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1 Pabouasi yueOHas1 mporpamMmma

1.1 CBeneHusi 0 mpenogaBaTe/AX 1 KOHTAKTHAasI HHpopManusi
Huzamernunos @. K. — 1. T. H., npodeccop.
HonronocoB Bukrop HukosaeBuy, K. T. H, JOLEHT.

Kadenpa Mapxkmieiinepckoro aena u reofe3nn Haxoautes B 2 kopmyce Kapl' TY
(r. Kaparanma, b.Mmupa, 56), koprryc 2, aynutopus 406, KOHTaKTHBIN TelaehoH 56-26-
27, nom. 43-09-62, daxc 43-67-97, anekTpoHHbli axpec vdolgonosov@hotmail.ru.

1.2 TpynoeMKOCTb IMCHUTLIAHBI
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1.3 XapakrepucTuka Qv CIUIIIAHBI

Hucrumnaa «CoBpeMeHHbIe MPOOJeMbl B 00JIACTU T'€0JIe3UH U KapTorpadumn
SBJISETCSI  TOCYJAapCTBEHHOM  KOMIIOHEHTOM  IMKJIAa  0a30BbIX  JUCIHUIUIMH
cneruanbHocTn — «['eonme3mss um Kaprtorpadus». 3HAHHE OCHOBHBIX TOHSTHH H
OTIpEJICICHU Kypca HEOOXOIUMO MPU COCTABICHUU TEXHUUYECKUX MPOEKTOB U IS
opraHu3anuy Kaprorpado-reofe3nyeckux padoT, NpH OMNpPEAeICHUH CTOMMOCTH
MPOU3BOJICTBA PabOT, HOPMUPOBAHUM TpyJa W 3apabOTHOM IUIAThl;, AUCIUILIMHA
UTPaeT BAXKHYIO POJIb U 3HAUYCHHE MPU MOJTOTOBKE MaruCTpPOB.

1.4 Ileab TUCHUTIITHMHBI
Ilenbro AaHHOW JUCHUIUIMHBI SIBISICTCS H3YyYCHHE BCEX OCHOBHBIX TMIPOOJIEM

COBPEMEHHOU I'e0JIE3NYECKOM HAYKU U TEX HOBBIX 337a4, KOTOPBIE MPEICTOUT PEIIATh
B 00JIaCTH T€0JIE3UH C YIETOM COBPEMEHHBIX HAYUYHBIX M TEXHUYECKUX JTOCTUKEHUH.

1.5 3amaun AUCHUTIIIIMHBI

3amaun W3y4ECHUS
MOATOTOBJICHHOCTU  MarucTpoB

JUCHHUITIIIUHBI:

K PpEUICHUIO

JOCTHIKCHHUC

3ajady,

npodeccuoHaIbHON

COOTBCTCTBYIOIIIUX  €I'0

KBaJTU(UKALIUK, COTJIACHO TPEOOBAHUSIM TOCYAapPCTBEHHOIO 00I111€00pa30BaTEIBLHOIO
cTaHjapTa oOpa3oBaHUs.



Jucuunnuna «CoBpeMeHHbIE Mpo0aeMbl B 00JaCTH Ie0Je3un U KapTorpadumy,
ABJIAACH OAHOM W3 0a30BBIX AUCLMILIMH, UIPacT BAXKHYIO POJb M 3HAUYEHHUE IIPU
IIOATOTOBKE MarucTpOB.

B pe3ynbTraTe n3ydeHus JaHHON AUCLUIUIMHBI MaruCTphl JOJKHBI:

N3yunth: coBpeMeHHbIE MPOOIEMBI B 00JIaCTH FE€0IE3UN U KapTorpaduu.

YMETb: PaCCUUTHIBATH HEOOXOIMMBbIE BETMUYMHBI U ONTUMU3UPOBATh UX Ha 0aze
OBM ananu3upoBaTh MACCUBBI HOPMATUBHBIX, CTATUCTUYECKUX U IPYTUX JTAHHBIX.

UMETH MIPEICTABICHUE:

— 0 TPEeAMETHOW, MHPOBO33PEHUECCKOW M METOAOJOTUYECKON crenuduke
€CTECTBEHHBIX U TEXHUYECKUX HAYK;

— 0 mpobiieMe yTouHeHus cuctembl koopaunat [13-90;

— O COBEpLICHCTBOBAHUHU MOJIEJIEN ABMKEHUS N0JIycyTouHbIX C3.

3HATh:

— COBPEMEHHBIE TEXHOJIOTMM M METOJbl TE€OAC3NYECKUX HW3MEPEHHUH,
ACTPOHOMUYECKUX HAOJIOIEHUN U TPaBUMETPUUYECKUX ONPEICICHUN;

— XapaKTepucTuKy umucen JIsaBa;

— npexHa3HavYeHue ocell Tuccepana;

— TJIAaBHBIE OCH WHEPLIUHY,;

— reorpaduyuecKue ocu;

— BUJBI BBICOT.

[TprnoOpecTn NpakTUUYECKUE HABBIKU:

-B MCHOJIb30BaHUM CETEBOrO0 IMPOTrpaMMHOIO OOecneyeHusi, B MOCTPOEHUU
MOJIEJIA UCCIIEAYEMBIX MPOLIECCOB.

1.6 IIpepekBU3UTHI

Jlist u3ydeHust TaHHOW AUCIUIUIMHBI HEOOXO0IMMO YCBOCHHE CIIEYFOIINX
JUCIUTUINH (C YKa3aHUEM Pas3fesioB (Tem)):

HaumenoBanue HanmenoBanue pa3nenos (Tem)
JTACIUTLINHBI

Bricmas CnyTHUKOBBIE METO/IbI IPU CO3aHUU U MOJCPHU3AIIUU OTIOPHBIX

reoie3us reoe3N4eCcKux ceTer. Pemmenne reoge3ndyecKux 3aaad Ha
ayuanconsie BpamieHus. OyHaaMeHTalIbHbIE Te0Ae3UUECKIe
ITOCTOSIHHBIC.

I'eonesnueckast | CBsI3b MEXKY Pa3HBIMU CUCTEMAMHU U3MEPEHUS BPEMEHH.

aCTPOHOMMS CyTouHOE JIBUKEHHUE CBETUII. TeopeTnueckre OCHOBBI METO/IOB

reojie3ndeckoit actponomun. OnpenesieHre napameTpoB
BpaIllCHUs 3€MJIH.

Kocmuuaeckas TeopeTndeckne OCHOBBI HCIIOb30BaHus HabmoaeHui UC3 u
reoie3ust JIPYTUX HEOECHBIX TeJI JJIsl pelIeHus 3a1a4 reofe3uu. I modaibHbIe
HABUTALIMOHHBIE CITyTHUKOBBIE CUCTEMBI, UX UCIIOJIb30BAHUE IS
pemeHust GyHAAMEHTAIBHBIX U MIPUKJIAHBIX 3a]1a4 T€0JIe3HH.

['paBumerpusa | I'paBUTalIMOHHBIE NOJIA 3€MJIM U IJIAHET. AHOMAJIMU CUJIbI
TSKECTH. VICrionb30BaHNE TPaBUMETPUUYECKUX JAHHBIX MPU




| 06paboTKe reoae3MIecKuX H3MEPEHHIl.

1.7 IlocTpeKBU3UTHI

3HaHuA, TOTyYEHHBIC TPU U3YUCHUH TUCHUIUINHBI « COBpEeMEHHbIE MPOOIeMbl B
001acTH T€0Ae3UHU U KapTorpadum» UCIOIB3YIOTCS IPU OCBOCHUHU CIETYIOIINX
JUCLUTUINH:

1. «CoBpeMeHHbIE TEXHOJIOTHH B T€OJIE3UU U KapTorpadun»

2. «JKOHOMHKA W  YIpaBICHHE TEOAC3UUYECKUM U  KapTorpaduyecKkum

IIPOU3BOJICTBOM
3. «CnyTHHKOBBIE METO/BI B T€OAC3UNY

1.8 Conepxanue quCHUIIMHBI

1.8.1 Conepxanne AMCUUILIMHBI IO BUJAM 3aHSATUN U UX TPYIOEMKOCTb
pr,HOGMKOCTB 110 BUaamM 33H$ITPII>1, qgac

HanmenoBanue pazzena, (TeMbl) x| MPAKTH- naopa- | ~py e | ep
YECKUC TOPHBIC
1 2 3 4 5 6
1 cemectp
1 IIpenmeTHasi, MUPOBO33pEHUYECKAS U 2 4 2

METOJI0JIOTUYECKas CeM(PHKA €CTECT-
BEHHBIX M TEXHUYECKUX HAYK

2 [TocTanoBKa 3a/1auu onpeeICHUS 2 4 2
¢burypsl 3emiu 1 €€ rpaBUTALIMOHHOTO
10JIs1 B €IMHOM T€O0IIEHTPUYECKON CUC-
TeMe KOOPJAUHAT

3 CIyTHUKOBBIE METO/IbI ONIPEICTICHUS 2 4 2
¢burypsl 3emiu, €€ TpaBUTAITMOHHOTO
TI0JIs1, IBVKEHUS TIOJTFOCOB ¥ HEPABHO-
MEPHOCTEN CYTOYHOT'O BpPAILICHUS

4 ACTpOHOMO-TPaBUMETPUUECKUE 2 4 2
METOJIbI
5 [Ipobnema yTOUHEHUS CUCTEMBbI 2 4 2

koopauHat I[13-90 u cBsI3aHHBIX ¢ HEH
(byHIaMEHTATBHBIX TIOCTOSHHBIX;
YTOUYHEHHUE TTapaMeTPOB CBS3U CUCTEM
I13-90 u WGS-84

6 CoBepliieHCTBOBaHUE MOJIENICH ABU- 2 4 2
YKEHUS NCKYCCTBCHHBIX CITyTHHKOB
3eMutH, BXOJISIINX B CITyTHUKOBBIE
HaBUTAITMOHHBIC CUCTEMBI

7 I'eonunamuueckue 3P PexThr 2 4 2




8 [Ipo6embl r106aIbHOM TEKTOHUKH 2 4 2
9 3emHbBIC IPUITUBBI 2 4 2
1 2 3 4 5 6
10 Yopyrue nedpopmanuu u yucia 2 4 2
JIaBa
11 Br160op pedepeHI-cucteM ¢ y4eTom 2 4 2
reoIMHaMU4YecKux 3P heKToB
12 Ocu Tuccepana 2 4 2
13 I'maBHBIE OCU HHEPIIUU 2 4 2
14 T'eorpaduueckue ocu 2 4 2
15 [Ipo6Gyiema BBICOT B I'€01€3UHU 2 4 2
WTOTO: 30 60 | 30

1.9 Cnrcok OCHOBHOM JIUTEPATYPbI

1. bposap B. B., Maruunkuit B. A., [llum6upes b. I1. Teopus ¢urypsr 3emin.
— M.: Henpa, 1961.

2. CumopenkoB H.C. ®dusmka HeCTaOMIBLHOCTEH BpamieHus 3emiu. — M.:
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1.10 CiMcoK AONOJIHUTEIbHOM JIUTEPaTypPhbl
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aHanu3 ¥ Nporuo3). — M.: AnroputMm, 2000.

11. Crenun B.C. Teoperuueckoe 3Hanue. — M.: IIporpecc — Tpamgunus, 2000.

12. Kapepun H. I'. Tpaaunuu u peBoionuu B uctopur Hayku. — M.: Hayka,
2001.

13. T'opoxos B.I'. KoHuenimu coBpeMEHHOTO €CTECTBO3HAHUS M TEXHUKHU. — M.:
Hayxka, 2000.



14. Xonronouu W. H. BHemHee rpaBUTallMOHHOE TMOJIe 3eMJIM U
dbyHIaMeHTaJIbHbIE TOCTOSIHHBbIE, CBsi3aHHble ¢ HUM. — M.: Tpyasl uHCTUTYTa
TeopeTudeckon actpomun, 1952.

15. XKapos B.E. Cdepuueckas actponomusi. — M.: Hayka, 2006.

16. Tpynsl UucturyTa npukinaanoi actponomur PAH, Beim. 10, 2004.

17. I'pymmnckuii H. I1. Teopus ¢urypst 3emnu. — M.: Henpa, 1963.

18. Kovalevsky J., Seidelman P.K. Fundamentals of astrometry. — Cambridge
University Press, 2004.

19. Onyan K., I'uno b. U3mepenue Bpemenu, ocHoBsl GPS. — M.: Texnocdepa,
2002.

20. WM3otoB A. A. ACTpOHOMO-T€OJE3UYECKHUE  METOJbl  H3YUCHHS
reoauHaMuueckux npoodiemM. — M.: 3emus u Beenennas, 1975, No 4.

21. Muxuma A. M. Kocmoc — 3emne. — M.: 3emig u Beenennas, 1977, Ne 3.

22. Muxuma A. M. Kak u3y4aroT rpaBuTaiiioHHbie mosst 3emiau u JIlynel. — M.:
3emirst m Beenennas, 1977, Ne 2.

23. ConoBbeB FO.A. Cuctembl criyTHUKOBOM HaBuraimu. — M.: Dxo-Tpen, 2000.

24. Mopun I'. P. CoBpeMennas ¢usndeckas reoje3us. — M.: Henpa, 1983.

25. Jlunkun W.A. CnyTHUKOBBIE HABUTAIMOHHBIE cHUCTeMbl. M.. By3oBckas
kuwura, 2001.

26. Interface Control Document: NAVSTAR GPS Space Segment. Navigation
User Interfaces (ICD-GPS-200). Rockwell Int. Corp. 1987.

27. IlanTeneer B. JI. ®uszuka 3emin u mmanet. — M.: MI'Y um. M.B.JIomoHoCOBa,
2001.

28. bapanos B.H., boiiko E.I'. Kocmudeckas reonesus. — M., Hexapa, 1989.

29. byraesckuii JI.M. Maremarnueckas kaptorpadus. — M., 3maroyct, 1998.

30. I'amasun B.®., basnos FO.A. CoBmecTHoe ncnoas3oBanne GPS u I'monacce. —
M.: loknang Mexnynaponoit kondepenimu, 1997.

31. l[lenmuuen JLII. Beicmras reonesus. — M.: Heapa, 1978.

32. Cxuspos I'. H. Cratest. — CIIIA, Nature, Ne3, 1998.

33. Oroponosa JI.B. Bricmiast reonesusi. — M.: I'eoneskaptuznart, 2006.

1.11 Kpurepuu oueHKH 3HAHNH MATHCTPAHTOB

DK3aMEHallMOHHAs OIIeHKa 10 JUCIUIUIMHE ONpelIensieTcs Kak cyMMa
MaKCUMAaJIbHBIX TMMOKa3aTele yCIeBaeMOCTH MO PyOekHBIM KOHTpoJisiM (10 60%) u
uToroBoil arrecranuu (3k3ameH) (o 40%) u cocraBisier 3Hadenwe 10 100% B
COOTBETCTBUH C TAOIUILIEH.

n@ppoBLIC IIponienTHOE
Omuenka 1o Hudp pott OrueHKa 110
. DKBHUBAJICHT coaepKaHue .
OyKBEHHOM . TPaJUITMOHHOU
bl OYKBEHHOM YCBOEHHBIX
CHCTEME . cCHUCTEME
OLICHKH 3HAHUU
1 2 3 4
A 4,0 95-100 OTmio
A- 3,67 90-94



http://www.astronet.ru/db/msg/1190817
http://www.piramyd.express.ru/disput/sklyarov/sklyarov.htm
http://vivovoco.rsl.ru/VV/NEWS/PRIRODA/PR_03_98.HTM

B+ 3,33 85-89
80-84

B 3,0 75.79 Xopoiio

B- 2,67
C+ 2,33 70-74

C 2,0 65-69

C- 1,67 60-64 Y 10BJIETBOPUTEIIHHO
D+ 1,33 55-59

D- 1,0 50-54

F 0 30-49 HeynosneTBopuTteasHo

OneHka «A» (OTJIIMYHO) BBICTABISETCA B TOM CIy4yae, €ClId MarucTp B TE€UEHHE
CeMecTpa TMOKa3al OTIWYHBIE 3HAaHWA IO BCEM NPOrpaMMHBIM BOIIPOCaM
JTUCHUIUIMHBI, a TaKXKe MO TEeMaM CaMOCTOATENbHON paboThl, PEryJsipHO CIaBaj
pyOeKHbIE 3aJaHusl, MPOSBISI CAMOCTOSTEILHOCTh B M3YUYEHUHM TEOPETUUECKHX U
MPUKIIAIHBIX BOIIPOCOB MO OCHOBHOM MpPOrpaMMe M3y4aeMOM JUCLHILIMHBI, a TAKKE
10 BHETIPOTPAMMHBIM BOIIPOCAM.

Onenka «A-» (OTJIIMYHO) MpEArnoaraeT OTINYHOE 3HAHHE OCHOBHBIX 3aKOHOB U
IPOLECCOB, MOHSTUH, CHOCOOHOCTh K OOOOIIEHHIO TEOPETUYECKHX BOIPOCOB
JTUCHUIUIMHBI, PETYJISAPHYIO cJady pyOeXKHBIX 3aJaHuil 10 ayJIUTOpPHOH U
CaMOCTOSITENILHOM padoTe.

Onenka «B+» (XOpoImIoO) BBICTABIAETCS B TOM CiIy4ae, €ClIM MarucTp IMoKaszail
XOpOIIME W OTJIMYHBIE 3HAHUS IO BONPOCAM JHUCLHMIUIMHBI, PEryJspHO CIaBajl
CEMECTPOBBIE 33JIaHMsI B OCHOBHOM Ha «OTJIMYHO» U HEKOTOPHIE HA «XOPOLIO».

Onenka «B» (Xopomio) BBICTaBISETCA B TOM Cllydae, €ClId MarucTp IoKas3anl
XOpOLIYE 3HAHMS 110 BOIIPOCAM, PACKPBIBAIOIIMM OCHOBHOE COAEPKAaHUE KOHKPETHOU
TEMbI JIUCUUIUIMHBI, & TaKXE€ TEMbl CaMOCTOSTEIbHON paboThl, PEryJsipHO CIaBaj
CEMECTPOBBIE 3a/IaHUS HA «XOPOIIO» U «OTIUYHO.

Ouenka «B-»(X0poI110) BBICTABISIETCS MAruCTPy B TOM CJydae, €ciid OH XOpOIIO
OPUEHTUPYETCSI B TEOPETUUYECKUX WM MPUKIATHBIX BONPOCAX IUCLUMIUIMHBI KaK IO
ayJIMTOPHBIM, TaK U 110 TeMam CPM, HO HEperyJsipHO ciaBayl B ceMecTpe pyOeKHbIe
3a/IaHUSI ¥ UMEJI CITy4Yau Mepeciadyl CEMECTPOBBIX 3aJaHUI 110 AUCUUILIAHE.

Onenka «C+» (yI0BIETBOPUTEIHHO) BBICTABIIIETCS MAarkucTpy B TOM Ciy4ae, €Clu
OH BIIQJEET BOINPOCAMM MOHATUHHOIO XapakTepa MO BCEM BUJAM ayJIUTOPHBIX
3aHsATUA 1 CPM, MOXET pacKpbITh CONEPKAHUE OTAEIBHBIX MOIYJIEN JUCLHMILIMHBI,
CHAET Ha «XOPOILIO» U «YAOBJIETBOPUTEIBHO» CEMECTPOBBIE 3aJaHMUS.

Onenka «C» (yIOBIETBOPUTEIHLHO) BBICTABIIAETCS MAarCTpy B TOM Cllydae, eCiu
OH BIIAQJEET BOINPOCAMHM MOHATUHHOIO XapakTepa MO BCEM BHUJAM ayJIUTOPHBIX
3aHATH U1 CPM, MOXET pacKpbITh COAEPKAHUE OTACIBHBIX MOJYJIEH NUCUUILUIMHBI,
CHAET Ha «YJOBJIETBOPUTEIBLHO» CEMECTPOBBIE 3a/IaHMUSI.

Ouenka «C-» (yIOBIETBOPUTENIBHO) BBICTABIISIETCSI MAarCTPY B TOM CJy4ae, €Cu
MarucTp B TEUYEHUE CEMECTPA PETYJSPHO CHaBajl CEMECTPOBBIE 3aJaHus, HO IO
BOIIpOcaM ayAauTOpHBIX 3aHsaTHil 1 CPM Bmajmeer TOJNBKO OOMIMMHU TOHSITHSIMHU U




MOKET OOBSICHUTH TOJIBKO OTJIEJIbHBIE 3aKOHOMEPHOCTH M UX NOHMMAHHE B paMKax
KOHKPETHOU TEMBI.

Onenka «D+» (y10BIETBOPUTENIBHO) BBICTABIIAETCS MarucTpy B TOM CiIydae, eCiu
OH HEPETyJISIPHO CIaBaJl CEMECTPOBBIE 3aJaHus, 110 BOIIPOCAM ayIMTOPHBIX 3AHITHI U
CPM BnazeeT TONBKO OOIIMMU MOHITHSIMH U MOXET OOBSICHUTH TOJIBKO OT/EJIbHbIC
3aKOHOMEPHOCTH M UX TOHUMAHUE B PAMKaX KOHKPETHOU TEMBI.

Onenka «D-» (yIOBIETBOPUTEIBHO) BBICTABISIETCS MAarCTpy B TOM CIIy4ae, €CIIH
OH HEPETYJISIPHO ClIaBaJl CEMECTPOBBIE 3aJaHUs, IO BOPOCAM ayIUTOPHBIX 3aHATUI U
CPM BnageeT MHHMMaJIbHBIM OOBEMOM 3HAHUM, a TaKXe JOMYCKaad IPOITYyCKH
3AHATHUU.

Onenka «F» (HEyIOBIETBOPHUTENBHO) BBICTABISETCA TOTAA, KOIJA MArucTp
NPaKTUYECKH HE BIJAJCET MHHUMAIbHBIM TEOPETUYECKUM M MPAKTUYECKHM
MaTepHaJIOM ayIUTOPHBIX 3aHATHA 1 CPM 1no aucuuImHe, HEPEryJsipHO IOCENacT
3aHSTHS U HE CIa€T BOBPEMS CEMECTPOBBIC 3a/1aHHUS.

PyOexHblll KOHTPOJIb IPOBOAUTCA Ha 7,14-11 Henensax oOydeHUs! U CKJIaJbIBaeTCs
UCXOJS U3 CIEAYIOIIMX BUJIOB KOHTPOJIA:

AkaieMu4eckuii mepuoJ1 o0yueHusi, Heems

Bun
KOHTp
0JIst
%

%-o0¢e

213|456 (7|8 9101112 |13 |14 |15

N | coxep
JKaHHe
| Htoro,

[EEN

4,567 ]8]9]10 /11|12 13| 14 |15 |16 |17 | 18

Ilocemntae
MOCTE O 71 * * * * * * * * * * * * * * 10
)

JIEKINI

Kontp.3a

é%thzﬂni 1 , 25 * * * * * * * * * * * * 15

JICKIUAM

Ompoc,
BBITIONTHE
HHUEC . 1'07 * * * * * * * * * * * * * * 15
3alaHui
II0 TeMaM
CPMII

TGCTOBH 10 * * 20
1 MOZyJb

Bcero o
aTTecTall 30 30 60

nn

OK3aMeH 40 40

Bcero 100

1.12 IToamTHKa ¥ IPOLEAYPbI

[Tpu m3ydennn AucHUIUIMHBI «COBpPEeMEHHBIC TPOOJIEMBbI B 00JaCTH T€0IC3UN |
KapTorpadbumny MpoIry coOI0aaTh CASAYIONINEe MPaBUIa:

1. He ona3apiBaTeh HA 3aHATHS.




2. He npomnyckath 3aHATHS 0€3 YBaXKUTEILHOW NMPUYUHBI, B ClIydae 0OJIE3HH
MPOIIY MPEJOCTABISTH CIPABKY, B IPYTUX CIIy4asiX — 0OBICHUTEIbHYIO 3aMHCKY
WM pa3pelieHue ¢ IeKaHarTa.
3. OtpabarbiBaTh NMPOMYILIEHHBIE 3aHATHS HE3aBUCUMO OT MIPUYUHBI ITPOITYCKOB.
4. AKTMBHO y4acTBOBaTh B Y4EOHOM IIpoIiecce.
5. BBITh TEPOUMBIMU, OTKPBITBIMHU, OTKPOBEHHBIMHU U JJOOPOKETATETbHBIMU K
COKYpPCHHKaM M MPEroaaBaTeIsIM.
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BeimosnaeH. Kox cniyrHHKOB [1-7, 8] 3-4 TEKYIIUI 5-51
IIPaKTHY. I'JIOHACC HeJens HEeJes
paboTer Ne2
Brimonnen. [TpeoOpaszoBanue [1-7, 14] S5 - TEKYIIUH 6 -5
MPAKTHY. KOOpJIUHAT HEems HE/ems
paboThr Ne3
K.P.Nel MerToabl mpeobpazoBaHue [1-11] 1 PyOexHbIi 7-5
KOOpJIUHAT KOHCIIEKT KOHTAaKTH HeeIs
13174
qac
BeimonaeH. BpeMmst B CIyTHUKOBBIX [1-8, 15] 7-8 TEeKYITUH 9 Henens
MPAKTHY. paOHABUTAIIMOHHBIX 1301 (S04
paboter Ned cucreMax
Brimosnges. OpOuTaibHOE JBUIKEHUE [1-8, 15] 8-9 TEeKYyITUH 10 Henensa
IIPaKTHY. cinytHukoB GPS HEJeIn
paboThI
Ne 5
Beinomnnes. OpOuranbHOE ABMKEHUE [1-11] 10-11 TeKYIIHi 12-5
IIPaKTHY. cnytHukoB ['JTOHACC HEJeIn HEeJeNns
paboThI
Ne 6
BreimonHen. | Pemienwe HaBUTarmoHHOM [ 1-11] 12-14 TeKYIIHi 14-5
MPAKTHY. 3a/1aun HeIes Henens
paboThI
Ne 7
K.P.No2 HasuramuonHoi 3agaaun [ 1-11], 1 pyOeKHBIN 14-a
(Tema 7) KOHCIIEKT KOHTaKTH HEeJeNs
JIEKIUH BIif yac
Becs
nepeyeHb 5
SK3AMCH [IpoBepka ycBoeHuUs OCHOBHOM H KOHTAKTH WToroBiii B nepron
MaTepuana JUCIUTITHHBI JOTIOTHUTEITh ceccuu
Hoit BIX 4aCOB
JTUTEPaTyPHI

3 KoHcneKThI JJeKIUi

Tema 1 IlpegMeTHasi, MUPOBO33PEeHYECKA U METO0JIOTHYECKAasl cniennuka
€CTEeCTBEHHBIX M TEXHUYECKHUX HAYK — 2 yaca

[ man nexkmun

1. CoBpemeHHbIE KOHIIENIUU (Pritiocohun €CTECTBO3ZHAHUS U TEXHUKHU
2. Ilpupona Hay4yHOTO MMO3HAHUS
3. HayudHo-TexHUYecKas peBOJIOLHS

EcTtecTBO3HaHME Kak Hayka W3y4daeT BCE MPOLIECCHI M SBJICHUS], TPOUCXOIUBIITNE
U TPOUCXOJSIINE B pealbHOM OOBEKTUBHOM MHpe, reorpaduyueckoil 000J0uKe,




KOCMHYECKOM IPOCTPAHCTBE. DTO pa3jen HayKH, OCHOBAHHBIM Ha BOCIPOU3BOJUMON
IMIMPUYECKON MpOBEpKe (MPOBEPKE HA NPAKTHKE) TUIIOTE3 U CO3JaHHE TEOPHI,
OTKCHIBAIOUINX IPUPOJIHBIE SBJICHUS U TPOLECCHI.

IIpenmer ectecTBO3HaHUS — (AKThl U SIBICHHS, KOTOPbIE BOCIPUHUMAIOTCS
HallUMHU OpraHaMHM 4YYBCTB. 3ajadya Y4YEHBIX OOOOIIMTH ATH SBJICHUS M CO3AATh
TEOPETUYECKYI0O MOJIENb, BKIIOYAIONIYI0 3aKOHBI, YIPABJSIONINE SBICHUSMU
npuponbl. EcrecTBo3Hanue uzyyaeT (akThl M SBICHHUS HU3 obnacTu (unocoduw,
acTpO(U3UKH, TEOJOTMH, TICHXOJIOTUH, TEHETHUKH, HIBOJIoOLMU. EcTecTBO3HaHHE
noJipa3fiesisieTcss Ha KOMIUIEKC HayK, KaXJas M3 KOTOPBIX HMMEET OOBEKT CBOETO
UCCIICTOBAHMS.

EctectBo3HaHMe mopa3aensercs Ha:

— (pyHIaMEHTAIbHBIE HAYKU;
— NPUKJIAJHbIC HAYKH;

— €CTECTBEHHbIE HAYKHU;

— TEXHUYECKHE HAyKU;

— COLlMAJIbHBIC HAYKH;

— ryMaHUTapHbIE HAYKH.

K ¢pynnameHTanbHbIM HayKaM OTHOCSTCS XUMHUs, (PU3UKA, aCTPOHOMUSI.

[lpuknanHeie Hayku U3ydaloT (QyHIAMEHTAIbHbIE HAyKH C MPaAKTUYECKUM
NPUMEHEHHEM, BHEJPECHHEM B JKHU3Hb TEOPETHUECKUX OTKphITHH. K mpukiamaHbM
HayKaM OTHOCSTCS METaJUIOBEeIeHNE, (U3MKA MOIYIPOBOTHUKOB U Jp.

EcTtecTBeHHbIE HayKH HM3y4yalOT MPOLIECCHI W SIBICHUS JEBCTBEHHOW MPHUPOIBI.
JlensiTcst Ha reosIoruio, reorpaduio, OMOJIOTUIO.

K TexHmueckuM HaykaM OTHOCSITCS HAyKH, M3YyYaroIlHe CO3JaHHBIE YETOBEKOM
npuOOpHI U nipeaMeTbl. K HUM OTHOCATCS HHPOPMATHKa, KHOEPHETHKA, CAHEPTETUKA.

ConuanibHble HAYKH — 3TO HayKH, U3y4dalolllie MpaBuiia U CTPYKTypy OoOIIecTBa, U
OOBEKTHI, )KUBYIIHE MO €ro 3akoHaM. K HUM OTHOCSITCSI COLIMOJIOTHUS, aHTPOIIOJIOTHS,
apxeoJiorusi, 00IIEeCTBOBECHHE.

K rymaHutapHbIM OTHOCSTCS HAayKH, H3Yy4YalOIIWE CYIIHOCTb, CTPOEHUE W
JyXOBHOE cocTosiHUE YenoBeka. K HuMm otHocsTcs punocodust (J1r000Bb K MyIPOCTH),
UCTOPHS, 3TUKA, ICTETUKA, KYJIbTYPOJIOTHSL.

Hayka — 9T0 crmoskHOe MHOTOTpaHHOE OOIIECTBEHHOE siBieHHe. BHe obIiecTBa
HayKa HE MOXXET HU BO3HHMKaTh, HU pa3BuBaThcsa. Ho Hayka mosiBiseTcs Toraa, Kormua
IUISL OTOTO CO3JAI0TCS 0COObIe OOBEKTUBHBIE YCIOBHS: YETKUH COIMAIBHBIA 3ampoc
HAa OOBEKT 3HAHMS; COLMAIbHAS BO3MOXKHOCTH BBIICICHHUS OTACIHHOW TPYIIIBI
JIO7IeH, Ybeil TIaBHOW 3ajJaveil CTAHOBHUTCA OTBET Ha ATOT BOIMPOC; HAYMHABIIEECS
paszernieHne TpyAda BHYTPH OTOH TPYMIbl; HAKOIUICHWE 3HAHWN; HAaBBIKOB,
MO3HABATENIbHBIX IPUEMOB, KOTOPHIEC M MOATOTABIUBAIOT MPOIIECC PACTIPOCTPAHCHHUS
¥ HOBOT'O BHJIa 3HAHUS — 00BEKTUBHBIX OOIIE3HAUNMbIX UCTUH HAYKH.

[To3naBaTenbHOE OTHOILEHUE YEJIOBEKAa K MHUPY OCYIIECTBISETCS B Pa3jMUHBIX
dopmax: B QopmMe OOBIIEHHOTO TIO3HAHUS, TIO3HAHUSA XYJI0)KECTBEHHOTO,
pPEJIUTHO3HOr0, HaKoHel, B (opMme HaydHoro mno3HaHus. llepBble Tpu oOiactu
MO3HAHUS PacCMaTPUBAIOTCS B OTJIMYKME OT HAyKH Kak BHeHay4yHble (hopmbl. HayuHoe
MO3HAHUE BBIPOCIO W3 TO3HAHMA OOBIJEHHOTO, HO B HACTOSIIEE BPEeMs 3TH JBE
(bopMBI TO3HAHUS TOBOJIBHO IAJIEKO OTCTOAT APYT OT JApyTa.



Ponb ¥ MecTo HaykuM Kak COLMAIbHOTO HMHCTHTYTa OTYETIMBO BHUIHBI B €€
COLMAIbHBIX (PYHKIMAX.  [JlaBHbIE M3 HUX — KYJbTYpPHO-MHUPOBO33pEHYECKas
byHKUMS, (QYHKUIUMS HENOCPEJACTBEHHON MPOU3BOAUTEIBHOM CHIIBI, (DYHKITUS
COIIMaJIbHAS.

B Hayke OTYETIIMBO MPOCMATPHUBAETCS €€ YICHEHHWE Ha JBE OOJIbIIME TPYIIIbI
HAyK — HAyK €CTECTBEHHBIX U TEXHUYECKUX, OPUCHTUPOBAHHBIX HAa HCCIEIOBAHUE U
peoOpa3zoBaHKe MPOIECCOB MPUPOJIbI, U OOIIECTBEHHBIX, UCCICIYIOMINX U3MEHEHUE
U pa3BUTHE COIHUAIBHBIX O0BEKTOB. CoLManbHOE TMO3HAHHWE OTJIMYACTCS PSIOM
OCOOCHHOCTEH, CBA3AHHBIX M CO CHEHU(PUKONH OOBEKTOB TMO3HAHUSA, H CO
CBOEOOpa3reM MO3UIUU CAMOT0 UCCIIETOBATEIS.

Yrto ke KacaeTcsl apXUTEKTYphl 3AaHHUS HAYKU, CTPYKTYpbl HAyYHOTO TMO3HAHHUSA,
TO B HEM BBIJICJISIOTCS JIBa YPOBHS — IMIUPUUYCCKUN U TEOPETHUECKUNA. DTU YPOBHU
HE CIIeQyeT CMEIIMBAaTh CO CTOPOHAMM I[IO3HAHMS BOOOINE — UYBCTBEHHBIM
OTpaXEHWEM U pallMOHAIBHBIM TO3HaHUEM. Jlejo B TOM, YTO B IMEPBOM Ciydae
UMEIOTCS B BUJY pa3IMYHbIC THUIIBI MO3HABATEJIbHON JESATENIbHOCTH YYEHBIX, @ BO
BTOPOM — pe€Yb HJET O TUMaX IMCUXMYECKOH AEATEeTbHOCTH HMHAMBUAA B IpOLECCE
HO3HaHMsI BOOOILE, IpUYeM 00a 3T TUIA HAXOAAT NPUMEHEHHUE U Ha SMIIUPUUECKOM,
U Ha TEOPETUUYECKOM YPOBHSAX HaAyYHOI'O IO3HAHMUSL.

CaMu ypoBHM HAyYyHOTO TIO3HAHMS PA3IUYAIOTCS MO PALy MapaMeTpoB: IO
npeaIMeTy HCCIEAOBaHUSA. OMIMPUYECKOE HCCIEOBAaHHNE OPHEHTHUPOBAHO Ha
SBIICHUS, TEOPETUYIECKOE — Ha CYIIHOCTh; MO CPEJCTBAM U HHCTPYMEHTAM MO3HAHUS;
Mo MeToJaM HccleAoBaHusA. Ha sMIupuyeckoM ypoBHE 5TO HAOIIOACHHUE,
AKCIIEPUMEHT, Ha TEOPETUIECKOM — CUCTEMHBIH MOAXO0/, UACaTNU3alus U T.1.

WuTerpaTuBHBIC TEHICHIIMM B MO3HAHWW OKAa3bIBAIOT BO3JCHCTBHE M HA CTUIIb
MBIIICHNSI, CBOMCTBEHHBIN MPEICTABUTENSIM KaXKIOW TPYIIBI HAYK, YTO TOPOXKIAET,
C OJHOW CTOpPOHBI, JAUPPEPEeHUUAUI0 CTWIEH MBIIJIEHUs, € Jpyrod —
COIIPOBOXAAETCA UX WMHTEerpanueil, GopmMupoBaHHEM COBPEMEHHOI'O OOIIEHAYYHOIO
CTWJISL MBIIIIEHUS. B paMKkax ecTeCTBEHHOHAayYHOTO CTWJISI TBOPYECKOTO MBIIITICHUS
YK€ BBIJCISIIOT CBOETO pojia 0ojiee y3KUe «CTUIIM» — SKOJIOTHUYECKHM, KOCMUYECKUH,
KHOEPHETUYECKUI, BEPOSITHOCTHBIN U JIpyTHE.

B coBpeMeHHBIX YCIOBHUSIX CTAaHOBATCS HEOOXOJWMBIMH HCCIIEOBAHMS TaKxkKe
TYMaHUTApPHOTO M TEXHUYECKOTO CTHJISA MbIIeHus. Crnenuduky, OTIHYNAe CTHIIS
MBIIUICHUS] €CTECTBOMCIIBITATENCH, TYMAaHUTAPUEB M TPEIACTaBUTENCH TEXHUYECKUX
HAayK TPU3HAIOT MHOTHe wucchaeaoBaredn. OCOOCHHOCTH CTHIS — MBIIIJICHHS
NpeICTaBUTENCH YIIOMSHYTBIX TPEX TPYNI HAyK 00YCIOBIEHBI, KOHEYHO, OOBEKTHBHO
pealbHBIMH ~ OTJMYMSMHU TPEAMETOB JOTHUX HayK, B 3HAUMUTEIbHOW CTEHCHH
dbopmupyromux crnenuuKy MO3HABATEIBHBIX CPEICTB W MPOLEAYp, YCTAaHOBKY H
CTHJIb TBOPYECKOTO MBIIIJICHUS YICHBIX.

Otmeuas crnienuuky, a 3HAUUT, U pa3iuyue B CTHJIE MBIIJICHUS CHEIHATINCTOB
TpeX IrpyHI COBPEMEHHOM HayKH, BaXKHO BBIJCIUTH U MCCIEA0BATh TO 0O0IIEe, UTO UX
OOBEIUHAET, YTO COCTABISIET OCHOBY COJIDKEHHUS U «YBSI3KID PA3IUYHBIX CTUJICH
MBILUICHHSI. A 3TO O3HauYaeT oOpallleHue K TeM CTOpOHAM M XapaKTepHCTHKaM o0pasa
MBIIUIEHUSI, KOTOPbIE MOTYT «CTBIKOBATHCS» U HE MPOCTO CIIOCOOCTBOBATH MEPEBOY
C s3bIKa OJHOM HAyKM Ha Jpyrod (XOTS M 3TO B YCIOBHUSIX YIIIyOJICHUS



crieruaiu3aluuy u pe3kon auddepeHranuu o4eHb BaXHO), HO U ObITh HCTOUHHUKOM,
«TEHEPATOPOM» HOBOT'O HAYYHOT'O 3HAHUSI.

Bo3HukHOBeHHE OOIIEHAYYHOTO 3HAHUS, OOIEHAYYHBIX CPEACTB IO3HAHUS
OpTraHWYECKU CBS3aHO C MPOLECCOM HHTETPALMM HAyKH, U OTU SIBIICHUS HE MOTYT
ObITh TOHSATHI CKOJBKO-HUOYJh aJ€KBaTHO B OTPhIBE OT TeX KapJAMHAIbHBIX
U3MEHECHUM B MEXaHHW3ME€ pPA3BUTUS HHTEIPATUBHBIX TEHICHIMN HAYKH, KOTOPBIE
XapakTEePHBI Ul YCIIOBUM HAYYHO-TEXHUYECKOW PEBOJIIOLUU.

Cam TEepMHMH «HAyYHO-TEXHHYECKAs PEBOJIOLUSA» HOCUT HWHTETPATHBHBIN
xapaktep, u6o B xone HTP BmepBble B HCTOpPHHM YETOBEUECKOW LHMBHIN3ALUU
PEBOJIIOLIMOHHBIE TPOLECCHI B HAYKE M B TEXHUKE, paHee NPOUCXOIUBIINE
aBTOHOMHO, CJIIWJIMCh B €JUHYIO LIEJIOCTHYIO CUCTEMY.

PazsepteiBanne HTP, BO3HWKHOBEHHWE €€ HOBBIX HANpPABICHWNA Ha pPyOeKe
THICSTYENIETUNA TPUBENO K MHTEHCHU(UKAIMK HWHTETPALMOHHBIX IMPOIIECCOB B HAYyKE,
YTO OCOOEHHO penbeHO TMpOSIBISETCS B pE3yibTaTaXx HAy4YHOrO 3HAHUS,
BOIUIOIIAIOIIMX B ce0€ CHUHTE3 JOCTWKEHUI OTIENbHBIX OTpaciied HayKu, TEOpuil,
IPUHLIMIIOB, MOHATUHN U ApYruX (OpM U CPEJICTB NO3HAHMSL.

WHTerpatuBHbple IPOLECCHI  XapakTEpHBl JUIsI BCEX BUAOB, YPOBHEH U
KOMIIOHEHTOB HAay4YHOM JEATEIIBHOCTU: CPEACTB M IIO3HABATEIBHBIX IIPOLIEAYD
(omepanuit), nenerd u pe3ynbTaTtoB. OHM 3aXBaThIBAIOT KaK TEXHUYECKUE CPENCTBA U
ONepaluy B IO3HAHWUW, TaK M TEOPETUYECKUE IPUEMBI, METOABI U IPOLELYPHI
HAy4YHOI'O MCCJIEA0BAHMS, MMOPOKAasi HOBbIE (POPMBI M BUIBI HAYYHOU NEATEIbHOCTH,
IIOJTHOCTBIO HAITPABJICHHBIE HAa CTAHOBJICHHWE LEJIOCTHOCTH BCEU HAYKH, IIPUMEPOM
YEro SBISIIOTCA MHPOPMALMOHHBIE TEXHOJIOTUHU, KOTOPbIE TPUBOAAT K 0000IIAIOITIM
pe3yapTaTaM Kak B BUJE aJ€KBATHBIX KOHLENTYaJIbHO-TEOPETUIECKUX CUCTEOM, TaK U
B (popME OBEIIECTBICHHBIX B MATEPUAIbHBIX MPOU3BOJIUTEIbHBIX CUJIAX TOCTUKEHUI
HAyKU.

OpuuM u©3 Haubojee SIPKMX CBUACTEIbCTB HMHTETPALIMM HAyKH SIBISIETCA
JNOCTH)KEHHE KaKMMH-TO 3JIEMEHTaMH HAay4YHOI'O 3HAHUS WIA CPEICTBAMHU MO3HAHUS
TAKOro CTaTyca, KOTrJa OHM MPUOOPETAIOT 3BPUCTUYECKOE 3HAUEHUE B Macuitabe
MHOTUX OTpacieil 3HaHudA, a B psAe ClaydyaeB M B MacumiTabax Bced HayKH, TO €CTh
CTaHOBATCS OOLICHAYYHBIMHU.

CoBpeMeHHas CUTyalusl 3aKJII0YAeTCsl B TOM, YTO HayKa JOCTUTIAa HEOOXOIUMOIO
YPOBHS B PpAa3BUTUM HWHTETPATUBHBIX IIPOLIECCOB: BO3PACTAHUE B3aUMOCBS3H
OOILIIECTBEHHBIX, E€CTECTBEHHBIX W TEXHUYECKHX HayK IMpPEACTaBISIET COOOH Ty
OCHOBY, Ha KOTOPOl (POpMHUPYIOTCS M MPUOOPETAIOT OOIICHAYYHBI CTATyC MHOTHE
MOHSATHS U UHBIE KOMITOHEHTBI HAYYHOTO 3HAHUSI.

Hrak, BO3pacraroniee €AMHCTBO HAYYHOTO 3HAHUS IPOSIBISETCS B CTAHOBIICHUH
OOILIIEHAyYHOI'O 3HAHHUA, a CaMO OHO — MW pe3ynbTaT ACHCTBUS HHTETPATUBHBIX
TEHJAEHUUH B MO3HAHUM, U MPEANOCHIIKA JaJbHEHIIEr0 UX YKPEIUIEHUS U Pa3BUTHS.
WNupiMu cioBamMH, MeXAy OOILIIEHAYYHBIM 3HAHUEM U MHTETpaleil HayKu CyIEeCTBYET
OTHOIIIEHUE 000I0THOM JIETEPMUHAIINU.
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KonTpounbabie 3aaanus it CPM (temsr 1) [9, 10, 11, 12, 13]

1. O3HAKOMHUTCS ¢ COBPEMEHHBIMH KOHIEIIUAMU (HUIOCOPHH HAYKH.

2. I3y4nTh OCHOBHBIC HAIpPaBJICHHS T'COJC3UYCCKON HAyKHM HA COBPEMEHHOM
JTare.

3. PaccMoTpeTh BOIIPOCHI, CBSI3aHHBIC HAYYHO-TEXHHUECKOW PEBOJIIOITUCH.

Tema 2 IlocranoBka 3agaum onpenejdeHus ¢urypsl 3emam u  eé
rPaBUTAIIMOHHOIO MOJIA B €IMHOW TIeOleHTPUYECKOil cucTeMe KOOpPAMHAT — 2
yaca

I nan aexkuu

1. ®urypa 3emnmn
2. I'paBuTaninonHoe noJsie 3eMiu
3. Onpenenenrie GUrypbl 3eMIIH B TCOIICHTPUYECKON CHCTEME KOOPIMHAT

ITon durypoii miaHeTbl MOXXHO TTOHUMATh:;

— ¢durypy e€ pusznyeckoi MOBEpXHOCTH (reomeTpuueckas Gurypa);

— (Urypy SKBUIIOTCHIIMATBHON TTOBEPXHOCTH (T€OH I, CCIICHOU I, apEOUI 1 T.I1.)

— TWHAMUYECKYIO (PUTYpY IUIAHEThI, KOTOPOU SBISCTCS IEHTPAIbHBIN JIIUIICOU]T
VHEPILIHH.

PeanbHast (urypa miaHeTbl, €CTECTBEHHO, OTJIWYAETCS OT SJUTUIICOUAATBHOM.
dusnyeckasi MOBEPXHOCTh 3€MJIU, J1a U JIt0OOW TIaHEThl HACTOJILKO CJI0KHA, YTO OHA
HE TMOoANaéTcsi CTPOroMy MaTeMaTH4YecKoMy omnucaHuio. Haubonee HarmsgHoe
MPEJICTABICHUE — KapTa BBICOT 3TOM MOBEPXHOCTH HAJ YPOBHEM MOPS WU Teouja —
MOBEPXHOCTH PABHOTO MOTEHIMANA TSXKECTH, MPOXOMASNIas 4epe3 HAdalo OTCUETa
BBICOT. JTa MOBEPXHOCTh OJIM3Ka K HEBO3MYIIEHHOW IMOBEPXHOCTH BOJAHOM Tiagu
OKEaHOB U COOOMIAIOIIMXCS ¢ HUMH Mopei. OHaKo, U3-3a pa3indus TeMIEPaTyphl U
COJIEHOCTH, aTMOC(HEpPHOIO JaBJICHUS M T.II. TIOBEPXHOCTh BOJHON TJIaaM HE
COBITIQJIaCT CTPOrO C T'€OMJIOM, a OTKIIOHSCTCS MPUOIU3UTEIHLHO B Ipejeaax OJHOTO
merpa. Hampumep, B 30He IlaHamckoro kaHaima pa3HOCTb ypoBHEW TuXOro wu
ATIIaHTHYECKOT'0 OKEaHOB COCTaBJIsIeT 62 CM.



JIns mocTpoeHus KapThl BBICOT HYKHO ITOBEPXHOCTh YPOBHS OKEaHOB
NPOJOJDKUATE MO/ KOHTHHEHTHI. Crenatb 3TO HE NPOCTO: HEOOXOJUMO 3HATh
pacrpejiesieHrde TUIOTHOCTEH TOPHBIX MOPOJ. ITa TPyAHOCTh Obla mpeogosiena M.C.
MoJioeHCKUM: BMECTO T€OUa OH MPEJIOKUI CTPOUTh KBa3UTE€OU, YTO HE TpeOyeT
3HaHUSI BHYTPEHHETO CTPOCHUS 36MHOM KOPBI.

[TosiBneHnE CIyTHUKOB U HOBBIX BO3MOXHOCTEH UCCIICIOBAHUS TPABUTALIMOHHOTO
MoJISI CYIIECTBEHHO PACIIUPIIIO Kpyr 3amad teopun ¢urypbl 3emmn. [losBumoch
HOBOE HAaMpaBJICHUE B BBICIICH T€OJIE3UU — KOCMUYecKasi reoaesus. Eciau paHblie
TPUAHTYJISUS pa3BEPTHIBATACH HA (PU3NUECKON MOBEPXHOCTH 3E€MJIHM, TO ceidyac OHa
ctana TpexmepHoil. KocMuueckue TpUaHTyJISIITUOHHBIE TYHKThI — ITYHKTHI CJICKCHUS
32 TeOoAE3UYECKUMU  CIyTHUKaMH. JIBM)KEHHME CIOYTHUKOB, KaK HW3BECTHO,
OIpENENSIETCS KaK JBUKEHUE M0 HEKOTOPOM opOuTe BOKPYr LeHTpa macc. [loatomy
3a Ha4aJlo CUCTEeMbl OTcuéra OepyT HeHTp Macc. Kpome Toro, HeoOXOIMMO 3HATh
PACIOJIOKEHUE ITUX MTYHKTOB OTHOCUTENIBHO TeJla OTCYETA, KOTOPBIM CITY>KUT OOLIUM
3eMHOHN »ymuncous. B3anMHOE pacronoKeHWe IMyHKTOB 33Jal0T Te€OAe3MYECKUMHU
koopauHatamu B, L, H, CcOOTBETCTBEHHO, MMIMPOTOM, JOITOTOM U BBICOTOM.
@dyHIaMEHTaIBbHO 3a/auell SBJSIETCS OMNpeesieHHe IeHTpa OOIIero 3eMHOro
AJUIATICOUIA OTHOCUTENBHO LIEHTPa Macc.

B 1ocnyTHUKOBYIO »SIOXYy T€0JIe3WdYecKre padoThl BIIOJIHE YAOBJIETBOpSIA
MpUBSI3Ka K AJUIMICOUAY, alMpPOKCUMHUPYIOIMIEMY HCCIECAYEMYI0 TEPPUTOPHUIO.
Coserckuii reone3uct ®.M. KpacoBckuil MOJy4WIT MapameTpbl SJUIMICOWIA IS
CoBerckoro Coroza ¢ HayaJoM oTcuera BbICOT MO KpoHIITagckoMy QyTIITOKY.
Cxarue smaunconna KpacoBckoro paBHo 1:298,3. DTa BenwymHaA 3HAYUTEITHHO
OTJINYaJaCh OT CXaTus OOIIEero 3€MHOI0 JJUIAIICOUJIa TPHUHSATOIO B TO BpeMs M
MOJIYYEHHOTO0 10 TPaBUMETPUUYECKUM JaHHBIM. ABTOPHI JaBajld pa3HbIC OLICHKU
cxkatus ot 1:296,6 no 1:297,4. IlepBoe ke omnpeAeneHue CKaTusi MO CIIyTHHUKOBBIM
JAHHBIM JaJ0 BEJMYHMHY, MPAKTUYECKH COBMAJAIOLIYI0 CO CXKATHEM BIUIAICOUAA
Kpacosckoro. TouHOCTH oOmpenesieHus: CYILIECTBEHHO Bo3pocia. | eHepanbpHas
Accambness MAC B 1976 rony nist cxxaTtus 3emin yrBepauia 3adenue 1:298,2570.

COyTHHKOBBIE QIIBTUMETPUYECKHE UCCIEAOBAHUS Jald MPSIMbIE HU3MEPEHUs
tTonorpaduy BOJHOM TJ1aJM MOBEPXHOCTU OKEAHOB, KOTOPAsi COBMAJAET C TEOUIOM C
ToyHOCThI0O *+1 M. Camu anpTUMETpUUECKHWE HAONIOJEHUS JOCTUIIM TOYHOCTHU
HECKOJIbKUX CaHTUMETpoB. llosiBUiach HEOOXOIUMOCTH C TaKOW >K€ TOYHOCTHIO
CTPOUTH U TEOPUIO ABUIKECHUSI CTyTHUKOB U ONPEEIATh MOBEPXHOCTh reoua.

[ToBepxHOCTh, BCIOJy TEPIECHAUKYJISIPHAS HAMPABICHUSM CHUJIBl  TSHKECTH,
Ha3bIBAETCS YPOBEHHOMN MOBEPXHOCTHIO. Y POBEHHBIE MOBEPXHOCTU MOXKHO MTPOBOAUTH
Ha pa3HbIX BBICOTAX; BCE OHM SIBJISIOTCS 3aMKHYTHIMU W TIOUTU MapajuieibHbI OJHA
JIpyroi. YpoBeHHasi MMOBEPXHOCTh, COBIAIAIONIAs C HEBO3MYIIIEHHON MOBEPXHOCTHIO
MHPOBOI'0O OKEaHa W MBICJICHHO MPOJIOJKEHHAs 1101 MATEPHUKHU, Ha3bIBA€TCSI OCHOBHOM
YPOBEHHOM MOBEPXHOCTHIO WIIM MIOBEPXHOCTHIO T€OUIA.

Ecnu 661 3emutst Obuta nieambHBIM IIAPOM U COCTOSIIA U3 KOHIICHTPUYECKHUX CIIOCB
Pa3JIMYHOMN IUIOTHOCTH, UMEIOIIUX MOCTOSIHHYIO MJIOTHOCTh BHYTPH KaKJA0TO CJOSI, TO
BCE YpPOBEHHBIE TMOBEPXHOCTH UMeNH Obl cTporo cdepuyeckyro ¢dopmy, a
HaIpaBJICHUS] CUJIBI TSDKECTH COBMaaaiu Ol ¢ pamguycamu cdep. B peanbHoi 3emie
HaIpaBJICHUS] CUJIBI TSDKECTH 3aBUCST OT paclpeieSIieHUs] MacC pa3InyHOMN IIOTHOCTH



BHYTpH 3€MJIM, TMO3TOMY TIOBEPXHOCTh Treouja HMEET CIOXHYI (opmy, He
NOJAJIAIOIIYIOCS TOYHOMY MAT€MaTHMUYeCKOMY OIKMCAaHUI0, W HE MOXKET ObITh
ONpeiesIeHa TOJIBKO U3 HA3€MHBIX H3MEPEHHUI.

B Hacrosiee BpeMsi Mpu M3y4eHUHM (U3MUECKOW IMOBEPXHOCTU 3eMIIM POJIb
BCIIOMOTATEIbHONW TOBEPXHOCTH BBINOJIHAET MOBEPXHOCTh KBAa3WIe€OouAa, KOTOpas
MOKET OBITh TOYHO OMNpeAesieHa OTHOCHUTENBHO TOBEPXHOCTH JIUTUIICOUA TIO
pe3yapTaTaM aCTPOHOMUYECKHUX, I'€ONE3NYECKUX U T'PABUMETPUYECKUX W3MEPEHUMU.
Ha Tepputopun Mopeld H OKEaHOB INOBEPXHOCTh KBAa3WI€OMJa COBIIANAET C
IIOBEPXHOCTBIO TE€OWJA, a4 Ha CyIIe OHAa OTKIOHSETCS OT HEro B NpPEAeNiax IBYX
METPOB.

3a NelCTBUTENBHYIO MOBEPXHOCTh 3€MJIM MPUHUMAIOT Ha Cylle ee (PU3NYecKyro
ITIOBEPXHOCTh, HA TEPPUTOPUN MOPEN U OKEAHOB — NX HEBO3MYLIEHHYIO IIOBEPXHOCTb.

UTo 3HAYUT W3YYUTHh JACHUCTBUTEIBHYIO ITOBEPXHOCTh 3eMiu? OTO 3HAYUT
OTIPENICIUTh TIOJIOKEHHE JII0OOM €e TOYKM B NPUHITOW cucTeMe KoopauHaT. B
IeOJIe3UN CUCTEMBl KOOPAMHAT 3aJal0T Ha IOBEPXHOCTHU DIUIMIICOMIA BpalICHUS,
OTOMY YTO U3 MPOCThIX MaTEMAaTUUYECKUX TOBEPXHOCTEH OHA OJIMKE BCErO MOIXOIUT
K TOBEPXHOCTH 3€MJIM; IIOBEPXHOCTh 3TOr0 J3JUIMIICOMJA HA3bIBAETCSA  CIUE
IIOBEPXHOCTBIO  OTHOCHUMOCTH. OJUIMIICOWJ BpAIEHHsI IPUHATBIX Pa3MeEpoB,
OMpENICICHHbIM 00pa30M OPUEHTHUPOBAHHBIA B Teie 3€MJIM, Ha TTOBEPXHOCTh
KOTOPOTO OTHOCATCSI TEOAC3MYECKHME CETH NPU KX BBIYMCICHUM, HA3bIBACTCS
pedepeHII-2IITUTICOUIOM.

JUist TeppuTOpHM Hamed cTpaHbl NpUHAT 3iumncou]; KpacoBckoro: Oombiias
noiyock a = 6378245 m, manas noyock b = 6356863 M, noisipHOE CHKaTHUE:

a-b 1
a 2983

[IpumensiemMple B pa3HBIX CTpaHaX pePEepeHI-AILTUICOUIBI MOTYT HUMETh
HEOJMHAKOBBIE pa3MEPhI; CYIIECTBYET U OOIIE3EMHOM ITUIICOU I, Pa3MepPbl KOTOPOTO
YTBEPKIAIOT MeEKIyHApOAHBIE Te0e3ndUecKue oprauusanuu. Tak, B cucteme WGS-
84 (World Geodetic System) 3t pazmepsl cyTh OosbIas moiayoch a = 6 378 137.0 m,
MOJISIPHOE CHKATHE:

sl 1
@ 298.2566

= 0.003352810665

JIns MHOTHX 3aJa4 TeO0JIe3Ud IOBEPXHOCTbIO OTHOCUMOCTH MOKET CIY>KUTh
chepa, KoTopas B MATEeMaTHYECKOM OTHOIICHHH €IIe TMPOIIE, YeM TMOBEPXHOCTh
AIUTMIICOUAA BpalleHMs], a JJIsi HEKOTOPBIX 3ajad HEOOJBbIIONW y4acToK cdepbl miu
AJUIATICOU]IA MOKHO CUUTATh MIOCKUM.

['paBuTaniionHoe mnoje 3eMiu, TMOJ€ CHJIbl TSXKECTU; CHJIOBOE TOJIE,
OOyCJIOBJIEHHOE MPUTSHDKEHUEM (TATOTEHHEM) 3eMJId M LEHTPOOESKHOM CHUIIOH,
BBI3BAHHOW €€ CYTOYHBIM BpallleHUEM. 3aBHCUT Takxke (HE3HAYUTEIbHO) OT
nputsbkenus JIynsl, ConHIla U Ipyrux HeOECHBIX TEJI U Macc 3eMHOUM aTMOC(hephI.


http://www.cultinfo.ru/fulltext/1/001/008/102/053.htm

FpaBI/ITaHI/IOHHOG rnojie 3eMJiu XapaKTCPU3yCTCiA CHJIOU TAXKECTHU, ITOTCHIIMAIOM
CHJIbI TAXKCCTH U pa3JIMYHBIMU IIPOU3BOJHBIMU OT HETO.

I[JI?I PCIICHUA IMPAKTHYCCKHUX 3aJa4 IOTCHHOHUAI 3CMHOI'0
MMpCaACTABJIICTCA B BUAC psAaa

MMPUTAKCHUA

F(ﬂ,w,l)—— 1+ZZ

Heu]l il

E sng) - (O cosmd +.5 sinmd)

riae V — reolieHTpU4ecKoe PacCTOSHHUE;

@ u A — reorpaduueckasi MPOTa U J0ITOTa TOYKU, B KOTOPOM paccMaTpuBaeTCs
NOTEHIUAT;

Pnm — npucoeannénnble pyHkmu Jlexxanapa;

GE TIPOM3BEICHHE TOCTOSHHOM TATOTeHMs Ha Maccy Semun (398603109 m/c?,

a — 0obIIas MOJIYyOCh 3eMJIH;

Cim ¥ Spm — Oe3pasmepnbie KOG UIMEHTHI, 3aBUCAIE OT GUTYpPHl 3eMIH U
BHYTPEHHETO PACIIPEEIICHNS MacC B HEH.

Cy1iecTByIOT Apyrue, MeHee pacnpocTpaHEHHbIE, (OPMYJIbl, YUUTHIBAIOLINE
HEOO0JIbIIOE JOJATOTHOE U3MEHEHHE Y, a Takxke acumMmeTpuro CeepHoro u HOxHOro
nosymapuii. Beaércs moarotoBka kK mepexoay K €IMHOW HOBOM (opmylie ¢ yuéTom
YTOYHEHHOTO Aa0COJIFOTHOTO 3HaueHus cuibl TspkecTd. C  moMouiplo  Gpopmya
pacnpeeNneHns HOpMajabHOW CUJIbI TSXKECTH, 3Hasl BBICOTHI ITyHKTOB HAOIIOACHUM, a
TAaK)KE€ CTPOEHHE OKpYXKarolero penbeda M IUIOTHOCTH CHAaramliux €ro IMopo/,
BBIUHCIIAIOT AHOMAJIMUA CHJIbl TSKECTH, KOTOpbIE TPUMEHSIOTCS Ui PELICHUS
OOJBIIMHCTBA 33]]a4 TPaBUMETPUH.

Koadpdummenter (ymHoxkeHHble Ha 10°) pas3noxkeHus NOTEHIMANIA 3€MHOIO
OPUTSHDKEHUS B psii IO cPpepruecKuM (PYyHKUHUAM, ONpeeaEHHbIe 10 HAOII0ICHUAM
JBUKEHUS HMCKYCCTBEHHBIX CIYTHUKOB 3emyin (1Mo JaHHbIM CMHTCOHOBCKOM
actpoduszudeckoit oocepsaropuu, CIIIA) npusenens! B Tadbmiel :

Tabmumnal — KoaddunmeHTs! pa3nokeHusi 3eMHOTO TTOTSHITHIA

m 0 1 2 3 4 5
Com (1108 N 2,41 O O [
2,63
Som [ N 11,3 O O [
Csm 2,54 1,97 0,89 0,69 [ [
Sam [ 0,26 10,6 1,43 N [
Cam 1,59 10,5 0,33 0,99 10,0 [
Sam [ 10,4 0,71 10,1 0,34 [
Cam 0,23 10,0 0,61 10,4 10,2 0,13
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Pexomennyemas nureparypa
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KonTponbubie 3aaanus st CPM (temsr 2) [1, 14, 17, 21]

1. U3yunTh OCHOBHBIE BEJIMYUHBI, XapaKTepU3yromue Gopmy 3eMIu.

2. PaccMoTpeTh BOTIPOCHI, CBSI3aHHBIE C TPABUTAIIMOHHBIM ITOJIEM 3eMITH.
3. I3yuuTh cucTeMBbI KOOPJUHAT, PUMEHSIEMBIC B T€O/IC3UH.

Tema 3 CnyTHHUKOBBIE MeTO/IbI Onpe/iesieHust purypol 3eMiin, eé
rPAaBUTALMOHHOIO I0JIS, IBUKEHHS MO0JIIOCOB M HEPABHOMEPHOCTE CYTOYHOI'0
BpaLleHus — 2 yaca

Inan aexknuu

1. VI3 ucropum KOCMHUYECKOM Ire01e3un

2. MeTonvka BBIIOJHEHUS] CIYTHUKOBBIX U3BMEPEHUH (CTaTUUYECKUE,
JUHAMUYECKHE U KHHeMaTudeckue; nudepeHnnanbHbIil METO)

3. CyTKHU KaK NepHo/]l BpallleHHusI 3eMJIM BOKPYT OCH

3anyckd HUCKYyCCTBEHHbIX CHyTHUKOB 3emin (MC3) u mepBble K€ OIBITHI
UCIIOJB30BAaHUA MX B TEOJE3MYECKUX MEISIX CHIBHO W3MEHWIM B3Il U
MPEICTABIICHUS T€0/IE3UCTOB O CaMOM MpeIMeTe Teo/ie3ur U ee mpoobiemax. Crapele
Hay4YHbIC W MPAKTUYECKHUE 3a7a4d I'e0/e3UU, KOTOphbIe M3JlaBHA SIBJISUIUCH JJIs Hee
TPaAUIIMOHHBIMU, MPEICTAINA TEPEa T€0JIe3UCTaMU B HOBOM COJIEp)KaHUM U B OoJiee
mUpoKoM 3HadeHuU. [losIBUIMCH HOBBIE METOABI M3MEPEHHM, U B JIECATKH pa3



YBEJIMYWIIACh TOYHOCTb U3MEpeHHH. Bckpbuinch riay0okue M OOLIMpHBIE CBA3M
reozie3uu (ee 3a1a4 v npo0saeM) ¢ APyTMMU HayKaMu O KOCMUYECKOM IPOCTPAHCTBE U
0 3emie.

Ho He Hanmo aymarb, uto TONBKO 3amyck nepsoro MC3 mpuBen K poOXACHUIO
KOCMHUYECKON reoxesuu. Y 3eMiu eCTh €CTECTBEHHBIM cHyTHUK JlyHa, m wuues
UCITOJIB30BAaTh €€ KaK PEIEepHYyI0 TOUKY JJIs T€OJE3UYECKHX IIesield 00cyXaaiach emle
B XVII Beke. Torna sxe OblIa BBICKAa3aHa MBICIbL O TOM, YTO C)KaTHE 3e€MIIM MOYKHO
ONpENENNTb, U3ydas BO3MYIIEHHS B JABWKEHUHM JIyHBbI, BBI3BAaHHBIE NPHUTSHKEHHEM
3emun. OgHAKO BCE 3TU UAEH OCTaBajduCh uaesamu 10 1957 roga, korga 3anyck MC3
npuBell K TMOSBICHHIO pabodyMx METOAOB CHayalda CIYTHUKOBOM, a IOTOM H
KOCMHMYECKOHU I'€OJIE3UN.

TpaIuIMOHHBIMM METOAAMM KJIACCHYECKOM M€0/IE3UN PElIaeTCsl OCHOBHAS 3ajavya
reofie3uu — u3ydeHue (urypsl 3eMid U rpaBUTALMOHHOTO MOJIS Hallled IUIAHETHI C
IIOMOIIBIO  HW3MEPEHMM, IPOU3BOAMMBIX Ha IOBEPXHOCTH 3emiid, MeToasl
KOCMHYECKON Te0AE€3UN MO3BOJIMJIA B3IJIIHYTh Ha 3€MJII0 M3 KOCMOCAa M Hayarb
U3MEPATh €€, OTOPBABIINCH OT 3eMHOM moBepxHOocTH. Cpa3y BuAHaA MacuiTaOHas,
KAuECTBEHHASI PAa3HULA TUX JIBYX IIOJXOJOB: MOJIHSABIINCH HA COTHH, a MOPOM U HA
TBICSIYM KUJIOMETPOB HaJl IOBEPXHOCTHIO 3€MJIM, YEJIOBEK KaK Obl BBIPOC U MOJTYUMNI
BO3MOYKHOCTh U3MEPATH JIMHHBIE JIMHUU Ha 3emiie (JMHUU MOPSAKA COTEH M ThICAY
KHJIOMETPOB) C HEOBIBAJIO BHICOKOM TOYHOCTHIO.

Ho neno He Toapko B MacmTabax U TOYHOCTU U3MepeHui. C BBIXOJOM B KOCMOC
reoJie3usi U3MEHUJIACh, €CIIM MOXHO TaK BBIPA3UTHCS, MOPAIbHO: PACIIUPHUIICS KPYT
pemaeMbix e 3agad. Celiuac reozae3usi pemaer (B OCHOBHOM METOAaMU
KOCMUYECKOW T€O0JIe3MH) TaKue MpoOJeMbl, KaK HW3Y4YEHHE JIYHHO-COJHEYHBIX
IPWIKBOB (B TOM YHCJI€ B 3€MHOM KOpE), BH)KEHHE MOJIOCOB 3€MJIM, U3MEHEHHE
CKOpPOCTH BpaumieHus: 3emid. Mbpl BIUIOTHYIO IMOJOLIIM K TOMY BPEMEHH, KOI'JA
OCHOBHBIE TPOOJIEMBbI T'€0J€3UH, TCOKMHEMATUKH U TE€OJAMHAMUKH OyIyT YCIEUIHO
pemarbCs ¢ MOMOLIBI0 METOA0B KOCMUYECKON Ie0/Ie3UH.

bypHOe pa3BHTHE KOCMUYECKOM TI€OE3UHM, CPEIH METOIOB KOTOPOM cendac
OOCY>KIalOTCS U MCHBITHIBAIOTCS TakKHWe, Kak JiazepHas Jiokauusi JIyHbI, cucTemsl
«CIyTHUK — CIOYTHUK» WIN JJIMHHOOA3MCHAas paauouHTepdhepoMeTpus (B YaCTHOCTH,
UCIIOJIb30BAaHUE HAOJIIOJICHUI KBa3apoOB B TEOJE3MYECKUX LENIAX), HE TOJbKO HE
OTOJBUHYJIO B TEHb CTapbl€ KJIIACCUYECKHE HA3EMHBIE METO/IbI, HO, HAO0OPOT, AAJI0 UM
Kak Obl BTOpoe abixaHue. (OCOOEHHO SPKO STO YAUBUTEIBHOE COYETaHHUE
KJIACCUYECKUX HA3€MHBIX U KOCMHYECKHUX METOJIOB MPOSIBISAETCS MPU U3YYECHUU
I'PABUTALMOHHOTO MOJIS 3EMJIH.

Kocmuueckass reoje3nsi — 3TO HE TOJBKO COBOKYNMHOCTh HETPAIUIIMOHHBIX
KOCMHUYECKHX METOJIOB, MO3BOJISIONIMX pElIaTh HAy4YHbIE M MPAKTUUYECKUE 3aJaud
reoje3nn kak Hayku o 3emuie! Kocmuueckas reone3uss — 3TO HE TOJBKO Hay4dHas
JUCUUIUINHA, WCHOJB3YIOIIas €CTECTBEHHbIE M HCKYCCTBEHHBIE KOCMHYECKHE
OOBEKTHI IJISl PEIIeHUs] Te0/Ie3nYeCKUX 3ajad. Mbl CTOMM Ha MOpOre MOCTAHOBKH U
pELIEHNs] OCHOBHOM 3a/1a4l KOCMUYECKOM reoie3uu (Kak CaMOCTOSITEIbHONM HayYHOM
JTVCHHILUIMHBI): CO3JaHNe €IMHOM KOOPJMHATHOW OCHOBBI sl paboThl B CoOJTHEUHOM
cucTeMe. DTO 3HAUMUT, YTO KOCMHUYECKasi T€0e3us, HauaB ¢ II00AIbHOTO U3YUYECHHUS



3emiid, KaKk OJHOW W3 IUIAHET, B NMEPCIEKTHUBE MOMOKET 4YEIOBEYECTBY BBINTHU Ha
ypOBeHb 0CcBOeHUs Bceil COIHEUHOM CHUCTEMBI.

['eone3ust kak HayyHas JUCHUIUIMHA OblIa MOJATOTOBJIEHA K HCIOJIb30BAHUIO
KOCMUYECKUX OOBEKTOB JIJISi PEHICHHUS CBOMX HAYYHBIX M MPAKTHUECKHUX 3a7ad. ITO
CBSI3aHO C TE€M, YTO Ieo/ie3usl JaXKe B aJIEKHe BpeMeHa T'€OLEHTPUUECKOT0 B3rJsiaa Ha
Mup OblIa HayKOW, KOTOpas Hecja B ce0€ WIS OTHOLICHHS K 3eMile KaK K IJIaHEeTe
ConneuHolt cucteMsl. Med riao0anbHOr0 M3yd4eHHsl 3eMIIM CO3peNa B IPEBHHUE BEKa
33JI0JITO JI0 TOPXKECTBA KONEPHUKAHCKOrO y4yeHus. BoT mouemy reopesus, oJHa U3
JOpPEBHEHIIMX HAyK O 3emile, MOJyduja C BBIXOJOM 4YEJIOBEYECTBA B KOCMOC
BO3MOYKHOCTb Pa3BUTHS TE€X HJIEW U METO/IOB, KOTOPBIE JAaBHO 3PEJIH B €€ HEApaX.

Jlnama3oH mapaMeTpoB CIyTHUKOBBIX OPOUT U XapaKTEPUCTUK CaMUX CITyTHHKOB
ype3BpyaitHo Benmuk. WC3  ngBmwxkyTrcs mno opbutam ¢ HakioHamu ot 0°
(axBaropuanbhbie) 10 90° u Oonee (OKOJIOMONSPHBIE OPOUTHI). DKCUEHTPUCUTETHI
CIyTHUKOBBIX OpOMT KojeOmtorcss oT O (kpyroBble opOuThl) mpumepHo o 0,975
(cunpHO BBITAHYTHIE 3iunIickl). UC3 umenu nepuosl oOpalieHus BOKpYr 3eMiu OT
80 MuH 110 24 4, a, CleaA0BaTEIbHO, BBICOTHI MX OPOUT HAaJl MOBEPXHOCTHIO 3eMIIH
koseomorest ot 200 1o 35000 kM.

Yro kacaercs camux MC3, TO UX XapaKTEpUCTUKH Pa3IMYalOTCS B 3aBUCHMOCTHU
OT MLEJNeN 3almycka M OT COOTBETCTBYIOIIEM ATHUM LEISIM HAy4YHOW amnmaparyphl,
pa3MernieHHol Ha Oopty. beum MC3, HanomuHaroume mno QgopmMe NpUYYAITUBBIX
HAaCEKOMBbIX (M3-32 JaJIEKO pA3HECEHHBIX COJIHEYHBIX OaTaped H  JIpyroro
00opyaoBaHus), ObUIM CIIYTHUKU-OAJIJIOHBI, HATPUMEP «IX0-2», UMEBIIUN Maccy 256
Kr npu guameTrpe 41,2 M (YUCIOBOE 3HAUYEHHE OYEHb BAXXHOTO IapaMmeTpa —
OTHOUIEHUS IUJIOIIAU CPEAHEr0 CEYEHUs] K Macce — y 3TOro CIYTHHUKA PaBHSJIOCH
npumepHo 50 cM’/r), a 6pum MC3, MOX0XKHE HA CTAPHHHBIC IMYLICUHBIC SAPA: HPH
00JIBILION Macce OHM MMENU OYeHb Majible pa3Mepbl (HallpuMep, BEIMYMHA 3TOTO JKe
napamerpa y crytHuka «JIareoc» cocrasisier Bcero 0,07 cm?/r).

Kakoil xe BKIax B pa3BUTHE TIE€OJE3UMM M JPYIMX HayK O 3eMJI€ BHECIH
HaOmogenuss MC3 W MHBIX KOCMHUYECKHX OOBEKTOB, HCKYCCTBEHHBIX M
ecTeCTBEHHbIX? [IpUHATO [EIUTh METONBl pELIEHUs TeOJe3UYECKUX 3a1ad C
UCITOJIb30BAHUEM KOCMHUYECKHX CPEACTB HA T€OMETPUYECKHE M JUHAMUYECKHE. JTO
JIEJICHUE CBSI3aHO CO CIEAYIOIIMMHU COOOpakeHUsIMU. Ecnu ucnosb3yercst MeTol, B
KOTOPOM KOCMHUYECKHI OOBEKT MHTEPECYET HAC TOJIbKO KaK BU3UpPHAs 1I€Jlb, TO €CTh
TOYKAa C U3BECTHBIMH KOOPAMHATAMH, TO 3TOT METOJ OTHOCHUTCS K T€OMETPUUYECKUM.
Ecniu xe B MeTOJ BXOAUT W3YYEHHWE M  HUCIOJIb30BAHUE TMapaMeTpoB,
XapaKTEPU3YIOIIUX JBUKEHUE KOCMUYECKOTO 00BEKTA (@ 3TO JBUKEHUE TMPOUCXOIUT
B TPABUTALIMOHHOM M0Ji€ 3€MJIM U, CTAJIO ObITh, HA HEM OTPAXKAIOTCSI CBOWCTBA 3TOrO
T0JISI), TO OH OTHOCUTCS K IMHAMUYECKHUM.

TI'eomempuyeckue memoovl cnymuukosoti 2eooe3uu

[TpocTeliuM reoMeTpUYeCKUM MOCTPOCHHEM, MOIYYEHHbIM C¢ nomoupio NC3,
SBJISIETCS. TPEYrOJbHUK, KOTOPBI 0Opa3zyeTcss B pe3yjibTaTe OJHOBPEMEHHOTO
(cuaxponnoro) nabmomenus MC3 ¢ naByx cranmuil. JlaHHBIA TpeyroabHUK A
(crannusa-1) C (cnyrHuk) B (craHuusi-2) sBIsSI€TCSI OCHOBHBIM 3JEMEHTOM BCEX
CIyTHHKOBBIX T€OMETPUYECKUX IOCTPOCHHHA. IDTO, MO CYTHU JAeNa, TPEYroJbHUK
KJIACCUYECKOM TPUAHTYJIALMM, OAHA U3 BEPIIMH KOTOPOro MOAHITA B KOCMUYECKOE



npocTtpaHcTBO. CrocoObl penieHusi TaKOoro TPEYyrojbHUKA 3HAYUTEIBHO OOJIETrYeHbI
TeM, 4TO OH Bcerga ruiockuil. IlpaBma, Takoe «oOnerdeHue» CBOAUTCS Ha HET
OTPOMHBIM KOJIMYECTBOM HAONIOJATEIbHOTO MaTepualia: CIIyTHUKOB MHOT0, H
HAOJIIOAIOTCS OHU peryisipHo. OcTaeTcsi B CIyTHUKOBOM TPUAHTYIISIIIUU Mpoliiema,
KOTOpasi OblJJa OCHOBHOM M B HA3eMHOW TpPUAHTYIALMH, — U3MepeHue Oazuca. Ho
npubaBisieTcss  mpobOiema, — creuupuyeckas IS KOCMHYECKHMX  METOJOB:
CUHXPOHHU3AIMS HAOMIOICHNN CITyTHUKA C Pa3HBIX CTAaHIUH.

Kpome crnyTHMKOBOW TpHAHTyJSIIUKA, KOTOpas CTPOMTCA HA OCHOBE TOJIBKO
YIJOBBIX M3MEPEHUM, ObUIM MPUMEHEHBl M TAKUE IMOCTPOEHUS, KaK CIYTHHUKOBAs
TpujaTrepauus — IPOCTPAHCTBEHHOE IIOCTPOEHUE C HCHOJBb30BAHUEM TOJBKO
U3MepeHU paccTosiHuil. OCHOBHBIM HMHCTPYMEHTOM CITYTHHUKOBOM TpUJIATEpALUH
ABJISIETCA  JIa3€pHBIM  AanbHOMEP. Meron Ke, OCHOBAaHHBIM HAa COBMECTHOM
NPUMEHEHUU JIa3epHOTO JaibHOMepa U (GOTOrpapuuecKoro MeToAa, KOTOPHIM
Ha3bIBaeTCs «(oronazep», 3aKIOYAETCS B TOM, YTO OJHOBPEMEHHO H3MEPSETCS
JAJIbHOCTH J0 CIIyTHHUKA W HaIlpaBJIEHWE Ha Hero. TakuM o0pa3oM, Mbl UMEEM B 3TOM
CJly4ae TaK Ha3bIBAEMBbII IIOJIHBIN TOIOLEHTPUYECKUI paInyC-BEKTOP CIIyTHHKA.

['eomeTpuueckuMu MeronaMu ObUIM  CO3[@Hbl T€OJIE3MYECKUE IOCTPOCHMUS
OrpoMHOM mpoTskeHHocTu. Tak, B cepeauHe /0-x TromoB ObUT MOCTPOEH
KocMudeckuil HazemHbld 0asuc Tpomcé (Hopserusi) — Xosnnabicenbepr (OPIY) —
Karanusa (Urtanus, octpoB Cunmiust) auHoit 6osiee 3500 kM. TOYHOCTH €ro 0O4eHb
BbIcOKa — or 10° 10 3-10°7 (3TO OTHOCHTENIbHAS TOYHOCTb, OHA IMOKAa3bIBAET, UTO
KQOKIBIA KAJIOMETP M3MeEpseTCs B cpenHeM TouyHee 1 mm, a xopaa mmHou 1000 km
u3Mmepsercss toudee 1 M). bbuia co3mana MupoBas TpUAHTYJSLIMOHHASA CETh,
cocrosmass w3 45 NyHKTOB HaOJMIOAEHUN, UIsi KOTOPOM CpelnHsAs OluOKa B
MOJIOXKEHUM MyHKTa He mnpeBbimana 4,5 M. B pamkax 3Toil ceTd ObUIM OIpeaesIeHbI
noJio)keHus: 158 TyHKTOB pa3iMuYHbIX CHYTHHUKOBBIX ceTe. Torma ke ObLia
3aBepieHa paboTa MO CO3JaHUI0 3amnaJHOEBPOINECHCKON TPUAHTYISAIIMOHHON CETH,
BKJTFOUArOIIeH 27 cTaHIui (IMo3Ke OBLI0 MPUCOSIUHEHO eIlle 4 CTaHIIUHN ).

UYtoOsl ipeicTaBUTh ce0e MaciTadbl 3TUX PadboT, MOyMaeM BOT O YeM: KaKJIbIH
IYHKT MHpPOBOM TPUAHTYJISIUUOHHOM CETH 3TO HE TPAAULMOHHBIA T€OC3UYECKUN
CUTHAaJ, a, MaJieHbKas (a MHOTIa ¥ COJIMAHAs1) 00cepBaTOPHsl, HA KOTOPOM pa3MelleHbl
kamepbl 1t gotorpadgupoBanuss MC3, Ha ¢doHe 3Be3n, Ja3epHbId JalbHOMED,
JNOIUIEPOBCKAasi WJIM HHas paaMOTEeXHHUUYeCKas ammaparypa. Ha »3Toil cranuumn
00s3aTeNbHO €CTh amnmnaparypa Ciay>KObl BpEMEHHU, YTOObI PErMCTPUPOBATH MOMEHTHI
BPEMEHHU, KOTOpblE HEOOXOAUMBI JUIsl MPUBEIECHHS PE3ylbTaTOB HAOIIOJEHUN Ha
Pa3HBIX CTAaHLMAX HA OJTHO U TO ke nosioxkeHne MC3 B mpocTpaHCTBE U HA OAMH U TOT
xe (Quanyeckuii MOMEHT BpeMeHU. W KOHEYHO, 3THM CTaHUUU JIOJKHBI OBITh
oOecrieyeHbl BCEM HEOOXOJMMBIM I MCIOJb30BaHUS B OyAyIIMX HCCIEAOBAHUSX,
CBSI3aHHBIX C H3Yy4YeHHEeM 3eMJId Kak IutaHeThl. Ilpu 3TOM BoO3HHMKaeT mpoliema
MOJIy4eHHS MaciiTaba CIyTHUKOBOW TpHAHTYISIITUU. Macmiral 3amaercs nuHuei (Ha
MOBEPXHOCTH 3€MJIM M B MPOCTPAHCTBE), MOCTPOEHHOM C TaKOM K€ BBICOKOH
OTHOCHUTEJIIBHOM TOYHOCTBIO, C KAakOW IPOBOJWIIMCH  YIVIOBBIE U3MEPECHUS.
CnenoBatenbHo, MacmTad 3amaeTcss 6a3ucoMm, W OBLIO TPENJIOKEHO HCIOIb30BaTh
nanbHOCTH 10 MC3, n3MepeHHble ¢ OMOIIBIO J1a3epa, B KaYeCTBE TaKUX Oa3MCHBIX
JUHUH.



Ho B peanbHBIX MpOEKTaX COBMECTHBIX HA3€MHO-KOCMHUYECKHX CEeTe maciitad
pelieHo 3ajaBaTh CO3JaHUEM HA3eMHOTO BBICOKOTOYHOTO Oa3uca. A HaumbOoJsiee
MEPCIIEKTUBHBIM JUISI YKPEIUICHHS HA3€MHBIX ACTPOHOMO-TEOJIE3UYECKUX CeTeu
ABJIAETCS BKIHOYeHUE nanbHocTer 10 MC3, n3MepeHHbIX Ja3epHbIMH JAIIBHOMEPaMH,
B COBMECTHYIO 00paOOTKy C MPUCOEIMHEHUEM ITYHKTOB, KOOPJIMHATHI KOTOPBIX
U3MEPEHbl BBICOKOTOYHBIM JOIJIEPOBCKUM MeTonoM. OOmas ke TEeHACHLHS
KOCMHMYECKOM I'€0/IE3UN B HACTOSIIEE BPEMS — 3TO PA3BUTUE TUHAMUYECKUX METOJIOB.

Jlunamuueckue memoowvl cnymHuKo8ot 2eooesuu

IIpexxne yem roBOopuTh O IMHAMUYECKOM METOAE CIyTHUKOBOW I'€OJE3WU, MBI
JOJKHBI IO3HAKOMUTHCS ¢ Teopuei ABnxkeHus NC3 B rpaBUTalMOHHOM I10JI€ 3€MJIH.

JBuxenue MC3 B mpocTpaHCTBE ONpEAesieTcss AeHCTBYIOIMMHU Ha HETO CHUJIaMU,
KOTOpPBIE II0 CBOEMY XapakTepy MEeHATCA Ha JBa THIIA: TI'PABUTALMOHHBIE U
HerpaBUTallMOHHbIE. K HErpaBUTAllMOHHBIM OTHOCSAT Takue, kKak Topmoxkenue MC3
atMocepoid  3emaM,  JaBICHME  COJHEYHOM  paaualuu, BO3JICVICTBUE
3JIEKTPOMAarHuTHOro nodst 3emiau. OueBuaHo, 4to it 6oabmmHcTBa MC3 riaBHbIMU
CUJIAMHM, OIPEACIAIOIIMMHI X JBHKEHHUE, SBIIIOTCS I'paBUTALMOHHBIE. [l03TOMY MBI
OyZeM cuuTaTh HETPaBUTAILIMOHHBIE CUJIbI BO3MYUIAIOIIMMHU (MaJIbIMH) [0 CPAaBHEHUIO
C CWJION NPUTSIKEHHS 3€MJIM — OCHOBHOM T'PAaBUTALIMOHHOM CWJIOH, OINpPEAEIIIOLICH
nemxenne MC3. Kpome Hee, Ha nBmxenne MC3, kOHEUHO, BO3AEUCTBYIOT U APYTHE
rpaBUTALIMOHHBIE CWIBL: NpUTsbkeHue JlyHsl, CoJslHIA, TUIAHET, CUJIbI NPUIMBHOTO
Bo3aeucTBrs. Ho 3TM BO3MyImaromme CHIIbI TOKE OYE€Hb Majbl IO CPABHEHUIO C
MPUTSHKEHUEM 3€MIIH.

Takum o6pazom, cwiol, omnpenenstomed aswkeHue WC3, sBusgercs cuna
NPUTSHKEHUS 3EMIIH, @ BCE OCTaJIbHbIE CUJIbI (IPaBUTAILIMOHHBIE U HETPABUTALIMOHHBIE)
MaJibl 10 CPABHEHUIO C HEW M MOTYT PAaCCMATPHUBATHCS JHUIIb KAaK BO3MYILAIOLINE
JBUKEHHE, 00YCIIOBICHHOE NPUTSKEHUEM 3EMIIH.

JBmxenne MC3 npoucxoauT Mo 3JUIUICY, OJUH U3 (JOKYCOB KOTOPOTO COBIIAJAET
C LEHTPOM Macc 3eMJH (B 3Ty TOUKY Mbl IOMECTUM HAYaJI0 KOOpAUHAT). bivkaiimias
K Havajly KOOpAMHAT TOYKa 3JUIMIICA Ha3bIBaeTCs NepUreeM, Haubosee ynajieHHas oT
Hero — anoreeM. opma M pa3Mepbl IUIUIICA ONPENEISAIOTCS IBYMs JJIEMEHTaMMU:
OOJBITION MOYOChIO a U dKcLeHTpucuTeToM €. [lmockocts opoutel UC3 mepecekaer
IJIOCKOCTh 36MHOTO 3KBAaTOpa IO JIMHHWM, MPOXOIAIIEH Yepe3 Hayajao KOOPAUHAT, —
3Ta JIMHMUS Ha3biBaeTcs JuHUed y3noB. [lonoxenue mnockoctu opoutsl UC3 B
IIPOCTPAHCTBE HEW3MEHHO M OIPENEIAECTCS OTHOCHUTENIBHO IIJIOCKOCTH 3E€MHOrO
DKBATOpAa ABYMS YIVIAMHU: JOJTOTOM BOCXOHSIIETO y37a {2 W yIJIOM B3aMMHOTO
HAKJIOHA ATHX ABYX IUIOCKOCTEH 1. J[onroTa @ ecTh yroi Mexay HampaBlICHHEM W3
LIEHTpa 3€MJIA Ha TOYKY BECEHHETO PABHOJCHCTBUS M HAIPABICHUEM JIMHHUH Y3JIOB.
Pacnonoxenue smunca opoutsl MC3 B opOMTaNbHOM MIOCKOCTH XapaKTepU3yeTcs
YIJII0M MEXIy OONBIION OChIO 3IJUIHIICA (3Ta JIMHUS, COSAUHSIONIAs IEPUTel U arnorei
U IPOXOJSINas 4Yepe3 Hayalo KOOpPJAWHAT, HA3bIBAECTCS JIMHUEW arCull) W JIMHHEH
y370B (YIJIOBO€ paccTOsHUME mepures OT y3na — ). llepedncnenHsle nOATh
HE3aBUCHUMBIX KEIUJIEPOBBIX JJIEMEHTOB XAPAKTEPU3YIOT FT€OMETPHUI0 HEBO3MYIIICHHON
opouTtsl (pucynok 1). Illectoit snemenT onpenensier cooctBenno apmwkenne MC3 o
opoute. OOBIYHO 3TO UM MOMEHT MPOXOXKACHUS CIIyTHUKOM TOYKH Tepures T, WK



3HaueHue yrioBou koopauHatel MC3 Ha 3a1aHHBII MOMEHT BpeMeHU (OOBIYHO 3TO
HaYyaJIbHbIA MOMEHT).
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Pucynok 1 — I'eomerpus asuxkenns NC3

Metonbl HEOECHON MEXaHUKU IMOMOTIJIM BBIICHUTH, YTO 3JIEMEHTHI CITyTHUKOBBIX
OpOUT HCHBITHIBAIOT BEKOBBIE M IEPUOJUYECKHE BO3MYyLIeHHs. BekoBbiMu
HAa3bIBAIOTCS BO3MYILEHHs, NPONOPLHOHAIbHBIE BpeMeHU. OHH  BBI3BIBAIOTCS
30HAJBPHBIMM T'apMOHUKAMH T€ONOTEHLMAada U HMEIKTCA Yy 3JIEMEHTOB ®, Q U T.
OcTanbHbIE 3JIEMEHTHl HCIBITBIBAIOT TOJBKO NEPUOJUYECKHE BO3MYIICHHUS JBYX
IIEPUOJIOB: KOPOTKOIIEPUOAUYECKUE C TIEPHOJOM, IPUMEPHO PABHBIM IEPUOLY
obpamwenus UC3, u goaronepuoanyeckue ¢ nepuojaMu nopsaKa CyToK. AMILTUTY/IbI
NEPUOJNYECKUX BO3MYILIEHUN MaJllbl, @ BEKOBBIE BO3MYLIEHUS MOIYT JIOCTHUTaTh
3aMeTHBIX BennuuH. Tak, y reogesndeckux MC3 B cucreme « TpaH3uT» BEKOBOM yXOJ
JUHUM ancuj (T. €. U3MEHEHHE 3JIEMEHTa (0), BBI3BAHHBIA BIMSHHUEM IOJSPHOIO
CKaTHs, COCTABIIIET OKOJIO 3° 3a CYTKHU.

Tenepb CTaHOBUTCA TOHATHOW OCHOBHAs U JHWHAMUYECKOIO METO/a
COYTHUKOBOW rTeone3un. CpaBHUBas HAOJIOJCHHBIE W MPEABBIYHMCICHHBIE IO
aHAJTUTUYECKOW (WiM 4uclieHHo) Tteopun mnojoxeHuss MC3 B mpocTpaHCTBe,
re0JI€3UCThl OTHOCAT IIOJYYaOIIUECs PAcXOXkKACHHS 3a CYET HETOYHOIO 3HAHMS
rapMoOHUYecKux KoddduimeHToB reomnoTeHMana. HabOpaB n0oCcTaTOYHO MHOTO
pe3yabTaTOB HAOJMIOACHUH U COCTaBUB COOTBETCTBYIOIIME YpPAaBHEHHUS, MOKHO
oOpalaTeiBaTh KX METOAOM HAUMEHBIIMX KBAJApPaTOB U TMOJy4yaTb YTOUYHEHHBIE
3HAYEHUs] TapMOHUYECKUX KOIPPUIMEHTOB. OTH YTOYHEHHbIE 3HAUEHUS JaloT
BO3MOXKHOCTh BCE€ TOUHEE NMpeABBIYUCIATH nosoxkenust IC3 Ha opOuTte, noiaydars Bce
MEHBIIME HEBSI3KM C HaONIOAEHUAMU U Bce Oosiee yTOYHSATh 3HAYCHUS
K03(PUIIMEHTOB reonoTeHIHAaIA.

Hoevie memoovl kocmuueckoii 2eooe3uu

PaccMoTpeHHbIE HAaMHM METOJIbI CIYTHUKOBOM Teofe3uu (FeOMETpUYECKHe MU
JUHAMUYECKHUE) CTalId Uil Hee TpaauuuoHHbIMU. Ho pa3BuTHe KOCMUYECKOH
reoJIe3u, OCOOCHHO B TIOCIEIHUE TOJbl, MPOJOJIKAIOCH. Y COBEPIICHCTBOBAHHUE
JA3epHOM M PaJUOTEXHUYECKOW ammaparypbl, ycraHoBka Ha HMC3  yromakoBsix
OTpaXkaTesel, JOCTaBKa M YCTaHOBKAa MX Ha MoBepxHocTu JlyHbl, 3amyck KA k
nanexkuM oObekTam COJIHEYHOW CHUCTEMBI — BCE J3TH W Jpyrue (HakTopbl OypHOTO



Pa3BUTUSI KOCMUYECKOM TEXHUKH U METOJOB CIIEKEHUS 32 KOCMUYECKUMH 00bEKTaMHU
YBEJIMYMIIM BO3MOXXHOCTH KOCMUYECKOH T€01E3U M.

Hcnonvsosanue memooo8 KoCMUYECKOU 2eode3uu Ons  peuleHus 3a0ad
2€0OUHAMUKU

BbypHoe pa3BUTHE M COBEPIICHCTBOBAaHHWE T'€OAE3MYECKUX CPEICTB M METOIO0B
HAOJFOICHNUM, KaK KJIACCHYECKHX, TaK (B OCOOCHHOCTH) M HOBBIX KOCMHUYECKHX, O
KOTOPBIX MBI MOMNBITATACH PACCKA3aTh, PUBEIN K PA3BUTHIO HAYYHBIX UCCIIEAOBAHUM,
CBSI3AHHBIX C HW3YyYCHHEM TE€OJUHAMUYECKHUX sBieHUMA. Ha cTeike reones3un,
reo(pU3UKH, aCTPOHOMHUH M OKEAaHOJIOTUH TTOSBIJICS HOBBIN pa3zesl HayKu O 3emiie —
reonuHamuka. ConepkaHue TreonauHaMuKd Obuto  chopmymmpoBano M. C.
Mononenckum B 1958 romy crhemyrommm  oOpa3oM: H3y4YeHHE H3MEHEHHIA
MOBEPXHOCTH 3€MJIM U €€ T'PABUTALMOHHOIO TOJISI CO BPEMEHEM (COOCTBEHHO, 3TY
4acTh MCCJICIOBAaHUM MOXKHO Ha3BaTh TI'€OKMHEMATHKOM) W HCCIEIOBAaHHUE CHII,
BBI3BIBAIONINX OTH U3MECHCHHUS.

B clOXHBI KOMIUIEKC T'€OJAMHAMHUYECKUX MPOOJEM BXOAUT H3YUEHHUE TaKUX
SABJICHUM, KaK JABWKCHUE TMOJIIOCOB 3€MJIM, HEPAaBHOMEPHOCTb BpAIlCHUS 3€MJIH,
W3MEHECHUA BO BpPEMEHU TE€OIOTCHIHANa, 3€MHBIE W OKECAHWUYECKHUE TMPHUIUBBHI,
addexThl 00Iel TeopuM OTHOCHUTEIBHOCTH. Bce mnepeduncineHHbie mpoOeMbl
r00anbHbIe — OHU OTHOCSTCS K TJIaHeTe B 1e710M. Ho ecTh ele kpynHoMaciTaOHbIe,
PETUOHAIIBHBIE W JIOKAJIBHBIE T€OJIMHAMUYECKHE SBJICHHS, KOTOPBIE CBSI3aHBI C
MpoLEeCcCaMi, MPOUCXOIAIIMMA B 36MHOM KOPE U B BEPXHEW MAHTHUH. JTO JBUKECHHUE
TaK Ha3bIBAEMBIX JUTOCHEPHBIX IUIUT, JIBHXKCHHUS 3€MHON KOpBI, MPUBOIAIIUE K
W3MEHEHUIO TMOJIOKCHUN MyHKTOB HAOMIOJCHUN Ha 3€MHOM MOBEPXHOCTH, a TaKKE
BapUAalliM BEJIMYUHBI U HAIIPABJIEHUS CUJIbI TSKECTH,

Co3maHue ceTH OMOPHBIX MYHKTOB HA 36MHOW MOBEPXHOCTH, MOJIOKEHUS KOTOPBIX
ObTM OBl ONpeeCHbl B €AUMHOM CHCTEME KOOpAMHAT, M HEoOXOoauMoe I
YCTaHOBJICHHSI 3TOM €IMHOM T€OIIEHTPUUYECKON CHCTEMbl KOOPJMHAT 3HAHUE (PUTYPHI,
pasMepoB M TPABUTAIMOHHOTO TOJISI 3€MJIM — COCTaBJISIIOT OCHOBHYIO 3ajiauy
reofie3uu. JTa 3ajaya B HACTOSIIEE BpEeMs pEIIaeTCS HE TOJBKO MO pe3yJibTaTam
Ha3eMHBIX aCTPOHOMO-TEOJIC3UYECKUX M TPAaBUMETPUYCCKUX PabOT, HO U METOJaMHU
KOCMMYECKOM T'€OJIC31M.

Jlo cux mop OCHOBHAs 3ajaya reoJIe3Md pellanach B MPEANOJIOXKECHUU, UYTO
durypa, pasmepsl U TpPaBUTAIMOHHOE TOJIE 3eMJIM HE TMPETEPrEeBAIOT HUKAKUX
M3MEHEHU C TeueHueMm BpeMmeHu. llpenmosiaraemple Ha OCHOBE T€0JIOrO-
reopU3MUYECKUX BO33PEHUN JBUKEHUSI OTIEIBHBIX YYaCTKOB 3EMHON KOpPBI JI0
HEJIABHETO BPEMEHU JICKAIIM 34 MpEeSIaMu MHTEPECOB U BO3MOKHOCTEH T'EOAE3UH,
TaK KaK TOYHOCTh I'€0JIC3NYECKUX METOJOB B MPOIUIOM Oblja HUXKE BEJIMYUHBI ITUX
JIBWxKEHNI. OIHAKO MPOTrPeCC re0Ie3nUECKON U3MEPUTENILHON TEXHUKUA U BHEAPEHUE
B I'€0JIE3MYECKYI0 TPAKTUKY HOBBIX METOJIOB PEILICHHS] OCHOBHOM 3aJ]auu reoie3uH (B
OCHOBHOM METOJI0OB KOCMHYECKOH T€0JIe3MH) YK€ MPUBEIH K TOMY, YTO CO3JAIHUCH
YCJIOBHUS ISl U3yUYEHUS T€OIMHAMUYECKHUX SBJICHUM.

SBneHne, KOTOpoe OOBIYHO HA3bIBACTCS  JBIDKCHHEM  IIOJIOCOB, €CTh
MepeMeIIeHNE OCH BpallleHUs 3€MJIM B TeJIe TUIAHEThl OTHOCHUTENIBHO €€ MOJISPHON OCH
vHepuuy. Ha BO3MOKHOCTH TAaKOTO JBHMIKEHHS, BBI3BAHHOTO HECOBIIAJICHUEM OSTHX
oceit, ykazan eme JI. Dimep B 1758 romy. AmepukaHckuid ydeHslid Yanmiep,



o0paboTaB pe3yiabTaThl HAOMIOJEHUM 3a IIMPOTAMH HECKOJBKUX 00CepBaTOpHUH,
oxBatuBlre okoio 200 yieT, Haiel, 4To ABHXeHne CeBEpHOro MoIoca ONMUCHIBACTCS
B OCHOBHOM CYMMOH MEPUOAMYECKUX JBM)KEHUU — C TOJIOBBIM IEPUOJOM U C
nepuogoM 428 CyTok (Tak Ha3bIBaeMbld «4aHJIEpOB Iepuoj»). Habmromaemas
aMIuinTya aswkeHuss CepepHoro nosiroca gocruraet 0,4", unu 12 m.

[IprurHOM BCEX OTHUX JBWKECHUM SBISECTCSA, C OJHOM CTOPOHBI, YKa3aHHOE
paznuuve (HECOBMAJCHUE) oceil 3eMiiM M OTiIMyue 3eMJIM OT TBEpPAOro Teia, a ¢
apyroi — mnpursbkenue 3emin JlyHoi, manetamu u CosiHueMm. CoBpeMEHHbIE
ACTPOHOMHYECKHE METOJAbl TO3BOJSIOT OMNPEACIUTh TOJIOKEHUE TMOJIOCOB C
TOYHOCTBIO OKOJIO 3 M Ha uHTepBajie ATy cyTok. C 1969 rona Begyrces perysisipHbie
OMpeIeSICHUs] KOOPJIMHAT TMOJII0ca MO JOMICPOBCKUM HAONIOJECHUSIM HAaBUTAIIMOHHBIX
NUC3 cucremsr «Tpamszut» (CIIA). Mx o6paGoTka pnama mOpu3HAKA BEKOBOTO
cMmenienus CeBepHOro mojitoca B HampasjeHuu ['permananu co ckopocteio ot 10 1o
20 cM B rO.

N3ydyeHne peruoHaNbHBIX W JIOKAJIBHBIX T'€OJUHAMUYECKUX SBJICHUH HMEET
OOJIbIIIOE HAPOJTHOXO3SWCTBEHHOE 3HaueHue. J[BuKeHue OJIOKOB 3EMHON KOpHI,
M3MEHEHHUSI YPOBHSI TOBEPXHOCTEH MOpEH U OKEAHOB, TEXHOTCHHBIC SBJICHUS —
YCTAHOBJICHUE XapaKTepa U MEPUOJAUYHOCTH ATUX SIBJICHUM YpPE3BBIYAMHO BAXKHO IS
MpeACKa3aHusl CEMCMUYECKOM aKTUBHOCTU (3€MIICTPSACEHUS), MPU MOUCKE MOJE3HBIX
MCKOMAEMBbIX, MPU MPOCKTUPOBAHUU KPYMHBIX COOPYKEHUM. YTIOMUHABIIMECS TaKUe
rJ100anbHbIE T€OTMHAMUYECKHUE SIBJIICHHS, KAK 3€MHbIE TPUIIMBBI UK 3D PEKThI 001IEen
TEOPUU OTHOCUTEIHLHOCTH, MIPUBOJIAIINE K U3MEHEHHUIO a0COTIOTHON IPaBUTAIIMOHHOM
MOCTOSTHHOM, a TaKXe TOHYAWIIUWE HCCIICIOBAHUS, MOCBSIICHHBIE BapHallusiM CHUJIbI
TSOKECTH, OCTAIOTCSl 32 paMKaMHU HaIllero paccka3a: O4Ye€Hb CJIOKHBI B ITHX CIydasix
TEOPETUYECKUE COOOpaXKEHHUsI, a TJIABHOE, OYEHb HEBEJIUK YPOBEHb JOCTUTHYTOI'O
YBEPEHHOI'O 3HAHUSA.

C uenpro M3y4eHHUs ABWKEHHUS IIOJIOCOB CJIEAYET Ha BCEX I'€OJMHAMHUYECKHX
CTAHIIUSIX BBITIOJHATEH PEryJIIPHBIC aCTPOHOMHUUYCCKHE HAOFOACHUS IS ONPEICTICHHUS
uxX Teorpad@UUeCKUX IMUPOT M JIOJATOT KIACCHYSCKMMHU MeTojaMu. Jlims atux
HaOII0/ICHHN HEOOXOAUMO TPUMEHSITh OJIHOTHUITHBIC MHCTPYMEHTHI M HCIOJIb30BATh
€IUHBIA BBICOKOTOYHBIM KAaTAJIOr 3BE3IHBIX NOJOXKEHUH. Jlma ciexeHus 3a
W3MEHCHUSIMU HaIpaBJICHUS] OTBECHBIX JIMHUM Ha TEOJAMHAMUYECKUX CTAHIUSIX
MOJIC3HO BBITIOJHATh MEPUOJANYECKUE BBICOKOTOUYHBIE M3MEPEHUS CUJIbI TSIKECTU B
npezenax HEeKOTOPOro paanyca BOKPYT KaKI0W CTaHIIUH.

JInst vu3ydeHus: IBHXKCHUS MOJIIOCOB M HE3aBUCHUMOTO OT MPEABIIYIIUX CIIOCOOOB
ONPEACICHUS] ABWKECHUW CTAaHUUM MOXHO NPUMEHUTHh METOJ JIA3€pHOW JIOKALUU
JlyHbl, eciu HEKOTOphble O0CEpBATOPHHU, BXOISIIME B CETh TI'€OJAMHAMUYECKHUX
CTaHIIUM, OyAYT OCHAILEHBI HEOOXOIUMOM JIJIsl TOTO aIapaTypoi.

Ilepcnekmusbl pazeumust KOCMUYECKUX MEMOO08 2e00e3Ul

B 3akmodueHun  mpuBEAEM  HEKOTOPBIE  COOOpa)K€HHs, CBS3aHHBIE C
MEePCIEKTUBAMHU PAa3BUTHI KOCMUYECKON reoje3uu. Jleqo B TOM, 4TO B HACTOSIIEE
BpeMsl HCCJICAOBATEIN JOBOJBHO SICHO TMIPEJACTaBISIOT cebe, KaKk IPUMCHSTh
CYILIECTBYIOIIME KOCMHYECKHE CPEJICTBA U METOJHBI JJIsl PEUICHHS OCHOBHBIX 3a]a4
reofie3un U reoanuHaMuku. [0 mpexHeMy OCTaeTcss OCHOBHOM 3aJayed reoJIe3uu
ompenesieHne pa3sMepoB, GUTyphl M TpaBUTAIMOHHOTO Tois 3emiu. byner



NpOJ0JDKEHa paboTa MO YTOYHEHUIO M Pa3BUTHIO OOJBIIMX PErHOHAIBHBIX H
rJI00aJIbHBIX TPUAHTYJISIIMOHHBIX ceTeil. B 3Toil paboTe CyleCTBEHHYIO pOJb UTPAET
YCTAaHOBJICHHE €JIMHON OOIIE3eMHOM CHUCTEMbl KOOPIMHAT JUIsli BBICOKOTOYHBIX
U3MEPEHUN, a HAa TEPBOM JTalle — OMNPENEICHUE B3aUMHOTO IOJIOKEHHS Hadal U
OPUEHTUPOBKHU OCEW PA3JIMYHBIX CUCTEM I€0I€3NYECKUX KOOPIUHAT.

BriTyromee 10 cux mop MHEHHE, YTO Ha4ajoM OOIIE3€MHONM CUCTEMBI KOOPIUHAT
JOJKeH OBITh LIEHTP Macc 3eMiid, MOXXeT u3MeHuThcs. [Ipobiema ompeneneHus
NOJIOKEHUSI LIEHTpa Macc B Tele 3eMJIM OKa3ajlach TIopa3fo CIOXHEE, YeM
Ipeanosjarajd paHee: B TOYHOW IMOCTAHOBKE peyb JOJDKHA MATH O LIEHTPE Macc
cuctembl 3emiisi — Jlyna. Co3gaHue HOBOM ammapaTypbl MO3BOJUT C OOJbIICH
TOYHOCTBIO H3y4aTh TakuWe€ TOHKHWE TreoauHaMudeckue 3(QexTrl, OTHOCAIIUECT
UMEHHO K cuctemMe 3emuia — JlyHa, Kak JBH)KEHHE IOJIFOCOB 3€MJIM, BapHAaLUH
CKOPOCTH BpaIlICHUs] 3€MJIM, 3€MHbIE€ NMPUWINBBL. [IpOIOIKUTCS U3ydeHUE CMEIICHUI
KOHTUHEHTAJbHBIX IUIUT, HECOMHEHHO OYyJEeT OCYIIECTBIEH OJMH W3 IPOEKTOB
rno0anbHOW  CIy’)KObl  CIEXKEHMs 3a JBUKEHHMEM MarepukoB. [Ipomomxarcs
TOHUYANIINE, HA NIPEJesie TOYHOCTU (HECKOJIbKO MUKpol ai), ucciaenoBaHust Bapualuui
CHJIBI TSKECTH.

Jlatb ompezneneHUe TaKOMY YIOTPEOJIEHHIO CIIOBA «CYTKW» CIOXHO. IIpuumnH
TOMY MHOTO.

Bo-nepBbIX, 0Ch BpanieHus 3eMild, UM, BBIPAXKASICh HAYYHO, BEKTOP €€ yII0BON
CKOPOCTH, HE COXpaHSET MOCTOSTHHOIO HAIpaBJEHUsl B MPOCTPAHCTBE. JTO SBJICHUE
HOCUT Ha3BaHUE MPEUECCUU M HyTaluuu. Bo-BTOpbIX, cama 3emMjsi HE COXpaHseT
MMOCTOSSHHOM OPHUEHTUPOBKA OTHOCHUTEJIIBHO BEKTOpa €€ YIJIOBOM CKOpPOCTH. ITO
SBJICHHE HA3bIBACTCS ABMKEHUEM MOJOCOB. [lo3ToMy paamyc-BekTop (OTpPE30K OT
LEHTpa 3eMJIM A0 TOYKU Ha MOBEPXHOCTH) HAOIIOJATENs] HAa MOBEPXHOCTH 3€MJIU HE
BEpHETCS Yepe3 oJuH 000poT (M BOOOIE HUKOI/AA) K MPEeKHEMY HampaBieHHio. B-
TPETbUX, CKOPOCTh BpalleHUs 3E€MJIHM, TO €CThb aOCONIOTHAs BEJIMYMHA BEKTOpa
YIJIOBOM CKOPOCTH, TOXE HE OCTa€TCsi IOCTOSIHHOM. Tak 4YTo, CTpOro ToBOpA,
ONpEeNIeIEHHOr0 Tepuoaa BpalleHus 3emiin He cyliecTByeT. Ho ¢ omnpenenéHHoi
CTENIEHBIO TOYHOCTH, HECKOJIBKO MUJUINCEKYH/I, MOKHO TOBOPHUTH O IIEPHOJIE

Ilepuon BpameHust 3eMiIM HE OCTAETCS MOCTOSHHBIM. [IpU4MH I 3TOr0 MHOTO.
DTO U CEe30HHBIE U3MEHEHUS B PaclpeIeJICHUN TeMIIEpaTyphl U AaBICHUS BO3ayXa IO
36MHOMY IIapy, U BHYTPEHHHE MPOLECChl, U BHEIIHME BO3AeicTBUA. Paznuuaror
BEKOBOE 3aMEJIeHHEe, JAeKaaHble (B TEUYEHUE JECATHIECTUN) HEPaBHOMEPHOCTH,
Ce30HHble M BHe3amHble. Ha pucyHke 2 mnpuBeaeH Tpaduk, MOKa3bIBAIOIIUN
W3MEHEHHE MNpoAopkuTenpHocTH cyToK B 1700-2000 rr. m B 2000-2006 rr. Ha
PUCYHKE 2 TMPOCIICKUBAETCS TEHACHIUS K YBEIMYEHHIO CyTOK. I'paduik mokasbiBaer
otnuune nepuona Bpamenus 3emun ot 86400 ¢ (cexkynn CH), B MUUIMCEKYHAAX U
OCHOBaH Ha Marepuasiax MexayHapoAHOW CIy>KObl BpallleHUs 3eMJId M OMOPHBIX
cucteM (International Earth Rotation and Reference Systems Service, IERS).
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Pucynox 2 — Usmenenue anurenbHoctu cytok B 2000-2006 rT.

Pamnoreneckonbl (pUCYHOK 3) HCIOJIB3YIOTCA JJIS MCCIEAOBAHUSA BpAILLEHUS
3emun.

N3ydeHne HepaBHOMEPHOCTH BpAIEHUS 3eMJIM OY€Hb BaKHO ISl PAKTUKH U
MHTEPECHO C HAyYHOU TOYKH 3peHus. Hampumep, crryTHUKOBAsI HABUTAIUS
HEBO3MOJKHA 0€3 3HAHUS BpallleHUs 3eMJIi. A ero 0COOEHHOCTH HECYT HH(OPMAIIHIO
0 BHYTPEHHEM CTPOEHUU 3eMJIU. JTa CIoKHAas MpodiieMa JIET CBOUX
HCCJIIEIOBATEIIEH.

Pucynok 3 — Paguoreneckon Henaneko ot Kanszuna
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Kontponbueie 3aaanus ;s CPM (temsr 3) [2, 3, 15, 16, 18, 19]

1. W3y4uTh HCTOPUIO KOCMUYECKOM I€0IC3UH.

2. PaccMOTpeTh METOIMKY BBIIIOJTHEHHS CITyTHHKOBBIX H3MEPEHUI.

3. PaccMoTpeTh BOIIPOCHI, CBA3aHHBIC C IBHKCHUEM 3E€MIIM BOKPYT CBOEH OCH.

Tema 4 AcTpoHOMO-TPaBHUMeETPHYECKHE METOIbI — 2 yaca
[Lnan nexuuun

1. U3mepenune cumbl TSKECTH
2. I'paBuTaninoHHOE noJie 3eMiu
3. ACTpPOHOMHYECKUE METOIbI

['eone3nueckas Teopusi U MPAKTUKA B 3HAUUTEILHOW CTETIEHU COCPEIOTOUYEHBI Ha
U3MEPEHUH CUJIBI TSHKECTH.

Haubonee pacrnpoctpaHeHHbII NpuOOp [ H3MEpPEHUS CUJIbl TSDKECTH —
IpaBUMETpP, MCIOIb3YEMbIH JJIi OTHOCHUTEIBHBIX H3MEPEHHH, TO €CTh Pa3HOCTH
3HAYEHUM CHUJIBI TSDKECTH B JBYX NyHKTaX. OCHOBHBIM 3JIEMEHTOM TIpaBUMETpa
SIBJISIETCSI TOPU3OHTAILHOE KOPOMBICIIO, Ha OJJHOM KOHIIE KOTOPOTO pa3MelleH Ipy3, a
Ha JpPYroM HAaxOJUTCS ONOpa, OTHOCUTEIIBHO OCH KOTOPOW KOPOMBICIO MOXKET
MOBOPAYMBATHCS O] IEHCTBUEM HAKJIOHHO PACIIONOKEHHON MpYyKUHBI. OIMH KOHEIl
NPYXKUHBI KPEMUTCS K KOPOMBICTY BOJH3U TOYKH pa3MEIIEHHs Tpy3a, BTOPOH — K
KECTKOMY DJJIEMEHTy Kopmyca npubopa. Eciam B kakomM-mmbo TyHKTE yKa3aTenb
MIKaNbl MprOOpa, CBSI3aHHBIA C TOJOKEHHUEM Tpy3a, CTOMT Ha HyJe, TO B JIPYrOM
MYHKTE B CBSI3W C W3MEHEHHEM CHIIBI TSDKECTH (M, COOTBETCTBEHHO, IMOJIOXKCHHSI
rpy3a) moka3aHue Ha IKaie npubopa OyneT OTIMYaThbCAd OT HyJs. DTO MOKa3aHHUe
HIKAJIbl U OMpENEsieT pa3HOCTh 3HAUCHUHN CUJIBI TSHXKECTH MEXKAY IBYMS ITyHKTaMHU.
JlocTOMHCTBaMM TaKMX FPaBUMETPOB SIBJISIFOTCS] MaJIbIle pa3Mephbl U BBICOKAsi TOYHOCTh
(mo 0,02 mI"an).

Jlnis mosyyeHust 1eWCTBUTENBHOIO 3HAUEHHSI YCKOPEHUS CHIIBI TSKECTH B JIIOOOM
NYHKT€ OTHOCHUTENbHBIE M3MEPEHHS B 3aJaHHOM IYHKTE CBS3bIBAIOT C JIA@HHBIMU
aOCONIIOTHBIX ~WM3MEpPEHUN CHJIBI TSXKECTM B O3TOM IYHKTE C  [OMOIIBIO
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OQJITUCTUYECKOTO TPAaBUMETPA, B KOTOPOM H3MEPSETCS BpeMs MaleHUsl Tella MOJ
JEWCTBUEM CHUJIbI TSKECTH.

Paccrostnue, mnpoiaeHHOE STHUM TEIOM B IIPOLECCe MNaJACHUs, HU3MEpAETCS
Ja3epHbIM HHTEp(EepoMeTpoM, a BpeMsi MaJeHUs — BBICOKOTOYHBIM AJIEKTPOHHBIM
ycTpoiicTBOM. TOYHOCTH U3MepeHUs OATTUCTUYECKUMU TPaBUMETPAMU JOCTUTACT
0,01 mlMan. Jlns mpoBeneHus aOCONIOTHBIX M3MEPEHUN CHIIBI TSDKECTH Tpelyercs
0OMbIIOE  KOJWYECTBO  BCIIOMOTATEIbHOTO  OOOpYyIOBaHUS,  MOSTOMY  HX
HEIeJIecO000pa3HO MPOBOAUTD MPU OOBIYHBIX TEOJIE3UYECKUX ChEMKaX. BONbITMHCTBO
OQIITMCTUYECKUX TPABUMETPOB PAa3MELIAETCS B CTALMOHAPHBIX J1a00paTOpusX,
OJIHAKO CYIIECTBYIOT M TPAaHCHOPTAOENIbHbIE YCTPOMCTBA, MMEIOIIHE MPUEMIIEMBIE
YPOBHH TOYHOCTU U3MEPEHHS.

MexyHaponHas TpaBUMETPUYECKAsl CTaHAAPTHAs CETh IO COCTOsHMIO Ha 1971
roj Bkaouajga 10 rpaBUMETpUUECKUX CTaHIIMM JJI1 aOCOJIFOTHBIX U3MepeHui u 1854
MYHKTA JJI1 OTHOCUTEJIBHBIX U3MEPEHUIN CUIIBI TSKECTH. JTA CETh SABJISIETCS OCHOBOM
JUIsL IPOBEACHUS OOJIBIIOTO KOJIMYECTBA PETHOHAIIBHBIX TPAaBUMETPHUUECKHUX CHEMOK C
touHocTbto oT 0,1 nmo 0,2 mlan. XoTs craTuyeckue TpaBUMETPbI IO3BOJSIOT
NOJy4YUTh Hauboyiee TOUHBIE 3HAUEHHUS, MX HCIOJb30BaHUE B IOJIEBBIX YCIIOBUSX
TpeOyeT 3HAuMTEIbHBIX 3aTpaT Tpyda U BpeMeHH. [IpumeHeHue rpaBUMETpPOB Ha
MOJBW)KHBIX OCHOBAHMSIX 3aTPyJHEHO TJIABHBIM 00pa3oM TeM, YTO MpUOOp HE
CHIOCOOEH ONIYTUTh PA3HUILY MEXKIY YCKOPEHHEM CHIIbI TSXKECTH W BO3HUKAIOIINM
Opyd 3TOM HWHEPIUOHHBIM (KMHEMAaTUYECKHM) BO3MYIIAIOUIUM  YCKOPEHUEM
(HanpuMep, BCIEJCTBHE BEPTUKAIBHBIX MEPErpy30K NpHU ABUKEHUU ABTOMOOMIIS,
KOpaOJisl UM caMoJIeTa).

TeM He MeHee CyIIECTBYIOT MOJIOOHBIE CHCTEMBI, CIOCOOHBIE OOECIEUUTH
TOYHOCTh T'PAaBUMETPUYECKUX H3MEPEHHUN MOpsIKAa HECKOJBbKUX MWLMraia. B Hux
UCIOJIb3YIOTCSl YCOBEPIIEHCTBOBAHHBIE HA3€MHBIE T'PABUMETPHI JINOO KOMILIEKTHI
aKCEJIEPOMETPOB, M3MEPSAIONIMX BEJIMYMHY YCKOPEHHMS IO BCEM HAlpPaBIICHUSM.
Kunemarnyeckasi cOCTaBIAONIAs YCKOPEHUSI BBIUYMTAETCS U3 OOIIETro 3HAUECHUS, IS
4Yero CHUCTeMa OCYILECTBISET TMOCTOAHHOE JuddepeHIupoBaHne MNPOIIEHHOTO
pacCTOSsIHMSI 10 BPEMEHHM, a TOJYYEHHBIE CKOPOCTH IIOCJIE MOCIEAYIOIIEro
nuddepeHIIMpOBaHMs 1al0T UCKOMbIE 3HaUeHUs yckopeHuidl. Kpome Toro, nossisercs
BO3MOKHOCTh BBECTH MOIPABKU HA JEHUCTBUE TaKUX PEIKO YUYUTHIBAEMBIX (haKTOPOB,
KaKk yckopeHue Kopuonuca M LEHTPOCTPEMUTENbHOE YyCKOpeHue. [[ns ycmemHoro
(GYyHKIHOHUPOBAHUS TpPaHCHIOPTAOEIbHBIX IPaBUMETPUYECKUX YCTPOMCTB
HEO0OXOAMMO HCIOJIb30BaTh BHICOKOTOYHBIE COBPEMEHHBIE CUCTEMbI HABUTALIUH.

B asporpaBUMETpHUYECKHMX ChEMKaX OOBIYHO HCIHOJIB3YIOTCA  OOpPTOBBIE
pPaAMOJOKAMOHHBIE  CUCTEMbl €  pPAJUOJIOKALIMOHHBIMU  WJIM  JIA3€pHBIMU
anpbTUMETpaMu  (BbIcOTOMepaMu). I  JOCTHKEHUST HEOOXOIMMOM TOYHOCTH
YUHUTBIBAOTCS TaKXE JIaHHbIE, MOJYyYEHHbIE CO CIyTHHKOBOHM cucremsl GPS. Ilpu
U3MEPEHUH TPAJUEHTA CHJIbI TSKECTU (BEJIMYMHBI W3MEHEHUS YCKOPEHUS CHIIbI
TSKECTH HAa OYEHb MAJIbIX PACCTOSHUSAX) OOBIYHO NMPEHEOPETAIOT YUETOM IMOJI0KCHHUS
U YCKOpPEHHUsS] CaMoro ammapaTa-HOCUTENs, OJHAKO IMPH 3TOM HUCHOJB3YIOTCS OoJjee
CJI0’KHBIE U3MEPUTEIbHBIE IPUOOPHI.

I'paBuTaniMOHHOE TOJNE€ 3€MJIM NPHUHATO Pa3AeiiATh HAa JBE YaCTU: HOPMAJIbHOE
IPaBUTAIIMOHHOE TOJI€ U OCTATOYHOE aHOMallbHOe moje. B ¢dusmyeckoit reonesumn



OMEpUPYIOT B OCHOBHOM C aHOMaJbHBIM TPABUTAIMOHHBIM ToJieM. OCHOBHOE
MPEUMYIIECTBO TAKOro TMOJXO0Jla COCTOMT B TOM, YTO aHOMaJbHOE MOJiE€ Topaslio
cnabee JEHUCTBUTEIBLHOTO TPABUTALIMOHHOTO TOJIE 3eMJIM M TMO3TOMY  €ro
XapaKTEpUCTUKU  Jierde  omnpenenuTb. HopmanbHOe  IpaBUTAIMOHHOE — TI0OJIE
XapaKTEpU3yeTCs YEThIPbMS TTapaMETPAMM:

— 0o01en Macco 3eMiu;

— ¢dopMoli W pa3MepamMu DJIUIUIICOWIA, Hanbosiee OJM3KO COOTBETCTBYIOIIETO
reon1y B TJI00AJIbHOM MaclTaoe;

— CKOPOCTBIO BpalleHus 3eMJIu.

Ero ompenenenue BbITEKAET U3 YCIOBHUS, YTO MOBEPXHOCTh AJUIMIICOMAA — 3TO
YPOBEHHAsI TMOBEPXHOCTh B HOPMAJIHHOM T'PABUTAIMOHHOM IIOJIE, & IOBEPXHOCTH
reoyza TNpPEACTaBIsieT CO0OMl YpPOBEHHYI0 TIOBEPXHOCTh B JIEUCTBUTEIHLHOM
IPaBUTAIIMOHHOM TMOJie (HOpPMaJbHOE TI0Ji€ OOBSCHSIET TakXKe CYIIeCTBOBaAaHUE
HErPaBUTAIIMOHHOM, IEHTPOOEKHOM, CHJIbI, KOTOpash BO3HUKACT BCIEACTBUE
BpalieHusi 3eMJid BOKpYr cBoei ocu). [lpu sTomM mnpeamonaraeTcsi, 4TO LEHTP
HOPMAJIBHOTO AJUTUIicouaa (Win pedepeHIl-3JUTMIICOoN Ia) COBNAAAEeT C IIEHTPOM Macc
3emuin. B 11000 TOYKE pPa3HOCTh BBICOT Teouga U pedepeHIl-dIUTUICOUIA,
Ha3blBaeMas OHAYJISIMENH Teouaa, MPSAMO MPOMOPIMOHATIbHA BO3MYIIAIOIIEMY
MOTCHIMANY (IMMOTEHIIMAA CHJIbI TSOKECTH — OJHA W3 BAXHEHIMX XapaKTEPUCTHUK
rpaBUTALIMOHHOTO 1O 3emiu). TakuM oO0pa3oM, OMpenesieHHe aHOMaJbHOIO
TPaBUTAIMOHHOTO TIONA (MMyTeM TPaBUMETPUUYECKHX HM3MEPEHHUH) IO3BOJISET
OMPENICNIUTh TOJIO)KEHUE TMOBEPXHOCTU TE€OMJA IO OTHOIICHUIO K DJIJUIUICOUIY U
orctoga — ¢opmy 3emun. Ecium HaMm wu3BecTHa (opma reousia, TO HM3BECTHO U
HaIpaBJICHUE CHJIBI TSKECTH, KOTOPOE€ B KaXAOW TOYKE NEPHCHAMKYIIPHO K
MOBEPXHOCTH reonya. CrieoBaTebHO, MOKHO HAWUTH YKJIOHEHUE OTBECHOM JIMHUM,
TO €CThb YIrOJ MEX]y HaNpaBICHUEM CUJIBI THKECTH U TMEPIECHIUKYISIPOM K
MOBEPXHOCTH ILTUTICOUIA.

Npnanackuit matematuk J[x.Ctokc B 1849 mnepBbIM pemimia Treoae3udecKyro
KpaeBylo 3aj7ady IMpHU YCIOBUHU, YTO YCKOPEHHUE CHUJIBI TSDKECTH H3BECTHO B JIFOOOM
TOYKE TOBEPXHOCTH reouja (paccMaTpuBaeMoil B JaHHOM cliydyae Kak TpaHUYHas
MOBEPXHOCTh). OHAKO OMPENEIUTh CUIYy TSKECTH HAa BCEU 3eMHOW MOBEPXHOCTH
OUYCHb HEJIETKO, a U3MEPATh CUJIY TSHKECTH Ha MOBEPXHOCTH Ireouja Ha CyIlle BooOIe
HEBO3MOXKHO. ENMHCTBEHHO BO3MOYKHOE PEIICHHE COCTOUT B TOM, YTOOBI PaCCUMTATH
YCKOPEHHUE CHIIBI TSDKECTH ISl TeOWa, WCIOJB3Ys JaHHbIE U3MEPCHUM Ha 3e€MHOM
MTOBEPXHOCTH M BBOJSI MOIPABKY 32 aHOMAJIUIO BBICOTHI. DTOT METO TPEOYET TaKkKe
ydeTa TPaBHTAIIMOHHOTO BO3JCHCTBUS MacC 3€MHOW KOPBI, HAXOMSIIUXCS MEXKIY
TonorpaduIecKoi MOBEPXHOCTHIO U TIOBEPXHOCTHIO TEOH/IA.

B xonme 1950-x romoB coBerckuii reone3nct M. C. MoioaeHCKUN Halien
pelieHne, MPUTOJHOE ISl JIF00OM TPOU3BOJBHON TMOBEPXHOCTH (B TOM YHCIIE
TonorpaduYecKoit); 3Ta MOBEPXHOCTh MOXKET OBITh OMKCAaHA MO TPABUMETPHUCCKUM
JAHHBIM. XOTS ATO PEIICHUE TAKXKe MPUOIMKEHHOE, OHO MPEJCTABISAET IIar BIEpe,
TaK Kak He TpeOyeT 3HaHUs MJIOTHOCTHOM CTPYKTYpPhl BEpXHEH Y4acTH 3€MHOUM KOPHI,
KaK 3To TpeboBanoch B pemieHnn Ctokca. B o0omx ciaydasx BeIMYMHA YCKOPEHUS
CWJIBl TSDKECTH BONHM3M TOW TOYKH, TAE JOJDKHA OBITh OMpenesieHa MOBEPXHOCTh
reoujia, OKa3blBaeT Tropa3fo 0oJjiee CUIIbHOE BIIMSIHHE, YeM B 0osiee yAaJICHHbIX



obnactax. Orcrofa cieayer, yTo TpeOOBaHUS K TOYHOCTH U3MEPEHUN CHUJIbI TSKECTU
B I7100aJIbHOM MaciITabe MOTYT ObITh HE CTOJIb CTPOIMMH.

ACTpOHOMHYECKHE METOJbl HaBUIallUM OCHOBAHBI HA ONPEICICHUM IO0JIOKECHHUS
U3BECTHBIX HEOECHBIX CBETHUJI OTHOCHUTEIBHO BBIOPAHHON CHUCTEMBI KOOPAMHAT. DTH
METOJBl PEANU3YIOTCS IPU TOMOLIM ACTPOHOMMYECKUX ONTHYECKUX M ONTHKO-
AJIIEKTPOHHBIX HAaBUTALIMOHHBIX MPUOOpOB. /[l acTpOHaBHUraMOHHBIX MPUOOPOB
XapakTepHbl ABTOHOMHOCTb W3MEPEHUs, OTPaHMYMBAEMAs TOJBKO BUINMOCTBIO
HEOECHBIX CBETUN (B TPHU3EMHOW OOJACTH), W BBICOKAs TOYHOCTH OIpEIeTICHHUS
KOOpPAMHAT MECTa, HE 3aBUCAILIAsA OT JUINTEIBHOCTH, JAJIbHOCTH, BBICOTBHI U CKOPOCTH
JBUKCHUSL.

[TockonbKy OCHOBHAS 3a/1auya HABUTALMK 3aKJIFOYAETCS B MPOBEAECHUU 00BEKTA 110
3aJaHHOM TPAcKTOPUM B 3aJaHHOE BpEMsA, YYET XOAa BPEMEHM SBIACTCS
00513aTe€IbHON COCTaBHOM YaCThIO HABUTAIIMOHHBIX U3MEPEHUH.

[TonoxxeHne cBeTHII Ha HEOE OINpEAENAeTCs] aHaJIOTMYHO TOMY, KaK OIpeeisieTcs
IIOJIOKEHUE TOYKM Ha 3E€MHOW MOBEPXHOCTH, — JOJIIOTOM M IIMPOTOM. BBOmuTcs
BCIIOMOraTeNibHass HebecHas cdepa C LEHTPOM B IIEHTpe 3€MJId, U BCE CBETHIIA
[IpOeLUpPYIOTCA Ha Hee. lIpuHuUMaercs, 4yTO BCe CBETWIIA PACIOJIOKEHBI HAa JTOH
cdepe, Bpamatouieiics Bokpyr 3emun. HeOGecHblli 3KBaTOop paccMaTpuBaeTCs Kak
IIPOEKLNs 3€MHOT0 JKBaTopa Ha HeOecHyI0 c(epy, ¥ TOYHO TaK XKe IOIydaroTCs
Cesepnbiil 1 FOHBIN MOTIOCHI MUPA — KAK TPOEKLIHUH 3EMHBIX TIOJIFOCOB.

ITockonbky HeOecHast cpepa paBHOMEPHO BPALLAETCS BOKPYT 3€MJIM C BOCTOKA Ha
3amaj, BCsKas 3aJadya acTPOHABHUralMM TpeOyeT COOTHECEHHsS 4YacOBOIO YIUIa
Ha0JII01a€MOTr0 CBETHIIA C HYJIEBBIM, TO €CTh TPUHBUUCKUM, MEPUIMAHOM Ha 3eMJIe.

['eorpadguueckne KoopAMHATBI MeCTa OOBEKTa MOYKHO ONPENEIUTh, HU3MEPUB
BBICOTBI JIBYX CBETWJI HaJ TOPU30HTOM. BBIYMCIEHUA KOOPAMHAT MOTYT
OCYILECTBJIATBCA ~ OIEPAaTOPOM WIM aBTOMAaTUYECKUMU  aCTPOHABUIALMOHHBIMHU
cucreMamu. BeIcoTa Ke CBETHIIa U3MEPSAETCs CEKCTAHTOM.

ABUAlMOHHBIE CEKCTaHThl CHAO0XKAIOTCS HCKYCCTBEHHBIM TOPH30HTOM B BUJE
AKHUJKOCTHOTO YpOoBHs (miM rupockona). Ilocne ompenenenus mo Imikajie CEKCTaHTa
BBICOTBI CBETUJIA HAJl TOPU30HTOM BHOCATCS HEOOJBIINE MOMPABKH HA MOTPEIIHOCTD
rpaAyupoBKu mpuOopa M Ha NapajulakC — OTKJIOHAOLIEE JCHCTBHE 3E€MHOM
aTMocepbl Ha TMPOXOASIIMA CKBO3b HEe CBeT. B aBHALIMOHHBIX CEKCTaHTaX
MIPEAYCMATPUBAIOTCA ABTOMATHUYECKAs] PErMCTpalys IOKa3aHWs MO 3aBEPIICHUU
BU3UPOBAHMUS, a TAK)KE YCPEAHEHUE MOKa3aHUI B MPOLECCE OBICTPOTO MHOTOKPATHOTO
BU3VUPOBAHUS.

BusupoBanueM HEOECHOTO CBETHIJIA HABUTATOP MOKET OINPEACNIUTD JIUIIb JINHUIO,
IPOXOJSAIIYI0 YEpe3 €ro MECTOIOJIOKEHHE. UTOOBI ONpeNenuTh CBOM KOOPAMHATEHI
MECTa, €My HYXHO BH3UPOBAaTh BTOPOE CBETWJIO M YCTAHOBUTH BTOPYIO JIMHUIO
ITOJIOKEHMUSL.
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Kontponbueie 3aganns st CPM (temsr 4) [6, 16, 20, 22]

1. I3y4nTh METOABI U3MEPEHHUSI CUIIBI TSKECTH.

2. PaccMOTpeTh BONPOCHI, CBSI3aHHBIE C TPABUTAIIMOHHBIM OJIEM 3eMIIH.

3. JleTanbHO M3Y4YUTh ACTPOHOMUYECKUE METO/IbI, IPUMEHSEMbIE B €03 M.

Tema 5 IIpoGaema yrounenusi cucrembl KoopauHat I13-90 u cBA3aHHBIX €
Hell (PYHAAMEHTAJIBHBIX IOCTOSIHHBIX; YTOYHEHHE IMapaMeTPOB CBSI3H CHCTEM
I13-90 u WGS-84 — 2 yaca

IIman nexunun

1. [Tapametps [13-90
2. ITapametpst WGS-84
3. [Tepecuer u3 113-90 B WGS-84

[Tapamerpsr 3emmn 1990 roma I13-90 Obum omnpenenensl Tomorpaduyeckoi
ciyk001 Boopykennsix cuit Poccuiickoit deaepanumu.

[TapameTpsr [13-90 BxroUaroT:

— (yHJaMEHTAJIbHBIE ACTPOHOMUYECKUE U T€OJE3MUECKHE MTOCTOSTHHBIE,

— XapaKTEepUCTUKU KOOPJIMHATHON OCHOBBI (IapamMeTpbl 3€MHOIO 3JUIMIICOUJA,
KOOpPAMHATHI IYHKTOB, 3aKpEIUIAIOLIUX CUCTEMY, MapaMeTpbl CBSI3U C JIPYTUMHU
CUCTEMaMU KOOPAUHAT);

— MOJIeTM HOPMaJbHBIX W AaHOMAJBHBIX TPABUTAIMOHHBIX TMOJEH 3emiu,
JIOKaJbHBIE XapPAKTEPUCTUKH TPABUTALMOHHOTO TMOJS (BBICOTHI KBa3UTEOWJA HaJ
OOIIUM 3eMHBIM 3JUTUIICOUIOM M aHOMAJIUH CHIIbI TSDKECTH).

Bxopsmias B coctaB [13-90 cucrema koopaunar uHoraa HaszweiBaetcs CI'C-90
(CriytHMKOBast reorneHTprueckas cucrema 1990 roma). Ilapamerpsr 3emmm I13-90
3aMeHIIH TIpeabiaymue Hadops! 113-77 u [13-85.

[TapameTpsr 3emumn I13-90 momywensl mo pe3ynbrataM noutd 30 MHJJITMOHOB
doTorpapuyeckux,  paaUOdAIbHOMEPHBIX,  JOIUIEPOBCKHMX,  JIA3€pHBIX  H
aNbTUMETPUUYECKUX  H3MepeHni  cmytHuka leo-MUK ¢ mpuBnedenuem
PaAMOTEXHUYECKUX W JIA3€PHBIX HM3MEPEHUH JalbHOCTEM /0 CIIyTHUKOB CHUCTEM
['NIOHACC u «2tanon».

Hauano koopmunar I13-90 pacnonoxeHo B uentpe macc 3emun; OCbhb Z
HaIlpaBj€Ha Ha YCIOBHBI MOJIOC 3eMJM, KAaK ONpPENEEHO B PEKOMEHIALMH
Mexnynaponnoi cinyx60s1 Bpamienuss 3emum (IERS); OCbhb X nampaBiieHa B TOYKY
NIEPECEUCHHs] IUIOCKOCTH 3KBAaTOpa M HA4daJbHOro (HYJEBOTO) MEpHUIMaHa,
yctaHoBieHHOro MexayHapoaasim Oopo Bpemenu (BIH); OChb Y ngomomuser
TEOLIEHTPUYECKYIO IPSIMOYTOJIBHYIO CUCTEMY KOOPJMHAT 110 IIPABOM.
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B sT0i#1 cucteme KOOpIWMHAT TOJIOKEHHUE TOUKH B MPOCTPAHCTBE OMPEACIICTCS
3Ha4YeHUsIMH KoopauHat X, Y, Z.

['eone3nyeckue KoopAuHATHI TOYKHU B cucteme koopauHat I13-90.02 oTHocAaTcs k
AJUTATICOUTY, 3HAUYCHHS OOJIBIION IOJYOCH W TOJISIPHOTO CHKaTHs KOTOPOTO JaHbI B
tabmurie 2.

Tabmuia 2 — ['eone3ndeckne KOHCTaHTHI U TapameTpsl ymunconaa 113 90

VYTI10Basi CKOPOCTh BpallleHHs 3eMJIN 7,292115-10” pamman/c
['eonenTpuyeckas KoHCTaHTa rpaBuTarmonHoro nois| 398 600,4418-109 M/c?
3emuin ¢ yueToM aTMochepsbl

['eonenTpuyeckass KOHCTaHTa TPABUTAIMOHHOTO  TOJIS 0,35-109 m°/c”
atMocdepnl 3emitu (fya)

CxopocTh cBeTa 299 792 458 m/c
Bosibimas mosyocs amauriconia 6378 136 m
KoaddummeHT cxxatus mumncounia 1/298,257839
I'paBuTaIMOHHOE YCKOPEHHE HA 3KBATOPE 3EMIIU 978 032,84 mran
[lormpaBka K TIpaBUTAIMOHHOMY YCKOPEHHIO Ha YpPOBHE 0,87 mran

MODsI, 00YCTIOBIICHHAS BIMSHUEM aTMOCHEph 3eMIIH

Bropas 30oHanbHas rapMoHuka reomnoteHmnuana (J20) 1082625,75-10”
YerBepTas 30HaIbHas rapMOHKKa reonoreHimana (J40) (- 2370,89-107)
[Ilectas 30HambHAs rapMOHKKA reonoteHIuana (J60) 6,08:10°
BocbMmast 30HaibHAs rapMoHKKa reonoteniuana (J80) 1,40-10™
HopmanbHblii TIOTEHIIMAI HA TOBEPXHOCTH OOIIE3EMHOIO 62 636 861,4 M°/s”
snurcouza (UQ)

I'eone3nueckas mmpora B Toukn M onpenensiercst Kak yrojl MEXAY HOPMaJbIo K
MOBEPXHOCTH AJUIATICOUIA U TNIOCKOCTBIO SKBATOPA.

I'eonesnueckas gonrora L Toukn M onpenenseTcs Kak yrojl MeXAy IIOCKOCTBIO
HYJIEBOTO MEpHJHMAaHa U IUIOCKOCThIO MEpHIHMAaHa, MPOXOJAIIEro 4epe3 TO4uKy M.
[TonoxutenbHOE HANTPABIEHUE CUETa AOJITOT — OT HYJIEBOI0O MEPUIMUAHA K BOCTOKY OT
0 mo 360 rpamycos.

I'eone3nueckass Bbicora H ompegensieTcs Kak pacCTOSHUE IO HOPMald OT
MMOBEPXHOCTH AJUIATICOUIA 10 TOUKU M.

OyHAaMEHTANIbHBIE T€0J€3MYECKHEe KOHCTAHThI W OCHOBHBIE IapaMETphl
OO0IIIE3eMHOT0 AIUTUTICOUAA, TPUHATHIE B cucTeme koopauHat [13-90.02 npuBeneHs! B
tabmure 3.2.

['eomeTpuyeckue mapameTpbl OOIIET0 3€MHOIO JJUIMIICOW/A MPUHSITHI PAaBHBIMHU
COOTBETCTBYIOIIMM TIapaMeTpaM YPOBEHHOTO djuiumcouaa BpamieHus. [Ipu stom 3a
YPOBEHHBIN JJUIMIICOW BpaIlleHUs TMPUHITA BHEIIHSS IMOBEPXHOCTh HOPMaJIbHOM
3emMiu, Macca M yrioBas CKOPOCTh BpallleHUs KOTOPOM 3a7al0TCsl paBHBIMU Macce U
YTJIOBOM CKOPOCTHU BpaIlleHUsT 3eMIIH.

Co3pannasa cucteMa reojae3nueckux napamerpoB 3emin «llapamerpsl 3emun
1990 roma» (I13-90) oGecneumnm TpeOOBaHUS K TOYHOCTH B3aMMHOTO ITOJIOKCHHS




MyHKTOB Ha3eMHOro kKomiuiekca ympaBieHus cucremort «['JIOHACC» (0,5 m) u
pacuéra acpemepun KA cucremsl «I'JIOHACC» Ha CyTOYHOM MHTEpBajie IPOTHO3A C
npeaesbHBIMU OIMOKaMu BI0JIb opouTthl He Ooisiee 15 M. Koopaunatel mynkToB HKY
ObLTM BHeNpeHbl B Oaiuctuyeckoe ooecneuenne «I' JIOHACC) cooTBETCTBYIOMUMHU
JTUPEKTUBAMH.

[TocTostHHO pacTyne NOTPEOHOCTH NPAKTUKH U, B MEPBYIO OYEpEIb, IIMPOKOE
WCITOJIb30BAaHUE HABUTAllMOHHOW M TEeO0JIe3MYECKON ammapaTypbl HOTPEOUTENS
«['JTOHACC»/GPS mnpuBenu k HeoOxomumocTu MojepHuzanuu cuctemsr [13-90.
[Tepsoiii tanm (1990-1999rr.) cBsI3aH ¢ penieHrueM IENEeBbIX 3a7a4 M0 BCEMY 00beMy
unpopmarmu KI'K «I'eoux». Ha BTopom stane (¢ 2000 no 2004 romoB) B 006paboTKy
ObUTM BKIIIOYEHBI M3MEpeHUs, BbIMoJHEHHbIe Ha nyHKTax KI'C ¢ ucnosb3oBaHueM
anmapatypsl notpedurens ['JIOHACC»/GPS.

B 1999 roay ToyHOCTH pacuéra MITUCYTOUYHBIX OPOUTAIBHBIX IyT coctaBuia 0,5
M. B pamkax o00pabOTKu pe3yJbTaTOB HU3MEPEHUM JTUHAMUYECKUM METOJI0M
KOCMHYECKON Ie0/Ie3UH MojydyeHa crnyTHukoBas Mozaenb ['113 mo 50-oif crenenu u
npeaHa3HadeHHas Jisl BICOKOTOUHOTO pacuérta opout KA. B pesynbrare TOYHOCTH
onpenesieHus: noJsioxkeHus MyHKTOB KI'C B TreolleHTpUYECKOW CHUCTEME KOOpAHHAT
noBbicuiack 10 0,7 M, a UX B3aUMHOTO MoJoxeHus — a0 0,3 m.

Bropoii sTan 3aBepmi€H cozmanuemM MonaepHu3upoBaHHOM cuctemsl [13-90 - T13-
90.02, BBenénnon Pacnopsoxennem IlpaBurensctBa Poccuiickoir ®enepaunu OT
20.06.07 roma. I13-90.02 saBisteTcst CHCTEMON B3aMMOCOTJIACOBAHHBIX I'€0IE3NUECKUX
NapamMeTpoB, BKJIOYAIOMUX (YHIAMEHTAIBHBIE T€0J€3MYECKHE IOCTOSHHBIE,
napameTpbl OOIIE3EMHOI0 JUIUIICOUIA, TapaMeTpbl TPABUTALIMOHHOTO MOJS 3€MJIH,
OOIIE3eMHYI0 CUCTEMY KOOPAMHAT M IMapaMeTpbl €€ CBSI3U C APYTMMHU CHUCTEMAMH
KOOpAMHAT 10 cocTosiHUIO Ha 1 sauBaps 2002 rona.

B cucreme koopaunar I13-90.02 wu3mMeHEHbl [AOJATOTHAs OPUEHTHPOBKA U
auHelHb MacmTad. OHM TpUOMMKEHBI K 3HAYEHUSM, TMPUHITHIM B CHUCTEME
koopauHaT  Mexnaynaponnod  3emHoM  cetn  (ITRF), mopaepxkuBaemoii
Mexnaynaponnoii cimyxooi BpamieHus 3emun (IERS). Brec€nnbie wu3MeHeHHs
HAxXOJATCA B TpelesaXx OIEHOK TOYHOCTH COOTBETCTBYROIMX mapamerpoB [13-90.
VYcnoBue cornacoBaHusl MOJIOKEHUsS IHeHTpa cucteMbl koopauHaT [13-90.02 c
JIPYTUMHU OOIIE3€MHBIMU CHUCTEMaMU KOOPJAMHAT HE HAKIIAJbIBAJOCh, TaK KaK OHO
HaJ&xHO onpeneneHo o uaMmeperusM KI'K «l'eonk».

TouHOoCTh ycTaHOBIEHUS oOmIe3eMHONM cucteMbl koopauHat I[13-90.02 mo
OTHOUIIEHHUID K WEHTPY MacC 3eMJId XapaKTEPU3YeTCs CPEAHEHW KBAJIPATHYECKOU
norpentHocThio Ha ypoBHE oT 0,3 10 0,5 M, a B3aumHoe nojioskerne myHkToB KI'C Ha
Tepputopun Poccun ompenensieTcsi ¢ MOrpenrHoCThi0 OT 2 10 3 CM Ha PacCTOSHUAX
oosee 4000 kM. B xone monepumzanuu KI'C cucrema xoopaunat 113-90.02 Onuna
pacnpocTpaHeHa Ha MyHKTHI ceTd MeXayHapoIHOM reoquHaMudeckoi ciyxonl IGS,
pacrnoyio)keHHble Ha Tepputopun Poccum, a Takke OBUTM YTOYHEHBI 3HAYCHUS
AJIEMEHTOB TPaHC(HOPMHUPOBAHUS CHCTEM KOOPIMHAT.

BrimonHeHs! paboThI MO T€0IE3UIECKOM MPUBS3KE U3MEpUTENbHBIX cpeactB HKY
«I'JTIOHACC» B cucteme koopaunat [13.90.02 u npoBen€H aHanu3 pe3ysbTaToOB 3TOM
npuBs3ku crenuamucramu 4 IIHUU u 29 HUU Muno6oponsr Poccun.

Hwxe npusenens! napamerpst WGS-84:



a=6378,137 km
1/f = 298,25722356
GM, = 3,986004418-10"* m%/c?
J,=1,08263-10°°
Q =7,292115-10” pan/c

CIyTHUKOBBIE CHCTEMBI OMPEICIIIOT KOOPAWHATHI B OOIIE3EMHBIX CHCTEMAX:
GPS — B WGS-84, TJIOHACC - B II3-90. HMcnonps3yroT k€ KOOPAMHATHI B
pebepenmHoii, nHampumep B CK-42, wunmm MecTtHOW cucteme. BosHuKaer
HEO0OXOIMMOCTH TIepecueTa KOOPAUHAT U3 OJTHON CUCTEMBI B IPYTYIO.

OObmie3emubie  TeoneHTpuyeckue koopauHatel WGS-84 mepecunThiBaloT B
reogesnyeckue mupoTel B, pomrotet L m BeicoTel H. I'eope3nueckue BBICOTHI
TpaHChHOPMHPYIOT B opToMeTpuueckue BbicoThl Hg. [lo reoae3nyeckum mmpoTtam u
JOJITOTaM  BBIYUCISIIOT IUIOCKUE TPSIMOYTOJbHBIE KOOpPAHMHATBI, HAIpUMEp, B
npoekiu UTM. OT BBIUKMCIEHHBIX TAKUM 00pa3oM KOOpJAUHAT HEOOXO0IUMO NIEperTH
K COOTBETCTBYIOIIUM KOOpJIMHATaM, mpuMeHseMbiM B Poccuu. [lepexo MoxkeT ObITh
BBHITIOJIHEH Ha Jto0oM stane. EcrectBeHHO B camoM Haudane nepedtu ot WGS-84 k
[13-90, 3aTem Ha smmnconn KpacoBCKOro, BEBIYMCIUTh T'€OJIE€3NYECKHE KOOPIUHATHI,
HOpMaJIbHBIE BBICOTHI U IUIOCKUE KoopauHaThl ['aycca-Kprorepa.

B3aumocssze Mexny WGS-84 u 113-90 ycranaBnuBaroT npu nomoinud (Gpopmysn
['enpMmepra:

RWGS = ARO + (1+m)W'Rn3;
Rwas = (Xwas, Ywes: Zwes)'» ARo = (AXo, AYo, AZo)',
RH3 = (XH3’ YH3! ZH3)TI

rae Ryes 1 Ryj3 — BEKTOpBI B COOTBETCTBYIOIIUX KOOPJIMHATHBIX CUCTEMAX,

AR — BekTOp Hauana koopauHatHo# cuctembl [13-90 B cuctreme WGS-84;

M — pa3znuyue JMHEWHBIX MacCIITa0OB B 3TUX CUCTEMaX;

W — maTpuiia moBopoTa KOOPAHMHATHBIX OCEH, 3aBUCUT OT TPEX MAJIBIX YIJIOB My,
Oy, Oz.

OOBIYHO YTJIOBBIE TapaMETPhI HE MpeBbIIaoT 1".

Takum oOpazom, s TepecyeTa KOOpAMHAT HAAO 3HATh CEMb IMapaMeTPOB
tpancopmupoBanusi: AXog, AYo, AZg, M, ®x, ®y, ®z. VX nosBaeHne 00yCIOBICHO
TOYHOCTBIO YCTAaHOBKU OOIIE3eMHBIX T'€0JC3UYECKUX CHCTEM OTcueTa. OTHU
napaMeTpbl MHOTOKPATHO YTOYHSIIUCK.

Ta6muna 3 — [lepecuer koopAHAT

[Tapamer 113-90
pHBI WGS-84
AXO, M -013

AYO, M +212



AZO, M +110

m10° -0,06
ox" -0,05
oy" -0,01
wz" -0,07

Pexomenayemas nureparypa

1. Xapucos B. H., IIepoB A. U., boraun B. A. I'mo0anbHas criyTHUKOBAs
paauonasuranuonHas cucrema [ JIOHACC. — M.: UTTPXKP, 1998. — ¢. 131-137

2. Onyan K., 'mno b. Usmepenue Bpemenn, ocHoBel GPS. — M.: Texuocdepa,
2002. —c. 88-90

3. ConoBbeB F0.A. Cuctembl criyTHUKOBOM HaBuraiuu. — M.: Dko-Tpena, 2000. —
c. 210-218

4. 30. I'anazun B.®., basnos F0.A. CoBMmecTHOe ncnons3oBanue GPS u I'monacc.
— M.: Jloknang MexaynapoaHoit kongepeniuu, 1997. — c. 43-44

KonTponbubie 3aaanus st CPM (temsr 5) [5, 19, 23, 30]
1. Uzyunts nmapametpsr [13-90.

2. Uzyunts napametrpsr WGS-84.

3. CpaBauTts napametpsl [13-90 u WGS-84.

Tema 6 CoBepuieHCTBOBaHHE MojeJieil JBHKEHHS HMCKYCCTBEHHBIX

CIIYTHHUKOB 3eM.]'IH, BXOAAIIUX B CIIYTHUKOBbLIC HABHIallMOHHLIC CUCTECMbI — 2
qaca

IIman nexnunu

1. CTpykTypa CIyTHUKOBBIX PaJIMOHABUTALIMOHHBIX CUCTEM
2. ITapametpsl cnytarkoB ' JIOHACC u GPS
3. PazBuTHe cryTHUKOBOI HaBUTALUN

Crpykrypa, cnocoObl (YHKIIMOHUPOBAHUA U TpeOyemble XapaKTePUCTUKU
MOJICKCTEM CITYTHUKOBBIX paguoHaBuraiuoHubix cucteM (CPHC) Bo MHOrOM 3aBHUCST
OT 3aJJaHHOTO KAa4yeCcTBAa HABUTAIMOHHOIO OOECIEUCHHS W BBHIOPAHHOW KOHIIETIIIMH
HABUTAIIMOHHBIX H3MepeHu. [ AOCTMXKEHUs TaKuX Ba)KHEUMIMX KadecTB, Kak
HEIMPEPHIBHOCTh U BBICOKAS] TOUHOCTh HABUTAIIMOHHBIX OMpPEAeNIeHUH, B TI100aTbHOM
paboueir 30oHe B cocrtaBe coBpeMeHHor CPHC tuma TI'JIOHACC u GPS
GYHKIMOHUPYIOT TP OCHOBHBIC TTOJACUCTEMBI (PUCYHOK 4):



— kocmudeckux anmapatoB (IIKA), cocrosimas u3 HaBuranuonueix HMC3 (B
JanbHEHIIeM ee Ha3blBaeM CEThbI0 HaBUTALMOHHBIX cryTHUKOB (HC) mnmu kocmuue-
CKUM CETMEHTOM);

— koHTpoJs U yrpasieHus (ITKY) (HazemMHbIN KOMaHAHO-U3MEPUTENbHBIN
komruieke (KMK) unmu cermeHT ynpaBiieHus ),

— anmaparypa notrpedureneir (AIl) CPHC (npuemounnaukatopsl (I11) wnm cer-
MeHT noTpeduteneit). PaznooOpasue BunoB npuemonnaukaropoB CPHC obecneun-
BaeT MOTPEOHOCTH HA3E€MHBIX, MOPCKUX, ABUAITMOHHBIX U KOCMUYECKHUX (B Ipeaenax
OJIMKHETO KOCMOCA) TIOTPEOUTEIICH.

OcHoBHoOl omnepanueii, BeimosnHsieMo B CPHC ¢ momoiibio 3TUX CErMEHTOB,
SBIISIETCSl OTpEeNIEHNEe MPOCTPAHCTBEHHBIX KOOPAMHAT MECTOTOJIOKEHHS MOTpeOu-
TeJel U BpEeMEHH, TO €CTh IPOCTPAHCTBEHHO-BpeMeHHBIX kKoopauHaT (I1BK).

"3' HC,,,
B 2

Hoackcrema
Hoacuerems .
CVHXUHONATLIOS
KOCMMUCIKM Y
AONMOHENKHE

ANINADATOM
F 't behene .
(Anbdepesimman

IK HAIS CTRYKTIYPRL)
i
; HC,,,
KOMIPOIN M r v - i Y

' y ) ‘»
. ¢
VHPARICHAR " Hasxraumonnag

. i annaparypa

.
KEl “ mnorpebnrTench

[Togcucrema

Pucynok 4 — OcnoBnbie noacuctemsl [ JIOHACC u GPS

B cucreme I'nmonacc B kadyecTBe pagMOHABUTAlMOHHOM ONOPHOM CTaHIUU
UCIIOJIB3YIOTCSl HaBUTAllMOHHBbIE KocMuueckue amnmapatbl (HKA), Bpamaroumecs mno
KPYrOBO# reocTaliMoHapHOW opOuTe Ha BbIcOTe oKoso 19100 kM (pucyHOK 5).
[Tepuon oOpateHust CHyTHUKA BOKPYT 3eMJIM paBeH, B cpenHeM, 11 yacoB 15 MunyT.

CaM cnyTHHK MpeAcTaBisieT cOOOM repMeTHYeCKUui KOHTelHep auamerpom 1,35
M U JJIuHOU 7,84 M, BHYTPH KOTOPOIrO Pa3MEIIAETCsl pa3MyHOro poja ammnaparypa.
[luTaHue BceX CHUCTEM TMPOM3BOAUTCS OT COJHEUHbIX Oarapei. OOmas macca
cnyTHuka — 1415 kr. B cocraB OopToBoil ammapaTypbl BXOHAST: OOpPTOBOM
HAaBUTAIIMOHHBIM MepeNaTuyuK, XPOHU3aTop (4ackl), OOPTOBOWM  yHPaBISIOIIUI
KOMILJIEKC, CUCTEMA OPUEHTALIMK U CTa0MIIN3alMU U TaK Jajee.



Moncicressa xocaamecione anmaparos [JIOHACC

Moncncresta xotaomecan: anmiparos GPS

Pucynoxk 5 — Kocmuueckuii cerment cucreM ['JIOHACC u GPS

Amepukanckas cucreMa GPS 1o cBouM (yHKIMOHAJIBHBIM BO3MOXXHOCTSIM
aHanornyHa cucreme I'nonacc. EE OCHOBHOE Ha3HauyeHHE — BBICOKOTOYHOE
OIpe/eNieHue KOOpPAMHAT TOTPEOUTENsl, COCTaBISIOIUX BEKTOpa CKOPOCTH, U
npuBsizdka K cucTteMHoW 1mkane BpemeHu. Cucrema GPS paspaborana s
MunuctepcrBa O60ponsl CHIA 1 HaX0IUTCS MO €r0 YIPABICHUEM.

Kak u cucrema I'nmonacc, GPS cocTouT U3 KOCMHYECKOIO CErMEHTa, Ha3eMHOIO
KOMaH/JHO-U3MEPUTEIBLHOTO KOMIUIEKCA W CerMeHTa mnoTpedureneil. OpOuraibHas
rpynnupoBka GPS coctout u3 28 HaBUTalMOHHBIX KOCMUYECKHX anmnapaToB. Bce oHn
HAXOJATCA Ha KPYTOBBIX OpOUTaX € MEPUOJIOM OOpaleHus1 BOKPYT 3eMJIU, paBHbIM 12
yacaMm. Bricota opObuthl kaxaoro cnytHuka paBHa ~ 20000 km. HKA cucremsr GPS
IMPOXOAWIN  PAJ  YCOBEPIICHCTBOBAHWM, KOTOPBIE  CKAa3blBAIMChb HA  HUX
XapaKTEpPUCTHKaX B I1eJoM. B Tabnune 4 mnpuBeneHbl KpaTKue XapaKTEPUCTUKU
KOCMHMYECKHX aIlllapaToB, HCIOJIb3YEMBIX B CUCTEME.

Tabnuna 4— CpaBuutenbabie xapaktepuctuku cuctem ['JIOHACC u GPS

ITokazarenb ['NIOHACC GPS
Yucno KA B nonHo# 24 24
OpOUTANBHON TPYITUPOBKE
Yuciio opOUTANTBHBIX TNIOCKOCTEN 3 6
Yucno KA B kax10# MIOCKOCTH 8 4
Hakionenue opOUTHI 64,8° 55°
BricoTa opOUTHI, KM 19 130 20 180
[lepuonx obpareHust CyTHUKA 11 9. 15 mun. 11 4.58
44 ¢ muH. 00 ¢
Cucrema KOOpAMHAT I13-90 WGS-84
Macca naBuramuonsoro KA, xr 1450 1055



MONTHOCTB COJTHEUHBIX OaTapew,
Bt

CpOK aKTUBHOTO CYIIIECTBOBAHUS,
JIeT

Cpenctsa BoiBosia KA Ha opbutry

Uncao KA, BRIBOIMMBIX 32 OJUH
3aIlyCK

Kocmoapom

DTal0HHOE BpeMs
Meron nocrymna
Hecymas yacrora:
L1
L2

[Honspuzanus

Tum nceBaoIIyMOBOM
MOCJICA0BATEIbHOCTH
Ywuciio 371eMEeHTOB KoAa:
C/A
)
Ckopocth KogupoBanus, Mourt/c:
C/A
P
YpoBeHb BHYTPUCUCTEMHBIX

paaguornomex, A1b

CTpyKTypa HaBUTAIIMOHHOTO COOOIICHUS

1250

"IIpoTOH-
K/AM"
3

balikonyp

(Kazaxcran)

UTC (SU)
FDMA

1598,0625—1604,25
7/9 L1
ITIpaBocTopon
HSS
m-

IMOCJICOAOBAaTCIBHOCTD

511
51 1000

0,511
5,11
-48

450

7,9

Delta 2

Mpeic
Kanasepen
(Cape
Canaveral)
UTC (NO)
CDMA

1575,42
60/77 L1
[IpaBocTto
POHHSA

kox ['onma

1023
2,35x1014

1,023
10,23
-21,6



Ckopocth niepenauu, OuT/c 50 50

Bua monynsiuuu BPSK BPSK
(Manuecrep) NRZ
JlnuHa cynepkajpa, MUH. 2,5 (5 xazpoB) 12,5 (25
KaJIpOB)
JlnuHa kanapa, ¢ 30 (15 ctpok) 305
CTPOK)
JlnmuHa CTPOKH, C 2 6

OO6miee HampaBjeHUE MOJEPHHU3AIMU O0OMX CHYTHUKOBBIX cucteM GPS wu
['1oHacc cBs3aHO C TMOBBIIMIEHHWEM TOYHOCTH HABUTALMOHHBIX OIPEIECICHUN,
YVIYYIIEHUEM CEpPBUCA, MPEIOCTABISIEMOTO MOJb30BATENSAM, IOBBIIICHUEM CpPOKa
CIykObl ¥ HaAEKHOCTBIO OOPTOBOM ammaparypbl CIYTHUKOB, VYIIyYIICHHEM
COBMECTUMOCTH C JPYTUMH paJAOTEXHUYECKUMU CUCTEMAMU M Pa3BUTHEM
mupdepeHunanbapix noacucreMm. OOmiee HampaBieHue pas3Butus cucteM GPS u
['moHacc coBnaiaer, HO IMHAMHUKA U IOCTUTHYTHIE PE3YyJbTaThl CHJIBHO OTJIMYAKOTCS.

Pewmenne o monepuuzauuu cucremsl GPS, cBsa3anHoe ¢ nepenaueit C/A-koga Ha
yactore L2 (1222,7 MI'n) u BBenenueM tpetheit Hecymieit L3 (1176,45 MI') na KA,
KoTopeie OyayT 3amyckatbest ¢ 2005 roma. CurHan Ha yactote L2 HameueHo
UCIIOJIB30BaTh ISl TPAXKIAHCKUX HYXJ, HE CBA3AHHBIX HEMOCPEACTBEHHO C
OMMACHOCTBIO JIs1 KU3HM Jitosed. [IpeasiaraeTcss HayaTh peam3alyio 3TOr0 PEeIeHus ¢
2003 roga. Tperuil rpakIaHCKUN CUTHaJI Ha yacTtoTe L3 pelreHo Ucnoiab30BaTh i
HYX/]I TPOXXIAHCKOW aBHALINH.

B uucne nedictByromux kocmudeckux anmaparoB (KA) B Hacrosimiee Bpems
HaxoauTcs oauHHaAaTh cyTHUKOB «['JIOHACC-M»y, (oaun 3anymieH B 2003 roxy,
nBa — B 2005, tpu — B 20060), uMeEKOMMX TapaHTUHHBIA CPOK aAKTHUBHOIO
CYLIECTBOBaHMS 7 JET. OTH CIYTHUKHA HW3Iy4alOT, B OTIWYUME OT amnmnapaToB
NPEeAbIAYIIEro MOKOJEHUs, YK€ MO JiBa CUTHaNa JJsl TPaKJAHCKUX MOTpeOuTeneH,
YTO MO3BOJISIET CYIIECTBEHHO MOBBICUTH TOUHOCTh MECTOOIPEACIICHHUS.

B coorBerctBum ¢ mnopyuenuem llpesummenra Poccumiickonn  ®Denepanuun
MUHUMAaJIbHAs TPYIIUPOBKA U3 18 ciyTHUKOB A0KHA ObITh pa3BépHyTa B 2007 roay.
[lonHast rpynnupoBKa B cocTaBe 24-X CIyTHUKOB B COOTBETCTBHM C (pelepalibHON
ueneBo mporpammoit «l'obanbHas HaBUTAIlMOHHAs CHUCTEMa» JOJDKHA ObITh
pa3sépnyta B 2010 roay.

Coytaukun «['JIOHACC-M» B cocTtaBe OpOWTaIbHOW TPYNIHUPOBKH OYIyT
HaxXOAUThCSA, Kak MUHUMYM, A0 2015 roga. JI€THble HCOBITAHUS HETEPMETUUHBIX
cnyTHUKOB HOBOTo nokoyieHus: «['JIOHACC-K» ¢ yny4iieHHbIMU XapaKTepUCTUKAMU
(yBennueHHBIM 110 10 JIeT rapaHTHITHBIM CPOKOM U TpPETheil yacTtoToi L-nuamnazoHa
JUTSL TPOKIJAHCKUX TMOTpedurteneit) noikHel Hayatbess B 2009 romy. DTOT CHyTHHK
OyzeT BaBOe jerye cBoero npexamectBeHHuka (mpumepro 700 kr mpotuB 1415 xr y
«I'monacc-My)



B nanpHelmeM, nociae pa3BEPThIBaHUS OPOUTAIBLHON TpyNMUpPOBKU U3 24-x KA,
JUTst €€ moiep KaHus MoTpedyeTcs AesaTh 10 OJHOMY TPYNIIOBOMY IYCKY B TOJI IBYX
KA «I'JIOHACC-K» na Hocurene «Coro3», UYTO CYIIECTBEHHO CHHU3HUT
HKCILTYyaTaIllMOHHBIE PACXO/BI.

29 Hos16ps 2006 rona munucTp o0oponsl Cepreit BanoB B xoze Bu3uta B PUPB
00BsiBUI 0 TOM, uTO cuctema [ JIOHACC B 6nmxaiiiiee Bpems OyneT JOCTyMHA U IS
IPaXKJAHCKOIO UCIIOIb30BaHHUS.

18 mas 2007 roga Ilpesunent PO Brnagumup IlytuH nmoanucan ykas, COTJIACHO
KOTOPOMY JOCTyn K poccuiickoii HapuranumonHoil cucteme [JIOHACC Oyger
NPENOCTaBIATECA O€cIUIaTHO W 0€3 OrpaHUYeHHd KakK pPOCCHUKCKUM, TakK H
MHOCTPAHHBIM OTPEOUTEISIM.

Pexomenayemast nureparypa
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2. XapucoB B. H., IlepoB A. WU., bonaun B. A. I'mobayibHast crmyTHUKOBas
panuonaBuramnuonHas cucrema ['JIOHACC. — M.: UTTPXP, 1998. —c. 77-78

3. KazapunoB FO.M. Pagnorexunueckue cuctemMbl. — M.: Briciias mkomna, 1990. —
c. 88-90

4. ConoBbeB 10.A. Cucrembl ciyTHUKOBOM HaBuranuu. — M.: Oko-Tpenn, 2000. —
c. 113-120

5. Jlunkun U.A. CiyTHUKOBBIE HaBUTAlIMOHHBIE cucTeMbl. M.. By3oBckasi KHUTa,
2001. —c. 25-29
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KonTponbsueie 3aganus ;s CPM (temsr 6) [4, 5, 6, 23, 25, 26, 30]

1. PaccMOTpeTh CTPYKTYPY CITYTHHKOBBIX PaJMOHABUTAIIMOHHBIX CHCTEM.
2. N3yuuts napametpsl ciiyTHukoB [ JIOHACC u GPS.

3. [IpocaenuTs 3a pa3BUTHEM CITYTHUKOBOM HABHUTAIUH.

Tema 7 I'eonuHammnueckne 3pPexTbl — 2 yaca
IIman nexuun
1. IloussiTHE TeOAMHAMUKU

2. 'eonunamuueckue 3PpGeKTs
3. U3MeHeHrss MarHUTHOT'O MOJIS 3EMITU



['eonnHamuka — paszmen Haykd O 3emiie, 3aHUMAIOUIUICA ONpPENCIICHHUEM U
bu3YecKuM OOBSICHEHUEM HM3MEHEHUN BO BPEMEHHU B3aUMHOTO IOJIOKEHHUS TOYEK
36MHOM TOBEPXHOCTH M DJIEMEHTOB TPAaBUTALMOHHOIO TIOJS HAIled IUIAHETHI.
['eoqunamMuka OJM3KO COMPUKACAETCS C AaCTPOHOMHUEH, Teoje3uei, Treo(U3nKou,
OKEaHOJIOTHEN.

BnepBble TEpMUHOM «T€OJUHAMHKA» BOCIOJB30BAJICS HUTAIbIHCKUNA aCTPOHOM
JIx. Ckuanapeiuid B JIGKIUAX, IPOYUTaHHBIX UM B [leTepOyprckoil akageMuu HayK B
1859 roxgy. B 1911 rogy mosiBunace MoHorpadusi aHriauickoro reopusuka A. JIssa
«HekoTtopsie npobiemMbl reoquHaMuKny». [Ipu pa3nuyHbIX TUIIOTE3aX 0 MEXaHUYECKUX
CBOMCTBaX 3eMJIM B HEM pacCMaTpUBAIIMCh TaKuE€ SBJICHUS, KaK NPUIMBHBIC
nedopMaruu 3eMin, ee COOCTBEHHbIE KOJIeOaHus U IpyTHE.

VYxe ocHoBatenmu reodusuku Y. KenbBun u Jlx. JlapBuH yKa3plBaJid Ha
CYILIIECTBOBAHHME psifa CIOXKHBIX HAay4YHBIX MPOOJIEM, CBSI3aHHBIX C TEM, UYTO IMOJ
nevicteueM nputskeHus Jlynsl u ConHia u3MeHstoTcs GopMa U TpaBUTAIIMOHHBIN
MOTEHIHA 3EMJIN.

B nawane XX Beka acTpoOHOMHMYECKHE HAOJIOJCHUS MPUBEIU K OTKPHITHIO
U3MEHSIEMOCTH IMMHUPOT H J0aroT. OHa OOBACHAIACH CIOXKHBIM BHYTPECHHUM
CTpOCHHEM 3eMJIM U MEPEMENIEHUEM MacC KaKk BHYTPHU Halllel IJIaHEThl, TaK U Ha ee
MOBEPXHOCTH  (MEPEMEICHUSI BO3AYIIHBIX MAacC, TEKTOHUYECKUE JIBHXKCHUS,
3eMJICTPSICEHUS ).

B 50-x romax XX Beka Osaromaps TNPUMEHEHHIO B aCTPOHOMHUYECKUX
HaOJIOJICHUSIX  KBApLEBBIX, a 3aTeéM AaTOMHBIX YacOB YYEHbIE YCTaHOBUJIU
HEPAaBHOMEPHOCTh BpAIlICHUS 3EMJIH.

Tak Onaromapss TEOPETHUYECKUM  HCCIEIOBAHUSM U HAONIOACHUAM  C
HCITI0JIb30BAaHUEM BCe OoJiee U 00Jiee TOYHBIX U3MEPUTENBHBIX MPUOOPOB ObLIT OTKPHIT
psia reoguHamMudeckux siBleHWd. Ho nms Toro 4toObl y4MTHIBATH HA MPAKTHKE
3¢ ekThl, 00YCTOBICHHBIC Y TUMHU SBICHUSIMH, K TAKUM 00OPa30M IOBBIIIATh TOYHOCTH
reopu3NYeCcKux, aCTPOHOMUYECKUX, T'€OJIE3UUYECKUX pPa0OT, HYKHO OBLIO CIenaTh
HEKOTOpbIE JOMYIICHUS 0 reoMeTpuueckor Gopme 3emiid, 0 pacrpeeIeHu Macc B
ee TeJe, O €€ JKECTKOCTHU, TO €CTh HY>KHO MPHUHSATh, KaK TOBOPSIT YUEHbIE, Ty WIH HHYIO
MOJENb 3EMIIH.

Cuurasgs 3eMiil0 TBEpPIABIM TEIOM, BpAIAIOIMIAMCSA C MOCTOSSHHOW YIJIOBOM
CKOPOCTBIO BOKPYT OCH, PUKCUPOBAHHON OTHOCUTEIBHO 3€MJIU M MPOXOJIAIIEH Yepe3
LEHTP €€ MacC, MOXKHO MOCTPOUTH MPSMOYTOJBHYIO CUCTEMY KOOPJIMHAT C HA4aJoM B
LIEHTPE MacC ¥ OJTHOM W3 OCEH, HAPaBJIEHHOM BIOJIb OCU BpauieHus 3emiuu. Ourypa
3emud, €e TPABUTALIMOHHOE MOJIE€ U BCE MOCTPOCHUS B TAKOM CHCTEME KOOPAHUHAT CO
BpEMEHEM HE MEHSIOTCA. Eciu mpu ompeieieHud MOJIOKEHUs TOUeK Ha 3emiie 3a
€AVHUILY U3MEPEHUI NMPUHSTH €€ CPEIHUN paJnyC, IPU ONPEAEICHUN CUJIbI TSIKECTH
— €€ cpe/lHee 3HAYCHUE Ha MOBEPXHOCTU 3€MIIM, a IPU ONpPEACICHUN HAapaBICHUNA —
OJIMH paJiiaH, TO OIIMCAaHHAsI MOJIC]Ib 00SCIICUYNUT TOYHOCTh U3MEpeHui mopsaka 10°.

C pa3BuUTHEM COBPEMEHHOW TEXHUKH aOCOJIIOTHBIX HM3MEPEHHM CHUJIBl TSDKECTH,
HOBBIX HETPAIUIIMOHHBIX CPEACTB HW3Y4YeHUS (PUTYpPhl W TPABUTAIMOHHOTO TIOJIS
3emau (a3epHas JOKalMs HCKYCCTBEHHBIX CIIYTHHKOB 3€MIIM, JOILUIEPOBCKHUE
HaOIIOACHUS CITyTHUKOB, paauouHTepdepomMeTpruuecKue HaOIIOACHUS



BHETAJAKTUYECKUX PAAUOUCTOYHUKOB), MpPH JOCTATOYHO YACTHIX IOBTOPHBIX
U3MEPEHUSIX TOYHOCTh OIpeesieHus aOCOMIOTHBIX MOJ0KEHUM TOYEK MOBBICHUIIACK.
Ha Takom ypoBHE TOYHOCTH MOSIBUIACHh BO3MOKHOCTh YCOBEPIICHCTBOBATH MOJEIb
3eMIM W ONpENeisATh HW3MEHEHHS MOJIOKEHUHW TOYEK 3EMHOM MOBEPXHOCTH U
AJIEMEHTOB IPAaBUTALIMOHHOTO TOJISI BO BPEMEHHU.

Ipu tounoctn mmepenmii or 10° mo 10° B TeueHme roma Moryr ObITh
3apErUCTPUPOBAHbl TeoMHAMUYECKHE A(PGEKThl, HE MPEBHIIIAIONINE HECKOIbKUX
CAaHTUMETPOB, HECKOJIBKMX MHUKPOTaJl M HECKOJBKHX TBICAYHBIX JOJIEH YTIOBOM
cekyHAbl. CTamo BO3MOKHBIM 3apErMCTPUPOBATh JABW)KEHHUE JUTOCPEPHBIX IUIHT,
u3MeHeHne (QOopMbl reoua, Bapualldii TPABUTALMOHHOTO TOJS 3eMIIM, U3MEHEHHE
MOJIOXKEHUST LIEHTpa Macc 3eMiId U ee oced umHepuuu. ['eoqmHaMuka MpoaonKaeT
3aHMMAThCSl TAKXKE SIBICHUSIMU PAHEE M3YUYEHHBIMHU: JIBM)KCHHEM IOJIOCOB 3€MJIH,
NPWIMBHBIMUA JehopMalusiMd U HEPABHOMEPHOCTBHIO BpallleHUs: 3eMJIM U JPYTUMHU.
Hanbonburyro ammnryny nsmenennii (3-10° ot pammyca 3emitm) mMeeT IBIDKCHHE
II0JIFOCA, TO €CTh NIEPEMEILECHHE B TeJIe 3EMJIM OCH €€ BPALLECHUS.

Opa KocMoca NOCTaBUjIa BONPOC O CO3AAHUU OOIIE3eMHOM CHCTEMbI KOOPIHHAT.
OpHako ompenenuTh TaKyl0 KOOPAMHATHYIO CHCTEMY KpailHE TPyIHO, TaK Kak BCE
3JIEMEHTapHbIE 00bEeMbl 3€MJIM HAXOJATCS B MOCTOSHHOM JBM)KEHUHM OTHOCHUTEIIBHO
apyr apyra. Ilpaktuyeckas 3agaya T€OJUHAMUKH — ONPEAETUTh U YYECTh 3THU
JNBUKEHUSA, BBIUMCIUTH COOTBETCTBYIOLIME IONPaBKH, YTOOBI  0OECHEYUTh
BO3MOYKHOCTb IIPE/ICTABIICHHS HAOJIOICHUI B paMKaX OMMCAHHOW BBIIIE MPOCTEHIIIEH
MOJIENTA TBEPAON 3EMIIH.

JUist perieHust TeOJMHAMUYECKHUX 33]1a4 OCYIIECTBIISIIOTCS 3aIlyCKH CHEIMATbHBIX
actpomerpuueckux HMC3, opranu3yrorcsi MEXAYHAPOAHBIE NPOrpPaMMBbl HAyYHBIX
HCCJIEIOBAHUM.

MarsautHoe 1ON€ 3eMJIM, €ro HalpsDKEHHOCTb, HAKJIOHEHHWE W CKJIOHEHHE
IOCTOSIHHO M3MEHSUINCh Ha MNPOTSHKEHUM Bcedl ee ucrtopud. llepromel 3Tux
U3MEHEHUHN camble pa3inyHble: MHHYThI, CYyTKH (CyTOYHbIE Bapualliu), COTHHU JIET
(BeKOBbIE BapHaluu), Bapuanuu ocHoBHOro crektpa (rmepuon ot 300 go 20 Teicsd
JIET).

CamMble cuIIbHBIE U TJI00aJIbHbIE U3MEHEHHSI — MHBEPCUM MAarHUTHOTO IMOJIsI, KOTaa
OHO Ha MPOTSHKEHUH T'E€OJIOTMYECKOW MUCTOPUHM HEOJHOKPATHO MU3MEHSIO MOJISPHOCTD
Ha NpAMYI0 U o0paTHyt0. Tak Ha pucyHKe 6 XOpOIIO BUAHBI U3MEHEHHUS MAarHUTHOTO
nosst 3emun mpou3zomenmmue 3a 20 get ¢ 1980 mo 2000 rr.



Yy4acCTKn obparHoro
— MQrHUTHOIO NOAS

y4acTku o6paTtHoro
MQArHWUTHOTO NOAS

PACWMPSIOLMACS
YHQCTOK

PI/ICYHOK 6 — KapTI)I MarHMuTHOTO 10JIsg 3eMJIM Ha I'paHunc Aapo-MaHTHUA,
CACIIAHHBIC 110 UBMCPCHUAM CO CITyTHHKA

W3MeHeHrss MarHuTHOTO TOJIsl MPUBOAT K U3MEHEHHSIM U B IPYTUX reocdepax, B
YacCTHOCTH, B Oomnbineil cremeHH B Ouocdepe. MakcumanbHble H3MEHEHHS
COOTBETCTBYIOT TepuoaaM HHBepcuu. CucTeMaTHUeCKHUe HCCIEeIOBAaHUS WHBEPCHMA
MO3BOJIUJIM BBISIBUTH CBSI3b MEXKAY TEPUOJUYSCKOM CMEHOM pPACTUTEIBHOTO H
KUBOTHOTO MHpa Ha 3emiie ¢ IUKINYECKMMH H3MEHEHUSMH MAarHUTHOTO Moy B
MOMEHTBHl  €7a00r0 MAarHUTHOrO TMOJs B MPOLECCe MWHBEPCUM, KOrjga ero
HANpsDKEHHOCTh yMeHbInaercss B 5-10 pa3, 3emus octaercst «Oe33alUTHON» Imepen
KOCMUYECKHM H3JIy4eHHEM, KOTOPOE OKa3bIBAE€T OUYEHb OOJIbIIOE BO3JIEHCTBUE Ha

ounocdepy.

PCKOMGHI[yeMaSI JiaTeparypa

1. WMzotroB A. A. ACTpOHOMO-TEO/IE3UYECKHE  METOABbl  HU3yUYCHUS
reogquHaMuueckux mpobaem. — M.: 3emmst u Beenennas, 1975, Ne 4. — ¢. 121-130

2. Muxkuma A. M. Kocmoc — 3emne. — M.: 3emnst u Beenennas, 1977, Ne 3. —
c. 60-70

3. [Tanrenees B. JI. ®usznka 3emin u wianer. — M.: MI'Y um. M.B.JlomoHOCOBA,
2001. — c. 85-93

Konrpoabhsie 3aganus 1t CPM (temsr 7) [20, 21, 27]

1. PaccMoTpeTh BONIPOCHI, CBSI3aHHBIE C TIOHATHEM T'€OJMHAMUKH.

2. PaccMoTpeTh BONPOCHI, KacaroUrecsi reoJuHaMU4ecKuX 3 (HeKToB.
3. N3yunTh XapaKTEpUCTUKU MAarHUTHOIO MOJISI 3€MJIH.



Tema 8 IIpo61eMbI 171002/1bHOM TEKTOHUKH — 2 Yyaca
[Inan aexknuu

1. Konnenuust Berenepa

2. [IBmxenns nutocpepHbIXx TUMT. JlokanbHble MABMXKEHHS BOJMU3M TPAHUIL
JIUTOCHEPHBIX TLTUT

3. MexnyHapoaHas reoguHamuueckas cimyxoa [GS

B navane nBanuateix ronoB XX Beka Anbdpen Berenep BBHICTYNNI ¢ THIIOTE30i
napeiia KOHTHHEHTOB 3€MJIM — WX TMEPEMEIICHHS M0 IUIOTHOW TOJCTUIIAIOIEH
MOBEPXHOCTU. [mmore3a mpeamnonarajia CyNIECTBOBAHHE B HEKUE OTIAJICHHBIE
BpEMEHa €MHOT0 KOHTMHEHTa. OHa omupanach Ha COJMJHBIC JAaHHbIE U3 O0JaCTH
re0JIOTUHU, TeO(DU3UKH, TTaJICOHTOJIOTUH, KIIUMATOJIOTHH.

Havano m3meHeHUs OTHOILIEHUSI K KOHIIENINH Jpeii(a KOHTUHEHTOB CBSI3aHO C
M3YYEHUEM T'€0JIOTUN OKEaHOB. 3/1€Ch ObUTH: U OTKpbITHE CpeIMHHO-ATIAHTUYECKOTO
pudta (1956 rom), U MHUPOBOM CHCTEMBl CPEAMHHO-OKCAHHMYECKUX XpeOTOB, H
TUTAHTCKUX CJBUTOMOJIOOHBIX Pa3IOMOB, IMO3KE HA3BAHHBIX TPAaHC(HOPMHBIMHU, U
MOJIOCOBBIX MArHUTHBIX aHOMaIUd B TJIYOOKOBOJHOM YacTH OKEaHOB. A Ha
KOHTUHEHTaX — TIIOBCEMECTHOE J0Ka3aTEIbCTBO TEKTOHUYECKUX TIOKPOBOB B
CKJIa{UaThIX OO0JACTAX, MaJl€OMarHUTHHIE JaHHbIE O H3MEHEHUU PaCIOJIOKECHUS
MaTE€pUKOB OTHOCUTEIHLHO COBPEMEHHOM CUCTEMBI KOOPAUHAT, HAXOJIKH TPOIMHMYECKOMN
(dbayHbl B BBICOKMX IIMPOTAaX, HE OOBSICHUMBIC KIMMATHUYECKUMH HW3MEHCHUSIMU.
Hakonern, MatemaT4eckoe MOJEIMPOBAHUE MTOKA3aJI0 XOPOIIEe COBNAJACHUE TPAHUIL
KOHTHHEHTAJIbHBIX MAacC HE TOJBKO JUIsl LIupKyM-ATIaHTHUKHA, HO U JJISl OCTAJIbHBIX
MaTEpHUKOB.

PesynpraTomM Bcero sroro ObuUI0 mosiBiacHHE (KOHEN 60-X TOM0B) KOHIICIIIIHMH
TEKTOHUKH TIJIUT (MMEHyeMOW TakKe HOBOM  IJ00albHOM  TEKTOHUKOM).
[IpennoxkeHHasi cHayajga YUCTO YMO3PHUTEIBHO [JIsi PEHICHUS YacTHOW 3aJayu —
pacnpeneneHuss TIyOOKO(DOKYCHBIX U MEIKO(POKYCHBIX 3eMJICTPSICEHUN  Ha
MOBEPXHOCTH 3€MJIM, — OHa COMKHYJIACh C MIPEACTABICHUSIMU O Apeiie KOHTUHEHTOB,
MTHOBEHHO 00pOCja Te0JOTMYECKUMHU W TeoPU3MUEeCKUMH (akTamMu MU TOIydusa
BceooI1ee.

Pazymeercsi, coBpeMeHHass TEKTOHMKA IUIUT OYEHb JaJeKo OTouuia OT
npexacraBieHuii Berenepa. bonee Toro, u3ydeHue TeX caMbIX TpPaHCPOPMHBIX
pa3ioMOB,  MOTPAHUYHBIX  30H  OKEaH-KOHTHMHEHT, pPa3BUTHUE  KOHIEMIIHUU
TEKTOHUYECKMX  TEPpeMHOB  —  OJIOKOB  3€MHOM  KOpbI,  HCIHBITABIINX
THICSTYEKWJIIOMETPOBBIE TEPEMENICHUSI 32 OTHOCHUTENIBHO KpaTKhe (Ire0JOTHYECcKH)
MPOMEKYTKUA BPEMEHH, — PAa3MBIBAIOT CaMO TMPEJICTABICHUE O JUTOC(EPHBIX TUIUTAX
Kak o0 (a0CONIOTHO) JKECTKMX (parMeHTax, WACCUBHO JpeH(yIONmMX MO/
BO3JICHCTBHEM TTTyOMHHBIX KOHBEKIIMOHHBIX MTOTOKOB.

HcTouHMKYN HaNpsKEHUNA B 36MHOUM KOPE MOXKHO Pa3AeiInuTh HA TPU TPYIIIIbL:

1-s rpynma — 3T0 (akToOphl, CBSI3aHHBIE C YHJAOTEHHBIMH, TO €CThb BHYTPEHHUMH,
mpoIeccaMu, MPOUCXOSIIMMHA HE TOJBKO B 3€MHOM KOpe, HO TakKe U B MaHTHHU



3emun. MIMEHHO 3TM TpoliecChl T€HEPUPYIOT Kak TJI00abHOE IM0Jie HampsHKeHUM
3eMiu, Tak U TEKTOHUYECKHUE IBUKEHHUS B 3€MHOM KOPE;

2-1 Tpynmna HCTOYHMKOB HAMNPSHKEHUN CBsA3aHA C DK30TM€HHBIMHU (DakTOpamu,
TaKUMH, HalpuUMep, KakKk TMOKPOBHBIE OJIEACHEHHUs, HArpy3ka HCKYCCTBEHHBIX
BOJIOXPAHWIIUILL, SPO3UOHHAS JIEATEILHOCTh PEK, OTKauKa HEPTH, raza, BOJbI C MIIyOUH
B MIEpBBIC KIJIOMETPHL. B opMupoBannu rino0asbHOTO MO HAMPSKEHHU 3Ta TpyTIa
(haKTOPOB UTPAET MEHBIITYIO POJIb;

3-1 Tpymma (akTOpoB CBs3aHA C KOCMHYECKMMH HCTOYHHKAMH, HAIpUMeEp C
POTALIMOHHBIMU CWJIaMH 3€MJId WM CWJIAMH, BO3HUKAIOIIMMHU TpU OBICTPOM,
MPAKTUYECKH CKAYKOOOPAa3HOM M3MEHEHUU CKOPOCTH BpALIEHUS IUIAHETHI, a TAKKE C
MPUJIUBHBIM BO3JICCTBHEM JIYHBI.

N3 Bcex MepedrCIIEHHbIX HCTOYHUKOB CaMblil CYHIECTBEHHBI BKJAJ B oOmiee
M0JIE HAIpPSKEHUN BHOCSAT HHAOTEHHBIE MPOIECCHl, KOTOpble U (OPMHUPYIOT MOJIS
HaIpsHKEHUN pa3HbIX PAHTOB.

Haubonee BaxkHOE 3HAaU€HHE HMEET TEPMOTPABUTAIIMOHHAS HEYCTONYHUBOCTh
BelecTBa MaHTUHU 3eMiid J10 T1youH 2900 kM, B 0COOEHHOCTH acTeHOC(HEPHOTO CIIO0s,
B KOTOPOM BSI3KOCTb Ha 2-3 MOpsI/IKa MEHBIIIE, YEM B BBILLIEIEKAIIUX CIOSX BEPXHEN
MaHTHUH U 3€MHOH KOpbl. MenjeHHble OBUKEHHsI BEUIECTBA aCTEHOC(HEPHOIO CIOs
yepes BA3KOE TPEHUE MEPENAa0T YCWINS B BBILIEIICKANIYI0 YaCTh MAHTHH U 3€MHYIO
KOpY, TO €CTb B JHUTOC(epy, BbI3bIBas B HEH HANpPSIKEHUS M COOTBETCTBEHHO
nedopmaruu.  HampsokeHuss MOryT BO3HHMKATh  BCIEICTBHE  BOCXOJSUIUMX U
HUCXOJAIIMX KOHBEKTHBHBIX CTPYd B MaHTHM 3€MJM, 10 HEKOTOPbIM
NPEANOJIOKEHUAM 00pa3ylomuX ABYXBAPYCHYIO CHUCTEMY KOHBEKTHBHBIX SUEEK.
PeanbHoe cyniecTBOBaHHE MOAOOHBIX OYEHb MEJIEHHBIX CTPYHHBIX IOTOKOB B
MaHTHM 3€MJIM TOJATBEPKIACTCS pPA3IMYHBIMA JaHHBIMUA, W B TIEPBYI0 OYEpElb
ceiicMoTomorpadueil — crienuaibHbIMU CEMCMUUYECKUMH METOJIaMU, MO3BOJISIOIIMU
Onmarogapss TOHKMM pacyeTaM BbISIBUTH HEOJHOPOJHOCTH B MaHTHH, TO €CThb €€
y4acTKH, 00JIaJIalolie pa3IudHOM MJIOTHOCTBIO, a CIE0BATENbHO, U TEMIIEPATypOH.
PesynbpTaTel ceiicMoToMorpaduu TMOATBEPKIAIOTCS W HAOJIIOJCHUSMU HAJ CHIION
TSOKECTH, PE3KHE AaHOMaJuu KOTOPOM BBIPAKEHBI KaK pa3 B TEX MeCTax, IIe
IIpPEAINoaraercss NOTrpyKEHHE WM IOABEM BellecTBa MaHTMU. Hampumep, Takue
y3KH€, HO BECbMa KOHTPACTHBIE MOJIOKUTEIBHBIE U OTPULATEIBHBIE TPABUTALIMOHHBIE
aHOMAaJIbHbIE 30HBI MPUYPOUEHBI K TIyOOKOBOAHBIM 3KeJI00amM M MOJIOJBIM TOPHO-
CKJIQYAaThIM COOpYykeHussM B AHmax, Wunonesun, Aneyrckoit, Kypunbckoi,
SIMOHCKOM U IPyTHX OCTPOBHBIX Jyrax.

B ropHeix 00sacTsx MNOJOOHOTO TUINA TPABUTALMOHHBIE AHOMAJIUU OOBIYHO
MOJIOKUTENbHBI, YTO CBHUAETEIBCTBYET 00 U30BITKE Macc, KOTOPOMY JOJIKHO
OTBEYaTh YBEIWYEHHUE AaBieHHs Ha riayOuHax npumepHo ot 50 mo 100 kM, yTo U
SBJIIETCSI MCTOYHMKOM HampsikeHud B jmtochepe u 3emHoi kope. CozmaBaeMoe
JABJICHUE 3HAYWTEJIBHO IIPEBBIIAECT HOPMAJIBHOE JINTOCTATHYECKOE, TO €CTh
JIaBJICHHE, BBI3BAHHOE BECOM BBILIEIEKAIIUX IIOPOJI.

Yeunus ydeHbIX ceddac HamlpaBlIEHbl Ha COCTaBJIEHUE CHELHUATIbHBIX KapT C
IIOKa30M Ha HHUX OPUEHTUPOBKU OCEW TJIABHBIX HAIPSHKEHUH, KPOME TOr0, Ba)KHO
BBIWICHUTh COCTAaBJSIOIIME PA3HOIO paHra Iojds HanpsbKeHW. OHepruyHas
TEXHOT€HHAs JAESATEIbHOCTh YEJIOBEKA: CO3JaHNE OTPOMHBIX BOJOXPAaHMIINIL, OTKAYKa



KOJIOCCAJIbHBIX 00BEMOB Ta3a, He)TH, BOJABI U3 3€MHBIX HEJNp, pa3paboTka riiy0oKux
KapbepOB — BCE ITO HAPYIIAET €CTECTBEHHBIC IOJISI HANPSHKEHUH U CYLIECTBYIOIIECE
JTMHAMUYECKOE paBHOBECHE B 3€MHOH Kope, 0coOOeHHO ee BepxHeu uactu. [loatomy
HE00X0AMMO HAOJIOJATh 32 COBPEMEHHBIMU TOJSIMU HAIPSKEHUH, B TOM YHUCIE U
TOYHBIMU MUHCTPYMEHTAIbHBIMA METOIAMM.

Mexnynaponnas Cioyx6a ['mobanbsaprx HaBurammonasix CrryTHUKOBBIX CHCTEM
GNSS (The International GNSS Service, cokpaménno IGS) Hauana
dbyHKIIMOHHpOBaTh B pabouem pexume ¢ 1994 roma. OHa co3maBaiach C IENbBIO
CHA0XEHHUS PA3TUYHBIX HAyYHO-UCCIIEAO0BATEIbCKUX OpPraHU3alMil BBICOKOTOYHBIMU
JAHHBIMHU CITyTHUKOBBIX M3MepeHuid. IGS, riaBHbIM 00Opa3zoM, NnpegHa3HayeHa JUist
OKa3aHUs MOMOIIU B MU3YYCHUU JIBUKEHUSI 3€MJIM, 36MHOM KOPBI U MPOTEKAIOIIUX B
HEH MpoIIeccoB, OJJHAKO OHA HalllJla CBOE MPUMEHEHHUE U B IPYTUX 00JacTIX HAYKH.

B IGS Bxoaut 6osiee 200 cOTpyAHHYAOUIUX MEXIYy COO0ON OpraHu3ainuii u3
oonee, yueM 80 cTpan Mupa; riobanbHas ceTh HacuuTbiBaeT Oosee 370 craHimii,
KOTOPBIE PETUCTPUPYIOT U COXPAHSIOT «CHIPbIE» JaHHbIE cO COyTHUKOB GPS wu
['JIOHACC. Ilomumo BbinonHeHUs u3MmepeHuid [IGS 3aHuMaercs ompeneneHueM u
yTouHeHueM mapamerpoB Mexaynapoanoi 3emuoit Otcuetnoit OcuHoBbl (ITRF), ee
peanuzanuei, omnpeaeneHueM TouHbIX 3demepus crnyTHukoB GPS/TJTIOHACC,
MONpPaBOK B Yachl MPUEMHUKOB U CITYTHMKOB, HUCCIICIOBAaHUEM BpalllCHUS 3eMJIU U
COCTOSIHUA pa3nuuHbIX clo€B atMmocgepnl. Taxxke [GS BBITONHIET MOHUTOPUHT
JIBIKCHUST W JeopMariii TEKTOHUYECKUX IUIUT, OTCIEKUWBAHUE W3MEHEHUM
CPEIHETO YPOBHS MOPS, CHHXPOHHU3AIMIO BPEMEHHBIX IIIKaJd U OMPEACIICHUE TOUHBIX
TPaeKTOPU HU3KOOPOUTATBHBIX KOCMUYECKHUX amlapaToB.

B Hacrosmee Bpemsa IGS peanmsyercs ceTpro u3 379 NyHKTOB - ITOCTOSTHHO
nevictByronux 6a30Bbix ctaniuii GPS/I'JTIOHACC (pucyHoxk 7).

ApXUBBI U3MEPEHUN C ITUX CTAHLUUN XPAHSATCS B YETHIPEX MEKIYHAPOJIHBIX U B
IIECTH PETHOHANIBHBIX IIeHTpax cOopa nanHbix. OOpaboTka mpousBomutcs B 10
BBIYHMCIIUTENBHBIX HeHTpax. [locie o0paboTku pe3ynbTaThl CBOISTCS BOCIUHO IS
coganusi «poaykra» IGS. «IIpomykt» — 310 3dheMepuapl cyTHUKOB [ T0OATBHBIX
Hapuranmonusix CnytaukoBbix Cuctem (I'HCC), mompaBku B 4Hachl CITyTHHUKOB W
0a30BbIX cTaHIMi, BpeMeHHas mikana [GS, koopauHaTel 0a30BBIX CTaHIIHM,
napameTpbl BpalleHus 3eMiid, HOHOC(epHbIe U TPONoCc(epHbIE MTOMPABKU.
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Pucynok 7 — Cetb 6a30BbIx cranuuit IGS



Cnyx6a IGS Hauama cBorw JesrenbHOCTh B 80-x Tromax, Omaromaps
COTPYAHUYECTBY HECKOJIBKUX YUpPEKICHHM — TMepBbIX Moab3oBatenein GPS B
reone3un. K 1991 roay, Kk oObeIUHEHHIO CBOMX CIYTHUKOBBIX OINPEICICHUM IS
coznganust Mexaynaponoit 3emaon OrcuétHoit OcHoBbl (ITRF-91) npuctynunu yxe
70 opranmuzanuii. O HEOOXOAMMOCTH CO3/JAHMSI TaKOW CUCTEMBI KOOPJMHAT 3asBHIIA
Mexnaynaponnas Accoumarusi ['eogesun (IAG) B cBere OBICTpO pactyieit
MONYJISIPHOCTH UCIOAb30BaHusA cuctembl GPS s pemeHus 3amad reoje3vu u
reonquHamMuku. Kontposb 3a «moctpoennem» ITRF-91 ocymecTBisan crnenuaibHO
co3manHbli komuTeT. B 1992 rogy Obuia mpoBeleHA JEMOHCTpalMs mpolecca
noctpoerusi ITRF. Ha ToT MoMmeHT ceTh cocTosiyia u3 42 MOCTOSHHO JIEHCTBYIOIIUX
CTaHLUM, JOCTAaTOYHO PABHOMEPHO pPACIPEIEICHHBIX [0 BCEMY 3€MHOMY Iapy.
Cranmuu paboTayii B JEMOHCTPAIIMOHHOM PEXHUME JI0 MOMEHTa, korjaa B 1994 rony
Mexnaynaponnas Accornuanus I'eonesun (International Association of Geodesy —
IAG) odunmansao yrBepauna MexnyHnapoanyto ['eoqunamuueckyto Cinyx0y GPS.

Bce Oonbmmii uMHTEpeC Hadanud NPOABIATh K «mpoaykry IGS» paznuunbie
OpraHu3alid, B TOM YHCJI€ U HECBSI3aHHBIE HEMOCPEACTBEHHO CO CITYTHUKOBBIMU
u3MepenusiMi. B konre 90-x u3 HazBanus CiyxObl ObUTO yOpaHO yKa3zaHHE Ha
reonuHaMuky. A B 2005 roxy, npyHMMasi BO BHUMaHHAE CTPEMUTEIBHYIO HHTETPALIUIO
¢ I'JIOHACC, pemennem VYmnpasistomero Cosera IGS u3MeHwuna Ha3BaHuEe Ha
Mexnaynaponnyto Cnyx0y ['mobanpHbix HaBurammonusix CroyTHHKOBBIX CHCTEM
(Mexnynapoanas Ciry:x6a GNSS).

IGS, napsay ¢ IpyruMu OpraHu3alusiMHi, 3aHSATBIMA B OO0JIACTH TEOJE3UH U
['noGansubix HaBuramumonusix CroytHukoBbix Cuctem (GNSS), Bxoaut B cocTaB
Mexnaynaponnoro Komutera mo I'nmobGanbhbiM  HasuranuonubiM  CIyTHUKOBBIM
Cuctemam (ICG), yupexnénnoro OOH B nekabpe 2005 roma. DTOT KOMHTET
JEHUCTBYIOT corjlacHO pabouemy ruiany, npuHstomy B 2002 romy. CormacHo 3ToMy
miany, [GS B HeM 3aHHMMAaeTCs KOOPJIAWHHPOBAHUEM B3aUMOJCHCTBUSI OTIAEIbHBIX
CIy’k0 B OTpaciM CIIyTHUKOBBIX CHCTEM, KOHTPOJIEM 3a PacHpOCTpPaHECHUEM
uHdopMaIuU, a TaKkKe B3aUMOJIEHCTBYET C TOCYJIapCTBEHHBIMH U MECTHBIMU
BJIACTSIMU U MEKyHAPOJIHBIMH OpraHU3AIUSMH.

B Hacrosmiee BpeMsi Ui 3aKJIaIKU TEOJAE3UYECKUX 3HAKOB (PUCYHOK &)
MIPUMEHSIETCS OypeHHE, UCTOJb3YIOTCS 3HAKU OalOYHOM KOHCTPYKIMU, OJHAKO THI
3HaKa MOXeT BappupoBarbcs. [Ipu ycraHoBke cranumm I[GS yuuThIBaercs psn
(haKTOpOB: MECTOIOIOKEHHUE, TUIT T€OAE3UUECKOTO 3HAKa U KOMIUIEKT re0e3UUeCKUX
npuOOPOB, KOTOPBIMH OyAET pacrnosarath craHuus. s moirydeHus: HEOOXOIUMOMN
uH(popMaIu OpraHu3alvy, TIAaHUPYIONIUE YCTAHOBKY CTaHIIMHM, MOTYT CBS3aThCS C
HentpansusiM bropo IGS.



Pucynok 8 — 3Hak, 3ape‘rm;1m171_ HyHK IGS. D¢duonus (Adpuka)

Hazemnas reonme3mueckasi ceTb — 3TO CE€Th IYHKTOB, MJiI KOTOPBIX TOYHO
ONPE/CIICHbl KOOPJAMHATHI W CKOPOCTb WX HW3MEHEHMS; CETh PEaUu3yeT CUCTEMY
KOOPAMHAT, TTO3BOJISIONIYIO CBSI3bIBATH BO BPEMEHH M TIPOCTPAHCTBE Pa3IMYHbIE BUJIbI
mamepenuit. Lleatp ITRS (The International Terrestrial Reference System Product
Centre) Mexaynapoasoi Ciayx0b1 Bpamenus 3emumn 1 Cructem koopaunat (IERS) -
The International Terrestrial Reference System Product Centre of the International
Earth Rotation and Reference Systems Service peamusyer ITRF myrem o0paboTku
peuieHun psiga reofe3ndyeckux cnyTHUKOBBIX ceTed. ITRF ocHoBbiBaercs, B ToM
yucie, Ha HaOmoaeHusx crannuid [GS. KoopauHaTel cTaHimii 3aHECEHBI B KaTaJOTH
ITRF. Kak ynomuHanochk Bbie, Kk craniusaMm IGS, sBistonumcs mynkramu [TRF,
PEABABISIOTCS 0COObIe TpeOOBaHMS NJisi 0OeCTeUeHUs] CTAOMIBHOCTH M KECTKOCTH
reoge3nueckol cetu. IIyHKTBI, TMOJOXEHUE KOTOPHIX OMPEACIICHO JAPYrUMU
reoJie3n4eckuMu mMetojnaMu, ucnoisdyromumucs B ITRF (pagnountepdepomerpus
co cBepxmiuHHOM ©Oazoii  (PCJB), na3epHble CIYTHUKOBBIE IMOCTPOCHHS,
JOTUIEPOBCKUE, PAJUOJOKAIIMOHHBIE H3MepeHus, cmyTHukoBas cucrtema JIOPUC)
PUOOPETAIOT 0COOYI0 3HAUMMOCTh B OINpEIeTICHUIX a0COTIOTHBIX CMEIICHUN 3eMHOM
KOpPBI ¥ MIPU MOCTAHOBKE aHAJIN3a CMEIICHUHN U3 PA3HOPOIHBIX ONPEACICHUM.

['moGanbHble HaBHUTanMoOHHBIE ciyTHUKOBBIE cucteMbl (GNSS). B 1998-1999
rojax B pamkax MexayHapoJIHOro skcnepumenTta no ucnodibdoBanuio ['JIOHACC,
BIIEpBBIE B omnpeAeseHus X MyHKToB IGS ucnonbs3oBaivch uHbe, OTIMYHbIE OT GPS
I00aNbHBIC HABUTAIIMOHHBIE CIYTHUKOBbIE cUCTeMbl. (COrjlacHO THUJIOTHOMY
npoekty, nosHas unrerpanus [JIOHACC gomxna Obina ObiTh gocturHyta B 2004
roay; Ha AaHHbI MOMeHT ddemepunsl ciytHukoB ['JIOHACC ¢ 15 cantumeTpoBoit
TOYHOCTBIO BBIUHUCIIAIOT YEThIPE AHAIUTUYECKHX 1eHTpa. JlaHHbIA mnpumep
JEMOHCTPUPYET 3auHTepecoBaHHOCTh IGS B HMCMOJIB30BaHUM APYTUX CHYTHUKOBBIX
cucteM. Bo3aMoxHOCTh MHPOPMAIIMOHHOTO OOMEHa MEXKAY Pa3IuYHbBIMUA CHCTEMaMHU,

MOJATOTOBKY K pabOTe C HOBBIMHU THUIIAMH CUTHAJIOB OCYIIECTBIISIET pabouas rpymnmna
IGS-GNSS.
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KonTponbaeie 3aaanus st CPM (temsr 8) [17, 31, 33]
1. M3yunts xoHIEnuIo Berenepa.
2. 3y4nTh NPUYHHBI IBHKCHUS JIUTOCHEPHBIX TUIHT.

3. W3yuuTh npuHIUNB paboThl MexayHapOAHONW TeO0JMHAMUYECKOU CITYKOBI
IGS.

Tema 9 3emHble NPWINBBI — 2 yaca
IIman nexunun

1. BnusiHue NpUIMBOB MPU ONPEICTEHUN 3€MHOM CUCTEMBI KOOPAUHAT
2. Pa3HOBUIHOCTH IPUIMBOB
3. Cucrema xkoopaunat ITRF2000

PaccMoTpuM BiHsiHME MIPUIIMBOB MIPH OMPEICIICHUN 36MHOM CUCTEMbI KOOPIUHAT.

[lorennman B TOYKe HAOMIOAEHHUS CKJIAIbIBACTCS W3 TPaBUTAIIOHHOTO
noteHurana BHemHuX Ten (ConHua, JIyHsl U MIaHET) U COOCTBEHHOTO MOTEHIMaja
3emisid, BO3MYILIEHHOTO NPUIMBHBIMU JedopManusMu. BHemHui noreHuuan
BKJIFOUAET KaK 3aBUCAIIME OT BPEMEHU FapMOHHUKH, TaK U MOCTOSHHYIO BO BPEMEHU
4acTb. AHAJIOIMYHO, W NPWIMBHOE CMELICHHE TOYKH HAOIIOACHUS COACPKUT
MOCTOSTHHYIO U IEPEMEHHYIO BO BPEMEHU KOMIIOHEHTHI.

B 3aBucuMocTH OT yuyera MPWIMBOB 3€MHas CUCTEMa KOOPAMHAT MOXET ObITh
oIpesesieHa Kak CUcTeMa’

a) CBSA3aHHAsI CO «CpEeAHEN» KOPOI;

0) KOpoil, CBOOOIHOM OT MPHUIUBOB.

['eonoTeHInan Tak:ke MOKET OBITh MPEACTABIICH B CUCTEME:

a) CBSI3aHHOMW CO «CPETHUMY MPHUINBOM;

0) cBOOOIHOM OT MPUJIUBOB,

B) COOTBETCTBYIOIIEH «HYJICBOMY MPUIHBYY.

Ecnu m3 MrHOBEHHBIX KOOPAMHAT IyHKTA, KECTKO CBSI3aHHOTO C KOpOHl 3emuid,
WIM U3 TMOTEHLMaja, BbIUECTh 3aBUCAILIME OT BPEMEHU NPUIMBHBIE MOMPABKH, TO
pe3yJIbTUPYIOLINE KOOPAMHATHI OyAyT OTHECEHBI K «CpeIHEH» KOope; OCTaBIIUECS
NPUJIMBHBIC MMOMPABKU HA3bIBAIOTCS «CPEIHUM MPUIMBOMY («mean tidey).

PesynbpTupyromuii MOTEHIMAN Ha3bIBaeTCs IMOTEHIMAIOM, COOTBETCTBYIOIIUM
«cpenneMmy npuiauBy». [locTosiHHas wacTh UpUIUBHOM naedopmanmu, KoTopas
BBI3bIBACTCSl IOTEHIIMAJIOM, MPHUCYTCTBYET B «CpPEOHEI» KOpe; TeONnOTeHIINA
«CPEHETO TMPWINBA» PAaBEH CyMME MOCTOSHHOW YacTH BHEIIHETO0 W IOCTOSHHOM



YaCTH BO3MYIIEHHOTO MOTEHIHAaIoB. «CpenHsis» Kopa COOTBETCTBYET pEalbHBIM
CpPEIHUM  TIOJIOKEHHSM  IIyHKTOB  HAa  TOBEpXHOCTH  3emid. [ eomnom,
COOTBETCTBYIOIINM «CPEIHEMY TPUIIUBY», ObLI ObI T€OMI, COBINAAIOIINI CO CpEIHEH
TIOBEPXHOCTBIO OKEaHa B OTCYTCTBHHM HEIPaBUTALMOHHBIX BO3MYIICHUN (TCUCHUH U
BeTpoB). B 0o0Immiem ciryuae, BeNIWYHMHBI, OTHECCHHBIE K «CPEAHEH» Kope (Takue Kak
CKaThe, IUHAMHYECKUH (opM-(pakTop, 3KBATOPHAIBHBIA paInyc), OIPEHCISIOT
pa3MephI AILTUIICONIA «CPEITHE» KOPHI U GOPMY TEOHIa «CPETHETO MPHITUBAY).

Ecnmu Temeps m3 KOOpJMHAT MyHKTA BBIYECTh MOCTOSIHHYIO YacTh MPHUJIMBA, TO
KOOpJMHATHEI OYIyT OTHECEHBI K Kope, cBoOomHOW oT mpuimBoB («tide freey).
VY najgeHue MOCTOSHHOM YacTH BHEIIHETO MOTCHIMAIa W3 TeONOTeHIaNa "CpeIHero
npuirBa" MPUBOTUT K MOTEHIMATY «HYJIEBOTO mprimBay («zero tidey). IlocrossHHas
9acTh BO3MYIIAIONICTO MOTEHIMAlla BCE €Ie MNPUCYTCTBYET B TEOMOTCHIHAIIE;
yIalleHHe 3TOH KOMIIOHEHTHI IPUBOHUT K T€OMOTEHIIHATY, CBOOOJHOMY OT MPUJINBOB
(«tide free»). BaxxHo 3aMeTHTh, YTO B OTJIMYME OT MOTEHIMAJIa TEPMUH «HYJICBOM
NpUINB», MPUMEHEHHBII K KOpPE W CBA3aHHBIM C HEH BeIMYUHAM, SIBIISETCS
CHHOHMMOM T€PMHHA «CPEIHUIN MPUIUBY (PUCYHOK 9).

MyHkr MrHoBeHHaR Kopa
Bennpr;:ur:ﬂ:mmamﬁ HABMIOREHIA e
(NepemMeHHLIi U NOCTOAHHLIA NPWNME
ydanswomes,
yncna laea paeHLl

h0=0.6078, 0=0.0847, k0=0.3) Kopa, yCnoEHo
' ! cROBOOHAA OT NPUIVEDE
(ITRF)

MocToAHHLIA NPWIWE Arg

dobaansemecs’
ywena Naea paeHLl
ho, 10, ko
Kopa, ceobopHan
OT NPUMMYEDE
MocToAHHLIR
MpUNWE Arg yOanaemess,

wncna [Aea pagHel
hE=1-+k&, [B=0, k5=0.9383

Pucynok 9 — Onpenenenue 3eMHOM KOpPBI, "yCIIOBHO CBOOOIHOM OT MPUJIMBOB",
"cBOOOIHO OT MpUSIMBOB", U "cpeaHel" Kopbl

[loueMy npu BBIYMCIEHHH CMEILIEHUS MYHKTOB WJIM TEONOTEHIMala 0co0oe
BHUMaHHUE yJEsIeTCsl MOCTOSTHHOMY TpuiuBy? Jleno B Tom, uTo 3eMJysl He SBISETCS
aOCOIIOTHO TBEPJBIM TEJIOM: TOJ [EHCTBHEM BHEIIHUX CHUJ PACCTOSHHUE MEXIY
JIBYMsI TIPOU3BOJIBHBIMU TOYKAMH HM3MEHSIETCS. 3eMIlsl He SIBIsSeTcS W abCONIOTHO
ynpyruM TeiaoM. Ecnm [nedcTBHME BHEIIHMX CHJI TPEKpaliaercs, TO TOYKH He
BO3BpAILAIOTCSI B TEPBOHAYAJIBLHOE TMOJOXKEHHWE, TO €CTh 3eMJii OCTaeTcsi B
ne(opMHUPOBAHHOM COCTOSIHUH.

Tax kak MoJenb ydeTa NPUIMBOB HE TOUHA M3-3a HE3HAHUS J0JITONEePUOINYECKUX
yucen JIsBa, TO TeOMOTEHIMAl W 3€MHAas CHUCTEMa KOOPAWHAT, OCHOBaHHbIE Ha
UCIIOJIb30BaHUU ATOM MOJIETH, HA3BIBAIOTCS «YCJIOBHO CBOOOJHBIMH OT IMPHIIMBOB)»
(«conventional tide free»). KoopauHatel cTaHIMid, 3agaiolife 3€MHYIO CHCTEMY
koopaunat I'TRF2000, «ycnoBHO CBOOOIHBI OT PUIIUBOB.



Ha »t10 onpenenenne ITRF HeoOxomumo oOpaTuTh 0co000€ BHUMAHHE B CBSI3U C
pesomormert 16 I'enepanpHO Acconmanuu ['eonesun (1983). B pesosnonuu
3aMKiCaHo, YTO «IPHU3HABasi HEOOXOAUMOCTh €IUHOTO MOJX0Ja K YUYETy MPHIMBHBIX
MONPABOK K PAa3IMYHBIM IE€OAC3UYECKUM BEJIMYMHAM, TAKUM KaK CUJIA TSKECTU U
KOOpJIMHATHI ~ CTaHIMI» PEKOMEHIYETCS «HE yHalusiTh HemnpsMor 3ddexT,
BBI3bIBAEMBI TMOCTOSHHON JedopMarmeii 3emin», TO €CTh IOCTOSHHAS 4YacThb
BO3MYULIAIOLIEro IOTEHIMala JOJDKHA OCTaBaThCAd B TeomnoTeHuuane. M3 3roit
PE30IONUHU CIEAYET, YTO MPU 00pabOTKE TPaBUMETPUUECCKUX HAOIOMCHUNA TOJKHBI
HCIIOJIB30BaThCA BEIUYUHBI, CBSI3aHHBIE C MOTEHIIUAIOM «HYJIEBOI'O MPHJIMBAY»; €CIIU
00pabaThIBAIOTCSl TEOAC3WYCCKE HAOMIONCHNS, TO BEIWYMHBI CBS3BIBAIOTCS CO
«CpEIHEN» KOPOHU.
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KonTponbubie 3aaanus st CPM (temsr 9) [1, 2, 19, 29]

1. PaccmoTpers BIMSHHE NPWIMBOB NPU ONPEACICHUM 3EMHOM CHCTEMBI
KOOp/IMHAT.

2. I3yunTh pa3HOBHUIHOCTH IPUIIUBOB.

3. N3yunTth xapakrepuctuku cuctemsl koopauHat [TRF2000.

Tema 10 Yapyrue nedpopmanuu u yucaa Jisapa — 2 yaca
[nan nexuuun

1. Buabsl NOBEpXHOCTHBIX BOJIH
2. Bonnel n yncina JlsBa
3. HabGmonenus nedopmanmii 3eMHOM TTOBEPXHOCTH

CymectBoBaHue  moBepxHOCTHbIX  BoinH  (IIB)  saBusiercs  cneactBrem
B3aMMO/JICHCTBUSL MPOJOJIbHBIX U (WJIM) MONEPEUHBIX YIPYTUX BOJIH MPU OTPAKEHUU
ATUX BOJIH OT IUIOCKOM T'paHUIbI MEXKY PA3JIMUYHBIMU CPEIaMU MPU OMPEICTCHHBIX
TPaHUYHBIX YCIOBUSIX JUTsl KOMIOHEHT cMmemieHus. [IB B TBepabIx Tenax ObIBAIOT NBYX
KJIACCOB: C BEPTUKAIBHOW TMOJSpHU3aAlMed, y KOTOPHIX BEKTOpP KOJIeOATEIHHOTO
CMEIIEHUSI YacTUI[ CPEIbl PACMHOJOKEH B IUIOCKOCTH, NEPHEHIUKYISIPHOH K



IPAHUYHOM MOBEPXHOCTH, U C TOPU3OHTAIBHOM MOJSPU3ALUEN, Y KOTOPBIX BEKTOP
CMEILEHHUS YaCTUL] CPEIbI MTApaJIIeIeH TPAHUYHOM ITOBEPXHOCTH.

K Haubonee vacto BcTpeudaromMMcs 4YacTHBIM ciydasMm [IB MoxHO oTHecTH
CJIEIYIOIIHE.

1) Bonnbl Panest (wnm paiieeBCKue), pacHpOCTPaHSIONIMECS BIOJb TPAHUIIBI
TBEPJIOTO TeJia C BAKYYMOM HWJIM JIOCTaTOYHO pa3peKEHHON ra30BoM cpenoil. DHeprus
STHX BOJIH JIOKAJIM30BaHa B MMOBEPXHOCTHOM ciioe ToimmHo# ot | no 2l, rae | — nmuna
BOTHBL. YacTuilbel B BOJMHE Poames JOBWKYTCS MO DJUTMIICAM,  OOJbIIas
NOJIyOCh W KOTOPBIX ~ NMEPHNEHAMKYJIIpHA TpaHule, a MajasU— mnapaieiabHa
HaITPaBJICHUIO PACIPOCTPAHEHHS BOJIHBI

2) 3aryxarollde€ BOJHBI PAJEEBCKOTO THUINA HA TPaHUIIE TBEPAOrO Tela C
KHUJKOCTBIO TPU YCIIOBUH, 4TO (ha30Bas CKOPOCTh B XHUIKOCTH cL < cR B TBepaom
Tene (YTO CHpaBeIMBO MOYTH JIJISl BCEX PEalbHBIX Cpell). DTa BOJHA HEMPEPHIBHO
U3IIydaeT »HHEPTUI0 B IKUIKOCTh, OO0pa3dys B HEH OTXOIMUIYyI0 OT TpPaHUIIbI
HEOJHOPOIHYIO BOJIHY

3) Heszaryxaromiasi BojHa ¢ BEPTUKAIBHOW MOJISIpU3alMel, Oeryias mo rpaHulle
KUJKOCTU M TBEPAOrO Tela CO CKOPOCThIO, MEHbIEH cL (M, COOTBETCTBEHHO,
MEHBIIIEH, YeM CKOPOCTH MpPOJOJBHOM U IONEPEYHOW BOJH B TBEPAOM TeIE).
Crpykrypa stoii 1IB coBcem npyras, yem y paneeBCKOM BOJIHBI. OHa COCTOUT W3
c1a00 HEOJHOPOJHOM BOJHBI B KUJKOCTH, aMIUIUTYJa KOTOPOM MEMJIEHHO yObIBAET
Opy YAQJICHHWH OT TpaHUIlbl, M JIBYX CHJIBHO HEOJHOPOJHBIX MPOJOJBHOW U
MONEPEYHOI BOJIH B TBEPAOM TEJIE.

4) Bosina CTOHIM, pacpOCTPaHAIOIIAsCS BJI0OJIb INIOCKON TPAHULBI IBYX TBEPABIX
Cpell, MOJIYyJM YNPYroCTH M IUIOTHOCTH KOTOPBIX HE CHJIBHO pa3nuyaroTcs. Takas
BOJIHA COCTOMT Kak Obl U3 JIBYX P3JIEEBCKUX BOJIH — I10 OJTHOM B KaXKJI0# cpefie.

5) Bomubl JlsBa — IIB ¢ ropu3oHTaJbHOW NOJISIpU3AIMEH, KOTOpPHIE MOTYT
pacipoCTpaHsATbCS Ha TPAHMIE TBEPAOrO MOJYIPOCTPAHCTBA C TBEPABIM CIIOEM
(pucynox10).

WAL

Pucynok 10 — Bonnel JIsBa

OTH BOJIHBI — YHUCTO TOIMEPEUYHbIE: B HUX HMMEETCA TOJBKO OJHA KOMIIOHEHTA
cMernieHus V, a ynpyras naedopmarus B BosiHe JIsiBa mpeacTaBisieT coOO0N YMCTHIM
CIBWI.



Jlns BosiH JIsiBa xapaktepHa aucnepcus CKOpocTu. [Ipy Manbix TonmmHaX Ciaos
¢daszoBast ckopocTh BOJHBI JlsBa cTpemMuTcss K (pa30BOM CKOPOCTH OOBEMHOM
MONIEPEYHOUN BOJIHBI B OJYIIPOCTPAHCTBE.

Jlnst onvcanust ynpyrux nedopmanuit 3emian aHriuickuil reodusuk JIsSB BBen
Oe3pasmMepHbie mapameTpsl K, h (mo3xe simoHckuit yuensiii lluma onpenenun uucio 1,
KOTOpO€ cenyac HasbiBaroTcs yucinamu JlsBa. Uwmcma JlsBa cBs3aHBl ¢ MOIyJIsIMU
yopyroctd  3emid  (BeJIMUMHAMH, XapaKTEPU3YIOIIMMHU  YIPYTHE  CBOICTBA
MaTepHuaioB Mpu MaJbIX aedopmanusx). B HacTosiee BpeMs 10Ka3aHo, YTO YIPYTHE
CBOMicTBa 3eMJIM, M, CJeIOBaTeJIbHO, 4YHucia JlgBa 3aBUCAT OT YacTOTHI
BO3/CICTBYIOMIEH Ha 3emito Cuiibl. [[Jisi MpUHATON MOJENHu CTpOSHHsS 3eMid ObLIH
paccuuTanbl uncia JIsgBa, HA OCHOBE KOTOPBIX BBIUUCIACTCS MPUIMBHOE CMEIICHUE
nyHkta. Ho BbluMCIEHHasT TONMpaBKa K KOOpAWMHATAM MYHKTa HE SBISIETCA
paBUJILHOM M3-3a TOTO, YTO JJII HU3KUX YacTOT (WM OOJIbIIMX MEPHOJOB) UMCIa
JIsBa wu3BeCTHBI C OOJbIIMMHU oOIMOKaMu. [loaTOMy, TpH BBIYHCIEHUU KOPBI,
CBOOOJTHOW OT MPWIMBOB, MCHIOJB3YIOTCS NPUHSATHIE 4ucia JIsBa, 3HAYUT YacTh
JOJITOTIEPUOANYECKUX (MM BEKOBBIX) MPHJIMBOB, B TOM YHCJIE€ W TOCTOSHHBIN
NPWINB, OCTAaeTCA B KOOpJAuHATaXx MyHKTa. Jlepopmanuu 3emiu, BbI3bIBa€MbIE
MOCTOSIHHBIM ~ [IPUJIMBOM, XapaKTEpU3yIOTCA BEKOBBIM uwuciioM JlsiBa, KoTopoe
3HAYUTENILHO OTJIMYACTCS OT MPUHATOTO B MojAenu. Ecnu ommbOka B BEIMUMHE YUCTa
JIsiBa coctaBnsieT aunib 5%, TO omrOKa B BEpTUKAILHOM CMEIIEHUU COCTAaBUT 6 MM, a
B TOPU30HTAJBHOM — 3 MM. DTO 3HA4YuT, YTO B YUCTOM BHUJI€ KOpa, CBOOOJHAS OT
IPUINBOB, HE MOXKET OBITh pEaTM30BaHA.

[Ton nelicTBHEM NPUIMBHBIX CHUJ OTACIBHBIE PETMOHBI 3€MHOW IMOBEPXHOCTH

pacTIAruBalTCsA, APYrHe — CXKUMAIOTCA. Benmmuuny Takux nedopmanuii MOKHO
U3MEPUTh C IIOMOIIBIO TPUOOPOB, KOTOPBIC HA3BIBAIOTCA AKCTEHCOMETPaMHU
(nedpopmorpadamn).

HaGmtonenust 3a BpamieHHeM 3€MJId OTHOCHTEIBHO 3BE3J MOTYT OBITh TOJIBKO
acTpOHOMUYEeCKUMHU. B mpouuibie roasl 3TUM 3aHumanuch CiyxObl Bpemenu,
KOTOpBIE€ ONPEIEIISIIA MOMEHTHI IIepecedeHUs 3Be3/JaMi HEOECHOTO MepuanaHa. JToi
LEIN CIYKWI I1aCCaKHBIM WHCTPYMEHT. Temnepp NOSABWINCH HOBBIE CPENCTBA,
NO3BOJIAIOIIME  CYUIECTBEHHO  YBEJIMYMUTb TOYHOCTh  HAOMIOJEHHMM —  3TO
PaaroacTpOMETPUUYECKUE UHCTPYMEHTHI U, npexae Bcero, PC/Ib — paguoreneckornsl
CO CBEpXJIMHHOM 0a30il. HabmoaeHus qajnekux paauouCTOYHUKOB, PACHIOI0KEHHBIX
B JIPYTUX TAJIAKTUKAX, MO3BOJWIO YBEIUYUTh TOUHOCTh HAOMIOAEHUHN MOYTH HAa TPH
nopszika. C MOMOIIBIO 3TUX )K€ HAOJIIOICHHM, ONPEAENSIIOT KOOPAUHATHI IOJIFOCOB Ha
36MHOW MOBEPXHOCTH. 3HAYMUTENbHBINM BKJIaJ B NPOOJEMY MOBBIIIEHUS TOYHOCTH
aCTPOHOMUYECKUX HAOIIOAEHUI BHECTU HaBUraunoHHbele cnyTHUku (GPS), nazepHbie
HAOJIOZICHUST 3a CIEeUHAIbHBIMU CcHyTHUKaMu. [IpoGiema ompeneneHusi CKOpPOCTH
BpallleHusT 3eMJIM peniaeTcss COBMECTHO C JAPYTMMHU MpoOJeMaMH, KOTOpbIe
OOBENUHAIOTCS 1O/ Ha3BaHUEM TEOJAWHAMUKH. OTH HAOIIOJEHUS TO3BOJIAIOT
OTNPENETUTh OJIHY M3 TJIOOANBHBIX XAPAaKTEPUCTHK YNPYTrOCTH IUIAHEThl 3eMilsd, a
UMEHHO MOCTOsiHHYI0 JIsiBa K, KOTOpas ompezenseT OJHY U3 TJIaBHBIX 30HAIbHBIX
FapMOHMK NPWIMBHBIX Jedopmanuii 3eMiu, OTBETCTBEHHOW 3a MEPHOIUYECKHUE
WU3MEHEHHS] MOMEHTA NHEPLIMU TUIAHETHI.
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KonTpounbabie 3aaanus st CPM (temsr 10) [18, 27, 28]

1. PaccmoTpeTh BUbI TOBEPXHOCTHBIX BOJIH.

2. 3yunth BOJIHBI 1 uncia JlsBa.

3. PaccMoTpeTh BOIPOCHI, CBs3aHHBIE C HAOMIOACHUSAMU JepopMariuii 3eMHOM
TTOBEPXHOCTH.

Tema 11 Bbioop pedepeHn-cucTEM ¢ y4eTOM reoguHaMu4eckux 3¢ dekroB —
2 yaca

[ nan aexknuu

1. Pedbepeni-ammumnconsy
2. Tumel reoie3n4ecKuX CUCTEM
3. Bunsr pedepeni-cuctem

3eMHBIE CHUCTEMBI CBSI3aHBI C JIOKAJBbHBIMU pedepeHIl-duIunconiaMu  (Uiau
OTCUETHBIMH SJUITMIICOMAAMU), MPUHATHIMU B OTJEIBHON CTpAaHE WJIM TPYyIIEe CTpaH.
LleHTpbl TaKuX SJUTUIICOMIOB, KaK MPABUIO, HE COBHAAAIOT C LIEHTPOM Macc 3eMJIu
BCJIEZICTBUE OIMMOOK OPUEHTHUPOBAHMS, MOITOMY 3TH CHCTEMbl MHOT/IA Ha3bIBAIOT
KBa3UT'€OLICHTPHUYECKUMH.

OCHOBHO TJIOCKOCTBIO B JIOKAJIbHOU peepeHITHON CUCTEME SIBJISIETCS TNIOCKOCTh
skBaTopa pedepeni-duuncouaa. Och Z HampapjeHa M0 HOPMAJIA K YKBaTOPY, BAOJb
Masion ocu aummnconsa. Oce X HampablieHa B INIOCKOCTH HAYaJIbHOIO MEpPUANAHA
reo/Ie3NYECKON CHCTEMBI, TO €CcThb npoxoauT uepe3 Touky B=0, L=0. Ocp Y
JOTIOJHSET JIBE€ MPEIBIIYIINE OCH 10 MpaBoil (WM JIEBOW) KOOPAUHATHOM CHCTEMBI.
Bo3MoxkHO ucHonap30BaHuE pa3MepoB U (OPMBI OJHOTO M TOTO K€ JJUIMIICOUJIA B
Pa3IMYHBIX KOOPJWHATHBIX CHUCTEMaX, OTJIMYAIOUIUXCS CBOEH OPUEHTHUPOBKOU
(MCXOITHBIMU T€0AC3UYECKUMHU JTATAMH ).

B pedepenmubix  cuctemax — OOBIYHO  TNPUMEHSIOTCS  T€OJE3UUYECKHE
(ceponauyeckre) KOOpIUHATHI: Teo/Ie3nueckas mupoTa B, reome3ndeckas monrora
L u BbIcOTa Haj suuncongom H.

[TapameTpsl HEKOTOPHIX DIUTUTICOMOB, HCIOJB3YEMBIX B  KapTorpadum,
MPUBECHBI B TAOIHIIE 5.
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Ta6nuna 5 — [TapameTpbl AJUITMIICOUIOB, UCTIOJIB3YEMBIX B KapTorpaduu

Ne | Dmmmiconn boubiias nomyocs Ob6parHoe

a, M ckatue f-1
1 | Kpacosckoro 6 378 245.0 298.300
2 | PZ-90 6 378 136.0 298.257 839 303
3 | Airy 1830, 6377563.396 299.3249646
4 | Modified Airy 6377340.189 299.3249646
5 | Australian National 6378160.0 298.25
6 | Bessel 1841 (Namibia) 6377483.865 299.1528128
7 | Bessel 1841 6377397.155 299.1528128
8 | Clarke 1866, 6378206.4 294.9786982
9 | Clarke 1880, 6378249.145 293.465
10 | Everest (India 1830)" 6377276.345 300.8017
11 | Everest (Sabah Sarawak) 6377298.556 300.8017
12 | Everest (India 1956) 6377301.243 300.8017
13 | Everest (Malaysia 1969) 6377295.664 300.8017
14 | Everest (Malay. & Sing) 6377304.063 300.8017
15 | Everest (Pakistan) 6377309.613 300.8017
16 | Modified Fischer 1960 6378155.0 298.3
17 | Helmert 1906 6378200.0 298.3
18 | Hough 1960 6378270.0 297.0
19 | Indonesian 1974 6378160.0 298.247
20 | International 1924 6378388.0 297.0
21 | Krassovsky 1940 6378245.0 298.3
22 | GRS 80 6378137.0 298.257222101
23 | South American 1969 6378160.0 298.25
24 | WGS 72 6378135.0 298.26
25 [ WGS 84 6378137.0 298.257223563

N3-3a HaOm0aTeNbHBIX OrpaHUYEHUN, HAJIOKEHHBIX paHee YCIOBHOCTIMHU
re0/Ie3UH, HCTOPUUECKH OKA3JIUCh BBIMOJHEHHBIMU JBA PA3HBIX THUIA F€OAE3UYECKUX
CHUCTEM:

— JBYXMEpPHbI€ KOHTHHEHTAJbHbIC IUIAHOBBIC T€OJC3UYECKUE CHUCTEMBbI,
3aKpeIyICHHbIE TMyHKTaMHM T'e0JC3MUECKUX CeTel ¢ KoopauHatamu By, L,, Hampumep
cucteMbl koopauHaT 1942 roga (CK-42), 1995 roxa (CK-95);

—  TIOJIHOCTHIO  HE3aBHCHUMBIE KOHTHHCHTAJIbHBIE  BBICOTHBIE  CHCTEMBI,
SBJISIONINECS, IO  CYyIIECTBY, (U3MUYECKUMHU  TEOJC3UYECKUMH  OCHOBAMH,
HE3aBUCHUMBIMU OT DJUIMIICOMJIA, M CTPOSIIMECS Ha OCHOBAaHWU ypaBHUBAHUS
HUBEJIMPHBIX HAOTIOICHUM.

K takum cucremam otHocutcs npuHsaTas B Poccum bantuiickas cuctema BBICOT
1942 rona u npunsaras B CIIIA HanuonansHas reoje3ndeckas cucteMa BoicoT 1929
roga (National Geodetic Vertical Datum — NGVD29). B atux cucremMax BBICOTEHI



TOYCK 3aJal0TCA OTHOCUTCIIBPHO I'€Onaa (KBaBI/II‘eOI/II[a). I'moGanbHBIE CHCTEMBI BBICOT
IIOKa HE ONpCACICHLBI M HE IIPHHATHI, XOTA HMCCICAOBAHHA B OTOM HaIIPaBJICHHUU

BCOYTC:.

HapaMeTpLI HCKOTOPBIX CUCTCM KOOPAMUHAT IIPUBCIACHBI B Ta6JII/IHe 6.

Tabmmia 6 — XapakTepUCTUKHA CUCTEM KOOPJIUHAT

Cucrema Pedepenii- bonbiras nomyock 06palTHoe :KaTHe
KOOpAWHAT AJUIATICOU]T a, M 7 =
ITRF-93 GRS-80 6 378 137 298.257 222 101
WGS-84 WGS-84 6 378 137 298.257 223 563
CK-42 Kpacogrckoro 6 378 245 298.300
CK-95 (SGS-95) KpacoBckoro 6 378 245 298.300
I13-90 PZ-90 6 378 136 298.257 839 303
KoopauHatel TyHKTOB T€0JIE3MUECKOM CETH colepkarT B 0a3e JaHHBIX

reo/Ie3NYECKUX MMYHKTOB JENapTaMEHT 3E€MJIU.

['eone3nueckas cucremMa HCIOJIB3YET TE€OJAE3UUYECKUE, TPABUMETPUYECKHUE, a
Takke Kaprorpaduyeckue pe3ysbTaThl JNEATeIbHOCTH B CIIy4ae, €CJId STU JIaHHbIE
BHOCSITCS B TOCYJJaPCTBEHHBIE U 0a3bl JAaHHBIX MECTHBIX CAMOYIIPABIICHUH.

PexomeHyemas nurepatypa

1. Mononenckuii M.C., Epemeer B.®., Opkuna M.U. Mertoasl wusydeHus
BHEIITHETO TPaBUTAIMOHHOTO 1Mo 3emin. — M.: ['eonesuzaart, 1960. — c. 48-55

2. Mopur; I'. P. CoBpemennas ¢usndeckas reoxesus. — M.: Hempa, 1983. —
c. 35-38

3. bapanos B.H., boiiko E.I'. Kocmuueckas reome3us. — M., Heapa, 1989. —
c.41-44

4. byraesckuii JI.M. Marematnueckas kaptorpadus. — M., 3maroycr, 1998. —
c. 123-132

5. I'amasun B.®., ba3nos }0.A. CoBmecTHOoe ucnonns3oBanue GPS u I'monacc. —
M.: loknan Mexnynapoanoit kongepenimu, 1997. —c. 72-81

6. . llennmuuen JI.IL. Beiciias reonesus. — M.: Heapa, 1978. — c. 200-201

KonTponbsueie 3aganus ;s CPM (temsr 11) [7, 24, 28, 29, 30, 31]
1. U3yunTh XapakTEepUCTUKU pePepeHII-3IUTUIICOUIA.

2. PaccMOTpeTh TUIIBI TEOAE3UYECKUX CUCTEM.

3. U3yunTh Bubl pedhepeHI-CUCTEM.

Tema 12 Ocu Tuccepana — 2 yaca

IIman nexknun

1. MexnyHapoiHas 3eMHasi CUCTEMa KOOPIUHAT
2. Ocu Tuccepana



3. Kunemarunueckas MOACIIb ABMKCHUSA IIJIUT

MesxayHapoaHas 3eMHast cuctema koopausat (International Terrestrial Reference
Frame — ITRF) peanusyercst JekapTOBBIMH KOOPJMHATAMHU pAJla MMYHKTOB (PUCYHOK
11). B Hacrosiiee BpeMsi CTaHIapTaMu MeXITyHApOTHON CITYy>KOBI BpalleHHs 3eMITH
pekoMeHnayercs ucnoap3oBars cucremy [TRF2000. B 3Toil cucteme KOOpAMHATHI U
CKOPOCTH IIYHKTOB NPHUBOAATCA Ha 3m0xy 1997.0, Torma xak IuioCKOCTh 3KBaTtopa
cuctemMbl Ha dmoxy J2000.0. Ecimu HeoOXoguMo MOMy4YuTh TreorpaduyecKue
KOOpPAMHATHI, OTHECEHHbIE K DJJUIMICOMAY, TO corjacHo cra"aapram MCB3
HE00X0MMO ucnoiib30Bath Auuncons GRSS0.

TouHnocTs HaOMIONECHUN COBPEMEHHBIMH CPEJCTBAMH HACTOJIBKO BBICOKA, YTO
MO3BOJISIET OMPEICITUTh CKOPOCTH MyHKTOB, TO €CTh M3MEHEHHE UX KOOPJWHAT W3-3a
TEKTOHUYECKUX JIBMXKCHHM, B TEUEHHE JOCTAaTOYHO KOPOTKOTO MPOMEKYTKAa BPEMEHHU
(oxoJ10 TON1A).

200
100§
g 0
100l } e il CKOPOCTb H3MEHEHNsA JIMHBL $a3bI
' +17.0 * 0.3 mm/rop
=200 I L L ] L I I L 1 L 1
1983 1985 1987 1989 1991 1993 1995

Pucynok 11 — 3menenue nmunbl 6a3bl (5998 kM)
Betsens (I'epmanus) - Bectdopn (CLLIA)

Tak Kak OCHM CHUCTEMBI KOOPIMHAT OIPEACISAIOTCS KOOPAWHATAMH ITYHKTOB, TO
U3MEHEHHUE TOCIEIHUX MOXET MPUBECTU K MOBOPOTY CHCTEMbI KOOpAMHAT. YTOOBI
3TOro He ObUIO (HEMpeacKazyeMoe BpalleHHE CHUCTEMbl KOOPAMHAT MOXET ObITh
MHTEPIPETUPOBAHO KAaK M3MEHEHHME MapaMeTpOB BpalleHUs 3€MJIM), Ha CKOpPOCTH
IIYHKTOB HAaKJIaJbIBAETCS JOIMOJHUTEIBHOE YCIOBHE: KOpa 3€MIIM HE JOJDKHA UMETh
BpAILEHNs] OTHOCHUTEJIBHO 36MHOM CUCTEMBI KOOPAMHAT.

Ocwu BbIOpaHHOM TakKUM 00pa30M CHCTEMbI Ha3bIBAIOTCS ocsiMu Tuccepana.

Paccmotpum, mouemy ocu TuccepaHa Tak BaXKHbl IPU OIPEICIICHUM 3E€MHOMU
cucteMbl KoopauHaT. Eciu Teno He siBisieTcs aOCOMIOTHO TBEPABIM, TO JBM)KCHHE
aneMeHTa Maccel dM BOKpYT IEHTpa Macc pa3ieliseTcsl Ha BpalleHHe CO CKOPOCTHIO
Q - r ¥ OCTaTOYHYIO JedOPMAIHIO CO CKOPOCThIO V. YTJIOBOM MOMEHT Teja, KOTOPbIN
I10 ONPENEIICHUIO PABEH



H:frxﬁdM
v dt

Hcnonb3ys onpeenieHne TeH3opa uepimu C', uMeeM

H=CQ+h.

Taxum oOpazom, umeem:
H=C(Q+w),

To ecTh pasmokeHHWE ABMKEHUS Tella HAa BpallatelibHOE U Je(POpPMAIMOHHOE
nBKeHUs: HeoaHo3HayHo. Ecim h =0, 1o w =0, T1.e. mone ckopocreu
nedopmalii He COACPKUT BPAILCHUS;, U3MEPSEMbIH BEKTOp MTHOBEHHOW YIJIOBOM
cKopocTH BpamieHus 3emian £} B 3TOM cioydae HE COACPXKHUT 00aBOK WH3-3a
nedhopmali Kopbl 3eMIIH.

Takum 00pa3oM, OTHOCUTENBHBINA YITIOBOM MOMEHT, BhI3bIBA€MbIi AedopMaiineit
Tena, B ocsx TuccepaHa paBeH HYJIIO.

B pa3Hple MOMEHTHI BpeMeHH OpHeHTarusi oceil TuccepaHa MOXET OBITH
pa3IMYHOM, Tak Kak IoJie CKopocTedl aedopmaruu Mensercsa. [lostomy mpu
onpeaenenuu cuctembl ITRF o0s3aTensHo yka3piBaeTcs 31oxa, K KOTOPOl OTHOCSTCS
KOOPAMHATHI U CKOPOCTH MMYHKTOB.

Cornacno xkumHeMatmdeckor wmogmenu aBmkeHHs T NNR-NUVEL-1A, Bcsa
MOBEPXHOCTh 3eMJIM pa3douTa Ha 16 IIMT, Kakaas W3 KOTOPBIX BpallaeTcs, HO
CyMMapHO€ BpalieHHe 3eMHON KOpbl paBHO Hym0. OOo3znauenne NNR (no-net-
rotation) TOBOPUT 00 OTCYTCTBUU TJI00ATBHOTO BPAIIEHUS 36MHOM KOPBI.

TemHbIMEU CTpelkaMu Ha pUCYHKE 12 moka3aHbl u3MepeHHble ¢ nomoibio GPS-
MIPUEMHHUKOB CKOPOCTU ITYHKTOB, CBETJIBIMU - CKOPOCTH, BBIYMCJIEHHBIE MO MOJEIU

Pucynok 12 — KapTra TEKTOHMYECKUX IUTUT U CKOPOCTEN ITyHKTOB
N3 pucynke 12 BuaHA [OOCTATOYHO XOpOILIasih MOAENb ABWKEHUS IUIUT U
HaOJI0/ICHUH, 32 UCKIIFOUEHUEM PETHOHOB Ha TPaHMIIAX IUIUT.



Pekomennyemas auteparypa

1. I'pymmnckuii H. I1. Teopus purypsr 3emnu. — M.: Henpa, 1963. — c. 56-64

2. Kovalevsky J., Seidelman P.K. Fundamentals of astrometry. — Cambridge
University Press, 2004. — ¢. 39-40

3. [NanTeneer B. JI. ®usuka 3emnn u mnanet. — M.: MI'Y um. M.B.JlomoHOCOBa,
2001. —c. 88-92

KonTpounbabie 3aaanus st CPM (temsr 12) [17, 18, 27]

1. PaccmoTpeTs mapamerpsl MexayHapoIHON 36 MHOM CUCTEMBI KOOPAWHAT.
2. PaccMoTpeTh XapakTepucTHKU oceil Tuccepana.

3. M3yunTh KHHEMAaTUYECKYIO MOJIENb BUKCHHUS TLTUT.

Tema 13 I'1aBHBIe OCU HHEPIUM — 2 Yaca
IIman nexunun

1. 'maBHBIE OCH HHEPLUU
2. PacueTHas MoJiesb JIJIsl OMIPEICTICHHSI TTOJI0KESHUSI TIIaBHBIX OCEH MHEPIHH
3. Haubonpiiee n HauMeHbIee 3HAYCHUS IEHTPATLHBIX MOMEHTOB HHEPITUU

Ocu, OTHOCUTENTBHO KOTOPBIX LIEHTPOOEKHBII MOMEHT MHEPIHMH oOpamiaercs B
HyJlb, Ha3bIBAIOTCS TJIABHBIMU OCSMM HHEpUMU. EciM Ha4dalo TakoOM CHUCTEMBI
MOMEILEHO B LIEHTPE TSXKECTH PUTYPBI, TO 3TO OyAYT IJIaBHbIE LEHTPAIbHBIE OCH. DTU

ocH Mbl OyzieM 0003Ha4aTh ' u % ; 1 HEX
J, =0

HuZo

Haiinem, 110/l KaKUM YITIOM 0 HAKJIOHEHBI K IEHTPAILHEIM OCSAM Y U Z (PHCYHOK
13) rnaBHbIE OCH.

Pucynok 13 — PacueTHas moaens AJjisi onpeAaeaeHUs OJI0KEHUS
[JIABHBIX OCEU UHEPLUU



B mM3BECTHOM BBIpOKEHHH IS Iepexoja OT Ocedl yz K ocsaMm ¥l s

IEHTPOOS)KHOTO MOMEHTA MHEPIIUU UM YTy & 3HaueHHe % . torma ocu Mum 1,

5

COBHIAAYT C TJIABHBIMU, U IIEHTPOOESKHBIA MOMEHT UHEPIIMU OyAET paBeH HYIIIO.

npu a=a, J_=J =0

JE Fod
NN
- :—lsin 2apl S, —J, )+ S poosday =10
p
OTKYyOa:
2J
I 2 =—JE
g2l J. -7

DOTOMy ypaBHEHHUIO YJIOBJIETBOPSAIOT JIBa 3HAUCHUS 2%, orimyarommecs Ha 180°,

WM JIBA 3HA4YeHus 0, ornmuarommuecs Ha 90°. TakuM 06pa3oM, 5TO ypaBHEHHE JaeT
HaM IOJIOKEHHUE IBYX OCEH, COCTABISAIOMINX MEXITYy COO0H NpsIMOM yroi. ITo U OyIyT

Yoo € J A
I'IaBHBIC OICHTPAJIBHBIC OCH n , AJI51 KOTOPBIX Fofa

. o J
HOJ'IBB}/}ICB 9TON q)OpMYJ'IOI/I, MOXXHO IO H3BECTHBIM “*, JXI/I J‘EHOJIy“II/ITL

J J
CI)OpMy.TIBI JJI1 TJIaBHBIX MOMCHTOB HHCPUMHU *» U A, I[J'I)I 3TOI0 OIIATHh
BOCIIOJIB3YCMCA BBIPAKCHHUAMUA JJII OCCBBIX MOMCHTOB MHCPIIUHU O6HIGFO ITIOJIOXKCHHMA.

J J
OHH ONIPEIeIISIOT 3HAUCHNS “* 1 °% eCIIM BMecTO & [OJCTaBUTh 7
2 o2 :
gy, =d 008t &+ sm gy - S s 24,

Ty = Jyin @ +J; cost @y + 7 sin 2

HOJ’Iy‘ICHHBIMI/I COOTHOHICHUAMHMU MOKHO IIOJIb30BAaTbCA IIPpU PCIICHUH 3ajgad.

OI[HI/IM M3 I''TaBHBIX MOMCHTOB MHCPIUHN ABJISACTCA Jm , APpYI'UM Vas

dopMyIBl MOKHO MHpeobpa3oBaTh K BHIY, CBOOOJHOMY OT 3HAdYeHHs O9,
] -2
Beipasas ©°° %y 0 %yepes "% %%y noncrasnss MX 3HaUeHHs, TOTYdUM, JeNias
J .
OJTHOBPEMEHHO 3aMeHy "~ *u3 hopmyis (1):

e Jy=Jysnea _J, Ji Jy=1

1
= » 4
3 > + cos2a, +

2 Cosla 2 2 cos 2
1

3amensis 31ech 13 bopmyisi (1) 1pobs ©%*%% ya

+. 14152 =+
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o =?Ti§¢(JP—JKF +4{7 . f
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K sTtomy ke BBIpaXE€HUIO MOKHO TIPHUIATH, Jelias MoJ00Hoe ke mpeobpa3oBaHUe
BTOpOi1 hopmyisl (3).
3a OCHOBHYIO CHCTEMY LIEHTPAJbHBIX OCEH, OT KOTOPHIX MOXHO MEPEXOJUTh K

Oz, .

mo6oit npyroi, mMoxkHo B3sTh He Oy u Oz, a TIaBHbIE OCH oy ; Torga B

o J,ooo=0
dbopMynax He Oyaer (QUIypHpPOBaTh IEHTPOOEKHBIH MOMEHT HMHEPIUH (Y& — ),

OG6o03HaYMM yTOJI, COCTaBIEHHBIA 0ChI0 *1, (PHUC.2) ¢ IIaBHOH OCBIO Qyﬂ, yepes £,
i ' i

», Yzu Y ¥ nmepexons oT ocell YUy ' HyKHO B paHee HallJEeHHBIX
N ' J J J
¥, “su "% 3aMEHHUTbH yron & depes Boavdy Jog e _ qepes ",

I[J'ISI BBIYHMCIICHHUSA

BBIPpAKCHUAX IJIA

J, o J,. =0 :
vy "M%~ 7 B pesynpTaTe mojrydaem:

Jy=J, cos® §+J, sin? 8,
Ji=J, sn® S+J, cos’ 8,

o =T
J"Bszm 28

b

[Io cBoemy Buay 3T (OPMYJbl COBEPIICHHO AaHAJIOTHMYHBI (POpMysaMm st

HOPMAJIBHBIX Y )51 KaCaTCJIbHBIX ta HaHpH)KGHI/Iﬁ I10 ABYM B3aMMHO-
MNCPIICHANKYJIAPHBIM INNIOITAAKAM B 3JICMCHTC, ITOABCPIralOIICMCA PACTAKCHUIO B IBYX

HaIpaBJICHUAX. YKaxeM JHIIb (GopMyITy, MO3BOJISIONIYIO U3 JABYX 3HAYCHUH yria %
BBIJICJIUTh TO, KOTOPOE€ COOTBETCTBYET OTKJIOHECHHUIO MEPBOM TJIaBHOW OCH (Jaromieit

max J) OT Ha4aJIbHOTO MOJIOKEHUS OCH Y:
J

=
S =T

Tenepr MOXXHO OKOHYATENbHO (OPMYIHPOBATH, YTO HAJO CHETIaTh, YTOOBI
MOJIYYUTh BO3MOXKHOCTh TMPOCTEHIIMM 00pa30oM BBIUMCISATH MOMEHT WHEPIMH
burypsl OTHOCUTENBHO 000 ocu. HeoOXxommmo uepe3 LEHTP TAKECTH (UTYPHI
nposectr ocu Oy u Oz Tak, 4ToOBI, pa3duBas (Urypy Ha MPOCTEHUIINE YACTH, MbI

J J o
MOTJIA JICTKO BBIYMCIWUTH MOMCHTHI ¥, jzl/I #IOCJIC 3TOr0 CICAYECT HaAWTU II0

gy, =

(bOpMy.He BCIIMYMHY YyTJIa “ W BBIYHUCJIUTD I'NIABHBIC ICHTPAJIbHBIC MOMCHTBLI MHCPIUU
J J

o o Eo o,
Jlanee, MOXHO HallTHU MOMEHT MHEPLIMH OTHOCHUTENIBHO JHO0O0M LIEHTPaIbHOU OCU

@ (Puc.2), nHakmoHeHHO K Ponon yTJIOM CE
o 2 .o
Jy =0, cost f4J, san” 4
jr
3Has e IEeHTPAJIbHBII MOMEHT MHEPIMHU ~*, MOXKHO ceiyac ke HaWTHU MOMEHT
UHEPIMM OTHOCHTEILHO JIIO0OM MapaluleJIbHON e ocu 2, mpoxonsiieid Ha
paccTosiHuM % (puc.2) OT LIEHTPA TAKECTH:
w7t 2
Jr=Jl+d'F
Bo MHOTHX ciydasx ynaercs cpasy MpOBECTH TJIaBHBIE OCH (DUTYPHI; eci purypa
UMEeT OCh CUMMETPHH, TO 3TO U OyJeT OJHa M3 IJIaBHBIX oceil. B camom naerne, mpu



BbIBOZIE  (pOPMYJIBI J MBI y)KE WMEIM JIeJ0 ¢ HMHTErpajioM ¥ ,
NPEJICTaBISIIONINM COOOM HEHTPOOEKHBI MOMEHT MHEPIIMH CEYE€HUS OTHOCHTEIHHO
ocell y u z; ObUIO J0Ka3aHO, YTO eciau och Oz SABISETCA OChI0 CUMMETPHH, 3TOT
MHTErpaj oOpamaercs B HyJb.

Crano 6bITh, B JaHHOM ciay4ae ocu Oy u Oz SBIAIOTCS TIaBHBIMU LIEHTPATbHBIMU
OCAMHU HWHEpUUU ceueHus. TakuM oOpa3oM, OCb CHMMETPUU — BCErJa TIJIaBHAsS
LEHTpaJbHasl OCh; BTOpas IJIaBHAs LIEHTPAJIbHAS OCh MPOXOIUT Yepe3 IEHTP TAKECTH
NEePIEHANKYISIPHO K OCH CUMMETPHH.

[lpumep. HaiiTh MOMEHTHI HMHEPUUU TNPSAMOYrOJbHUKA (pUCYHOK 14)

oo M j}g.:fﬂ

OTHOCHUTEIBHO Oceil *11 “11 eHTPOOEKHBI MOMEHT €T0 OTHOCHTEIBHO TEX JKE OCEHl.

1 Lol
By ?5}

2 / & B2

FA%

bt

3 e
i‘_-*aam—q
Pucynok 14 — ITpumep pacuetra MOMEHTOB UHEPLIUH

L[GHTpaJ'IBHBIe OCH Y U Z KaK OCHU CUMMCTPHUHU 6yI[YT TJIaBHBIMH OCSIMH, MOMCHTBI
HHEPpOHHN CCUCHUA OTHOCUTCIIBHO 3TUX oceit PaBHBILL

_15%.20

35
J :lemm“ J = S625cadt

g 12 T

[leHTpanbHBIE MOMEHTBI OTHOCUTENILHO IIOBEPHYTHIX OCel ! 1 ! paBHEL:

J =J,cost 45" +J sin* 45" = %[mmm +5625]= 7813t = J!

Mo

[{eHTpOOEKHBIM MOMEHT UHEPLIUM OTHOCHTENLHO Ocel »7 u “ paBeH:

J,=d: 10000 - 5625
—s s —

in §0° = +21880a

KoopauHaTel IEHTpa TSHKECTH TMPSMOYTOJIBHHKA OTHOCHTENIBHO ocedl 1m Z1

PaBHBI:

w=A5+80= 7,52 +25.0,7=12,35c
7, =0D=8D=2507=+175cm

MOMEHTBI HHEPIIMU OTHOCHTEIBLHO OCeil *11 1 paBHBI:



J=J,+ Fz = 7813+ 300. 175" = 8734cad*
JE=J0 + Ryt = 7813+ 300.12,35% = 5361624

LleHTpoOEeKHBII1 MOMEHT HHEPLIUYU PABEH:
Tl = J o + Pz = 21884300 1,75.12,35 = +8678ac’

Kak u3BecTHO, IEHTpallbHbIE MOMEHTBHl WHEPLHH SIBISIOTCS HAUMEHBIIMMH W3
BCEX MOMEHTOB OTHOCUTEJIBHO Psijia MapajuiebHbIX OCEH.
Haiinem tenepp kpaiiHue 3HaueHUs (MAaKCUMyM W MUHUMYM) JJIS IEHTPAIbHBIX

MOMCHTOB HMHCPIHH. Bo3pMeM och }’1, N HAYHCM €C BpalllaTb, T. €. MCHATDL YI'OJI a;
IIpu 5TOM 6y,Z[eT HU3MCHATHCA BEINYHHA.

r_ 2 sod -
Jy=Jyeost @t dosin T a— Jsin 2a

Haubonrbliiee 1 HauMeHbIIee 3HAYEHUSI 3TOTO MOMEHTAa UHEPIIUU COOTBETCTBYIOT
7,
yray “1, mpu koTopoM mnpousBogHas ¢ & obpamiaercs B Hylb. JTa IPOM3BOIHAS
paBHa:

AT
— 2 = 2T cosasin @+ 20 sin @oosa—2J cos2a
o ! z =

[logcrapiss B HANMCAHHOE BBHIPAKEHHME <~ ‘¥ NpHpaBHUBAs €ro HyJIO,
I[MOoJIydacM:

[, — J, Jsin 2y — 27, cos 2 =0
OTCIO/Ia
20

tgday = T =tgla,
Je=d,
Takum 06p2130M, OCAMHU C HauOOJBIIMM W HaWMEHBIITUM OCHTpAJIbHBIMHA
MOMEHTAaMU WHEPIUH OyAyT TJIaBHBIC IEHTpPaJbHBIE OCH. Tak Kak MpU MOBOPOTE

HCHTPAJIBbHBIX oceu CyYMMa COOTBCTCTBYIOIIUX MOMCHTOB HHCPIHUHN HC MCHACTC:, TO
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Korz[a OIWH W3 LOCHTPAJIbHBIX MOMCHTOB HWHCPHOUHN IOOCTHUIaCT HauOOJIBIIIETO
3HAa4YCHUA, prFOﬁ OKa3bIBACTCA MUHUMAJIBHBIM, TO €CTh €CJIN
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CH@,Z[OBaTeJIBHO, TJIaBHBIC HOCHTPAJIbHBIC OCHM HMHCPIHH — OTO TaKHUC B3aMMHO
NEPHCHANUKYJIIPHBIC OCH, ITPOXOANNEC YCPC3 NCHTP TSIKCCTHU CCUCHUA, OTHOCHTCIIBHO



KOTOPBIX HCHTpO6C}KHBII>’I MOMCHT HMHCPIHH 06pa111aeT051 B HYJIb, 4 OCEBbIC MOMCHTEI
HHEPpOHU UMCIOT HauOoJIbIIIee U HaUMEHbBIIICE 3HAUCHHS.

Pexomenayemas nureparypa

1. bporap B. B., Maraumxkuii B. A., [llum6upes b. I1. Teopust purypsr 3emim.
— M.: Henpa, 1961. —c. 80-90

2. CunopenkoB H.C. ®usnka HecTaOMIbHOCTEH BpateHus 3emin. — M.
®duzmarimt, 2002. —¢. 111-113

3. Oropogosa JI.B. Beicmas reonesusi. — M.: I'eoneskapruzaat, 2006. — c. 53-55

Kontpomabnsie 3amanus 11t CPM (temsr 13) [1, 2, 33]

1. I3yuuTh IJIaBHBIC OCH HHEPIIUH,

2. V3y4ynTh pacueTHYI MOJCNIb OINPEACICHUS TIOJO0XKCHUS TJABHBIX OCCH
UHEPITHH.

3. Paccmotpers HanboJIbIlice U HAMMEHBIIICEe 3HAYCHHS IICHTPAIbHBIX MOMEHTOB
HHEPITHH.

Tema 14 I'eorpapuueckue ocu — 2 yaca
[Inan nexuun

1. Cmemienue reorpauyecKux MOJIOCOB
2. JIBmxeHue TMTochepHbIX TTUT
3. Ilpeneccus u HyTanus

B wuctopum 3emaum U3MEHEHHUS TMOJOXKEHUS Teorpaduueckux MOJHOCOB
MPOUCXOJWIIM HEOJTHOKPATHO, U C 3THM SBJICHHEM, B MEPBYIO OYEPEb, CBA3BIBAIOT
OJIeJICHEHUE OOIIMPHBIX 00JacTel CyIM U KapAWHAJIBHBIE TIEPEMEHbI KIMMaTa BCEH
maHeTel. HO OTrojocku B 4e€IOBEYECKOW HMCTOPUM MOJYYHIJIA TOJBKO MOCIEIHSS
KaracTpoga, CKopee BCEro CBsI3aHHasl CO CABUIOM IOJIIOCOB, MIPOU3OIIEAIAs OKOJIO
12-ti ThICSY JeT Hazan. Bce Mbl 3HaeM: MaMOHTHI BeIMepiii. Ho Bcé ObLTO ropasmo
cepbE3Hee. VICUE3HOBEHMM COTEH BHUJIOB >KMBOTHBIX HE MOUIEKUT COMHEHuro. O
Bcemupnom Ilotome u I'mbOenm ATnaHTuabl BeIyTcs JUCKYCCHH, HO OJIHO
HECOMHEHHO — OTTOJIOCKH BeJIMYaiiel kaTacTpoda Ha MaMATH YeTTOBEYSCTBA UMEIOT
noa coboi  peanbHyr0 OCHOBY. W BbI3BaHa, CKOpee BCEro, CMEIIEHHEM IOJIFOCOB
Bcero Ha 2000 kM.

[IpoBondiMecs B TEYEHHWE MHOTHX JECATHICTUNA HAOMIOJEHUS Ha CTaHIUAX
MexayHapoaHOM ciy:kObl JBUKEHUs ToitocoB 3emun (1o 1961 roga mMeHoBanach
MexayHapoHOH ciyx00ii mupoThl; OblIa co3nana B 1899 roay), a Takxke 20-neTHue
U3MEPEHHUsI C TOMOIIBIO T€0JE3UYECKUX CITYTHUKOB YKa3bIBAIOT, YTO TEJIO MJIAHETHI, a



3HAUUT, reorpaduyeckas 0Cb 3eMJU, OTKIOHSETCS OT OCU €€ BpallleHUs (HEU3MEHHOM
B MIPOCTPAHCTBE, €CJIM HE YYUTHIBATH MPEIECCHI0O M HYTAIIUIO) CO CKOPOCTHIO OKOJIO
10 cm/roa. OnHAKO OIEHKM MCTUHHOTO CMENICHUS B MaciiTabaX MUJUITMOHOB JIET
OueHb HeompeneneHHbl. [Ipenmonaraercsa, 4To 3a 2M0XYy KaiHO30s (mociueaHue 65
MJIH. JeT) 3ToT japeiid coctaBun okono 10°, mpuuem mocneguue 10 MH. JeT ero
ckopocth gocturaer 0.5° B 1 muH. ner.

[loctosiHHOE CcMemieHne Teorpa@UyecKux TMOMIOCOB paHblle OOBICHIIOCH
TJIaBHBIM 00pa3oM TastHUEM JICTHUKOB: MOTOKH BTEKalOT B MUpPOBOM OKeaH U TeM
CaMbIM U3MEHSIOT 00lIIee paclpeaesIeHHe Macc B Tejie 3€MJIM, Ha YTO OHA pearupyer
CMEHOM XapakTepa CBOEro BpaumieHus. Ho 3TO crpaBeanmBO JIMIIb OTHOCUTEIBHO
MOCJIEAHUX BEKOB U HE OOBSCHSIET MPOIIECChI, MPOUCXOAUBIINE B MPEAIICCTBYIOIIUE
MUJUTHOHBI JIET.

HoBoe oObsichenne mnpemnoxuin reodusuku b.Irtaitn6epr (B.Steinberg;
Nuctutyr w™mereoposorun U reodpusuku 1pu DpaHkpypTCKOM YHUBEpPCUTETE,
I'epmanus) u  P.JIx.O'Konnemn (R.J.O'Connell; TapBapackuii  yHUBEpCHUTET,
KemOpumk, mrar Maccauycerc). OHM MOCTpPOWIM MOJENb Teouja (IJIsi DIOXH
KaifHO30) € y4eTOoM JBWXKEHUW B MaHTUU 3€MJHM, COOTBETCTBYIOIIUX
TonorpadMYecKUM aHOMAJIMSIM, a TakXKe JBMKCHHH IUTOCHEpHBIX IUINT; OBLIU
BBIYUCJICHBI BEJTUYUHBI aIBEKIIMM B MAHTUH C €€ HEOJHOPOAHOCTSIMHU IJIOTHOCTH (TO
€CTh TOPU30HTAIILHOE MEPEMELIEHUE MACC, BBI3bIBAIOIIEE U3MEHEHUE UX (PU3UYECKUX
CBOMCTB).

MoxHO cuuTath Oojiee WM MEHEE YCTAaHOBJIEHHBIM, YTO OCHOBHAs MpPUYUHA
aHOMAaJIUW B pacIpeesIeHn Macc 3eMJIM, OTBEYAIOIINX 338 OTKJIOHEHUS OT UJI€aJIbHOM
chepbl, — 3TO XOJOJHBIC M BBICOKOIUIOTHBIE TUIMTHI KOPBI, MOTPYKAIOIIUECS B
npenaenax riayO0OKOBOAHBIX )KEJI000B B 3€MHBIE HEZIpa.

B pesynbrare yaanock co3narh MpaBAONOA00HYI0 KApTUHY TOTO, KaK JOJIKHBI
OBLIIM CMENIAThCs TeorpapuiecKue MoJiroca Halllel MiIaHeThl B TEYCHHUE MOCIeAHUX 65
MJIH. JIET. DTa KapTUHA 0Ka3ajach BECbMa CXOJHOW C TOM, KOTOpasi BOCCO3AETCA 0
JAHHBIM TaJ€OMarHeTu3Ma Ha OCHOBE PEKOHCTPYKIIMM MECTOMOJIOKEHHS TUIAT
36MHOW KOpPbl OTHOCUTEIIBHO HEIMOJBWXXHBIX TOPSYUX MAHTUUHBIX CTPYH,
MOAHUMAIOIIUXCS K IIOBEPXHOCTU 3EMIIH.

HNurepecnyro pabotry mnpoaenan b.Hao c¢ komreramu (B.Chao; Ilentp
kocmuueckux nojetoB um.l'ogmapna HACA CIHIA, I'pun6Gent, mrat Mapunenn). B
1996 r. oHM paccMOTpenu BOIIPOC O TOM, KaK CEMCMHUYECKAsi aKTUBHOCTh B MEPHUO C
1977 r. Mmorna nOBIUATH HA XapaKTep BpAIICHUS 3€MIIH.

[TonzemMHbIe TOJUKM CMEIAIOT OOJIBIIINE YYACTKU 3€MHOM KOPBI U JIeXKaleh MoJy
Hel MaHTHUM, TIepepachpesiesss MacCy IUIaHEeThl. Takue CMEIIEHUs] MOTYT U3MEHSTh
MOJIOKEHUE reorpauyecKoro Mojiroca U ero CKOpoCTh OTHOCUTENIBHO OCH BPAILICHUS
3emun, TIOJIOOHO TOMY Kak pa30poc PyK TaHIIOBIWKA Ha JIbAy (WU, HA00OPOT, UX
BBITATMBAHUE BJIOJb TEJa) BIUSET HA €r0 BpalleHUE.

Cnenmanuctel U3 rpynnbsl Yao MpUUUIM K BBIBOAY, UYTO 3€MIICTPSCEHUSI TOCIE
1977 rona B COBOKYITHOCTH MPHUBENHU K nepemMenieHnto CeBepHOro reorpaduueckoro
MOJIKOCA B HAMPABJICHUU SIMOHUU CO CPEJIHEN CKOPOCThIO MPUMEPHO 6 CM B CTOJIETHE.
[To ux MHEHHUIO, TaKasi TEHACHIMS COXPAaHsIach B TEUEHHE BCErO HHIHEIIHETO BEKA.
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B 1997 rony sty paboty npoaomkuia rpynna x.Crnana (G.Spada; bonmonckuit
yHuBepcuteT, Mtanusg). OHU COMOCTaBWIM W3MEHEHUS B HAKIOHE Teorpapuueckoit
ocH 3eMJId ¢ MarHUTYyJOW OTMEUAaBIIUXCS B TOT € IMEPUOJ MOIIHBIX IMOJ3€MHbIX
TOMYKOB. M3BecTHO, dYTO Hambosiee CHIbHBIE 3EMIICTPSICEHUS MOPOXKIAAIOT
B3aMMOJICUCTBUE JIBYX COCEAHMX JIMTOC(EPHBIX IUIMT, KOTJa OJHAa W3 HUX
norpyxaercs noja Apyryro u "zanermsier ee. Ilpu Takux 3eMIIETPACEHUSIX KOpa U
MaHTHS HAYMHAIOT PE3KO KOJIeOAThCS BBEPX M BHU3, BHI3BIBAS MOIIIHBIE CEHCMUYECKUE
BOJIHBI.

[Ipoucxopsiiee B 3TUX YCIOBHIX MEpEepacpeiesIEeHue Macc ONPEEseTcs pPAIoM
(GbakTOpoB, B YAaCTHOCTH 3aBUCUT OT TOTO, IMOJ KAaKWM YTIJIOM K TIIOBEPXHOCTH
norpyxaerca muura. Ho, mno pacueram Crnaga, Haubosiee  BEpOATHOE
nepepacipeesieHne Macc TakoBO, YTo CeBEepHBIN MOIIOC CABUIAETCS MO JOJTOTE, Ha
KOTOpOM  PAcMoOJIOKEH SIUIIEHTP COOTBETCTBYIOIIETO TOJNYKA. bBOJBIIMHCTBO
3eMIJICTPSICEHUN TPOUCXOAUT B 0OJACTH "OTHEHHOTO KOJIbIA", OXBATHIBAIOIIETO IO
MEepUMETPy BeCh TuUXuil OkeaH, Mo3ToMy CeBEpHBIM MOJIOC U IMEPEMENIAETCS OT
ApPKTHUKH B CTOpOHY SIMOHCKOTO apxuriesuara.

3aBUCHUMOCTh JIBUKEHHUS IMOJIOCOB IUIAHETHI OT CEMCMUYECKOW aKTUBHOCTH
HampsMyl0 H3MEpPUTh BECbMa CIIOKHO, TaK KaK €€ MaCKHpPYyeT MHOECTBO HHBIX
dbakTopoB. Hanpumep, ThicaueneTHee TassHUE JIEAHUKOB TOXE TNPUBEIO K
nepepaclnpeeIeHHI0 MacC Ha IJIAaHETE, YTO JIOJDKHO OBLIO OTPA3UThCS Ha XapakKTepe
ee BpaueHus. HakoruieHHOe BCIEICTBHE 3TOrO CMEIIEHUE MOJIOCOB YK€ U3MEPEHO
aCTPOMETPUYECKUMH  MeToAamMu (10 M3MEHEHUI0 Teorpaduueckol  IMHPOTHI
o0cepBaTOpHUid, rJie MPOBOASITCS TOYHBIC HAOJIOACHUS 3a TOJIOKEHUEM 3Be3]1). Celiuac
ATO MEpeMENICHUE MPOUCXOIUT, HA0OOPOT, B CTOPOHY OT SMOHUHU, U €r0 CKOPOCTh
nocturaet 10 cm/ro.

B Hacrosimee BpeMsi oCh BpalleHUsi 3€MJIM OTKJIIOHEHAa OT BEPTHUKAIM Ha YTroJ
23°27" (23 rpagyca 27 yrioBeiX MUHYT). IMEHHO H3-3a 3TOr0 MPOUCXOJIUT CMEHA
BpeMEH roza. C MOMOIIbI0 TOYHBIX M3MEPEHUN OOHAPYKUIIOCHh, YTO TOJIOKECHHE
36MHOI OCH OYE€Hb MEJJIEHHO MEHSETCS, MPUYEM, B JIBYX HaAIpPaBJICHUAX, KOTOPHIC
HAa3BAJIM NIPELECCUEH U HYTAIUEH.

[Ipeneccust — 3T0 MeIJIEHHOE TIEPEIBIKEHNUE OCH Bpallaronierocs tena (B JaHHOM
cllydyae — 3€MHOro Iapa) Tak, 4To €€ KOHIbI (y 3eMsid — TOJKca) MEIJIEHHO
MOBOPAYMBAIOTCS MO KPYTYy HanoAoOue BpalleHUsl OCH KPYTSAIIETOCs BOTUKA, €CIIU €€
OTKJIOHUTh OT BepTUKaH. [Ipu 3TOM yron HakjOHAa OCH OT BEPTUKaJIbHOW JIMHUU B
M000M TO3UIMM TPEIIECCUOHHOTO CMelIeHusT oauHakoB. CKOpOCTh Mpereccuu
36MHOW OCH O4YE€Hb MEJJIEHHAs — Ha 1° 3a kaxble 71,6 roma. A MOJHBIA KPYT MOJOCA
npouayt 3a 25 776 ner.

Ho xpome mMensieHHOTo BpalieHusi 0 KOHYCY, 3eMHasi OCh COBEPILAET €€ OJIHO
JIBH>)KEHUE — HYTAllMOHHOE, YTO O3HAYaeT U3MEHEHUE YIJIa €€ HAKJIOHA K BEPTUKAIIUA —
or 22,1° (MuHMManbHbIM) 10 24,5° (MakcumanbHbI). HamomHio, ceituac ero
3HAYEHHE paBHO 23°27' ¥ MPOJOIKAET YBEIUUNBATHCS.

Urak, B pe3yabTaTe MperecCcu, MOTHBIA 000pOT 3eMHast OCh enaeT 3a 25776 Jer.
Opnako B “sa3blueckux’’ penurusx Ha 360 ymHOxkanmoch He Ha 71,6 (KoiMuecTBOM
JIET,


http://www.ufo.obninsk.ru/potop0.htm#god#god
http://www.ufo.obninsk.ru/potop0.htm#god#god

B cnydae 3eMHOI ocH, MEPNEHAMKYJISIPHONM K IJIOCKOCTH SKIMNTHKHU, KaK 3TO
cBoiicTBeHHO OmnuTtepy u BeHnepe, Ha Hamlel IulaHeTe He cTano Obl BPEMEH Troja.
3emJis Obl1a ObI BCET/Ia B OJJMHAKOBOM MOJIOKEHUH OTHOCUTEIIBHO COJTHEYHBIX JIy4ei,
[O3TOMY B Ka)XJOH TOYKE IJIaHEThl BCerga Obul Obl OJUH M TOT K€ CE30H, B
3aBHCHUMOCTH OT IIUPOTHI, U I€Hb BCEIr/1a ObLJI pAaBEH HOYHU.

Ecnu Ob1 och 3emMiu pacnonoXuiack Obl B INIOCKOCTH AKIIUITUKU, KaK 3TO UMEET
MECTO B Cilydae YpaHa, TO KapTuHa Oblaa Obl ynuButenbHou. Ha momocax Comaile
CIHUPAJIbHO MOJHUMAIOCH OBl BBEPX K CaMOMY 3€HHUTY, a 3aTeéM TaKUM K€ 00pa3oM
CIYCKaJlOCh K TOPHM30HTY, 4YTOObl Ha IMOJroJla HWCYE3HYTh B HeOe Modymapus
Habmonatens. EcrectBenHo, uto xorga CoiHIlE MOJHUMANOCh Obl K 3€HUTY TO B
NPUIOJSIPHBIX paiiOHaX JOJKHA YCTaHABIMBAThCS TpPONMYECKas kapa. B cpenHux
IIMPOTaX C HAYaJIOM BECHBI CTAHYT YBEIWYMBATHCA JHU; CIYCTS HEKOTOPOE BpPEMsI
TaM YCTAaHOBUTCS HENPEPHIBHBIM JE€Hb, KOTOPBIA OyJIET JUIMTHCA CTONBKO CYTOK,
CKOJIbKO TpaJyCoOB COAEPXKUT YABOCHHAs IIMPOTa MECTHOCTU. /[l mupoThl
[TeTepOypra nens Hactynui Obl yepe3 30 cyTOK Mocie paBHOJASHCTBUS U JUIUJICS Obl
120 cyrtok. C HacTyIuieHMEM 3UMbl KapTHHa cTaHeT oOpaTHoM. Ha skBaTope aeHb
BCerja paBHsICS Obl HOUM. JIIOOOMBITHO, UTO Ha BCel IJaHeTe HE ObUIO Obl TOUYKH,
riae ConHue He OObIBaIoO Obl B TEUEHUE TOJa B 3CHUTE.

Hy a ecnm NmOBEpHYTH OCh TaK, 4TOOBI €€ HAKJIOH cocTaBisn 45° K IIOCKOCTH
SKIUNTUKA? B 3TOM citydae naThl paBHOJEHCTBHUS U COJHUECTOSHUN OKA3aJIHCh OBl
TEMHU K€, HO BO BPEMs JETHUX COJHUECTOSHUN B KaxxaoMm noiymapuu CoJHIE B
3eHuTe OBLIO OBl yxke Ha mmpore 45° (mmpora Tpommkos). JKapkwii mosic
CYILECTBEHHO paCIIUPUIICS Obl U HEMOCPEACTBEHHO MPUMBIKaN Obl K xosiogHOMY. Ha
nosrocax B yetHee BpeMs COIHIE MOIJIO JOCTUIaTh BHICOTHI 45° HaJl TOPU30HTOM M
cBeTwi0 Okl Oosiee mosyrona. Ha mmporax MockBbl, XapbKkoBa BeCh UIOHb ObLIT ObI
CIUIOIIHOM JIeHb. 3aTO 3UMOM BeCh 1eKaOph AUIach Obl MOJIIpHAs HOYb.

Pexomennyemas nureparypa

1. CupopenkoB H.C. ®usuka HectaOuibHOCTEW BpameHus 3emian. — M.:
®uzmatiut, 2002. — cTp. 38-49
2. HzoTtoB  A. A. ACTPOHOMO-T€OIC3UUECKHE  METOAbl  M3YUYECHHS

reoiMHaAMUYecKuX nmpoonem. — M.: 3emis u Beenennas, 1975, Ne 4. — ¢. 202-204
3. CxuisipoB I'. H. Crarps. — CIIA, Nature, Ne3, 1998. — ¢. 1-31

Kontpomabhsie 3aganus 1t CPM (temsr 14) [2, 20, 32]

1. W3yunth mapameTphl, XapakTEpU3YIOIIHE CMEIICHHE TreorpaduIecKux
TIOJTFOCOB.

2. PaccMOTpeTh BONPOCHI, KACAIONIUECS IBHKCHUS JINTOCHEPHBIX TUIHT.

3. I3yuuTh MOHATHS IPELUECCHH U HYTallHH.

Tema 15 IIpoGsiema BbICOT B reojie3uu — 2 yaca

IIman nexnun
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1. KpaTKI/IC CBCACHHUA O TUIIaX BbICOT, UCIIOJB3YCMBIX B I'COAC3UU
2. FCOHGBI/ILICCKI/IG BBICOTEI
3. CucreMsl BBICOT

BricoTa — 0#HO U3 caMbIX MPOCTHIX M HMHTYUTHUBHBIX MOHSITHH, KOTOpHIC
CYIIECTBYIOT B obOnacTu reoje3un. OAHAKO ke, UMEHHO B CBA3M C HEMOHMMAaHUEM
CYTH BBICOTBI, MOTYT BOSHUKHYTb IIPOOJIEMBI JTa)KE Y CAMBIX ONBITHBIX HH)XEHEPOB.

B ObITY IpUBBIKIM FOBOPUTH 00 OTHOCHTEIBHBIX BBICOTaX (OTCUUTHIBAEMBIX OT
MOBEPXHOCTU 3€MJIM, KpBIKA 3JaHUs M T.J.) U aOCOJIIOTHBIX BBICOTax (4YacTo
1o/ipa3yMeBasi 1ol HUMHU BBICOTHI HaJl ypoBHEM Mops). B reone3un Bce cioxHee. Ho
B JIIOOOM Cllydae, BBICOTa — 3TO PACCTOSTHUE.

B reonme3uu mnpuHATO NOAXOAMTH K BONPOCY BBICOT C (U3NYECKOH U
reOMETPUYECKOM TOUKH 3peHus. [103TOMy BBIAEISAIOT HECKOJIBKO CUCTEM BBICOT:

1. BricoTa B reOMETPUYECKOM IOHUMAHNH:

a) reoIe3NYECKast BHICOTA.
2. BricoTa B puznueckoM nonnmanuu (pucyHok 15):
a) TUIICOMETPHUYECKasl COCTABIISAIOIIAs BHICOTHI:
— HOpMaJibHas BBICOTA;
— OpPTOMETpPHUYECKAs BbICOTA;
— IMHAMHUYECKasl BBICOTA.
0) reougaabHasl COCTABIISIONIAS BHICOTHI.

I'eonesnueckne  BoicoThl  (ellipsoidal  heights, wux wHOrma  Ha3BIBAIOT
AIUTUIICOMAAIBHBIMUA BBICOTAMH) — PACCTOSTHUE OT MOBEPXHOCTH SJUIMIICOMJA [0
Touku. Ecnm reoje3nueckas BbICOTa BCTpedYaeTcs B Iporpamme 00pabOTKu
CIYTHUKOBBIX HAOJIIOJICHUHM, 3TO O3HAYaeT, YTO, BEPOSITHEE BCErO, BHICOTA TOYKU
OTpeAesieTcsl pacCTOIHUEM 10 ToBepXHOCTH siunconaa WGS-84. OnHa U Ta ke
TOYKa OyJeT UMETh pa3Hble Ie€0JIe3UYECKUE BBICOTHI, €CJIM OHU OTCUUTHIBAIOTCS OT
pa3HbIX 3umncounoB. [lockonpKy reone3nyeckas BbICOTA OTCUUTBIBAETCS OT
MIOBEPXHOCTH 3JUIAIICOMIA, TO OHA SIBJISETCS IMOHATUEM YHUCTO I€OMETPUYECKHUM, U
paccMaTpHUBaEeTCs B pa3pe3e reOMETPUYECKOr0 IOHUMAaHHUS BBICOTBHI.

TuncoMempudecsan
I i COCHASTANUAR SHIC0MBI JemMHaa
OBCPXHOCTE NOBEPKHOCTE

reoHmoa

TeoudaTBHAR COCHIASTAIONIAA
GEHCOME

IloBepxHOCTE
ATTHIICOHIA

Puc 15 — T'eonesnueckast BbicoTa TOYKHA B



Camblif  pacmpoCTpaHEHHBIM, Ha JaHHBIA MOMEHT, CIOCO0 OIpeaesieHus
re0JIe3MUECKUX BBICOT — 3TO CIIyTHUKOBOE MO3ULIMOHUpOBaHME. J[0 MOsSBIEHUS 3TOM
TEXHOJIOTUM, BCE BBICOTHI MOJYyYaJId NMYTeM HU3MEPEHH Ha IMOBEPXHOCTU 3E€MIIU.
[Tony4yeHHble TakMM OOpa30M BBICOTHI HOCST Ha3BaHUE TUIICOMETpUYecKux. [l
CBSI3U TUTICOMETPUYECKUX U T€0JE3MUECKUX BBICOT UMEETCSI COOTHOIICHUE:

Ha =H81‘N’IC +g

rae H® — reogesnyeckast BHICOTa TOUKH,

H*"“ — rurcomerprueckas BeIcOTa (BBICOTA B (PH3MUECKOM ITOHUMAHHH);

¢ — reonJaabHas COCTABIIIONIAS BHICOTHI (B HEKOTOPBIX CHENU(BHUECKUX CIIydasx
9Ty BEJIMYHMHY HA3bIBAIOT BHICOTOM KBA3UTE€OM A UIIM BEICOTOM I€OUIa).

[TockonpKy Treome3uvecKkas BbICOTA 3aBUCHT OT BBIOPAHHOTO DJUIAIICOMIA U HE
3aBUCHUT OT ()M3UYECKUX CBOWCTB ITOJISI CHIIBI TSDKECTH, W TUTICOMETPUYECKAs BHICOTA
3aBUCHUT OT (PM3UYECKUX CBOWCTB IOJISI CHIIBI TSDKECTH M HE 3aBHUCUT OT AJUIHATICOUA,
TO 3HAYEHHE TE€OUJATBHOM COCTABJSIOIEH BBICOTHI OyJIEeT 3aBHCETh Kak OT
BBIOPAHHOTO AJUIUAIICOUA, TaK U OT (PU3UUECKUX CBOMCTB MOJISI CUIIBI TSXKECTH 3€MIIH.

[TonsiTue BBHICOTHI B (PU3MUECKOM €€ TOHHMMAaHUM TECHO CBS3aHO C TOHATHEM
reONOTEHIIMAIBLHOTO Yncia. ['eonoTeHIUaIbHbIM YUCIOM JJIi TOYKH B HazbIBaioT
Pa3HOCTD MOTEHIMAIA CUIIBI TSDKECTH B Touke B 1 B Touke Hauyasa cuera BoicoT (WB -
WO0). Pa3zHOCTh TeONMOTEHIMAIBHBIX YHCENI CBs3aHa C TOHSTHEM IPEBBLIIICHUS, U
ABJIIETCS] pabOTOM MO MEPEMEIICHUIO €IMHUYHON MacChl OT TOYKU K TOUKE.

BBICOTBI TPUHATO pa3nemnsiTh Ha:

— BBICOTBI B T€OMETPUYCCKOM TMOHUMAHUHU (T€OJE3MUECKUE, SIUTUIICOUIATBHBIC
BBICOTHI), OTCUUTHIBAEMBIC OT JJUIAIICOMIA, BBICOTA TOYKHM OyIeT 3aBUCETH OT
BBEIOPAHHOTO  JJITUTICOMIA, TEOJC3MYECKHE BBICOTHI MOXKHO BBIYHCIHTH  I10
pe3ynbTataM 00pabOTKH CITyTHUKOBBIX H3MEPEHUN;

— THTIICOMETPUICCKHE BBICOTHI;

— OPTOMETPUYECKHE BBICOTHI HMCTOJIB3YIOTCS B HEKOTOPBIX CTpaHaX, B KauyeCTBE
rOCyJapCTBEHHONW CHUCTEMBI BBICOT; OMPEICIUTh OPTOMETPUUYECKYIO BBICOTY MOKHO
U3 HUBEIUPOBAHMUS, B 3TOM CIIydae, Cpe/lHee MHTETPAIbHOE 3HAYCHHUE g BBHIYUCIISICTCS
NPUOIMKEHHO, HUCXOJs W3 THUIIOTE3bl O paCIpeAeiCHMH Macc B Tele 3eMIH;
OPTOMETPUUYECKYIO BBICOTY MOXXHO TakK)Ke OIPEACNIUTh MO pe3ysbTaraM 00pabOTKH
CIIyTHUKOBBIX H3MEPEHUM, WCIIONB3Ys MOJENbh T'€OUJa, 3aI0KEHHYI0 B IPOrpamMmy
MOCTOOPabOTKH, OJTHAKO HAJO MOMHUTH, YTO TJI0OATBLHBIE MOJAEIU Teouaa MO3BOJST
MEPECUNTATh TEOJIC3MUYCCKHE BBICOTBI B OPTOMETPHUYECKHE CO 3HAYMTEILHON
MIOTPENTHOCTHIO (METPOBOTO TIOPSIKA);

— JMHAMUYECKHUE BBICOTBHI HCITOJIB3YIOTCS B Y3KHX CIECIH(PUISCKUX padoTax,
CBSI3aHHBIX C THIPOTEXHUYECKUMH COOPYKEHUSIMH; OMPEACIIIIOTCS HUBEIUPOBAHUEM;

— HOPMaJIbHBIC BBICOTHI HCIOJIB3YIOTCS B TIOJIABIISIONICH YacTH TEOAC3MUCCKUX
pabot Ha Tepputopun PD;

— HOpMaJIbHBIC BBICOTHI YKa3aHbl B KaTaJloraXx TIe0JIe3UYECKUX ITYHKTOB U
O0TOOpaKeHbI Ha Tonorpaduuecknx KapTax. MoryT ObITh ONIPEACIICHBI U3 PE3YJIHTATOB



HHUBCJIIMPOBAHHUA, a TaKXC BBIYHUCJICHBI II0 T'COAC3MYCCKHMM BbICOTaM, C€CJIH CCTb

uHpopmarus o pazHoctsax (H, — H y), To ecTb BpicoTax KBa3ureoua.

Pexomennyemas auteparypa

1. llennmuuen JI.I1. Beicmras reonesust. — M.: Henpa, 1978. — c¢. 173-178
2. Oropogosa JI.B. Bricmias reonesus. — M.: ['eogeskaptuzaat, 2006. — c. 45-50

KonTponbabie 3aganus st CPM (temsr 15) [31, 33]

1. PaccMOTpeTh THIIBI BBICOT, UCTIOJIB3YEMBIE B TEOAC3HU.
2. 3yuuTh T€01e3MUECKIE BBICOTHI.
3. I3y4uTh CUCTEMBI BBICOT, TPUMEHSIEMBIX B T'€0JIC3HH.

5 TemaTnuyecKHid IJIAH CAMOCTOATEIbHOM Pa0d0Thl MATUCTPAHTA
¢ mpenoaaBaresemM

dopma

HaumeHoBaHue TeMbl Henb Conepxanue Pexomenyemas
MIPOBEICHUS
CPMII 3aHATHUS 3a7aHus JuTeparypa
3aHATHUS
1 2 3 4 5
3ananue Nel Tlpeamernas
p > | Yriybnenue
MHUPOBO33pEHYECKAs U . [Touck
3HAHUU 110 Pemenue .
METOJIOJIOTUICCKAs . JOTIOTHUTEITFHON [1-8],[26]
JTaHHOU 3a1a4y
cnenguKa eCTeCTBEHHBIX Tene uHbOopMaIuu
Y TEXHUYECKUX HAYK
3ananue N2 ITocranoBka
CpaBHeHuUe
3a/1a4y ONpeeIeHUs VYrinyOnenue
. . Pa3IMYHBIX BUJIOB
burypsl 3emu u eé 3HaHUU 1O Pewenue
. OTpeieICHuUs [1-8],[26]
rpaBUTA-IIMOHHOTO TOJIS B TaHHOU 3a1a4y
. . apaMeTpoB
€MHOI re0lEeHTPUIECKOM TeMe
¢burypsl 3emiau
CHUCTEME KOOPJIMHAT
3ananue Ne3 CnyTHHKO-
BBI€ METO/IbI OTIPEICTICHUS
P& Yrny6nenue
burypsr 3emiu, eé .
3HAHUU O Pewenne
IPaBUTAIIMOHHOTO TTOJISA, . Bamaun 1,2, 5,6 [1-8],[26]
JTAHHOM 3a1a4y
JBUKEHUS TIOJFOCOB U
. TeMe
HEpPaBHOMEPHOCTEH
CYTOYHOTO BpallleHHs
3amanne Ne4 ActpoHOMO- PaccmoTpenue
Yrnyonenue
rpaBUMETPUYECKHUE . COCTAaBJISIOLIUX
3HAHUU O Pewenue
METO/IbI . aCTPOHOMO- [1-8],[26]
TAHHOM 3a1a4y
TPaBUMETPUUECKOTO
TeMe
MeToJa
3ananue Ne5 IIpoGiema VYranybnenue CpaBHeHME
YTOYHEHUS CUCTEMBI 3HaHUH 1O Pemenne [1apaMeTPOB CUCTEM [1-8],[26]
koopauHar [13-90 u JTaHHOU 3a71a4 KOOpAMHAT '
CBSI3aHHBIX C HEH TeMe I13-90 © WGS-84,




byHIaMeHTaIbHbIX 3amaya 3
MOCTOSIHHBIX; YTOUYHEHUE
MapaMeTpoOB CBSI3U CUCTEM
I13-90 u WGS-84
3aganue Ne6 Cosep-
LICHCTBOBAHUE MOJEIIEH
Yrny6nenue
JIBUKCHUS] HCKYCCTBEH- .
3HaHUH 1O Pewenne
HBIX CITyTHUKOB 3eMJIH, . 3anauu 4, 7 [1-8],[26]
BXOJIALINX B CITyTHU JIAHHOH sanat
T TeMe
KOBbIEC HABUTAIIMOHHBIE
CUCTEMBbI
1 2 3 4 5
3amanue Ne7 I'eonuna- Yrnyonenue Yriy6iennoe
mMuugeckue 3h eKTol 3HAHUU 1O Pemenue U3Yy4EHUE [1-8],[26]
JTaHHOU 3a1a4y reoJUHaMHUYECKHX ’
TeEME a¢peKxToB
3ananue Ne§ [IpobGiiembl VYrany6nenue VYraybneHHoe
r7100abHOM TEKTOHUKA 3HaHUH 110 Pemenne U3y4EHUEC [1-8],[26]
JTAHHOU 3a7a4 ri100aJbHOMI '
TeEME TEKTOHUKHU
3aganue Ne9 3emHBIE Yrinybnenue
[IPUJIUBBI 3HaHUH 110 Pemenne CBoiicTBa 3eMHBIX [1-8],[26]
JTAHHOU 3a71a4 MPUIIMBOB '
TeEME
3ananue NelO Yopyrue VYrany6nenue
neopmanuu v yrcna JlsBa | 3HaHMI 1O Pewmenne CaoiicTBa yrpyrux [1-8],[26]
TAHHOU 3a71a4 nedopmaruit '
TeEME
3ananue Nell Breibop Yrnybnenue
pedepenii-cuctem ¢ 3HaHUM MO Pemenue Buns pedepeni- [1-8],[26]
Y4€TOM I'€0JIMHAMHYECKUX JAHHOM 3a1a4 CUCTEM ’
¢ dekToB TeMe
3aganue Nel2 Ocu Yrnybnenue
Tuccepana 3HaHUH 10 Pemenne XapakTepucruka [1-8],[26]
JTaHHOM 3a71a4 ocent Tuccepana '
TeMe
3amanne Nel3 'imaBHBIE Yrny6nenue
. XapakTepucruka
OCH MHEPLIUH 3HaHUU 1O Pemenune .
. TJIABHBIX OCEH [1-8],[26]
TaHHOU 3a1a4y
WHEpLUUU
TEME
3ananne Nel4 I'eorpa- Yrny6nenue
. XapakTepucruka
¢duueckue ocu 3HaHUH 1O Pewenne
N reorpau4IecKux [1-8],[26]
TTAHHOM 3a1a4y .
ocel
TEME
3ananue Nel5 [IpoGnema VYrinyOnenue
BBICOT B I€0I€3UU 3HaHUU 1O Pewenue CpaBHeHME BUIOB [1-8],[26]
aHHOU 3a7a4 BEICOT '

TEMC




6 MarepuaJjbl 1JI1 KOHTPOJIS 3HAHUI MaruCTPaHTOB B NepuoO pyOeKHOTo
KOHTPOJISI U HTOTOBO# aTTeCTALMHU

6.1 Bonpochl 111 CAMOKOHTPOJISA

1. ®urypa 3emnu

2. I'paBuTaninoHHOE 10JI€ 3eMIIU

3. Onpenenenne Gurypsl 3emMiin B TEOLEHTPUUECKON CUCTEME KOOPIUHAT

4, MeTtoaunka BBITIOJIHCHHSI CITYTHUKOBBIX M3MEPEHUH (CTaTHUECKHE,
JUHAMUAYECKHE U KHHeMaTudeckue; nudepeHnnanbHbIi METO)

5. CyTKHM KaK nepuoJ BpalleHus 3eMIH BOKPYT OCH

6. I3MepeHne Cuiibl TSKECTH

7. I'paBUTAlIMOHHOE T10JI€ 3EMJIU

8. ACTpPOHOMUYECKHUE METObI B I€0/I€3UU

9. [Mapametpsi [13-90 u WGS-84

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21

[Tepecuer u3 I113-90 8 WGS-84

CrpykTypa CIIyTHUKOBBIX PaJUOHABUTAIMOHHBIX CUCTEM
[Tapametpsl ciytHUKOB [ JIOHACC u GPS

Pa3BuTHe ciyTHUKOBOW HaBUTAIIUU

IToraTne reoguHAMUKH

['eoqunamuyeckue 3¢ PeKxToI

N3MeHeHns MarHUTHOTO TMOJIA 3€MITU

Konuenmus Berenepa

MexayHapoHas reofuHamMu4deckas ciyxoa IGS
BiustHue npuianBOB MpU ONPEACICHUN 36MHOM CUCTEMBI KOOPIUHAT
Pa3HoBHUIHOCTH NPUITUBOB

. Cucrema koopaunat ITRF2000
22.
23.
24,
25.
26.
217.
28.
29.
30.

Bounbl 1 uncna Jlsa
Pedepent-snurncons

Bunb! pedepenii-cucrem

Ocu Tuccepana

['maBHBIE OCH MHEPLUU

CwMernienne reorpauuecKkux moJIrOCOB
JIBrxeHue TUTOCHEPHBIX TTUT
[Ipeneccus u Hyranus

THuIBI BEICOT, HCIIOIB3YEMBIC B T€OAC3UN

6.3 Dx3ameHAlIHOHHBbIE OUJIEeThI (TECThI)

DK3aMeHalMOHHbIN OmieT Nel
1. ®urypa 3emsn

2. TloHgaTne reognHaMUKA

3. Ocu Tuccepana

DK3aMeHaIMOHHbIN OmieT Ne2



1. I'paBuTaniioHHOE MOJIEe 3eMITU
2. T'eogmnamuueckue 3HPeKTh
3. I'maBHBIC OCH HHEPITUH

DK3aMeHalMoOHHbIA OreT Ne3

1. Onpenenenne purypsl 3eMiIM B TEOLICHTPUYECKON CUCTEME KOOPIUHAT
2. V3meHeHus MarHuTHOTO TOJIS 3eMITH

3. Cwmemenue reorpaduuecKux MogrOCcoB

DK3aMeHaMOHHbIN OomteT Ned

1. MeTonuka BBITIOTHEHUS CITYTHUKOBBIX U3MEPEHH (CTaTUIECKHE,
JTUHAMUAYECKHE U KHHeMaTudeckue; nudpepeHnnanbHbIii METO)

2. Konneniiust Berenepa

3. JIBmxenue TuTochepHbIX TUIAT

DK3aMeHallMOHHBII OmneT Neb

1. CyTku Kak mepuo;i BpalieHus 3eMJIM BOKPYT OCH
2. MexayHapoaHas reoguHaMuueckas ciryxoa IGS
3. Ilpeneccus u Hytanus

DK3amMeHamoHHbIA Onet Neb

1. 3mepeHue CUilbl TSHKECTU

2. BnusHue NpUIMBOB MPH OIMPEICTICHUH 36MHON CUCTEMbI KOOPAUHAT
3. Tumsl BBICOT, UCTIOIB3yEMbIE B T€OAC3UN

DK3aMeHalMOHHBIN OmeT Ne7

1. I'paBuTanOHHOE MMOJIE 3EMIIH
2. Pa3HOBMIHOCTH MPHIMBOB

3. Pedepenm-ammumcon

Dk3aMeHaMoHHbIN Oouet Ne8

1. Cucrema xoopaunat ITRF2000

2. ACTpOHOMHYECKHE METOJIbI B T€OAC3UN
3. TMapamerpsr I13-90 1 WGS-84

DK3aMeHaMoHHbIA onet Ne9

1. Tlepecuer u3 I13-90 8 WGS-84
2. Buasl pedepenii-cucrem

3. I'paBuTarmonHoe noje 3eMiu

Dk3aMeHalnoHHbII Omnet Nel0

1. CtpykTypa CITyTHHKOBBIX PaJIHOHABUTAIIHOHHBIX CHCTEM
2. Bomnbl u uncia JlsBa

3. Ilpeneccus u Hyranus



DK3aMeHarmoHHbIN OnneT Nell

1. ITapameTpsl cnytHukoB [ JIOHACC u GPS

2. MexpayHapoaHasi reoiuHamMu4deckas ciayxoa [GS
3. Ocu Tuccepana

Dk3amMeHallMOHHBINA OmneT Nel?2

1. Pa3BuTHe ClyTHUKOBOW HaBUTALIUU
2. @urypa 3emnu

3. I'maBHbIE Ocu MHEpPIIUU

Dk3aMeHanOHHbII Omnet Nel3

1. BrnusH#E NPUIMBOB IIPH ONPEACIICHUN 36MHOM CHCTEMBI KOOPIUHAT
2. CwmernieHue reorpad@uuecKux MOJTFOCOB

3. CyTkH Kak epuo]1 BpameHus: 3eMId BOKPYT OCH

DK3aMeHallMOHHbIH Omnet Neld

1. Ilpeueccus u HyTanus

2. TuIbl BBICOT, UCTIOJIB3YEMBIE B T€OIC3UH
3. Mapamertpsr ciytaukoB ['JIOHACC u GPS

DK3aMeHaMoHHbIN OreT Nelb

1. Cucrema xoopaunat ITRF2000

2. Omnpenenenne Gurypsl 3eMid B T€OIICHTPUYECKOW CHCTEME KOOPIUHAT
3. PaszHOBHIHOCTH MPUIMBOB

DK3aMeHaIMoOHHbINA OnneT Nolb
1. Ocwu Tuccepana

2. Ilepecuer u3 I[13-90 8 WGS-84
3. Boumusl u uncina Jlsasa

DK3aMeHanoOHHbIHA Omet Nel7

1. Konnenuus Berenepa

2. V3amepeHue Cuibl TSKECTH

3. CTpyKTypa CIlyTHUKOBBIX paJHOHABUTAIMOHHBIX CUCTEM

DKk3ameHarMoHHbIA Onnet Nel8

1. Iapametpst [13-90 u WGS-84

2. Bunsl pedepeni-cucrem

3. Cwmemenue reorpaduuecKkux MmoarCcoB

Dk3aMeHalMOHHbII Ornet Nel9

1. MeTonuka BBITIOTHEHUS! CTYTHUKOBBIX U3MEPEHUI (CTaTUYECKHE,
JTUHAMHYECKHE ¥ KHHeMaTHdeckue; auddepeHuanbHbIi METO)

2. ACTpPOHOMHYECKHE METOJIbI B T€OAC3UN



3. 'eogunamuueckue 3 PeKThi

DKk3ameHannoHHbINA omiet Ne20

1. Pa3BuTHEe CITyTHUKOBOI HaBUTAIlUU

2. IloHsiTHE TEOAMHAMUKH

3. 'maBHBIE OCU MHEPIIUU
DKk3aMeHaMoOHHbIN OmteT Ne21

1. Cucrema koopaunat I TRF2000

2. ACTpOHOMHYECKHE METOIBI B T€OC3UN
3. I'paBuTaniionHoe mnoje 3eMiau

DK3aMeHaMOHHbIN OmteT Ne22

1. Iapametpsl ciytarkoB ['JIOHACC u GPS
2. CwmenieHue reorpaduueckux MoarocoB

3. I'maBHBIE OCH UHEPIIUH

DK3aMeHaIMOHHbIN Ounet Ne23

1. I'paBuTaniioHHOE M0JIE 3€MJIIU

2. V3MepeHune CUITbl TSKECTH

3. CyTku Kak mepuo]1 BpalleHus 3eMIId BOKPYT OCH

DKk3amMeHamoHHbIA oOnet Ne24
1. Bomns! u uncia JIsBa

2. Ocu Tuccepana

3. ®urypa 3eminn

Dk3aMeHaMoHHbIN omet Ne25

1. Cwmemenue reorpaduyecKux MOJIIOCOB

2. Turbl BBICOT, UCTIOJIb3YEMbIE B T€0JIC3UU
3. Ilpeueccus u HyTarus

TecTbl

$$$ 1. On mepBBIM HPEMTOKUIT BMECTO T'€OUAA IS EOAC3MUCCKUX HU3MEPEHUI
HCIIOIb30BaTh IIOBEPXHOCTH KBA3UT'€OU IA;

A) KpacoBckuii;

B) MonoaeHnckuii;

C) IlennuuenH;

D) baysp;

E) Jlexxanmp.

$$$ 2. INomspHOE CxKaTHE BBIYUCIIAIOT 110 (GOpMYIIE:



A) PR
a-—-b
B)og=——"
a
a-b
C)a=——m;
a
D) a_a—b_
b 1
a+

$3$ 3. Ilepserit 3anyck MC3 nmpousomen:
A) 1961;
B) 1958;
C) 1957;
D) 1949:
E) 1951.

$$$ 4. HCcTpyMEHT, UCTIONIBb3YEMbIi [Tl KCCIICIOBAHKS BPAIICHUS 3EMJIH:
A) Teneckor;

B) nunamomerp;

C) paguoTeneckorr;

D) cepomerp;

E) rpaBumerp.

$3$ 5. Eaunuiia usmMepeHns mokasaresieil rpaBuMeTpa:
A) I'am;

B) xI"a;

C) mkIlam;

D) MTI'au;

E) mI"an.

$$$ 6. PasHocTh BBICOT Teona U pedepeHI-dIUTUIICOM 1A Ha3bIBAETCS
A) oHyNSLMS;

B) Mmonynsiuus;

C) BuOparus;

D) nokarus;

E) anomanusi.

$$$ 7. Tonsproe cxatue I13-90:
A) 1/298,2578309;

B) 298,257839;

C) 1/299;

D) 1/300,001,



E) 1/298.

$3$$ 8. IMonsapuoe cxarne WGS-84:
A) 1/299

B) 298,257839;

C) 1/298,25722356;

D) 1/300,001;

E) 1/298.

$$$ 9. Ilepuon obpamenus cnyrauka [JIOHACC Bokpyr 3emiud B cpeaHeM
paBeH:

A) 10 gacoB 15 MuHyT;

B) 9 yacoB 15 munyr;

C) 8 yacoB 15 MuHYT;

D) 12 yacos 15 munyT;

E) 11 gacoB 15 munyr.

$$$ 10. Kocmompom, ¢ KOTOporo 3amyckaror Ha opouty ciytauku I JIOHACC:
A) Mric Kanagepern;

B) baiikonyp;

C) Ilnecenx;

D) Cuuasn;

E) Xammarup.

$$3$ 11. KocMoapoM, ¢ KOTOPOro 3amycKaroT Ha opOuTy cyTHUKH GPS:
A) Meic Kanageper;

B) Baiikonyp;

C) Ilnecenk;

D) Cuuasn;

E) Xammarwup.

$$$ 12. On mepBBIM KHCIIOIB30BANl TEPMHUH «TeouHaMKKa» B 1859 roxy:
A) VY. KenbBuH;

B) JIxx. Cxuanapennuy,

C) dx. apBuH;

D) A. Berenep;

E) Y. lapBuH.

$$$ 13. B navane nBaanathix rogoB XX Beka OH BBICTYIHJ C TMIIOTE30H aperida
KOHTHHEHTOB 3EMIIU.

A) Y. KenbBuH,;

B) [Ix. Ckuanapennuy,

C) JIx. dapBuH;

D) A. Berenep;

E) Y. lapBuH.



$$$ 14. McTouHuKH HANPSHKEHUH B 3MHOM KOpe MOKHO Pa3/Ie/uTh Ha!
A) 2 rpynisr,

B) 4 rpynmsr;

C) 5 rpymnisr;

D) 6 rpym;

E) 3 rpymms.

$$$ 15. CoxpamienHoe nasBanue MexayHaponHoi Ciryx0Obl [100anbHBIX
Hapurannonueix CnyTHUKOBBIX CHCTEM:

A) IGS;

B) GIS;

O) SIG;

D) ISG;

E) GSI.

$$$ 16. Cokpamiennoe HazBanue MexayHapoaHoii Ciyx0bl Bparenust 3eMian u
CucreM KOOpAMHAT:

A) ISER;

B) SIER,;

C) IERS;

D) ISG;

E) GSI.

$$$ 17. Bonns! JIasa — »t0:

A) TOBEPXHOCTHBIE BOJIHBI, PACIIPOCTPAHSIOIINECS BIOJb IJIOCKON I'PAHUIIBI IBYX
TBEPJBIX CPEJl, MOAYJIH YIPYTOCTH U INIOTHOCTH KOTOPBIX HE CUIIBHO Pa3InyaroTCs;

B) HeszaTyxaroiye BOJHBI ¢ BEPTUKAIBHOM MOJspu3anyen, Oerymme mo rpaHuiie
YKUJKOCTH U TBEPAOTO TENa,

C) NOBEpXHOCTHBIE BOJIHBI C TOPU3OHTAIIBHOW MOJSIPU3ALIUEN, KOTOPbIE MOTYT
pPacIpOCTPaHATHCS Ha TPAHUILIE TBEPAOTO MOJIYIIPOCTPAHCTBA C TBEPIBIM CIIOEM;

D) 3aryxaroniyie BOJIHBI P3JIEEBCKOTO THIIA HA TPAHUIIE TBEPOIO TeJia C
KUJKOCTHIO;

E) noBepXHOCTHBIC BOJIHBI, paCHPOCTPAHSIONINECS BAOIb TPAHMIIBI TBEPIOTO Teja
C BAKYyMOM HJIM JOCTATOYHO Pa3pe:KEHHOM ra30BOM CpeoM.

$$3$ 18. /lns Bonn JIsBa XapakrepHa:
A) nucnepcus cBeTa,

B) nucnepcus casura;

C) nucnepcusi CKOpOCTH;

D) nucnepcust 4acTOTHI;

E) mucnepcus nedopmariuy.

$$$ 19. Bonbiuas nmonyocs awmmncouna WGS 84 pasua:



A) 6378137,0 u;
B) 6378142,0 m;
C) 6378141,0 m;
D) 6378136,0m;
E) 6378150,0 m.

$$$ 20. bounbrras nmonyocsk wunconsa [13 90 pasna:
A) 6378137,0 m;
B) 6378142,0 u;
C) 6378141,0 m;
D) 6378136,0m;
E) 6378150,0 m.

$$$ 21. Cokparennoe HazBanue MexayHapoHas 3eMHasl CHCTEMa KOOP/IUHAT:
A) RITF;

B) ITRF;

O) ITFR;

D) TIRF;

E) IRF.

$$$ 22. Kopa 3emiam He M0DKHA HMMETh BpAIECHHS OTHOCHUTCIBHO 3E€MHOM
CHUCTEMBI KOOPJWHAT, OCH BEIOPAHHOM TaKUM 00pa30M CHCTEMBI Ha3bIBAIOTCS:

A) ocsamu JlsBa;

B) ocsmu Tuccepana;

C) ocamu JIxoyns;

D) ocsamu Jlenma;

E) ocsamu Tuccora.

$$$ 23. Ocu, OTHOCHTENBHO KOTOPBIX IICHTPOOEKHBIH MOMEHT WHEPIUH
oOparaeTcs B HyJIb, Ha3bIBAIOTCS

A) LIECHTpaJIbHBIMH OCSIMH,

B) purypuasiMu ocsimu;

C) ocamu Tuccepana;

D) ocsimu uHepyy;

E) pacdetHpIMU OCsIMU.

$$$ 24. B nHacrosiiee BpeMst OCh BpallieHus: 3eMJIM OTKJIIOHEHA OT BEPTUKAIN Ha
yTOJ:

A) 23°27",

B) 24°27",

C) 25°27,

D) 26°27",

E) 27°27".

$$$ 25. 'eone3nyeckue BHICOTBI — ATO:



A) pacCTOAHUEC OT IIOBEPXHOCTH I'€OMIa 10 TOYKH,

B) pacCTOAHHUEC OT ITOBEPXHOCTH KBA3UI'€CONJIA 10 TOYKH,

C) PaCCTOAHUC OT ITOBCPXHOCTH 3JIMIICOHUAA 1O LCHTPA MACC BCMJII/I;

D) PACCTOAHUC OT IIOBCPXHOCTH IJUIUIICONAA OO0 OPTOMCTPUYICCKOI'O OCHTPA,
E) PaCCTOAHUC OT ITOBCPXHOCTH SJINIMIICOUAA 1O TOYKH.

$$$ 25. MunnmanbsHble pa3Mepbl BHIPAOOTaHHOTO IPOCTPAHCTBA,
o0ecrneunBaroIee pacpocTpaHeHHe MPOoIecca CABMKEHHS 10 3€MHOM MOBEPXHOCTH,
oOycIioBJIeHa:

A) KpemnocTsio mopo; moipaboTaHHOTO MacCHBa, TIIyOMHOU pa3padOTKu U
10/IpabOTaHHOCTHIO BBIIIETEKAIIEH TOMIIH;

B) BeiHuMaemoii MOIIIHOCTBIO U YTJIOM NaJCHUS IJ1ACTa;

C) KpenocTtsio mopo; o ipaboTaHHOTO ACCUBA, YTIIOM MaJIeHUs U TITyOHUHOM
pa3paboTKH IIACTA;

D) KpenocTsto nopo1 noipab0TaHHOIO MacCuBa U yIJOM IaJeHU IJ1acTa;

E) Kpenoctbto nopoj nopaboTaHHOTO MaccuBa.

$$8 26. Ykaxure ocoOeHHOCTH pacipeneseHus CIBIKEHUHN 1 nedopMarinii
3eMHOM MOBEPXHOCTH B MYJIbJIE TIPH OTPAO0OTKE HAKJIOHHOTO TIACTa!
A) Mynblia UMeeT aCHMMETPUUHYIO (POPMY 3a CUET CMEIICHUS €€ Kpasi B CTOPOHY

nmagcHuAd 1miacTta, TO4YKu ¢ MaKCHUMaJIbHBIMHU 3HAYCHUSIMU 1 u 5 | k He COBIIaAarOT

JPYT C APYTrOM; TOUYKA CO 3HAYCHUEM ¢=0 nepeMeIaeTcsi B CTOpOHY BOCCTaHUS
IIacTa;

B) Mynpna nMeeT acuMMETpUUHYIO (OpMY 3a CUET CMEIIEHUSI €€ Kpasi B CTOPOHY
najeHus [J1acTa; TOUYKaM repernda KpuBoi 7 COOTBETCTBYIOT MaKCUMAaJIbHBIC
3HaveHus | u & , B OTUX TOYKax ¢~ 0k=0 :

C) B nonymybe o najeHuto miacta Touka ¢ MaKCUMadbHBIMU
TOPU30HTATBHBIMU CABUKCHUSIMU MPUOTUKACTCS K TOUKE C MAKCUMAJIbHBIM
OCeIaHHEM; B [IEHTPE MYJIbIbI 1=0,6=0k=max ¢, =0 :

D) B nonymynbze 1o nmajieHuo miacTa Touka ¢ MaKCUMaJbHbIMHU
TOPU30HTATBHBIMU CABWKCHUSMHU MPUOIHNKACTCS K TOUKE ¢ MAKCUMAJIBHBIM

OCENIaHUEM; B LIEHTPE MyIbIbl | o0 ¢=0k=max &, =0.

E) Mynbaa umeeT acuMmMeTpuuHyIo (popMy 3a CUET CMEIIIEHUS €€ Kpas B CTOPOHY
[aICHNS ILIACTA; TOYKU ¢ MAKCUMAJIBHBIMH 3HAYCHUAMU | U %, € K He COBIALAIOT

JIPYT C APYroM; TOUKA CO 3HAYeHHEM 5 — M3 [epeMelmaeTcs B CTOpOHy BOCCTAHMS
nacTa .

$$$ 27. 'paHMUHBIMU yTiIaMH HA3bIBAIOTCS] BHEIITHUE OTHOCUTEIILHO
BbIPAa0OTAaHHOTO MPOCTPAHCTBA YIJbl, 00pAa30BaHHbIEC HA BEPTUKAIBHBIX pa3pe3ax o
TJIABHBIM CEYEHUSAM MYJIbJIBI:

A) T'opuzoHTaNBHON JTMHUEH U JIMHUSIMHE, COSAUHSIIONMMU TPAHUIIBI BEIPAOOTKH
C TPaHMIIAMU 30HBI ONIACHBIX CIABUKEHUN HA 3€MHOU ITOBEPXHOCTH;

B) Jlunuei miacta v AMHUSIMU, COSTUHSIONIMME TPAHUIIBI BBIPAOOTAHHOTO
IIPOCTPAHCTBA C TPAHUYHBIMU TOYKAMHU CIBUKEHUS 3€MHOU TOBEPXHOCTH;



C) 'opuzoHTaNbHOM TUHUEN U JIMHUSIMU, COSIUHSIOIIUMHU TPAHUIIBI
BbIPAa0OTAaHHOTO MPOCTPAHCTBA C TPAHUYHBIMU TOUKAMU CABUKEHUS 36MHOU
MTOBEPXHOCTH;

D) I'opuzoHTaNBHOM JTUHUEH COCAUHSIONICH TPpaHUIIbl BHIPAOOTAaHHOTO
MIPOCTPAHCTBA C TPAHUYHBIMU TOUKAMH CIBUKEHUS 3€MHOM ITOBEPXHOCTH;

E) JIunueii nnacta v TMHUAMHA, COSAUHSIIONAMHA TPAHUIIBI BEIPAOOTKH C
TPaHULIAMHU 30HBI ONIACHBIX CABUKEHHUM HA 36MHOW MOBEPXHOCTH .

$$8 28. Vkaxwure pazmepHOCTH tehopMannii HaKJIOHOB M OTHOCHUTEIBHBIX
TOPH30HTAIBHBIX Te(hOpMAIIHIA:

A) Mm/m;

B) 1107 I/m ;

C) 1*107;

D) I/'m ;

E) mm/m 3.

$$8 29. Vkaxure HenpaBWIBHBIN OTBET HAa BOIPOC O BIUSHUH HA MTPOIIECC
CABWKEHUS 36MHOM MOBEPXHOCTU TEKTOHUYECKUX HAPYIICHUM:

A) BeayT K BBINOJAXKUBAHUIO TPAHUYHBIX YTJIOB U YIJIOB CABHXKCHUS U POCTY
BEJIMYMH MaKCUMAaJIbHBIX CIIBUKEHUN B MYJIBJIE;

B) Onu yacTo sSIBASIIOTCS! HANPABIISIIOUIMMHU TIOCKOCTSIMU CIBHKEHUS TTOPO/I, YTO
MPUBOJUT K UCKAKEHUIO JEUCTBUTEIBHBIX BEJIMYUH YTJIOB CABUKCHHUS;

C) Bri3biBatoT nepepacnpeaesieHue aehopmaiuii B MyJib/ie U UX KOHIICHTPAIUIO B
MeCTaX BBIXOJOB TPEIIHH MOl HAHOCHI WM Ha 36MHYIO TIOBEPXHOCTH;

D) BrI3bIBatOT nepepacupeiesieHHe rpaHUYHbIX YIJIOB U YIJI0B CABHKECHUS U
POCTY BEJIMYMH MAaKCUMAaJbHBIX CABUKEHUI B MYJIbJIE;

E) Be3biBatot nepepacnpeneneHue negopmMainii, 4To IpUBOJIUT K UCKAKEHUIO
JEWCTBUTEIbHBIX BEJIMYUH YIJI0B CABUKECHHUS .

$$$ 30. Vkaxkure HeNpaBUIbHBINA OTBET Ha BOIPOC 00 0COOEHHOCTSIX MpoIecca
CIBYDKEHUS TOJIIIIH MOPOJI, CIIOKEHHON KPETTKUMU TTOPOIaMHU:

A) Bosbliiasi MOIIIHOCTh KPENMKKUX MOPOJI TOJIIIN CIIOCOOCTBYET 3aBUCAHUIO TTOPOJT
Y 3aMEJIJIEHUIO MPOoLiecca CIBUKEHNUS,

B) C yBenuueHnem KpemnocTy MOpo TONIIU TPAHHYHBIE YTIIbI CTAHOBSITCS KPYyYe;

C) C yBenuueHHeM KpEnoCTH MOPOJ BO3PACTAET HHTEHCUBHOCTH Mpolecca
CIBIDKEHUS U YBETTMUMBACTCS MAaKCUMAIIbHOE OCEe/IaHNE B MYJIBJC;

D) Bosnbiiast MOITHOCTE KPENKUX MOPOA TOJILIU CIIOCOOCTBYET YBEIMUEHUIO
KPEIOCTH MOPOJT;

E) C yBennueHnneM KpenocTy NopoJ 3aMeJIIeTCsl MPOLecca CIBUKEHUS .

$$$ 31. [To crenenn HapyMIEHHOCTH TOPHBIX TIOPOJI B TOIPa00TaHHON TOJIIIIE
BBIJICTISIFOTCS 30HBIL:

A) TInacTuueckoro Te4eHus Mopo, OMIOPHOTO AABJICHUS, Pa3TPY3KH;

B) OOpy1enui, TpeuuH 1 mporudos 0e3 pa3pbiBOB;

C) becrnopsgouHoro o0pyIieHus, MIACTUYECKOT0 TEUSHUS TTOPOJI, TPOTUOOB U
HOPMAaJIbHBIX CIIBUKEHUIM.



D) Bce npaBuibHbIE OTBETHI;
E) Het npaBuiibHOTO OTBETA.

$$8 32. Vxaxure popmyny onpeaeneHus MaKCUMaIbHONW CKOPOCTH OCETaHUS
TeMHOM noBepxHOCTH 1151 KaparanauHckoro 6acceitna:

U, =1,2M(1+ olgi)
A) H H™, MM/ cyr;
U, =14
B) U, mm/ cyr;
u, =143 1+ 03
U, zllzw(pro.gi)
D) H, H™ vw/ CYT ;
u, =1.2M @+03M
C H™ MMm.

$$$ 33. Pe3skoMy CHMKEHUIO BETMYMH CABMKEHUH U eopMartuii 3eMHO
MOBEPXHOCTHU NPH OTPAOOTKE IMIACTOB CIIOCOOCTBYIOT:

A) YactuuHas 3akijafKa U3 OyTOBBIX ILITPEKOB;

B) Kamepnbie cuctemsl pa3paboTky;

C) 3aknaaka HapaOOTAaHHOTO MPOCTPAHCTBA MOPOJOH, TOCTABISIEMON U3-32a
IpEeIeIOB OUNCTHOU BBIPAOOTKH;

D) Yactuunas 3akiagka mpocTpaHCTBA MOPOAOH;

E) 3aknanka HapaOOTaHHOTO MPOCTPAHCTBA U3 OYTOBBIX HITPEKOB.

$$$ 34. 'paHruHBIC YTIIBI HCTIOIB3YIOTCS:

A) Jlnsg onpeneneHust pa3MepoB MYJIbJIbl CIIBHXKEHHSI IPU PacuyeTax 0’KUIaeMbIX
CABWXKEHUH U neopManuii 3eMHOM MOBEPXHOCTH, @ TAKXKE /I OKOHTYPUBAHUS HA
MTOBEPXHOCTH 30HBI BIUSIHUS TOPHBIX padoT;

B) Jlns okOHTYpUBaHUS HA TOBEPXHOCTHU 30HBI OMACHBIX CIBHKCHUH ;

C) 11 OKOHTypUBaHUS TOBEPXHOCTH 30HBI TPELIMH U MPOBAJIOB;

D) 1151 OKOHTYypHUBaHUS MYJIbJIbI CABUKEHHUS;

E) lns onpenenenus nedopmMarinii 3eMHOM MOBEPXHOCTH.

$$$ 35. KpuBuzHa 3eMHO# MOBEPXHOCTH B MYJIbJIC CABMIKCHUS OMPEICIIICTCS
BBIPaYKEHHEM:
i, —i Al b 8°
=2 _ Al _on

A) | | ox oxP .

cp cp ;
2.

K:?_n:(g_n:a_;

B) i3 X OX° .

_”;w_ﬁz_”_a_i

SR PV
C) X X .

cp
’



D) L, L, ox ox.

) l,  OX

i
OX

$$$ 36. Yrioom MakcHMaabHOTO OCEIaHUs IIPH HEMOJIHOM MOApaboTKe
Ha3bIBAETCS YIoJl CO CTOPOHBI NMaJeHU IJ1acTa, 00pa30BaHHBIM HA BEPTUKAIIBHOM
pas3pese Mo riIaBHOMY CEUYCHUIO MYJIbAbI BKPECT MPOCTUPAHUS IUIACTA!

A) I'opu3oHTaNIBHON JMHHEHN U JIMHUEH, COSIUHSIONICH CepeIMHY OYMCTHOMN
BBIPA0OTKU C IPAHUIEH TIJIOCKOTO JHA MYJbBI;

B) I'opuzonTansHOl NUHUEH U TUHUEH, COSTUHSIONIEH CepeIMHY OUUCTHOM
BBIPAOOTKU C TOUKOW MaKCUMAIBHOTO OCEaHUS B MYJIB/IC;

C) [1mockocThIO M1acTa U JTUHUEH, COSTUHSIONIEH CepeIMHY OUMCTHOM
BBIPAOOTKU C TOUKOM MaKCUMAJIBHOTO OCEIaHUsI B MYJIBJIC ;

D) I'opuzoHTaIbHON TUHUEH COSTUHSAIONICH IPaHUIIbI BHIPAOOTaHHOTO
IPOCTPAHCTBA C TPAHUYHBIMU TOYKAMHU CIIBMYKEHUS 36MHOU [IOBEPXHOCTH;

E) Jlunueii nnacta v IMHUAMH, COSAUHSIIONUMU TPAHUIIBI BEIPAOOTKH C
rPaHULIAMHU 30HBI OMTACHBIX CIABMKEHHUM HA 36MHOW MOBEPXHOCTH.

$$8 37. Vriasl caABMKEHHUS B ME3030MCKUX OTJIOKCHHSX TIpu hm>20 M jyis
KaparananHckoro 6acceilHa NpUHUMAIOTCS PaBHBIMMU:

_ Ap0

A) Fn =065

B) 9 =70° 060
__ =A0

C) On =70°.

Ao
D) S =65° ~06a .
E) 5m =0,605.

$$$ 38. AxkTuBH3aIUs mpoiiecca CABMKECHUS TOPHBIX MTOPOJT 00YCIOBIMBACTCS:

A) Manbim ko3 hunineHToM noipaboTaHHOCTHU TOJIIIY OPO]I TPU MTEPBUUHON
noApaboTKe;

B) 3aBucanuem nopoj npu nepBUYHON NOAPabOTKE U €ro YCTPAHEHUEM MpU
MOBTOPHBIX MOAPAOOTKAX;

C) U3meHeHueM (HU3MKO-MEXAaHUYECKUX CBOWCTB TOJILH MTOPOJ B PE3yJIbTaTe
MEePBUYHON MOAPAOOTKY;

D) Uzmenenunem koadpuiinenTa noapadboTaHHOCTH TOJIIU TOPOJ MPU IEPBUIHON
nmoapadoTKe;

E) Hapymenuem ¢pu3nko-MexaHMUECKUX CBOMCTB TOJIIY MOPOJ B pe3yIbTaTe
MEePBUYHON MOAPAOOTKH.

$$$ 39. Yron MakcMMaabHOTO OCEIaHUsS U YIJIbI MOJHBIX CABUKCHHUH CBSI3aHbBI
(GYyHKUIHMOHAIBLHOM 3aBUCUMOCTBIO:
A) C KpaTHOCTBIO TOAPAOOTKY;



B) C BeiHUMaeMO#t MOIITHOCTBIO 1J1ACTA;
C) C yriom najzeHus miacra ;

D) C pazmepom MyIb/ibl;

E) C nedopmaiinii moBepXxHOCTH.

$$$ 40. Benmmuunasl nedopmariuii 3eMHOI MOBEPXHOCTH CBSA3aHBI C KPATHOCTHIO
oAPabOTKH:

A) IIpsimoii 3aBUCHMOCTBIO;

B) He cBs3ansr;

C) ObpaTHOIi 3aBUCUMOCTBIO;

D) IIpsimoii 1 00paTHOM 3aBUCUMOCTBIO;

E) Her npaBuiibHOTO OTBETA.

$$8 41. Vxaxkure MUHUMATBHYIO CKOPOCTh OCEaHMsI 3¢MHOW TTOBEPXHOCTH B
MIEPHUO/T OTIACHBIX JePOopMalIUii TPH TOJIOTOM U HAKJIOHHOM 3aJIeTaHUU TUIacTa:

A) 30 mm/mec;

B) 10 mm/cyT;

C) 50 mm/mec;

D) 20 mM/cyT;

E) 40 mm/mec.

$$$ 42. KoadpdurmenTs! 1o paboTaHHOCTH UCTIOIB3YIOTCS JIJISl pacdera:

A) BennuuH ciBuxeHuid aedopMaiiii 3eMHOM MOBEPXHOCTU B MYJIbJIE
CIBIKCHUS;

B) PazmepoB nonymysba;

C) YrI10BBIX TapaMeTpOB MPOLECCA CABUKCHMUS;

D) VnoB caBuxeHus;

E) lepopmaruii mpu mojaoromM 1 HAaKJIOHHOM 3aJIeTaHUU TUIacTa.

$$8 43. Vrasl caBmkeHns B KAMEHHOYTOJILHBIX TIopoJiax /sl KaparananHcKoro
OacceiiHa MPUMHUHAIOTCST PaBHBIMU:
A) f=60°~04*a y=5=60"

B) L=70°-06*c ’ y=5="70° :
C) B=55"+05*a y=5=55.

D) #=60"+05%a y=5=60.
E) #=55"-05+a y=05=55"

$$$ 44. I'paHuIbI 30HBI OMTACHBIX CIABMKCHUI B MYJIBJC XapaKTEPHU3YIOTCS
CIICAYIONICH 3HAYCHUSAMU OCEIaHUU U JehOpMaIii 3eMHON TTOBEPXHOCTH:

A)77 =15, i=2.0%107, £,=05%10",
B) 7= 150m, €, =20%107 k= 02*103|/M
)._40*103, k=02*10"1/m,¢, _20*10-3



D) i=4.0%102, k=02*1071/1,¢,=20%*107,

E) Het npaBmiibHOTO OTBETA.

$$8 45. OOBOAHEHHOCTH TOPHBIX TIOPO]T BHI3LIBACT:

A) CnocoOcTBYyeT pocTy HHTEHCUBHOCTH MPOLIECCa CABUKEHUS U YBEIIMUEHUIO
€ro MpOAOJIKUTEIBHOCTH;

B) BrinonaxxuBaHue yriioB CABHKEHHS U TPAHUYHBIX YIJIOB ;

C) YBenuueHne BepTUKAIBHBIX CIBIKEHUHN U 1eopManuii 3eMHOM MTOBEPXHOCTH
B MYJIBJE;

D) CniocoOcTByeT pocTy HHTEHCUBHOCTH IIPOLIECCa CABUKEHUSI U YMEHBIIIEHUIO
€ro MPOAOJDKUTEIBHOCTH ;

E) YMmensbienne BepTUKaIbHBIX CABMKEHUH U tepopmariuii 3eMHON
MTOBEPXHOCTH B MYJIBJE.

$3$$ 46. Yxaxure HenpaBUWIbHBINA OTBET Ha BONPOC, K YEMY IIPUBOTUT
YBEJIMYEHUE CKOPOCTHU MOJIBUTAHUSI OYMCTHOM BBIPAOOTKHU:

A) K HEKOTOpOMY YBEIMUEHUIO YIJIOB CABUKEHUS U TPAHUYHbBIX YTJIOB B
JUHAMHYECKON MYJIbJIE 10 HANIPABJICHUIO IBUKEHUS 32005

B) K BbInoiaxvBaHUIO YIJIOB CIBUKEHUSI YMEHBUICHUIO BEJIMUUH CIIBUKEHUH U
nedopMaiiuii 3eMHOM MOBEPXHOCTH;

C) K pocty ckopocTu cMelleHHs] TOUEK N0Apab0TaHHON TOJIIH U COKPAILICHUIO
IIPOJIOJKUTEILHOCTH MPOIIECCa CIBUKEHHUS;

D) K yMeHbIIIeHHUIO YTJIOB CABMXKEHUS U YBETUUCHHUIO BEIMINH CABHKCHHUH 1
nedopMaiiuii 3eMHOM MOBEPXHOCTH;

E) K crimaxxuBaHuio yrioB CIBUKEHHSI YMEHBIIEHUIO BEJIMUMH CABUKEHUN U
nedopmariiii TOBEpXHOCTH.

$$8 47. Kak BrusieT Ha mpoiiecc CABMKCHHUS TOPHBIX ITOPOJ U 36MHOMN
MOBEPXHOCTU OCTaBJICHHUE LIETUKOB YIJIsl B BHIPaOOTAaHHOM HPOCTPAaHCTBE? YKaxeTe
HENPABUJIIBHBIN OTBET.

A) TIpodunb MynibJbl CTAHOBUTCS HEIIJIABHBIM, YTO BEAET K YMEHBIIIECHUIO
BEJIMYMH CIBIKCHUM U fehopmaluii 3eMHON TOBEPXHOCTH

B) [Ipoduns Mynbapl Ha 36MHOM MOBEPXHOCTH CTAHOBUTCS HEIJIAaBHBIM, HAJl
LEIMKaMU Pa3BUBAIOTCS IONOJHUTEIbHBIE ehopManuy;

C) Uenuku yras BOCOPUHUMAIOT Ha C€0s1 HArpy3Ky CABUTAIOLIMXCS TOPHBIX
MOPOJ U MPEMATCTBYIOT PA3BUTHIO MTPOLIECCA CIBUKEHNUS,

D) IIpoduiib Mynbabl CTAHOBUTCS TUIABHBIM, HAJl EIUKAMU Pa3BUBAIOTCS
JOTIOJTHUTENbHBIE JehopMalny;

E) [Ipoduib Mynpasl BOCOPUHUMAIOT Ha ce0sl Harpy3Ky CIBUTaIOUINXCS TOPHBIX
NOPOJ U MPEISATCTBYIOT PA3BUTHIO ITPOLIECCA CIIBHIKEHHS.

$$8 48. Ilpu oTpaboTke KpyTOMAIAFOIIETO TIacTa TOYKa MAaKCHMAaJILHOTO
OCEIaHuUs PaCIoIaracTcs:

A) Hap BepxHel rpaHuiieil BeIpaOOTKH;

B) Han nuxHelt rpanutieii BbIpaOOTKY;



C) Han cepenuHoii BBIpaOOTKY ;
D) Hax npoTuBOIONI0KHOM IpaHUIel BHIPAOOTKH ;
E) Bozne 6opta oTkoca.

$$8 49. B ropucTthIx paiioHax moapadboTka CKJIOHOB TOP:

A) CnocoOcCTByeT yBEIIMUECHHUIO Pa3MEPOB 30H OTIOPHOTO JIABJICHUS ;

B) Ceoaut npornecc cABMKEHUS K O€CTIOPAI0YHOMY OOPYILICHHUIO TTOPO/T
oIpabOTaHHOMN TOJIIIIH;

C) Bri3bIBaeT pa3BUTHE OMOI3HEBBIX SABJICHUM ;

D) [Ipoucxoaut npouecc CABMKEHUS;

E) CrtocoOcTBYyeT yMEHBIIICHUIO Pa3MEPOB 30H OMOPHOTO JIABJICHUS .

$$8 50. Yrmamu pa3pbiBOB Ha3bIBAIOTCS YIIIbI, 00pa30BaHHBIC:

A) IInockocThiO TUIACTA U TUHUSMU, COSTUHSAIONIMME TPAaHUIBI BBIPAOOTaHHOTO
IPOCTPAHCTBA C KPAaWHUMU K TPAHULIE MYJIbJbI TPEIIUHAMHU HA 36MHOU ITOBEPXHOCTH ;

B) I'opu3oHTanbHOM MJIOCKOCTHIO U TUHUSMH, COSTUHSIOIIUMU TPAHULIBI
BBIPA0OTAaHHOTO MPOCTPAHCTBA C KPATHUMU K TPAHUIIE MYJIb/Ibl TPEIIMHAMU Ha
36MHOU MOBEPXHOCTH ;

C) lN'opuzoHTaIBHOM TIIOCKOCTHIO U JIMHUSIMU, COSTUHSIONTUMU TPaAHUIIbI
BBIPA0OTAaHHOTO MPOCTPAHCTBA C TPAHUIIAMU 30HBI OMACHBIX CABMYKEHHUM HA 3€MHOU
MTOBEPXHOCTH;

D) I'opuzoHTaNbHOM JIUHUEH COSAUHSIONICH TPaHUIIbl BHIPAOOTAaHHOTO
MPOCTPAHCTBA C TPAHUYHBIMU TOYKAMHU CIBUKECHUS 36MHOW OBEPXHOCTH;

E) JIunueit nnacra v TUHUSIMEU, COCIUHSIOIIUMU TPAHUIIBI BBIPAOOTKHU C
rPaHULIAMHU 30HBI OMTACHBIX CIABMKEHHUM HA 36MHOW MOBEPXHOCTH.

$$$ 51. s 3amuThl moapabaThiBAEMBIX COOPYKEHHI OT BPEIHOTO BIIMSHHUS
TOPHBIX pa3pabOTOK MPUMEHSIOT:
A) PanyionanbHOE TJIaHUPOBAHKE TOPHBIX PA0OT U KOHCTPYKTUBHbIE
MEpONPHUATHSI;
B) CtpoutenbHble MEPONPUSTHS U OCTABIEHUE NIPETOXPAHUTEIBHBIX LIETUKOB;
C) 'opHOTEXHHUYECKHUE U KOHCTPYKTUBHBIE (CTPOUTENIbHBIE) MEPOIIPUSATHUS;
D) I'opHOTEXHUYECKHE MEPOTIPUATHUS 110 OCTABJICHUIO 1IEJIUKOB.

$$$ 52. Paamyc kpuBU3HBI 36MHOM MOBEPXHOCTH Ha KXKIYIO ATy HAOIIOICHHIA
paccuuThIBaeTCs 1o Gpopmyre:

S
A) K in _in—l .
r=Al
B) b
R_nn nn—l
C) -
ol e
K lha— 1,



R 77n_77n—1

E) |

$$8 53. I'opuszoHTaNbHBIE CABMKEHHS PETEPOB HA i-F0 ATy HAOIIOICHUH
OTIPEEIISIOTCS 10 (popMyJIe:

A) é:i:Ai_Al :
B) fizli_ll

C) fi :|1¢3M+ZAI'
D) é:i :Il_li :
E) ﬁi :Al_Ai )

$$$ 54. [Ipu moctpoeHnn rpadKOB CIBUKECHUHN U JepOpPMAIIAN 1 36MHOM
ITOBEPXHOCTH 3HAK 'MHUHYC'" IPUNKCHIBAIOT BEIUYNHAM:

A) Ocenanusi, TOPU30HTAIBHBIX CIABM)KEHUIN U HAKIOHOB , KpUBU3HBI
BOTHYTOCTH;

B) ['opu30HTaIbHBIX CABUKEHUI U HAKJIOHOB B CTOPOHY NAJCHUS U B
HaIlpaBJIeHUH, OOPATHOM MTPOCTUPAHUIO IJIACTA, KPUBU3HBI BOTHYTOCTH U
TOPU30HTAJIBHBIX JlehopMaLiuii CKATHUS;

C) Hedopmanuii B eHTpaIbHON YacTU MYJIbJAbI CABHIKEHUS;

D) I'opu30HTaNbHBIX CABMKEHUM B LIEHTPAJIBHON YaCTH MYJIbJIBI CABHIKCHUS;

E) Jdedopmariuii 1 HAKJIOHOB B CTOPOHY NaJ€HUS U B HAIIPABJIEHUHU, 0OpaTHOM
IPOCTUPAHUIO IJ1aCTa, KPUBU3HBI BOTHYTOCTH U TOPU3OHTAIBHBIX eopManuii
CoKaTU.

$$$ 55. KomrutekcHbIi METO M3y4YEHUS TIPOIIeCcCa CIBUKCHUS TOPHBIX TIOPO U
36MHOM OBEPXHOCTH BKIIFOYAET:
A) MogenvupoBaHre Ha S5KBUBAJICHTHBIX MaTepHaiaX Ha C ONTHYECKH
aKTUBHBIMH MaTepHallaMH, IIECHTPOOEIKHOE MOJICTTMPOBAHHUE ;
B) Hatypusie Habmo1eHIs, MOJCIMPOBAHNE, IIIAXTHBIC UCCIICIOBAHMS,
C) Harypusblie HaOmt01eHUsI, J1a0OpaTOPHBIE U TEOPETUUECKUE UCCIICI0OBAHUS;
D) LlenTpo6esxHOE MOACIUPOBAHNE U HATYPHBIC HAOTIOICHUS;
E) TeopeTnueckue ncciaeoBaHus C ONTHUYECKH aKTUBHBIMU MaTepUaIaMH.

$$$ 56. IIpoexT HAGIIOAATELHOM CTAHIMN BKIKOYAET B C€0s CIIEAYIOIINE
MaTepuabl:

A) Onrcanue ropHO-T€0JIOTMYECKUX U TOPHOTEXHUYECKUX YCIOBUM, METOIUKA
HAOIIOICHHM, pacdyeT NPOGUIHHBIX JTHHHH ;

B) Ilinan nmoBepXHOCTH, MPOEKTHOE U (PAKTHUECKOE TTOJIOKEHUE TOPHBIX
BBIPA0OTOK, COOPYKEHUS U MTPEIOXPAHUTEIbHbBIC LIEIUKH, PacdeT MpOo(PHIbHBIX
JINHUU;

C) [1nan HabM01aTENBHOM CTAHIIMM, F€OJIOTMUECKHUE pa3pe3bl M0 NPO(UIbHBIM
JIMHUSIM, TIOSICHUTEJIbHAS 3alHCKa;

D) Ilnan ropHO-T€0J0TMYECKUX U TOPHOTEXHUYECKUX YCIIOBUM;



E) Ilnan HaOGnrogaTenbHON CTaHIIMU, TPOEKTHOE U (PaKTHUECKOE MOT0KEHUE
TOPHBIX BBIPAOOTOK.

$3$$ 57. IlnanoBas mpuBsI3Ka CIOPHBIX PENepOB MPOPUIBHBIX TMHUN

OCYLIECTBIISETCH:
A) ITyTeMm BCTaBOK B CYILECTBYIONIYIO CETh, IPSMBIX U OOPATHBIX 3acedek 00
MPOKJIAIKOM T€OIOJUTHBIX X040B TOUHOCTH HE HUxe 1:2000 ;
B) [lytem co3ganusi reOMETPUUECKHUX CETeH U rpad)uIeCKUMU 3aCCUKaMH ;
C) Husenuposanuem III-IV knaccoB B npsiMOM U 0OpaTHOM HalpaBJICHUSX;
D) ITytem BCTaBOK B CYIIECTBYIOIIYIO CETh, IPSIMBIX U OOPATHBIX 3acedek 0o
IIPOKJIAJKON TEOJOJIUTHBIX X0I0B TOYHOCTH HE HUke 1:5000;
E) ITpoxnankoi T€OAOJUTHBIX X0/I0B TOYHOCTH He Huxe 1:2000.

$3$8 58. Crkopocts ocemanus pernepa B MPOMEKYTKE MEKIY IBYMsI CEPUIMU
HAOJIOZICHUM OIpeeNsieTcs 1o popMyIie:

U_:nn_nn—l
A) l
u =1
B) I At .
U_Zl—Zi
o) IR
U 44
D
u -

E) = At

$$$ 59. [l onpeneneHust TpaHUYHBIX TOYESK MYJIBJIbI CABMIKEHUS HCIIONB3YOTCSI
CJIEIyIOLIME 3HAYEHUSI KPUTUYECKHUX CABMKEHHHU U 1eopMaliiid 3eMHOM
IIOBEPXHOCTH:
A) 71=100,i = 40*107,¢, =2,0%107 .

B) n=15ii ,i=05%107,¢£, =05%107,
c) 7= 150m,i =4.0%107°, k =0,2*107 ¢, —20*10-3
D) 7= 1511 ,i=4.0%107,x=0,2*10", &, —20*10—2

*10-3 _ *10-3
E) 1 =15mum,i =0.5*10 &, =05*10 .

$3$$ 60. K meproay onacHbIx gedopManiii 3eMHOM TTOBEPXHOCTH IIPH MOJIOTOM
3aJIeraHu| TUIacTa OTHOCUTCS MMPOMEKYTOK BPEMEHHU, B TEYEHUE KOTOPOTO CKOPOCTh
OCeJIaHMsI pENepoB:

A) He nipeBsimana 5 Mmm/mec;

B) Cocrasnsiiia He meHee 50 MM/Mec;

C) Cocrasnsna He MeHee 30 MM/Mec;

D) Cocrarnsina ne menee 40 mm/mec;

E) He npessbimana 10 mm/mec.



$$$ 61. [Ipu moctpoeHn rpadKOB CABMIKCHUHN U JehOopManiuii 3eMHOMN
MTOBEPXHOCTH 3HAK "TUTIOC' IPUITUCHIBAECT BEJIUYNHAM:

A) Ocenanusi, TOPU30HTAIBHBIX U BEPTUKAIBHBIX Ae(POpMalIUii Ha KPaeBbIX
y4acTKaxX MYJbJbl CIBUKEHUS;

B) Ocenanus, Topu30HTaIBHBIX CABUKEHUN B CTOPOHY BOCCTAHUS U
MPOCTUPAHUS TIJIACTa, HAKJIOHOB B TTOJIYMYJIBbJIaX TI0 MAJEHUIO U TT0 TIPOCTUPAHMIO,
KPUBH3HBI BBITYKIIOCTH ¥ TOPU30HTAIBHEIX JIehopMaIuii pacTsoKeHHUS,

C) Ocenanusi, rOpU30HTAIBHBIX CABMKEHHUI B CTOPOHY MAJEHUS U IPOCTUPAHUS
TJ1acTa, HAKJIOHOB, KPUBU3HBI BBITYKJIOCTH U TOPU3OHTAIBHBIX AeOpPMAIIHA CIKATHUS;
D) Ocenanusi, BepTHKAIBHBIX AehOpMaIHii Ha KPAeBBIX YUACTKAX MYJIbJIbI

CIBWKCHHUS;

E) Ocenanusi, BepTUKAIbHBIX CABUKEHUI B CTOPOHY BOCCTAHUS U MTPOCTUPAHUS
11acTa, HAKJIOHOB B MOJIYMYJIbJIaX 10 MaJI€HUIO U M0 MPOCTUPAHUIO, KPUBU3HBI
BBINTYKJIOCTU Y TOPU3OHTAIBHBIX JeOpMAIIUA PACTSKEHUSI.

$$$ 62. CHmxenue penepoB B BEpTUKAIBHOW U TOPU30HTAIBHON TIIOCKOCTSIX
OIIPEAENAIOTCA:
A) MeToiaMu reoOMETpUYECKOT0 U TPUTOHOMETPUYECKOTO HUBEIIUPOBAHUS;
B) [lyTem nMHENHBIX 3aMEPOB OT OMOPHBIX PENEPOB;
C) C noMonib10 HUBETUPOBAHUS U U3MEPEHUSI MHTEPBAJIOB MEXK]y perepaMu;
D) C nomomubto HuBenuposanus I1I-1V knacca;
E) Her npaBuiibHOTO OTBETA.

$$$ 63. 3a Hawano nporecca CABMKCHHUS 36MHOM TOBEPXHOCTH IIPUHIUMAETCS
JaTa, Oce/laHus perepa npesbimaer S0 Mmm/mec:
A) Tlocne KOTOpo# CKOPOCTh OceaHus perepa mpesbimaet 50 Mm/mec;
B) Ha xoTtopyto ocenanue penepa 10CTUTIO 15 MmM;
C) [locne koTopol CKOPOCTh OCEaHus Perepa MPEBBIIIACT 5 MM/MeC;
D) IMocne koTopo# CKOPOCTh ocefaHus penepa mpesbimaet 30 Mm/mec;
E) Ha xotopyro ocenanue penepa gocturio 10 mm.
$$$ 64. Pacxoxnenue B JyIMHAX OJTHOTO M TOTO YK€ HHTEPBaJia, U3MEPECHHBIX B
IPSIMOM U OOPAaTHOM HAINpPaBJICHUSX, HE JOJKHO MPEBHIIIATH:
A)£ 5 mm;
B) £ 2 mwm;
C)+ 3 mmM;
D)+ 6 MM ;
E) 1:10000 nnuabl npoduiIbHON JTMHUU.

$$$ 65. BenmnunHa HaKJIOHAa HHTEPBajIa Ha KaXIyl0 CEPUIO HAaOIIOAEHU
ompenensieTcs no gopmyre:
M~ _ A7

A) | I
|_An
B) t;



Mna —Mh _ A77

E) |

$$$ 66. HenocraTkamu HaTYypHBIX MHCTPYMEHTAIbHBIX HAOIIOACHUIH 3a
nedopManusaMy 3eMHON TTOBEPXHOCTH SIBJISTFOTCS

A) CyOBeKTUBHOCTH MOJy4aeMbIX JIAHHBIX U HEBO3MOKHOCTh UX MCIIOJIH30BAHUS
B JIPYTUX TOPHO-T€OJIOTHYECKUX YCIOBUSIX;

B) TpymoemkocTs 1 HEOOXOIUMOCTh TTPOBEICHHUSI ITTUTEIHHBIX HAOIIOICHUA,
HEBO3MOXHOCTh PAaCIPOCTPAHEHUSI PE3YIbTATOB HAOIIOICHUI HA APYTUe TOPHO-
F€0JIOTUYECKUE YCIOBUS;

C) HeoOxoaumocCTh TPOBEACHUS TTUTEILHBIX HAOIIOACHUN U HEIOCTATOYHAS UX
TOYHOCTE;

D) HeB03MOKHOCTB MX HUCIIOJIb30BAaHUS PE3YJIHTATOB HAOIIOCHUM;

E) Het npaBuiibHOTO OTBETA.

$$8 67. BeicoTHas HEBsI3Ka B HUBEIMPHBIX X0J1aX IO MPOQPHILHBIM JTHHUSIM
TPYHTOBBIX PENIEPOB HE JAOJIKHA MPEBBIIIATH:

A) =500 VL,
B) +15mm/L :
C) +10i Vn .
D) +20ii Vn .
E) 100 L

$$$ 68. OtHOCHTEBHAS TOPU3OHTANIbHAS JAe(hopMalins HHTEPBaIa Ha i-10 1aTy
HaOJIIOIEHHH OIPENENAETCS 10 HOopMYyIIE:

A) gi:Ai_Al'
B) & = (L~ A+l
I, -1,

& =
C) Lo
D) gi:Al_Ai'
82'1_|i
S

$$$ 69. JlomycTimast BBICOTHASI HEBSI3KA B HUBEJIMPHBIX XOaX IO JTHHUSIM
CTEHHBIX U TPYHTOBBIX PENEPOB IPH UCCIIENOBAHUHI B3aUMOCBSI3H e opMariuii
3eMHOM MMOBEPXHOCTH U T0JIpabaThIBAEMBIX COOPYKEHUN paBHA:
A) +10mmv/n :



B) +10am/L :

C) i15Jl/lM\/E;
D) +20ii Vn.
E) +20ii L |

$$8 70. CymHOCTh HaTYpHBIX HAOIOICHUH 3a CABIKEHUEM U JIe(hOpMaIlisIMU
3eMHOM MMOBEPXHOCTHU 3aKJIIOYAETCS:

A) B 3aknanke Ha nogpabaTbiBa€MO TEPPUTOPUH CIICIIUATBHBIX PENEPOB U
OTIpPEIETCHUH UX TOJOXKEHHS B MPOCTPAHCTBE JI0 MOAPAOOTKH B IpoLiecce
MOAPaOdOTKHU M MOCIIE OKOHYAHUS MPOIIECCa CABMKCHHUS;

B) B npoBenenun HaOm01eHU 32 CIBU)KEHUEM TOJIIM TOPHBIX MTOPOJT U
cpaBHEHUH (HAKTHUECKUX JTAHHBIX C PACUCTHBIMU;

C) B nmpoBenennu crnenuaibHBIX HAOTIOIEHUH B HATYPHBIX B JJAOOPATOPHBIX
YCIIOBUSIX;

D) B npoBeneHun crienHalIbHBIX PENEPOB U OMPEACIICHUH UX MOJ0KEHUS B
MIPOCTPAHCTBE;

E) B npoBenennn HaOmr07eHUU 32 MOAPAOOTAHHON TOJIIIEH.

$$8 71. K 3aximagke HabII0qaTEIBHBIX CTAHIIH MTPEIBSABISIOTCS CIICTYIOIINE
OCHOBHBIE TPEOOBAHUSA:

A) IlpocroTa ceTu penepoB, HAIEKHOCTb U JIOJITOBEYHOCTh PENEPOB,
3a0JaroBpeMEeHHas 3aKJIaKa CTaHIMU O Hayana nogpadoOTKU, pACIOI0KEHUS
OTIOPHBIX PETEPOB BHE 30HBI BIUSHUS TOPHBIX padoT;

B) JlemieBu3Ha U3roTOBJIEHUS PENEPOB, HAIMYUSA HE MEHEE 3-X MPOPUIbHBIX
JIMHUMN, 3aKJIaJIKa PETepoB 3a 6 Mec. 10 Havaja noApadoTKH;

C) [IpocToTa KOHCTPYKLMH U MPOYHASI CBSI3b PENEPOB C TPYHTOM, 3aKJIaKa
CTaHI[MU /10 HavyaJla NoApadOTKH, HEMOJIBHIKHOCTh PENEPOB B TEUEHUE BCETO MEPUOIA
oApaboOTKH;

D) IIpocToTa ceTu penepoB, HATMYKS HE MeHee 3-X MpO(MIbHBIX JTUHUMH;

E) [emeBu3Ha U3roTOBJICHUS PETIEPOB U HEMOJIBUKHOCTD UX B TEUEHHE BCETO
neproja moapadoTKH.

$$$ 72. Ot UCXOAHBIX perepoB HAOIIOATEIbHBIX CTAHIIUHA IPOU3BOIAT:

A) HaGmonenust o npo@uIbHBIM JTMHUSAM Ha KaXKIyI0 1aTy HAOII0ACHUI;

B) Onpenenenrie nonokeHus 1Mo BbICOTE OMOPHBIX PENEPOB MPOPUIbHBIX JTUHUN
710 Hayaja noapaboTKU U KOHTPOJIUPYETCS MX HEMOABUKHOCTD B MEPUOJ
noApaboTKH;

C) OT ucxoaHbIX penepoB NPOU3BOAUTCS pa30OUBKA MPOPUIbHBIX;

D) Ot npodusibHBIX penepoB MPOU3BOIUTCS pa30MBKa UCXOIHBIX;

E) Habmtonenue 3a kaxmaoi TOUKOM MPOPUITHHOM TUHUH.

$$$ 73. [l onpeiesieHnst TPaHMYHBIX YIJIOB UCIIOIB3YIOTCS TPadUKu:
A) Ocenanusi, HAKJIOHOB M OTHOCHUTEIIbHBIX TOPU30HTAIIBHBIX Jedopmaruit
paCTSHKEHHUS;



B) HakiioHOB, KpUBU3HBI U OTHOCUTENBHBIX TOPU30HTAIBHBIX AehOopMalinii;
C) Ocenanusi, HaAKJIOHOB, KPUBU3HBI U TOPU3OHTAIILHBIX CIIBHIKEHUI;

D) Ocenanusi, KpUBU3HBI U OTHOCUTEIBHBIX TOPU3OHTAIBHBIX AehOpMAIINii;
E) Hak10HOB ¥ OTHOCUTENBHBIX TOPU30HTATIBHBIX JehOpMaIliil pacTsKEHUS.

$$$ 74. JInsg M3roToBICHUS TPYHTOBBIX PEIIEPOB MCIIOIB3YIOT:

A) Mertannuueckue TpyObl U CTEP)KHHU, KeTIe300€TOHHBIE CBau, IEPEBSIHHBIC
CTOJIOBI;

B) Tpy©Os1, 00pe3ku pesbc, KOBaHbIE TBO3U CO CHEPUUECKUMU IUISTTKAMH,
OOJIBIINE BaTYHBI;

C) Merammueckue TpyOsbl, crepxkHu [[=16-30 MM, 00pe3Kku peiibe, AepEBSHHBIE
KOJIbS;

D) O6pe3ku penbe, xKene300eTOHHbBIE CBau, I€PEBSIHHBIEC CTOJIOBI;

E) Bonbime BamyHbI, METaNIMYECKUE TPYOBI U CTEPIKHHU.

$$8 75. KadecTBeHHBIE XapaKTEPUCTUKN SKBUBAJICHTHOE MATEPUAIOB MOICIH
PacCYUTHIBAIOTCS IO PopMyIIe:

N :£*7_H*NH

M

N,'lri:l*&*NH
B) -7

NH :l* 7/H *NM

Ni :L*]f_,* NI,
) I

Ni :l*y_'* Ni
E) L 7

$$$ 76. JIunus B KOPEHHBIX MMOPOIAX M HaCOCAX, OTPAHUYUBAIONIAS PA0OYYIO
9acTh NMPO(HILHON JTUHUHU CO CTOPOHBI MAJCHUS IJIACTa, MPOBOAUTCS IO YTIaMHu:
A) “F;
B) L—ABt ;
C) B-ABy-Ar:
D) 747,
E) A-A8,

$$$ 77. JoarospeMeHHEIE HAOIIOJATENbHBIE CTAHIMH 3aKIAIBIBAIOTCS C LENIBIO
OIPEICIICHUS:
A) OCHOBHBIX MMapaMeTPOB CABMKECHUS IMPU BBIEMKE OTJCIbHBIX IJIACTOB Ha
OONBIINX TTYyOHHAX;
B) OtnenpHbIX TapaMeTpoB Mpoliecca CABMIKEHUS C BBICOKON TOYHOCThIO;



C) OcHOBHBIX MapaMEeTPOB CIBHXKEHUSI MPU BBIEMKE OJHOTO WJIM CBUTHI TJIACTOB
Ha HECKOJIbKUX TOPU30HTAX;

D) OtaenbHBIX MapaMeTPOB MpoLecca CABUKEHUS C HU3KOM TOYHOCTHIO;

E) Her npaBmiibHOTO OTBeETA.

$$$ 78. docTonHcTBaMH MOJIETMPOBAHUS Ha DKBUBAJICHTHBIX MaTepUaIax

SABIIAETCSL:

A) Manas Tpy10€MKOCTb padOT U BO3MOXHOCTb BapbUPOBAHUSI TOPHO-
re0JIOTHYECKUMU MapaMeTpaMu;

B) B0o3MOXHOCTh TOCTHUKEHHUSI TIOJIHOTO MOI00MST MO T€0JI0TUUECKOTO
paspesa HaType;

C) B0o3MOXXHOCTH MOIy4€HUS KOJMUECTBEHHBIX XapaKTEPUCTUK U 3aBUCUMOCTEH;

D) B03MOKHOCTB MOTy4€HUsI KAYECTBEHHBIX XapaKTEPUCTUK U 3aBUCUMOCTEH;

E) Bo3aMoXHOCTh MPOU3BOIUTH BHIEMKY C OJTHOTO WJIM CBUTHI IIACTOB.

$$8 79. IlonpaBka B u3MepeHHBIC TUHBI 32 TEMIIEPATYPY OMPEACIAETCS TI0
bopmyie:
h2
A) t 2| ( €ecl 0) ’
B) AIt =a* IM3M * (tusm _tO) '

!
C) Al, =1" *c0sJ.

h2
Al =— -
D) t 2| >l<(tO teg )’
h
Al = —=*(t,, —t
E) t 2| (et;l 0)

$$8 80. HabmonaTensHbIe CTaHITUH 3a CIBIYKEHUEM TOPHBIX TTOPOJT U 3MHOM
MOBEPXHOCTHU OBIBAIOT CJIEIYIOMINUX THIIOB:
A) TloBepXHOCTHBIE, IITyOUHHBIE, T0JITOBPEMEHHBIE U KPATKOBPEMEHHBIE;
B) [locTosiHHBIE, BDEMEHHBIE, PAIOBBIE U CIIELIMAIBHOIO Ha3HAYECHHS,
C) HonaroBpeMeHHbIE, PsIJIOBbIE, KPATKOBPEMEHHBIE U CIIELIUAJIbHBIC;
D) IToBepXHOCTHBIE, BDEMEHHBIE U KPATKOBPEMEHHBIE;
E) PsanoBsie, criennaabHble U MOCTOSTHHBIE.

$$$ 81. KoHcTpykims penepoB U criocoObl HX 3aKJIaJIKH JIOJDKHBI OTBEYATh
CJICTYIOIITUM YCIIOBHUSIM:

A) Y106¢cTBO HabOIIOICHUI, TPOCTOTA KOHCTPYKIIMH, JEIICBU3HA U3TOTOBICHUS
Y 3aKJIAJIKH;

B) Hanexnast coxpaHHOCTh Ha BECh CPOK HAOJIO/IEHNUN, BOBMOXHOCTh
WCTIOJTb30BaHUS JIJIS 3aKJIAJKH MECTHBIX MaTEPHAJIOB,;

C) Yn00cTBO HAOMIOICHHI, IPOYHAS CBSI3b PENEPOB C TPYHTOM U
HETIOJIBEP’)KCHHOCTH BIUSHHUIO CE30HHOTO IMTPOMEP3aHus U OTTaUBaHUS TPYHTA,
HaJIC)KHAsT COXPAHHOCTH Ha BECh MEPHO;] HAOIIOACHHIA, IPOCTOTA KOHCTPYKIIUN U
JIEIICBU3HA U3TOTOBJICHMS;



D) HpOCTOTa KOHCTPYKIHNH, BOBMOKHOCTDb MCITIOJIb30BAHU:A I 3aKIIaIKHU
MCCTHBIX MaTCPHAJIOB,

E) Yno6¢cTBo Habm0eHMi, TPOCTOTa KOHCTPYKIIMH, HAJIEKHAsI COXPAaHHOCTh Ha
BEChb CPOK HAOJIIOICHUM.

$$$ 82. Jlns onpenencHus yriioB CABMKCHUS UCIIONB3YIOTCS TpaduKH

A) HaxioHOB, KpUBU3HBI M OTHOCUTEIBHBIX TOPU3OHTAIBHBIX Ae(opmarimii
PaCTSKECHUS;

B) Ocenannii, HaKJIOHOB, TOPU30OHTAIIBHBIX CABUXEHUN U KPUBU3HBL;

C) Ocenannii, HAKJIOHOB U OTHOCUTENBHBIX TOPU30HTAIBHBIX J1ehopMalinii;
D) Hakii0HOB ¥ OTHOCHTENBHBIX TOPU3OHTAIBHBIX Ae(opMarinii;

E) 'opu30oHTAIBHBIX CIBHYKEHUW U KPUBHU3HBI.

$$$ 83. MakcumanbHBII HHTEPBAT BO BPEMEHHU MEXIY IBYMS CEPHSIMHU
WHCTPYMEHTAJIbHBIX HAOIIOJCHUHN 110 MPOPUIHHBIM JTUHUSM HE JOJIKEH TPEBBIIIATS:

T=1.4i
A) U;
f=
B) 6c,
T=M*(1+i)
C) H H,
T_n*o *COS (1+i)
D) H H,
- H
E) c

$$$ 84. Jlns onpenencHUs rpaHHYHBIX TOYCK 30HBI OIMTACHBIX CABMYKCHHN
NPUHUMAIOTCS CIIEIYIONIUE 3HAYCHHS TPEACIBHO JOMyCTUMBIX Ie(OopMariyii 3eMHOM
IOBEPXHOCTH:
A) 1=40%107,k=02%107 )\, &, = 2,0*107°,
15mm,i=05*107,¢, = 2. 0*10-3
B) n=
c) 7= 10mm,i=2.0*10",x =0,2*10 31/M €, =05%10",

D) 7= 1001 ,i=2.0*107,k=0,2*%10"1/1 36_05*102

E) 1=40%10% k=02%107 ), & =20*10"

$$$ 85. KparkoBpeMeHHbIC HA0JIOIATEIBHBIC CTAHIINN 3aKJIABIBAIOTCS C IENBIO:
A) OmnpeneneHust mapaMeTpOB CABMKEHUS MPU OOJIBIINX CKOPOCTSIX BEICHUS
TOPHBIX PaboT;

B) [Mony4yenus oTaenbHBIX MapaMeTPOB CIBIKEHUSI PU pa3pabOTKe MIacTOB Ha
riyouHax 0 250 M;

C) HdetanbHOr0 W3y4Y€HHUs BOIIPOCOB, CBSI3aHHBIX CO CABUKEHUEM 3€MHOU
MOBEPXHOCTH U 3aLIUTON MOAPa0aTHIBAEMBIX COOPYKEHHUI;



D) st moTHOTO M3y4YeHHsl BOIPOCOB CBSA3aHHBIX C Pa3pabOTKOM IMJIacTOB;
E) Onpenenenus mapaMeTpoB CABMKCHUS MTPH MATTBIX CKOPOCTSIX BEICHHSI
TOPHBIX padoT.

$$$ 86. Ocenanue perniepa Ha -0 CEPHIO HAOJIOICHHUI PACCYMTHIBACTCS TIO
dbopmye:
. i ni — i
A) 2 ;B) A, ¢)n=u"%; D) 2 ;B A

$$8 87. Ilpu rpaduueckom onpeneacHnn JUIMHBI MPOQPMIBHBIX THHUNA 3HAUYCHUS

ITOIIPAaBOK A'B’ A}/,A5 IMPUHUMAIOTCA paBHBIMU:
A) A7 =A5=20° AB=1f(a).

B) A7:A5:45°’ AB=1f(a)-
C) A,B=20°,A;/=A5=f(a);
D) Aﬁ:Ay:45°,A5:f(a);
E) AB=Ay=20°,A6 = f(a)

$3$$ 88. [NompaBka u U3MEpEHHBIC [UTMHBI 33 HAKJIOH ONpeaessieTcs mo Gopmyie:
—_|/*
A) Al, =1"*cosd :

h2
Al =—>*(@t —t
B) H 2| ( usm 0) ’
2 4
A|H :_(h_+h3_+...)
C) 2|u3,w 8| usm ’
4
A'I — _(E + 2 .. )
D) 2IEQI 8| €ecl ;
h3
Il =—*(t, -t
E) i 2l ( eci 0) .

$$$ 89. BennunHa HaKJIOHA 3€MHOM IIOBEPXHOCTH B MYJIIE CABUKEHUS

OMPEIEIIAETCS BEIPAKEHUEM:

M=, _ 0
A) I, axz;
i Ms s _0n
B) I oX

_ s =14 :8_77
C) Sap 6)(2;
Na—Ma _ 0N

D) §AA 6X2 .



_na—ns _0n°

E) Sm O

$$$ 90. IToxpaGoTKOI Ha3BIBAECTCS:
A) IIpon3BoACTBO TOPHBIX PabOT MO COOPYKEHUSIMHU U IPYTUMHU 00BEKTaMHU;

B) SIBnenue, BRI3BIBAIOIIEE B COOPYKCHUAX pa3pyIIUTEIbHbBIE NehOpMaInu;
C) IIpoBenenue ropHbIX BEIPAOOTOK, 00YCIOBIMBatOIIEE 00Opa30BaHUE B
1o/ ipab0TaHHOM MAacCHBE 30H OMIOPHOTO JaBJICHUS;
D) IIpoBenenue ropHBIX pabOT MpH MPOBEIACHUE TOPHBIX
BBIPA0OTOK;
E) [Ipou3BoicTBO TOPHBIX pabOT OCYIIECTBIIAEMOE ITyTEM
o0Opa3oBaHMs B MOAPAOOTAHHOM MAacCUBE 30H OMOPHOTO JIaBJICHMS.

$$$ 91. Bo3HUKHOBEHHE M pPa3BUTHE MPOIECCa CABUKCHHUS TOPHBIX TIOPOJT
00yCJIOBJICHO:

A) O6pymieHueM nopo1 HETOCPEACTBEHHOM KPOBIIHU TUTACTa MOCHE MPOBECHUS
TOPHOU BBIPAOOTKH;

B) OGpymienueM u pacciauBaHUEM MOPOJI MOAPaO0TAaHHOM TOJIIU B Pe3yIbTaTe
MPOBEICHUSI TOPHON BBIPAOOTKY;

C) U3menenneM HanpsHKEHHO-Ie(hOPMUPOBAHHOTO COCTOSIHHUSI MACCUBa TOPHBIX
MOPO/I TIPU MIPOBEJICHUU B HEM TOPHOM BBHIPAOOTKHU;

D) O6pymiennemM nopos pu Aedhopmalii MacCuBa;

E) M3menenuem noapaboTaHO TOJIIHM TOCIIE TPOBEACHUS TOPHON BBHIPAOOTKHU.

$$$92. Kak Bisier n3MeHeHHEe BBIHIMAEMOM MOIIIHOCTH IJIacTa Ha MPOIECC
CABUKEHHS TOPHBIX MOPOA? YKaKUTE HENPABUIIbHBIN OTBET:

A) BreiHuMaemasi MOITHOCTb IJIACTa OTMPEEISET BRICOTY 30H OOPYIIICHUS U
TPEILLNH;

B) YBenuuenue BBIHUIMaEeMO MOUTHOCTH IJIACTa BbI3bIBAET BO3pACTaHUE
IJIOIAAN MYJIbJIBI CIIBUKEHUS;

C) YBenuyeHne BBIHUIMAEMOM MOITHOCTH IJIACTA BEJET K POCTY MHTEHCUBHOCTH
IIPOLIECCA CABMIKCHUS;

D) VBenuueHre BBIHUMAaeMOM MOIIHOCTH IJIaCTa OMpPEAEIsieT BEICOTY TPELIUH;

E) BeiHuMaeMas MOILIIHOCTb IJ1aCTa MOIIHOCTD IJIACTA U BEAET K POCTY
MHTEHCUBHOCTHU CIBMKCHUS.

$$$93. I'paHuIIBl MyIBABI CABMKECHUS U TIOJIOKEHUE €€ XapaKTePHBIX TOUCK
ONPENEIAOTCA:



A) Yriom najeHus 1miacta, FpaHUYHbIMU YIJIAMH, YTJIAMU CIBUXKEHUS U YTIIOM
MaKCHUMAJIbHOTO OCEIaHUS;

B) I'pannuynbIiMu yriaMu, yriiaMu CABUKEHHUS, pa3pbIBOB, MOJHBIX CABUKEHUN U
YTJI0M MaKCUMAaJIbHOT'O OCEIaHMUS;

C) BriHnMaeMoi MOITHOCTBIO T1acTa, YIJI0M NaJeHuUs IJ1acTa, U NTyOuHOU
pa3paboTKH;

D) I'nyOuHo# pa3paboTKy, yriaMu CABUKEHUS U YTIIOM IaJICHUS I1J1acTa;

E) I'pannyHbIMU yriiaMu, yriiaMu pa3pbiBOB U TNIyOMHOM pa3padOTKH.

$$$ 94. 3a oxoHuaHMe TporIecca CIBIKCHUS 36MHOW TOBEPXHOCTH PUHIUMAETCS
J1aTa, IOCJe KOTOPOU:

A) CkopocTts ocenanus He mipeBbinraer 10 mm/mec;

B) Ocenanus 3eMHOM MOBEPXHOCTH HE TpeBbImaeT 10 MM;

C) B teuenue 6 mec. ocenanus He npeBbicAT 10% mMakcuManbHbIX, HO HE Oosiee 30
MM;

D) Cxopocth ocenanus He peBbIaeT 15 Mm/mec;

E) Ocenanue 3eMHOM MTOBEPXHOCTHU HE MpeBbIaeT 20Mm.

$$$ 95. YriaoM cABMKEHHMS ITOJIB3YIOTCSL:
A) Jlns omnpenenenus pasMeEPOB MYJIbABI CABMKEHMS IPU pacyeTax OKUIAEMBIX

CABWKEHUH U 1epopManuii 36eMHOM MOBEPXHOCTH;

B) lns  OKOHTypuBaHHSI 30HBI  ONACHBIX CIBWKCHHH UM  IOCTPOCHUS

IIPEAOXPAHUTEIIBHBIX LIEJIUKOB;

C) J1ns1 OKOHTYpHUBaHUs HA 3€MHOM MOBEPXHOCTU 30HBI BIUSHUS TO3€MHBIX
TOpPHBIX paloT;

D) st onpenenenust 30HbI OMTACHBIX CABHKCHHIA;

E) [lnsa onpenenenus BAUSHUS Ha MOBEPXHOCTD MO/I3€MHBIX TOPHBIX padoT.

$$$ 96. 3aBrCHMOCTD BEIMYMHBI TPAHUYHOTO YTJIa [0 MPOCTUPAHUIO TUIACTA OT
KPEIIOCTH IOPOJ TOJIIIIHU ONPEAEIIAECTCS BEIPAKECHUEM:
_ ENO 0
A) 0o =50"+2°f .

o 0
B) 0. =55"-2"f.

C) 50 :700 +20f'

D) ¥, =60°+2°¢.

E) 9 =65"+2°¢

$8$ 97. IlmockuM THOM MyJIbIbI HA3BIBACTCSI [ICHTPATbHAS YaCTh MYJIbJIbI, B
KOTOPOM:



A) CmerieHrne TOYEK HE BO3PACTAIOT C YBEIIMUEHUEM Pa3MepPOB BEIPAOOTaHHOTO
IIPOCTPAHCTBA;

B) Cmenenne Touek NpoucxXoasiT 0 HOPMaJIM K HAIJIACTOBAHUIO B TEYEHHE BCETO
nepuoja noapadoTKu;

C) Ilocne okoHYaHUs MpoLecca CABMKEHUS 00pa3yeTcs FrOpU30HTaIbHAs
TUTOIIA/TKA;

D) Cmernienre Touek MpOUCXOIUT OT HAITACTOBAHUIO K HOPMAJISIM B TEUCHUU
noApaboTKH;

E) Ilocne okoHuaHus npoiiecca o0pa3yercsi BBIpabOTaHHOE MTPOCTPAHCTBO.

$3$$ 98. ITon o61melt mpoIOMKUTEIBHOCTHIO MTPOIECCA CABHKEHHUS
MO/IPa3yMEBAETCs EPUO BPEMEHH, B TEUEHHUE KOTOPOIO B MYJIbJ€ HAOIIOIA0TCS:

A) CBH>KEHHS TOYEK 36MHOW MTOBEPXHOCTH;

B) CaBrxeHus Touek 3¢ MHOM MOBEPXHOCTHU, OKa3bIBAIOIINX CPEIHEE CIUSHUE HA

COXPAaHHOCTb COOPYKECHUM;

C) CaBmkeHHs TOUEK CO CKOPOCThIO HEe MeHee 10 Mm/mec;

D) CaBmxeHne ToueK 3eMHOM MOBEPXHOCTH, OKA3bIBAIOLIUX CPE/IHEE BIMSIHUE HA

COXPaHHOCTb COOPYKEHUM;

E) CnBuxeHue To4ek co CKOPOCThI0 HE MeHee 20Mm/Mec.

$$$ 99. Paznuuator cneayromue cTaaul pa3BUTHs MPOLEcca CABMKEHUS TOPHBIX
IIOPOA:

A) HauanbHasi, pOMeXyTOYHAsI U KOHEUHAs;

B) [IpeaBaputenbHasi, HayaiabHas U aKTUBHAS;

C) EcTecTBeHHOTO HANIPSHKEHHOTO COCTOSTHUSI MACCHBA, MepepactpeieIeHIs
TOPHOTO JIaBJICHUS, yCTAHOBUBILIETOCS TABJICHHUS;

D) HauanbHas, cpeaHsisi 1 BbICILIAs;
E) IIpeaBaputenbHas, HaualbHasi 1 KOHEYHAs.

$$$ 100. 3a Hayao nporiecca CABUKEHUS 36MHOM TOBEPXHOCTH IIPHHUMACTCS
MOMEHT IOSIBJIEHUS B MYJIbJIE:

A) CnBrXeHH TOYEK 36MHOU TMTOBEPXHOCTH CO CKOPOCTHIO HE MeHee 15 Mm/mec;
B) Ocenanue Tovek, paBHBIX 15 MM;

C) TpenuH 1 MpoBaJOB HA 36MHOM MOBEPXHOCTH;

D) Ocenanuie 3eMHOM MOBEPXHOCTH;

E) CnBuxeHue To4eK v MpoBajiOB Ha 3¢MHON TTOBEPXHOCTH.



OTBETHI HA TECTOBBIE 3aTaHUM:

Homep [IpaBunbHBIN Howmep [IpaBunbHBIN
BOIIpOCa otBer (3, b, ¢, d, ) | Bompoca otBeT (4, b, C, d, €)
1 2 1 2
1 A 32 A
2 A 33 A
3 A 34 A
4 A 35 A
5 A 36 A
6 A 37 A
7 A 38 A
8 A 39 A
9 A 40 A
10 A 41 A
11 A 42 A
12 A 43 A
13 A 44 A
14 A 45 A
15 A 46 A
16 A 47 A
17 A 48 A
18 A 49 A
19 A 50 A
20 A 51 A
21 A 52 A
22 A 53 A
23 A 54 A
24 A 55 A
25 A 56 A
26 A o7 A
27 A 58 A
28 A 59 A
29 A 60 A




30 A 61 A
31 A 62 A
1 2 1 2
63 A 83 A
64 A 84 A
65 A 85 A
66 A 86 A
67 A 87 A
68 A 88 A
69 A 89 A
70 A 90 A
71 A 91 A
72 A 92 A
73 A 93 A
74 A 94 A
75 A 95 A
76 A 96 A
77 A 97 A
/8 A 98 A
79 A 100 A
80 A
81 A

A

82




