM TrOpH30HTa/ibHOM BXOAC BHITHCAHDI
HOMepa CeKTOPOB, a B BEPTHKAJbHOM BXOJE — HOMEpa KOJbIEBHIX
30H. B kaxpom crtosGue, T. e. 1715 KaXKAOTO CEKTOpA, YKa3aH 3HAK,
KOTOpBlil Oepercd B caydae BblyHc/IeHHS § H 1. OH YUHTHIBAeT Kak
3HaK KOCHHYCa WJIH CHHycCa, TaKk M 3HAK, CTOSIUHE TEpel cjaraembl-
M Qopmyast (13.48). B croanbuax BLINHCHIBAIOTCS aHOMAJHH,
CHSITbIE C KaPTBl CO CBOMM 3HAaKOM. B HMXKHefl cTpoke npusojuTcs
CyMMa aHOMAaJHH cO CBOHM 3HakoM. B JByX mycThiXx cToabnax
22t u D X sunuceBaercs Kosdduuuent 07,005, VMHOKEHHbI
Ha KOCHHYC YrJa, COOTBETCTBYIOIIEr0 CEKTOPAM JaHHOH TPYIIIbL.
B nepsoit rpynne sro cos 22°5, tak uTo 3TOT KO3(h)UIMENT paBen
07,005<0,9239=07,0046 nas & u 07,005<0,3827=0,0019 aasa 1.

AnanoruunniM cnocoGoM paccynrana ¢opma Ne 2 aas  coor-
BETCTBYIOLIMX N4JETOK, a Takxe ¢opma Ne 3, KOTOPYIO Mbl He TpH-
BoAHM. CoCTaB/AIOIIAA YKJIOHEHUS OTBeca, BbI3BAHHAS aHOMAaJH-
SIMH TNIepBOH TpyNNbl miowlafei, noayvyaercss OT TepPeMHOKEHH
CYMMbl aHOMAaJHH Ha CcOOTBeTcTBYHOLWHA Koadduuuent. Hanpuwmep,
B Halewm caydae (dopma Ne 1).

£=199¢0”,0046 = 40" 9.

B konue ¢opmbl BHIIHCHIBaeTCH CyMMapHOe OTKJOHEHHE OTBeca
IO BCEM IpynmaM aHOMAaJIHi.

ITpu BBIUHC/AEHHH BJHSHHA LEHTPadbloil 30HLI BXOAAIIHE B (Op-
myanl  (13.32) 3HauyeHHsa Ag 3amnHChIBAIOT BO BTOPYIO H YETBEPTYIO
rpynnsl gopmel Ne | — B BepxHHe CTPOKH MOJ COOTBETCTBYIOIIHMH
HOMepaMH cektopoB 2, 6, 10, 14, 16, 8, 4, 12 ¢ COOTBETCTBYIOILUMH
3HAKAMH CHHYCOB HJH KOCHHYCOB.

§ 8. Bonpocst yuera BAMSIHHA JaJbHHX 30H

Bausnve rpaBuTanMOHHBIX aHOMAaJIHH OaJbHHX 30H Ha YKJO-
HeHHsi OTBeCHBIX JHHHiI YUMTLIBAaeTcs TPeTbHUM HHTerpaaoM ¢op-
myan (13.26). 1o BausHHe MOkKET OLITL LOBOJLHO 3HAYWTEJIBHLIM,
OIHAKO OHO M3MEHSIETCsH OYeHb MeJIeHHO OT TOYKH K Touke. OObIY-
HO 3THM BJHAHHEM TpeHeOperaT.

B Tex cayuwasx, kKorza Tpebyercda HCCIeOBATH BJHSAHHE 4HO-
MaJHil JaJbHHX 30H, B TperbeM uieHe dopmyn (13.26). uurerpan
3aMeHseTcs CyMMOH BJAHAHHN NJOIIAN0K, HA KOTophle pa3fuBaercs
BcA obsacTh MHTErPpHPOBAHHUA, T, €. Bca 3eMmas, Buunciaenne Baus-
HHEil Ka)XJ0To ujJeHa CYMMBI, T. €. BAHSHHE aHOMaJHH BCeX MJIOIA-
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A0K pas3GHeHusi, MOxeT ObiTh MPOH3BENEHO CYMMHPOBAaHHEM CHSTHIX
C KapThl aHOMAaJuil U YMHOMEHHeM Ha COOTBETCTBYyWOIMe KO3(dhu-
LHEHTHI:

n m

11
Fll 1 w—p
= — ) | AgQcosadpaa = — LI N N AguQu cos 4,
LY

72
O g 1 n—9 :
“‘3:'2“&503 AgQsin AdpdA = — 122 3 T Ag.,Qu,sin 4.
P

YkaoHeHHe OTBeca, BHIMMCAEHHOEe o movinoi ¢opmyae (13.21),
npejcTaBasier Co0ofl «abCOMOTHOE» VKJIOHEHHE OTBeca, KOTOpoe
00pa3yloT HOpMAalH K YPOBEHHOH MNOBEPXHOCTH reoujia W TpaBu-
METPHUECKOTO 3JAHICOHAA, T, €, 3AJHNCOHAR, HAWIYYIHM 00pasoM
npencrasigiouero  3emaw. OTHOCUTe/bHBlE VKJOHEHHH OTBeca,
o0pa3oBaHHbBle HOPMAJsiMH K TEOMAY U NPHHATOMY HPH TpPHAHTY-
JALMH pedepeHll-3AAHICONLY, TeM MeHbuie oTauyalorcs ot abco-
JIOTHBIX, YeM OJHme pedepeHl-3/IHICONI 10 CBOHM hapamerpam
H OpHEHTHPOBKe K o0memy seMHOMY saanncouny. Bo Bcaxkom cuy-
yae M3MeHeHlHe pasHocTed aOCONMITHBIX W OTHOCHTENBHHIX YKJIOHe-
HHil OTBECHbIX JHMHHUHA NPOMCXOAUT IJIABHO H B HEe CJAHMIKOM OOJb-
mux obnactsx JauHeliHo. [losTomMy NpH yueTe BJHSHHS TaJbLHUX
30H BO3MOMKHO HCIOJb30BAHHE METOHA HHTePHOAHPOBAHHA 3THX
pasHocTell, H3BECTHLIX, HaNpHMED, B OFPAHHYEHHOM HHCJIE TOYEK.

CymectByeT cnoco0 yuera JaJbHHX 30H acTPpOHOMO-Teoje3nue-
CKUM MeToaoM. MaBecTno, 4TO COCTABAAIONINE YKIOHEHHS OTBeC-
HbIX JHHHHA SBAAKTCA Pa3HOCTbIO ACTPOHOMHYECKHX M TeojesHue-
CKMX KOOpAuHAT. T4 BeaHUHHA OTKIOHEHHH OTBeca SBJAACTCH
NOJHBIM YKIOHEHHEM, T. €. 3aBHCHT OT IDABHTALMOHHEIX aHOMAJIHIA
Ha Bcelt 3emae, Eciu Tenepp B xakoil-ninbo Touke u3yuaeMod 06-
JACTH W3BECTHO TaKOe MOJHOE AaCTPOHOMO-TEOEe3HYECKOEe YKJOHEe-
HHEe OTBeCa &ar, & TAKKE OTKJIOHCHHE, BBIYHC/AEHHOE IPABHMETPH-
YeCKH ¢ Y4YeTOM BJMSIHHS aHOMaJJui o6jaactH papguyca 2000 km ot
HCCeIveMoit TOYKH, TO pa3HoCTh 3THX BEAHYHH

AE” i Ea.l‘ = X‘;l‘p'
OueBHAHO, M eCcTh BeJHYHHa, obycJaoBaeHHasT HeydeToM BJIHIHHA
NalbHHX 30H NpH pacuere &rp. Tak Kak 3Ta BeJlMUHHA H3MEHSETCSH
IUIABHO, TO AAS OJAH3KO DacnONOKeHHbIX TOUEK JOMYCTHMO ee JIH-
HelflHoe wuHTepnoauposanne. Ecan B u3yuaeMoil o0GJacTH HMeeTc
HECKOJILKO ACTPOHOMMYECKMX NYHKTOB, TO TO HHM BCerja MOMKHO
BEITHCANTL Koz dulueHT uutepnoanposanus. B caMon nene, ByCThb

HMeeM B HCcjaeayeMoil 06JacTd TPH WIH 60JbIIe NTYHKTOB C KOOpJdHU-
Hatamu B;, L; Torja pns KaxKAaoro H3 3THX NYHKTOB MOMKHO 110
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YCI0BHIO 3allHCATh
Ag; = AB; + BL,+ C,

rae A, B, C.— uexkoropsie K03(G HIHEHTEL.

Haxons Bennunnsl A, B, C U3 3THX yPaBHEHUI, YHCJIO KOTOPLIX
PABHO MHUC/AY ACTPONYHKTOB, JErko noayuutb AE A0 J1000H TOYKH
¢ koopjauHaramu B u L no gopmyae

At = AB + BL + C.

HoGasue Benuwunny AE” x &' = ST — VKJOHEHHIO  OTBeca
3a CUeT LEHTPAJbHOH H OJHMHHX KOJbIEBBIX 30H,— IOJYYUM IOJ-
HOE VKJOHEHHEe OTBeca B JaHHOH TOYKe.

I[lpoBenennoe paccyxjieHne OTHOCHTCA K Clyualo, KOrJa reoje-
3HYECKHIT pedepeHIl-3JIHIConL, AT KOTOPOro nodayyeno &, r, COB-
najgaer ¢ OOINHM SeMHBIM 3JJHOCOHAOM. [IpakTHyecKH 3TOro He
GbiBaer. [loaToMy BbIUHC/IEHHAs ONMHCAHHBIM CHOCOGOM MOIpaBKa
AE” cosep:kur B cefe BelHUHHY H3MeEHeHHs yrja MexJy HOpMas-
MH pedepeHI-3JJHICONAA U OOIIero 3eMHOTO 3JJHNCOMIA, TaKkKe
JHHENHO H MeJJeHHO MEeHSIIOIYIOCS OT TOUKH K TOYKe.



FJTABA 14

U3YYEHHWE ®HUIYPbI
dU3HYECKOH NMOBEPXHOCTH 3EMJIH

§ 1. IlpyHUHNHANLHBIE TPYLHOCTH PEeYyLUHPOBAHHN Ha I'E€OH],

B mnounstHe ¢urypel 3emsn coniacHo Teopuu MosoaeHCKOTO
BKJaJblBaeTcs UpeAcTaBaeHHe o ¢opMe H pasMepaX HCTHHHOH
3emau, T. e. 3eMIH ¢ yyeTOM ee BHelHero peabega, ITosromy
He MOXKeT OBITb €IHHOH TPOCTOM (OPMYJBLL, NpencraBasiouiel
¢urypy 3emJu uepes HecKOJIbKO TapaMeTpoB, Nogo6xo ¢op-
MyJie HOpPMAaJbHOIO pachpeieleHus CHIB TSIXKeCTH, KOTOpas
IPeACTaRAACT 3JAAUINCOHI OTHOCHMOCTH,

ITOT 3JJHNCOHT OTHOCHMOCTH, BbIOpaHHBIN Hamaydymum obpa-
30M H 3aJaHHbll OOMbIIONH MOJYOCLIO @, CKATHEM o M 3JeMeHTaMH
OPDHEHTHPOBAHHS B Tejae 3eMJH, T. €' 3HAYeHHSAMH YKJIOHeHHA
OTBECHBbIX JHHUH Eo H 1), PACCTOSHHA €ro MOBEPXHOCTH OT YPOBHA
MOpPS B HEKOTOpPOH HauyaJbHOH TOuKe u asumyrta Ay Ha O6au3-
KHil npeaMeT, HpeacCTaBiaseT nepBoe npHOAHKeHHe (C coBpeMen-
HOH ToukM 3peHus) ¢uryps 3emaun. [das Toro utolsl oT mep-
BOTO NPHOJHKEHHA MNepeiiTH K HCTHMHHON 3em7ie, CTPOro TOBODP1,
B Kamlol TOUYKEe 3ITOT0 SAJUICOHAA CJAeLVeT 3ajJaTbh paceros-
HHe (IO HOpPMAaJH) OT MOBEPXHOCTH NIJIHICOMAA JO (H3HYECKOIl
nmosepxnoctH 3eman. OpHako o0ObBIYHO 3ajauy pasfeqdloT Ha
aBe: |) HaxomAeHHE pACCTOAHHH MeXKAY 3JJIHICOHAOM OTHOCH-
MOCTH M TIeoHJOM H 2) HaxOMKJeHHe pacCTOSHHH MeXKAYy TeoH-
JOM W (H3HYECKOl NOBepXHOCTbIO 3eMJal. B Takoii noctaHoBKe
BONIPOCA TEOHJA INPEJCTABASETCS HEKOTOPOH BCIOMOTATE/NLHOMH
MOBEPXHOCTLIO, OOJeryamineil mepexol OT MepBOro IPHOIHIKe-
HHsl (urypel 3eMJH KaK 3JUIAIICOHJIa BpallleHHs KO BTOPOMY — (H-
rype HCTHHHOH 3eMJIH,

IlepBas 3amaua — HaxOXKIEHHE BEICOT TEOMIA — PEIIAeTCs IO
aHOMaJuAM CHJBl THMKECTH, HampuMep, ¢ TOMOULI0 GOpMYs!
Crokca.

Ocraercst pemHTb BTOPYIO 3a7auy — HaXOMKIEHHE BHICOT GH3H-
YeCKOH IOBEpPXHOCTH Haj TeoHJOM. T4 3a7aua BLIIOJHSETCS
reole3anuecKuMH METOAAMH € NOMOIIbI0O HHBeAHPOBOK. [Tocae To-
ro Kak pelleHa M 3Ta 3ajaua, MOMKHO CYHMTaTh, UTO HCTHHHAS
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durypa 3emau onpenesiercss cJIeAYHOUMMH 3jaementamu: [) sana-
HHeM [apaMeTpOB 3eMHOrO 3JUIMICOWAA @, © H €ro OpHeHTH-
poBkH Eo, o H Ap, 2) 3amaHueM CHCTEMBI BBICOT reouga & Haj
JIAHICOHAOM OTHOCHMOCTH, J3) 3anauHHeM CHCTEMBI BBICOT h
Gdusuueckoil nosepxuocta 3eman Hai reoufoM. CreneHp mpu-
Gamkenns K MCTHHHON 3eMJe DpH Takoll NOCTaHOBKe 3alayn
3aBHCHT OT OOECHeYeHHOCTH TeoJe3HdyeCKHMH W TpaBHMeTpHye-
CKMMW MaTepHanaMy M OT BeIOOpa TYCTOTHI TOYEK, B KOTOPBIX
onpefenens § v A Ta wian uHAf creneHb PAaspPerCHHOCTH ITHX
ToueK OyJeT COOTBETCTBOBATL TOH WJ/IM HMHOH CTENEHH Criau-
Banua peabeda. Onuaxo yxe B ryaBe 12 yKaspiBanoch Ha TPUH-
UHTMANBHYIO HeOupeAeTHMOCTL TeOHAA H OPTOMETPHYECKHX BHI-
CoT i

B nHaMeueHHOM pelleHHd  3aladd  TOCTPOeHHd  uTYpHl
3eman, cKIaABIBAOUEHCH H3 HAXOXKACHHS IJNEMEHTOR 3eMHOr)
IHICOHAA, COBOKYHNHOCTH BBLICOT reonAa Hal 3JAAHICOHAOM
H COBOKYHHOCTH OpPTOMETPHYECKHX BbLICOT (DH3AYECKO! MOBEpX-
HOCTH 3eMJW Hald TeouloM, ABASIOTCS HEeCTPOrMMH BTOPOH H Tpe-
tuii  warn. Jasg paBHRHHBIX o0Jacreif  3Ta HECTPOTOCTb HOCHT
(opMaJpHO TPHHUMOHANEHBIH XapakTep M He HMeeT TMpaKTHye-
ckoro 3Havenus. Ilpm nepeGpocke TpuaHryJlAuWil UYepes TOpHHE
palionsl W Boobuie npH o6pa®oTKe GONBINHX TPHAHTYAAUMH 3THM
METOJLOM BHOCHTCS I[PAKTHUECKH OILyTHMbIE MCKaxeHHs., ITH Oc-
JIOKHEHHA BO3HHKAIOT BCJEICTBHE TOro, 4TO TPUXOAUTCH 3KCTpa-
MOJHPOBAThL 3HAUEHHA NOTEHIHAaaa W ero rpajHeHTOB BHYTpPh Mace,
K TOMY ke HaM HeH3BecTHRIX. YUTOGBI 3TOr0 H36eKaTh, HALO MO-
Jqararb HOTCHUHAJd H ero NpOHSBOAHBIE 3aJaHHBIMH TOMBKO B TeX
o6.1acTsIX, B KOTODHIX OHH HENOCPEJACTBEHHO H3MepsloTcs, T. e.
Ha (unauyeckoii nopepxHocTH 3eMad. B 3TOM OCHOBHOE OTAHUYME
teopun  Mogozencxoro or Teopun Crokca. Kpaesoe yciosue
JOKHO ObITb 3aJaHO TakKke Ha (DU3HUECKON TNOBEPXHOCTH 3eMJIH.
B strom cayuae MOXHO NOCTPOHTL I'DABHUTAIlHOHHOE TI0JE BO BCEM
BHeIlHeM MpPOCTPAHCTBE H H3yuaTb TpaBHMETPHUYECKHM CIIOCOOOM
¢urypy ¢usudeckoii nosepxnoctu 3emau. Mayuenne reouga JIucTaH-
ra #BJfeTCH TNPHHIMIHANBHO 3ajnayvyeil Gojee CI0XKHOH, Tak Kak
B HeH NPHXOAMTCA H3yuaTb TiOBeleHHE TIOTEHIHAka W CHJIBl TH-
KEeCTH BHYTPH Macc. Kamyuiasics Govbinas [OPOCTOTa pelleHHd
sajauyd HpH NpexKHeM NOIXOAC K Hell BhI3BaHa TOJAbKO VHIDOLLEH-
HbIM HOJAXOIOM K €€ PpeIleHHIO.

3HaHMe BHEIUHEr0 rpPaBHTALUOHHOrO mnoJas H QUrype (usu-
UECKOH TMOBEpPXHOCTH 3eMJH JaloT HeoOXOAHMbIe [aHHble IJf
pellenuss BCeX Treo[e3HUecCKHX 3axad. B 3roM clyyae peaylu-
poBaHHe Ha 3JJHICOHJ OTHOCHUMOCTH BCeX W3MEpeHHBIX Teole3HU-
YeCKHX 3JE€MEHTOB OCYILecTBJsieTcsi BrojaHe crporo. CHuMaloTcs
BCe HeOlpe/le/eHHOCTH, CBfA3aHHBle C ONpefeseHHeM YpPOBEHHOH
"TIOBEPXHOCTH, MPOXOAfIeH BHYTPH Macc.
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Beenenre reonia HMEET CBOK TOJOMKHUTENBHYIO CTODOHY.
M3 3eman, orpannueHnofi BechMa CI0KHOH H HENPaBHABHON mNO-
BEPXHOCTBIO, TEOHJ BLIAeAdeT IJaBHYIO ™aCTh, OTPAHHYEHHYIO
IJIABHO M3MeHAONeAcs TeouIadbHOIl NOBEPXHOCTBIO, M Hempa-
BHNBHYIO YacTh, 3aKJIOTEHNYI) ME¥AY TreoHaoM H (QH3HIECKOH
MOBEPXHOCTLIO 3eMau. Takoe pasleleHHe yYA0OHO I[OTOMY, YTO
0HO Yympollaer anmnapart pemerus 3agaun. [Ipm HoBOM moaxone,
KOTJIa MHBl YCAOBHAMChL HMETh [AeN0 TONbKO ¢ (akTHUeCKH M3-
MEpPAEMLIMH BeJIMYHHAMH (Ha (H3HYCCKOH MOBEPXHOCTH 3eMaH),
TaKKe MOXHO BBECTH TaKylo ke NOBepXHocTtb. B ormmume ot
reouia OHa HasbiBaercA Keasueeoudom. Ksasureoud He ecTb
elliHasl YpOBEHHasl MOBEPXHOCTh, OJIHAKO B KakJ0il TOUKe OHa
onpeflessiercss Kak noBepxHocth ypoBHa. Ee MoxHo xapakrepH-
30BaTh K4aK KyCOUHO-YPOBEHHYIO MOBepxHOCTh. KBasureoma pas-
IelseT reoqesHyeckHe BBHICOTH, OTCYHTAHHBIE OT 3SJJHICOHAA OT-
HOCHMOCTH, Ha [Be YacTH, OXHA H3 KOTOPLIX, TMJIaBHO MeEHHI0-
HIAACsH, ONPEJeseTcsl MeTONOM pellieHHs KPaeBoil 3ajaudl Teopuu
NnoTeHlINa a, a Jpyras — reoMeTpHUeCKMM HHUBeIHPOBaHWEM uepes
reomnoTeHiHanbHble BhicOTH. Ha noBepXHOCTH OKeaHa KBasHTEOHI
cosnanaer ¢ reounoM. Ha wmarepukax ou Oymer Tem Oojbuie
OTCTYNATH OT TEOHAA, ueM OOoJbllle aHOMAAMH CHJIBl THMKECTH H
ueM CJI0JKHee H BBIIE peabed MecTHoCTH. Ha MaTepukax KBasu-
reopn Moxker ObiTh UPHHAT 3a NPHOJHMKEHHOE BBIpaXKeHue JIJs
reouaa.

PaGoramn B. ®. Epemeesa ObLIIO T1OKa3aHO, YTO BHINOJ-
HABIIHEeCH paHee B reo/e3Wd H TPABHMETDPHH NPHBEICHHUS K IeOHLY
TNPAKTHYECKH COOTBETCTBOBAJU INPUBEACHUSIM K KBasureouay, T. e,
faxe IIpH pelleHid peRyKHHOHHBIX 3amady nmo ¢opMyaas, OpH-
cnocobDAEHHBIM K PeIYHHPCBAHHIO Ha reon), (akTHYECKH MbI
nMeeM Jen0 ¢ KpazureougaoMm. YrToOBl pemHTb 3a4auy  BIOJHE
CTpPOro, HeoOXOAHMO MepeHTH K HOBOI CHCTEMEe BBICOT, OTCUHTLI-
BaeMoii oT KBasureouna, a 3HauyeHHs NMOTeHUHANA U CHJBI TAMKECTH
3ajasaTh, KaK 3TO (aKTHUECKN H HMeeT Mecro, Ha (PH3HUeCKOll
NOBEPXHOCTH 3eMJau.

3anaua mnocrarnenHas u paspemenHas M. C. MoJoneHcKuM,
aBasiercs oOoOmennem sajaun CToKCa; pelieHHe nocaenHedl Mo-
eT ObiTh BbIBeJCHO M3 pemicHHA 3anaul MoJofeHCKOrO Kak gact-
HbIH cJaynai.

3anauy MOJOIEHCKOrO0 MOMKHO CQOOPMYJIUPOBATL CIeLYIOUIHM
obpasom.

Ecau 3eman epawjaercs ¢ NOCTOAHHOL Y2A080l CKOPOCTLIO
O0KOAO HEUu3IMeHHMOU ocu, TO No8epxHocTys S 3eMmau u GHewHull no-
TEHUUAA CUAbL TANCCCTU onpedealr0TCs 8 00HOU cucTeme Koopdunar
USMEPEeHHBIMIL 8 KaxnOOl TOUKe NOBEPXHOCTU 3eMAU CACOYHOUUML
seaudunanu: 1) npupawjenuem nOTEHUUAAQ CUAbL TANCECTU OTHOCU-
TeAbHO HekoTopol Ha4waavhoil Touku O Ws—Wy; 2) npupawenues
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CUAbL TANECTU OTHOCUTEALHO UCXOOHO20 NYHKTA gs—go; 3) acrpo-
HOMUdeckumu Koopdunaramu , A.

Peimenne 6yner OJIHO3HAUYHBIM, €CJH HM3BECTHBI JOMOJAHHTENbHO
ABC TIOCTOsSIHHBIE: Macca 3emau M u norennuanr W, B Toure O.
OTH NOCTOSIHHLIC MOIYT GbITb 3aMeHeHbl HeTOCPEACTBEHIIO H3Me-
PEHHBIM a0CO/IIOTHHIM 3HAYEHHEM CHJDLI THKECTH g U PaccTosiHHeM
MeXKAY ABYMS yaaldeHHLIMH TOUKAMH. ‘

§ 2. Cucremsl BbicOT

BricoTOH TOUKH (PU3NUECKO MOBEPXHOCTH 3eMJH OOBIYHO Ha3HI-
BAeTCs PACCTOsiHHE [0 BePTHKAJAH OT JaHHOM TOUKH [0 TOBEpXHO-
¢TH reoupa. Beicota, ompeneneHHas TaKHM o0pa3oM, mnoJyumiaa
Ha3BaHHE OpPTOMETpUHecKol 8blcoTol Touku, [eoun sBasercss Haua-
JIOM cyeTa BbicoT. PasHocTh BBICOT ABYX TOYEK HAa3bIBaercs npe-
golueruen. TlpesrillieHne OMPENeNSETCs ¢ MOMOUILIO HHBEJIHPOBA-
unsg. Ilpesbimmenve TOYKH HaJ OJH3KOH TOYKOH, H3IMEpCHHOE C
O/IHOM CTOSIHKM HHBENHPA, HA3LIBACTCH IACMEHTAPHBLIM MpEeablLile-
nuem Ah.

Hnasa no ¢usnveckoit mosepxHoern 3eman ot touku O (puc. 102),
Jexalled Ha reouje, K Touke B, MBI NOJYYHM BLICOTY TOUKH B Kak

CYMMY 3JICMEHTApHLIX mpeBbiliennit Hp = EAhi. OnHako TakuM

Pue. 102,

YyTE€M BBICOTA ONPENENSETCs HeOAHO3HAuHO. 3Hauenne ) Ah; 3a-
BHCHT OT NYTH HHUBeNHPOBaHusi. Ileo B TOM, uTO ypoBeHHBle mO-
BEPXHOCTH IPABHTAUHOHHOrO MOJs 3€MJIH, ONpejielsieMble BLIGOPOM
C B ypasrennn W=C, ne napaJaebHspi Mexny coboi. Ha puc. 102
STH NOBEPXHOCTH NMOKa3aHLl JHHUAMH aa, bb n 1. 1. Henapannens-
HOCTb YPOBEHHBIX MOBEPXHOCTEH OOYCJOBJEHA B NEPBYI0 ouepenb
SMTHOTHYHOCTBIO 3€MJH, YTO BBI3LIBAET NPABHIBHOE PACXOK/AEHHE
NOBEPXHOCTEH, PACCTOSAHHE MeNKAY KOTOPHIMH MOHOTOHHO YBEJIHYH-
BaeTCA OT IOJIOCOB K 3KBAaTOPY B COOTBETCTBHH € YMEHbUICHHEM
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HampsiAKeHHOCTH CHJIOBOrO moJsi. Takoe H3MeHeHHE pacCTOSHHS
MeXK1y YPOBEHHBIMH [OBEPXHOCTAMH AOCTHUTAeT 3 M IIpH H3MeHeHHH
BBICOTHI Ha 1 #a. KpoMe 37070 npaBHILHOTO DAaCXOXKAEHHA yPOBEH-
HbIX TOBEPXHOCTEH, CYLIECTBYIOT AHOMAaJbHble H3MEHeHHs PacCTOS-
HHSI MeyK/]1y HHMH, Bbl3biBaeMble aHOMAaJdHAMH CHJB TsxmecTH. Oue-
BHJHO, HTO YPOBEHHbE NOBEPXHOCTH OBLTH OBl mapaJsliesibHbl MeHK 1y
co0oit B cayyae Heppallamouleiics 0JHOPOAHOH cepnuecKoil 3eMilH,
pasBHBaOllell HEHTOHHAHCKOE CHIOBOE mnoJe. Torna ypoBeHHBIE T10-
BEPXHOCTH $IBIANNHCH OB KOHLHEHTPHYECKHMH ChepaMu.

Jlerko noxasaTtb, YTO B CHJAY Henapa/aelbHOCTH YPOBEHHBIX
TIOBEpPXHOCTEH > Ak OyneT pasJHuYHOil B 3aBHCHMOCTH OT TOrO,
XKakuy nyTeMm npuiiti u3 touku O B Touky B. s JdokaszaTenbcTBa
paccmorpum asa nytu: OCB—mo ¢u3nuecKoil NOBepXHOCTH 3eM-
ni u ODB — cHauana no ypoBennoil nopepxHoctd OD, a 3areM mo
Bepruxkanu DB. Paccroanus MexAy YPOBEHHBIMH 110BEpPXHOCTAMH
aa, bb u 1. 1. no nytu OCB wmbl o603naunau yeped Ahy, Ahs, ..., Ah;
ITpu neuKenuu mo yposenuoil nosepxnoctn OD BLICOTAa HE H3MEHS-
ercst. Paccrosinusi MeXIy TEMH JKe YDPOBEHHLIMH NOBEPXHOCTSIMH
aa, bb, ... mpu nBukenuun no seprukanu DB obozuaunm uepes

Ahy, Ahg, T Ah [Mockonbry Ah; 5= AR,

> Ah; = X Ah;.

COBG]JIIICHHO OYEBHAHO, YTO TaK BBLICOTHl CYHTATHL HEJAB3dA, II0-
CKOJBKY BHICOTA ONHOH M TOH ke TOYKH OyaeT HMeTh pPa3JHUYHELE
3HauyeHust B3 3aBHCHMOCTH OT TOro, M0 KakKOMYy IIyTH TPOH3BOJIHJIOCH
HHBeJIHpOBaHHEe, a CyMMa l'lpEBbILHEHHIUi [0 3aMKHYTOMY MOJHTOHY
HE paBHa HYJIO.

Ecan Bmecto 3JAEMEHTAapPHBIX l'!peBb[I_UEHPlI:l BBECTH MpHpAUIEHHA
NOTeHIIHANOB, BCe 3TH HeymoOCTBa HCue3awT. JIeMeHTapHoe NpPH-
pallienne noteHOuan a IpH Mnmepexojie or )’pOBEHHOﬁ NOBEPXHOCTH aa
K noBepxHocTtH bb pasuo g,dh; B touke O u g,dh; B touxke D. [lpu-
panienue noTeHliHaJa IIpH nepexoje OT OJTHOH ypOBEHHOPI noBepx-
HOCTH K JAPYTOi — BeJIHYHHA MOCTOSHHAS, TTOITOMY

gidh; =§}-Lﬁi.
CymMMupY$, HOJAYYHM
> gidh; = 3 gudhs
OB DB
HJIH B mpejese

.(gdh: ngd_ﬁ
OB LDB
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B npasoﬁ yacTH MOXKHO BBIHECTH 3a 3HAaK HHTerpaJa corjaacHo

TeopeMe O Cp@IHEM CpelHee 3HaueHHe g Ha nytH BD—g,.
Torna

o

[ 2dh=gn [ @ = g,Hos.
B DB

Orciona :
Hpp =& ngh. (14.1)
DB

[Ipupanienne noTeHnuana j gdh 1o OTHOWIEHHIO K HCXOAHO TOUKe
CUETA BHICOT NOJYUHJIO Ha3BaHue eeonoreryuara. OupeneseHHas
TAKHM 00pasoy CHCTEMA TaK Ha3bIBAeMbIX OpTOMETPUHecKux B8bLCOT
0/IHO3HAYHO ONpejeJseT BEICOTY B KaxKJI0H TOYKe 3eMHOH IOBEPXHO-
CTH, OTHAKO JIJIsI HAXOMK/IEHHS TAKHX BBICOT HeOOXOAHMMO 3HATH CHIY
TAXKECTH BAOJIH HHBEAWPHON TPACCH W BAOAbL BePTHKAMBLHON MHHNH
BD. IlepBoe yca0BHE JIETKO BBINOJAHHMO. Bropoe OGBIUHO HEBBLINOJ-
HHMO BCJEICTBHE OTCYTCTBHSI TOYHLIX CBEJCHHH O pacmpenejeHHH
Macc B 3eMHOil Kope. ITostomy, ¢Tporo roBops, ompeieJgHTh OpTO-
METDHUCCKHE BBLICOTH HEBO3MOKHO. OnpeaeJuM CHCTEMY BBICOT,
B KOTOpO{l CpeqHee 3HAYEHHE HCTHHHOM CHJIbI TAKECTH g, 3aMEHEHO
CpelHMM HOpMaJbHBHIM 3HAUEHWEM CHJIBl THXKECTH Y., KOTOpPOE MO-
JKeT OblTh paccuuTano AJd J060H BeicoThl, Torgza mosyuaerca
BbICOTA

B e S’ g dh. (14.2)
o

YcraHoBpieHHas TakuM 00pasoM  CHCTeMa BLICOT Oupepenuma
Ha Bceit 3emyae. Ona nonyyuna Ha3BaHHE CUCTEMbL HOPMAALHBLY
8bLCOT. :

HopmasbHble BBICOTHI Ha paBHHHE MOTYT OTJIHYaTbhCs OT OPTO-
MeTpPHYeCKHX JHIIL Ha HEeCKOJbKO caHTuMerpoB. OaWako B ropax
3TO pasayuHe MozKeT ObTh 0OMbIIEe MeTpa.

Hayanom cuera BeicoT aasi nupeaupHoii cetu CCCP npunaro
CYHTATh HYJAb KPOHIITAATCKOro (yTHITOKA, COBNAAAIOMWIHII CO Cpel-
HUM ypoBHeM Baartuiickoro mMops npubausutenbao 3a 100 zer.

Ecan OTJI0XKHTL HOpMajbHblE BLICOTBL BHH3 10 BEPTHKAJH OT
¢dusnueckoil mosepxHocTH 3eMaH, TO ofpa3syercss HeKoTopad mo-
BEPXHOCTb, OUYeHb OJiM3Kasdg K moBepxHocTH reouaa. Ona Gyzer ot-
JUYATLCST OT TeoHIa HACTOJIbKO, HACKOJBKO BBLICOTHL HOpMaJ/bHbIE
OT/IHYAIOTCH OT OPTOMETPHUYECKHX, T. €. Ha OKeaHaX 3TH MOBEPXHO-
ctH GyIyT COBNAfaTh, B PABHHHHLIX 00jacTsax GYAYyT OTCTOATH APYT
OT Apyra Ha BeJNUHHY He Gojlee CaHTHMeTpa H B TopaX — HeCKOJb-
Ko Goapuie Merpa. Takas nMoBepXHOCTb NOJyuHJa Ha3BaHHe K8a3u-
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eeouda. CnepyeT MOAYECPKHYTh, 4TO MO NOCTPOECHUIO KBA3HTCOHL HE
€CTh YPOBEHHAsl MOBEPXHOCTb, B CHNY NPHHUHIHAJBHOH TPYAHOCTH
MNOJyYeHHsT OPTOMETPHUECKHX BBICOT B Te0Je3HdYecKHX padorax
HHKOrf4 0 He MOAYYaloT MOBEpPXHOCTH reouaa. EciH npu oGpadoTke
HUBEJHPOBOK TOJL3YIOTCS CHCTEMOH HOPMalbHBIX BHICOT, TO MOJY-
4alT KBa3ureous.

B cayuae ucuoab3oBanns NpuOAHMKEHHBIX 3HAUeHH# g, B (op-
myJde (14.1), paccuuTaHHBIX, HanpHMep, NIpPH INOMOIUIH PEIVKIHH
[Ipess, mosyualor HEKOTOPYIO MNPOMEKYTOYHYIO MEXKAY TeoHA0M
H KB43HIe€OHAOM IOBEPXHOCTb, KaK NPaBHJO, Bee ke Gojee OJIH3-
KyI0 K KBasureouay. Takum oO6pa3oM, KOrja Mbl rOBOPHM 00 ompe-
JeJIeHHH TeOHIa, cJAelyeT HMeTb B BHAY, UTO TPAKTHYECKH HaMH
onpejenfercs KBa3ureoun.

OpromMeTpHYecKHE BHICOTHI TOUEK, JMeKAUAX Ha OJHON H Toil Ke
VPOBEHHOH MOBEPXHOCTH, PA3JMHUYHLL B TOH Mepe, B KaKOi pasjHuHO
Ha HUX 3HAYEHHEe G, T. €. 3TH BLICOTHl H3MEHSIOTCA IO MHIHPOTE
BCJeICTBHE H3MEeHEeHHs HOPMAJbHOTO ¥ AHOMAJBHOrO TOJIEH U 10
JOJTOTE BCAENCTBHE H3MEHeHHs AHOMaJbHOro mnoas (popmyaa
(14.1)).

HopMaabpHble BbICOTH TOYEK OJHOH M TOM K€ YPOBEHHOH IO-
BEDXHOCTH H3MEHRIOTCH COOTBETCTBCHHO H3MEHEHHIO HOPMAaJbLHOTO
noJast Y. (14.2) npH H3MEeHeHHH INHPOTHI ¥ He H3MEHSIOTCA II0
JOJITOTe.

MoxkHo ONpefle/HTh CHCTEMY BBICOT H3 YCGIOBHA, 4T0 BHICOTA
BCEX TOUGK OAHOM M TOH JKe YPOBEHHOH mnoBepxnoctd Oyder mo-
crogunoi. as storo Hamo, utoOs Kos(hdHUHMeHT nepex HHTErpa-
aom B Gopmyie (14.2) 6wma mocrosHHBIM. OObI4if0 [M0araoT
I EGTe

Torna

mﬁg g dh. (14.3)

Tak onmpejnenennas cHcTeMa BLICOT MOJYYHIA HasBaHHe OJuHamudye-
ckoil. JlnnaMuuecKye BHICOTH MOTYT OTJIHYATLCA OT HOPMAJLHEIX JI0
HEeCKOIbKHX MeTpoB. OHH MOryT NPHMEHSITHCS NPH pPellleHHH THIAPO«
TEXHHYECKHX 3a]au, TaK KaK B 3TOH CHCTEME BBICOT NOBEPXHOCTH,
HMeEIOIHe OJHHAKOBBIE BBICOTHI, GYAYT NOBEPXHOCTAMH paBHOBECHO-
TO COCTOSIHHS BOABL B, crcTeMe Ke OPTOMETPHYECKHX HUIH HOPMaJb-
HBIX BBICOT BO3MOKHO TeperTeKaHHe BOABI OT TOUKH K TOYKE IpPH
PABHBEIX BRICOTHBIX OTMETKAX HJH JaXKe OT TOYKH C MeHbIIeH OTMeT-
KON X TOYKe ¢ Oosbliell OTMETKOH.

PaccMOTpHM BO3MOMKHBIE PACXOIKICHMS MEKIY BLICOTAMH, B3fi-
TBIMH B Pa3HBIX CHCTEMAaX.

Pasauuyne BHICOT OPTOMETPHUECKHX H HODPMAaJdk-
HblX. BoabMemM OTHONIEHHe BBICOT, BbIpaxKeHHHIX (OpMy/IaMH
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(14.1) u (14.2):
| sl

e
Ty, oV
Brruntast H3 06eHx yacreil paBeHCTBA MO €IHHHILE, [OJYYUM
e B Vm Ag,,

HT 35 vm ‘Vm

HIH

H,—H, :HT?—“’. (14.4)

m

B uncnutene dopmyam (14.4) crour aHoMaausd CHJILL TSIKECTH,
a Ko3(p¢uuueHTOM sIBAsercs BhicoTa. TakuMm 00pasoM, pas/uune
BhICOT 8H 3aBHCHT 0T aGCOMIOTHON BHICOTHI TOYKH W aHOMAJbLHOCTH
paiiona, [lns paBHuHE ¢ BeicoTamu nopsaaka 300 # u cpenHeil aHo-
MaJbHOCTHIO + 50 Mm2a
H, —H, =3800002%

9—86: 1,5 cM.

Has ropHo#t crpanbl npu Bbicote 5000 # ¢ pe3ko aHOMajabHBIM
noneM Ag = 4 200 mea
()9
Hn '__Hr = 500 0009_86 = 100 cm.
Paznunynme BHCOT HNHHAMHYECKHX U HODMAaJb-

H bl X. Anajornuno npeabinymemy us gopmya (14.2) u (14.3) nomy-
yaercs

_{{_?1 ) '\i[k_‘;-’.i HJIH Hd i Hn = vm o \,[‘5) L]
- i Va5
OTKy/la
Vm — Vus°
Hyi g g izl (14.5)
Vi5°

Has mupor nopsaaka 70° 4,, — Y5 & 2 2asa. Toraa mis MeCTHOCTH
¢ Bbicotamu B 1000 x

2 2.1000
Ha = Hn = 55 e = 0mp

=2

Pasnuuue B BbLiCOTAX YypOBHell BOJAHBX Oacceii-
HOB. PaHee 6b10 NMOKAa3aHO, YTO YPOBEHb BOJHBIX GacCefHOB B CH-
cTeMeé HOpMaJbHBIX BHICOT MMEeT pasyinyHble OTMeTKH. PaccMoTpum
pasiHuHe MEXKJIY HOpPMAaJbHBIMH BHICOTAMH H JIHHAMHUYECKHMH, KO-
TOphle [Jad JaHHOrO BojHOro (GacceiiHa TOCTOAHHBL. Bo3dbmem
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otHouienue popmya (14.1) u (14.3)

Hd 5 Vm
Hn Yise
HJIH
Ha—H, Vo —Vigs
Hn Vige .
OTKyza
Vi Y ihe
Hyi=H,+ H, -ﬂ\-;——-—
45°

PaccyMorpuM Temepb AHHaMHYeCKHe OTMETKH CEBEPHOH H [OKHOH
TOYEK BOJAHOro Gaccefina, 0603HaYUB UX COOTBETCTBEHHO HHJIEKCaMH
N u § (upu mepemelleHnu ¢ BOCTOKa Ha 3anaj HOpMaJbHBIE BLICO-
Thl YPOBEHHON MMOBEPXHOCTH, KaK H JAHHAMHYECKHe, OCTalOTCH
NOCTOSHHBIMH) :

N Tm— Vg
HY = B + H;, —m';ra—a—',

Yo — Vise
HS = HS + H3, s i S

Tax kak JuHaMHYecKHe BBICOTHI OJHOH M TOH MXKe YypOBEeHHOH nO-
BEPXHOCTH NOCTOSHHBL:

HY = Hj,

TO, BRIUHTAad BTOPOE PaBEHCTBO H3 HNEPBOTO, NOAYHAEM

N s s 5 — Vis® NN — g
Hy —He — H- T o
Vis5e Vigo

.

B npaboit yacth apoGe uMeeT nopsaaok cxkarus. Ilostomy ecan
npHpaBHATH B npaBoil uacty Hy = Hy, 10 Mb clesiaeM omHOKY He
GoJiee BTOPOro MOPAAKA MaJOCTH, CUHTas 3a TepBBIl MOPsLOK
cKaTHe:

R
8 N s N
V= Vieo Yoy 5 Ve i =1 Cane 4
<t 45 Hn RV 45 Hn + m“ 45 AH s 'm.\ 45 AH,
V45 Vy50 V450 Vi5e

AH= = H2 L gHE

Henas npocteie npeobpasoBanus, HOAYIAM

i PR s S —y
HY g dm Y eV g
' Yi5° Vig?
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[MpeneGperas BTOpBIM uJdeloMm, noayunm pabouyio dopMyay a1sa
pacyera pas3aWuHd BHICOT PA3HBIX TOUEK OJAHOH M TOH Xe YPOBEHHOH
MOBEPXHOCTH

7S — N

Ju s (14.6)

HE it =
Vage
3uaueHusl | MOXKHO B3sThL H3 TalJHI HOPMAJLHOrO 3HaUEHHS
CHJILI TAXEeCTH. HpPIBOllI‘IM CpaBHHTeJ'IbeIe BEJIHYHHBI paCXOH(.I[EHHﬂ
HOpMaﬂbeIX BLICOT ypOBHH CeBepHOTO H I0KHOI'O KOHILIOB p&SJ’[I/]T{-
HBIX BO;LOXpElHHJIPIU_['.

Tabauma 15

Bopoxpaunauie Holg'll‘):;‘ll)mhf:;n- Hn, - HN—HS y MM
IHaRy, K n n
Pritunckoe 110 1100 8,4
Cesan 55 1900 88
Kapa-Kyan 30 3900 96
Baiikan 450 450 165

§ 3. HopmanbHbie BBICOTHI, QHOMAJHH BbICOT
H reojie3Hyeckue BbICOTHI

Ilycte B*, L*, H— uCTHHHBIE TOUHBIE KOOPJAHHATHI TOYKH, pac-
MOJIOKEHHO! Ha (H3HMYECKOH IOBEPXHOCTH 3eMJIH B reole3iyecKoi
OpPTOrOHaJbHOI KOOPAMHATHON CHCTeMe. DTH TOUHble KOODIHHATLI
HaM HeusBecTHBl. [lycTh H3BeCTHBI HeKOTOpHIE NPHOBIHMKEHHBIE KO-
opauMHate B, L, h Takue, yTo KBajpataMH H NPOH3BENEHHUAMH HX
OTKJIOHEHHH OT HCTHHHBIX MOMKHO TpeHeGpeub. DTH PasHOCTH 000-
3HAYHM

B*_ B —AB,
L* — L =AL, (14.7)
H—n=t.

Bosmymalomuii norennnan, onpenessiolinii OTKJIOHEHHE HCTHHHO
YPOBEHHON NMOBEPXHOCTH OT HOpPMAaJbHON, B paccMaTpPHUBaeMoOil TOUKe
6yner

LB LY o H) =W (B% LY HJ-— ((BT,°H).

rjae W — gnauenme HCTHHHOTO HOTEHL[H&JIB, U——-HOpMa'JIbHOe 3Ha-
yenne norenuuasna. U saBasercs (yuxumeit aumib B u H, Tak Kak
HOpMBJ!beII‘:I MNOTEHIHAJ JABYXOCHOTO 3JIJHIICOHAA HE 3aBHCHT OT
AOJTOTHL.
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PasnoxuM HOpMa/bHBE MOTeHUHaa B psaxg Tsiiopa Mo MalbiM
NpHpaUIeHHAM KOOPHHAT

UB H =UB N+ t+35A8+. ..,

a norenunan W mpeacTaBHM Yepes NOTEHIHAJ] HEKOTOPOH HYJIEBOM
YPOBEHHONM TOBEPXHOCTH ¥ NPUPALIeHNS NOTEHIMANA PV H3MEHeHUHN
BBICOTHI OT HYJICBOI MOBEPXHOCTH K PaCCMAaTpPHBAeMOH TOUKe

W (B*, L%, Hy =W, — { gdhw,
OA

rae dh, — sJeMCHTAapHOE HHBENHPHOE TNpeBbilleHHe. MuHYyc nepen
npHpamenHeM NOTeHUHAaJ a IOCTaBAeH IOTOMY, UTO MBI CUHTAaeM HY-
JIEBYIO YDOBEHHYIO fIOBEPXHOCTb pPachoJIOXKeHHOH HHMKe HalleH
TouKH. Tenepkb NpHGAHIKEHHO

T(B*, L*, H) =W, — | gdhw — U (B, 1) — & t —ZE AB. (14.8)

3ameTHM, 4yTO NocJeiHHil unen Buipakenust (14.8) mMoxHo cuH-
TaTh paBHBIM HY/MIO. B caMoM fese, ero MOXKHO NMpPEACTaBHTh B BHIE
UB, A \p_ 0 au i
——aB—ABfaB[U(B, 0)+3 ]AB__
U (B, 0)

U (B,0)
0B oh

= AB -

ABE,
rAe BTOPBIM c/laraeMbiM MOXKHO mnpeHeGpeub, Tak Kak ABE =0,
a TepBOe PAaBHO HYJIO, TAK KaK Ha yDOBeHHOH nosepxuoctd h =90,

norennnan U=const. Kpome toro, npupamenne norennuana | gdh
onpelenHM Kak NpHpalleHHe NOTeHIHa a B HOPMaJbHOM IOoJe

—~ (ganw=U@BN—UB)=— [ yan, (149

AB A1By

rae U(B, h) u U(B, 0) —3HaueHHs HOPMAJBHOrO MOTEHIHaJIa
B Toukax A; u By (puc. 103).

YpaBHeHHe TII03BOJIAET ONpeieJUTb HOPMAalbHYI0 BHICOTY H
H 03HAYaeT, 4TO IIPH BBIYHCJAEHHH €e MBI [OJaraeM rpaBHTAIHOH-
Hoe 1oJie HopMaabHBIM. B 3toM cayuae BricoTa  KBasH-
reouna §=H—h wuMeer cMBICI aHOMaJHH BEICOTH. OTKIa-
IbIBasi BHICOTHI h OT (H3HUECKOH NOBEPXHOCTH 3eMJIH, MOJYYHM
kBasureous (puc. 103). Tenmepsr Bripaenue (14.8) mnHanuiem
B BUJE

T (B L*, H) =W, —U,— 2 ¢.

22 H. . IpYIWIHHCKHA
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au ;
Ho— == =¥ — HopMaibHOe 3HaueHHe YCKODeHHsI CHJBI TH-
xectd. Tloaromy

T(B* L* H)=W,—Uy+y(B, h)L. (14.10)

3nech pasnoctb Wo—Uy MOXKHO M0JI0OXKHTH PABHON HYIIO.
B ypaBnenun (14.10) §—BeiCOTA KBa3Wreowaa, OHA On-
penensieT IpeBbIIIeHHe TIOBEPXHOCTH MOTEHIHaaa, NpoXoasauiei

PusUYECHEs NOBEITHOCT
7 Jemni

/
7 _/Vpoﬁeﬂﬂaﬂ' NobepTHOCT

[ b MANCECTU §

YpoBernar nobepyratmn

HODMANEHIE0 O 1Na

Kbasuzeoud

Ypodens
w2

=

Jnnuncoud
B, OMHOCUMOCTIY

AB,=H ~eeodesuvecnos Bwcoma
AB=h — ngpmanskar Byooma

Puc. 103.

yepe3 TOYKY A ¢H3HUeCKOH [OBEPXHOCTH 3€MJH HAX COOT-
BeTCTBYIOIIEH yPOBEHHOH TOBEpPXHOCTbIO HOPMAJIbHOTO  IIOTEH-
uuana, npoxonasuieii yepes Ay, u pasua B;B.
®opmyna (14.10) saBasiercs anamorom Gopmydasl bBpyhca,
TOJIbKO HamHcaua Ajas (H3HYecKoH nosepxHocTH 3eMJyH. B oGuem
BH/€ OHa 3alHCHIBAETCH TaK:
; - T Ul’] et Wﬂ
s -+ s ri (14.11)
OHa ycTaHABJHBAaeT 3aBHCHMOCTh MEXKJAY dHOMAa/lHeHd BHICOTHL [
H BO3MYLLAIOUIMM NOTEHLHaJOM B OAHOH M TOH Ke TOYKE 3EMHOMH
NOBEPXHOCTH.
HopmalbHYI0O BBICOTY MO:KHO ONpeJIeJHTb € YYeTOM pa-
BeHcTBa (14.9)

S gdhw = Y vdh = Yl
0A BiA,
HJIH

h :q-;- 5 g dhyy. (14.12)

mOA
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IMoupaysacy Qopmymoni (14.11) u dopmysoif HOPMAJILHOH BBICOTHI,
MOXHO TIONYYUTL 3HAYEHHE BLICOTHl (PH3HUECKOH TOBEPXHOCTH

3eMIH Ha[ 3JITHICOHAOM OTHOCHMOCTH
1 78 Uy — W,
m el Bt g ARG
rhi— = j'gdh—i— 5y L
M anB

ITy BEIHUMHY  HA3LIBAIT 2eodesuyeckoll 8blcoTOL,

CucreMa Treofe3HYeCKHX BHICOT MO3BOJAET ONpPeNeTHTb (HU3M-
YECKYyI0 IIOBEPXHOCTL 3eMJH, MHHYfA KaKue-jiubo BCHOMOrareslb-
HBIE TIOREPXHOCTH,

§ 4. Kpaepag 3agaya Monoaenckoro
H MHTErpajJbHoOe ypaBHEHHE

Hopmanbuei morernuan U onpepenum Tak, uToGb co0J10-
nanock pasenctso Uy=W, Torna ypasuenue (14.11) mnpuso-
JUTCA K BHAY

A (14.11)
*
Takum o6pa3oM, KakK 3TO HMeJ0 MeCTO H [IPpH pPELieHHH Mpos-
aemsl  CTOKca, HaxoJeHHe BRICOT KBasureouia § cBoauTcH
K ONpEIeJeHHIO BO3MYIIAONEro MmoTeHUHasa I, MHOAYHHEHHOTO
Ha HCKOMOH (Temepb yie (H3HYECKOH) TMOBePXHOCTH 3eMIH,
a He TeoHJe, HEKOTOPHIM TPAHHYHBIM YCAOBHAM.

ITOT TNOTEHLHAJ, OYEBHIHO, YJOBJETBOPSeT ypaBHeHuio Jlam-
naca V2T=0 (xkaxk pasHOCTh MOTEHIHAAOB) H ABASETCH peryJasfp-
HbIM Ha OeCKOHEUHOCTH

lim pT = const,
p>00

HafizeM rpaunu4noe ycaosue, KOTOpoMYy YynosaersopsieT T Ha
dbusuveckoil noBepxuoctTn 3eman S.

W3 onpenenenus BO3MyIIAONIEro MOTeHNIHAA ClAelyeTn

dFi - dWihs el
3nech v — Hanpas/eHHe KOOPAHHATHON JHHHH, HOPMAJbHOH K ypoO-
U
BeHHOMY 3JjHncouny. Ilosromy g—v S et U C TOUHOCTBIO [0
KBajgpaTa YKJIOHEHHS OTBECHON JHHUH
aw
eT
Hwmes sTo B Buay, 3anumem (14.13) B Takoit popme:
aT
gugt e St

20
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rie BCe OTHECEHO K (H3HUECKOH MOBepXHOCTH 3eMuH. 3HAuwT,

(£ =—g (14.14)

\ov )h+c

INepexons or pu3HyecKOH MOBepXHOCTH 3eMJIH K NMOBEPXHOCTH S,
oTcTosAlmeH oT (pU3HYecKOH IOBEPXHOCTH Ha pPACCTOSIHHE AHOMAJHH
BBEICOT §, C TOUHOCTBIO 10 KBaapaTa { HMOJAYYHM
GT) (OT) ay
e s SR i

= T e e
(3" mt Py o

Beenem 3710 Bripaxkenue B (14.14), 1. e, HanuuwieM rpaHudHOe yc/a0-
Bue — ypaBuenue (14.14) — s moBepxHOCTH peajbHOH 3eMin

aT = ay

HJTH
aT ay
5 —t5) —v-¢2 (14.15)
HJIH -
aT ay ’
B e (14.15)

3To M ecTb KpaeBoe YCJIOBHE 3aJaUH.

Tenepp 3amaya cBefeHa K H3MEHEHHOH TpeTbeH KpaeBOH 3amaue
TeOpHH MOTEHIHANa, ee HA3bBAKT Kpaesol sadauel MoaodeHcKozo.
TpebGyercs oTHICKATh (PYHKIIHIO, HEMPEpPbIBHY CO CBOHMH BTOPBEIMH
NPOH3BOAHLIMH M PETyJspHYI0 Ha OECKOHeYHOCTH, YIOBJIETBOPSIO-
myio ypasueuuwo Jlangaca u rpannunomy ycaosHio (14.15") na rpa-
HHUIle — MOoBepXxHOCTH S. 3eMJsi B 3TOM c/ayuae NpeicTaB/aseTcd IMo-
BEPXHOCTBIO, 06Pa30BaHHOH HOPMAJbHBIMH BHICOTAMH, OTJ/IOXKEHHDI-
MH OT OTCYETHOro 3JJIHICOH/A.

HameruM nyTb pelieHHsl NOCTABJEHHON 3a1auH.

ITpencraBuM BO3MyLlAOUHHA noTeHnWaa I 4Yepes NOTEHIAJN
MPOCTOrO CJI0S MJIOTHOCTH G

r={{Zas. (14.16)
s

Buewnsst npouaBonnas T MO HamnpaBJIeHHI0 KOOPAMHATHON JIMHUH Vv

oyaer
aries oo
55*5”7&’3-
]

3aMeTHM, 4TO NPOH3BOAHAS NPOCTOrO CJI0S Ha TNOBEPXHOCTH S
TEPNHT Pa3phbiB H CKAaYKOM H3MEHAETCs Ha 2mocosa, rae o — yrod
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MeKIAY HalpaBJeHHEM KOOp,[LHHaTHOﬁ JIUHHH v H HOpMaJab K IIO-

sepxnoctu S. [ToaTroMy HOpMaJbHYIO MPOU3BOJAHYIO CJeAyeT Hanu-
caTh B BHje

OF Sl
a—‘-}-:ajj—f-d8~—2nacosa. (14.17)
S

@ynkuua T aABAAeTcs TapMOHHYECKOH BO BHeNIHeM IIPO-
cTpaHcTBe H peryasapHoil Ha OeckoHeunoctH. OcTaercs yI0BJETBO-
puTh rpannunomy ycnaosuio (14.15). IlpeoGpasyem (14.15), sBens B

Hero 3Hauenus I Hg—i-‘ u3 (14.16) u (14.17):
0 (3] : ] a‘\‘) o e
5,51857 dS — 2no cosa — 75}5’85‘7(18 =—(g—7). (14.18)

B ciyuae cdepHYECKOH OTCUETHON MOBEPXHOCTH

M 9% e U L ay o 2
e b g et s N s S 1
Torna
priv o1y OB ey X
a_v(r)—aR(‘r“)* 78 T e TR =
pﬂ__RE ]

r1¢ 3HaueHHe COs Y MOJACTABJEHO M3 OYEBHJHOTO PaBEHCTBA

r? = p? 4 R2— 2pR cos .

Beoas (14.19) B (14.18), noayuum muHefiHOe HHTETpaJbHOE ypaBHe-
HHE OTHOCHTEJABHO QPYHKIHH O

. pe 2
jS———-—%Rrs UdSmS.SSQL}?rdS—2n0c05a—1—ﬁ55%d~9——(€—?)
s : 2

HJH, pHBEs M0J100HbIe U/leHBl H 0003Hauas §—Y=Ag,
3 o pi— Rt
25'50COSO:=A§+2—R -;—dS+ W—Uds (1420)
s s

1o ypaBHeHHe MOJOAEHCKOTO, OHO MO3BOJSET ONpeAeauTE 0. Torna
¢ moMolllpio ypaBHeHus (14.16) momxker GbiTh ONpeaeleH BO3MYILAlo0-
uui norennuan T H, Cle10BATEIbHO, T.

Ecan uz (14.20) HCKMIOYHTb BCHOMOraTeNbHYIO (PYHKIHIO G, TO

BOSMYUL&K)HI,H';I noTeHuuan BLIPA3UTCH HENOCPeNCTBEHHO Uepes
4HOMAaJHIO.
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§ 5. PeuleHue OCHOBHOTO YpPaBHEHHS sl HAaXO0XKJIeHHSA
BO3MYLIAIOUIEr0 MOTEHUMANA

Paccmorpum pemenne ypaBHeHus (14.20) myreM pasiomeHHS
peliennsi o cTeneHsaM Manoro napamerpa. Ilepefigem mpH pelueHuH
OT MOBEPXHOCTH S, ABAAIONelCS (H3NYECKOl MOBEPXHOCTbIO 3eMIH,
K HEKOTOPOH BCIOMOTATeJbHOH MOBEPXHOCTH S. HpeoﬁpaaoBaHHe
MOBEPXHOCTH S B S ocyuiecTBHM TakuM 00pas3oM, 4TOOBI COXPaHHTh
B TOJSIPHOH CHCTEME KOODAHMHAT VIJIBI PajHYyCOB-BEKTOPOB BCeX
TOUEK, HO H3MEHHM CaMi paaHyChl-BeKTOPbI:

o=R+k(p—R)=R-+kH. (14.21)

3necb p — paauyc-BeKTOp npeoGpazoBaHHON MOBEPXHOCTH S, k —
NOCTOSHHEIN Kos(puunent. [pn k=1 S=3S, 1. e. MOBEPXHOCTH
HcXonHas M npeoGpasoBaHHas copmanaiT. Ilpy k=0 S =3—
npeoOpa3oBaHHAs MOBEPXHOCTL COBNAfaeT € MOBEPXHOCTHIO Cephl.

2
BBenem HOBYIO QVHKLUIO ¥ = %5 0 S€C &, IIPeLCTaBASIONYI0 codoil

mpeoGpas3oBaHnyio K cdepe NOBEPXHOCTHYIO miaotHocTs. Temeps B
ypaBHeHuH (14.20) saMenuM NMOBEPXHOCTHYIO NIVIOTHOCTH G Yepes y
C TIOMOIIbIO COOTHOILIEH S

2

g == %xcosa (14.22)

H MepeiijieM K HHTeTPHPOBAHHIO 110 TeJeCHOMY YIiy
dS = p?secado;

nocne 3THX npeodpasosauuil ypaBHenue (14.20) ﬂpHMET BUJ

Qn——xcos a—Ag{—gRSR ydo -+ { 2er Rzydw

YnpocTaM sapauy, npeseSperas BeqMuHHAME TOpsiAKa f1/R, uto
nopeieT K omnOkaM Menee 1,5-1073, Torma MomeM CUHTATh

2_[\)2
£ =1 u S5~ =(H—H),

rae H w Hy— HopMaJbuble BBICOTB B HCXOAHOH H TeKyulelf Toukax.
Hmes 370 B BHAY, TOJTY4HM

2nxc052aﬁAg—0—3RS do +R’S‘uxdw. (14.23)

(0]

3TO ypaBHeHHe MO3BOJIAET ONPEAEIUTh (YHKIHUIO y, € TOMOULBIO
KOTOPOIl MOMKHO INOJYYUTH HCKOMBIH BO3MyIlaloMmui noTeHunaa T,
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TI0Nb3YVACH PIH’TET‘[JEIJI]:IIOfi 3aBHCHMOCTBIO

T=R S% de, (14.24)
®

noayuenHoit us (14.16) BBenennem QyHKUUH y H TEPeXOioM K HH-
TerpHPOBAHHUIO 110 TEJECHOMY YIVY.

Onnako mepexod K HOBOil MOBEPXHOCTH S elle He OCYIIECTBJEH.
HroGpl nosyunts ypasHenue (14.23) nis HOBOM H3BECTHON MOBEPX-
HOCTH S, Haflo BCe BXOJAILKE B Hero PyHKIHH HANHCATH IS 3TOH
nosepxuoctH. O6o3nauuM QYHKIUU, OTHECeHHble K MOBEPXHOCTH S,

HajACTpOYHOll uepToH. BhicoTh Ke nmpeobpa3yioTcs ¢ MOMOLIBIO Ha-
pamerpa k. [1o ananoruu ¢ (14.23) u (14.24) nosnyuum

2ny cos®a = Ag -+ %35%‘3‘" iy sz EM{—H”)dm' (1224
> T
W 0]

T = R? S%dm. (14.24")

37echb r — pacCTOAHME MeXAY NpoeKiueil HCXOAHON TOUKM C paauy-
COM-BEKTOPOM Q¢ M BLICOTOH fy Ha moBepxHocTh S M mpoexuited
TEKyllleil TOYKH C PajHyCOM-BEKTOpDOM p M Bbicotoit H Ha Ty Xe
nopepxHocTe  (pHC. 104), o —yroa MexIy paaHycoM-BeKTO-
POM p H HOPMAJbID K NOBEPXHO-
cru S. !

Beanunnwm T,y, r,q 3aBuCAT
OT MaJoro napamerpa 2 u Mo-
ryT GLITH MPENCTAR/AEHB B BUIAS
Pa3oXeHHsa [0 3TOMY MaJoMy
napameTpy.

Benuunna F, He 3aBHCHT OT
R; ro— paccrosiHHe Mexay mpo-
eKIHAMH 10 pPajgHyCy-BeKTOpY
HCXOAHOH M TEKYINeH TOueK Ha
chepy.

Jas S, oueBnugHo, OyaeMm
HMETD

o 2[1 e k2:|. : Puc. 104.

=10 o o 3
o

Hak/on noeepxnoctn S npu npeoGpa3oBaHHH H3MEHHTCH B TOM Ke
OTHOIIEHHH R, T. €.

tgo = ktga. ~
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IMostoMy npH o << 45° moayuuMm cXomsmiuica pax JOOBIX 3Haue-
Huit k¥ ot 0 710 1

cos?a = (1 +hitgla) ' = | — k2 ig 2 + ki tg e —...

Bennuunwl T ¥ y NpeacTaBuM B BHAE PAAOB

ITH paabl aGCOMIOTHO CXOAATCA npH k=1, TaKk Kak cyllecTByer
pemenue ypaBueHus (14.20). Teopema cymiecTBoBauusi JnoKaszaHa
M. C. Moaoznenckum. Tem Gosiee 3TH psifibl CXOMSTCH HpH JIOOOM
k < 1. Temepp moayuenuble Boipamenust 7, y, cos?e, r MOACTABHM
B ypapuenue (14.23"). Torpa ypasuenue OyJeT 3anucaHo uepes ps-
Ibl 10 CTerneHsiM k&,

2 (4o + ks H ke L) (I — B a A+ Rt — L) =
=Ag+-§’—RY-'— (Xo + Fxe + £p + ---)(1-%k2%2+

-}—%k“x‘*—F...)dw—!*Rng[T(Xo'i‘k%i'i"
n') 0
+kEX2+...)zk(l—'%fe% 4 2 )dm, (14.25)

H—H
rie % =-— . D70 ypaBHeHHe JOJIKHO YAOBICTBOPSITHCS TPH
0

BCEX 3HAYeHHAX R
= =1,

TTosTOoMy MHOMKHTEIH NPHU k™ B JIeBOH M IIPaBOH yacTAX ypaBHEHHT

(14.25) nosxkubl GeITh paBHBl Mexay coOofi. Iloayuum cuHcremy

0eCKOHeYHOr0 YHCJa HHTerpafbHBIX VpaBHCHHH, H3 KOTOPLIX MOXKHO
n

MOC/IE/I0BATEJbHO ONPEARTHTb Yo, %1, X2, -+ - H T. 4. CymmMa M ¥
0

oyler n-M NpUOTHMKEHNEM K HCKOMON (DYHKIIHH.
IlpupasuuBas xkospuIUEHTH HpH k", NOJIyYaeM CHCTEMY HHTEr-
pPaJbHBIX YPABHEHUH

2y, — 5 R S,’—o" do = Gy, (14.26)
(0]
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rae
GO = et e Ag,
Gl=R25H'—3H" %o Ao,
Gz:RZSH Ho yrdo — e YMngﬁJ-f-?ﬂyofga
i+ 100 (14.27)
= __3R( (H—Hy)
G3=R25 : ©yd 4(5:__07( i
_‘;_Rz SMX d@+2ﬁiﬂltg2
P 0
Peuienue ypasuenus (14.26) MoxHO HanucaTh B BHIE
g? s 4:1725 Gin [3 (cos ) — %] do (14.28)
® ©
"
— 3+ o [ Ga[ S (cospy — -] (14.29)
An = 9 (4m)? n ‘li) 5 w. ;
w

CripaBe HBOCTL 3TOrO JErKO NMPoBepHTh. B caMoM nete, ecad mof-
X

craButh B (14.26) 3uauenue y, uz (14.29) u J’l;—“dm s (14.28),
0

(0]
TO NOJAYIUM TOXKAECTBO.
Tenepr na ocHoBanud (14.24) MoxKHO ompelenuTp BO3MYyILalO-
1IHH TOTeHIHAaI

T =R o (o + b+ Ho - 0)X

(0]

X(l—%kixg—l——g—k“’x‘+ ...)dm:

= Rﬂj"‘f;i‘hr kmf%‘ do +
Q 3 0

[0}

—l—sz"’[ ffdw yuxodm]-}- vor = BTy,
@ 0
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Hmes B Buay pewenus (14.28), nmonyunM 3HaueHHe OJId MOC/JAEL0BAa-
TeJBHbIX TNPUOJIMMKEHHI BO3MYUIAUIEr0 MOTEeHIHAa A

Ty =& G.[8 (cos ) — -] do,
@ : (14.30)
1 L H—Hy)"
Ty =y ) Ge[Steos ) — 5| ao—F | LA o,
1 2 H— H,)?
Ti= [ G[S(cos) — 5| dm“%f(—r;@—")’“dm'

L0

IlepBoe ypasHenue coorBercTByer k=0, tiga =0 u p =R,
T. e. gaer pewlenue anasi chepsl. B 3TOoM cnyuae aHOManMH MpPoCTO
nepenecensl Ha cepy M0 paguycy 6e3 Kakux-Jaub0 MONPaBoK. ITO pe-
HIeHHE COOTBETCTBYET CTOKCOBY pewenuw. Bee nocaenywomue ypas-
HeHMsl SIBJIAIOTCH Bce OoJiee YTOUHAIOMIMMHCS pPelleHHAMHE B NpPUOJIH-
AKaI0T HaC K HAXO0XK/I€HHIO BO3MYLIaioulero noreHunasa I, a 3Haumr,
W BBICOT KBasureouga { Aas (u3MueCcKOH MOBEPXHOCTH 3eMJH.
Penbed yuntbiBaercs co Broporo npudaumenus. C Tperbero mnpu-
Omnxennsi (Ty) B pelleHue yiKe SBHO BXOAAT HAKJIOHBI TMPUHATOMN
MOBEPXHOCTH COOTBETCTBYIOILLEr0 NpUbJiHKeHHsl. Bxojsiiue B paspie
YaCTH YPaBHEHHH NOJABIHTErpaJbHbie BhpaXKeHusa yObIBaloT, Kak 1/r3
uan Goictpee. [losTomy 3HaueHHs 3THX HHTETPAJIOB OlpeesdlTcs
OMMKalIIHMH OKPECTHOCTMH HCCJAEAYEMOro NMyHKTa, H HHTETPHpO-
Banue 1o seeil 3emae uanuimHe. Popmyant (14.30) ompegeasior Bo3-
MYINAKOUIHi NOTeHHa A Ha Qu3HYecKol nosepxHocTH Jeman. B mux
H gBnsiercs 3apannoit gynkuuein koopaunar B u L. ITostomy wus
HHX MOXKHO IMOJYYHTb TOJBKO NPOU3BOAHbLIE 10 HAMpaBIEHHAM, Ka-
caTeNbHbIM K MOBePXHOCTH S. DTH MPOU3BOJHBIE MO3BOJSIOT HAHTH
YKJIOHEHHE OTBECHOM JHHHH B MepuauaHe

dT (B, L) al (B, L, H) e aT (B, L, H) 0H

poB p 0B ‘ 0H paB’
#iei oT (g}]L. H):g—v—F%B COOTBETCTBHH C TPaHHYHBIM YCJIOBHEM
(12.3). Iloatomy
woo o AT AT e L BTN Al ey
Ve = poE - - poB T(g Yok o oy

Beoasi B (14.31) moc/ienoBaTe/bHO pas3auuyHble NPHOTHIKEHHS BO3-
mymatoutero notennuana I u3 (14.30) u monaras p = R, noayuum
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IoCJeA0BATEJBHEIE HpHGJ]H}KEHHH 151 YRKJAOHEHHSHA OTBECHOH JHMHHH.
Tax, nas nynaeBoro npudOJauKenus OymeM HMeTb

A IS dy
6o = (pas){.* 4wSG° R

no corjacuo (13.13)

dp

v el — cos 4,

o aT ;

[TepBble NpuOAHKEHHS] yiKe YUHTHIBAIOT H3MEHEHHH BLICOT:

ar bk T, \ IH
?§1:(p—a§)1=—- thl 7y cos A dw%—(g—y—{—?“)pag, (14.33)

@

BTOpPOe NpHOJHKEHHe MOJYYHTCcss B pesyabrarte auddepennnposa-
wud Tg

aT 1 08 5
.\,32:(;)_05)2:) ‘YGZ g cos A dw
S 3525 L—) c:osi %o €OS A do + ggg (61 + 2;1)
ar
?E3=(ﬁ§)3:_’ 43_[5‘63 COSAd(D"‘]"
3§zg g HoF 5 cos - cos Ado —
= 2T, | oH
[sz'H = 0 ldm—}-ﬁz}p—(ﬁ’.
(0]
(14.33)

Anajornunsie GopMyJabl MOIYYaloTes W AJsl YKIOHEHHH oTBeca IO
JLOJITOTE.

[Iposepka na momensx dopmya (14.33), (14.33) u cpasHenue
pesyJbTaToB, NOJYYEHHBIX 1O HHM, ¢ Pe3y/JbTAaTaMH, MOJYYEHHBIMH
no ¢opmynam Beuunr-Meiineca nas yK/JoHeHHss oTBeca, nokKasa-
21, uYTO TIOCAeAHAE XapaKTePH3YIOT YKJAOHEeHHS OTBeca B Boublmed
creneHd A (H3HUeCKOH NOBEPXHOCTH 3eMJH, ueM /5 TeoHaa.
YK/IOHeHHs1 OTBECHBIX JMHHH, noJyyeHHbie no (opmyiaMm Benunr-
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Meiineca, cooTBeTCTBYIOLIME HysneBoMmy npubamxkenuo (14.32), mo-
IYT CHJIBHO OTJHYAThCH OT AEHCTBUTENbHOTO 3HAYEHHH YKJIOHEHHS
OTBECHBIX JIHHHH,

[TonpaBounble yjeHBl, VYUTHIBAEMBIE B NEPBOM H BTOPOM IpH-
ONHAKEHHSAX, CYIIECTBEHHO YJydInaioT pe3yiabTaThl. OcoGeHHo 31O
Ba)KHO NPH HCCAEAOBAHHAX B TOPHBIX paHOHAX.

§ 6. [lpyrue mMeTo/bl pelleHHs
KpaeBod 3ajgaud MoJaoaeHcKoro

Ilpu ompenenenuy BHEINHEr0 TPaBHTANHOHHOrO MO H QHIYPH
3eMsu GoJbIIYI0 TPYIHOCTH TMPEACTABJSIET BhIUMCJIEHHE BO3MYILA0-
uero norednuana I no cMellaHHBIM AHOMAaJHAM CHJABL TSAXKECTH,
onpejeneHHbM Ha THICOMEeTpHuecKoii mosepxuoctu 3eman S. Dra
TaK HasplBaeMas xpaesas zadaua Moaodencko20 CBOJHTCS K pelle-
HHUIO BHelllHel KpaeBo# 3ajJauyl TEOPHH NMOTEHIHAJa C KpPaeBbIM Yc-
JIOBHEM Ha MOBEPXHOCTH S B BHAE

2hrcsdT

2(W,—U,
S e (B e (14.34)

Po

Tle p— pafguyc-BeKTOP BHEWIHEH TOYKH, po— 3HAYEHHE IIpH mepe-
xome ua S.

Jas pemwenns stoi 3agaun M. C. MoJogeHCKHE COCTaBUA [1BA
HHTETpaJbHbIX yPABHEHUS: YPABHEHHEe AJS BO3MYULAIONIEro MOTEH-
nuana T u ypaBHeHHe /5 BCIOMOTATeJbHOH IJIOTHOCTH G IIPOCTOTO
CJI081, TOTEHIIHAT KoToporo onpejnenser 7. Pelenye nepBoro HHTET-
pajlbHOr0 ypaBHEHHsS 0Ka3a/och BecbMma caoxubiM. OHO He paspa-
0oTano po cux nop. Bropoe ypaBuenme M ero peliesHe paccMoT-
pensl B §§ 4 1 5 Hacrosinieit TyaBHL

Ilpn cocraBiendyr HMHTErpasbHOrO YpaBHeHHS [/ IJIOTHOCTH
NPOCTOrO ¢JI0si BO3MYIUAIIMA moTeHIHan ObLT B3AT B BHAE

=2 as,
8

rie r’ — paccTosinue OT 37eMeHTa dS MOBepXHOCTH S C ILIOTHOCTBIO
¢ 1o suewmmneil Toukn. Ecan Touka, Al KOTOPOi BBIYHCIAETCH BO3-
MYILAIOMHUH NOTeHIHal, HAXOMUTCs Ha NoBepXHOCTH S, To r’ mepe-
xoznut B r. Takoe npejcTaBieHHe BO3MYLIAOMIEro MOTeHIaAa YA006-
HO, O/ HAKO He EJHHCTBeHHO. B 3aBHCHMOCTH OT NpejcTaB/]eHHs
BO3MYIIAMOIIEro NoTeHHana OyaeT MOJY4aTbCsl M BHIL HHTErpasib-
HOTO ypaBHeHHd. [lajee MBI IpHBefEeM OJHMH H3 METOAOB COCTaB-
JIEHUS] HHTErPaJbHOTO YPAaBHEHHsI, IO3BOJISIONIET0 ONPENENUTh BO3-
MYUL4a0UA#A TTOTeHnHa, npefioKennsiii B. B. Bporapow.
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BreneM (yHKUHIO

Vilp, B, Ly ==t h Bhye o 8 Uibped Thllae s 14 a8y
47 r 2m dp \ r
S S

31ech mepBOe cJaaraeMoe npaBoff YaCTH — MOTEHIHAJ MPOCTOTO CJ0sI
¢ maotHoCcThio p'/4m. Bropoe citaraeMoe — npou3BoAHAA NOTEHIHA-
Jla TPOCTOro CJosi ¢ MJIOTHOCTBIO //2m, yMHOXeHHas Ha p. O6a
CJI0s1 pacrpelesieHbl HA KPaeBoli nMoBEPXHOCTH S, 0Ge QYHKIHH rap-
MOHHMUHBI BHE S u peryaspHul Ha GeckoHeunocTd. Ha S Bropoe cia-
raeMoe TEPIIMT pPa3pbiB, paBHBI Wpgcos(n, pe). [IpeoGpasyem

dyrkmo V, pas vero Buipasum 1/7 u —(—-,—) qyepes p

ap \ r
r’?=p24p"?—2pp’ cos y; (14.36)
TOT/la NOJIYUHM
B L T
— 2‘0"@3(7) i (14.37)
Tenepb MOMKHO 3aMucaTh
24l p'? —p?
V (o, B, L)ELEW 2 4. (14.38)

IIpn p—-po MOMYyuHM HHTErpaNbHOE YPaBHEHHE

; ‘ 1 3 ; 72 L o
Ve B, L) = — pycos (8, p,) 0’ (B, L)—rﬁj Su B~-;,2—'D‘ri‘5'.
s

(14.39)

Vpasrenune (14.39) udopmyna (14.38) pemator sazauy Lupux-
ae. Pemnm Tenepr 3anauy MosiogeHckoro, T. e. HaieM (QYHKULHIO
T, rapMOHHYECKYI0 BO BCeM BHeIUHEM NPOCTPAHCTBE H INPUHHMAIO-

IIYIO Ha TIOBEPXHOCTH S 3HaueHus1, onpeaessieMble yeaopueM (14.34).
IMonoxkum

a
V(. B, L) = — 5= (0*T) = 2T + p-%%—-. (14.40)

|-

Jra (QyHKUHS rapMoHHYHA OJHOBpeMeHHO ¢ I H Ha IOBEPXHOCTH
S corsmacHo (14.34) npuHuMaeT 3HaueHHE

V(po, B, L) == —poGg (B, L), (1441)
rpe

2(W,—U
Go(B, Ly = (g —y) —=Te—l,
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PanencrBo (14.41) moxcrasum B (14.39) u nonmyuum

el f2 o i 2
— 0o (B, L) = — pycos (m, p) ' (B, 1) + L | [ wlras
v

HJH

[ 12y
cos (n,04) 1 (B, 1) = Gy (B, ) + o | \wlPas (14.49)
3

Iloacrasasa (14.40) B (14.38), noayuum
A0 e 1 CEGTERBE o)
r P =g e
HJIH, YMHOXKAaA HA p dp W UHTErPHPYS,

) e (p'2 — p?
T (p, B, L):T;;IJJAM [Ei?jperpdpildS. (14.43)
S

Ilpun unrerpuposannu (14.43) no p nosiBAsieTCs HErapMOHHYECKHHA
YIeH
In 20
{’2

5 g w'o’ cospdsS.
o

Tak kax T gomkua GbITH rapMOHHYECKOH, HEOOXOAHMO COOI0eHHE
YCJOBHS

f g‘ wo cospdS = 0. (14.44)
g

Torza ypasnenue (14.43) Moxer GbiTh npeoOpasoBano K BHIY

70,8, 1) = = [ fw(s w0 — —-]as + &, 14.49)
S

rae S(p, P, p’) onpeneasiercss (12.31) mocie 3amennt R Ha p’, ¢ —
cepuueckas (GyHKIHA NepBOro mopsigka. Murerpaipnoe ypasHeHue
(14.42), ycrosne (14.44) n ¢popmyna (14.45) pemwaior nmocrapieH-
HYI0 3ajauy B obmem suae. [Ipumenus metron Mososerckoro (§ 5),
JerkKo MoJiyuyuth (GOPMYJB /15 BLIYHC/AEHHS BO3MYIIAIOLLETO MOTEH-
nuata T na noeepxuoctn S. Beesem HOBYIW0 TMJIOTHOCTH |4, Olpese-
AsieMy10 B JI000H TOUKe MOBEPXHOCTH S M3 PaBEHCTRA

! ’ ! R?
U fMCOS(n,P)—p:z--

Toraa pw'dS = p do, rae do — sneMent cepsl paanyca R, sBasiio-
mmiics: npoexuueit saementa dS. Temeps (14.42), (14.44), (14.45)
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HPUMYT BH]

o I % — pd 4
o7 cos* (n, poy (B, L) = Go (B, L) + w do, (14.46)
0 i

410, rd
5 Y up’ cos P do = 0, (14.47)

Ty (pos B, L) = —:; 55 1 [S (Pos > 0) — —p‘;] do + pi (14.48)

YnpoctHMm siipa uHrerpaJos, BXoasuux B (14.46) u (14.48), npen-
craBuB l/r B BuIe psAaa W npeHeOperas BequuunaMu nopsaka H'[/R:

ok :_r’;-[p%(”:ﬂ)z +%(”:H)4- ] (14.49)

Torna

r2 2

g W= 3 (H —H\® | 15 (H' — H\

4npor®  omrd [1_‘2_( %5 )‘r“?( 7o )—] (14.50)

Has ynpomenns GyHkuud S(po, P, p’) ee MOXKHO Pa3JOKHTh B
psaa no crenensim ' — H

BT (HREE 3 (H =
S (po 0y == E P SEIE L (145
0

=
1]
Hcnonsays (14.49), pan (14.51) MoxHO npeAcTaBHTh B BHE

S(po» ¥, ') :_!13 [S(qp)—11+—‘f-_ -

To

(14.52) -

[Ipu manaeix ¢, T. e B clIydae IJIOCKOH OTCUETHOH NOBEPXHOCTH,
5 — 1 o
_(‘P.)T?__ = —-. U IVIaBHOe 3HaYeHHe HMeeT UJIeH 2/r; ang ganbHUX

2 2 -
30H pastocTh S r—crauomx’rca npeueﬁpe}xﬂmo MaJlou, a TJIaBHYI0
0

poJb naunnaer urpath pyukius Croxca.

BeegeMm HOBYIO KPaeByi0 TOBEPXHOCTb S, PAiNyC-BEKTOP KOTO-
poit B Texymeii Touke Gymer 0 =R + kH’, rne 0<<k<<1. laa no-
BepxHocTH S pasenictea (14.46), (14.48) coxpansaworcd, OAHAKO B
HHX H3MEHAETCH W Ha ﬁ; T aa T; H uwa kH’; H ua kH; cos®(n, po)

Ha cost(n, po) = 1 —R*1g?(n, po)+kR*tg*(n, po) —...Beanuunn
p u T MOXKHO HPEICTABHTH B BHIE PSILOB, CXOAAUHXCS npu k = 1:
w= 2k,
e (14.53)
-’F s E knTn



352 H3YUYEHHME @®HIYPBl ®HU3HUYECKOM IMOBEPXHOCTH 3EMJIH [[JI. 14

Hcnoneays psaaws (14.50) u (14.51) npu nepexoge Ha noBepx-
HocTh S, noayuuM (14.46) u (14.48) B BHIE

(1 — K g2 (n, 00) -+ kit (n, o) — -] 3 b, =
LR B oL Lo [N ML U P
(14.54)
goknrn:—j—”( k”u) L Vs BT (”':3(;”’2 -
k“ﬁr‘g—”’" ..:lds—{»%. (14.55)

OTH paBeHCTBA MOJIKHBL COOJIOAATBCS NPH JIOGOM R, H MO3TOMY
MHOMKHT@NH MPH K™ clAeBa M CcnpaBa JOJUKHBI OBITh paBHbl Takum
oOpa3oM, MOJYYUM NPHOJHIKEHUS 049 p U T B BHIe

NG:GO'
=l H'—Hds
!‘1%2—355}‘0—"%_ )

T’!H 2
5 % dS T Ko tg (n) po):
3 (14.56)
3

H’ H 2
”3=%‘Yj‘uz 3 ds —

3 H’_H3 9
—-'—j J on(‘T_) ds - p1tg*(n, py),

To=p “ o [S () — 11 s+,

Iy= g | [mis@w) —nas,
n=ﬁ“uzisw)—udof 2| § ot as,

Ty= 4nR UMS w)—lldc~—”u1ﬂ~fg—m—ads,

....................

(14.57)
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Hcnomsays psaas (14.50) u (14.51) npn nepexosie Ha noBepx-
HOCTL S, mosnyunm (14.46) u (14.48) B BHe

[1— E*tg* (n, po) + kg (n, p0) — .1 3} kpy =

g +‘2‘ﬁ”(§) k““y.n) H'r,“ H[H%H(”'; H)2+ ] ds,

3
0

(14.54)
SRt SR el
szn—Ea”(E“nN g e ey
n=0 n=0 Pt 0
3 (H" — H)* c
+Tk4-r—g-—...}ds+_ﬁ. (14.55)

DTy pABEHCTBA MOJAKHBI COOMONATHCS NPH AOOOM R, ¥ HOSTOMY
MHOXKHTE/IM TIPH R" cJIeBa H crpaBa AOMKHB OBITh paBHBL TakuMm
o6pasoM, NOoJAYYHM npubaHKenus aas w u T B BuIe

Wy = Go,

I H — H
y,1= -i?ij‘juﬂ f{3) dS!
4 "zjajjrﬁim; B ds + petg* (n, py),

1ot (14.56)

I H —H

E,L3=—2}-LSS‘!J,2 rg dS_
8. (H—Hp i
% Ej ‘5 HD rg dS + "I‘l tg (n! p[})s
............... )

H

1 ]
Ty=gag | {mis 0 —11as

1 1 H — H)? (14.57)
To=gag | [ ma1S 0 — udc—ﬁjjuoi—r%—— ds,
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@opmyasl (14.56) u (14.57) cxoaubl ¢ anaJOrHYHBIMH (GopMy-
qamu (14.26), (14.27) u (14.30) M. C. Mosonenckoro. aga mioc-
KO OTCYETHOH noBepxHocTH ypasHenus: (14.26) npumyT Bug 2y, =
= (J,, H 00a pelenns COBIAIYT.

§ 7. IlousTHe 006 dCTPOHOMO-TCOAE3HUYECKOM HUBEJUDOBAHUH

st u3ydennst QUIYpPLl peanbHOR 3eMJH, a TakiKe IS peayIilu-
POBAHHS H3MEPEHHBIX Ha (PH3HYECKON IOBEPXHOCTH 3eMJH YIJIOB H
JHHHI Ha pedepeHl-3/JIHICOHL HeOOXOAHMO 3HATH TEOIe3HUeCKHe
BBICOTHI M1, CKJIaAbIBalOmIneca 13 HOPMaJbHBIX BBICOT /I H aHOMAJHH
BLICOT HJIH BBICOT KBasureompaa uap sJauncougom . Hopmanbubie
BLICOTHl ONpeAeadI0TCa METO0M eOMETPHYECKOrO HHBEJHPOBAHHS.
st onpeneseHHsT BLICOT KBAa3Wreowaa M YKJIOHEHHH OTBECHBIX JIH-
HHH HMEHIOTCA [ABa CHocofa: acTpOHOMUHECKOE WIH aACTPOHOMO-2€0-
deauieckoe HUBEAUPOBAHUE W ACTPOHOMO-2PAGUMETPUHECKOE HUBE-
auposanue. HasBanna 3THX BHAOB HHBEJHPOBAHUS YKA3LIBAIOT HA
KOMILJIEKC H3MepeHull, HeoOXOLUMBIH 178 HX BuimoJHeHus, Gopmynaa
4CTPOHOMHUYECKOTO HHBEJHPOBAHHA YiKe BBIBOAHJAChH B YACTH IeEp-
Boi (6.49). Ona umeet BT

dH = dhw — (Ecos A+nsin A)dly.

B s3TOoM BHJe OHa TMO3BOJSET ONPENEIHTh NMPEBLIMICHHA (HJAH BLICO-
TbI, €CJIM 3aJaHa BLICOTAa XOTA Gbl B OQHOH TOUKe) (DU3HUECKOH MO-
BEPXHOCTH 3eMJIH Hal Teole3HYecKHM 3JJIHICOHIOM OTHOCHMOCTH.
Bropoit wunen ¢opmMyasl ® ecTh B NepBOM  NPUOIHKEHHH
H3MCHEHHE NpEeBbIIeHHil KBasHTeouaa Hajl pedepeHIl-3ATHICOHA0M.
®opmyJia aCTPOHOMHYECKOIO HHBEJIHPOBAHHS MOYKCT OBITH NMOJyUeHa
H3 OCHOBHBLIX GOpMYJI TeOpHH (UrYyphl 3eMJIH.

Bocroabsyemces ¢popmydoit bpynca (12.1)

KpaeBniM yesosnem (14.15)

1 hopMyI0il TS TIOJYUeHHsT HOpMaabHO# BeicOTH (14.9)
— [ gdn, =U(B,m—U,.

TpeGyercsl monyuuTh NpeBLILICHUA TOYEK PUINYCCKOH MOBEPXHO-
- CTH 3eMJIH OTHOCHTE/IBHO 3JJIHIICOHIa OTHOCHMOCTH dH U npeBbilie:

HHE BLICOT KBa3HI'€OH/la Hajl TeM e 3JIHICOMIO0M OTHOCHMOCTH di.
Has storo npoauddepenunpyem dopmyay BpyHca, sanncaHnyio B
Buae § = T/y, uMest B BHAy H3MEHAEMOCTb 110 XOJO0BOI JIHHHH [ H
23 H, I Tpyursncknii
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BBICOTE fi:

AR S R )
dg ( )dl i (Tﬂflr—?%)dh'

(Ao aT T 9y
dgHT(Tﬁf; )dzT (5,;—-7;@5&1.

Bropyio ckoGKY IpaBoit 4acTH 3aMCHHM, NOML3YACH KPaeBbiM yC-
aosuem (14.15%),

LURets apip ey
dt =~ (al Z-a—[—)dl — an. (14.58)
Tencps npoanddepennnpyem (14.9) 1o X010BOH JTHHHMH:
5 gdkw i U (df: h) ST GU(B h) W (B.H)
U
H ?3(1] -——’%%1 u %71 = —7vy. Bsoas 3T0 3HaueHHe B NMPOHU3BOA-

nyio or (14.9), mosydnm
‘gahy, =20V dl+ yan

WJIH, Nens Ha ¥,

Nt i oy
dh = £ dhy, — -5 dl.

Briunras o 4006aasas dh,, noaydum

dh = dhy, + 7 dhy, — =Sl (14.59)
Teneps caoxum (14.58) u (14.59):
dh + dg = dH = dhy, +£=T dhy, H—’;‘ElazT
+ L Za— = — £ an.
Ynpoctus, HOTYIHM
dH = dhy, — 253 a4l + - Fpdl. (14.60)

IMocaenuuit uieH NMpaBoi 4acTH YpaBHEHHI (14.60) mpencrapJser
coGoii yK/IOHEHHE OTBECHO! JHMHHM HOPMAIbHOrO TOJA B Hampasie:

HuH [:
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Bo Bropom usene h +¢ = H n

H a9y 1 oU (BH)
SRR R T

3TO H3MeHeHHe HOPMaJbHOrO IIOTCHIIHAJMA B TOUKe ¢ BBICOTOH A

B HanpapJenud [, oTHeceHHOe K Y, XapaKTepH3YeT HCKPUBJIEHHe CH-

JIOBOFO N0J5 Ha Belcote 1 Ham ypoBeHHBIM 3jaunconaoM. ITostomy

o0a ujJeHa B CYMMe onpenendaroT YKJIOHeHHe OTBECHOH JHHHH B TOY-

K€ ¢ BBICOTOH /1 OTHOCHTENILHO HOPMa/aM K YPOBEHHOMY 3JJIHICOHJY
aT

H oy i | oU
o 01d!+ o dl = — s dtd[—v Oldl—f}g—ECOSATleIHA

(14.61)

Teneps B Bulpaxennu (14.58) samenum ckoOKy ¢ momouipio (14.61),
nMest B BULY, uT0 L = H — h:

h ad =
d = — (E cos A -+ nsin A) di -—70—5511 E=Vah. (14.62)
Tak xax BTOpoil ujeH NPaBoOil yacTH B ypaBHEHHH (14.62) Xapaxre-
pH3YeT YKJOHeHHEe CHJIOBOH JHHMH HOPMAaJbHOIO IOJA OT HOPMAaJH K
HCXOHOMY 3/UJINIICOMAY B HamnpapJeHHH [, €ro MOXKHO A00aBUTh K §,
nocae yero Beejem ¥ = E 4+ 07, 171 H sin 2B. Torna

d;:-—i?gcosA+nsinA)dt#g—;—3dh. (14.63)

AT10 ypaBHEHHe sABAAETCA (POPMYJIOH aCTPOHOMHYECKOrO HHBEJH-
poBaHus, NOJYYEHHOH U3 rpaBUMETPHUECKHX cooOpaKenud. [Teppuiil
yjden 3Toil (QOPMYJbl NpeAcTaBiasier cCOO0H H3MEHEeHHEe IPEeBbIIIeHHs
KBasureon/la Hajx oOLIHM IPDABHMETPHYECKHM 3JIJIHIICOHIOM Ha pac-
crogHun dl. BTopoll ulen siBAseTCs MONpaBKOH B M3MeHeHnue § 3a
CueT H3MEHEeHHS BBICOTHI (PH3HUYeCKOH NMOBEPXHOCTH 3eMJIH, TaK Kak

KBAa3NTeOH/I OTCUNTHIBACTCS OT (PH3UYECKOH IOBEPXHOCTH 3eMJIH.
B camom neae,

_"dh A A_:":Ag.

Cpasnum dopmyasl (14.63) u (6.49):
dH = dhyw — (Ecos A + nsind)dly.

Bropoit unen (6.49) ectb mpepbiiienne Kpasureonaa dg. Takum o6-
pazoM, 06a NYTH — YHCTO TeOMeTPHYECKUil U CPABUMETPHYECKHH —
NPUBOJAAT K HACHTHYHBIM BhIpameHnsiM. OTIHYHE MX COCTOHT JHIIb
B TOM, UTO OHM OTHECCHBLI K Pas/IHYHLIM NOBEPXHOCTAM OTHOCHMOCTH.
B ypaBuenun (14.63) MBI MMeeM NpeBBIIICHHS KBasWreOHAa, OTHE-
23*
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CceHHble K OOIIeMY TpaBHMeTpHuUecKoMy saguncougy, s (6.49) —x
H30pAHHOMY B KadeCTBE OTCYETHOH [IOBEPXHOCTH [e0le3ndecKoMY
SIJIUTICONLY.

MMea Bce ckasaHHOe B BHAY, BePHEMCH K OCHOBHBIM (opMmyaam
HHUBE/JIHPOBOK, T. €. ONpefeletnio BeicoT I (GU3UUeCKOH MOBEPXHOCTH
3eMan HaA IHICONAOM OTHOCHMOCTH. DTH (DOPMYIB NOAyuHM H3
{6.49) n (14.63). 13 (6.49), nurerpupys, nojayyaem

Hy~Hy = § dioy — | 8aty, (14.64)
AB

AB

rae
¥ = Ecos A 4 nsinA.

U3 popmyasr (14.63) noayunm
tp—La=— j’ga’lﬂ-—' Y A?gdhﬁr (14-65)

AB
HJIH, eC¥ BCOOMHHTE, uto H = h -,

fp ==y =Ry~ f & dly — f %’é’dhw. (14.66)
AB AB

Dopmyant (14.64) u (14.66) sisjiforcs 0CHOBHBIME QOPMYTaMi HH-
BEJTHPOBAHMS ACTPOHOMHYECKOTO ¥ TPABUMETPHUECKOTO COOTBETCT-
Benno. Popmyna (14.64) sBasercs gopMyaoli aCTPOHOMHUECKOTIO
HHBENUPOBAHNA QH3HUecKoH noBepxHocTH 3eMJau. dra GopMmyna He
COAEPIKHT aHOMATHIl CHJBI TsKecTH. DTOT (akT ABJITETCS ClAeNCT-
BHeM TOro o0CToATeNbCTBA, YTO (HU3KuecKas TNOBEPXHOCTh 3eMJu
onpejessercs ONHHMH TIeoMeTpHYeCKHMH 37eMeHTaMu. Dopmyna
(14.64) BLIpaaeT aCTPOHOMUYECKOE HUBEJHPOBAHHE BBHICOT KBA3H-
reousia. Purypa KBasureoujaa CBsizaHa ¢ IPABHTANMOHHLIM NOJEM
3eMaH, H NO3TOMY B (GOPMYJIY BXOAAT AHOMAJHH CHABL THIKECTH.

§ 8. OcHOBBI ACTPOHOMO-TPABUMETPHYECKOTO HUBEAHPOBAHUA

DOpMYIbl ACTPOHOMHUYECKOTO HUBETHPOBAHUSA MOrYT ObITH HpaK-
THYECKH Peaju30BaHLl NPH YCJIOBHH, UTO B KaMKJIOH TOUKE HHUBEIU-
POBKH H3BeCTHBI ACTPOHOMHYECKHE VKJOHEeHH OTBeca g u 1. ITO 03-
HauaeT, YTo B KaxXJ0H TOUKe HHBEIMPOBOK HEOOXOAMMO H3MCPHTDL
ACTPOHOMHYECKHE KOODAMHATH, a TaKKe IlepelaTh Ha 3TH TOUKH
reoflesuyeckne KoopaHnuHathl. MHBIMH CI0BaMH, aCTPOHOMO-TE€OLe3H-
1eCKOe HHUBENHPOBAHHE BO3MOIKHO BBHINOAHHUTL JHIIL /IS NYHKTOB
TPHAHTYJANNH, IIpHYeM [ KaxA0r0 U3 HHX JO/KHO ObITh IIPOH3-
BeJleHO M3MepeHHe aCTPOHOMHMUECKHX KoopAanHat. [lia GoJabmuX Tep-
PHTOpHII, HANPHMep, TAKHX, KaK Halla CTPaHa, 3TO OYeHb TPYAOEM-
Kas, NPAaKTHYECKH HeBHIMONHMMAas paoTa. YKIOHEHHS OTBECHBIX
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JHHAK MOTYT OBbITh TMOJAYYCHBI UHCTO TPABHMETPHUECKHM IIyTeM ¢
nomolwpio opmya Benunr-Mefineca (13.17), roe HHTerpHpoBaHHE
BegeTcd no Beell 3emae. OgHako B CHIY HEZOCTATOUHON TPaBHMET-
pPHYECKOH H3YYEHHOCTH 3eMJH 3TOT ClNocod TakikKe NPAKTHYeCKH
ienpumenuM. Iloatomy M. C. MogojenckuM OblT  HIpemyIOMKeH
CMCIIAHHBIA CIOCO6 HHUBEJMPOBAHHS, HCMOJB3VIOUIHH BO3MOXKHOCTH
000HX VIOMSIHYTLIX METOAOB, HO OAHOBPEMEHHO NMO3BOJAIMIMA 000H-
TH TPYAHOCTH, BCTPEYAIONIHECH B KamKIAOM METOILE pPasiesbHO. JTOT
cnocof GBI HA3BAH  ACTPOHOMO-2PABUMETPUYECKUM  HUBEAUPO-
BaHUEM.

Cnoco® ocHOBAaH Ha TOM, YTO BJIHSIHHE IPABHTALHOHHOTO TOJS
Ja/bHHX 30H H3MEHAETCS OT TOUKH K TOUKE OdYeHb MeJieHHO H
miasno. ITostomy ero Moxno untepnoauposath. C APYroit CTOPOHBHI,
VEJIOHEHNHS OTBeca, NOJYYeHHble acTpo-

HOMO-T€0/1e3HYeCKIM Croco00M He3aBHCHMO

OT TPABUTALHOHHOTO MOJS, MOTYT OHTh

onpenescHnl B gawdoir  Touke. (CpaBHHB
4CTPOHOMO-Te0/le3HYecKoe YKJIOHeHHe OT-

BECA C I'PABUMETPHYECKHM, OIpene/eHHbIM

MO0 ChbeMKaM B OJHIKHUX 30HAX, MOMKHO Bbi- z

JEJIHTL YACTb YKJIOHEHHST OTBECa, BHI3LIBAE-

MYK) BJHMsHHEM JajbHuXx oOgacrei. [lajee

370 BJHSIHHE MOYXHO HHTEPIOJHPOBAThH Ha

pSiZl IYHKTOB, B KOTOPLIX YKe He Tpedyercs Pnc. 105.
IPOM3BOJHTE ACTPOHOMO-Te0jle3nyecKe U3-

MepeHHs H s KOTOPBIX UacTh YK/IOHEHHS OTBeca, BEIZLIBACMYIO
OJH3ICKALIHMHE aHOMAJHIMH, MOKHO ONPeJe]HTh ¢ MOMOLLBIO rpa-
BHMETPHUCCKOI CBECMKH B OJumalmux o0JacTax.

Ilycte Tpebyercs npou3BeCTH aCTPOHOMO-TPABHMETDHYECKOE HH-
BeJAMPOBAHUE B psiié TOYEK, 3aK/IIOYeHHBIX B 0GJacTH o, NpPelcTae-
JSIIOIEeH co00M BBIMYKJABIH MHOMOYTOJABHHK, BePLIHHLI KOTOPOTO OH-
penesenbl Te0Ae3HYeCKHMH H AaCTPOHOMHUECKHMH KOOpAHHaTaMil
(puc. 105). B caydae MHTepHNOJALHH [0 IIOHMIAJZH TAKHX MYHKTOB
JIOMAHO OHITh He MeHee TpeX. lIpu JuHeAHOH HHTEPNOJSIHH MHOTO-
YTOJBHHK BLIPOXKAAECTCA B OTPE30K IIPSIMOMH, cayKamleHl B JaHioM
ciyyae 00JacThIO 0, Ha KOHILAX KOTOPOH ONpefeaeHbl acTPOHOMHYE-
CcKHe H reojesuueckne KoopiamHaTtol. HWuTtepnoanposanue B 3TOM

clyuae Begercsl IO OTPE3KY.

Bcio 3emai0 pasfielHM Ha ABe 4acTH — 06/1acTh I, BK/IIOYAIONULYIO
B cefs ¢ H IPOCTHPAIOULYIOCS NPAKTHYECKH Ha HECKOJIbKO COTEH
KHJIOMETPOB 3a TPaHHLY 0, B KOTOPOH IpaBHTallHOHHOE MOJie H3Y-
yeno, M o6gacte 2/, rje TpaBHMETPHUCCKHX ONpele/eHHit e
HMeeTcs.

AcTpoHOMO-Teo/le3nueckoe YKJIOHEHHe OTBeca B J00o# TOUKe R
ofJacTH ¢ pPAaBHO CYMMe TpaBHMETPHYECKOI'O YKJIOHEHHS OTBeca
(3a cuer Bausiuua obGmacteit £ u X') M pacXomJeHHs OTBECOB K
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regfesniecKkoMy 3IJIJHICONAY OTHOCHMOCTH H TPABHMETDHUYCCKOMY:
Ba (k) = 0,(k) -+ AD(k): (14.67)

3aech ¥, — acTPOHOMO-TE0AEe3HYeCKoe YK/IoHeHHe orBeca, O, —rpa-
BHMETPHUECKOE VKJIOHCHHE OTBECA, BhI3bIBAEMOE [PaBHTANHOHHBIM
nojeM Beei 3eman, A -— yroaq MexAy HOpMAJISIMH K reofe3nuecko-
My H TrpaBHMETpPHYECKOMY auaanncouay. Crosinee B CcKoOKax #
yKa3blBaeT Ha TOYKY, K KOTOPOH OTHECEHbl COOTRETCTBYIOIHE Be-
JTHUHHEL.

I'paBuMeTpHuecKOe YKAOHEHHE OTBECA B TOH IKe TOUKE MOKHO
[pPEACTABHTh B BHAE CyMMbL

De (k) = 04(Z, k) +04(Z', k), (14.68)

rae BBeleHHas B CkOOKH 2 man X ykaswiBaer 00/acTh, BAHSHHIO
anoMaJjui KoTopoil 00fi3aHO CBOUM CVIICCTBOBaHHEM aanHoe .
ITo ycaoBuio (X, &) Moxker ObITb BBIUHCAEHA, TAK KaK anoMa-
NUW CHJIBl TAKECTH B obBaactn » mspectHbl. Beemem (14.68) B
(14.67):

Oa(k) = 0,(3, k) + 0,(X, k) + A0 (k). (14.69)
Iepennmenm (14.69) rak:
(D, k) 4 AD (k) = 0. (k) — (2, B). (14.69")

[Tparas wactb pasencrsa (14.69°) nsBectna, ecim B £ u3BecTHO
4CTPOHOMO-Te0/1e3HYECKOe VKJIOHeHHe OTBeca W/IH OHO Momer OblTh
NPOUHTEPNOJHPOBAHO B B OT COCEAHHMX TOUYEK, HUBIMH CJIOBAMH, eCiau
k TpMHAJIEKUT 00JACTH G.

PaccMotpum cayyalt HHTEPHOJHPOBAHHA MEKJY JABYMS TOUKAMH
A u B. 3a HauajbHYyI0 TOYKY BhiGepeM cepeliuHy orpeska AB u na-
npaBuM ocb x no mpsamoid AB. BospMem peauyuny yo¢ =
=1[0—0,(2)], sBAAOMYIOCH PAa3HOCTLIO MOJHOTO YKJIOHEHHS
oTBEeCA ¥ YKIOHEHHS, BHI3BAHHOrO BJIHAHNEM OJNMKHHX 30H, YMHO-
Kengoi na y. Benwunua 480 sipasercs QyHxUHeH KOOPIHHATHL X H
BBICOTHL h. VMHTepmomupoBaHHOE 3HAUEHHE BETHUYHHLL YOO Ha TOUKy
C KOOPIHHATOH X H BBICOTON h Gymer

8 §
289 (x, h);(yaa)0+{a (;’xﬂ’] X+ [‘Lgﬁ‘—”]a (h—hy). (14.70)
0

[Tocnepuuit ujien uuTEpnONAUUOHHON QOPMYJLI BCeraa Majd H MO-
#eT ObITh oTOpOILeH. B camMom nene, mMojiHOE YKJIOHEHHE OTBECHOH
JrHAH U BBI3LIBAETCS BO3MYNIAIONINM noTeHuuanom T

oty or

e
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ﬂOSTOM}f MOZKHO HAIHCATDb
b e A Y el R e
oh  oh oL}~ <ofol _az"(o/z)—
WRELOR PR s
”"aT(g : e a.f;) (14.71)

B CHJY Kpaesoro yciaosusi (14.9).
a5 yxnonennst oTBecHoll JIHHHH, BbI3LIBAGMOrO aHOMaJHIMHU
oGuacti X, MOMKeM NOJAYYHTh TeMH XK€ DACCYKAECHHIMH BHIpaKeHHe
a[vd ()] J [ e T 91]

o ol Yy ok (14.71%)

Pasnocrs (14.71) u (14.71’) Kak pa3 gact HaM 3HAUeHHE NOCJAE/-
Hero ujeHa (Gopmyast (14.70)

awdd) 9 [T—T()av] _
Bhss b OF TR e
B LOT-TE] (T-TE) ey | T=TF)evoy 07,
B i ane Y dnol VAR e

1
Jlaxe npn BeIcOTE TOYKH B 10 XM 3TOT ullen cocraBiger ~ 555 68
L elicTBHTENBHO, 3

ay W 10—8 88 : 10688 ~ L sa
(—ﬁ—éﬁNO,SOSH 10777 60 = 0,308 104. 10 61‘},\.300613.

Takum 00pa3oM, HHTEPHOJHPOBATH MOMKHO TOJNBKO MO X MEMKAY
Toukamu A u B.

[Tyere paccrosune Mexay Toukamu A u B pasuo 21, Paccrosimne
10 To4kH C, Ha KOTOPYIO BeIeTCsl HHTEPHOJIHPOBAHHKE, ecTh X. Torma,
B cooTBeTCTBHH ¢ (14.70), y60 B Touke X moAyynM KaK 3HaueHHe
370il BEHYHHBI B HYJIEBOH TOUKE INIOC WHTEPHOMANROHHLIN uiei
Ha paccrosinun OC = x, T. e.

T (80), = (v80) + - (¥69)5 — (v80)4] —

= —%— [(760)4 + (y69)z] -+ —2{[ [(y80)s — (y69)al. (14.72)

Y100 NONYYHTH MHTEPNONANNONHYI0 HOPMYAY AAS BLICOT KBA3H-

reomza, BOCHOJb3yeMcs Boipamennem (14.58), B KoTopoM zameHHM
1 odl =
T or uepes 0. CocraBAM BBRIpasKeHHSI [OJHBIX IPEBBIIICHHE

KBasureonaza H HpEBb]I.UGHI/II:I, BbISBAHHBLIX BJIHAHHEM BHYTpeHHeﬁ



360 H3YUEHHE ®HIYPBI ®H3HUYECKOK IMOBEPXHOCTH 3EMJIM 1. 14

obGaactn X

7

= ——Ldh,
>

/i
dt(2) = — 02y + 22 gH ot — £ ah,

Fix pa3HoCTh DaCT BEJHUMHY NPEBLIIIEHHS] KBA3UTEON/a, BLI3BAHHYIO
BJAHAHHEM gaJbHUX 30H (X'). OnHoBpemeHHO 00e HACTW NOJYYeH-

HOTO paBeHcTBA YMHOMXKHM Ha Y.
Tormga mnoayyum

W= L) = — {10 =07+ 1L — LN

nau
vd[§—E(Z)] + [E —C(2)]dy = — 80yd!
HIH
a{y[t—5(2)]} = —o0ydL (14.73)

Tenepn npeotpasyem (14.73) caenyromum o6pasom. Ilpasyio vacts
DpeiCTAaBUM 1O HHTePNOJANHOHHOH (opmyne (14.72), nanucannoi

ansa roukn x = 0;
1

Hau, yuureigag, uro 00 = 0 — 05,

V88 = — (4 (0 — Ox)a + 5 (¢ — O5)p] ==
= 5 {7404+ v505) — (7404 (D) + v805 (D)}

Brens sto sbipaxenne B (14.73), .HPOI/!HTEFpHPYEM nocjaenHee no I
B npejenax oTr —I go -1
it +1
1
| 4 E— 0N = | (9400 vo051— (7402 (B)+vas (D) .
‘ —1

=l

Vimes: B BULY, 4TO B [IPaBOH YaCTH MOJ HHTErpa/joM CTOHT MOCTOSAII-
Hasl BeJIHYHHA, NOJYUIHM

{v1C— L)X = v8Le — vala —~ v8E8(2) + yala(D) =
= L ((9a0a + 1605l — (V404 (D) + ve0n (DN 2. (14.74)
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Buipaxenne (14.74) sanumem B HHOI TOCHC0BATEIBHOCTH:

v8En —7yala = —(ypada + y508) [ +
+ {1 BYUZ) — vala(Z)+-[va0a(Z) + [v805 (2)]1}. (14.75)

D10 — popmysa  ACTPOHOMO-2PABUMETPUHECKO20  HUBLAUPOBAHUA.
Oua naer pasHOCTb BBHICOT KBAa3HIeOHIa MEKAY JBYMsl TOUKaMH IO
H3BECTHBIM B STHX TOYKAaX YKJOHEHHAM OTBeca H COCTABJ/SIONIHM
NPEBBIIICHHA KBA3HI€OH1a, BO3HHKAIOIUM 3a CUET BJHSHHS H3yUeH-
HOH rpasuMeTpuueckn oGaactu . Ita dopMmyaa YOPOCTHTCH, ecin
MOJOKUTE YA= ¥ B°

Ea—Ca= — (Bat+0s)l+

4+ {[88(Z) —&a(Z)] + [0a(Z) +0a(2)]1}. (14.76)
B dopmyae (14.76) mnepsblii wieH INpaBoH 4YacTH — PE3y/bTaT
aCTPOHOMHUECKOTO HHBeJMpOBaHusa Mexay Toukamu A u B, Unen
B (UTYpHBIX CKOOKAaX — rpaBUMeTpHYecKas MONPaBKa, YYHTHIBAIO-
asg HeJHHEHHOCTh H3MEHEHHS YKJIOHEHHH OTBECHOH JIHHHH MEKIY
toukamu A u B. ,

Onenka pasMepoB 00JaCTH, BHYTPHU KOTOPOIHl CJEAYeT HMEeThb
rpABUMETPHUECKYID CHEMKY IS BBEIEHHS COOTBETCTBYIOUIUX IO-
IIPABOK, MOKeT ObITh NPOH3BexeHa no (opMyJe BepxHero npejesa
HAKONJIeHHST CHCTEMaTHUeCKHX OIIHOOK, KOTOPYI0 Mbl jaeM 6e3
BBLIBOJA:

50 < 50_#61 Agm-
3nech 8% —omnOGKa BLIBEIEHHOrO YKJIOHEHHs OTBeca B CeKyHAaX
IyTH, Ag, — MaKCUMa/bHbl¢ aHOMa/lanu Ha TpaHHle ¥ u X B MHI-
Juranax, p — oTHONIeHHe pajauycos obuacteir o u X, p = (R:/R.).

Ecan 3agatees omubkoit nusenuposanus 60 = +07,2 npu auo-
MaJMAX Ha Ipaunie objaacteir B 25 Mea, TO MOJLYUHM

07,16 Ag,, + 60 07.16-25 - 0,2
2 m ey . e 3
PErs 50 T 0.2

= )

Ry
Hp—Abir.e < 45.
4]

Ecan pamuyc obnactu ¢ 3zanath paBHeiM 30 Ka, TO paguyc
I'DAaBUMETPHUECKH H3yYeHHOH obaactd JoJkeH Obite Ry =~ [40 ru.
Takum oGpasom, BLOJAL JHHHH aCTPOHOMO-TPABUMETPHUECKOTO HHBE-
JIUPOBAHNA JOJIKHA ObITb FPABHTAILMOHHO H3yYeHHAS [10J10Ca IUHPH-
1ol B 280 xm. B cayvyae HEBO3MOMKHOCTH CO3JaHMS TAKO{l FpaBUMeT-
DUYECKH H3YUeHHOH T10J0CHl, /51 COXPAHEHHS TOYHOCTH MOXKHO
VMEHBLIIHTDL PACCTOSAHNE MeX1y aCTPONYHKTaMH,
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Cuayuaiinasg omnGKka BEICOTHI KBA3HreoH1a NpH mepejaue mo Ju-
HAH aCTPOHOMO-TPABHMETPHUYECKOrO HHBEJAHPOBAHHS MOMKeT ObiTh
noJicunrana no GbopMyae

' 8L = -+ 9158,

Ile 2/ — paccrosiHie MexAy ACTPONYHKTAMH, a OO — cayuaiiHas
OmHOKA onpeneseHNs YKIOHEHUH OTBECHON JHHHIL,

Cynrast 60 = 4075 n 2/ =60 ku, noayyuM 6f = 40,2 .
Bepxuuii nmpeses CHCTEMATHYCCKON OWMGKI B NPEBHILECHUSX KBA3H-
reousia § Moxer ObiTh MOJIYYEH TO dopmyae

621 < 2-107722,

rie Ag— cpennne anomasauu B obaacti ¥, [ — nojaosHHA paccros-
: R
HHSL MEXKJY TVHKTAMH, P = R—E Mpn | =230 ku, Ag = 50 Mex
a
Hp= 2

- —7 50 4
|8E| < 2-10 1'7'3'104:ﬁ2‘50:2"""-



JAGCED TPETHH

ACTPOHOMHYECKHE CNOCObbI
U3YYEHHUSI TPABUTAUKWOHHOTIO
MoJist U ®UTYPbl 3EMJIH

Panee 6bLin NOAPOGHO pPAaCCMOTPEHbl TeQ1e3HYeCcKHil (reomer-
puueckuil) ¥ rpaBuUMeTpHUecKHi ((u3uueckuil) cmoco0bl H3YUEHHS
duryper Seman. OnHako 3THM He HCYEPNLIBAIOTCS  BO3MOMKHOCTH.
3a mocaeqHee BpeMs IIHPOKOe pa3BHTHE MOJYUYHJIH CHOCOOB H3yue-
HHS TPABHTALHOHHOTO MOJAf © (GUTYPBI 3eMJIH 10 HAOIIOAEHHAM
BO3MYIEHUI B ABHXKEHHHM HeOeCHbIX TeJ,— TaK HasblBaeMble acTpo-
Homuveckue cnocodet. Jlo HenaBHero BpeMeHH 3TH clocoObl He
HMeH OO0NBLIOTO 3HAYeHHs, TaK Kak, BO-TNIEPBHIX, OHH JlaBaJ/H BO3-
MOZKHOCTL ONpeenTb TOAbKO oblilee ciKaTHe U He HMEJH Nepclek-
THBBI OOJlee NETaJBHOrO H3yueHHs1 (Hrypbl 3eMJH, H, BO-BTOPBHIX,
OHH He oGecreyHBaJH AOCTATOYHO BEICOKOH TOuHOCTH. ToJbKO nmocae
341YCKOB HCKYCCTBCHHLIX CHYTHHKOB aCTPOHOMHUCCKHE METO/bI H3Y-
ueHust (hUrypel 3eMaH npuobpenn npakrudeckoe spauenne. Habumio-
AeHHA ABHMKEHHS HCKYCCTBEHHDBIX CHYTHHKOB IHO3BOJAIOT OlLPEeAeNHTh
HE TOJIBKO cXKaTHe ¢ BLICOKOH TOUHOCTbIO, HO H OTKJOHeHHS (QHUry-
pbl 3eMJIH OT mpaBHALIOro cheponna.

3eMna B CBOeyM JIBHJKGHHH B TPOCTPAHCTBe TPaBHTAIMOHHO
B3aMMOJEACTBYeT €O BceMH HeGeCHBIMH TesnaMu. Jlpurasce mo 3a-
KOHAM HeOecHOH MeXaHHKH B noje cua tarotenust Cosnia, oHa
HCTILITBIBACT TAKKE BJAHAHUE BCeX APYTUX HeDecHBIX TeJ, KOTOphIe
OTKJOHAKT TPAaeKTOpPHIO €e [ABMIKEHHS OT IIpaBuJbHOH. B cBowo
ouepellb OHA OKa3blBaerT TPABHTAllHOHHOe BJAHAHHE HA Jpyrue He-
Oecuble Tena CoJHeYHOH cHCTeMBl M B NePBYIO OYepelb Ha CBOH
cryTHHK — JIyHy. DT BAHSHHS, Ha3biBaeMble B HeOecHON MeXxaHHKe
8osMyUeHuAMIL, OLIBAIOT ABYX POJAOB: BO3MYIICHHS OT IOJIOXKCHHSA
BOSMYILAIOILEr0 Teaa M BO3MYIIEHHS OT QUIYPLI HJIM TPaBHTALHOH-
HOI'O noJs BosMyillalomero rteja. Bropoe mHmeer 3Hauyenue AJs
GJH3KHUX TeJ, OTAHYHBIX MO cBoeil ¢urype or mapa. Jas gamexux
Tesq NPUTSKEeHHe PA3/IMUHBIX yacTeH Tejla MaJo pasHHTCH, H MOXKHO
CUHTATH, YTO OHH MPHTATHBAIOT KaK TOUEUHLIC Macchl H BBI3BIBAIOT
BO3MYIIEHHS, CBA3AHHDLIC TOJBKO € H3MEHEHHEM IOJOKEeHHs TeJa.
Biuskne tesa BAMSIOT HE TOJBKO KaK OAHO Ilesloe, MO W BLI3BIBA-
10T BO3MYILEHHS CBOMM OTKJOHeHHEeM OT Ilapa, a TaKme CBOHMH
1JIOTHOCTHBIMH HEOTHOPOIHOCTAMH.

Tax, orkjoHenune 3eman oT cgepHYeCcKOll (UTypbl H, COOTBET-
CTBEHHO, OTKJOHEHHe TPAaBHTALHOHHOIO II0JAH OT IEeHTPaJbHOTO
BBbI3LIBAIOT 3aMeTHBIC BO3MYIeHHS B JBHKeHHH JIyHBI
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Jast 6AM3KHX HCKYCCTBEHHBIX COVTHHKOB OKa3bIBAETCsl OULYTH-
MBIM BO3IMYyILIalollee BJAHAHHE HE TOJbKO cxaTHsi 3eMal, Ho M Apy-
rex foJsee MeJKHX HENpaBHAbHOCTeH (BHIYphl M COOTBETCTBYIOLLHX
HEOJHOPOANOCTEH TPaBHTALHOHHOTO MO,

Ho ecanm Tax, To H 06paTHo, 110 BO3MYIIeHHAM B IBHKEHHU
CTYTHHKA MBI MOKEM BLIUHCIHTL ONpPEAEIEHHLIE HEOLHOPOAHOCTH
B (Hrype M rpaBHTANHOHHOM noJae 3eMJH: GoJblike BOJHB [EOH-
Jla, KpyfHble OCpeJHeHHble aHOMAJHH cHabl TsxectdH. HabGaonan
2a JBHKEHHEM CHYTHHKOB, MOXHO MOJYUYHTH pazJHuyHble XapaxTe-
DHCTHKH GHTypH H rpaBuTallioHHOTO noas 3eman. Yem oOauxe
CIIYTHHK, TeM UyBCTBHTeJbHee OH K BJHSHMIO TPAaBHTAIHOHHOTO
qoas8 M Tem GoJiee JeTasibHble CBEIEHHMA O CTPOSHHM 3eMJH OH
MOKET COOOLIUTb, OLHAKO OTpaHHYeHHe 3TOMy Kaaler armocdepa.
CnyTHHKH, WCMIOJb3yeMEle B TeQje3HUeCKHX HeNdsX, AOMKHLI JBH-
raThca Ha BbicoTax mopsinka 1000 xa, urodel arvochepHBIM CO-
HPOTHBJICHHEM MOXKHO ObLI0O NpeHedpeub.

JTOT METOA H3YUEHHT (MMIYPH 3€MJIH OCHOBAH HAa HCIOJb30Ba-
HHH CNyTHHKa KaK UYyBCTBHTEJIbHOIO 39JEMCHTa, pearupyoliero Ha
GHU3MYeCKHe XapaKTePHCTHKH — HeOJHOPOIHOCTH TpPaBHTANHOHHOTO
noJas. McxyccTBeHHbIE CIYTHHKN 3eMJIH MOMHO TaKie HCIO0JIb30BaTh
L7 TEOMETPHUECKOro H3yucHHsi (GHrypbl 3eMian, He Kacasch QH3H-
yeckux fBjgenuit. B arom cayuae cnyTHHK (B ToM umncae JIyna) Hc-
N0/Ib3YeTCs KaK MACCHBHEI 3JeMeHT B H3MCPCHHSX, KOTAa OH CJY-
JKHUT BH3HPHOH II€JIbI0, HO3BOJSIONICH AeJaTh reoMeTpHUecKHe H3Me-
PEeHHs HA OI'POMHBIX PACCTOSHHAX, H OCYIIECTBJIATL NOCTPOEHHE TAK
HA3bIBACMOKN KOCMUHECKO NPOCTPARCTBEHHON TPUAHSYAALUN.

AcTtponoMuueckue MeTOAbl H3V4eHHS (GHrypH 3eMJH JaBHO
H3BECTHBI, HO TOJBKO MOCJE 3anycka NepPBbIX HCKYCCTBEHHBIX CIYT-
HHKOB 3eMJlHd, a HOTOM M CHYTHHKOBR JIyHBI, onH npuodpenn 00Jb-
1oe HayyHoe H npakTHYecKoe 3HAYeHHe H cefdyac SBAAKTCA He-
OTBEMJIEMON YACTBIO TEOje3HH.

Bonpumoe 3Hauense acrpOHOMHUYECKHE METOAbI HrpalT H s
reobuszuku. OTIHUHe AHHAMHYECKHX XapaKTepHCTHK 3eMJH, IO0-
JYyUYaeMBIX 110 HaOJIOEHHAM COYTHHKOB, OT TCOMeTPHUYECKHX I10-
3BOJISIET CYIHTb O BHYTPEHHEM CTPOCHHM IJIaHeThl.

Henpagnnpuo Guis10 GBI AyMaTth, UTO NOSIBJCHHE HOBOTO METOJA
H3ydeHus (UIYPbI W BHYTPEHHEro CTPOeHHA 3eMaH JeJdaeT Hecy-
11eCTBEHHBIMH  KJlacCH4eckie, panee ONHCAHHLIE MeTOAbl. Takxne
HJIII03HA TOSAB/IANHCH TIOPOH B caMOM Hayajge PasBHTHSI CHIYTHI-
KoBOH reogesun. Opmaxko cefiyac ¢ HOJHOH OYEBUIHOCTBIO $ICHO,
YTO COYTHHKOBBIE METOJbl YTOUHAKIT M JAOMOJHSIOT METOAH Teoje-
3HYECKHH H IpABUMETPHUYECKHH, 1aBas B COBOKYNHOCTH PE3Y/JABTATHI,
HEeLOCTHKHMbIE KazKIBIM METOLOM OT/EJBLHO.

Jns w3n0KeHus # NOJHOTO TIOHWMAHWS ACTPOHOMHYECKHX Me-
TOAOB M3VueHHMS (GUIYpPH 3eMau uHTaTeNl0 HeoOXOAMMO IMO3HAKO-
MHTLCS ¢ HEKOTOPLIMH OCHOBHBIMH HOHSTHSIMH HeGEcHOM MeXaHHKH.
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TIABAIS
3AJAYA JIBYX TEJ

§ 1. DaemMeHTb KenJepoBCKoi OpOHMTHI

N BH;KEHHE TJaHer BOKDPYT Coania onpejesasercs ¢ GOJIbIIOH
rounocThio 3akonaMy Kemnepa. [TepBblit 3aKoH Onpejeser Tpaek-
TOPHIO ABHIKEHHS IJIAHETDHl, OH TJIACHT: opOUTHl TIJIaHET MpeacTaB-
NS0T OGOl 3MMHUNCH, B OAHOM H3 (OKYCOB KOTOPHIX HAXOLHTCH

Puc. 106.

Coanue S (puc. 106). [Tosromy ypaBHeHHE OpPOHTbI MOKET OBITH
3ammcaHo B BHJE

PO | Sl ) B 5 A (15.1)

T l-Fecose | I-fecosy
THe 37— paKH}’C~BeKTOp 3JJIMIICAa, a — GoJiblIas noJayocCh,

a2 — b2 :
e = V—-ﬂ-——- ==S1p == 3KCUEHTPHCHTET, @ — yroJa 3KCH€HTPHCHT3TH,

v — / PSD — ucrusnas auomaius, p— boxaabHbli mapamerp.
Bamkafimas k CoJHIly TOYKa OPOHTHI P nasblBaeTcs nepuzeauem,
HanboJiee yaajeHHasg ToOUYKa P’ — agpeauem. ObGe TOUKH, Pn P
naspBaiorTed ancudamu, a aunus PP’ — aunued ancud.

Bropoii sakon Kemiepa onpejesisieT XapakTep H3MeHeHHs CKO-
poCcTH JBHJKEHHSI TJIaHeThl Ha op6ute. Ilranera IBHKETCH TEM
ObicTpee, ueM oHa Oamxe K Couaniy. [Ipu 3TOM coxpaHseTcd ee
ceKTOpHaJbHas CKOPOCTb. JTOT 3aKOH YTBEPKIALT, H4TO Kaxaas
nAaHeTh JIBHKETCS TaK, YTo Pajuyc-BeKTOp 3aMeTaeT B paBHBIE
NPOMEKYTKH BPEMEeHH PaBHbIE MJIOLajH.

Bropoii 3akon Kensepa Bbipaxaercs bopmyaoit

g
rs=c, (15.2)

rie ¢ =}/ fMa(1—e?), npuyem uepes M oGosnauena macca Connia.
BLIBOJ BeJHUMHLL 3TOH KOHCTAHTH AaH B § 3, 4 HacTosIIel TaaBhl.
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Tpernii 3akon Kenaepa cBAsbiBaer MexAy coOOH nepHOAb!
obpalllenns TJAaHer H pa3Mepbl ux opOut. OH yTBepKIaer, UYTO
KBaJpaThl CHAEPHYECKHX TNEPHOAOB OOpalleHHs IJAHET OTHOCHATCH
Kak KyObl HX CpeHHX paccTossHui ot Co/anua, HIH 4TO

ad M
G- i v (15-3)

rie P —mnepHon obpanieHus miaaHetsl (cM. § 5 macrosmiefi TJaBel).
Ecan zakonn Kemiepa cnpaBefnuBbl, TO, MOJAb3YSCh UMM, MOZK-
HO BBIUMCJIHTB MOJOMKEHHE IJIaHeThl Ha HeOe /s J1000ro MOMEHTa
C MOMOILIBIO HIECTH IIOCTOSHHBIX BEJHUYHH, HA3blBAEMBIX IJAeMEHTA-
My opburst. ITTh H3 HUX ONPEAENAIOT Beauuuny, dopmy H mnono-
#epue oOpOHTHL B NPOCTPAHCTBE, IIECTOH — MOJOXKEHHE [JIaHEeThl
Hu opOure. OCHOBHOH OTCUETHOH IJIOCKOCTBIO NPHHSTO CUHTATh
B HeOecHOH MeXaHHKe TIIJIOCKOCTh 3eMHOH OpPOHTH (ILJOCKOCTD
SKAUNTHKH). JIMHHIO, MO0 KOTOPOH IIOCKOCTH OPOHTH HAAHHOH Maa-
HETbl [epPeceKaeT IMJIOCKOCTh SKIMITHKH, HA3BIBAIOT AUHUEH [34108.
Jrta Jauuusa npoxoaut uepes Coanue. Toukn HeGecHoit cdepsl,
B KOTOPBHIX JIHHHS Y3JI0B [epeceKaeT ee, HAa3blBAIOTCH Y34aAMU.
¥Ysen, B KOTOPOM ILIaHETa NEPEXOJUT H3 IOXKHOTO MOJYUIapHS He-
OecHOH cepBl B ceBepHOe, HA3LIBACTCH B0CXOJAULUM Y3A0M, U CO-
OTBETCTBEHHO y3eJ, B KOTODOM OHA MEPEeXOMHT H3 CEBepHOro MoJy-
mapus B lowHoe,— nucxodaujum. [lonomenne BOCXOASANUIETO V3na
OTCUHTBIBAETCH TIPOTHB JACOBOH
CTPEJKH N0 SKJAHNTHKE 0T TOUKH
BECEHHEr0 pAaBHOJEHCTBHA.  ¥YTOJ
MEXKIY HANpPABJCHHUAMH Ha TOUKY
BECEHHEro paBHOJAEHCTBHA Y W Ha
BocxomAuuii  yzea & (puc. 107)
HasbBaeTcss 0042070( eocxodauye-
20 ysaa u obo3Haudaercs, Kak H
y3eJ, 3HaKoM §. ¥roa Memx.Iy IiIo-
CKOCTSIMH OpOMTBI U SKAUNTHKH Ha-
3bIBAIDT HAKAOHEHUCM OD6HTH u
obosznavalor uepes i Joarora Boc-
XONSIIEero y3nd H HaKJOHEHHE 0Op-
OUTBL  OJHO3HAUHO  ONPEIENSIOT
MMOJIOJKEeHNe TIJIOCKOCTH OpOUTHL B
IIPOCTPAHCTBE.
Pric. 107. Hoazora nepueeaus g onpeae-
JSeT NOJOKeHHe 3J1nca B JI0CKOo-
ctu op6urbl. [loarora neparenus CKJAajblBaeTcs W3 AOJTOTH, BOC-
XOJSIIero y3aa & © YrJOBOrO pacCTOSIHUS IIepHTess OT y3Jaa o,
OTCUATBHIBAEMOIO OT BOCXOASIUIEr0 y3Ja B HANPABICHHH JBHACHHSA
naaHeThl 0 mepurens OopOuTH: n=4§l+w. Beanuuna u dopma
3JUIHNCA Ompejeasiercss 9JeMeHTaMi 60/bLION NMO1yocH OpOHTEL @ 1




§ 2] ANGPEPEHIIHAJIBHBIE YPABHEHHS OBHIKEHM 36

skcuentprucurerom e. lllecToit 3smeMeHT  olpelenser I[OJ0KEHHE
nJIaHeThl Ha opOuTe B naHublili MoMeRT. 3710 Tak Ha3blBaeMmas
JAoaroTa naadeTh B snoxy L. Yacro 3a mectolt 3JeMeHT NPHHEMAIOT
BpeMs TNPOX0WKAEHHS TJaHeThl uepe3 mnepureadil. JTOT 3JeMeHT
oboznavaior yepes T.

Mrax, iBHKeHUE NJAHETH ONpee/sieTcsa 3J1eMeHTaMu:

§! — MONTOTA BOCXOMSIILEro ysJaa,

[ — HaKJOHeHHe OPONTHI MJaHeThl K NJIOCKOCTH 3KJAUNTHKH,

71— JOJATOTa IEPHIeNHs MWIH @ = 7T — &,

a — Qonpliag MNOJAYOCh 3JIJIHIICA,

€ — IKCILeHTPHUCHTET OpOHTH,

T — BpeMsi NPOXOMKICHHA NJIAHETBH UEPe3 MEepHIeNHi.

§ 2. Juddepernnanpuble ypaBHesAns [BHIKCHHA 3aJayd [IBYX Ten
Pacemorpum  cayyaft  ABHIKEHMA JABYX B3aHMHO NPHTATHBAIO-
HIBXCST TeJ, HaXOAsiluXcsl Ha OOJBHIOM PACCTOSSHHH OJHO OT APY-
roro cpaBHHTENBHO C MX pa3Mepamu. B sToM ciayuae mpursKenue
TeJ MOMXKHO PAcCMATPHBATL KaK MPUTAMKEHHE MaTePHAJIbHBIX TOUYEK.
[Tycte Macchl 3THX TeI M H M. i
Obo3naunM TOYKY, B KOTOPHIX cocpe- A 2 o
JOTOYEHLl ITH MACCH, TAKIKE yepes ML H ’
my, cymMMy macc uepes M = m-1+-m; n
PACCTOSHIE Mew1y IeHTpaMH macc
uepes p (puc. 108). Bpifipas ne-
MOABHIKHYIO  (OTHOCHTENBHO 3Be3f)
JICKapTOBY CHCTEMY KOOpAHHAT, Ha-
MUIIEM BTOPOH 3akoH HeloTOHA B BHIE

& _ g o
dr? pE Puc. 108.

31ech r — BEKTOP, HANPABACHHBIA 13 Hayaga koopaunat O B TOUKY
m. B npoekuusx Ha OcH HMeeM YpPABHEHHS [BHIKCHUSI TOUKH m

L I
did pz s I
d*y  mmy

m oz = [ =5 cos$, } (15.4)
d% mm |

i f—;,“g—l cosy, }

rae «, B, y-—yrasl, obpaszyemblie npaMoll, coeinHAOLIER M U 1My,
C OCAMH NCKAPTOBLIX KOODIAHHAT. 3aMeHHM KOCHHYCHI OTHOLIEHH-
MH TpOEKIUH OTpe3Ka K caMOMY OTPe3KY:

8 s e o 1 Pt 21— 2
"_p—'—‘, COSﬁ — T, Cosy = -1—p-—,

=V — xR+ (ga— yP F (@ —2F .

BOS 0 ==
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13

Torna ypasuenust nuKeHus TOUKH m By ayr

dax Xy —x

a‘:? oo fml pg ]

d=y 41—y

Tl L (15.5)
Ao 21—z

T fml p3

d2x, xX—x; )

dr :fm pr. 2

d%y, 2 fmy“‘yl (15 6)
dedc o b :
d* z—z

et i

Boluts nounenno ypaBenus (15.6) u3 cooTBETCTBYION{HX ypaBme-

uuit  (15.5), nonyunm nuddepennnanbubie YPaBHEHHA [ABHKCHHUH
TOUKH My OTHOCHTEILHO

a*lx—1p X— X
—d_[z_l ‘:-—-f(ﬂl - ml) PE I,
gy ) Yy—t
T = _f(fﬂ —j 1y o3
d?(z —z2;) 2—z
Tz——’-—-‘” _-f(erml) po 1.

Ecan BBectn MOABHIKHYIO CHCTEMY KOOPAHHAT C HAYalOM B m,
KOOpAHHATBL TOYKH M 0603HAYHTH CHOBA uepe3 X, y, 2, TO nudde-
PEHIHANLHLIC YDABHEHHS [BHXKEHHS TOUKH C MAcCOil- Ml OTHOCH-
TENBPHO TOYKH ¢ Maccolt my 6YAYT HMeTh BHJ

di’
= —fFln+ my %,
i i A
TS el (15.7)
d2 z
'ﬁ: _f(m—*'ml)'_;;::
r=Vx+ 2+ 2

O6byno npu paccMotpennn ABHKenHs Tes COMHEUHON CHCTEMBI
Macca CosiHI@, OTHOCHTENBHO KOTOPOTO PAacCMAaTPHBACTCS NBHIKC-
HHE, II0JlaraeTcss paBHOH eAHHHUE, T. e. My=1 U m BbIpaxaercs
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B Ioaax maccekl Coanua. Torma

4% : \

== =—f(+m5, |

da?

= my, (158
d*z

SE=—f1+m5. |

§ 3. HaTterpuposaHue ypaBHEHHH JBHIKEHUSR

. Muterpanas naomaneil YpaBuenuss apuxkenus (15.8)
3ajaud ABYX TeJa NpejacTaBiasdioT coboit cucreMy Ttpex nuddepen-
UHAIbHLIX yPaBHeHHH BTOporo nopsiaka. Peliesue 3TOH CHCTEMBI
COCTOMT B HAXOMKAEHHH WIECTH He3aBMCHMBIX IEPBLIX HHTErpa/oB.
Iipn 3Tom mosBAAeTCs MIeCTb NPOU3BOJBHBIX IIOCTOSHHLIX. 1pH
HHTErpaja SIBAAIOTCS HHTETPaJaMH [Jollaiedl H  ONpemensioT
0J0CKOCTb, B KOTOpPO# pacnoJsioxena opoura. Uto6Gpl moayyHTh HX,
YMHOKHM BTOpOe ypapHenue (15.8) ma 2z, a TpeTbe —Ha Y M BBHIY-
TEM BTOpPOE H3 TpeThero; MoJ0OHBIM Ke 00pAa30M BHUTEM TpEThbe
ypasnenne, YMHOMKCHHOC Ha X, M3 IepBOTO, YMHOXKEHHOTO Ha Z,
H NepBOe, YMHOMKEHHOe Ha Y,— U3 BTOPOro, YMHOXKEHHOTO Ha X.
[Tonyuum ypaBuenus

d?z 2 d*y 0 )
Y-am T I
d2x d3z
o — X =0, i (15.9)
dty o
s g =l
HHTerpupyst 3TH TPH ypaBHEHHS, HAXOAHM TPH NePBHIX HHTerpana:
T
Y g e \
dx dz i
ZE X i = Cy, l (15.10)
5
J

Ecnu ypaBuenuss (15.10) yMHOMXKHTL COOTBETCTBEHHO Ha X, Y, Z
H CJOKHTB, TO MOJVUHM YPaBHEHHE IJIOCKOCTH

C1X + cgy + 3z = 0, (15.11)

YTO CBUETEJLCTBYET O TOM, YTO ABH:KEHHE ABYX TeJ, NMOAYHHEHHBIX
HLIOTOHOBCKUM CHJIAM, INPOMCXOAMT B HENOABMKHON IJOCKOCTH
(15.11), noaoKenyue KOTOPOH Onpele/siercs J10JTOTOH BOCXOAAILETO
yaia §! u HakJoueHHeM i. PacnosoxuMm ocH KOOpAMHAT X, ¥, Z TaK,
yTOo0H BJAOCKOCTh, B KOTOPOH NDOHCXOAUT ABHIKEHHE MaTepHalbHbBIX

24 {1, Tpymunckui
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TOUEK M W M, coBMmajaja ¢ miockocTbio xy. Torga 2 =0 u ypas-
HeHusi apuxkenus (15.8) mpexpcraBsaTcs B BHJE

dﬁ—
d? (15.12)
= =—f(1+m-%.

Hurerpaa nuomiazei 57oft CHCTEMBl IOJYYHM aHAJOTHYHO HHTErpa-
aam (15.10). Ou Gyznet

dy dx
xSy (15.13)

JleBas wactp muterpana (15.13) mpexncraBaser coGoil yaBoeunyio
CEKTOPHAJNbHYIO CKOpocTb. ¥Ypashenue (15.13) mpexmcrasaser coGoit
BTOpOii 3akon Kemsepa, a HMEHHO OH YTBepKJ2aeT, 4TO CEKTOPHAJb-
Hasi CKOPOCTb JBHKeHHS IJAHEThl MOCTOSHHA, WIH, B Apyroi dop-
MYJHDPOBKEe, paJHyCc-BEKTOP MaTepHA/JILHOH TOUKH 3amMeraer IIO-
1laiH, OPONOPLUHOHAJNbHEE BpeMeHH. DTO ypaBHEHHE HIEHTHUHO
vpasuenuio (15.2), KoTopoe moJyuaercsi M3 HEro BBeIeHHeM ce-
PHYECKHX KOOpIAHHAT.

2. Uurterpaa KHBOIH CHJBL. YMHOXHM TNepBOe H3 ypaBHe-

uuit (15.12) na s

BTOpOE — HAa 2ﬂ H CJOXKHM:
ar’ B dt * :

d%x dx kel Rt | 1 ax .‘_ii 15.14
gul bl O b e Pyl WA
ITpeoGpaszveM 3TO ypaBHEHHE, HCIOJIb3YS COOTHOLIEHHS

5 . 9 dr dx dy
et o f = =k

Srto naer
dil{deA® dy V] 2f(l+m)dr
214 ()| = 20 m (15.15)
Hurterpupys 310 ypaBHeHHe, NOJYYHM
dx )\ Ay NSO T
(T’;) +(Fy;j ARl (15.16)

JleBasi yacTh NMOJYYEHHOTO peIIeHHS €CThb KBaJgpaT CKOPOCTH TOYKH
m. O6oznaunm ckopocTh yepes V. Torna

s (15.17)

ITO U eCcTh TAK HA3LIBAEMBIH uHTE2pan KUBOL CUAbL.

L
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3. CBsI3b MEeXIy pPaiHYCOM-BEKTOPOM H HCTHH-
Holl anoMaunaueil. Bexem nouaspubie xoopanuats (puc. 109)

RI=rCOS ol — P o

ToasipHbil Yroa 1 OTCUNTHIBAEM OT JIHHHH V3JI0B B INIOCKOCTH XIJ.
C noMollbl0 3THX KOOpPAHHAT I1peobpaszy-

em nuterpaant maomaueir (15.13) u xusoir  AY 3t
cuasl (15.17) | i‘
di oy~ l
228 — ¢ (18.18) |
at g L —
dr \2 du \? 2f (14 m) * %
- W o ) e L5 AL PR e P L 7
(E) M= (dt) — A e S Pric. 109.
i , elirdieee. e
Hcxniounm reneps u3 (15.17°) di, umes B pupy, uro  —z= -5 4
dr_drdu ¢ dr
dF " i dt . rPda
YpaBHenne (15.177) moxHo 3anucath B Biiec
c? dr)z. grls 2f (14~ m)
Ll g i, (et (15.18)
HJIH
dr\" g B ol Ay g
(E} s Ol sl SRl e
OTKYZAA BLIpasum du,
dr

B o7 (1
'l/ T;-r4+_f.{—:2_—rn—lr3.._r2

U U HAlleM UHTErPUPOBAHUEM

A dr
U= =T -
—j Gl oy 1
2 —— ) S e | e
2" 2 r re
J1s HHTErpHpoBaHHsSI 3TOrO BLIPAXKCHHS ACJAEM 3aMeHy Mepe-
MEHHBIX
dr

Rrnlgn .
72

1 —
PRI

TOrga HHTErpaJ IpHHHMaeT BHI

b B - OF (L
V_2+(;q””;g;:
C {iE

(15.19)

24%
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Iror HHTErpaJ/Jd MOZKHO B35iTh, €CJH ClesaTh NOACTaHOBKY

F=A+Bcosv, drf = —R sin v dv; (15.20)
TOTZA MHOTOUJEH MOJ KODHEM NPHMET BHI
TRRRDTE T SO A
e S e ol G e o _(ALBCOSQ)—

— (4 + Bcosv)* = h Q—f“ m)A Ao
+2[H1"i;m)_A_]BcoserBicosﬂv

[TpuBeneM Temepb 3TO Bhipaxenne K Bumy B2sin?v. s 3toro
HeoOXoaHMO, 4TOOB KO3GhGHUHEHT NpH cos v 06paTHIACST B HYIb,
a cpobojnblil ulen Obl1 paBeH B2 3To MOXKNO cIeJaTk BHOOpOM
NPOHU3BOJIBHBIX TOCTOSHHBIX.

Wrax, nonaraem

/_1%2f(1;m)‘4_1 B, f(1 - m) iedii

LA &P Gh
f(1+m) V B dm)y?
i A = s R b= Rl e
B stoMm cavuae unterpana (15.19) nmpunuMaeT BHJI
0=+ [ R ng Wi — 4Ll do = + 0 -+ .
V' BEsin?o

OrpaHnynBasch MOJOKHTEIbHBIM HaNpaBJCHHEM JIBHIKEHHS,
MOJYUHM

U— =0, Encka 1Y

rle @ — HPOH3BOJbHAS MOCTOAHHAHA, KOTOPYIO BBIOEDEM KaK yTJo-
BOe PacCTOAHHC MepUreaHsl m OT VaJja.

HalineM Temnepb cOOTHOIIEHHEe MEMKIY HCTHHHOH aHOMaJjHeil u
paanycom-sekTopom. Cornacuo (15.20)

1 :
~ A4 Bceosu’
BBOAs cioga A u B, 6yneM uMeTh

CZ

o F0+m + m) ) (15.22)

—i—VfZ(l -+ 1cosv

Ypapuenne (15.22) npeacraBiaser coGoii ypaBHEHHE KOHHUECKOTO
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CeueHHss C MNapamMerpaMu

i T(lcﬁ)— — (hoKa/IbHBIH TIapaMeTp
KOHHYECKOr 0 CeueHHs, (15.23)
he? \ : )
=V 5+—F——+1 —
e ]/,‘2 77z gy IKCIEHTPHCHTET, J

a camo ypasnenue (15.22) mpuoGperaer sug (15.1)

o ot sl
l 4 ecosv

Taxkum oGpasom, ncxoxs M3 3akona HbloTona o xapakTtepe C,

B TI0JIE KOTOPBIX NMPOHCXOAHT ABHZKEHHE JABYX TeJ, MBl TPHULIH K

nepBoMy sakony Kemsepa, a MMenHo, uTO IJIAHETH ABHIKYTCH BOK-

pyr Coanna no smiumncy, B (okyce KoToporo Haxoautces CoviHIe.

§ 4. MexaHMYeCKHH CMBICJ MOCTOSIHHLIX WHTErPHPOBAHHMA

[TocTosiHHYI0 HHTErPHPOBAHHSI ¢ ONpEJeNasieM H3 MepBOTO  VpaB-
wenus (15.23):

c= V{1 +mp. (15.24)

Uz sroporo ypasHenus (15.23), umea B Buay (15.24), nonyunm mo-
CTOSHHYIO HHTETPHPOBAHHS
Pt 2 et ARG 16, AL

h= = 7 b

HIH
ORI 4 Gl Y (15.25)

a

rae i MoxKeT ObITh MOJOXKHUTENbHBIM HJIH OTpHLIATe/IbHBIM B 3aBHCH-
MOCTH OT BEeJHYHHBI 3KCHEHTPHCHTETA, T. €. OT XdpakTepa OPGHT]:J:

npun e<<1— saaunc, A=0.a>0;
« e>1—runepbo.ia, h =0, a<20,
« - e=1—mnapabona, h=0, a= o0

3TOT BBHIBOJ, TO3BOJISET ONPAENHTH CKOPOCTh, IIPH KOTOPOIl 1BH-
JKenue Oyiaer 3SJAJIANTHYECKHM, napaGoIHUeCKHM HJIH THIepOoJaH-
YECKHM.

BemoMHUM 75T 3TOTO HHTErpaJl *KHUBBIX CHJ

Vit otd el

(1 +m
9 f—i——)—, NBIZKCHHE 3JIIHIITHUECKOE,

Ecou V2<
ecJu ‘l/2>2&'-i——mi

:2f“ '{' m)
r

, ABHZKEHHE THIep 6OJIH‘!€CKOE,

ecaun V? , JBHIKeHHe mapabosnueckoe.
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ITpumep. Ha mosyuenusix COOTHOMIEHHIT JETKO NOJIYYHTH BTO-
PYI0 KOCMHYECKYIO CKOPOCTB, T. €. TAKYI0 CKOPOCTb TeJa Ha MoBepx-
HOCTH 3eMJIH, pH KOTOPOH OHO YiijfeT 3 [peAe/oB TAroTeHns 3eM-
JH 1 crader cnytnukoM Coanna. Takoil KPHTHYECKOH CKOPOCTBIO
Gyner napaGoanyeckast CKOPOCTb. IIPH [ABHIKEHHH CO CKOPOCTbIO,
Gouspllieit, ueM mepBast KocMuyeckas (8 ka/cex), OIHAKO MeHbILei,
yeM napabonndeckas, TeJIO CTAHOBHTCA cnyTHHKOM 3emian. [locrtur-
HYB mnapa0oJHYecKOii CKOPOCTH, TEJ0O HayHHAET JBHraThcd IO
napaboJie,

s HAXOXKAEeHHS BTOPOfi KOCMHYECKOH CKOPOCTH BOCHOJL3YeM-

o5l popMyIOlt
Vs ]/2f(1j—ml_

[Tonowus [ = 6,67-10-8 cudle-cex? (rpasuraliORHAs MNOCTORHHAR),
r==6,370-10% cu (cpenuuit paguyc 3eMJail) W NPHHAB Maccy 3eM-
an (5,98.10% ¢) paBuoll exunnne (Maccoil teaa m npeHedperaeMm),
HaXO0ANM

V=11,2 xm/cex.
B ratauime 16 npuBORATCH KOCMHYECKHE CKOPOCTH IS HJIAHET.

Tabauna 16

CKOpOCTh Meprypnii Berepa Jemad Mape OnuTep
Kpyroeas 3,028 7.319 7,912 3,562 | 42,205
TMMapaboanueckas 4,282 10,351 11,200 5,038 60,732

CKODOCTh CaTypH Ypan HentyH [TnyToH JlyHa
Kpyrosas 25,100 15308 | 16,120 7.7 1,68
Iapabomueckasn 36,498 21,648 22,810 10,8 2,38

B cayuae ABHXKEHHS HCKYCCTBEHHBIX CHYTHHKOB 3eMau Macca
CIYTHHKA BCerjd npeHeGpe:kuMo Masa 1o CpABHEHRIO ¢ Maceol 3em-
JIM, TaK YTO BCe BBIBeAcHHLIE ¢opMyabl ympouamnTeda. Crobka
(14 m) 3amensierca Maccoit 3eman M. B stom cayuae

WHTer paJ IJiomanes r? % = fMa(l— &) ,
oM ym u o (16.28)

WHTeT Pa/l KHBOH cribl V2 = =— - h == ==
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§ 5. ¥pasneuue Kenanepa

Ilpu BLIBOAE 3TOTO ypaBHeHHsi OyaeM paccMaTpHBAThL cayuan
IUNITUUECKOTO ABHMKenus € < 1.

du \?
Beons B ypaeHemune (15.17') snauenue r* (dr) H3 HNTEr-

i o (du \? 2
pana naomane# (15.137) r-(»a“?) — <, nonyuum

5
(dr) B e 2f(1+m)__c_‘3
dt r r2?
OTKY/a
s rodr

T VR U mr—e
Hurerpupyst, HaX0IHM

s S‘ rdr 15.97

Vit L2 Fmyr—c’ (15.27)
rie T — npoussoJbHasi nmocroginas. Jlisa BLlMHCIeHHS HHTerpaga
nenaeM moacranoBky (puc. 110)

T=A1+Bl cos E,

B KOTOPOIl yroa E Ha3biBAETCS IKCUEHT-
pudeckoll aHomaiuel.
Orciopa ciaemyer:

dr = —B,sin EdE

H

hr® -+ 2f(1 - m)r —c® = hAT +

+ 2f (1 + m) Al oy ("2 Al‘ [2hAlBl _!_ Pue. 110.

+ 9f (14 m) Bylcos E 4+ hBj cos? E.

[TpuBoaHM noOCJHelHEE BhipazKeHHe K BHAY — hBisin® E. B artom
cayuae

hAi--f(14m) =0,
Bl — —BAT =2k )

L f(l pREtlr e
Wi V lz AT

Hcnosibdys seipamenus (15.25) n (15.24), nonyynm

uyTOo HAa€T

Al = a, B] = —-ae.
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Torna nnrerpan (15.27) npeoGpasyercst kK BHAY
: 3/2
t—~T=%—=2\(1+ T T in E).
__V_hf(l__ecosE)dE o TN (E - esin k)
(15.28)

Ecan yron E oTcunThiBaTh OT IepHre/us, KOTAa pagHyc-BEeKTOp
HMEET MHHHMa/IbHOE 3HAUeHHe, H €CJIH YCJAOBHTHCH, YTO BO3pACTder
IpH BO3pacTaAHHH Bpemeuu { (cM. puc. 110), To moayuum

r=a(l-—=ecos k), (15.29)
5 Via+ ,
E —esinE — —1;”2—’”)(!#11’) =M, (15.30)
rie yroa M = J/LOE™) o y ;
yroa M = ]/ ~——— (¢ —T) uaswmBaercs cpedneld anomarued.

Ipn ¢ = T nnanera maxogutcs B nepurenud opGHTH, TaK Kak
E£=0. Ilostomy npousBoJbHAS NOCTOSIKHAS HHTerpUpoBaHusa I ecThb
MOMEHT IPOXOXKJIEHHS Yepes MmepuresHi.

Ilyers n — cpennee yrioBoe aBuxenye naaneTs o opéute, a £ —
nepuox obpamenus. Torna n==_2x/P. Koapduuuenr npu f(1-4-m)/a®?,
OYEBHIHO, PABEH CpelHell CKOPOCTH JBHMKEHUS IJjaHeThl, TaK Kak
ecly ! H3MEHHTCA Ha NOJHBE nepuox P, to E  u3MenuTcs Ha 2.
Brruuras (15.30), nanucannoe ans E == 27 M3 TOTO 3Ke BHIpaXKeHHs
s £ = 0, nonyuaem '

Llimi, 22 &y, (15.31)

3]

a

Tak uTo ypaHeHHe Kensepa MoxKHO 3anncathb B Buje
: 2m
E—esinE = -5 (t — t,)- (15.30")

W3 ypaBHennsa Kensepa BHIBOAUTCS TakkKe TperHil sakon Keme-
pa. lns storo manumem ypasueuns (15.31) mns nByx naamer mn
My, OBMMKYIIHXCS BOKPYT OJIHOTO H TOro e LEHTPAJbHOro Teja Ha
paccTOsSIHHAX @; U as ¢ nepnonamu P; u P,. Bo3song ux B kBajpar
U eI OIHO M3 HHUX HA APYroe, MOJyuHM

Py (14 my)

R OO T S

P ad(l4my)

T. €. KBaJparel NepHOoA0B obpallenus miaHeT OTHOCATCS Kak KyObl
CPEIHHX pacCTOAHMH, YMHOMKEHHbBIE Ha CYMMY Macc LEeHTPaJbHoro
Tena M naadeTbl. Jdna CoJHeuHOH CHCTEMBI, KOTJa Macca MJaHeTh

MHoro Menblile Maccenl CosHua, Tpetuit 3akon Kemnepa mMoxkuO npu-
GNUMKEHHO 34MHCATh B BHIAC

(15.32)

2 3
A Tt

P% ag
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Taxum O6p830M, YCJAOBHBUIHCH, 4YTO JBHXKCHHE ABYX TeJ IIPOHCXO-
AUT 110 3aKOHYy HBI{)TOHE, MBI }'GEILHIH{C,E), uTQ 3TQ [ABHKEHWE T0A-
yunsiercss 3akonam Kerepa (§ 1). M3 dopmyast (15.31) moxkHO
IOJIYUHTD 3HayeHue TIOCTOAHHOH TSTOTEHHHA
P 4n%ad
T+ m) P>

Ecian u3BeCTHLI Nepron 06])3111&1—1“?1 IJaaHeTH, Cpejitice pacCTodAHHEe H
Macca TmJaHeTHl, BhIpamenHas B maccax Coanma, TO MOXKeT OBITh
BBIUHCJIeHA IIOCTOSTHHAs f

§ 6. BoipaxKeHue nepebIX MHTErpajoB 3ajavyH ABYX Tel
yepes 3JeMeHTbl OPOHTHI

Paccmorpum cucteMy HaTerpanos  (15.10), coxepxkamyio TpH
nocrosinybX HHTerpHpopanus. [TonoxuM, yTo SKAUNTHKA COBNafdet

=

Puc. 111,

¢ miockoersio xy (puc. 111). Torna
dz dy

LE a2 — i — Rt sin

Yo o s csinisinéz,
dx dz <hia
e G T el ST COS &)

i S el % ’
dy dx

2 = —=C,— L
X ol i AE Ly = CL0S

Bpons snauenue ¢ u3 (15.24), mosyuuM cieyloliHe COOTHONIEHH:A:

T D 1
yj—j—z%=1’”f(l+m)p sinisin&, |
2%— %%:_Lff('l-{—m)p sinicos &, (15.33)

dy dx T R BT A
o IR (00 sl
x By & YT mp cosi

Fciili MI3BECTHH 3/eMenTHl OpOuThl TAaHersl, T0 MOXKHO BBLITHC-
AHTb A5 MOBGOr0 MOMeHTa BpeMeHH ee MOJOXKeHHe Ha opoute
TeJHOIeHTPHYECKHE H reoreHTpHYeCKHe KOOPAAHATHL.



FJIABA Iy

ONPEQREJEHWE 3JEMEHTOB ®HMI'YPbl 3EMJIHN
Mo HABJIKOAEHHAM JiYHB!

§ 1. leomerpuueckuii cmocol onpemeneHust GoabLION
NoJyocH 3eMJH

JKBATOPHAMBHDIH pagHyc 3eM/JIH @ MOXKeT GbITh ONpeReeil my-
TeM reOMeTpHUECKHX H3MepeHuii noJsoxenus JIyHo. s sToro ciay-
JKHT U3BecTHas QopMyaa Napaiaaxca JIVHE

sinm = 2 3422, 451, : (16.1)
L

rae @ — 0oabludd MOJAYyOCh 3eMJH, 4 djy— PAIHYC JYHHOR OpOHUTEL
Jast Toro ytoGBl yCTaHOBHTH Macuital, T. €. BRIPA3UTh MOJAYOCh B
JuHeHHoH Mepe, Halo 3HATh paccrosinue a; B JuHeHHOH Mepe. s
3TOTO CYyIIeCTBYeT ABa crocoba: M3MepfAeTcs caMe paccrosiHHe ¢
[OMOLLbIO PaANOJOKaTOpa JHOO H3MepsieTcs AYra Ha 3eMae H yroJa
npu Jlyue, oOpazoBaunblil HanpasaenuaMu Ha Jlyny ¢ KOHIOB 3ToH
Ayru. Tak xak noJsoxkenue Jlynol Ha opOHTE XOpOLIO H3BECTHO, TO
HalpaBJeHus ¢ KOHIOB AYr Ha JIyHY TakikKe onpefessiioTcs BecbMa
TOYHO.

IlpaxkTHyeckn H3MepeHHsT NPOM3BOAATCS NO Qororpaduam, Ha
KOTOPHIX JIyHa NmpoekTHpyercsd Ha (pOHE HENOJBHIKHBIX 3Be3l H KO-
TOpLIE AenaloTcsi OJHOBPEMEHHO ¢ 00OHX KOHIIOB Ayru (Meron JIx.
O’Kuga). Hpyroii cnocod — naGaoaenne TMOKpuITAA 3Be3n JIyHo0
(meron ¥. Mapkoeuua). TounocTs crnocoba OrpaHHYHBAGTCS MIIOXHM
3gagHeM (OPMHI H pasMmepoB camoi JIyHEL

§ 2. JlunamuueckuH croco0 omnpepeseHHs GOJBLIOH MOJYOCH
H CTOKCOBOH HOCTOSIHHOH no HabJwotennsm JlyHbl
Jdvnavuueckuid napaanakc Jlyusl

Boapmyio moayoch H Benuuuny fM o 3eMJIH MOXKHO onpene-
AuTh 10 HabarogeHusaM JIVHBL Tak HA3LIBAEMBIM JHHaMHUYECKHM CIIO-
cobom.

Hcnonssyem tpernit 3akon Kemnepa

n*aj = [ (M + m)
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(rne n=2x/P — yrnoBas ckopocth BpauleHuss 3emau, M u mpg—
Maccol 3eman H JIVHLI COOTBETCTBEHHO), KOTOPLIM NPENCTaBHM B
BIE

P i AL

[ (M e m_n) ;

i

a

S

Odo3navast OTHOILIEHHe Macce ueped p = MyfM, moayuum

4&%::?1 n2 3

B i (16.2)

Ecau rtenepp M3MepUTh C MOMOIIbIO pajapa paccrosnue o Jly-
HBEl @;, TO NMPH H3BECTHLIX CKOPOCTH BpalleHHA 3eMJHU A H OTHOIIe-
i mMace p = 1/81,3 MOXKHO NOJIYUYHTH CTOKCOBY NocTosHHVIO [M.
Ecau, najee, BBIPa3UTh CTOKCOBY MOCTOSIHHYIO fM uepes siemen-
Tl TPABHTAUHOHHOTO T0JsT 3eMJH

i = ay(1 -+ 2 g) (16.3)

iM =

H BBECTH e¢ B ypaBHeHHe ([6.2), MBI OJYUHM BLIpaKEHHE AT TaK
Ha3bIBAEMOr0 JIHHAMHYECKOro MapaJiiakca

8in®dr = 3//7 2 (1~'- Y ‘7) (16.4)

Vyarm ' 7 3 T ;
dta XKe dopMyna yKasbiBaeT Ha BO3MOMKHOCTh OlpefeseHns 50Jib-
uIof NOJYocH 3eMJHM MO ilapajiakcy, OTHOLIEHHIO Macc, CHaTHio,
YTJIOBOH CKOPOCTH H 3KBATOpPHAJBLHOI CHIe Ta¥KecTH Ge3 reoMerpi-
YeCKHX H3MEDEHHH Ha MOBEPXHOCTH 3eMJH.

§ 3. Onpenenenne cxkarua 3eMJH M0 JYHHO-CONHEYHOH
npeneccut

Orauyue 3eMJH OT OLHOPOAHOTO WIAPA HJIH IIapa ¢ KOHUEHTPH-
YeCKHM pacnpefeseHHeM INIOTHOCTE NPHBOAHT K TOMY, uToJlyHa u
Coanne, npuTAruBas 3eM/JIi0, HECKOJIbKO M3MEHSIOT NMOJIOXKEHHEe OCH
BpaleHdss 3eMJH OTHOCHTENBHO IJIOCKOCTH 3IKJAHNTHKH, T. €. Mpo-
HCXOAHT MocTeNeHHoe NepeMeillenne Hanpasaedus seMuoi ocu. Ilpu
3TOM TOYKa BECEHHEro PAaBHOJEHCTBHUS NepeMellaeTcs 110 3KBATOpy
B HalpaBJeHHH, oOpPaTHOM JABHKeHHIO 3eMJH. DTO MPOHCXOAHT MO-
ToMmy, uto mpu nputsxenun Connuem (uan Jlynoil) skBaTopHanb-
HOTO B3JIyTHs 3eMJIH MOSB/ISETCs Iapa CHJ, MOMEHT KOTOpoOil cTpe-
MHTCs TOBEPHYTh 3eMJII0 B HampaB/JeHHH COJHIKEHHS IJIOCKOCTH
3KBATOPa € IJIOCKOCTBIO SKJIHITHKH. DTO sIBJeHHe JAaBHO H3BECTHO
B acTPOHOMHMH NOJ HA3BaHueM npedsapeHusi pasHoGeHcTSUI WITH
npeyeccyu. Kpome TOTO, BCIEACTBHE MEPHOIHYHOCTH H3AMEHEHHS TIJIO-
CKOCTH JyHHOH opGuthl Jlyna n CoJHlle B pasHoe BpeMs HaxXomusT-
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Csl Ha PAa3HHIX YIJOBHIX PACCTOAHHSX OT 3KBATOPA M, TaKHM o0pa-
30M, CO3/AIOT NEPUOOUHECKI UIMEHSICWYIOCA TIapy CHJ, NeHCTBYIO-
LYyi0O Ha 3KBATOPHAJbHOE B3AyTHEe 3eMJIH. DTa 1apa CHJ BLI3LIBAET
NepUOHYECKye OTKJOHECHHS OCH BpalleHHs 3eMJH OTHOCHTE/LHO ee
CPEJHEro MOMoKeHHs. DTO ABJIEHHE HA3ZBLIBACTCS HYyTAlUeL.

/ > e m e P \ Gotuma
= : o t
/ S de o) J.’@W:ﬂ‘;’

InEaimge
Semam

Puec. 112.

Ilpeneccuss U HyTalHs BRO3HHKAIOT, TAKHM 00pa3oM, BCAeACTBHE
IMHAMHYECKOro CKaThs maaHerhl, YeM OoJblie JHHAMHUECKOE C¥Ka-
THe, TeM Oouiblie mpeleccus u uyramusi. Ilpeneccus npossiserca B
MeIJeHHOM JIBHMKEHHH 3€MHOI OoCH, ONHCHIBAIOINIEH KOHYC.

O6osHauum yepes L MOMEHT Ko/iHueCTBA NPEIECCHOHHOTO JBHIKE-
nug 3emaun. QueBHAHO, 4TO

L ==Ceo (16.5)
rae C — MOMEHT HHEPUHH 3eMJH OTHOCHTEIBHO OCH BPAlIEHHHA, © —

yrioBasi CKOpOCTb.

Besanuvna MoMeHTa Napsl CHJ MPONOPIHOHAJbHA PAa3HOCTH TO-
aspaoro C u sksaTopHanbHoro A MOMEHTOB HHEepPIHH 3eMJH H 3a-
BHCHT OT HAKJOHEHHS OPOHTH i:

1 3fm

5—(C — A)sinicosi. (16.6)
2a7;
ITo TeopeMe 0 MOMEHTE KOJIHYECTB JABHXKEHHI
dL
Ll
DneMeHTapHOe NpHpalleHHe BekKropa L COOTBETCTBYET H3MeHe-
HUIO HanpapJeHHs 3eMHOH OCH BCJAEJACTBHEe MpEIeCCHH Ha yroade
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(cM. puc. 112), Tak uro
L= L d&‘,

OTKYJa ]
N dt = Lde.

[ToBopor 3eMHO#l OcH Ha yroJ de 3SKBHBAJIEHTEH HAKJIOHY 3KBa-
TOPHAJBHON IUVIOCKOCTH HA TOT Ke YroJ, @ STOT HaK/IOH MPHBOJAHUT K
CMeICHHIO Y3aa Mo opOute Ha yroa dy = de/ sin i uin

L AR RO, A

At dtsie LS
Beoas snauenne N uz (16.6), nonyuaem
3fmy (C — A)cosi

¥4 2a'?r[ Cw
2
HJIH, 3aMeHdad fm = i_::_“ a?], us (16‘2) HO.TI)"IIHM
e e Cc—A 5 (16.7)
i syl p i Cos i.

Ananoruunsle 3d¢dexTs, o6ycaoBaeHHbIe CKaTHEM 3eMJIH, BOSHHKA-
10T B opbuTanbHOM IBuKenuu JIVHRL MOXKHO MOIYYHTB (POPMYTY
AJ5 PerpeccHy BOCXOJAIIEr0 y3ja JyHHoil opOuTL

: N

a =

Lysini

Bsona suauenue N u3 (16.6) s momus, 4To

fmJ#fMﬁ._S T %0 3
ONYYHM
: B a\2C—A ;
—O=at u(%’i) - cos i (16.8)

Taxum 06pa3oM, BHIMM, 4TO TpelleccHs 3eMHOH ocH ) MpPOMmOp-
[IMOHaJ/JibHA OTHOILIEHHID MOMEHTOB HHEPIHHA

c—4A
H— T'_'-
2rTa BeJHYHHA HA3LIBAETCS OUHAMUYCCKUM CHCATULM.

B To e BpeMs CMelueHHEe IVIOCKOCTH OPOHUTBI 10 3KBATOPY HJH
perpeccusi JyHHOTO y3Ja NponopiioHanbHa KosddHuHenTy BTOPOi
chepHuecKoil rapMOHHKH BHeIIHero TPaBHTAIHOHHOrO I0JIs 3eman

c—A
o=
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Bennuuna H csssana ¢ pacmpenenenneM macc B 3emae. ITosrto-
MV 10 PacXOXKJeHHIO BeJHUHH CXKATHS, MOJyYeHEono uepes H u de-
pes Jo, MOXHO chenaTb 3ak/Jl04eHHe O paclnpeieleHuH .Macc B
3emie. -

Janee npuBOJHM 3HAYEHHS AHHAMHYECKOTO CXKaTHA 3eMJH, No-
JIYUCHHBIE PA3HBIMH aBTOPaMH Mo HabMI0AeHUAM JIyHBI:

1
no Hrookomby H = m = 0,0032753,

no age Currepy H = = (0,0032794,

304 94

no Bymrnapny H= -3—03%1 == 0,00327236.

Mowmentsl nrepuuy 3eman C u A MoryT GbITh BhIpaX<eHBl Yepe3 na-
paMeTp CXKAaTHH o, €CJH H3BeCTeH 3aKOH H3MEHEHHS IJIOTHOCTH 3eM-
au. Hos O,lHO-p-O,H,HOﬁ 3eMJH 3TH COOTHOILIEHHS HMEIOT BHJL

C=—oa'h, A= a?b(a2 + b%).

Tak Kaxk 3aKOH H3MEHEHHST NJIOTHOCTH A5 3eMJH TOYHO He H3-
BECTEH, TO JJg pellleHHs 3ajayd TPHXOAUTCS NPUHUMATH THIIOTE3E
0 XapaxkTepe M3MeHEHHS ILIOTHOCTell, OoJaee MM MeHee OJH3KO CO-
OTBETCTBYIOIHEe HeICTBUTENBbHOCTH. B cHay 3Toro o6CTOsTEaBCTBA
MOJYYUTH TOUHOE 3HAUEHHE CKaTHs reoMeTpHuecKoil QHUrypel 3eM-
JH M3 IHHAMHYECKOIrO CiKaTHs HeBo3MomKHO. OnHako mnojgyuaeMbie
LeJUYMHBl BeckMa OJHM3KH X JeicTBHTenbHOCTH, C ApYroil cropo-
Hbl, J/I TOYHOTO ONPEAeJeHHs CaMOro JHHAMHYECKOIo C:KAaTHS He-
06X0AAMO 3HaHHe Macchl JIyHBI, KOTOpas M3BeCTHA TOJBLKO € TOU-
HOCTBIO 10 HECKOJbKHX JoJeil mpolieHTa. emno oCroxKHAeTCHd, Kpo-
Me TOro, H TEM, UTO BeJHuYHHA npeleccHd ot CoJHLA cOCTaBaseT
HNPHMEPHO MOJOBHHY JIYHHOH, a B TO € BpeMs COBMECTHBIH yueT
JVHHO-COJIHEYHON TIpellecCHH oueHb caoxeH. Taxum o6pasoM, Me-
TOJL ompejleseHHs cXKaTHg 3eman 1o HaOJIOJEHHAM MpPeUeCcCHH H
HyTalluH He oueHDb Touei. ITepecuer amnaMudeckoro CiKaTHs B MpPea-
NOJOKEHHH, 4TO IIOTHOCTL 3eMJH TPONOpIHOHAIbHA TVIVOHHE /105
JLIS CPeJHero 3Hayenus JMHaMHUeCKOr0 CXKATHA ¢, NIPHBOIUT K 3Ma-
UeHHIO ToJsipHoro cxkatusl cpennero mo Heoxom6y u ane CuTTepy

|
amal
u no byanapay _,

AT b
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§ 4. Onpenenenne reoMeTpHYECKOro CKaTHA
Mo JHHAMHYECKOMY

Ilockoabky munamuyeckoe catie H = (C —A)/C saBucHt OT
BHYTPEHHErO CTPOEeHHS 3eMJIH, JUIsl YCTAHOBJICHHS CBA3M TeOMETpH-
YyecKOTo C3KaTHA C JHHAMHYECKHM HE0OXOAHMO 34/aTh KaKylo-/H-
60 runoresy O BHYTpeHHeM crpoenkn 3emuan. OOLIYHO Jieaercs
JONyIleHHe, YTO 3eMJs HaAXOAHTCS B THAPOCTATHYeCKOM paBHO-
BECHH. :

CocTosiHHe Takoil THAPOCTATHYECKH DABHOBECHOI 3eMJIi OMHCHI-
paercst ypaBueHuem Kuepo:

d?a 20r2 do 20r 6 0
N Baaal S T gl 5 (siiin:
[ or2ar ( aredr
i 0

D10 ypaBHEHHEe ONpEJessieT CKaTHe ¢ YPOBEHHOH MOBEPXHOCTH CO
CpPelHHM DaJHYCOM r H IJIOTHOCTbIO 0. Pemenye ypasnenns Kaepo
NPUBOAHT K YCTAHOBJCHHIO COOTHOMIeHHst MexAy Jo u H

2 g Mg
L=%01-2y ﬁ—l)H. (16.9)
Panee, B raaBe 10, Obla BHIBefleHa CBf3b C:KATHA CO BTOPHIM JIH-
HAMHYECKHM TapamerpoM Jo:

2 1
J2=3(a_?q) (16.10)
€ TOUHOCTBIO A0 CHATHI.
IlpupaBuuBas mpasble uacTd ypapuenuit (16.9) u (16.10), mo-
JYYHUM '
1

Wi R (16.11)

2./ 5
]_51 20&“]

Jlnst ompenpeieHusi ¢ TPH AaHHBIX [ H ¢ ypaBHeHHe pelIaloT
06BIYHO CrMocoBOM NPHOMHKEHHH HJIH YHCAEHHEIM MeTOA0M, BBIYHC-
asist psg H no 3ajaHHBIM ¢ H NMOACHpPas MOTOM ¢ COOTBETCTBEHHO
nasectaomy H. Jlng GoJgee TouHOro pellenus TpefyeTcs YUHTHIBATH
KaK KBaJpaThl o H ¢, TaK M rapMOHHKH Oojiee BEICOKOIO IOPsAKA.
B ypasmenne (16.11) He BXOAHMT MJIOTHOCTDb, T. €. Pe3yJabTaT He 3a-
BHCHT 'OT PACHPEISJICHHT MAacc, eCau CAeJaH0 MNPeAnosokeHHe O
MHIPOCTATHUECKOM DaBHOBECHH.

Bee ompenesieHHsT TeOMETPUYECKOTO CKATHA o Yepe3 AHHAMHYeE-
ckoe H TpHBOAAT K 3aHHKEHHBIM 3HayeHHAM /o, mopsaka 297,3-—
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297,6, B TO BpeMsl KaK CciKaTHe, OINpejeleHHOe MO0 CHYTHHKAM,
OKasbiBaeTcss paBHbIM 298,3. PacxomxjaeHne MexIy 3THMH BeJHUH-
HAMH BBI3BIBAETCS OTKJAOHEHHEM COCTOSHHS 3eMJIH OT THIPOCTATH-
YECKOTO PAaBHOBECHS.

§ 5. OnpegeneHue cxKatug 3emJau No HepaBeHCTBAM
B ABUMKeHHH JIyHbi

Orcrynienyde (GUrypsl 3eMau OT OXHOPOAHOTO HJH COCTOSIIETO
H3 KOHUHEHTPHYCCKHX CJ/J0eB pasm:lmoi’r MAO0THOCTH 1dapa BbI3BIBAET
B IBHKeHHH JIyHbl HeKOTOpble MepHoAHYeCKHe OTKJIOHEHHS OT Kell-
JepoBa IABHZKeHHS I10 0!})6‘?1’1‘8,— TaK Ha3bIBA€MbI€ BO3MYVIIEHHS, HJIH
HepaBeHCTBA. AMIUIHTYIA 3THX OTKJIOHEHHH 3aBHCHT OT mapaMer-
pa JAHHAMHYECKOTO CKaTHA 3eMaIH J, =%ﬂz%h’_ B rteopun
JABHIKEHHSA JIYI-Ibl 3TH OTKJOHEHHS NpeACTaBJANTCA IICPHOINHYECKH-
MH YJIeHaMH.

HaubGoablye aMIVIHTY/Abl TaKUX OTKJIOHEHHI HMEIOT HepaBeHCT-
BO B JOJTOTE

8 = (4360”1, — 07,061) sin & (16.12)

H HepaBeHCTBO B LIHMpOTE

8 = — (49597, + 0",226)sin L —no [lemone, | 1o o
of = — (4946'J, - 0",208)sin L —no Bpayny,|

rie § — cpemHsis AOJroTa BOCXoJAsulero yana opOutbl Jlymer, L —
cpeausas jgodarora JIyHel. HepaseHcTBo B [m0JTOTE HMMeer mepHO,
18,6 rona, HepaBeHCTBO B WIHPOTE — | Mecsll. DTO BTOPOE HepaBeH-
cTBO HabJiolaercs Dojee TOUHO, YeM HepBOe, H IIO3TOMY OHO valle
HCMOJB30BAJOCh ANA ONpeaeeHus Jq.

3uayeHus 6P Moryt ObIThb TOJYUeHBl HENOCPEACTBEHHO M3 Ha-
Omopennii. Ma o6padoTky ANHHHBIX psifoB HAGMIOACHHI OBLIH IIO-
AyueHsl AJag §f creayiolne 3HAUEHHS:

Heioxomb — 87,26 &= 07,07,
Bpayn  —8%37 407,04,
cpennee — 87,315407,04.
Boasi cpenHee 3HaueHHe M3 HAOMIOZCHHBIX BeJHYHH B (GOPMYJIBI
(16.13), mosyuaem COOTBETCTBEHHO [ABa 3HAUEHHS] JHHAMHYECKOTO

napaMerpa
Jo = 0,0016310,

Jo = 0,0017232.

MM CcoOTBeTCTBYIOT JIBA 3HAYCHHs] [OJSPHOTO CXKATHA 3eMJH,
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BbIHHCJIEHHBIE IO fg C NMOMOIILBIO COOTHOUIEHHSA
1 1 3
ge=Jlit+ it —saf= g,

TOHHOrQ A0 MaJdblX B@/JMHYHH BTOPOro nopsaaxa. 2t 3HaveyHa cJae-
AVIOIHeE:

g — 1:297.7,
2122070,

Ecan wononb3osaTk TONbLKO nanHble Hploxom6a u dopmyay e-
JoHe, TO MBI nmoJyunMm o = 1 :298,7, a ecsu naunbie bpoyna H ero
e QopMyay, TO IIONYyUHM

a=1:296,0.

Takum obpasoM, 3TOT MeTOA AdaeT O4yeHb OOJBIIOH pazbpoc IoJy-
YeHHBIX OKOHYATebHBIX 3HAUCHUII M, KOHEUHO, HEJOCTATOYHO TOYCH.

Kax yie roBopHIOCh, NOABJEHHE HCKYCCTBEHHBIX CIYTHHKOB
3eMau 1as0 BO3MOXKHOCTb B&CbMa TOUHOTO ONpEeNeJeHHS JHHAMH-
JECKHX NapaMeTpPoB 3eMJH, MPHYEM MOXKHO ONPEeNeHTb iHe TOJb-
k0 Jo, HO M MOMeHTH GoJee BBLICOKOro mopsiaka. MeTon usyuenus
XapakTepucTHK (QHrypsl 3eMin 1m0 HaG/MI0JEHHAM HCKYCCTBEHHBIX
CIyTHHKOB HalleJ ceHyac INMPOKoe NpakTHyeckoe npumenenue. ITo-
3TOMY MBIl OCTAHOBHMCsI Ha €ro paccMoTpeHHH OoJee NojApoOHO B
raase 18.

25 H. . IpymsHCcKR



IFTABA I7
OCHOBb! KOCMHYECKO¥ TEONE3HH

§ 1. Ilpnrunn HCRGAL30BAHHRA HCKYCCTBEHHBIX CHYTHHKOB
3eMan B reojiesnu

1. Ilossaenne mckyccrBeHHbIX cnytuuxos 3eman (MC3) cosep-
IIHJI0 PEBOJIOIHIO B T'eofe3dH. Bo3nuKIa BO3MOKHOCTL PElIHTD He-
KOTOpbIE 3aauH, KOTOpPbie He MOTJIM GBITh PElICHBH B PAMKax KJaac-
CHYeCKOH HayKH, PAaBRO KaK H YTOYHHTL HEKOTOPhIE CTaphle peile-
musi. IlpuMeHeHHe HCKYCCTBEHHBIX CHOYTHHKOB 3eMJH B Te0le3HH
TO3BOJIMJIO Pa3BUTL JBa HalpaBjeHnnsa. IlepBoe H3 HMX — reoMeTpH-
geCcKoe, COCTOHT B TOM, UTO CIYTHHK HCIOIbL3YeTcs KakK BecbMa yad-
Jiennas BH3HpHAA 1eJb, PACHOJIOMKeHHAd B TPOCTPAHCTBE HAA 3eM-
aeii. B aToM chyyae, onpelenss HanpaBJeHHS Ha HEro ¢ NyHKTORB
¢ H3BECTHHIMH KOODAMHATAMH, MOMKHO ONDENeNHTb TIOJOMKeHHe
CIYTHHKA, a ONpeJe/sisi OJHOBPEMEHHO HANPABJEHHS C MYHKTOB ¢
H3BECTHBIMH M HEH3BECTHHIMH KOODAHMHATAMH — MOJIOMKEHHE NYHKTa
C HEH3BECTHHIMH KOOpAHHATaMH. TakuM o0pa3oM MoxkeT OLITb MO-
CTpPOEHA CHCTEMA NIPOCTPAHCTBEHHLIX TPeYroJbHHKOB C BepIUHHAMHU
B ONOPHBIX TOUKAX Ha 3eMJe M B NMPOCTPAHCTBE B MeCTaX HaXOmJe-
HHJ COYTHHKA B MOMeHTH HabJionenu#t. Mmes wusBecTHLIE Gasuc
MM 0a3HCBl — PACCTOAHUSA MeXAY ONOPHBIMH TOYKAMH C H3BECT-
HbBIMH KOOpPIHHATAMH, MOXKHO pELIHTL BCE TPEYrOJbHUKH H olpe-
JICNHTH KOOPJAHMHATEL HX BEPLIMH H paccrofiHug mexay Humu, Ilpu
3ToM Ha0JI0flaTh COYTHHK HYXKHO C HECKOJbKHX TOYeK, Kamablil
pasz ojanoepeMenno. IlosTomy Meron 30BeTcs MmeTodoM  CUH-
Xponnblx rabatodenuli. Boabiiasi BeicoTa CHYTHHKA Hap 3eMJiefi ro-
3BOJIeT HAGMI0aTh €r0 OHOBPEMEHHO ¢ BechbMa yJaJeHHbIX MyHK-
TOB 3eMHO! [I0BEPXHOCTH, He HMEIOWHX NpIMOR BHIMMOCTH MEXAY
coboii. Tak, BrioaHe peajbHel HAOJMIONEHHS C IYHKTOB, OTCTOAIIMX
APYr OT Apyra Ha HECKOJBKO Thicauy kuaoMenpos. Ilostomy Tpey-
FOJBHHKH [OJYUYeHHOH TakuM 06pa3oM MpPOCTPaHCTBEHHOH TpHAH-
TYJAsSnuH OyAyT HMeTh GOJIbLINE CTOPOHBI H MOTYT CBA3LIBATH BeChbMa
yAajleHHble NYHKTH, HANpHMep, KOHTHHEHTHI C OCTPOBAMH, OCT-
poBa Mexnay codboii. MeTon maeT BO3MOMKHOCTH CBSI3H KOHTHHEHTOB,
YBH3KH Pa3pO3HEeHHBIX re0/e3HYecKnx ceTel Mexay ‘coboil, co3aa-
HHSI e[HHOll MHPOBOH reoJe3nyecKoil CHCTEMBbl W ONPEAE/NeHHS Hal-
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JYULIEro 3JJIHMNCOHAA OTHOCHMOCTH AJs Beeil 3eman. B mpurunume
METOJ, NO3BOJIAeT TOYHO OnpefesauTh (HIYPY peadbHOH 3eMJH, T. e.
hurypy ee (pu3HUecKOH MOBEPXIOCTH, MOCKOJBKY OH JAaeT mpocTpai-
CTBeHHblE KOOPAMHATBI CTAHIHH, PaclNoJOXKEeHHLIX Ha 3emje, a He
HX NPOEKIUH Ha 34Juncouf. [IpakTHuecKH TONBLKO HYXKHO HMeETb
JIOCTATOUHO GOJbLIOE KOJHUECTBO CTAHLMH, 4 HMEHHO Takoe, KOTO-
poe ofecrneunyio ObI HeoOXOAMMOe 51 pellleHHs JaHHOH 3ajauH
npeacTaBieHne QHTYpbl peanbHofi 3emau. Ilpu ucnonszoBanuu sro-
ro MeToaa Hrpaer poJb yiaoGHOe [/ NOCTPOEHHS TPHAHLYJIALHH
pacmosioxKenne CyTHHKA H BO3MOKHOCTb HAOJIOAATh €ro ¢ pa3ubix
CTAHIMIl B CTPOrO OJHOBPEMEHHLIE MOMEHTHI. :

2. Bropoe HanpaB/eHHe HCMOJAL30BAHHA HCKYCCTBEHHLIX CIYT-
HUKOB 3eMJIH B Te0lesHyu OCHOBAHO HA PelleHHH IHHAMHYECKOH 3a-
nauu. B mpuHLMDE STOT MeToX Taxme MOXKerT OBITb HCNMOJbL30BAH
IS TOCTPOEHHS MPOCTPAHCTBEHHOH KOCMHUYECKON TPHANTYJISIHH.

[Tonp3ysick TeopHell JBHKEeHHS HCKYCCTBEHHBIX CMYTHHKOB, MOXK-
HO IJ5 Ji060r0 MOMEHTA ONpele]HThL MOJOXCEHHE CIYyTHHKA Ha Op-
GHTe W ero KOOpAHHATHl B NPOCTPAHCTBe (IoYyeMy ciocod HacTo Ha-
3pIBalOT OpbHTaabHBIM). Habumionas cnyTHHK ¢ JBYX CTaHIHI—
C M3BECTHBIMH KOODAMHATAMH M HEH3BECTHLIMH, MBI MOXEM BblUHC-
JUTb TPEYroJbHHK H ONPeAe]HTh HEH3BECTHbLIE KOODAHHATHL OmIpere-
AsieMoil cranllud. B 3ToMm cJayuae, IOCKOJBKY MOJOMKeHHe Ha Op-
GuTe onpenessiercs B HeOecHOH MeXaiHKe OTHOCHTEJIBHO IEHTpa
Macc 3eMJH, NOSBJSETCS BO3MOKHOCTb NMONYTHO ONPEAENHTb H IIO-
JoxeHue IenTpa Macc. OgHako B CHJAY psAfa HNPHUMH H B TEpPBYIO
ouepelb B CHJAY HEOAHOPOZHOCTH NPaBHTALHOHHOIO TI0JIA, opbura
CIIYTHHKA He SBJSETCH IPaBHJILHOH 3JJIHNTHUECKON OpOHTOH, a ne-
npepeiBHO 3BoJioluoHHpyeT. Iloatomy, 4wTolbl 3HATH TOUHO MOJIO-
JKeHHe CIMYTHHKA B TIPOCTPAHCTBE, HALO BBECTH IONPABKH 3a BJHMA-
HHe I'PaBHTAIMOHHOTO II0JIS, CONpPOTHBJeHHe aTMoc(dephl, CBETOBOE
JaBJjeHye ¥ T.i. HJs 3T0ro B ¢BOIO O4Yepelb HaAo 3HATh TOUHO rpa-
BUTALMOHHOE ToJie 3eMJH, ero cHcTeMaTHUeCKHe H aHOMaJbible OT-
KJIOHEHHsT OoT ojHopoanocTH. Ho Meron mosBoJsieT peltdTh H odpaT-
HYI0 3aJauy: 10 OTKJOHeHHAM HabJI0JeHHBIX NOJ0KeHHH CNyTHHKA
OT HeBO3MYIIeHHBIX, KaKoBble HMeJ Obl OH TpPH ILIeHTPaJLHOM Ipa-
BUTALMOHHOM TIOJIe, YCTAHOBHTH OCHOBHLIE XapaKTePUCTHKH Tpa-
BHUTAILlHOHHOTO 110JI51, €r0 OTKJOHEHHS OT IeHTPaJbHOro, a TaKkKe
ONpPEeleIUTh OCHOBHBIE 3JEMEHTH (DHTYphl 3eMaH, ee CKaTHe W pe-
rHOHAJbHBIE OTKJIOHEHHS OT NPaBHALHOTO 3JJIHIICOHIA BpAalleHHs.

To e oTHOCHTCS K BONpOCAM BJHSHUS CONPOTHBJEHHS aTMOC-
(epbl, CBETOBOTO NaBJeHHMS M JAPYTHX BO3MYLIAIONHX OpPOHTAJIbHOE
JBUKeHHe CNYTHHKa (paxTtopoB. -

TeoMeTpHYECKHIT TIPHHIMIT KOCMHYECKOH Teole3nn He Hos. Mieu
HCMOJIb30BaTh HeGecHble O6BEKTH B KaueCTBE BH3HPHLIX Illesell He-
OJHOKPATHO BLICKAa3bIBAMHCh H OCYUIECTBJAAMHCHL Ha nmpakthke. Tax,
Jlyna MoxKer OBITh HCHIOJB30BaHA Ui pPellleHdsl Teo/e3HYeCKHX
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3ajay, OAHAKO €€ YIaJeHHOCTb He MO3BOJISET NOJYYHTL BBICOKOH
ToyHOCTH. MakcuMaabublll CyTOYHBIA Napa/iakc JIVHB cocraBJser
617327, mo3TOMY €CJIH ee HCIOJb30BATh KaK BH3HPHYIO HEJab JAJIS [0-
CTPOEHHS TpPEYroJbHUKOB, TO MOCAefHHE MOJY4Yancd € OYeHb OCT-
PLIMH yrilaMH H HX pellerHe 6yAeT HMeTb HMH3KYI TOUHOCTb. Tak-
XKe BCJENCTBHE YIAJeHHOCTH BiaumHue Ha JIyHy HeoJHOPOAHOCTH
3eMHOr0 IDaBHTAIHOHHOTO TOJS HEBEJHKO, UYTO TaKiKe IPHBOJHT
K HH3KUM TOYHOCTAM IIPH ONpeJeJIeHHH ero IapaMeTpoB W mapa-
MeTpoB (QHrypsl 3eMman. Boabuyio TpyAHOCTh TaKKe IpelcTaBigerT
TOuHOe HaBefenue Ha JIymy, mockoabKy «(popMa ee HenpaBHJIbHA H
LeHTp TeoMeTpHUecKoil PUrypsl onpejesasercs LoBOJbHO npy6o. Ko-
OpAHHATBEl TOUKH Ha 3eMJie C moMOIIbI0 Habawonenuit JIyaer B Jayu-
IeM ciaydae MOTYT OBITb 'onpefesaensl ¢ To4HOCThio 100 & 1 Goee.

Meron moxpoitHs 23Besf JIyHOH [03BOJfSET ONPEeNATb KOOp-
AMHATH HaseMHBIX NyHKTOB Govee Touno, Habmiogas onamospemen-
HO MOMEHT HCUE3HOBEHHS 23Be3Abl 3a JYHHBIM JHCKOM C IBVX
Ha3eMHBLIX CTAHIMI M 3HAs KOOPJHHATHI OAHOH H3 HaszeMHBIX CTaH-
{ufi ¥ nentTpa JIyHbL, a TakKe 3HAs JYHHBIH IHAMETD, MOXKHO MOCT-
POHTH TPEYTOJBHHK € JBYMSI H3BECTHBIMH IIOJOMKEHHSIMH BepINHH
H ¢ ABYMA H3MepeHHBIMH VIJIaMH; peiiad 3TOT TPEYroJbHHK, Jer-
KO ONpeLeJHTL KOOPAMHATEL TpeTheil BepIIMHBI, T.€. KOOPAHHATLI
uckomof crannuy. OZHOBpeMeHHOCTh HAGJIOJeHHH JIOCTHNAeTCH
afiech caMuM (PaxkToM OJHOBPeMEeHHOCTH MOxpHITHA. OJHaKo 3To e
BIONHe Touno. [ia pasjuuHHX MOJT0XKeHHH HaGgaionaTesss MOMeH-
THl MOKPBITHS He copmajgaior. [lisi NMyHKTOB, PAaCHOJOMXKEHHBIX Ha
PacCTOSHUSX B HECKOJBLKO COTeH KHJAOMeTpOB Ha 3eMJe, omHOKa
3a CYeT HeOLHOBPEMEHHOCTH MNOKDPLITHA H HETOYHOTO 3HAaHHT JYyH-
HOJ TomorpaduH HMeeT MOPAAOK 20 .

Kak y:ke paccMoTpeHO panee, HaOJIIOACHUS .H‘_yHbI—QG auopa-
ufl 1 HepaBseHCTB ABUIKEHHS,— NO3BOJSIOT ONPeNeJHTh H OCHOBHBIE
napaMerpsl Quryps 3eman. Opnako 60abliast yIaJeHHOCTh JIyHH
TpebyeT OueHb TOYHOTO BPEMEHH CHHXPOHM3aUMH HAOJIOLEHHIT U
TOYHLIX YIJIOBBIX H3MepeHuid. Tak, npH cpefnell yaaJeHIocTH JIyipl
Ha 384 400 xm omnGka mnanpapaenus B 07,01 BbI3oBer JauHenHOE
cMeienue Ha 3emuae B 20 #. B T0 Ke BpeMs OpH yAaJdeHHH BH3HD-
#Holi menu Ha 1000 xkm Ta e omHOKAa B HANPaBJeHHH BLI3OBET JIH-
Helilloe cMemenne Jub Ha 5 ca. VIHBIMH cJOBaMH, jaxe NIPOCTO
JocTHraeMas TOYHOCTb YIVIOBHIX H3MepeHHii B 17 oGecmeyuT moJy-
JMeHHMe KOODAMHAT CTAaHLUHH ¢ TOuHOCTRIO O M. Ommbra BO BpeMeHH
#ado/lennss Ha | MHKDOCEKYHIY BbI3bIBAeT OMWHOKY B KOOPAHHA-
Ttax B 1 u. To xe oTHOCHTCA M K OnpelesIeHUSM 3JEMEHTOB IpaBH-
TalHOHHOr0 moas 3emau. JIyHa, ynaneHnas oT 3eMJH NPHMEPHO B
300—500 pas naabiie HCKYCCTBEHHOTO CMyTHHKA, HCIBITHLIBAET BO3-
HefCTBHe NPHTSHKEHHS 3eMJIy M ero BOIMYIIeHH{i nmpuMepno B 10°
pa3 caadee. ITo3TOMYy MCKYCCTBEHHBIE CIYTHUKY 3EMJIM 0KAa3bIBAIOT-
¢l 00beKTaMH, BecbMa TIOJe3HHMH AJa reojesuu. C -oauoii cropo-
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HBI, OHY JOCTATOYHO AaJeKH OT 3eMaH, YTOOE 00eCnedHTh BO3MOMK-
HOCTh MOCTPOEHHA TOUHOH CEeTH NPOCTPAHCTBEHHOH TPHAHIYJAILHU
CO CTOPOHAMH B HECKOJIBKO COTEH H JaiKe ThiCA4 KHIOMETPOB, TOT-
Ja KaK TpPH HA3eMHbIX BH3HPHBIX LeJasdX oOblyHasg [AJHHA CTOPOH
TpeyroabuukoB 25—30 xm. C Apyroi CTOPOHLI, OHU JOCTATOUHO
61M3KH, 9T00B 3(h()eKTHBHO OILYIIATL BJIHSHHE AaHOMAJBHOTO Tpa-
BHTALIMOHHOTO IOJIA.

Haxomnen, npu Bb00pe BHEICOT ABHIKEHHS Te0fe3HUeCKHX CHyT-
HHKOB OOJBUIVIO POJBL HNpaeT CONpoTHBIeHHE aTMochepnl. M ecan
JUIsg IleJell TeoOMeTpHUEcKOH CIYTHUKOBOH TeOJe3HH 3TO BaxHO
JUUIL B CMBICJIE JJIHTEJLHOCTH BDEMEHH CYIUECTBOBAHHS CHYTHHKA,
TO JJI5 3ajay, CBSI3aHHBIX ¢ HAGJIOZEHHEM BO3MYLICHHH OpPOHT, 3TO
BaKHO H C TOUKH 3peHus 3Toro ¢axropa.

§ 2. leomeanueckne COyTHUKH

OnTHMAaJNbHEIE BBICOTHL JBHIKEHHS TEOJe3UYeCKHX CIYyTHHKOB —
1000—2500 xx, B nuanazone 3THX BHICOT OOecIeUHBAETCH BBLICOKAS
TOUHOCTb HAOJI0MeHHi H B TO Ke BPeMs OILHOBPeMEeHHas BHIHMOCTb
¢ JOCTaTOYHO YHAaJeHHLIX HaseMHBIX CTaHIMH, XOCTaTO4YHO caado
conpoTHBAeHHe aTMocephl H B TO e BPeMA JOCTATOUHO BETHKO
BJIHSHHE HEOJHOPOIHOCTEH TPABUTALHOHHOTO IIOJS HAa 3JEMEHTHI
opOuTHl cnyTHHKA. HakgoxHenHe opOHTHl TeOAe3HUECKOTO CIYTHHKA
JOJKHO OBITB BeJHKO, YTOOBI: CHYTHHK MOr HabaiomaThCs B BbI-
COKHX IIHPOTaX.

Habmonenuss COyTHHKOB MOTYT BECTHCh Pa3HBIMH CIOCOOaMH:
ONTHUYECKHM, BH3YaJLHBEIM, (GOTOTpa(HUECKHM, paZHOJOKAIHOHHEIM,
C HCIOJB30BaHHEM JONJIEPOBCKOTO adh¢exra, mazepusiM. s obec-
NeYeHHs BO3MOMKHOCTH TeX MJH HHBIX HJIH BCeX Cpa3y METONOB Ha-
Omofenuil CIyTHHK, NPelHA3HAYEHHBIH IJs1 Teole3HYecKHX IeJel,
JoqKeH o0aanath CHelHadbHBIMHE [IPHCIOCOOJEHUSIMH, TakHe Ha-
O110eHis 00eCcIedHBaIOUIMH.

B xovmiexc OoproBoil amnmapaTtypbl OOBIYHO BKJIOYAETCS CBe-
TOBOH Mafdk, M3Jy4aionldii CBETOBLIE BCILIIIKH TIO ONpeAeeHHOl
nporpaMMe, pagHonepemaTudK AJsT NPOH3BOACTBA JONJIEPOBCKHX
H3MepeHHil, penpaHcAATOpPbl PaJHOCHNHAIOB PaaHoAaJbHOMEPHOIN
CHCTeMBbl, PaJHOBBICOTOMED, YIOJAKOBLIE OTpaxKaTeNnd JJsS NPOH3BOJ-
CTBA Jla3ePHLIX H3MepeHHII DACCTOSHHH, BBICOKOTOYHbIE Wachl H
KOMaHIHOe NPOrpaMMHOe YCTPOHCTBO.

Ha neperix mopax pasBHTHSI CIyTHHKOBOII TeolesuH OblIH 3a-
NYUIeHL CIYTHHKH-0AMI0HB «3IXx0-1» M «Ix0-2», uMeBlHe GOJb-
woit o6beM (auaMerp mopsaka 30 ), CBETSILIHECS IPKHM OTPaKeH-
| HBIM CBETOM H BecbMa yaoOHble ais HabGaogenus. Ilocne yenenixo-
0 HCHOJb30BAHHS 3THX CHOYTHHKOB aaa reomesun B CIIA 6ot
3amnylleHd’ yxe CIelHaJbHO reoje3ndeckHil cmyTtHHK «Ilareoc». dto
Tak¥Xe NACCHBHBIA CIYTHHK — 6anyioH JuaMerpoM okosmo 30 # ¢
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aJIOMUHHPOBAHHON TIOBEPXHOCTBIO JJIsi YCHJAEHHS OTpaxKareJabHol
cnocodHocTd. OfHAKO Takue CNYTHHKH BHIMOJHSIOT TOJLKO OJHY
(DVHKIIHIO — ABJSIOTCS BH3HPHOH IeJbl0 M HHUKAKOH HHpOpMAanHH
O TPaBUTAUMOHHOM moje M (Qurype 3eMmau Jatb He MoryT. OH:
CAHIIKOM MOJABepPKeHbl BOSMYI@HHAM OT CONPOTHBJEHHA aTMmocde-
pbl ¥ cBetoBoTo Aarjenus. Ilos:xke Owplu samyuiedbl Gonee coBep-
IeHHBle MHONOMYHKIHOHAJEHBIE Teofe3HUYecKHe CIYTHHKH, TaKHe
xax <«['eoc», UTO O3HayaeT «Teofe3HUYeCKHit 3eMHON OpOHTAJIBHBIN
CHYTHAK», DTH CHYTHUKH HUMEIOT CBETOBOH MafK, AAIOLHH Ccepuu

TaGnuma 17

-1
48 | 24
c : e
{,agé’,’,’,;‘;',ff‘e"“ BpeMsi sanycka Junamerp, M § 2 o §§ = BoicoTa, KM
GaasioHsl é‘n‘; ; :E 5
«3Ix%0-1» 12.VII1.1960 30 +1-:-0f 47 900—1300
«9x0-2» 25.1.1967 41 o A 1100
«[Tareoc» 1966 30 +2-4-5| 85 | 2200 nepureit
6000 anoreit
OGopynoBanue & Za
AXTupnBIE % AN Teomesnt. o SE B
CHYTHHKH Bpems sanycka uzMepenuil g 255 e L
® | =82
[
«Anna 1-B» 31.X.1962 CBeToBAas BCNbILI- 8 50 [ 1077 nepurei,

Ka, JOMIepoBCKoe 1184 anoreit
VCTPOHCTBO, CHC-
tema «Cekops
«Teac-A» 6.X1.1965 CeeroBas Beneitl- | 7,5 | 59,4 | 1114 nepuref,
Ka, YTOJKOBBHIH OT- 2277 anoreit
paxareab, JLOIe-
POBCKOE YCTPOICT-
B0, ciucrema «Ce-

KOp»
«T'eoc-B» 11.1.1968 ! » 7,5 1105,7 | 1078 nepurei,
1572 anoreh
«IJKenaopep-22» [10.X.1964 YroJKoBwI oTpa- 8 | 79,7 | 88l nepurei,
Aatedb,  JOMIe- 1088 anoref
POBCKOE  yCTpOii-
CTBO ;
«3xcnnopep27»|29.1V.1965 » 8 41 940 nepwuref,
1318 amoreit
«nagem-1» 8.11.1967 Jlonzepoeckoe 8,5 | 40,1 580 nepureit,
ycrpoficTso, yroa- 1340 anoreit
KOBLIE OTpaKaresn
«luagem-2» 15.11.1967 » 8.5 39,4 592 nepureft,
1886 amoreit
«[Teonb» XIL.1970 » 8 14 730 mepureit,

860 auorei
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MO CeMb BCIBIIEK ¢ WHTCPBaJAMH MEKAY BCOBIUKAMH 4 CeKYHJILI,
OONJepPOBCKH mepelaTynK, YTOJIKOBbLIE JIa3eDHLIE OTpayKaTesau, pa-
JHOAANbHOMEPHYI0 cucTeMy. Ha cnyTHHKe ycTaHOBJEHBI aTOMIble
yachl, o0ecnecyHBAaIOLIHe BEINOJIeHHe ApOrpaMM H BBIAAYY OTMETOK
BpeMeHnHd ¢ BBICOKOH TOYHOCTBIO.

B 1967 r. 6uiiu 3anyleHbl ABa (PpPadily3CKUX TeoAe3ndecKHX
cnytunka «Juagem», nvewomune Ha GOPTY CHCTEMY JONJIEPOBCKHX
MepelaTinKkoB M JasepHbie 0TpaxKaTesii.

PacemarpuBaloTCsi NPOEKThl CHENHAJLILIX TeOAE3HUeCKHX CIYT-
unkos (ClIA). Tak, npemnaraercss €O31aTh COYTHHK, HA KOTOPLII
ne geficTBoBaso Obl comporuBaeHue atMoc(epr. HMpea coctout B
TOM, 4TOOLI MOMECTHTH COYTHHK B MOJBIH Ipo3paunkiid GasioH, mpH-
HUMAIOIIKHK Ha cefsi CONPOTUBACHNE aTMOC(hePLl B KOPPeKTUPYIOULil-
csl MO NOJIOXKEHUIO BHYTpeHHero Taeaoro sapa. CosmaHHe Takoro
COYTHHKA AAacT BO3MOXKHOCTb C BBICOKOH CTEMEHBI0 TOYHOCTH OIpe-
LeJATh TapaMeTpbl TPABHTAIMOHHOTO WO W (QUTLYPH  3eMaH.

B tabanue 17 npusefeHbl HeKOTOPHIE OCHOBHEIE XaDAaKTEDHCTH-
KH JJR HECKOJBKHX paHee YVHOMTHYThIX CIIYTHHKOB.

Ilpn wnenoab3oBaHHE CHYTHHKOB JJIsE KOCMHYECKOf reomesuu
BecbMa BaKeH BblOOD HakMoHOB op6uT. CrnyTHUK MoJKeH OBITL Bi-
JeH ¢ pa3InuHbX cTannuil, Op6uTH ¢ OJH3KHM K HYJEBOMY HaKJO-
HEeHHEM He TOAATCHA TaKiKe BCAENCTBHE TOIO, UTO B YPaBHeHHS IJf
H3MeHeHHd 3JIEMEHTOB, M0 KOTOPBLIM ONPEHeNsIOTCS MMapaMeTphl
(HTYpH 3eMJH ¥ €e I'DABHTALMONHOIO JIOJS, BXOAHT YjeH, COolep-
KAMAN CHHYC HAKNOHEHHS, NPHHEMAIONHIL MaJable 3HAUeHHs TIpH
MagblX yIJax HakaoHa. Bonpoc Bbibopa opGHT BylleT o6CyKAaThed
¢ 00abIYM OCHOBAaHHEM B rJjaBe 00 ompeleneHHAX TapMOHHK rpa-
BHTAIHOHHOTO NMOTEHIHAIA.

§ 3. CnocoGbl HAGAIOAEHNs] MCKYCCTBEHHBIX COYTHHKOB 3eMJH
H NpHMeHsonHeca Npy 3TOM HMHCTPYMEHTHI

CyuiecTBVIOT pasiuunbie cnocoOwl HaGuamoaenns HIC3: onrtuue-
CKHH BM3VaJlbHBUA, (oTorpaduueckuil, paaloTeXHHUECKHH U Jasep-
ubiii. Ilepsble nBa patot uanpas/ieHHs Ha CIYTHHK, TPeTHH—pPAaccros-
HHS, UeTBEPTBI — TO N APYroe, HOITOMY BLITOJHLIM SIBJSETCH €O-
yeraHue cnocofoB.

Onrtuvyeckue cnocobw HabGawogeruin Onruyeckui
BH3YAJBHBI CIOcOO NMPHMEHANCS Ha 3ape Da3BHUTHS CHYTHHKOBOIL
reoJe3un W B CHJAY CBOEH HH3KOH TOYHOCTH OO0Jblle He HPUMeHseT-
ca. Portorpaduyeckne HadAWIEHNsT B 3aBHCHMOCTH OT cmocoda H
HHCTpyMenTa obecneuyHBaiOT YriOBYI0 TOYHOCTH B =407,5—2", uro,
KaK MBI yKe BHJEJNH, COOTBETCTRYeT NpUOaAH3uTenpto 2—10 x B on-
pefeseHNH KOOPAMHAT cTaHUMH. PaanonntepdepeHunonHblii cnocod
OllpefesisieT PACCTOAHHSI, 4 He HampaBJeHHs, TaK 4TO OH He HABJIA-
eTcss aabTepHaTHBHLIM (QororpaduyeckoMy ¢nocoby.
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Hanbosee pacnpocTpaHeHHBIM CIOCOO0M HaOJIIOAEHHH ABJIAET-
cst (hovorpadHupoBanne cnyTHHKa Ha (one 3Besn. [Ipu stom mosy-
uyaerca (orTorpadus ciefa CHyTHHKAa HA MJAAaCTHHKE, Ha KOTOPOM
0JiHOBpEeMeHHO (doTorpadupyerca HecKOJIbKO ONODHBIX 3Be3fd, Ko-
OpJAHHATBL KOTOPHIX ¢, 0 NpHBEAEHHI B CIELHAJbHBIX KaTajorax.
Ecnau cMmernieHne COyTHHKA OTHOCHTEJBHO ONMODHOH 3Beannl Ac, AS,
TO €ro KoopAHHaTH OymyT o -+ Aa, § + AS.

Tounocte (ororpaduyecKoro oOmpeleseHHs KOODAHHAT CyTHH-
Ka Onpele]seTcs TOYHOCTBIO KaTaJjiora ONOPHLIX 3Be3l]l H TOUHOCTLIO
KOMIIapaTopa, Ha KOTOPOM MPOH3BOAATCA MH3MepeHHs. Cpeluss
KBajpaTHueckas owHOKa (GoTorpaHyeckoro ompefeneHns Haupae-
JelHsT Ha onyTHHK 17— 27,

CynmecTBymwT TpPH DA3HOBHIHOCTH (POTOIrpadHUecKOro MeToAa:

1) xorga QorongacTHHKA WM IJIEHKA HeNOJBHKHA H Ha Hed
GUKCHPYIOTCS  cjenbl  llepeMellalouiuXcs CyYTOYHBIM  ABHIKEHHEM
3BE3] U CNYTHHKA B BHIe NPAMBIX JHHHI C paspeHBaMM, 3ajaBae-
MLIMH 4YacaMH;

2) xorpa mJaacTuHKa TepeMenlaeTcsl BMecTe C KaMepoH, clend
3a CYTOYHMbIM JBHXKEHHEM 3Be3J[; B 3TOM Clyude Ha NJAacTHHKE NOo-
JAVYAIOTCH TOYEUHble H300parKeHHsl 3BE3A U OPIMOJHHCHHAR Tpa-
EKTOPHUS COYTHHKA C BPEMEHHLIMH paspblBaMH;

3) Korga kaMepa InepeMelaercs, ClIedsf 3a COIyTHHKOM. B 3ToM
cayyae CNYTHMK H3ofpaxkaercs Ha MJacTHHKe TOUKOH, a 3Be3JH
HITPHXOBLIMI JHHHSIMH. :

ITepBomy cuyuaro COOTBETCTBYIOT a3MMyTaJbHble HENOABHKHLIE
VCTAHOBKHM, NPH KOTOPHIX HHCTPYMEHT HMMEET JBHIKEeHHe 10 asumy-
Ty u Beicore. TpyGa HHCTPyMeHTa HABOAHTCA HA COYTHUK HJH
3apaHee ycTaHaBJHBaercs HA oOJacth HeOa, Iie COYTHHK O6yAeT mpo-
XOQHTh, H 3aKDeniaseTcs. B MOMEeHT NpoX0KICHUS CIYTHHKA OTKDHI-
Baercsl 3aTBOP KaMepbl. BrTopomy cayualmo coOTBEeTCTBYIOT mnapail-
JaKTHYeCKHe YCTAHOBKH € YacOBBIM MeXaHH3MOM, o0ecmeuynBaio-
IIHM  CYTOUHOE JABHIKEHHEe KaMepBhl 10 [PSMOMY BOCXOXKIEHHIO.
C Takofl KaMepoil TIOJNYYalOTCH HEMNOCPEACTREHHO NPSIMOE BOCKOK-
JleHUe H CKJIOHeHHe cmyTHHka. HakoHell B TpeTbeM cJydae OOLIYHO
yIoTpebadIoT asuMyTajdbHble YCTAHOBKH, MMEIOIHe JBHKeHHe, T03-
BOJITIONEE CJASAHTHL 33 CHYTHHKOM H OCTaBJAfAIoUIHe ero m3obpaxe-
HUC HA IJIACTHHKE HETMOJBHKHBIM.

HMHcTpyMeHTH TpeThero THHAa HauGoJee COBEPUICHHB!, [TOTOMY
470 OHH MO3BOJAIOT Habd0AaTh caabo cBeTAuUMecs: cnyTHHkd. Tak,
OTCJIeXKHBaOMasi CnyTHHK Kamepa Deiikepa — Hanna dortorpadu-
pyer CHYTHHKH A0 12 3B. BeJHYHHBI, TOTAA KaK HEMOABHMKHLIE VC-
TAaHOBKH 00eCrneuHBalOT BHAMMOCTb CHYyTHHKa A0 4—7-ii 3Be31HOR
BEJHYHHbI.

3a HeNOATHil TepHoj Pa3BUTHI KOCMHUECKOH TEOJe3Hi UbLIO
CKOHCTDYHPOBAHO H ynOTpeObJsioch OKOJMO JABYX JAeCATKOB pa3JHu-
HBIX HHCTPYMEHTOB sl ¢ororpaduueckux Habmonennit. Her cMbic-
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na 1a ¥ 3aTPyAHMTENbHO Bce MX omHchEBaTh. Haubonee HM3BecTHbHI-
MH H YNOTPeOMMBIMH SIBASIOTCS Cefuac HHCTPYMEHTDI, NepeyHcseH-
mble B Tabaune 18.

TaGanrua [8
e P—
[Mone spe- |Mas 3Be3j-
Haspanue u cTpaHa MoHTHpOBKA HHA Hasi BeJi-
Hanpa= Bpe- e
BAEHHI MeHH
Cnensimue KaMeph
Beiikep-Haun | AsuMmyransmast Tpexoc- | 277 | 05,001 30°X5° 12
CILIA Hast C CONPOBOMKIEHH-
1957 eM CoyTHHKA. 3epKaJp-
ADU-75 et Teaeckon muara
CCCP Yersipexocnas napanak- 1 | 0,001 15°%10° 10
1965 THUECKARn CO CjleAs-
BAY nteft cHeteMoif
CCCP Tpexocnasi napajinakTh- 1 | 0,000} 807 5% 12
1968 yeCKad C CONPOBOMKIE-
HHEM ChyTHWKA, 3ep-
Ka/lbHO-JIHH30BHI  Te-
Lefice Jeckon MakcyTtoBa
nap Yerbipexocnan  asumy- | 1—2 | 0,001-— | 5°X8° 10
1966 TalbHAS C CONPOBOXK- 0,002
JIeHHEM CMYTHHKA, Te-
Anrapec, ®pan- aecxon HImunra
nHa UerbipexocHas, 3KBaTO-
1963 pHAaabHas 2 | 0,001 119112 10
Hecnegsamue cucTemsl
HA®A-3C/25 | [Mapamnakruueckas nam |37—47| 02,003 | 30°%50°| —
CCCPk a3nMyTagbHad
BC-4, Buabp | INapannakruveckas u | 0,7 | 0,000 337 33° 7
Usefinapus asHMyTasbHas
1962
PC-1000 AszumyTanbuas 0,4 | 0,001 10°X10° 8
CILIA 1961
Kamepa Asumyranpuas cucrema | [,1 [0,0005 1exie®y 7,5
Xpionra Imuara
Aurmna 1962
PaguorexHuyeckne MeTOAHB MH3MepeHHMS pac-

croaHui. Jasg onpeleneHus pacCTOSHHS N0 CHYTHHKOB TPHME-
HSIOTCH pPalMoLaJbHOMEPHbIE CHCTEMBI THIIA ONHCAHHBIX B TJaBe
nepBoH. B yacTHOCTH, MpPHUMeHSIOTCS CHCTEMBI, HCMOJab3ylolnue ¢a-
30BBIl INIpHHIHO H3Mmependad. Takosa, mampumep, oucrema Coxop
(Sequential Collation of Ranges-—mocienosare/isHoe conocrasJe-
HUE J1aJbHOCTeH), KOTopas HCNOJNb3YeTcs NpH paboTe €O CIyTHHXA-
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Mu «Anna» u «Teocs. CucreMa COCTOHT H3 Tpex CTaHIMH C TBep-
ILIMH KOOpPAHHATaMH, CIyTHHKA H YeTBEPTOH, ompeaeiseMon craH-
nud. PaccTosiuMa MexAy CTaHIMSMH MOTYT OBITH OO UeThIpex
THCSY KHJA0MeTpPoB. [aNbpHOCTE CHYyTHHKA H3MEPSETcs HOACYETOM
naMenenult ¢as. Mamepenus c¢ Tpex craHiuil obecrneunBaoT Ompe-
JlelleHHe TMOJOXKEHHsT COyTHHKA. M3MepenHsi ¢ ueTBEePTOA CTAaHIMH
MO3BOJISIIOT ONpPENeNHTh ee COOCTBEHHOE IOJ0XKEeHHeE.

IInpoxo NMpHMEHSETCH TaKiKe MeTON AONJIEPOBCKOTO CMCIIEHHST
YaCTOTHl TPH YAAJAGHHM HUJIH NPHOIHKEHHHM JABMKYIIHXCS #3JTyda-
Tedqeir. JIog 3TOTO Ha CHYTHHKE YCTaHaBIHBAETCs NepefaTidk, IO-
Jalomuil 4acrory f.,, KoTopas CpPaBHHBAeTcs €O CTAaHAAapPTHOH va-
CTOTOM HAa3eMHOH mpueMHo-mepepatonieil craHiuu. CABHI 4acTOTHI
TNpH TIePEMEIeHHH CNYTHHKA IO JIydy 3peHHs, BLI3BAHHLIN [OTie-
poBckuM 3dbekToM, ecTb QyHKIMS caMoil 4acTOTbl U CKOPOCTH H3-
MEHEHHS PAaCCTOSHHA:

Af=fa— fo= L&

rle f,—HabMOJeHHasl YacToTa, f.— Teperaolias uacToTa CIHyT-
HHKAa, ¢ — CKOPOCTb CBETA, § — DACCTOSHHE 0 CIYyTHHKA.

ITpaxkTHyecks HEBO3MOXKHO ONPELeJHTL MTHOBEHHVIO 4AacTOTY
fx. HaGmonaoT HEKOTOPYIO HHTErpafbHYIO YaCTOTy 3a BpeMs Ha-
omopenus £ —f;. 3a 3TO BpeMs 4acTOTa M3MEHSIETCS OT HEKOTOPO-
ro HYJEeBOro 3HaueHus fo A0 fi, TAK YTO MOJYUAIOT MHTErPAaJILHYIO
BeNTHUHHY

1y

§ th—=tiyar,

1o

HO [ MOXKHO onpeﬂmmb Kak f; = f. -+ Af; Torna
t

de ol e
ST G

Taxum ofpasom, no HabMOJEHHON BeqHuHHe A MPH H3BECTHHIX
fo. feo € MOXHO TOJMYUHTH M3MEHEHHE PACCTOSHHA JO CHYTHHKA
51— S 3a BpeMa Af = f,—{g, T. €. CKOpPOCTh N0 JIyuy 3pEHHs.

Jlasepuwo#i Meton HauGonee mnepcHmeKTHBHBIM — METO-
JIOM HM3MEpPeHHs [0JOMeHUIl COYTHHUKOB ¥ KOODAMHAT CTAHLMII sB-
JSeTCH JiazepHbld MeTold. 3TOT MEeTOI MOMKET AaBaTbhb PACCTOSHHS
H HaNpaBJeHHs OJHOBPEMEHHO, TaK YTO OH TOJiHee JIOOLIX APyrux
meTonos. Ilpuunun storo crnocofa OYeHb MPOCT: CBETOBON HMITYJbLC
Jlazepa MOCbl1aeTcs K CHYTHHKY, OTpaxaercss OT HEro H NpHHHMA-
ercsl NPUEeMHOH cTaHIuell HAa 3eMJe; OIHOBPEMEHHO (QUKcHpyeTcs
Toynoe Bpemda. Toria myTh, MpOlifeHHLI JyuoM Ja3epa B OJHOM
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1
HanpasaeHuH s:—é—cAt,H ecTh paccTosilde M0 CHYyTHHKA. 31ech

€ — CKOPOCTh CBeTa, Af— pasHOCTb BPEMeH OT MOMeHTa MOCBUIKH
A0 mpHeMa Ja3epHoro Jayua.

KpoMe toro, oTpameHHbll Ja3epHbI HMOYJABC MOXKeT ObITh
chororpapuposan Ha (oune sBean. Toria, xak H B ¢ororpaduue-
CKOM cnoooﬁe, MbI TIOJy4YaeM Hebecubie YIJI0BbI€ KOOPAHHATHL
CIIYTHHEA IO H3BECTHLIM KOOpﬂ.HHaTaM 3Be3 1. Taxum 06133301\41, Jia-
3epHLIl MeTod obecneidBaeT onpefedeHHe NOJAHOTG TOMOUeHTPH-
YeCKOTO BEKTOpA NOJOMKEHHS] CIYTHHKA. 3TOT MeTOd MO3BOJsET
OmpelleNuTh CpPasy TOJOMeHHe CHYTHHKA B IPOCTPAHCTBE HJIH,
obopaunBas 3agavy,— KoopauHatol crauuuu. OObuHO oOmpepens-
I0TCsI NMONPABKH B KOOPAHHATHL. YiKe Ha MepBBIX NIOpax HpHMeHe-
HHs Ja3epHOTO MeTojda JAOCTHTHYTEI TOYHOCTH B ONpeleneHHH KO-
OpIOMHAT B = 2 M.

§ 4. Cucrembl KOOpAHHAT

ITpn nayyenuu ppumxenus MC3 ¥ HCNONB30BAHHA HX B reojesH-
YeCKHX IleJsX NPHXOJUTCH IOJNB30BATHCH PA3JHUHBIMH CHCTEMaMH
KoopauHat. [TOCKONBKY CHYTHHK ABHIKETCH OTHOCHTEJIBHO I[EHTpA
Mace 3emaH, a HabawAenHs NPOHU3BONSITCA Ha CTAHUHAX, PacHOIO-
JKEHHBIX Ha MOBEPXHOCTH 3eMJau, NPH MPEACTABJIHWH IBHIKEHHT
CHyTHHKa yA00HO ONEepUpoBaTh ¢ KOOPAMHATAMH, OTHECEHHbLIMH
HMEHHO K 3THM TOUkaM, a TakkKe K CAMOMY CIYTHUKY.

CoOTBETCTEEHHO GyAeM HMeTh: TEOUeHTPHUECKYI0 CHCTeMY KO-
OpPJHMHAT, C HAYAJOM B LEHTPE MacC 3eMJH, TOMOLEHTPHUYECKYIO
CHCTEMY € HAYaJOM Ha CTAHUWH HaOJIONEHHS, Ha TOBEPXHOCTU
3eMJIu H CIYTHHKOLIGHTPHUECKYIO CHCTEMY € HayajoM Ha CHYTHHKE.
IMockoabKy HeHTp Macc 3eMJH HeH3BeCTeH, NPHXOAHTCH 3aMeHsTh
reoueHTpHYeCKHe 'KOODIHHATHL GAU3KUMH K HUM KBa3ureoleHTpi-
YeCKHMH, OTHOCEHHBIMH K HEHTDY Te0Je3HuecKoro pedepenil-aJanni-
conga. B kamaoll M3 yKazauHLIX CHCTEM OTCYeTa MOTYT OBITh BBe-
JAeHbl [IPSIMOYTO/NbHbIE KOODIHHATHL X, ¥, £ HIH cepHyeckHe p, 1,
A. Ilpy paccMOTpeHHH MOI0MKEHHS TOYKHM Ha JJIHNCOMIE HIH BOJIH-
3H OT Hero MOTYT ObIThb HCMOMbL30BAHLI TeONLe3HUecKHe KOOPAMHATLI
H, B, L, rne H—BbicoTa Hal 3JuncongoM, B — mmpora u L —
noarota Touyku. Popmyspl nepexofd OT NPAMOYIOJBHBIX KOOPIH-
HAT K cpepHYecKHM H K reojesudyeckuM umelor pup (puc. 113,114)

x=pcosypcosh=(N-+ H)cosBeosL,
y = pcosysink = (N,+ H)cos BsinL, (17.1)
2z =psinP=[N (1l —e?)+ H]sinB.

3xech N — paguyc MepHiHaHHOTO CEYeHHA 3MJIHICOHAA.

ITomumo BHIGOpa Hauasia, KOOPAMHATHBIE CHCTeMLI XapaKTepi-
sylorcsd BeiGopoMm Hampasiaenusi ocefl. Hanbonee uacro npumensemuie
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FeOLEHTPHYECKHE CHCTEMBI KOOPAHHAT HMEIOT CHAEYIOLIHe HAanpas-
JeHHsI OceH:

1. MruoBeHHasl 3eMHas TeOLEHTPHUECKAs CHCTEMa KOODMHHAT:
Ocb Z HampapJ/ieHa K CeBePHOMY IOJIOCY M0 MTHOBEHHOH OCH Bpa-
wennsa 3eMad, ock X B IVIOCKOCTH MTHOBEHHOTO 3KBaTOpa Hapas-
JieIbHa IJIOCKOCTH MTHOBEHHOro Mepuauana I puusuya, oce Y Ha
90° k 3amany or ocu X.

Z

Puc. 113. Puc. 114.

2. Cpennsst 3eMHasi TeONEHTPHUECKAS CHCTEMA KOOpJHHAT: OCh
Z HampasJieHa K CeBEpPHOMY IOJIOCY IO cpenHell ocH  BpalleHHs
3emaH, ocb X B IVIOCKOCTH CpefHEro 9KBATODA, TAPaJaeSbHO IJIO0-
, CKOCTH CpeIHEr0 TPHHBHYCKOTO
I MepHaHaHa, ock Y Ha 90° k 3a-

nagy or ocm X,

3. MruoseHnHast 3peagnas re-
OLCHTPHYECKAs] CHCTEMa KOop-
AUHAT: och Z HampasJiena K ce-
BEPHOMY MOJIOCY TI0 MTHOBEHHOI
OCH BpalleHHsT 3eMlH, och X —

£ B TUJIOCKOCTH MTHOBEHHOTO 3K-
BATOPA, B HMCTHHHYIO TOYKY Be-
CeHHero paBHOJXEHCTBUA Y, oOcCh
Y na 90° x samamy or ocu X.

B stoit crcreme chepuuecku-

4 MH KoopauHaTaMu Oyayr reo-

LEeHTPHYECKOE  pACCTOsHHE T,

Puc. 115. CKJIOHEHHe § H NpAMOe BOCXOK-

JdeHue « MaAH yroa (s—a), rae

§—4YaCOBOH yrojl TOUKH BECEHHETO pPAaBHOJAEHCTBHA (3Be3AHOE

BpeMs), OTCUHTHIBAEMBIH OT I'DHHBHUCKOrO MepHmuana (puc. 115).
Torpa

X =rcos§cos(s—a), Y=rcosdsin(s—a), Z=rsin .

(17.2)
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4, 3pesjinas TeolleHTpHYeCKad CHCTeMa KOOpDAHHAT Ha JAHHYIO
SMOXY: OCh Z HanpaBJeHa K CpefHEMY MoJiocy, ock X B CpefHIO
TOYKY BeCeHHEero DaBHONEHCTBHsS NaHHOI 3TMOXH, ock Y Ha 90° K
3anany ot ocH X.

ITepBLie ABe M3 STHX CHCTEM MNPHMEHSIOTCS TNDPH  OMpejeseHHH
MOJIOKEHHA HA3GMHEIX CTAHUMI, JB& JAPYTHE — NOPH ONpeleTcHHH
NOJ0KEHH CHYTHHKA.

5. Hacto ymorpebaseMoil, oco0eHHO MpH peLleHWH 3ajay, CBA-
BaHHLIX C JBHXKEHHeM CITYyTHHKA, fIBJseTcs opOuTajabHas cHcTeMa
KOOpAHHAT ¢ HAYa/JOM B LeHTpe Macc 3eMJaH. B 3Toil chcreme npH-
HATO 0603HAYaTL MPAMOYroJabHble KoopauHartsl uepes S, T, W: ocb
S HampaBJieHa IO TeOleHTPHYECKOMY pajiiycy-BeKTOPY ChyTHHKA,
ocb T B IIJIOCKOCTH MTHOBEHHON OpOUTHl CHYTHHKA B CTOPOHY [BHIKE-
HUSA CIYTHHKA, ocb W mepnenauky/aspHo kK ocam S, T.

Han6oaee ynorpe6aseMBIMH TONMOINEHTPHUECKHMH KOOPAHHATAMH
SIBJISIOTCA CJAELyIOoNIHe:

a) MruoBeHHasa TONONEHTpPHUECKasd 3eMHAs CH-
ctema. Ee ocu E, n, § napaaneapunl ocam X, YV, Z MruoBeHHOR
reoleHTPHYECKOH CHCTeMBl KOODAHHAT.

6) MruoBenHnas TOnoLeHTpPHUYUecKas 3Be3jHaHA
cucrema kKoopauunat. Ocu x, y, 2 3TOH CHCTEMBl Mapaeb-
nol ocaMm X, Y, Z MrHOBeHHOH TeOLlEHTPHYECKOH 3Be3qHOH
CHCTEMBI, T. €. OCb Z— Ilapa/jsebHa MIHOBEHHOH OCH BpalleHHs
3eman, ocb X pacmnosioxkeHa B HanpaBJeHHH MCTHHHOH TOYKH
BeCeHHEro PaBHOIEHCTBHS,

B 3TOil cHcTeMe yalle MPUMeHAIOTCs: CpepHuecKde KOoopAHHATHI
P, o, O&-— TONOLEHTPHYECKOE paccTOsIHHEe, NpPAMOE BOCXOXKIEHHE
M CKJIOHEeHHE, OTHeCEHHLIE K HCTHHHBEIM IKBATODY H 3KJ/MNTHKE; TIPH
3TOM

X =pcos§cos(s —a)
y = p cos §sin (s — a), (17.3)
z =psiné.

B) TonouenTpuueckasa ropH3oOHTaJbHag CHCTE-
Ma koopaunuart. Ochb 2 HampaBjJeHa MO OTBECHOH /NIHHHH BBEpX,
OCb X—B ILIOCKOCTH TOpPH30HTa IO HaNpapBJeHHIO MIHOBEHHOTO
MepuaHana K lory, och y —Ha 90° Kk 3anany.

B sroil cucTeme yaule NpuMeHsioTCs cdepHuecKHe KOOpPAHHATHL
p, h, A — ToTOUEHTPHYECKOE PACCTOSIHUE, BHICOTA H A3HMYT:

z = pcoshcos 4,
y=pcoshsinA, (17.4)
Zo= pSinf
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[Tonb3ysch BBejenunMH cucTeMamu KOODJAMHAT, JIErKO TO0JY-
UATb TCOUECHTPHYECKHE KOODAHHATHI CTAHIMH CJICHKEHHS N0 HaBJIO-
ACHHBIM xoopAuHaTaM cnyTHHKA. [Tycte O — wentp Macc e,

R(XZ,2,4,2)

Z

Prc, :116.

X, Y, Z—reouentpuueckine MrHOBEHHHEIE 3Be3lHbIC KOODIHHATHI
(puc. 116). B sroii cucreMe KOOpAHHATH cnyTHHKa K OyayT

X =rcos§cos (s — a),
Y:rcosﬁsin(s——oc), S(17.5)
Z. =t1sing,

M — craunus cnexenus, ¢ KOTODOH COBMEIIEHO Haua/Jdo CHeTe-
MBI TOTIOUCHTPHYECKHX KOOPAMHAT. B 3TOH CHCTEMe KOOPAHHATLI
cnyTHHKa K OyayT:

X =pcosd cos(s —a),
Yy =pcosd sin(s —a’), (17.6)
2 =pslng.:

Koopanuatnl camoit cranunu M 6yayt B, b
s pucynka BHIHO, uT0 ' =r—p, uau B NPOEKIHAX Ha OCH
KOOpAMHAT: j

E=X—1x,

T]='Y‘_y7
G—Z =

Bamenss X, ¥, Z u x, y, z X sHauCHAAMH 10 (POpPMYyJIaM npeotpa-
80BAHHS  KOODAMHAT, MOJY4aeM MPAMOYTOJLHBIC KOOPAHHATHL
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CTaHIuN
& = rcos§cos(s —a) —pcosd cos (s.—a'),
1 =rcosdsin(s — a) —pcosd sin (s —a’), (&7
L =rsind —psiné.

OtH GopMyJaBl H pelwaioT 3agadyy OUpeLeJeHHS MOJOKEHUS CTaH-
uun mabmogenus HMC3.

Ipu pemrenns 3afad KOCMHYECKOH TPHAHTYAAUHH O5ONBIIYIO
pOJb HrpaeT YETBEPTass KOOPJAHHATA ~— BPeMs.

3Be3ngoe BpeMs ONpeiensercd NoJoXKeHHeM (J42COBEIM YIJIOM)
TOUKM BecenHero pasuogenctsus. Cosneunoe BpeMs — IO/0MKEHU-
eM (uacospiM yraom) CoaHua. PasnngaloT HCTHHHOE COJIHEYHOE
BpeMsl, onpeneisieMoe (paxkTHueckuM nonoxenueM ConHIa, H Cpef-
Hee COJMHEYHGE BpeMd, onpelenseMoe GHKTHBHLIM, pPaBHOMEPHO
apuxymuMesa CoaHIleM.

CpenHee CcOJHEUHOE BpeMs, OTCUHTEIBAEMOE OT MOJYHOYH Ha
TPHHBHYCKOM MepHAHAHE, HA3BHIBACTCH BCOMUDHbLIM BpeMeHeM.

PasnnuaioT TPH CHCTEMBI BCEMHPHOTO BPEMeHH:

TU, — BceMupHOE BpeMs, MOJYIEHHOE HEMOCPEeACTBEHHO H3 4CT-
POHOMHUECKHX HabJIONeHHH, Kak YroJ MeXIYy MTHOBEHHBIM HOJO-
JKeHHeM TDHHBHUCKOTO MepHAWaHa M KDYTOM CKJIOHEHMS CpelHero
Conuna;

TU, — BcemupHOe BpeMs, HCIPAaBJEHHOE 33 CMelleHHe TOJI0Ca
3eMan;

TU; —BceMupunoe BpeMs, HCOPAaBACHHOE 3a CMeEIUEeHHe TOJ0Ca
3eMJaH ¥ 32 HepaBHOMEDPHOCTL BpAIleHHs 3eMJH.

TU,; MOXHO paccMaTpHBaTh KaK PABHOMEPHO TeKyllee Ha Cpab-
HATEJNBHO OOJIBIIOM HPOMEXKYTKEe BpPeMeHH (IO HEeCKOJbKHX JeT).

KpoMe onmucanHbX MOnM(HUKAIHA BCEMHPHOrO BpeMeHH [JIA pe-
[IeHHA 3aja¥Y COYTHHKOBOM TeQfe3uH M HeOeCHOH MeXaAHHKH dAc-
noJab3yeTcs TaK:kKe CTPOTO pPaBHOMEDHOE BpeMs, ONpeleaseMoe No
nab/ofeHusM opOHTadbHOr0 nBiKenus JIymanl soxpyr 3eman. Ta-
Koe BpeMsl NOJYuYMJI0 HaszBaHue s(eMepuanoro u obGosHayaercd
TE. Ero onpenenensue ocHoBano Ha TOM, uTo Aast JIyHel paspado-
TaHna cTporas TeOpMs ee NBHIKEHHH, NMO3BOAANINAS IPENCKA3HIBATH
¢ BbICOKOH TOYHOCTBIO ee IMOJOMKeHHe Ha MHoro mer Buepen. Onpua
cexynnaa 3¢pemepuiHoro BpeMenHn paena 1:31556925,9747 uacru
Tponuyeckoro 1900 roga. DdemepnnHoe BpeMsa PacXoJHTCs cO Bee-
mipubiM. Ha 1970 roa 310 pacxokaeHHe COCTABHIO

= TE —TU; = 38

3a mocaeanee BpeMs, KOrZa TeXHHKa H3MepeMiuil MO3BOJHJAA OHpe-
JleNdaTh HHTEPBAJLl BpeMeHNH ¢ TOYHOCTBIO mopgaka 10-'° Gruio
o0HapyKeHo MHOrO HepaBHOMepHOCTeil Bo Bpamenuu 3eman. [Tos-
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TOMY B KaUeCTBE 3TaJOHA BPEMeHH OBIJIO pelieHO NPUHATH Godee
NOCTOSIHHYIO @NMHHILY, 4YeM CeKyH[Ad, OCHOBAHHAS HWa BpalleHiid
3emau. Takoi eamunuedn B cHereMe CH npuusTa cekynma, OCHO-
BAHHAsi Ha PE30HAHCHOH YacTOTE KBAHTOBHLIX IIEPEXONOB aTOMOB
nesnd. Jra cekynia pasua 9 192 631 770 nepropaMm HaIyYyeHHS, CO-
OTBETCTBYIOUIHM MepeXoAy MeXAy ABYMS YDPOBHSAMH OCHOBHOTO 20-
CTOSHHMS aTOMA4 H30TONA Le3Hd ¢ MacCOBLIM yucjaoM 133 mpu HyJe-
BOM MarnuTHOM noje. Takas aToMHas CeKyHAA DueHb OaAH3Ka K
acTpOHOMHYECKO# ceKyHne, paBHOH 1/86400 uyacTtu cyToK *).

§ 5. OcHOoBHbIe MPaBHJIAa MaTPUYHLIX OmMepauni

B paforax mo cnyTHHKOBOH I'€0ME3HH 4aCTO NPHMEHSETCS MAar-
pPHUHOE TIpEACTaBiene BexTopoB. lIpHAMensaloTcs MaTpullsi H B 110-
caenylomwux naparpadax macrosuero xypca. ag obaeruends ure-
HHSI KHMPH, a4 TakxKe A OOJerueHHd UTeHHS JHTEPATYpPHl IO CIIyT-
HUKOBOH Teome3uH MPHBOJAHM B 3TOM maparpade OCHOBHble 3aKO-
Hbl MATPHYHOrO TPEACTABJICHHS BEKTODOR ¥ ONEPAUUH ¢ HHMH.

Bekrop x= {x|, X, X3} MOKHO npcoGpa30BaTh B APYyroil Bek-
TOP ¥ € TTOMOLIBIO JHHEHIOro npeo6pasoBaHHs

y=—Ax, (17.8)
HJIM B KOOPAHHATHOH (opMme
Ui = Zaﬁxi, (17.9)
7

g nas caydadq i, j =1, 2, 3 3TM COOTHOLIEHHsST MOryT OBITb Mpen-
cTaBJensl B popme
Y1 = Qi Xy + QuaXy + Ay5%, :
Yy = O3 Xy - OypXy  Oy%s, (17.10)
Y3 = Ay Xy + AgoXy § AgpXs.

Martpnua A mpu i = 3
: |11 Q12 Qs
A=ai;]|={an an ay. (17.11)

31 Q33 dags

B marpuue nepsblif HHIEKC 0003HAYACT CTPOKY, BTOPOil — CTOJDEILL.
Uucna ay, BXOASHINE B MAaTPUIy, Ha3blBaloTes sneMentamu. Uucsa
5JIeMEHTOB B CTPOKE 1 H B cToa0LE /M ONpelessioT pasMep MaTpi-
e, PaccMOTPHM HEKOTOPHIE THILI MaTPHI[ M OCHOBHBIE ONepaluy
HajJ HHMH.

*) Cwm. «CnpaBounoe pyKoBOJACTBO MO HeOeCHO Mexaluke H acTpOjHHAMHKE,
«Hayka», uan. 2-e, 1976.
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1. Marpuna-cronben onpeesasier BeKTOp

a=Ja)=|7 " (17.12)

A

DsleMeHTHl TAKOH MAaTPHIEI ONPENe/IsIOT COCTABJSAIONINE BEKTOPA

M0 OCSIM M-MEpPHOH KoopauHaTHOH cucrembl. s cnydas jexapro-
BHIX KOOpIMHAT

X

a=\|Y|.

Z

2. KpajpaTHasa MaTpuLA CONEPXKUT ONHMHAKOBOE UHCIO 3JIEMoH-
TOB B CTPOXKe M B croablie, T. e. A/ Hee 1= M,

3. luaroHajpHAas MaTpHIAa — MATpPHIA, BCE 3JEMEHTHl KOTODOIi,
KpOMe OHaroHaJbUbIX, PaBHLI HYJIO, T. €. @;=0 npu i5j.

Ilpumep AnaroHanbuoil MaTPUIEI TPETbero NOPsAAKa

(2551 0 0
0 g O (17.13)
0 0 Qg3

4. HyneBoit Marpuleil #a3biBaloT MAaTPHLY, BCe IMEMEHTH KO-
TOPOH HYJIH:

0.0 0
? 050 () (17.14)
(U e
5. CummMeTpHUNON MaTpuilell HASLIBAETCA MATPHILA, BCe JIeMeH-
TH KOTOPO#l YJO0BJETBOPAIOT YVCJAOBHIO &;; = ;. COOTBETCTBEHHO yC-
JIOBHEM aHTHCHMMETPHUYHOCTH ABJAAECTCA YCJAO0BHE
Qi — — Qji. (1715)

6. Marpuueil, TpaucnoMMpPOBAHHOH TI0 OTHOIIEHHIO K NAHHOIIL,
HA3bIBAJOT MATPHIly, 3JeMEHTH KOTOPOH YyAOBJETBOPAIOT YCJOBHIO

b,;j — aﬁ (17.16)
Matpuueir B, TpancnonnposanHoit x A, rae

[lﬂu @y G1g
A = I[ Q1 gz Qg
G31 Qags Qga|

Byner
by bis big a4y a4z
B = |bs by bogl =012 0 as ‘
bg1 bgy bys | @iz Qag Qg

26 H, I1. I'pymxickaii
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MarTpuily, TpaHCNOHHPOBaHHYIO MO oTHoWenHo K A, ob6o3HauawT
o6bruHO A"

7. OpTOroHAJBHOI MAaTpHIell HA3LBAlIOT TaKyld KBaApPaTHYIO
MaTpHILy, TPOH3BeIeHHEe KOTOPOH Ha CBOIO TPAHCIOHHPOBAHHYIO la-
eT eAHHHYHYI0 Matpuny. OmpelenuTtenb OPTOrOHAJLHOH MAaTpHILI

lay] = £ 1.
Eanuuunoil HasblBaeTcqd MaTpulla, B KOTOPOI JHaroHasjbHble 3Je-
MeHTBl PaBHBI eIHHHIlE, a BCe OCTaJbHBIE HYJI0

abey
=10
00t

Oproronaabnasi MaTpuIla, onpeneNHTe b KOTOPOk pasen -1, na-
3pIBAETCST MampHIed BpameHud. Ecan B BHIPaKeHHH YpaBHeHHs

g —Ax (17.8)

onpenenntens detA =1, To A ecTb MaTpulla BPAlIGHHS H BLIpaiKe-
HHe (17.8) ompeneasier 1OBOPOT OCell KOOPAHHAT.

Matpuua nanpaBasiioliuXx KOCHHYCOB fBJIseTCS MaTpHIEH Bpalle-
HUS panra 3.

=

cosf sinb O
R;(0) =|—sin@ cos@ 0
0 0 i

1 (17.17)

OcHoBHHE OnepanHu HajJA MaTpHIAaMHU
1. Cymma C aByx matpui A y B onunakoBbX pasMepoB ecTb
MaTpHlia, 3JEMEHTLI KOTOpOfI [paBHBI CyMMaM COOTBETCTBYIOLIHX
saeMenToB Matpun A u B
Cyi= Qi + by (17]8)

Ananornuno onpenendercd pPa3HOCTL MATPHI OJAHHAKOBLIX
pasMepoB

dij=aij_b|'j. (1719)

2. Tlpouspenenne matpun, A pasmepoM mXn u B pasmepom
n X g paBno mMatpuue P pasmepoM m X g, 37eMeHTbl KOTOPOH OIl-
pefendioTcsa PopMyaoit

p.;k=_21aijb_;h G==:1,2 o m =190 i a) 4 0.20)
3=

YMHOXeHHe MaTpHll VIOBJETBOPSET aCCOLHATHBHOMY CBOICTBY
A(BC) = (AB)C, o He yAOBJETBOPAET KOMMYTATHBHOMY:

AB == BA. (17.21)

Kpowme Toro,
(AB)" = B'A". (17:22)
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Ecay onpefenutesb KBaapaTHOH MaTpHUB A OTJIHYEH OT HYJId,
TO CYIIECTBYET ONHA M TOMAbKO oHa Martpuma A-!, oGpaTtHas mart-
puute A, 15 KOTODOI

AA-' = A-'A ='1. (17.23)

3. HuddepenuupoBanne W HHTerpHpoBaHHe MATPHLLI ITPOH3BO-
auTesd nyTeM auddepeHIHpPOBAHN HAH HHTErpHpoBamis OTAEJLIO .
KaXJ0T0 ee 3JIeMeHTa.

§ 6. MpuduHn KOCMHYECKOH TPHAHTYJIALHH

OcHoBHOll 3agavuell KOCMHUYECKOH TDHAHTYJIAIHH SBJAETCH On-
pelesieHde TMOJOMKEHHS CHCTEMBI ONODHBIX TOYEK Ha S3eMHOH Tno-
BEPXHOCTH H B KOHEUHOM CueTe TOUHOE ompeleaeHHe QOpMbl H pas-
MepoB 3eMJH.

OnHako B KOCMHYECKOH TPHAHTYJALHH, SABJAIOIIEHCA TNpocT-
pPaHCTBEHHON, BePIUHHBl TPEYTOJBLHHKOB PACHOJIATAIOTCS HE TOJLKO
Ha 3emJse, B NyHKTax pacnojoxenus cranuuii caexenns HC3, no
H B NPOCTPAHCTBE, B TOUKAaX IOJOMKEHHA CIOYyTHHKAa B MOMEHT Ha-
6monennsd. Te mw gpyrue nyHkThl HepaBHONpaBHbl. Touku Ha 3ewmJe
MOTYT MMeTh KOODPJHHATH, ONpeies]eHHble ClocOG0M HA3EMHOH HJIH
KOOMHYECKOHR reojle3uy, MOTYT ObITb 3aKpenJeHbl Ha MEeCTHOCTH,
H TOTla OHH MOTYT CJYXKHTL ONOPHBIMH NYHKTAMH AJSI Te0le3nH
BOOOIIE M B TOM 4Yuc/Je N9 onpeleJeHHs IOJ0KeHHd CHOYTHHKA.
Touxa MrHOBEHHOrO MOJIOKCHHS COYTHHKA He MOXKeET OLIThb 3aKper-
JeHa W MOKeT HaGMIOLATHCS TOJNBKO OJHAXK/bL 3ajaya onperele-
HHS TOJIOMKEHHA CIyTHHKA IO H3BECTHHIM KOOPAMHATAM CTAHIMI
uHaGmonenuss na 3emJae HasbiBaeTcs npamol s3adauel KOCMUYECKol
TPUAHSYAAYUL. '

[losokenne cnyTHHKA Ha opOHTE M TOJOKEHHe OPOHTBI B MPOCT-
paHcTBe MOXKeT ObITh BBEIYHCJAEHO 10 HaOMI0JeHHSAM JIBHIKEHHSA
COYTHHKA MeTofaMH HeOecHON MexaHHKH. TOraa no IOJOMKEeHHIO
CNYTHHKA B MOMEHT HaOJIIOJeHHs ero ¢ Ha3eMHOH CTAHIHH MOMKHO
OnpefeJHTh KOOPAMHATE CTAHUMH HalGmaiojeHHs. DTa 3ajaya Hasbl-
Baercs 06parnoill 3adauct Kocmuieckol eodestiil.

ITockonbKy HabAOAATL COYTHHK B JaHHOH TOUKE MOXKHO TOJBKO
OJMH pas, IpsiMas 3ajava peliaercss He oueHb TOYHO. Kpowme roro,
JIIS Teolle3MH HeT NPaKTHYEeCKOH HaJZOOHOCTH TOUHO 3HATh KOOPIH-
HATBl HEKOTOPOH, HHK4K He 3aHKCHPOBAHHOH B MPOCTPAHCTBE TOU-
ku. [Tostromy mpsimast 3ajiaua umeer uHOi cMuica. Ona pemaercsa /s
otpesie/ieHHs 3JeMeHTOB OpOUTH cnyTHHKa. O6partHasi 3ajauya, Ha-
000pPOT, UMEeT NPaKTHUECKOe 3HAYCHHE, TaK KaK B HeH onpeness-
10TCA GUKCHpOBaHHLIE TOUKH Ha 3eMHOH nosepxHocTH. B To ke
BpeMsl TOYHOCTb 3THUX ONIpeJlesieHHIl MOXKeT BCE BPeMil NOBHILIATHCS
no Mepe Hakomienuss unabaonenuii. Pemenue oOpatHoil 3agaun
SIBJISIETCST OCHOBHBIM TPH FEOMETPHYECKOM IIOCTPOEHHH CHCTEMB

269
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OIIOPHBIX TOYEK H UMEHHO OHO H MOJYUHJIO HAa3BAHHE KOCMUUECKOL
TPUAHYAAYLLL.

OcnoBuoe ypaBHEHHE KOCMHUECKOH TPHAHTYJALNHH CBA3LIBAET
NOJIOKEHHE CTAaHIHKM Ha 3€MHOI NMOBEPXHOCTH C IOJOXKEHHEM CIIyT-
HHKa H MOXKeT OLITh HalHcaHO B BeKTOpHOH Qopme (puc. 117) Taxk:

R. = R+p, (17.24)

rie R,— reoleHTpHUeCKHH pajWyCc-BeKTOpP CIyTHHKAZ, R -—reoueut-
PHYECKHH pPaAHyC-BeKTOD CTAHIHH CJeXKelus, P — TONOLEHTpHYe-
CKHMH pafHyC-BEKTOpP CHYyTHHKa, T. €. BEKTOP, HaNpaBJeHHLIH OT
CTAHIHH CJIEKEHHS K CNYyTHHKY.

25‘ 2
ME, n.<)
7 S0 0K, Y, Z2042)
Y R,

0 .

| K
2 4
Pric. 117 Puc. 118.

HenocpenctsenHoMy H3MEPEHHIO NOANEHUT PaaHyC-BEKTOD .
ITpu 3TOM MOTYT OBITH H3MEDPEHHl HJH TOJLKO HAIpaBJeHHe, Xapak-
TEPH3YEMOE €IHHHYHBIM BEKTOPOM (OpPTOM) i, HJIH TOJbKO Paccros-
HHe, XapudKTepuayeMoe MOAyJeM |p| =p, uiH, HAKOHEU, H TO
H Jpyroe.

Ecan B reoueHTpHuecKOil CHCTeMe KOOpPAMHAT OCh Z HANpaBHTD
1o OCH BpauleHusa 3eMJH K ceBepHoMy noaiocy, ock X —B mJo-
CKOCTH TDHHBHYCKOTO MepHAHana, a ock Y Ha 90° K 3amany ot
HanpapJeHusi IUIOCKOCTH TI'PHHBHUCKOTO MEpHAHAHA, TO Ji060e
HampasJ/JleHHe B NPOCTPAHCTBE, ONpele]seMOe B IPOH3BOJILHON
Touke C OPTOM i, MOXKeT GHITh 0XapaKTePH3OBAHO YACOBLIM YIIOM
¢t u ckaonennem § (puc. 118). Ilpoexkuun opra i 6yayt

ty— 050 cosk
fy —cos 68in'f, (17:25)

I =s8ind

H, COOTBETCTBEHHO, NPOEKIHH H3MEpSIEMOT0 BekTopa @ OyayT
Py = pcosdcost,
py = pcosdsini, (17.26)
0, — DSIG.
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OcHOBHOe ypaBHEHHE KOCMHYECKO TPHAHTYJSIUHH B CKaJsIpHON
(opme MoKeT OHITh 3aNIHCaHO B BHAE
Res — R - pcosbcost,
Rey = R, - pcosfsint, (17.27)
Raz= R. -} psin§.

Hauano xoopauHaT B 3TOM CJOyuae pacrnoJaraeTcd B IEHTpe
macce 3emau. OnHaKo OGLIYHO TEOILEHTPHUYECKHE KOOPHAMHATLI TOYEK
3eMHON MOBEPXHOCTH HE H3BECTHLI, 4 H3BECTHLI Te0le3HvYecKHe KO-
opaunatel B, L, H—mupora, noarota M BbICOTA, OTHECEHHhIE
K HEHTPY NPHHATOro NnpH obpaboTKe Treojie3HyeckuX JaHHBIX pe-
(epenn-samunconna. [IpaMoyrosbisie KOOpANHATH CTAHLHN CJexKe-
HHSI ONPEAeNsIOTCS IPH 3TOM (opMy.TamMn

x=(N —}-H)cosBcosL,\
y= (N -+ H)cosBsinL,
z2 = [N(1—e*)+ H]sin B,J

N =a(l —e?sin? B)-V2,

(17.28)

raie N — paauyc-BeKTOp MepHIHAHHOTO CEYeHHs IJJIHICOHAA, IIPO-
XOJAILEro yepe3 CTAaHLHIO CJeXeHHus, / — BblcOTa CTAHLHH CJe-
JKEHHs Haj 3JJUICOHAOM, B, L —reofesnyeckHe MIHPOTAa H A0.JT0-
T4 CTAHIHH.

Ecau H3BecTHO NMOJIOXKEHHE CTAHLHH, T. €. BEKTOp R, H H3MepeH
BEKTOP @ T. €. OIpeAeJeHO0 B HCKOTOPHIH MOMEHT BpPEMEHH Hanpag-
JIEHHE CO CTAHLMHM CJAEXKEHHS Ha CIOYTHHK H paccTosiiHe p 10 Hero,
To ypasHenue (17.24) uan (17.27) no3soJsiser BBIUHCJIHTL BEKTOP
R., 7. e. onpeieuTh I'€OLEHTPUUECKOE NOJOKEHHE CIyTHHKA B MO-
MEHT §.

B cayuae TonbKO YIVIOBHIX H3MepeHHi, T. €. NPH YC/IOBHH 4TO
H3MepAIOTCA TOJbKO HANPABJIEHHS Ha CHOYTHUK B MOMEHT S, IJs
noJiyyeHusi Bekropa R, HEoOXOAMMO HMeTb JBa VPaBHEHHA BHIA
(17.24),

Rc = Rl‘]‘Pl,} (1724,)

R =Ry -+ pa,

T. €. HaGulofenne HeoOXOZMMO NPOH3BOAMTL € ABYX CTAHIMH C H3-
BEeCTHHIMH KoopiauHataMu. B ckaaspuoit <¢opme 310 HaM naer
IWeCTh ypaBHeHHH ¢ 5-10 Hen3BeCTHBIMH (R, Ry Rezy P15 P2)-

B cayuae usmepenusi TOJbKO pAacCTOsHHH He0OXOAHMMO BECTH
HabJI01eHsl ¢ TPeX M3BECTHHIX CTaHUMN H TOJYYHTb TPHU ypaBHe-
Husl Bupa (17.24). -

Bce 3710 oTHOCHTCS B paBHOM cTeneHH M K oOpaTHOH 3ajaue,
T. €. €CJIM NOJIOXKEHHEe CNYTHHKA H3BeCTHO (M3BecTeH BekTop R.)
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H H3MEPeHLl PacCTOsSiHNe J0 CNyTHHKA p M HANpaB/JeHHe Ha Hero
(n3mepen BekTOp p), TO ojHOTO ypapsHenus (17.24) nocraTouno aas
onpeneaeHus Koopaunat ctanuuu( T. e. BekTopa R).

Ilpu usMepeHHH TOJILKO HANpaBJeHHH [AJs ONpeleseHust KOOop-
JAMHAT CTAHOHH HAaJ0 HMeThb HaOMIONeHHe JBYX MOJOXKEHHH CIyTHH-
Ka (To e caMoe JIByX CNYTHHKOB) M, HaKOHEI, TIPH H3MepeHHH
TOJbKO paccTofHuH Tpebdyercs HaOJIOfeHHE TPeX NOJOKEHHH CIyT-
HUKa AJis COCTABJIGHUA TpeX ypaBHenmnit suaa (17.24)..

Ypasuenne (17.24) cocraB/ieHO 1/ TeOHEHTPHUCCKHX KOOPIH-
Hat X, ¥, Z c HauanoMm B nentpe macc 3eman. OIHAKO TNpakTH-
YeCKHM M3BECTHBI TIPSIMOYTOJbHBlE TeOAE3HUECKHE KOOPAHHATHI
X, Yy, 2, oTHeceHHble K ueHtpy O’ pedepenu-snauncouga. Hauano
3TOH CHCTeMBl He COBIIajxaeTr ¢ IEHTPOM Macc 3eMJH H onpeje/ser-

=

€l OTHOCHTEJBHO Hero BekTopoM OO’ H TOBOPOTOM OTHOCHTEIBHO

cuctreMbl XYZ pa Mmaanbiit yroJ, XapakTepH3ayeMblii BeKTOPOM Bpa-

menus o (a, B, v). Ilosromy, uToGm npeobpazoBaTh KOOPAHHATHI

ToukH C, oTHeceuHble K pedepeHI-3/THICOHIY, B FeOleHTPHUCCKHE,
—

JIOCTAaTOYHO ¢c000muTL Touke C mepemenienne OO’ B HOBOE MOJ0¥Ke-

nue u Bekropy OM coobunts noeopor [@R]. Toraa paamyc-sex-

Top R B cucreme reouentpuueckux koopausar X, Y, Zi Gyaer
R(X, Y, Z) = R(x, y, 2) + 00" +[oR(%, y, 2)]. (17.29)

[Moncrasaasa (17.29) B ocHoBHOE ypaBuenue (17.24),
R.(X, Y, Z) =R(X, Y, Z) +p1,

IpeACTaBHM €ro B CHCTEME reol€3HUYEeCKHX KOODAHHAT XI/2:

Rc(x: Y, Z) +6?)’+ [(-')Rc(xq /8 2)] ey
— Ri(%, y, 2) + 00’ + [oR,(x, g, 2)] -+ o1

HJIH, BLIIIOJIHSISI TIPHBEACHHE NOAOOHBIX UJEHOB, C TOYHOCTBIO N0
KBajapaTta MaJblX BEJHYHH IOJYy4YaeM

R.(x, y, 2) =R\ (%, y, 2) +[0(Ri—R.)] +p1. (17.30)

Ypasueune (17.30) sBasieTcss ONHHM U3 OCHOBHBIX B TEODHH
KOCMHYECKOH TpHauryJsuui. B 3To ypaBHenne He BXOJHT BEKTOD

—_—

0O0’, T. e. He BXOJAHT BeJHUHHA OTKJOHEHHS IIEHTpPA Macc OT Teo-

MEeTPHYECKOTO LeHTpa pedepeHIl-3JJIHICONLA, OTKYla CJelyeT, uTo

METOJ KOCMHYECKOIl TPHAHTYJAALHH NPH CHHXPOHHOM HabJI0feHHH
CIYTHHKOB He JaeT BOIMOMKHOCTH OIpPeNeNHTb = CMELleHHe IeHTpa

geoneanqem(oro pedepeni-aaaunconia OTHOCHTENLHO HEHTpa Mace
eMJIH.
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§ 7. 3anuch OCHOBHOTO YyPaBHEHHS KOCMHYECKOH reojesHn
B MaTpuuyHoH thopme

B cnyTtHHkoBOH reonesnu wacto ynorpeGasercs MaTpHuHas
dopma 3anucu. B Hell ocHOBHOe ypaBHEHHe KOCMHYECKOH TPHaH-
ryaauun (17.24) sanHmercs: cjaenyiouinM o6pas3om;

X E x'!
Y=|n +[yl. (17.31)
& ' 2|
Oprt (17.25) MOXKHO 3amHCaTb Tak:
i
i=|%]. (17.32)
e
Teneps ocuosnoe ypabuenue (17.24) sannumem B Buge
X[t =]
Yi=|n|-L+p t'y,. (17.33)
z g iz|

rae p — MOAYJb BEKTOpa P.

Ypasuenusi (17.31) uan (17.33) 1n03BOASIOT ONpPENeNHTH reo-
1eHTpHUECKHe KoopauHaTtel X, ¥, Z cnyTHHKAa, XOrjia H3BECTHHI
reoueHTpuUecKHe KQOPAMHATHL §, v, § CTaHlud U TOJOMKEHHE
X, Y, 2 CIyTHHKA OTHOCHTEJbHO CTaHIHH.

OTH Ke yYpaBHEHHS MO3BOJSIOT pPellnTh 0OpaTHYIO 3azady, T. €.
ONpeeauTh TreOlNeHTPHYECKHe KOOPAMHATH cTaHuuM &, m, § 1O
H3BECTHBIM TeOICHTPHUECKHM Koopiunatam cnytHnka X, Y, Z
i HaOJIOILeHHBIM TOMOLEHTPHYECKHM KOOpAHHATAM X, Y, 2.

Yacto NpHXOAHTCA BCTPEUAThCs ¢ 3ajaueH, KOTJa HM3BECTHbI
npubaMzKEeHHbIE KOOPAUHATE M COYTHHKA } CTanuuH Hab/mojenHs
i TpebyeTcs ux yrounenue. JLJIst Takoro cjyuas Jerko moJIyyHThb Judg-
depenunanbusie GOPMYaLl, CBA3HBAIOUNME NONPABKH K MPHOIHKEH-
HbIM KOOpIMHATAM.

IMponuddepenmupyem (17.33):

dX| |4t U g
dy | =jdnj+ p diyd 1 dp "yl!, (17.34)
dz dt di, i |

Huddepenumans diy, di,, di, nonyunm, auddepennupys (17.25):

di, = —sin §cos ¢ d8 — cos dsin{ di,
di, = —sin 8sin¢dd 4 cos dcos i di, (17.35)
di; = cos 8 dé.
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Teneps ypasnenne (17.34) MOXKHO 3anmucaTh B MaTpHuHOil Gopme:

dX —di | —opsindcost —pcosdsinf cosdcost [dé‘
dY —dn| — | —psin 6sint¢ pcosbcost cosOsint|sedt (17.36)
dZ —dt pcosd 0 sind ldp
WJIM, BHIHOCA 34 3HAK MaTPHUH p,
dX—df:,ll —sindcost —sint coscost dé
dy — dn —sindsin¢ cosf cossint cos § dt
H=p il
dZ — dg cos § 0 sin & ‘ B
O6osnauas MaTpuibl
—sindcosf —sin?¢ cosOcost
—sinsint cos! cos8sint)= @ (17.38)
cos 0 sin §
4
cos 6 dt
dp =df, (17.39)
o
samiwem ypasuenue (17.36) B xoMmiakTHO# (opMe:
dR.—dR=pQ dl. (17.40)

¥paBnenne (17.40) naer CB3b M3MEpPSIEMBIX TOMOLEHTPHYECKHX
Koopauuar o, 8§, p uan £, §, p (mMOCKOIBKY f = ot—S, Tle S — CPHII-
BHYUCKOE 3BE3ZHOE BpeMs) C onpefeseMbiMH NONpaBKaMH K KO-
OpAHMHATEM CIYTHHKA
[dX
ay
dz

R =

HJIM CTAHLHHU HabJMonedHsn

dg
dy
dg |

Ypasuenne (17.40) comep:KHT NONPABKH K MOJOXKEHHIO Kak
cnyTHuka dR., Tak u cranunu nabaoneuns dR. B ciayuae ompene-
JIEHHSI TIONPAaBOK B KOOPAHHATHL CTAHIHH MOJOXEHHE CHYTHHKA
CUMTaeM H3BECTHBIM H NONpPaBKA K HHM paBHa HyJdw: dR.=0;
TOr/la ypaBHEeHHe JlaeT MONPaBKH B KOOPAHHATHI CTAHIIHH

g =

dR=—pQdl (17.41)
HJIN
dt |
dnl = pQdl. (17.42)
dg

B cayyae onpefesneHus monpaBoK K HOJOMKEHHIO CHyTHHKA KO-
opJanraThl craHuuu ussectHsl H dR = 0; Torna ypasHeuue (17.40)
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INPHMET BHA

dR.=—pQ dl (17.43)
HJIH
|4
(‘ dy ' =pQdl.
|dz

Ypasuenusa (17.41) u (17.43) >KBMBAJNEHTHL CHCTEMaM Tpex
VpaBHEHHH € TPEMsl HEH3BeCTHBIMH BeJHYHHAMH — NPOEKIUHAMH
1I0IpaBoK Mo ocsiM KoopauHart. IlosToMy ecsiH INpPOH3BOAUTCH [OJ-
nHoe HabJ/OMeHHe YIJI0B HampaB/JIeHHS H PACCTOAHUA A0 CHYTHHKA
o, 8, p, PopmManbHO OAHOrO HaGJIOAEHHS ONHOrO CHYTHHKA A0CTa-
TOYHO /5 MOJydenHsi BceX TpeX nomnpaBok. Ecin nab.awogaioTcs
TOJLKO HAMpaBJeHHS, TO HEODXOAHMO /15 TNONPABOK KOOPAHHAT
CTAHIMH HAOJIONATL JABa IIOJOMKEHHS CNYyTHHKA, a [Jf YTOUHEHHS
NOJOXKeHHsT CIyTHHKA HabJ104aTh ¢ ABYX M3BECTHRIX ctaHuumii. Ilpn
HaJIUYHH H3OLITOUHBIX HAOJOAeHH M H30BLITOUHLIX YPaBHEHHil TIPH-
MeHsieTca Crmoco0 HaHWMeHbIUHX KBajpaToB.

§ 8. OcHOBbI MOCTPOEHHS KOCMHYECKOH TPHAHPYJSIMH.
Onpeaenenne nonoxenns CNyTHHKA

KocmuuecKasi TpHAHTYJSIUA CTPOHTCS H3  COBOKYNHOCTH Tpe-
yrOJIbHUKOB, B BEpIUHHAX KOTOPBIX PaclOJ/OMKEeHbl CTAHLHH Cleke-
Husl H nabmopaemble cryTHHkd. OcHOBHOI 3agaueil ee sB/sgeTcs
onpejiesieHHe B3aHMHOTO TOJIOXKEHHSI MYyHKTOB HAa 3eMHOH MOBEpX-
HOCTH, 110 HaGJIOAEHHSIM C HHX MCHOBEHHBIX noJoxkenuit MC3.
Takum 06pasom, cnyTHHK 37€Ch HCMNOL3YETCs TOJIbBKO KaK BH3HP-
Has Uenb.

Ecan nonoxeHne cnyTHHKA ¥ ONpejeJisieTcs, TO JHUIb KaK Hpo-
MeKyTouHasi onepauus., IIpH 3TOM [O0JIOXKEeHHE CIYTHHKA Ompene-
JSETCA MeHee HaJeXHO, yeM IOJIOXKEeHHEe HAa3€MHBIX NYHKTOB B CHJY
TOTO, YTO B JAHHOM IOJIOXKEHHH CIHYTHHKA BO3MOXKHO TOJLKO OJQHO
BH3HPOBAHHE HA HErO M €ro KOHKPETHOE IOJIOMKEeHHEe MOMKeT Olpe-
AeJAThCS TOJAbKO OJHOKDATHO, TOIJIa KaK HaseMHble CTaHLuM Olpe-
AeASIOTCS H3 MHOrOKPATHLIX HaOJ/IOJEHHH CIYTHHKA B €ro pasjiuy-
HbiX nomokeHnax. Ha6moxenns BeAyTCA TOJLKO ¢ Ha3eMHBIX
nyHkToB. Ilpn 3TOM ¢ KaxA0ro Ha3eMHOro IyHKT4 BH3HPOBAHHE
IIPOH3BOAUTCH TOJBLKO Ha CHYTHHK. J[pyrHe HaseMHble NyHKTH He
na0JioaloTesl B cuay cBoell yaaJjennoctH. OrcyremBue naG/ioaeHui
€O CHYTHHKA H MKy Ha3eMHBIMH MyHKTAMH NPHBOAUT K TOMY, 4TO
B KOCMHMYECKOIl TPHAHTyJSIHH, B OTJHYHE OT Ha3eMHOH, Bce H3Me-
peHHs SBJSIOTCS OLHOCTOPOHHHMHU.

Kak u B 06bIYHOH TPHAHTYJIAUHH B KOCMHUECKHX re0/e3H4YeCKHX
ceTAX H3MepeHHil NPOU3BOAHTCHA OoJblie, dYeM Heo6X0RuMo Aaf
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onpeAenesnst KOOPAHHAT CTAaHUHH, TAK UTO BO3HHKAIOT H36LITOUHLIE
ycjoBus, ofecneuuBaomie KOHTPOJAb U TPeOyloune ypaBHuTeb-
HbIX BBIYHCJHEHHI.

B sasucuMocTd OT 3alady, CTOSINUX NEPEN KOCMHYECKOi Tpmai-
TyJsiiuen, MOXKHO BLIIEJHTb TPH BHAA €€ MOCTPOEHMUIL:

I. TToctpoenue oTACMLHBIX (DHIYp, BHINOJHIEMOE A ONpe/eIe-
HHS1 NOJIOMeHNs H30JMPOBAHHBIX IYHKTOB, HAlIPHMED, AJA NPHBASOK
MECTHLIX TE0Je3HUeCKHX CHCTEM K
enHoN re0 e3uuecKol CeTH.

2. Iloctpoenne pANOB TpHAH-
TyJAsSUuy AJ8 Nepeiavyd CHCTeMbl
KoopauHaT Ha OoJblIHE paccTo-
Z STHHSI.

% 3. TlocTpoeHHe CIIOMHBIX ceTel
KOCMHYECKOH TPHAHTYJASHIHH Jas
CO31alnsl CHCTeMBbl OMOPHLIX TYHK-
TOB Ha OOJIBLIIHX TEpPPHTOPHUAX.

PaccmoTpuM MeTOA onpenefe-
HHUSI KOODAMHAT CNYTHHKA N0 Ha-
0110 1eHHAM C JBYX Ha3eMHBIX CTAH-
LUHH ¢ M3BECTHBIMH TE€OLEHTpHYe-
CKHMH KOODJAMHATaAMH X, Y1, 21 H
Xa, lo, 2o. HalOmionennsle uampas-

1% JeHHst M3 3THX TOYEK HA CHyTHUK

Prc. 119, XapaKkTepHayITCs COOTBETCTBEHHO

yraamu (8;, &) u (62 f2). Koop-

JAHHATHl CIYTHHKA MNpPH ONpenejJeHHH H3 TOYKH (X, Y1, 2)) OymyT
(puc. 119).

Y

Xe = X1 -+ 0y €08 0, cos 1,
Yo = Y1 -+ p1COS 8y sin 4y, (17.44)

Ze=2;+ pysin

il IPH OTPEEJIERHH H3 TOUKH (X9, Ya, Z2)
Xo = X5 -+ Py 008§, €08 1,,
Yo = Yy + Py COS 6-;:5in ts (1744)
2 = 2, -+ p,sin §.,.

OTCIO,U,a JIETKO HQﬂy‘iH’Tb HanpapJeHHda H pacctoanua 10 CHYTHHKaZ

Yo o
= arcctgyc =y,
2, — 2 - (17.45)
V (% — %2 (4 — 4;)?

pi=Ve—xl+Ge—y)+@—a) (=12,

8; = arcig
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Hcerawounm u3  ypasHenuin (17.44) n  (17.44") X, Y, 2o p1, 02
M TNOJYYHM COOTHOLIEHHE MEKJIY KOOpAHHATAMH /[ABYX CTaHIHH,
C KOTOpHIX BEeJHCH CHHXPOHHBblE HaO/IIOAeHHS CIYTHHKA: :

(xo—x;) (tg 8y sinto —tg bz sin#y) -
~+ (y2— y1) (tg 82 cos t; —tg 8, costy) +
+ (22 — 2y) sin (£, — {3) = 0. (17.46)

Ypasuenus (17.44) u (17.45) pewaior 3anauy onpefesneHus Koop-
NMHAT CIyTHHKA. YpaBuenue (17.46) sBasierca xKOHTpoabHBIM. OHO
npeacrasyisger coboll ycJaoBHe COBMeCTHOCTH ypaBHeHuil (17.44)
1 (17.44%).

[lycrs HanpagJeHus co craniuu I Ha cTaHnuio 2 3ajgaetcd yr-
JaMu P12 H Ag, @ PACCTOSIHHE MEXKAY STHMH CTAHIOHAMH 0G03HAYHM
uepes Djo. Torza xoopAuHaThl CTaHUHH 2 ONpeleJasIoOTCs uepes
KOOpAHHATHl CTaHUMH | ypaBHeHHaAMH BuAa (17.44):

X3 = X1 -+ Dy, €058 3 COS Ay,
Yy = Y1 + Dyp cOs Py 5in Ay, (17.47)
22 - 21 ‘_3" D12 Sin 'lp12.

BBoasi orciofa pasHoctd (Xs—x)), (Yo—1), (22— z1), B (17.46)
[OJYUHM YpaBHEHHE, SBJSIONIEECST YCJOBHEM CHHXPOHHOCTH:

tg e sin (oo — ory) +tg 61 sin (s —aa — Aa) —
wtg (32 sin (S — T Hj\.]g) =] (1748)

IIpu BHINOJMHEHHH Npeobpa3oBaHUi 3[4eCh VUTEHO, YTO == § — ..
YpaBuenne (17.48) sBasercss ycl0BHEM TOTO, UTO BCHOMOraTesb-
Hyio chepy nanpasaenns (1, C) (2, C), (1, 2) nepecekyr no oaHo-
My GOJBIIOMY KpPYTY. DTOT KpPYr Ha3bIBAeTCH KpYyeom 00HO8PEMEH-
HocTu. B cayuae pasmoBpeMeHHBIX HabJIodeHuil HanpaBJeHHA He
O6yayT KOMIJaHapHbl H NPH nepeceyeHHH cdepbl He JATYT Ha OLHH
60/bIIOH KPYT.

MozkHO 3afauil KOCMHUECKOH TPHAHTVJSINH pellaTh U He MpH
CTPOTOH CHHXPOHHOCTH HaOJIOAEHHH, HO 3TO 3HAUHTEIbHO HX YC-
JIOKHSET, TPUUYEM B 3TOM CJyuae JJs TNpPHBEIEHHS HaGJI0IeHHI
K OJLHOMY MOMEHTY HAaJ0 3HAThL TOUHO BpeMms HaOJOJeHHH CTPOro
B OJIHOM CHCTEMe OTCYeTa.

§ 9. Onpenenenre MONOMKEHHH CTAHIHH.
MeTo OJHOBPEMEHHBIX HAOMIONEHHH

Tak e, KaK H B Clydae ONpe/e/ienHsl KOOPAHHAT CIy THHKA, A/
ompejesenis NOJOKEHHS HA3eMHOH CTaHUHH HEOOXOJIHMBIM SBJfA-
I0TCA OJIHOBPEMEHHble HaGJIO/IeHHs] Hanpas/JeHHil Ha COyTHHK H3
OnpeaeaseMoro NMyHKTa M M3 NYHKTa C H3BECTHLIMH KOOpAHHATAMH.
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OCHOBHBIM YpaBHEHHEM JIs1 DELICHHS 2aJauH SBJSETCH ypaBHeHHE
(17.46).

Ilycte KoopaumHaThl ompepedsieMoro mynkra N 6yayr &, 1, G,
a HaOJgiofaeMble ¢ 3TOTO MYHKTAa 3KBATOpHAJbHBIE KOODAHHATLL
COYTHHKA B HEKOTOPLIff MOMEHT BpeMeHH § OyAyT o u 6. KoopanHa-
ThI M3BECTHOTO NMyHKTa My cyTE Xo, Yo, 20, 0o, Oo.

st 3THX KoopjauHat Hamuwmem Qopmyay (17.46); B Heit Koop-
IHHATHl H3BECTHOH TOUKH OYAYT Xo, Yo, 20, fo, 0o, KOODPIAHHATHE HCKO-
MO# TOUKH, cooTBeTcTBenuo, &, 1, §, o, § (BMecTo Xa, Wo, 25, 0o, oo
" X, Y1, 21, 61’ al)-

Buocs 3Tt snagenus B (17.46), moayunm

At + Bn+ Ct =K,

,a-ﬂ
A,
~1
i
©

—

rae
A =1tg8sin(s — o) —tg§, sin(s — a),
B = —tgdcos(s — a,) + tg 6, cos(s — a),
C = sin (o, — a,
K= Ax, - By, + Cz,.

(17.50)

Ypasuenue (17.49) sapasercss ypasHeHHeM ILIOCKOCTH. B 3toM
ypaBHenH xosdduunenrsl A, B, C u cBo6oAHbI wieH K — BeJHUH-
Fbl, H3B€CTHEIE M3 HaOJ0JeHHH E, 1, §{ — KOOPJAHHATHI CTaHLHH,
KoTtopele Tpefyercs ompeaeantb. QOueBHAHO, YTOOBI HX oOmpeje-
JHTb, HAJ0 NOJAYyYuTh Tpu ypapHenus (17.49), T. e. otmaGmio-
naTh € JABYX CTaHNOHH Tpu nodoxenus cmytHnka C (uam TpH
CITyTHHKA) .

ITpn xomanuectBe naGmaiofneHHH GoJble TpexX MNOABJJETCH BO3-
MOXKHOCTL KOHTPOJS, a Tak:ke VTouHeHusi. 3ajlaya B 3TGM ciyuae
pelaeTcs MeTo[0M HauMEeHBbIIHX KBaJpaTOB.

§ 10. OpGuTanbublii MeTOJ HAXOMJCHHA KOOPAMHAT CTAHLMI

B § 5, 6 Obla1 paccMOTpeH CHHXPOHHBIH METOJ OmpeneseHHs
KOOPDAMHAT CTAHIHH, OCHOBAHHBEIN HA OJ/HOBPEMEHHOM HabJIOfeHHH
CIOYTHHKA € HECKOJbKHX CTAaHUHH ¢ H3BECTHBIMH H HEH3BECTHBIMH
KOoOpAHHaTaMH. B 3ToM cayuae noJioyKeHHSI COYTHHKA ONpeeJsior-
Csl BEJHUNHAMH Iy, Oy, 010 MO HAOJMIONEHHAM C H3BECTHOH CTAHIIHH.
B sTOT € MOMEHT BpeMeHH AJS TOTO JKe CIOYTHHKA C JIPYroil crau-
UHH MOJYYEHBl Fgq, Cge, O2¢, HO IMOCKOJLKY IOJIOXKEHHE CIIyTHHKA
U3BGCTHO, 3HASl 3TH Iy, Oge, O2c, MOKHO ONPEIENUTh MOJ0OXKEeHHe
cTaHuuM 2 OTHOCHTENLHO cnyTHHKA (cM. puc. 119).

B cayuae HecHHXDOHHBIX HaGJIONEHHH CHOYTHEK, 'KaK HpocTas
Ienb BH3MPOBAHMS, HE IO3BOJISET CBA3aTh TaKUM 06PasoM KOOpAH-
Hathl craunnil 1 1 2. OAHAKO ecqy M3BEeCTHO IBHXKEHHE . CIyTHHKAE,
TO MOXKHO pPaCCUHTATh €ro mepeMelleHHe, a TOIAA MOMKHO, TaK
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e KaK U B IEepBOM CJyuae, YCTAHOBHTH IIOJIOMKEHHE BTOPOH CTaH-
IHH OTHOCHTEJBHO IepBOi uepe3d cnyTHHK (puc. 120). ns storo
HaJ0 TOYHO 3HATL 3J€MEHTHI OPOHTHI CHYTHHKA, XapaKTep HX H3Me-
HEHHSI M MHTEPBaJ BpeMeHN MeXIy IepBLIM H BTOPHIM HaGMIOAEHHEM
cnytHuka. OueBHJIHO, UTO ONpEJe/JeHHe KOOPAHHAT CTAHUHH CHH-
XDOHHBIM METOJOM €eCTb 4YaCTHBIH

caydali opGUTAJbHOTO MeTONa, KO- 6y
ria pasHOCTh BpeMeHH Ha6Jioje- 7 S it

HHH C TIepBOH H BTOPOH CTaHIUH
paBHa nyawo. COOTBETCTBEHHO paB- ‘ S —— e
Hbl HYJIO H HM3MEHEeHHS 3JIeMEeHTOB.

B 3TOM CMBICJE MeTOX OJIHOBpe-

MEHHBIX OTCUETOB TOYHEe: TaM He |
BXONAT OIIHOKH OMpeje/ieHHs 3Je-

MEHTOB OPOHMTHl M HX BO3MYIIEHHH. g
O1HAaKO B HEM ecTb CBOH TPYIHOCTH

I HCTOUHMKH omubok. B mnepsyio /

£

ouepens HeoOXOAMMOCTb OIHOBpe-

MEeHHOH BHIUMOCTH CITYTHHKa C /

pala TYyHKTOB OrpaHH4YHBaeT pac- !

CTOSIHHA MexKIy CTaHLUAMH HabJIo- Puc. 120.

AeHn4d, BoJb110€ OorpasuueHHe Ha-

KJajabelBalOT METeOpOJOrnuecKne YCJAOBHI, OMOKH BO3HHMKAIOT H3-
34 yuera CKODPOCTH pacnpocTpaHeHHs cBeTa H OOecneyeHHs OHO-
BPEMEHHOCTH.

Panee 6nls1a mokaszana 3aBHCHMOCTD MeWay I0JOKEHHEM CIIyT-
HHKA o, 6, p U NMOJOMKEHHeM CcTaHIuH HabmaoneHus g, m, €.

B cBoio ouepeis KOOPAHHATH COYTHHKA MOTYT OLITh BbIPAaXKeHBL
yepes aJeMeHTH OpOHTHI. TakuM ofpa3oM yCTaHaBJIHBAaeTCs CBf3b
MeXy KOOPAHHATAMH CTAHIMH HAGJIOJEHHA 1 3JeMEHTaMH OPOHTHIL.

Ilycers npoussesnens nabmofenns cnytanka C; na cranuun O,
B MOMeHT f; PeayabTar H3MepeHHS MOXKHO BBIPDA3HTb YpaBHEHHEM,
CBA3BIBAIOIIHM 3JIEMEHTEIL Op6}’11‘b1 H KOOpPAHHATHI CTAHLHH,

W?i(f‘l) =W (a{h e;("}! i{.]: 526" m%! M{]! Ek! ﬂhu Ek! ti)' (17'51)

Ora xe QyHKHUA MOxeT ObITh MOJy4YeHa PpAaCcUETHBIM NyTeM IO
H3BECTHBIM 3/JeMeHTaM OpPOHTH M TNPHOJHKEHHBIM KOOpAHHATaAM
CTAaHIIHH. Paznocts MeXIAY HaﬁﬂIO,H,EHHBIM M BBIYHCJEHHBIM 3Haude-
HHAMH B 0GLIEeM BH/E 3aMHCHIBAETCS CAEAyIOmUM o6pasoM:

el owi,;
(Wo — Wolii = _?3631 +J}633+ "I‘_""kj‘sgh‘{_
6:10 aef) agh
w3, awi,
hi i Y : 4
+ anh 61].51 + a;k 6Ck- (17.52)
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Jra cuereMa copepxHuT 6 MONpPaBOK B 3/eMeHTBl op6ut, 3k mompa-
BOX B KOOpPAHMHATHl cTaHuMil. [IpH Haauuuy A0CTATOUHOTO KOJIHYECT~
Ba Rab/MojeHnl, XOpOWo pacnpeie/eHHbIX N0 BPeMEeHH i [0 00~
JEHHIO CyTHUKA HA OpbOHTe, CHCTEMY MOMKHO PellaTh OTHOCHTEJILHO
NONpAaBOK K 3J6MEHTAM OPGHT CHYTHHKOB M NONPAaBOK K KOOPAHHA-
taM crtaHuui. [Ipu H3BeCTHBIX sJeMeHTaX NONPABKU K HUM PaBHBI
HVJHO, H TOTAa CHCTEMa pemaercs TOJIbKO OTHOCHTEILHO [OHPABOK
K KOOpAHHATaM CTaHIHi.

Ilpu nabaoneHHH HECKOJABKHX CHOYTHHKOB € 6Oabluoro umuesa
CTAHIUN KOOPAHHATH HEKOTOPBIX CTAHIHMH MOTYT ObIThH XOpOLIO H3-
BECTHBI, & APYTHX, HanpHMep, HOBBIX, H3BECTHHl HPUOHMKEHHO.
B atom coyuae 3amauva CJYKHT YTOUHEHHIO KOODAHHAT HOBBIX CTaH-
uMif, H YeM TOYHEee H3BECTHH KOOPAMHATHl OCTaJbHbIX CTaHIHA
H 3JeMEHTbl OpOHTHI, TeM TOUHee ONpeLeNsioTCsl MOLpasKil B KoOp-
JIHMHATBHl HOBBIX CTaHIHH.

Ilpu pemrennu 3ajay CnyTHHKOBOW TeOE3HH A5 GOJLIIHX reo-
JIe3HUECKHX CeTeH OCYIIECTBJSIETCS YTOUHEeHHe H 3JeMeHTOB OpbH-
Thl, H KOOpPAHHAT cTaHuuii. B 3TOM cayuae YpaBHeHH: CHCTEMBI
(17.52) pa3znensioTcs Ha JABE I'DYHNLI: Tpynny ypaBHEHHI, Comep-
AUy HaOIOIeHHs TOJBKO CO CTAaHUUI C M3BECTHBIMH KOOPAHHA-
TAMH U FPYNNY ypaBHeHUI OTHOCHTEJNbHO CTAHUHH ¢ HETOUYHEIMH
rKoopauHataMu. B nepsom cayuae O6F=06n=0 =0, u rpynna
vpaBHeHul1 Oyaer

. awi. owi,
(W — Wola =" 80! + o Vit el 4 ..+ T o, (1769)
ol aM?
BO BTOPOM CJ!y‘-IBE
e i awi
I ki Sl ki i
(Wﬂ — Wc)ke = "'_aa% 6ad + ...+ oM, oM’ -
auﬂ aw? BW"’
) ag =51 + -4, (17.54)

o

I'pynna nepBas ypasBHeHHi#l N03BOJAET YTOUHHTL 3J1€MEHTbI Op-
Gurel. Ecuam 370 yTouHenue J0OCTAaTOYHO HaJexHo, 10 da’' = J,
6’ =0, ..., M =0, u rpynna (17.54) MoXKeT cOREPKATH TOJBKO
uJeHbl C HEH3BECTHBIMH TONPABKAMH KOOPAMHAT cTaHuuii. Deirenne
CHCTEMDl 110 METOLY HaHMEeHbLIHX KBaJpaTOB IPHBOAHT K Onpefe-
JIEHHIO HJIM K YTOUHEHHIO HCXOAHLIX Koopjauuat. Ecau B cucremy
BKJIIOYAIOTCS CIYTHHKH, HanGoJsiee HafexHO HabMOJeHHble CO CTAH-
IMA ¢ HEeHM3BeCTHLIMH KOOpPAHMHATaMH, TO cuctema (17.54) peuraerca
B NOJMHOM O0BEMe § JaeT VTOUHEHHE OJAHOBPEMEHHO H 3/JEeMEHTOB
OopOHUT U KOODAMHAT CTAHIMIL
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§ 11. Onpepenenne peHTpa Macc 3eMJaH

Ojuof 13 Ba:KHBIX 34444 re0/Ie3HH ABJSEeTCA OnpeaeJeHHe noJo-
JKEHHA 1leHTpa Macce 3emau. OOpIYHO Bee Teoe3HUYecKHe H3MepeHHst
H KOOPIHHATHI OTHOCSITCA K HEKOTOPOMY 3JIJIHICOHLY, YA0OHOMY
I8 DaHHOH CTpaHbl MM JiId Bcell 3eMan B LeJIOM, HO, GyLyud
Onpeje/eHHEIM TEeOMETPHUECKHM CIOcOG0M, LEHTP 3TOTO  3JIHI-
COHMZA He cOBIAjfaeT C LeHTpoM Macc 3emuau. Bee reomesnueckne
KOOPJAHHATLI, NOJYYEHHBIE HA 3TOM 3JUIMIICOHJE OTHOCHMOCTH, HMe-
10T HAYAJOM UEHTD SJJHICOHZA, KOTOPHI NpH XOpOIo moaobpan-
HOM H ODHEHTHPOBAHHOM 3JJMNCOMAE pacmoJjaraercss GJH3KO OT
LeHTpa Macc, HO He COBMafaer ¢ HHUM. TaKylo CHCTEMY KOODAHHAT
HNPHHATO HasblBaTh KBAa3HreoleHTPHYCCKOH.

CnyTHUK, ABHTAsiChb B NPOCTPAHCTBE IO BJHAHHEM IDaBHTAIH-
OHHOTO TiQJif, ONMHCHIBAET CBOIO TPAGKTOPHIO OTHOCHTEJBHO IEHTpa
MAacC, H €r0 eCTEeCTBEHHO OTHOCHTH K FeONEeHTPHYEeCKOH CHCTeMEe KO-
opnuHaT. Bee dopMyabl, onpenessiouiie opoHTY CIyTHHKA, CTPOST-
csi MO3TOMY HMEHHO B TeOleHTPUUECKOH CHCTEMe KOOpJIHHAT.
[ToHsiTHO, YTO ONpeJe]eHHe IeHTpa Macc 3eMJaH, T. €. HavaJja
reoleHTPHUECKON CHCTEMBl KOOpAHHAT, ABJISETCS BaMKHOM 3ajavei
4CTPOHOMEH 1 Teofe3ud. PaccMOTpHM MeTOJ[ ompeje/eHHs HX YHCTO
reOMETPHYECKHM MyTeM C NOMOLIbl0 HalJ/I0JeHHs CIYTHHKA, Mpei-
nozkennbiia M. J1. JKonroaosnueM.

OG6o3HauuM KOODAHHATH Hauada KBa3UreoleHTPHUECKON chite-
Mbl KoopauHar E, 1, C.

ITyctey umeercs psal HaOMIONeHHII cnyTHHKaZ B KBASHIEOIEHTPH-
YeCKOH cHCTeMe KOOpAMHAT, T. €. OHpeaeacH Psii MPHOBEHHBIX
KBa3UTeOLEHTPHUECKUX KOOPJAMHAT COYyTHUKA

Xpy Yry 2 (k = 1: 2. . 0t

AJd MOMEHTOB 3BE€3/IHOI'O TpPpHHBHYECKOrO BpPEMEHH §y. O’-ICBHJ.IHO,
UTO KOODAMHATHL X4, Yp, 2 NMOJYUEHBI B TeOZE3HYECKOll CHCTeMe [/
NPUHHATOIO 3JJIUIICOUAA OTHOCHMOCTH.

Kak yse H3BeCTHO, TaKHe KOOPAHHATH MOXKHO TOJAYYHTL CHH-.
XPOHHBIM nabaogeHueM ¢ ABYX CTAHIHI C H3BECTHLIMHU reoaesun-
YeCcKHMHM KoOpAHHATaMH 1npu (Qororpadguueckux Haba0OIeHHIX
(korja 43MepsIOTCH TOJLKO HANpaBJeHHs) HJIH HabJoaeHHeM
C ORHOH CTaHUHH, KOTrJa H3MEpPAETCA TAaKXe H pacCTOAHHE A0
CIYTHHKA.

4 I'eonenTpuyeckue KOOPAHHATBL CHOYTHHKA B KaKJbli MOMEHT
YAy T

Xk o xh _1* E¢
Y=+ (17.55)
Zp =2+ C.
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B ofenx cucremax, TreolleHTPHUECKOH H KBa3HI€OLEHTPHUYECKON,
CUHTAaeM OCH aNI/IHKAaT NapaJJieJbHbIMH OCH BpatleHnHs 3eMJIH.
CocraBuM ypapHeHHe IJAOCKOCTH OCKyAHpYIOuieH OpPOHTLI ClyTHHKA
JUI MOMEHTA HaOJIoJeHHH S, B TEOLEeHTPHUECKOH CHCTeMe KOOpIH-
Har (puc. 121).

X, it (R—s4) sin i+ Y, c0s (4—s,) sin iy+Z; cos iy = 0. (17.56)

Bxonamue B ypaBHenue (17.56) momrora socxomsimero yasaa & H
HAKAOHCHHE TJIOCKOCTH OpPOHTH { A MOMEHTZ BpeMEHH S
MOrytT OBITh 340HCAaHLI TakK:

Se=8"488u | (4757
ik. =1 + 6fh- j

rae &’ W i’ — goArora BOCXOAAUIE-
ro y3jga H HAKJOHEHHE OCKYIHDY-
I0IleA OpOHTHl CHOYTHHKA IS He-
KOTOPOro IPOH3BOJABHOIO MOMEHTA
s/, nexaulero BHYTPH NDPOMEKYT-
Ka Habnmwoaenus, a 88, H S8—
BO3MYIICHHST ST 3THX 32JEMEHTOB
34 BpeMsl §,—S’. DTH BO3MYLIEHHA
Lt HeGOMBUIOrO OTpe3Ka BpeMend
Sy—S’ J0CTAaTOYHO XOPOIO H3BECT-
HbI H3 TEOpPHH BO3MVUIEHHHA. JJe-
MEHTHl OCKyJaupyiouieii opOUTH MBI
auaem npubamwxenno. Ilyers artu
NpHOMHKEeHHbIE 3HAUCHHA &0y H Ig.

UtoGbl  1MOJMYYHTL 3J€MEHTH OCKyJ/HpyIoLlell OpOHTBl, K HX
NPHOJNKEHHBIM 3HAYEHHAM HAZO N00aBHTD nonpaBky A& H Al
TAK uTO

Puc 1210

§p = 52’+A82+6é?k,} (17.58)

ip, = ip -+ Al - 6ij.

Tlonpasku A& m Ai K sneMeHTaM OPOHTHI SBASIOTCA HEH3BCCTHBI-
MH, KOTOPble HAl0 HCKATh HAPALY C HeuaBeCTHLIMH &, v, .

BBons snauenns 84 u i, u3 (17.58) u X,, Y\, Z, uz (17.55)

B ypaBHeHnHe mIockoctH (17.56), noayuum cHcreMy ypasueHmil
OTHOCHTEJILHO NSTH HEH3BECTHHIX &, 1, T, A&, Ai:

Xysin(Qo+ A+ 88, — s;)sin(io + Ai -+ 6i)) +

- thos(g?{) + AQ+ 88, — Sk) sin(ié} 4 Al 86 )
+ Zy cos (ip -+ Ai + 8ip)=0 (17.59)
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M, 0boznayas
Qo4 88, — S = 7y,
io -+ 8ip = py
W BBOJIS 3HaUeHUs Koop/juHat no ¢opmysaam (17.55),
(Xt sin (AR sin (pat-Ad) 4
+ (yx+mn) cos (m+A8) sin (pr+Al) +
+ (z:+-E) cos (pst+Ai) = 0. (17.61)
DTO ypaBHEHHE OTHOCHTEJLHO HEH3BECTHBIX E, M, §, A&, Ai. Hcko-
Mble BejuuHHbl HepenHKH. KoopauHathl medTpa 3J/IHICOHAZ OTHO-
CHTEJBHO LEHTpPa Macec, T. €. PacXoiKJeHue II€HTpa Macc W LEHTpa
SJIMIICONAA OTHOCHMOCTH, HEBEAHKO H WMeeT nopazok 600—700 .
[MpoussefieHnss M cTeleHd 3THX BEJHUYHH CYyTh MaJbleé BBICHIMX
nopsiakos. Mx Beauunna 6—7 m. PackpeiBaeM ckobku (17.61),

yaepzKHBasg JUIIbL YJeHbl nepsBoro mopsiaka. [losyuuM cHeTeMy
YpABHEHHH BHJA

-’4hAgZ+BkAi+OLRE+BF«n+YkC+Lk =0, (17.62)

(17.60)

rne
Ap = (xp, COS T, — Yy, SIN T, ) $iN pp, )
By = (x,, sin my, 4 Yy, cos @) cos py, — 25, Sin Py,
o = sin 7wy, sin py,
Br = cos my sin pg,
Yr = €OS Dp,
Ly = (xp sinay, -+ yjp cos my) sin py, - 25 €os P

(17.63)

O6paTiM BHHMaHHE HA TO, YTO NPOMEKYTOK BPEMEHH $, — 51,
B TeueHue KOTOPOrO NPOH3BOAHTCS Hal/iofeHHE BceX IOJOXKEHHH
ciyTHHKa Ha Aayre, neseauk. On cocrasaser Bcero 10—15 MHHYT.
[lostomy KO3(OHUHEHTH oy, P, Y. NPH HEH3BECTHHIX KOOpPJAMHATAX
E, 1, T B ypaBuenuy (17.62) OyayT uaMeHATbHCS OYeHb HE3HAYHUTEIL-
HO BO BCEX 7 YpPaBHEHHNX. DTO COOTBETCTBYET HE3HAUXTENBHOMY
H3MEHEHHIO TOJIOXKEHHS MJIOCKOCTH OpOHTHI CNYTHMKA B TEJE Bpa-
maronieiica 3eman. Ilostomy no ypaBHeHHAM, TOJYUEHHBIM M3
HaOJdI0oeHH TaHHOH AYTH, KOOpPAMHATH &, n, § pasngendioTcs OYeHb
ni10x0. OGLIYHO Mo TaKo# Jyre HaXOAHTCS CyMMa

%5 4 B HAT, (17.64)

=%§% e s S R
k=1 k=1

k=1
21 H. Tl. Tpymancku
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Yro6el pasnenuth HCKOMblE KOOPAHHATH, HAalA0 NpoHabJI0AaTh
NOJIOXKEHHs] CIYTHHKAd 0[O KpaiiHeli Mepe JJa Tpex AYr, Takux,
4yToObl OpOHUTA CiyTHHKA GElJA PACTOJOMKEHA PAa3JIHYHO OTHOCHTEIb-
HO 3eMJIH, HJIH JJs TPexX pasJjMyHbIX CIIyTHHKOB.

3aMeTHM, YTO TOUYHblE PE3yJabTaThl B ITOM cliocobe MOTYT GblTh
noJyd4eHbl HpH ycnoBHH HaGaoAeAua OOJbLIKX AYT, NOPALKa
50—8&0° ¥u J0CTAaTOYHO GOJBLIIOTO KOJHYECTBA HX, a TaKkKe Npu
JNOCTATOYHO TOYHBIX (poTorpaduueckHX (TOuHOCTh mopsafaka [”) uam
Ja3epHEIX (TouHOCTh Mopsanka 1—2 m) waGmopenusax. CHHXDOH-
HOCTh HaOJIONEHHMA AO0MKHA OHITh ODecreyeHa C TOYHOCTbLIO NOPAL-

kKa 10~* cex. Tlpy 3THX yCJOBHAX MOXKHO NOJYUHTH KOOPAHHATH |

HeHTpa Macc ¢ TOYHOCThIo B 5—10 M.

e TSR



F'JIABA 18 ;
OCHOBbBI ONPEAEJNEHHWHA NMAPAMETPOB
FPABUTALLMOHHOTO NoJist U #UT'YPbl 3EMJIH

MO BOSMYWEHHUAM B OIBH)XEHHH
HCKYCCTBEHHBIX CAYTHHKOB

§ 1. TMonsaTHe 0 BO3MYLIEHHOM JBHIKEHHH.
OcKyanpymoinue 3jJeMenTsl OpPGHTHI

[Tyctp ABa Tesla JBUXKYTCA OJHO OTHOCHTENLHO JAPYroro mno
3aKoHaM, BbIDAXKEHHBIM VPaBHEHHAMH IBUMKEHHR 3alaud O ABYX
Tenax. JBHiKeHHe NPOHCXOAHT 110 KOHHYECKOMY CEUeHHIO, HAmpH-
Mep, 1o 3JaHncy. Eciau nosaBuTcs Tperbe TeJ0, TO XapaKTep JBHMKe-
HUA H3MeHuTCd. B GONLIIHHCTBE CIY4YaeR UMEET MeCTO BO3/ledcTBUE
TPEeTLEro TeJa MaJloH MACChl IO CPABHEHHI0 € MaccaMu TIJIaBHBLIX
T€J WM A4JIeKO y/Jda/J1eHHOrO0 OT JBYX OCHOBHBIX TeJ paccMaTpHBa-
eMo# 3apaud. TakoBo, Hanpumep, BozAcHcTeUe JIyHBI H MJIAHET HA
neuKenue 3emad # CoaHua wiap BoszelcrsHe 3eMH Ha ABHIKEHHE
apyrux nuaner u Connna. Mamenenne KemnnepoBCcKOTO Xapakrepa
JBHJKEHHSI NIPOHCXOJUT TAKKE B CJAYUYdA€ OTJIHUHA ABHKYLIHXCH TEJ
OT TOUKH HJH Wapa. Tak, HanpuMep, 3IKBAaTOpHAJbHOE B3IyTHE
3eMJH, Hapylialuiee eHTPaJdbHOCThL TPaBHTAIHOHHOTIO MOJsA, HCKa-
JKAeT CTPOro 3JJIHITHYECKOe JBHIKEHHEe HCKYCCTBEHHBIX CIIYTHHKOB
3emaH. laMmMeHeHHe KenJepoOBCKOro JIBHMKEHHSA HMCKYCCTBEHHBIX
CIYTHHKOB 3eMJH MOJKET BbI3BIBAThCsl TAKIKE COMPOTHBJIEHHEM
atMocdepnl, AEHCTBHEM 3JEKTPOMATHHTHHIX CHJI, JYUYeBLIM JaB-
JEHHEM.

MaMenenusi, nmpouciie/lliine B ABHYKEHHH ABYX TeJ NOJ BO3aei-
CTBHEM TpPETbero Teja HJAH (opMbl Tejad, HJIH KaKHX-TH00 HHBEIX
NpHYHH, HASLIBAIOTCH B8O3MYUCHUAMU. :

Tlo naGmOfeHHBIM HOJOMXEHHAM ILJIAHeThl MOKHO BBIYHCJIHTH
37eMeHTBl ee opOuThl. Ecan JIBHMKeHHe MJaHeThl HE BO3MVILAaeTcd,
TO NPH BLIMHCIEHHH OPOHTBE MO HaOJIOAeHHSIM, IIPOH3BEIEHHLIM
B pa3THyHble MOMEHTHl BPeMeHH, Mbl OyaeM IOJyyaTh BCerjla OJHY
H TY XK€ CHCTEMY 3JICMEHTOB.

Ecan nMeer MeCTO BO3MYIIEHHOEe JBHMKEHHE NJaHeThl HJH CIyT-
HHKd, TO 3JeMeHTHl e¢ opOHTH GyAyT MEHAThCH C TEYEeHHEM Bpeme-
HH TOJ BJHAHHEM Bo3MmylleHui. B stomM cayuae 4as KaKaoro

2T
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MOMEHTd BPEMEHH 1O COBOKYNHOCTH Ha0JIOIeHHBIX KOOPAHHAT
R COCTABJAIOMHX CKOPOCTEll MOMHO BBIUHCAHUTL BIIOJIHE ONPEReaeH-
HYI0 CHCTEMY 3JIeMEHTOB OpPOHTH, COOTBETCTBYIOIIHX JTAHHOMY
MOMEHTY.

Orta cHcTeMa 3SJEMEHTOB OIpefesaser [ABHKEHHE [IAHETH
Ha MOCJAENYIOllee BpeMs, eClH ¢ HAaHHOTO MOMeHTa BPEMEHH Ipe-
KpaTHia cBoe AelcTBHE BO3Mymiawiaa cuaa. TakeM oGpasoM, Mbl
MOKEM MOJVYHTb DAL TAKHX CHCTEM 3JEMEHTOB OPOHTH, KOTOphie
TOYHO COOTBETCTBYIOT AEHCTBUTENLHOMY NOJIOMKEHHIO IVIAHETH H ee
JIBHIKEHHIO OTHOCHTEJNBHO IEHTPaJbLHOro Teéjda MMEHHO B JAaHHBLIK
momenT. Takasi cucreMa 3J€MeHTOB, KOTOPas TOYHO COOTBETCTBYET
NOJIOKEHHIO U [(BHIKEHHIO IIJIAHETHl B AaHHBIH MOMEHT, HA3bIBAETCSH
cucTemoll OCKYAUPYOWUX INEMEHTOB.

Ecan Bo3mMyuleHHS, KAK 3TO HMEET (MECTO AJs BCeX HJaHeT
CoqnevHOH cHereMBl B 0OJbIIMHCTBA CIYTHUKOB, B TOM 4YHCJe
HCKYCCTBEHHHIX, OCTAIOTCS BCE BPEMSI MAaJLIMH, TO CHCTeMa OCKYJIH-
PYIOUHX 3A€MEHTOB OYAEeT MEHJIeHHO H3MeHATbCH. ITH HIMEHEHHH
HA3LIBAIOTCS B03MYULCHUAMIL 346 MEHTO8 OPOUTDL.

B cnyuae KoHcepBaTHBHOH BO3MYLLAWONILEH CHJIL B YpaBHEHH:
IpwkeHus (15.8) wago poGaeuTh cocTaB/siouide 3TOH CUJLL 1O
KOODJHHATHLEIM OCSM.

O6o3HauuM 3TH COCTABJIAIOUIHE
OR, p _ R

ar
Fx:@x,F”“—:@u & T

QyrERUA R HA3LIBACTCH BOUZMYLaIOWe W nepTypoayuontol
PyHuKyuel v ABASETCH NOTeHYUAAOM B03Myujaouietl cuabL.
Ypasuennus (15.8) mpumyr BuA

d2x ¥R
F g e e el

2 dR

Sr =i bm o } (18.1)
d2z : z R

2t i A s sl

§ 2. OcHosHbie (hopMyJbl JJsi ONpeleNeHus NnapaMerpos
rPABUTAUMOHHOr0 Moasd 3eMJJaud M0 HaGAOAeHHAM
HUCKYCCTBEHHBIX CNYTHUKOB

Cucrema tpex muddepenuuanbabX ypaBHEeHii BTOPOTO NOpsAKa
BO3MYIIEHHOTO JBMKEHHSI AJisl NPAMOYTONbHBIX KOOPAHUHAT MOMKET
GbiTh mpeofpasoBada B CHCTEMY MECTH AH(depeHIHaNbHbIX ypas-
HEHHIl NEePBOro MOPANKA OTHOCHTENLHO JEMEHTOB OPGHTH.

Hannwem takyio cucreMy B COOTBETCTBHH C BHIBOAOM, MPH-
BefernbiM B «HeGecnoft mexauuke» [ H. [ly6ommna, sBmeca
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HE3HAYNTEJbHBIE OYEBHIOHBIE Hp306paSOBaHHH:

dg- o i2d Va T R
S =V i lesinos + £.7)

de. 5 2 R rEp L er
-dT—(l—e) VW[SII]”S+ (—p—cosv--.— 5 )T]

di S ; .

L s V s +0) W, N
LT @ sin(0419) :
”&T*a(l_ez)]/}"?ﬁ S

ROl el FaigE cos v e
—df == -—“—-—lmezl/ m[-————e S+ ep SlﬂUT“_

— —;-sin(m -+ v)ctg i-W/].

b2 p
3necs p;"a—=a(1—‘82), =F l+ecosv’
cnyTHHKa obo3nauena yepes Al (maccoll cnyTHHKa B CcHJAY ee Ma-
JIOCTH 110 CpaBHEHUIO ¢ Maccoil 3emau o0bYHO mpeHedperawTt), S,
T, W — npoekuHH BO3MYIIAIOUIEH CHJBL Ha OCH KOOpAHMHAT.

Ypasuenusi (18.2) comepakar nponsBofHble Bo3MylLIaioLel PyHxK-
man R. OHH MOTYT OBITH BEIYHCAEHBL! MPOCTBIM AH(HEpPEeHIHPOBAHH-
eM QYHKIHH R MO OCAM KOOpAMHAT. TH YpPaBHEHHSI MOTYT ObiTw
HCTOJIb30BAHLL KaK 10 NMPAMOMY HA3HAUEHHIO — JIJIS HAXOMAEHUA
H3MEeHEHHS 3/1eMEeHTOB 0pOHTHl NPH H3BECTHOH BOIMYyLIAOLIEH QYHE-
oui R, TakK ¥ AJd peuleHHs oGpaTHON 3alayH — HAXOMKACHHS BO3-
MyUlaioiled CHJIBI 10 H3BECTHLIM 3JIEMEHTaAM H HabJIw1aeMbIM
BO3MYLIEHHSIM HX, T. €. HAOJIOLdeMblM CKOPOCTSM HX H3MEHEHHII.

B npuMeneHnd K HCKYCCTBEHHBIM CHNYTHHKAM 3eMJ/IH NOTEHIMAJ
3eMJIH MOXKHO NpEJCTABHTL B BHIE NOTEHIIMAda MNPABUJALHON Iia-
pPoBOH 3emJau ¢ godaBieHHEeM BO3MYyULAIOUlell 4acTH, ONpefenseMoH
OTKJIOHeHHeM 3eMaIH OT [MPaBu/JIbHOH UapoBof (OPMBI H OTK/OHE-
HMeM pacrpeje/]enus Macc OT NPaBHILHOTO ChepHYECKOro:

V = (M) /r+R. (18.3)

CpaBHHM 3TO BblpAKEHHE C IIOTEHIIHAJOM, IIPpeJCTaBJeHHLIM B BiAC
pasniokeHusds B psad IO IIOJMHHOMaM JIex{aH.tLpa:
oo
fm M =D [ 6, 0"
Ve dioo it z —=f & P, (cosl), (18.4)

a a
e e

CyMMa Macc 3eMau H

n=2=2

rie a,— sKpatopuaabHblii paguyc 3emiu. OueBHAHO, 4TO BO3My-
iawilas 4acTb MOTEHNHaja 3eM/JIH H/AH Bo3Myllawomas ¢(yHKIu
ecTh BTOPOH uden ypaBHenns (18.4):

i i (2] 7, (cos 0). (18.5)
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Taxum oGpasoM, BosMyMawiias QYHKIHS COCTOHT H3 psijla 4IEHOB,
SIBJIAIOIMXCA 30HAJBHEIMH TAPMOHHKAMHA U cOJepiKalluX 30HaJbHbIe
AHHaMHYeCKHe apaMerphl J,.

Has pemienns 3ajgaun naxomaenus xosduuuenros J, rpanent
BO3MYLIAIONEro noteduuana R, apasiomerocs Gyuxuneir r u 0,
packaajbiBaeTCH Ha COCTaBJ/AIOUIHC O KOOPJAHHATHBLIM OCAM S, T,
W, nanpasnennbnM Bjloab paauyca-sekropa (S) no rtpamcsepcann
(T) w nepneHaukyaapy K njockoctn optutel (W). Pasgomnm

Puc. 122.

NpeiBapPUTEIbHO BO3MYLLAIOULYI0 CHJY Ha COCTaB/siollde, HANpaB-
JIleHHBIe 10 PajMycy-BeKTOPY cnyTHhKa (S), Mo KacareabHOH K
nebecHomy mepuanany (M) n nepsomy Beptuxaay (N):
1 4R e e
S—o, M- —— 5 N=—rg. (1654
Toraa mpoexunn Bo3myuwamwmed cuasl T, W MOMXKHO BHpasuTh clie-
Lylonnm 06pasom:

dR 18R
T=— aecosocJﬁfSl 5 sin o,

IR . 1 _4dR
W/z—-;a—esmcc —o5 o oS %

Tpuronomerpuueckne QYHKUHH yIJia of MOMKHO BHPA3UTh 4Yepe3
snementsl opGuThl 1o Qopmydam chepHuecKol TPHTOHOMETPHH H3
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Tpeyroabiuka ABC (puc. 122):

cos (m +-v) g Sl ey
coso = Wsmt sina = —. (18.7)
Torna
dR

s=2,

s cos (v -- w) g‘ﬂ__ cos (25,
L=~ =rmo Mim rane o (18.8)
Wosit cosi JR  cos(w 4-v)sini dR

o gt rsin® 6 oA °

Tenepb, auddepenuupys R no r, L u 0, MOXHO HaiiTH BhIpame-
st aas S, 7, W. Beoasd ux B cucteMy ypasnenuit (18.2), nonyth

CBf3b CKOPOCTEI{ H3MEHEHHS BJ'IEMEHTOB Opél/ITbI da, é, dt’ SZ, b1 4

c auHamHueckuMH Kosa(¢puuuentamu Jf,. CKopocTn H3MeHeHHS 3Jie-
MeHTOB Ha6JI0AaTh HENOCPEACTBEHHO He YAaercs, MO3TOMY OGbIYHO
BBIYHC/IAIOT BEAHYHHY H3MEHEHHA 3JeMEHTOB B TEYEHHE OJHOr0
ofopoTa:

ty+P t+P to+-P

K 5 adi. KNe— Sédt, Afs f

iy to

di

Srdf, ... (189)

=

HMurerpuposanue na noansiii 060poT yf1o6HO elle H TEM, 4TO TpH
HEM HCKJI0YaloTCesl KOPOTKONEpPHO/MYeCKHe Y/IeHbl ¢ mepHomoM P,
2P, 3P n Ttakne Kak cosv, cos2VU H T. A., (OCKOJbKY o00Gpa-
aloTCA B HYJb COOTBETCTBYIOIIHE HHTErpaJbl.

Brino/snenne BceX HEOOXOAHMBbIX Onepanui DPUBOAHT K (GopMy-
JlaM, CBfI3LIBAIOIINM BeJIMUMHBI H3MEHEHHS 3JIEMEHTOB 3a OIHA
06OpOT ¢ ANHAMHYECKHMH HapaMeTpaMu. OTH GOPMYJbl HMEIOT BHI

AQ:O,
Ae =

A = 3ne( = ) (1 ——2—31112 )cosicos of; +

4 :
-+ f—g e (%) (1 —%sin%‘) sin 2isin 2weJ, + . .

AQ:—Sn(—e) cosif, +3::(p) (1—?—31112 )c03151nmeJ3—}—

= 4
‘-}-12—05'[(—‘-:-7—) (l—%sn’@ )cos:h-{—
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Ao = ba (i:f—) (l ——-;5}— sin? E) He -

il (3 e A IEET R
~+ 3a TJ I—Tsmw sinisin we,; —

o T N 4)
——153’!(—{7— 1 5 sin?i + g sinti) 4
3 7 3.9 o -.2.. ; 1
+ |5 — g sin®i}sin .cos 200 =t

i
(18.10)

Ypasnenna (18.10) wanucansl A0 uY/€HOB MalocTH mnopsiika e*ls,
e’y u T. 1. TH ypaBHEHHS TO3BOJAIT HANUTH JTHHAMHUECKIE XapaK-
TEPUCTHKHM TPABHTAIMOHHOrO 1oJst 3emad Jq, J3, J4 H T. 4. mpH M3-
BECTHBIX 3JeMeHTaX opOHTHl U HAOJMIOAEHHbIX H3MEHEHUSX 3JeMeH-
TOB 3a OfMH 060poT cnyTHnKa Aa, Ae, Ai, A&, Aw.

§ 3. Hexortopnie cooOpamkenusi 0 BbiGope ypaBHEeHHi
AJS u3yyenus: Gurypbl 3emun no HaOH0OACHHAM
HCKYCCTBEHHBIX CNYTHHKOB

Ypasuenusi BO3MyulenHoro Asu:keHus (18.1) uau ypasuenus
(18.2) ycranaBauBaloT CBS3b M3MeHEHHH 3/1eMEHTOB OpOMTHl C BO3-
JIEHCTBUEM HA HHX BO3MyUlawUIUX (AKTOPOB, HaNpuMep, CiKaTHsd
3eMJaH, BXOJAAIHUX B ypaBHeHHs yepe3 MepTypOalHOHHYIO (YHK-
unio R. Hannuue Bozmymiennit 6yner H3MEHATh XapakTep OpPOUTHE
ClyTHHKA, npHueM OyJyT H3MEHsITbCs 3JeMeHTHl opOHTH. Takue
H3MEHEeHHs, HJIH TaK HaspiBaeMble BO3MYILEHHS 3JEMEHTOB, MOTYT
OBITE Mepuodu4ecKiMmy, BEK08oIMI H caetdarnroimi, TlepHoanueckue
BO3MYLIEHHs 3JIeMEHTOB, HAlpuMep, y3Jaa, OT CKaTHs 3eMJau OyayT
HOCHTb XapakTep, BeipaKaeMblfi ypaBHeHHEM

A& = f(J,)sin vi,

rae ¢ynknns f(J,)—scerna magas seanununa. Ha nporszkennu npo-

MeXYTKa BpeMEHH, B TeYeHHe KOTOpOro Sin vi M3MEHHTCH B mpeje-

aax or —1 go ~+1, goarora yssna u3MeHHTCS Ha Beanuuny 2J(Js).

Taxoe namenenne Oyaetr nepuoangeckuM. Joarora yana c teueHnem

BpemMeny OVeT NepHoJANYecKH NPHHIMATL CBOH HCXOAHLIE 3HAUEHH.
B cayuae BEKOBOTO BO3MYIIEHNsS XapaKrtep u3MeHeHHs Oyjer

AR = f(J2)t,

BEJNUNHA BO3MYIILEHHS 3JeMeHTa OyJeT BO3pacTaTb CO BPEMEHEM
H, KaK Obl H1 OB1I0 Madao f(Jg), npu A0CTATOUHO GOJBLIIOM [ OKaMKET-
Cfl TaKKe AO0CTAaTOYHO GOabInoN. B cuay 310ro obcronTeabcTsa oi-
peleseHne XapaKTePUCTHK BO3MYILAIOUIHX CHJI, @ 3HAYMT, H napa-
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MeTPOB BO3MYLIAIOLIEr0 TeJsd, HaJeXKHee BCEro IPOH3BOAHTH IO Be-
KOBLIM BO3MYLIEHHSM 3JIEMENTOB.

Tlo Bo3MylLIeHUAM JBHKEHHS HCKYCCTBEHHBIX CIYTHHKOB yAaercs
OTpeAesHTL HE TOJBKO CXKaTue, HO H 00Jiee BEICOKHE TapMOHHKH
¢urypsl 3emau. OpOHTE HCKYCCTBEHHLIX CIYTHHKOB HMEIOT HEKOTO-
pble CyUleCTBeHHble OTJHYHA OT OpPOHT CIYTHHKOB €CTECTBEHHBIX.
3710 — GoJblIasg G/JH30CTh CHYTHHKOB K 3eMye n 00/bliie HAKJI0-
HeHnsa op6nT. OCHOBHBIE BO3MYIUIEHHA OPOHT HCKYCCTBEHHBIX CIYyT-
HUKOB BBI3LIBAIOTCH CKaTHeM 3eMJH, OTKIOHEHHSIMH QHIYpHl
3eMan OT 3J/AHICOHAA BPalleHHs HJAH, WHBIMH CJOBaMu, Hernpa-
BUJILHOCTSIMH TPaBHTAIlUOHHOTO NOJs 3eMJH, BAHAHUeM JIYHEI ©
COTIPOTUBJCHHEM aTMOCGeph.

YaauubiM 06CTOATENLCTBOM JAJA H3yueHHs GHIYPbl 3eMJH 1o
Ha0M01eHUAM OpOUT CITYTHHKOB fABJSETCH TO, Y4TO IPaBHTAIHOHHDLIE
BO3MYLIEHHA OT (UIypbl 3eMJH HOCAT HHOH XapakTep, 4eM BO3MY-
Hienna atMocepHBM CONPOTHB/ICHHEM HWANM npuTsKenuem Jlyuu
H IJIaHeT.

PaccmoTpum, Kax NpOABJsSETCS BJAHAHHE DABHTALHOHHOIO NOJH
3eMmau Ha 3/1eMeHTbl OPOHTBI HCKYCCTBEHHBIX CHYTHHKOB B ypaBHe-
uuax (18.10). ITepBoe u3 sTux ypaBHeHnil N0Ka3bBaeT, YTO 6OIBIIAA
MOJYOCh HEe H3MeHAETCs NOJA JAeHcTBHeM HeoJHOPOAHOCTEH rpaBHTa-
uHonporo nons. Bropoe ypasuenue (18.10) yxkassiBaeT Ha npomnop-
HHOHAJBHYIO 3aBHCHMOCTb BO3MYULIEHHH 3KCUEHTPHCHTETAa H HAKJO-
HeHus oT napametpoB J,. IIpu HenyseBblX 3HAUEHHAX [ BO3MYUIEHHSH
HAKJOHEHUS M IKCIEHTPHCHTETA OJUHAKOBO CBH3aHBI C JHHaMHUe-
CKHMH mapamerpamMu J, u nostoMy HaOMIOLEHHS TOH H JIpyroil Be-
JIHYHHBL JOJKHBL JaTh OJMHAKOBBIH pe3yJibTar.

Ynennl ypasnenni (18.10), coaep:kailie apryMeHT NepHLEHTpa
®, ABAAIOTCHA MOJTONEPHOJIHUECKHMH uleHaMH. APpryMeHT mepHleHT-
pPa BO3PACTAET MeLAeHHO, HO MOCTOAHHO, BCJE/CTBHE YEro NepHiueHTp
CIIyTHHKA lepeMeliaeTcs BOKPYT 3eMJiH, OJIHAKO 3HAUHTE/IbHO MEI-
JIEHHEE, UeM caM CHyTHHK.

B ypasuenusx (18.10) posnromepuogHuecKUMH ABAAIOTCH YJEHBI,
cojepIKauie cos o, sin @, sin2e u 1. 1. YpanHenne 1as Ai comep-
JUT TOJLKO JIOJTONEPHOAMMECKHE WJAeHbl, BKJIOYAIONiNE COS ®
M sin 2w. B »TOM ypaBHEHHH BTOPOI W/IEH HA NMOPANOK MEHbIIE MEp-
BOrO, TaK KakK COAEPKHT MHOKHTeaeM e2. [To3ToMy HMEHHO NepBbli
YJIeH HrpPaeT OCHOBHYIO pOJIb IIPH ONpedeJeHHH JHHAMHYECKHX
XapaKTepHCTHK J,, @ TaK KaK NEepBbIl YJ/eH COAEPHKHT HEUYETHYIO
rapMOHHKY [3, TO UMEHHO OHa onpejessieTcs U3 HAOJOIEHHA H3Me-
HeHnsl HaKJoHHOCTH Al nantosee ysepeHHO.

VpapHeHus 175 BO3MYILeHHH y3ma ASl U apryMmeHTa mnepuiueHTpa
Aw nauboaee ynoOHB A1 onpenenenns Koad(HIHEHTOB YETHBIX
rapMoHuk Jo, J4. Jg, 1 7. 1. Bo-nepBrIX, 4ieHbl, coxepKallie UeTHLIE
rapMOHHKH, BEKOBBIE 1, BO-BTOPBIX, OHH HA NOPAA0K DOJbIIE YAEHOB,
HPOMOPIHOHAMBHBIX J3, KOTOpble HMEIOT MHOMKHTE/NeM MaJyio Besu-
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uynny e. Ilostomy BaANAHHE HEUETHBIX FapMOHHK 3JeCh 3HAYHTEJNHHO
cnabee. Cxkatue 3eMaH BbI3bIBaeT MOCTOSHHOE BpalileHHe MJIOCKOCTH
OpOHTHL OKOJIO 3¢MHOM OCH, T. €. lepeMellennsa no opbure yaaa. 310
nepeMelleHne NPOMCXOJAUT B HalpaBJeHHH, 00paTHOM JBUKEHHIO
CTyTHHKA, H HOCHT Ha3BaHue peepeccut y3aa. OQHOBPEMEHHO MPO-
HCXOOHUT Bpalende IJIOCKOCTH OPGHTE OKOJO COOCTBEHHOH OCH €O
CKOPOCTBIO @ (CKOPOCTH H3MEHEeHHsi apryMeHra mnepuueHTpa). DTH
BO3MYILEHHS ABHMKEHHS CIYTHHKA SIBJAAIOTCS BEKOBLIMH H BbI3BIBa-
I0TCSl 30HAJbHLIMH HEOJHOPOMHOCTSIMH I'PABUTALHOHHOIO MOJR 3eM-
au. Tlostomy nast onpepeqennsi Qurypbl 3eMJIH [OJKHBI CIYKHTb

YpaBHEHHS, XapaKTepu3yIolllHe BO3MYLLEHHA AOATOTH y3jaa & u ap-

ryMeHnTa nepuueHTpa o, T. e. ypasuenus (18.2). Kpome toro, uMeior
MECTO HEeKOTOphle KOpPOTKOIepHOJHYEeCKHE BO3MYIIEHHS OPOHTHI,
NPOUCXOAfAILHEe B TeuyeHHe OJHOrO0 060pOTA U BhI3bIBaeMble GoJee
MEJIKHMH HCOLHOPOJAHOCTAMH FpaBHTANMOHHOrO 10/f, OIHAKO
CJIHIIKOM Mauble HJs usMmepenuil. Hakonen, HadawaaioTcd J0Jro-
nepHOAHYECKHE KOoJeGaHUs ¢ TaKHM Ke MEepHOLOM, KakK H Nepuon
BpAalleHHA JHHHH AncHi OpOHTH CNYTHUKA. DTH NOCIERHHE YKasbl-
BAIOT BEJHUHHY KO3((HIMEHTOB TPETHUX M MATHIX TaPMOHHK rpa-
BHTAIIOHHOTO IOJIST 3eMJIH.

W3 ypaBueunit Buano, uto Kos(duuuentst npu J, 3aBHCAT OT
HaKJOHEHUA I, N03TOMY /s HauboJee HAAEKHOTO PEUIEHHS CJaeLy-
eT HCMO0Jb30BaTh HECKOJBKO CINYTHHKOB C DPAa3NHYHBIMH HAKJ/JAOHE-
HHSMH I

B 3ToM cayuyae MBI MOJYUHM ypaBHEHHSI ¢ HaWMeHbIIel B3anM-
HOI 3aBHCHMOCTBIO. [IpH OoTHICKanuH TrapMoOHHK J, lenecoobGpasHo
COCTABJIATL CHCTEMY VPABHEHHH No psaay HaOJMI0JeHHH HECKOJbKHX
CIYTHUKOB C PA3/HUHBLIM HaKJOHEHHEM [ H pelaTbh UX MO Crnocoly
HanMeHbIINX KBazapaToB. [ToCKONBKY TaKHX YpaBHEHHi OTpayHyeH-
HO€ YHCJO, TO H YHCJIO 4YJeHOB B HHMX, 4 3HAUMT, H YHca0 KO3(hu-
LMEHTOB rapMoHuK J, n0/axHO ObiTh orpannuyeHo. OHo He NOJKHO
NPEeBOCXOAHUTL YHC/IA yPaBHEHHII.

§ 4. Ypasuennn Jlarpanmxa. BoiBon ypasHenus Jlarpadixa
JJif JONroThl BOCXOASILEro ysJja

Cucrema ypaBHenuii Buna (18.2), B KoTopo#i BMecTo mpoexuuii
BOSMYyIIAIOLIel CHJBI IO OCSM KOOPAHHAT BBEJEHA caMa BO3Myllalo-
masi Gpynkuns R, Ha3bBaeTcs cHCTeMOH ypaBHenn# Jlarpamxa. Dta
cHCTEMa HMeeT BHJ,

da _ 2 OR i
di ~ na 0g°’
de V1—e2oR 1 eY1—e2 OR

7 R T R we R T




§ 4] YPABHEHUS JIATPAHKA 497

g o Easte i R g5 (% 3 ‘?ﬁ)
R na? Y T—et 080 naty 1T —e2 \On i AE
fl_ézw_ coseci OR : .
R (18.11)
tg L
dy S SO AR YT oR
t na?yYT—e Of na’e  oe'’
i
e e IR W Sk S e
dt~ " ma da " g YVIi—e 0 ' ne®lLyT—e Oe

31ech &€ — cpeflHAs J0JrOTa B 3MOXY, & & — JAOJTOTa MEepPHUEHTPA,
onpeaensiembie GopMyaamMu:
=8+, &=+ M,

rae cpennsis anomaaus My (cm. (15.30)) B snoxy saxaercs ypas-
HEeHHeM

dM, __ dM, dn
o ot o e Dl

Vpasueuus Jlarpaumxa, Tak e Kak u ypaBneuus (18.2), mexar
B OCHOBE M3yueHHs] BOIMYIUEHHI B ABMKeHHH HeGecHBIX Tes. Beisona
ypasuennit (18.2) u (18.11) moxHo HallTH B Kypcax HeGecHoil Mme-
xauuku, HanpuMep, B kuure . H. [ly6omuna «HeGecnas mexaHuka.
OcCHOBHBIE 324aUH 0 METOIbI>.

B kauectse npuMepa NPHBOIMM 371ech BLIBOJ ypaBHeHus Jlar-
panxa AJs U3MEHEHHS JIOJTOTHl y3Ja.

Bocnoabayemcst HHTETpajaMi TJoulajfed, 3an{MCaHHbIME B BHIE
(15.33). Paanesnm mepBoe ypasHeHue Ha Bropoe. [Toayuum

=L (18.12)

X2 —2ZX

Huddeperuupys 310 BbIpazKeHHe MO f, MOJAYUHM

sectf - Q = -g; (u)
e —2X

i (g2 —2y ) (2 —2x ) — (42 —2¢ )(X-Z._z’.‘-),

sec: Q) . i = :
(xz—2x )

Hwmes B Buay (15.33), noayunm

saa 15 .p - (y'z‘—z;}')cosg‘g — (x'z'ﬁz;c') sin §
Y71+ m) psinicost
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3aMeHUM BTOPble NPOM3BOAHBIE KOOPAHHAT C NMOMOMIBIO ypaBHeHHH
(18.1):

R @8R S B BR) :
(g_g za_y)cosﬁg? (x_a-? z_a}_ sin

Q = S S
Vit mpsini

(18.13)

Tlepeiiiem Tenepsh OT DPSAMOYTOJLHBIX KOOPAHHAT K CepuuecKHM:

Xx = r(cosucos £ — sinu sin & cosi),
Uy = r(cosusin § - sin u cos & cos i), (18.14)
= r sing s,

BBojis 3TH KOOPIHHATE B BLIpasKeHUs A &, MOTYIHM

: 1 : : e
Q= Qﬁr-smusmglsmt_
VitdFm)psini [ 9%
R S SRR, 2
il - rsinucos § sin i 4 —- rsinucosi |. (18.15)
Ho rak xak
%’% = rsinusin & sini,
—%%:-—rsinucosé?sini,
%:rsinucosi,
TO a
o — I OR 0x | OR 3y | OR 72) (1g16
e Vf(1+m)psfﬂf{d,t i\ 8y ik Pz 61‘} (18.16)
Han
9 : 5 (18.17)

T Vidtmp sni 0

Hwmes 8 Buay (15.31), snamenarteas (18.16) Moxno npeodpasoBaTh
k suay V' f(1 -+ m)p =na® T — e, rie n—cpeanee cyTounoe ABH-
wenue. Torjla ypasHenue AJs M3MEHEHHS JOJATOTH  MOXkeT OvITh
3amMMCaHo B CJIE1YIONeM BHE:

2 1 JdR
ko nrt Y1 —etsini 0

(18.18)
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§ 5. BpiBoj BO3MyLICHHS! N0JTOTBI BOCXOJAALIEre y3aa
noj BAMSHHEM CHKaTHs 3eMau

Ecau onpejeeHnio NoAJIeRNT TOJAbKO CKATHE 3emJaH, TO CAeAy-
eT PAcCMOTPETh BO3MYIIEHHE ABHIKEHIIS HCKYCCTBEHHOTO CITyTHUKA
OT BTOpOil 30HAJBLHOH rapMOHHKH. Torna B KauecTBe mepTypdaiu-
oHHON (yHKIUM HAL0 B3ATH BTOPOIl ueH (GopMy/ibl (18.5). 3anu-
1meM ero B BHIE

2 . 18.19
B Liih (73 Sindp %) (15

13

1o sHavenue mnepTypOaLHOHHOH (QyHKLHH BHECEM B (18.15).
Oanako npeasapuTesbHO R HAA0 npoauddepernnposaTs 1o i. Bul-

pasuM 1R 3TOTO sinB Hepes HAKJO- ;
penne opbutm i (pue. 123): ° = Lyt

sin@=sinusini. (18.20) % ppburce

ke

Torna
s fMJeai Fretnok e 1
= —5— | g sinfusin®i — - Judemep
A Puc. 123
Bps i M IS e ;
S =——— sin*usinicosi.
Teneps
g 1 S,FMJQIIE st ;
B e Lo sin® u sin i cos i.
dt na® YT —etsini i -

Vno6uee anddepennnpoanie BHNIOJIHATL He N0 BPEMEHH {, a no
5 d d
HCTHHHOH aHOMAaJHH v. 3aMEeHUM ‘Tft_ uepes _.dﬂ, HMes B BHAY
U

puTerpaa naomagei ua (15.13)

do _ ViMp
HEa ey
Tenepb NOJaYUHM
aQ P 3fMJ a2

sin?usinicosi

do na* Y 1—e Y Mpsin i o
nan, umes s suay (15.1) u (15.23),

af 3J:07 sin?u cosi
Ay r ’
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OTKyJa
dQ  3Jya? :
A (1 4 ecosv)cos isin® (v 4+ o).

Hac unrepecyer BekoBoe BO3MYIIEHIE AOJTOTH y3Ja, a HE ero
nepuopnueckue Koaebauns. [lostomy B mocsaeaHeM ypasBHeHHH Mbl
OTOPOCHM NEPHOANUECKHIL uIen, cofepxKautnii cos v. Toraa moayuum

a8 SJga% :
R i —F‘- COS L.

D710 ypaBHEHHE HHTErpHpyeM

3.1’203

5t —idlg= i cosi - . (18.21)

TaxoBa ocuoBHast <¢opMy.a, <BA3BIBAIOLIAS [OJTOTY Vy3Ja €O
cxarueM 3eman. OHa nokasbiBaeT TaK¥Xe, 4To JOJIroTa ysJja H3Me-
HseTCsl MPONOPUNOHAJBHO YIJY U, T. €. [PONOPUHOHAILHO HHCJIY
060pPOTOB CIYTHHKA.

§ 6. O BAMSHMH CONMPOTHBACHHS atMocdrepbl HA HOJTOTY
BOCXOASILEro Y3/1a

15 61H3KO pACHo/IOKEeHHBIX K 3eMJIe HCKYCCTBEHHDLIX CNYTHHKOB,
MOABEPKEHHLIX B GOJbIIOH CTeNEeHH BO3MYLIEHHAM OT Gurypot 3em-
JIH, OJlHOBPEMEHHO HMEIOT MECTO U GOJbIIHe BO3ZMYIIEHHT OT COMpO-
THBJAeHHs atMocdepbl. Panee Oblio cKa3aHo, 4YTO CONPOTHB/EHHE
atMocepbl He BJHSIET, OLHAKO, HAa MOJACOTY BOCXOJSIIEro y3a4d.
ITokamxem Tenepb, 4TO 3TO B caMOM JeJe TaK. YpaBHeHHe AJd A0J-
TOTHl y3Jla MOXHO IIpPEJCTaBHTb B BHIE

d -
d;{f: nag}/’%smi (Fgsin&? sini — Fycos & sin i 4+ Fgcos i),

(18.22)

rae F, F,, F;— npoekunu cHJbI CONPOTHBACHHsSE aTMochepsl HA OCH
HETOABHKHON cHeTeMBbl KoopanHat, Cuiaa compoTHBAeHHS aTMocde-
pul F, ecan npenebpeub ee BpalleHHeM, Oy/J1eT Hanpas/JeHa 10 Kaca-
TeAbHOH K opOute cnytHuka. [IpoeKuun 3Toit CHJIBI HA OCH KOOpPLHU-
HAT paBHBI

e
I
o]

. Sl

2
o |

i

~

~
@

I

=)
<ot =S
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rae V — aGeoioTHasi CKOPOCTh ABIKEHHS COYTHHKA, &, 1, §—
COCTABJAIOIIUE CKOPOCTH IO HENOABHIKHLIM OCAM KOODIHHAT.
Beenem snauenns F:, F,, F; B ypaBHenue (18.22):

a8 rsinu L s ] R el :
dat na? V1 —esin i T (Esin &sini—mcos & sini -+ { cos i),
(18.23)

npu atoMm §, n, § onperensiiotcs ypaBHEHHAMH
£ = r(cos u cos § — sin u sin § cos i),
1| = r(cos & sin § - sin « cos 2 cos i},
T = rsinusind,

TMponuddepenunporae g, n, § mo 7, Noayyum

§' ='r(cos 1 cos § — sin u sin  cos i) -+

-+ ru(— sin u cos & — cos u sin & cos i),

n = r(cos u sin § - sin « cos & cos i) +

—+ ru(— sin u sin & 4 cos u cos § cos i),

t=rsinusini+frucosusini.

TloncraBasia aTH 3navenus B (18.23), yGexxkpgaemcs, 4To mocJen-
nasg obpauiaercs B HyJb, OTKYAa CHAENYeT

g &

— =0, &= § 5 = const.
Taxum obpasom, conporusieniie armMocepsl He BAHSET HA NOJrOTy
y3aa. ‘
v 4

§ 7. Onpenenenne yHRAMEHTANBHOH CTOKCOBO
nocrosiHHoi fM

Beanunna fM asnserca dyupaMentanbHON MOCTOAHHOR H UTpaer
Coaplyi0 posb B (PU3HUECKON reojle3vH, 3ajaBasi IIKaly Treone3u-
yeckod cucreMbl. OHa JaeT BO3MOMKHOCTB OIPENeNHTh MAcCy JeMJIH
B a0COMIOTHOH CHCTeMe eIHHHUL, eCiH KaKHM-1n00 ofpasoM ompeae-
JieHa BeJHYMHA TpaBuUTauHoHHONH moctosHHON f. IloaBaenue uckye-
CTBeHHBIX CIIYTHUKOB M KOCMHYECKHX amnnapaToB OaJ0 HOBWH, HaH-
foJ1ee TOUHBIH U3 COBPEMEHHEIX METO ONpeaeIeHHs STOH KOHCTAHTHL.
On cocrout B HaGIOEHNH BO3MYUICHMI B IBHIKEHHH KOCMHYECKHX
annapaTos, Jetdmux X JlyHe. B atoM caydae annapart, ABHKYIIHH-
cfi B HoJe CH/J MPHTSKEHHS 3eMJIH, HCHBITBIBAET BO3MVILEHHST CO
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CcTOpPOHbI Tperkero tena — JIynel. Bosmymennem Comnlla M maaHeT
3/1eChb MOXHO NpeHebpeb.

B cayuae JBHXKEHHsI KOCMHYECKOro amnmnapara B I[10Je CHJI 3eM-
HOro TATOTEHHA Y Bo3Mymnaemoro JIyHo# nuddepeHnnadbHbIe YDas-
HOHHS NBHIKEHHS CNYTHUKA B FEONEHTPHUECKOW cUCTeMe KOOpRHHAT
Gy1yT UMEeTh BHJ

e = (18.24)

3pecb R — posmymawmas QyHKUHS, KOTOPYIO MOXKHO NMPEACTaBHTh
B BHIE

R = fmy (—;— — Ha i ) (18.25)
JL

rie X, Y, 2— KOODAHHATLL annapara, Xm, Yg, 2x — KOOPAHHATHI LEH-
Tpa Macc JIyuel, 7y— pajHyc-BeKtop JIyHBI, r— pajilyc-BeKTOp
annapara,

=V (x—za)l+(y —yn) +(z—za) - (18.26)

IIpoussoguele oT BosMylnalomel QyHKIHKT 10 0CAM KOOPAHHAT $SB-
JISIIOTCS MPOEKIHSAMH BO3MYLIAIONHX CHJI Ha 3TH JKe OCH:

oR (X — % Xy 3

5=t (257 - 2).)

R e Yy U Yn

it S r?n). l} (18.27)
|

IR f2nicg
Ha) = fma {_‘m e r3
J1./

Taxum 06pa30M, ABHAKEHHE KOCMHYECKOro anmapata OIHCbBIBACTCH

YpaBHEHHAME
fo ”T'] e T TS
+ M L\3 B ST

M A ou
y=—E 4 imME e e A’T;I)—f—a?, (18.28)

rd M

Mz ;Mmd,l(-gn—-azmi-_]‘) U
A3
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U — pasnocTh MeKAYy NOJHLIM NOTEHIHAJOM 3eMJIH ¥ ero rJaBs-
HBIM uneHoM fM/r. DTOT LOMONHUTEBHBI MOTEHIHAT yMEHbIIaeT S
oueHb OBICTPO 1O Mepe VAaleHHs ammapara oOT 3eMJd.
Ypasueuns (18.28) nossoasior onpegeauts Beauwuuny fM. Bxoaa-
nee B HHX OTHOWIEHHE my/M ceiluac H3BECTHO MOBOJBHO TOUHO,
Jyunice 3HaueHHEe ero 06paTHOH BeJHUHHBL

M _ 81,3015 + 0,001.
My
Bsong ero B (18.28) u nasas mpoH3BOAHBEIM OT [J yI0BAETBOPUTENB-

Hoe npubJH:KeHHE, HampuMep, C yYeTOM BTOPOH TapMOHUKU Js,
EHTerpupymwOT CHCTEMY YHCJACEHHBIM MeTOAOM H HAaXOAAT BeIHYHHGI

X, Y, 2, X, Yy, 2, T. €. TOJOKEHHE M CKOPOCTb ammapara B JaHHBIH
MoMenT H fM — HCkoMYyIo PyHIAMEHTAJBHYIO KOHCTAHTY.

B 310M MeTOAE pacCTOSAHUA B CKOPOCTH ONPeessIOTC A0NIepon-
CKHM METOLOM TYyTEM pajHO’IeKTPHUECKHX H3MepeHuil. B  3sToMm
cayyde B KAUECTBE HTANOHA CPABHEHHA HCHOOJB3YETCT CKOPOCTD
ceeta ¢. [103TOMY TOYHOCTH PE3YJbTaTa OMPEeAe/seTCH TOYHOCTHIO
3HAHUSI IIOCTOSHHOI ¢, 8 OHa H3BECTHA ¢ TOYHOCTLIO 10 10-C.

Jlyumee sHauenne fM, onpenenentoe 3tHM Meronom CMHTCOHH-
aHcKoll oGcepBaropueil nmo HaGJIOJEHHAM JYHHBIX 30HI0B «Pefid-
JuKep» NpH NPHHATOH CKOPOCTH cBeta ¢==2997925 xm/cex, paBro

FM = 398603 snd/cex?.
paCCTOHHHC a0 uqub[ H3MepAJOCh PATHOJNOKANHOHHBIM MeETOLOM.

Jpyroft cnoco6 onpeneieHus KoOHCcTauThl fM cCHOBaH HA HCHOJb-
soBanuu 3axkoHa Kemaepa (em. (1.31)) :

ntas =28 iy, (18.29)

CueBnIHO, YTO €C/IH MOKHO H3MEPHTH Mepuo obpanicuus P i 6016~
LIYI0 NOJIYOCh OPOUTHL @ CMYTHHKA, TO T€M caMbiM ompepeautcs fM.
B npuuimne stotr Merox npoct u ouesuaeH. JT0CTATOUHO BBIYMCIHTH
3/7eMeHThl opOuTHl, uTobbl noayuuth fM. OaHAKO TOUHOCTB MOTYYe-
HHf 9THX B/eMEHTOB HeIOCTaTOYHA 15 YI0BJACTBODUTEJNbHOTO pe-
IeHud,

Pazputue azepHoit TeXHHKH, MO-BHAHMOMY, MO3BOJAUT B Heda-
JIEKOM OyyuleM MOBBICHTb TOYHOCTb 3TOTO cmocofa xo TpefyeMbixX
peanyns 10-6—10-7,

28 H, Tl. Tpymunckufi



TJTABA 19

NMPHJOXEHHWE 3AJAYU ABYX HEMNOABUXHbIX HEHTPOB
K MOCTPOEHHIO HOPMAJIbHOTO
FTPABUTAILHOHHOI'O NOJiA

§ 1. TlonsaTHe 0 3ajmade ABYX HENOJABMHHbBIX UEHTPOB

[TpuMenenne HCKYCCTBEHHBIX CHYTHHKOB 3eMJH AJs pellexHHs
ACTPOHOMO-Te0/le3HUecKHX 3aiay M JJsi W3yuyeHHs TPaBHTAllOHHOrO
noas ¥ ¢urypsl 3eMJH norpeGoBajo AajbHelllero H, MOXKHO cKa-
3aTh, CHeUH()HYECKOTO Pa3BUTHA TEOPHH BHKEHHS HeOeCHBIX Tel.
Kax Mpl yKe BHIEJH, TeOpHs JABHJKEHMS HCKYCCTBEHHBIX HeOeCHBIX
TeJ HM3yuaeT BO3MYUIeHHOe ABHXKEHHe. BecbMa 4acTo NPHXOAHTCH
HMEeTb LeJO C TaK Ha3blBaeMOH oOrpaHMYeHHOH 3ajaueli Tpex Tel.

Dra samaya paccMaTpHBAeT ABHMIKEHHe Tela HyJeBOH MacChl B
ToJIe CHJI TATOTEHHS ABYX KOHEUHBIX NpHUTATHBAOUIMX Ted. B sToM
clyyae paccMaTpHBaeMoe Tesl0 caMO He BJAHfeT Ha Teja ¢ KOHed-
HBIMH MaccaMH, OJHAKO, KOHeuHo, npHTATHBaetcss nMH. Juddepen-
nHadbHBe YPaBHEHHsS TAKOTO JABMIKEHHS He HHTerpHpYIOTCS A0 KOH-
na, jgaxe B CaMOM NPOCTOM cJyuyae orpaHHueHHO KpyroBoii3aja-
YN Tpex Tex, KOrZa OJHA M3 KOHEYHBLIX MacC ABHKETCH OTHOCHTEIb-
HO npyro# mo Kpyrosoii op6urte. Ho ectb oauH 4yacTHHIH cayuai
OTPaHMYeHHON 3ajaud Tpex TesJ, Korja obllee pelleHue MOXKeT
6LiTh NOJYYEeHO B KBaApaTypax: 3ajaua ABYX HENOJBHKHEIX UEHT-
pOB. DTa 3amaua COCTOHT B ONpeIeTeHHH IBHKEHHS MaTepHalkLHOH
TOYKH HYJEeBOH Maccbl, IPUTATHBAEMON [IBYMS KOHEUHBIMH Hemnox-
BHJKHBIMH TOYeYHBLIMH MaccaMi, HO He OKasblBalollleldl Ha HUX HHKa-
Koro Bausuusi. B 370l 3amave obe KoHeuHble MAcCChl OCTAlOTCS He-
NOABHIKHBEIMH.

Takas zanaua Obl1a chopMyJHpOBaHa U pemieHa DiltepoM, oa-
HAaKO B acTPOHOMHH OHa He HaXOAMJa TMPAaKTHYECKOTO NMpHMEeHEHHd,
MOTOMY 4TO B NPHPOJAE HE CYL[ECTBOBAJO CHCTEMBI C HENOJBHIKHHI-
Mu maccamu. IlosgBaeHke HCKYCCTBEHHEIX HeGECHBIX Tesl IOCTABHJIO
HaM TMpHOJHZKEHHO MOJAeJab TAaKOH 3agaui: NpH H3VUSHHH JABMIKEHHS
KOCMHYECKOTO anmapaTa B II0Je CHJ TATOTeHHs, Hanpumep, JIyHw
H 3eMaH, MOKHO CYHTATh B ONpe]eJeHHbLIX TpaHHuax, uto JlyHa
3eMas HenoJBHKHBI OTHOCHTEJbHO KOCMHYECKOTO anmapara. 3a ue-
THIDE AHA NYTH OT 3eMJan K JIyHe, mocjeiHsid, ABHrasch MO MOYTH
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KpYroBoit op6HTe BOKpYr 3emJH, mnepeMecTHTCH 00O opGuTe He3Ha-
ypTeabHo. B nmepBoM npuGmuiKeHHW 3azada ABYX HENOABHIKHDLIX
LIEHTPOB TMO3BOJSAET MOCTPOMTH TEOPHIO JBHKEHHS  KOCMHYECKOro
Kopaoas K JIyHe.

Ocobptit nuTepec npeacraeaser 06obuienne 3aaayd ABYX HemoA-
BHIKHLIX IEHTPOB, KOTOPOE OKa3al0Ch BecbMa NOJE3HLIM B TEOpHH
JIBHM# EHUSA MCKYCCTBEHHBIX CIOYTHHKOB B TPaBHTANHOHHOM TfloJe
3eMau.

Tlyctes MartepuanpHas Touka P npeneOpeXKHMo Manod Macchl
ABHXKETCs B rpaputannondom mojse 3emad. Cama Touka P Beaen-
CTBHE MaJdOCTH ee MacChl HHKAKOTQ BAHAHHA Ha 3eM/10 He 0Ka3sbi-
eaeT. Ilyets U — cunoBasa QyHKUHA TPHTAMEHHsS Touku P 3emueil.
Huddepeniualpible ypaBueHHA IBHKEHHsT MaTepHAJbHOH TOUKH
UMEIOT CAeAYIOUIHI BHI:

au au gy b (19.1)

X = — =

FrER o Soeh e fes -
CunoBast GyHKUHEST MOmxKeT OBITL 3arlicala B BHIE

gy fn(f-if)nl’n(siﬂwﬁ

n=2

o0 n
b i o) R &
+ 2 2 T lF) Phising)cosk(h—Ry)i. (19.9)
n=2R=1
31ece M — macca 3eMuH, @, — 3KBATOPHAJIBHBIE pagnyc 3eMJH,
¢, A — reoleHTPHUECKHE MHPOTa M moJarorta, P,(sing) — noansom
Jexannpa, a Pf (sin @) — npucoepunennas dynkuus Jlexanapa.

B cayuae, ecnu Bce [, paBHBI HYJIO, 3adaya CBOAHTCA K JIBH-
KEHHI0 MaTepuasabHON TOYKH OKOJI0 TOYEYHOR Maccel, T. €. K 3aja-
ye O JBHKEHHH TOUKH [IOJ ReliCTBHEM HBIOTOHOBCKOPO NPHTSMKEHUH
HenoABMKHOI Maccoit M, Haxoasnieficsd B Hayale KOOPAHHAT.

Ecayu kosddHUHeHTH [, He BCC PABHLI HYJIIO, TO BOOGL[E ypas-
neuua (19.1) He uHTerpupyloTes B KBaipaTypax M Adf pelleHHS
3allauyl MOMKHO NMPHMEHHTb METOL M3MEHEHHS IPOU3BOJBHBIX MOCTO-
AHHLIX, KaK 3TO Jlesaercs B OOLLell TeopHH BO3MVIIEHHOTO Kerse-
POBCKOTO [BHIKEHHS,

B stom cayuae ¢pyHKIHIO

NN “fnh(?;)”pi;cosk(;v~xnh) (19.3)

CJIYET PACCMATPHUBATL KAK BO3MYLLAKLLYIO.
28*
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Onnako koaduuuentsr f, MOxKHO nopobpate TakuMm o6pasom,
y100Hl ypaBHeHHs ABHxeHu# (19.1) unrerpupoBsajuch B KBajapa-
Typax.

HMubiMu cioBaMu, 4ToObl AJs H3YUEHHS TPaBHTALMOHHOTO I10Js
i QUrypsl 3eMJH BOCMOJb30BATLCH 3ajaueil O ABYX HENOABHMKHBIX
IEHTPaX M NPOHHTETPHPOBATH YPaBHEHHST IBHMKEHHS HCKYCCTBEHHO-
IO CIYTHHKA J0 KOHLA, HaJ0 TMOCTPOATHL ONpe/eseHHBM 0OpasoM
MOJeqb 3eMJH W ee TPABHTAIHOHHOTO MOJIS.

Taxasi Teopus passuBaiack E. Il. Akcenoswim, E. A. I'peGenn-
kKoBbiM, B. I'. Hemunupim, M. 1. Kuciukom, a Tak:ke aMepHKaHCKHM
yuennim JIxK. Buntn.

B pesyabTate MOCTPOEHA aHAJUTHUECKAsi TEOPHA ABHIKEHHs HC-
KYCCTBEHHbBIX CIYTHHKOB B TPaBHTAIIMOHHOM 1i0oJe 3eMJH Ha OCHOBe
pellleHust 3a7a4YH JABYX HEMOJBHIKHBIX IEHTPOB, KOTOpas CBA3LIBAeT
HaGyogaeMble BO3MYUIEHHS 2JeMEHTOB OpOHTH ¢ apaMerpaMHIrpa-
BUTalHonHoro mnoJs 3eman. OgHaxko 18 HCIOJBL30BAHHA 3anaduu
JIBYX HENOABHKHBEIX LEHTPOB A5 H3YUEHHsi TPABHTAIIHOHHOIO MOJIA H
burypsl 3eMan AoazKHa OHTb TOCTPOEHA YIOBJETBOPAIONIAs 3TOMH
3afaue MOjeJb IpaBHTAlHOHHOTO moast 3eMuan. Takas MoIemnb HOp-
MaJIbHOrO TPABUTANHOHHOTO TOJS, A0JKHA OLITE AOCTATOYHO 6/1H3-
KOH K peaJblioMy TpaBHTAIlHOHHOMY MO0 H 00JaKaTh cnelupuKodn,
JeJaiolled ee TMOAXOASIEH AJs NPHMEHeHHA 3aZaud ABYX HEMO-
JBHYKHBIX LIEHTPOB.

PaccMoTpuM jajsiee MOAeNb HOPMaJbHOrO TPAaBHTAUHOHHOTO 110-
Jg 3eMJH B COOTBETCTBHHM ¢ mnpemjoxennem E. I1. Axcenosa,
E. A. I'pebenukoBa n B. I'. lemuna.

§ 2. NoTennman cuabl THKECTH

Tlorenuuan npurszKenuss 3eMaH OOBIYHO TPEACTABJSETCS B BH-
ae (19.2). Tlocrosmnple [, [.;, Aap, BXOIsIIIHE B BLIpaMKeHHE AJs
noTeHlHasa 3eMJH, ONPeneNsioTCs IPaBHMETPHYECKHMH METOLaMH
unu no asuxenun MC3.

Koadduuuent I, nmeer nopsinoxk 1073, ocraneHbie KoaddHLHeH-
ti [, u I, uMeroT mopsaaok 10~6 u Buimie; caegoBaTesbHO, OCHOB-
HBIM U4/JeHOM B Pa3J/OKeHHH NOTeHLlHaJaa H $§BJSeTCH ujeH, coaep-
sKamuil nonuHoM Jlexanapa sroporo nopsiaka. Kosthduunenrts: I, u
I.; MennaenHo yObIBaioT ¢ Bo3pactaHueM nomepa 7. IlostoMy, xots
pasgoxenne (19.2) aOconOTHO CXOOHTCSI BO BCEM TIPOCTPAHCTBE
r>a, rje a — paauyc-BeKTOp HauboJee Yy1aJeHHOH OT LeHTpa 3eM-
JH TOYKH 3€MHOH NMOBEPXHOCTH, HO 5Ta CXOJAMMOCTB HACTOABKO Mejl-
JeHHa B cayyae OJM3KHX CNYTHHKOB, UTO NPH TOUHHIX HCCJIEI0BAa-
HUAX B pasjoxenun (19.2) neoGxoammMo npHHHMAaThb BO BHHMaHHe
Gonblice uncao uneHoB. pyrux, Godee ymoOHHBIX nAs aHaluThue-
CKHX HCCJELOBAHHIA PAa3/OMKeHH s NOTEHIHaaa Her.
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Bee 110cTOSSHHBIE [n, Ton, Ang, KPOME HECKOJIBKHX NMEPBHIX, ONMpEE-
JS0ACS ¢ OYeHb HH3KOH TOYHOCTBIO. :
TeccepasbHbie H CeKTOpHA/bHBIE FapMOHHKH I.;, obpasymouiie
JOATOTHBIE YJIeHHl NOTEHIHana, XapakrepusyioT OTIHUHE 3eman ot
Tena, AMHAMHYECKH CHMMETPHYHOTO OTHOCHTENbHO OCH BPALLCHH.
30HaJAbHBIE TAPMOHHKH HEUETHOTO MOPsijKa M JIONTOTHLIE H/CHBL,
A7si KOTOPHIX n--k HeYeTHO, XapaKTepH3YIOT ACHMMETPHIO 3emau
OTHOCHTEJbHO MJIOCKOCTH 3KBATOpA.
Uro6sl MOCTPOMTH HOPMAJbHOE TPaBHTAMOHHOE TOJE 3emuH,
paccMoTpuM  (GYHKIHIO KOOpAMHAT
; M (1-+ioc , 1—i0
:52_{ e =2 } (19.4)

TAE
2ty dlz—clo+ i),
—tpz—clo—DP

a ¢ U ¢ — BellleCTBeHHBIE MOCTOAHHBIE.

Dra QyHKUEs HMeeT 0coOble TOUKH, 3anoJHAIole OKPYXKHOCTD
paauyca ¢. B camom pene, TnpHpapBHAeM HYJIO JleficTBUTENbHbIE H
MHHMBIE YaCTH Bpr&)KEHHI?i Jadg ry U rag H NOJYy4YHM ypaBHEHHA

(19.5)

] B

r

wty2=c?, z—co=0,
KOTOpbIE ONpPelesIsioT OKPYKHOCTD, PACTIONIOKEHHYI0 B MJIOCKOCTH
2—cg. OTCIOAa CJefyeT, B YaCTHOCTH, 4TO €CIH Pa3I0oMITh W B psan,
10 OH GYJIeT CXOAHThCSA BOOJIACTH I => cy1 + o2 Pasnoxum W Bpan,
N5 4ero pasyioxuM B Pl 1/r; u 1/rg, nOMHS, 4TO

(1 —2acosB + a?)~12 = k;ﬁ P} (cos 6).

Torapa pasg r]‘l H fg_l HaigeM

| TN et z

& s A (5 fe

1 1 = R _nh

EzTE : (G,k i Pk(-;—). (19.7)
r=0

“HO,H.CTaB.HHH (19.6) u (19.7) B dopmyay (19.4) u BBOAA Cpen-
Byl SKBATOPHANBHBI paauyc 3eMJH &, H TEOUEHTPHHECKYIo MIHpO-
Ty @, NOJIYYHM

MY o (2\R :
W:’,—EOM (—) B i) (19.8)

k=
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rne

li=g (£) 1+ i) (o + i + (1 — o) (o~ )], (19.9)

Ecnus (199) £=0,1,2, 3, 4, 5, 1o HOJIY UM

i 1;:-2(01)3(;(1 + oY),
, ’ c\4 :
Fois i g (a") (1+oy)(1—30%, (19.9)

r 2 v v B
=G0 foy L=AlZle0 + o'y,
LIE a,

Bee kosdpuuuentst I, — BemectBennble BedHYHHBL 3TO SICHO, ec-
JH 3dMETHTB, UTO0 1pu JI060M TeaoM B Beanunubnl (o -4 i)* u
(o — i)* kKomnrexcno coupsxenst. Ilostomy W ects meficTBHTE D
Hasi QYHKUUA KOOPAHHAT r M . Ha OCHOBAHMM CROIICTB NMOMHHOMOB
Jlexkannpa gopmyny (19.8) MOKHO NpeNCTABHTH B BHie

Sl {1 i3 i i (—ff)hph (sin (p)]. (19.10)
E=

Cpasuusas (19.10) ¢ (19.2), Buxum, uro dyuxuuo W moxuo
MHTEPIPETHPOBATL KaK CHIOBYIO (PYHKUHIO HEKOTOPOro Tera, ob.aa-
Aaioulero ocepoit cuMmmerpieii. IlosTomy MokKHO TmOH06paTh UMCTO-
BLI€ SHAYEHHS IOCTOSHHLIX € M ¢ Tak, uToOul W 1o BO3MOMKHOCTH
Obla G/H3KOI K NMOTEHUHANY MPUTIKEHHST 3eMIH,

Iockonbky B ypasmennu (19.10) M — macca  3eman, nepBhlil
WICH 3TOTO pas/ioXeHUs paBeH [ePBOMY wieHy pasioxkenus (19.2)
Aad notennuana U,

Brifepem nocrosiuuble ¢ u ¢ Tak, 4To6bI YAOBJACTBOPSAIHCE VC-
JIOBUS

]é:lzv ]3:'[31
OTKYAa CIeRYeT, 4To

Al o) =Tl ofe(l+o%)= Tl ~ (194D
B stom cxyqae yiKe TiepBple TPH uieHa pagnoxenns (19.10) Gynyr

COOTBETCTBEHHO DABHLI MePBHIM TPEM WieHAM pasiomends (19.2).
Paspewas ypasmenns (19.11) orHOCHTeNLHO ¢ H G, HaxoZum

I3\2)1/2 1, I, \"\—1/2 >
c:ae{—12~(2—1;2)} , otz—f:{—lz—(ﬁ)} . (19.11%)

Hast Seman f,<<0 u 1[21>(‘zif—)2r a 3HauuT, coraacuo (19.11) ¢ ng—
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BenlecTBeHHble BeanunHbl. Ecam BBegem B (19.117) uncaoBbie 3Ha-
uyeHus a., I, I3, TO MOAYYUM A € M ¢ CAeIVIOUIHE BeJHUHHBL:

¢=209,730 kM, 0= — 0,0357583,
[Ipu 3THX 3HAYEHHAX
I, =1,166-10"° ;= —0,006-10"°.

Takum o6pasoM, rapMoOHHKH 4-r0 H 5-r0 mopsigkoB Menbiie 1075
Fapmonuxu 6-ro nopsinka u Buimie Menble 107°. Beaepcreue maio-
CTH OTHOLUeHHs ¢/a. BeauuuHs! [, vObIBaloT ¢ Bo3pacraHueM k 6bl-
cTpee, ueMm /.

Pasuzocrs ¢ynkuuit U n W Oyger comepiaTb uJeHH NOpsjKa
10-6 u Brime. Takum obpazom ¢yukuusg W npu HagzeXKaueM Bbl-
6ope mapamerpoB M, ¢, ¢ IOCTATOUHO XOpOLIO AaNNPOKCHUMHpPYeT
noTeHIHa A nputsaxenus 3emuad. HopmaabpHBEIH ToTeHunHand, onpesie-
asemblil popmynamu (19.9)—(19.11), unaue Ha3LIBAIOT NPOMEKY-
TOUHBLIM TIOTEHLHAJIOM, a COOTBETCTBYIOIlee I'paBHTAIMOHHOE NOJIe —
NPOMEKYTOUHBIM TPaBHTAUHMOHHEIM noseM 3emuau. IlocrpoeHuslit
TakuM oGpasoM nortenunan W Bkiaiouaer B cebs MOJHOCTBIO 2-10 H
3-10 H 4acTHYHO 4-10 30HAJbHble TaDMOHHKH IOTEHIHala MpPHUTIKE-
ung 3emau. Pasnocte U—W  colepXKHUT ulieHbl, MOPSNOK KOTOPHIX
10-% u Buime. Ilpu 3TOM 30HaNbHBIE TAapMOHMKH, HAuYHHAA C 5-H,
a TakiKe CEKTODHAJbHBIE M TeCCepasibHble TAPMOHHUKH IPAKTHUECKH
He OTJINYaloTCs OT COOTBETCTBYIOLIHX UYJEHOB MoTeHIHana 3eMJIH.

IMotenuman W szaBucur or Tpex nocrosuHex fM, ¢, a. Hudde-
peHnHaJbHble YDABHEHHS [IBHIKEHHsI MaTeDHAJbHOH TOUKH B MOJeE C
notenuuanoM W mHTErpupyoTcs B KBagpaTtypax.

Tlocnennee cBOHCTBO SIBJASIETCS CJAEACTBHEM TOTO, UTO (YHKIHA
W wmoxker paccMaTpuBaThCs Kak CHJI0OBas (QYHKIHS 3ajaud  IBYX

M 3 M :
HENOJABHIKHBIX 1IEHTPOB C MaccaMH -—2—(1 -+ io) KT(I — {0), yranex-
HBEIMH ADYT OT Apyra Ha paccTosHue, paBHoe 2ic.

§ 3. YpapHeHHe HJeaJbHOrO reonaa

PaccMoTpuM Moedb 3eMJH, IOTeHIHan KOTOPOil BO BHELIHEM
npocTpancTse sanaercsi <¢opmysmoii (19.10) n xoropast Bpailaercs
¢ yIJI0BO# CKOPOCTBIO Bpaulenus 3eMiau . [TycTb BHelIHss NOBepX-
HOCTB 3TOIl MOJeJH COBHAA4eT € IOBEPXHOCTBIO YPOBHA 3eMJH.
Vposenubie NOBEPXHOCTH ONpeleaTCsl ypaBHEHHEM

w?

. 5 ricoste + Wi(r,¢9)=C, (19.12)

rjie nepBulil uleH ecTh NeHTPOORKHBIH NOTeHIHal.
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M3 cemeiictBa nosepxuocTei: BLiOepeM Ty, SKBATOPHAJLHLIL pa-
AHYC KOTOpOH paBeH 3KBATOPHAAbHOMY pamnycy 3eman a,. Toraa,
nonaras B (19.12) g=0 u r=a,, noayuum
0)2&2

C="'—2'—'+W(Cle, O)

uIH, HMest B BHAY (19.10),

gfd <
c=f;:{1f-—2—q+b§1kpk(0),, (19.13)
T RE
mzaz
ST

Ypaenenue (19.12) Tenepp MoKHO 3anucaTth TaK:

M sy 3 5 O fa, \k I
f—,{l i 74(35:) cos® ¢ + 2&(7) 2, (Smfp)] =

=2
i {i—”’ll e ) féPk(U)}. (19.14)
e h=2

€ClTH CYUUTATh €/@., 6 MAJLIMH [EPBOr0 NMOPANKA, § H I;'g———BToporo
nopaaka, I, I, — UETBePTOro mopsifika u T. [.

Byxem uckath pemenne ypasuerusi (19.14) B Buze pasnoske-
HHSA 1O crenenn Maawix ¢ u I Torna, nonaras

r=a. (14 g+ Iox, + Loy + lixy + I2x5 + gixq + Ingx;)
(19.15)

u nofacrasasas (19.15) B (19.14), nonyunm crexyomue ypaBHeHus .

LI5S  ONpeleNeHHsT X,
Xy = — —fi,—sin2 P,
Xy = Py (sing) — P, (0), (19.16)
X3 == Pa(sing) — P, (0)
Xg = Py (sing) — Py (0),
X5 = X3 — 3x,P, (sin ¢), ]
Xe = %2 + ¥, cos? g, $(19.17)
X7 == 2X1%, + %, c0s® ¢ — 3x,P, (sin¢). |

Buiuncaus mpu momomu (19.16) w (19.17) eauunmsunt %1, Xs, ..., %7
H nojacraBuB HX B (19.15), a 3atem aamenus [s, 3, [, ux BbIpaKEHH-
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sMu u3 (19.9°), mojsyduM YPOBEHHVIO TNOBEPXHOCTH € TOYHOCTBIO
L0 UJIeHOB YETBEPTOro MNOPSALKA, COBNALAIOUIYIO C 3JJHICOHAOM
BpalleHusd,

r=a.(1 4+ B;sin @+ Pasin® @ + P3sind ¢ + Bysintg), (19.18)

rape

o

o —_}(%)3[1 + (ui)z - 0‘3} _-f—(aie)q — 5 q(1+q),
(19.19)

T

W

3 3 ¢ \2 1 & \3
et () - vl

OGosnaunM yepes @’ u a” noAspHbIE PAANYCH CEBEPHOTO H 10K HO-
TO TIoNywapuil 1 BBeJeM BeJHUHHbBI

(19.20)

o e
8, — 5 (4, +¢)
o = .

a
e

QueBHIHO, oo — cpennee cxaThe nosepxHoctn (19.18), o' wa” —
CKaTHSl CeBEPHOTO H I0XKHOTO TOJYIIAPHH COOTBETCTBeHHO. Iloaa-
rag 3 (19.18) ¢=90° u ¢=—90° moayuuwm u3 (19.20)

I 3 2 2 5% 155 4
== —f—'q -+ —2—(%) (]. 4 0“)_‘4_‘]‘ _I“_é—(-&c_) ’

e

(19.21)
c \3 ¢ 3
oc’:a-i—Q(?)o, oc”:oa—~2(~5-) a.

e
CJI(),‘.IOBaTeJ]bHD, BCE TPH CXKATHA OTJHYAIOTCA YjJeHaMH YEeTBepTOoro
nopsaka manoctu. Ecau B (19.18) oTOpocuTh ujeHbl 4eTBepTOro
DOpAiKd, TO €€ MOMKHO MPHBECTH K BHIY

X2 g2 2'2
" o T € (19.22)

a
e
CJ]E‘,‘Z{OS?ITCJ]I;:H'O, C TOYHOCTBIO 10 BTOPOTO HOpPANKa YpOBEHHas IIO-

BEPXHOCTL COBIaJaetT CoO CKATBIM 3JJIHNCOH/0M BpalleHnus.
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IloacraBum temepb B (19.18) uncioBble 3HAYCHHS Q. g, C€/ds O.
3Hauenus ¢ u ¢ noayunm u3 (19.11) npu sunaveunsx lo, I3, npu-
HATHIX 1o Kosau. Torna

£=0,7292123.10-* cex-!,
fM=3,986032-10° xm3.cex-2,
a,=6378165 kM,
c/a,=0,0328825, g=0,00346142,
¢==209,730 xku, 0=—0,0357583,

1103TOMY
r=62378 165—21 464 sin® 9+ 74 sin* ¢—24 sin ¢+41sin®¢. (19.23)

Takum oOpasom, 3KBaTopHa/JbHBIL paauyc g, NPEBOCXOIHUT CeBep-
HBIA nosiApHBIN @’ u 0XKublT ” Ha 21 737 u 21 406 &, cCOOTBETCTBEH-
HO, a a’—a”"=33 M.

Hnsa cxkatug HMeeM

a==1:20819, a'=1) 20842, a"=1: 297,96,
Ecan B norenuuane U orpaHHYHTLCA yJeHaMM 10 YETBEPTO#H rapmo-

HUKH BKJIOYHTeNbHO, TO ¢urypa 3eMan OyaeT ONMCHIBATHCA ypas-
HeHHEM

r = 6378 165 — 21 475 sin? ¢+ 88 sin* ¢ — 24 sin ¢p-441 sin? g.
(19.24)

B nocnegnee BpeMsi B KauecTBe 3JJHICOHAA OTHOCHMOCTH IJIst
3eMJM NPHHHMAETCH  JIHMCOMA ¢ OGOJBIIOH IOJYOChI Qp=
=6378 160 # u a=1:298,25 (cm. cTp. 4569), T. e.

r=6378 165—21 493 sin? 4108 sin‘ g. (19.25)

ITH 3JIHICOHILI pacxoisaTcd MaKCHMYM Ha 3 M.

§ 4. HopmaabHoe 3HaYeHHE CHJIbl THKECTH

Cuny TaxecTH Ha ypoBeHHOH noeepxHoctH W=const wmox-
HO MOJIYUHTh KAK NPOH3BOAHYIO NOTEHLHAJA 1O KOOpAHHATAM:

- BT 2. om

rae

W = ﬁ; ricostqp -+ W.
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Bropoe caaraeMmoe mmeer 4-ii mopsanok mazoctd. Ilostomy ¢ Tou-
HOCTBIO 10 4-70 mopaika

= | {1 L (aaif) @i—‘f)_z} (19.27)
Ho
% % = Ig {B:JE2 (%)- —q («-;—e)?} sin ¢ cos g,
:‘:"'ﬂa{ 3L ( P, (sin¢) —
(-5’-) cos? ¢ - 41, ( ) P, (sin 09)+514( ) Py (sin @) }
TTosTomy I

JW[I—*‘?’( )C052(p4‘31( )P(Sm‘P)“J‘

A ) Py(sin )+ 574 (52) P (sin ) +

o [312(79) 2 q(a—e)'] (sin?  — sind (p)}.

[MoacraBnas cioga BMecto 5 ero Bhlpamenne u3 (19.18) u nois-
aysce (19.17) u (19.19), oxoHuaTeabHO HalIeM

g=go (4o sin ptog sin? 4o sin® g+aq sint ), ( 19.28)

rie
goz%(l—q-i-‘—g-x?—}*—g—m + 185 ?4),
e
oy = 6n’a,
o, = 29 — %x‘z(l + 0%) -+ 44> + -g—%‘3q, (19.29)
oy = — 10%%a,
g

Hs gopmyant (19.28) npu npuHsTHIX B NpensayiieM naparpadge
YUCJHOBHIX 3Havenusx M, a, g, % = f—. ¢ Hall1em
e

g'=978 029-+5,241 sin? ¢g—0,056 sin® ¢—0,007 sin ¢+0,012 sin® ¢
P P
(19.30)
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CpaBHEM mOJyYeHHYIO (HOPMyJay ¢ HOPMAaJbHBIM pachpeieseHH-

eM 1o Gopmyae I'erbmepra
g=978030+5,229 sin? ¢ — 0,043 sin* ¢. (19.31)

HauGonbiee pacxokJeHne noJayyaercs B CeBEPHOM MOJayLIaDHH

B 2,6 mea, a B 10xHOM — 9 mea. Takum obpasom, dopmyaa (19.28)
Xopomo coraacyercsi ¢ (OpMyJaoil HOPMaJbHOTO 3HAYEHHT CHIH

TAXKECTH.

§ 5. IlpuHuun noctpoenus audepeHUHaNbHBIX YPaBHEHUH
JABMIKEHMS CNYTHHKA

HPE.H.HOJIO}KHM, UTO COYTHHK ABHUIKETCA TOJBKO IIOM IEeHCTBHEM

nputs:enusg 3eman. Torna nuddepenunanbuble VpaBHEHHS ABHIKE-

HHSI CIYyTHHKa OYAYT

dx sl e Eal0 dz _ oU (19 32)-

PRSI S TR ST el T Y T

Te ke AudpepennHaibHble YPABHEHUs ABHIKEHHS CIYTHHKA MOXKHO |

3alUCaTh TaKXKe, NMOMB3YACH NPOMEKYTOUHHIM MOTeHIHATOM W:
dx aw _ 9Rgp
T U

diy oW 08y (19.33)

g " oy . oy’
d?z oW ORp

g v oz pr”
rae R — Bosmylialoass QyHKIHA, 3aBHCALLAs OT TPaBHUTAIHOHHO-
ro noas 3emMau. I1a QYHKIHSA HMeeT B

Ry = g ng&ln (-ar-e)n P, (sing) +

2 2 E Inp, (HTJn Py (sin @) cos (A — Anz),  (19.34)

npHyeM T onpenensiercss gopmyaoi (19.9).
Ecoun B (19.33) momomuts Rry=0, TO OOAYYHM C/aefyioiiHe
YPABHEHHS] IBHIKEHHI:
dig VAWl oWy @ 0w (19.35)

S M AT A

310 ypaBHeHHS NPOMEXKYTOUHOrO IBHIKEHHs, MOCKOJbKY OHH HMe-
I0T MPOMEXKYTOUHBIH XapakTep MeX1y BO3MYUIEHHBIM H HEBO3MY-
IEHHBIM JBHKEHUEM.
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3TH ypaBHeHHs, B KoTopble BxomuT norentnan W, onpenessie-
MBIH TPHTSKEHHEM [OBYX HENOABUMKHBIX IEHTPOB, MOJYYEHBl C yue-
TOM 2-H M 3-i1 30HAJbHLIX TA4DMOHHK, T. €. TJIaBHBLIX BO3MYIIAIOUIUX
yjneHoB mnoTteriuasa 3eman. ITostomy ypasuenus (19.35) npen-
CTABJSIIOT [BHUKEHHS HCKYCCTBEHHBIX CHYTHHKOB 3eMJH Jyuylie,
ueM YpaBHEHHS HeBO3MYIIEHHOTO KellJepOBCKOIO JBHIKeHHs, a Co-
OTBETCTBYIOIAsT UM TNpoMexyrounass opOuTa OaHKe K HCTHHHOM
opOure, ueM KemjaepoBCcKH#t ajaunc. Kpome Toro, 31# ypaBHEHHA,
Oyayun COCTaBJIEHHBIMH JAJA ROTEHUHAIa TATOTEHHA JBYX Hemol-
BHIKHBIX UEHTPOB, MHTErpHPYIOTCS M0 KOHIA.

BBejenuslil mpoMekyTouHki noteHuuan W orauuaercst OoT mo-
TeHHHaga peadbHOH 3eMJaH ugeHaM#u 2-T0 NOPALKA OTHOCHTCABHO
cxaTHs H HMeeT [OCTATOYHO npocToil BHA. Purypa HuealH3HpPO-
BaHHOH 3eMJH, COOTBETCTBYlomlas 3TOMY MOTeHLUHaay, O6aH3Ka K
¢urype peanpHOH 3eMJH, a pacnpe/eseHHe CHJBI TSXKeCTH Ha Hell
OuYeHb MaJI0 OTJIHUAETCS OT PE3y/abTaTOB, MOJYYeHHBIX HA OCHOBE
Pa3JHUYHBIX HOPMAJBHBIX (OPMYIIL.

[IpoMezKyTOUHKLIA MOTEHIHAJ 3aBHCHUT OT MOCTOSHHLIX, KOTOpBIE
C BBICOKOH TOUHOCTBIO onpeaensoTtcs no nabmozennsim HMC3. [lo-
3TOMY 3TOT NOTEHHHAJI yaoben AAS HCC/AETOBAHMA TPABHTALHOHHO-
ro nojst u Qurypsl 3emJH c npuMeHeHHEM HCKYCCTBEHHBIX CIYT-
HHKOB.

IMotenuuan W comep:uT TpH HEH3BECTHBIE NepeMenunbie: ¢, [M
n 0. B ofmem cayuae cujaoBas QYHKIHS 3afayu IBYX HEMOLBHH-
HBIX IEHTPOB 3aBHCHT oT OGoJbliero 4YHeaa mnocrosiHHbIX. OaHaxo,
ec/ii HMeTh B BHAY ee NMpHMeHeHHE K 3emie, 9Ta (QYHKIHA TOIHK-
Ha ObITh JeHCTBHTENbHOH ¥ Ko3(hGhUIMEHT NPH NepBOH TapMOHHKE
JOJIKeH paBHATbcs HyJdo. B cumay storo dgopmyna (19.4) sasaser-
cg caMoll ofulefl 3 BceX (opMyJa AJS  CHIOBOH (YHKIHH JABYX
HEelOABHIKHBIX LEHTPOB, KOTOpBIE MOTLYT OBITh HCMOJL30BAHKL A5
annpoKCHMAalHH MOTeHIHAa a 3eMJTH.

Ionomum g==0; rorza W npumer BuJ

W lhleaein) =i : 1. (19.36)
2 \VeET ot e—iop  VET@ELG@tior)

Ecmu pasnoxute (19.36) B psim mo momuunoMam Jlemangpa, To

psax Oyaer coaeprKaTb TOAbKO TapMOHHKH YeTHoro nopsigka. [lpu

3TOM €ro HepBbie [IBAa uieHa GyAYT PaBHBI MEPBHIM ABYM ujienaMm

PasaoKeHUs NOTeHIHANa 3eMJIH, eClH

c=a,V—1. (19.37)
ITosToMy MOXKHO pasnuuuTh ABa BapHAHTA 3aJaul: CHMMeTpHY-
Hellt (0=0) u HecumMerpuudsiii (05=0). B obGoux Bapuanrax

CTPOro YYHTBIBAeTCS BTOpas rapMoHHKa. HecHMmeTpuumblil ciayuail
YyUUTHIBAeT TaKxe acCHMMETPUI0 3eM/IH OTHOCHUTE/IbHO IOCKOCTH
SKBaTOpa.
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COBPEMEHHOE COCTOJAHHUE H3YYEHHOCTH
FPABUTAULHWOHHOI'O MOJsg U oUTYPbBl 3EMJIH

§ 1. MupoBasi rpaBuMeIpHUECKas CHCTEMA

H3yuenne rpaBUTAllHOHHOTO NOJAA 3eMJIH CHOCOOCTEYET B NEPBYID
ouepellb pelleHHIo TpexX BasKHeHHIHNX npobJeM, JBe M3 KOTOPBIX YiKe
A4BHO HHTEPECYIOT ue/oBeuecTBo. IJTO, BO-MEPBLIX, YTOUHEHHE Ha-
IIHX 3HAHHH ¥ npeactaBaenni o ¢urype 3emau. Bo-propuix, 3710
noJyyeHHe HeKOTOPOH HH(pOpPMaLU{d 0 BHYTPEHHEM CTPOeHHH 3eMJH,
ee (U3NKO-XHMHUECKOM COCTOSHHH H CTPOEHMH 3eMHOH KODbI, H,
E-TPeTBbHX, pa3dBelka HoJse3nblx uckonaemplx. Hac unrtepecyer celfi-
yac nepBas U3 ITHX HPoBJIEM, 8 HMEHHO, UCIIOJb30BAHNE IPpaBHMeTr-
pPHUECKHX CBEeMOK Aaf H3yueHHa ¢urypol 3emad. [Jas Toro ytodbl
MOKHO OBIJIO H3YUuTb QUrypy 3em/un Gojee HIH MeHee 1eTa/lbHO C
[IOMOLILI0 TPaBUMETPHYECKHX H3MepeHHH, oueHb BayKHO, YTOOHL BCs
3eMJst B LeJIOM OBIIA MOKPHLITA TPAaBHMETPHUCCKHMH CHEMKAMY U
A5l KaKI0H TOUKH ee NMOBEPXHOCTH MOXKHO OBLIO MOJYUHTB € A0CTa-
TOYHOA TOYHOCTHIO aHOMAJHIO CHJbL TsiKecTH. Jleso B TOM, 4TO hop-
Ma NOBEePXHOCTH, NpejcraBadioniell 3eMa10 B J1aHHOH TOuKe, ompe-
jensercs He TOMBKO TPaBHTAIMOHHBIM noJeM B OJnKanuel oxpe-
CTHOCTH K TOYKE, HO M TPABHTAIMOHHEIM TOJEeM BCell 3eMJH, BKJIIO-
yasi caMble oTJaleHHsle ce yactH. Ilostomy Bonpoc o dopme 3emin
MOKHO PEIHTb TOJbKO NPH VCJIOBHH TPABHTALHOHHON H3YUEHHOCTH
3eMaH B LeJOM.

['paBuMeTpHUECKHE H3MEPEeHHs, KaK INpaBuio, OTHOCHTENbHEI, T. €.
B JlaHHON TOYKE H3Mepsercs He caMo 3HauyeHHe HaNpsSxKeHHOCTH
IPaBUTALHOHHOTO TOJS, a4 IPHPAIIEHHE €ro MO OTHOLIECHHIO K HCXO-
HOII TOYKE, B KOTOpOil HampsizKenue moas ussectHo. [Tosromy vike
Ha paHHUX CTaAMAX PasBHTHS TPaBHMETPHUECKOTO MeTOJa BO3HHK
Bonpoc 06 yHHQHUKANUKM TPAaBUMETPHUCCKHX H3MepeHHH H IpuBeje-
HHH BCEX HX B oAHY cucreMy. B mepuox 1898—1904 rr. KioHenom
u @yprBeHraepoM ObI0 npoBefeHo B IloTcaaMcKOM reoaesHueckoM
HHCTHTYTe OnpejeneHHe alGCONIOTHOTO 3HAUYEHHS YCKODEHHST CHJIHI
TH2KECTH, MOJIOKEHHOE B OCHOBY MHPOBOil IrpaBHMETpPHUeCKOH cucre-
Mel. C 5TOro BpeMeHH OLIJIO PelleHo, YTO BCe TPaBHMETPHYCCKHE H3-
MEpeHHs JOJKHBI JleJdThesl OTHOCHTENLHO 3TOro afcoJIOTHOrO
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nyikTa. Bo Bcex crpanax, 3aHUMAamUMXCH TPABUMETPHEN, OBLIH
onpeieJieHbl OCHOBHbBIE OMOpPHBIE MYHKTLI, HENOCPEACTBEHHO CBA3AH-
ubie ¢ TTorcaamom. Bee :Ke ¢heMKH BHYTPH CTPaHBI JOJMKHBL GbUIH
BBINOTHATECA OTHOCHTEBHO STHX OCHOBHBIX myHKTOB. ITo mepe pac-
IIHPEeHysl TPaBUMETPHUECKHX padoT HAYAJIH CO34aBATHCA B Pasiny-
HBIX CTpaHax nayHoua/bHble OMOPHBIE CETH, COCTOALHE H3 pAAd 10-
CTATOYHO TOYHO ONpPeNeNeHIbIX TpABUMETPHUYCCKHX NYHKTOB, KaikK-
Ablil H3 KOTOPBIX MOr Gbl C/AY:KHTb HCXOAHBIM JJISL MECTHBIX, §ouiee
HJIH MeHee AeTajbHbIX MPaBHMETPHYECKHX CheMOK.

A6conioTuble onpeseseHHs BLIIOJAHEHB! TeNepb Yie BO MHOTHX
mecrax. Takue ompeieneHus cuemansl B Bammnrrone, Tempaunrro-
ne, apuxe, Jlenunrpage, Cuanee, Bysnoc-Afipece, Ban-Tapubyp-
re, MoraurecOypre u B psge apyrux Mecr. ConocrasieHue HX C
[TorcpamoM noxasano, yTO 3Hauenye g B MHPOBOM HCXOJHOM IIYHK-
TC 3aBLIIEHO Ha 14 mea. Bee 310 cHsiio HCKIOuHTeAbHOCTh [loTcaama
K4AK MHPOBOTO HMCXOIHOrO TMYHKTA, a IOTCAAMCKYIO rpaBuMeTpuue-
CKYIO CHCTEMY CAeJa/Jo CKopee CHMBOJOM YHHOHKALMH TpdBHMET-
PHUYECKHX ONpeneJeHHH, ueM peajblbiM NYHKTOM OTHOCHMOCTH.
B ynomsinyTeix mMecTax aGcoqioTHOe 3HAUEHHE YCKOPEHHs CHJbL TH-
JKECTH OmpefeieHo ¢ HecpaBHeHHO OOJblIed TOYHOCTBIO, 4eM B
ITotrcaame, Bce 3HayeHHsl yBS3aHbI MEXKAY co0OH M llePEHCCEHBI B
[Torcaam. Takum oGpasom, yTouHeHHOE 3HAUCHHE YCKOPEHUS CHJIbI
trmectt B Ilorcaame (c nonpaskoit B 14 sea) siBaASieTcss HCXOAHBIM
3HayeHueM A9 HOBOW CHCTEMBI, KOTOPYIO TOJBKO YCIOBHO MOZKHO
LKa3BaTh MOTCAAMCKOH H B KOTOPOH abCOMIOTHOE 3HAYeHHe YCKOpe-
HHSI CHJABI TSMKECTH JaHO HecpaBHeHHO TouHee. MOXKHO CUHTATB, 4TO
HOBOE 3HAYEHHNE YCKOPEHHS CHJB TSKECTH B MHPOBOM HCXOIHOM
rpaBHMETPHYECKOM NYHKTe COBNALAeT C HCTHHHLIM, BO BCSKOM CJy-
uae B Npejesax MHJIHTAA,

B raGaune 19 npuseaedbl ocHOBHLIE aGCONIOTHLIE OIpeLe/eHHs
MOCAEIHHMX JET, AaBIlIHe HANCKHYIO BEAHUYMHY TONPaBKH MOTCTAAM:
CKOIl CHCTeMBbI.

Ona npusefeHHsT HAUHOHAJBHLIX ONOPHBIX T'PABHMETPHUYECKHX
CeTeH HCIOMB3YETCs MHpOBas omnopHas ceth. Hauamo cozmanust mu-
poBoOil onmopHoi rpasuMerpuyeckoil cetn Opiio nogowxeno I'. Bys-
JapAoM, KoTopeiil B nepuon 1950—1960 rr. onpenenun Ha pasnbix
KOHTHHCHTAX PH/ OMOPHBIX NYHKTOB C MOMOIIBI0O MAATHHKOBOIO IipH-
Gopa T'and u rpasuMerpos Yopaeu. B 1953 r. Bompoc o coazpanun
TAaKOil CeTH M ee MOCAEAYIOIHX YCOBEPIIEHCTBOBAHHAX paccMaTp-
BaJcst na accaMmbiee Men(lyHAPOLHOTO TEOLE3HYECKOro C0103a, a B
1956 r. V. VoTtuao# 6pl10 MpOH3BELEHO YPaBHHBAHHE H GbL1 Omy6-
JAUKOBAH Kartajor, cofepxauiuii oxogo 100 omopHbIX NYHKTOB.
B 1967 r. Oosee nmoapoGHBIfi KaTanor coctasiedn Mopeanu. B nepu-
on 1963—1967 rr. aMepHKAHCKUMH TpaBHMETPUCTAMH ONPeIefeHo
60./1b1II0e KOJTHYECTBO HOBBIX H IIOBTOPEHBI CTapble OMOPHBIE MNyHK-
Thl. DTa cHcTema ypasHena. Bce onpenenennst otnecennl K Cespy,
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Tataunma 19

P Ag g Tlonpaska
g nsest | Coufomon, (Rt Goorpon | mmte
Hed M2 M mea
1. Texnunrron, 981 181,814 +78,23-+ 981 260,04+ —13,96+
Kyx, 1967 r. +0.13 +0.05 +0,14 +0.14
2. Teanunrron, 981 181,865+ 478,234 981 260,095 —13.90+
®annep, 1969 r. =+0,06 -+0.05 +0,08 40,08
3. Cesp A., Daa- 980 925,965+ +-334,154 981 200,095 -—13,90-
aep, 1969 r. +0C,05 +0.05 +0,10 +0.10
4. Ilorcpam, Hly- 981 260,14+ 0 981 260,14 —13.9+
aep, 1969 r. +0,3 +0,3 +0.5
5. Bepann, Hur- 981 266,31 4 —5,96+ 981 260,35+ — 13,654
pux, 1970 r. +0.5 —+0,01 +0,5 =+0.5
6. Cesp A, Caxy- 980 925,9314- | -}334,13+ | 981 260,061+ —13,94+
ma, 1970 r. +0,03 - =+0.,09 0,09 =+0.,09
Cpeanee BecoBOe 3HaYeHHE TONPABKH —13,92+ 0,05

nyHKTy, B KoTopoMm Cakymo# onpenejseno a0COJIOTHO® 3Haue-
HHE CHAbl TsKecTH. Maciitad ceTv 3ajaH u3MepeHHAMH ¢ npubo-
pom Dannepa a5t aGCOMIOTHBIX ONpeesieHnil cusbl TsiKectd. Tou-
HOCTh YPaBHEHHbLIX 3Hayenuii cocrapaser —+0,1---40,2 mea. Cxema
MHPOBOH OIOPHOH rpaBHMETPHUYECKOM CeTH no cocTosiHHio Ha 1966 r.
LaHa Ha puc. 124.

Heine cyurecTBylomasi MUpPOBasi ONOpHAsi rpaBUMeTpHYecKas
CeThb CO3JlaHa ¢ NMOMOILBIO IPaBUMETPOB — NPUOOPOB, MO3BOJSIONIHX
AeJaTh TOIbKO OTHOCHTE/bHEIC H3MEpeHHs W TpeOyHIIuX KaaubpoB-
KH Ha IYHKTaX ¢ H3BeCTHBIMH 3HAYECHUSMH CHJbI TAxecTH. B cuny
3TOr0 TOUHOCTb ONpEAENeHHS YCKOPEHHSI CHJbl THIKCECTH HA OMOP-
HBLIX IYHKTaX 3aBHCHT OT TOTO, KAK U C KAKOH TOYHOCTBIO OLLIU NpO-
KaJuOpoBaHbl IPaBUMETPLI, IpPHUYEM OTKJIOHEHHE H3MepeHHbIX 3Ha-
YEHHH CHJIBL THIKECTH OT HCTHHHBIX, TOJYYEHHBIX ¢ TAKHMH IpaBu-
METPAMH, 3aBUCHT OT BeJHUYHHBL! PA3HOCTH H3MEpSeMOH CHJbl THiKe-
ctu. MHBIMH cia0BaMH, OT KaJHOPOBKH NPHOOPOB 3aBHCHT IIKaJa,
B ‘KOTOpOi BeayTcs uaMepenus. ITosToMmy, XoTa BCe OMOPHEIE MYHK-
THl M CUHTAIOTCS OTHeceHHBIMH K [lorciamy, HO BbIpaXKeHLI OHil MO-
ryr OBLITh B Pa3HBIX CHCTEMaX LIKaJ, B 3aBHCHMOCTH OT TOT0, KaK [OJY-
ucH Macuitab aTux mkaga. B 3ToMm cmbicse uHOI pa3 roBopaTt 06 eBpo-
nefickoM nau o6 aMepHKaHCKoM Mmuadaurade u 1. n. [lparxa, raxue
OTKJIOHEHHS MaJibl 10 CPaBHEHUIO, HANpUMep, ¢ oWHOKOH abcoTioT-
Hux onpenenenuit B ITorcname. Ho Bce ke npu 60JbIIMX PasHOCTAX
OHM MOTYT JOCTHraTh HECKOJBKHX MUJAAUranor, [IpumepHo ¢ TakoH
TOYHOCTBIO H NMOCTPOEHA COBPEeMeHHAasi CeThb ONOPHBIX IYHKTOB, CBS-
3LIBAIOILAS HbIHE BCE KOHTHHEHTbl W psii OOJBIIHX OCTPOBOB, GOJb-
INHHCTBO CTOJIHUL, KPYHHBIX TOCYAAPCTB M BayKHBIX IHOPTOB.

q
|



§ 1] MHPOBASl FPABUMETPHYECKASI CHCTEMA 449

Ha 0Gase 3THX MHPOBHIX ONOPHBIX NYHKTOB GOJBLUIMHCTBO CTpaH
pasBHJIM BHYTpPeHHHe HallHOHAJBHBIE ONOPHBLIE CETH, CjayXKallHe Oc-
HOBOH JJ1F BLINOJHEHHS OyAYIIHX JeTa/bHbIX FPaBHMETPHYECKHX OIl-
peneneHuil.

B BHAY OCHOBHBLIX 3ajay, pellaeMbIX rpaBHMETpHeH, rpaBHMETPH-
ueckue paGoThl MOMKHO MOAPA3IEIHTh HAa TPH OCHOBHBIE KaTEropHH:

1. Teopeanueckue CHeMKH, KOTOPbIE B CHJIY NpPEAbABJIAEMBX K
HHM TpeGOBaHHI C caMOTO HavyaJa OCYLIeCTBJSJIUCh B OJHOH CHCTe-
Me, Mo KpafiHedl Mepe B Mepy TeXHHUECKHX Bo3MoxkHocTed. Ilpn
STHX CbE€MKax BCerga CTPeMHJHCh K paBHOMEpPHOMY OXBaTy O60Jb-
WX TEPPHTOPHH IIPH CPAaBHUTENbHO PeLKOM PasMelleHHH NMYHKTOB.
B nnease rakue ChbeMKH JOJMKHEI HOKPHIBATE BCIO 3eMJIIO.

2. I'paBuMeTpHYecKHe CBEMKH, BBIIOJIHSIEMBIE C 1€1bI0 IOHCKOB
1 pasBeiKH TNOJe3HBIX HCKomaeMblX. PasHooOpasne 3THX CBHEMOK
BEJAHKO: 3/1eCh H OYeHb JeTdaJbHble CHeMKH MAaJbIX YYAaCTKOB JJIs
pasBeJKH H H3YUYCHHS 3an]eked M CTPYKTYP, H CPaBHHTEJNBHO pas-
peX{EHHBIC perHOHaJbHblE CHLEMKH, CJY¥Kalllie B OCHOBHOM IJIM
TEKTOHHUECKOTO PaiOHUPOBAHHS, 3[eCh H MECTHbIe ONOPHBIE CETH.
ITo cymectBy reo/ioro-pasBefouHbEIe 3aja4yd He TPeOYIOT OT TPaBH-
METPUUECKHX CBEMOK OBbITh cTporo yuuduuuposanusiMu. He ouenn
BajkHa TaksKe H LIKaJa, B KOTOPOH OHH BhIMoJiHeHEl. [losTomy Ha nep-
BHIX [IOPaX TaKHe CLeMKH Besch (e3 Xopollell VBSI3KH ¢ o01lell CHCTe-
Moit. OZHAaKO BamHOCTbL MOCTPOEHHUST OOUIHX TPaBHMETPHUYECKHX KapT
Ha OOJbIIHE TEPPHTOPHH M LEJHKOM CTPAHBI H KOHTHHEHTH, ¢ MO-
MOIIbI0 KOTOPHIX MOKHO ObL10 Obl HHTEPIPETHPOBATb pPEerHoHaJb-
HYVIO TPABHMETPHYECKYI0 KapTHHY B IIeJIOM, NMpHBeNa K YHHHKaUUH
3THX ChEMOK, IOCJe Yero OHH Hava/Jd CAYKHTH JIBOHHOH IleJH: reo-
J0T0-Pa3BelouHON 1 reoae3ndecKol.

3. CnennanbHble rpaBUMeTpHUYECKHE H3MEpEeHHs, BLINOJHSIEMBIC
AJIST M3YYeHHs PH3MKH 3eMJH HIH HEKOTOPBIX APYTHX 3ajad. ITO H3y-
YeHHEe JIYHHO-COJIHEYHBIX BapHallHil CHJBI TAXKecTH, abCOJNIOTHEIE OIl-
pefeeHHs CHIBL TAMXKECTH IJs1 YTOYHEHHS IPABHMETPHUECKOHN CHCTe-
MBI, CO3/laHHE BEKOBLIX DelepoB M CHelHalbHBIX ceTeil AJs H3yde-
HHSI BCKOBBIX H3MCHEHHIT CHJIBI TAMKECTH, COo3laHHe KaJlHOpPOBOUHBLIX
IIOJIMTOHOB U T. II.

Bo BeaxoM cayuae Bce BHABI I'DaBHMETPHYECKHX paboT NPHBO-
ISIT K HAKONJIEHHIO JaHHBIX M IOCTENEeHHOMY MOKPBHITHIO CheMKOMH
BCeil MOBEPXHOCTH 3eMJH, 4 3TO B CBOIO ouepenb NpHOAHXKAET Hac
K BO3MOMKHOCTH BbLICOKOTOYHOIO OINpeNeJeHHs BCeX XapaKTepPHCTHK
rpaBUTANlMOHHOTO moJis H Gurype 3emau. Hago noaararts, uto B
GanzKaiimeMm OyAylieM pajanKanbHo OYIeT pelleH BOnpoc YHUDHKATIHY
rpaBHMETPHUYCCKHX ONpeAeNeHHNl H YTBEpXKAEHHE €IHHOH CHCTEMBbI.

OueBHIHO, UTO I'paBHMETPHl MO CBOEH HIee sBISIOTCH mpubopa-
MH, HEe TPHCHOCOOJIEHHBLIMH [AJIs CO3/JaHHs ONOPHBIX I'pPaBHMETpHYe-
CKHX CeTeH, U TOJNbKO JAOCTHMKEHHE BBICOKOrO COBEepIIeHCTBA B pas-
BHTUU HX, BLICOKHE TOYHOCTH, IOJydyaeMble C HHMH, ¢ OJHOBPEMEHHBIM
99 H. I1. Tpywunckui
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OTCTaBaluWeM B pPAasBUTHH JOPYIHX METONOB, IPHBEIH K HX HC-
10/b30Bauui0 B 3TOM BHAE palor. CoBpeMeHHOE Pa3BHTHE 3JEKT-
POHHKH H H3MCpHTeJ1bHOI:'{ TCXHHKH cCAe/JaJH BO3MOMKHBIM BBICOKO-
TOYHOE H3MEpeHHe CHJ/bl TAXKECTH MeTOJOM CBOOOJHOTrO NaieHHS.
DTOT MeTon maer abGCoOJIOTHOE 3HaUYeHHEe g B TOUKe uamepenus. [pu
€ro NpuMeHeHUH He TpeOyercs HMKAaKOH KajuOpPOBKH, H rae Obl HH
ompene/siioch g, oHO Bcerga Oyaer B OAHOH cHCTeMe HCTHHHOTO
3HaueHusl YCKOPeHHUsI CHJbI TAMKECTH, TO‘-IHQG, B 3TOM cJay4dae Tepd-
€TCS CMBICJI TOBOPHUTBH O cHcTeMe. B nociaennee BpeMst co3nano He-
CKOJIBKO CTAUHOHAPHBIX YCTAHOBOK M MNEPEHOCHBIX HpHﬁOpOB I8
BBICOKOTOUHBIX H3MepPeHH#l CHJILl TAKECTH CBOOOAHLIM MageHHeM.
TouHOCTH TAKHX HpHGOpOB Jdaze Ha IEPBLIX IOpax JNOCTHraeT He-
CKOJLKHX COTBHIX MHUJAHTaMa AJs IepeHOCHBIX YCTAaHOBOK H HECKOJIb-
KHX TBICAYHBIX INJIS CTALHOHAPDHLIX.

§ 2. I'papuMeTpuyecKas H3YyUYCHHOCTb MHpa

Kax yxe roBopuioch, A8 HafeyKHOIO MOJYUEHHS MapaMeTpoB
thurypol 3eMan rpaBHMETpPHUECKHM NyTeM TpefyeTcs paBHOMEpHOE
MOKpuITHE 3€MAN rPABHMETPHYCCKHMH MyHKTaMu. Bompoc, Kak dac-
TO 3TH NYHKTHl JOJKHB OLITH pa3MellleHbl, 3aBHCHT OT TOTO, C Ka-
KOH TOUHOCTBIO HYMKHO IMOJYUHTh XaPaKTEPHCTHKH (UIVPHL 3eMiu.
C coBpCMeHHOH TOYKH 3pEHMS MOMKHO CUMTATL, 4YTO 3ajaua peuia-
Jack 6L YJIOBJICTBOPHTENBHO, ecaH Obl OLIIO H3BECTHO 2HAYEHHE
CHJIEL TSIZKECTH B KazKIOH TIollajfiKe CO CTOPOHAMH IO OAHOMY rpa-
AyCy JyTH, T. € B KamJ0H oxHorpajgycHoil miomanke. Jaxe ecau
OBl KaxJas MJIomanka co CTopoHOH 57 uMesia rpaBHTALHOHHYIO Xa-
PaKTEPUCTHKY, MOMKHO OBLIO OBl MOJYUHThL HaAEKHBIE Pe3yJbTAaTEHL
O6biyno npu H3yuennu Qurypel 3emjd I'PABHTAUHOHHOE Ioje npei-
CTaBRJSIOT B BH/JE CPEAHHX 3HAYEHHH AHOMAJHUH B rPaHUIAX OIHO-,
NATH- UJU fecATHrpaAycHeix Tpamnenud. Oxnako npu o6GpasoBanui
TaKiX CPeJHMX KapTHHA MOJYyYaeTcsl BecbMa HeoAHOpojHas. Ecthk
obJaacti nHa 3ewmJe, e rpapHTalioOHHOE MoJe H3YYeHO BecbMa MOJ-
pofio W cpefHHe B rpaHiuax oOgHOTPaAyCHBIX HJH MATHCPALYCHBIX
Tparenuil BbIBeJ(eHBl HAZEXKHO H3 OOJBIIOTO YuCjAa OnpejeseHHi.
Ho muoro oGaacteil ¥ Takux, rje B paccMaTpPUBAEMYIO [SITH- HIH
ONHOTPAaNYCHYIO TPaNeUHIO HE NonajaeT HH OJHOTO INYHKTA.

Hanbosee moapo6HO H3YYeHbl B IPABHTALHMOHHOM OTHOIIEHUU
KOHTHHEHTBL. TaKk OHO H JIOMKHO ObiTh. Bo-lepBbiX, ecTecTBEHHO
[IO3HABATH CHAYaJa Te OOJACTH, TAE Thl KHUBEIIb, BO-BTOPHIX, TAKOM
JEMIKATHBIH 9KCIEDHMEHT KaK H3MepeHHe YCKOPeHUsA CHIBLL TAMKEeCTH
¢ TounoCThIO A0 1078 uan 1077 ee BeqIMYHMHBI Mpoule cenaTh Ha Cy-
e, Ha CcTaOHMIBHOM OCHOBAHHH, ueM Ha 3bIOKoH miaatdopme, mia-
Bawilell ma Boge. OThe/bHbIE M3MEPEHHS CHJIBLI THAMKECTH Ha CyIIe
HayaTol elle B cepepune nporgoro cronerns. B 20-e roanl Haurero
CTOJNETHS] yKe BeIyTcs TpaBHMeTPHUYECKHC CBEMKH C LeJbi0 NOoHC-
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KOB NOJIe3HbIX HCKOMaeMbiX, a B 30-e rojsl HAUHHAIOT BHIMOJHATHCH
MJIAELl CIHJOLIHOTO IIOKPEITHS MasiTHHKOBBIMH rpaBHMeTPHUCCKHMHU
NyHKTaMH B psiie crpa, B ToM yncae B CHIA u CCCP.

['paBuMeTpUUECKHe H3IMEPEHHS Ha OKeaHaxX [JIHTeNIbHOE BpeMi
BOOGIIE CUHTAJIOCH HEBHIMOJHHMBIMH. B KoHie 20-X romoB HaUIEro
cToJieTHsl roJyapackuil reodnsnk Benwnr-Mefinec npemoxun me-
TOM OUpejeeHHsT CHJBl TAKECTH Ha Kopalje H NOCTPOWJ NepBbIi
MOPCKOH MasiTHHKOBbI npuoop. On Ke OCYILeCTBHJ H3MepeHHe CH-
JbI TAMECTH Ha MOoABOJAHOH JoiKe B Munuiickom # Tuxom oxeanax.
B CCCP ero ujeu pa3BHBa/J H IPUMEHHJ Ha NMpaKkTHKe PYCCKHH rpa-
pumetpuct J1. B. Copokun, KOTOpLI Ha TOM e TPHHIHIE CKOHCT-
PYHPOBAJ MOPCKOH MasiTHHKOBBIH MPHOOpP H OCYILECTBHJ TPaBHMET-
puueckne uabmonenus ua YepnoM, Kacnuiickom u  Oxorckom
Mopsx. Opnako takue paGoThl Jonroe Bpems OBIIM YHUKAABHBIMHU
pafoTaMu OTAEJbHBIX 3HTY3HACTOB MOpPCKOH TpABHMETPHH.

Tonbko nocae BoliHbl 1941—1945 rr. H ocoGeHHo B MoOC/eIYyIO-
ee 3a HeH OeCATHICTHe OTJAebHblE CTPAHBI HadaJad TNPOSBIATH
00JBIIONH HHTEpeC K H3YUYEHHIO I'PAaBHTALMOHHOTO I10JSI MOpEl 1 oKea-
HOB. B 3T0 BpeMs DIMPOKO NPOBOASTCS MOPCKHEe PaBHMETPHUECKHE
pabotel B Taknx crpanax, Xxak CIIA, Auraus u CCCP. HIas mop-
CKHX TpaBHUMeTpHUeCKHX paboT c034aloTCf YCOBEpIIeHCTBOBAHHEIE
MasiTHHKOBLIE NPHGOPHl H ClleNHaJbHLIe rpaBHMETPH. B To ke Bpe-
MsT ¥ HECKOJIBKO paHblle HAYHHAIOT MPOBOAUTHCS TPaBHMETPHUECKHE
CHEMKH Ha MEJAKOBOAHLIX 00JAcTAX MopeH C rpaBuMeTpaMu, omy-
cKaeMBIMH Ha aHO. B macrosllee Bpemsi H3yueHHE TpaBHTAIHOHHO-
rO MOJST OKeAHOB HIET HapacTalomuM TemnoM. OLHAKO HMEHHO H0K-
HOe mosymrapue, GOJbLIAas YacTb KOTOPOrO MOKPHITA BOJOM, ABJSsI-
€T HaHMeHee H3yueHHBIM.

Celluac MOXKHO CYHTATh MOKPLITHIMH CIUIONIHO{ TpaBHMeTpHYe-
ckoli cbemkoit Espony, Cesepnyio Amepuky, ABCTpanmio, 3HauH-
teapHble yacTH Asun. OnHako 31ech NOUTH He H3YYeHBl OGIIHPHBIE
tepprTopun B I'mmanasx, O0JblIasi yacThb IOT0-BOCTOYHOH A3HH.
Adprka mnpeicrasicHa JOBOJBHO TIYCTBIMH TI'PaBHMETPHYECKHMH
CheMKaM# B ceBepHbiX obnactsx, Caxape, Gaccefine Kpacnoro mo-
ps, a Takxke B obaactH o3ep Hpsaca n Bukropus, Pecny6auku Uan.
OGmunpubie TeppHTOPHH LeHTpaabHON Adpukn, Cynan u psg obaa-
creit 3anaanoi Adpuku ocralores GelabIMH nsaTHAMH. MOMKHO cuYli-
Taib, UTO B HacTosllee BpeMs usyueno ot 40 mo 509% obmei tep-
putopus KoHTHHeHTa. CpenH OOHTaeMbIX KOHTHHEHTOB MECHBINIE BCe-
ro rpaBHUMeTPHYECKHX CBbeMOK npousBeneHo B [Oxmnoit Amepuke.
Bo BCsIKOM ciyyae COBepUIEHHO HEH3YYEHHBIMH OCTAlOTCS OOIIHp-
nele o6acty bpasunun u Aprentumsl, noutH Bech paiion Amg. ITo-
caeHUE KOHTHHeHT, AHTapKTHIa, HauaJ CEPbe3HO H3YUaThCSl C
1956 r., xoraa Owpii npopenen Mexaynapoaunii reodusuuecKuil
TON — MEXKAYHApOAHOe COTPYAHHUECTBO B HCCACHOBAHHH OKeaHO3
H Autapktuapl. 3a Tpomenliee € TeX NOp BpeMs B AHTapKTHIe
20¢



Puc. 125,



§ 3] TPABUMETPHYUECKHE KAPTBI 453

MpOH3BE/JEeHbl IPaBHMETPHYECKHE CheMKH Ha 3HadYHTeJ]bHBIX TpH-
Ope:KHBIX TEPPUTOPHAX, PSAA MapIIPYTOB IePECEKNH KOHTHHEHT OT
0eperoBblX CTAHUHMI 10 ITOJIOCA, IIPOBeAEHbl CbeMKH Ha JbAY IpH-
mas, T. e. B IIeNb(hOBLIX 30HAX U B OKPYKAIOIHX aKBATOPHAX H,
X015 3TH NYHKTBl PacloJOXKeHbl HePaBHOMEPHO, AHTapKTHAY YiKe
HE/b3sI CUHTATh OeJNBIM ISTHOM.

3HauynuTeNbHO XyxKe 0OCTOUT Aeno ¢ okeanoM. OjaHako H Ha HX
aKBATOPHAX 3a MOCHELHHE ABA AECATHJAETHS IPOH3BEJEHO 3HAYH-
TeJIbHOE KOJHUYEeCcTBO HabdJoje-

i TaGauma 20
niii. TIpoleHT H3yueHHOCTH, ec-
TECTBEHHO,  yMeHblIaercd ¢ | =
A i G e eI 1 e e
nennst. Tak, B cayyae ocpeiHenns 222
Mo MATHTPALYCHBIM TpaMemHsIM
MPOLUEHT H3YYEHHOCTH COCTABAA- | | 64 800 19398 129.79
er 64%, a B ciyuae ocpegHeHHs | g 2 592 1654 | 63,8
[0 OJHOI'PALYCHBIM TpameLHsim Ha cyme
oH yoouiraer g0 30%. 1 H21 882 10115 | 46,2
a OKecaHe

B rtabaune 20 npuBeneHo 1 42918 9213 | 21,5

pacnpejge/eHHe H3YYEHHBIX H He

H3YUEHHBIX oOJacrteli Ha cylle U
Ha OKeaHax 10 AaHHbiM CMuUTCOHHAHCKOH obcepBatopuu. Ha puc.
125 npusenena oGoOurenHasi cxeMa H3YYEHHOCTH Mupa (cM. cOOp-
nuk «Crangapruas 3emas [1I»). IInpuxoBrol paubl 06/1aCTH, HME-
0llHe TpaBUMeTPHUYECKHE XapaKTePHCTHKH.

§ 3. I'paBuMeTpHYECKHE KaPTbl

McxoaubiMm MatepHasoM [AJIsl BCeX TeOpPETHUYECKHX BBIBOLOB C/V-
AT OCPeJHEHHbIC 3HAMEHHS H IPABHMETPHUYECKHE KapThl aHOMAJHi
B cBoOomguoM Bosayxe. OcpenHeHusi, KaK MPaBHJIO, IeJAIOTCS B
rpaHunax oAHOTpaaycHbIX Tpamnenui. Ecan TpeGyercs, To M3 HHX
JIETKO NOJY4aloTCsl aHOMAJIHH, OCPeJHEHHBIe N0 HATH- HJH JeCcsTH-
rpaaycHbIM TpanenusM. CxeMa aHOMaJHH B ISITHTPAAYCHBIX TPAa-
NelHusiX N0 AaHHBIM yHHBepcHTeTa B Oraiio npuseneHa Ha puc. 126.
Buano, 4To ‘moJje OcCpeiHEHHLIX aHOMaJHit B CBOOOIHOM BO3AyXE
OYCHBb CIIOKOHHOe. AHOMAMHH AOCTHrAIOT MakcuMyMa B 49 mex
TOJbKO Ha KOHTHHeHTe AMepuxn u B +40 mea Ha rpanune Azun u
Esponsl. CaMbiii ray0OKUH MHHHMYM B —45 M2a JeXHT B 00JaCTH
['nmanaes. B oxeamax aMmauTyZa H3MeHEHHS AaHOMaJnil MaJja:
oHa joctHraer MakcumMyma B AraantHke (ot —47 go 436 mea).

Ocpesnnennble 3HAaUEHHS aHOMAaJHil YIOOHBI /I BBIUNCIECHHH Ha
2BM mno sanannoit cerke Touek. Ecam B 3amaue HAmO MOJYYHTD
aroMa/JaHil ¢ NpeaeTbHOH BO3MOMKHOH TOUHOCTBIO B J0O0H TOUKe
3€MHOIl MOBEPXHOCTH, TO CTPOATCH TpaBHMeTpHUecKHe KapTbl. Kap-
T TIpeACTaBJsAOT coOOH HauboJee HAraAgAHVIO W HauboJsee
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VAOOUYIO HHTEPNOJIANHOHHYIO (HOPMY NPEACTABACHHA aHOMauil.
[TnaBHo npoBejeHHble JUHAH HHTEPHOJASLUNH — U30JHHAA — IMO3BO-
A910T ¢ HauObOJbIIEH TOYHOCTBIO TNOJAYYHTH HHTEPHOJSIIHOHHOS
3HaYeHHe aHoMa/nii B mdioGofi Touxe 3eman. g pelieHus pasauy-
HbIX 3a7ay H3yuenuss QUrypol 3eMIH TPeOYIOTCH KapThi PasJHYHBIX
MacmTaboB.

§ 4. FeomeTpuueckas CTPyKTypa rpaBHTalHORHOIO NS
#H GUrypsl 3emMan

CoBpeMeHHoE npeacrapienne o Gurype 3eMay HAXOAUTCS B I110-
CTOSIHHOH 3BOMIONMH, HenpepulBublil NPHPOCT TrPaBHMETPUYECKHX
HAOJIOMEHNI H YBeJHUEHHE KOJHMYECTBA HAOJIOAABIIMXCA CHOYTHH-
KoB TpeOyeT NOCTOSHHOrO YJIyYIIeHHsl HNOAYYEHHBIX pesyJdbTaTos.
IToz1oMy B Hacrosiliee Bpems NpejacTaBiedns o Gurype 3eMaH u ee
IPaBHTAIHOHHOM MOJie He VCTAHOBHJINHCh U HempephLIBHO PA3BHBAIOT-
ca. Ho 3710 orHOCHTCS K AeranssM. B OCHOBHEIX uepTax coBpeMeH-
HBE€ TPABHMETPHUECKHE H CHYTHUKOBELIC JAaHHBIE aIOT HALEKHBIE
NpeAcTaBdeHnss 06 OCHOBHBIX UEPTax IPABUTAIUOHHOTO MOJST U (QH-
ryphl 3eMJH.

Ceiiyac oueBMAHO, yTo 3eMUs BHOJHE XOPOUIO TNPeACTaRITeTCs
spanncongoM Bpamenns. OTKIOHEHHA reoMZa OT XOPOUIo Moxos-
PaHHOTO JIHICOHAA He IPEBOCXOAAT COTHH METPOB, T. e. ~ 1075
ee pamuyca. CriaxKennbie BBHICOTH reoMja HaAeKHO ONpeaeqasiioTes
no cnytHHKaM. JJI5 3HAUMTENBHON uacTi 3eMaH, MOKPBITOH TpaBH-
METPHYECKHMH CBEMKaMH, OHH MOTYT OBITb BBIYHC/IEHBl AETAJBHO
NPaKTHUYECKH A/ 00N TOUKH 3eMHoii mosepxnoctu. M3pectHble
BBICOTHI B HOPMAJBHOH CHCTEME TaKiKe IO3BOJSIOT OnpenejJuTh Io-
JoKeHue 000t TOUKH QHIHIECKOH NOBEPXHOCTH 3eMJiH.

B GoJbioM Kpyre BOMNPOCOB 1OCTATOMHO 3HATL KPYIHBIE YEpPTh
GUTYPH W TPABMTANMOHHOTO TMOJS 3eMJaH, DTO BMHOJHE HaTexHO
AT coBpeMeHHbple pelleHHsl 3a4adn TMPH COBMECTHOM HCHOJb30BA-
HUH CIYTHUKOBBIX H FPABHMeTPHYECKUX NaHHBIX.

TpanuuuoHHOE TpenCTABICHHE HOPMAJBHOrO TPABHTALHOHHOTO
110151 B BHAE (DOPMY/ILI HOPMAJIbHOIO 3ilaTeHusT CHILl TSHECTH

g = 1.(1 4 psin? g + B’ sin? 2¢)
cefiuac OGHIUHO 3aMeHsieTcst pasdfjomenuem 1o chepuueckum QyHK-
puam. [lorennnan cuJIBl THXKECTH MOXKeT OBITR 3anHCAH B OOHIENM
BHIE
s 3
: M Yo (@ : L
1% :f_:_ JEte 2 ; (}E) (Cpim cOs mh -+ S, sinmh) P, (sin @) +

n=2 m=0
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r/le G, — 3KBATOPHAJIBHBIH pajHyc 3eMJH, r — reOleHTPHUeCKHI pa-
auyc J000# TOYKH Ha MOBEPXHOCTH 3eMJH MJIH BO BHELIHEM TpO-
CTpaHcTBe, ¢, A — HIHPOTA M JIOJroTa MecTa, @ — YIJoBas CKOpOCTh
ppauenns 3eman, C,., S,,— rapmonnueckue Kosah@HIHEHTH pas-
JoXennus: NOTeHIHAAa N0 chepHUecKHuM (PYHKIIUIM.

Kaxk yxKe Gbl10o nokasaHo, rapMOHHKA HYJIEBOTO NOPAJKA onpene-
Jader norenuuan chepuyeckoit 3eman fM/r, a nepBaf rapmoHHkKa
obpamlaercss B HYJb BLIOOpOM Haua/lda KOOPAHHAT B IIGHTpe Mace
3eman, 3oHanbhble KO3 GUIHEHTH, HaunHasg CO BTOPOro NOPSIAKA,
XapaxkTepHu3YIOT MOMEHTBl HHEpUHH Teja Bpamlenus. OHH He 3aBH-
cAT ot poaroTsl A. [lockodbky B aTHX uwieHax m == 0, 10

(Crm cOS A + Sy Sin 1A) meo = Cho,

C20m12, C40=-14> e
Bbl,'le.ﬂ'] 51 30HAJBHYIO COCTABJAIOIIYIO

Tk S LA e
Voo = 3, (2] 7P (in ), (202

r

dopmyay (20.1) M0:KHO NpeicTaBHTh B BHJE

W il 'fTM ll -+ E [¥)n JiPo(sin @)

n=32 °

e

n=2m=1

L S (“7)" (Cpma €OS b - S,y sift mA) P, (sin q))}-!ﬁ

+ -“)2—’ cos®g. (20.3)

B caydac 3JIHIICOHAA BpalleHus IMOTEHIHAJ TpeacTaBaseTCH
TOJBKO 4Yepe3 30Ha/JbHbl€ TaPMOHHKH

/ M ‘ - g\ ' 2,2 et
W — fr—{l N (7) P, (sin cp)} + 2% costp. (204

n=2

Anomanuy rpaBHTALMOHHOTO NOJsi nodydaiores augdeperuupo-
BaHHeM MOTEHUHAJAa MO PajuyCcy M HCKAIOUEHHEM 30HAJBHON uacTH,
KOTOpasl OTNpene/isgeT HOPMaJbHYIO COCTABJSAIOLLYIO

Ad oo n a, Aa : :
Ag = fr_L{?;' };1(?> (Crpcos mh + S, sin md) P, (sin @). ll
& (20.5)

Hopmanbnoe rpasuranuonnoe nose MOXHO NMpeICTaBHTh hopMy-
Joil (20.4) Kax B ee NMONHOM BHJE, TaK H B JKOOM COKpalleHHH,
T. €. C yAepxKaHHeM xKesaaemoro yucsaa wieHoB. OGpiunas dopmyaa
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HOPMAaJIBHOTO 3HAYEHHS CHJBl TAXKECTH COOTBETCTBYET COXPaHEHHIO
uleHoB 10 f4. B 3TOM ciyuae HOpMAABHBIH MOTeHHHAN Oyer

W = f-@{l -+ (57’)2 J,P,, (sin @) +(%)4J4Pw (sin (p)}—l——;f cos® g (20.6)

H HO}')MRJIBHOQ 3HaYEeHHEe YCKOpeHHs CHJBL TAKECTH

o= {1 +( ) i Pm(smcp)—}—( ) J P40(sm[p)}

(20.7)

[IpHHIHNKAIEHO B KdaYecTBe HOPMAJbHOrO 3HAYEHHST CHJLL TS-
JKECTH MOKHO NPHHATL JioGoe NpPHOMHIKeHHE B pPa3jOKEeHHH IO-
TeHIHaJa H Yy KaK C YyYeToM TOJhKO 30HaJbHBIX, TakK H BCeX ocC-
TAJABHBIX TapMOoHuK. OOBIYHO, KaK y2Ke CKa3aHO, HOPMaJbHOE
sHauenue y onpexpensiercs dopmynoit (20.7), uto cooTBeTCTBYET
¢urype cheponna.

Ceilyac nokKasaHo, 4yTo NpH HCIONbL30BAHHH TAHHBIX HabI0AeHNIH
CIYTHHKOB YBEPEHHO ONpeAeNdioTCss TONbKO HH3KHe FapMOHHKH IO-
TeHUHa a, & HMeHHO A0 8——10-ro nopaara. 3HAUHTEIBHO XyMKe, C
OOJTBIINM PastpPOCOM, ONPEeNeNsioTes TapMOHHKE A0 16-—18-ro mno-
paaxa, K rapmonukam Bbluie 18-ro nopaaka opOHTHI CIYTHHKOB
nHeuyBcTBUTEABHEL. [lo3TOoMy JieTady IpaBHTAMOHHOTO TIOJS BhIIIE
18-ro nopsiika 1o CNyTHHKaM BBIABHTL Henbad. [apmonuka 18-ro
MapsjKa COOTBETCTBYET HA 3eMHOH MOBEPXHOCTH [JIHHE BOJHLL B
10°, 1. e. 1100 km. IHBIMH cJIOBAMH, COYTHHUKAMH MOTYT OBITH BbI-
SIBJACHBI HA 3€MHOH TOBEPXHOCTH aHOMAa/HH TPOTANKEHHOCTBIO TIO-
paaka 1000 xm. Tapmonuku 6o/1ee BLICOKHX HOPSAKOB, COOTBETCT-
BYIOILHE AHOMAJHSM MGHBUIETO NPOTSMXKENHA, U3YYHTh MOMKHO TOJb-
KO ¢ 1noMOMIpIO HaszeMHOH rpasuMeTpu. [lostomy npu usyuenun
o011ero TpaBUTAIHOHHOrO 10JsI 3eMJAH B KPYIHBIX 4epTax Mo CmyT-
HHKOBRIM M UPABHMETPHUYECKHM JAHHBIM HET HaAoOHOCTH paccmar-
pPHBATH KaXKABIH TpaBHMeTpHYeCKHH NYHKT oTrienasho. Hocratouno
HMeThL OCpeIHCHHBIC 3HaueHus Mo ‘Gojiee HAH McHee (OJBIIMM /10~
manasm. Kpome Toro, takoe ocpefpHenue u3daBisfeT OT CAYUAHHBIX
ounbox oraenbnpx onpenenennii. Cellyac NpuHsSTH JBe CETKH 0C-
penHenni, .

1. OcpenHeHye no OZHOTPAAYCHBIM Tpanemuam. B Kampo# tpa-
neryy, orpaundyentoil 1° mo mmpore u 1° nmo posrore, oGpasyercs
cpellHee M3 BCeX ONpede/JeHHbIX B TPaneluH aHomanuit. Ecan BHYT-
pu TpameHHH NYHKTH pazMelieHbl HEPABHOMEPHO, To, 4TOOH H30a-
BUTLCST OT [peobJaanannust aHOMAaaul Tofl vyacT IJIOWAaAM, HAa KOTO-
poil pasMelleHO HEPABHOMEPHO MHOTO MYHKTOB, TpamelnHio pasbnpa-
0T Ha GoJee MeJKHe TUIONALKH, B HUX [POH3BOAAT OCPEIHEHHE,
a 3daTeM OCPeAHAIOT MO BCeH Tpamenuu, paccMaTPHBAs CPerHion
AHOMAAHI0 Kadaoil Gogee MEJAKOR KJACTKH 34 HHAHBHAYAJBHYIO.
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Jag ofpasopanus cpefHux Oosee KpYyNHBIX TJOWiajAel, Hanpu-
Mep, aaa tpamenuii 5°X5° uan 10°X10°, mpoussoauTcss BTOpOE 02-
pEeLHEHHE CPEIHUX B KAXKJIOH OZHOTPALYCHOH TpalerHH.

[Tpu paspenenuy 3eMaH 1O TPaAYCHLIM TPANeNUsM IJIONIALH OC-
pellendsl oKasblBaloTcs HepaBHbIMH. OHE yMEHBLIAIOTCS OT 3KBaTO-
pa K MOJIOCY MPOHNOPHHOHAJBHO KocuHycy IHportsl. [TosToMy onM
HE MOIYT BBICTYNATh NPH BLIYHCAEHHSIX KaK paBHOBecHble. B stom
caydae IPHXOIHTCSI BBOJAHTDL COS (p B KauecTBe Beca COOTBETCTBYIO-
LUIHX CPEAHHX aHOMAaJHH.

2. Bropoit cnocob ocpeiHeHHT COCTONT B 00pa3oBaHHH PaBHOBe-
JHKHX Tpanenuil. B 3ToM cayuae 3a MCX0JIHYIO IPHHHMAeTcs OOLIU-
HO Tpanielus niouanpio 5°3<5° 1oA 3KBATOPOM, paBHas MO IJIOMia-
an npubausureapuo 550 X 550 xm. Urobbl coxpaHuTh NJolllaab MO
Mepe yXxoaa oOf 3KBaTopa, TpafycHas Mepa IMIHPOTHOH TI'paHHILI
Tpamnenuyu BCe BpeMsA NOMKHA YBEIHYHBATHCH, BCE BPeMsl COXpaHAd
auHeinyio aauny 550 xkm. das nonyuenusi Gojiee MEJKHX TpaleLHii,
B KOTOPBIX OCYUIECTBJAIOT TNEPBHYHOE OCPEJHEHHE HCXOAHBIX JlaH-
HBIX Tpanenmuu 550 X 550 km mendT mapanJaensMH M MepHAHAHAMHU
Ha 25 paBHBIX IJIOIIAA0K, COOTBETCTBYIOUIUX 10 NJOMAMH OJHOTpa-
IyCHOI Tpameuuu moj skBatopoM. Ilpu Takom crnocobe ocpeaHeHHs
CpelHHE aHOMAJHM I10JY4alTCd PaBHOBECHBIMH, UTO YHA0OHO, XOTd
TaKas CHCTeMa CJIOzKHee JIJIsi IePBHYHOH MOAroToBKH AaHHBIX. MMen-
HO Takasi cucrema npumensiiace M. 1. JKourosiosiuem npH ero BuiBO-
1ax mapaMeTpoB TPAaBHTALHOHHOTO moJsis u Guryps 3emaun B 1950—
1952 rr. u aBtopoM B 1960—1962 rr. B nacTtosiiiee Bpemsi 3Ta ke
cHcTeMa IpHHATa y4eHBIMH CMuTconnanckofi o6cepBaTOpPHH MpPH HX
noapoGHOM H3YUeHHH TPaBHTAIHOHHOrO moJas M QUrypel 3eMJaH mo
CIYTHHKOBHIM H HAa3E€MHBIM H3MepeHHSM.

§ 5. OnpenencHue moteHunana 3emJH.
«CranpaptHaa 3emas»

[TosiBeHHe HCKYCCTBEHHBIX CNYTHHKOB M CHCTEMAaTHYECKOEe yBe-
JHYeHHe MoJydyaeMblX 110 HHM JaHHBIX, a Takke OBICTPO PasBHBAIO-
neecss TpaBHMETPHUYECKOE INOKPBITHE MHpa IO3BOJIHJIO IPOH3BECTH
PAL BHIYHC/IEHHH MApaMeTPOB IPaBHTAUMOHHOrO 1MoJsi 3eMJH ¢ 1o-
CTOSIHHO YJAYYIIAoUleHdcss ToyHoeThlo. Tak, yiKe Ha mepBbIX IOpax
cKaTHe 3eMJH ObLIO ONPee]eH0 ¢ TOYHOCTBIO BTOPOro 3HaKa moc-
Je 3andaTol, Toria Kak IO HA3€MHBIM TpaBMMeTPHUYECKHM M reome-
3HYeCKAM JAaHHBIM OHO OIpeAe]ssoch OoJiee YeM Ha TMOPALOK rpy-
fee. Taxkxe ¢ BBHICOKOH CTENEHBIO TOYHOCTH IO3BOJHIH CIYTHHKH
ONpeeqHTh SKBATOPHAIBHYIO KOHCTAHTY Y., Tpoussegenne [M u
Kpynuple acumMMmerpHn Gurypsl 3emaH. B To xKe Bpemsl CHyTHHK,
ABUrasch Mo opGHTE B TPaBUTALLHOHHOM INOJE IIJaHeThI, aBTOMATII-
uecKH HHTErpPHPYET BCe NPOSIBJEHHS aHOMAJbHOCTEH M0JI H He MOo-
eT BHAENATH ero Aerand. Ilo cmyTHHKaM YBEPEHHO ONPEeResiTCs
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nepBole 8—10 rapMoOHHK pasJoxeHHs MOJs. DTO 3HAYHT, UTO yBe-
PeHHO BBIZEJSIOTCS BO3MYIAIONHE OCPEJHEHHbIE aHOMaJHH, PaCo-
JdoxKenHsle B 3oHax pasmepom 18—20° Ilostomy HOBEI MeTOR He
MOXKeT NpeTeHJ0BaTh HAa CaMOCTOSATEJNbLHOCTh B BONPOCE H3YUYeHHS
rpaBUTALlHOHHOTO MOJs H Gurypsl 3eMJH, a A0JkKeH KOMOHHHPO-
BaThCS C Ha3eMHBIMH MeTtogaMH. OnHako KOrjia BONpOC Kacaercs
YCTAHOBJEHHS HEKOTOPOrO HOPMAaJ/JbHOTO I'PaBHTAIHOHHOTO MOAS H
3/JHICOHIa OTHOCHMOCTH, HauGojee YIO0OHOTO 8 pELIeHHs Ieo-
Jie3HUeCKHX 3ajay,— 3[eCb HOBBIH MeTOJ CINocoGeH naTh NMpekpac-
uple pesyabratel. Kpome TOro, oH [gaer C BBICOKOH CTENeHbio
TOYHOCTH OCHOBHBIE KOHCTAHTHL (HTYPBI ¥ T'PABHTAIMOHHOTO IOJA
3eMJH, BKJIIOUEHB B CHCTEMY MHPOBBIX CTAH/aPTHBIX (H3HUCCKUX KOH-
crant. CucreMa eIHHHIL, XapaKTepH3YIOIHX HauboJee TOUHO FPpaBH-
TAaIlHOHHOE MOJe H (QUIYPYy 3eMJIH NOJYYMJIa Ha3BaHHE HOPMAAbHOLU
Semau. Hopmansuas 3eMas sBasercss yaoGHo# ¢opMoii mpeacras-
JIEHHS1 TPABHTALHOHHOTO MoJs U (GUIYPH 3eMJH B NepBOM NPHOJIU-
xennd. Ona BraAOuaer GOPMYJbl HOPMAJBHOTO paclpefeJeHNs CHIILL
TSXKECTH H COMEPKHUT KaK mapamerpbl 3TUX QOPMYJ, TaK H HEKOTO-
pole apyrie eguHuubl. K QyHIamMeHTaabHBIM T[e0Qe3HUYeCKHM I0-
CTOSHHBIM, KOTOPBIE XAPAaKTEpH3VIOT «HOPMAJbHYI0 3eMJio», TNMpH-
HHMAaeMyio 34 YDPOBEHHBIH 3JJHNCOHA BPAaLleHH:, OTHOCATCH: dp—
3KBATOPHAJNBHEIH pPajHYyC BJTHNICOMAA, o — CKATHE 3JJIHICOH/A,
fM — reonenTpuyeckasi TPaBHTALHOHHAS MOCTOAHHAS, Y, — IKBATO-
puajbHOe 3HAUEHHE YCKOPEHHH CHabl TszKecTH, J; — KosddumueHT
NIPH BTOPON 30HAJbHOH rapMOHHKe, B, Bj — mapaMeTpsl HOpMaJbHOH
topMysIBl yCKOPEHHSA CHALI TaxectH, Up— NOTeHIHAJ HOPMaJbHOH
CHJIBL TSIZKECTH Ha MOBEPXHOCTH HOPMaJbHOH 3eMJH, @ — yrioBag
CKOPOCTh BpallcHHA 3eMJIH.

[Ipu npepcraBieHUH rpaBHTAUHOHHOTO NMOJAA H (QUTYPH 3eMJH
0 Ha3eMHBIM MAHHBLIM B KauecTBe OCHOBHLIX HapaMeTpoB OOBLIUHO
MPUHHMAIOTCS &, Ye, . IIpH HCMOAB30BAHUN CHYTHHKOBLIX JaHHLIX
0OBIYHO TIPHHUMAIOTCSI IapaMeTpbl d., fM, [s.

Ha XIV TI'enepanrnoit Accambiee MexayHapoIHOro reoiesnye-
cKOro u reogusuueckoro cowsa B 1967 r. 6ulia npuusra «[eopean-
ueckass pedepenin-cicreMa 1967», coraacoBaHHass ¢ CHCTEMOIl

ACTPOHOMHYECKHX (YHIaMeHTAJbHLIX TOCTOAHHBIX 1964 r. B nefl
NPHHATO:

@,=6378 160 x, fM=398 603 xm? - cex2, J,=10827-10"7;
HM COOTBETCTBYET B CHCTEME HOPMAaJbHOH (GOPMYJbl yCKOpeHHs ci-
JIbl TSKECTH
a,= 6378160 =,
ve = 978 031,8 wmea,
o— 1229825,
o = 7,2921 151 467-10-° pad/cex.



Ta6aunma 21
2 ¥
%E Kosan IJ(\T{[;I; Kyk CMHT dumep Ko3an
Sk 1964 1964 ] 1967 | 1969 1965 1965 1965 1967 1971
2 11082,630 1082,645 1082,639 1082,628 1082,64 | 1082,65 082,64 1082,66 1082,637
-+10,005 +0,006 =+0,007 =+0,002 410,02 40,10 +0,08 =+0,02
4 —1,627 —15649 —1,608 —14593 —1.,52 —1,61" —1,70 —1,68 —1,617
+0,011 +40,016 40,021 +0,007 —+0,03 +0,15 +0,25 +0,4
6 0,593 0,646 0,542 0,592 0,57 0,73 0,73 0,72 0,555
40,031 =+0,030 0,041 —+0,014 =+0,07 40,40 +0,40 +0,04
8 —0,149 —0,270 —0,128 —0,118 —0.44 = —0,46 —0,23 —0,200
=+0,034 +0,050 =+0,64 40,020 410,11 +i0,42 40,07
10 —0,155 —0,054 —0,338 —i},354 = —_ —017 —0,14 —0,240
+0,045 =+0,060 =+0,084 +0,025 +0,29 +0,07
12 —i0,294 —0,357 0,053 —0,042 = — — 1o —0,25 —0,190
=+0,049 =+0,)044 +0,097 +0,027 S — =+0.10 =+0,06
14 — 0,179 0,174 —0,073 s 2 0,19 —0,01 0,105
=+0,063 0,039 -+0,028 +11 =+0,12
16 - — 0,449 0,187 Sl = - — 0,024
=+0,102 +0,026
18 — — —0,324 ) 231 £ — — - —0,103
10,074 -+10,022
20 — — 0,334 —0,005 3 = e — —0,126
-+0,069 =+0,022
oy, KM 6 378,165 6 378,160 6 378,16 6,378,163
IM kad-cex—? 3086032 3986010 3986010 308 602,0

[AWIrdodu FUHEOLDOD JOHHAWIJIOD 09%

i 0 el

|
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Jlerko nepecunrarb 3HaueHus xosdduumenta Jo B ckarue 3em-
an. JLag 3Toro MOXKHO BOCNOJIB30BaThCHA GOpMYI0il

—

Hnas snawenus J, = 1082,79 o= 1:298,244-0,02. D10 3HAUYEHHE
VIHMBHTEABHO XOPOIIO COBNAAAeT CO 3HAUEHHAMH CXKaTHA 3JVIHIICOH-
n1a KpacoBckoro u rpaBHMeTpHUeCKHM cxKaTHeM [eqbnMepTa.

B reuenne nocsenHero gecsaTHAETHS KO(PMHUIHEHTH PA3I0KeHH
notenuHana 3eman no cheprycckuM (YHKUHSAM ONpeesisiIHCh He-
onnokpatho. B tabanne 21 npusoaaTcd Ko3Q(MUUHENTH YETHLIX 30-
HaJbHBIX rapMoHHK J,-10° 1 cooTBercTBYIOUIMX KoHctaHT fM u a.,
B Talanile 22 faubl kK03QPHUIHEHTH HEYETHBIX 30HAJBHBIX TapMOHHK.

B 1971 r. Kozau ocymecteua 8 CMHTCOHHAHCKON ofcepBaTopuu
8 CHIA onpegenenne kosQpduuuentos cepHUecKHX TrapMOHHK HO
36-ro nopsaka, °

[Tonyuennas cucrema kKosdduiuentos Oblia mpencraBieHa Ko-
3an 15-it accambaee TI'eomeamueckoro composa B Mockse B 1971 r.
OTH BeNHMYHHBl npusefensl B Tabaume 23. BecbMa m060NBITHEIM
tdaxropom saBasiercst obuapymenne Kosan rozxosoii Bapuauud Jp
¢ M3MeHeHHeM aMmauTyiasl 1,3 1075,

PaGorsl 110 HaONIOAEHHIO TeoJe3HYeCKUX CIYTHHKOB H BBHIUHCJe-
HMIO TapMOHHYECKHX K03((HIHEHTOB pasjoKeHHd IOTeHIHAaaa
BHINOJHSAIOTCST cucTeMaTHueckd. [Ins nabmiofennsi COyTHHKOB CO3-
JaHa CheHHaabHas CeTh CTAHNMH CJOEXKEeHHsd, OXBATLIBAMOLIAR Bech
miup. Ha pue. 127 noxkasano pasMenlenne cTaHuuil, HabJi01eHHsT KO-
TOPHIX OBIIY HCNOJbL30BAKK g BHBOAA NapaMetpos «CrangapTHoH
3eman Ill» (cm. nmxke). Ha pucyHke 60JbIIHM 3aJHTHIM
KPYZKKOM 0003HAUEHL! CTAHIHH ¢ KOOPAMHATAMH, OIpede/eHHBIMH
000MMH: OTHHAMHYECKUM H TeOMETPHYECKHM CnocobaMu; MaJjbM
3aMUTHIM KPYMKKOM — CTAHIMH € KOOpPAHHATAMH, OIpe/lesieHHBIMH
TOJIEKO FeOMETPHYECKHM CHOCOGOM, HE3AHTLIM KPYIKKOM — TOJBKO
JIMHAMHUYECKHM  CnocofoM, TPEeyroJbHHKOM — KOMOHHUPOBAHHBIM
cnoco6oM, KpecToM o603HaueHbl CTaHIHHE ONOPHOIl CeTH, OmpejleseH-
nble ¢ kKamepoil BC-4.

CMutcoHHaHCKON acrpodusnueckoir ob6ceppatopueit (CIIIA)
PeryasipHo nyouaHKyIoTcsl pe3yabpTathl Hab/monennii H ux o6paboTKu.
KoMnaekc JaHHBIX, XapaKTEPH3YIONHX TPaBHTANHOHHOE mOJie, OBl
Ha3BaH B 3TOH oOcepBaropun TepMuHoM <«CranaapTHas 3emas».
«CrannapTHag 3emas» Hayala MOyOJHKOBATBCA NEPHOLHIECKH.
B 1966 r. 6ua u3nana nepeast kuura <«CranpaptHas 3emasa [»,
B 1969 r.—Bropas «Craumapraas 3emas II» u B 1973 r.— «Cran-
naptaas 3emas 11Is.

Anajiornyubie paGoThl BHIIOAHAINCE [OANApPOBCKUM IEHTPOM
kocMuueckux noseros CIIA u neETpoM KOCMHYECKHX HCCIELOBAHUM

(1—a)H 3J+3‘” l_a)] (18.24)
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©panunn, Huxe mpl npuBoauM TaG/adIly 30HATBHBIX Ko3(QHIHeH-
TOB Pa3J/I0KeHHs IPABATAIIHOHHOTO 105 3eMan J,, MoJyYeHHDbIX B pas-
HOe BpeMs CO BCe yaydmamouieHcs TOUHOCTLbIO (Tadmauua 24), Tad-
JIMIY HOPMHPOBAHHBIX TeccepaqabHbiX rapMonuk C,. 10 15 nopsaaka
(taGauna 25) u TaGJaHIlY 30HAJABHLIX HOPMHPOBAHHBIX TapMOHHK Cpy
no 36 mopsinka (ra6anua 26), onybaukosannuix B cGopuuke «Cras-
papraast 3emasi 11I» 1973 r.

Tabaunuma 22

é% Kosan Kuir-Xunu 1 qp. }I:l{:g;;:{
5 e
EP_". = 1964 1964 1967 1969 1966 | 1966 | 1968 1965
3 —2,559 —i2,546 —2.565 | —2,538 |—2,53|—2,50| —2,54| —2,676
+0,011 =+0,020 =+0,007 +0,004 |+0,04/+0,01] +0,01 | 30,010
5 —1,185 | —=0,210 —0,174 | —0,230 |—0,22|—0,26| —0,21 | —0,028
+0,017 =+0,025 +0,012 | 420,007 |+0,04/+0,01] +0,01| 40,017
7 —0376 | —0,333 | —0,419 | —0.361 |—0,41|—0;40] —0,40| —0,593
40,022 | 40,339 | 20,023 | -£0,015 |+0,06{+0,02| +0,01} 40,028
9 0,059 —0,053 —0,022 | —0,100 0,09 0,00 O 0,177
+0,017 =+0,060 =+0,033 | +0,023 |10,06{+0, 06 +0,022
11 0,296 0,302 0,176 0,202 |—0,14/—0,27] 0 —_
40,035 | 0,935 | 0,045 | -£0,035 |4+0,05(+0,06
13 — —0,114 —0,146 —0,123 0,29/ 0,36 0 - -
40,084 +0,055 +0,049 |+0,06[+0,08
15 — — —0,065 —0,174 |—0,4i|—0,65/—0,20 —
—+0,063 | +=0,061 [+0,06]+0,10[ +0,03
17 T — —0,052 0,085 7 0,30{ 0 e
=+0,050 | 40,065 +0,08
19 — — —0,075 —0,216 S 0,000 0 -
410,051 =+10,063 e
21 — — ) 0,145 | — 0,58, 0,26 1
540,029 -0.11] 40,05
23 2 kS e vl ) s 18 B
000
Ta6nuuna 23
YeTusle HeueTunle
i Jn .10 ” .f” -10% n "n - 108 n J.‘l 108

2 1082,637 2 —0,126 3 —2,539 21 —0,036

4 —1,617 22 0,024 5 —0,234 23 0,128

6 0,555 24 — /4 —0,348 25 —

8 —0,209 26 —- 9 —,169 2T —
10 —0,240 28 0,058 11 0,323 29 —
12 —0,190 30 — 134 —0,333 al =
14 0,105 32 — 15 0,108 33 —
16 0.024 B 0,055 17 —0,218 55 —

18 —0,103 36 0,148 “ 19 0,084 - -
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Y
' g
ron Ja | Jy ] Ja Jg J1o Ji2 T s J1a Ja0 J2a Jas :
1959 1082, 1 —2.15
1961 1082, 19| 2,13
+3 H5
1963 1082,48 | —1,84 | 0,39 | —0,02
+4 £9 S s
1064 1082,630| —1.649] 0,646 | —0,270| —0,054| —0,357| 0,179 2
+6 +16 £ 30 +50 +50 +44 +63 =
1969 1082 ,628| —1,593| 0,502 | —0,118f —0,354| —0,042|—0,073 | 0,187 |—0,231 |—0,005 5
L2 +7 +14 1-20 +25 +97 +£98 +26 429 +99 =
19731 1082,637| —1,618| 0,552 | —0,205( —0,237| —0,192( 0,105 | 0,034 |—0,102 |—0,119 | 0,092 | 0,119 i
+1 +1 +2 +2 +2 +2 +4 +4 +5 +5 +7 +22 T
1973 11 1082 636| —1,619| 0,552 | —0,204| —0,232| —0,196 0,101 | 0,043 |—0,077 |—0,108 | 0,075 ]
+1 L] G +4 +4 +8 +8 a5 19 +9 j 13 A
Kozau n ap. 1082 637| —1,619] 0,558 | —0,209| —0,233; —0,188| 0,085 | 0,048 |—0,137 |—0,087 )
1971 +4 +10 | +17 | +24 | +26 | +27 | +3t | +43 | +44 | +52 -
]‘OIL ¥ l g l Ji ‘ l J: I "’U ] "'Il l -’n I Jli l Jl.‘ J 10 Jﬂl | Jzn | Jsj E
1959 2,20 "
ik T4,
oo +8 =
1661 =2 2001 =093 g
$2 +2 2
1963 —2,262| —0,064/—0,470 | 0,117 g
e T g fe) 411 =
1964 —2,546| —0,210—0,333 |—0,053 | 0,302 |—0,114
+20 +25 +39 +60 +35 +84
1969 —2,538| —0,230/—0,361 |—0,100 | 0,202 |[—0,123 |—0,174 | 0,085 |—0,216 | 0,145
+4 7 k) -!-2'3 +35 +49 + 61 +65 +53 +29
1973 1 —2,541| —0,228/—0,352 —() 154 | 0,312 [—0,339 [ 0,105 |—0,220 | 0,099 |—0,083 | 0,145 |—0,134
+3 44 +7 +7 +6 +7 +9 +10 +11 +11 +15 +36
1973 11 | —2,540] —0,230|—0,345 —-0 162 | 0,317. [—0,336 [ 0,104 |—0,227 | 0,083 [—0,070 | 0,111 T 2
: ki : .
Kozau n ap. 3

1971




Tabanuna 25

pusonumAd 11 'Y 0g

l'apmonuKa S uayeune 3HayeHHe BHavenue rapMonnka St
o, 23799E—06 | Sy, —1,3656E—06 | C3, L9977E—06 |5, , 9.9337E—07
Cys TT830E—07 | Sy —75519E—07 | Ca 3 49011E—07 |5,y 1,5283E—06
Ca1 —5,1T48E—07 [ S4.1 —48140E—07 | Cy» _ 34206E—07 |3, 6,7174E—07
Cyiy 1.0390E—06 | Su.3 —1,1023E—07 [ Cy 4 —10512E—07 |8, , 3,5661 E—07
Cs, | —5,3667E—08 | Ss.1 —79973E—08 | Cs,2 BOSKOE—07 |5, , —3.9910E—07
Cs,3 —5,8429E—07 | 55,3 —1,6338E-—07 | €54 —1,1583E—07 55' 4 —4,5393E—08
Cs.s 1,3956E—07 | Ss.5 —86841E—07 | Cg —72166E—08 |5, , 1,7756E—08
C2 2,4670E—08 | S6,2 —4,0654E—07 | Co.a 44139E—09 |5, , 2,9055E—08
Co,a —1,0003E—07 | Ss, —30207E—07 | Cays —1,354E—07 | S, ¢ —6,0064E—07
Co.6 _29136E—08 | Se, —26327E—07 | €71 2,3532E—07 | §; 5,5634E—08
Cr 2,0425E—07 | S7, 1,7321E—07 | C7.3 2,1994E—07 |S; 4 —3ABE—07
Cr.4 —28617E—07 | S, —27738E—07 [ €15 34727E—08 |5, ¢ 8,7014E—08
Cr.6 —2,7496E—07 |57, 85865E—8 | C7.7 —24856E—08 - | §; ~8,8068E 09
Ce1 10946E—08 | Ss, 1,8429E—08 | Cg.o LIOB4E—O7 | S 4 1,0359E—07
Cs.3 —8,8578E—08 | Sy,3 —50715E—08 | Cg.4 —22315E—07 | 85 4 2,6511E—07
Cs5 1,5318E—07 | S5 8,1158E—08 | Css —9,7542E—08 | Sgq 9,8082E—07
Cy.1 3,0498E—07 | Ss.7 24592607 | Cs.s LBITE—OT | Sy, 9,3261 E-—08
G, 1,8099E—07 | Bu.1 4,1091E—08 | Co,2 —22013E—08 | Sq, 2,4215E-08
Coys —9,9252E—08 | So,3 —2,3085E—08 | Co,4 —40867TE—08 | ¢4 —3,8525E—08
Co s —58057E—08 | So,5 36834E-—09 | Co 48812E—08 | S 1,L115E—07

HIFWHE VIVHTIHELOU dHHANITAd IO
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I[Tpononxenue Taba 25

TapMOHHKA 3HaueHHe T'apMonuka 3HaueHue FapMoHHKa 3HavyeHue T'a pMOHHKA 3uauelpe
i —1,9880E—07 | S, ; —1,4978E—07 | Co5 2.353E—07 | S 9,6355E—00
Ciy ~34533E—08 | Sy, 59502E—08 | Cyo,1 89008E—08 | S,g., —6,0157E—08
€, —3,7256E—08 | S, —63676E—08 | Cyq4 patE-o7. | 8,5 —7,2798E—08
Cio —2,1887E—08 | Sy, _ 78408608 | Cyos | —6,1509E—09 St b =LIN0IE- Gy
Cio —94142E-08 | S, 0 ZPATRE 08 [ Cigy 1,8525E—07 e 2,1656E—08
Ciod 1,0887E—09 | Sy 70781E—09 | Cio.0 7,8473E—08 S10.0 5,6381E—09
Lo 18321E-07 | S5 49 9883908 | Cyy ¢ | —1,2194E-08 v 7.5463E—08
Giils 90255608 | Sy, -~ 62998508 | Cy5 | —1,0988E—09 Si,3 | —3.8098E—08
O 1,5676E—08 | S, , _19551E—07 | Gy | —18591E—09 i3 6,1113E—08
Ciig 63601E—08 |5 = | —26657E—08 |Cy; | —33761E—08 By | —12825E—07
Ei s —1,3634E—08 |5 ', 15220E—08 | Cyy g 2,1256L—08 Sino 6.6721£—08
Ciin 5255508 |5 | —77401E—08 |[C, 8,6996E—08 Spa | —25691E—08
Cin ¢ —5,6935E—08 312_ : —6,61396—08 | C —9,7424E—08 “FAE 4,6341L—03
Cio,3 1,1555E—07 RS —4 8665E—08 jrral —5,0379E—08 "5‘12'4 5,3568E —08
Ciais 81834E-08 |5 279326—08 | C . | —21177E—08 S 35034608
€. 29751E—08 |5, 3I783E—08 [ C . 4,0190E—08 Sis 5.6877E—08
[ —1I53—07 | 5o 14508E—08 | C\ "\ | —4,5921E—08 Syp 1y | —43264E—08
Cram —~7BM3E—09 | T | —47858E—08 o | —2TBI7E-08 Sipyp | —1,6508E—08
e 86136E—00 |3, " —32401E—08 | C., | —1L0679E—08 S, | —90670E—08
lols —3,2361E-—08 Sizs 4,9286E—08 | Ciya 4 3,9852E —08 3134 —1,0608E—07

MWALrdodl JUHEOLD0D JOHHIWILI0D 9%
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Oxonuanne taGn 25

'apMoHuKa 3unavenne 3uayenue FapMoRiKa 3HaveHue [apMoHHKa 3uauenne
Cias 4,0047E—08 381ME—08 | Cq —2,1906E—08 | Sj34 —1,1321E—08
Ciar —7.6933E—08 1,1140E—08 | Ciz —27448E—09 | Syag 14309608
iz —1,1588E 08 7.2980E—08 | Cis.10 4,1979E—09 | Sia.10 7.6769E—09
Cian 5438108 1,3450E—08 | T3 10 —4,6633E—08 | §ia s 7.9963E—08
Cis'is —6,8944E—08 TIB91E—08 | Ciyy —1,4359E—08 | Biay 5.2390E—08
Cia —1,5008E—08 9,737T4E~08 | T\, , OBOISE—08 (S, 4 | ~25631E—08
Cia 4 —2,9864E—08 —~38189E—9 | C, —1,3828E—09 |5, ; —5,8680E—08
Ciae —1,3872E—08 —2,7976E—08 | Cyy ; 7,106E—08 | 54 ; 2,4043E—00
Ciys —1,8779E—08 —5,8750E—08 | Cyq —24322E—08 | §4 9 6,0461E—08
Cis10 2,8985E—08 —34224E—08 | C\y 82611E—08 |5, —1,9627E—09
Cig,10 1,1751 E—09 ~—3,0067E—08 | C\, 1 BO793E—08 | 54 3 4,7620E—08
Ciia —6,5969F—08 3,3030E—09 | Cy5 29358E—08 |55, —1,6691 E-08
Eni —1,2291 E—08 —6,8963E—08 | C5 4 —5,8921E—08 (55, 4,4772E—08
Cie 1 4876E—08 TO359E—09 | €55 3,6806E—08 | 5,5 ;) —8,4051 E—09
e 1,0081 E—08 ~—3M7E—08 | T, 30439E—08 |55 - 1,5775E—08
e —6,8884F—08 6,0808£—08 | C 44 —4510E—08 |55, 5,5556 E—08
_(3 15,10 6,2126E—08 ~—T7,1799E—09 C 15,11 —44THE—08 |5, 511 —34391 E—09
Eik1o —4,2025E—08 59072E—09 | Ty5.13 —4,1604E—08 |55, —5,5892E—09
Cs,14 9,5654E—09 ~2T45E—08 | T5 15 —5,6398E—08 | 55 5 3,4805F 08

Is §

HUWHE VIVUTIHILOU dHHIALIATIJLO
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468 COBPEMEHHOE COCTOSIHHE IPOBJIEMBI [t 20

BuHMaTenpHOe pacCMOTPpEHHe 3THX TaOGaHI, NPHBOAHT K 3aKJIO-
YeHHIO, YTO MO CHOYTHHKAM Hale:KHO ONpeAeNsiOTCS TOJbKO HH3KHE
rapMOHHKH DpasJ/oxKeHHs notenuuana. Ecau kosthdunuent Joo nmeer
omu6Ky Tobko 0,002% or camoil BeaHUHHBI, TO KO3bduuHeHTH J 4
v 50— 15%+20%, xospdunuentsr Jgo 1 Joo onpemeasiores: ymxe ¢
omu6koit B 50%. Jlanee omHOKH CpaBHHBAIOTCA M Na¥Ke NPEBOCX0-
IAT CaMy OmpefeaseMyio Benuuuny. ONHAKO COBEPIUIEHCTBOBAHHE

TaG6auuna 26
TapMoHKa 3naueHne FapMonnKa +  3uauenne
Cyo —4,84170E—04 Cia0 —1,94980E—0,8
Cso0 9,60408E—07 Cis0 —1,88586F 08
Ca0 5,39333E—07 Cis:0 —5,91864E-—09
Cs.0 6,87446E—08 Ci7 1 3,71868E—08
Ce.0 —1,53097E—07 Cis.0 1,67687E£—08
C:o 9,08860E—08 Cig.0 —1,58527E—08
Eyo 4,97198E—08 Canio 1,85847E—08
Ca.0 3,53300E—08 Cor0 1,26574E—08
€100 5,17176E—08 Coog —1,37146E—08
Gk —6,50565E—08 Css.9 —2,11504E—08
Cig0 3,84000E—08 Cis.0 1,59029E—08
Cs.0 6,52406E—08 Cio —2,32012E—08
Tabanuma 27
[lonpaBxn K cHCTeMaMm *
i st Teheme e R L e |Beiic 1967 [Pann 1967r.
a.—6 378 100 » 60 a4 | 83 42 43 J
13 8 6
fM =398 600 xmd.cex—? 3 280 e 0,9 1,22
8 37 7
g, =978 000 mea 31,84558 41,31 29,6 8L;1.5 | 356
44113 3.2
Jo= 10820 7 6,0 6,4 6,4
;8 179 s
1/o= 298,0 0,249167427 | 0,26 0,25 0,255 | . 0,25
v o 0,05




§ 6] OCHOBHbBIE YEPTbI AHOMAJBHOTO ROAS H ®HUTI'YPBl 3EMJIH 469

MeToA0B HabJlofeHust H 06paboOTKH pe3yJbTaTOB BelleT K HElpephiB-
HOMY NPOTpeccy: yJaydlIeHHIO TOYHOCTH ONpeJeJeHHH H BO3pacra-
HHIO NOPAAKA MOJYyYaeMBIX TAPMOHHK.

B pesyaeTare COBMECTHOrO HCHOJb30BaHHS re0Jle3HyecKux, rpa-
BUMETPHYECKHX H CNYTHHKOBHIX JAHHBIX OLIIH NOJYYeHBl OCHOBHEIE
napaMeTpel TPaBHTALMOHHOrO mojis ¥ Gurypsl 3eMaH, BKJIOYAI0-
muecs B cHCTeMY (VHAaMEHTAAbHBIX TE0JE3HUECKHX IOCTOSAHHBIX.
B rabaune 27 npuBoAMTCA 3Ta CHCTeMa MOCTOSHHBIX, MOJyYEHHBIX
pasHBEIMH aBTOpaMH. Peaynprarhl pasHbIX aBTODPOB, IIpHBEJEHHbLIE B
Tabnanie, BecbMa GIU3KH. !

Cranpgapriaa 3emas II1 1973 r. xapaKTepnayeTCH CAeAYIOUHM Y
OCHOBHBIMH TIOCTOSIHHBIMH:

I5 == 1082.637:107%,
a, = 6378 140-10% u,
fM=398601,3 xmicex—2,
® = 7,292 1150851075 cex~!,
/oo = 298,256.
IMonpaska K MeXaynapoaHOi rpaBUMeTPHYECKOH cHCTeMe
Ag = 1,3—13,8sin? ¢ mea.

I'paBHTannonnsle anoManun ofpa3oBaHbl N0 HOPMaJbHOI (op-
myne KaccnHuca ¢ nonpaskoit X aGCOJMIOTHOH TMOTCAAMCKOH cHCTe-
Me 14 mea

y = 978,0490 (1 + 0,0052884 sin2 ¢ — 0,0000059 sin®2¢) za..

§ 6. OcHorHble ¥epThl aHOMAJbHOIO TPaBUTALHOHHOIO MOJA
u ¢urypsl 3eMaH

ITo BEIYHCHeHHBIM KO3(dunueATaM pasloXeHHS TPaBHTALHOH-
HOTO TOTCHLHAJA M HA3eMHBIM TPABHMETPHUECKHM ONpEeHesIeHHsIM
NOCTPOEHA CXEMATHUeCKas KapTa AHOMAHH CHJIBI TAXKECTH H BEI-
coT reoHga. It cxeMbl lpuseleHul Ha pHc. 128 u 129, KoTopble
HarJAfAHO MPeacTaB/AsIoT X04 aHOMAJMNH M NpPeBHIICHUS IeoHaa Haj
IJIHICOHAOM BpalleHus co cxkaruem 1:298,256.

Ilpu paccmorpennu pHcyHka 129 obpauiaer Ha cebd BHHMAaHHe
VAMBHTEIbHAA NPaBHALHOCThE HM3MEHEHHH BBICOT reonja. Hauboinb-
e NpeBHIeHHs reonja He npesocxofAar 50 xu BOau3n Buckaficko-
ro sanuBa, 60 u B Cesepnoit Atnautuke u 70 s B6ausu Hosoit I'Bu-
‘nen — Munonesufickoro apxumneJara.

Ecan 3eMiio npeacTaBuTh B BHAE TPEXOCHOTO 3JJHIICOHAZ, TO
Oonplliasi SKBATOPHAJALHAS OChL AOJIKHA MPOXONHTH Hepe3 oGaacTu









479 COBPEMEHHOE COCTOSHHE [MPOBJIEMBI [TJ1. 20

3KkBaTopa BOANH3H 3THX MecT. OJHAKO 3/1eCh HMEET MecTo acHMMer-
PHA: B 3anajHON YacTH MAKCHMYM BBLICOT IeOHIAa 3aMETHO CMelleH
B CEeBepHblE WHPOTHI, BOCTOUHBLIH MaKCHMYM JICXKHT B 3KBATOPHA/b-
HOI 06J1aCTH. :

Kpome Toro, 3amajHblii KOHEIL HaHOOJLIIEro 3KBATOPHAJNLHOLO
paauyca namaer Ha poarotnl 0—10° k sanaay or I'punsuua, a Boc-
TOYHBII KOHEIl— Ha JAoaroTel nopsaika 30—40° x 3anmaly oT MepH-
anana 180° T. e. MPOTHBONOJOMKHBIE KOHILBI HAaHOGOJBIIEro 3KBATO-
pHaJbLHOrO JHaMeTpa acHMMETpHuYHBI npuMepho ua 30°. 310 ObLIO
MOKA3aHO M paHbIIE 10 MCCAEL0BAHHIO IPABHTALHOHHOIO MO/ aBTO-
poMm u Yotumaoi (cm. ra. 10).

‘Tak:Ke acHMMeTPHYHBI CeBepHOe H 10kKHoe noayuapus. B paiioxe
CEBEPHOTO IOJIOCa TeOHA NPOXoAuT Ha 20 m# HAA 3JJIHICOHIOM,
TOraa Kak B AHTapKTHIE OH ONYCKaeTcs Ha CTOIBKO JKe TOJ
sanuncouy. OrpunareabHble BEICOTH gocturaiorT 50 a y 3anagHoro
noGepexnbs: Amepukn H B KapuGecxom mope u 100 x ua riore
HMuznu.

M3 Bcero cKa3aHHOTO BHIHO, YTO €CaAH 3eMJIO anmpoKCHMHPO-
BATb TPEXOCHBIM 3JLIUIICOMAOM, TO NPEBbLILIEHHS TeoHAa MOKHO
CBECTH BCEro K HECKOJIBKHM aecATKaM MeTpoB. OpHAKO A/ mpak-
THYECKOTO M0Jb30BaHus 310 HeynooHo. [To-Buaumomy, uesecoodpas-
HO B HEKOTODBIX CHElHaJbHBIX CAyYasiX HOPMaJbHOE I[I0J€ H COOT-
BETCTBYIOLLYIO eMy (UIYPY OTHOCHMOCTH 3a1aBaTh paaJo:KeHHeM,
cojepIKallHM He TOJbKO NepBble 30HAJbHBIC, HO H IEpPBble Tecce-
pajbHble TADMOHUKH.

O6o6mennoe TrpaBHTAHOHHOE TOJe, TPEACTABJICHHOE Ha
puc. 128, He HOCHT CTOJIb SICHO BBIPAJKEHHBIX YEPT, KaK I10J€ BLICOT
reouga. OHO MO3aHUHO B OCHOBHOM, OJHAKO H B HEM YETKO TPOsiB-
JAETCH  aCHMMETPHS CEBEPHOTO M l03KHOTO mnoJymapuii, OcHosHOe
NpPOCTHPAHHE AHOMAJHE — C CEeBepo-3amaja Ha 10ro-soctok. Tak, ot
[peusmanaud k Autapkruie, nepecekas or ADpHKH, NPOXOLHT MO0~
ca nosoxKuTeNbHbIX aHomaauil. Or CkauauHaBHn K ABcTpatuy HIET
OCHOBHA$l 110/10CA OTPULATEAbHBIX dHOMAIHE ¢ MHHEMYMOM B 50 Mea
B UunuiickoM oxeane y 1:KHoH okoneunoctn Munun. ITomoca noso-
JKUTeNbHEIX aHoManauil npoctupaercs ot [lanamel go OrHennoi 3eM-
an u moayocrposa [I'pexema B AuHTapkrume, HMes MaKCHMYM B
30 xea. ITo o6e CTOPOHE! OT Hee JeKAaT ABe OTPHIATeAbHbIE [10J0CH,
NPOTSIHYBIIHECT OT AJMeyTCKO#l Ipsbl B I0r0-BOCTOYHYIO YacTh THXO-
ro okeaHa u or Jlappamopa B 10KHYI0O AT1aHTHKY. Bee a1 mosocs
napaJJeabHbBl H CBHIETEJNLCTBYIOT O TOM Ke CKpPYYHBAHHH CeBep-
HOTO MOJYUIAPHS OTHOCHTENIbHO I0¥KHOTO.

Ecin o6o6uienHoe IrpaBHTALHOHHOE TIOJ€, HOJYYEHHOE [0 CHyT-
HHKOBLIM JaHHBIM, T. € € YYETOM FapMOHHK pasJjo:kenus go 18 no-
pAJlKa, CPABHHTD C HOPMAJILHLIM NOJIEM, lIpefcTaBAeHHBM (opMyao#
(10.87), 1. e. paznoxkenuem a0 8 mopsiika, TO aHOMAJHH [0JYYAOTCH
CHJABHO craa:keHuuMu, Takue anomannu npuBeneHbl Ha puc. 130.




§ &l

OCHOBHBIE YEPTHI AHOMAJILHOTC NOJA ®HIYpbl 3EMJIH
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| O6racTu DTPHUATEALHBIX AHOMANARA

Puc. 130.



474 COBPEMEHHOE COCTOSIHHE ITPOBJIEMBI

[rJ1. 2078

Puc. 131.




§ 6l OCHOBHBIE YEPTbI AHOMAJIBHOI'O IOJIS ®HIYPBI 3EMJIM 475

Bes amnauTysa H3MeHeHHsS TAKHX aHOMaJsiHH YKJaabIBaeTcs B fpe-
neasl —30 — +30 mes. Takux MakcHMAJBHBIX 3HAYEHHHA aHOMAaJHH
IOCTHTAIOT TOJBKO B 103KHOH oOaactu MHauiickoro okeaHa H B BO-
crouHoji Anrapkruie. Bo Bcex apyrux uwacrtax 3eMJaH OHH He mpe-
BHIINTAIOT TiO a®coioTHON Bejnuune 20 mea.

BricoThl reonia, NOJIYYEHHOTO MO CHYTHHKOBLIM JAHHBIM OTHOCH-
TeJIbHO TOBEPXHOCTH OTHOCHMOCTH, NPEACTAB/SLEMOR UJIeHAMH Das-
JIOJKEHHST TPAaBHTAHOHHOTO MOJSA 10 BOCEMOTO IOPSIAKA, NPHBEISHLI
Ha puc. 131, DTH BHICOTH He NPEBOCXOAAT 1O AGCOTIOTHON BeaHYH-
He 25 m, a Ha Gouapllei yactH 3eman coctasiasioT 5—I10 x. [Ipuse-
JeHHble 3/lech JaHHble BbluucJaeHbl acnupantom Yauw Ban Hsaxom
noja pyxoBojxctBoM aBtopa H M. V. Caruroza.



FJIABA 21

IF'PABUTALLHOHHOE MOJIE U ®UT'YPA
JIYHbI U NMJAHET

§ 1. OcHOBHbIe cOOOpaMKEHHs 00 H3yueHHH
rPaBHTAUMOHHOTO nuJs JIyHbl M ee durypsl

Hayuenne rpaBUTalMOHHOrO 1o U Gurypsl JIYHEl M n/aHer
BAJKHO KaK C TOYKHM 3DEHHs MOCTPOEHHSI KOCMOTOHHYECKHX THNOTE3
IO/ TO3HAHHS NPOHCXOMKAEHHST H »BoMoUHH CoMHeyHOH cHCTEeMBI,
TaK U ¢ TOYKH 3peHusl MPaKTHYECKOro MO3HAHHS, a B JaJbHeHIeM U
HCMOAb30BAHNA JIYHBl U IIaHeT B cepe UeJI0BEUECKOH IesiTe.b-
HOCTH.

Jlyna Bcerjga ocoGeHHO NIPHBJAEKasa BAIMAaHHE yejJoBeuecTBd. e
H3yuaJju eule B ryGOKOH apeBHocTH. MHOrHE HAPOAbl KHIH 10O JYi-
HOMY KaJieHzapio, HeKOTOpuie, Hanpumep Henman, opuMeHAOT ero u
noubine. Jlas sToro Hajgo 3Hath aBHiKeHnue JIynb. Celyac aHaIHTH-
yecKas TeOpHs ABHKeHHS JIYHBI TOCTPOEHA C BHICOKOH CTeneHbIo
trousocti. OHa HCMOJbB30BAHA /ISl MOCTPOEHHS HAHOOIee TOUHOIM
CHCTEMBbl BPEMEHH, TAK HA3bIBaeMOro sgeMepuaHOro BpeMenu. las-
HO H3yuaeTcs M NOBEePXHOCTb JIyubl, Ilo HazeMHBIM HaOII0ZEHHSM
OBLIH H3MepeHbl ocHOBHBIE QopMbl penbea BHAUMOA cTOopoHbl JIy-
Hel. Ha ocHoBammn 3akoHa Kemnaepa [oBOJIBHO TOYHO ONpee/ieHO
oTHOHIeHue Macc JIYHBI U 3eM.aH.

Bce 3TH BBIBOJB OCHOBBIBAJHCH TOJBKO HA HAa3eMHBIX aCTPOHO-
MuyecKix HaGmwogenusax. OQHaKo H OHM HA MEPBBIX HOPax IO3BOJH-
JIH COCTABHTB JLOBOJILHO NIPaBHJbHOE NpejacTaBienue o purype JIyHsL.

B KauecTBe HeKOTOPOH cpennein JIVHBI WM, TOYHEE TOBOPs, B Ka-
yecTBe (QUIYPLI OTHOCHMOCTH NpHHHMaeTcs cdepa paauyca 1738,0 ku,
HaJ KOTOPOH HAarTcs BBICOTHI BHANMBEIX TOUeK. Takxe TOUKH B 00.a-
CTH JIYHHBIX MAaTEPHKOB U B OCOGEHHOCTH JYVHHBIX TOp J€XaT 3HAUH-
TeJbHO BHIIIE IIOBEPXHOCTH cpenHed cdepbl, a JyHHbIE MOpPS B OC-
HOBHOM HIIKe ee. AMNJIHTY/Ia M3MeHeHHs BbICOT Ha JIyHe mocTura-
et 9 k. B mpeano/ioKeHHH H3BECTHOTO OTHOLIeHHs Macc JIyHa—
3emJis, CKOPOCTH Bpalien¥s Jlyvbl, npu JAONMyIEHHH €& OJAHOPOLHO-
CTH H COCTOAHHS THAPOCTATHYECKOTO PaBHOBECHS, GBIIO PacCYHTAHO
M THIOTETHUECKOE TPaBHTALLHOHHOE MOJe.



Ta6numa 28

T el o he e R ) B sl e il L o
Mepxypiit | 00 7600320 53 3166-105 | 242.106 |  4,6-10-7 | 11,5-10~7 360517105
Benepa 0,0 604800 4,95 4,86- 10%7 61107 7,8-10-3 19,5.10-° 870,9—6,6-10—2

80220 4,44-10-8 L T 870,9—3,74

810000%*) 4,4.10°° 11,0- 10—3 870,9—3,7-102
Mapce (0,0052 88642,6 3,95 6,395- 1028 34107 4,55-10-3 6,2-10* 368,88—1,71
IOmurep 0062 35405 *) 1,330 1900,686 « 10% | 714- 107 85-10-2 15,0- 1072 | 2486,04—224,87
Carypn 0,096 36840 %) 0,687 569,13 107 604107 | 15,16-10-2 28,3.10-% | 1040,24—175,69
VYpan 0,06 38940 1,56 86,97 - 1027 238107 5,97.10-2 89-10-2 1023,8—61,97
Henrtyn 0,02 56400 220 102,98 1027 223. 107 1,96 102 2,9-10-2 : 1380,9—27,68
[TayTon ? 57600 4 5,38 107 72107 1,06- 102 692,0—8,57

*) Jas sKBatopHanbHOR 30HBI,
**) Bpamenue oGparHoe,

1§
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[locae zanycka HMCKYCCTBEHHBIX CHVTHHKOB JIYHHI M anmaparos,
COBEpIIAIOUINX Nnocaiku Ha JIVHe, BO3MOKHOCTH H3yueHHS ee (Hry-
pbl H TPaBUTALHOHHOIO MOJS CYIICCTBEHHO paciluupuinck. Pacemor-
penHble paHee MEeTOIBl H3YyuyeHHsi IPaBHTAIHOHHOTO MOJSA 3eMJH
cTasn NpUMCHHMBIMH JAJs HecaeaoBanust JIyHbl. B nepByro ouepenb
CTaJo AOCTYNHLIM H3YUeHHE TpaBHTAIHOHHOTO moast u uryps Jly-
Hbl THHAMHYECKHM METOJOM MO BO3MYILEHHSM OKOJIOJNYHHBIX OPOHT.
ITo BO3MYUICHHAM B JABHIKEHHH CHYTHMKOB IOCTPOEHO OCPEIHEHHNE
rpasuTanuontoe novie JIVHb U NoaydYeHsl napamMeTpbl GHTYPbl JIyHbI
10 BOcbMOro mnopsinka. Bosee Toro, o6uapyKeHbl HeOJHOPOIHOCTH
pacnpejeseHHs TJIOTHOCTEH, Tak HasbiBaeMble mackousl. Henocpen-
CTBEHHLIC H3MEPCHHS CHJLI THMKECTH OCYILECTBJEHH B MECTax IC-
CAiKH JYHHBIX OTCEKOB aMEDHKAaHCKHX JYHHBIX Kopabiaeh «Anos-
qgon-11, -12 u -14». IlosBHIach BO3MOMKHOCTb OCYIIECTBHTb H3Mepe-
HHSI CHJIBI TSIZKECTH BJIOJIb MapuipyToB JNyHOX010B. TakAM 0GpasoMm
Ve ceifyac MOXKHO JI0BOJBHO XOpoOlIo NpeiacTaBuTh cebe Qurypy
Jlyupl, a B Oamkaiimem OynviieM oHa OyIeT H3yyeHA [JOBOJBHO
noapoGHo.

Ha cospeMenioMm 3Tane HccJaef0BaHMIl NOKA elle HeT BO3MOMKHO-
CTH HENOCPEJACTBEHHO H3MCPATHL TPABHTALHOHHOE T10J€ H T'eOMETPH-
yeckHe pasMepnl Ha Jlyne. ITapamerpsl ee durypst MoryT OBITH [MO-
JyueHbl TEOPETHUECKHM IIVTéM Ha OCHOBE THIIOTE3 O BHYTPEHHEM
cTpoenun JIYHbI H O COCTOSIHHH Macc BHYTPH Hee, Takue TeOpHH Ha-
3bIBAIOT BHYTPEHHUMH Teopusivu ¢urypsl Jlynel. IlpencraBienue
NHHAMHYECKHX XapaKTePHCTHK GUTYPH U TPABHTANHOHHOTO MOJA
Jlynel 1O BO3MYIICHHAM CHYTHHKOB HA3BIBAIOT BHEIIHWMH TEOPHAMH
dburypsl JIVHLL

Uro kacaercsi H3yYeHHA TPaBHTAIHOHHOTO noJas mianer CoJmeu-
HOJ CHCTEMBI, TO 31€Ch CAEJ4HO I0KA €elle OYeHb MaJio, OJHAKO HC-
NoJb30BaHHe KOCMHYeCKHX Kopabaei, 6e3yclioBHO, B OJHXKalilllee
BpeMsl NPHUBEIET K Iporpeccy.

Onosuble napaMeTpsl NJaHer npuBegcHbl B Tabaune 28.

§ 2. OcHoBHbie xapaktepucTHKH JIyHBI
N0 ACTPOHOMHYECKHM HalJI0feHUsAM

HpHBOiIHM OCHOBHBIE YHCJAOBBIE XapaKTePHCTHKH JIYHI:IZ

TeoneHTpHYECKHH paauyc-BekTOp JIyHBI H3MEHseTcs B Mpejaenax
356 000—407 000 xkm

Cpennee paccrosinve A0 JIyuel ot meHTpa 3eMan 384400 km=
=60,267 5KBaTOpHAJBHBIX PaIHyCOB 3eMJIH

Bpems pacnpocrpanenust cBera jgo JIyHsr 1°,28

IMepuoxa o6pamenus JIvun Bokpyr 3emuan 27°,32 166

Cpennas ckopocTb ABH:Kenus JIyaer nmo opGurte 3681 xmfuac=
=1023 am/cex=33 muu. pyrufuac
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Cpemunii BHAMMBIA Auamerp Aucka JIyuet 18657,2 ¢ konebanus-
Mu B npenrenax 102”4

Cpenuunit paguye Jlyust 1736 Ku

IMepuon Bpamenust BOKpyr ocu 27°,32 166=mnepuoy obpauieHus
BOKPYT 3eMJH

Jlu6panus Jlyusl no goarore 7°,7

JIu6pauus JIyuer no mupore 6°,5

Ornomenne Maccsl JIyun k macce 3emau M /M,=1/81,53

Cpennee 3HaueHHe CHAanl TsxKecTH g=[M¢/a®=162683 e,

Hopsmanpuplli BepTHKAJIbLHDI [PAJAHENT CHABI TAMKECTH

v = AMq _ 0,1867 meaim
ar a?
CesieHonentphueckas nocrosuunas fM¢=4902,78 xu®/cex?
Macca Jlynst M =7,35-10% 2
Cpeluas IVIOTHOCTD 0,=23,34 2/cn
ITapaGonnyeckas cKopocTh H3MeHsercss or- 2,204 xkm/cek, xoria
3emsa B 3eHuTe, N0 2,44 Kmfcek, Korga 3eMas B HaAHpe.
Cxartie o=0,00039, sxearopuaiabHoe cxkartue=0,00016.

OcnoBunlMH (opmamu penbeda Ha Jlyne siBafoTCA TeMuble 06-
JIACTH, TAK Ha3biBaeMble MOps, BO3BbIIIeHHBIE 006/JaCTH MaTepPHKOB,
NpeACTaBIsIOIIHX coO0H ropel, NJIOCKOTOPBA H KOJLIEBLIC TIODEHI,
pasjeasouiHecst Ha [HPKH H KpaTepbl. ITH KOJBIEBLIE FOPHL LOCTH-
raioT B guamerpe 200 ki. YpoBenbs Mopel B cpenneM Ha 1,4 Ka nu-
¥Ke CpenHero ypoBHS MAaTEpHKOB H H3MeHsierca oT —3,29 xm 1o
40,04 ku nan chepoit orHocumocTH. BricoTa HAHGOMBIWIHX JYHHBIX
rop gocturaet 9 xu. Beicota BaJoOB KOJBIEBHIX TOP, OTpaHHYHBAIO-
X KpaTepsl, gocruraer 1600 m (y xparepa Kmaeawmii), a Bricora
nentpanpnoil ropsl 2200 # (v kparepa Teodun).

JIyHa nMeer BRINYKJIOCTL, HANMPABICHHYIO K 3eM/e I BLICTYNA0-
uyio Ha 2,9 km. Qurypa Jlyusl HenpaBuabHast. EciM npencrasButh
ee peibed B BUAe PaszjoxkKeHnHs no cepHuecKUM (QYHKIUSIM, TO AJas
JIyHBl ne Oyger HaO/I0IATLCS PE3KOe YMEHBLIEHHE BCEX TapMOHHK
10 CPaBHEHHIO ¢ KO3 dHIHeHTOM Jo, KAK 3TO MMEET MecTo LA 3eMm-
qu. Ilostomy Jlyny nenenecoo6pasno annpOKCHMHPOBATD 3JVIHIICOH-
JIOM OTHOCHMOCTH, TPEX- HJIH JBYXOCHLIM. :

Pasjoxenue peabeda JIyusl no chepuueckKuM rapMOHHKAM Brep-
Bble oGcrostenbho Gbio caenano C. JI. I'ynacom. Obuiee sripamke-
HHE JIJIs1 paJiHyCa-BeKTOPa BLIpaxacTcs CJAeAYIouel QopMyaon:

oc n

r(h, ) = rc[l 4+ > Zu(anm c0s mh |- by sin mh) P, (sin (p)], (21.1)

n=0m=

rae @ U A-—JyHHBIEe IIHpoTa H podrora. ITonarasgs A=mn/2 u uzMe-
HAST 3HAYEHHs yriaa ¢, NOJyyuM ypaBHeHHe jaumoOa. [lpu nysenoit
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Aubpauuy 3TO ypaBHeHHE HMEET BHJ,

r=ry+ Gy 'Ir'%a%_%aﬂ—i—%a‘wH?a”'i_%—%a‘“ -+
£ (am i %030 = 115932) sin ¢ -|- (bll =H % by — 425‘ b33) cos ¢ +-
i (‘g—‘ by - % by — ITOS b'ls)sm 2¢ +
i (_ % yy — ‘Qlagz 1oy I%Q"” Bi 'l?? A4y %é a44) cos 2¢ -+
oy % By o %an) sin 3¢ - (w %5 by — ]—45 b33) cos 3¢ -

¢ a5 105 : 35 105 105
o (“ TG b-‘ll R b43) Sin 4(P -L (6_4 Ay, -+ 16 Ays -t T a44) cos 4([).

(21.2)

YnoGHee paccMaTpHBATh He PalHyc-BEKTOD £, a BHICOTHl A HAL
HEKOTOpo# cepoit ornocumoctH. Torza

h=ry X X (apnc0s mh\+ by sin md) P, (sing). (21.3)
0

n=_0 m=

IIpuHAB B KauecTBe cephl OTHOCHMOCTH cdepy paauyca ro=
= 1735,4 km, 'ypac noayuua mo CHCTEME H3BECTHBIX BHICOT /i B
1200 toukax Ha BHAHNMOH cTopoHe JIYHEI rapMOHHYecKHe K03 hHIH-
eHTBl Qpm H Dpm.

Kos(p¢puuuentsr pasnoxkenns peibeda JIynol mo3BoasoT onpe-
nenuth napaMerpsl ¢urypsl Jlyubl. Tax, cpenuumit pammyc JIyHb
oyner

=115 + Qpp = 1738,0 KM,

Kosa¢duuuentsl ajp ¥ b;; nospossior HAHTH CMEUICHHe LEHTPa

(hurypsl JIyHbB OTHOCHTEIBHO LIEHTPA, NPHHATONO B HCNOJbL30BAHHOM
Kartajiore TOYeK:

ajp = An — cMelnlenHe 1entpa no ocu n (A =0),
by = AE — cmemenne nedTpa no ocu § (A = 90°).

Koatduuuent as onpeaenser noasgpHoe CKATHE

T 3 dy

Ty R

Kos(duunent ayy onpenensier 3KBaTOpHAAbLHOE CiKATHE

ol a—b=6a22

r

0 Ty
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Kosdduunent by nossonser HAWTH YroJ NOBOpoTa oceil cHM-
METPHH BUANMOH (urypsl JIYHE OTHOCHTENBHO OCH If, HATIPABJICHHOH
N0 ABHKeHHIO JIVHEIL,

1
¥ =——= arctg—*——w s,y

TIpuBOANM UHCJIEHHBIE BEJIHYHHBI 3THX NAapaMeTpoB, NOJyYeHHLIX
no xos3pdunuentam I'yaaca:

ro— 1737242 1M, a=0,12.10-3,
AE=— 0. i, oli==0,12-10=2,
An = — 0,49 «xn, y= —8°

§ 3. Onpejenenye NOTeHUH2 14 TPABHTALMOHHOTO NOJIS
Jlyusl no peasedy

[To u3BeCTHOMY VpaBHEHUIO TOBEPXHOCTH JIYHBI, NpeAcTaBICHHO-
MYy B BHJ€ pasjomeHHs 1o chepuueckuM (YHKIHAM, MOXKHO mO-
CTPOHTH IMOTEHIHAJ CHJIBl TSAXEeCTH TaKKe B BHIE PA3JI0XKEHHA

Vined=

e
n=2 m==0

ﬁ'f, o0 n 5
:fr @{1 4 ¥ Z(.Cr—) (Cpm €OS MA + dpyyn Si0 MA) Py (sin fp)}_ (21.4)

Koadpunnents! ¢ m, dum MOTYT ObITb BLIPaKEHBI YE€PE3 Qnm H Dum,
€C/IH NPHHATb, YTO IIOTHOCTh 0, JIYHBI NMOCTOINHA U paBHA CpPeLHEf
TJIOTHOCTH €e, a pedbed HMeer IOCTOSHHYIO IJOTHOCTD Gs.

[IpencraBuM penbed CKONIEHCHPOBAHHBIM B GECKOHEYHO TOHKHH
CJTOH TepeMeHHOH MJIOTHOCTH ¢ Ha chepy

o—=a.0;

Ilpn nepexozge uepes 3TOT CJOH HOPMaJbHas NPOH3BOJHAsA NOTEH-
upaaa TepnuT CKayox

(%)
On /3

IMortenunan BuyTpu chepHyeckoro ci0g MOKHO NPEACTABHTL B BHAE

oo n

=3 Y M= i (€ €OS 1A - dypy sin mA) P, (sin @), (21.6)

n=0 m= [)

—(52), = tafo. 21.5)

Ilorennuan BHe chod

oo

yo—¥ }. FU G (G €OS b - iy i ) Py (Sin ). (21.7)

n=0m=0

31 H. Il. Tpymunckui
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CpasuuBas (21. 6) u (21.7), Bunum, uro V; moxHO moayuutb u3 V,,
3aMEHHB r Ha r. [f H YMHOXHB MOJy4eHHOE BbpakeHHe Ha rofr:

o e W o
Gl adaae

Torna

=45 fn
Vi=-=LV., (r + s ?k).
Huddepenuupysa V; no r, moayuum
gV, oy rdov,

GE P R SRR
Tak Kak npu r—tg

v, 1 ave)
(E’_)E 3t Ver _(Or !
TO, BOCIIO/Ib30BaBLINCE (21.5), moayuum
{3V, WV -V (av,, ‘
$ipe s (W)E —(52),= -2 —2(3). @138) |

Bsons V. u3 (21.7) u umest B BHALY, 4TO AJS noBepxHocTd chepst 2
ro = r, noayyaem

Veg = 2 Z —Q {Chm cOS A | dp e SINmMAY Py (siniq) o (2159)

6V fes] n
(—a—r—')z = — 2 2 (n+ 1) (cnm cos mh + dnm sinmh) P (sing).

n=0 m=0

BBeneM 3TH BhIpaKeHHs B PaBylO 4acTb ypaBueHus (21.8), a B 1e-
BOHl YaCTH €ro 3aMeHHM ¢ Ha o,i, mpuyeM /i mpeicTaBHM B BHIe
pasnoxenus coriacHo (21.3)
g ==Fgl =
oo n
= 0.7, ““n 20 (@nm €OS ML A+ by SIN 11M) P (SiN @);
n=0m=

Torga OyieMm HMeThb

dnfory X X (Aum s Mh - by it mA) Prp (sin @) =

n=0m=0
fM( 13
= X {— 14 2(n+ 1)} (cnm oS MA-dnm sin mA) x
0 n=0m=0

XP,m(sing). (21.10)
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IMpupasuneas Ko3hOUIHMEHTH NPH PABHBIX NOPSAKAX CepHUECKHX
GynKuui, 1oay4nM cBA3b MeKAY Kod3dduruenramu:

dnm ey Tm bnm ;

Tenepb, Buipakas KO3OPUIHEHTH Com U dom UEPE3 Gam H by, LIS
norexupasa coriacHo (21.4) naligem cjleryiouiee OKOHUATEIBHOE
BLIpaKeHnne:

i fM(( - e ﬂn
V(f,(P,f\-):—r— 17’2 2) 2;1—-—} Gm(r) 2

n=2 m=10

Cnn 3 % Onm (21.11)

X (@ny €08 MA - by SIN ML) Pra (sin @) | (21512)

YcKOopenne CHJBL TSKECTH MOKET ObITh JerKO INOJY4YeHO H3 9TOH
Gopyyas auddepeHIMpoOBatHEM N0 7

av fo(( i o n S(nt1) ©, (r )n
St e el e R R
n=2 m=10 i
X (@nm €OS M + by, Sit MA) Pry (Sin @) | (21.13)

§ 4. OcHoBbl ruapocTaTHYecKoi Teopur Gurypbl Jlynp

Jlo nosBieHNs BO3MOMKHOCTH H3MepPATh HaNpPSKEHHOCTb CHJIBI
TSAAKECTH Ha .HyHe H B OKOJIOJJYHHOM HPOCTPpaHcTBe IMHAMHYECKHMHA
MeTOLaMH HJIH HeloCpencTBeHHLIMY HaOJdaeHuaMu Ha Jlyde, mpu-
MeHsiIcs MeToJ, nocrpoenns: Gurypsl JIyHbl, HCXOAS M3 MPeANoJoKe-
HUST ee ruapocratHueckoro pasuosecust. Ilpn stom Jlyna paccmar-
pPHBaeTCs Kak paBHOMepHO Bpauiaiouieecss XKHAKOe Teao, HaX0Ad-
nieecs B IOCTOSIHHOM TNoJe NpuTs:KeHns 3eMud. Buemnuii noren
wHad npmﬂx{emm .Hym,r 33,&361‘(251 dopuyaon (21.4)

Ve= fMKZ 2 _|_1 (cﬂm cos mh, - dnm Sinmi) Ppp (sin ),

n=0 m=0

a I(OS;(}MbHuHeHTbI Cam U dpm 321A10TCS YPABHEHHAMH
Cno = S G (r) rPy (sin g) dt,

] :
Gy = Dl 52_{_ ”)] j 6 () Py (sin @) cos midr, (21.14)

v 2

ot 1)1 ‘ 0 (r) r"Pam (sin ¢) sin mhds.

KosthpunuenTsl ¢,o onpeneisior 30HaNpHble TADMOHHKY NMOTEHIHAA,
31*
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[TepBy10 30HANBHYIO FAPMOHHKY [OJAYYHM H3 [EPBOr0 YpaBHEHHS
(21.14): Pgg=1; cyo= (0 (r) dv = M¢ — macca Jlyust. [lpu 8ui-
6ope HauaJjla KOOpAHHAT B HeHTpe Macc = ¢ =4dy=0.

KoatpdunuenTsl nmpu rapMoHHMKax Broporo nopsaaka ds, diz, da
ABJAIOTCH IEHTPOOEIKHLIMH MOMEHTAMH HHEpIHH:

Cor = gﬁxzdn:, diy = Seyzdr, dyy= _é_ S oxyds.

DTH MOMEHTH! TAKKE MOXKHO OGpPATUTL B HY/H, HANPABUB OCH KOOP-
JMHAT 1O ITaBHBIM IEeHTPAIBHBIM OCAM HHepIHH TeJd.

Haxonell, Ko3pQHIHEHTB €y U 2o MOXKHO BBIPA3HTh 4Yepe3 MO-
MEHTBH HHEepPLHH Teaa:

CW:go(zz_ﬁy,_)dar:;z(mrs--zm, (21.15)

Che go(x'z-—yQ)dt=%(B—»A).

B 31uX npeanofokKeHHAX BHEMIHHHE noreHuuas JIyHel mMoxKer OHITh
3alHCaH B BHIE

¥

f/:/f(: i 2 Z ?:—ir(cﬂm €08 Mh ~dpm it mA) Py (sin ). (21.16)

n=2 m=0

B CIyyde rHAPOCTATHYECKOrO paBHOBECHSH, T. €. KOrga BHYTPEel-

HHE HANpAXKEHHSA B Tese PaBHBl THAPOCTATHYECKOMY [1ABJAEHHIO, Bbl-
NOJIHAETCH YCJI0BHE

g i 00 dz— o (2 dgx 4 ¥ 4y 4+ W 45\ (91,1
P dict Gy e S (X Koy By g el T
3necs W — noreHunan Bcex CHJ, ACHCTBYIOIMHX Ha TENO, p — AAB-
JIeHHe, T. ¢. MOBEPXHOCTh [MOCTOSHHOIO MOTEHIHa/a SABJIAETCS I0-
BEPXHOCTBIO ITOCTOAHHLIX JABJIeHHst W MJA0oTHOCTH. Ha noBgpxmocTu
FHAPOCTATHYECKOrO paBHOBECHA J1aBJeHHE MMOCTOAHHO H PaBHO HYJIHO,

[TI03TOMY 3Ta MNOBEPXHOCTb SABJAAETCHA MOBEPXHOCTHIO MOCTOSHHOTO MO~
TEHIIHaa

W = const.
PaccmoTpuM Tenepb HAXOASUIYIOCH B PaBHOBECHH Bpaulatollyo-

cs JIyny, B 3KBaTOPHaJIbHOI IIOCKOCTH KOTOPO# pacrogoxena 3em-
Jisl, TPAHHMaeMasl 3a ToueuHoe Teqo. B aroM ciaydae OyleM HMETb

W= V-4 T+ P = const, (21.18)
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rae V —rpaBuTtaiMonHpil notennuan JIyus,, T —noTenuuan Tsro-
TeHHsI 3eMJH, P — HeHTPoOeKHbI NOTeHIHa.
[Torennuan Toueunoit 3emMau

fMy fMp My

r -12 2 2 e : -2 2 2
r V@—wFtyte A T RN
A iR Ty

T =

rae M r— macca 3eMJH, rp— paccTosHHe 3JEeMEHTa [OBEepPXHOCTH
JIyhel ot uentpa 3eman, A — paccTosiiHe Mex1y LEHTPaMH 3eMau
u JlyHpl. 3peck och 2z COBNAAAET ¢ OChbIO BpameHus JIyHE, a ock X
HampasjeHa K 3emJe.
b
Packnaasisas 1/r7 B psif, 10 CTENEHSIM &, —&, -~ H YAepKupas

YJjeHpl 10 BTOPOro mopsijika mMaJiocTH, MOJYy9uM

X7 e R 72

Paet f(H— gt ——ﬂ—;-—) S

Hafizem motenunan uenrpobe:kuoil cunbl. JIlyma Bpautaercs Bo-
KPYr OCH, MEPHeHAHKYASIPHON K IJOCKOGCTH OPOHTBI C MOCTOSHHOA
YILJOBOH CKOPOCTBIO ®, PaBHOH CKOPOCTH ee OpOHTAaJBbHOTO JBHMKE-
Hist. Torna AsumenHe JIyHbl ecTh BpallleHHE ¢ YIJIOBOH CKOPOCTHIO
@ BOKDPYT OCH, MPOXOAAIIeH yepe3 LEHTP HHEPUHH cHcTeMbl JIyHa—-
3emast, orcrosinuit ot eHrpa Jlyust Ha paccroauun AM /(M4 Mr),
ITorenunan HeHTPoOEIKHONR CHABL OYIET

A 2
P e —5&}‘,‘ [( 1 ‘J‘ A/i";{wr "—.?C) —I_ yz:l

3aMeHHM 37ech w? ero BblpaxKeHueM M3 TpeTbero 3akona Kenaepa:

0 = ————fMTSa_E_ k) O e -M—f,
TOrA
P=E:fl{—2(lj,—p) _%+-’5_;A‘—-”] (21.20)
CrnanpBast T u P, nonyuum
M,
74P ot ] BT — p G + ).

(21.21)

Jra cyMMa sBAfSeTcd BO3AMYILAIOUIMM TOTEHIHAIOM, ONpeneIsOmlnM
OTKJIOHEHUS NOBepXHOCTH JIyhbt oT chepol.
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Hobasnu x (21.21) uaen A(x2+y%+2%), KOTOPHA B cHIY CHM-
METPHH MOZKET TOJBKO BbI3BaTh HRUTOXHOE obmee pacmupetne Jly-
HBl, HO He NoBJAHAer Ha ee durypy. [lapamerp X suifepenm Tax, uro-
Obl BO3MYLUAIOILHN NOTCHNHAJT BRIPA3HJACH B BHAE rapMOHHUECKOR
OVHKIHE BTOPOTO MopsinKa

V(T 4+ P+ ir?) = 0.

Brnonuss anddepennupopanue, nosyynm
QfM

OTKyza

R o (21.22)

Teneps BOSMYMIAOUIHI MOTEHIIHAN NPEACTABHM B BHIE

] 9 f i ]
- A 128
Q=T+ P-A2= [1—1—2(1 5
Mqp M ; 3 Mg
+ 2Ai(‘3t~__z) F}L_ﬁg(xz_'_y)_mra

HAH, UMes B BMAY, UTO MEPBLI uleH KaK NOCTOSTHHBIH, 8 TPeTHH Kax
MaJbli, MOTYT OBITh OTOPOILEHH, B BU/E

My . My, [My

D = L (B3x — 2%) — ot 6A3(Tr_ 2y* — 52%). (21.25)

[Tox neficTBHEM BO3MYLIAIOULETO MOTEHIHA]A OBEPXHOCTH HCMbI-
ThiBaeT AedopMalnio, BHIPAXKAIONLYIOCS TapMOHHUECKON GyHKuuel
BTOpOro nopsauka Jo:

#1005 - (21.24)

OrpanuunBasicb TrapMOHHKaMH BTOPOTO MNOPAAKa, MHOJVYHM U3
(21.12) noternuan ofAHOpoAHOro cheponna

\/I
P Lk (1+ 2 3"*"’), (21.25)

rle 3a € NPHHSTO G,/0,. Beons (21.24) B BRIpaeHne norTexnuana
cthepona (21.25), naxoaum

fM({ 8 eily ]
b raklise SJe)[l +—5_ (1 _|..9J2)2] 5

M 3 efir:
= —r—fﬁ [(1 Lgds) (1 24 TW&—QZ) } (21.26)
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Ckaaampasi notennuan Jlyust (21.26) ¢ BO3MymAOmMUM moTeHNHA-
aov O (21.23), nosyunm ypaBHeHHe YPOBEHHOII IOBePXHOCTH JIVHEL

T R R

e.fgr%

m] = const. (21.27)

fMC 3
el I s Hadty
t T (1 E’J'.?.) 1+ 5
[Ipenefperast MaJbiMH BTOPOIO MOPsiiKa M MoJarag KOHCTAHTY pas-
Holt fM ¢[ro, u2 (21.27) ompenensiem 3HaueHue el

5 My r} 72— 9y2_ 5

EJB:_@M—(EF—-"E— ]

kotopoe Beenem B (21.24). Tenmepb ypaBHenHe YPOBEHHOH MOBepX-
HOCTH JIVHbI ¢ TOYHOCTBIO 10 FapMOHHK BTOPOTO mnopafgka Oyner
HMeTb BUJ

3
5 My ry Tx2— 942 522 ) Gy
A o B, GEITURG A L A e 2142
r*rO(I STV PR i ] (21.28)
IMonaras B (21.28) nocaenosare/pHO
X="ty Y=—"roe, 2=1r;.
HalaeM noayocH JyHHOTO chepouja:
35 M r"{
=1 pafie s b
12 M(C A
: 3
10 MT r
' 95 My 5
c= 1= = ——= -
0 12 M, &°

3HavyeHNe OTHOIIEHHA B CKOOKAX H3BECTHHI: MT/M¢=8[,3; Alro =

= 221. U3 (21.29) M0KHO MOJYUYUTE CKaTHE YPOBEHHOTO c(pepoHAa:
HOJIIPHOE CXKaTHe

a=2"¢—094-107%,

9

3KBATOpPHAJBHOE CXKATHE

p=2"C=0,375-10""

Ty

BTH BEJHUYHHBI OKa3blBAIOTCH 3HAUHTEJBHO MeEHbIIe CXKATHA ﬂy}{b[,
NOMYYeHHOr0 No HaOJIONeHHAM JHOPALHH:  Oaas == 4,0 - 1074,
Baws = 6,3 « 10~*, OTHOlIeHHE TEOPETHUECKUX AHHAMHUECKHX CKATHH
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C— B o o
f=—= = N 0,25 raxkKe CHAbHO PACXOXHTCH C HAOMIOTEHHBIM:

0,5 <f=<0,75.

DT0 pPacXoxKjeHHe CBHAETEJAbCTBYET O TOM, uTO JIyHa jajexa ot
THAPOCTATHYCCKOrO PABHOBECHS H He MOMKET amnpOKCHMHDPOBATHCA
HH NBYXOCHBIM, HH TPeXOCHBIM 3JIJJHNICOHIOM. DTO PACXOKAEHHE CBH-
HETeJbCTBYEeT O HEOJHOPOZHOM pacnpefelleHHH BellecTBA B Teje
Jlyunl,

Conocrasienne OTHOUIEHUI MOMEHTOB HHEPIHH €O CiKATHEM

oA ‘ Mﬁ,rg
C = al—a3~5w,
gp 5 Merg
= Oy, — Qg A~
C - 4 MqC3

NO03BOJAET PAacCyHTatTbh Pa3HOCTH 1](}.?]}-’0(:&".1‘3, KOTOpLI€ OKAa3LIBAITCH
PaBHHIMH
ay—as=1,09 ku, a>—a;= 0,83 kn,

rae @; — noJjayoch, Hanpasjendas K 3emle, @z —n0Jyock B Hanpas-
JeHHH paBuKeHus: JIYHB, 0z - TNOJYOCh B HanpapjJeHWH JYHHOIO
noJaocd.

TaxuM oGpasoMm, B3KBATOPHAJbBHOE HECHMMETPHYHOE R3LAYTHE
GoJbLIE MOJSPHOrO CHATHSI.

§ 5. Onpepenentie napamMeTPoB FPABUTRUMOHHOIO MOJA
1 urypsl JIyns no HadAw0AeHUSM
HCKYCCTBEHHBIX CNYTHUKOB

Hckycerpennbie cnyTnukn JIyHB JajlH BO3MOMXHOCTE H3YydaTh
rpaBHTAllMOHHOE NoJie u Gurypy JIynbl no nHaGmOfeHHI0 BO3MYIe-
HUH B MX ABM:KeHuH. IIpH 3TOM NpPHMEHSETCH B OCHOBHOM TOT iKe
METOM, KOTOPBIfl HCIOJIB3YeTCs MPH H3YUEHHH TPaBHTANMOHHOTO MO-
a8 1 QHTYPBL 3eMJlu.

Ypaphenusi Jlarpam:Ka s OCKYJHDPYIOIIHX 3JeMeHTOB OpPOHTHI
CBA3BIRAIOT CKOPOCTH H3MeHeHHS 3THX 3JEMCHTOB C BO3MYILAOUlel
cuaoit. Qas oupepenennsi cepHIecKHX rapMOHHK TPaBHTAaNOHHOLO
noJs JIyubl MCHOMB3YIOTCSl YPaBHCHMA JlarpaHika Ias y3aa B J10J-
TOTH TiepHIleHTpa OpOHTHI, MOCKONBKY HMEHHO 3TH VDPABHEHHS CO-
ZLep:KaT BeKOBhIE W JI0JITONEepHOAHYECKHE UIeHbBI:

dia e
4t T pg?y1—efsini 94’

/ — (21.30)
dw cosi dR VI—e2dR

@ T T YT —ésini O na’e  de’
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Ijle NPHHATHL Te XKe obo3maveHus, 4to u B riaase 18. B Kauecrse
BO3MYLIaWOUIeH cuabl R npuHuMaeTcs YacThb PA3JOMKeHHsS NOTeHIHA-
Jla CHABL THAKeCTH JIyHBI, HAUHHAS CO BTOPOTO U/IeHa.

Ilocne BBeneuus poamymatouieii dyukuun (21.4) B ypasHenus
(21.30) monyuuM YypaBHeHHS, CBSI3BHIBAIOLIHE H3MEHEHHS! TOJATOTHI
y371a H JOJTOTHl MepHIeHTpa ¢ PasJHYHLIMH FAPMOHHKAMH TpaBHTA-
UHOHHOTO MOJIA.

Ecnu B posmymiawouieit QyHKUHH N0JA0XKUTE m = 0, moaygum
ypaBHeHHUsl /s HaXOmIeHHs 30HAJbHBIX rapMmouuk. Torna yparme-
HHe 145 AoaroTel y3aa (21.30) moxHO npeoGpasosartsh, Hampumep,

K BHAY

d [ { 0o e i
& clgi sin(o )z CroPp (SiN @) =

dv ~ a(l—e®)  cosg

n=2

eos it lii; N el Ly ; L olg Fr s
:W(-‘f_) Cag SiN* (w-4-v) (14-ecosv) + e m(—(}) Jqp X

X [5sin® (o 4 v)sin?v — sin (o -} v)] (1 4+ 2e cosv 4 e cos? v) L
+ : ﬂ——(i ; €40 |7 sin? (0 + v)sin® i — 3sin® (o + v)] X
S TR Y 6 ) a0 181 2 (
¥ (1 4 3ecosv 4 3e*cos*v +e*cos®o) + ..., (21.31)

rle v ~— HCTHHHAS AHOMAJHS, CBA3ANHAas ¢ { ypaBHeHHeM
do 1 o T e e
= =—_ViMVa(l —é).
dt re
B ypasuenun (21.31) KOpOTKONMepHOAHYECKHE BO3MYIIEHHS MPO-

HCXOAAT 34 cuer HaMeHeHus v. WX JIerKO HCKIIOUHTH OCpEnHEHUEM

2
d Gl o,
ot 5 éz?l—dv. (21.32)

W:.?n
0

TOFI{H BCE€ KOPOTKOIICPHOAHYECKHE YJ/CHBLI 13 YDABHEHHA HCUE3HYT H
ypashenue (21.31) npumer Bup

e S o (A)Ec o e b (&)*’y
de 2 (1—en2\q /) "2 (= pRysi :
e S S In i cas e
X 0308(\1 '—'4— sin I)Slﬂm TU—_—;)‘F(T) X

A [(l — --Z—sin2 i) (1 -+ —3—-0) — %32 (1 — %sirﬁ i) cos 2m] sy
(2:1:83)



490 TPABHTALIHOHHOE TOJIE H ®HIYPA JYHBl U TIJIAHET (T3, 21

5 HCKAOYeHUS NONTOTICPHOIMYECKHX BOSMYIICHNN Hafo eule
NpOM3BecTH OcpeaneHne no o. Toraa nmoayyurcst ypasHeHHe, cojep-
Xallee TONbKO BEKOBHIEC UJEHH H TOJBKO UETHLIE 30HAJBHGLIE Tap-
MOHHKH!

o i SO S R
“dv —COSI{T(I—-P)B( a} €20
oo SO e AR T e 3
1 (IHL-‘-')“(T) "40(1““4“5‘“ )(“*‘2’ )+
105 1 ro \8 rRhs e
+ 6 == (T) CGO(I_TSIH kg o ‘)X

><(1 4 5e? +1—85-e4)+ } (21.34)

Ypasuenue (21.34) nossojsieT ONpefennTb UeTHble 30HAJLHbLIE rap-
MOHHUKH MO HAGJIONEEHLIM OCPellHeHHHIM H3MEHEHHAM y3Ja H H3Be-
CTHHIM 3JeMeHTaM OPOHTHL.

IlpeoGpasoBbiBag ypasHenue Jlarpamka u yaep:kupas pasHbie
TapMOHHKHA BO3MYIIAOMIEH CHIBL, MOMKHO [IOJYYHTE - VPABHEHHS,
yAOGHBIe IS Oflpejle/leHHs Pa3/qHYHBIX IapMOHHK TpaBHTAIHOHIOTO
noJs.

[Tpupenem cBonky (opMyJl, NaOLHX BEKOBLIE BO3MYIIEHUS 3Je-
MEHTOB B 3aBHCHMOCTH OT K03()DHIHEHTOB HECKOJLKHUX TEPBHIX Yile-
HOB Pa3/ioKeHHsi TPaBHTANMOHNOI0 Noas JIyHbL

1. CxopocTh M3MeHeHHS 3/71eMeHTOB OpOHMTHI, 3aBHUCAIAA OT Capt

da _ de  di R

IR R

dgl 3cosi ro \2

EZ‘W(T") Co0» (2159}
do  3(1—5cos?i)f ry )2

dF . 4(1 —e2)? i 7) Csg-

2. CkopocTh H3MeHEHHA 3/7eMeHTOB OpOGHTH, 3aBHCALLAS OT Cap
H S99:

di 3sini
— = ﬁ_——e—2)2( ~ ) {€99€08 2 (8 — B) -+ 55, 5in 2(Q — 0)},
d(Q 3cosi

T =y

dw 3(8 —5cos?i) 2
- ‘_‘_2(_1_—72)_2“'.( ) {Coyc052 (52 — 0) + 8y, 8iN2( 2 — 0)}.

(21.36)

(’ ) {cz‘,cosi'(ﬁ-—B)—{—szgst(Q——B)} ;

Jrp—
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3. CxopocTh M3MEHEHHS 3/JeMeHTOB OpPOHTHI, 3ABHCHLIAR OT Capt

da

e

de 3coswsinifrg\3(5 . o.
S0 (TS‘“‘“I)%’

di ' 3ecosa ry b 1
df ~ I(1—ep (T) (TSlllgzu—l)c:m' [
an 3esinm 5 %
7R Y § = (T) (—Sm ks 1) C30
du
: oo (ft—) ( sz——ectgt)(l—smza—l)

dt T ZT(1—eé)p

TaxuM 00pa3oM, BCKOBbIE BOSMYLIEHHS XOJATOTHL Y3713 103BO.ISI-
f0T Onpele/uTh YeTHhE 30HaJbHbie TrapMOHHKH. Jloiromnepuopnue-
CKHE BO3MYIIEHHsI MO3BOJAIOT HaHTH HEUYETHbIe 30HaJIbHBIE rapMo-
HHKY, Bogmymlenus ¢ nepHogoM obpatieHHsl JIYHEI D30T BO3MO-
HOCTE ONPEAEJHTh KOPOTKONEPHOIHUECKHE TADMOHHKH Com, Spm-

B ocHoBHOM MeTOn onpenenelus napaMerpoB IPaBHTANHOHHOrO
nods JIynot mo Ha6/MI0LeHHI0 HCKYCCTBEHHBIX CIYTHHKOB aHaJorHueH
MeTOAy ONpeae/eHHs] napaMeTpoB IPABHTALHOHHOTO TMOJAS 3eMJH.
Oanaxo ecte HeKOTOpble pasauumsl. HampHmep, 3eMHOH CHOYTHHK
IPOXOANT Yepe3 MmoJe 3peHHs CTAHIUH CACXKEHHS OYeHb OBICTPO, Tak
YTO ¢ OJAHOH CTAHIINH CNYTHUK HaOJaI0AAeTCs KOPOTKOE BpeMs H Ha
ManoM ydacTke opOuTh. OTciofa BHITeKaeT HEOOXOAUMOCTh HaMHUHST
CeTH CTaHUHK ¢/jeKeuus, pasdpocaHHEIX MO Bced 3emie. JIYHHBIN
CHYTHHK MOJXKHO BHJAETh C 3eMJH OT Bocxoza 710 3axozna Jlyuw, Tlo-
3TOMY JAB€ CTAHIHH, YIOOHO pacrnosoxeHHble, od0ecneuar Bce AaHlible
A4 onpeneeHus OpOUTHL.

BeaecTBue GOJBHIOTO yaajelusi JYHHLIX CIYTHHKOB OT HAGJI0-
JlaTens YrJaoBbie H3MEpPEeHHs HX IMOJOMKCHUS OKa3blBAKTCH HEA0CTA-
TOYHO TOUHBIMH. OHU 3aMeHSIOTCS M3MepeHHeM PacCTOSIHHE H CKO-
poctedi. ¥Yriorag omuoka B 0°1 cooTBercTBYeT OHMIHOKE B MOJOMKE-
unn 6oaee 600 xm. Mamepennst pacctosnuil oGecreyuBaioT TOUYHOCTE
10—15 . Tounocts onpepenenns ckopocreit 0,01—0,02 afcex.

Benencreue mMamoil ckopocTH BpamleHHs JIYHBI MOXKHO CUHTATH,
UTO COYTHHK J[BHXKETCS B CTAIHOHAPHOM TMOJe CHJAbl TAMKecTH. 3a
onun obopot JIyHwl cnyTHHK chaenaer okoao 200 o6opoToB, T. e. 33
obopor cnyTHEKa Jlyna nosepuerca auumb Ha 1°8, B To BpeMs Kak
3a 0/IHH 06OPOT 3eMHOTO cnyTHHKA 3eMJad NoBepHercs Ha 25—30°

B rabaune 29 npuBoasitcst Ko3(hQHIHEHTH Pa3NOKEHHs TpaBH-
TAUHOHHOTO MOASA JIYHBL Chpm U Sy, MOJYUYEHHBlE [0 HAGTIOLEHHAM
«/lynni-10> (no Axmmy —rpaga 1), 00 uabaiOACHHAM COYTHHKOB

(21.37)
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Ta6auna 29

s SR L £-104 t‘nm-lﬂ‘ £-104 Cnm-lf)‘ e.104

: —2,06 40,22 | —2,0596 |+0,141 | —2,0263 | +0,0143
! —0,157 0,059 | —0,1661 | 0,051 | —0,0878 | 0,013l
; 0,140 0,012 0,2042 | 0,029 0,2191 |  0,0249
: —0,363 0,099 [ —0,3773 | 0,180 | —0,2223 | 0,0262
: 0,568 0,026 0,3012 | 0,048 0,3636 | 0,002
: 0,118 0,047 0,1294 | 0,028 | -—0,0257 | 0,0058
: = 4 0,0317 | 0,015 | —0,0465 | 0,0079
x 0,333 0,270 0,0798 | 0,128 0,0941 | 0,190

, — s —0,1560 | 0,036 | —0,1236 | 0,0046
, £ e 0,001] | 0,010 0,0361 | 0,0034

—0,0082 | 0,008 0,0164 | 0,002
- - —0,0007 | 0,003 0,0091 | 0,0011 | |
- — —0,5505 | 0,171 | —0,1614 | 0,0321 | |
— - —0,0385 | 0,037 = — j
L s —0,0342 | 0,009 — -
- — —0,0071 | 0,002 — -
o o —0,0008 | 0,001 — =
- e —0,0003 | 0,0002 — S
5 = ik - —0,1089 | 0,012l
- - — — 0,1734 0,122
o e 2 “ —0,2011 | 0,0114

00 ~1 O UL N U U1 G T o s s W W NR
-
SO OU ks W = O WD O WD - O —~O

nm snm-ll)* e-104 snm-lllli £-10% s -104 e-104

5 —0,0361 | 0,0358 0,0080 | 0,039 0,0150 | 0,0139
] —0,0139 | 0,0145 | —0,0342 | 0,025 0,1310 | 0,0335
¥ 0,178 0,032 0,1762 | 0,053 0,0740 | 0,0032
; —0,00702 | 0,046 | —0,0147 | 0,033 | —0,0200 | 0,0063

s e —0,0043 | 0,018 | —0,0496 | 0,0114
i ) 0,0391 | 0,028 0,0564 | 0,0051
= L 0,0072 | 0,013 0,0035 | 0,0157
—0,0001 | 0,006 0,0015 | 0,025l
e i 0,0011 | 0,003 0,0011 | 0,0521
o e 0,0829 | 0,031 o e
- s —0,0203 | 0,008 Lo e
-, o —0,0078 | 0,002 - 5
s o —0,0013 | 0,001 - =2
e s 0,0003 | 0,0002 e s

-

Lo O OO s s ok e Q0w RN
.
Ul N — s WD W R — N
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«Oponrep-1, -3, -4» (no JI. Toacony —rpada 2) u no teM XKe
cnytHukam no JI. Jlopeaay (rpatda 3) ¥ cpegHekBaJpaTHUECKHE
OLIHOKH €.

[ToMHMO CKOpPOCTEH ¥ PacCTOSHHH NPHMEHSETCS METOJ H3Mepe-
HUS H3MEHEeHHH JIOKaJbHBIX YCKOPDEHHH B OBHKEHHH JYHHBIX CHYT-
HHKOB. O6paboTKa TAKHUX YCKOPEHHH MO3BOJISIET MOCTPOUTHL pacmpe-
JeJeHHe CHJbl TPHTAZKEHHs Ha BHICOTe poJeTa choyTHHKa. Ha

Pauc. 132,

BEJHUYHHY JOKAaJbHOTO YCKOPEHHsA ©0Jblile BCEro BJAHAIOT MACCHL, pac-
MOJIOXKEHHbIE HenocpeACcTBenHo nox cnyTHHKoM. [Tostomy onpenede-
HHe YCKOPeHHH JaeT BO3MOMKHOCTL H3YUHTh pacripeieJeHHe Mace moj
TpaexTopueil nosera. dtuMm MeroaoMm I1. Mwanepom u B. Crérpe-
HOM Obul10 o0Hapy:eHO Haanuue Ha Jlyne oGjacTell 3HAYHTENBHBIX
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[IOJIOXKHTENbHBIX aHOMAJHH YCKOPEHHS CHJDbL TSKECTH, PACION0kKeH-
HBIX HaJ IIECTbI0 MOPSIMH BHAHMOH croponbl JIyHbl: Hag Mopsimu
Hoxped, Scnoctn, Kpusucos, Hexkrapa, Baamuocrn u Ilapos. 3ta
AHOMAJIHH JOCTHrAalT BeJHYHH cOOTBercTBeHHO -+230, --180, 100,
100, 60, 70 M2 U OOBACHAIOTCS NPEANONOKHTEIbHO KOHIIGHTpauueft
Macc NojJg 3THMH MOPAMH. OTH aHOMAJHH OBLIH HA3BAHBL MACKOHAMLL.

Hasinune ux npuBeso K MOSBAEHHIO Psija THIOTE3 HX MPOHCXOMK-
zenus. IlpeanonaraioT HX METEOPHTHOE NPOHCXOKAEHHE, BYJKAHH-
4ecKOe M JlaKe 0Ca/IKOHAKONJIeHHe B APEBHHX, €lle He HCMapHBIIHX-
cs Mopsix. Ha puc. 132 npusesiena cxema rpaBHTALHOHHBIX YCKOpe-
HAH HaJ MacKOHaMH, Ha puc. 133 — cxema aHOMATHi CHJIBI TSKe-
CTH Ha ceseHoHe mo Baankmuepy Ges yuera rapMOHHK Cgp H Cao,
NPHHATBHIX 38 HOPMaJbHOE T0JE,
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§ 6. HenocpeacTBenHbie H3MEPEHHs! CHIIBI TSKEeCTH Ha Jlyne

CHYTHHKOBbei MeTOJ, HaeT OCpelHCHHbBIE aHOMaJIMH CHJBI TsKe-
cru. Hous Toro urofbl H3yyaTh AeTaju I'PaBHTAIHOHHOTO [10Jis, Tpe-
Gyercsi HenmocpeAcTBEHHOe H3MepeHHe g Ha nosepxHoctH. Ha Jlyme
A0 HacTosAlllero BpeMeHH OBLIO0 NPoOH3BEJAEHO TPH HENOCPEeACTBCHHbIX
H3MepeHHUs CUJIbl THAMKECTH C MOMOLIBIO AaAKCeJNepOMeTpPOB, YCTAHOB-
JIEHHBIX Ha JYHHBIX MOAYJIAX KOCMHYeCKHX Kopabnelt «Anmnoson-11,
-12 u -14>. IlpuBoanM TabanIly 3RAUEHHH YCKODEHHS CHJBLI THXECTH,
H3MepeHHBIX SKHIIaKaMH 3THX KopabJeil, 1 KOOpAHHATE TOUEK, B KO-
TOPHIX 3TH U3MePeHHs npoH3BoAHanCch (Tadma. 30).

Ta6anma 30
KoopauHaThl Toukn | BLiCOTa B | agnmonae-
nocagn x# Bax | yoe 3},5‘”,__ ay H];]é’?;’:;gﬂ;: Anomanun
Lo Gpe D B CHathl ﬁ”' e cime oo TR
annapaTos !ganl?:;%ao THIKECTH, o e L Axéec;:ﬂ
¢ A o Bp e ¥y (H), Mea 3

«Anoanon-11» 10°40'N| 23°29’E | —0,53 [162852+ 13} --100 162783 69
«Anoanon-12» |3°12'8| 23°24"W 0 162674 0 162683 &9
«Anonnon-14» [3°40'S|17°28'W 0,39 1162653 =14 162610 43

Henocpencrsennoe uamMepenue CHIbl TAMKECTH NO3BOJAET BBIUHC-
JHTE PACCTOsIHHE TOYKH HaOMIoleHHs OT LeHTpa Macc Jlynwol. Jlaa
3TOr0 MOXKHO BOCMNOJIB30BATHCS NpocTeiiulell dopmyon

Mg
Tg= ]/T ¥
Ilpy BRIUHCIEHHAX NPHHATO fM(E = 4902,78 ku%/cex®. I1y Ke BejH-

YHHY MOXKHO MOJYYHTH MO HaOJIOfACHHAM JBHXKEHHA KOopal/s mo
JYHHOH OpOHTe ¢ 3eMJH ¢ NMOMOIIbIO NONJIEPOBCKHX H3MEpeHHfl u
PajavoJIOKAIlHOHHBIX ONpefeJqeHHii BHICOTHI TMOJIETA HaJ MOBEPX-
HOCTBIO JIYHBL. DTa BeMHYHHA 0003HAYACTCS Ir.

B raGaunne 31 npuBeseno comocTaBjchie 3HAUCHHI PACCTOSTHHM
OT TOYKH HAXOXJIeHHs JYHHOIO MOAYJS N0 HedATpa Macc JIyHb, on-
pelesieHHEIX PAasHbIMH CHOCOGAMH, MO HEMOCPEJCTBEHHBIM TpPaBH-
METPHUECKHM H 10 OpGHTANBHEIM H3MEPEHHSIM.

Tab6baunwa 31

AnnapaTt < ATIONIOH»
CpefHee paccTo-
Bech 1 12 14 sAHHe, KM
onpeieneHHs r
rg, KM 1735,10 173605 1736,16 1735,77
Tr, KM 1735,47 1736,00 1736,39 1735,95




TJTABA 22
NPOBJAEMA NPEACKASAHUA AHOMAJIHH

§ 1. NMpuunnsl, BeI3LIBAIOWIHE NOTPEGHOCTh NPEICKAIAHNA aHOMATHIL
Cpennss aHoMaaus

[Ipn peileHnH MHOTHX 3aJauy TPABHMETPHH H TEOPHH GHHIYPLI
3eman Tpebyercd IpeickaszaHHe aHOMaJaHil OJs obJacTel, rie OHH
nensBectHH. Takoro npeickasanus Tpedyer, HampuMep, penienue
npobaemnor Crokca. BricoTnl reouga no dopmysae CToxca HaxosT-
€5l ¢ HOMOILLI HHTErPAJOB, PACHPOCTPAHEHHLIX HA BCIO 3JeMJ.
TaxoBbl e (GopMyJabl MoJOLEHCKOTrD IJist BBICOT KBa3UTeOHIA U
cdopmyasl  Benunr-Mefineca 114 BoIYHCAeHUs YKAOHeHRT otBeca. s
HCTI0NIb30BaHus 3THYX (hopMya Tpebyercs 3HATh AHOMAJHH CHJIBI TA-
XecTH Ha Bcell 3emue. Ilpu mpencrasieHHH TPaBUTAIHOHHOTO MO
B BHAC Pa3OmKeHus N0 cPeprueckyM PyHKUMAM H Ipy oUnpenene-
HHH KO3((QHIHEHTOB TAaKOTO pasJoxKenHs TakxKe Tpefyercsl 3HaHHE
aHoMaJauit Ha Bcell 3emye. TaxuM oOpa3oM, B NpPHHIHIE MBI IO~
MBI 3HaTk Ag B 110001 TOUKe 3eMHOH TOBEPXHOCTH.

@aKTHYECKH, Jaxe TPH TYCTHIX CheMKax CHJa TAMKEeCTH olpe-
IeJIgeTcss B OTPAaHMYEHHOM UHC/Ie TVHKTOB, 3HayeHHs CHJBl TsHe-
CTH MeKJAy HHMH OLIEHHBAIOTCA MeTO/0M HHTePNOJANHH. JHAYH-
TenbHble obgacty 3emaH, 0CO0EHHO HA AKBATOPUAX, COBCEM He
HMCIOT TPaBHMETDHUECKHX jganubix. B 3THX caykasx s @OCTPO-
eHNsl THOOTETHYECKHUKX aHOMaJinil NpUXOAMTCH TeM WM HHBIM CIO-
coboM BBIOMpaTh HUX 3HayeHHe, Hampnmep, Bce HeH3BeCTHLIE aHO-
MaJud [PHHHMAIOTCH PABHBIMH HYyJI0, HIH 3HAYEHUT AHOMAJHUi
HHTEPIONHPYIOTCA MO COCEJHHM IYHKTaM, HJIH 3TH aHOMAJHH BbI-
YHCIAKTCS 10 HM3BeCTHBIM KoahduuueHTaM 00ILero pasfaomKenud
aHoMananit no cdepudecknm dyurkuuam. Buifop meroma mpeacka-
3aHHs SIBJACTCS OLHOH M3 BaXKHBIX 3aay, PelIAeMBIX IpHMeHeHH-
eM CTaTUCTHKH B rpabuMerpuu. He menee BamuoO OHeHHTb HaLew-
HOCTb MPEJCKA3aHHOI0 3HAUSHHS.

YacTo mpH pellieHHH 3aay TeopuH (GUTYPbI SeMJHOpaKTHYeCKH
MOMKHO OTPAHHUYNUTHCS 3HAHHEM TpaBUTALHOHHOTO MOJS B HEKOTO-
poit orpannueHHoil 06,4acTH, OTOGpacHBasi BJAWsHHE 1aJbHHX 30H
MM YUUTHBAA MX NPHOIHAKEHHO NO DefKoll ceTH AaHHHIX. B 3THX
CcayuasX OUeHb BAXKHO OUEHHTh, KAKOBO BAHsSHHEC OTOPOINGHHBIX 00-
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JacTell WAW KaKOBO BJAWAHHE MX cXeMaTusauuu. Haxgowel, Boznn-
KaeT 3ajadya OLEeHKH BJAHAHHA omub0K mnmpeacKasanuda aHOMAaJHH Ha
BLIBOJBl TaKHX BeJWYHH KAK BEICOTLI TeOHIa HJAH YKJIOHEHHT OT-
BECHBIX JIHHHUIL.

OueBHAHO, YTO BCE 3TH 3alaud HOCHT BPEMCHHBII XapakTep M
6yIyT B OCHOBHOM CHATHEL JI0CJe TOT0 KaK OyAeT 3aBeplUeHo MOML-
pofbHOe u3ydyeHue TPABHTAIHOHHOTO ITOJs 3EMJIH.

Pemenuio 3TuX 3aJay nmoMoraer HCNoJb30BaHHE CPeIHHX KBAl-
paTHYECKHX BEHYMH W CPEeJHHX MApPHBIX NPOU3BEACHHIL, TAK HA3bI-
BaeéMbIX KOBApUAIHIL

3avMeTHM, 4TO cpeluss aHOMaJ/Jua mo Bcell 3emJe obpaliaercs
B HYJAb, TOTJ2a KAK CpPeAHssi KBAAPAaTHUCCKAsd aHOMAaJMs BCerja of-
JHYAeTCA OT HY/JAAd H XapaKTepH3yeT aHOMaJbHOe rpaBHTALHOHHOE
noJie. B camom nene, ecan NpeANoONOKHTD, YTO

Ké:m:%!'gja.gds#:o,
5

TO AOCTATO4YHO 06pasoBaTb HOBLI€ aHOMAJHH
Ag* = Ag —m,
yToGH BHITOMHAAOCE PABEHCTBO HYJIO CcpeiHefl aHOMATHH:

Ag* = 4—11—5 jﬂAg*ds:O.
8

B 1O Ke BpeMma cpenuss KBaApaTHUECKAsd aHOMAJTHs

Ag2:%55/ﬁg’3ds;&0.
s

Ilo pacueram Kaynwm Ag? = 435 mea. Yacro cpenHas xsagpaTi-
yecKas BeJMYMHA B CTATHCTHKE HA3LIBAeTCs BapHaluell TaHHOL Be-
JHYUHB # 0003HAYAETCS

— 1
Ag® — var{Ag) = M{Ag? iHHAng. (22.1)
(8)

[Ipu cayuafinoM pacnpeleseHUH aHOMAJHI CpeLHss KBaapaTHye-
cKasg BeJqWUYMHA HIH BADHALHS XapaKTepH3yeT aAMOIHTYAY pasbpo-
ca aHoMajJHH U paBHATCH NPHOAH3HTeNLHO 1/3 oT KpaHHHX OTKIO-
wennli, [ToHATHe cpeqHero KsaipaTHYeCKOr0 YKJAOHEHHS IIPHMeHSeT-
¢ B CPaBHMeTPHH M /s OLEHKH TOUHOCTH TPABHMETPHYECKHX Ofl-
penesieHHl, MOCTPOEHHsT KapT, OIUEHKH HHTEpPIOJHPOBAHHBIX HJH
SKCTPATIQJIHPOBAHHBIX BequunH. g TakHX OLeHOK B TDABHMETPHH
BBelleHBl TIOHATHA OMUOOK IPEICTABHTEIbCTBA M HHTEPMOJALHA.

32 H. Il, I'pyitHHCKK L
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§ 2. MeToabl MHTEPNOAALUMH H IKCTPANOASUMHA
FpaBHTAUHOHHBIX AHOMAJKH.
Ouinéka MHTEPNOAALUMHM H OMIMOKA MPEJCTABHTENALCTBA

Tlpn mnpenckasamuy aHoMaJganil TpeGyeTcd ONpeleJHTbh aHOMA-
JIHH B OJJHOM HJIH HECKOJIbKHX MYHKTaX, TaM, Iileé OHH He H3BeCTHHI,
NO 3HaYeHUSIM B OCTaJMbHBIX TOYkax. IIpn 5TOM TwaBHada wuEBOpMa-
xS moayuaercs OT GAH3PACHOIOMKeHHBIX TOueK. YeM maJblie pac-
NOJ0XKEHBl TOYKH ¢ H3BECTHBIMH aHOMAJMHAMH, TeM cladee HX CBA3b
¢ aHoMaJiei, KOTOpyio Halo NpeacKa3arh.

Maremarnueck mpenckasaHHe MoKHO CHOPMYJIUPOBATE Kak
naxoxJeHHe Takoll (PYHKUHHM H3BECTHHIX aHOMauui Ag;, Ags, ...
Ag., KoTOpas onpenenssa Obl HEM3BECTHYH aHOMAJHI0O B TOUYKe

Agiﬂ Co f(Agls Ag2’ Sy Agn)

IIpocreitmein GopMoil Taxkoil QyHKUMHM aBAfeTCH JHHelHaa ¢opMa,
COOTBETCTBYIONIAA JHHEIIHOH HHTEPNOAANHH
n

Agp = é a;Ag;. (22.2)

Kosgrpuuuents! stoii hopMyan MOryT ObTb MofoOpaHbl peile-
HHEM YpaBHeHnHil (22.2) ans Touek ¢ u3BeCTHOH amomaaueil. Yacr-
HEIM CJayYaeM TaKOoro HHTepIoJHDOBAHUA HABJSETCd HHTEPIOJHPO-
BaHHE BHYTPH TPEYroJbHHKA [0 H3BECTHHIM aHOMAlHAM B €ro Bep-
wu#ax. Anomaans Ag B NpoH3BOJBHOA TOUKe BHYTPH TaKoro
TPEYroJIbHHKA OMpPeAeJHTCS NO PACHOJIOXKEHHIO 3TOH TOYKH H 8HO-
MaauaM B BepiiuHax Agi, Ags, Ags ¢ HCNOIB30BaHHEM (OpPMYJIbLI
HHTEPHIOJAIHA?

_ Xy —x) (ys —us) — (ys — 1) (%5 — %5)
i (2 — 21)(ots — i) — (g2 — 11 ){x3 — x2) * +
Xz — %) (41 — y5) — (ys — ¥) (X1 — x3)
+ (X3 — Xo) (Y1 — ¥g) — (3 — Ya) (¥ — x3) Bt
5 (= 2) (s — 1) — {4 — ) {0a — 19)
(1 — %3) (Y2 — y1) — (Y1 — y3) (% — %3)

25, (22.3)

HJH, 0603Hauasg COOTBETCTBYIOUIHE APOGH Yepes ey, oy, ta,
Ag = oAg: + axAgs + asAgs.

B cayuae npuMeHeHHMs OWIMOKH NPeICTABUTEALCTBA IHAUEHHE aHO-
MaJnH B OJHOH TOYKE, HanmpHMep, B MepBOH, NPHHHUMAETCs 3a AHO-
MaJjHIo, NPeJCTaBASIONIVIO BCIO TJIONLAjAb, T. €. Sg =Ag;. B stom
cayude oy — 1, oo — on = 0.

Jas TOro uTOOHl OLEHHTb, HACKOJbKO XOPOLIO TPEACTAB/TIOT
aHOMAa/IMH, TOJYYeHHBIE METOAOM HHTEPTOJANMH HJIH METON0M

e,

PP
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IpefCcTaBHTebCTBA, HCTHHIbBIE aAHOMAJIHH JanHoil objacTH, BBele-
HO TIOHATHe OIMOOK MPEACTABUTENbCTEA | MHTEPIIOJSILHH.

[Ton ommoOkoil HPeACTABATE/BCTBA MOHHMAETCHA Cpeands Ksad-
paTtnueckas OmMHOKa, € KOTOPOH ONHH MPOH3BOJIBLHO BblOpaHHbiH
MYHKT TpeicTapJseT CPABATALHOHHYI AHOMA/HIO HA HEKOTOPOH
naomanyd. IlonsTHe OMIMOKH NPeACTaBHTENbCTEA OBLIO BBEIEHO
I'paad-XantepoM. [as Toro 4TOOBI MOJYYHThH OIIAOKY npeaACTaBH-
TeJBCTBA s HEKOTOPOil MIOWajH, paBHOMEPHO TMOKPBITOH Tpa-
BUMETDHUECKHMH NIYHKTAMH, MOJAb3YIOTCA (POPMYJIOH

l/H(A”_ f\g)

n—1

rie Ag — cpenuee 3HAYeHHe AHOMAJMIl 1 Beex NYHKTOB  pac-
cMaTpHBaemMoil maom@RH, Ag;— 3HaUeHHe aHOMAJHH B [(-H TOUKE,
7 — YHCJIO IYHKTOB.

Ipaad-Xanutep ycTaHOBHJ SMINPHUECKYIO 3aBHAMOCTL OLIHOKH
NpeACTABUTENLCTBA OT BEJIHYHHBI NPEACTaB/IAeMON MJIOWALK

E=r(Vx+V ) (224)

rie X M Y —CTOPOHLI TpeACTaBJAAeMOil TJOLLAdH, k— sMmupHYe-
CKHI Koaq;dpuuuem On noayuus 3TOT KOIQPHIHEHT o MaTepi-
anaM MasATHHKOBOi .cheMku B Muun pasubiM 0,55.

Brenenne omnOKH UPeICTABHTENLCTBA IMO3BOJISIET OLCHHUTD
omrnbKH OonpefesqeHHs BBICOT reoHja H YK/JIOHEHHS OTBeCd, BOSHHKA=-
IOIIHe 34 cyerT TOro, 4TO MHOTHE obsacrtu npeacTaBasAlTCH MU
OTAEJbHBIMH TIYHKTdAMH. ﬂﬂﬂ OLEHKH BJHAHHA COBCEM HeH3Y4YeH-
HBIX MecT MosofenckdM Obiia BBeldeHa OIIHOKA HHTEePIONAIHH.
Owubxol HHTEPNOJAILHUH HA3LIBAGTCH CpPeAHsAs KBaApaTHYeCKasd
omubxa, ¢ KOTOPOH TOJAyyaeTcd HHTEPIOJIHDOBAHHOE MO OKpPyXKa-
IOIHM TOYHKTAM HJAH II0 KapTe 3Ha4Ye€HHe CHJBl TAMXKECTH B noboH
NPOU3BOJLHO B3siTON TOYKe., OmuOKAa HHTEPNOJIALHI PacCUHTLIBA-
ercs no Qopmy.e

—2 (Agn S Agum‘)z

E:il f—1 s

rae Ag,— nalbamogeHHan B ZAHHOH ToYKe aHoMaaHA, Agy,, — HH-
TEpPHONHPOBAHHOE 3HAYEHHe AHOMAJNUH B TOH XK€ TOUYKE, n— YUCJ/IO
TOYEK, 110 KOTOPLIM [IPOH3BOAHJIOCL CPABHEHHE,

Omnbxa HHTEPNOJNSILHN 3aBHCHT OT TYCTOTBI FPABHMETPHUECKOH
CeTH M aHOMAJIBHOCTH Tojs. JIist BbIYMCACHHSA OMHOOK MHTEPHOJS-
UHH 710 PACCTOSHHAM MEKIY IVHKTaMH I[PH OIHOPOAHOM Xapak-
Tepe CBEMKH MOMXKHO NpPHMEHHTb CIeAYIOLIYI0 3SMIHPHUYECKYIO

opmyny:

E.l‘lﬂ"l" e Qkxl? (22.5)
32*
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rje X— cpelHee paccrogHHe MEXKIY NYHKTaMH, R — IMOHDPHUECKHH

ko3 b punuent, [ — IMNHPHYECKUIl IOKA3aTeab CTENeHH.

Ilapamerpnl dopmyast (22.5) k& n [ XapaKTepH3YIOT CTelleHb
anroManbHocTH noas. Ecauw nmonoxute [ = !/ ® cunTaTh paccros-
HHE MEMXJy NYHKTAMH N0 OCAM X H Y HEPaBHEIM, TO TOJYYHTCH
¢opmyia, ananoruunas dopmyae paap-Xantepa (22.4)

E=k(Vx+V7)

Henocratkom mcnofib3oBatus OMUOKH NPeJCTaBATENbCTBA MM HH-
TEPNONAUHA ABJAAETCA TO, 4TC HX MOKHO BLIYHCAHTH TOJALKO TPH
HaJHUHH JOCTATOYHO OGOJBIIOrO YHC/JAA NMYHKTOB B PACCMATPHBAEMON
obaacta, IlpuMensaTh e HMX TpeOyeTcd HUMEHHO K 00JacTsaM, Tae
Takux omnpeiencHuii Her. MubiMu croBaMu, mas ciado H3yUeHHBIX
ofJlacTell MPUXOAUTCH NPUMEHSIThL OLIMOKH HUTEPNONSUNH UK mpef-
CTABHTEJILCTBA, TOJYUEHHBIE COBCeM /Ui APYrHX obmacrelil.
BBefienne mOHATHA OWHOKH HHTEPIONAUHH JAJ0 KPUTePUl AJs
OLleHKH TOUYHOCTH TpaBUMeTpHUYeCKux kapr. BeauuuHa OUHOKH HH-
TEPNOJAIMH 3AaBHUCHT OT CPEeLHErc pPACCTOSHHS MeXIY NYHKTaAMH
CBEMKH U OT AHOMAJbHOCTH NoJsfA. s CHOKOHHOro mods ¢ Men-
JIEHHO H3MEHAIONMMHCS aHOMaJHsaMU OUIMOKa WHTEPHOISIHH Oyier
MeHbllle, YeM /5 MoJis, nMelouero 00oablline W HelpaBHIbHO U3Me-
HAolHecs anoMaaud. B (gopmyne (22.5) sTa 3aBHCUMOCTL BhIpa-
JKaercsd TeM, UTO Ko3(QgHUIHUeHT &k u rokKasaTedb CcTemeHH [ OYAyT
Pa3THYHBIMA AJf PasJHUHLIX Togel. B cHay CKasaHHOrO BeJHYE-
Ha OWHOKH HHTEPIOJSLHH, IPH HEKOTOPOM IIOCTOAHHOM paccTos-
HHHM MEKIY NYHKTAMH, WIH BEJHUYHHBLI mapameTpoB &, [ (HesaBmucu-
MO OT PaCCTOSHHS) MOTYT CJAYKUTb KPHTEPHEM JJIsi OLEHKH aHo-
MaJbHOCTH MOJs. DTOT KPUTEPHH, GYIYUH He3aBHCHMBIM OT HMHTYH-
OHH HCCJAeL0BaTeqs, siBJAseTCs 00beKTuBHbIM. QmubKa HHTEpHO-
JAUHH OnpesesasieT TOUHOCTb KapTel. B camMoM jede, NoA TOYHOCTHIO
KApThl MBI MOHHMAEM TY TOYHOCTh, ¢ KOTOPOH MOXKHO HOJVUHTBL C
LaHHOIl KapThl aHOMAaJHO B JWGOH TPOU3BOJBHO B3ATOH TOUKE.
DTa TOYHOCTb XapaKTepu3dyerTcs owuOKON, ¢ KOTOPOH MBI MOMKEM
MPOMHTEPNIOINPOBATL AHOMAJHNIO 110 KapTe B JAHHYI0 TOUKY.
[Mpumenenne omuGKy MHTEPNOJANHH JO3BOJIHIO TaKKe BBECTH
CTPOrHe KpHTepHH IpH pellleHHH BOMpOCa O palMOHATIBLHOM pasMe-
LEHHH 1IYHKTOB, BLIOOpE TOUHOCTH OnpeAeneHIs aHoMalaull U BbOO-
pe ceueHHs H30aHOMAJ MPH COCTABJEHHH TPAaBUMETPHUYECKHX KapT.

§ 3. Koeapuauus

Eciu cpeansis KBaapartHueckasi BeJWUHHA HJAH BapHallHs Xa-
pakTepuayer moJe He3aBHCHMBIX aHOMaJui, Kak Obl He CBSI3aHHBIX
JAPYT € ApyroMm, TO OWHOKA HHTEPNOJSIIHH WJH NpeJcTaBHTENbCTBA
ye YKasplBaeT HA B3aMMO3aBHCHMOCTb aHOMAaJHH B PasHLIX TOH-
kax. asg O6aAH3KHX Touek owuOKa HHTepnoasuuu OyleT Mana, a

e
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IJs1 yAaJdeHHBIX BeJHKa, YTO YKasbiBAET Ha MaJioe B3aUMOBJ/IHFHUE
TAKUX Ja/JdeKHX ToueK. B paspuTHe 3TOi HAeH GBLIO BBEIECHO [TOHH-
THE KOBapuallid Kaxk cpeaHedl CYMMBl TDOM3BELCHHH aHOMaJIHH
Ag:Ag; B pa3HBIX TOYKAaX [ U j, HAXONSAUIHXCA HA MNOCTOAHHOM pac-
CTOAHHH S:

Covs{Ag} = M{AgAg)} = Agu. (22.6)

KoBapualus XapakTepH3yeT CTATHCTHUECKVIO KOppeJslUHio aHoMa-
anii Ag; u Ag;. Eclu KoBapmanmus pasHa HYJIO, TO aHOMAaJHH He
KOPPenupyloT APYr C OAPYroM, T. €. ABjs-
I0TCS He3aBHCHMAEIMH. B aTOM cayuae BeqanuH- o(s)
Ha ¥ 3HaK aHoManuHd Ag; He BIHAIOT Ha Be-
JHUHHY W 3HAK aHoManau# Ag;.

OueBHIHO, UTO ueM JaJbllie PaCIOJ0MKEeHE
TOUKH [ H j, TeM cJabee KOppeasiius, T. e.
cnabee BIMAHME OMHOH H3 HHX Ha JPYryio. St
HaoGopor, npu cOJHKEHHH TOYeK KOppessi-
nHs yBeJquuWBaerca M mnpu s = (0 KoBapHa-
LHsl IpeBpallaeTcs B BapHalnuioo, T. €. Puc. 134
NPOCTO B CpPeINHEKBANPATHYECKYIO BEIUYUHY.
Taxum oGpasom, KOBapHauHs sBJsSeTCa (QYHKUHEH pacCTOSHHA:

Covs{Ag} = c(s), Ag = c(0). (22.7)

Ha puc. 134 npexncrasien Xapakrep H3MEHeHUs KOBAapHALHOHHOI
GYHKIHA C paccTosHueM MeXAy MyHKTaMH.

Ita QyuKIua TPH OOJBIIHX § HMEeT Maljble [OJNOKHTEILHLIE
MY OTpHIlATEJNLHbIC 3HAUEHHS H YBEJHYMBACTCH MPH COMHACCHHH
nabpanubix Touek. CTporo ToBOpS, KOBapHAlHOHHAs  (QYHKIUS
g Beell 3eMmuaH, Tak Ke Kax W omHOKa WHTEPNOJNAUMM HJH TIpef-
CTaBHTENBLCTBA,  MOXKeT OBITh
BBIUHCJIEHA TOJBKO NPH HaJHUHH

CIIJIONIHOH rPaBUMETPHUYECKOH
© 0} cnemkn. Onpmaxko ToTAA TEps-
eTCH CMBICI HMX BHIUHCIEHHH,
1201 8 | 124 || 27°| 18| IlpakTuueckn KoBapuamus BHI-
751 9 104 I 29 6 | uncagerTcd AR HAYUEHHBIX 00.14-
gﬁg }? gg gé 8 | crefl W nmpHMeHseTcH IJIs Bced
322 13 | s4 [ 35 Hg Seman. BoaMoxHO npoBecTH
306005 | a7 | a0 |12 HEKOTOpOe paHOHHpOBaHHE, HAa-
206 || 17 45 50 |—20 npHMep, N0 NpHHUHIY MOpdo0-
272 | 19 | 34 ) 60 |—30 | rHyecKH HJIH TEKTOHHYECKH CXOM-
g?g gé ‘?g ]gg _lé HbIX oGJiacTell, H MOJYYHTL PA3-
174 | 25 S0 150 =51 Hbleé KOBapHalWH JiJjigi PpasubiXx
oGaacrei. OneHOUHbIe 3HAUEHHS
KOBapuamun B mea? 1as Becein 3emaH Obliu noayueHnl Kayisoit, Onu:
npHBelleHn! B Tabnue 32

Tabauna 32
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J1s mpakTHUECKOro NPUMeHeHWs, HAlpUMep, IS OUEHKH BJIks-
HHS OTOPOIIEHHBIX oOJ/acTefl, KOBapHALUOHHYIO (DYHKUHIO LeIeco-
00pa3HO PAITOKHUTE B PAL M0 ClepHyecKAM (YyHKIHUAM.

Kak yke roBopuaoch, aHoMaIusg Ag MoxeT ObITh TpeacTaBIeHa
B BuAe psala chepHyecKHX QVHKILHIL:

Ag(0, A) = 122 ANgof8, 0 =

@ n

= 2 X (ApmC0smh 4 b, sinmA) Py, (cos 0), (22.8)

n=2 m=0

rie B —moJasproe paccTosHHe, A — AOATOTA.

Urobpl MOIYYHTH KOBApPHALHMOHHVIO (VHKUHIO, Hago Halitd
cpeadee npouspelenne Ag, B3ATLIX B KaMI0H Hape paBHOyAa-
JIeHHBIX TOYEK.

Hatliem cpeinee mpousBeneHHe ABYX JAaNA4COBBIX TaPMOHHK:

AgnAgn = M{AgnAgn’} =
27

= Y Ag: (0, %) Ag; (6, ) sin 0 d6 dA. (22.9)
i

T in
0

[ono:xuB n’ = n, BLIYHCAUM CpefHuil KBaApaT J1am1acoBBIX Tap-
MOHHK:
E‘?,
1

1 1
Agr = M{Agi} = o= ) ) 1Ag, (8, M)]*sin 6 do dA.

0

HMmes B BUIY, 4TO

=

: (a,mcosmh - b, sinmh) P, (cos0)  (22.10)

Ag, =

H urto QyHKuHH P,.(cos0)cosmir u P.,(cosB)sinm) oproro-
HAJIBHBL, TOJIYTHM

A= Miag) = 3 (-t 0h). (@211

s cayuas n” = n BCJIeCTBHE OPTOrOHATBHOCTH
Ag.Age = M{Ag.Ag,}= 0. (22:12)

. OTo osHauaeT, uTO MeXKAY JAamacoBLIMH TapMOHHKaMH pas-
HBIX TIOPSAAKOB HET KOPDeMsILiiH.

SR SR R L o
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AHalorHUHO PasJoXkuM mo cdepHUeCKMM FapMOHMKAM KOBapHa-
LHOHHYIO BYHKLIHIO!
c n
COW) = 3 D (Com €OS M 4 dnyy sin M) P (O3 ), (22. 13)
n=2 m=10
rie | — NoJsipHOe PaccTOfHHE, ¢ — A3UMYT, @ MOJIOC BBHIOPAH IMpo-
H3BOJIBHO.

IMockonbky KopaphalmoHuas (yukuug C 3aBHCHT TOJBKO OT
paccTosiHHS M He 3aBHCHUT OT asnuMyTa o, NpaBas YacTb PABEHCTBA
(22.13) TOXKe HE 3aBHCHT OT a3WMyTa, T. €. CyMMa COMACPKHUT TOIL-
KO 30HaJbHEIE TaDMOHUKH:

C(p) = iﬁ CngPr (cOs ). (22.14)

Kosh¢uuuesTs 3TOTO PASTOKEHHS Cqo HMEIOT BHA
2%

g =2n+1s S C () P, (cos ) sinp dp do
a0

WAY, N0C/Ae HHTETPHPOBANKA N0 A3UMYTY,
n
2n+1 ¢ :
21 € (9) Py (cos ) sinp dp. (22.15)
0
Hopmupyromum  MHOMHTEIEM KO3(p(duIHenTOB Oyler ll]m
Tax 4To

Cp, =

<

T
Von-F1 :

Boipasum Tenepb K03DOHUHEHTH €, YePe3 Anm H Dum, T. €. Uepes
KO3 () OHIHNEHTE! Pa3/IOKeHHs aHoMaJ Ml Ag.

QyHKIHs KOBapHAUMIl C(\p) Boipakaercad depe3 OCpelHenHe
BCEX npou3BefeHHH Ag:Ag; IDTO ocpelHeHHe MOXKHO CHenaTh
cheayioum  o0pazoM: cHagala OCYUWECTBHTH OCPEeiHEHHe N9
KpPyTy pajuyca 1 NIpH MDOCTOAHHOM IOJIOCe; 3TO JdaeT 3HaueHHe

Chp =

(22.16)

r ! roat
C' = | g8, Ag®,1) dos
0

Aanee TPOH3BECTH OCPelNHeHHE YACTHOIl KOBAPHATHOHHOA  (VHK-
unu C’ no enuﬂmﬂon chepe:

C(p) = ESC )sin 0 d0 dh =

| Ag(0,2) Ag (&, M)sin0df dhda. (22.17)

:i
OC_-"_Ua

t_..——\”
e l\’)
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[co. 22
Koopaunatet 0, A u 8, A" ces3annl 30ech COOTHOLIEHHEM

cos P = cos B cos 6 4+ sin B sin 0" cos (A —A/)
Tenepr xkoabouuneHTH €, OnpeAegaTcs MO

vuetoMm (22.17):

T 250 ;2
%1 g
e ” HAg(e A Ag (67, 3) %
0

0 0

(22.18)
dopmyre (22.15) c

1
% P, (cosp)sinpsin Odyp dae dOdh.  (22.19) |
BLnoaHss HHTErPUPOBAHHE MO ¢ H W H HMed B BHAY HNPaBOMOY
HOCTb 3aMEHBl MEePEMEHHbIX
n 2%

?—H‘JTI j Ag (8, 1) P, (cos ) sin ¢ dp do =
00

2n

0 4'}; : g 5 Ag (0, N) P, (cosp)sin B’ di' = Ag, (0,%), (22.20)
[

NOAYYUM /15 KO(PPUIHEHTOB KOBapHALUH C, 3HAYCHHE
7 2%
ey =L j \ Ag (0, %) Ag,, (8, 1) sin 6 d0 dA.
00

(22.21)
Ho 370, 0oY4eBHIHO, €CTh CpeAHee M3 BCeX NpousBeleHHd Ag u Ag.

= Ag-Ag. = M{Ag-Ag.}.
Brona ciona Beipakenue gna Ag corsacrHo (22.8)

Ag(8,4)= X & Agy (6, 4),

n'=2
MOJIYUHM

o
S

d AgnAgﬂ-' =M {Agnr Agﬂ'}-

(22.22)
OaHako B CHJIY OPTOTOHAJILBHOCTH TOJBKO 4YJeHHL ¢ #' = n oT
JAuuiel ot 0, mosroMy

S L § (22.23)
m=0
31€Ch up B D

HOPMHUpPOBaHHblEe KOID(HIHEHTHI
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§ 4. Oueska BAMSHHS HeyueTa AaibHUX 30H
NpH BLIYACJIEHHY BHICOT TEOMAA

" HMurerpan CroKca JJsl BBICOT TeOH/d pazobbeM Ha JBe YacTH,

npeACTABAIOUIHE BIHIHHE nedTpasabHoii 308 oT 0 10 TOJSAPHOrO
PACCTOAHHEA Yo U n1anabueit 061acTH BHe paauyca o

P
;:%Uj

<o
L

T
Ag S (cosp) sinp dy da -+

=

19

&‘ Ag S (cos ) sinp dyp do.  (22.24)
!

v
o

R
4y

-+

S —

L]

BTopoii ujeH 3aniileM TaK, 4ToObl OH pacnpocTpaHsics Ha T0JI-
uyio cdepy. [asg 3T0r0 3aMEHHM dyukmio Croxea S () dynkunei
S(cos1p), yaOBIETBOPSIONIEN YCIOBHIO

O ()élp<’ll)ﬂl

S YT 22.25),
S(e0SH) =g (cos ) po< P . A

B sTOoM cayuae HHTErpaa pacnpocrpaHeH Ha BCIO cepy
m 2%
6C = ij ﬁ Ag S (cos ) sin§ dip dot (22.26)
(

4y
0

M [OJbIHTErpajbHas (QyHKuHsa S(cos ) MOKer OBbITH PasaoxKeHa
no monunoMam Jlexanapa

S (cos ) = 3 20 QuPu (cos ). (22.27)
n=>0
Beoas (22.27) B (22.26), noayuum
oo J’E 1::.
8z =% (2n + 1)Qn8 5 AgP, (cos W) sinp dp da, (22.28)
n=0 00
roe
ﬂ-_..
Q. = | S (cos ) P, (cos p) sinp d, (92.29)
0
HO

¥
S
84
—
St ——y
|

Agy (0, 1) Py (cos ) sin @ 6’ d' = Ag, (0, 1),
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O3TOMY
82(6,M) = —‘}E Q,Ag, (6, ). (22.30)
Vpasuenne (22.30) onpelessier omMHOKY BBICOTH TeOHAd, BO3-

HHKAIOUIYI0 H3-3a TpeHe0pexKeHHsi BJHAHHEM aHOMa/JHH BHe ofna-
CTH DaguycoM 1. BHIUHCIHM CpeIHeKBaAPaTHYECKYIO OMIHOKY

(=]

EZ = rfz 2 (QnAgn 2 4?. E QnAgnQn Agn ST

ti=2

=2 X Y QluAgAgw— i m33 QnrAgnAgn.] <

? n=2n'=2 n=32 n'=2
= D D QuQuwAg.Agw = - 2 E QuQwM (AguAgu).
n=3 n'=2 n=2n'=2

Ho Ag.Ag. = 0 npu n == n’, Tak 4T0 OKOHYATENbHO

8T = 1 E QR = o 2 Qe (22.31)

n=2

Taxknm o0pas3oM, OLeHKA BJAMSHHS HEYUTEHHBIX JaJbHHX 30H
IPH BEIYHCJAEHHH BBICOT reod[a MoxKeT GHITb noJayuyeHa no Koaddu-
IHeHTaM KOBapHALMH €, H H3BECTHON QYHKUHH Q,.

Omubxy npeickasaHus NMOJIYYHM M3 CPABHEHHS TpeacKa3aHHOM
anomMaJ/Jiig ¢ HCTHHHOH. TTycTh HCTHHHAS aHOMAJHs B Touke P Oyjer

Agy. Ee npeiackasannas Bennunna Ag, ONpelelHTCS ypaBHEHHeM
(22.2).
Torna omunbka npeackazanis eCTb Pa3HOCTh
o, n
ep=Agp— Agp=Agp — ;1 ap,Ag;. (22.32)
Ksazpar omudku Gymer
ep = Agh — 2 E ap,AgiAgp + Z V AgiAgrapap,. (22.33)

O6pasyew Tenepb CpeIHHil KBaapar oumﬁsm ISl BCeil u3yuae-
Mo# ob6JaacTtH

M {ed} = M (Agh} — 2 X ap, M (AgiAgp} +
+ X Xapop, M{Agidg,}. (22.34)

2
Ho M {eb} = mp— cpennexpamparnueckas oumidka npeﬂcxasaﬂ-
HOil aHOMa/HH B TOuKe P, a cmpaBa MO 3HAKOM CyMMHI CTOST Be-
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JNHYHHEL KOBapuauuu, nostoMmy gopmyaa (22.34) momxer OBTH 3a-
NHCAHA CJAELYIONHM 006pasoM:

mp =Cy— 2 ?10513 Cp, + 2'1 kE app,Cip- (22.35)
e 1= =
Ias cayyas omubKH NpeiCTABHTENLCTBA BCE o, KPOME OMIHOrO,
PpaBHLI HyJI0, H OmHOKa TpeAcKa3aHHd MeTOAOM BBeleHHS HYHKTOB
npejlcTaBuTebCTBA OyaeT
mp = C, — 2Cp, + Cy = 2C, — 2Cp,. (22.36)

Taxum oOGpasoM, 3HanHe KOBapHAlHH NO3BOJAET OUEHHTH fIpel-
CKasaHHLIe AHOMAJHH.

TMonbsyscy monsTuem xKoBapuauun ¥ Gopmyaoci (22.36), Bwipa-
JKawlleil cpelHeKBajApaTHuecKylio OIWIMOKY depes KOBapHaluH,
MOXKHO TIONYUHTEL ellle OJHH MeTOMA IpelcKasaHus, KOTOPbI MOXKHO
HA3BaTh CPeJHeKBAJPATHYECKHM mpeldckasandeM. CpelHeKBalpa-
THYECKOE 3HAYeHHe TpelcKasaHHON aHOMaJHH OIpeleJHM KaK Ta-
KOe. 3HaueHHe, KOTOPOe HMeeT HaHMeHbllyjo CpelHeKBajipaTHye-
CKYIO OMHOKY mp. Tlonyunm 3T0 3HaYeHHe NyTeM MHUHHMH3aUMH
oluMOKH Kak GyHKUHH o. Ycaosue 310 HaldeMm, auddepeHuUHpvs
(22.35) ¥ npupaBuuBas HYJIIO IPOH3BOAHYIO:

dm?
P Eiiog
o G =10 (r =11 2.0 i)
1
HIAu /
n
2 Cyap, = Cp;. (22.37)
Orciona Haxoanm KoshHULNERTH o
n
—1
aP{ e Ej Cik CP{
s
1, BBOAA KO3 PHUHenTH orp, B (22.2), mOayuHM
gp= E ap,Agy = 2 2 Cix'Cp,Agy- (22.38)
D10 MOXKMHO 3anucaTb B MATPHYHOH qoopMe:
(L Cin 11| Ags
(e e e Co,, Ag,
Bgp=(Cplp.. . Gl * 100 o b 198,99
C”l Cn‘i i Cnn Agn

OTOT TOCKeANHII METOX NpeicKasanns naubonee Touew, XoTs,
KOHEYHO, H DoJiee CJOKEH.
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§ 5. OueHka cepHyecKHX rapMoOHHK C MOMOLIbID
KOBAPHAUHOHHOH (YYHKIIHH

YacTo BO3HHKAET 3ajladya OIEeHUTh TDaBHTALLHOHHBIE aHOMAJIHH,
NPEeICTAB/CHHBIE B BHIE PA3JIONKEHHA MO CPepHUECKHM (PYHKUHAM,
M OLIeHHTBL OTIeJIbHbIE T‘apMOHHKH TaxKoro paSJIO}KeHHH.

AnoMaJna Moxer ObITh 3amucaHa B BHIE

Ag(©,) = 3 2 [aunRum (01) + BrmSnm (6, 1),

rie d :

BB, k) = cos mdP,.(cos0),
S'nm(e- ?\4) — it} mi\.an(COS B),

“m} e H Ag (0, %) ’R”’”(G’ ?] Sin0d0dr.  (22.40)

€
00

8w (8,4

OG603HAUHM CpeAHeKBAAPATHUECKY o OWMOKY HHAHBHAYaIbHOM
anomaaun B Touke P(0,A) uepes e(0,A). Omubka KoBapuauuu
310l dynxkuHn Oyger

(0, &, 07, &) = M{e (0, M)e (0, )} = €e(6, M)e(d, &), (22.41)

T. €. 3TO CpeJHee MPOU3BENEHHE OTACJbHbIX OLIHOOK B ABYX TOYKAX
(6, &) u (0", &"). Bauguue sroit omubkn Ha KOIQPHIHEHT F,,, COr-
JdacHo (22.40) oyner

[

7T

n=m-=\\ (0,2 Ropn(6,1)sin6do da. (22.42)
.

4m

ot —u

Owmubka KoBapHalUMH G pacCMaTPHBAETCA 3/1€Chb KaK (yHKUHS
cepuyeckux koopaHHaT 0 H A. :

[Tonyuennas TakuMm 006pazoM -1 ecTh MHAHMBHAyaJbHAS OUIHMGKA
Q.. CpenHexpajparHyecKasd OWIHOKA @nm, T. € BAPHALHUA Qum,
Oyaer

m? = M{n% = n% (22.43)

Beanunny n? o6pasyeMm, (oab3yach uuTerpaom (22.42):

- 7% o 4

2 1 1\ D i

ot ]_12“ S [¢ (0, %) R (0, 1) sin 6.6 dm] .
00

s et
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Tax Kak HHTerpaj He 3aBHCHT OT [ePeMEHHBIX HHTerpHpOBaHHA,
TO MOMKEM HamHCaTh

(3

00 00

Wk _%Hﬂﬂg(g %) R, (6, 2) sin 0 d6 dh ’fi\;’a(ﬂ’,k’} X

X Rpm (0, M) sin & do’ dl’J

HJIH
7 2

»

I\.'J

T

| {0,260 2) R (0,2

00 00

R (8, W) sinOsin® db do’ dhdl.  (22.44)

CpeaHekBaipaTHUYECKy0 OWHOKY KoshhHiinenTa a,, Haligem Te-
flepb, OCPeNHss 3TO ypaBHeHHe corlacHo (22.43):

o2 % 2n
1

:l_m_f Y S g Mie(®, \e(®, V) x

g-0-0 0

m2

% Ry (0, 1) R (87, /) 5in 0 5in 6 dB dh dO’ dh.
Ho crosimee moA 3HaKOM HHTerpaja ocpefiHeHHe OWHOOK COMNIACHO
{22.41) ectb xOBapuallus 0, Tak uTO
2% ;x 2%

mﬂrl_ﬁlirz” Ho(exe'”)x
5880

5 R (0, %) Ry (07, V') sin D sin  do dh d®’ db’.  (22.45) .

Aunasoryuno mno/ayyaercs OmAOKa s HOPMHPOBAHHOrO KO3(du-
[HeHTA b.,; B 3TOM caydae B Huterpaie (22.45) uano R, save-
HHTb 4epe3 S,,.

Qopmyaa (22.45) cuUABHO YNPOIIAETCS, €CaHd  TPEANOIOKUT,
4TO BCe ONpele/eHAss HMeIOT OAHHAKOBYI0 TOYHOCTb H UTO KOppe-
JHPYIOT TOJNBKO COCEIHHEe NYHKTH. B atom cayuae ommbka Koppe-
JAAUME JUI YIAJASHHBIX NYHKTOB paBHa Hymaio. [loamurerpaipHoe
BbIpajKeHHe OTJHYHO OT HYJsl ToabKo mpH O =0, A’ =A; rtoraa

T
mt = s | § [ 000,20, 2) (Ry (6, 212 sin 6 sin o o an v’ av.
00 00

Boinosnue naterpupoBanue mo 07 u A/, MOM0XKHM

T 20

(000,00, 0)sing doy i = 2, (22.46)
00



510 HNPOBJEMA INPEACKASAHUA AHOMAJINH [TJ1. 22

rie R—pazanyc 3emay, s— nocrosnHas owmuGxa. Bsoas 310 B
(22.45), noayuum hopmyay misa mé:

. s =9
m? = S \ RZ. (0, 2)sin 0 d0 dA.
00
Ho

L { R, mysin0 0 ah =1,
]

NO3TOMY JJsi PAacCMAaTPHBAEMOTO cjayuas INOJYUYaeTcs mpocToll pe-

3YyJbTAT:
5

CHE RN
m = i

Anajornyno nosyuaercs omuoKa H L5 b,

§ 6. OueHka TOYHOCTH OnpejeJeHyust BHICOT reouaa

Ilpeanonoxum, yTo HMeeTcss CIJONIHAS TPaBAMETPHYeCcKas
ceTb AadA Bcell 3eman, B 31OoM ciayuae BhICOTA reoMla OMpelesuT-
ca no dpopmyae Croxca

a% 2
'
i

o
-1

{= fh,, SA g (3, @) S () sin § dy da.

(

{ §

Ommbxa onperefeHHst BLICOTLI TeouJa B 3aBHCHMOCTH OT OLIHOOK
anoManaui 6yier GyHKUHeHd § U oo ¥ MOKET ObITh IpeACTaBIeHa UH-
TerpasoM
n 2n

§ & (4, ) S () sin p dp dez. (22.47)

I}

8% = 1

Y.

Ksaapar omnGkn 6L? MoMKHO npeicTaBuTh anasnorvuso (22.44):

20 7 om
G Y e (¥, “)S(‘P)Sm‘vdwda“ e (Y, ') S()singy’ dip’ do’ =
00 hil

S e(p,a)e (P, a)S ($) S () siny sin ' dpdady’ do’.
: (22.48)
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O6pasopap cpejure OT 00EHX yacTeif 3TOT0 YpaBHEHH#, HalgeM

' ﬁj (0, o W, &) S () S (W) sinp sin g’ dp dee dy’ der’.
000

(22.49)

3nech m— cpenHekBajpaTHiecKas OMHKOKA ONpele]eHHA BBHICOT
reouna g, a o(y, o, ', o’} — KoppenauuoHHas OmWKOKa TpaBHTALA-
OHHBIX aHOMaJHil,

Ecan rpaBumerpHueckas CheMKa OJHOPOJHA, T. €. BCe aHOMa-
JIHH onpefeleHbl ¢ OJHHAKOBOII OMHOKON 0, H eclAH KOppeasmus
HMEET MECTO TOJIbKO MeXKJy COCeAHHMH NYHKTAMH, TO alaJOrHYHO
(22.49) nonyunm

b4

2 .
mt = 16;,1,25 | 1S (e sinp v do (22.50)
o0

WAH, HHTETPHPYH MO o,

me = g% | 1S () sin p dy. (22.51)
i

IIpn mosb3oBa#uu 3TOH NpPOCTOH (HOPMYJOH CJAeIAYET HMETb B
BUAY, yro (GyHKUHA S(y) HeOorpaHHueHHO BozpacTaer npu P =0.
ITosToMy HHTerpas Hago pa3OuTp Ha ABe uacTd: B mpenenax ot 0
JI0 HEKOTOPOr0 MaJoro yraa Y ¥ oT P L0 7

k11

e
B s X S2(p)sinpdp + g f S2 () sin  dp.
D a

[TepBRlil HHTETpas W3 CjaraeMnlX NMpaBOil 4acTH HAaA0 OLEHHTbL Ka-
KHM-THOO HHBIM yTeM, HanpHmep, UHCJAEHHBIM HHTErPHPOBAHHEM.
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