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Hunra comepaxut 4 paspexaa: cepompudecKas Teojiedus, (UIUIECKAs Treofe-
3Us, aCTPOHOMWYECKUE METOJbI OLPEJieeHNsl KOODAWHAT HA 3eMHOH MOBEPXHOCTH,
OCHOBH KOCMMYECKO# Teoyiesni.

B paspene «CdeponmpudecKas Ieofesna» M3JIO0KEHHE OCHOBHEE BOMPOCHL Teo-
METPHH 3€MHOTO dJIVICON/A U METOME PEIICHNHA Teo/e3MIeCKnX 3a/1a4 HA €0 HoBepX-
HOCTH; OCBENIEHH TEOPHA M NPAKTHKA IpHMeHeHHs Kooppunat ['aycca — Kprorepa.

B paspene «DmanyecKas reofiesns» IPABEJIeEL CBEleHNS 0 METONAX ONpeAele-
HESA BHEIIHETO NTOTeHNNAaa CUIIE TAMXECTY 3eMIIN, JaHH BEBOMB YKIOHEHHH OTBECHBIX
JUHYA B BETIACIEHWs BRCOT TOYEK IOBEPXHOCTH 3eMJIN B Pa3AMYHHIX CHCTEMAX; aHhl
OCHOBHHI® IIOHATHAA 0 clocofax usydennsa GUIypH 3eMJIM U yPaBHUBAHWSA aCTPOHOMO~
TEeO0Ie3NIECKO CeTH.

B paspene «ACTpoHOMEYECKHE METORBl OLPENieNIeENsA reorpaduiecKux KOOPAH-
HAT Ha 36MHOH TIOBePXHOCTN) W3JIOMEHHE OCHOBH CeprnuecKoil I HPAKTUYECKOH acTpo-
goMUY Ges mpuBeeHUS HOAPOGHOCTedl U feTaneil mMOPAAKA ¥ WCHOJHEOHHES DOJIEBHIX
W3MEpeHU ¥ BHUNCIEHH.

B paspeme «OCHOBH KOCMHYECKOH TeOJe3WHW» [laeTCA ONMCAHHE 3JIeMEHTOB
teopnu fipmxennA VIC3 ¥ BO3MYMEHNil 9TOTO ABMKEHAA; ONUCAHE CHEXDOHHHI X 0p-
OMTAaABHHI METOAH PEIIeHns Teofe3sNYecKUX 3ajia4, IPUBEACHK (OPMYIIH OIpeaesne-
HAA TIAPAMEeTPOB I'PABUTANMOHHOTO NOJA M QUIYPH 3eMJIN M CIOCOOH CBABH PA3iuy-
HHX TeoJe8UYeCKUX CHCTeM.

Kuvra npegrasHaveHa [JA CTY/ICHTOB Teofle3NYeCKUX CHeNUaJbHOCTeH reoge-
3IYECKHX BY30B, a TAKKe [JA reorpagidecKux CHENUAIBHOCTEH TOCYZAPCTBEHHBIX
YHUBEPCHTETOB, Te0fe3MdecKUX CHeNHAJbHOCTeHd MONMTeXHAYECKUX, 3eMIeyCTPOH-
TEJBHHIX W CeIbCKOXO3AHCTBeHERX HHCTHTYTOB.

Tab6x. 23, unx. 189, cnucox aur. — 58 HasB.
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IIPEJCJIOBME

Hunra manmcasa COOTBETCTBEHHO IPOTPaMMaM KYypPCa BHICIIEH Teofes3wdm, IIPH-
HATHM A Te0Je3WYECKAX CHEeNUAIBHOCTEH, 38 MCKIIOYEHMEM aCTPOHOMO-TEOe3H-
qecKo#.

B mpomecce paGoTH HAJ PYKONHCHI0 M IOATOTOBKU €€ K M3JAHWIO K aBTODPY
HOCTYOMIE HpOochOH OoT Kadexps reofesws m Kaprorpadumm MocKoBCKOTO rocynmap-
cteemnoro yamsepcmrera mm. M. B. JlomomocoBa m MockoBckoro mmctHTyTa WH-
JKEHEPOB 36MJIEYCTPOMCTBA 00 yUeTe WX NOKeNaHu# HO CONEPIKAHMI0O MONTOTABIH-
BaeMoO K W3IAHWI0 KHATH, TaK Kak Hacrosamui «Hype Bricmed reopesmm» TpHHEAT
B KadecTBe OCHOBHOTO yYe0HWKA IO BEICIIEH Teofe3my Ha reorpaduuecKux Paryib-
TeTax TOCYNAapPCTBEHHHX YHEBEPCUTETOB W TeofesddecKoM ¢aryiabrere MacTHETYyTaA
UHKEHEPOR 3eMIIeycTpOHCTBA.

ITH moskeJaHuA OBLIA YITeHH, B B YIeOHNAK JOTMOJHUATEIBHO BRIIEHE pPasyesibl
006 OCHOBaX KOCMHUYECKOHN reofe3mn, CPEepUHUECKON ¥ HPAKTHIECKON ACTPOHOMUW,

TaxwM 06pasoM, B HACTOAMEH KHWTE CONEPIKATCH CIEAYIOWINE Pa3MeIHI:

a) chepoupmuecKas Teo/e3wus,

6) ¢msmueckasa reomesms,

B) aCTPOHOMPYECKHE METOMEI ONPEfeNeHuS KOOPAMHAT HA 36MHOH TOBEPXHOCTH.

I') OCHOBHL KOCMWYECKOH TEOJIe3nu.

IlepepaGorra, pasmena «Cdepoumnmaeckas reofesdsy, OO CPABHEHHIO C IPO-
maevM m3pasdeM 1964 r., sarmouanack B OCHOBHOM B CJERYIOMEM: GOJBIIMHCTEO
dopMyn mpmBeeHO K BHAY, NPUTOTHOMY /JA BHYHACIEHWH HA CYCTHHIX MANIMHAX;
6ONBPIMNWAECTBO IPEMEPOB HAa DPEINeHHE NPAKTHUYECKUX 3amau, B ocobemmocTm TpeGy-
OMUX MHOTO3HAYHHX BHYNCJICHUI W, CIEIOBATENBHO, TPYNOEMKAX, [AHK ¢ IIPHME-
HEHNEM HATYDPaJbHHX 3HAUCHWH 9HCEJ] M TPHTOHOMETPHUIECKHUX (QYHKIU, ¢ MCIOIb-
30BaHEEM CUETHHX MalllH Pa3JiMYHOTO THTA. HeKOTOpHe IpuMeps BEYHUCIEHH! C
npuMeHeHneM JorapH@MoB.

B ocrOBHOM MeTon BriBofa GopMyN ceponmimuecKoil Teo/ie3un OCTAJCHA HPeK-
HEM — (RJIACCHIECKUM» — IYTeM PA3NIOKEHNA NCXOAHHX AuPdepeEnraibHNX ypaB-
genwit B pag mo 6mromy Hrotoma mum crpoke Teiinopa H mo4iIeHHOr0 WHTEIPUPOBA-
HUA; OMHAKO OTHENbHLIE TEONe3NYeCKre 3aKaUyl POIIEeHE ¢ IPMMEHeHNEM HHEX MeTo-
IMYeCKNX MOAXOJ0B, PaspaboTAHHHX ¥W ONyOJMKOBAHHEIX B CBOEM GOJNBLIINHCTBE
B moclefHwme Tofsl. TaxoBw, Hampumep, dopmyus (7.18) m (7.19) ans sramciaenna
RYTHE MepHAHaHa, HOJyIeHHEEe HA 0OCHOBe mpuMeHeHus: popmyn Covmcona; gopmys
(31.1)—(31.4) pemenuns rmaBHO#l TeopesmuecKol 3amaum mo mertony Pymre — Hyt-
Tta — Mepcora ¢ npumepomM, pemeEHEM Ha IBM, ¢ ncnonszosanmeM cnoco6a YnCIeH-
HOTO HMHTETPUPOBAaHMA NEQGEPeHNUANBHNX YPABHEHWA; M3I0KEH METOJl UHCIeH-
HOTO MHTETPUPOBAHUSA [JIA BHIYHCIEHUS YKIOHOHWH OTBECHHX IWHHHA ¢ MCOOIB30-
Bag@eM TIpafuuecKoro cmocoba TOIYICHWS MCXOMHHX ¥ «IudepeHnuanIbHEIXY
JAHHHX # HeKoropwie npyrme. OcCBemEHWe PASAAYHHIX METONNIECKAX MOAXOMNOB
¥ METOJIOB PeMIeHNs 3279 BHCHIeH reonesnn, a TaKyKe HaYIHHX OCHOB 3THX METOJOB




BechbMa IOJE3HO A W3YUAIOMUX JAHHYI AUCHULINHY; 370 OyaeT crocobcTBOBATH
pacIHpEHNI0 3HAHWH YIaMHAXCHA, KOTOPHE MOTYT GHTH HCIOJIB30BAHB MU B CBOeH
Oynymel WH)KeHepHOHN JeATeNbHOCTH.

OTMeTHM, 9TO 3HAHKE BOIPOCOB DTOTO pasfesa HeoOXOIMMO He TOJBKO A
pacIIHpeHus KPYyro3opa COENWAINCTOB, HO ¥ [ Oyaymeil mpakTudecKod fesTesn-
poctr. CBefieEmsa o ¢urype 3eMiauW, OCHOBAHWS HCIOJL30BAHUS HILIMICOMAA Kar
OOBEePXHOCTH OTHOCHMOCTH, METOJIH DENIeHNs Teofle3NIeCKUX 3a7ad HA DTOH MOBEPX-
HOCTH Ha PAa3HHE PACCTOSHWA, B TOM YHCIe W OOJBIMNE — THCAYN KUIOMETPOB,
U, HAKOHEI, OCHOBH TEOPHMH ¥ IPAKTHIECKOTO IPHMEHEHWs Koopjausar laycca —
Kprorepa — BceMu 3THEMHE BOIPOCAMH JOJIKEH BIAfETh CHENUAJNCT, AJAA KOTOPOTO
reoie3ns ABISAETCA ONHEM M3 OCHOBHHIX mpenmeroB. COOTBETCTBEHHO 3TOMY B pas-
[ele MPUBEIEHH Pas3iWdHEE CIOCO0H pEINeHNsi OCHOBHEIX TEONE3MYECKHX 3378 —
IS pasHHX PACCTOSHER W TPeGOBaHUZ B OTHOMEHWM TOYHOCTH, & TAKMKE CIOCOGHI,
OCHOBaHHEIE Ha MIPUMEHEBEUA PA3INIHHX HAYIHO-METOANICCKIX IIPAEMOB UX PEIICHNA.
IlymaeTcs, 970 He BCe COfilepyRaHMEe PAcCMAaTPIBAEMOTO pasfena ZOJKHO MOJHOCTBIO
H3y4aTheA YIAMWIMECA; HO IPHA HajJIesKalMleM COUeTAHNN JeKuHi ¢ caMOCTOSTeNbHO
paforoii c¢TymeHTa, 0 4eM TOBOPHJIOCH BEIIE, BeCh MAaTepHajk pasfena, MOJNArao,
OKAYKeTCH IOJEeSHBHM M He0OGXOMUMEIM.

ITH MeTogUMUecKHe CcOO0OpAaKeHVs YUNTHBAJHCH OpH paGoTe, KAK HAJ HAHHBIM
pasmenoM, TaKk M HaJ BCEM YIeGHHKOM B IEIIOM.

Paspen «Dusnueckas reofe3ns» MO COAEPIKAHMIO MOMKHO HOJIPasHeNnTh HA 1BE
9ACTH:

1) BOmpOCH MBY9EHUs TPABHTANMOHHOTO HMOJA 3eMJIH IPM TOMONM M3MepeHui
CUIBL TAMKECTH;

2) BompocH pelIeHHUs OCHOBHBIX 3aflad BhICINEH reofie3Wn Ha OCHOBE HCIOJIb-
30BAaHOAA PE3YJIBTATOB BCeX BHJ0OB HABEMHHIX TeOJeBWYECKUX, ACTPOHOMUIECKUX
H TPAaBUMETPUIECKNX WM3MEDPEHUH.

YunTsBasg HasHauenwe yueOHWKa, COJAEPIKAaHWE DTOTO pasfielia B HBBECTHOM
Mepe HOCHT O3HAKOMHATOJBHEIH XapaKTep, XOTs HEKOTODHE BOIPOCHL €ro HMEIOT
BayKHOE TMPAKTAYECKOE 3HAYCHWE, HAIPHMED, CHCTeMEl BHICOT, PEIYKIUOHHAS HPO-
f1eMa W HEKOTOpPHE [PYyTHe. OTH BONPOCH HMBIO0KeHH ¢ Goabmeid MORPoGHOCTHIO.

B paspmene «AcTpOHOMEYECKME METOJH OIpPefleleHHs reorpaduIecKux Koopad-
HAT HAa 2eMHON TOBEPXHOCTH® COJEPIKATCA W3JIOKEHHE JJIEeMEHTOB cdhepmueckoit
acTPOHOMHUM ¥ TJaBHEHIINE TeopeTHHYecKHe OCHOBHI METOIOB ACTPOHOMHUIECKHX
ompejelieHH# WMHMPOT, AOATOT M a3WMYTOB, 63 NPHBEICHAA MHOTOYUCIEHHBIX
nopapoGHoCTe, HE MMEIIUX NPHHNVIAAJIBHOTO SHAUEHUA.

B paspene «OcEOBH KOCMHYECKOH TIeOfe3WMH» OTPaskeH ONHKIT HPEHONAaBaHUSA

BTOM HOBOI WacTH reofie3Wd Ha reorpaguueckoM paxyiabrere MOCKROBCKOTO rocynap-
CTBeHHOTO YHUBEPCHUTETa IO IPUHATON [JIA HA3BAHHOTO (QaKyJIbTeTa IpOTpamme.
O wmeronax HaOJdIO#eHWIT JaHH caMile o0mMue CBeJEeHWs; ONUCAHWE ONpeNeJeHus
roopamuar UIC3 Bo BrOpOil sKBaTopHanbHOil cucreme (o m §) mo dgororpadmaeckum
HAOIIONeHNAM JAaHO B W3JI0YKEHNH, IMO3BOJNAIMEM HOJIYINTH LUPEACTABICHWE O CY-
HIECTBE MeJia.
. 'maBHOe BHUMAHWEe Y[EIEHO TEOPETHYECKUM BOmpocaMm ucmojbsoBamms MNC3
LA peleHms reolesHUecKUX 3a1ad: ocHOBH Teopmu amxeHnsa IC3, rxaBmeiimne
CBelleHNA 0 CHHXPOHHOM W OpOMTANIBLHOM METOJaX, NOHATAA 06 ompefeleHENH Iapa-
MeTpPOB TPAaBUTAIMOAHOTO IOJA M QUIYDPH 3eMIM, O CBA3HM Pa3pPO3HEHHHX Ieojesn-
qecKUX ceTeil, PACcHOJOKeHHHX Ha PasiNIHHX MATEPWKaX B MENAX COBJAHUSA efu-
HOil MUPOBOW CHCTEMB KOODAMHAT.

B yue6moit nmTeparype STOT HOBHI W BajKHHI pasfiesl COBPeMEHHOIl Teofesn-
9ecKOl HaYKHU OCBemaeTcs BIePBHe, KpaiiHe yKeaTelIbHO, B CBASH ¢ 3THM, HOJIYINTH
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3aMeUAHUA ¥ MPeJJIOKeHEA Kak mo o0meMy IIany OCBeIIEHHES OCHOB KOCMIYeCKOM
reofiesnu B yIe0HZKe II0 BHICIIEH T€OJIe3nH, TAK U IOKEeJaHHA 4acTHOTO XapaKrepa,
Kacawimpecs OyTedl W MeTo/l0B H3JI0KeHHsI OTHAEILHEX BOIPOCOB pasfiesa.

Ilo cpaBEeHmio ¢ mpexHMM m3ganmem Kumrm (1964 r.) BMecTo Tepmuma «reope-
THYECKas Te0/ie3usa» BBEJEH TePMUH «pI3nIecKas reofiesnsa®, Kak wo CyIecTsy Gosee
KOHKPETHO ¥ TOYHO OTPKANIMUE COJepIKaHme.

Ilpm wWanokenwyH BOIPOCOB Kypca aBTOP CTpeMHUICA HM30€HaTh CIOMKHHX MaTe-
MATHYECKMX BHKIATOK, JOOWBAACH JYYIIeTo OCBENICHUA CYMECTBA 33aY H METOMOB
ux pemennsa. C 3To# MeJb0 IPHMEHAINCH BOSMOKHO Gojiee IPOCTHE MOTOXE BEIBOTA
$opMyd; MHOTa NPONYCKAIWCH HPOME;KYTOYHBIe [JIMHHHE ajirefpamdecKkue mpe-
06pasoBaHWA; 3HAUUTENBHOE TUCIO (OPMYJ BHBOJUIOCH TEOMETPHUYCCKUM IYTEM.
Wanoerne BOOPOCOB KYypPCa B OCHOBHOM fiaHO Ha (aze nm@epeHNUaIbHOTO U WH-
TErpalbHOTO MCINCICHNUS W AHAINTAIECKON reOMETPUH, N3YIaeMEHIX N0 TIPOTpaMMme
BHICIIEH MATeMATHKH IS TeXHWIeCKWX By30B. OgHAKO, YOPOMAs WM3H0KEHHE BO-
mPOCOB Kypca W fenas mx Gosiee NOCTYNHBIMHM [ W3YICHHUSA, aABTOP CTPOMUJICH HE
HOCTYHAThCH CTPOTOCTHI0 HOAXOMAa K IOCTAHOBKE COOTBETCTBYIOIMMX 33[a4 W WX
PeINeHuo.

[Ipu man0kenny TeOpHN HOTEHIWANA CHJIH TAMKECTH JaHL €ro BHIPAayKeHUA C
npuMenerEneM cdeprdeckux (QYHKNUE IIaBHHM 00pasoM JJs CaMoro HAYAJIBHOTO
03HAKOMJIEHHS C DTHAM TIHPOKO IPHMEHAINIAMCH B HACTOAMEE BpeMs METOIOM IPefi-
CTABJICHUS MOTEHNNANA. MeToINYecKr BKIIIEHNE DTHX QYHKIUYE OCYMECTBIEHO Ta-
KM 00pasoM, 9TO BOBMOKHO JOTUUECKHU IOCTEJ0BATEJbHOE W3YICHHE COJCPRAHUA
NAaHHOH! TJiaBH, MUHYA GOPMYIH cO cPepnuecKuMA QYHRIUAMH.

Cdepuueckne QyHKOWUY W MATPWIH OpuMeHsAnTca B riase «OCHOBH KocMmMmdie-
CKOM Teofie3mm.

HanmpasieHHOCTs ¥ Ha3HAUEHNHE KHUTH HE HMO3BOJAIT WBJOMUTH METONH MOJe-
BHIX M3MEPEHUH ¥ TEOPHIO HECTPYMEHTOB; HCKJIIOYEHNE COCTABIAIOT BEChMa KPATKKe
OOHATHS 00 OCHOBHHIX HfesiX, IPHHOANAX W CI0COGaxX MBMEPEHHS CHIB THHKECTH,
HampaBleHE# ¥ manbHocted fo VIC3 m ompenesenmit acTPOHOMHUYECKHNX KOOPHUHAT
U a3WMYTOB.

Pan mpuMepoB Ha DPAKTUYECKOE pemeHWe OTNCIbHHX 3a7ad 3amMCTBOBAH
73 7a60paTOPHOTO NMPAKTHKYMA IO CHEPOMAMYECKO TeofesnHd, COCTABICHHOTO WiIe-
namn xadenps Beicmeii reogesun MUNTAwK H. A. Becnanossm, B. A. Pomanos-
ckmM, B. @. XATPOBHM. ITUM YUYTeH ONUHT NPOBECHHA NPAKTUYECKHX BaHATHI
xkadeapsr Bricmeit reopesmu MUNTAnK. Hoswie npwmepm ¢ wmexommpMm ¢op-
MyJaM¥ [Jf BEYNCJICHHA [YTH MEDHAWAaHA, pPemeHusa upsaMoi# u obpaTHOH Teo-
NesUYecKHX 3afad W HEKOTODHe [Pyrme OBUIM BHYACIEHH W IIPEJOCTABIECHBI
B. @. XurpoBHEM, 32 970 IPHHOMY eMy G0JBIIYIO 61aroIapHoOCTh.

Paspen «OcHOBB KOCMIIECKON TeOfe3WA» HANMCAH KAaHAMZATOM TeXHHIECKNX

HayK, fgomentoM wradenpn reopmesmm m kaprorpadmm MIY mm. M. B. Jlomonocosa
A. TI. Tumenxko.



BBE/JIEHUE

3ATAYN BBICHIENT T'EQOJE3UU.
OCHOBHBIE IIOHATHUA 1 ONIPEJEJEHNA

3amauy BHICIIEH TEONEe3HH MOKHO MOAPA3NENNTh HA HAYYHEHB e W Ha y 4-
HO-TeXHUYECKHe.

T'naBHOR HaygHOR 3afadeil BHCIEH reofiesVy fABIAAeTCH M 3ydeHmne ¢u-
rypH (r.e. POPDMH W PasMepoB) I BHOIMHET O TPABUTALNUOHHOTO
monsg 3eMuan.

Pemenne 310i1 3amadm BKIIOYAET:

1. Ompepesienne BAfA W PasMePOB MATEMATHUECKE HPABHIHLHON HOBEpPXHOCTH,
MOCTATOYHO XOpOomo mpeAcraBiasomeit ¢urypy 3emam B mesom. Takoit moBepxHO-
CTHIO IIPU3HASTCA HOBOPXHOCTH BJIIUICOUA BPAMEHAA C MAJILIM C:KATHEM; OH HAaBH-
Baerci 3eMHEHBM BJIIHTNCOHAOM.

Onpepiesieare TOBEPXHOCTH 36MHEOTO 3JIIHICONAA 3aKJIIOYAETCSA B YCTAHOBICHAN
HapaMeTpoB, XapaKTePH3YIOMHAX eT0 pasMepsl, OpPMY B pPacmojo;KeHHe (OPHOHTH-
poBaHme) B Tele 3eMIH.

2. Uszyuenwme feiicTBuTeI5HON QUIYPH 3eMIE U ee BHEIIHETO I'PAaBATAIOHHOTO
nong. IMom peiticTBmrensHO# Purypoit 3eminm mOHUMAaeTCA pealbHAas QuUaWIecKas
36MHAA HOBEPXHOCTD.

WNsyuernne neficTBMTENbHON (PUTYypH 36MIH BAKIIOYRETCS B OUPELEJCHAHW TeO-
METPUYECKHX BEIWYIAH, XAPAKTEPH3YIOIUAX OTCTYIJIEHWs €€ HOBEPXHOCTH OT IO-
BEPXHOCTH YCTAHOBIGHHOTO 36MHOTO BIIHICOMIA.

Bremuee rpaBmTamumoHHOE TOJe 3eMIM M3YJAOT IO TAKOMY >Ke NPHHIENY,
Kak U Qurypy 3emiim: cHA4ajla ONpefeA0T MPAaBATANHOHHOE I0JE Tejia, 6IUBKOTOo
K 3emiie, 3a KOTOPOe TAKKe MPUHNMASTCS DIIUNCONS BPAMEHUs, 3aTEM OIPELeII0T
OTCTYIJIEHAH I'PABUTANMOHHOTO HOJA PeaJbHON 3eMid 0T TPaBATANAOHHOTO IIOJIA
BHIOPAHHOTO HINHICOWHA.

T'pasuranuonrnoe mojie 3emMad @ QUrypa 3eMid HEePA3PHBHO CBABAHB ME;KIY
cofolf ¥ UX M3yIeHHmEe MPSACTABIAET IO CYIMECTBY OfHY 3apmagy. Ilpaktmaecku sa-
Iava U3yUeHHs QUIYpPH 3eMJIH CBOAMTCA K OIPEfeNIeHHWI0 KOODAHWHAT TOUEK ee IIo-
BEePXHOCTH B eImMHOl, 06mmeil Jjia Bceit 3eMIn cucTeMe, a 3aJla4a M3YICHAS BHEIIHOTO
rPaBUTAIAOHHOTO HOJiA 3eMIH — K ONPENENIeHHMI0 HOTEHOUANA CHJIH TAKECTH Ha
NOBEPXHOCTH JEMJUM I B €€ BHEIIHeM WPOCTPAHCTBE B TOH jKe KOODPIMHATHOM
cHcTeMe.

B uncie npyrux HAaYYHHX 33729 BHCIIEH TEONE3WH yIOMAHEM, HaIpuMep, Ta-
KHe 3a7add, Kak W3y4eHne TOPW3OHTANBHHX ¥ BePTUKAJABHBIX JIBYIKEHWI 3eMHON
KODH, HCCIe0OBANNA BHYTPOHHETO CTPOSHUA 3eMJIH, OIpefieieHre pasHocteil ypos-
Heli Mopedt u mepeMemieHmii 6eperoBHX IWHWY OKEAHOB, N3YYCHHE [BHKEHHA
3eMHHEX TOJIOCOB H T. H.

3anyck HCKYCCTBOHHHIX COYTHMKOB 3eMju W HaOIOfeHHe 33 WX [BHKEHHEM
pacImApUIE KPYr HAYYHEIX 3a7a4 BHCINEH Teofe3W¥; HMCIOJIb30BaHNe DPE3yIbTaTOB
nabmonernit VIC3 mossonmio wayuwars QUIYpH W TpaBATANWOHHEE TOdd JIVHH
¥ TIaHEeT COJHEeYHO! CHCTEeMEI.
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'

[lepeuncsienHEe OCHOBHBIE HAYTIHBIE 33/1aYd PEMIAlOTCHA HA OCHOBE Pe3yJbTATOB
TEoJIe3HIEeCKNX, TPABAMETPHYECKHNX, ACTPOHOMUUECKMX H3MEPEeHHH, KaKOBHMHA fB-

TIAKOTCA:

a) yraoBeie W JWHeHAEe H3MEDeHHWs, ONpefeafIOmue B3aUMHOE IOJOIKe-
HOE TOYEK 3eMHO# IOBEPXHOCTH (TPHAHTYJIANHSA, HNONHTOHOMETPWS, HABEAMPO-
BaHme);

0) maMepeHMs YCKOPEHWH CHJIH TAMKECTH;

B) acTpOHOMMYECKHE ONPEeielIeHNsA MHPOT, AOJTOT TOYEK 3eMHON mOBEPXHOCTH
U asUMyTOB HANPaBIEHHNH;

T) HaGJIONEeHNs 33 JBEKEHNEM HMCKYCCTBEHHHX CIYTHHKOB 3eMIH.

Insa Toro uroGe 3TH W3MepeHHA OGecHeYMiM AOCTATOYHYI0 TOYHOCTH BHIBONA
BeJWUYHH, onpeeiAnmux QUIrypy u rpaBHTalMOHHOe moje 3emiad m mianet Cou-
HEUHOIl CHCTeMbI, K HAM IPeIbABIAITCA BhcOKHe Tpebosanma. Hmxe mpumso-
OATCA MOIYCTHMble BeJWYWHE CPeIHEKBAJPATHICCKAX OMHGOK M3MEPEHWIT,

JInneitnnie M3MepeRNs +1 : 500 000

W3amepentie TOPU3OHTANLHHX YIJOB +0,7"

smepenre 3eHUTHEIX PACCTOAHNN Ha TyHKTaXx  HeCKOABKO CEeKYHA
36MHOII TIOBEPXHOCTH

HupennpoBarme 1 Riaacca:

caydaiHasg HOT'PeITHOCTH n = *+1,0 MM/KM
CHCTeMaTH9eCKasi MOrPemHOoCTh 6 = *0,05 MM/EM
AGconoTHRE OLpefieJIeHAs CHJNB TAMKECTH Ilonn MUANAraja WAX B OTHOCH-

TeJIhHOX Mepe — BeJMYHHEL I10-
papka 10-6—10-7
OTHOCHTebHEIE OOpeJieIeRNsl CHJEL TsKeCTH 0,05—0,5 Mra ®Jin B OTHOCHTENb-

HOl Mepe —— BeJIMYMHH TOpANKa
10-7
Onpepenenne acTpOHROMHYECKAX mMUpPoOT ¥ Aoa-  +0,3—0,5”
rot 1 xuacca

OmupenelieENe acTPOHOMHAYECKWX  asmmytos  +0,7"
1 xaacca ‘

Omnpenenerne HanpaBierwit ma C3 Oxoxo 1”
Onpegenenne fansEoCTeR pacerosmmit o IC3 o 1 M

Ilopanox mpuBefeHEHX mOTpeMHOCTe!l M3MEPEHHWHA YUUTHIBAETCH KAK IPU TEOo-
PeTHYeCKHX HCCIEeJOBABMAX, TAK W HpH o0paborTke MaTepuaIoB M3MepeHHH.

HayuBso-TexXHuYeckHne 3afgady BHCODEeH reopgesund
3aKJIKYAI0TCA B IEPBYIO oUepenb B paspaborre HamGojiee COBEPIIEHHHX METOLOB
7 OprGopoB s BHIOJHEHUs BHCOKOTOYHRIX M3MepeHwit m HaGMIONeHnil yOIOMAHY-
THX BANOE M OIpEeJeNeHNs KOOPAWHAT TOYEK HA TEPPHUTOPUH IOCYRAPCTBA B €IH-
HOHA cEcTeMe W, B KOHEYHOM CYeTe, HA IOBEPXHOCTH BCETO 36MHOTO IMapa. YKaskeM,
970 METORAaMU BHICIIEH Teofies’l ONPEeAeIAIT KOODAWHATHE OTHEIbHHX, JACKPETHHIX
ToYeK 3eMHO# noBepxHOCTE. DopMy PEaHUECKOH MOBEPXHOCTH 3EMIIM MEKIY DTHMHE
TOUKAME JIETAIBHO W3YyJal0T MeTojiaMH Tomorpadmm. lms Tomorpadmueckoro ms-
yuenna (QOPMH HOBEPXHOCTH 3eMIN ee TOYKH, OIpeJieleHHHe MEeTOJAMH BHCHIEH
reofiesny, CIYKAT UCXOMHBIME U B COBOKYIHOCTH 06PasyloT OmMOPHYI Treo-
EesWUIeCKY ceTbh, OPH HAIMIMKM HOCHeJHEH A METAJIHHOTO WM3YICHUS
36MHOY MOBEPXHOCTH MeTOIAMU TONOTpaduum yxe He TpeOyeTcs NpUMEHEHHA TeopPUun
BEHICIIEA T'€Oe3WH.

OpHOBpPEMEHHO OTMETHM, UTO METOAH X DpEOOpH, paspabaThBaeMbie B BLICIIeH
reoyieswn, HAaXONAT BCe BO3PACTAONIEe NPHMEHEHHEe B DPAKTHKE CTPOUTENILCTBA
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Pa3HOOGPA3SHHX WHIKEHeDHHX COODPY/KeHHY — HAYYHHIX, HPOMBIILICHHHX, THAPO-
¥ TEMIOHEPreTHUYECKHX, TPAHCHOPTHHX MU T. II.

CymecTBeHHON HAayYHO-TeXHWYECKONW 3afadyeil BHCINEH Treoge3nu ABJIAAETCH
paspaboTKa W YCTAHOBIEHHE IeiecOO0PAa3SHEIX METOJI0B MaTeMaTHYecKoit o6paboTku
pPe3yibTaToB WBMEPEHWI, MMEIOMWX INeJbl0 YCTPAHEHHEe TeOMeTPHYECKAX M HHEIX
Hecorjacuii, o6yCHOBIEHHHX IOTPENHOCTAMY H3MEPEHHU, M BHBoJ Hambojgee fo-
CTOBEPHHX 3HAYEHHY HCKOMEX pe3yJIbTATHBHHX MAHHHIX H3MEPeHMIA.

HaprorpadmpoBanme 3HAYNTENBHHX TEPPUTOPHH, T. €. 0TOOpaKEHHE 3eMHOU
NOBePXHOCTA HA KAapTe —— IUIOCKOCTH, CTABHT 33afauy OTOODaKeHHA M OMOPHBIX
reojie3MUeCKUX MYHKTOB Ha IJIOCKOCTH; WHA4Ye TOBOPS, 3aJada CBOOMTCH K m3o6pa-
JKOHNIO0 TI0 MaTeMAaTHIeCKUM 3aKOHAM cdepouanvecKoil MOBEPXHOCTH HA ILIOCKOCTH
I OIpPEeAeJeHAI0 HA Hel IOJOKEHHS TeOfle3SHUeCKUX OYHKTOB B CHCTEME IJIOCKHX
KOOPAMHAT, Kak Oosee ymoOHBIX M HPAKTHYECKHUX MHEJIeH.

OcBemenabe B 00MUX YepTax HAYIHBE U HAYIHO-TEXHUUCCKHE 3a[aUM BHICHIH
reoflesv\ B3aWMOCBABAHH, W IOJTOMY YIOMAHYTOe MOXpPa3sfelieHWe B HM3BECTHOM
CMHICI€ YCIOBHO, He BJAaBAasfACh B M[ETAJIH, OTMETHM, 9UTO BHIIOJHEHHE OCHOBHEIX
HAYYHO-TeXHUIECKUX 33784 TpebyeT yiera TpeOOBaHUM, BHTEKAWIIHX K3 HAYIHBIX
3ajiag, 0e3 YeTo WmOCIeJHWe He MOIYyT pas3pemarhbess ¢ HeoOXomumol rayGummoit n
NOCTOBEPHOCTHIO; ¢ MAPYTO# CTOPOHH, NJA peIleHWA HAYIHO-TeXHHYECKHX 3a1au
Heo0X0IMMO 3HAHAE OCHOBHEIX BHIBO/IOB U PEe3yNbTATHBHEIX NAHHHIX, ABIAKIIAXCS
HTOTOM peIIeHUs HAYIHHIX 3a[ad BHCINe# Teojesnu. V30:KeHHOe BHIME O3BO-
JnAeT JaTh clemyomee obmee ompemejeHAe BHICIICH TeOIe3WN.

Bucmasg reogesmsa — HayKa:

1) umayualomas GUIypy M TpaBUTANHOHHOe moje 3eMau u mjiaHeT COMHEUHON
CHCTEMBI;

2) ompepiensiomas KOJINYECTBEHHHE XAPAKTEPUCTAKN pa3JHIHEIX [BAKEHMUIT
36MHOH KOPH;

3) saHMMamascsad TOYHEIMH H3MEPEeHWSAMZ B HAType, HEOOXOOWMMEIME a) HJidA
HCCHeJOBAHNE N0 MEePEINCISHHNM HAaYIHEM npoGaemam, 6) mia onpeneseHus Koop-
AUHaT TYHKTOB FOCY/laPCTBEHHON Ieoie3mIecKoil COTH B eIHHON CHCTEME KaK OCHOBH
KapTorpadupoBaHAs €T0 TePPUTOPHH, B) [JIs TOYHOTO PEeNIeHUSA PAa3HOOOPABHEIX 3a-
Iau IpU HAPOJHOXO3SIHACTBEHHOM CTDPOUTEJIBCTBE W T) [JIA YAOBIETBOPEHHS HYI
000pOHE CTPAHH.

Teneps ocTaHOBHMCA Ha HEKOTOPHX OCHOBHHIX HOHATHAAX W NPHUBEIEM CBEICHUS
IJia oOmel OPMEeHTHPOBKE B BOIIPOCAX Kypca TPH Hmociaexyiomem Gosee feTalbHOM
N3YJYEeHUHN TpPeMera.

Panee mox ¢urypoit 3eMiIm DOEAMANach HOBEPXHOCTh Teowpa. leompg —
ypoBeHHAaHd ONOBEepPXHOCTH, COBHAfKZAaKIOas B OKeaHe ¢
HeBO3MYyNeHHOH TOBEPXHOCTSHIO BOJXB, MHECIEHHO-
NPpONONIMeHHON mmoOJ MaTepPDHKAMH TakuEM o00pasom,
uT0 6K HaOpaBIeHHSA OTBEeCHHX JHHHN ©HepeceKanm
5Ty MOBEPXHOCTH BO BCEX €€ TOUYKAX HNOJ HNPAMHM
YT JI0M. JTa MOBEPXHOCTHL SMABJIAETCA HEIPEePHIBHON, 3AMKHYTOMH, BCIOAY BHIIYK-
noii, Tlockonsky ¢urypa reompa 3aBUCHT OT HEH3BECTHOTO HAM pacIpeNesieHH:A
Macc BHYTPH 3eMJIH, TO OHA. CTPOTO TOBOPs, HeONPefennMa. IT0 OO0 MOKA3aHO CO-
rerckum yuenmM M. C. MojoneHckmm, mpepnoskuBmuM OCHOBHO#® 3afa-
yell reofmes”mu CUUTATh MB3ydeHUe PUTYPH peadTbHON
3eMniuw W ee TPABMTANMOHHOIFO DOIA H paspaforaBmum Te€O-
PUI0, KOTOPAasA [iaeT BO3SMOKHOCTH TOYHOTO M3YIeHHA QUTYPH 36MJIW HA OCHOBAHHI
BHIIOJHEHHBIX HA 36MHOM HOBEPXHOCTH M3Mepenuil, 0e3 MPHUBIEYCHUA KAaKUX-ITHOO
TUOoTes 0 BHYTPEHHEM ee CTPOeHNH.
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B TeOpI/IH MoJsionenckoTo BBOAMTCA KaK BCIOMOTATENHHAS MOBEPXHOCThL K B a -
3UTEO0W A, COBHAJTAIOMAA ¢ TEOHJOM HA OKeaHaX M MOPAX M BEChbMa MAaJio
OTCTYIAK LA OT HOBEPXHOCTH TeOMAA Ha cyme (MeHee 2 M).

Caepnyer 3aMeTuTh, YTO BEIBOJ IapaMeTPOB 3eMHOTO 3JIHICOUIA npouaBozmTCﬂ
00J yCAoBWeM BO3MOKHOM ero 6ams3ocT K KBasureounay. IloBepxmocTs KBasmreonsia
ATpaeT pojib «yPOBHS MOPAY, W OT Hee BeleTCs CIeT TONOrpaguIecKHX BHCOT. TaKuM
o6pa3zom, BMECTO H3YUEeHWS NOBEDXHOCTH Teompaa teopmsa Moixomenckoro TpebGyer
ompefenenns ¢uryps kBasmreompa. Ho ecam panee mayuenme Quryps reompa cra-
BHJIOCHh KaK OCHOBHAsg 3aJlauya TeOfie3WW, He IOJyJYaBOIas TOTHOTO M CTPOTOTO pe-
MeHnsd, TO NOBEPXHOCTH KBA3UTEOHMNA BBOAWTCA JHINb KAK BCIOMOTAaTeNbHAsA
u touno oupepenserca. Ilo Teopmm MosomeHCKOTO, BCe IeOE3WICCKHE B3aTaTN
MOJNIy4aloT CTPOroe pemeHme w HeobxompmMocTé B nayqemm ¢uUryps reompa He
BOBHHAKAeT.

Nsyuenne guryps 3emanm npefcraBiser ofHY M3 BajkHeHmmX Tpobiem ecTect-
BO3HAHNUA; 3HAaHMEe GOPMHE W pPasMepoB 3eMIM WIPeLCTaBIsfeT GONBLINOW HAYYHHHE U
NPaKTHYECKHEA WHTEePeC He TOIBKO JJIsi Te0Ne3NH, HO U HJIsi MHOTHX CME/KHEIX HAYK —
acTponomMum, reopuswKy, reorpaduu m Ip.

[laa pemenvwsi MHOTOYUCJIEHHBIX HDAKTHYECKUX 3afiady T'e0JIeSNN B KOHEUHOM
cuere HEOOXONMMBI KOOPAMHATH OTHEIBHBIX TOYEK 36MHOM HOBEPXHOCTH B BHIGpAaH-
HOM cHucTeMe. JTH KOODPJMHATH HENMOoCPejacTBEeHHO W3 N3MEDEeHNIH He on-
pefieliATCsa, a MONYJAlTCA M3 BH YK CJ e HH A IO pe3ylbTaraM H3MEpPeHHI.
Ho noia Buumcnennii KOOpAWHAT TOUEK 36MHOM TOBEPXHOCTH M APYTHX €€ 3IeMeHTOB—
oiomageil oTHeAbHEX QUTYP, PACCTOAHWH, HANIPABIGHWH, PAa3HOCTEH BHICOT MEKLY
33JAHHHIMHA OYHKTAMH M DPEINIeHWA APYTHX Teole3MUeCKWX 3aflad IO pe3ylbTraTaM
HETIOCPEICTBEeHHLIX M3MepeHN He 06 X 0 M MO 3HAHUE DTOH MOBe P X-
HocTH, T.e. ee dopMel m pasmMepoB. OgHako umUeCKas MOBEPXHOCTH 3€MIH
KpaiiHe CJI0KHA W WCHOJB30BATH 9Ty MOBEPXHOCTH HPH MATEeMATHIECKOM pPemEeHAH
reofeswdecKUX 32734 HeBo3MO;kHO. llosToMy mpm pemeHnu MaTeMaTHUeCKHX 33739
reofie3sdH HMCOOJb3YIOT MOBEDPXHOCTH SJJMICOUAA (BHPAKAEMYI0 MPOCTHM ypaBHE-
HAeM), pelIeHHe 3aaY Ha KOTOPOH yske He MpefcTaBiAeT TpynHocTeil. BecsMa ixe-
JATEeJBHO, UTOOHI AIIHNCOM] HMMeJ HAamboNBIIyI0 OJAM30CTH K QUrype 3eMim B Te-
soM. Takoit snimOcony HABLIBAETCA OO M HEM B3E€MHBM DIINUANCOMAOM
O OImpefeseTcs CICAYIIMUMA YCJIOBHAMN:

1) coBmajenmeM HEeHTpA SIJIUNCOEAA ¢ MEHTPOM TAKECTH 3eMIM U IIOCKOCTH
€ro PKBATOPA C INOCKOCTHI0 36MHOTO DKBATODA,

2) MHHAMYMOM CYMMEHl KBaJpaToB YKJIOHGHHﬁ oo BHICOTE KBasureomjpga BO BCEX
€ro TOYKaX OT NOBEPXHOCTH 3JNJIUICOWA.

s mpocteix TreoMeTpHYECKHX COOOpayKeMH# CIENyeT, YTO YKAaB3aHHHE JBa
YCI0BAA BHpakawoT TpeGoBaHMA KaK K pasmepaM u (opMme 3eMHOTO »IJIHICONNA,
TaK U K €r0 Paclojio)KeHUI0 (0PHeHTHPOBAaHNI) B Tesae 3emun. Ho HeTpynBo Tansxe
cleNaTh 3ARIIOYCHME, 9TO0 [Jd ONPENeJeHHAs IapaMeTpoB oGImero SeMHOTO 9IJMII-
coMja HeOOGXONNMO BHIOJHNUTH TeO/le3NUecKe N3MEPEHNUs HA B C € i NmOBepPXHOCTH
3eman. Iloxka 9TH ma3MepeHHs eme HOJHOCTHIO He BHIOJHEHH, HE HPEJICTABIACTCS
BO3MOKHEIM OLIPEMIeJUTh MapaMeTPs 00Iero 3eMHOTO BJLIMICOMAA IeoMeTPIUeCKAM
oyTeM; 310 feqo Gymymero. O@HAKO MCHOJBH30BAHFE HAGMIONEHMIE MCKYCCTBeHHBIX

CIyTHAKOB 3eMJIN NPUHOUINWAJIBHO YOPOIAeT W YCKOPAET pemenne sToli 3afadm
(em. ta. XVII).

B orpenprBIx CcTpamax (uam TpyOome CTpaH) OPHEEMATCA OpmR oGpaboTke
TeofiesmIecCKNX H3MEePeHH# SIJINTCONIL. BHBEfeHHHE N0 pPe3yJbhTaTaM reopesmue-
. CKuX pPaboT, OXBATHBAKINAX TEPPHTOPUIO HAHHONW CTPaHW (WMJIH ee YaCTH) WIH
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HeCKOABKHX cTpaH. Takme «pabodmed dITHOCOMAH HABLIBAIOTCHA pedepen -
sanmuncounpamu Pedepern-smammcongs oramganTcs oT 06IMEro 3eMHOTO
SINMNCORAA. JTO DPas3iWYMe B3aKII0UAETCH B HECOBIANICHNM Da3MePoB M IEHTPOB
peQepenn-HIINICONNI0B ¢ PA3MepaMu W HEHTPOM OOIMero 3eMHOTO 3ILIHICOWAA,
a yCIOBHEe MEHWMYMA CYMMHl KBAJPaTOB OTKIOHEHNH BHIONHSETCA IS pedepern-
DIIMOCON/A He A BCEHl MOBEPXHOCTH 3eMJIH, a TOJNBKO A TOH JacTH, Ha KOTOPOH
GELIM BHIIOJHEHH Teofie3mdecKne PaGoTh, Pe3yIbTaThl KOTOPHIX HCIONb30BAHEL IS
BEIBOJIa ero mapamerpoB. IloaToMy pedepern-sIanICON] MOKHEO PACCMATPHBATEH KAK
DILIHIICONNI, HOIXONAMUA TONBKO IS YACTH MOBEDPXHOCTH 3emmnn. Beaepcrsue me-
COBHAJIGHNA NEHTPOB pedepenn-sInncona M PeansbHoll 3eMIu Manas och pede-
PEHI-2AIUNCONNA He COBIAZAeT ¢ OCHI0 BPAmMeHUA 3eMIH, HO NaPaJLIeAbHA IMOCIEN-
Hell; TaKKe He COBHAJAIOT, 4 HAaPANIEIBHE HIOCKOCTH MX DKBATOPOB.

C raxoil 65 CTeIEHBIO TOYHOCTH Hu OHIIM OIpefeleHE HapaMeTps pedepenm-aiI-
JNANCOUJ2, €T0 MTOBEPXHOCTh HEKOTTA HE COBIAMAET ¢ HOBEPXHOCTHIO 3EMIH MIH Ieo-
nna (kBasureompa). PaccTOAHHA Me[y IOBEPXHOCTAME B36MHOTO 3JJINICOHIA
n reonna (xBasmreomaa) AOCTHralOT B OTAEABHHX MecTax 150 M; a BEICOTH TOYex
3eMHOI TOBEPXHOCTA OTHOCUTENbHO DIIJIMICOAA — COTEH M THICAY MeTpoB. [loaToMy
mpu- MaTeMaTHYeCKoH 06paboTKe reofiesMIeCKEX H3MEDEHUA NPOCTO <«33MEHUTHY
36MHYIO II0OBEDXHOCTH DILIHICOHAOM Hexb3sA. Heobxommmo pesynbraTsi maMmepenuii,
BHIOOJIHEHHHX HA 36MHOH HMOBEDPXHOCTH, IPefABapHTEIBHO COPOGKTHPOBATH HA IO-
BOPXHOCTH DILIMICOMA TYTeM BBEJIEHWs COOTBEICTBYIONINX IONPABOK 33 IEPEXOf
oT OfHOH MOBEPXHOCTHE K APYrof. «OTHECEHBHEY TAKEM 06pasom BeIMIEHE — pe-
3YABTATH HEDOCPE[CTBEHHEIX‘ TE0Ie3MUECKHX W3MEDeHHHA — Ha IOBEPXHOCTH HJI-
JIUOCOWIA yiKe MOKHO MOJIBEPraTh CTPOroil MaTeMaTHdeckoil o6paGoTke, HCHOMB3YS
3aBHCAMOCTY, CYIECTBYIOMHAE MEKAY -OT/ICAbHEIMA DJIeMEHTAMH IIOBEPXHOCTH 5I-
numcoupa. IlosToMy Takue DIIMICOMAE ¥ HASHIBAIOT pedepeHN-BIIANCOMTAMA W
pituii¢oufamMu. otToocumMoctn. ‘Taxue siaNHICOMILI CIYKAT KOODAHHATHON TOBEDPX-
HOCTHI0, HA KOTOPOH pEINAlOTCA Teofie3WIeCKHe 33a[[aUl W OTHOCHTEJBHO KOTOPOH
ONPENENATCA TreofesndecKre KOODANHATH DOYHKTOB. l'eoJes3HIECK U e
KOODAMHATH ONpEeJeNA0T HAaNpPaBJIeHHEe HOpMAaJXe:
KT HOBEPXHOCTH BHSIJNHADCOHNI]A.

Paspen Bmicme# reome3wd, B KOTOPOM PAaCcCMAaTPMBAIOTCA MATeMAaTHUECKUE Me-
TOMEH pemeHWs reofie3sMYecKHX 3afaY HA HOBEDPXHOCTH 3JLIHNCOMMA, HA3HBAETCH
chepomanmdecKoOd Teomgesmnew.

Paspen BECIIeil reofie3md, B KOTOPOM DPacCMaTpPHBaeTcs (QH3WYECKas TeOpHA
maydenus QUryps 3eMIE M ee TPABHTAIUOHHOTO HOJA IO Pe3yIbTaTaM Hemocpey-
CTBEHHHX H3MepeHHiH, HazoBeM M3 UMUIecKOo# reomesumeit. B mei co-
fepiKaTCA WBMOMEHNe METON0B W DEYIHTATOB ONPE/eNeHAA TapaMeTPOB 36MHOTO
9JLIAICON/IA, W3YYCHHE OTCTYINEHHA OT ero mOBEPXHOCTH — IMOBEPXHOCTH K B a -
3UTEeO0oMU/a ¥ BHYACICHHA NMOTEHIHANA CHIH TAMECTH SeMIH.

Bricmas reopmesma — o0mmpHas o0xacTh BHAHUHE, M IpPH €e HN3YYCHAH OHA
OORYHO MOAPA3MEeNIAETCa Ha YACTH, PACCMATPHBAGMEE IPH IOAPOGHOM HM3IIOKEHUH
Kak caMoCcTOATeIbHEEe NHCHEOMHHEL. Ilo MeTommueckmM Co0OpaKeHHAM, yIATHBAS
XapaKkTep W CYMECTBO HCCIeNlOBAHMIE [0 BhICHIEH TreojeswH, ee MOKHO ILOI-
Pa3HeNnTh:

1) Ha DABJeNH, CONEePIKAIIe N3T0KEenne UPOTPAMM U METO/IOB IOJEBHX H3Me-
peHHmil, a TAK;Ke TEOPWI0O WCHOJIB30BAHAA [JiA 5TOi meanm mpuGopoE W HHCTPY-
MEHTOB;

2) Ha paspeisl, DacCMATDPHBAIOMME TEOPHIO U METONH Hayumol oGpaborkm
Pe3yIbLTAaTOB W3MepeHN# W DMOJyYeHHEe Pe3yNbTATHBHHX HCKOMHIX JAaHHHX WCCIe-
AOBAHEY 0 M3YICHUIO TeOMETPHN W (HBMKH 3eMid.
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1-A TPyOna [MCHUIUIVH, BXONAIAX B BHICIIyIO reonemno, — W3MepHTeNbHAA
4acTh, MOApasaeidaeTcs oGHYHO Ha pasfels:

OcrHoBHHEe Teonesmueckme pabGorTw. B srom pasmerne
paccMaTpABAOTCS METOAH TOYHOTO OIPEMIeNIeHNs OTHOCHTEJIBHOTO IMOJIOKEHHNA TOUCK
3eMHOM HDOBEPXHOCTH OYTeM BHIOJHCHHA BHICOKOTOUHHX YIJOBHX K JAXHEHHBIX
u3MepeHuit (TPHAHTYJNANHs, INOJUIOHOMEeTDPHs, HABEJUWPOBAHEE); OCHOBHASA KOOD-
AWHATHASA JWHHUSA, OTHOCHTEIBHO KOTOPO MPOU3BORATCA YKAa3aHHEIC M3MEPEeHHA, —
OTBeCHAS JIMHUSA.

2. MetTognm reogesmuYecKONl.rpaBHMeTpHUU, B KOTOPHX
paccMaTPHEBAIOT WBMEPEHHWS YCKODEHWS CHIH TAKECTH B TOYKAX 36MHON INOBEpX-
HOCTM, HEOOXOXUMBIE Jig peNleHWs reoje3NMyecKnx. 3afad,

3. Teomgesmueckasa acTpoHOMHA PaccMarpmpaer MeTOAH OTI-
pelieJIenus IMAPOT, HOJATOT M a3MMYTOB M3 HabalofeHmit HeGeCHHX Tej. ACTPOHOMH-
9ecKHMe MEPOTH W FOJTOTH ONPEefleNsAi0T HAlPABJIeHNWe OTBOCHOU JuHWH, T. €. H a -
OIpaBieBEHEe CHJIHK THMKECTH, a aCTDOHOMAYECKHEE A3WMYTH — HATpa-
BICHASA MEIY TOIKAMHE 36MHO IOBEPXHOCTH OTHOCHTEJIBHO HATIPABJIEHAA HA OO0
3emian.

3anycK - MCKYCCTBEHHHX CHOYTHEKOB 3eMiw (I/IC3) onpenenm BO3MO;KHOCTD
HOBHIX METOJOB pEIIeHHS OCHOBHHIX 3aflad BHICIIeHl Treofe3uyl; COOTBETCTBEHHO
2TOMY, HOSBWJICS HOBHIE Pasiell TeOlesun KaK HAYKW, DONYIHBINe#l HaMMeHOBAHUE
KOCMHUYGCHKON MIKM CHYTHAKOBOX reogesnn* B astom pasgene
€CTh BONPOCH HW3MEPEHWH, KOTOPHEe M0 CYMeCcTBY KOMKHE OHTH OTHECEHH K IOPBOR
rpynme pasfeloB Bhcmeidl reopiesmm. J{pyroit Kpyr BODPOCOB OTHOCHTES K TEOPHH
¥ peImeHWIo 33724 BhHCIIEeH Teojiesny IO [IAHHEIM CIYTHUKOBHX H3MEPeHHH, HO3TOMY
9TH BOUPOCH JIOJIKHH OHTH OTHECEHH KO BTOPO# uacTu. isMepATONBHYIO U TEODETH~
9eCKYI0 9ACTH - KOCMUIECKOi reonemm KaK HOBOTO pasnena TeOJe3 NI Hepemco u3+
JIaTal0T COBMECTHO. : I ie S

2-a TpyOma AUCIUUAWH, BXOAANMX B reonesmo, — 5710 C depom p; nye-
ckasg reopmesmda W ¢msmuecwkasm reopngesma OOmee moHA-
THE O CONEP/KAHHHE DTHX PasflesioB GHIO JAHO BHIIE.

O6rraE0 mpepmosiaraeTcd, 9T0 GErypa 3eMJH W ee TPAaBHTANHOHHOE IOJE IO-
crosnEsl. OTHAKO OTMEYEeHHHE BHIOIE KONeGamUsA 36MHHEX NOJIOCOB, BEPTHKAILHBIC
¥ TOPH30HTAJIbLHEE CMEMEHNA 36MHOR KODEH, GecIpepHBHO UPOMCXONAINNE mepeMe-
MeHHs MACcC BHYTPM 3eMIIH, NPHIWBHO-OTIWBHLE ABWKCHAA CYIIE K OKEAHOB MOJ,
neiicTBHEM M3MEHAIOMEXCA cuyl npuTaxenns Jlyau m Coxmna, nepepacupegeieHne
aTMOC(ePHEIX MacC M APYrAe NPHYWHE BHBHBAIOT W3MeHeHHe QUTYPH 3eMiIm U ee
I'PABATANEOHHOTO TOJIA.

Msyuenne ma3MeHeHHI (GHTYPH 36MJIM B €€ TPABHTANMOHHOTO HOJSA OCHOBAHO
Ha BHIOJHEHHE DOBTOPHHX W3MEDEHHH Uepe3 ONpeleJieHHHE NMEPHONH BPEMEHN
71 CPaBHEHHE Pe3yJbTATOB THX U3MEDPEHNH.

Ilpm panbEefimeM W3JI0KEHWE METONOB DEIMIEHWA 3ajad BHCImeH reofesmnm 6y-
7eM II0JaraTh 3eMJ0 ¥ ee IPABHTANIOHHOE IMOJE HeH3MEHHHIMH.

NsinoskeHHLe cBeTeHUs 0 3aja9aX BHICIIEH reoJie3WH OUPeJeldiOT ee CBA3L C
IPYrEME HayKaMmd,

* Ilo cymecTBy, B HacToAmee BpeMms Goiee NpaBHIbHHM ORI Gh TepMUE COYTHH K O -
BafA reoje 3nd, IOCKOILKY MMEHHO B pesyianTate Habmomermit IC3 mony4aroTces HCXOXHEIe
NaHHEe JJIA pemenus 3ajiay reofesun. Ho Gosee pacupocTpamen TepMEH KOCMHYECKas Teofesus;
nMes 8TO B BUAY, & TaKMe To, YTO BCAKOe HAMMEHOBAHWEe B W3BECTHOI Mepe YCIOBHO, MH BIpeAb
6ymeM MCHOAB30BATH TEPMHH KOCMHYECKAd TIeofesns.
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MaremaTuka, MeXAaHHKA, PAJ PU3UYECKHX HAYK W JUCIUIANH, TOYHOE IIPH-
GOPOCTPOCHME JEKaT B OCHOBE MOTOHOB ¥ CPENCTB DeNIeHHA 3a7ad TEONe3nH; B
9TOM COCTOUT €€ CBfA3H C IEPEYMCIEHHHIME 06JaCTAMA 3HAHWN; yCHeXM M NOCTHU-
JKEHUSA TMOCJHEAHNX OIPefesAlT HAYIHHN ¥ TEeXHHYeCKAH YPOBEHb pPemeHHA 3a-
nag reopesun, B To me Bpemsa, Kak yKasmBaer npod. ®. H. Kpacosckumii, B
onpeJie/IeHHBIe BIOXN (yCHeXM reofeswu Ovm HEOOGXORHMHM 000CcHOBaHHEM (ONb-
INX [BWKeHUN Mpicau B o6JacTe (U3NKU, MeXaHWKH H acTpoHOMEHE» [31,
crp. 423].

Ha6awgenua MC3 pacmupuin sajagd reofiesMu; €CHHW paHee OCHOBHOH 3a-
nadeil BHICIIEH reofie3wy SIBAAIOCH M3y4eHHe (UIypHl M BHENIHEr0 TI'PABHTALHOH-
HOTO TO0JIA 3eMid, TO Tenephb 3Ty 3aAady MOKHO (OopMyaImpoBaTh Kax ompejeie-
HHE B3aMMHOIO IOJOKeHHS IJAHETHHX OGBEKTOB B €IMHON cucTeMe KOOPIHHAT U
uzydenue QUTYypPH VPOBEHHHX NOBEPXHOCTEH BHEIIHEr0 T PAaBUTANMOHHOrO IOJA
miaaHer. JTHM CaMbIM IOJyYMAO AAJbHeiliee PasBUTHE K PACHIMPEHNE CBA3N reo-
NIe3Wu ¢ acTpoHOMEeil, .

O[HOBPEMEHHO BO3PACTAET CBA3H TEOMIEBUH ¢ HMCCJIE0BAHMAME KOCMAYECKAMI
CPEICTBAMU LUPHPONHBIX PECYPCOB 3eMIM, MeTeopoJormiecKaX (akToOpoB ©u T, .

OueBupgHa u He Tpebyer IOACHEHWH CBA3H reofe3un ¢ reorpadmeil ¥ reomop-
donorneii,

N3syuenme jBmxenmil 3eMHON KODHI W Pe3yJbTaThl YIOMAHYTHIX BHIIE H3Me-
PeHUi colepsKaT B TO Ke BPeMs [eHHEE AAHHEE A PEMEeHus MHpobaeM reoJo-
rAA m reoUsUKHM; 3TUM, B OCHOBHOM, ONPENEJAeTCA CBA3bh [EOle3NH ¢ HAa3BaH-
HHMHA HayKaMH,

Haxonen, reogesus cBA3aHa ¢O MHOTAMHA O0JACTAMM HAYKH H TOXHHKH, Tpe-
GyomuMn U3MEPeHHW# DHIeMEHTOB IeOMeTPHYecKHX (OpM DAasIAYHHX O00BEKTOB,
B3aEMHOT0 WX DACHONO/KEHMA B NPOCTPAaHCTBe M WX M3MEHEHHH BO BpeMenwd,
3nech reolesusa BHICTYMAaeT KaK BaKHEIH DPasfe] METPOJIOTHH.



I

COEPOUINYECKASA
TEOE3HA

Tmasa 1

OCHOBHBIE ®OPMYJIbI 1 COOTHOIMEHUA
HA TIIOBEPXHOCTHU 3EMHOI'C 9JLIIMIICOMUTA

§ 1. 3agaun u ompenenenme cdepormgUUECKOii reogesun

Cdepoumpugecran Teofes3dsa — OFMH U3 OCHOBHHX DAasfeloB
BLICHIEH T€0/Ie3UN, IPeIMETOM KOTOPOTO SBISETCS N3yIeHNE TeOMETPHH IOBEPXHOCTH
36MHOTO DIJIMIICONNA, METO/I0OB PEMIEHUS Fe0JIe3NYeCKUX 3a1ad HA BTOI MOBEPXHOCTI
1 1300pasKeHnsT ee Ha Mape ¥ HA MIOCKOCTH.

B cdepompgmaeckoil reonesnu pesyIbTATH IeOfe3NIECKHX U3MEDEHEH, KaK HC-
XO[HbIE NAHHHE JJIA DeNleHHs reofe3MYecKUX 3alad, OTHOCATCH K TOBEPXHOCTH
sanuncoupa. Tak Kak DPAKTHIECKU Teofie3NIecKAe UBMEPOHNA NIPON3BOIATCA Ha dH-
3MYeCKoil 3eMHOi NOBePXHOCTH, T0 BCEe HENMOCPE[CTBEHHBIE PE3YIbTATH THX M3Me-
peHui npeIBapATeNHHO AOJKHH OHTH PEAYIVPOBAHE HA HOBEPXHOCTb DILIHIICOMAA.
MeTtoan peRynupoBaHUA H3MC[eHHHE HA MOBEPXHOCTD BJLIMICOUA PACCMATPHBAITCH
B ¢usmgeckoi reofiesnn (raasa XI1. Pegyrnwonnas npobuema). Tloatomy B fanpHeii-
meM Mbl OyleM IPHHAMATH, YTO TEOJIe3NYECKHe H3MEPEHHA KAaK 6K HpPOHM3BEIeHbI
HEeMOCPEICTBEHHO HA NOBEPXHOCTH JIIJIHICOMIA.

J1a 4HcloBOTO pemIeHHA reofile3WYecKUX 3a[a¥ Ha MOBEPXHOCTH 3JIIUICOHIA
HeobxoauMo 3HaTH ero pasmepsl. [lox pasmepamm anaunconga B manbHeiimeM 6ymem
H0ApasyMeBaTh JKBATOPHAJIBHYI0 HIH OOJBIIYH NOJAYOCh W UOJNAPHOE CKaTHe.

Pa3mephsl 3eMHOIO 3JIIMICOMIA BHBOAUINCH HEOAHOKPATHO PA3IHNYHHME y9e-
HbIMJ HA OCHOBAHUW PE3YJIbTATOB ACTPOHOMO-TEOJIeSHIECKMX W I'PABAMETPHIECKHUX
pabor.

B rtabu. 1 mpuBefeHH pesyJabTATH HEKOTOPHIX BEIBOJOB.

B pasHHX crpaHax AjiA BHEYHUCJEHHSA CBOMX TPHAHTYIANUA HCIOJL3YIOT paa-
anguble snnunconps. Taxk, Haupumep, B CIIIA mo HefaBHEro BpeMeHH NPUMEHSIAUCH
pa3smepsl sunmnconsa Huapka 1886 r., Bo @parmmu — sanuncomaa Kaapxa 1880 r.,
B Ounnaagmm — snnuncounpa Xeddopra.

B popeBoawrunornoit Poccum B paGorax Hopmyca BoemHHX TomorpadoB mc-
H0JI30BAJINCH 3HAYSHNS PAa3MePOB dIIINICOU/A, BrBefeHHbe BansGerom, Haapron
n Beccenem. Peayarratn reomesmvecknx mamepenunit 8 CCCP o 1942 r. o6pabars-
BAJIUCH C MCIOJB30BAHMEM pasMepoB diimmcousia DBeccens.

B rpumamarteix romax B I[eHTpPANBHOM HAYTHO-HCCIEOBATENBCKOM MHCTH-
TyTe reomesmm, aspocreMkm m kaprorpagum (IIHMUTAuKH) 6nina nauara cmere-
MaTtHgecKas o6pafoTKa MAaTEPHANOB COBETCKMX W 3apy0e:KHHIX TPHAHTYIAMHWIH
C MeNbI0 IOJYINTh HOBLIE pa3MepH B3eMHOTO JIJIHICOUKA. Jrta pabora mpoBo-
aunack B [NHUWUTAuK cmagana moj memocpefcTBEHHHIM PYKOBOACTBOM UPOd.
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Taonumma 1

AsTop Ton HOEJ,"Y“O*’J},‘“;‘ M Cixarne
Bampber . . . . . . . . 1819 6 376 896 1:3028
Beccearp . . . . . . .. 1841 6 377 397 1:299,15
Kmapxg . . .. . . .. 1866 6 378 206 1:295,0
Kaapr . . . . . . .. 1880 6 378 249 1:2935
Caypexmit . . . . . . . 1892 6 377 494 1:2971
HpmagoB . . . . . .. 1893 6377 717 1:299,0
Xe#adopy . . . . . . . 1910 6 378 338 1:297,0
HpacoBckmit . . . . . . 1936 6 378 210 1:298,6
KpacoBekmit . . . . . . 1940 6 378 245 1:298,3

®@. H. KpacoBckoro, a HeCKOIBKO TO37HEe — IOJ PyKoBofcTBOM mpod. A. A. Hso-
toBa nmpn ob6mem pyxosoucrBe @. H. Kpacoscroro.

HosBrie smavenms pasmepoB 3eMHOrO sjjgmncoumna moayuens B ITHUUTAmK
B 1940 r. IIpu sTOM BHBOJE AIROCOUAA OBIIM HCHOIB30BAHK PE3YIBTATEH GONBLIIAX
ACTPOHOMO-TEO/Ie3WICCKAX usmepennit, mpomsBenenasx B CCCP, coBmectno ¢ pam-
HEIMH OIIPeielleHnii CHIL TAMKECTH, 4 TAKMKE Pe3YIbTATH aCTPOHOMO-TEOfIe3HICCKAX
paGor, Bunonnenusix B CIITA m 3amagmo# Erpome.

IlocranoBnermem Cosera MmuucrpoB CCCP or 7 ampens 1946 r. ste pasmeps:
3JIIUTCONAA YTBED;KACHH ANA TeORe3HUIeCKuX paboT, a BINIANCONAY HAHO HAUMEHO-
Bagme saammcoupna HKpacoBcroro.

Pasmepn sanmncouna Kpacosckoro crenymomue: sKBaTopUAIbHAL TOIYOCh @ =
= 6 378 245 m, momaproe cxxarme oo = 1 : 298,3.

Jlanable DOKASHBAKT, YTO pasMepsl siumncompa bBeccens, mpuMeHABmIHECA
B CCCP mo 1942 r., Goue omuGogammu B GONbImoi moxyocu mourd Ha 850 M.

OpmenrtupoBarme siamncoupa HKpacoBckoro, T.e. ompeneieHne KOOPAUHAT
HagansHoro nymkra tpuanryiaamun CCCP, mpomsseneno B 1942—1943 rr.; Tem ca-
MeM aanmncony KpacoBckoro 6w ompesesieH Kark pedepeHN-dIIMICOHN IS TeO-
nesmueckmx paGor CCCP.

3ameTnM, 4T0 IPUHATHE PedEePEHN-3IIANCONA, T. €. €r0 PasMEPOB M OPUEHTH-
POBKE B Telle 3eMJM, XapaKTePU3YeT OMPEeNeHHYI0 CHCTEMY TEOIe3ATECKAX KO-
opamHEAr.

AcTpoHOMO-Teo/ie3HIecKre W TPAaBUMETPHYECKNe PaGOTH, BEIIOJHEHHEIE MOCIE
YCTAHOBICHUS pPa3MEpPOB JINHICOMAA HpacoBCKOTO, WHOBBOJMIM LOJYIHTH PAN
HOBHIX BHBOJOB 36MHOTO 9JIIHICOWKA. Pe3ynbTaThl 9THX BHIBOJOB OKA3ajJUCh GIN3-
KEMH K pasmepam sjurmnconpa Hpacopekoro. HesasucmMEl BHBOM CixaTHA 3eMin,
monydeEHH#H u3 o6paGoTkE HabmOReHWi# OpPOWTH MCKYCCTBEHHOTO CIYTHHKA, O =
= 1:298,26 ¢axTEuecKH COBHAJ CO CKATHEM JIIANCOMA2 KpPacoBCKOro —
1:298,3. 310 roBopuUT O TOM, UTO pasMepH INEICOMAa K pacorRCKOro, mMpPEHATHE
B reofieangeckmx paGorax CCCP m commanmeTmuecKMXx CTPaH, YCTAHOBJIEHH YAAUHO.

§ 2. OcnmoBHBIC mapaMeTpPHl 3eMHOrO JILIANCOHIA
H COOTHOLICHHS MEHKAY HHMA

Ha pmc. 1 m3o6pasken sanIumcony BPAmEHAsA ¢ MEHTPOM B Touke O, 0CHI0 Bpa-
menna PP n nrockocTsio 9kBaTtopoB OEAE ,. Beenem oGo3nagenns:

14



a — DYKBATO pnanbnaa nian Oonpmas OoJXYyOoCh anauocounyia
a=0FE = OE,=0A4,

b — monApHasg WIH Manasg MoJyoCh HINUNCOANA

b= 0P = OP,,
o — ToJApHOE ciRaTue JIAIUICoOUna
a—b
= , (2.1)
a
€ — nemeﬁ DKCIEHTPUCHTET Mepnnna}ﬂloro PIaNICa
2__p2 '
o @
== (2.2)
¢' — BTOPOIl PKCIEHTPACATET MEPHAMAHHOTO BILIUICA
2 a2 -—h2 <
e =— (2.3)

[lapameTpsl @, b Ui @, & ABIAAOTCA OCHOBNLIMU, oTpele I AIOMUME ILIAICON]
BPAIMPHMA; OCTANbHEE — BCHOMOIATENbHEE BE/ITHHE, OpEMeHSeMEe B BEITACIE-
HAAX U TEOPeTHYeCKUX BHBOMAX.

Mesxy NepedncIeHHKIMHE DIEMEHTAMY 3EM-
HOFO HILIHICOHMMA, KpoMe cooTHomenwmir (2.1),
(2.2) u (2.3), cymecTBYOT eIme 3aBHCAMOCTH:

a) mesxay e u e’

p

L a2—b2 b2

el L Y oy (2.4)

- a2 al
. az__bz'__ a2 . a2 Lo
e “_—bi‘——b—‘f—i’ ﬁ'—1+€ )
OTKY/a A
b2 1

a2‘_1+el2’ -

[S=N

cnenoBaTesIbHO,
1

e? = ————
’ 14272 Prmc. 1

2
o) e

= 1-{—e'2 ’
AaHaJIOTHYHLIC npeoﬁpaaoBaHnﬂ JapyT

2 e

6) MemEIy € | O.
Nz (2.4)
3:1/1-—62 wm b=al/ 1—e?. (2.7

22
H0 corxacHo (2.1)
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s (2.8) mmeem

Vi—et=1—aq,
OTKyTa
ez = 2,@-——(12, (‘) U)
WIH OPUOAMHKEHHO
02 = 9, (2.10)

Ina saanncomna Kpacosckoro:

a=6378 245,00000 M lga=6.8047011973
b=6356863,01877 M lg b=6.803 24285 31
c=6399698,90178 m* lg e =6.806 15954 14
a = 0,003 35232 9869 lg o= 7.525 346746 _ ),
e?==0,006 69342 1623 lge?=7.825 6481824 _,,

e’* =0,006 738525415  1ge’® =7.828 5648707_y,.

§ 3. Cucrempl KoopgHHAT, ymorpediadeMble B BbicHIeil reogesmn

1.CumcremMa TNpPAMOYTFrOIBHHX DIDTpPOCTPAHCTBEeHHEHX
koopauuar X,Y,Z 3aHauano KOOPAHHAT IPHHAMAETCS IEHTD DIIUICOMAA
7 O (puc. 2). Ocy OZ pacunosaraerca mo 1moJsAp-
i HOI ocm osaauncoupa POP,; ocb OX — B
MIOCKOCTH 3KBaTopa B Mepuamame PEP,,
KOTOPHYM OPHHUMAETCsI 3a HAYAJbHHI;, 0Ch
OY — B HIJIOCKOCTH DKBATOPa, HO B MEPH-
JuaBe PKP,, II0CKOCTH KOTOPOTO COCTAB-
JIAeT ¢ DJIOCKOCTHI0 HAYAJBHOTLO MepPHIHAHA
yrox B 90°.
Taxum o6pasom, moixoskenue Toaru M
TIOBePXHOCTH DJJMICOUAA OMPEHeNAeTea Ko-
OPAAHATAMMA:

X———'MIJM[I, )7=01Wu, Z=Mﬂ/11.

IlpocrpancrBennnie koopmurath X, Y,

" Z p[o mociegHEro BPeMEHH HMeJIH He(O0Jb-
i mioe NpUMeHeHHe KaK B TEODPETHIECKHUX BEHI-
BOJAX, TAK M B MPAKTUYECKUX BEUMCJICHHAX.
910 06BACHAEGTCA TeM, YTO KAK CaMHU H3Me-
PeHUs, TAK M BHYNCICHVS OIPOH3BOAMINCEH HA HOBEPXHOCTH 3e€MJIH H 3aKII0OYANNUCDH
B BLIYACJIEHWE KOOPAHMHAT €€ TOYeK, DPACCTOAHAN MEKIY STHMH TOUKAMH M T. .

Puc. 2

. . a2
* ¢ — Ilonapuuil paguyc KpWBMSHLI, paBHEIH 5
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B aToM cayuae mamGoisee ynoOHo# Gpiia CHCTEMAa KOOPHAMHAT, HEIOCPENCTBEHHO CBSA-
3aHHAA C MOBePXHOCTHI0 3eMias. ONHAKO B CBA3YM ¢ KOCMAYECKEMHU HCCIETOBAHMAMHA
BO3HHKIN TEONE3MIECKHE 3aMaTM N0 ONPEJeNeHUI0 KOOPAMHAT TOYEK BO BHENIHEM
mpocrparcrBe Jemiam. Ilpm sroM cmereMa TOBEPXHOCTHEIX KOOPAMHAT CTAHO-
sutca HeynoGuoii. Haobopor, cmcreMa IPAMOYroABHHIX UPOCTPAHCTBEHHHIX KO-
OpI¥HAT, HO3BOJSIOMAS BHPAKaTh IMOJO= v

JKEHHE TOUeK He3aBUCHMO OT HOBEPXHOCTH

3eMHOT0 DJLIMICOUNIA, OKa3KHBaeTCsa Hamboee

|
mexecoo6pasHoll JJIA PpemeHVs BO3HHKA- i
omix 3ajad. [losToMy 2Ta cHcTeMa KOOp- M
punar X, Y, Z B Hacrosmee BpeMA OpH- !
obperaer GoJBIIOE TEOPETHUECKOE K IPaK- | :
TAYecKoe 3HadeHHe. MeToyl peIneHHus reofe- : N
AMYEeCKUX 3a7ad OPH DOMOIIU 3TON CHCTEME! o \ ! Rrm

KOOPAMHAT MOJIYYHI HAMMEHOBAHNE (T P € X- 0 T M
MEepHO® Teofges3nud.
2.CracremMma TUpPAMOYTroOiAb-
HEX ONpPpAMOJIMHEHNHHX KOOp-~
IMEAT & Y, OTHECEeHHHX K
OMTOCKOCTH MepHAHMAHA FMaH-
HOW TOoOdYKu. B »sro#f cucreme Koopnu- A,
HAT HePBOHAYANLHO OIpEfielisieTcsi MepHH- Puc. 3
aH, HA KOTOPOM HAXONWUTCA HAHHASA TOTIKA.
Mycrs ma pue. 3: PR, P, R — MepupuaHHELH 3JLINNC, IPOXOJAMUIL depes TOIKY
M. Ilpnamem nenTp saamnca O 3a HaUalo KOOpimHAT, ocb Or Hampasum 0o GOJBIIOIN,
ock Oy — mo mano# ocu anxmnca. llomoskenme Toukm M OGymer mpm 5TOM ompefe-
aATbea Kooppwuatamm: x = OM,; y = MM ,.
dTa cmcreMa KOODAWHAT NPHMEHSETCA B PANE TEOPETHYECKHX BHBOMOB. Jlis
NPaKTHIECKHX BHYMACIEHWH KOODAWHATH B TOM CHCTEME He MCIOJIb3YIOTCH.
3.CrmcreMa Teofe3smYeCcKHX
kxoopauHnarT. llycrs na puc.4PE.P.E—
MEPHARAHHEIA 3JIINTC, DIPOXOAAMUA qepes 109-
Ky Hadala cgera poaror; PMRP, — mepn-
IUaH, OPOXORAIMWEA dYepes MaHHYI TOURy M.
T'eonesnueckoit mupoToit Touxku M Ha3HBAGTCH
ocTpuil yrox B, oGpasoBannnit Hopmaasio Mn
K IOBEPXHOCTH BSJLIMICOUMA B AHHOHE TOYKE M
IJIOCKOCTEI0 3KBatopa ERE,; reofesuueckoi
) moxroroi L tourm M 6ymeM HasHBaThH ABYrpaH-
A HH# yron PMP,E, 0o6pa3oBasHbii TI0CKOCTHIO
HadajipHOro Mepppmasa PEP, @ Oi0CKOCTHIO
MepHANaHa HAaHHOM TOUKH.
IIIBpOTH TOUYEK, PACIOJIOKEHHEIX B CeBEp-
A HOM TIOJYMAapHH, HA3HBAIOTCA C € B € P H K -
Pue. 4 M M, IHPOTH TOYEK I0KHOTO IOJYMapuag —
WK HEHH MU Tourm, pacHoNO/KeHHBEIE BO-
cTOYHEe HauaJbHOTO MEPUAMAHA, HMEIOT JOJTIOTH, HA3HBAEMBE B O C T O 9 H Bl M U}
TOYKM, PAaCHOJOKEeHHHEC 3alafHee HAYaJHLHOTO MEpHAHMAHA, MMEIOT JOJTOTH, Ha-
spiBaeMue 3amafHHMHu. [rxg repparopun CCCP upmxopurtess uMETH AEIO

TONIBKO ¢ CEBePHBIMI MUPOTaAMU M BOCTOYHBIMHU JOJTOTAMH, HIOJTOMY CJIOBA «Ce-
BepHaA» M «BOCTOYHAA» 06BIUnO OIyCKaloT.

2 1. €. 3akartos 17



a

B kauecTBe HAWAJBHOTO MEDHAMAHA JJIA CYETA NOJTLOT B HACTOAIMEE BpeMA
TIOBCEMeCTHO TPHUHAT MEPHAWAH, TIpoXofamwuii uepesd ['pumBHUCKyI0 06cepBaTOpHIO;
OHAKO NPH WCHOJb30OBAHHA MATEDPHAJOB CTAPHX TeOfe3WIeCKHX paboT MOTYT
BCTPETHTHCA LYHKTH, [OJTOTH KOTODHX OIPefeNeHBHl B OT APYroro HAUYaJbHOTO
MepHAUaHa, Haupumep, B Poccny foJroTs paHee BRYHCHAIACH OT Mepuamana Ilyi-
KOBCKO# o6ceppaTopnu.

IIupora B u moarora L, 04eBHHO, BHOJIHE OMPENENAIOT MOJOKeHAe Toukm M
Ha TMOBEPXHOCTH JJIJIHICOWA.

CumcreMa reofie3mdecKMx KOODAZHAT HAXOAUT WIAPOKOE NPUMEHEHWE B TEOpe-
THIEeCKAX BHBOJAX W BHYNCICHUAX KaK HAYIHOTO, TAK U HPAKTHIECKOTO XapaKTepa.
Jra cmcTeMa mMeeT psAf BayKHHEX JOCTOMHCTB:

a) emmHA [IA BCeli MOBEPXHOCTH DJINHNCOUNA M, TAKHM 00pasoM, oGbeImHasaeT
B o0meil paJisa Bcedl 3eMHOII IOBEPXHOCTH KOOPAMHATHOM CHCTeME TeoflesmuecKue,
CBHeMOYHBIE M KapTOrpaguiecKue MaTepHallHl;

6) me Tpebyer KaKUX-IHG0 KOUNOIHMTENBHHX W BCIOMOTATENbHHX MOCTPOCHMIA;
KOODAWHATHEE JUHAW B 3TOH CHCTeMe — MEpPHAWAHH H Xapajljiejd — Hemocpef-
CTBEHHO OTHOCATCA K IIOBEPXHOCTH 3JIMICOUAA, M MX HCIOJb30BAHWE [JIA COCTA-
BIEHHUSA KapT M O0BEIWHEHHS BCEX KapTOTPAUIECKHAX W CHEMOYHHX MAaTePHAJIOB
B e[IMHOE Iejioe yNo0HOo Jaske B TOM CjIydae, eClI¥ TEPPHTOPHH HTHX CHEMOK He Hpefi-
CTaBAAKT €060l CHIOMHOTO MaccHBa;

B) ompefiesgeT MOJOKeHHe HODMaeil K MOBEPXHOCTH NPHHATOrO pedepenm-oi-
JIATICOHNA, YTO BechMa BayKHO W YHOOHO IpUM HCCIENOBAHAM PUIypH 3eMiH, ompe-
MeJIeHAH YKJIOHEHW OTBECHHX JUHWH W HPOBEGHWH NPYTHX MCCASHOBAHWM HAyY-
HOTO ¥ IIPAKTHIECKOTO XapaKTepa. '

leopeswdeckne KOOPAMHATH OTHOCATCA K MATEMaTHYECKH NPABAILHON WO-
BePXHOCTH 3JIJIMICOM[A BPAINEHUsi, HPHHWMAEMOTO IPH TeOJIe3UUECKHX BLIYHMCIE-
HHUSIX, B OMINYNEe OT ACTPOHOMHUUYECKHX ImMHUPOT W JOITOT,
KOTOPHI® OTHOCATCA K YPOBEHHOH IMOBEePXHOCTH. Ecim reofesmuecKyio IMHPOTY MH
ONPEJeJUIA KAK YIOJ MYy HOPDMAalbl0 K MOBEPXHOCTH HJIIHUIMCO-
HJa B JaHHOH TOYKe W IJOCKOCTHI0 HSKBATOPA, TO ACTPOHOMHUUIECKY IO
MUDPOTY MH OOpefiesigeM KaK Yrojd MeKAY OTBEeCHOM JMHMEHA B JaH-
HO# TOYKe ¥ MAOCKOCTHIO DKBATODPA; COOTBETCTBEHHO 2CTP O H O -
MUYeCKOH pJoATOTOIN HasHBaeTcsa ABYIPAaHHHIMA yroix, o0pasoBaHHHIH
MEKAY MJIOCKOCTHI0 HAYAJBHOI'O MEPHAWAHA @ HJIOCKOCTHI ACTPOHO-
MHUIECKOTO MEepDHAWMAHA JAaHHOH TOYKH (mMIOCKOCTH acTpo-
HOMHMYECKOI'0 MepHJUaHA — ILIOCKOCTH, NIPOXOAAINAA 4Yepes OTBECHYI JMHHAIO
B 9TOH TOUKEe M mapajilelbHAS OCH MHEDA).

B reopesmueckux paboTax pa3IMUIMAME MEKAY ACTPOHOMHUIECKWMH M Teofie3n-
YeCKMMHM KOOPAMHATAMH HUKOTHA He HpeHeOperaioT; 6ojiee TOTO, 3TU Pa3nHUnsd,
BHI3HBAeMHE YKJIOHEHUAMH OTBECHHX JWHWME, BHOOPOM pasMepoB pedepeHI-dIIum-
COHJIa W OPUEHTHPOBKU, ABIAITCA HPEMETOM 0C00OT0 M3y4eHUd.

B menxomacmraGHEX Kaprorpadudeckmx paborax pasimYuUAMI MEKIY acTPO-
HOMMYECKIMH W T€0[e3WUECKUMK KOOPAMHATAMH HPH HM3BECTHHX YCIOBHAX MOKHO
npeHe6peusr U ynorpeSiaATh MUPOTH W JOJTOTH KaK KOOPAMHATH O0OmMeHd CHCTeMH
reorpadEIecKuX KOOPAWHAT.

B panpmeiimem mpuw M3I0;KeHWW BOIPOCOB CHepOMIMIECKOI Teome3mm OymyT
IOPa3yMeBaThCd MMEHHO T €063 HYECKHe MAUPOTH M FTeoxesn-
YecKHe JOJTOTH.

3aMeTnM Tax;ke, 4To, KaKk OBUIO yKaszaHo B § 1, nmua pemenumsa samau cdhepommum-
9eCKOM reoje3Mu HENOCPEICTBEeHHO M3MEDPEHHHE BEJIMIWHH MOJKHH OHTH IpeaBa-
PUTEJIBHO peNymEpPOBAHH HA MOBEPXHOCTH pedeperm-aanmuconna. Takum obGpasowm,
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Te0/le3sMUeCKHe IMUPOTH # JOJTOTH ONIPEfiessiioT IMOJOHeHNe T PO e KMUuHE ToO -
YeK 3eMHO® MOBEePXHOCTH HA BIIANCOU/ IO HOPMAIY K TOCHETHEMY.
Jlna ompepesieEns KOOPAMHAT TOUEK 36MHOM MOBEDPXHOCTH B FeOfie3WIECKOM cACTEMe
KOOpJMHAT HEOOXONMMO B3HATH elle TeoNfe3MYeCKYyIH BHcoTy H —
0TPe30K HODMalW K pedepeHn-sIINNCOHAY OT fasHo# Touxm Semam M (cM. pmc. 4)
mo pedepenn-sanunconsia. VlHage roBops, NpefBapATENHHO PELYIHDPYSA PE3yIHTATH
A3MEPeHUil HA TMOBEPXHOCTH pedePeHI-3IINICONAA, ME NPABOIHM WX K HyJIeBOi
Beicote (H = 0). DTUM CYmeEecTBeEHO YyIPOWaeTcs pelIeHWe Treoje3WmYecKnaX 3ajad:
0T BHUHCIeHHA Tpex koopmuuar (B, L, H), ompemeisomux NOI0KeHAe TOYKA
B OpOCTPAHCTBE, TEPEXONAT K BEIHACICHHIC o

neyx (B, L). 3to memecoobpasHo [AJAA TOUEK
3eMHOM TOBEDXHOCTH, HjiA Koropwx H Bcerma
MaJjio, a CIeI0BATENIBHO MaIH U pefyKnun. [1pn
3HAYATENHHEIX BEICOTaX H yKazaHHOE DeyLH- P
pPOBaHMEe M3MEPEHHHX BeJiNYMH CTAHOBHUTCA He-

menecoofpasHEIM, €M W BHIBEBaeTcA HE006X0- g7 \
IAMOCTH TEepexofia B 5TOM ciydae K cacreme & <
MpPOCTPAHCTBEHHEIX  IPAMOYTOJIBHHX  KOOP-
AWHAT.

4. CucremMma reomeHETpHYIE-
CKEX KooppmnumuaT. OmHOE #u3 Koop-
OMHAT B OTOH CUCTEME SBJAETCA T €0 e -
smuecKaa Koarora L, Koropasa om- P,
penenseT MepHIMAHHBIA SJIJIHIC, NPOXOAAMMI Puc. 5
gepes toury M (pmc. 5). Ionomenme;rourn M
'Ha 3TOM 3JIJIATICEé B paccMaTpuBaeMoil cmcTeMe
KOOPAMHAT oOOpefeNisieTcA TeOoNMeHTpPHIecKOHW muporoinn @. Teo-
NeHTpHAYEecKas IAPOTA ONMPEieNigeTcsa KaK yroll MEMKAY pPajguyCcoM-BEKTOPOM p TOU-
KA M ¥ IMIOCKOCTHIO SKBATOpA WIM, YTO BCE PABHO, GOJNBINCH IOJIYOCHI0 MepHH-
agHEoro sanmmca. Ha uepreske OM — pagmyc-BeKTOp p MEPHEARAHHOTO BJI-
Iumca, npoBemeHHOTo depes Touky M; yroa MOE;, — reoneHTpmUecKas IMPOTa
@ roukm M. ‘ ' ‘

Jdra cmcTeMa KOODAMHAT B BHICIIEH Te0fiesun IPWMEHAETCS PefKo; 0HA YHO-
Tpefiferca B acTPOHOMHH, Teopm¥M (UIypH 3eMJIA W MAaTeMAaTAIECKOH KapTo-
rpadum.

5.CocTeMa KOOPAHEHAT ¢ ODPHBEeJNEeHHO®N mHpoOoTOd
H reofesnuecKoR moarorToir. Oppoii 3 KOOPAMHAT B DTOH cACTEME
ABisiercss reojgesmueckadg moarotTa L. Iloxoxenne toukm M Ha me-
PUIMABHOM 3JIIMICe, HMeWmeM poirory L, ompepensercs HPHBEeJEeHHOH
MAPOTOIH U, KOTOPAS MOJYYAETCS W3 CACAYOMETO BCIOMOTATEIBHOTO MOCTPOE-
HUAA.

Onumem B miockoctu mepupwannoro siannnca FPE P, us O (puc. 6), kak u3s
OeHTpa, OKPYKHoCTH pagmycoM OFE, paBuniM GONLMION MOAYOCH @; TIPOROJKEM
opmmraty MM, mo mepeceuenus ¢ MOCTPOEHHOH BCIOMOTATEJIBHON OKPYIKHOCTHIO.
ITycts omm mepecerkyres B touke m. CoemmmmMm TouKy m ¢ menTpom sanmnca O
yron mOE, m 6yner ntpuBefeHEHON MuEPpOTOH 1 rouknm M.

Ilpueemennas mwpora 1 HPUMEHSAETCA B PANE TEOPETHUECKMX BHIBOJOB, 0CO-
0eHHO mpW pEMEeHHW reofie3NUeCKMX 3alad Ha GOJBIING PACCTOAHMA.

6.CucreMa mpsaAMOYronbHHBX cHepOVWIANIECKHEX KO-
oprmuEatT pu g Ocum chepOUAMICCKNX TPAMOYTONBHKX KOOPAWHAT pPacmoa-

TaTCA HA HOBEPXHOCTH 9JJIKICOUAA. B 3aBHCHMOCTH OT DOJOMEHAHA KOOPAPHATHEIX
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oceil OygeM HMETh PA3JIMYHBIE CHCTEMbl KOOPIUHAT. KOTOPHE, 0CTaBaACh CHPEPOULH-
geckuMu, Oyayr mmerh cBoum ocobeHmoctm. Cmcrema cdepoupmueckux KoOpoUHAT,
ABJAACH CHCTEMON KPMBOJMHEAHEX KOOPAWHAT HA TMOBEPXHOCTH JINHIICOMIA, POJ-
CTBeHHA CHCTEMAM, VKA3aHHEM B I. 3 H 4. ;

Iagum onucaHne Hamboee MPOCTON CHCTEMBI IPAMOYTOMBHEX cHePORANTECKAX
KOODAMHAT.

Tlpamem HexoTOpYIO TOYRY A (pHmc. 7), reofe3wvecKme KOOPAUHATH KOTOPOH
W3BECTHH, 32 HA9aJ0 KoopuuEaT. MepuamaH, IpOXONAMUL depe3 TOUKY A, IpAMeEM
34 IEePBYI0 KOOPAMHATHYIO 0Ch — oCh abcmmec. AGcmumecs 6yaeM CIUTATH IOJOKMK-
TeALHBIMH [JIS TOYEK, JEKAMUX CeBepHEe TOYKN A, ¥ OTPUIATEJBHEHMHE I TOYEK,
Je;kamux K ory ot touku A. Ilus oupepenenus mosnoskenus toukw M mposemem

M P
p

A g
M

g

£ £ £
R A
Puc. 6 Puc. 7

gepe3 M uwopmanpHOe cedyeHHE TaKUM 06paszoM, UYToGH OHO MEPECeKIIO0 MepUAMAH
HagaabHOil Tourd A mom yraom 90°. Ilycth KpmBas 3TOTO HOPMAXBHOTO CEJEHHS
(ro4Hee, Teojle3UUeCKas JIUHUA — KPWBasg KpaTtafimero pacCcTOAHNS HA HOBEPXHOCTH
aanuncounpa) msofpasurca na puc. 7 amameir MM ,. Torga moxoskenue touxru M
B paccMaTpuBaeMoi cucTeMe KOOPAMHAT ONPeyIeJIAT AJNNHHL CNEeAYIOMNX ABYX KPHBBIX
Ha MOBEPXHOCTH JIINICOUNIA, KOTOPHE B OYAYT cheponIuaec KMMH IPSAMOYTOIBHEIMH
KoopnmHataMu Todkm M:
AMI':'-p’

MM1=q.

9T KPHBOJMHEHHBE KOODJAUHATH P W ¢ TOJHOCTHI0 OIPENeNAI0T HOJOKeHHe
To9K¥ M HA MOBEPXHOCTH HJIIUICOUNA, €CIH M3BECTHH TeOJe3HICCKNe KOOPJUHATHL
B v L (unm ppyrue, mM 3KBHBAJEHTHHIE) Hadajda cepomawmdeckux Kooppuuar A.
Cucrema xoopaumar (p, g) WMeeT MHOTO 00mEro ¢ UMPAMOYTOIbHOHE cHCTEMOH KOOD-
JUHAT HA IJIOCKOCTH.

BoaMosxae m mpyrue cucremsl cQeponfMYeCKUX KPHBOJHHEHHHX KOODAWHAT
B 3aBHCHMOCTH OT BeIGOpa KOOP/IMHATHHIX OCell W MOpAAKa cieTa KOOPAMHAT P U g.

7.1ln10ocKkue NpAMOYTOJABLHEH® KOODPAHUHATH. Mpakru-
9eCKH HeoOX0QuMO HMETh KOOPAMHATH NYHKTOB Ie0e3UMYecKoil ceTy B IPAMOYTOJIb-
HOW IJIOCKOM cHcTeMe HPAMOIWHERHEX KOOPAWHAT [AIS TOTO, ITOOH MOKHO OBLIO
JIETKO HCIOJH30BaTh TeO/ie3MYeCKie [aHHHE IPH BHIOJIHEHMHM pa3JMIHOTO POAA
OpPOeKTHHX paboT, TIpW 3eMJIeyCTpoiicTBe M T. . ITO BH3HBaeT HEOOXONUMOCTH
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BBEJIeHNA HPOEKINN IMOBEPXHOCTU 3IJIAUICOMAA Ha UIOCKOCTh, T. €. U306paskeHNA
gacrell 3eMHOM HOBEPXHOCTH HA MIOCKOCTH IO OTIPEJEIEHHOMY 3aKOHY.

B nacrossmee Bpemst B CCCP npunsita npoexnmusa Faycca — Hpwo-
Tepa MJIM CHCTEMAa HPAMOYTrONBHHKX HDIXOCKHX HpHA-
MOIMHEHHHEX KOOPAHUHAT B KOHPODPMHOM OpoOeKOUuN

T'aycca, B KOTOpO# TPOM3BONAT BHUYUCIEHUs BCEX NYHKTOB ONOPHOW reopesi-
YeCKOM CeTH. ’

§ 4. CBa3p MEKAY HEKOTOPHIMH CHCTEMAMH KOOPIHHAT

1. CBsa3p MemAy TeojgesndeckKod muporoas Bwu kKo-

opiluHAaTAaMK T WY, OTHECEHHHMHA K MIOCKOCTH MepH-
IMaHa ompenenseMon :
To049KH. DBospveMm mepummanubIH
3JLAUIC, TPOXONAIMA yepes Toury M
(puc. 8). Hanumewm ypasuenue sT0T0
aJLInnca

2 2
=1t (4.1)

WsBectHo, 9T0 TaHTEHC YIJa,
obpasyeMoro KacaTelIbHOH K Kpu-
BOW B JAHHOM TOYKE C MOJOKATEN]b-
HEIM HaIpaBIeHmeM ocu abcmucc,

€CTh IepBasg IPOU3BOAHAA %%; ciae- £
J0BATENbHO, Pnc. 8
99 —1g(90° + B)= —ctg B. (4.2)

Bripasum mepByo Ipou3BOAHYIO Z—i B QVHKIUA IPAMOYTOJBHHX KOOPAUHAT X,
y. Juddepenmupya (4.1), maxogmm

x ydy _
@t 3 =0
OTKyAA
dy _ _ b =
rriitr bl (4.3)
Comocrasana ewmpasennsa (4.2) n (4.3), Haxomanm
tgB=1r 7. (4.4)

VYpaBuenne (4.4) maer BHpaykeHUe [Jf TeOle3WUYECKOMl IMMPOTH KaK (YHKIAN
OPAMOYIOJBHEX KOOPAMHAT X, Y.

U066 HAUTH 0OPATHYI 3aBUCUMOCTB, T. €. BHIPA3UTh X M J KaK QYHKIUA Teo-
Jeswdeckoil mupoTh B, scomomumMm (2.7).

Ha ocuoBanmm (4.4) manummem

th=_“2_~g_= 1 ¥ (4.5)

as (1 —e) 1—e? =
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y=z(1—e*tgB. (4.6}
IMepeummem (4.1), samenuB ¥y, coriacHo ypaBHenuio (4.6), moxyumm

22 (1—e2)2tg2 B

wt—ma =1

Pemas sro YpaBHCHHE OTHOCHUTEJNBHO X, HAXOOWM:

,2) 23}:1’

a?

\_a2

% (1+tg2 B)— 0l T §

OTKYyJa OKOHYATEJBbHO

acos 3
r= e, 4.7
. V1—e?sinz B (4.7)

Ilia BAXOMIEeHHA Yy WOJCTABIAeM B ypaBHeHme (4.6) malimenHoe BHadeHwWe I
coraacuo (4.7). Ilomyunm oroH"aTEIHHO
a(1—e2)sin B

Vicesor (4.8)

y=

s pue. 8 caepyer, aro aGemueca Touxm M
r=0M,=MC v
B TO K€ BpeMg ABJAGTCA PaguycoM I Iapalijieiu, NpoXofAme# duepes Toury M
1 mmeomei muapory B. CrnegoBaresnsHo,

acos B

r=r=——m———————.
Vi=esin® B

(4.9)

2.Crass MemIY reoneanecrcom muporTo#d Bm reo-
I[eHTpI?[‘IGCKOH mupotro# @. s puc. 9 Jerko HAXOOuM BHDajKeHHe
IJI5 TeOMeHTPHYECKOH MUPOTH B QYHKIUHN NPAMOYTOJIBHHX KOOPAWHAT T W Y

tg@=2L. (4.10)

Ha ocmosammm gopmyast (4.5) mmeem

1

teB= z(i (T—e?) ’

cJIEe0BATEIALHO,
tg@:th(i——ez). (4.41)
HaiimeM BeIpajkeHEe [JIf PA3HOCTH TIeONe3WIeCKOll M TeoneHTPUIeCKON
mupor B — @. Nz $opmynsr (4.11) mmeem:

tg B—tg®=¢e%tg B,

sin(B—®)
cosBcos@ e*tg B,
sin (B — @) = e?sin Bcos @, (4.12)
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[Monygennas Qopmysna eme HeIPUIOgHA NJA HPAKTAIECKOrO yHmOTpelaenms,
rak Kak sin (B — @) Beipaskaercs B pyuxnuu B u @. Onmaxo BeaecTBIE HE3HAYN-
TerbHOCTR pasHoctd (B — @), He mpeBmmalomeii, kak yeuaum gaiee, 11,8', Mmomxu0
B IIpaBoii yacTu ypasuenus (4.12) cos @ samenuTs gepes cos B. Pacemorpum, Karas
morpemuocTs GymeT AOUYyImeHAa OpH Takoii sameme. [{ag sroro (4.12) mepemmmem
TaK:

sin (B— @) =e?sin Bcos [B— (B— D)].
PacknamsiBas cos [B — (B — @)] no crpoxe Teinopa, moayaaems
sin (B— @)=¢*sin Blcos B (B— ®)sin B,
sin (B— @) =¢?sin B cos B4 ¢2 (B— ®) sin? B.

Bropoit usen B mpaBoil WaCTH HONYYEHHOTO BHPAKCHHA NpPeACTaBiseT coboit

Majlyl0 BeamuyumHy mopsapxa e* (Bexwmumma (B — @), cormacmo dopmyie (4.12).
ABIAGTCA MAJIOH BeTWIWHOM HOpPANKA e2). p

ITosromy, eciw B mpaBoil 9acTé ypaBHEHUSA
(4.12), samennm cos @ gepes cos B, To nperes-
pesxem aneHamu mopsaka et. CaToil TOTHOCTHIO

sin(B—@)=~;—ezsin‘_)B.

PacknanmBas sin (B — @) B pag u orpa- ¢ £
HEYNBAACH TEPBHM WIEHOM, HOJyYaeM MNpH-
6nmweHEyI0 dopMyITy

(B— @) = 0"¢*sin 2B, (4.13)

IOMyCTHB CHOBAa TpPH DTOM MOIPeNIHOCTH IIO- A,
panka et. Herpyneo Bupaers, 9T0 MaKCHMAJb- Prc. 9
Hoe smauenme (B — @)" Gymer mpm B = 45°.
B stom caywae (B — @) = 11,8'.

Bouxee Troumas popmyna nas (B — @) mmeer Bup [27, crp. 24].

" ” e2 . et .
(B—-(D) =0 [2—62 Sin 2B—m$ln43+ 3

et
e sin 6B — ... |. (4.14
o
3.CBaA3p MEWAY Fe0oNeHTPUIECKOH MAPOTOH A KO-
OpAMHATAMYM ZHY, OTHECEHHHMH K HEHTPY X 0CAM 3J-
nunca. Bumpasenme pagumyca-BexTopa. O6o3nazas pagmyc-
BekTop OM uepes p, HA OCHOBAHKHE puc. ) HammmeMm:

p=Vz24+y% z=pcos®; y=psind. (4.15)

TlofcTaBnsAs oTH BHPaKeHWS B YpaBHeHWe MepHAmMaEHOro »iammea (4.1),
nmojxy4gaem

p2 cos2 @ p2sin2 @

a2 a?(1—e2)

1.

Pemaem sT0 YpaBHEHHE OTHOCHUTEJNBLHO P!
p? i =
m [C052 @(1—32)+51n2 @] == 1.,

iy (1—¢?cos* @) =1,




OTKYJIA

a Vi—ei .
) _————, 4-1()
¢ Vi—e2cost @ ( )
Ha ocmoBanmm (4.15) mmeem
aVi—eZcosd aVi=etsind -
xr= —_— 5 == . (4.1 f)
V1i—e2cosz@ ¥V 1—e2cos2 @

Bripaskenne nus papmyca-BexTOpa B (YHKIUEM Te0/Ie3WYECKOHl IMMPOTHL OLpe-
menserca w3 (4.7), (4.8), (4.15), t.e.

a2cos2 B a2 (1 —e2)25in2 B
—e2sin B 1—e2sin? B

Pr=22 4yt =

Pemas sr0 ypaBHeHNEe OTHOCHTENBHO O M YOEP:KUBasA 4ieHHl ¢ e*, mociie npeos-
pasoBaHWil MONyIaeM B OKOHWATENHHOM BUJIE

2 1
p=a(1—%sin2B+%sinﬁB-—%e“sin‘*B—...). (4.18)
4. CBsA3p MeOAy OPHBEeJEeHHOHN MUPOTOH umM reope-
smdeckod muporoid B. Ha puc. 10 mso6pakens MepuAWAHHBIA DJIHUIC
PE P ,E u nonxyoxpysxuocts EQE,, neob6xo-

¥ auMas [IA TOCTPOSHUS yTrJa, SBIAIOIErocA
40 TIpHBEIEHHOH MHPOTOH U.
M, [IpegBapuTeIbEHO YCTAHOBEM CBA3b MEKLY

OPAMHATAME TOIEK HJJINIICA U OKPYHKHOCTH, TMe-
t OIVYMA OOHY u Ty Ke abGemmecy. Hampumep,
! nns Touky M yCTaHOBMM CBA3D MEMKIY OTPe3-
AL vamn M M u M M ,.
: W3 rpeyronwnura OM M, caegyer, 91O

T M 2 (OM,)2 + (MyM,)? = a2, (4.19)

Tlockonpry Toura M npuHALIE;KAT MEpH-
OMAHHOMY SIJIHWIOCY, €6 KOOPAMHATH [OJKHbI
YIOBJIETBOPATH ypaBHeHHIO siutunca (4.1), 1. e.

2 OMyp | (MyM) _
Pac. 10 z t— =1

nJjin

(OM) 4 (Mo M) o = a2, (4.20)
Comocrasierne Boipaskenni (4.19) w (4.20) maer

M\ My = MM+
njian

MMy=y=MM,~. (4.21)

Jlais monyueRMs CBA3W MeIy HDHBEIeHHOH MEpoTo#l u W reomesmueckoit B
nmeem u3 puc. 10

T=acosu (4.22)
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g Ha ocHoBaHum (4.21)
b
y= MM, 2
€0
M, M,=asinu,
[O3TOMY

y:asinu%=bsin u. (4.23)

3amernm, 4To BHpaskeHus (4.22) u (4.23) sBasTCH YPAaBHEHHAMH 3JJIHAICA
8 mapameTrpuueckoir ¢opme.

Wz (4.22) m (4.23) merxo moaydaeMm BHpayKeHHE JJIsi IPHBEJeHHOH IMUPOTH U
gepe3 UPAMOYTOJNbHBE KOOPJAWHATH Z U V.

%=%tgu=l/1—62tgu; (4.24)
,1 y
tgu:l/l—(ﬂ?' (4.25)
Ho ma ocmoBamum (4.5)
L=(1—e?)tgB, (4.26)

caefoBaTeibHo, U3 (4.24) u (4.26) mmeem
tgB(1—e?)=tgul 1—e2,
OTKYJa OKOHYATEJHHO MOJyYaeM HCKOMYI0 3aBHCEMOCTH
tgu=V1—e2tgB. (4.27)

[lonyunum eme MOTOJHUTENbHBE 3aBUCHMOCTH, KOTODHe OYmyT HEOOXOMWMBI
B JaJLHeHmeM.

Uz (4.23), npurumas Bo BunMmanue (2.7) m (4.8), nounyuaem

. V'] —e2s8in B 4
=" 7 .28
s (4.27) B VA g N (4.28)
3 . IuImemM
s tg%u
b8t B =y
1 tg2u

c0stB + (1—e2)’
OTKYa

cosB:M ] (429)

V1—etcostu
Ha ocroBanmu (4.9) m (4.22) mMoskeM Taxyke HANACATH AJA PAfHyca mapaliesn
r=acosu.
Brsepem npubamxennayio opmyny pasuocta (B— u), ynoOuyo st HOACIETOR
tg B—tgu=tg B— VY 1—e?tg B,

sin (B — u)
cos Bcosu

—=tg B[ —(1—e2)"/e].

[\
[\l




PacraammBas (1 — e2)'/: B pan m samenss cos u Ha cos B (momyckas Tem caMBIM
omn6Ky Ha MaXylo BeIWYMHY HOPAAKA ef), MONyIaeM OKOHYIATENHHOE BRIpAYKEHHe
mna (B — u)

(B—u)" = pe*sin 2B. (4.30)

Boxee rounaa gopmyna paa (B — u) mmeer Bum

(B—u)”:p”[nsin2B—ﬁ2—2—sin4B—}—%?—sin63——%4~sinSB~I—...], (4.31)
tIe
a—b _ tgB—tgu

=TT T wh

9. CBA3L MEeXAY CHCTEMOI OPAMOYTONABHKX OPO-
CTPaHCTBeHHHNX Koopnauuar X,Y,Z ua npyrumu cucre -
mama. Ha pme. 11 PR,P,R — mepn-
MIMAHHLA BIIANC, B IIOCKOCTH KOTODPOTO
HaXOQuTCsI Touka G Hagaja CUeTa MIOJTOT
W, CJIeNOBATEIFHO, B 3TOH NJIOCKOCTH
pacmoiaraercss KoopauHaTHas och OX:
PE,P.E — vepumnasmsit 9JILJINIIC, HA KOTO-
POM pacmoJomeHa pgagHas toaka M T Ko-
opauraTHRe ocm Oz m QOy. Yroa memmy
NIOCKOCTAMH 3THX MEPHIMaHHHX 3JJINICOB

paBed reoneswaeckoit noxrore L. Ha pme. 11
nMeeM:

X =zcos L

Y =zsin [

Z=y . (4.32)
Pnec. 11 x=VX2+ Y2

Hamnee, na ocrosammm (4.32), (4.22) w (4.23) momxyumm:
X =acosucos L
Y =acosusin L . (4.33)
Z=bsinu=al)Y 1—e’sinu

Ha ocmomammm (4.32), (4.7) n (4.8) manmmem

X = acos B cos [, )]
= acos B
Vi esinen
__a(t—e?)sin B
C Vi—ersineB
Ecnnm samenmts B (4.34)

sinL {. (4.34)

a2—p2

2
e = P
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OoJIyIuM
a2cos BeosL
X =

o V a2 cos? B+ b2sin2 B
u2cos B sin L
Va2 cos® B+ b2sin? B ’ (4:35)
. b2sin B
Va2cos? By bisin2 B §

obosHavas

V a?cos® B+ b%sin? B=p. (4.36)

®opwmyns (4.35) mepemMUIyTCA:
X — a2cos B cos L ]

p
Y — a2cos B sin L
— | (4.37)
7= b2sin B
p

§ 5. I'nasuble pagmychl KPHBH3IHBI B JaHHOH TOYKe JILIMIICOMIA
Uepes HOPMANh K MOBEPXHOCTH DIJIANCOAA MOKHO IPOBECTH fecamcaeHHO®

MHOKECTBO ILIOCKOCTeH. ITH IIOCKOCTH, MePHEHNUKYIAPHEE K KacaTeJbHOU MiI0-
CKOCTH K TIOBEPXHOCTH IUIMICOMNA B AAHHOH TOUKe, HABHBAKTCA HOPMA Db -
5w Mu. HKpusoie, obpasyembie OT Tepecede-
H7A HOPMANBHHX IIOCKOCTeH, MPOBEJICHHHIX B
[aEHOM TOUKEe, ¢ IOBEPXHOCTHIO DITUNCOMAA,
‘HASHBAIOTCA HOPMAIBHBMHA C€T€-
EmaMO B Kax#oil ToOYKe CYImEcTBYeT ABa
B3AMMHO IePHEHAUKYIAPHHX HOPMAIBHHX Ce-
qeHWsA, KPUBU3HA KOTODHIX HMEeT MAKCHMAlb-
Hoe W MEHWMAJbHOe BHAUCHHA; OTH HOPMAJb- -
HEEe CceueHmsi HABHBANTCA TJIAaBHHMHU
HOpPpMAJAbHHMHE CeYeHHAMM

B mexoropoi#t Touke /M IOBEPXHOCTH 3J-
AWICOW/A BpANEHHs TIABHEIMHE HOPMAJbHHIMA
CeUeHMAMM, KAaK H3BECTHO W3 MEddepenmuain-
HOHU reoMeTpHH, ABIAITCA: A

1) MepHAHOHANLHOE CeIeHMe, TPOXOAAmee Puc. 12
qepes nmamHyl0 Touky M m oba momioca oi- )
aunconna P n P, (ma puc. 12 MepuanoHANbHOE COTCHNE B TOUKE M mpencraBuAeTca
sanuncom PME P, E);

2) ceuenme MepBOrO BEPTHEKAJA, IPOXOJAMee HTepes TOUKY M n mepueHAHKY-
AApHOE K MEPHAMOHAJHLHOMY CEYeHHI0 TOUKM M. Ceuenne mepBoTO BEPTHKANA W30-
Gpaxero Ha puc. 12 kpusoit WME, upencraBasiomei coboli TakKe dILIAIC.

O6osmaumym gepes M u N pagmychl KPHBU3HE MePHINAHA W MEPBOTO BePTAKALA
cooTBeTCTBeRHO. HafiieM BEHpaykeHMA A PAfMyCcOB KPUBHMBHHI IIABHHIX HOPMAJb-
HEIX coueHmil B QYHKIWE Teofiesmdecko#t mmporst B. Pammyc KpHBU3HH IOCKOT
KpHBOH, BHpAYKAaeMoil ypaBHEHNEM BHAA § = f (z), oupeneaserca dopmynoi

e

d2y
dx2
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Ipuvenur sty dopmyny k MePAIMAHHOMY B3JIJWICY, HAOWIOIeM

M = _W 5.1

dzy
dx?2

2
(3BaK MMHYC B3AT HOTOMY, 9To -?u—z < 0). Uz (4.2) mmeen

dy _
%— = — Ctg B.
Paccmarpusaa B kak ¢pymrnmo z, ruddepernupyem gopmysy eme pas mo x
n ToJydaem
d2y 1 dB (5.2)

dz?2 ~ sin2B du
B .
daa Beumcaenus % Bocmonkrsyemcs dopmyioi (4.7)

. acos B _  o2ain? BY=1/s
.T—W—dCOSB(l € sin B) .
Hupdepernupys mocaegniono dopMyny, HaxommM:

dz=a{—sin B (1 —e2sin® B)-"/: i ¢%sin B cos? B (1 —e?sin®> B)-*/2} dB,

—‘di% =asin B(1—e?sin? B)~-*/: { — (1 —¢? sin® B)+-e%cos? B},

gz _ —asin B(1—e?sin? B)-*"/: (1 — ¢2),
dB
CraenmoBarensHo,
d% _ (1—e2sin2B)’/e
da2 asind B (1—e2)

d 2
HoacraBasia womyuenHbie BEIDa;KOHUA nnﬂd—i " Z—x% B (5.1), Haxomgum

M — (1Fctge B)*/2 asind B (1—e2)
(1—e2 sin2 B)*/2 )

OxoHYaTeTHHO
a(l—et) (5.3)

(1—e2sin2 B)’/2

M:

Us (5.3) scwo, aro M Bospacraer npu msMenenuun B or 0 mo 90°.
Panuyc KpHBESHH MepWIMAHHOTO HIMEICA B HOMTIOCAX (mpu B = 90°) 0603na-

TUM 9epe3 ¢, Torga
a(1—e2) a

(1—e2)'s  VYVI—e'

C ==

Hpunnmas Bo Buumanme (2.7) n (2.5), maxomum

e = eV T o
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O6o3Hauns

W =V 1—e®sin®B, (5.5)
HAONIIEM
1—e2
M= i.(_w./s_). . (5'6)
Brenem eme ¢yHKORIO
V=V1+e%cos®B. (5.7)
Tar xak, cormacuo (2.5) m (2.6),
,2 e2 . el2
©TT=a 2=1+e'2’
TO
’2 2 9
1—e“’sin2B=1——f—2sin2B=M_
1+-e’ 1+e/2
u
1 12t/
M=a( +V63 ) . (5.8)’
nau, coraacuo (5.4), .
M=s. (5.9)

W u V — COoOTBeTCTBEHHO HA3HBAIOTCA NEpBOY M BTOPO# OCHOBHEIMU (YHK-
HUAMH Te0fIe3HIeCKOl MIMPOTH; OHU MMeI0T GOJIBbIIOe BHAYEHUE B Teopuu chepommm-
YeCcKO#l TeoJle3nu.

3amensisi B (5.3) WepBHIl SKCHEHTPHCWTET €0 BHIPAYKEHMEM 4Yepes MOJyoCH
n ucmonn3ys oGosmEavenwe (4.36), dopmyna (5.3) gua M mepenmimercs

a2b2
D

M=

. (5.9

Iuas onpemenenusa pagmyca N mepBOTo BepTHKAla 3aMETUM, U4TO €CJIM COUEHUE
nepsoro seprurana WME (puc. 12) — HOopMaxbHOE ceueHme, T0 napannens MQS —
HaKAOHHOE CEYEHHe, MOCKOJNBKRY HOPMAJb HE JIGRUT B IUIOCKOCTH 3TOTO CEUEHUs.
Yrasaname nBa ceuenns B Touke M mmeioT 06myto Kacatensnyio. s moka3aTeabeT-
Ba 3TOTO WOJIOMEHNs mpoBeeM B Touke M wacartensHylo & mapasinenu MT; sta Ka-
caTenbHag, Jgemamas B miaockoctm MQSC, nepneHguKyAAPHON K MepuaHaHHOMN
nnockoctn ME | P,EP, nepnesnuKryispHa K npsamoir MC, o6pazoBarHO# mepeceve-
HOeM 5TuX miIocKocTedi. Takum o6pasom, Kacatensran M T nepmesuKyaspHA K WIO-
croctm Mmepwpmana PME,P,, mosToMy IJIOCKOCTH TMEPBOTO BepTHKaJa Gynmer co-
nepmaTs upamyw M T; ecan Mn — HOPMAlh K DOBEPXHOCTH 3JLINIICONNA B Touke M,
to yron TMn pasen 90°, ciepoBatensro, M T Gyner kecatesbHON 1 K Kpusoi EMW.

VMes 510 B By, BOCUHOIB3YEMCH TeopeMoii: ecJIM Yepes3 TOUKY
DOBEePXHOCTH DpPOBEefEeHH JBa CEYEHNSH — HODPMAINB-
HOe W HAKJIOHHOEe, IPHYEM B paccMaTpPHEBAaeMONd TOTKE
TH JBAa CeYeHWH UMEHNT O0O6MYyIoO KacaTeiIbHYIO, TO
Pagimyc KPEBHEBHH HAKIOHHOTO CeUYeHNs PaBeH pajgu-
YCY KPHBUB3HK HOPDMANBHOIO CEUYEHNSH, YMHOKEHHOMY
Ha KOCHMHYC Yyraga MEJHAY OIAOCKOCTAMKU DTHX ABYX
ceveHwmiu.
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Nz pume. 127cnenyer, 9TO yroa MexAy NIOCKOCTAMH NapajIead M TIePBOTO
Beprukaia maMepsaerca yriom CMn = B. IloatoMy pajmyc r mapaijenm ompefe-
JINTCsI Yepes Pafiiyc KPUBH3HH MePBOro Beprmraina N mo gopmyme

r=N cos B=MC.

VunTeiBasg BHpasKeHAE I paguyca mapasienn us (4.9), noaygaem

acos B
—————— =N cos B
V1—e2sinz B ’
OTRYHAA
Vi—ezsinzB (5-10)
AN

o

T/—’

N=£‘§. (5.10")
Wz pmc. 12 caemgyer, w10
Mn="2XC _ N, (5.11)

T, €, AAHA OTpeska mopMman® Mr paBHA Pajuycy KPHBH3EH NEPEOTO BEpTHEAaja
Ns (5.3) 7 (5.10) mmeem
N 1—e2sin2B _ 1—e24fe2c0s2B €2 cos2 B
™ 1—e2 - 1—e2 =1+ 1—e2 ° (5.12)

Otciofa BHAHO, UTO
N=M.

”

[na BHYMCIEHMA HCOOJB3YIOTCA B COOTBETCTBYIOINUX CIYJYAsIX BOJINIMHBI EM

a %v, o6Gosnauaemsie cumpoyamu (1) m (2), T. e.

P n 2= (5.13)

SHAYeHUd HTHUX BEIWYMH BHOMPAOT M3 CHOENMANBHEIX Te0Je3WIeCKUX TaGIuI
0 apryMedTy IMMPOTH.

Pamuyc xkpupusmn mepuguaga M, Kak yBUIUM fjaliee, CIYKHAT [JiA BEYUCICHUSN
IJVH Iyl MePUAUAHOB U PAa3HOCTEH IMUPOT; PafuyCc KPUBH3HE NEPBOT0 BEPTHKAIA
N — pna BWYNCIEHHs [JUH AYyT Hapajiaejefl u pasHOCTEH MOJTOT W a3WMYTOB.

Il BHUECIEHHH HAa CISTHHIX MAIIWHAX NOJYy4YeHHHIE Bepaskenmda (5.3) u (5.10)
Aisa M u N HeymoGHL B CBASKH ¢ HEOOXOMEMOCTHIO BRHUHCIATH Apob6HLE cremenn W
u V; B arom ciaygae menecooGpasHo npencraputh M m N B BEfe CXOIAMMUXCS PATOB.

Pasmomus B mmpamenmax (5.3) m (5.10) smamemarenm (1 — e2?sin2 B)™*/:
7 (1 — e2sin? B)"'/: B GHHOMUHAJBHHEA PN, HOCHe HECIOMHHX mpeolpasosaHmit
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1 TIOfCTRHOBKM YHCIOBHX 3HaUeHWiT 5lIeMeHTOB pedepeHH-sannnconna Kpacosckore
B MeTpax, IOJIYIHM:

M = 6 367 558,4969 — 327072,9605 cos 2B 67,3123 cos 4B —
—0,1319 cos 6B+ 0,0002 cos 8B— .. .= 6335 552,7170 4
4+ 63 609,7883 sin? B+ 532,2089 sin* B+ 4,1558 sin® B -+
+,0317 sin® B . (5.14)
N = 6388 958,4431 — 10 726,9320 cos 2B + 13,5077 cos 4B —
—0,0189cos 6B+ ...=6378245,0000+ 21 346,1416 sin® B+
+107,1586 sin* B-- 0,5982 sin® B4 0,0033 sin® B

Brine Opitn moiydeHs! GOpMYJbl JJIA TIABHEIX PAZNYCOB KPUBHU3HBI, BHIBOJ
KOTODHIX OCHOBEIBAJICA HA KIaCCHUECKOM IOMXOfe K PemeHHI0 337ad cepompmye-
CKOM Teojiesun. YYHUTHBAS BAKHOCTh HOJNYIOHHEX (OPMYN, 2 TAKKe METONWIeCKUEe
coobpaskenmsa, nagnM BeBoj dopmyn aiaa M u N B gpyroit ¢opme, modAb3ySACHh HHBIM
UpueMoM WX HOJYUIeHHS.

Bocnonp3yeMcs M3BECTHHIM pasiioeHUeM O#nepa cTeneHHO# (yHKOHH B mem-
HYy©O Apo0b

Atyp=14 2 0Ny | A3y 4 BoVy oy

(n=v)y , (ntV)y =

-+ 5+ T J.... (5.15)
Pasunomenne (5.15) cxoguTcs, KaK W3BECTHO, HA BCe KOMILIEKCHOM IJIOCKOCTIH
mePEeMEeHHOT0 J, Pa3pe3aHHOdl IO BemecTBeHHOH ocH oT y = —1 mo y = —oo.

B caywae y BemeCTBEHHOrO MOJIOMKATENBHOro pasioskenme (5.15) mpumenumo ans
ao6oro smadenws aprymeHTa y. JJIs 3TOTO FOCTATOYHO B3SITh HYKHOE KOJHMIECTBO
3BeHBEB memHoHM npobm (5.15). OrpaHEYUBasCH IBYMA N3 HAUX, 3aNAIMIEM:

Ay~ 14 g LDy (5.16)

Mamee, moNb3ysch U3BECTHHEIM METOJIOM IlojicdeTa HOAXOAAIMuX ApoGeit, omy-
CKag mofpoOHOCTN HalbHeHIAX MaTeMaTAYeCKEX BHEKJIANOK, MAA Bepaskenuda (5.16)
MOKHO 3aIMCATH, YTO
2+(1+Vvy

A9~ o=y -

(5.17)

Mpumenum Gopmyny (5.17) nng Buancnenuns Bennauy M, N, sanucas ux B BHje:

a(l—e?) 4
M=_(_W_,3__=W, (5.18)
a Cc
Tlle no-mpe;HeMYy:
W=V 1—e*sin? B=(1—e?sin? B)'/?, (5.20)
V=V 1+eZcos? B=(1+ecos?B) . (5.21)
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B gopmyaax (5.20) m (5.21) 3mauennsa mepemeHHOTO y, BxomsAmero B (5.17),
COOTBETCTBEHHO DPaBHBI

y=—e2sin?B u y=e¢'"cos?h,
a BeJmumHA Vv = Y,
CiemoBaTeanHo,
1—0,75¢2 sin2 B \
W= 1—0,25¢2sinz & * (5-22)
2 0o
V= 140,75¢ 2cos B ' (5'23)
1-10,25¢'2 cos? B
1—1,25€2 sin2 B -
3 2 - .
W= i sesmen (5.24)
V5 = 14-1,25¢'2 cos? B (5.25)
1—0,25¢’2 cos2 B
Torna dopmynm (5.18) m (5.19) mpmmyTr BuUR
14-025¢2 sin2 B 1—0.25¢'%cos? B
J — —_—p2 > — -
M=a(l—e) 1—1,25¢2sin2 B 14+1.25¢%cos2 B (5.26)
__1—025e2sin2 B 14-0,25¢"%cos2 B -
N=a T—0,752sin2B ¢ 14075¢%cos2 B (5.27)

MosxHo mokasaTb, 4T0 abCOMIOTHAsE MOTPEIMHOCTHh mpubamsxenus (5.16) pasua
MOJIYJII0 PA3HOCTH Me:RAY COCEHIMI HOAXOAAMMME LPOGIMH TOTO K€ THIIA M MOFKET
OHTH BHUMCIEHA [0 GopMyIe

1 y3
A, | | 5.28
U<7|mmar (5-28)
rje caMBOJI A, yKa3pBaer, 9TO HOTPEITHOCTH COOTBETCTBYET [BYM 3BEHBAM IENHOM
npobu, . e. popmyiue (5.16).

Mpunas B Bmpamenuax (5.20) u (5.21) Beanumnuy KBagpaTa 3KCIEHTPUCHTETA
e? (unu e'?) pasuoit 0,0067, nag moboro sHadeHms MUPOTH B moayumm:

! 00073

AW=<7" 5go7- 2007 <9107

Takum oGpasom, fopmyun (5.22)—(5.27) obecneuusaroT BLUUCICHNE BEIWIUH
W, V, Mu N ¢ goctatognoil TOYHOCTRIO, T. €. 10 11078,

3amernyM, 4to noaysenusie dopmyiass (5.26) u (5.27) nna M u N Gosaee ymo6unt
4 IPOCTH [ BHYMCICHEH Ha CYSTHHX MaMAHAX, Hemean Gopmyiast (5.14).

§ 6. Cpegnuii papgmyc KpHUBH3HBI

CpennuyM pajiycoM KPUBW3HE B JaHHOH TOYKEe NOBEPXHOCTH HA3HIBAETCA Ipe-
e, K KOTOPOMY CTPEMHTCs CpefHee apuMeTHUIECKOe W3 PAANYCOB KPHABU3HH
HOPMaJIbHBIX CeUEHUIl, KOTfla IMCIAO0 UX cTpeMuTcs K GeckoHeuHoCTH.

Ilycrs ma pue. 13 mepugnoHanbHOE cedeHWe B NaHHON Touke M m306paskeno
anauneir PMP ,, a cedenue mepBoro Beprukana — WMO. It aBa ceuenus ABIAOTCH
TIABHHMH HODMAJIbLHEIME CEICHHAMM, NMEIOMMAMHA COOTBETCTBEHHO MAaKCHMAIbLHYIO
U MUHHAMAJIBHYIO KPUBU3HY.
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TNlycrs xpuBas MA nsofpaskaer IpousBoOJIbHOE HOPMAIbHOE CeIeHUe B TouKe M
IOBEPXHOCTH DIIWICONJA, BaflaHEOe a3EMyToM A, T. €. CeYeHHe PAaCIONIOKEeHO
mop yriaoMm A K MepPHIMOHAIHLHOMY CEYEHHIO.

Ha ocmoBammm ¢opmyas OJitigepa, yCTaHABIMBAIOMEH B3aBHCEMOCTb MEXAY
PaguycoM KPHBUBHH 04 HPOW3BOIBHOTO HOPMAJBHOTO CEUEHHA M PafiMyCaMH KPH-
BU3HH TJIaBHEX HOPMAJIBHHIX CeUeHUH, mMeeM

1 cos2 4 sin2 4
sty o
OTKYyZA
MN w
PA= N oo A+ Msinz 4 * (6.1)

Boobpasum, uro A OpPEHUMaeT IOCIENOBATENBHO
smagerna: 0, A4, 2AA, 3AA.. . 2n—-2 A4, 2n—AA, Puc. 13

npuuem AA — majiag BejgmymHa. UWMCAO TAKAX BHA-

genuiit A 6ygeT paBHO iz. Brraucaum cpepmee apmdmerndeckoe W3 pPaimycoB [KpH-

BU3HH BCEX TNX HOPMaJbHLIX CeUeHHH, TPOBEICHHEX U3 TOUKM M/ uepes mHTEPBAJIH
BenumumHoit AA, m o6osHaumm ero uepes R,.
Bynem mmets

Am2n-AA A=27-AA
2 MN 2 MN AA
Ncos2 4 +Msin2 4 Ncos2 A - Msin2 A
R, = A0 ____A=0
1= 21 — Y .
AA

Taknm o06pasoM, COrIacHO OIPEJEIEHHI0O CPefHET0 DajAyca KPUBHSHH R,
HOJIyYnM

R=Ilim R, unpm A4 — 0.

OueBHAHO, B 9TOM CIydae 3HAK X B BHPA)KeHUN [JiA R, noixen GHTH 3aMeHEH
sHaKOM HmHTerpajia, a AA — gepes dA4.

Bynem umeth
/2
R=_% S MN
T 2n Ncos2 A+ Msin2 A
0

dA.

Paspmenanm B mopmETerpalbHol QYHKINE YHCHUTENb W BHaMeHaTe b Ha [V c0s2 4,

TOTA
/2 M

R=2| =4 gy,
2

Buirecem 3a sHak mmterpana |/ MN

w2 M dA
N coszA

ar 2
b 1—]—(]/-%— tgA)

3 11, C. 3axaros 33
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O6osuaan}‘/%tgA gepes %, MONyYuM

WNaTerpnpys, moayiaeMm

¥ OKOHYATeJABHO

R=VMN, (6.2)
R ae=r:

1—e2sin2B® (6.3)

naan
R=

Taxam oGpasom, ms (6.2) caemyer, 910 Cpefgumit PagUyC KPHBUBHH JJiA TOUEK
DIIMIICON/A BPAMIEHNWsI PAaBEH CPefHEMY TeoMeTPHIeCKOMY W3 PainyCcoB KPHBH3HE!
TIaBHEIX HOPMAJBHHX Ce9YeHHN — MEpPHAWAaHA W IEePBOT0 BePTHKAaJa, MPOBEJEHHHX
W3 TOH Ke TOYKH.

Bripasxerne masi R mosxer OWTH Hanmcamo B yHKmmm Benumaue W m V rak:

n
R*=MN =13 =2, (6.5)

Cpegamii paguyc KPHBH3HH LNPUMEHSETCS HPHW M300paKeHWH dacTell mOBEpX-
HOCTH SJIJIAOCOMJA HA IMape, OIPH BHYACIECHUN CHEPHICCKAX H3OGHTKOB TPEYTOJb-
HAKOB M B JPYI'AX CAy4asx.

B raGammax, cocrapmemrsix ITHUUTAwK n Ilenmrpansmoil BEHYMCIATEIHLHOM
4acThI0 A 3JuIuncomaa K pacoBCKOTO, JAIOTCA 4epe3 MHTEPBANH IO mmpoTte B 17
nmorapmpmer BeamumeH (1), (2), R, a takxe 3Hauenue ¢ynunmm V.

[l BHUHECIEHAs PafiNyca KPUBUSHE HOPMAJIBHOTO CEYCHHUs, HMEIOMEr0 a3uMyT
A, MOKHO BOCHOJNB30BAaTHCHA, KOHeUHO, opmyioi (6.1). [usa mpakTAYeCKHX BHUH-
CIIeHWi, IyTeM HECIOKHHX HpeobpasoBammii, ee ymno6Hee IPENCTABHTHL B APYroM
BHJE, T. €.

N .
P4 =T mreosa’ (6.6)
rie M =ecos B.

Il MeHee TOYHHIX BHIIMCICHUH, ¢ ommOKol Ha uieHH et, opmyana (6.1) momer
OnTH IpeoGpasoBaHA
pa=R (1———2—cos2Bcos 24). (6.7)
Qopmyaa (6.7) ncmoasayercsa, HaIpAMep, IPH BHYUCICHAN MONPABKH 3a MpH-
BejleHrMe W3SMEePeHHOA NJIMHEH 0asmca K TOBEPXHOCTH pedepeHi-iiuIcoua.
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§ 7. Borumcaenne JIMEBI IYrH MepHAHMAHA

Mycrs rouaxa 4 (puc. 14) ma MepupmarHOM 2iamnce mmeer mupory B. Bosbmenm
Ha GECKOHOYHO MAIOM PACCTOAHHE ds OT T0YKE A TOUKy A,, HMEIIyI MupoTy
B - dB; raxmm 06pa3soM, PasHOCTH MIAPOT TO-
oKk A m A, COOTBETCTBYIOIAS fyre MepUAAaHA ’ P
ds 6ymer dB. PaccmarpmBas siIeMeHTapHYIO
AYTy ds Kak JyTy OKDY)KHOCTH ¢ pagmycom M, a
molyIaeM A

ds=M dB,

ann

a(1—e2) a(1—e?)
=—oU=4 __gp_2l—e) jp
ds (1 —e2 sin2 B)./’ B w3 d

£
[lnmEa Ayrm MepmamaHa MeKAY TOYKAaMH,
UMeIOIBEME mupotH B, m B,, noaydurca

) (1—e2) : dB
=\ 0=  aB—a(1—ey| 28
s § e dB=a(1—e?

sin2 B)*/* ws* £
(7.4) Puc. 14

Taxum 06p330M, BRIYHCICHHAE JIINHH AYTA MePHJHMAHA CBOIUTCA K HAXOKIECHAIO
IINNTAYECKOTO HHTErpalia BHIA

dB ¢ dB
S (1—e2sin2 B)*/* ZEa
KOTODEIA, KAK H3BECTHO, B 2JIeMEHTADHHX QyHKnuaX me Gepercsa. Jlis BHUHCIeHAA
1
YKa3aHHOTO MHTErpajia Pasjo:KAM NHORHHTETPAILHYIO QYHKINIO s B pax mo 6m-
HoMy Hrioroma. Mmeem
1 2 ain2 B\=4/ 3 o g 15 4.:4a
5 = (1 —¢?sin? B) *=1+5e?sin B—|—?e sint B4

35 . 315 . 693 .
—}—1—6}e6 sin® B+ oo ¢®sin® B4 g ¢0sint B4, .. (7.2)

[aA mpocTOTH MalbHEAMAX BHKIANOK OTPAHMIAMCA UieHaMu ¢ eb. UeTHE®

1
CTeeHH CHHYCOB, BXO[AINX B pasioeHre QyHKIIE W5 B DA, 3aMeHWM KOCH-

HyCaMy KPATHHX YT COTIACHO DPAaBEHCTBAM:
. 1 1
sin2 B = 5 — 5008 2B,
a3 1 1
sin* B =g — 35 oS ZB+-8—cos 4B.

Teuneps ¢opmyna (7.2) mpmmer Bump

1 3 1 1 15 3 1 1
W=1 +?e2<—2-—7005'23) +T et (g——z—c0523+§cos4B) + ...,
-%=1 —{—% ez——%ezcos23+% e4—-i—2—e4cos2B—|—-ge4cos4B+. ..
3=
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nin

_W_iﬁz +(1—-}—%—e2—|——§%64—f—...) “(%62-{-‘%94+-- .>0052B+

+(ge4+,..)cos43.... (7.3)
O6osHavasn:
3 45
A=1+-4—€2—[—ﬁ-e4+ .
3 .15
B= —1:82-1-%84-{-.. , (74)
15 :
C= % €4+ o e ]
0oJydaem
1
—[}-V—5-=A—BCOSZB—}—CCOS4B-——.._ (7.5)
IlopcraBnaa HafinenHOe 3HAYECHHE %,—3 B (7.1), moaywaem
. Bg
s=a(l—e?) | (A—Beos2B+ Ccos 4B—...)dB. (7.6)
. B‘

Muarerpupysa mowieHHO, HAXOIAM

s=a(l—e? §A (By— By)— 2 (sin 2B, — sin 2By) + - (sin 4B, —sin 4B,) — . . } .
‘ (7.7)
Tonygennana ¢opmyna sABisercs oOmed misg Ayrn MepujmaHa. PaccMoTpEM
OCHOBHEe mpeoGpasoBannsa $opMyas (7.7) B 3aBUCEMOCTH OT IeJIN €e IPHMEHEHH.
1. llpr BHYWCIEHHMW TeOMe3WUECKUX TaOmmMI, HAUPWMep [Jf BHUYNCICHHUA
tabaunm woopmumHaT I'aycca — Hprorepa, BosHMKaer HEOOXOAMMOCTH BHUUCIATH
NIAHHE [Ayr MEPHAMAHOB OT HKBATOPA [0 TOYEK AYI'W, PACHOJIOKEHHLIX U€pe3 ompe-
[eJieHHEe MHTEDPBAJH MEPOTH. B sTOM ciyuae HavansHas muporta B, = 0. Ilepe-
MEHHOH BeJIMYMHON NIPH BHUHCAeHWH Oyner mmpora B, = B, nostomy $opmyra
(7.7) momer OHTEH ocTaBieHa 6e3 DePerpymOHPOBKE WIEHOB. TakuMm oGpasom,
HONYyIAM
n v
B=a(t—e{al _Bsnopt € sinap—.. .. (7.8)
QY 2 4 f
Oco6eHHOCTh BTOTO CIyYasg B TOM, 4TO mupora B moser uamenarscsa ot 0 mo
90°; mImHa TYTH IPH 9TOM MOKeT OHTH 3HATNTENHHOM, I BHIUCIACHNUA CIELYeT BeCTH,
KaK OpaBWjIo, ¢ OOJNBIIAM YHCIOM YJIEHOB.
Tloce mMOMCTAHOBKE YHMCIOBHX 3HAYCHHE DIEMEHTOB silimmconna HpacoBcroro
Bupamenne (7.8) mammmercsa

SB — 6 367 558,49698 — 16 036,4803 sin 2B -+ 16,8281 sin 45—
—0,02205in 6B+ .. .. (7.8")

2. Ilpu o6paGoTKe TPAYCHHX M3MEPEHHH ¢ IEJBI0 BHBOLA Pa3MEpPOB 3¢MHOTO
samuconga gopmyna (7.7) cranoBuTtcs HeynoGHO#. B aToM ciiydae mMUPOTH KOHMOB
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W3MEPEeRHbIX MEPHAUAHHBIX IYT, YIaCTBYIOMNUX B 00paboTKe IpagycHBX M3MEpPeHUH,
MOTYT CUMTATHCS MOCTOAHHHIMH; B OTINYHE OT HPEABIAYIIETO CAYyYas PasMepsl 3Jl-
amncounia (UIW NONPABKM K HEKOTOPHM HPHO/IMIKEHHHIM WX 3HAUYEHWAM) MOMJIE AT
onpenesennio. [loaToMy HYRXHO DPACTONOKUTH, WJEHH PANA, BHPAMKAIIEro AYTY
MepHUAHA, TAK, ITOOH OKOIIO ONpelelfeMEX BeJININH d, €2, e* u T. . CrPYIOEpO-
BATh MOCTOSHHBEIE WJIEHH. ‘

TIpeo6pasyem dopmyay (7.7), yIUTHBAA HBIOMKEHHEE COOOPAKEHNA U 3aMEHASA
PasHOCTH CHHYCOB tUepe3 IPOM3BENEHNs CHHYCOB W KOCHHYCOB COOTBETCTBYIOIIHX
YIIOB.

Ilaa ymenbmeHUs ajre6pandecknx IpeolpasoBaHUil OTPAHAYAMCH TOJNBKO diie-
HaMu ¢ €2,

Uz (7.7) n (7.4) GymeM uMeTh ¢ OTOBOPEHHOH TOTHOCTHIO

s=a(l—e?) {(1 + %cﬂ) (By— By)— < ¢*sin (By— By) cos (By+ Bl)}.
pumem
sin (By— By) = (By— By) — {22200
A BBEiEM CpeHIi mupory B, mo dopmyne
Tlonyanum

s=a(l—e?) {(1 +%e2) (Bo— By)— o e2[(32~31)—ﬁ2:6ﬁ)i]cos 2Bm}

s=a(l—e?) (B,— B)) {1 22— 2 2005 2B+ e (B— By) cos 2Bm} . (7.9)
WK '

n

_a(B—BY (4 (1,3 1 g (Ba—By)"
= LB By (e Foos2By) e et BB cosap,) (7.40)

P
TIpene6perasa anenom nopsapka e2 (B, — B,), mojlyJaeM ¢ IPHHATOH TOTHOCTHIO
- a (By]—-BI) ( i 3 9
s= 2B By (F+cos2B,)e } (7.110)

3. Jlna BHUMCIEHHN B TPHAHTYJIATUY, KOTAA CTOPOHH HE3HAYHTENBHE M POIKO
npesocxonar 40—50 kM, magum Goiiee mpocTyo ® yaobmyio gopmyny. Ilas aroro
06o3raunm

| R g2
Bp=2128 gy, = o=
2 (1 —e2sin2 By)’/®

Brenem BcmomoraTesnpHYy0 BeJINUNHY
(Bs— By)” (Bs—By)" 1
S = M —_— a '1 —_— 62 —_—
1 m p ( ) p VVS

m

ROTOpas, 0YeBUMHO, NpefcTaBifAeT co00f JAWHY AYTH OKPYMKHOCTH C DPaJHyCcoM,
PaBHHIM paguycy KPUBUSHE MEpHAUAHA B TOUYKE co cpefmed mmporoit. Ha ocropa-
HEm (7.5) mamummem

5, =a(l—e?) ilﬁ%,,-@l (A— Bcos 2B+ C cos 4B,,).
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Topcrapum 3Hawenmsa woadpdumuentor A, B, C

Sl'-::a('l 2)%{(1—[——82—{——84)

—_ (% e? - %e‘*) cos 23m+—e4 cos 4B } (7.12)
CpasruBas (7.12) ¢ (7.10), mOJIy9aeM
s=s5 4+ 7 2(l—et) 4 c0s 2B, (B — By)3.

Ilomaras B mompaBoYHOM qu%He mocaepnei gopmyin a (1 — e?) = M,, r.e.
npesebperas 4iIeHAMH mopAAKA e“ (B, — B,)* s, moayuaeM

_ " _ n3
s =M, L2 O”Bl) + MS'" e? cos 2B,, \B2—B)" ”fl)
; Y

OxoruarenbEas QopMyna [Js BHYHCICHWA B TPHAHTYIANUA HMEET BHN

s=Mmﬂ%i[1+ ez(ﬁﬁﬁ_cosz/; ] (7.13)

b

®opwmyna (7.13) opuromua fas paccrosruit mopagka 400 kM (opu s = 400 km

OONYyImeHHAs BHIIIEe IOTPEIIHOCTD WOPARKA % et (B, — B,)? s gacr omuGRy B 3Ha-

4eHWHW S, PaBHY© npubiausmrenbHO 1 MM).
Tlpu s << 45 KM 3HaYenme MOOPABOYHOTO YiaeHA OymeT MeHbIme 1 MM, mosTOMY
nonpapounsii wieH B (7.13) mMoskHO oT6pOCHTH W BEHUMCIEHMA BecTH 1o (dopmyire

S == Mm (B‘J’;,’Bl)” — (B‘Z(I)fl)” . (7.14)

CuemoBarenbHO, OpH AJMWHE XYTH, MEHbIIEH 45 KM, MOKHO paccMarTpHBaTh €e
Kax cepIIecKyio ¢ [eHTPAIBHEIM YIVIOM, PABHKM PAa3HOCTA IIUPOT KOHEYHEIX TOUEK,

g OOUCAHHYI0 PAfAyCcOM MOPHAAOHAJIHLHOTO CEYeHHWsi, COOTBETCTBYIOINMM CpemgHel -
mMHpPOTe AYTH.

Kosdppumuentar A, B, C, BBeileHHbIe paHee NPE BEBOAE GOPMYI IIs AYTH Me-
pEpuaHa, Gud snaanconfa HpacoBCKOTO WMEOT Cliefylomae 3HAYCHHA:

A =1,0050517739,

B = 0,005 062 37764,
C = 0,000 01062451,
D = 0,000 000 02081.

B Tabu. 2 mpuBemeHH AMA CHPABOK AJMHWBH AYT MepuauaHa Ha panmmconuge Kpa-
COBCKOT'O A HEKOTOPHX IMUPOT ¢ ToXHOCTHIO 710 0,1 M.

Ilocme amemenmrapmEx mpeo6GpasoBammit gopmyna (7.13) mpumBopmTCas K Jora-
pupMEIeCKOMY BHAY. Y[EDKaHHOE UHCIO YNEHOB 0(ecneumBaeT BHYHCICHHE YT
no 400 kM mammOH

(Ba—B1)" |

Igs=1g =2 + k (B, — B,;)"® cos 2B, (7.15)
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rae
1 pi08

Igk=1lg¢ e e? =3,9315_,.
Tadbauma 2
IInuea ayrm Mepunuada B M

Bo

B OIUH Irpagyc B OOHY MMHYTY B OIHY CEeKYHOY

0 110 576,3 18429 - 30,7

30 110 854,4 18476 308
60 1114144 1856,9 30,9
90 111 695.8 1861,6 31,0

Ha ocmopamum gopmyns (7.14) MoxHO pemmTh 00PATHYIO 33a[ady: OIPENENUTh
Pa3HOCTh MUPOT KOHEUHHIX TOUEK AYTHM WO [JIMHe AYTW W CPejHedl mupore ee

(B,— B,)" = —1;—m 0" =5 (1)m ' (7.16)

IparTnuecku HepefKo IPUXONMATCA PeINaTh CIEAYIINYI0 3a7ady.
Jlans mupoTa mepBO# TOYKH B,, paccrogHEme IO Ayre MepHAMaHA O BTOPOHA
TOUKA $; TPeGyeTcHa OUpPEeelWTh IMUPOTY BTOPOH Toukm B,. Mmeem

Bz = B1+ (Bz"‘ Bx)-

Has oupepenenus (B, — B,) Bocuoxnsyemcs dopmydoii (7.16); ogpaxo cpasy
o atot popmyiie reckomas pasHocTh (B, — B,) He MoykeT OHTH BHYNCIEHA, TAK KaK
HEeW3BECTHA CPelHsAA muporta B,,, Mo KOTOPO# moiskeH OHTH paccumtar pagmyc M,
miam B3sita w3 Tabamm Beamumea (1),,. PaccMoTpmM pemenme 3a7adum ¢ IpAMEHCHHEM
METO[a IOCIe0BATeJBHRX IPUOINKEHNIA.

B mepsoMm mpunbiamxenuw BEUHCIANT (B, — B;), HCHOJB3YsA AIA OIpefieleHAsA
(1) mEpory mepBo# ToUKHW, HolywaioT upmbamkenHoe sHauenue (B, — B,), T.e.

(Be— By)y=s(1)y;

(Bo)y =B+ (Bs— By);-

C oTEM 3HAUYEHMEM IMHUPOTH BTOPON TOUKM BREUMCIAIOT NPUOCAMMKEHHO CPETHIOID
B+ (Ba),
mpOTy (Bm)l = 2 ?

nasee

HCUONb3YS HAWNEHHY OPHOIMIKEHHYI0 CPELHIOn
mupory (B,),;, Haxoaar pasmocts mupor (B, — B,), m cpegaiono mupory (B,).
BO BTOPOM HpPUOIMKEHWH. AHAJOTHYHO NPOM3BOAAT BHYHCICHWS B TPETHEM IpH-
GamKeHny, YeTBEPTOM H T. JI. IO TeX TOP, MOKA BA CMEKHHX NPHOIMKEHIS He Ja-
AYT OJMHAKOBHIC PE3YJIHTATH B IPEMleax 3afaHHON TOYHOCTH, KOTODHE W GYIyT
OKOHYATEeILHEIMA.

Brme 6muno mamo ofmenpmEATOE pemIeHme MO BHBOAY GOPMYJH AINHE AyTH
MepHIUaHa, OCHOBAHHOE HA PasiIOyKeHWH UOJHHTerpanbHoll ¢ymkmum (7.1) B pan
o 6mromy Hrroroma m mociefyiomeM mOUJeHHOM HHTETPAPOBAHWH.

Hapmm HeckoIBKO WHOE ¥ TaKsKe, KOHEYHO, NPUGIAMKERHOe PeMenne HCXOTHOTO
MHTErpana

B
s = S M dB. (7.17)
By
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[pumenny & Brpaskenuio (7.17) Hanbolee TpocTyio U OCTATOYHO TOYHYIO (op-
myay Cammcona (Gopmyny mapabosr), pasmesuB IPH 9TOM HHTEPBAJ HHTETPAPOBAHAA
Ha [IBé YacTH; TOTJa MOKHO 3aluCaTh:

= 2 (M- hMy - M), (7.18)

B gopmyie (7.18) pammyc xpmsmausl M oIpefeiseTcs B TpeX TOYKAX MCKOMOH
JYTH MEDH[HAHA — B HAYAJBHON, KOHEYHOI ¥ cpefHel, COOTBETCTBEHHO IO MHUPOTAM
— 1
B, B, u B, =1, (B + B,).
B oxomuarenpnoM Buje gopmyaa (7.18) mepenmmercs

s— kS AR, (7.49)
re
ko= —61— — 8080228 10-13,
Y
S = M,y + 4My+ Mo,
AB" = (By— B,)'.

®opmyaa (7.19) mpm paccrosmmax s mo 1000 xm oGecrednBaeT BHYUCICHAS
IJIBHE YTH MepUAMaHa ¢ ommOKoA mopAmka 1—2 cm.

JI;1A KOHTPOJA BHYUCTGHNH NYTy MEPHINAHA S CIeAyeT MONYIUTh KaK PA3HOCTh
miweE OyT X, m X, MepuamaHa OT 5KBaropa /0 TOYeK ¢ MHUPOTaMU B, m By, T.e.

s:Xg—Xl.

3ravennsa penuanH X , 1 X ; Bubupator u3 «Tabnum pias BHYMCIEHMA IJIOCKUX
KoHQOpPMEKX KooppuEar I'aycca B mpefenax HIHPOT OT 30° mo 80°.

Il p u m e p. BeunciieEne [IIMHBL AyTH MEPHAMAHA WO dopmyie (7.19) mempy
TOYKAME, IIEPOTH KOTOpHX B, = 49°29'58,938" m B, = 45° 30717,221",

Bs 49° 29’ 58,938"
B, 452017,221
Bm 47 30 08,080
AB 359 41,717
M, 6 368 056,324
M, 6 372 511,409
My 6 370 290,021

k 8 030 228 - 10-13
X 38 221 727,817

k- 30,884 0275

AB” 14 381,717
s 444 165,343 M.

HormTpoap mo Tabamuam:
mo mupore B, . . . . . X, = 5485298583 m.
no mmpore B, . . . . . X, = 5041133243 m.

s = 444 165,345 m.
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§ 8. Boiunciaenue HAMHBI AYrH IApAJLIeaH

IMapanmens Ha SIINOCOUJe BPAINEHNs ABIAETCA OKPY/RHOCTHIO, HOBTOMY BHIUH-
cileHue [AyTH 0apajjeln CBOJUTCA K ONPe/ieIeHHI0 YT OKPYKHEOCTH ¢ MeHTDPAIbHEBIM
yriom, PaBHBM DAasHOCTH JOJTOT KOHEUHHX To4WeKk ayrm. Pajgmyc mapammenw r
ompepenserca mo dopmyne (4.9), xoropas mMmeer BUJ

0S8 B acos B
r=NcosB= il A . 8.1
Vi—ersind B w (8.1)

Jnwna nyru mapajieln ', mMeomeil mupory B m pasHOCTH OATOT KOHEUHHIX
TO4YeK NyTH [, 04eBHHO, HaeTcs PopMyroi

. " 1"cosB ,
8" =N cos BBT =~ (8.2)

OTcrofia JIeTKO MOJIYy9aeM PAa3HOCTH MOJTOT ABYX TOYEK MAPaJLJIeNH ol MHPOTOM
B, pacmoiio;KeHHEIX HA PACCTOSHUM S,
1"=(2)s" sec B. (8.3)
B Ta6x. 3 npuBefeHsl qjiA COPABOK MIMHB YT Hapajieied mig mumpor ot 30
o 70° ma snnmmcoupe HpacoBckoro.
TaG6uaunma 3

Oanpa Qyru mapajiesin B M
BO
B ORMH rpagyc B OOHY MUHYTY | B OAHY CeKYHRY

30 96 489,9 1608 1 26,8
40 85395,3 1423,3 237
50 716969 11949 19,9
60 55 800,9 930,0 15,5
70 38 187,2 636,5 10.6

Il pumMe p. Buuncaurs AIVHY AYTH HAapajien MeIAY TOYIKAMMU, JIeKaMUMA
HAa 9TOH mapaliesin, eciu JAaHE PASHOCTH HOJTOT STHX TOYEK W IMMPOTA TMapasienn *:
l = 0° 45" 46,882", B = 54° 32’ 19,354".

Pemenne mpoBepuTh 10 KOHTPOIBHOR popmyne s, = b,l”, ncnonsaysa «Tabammer

ANA BHYMCICHHMA IJIOCKAX KOH(OPMHBIX Koopmma'r I‘aycca B npenenax mApoT
ot 30° mo 80°.

Cxema penieHus:

l 0° 45' 46,882"
B 54°32719,354"
N 66°392'453 854"
cos B 0.5801 5280 :
I 2746,882
170" 484,8137 . 10-12
Ncos B 3708 600,002
1"/p" 0.0133 1726
Sp 49 388,390 M.

—_—

* Ipumep Baar n3 [10, crp. 18-19]. - \ o b L e o
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Horrpons mo rabiaumam:

HOasa B = 54° 32' 19,354"
b’ = 179 798,002
s, = by-1" = 17,979 8002 -2 746,882
sy P = 49 388,389 M.
Pacxomnenne spt — s = 1 Mm.

3 9. Bpiunciaenue wIOIMIALEH CHEMOYHBIX Tpamemnii

Brancienne MIONiagd CHEMOIHON TPATIENUN MV JIMCTA KaPTH CBOHUTCA K OIpe-

NeNeHNI0 YaCTH NOBEPXHOCTH HIJNANCOMIA, OTPAHWYCHHOH IWHHAMI MEDHIHAHOB
H mapaliesei.

BoassMem ma sammmcompe {pumc. 15) Geckomegno

R Maaymo tpamenuio ABCD. Croponn »toil Tpamemumn,

s KaK DJIeMeHTH HRYT MepUAWaHoB ¥ Iapaiesnei,
OynyT paBHH:

AB=CD = MdB,

AD=BC= Ncos Bidl.

IMaomans anemenrapuoi Tpanenuu ABCD, 0603-
HavedHo# gepes dT, Bopasurca gopmyioi

dl = MN cos BdBdl. (9.1)

» , Munomans dz Becero mosica, OTPaHWIEHHOTO Ia-
! palliensAMu, DOJyduTCs, ecnum B dopmyne mas dT
Prc. 15 BenwumHy dl 3aMeHUTH wepes 21, T. e.

dz =2xMN cos BdB=2nR%cos B dB,
N

cos B dB
(1—e2sin2 B)2 °

dz = 27b? (9.2)

Mromaas MOBEPXHOCTM MOACA BILIMICOWIA, PACHONOKEHHOTO MEKAY Hapadj-
dexavmu ¢ muporamu B, m B,, 6yaer

B
7= 2mb? S _cosBdB (9.3)
B

(1—e2sin2 B)2 *

Naa swoudciaends wHTerpana (9.3) pasioskuM DOABHTErPANbHYI (YHKIUIO
B OMHOMWHANBHHHA DAL *.

cos B (1 —e?sin?B) 2 =cos B} 2¢?sin®B cos B+ 3etsin®Bcos B+ ... (9.4)

* Wprerpan (9.3) Oepercs B KoHeuHoM Bupe. Ilonomus esin B = six ©, OymeM mMeTs

e cos BdB = cos 8d6. Ilocae moxcraposku (9.3) mpumeT BHE z = 2mb2 . Hax n3BectHo,

de
050’
970 TabamuHEit WETErpa’x n 6epeTca B BIeMEHTAPHEIX (bynmmﬂx Onmaxo Moiayuaemoe IPH STOM
BH@KEHNe I ILTOMAKH MAJo TPUCOAHO NJA BRIYMCICHNH.
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CuxemoBaTeibHO,

B:
z = 2mb? S (cos B+ 2e?sin?B cos B+ 3e*sin*Bcos B+ . . .)dB,
B
z = 2nb? (smB + = 62 smsB-i— 3 etsinsB + ... (9.5)

1

s npuBegennsa sTo#l QOPMYyNLl K BARY, YHOOHOMY [if IPaKTAIECKOTO IpH-
MEeHEHHs, BOCHOJB3yeMCH (GOpPMYJaMH, AAIOMEMU BHPAKEHHA CHHYCOB HEUETHHIX
cTeneHel B QYHKOUE CHHYCOB HEUETHHX IyT ¥,

sin3 B -—-——i—sinB —-% sin SB
. (9.6)

sin5B=-%sinB——-——smSB—l———sm5B

3amensas B gopmyne (9.5) CHEYCH HEYOTHHX CTENOHEH COTIACHO BHPAYKEHHAM
(9.6) m moncTaBAAA WpeNeNH WHTEIPAPOBAHHNA, MOJIYIAEM

2= 2nb* {(sin B,— sin B,) + =¢? [% (sin B;— sin B,) — (sin 3B, —sin 3B,) |+
; . . 9 . . 1 . .
+% et [%(sm B,—sin B,) — E(sm 3B, —sin 3B,)+ e (sin 5By— sin 5B1)] - } ,
2= 20b?{(sin B,— sin B,) (1+ e+ % e4) — (sin 3B,— sin 3B,) (% et e4) +
- (sin 5By — sin 5B;) o e —. . .} (9.7)

3aMeHAA PAa3HOCTH CEHYCOB 0 H3BeCTHHM (OPMYIaM TPATOHOMETPHUH, IIOIYIAEM

z= 4nb2{(1_—|—-;—e2 _|_,% 84) sin—ﬁ%—B—lcosBm— ( e2—{~-— e‘) sin%x
X (By— By) €08 3B,; + s €4 sin— (B, — By) cos 5B} + . . «,
Tre
B — B1+BZ
m — 2 .

Ipu pasnosxenun Brpaskenns (9.4) B paj wiens ¢ e, e® m 1. 1. He GHIE TpH-

HATH Bo BHEMaHme. Bojee TouHas ¢opMyia [jisA WIOmMAAW NOACA ¢ yIETOM WICHOB
ce® mef Gymer uMeer BuJ,

z = 4mb? {A' sin By

—5 cos B,— B sm—(B2 )cos3Bm+C”sin—2-x

X (By— B,) cos 5B,,— D" sin — (Bz— B;)cos 7B+ E’ sin - (Br) B;)cos QBm} s . (9.8)

* 9tm QOopMYJH IOJYHYAIOTCA HA OCHOBe 00mei ¢opmyist

. 1 2 1)2n ... 2) . 2 1)2n ... 3) .
siniig = — {( "+1.)2.;_.-’2(n+ ) sinz— (n+1.)2.3"(n_1§n+ ) sin 3z 1

@nt2n ... (n+4) @n+1)2n ... (n45) .
T (n—2) sin 52— 123 ... (n—3) sin7z+. . }
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Il v gL a 3 a5 4, 35
ik A=ttgeitgetge +pge
it 1 3 3 35

Il " 2 L 2t 2 g6 29,8
I B=ge+tpe+me’ +me
i 3 1 5

| [— 4 ——_ pb = o8
i ¢ 8¢ 116 ¢ T (. (9.9)
I “ D’ = _1_ 6 _5_ 8
i +z ¢ T 56 ¢

“1 { ” 5 8
Il B = +a5 € ]

- @opwmyna (9.8) BHpamkaer IIOmMANb MOAcAa BIJIMICORJA, OFPAHWYIEHHOTO Ia-
paszenamu ¢ muporama B, m B,. UT06H mOXyIATs YOPMYIIEL I BEYUCIEHHA IO~
maneil Tpamemmii [AaHHOTO Macmraba W HOMEHKJIATYDPH, GepyT pPasHOCTh IMHPOT
CeBepHON U I0KHOH paMOK Tpamenuii B, — B, ¥ PasHOCTH JOJITOT 3aNaJHON B BOC-

TogHo#l pamor Al.

Hanpuwmep, maa rocymapcrsenno# kaprh Macmraba 1 : 1 000 000 B, — B, =
= 4°, pasHOCTH JOJITOT BOCTOYHOH M 3amapHO# paMokr kKapTh Al = 6°, 1. e. paBHa
1 : 60 monHOE oxpysxHOocTE mosca. IlosToMy paGouas GopMyaa OIA BHUHCICHBS
niaomane# Tpamenmmit Macmraba 1 :1 000 000 Gymer

P = (4’ sin 2° cos B, — B sin 6° cos 3B,,+ C* sin 10° cos 5B,,—

— D’ sin 14° cos 7B, + E’ sin 18° cos 9B,,}. (9.10)

Hoxnoxus B dopmyne (9.7) B, = 0, B, = 90° m yxBOME mOIyYeHHOE BHpa-
JKeHme, moayudM GopMyny JUIA BHYHUCIEHAsS WJIOMAAud X — BCeH MOBEPXHOCTH
BITMICONIA

2 3 4 5 8.
2=4ﬂb2{1+—3-82+'5-€4+—7-36+—9—e +-f—1'810+...}. (9.1.'1)

TMaomans moBepxHOCTH danmmcomaa Hpacosckoro, BHIIHCIEHHAS TI0 dopmyie
(9.11), 6ymer pasra 510 083 035 xm?2.

Paguyc mapa R]”", miaomagb KOTOPOTo paBHA IJIOMAfU ajimmcoupa Hpacos-

croro, pasex 6 371 116 M, a paguyc mapa, paBHOBEJIHKOTO O 06BeMYy SIIMICOMTY
Kpacoscroro, pasen 6 371 110 m.

CrnenoBaTeNpHO, IPH DPHOIAKEHHHX BHYNCICGHAAX, KOrNa 3eMII BO3MOKHO
OPUHEMATH 32 Map, eTo pagmyc ciexyer 6pats paBEHM 6371 rwm.

§ 10. Pacuer pamMoK ¢HEeMOUHBIX Tpamenmii

ITonydernasie B npemspymux maparpadax GopPMYJIE HO3BOJAIT JIETKO BLIBECTH
BHIPAKEHHUS MJsI PAa3SMEPOB PAaMOK CheMOYHHX Tpameruii.

Iycrs puc. 16 m306paskaeT cHEMOUHYI TpPANeNWI0 Macmraba -)—t—; mupoTa

10:KHOI mapaimenu B,, ceBepHO — B,; pa3HOCTH [OJTOT 3aWaTHOTO X BOCTOYHOTO
rpagAYHHX MepApmanoB Tpamenmum Al. OueBMAHO, 3amafHEIe M BOCTOYHHE DPAMKHA
TpPamennu PAaBHH W HPEfCTABIAIT cO0ON AYTH MEDHAWAHOB MKy Iapaliesamu
¢ muporamu B; 7 B,. IlosTomy )
: ; ) AB
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rjae
AB=B,—B,.

CeBepHas 7 I0KHAA PAMKU ABIAIOTCA AYraMd Hapajiesel, IMeIOMHUX COOTBET-
creenHo mupots B, B B, mostomy

BD=a, — Al” cos By
(21
Al"cos By
(2)2

Ilaa monyueHWs pasMepOB paMOK B 3aaHHOM MaciuTabe HeoOXoquwMo HalifieH-
HHE BeJINYMHBE PasfelATh Ha 3HaMEHATeJIb MaciuTaba, a s MOJYIeHHSA PasMepoB

(10.2)
AC =a,=

A > -

Puc. 16 ¢ ¢

o) a, D

CTOpOH Tpamenuu B caHTMMerpax ymuomxuTh Ha 100. IlosroMy oroHuaTenbHO GyneMm
HMETb!
AB:CDJ=1OOAB \
St a(m
£, 7 100 Al” cos By
BD = n (2)1

100 Al” cos By
n (2)2 N

Briumcaenne JiuH PAMOK IO HOJIYIeHHHM (OPMYJaM HE HpENCTABIAET 3aTPYA-
HeHu# ¥ BejeTcsa NPUMEHHUTENbN0 K cxemaM npumepoB 1 m 3 § 7 u § 8.

(10.3)
AC =




Fnasa II
KPUBBIE HA 3JJINIICONIE BPANIEHUA
§ 11. BzammHBIe HOPMAJbHbBIE CEYCHU

BossMeM Ha mOBEPXHOCTH 3JJMICOMA2 Bpamenus fBe Touxkd A4 d B (pmc. 17)
¢ muporamu B, u B,; nycts B, > B;. IIposenem HopMany k noBepxXHOCTH 3JLIAICO-
mpa B Toukax A m B. OGe 5TH HODMAJH JeKaT B MIOCKOCTAX MEPUAMAHHHIX HJLINII-
COB, IPOXONANMAX YePe3 TOUKY A B TOUKY B COOTBETCTBOHHO ¥ mEPeCeKanTes ¢ MaJIoi
oce0 PP, B TOYKAX n, M n,. JlOKa)eM, YTO HOPMAJH K MOBEPXHOCTH BJUIHIICOMAA,
OPOBEJICHHEE W3 ABYX TOUEK ¢ DPa3HHMN MHUPOTAMH, IEPECEKAIOTCA € ero Majoi
0CBI0 B pasHEX TouKax. Onycrom m3 A mepnerpurynap AA , Ha manyw noayocs OP.
Torna, coranacuo (4.8), Oymem mmern

0—Al=ya=“ (1 —e2?) sin By

L]
V1—e2sin2 B1

Cornacno (5.11), An, — paguyc KpEBH3HH /N, IePBOr0 BEPTHKAJA B TOUKe A
Nyes —— 2
Y Vi—esine B,
OBTOMY
asin By
V1—ezsin? Bl‘
PaccTogHme OT MEATPa JIAIWICOMAA N0 IEPECeYCHHHS HOPMAIM € MaJlo HOJy-
OCBHI0 BHIPA3UTCA TAK:
asin B a (1—e2)sin B
Ong=Ang— A0 =—28881__ _ a(—e)sinBy
Vize sin2B, Vi—e sin2B,y

Alna=leiIlBl= (11.1)

HiIn
2 sin B
On, = —eS001 | 11.2
¢ Vi—esinB, (11-2)
Amajormuso fJA Toukda B Gynem mmeTs
2 sin B
Ony=—2=22 (11.3)

Vi—e2sin2 B,

Tax xax mo yciaosmio B, »> B, 10, comoctaBusia (11.2) m (11.3), szaxuionaenm,
970

Ony > On,,

T. €. HOPMalb K NOBEPXHOCTH 3JJINMICOHMJA, IPOBEfeHHAA B TouKe A, mMelomed
MEHBIIYI0 MHPOTY, YeM TouKa B, mepecexaer MajJyio 0Ch 6IMKe K MEHTPY SIAANCO-
7pa, 9eM HOPManhb, NPOBEeHHAsA B TOuKe B.

TaxmM 06pasoM, 5TH HOPMAJH IPEACTABIAIT COGOY Be MePeKpEeMUBAIIMHEECS
B IPOCTPAHCTBE, HO HE Iepecexalomuecs npameie (ecim A m B mHe jesxaT Ha OXHOM
MepHUAHaHe).

IIposenem miockocTs uepes TOUKHM A, n, m B; 09eBEIHO, 9Ta MIOCKOCTH, B KO-
TOPOI Jie;RAT HOPMANs An,, Oymer HOPMaJbHOM IIOCKOCTRIO B A, mpoxopameii aepes
rouxky B. B mepeceuennu ¢ mOBepXHOCTEIO SIIRICCAIA OHA aCT KpuBylo AaB, xoto-
pas HasHBaeTcA HPAMHBM HODMAaJIBHHM CeUYeHHEeM B Touxke A
Ha Toury B. Ecam npoBenem miocKocTs gepes ToukHM B, n, m A, To mosydmm mio-
CKOCTHh HOPMAJBHOTO CEUYEeHNs W3 TOUYKE B Ha TOURY A; 9Ta IIOCKOCTH MEPECEIeTCs
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¢ IIOCKOCTHI0 HOPMAJBHOTO ceueHns u3 Touky A ma B mo xopne AB, Ho Ha mOBepX-
HOCTH 3JINIICOMIA MacT APYryo KpuByw BbA, me coBnajawomymo ¢ kpuBoit AaB.
TaxuM o6pasom, HopManbHOoe cedenme AaB n3 Toukm A Ha 10uKy B He coBmajaer
Ha MOBEPXHOCTH BJLIMICOHJA ¢ HOPMAJILEKM ceueHneM BbA m3 touxm B Ha TouRy A.
9tn gse KpuBne AaB u BbA Ha3nBaoTci B3aMMHO OGPATHRMHE HOD -
MAaTbHHME cedeHHmAMA (ClaemosareabHo, MEKIY ABYMA TOYKAMH Ha
snnuncoune A m B npoxonAT gBa HOPMAaJXbHEX cedeHUA: AaB, KoTOpOE HAa3HBaeTCA
OpAMBIM HODPMAJBHEIM Ce4eHMeM I TOYKM A W 00PaTHHM HOPMAJIBHBIM CEYCHHEM
s Toukm B, u BbA, ®oropoe Gyner IpsAMEIM HOPMAJIBHHM CeYCHHEM s TOYKA B
¥ oOpaTHEIM JJif TOYKA A.

IlpexcraBum ceGe, 910 B TOUKe A yCTAHOBIEH
BHBEPEHHHEN TEOTOIUT TAKUM 06 pasoM, 9TO ero Bep-
THRAJIBHASA OCh COBOANIAeT C HOPMAJBI0 An,; TOTAa

Puc. 17 Puc. 18 Puc. 19

IPH HABEJCHHM HA TOUKY B BW3upHAf IIOCKOCTH COBIAMET ¢ MIOCKOCTHIO, IPOXO-
pameit wepes TouKku A, n,, B, MIX ¢ DIOCKOCTHIO NPAMOr0 HOPMAJLHOTO Cede-
HuA u3 A Ha B, uee mepeceueHne ¢ HOBEPXHOCTHIO JIIAIICOUNA TacT KpuByI0 AabB.
Ilpn mabaropenmu ws Toukd B Ha TOYKy A BH3WPHAA MIOCKOCTH TEONOIHTA IE-
peceueT MOBEPXHOCTHh SJLIMNCOMIA mO KpwBoil BbA, He coBmajgammeil, Kak OBLIO
VCTAHOBJIGHO BHIME, ¢ KPUBO# AaB.

Ilyecrs 3 ToukE A mpm mOMOIIM TeomoIUTa HAOHIOKAIOT, KpoMe TOUYKE B, emie
To9Kky C (puc. 18); B 2T0M ciysae BUBWPHAA HIOCKOCTh MHCTPYMEHTA IIepeceder
TMOBEPXHOCTH HJLIUICONAA IO HEKOTOPO# KpmBoit AaC, KoTopas GymeT mpAMBIM HOP-
MalIbHEIM cedeHmeM #u3 TO4KM A Ha To4Ky C. VIsMepeHHBI I'OPH30HTAJIBHHN YroJ
B TouKe A Me;xqy HampasiaeHusmu Ha B u C 6yner mepoii aByrparsoro yraa BACn,
MEKIY HOPMAIBHHME IJIOCKOCTAMU B A, nmpoxomsamumu gepesd touxku B m C. Ha
IOBePXHOCTH JJJIUMCOUTA STOMY YIJIY COOTBETCTBYET YTOX MEKAY UPSIMBIME HOD-
MalIbHHME ceueHmAME U3 Touku A Ha Touku B u C. CregoBaTensHo, M3MepseMEe
B TPHAHTYAANWEA YLK TPEYrOJbHAKOB HA MOBEPXHOCTH BJIAUICOMAA ABIAIOTCA
YyLiIlaMy Me;RIy OPAMEMHA HOPMAJILHEIMU CEUCHHUAMY B JaHHOM TOUKe.

Iyerp ma puc. 19 usobpaskensl OyHKTH TpUaATyaAnud A, B u C, MeKay KoTo-
PHMU OpOBeeHH HpsiMbie W oOpaTHEHE HOPMAaJbHEE cedeHnsa. VsmMepemmnie Topu-
30HTAaNBHEE YIJIH HA OyHEKTaX A4, B m C OyAyT PaBHH yIriiaM MEKNY KacaTelbHHIMIE
B COOTBETCTBYIOMAX BEPIIMHAX K KPHBBIM:

B Touke A K KpwseM AaC u AaB,
» » B> » BbA » BbC,
» » Co» » CecB » CcA.
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Herpynso BmpeTs, YTO HECOBHAJEHWE IPAMHEIX N 00OPATHHX HOPMAJLHBIX Cedue-
HU#, WIM, KaK TOBOPAT, A BOMNCTBEeHHOCTSH HODMAABHEX CEUCHHH, TPH-
BOIHT K TOMY, 9TO M3 MEePDEeHHHEe TOPHB3OHTANbHHKE yTrIL HAa
TPpexX NYHKTAaX He 00pasyoT HAa DOBEePXHOCTH HIJHEIN-
COMfa 3AMKHYTOTO TPeyrolIbHHEKA; (QUTrypa MOIYyIAeTCA «Paso-
PBaHHO®S. Ty HEOIpeeJeEHOCTh B 06Pa30BAHAY TPEYTOJIBHAKOB MOKHEO YCTPAHHATD,
©CIIF WX BeDPIUEH COCNWHUTH T€0Je3NTeCKUME JINHVAMH.

§ 12. Ieopesuueckan JUHHUA

Mexpry AByMS TOYKAME Ha JI060# HOBEPXHOCTH MOMKHO IPOBECTH MHOKECTBO
KPHBHIX.

B reopeswm pemenme 3ajad MO OMpPeAeNeHUI0 B3aMMHOIO IOJIOKEHHS TOUEK
3eMHO} MOBEPXHOCTH OCHOBAHO HA NOCTPOSHNH Ha HEll ompenieneHHEX Guryp (06s9HO
TPeYTOAbHAKOB) W BEYNCIEGHNN YHCIOBHX 3HAYEHWH diIeMeHToB sThx ¢uryp. Ilo-
BTOMY CJEyeT PemNTh, KAKMMM KPHUBHME COGJHHATH TOYKH MOBEPXHOCTH 36MHOTO
SJIINTCONAA IPH BHUUCICHHAN DJIEMEHTOB T€0/Ie3NIeCKUX MOCTPOOHAH.

B cheponprmaeckoil reoyie3sun TOYKH HA HOBEPXHOCTH 3JJUICOUIA COSTHHAIOTCS
reoge3srmIecCKEMHA JHNHHUAMHA, KOTOPHE ONpPEeReNAHIOTCHA
KaK KpaTdadmue PAacCTOSHHUSA HAa NAHHOW HMOBEPXHO-
CTH Me KAy 8afaHHEKNMYU To4kKaMmu CregoBarelbHo, reoesndecKas
JWHHUS Ba JAaHHOH MOBEPXHOCTH AT'DaeT POJb NPAMON JIWHWH HA MIOCKOCTY HIX TYTH
Gonpmoro xpyra Ha cdepe. BBeieHEeM reofiesnuecKoil IVHAN YCTPAHACTCA HEOMpe-
IeJeHHOCTh B IOCTPOCHAN TeOMeTPAYeCKHX GUIyD HA MOBEPXHOCTH 36MHOTO DJIIUNICO~
HJa ¥ KOCTATAETCA OJJHO3HAYHOCTDL PEIIeEWs 3aJavu.

13 ompepenenns reonesWdecKo# JWHNN, Kak KpaTyaimedl KpUBOH Memmy
ABYMS TOUKAMH Ha 36MHOY NMOBEPXHOCTH, CIENYeT W WHOE ee OmpefelieHne: T € O -
Le3WIecKasa JEHWSA HAa MOBEPXHOCTH — TAKasA KPUBaA A,
B KajX OO TOUYKEe KOTOPOW COONPHKACAWIMAanACA HTIO-
CKOCTHh IPOXOANT YepPe3 HOPMANAb K NOBEPXHOCTH B TOH
e TOUKE,

JoraskeM »T0 CBOMCTBO Treojieswdeckodl IwHMEM. Bo3bMeM Ha DOBEpPXHOCTH
sanuncouna Tpu Gnmsrme Touxkm M, N, K, uepes KOTOpHE IPOBEIEM ILIOCKOCTD.
Hax wspectno m3 mudepernmalbHOf TEOMETPHH, IPElelNbHOE MOIO0KeHHe ILIO-
ckoct upu M — N m K — N HOCHT HasBaHHe CONpHKAacalomeHcs
HJIOCKOCTM!,; KacarelbHasdg B TOgKe [N JIEKHUT B CONpPHKAcAOMEicA NIOCKOCTH;
TJaBHASA HOPMalb B ToYKe [N COBHAJaeT ¢ HOPMAJIBI0 K MOBEPXHOCTH.

Mposenem gepes Touky N pasiwdYHHE KDHUBEE, MMEIOMm¥E OOINYI0 KacaTelb-
uyw NT; cornacHo Teopeme Menbe, Hanboxpmuil paguyc B Touke N Gymer umeTs
Ta KPHWBAasg, B CONPHKACAIOIMENCH MIOCKOCTH KOTOPOH JEeKHT HOPMalb K IOBEPX-
HocTH B TogKe N. BoszsmeMm Touky IV, PACHOJIOKEHHYIO Ha OECKOHEYHO MaJiOM pac-
CTOSIHWK OT TOYKE [V, ¥ TmPOBefleM MeKIy HEMW BCEBO3MOKHEIE KDWBEIE; HAMKPAT-
Yajimeil KPABO# M3 HUX OyAeT Ta, KOTOPasA MMeeT HaMOOJIbIMINY pafnyc (HAMMEHBIIYIO
KpuBu3Hy). CaenoBaTesbHO, COTIACHO CKABAHHOMY paHee, HamKpaTdaimeit JwHHEH
MeIy ABYyMsA GecKOHeYHO GIMBKMME TOYKaMH GyHeT sleMeHT TOM KPUBOH, B COIPH-
Kacalomeicsa MIOCKOCTH KOTODO# JeKHT HOPMalb K MoBepxHOCTH. PacmpocTpamsas
STOT BHIBOJ] HA KPUBYI0 KOHEYHOW [JIWHHI, DOJydaeM, YT0 KpHUBasg Ha MmO -
BeEpXHOCTH, B KAaJKJO#H TOUKe KOTOpPpO# compuKacawima-
icsi ONOCKOCTDH NPOXOMNHUT Yepesd HOPMAIDb B TOH 3Ke
TOYKe, ABIAETCHA HaMKpaTdakhmeH, T. e. Teoneszmndue-
CKOUl THHUEeH, WNHAYEe TeoNe3nNdecKasd IHMHHUA Ha TaHHON
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puEBasda B KajKOIO#H TOIKEe KOTO-
copmajfgaeT ¢ HOPMAaIAIBW K HO-

DOBePXHOCTH —TarRasg K
polt rnaBHaA HOpMAaJDb

BEpXHOCTHN.
# JUHEYM W TOHATHA COTMPHUKACAIOMENCsT WI0-

3 ompejiesieHAA TEOAEBHIECKO
CKOCTE MOKHO ceGe MpeNCTaBATEH CIeNyIomui reoMeTpHUeCKUH METON HOCTPOeHU:

reoe3udecKol IMHNN HA 3eMHOM HJIIMICONTE.
Tycrs PP, (puc. 20) — majas 0Ch HIINULNCOMAA, An, < HOpMAJb K TOBEPX--

HOCTH DIJIBIICOE/A B TouKe A. YCTAHOBMM B TOIKE A TeomonmT TaK, 9T06H €ro Bep--

THKANBEAS OCh COBHajiajia ¢ HOP- 5
Maipio An;; mOCJIe 3TOTO B 3aTAHHOM ‘
HAIpPABIGHAX OTMETEM Ha IOBEpX-
HOCTH DJLIAICOUAA TOYKY @, Omms-
kyio & A. IlepeneceM TEORONHUT B
TOUYRY @, COBMECTHM BEPTHKAJBHYIO
0Ch WHCTPYMEHTa € HOPMANBIO ANy,
gpampaBuM Tpy0y Ha TOUKY A, wo-
BepHEM aJmiajy TOYHO Ha 180° n

Puc. 20 Puc. 21

OTMETMM HA IOBEDPXHOCTH dJIMHCOMAa OAMBKYIO K a TOUKY b. BaTem mepeHeceM T€O-—
MONUT B TOUKY b, YCTAHOBMM €T0 BEePTHKANBHYIO OCh IO HOPMaid bn,, HaBemeM
Tpy6y Ha TOUKY a, mepepeieM aiuafHylo TACTh TEONOIATA togro Ha 180° u Hame-.
THM B TIOCKOCTH TPYOH Toukry ¢, 6umskylo x b. Ilocrymas Taxmm of6pasom mO Tex

mop, NOKa PAacCTOSHME MERIY HAYAJbHOHM TOUKO# A B COOTBETCTBYIOMEeH TOUKOM i HE-

crejiaeTCsi PaBHBIM 3aJaHHOMY, B npeamosgaras, 4To YyKasaHHBEIE BHIIE IIepecTaHOBRU
TEOHONUTA TPON3BOININCE Tepe3 feCKOHEYHO Malibieé PpacCcToARUA, noxyJaeM Ha 9Ji-

IENCOoHIe TeofNe3mTec KY WO IUHAD.
JleiicTBATENHHO, TMIOCKOCTD Aabn, Gyner, BO-TIEPBHX, CONpHKACAIOmEecs Wi0-

CKOCTBHI0O TOINyuYeHHON KpmBOofl B TOUYKE 4,
orpeskn @A ¥ ab, KOTODHE MOKHO PaccMaTpuUBATE KaK KacaTeJbHHE K KPUBOU

B TOYKe a; BO-BTOPHIX, B 3TO# MIOCKOCTH JIEKUT U HOPMAJID A,

KpUBY1O, CcOGNIOeHE; HOPMaab K TOBEPXHOCTH JEHUT B conpm«acammeﬁcn MJIOCKOCTH
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4 1. C. 3axaros

TaK KaK B 9HTOH TJOCKOCTH JIeHaT:

T0 ;e camoe 6ymeT-
7 B Toukax b, ¢, d m t. ;. CneoparesnbHO, YCIOBYA, ONPENeAIOMAC TeoNIe3UTeCKYIO -




B Kakpo#t Touxe kpmsoit. CormacHo § 11, mHopmanm An,, an,, bng, cn, nepecexaoT
MAaJIyIo 0Ch 3JIIAINCONUA B Pa3HEX TOYKAX, I03TOMY IIockocTd Aabn,, abeng, bedn,
He COBIANYT MeKAY coboit m Toukn A, a, b, ¢, d m 1. f. FAKYT HA TOBEPXHOCTH 5JLIAMI-
COUJIa HEIIPEPHBHYIO KPUBYIO IBOSKON KPHBU3HEL.

B m3mokeHHOM Merofie IOCTPOGHHA TEOJe3MUECKOH JIMHWE KaKHAd MMOCIefy-
0Ias# TOIKA I'eofle3WIECKONl JIWHUM ONpefielisieTcs M0 ABYM NPeAMEeCTBYIOIUM IpHA
yclIoBHH GEeCKOHEYHO MAJIRIX PACCTOAHUHA MEKIY KaKIHIMA TBYMSA CMEKHHIMH TOU-
KaMn.

OueBHAHO, IS HOCTPOCHUS TEO[e3WYECKON JIWHWM HA IOBEPXHOCTH MEKLY
BafaHHBIME TouKaM¥u A w B Heo6XomEMO 3HATH HANPABIEHWE IEPBOTO 3HIEMEHTA
KDPHBO.

c

Puc. 22

IlokaxkeM pyro#i DYTH MOCTPOEHMS FEONE3WUYECKON JHHAH MEXAY Todxkamu A
# B. Ilyers na pue. 21 AaB — upsamoe HOpMaibHOe cederne B Touke A, a Bb4 —
JIpSMOe HODMAJBHOE CeueHue B Touke B.

Coenuarm A u B XopHoi 1 M3 CEPEeNHMHE! ee IPOBeJeM HOPMAJb K MOBEPXHOCTH
SAMATICONAA; TycTh C — TOTUKA MEePecevIeHNsA 9TOH HOPMAJIH ¢ IOBEPXHOCTEIO BJIJINI-
.conna. Ilposenem mrocKocTs gepes3 HoOpMans B Touke C 4 TOUKY A ; B 3TOM MIOCKOCTH
6yner aesxars xopaa AB. CremoBarensHo, 3Ta IIOCKOCTH IPOieT W depes Toury B.
CeyeHye 5TOH TIOCKOCTHI0 IIOBEPXHOCTH 3IINWICOMIA NoKasamo kpuBoir AcCcB.
.O4eBMIHO, 3Ta IIOCKOCTh OYHET MIOCKOCTHIO HPAMOTO HOPMAJBLHOIO CEUCHHS M3
toukd C Ha TOYRy A # Ha TouKy B.

IIposenem mpsimoe mopManbHOe ceueHme B A Ha TodRy C; WyCcTh 3TO CeYeHHE
n3o6pasures KpuBoit AaC, KOTOPOE PACHONOKUTCS HA MOBEPXHOCTH 3JLIBICOMIA
JomHee, ueM obpartHoe cegennme CcA, MOCKOIBKY Touka C HA 4epTese PacIoaraeTcs
cesepHee TOUKH A. AHAJOTHIHO 9TOMY IPAMOe HOPMAJBHOE ceuenme B TOUKe B
-Ha Toury C maobpasurcss Kpusoit BbC, xoropas Gyaer pacmolosKeHa CeBepHee Hop-
MaapHOTO ceuenusa CcB, Tak kax touka C Haxomurcsa I0MHee Touku B.

Coemmaum xoppgamu toukun A 1 C, B u C m U3 cepefwHbl 9TUX XOPJ IPOBEIEM
HOPMAJH K TMOBEPXHOCTH 3JIIAMCONAA, KOTOPEHE MEPEeCeKyT IMOCHENHION B TOUYKAX d
1 e; 3aTeM MCIOJHIM Te ke MeHCTBHS, KaKNe IPOUSBEeJIU PaHee B OTHOIMEHAH TouKE C:
IpoBeieM HOPMANBHYI0 IIOCKOCTL B d depe3 A Tak, 4T0 OHA OpoHueT M dYepes
rouky C m wsobpasurca xkpupoit Ad,dd’C. TodHo Tak ke MOCTPOMM HOPMAIBHYIO
OJIOCKOCTD B €, IPoXoaAmyio 4epes C; oHa upoiiger 1 depes Touky B u m3o6pasurcs
kpusoit Ce,e’B. IIpamoe mopmansHoe ceuenue B A ma Toury d m306pasdTca KpH-
Bo#t Aa,d; upsaMoe HopmanbHOe ceaerne ¢ C Ha d -— Kpupoii Cc,d; upAMoe cegeHue
¢ B na e m3o6pasurca kpupoii Bb,e, npamoe ceuenne ¢ C Ha e — KpumBoit Cc,e.

Ilasmee mocrymaeMm Tak jke: coemmHseM xoppamu Touku A md, du C, C u e,
. u B (puc. 22); u3 cepenHH 3TAX XOPJ TPOBOAUM HOPMAIH K MOBEPXHOCTH DJLINI-
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COH[ia, KOTODHE HePeCeKyT ee B T0UKax f, g, b, i; IPOBOAUM HOPMAJIBHEIE IIOCKOCTH
B OTEX TOYKaX, IPOXONANEE COOTBETCTBEHHO dYepes Toukm A, d, C, e, B, sateM
coepumasem xoprama Toukd A uf, fud, dE g ® 1. A., T. e. BHIOJIHAOM BO BHOBD
OTMEUYCHHHX TOYKaX TaKWe jxe JeACTBUA, KaK W DPaHBIIE.

Ecam mpopoiiXaTh TaKoe MOCTPOeHHe N0 GeCKOHEYHOCTH, TO INIOCKOCTH, IPO-
BOJEMHE UYepes HODPMaah B CEepefiMHe Kakio#t XOpAs, obparaTcs B COMpUKAca-
fompuecs mIockocTH. Umeao Xopj, a CAEGOBATENBHO, W YHCJIO TOYOK IEPeceTeHns
HOpMaJjeil, IPOXONAMAX Uepes CepPeluHH XOpf, Gymer GeCKOHETHO BEIHKO. 3'1;121
TOUKE 06pasyloT HONPEPHBHYI0 KPHBYI0, KOTOpasg U GyHeT reofesmuecKon JHHHEH,
TaK KAaK BHIIOJHEHO YCJIOBHE,
ompeJieJisiIomee TeoIe3MIeCKYI0
KPHBYIO; B Ka)K[0# TOUKE ee
HOPMAaJdb K IOBEPXHOCTH 6y£(e'r
JeKaTh B CONpHEKacaomedcs
IIOCKOCTE KPHUBOii.

Puc. 23 Pue. 24

B pesyabraTe mocTpoeHns (TeM WM MHEM IIyTeM) reofieBAYecKas IAHAA 3aAMeT
T0JI07KEeHHEe OTHOCHTEIBHO B3AMMHBIX HOPMAJIbHEX CEUCHMH, IOKa3aHHoe HA pHC. 23,

Ipu asmmyrax auEmi, He Gamaxmx k 90 mam 270°, mososKkeHWe Teofe3MIECKOR
JIEMHVM OTHOCHTEJIHHO B3aWMHHX HOPMAJIBHHX CEUCHHH 0OyHeT HECKOJIBKO WHEHIM.

OnpegenmM HDpHOIMIKEHHO YTOJ, KOTODHE o0pasyerT reofesmueckas JINHEAA
C OPAMEM HOPMAJBHBIM COUCHMEM.

Ilpr asmmyrax amamit, 6ausknx K 90 mam 270°, HopManbHOE CedeHHe, KOTOPO®
OPOXONHT 4epes HOPMashb K IMOBEPXHOCTH DILIHMIICOM/A, IPOBENEEHYI0 W3 CePelHHHI
XOpAH, COeNHHAIONE KOHEYHHE TOYKHM KDPUBOH, [ENNT YIVE MEKIY B3aWMHEIMHE
HOPMaJbHKMH CEUEHUAMH momoaaM. Tak, Ha puc. 21 ceuenme AcCcB pennT momojam
yran npa A 1 B mexny kpussimu AaB u BbA, ceuenne Ad,dd'C penmrt momoiaam
yras npu A m C mexpy xpuBeiME AaC um AeC. I10 mosioeHHE ROKAZHBACTCH
B (yHmAMEHTANBHHIX Kypcax Becmedt reomesum [27, crp. 56—57]. K astomy e
BHIBOJY MO;KHO HOPHHiTH HA OCHOBAHAH TeOMETPUYECKHX CO00pasKeHuil,

BocnonbsyeMcsa 5THME CBOMCTBAME KPUBHX HA DJJIHICOHAE JJIA MPHOIWKEH-
HOTO pemeHHMs NocTaBieHHON samaum. OGosHAUMM: A — yroi MesKAy B3aHMHBIME
HODMAJILHHIMH CeYeHHmAMH B Touke A, T. e. mesay kpusmma AaB m BbA, & —
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YroJl HAYANBHOTO 3HJIEMEHTA Teoje3MYecKoil IWHUA B A C ONPAMBIM HOPMAJTBHBIM
«cedenmem Ha B, 1. e. ¢ kxpuBoit AaB. Bynem umers (cM. pue. 21 m 24) yram Mesxny
HKPUBHIMA:

AcC n AaB, paBuhit

-

AcC » AaC »

-

Ad,D» AcC »

-

Ad,d» AaB »

Adyd» Aa,d »

Adyd»* Afd »

> [\':ID ?sll> NID ool|> "-\II> N,l>
I
oo||>

Afd » AaB » —_ = =

# T. M.

B npenene, nmpu 6ecKOHeYHOM HPONOJKEHAYN ONUCAHHOTO BHINE IOCTPOCHH,
YTONI MeRAy KpuBoil AaB W HOPMAIBHBIM CeYEHHEM, LPOXOIAMHUM 4epPe3 HOPMAIb,
TIDOBefIeHHYI0 W3 cepefuBH Oamxaiimell k Touxke A Xopas, obparnrtea B 8. Torma
410 aHAJIOTHH ¢ HAIMCAHHOH! BhHIme Tabxuneil OymeM UMeTh:

NI
1 1 1 1 }
{1— (z+‘ﬁ+‘ez+—zae + - ) :
CyMMa qJIeHOB I‘eOMeTpH‘IeCKOﬁ nporpeccnﬂ, CTOH]]Ieﬁ B prPJILIX CKOGK&X,

‘paBHa -1— CiegoBaTesIbHO,
A 1
6= 2 (1 o ?‘f) ’

A
=5. (12.1)

(o]

OTcloa ciaeayer, 4To TeOe3MYeCKas JHHUA HA MOBEPXHOCTH BILIMICOMIA
(upu asumyrax, He Gamskux K 90 mam 270°) memnT Yroa MesRIY B3aUMHBIMH HOD-
‘MaJbHEIMHM CEUCHHAMY B oTHOmeHHH 1 : 2 m pacmoisaraercs B JaHHOil TouKe Gmmse
K IPAMOMY HODPMAJbHOMY CEIEHHUIO.

MNuade ToBOpsi, YTOJd MeKIY Teole3WIecRONl JUHUeH, coequHsomeid Touxm A4

. 1
u B, © UPAMBEIM HOPMAJBHHIM CeYeHUEM B KajKXOH W3 3THX TOUEK PaBeH 5 yria

MEKIY IPAMEIM M 00PATHEIM HOPMAaJIbHEIMY CEYeHHAMU B NAHHOU TOYKE.

B pganpHeiimeM 9Toit 3aBHCHMOCTHI0 HAM IPHUIETCA BOCHOJH30BATHCA MPH HOXY-
-qegur QOPMYJbl IMONPABKA B HAUPaBJIeHUs 3a HePEXof OT MPAMOTO HOPMAJIbLHOTO
.CeYEHNUSA K TeOMe3WIECKON JIWHUU.
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Ecnm Mexpy ABYMs TOYKAMM TOBEPXHOCTH JJIINWICOMA HATAHYTH YIPYrYIo
HHTb, TO HHUTH OpHEMeT (POpMYy reomeswdeckoli JuHEH. [(eficTBHTENBHO, PaBHONEH-
CTBYIOIIAf YOPYTHX CHJI HATH B KajKIOHA TOUKe J0MKHA IeKATh B CONpUKacalomeicsa
MIOCKOCTH, 4 CONPOTHBIIEHNE IIOBEPXHOCTH HANPABACHO IO HOPMAJIH K MOBEPXHOCTH.
Ilpu paBHOBECHM HWUTH DTH JABe CHJIH YPaBHOBEIMIWBAIOTCH ¥ CONPHKACAIOMAACA
OJI0CKOCTH OYeT cofepsKarh HOPMAJb K TOBePXHOCTH.

§ 13. Yupomennsiii BBIBOJ OCHOBHOIO YpaBHEHH
reoie3ndeckoil JINHUM

PaccaroTpum snemenTapHbil moaapHHi tpeyroasHuk APB’ (pume. 25), obGpa-

30BaHHEI gyramu MepunuaunoB AP, B'P u sjieMeHTapHON [Iyroit reonesmIecKoi
IVHUNA ds.

IycTs HampaBieHNe HAYAIBHOTO 3JIEMEHTA TeOIe3NIECKON JTMHNK ds U3 TOURA A
sagano asumytom A. IIposenem u3 rouxm B' saemenTaprylo nyry mapammaenn BC.
Pasnocta mumpor m moaror todek A m B’ o6Gosmaumm gepes dB m dl, cOamxenme
MepuauaHoB B Touyke B’ — gepes dA.

W3 saemenraproro Tpeyroanuuka AB'C umeem:
MdB=dscos A,
rdli =N cos Bdl =dssin A, - (13.1)

Ife’ — pajguyc mapajliesiu.

Nmes B Bupy, 4ro yron npu sepmmue B’ tpeyroasumka CPB’ pasen 90° —
—dA, nauumem:

¢0s (90° -- B) = ctg dl ctg (90° — dA)

tg dl sin B=1tg dA , (13.2)
d4 =dlsin B
dA — dssinAz;l tg B . ‘ (13_3)
Ws (13.1) u (13.3) manumem
%=CO;4A :V—:COSA \
dl __ sind _ v . '
=~y SecB=-secBsind (13.4)
dA sin 4

|4 .
= =25 tgB =—_—tgBsin4

J

3aMeTnM, 9T0 TepBHe ABa ypasHeHuA ®3 cucremn (13.4) Moryr otHocHTBCA
K pjemeHTaM 11000 KpHBO¥ Ha HOBEPXHOCTH 3JJINICOMAA, MOCKOJIBKY OHHM BHIpa-
AIOT JIMHEHHBe DIeMeHTH II0BEPXHOCTH; TOCHELHee YPABHEHNE OTHOCHTCH TOJBKO
K reopmesnveckoil auunm (cm. [2, c¢tp. 71—T72) uam [55, crp. 33—37)).

Cmcrema ypasuennit (13.4) nmeeT BecbMa Ba;KHOE 3HAYEHNE B BHICIIEH Teofe3n,
TAK KaKk OHA IpefcTaBisgeT cofoil mcxopHbe RuQepeHnHANbHbE YPABHEHWS NIA
pemienna npsMoil M o6paTHOR Teole3MIecKod 3a7jaul HA MOBEPXHOCTH 3JIIUICOMA.
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HoxasxeM BaHYI0 TEOPEMY AJIA T€0/I@BHYECKON IMAMYE: T POM 3BE HE H A €
pagBmyca mapaXlileld HAa CHHYC a3HMyTa B KajKgod
TOYKEe TeogesmdYecKoOHM Jjud-
HEY — BeIWYNHA NMOCTOSMH-
Hasfdg T. e.

rsin A = const.

Ns06pasnm Mepumuan Touku A B mio-
crocTH depreska (pue. 26). Ecam pagmyc

P

Puc. 25 Puc. 26

mapainenu ToYKE A 06o3HaUUTH depes r, TO pagmyc mapanmieam toukm C 6ymer
r -4 dr, mpugem 1o 4epresxy maA dr 6ymeM EMeTh

—dr=M dBsin B. (13.5)
W3 ypasuennit (13.1) numem
dB
cosd=M—-, (13.6)
sind =r 2L, (13.7)

IlomuoOkEM JeBylo m mpaBylo wacTu ypapHemmit (13.6) ma rdA, a ypasmenma
(13.7) Ba dr u caosxum. Bynem nmers:

rcosAdd4 = Mr—d;sz—sianl,

drsinA=rdr—g—l = —Mril—stinB
s ds

HIH
rcos A dA --drsin 4 =0,

B npapoit wacTE MH HONYYHIM WOJHHA AuddepeHmmal, WHTErpajd KOTOPOTo
paBeH
rsin A = const, (13.8)

CaemoBatensHO, Teopema Aoxasama. Coraacmo (4.21),
r=acosu,
uoasTomy ypasuernme (13.8) mosxer GrTH mepemucano

acosusind =c¢ (13.9)
HIn :
cosu, sin 4, =cosu,sin dy=...=c.

54




W3 ypasuerns (13.9) ciengyer, 9T0 [is reonesnuecKodl JUHWE HA IOBEDPXHOCTH
SJIANCONA BPAINEHNS NPOW3BEeNEeHHE KOCHHYCA HPHABEROH-
HEO¥ MEPOTH TOUYKHM TFreofe3NUYecKOd IHMHHHN Ha CHHYC
a3mIMyTa reofe3WIeCcCKOd IMNHAU B TOH Ke TOIKE €CTH
BeIMIYMHA NOCTOSHHAHA.

Vpasrenns (13.8) n (13.9) mpencrasaaoT co6oii 18a BA/Ia OCHOBHOTO YPaBHEHHSA

Te0Ne3MUeCKON VAU Ha IMOBePXHOCTH HIJIHNCONA BPAMEHN.
' 9t™m ypaBHeHHA B [JajJbHeNmeM OyAyT MCOONB30BAHH HPH BHBoAe (opmyn
1A BHUNCIEHWA TEONe3WYeCKHX KOOPAUHAT HPY OOJBIIAX DACCTOSHUSX MEIKAY
TYHKTAMHA.

§ 14. AnaanTHyeckuil BBIBOK OCHOBHOTO YpPaBHEHWSA
reoe3snyeckoil JIMHAY HAa MOBEPXHOCTH BpPALICHM

Vuureisag Goasmioe 3HaveHne, KOTOPOe HMeeT TeONe3MIeCKasi JIUHNA B BHCIIEH
Teoe3nH, B 3TOM maparpade moiyuuM obmuit sup guddepeHnralbHOT0 YPAaBHEHAR
TeofesH4ecKol IuHUN Ha 000 MOBEPXHOCTH MCXOJSI U3 €€ OmpEefesieHnus U, Jalee,
KAk 9YaCTHHH cllydail, mOJyY¥M YPABHEHWE JIWHWH VIS MOBEPXHOCTA 3SJIIHICOUHA
BpamEHNs.

Tlyerh mMeeM MOBEPXHOCTh, YPABHEHHE KOTOPOH

F(z, y, 2)=0.
IlapaMeTpnueckoe ypapHeHHWe TeojiesmuecKoil Junumm B ofmem sHAe Gymer
z=f(s); y=0¢(s) 2=19(s), (14.1)

T7Ie $ — JJHWHA TeOMie3NYECKON JWHWH,

W3aBecTHO, 9TO KOCHHYCH YII0B &, §, 7, 00pasyeMHX HOPMAJIBI0 K HOBEPXHOCTH
€ 0CSIMA KOOPAUHAT, GYLYT PaBHEL:

OF IF 9F
ox | oy . 0z
oS o me —— cosﬁ:T, COSY =—5—»

e

oF \2 oF \2 aF 2
o=V (%) +(&) + (&)
WsBectHO TaKKe, 9TO KOCHHYCH YII0oB, OOpa3s0BaHEHX T JaBHO# HOp-

MaJIBI0 K KPHBOI ¢ 0CAMM KOOPAHWHATC v, Py, YN, PABHE

dx
ds2 ?

d2z

COSOCN=R 2!

cosPy=R %; cosyn=R
THe R — pajgnmyc mepBoil KPUBHUSHEL

Teonesnueckan nuHWA ompefenseTcA KAK KPHBasg Ha JAaHHOM IIOBEPXHOCTH,
B KQJKION TOIKe KOTOPOH ee CONPUKACAIOITAACA NIAOCKOCTh IPOXONUT IePe3 HOPMAJIb
K IOBePXHOCTH B TOH ;K€ TOUKE; 3TO OIpefelleHNe PABHOCHIBHO TPe0OBAHMIO COBIA-
JeHHA TJIaBHON HOpMany KPHBOH B KasjKROH ee ToUKe ¢ HOPMAJBI K IOBEPXHOCTH
B TOH ke TOUKe (IIaBHOW HODMAIBI0 KPWBOW HABHIBAGTCHA NpPAMAs, LOJYJeHHAH
B pe3yabTaTe IepecedeHnss HOPMAIbHOR M COMpHKAcalomeiica miockocTe#, oTHOCA-
muxcs K OfHOH TOYKe KpPUBOi). ITO COBUHANEHME IPOM3OMNET, CCIH

oF o or
dr d2x oy __ d2y 0z _ d2z
D _lesz' D—Rds2; DMRds‘l’
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| ‘ oF oF

JaF
ox . Ay . Jz -
—— =RD; —L—=RD; —— =RD.
ds2 ds2 ds2

CiemoBaTesibHO, YPaBHEHVE TeOIe3WIECKON JTMHUM IS IPOU3BOJIBHOA MOBEPX-
HOCTH HWMeeT BHUT,

JoF oF oF
oz 0y Oz
d2x ~  d2y =~ d2z (14'2)
ds? ds2 ds2

Ilaa mac mpencTaBisgeT WATepeC YPABHEHNE Ieo[esHIecKoll JHHUE H ee cBOM-
CTBa HAa TOBEePXHOCTH 38MHOTI'0 9JIINIICON A, ABJIAIMEroCcA NOBePXHOCTHIO BpameHusA..
P
T dlx+dz y-ay)

2
/ ar
s |
/ ——
s ! J
7, |
P oo
A 1 |
‘ 7 7
‘.‘,_&@ Puc. 27 Puc. 28

' Dro ypaBEeEme Gyner wacTHHIM ciaydaeM ypasmenus (14.2). Hammmewm YpaBHEHHE
MOBEPXHOCTH BPAMEHUS B BHJE
2?4 y*+ 1 (z) =0.
CoorsercTBylomue 9acTHHE HPOM3BOAHEE, BXxofsamme B (14.2), 6ynyT paBHH:
oF L AF o OF .,
rry = 2.1', W = 2y, 5 T lf (Z). (14.3)1

CaenoBaTensHO, ypaBHEHHE TeO/ie3MUYECKOl JWHNY HA TOBePXHOCTH BPAINEHNs,
corxacuo (14.2) n (14.3), 6ymer nmMeTs BAL

26 2y f'(3)
%z dzy  d
ds2 ds? ds2
uiIn
d2z azy
ds2 T ds2 0.
Warterpupys, momyuaem
dx dy
Yas — %o =6
M
+ydr—axdy="Cds, (14.4)

rne C,— mOCTOSiHHAA WHTEIPAPOBAHWA.
OupepleuM reoMeTpHIecKHH CMBICH Beipaxenusa Cds. IlycTh KoopAaMHATH
ToukH A (pmec. 27), pacmonokeHHOHW HA NOBEPXHOCTH BIIUICOWMAA, PABHH I, Y, 2,
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.| TIpAYeM OCh 2z PACIIONOKeHA O OCH Bpamlenms sinuncoupna OP, a ocu x W Yy HAXO-
JATCA B IJIOCKOCTH, MEPIEeHAWKYIAPHOA K ocu OP (mepBas cmCTeMa KOODAUWHAT);

nycTh Ag — DleMEHT TeoNe3WMYecKoil IWHWY, NMEIWui#l [IAHY ds U asEMYyT .

TIpoexmnusa snemenTa dS Ha napallliens, T. €. oTpe3ok A b, paBHa dS sin a.

Tar xark TOYKA @ HAXOTUTCA HA OECKOHEYHO MaXoM paccrosHHu ot A, T0 Koop-
JUHATAME TOUKH a O6ymyT z + dz, y + dy, z -+ dz, a ee mpoeKNUuY HA MIOCKOCTH
mapasNIeNrw TOUKM A, T. e. KoopAWHATAME TOYKU d, OymyT x - dz; y + dy u z.
Pagmyc mapaanenn Touxu 4, pasanit AC = bC, oGo3naumm wepes 7.

OnpepennM miomanp Ttpeyronbruka AdC = P, wso6pasweB €ro OTHEIBHO
Ha puc. 28,

P =2 {(z+do) (y-+ dy)— 2y — 2 dy— dz dy},

Pz%(yd:c—xdy).

Ilnromans cexropa AbC (cm. pumc. 27) Gymer paBHA %rds sin a.
IIpu Gecromeuno Manmx dzr u dy miomanmu tpeyroasaura AdC u cextopa A bC
PaBHBI Me;KIY co00#, MOBTOMY

(y dx——xdy)::—?—rdssincc,

unu, no (14.4), ca y
=rsinads,

OTKYAR
rsina=C, (14.5)
unu
acosusina=_C, (14.6),
%

T. e. moayunin ypasmenus (13.8) m (13.9).

§ 15. Pacxoskpgenue B3amMHBIX HOPMAJbHBIX ceUeHHI

Bosnvem Ha TMOBEPXHOCTH SJIIHICOUIA IBe TOUYKM A m B, uMmeiomue pasHbHIe
mupoTH 1 goarots (puc. 29). O6osHaamm:
N, N, — TOYKM IepecedeHMs HOPMalell K MOBePXHOCTH JILIMNOCOMAA B ToUKax A
u B ¢ Maloli 0chio;
0 — yronm Mesray upamuimu n,A u n,B;
AaB — npsimoe nopmankHOe cedenne B A ua Touky B;
BbA — upamoe HOpManbHOE cedenue B B Ha TOYRY 4;
AB — xoppa — JWHASA TePeceveHys IIOCKOCTeH mpAMOTo W o0paTHOTO cede-
unit ABn, u ABn,;
e — yrox n, Bn,.
Iaa oupeneleHHs: oTpesKa n,h, Bocmoasdyemcs dopmyrnamz (11.2) m (11.3),
3 KoTOpHX moaydum (cm. puc. 17 m 29):

On, = ae’*sin B, ('1 -+ %— e? sin? Bl) ,

Ony, = ae*sin B, ( 1o % e*sin? Bg) .




CaepoBarensno, ¢ omu6Koi# mopsnKa ae (B, — B,) MoxeM Hammcats:

nghy = Ony — On, = ae? (sin B, — sin B,)),

nIu
n.ny = ae® (By— B)) cos B, (15.1)
rme
B1-+ B
B,= %z.

OrmeTEM, YTO TPEYroapHWEK An B MOKHO CUHTATE PaBHOGEPEHHEIM, TaK Kak
An, ~Bn,, ciemoBaTeibHO, yrox Abn, npuGamxenno pasern 90° — g—. O6o3na-

YEM 9epe3 f yrod MemAy IIOCKOCTAMH
ABn, n ABn, nByx B3amMmHO ob6paTHBIX
HOPMAIBHHIX cedennit. IIpumusas sa mentp
TOUKY B, mocTponm che prueckmit rpeyromn-
HEK Anrin;, COOTBETCTBYIOIAR TpeXTpaH-
HOKY ¢ peGpamu BA, Bn,, Bn, (puc. 29
1 30). B oroM rpeyromsrmke cropone n.n;,
Oyner coorBercTBOBATH Yrox €, CTOpOHE
Ang — yron ABn,, pasusi 90° — %.
¥Yron mpwm Bepmume Tpeyronbamra A 6y-
AI®T MCKOMHIM yriaoM f, a yrom mpmjnj

Pne. 29 Puc. 30

pasen 360° — 4,.,, Tak KaKk DIOCKOCTH, IPOXOAAMAS gepes TouKku B, n,, n,, ecth
NJAOCKOCTh MEpHiuaHa ToYkd B.
s rpeyronsumka Anin; nmeem

sin f _ sing
sin (360° — A4, ;) sin (900 _g) ¢
2

W3 rpeyronvrura Bn,n, (cM. puc. 29) cmenyer

(15.2)

sine __ Ngnhyp
sin (90° —Bg+¢) ~— N, °
3amenss myn,, coramaceo (15.1), = nperebperas B BHAMEHATeJe JEBOH UYACTH
HOCJIe[HET0 YPABHEHWA BEJIWIMHOM €, moJIydaeM

sing  ae2(By— By) cos By,
cos By N, ’

OTKYZA
ae2 (By— B4) cos By cos By
N ’

sing =
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ann ¢ ommbkoil mopspKa e (B, — By)
sin & = e? (B,— B;)cos B, cos By, (15.3)
Ha ocroparuzm (15.2)
. sinesin 4 1
sinf=— —m=»
I g—

OpUHAMAS BO BHUMAHWE (15.3) m samersas cos B, Ha cos By, moxyiaeM
e2 (By— B1) cos2 B sin 45,1

niv,

sinf= —
f €08 _0'_
2
Ho npubianxerHO
(B,— By)=scos 4; (1)~ 0C0s 4 5.
Monaraa A= A 14,=180° moxysaen, mpeneGperas OmMAOKO#E TOPALKA 2203,

" =e?0 cos Ay,4c08% By, sin Ay 50",
"Iz
= % €20 cos? B, sin 24, 50", (15.4)

Tipr s = 100 M, © N'éiﬁ' B, =45°m A,., = 45°:
f’INGII.

TaxuM 06pasoM, f — YTOJ MeAY MIOCKOCTSMH B3aMMHBIX HOPMAJIbHEIX cege-
Amii — BeJMYMHA MAJas BTOPOTO HOPsAKa. JIJIfA MAKCHEMANBHHIX [VIEH CTODOH Tpe-
yroapamKoB TpEaETyaAmEn 1 xmacca, pas-
ax 40—50 M, smauenme f” paBEo 2—3°.
CiefloBaTelIbHO, YTJIOBEE W JMHEHHEE pac-
XO0KACHAA MeK/Y B3aMMHEKIMA HOPMAJIbHEIME
COUeHMAME OYAyT BeIWUMHAMHE MAJBIMH.
TlosroMy TpE HmoCTeRylomeM BrBone ¢op-

A. -

£
Pre. 31 Puc. 32 Puc. 33

ra AaB u AbB paccmaTpuBaTh Kak cepuueckne ¢ NEHTPOM B I,

MYJ MOKHO AY

unu 1.
Ha puc. 31 AaB — pyra npsmoro HOPMAIbHOTO CEYeHHs B TOUKE A, paccMa-

TpEBaeMas KaK [yra OKPY/KHOCTH C IEHTPOM B Iy AbB — ofpaTHOe HOPMAIBHO®
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ceuenne B A; nupamas AB — xopja, crarnBaomas nyry AaB. BossMmeM na KpuBoit
AaB texymyio Toury k m mposesem xopay kA. O6o3uaunym nenrpaibusit yrox An B
gepes G, a yrox kn,A — depes ©; yron © mosxer nmers 3Hadenus ot 0 no o. Torna
MONYIUM:

ya BAna=90°——g—; L kAng=90° —

’

o] @

L kAB= L kAn,— £ BAn,=22".

TTposenem gepes TOUKY K LIOCKOCTDH, MEPIEHANKYIAPHYI K xopre AB; nycrs
mepecedeHne HTOM IIOCKOCTH ¢ Xopuoi AB Gymer B Touwe k, u ¢ kpuBoit AbB —
B ToukKe k,. Tpeyronsuux kk. k, n3o6pasxen na puc. 32. B atom Tpeyronsunke yroa
upu Bepmune k, = f, a gyra kk, = d, 1. e. IuHefiHOMY PAaCXOIKIGHNIO HA HOBEDX-

HOCTHM 3IJUNCOWIA MEXAY NPAMHEIM ¥ 00pAaTHEM HOPMAJIbHHMHU ceuyeHuamu AaB
n AbB.

W3 puc. 33 caenyer, 910

Ak=2N,sinY. (15.5)
W3 rpeyronsmanmra Akk, (cm. puc. 31)
kky= Ak sin 0;@=2lein gsin 02_8. (15.6)
N3 puc. 32 umeem
kky = kk,f,

maw Ha ocHoBammu (15.6) m (15.4)

kky,= 2N, sing sin G; ® % e%0 cos? B, sin 24,

kk2=d=lv4—1ezc cos? B, sin 24,0 (0 — ©). (15.7y

Hau6onrmee nmmeliHoe pacxos;xnenne mexmy ceuenmsamu AaB n AbB Gynmer
B cepenune nyru AB, 1. e. ipu © = %,
Caenoparenbno, us (15.7) monygaem

Qax = ]f—é e?0®cos? B, sin 24,. (15.8)

IMoapsysacy (15.8), BHUNCANM BHAUEHUA d,,,, IPU PA3IUYHEIX PACCTOAHHUAX $
mexay Toukamu A m B. Ilomosxmm, aro mupora B = 45°, A, = 45°, rorna nonyunm

s(kM) .. . 200 100 50
dmax (M) - + . 0,050 0,006 0,0008.

PesynnraTsl BHYNCIEHAHA HMOKA3HBAIOT, 9TO JIHHEHHHE DPACXOKIEHUS MEMIY
IPAMBIM 4 06PATHEIM HOPMAJbHHMIE CEUCHWAMY MAaJIHL.

®opwmyaa (15.8) BepHa [iIA Teo/[e3WIECKUX ANHAHN, KOTAA a3WMYTH UX He OINBKA
K 90 mam 270° B mpOTMBHOM ciiydae clefyeT MPUMEHSTh 60jiee TOUHEE (HOPMYIIHL.

Jlagum Ges BHIBO#Aa BHIPaKEHWE [JIA PASHOCTH JJWH TeOole3WTIeCKON IUHHT
B Qyr'm HOpMajabHOTO cedeHms D

et oo 4 5
D, = 350 SiN 24, cost B,0°.
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1
= KM' < —/——— M.
HOus s = 600 km D < T 000
IIponsBefieHHHN® paAcIeTH IO3BOJAIT CAENaTh BAKIOUEHHE, YTO Pa3HOCTHIO
[UIRH Teofie3NYeCKON IMHAY W AYTH HOPMAJIBHOTO CeYeHMsi HPH BHUMCIEHHA TPUaH-

TyJAANAA MOKHO IpeHebpedb.

§ 16. Jlimna gyru HOPMAJLHOIO cedeHHA

Brpasum [uimHY OyrE HOPMAJIbHOTO CeIeHNWS IPOUBBOJLHOIO ABHMYTa Uepes’
LINHY OKPYKHOCTH, HOCTPOEHHOH DPaflAycoM CeYeHUsa mepBOTO BePTHKAJNa B MePBOH’
touke. Ilyers na puc. 34 AB — fayra nmpAMOTo HOPMAJIBHOTO CEUeHHH, HPOBENEH~

Puc. 34 Pme. 35

Horo u3 Toukw A Ha TouKy B; mycTh ee AumHA paBHA S, a asmMyT A,.,. B mio-
CKOCTH 5TOM AYI'¥ IPOBEJEM OKPYIKHOCTH PAafiEyCcOM, PABHEIM PAfAyCy CEUCHHs Mep-
Boro Beprukaiaa N, B rouke 4 (mmpota B,) u, cief0BaTeNbHO, C HEHTPOM B TOUKE .
Ilycrs Touka B’ Gymer mepecedeHmeM JuHWE Bn, ¢ mpoBefeHHOH OKDPYKHOCTHIO.
O6Gosmaumm pmasnee WEHTPAJBHHIE yroi, HOX KOTOPHM ycmMaTpuBaerca ayra AB
m AB’, gepes o, paccrosiEme Bn, — uepes z; yroa B Touxe B mexpy ammauedr Bn,
¥ DauycoM CeueHHd IepPBOr0 BepTwKaja B Touxke B, 1. e. Bn,, depes &. Torma.
¥3 TpeyroibEEKa Bnn, nmeem

22 = N2+ ngng — 2N,n,ny cos {180° — (90° — By) — &}

Wik S
2= N2 nang -+ 2Ngnn, sin (B, — &),
OTKyZa
z2 . E;ﬁlzl mb 1 X
N ! +—1\?§—+ w, sin (By—e). (6.9

Ilpumenm 3a Manyi0 BeJMYMHY HEPBOro MOPAMKA }—;— WIH €2, TOTHA, UMesi B BHAY,
qro, coraacHo (15.1) m (15.3),

nhy = Ne?(By— B,) cos B,

e =e?(B,— B,)cos? B,;
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¢ oT6pacKHBaHMeM YIEHOB TPETHOTO MOPALKA MAIOCTH (16.1) mpumer Bap

22 .. 2ngnp .
N2 =14 N, sin B,

HIId, TOCae pasioskenua no 6uaomy Hrlorona,

NL2 =1+428% sin B, (16.2)

2

Il mepexofa K apryMeRTaM HAYAIBHOM TOUKE A BOCIIOJIb3YeMCA PABOHCTBAMH

Ny=Ny+ (B, —By) (55, +- 22520 (fé\g)l

. (16.3)
sin By=sin B, + (B, — By) cos B, — BB gin
Yuntnas (16.3) m (15.1), noryuaem
NL1= 1) — €2 cos?2 Bmz(Bz—Bl)2 . (16.4)
Ilonaras '
By,— B, = S—wﬂa‘fﬁ =0cosd,,
u
n2=e" cos? B,
dopmyna (16.4) npumer sup,
202 cos2 A
z=N, (1——""—‘%5—1-2—). (16.5)

Cormaceo pme. 35 mmeem

ds=)/ FdP T

ds=)/ [+ (%;-)2] do. (16.6)

dz 2
(% = N2n*c%cos* 4, ,

HIIA

Us (16.5) monyuaem

2= N?%(1—mn20%cos? 4, ,).

Torga gas ds 6ymem mmern

ds=VY N2(1—1n2%cos® 4, ,+ nio? cos* A, 5)do (16.7)

G ynep:xammem wremoB 3-ro mOpANKA MAIOCTH MOCITemHE® BEIPQ)KOHA® IIPH-
MOT BHJ

ds =N, (1— w_) do. ‘ (16.8)
Orryna
g
s=§1v1(1—%)da (16.9)
0
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ANA OKOHYATEJLHO ¢ IPUHATOW TOYHOCTHIO
202

s=No (1—&“%“1&) (16.10y |

) § t.f\
v__ N2s2 cos? Ay » V L

o' =0 (1+ o )- (16.11)

Monyuennas ¢gopmysa mpm s = 150 km Touma mo 0,0001”. Ilpm s <40 rm :

NONPAaBOYHEIM YIEHOM MO3KHO IpeHeGpeds; Torga GyaeM mMeTh

0 =(2);s. (16.12) ‘

Bonee Toumbie ¢opmynisl, BHBOAMMHE B (QYHAAMEHTAIBEHX PYKOBOJCTBAX |

T0 BHCIIEH Teo/ie3nd, MMEIOT BUJ
Ny 3 M1
s=N;0— =M} cos® 4, ,0°+ Z=1* cos* 4, 20°+

+ jg n2tg By cos A; (1 —2n%cos? 4, ,) 04, (16.43)
0" =——p" {1—|- 1 cos? A i cost A
. o a—
Ny 2 M enz L
(16.14)

n; tg Bycos A »
T (t —2n2 cos? 41,5) s3} .
®opmyns (16.13) = (16.14) ommbounn Ha Majime BeJEYMBE Dopsanka Ne2c®
Bes BriBoma upmBepmeM (GOpMYIH, YCTAHABIWBAKIHE CBASH MEMKIY IIHHOK

AyT'H HOPMAJbHOT'O CEYEHHA S H bi 187 8: 008 XOpABL d, coeIMHAIOMEH KOHOUHHE TOUKE

+n2tg Bycos 4, , ('1+ 712 cos® A, 2)2 8N3 +

myru [44, erp. 75].
d=s— (1 +mn2cos® 4, ,)? 24 D
+(1— 72n2tg2B1+ 76m2 cos? A, o) —— 19201\,4

s=d+(1+n2 coszAm)z_f;T — M} tgBcosd; s (1+micosd, ;)2 Sj;f +

+ (3+24n2 tg®> B, — 122 cos? 4, 2) &7 640N‘*

§ 17. Yrasl meskpy B3aMMBEBIME HOPMAJbHBIMHA CEYEHHAMMA

M reojiesmyeckon JuHMEH

Ha pmc. 36 msobpaskeH TPEYrOJBHEK, BePMIMHAMH KOTOPOTO SABIAIOTCA H3Be-

CTHHE H3 Ipeanpymero maparpada tourkm A, k,, k. CoegmamM Touky 4 ¢ ToOdU-

Kamm k ® k, OpAMEME, KOTOpPHEe GYIyT X0pAamMu A gacreit Iyr mpAMoro m ofpar-
= Fkky

e T Ar’

HOTO HODMAaIBEHX cedeHmid B Toure A. Coriacmo pumc. 36 mmeem LkAk

WA Ha ocHOBAaEWE dopmyx (15.5) m (15.7)

: l ﬁ N1820 cos2 Bm S n 2A]® o — 8
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‘IR
L kAl =200 Bnsin 24 (026) (17.1)

TIpencraBmM, 910 paccrosnme Ak, a clegoBaTedbHO, B yrol © y6HBaIOT; B 3TOM
-cnydae xopnu Ak n Ak, B upepesne o6pamaioTcsa B KacaTelbHEE K IPAMOMY I obpar-
HOMY HODMAJNBLHHM cedenuaM B touxe A. OgeBupHo, mpm sToM ycioBum yrox kAk,
‘00pATHTCA B yroJl Me;KLY B3ANMHBIMEI HOPMAJIBHBIMY CEUCHUAMN B ToUKe A, KOTODHIR
pamee MuI 060o3HaTany Tepes A.

Taxnm o6pasom, monaras B (17.1) © crpeMamumMes K Hyxi0, HOJIYIaeM

A" = €202 cos2 zm sin2A44 0" (17.2)

Tlostomy ma ocmoBammm (12.1) w (17.2) maxopum

252 2 in 2. ”
5" = e\G cos émsm Aq 0 (17.3)

wim, npuarmMaa Bo BEumanme (16.11) m (16.12),

5" = 0"e2s2 cos? By sin 24,
9A72
12N,

,  €2s2(2)2 cos? Bmsin24,
8" = 55 ) (17.4)

BsanMHOE pacnososKeREne HOPMAJABHLIX CeUCHUH U Treofe3snIecKol JIUHAN MeXIY
BepPIINHAME TPOYTOJIBHAKA B 00IMeM clydae HOKasaHO Ha puc. 37.

TouHOCTE HONyUeHHKX BEME op- ‘
MyJd [AJds BHYHCIGHAS PacXOyRAeHUR
ABWMYTOB HODMAJIBHHX CeYeHWH «

Puc. 36 Prc. 37

reo/ie3MYeCKOd JWHAM BIOJHE JOCTATOYHA, 6CIM PACCTOAHHA ME)KHY TOYKAMN Ha
DOBePXHOCTH IIMNCOMAA HE IPeBOCXOAAT HECKOIBKHUX MEeCATKOB KHJIOMETPOB.

OfgHAaKo P HEKOTOPHX TEOPeTHYECKHX HCCICTOBAHWAX, a TaK:Ke IpH OHpe-
mesieHuA GONBMMX PACCTOSHUN M KOODPAAHAT JATEKUX TOYCK HA MOBEPXHOCTH DJIAUI-
comMaa, KOTJa PACCTOSHAA MCYACIAITCA COTHAMH W [ajKe THCAYAMH KHIIOMETPOB,
WHOTJA BO3HAKAeT HEoOGXONMMOCTh HPUMEHEHWA [JIfA YKA3aHHHX pPAaCXOKIeHHR
A3@MYTOB GoJiee TOYHHX HOPMYII.

OnyceTEM BHBOJE OPMYI BCISACTBHE HX TPOMO3IKOCTU W MPHUBELEM AX B OKOH-
9aTeIbHOM BUIE.
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Hua pacxokueHAs asEMYTOB HOPAMOTO ¥ OGPATHOTO HOPMAJBHOTO COYCHHS
B Touke A

2.9 i 2.3 i
N;s2sin Ay o cos Ay o Mys3 sin Ay o tg By
A pr= - — 17.5
1.2 Z.N]_ p 4Ni, p ( )

IIpm arom A, ,” moHEMaeTcA KaK pAa3HOCTh MEKAY LPAMBIM H 0OpAaTHHIM
HOPMAJBHEIME CeUeHAAMHA B TOUKe A, T. e.

A1.2"= AAaB - AAbB.

I pasHOCTE a3WMYTOB UPAMOTO HOPMAJBHOTO CEYeHWs M TeojesmIecKoil

‘nuEME B TouKe A ¢ mupoToi B, Gosnee Tounaa GopMyla ¢ yHep;KaHUEM UIEHOB IO-
pAnKa y 20°% mMeer BUJ,

5 nis2sin Ay 508 Ao nis3 sin Ay, tg By

1.2 12 24 N3
6N3 24N7

”

0", (17.6)

Opr4eM NO-Upe:KHeMY
[J /
A1.2 = A1.2 —51.2 "

Ilpusenem eme GopMyy, BbiPasKaioOMmy:o pPasHoCTh HanpaBienus Bad m mampa-
BIEGHHS TeojiesnuecKoii nunun BA. Ira BenmunHa Gyer BHPaKATh PasHOCTh MEKIY
yrioM, o6pasoBAHHHIM ILIOCKOCTHI0O MEDHAMAHA TOYKH B 1 IIOCKOCTBIO UPSAMOTO
HOPMAaJIBHOTO CEeUeHVS B TOYKe 4, U asmMyTOM Treofiesmieckoil smaunm BA.

Jdra BenwdmHA, KOTOPYI HaszoseM §, ,”, Gymer

2.9 ot 2 X
854" = Mys2sin Ay 9005 495 0" — Nys3sin A 0 tg By o (17.7)
PR 3 = , .
3Ny 8Ny

npmaeM
Aga=A431—063.4.

[IpomsseneM MOACIETH MJs ONPENEICHAs YNCIOBOTO 3HAYGHUA DPACXOIKIACHNH
METy a3MMYTaM¥ B3AMMHHIX HOPMAJbHEIX CEYEHHN M a3UMyTaMA IPAMOTO HOPMAIb-
_HOTO CeYeHWSA W TeoNle3MdecKol JMHWH.

Ecmm s = 200 kM, To Makcnmanbese 3Ha9erua And oupg B = 0 u 4 = 45°
nojiyuarcs:

A"=0,36" u §"=0,12".

Ecam s = 100 &M, TO cOOTBETCTBEHHEE BEJIUYHHEL OYIYT PaBHE!
A =0,09" n & =0,02".
Ecam s = 50 &M, TO
A"=10,023" n §" = 0,006".

Ilpm Bwuwcienuw HanpaBiIeHHil W asuMyToB B tpHanryisumm 1 kmacca tpe-
6yerca ofecmeunTh TOYHOCTD HO COTHIX HONeH cexyHmnl. [Jas aToro HEo6Xommmo
OPOM3BOAUTE YY€T NONPABOK M YAEPSKUBATH THCAYHEIE NOJH CEKYHIIHL.

* A. T wa a o. «l'eonesnueckue uccaenosanns I'aycca, Beccens n T'anzena». 1866, crp. 150.
B dopmymne Tanmzena IpHBeJeHHEe MAPOTH 3aMEHEeHH FeoNe3NYeCKEMH, 9T0 BEHISHBaeT mpenebpe-
raeMuie ommOKE HopAAKa Mic? m mlos.
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CnemoBaTeabHO, MONYYeHHHMHE 3HAUeHHAMEU BeamumH A m O mpm obGpaborke
PesyabTaTOB YIIOBHX M3MePeHmil B TpHAaHTyiANuE 1 Kiacca npeHeGperats Heabasd;
OHY TOJKHH YIUTHBATHCA B BAJIE MONPABOK K HEMOCPE/ICTBEHHO M3MEPEHHBM HAIIpa-
BJICHISIM.

BaMeTyM fajiee, UTO HEY4eT HTHX MONPABOK IOBIEK OB cHCTEMAaTHYECKOe HAKO-
Iienne omuGOK IMPH Iepefiade asuMyTa B TpHaHTyaAnun. llycrs, manpnvep, mpouc-
XOMMT Iepejada a3WMyTa IO DALY TPHAHTYIANWH, W300paskeHHOMYy Ha pHC. 38

1o xomoBoil mummm ABCDEF mocpenctsom YIaoB Py, Bo, Psy - - -» Py Ommbra
H3-33 HeyueTa JBOMCTBEHHOCTH HOPMANBHHIX CEYCHHMN Ha KasjKIOM LIYHKTE paB-
aserea A. Ecam mepegaua asuMyTa ocy-
MECTBIACTCA depe3 1 MYHKTOB, TO HAKON-
JeHNe HTOM OMMMUOKY HA 1 IYHKTAX TaCT Be-
amanny nA. Monossus A = 0,02",an =
=10, monyanM cyMMapHYIO OIIHOKY B me-
pemaue asumyta 0,2”, T. e. BeJIUINRY He-
upene6Gperaemyo. Heyuer stmx nompa-
BOK BBI30OBOT U JIOTIOJHUTETHHYIO TOIe-
peunyio oMmubKy paAxa.
Puc. 38 OGosHauue dwepes mg OMAOKY Yyriia
P, oOyciaoBIeHHYI0 HEYIETOM NBOHCTBEH-
HOCTY HOPMAJBHEIX CedeHWH; depe3 s — JIAAY CTOPOHL TPUAHTYIAUAA; depes 1 —
YUCAO CTOPOH, OIPeeJ M BINAHAe My HA MOMEPEeIHLIR CABAT BCETO PANA B TOUKAX:

”

m

R

A ns

e
B
B (n~1)s——p7,

”

m
c (n—2)s —,
Y
CyMMapHOe [eWCTBHE OTHX BIMAHAN, KOTOpoe 0003HAYWM dYepes ¢, BHIPa-

BUTCSA TaK:
_(1+2+3+...+n)smg n(n-1)smg
q - pﬂ - 29” L]

Tonomum mg = 0,02”, n = 10 m s = 40 kM, Torma ¢ = 0,2 m.

IIpu Tex sxe maHHBIX, HO OpH n = 5, ¢ = 0,05 m.

V4er BAUAHWA PACXOMKISHWH asAMYyTOB B3aWMHBIX HOPMAJbHHIX CeYeHUWH WpH
06paboTEe Pe3yABTATOB YIJIOBHX YMIBMEPEHUHN 3aKI0YAeTCS B TOM, YTO HOPMAJIbHLIE
CeueHUs 3aMEHsIOTCA Feofle3WUeCKUMH InHUAME. IIpaxTnaeckn taxoe oGpazoBanue
TPeYroJIbHUKOB M3 TeOIe3MYeCKUX JHHAN 3aKII0YAETCS BO BBEICHVH B M3MEPEHHBIE
HaOpaBIEHNA MONMPABOK 34 HEePEeXOJ OT TPAMOTO HOPMAJIb-
BOTO CedeHNA K reoNes3n4YeCcKON IHHKA

Pnc. 37 mokasmBaer, 410 9TH TOMPAaBKH, BHUYACIeHHBE 10 Qopmyne (17.4),
TOJKHEl BHUHNTATHCA W3 3HAYCHUR W3MEPEeHHHX HANPABICHUH.

(17.8)

§ 18. Iloaoskenue reojesnyecKol JHHHMA
OTHOCHTEIHHO B3aMMHBIX HOPMAJIGHBIX CEUCHMIA

Brime mokasano, Kaxkoe HOJNOKEHEWE 3aHEMAeT Te0e3WUeCKasd JIMHUSA OTHOCH-
TEJIbHO B3aEMHHX HOPMANBLHHX COUCHHE: TeONe3WYeCKasa JMHHUA B Hadaje CBOCTC
nyTd oT Touku A ¥ Touxe B pacmonaraercs 6mmixe K mpamMoMmy ceueHuio AaB, naxo-

66




JBACHh HA %_ PaCXORIACHUA MEKY B3aHMHBIMHA HOPDMaJIbHHIMHE CEYCHUAMN B TOUKE A;

00 Mepe TPOABIKEHNA K Touke B reopesmueckas qImEnA nNpubiamKaeTcsa K COICHHIO,
ofpaTHOMY [ TOUKH A W TpAMOMY NJIA TOYKH B, W Ha paBHOM pacCTOSHUHI
mexny A m B pacnojaraerca mocepefuue MeRAY 060MME HODPMAJIbHEIMY CeYCHNAMI;
HAKOHEI, B TOYKe B 0Ha CHOBA [eJUT Yroi MEKIY B3AMMHEIMHM HOPMAJILHEIME CEUe-
guamu B otHOmeHmn 1 : 2, Ho HaxogUTCA Yyixe GnmsKe K cedenuio BbA. OmHaxo mpu
agmMyTax reojesumieckoil gmEmm A,., = 0 muam 180° w asmmyrax, Gamsxux k 90
anm 270°, moso;Kenne Teole3BNYecKol JINHNE HECKOIbKO HHOE. PaccMoTpUM HEKOTO-
pHe YacTHHE CIyJam 0co0OTO PACIOJIOMKEHNs Teofie3WIECKOd JINHNA OTHOCHTETIHHO
B3aMMHEX HOPMAJILHHEIX CeYeHUH.
1. Ecam asumyt A,., = 0 uau 180°, To 3Ha4eHWe MOIPABKH

0 = 15 €%0% cos® B, sin 24, ,
6ynmer pasHo 0; cieoBaTeIbHO, €CIH JBe TOUKE A w B HaxojsTcsa Ha OJHOM MepH-
IAaEe, TO HmpaAMOoOe n oOpaTHOE HODMAINIBHEE CEYEeHUSI
mTreofesnuecKad JHEHHUSA CIXBAWTCA B 2ToM Jderko yoenurbes
1 TeOMETPUYECKH, TAK KaK HOPMAadwW B TOYKax A w B mekar B OJHOM MIOCKOCTH —
WIoCKOCTH MepuppaHa Touek A m B.

2. Ilyers e Touku A w B HaxopsTcd HA ONHOU mapajljiein M, CJIeL0BATEIbHO,
asuMyT A, UPAMOr0 HOPMAXBHOTO cedeHmsa Gymer Gamsor k 90 mam 270°, a B, =
= B,. B sToM caygae upamMoe u 06paTHOe HOPMAJIbHEE CEUCHUSA COBIALYT, TAK KaK
mepecedenre HopMaJiel K HOBePXHOCTH B TOYKaXx A m B ¢ Majoil DOXYOCHI0 TPO-
H30#eT B OJHOU TOYKE; PACIOJIOKEHHE TeONe3MUCCKON JNHUE OTHOCHTEJIBHO HOP-
MaJIBHEIX CedeHuil 6yIer WHOe 10 CPABHOHHIO ¢ YKABAHHKM BHIIIE.
[
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Fmasa III

PEHIEHUE MAJIBIX CO®EPUYECKUX
N COEPONINYECKIX TPEYTOJIBHIKOB

§ 19. OGmume ceegenun

Tlocne TOTO KaK MOAYIeHbI OKOHUYATEIbHbIE 3HAYCHNA M3MEPEHHBIX HAaO paBieHni
HIM YLJI0B HA TOBEPXHOCTH JJLIUICOHMIA, IEPeXOfAT K PEMEHUI TPeYTOJhHIKOB.
3amavua 3aKJII0YaeTCHd B MOCIe{0OBATEABHOM BEUUCICHUH JJINH CTOPOH TPEYIOALHUKOB
TPHAHTYJIAOAN, IPVYeM M3BECTHHI OJHA CTOPOHA W YTIbl B KAKIOM TPEYTOIbHHKE.

CTporo roBOpsi, TPEYTOJIBLHUKYN TPUAHI'YIANUE SIBIAITCS CHEPOAIAICCKAMA
WM 9IIUIICONMATLHEIMA TPEYTOIbHNKAMY, IIOCKOABKY OHM 06pasoBaHkl HAa MOBEPX-
HOCTH »inmmcompa. Ha mpaxktuxe o0HYHO DPUXOAWTCA HMETHh MEJI0 ¢ TPeyroJibHU-
KaM#, CTOPOHBL KOTOPHX He HpeBnmaioT 40—50 KM B B PeIKUX CAYYIASAX JOCTATAIOT
70—80 kM. Beaepersue 6auW30CTH 36MHOTO DJINNIICOWIA K cfepe pasjudme B Biie-
MeHTax cPepoufngecKnx 1 cPeprUIecKux TPEYTONbHUKOB TPHAHTYIANUN TpeHe6pe-
raemo *. Tawmmm 0GpasoM, BHUNCIEHHE TPEYIOIBHWKOB TPHAHTYIALUHA CBOTATCH
K pemenuno chepAIeCKAX TPEYTONBHNKOB. Ky pemars TPeyrolbHUKE O 00BIHEIM
dopmynam cdeprnuecKoil TPHTOHOMETPUN, TO CTOPOHBI HEOOXOAMMO BHIPAyKATh B 4a-
CTAX pajgmyca, HO BTO HEYHOOHO, TaK KAaK JIPAKTHIECKY CTOPOHH NOJIKHBI GEHITH
BHpaskeHs B Merpax. [l0sTOMy TpPeYroIbHHKH TPHAHTYIAOWA PEMIAIT 0COOBIMHA
METONaMM, HONAB3ysACh TeopemMoun Jlesmwampgpa mam cmocobowm
agpgmwTaMeHTOB.

Ipu passrATHH reone3mMIecKoii ceTH METONOM TPHIATEPAIYH PEeIleHue TPeyroib-
HUKOB 3aKJII0YaETCH B BHYUCJIEHUN YIJIOB TPEYTOJHHMKOB IIC WX CTOPOHAM; B 3TOM
cIydae TaKsKe IelxecooOpasHO NOIB30BAThCA Teopemoin Jlexammpa m cmocoGom
anInTaMeHTOB.

§ 20. Pemenue cepHuecKkux TpeyroJsHAKOB
mo Teopeme Jleskamgpa

Mycrs ABC (puc. 39) — chepuueckuii TpeyrodpHUK, CTOPOHE KOTOPOTO B JIHA-
HeHHBIX eIWMHUNAX o003HAYMM 4depe3 a, b, ¢. Ilo croponam a, b, ¢ moctporm miio-
crmii TpeyronsauK A B ,C, (prc. 40), yras cheprueckoro Tpeyroibuuka 0603HaunM
cootBerctBenro gepes A, B, C, a yram miockoro — gepes A,, B, C,. ocrasum
sajauy Halitm pasmoctn yraoB A—A,, B—B,, C—C,. 3uas 3té pasuHocTH,
MO3KeM 0T chepHIeCKNX TPEYTOJIHLHUKOB EPEXONNTEL K MIOCKAM, NMEIOMAM TAKAE 3Ke
3HAYCHHUA [JINH CTOPOH, W, TAKAM 0GPa3oM, IPOW3BOUTH PEIIEHNe TPEYTrOJLHAKOB,
npuMeHsas QOpMYJIs NpAMOJAMHEHHOM TPUrOHOMETDHH.

O6osmaumm 4epes R pajgmyc mapa, Ha KOTOPOM HOCTPOeH cdephueckmii Tpe-
yroapank. Torma, mpuMerEns GOPMyTy KOCMHYCA CTOPOHH! [Jsi CHPEPATECKOTO Tpe-
yroxpanka A BC, manmmem

a b c .. b . ¢
S — == —_ — + —_ —_
co8 CcOS COS 7 SN 7 Sin R

7 7 cos A,

* 9r10 OyzmeT BuAHO B IOCHefylOmeM, OPH M3JI0MKEHHH CBEfEHN 0 pemeHuN GOJBIIHX Tpe-
YTOIBHNKOB; BHBOJ 0 BeJnudHe I IpeHeOperaeMocTH pasiudMii, IpH YKa3aEHHX PasMepax Tpe-
YLOIbHUKOB, MEXAY CTOpOHAME cepHUeCKHX I cdHepoNINIeCKHX TPEYTOIbHIKOB MOYKHO BHIETD
3 QopMyn TeopHEm m300parKkeHWs 3IIMIICOMAA HA Iape, HaopmMep, Teopmm Iaycca — cm. § 28.
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OTKYZa
cos =% — cos L cos —
R R R
COS A4 = .
‘ sin -9— sin <
R R

(20.1)

IIpene6peras DATHMHA CTEIeHAMY MAJHIX BeJIWIUH ;—, IZ— u Ec—, dopmyay (20.1)

IepenncCHB aeM B Bﬂﬂe
cl

at b2 c2
1 23— + Sape — (1” srr T Rt 2434 ) (1 “2R% <+ 24Ra )

CoS A ==
( —bm)(ﬁ_eﬁs)
8 :?
c a ¢ a
A
b ¢ Ay 5 G
Pme. 39 Puc. 40
C OpHHATON TOYHOCTHIO MMEeM
—a? at b2 ba ct h2c2
2R? + 3w + SRE  WRE T zR’ T 24R* T 4R
cos 4 = =
be (1 b2t )
R2 6R2
[ b24-c2—q? at —pd—cd —@p2c2 b2 4-c2
*( 2be + 24R2bc )(1+ 6R2 )

ann

_ b2t c2—q? at—bd—ct—6b2c2 b2 |- c2 b2} c2—a2
cos A= —opr—+ 34R7%bc +—ore ( Tbe ) .
HOCJIG NEePeMHOKEeHuA U IpHABEeNeHns HOI!OﬁHBIX YJIeHOB HOJYyYIHuM

_ b2tc2—q2 ad bt ct—2a2b2 —2q%2 — 2b2¢2
cos A =—2 3iR%bc '

Ina nnockoro Tpeyroavauka A ,B,C, uMeem
a?= b2} c2—2bccos 4,,

OTKYZia
b2+62~—02
cos 4, =
u

4b2¢2 — (b2 +c2— a2)2
4b2c2

) —at—bt—ca12a2b2 1 242¢2 + 2b2c2

4b2c2 '

sin? 4, =1—cos?4,=

sin? 4, -

(20.2)

(20.3)

(20.4)
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[pranmas Bo BEUManme Beipaenna (20.3) m (20.4), mepemmcriBaem GopMyIy

(20.2)

be sin2 44
cosA=cosAy— —mr—>
nin
. vesinZ Ay
cosd—cos 4, ==— o R ,
.o A—4y . A+ 4, . be sin? 4,
—2sin —5—sil —5— = — —pr— - (20.5)
Pasnocts A—A, — Majad BeIHIWHA, HOITOMY MOYKHO HMOJIOFKATE!
A—Ay  A—4y At Ay
sin =—— = 5 -osin —— = sin 4,
Ha ocmopasnu (20.5) moxygaem
__ besin A,
A _Al__ﬁ—Rz_' (20.6)
nomans P tpeyronbunka A B;C; Moxer GwTh BhpaskeHa QopMymHoi
besin A
e (20.7)
MOITOMY
” j) n

AHAJIOTHIHO UPEeNHAYIHEeMY

n P ” LA P
(B—By) ‘:‘3—3—2'9; (C—Cy)'= 3R o".

CxJjiajsiBag MOYJIEHHO TPU IOCIE[[HAX yDAaBHEHNS W NPUHWMAs BO BHAMAHHeE,
aro A, + B, + C, = 180°, moxy1aem
oy P n
(A4 B+ C)=180"+ — p".
Tak Kak CyMMa YIJI0B cHepUd4ecKoro TPeyroJbHUKA (A + B+ C) pasHa
180° + ¢, rme ¢ — chepudecKhit W3GHTOK TPEYTONIBHUKA, TO

P
" o__
=

VickoMHe 3HAUeHMsi YIVOB IMJIOCKOTO TPEYTOJBHAKA B OKOHYATENbHOM BHJe
BEIDA3ATCSA MPOCTHME (opMmyramm:

g )
Ay =A— T
g ,
By=B—% | (20.9)
e |
Ci=C—73
rae
8//__ P n__ bcsiﬂAlp
= Re ¥ T T opz
nan A (20.10)
v_ b2sind;sinCy _Q
&= sin By 2R2
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w-——__—'—'——'"

O6o3Hauasa

n

o
ore. — D

BHpajKeHme A cPepudeckoro m3GHTKa & HammmieTcs
. b2sin Ay sin C
” el = 1in A =3 ——__1 1. .
g = 2fP = fbcsin A; = S b, (20.10")

3nauenue f 6epercss U3 TaONWN M0 apryMeHTY mMAPOTH (Tabl. 4); UpU BHUHUCTE-
gur cepHIecKoro H3OHITHA & ¢ HWCHONH30BAaHWEM YKa3aHHHX Tabinun 3HaueHWH f
IJIUHE CTOPOH TPEYTOJBHUKOB BHPAKAITCA B JECATHX MOJAX KAJIOMETpA.

Tabanma 4

B f p f .
30° 0,00 25 44 50° 0,00 25 32 !
31 25 43 51 25 32 |
32 25 43 52 2531 |
33 2542 53 2530 i
34 25 42 54 25 30 |
35 25 41 55 2529
36 25 40 56 2529
37 2540 57 2528
38 25 39 58 25 28
39 25 39 59 2527
40 0,00 25 38 60 0,00 2527 |
41 2537 61 25 26
42 2537 62 2526
43 25 36 63 2525
44 25 36 64 2525
45 2535 65 25 24
46 25 35 66 2524
47 2534 67 2523
48 2533 68 2523
49 2533 69 2522
50° 0002532 70° 0,00 25 22

Qopmynn (20.9) m Bupasxalor Teopemy JlexxkaHApa AIA ManHx cepruecKHX
TPeYyTOABEEKOB. ECIH CTOPOHB IJIOCKOT0 W CHEPAIECKOTO TPEYTOJIHHAKOB COOTBET-
CTBEeHHO PABHE, TO VYINIH IJIOCKOTO TPEYTOJNBHWKA DPABEH yriaM cQephmIecKoro
TPeYrONBHAKA, YMEHBLIIEHHEM HA ONHY TPeTh cepmueckoro mabmTKa. YTIAH A .,
B,, C, HaspiBaTCA NIOCKHEMYE ODPDHEBEeNEeHEHHNMHA yraaMmu Ecinm
YAEpsKEBATH IIPH BHIBOJIE MaJike BeJIVINHE 4eTBEPTOTO NOPSAAKA, TO PABHOCTH MEKAY
cepHUECKIMA W TINOCKAME TPWBECHHBIME YIJIAM¥W BHIPasATcs GOpMyIaMm:

Ay =— 3~ g (m*—a) |
Bi—B=—& — -2 (m2— |, (20.11)
C1—C= — 5 — g (m*—) |

e 1
mt o BLBAS FT

!

i

|

I

"1



BuBog atux gopmya cMm. B paGore [31].
Npn cToponax TpeyroipHMKA AAWHOH 0K0J0 200 KM MaKCHMAIbHOE 3HAYCHUE

&
qIeHA [ (m2 — a?) 6ypmer memsme 0,001”; B paBHOCTOPOHHAX TPEYTOJLHAKAX

3Ha9eHne 9ToTo WieHa Gyrer paBHO HyX. Takam o6pasoM, IpH PeMIeHAR TPEYTONh-
HUKOB, CTOPOHBI KOTOPHX He mpeBrmaioT 200 KM, 3THM YIeHOM MOYKHO IpeHeGpedsn.

Jlmnie npu pammax c¢TopoH TpeyronbuuKoB cBhme 200 KM cleyer YYMTHBATH
Bropoil 4nen dopmyxn (20.11). Ho B srom ciyuae Hedb3A CUATATH TPEYTONBERKH
cheprmueckumMy, a HEOGXOAMMO YIATHBATD UX CHEPOHANIHOCTD, T. €. BBOMHTh MOIPA-
BOYHBIEe YIEHBl, BEIPAKAIONAe PA3INIne MEKAY yriamu cdepougaueckoro u chepn-
YeCKOTO TPEYTOIBHUKOB, MMEIOMAX COOTBETCTBEHHO PaBHEC CTOPOHEHL.

QopMyAH [NA BHYACIAEHUH HTHX CHEPOHTUISCKHX WOMPABOK, KOTODPHE MBI

upusBonuM 6e3 BuBoOna, mis yraos A, B, C cdhepongavyeckoro TPeyroJabHAKA HMEIOT
BHJ:

g” nA—n1

-
g’ nB——n

- | (20.12)
g MNg—n

T2 T

rae
nA _-_2', n’B=—_1—, nC‘———’
R% Ry RE
"= nA+n;»1—nC .

n,, ngp U ng — l'ayccoBa KpwBm3HA BepmmuH TpeyroanHuxka ABC.
e n, —n
YucaoBoe 3HaYeHHEe ITOIPABOK = A_j IPH CTOPOHAX TPEYFOJIBHUKOB OKOJO

200 xm menee 0,001”, mosTOMY UpH BHUYHNCICHAM TPUAHTYIALNH DTH IONPABKH
B YIVIH TPEYroJAbHAKOB HEe BBORATCA. TPEYrOJBHHKM TPHAHTYIANMA PacCMATPHU-
BalOTCHA Kak cdepmueckue ¢ PajumycoM, PaBHHM CpeHeMY PAfAyCy KPWBH3HH TOU
YaCcTH DIIMIICOM/A, HA KOTOPOA PacmoiiosKeHa TPHAHTYIIALMNA.

B ocofrx ciy4asx Mo3keT, 0JHAKO, BOSHAKHYTHh HEOGXOMMMOCTh yUera mompa-
BoX 3a cdepommumanocTh TpeyroabauKoB. Ecaun A, B, C — yrau cdepougaaecKoro
TpeyroJabuuKa, a A, B,, C; — yIIH IIOCKOTO0 TPEYrONbHAKA, UMEIOIET0 CTOPOHH,
COOTBETCTBEHHO PAaBHHIE CTOPOHAM chepomnmdeckoro Tpeyronsunka A BC, To nepexon
K ILTOCKAM IPWBEEHHHM YIJIaM coBepmiaetca 1o gopmymam:

B L S N Lo, Sl
Ay=4— g0 (P — @) —— 3 ——
_p_ & &g e & BT
By=B—5 — 5 (M=) — 5 — . (20.13)

LR SN -
Cr=C— g0 (M*— ) — 5 —

Taxum 06pasoM, eciii BOSHHKAeT He06X0MMOCTh YYHTHBATH BTOPOH MonpaBod-
HHft wied Teopemul Jleskadapa, TO HAfO PacCMaTPHBATH TPEYTOJBHHEKA Kak cdepo-
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mpmgeckre. CyMmapHoe 3Hauenne oGenmx monpasok memsme 0,0017, ecam croposm
TpeyroisHuKa He mpeBocxofat 200 km.
Bonee Togras gopmyna aag chepmieckoro m3OHTKA TPEYTOJIbHAKOB MMEET BHJ,

” besin A ” m2
=050 (1 ) - (20.14)

IIpe ypaBHUBaHWM TpHaHTYIAATUE 1 Kiacca yTisl TPEYTOJBHAKOB BHYHCJIAIOT,
yAepIKUBAsA THCAYHBE Noau cexyHnas. OTcofa cienyer, 4ro ommubKa B ONpeReJeHNN
cepuaecKoro m3GHITKAa He oJ)KHA IPeBOCXONMTH BejwymEm mopaaxa 0,0005”.

' PaccMoTpEM, IpH KAaKMX pasMepax CTOPOH TPEYTOIHHHKOB MOKHO IIDH BEIIHC-
aeHmsx npeHeGperaTh BTopsM wienoM B opmyie nus € ”. Ecau B3sgTh pABHOCTOPOH-
HA# TPEYTOJIBHUK cO cTopoHamu 90 KM, TO IMCIOBOE 3HAUEHHE IONPABOYHOTO TIEHA

be sin A, ,,ﬂi’_ — S,m_‘z
—rz PR 7P

cpeprgeckoro ma30HITHA CIAGAYeT YYMTHBATH MONPABOYHHA WIEH €

6ymer 0,0005”. CaegomarensHO, NpH BHYHCICHHH
m2
8R2
9ae, €CIE CTOPOHH TpeyroasHEKOB Goabme 90 kM. IlocKoabKYy CTOPOHEI TPEYToIb-
HAKA TpAAHTYAAnud 1 Kinacca o6rrano He mpesocxonaTr 90 kM, To BeaucIeHns cdepu- |
YecKoro M30HTKA HNPAKTAYECKM IOYTH BCerfa CHIefyeT BeCcTH Ges ydJeTa BTOPOTO !
YjleHa, T. e. : i
» beeind, , :
o=t (20.15) |

B nocnepreii dopmyisie A, — NpUBeAEHHEIN MIOCKAN yroa.
Paccmorpmm, B Kakmx ciygasx MOKHO mpeHeGperaTs IPH BEYHCICHHD cdepn-
YecKkoro m30HTKa pasimumem Mme;xny yriaamu A m A ;. Ilorpemnocts B & BenepcTaHe |
. ommOKm B A BHIpasurcs QopmMynoi

B TOM CIY-

Ae"=M—S—A— p"AA =¢"ctg 4 AA.

, 2R?2
Osgesnpno, AA = ;DT’ MO3TOMY
n2
n__ € ctg4
Ae" = et
CraBa wmo-npe;xmemy yciaosme Ae” <0,0005” uw mosarag, uro ctg A =1,

HaxXoguMm
e"% = Ae” - 3p" = 300,
e~ 17,

Cuegosarensno, npu Bennunue chepruueckoro msGeTra Mempme 17”7, 9To cooT-
BeTCTByeT HPH PaBHOCTOPOHHEH opMe TPeyroIbHAKOB JJIRHEAM CTOPOH 0KoyI0 90 KM,
pasnmumem Memny A u A, B popmyne (20.15) mosxEO mpereGperats n cdepmaeckmit
H36HTOR BHUHECIHTE MO PopMyie

n__ besind _,
&= R P

Ecanm croporn TpeyronpamkoB 6amskm mam Goasme 90 KM, TO &” ciegyer BH- ‘
YHCHATH ABYMs OPHOIMKEHUAMU: CHAYAIA NOJYIATH DPHGIMKOHHOE B3HAUYCHHE i
¢heprueckoro m36HITKA W IO HeMy BHYHCIATH OPHOIMIKEHHOEe BHAYCHNE I PUBEJICH-
HOTO niockoro yria

”

R g !
L=A =g |
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il

C arum npubmmxeHHEIM 3HadeHNeM yriaa A chepuueckuit H30ETOK BEIIUCIACTCSA
o gopmyne

A ’
w_ be smA1

&= p”(i"i‘?mﬂiz)‘

Ilpr norapudmmueckoM  BoigucaeHu:n  CcPepuUIecKoro  W3GHITKA  BeJH-

n
YuHY lg‘%ﬁ = lg f Bubupator us cumermuanbHOél Tabuwaxm (cMm. «Tabmume min
BHUNCJAEHNA reojiesmuecKux roopmmuaty. M., I'eomesmsmar, 1953). C stum oGosHa-
gepmeM GopMysa I BHYUCIOHUA cPephuIecKoro M30HTHA IPHMET BHJ
e’ =fbesin 4.

IIpm pemennu TPeyroJbHNKOB TPHAHTYIANAA 2 KiIacca W HUyKE HEOOXOJAMOCTE
y4era MOUNPABOYHHX WIEHOB Kak B Teopeme JleskaHppa, Tak W NPU BHUMCICHWM £
OTHAJIAET.

Ilast o6meil OpHeHETHPOBKY LPUBONUM IUCIOBHIE 3HAUEHUA cPepuaecKnx wm3GHIT-
KOB OPH Pa3NUYHHX [JIMHAX CTOPOH (1A PABHOCTOPOHHHX TPEYTOJBHHEKOR):

S KM
5 |e~ 0,07,
10 |e~0,25",
20 |e~1",
30 [e~ 2",
60 |e~8".

Cdeprueckmit w3GHTOK TPEYTONBHEKOB BHUACIAIOT HOPW WOMOIMM WeTHPEX-
3HAYHHX HIX OATH3HAYHHX Tabamm gorapndMoB, oGETHO OHOBPEMEHHO C IIPEIBA-
pUTEIBHHIM peIleHNeM TPeYTOIbHHKOB.

B taGn. 5 mpuBefeH HpUMep PeImeHNs MaJoro cepmdecKoro TPEYTOMBHEKA
no teopeme Jlesxammpa.

Tabnuma 5

Bn=48°12'
CHHYCBHL
vre C ;
m]agg; cnbepl}[:ré}:brl{oro - —;— nnozgglro H};ggggm cdae;v?ggcﬂx?z)m quncn;;igllg'rgg)egnqechoro
TPEYTOJIbHIKA TPeYTONbHUKA| 1peyrospanKa| TPEYFOTBHIKA
D1p=50636,714
B [62°12745,11"| —1,36 | 62°12’43,75" | 0,8846 7988 | 44797 282 f 0,002 533
4 502019,98 | 1,36 | 50201862 | 0,7698 2866 | 38 981,594 b2 2007,04
C 672659,00 | —1,37 |67265763 | 0,92354082 | 46765073 sin 4 0,769 831
sin C 0,923 542
sinAsinC | 0710971
b2sinA sinC| 1426,95
180 00 04, 09 180 00 00,00 sin B 0,884 681
Dy 1612,95
" 4,086"

JTOT mpmMep, KaK W TOCIeNYyOIMWe TPH mpUMepa HAa pelmeHne chepmIecKux
TPEYrONBHUKOB, B3ATH € HEKOTODHIMU COKpAImeHWAME W mameHenmamm us [10].
Hertpynuo ycraHOBHTEL MOPAMOK HPUMEHCHUA TeOoPeMH JleikaH[Apa K pemeHuro
cpepmuecKux TPEYToIBHUKOB TO TpeM ero croponam. OQUeBHHO, B 3TOM Clydae
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.PEeYTOJIBHAKNM CHaYaJia Hal0 penlaTh KaK OJI0CKNe, OPMHIMasA CTOPOHLL C(i)epH‘IGGKI/IX
TPEeYrOJbHHAKOB IIpHMOJIHHeﬁHHMH, 2 K BHUYHNCJICHHBIM TaKUM 06p330M yraam

e
TPEYTOJBHAKOB TPUGABIATL IONPABKH, DABHEIE =

B sTom civuae GopMYyIH [IA BHUYUCIEHUH GYyIyT clegyiomue:

A4 P )
YV )
B, P
e = p(p—0b)

gl _ P

2 T pp—a )

:—%—(a+ b+ c)

P=Vpp—a)p—0b)(p—0c)
— naomaps Tpeyroasauka ABC,

A=A1+£3
B=B,+% (-
C=CI+_83_

DopMyna miia BHYUCHEHUA CPOPUIECKOTO WIOHITKA:
g" = 2fP.

(20.16)

(20.17)

(20.18)

(20.19)

Iipm cooTBeTCTBYHOMUX AINHAX CTOPOH TPEYTONLHAKOB W TOYHOCTH W3MEpeHHI
TOJKELL YYHTHBATBHCA cPEepowjMIecKne NONPABKH, NpPHBENeHHAEE B QopMymax

(20.13), a chepuueckmii n36srT0K — WO dopmyae (20.14).

[IpnMep HA pemenwme TpeyroibHWKa 1O CTOPOHAM IpHBefieH B Tabi. 6.

Tacaumma 6

B
tg =
z = .'é ( » i Vrast Vras
— A o e eDPITIECKOTO
E §8 - p—Ss p(p—s) (z P tg - Tp%g?‘g?]bll‘{(;ma 35" T%%y%*()ﬂbﬂm{a
2 ° %é . e By, A,, C: y 4,
A OEE tg 5
B 44797 28|2047469)1336,423 | 486,553 | 0,6033 8307 | 62°12743,70" | 1,36 | 62°12/45,00"
A [38981,52|26290,38|1716,025 | 378,923 | 04699 0866 | 50 20 18, 51 1,36 | 502019, 87
C 467650718 506,90 | 1207982 | 538,287 | 0,6675 3893 | 67 26 57, 50 1,36 | 67 26 58, 86
408"
2p 1130 543,94| 65 271,97 P2 =650 241
p | 6527197 P —=806,375
, 2/ — 0,00506
e =4,08"

PaccmorpuM pemenme TpeyroabHEKOB, 06pPa30BAHHEX XODJAMH MEMAY IYHK-

TaM#, PAcCHONOKEHHEIMY HA MOBEPXHOCTH 3JIINICOULA .
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OGoznauuM nmo-mpesxHeMy depes A, Bu C yrias TpPeyrolbEWUKA, BePIIHELI
KOTOPOTO JI€KAT HA IOBEPXHOCTH 3IIUNCONA, 4epes a, b, ¢ — NIMHE XOPJ, MeKIY
BepmuHAME @ 4depe3 R — cpemHmil pagmyc KpHBH3HEL B 06JIAaCTH PAaCHOJN0KEHHA
TPEyroJbBEUKA, TPHHAMAEMOTO 33 CepuIecKuil.

Nmeem:
a=2R sin %; b= 2R sin —2—bR— (20.20)
u
3 )
sin o = \/ sin g sin (4—5)
2R sin B sinC (20'21)
sm% _ “/ sm——- sin (B——z-)
smA sin C
s cpasuenusn dopmyn (20.20) ¢ yzerom (20.21) monyuum:
/ sinB sin (B— <
b=a ) (20.22)

. . g\
sin 4 sin (A ——2-)

Haxee

Vsin_Bsin (B——-—) VsmB s1nBcos——cosBsm )

= ‘l/siuzB ('1———82—cth) =sin B (1 —%cth ) = sin (B—--;ii) (20.23)

A aHAaJOTMYHO

Vsin A sin (A - %) = sin (A —%) . (20.24)

IIpm sToM mpm pasno)keEMM GYHKOUA B PAA MH OTPAHUIMBAIUCH €F0 HEPBHIM
YJIeHOM.
IIpuammas Bo BEmMamme (20.22), (20.23) u (20.24), oxoHIaTeIbHO HAOUIEM

sin (B — )
sin (A— '4—)
. f e
__ sin (C — —)
sin (A — —-)
Honydennsie GopMyAH DO3BOJAIOT PEMIATh TPOYTONBHAKE C OCTATOYHOMR TOU-
HOCTBIO co croponamu mo 100 xm.

Jus npaktrgecknx BoramesaeHdit Gopmyas (20.20) mpencraBuM B caegyoImeM
BUJE:

(20.25)

as as
a=2R sin — 2 *23(23 m):a——m. (20.26)
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Ilo-npesxHemMy BBOJiA 0003HAYEHUE

k=g (20.27)
OOJYy4IuM: _
a=a—0,25ka®
b=b—0,25k5% 1, (20.28)
c=c— 0,25kc?

rge k = 409-10~1 (upm TaKOM 3HAYEHWH X JJIWHE CTOPOH BHIPAYKAIOTCH B JECATHX
JONAX KUIOMETPa).

13 u310KeHHOTO BBLITEKAET MOPANOK BHYUNCICHUHA:

1. Boiuncienne yrios (B — %), (A —_ ;:—), (C — ~Z—)

2. Ilepexo OT AAWHBI UCXOAHOW CTOPOHH K COOTBETCTBYIOMEN eii xopae mo
dopmyne (20.28).

3. Buunciende MCKOMHX JJNH XODE TpeyroasHmKa mo dopmymam (20.25).

Ilpumep Ha pemeHne cHepUIECKOTrOo TPEYTrONbHHAKA
to xoppmam*,

JlaEBHe [IA BHYMCICHHHA B3ATH W3 IPAMEpAa HA DPEINEHMe TPEYTOJNBHUKA [0
cnocolGy Jlemamnpa, mcxonHas cropoHa AC = b.

Pemenmune:

1. Bugucienye yrios:

€ € €
B—%, A—%, C—+.
CdepuuecKue yriib - ——2— HcnpasleHHBIE YRl
B 62°12'45,11" —1,022" 62°12'44,088"
A 502019, 98 —1,022 50 20 18,958
C 6726 59, g0 —1.022 67 26 57,978
180 00 04, 09 —3,066 180 00 01,024

2. Buuncnenne ¥CXOJHOM CTOPOHHL b XOPOBOTO TPEYTOAbHAKA
b=b—0,25k- b3
(0,255 =102-10~%)

bo 44797,282
b2 20 070
b3 899 136
0,25k - b3 0,092 M
3 44797 190

————
* Tpumep sammcrBoBam u3 [10].
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3. BHunCIeHAe CTOPOH a H C.

a

= sin ( ) ,
sin (B——)
R sin(c— %)
R 3 7))
sin ( B — —4->
b 44§797, 190
in (B2
sin (B—— ) 08846 8064
. t4
sin (A_T) 0,7698 2971
si C._i
n ( % ) 09235 4147
. tA
b:sin (B T) 50 636, 566
I 38981, 533
c 46764, 968

HomTpoibHEIe BHIYACHCHHAS
b sin (B——%) 50 636, 566

a:sin (A___Z;__) 50 636, 566

. € 50 636, 565
¢ :sin (C——Z—)

§ 21. Pemenne TpeyroabHAKOB IO CHOCOOY AXIHTAMEHTOB

(Ipu pemenvu TPeyroJBHAKOB IO TeopeMe JlesKaHApPa, PACCMOTPEHHON BhImIe,
IOUpPaBKH 32 COEPUUYHOCTH A UPHMEeHeHHS (OPMYJI IIOCKOH TPHTOHOMETPHH
BBOAMIMCHL B YIJIL; BO3MOJKHO WCHOJNB30BaHWE K CPepHuecKHX YTIOB, HO C BBeje-
HIEM HONPABOK — a AU TAaMEHTOB — B cropousl. W3mokum ator cmocol.

Coxpauas wupe;kame oOo3HaueHusa, AJA chepmdeckoro TtpeyroapHuka ABC
AMEeeM:

. b . a sinB
SN —— = SINn ——

R R sinA ° (21.1)
Packnagnsag sin ’% u sin }% B DA W OTPAHAYHABAACH IO-IIPEKAEMY IePBHMMT
IBYMA WICHAMH DPa3Ji0KeHNS, nonyan
b sin B
7 (t—5m) = 7 (d—<aw) S5+ (21.2)
Brenem o6o3naueHnsa
3
A, = _—6‘;?2 =ka’;, a— ka®= a’,
14 L' B
p=2smz (21.3)

sin 4



TOT &

__a'sinB b2 Y b2 L p’3 .
b= (V) =¥ (o) =0+ g (21.%)
Ob6o3nauasg aHAJIOTHIHO
A= = KIP, (21.5)
HammIeM OKOHYATEIHHO
b="0"+ A4, (21.6)
Ilsist cTOpOHE ¢ cooTBETCTBYIOMUe GOPMYIH GYRyT:
_a'sinB
T sind
Ao= g = e, 21.7)
c=c -+ A,

Beanumna A, HaspBaeTcA afgATAMEHTOM CTODPOHH S,
C menpl0 yOpOMIEHWs BHYUCIEHHA CIEeAyeT HONB30BAThCA TabJHmel ammuTa-

MEHTOB.
3nauennme k nus reppuropur CCCP MosuO0 cumraTh paBHBEIM
1 _
k = = 409.10-11, (21.8)

Ilpm 2710i1 pasmMepHOCTH % CTOPOHH TPEYTOJBHWKOB NOJKHHL GHTH BHPAKOHE
B JIECSTHIX JOJAX KUJIOMETpa.

Puec. 41

Iopsimox Boumcaenw#l mpm npmMeHeHMH cumocoba ajgmuTaMeHToB Oymer cie-
DyOmmii:

1. I3 mcxopHON CTOPOHEI ¢ BHYUTAETCA €€ afgfiuTaMeHT A, W TaxkmM o6pasoMm
BHUHUCIAETCA @'

2. C mony9eHHEIM 3HAUCHNEM ¢’ TPEYTOIbHUK PEIIaeTcsl KaK MIOCKAN ¢ UCIIONb-
30BaHWeM cPepHYECKUX YIJIOB, T. €. BRUMCIATCA b, ¢';

3. lonyuennme snavenus b’, ¢’ meupaBugioT agguraMedTamMu A, u A, u moxy-
9aI0T ICKOMBIE 3HAYEHUA CTOPOH TPEYroJbHUKA.

OueBnpHO, WPW BHYMCIEHWH [JAH CTOPOH BJOJb TPHAHTYJIANKOHHOTO pAAA
(puc. 41) mocrarouso WCHpPaBHTH WCXOJHYI CTOPOHY @ ajmurTaMeHToM A, namee
C BTUM 3HaYeHWeM a’ PeIdnTh BCEe TPEYTONBHMKE KAaK MIOCKHEe IPH mMoMOmH cdepu-
9eCKUX YrIOB W 3aTeM HUCHPABHUTH BHYNUCIEHHHE B3HAYGHHSA CTOPOH UX aJin-
TaMeHTaMH.
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IlpuMep Ha pemeHme TpPeYroJBHHKA IO CHOCOGY
B Tabu. 7 ¥. .

afiIUTAaMEHTOB TIPHUBENeH

Ta6anona 7
Bep- Yrast CHHYCHI YIJIOB IIpubamxeHARBIE Apmura- CTOpPOHB!
THBL cdepuueckoro cepuaecroro CTODOHBI MEHTbI cepmyecKoro
TPEYrolbHUKA TpeyroJjibHUKa a’, b’, ¢’ Ag TpPeyroJibHUKa
A 50°20’ 19,98" 0,7698 3287 38 981, 350 0,243 38 981, 593
B 62 12 45 11 0,8846 8295 44796, 914 0,368 44 797282
C 67 26 59,00 0,9235 4337 46 764, 654 0,419 46 765,073

Cooco6 agnuTaMeHTOB IPUMEHWM [JIS PEMEHUsi TPEYTOJABHUKOB

npumepuo xo 100 kM.

€O CTOpOHAMH



I'nasa LV

BLIYNCJIEHNE T'EOAE3NYECKUX MINPOT,
JOJTOT 11 ASUMYTOB

§ 22. OGmme  ceenenus

- Homeunas mexs OCHOBHHIX Treojie3m4ecKux paGoT — ompejeneHre KOOPAMHAT
reofie3MYECKEX HNYHKTOB. TaKk Kak B Ieofiesd4eCKUX BHYMCIEGHEAX (QUrypa 3emns
OPEHEEMAETCA 3a SJJINICONS BPAMEBHsA, T0, CIAE0BATEIBHO, 33/[a9a CBONMTCA K BEHI-
YUCIeHUI0 KOOPAHHAT OTAEIBHHX TOYeK OBEPXHOCTH DILIHNCOMa Bpamennsa. Ilomo-
MOHME TEOJieBNUECKAX IYHKTOB MOKeT GHTH ONIPEJieNeHO B Pas3jMUHEIX CHCTEMAX
KOOPIWHAT; KaKNOH CHCTEME KOOPAUHAT COOTBETCTBYIOT
CBOH MeTOAH K (GOpPMYJIE BHYNCICHHH.

B 9T0#f TIaBe PacCMOTPEHH METOMH BHYHUCIEHHWS Teo-
Ne3MYECKAX KOOPAMHAT, T. €. TEOIe3MYECKAX IMUPOT, KOJIILOT
H a3AMYTOB.

XapakTepHasg OCOGEHHOCTH TEONE3WIECKEX H3MEPEHUM
3aKJIIYAETCS B TOM, 4TO OHN JOCTABIAIOT TAHHEE, OMPefe-
JAK0NAe O THOCHTE A b H O € B3aMHO® MOJIOMKEHAE Teo-
He3W9geCKMX DYHKTOB. Tak, B pe3yabTaTe PAa3BHTHASA CeTel
TPHAHTYJIANAA, OPOJIOKEHAS] XOLK0B TOYHOM MOJIMTOHOMETPHHM
(He3aBMCEMO OT MPMMEHEHHEIX METOJI0B M3MEpPeHui) mojyda-
0TCH PACCTOAHUA MEKAY TeOfe3MIeCKAMA NYHKTAMU, YIJIH
‘¢uryp, 06pasoBAHAKNX dTUMH DYHKTAMH, HO U3 OMHHX TOJBKO
TeOIe3MIECKUX HM3MEPEHHI He MOKeT GHTH OIpefeseHo mo-

 JIOyKeHHEe TeoMe3WIeCKAX IYHKTOB HA 36MHOM 3JIIHICOUNIE B
BANle MX KOODPAWHAT B Kakoi-imbo cmereme. Mg Beiamcie-
HHUA Te0Jie3HYeCKAX KOOPAMHAT KAKOH-ITHG0 CHCTeMH NIyHK-
TOB JOJKHEL OHITH 3aJaHH WJIM OIpeNedeHH Heo6XonuMEie Puc. 42
HCXONHHIE [AHHHIE, YCTAHABINBAIIMINE IOJOYKEHHE 3TOH CH-

CTeMH IYHKTOB Ha 3JIIUIICONE U €€ OPUEHTHPOBKY OTHOCUTENLHO 1aPAaMETPAIECKAX
JUENHA MepHAMAHOB W mapajiiesei.

B rauecTBe MCXONHHIX JAHHHIX, HEOGXOAMMEIX I BHUMCICHAS TeONe3HICCKAX
KOODAWHAT MYHKTOB, KOJKHO OKITH 3aaHO MOJOKEHAe HA MOBePXHOCTH HIUIHICOULA
IBYX KaKuxX-In00 OYHKTOB nagHO# cetm. Ilososxemwe »TMX ABYX OYHKTOB MOMKET
OuTh 8amaHo: a) reofesMYCCKEMH KOODIWHATAMH OJHOTO NYHKTA, DAaCCTOSHHEEM
B a3EMyTOM HA BTOPO¥ OYHKT HAE 6) reofesMISCKAMHA KOODAMHATAMHA 06G0WX
OYHKTOB.

B mepBom cayuae mamEm reomesmueckme xoopamHaTH B, m L, maa nyskra A
(pmc. 42), asmmyT A, , reopesmueckoil uanE AB B PacCTOSHEE §,; , MY NYHK-
TamMa A u B; tpebyercs onpeneaunts mupory B, B moaroty L, Touku B u o6paTHHE
asmmyT A, ;, ¢ ToukE B Ha TOURYy A.

Takan 3amaua HaswiBaeTcs mpAMO#l reoesmMIecKOnd 3amgade il |

Buancienne xoopammEaT OYHKTOB TPHARTYIAANMOHHOTO psfa (CeTH MM mOJIU-
TOHOMETPHYECKOTO XO0/1a) BaKIIYAaeTCA B IMOCIENOBATEABHOM PEMEeHHA NPAMOR %
reonespyeckoil 3a7a4y IO HEKOTOPOH XONOBOW JMHWEM TEOfe3WUECKOTO PAAA; NPF
KaKIOM pelmeHMN TAKOH 3a[aY¥ OO AAHHON CTOPOHE WMCKOMLIe KOOPAMHATH H a3H-
MYTH UpefHyImell 3a[aud CTAHOBATCS MCXONHKIMM [JIsA PEIICHWSA 3afaYl 00 NAHHON :
CTOpPOHe. !

Bo BropoM cayuae, Korma mo gapHBEIM reofe3NYeCKEM KOOPIMHATAM IYHKTOB A
u B grramensior paccTosiHUe MeKOV STEAMHA IYHKTAMH, OPAMOM U 06 paTHHA a3UMYTHE

I} |
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avann A — B, Taxasa 3ajada Ha3HBaeTcss o6 paTHOR reofesmdecKoil 3 a -
Kadei. Tar, HanpuMep, mocie YPAaBHUBAHHUSA OTHENBHHX 3BEHBEB TPHAHTYIAINN
1 xmacca [JA MOJUTOHAJBHOTO YPABHMUBAHMA HEOOXOAWMO BHYHCHATH JJIHHH,
IpAMOY W 0OOPATHHIE a3WMYT TeO/ie3NIeCKON JWHUN, COSIUHAIOME KOHEYHEIE TOTKNA
3BeHa. B aToM ciyuae pemaerca o6paTHaA reofesudecKas 3afada.

[Ipsamyio 1 06paTHYIO TEOe3AIECKIE 3aIaYM HABKHBAKT I' I ABHHBE MHE T € O -
Ne3sWMUYeCKHMMHU 3agadaMu.

IIpusemenHoe BHIIE ONMCAHWE TJIABHHX IEOe3WYECKUX 3a7ad JAHO TNPHEMEHI-
TEJIBHO K CIY9AI0 BHUNCISHUA reofieBNIeCKUX KOOPANHAT IYHKTOB TOCYAaPCTBEeHHOT
Te0/Ie3UIECHON CeTH.

Jror cayuall XapakTepeH TeM, UYTO BHUHCICHHE TeONe3WYeCKUX KOODHHHAT
OPUXOMUTCA BECTH HA PACCTOAHWSA, He OpPeBHINapmue, Kark npasmio, 30—40 ww,
a TpebyeMas TOYHOCTH BEIYHCICHUA KOODPAMHAT HOCTATOYHO BEHICOKAa. VIHOTAa BO3HU-
KaeT HeoGXOJMMOCTh BHIYHCICHNA NPAMON W 00pATHO! reofiesmdecKuX 3amad mpH
PACCTOAHMAX MEHIy MYHKTAME B HECKOJBKO COT, & B PALE CAYIaeB W B HECKOIBKO
THICAY KHJIOMeTPOB. Heo6X0iaMoCcTh PeNIeHnA TAKAX 3alad BOSHEKAST B PASIAIHKEIX
genax. Hanpumep, npu mepegade KOOPAWHAT HA ApYI¥e KOHTHHEHTH HPU M3YICHUU
ux aBmkeHmsA. PasHooGpasme B PACCTOAHUAX, OO KOTOPHM BO3ZHWKAGT HEOOXOMM-
MOCTD PEIICHHUA TIABHHX Ce0JesMIeCKAX 3a/adY, PasiInynase TPe6oBaHuA K TOTHOCTH
He IO3BOJAIT DPEKOMEHIOBATH KAKOH-TH60 eNWHEHA MeTon M equHbE (HOpPMYJIHL.
IlosTOMy, B 3aBHCHMOCTH OT YKA3aHHHX YCJIOBHH, Ieaecoo6pasHO NPEMEHATEH
pasnudHLEe METOE W HOPMYIIH PEUICHAA 3aKad.

Yca0BHO PaccTOAHUAS MOYKHO TONPA3MAEIUTHh HA YOTHPE TPYIIIH:

1. Maawe paccrogama — mo 30—45 M.

2. Cpemaue paccrosumsa — fo 600 um.

3. Boupmue paccroanma — mo 5000 rm.

4. Ouens Gonpmue paccroanms — no 19 000 kM.

H wepsoit rpymme paccToSHUA OTHOCATCA [IUHE CTOPOH TPHAHTYJIALNU
4 xmacca,

Teomeswmueckme cetm 2 wiuacca W mHwxe B CCCP o6HYHO BHUACIAIOT
Ha TJOCKOCTH B UpHHATORM npoexmmm Iaycca — Hprorepa; B sToM ciydae
BHYHUCIASIOT HPAMOYTOIbHBE IIOCKHEe KoopamHATH. Horma pedp wier o pacuerax
B mpemexax HeGOJBIMAX PACCTOAHWHA W MJIOMANel, TO, KOHEYHO, HamboIee Ieseco-
06pas3Ho MCHONB30BATH T€OJI6BWIECKUe KAHHKE B HPAMOYTONBHOU CHCTOME KOODMH-
Har. Ho xorma reomeswdeckne BHIYHCICHWS OJKHBI OHTH BEIOMHEHH MEKAY TOU-
KaM# 3eMHOW MOBEPXHOCTH, PACHOJOYKeHHHMHP HA 3HAYATEIBHHX PACCTOSHUAX,
TO 37ech B ITOJHOUA Mepe IPOABIAITCA NOPEAMYMECTBA W NOCTOMHCTBA CHCTEMBI
TeoMe3MIeCKNX KOOPAUHAT, KAaK eUHON [JdA Bcedl 3eMIH U OTHECEHHOW Hemocpe-
CTBEHHO K €€ MOBEePXHOCTH.

Bor mouemy o6s3aTenbHO JIJIA HWHKEHEPA-TEONE3MCTA 3HATH TMYTA W METOIHI
pemeHus UpAMOi W o6paTHOH 3amad B CHCTEME Te0/Ie3WIeCKIX KOOPAMHAT HPH Pas-
HBIX PAaCCTOAHUAX, €CIM OH X04eT GHTH HOATOTOBIGHHHIM I OTBETA Ha OMpPEJeNeH-
HBIl KPYr BOIIPOCOB TEOPHW BHICIION Teofiesud U €e IPaKTHIeCKOTo UPHMEHCHHHd,

§ 23. OGmme coobpaskeHNs1 0 peHICHUN OPAMOil M 00pPATHOI reoe3NIecKnuX 3a7ay

CymecTByer fBa OCHOBHLIX IYTH PEIIeHUS NPAMOH W 0OpaTHON reofie3muecKux
327147, HABHLIBAGMEIX MPAMEM, VAW HENOCPEACTBEHHKM HyTeM peIleHHs Teofesmue-
CROI 34191 ¥ KOCBEHHBIM IIyTEM PEMIeHWs 3a7adu.

Il pamoii, miu HemOCPeNCTBEHHBI! TyTh DeIIeHWsI TIAaBHOU reojie3muecKoi
3a[a9d 3aKJII09AeTCsi B pemeHuu cepoummueckoro tpeyroapHura APB (pue. 43).
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B sroM caydae usBecTHH fBe ¢TOPOHE — AP = 90° — B,, AB = s n yron Mexay
gmmu A, ,. VI3 pemeHns TpPeyrodbHEKA HENOCPEICTBEHHO OIPENeNAIOTCS TPH
OCTANBHEIX 9JIEMEHTA, ABIAIIMAEcs HCKOMEIMEH, — BP = 90° — B,, 1. e. mu-
pora B,; (360° — A, ,), 7. e. oGparHei asumyr A, ;, W | — PasHOCTH AONTOT OYHK-
toB A m B, mo KoTopoil merko Haxopurcs moarora L, = L, 4+ l. llpu pemennn
ofpaTHO# Treoe3WIECKO¥ 3a7aUu M3BECTHH clexylomue Tpw sxementa: B, B, m I.
W3 pemeHns TpeyroJbHMKA HaxopAT yriaw PAB = A, ,, PBA = 360° — A, ,
1 cTopory AB = §, T. e. PACCTOSAHTE MEKIY 3a[AHHBIMY TYHKTAMH.

Takum 00pasoM, A MPAMOTO OYTH PEINeHUS TIABHOM reofe3mMuecKoil samagm
XapaKTepPHO HEmOCPeJCTBEHHOe ONPeJieJIeHne 9IIeMEeHTOB Tpeyronbanka ABP, aBusa-
OMUXCA ACKOMBIME BEJIHINHAMY.

HocBemuu# myTh pemeHHs IIaBHON Ieofe8HUECKON 3aadd 3aKIIIO-
9aeTCHA B BHBOAE PAa3HOCTEH MWPOT, MOJATOT X A3AMYTOB MAHHOTO M ONPEHesaeMOro
OYHKTOB.

CrmenoBaTennbHo, NI KOCBPHHOTO NYTH pEIIEHWS 3aNa4M XapPAKTePEH BHIBOJ,
pasHocTed WCKOMHIX W [aHHHX Bexwsws, 7. e. (B, — B,), (L, — L) =m
(A, , — A, , =180°), mocme wuero ompefielifeMble TeONE3WICCKHAE KOOPAMHATEL
TMOJYYat0TCH W3 BEIPaKeHMI:

B, =B, (B,— B,),
Loy= L+ (Ly— L,),
Az.l =A1.2 i 180. + (Az.l_ Al.?)'

Dopmyas [isa pemeHus o6paTHOR reofesMIecKodl 3aladd 0GHYHO HONYIAOTCH
u3 $opMyN [ pemieHHs NPAMOH 3aJa9M TyTeM COOTBETCTBYIONMX MATEMATAYECKIX
npeofpasoBaHml, IOITOMY B HOCHEAYOIMUX Haparpadax BHE-
MaHUe GyHeT coOCPeNoTOdeHO HA PACCMOTPEOHAN PA3IHIHEX Me-
TOJIOB pelneHus mpaMoii reopesmdeckoi sagaun. [[ng pemenns
’Ke o0paTHOM 3amaum OYIYT MAaREl C COOTBETCTBYIOIEM 0GOCHO-
BaEWeM TOJLKO Hambojee ymoTpeOUTeNbHEE (OPMYIH.

Bosspamasce Kk npAMOMY OYyTH pemeHAs TIABHON Teofe-

BMYECKON 3aja9M, HeOGXOAMMO YKa3aTh, 9TO PEUmIEHHE Tpe-
" yronpEmKka APB, Kaxk TPeyroJbHUKA cepomauaecKoro,
He MOKeT OBITH BHIIOJHEHO B HIEMEHTAPHHX (YHKIUAX B
3aMKHyTO#l (opme. ITO, KOHEUHO, MOHATHO: CTOPOHEL YIO-
MAHYTOrO TPEYTOJHHUKA, KAaK Te0[e3sNIeCKHe JIWHAM HA
HOBEPXHOCTH JJLJIMICOMAA, BHPAKAWTCA JIIANTHICCKUME
AHTETpajlaMH, He IOAMAIIMUMHCA WHTETPHPOBAHHUIO B djie- Puc. 43
MeHTapEbx ¢QyEKmusx. [lostroMy mnpm pememdAm Tias-

HOM Treofe3WdYecKodl 3afaud ¢ TPUMEHEHAEM NPAMOTO

IyTH MOCTYHAIT CIEAYIOmAM obpasom: oT cdepommmueckoro Tpeyroabuuxa APEB
TePeXofiAT K TPeYTOJBHUKY HEKOTOPO# BCIIOMO