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[IpenucaoBue

B yueGHHKe paccMaTpHBaeTcsi TEOpHsl H NPAaKTHKA MOCTPOEHHS ro-
cymapcTBeHHO! reolde3udeckoit v HueaupHo#t cereii CCCP. VYue6-
HMK HamMcaH B COOTBETCTBHH C Nporpammofi kypca «Bericiuas reo-
Ie3usi» AJs CTyAEHTOB BY30B.

B mocraHOBKe OCHOBHBHIX reoJe3HYecKHX paboT B HaleHd cTpaHe
M TOATOTOBKE BbICOKOKBaJH(HIHMPOBAHHBIX CIElHaJHCTOB B 00.a-
CTH BhICLIEel reofe3Hd Ha MPOTSKEHHH HECKOJbKHX AeCATHJEeTHH
CHITpaJl OTPOMHYIO POJIb QYyHAAMEHTaJbHBIA TPYJ KpYyNHeMllero co-
BETCKOTO Y4YeHOro-reojie3ucra, ujeHa-koppecnougeita AH CCCP,
npogeccopa ®. H. KpacoBckoro «PykoBoAcTBO no Bhicluell reoje-
3HHM», H3JlaHHOe B ABYX dYacTsix B 1938—1942 rr.

B 1967 r. BmHIJO B cBer yyeOGHOe mnoco6He npodeccopa
A. W. ypueBa «Briciiasi reofesusi», npefiHa3HaueHHoe AJs MNOA-
FTOTOBKH CIIEIHAJHCTOB, BBINOJHSIOIIHX OCHOBHEIE TeoJe3HyeckHe
pa6oTe. B nepBo#t uyacTH 3TOro nocobGusi NMpHBeAEHBHl HayaJbHHE
cBelleHHs1 O (Urype M IPaBHTALHOHHOM IoJie 3eMJIH, IOBEPXHOCTAX
OTHOCHMOCTH; paccMOTpeHa cXeMa M NporpamMma IOCTPOeHHsI rocy-
JapCTBEHHOH TeoJle3HYeCcKOH CeTH, cmocobbl INpeaBapHTeNbHOH
OLeHKH TOYHOCTH M METOJH ypaBHHBaHHS reOfe3HUeCKHX ceTeil Ha
nJjockoctH B npoekuuu I'aycca—Kpiorepa. Bo BTopylo yacte npen-
noJiarajoch BKJIOUHTb BOIPOCH, CBSI3aHHBIE C H3yueHHeM NpPHGO-
pPOB, METOJOB M TEXHOJOrHH BHIIIOJHEHHS MOJIEBHIX Te0le3HYecKHX
paboT B rocyfapCTBeHHOH reofe3HYecKOH CEeTH, a TaKxXKe MeTOJHl H
cpeacrBa coszganus HuBeaupHo#i ceru CCCP. OpHako naHHasi pa-
60oTa He OHlIa 3aBepllieHa.

Yueb6Hoe mocobue «Bricmas reopesust» npodeccopa A. M. Bu-
poBLla InpeAmnoJarajoch H3faTh B ABYX uactax. B 1970 r. Gwuta
NOArOTOBJIEHA M HM3JaHa TOJbKO NepBasi 4acTb, B KOTOPOH MpHBe-
JeHbl oOliHe cBeleHHs O (Urype W I'DABHUTALHOHHOM IOJe 3eMJH,
NOBEPXHOCTAX OTHOCHMOCTH; PaCCMOTPEHbl METOHBl, 8 TaKXe cxema
M NporpaMma MOCTPOEHHS TOCYAapCTBEHHOH reoje3HyecKoi ceTH;
M3JI0XKeHBl BOIPOCH MPOEKTHPOBAHHS, PEKOTHOCUHPOBKH H 3aKpell-
JIEHHs] CeTH Ha MECTHOCTH, INpeJBapHTeJbHAas OLIEHKAa TOYHOCTH
U T. I.; KpOME TOro, JaHo MNOAPOOHOe omHCaHHe NPHMeEHseMBIX
B TO BpeMs BHICOKOTOYHHIX TEOLOJHTOB H METOJOB HX HCCJENO-
BaHHH.

Hacrosimuii yye6HHK COCTOMT M3 NATH pasjleoB. [Ipu Hamuca-
HHH €ero yuYTeH MHOTOJIETHHH OMNBIT YTEHHsS aBTOPOM NAaHHOTO Kypca
Ha reofe3nyeckoM ¢akynabrere MUHUTAuK.
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B mepBoM paszese npHBedeHH OOLIHe CBeleHHA O ¢Hrype H
rpaBUTAILMOHHOM TNoJie 3eMJIH, NMOBEPXHOCTAX OTHOCHMOCTH, reojie-
3MYECKHX H aCTPOHOMHYECKHX KOOpAMHATaX, JaHO MOHSTHe pPeAyK-
LIHOHHOH 3ajJaud. DTH CBeJeHHs HeOOXOLHUMB AJIS1 HayuHOro 060CHO-
BAaHUS OCHOBHBIX IOJIOXKEHHH O NMOCTPOEHHH TOCYAapCTBEHHBIX OIOP-
HBIX TeOfe3HYeCKHX ceTeH BBICOKOH TOYHOCTH B eIMHOH AJs Bced
CTPaHBl CHCTEMe KOOPAHHAT H BBHICOT C YYeTOM HeOJHOPOJAHOCTeM
rPaBHTALIMOHHOTO MOJISI 3eMJIH U KPUBH3HH ee NOBEPXHOCTH.

Bo BTOpOoM pa3jiesie pacCMOTPEHBl NPHHIIMIE H METOAH IOCTpOe-
HHS rocyZapcTBeHHOH reofesnueckolt cern CCCP, BkJjiouass npo-
eKTHPOBaHHe, PEKOTHOCIHPDOBKY M 3aKpelJieHHe ee Ha MECTHOCTH,
anpHOPHYIO OIEHKY TOYHOCTH, NMYyTH JajibHefilllero coBeplUeHCTBO-
BaHHS U MOBHIIIEHHUS TOYHOCTH CETH.

B TperbeM pasfiesie 1aHO KPaTKQE OMHCAHHE OTEeYeCTBEHHHX H
3apy6GeXHBIX BBICOKOTOUHHIX TEOLOJHTOB, BKJIOYasi 3JIEKTPOHHHIE;
paccMOTpeHbl OCHOBHBIE HX HCCJI€0BaHHS; INpOaHaJH3UPOBAHH
pa3Hoo6Gpa3Hble MOTPELIHOCTH BBICOKOTOYHBIX YTJIOBBIX H3MepeHHH,
a TaKXe MeTONH MCKIIOUEHHS HJIH ocaabjieHHs X BJHSHHH; H3-
JIO)KeHa TeOpHsl H [JaHO oNHCaHHe MeTONOB YIVIOBBIX H3MepeHHH
B reofle3H4eCKUX CeTsX.

B uerBepTOM pasllejie pacCMOTpPeHH TeOpHsT M NpPaKTHKa IO-
CTPOeHHs BHICOKOTOYHOH HuBeaupHoii cetn CCCP, BkJOuas ee
cxeMy H INporpaMMy, NpPOeKTHpOBaHHe H 3aKpellJleHHe CeTH Ha
MECTHOCTH, HNPHOGOPH H MeTOAH H3MepeHHH, aHaJH3 HCTOYHHKOB
omH60K, NpeaBapHTeNbHYI0 06pabOTKy pe3yJbTaTOB H3MepeHHH,
MeTOLH YypaBHHBaHHS HHBeJHPHHX certell. OTlesbHasi ryiaBa Io-
cBsIlleHa TPUTOHOMETPHUYECKOMY HHBEJIHPOBAHHIO C YUETOM BJIMSTHHS
pebpakuuy, YKIOHEHHH OTBECHHIX JIHHHH H IpeBBILIEHHH KBa3H-
reoufia Ha BbIYHCJsieMble Pa3HOCTH HOPMAJbHHIX BEICOT TOYEK 3€M-
HOH MOBEPXHOCTH.

B nsAToM pasfiesie H3JI0XKeHO cofepkKaHHEe NpPeJBAPHUTEJbHHX BHI-
YHCJIeHHH H TEeOpUS ypaBHHBAHHS TeoJe3UYEeCKHX ceTefi Ha IJIOCKO-
cTH B mpoekuHH I'aycca—Kpicrepa kKoppenaTHBIM H NapaMeTpH-
YeCKHM CIoco6aMH.



BBeneuue

Bhicimrass reojies3uss—Hayka, 3aHHUMaloIasics onpejeJeHHeM
¢bopMBI, pasMepoB H TpPaBHTALHOHHOTO NOJS 3eMJH, CO3JaHHeM
rocyJapcTBeHHHIX OINOPHBIX TeOfe3HYeCKHX ceTeH, H3yueHHeM Teo-
NHHAMHMYSCKUX SIBJEHHH, pellleHHeM reofe3MyYecKHX 3afay Ha IO-
BEPXHOCTH 3€MHOTO 3JIJTHIICOMAA H B IPOCTPAHCTBE.

3agauyu BHICIHIEH reoJle3UH NPHHATO MOApPa3nesnsiTb Ha HayyHHIe
U HayyHO-TexHHueckHue. ['1aBHOH HayuHOH 3ajfauefl BHICIeii reofe-
3UH M CMEXHHX C Hefl Hayk (rpaBHMeTPHH H TeOpHH GHUIYPH
3eMJIH, KOCMHYECKOH reofle3NH H aCTPOHOMHH) SIBJISIETCS ONpefe-
JeHHe nmapametrpoB ¢uryph 3emiau (ee ¢opMB H pa3MepoB), BHeIl-
Hero rpaBHTAlMOHHOTO MOJS M HX H3MeHeHHH BOo BpeMeHH. B Ha-
crositnee BpeMs nmoj ¢urypoit 3eMJsn B BHICLIEH re0fie3HH NOHHUMAIOT
¢Gurypy, orpaHuuyeHHyI0 (H3HYeCKOH MOBEPXHOCTbIO 3eMJIH, T. e.
NOBEPXHOCTBIO ee TBEpPHOH OOOJOYKH Ha Cylle H HEBO3MYLIEHHOH
NOBEPXHOCTBIO MOpell ¥ oKeaHoB. [lol rpaBUTANHOHHBIM II0OJIEM
3eM/IM MOHHMAIOT MOJI€ CHJIBI TSXKECTH, SIBJAIOLIefics paBHOMEHCT-
BYIOIlEH CHJIBI NMPHUTSIKEHHS (TATOTEHHs)) U IeHTPOGeXHOA CHJIHI,
BHI3BAHHOH CYTOYHHIM BpallleHHeM 3eMJIH.

. Isyuenne rpaBHTallHOHHOTO MOJSI 3eMJF 1O CBOeH CyTH — reo-
¢dusnyecKas mpobsaeMa, KakK M H3yyeHHe JPYTHX (HU3HUECKHX MOJeH
3eman. OmHAaKO B CHJIy 0COGOM BajXXHOCTH /ISl T€ONE3HH H C yue-
TOM TOTO, YTO MapaMeTphl GUTYPHl H 'PABHTAIIMOHHOTO MOJSI 3eMJIH
ONpejeNsIoTCs M3 COBMeCTHOH 06paGOTKH KOMIJIeKca acTPOHOMO-
reofie3HYecKHX, IPaBHMETPHUYECKHX, CIYTHHKOBBIX H JPYTHX H3Me-
pPEHHH H COBMECTHO HCIOJb3YIOTCS NPH pelIeHHH MHOTHX 3ajay
BHICIIEA reofie3WH, H3yueHHe T'DABHTAIIMOHHOIO MOJIST 3eMJIH SBJIS-
eTcsl OJIHOR M3 IVIaBHHIX HAayYHHIX 3a7a4 reOfe3HH.

[Toa BosnefictBHeM (DU3HUECKHX MPOLECCOB, IPOTEKAIOIIKX B HEI-
pax 3eMJH H Ha ee NMOBEPXHOCTH, MENJIEHHO MEpEeMeIlalTcs JHTO-
cepHBle MJIHTH, BO3HHKAIOT YINpyrHe HampsixeHHs B 3eMHOA Kope,
MPOMUCXOJAT 3eMJIETPSICeHHUs, NOCTeNeHHO AedopMHpyeTcs 3eMHas
MOBEePXHOCTb, TpPHYEM MO-PA3HOMY B pAa3HBHIX MeCTax, H3MeHseTCs
NOJIOXKeHHe MOJIOCOB 3eMJIH, ee TPaBHTAIlMOHHOE IIOJIe, YIJIOBasi
CKOPOCTb BpallleHHss W T. . Bce 3T0 OkasbiBaeT BJIHSIHHE Ha TOY-
HOCTb ONpefeJieHHs] KOOPAMHAT M BBICOT NYHKTOB Te0Je3HYEeCcKHX
ceTefl M BelleT K HX H3MEHEHHIO C TeueHHeM BpeMeHH. [losTomy
OpH pellleHHH pa3HooOpa3HbiX 3amay, TpeGyIUINX reole3HuYecKoro
ofecrieyeHHsi HaWBHICLIEH TOYHOCTH, BO3HHKAeT HCOGXOLHMOCTh
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H3yuyeHHs1 3eMJIM Kak IJaHeTH. B CBfI3H C 3THM K UHCJY BaKHeil-
IIMX HAayYHBIX 337a4Y BHICLIEH reofe3HH OTHOCSTCS TaKue, Kak ompe-
IejleHHe TeoJe3HYeCKHMH MeTOLaMH KOJIHUEeCTBEHHHIX XapaKTepH-
CTHK AedopMauuii 3eMHOH MOBEPXHOCTH, H3yueHHe BEKOBHIX MOJHS-
THH HJIM ONyCKaHHUH KPYyNHHIX GJOKOB 3eMHOH KOpBI, a TaKxXe 3aKO-
HOMepHOCTeH mepeMellleHHH JHUTOCGEpHBIX IJHT, OINpelejeHHe H
yueT OBHXKEHMI NMOJIOCOB 3eMJIH U BapHauHil ee YIJIOBOH CKOPOCTH
BpallleHHsl, U3yueHHe COBPEMEeHHBIX JBHXEHHH 3eMHOH NOBEpXHOCTH
B CEHCMHUYECKH aKTHBHBIX pafOHax C LeJbl0 MOHCKA MpeIBECTHHKOB
H TOCJEAYIOIIero NporHo3a KPYNHbIX 3eMJIeTPSCeHHUH, H3yuyeHHe TeX-
HOTeHHBIX JABHMIKEHHH 3eMHOH TMOBEPXHOCTH, OOYCJIOBJEHHBIX aKTHB-
HOM JeATeJbHOCTBIO ueJiOBeKa, ONpelesieHHe pa3HocTeH YypoBHef
Mope#t 1 OKeaHOB H JIp.

OcHOBHasi HayuHO-TeXHHYeCKasi 3ajaya BBICIIeHl Treole3UH H
CMEeXHBIX C Hell HayK COCTOHT B cO3JaHHHU riaobanbHoil (o6iie3eM-
HOH) M HalWOHAJbHHIX (HAa TEPPHTOPHH TrOCYAapCTBa) ONOPHHIX
reofieauecKux cereil BHICOKOH TOuHOCTH. K HalHoHaJbHBIM, OMOp-
HBIM CeTSIM OTHOCATCS: rOCyJapCTBeHHasl reojesnuyeckas cerb (oc-
HOBHasl, YaCTO Ha3hHBaeMasl IJIaHOBOH), rocyJapCTBeHHAs] HUBEJHP-
Hasi ceTh (BBHICOTHAsl) W TOCYJapCTBEeHHAs TpaBHMeTpHYECKas CeTb.
OTH CeTH TeCHO B3aHMOCBSI3aHBI, HNOMOJHSIOT OAHA APYTyl0 H IpH
COBMECTHOM HCIIOJIb30BAHHH KOMILJIEKCa BBIMOJHSIEMBIX B HHX acT-
POHOMO-Te0ie3HYeCKHX W I'PABHMETPHUYECKHX H3MepeHHH N03BOJISIOT
OJIHO3HAYHO OIpefeJisiTh KOOPAMHATH H BHICOTH NMYHKTOB B eAMHOH
IJIA CTPaHBl CHCTeMe, a TaKXe mapaMeTph 3eMJH, XapaKTepH3ylo-
mue ee- GHrypy M rpaBHTAIlHOHHOE MoJe B NpefesNax TeppPUTOPHH
cTpaHH. BHINONHAS NMOBTODHHE H3MepeHHS B 3THX CeTsX, MOXHO
YTOUHAATb KOOPAHMHATHl H BHICOTH NYHKTOB, a TaKXe H3yuaTb reo-
JHHAMHYeCKHe SIBJIEeHHS.

IIpakTHKa MOKa3wBaeT, 9YTO C TeYeHHeM BpeMeHH TpeGOBaHHS
K TOYHOCTH NOCTPOEHHS] OMOPHHEIX Feofie3HUeCKHX ceTell HemnpephIBHO
Bo3pacraoT. OHH yXKe M Temnepb AOCTAaTOYHO BHICOKH, a B GJHXKaM-
meM GyaymeM OyAyT HecpaBHeHHO BHIIIe. [TosToMy B Hacrosiee
BpeMsl BO3HHKaeT He0GXOAMMOCTb pa3paboOTKH TeOpHH M MeTOLOB
CO3aHHSl MpPEIH3HOHHBIX OMOPHHIX reofie3HYecKHx ceTell (raobaJb-
HOH M HaUMOHAJBHHIX) C HCIOJb30BaHHEM [Js 3THX Iejel BCero
KOMILJIEKCa aCTPOHOMO-Teofie3HyecKHX, TpaBHMETPHUECKHMX, TpaBH-
WHepIHaJIbHEHX M APYTHX BHAOB H3MepeHHH, a Takxke HalOJIOJeHHH
HCKycCTBeHHBIX cnyTHHKOB 3emuu (MC3), KocMHUYeCKHX JieTaTelb-
Hex annapatos (KJIA), BHerajJakTHYECKHX HCTOYHHKOB pPaJHOH3-
JyuyeHHs: (KBa3apoB) H T. IL

[Ipn co3maHMM H TOCJEAYIOLIEM COBepLIEHCTBOBAHHH OIOp-
HBIX TeOfe3HYecKHX ceTell BO3HHKaeT OOJIBLIOH Kpyr HayuyHO-TeX-
HHYECKHX InpoGJjeM H 3ajay, BK/IIOYAIOIIHX B TOM 4YHCJEe pas-
pa6oTKy:

HAayYHO OGOCHOBAHHHEIX IPOTPaMMHEIX H METOJAHYECKHX BOIpO-
COB TOCTPOEHHsI OMOPHBIX T€OLE3HYECKHX ceTed C HauBbICIled TOY-
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HOCTBIO, }J,OCTyHHOf:l IIpyu HCIOJb30BaHHH HOBCHLIHX ILOCTH)KEHHﬁ
reoe3HuccKon HayKH H T€XHHKH;

CPEACTB H METOJOB HaJeXHOI'O 3aKpelJeHHs Teofe3HYeCKHX
ceTel Ha MECTHOCTH, CO3JaBaeMblX B pPa3JIHYHBIX (H3HKO-reorpa-
(bHYECKHX M KJIHMATHYECKHX 30HaX C Y4eTOM AJUTEJbHOTO CpOKa
UX CJYyXKOHI;

HauboJiee COBepIIEHHBIX METOAOB W TOYHHIX NPHOOPOB, aBTOMa-
TH3UPOBAHHBIX KOMIIJIEKCOB JJISI NMPOHM3BOJACTBA BHLICOKOTOYHHIX 4aCT-
POHOMO-T€0Ie3HYECKHX, T'PAaBHMETPHUCCKHX, CIYTHHKOBBIX, TpaBH-
HHepIHaJbHbIX, paJHOMHTEp(EepOMETPHYECKHX H APYTHX BHIOB H3-
MepeHHH B OMOpPHBIX reo/le3HYeCKHX CeTSIX HaHuBHICIIEeH TOUHOCTH;

3¢ (deKTHBHBIX MaTeMaTHYeCKH CTPOTHX TeOpHH H METONOB CO-
BMeCTHOH 06paGOTKH pe3yJbTaTOB BCEro KOMIJIEKCAa 3THX H3Mepe-
HHI C LeJblo HauOoJiee TOYHOTO ONpeje/ieHHss KOOPAMHAT H BHICOT
reoJle3sHyecKHx NMYyHKTOB, a TaKxKe NMapaMeTpoB (QUTypH H rpaBHTa-
IIHOHHOTO NOJIS 3eMJIH;

3¢ (peKTHBHBIX METOAOB U CPEACTB ONpeJelieHHsl yuyeTa BJIHSHHH
BHEIHeH# cpeAbl Ha pe3yJbTaThl aCTPOHOMO-T€OLE3HYeCKHX, CIYT-
HHKOBBIX H APYTHX H3MepeHHiH;

HaunGoJjiee TOYHBIX M B TO e BpeMs JOCTAaTOYHO MNPOCTHX Me-
TONOB pelleHHs TeOJle3HYeCKHX 3a1a4 Ha MOBEPXHOCTH 3eMHOro
3JUIMIICOMJa, NPUHHMAeMOro 3a TFeOMETPHUECKYI0 HJH (H3HUECKYIo
MolesNb 3eMJIH, a TaKXe B TPEXMEPHOM IPOCTPAHCTBE C HCIOJb-
30BaHHEM HoOBeHIlIeld BBIYHCAHTENbHOH TEXHHKH,

MeTOJOB HayyHOH OpraHu3anuH paboT, OXpaHBl TpPylda H Tex-
HHKH 06e30l1aCHOCTH Ha BCeX 3TallaXx [OCTPOEHHS H HaJibHeHIlIero
COBepILEHCTBOBAHHUS ONOPHKEIX re0je3HYecKHX ceTell U Ap.

Hayunble n HayuyHO-TeXHHYeCKHe 3aJlauH BHICLIEH reo/le3HH TeCHO
B3aHMocBsi3aHbl. Be3 3HaHuMa mapameTpoB ¢Hrypel H TpaBHTaLH-
OHHOTO NoJisi 3eMJIH HEBO3MOXKHO MaTeMaTHYEeCKH CTPOTO COBMECTHO
o6paboTaTh pe3yJbTaThl BCEro KOMIJeKca pa3HOOOpa3HBIX H3Me-
peHHH, BHIMOJHSAEMbIX NPH CO3LAaHHH OMOPHHEIX reofle3HYECKHX ceTel,
a cJefoBaTeJbHO, OJHO3HAYHO M C BHICOKOH TOYHOCTbIO Ompefe-
JIUTb B €[HHOH CHCTeMe KOODIMHATH H BHCOTH NyHKTOB. W HaoG6o-
pOT, AJIs H3y4YeHHs QUTYpPH M IPAaBHTALHOHHOrO NoJjs 3eMJH Heob-
XO[MMa CeThb ONMOPHBIX reoJe3HYyecKHX NMYHKTOB, KOOPAMHATHl H BHI-
COTBl KOTOPHIX OINpeJleJieHH B efHHOH cHucTeMe. DTO CBHAETENb-
CTBYET O TOM, YTO HayYHHle H HayYHO-TeXHHUeCKHe 3aJayM BHICILIeH
reoJle3vd JOJIXKHEl pelllaTbCsl COBMECTHO, METOAOM IpHOJHXKeHHH,
YTO H NMPOUCXOJHUT B AeHCTBHTENbHOCTH.

Briciiasi reojiesust HempephIBHO pa3BHBAaeTCsl W COBEPLIEHCTBY-
ercs. OHa TecHO B3aMMOJEHACTBYeT ¢ TaKMMHM HAayYHBIMH IUCLHII-
JIMHAMH, KaK TeopHs (GHrypbl 3eMJiH, TpaBHMETpHS, reofie3HyecKasn
aCTPOHOMHSI, KOCMHYeCKasl reoJie3usi H Ap.

Kypc Bhicurefi reofie3uH COCTOMT H3 TpPeX OCHOBHBIX Pa3fiesioB,
AONoJHAWUX ApYyr Apyra: «OcHOBHBEE Teofe3HyecKHe paGoTHIY,
«Cdepounnyeckas reopesus» u «Teoperuueckas reofesusi». B pas-
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nene «OcHOBHBle reoje3nyeckHe paboOTbi» paccMaTpHBAIOTCS BO-
NPOCH MOCTPOEHHS FOCYAapPCTBEHHBIX Fe0Je3MUeCKHX CCTCH (MmaaHo-
BBIX M BBICOTHBIX) B HCOAHOPOAHOM (pCaJibHOM) TPaBHTalHOHHOM
noje 3ems, B TOM YHCJe METOIAbl HX CO3JlaHHs, MPOECKTHPOBaHHE
U 3aKpenJieHHe ceTefl Ha MECTHOCTH, NMPHUGOPbI H METOJbl BbICOKO-
TOYHBIX Te0Je3HYeCKHX H3MepeHHH pa3HOro COCTaBa, HCTOYHHKH
OIIH60K H3MEepeHHH M MeTOABl yueTa WX BJIHSHHH, METOABl MaTeMa-
THYECKOH 00pabOTKH pe3yJbTaTOB H3MEPEeHHH C yueTOM KDHBH3HH
3eMHOH IOBEPXHOCTH H HEONHOPOLHOCTEH TPaBHTALHOHHOTO IOJS.
B paspene «Coeponnnueckas reofie3usi» u3yyaercs reOMETPHS 3eM-
HOTO 3JIIMIICOMAA, MeTOJbl pelleHHsI reofe3HYECKHX 3ajay Ha ero
MOBEPXHOCTH H B TPEXMEDPHOM IPOCTPAHCTBE, a TAKXe TEOPHS OTO-
OpaXkeHHs MOBEPXHOCTH 3JUIMICOMAA HAa LIape M Ha IJIOCKOCTH.
«Teopernueckas reofieausi» 3aHHMaeTcsi pa3paGoOTKOH TeopHii U Me-
TOJOB pelleHHs] OCHOBHBIX HayuyHbIX NpobJeM H 3ajay BHCIIEH
re0Jie3HH, HCHOJb3ys Js 3THX Liesiel BeCh KOMIJIEKC COBPEMEHHHX
aCTPOHOMO-Te0/le3HYECKHX, I'PaBHMETPHYECKHX, CIYyTHHKOBHIX H ApY-
THX BHJAOB BHICOKOTOUHBIX H3MepeHHH, BHINOJHSEMBIX B OINOPHBIX
reoflean4ecKnx ceTssX M NpPH HEOGXOAMMOCTH MOBTOPSIEMHX B TOM
HJIH HHOM o0BbeMe uyepe3 oNpefiejieHHHE NPOMEXYTKH BPeMEHH IIpH
pellleHHH reOAMHAMHYECKHX H APYTHX 3a4au.

Jas ycnemHoro pellleHHsi HayYHHIX H HayYHO-TEXHHUECKHMX 3a1ay
BHICIIEH reofle3WH Bce H3MepeHHS B TOCyJapCTBEHHHIX reoje3Hue-
CKHX ceTsix | kJlacca Heo6XOAMMO BHINOJHATH C HaWBRICIUEH TOY-
HOCTBIO JOCTHraeMOH IpH MAacCOBHX (He eJHHHYHHX) H3MEpEHHAX
[pH HCIOJb30BaHHHM HOBeHlllel H3MepHTEJbHOH TexHHKU. B Ha-
cTosilee BpeMsi B reoJie3HUeCKHUX ceTsiX | kJacca rOpU3OHTaJbHHE
YIJIH H3MepSIIOTCS cO CpefiHeH KBaApaTuyecko# oum6koit 0,5—0,7”
(BHIYHCTIEHHOH IO HEBSI3KaM TPEeYrOJbHUKOB), IJHHH CTOPOH —
C OTHOCHTeJbHOH OmHGKoH 2-10-5 npeBhlllleHHS NPH HHBEJHPO-
BaHHH — cO cayyafiHoii ourn6ko# 0,5 MM/KM, acTpOHOMHYECKHe IIH-
POTH, HOJNTOTH M a3HMYTH — CO cJyuaiinbiMu omubGkamu 0,3”;
0,03s u 0,5” cooTBeTcTBEeHHO (BHIYHCJIEHHHIMH MO KoJieGaHHUSM pe-
3yJIbTATOB H3MepeHHH B IpHeMax), YCKOPEHHE CHJIbl TAXKeCTH —
C OTHOCHTeJbHOH owHGKoH mnopsaka 3-10-8 JlocTHiKeHHIO TaKoH
BHICOKOH TOYHOCTH H3MepeHHH, BHIIOJNHSEMHX B CJIOXKHeHUIHX (H-
3HKO-TeorpadHyecKHX M KJIMMAaTHUYECKHX YCJIOBHSX, NpeAllecTBOBAJ
OTPOMHBIH TPy COBETCKHX YUeHBIX-Te0Jle3HCTOB, NMPHOGOPOCTPOHTE-
JeH U LPYrHX CHenHaJHCTOB.

Briciias reojesdsi B CBOMX HCCJIENOBAHHSIX IIHPOKO HCIOJb3YeT
HOBeHlllHe AOCTHXKEeHHS TaKHX (yHIaMeHTaJbHHX HayK, Kak ¢u-
3HKa, MaTeMaTHKa, aCTPOHOMHS M APYTHX, a IpH pa3paboTKe BH-
COKOTOYHOH H3MEpHTeJbHOH TEeXHHKH — NMPHKJIAAHOH ONTHKH, TOY-
HOTO TPHGOPOCTPOEHUS], pPaAHO3JEKTPOHHKH, Ja3epHOH TeXHHKH
u T. . [Ipn MaTemaTHuecKod 06paGoTKe De3yJbTAaTOB H3MepeHHH
IIMPOKO NMPHMEHSIIOTCSI TEOpHSI BEPOSITHOCTEH, MaTeMaTHYecKas cTa-
THCTHKA, METOJ HaMMeHbLIMX KBAaApaTOB H T. I. Bce BHuUHCHeHHS
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BHIMOJIHAIOTCSl C HCIOJb30BaHHEM HOBeflllell 3JIeKTPOHHOA BBIUHCJIIH-
TeNbHOH TeXHUKH. [IJis pelleHHs] HAYYHHIX 3aJay, CBSI3aHHHIX C H3Yy-
yeHHeM 3eMJIM Kak MJaHeTH, HeoO6XO0JHMa TecHasi B3aHMOCBS3b
BhICIIefl Te0fe3HH C TaKHMMH HayKaMH o 3eMJe, KaK reoJIOrHs, TeK-
TOHHKA, reo(HU3UKa U JP.

PesyabTaThl HccleloBaHHi BHCLIER reofie3HH HMeEIOT BaXHoe
HayuyHOe H HapoAHOXo3sificTBeHHOe 3Hauenwe. Hampumep, rocymap-
CTBeHHBIe TeoJle3HYyecKHe CEeTH LIMPOKO HCIOJb3YIOTCS HpPH OCBOe-
HHH KOCMHYeCKOro NpOCTPaHCTBAa, M3YYEHHH NPHPOJAHBIX PeCcypcoB,
KaprorpaMpoBaHHH TEPPHTOPHH CTPaHH B PasHBIX MacuTabax,
NPOMBILITIEHHOM H CeJbCKOXO35SHCTBEHHOM OCBOEHHH 3HAUHTeJbHHX
no nJjomagd Tepputopuit M T. A. Ha ocHOBe moBTOpHEIX H3Mepe-
HHUH, BHIIOJHEHHBIX B HuUBeJHPHHIX ceTax CCCP u apyrux couua-
JMCTHYECKHX CTpaH, BIepBHe B HCTOPHH HayK o 3eMJje TreofesH-
cThl cocraBuid u B 1971 r. ony6aukoBanu KapTy coBpeMeHHHIX
BEeDTHKAJbHHIX JIBHXKeHHHA 3eMHOH kopbl Bocrouno#t EBpomh, koTO-
pasi HMeeT BaXHOe HayyHoe H NpHKJajHOe 3HaueHue. Temepb Ta-
KHe KapTH COCTaBJISIIOTCS BO MHOTHX CTpaHax.



PA3JEJ 1

durypa 3emau
M MOBEPXHOCTH OTHOCHMOCTH

TanaBa 1

OCHOBHBIE CBEAEHUSA O ®UTYPE
U TPABUTALLHUOHHOM MOJIE 3EMJIH

§ 1. CWJIA TSHDKECTU U YPOBEHHBIE NMOBEPXHOCTH 3EMJIH

[Ipn mocTpoeHHH rOCyAapCTBEHHBIX eOfe3HYeCKHX ceTeH BBICOKOM
TOYHOCTH BHIIOJHSIIOT YIJIOBBIE M JIHHeHHble H3MepeHHs, Ompele-
JSIIOT aCTPOHOMHYECKHe LIMPOTH], [AOJTOTHl H a3UMYTH, M3MepSIOT
CHJIY TSXKECTH H NpeBHILIEHHS MeXAy NYHKTaMH, BefyT HabJiome-
HHUSI HCKYCCTBEHHBIX CNYTHHKOB 3eMJiH M T. n. Ilpu mpousBoxctee
BHICOKOTOYHHIX aCTPOHOMO-T€OJ€3HYECKHX H3MepeHHH BCsSKHHA pa3
TIIATeJbHO COBMEINAIOT BEPTHKAJbHYI0O OCb H3MEpPHTEJbHOrO MNpH-
6opa c OTBecHOH JIMHHeH B TOYKe ero ycTaHoBKH. Hampasienue
OTBECHOH JIMHHH B KaXX/O# TOYKe NPOCTPAHCTBA COBMaJaeT C Ha-
npaBJieHHeM MAeHCTBHSI CHJBL TsxKecTH. CHJla TSXKeCTH SBJsETCS
paBHOAEHCTBYIOIEH ABYX OCHOBHBIX CHJI: CHJIBI 3€MHOTrO MpHTSIKe-
HHUS F u 1eHTpo6exHO# cuibl P, BO3HHKaloOlle# BCJIEACTBHE CYTOY-
HOTO BpallleHHs MAaTepHAJbHOH TOYKH BOKPYT OCH BpallleHHd
3eman.

-

B kaxno# manHO# Touke (puc. 1) BEKTOp CHJIBI TSIKECTH g pa-
-> ->
BeH cyMmMe BekTopoB F u P, T. e.

g=F1P. (1Y)

IIpu oueHb BBHICOKOH TOYHOCTH M3MEpEeHHH YUHTHIBAIOT elle CHIY
NPHUTSXKeHUs1 HeGecHBIX Tea F; (B ocHOBHOM JIYHH H B 3HAYHTENBHO
Menbllleli Mepe CoJiHIa), BeJHMUYHHA KOTOPOH MO CPaBHEHHIO C CH-
Jgoft F mana (Fi<<F-.1077).

Cuna 3eMHOro mpuTsikKenusi F 3aBHCHT OT (OpMbI, pasMepoB H
Macchl 3eMJIH, a TaKXe OT pachpefieleHHss aHOMaJbHHIX NJOTHO-
cret. Ecom 3emuio B mepBOM NpHG/IMMXKEHHH NPHHATH 3a Iap, co-
CTOSIIMHA M3 KOHIEHTPHUYECKHX CJIOEB ONMHAKOBOj IJIOTHOCTH, Me-
HAIOMIEACS CKaYKOM IIPH Nepexoje OT OAHOrO CJOs K ApPYyromy,
TO CHJIa NPHUTAXeHus F GydeT HampaBJeHa K LEHTPY Macc 3eMJH
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Puc. 1. Cuaa TsKe- S r

CTH 1l CC COCTAB.ISIO- >
ughe p P
/
/
F¥
£ £
p/

M COTJIAaCHO 3aKOHYy BCEMHDHOTO TSITOTeHHS OyHeT onpeaesisiThCs
no gopmyie

F—fjMm (1.2)
R2
rae [— yHuBepcasbHasi TpaBUTAllMOHHas nocrosiHHas; M — macca
3emsn; m—mMacca MaTepHasbHOH TOuKH; R — paiuyc 3eMHOro
wapa. Jns peasbHO# 3eMJH cHla NpPUTsKeHHs F He paBHa 3Haue-
HHIO, BHUMCIeHHOMY 1o ¢dopmyse (1.2), u HanmpaBsieHa He K LEHTPY
Macc 3eMJn. '
IlenTpoGexHasi cuna P HanpaBieHa BIOJb pafuyca napaJjely,
Ha KOTOpPOM HAaXONMTCS MaTepHasbHas TOYKa, H OIpelenseTcs MO
tdopmyse

P =mre?, (1.3)

rie m— Macca MaTepHaJIbHOH TOYKH; r — pafHyC NnapaJjiest; @ —
yrJoBasi CKOPOCTb BpallleHHsT 3eMJIH.

HauGosblilelt BelHuYHHB HeHTpoOeXHasi CHlIa AOCTHTaeT Ha 3K-
BaTope: P=maw? rie a — GoJbllasi MOJyOoChb 3eMJIH, a HaHMeHb-
weii —Ha mnoJiocax 3eman: P=0, tak kak r=0. Ha 3kBaTope
cuna P B 288 pa3 menblle cuibl F, HO ellle BeJHKa H OILyTHMO
BJIHSIET HAa 3HAUEHHE CHJIBI TSKECTH g.

Cunet F u P uMelOT NpoOTHBONOJNOXHBle 3HakH. Cuiaa P npu
nepexofie OT 3KBaTopa K noJjiocaM 3eMau yMeHbliaeTcs. [Tostomy
CHJIa TSXKeCTH g H3MeHseTcss MO LIMPOTe M JOCTHraeT Hau6OJb-
lieff BeJMYHHB HA MOJIIOCAX, a HaMMeHblIell — Ha 3KBaTOpe 3eMJIH.

3a eIHHHLY YCKODEHHSI CHJIH TSXKeCTH B MeXIyHapOJAHOH CH-
creme enunuu CH npunsta BennuuHa 1 M-c2 B rpaBuMeTpuu IIH-
POKO NpHMeHsieTcsl elHHHLA, HasbiBaeMmas rajoM (1 TFan=1 cMmX
Xc2=0,01 m-c2. OG6BYHO BMECTO BHIpAXKEHHSI «YCKOpeHHe CHJIbI
TSKECTH» JOMycKaeTcsi ynoTpeGJisiTh BRIpaXKeHHEe «CHJIAa TSAXKeCTH».

B rpaBuMeTpHM NpH H3MEPEHHH BeJHYMH, XapaKTepH3YIOIHX
TPaBHTAllHOHHOE MoJe 3eMJH, HJs ONHCAHHS MOJS CHJH TSXKEeCTH
HCNOJIb3YIOT CKaJSAPHYI0 (GYHKUMIO —NOTEHILHAJa. [loTeHnuan
BEKTOpPa — 3TO TakKas (PYHKUHS KOOpJAHHAT, YaCTHHlE MPOHU3BOLHHIE
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KOTOpPOH MO NPSIMOYTOJbHBIM KOODAHMHATaM paBHBl NMPOEKLUHSM BeK-
TOpa Ha COOTBETCTBYIOLIHME KOOPAHHATHBHIE OCH.

[ToteHuuas cuabl Tskectd W paBeH cyMMe moteHuuaJsa V CHJH
NpUTAXKeHHsl F W noreHuuasa @ LeHTpoOeXHOH cuan P, T. e.

W=V +Q. (1.4)

HPOHBBOﬂHaﬂ OT MOTeHlUHaJsa cHJbl Tsxectdu W mo JIIOGOMY
HANpaBJIEeHHI0O § B TOYKEe paBHa MNPOEKLUHH 3TOH CHJIB Ha JaHHOe
HamnpasJieHHe, T. €.

W _gcos(g, 9), (1.5)
ds
rae g— 3HaueHHe CHJBl TAXECTH B TOUKe; (g, S) — yroJ Mexny
HanpaBJieHHeM NeHCTBHSA CHJIbl TAXKECTH M HanpaBJeHHeM S, IO KO-
TOpPOMY NepeMellaeTcsl eAMHHYHAS Macca.

PaccmorpuM aBa yacTHeEIX caydas ¢opmyasl (1.5). IlpenmoJio-
JKHM CHayaJia, 4TO MaTepHasbHAs TOYka A nepeMelaercs MOX Mpsi-

MBIM YTJIOM K BEKTOPY CHJIR TSXKeCTH E B sToM cayuae yroa (g,
s) paBen 90° (puc. 2,a), cos(g, s) =0 u mostomy

‘%”=0, wn dW =0, (1.6)

[TpounterpupoBaB BhlpaxeHue (1.6), monyunm ypaBHeHHe ce-
MeHCTBa HOBepXHOCTeH

W =C =const. (1.7)

[ToBepxHOCTb, BO BCEX TOYKAX KOTOPOji MOTEHIHAJ CHJIBI TsXKe-
CTH HMeeT OZHO H TO Xe 3HauenHe (W =const), Ha3bBaeTcs ypo-
BEHHOH MOBEPXHOCThIO 3 eMJH.

[Mpunumasi pasnuyHble 3HAYeHHs NOCTOSHHOH C B BHIpaXKeHHH
(1.7), moJyyuM COOTBETCTBYIOLIME YPOBEHHBIE NMOBEPXHOCTH (pHC.3).
Yepes .KaXAyl0 TOYKY MPOCTPAHCTBA MPOXOAHT TOJNBKO OJAHA YpoO-
BeHHasi NMOBEPXHOCTb. B KaXJo# TOYKe YpDOBEHHOH NOBEPXHOCTH
BEKTOP CHJIR TSIXK€CTH HalpaBJieH N0 HOpMaJH K HeH. YpOBeHHHe
MOBEPXHOCTH SIBJISIOTCS NOBEPXHOCTSMH paBHOBeCHs, TaK KakK CoO-
CTaBJISIOMIAS CHJIBI TSXKECTH IO KacaTeJbHOH K yPOBEHHOH NOBepXx-
HOCTH B JI0GOH ee Touke paBHa Hymo. CiefyeT OTMETHTb, YTO MO-
BEPXHOCTb BOJAH B CIOKOHHOM COCTOSIHHM, HaxoAslasics mox nei-
CTBHEM TOJIbKO CHJIBI TSIXKECTH, COBINajaeT C OJHOH H3 YPOBEHHHIX
nosepxHoctell. KpuBas, mnepecekaiolias ypOBeHHElE NOBEPXHOCTH
Wi, W,, ... nog mpsMbIMH YrJaMH, Ha3bBaeTcss CHJOBOM JH-
HH el rpaBHTalHOHHOro noss 3emuau. KacatenbHhle BO Bcex TOU-
Kax CHJIOBOH JIHHHH COBNAafalOT C HalpaBJieHHeM eHCTBHS CHJH
TAXKECTH W NepHeHAMKYJSPHbl K YPOBEHHBIM NMOBEPXHOCTSIM.

PaccmoTpum BTopo#t uactublii cayuait ¢opmyasr (1.5). Ilyctb
MaTepHaJbHas Touka A c oAHO#H ypoBeHHOH moepxHoctH W mepe-
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as
w w
as Al w+dw

§ g

Puc. 2. Cxembl mnepemeliennss mare-
PHANBHOH  TOYKH  MEPIHCHAHKYJIAPHO
K BEKTOPY CHJIBbI TS2KeCTH (a) 1 BAOJb
Hero (6)

Puc. 3. YpoBeHHble MOBEPXHOCTH 3eM-
au (I) ¥ CcHIOBBle JIMHHH TPaBHTAllH-
oHHOTO mosisi (2)

MECTHTCSl 110 HAlpaBJEeHHIO BEKTOpa CHJIBl TSXKECTH g Ha APYTylo
noBepxHoctb W;=W+dW, naxomsuiyiocs Ha GeCKOHEYHO MaJioM
paccrosiunu ds=dh (cm. puc. 2,6). B srom ciysae yroa (g, S)
paBeH HyJ0; cos (g, s)=1 u mostomy ypaBHeHHe (1.5) npumer
BHIL

dw dw
—_— —— == . 1.8
= - =& mm dW =gdh (1.8)
U3 Bupaxenus (1.8) caenyer, uto auddepennnan dh paccros-
HHSI MeXJy AByMsi GecKOHeyHO OJIH3KHMH YPOBEHHHIMH IIOBEpXHO-
cramMu W u W;=W+dW papen BennunHe

_ 4 (1.9)
g

Ananusupys dopmyay (1.9) u puc. 3, MOXHO CcHeNaTh Clefyio-
mHe o6Imye BEIBOAK:

1. YpoBeHHble MOBEPXHOCTH 3eMJH HHIJe He COINPHKacaloTCs
Mexny coboi H He nmepeceKkarTcs.

2. YpoBeHHBle NMOBEPXHOCTH 3eMJIM He INapaJileJbHH MeXIy
cobofi: Ha moJioce OHH COJIMXAIOTCSA, a Ha 3KBaTope, Hao60pOT,
yAaJsI0TCcs OfHA OT APYroH.

3. YpoBeHHHE NMOBEPXHOCTH 3eMJIH HMeEIOT BOJHOOOPA3HHBIH BHI
H3-32 HaJMYUs BHYTPH 3eMJH aHOMAaJbHEIX IO MJOTHOCTH Macc.

§ 2. TEOHJI, U KBA3BHUTEOHU]

[Touatne ¢urypsl 3eMJH HEOZHO3HAYHO H MOXKET TPaKTOBAThCS
M0-pa3HOMYy B 3aBHCHMOCTH OT TOTO, KakHe TpeGOBaHHs INpeIbsiB-
JSAIOTCS K TOYHOCTH pellIeHHs] TeX HJIH HHBIX 3ajay, TPeGYIoMmHuX
3HaHHsl ¢GOpMBI M pa3MepoB 3eMau. B oguux cayuasix 3emJio
MOXHO NMpPHHATH 3a lIap, B APYTHX, HalpHMep, NPH pelleHHH MHO-
THX 3ajay reole3WH M KapTorpaduu — 3a ABYXOCHBIH 3JIJIHICOMI
BpallleHHs] ¢ MaJibIM MOJSIPHBIM CXKaTHeM H T. 1.
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Brille oTmeuaJsoch, YTO MPH pelleHHH 3ajay BhICLIeH reofe3uH
nox ¢urypoit 3cMJIH B HacTosiLlce BPeMst MOHHMAKT (urypy, orpa-
HUYEHHYI0 (HU3HYECKOH NOBEPXHOCTbIO 3eMJIH, T. €. MOBEPXHOCTHIO
ee TBepJoH OGOJIOYKH Ha Cylle H HEBO3MYILEHHOH MOBEpPXHOCTbIO
MOpeH U OKeaHOB.

Cyma cocraBJsieT 0K0JO !/3 3eMHOl moBepxHOCTH. Bossuiaercs
OHa HaJ ypoBHeM Mopsl B cpefHeM Ha 900 M, T. e. Ha OuYeHb MaJyio
BeJIMYMHY [0 CPaBHEHHIO CO CpeIHUM paauycom 3emau (R=
=6371 km). Bosee 70 % 3eMHO! MOBEPXHOCTH MOKPHITO MOPSIMH H
okeanaMHu. [lostoMy 3a ¢urypy 3emiu B NepBoM NPHGIHIKEHHH
MOXHO INPHHATb (HUIypy, OrpaHHYEHHYI0 HEBO3MYLIEHHOH MOBEpX-
HOCTbIO MOpeH H OKeaHOB H NpPOAOJIKEHHYIO INOJI MaTepHKaMH Tak,
4yTO6H OTBECHBIE JIMHHHM BO BCEX ee TOYKAaX GBIJIH MepleHAHKYJsIPHbI
K Hell. Takylo ¢urypy 3emaHu no NpensioXKeHHIO HeMeLKOro (pH3HKa
JIHcTHHra Has3BIBalOT reou oM. M3yueHueM reouia reofe3HCTH
3aHuMaloTcss GoJiee cTa JeT. B HacTosimiee Bpemsi Ha aKBAaTOPHH
MupoBoro okeaHa reouj C BBICOKOj TouHocthio (mo 0,1—0,3 M mo
BBICOTE) H3y4yalOT METOAOM CHYTHHKOBOH aJIbTHMETPHH, H3Mepsis
PacCTOsIHHSA OT CNYTHHKA AO NOACHYTHHKOBHIX TOYEK Ha IOBEPXHO-
CTH MOpeH M OKeaHOB. DTH H3MepeHHs IO0Ka3aJlH, YTO HeBO3MYILEeH-
Hasi MOpCKasl IOBeDPXHOCTb He Be3Jle COBNAJaeT ¢ YPOBEHHOH IO-
BEDXHOCTbIO NOTEHIHaJa CHJIBl TSAXKECTH: B OTHEJbHHX paHOHaX OT-
KJOHEHHs N0 BHIcOTe pocturaior =+ (1,5—2) m. [Tostomy mpu Teope-
THYECKH CTPOTrOM MOAXOJe NMOJ TeOHMJOM MOHHMAIOT GHUrypy 3eMJH,
OrpaHHYeHHYI0 YPOBEHHOH NOBEPXHOCTbIO TMOTEHLHAaJia CHJIH TsXKe-
CTH, MPOXOJsILell yepe3 HayaJo OTCYeTa BHICOT, COBNajawliee ¢ He-
KOTODHIM cpelIHHM ypoBHeM MHpPOBOro okeaHa.

[Ipn usyuyenuu ¢HUrype reonja Ha cylle MeTOJ CIyTHHKOBOH
aJbTHMeTpUH He paboTaeT, a JApyrHe MeTOAH KOCMHYECKOH reoje-
3MM NAIOT HEJOCTATOYHYI0 TOYHOCTb ONpeJeJeHHs] €ero IOBepXHO-
ctd. [ns Toro uyto6n H3yuHTb (Urypy reouja 0O Ha3eMHHM
H3MepeHHsIM C BHICOKOH TOYHOCTbIO, HEOGXOAHUMO CHJY TSXKEeCTH H3-
MepsSThb HENOCPeACTBEHHO HAa ero MOBEPXHOCTH, YTO He OCYIIecT-
BuMo. CJiefloBaTesIbHO, KaK [J0Ka3aJsl M3BeCTHBIH COBETCKHH YYeHBIH
M. C. MonopeHcKu#, H3YYHTb UTYpy reonfia ¢ BEHICOKOH TOYHOCTHIO
Mo Ha3eMHHIM H3MepeHHSM HeBo3MoxXHo. [lo pesyspTaTam KoMm-
JleKca Ha3e€MHHIX aCTPOHOMO-TeOfe3HYeCKHX M TIpaBHMeTPHYECKHX
H3MepeHHH TeopeTHYecKH 6e3ynpeyHo MOXKeT GBHITb onpejesieHa Apy-
ras BCOOMorare/bHasi NOBEPXHOCTb, MOJYUMBIIass Ha3BaHHe IO -
BeDXHOCTH KBa3Hreouja, KOTOpasi He3HAYUTEJIbHO OTKJIO-
HSIeTC OT IMOBEPXHOCTH TeoMja: B PaBHUHHOH MeCTHOCTH Ha 2—
4 cM, a B ropax — He GoJiee 2 M. Ha MOpsix H OKeaHaX NMOBEPXHOCTH
reoMjia ¥ KBasureouia MOJTHOCTbIO COBNAAAIOT.

Qurypy 3eMJsH, OrpaHHYeHHYIO IOBEpXHOCTbIO KBa3HTeOH[a, Ha-
3BIBAIOT KBa3HreoungoM. OmpeseauB U3 06pabOTKH Ha3eMHBIX
H3MepeHHil NnapaMeTpbl KBasHTeOHIa H H3MEDPHB OTHOCHTEJNbHO HEro
BHICOTH TOYEK 3eMHO# [OBEPXHOCTH, MOXHO TEOPETHUECKH CTPOTO
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U3yuuThb GUrypy peasibHOH 3eMJH, OTpAaHHYEHHYIO ce TBepHOH 060-
JIOUKO} Ha cylile U HeBO3MYILEeHHOH IOBEPXHOCTbIO MOpeH H oKea-
HoB. Teopus M. C. MoJoleHCKOro H3yuyeHHss (DUrypbl H rpaBHTa-
IMOHHOTO MOJis 3eMJHM MOJyuYHJa NpH3HAHHE CpelH Te0le3HCTOB
BCEro MHpa H NOAPOOGHO paccMaTpHBaeTCs B Kypcax reofe3HuecKoi
rpaBHMETPHH H TEOPHH (QHUrypH 3eMJH.

§ 3. OBLIIMA 3EMHONA 3JJIUIICOU]

[Tpu usyuenun ¢urypel 3eMJH ¢ JaBHHUX NOP MOCTYNawT CJerylo-
mum o6pa3oM. CHauajia onpenessioT GopMy U pa3Mepbl HEKOTOpPOH
MojesH 3eMJH, NOBEPXHOCTh KOTOPOH CPaBHHTEJNBHO NpPOCTa, XO-
pOLIO H3yueHa B reOMeTPHYECKOM OTHOLIEHHH, yJo6Ha [Js pelle-
HHS Ha Hell pa3HOOGpa3HBIX 3afay reofie3nH M KapTorpaduu H Hau-
6osiee MOJHO XapaKTepH3yeT B MepBOM NpHOJIHKeHHH (GOPMY H pas-
MepH peasbHOA 3eMJH. 3aTeM, NPHHSAB MOBEDPXHOCTb 3TOH MOMENH
3eMJH 32 OTCYETHYIO, ONpEJENSIOT OTHOCHTEJbHO Hee BBICOTHI TO-
yeK NMOBEPXHOCTH H3yuaeMoji QUTypH — reonfa (KBasureouja) HJH
peasbHOH 3eMJH — M TakuM 06pa3oM MNOJYyYyalOT NaHHBIE, XapakTe-
pusylomire ¢opMy U pa3Mepbl KOHKPETHOH (HUTYPHL

ITpu peurenun 3amay BHICIIEH reole3HH 32 TaKyl MOIeNb 3eMJH
NPHHHUMAIOT 3JIJIMICOHJ BpaLleHHS C MaJbM MOJSPHHIM CXaTHeM,
HasHBaeMhil 06 UM 3eMERM3aauncougom (puc. 4). Ero
MOBEPXHOCTb MOXeT GHITh MOJIyYeHa BpallleHHeM nosyaaaunca PEP,
BOKDYT ero Majof ocu PP,.

®opMa M pa3MepHl 3eMHOTO JIHIICOMAA XapPaKTEPU3YIOTCS 6OJb-
ot a ¥ MaJjoi b mosyocsiMu, a yame GOJIBLIOH MOJyOCBIO @ M TO-
JSDHHIM CXKaTHEM a,

@=3=t (1.10)

HJIH GOJIbIION NOoJIyOChbIO @ U NEPBBHIM 3KCUEHTPHCHUTETOM € MEpHUAH-
aHHOTrO 3JIJHIICA:

aﬁ__ b2
a2

= (1.11)

Jasi Toro uTo6Gbl OGILIME 3eMHON 3JIJHICOHI BO3MOXKHO TOUHEe
XapakTepH3oBaJl (GopMy H pasMmephl Bcell 3eMJiH, ero mapaMeTpH a,
@ ONpeesIOT C Y4eTOM CJeNYIOIHX YCIOBHI:

1) HmeHTp oOILIer0 3eMHOro 3JIJIMICOMAA JOJXKEeH COBIalaTh
%HCHTPOM Macc 3eMJH, a ero MaJjias ocb—C OCbl0 BpalleHHs

emJn !;

! MimMetoTcst B BHAY CPEAHHE TOJIOXKEHHs HEHTPA MAacC y OCH BpalleHHs B TeJe
3eman.
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Puc. 4. 3emuoi
3JUTHIICOM

2) o6beM 3JJIHUICOHAA NOJXKeH- GbiTb paBeH o00beMy reoHza
(kBasureouja);

3) cyMMa KkBaJpaTOB OTKJOHEHHH IO BBICOTE NMOBEPXHOCTH 3J-
JUICOHAA OT MOBEPXHOCTH reoHaa (KBa3ureoumja) HOJXKHA GHTb
HauMeHbllIeH.

Jo HexaBHero BpeMeHH, T. e. N0 Hayajlla OCBOEHHS YeJIOBEKOM
KOCMHYeCKOro NpOCTPAaHCTBA, lTapaMeTPHl 3eMHOr'0 3JIJIMICOHAA IO-
JyyaJi, BHINOJIHAS TaK HasblBaeMble rpaflyCHEH e H3MepeHH A.
C sTofi mesnbl0 MPOKJAJABIBaJH PSIAR TPHAHTYJSIMH [0 HampaBJe-
HHIO MepHAMAHOB M MNapaJulesieli Ha pasHHIX LIHPOTaxX, Ha KOHeY-
HHIX IYHKTaX KOTODHIX ONpeje/isiii aCTPOHOMHYECKHe LIHPOTHI, HOJ-
FOTH, a TakKXe a3HMyTH CTOpPOH. [lJIsl BHIBOAA HaJeXHHIX 3HayeHHH
napaMerpoB OOLIero 3eMHOr0 3JUIMICOHAA TpaiyCHble H3MepeHHS,
B NpPHHLHIE, HeO6XOAMMO OLIIO BHINOJHHTL Ha BCeH IOBEPXHOCTH
3eman, BkJloyass MupoBolt okeaH. Kpome Toro, acTpoHoMHyeckHe
WHPOTH, AOJTOTH H a3sHMyTH CJeJOBaJo HCIPaBHTb NONPAaBKAMH
3a BJIMsIHHE YKJIOHEHHH OTBECHHIX JIMHHMH, KOTOpHE, KaK NPaBHJIO,
OLlIH HEH3BECTHHL.

B mpoluiomM rpagycHble H3MepeHHs BEJHCh TOJBKO Ha MaTepH-
Kax, T. €. Ha He3HauuTeJbHOH yacTH 3eMHON NoBepxHocTH. I'pa-
IycHBe U3MepeHHsI PA3HHX CTPAH He MMeJiH OOIIMX CBsi3eH, BHIOJ-
HAJIMCh MO pa3HHM NporpaMMaM C pPasHOH TOYHOCTbIO, o6pabaThl-
BAaJHCb B pPa3HBIX cHCTeMax KoopAuHaT. Bce 3TO 3aTpyAHs/Jo HX
COBMECTHOE HCIIOJIb30BaHHE M OTpPHILaTeJbHO CKas3hiBaJoChb Ha TOY-
HOCTH BHIBOJOB DPa3MepOB 3€MHOTO 3JJIHIICOHIA.

B TeueHHe moJIyTOpa BeKOB yueHble MHOTHX CTPaH 3aHHMAaJHUCh
onpe/leJieHHeM pa3MepOB 3eMHOr0 3JIJIMIICOMJA, HCNOJb3ysl HMelo-
muecss B pa3HoM oGbeMe pa3HOH TOYHOCTH H COAepXKaHHs rpamyc-
Hule u3Mepenus. [IpuBeleM HeKOTOpble pe3yJbTaThl TaKHX oONpee-
Jgenuft (ta6a. 1).

Anuuncousn denam6pa HMeeT TOJBKO JHIIb HCTOPHUECKOE 3Ha-
yeHHe KaK OCHOBa [JIsl YCTaHOBJIEHHS METPHUECKOH CHCTEMBI Mep.
Ha nmosepxnocTu annunconna [denamGpa paccTosinke OT IOJIOCA O
3KBaTopa TO4HO cocTaBjsier 10000 kM, Tak Kak B TO BpeMsa 1 M
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Ta6auwna 1

VYueuntt TocynapcTBO Tog a, M a
JHenam6p ®pannus 1800 6 375 653 1:334,0
Beccens T'epManus 1841 6 377 397 1:299,2
Kaapk BesnkoGpuTanus 1866 6 378 206 1 : 294,98
Xefibopn CIIIA 1910 6 378 388 1:297
KpacoBckuit CCCP 1940 6 378 245 1:298,3

OLlT NPHHAT PaBHHIM OJHOH AECATHMHJIJIHOHHOH YacTH YeTBepTH
IyTH MepHAHaHa AAHHOTO 3JIIHMICOMIA.

Bce ocTasibHBlE 3JJIHICOMAB JO CHX IMOpP HCHOJb3YIOTCS B TOIO-
rpado-reoesnueckux H Kaprorpaduyeckux paboTax pas3HBIX CTpaH.
Tak HanpuMep, saauncous Beccens, kpome I'epmanun u pana apy-
THX CTpaH, nmpuMeHscs Takke U B CoBerckom Coio3e BIVIOTH [0
1942 r., Korfa HavaJcg nepexoj K aJjuuncouny Kpacosckoro.

Aununcoun Knapka (1866 r.) npumensiercss B CIIIA, crpanax
Jlatunckoit u LlentpanbHo#t AMepuku, BkJwuass Ky6Gy, a Takxe
B psile AIPYTHX CTpaH.

Suuuncounn Xe#ipopra ucnosb3yeTcss B psifie eBpOneicKHX CTPaH.
On B 1942 r. B Magpuzne Ha II I'enepanbHOll accambaee Mexny-
HapOAHOK acCOLHAlLHMH reofe3nH GblJ PEKOMEHIOBaH B KauyecTBe
MeXAyHapogHoro. [lapameTpel 3TOro 3JJIMICOHAA BBHIBEAEHH H3
TpafyCHBIX H3MepeHHH, BEIIOJHEHHBIX TOJbKO Ha TeppHTopHH CIIIA,
U colepKaT 3HauHTe/bHble OUIHGKH. B aTOM Jierko yb6enuThCS, €CJH
CpPaBHHTb NapaMeTph 3JJunconfa Xeiidopia ¢ mapaMeTpaMH 3eM-
HOTO 3JIIMIICOMAA, MOJYYeHHHIMH B pe3ysbTaTe 06paGOTKH CIyT-
HHKOBHIX HabJofeHuii: a=6378137 M, a=1:298,257.

damunconn KpacoBckoro siBjisiercsi HauGoJiee TOYHBIM H3 BCEX
3JIJIMICOHMIOB, MGJYYeHHBIX M3 00pabGOTKH Ha3eMHBIX H3MepeHHH.
Ero pasmepHn 6JH3KH K pa3MepaM OOILEro 3eMHOr0 3JJIHIICOHAA,
NONY4EeHHBIM 1O JaHHBIM HaGuiofenuit MC3: cxxaTtne mpakTHYECKH
OJMHAKOBOe, a G6oJblilMe MOJYOCH OTJHYAKOTCS BCEro JHLIbL Ha
108 M. duaaunconn Kpacosckoro mnpumensiercs B CCCP u psize
JApYTHX CTpaH.

§ 4. HOPMAJIbHAS 3EMJISI U ®UT'YPA PEAJIbHOA 3EMJIHU
HopmanbHas 3emas

durypa M rpaBHTaLlHOHHOE MoJie 3€MJH TEeCHO B3aMMOCBSI3aHbl H
HX H3yueHHe IpeAcTaBjaseT cO60H MO CyllecTBY OAHY 3ajxauy.
CroxXHast CTPyKTypa TIpaBHTALMOHHOTO MOJisi, O6YCJOBJNEHHAs He-
NPaBUJIbHOCTAMH (Urypn 3eMJH H OCOGEeHHOCTSIMH pacnpenele-
HUs TJIOTHOCTeH Macc, co3faeT 3HaYHTeJNbHble TPYAHOCTH IPH OIpe-
NeJIEHUH noTeHUHaJsJa cugel TsxectH W. 3amaua onpemeneHus mo-
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TeHuuasna W cyuecTBeHHO o6Jerdyaercsi, eCjii TpaBHUTAILMOHHOE NT0JIe
3eMsu NpeACTaBHTb B BHAE [ABYX IOJiefi: OCHOBHOrO, HJH HOP -
MaJbHOTO H OCTaTOYHOTO, MK aHOM aJbHOT O H KaXJIoe M3
HHX H3y4aTb OTAEJbHO.

3a ¢Qusnueckyio MoAesnb 3eMJH NpPH 3TOM NPHUHUMAIOT TaK Ha-
3biBaeMbli YpPOBEHHBA 3JJHNCOHMA BpalleHHs, BHem-
Hsisl TOBEPXHOCTb KOTOPOrO SIBJISIETCSI YPOBEHHOH M CHJIa TSXKECTH
B KaXJON TOYKe ee HampaBjJeHa MO HOpPMAaJH K HeH.

IleHTp YypOBEHHOro 3JIJIMICOMJA COBMELIAIOT C LEHTPOM Macc
3eMJIH, a OCb ero BpallleHHs — ¢ Ocblo BpalueHus 3emuu. ['paBura-
IIMOHHOE II0JIe, CO3[]aBaeMoe YDPOBEHHHIM 3JIJIMIICOMIOM Ha ero no-
BEDXHOCTH M BO BHEIIHeM IPOCTPAHCTBE, HA3bIBAlOT HOPMaJb-
HBIM FTPaBUTALHOHHHBM IOJEM, a CHJIY TSXECTH —HOD -
MaJdbHO I U 0603HaYaOT GYKBOH y.

OmnpefenuB napaMeTphl YPOBEHHOTO 3JJIHICOHAA, MOXKHO BBIYHC-
JHUTb HOpPMaJbHHH noTeHuHana U u JApyrue 3jeMeHTH HOpMaJb-
HOTO TOJISI CHJIBl TSIXKECTH Ha ero NOBEPXHOCTH M BO BHeIIHeM IIpo-
crpancTBe. [IpHHAB NOBEPXHOCTb YPOBEHHOrO 3JIJIHMICOMJA 33 OT-
CYETHYIO, 3ajayy H3yueHHs (UTypbl 3eMJH MOXKHO CBeCTH K OIpe-
[leJIeHHI0O OTKJOHeHH# ee ()H3MUeCKOH MOBEPXHOCTH OT NOBEPXHOCTH
3JIIMIICOMJA, a 3afayy olnpefeseHus noteHnnana W peasbHOH CHJBI
TSAXKECTH K onpenesenuio HeGosbuiux pasHocreit T=W—U, Hasm-
BaeMHX BO3MYL(aIOIIHM NOTEHIHAaJOM 3eMIH B TOYKax
3eMHOH NOBEPXHOCTH.

YpoBeHHHIl 3JIIHNCOUA, NMPHHHMAaeMull 3a (DH3HUECKYI0 MOMeNb
3eMsn NpH onpefeneHHH ee (GHUrypel M TPaBHTALHOHHOTO MOJS,
npuHATo HaswBaTh Hopmauabuoin 3emaeii. Ilpu pemrenun
psna 3ajgay reoje3uH, reo@u3vkH W HeGeCHOH MeXaHHMKH LIMPOKOE
pacrmpocTpaHeHHe MOJYYHJO NMpPeACTaBJeHHe NOTeHUHasa V mnputs-
XeHusi 3eMan (Bkaoouasi ee atrmochepy) B BHIe pPa3NOXeHHs
B psif WIapOBBIX (YHKUHMA reolleHTpUUeCKHX KoopauHaT r, ® u L,
T. €. TeOLleHTPHYECKHX pajuyca, LUIMPOTHl H JOJTOTH COOTBETCT-
BeHHO. [ToteHuuan nputskenuss Vo, Hopmasbuo#t 3eMiu (ypoBeH-
HOTO 3JIIHICOMAa) uMeet Bux [21]:

Vy= f"r“ 1_2 (%)"’ J33P2n (sin®) |, (1.12)
n=1

rie WHAeKcoM «0» oTMeueHnl mnapamerps HopMaabHo# 3eMiH;
f — ynuBepcasbHast rpaBUTallHOHHAS NMOCTOsHHAsA; Mo — Macca ypo-
BEHHOTO 3JUIMIICOHAA; 7 — IeOLleHTPHYECKHH paJHyC-BEKTOpP TOYEK
€ro IMOBEPXHOCTH; a — GOJbIIasi MOJNYOCh 3JJHICOHAA; J2n®— 30-
HaJIbHble TapMOHHYECKHe K03(h(HUIUEHTH BTOPOH CTeleHH IpH IO-
JquHomax Jlexaugapa Py, (sin®@).

IMTapamerpsl HopMaJsbHO#i 3eMJH B 3aBHCHMOCTH OT HMX BeJH-
YMHH M BaXXHOCTH KJACCH)UUHPYIOT CJeAyIOLHM 06pa3oM.
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Ilapamerpor Hysesoeo nopadka: TeOLeHTpHYeCKas TrpaBHTalH-
OHHAas MOCTOsIHHAst [M; HOpMaJbliblfi MOTCHLHAJ CHJbL TSXKECTH Ha
noBepxHocTH HopmanbHo#t 3eman Up; 3KBaTOpHAJBHBIE panuyc
3eMJIH a; HOpMaJbHasl CHJIA TSXKECTH Ha SKBATOPE Ye.

ITapamerpe. nopsadka cocarus: HOpMaJbHBIH rapMOHHYECKHH KO-
3¢ ¢dHIHeHT reomoTeHlHaja BTOPOH cTenmeHH Jp; reoMeTpHUecKoe
cxkatne 3eman o= (a—b)/a; rpaBUMeTpHUECKOEe CXKaTHe 3eMJH
B= (Yo—Ye) [Ye, THE 7Yp— HOpPMaJIbHAsi CHJIa TSKECTH Ha IOJIIOCE;
MaJjble NapaMeTpHl, sBJsoUHecs QYHKIHeHd yrioBo# CKOPOCTH Bpa-
IeHHs1 3eMJIH @, U NapaMeTpbl HYJEBOro NOpsAKa, a HMEHHO:

q = o?aly, (1.13)
q = 0%®/fM. (1.14)

Ilapamerpeor soicuiux nopsadkos: koapouuueHT B; B ¢opmyJe
HODMAaJIbHOH CHJIBI TSI’)KeCTH; rapMOHHYecKHe KO3((HIHEHTbl HOP-
MaJIbHOTO MOTeHIHaJ a nputskenus J40, J&, ... u T. 1.

q’YH)laMCHTaJleb[e reojpe3nyeCKue noCTossHHbIC

H3-3a o0co6Goii BaXXHOCTH HeKoTophie mnapameTpn HopwmasbHoii
3eMJH MOJNyyHsM Ha3BaHHe G YHAaMeHTaJbHBIX T€ONLE€3H-
YeCKHX NOCTOSSHHBX, K HUIM B HacTosillee BpemsI OTHOCAT
caeayoline BeJduuuHn: fM, a, Jo, ©, rie ® — yrjoBasi CKOpOCTb
Bpallenuss 3emau. lpyrue napamerpn HopmasbHo# 3emin siBJIS-
IOTCSl NMPOM3BOAHBIMH NMOCTOSHHBIMH. KX MOXHO MOJYYHTb, HCIOJb-
3ysl H3BECTHble COOTHOIUEHHS MEXAY Pa3JHYHHIMH NapaMeTpaMH.

K uncay ¢yHmaMeHTaNbHBIX MOCTOSTHHBIX OTHOCAT TaKXe: CKO-
pPOCTb CBeTa B BakyyMe C, TeOLeHTPHYECKYI0 I'paBHTALHOHHYIO IO-
CTOSAHHYIO 1Jsi aTMocdepn fM4 M yHHBepcaslbHYI I'DaBHTalHOH-
HYIO MOCTOSIHHYIO f.

QynnaMeHTaJbHble Treofie3HUeCKHE IOCTOSHHHIE OINpeNelsIoT,
HCTOJIb3ys pe3yabraThl HaGuaonenujyi VIC3, nanekux KJIA, a Takxe
pe3yJibTaThl aCTPOMETPHYECKHX M TpaBHMETPHYECKHX H3MepeHHH.

[Tapamerpn Hopmasnbhoii 3emau omnpenensioT, coG.mo;Laﬂ cie-
NyIoLIHe YCJIOBHS:

1) HmeHTp ypOBeHHOro 3JIJIMICOHAA BpalleHHs n.omer coBIMa-
JaTh C LIEHTPOM Macc 3eMJIH,-a ero IJIaBHasi OChb HHEpIHH, SIBJISIO-
1asiCsl OChIO €ro BpallleHHs, — C OCbIO BpallleHHs] 3eMJIH;

2) yrjioBHle CKOPOCTH @ BpalLIeHHS YDPOBEHHOTO 3JIJIHICOMAA H
peaybHON 3eMJIH JIOJIKHH GHITh ONHHAKOBHIMH;

3) Macca M, ypOBeHHOro 3JUIHNCOHAA JOJIXKHAa OHTb paBHa
Macce M peanbHoit 3emau (fMo=fM);

4) 30HaJbHBHIE TapMOHHYEeCKHe KO3((HIHEHTH TreONOTeHIHaa
BTOPO# CTeNeHH AJIsT YPOBEHHOTO sJjunconpa Jo0 u peasnbHoii 3eMin
Jo momxub copnagath (f%=1Js);
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5) HopManbHHH morteHuuan U, CHJIB TSXKeCTH Ha MOBEPXHOCTH
YPOBEHHOIO 3JIJIMNCOHAA [0JIKeH GbTb paBeH pcajibHOMY TMOTEH-
uHaJy CHJH Tsi2KecTH Wy Ha IOBEpXHOCTH reOH[a.

ITpu pewenuu psina 3ajgay reofe3un Bmecto U, B uncsI0o QyHAa-
MEHTAJIbHBIX TeOfe3HYECKHX IOCTOSIHHBIX BKJIOYAIOT GOJIBLIYIO IIO-
JIyOCh @ YPOBEHHOrO 3JaHNCcOHAa. Torfa msitoe ycjaoBHe (popMyJH-
pyIoT uHaye: 6OJblIas MOJYOChb @ YPOBEHHOrO 3JIJIHIICOHAA HOJXKHA
6biTh Nofo6paHa TakHM 06pa3oM, YTOGH €ro 06'beM paBHsJICS 06b-
eMy reouja.

C TeyeHHeM BpeMeHH 0 Mepe HaKONJIEHHsI H3MEPHTENbHON WH-
¢dopmaurn QyHLaMeHTaNbHBlE TeOfe3HYeCKHe IOCTOSTHHhIE MOCTe-
NeHHO yTOuHsIOTCA. B cootBercTBHH ¢ pekoMeHpanusmu XVII Te-
HepaJbHOH accaMbjen MeXIyHapOIHOTO Teole3HYeCKOro H reodH-
3uyeckoro cowsa (MITC) u Bxoasimielt B Hero MexXxayHaponHo#
accounauuu reomesun (MAT), cocrosipueiics B KanGeppe (AB-
crpajus, 1979 r.), npuUHSTH clelylollue 3HayeHHs (yHIAaMeHTalb-
HBIX re0Jie3H4eCKHX MOCTOSHHRIX:

M = (3896 005-£0,5) - 108 m3c™%;
J, = (108263-£0,5) 10-%;
a=6378137+2 w;
©=7292115.10"1 pag.c-l.

OTH NOCTOSHHBIE SBJSIOTCS HCXONHEIMH JJISI TIPHHSITOH reolesH-
yeckoil pedepenu-cucreMu 1980 r.

3Hasi (yHNaMeHTaJIbHbHle TIe0Je3HYeCKHe MOCTOSTHHHIE, MOXHO
BHIYHCJIHTbL Apyrue napamerpn HopmaupHO# 3emyu 1O TOYHHM
tdopmynam [1]. ITIpuBeneM HekoTOphie (hOPMYJIH, YCTaHABJIHBAKOLIHE
CBfI3H MeXJy pa3HbIMM napaMerpamMun HopMaabHo#fi 3eMau c TOY-
HOCTbIO 0 MaJIbIX BEJIMYHH BTOPOrO MOpPSJAKa, YTO BIOJIHE AOCTa-
TOYHO IJIsi pellleHHs] MHOTHX 3a/ay BhIClIefl reofie3NH Ha COBpPEeMeH-
HOM 3Tarne [26]. _

Cxatne 3eMJIH a CBSI3aHO ¢ mapaMerpamu Jo H g dopmyaon

_3 Ao 9 2 Ao 3 g~
“= Jat 50+ = ¢ Jud,

rie g onpenensiercs no dopmyae (1.14).
HopMmasbuuit notenuuan U, Ha NOBEpXHOCTH YPOBEHHOTO 3JI-
JIMIICOHMAA paBeH

— Mo L2 A\l o
U, = a(l—l—sa—l— 15a)+3ma.

Macca ssuncouna Mo U HOpMaJibHasi CHJIa TSAXKECTH Ha 3KBa-
TOp€ Yy CBSI3AHH COOTHOILUIEHHEM

— a2 _ 3 ot f(1— gL g2
fMy=a?y, (1 a)+2<na 1 7 a).
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HopManbHas cusia TSKeCTH yo Ha NOBEPXHOCTH YPOBEHHOTO 3J-
JIMIICOHAA Ha INHpoTax B Moxer ObITb BBHUHMCJACHA 1O (opmyJe

Yo = ¥, (1 + B sin® B—B, sin?2B), (1.15)
rae
B= _vn?—_v = 0,005 302 48; (1.16)
e
By = — o ——- B — 0,000 005 8. (1.17)

HopManbHyio cuiy Tsxkectu y (MI'an) Bo BHelllHeM HpOCTpaH-
CTBe HaxoJAT Mo ¢GopMyJe

7= 7o—0,3086H, (1.18)

rie H — BHICOTa Hal 3JIJIHIICOHOM, M.

IlpuBeeHHEIM BHIlie (yHAAMEHTAJbHHIM TeOfle3HYeCKHM II0CTO-
SSHHBIM COOTBETCTBYIOT CJIefylolllie 3HaueHHs MOJIIPHOTO CXKaTHsl
3eMJIH a U HOPMAJIbHOM CHJIH TSI2KECTH Y. Ha 3KBAaTOpe yPOBEHHOrO
3JIJIMIICOUA:

a=1:298,257 4-0,001; v,=978033 &1 mlan.

durypa peanbHoit 3emau

ITpyu u3BeCTHHIX MapaMeTpax H OPHEHTHPOBKE 3e€MHOrO 3JIIHICOHAA
B TesJe 3eMJIH 3ajaya H3yuyeHHs ee (HUTYpH CBOAHTCS K ONpefese-
HHIO Te0/ile3HYeCKHX BBICOT TOYEK 3eMHOMH NOBEpXHOCTH, OTCUHTHIBae-
MBIX OT NOBEPXHOCTH 3JIJIMIICOHAA N0 HOpPMAJsM K HeMy, T. €. K Oll-
penenenuio otpeskoB Hpy"=MC (puc. 5, a) B TOuKax C H3BeCT-
HEIMH KOOpJAMHATaMH Ha sJjjuncoune. ONHAKO reofie3MyecKylio BHI-
coTty 0608 TOYKH H3MEpPUTb HEeMOCPeACTBEHHO Henb3s. [losTomy ee
packJaABBalOT Ha ABe COCTaBJSIONIME H KaXAyI0 H3 HHX Olpeje-

a
E : E o T~—
0 U A 2
J C\ 3
P

Puc. 5. Teomesnueckast BhiCOTa TOUKH (@) H ee cocrapusioiue (6):
1 — du3nyeckas NMoBEPXHOCTh 3€MJIH; 2 — KBa3HTE€OHM (reoua); 3 — 3JJHNCOH
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JSI0T pasfeNbHO, HCHOJb3Ys DAa3Hyl0 H3MepHTeNbHYIO HH)OD-
MalHIo.

B coorserctBuu ¢ Teopuefi M. C. MOJIOLEHCKOrO reofe3HyecKyio
BBICOTY Hp" 1060# TOukn M 3eMHOH NMOBEPXHOCTH BBIYHCJSIOT 10
dbopmyJe

Hy =L+ H, (1.19)

rie {y —aHOMaJHs BHCOTH; H} —HOpMaJbHas BH-
COTa JMaHHOH TOYKH. AHOMaJu¥ BHICOT { CPaBHHTEJNbHO MaJH H,
Kak npasuiso, He npesuimalor 100 M, a HOpMaJbHBE BHCOTH TOYEK
B ropax MOTyT JOCTHIaTb HECKOJbKHX KHJIOMETPOB.

AHOMaJIHIO BBICOTH {p JI06OH TOUKH M MpeiCTaBisiOT B BHAE

€M _ Tm + Uog— W, , (120)
Ym Ym

rae Ty =Wpy—Upy — Bo3Mymalonui noteHuuas 3eMau B Touke M;
Wyn u Wo—3HaueHHS mNOTeHUMAJa peaJbHOH CHJIH ~ TSIIKECTH
B Touke M u Ha noBepxHOCTH reouna; Uy u Uy, — 3HaueHHs NMOTeH-
IMajla HOpMaJIbHOH CHJIH TSIXKECTH B 3THX 2Ke TOUKaX; ym — 3Haue-

o 1
HHEe HODpMAJIbHOHU CHJIBI TAXKECTH Ha BBICOTE H =7 HX{ Haja 3JJHII-

COMJIOM, BHIYHCJISIEMOH 11O ¢dopmyse (1.18).

Hopmauabnyio Bricoty H}; m1060#t Touku M MOXKHO ONpeaenuTh
no ¢opmyae

M
1
HY ——— [ gdh; (1.21)
Ym 0
OHa ompefie/IsieTCs] U3 reOMETPHYECKOr0 HHBEJIHPOBaHHS, CONPOBOXK-
JlaeMOro M3MepeHHsIMH CHJIH TsixkecTH. B dopmyane (1.21) yn—3Ha-

YeHHe HOpPMaJIbHOH CHJIB TSIXKeCTH Ha BhHcoTe H =—2—H}’u Hag 3J-

JHUICOUAOM; g — 3HAUeHHUS] peaJIbHOH CHJIH TSXKEeCTH B TOYKax HH-
BeJUPHON JIMHUH; dh — 3JIeMeHTapHBIEe IPEBHILEHHUS.

Uepe3 Touky M 3eMHO# moBepxHocTH (pHuc. b, 6) mpoBelneM HOp-
Maap MC K NMOBEpXHOCTH 3€MHOTO 3JLIMICOHAA M 0603HaunM: N=
=BC — BHCOTa KBasHreouaa Haj sJuauncougoM; H=MB — BH-
coTa 3TOfl TOYKH HaA KBasureouaoM. JlJsi KaXKAOH KOHKpeTHOH
TOYKH M 3eMHOH NOBEPXHOCTH BbicOTa N KBa3HTeoHJa YHCJIEHHO
paBHa aHOMaJIHM BHICOTH {ar, T. €. N={u, a BHCOTa H 3TOH TOYKH
HaJl KBAa3HT€OMJOM YHCJEHHO paBHA HOPMaJbHOIN BhcoTe Hy, T. e.

H=HY. TlostoMy BMecto BHpaxenus (1.19) c Takoii ke cTpo-
rOCThIO H TOYHOCTBIO MOXKHO HaIHCaThb
H"=N-+H. (1.22)

@opmyaofi (1.22) o6nYHO M MOJB3YIOTCS Ha NMpaKTHKe, HO 3Ha-
yenust N={y u H = HY; Buuucasior no ¢popmysaam (1.20) u (1.21),
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XOTA (U3MYECKUH cMEICA BenuunH { u N, a Takxke Hy u H coor-
BeTCTBEHHO pasHbii. CTporo rosops, NIpH BHUYHCJIEHUSX B ¢GopMmyJe
(1.19) HOpMasbHBe BHCOTH Hl OTCUHMTHIBAIOTCS OT IOBEPXHOCTH
sJaunconsia, a no ¢dopmyae (1.22) BwicoTsl H OTCUHTHIBAIOTCS OT
noBepxHocTH KBasureouga. O6e stu ¢GopMyJBl HAIOT OJHO M TO XKe
3HaueHHe reoje3nyeckKofi BBHICOTH HT U SABJISIOTCS TeOpeTHYECKH
CTPOTHMH.

Jnsi onpenenennss BcoT N Kpa3ureoujaa (aHOMaJui BHCOT §)
B KOHTHHEHTaJbHOH YacTH 3€MHOT0 Ilapa BHIOJHSIOT KOMILJIEKC
reoJie3NYeCKHX, acCTPOHOMHUECKHX, TpPaBHMETpPHYECKHX, a Telepb
ellle CIIyTHUKOBHIX H TPaBUHHEPIHAJbHEIX U3MepeHH.

W3 06pa6oTKu rpalyCHBIX H3MepeHHHl, BKJIOYasi CIyTHHKOBHIE
onpefielieHHs, YCTaHOBJEHO, YTO IIOBEPXHOCTb Treouga (KBasw-
reoHfia) sIBJSIETCS] JOCTAaTOYHO CJIOXKHOH BCJEICTBHE HEOLHOpPOMLHO-
CTell rpaBHTaLHOHHOrO noJsi 3emyu. OTHOCHTENBHO NOBEPXHOCTH
3eMHOT0 3JUIMICOHMAA OHa HMeeT KpynHhe (mopsaka 1000 kM u
6osee) u cpaBHHTeJbHO HeGoabuine (mopsizka 100 kM u MeHee)
BOJIHB LIMPOTHOTO H AOJITOTHOTrO npoctupanus. [1pu stoM Hau6oJb-
IIMe OTpHIaTeJbHble BHICOTH reouja HabJawofaiorcs B paiioHe HH-
aufickoro okeaHa (okoso —105 M) u B6au3u AHTapKTHAB (B Mope
Pocca no —61 M), a HauGoJblIHe IOJIOXKUTENbHBIE BHICOTH B TH-
xoM okeaHe (B6ausu Hosoii I'Buhen o +77 M) u B CeepHoil AT-
JaHTHKe (fo +66 M). YcTaHOBJeHO TakXKe, 4TO (urypa 3eMJH
MMeeT rpylleBHAHYIO (OpMy: ceBepHOe MOJylIapHe HECKOJbKO BHI-
TSHYTO K MOJIOCY, a I0XHOe, Ha060pOT, CIIIOCHYTO. DKBATOp 3eMJIH
HMeeT SJUIHNITHYHOCTh C HOJNrOTOH GOJbIIOH moJayocH OKojo 15°
K 3amany.

T'naBa 2

MOBEPXHOCTH OTHOCHMOCTH.
PEAYKILHOHHAS 3ATAYA

§ 5. MTOBEPXHOCTH OTHOCHMOCTH.
PE®PEPEHI-3JIJTHNICOUA, KPACOBCKOTO

®u3yuecKasi MOBePXHOCTb 3eMJH MMeeT OUeHb CJOXKHBIH BHJ, OCO-
O6eHHO B TOPDHHIX pafiOHaX. YpaBHEHHe 3TOfl NOBEPXHOCTH HEH3-
BECTHO, [IO3TOMY IIDH MaTeMaTHyecKOH 06paboTKe pe3yJbTaTOB reo-
JNe3HYECKMX H3MEpeHHH HCNOJb3yIOT APYTYI0, CPaBHHTEJNBHO IpO-
CTyl0 B TeOMETPHYeCKOM OTHOIUEHHH BCIIOMOTaTeNbHYIO IOBEpX-
HOCTb, NMOAGHPAaEeMYyl0 H OpHEHTHPYeMYIO B TeJe 3eMJH ONpeleseH-
HbIM 06pa3oM, H PeAyLHDYIOT Ha Hee H3MepeHHble Ha (hU3HUECKOH
NOBEPXHOCTH 3eMJIH PAacCTOSIHHSI MeXJy NYHKTaMH, TOPH30HTaJIb-
Hble HanpaBJIeHHs M YIJIbl, a3UMYTHl 3€MHBIX NIPEIMETOB H T. N. ATy
NOBEPXHOCTb TNPHHATO Ha3blBaTh NOBEPXHOCThIO OTHOCH-
MOCTH.
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[Tpu BHGOpe TOM HJIHM HHOH NMOBEPXHOCTH OTHOCHMOCTH He06Xo-
IHMMO MMeTb B BHAY CJefyloliee.

IToBepXHOCTb OTHOCHMOCTH JOJXKHA OHTb CPaBHHTENbHO MpO-
CTOH no ¢opMe H XOPOIIO H3yYeHHOH B TeOMETPHYECKOM OTHOLIe-
HUH. DTO HEOGXONAHUMO JJISi TOTO, YTOGH MOXKHO GHIJIO CPAaBHHTENbHO
NpocTo U ¢ Tpe6yeMOoH TOYHOCTbIO pelllaTh Ha €e MOBEPXHOCTH Teo-
Je3HYecKHe 3ajayd MpH JIIOOHX pPacCTOSTHHSIX MeXAYy TOYKaMH
Ha Hef.

[ToBEpXHOCT OTHOCHMOCTH NOJKHA HE3HAUHTEJBHO OTJIHYATHCS
OT NMOBEPXHOCTH KBa3HMreoHAa B Ipejesax TEPPHTOPHH TOH CTpPaHH
WJIH TPYNNH CTPaH, AJs1 KOTOPOH OHa MOAGHpaeTcs; pacxXoxKIeHHs
MO BBICOTE JOJKHH GHITb HaHMEHbUIMMH. B 3TOM ciyyae pacxox-
JeHHsT MeXJy HeNoCpelACTBEHHO H3MepeHHBIMH BeJHYMHaMu (pac-
CTOSIHMSIMH, HAalpaBJeHHSIMH H T. A.) U HX NPOEKIHSIMU Ha MOBEpPX-
HOCTH OTHOCHMOCTH GyAYyT MaJib. DTO BaXKHO C NPAaKTHYECKOH TOUYKH
3peHHs H, KpOMe TOrO, B JaHHOM CJlyyae HCXOJHBIE apTryMeHTHI, He-
006XOfuMble AJSl PEAYKIHH H3MepeHHHX BEJHYHH Ha MOBEPXHOCTb
OTHOCHMOCTH, JOCTaTOYHO OINpejesisiTb C ropasfo MeHbllefl TOY-
HOCTbIO, 4eM IpH HecO6JI0JleHHH JaHHOro TpeboBaHusl.

IloBepXHOCTE OTHOCHMOCTH HOJIKHa GHITb ODHEHTHPOBaHa OIpe-
NeJleHHHM 06pa3oM B Tesle 3eMJIH, IPHYEM TaK, YTOGH MOXKHO GBLIO
OCYIIECTBJISITh OJHO3HAYHHI INeEpPeXOof OT H3MepeHHHX 3JIeMEHTOB
K UX NPOEKIHSIM Ha NMOBEPXHOCTb OTHOCHMOCTH M Hao6OpoT, OT Mpo-
eKIMH 3JIeMEHTOB — K HX M3MepeHHHM 3HaueHHSM.

ITpu pemeHnu reojesnyeckux 3ajay B Maciutabe Bcei 3emiu
3a MOBEPXHOCTb OTHOCHMOCTH 11es1eCO06pa3HO NPHUHATH MOBEPXHOCTh
o6mero 3emuoro sJjnuncouna (Hopmasbuo#t 3eman). [Ipu peuenun
ronorpacdo-reofie3nyeckux W KapTorpauueckux 3ajay B Ipefeiax
OJHOfl HJIM TPYNNH CTPaH Kaxjoe rocylapcTBO 3a IMOBEPXHOCTb OT-
HOCHMOCTH OOGBIYHO NpPHHUMAeT 3e€MHOM 3JIJHICOHM, HMMEIOIIUH OI-
pelesieHHbIe pa3Mephl H OPUEHTHPOBKY B TeJie 3eMJIH, Ha3HBaeMHi
pedepeHI-3MJHNCOULOM.

IIpakTHYecKn BO Bcex cTpaHax Tomorpado-reojesnyeckue H Kap-
tTorpaduyeckne paboTH OblIM HayaTH 3aJ0Jr0 AO TOrO, KaK OBLIH
MOJIyYeHHl HaJeXHble 3HAaueHHsT NMapaMeTpOB OOILEro 3eMHOro 3-
jguncouja. ITosToMy AJsi TepPUTOPHH KaXKIOH CTPaHH HJIH TPYNIH
cTpaH GBI mogo6paH WM ompefieneH Hanbojee MOAXOAAIHA pede-
PEHII-3JIJTUIICOU L.

®opMy, pasMephnl H OPHEHTHPOBKY pedepeHI-3JUIHIICOH/Ia OIpe-
JensoT, cobmofas caeayole Tpe6oBaHus:

1) mapaMetpbl pedepeHL-3JJHICOMAA  JOJXKHH  BO3MOXKHO
MeHbllle OTJIHYAThCSl OT TapaMeTpoB OOLIEro 3eMHOrO 3JIJIHICOHM/A;

2) och BpalleHHsi pedepeHL-3JIIUNCOHAa AOJNXKHa OHTh mapaj-
JieJIbHA OCH BpallleHHs1 3eMJIH, a NJOCKOCTh ero 3KBaTopa — IJIOC-
KOCTH 3KBAaTOpa 3eMJIH;

3) B mpenesax TEPPHUTOPHH CTPAHHl HJM TPYNIH CTPaH, MJs KO-
Topo# mopbupaercst pedepeHI-3/UIMNCOHA, CyMMa KBajfpaTOB OT-
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Puc. 6. [ToBepxHocTti oT-

IHOCHMOCTIH!
I —reoun; 2 — o6uiuil 3eMHoii
SJIHIICOHA; 3 — pedepenu-

3JJIHIOCOHA

KJIOHEHHH NOBEPXHOCTH KBa3Hreouja (reoufia) OT MOBEPXHOCTH pe-
(depeHL-3JJIHNICON A JOMXKHA GHTh HaHMMeHbLIEH.

Iasi crpaH ¢ HeGoJbLIOH TeppHTOpHeH mepBoe TpeGOBaHMe He
ABJIseTcsl 06s513aTeJIbHEIM.

Tak kak pasmepn pedepeHU-3/IMNCONAA OTJAHYAIOTCH OT pas-
MepoB O6LIero 3eMHOTro 3JUIMICOHAa, To ero ueHtp O; He coBmna-
naet ¢ mertpom O o6uiero 3eMHoro sJauncoupa (puc. 6). B cuay-
yae, ecqu O6oJbillasi MOJYOCh HJIH CXaTHe pedepeHL-3JIHICOHAA
ompefielleHnl ¢ 6OJbIIHMH OLIMGKaMH, NOBEPXHOCTb pedepeHi-31-
JIUNICOHJa MOXeT CYLIeCTBEHHO OTJHYaTbCsl OT IOBEPXHOCTH 006-
1Ilero 3eMHOTO 3JUIMIICOMJA, KaK Hanpumep, Ha yuactke EPE,, xors
Ha ApyroM yvyactke PE; 3TH NMOBEPXHOCTH MOYTH TOYHO COBIAJAIOT
Mexay co6of.

B CCCP, kak orMeuasoch Bhule, 1o 1942 r. npu Tomorpado-
reoJle3HyecKHx H KapTorpadmuueckux paboTax mnpHMeHsucs pede-
penu-sjiuncons bBeccens. B Hauaje TpHALATHX TOXOB Ipod.
®. H. Kpacosckufi, o6pabaThiBasi psiibl TpHAHTyJasAHH | KJaacca OT
[Mpubantuku no [anbHero BocToka, OGHapyXwuJ, 4TO IO Mepe
ylalleHHsi Ha BOCTOK CHCTeMaTHYeCKH BO3pacTalOT BeJHYHHH YKJO-
HEeHMH OTBECHHIX JIMHHH. DTO yKa3hlBaJo Ha TO, 4TO GoJibllasi IOJY-
och 3jaunconpa Beccenss ompegeneHa HeJOCTAaTOYHO TOYHO H IIO-
sToMy Aas orpomuo#i Tepputopun CCCP, npocTuparomesics mo noJ-
rore noutH Ha 150° saauncoun Beccesst He MOAXOMHUT.

Hcnonbsys rpanycHHe uamepenus, sunojHeHHse B CCCP, cTpa-
Hax 3anazuo#i Esponmn u CIIIA, a TakXe, yunThIBas JaHHBIe Ipa-
BuMerpuueckoft creMku B CCCP, npod. ®. H. Kpacosckuii npu
yuactuu npod. A. A. M3otoBa k 1940 r. BHIBes HOBHE, CaMhble TOY-
Hble [0 TOMY BpeMeHH IapaMeTpH 3eMHOro 3JJIMICOHJA: a=
=6378245 M, a=1:298,3, kKOoTOpHEe HE3HAYHTEJbHO OTJHYAIOTCSH
OT COBpPEeMEHHBIX JaHHHX.

3eMHOf JJIHICOHL C 3THMH pa3MepaMu B 1946 r. 6ul1 yTBepX-
IeH B KayecTBe pe(epeHL-3JJIHNCOHAA [Js1 HCIOJb30BAaHHSI €ro
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B Tomorpago-reojie3anueckHx u kKaprorpacduueckux paborax CCCP,
a 3JUIMNCOHAY GBbLIO [IPHCBOEHO MMs Kpacosckoro.

[as peilenuss MHOTMX IPaKTHYECKHX 3aJay TeOfe3HH, KapTo-
rpaduu U psiia APYTHX HayK IOBEPXHOCTb 3€MHOrO 3JIJHIICOHMA
OKa3hIBaeTcsl [NOCTAaTOYHO CJOXKHOH, INO3TOMY 3€MHO#l 3JIJIMICOH.
JeJISIT Ha 30HBl H KaXKAYI0 M3 HMX H306pajKaiT Ha IJOCKOCTH B TOH
MJIM MHOH IPOEKLHH M 3aTeM Ha IJIOCKOCTH pellaloT pa3Hoobpas-
Hhle HHXKeHepHHle 3ajayd. V3MepeHHble B TeOfe3HYECKHX CETAX
BEJIMYMHBL PEAYLHPYIOT C 3Juuncouaa Ha miaockocte. B CCCP, Ha-
yuHasi ¢ 1932 r., npuMeHsiercss npoekuus aycca — Kpiorepa.

§ 6. TEOLE3UYECKHE U ACTPOHOMHUYECKHE
KOOPAHWHATHI U ABUMYThI

[Ipu pelienuy 3afiay BHCIIEH reofile3nH IOJOXKeHHe J06oH Touku M
3eMHOH IOBEPXHOCTH ONpEeNEeJSIOT B CHCTEMe TeOfe3HYecKHX KOOop-
auHat B, L, H" (puc. 7) npuHsaToro pedepeHu-aunconna, roe B—
reofiesnyeckasi IIHpoTa; L — reome3awueckasi moarora; Hpy" - reo-
Jle3HuecKasl BHICOTA TOYKH.

T'eodesuueckoil wuporoti Touku M(m) (cM. puc. 7) Ha3HBAIOT
yroa B Mexay miockocTbio 3kBatopa ECE; u HopMagbio Mn K mo-
BEpXHOCTH 3JUIHIICOHZAA, NMPOXOAsiilefi yepe3 3Ty TOYKy. ['eolesmuye-
CKHe LIHPOTH OTCYHTHBAIOT OT IJIOCKOCTH 3KBaTOpa K CEBEpHOMY
TNOJIIOCY CO 3HAKOM ILIIOC, @ K IOXKHOMY IOJIIOCY — CO 3HAKOM MH-
HyC, IpuueM B o6oux cayuasix ot 0 mo 90°.

T'eodesuueckoii doazorori Touku M(m) Ha3HBalOT ABYrpaHHBIH
yroa L mexny miockoctbio PEP; nauanbHoro (I'puHBHUYCKOrO) Me-
pHAHaHA M IVIOCKOCTbIO PmP; reoje3n4ecKoro MepuiHaHa NaHHOM
TOYKH M(m). JJONrOTH OTCYHTHIBAIOTCS OT HayaJIbHOTO MepHuAMaHa:
B CCCP c 3anaga Ha BocTok oT 0 no 360°, B HEKOTOPHIX CTpaHax
B 06paTHOM HampaBJIeHHH.

eode3uueckum a3umyrom A HampapBjieHHss mk Ha3HIBAalOT ABY-
rpaHHblil yroa Pmk B TOUKe m MeXAy MJOCKOCTbIO Ie0le3HYeCKOro
MepuAMaHa PmP; naHHO! TOYKM M IJOCKOCTBIO nmk, comepikaliel

Puc. 7. Teoneswueckne KOOpAHHA-
P/ T H a3HMYTH
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HOpMaJlb mn K 3JIJIMICOMAY M NMpPOXOJsilell uepe3 TOUKY k. A3UMYTH
orcuuthiBaoT oT 0 10 360° no XOMy 4acoOBOH CTPeJIKH.
Teodesuueckoi evicoTod TOYKM M HasbBalOT pacctosiHne H=
=mM MexXJLy MOBEPXHOCTBIO 3JIJIMICOHAA H NAHHOH TOYKOH, OTCYH-
TBIBACMOE [0 HOPMaJM K HeMy B 3TOH TOuKe. TOYKH, HaxoAsllHecs
BbIlle [TOBEPXHOCTH 3JIIHICOHMJA, HMEIOT MOJIOXKHTEJbHbIE BHICOTHI,
a HHXe — OTpHUaTelbHBE. TOYKH, JieXalllue Ha IOBEPXHOCTH 3J-
JIMIICOMIA, HMEIOT reojle3HuecKHe BBICOTH, paBHble HyJa0 (HT=0).
leonesnyeckue KOOPAMHATH HENOCPEACTBEHHO H3MepeHH OHITb He
MOTYT, HX IOJIYYalOT IIyTE€M BBIYHCJIEHHS H CyMMHpOBaHHS HpHpa-
IeHUH KOOpPAMHAT OTHOCHTEJNBHO HCXOJHOTO NyHKTa IOCyJapCTBEH-
HOIl reofle3HYeCKOH CeTH, MMelollero KoopauHate By, Lo, H.
Ha 3emHO#i MOBepXHOCTH M3 HaOGJIONEHHH 3Be3l OMpPeNesAIoT
acTPOHOMHYECKHe IIHPOTH @, JOJITOTH A H a3HMYTHI Q.
Actporomuueckori wuporoil ¢ TOYkM M Ha3HIBAIOT YroJ Mexay
OTBeCHOi JIMHHeH B NaHHOH TOYKe M IJIOCKOCTbIO 3KBAaTOpa 3eMJIH.
Actporomuueckoii donzorodi ) TOYKM M HasBIBaIOT ABYrpaHHBIH
yroJ MeXay IUIOCKOCTbIO HayajbHOro (I'pHHBHUCKOrO) MepuAHaHa
H IJIOCKOCTBIO aCTPOHOMHYECKOro MepHAHMaHa AaHHOH TOukH. ITox
MJIOCKOCThIO aCTPOHOMHMYECKOI0 MepHAHaHa TOYKH MOHHMAIOT IJOC-
KOCTb, IPOXOASILLYI0 Yepe3 OTBECHYIO JIMHHIO B JaHHOH TOUYKe H pac-
NoJIaralyiocss NapajjeNbHO OCH BpaimleHus 3emyu. IDTa IJOC-
KOCTb B OGIIeM CJyyae He MPOXOAHT Yepe3 MOJIOCH 3eMJIH.
ActpoHomuueckum asumyrom HanpaieHHss MR Ha3blBaeTcs
YyroJ @ MeXAy INJIOCKOCTbIO aCTPOHOMHUECKOrOo MepHAMaHa B [aH-
HOfi Touke M M BepTHKaJbHOH IJIOCKOCTBIO, MpPOXOAsILeH yepe3
TOYKy k.

§ 7. YKIIOHEHHUSA OTBECHBIX JIMHUA

l'eonesnueckue koopauHaTHl B, L U acTpOHOMHUYECKHE KOODAMHATH
@, A 147151 OJHOH H TOH Ke TOYKH He paBHH MeXAy co60# BCJIEACTBHE
TOTO, 4TO B KaXAOH TOouke 3eMJIH HanpasjieHHe HODMaJH K NOBEpX-
HOCTH 3JUIMIICOMZA H HalpaBJeHHe OTBECHOH JIMHHM He COBMAJaloT.
ITokaxem pas kakofi-nn6o Toukn M Ha TOBEPXHOCTH 3eMJH
OTBECHYIO JHHHI0O Mg u HopMaJp Mrn K NMOBEPXHOCTH 3€MHOTO 3J-
auncoupa (puc.8). Yronm u MeXny HOpMaJbl0 K MOBEPXHOCTH 3JIIHII-
CoMJla M OTBEeCHOH JIMHHeH B JaHHOH TOYKe Ha3HBAalT acTpo-
HOMO-TeOJe3HYeCKHM YKJIOHEeHHEM OTBECHOH JHu-
HHH B 3TOH TOYke (OT HOpPMajiM K SJJHICOHAY). Pasjuuaior
abCOJIIOTHBIC H OTHOCHTEJbHBIE YKJIOHEHHs OTBECHBIX JIMHUi

Ion abcoarroThoim yKaoHeruem orsecHoli sunuu B Touke M mo-
HHUMAIOT yToJ u; MeXAy HopMaabio Mn; k oblieMy 3eMHOMY 3JIJIHI-
COMAY W HamnpaBJieHHeM OTBeCHOH JuHHWH Mg B naHHOH Touke M.
BesnnunHbl a6COMIOTHHIX YKJIOHEHHHA OTBECHHIX JIMHHf 3aBHCAT IJIaB-
HbBIM 06pa3oM OT OCOGEHHOCTell pacnpefeseHHs Macc B Tese 3eMJH
H, B [IePBYI0 ouyepelb, B 3eMHOH Kope. [TosToMy ompenenente a6co-
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Puc. 8. AGCOMOTHHE H OTHOCHTEJbHbIE YKJIO-
HeHHS OTBECHBIX JIMHHM:

1 — du3HYecKas TMOBEPXHOCTb 3eMJaH; 2 — o6uiui
3eMHOH 3JaHNCOMA; 3 — pedepeHL-3JJIHNCOHT

Puc. 9. CocraBasiiollse NOJHOTO YKJOHEHHS
otBecHo JIMHHHM B IJIOCKOCTH MepPHIHAaHA H
NepBOro BepTHKaJa

) S
; )

M

I
|
woo|
!

2 c

JIIOTHHIX YKJOHEHHH OTBECHHIX JHHHH HMeeT BaXKHOe 3HaueHHe JJis
H3yueHHs] BHyTPeHHero CTPOeHHsi 3eMJH U OGHAapYXKeHHS aHOMaJb-
HEIX Macc B 3eMHOH Kope. ,

OrHocuTenbHbIM YKAOHEHUeM OT8eCHOL AUHUYU B TOuKe M Ha3H-
BaeTcsl yroJ U MeXAy HopManabio Mn; K NMOBEPXHOCTH pedepeHI-
3JIJIMNICOMIa U OTBeCHO! JuHuell Mg B JaHHOH Touke M. BeawuuHbl
OTHOCHTEJIbHHIX YKJOHEHHH OTBEeCHHIX JIHHHUII 06YyC/OBJIEHH OCOGEH-
HOCTSIMH pacIpefieJleHHs] MacC B Tejle 3eMJIH, MOTPeLIHOCTSIMH pa3-
MepOoB MpPHHATOro pedepeHL-3JJIHICOHA, TOTPELIHOCTSIMH OPHEHTH-
poBaHHsi pedepeHL-3JIMNCOHAA B TeJe 3eMJu. B obieM ciayuae
OTHOCHTeJbHHE YKJIOHEHHSI OTBECHHX JIHHHH IO BeJHuHHe GoJblie
a6GCOJMIIOTHBIX.

ITpu peleHHH reomesnyecKux 3afiay BEJHUYHHY MOJHOTO yKJIOHe-
HMSI OTBeCHOH JHMHHMH u (puc. 9) B KaxXHOH JaHHOH Touke M mpen-
CTaBJSAIOT B BUAE ABYX COCTaBJSIOUINX: £ — B IJIOCKOCTH MepuIuaHa
MP panHo#i TOukH W m— B miaockocTh MC nepBOro BepTHKaJa,
NepHNeHIUKYJSIPHOH K IJIOCKOCTH MepHAHMaHa. IIpu u3BeCTHHX 3Ha-
YeHHsAX £ W 1 NOJIHOE YKJOHEHHe OTBECHOH JIMHHHM BHYHCJAIOT IO

dopmye
u=EFP. .0

A3uMyT 6 MJIOCKOCTH, B KOTOPOH JIEXHT IOJIHOE YKJIOHEHHe OT-
BECHOM JIMHUH, HaXOLAT CJIEAYIOMHM 06pa3oM

tg 0 — /L. @.2)

Cocrapasifoliie § U ) YKIOHEHHsS! OTBECHOH JIHHHH B KaKOH-JH60
Touke M, Jexaiefi Ha MOBEPXHOCTH 3eMJH HJH 3€MHOrO 3JIJHI-
COHJA MOXHO OIpeNeNuTb, €CJH AJS 3TOH TOYKH H3BECTHH OJHO-
BpeMeHHO H reonesuueckue B, L u acTpoHOMHUYeCKHe @, A KOOpIH-
HaThl. [lycTb TOuka M JIeXXUT Ha NOBEPXHOCTH pedepeHL-3JJIHII-
couna (puc. 10). O6o3nauum Mn HOpMasb K 3JJIUNCOMAY, a Mg —
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Puc. 10. Bsaumocssi3b
reojle3HuecKux M acTpo-
HOMHUYECKHX KOODAHHAT H
a3UMYTOB

OTBECHYIO JIMHHIO B 3TOH TOuke. [TlocTpoum BCIOMoOraresbHYyIO chepy
eJHHHYHOrO pajauyca ¢ LeHTpoM B Touke M. IlpogosXuM HOpMaJb
Mn po nepeceueHusi ¢ BCIoMoraTeJbHOH cdepoit B TOuke Z — reo-
Jle3nyeckoM 3eHute Touku M. OTBecHyI0 JHHHIO Mg NPONOJIKHM 10
nepeceyeHusi co cdepoii B TOUKe Z; — aCTPOHOMHYECKOM 3€HHTE
Toukd M. Uepe3 Touky M mpoBelem JIHHHIO, NapaJjljieJbHYI0 OCH
BpallleHHst 3eMJIH, TOUKY IepeceueHHsi ee co cdepoit o603Hauum P
(mostoc Mupa); TOuky Z; COEAMHHM AyraMu GOJBIIOTO Kpyra ¢ TOY-
KaMu Z u P. B tpeyronbuuke ZPZ, nyra PZ, paBHa acCTpOHOMHUYe-
CKOMY NOJIIDHOMY paccTosiHuio TOYkH M, T. e. PZ;=90°— ¢; ayra
PZ npepacrasnsier co60fi reofesvueckoe IMOJSPHOE pacCTOSHHE
Touku M, T. e. PZ=90° — B; cropoHa ZZ; — 10JIHO€e yKJIOHEeHHe OT-
BecHO#l siuHuH B Touke M, T. e. ZZ;=u. Yros O paBeH reoaesuye-
CKOMY a3uMyTy mJjockocTH MZZ;, B KOTOpOH JIeXKHT NOJIHOE YKJIO-
HeHHe OTBecHOH JHHHH. CIpOEKTHPYeM IOJIHOE YKJOHEeHHe OTBeCHOH
JUHHH U Ha IJIOCKOCTb reofiesHueckoro Mepuanana MZP touku M
H Ha IJIOCKOCTb NepBOro BepTHKana MZ,Z,. Nyru £E=ZZy u n=
=Z1Zy SIBASIOTCSI COCTABJSIIOIIHMH MOJHOTO YKJOHEHHsl OTBECHOH
JHHHM B MepHIMaHe W NepBoM BepTHKaJje Touku M. Ilyra Z,P=
=90"—¢, roe ¢ — acTpoHOMMYeCKasi LIHPOTa TOUKM M, a nyra
ZyP=90°—B—¥; yron ZyPZ, npu mnoaioce Mupa P paBeH pa3sHOCTH
aCTPOHOMHYECKOfl M reofie3HyecKoii HOJNTOTH TOYkKH M, T. e.
LZyPZ=A—L.
Peuns chepuueckuii TpeyronbHuk Z;ZoP, HanuiieM

cos(A—L)=tggctg(B+E);, sinm=sin(A—L)cos .

Pa3jioXuB TpUroHOMeTpHuecKHe QYHKUMH OT m ¥ A—L B psaH
H OrPaHHYMBASICh NEPBHIMH YJEHAMH Pa3JI0XKeHHs], OJYUYHM

tgo=tg(B+E; m=@A—L)cosg. (2.3)
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Orciofla, 3aMeHUB C JOCTATOYHOH TOYHOCTbIO COS¢@ Ha cos B,
OKOHYaTeJbHO HalaeM

E=¢—B; n=(h—L)cosB. 2.4)

B ToM cuayuae, KOorja COCTaBJSIOIINE YKJIOHEHHH OTBECHBIX JIH-
HUH onpefeJsiloT U3 06paGOTKH TOJbKO TPaBHMETPHUYECKHUX H3Mepe-
HHH, MX Ha3BIBAIOT TPaBHMETPHUYECKMMH H O0G6GO3HAYalOT Erp, Mrp-
CBsi3b MeXJy acTPOHOMO-TeOJe3MYECKHMH YKJOHEHHSIMH OTBeca
(2.4), koTophie 0603HaYHM Yepe3 Ear, Nar H IPABHMETPHUECKHMH VK-
JIOHEHHSIMH OTBeca ycTaHaBJuBaercsi ¢popmyJaamu [18]:

Bar=Erp+0,171Hsin 2B =9—B; Mar =TNp=(A—L)cos B, (2.5)

rie H — BBHICOTa TOYKH Hal 3JUIHIICOHUAOM, KM.

Crnenyer OTMETHTb, YTO AaCTPOHOMO-TE€OJEe3MYECKHE YKJIOHEHHS
OTBECHBIX JIMHHH BHIYHCJSIOTCS B CHCTEMe IPHHATOro pedepeHi-3J-
JIMNICOMJa, a IpaBHMeTPHYECKHe YKJIOHEHHS — B CHCTEMe YpPOBEH-
Horo aJjiunconaa. ITostoMy 3HaueHHs TeX H APYTHX YKJIOHEHHH OT-
BeCHHIX JIHHHH [JI OJHHX M TeX e TOUeK 3eMHOH NOBEPXHOCTH He
paBHBI MeXJy co06o#i.

Han6oJbline OTKJIOHEHHS NMOBEPXHOCTH reouaa (KBa3HTeOH[a)
OT MOBEPXHOCTH OOIero 3eMHOro 3JIJIMICOMIA He NpeBblnaT 120 M,
T. €. OHH CPaBHHTENbHO MaJIbl, I03TOMY CPABHUTEJNbHO MAaJH U ab-
COJIIOTHBIE YKJOHEHHS OTBECHHX JHHHH. B paBHHHHOH MeCTHOCTH
YKJIOHEHHS] OTBECHHIX JIHHHH COCTaBJSIOT B cpeaHeM 3—»5”; uHorma
onn pocruraiotr 10—15”, kak Hampumep, B pafioHe MOCKOBCKO#
rPaBHTALlUOHHOM . aTTPAKLUHK, B TOPHHIX pafOHax, HalpuUMep, B ro-
pax KaBkasa, B pafioHe o3epa DBaiikas yKJIOHeHHS OTBECHHIX JIMHHH
3HAYHTENbHO GoJblile W AOoCTHraloT Hepeako 30”. CaMmble GoJbliue
YKJIOHEHHs] OTBECHHIX JIHHHHA Ha 3eMHOM Illape OGHapy:KeHH B pafi-
one T'aBafickux octposoB (=~97”).

OTHOCHTE/IbHEIE YKJIOHEHHSI OTBECHHIX JIHHHA HECKOJIbKO GoJiblile
aGCOMIOTHHIX BCJIEACTBHE AOMOJHHTENBLHOTO BJHSIHHS Ha INOCJeLHHe
OLIHGOK oOlpejelieHHss NapaMeTpoB pedepeHL-3JIIMICOHAa H IO-
rpeurHocTel OpPHEHTHPOBAHHUS €ro B Tejle 3eMJIH.

YKJIOHEHHS] OTBECHBIX JIMHMH Ha NMYHKTaX rocyJlapCTBEHHOH reo-
Jle3H4yecKO# ceTH HeOGXOAMMO 3HATh JJIsl pellleHHsl MHOTHX 3ajad
BHICIIIEH re0/le3MH, B TOM YHCJIe TAKHX KaK:

onpefiesneHue GOpPMH U pa3MepOB 3eMHOro 3JIIMIICOMAA H3 rpa-
LYCHBIX H3MepeHHH, BBHIIOJHSEMBIX ‘METOAOM TPHAHTYJSALMH;

onpejleJieHHE BHICOT KBa3HTeOHAAa M BBHICOT 3€eMHOH NOBEpXHOCTH
OTHOCHTEJIbHO MOBEPXHOCTH NMPHHATOr0 pedepeHI-3JJIHIICOH/a;

yCTaHOBJIEHHE CBsI3eHl MeXJAy pasJHYHBIMH CHCTeMaMH KOODHIH-
HaT: aCTPOHOMHYECKHMH, reofe3N4eCKHMH, NPSMOYTOJbHBHIMH TIeo-
IeHTPHYECKHMH U APYTHMH, PUMeHsIeMHIMH B T€OJe3HH, KapTorpa-
¢uu, aCTPOHOMHH, KOCMOHABTHKe H pfjlie JPYTHX HAYK;

MaTeMaTHYeCKH CTpOroe peAyLHPOBaHHE HM3MEPEHHBIX JIHHHH
(6a3ucoB), a3MMYTOB, FOPH30HTAJbHEIX HaNpaBJeHHA H T. M. ¢ QH-
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3HYeCKO# MOBEPXHOCTH 3eMJIH Ha IOBEPXHOCTb pedepeHL-3JIHI-
COMAA, a CJeA0BATeNbHO, KOPPCKTHOC BhIIIOJHEHHe 06paboOTKH H3Me-
peHHil B reoJle3M4ecKUX CeTsX, a TaKXkKe MaTeMaTHYeCKH CTpPOroe pe-
lleHHe pa3HOOOpasHHX 3afay Ha I[OBEPXHOCTH 3JIJIMIICOMAA H
B NPOCTPAaHCTBE;

MOBHILEHHe TOYHOCTH TPHUTOHOMETPHUECKOrO HHBEJHPOBAHHS,
0COOeHHO B FOpPHHEIX paloHax M T. IL

§ 8. ASUMYTHI JIAIIJIACA

B Tom cayuae, korfia Ha NMyHKTe TPHAHTYJSLHH C M3BECTHBIMH Ieo-
Ie3HyeCKHMH KOopJAHHaTaMH B u L omnpeflejiedbl U3 HabJIOAeHHH
3Be3J, aCTpPOHOMHYECKHe KOODAMHATH ¢ H A, a TaKXkKe acTpOHOMHYe-
CKHMH a3sMMYT @ HalpaBJeHHs Ha 3eMHOH NpelMeT, MOXHO BHIYHC-
JHUTb N0 dopmynam (2.4) cocTaBisioliHe YKJIOHEHHH OTBECHBIX JIH-
HHH Ha nyHKTe § H 7. ['eofe3nyeckufi a3uMyT A NaHHOTO HampasJe-
HHS ONpeleJsIoOT N0 GopMyJie

A=oa—M—L)sing+(ncos A—Esin A) ctg 2,2 (2.6)

rie Z — 3eHHTHOe PacCTOssHHe Ha6JI0JaeMOH LeaH (mpeaMera).

B paBHuHHOH MecTHOCTH mpH z=289°30"=-90°30’, KaK 3TO HMeeT
MeCTO NpH JJIHHaX CTOpoH TpuaHryasiuuun 10—30 kM, ctg 2<0,01
¥ NMO3TOMY BeJHYHHA TpeTbero uwieHa B ¢opmyise (2.6) o6hiuHO He
npesocxoaut 0,02—0,03”. CnenoBaTesbHO, TPETbUM YJIEHOM B JaH-
HOM cJyyae MOXHO npeHe6peub. Torma ¢opmyna (2.6) mpumer Buz

A=a—((M—L)sing. 2.7

Teoniesnueckuil asuMyT, BHIYHCJEHHHH N0 ¢dopmyse (2.7), Ha3H-
BalOT a3uMyToM Jlanmaca. Bropo# uieH B aToit popmyse siB-
Jsercs CJeJCTBHeM HeCOBNaJeHHs Ha NAHHOM IYHKTE IJIOCKOCTefl
aCTPOHOMHUYECKOTO H re0Je3H4eCKOro MepHIHaHOB.

B dopmyne (2.6) TpeTuit yjeH MOXHO paccMaTpHBaTh KakK IO-
npaBkKy B asUMyT Jlamiaaca 3a yKJOHeHHe BEPTHKAJIbHOH OCH TEOMO-
JIUTAa OT HOPMaJIH K NMOBEPXHOCTH NPHHATOrO pedepeH-3/IIHICOu1a
B TOYKE CTOSIHHSl T€OJOJIHTa. DTY MONPABKY CJEAyeT BHOCHTb BO BCE
H3MepsieMble TOPH3OHTAJbHEIE HANpaBJeHHSI Ha NyHKTaX reojesnye-
CKOH ceTH.

[lokaxem, uyto asuMytH Jlammaca, noJyyeHHHe Ha pasHHX
MyHKTaX TPHAHTYJALHH, MOXKHO CYHTAaTh NPAKTHYECKH HE3aBHCH-
MBEIMH JIpyT oT Apyra. 3 ¢opmyamn (2.7) caenyer, uTo omiubKa my
asumyTta Jlamiaca 3aBHCHT OT OIIHGOK ONpe/eNeHHs acTPOHOMHUe-
CKOr0 asHMyTa Mg, AacTPOHOMHYECKOR M, M TreOHe3HYeCKOH my,
ROJNTOTH INyHKTa; OMMOKOA mg MOXHO npeHe6peub. CayuyaiiHmbie
OLIMGKH onpefesieHHll asuMyTa o W HOJTOTH A Ha MyHKTax Jlamaaca
crenyomue: my < 0,57, my <0,03°<0,45”. IIpoJosNbHHE CABHT
3B€Ha TpuaHryJaauuu | kiaacca piauHoi# 200 KM, IPOJIOXKEHHOTO BAOJD

31



napaJJjieJii Ha CpeAHHX LINPOTaxX, paBeH B cpenHem 0,7 M. dT1o Aaer
OWIHGKY B rcomcauucckoit gnoarore mp=0,04". Takum o06pasom,
MOXHO CHeJaThb BEHIBOL O TOM, YTO OLIMGKH B reOfe3HYECKOH H0J-
rote B AecsTb pa3 MeHblle OLIHGOK Mgy H 1M, acTPOHOMHYECKHX
ompejeeHuii. [10s3ToMy OLINOKOH 1, MOXKHO NpeHeGpeub H B COOT-
BETCTBHH C BhipaxKeHHeM (2.7) 3amucarb

My = '\/ ma, + mjsin’g . 2.8)

Ilpu cayuaiinbix oumu6kax mg=0,5" u my=0,45" nomyuum mjs
CPelHHX IUHPOT ¢=45° ciyyaiiHylo OWHGKY reoJe3HYecKOro asH-
myta m,=0,6". KpoMe cayuyaliHbix OLIHGOK pe3yJbTaThl H3MepeHHH
COAepKaT CHCTeMaTHYeCKHe OLIMOKH. PeasbHasi TOYHOCTb Ompefe-
JeHHsi a3uMyToB Jlamiaca xapakTepusyercsi cpefiHeH KBaJpaTHue-
cKo#t omub6koi =~ 1,0”.

§ 9. MOHATHE O PEAYKILHOHHON 3AAYE

[Tox penykuuoHHOH 3ajadefi BHCUIeH reofie3HH NPHHATO NOHH-
MaTb KOMIJIEKC Ipo6JieM, CB3aHHHIX C pa3paboTKOfi MareMaTHUe-
CKH CTPOTrOro MeTojAa pPeAyLHPOBAHHS H3MEPEHHHX BEJIHUYHH C (H-
3MYECKOH IOBEPXHOCTH 3eMJIH Ha NOBEPXHOCTh IPHHATOrO pede-
PEHIL-3JIJTHIICONAA H HeOOXOAHMHIX JJIsi STOTO METOJOB OIpeJeseHHSs
VKJIOHEHHH OTBeCHHX JIMHHH, a TakKXe reoje3H4YecKHX BHICOT NMYHK-
TOB HaJ, 3JJIHIICOUZIOM.

B xaxnoit cTpaHe NpPHHATHH pedepeHl-3JJHICOHA [O/MXKEH
6LITb OPDHEHTHPOBAH OTHOCHTEJIbHO OCH BpalleHHsi 3eMJH H OJHO-
3HAYHO «3aKpelJieH» B TeJe 3eMJH IPH NOMOIIH TaK Ha3blBaeMHIX
HCXOLHB X FeOf€e3HYECKHX JaT, 3a KOTOpHE NPHHHMAIOT
reofie3anyeckue KOOpAHHATH By, Lo, Ho HCXOAHOro NyHKTa acTpo-
HOMo-reojesnueckoii ceru. McxoaHble reonesnyeckne AaTh onpene-
JSIOT, HCNOJIb3Ys H3MepHTeJbHYI0 HHpOpPMAaLHIO BCeH acCTPOHOMO-
reofile3anyeckof ceTH. MeToAn HX ONpefeJeHHs pacCMaTPHBAIOTCA
B Kypce TeopeTHueckoii reogesun [21].

Bce H3MepeHHHle B reofie3HUecKOH CETH BEJHYHHBI: TOPH30OH-
TaJIbHBl€ HalpaBJIeHHs, NJHHH H a3HMYTH CTOPOH H T. II. PeAylH-
PYIOT Ha NOBEPXHOCTb pedepeHI-3JJIHICOH[a, NPHMEHAS NpenJo-
xeHHblh B 1934 r. ®. H. KpacoBckuMm TeopeTHUeCKH CTpOTHH
MeTOA NpoeKTHpoBaHHA [IpoeKTHpPOBaHHE H3MepEHHHX Be-
JHYHH OCYILeCTBJISIeTCS] MO0 HOpMAJisIM K NOBEPXHOCTH 3JIJIHICOHJA.
H3MepeHHble e BeJHUYMHH (HampaBJ/e€HHS, a3UMYTH H T. I.) CBfi-
3aHbl C OTBECHBIMH JHHHUAMH. [103TOMYy [Jifi peLYKLUHH H3MepeHHBIX
9JIeMEHTOB Ha 3JIJIHIICOHJ HeOOXOAHMO 3HATh YKJOHEHHS OTBECHBIX
JHHHH Ha NMyHKTax reoje3uveckofi ceTH, a TaKxe BBICOTH IYHKTOB
HaJ 3JIJTHIICOHAOM.

IMpu pemenHH pelyKIHOHHOH 3aflauH HeOOXOAMMO cOOJOAATH
cJeflylole OCHOBHbIe TPeGOBaHHS:
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PeNYKUHOHIbE NMONPAaBKH JOJKHBI ONpeJesNATbCsA € TaKOH TOY-
11OCTbIO, YTOOBI HX OLIHKOKH OBblIH npeHebperacMo MaJibl 110 Cpas-
HleHHIO ¢ OIIHOGKAMH H3MEpPEHHH pelyLHPYeMBIX BeJHUHH. [[pyramu
CJIOBaMH, OIIHOGKH OINpeJeNeHHs] PeLyKUHOHHBIX IONpPaBOK H HX
BJHAHHME NOJXKHHE GHITb B NSITb—/ECATb pa3 MeHblle ouIMOOK ca-
MHX H3MepeHHUH;

GopMYyJibl, HCIOJb3yeMble AJS BbIYHCAEHHS PEAYKIHOHHBIX [0-
[IPABOK, AOJKHbI OHITh MOJYYEHBI C TaKOH TOYHOCTbIO, YTOOBI HX
MOTPELIHOCTH HE OKa3biBaJH BJHSNHS Ha pe3y/bTaThl BbIYHCJEHHS
penyKUHii;

apryMeHThl, HeOOXOAMMBIE MAJIsl BBIYHCJEHHS COOTBETCTBYIOILHX
peNyKLUHH: acCTPOHOMO-T€0/Ie3HUECKHEe YKJOHEHUS] OTBECHBbIX JIHHHH
Ear, Tar, T'EOJE3HYECKHE BHICOTHI NYHKTOB Haj 3JJHnconaom HT,
aHOMAaJIMH YCKOPEHHH CHJHN TSXeCTH g—vy, T. €. Pa3HOCTH MexKIy
peasibHOH M HOPMAaJIbHOH CHJIOH TSI2KECTH, HOJKHBI ObITH MOJYYEHBI
C JOCTAaTOYHOH TOYHOCTbIO, IPHYEM He Ha OCHOBe KaKHX-JIHOO TH-
MOTETHYECKHX HNAHHBIX, a M0 pe3yJbTaTaM KOHKPETHBIX H3MEpEeHHH.

YKJIOHEHHS OTBEeCHHX JIMHHH NpH paboTax B TOPHHIX paHOHax
JIOJKHBI GBITb M3BECTHBI AJS BceX MyHKTOB 1—3 KiaccoB. B acrt-
POHOMO-Te0Ie3HYeCKOH CeTH ONpele]sioOT AacTPOHOMHYECKHe LIH-
POTHl @ H [JOJIOTH A Ha OTAEJNbHBIX NIYHKTaXx B CPefHEM uepe3
70—100 kM. BbluMCJIHB JJIS1 3THX HYHKTOB reofie3nyecKHe IIHPOTHI
B u ponrote L, ompepensiioT no dopmyaaM (2.4) HCKOMBEIE YKJIO-
HeHHsl OTBECHBIX JHHHHA. M8 mpoMeXyTOYHBIX NYHKTOB HX OIpe-
JeJISI0OT NMyTeM KOCBEHHOTO HHTEPNOJNHPOBAHHMS MNOJYYEHHHIX YKJIO-
HEHHH C YYeTOM HeJUHEHHOCTH HX H3MEeHEHHH MeXAy NYHKTaMH,
Jls1 9TOro BHINOJIHAIOT TPaBHMETPHUYECKYIO CbheMKY MECTHOCTH IO
onpeje/eHHOH NporpaMMme H JJisi BCeX NYHKTOB BBHIYHCJISIIOT CHa-
Yajla TpPaBHMeTPHYECKHe YKJOHEHHS OTBECHHX JHHHH Erp, Nrp, @ 32-
TeM C Y4YeTOM HX HAXOAAT HCKOMEE YKJIOHEHHS Ear, Mar [18].
3Hasi acTPOHOMO-T€OAE3MUECKHE YKJIOHEHHS OTBECHBIX JHHHH Ear,
Nar H DACCTOSHHA MEXKAY NOYHKTaMH, ONpefeJsIOT IpeBHIIEHHS
KBAa3HTE€OHJA H ero BHICOTH N Hajx 3JJHNCOHAOM (aHOMAJMH BBHICOT
¢). OnpenesnuB B pe3yJbTaTe HUBEJAHPOBAHHS HOPMaJIbHLIE BEICOTHI
IE}IIHIIS;OB Hy, BBIUMCIAIOT HX reofe3HYecKHe BHICOTH MO (GopMmyie

Hpes Merofa KOCBEHHOTO HHTEPHOJHDPOBAHHS AaCTPOHOMO-T€O-
Jle3HYeCKHX YKJIOHEHHH OTBECHHIX JIHHHH C HCIOJb30BaHHEM JaH-
HBIX rDaBHMETPHUYECKOH CHEMKH H NOCJEAYIOILEro BHIYHCJEHHS Mpe-
BhilleHHH reoupa mpempioxena @®. H. Kpacosckum B 1934 r. dror
MeTo1 GBI Ha3BaH METOAOM acCTPOHOMO-TPaBHMETPHUECKOrO HHBe-
JupoBanus. [losguee o 6wl pa3uT B pabotax M. C. Momopen-
CKOTO TNPHMEHHTENbHO K NPE[JIOXEHHOH HM TeOpHH H3yueHHs Ou-
TYPBl H TPaBHTAllHOHHOTO I10JIA 3eMJIH.

CTPOHOMO-2pasumeTpuseckul mero0 onpefeseHHs YKJIOHEHHH
OTBECHBIX JIHHHH H TpEBHIUIEHHH KBa3UreoHAa TPeGyeT BHIMOJHEHHS
B 6OJIbUIOM O6beMe re0fie3HYeCKHX, aCTPOHOMHUECKHX H TPaBHMET-
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pHYeCKHX H3MepeHHi. A cJefoBaTeNbHO, AJS €ro peanusaluu Ie-
06XOMUMBI M 3ilaUHTe/JbHBle 3aTPaThl TPyLa, CPEACTB H BpEMEHH,
KOTOphle 0cOOEHHO BeJHMKH IpH paborax B ropax. B Hacrosmiee
BpeMsl B CBSI3H ¢ GYDHBIM Da3BHTHEM HAayKH M TEXHHKH pa3paba-
THIBAIOTCSI M [OCTENIEHHO BHEAPSIOTCS BEICOKOTOYHBIE Teoje3nye-
CKHe TpaBHHHepPIHAJbHbEIE CHCTEMBI, I03BOJISIOLINE HENOCPECT-
BEHHO, B KpaTyaHiiHe CPOKH H C BBICOKOH TOYHOCTbIO MNOPsAKA
0,1” uaMepsATh NpHpAllEeHHS aCTPOHOMO-Te€OJEe3HUECKHX YKJIOHEHHH
OTBECHBIX JIMHHH INIPH Iepexoie OT OJHOroO NYyHKTa K APyromy,
B TOM YHCJEe H B TFOPHHIX ycJaoBHAX. MI3MepuB mpupalieHuss acTpo-
HOMO-Te0Je3HUEeCKHX YKJIOHEHHH OTBECHBIX JHHHMH H 3Has paccTofl-
HHSl MEXJy NYHKTaMH, MOXHO BBIYHCJIHTH NPEBBHILIEHHS KBa3Hreo-
upa (reomma) MexIy HHMH C JAOCTaTOYHO BBICOKOH TOYHOCTBIO.
JlaHHBI# MeTOJ H3yueHHs MOBEPXHOCTH KBa3Hreomaa (reomjpa) Le-
Jecoo6pa3HO Ha3BaTb METOOOM 2pPABUUHEDYUAAbHO20 HUBEAUPOBA-
Hus. DTOT METOA MOXeT cTaTb Hanbosee 3(P(PeKTHBHEIM H TOYHBIM
METOLOM H3YYeHHS NOBEPXHOCTH KBa3Hreouzaa (reomaa) OcoGeHHO
B KOHTHHEHTaJbHOM YacTH 3€MHOro Ilapa, rie MeTOJ CHYTHHKOBOH
aJbTHMETPHH He NPHIOJIeH.

OnpesenuB Ha NyHKTax reofesH4ecKofl CeTH YKJOHEHHS OTBecC-
HBIX JIHHHH, a TaKXe reofie3H4eCKHe BHICOTH NYHKTOB, BBHIYHCISIOT
IIONPAaBKH B H3MEPEHHHIe PAaCCTOSAHHSA, FOPH30HTAJbHHIE HalpaBJe-
HHs, a3HMYTH H T. II. 32 DEAYKIHIO HX K NOBEPXHOCTH pedepeHIl-
3JIIMNCOMAa Mo ¢GopMyJsiaM, NpHBENEeHHHM B yueGHHke [21]. 3atem
H3MepeHHHE BeJHYHHH pPEeAyLHPYIOT C SJJHNCOHAA Ha IUIO-
ckoctb B mnpoekuun I'aycca—Kpiorepa mo ¢opmynam chepouau-
YeCKOH reoJle3nH.



PA3EJ 11
OnopHble reoaesnyeckue CeTu

I'naBsa 3

FTOCYAAPCTBEHHAS FrEOAE3HYECKAS
CETb CCCP

§ 10. TEONE3UYECKHE CETH. UX HASHAYEHHUE

Feone3anuyecko#h ceThI0 HA3BBAIOT CHCTEMY 3aKpeMNJeHHBIX
Ha MECTHOCTH TOYeK 3€MHOH IIOBEDXHOCTH, IIOJIOXKEHHE KOTOPBIX
onpejesieH0 B 0oOuied AJisi HHX CHCTEMe KOOPIMHAT H BEICOT.

Teone3nueckue ceTH MOTYT CO34aBaThCsl KaK Ha MaJblX, Tak H
Ha OrPOMHHIX IJOIMIAASX 3eMHOH moBepxHOcTH. [To TeppuTOpHAaJb-
HOMYy IPH3HAaKy HX MOXHO MOJpa3/e/uTb Ha rJjobaJjbHyn (o6lLe-
3eMHYI0) TeoJe3uyecKylo CeTh, NOKPHBAIOILYI0O Bech 3€MHOH map;
HallHOHaJbHble (rOCydapCTBEHHBIE) Treofe3HYecKHe CeTH, COo3[aBa-
eMBle B Npelenax TEPPUTOPHHM KaXJOH OTHENbHOH CTpPaHH B eIHu-
HOH cHCTeMe KOOpPAMHAT M BHICOT, NPHHATOH B [AAaHHOH CTpaHe;
CeTH CTrylieHHs, NpefAHa3HAYeHHbIe JJI CO3JaHHSI CheMOYHOTO 060cC-
HOBaHHA Tonorpaduieckux CbeMOK; MECTHBIE Ieofie3uuYecKHe CETH,
T. €. CeTH Ha JIOKAJbHBIX yYaCTKaX, HCMOJb3yeMble AJSl PelleHHs
pasJIMYHBIX 3ala4 B MECTHOH CHCTeMe KOOpAHHAT.

[To reomerpuyecko#l CYIIHOCTH pa3/HYalOT TNJAHOBbIE, BHICOT-
Hble M [POCTPAHCTBEHHBIE reojie3HYecKHe CeTH. B miaHOBO# ceTH
B pesynbTaTe 00paGoOTKH H3MepeHHH BBIUHCJASIOT KOOPAHHATHI
MYHKTOB Ha NPHHSATOH NMOBEPXHOCTH OTHOCHMOCTH (Ha IOBEPXHOCTH
SJUIMNICOMJA HJIH Ha TMJOCKOCTH); B BHICOTHOH (HHBEJHPHOH) CeTH
MOJIYYaloT BHICOTHI NMYHKTOB OTHOCHTEJBHO OTCYETHOM NMOBEPXHOCTH,
HalpuMep, NMOBEPXHOCTH KBAa3HTeOHAA; B IIPOCTPAHCTBEHHBIX CETHX
13 06pabOTKH H3MepeHHi ONpelessiOT B3aHMHOE INOJIOXKEHHEe NyHK-
TOB B TPEXMEpPHOM IIPOCTPaHCTBeE. _

T'robanenan ceode3uyeckas ceTeé CO3LAGTCS B HacTOsIEE
BpeMsi MeTOJAAaMH KOCMHYECKOH reoJe3HH C HCNOJIb30BaHMEM Ha-
6mogenuit MC3, nostoMy ee 4acTO Ha3BIBAalOT CIYTHHKOBOH HJH
KOCMHYeCKOH reojesnyeckoii cerbio. IlosiokeHHe ITYyHKTOB B 3TOil
CeTH BBIYHCJSIOT B TEOLEHTPHUYECKOH CHCTEME NPSIMOYTOJIbHBIX KO-
opaunar XYZ, Hayalo KOTOPOfl COBMeLIEHO C LEHTPOM Mace
3emsin, ocb Z — ¢ OCblo BpallleHHs ee, a MJIOCKOCTb ZY — ¢ MIocKo-
CTbI0O HAayaJbHOTO MepHAHAaHA. [JI06aJbHYI0 TeoJe3HYECKYyI0 CETb
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HCNOJB3YIOT MJist PEelleHHs] HayYHBIX U HayYHO-TEXHUUYECKHX TMpOoG6-
JeM W 3ajay Bhicuiell reofe3wH, reOfHHAMHKH, aCTPOHOMHH H IpY-
rux Hayk. K uncay Takux npobsem u 3ajady OTHOCSITCS, HallpUMep,
crlenymouue:

yTouHeHHe (yHIAMeHTaJbHBX Te0Je3MYCCKHX MOCTOSHHBIX;

u3yueHue GUTypsl U rPaBHTALHOHHOTO TOJIS 3EeMJIH;

onpejieJieHHE JBHXKEHHH MOJIOCOB 3eMJIH;

3ajlaHde enuHOf 1 Bcell 3eMJIH CHCTEMB! TeOlLeHTPUYECKHX
MPOCTPAHCTBEHHBIX MNPSIMOYTOJbHBIX MJH Te0Le3UYeCKUX KOOPIH-
HaT;

onpejiesieHHEe TOJIOXKEHHS pedepeHIl-3JIJIMNCOULIO0B Pa3HbIX CTPaH
OTHOCHTEJIbHO LIEHTPa Macc 3eMJlH;

H3yueHHe TepeMelleHHii u Aedopmauuii JHTOCHEPHBIX NJHT
3eMHOH KODHI; ]

H3yueHHe 3aKOHOMepPHOCTeH H3MeHEeHHS BO BPEeMEHH KOOPAMHAT
NYHKTOB OO6Iie3eMHOfl reole3Hyeckoil CeTH BCJEACTBHE IHHAMHKH
3eMHOl MOBEPXHOCTH M IIPHBeIEHHE HX MIHOBEHHBIX 3HaYEHHH
K omnpejesieHHOH smoxe, Hampumep, K snoxe 2000 r. [1].

Tno6anbHasi reoje3Wyeckasl CeThb AOJXKHA HEMPEPHIBHO COBED-
[IEHCTBOBAThCA MJS LOCTHXKEHHS HAWBBICIIEH TOYHOCTH Ompenese-
HHSl «MTHOBEHHOTO» TIOJIOKEHHSI €€ NYHKTOB B TeOlleHTPHYEecKOH
cucteMe KoopiauHaT. [1o Mepe MNOBHIIHEHHS TOYHOCTH TIJ106aJbHOM
reoJeanyeckoil cetd OGYAyT NMOCTENEHHO PACUIHPSTHCS BO3MOXKHOCTH
pellileHHs] HOBBIX HayYHBIX MpobJeM U 3afay reofe3HH, NMPHKJIATHON
KOCMOHaBTHKH, F€0JHHAMHKH, aCTDOHOMHH M MHOTHX [PYTHX HayK.

HayuonaneHsle 2eode3uueckue ceTu TOAPA3JeNsiOTCA, KaK OT-
Meyajioch BBIllle, Ha TPH BHAA: TOCYAApPCTBEHHYIO TIe0Je3HYecKylo
ceTb (MJIaHOBYIO), TOCYAApCTBEHHYIO HHBEJIHPHYIO ceThb (BBICOT-
HYIO), TOCYapCTBEHHYIO IPaBHMETPHYECKYIO CETb.

Tocydapcreennasn zeode3uueckas ceTs TpelycMaTpPHBaeT ompe-
IeJeHHe C HauBbICIIefi TOYHOCTBIO B3aHMHOI'O TOJIOKEHHS reofiesH:
YeCKHX MYHKTOB B MJAaHOBOM OTHOIUEHHH Ha H36pPaHHOH NOBEpPXHO-
CTH OTHOCHMOCTH (Ha pedepeHL-3JIJIHNCOUIe WJH MJIOCKOCTH); BHI-
COTHI TYHKTOB CETH ONpejesioTcss C ropa3fio O6ojiee HH3KOM
TOYHOCTbIO, 0COGEHHO B TOPHHIX pafioHax.

T'ocyOapcTeeHHas HUBEAUPHAS CeTb CIYXKHUT AN ONpeneseHHs
C HaWBBICIIEH TOYHOCTBIO BBICOTHI KaXXAOTO NYHKTA OTHOCHTENHHO
MOBEPXHOCTH KBa3WTeOHJa; MJAaHOBOE TMOJIOXKEHHe NYHKTOB 3TOM
CeTH Ha MOBEPXHOCTH OTHOCHMOCTH OTpejessieTcsi MPHOJIHKEHHO.

Tocydapcreennas epasumerpudeckas cero TpefHa3HaueHa AJS
omnpefiesieHusl ¢ HAWBBICIIEH TOYHOCTHIO YCKOPEHHiH CHJB THXKECTH
Ha TYHKTaX; MOJIOXKEHHe MYHKTOB 3TOH CEeTH B NMJAHOBOM H BBICOT-
HOM OTHOIIEHHH JOJIXKHO OHITb ompejesneHo ¢ TpebyeMmo#l TOYHO-
CTBIO.

TocynapcTBeHHbIe Teofie3HUECKHE CETH, CO3JaBaeMble Ha Tep-
PHUTOPHH KaXKIo#t OTHeNbHON CTPaHBl, MpeAHa3HayalTcH AJfA cle-
AYIOIHX LeJsef:
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JIeTaJIbHOTO M3yuYeHHs] (UTypbl U TPABHUTALMOHHOTO NMOJS 3eMJIH,
MX H3MEHEHHH BO BpeMeHH (B mpelesax TEPPUTOPHH CTPaHbI);

pacnpocTpaHeHHs €AMHOM CHCTEMBI KOOPAMHAT M BHICOT HA
BCceH TEDPUTOPHH CTPaHHI;

KaprorpagupoBaHUsi TEPPUTOPHH CTPaHbl B Pa3HBIX MacimuTabax
B eJlHHOH cHCTeMe KOOPAMHAT H BBICOT;

pellieHHsl TeOJe3HYSCKHMH MeTOJaMH Pa3HOro poja HayyHbIX H
MHXKEHEpHO-TeXHHYECKHX 3aJay HapOALHOXO3SHCTBEHHOro 3HAUEHHS.

B cuay crneunduueckux cpeicTB M METOLOB NMOCTPOEHHS reoje-
3UYeCKHX ceTefl pa3HOro BHJA NYHKTH IJIAHOBOH reoJ]e3HYecKoH
ceTH OOGBIYHO pacmoJsiaraloT Ha HauGoJjiee BBICOKHX yyacTKax MecT-
HOCTH; NYHKTHl HHUBEJHPHOH CETH — Ha PAaBHHHHBIX M XOJMHCTHIX
y4acTKaXx MEeCTHOCTH, B JOJHHAX PeK H T. II.

FocynapcrBeHHBle reofe3nyeckKHe CETH BCeX TPeX BHIOB CTPO-
ATCS pa3iesbHO, HO OHH TECHO B3aMMOCBSI3aHBI MeXJy cOo00# H JIO-
NOJIHAIT ofaHa Apyryilo. OTaenbHble MYHKTH MOTYT GBITH OOLIMMH
IS BCeX TPeX BHIOB ceTeH, u4TO MN03BoJsieT Gojee 3((deKTHBHO
peuiaTb MHOTHE 33aJa4Yu Te0Jie3UH, Fe0JHHAMHUKH H T. II.

B cBf3HM ¢ TeM, 4YTO TOCyAapCTBEHHBIE Tre0Je3HYecKHe CEeTH
HMEIOT Ba)KHOE HayyHOe M HapOAHOXO3SIHCTBEHHOE 3HayeHHEe, OHH
JOJIKHBI OBITb HaJeXHO 3aKpenjeHbl Ha MeCTHOCTH, PaCCUHTaHHI
Ha AJHMTEJNbHBIH CPOK CJYXKOBH, a MO TOYHOCTH AOJXKHH yHOBJETBO-
pATb TpeGOBaHHSIM HAayKH, 3ajayaM HapOJHOTO XO3sIHCTBa CTPaHH,
NpHYeM He TOJbKO OJMIKaHIIero, Ho U CPaBHHUTEJBHO OTJaJIEHHOrO
6ynyiuero.

Hcropusi pa3BUTHA Teole3HH 1OKa3biBaeT, YTO C TE€YEHHEM Bpe-
MeHH Tpe6OBaHHS K TOYHOCTH INOCTPOEHHS] TOCYdapCTBEHHHIX [eo-
Jle3MYecKHx ceTell HempepHIBHO Bo3pacraloT. BMecre ¢ TeMm, cama
no cebe rocyzapcTBeHHasi reoiesanyeckasi CeTb, €CJH €€ CHCTeMa-
THYECKHM He OOHOBJATbD H He COBEpPLIEHCTBOBAaTb, IOCTENEHHO
CcTapeeT, yTpauWBaeTCs 4YacThb NYHKTOB, TEPSETCS TOUHOCTD B OT/E/b-
HBIX ee YacTAX, OCOOeHHO H3-3a COBPEMEHHBIX ABHXKEHHH 3eMHOH
KOpHI.

Jlnst Toro uto6GHl rOCyNapCTBEHHBIE Te0Je3HYECKHE CETH CTPaHH
BCerja HaxoAWJHChb Ha yYpOBHEe COBPeMEHHBIX TpeGOBaHHH, a TaKXe
Tpe6oBaHu# GaMKafillero 6yaymiero, Heo6XoMMO:

CHCTeMaTHYeCKH NPOBOIMTH INoJeBoe ob6ciaenoBaHue (OCMOTP)
BCeX NMyHKTOB CeTH, BOCCTAaHABJHBAaTh HJH 3aHOBO ONMpEAENsAThb YT-
payeHHble MYHKTHI;

nepHOAHUYECKH, Hanpumep, uepe3 25—30 JeT BHIMOJHATH I10-
BTOpDHBEIE HJIH NONOJIHUTENbHbIE H3MEePEeHHs B 3HAUMTENbHOH HJIH, BO
BCAKOM cJyyae, B TOH YacTH CeTH, KOoTopas HauboJjiee CHJIbHO MOJI-
BepxeHa JedopMaLMAM H3-3a COBPEMEHHBIX [BHXXEHHH 3eMHOi
MOBEePXHOCTH MJIH BCJEACTBHE APYTHX NPHUYHH;

MOBTOPHBIE HJH JONVJIHHTEJbHbIE H3MepeHUS, NMPOBOJUMBIE MJIsi
naJjbHefllero COBEPUIEHCTBOBAHHMS H MNOBBILIEHHS TOYHOCTH TOCY-
JapCTBEHHOH TreoJe3ndyecKoil ceTH, HeoOXOAHMMO OCYLIECTBJSATh Ha
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6a3e HOBeHIIMX JIOCTHXEHHH B 006/1aCTH BBICOKOTOUHOH H3MepH-
TeJbHOH TEXHHKH U METOLOB H3MEPEHHH;

N0 Mepe HAKOMJEHHS HOBOH H3MepHTeNbHOH MHGMOpMalHH B pe-
3yJIbTaT€ NOBTOPHBIX HJIH AOMOJHHUTENbHbIX H3MEPEHHH Ha 3HaAUH-
TeJbHO# YacTH TEPPUTOPHH HEOGXOAMMO NpUMepHO uepes 25—30
JIeT 3aHOBO BRIMOJIHATH NMOBTOPHOE ypaBHHBaHHE CETH Kak MJaHO-
BOH, TaK W BBICOTHOH, C LeJIbIO NOJYYEHHS HOBBIX, GoJiee TOYHBIX
3HaueHHH# KOOPAMHAT M BHICOT, OTHOCSHIMXCS K HAHHOH 3M0Xe Ha-
610 1eHH .

[Ipu co3gaHHH COBPEMEHHBIX TOCYJapCTBEHHBIX Te0fe3HYEeCKHX
ceTefl BBIMOJHSAIOT KOMIIJIEKC OCHOBHBIX Te0Je3HuYecKux paboT, Ko-
TOpHIE BKJIOYAOT B ce6si: NPOEKTHPOBaHHe TreoJe3MYecKHX ceTef,
PEKOTHOCLHPOBKY NYHKTOB, IIOCTPOHKY reofe3HuYecKHX 3HaKOB, 3a-
KJaJKy TNOA3EMHBIX ILIEHTPOB H peNepoB; BHIMOJHEHHE YTJOBBEIX H
JIMHEHHBIX M3MepPEHHH; ompejeseHHe aCTPOHOMHYECKHX IIHPOT, MO-
JIOT H a3HUMYTOB; INPOM3BOACTBO HHUBEJHPHBIX palbOT; H3MepeHHe
ycKopeHHH cuJsbl TsikecTH, HaGmoaenuit FIC3 u T. m. u, HakoHel,
MaTeMaTHYeCKyl0 06paGoTKy pe3y/abTaTOB H3MepEeHHH. ‘

B mocnenHHe roanl NOCTHTHYTH 3HAUYHTENbHBIE YCNEXH B Jeje
NOBHILIIEHHS TOYHOCTH OMNpeJesieHHss KOOpJAMHAT NYHKTOB MO pe-
syabTataM Habmiomenuit IC3. B cBs3u ¢ 3tuM Habmonenus VIC3
HaYHHAIOT Bce IIHPE MCIOJb30BaThCs MPH CO3JaHHH TrOCYAapCT-
BEHHBIX reoJe3uYecKux ceTefl BEICOKOH TOYHOCTH.

Jasi Toro uTo6B rOCyZapCTBEHHEIE TeO0[e3HYECKHE CETH MOTVIH
CJOYXKHUTb HHTEpPeCaM HayKH H HapOAHOrO XO35IACTBa CTPAaHHI B Te-
YeHHe MAJHTENbHOrO BPeMEeHH, UX Heo6XOAMMO CTPOMTb Ha CTPOro
HayyHOH OCHOBe, NIPHYEM C HAHBHICUIEH TOYHOCTBIO, JOCTHraeMOM
B MAacCOBBIX H3MEPEHHSX IPH HCIOJb30BaHHM HOBEHUIMX METOLOB
H BBICOKOTOYHOH H3MePHTEJbHOH TeXHHKH.

Mecrnele zeo0e3uueckue ceru. B psame ciyuyaeB Ha JIOKaJbHBIX
yJyacTKax MeCTHOCTH HeOOXOAMMO peliaTh CJOXHBIE HayuHbIe M HH-
JKEHEDHO-TEeXHHUEeCKHe 3ajauyd, TpeOyloline onpefeNeHUs] B3auUM-
HOTO MOJIOXKEHHSI TOUeK B IJIaHe M 10 BHICOTE C HaHBHICLIEH TOY-
HOCTBIO Ha KaXJBIi MOMEHT BpeMeHH. B 3Tux ciaydasx cO3maioT
crelHajbHble TeoJe3uyecKHe CeTH MpelesbHO BBHICOKOH TOYHOCTH
H BHIOJHSAIOT B HHX INPELH3HOHHbIE M3MEPEeHHs MOBTOPHO uYepes
ompelesieHHble HMHTepBaJbl BpeMeHH. MateMaTuueckylo 06paboTKy
H3MEPEHHH B TAaKHX CETAX BBHIMOJHSIOT B MECTHOR cHCTEMe KOoOop-
OHHAT, nopbupaemMoii TakuM 00pa3oM, uTOOBI PEeNYKLHOHHBIE O-
[paBKH 3a Tepexo] OT H3MEpPEeHHbIX BEeJHUYHH K HX MPOEKIUHUSM Ha
MECTHYI0 IIOBEPXHOCTb OTHOCHMOCTH OBIJIM KaK MOXHO MeHbIIe.
Takue ceTH HCNOJNB3YIOT, HAampuMep, B cefCMOAKTHBHHIX paHoHaXx
IJiS TIOMCKa TNpPEJBECTHHKOB M IOCJEAYIONIEro Mporio3a KpPYIHBIX
3eMJIeTpsiCeHui, PH CTPOHMTENbCTBE M SKCIJyaTallMH MOILHBIX pa-
JIHOTEJIECKONIOB, YCKOPHTEJEH 3JeMEHTapHBIX 4YacTHIl, THAPOCTaH-
UMA U T. I.
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§ 11. OCHOBHOH NMPHUHLMII MOCTPOEHHS
FOCYAAPCTBEHHOHW FEOJE3UYECKOHW CETH

[Ipy cosmaHuu rOCYAapCTBEHHOH TeOJe3HYeCKOH ceTH Heu3GexHO
BO3HMKAIOT TPH OCHOBHBIX BOIpOCa, HMEIOUIHE MPHHIHIHANbHOE
3HayeHHe: BHIGOP CXEMBl NOCTPOEHHs TrOCyAapCTBEHHOH reojesuuye-
CKOH CeTH Ha BCeil TePPHTOPHH CTPaHbl; YCTAHOBJIEHHE MJOTHOCTH
reofle3HUeCKHX NYyHKTOB, a TaKxXe TOYHOCTH OIpeJAeJEHHS B3aHUM-
1I0TO TIOJIOXKEHHSI CMEXHBIX IYHKTOB B ceTH. Kaxanil H3 3THX BOIl-
pocoB HeOGXOAHMO paccMaTpHBATb COBMECTHO, MPHYEM C ABYX TO-
UeK 3peHHsl: C TOUYKH 3DeHHsl pelleHHs OCHOBHBIX HayYHBIX 3aaay
reo/le3uH, a Tak:Ke 3ajay KapTorpadHpoBaHHS TEPPHTOPHH CTPaHHI.
OTo CBA3aHO C T€M, YTO IPH pellieHHH 3THX 3aAay NPeNbsBJIAITCA
pa3Hnle TpeGOBaHHS K ONOPHOH reofesnyeckod ceru. Ilostomy He-
06X0HMO HaATH B ONpefeJeHHOM CMHICJe ONTHMAJbHBIA BapHaHT
IOCTPOEHHSI CETH, NO3BOJAILIHA Ha JOJXKHOM HayyHOM YPOBHE H
¢ TpebyeMOi TOYHOCTBIO pellaTh 3afa4d 0OeHuX Trpymi.

Hcnoab3ys MeTon KOCMHYECKOH T€OLE3HH, NOJydaloT [HOoCTa-
TOYHO O6OOILEHHHIE, T. €. CTJaXKeHHHEe XapaKTEPHCTHKH (DHTYPH H
rpaBHTALiMOHHOrO moJs Bceil 3eman B HeaoM. Dojee peranbHO
¢urypy 3eMau B npefiesaXx TEPPHTOPHH OLHOH CTPaHBl MJIH TDYIIBI
CTPaH H3yyaloT NyTeM CO3JAaHHS acCTPOHOMO-TEONE3HYECKHX CeTeH,
B KOTODHIX BBIIOJIHSIOT KOMIJIEKC Ie€0J€3HYECKHX, aCTPOHOMHYECKHX
H rpaBHMeTpPHYeCKHX H3MepeHHH. Jl0 HelaBHero BpeMeHH B CTpa-
Hax c 60J/blLIOH TePPHTOPHEH acCTPOHOMO-re0[€3HYecKHe CETH CTPO-
HJHCh B BHJe PSIOB TPHAHIYJSUMH, NPOKJafbBaeMHX [0 Halpab-
JIEHHSIM MEPHIHAHOB H NapaJJeleil H 06pa3ylomuXx 3aMKHYTHE IIO-
JUroHbl. B pesysabTaTe COBMECTHOH MaTeMaTHUeCKOH 0GpPaGOTKH
BCeX BHJAOB H3MepeHHH, BHIIOJHSEMHX B aCTPOHOMO-T€0AEe3HUeCKOH
CEeTH, NMOJYy4YaloT BHICOTH KBa3HI€OHAA H ero mpoQHJH BAOJb PALOB
TpHaHryaauuu | Kiaacca. IIpH 3TOM BHYTPH KaXJOro MOJHTOHA
¢dopMa MNOBEPXHOCTH KBa3HTeOHZAa OCTaeTcsl HeH3yueHHOH. J[lad
yCTpaHeHHs 3TOro HeJOCTaTKa HeOOXOZHMO CO34aBaTb Ha TeppH-
TOPHH CTpPaHH He NOJHIOHAJbHYIO, a CIJIOLIHYI0 aCTPOHOMO-reoje-
3HYECKYIO ceTb ¢ OoJsiee HJH MeHee PaBHOMEPHBIM paclpelelieHHeM
IYHKTOB 10 BCeil TepPHTOPHH.

Jna reojesnyeckoro obecneyeHHs TONOrpaHYECKHX CBHEMOK,
BHIMOJIHSIEMHIX B MeJsAX KapTorpagHpOBaHHA BCeH TEePPHUTOPHH
CTPaHH, HEO6XOJHMO Ha €e IOBEPXHOCTH IOCTPOHTb CIJIOIIHYIO
ONOPHYIO Teojle3NYecKylo ceTb. [IpH 3TOM pacCTOSIHHS MeXAY Co-
CeIHHMH NYHKTaMH AOJIKHBI .OBHITh ropas3fo MeHbIIe, YeM B acTpo-
HOMO-T€0/Ie3HYECKOH ceTH, 0COGeHHO NPH KPynHoMacuTaGHOM Kap-
TorpadupoBaHHH.

Takum o6pasoM, Ajs pellleHHs KaK HayyHBIX, TaK H IpaKTHUe-
CKHX 3ajJlay reojle3uH M kaprorpadun HeoOXOZHMO HMeTb Ha Tep-
PHTOPHH CTPaHbl CINVIOIIHYIO TOCYAAapPCTBEHHYIO Te0fe3HYecKyIo
CeTb C BBIJIEJIEHHOH B HeH acTPOHOMO-TeoJe3HYecKOi CeThi0 Kak
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rJaBHOH M HauboJiee TOUHOH, HCNOJNbL3YyeMOH AJ5 pelleHHs Kak
IIPAaKTHYECKHX, TaK H HAYYHBIX 3aj/lay TeOle3HH, B TOM YHCJE, CBS-
3aHUBbIX C JIETaNbHbBIM H3yueHHeM (QUTypbl H TPAaBUTALMOHHOTO 1OJS
3eMJiH B lpefeaax TEPPHTOPHH OJHON HJIH TPYMMBl CTPaH.

B Boicillefi reofge3uu CJOXKHJICA U XOpolo OhOpMHUJCS onpeje-
JIeHHbIH NPUHLHMII HJIH CcXeMa I[IOCTPOEHHS TroCylapCTBEHHOH reoje-
3H4ecKOll ceTH, MpeJHa3HAYEHHOH [Jif peLIeHUs] KaK Hay4HBbIX, Tak
H MHXeHePHO-TEXHHYECKHX 3aJau HapOAHOXO35HCTBEHHOrO 3Haue-
nus. locynapcTBeHHYI reoje3HyecKyl CeTb CO3JalOT [O3TAlHo,
nocraguiiHo, cob/04asi NPUHIHN Nepexoga oT oOLiero K 4acTHOMY.
CHayasna CTPOSIT IVIaBHYIO, T. €. aCTPOHOMO-T€OJe3HYEeCKYI0 CeTb,
COCTOSIIIYI0 M3 KPYMHBIX Teofe3HdyecKHX MOCTPOeHHH B BuIe JHO0
3aMKHYTBIX NOJIHTOHOB, JHOO CPaBHHTEJBHO OOJBLIMX TPEYroJIbHH-
KOB. l3MepeHHSs B acTpPOHOMO-reOfe3HyecKOod CeTH BBHINOJHAIOT
C HaWBBICIIEH BO3MOXKHOI TOYHOCTBIO. 3aT€M [JAHHYIO CeTb MPHHHU-
MalOT 3a HCXOLHYIO H Ha ee OCHOBe CTPOSIT reo/le3HYecKyl CeThb
BTOpOro mopsiika c 6oJiee O€TAJbHEIMH TreOMeTPHYECKHMH MOCTPO-
eHHSIMH H C MeHbIIEH OTHOCHTEJbHOH TOYHOCTBIO H3MepeHHH, Ol-
HaKo, C COXpaHeHHeM BeJHUHMHH abCONIOTHOH OLIHOKH OmpefeJeHHs
B3aHMHOTO TOJIOXKEHHS] CMEXHBIX NMYHKTOB, KaK H B CeTH NepBOro
nopsigka. Ilpu 3TOM HMeloTCs B BHLY CpelHeCTaTHCTHUYeCKHe 3Ha-
yeHHs1 oLIKMGOK. [lasee ceTb BTOPOro Mopsiika NPHHHMAIOT 3a HC-
XOJHHYI0O H Ha ee OCHOBe CO3Jal0T CeTb TPEThbero Nopsfika C elle
6oJibliieli geTasnu3alMell reOMeTPHYECKHX IOCTPOEHHH NPH MeHb-
el OTHOCHTEJbHOH TOYHOCTH M3MEpeHHH, HO, KaK M paHee, C TOH
Ke abcosOTHOH OMMOKOH oOnpejfesieHHss B3aHMHOTO IOJIOXKEHHS
CMeXHBIX MYHKTOB. TaK MOCTYnaimoT AO Tex NOp, NokKa He O6yHeT mo-
CTpPOeHa reoje3uyeckasi ceTb ¢ TPeOyeMOH NJOTHOCTBIO NYHKTOB.

Takum o6GpasoM, nmpu cOOJIOJEHHH NpPHHIHNA Hepexofa OT 06-
Iero K YacTHOMY TOCYJapCTBEHHYIO T€OLe3HUYECKYI0 CeTb HeH3-
6eXXHO MOoJpa3jessfiioT Ha reolle3HyecKHe CeTH pa3HbIX KJaccoB 1,
2, 3... Uncno KJaccoB PEKOMEHAYETCS CBECTH K MHHHMYMY AJd
YMEHBIIEHHS] BIMSHHSA OIIHOOK HMCXOAHBIX NAHHBIX Ha ypaBHEHHHIE
3JIEMEHTh! CeTH HM3IIEero Kjaacca.

§ 12. IJIOTHOCTb MNYHKTOB rOCYJJAPCTBEHHOH
TEOJE3WYECKON CETH

[Ipu paccmoTpeHHH Bompoca O HeOOGXOAMMOH MJIOTHOCTH NYHKTOB
B TOCYZapCTBEHHOH TreOfe3HYecKOH CeTH cCJelyeT HMeTb B BHAY
OJHY H3 OCHOBHBIX HAayYHBIX Npo06JieM reofesHH, CBA3aHHYIO C Je-
TaJbHBIM H3yueHHeM GHrypel 3eMJIH, a HMEHHO, 3ajaiy JeTaJb-
HOTO M3y4YeHHs NMOBEPXHOCTH KBa3HTeOHJa B Npejenax BCeH TeppH-
TOPHH CTpPaHH. BHime yxXe oTMeuasoch, YTO B pesyJbTaTe MOCTPO-
eHHs TOJIMTOHAJbHOH acTPOHOMO-TeOJe3HuecKOl ceTH B BHIE
PAIOB TPHAHTYJ/AIMU OCTAETCS HeH3YUeHHOH NMORepPXHOCTb KBA3HIeO-
HAa HaxoAsLasiCs BHYTPH KaXXJOro OTHENBHOrO MOJHIOHa. JTH
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Tao6aunga 2

Macmraé = &g EE
Torf:l%;gn- ‘%s E E‘; =. E =2
yecKo F38 HeE -
CBEMKH SEE, e°%% 8;2
E88% | czz | &fef
1:25000 75 50—60 7—8
1:10 000 18 50—60 7—8
1:5000 4,5 20—30 4—5
: 1:2000 1,1 5—15 2—4

Puc. 11. [lnomanb, 06-

CJayXXHBaemass OAHHM reo-
A€3HYEeCKHM IYHKTOM

«6esble» NMSATHA MOTYT OBIThb JIHKBHIMPOBZHHL B pe3yJbTaTe IOCT-
pPOEHHS CIJIOLIHOM aCTPOHOMO-TeOe3HUEeCKOH CeTH Ha BCeH TeppH-
TOPHH cTpaHbl. UeM [erajbHee HaJ0 H3YUYHTb IOBEPXHOCTb KBa3H-
reomza, TeM GoJsibllie AOJKHA OBITb IJIOTHOCTb MYHKTOB acTPOHOMO-
reojleauyeckofft cetH. B TroOpHOH MeCTHOCTH MJOTHOCTb INYHKTOB
IOoJIXKHA OBITb HeCpaBHEHHO BHIIIe, YeM B paBHHHHOH MeCTHOCTH, TaK
KaK B TOPHBIX pafioHaX NOBEPXHOCTb KBa3HTeOHJa ropas3fo CJI0XK-
Hee yeM B DaBHHHHBIX. B messx H3yuyeHHS MOBEPXHOCTH KBa3HIeo-
HAa ONpefessioT Ha MHOTHX NYHKTax acTPOHOMO-Teofe3HuyecKoH
CeTH aCTPOHOMHYECKHe LIHPOTHl H HOJITOTHI, a TaKXe BeAyT IPaBH-
MEeTPHUYECKYI0 CHEMKY TEPPHUTODHH MO OMpeLesNeHHOH mMmporpaMme.
B paBHHHHOH M cJerka XOJIMHCTOH MECTHOCTH aCTPOHOMHYECKHe
NYHKTHl pasMellaioT B cpegHeM uepe3 Kaxjabie 70—100 kM. Mexny
3THMH NYHKTaMH IIOBEPXHOCTb KBa3HWreOHJa H3Yy4aloT, NPHMeEHssS
MeTOZ acCTPOHOMO-TPaBHMETPHYECKOTO HHBesupoBanus [21].

B ropHeIx paiioHax BCJIEICTBHE CJIOXKHOTO CTPOEHHS] TpaBHTAlH-
OHHOTO NoJsi 3eMJH H, CJIeLOBaTeJIbHO, CJOXKHOH GOpPMH KBa3Hreo-
Hla B NPHHIHIE cJef0oBajo OB Ha KaXKJOM NYHKTE acTPOHOMO-Teo-
Jle3HYeCKOll CeTH ONpelesuTh aCTPOHOMO-reoje3HyecKHe YKJOHEHHS
OTBECHBIX JIMHHE ¢ omMOKamMH nopsiaka 17.

TpebGyemasi mJIOTHOCTb reoJe3HYECKHX NMYHKTOB NpPH OGIIerocy-
NapCTBEHHOM KapTorpadHpOBaHUH TEPPHTOPUH CTPaHbl 3aBHCHT
oT Macwmraba tonmorpaduueckoil ChbeMKH, METOLOB €e BBIOJHEHHS,
a TakXe OT MeTOAOB CO3JaHHSI CBHEMOYHOrO reoje3nyeckoro oboc-
HOBaHHS.

YCTaHOBHM 3aBHCHMOCTb PACCTOSIHHH S MEXAY NYHKTaMH reo-
Ae3HyecKod ceTH OT miowmanu P, o6cayXHBaeMoOf OAHMM NYHKTOM
npu Tonorpaduueckux cbemkax mectHoctH [8]. Ionmyctum, uto
reojiesnyeckast cerb (puc. 11) COCTOHT M3 PaBHOCTOPOHHHX Tpe-
YrOJbHHKOB C AJHHAMH CTOPOH S. BOKpyr Kaxicro nymkra omu-
IeM OKPYXKHOCTb PaHyCOM r=s/2 W BBIYHCIHM Iowans P Kpyra
no gopmyse

P=nr2-%s2, @3.1)
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OTKyna
s=%4F=1,13‘Vﬁz4F. 3.2)

ITo dopmyne (3.2) BBHUMCANM OJHHB CTOPOH TpPEYTrOJBbHHKOB
TPHAHTYJSUMH B CJyyae TOmMOrpaduuecKHX CHEMOK pasHBIX Mac-
mra6os (Taba. 2).

Co3naBasi TOCYZapCTBEHHYIO Teole3HUYecKyl0 CeTb B COOTBETCT-
BHM C TPHHIMIOM MNepexofa OT OGINero K YacTHOMY, HeOGXOIHMO
co6MI0faTh ONMpefieNieHHble COOTHOLIEHHS] MEXAy CPeIHHMH 3Haue-
HUSIMH JIJIHH CTOPOH TpPEYrOJbHHKOB IIDH Mepexone OT OXHOTO
KJlacca TpPHaHTyJsUHH K Apyromy. CresaeM Heo6XOJHMble pacueThl

JonycTuM, uTO reofesnyeckas cetb 1 KJiacca COCTOHMT H3 paBHO-
CTOPOHHHX TpPEYrOJbHHKOB C IJauHHaMH cTopoH S. CeTb 2 kJacca
MOCTPOMM TNYTEM BCTaBKH NMYHKTOB- B LIEHTP KaxXJOTO TPEYrOJbHHKA
1 knacca. CoelHHHB cOCeIHHE MYHKTH 2 KJacca, a TakKxXe MYHKTH
2 u 1 KnaccoB NPAMBIMH JIHHHSIMH, B HTOre TOJYYHM. CETb Tpe-
YrOJIbHHKOB TPHAHTYJSAIMH 2 Kjacca ¢ AJUHAMH CTOPOH Sp. Ilauee
B KaXJABIfl TPEYroJbHUK 2 Kiacca aHaJOrHYHHIM 006pa3oM BCTaBHM
MO OJHOMY NMYHKTY M TakKHM 06pa3oM MOJYYHM CeTb TPHAHTYJALYH
3 Knacca, COCTOSILIYI0 H3 PaBHOCTOPOHHHX TPEYrOJIbHHKOB C MJIH-
HaMH CTOPOH S3. TOuHO TakuM Xe 06pa3oM NOCTPOHM CeTb TPHaH-
ryJasiliuu 4 Kiacca ¢ IJHHAMU CTOPOH TPEYTOJIbHUKOB Sj.

HerpynHo mokasaTh, 4TO NPH TaKOM NOCTaAHAHOM NOCTPOEHHH
reofe3HYecKol CeTH NOJIKHHEI cO6JIofaThCs cJenyloune NpHOIH-
JKeHHble COOTHOIUEHHS MeXJy JJIHHAaMH CTOPOH TpeyroJbHHKOB
Pa3HHIX KJIaccoB

S1=8; 8, =5/4/3 =0,586;
S3=5,/4/3 =0,33s;; 5, =s55/4/3 =0,19s,.

Ecin 3a MCXONHYIO TPHHATH AJHHY CTOPOHH B TPHAHTYJISLHH
1 knacca, paBHyl0 B cpenHeM s;=23 kM, To no dopmynam (3.3)
NOJIYUHM CJeAyloliue IJHHB CTOPOH TPEYrOJbHHKOB B CeTSX TPH-
aHrynsuun 2—4 xnaccoB (tabu. 3).

3.3)

Ta6aunma 3
Kaace TpHanrynsmnn JinuHA S CTOPOHBI Maomany P . qﬂﬁgonljl);l;;(aro: n
TPeyroibHHKa, KM | Ha OfHH NMYHKT, KM?J 2005200 x'[rla
2 13,3 138,9 290
3 7,6 45,4 590
4 4,4 15,2 1750
Bcero 2630
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B peasbliblX CCTSX TPHANTYJNSLHH TPEYTOJDLIIHKH 11eCKOJbKO OT-
CTynaioT oT paBliocTopoHHell ¢gopmbl. Oxnako B cpeiHeM aJjs 06-
IIMPHOH 1O pa3MepaM Teofe3HYecKoil cetu cooTHomeHus (3.3)
JJIHH CTOPOIl TPEYrOJIbHHKOB AOJIKHBI 6oJiee HJIH MeHee TOYHO CO-
6JI0faTbCs, B NMPOTHBHOM cJjyyae oOiilee YHCIO MYHKTOB B CETH
MOXET 0Ka3aThCs HeONpaBJaHHO 3aBbILIEHHHBIM.

[Ipu cobuaiomenuu cooTHoweHuit (3.3) cpemHee YHCJO MYHKTOB
pasHbIX KjaccoB Ha Jwo6o#t miomanun P kaprorpadupyeMmoil Tep-
PUTOPHH MOKHO paccuuTaTth no opmynaam

ny = P[Pq1y; ne= P[Py @—ny;

(3.4)
n3:P/P0 (3)—’21—”2; n4:P/P0 (4)—n1—n2—n3,

rie  Poy=si’n/4 —naomanp, o6cayxKHBaeMass OIHHM MYHKTOM
i-ro kaacca (i=1, 2, 3, 4). Pe3yjbTaTel BHIUHCJEHHI CJefyeT OK-
PYrJsiTh OO0 IIeJIOTO JecsiTKa. B KauecTBe mpuMepa mo 3THM ¢opMmy-
JlaM ONpenejHM YHCJIO MYHKTOB 2—4 KjaccoB Ha mjaomann P=
=200X%200 gm npu n,=0 (cM. Taba. 3).

§ 13. HEOBXOJUMAS TOYHOCTb NOCTPOEHHUA
FOCYJAPCTBEHHOA TEOJE3UWYECKON CETH

Kak yxe oTMeuasioch BHIe, [Js1 pellieHHS HayYyHBIX Npo6seM H
3aflay Treofe3HH, CBA3aHHBHIX C [JeTaJbHBIM H3yYeHHeM (HTYpH
3emJsn, ee IDAaBHTALMOHHOTO MOJSI M HX H3MEHEHHHl BO BpPEMEHH,
OCHOBHYIO, T. €. aCTPOHOMO-TeONEe3UYECKYyl0 CeTb CTPaHBI, CJIeAyeT
co3[aBaTh C HAaHBBICUIEH MPH MacCOBHIX M3MEPEHHSX TOYHOCTHIO H
CHCTEMAaTHYeCKH COBEPIIEHCTBOBATb.

[Tpu obuierocynapcTBeHHOM KapTorpagupoOBaHHH TEPPUTOPHH
CTPaHBl TPeGOBaHHS K TOYHOCTH TNOCTPOEHHSI rOCYyNapCTBEHHOH reo-
Ne3HYeCKOH CeTH BCeX KJacCOB TaKxe JOCTaTOYHO BBICOKH, OCO-
6eHHO NpH TomorpaHyYecKHX CbeMKaX KPYMHHIX MaciTa6oB. [To-
CKOJIbKY TepPHTOPHS Hallleii CTpPaHB BeJHKa, TO ee Kaprorpadupo-
BaHMe .BeAyT MNO3TamHO B MacmTabGax: 1:100000—1:50 000;
1:25000—1:10000; 1:5000—1:2000.

B oOTZeNbHBIX DOCTATOYHO KPYMHBIX DErHOHaX, NEPCNeKTHBHBIX
B HapOAHOXO3SHCTBEHHOM OTHOLUEHHH, BBHINMOJHSIOT TOmOrpaduye-
CKYI0 CbeMKY He TOJBKO NaHHOrO 3Tama KapTorpadHpoBaHHS, HO H
MOCJIEAYIOLLero. ‘

B 50-x rogax 6blJIO MOJHOCTHIO 3aBepllieHO KapTorpagupoBaHHE
Bceii tepputopun CCCP B mMacumra6e 1:100 000, a B 80-x rogax —
B maciitabe 1:25000. B Hacrosimee BpeMsi B GOJIbIIHX 06BbeMax
BefyTcsl paboThl Mo KapTorpadHpOBaHHIO TEPPUTOPHH B MaciuTabe
1:10 000. OnHOBpeMeHHO ¢ 3THM OOGIIHPHBIE PaHOHHE MOKPHIBAIOTCS
TonorpaduuecKuMH cbeMKaMu B MacmTabax 1:5000 u 1:2000.

Ias toro uto6bl o6GecnednTh KapTorpadupoBaHHE TEPPUTOPHH
CTPaHBl OJJHOBPEMEHHO B MaciuTabaX, COOTBETCTBYIOIIHX BCEM TPEM
CTafiusIM, TOCyAapCTBeHHass Treofie3HuecKkasi CeTb MO TOYHOCTH
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P Ta6anuua 4

IMokasaTtesb

1:25000
1:10000
1:5000
1:2000
1:1000

I'papuueckas Tou- |50 [2,0 | 1,0 |0,4 |0,2
HOCTb KapThl, M

JonycTumas 1,250,501 0,25 0,10 | 0,05
owubKa B JAJHHE
CTOPOHBI  MEXAY
CMEXHBIMH MYHK-
TamH mg, M

Puc. 12. Cxema pacnosoxe-
HHSl ONO3HaKa P H MyHKTOB
A, B omnopHofi reopmesnue-
CKOH ceTH

JIOJI)KHA PacCYHTHIBATBCS Ha NpOBeleHHe TONOrpadHYeCKOH CBHeMKH
Hanbojiee KpynmHoro macmraba rocyizapcTBEHHOro KapTorpadupo-
BaHuUs Bcell TeppuTOpHH, T. €. 1 : 2 000.

Ilpu cosgaHuu TomorpacHUeCKHX KapT HENOCPeACTBEHHOH reo-
Jle3HYeCKOll OCHOBOH MAJisi COCTaBJeHHS (DOTOMNJAHOB CJYXKaT ONO3-
HaKH, TOJIOXKeHHe (KOODAMHATH) KOTOPBIX [OJI)KHO OBITh omnperne-
JIEHO OTHOCHTEJbHO OJMKaiLIMX NYHKTOB, Hanpumep A, B, rocy-
IapCTBEHHOH re0Je3MYecKOil CeTH MmyTeM NMOCTPOEHHS] Ha MECTHOCTH
cerefi crymenuss ABK u mposioxkeHHST CbeMOYHBIX XxomoB KP
(puc. 12).

[Ipu pacuere HEOO6XOLHMO# TOYHOCTH ONpPEAENEHHS IJHH CTOPOH
S MeXIy CMeXHbiMH TyHKTamMu A u B rocynapcTBeHHOH reomues-
YeCcKOH CeTH HeOoO6XOZHMO, 4YTOObI COBMECTHOE BJIMSIHHE OIIHOKH
Mp ONpeleJieHHS KOOPAMHAT OMO3Haka P M OWMHOGKH my HaHece-
HHUS ero Ha ¢OTONJaH He BHIXOAMJIO 3a MpeAessl rpadHYecKoi Tou-
HOoCcTH (oTomsaHa, XapakTepusyeMoli cpelHeH KBaApaTHYECKOH
omH6kKoit m<0,2 mm Ha miaaHe. Co6niofasi NMPUHIHUN PaBHBIX BJIH-
SIHUH, HaMHIIeM

mP - mu < m_ . (3.5)
2

KoopauHaTel ToYKH K KaK MCXOAHOH NpPH NPOJIOXKEHHH CHEMOY-
Horo xoga KP pmo/XHH OBITb ompeflejieHH ¢ OUIMGKOH my He 60-
Jee mp/2, a KOOPAHHATH MYHKTa A ONOPHOH CETH KaK HCXOLHOTO
NpH OnpelejeHHH KOOpAHHAT ToukH K c omu6Koii ma He Gosee
mg/2. JIpyruMH cioBaMH, 4TOOH OIUHOKa mp ONpelesieHHs KOOp-
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IHHAT ono3Haka P He mpeBbicusia BeduduHbl (3.5), Heo6X0aHMO
cobJofieline cJIeAyIOMUX YCAOBHH:

my<mgl2 u mg < mpl2. (3.6)

C yuerom Bbelpaxenu#i (3.5) u (3.6), npuHumas my=mp, Hali-
JeM JONyCTHMYIO BeJHYHHY cpelHell KBaJpaTHUYECKOH OIIHOKH
ms onpelesieHus AJHH CTOPOH s=AB MeXIy CMeXHBIMH NMyHKTaMH
rocynapCcTBEHHO reoe3nyecKol ceTH:

My —map—ma+/2 <0,25mM, 3.7)

rae m — rpaduueckasi TOYHOCTb (poTOmJIaHa HMIAM KapTh; M — 3Ha-
MeHaTes b MaciutaGa Tomorpaduueckoii kKaptel. Popmynaa (3.7)
npuGJHKEHHAs, HO JaeT JOCTaTOYHO TOYHBIE pe3yJbTaThl, MOATBEp-
JKJaeMmble NPaKTHKOH.

[Mpunsip m=0,2 MM Ha KapTe, BbUHCAUM 1o ¢opmyne (3.7)
JONyCTHMble OLIMGKH 111, ONpeneJieHHs [JIHH CTOPOH S MEXAY
CMEeXHBIMH TYHKTAMH TOCYLapCTBEHHOH TreOfe3HYecKOH CeTH MNpH
Tonorpad)HyecKuX CheMKax pasHBIX MacuiTaboB (Tabua. 4).

§ 14. OCHOBHBIE METOJbI CO3NAHHUSA TOCYJAPCTBEHHOH
TEOJE3HYECKOH CETH

Corsacio HucTpykuun [8] OCHOBHBIMH METOLAMH MOCTPOEHHS rO-
CYyZapCTBEHHOH reoJe3HYeCKOl CeTH SBJSAIOTCS TPHAHTYJSAIHSA, IO-
JIUTOHOMETPHS M TpHJarepauus. Bei6op TOro HJAM HHOrO MeTOAA
B KaXJOM KOHKDETHOM cJjyuae omnpefeJsercsi TpebyeMo#l TOYHO-
CTbIO NOCTPOEHHS] CeTH H 3KOHOMHYECKOH 3(PGheKTHBHOCTHIO.

Meton TpuaHryasiuuH. [IpHHSITO CYUHTAaTh, YTO METOJ TPHAHTY-
JSIUMH BriepBble OblJ NPeAJIOXKEH ToJJIaHACKHM YyueHHIM CHeJny-
com B 1614 r. DToT MeTOA HIMPOKO NMPHMEHseTCs BO BCEeX CTpaHax.
CyumiHocTh MeTOoZa 3akJioyaercs B cJaeayiomeM. Ha koMaHmHBIX
BBICOTaX MECTHOCTH 3aKpeIJISIOT CHCTeMY reOfe3HYecKHX MYHKTOB,
o6pa3yoliux ceTb TPeyroJbHHKOB (puc. 13). B 3Toii cetn ompe-
JENSI0T KOOPAMHATHI HCXOZHOrO NyHKTa A, H3MepsilOT TOPH30H-
TaJbHble YIJIbl B KaXKJIOM TPEYroAbHHKE, a TaKXKe NJHHBl b H a3u-
MyThl a 6a3sHCHBIX CTOPOH, 3aJalolHX MacliTab ¥ OpPHEHTHPOBKY
CETH 1O a3HMYTY.

CeTb TPUAHTYJSLMH MOXeT OHITh MOCTPOEHA B BHIE OTINEJBHOTO
psiia TPeyroNbHHKOB, CHCTEMBI PSJOB TPEYrOJbHHKOB, a TaKXe
B BHJeE CIJIOLIHOH CeTH TPeyroJbHHKOB. DJieMeHTaMH CeTH TpHaH-
TyJNSUHH MOTYT CJIYXHTb He TOJBKO TPEYroJbHHKH, HO H GoJiee
CJIOXKHBle (HUTYPHI: reoje3HYecKHe YeTHIPEXYTOJbHHKH H LEHTPaJb-
Hble CHCTEMHI.

OCHOBHBIMH JJOCTOHHCTBAMH MeTOJa TPHAHTYJSLHH SBJISAIOTCS
ero OnepaTHBHOCTb H BO3MOXHOCTb HCNOJIb30BAaHHSI B pasHooOpas-
HHX ¢H3HKO-reorpaHUecKHX YCJOBHAX; 6O0JbIIOE YHCIO H3GHITOY-
HBIX H3MepeHHH B CeTH, MO3BOJIAIOILHX HENOCPEACTBEHHO B MOJie
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Puc. 13. Ceti, Tpnanry.asiuin

Puc. 14. TlonuroHomMeTpHYeCKHH XOA

OCYILECTBJIATh HaJeXKHBIl KOHTPOJIb BCEX H3MEPEHHBIX BEJIHYHH;
BBICOKasi TOYHOCTb ONpeJeJeHHs] B3aHMHOTO MOJIOXKEHHS CMEXHBIX
NYHKTOB B CETH, OCOGEHHO CIIOIIHOH. MeToA TPHAHTYJALHH MO-
Jy4Hs1 HauGoJibiliee pacHpPOCTPaHEHHE NMPH MOCTPOEHHH TOCYLapCT-
BEHHBIX F€0Je3HYECKHX CeTeH.

MeTon NOJHroHOMETPHH. DTOT METOA H3BECTEH TaKxXe JaBHO,
OLHAaKO NpPHMEHEHHE ero MpPH CO3LaHHH TOCYyNapCTBEHHOM reonesu-
YECKOH CEeTH CHAepKHMBAJOCh A0 HENABHEr0 BPEMEHH TPYLOEMKOCTHIO
JIMHEHHBIX H3MepeHHH, BBHIMOJNHSEMBX paHee C MOMOIIbIO MHBapHHX
npoBoJioKk. HaunHass nmpHMepHO C IIECTHIAECATHIX TOLOB TEKYLIEro
CTOJIETHSI, OMHOBPEMEHHO C BHEJPEHHEM B reofle3MYeCKOe MPOH3BOJ-
CTBO TOYHBIX CBETO- H PaJHOAAJbHOMEPOB, METOA MOJHMIOHOMETPHH
MOJNyYHs1 JaJibHeHllee PasBHTHE W CTaJ IIHPOKO NMPHMEHSThCA NPH
CO3[laHHH re0Ie3HYECKHX CeTel.

CyIHOCTb 3TOr0 MeTOfa COCTOHT B caepyiomeM. Ha mecTHocTH
3aKPEIJISIIOT CHCTEMY TeOfe3HYeCKHX NMYHKTOB, 06pPa3yIOLIHX BHITS-
HYTHI#l OAMHOYHHE X04 (puc. 14) HJIH cHCTEMY IepeceKaliuxcs
X0[0B, 06pasyiOIHX CIJIOUIHYI CeTh. MeXAy CMEeXHBIMH IYHK-
TaMH X0Ja M3MEepSAIOT AJHHH CTOPOH S; a Ha NMyHKTaX — YIJIH IO-
BopoTa B. A3uMyTajbHOE OPHEHTHPOBaHHE NOJHIOHOMETPHYECKOTo
X0la OCYIIECTBJSIIOT C TOMOLIbI0O a3UMYTOB; ONpelessieMbIX HJIH
3aflaHHBIX, KaK IMPaBHJIO, HA KOHEUHHIX MYHKTAaX €ro, U3Mepsis NpH
3TOM NpPHMBIYHBIE YIJIH 9. VIHOTZAa MPOKJIaABIBAIOT MOJHIOHOMETPH-
YyecKHe XOJbl MeXAy MYyHKTaMH C 3aJaHHBIMH KOODIAMHATaMH reo-
Zle3HYeCcKoit ceTH 6oJsiee BBICOKOTO KJiacca TOYHOCTH.

Meton NOJHMIOHOMETPHH B psifie cJaydyaeB, HanpHMmep, B 3aJe-
CEHHOM MECTHOCTH, Ha TEPPHUTOPHH KPYNHHIX FOPOJOB H T. M. OKa-
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3bIBaeTcs 6oJiee OMEpPaTHBHBIM H 6oJiee SKOHOMHYHHIM, Y€M METO[
TPHAHTYJSUMH. DTO OOYCIOBJEHO TeM, YTO B TAKHX YCJOBHAX Ha
NYHKTaX TPHAHTYJSIHU CTPOAT OoJiee BHICOKHE TIe0Je3HUeCKHe
3HAKH, YeM Ha MNYHKTax [MOJHTOHOMETPHH, NOCKOJBKY B IepBOM
ciyuyae cheayer OOeCleuYHuTh NPSAMYI0 BHIHMOCTb MEXAY ropasuo
6OJIbIIEM YHCJIOM NYHKTOB, 4yeM BO BTopoM. IlocTpofika e reo-
J€3HYECKHX 3HAKOB SIBJISIETCS CaMBIM JOPOTOCTOSIIIMM BHIOM paboT
IpH CO3NaHHM reojesuuyeckodl cetu (B cpemHeM 50—60 % Bcex
3arpar).

Crenyer OTMETHTb TaKxXe MpPHCYLiHe METOAY MOJHIOHOMETPHH
HEeJOCTaTKH:

CeTH MOJIMTOHOMETPUH, OCOGEHHO OAMHOYHBIE XOAbl, fABJSAIOTCA
ropasfio MeHee XKECTKHMH TeOMETPHYECKHMH IIOCTPOEHHSIMH, ueM
CeTH H PSAB TPHAHTYJSALHH, TaK KaK B MOJHTOHOMETPHH YHCJO -T€0-
METPHUYECKHX CBsI3eH MeXIy NMYHKTaMH CYLeCTBEHHO MeHblle, ueM
B TPHAHTYJSUMH (PH OJHHAKOBOM YHCJE TMYHKTOB B O6GOHX CJIy-
yasx);

YHCJI0 M3OBHITOUHHIX H3MEpPEeHHi, a CJleNoBaTeNbHO, U YHCJIO YC-
JIOBHEIX ypaBHEHHH, B IOJHTOHOMETPUH TOpasf0 MeHblle, YeM
B TPHAHTYJSIHH C TAKHM K€ YHCJOM NYHKTOB, a 3TO 3HAUYHT, 4TO
NpH NPOYMX PABHHIX YCJOBHSIX CETb NOJHTOHOMETPHH OyAeT MeHee
TOYHO#, YeM CeTb TPHAHTYJSAIHH;

KOHTDPOJIb MOJIEBHIX H3MEPEHHUH B NOJHUTOHOMETPHH HeCPaBHEHHO
XyKe, YeM B TPHAHTYJSAILMH, TaK KaK YHCJIO YCJOBHHIX YpaBHeHHH
B NOJIMTOHOMETPHH rOopa3f0 MeHblLIe, YeM B TPHAHTYJSIHUH C Ta-
KHM K€ YHCJIOM IYHKTOB.

STO CBHAETENTLCTBYET O TOM, YTO NPH CO3JAaHHH OMOPHHBIX Te€o-
Ile3HYeCKHX ceTeH BHICIIEr0 KJacca TOYHOCTH BO3MOXKHOCTH Me-
TOJa NOJUTOHOMETPUH MO CPaBHEHHIO C TAKOBEIMH B TPHAHTYJfA-
IIHH OrpaHHYEHHI.

Ilpu co3pmaHHM Ke reofe3HYECKHX ceTell MOCJAEAYIOIIHX KJIacCoB
METOJi TOJHrOHOMETPHH B CHJIy INPHUCYLIEH €My OmepaTHBHOCTH,
0CcOGeHHO INPH HCNOJb30BAaHHH COBPEMEHHBIX CBETO- H PaJHONAJb-
HOMepoB ¢ uH(dpoBofi MHAMKALUEHA DPe3yJbTATOB H3MEPEHHH, TOJY-
YHJI IIHPOKOE NPHMEHEHHE,

Meton TpuaatepauMH. [{aHHHA MeTOH, KaK M METOL TPHAHIY-
JNALHH, TpelyCMaTPHBaeT CO3laHHE Ha MECTHOCTH Te0Je3HYECKHX
cetell 1M60 B BHJE LIENOYKH TPEYTrOJbHHKOB, I'e0/[€3HUECKHX UYeThl-
PEeXYTOJbHHKOB M LEHTPaJbHBIX CHCTeM, JJH60 B BHIE CIJIOIIHBIX
ceTel TPEYroJbHHKOB, B KOTOPHIX H3MEPSIOTCA HE YIJBI, a IJHHH
cTopoH. B TpunaTtepanumu, Kak U B TPHAHTYJALHH, AJS OPHEHTHPO-
BaHHSA ceTel Ha MECTHOCTH NOJIXKHH OBITh ONMpeNeseHb a3HMYTHI
pfla CTOPOH.

ITo mepe pa3BHTHSI M MOBHILEHHS TOYHOCTH CBETO- H PajgHO-
JNaTbHOMEPHON TEeXHUKH H3MEepPeHHHA pacCTOSTHMA MeTon TpHJaTe-
pallMH nocremeHHo npuobperaer Bce GoJiblllee 3HAUEHHE, 0COOGEHHO
B NPAaKTHKe HHKEeHEPHO-Te0Je3HYecKHX paboT.
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[Ipn cospaHHM rocynapcTBEHHBIX Te0[e3HYecKHX cerTed 1—2
KnaccoB Meron tpunarepauun B CCCP He mpuMmeHnsiercsd. DT0 06b-
SICHSIeTCS CJIeYIOLIHMH NPHUYHHAMH:

1. KoHTposb M3MepeHHs pPacCTOSTHHH W NOCTPOeHHsl ceTell TpH-
JaTepalli¥ CJIMIIKOM cjaab, a HHOria W BOBCE OTCYTCTBYET, UYTO
HeJJONYCTHMO B TOYHBIX TeOfe3HYeCKHX MOCTPOeHHsX. B camom
JeJjie, HanpuMep, B TPeyroJbHHKE ¢ H3MEPEHHbBIMH CTOPOHAMH KOHT-
poJib U3MepeHHsl PacCTOSIHHH MOJHOCTBIO OTCYTCTBYET, TaK KakK IpH
TaKHX H3MepeHHSX B TpPeyroJbHHKe He BO3HHKAaeT HH OXHOro yc-
JIOBHOTO YpaBHEHHS; B Treo[e3HYECKOM YeThIPeXYroJbHHKe H IEHT-
paJbHOH CcHCTeMe C H3MepeHHBIMH CTOPOHAMH BO3HHKaeT BCero
JHLIb N0 OLHOMY YCJIOBHOMY YpaBHEHHIO, B TO BpeMs KaK B Ta-
KHX e ¢Hurypax TPHAHTYJSIIHM C H3MEPEHHBIMH YIJIaMH BO3HH-
KaeT BO MHOro pa3 G6oJibliie HE3aBHCHMBIX YCJOBHBIX YypaBHeHHH:
B reoJle3H4eCKOM YeTHIpeXyroJbHHKE YeThlpe, a B LEeHTpaJbHOH
cHcTeMe elle 6GoJiblie.

2. B TeXHHKO-3KOHOMHYECKOM OTHOIUEHHH MeTOJ TPHJAaTepalHH
TaKXe YCTynmaeT MeTOAY TPHaHTYJIAIWH. IIpn mpouux paBHBHIX ycC-
JIOBHSAX IITAT OpPHUraibl NMPH JHHEHHBIX H3MepEeHHSIX H TPaHCIOPT-
Hble pacxXoABl B HECKOJIbKO pa3 6oJibliie, ueM IpH yTJOBHX H3Mepe-
HHSIX, TOCKOJbKY MPHXOAHTCS Ha KOHIe KaxKIOH H3MepsieMoH
C NYHKTa JMHHHM YCTaHAaBJHBAaTh OTpa)kaTelb, a 3aTeM INIPH Iepe-
e3le CO CBeTONAJbHOMEPOM Ha APYrofi NYHKT IepeBO3HTb Bcex
pabounx ¢ oOTpaxKaTeJsMH C OJHHX NYHKTOB Ha JApYyrHe, 4ero He
Tpebyercsl JesaTh IPH YIJIOBEIX H3MepeHHSX.

3. TIpu COM3MEPHMOH TOUHOCTH YIJIOBHIX M JIHHEHHHIX H3Mepe-
HHH TOYHOCTbH Nepelayd a3UMYTOB B PSAJAX M CeTAX TpHJIaTepaLuH
CYUIECTBEHHO HHXe, YeM B CeTsIX TPHAHTYJSALHH.

JIuneiiHo-yriioBble reoje3nueckHe ceTH. [lon JuHelHO-yrioBOM
CeTbl0 MOHHMAIOT TaKyl0 Pa3HOBHAHOCTb TPHAHTYJALMH HJH TpH-
JaTepallid, B KOTOPOH ONHOBpEMEHHO H3MepAIOT KaK YrJH, Tak
M CTOPOHBI TPEeYroJbHHKOB. B 3Toif ceTH uepe3 ompeiejeHHOe YH-
CJI0 TPEYrOJbHHKOB JOJDKHBI Omnpelensitbcsi asuMyrthl Jlamaaca,
HeoOXOqUMble [Jii €e OpHEHTHpOBaHHA. JIMHeHHO-YrJOBHE CeTH
CTPOSIT TOJILKO B T€X cjydyasix, Korga Tpebyercsi co3naTh reonesu-
YEeCKYl0 CeThb C MaKCHMAaJbHO BBICOKOH TOYHOCTBIO, TaK KakK 3a-
TpaTel TPYyLa, CPEACTB H BPeMeHH Ha ee coO3laHHe ropasfio 60Jib-
IIHe, YeM NPH IOCTPOEHHH aHAJIOTHYHOH CeTH TPHAHTYJSALHMH HJH
Tpujaatepauun. i Toro YToOH NPH CO3LAHHHM JHHEHHO-YIJIOBBIX
cerell MOJNyuHTh HAHGOJMbIIHE 3¢ (eKT OT COBMECTHOrO HCNOJb30Ba-
HHS YTJIOBBIX M JIHHEHHBIX H3MePeHHIH Heo6XO0AHMMO, YTOOHl cpenHss
KBaJpaTHueckass OLIMOKA H3MepeHHs HaNpaBJeHHH, BBHIpaKeHHas
B paiMaHHOH Mepe my/p, Oblla paBHa OTHOCHTEJbHOH CpelHeH
KBaJpaTHUECKOH OmHMOKe H3MEPEeHHS IJIHH CTOPOH /S, T. €.4TO6BI
NpU H3MepeHHAX cobJil0al0Cch PaBEHCTBO

mylp = myls.
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Puc. 15. Kom6uuHpoBaHHas reoje3nyeckas CeTb:
1 — TpuaHryaanus; 2 — NOJMHroHOMeTpHs; 3 — TPHJAaTepauus

Owu6krn B OGOHMX CJyyasix AOJXKHBI BBIYHCJSATBCA MO CBOOOA-
HBEIM YjieHaM YCJIOBHBHIX ypaBHeHHH (mo HeBsi3kaMm). Ilpu HeBBImoJI-
HEHHH S5TOr0 paBeHCTBA JIHHEHHO-yrJioBasi ceTb MO CPaBHEHHIO
C aHAJOTHYHOH CeTbI0 TPHAHTYJNALHH HMJH TpPHJATepallMHd He AaeT
OLIYTHMOrO BHIMTPHIILIA B TOYHOCTH.

KoMOHHHpOBaHHble reofe3Hueckue ceTH. [Ipu BHINOJHEHHH reo-
Je3HyecKHXx pabOT BCTPEYAIOTCS cCJyyaH, KOria 3HauyHuTeJbHHE IO
IJIOLIAJM YYAaCTKH TOTO HJH HHOrO padoHa XapakTepH3ylTcsl JIHGO
pe3Ko pasauyHbIMH ¢opmaMu peabeda (Hanmpumep, ONHH yuya-
CTOK — PaBHHHA, a COCEJHHH fBJISIeTCS TOPHBIM), JTHOO pe3Ko pas-
JHYHBIM pacCTHTEJbHbBIM MNOKPOBOM (HampHMep, OIMH Y4YacTOK IoO-
KpBhIBaloT 60JIOTA, 3apOCIIHe TPaBOH M MeJKHM KyCTapHHKOM, a Ha
COCeJHEM pacTeT BBICOKHI XBOHHBIN Jiec) M T. A. B Takux cayuasx
N0 TeXHHKO-3KOHOMHYECKHM COOOpa’KeHHsSIM Ha OJHOM M3 YYacTKOB
(Tam, rae 370 3KOHOMHUYeCKH 6oJiee BHITOAHO), re0fe3HYEeCKYI0 CeTb
(puc. 15) co3maioT METOZOM TPHAHTYJSIUHH, HA APYrOM — MOJIMIO-
HOMETpHH, Ha TpeTbeM — MEeTOJOM TpHJaTepauuH H T. A. [ pyrumu
CJOBaMH, Ha TEPPHTOPHH palioHa C pe3KO Pa3JHYHBIMH YCJOBHAMH
CO37al0T TaK  Ha3blBaeMyl0  KOMOHHHDOBaHHYI0  reojesnye-
CKYIO CeTb.

CxeMa u MeTOABl MOCTPOEHHS KOMOHHHPOBAHHBIX I'e0Je3HYECKHX
ceTell MOTyT OBITb Pa3sHBIMH H JOJIKHBI BHIOHPATbCsl C yYETOM KOH-
KPeTHHIX YCJOBHH TeXx paHOHOB, B KOTOPBIX TaKHe ceTH OynyT
CTPOMTb.

§ 15. KPATKHE CBEJEHHA O IPYIrUX METOJAX CO3JAHHUSA
ONMOPHbBIX TEOAE3WYECKHUX CETEHA

OnopHble ceTH H3 aCTPOHOMHYECKHX NyHKTOB. [Ipu Tonorpaduue-
CKHX cbeMKax TeppHTOpuHH B Macuitabe 1:100000 u menbue omop-
HYI0O CeTh MOXHO CO34aTh M3 aCTPOHOMHYECKUX MYHKTOB, OTCTOSIIIHX
Apyr ot gpyra He MeHee uyeM Ha 80—100 km. Ilpu stoM act-
POHOMHYECKHE IUNMPOTHl M HOJIOTH HAaAJI€XHT HCIPAaBHTb MOMNpPaB-
KaMH 32 YKJOHEHHS OTBECHBIX JHHHH. DTH NONPaBKH B MePBOM
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Iy & Puc. 16. Cxema minamiucckoif TpHan-
e Y TYAAIHH
L

my

NPHOJHXKEHHH MOXXHO BBIYHCJIHTb MO AaHHBIM TPaBHMETPHUECKOM
cbeMKH. Takoli MeToJ CO3laHHS ONOPHOH reo[e3HuYecKOfl CeTH NpH-
mensscss B CCCP Gonee 40 ser ToMy Haszan npH Kaprorpadupo-
BaHuu B MaciuraGe 1:100 000 ropueix pafioHOB Ha ceBepO-BOCTOKE
crpausl H B Cpenneft Asun. Temepp B 3THX pafioHax MOCTpoeHa
rocyapcTBeHHasl reojie3nuecKas CeTb BEICOKOH TOUHOCTH.

JinHaMHuYecKasi TPHAHTYJASILHS WJIH TPHAHTYJNSLUHS C TOABHXK-
HbBIMH BH3HDHBIMH LeJsiMH. CYIIHOCTb 3TOrO MeTOJa COCTOHT B CJe-
nytoueM. ITycTb u3BeCTHH KOOPAHHATHL MCXOAHBIX NMYHKTOB A u B,
TpebyeTcss onpefenuTh KoopAuHAaTH NYyHKTOB C u D, KoTOphle Ha-
XOIATCS Ha 3HAYHTEJNBHOM PACCTOSIHHH OT NYHKTOB A W B u He
BHIHBI C 3THX NYHKTOB (pHuc. 16). 3ajgauy pemaoT ciaenyomum o6-
pazom. C caMoJjieTa HJH BepTOJIeTa, NMPOJIETAIOMEr0 NPUMEPHO MO-
cpenuHe Mexay nyuktaMu A u D B HanpaBiieHHH TNEPIEHIHKYJspa
K Jquun AD, c6pacHBalOT CBETAIYIOCS LeJdb M H CHHXPOHHO Ha-
6/MI0faI0T ee CO BCeX YeTHpeX NMYHKTOB (HMCXOIHBIX H ONpenessie-
MBIX), M3Mepsisi MPH KaXKAOM MOJIOXKEHHH m;, My ... CBeTsMmeHcs
LeJIH YKa3aHHHE FOPH30HTAJNbHBIE YIJIHL.

Hcnonb3yss u3BecTHyio cTopoHy AB M H3MepeHHBle TpH Hedl

yIJB, pemialoT TpeyroabHuku ABmi, ABms, ... W 3aTeM BHYHC-
JSIOT KOODAMHATH TOYEK My, My, ... My. [10 KOOpAMHATAM TOYEK
m; (i=1, 2, ..., n) u u3MepeHuslM Ha nyukrax C u D ropuson-

TaJbHBIM yrJaM B KOHEYHOM HTOTe ONpefesoT KOOPAHHATH
3THX MYHKTOB.

MeTon nMHAMHYECKOH TPHAHTYJSIUMH Obln mpensoxeH B 1920r.
¢uHCKUM reomesucToM Bsiicens. B cOpoKOBHIX romax C NOMOIIBIO
3TOr0 MeToAa OBUIH COeJHHEeHH MexXAy co6ofi adpHKaHCKHe M €B-
ponefickne TpuUaHTryasuuu (uepes octpoB KpHT), maTckHe M HOp-
BEXCKHe TpHaHTyJsiuuK (uepe3 nposuB Ckareppak).

CnyTHHKOBble METOB! CO3LaHHsI Teofe3HyecKHx cerefi. B kypce
Kocmuueckoit reone3un [1] mompo6HO paccMaTpPHBAOTCA TeOMETPH-
yecKHe M [MHaAMHYeCKHE MeTOJbl ONpefiesieHHs KOODAHHAT TOUYeK
u3 o6paborku Habmonenuit IC3. B mepBom cayuae MC3 wucnous-
3yIOTCSl NIPH OMNpelesNeHHH KOODAMHAT KaK IacCHBHBIE BH3HDHHIE
1leJIH, HanpHMep, NMPH CHHXPOHHBIX H3MePEeHHAX DPAacCTOSHHA C HC-
XOOHBIX M onpepensieMbix nyHkToB 1o HMC3. Bo Bropom ciyuae
UC3 aBASIOTCS HOCHTEJNSIMH KOOpAHHAT. AMepHKaHCKash HABHTaIlH-
onHas cucreMa Transit mo3BosisieT aBTOHOMHO ONpejesATL reOlleH-
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Puc. 17. Cxeva mavepentii - Meto1om
AninoGasuciiofil  paonuTepgepoMet-
pHH

TpHYECKHe NPAMOYroJibHEe KoopauHaTH X, Y, Z Touek 3eMHOH IO-
BEPXHOCTH ¢ oumu6Koii 3—5 M npu 40—50 npoxoxaenusx HMC3
B TeueHue HeflesH. JlJsi onpeleseHHs NMpHPalleHHH KOODAHHAT Me-
KAy HCXOAHBIM H OmpelessieMHIM IyHKTOM ¢ GoJiee BBICOKOH TOUY-
HOCTBIO (B CHCTeMe KOOPAHHAT HCXONHOTO NYHKTa) NPHMEHSIOT
«METOJ TPaHCJOKAIHHY», PEelyCMATPUBAIOIIHI CHHXPOHHEE HabJ0-
naenuss MC3 ¢ atux nmynkroB. IIpu paccrosuusx 100—500 kM mpw-
palleHHsi KOOPAMHAT ONPENENSIOTCS B 3TOM Caydae ¢ OLIHGKOH
0,3—1,3 M.

B Hacrosiee Bpemsi co3paioTcsi GoJsiee coBeplleHHBIE H 6oJee
TOuHble HaBurauuonuwie cucreMn: Isonac B CCCP u Navstar
(GPS) B CHIA. Kaxpnas H3 HHX COCTOHT He MeHee ueM H3 18
CNyTHHKOB 3eMJIH H NO3BOJISIeT B JI060H MOMEHT BpeMeHH M Npak-
THYECKH B JIIOGOH 4acTH 3eMHOro Illapa Ompefe]saTb TeOlleHTpHYe-
CKHe KOODJAHMHAThl TOYEK C TOYHOCThbIO 6oJiee BBICOKOH, 4eM IIpH
HCIIOJIb30BaHHH HaBHTaLlMOHHOH cHcTeMHbl Transit, koropas mnpekpa-
THT CBOe (YHKIHMOHHPOBaHHE B OG/HKaNIIHE TOMHI.

Panuounrepdepomerpuss co cBepxasiunHoi Gaszoi (PCJIB).
DTOT MeTO4 TNO3BOJIIET C IOMOILbBIO pafHOMHTepdepomeTpa ompe-
JeNSiTh ¢ BBICOKOH TOYUHOCTBHIO AJIHHBI M HaNpaBJeHHS XOPIL MEeXIy
NYHKTaMH, yZajJeHHHMH OTHOCHTEJbHO IPYr OT Jpyra Ha MHOTHe
THICSIYH KHJIOMETPOB, oGecrnieunBasi IPH 3TOM CHHXPOHH3ALHIO CTaH-
JapToOB YacTOThl Ha JAHHBIX NYHKTaX H YTOYHSS. OLHOBPEMEHHO
napaMeTpsl BpallleHHs 3eMJH, a TaKXe KOOpIHHATH HabJI0faeMBIX
BHEraJaKTHUeCKHX  HCTOYHHKOB  pafHOH3JyueHHs (KBa3apos).
dToT MeToA BIepBHE GBI MNPENJOXKEH COBETCKHMH YUYeHRIMH
H. C. Kappamesmnwm, JI. . MatBeenko u I'. B. IllosoMuHIKEM
B 1965 r. u MONyYyHs LIHPOKOE pacnpoCTpaHeHHe B PagHOacCTPOHO-
MHH. B mocienHue roxbl OH HauHHAeT NMPHMEHATbCS H NPH CO3Ma-
HHH TJ00asJbHBIX ceTell HaMBHICIIEH TOYHOCTH, a TaKXe B LeJfAX
H3yUeHHsl TeOJJHHAMHYECKHX fIBJEHHH H T. IL

PannonnTepdepoMeTp COCTOHT M3 ABYX PaJHOTENECKOINOB, yCTa-
HaBJHBaeMblX Ha 3HAuUMTeJbHOM paccTosinuu D (puc. 17) mpyr ot
Ipyra, KoTopoe Ha3wBalT 6a3ofi uHTepdhepomerpa. Panuorere-
CKONbl CHHXPOHHO BEIYT NMPHEM H3JyYeHHsS OJHOTO H TOTO XKe BHe-
rajlakTHYeCKOTO0 TOYEYHOrO0 PpaJHOMCTOYHHKA (KBasapa) B CaHTH-
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MerpoBoM jJuanasoHe. Pajuocuriajel 3anuceiBaloT B UH(pPOBOH
dbopme Ha UIMPOKONOJIOCHBIE BHAeOMAardiuTohoHb. B pesynabrare
KOppeJiAllMOHHOH 00paboTKH AJs1 KaKAOH mnapel 3anuced, mJs-
mwuxcs 3—10 MHH, ONpenesisiloT BPEMEHHYIO 3aJlePXKKYy T MOMEH-
TOB MpHX0Ja (POHTA PALHOBOJIHBL HA OAMH PaJHUOTENECKON OTHO-
CHTEJbHO JAPYTOro, a TakKxKe 4acTOTy HHTepdepeHUHH f, CBA3aHHYIO
C 3a/lepPKKOH T COOTHOLIEHHEM !
Jt
f:'\’— ’

at

rie v —yacToTa paAHOM3JyueHHs; { — BpeMs. 3HauUeHHs T U { On-
penessiloTC Ha CpPeIHHH MOMEHT 3amHCH PaJHOCHTHAJOB. YMHO-
JKHB 3HayeHHe T Ha CKOPOCTb PaclpocTpaHeHHs PafHOBOJIH C, MO-
XKHO OnpefeNHTb pPa3HOCTb pAacCTOSIHUH paAHOTENECKONOB MO
Ha6/M0JaeMOro KBasapa Ha MOMeHT HabuioneHui. Mcrnosab3ys MHO-
‘TOYHCJIEHHBle 3HAUeHHs1 H3MEPEHHBIX BEJMYHH T M f, a Takke oOc-
HOBHble ypaBHenuss Metofa PCJIB, npuBeneHHble, HampuMep,
B ykasaHHo# Bbime pa6ore M. T. [Ipusnenuna u I'. A. [lanyposa
B pe3yJbTaTe COBMECTHOH 06paGOTKH H3MepeHHH 1O MeTOAY IpH-
GJHXKEeHUH HAaXONST: Pa3HOCTH TeOLEHTPHUECKHX KoopauHaT AX;
AY; AZ kouunoB 6a3bl paguouHTepdepoMerpa, a CJIeNOBaTENbHO, ee
nauHy D u HampaBiieHHe OTHOCHTEJNIbHO KOOPAMHATHHIX OCEH HJIH
yroa 6; yTOYHEHHble KOODJHHATH PaJHOUCTOYHHKA; KOODJHHATH
nojoca 3eMJH; 3JeMeHTH TpPELEecCHH M HyTalHH; MTHOBEHHYIO
CKOPOCTb BpallleHHs] 3eMJIH; HCTHHHOe TPHHBHUCKOE BpeMS OIpe-
JeneHnsl 3HaueHHH v U [ HA MOMEHTH HabJIOfeHHH, a TakXke IpY-
rHe mnapameTpsl, NPHHHMaeMble B KauyecTBe OMNpeJeJsieMbIX Be-
JIMYHH.

Meton PCIB Ha 6a3ax AJIHHOH B HECKOJNbKO THICAY KHJIOMET-
poB obecrmeyHBaeT BBEICOKYIO TOYHOCTb H3MepeHHH. B uyacTHOCTH,
IauHel 6a3 onpepnensiiores ¢ omHb6kaMu 1—3 cM, HanpaBJeHus 6a3
B TreOlEHTpHuecKoi cHcreMe koopauHaT — 0,001”, KOOpAHHATHI
nonioca 3eMJH —3—5 CM, KOOpAHHATH Ha6JI0faeMHX KBa3a-
poB—0,001”. C Tako# e TOYHOCTBIO MOJYYalOT MapaMeTpH Mpe-
IIeCCHH, HYTAallMH H BapHAallUH CKOPOCTH CYTOYHOTO BpallleHHS
3emau. Kak Bugum, meron PCIIB o6ecneunBaeT Takyl TOYHOCTH
H3MepeHHH, KOTopasi MOKa HeJOCTHXHMa NPH HCHOJb30BaHHH ApY-
THX METOJIOB.

Ons peanusannu merona PCIIB Tpe6yrorcsi: pagHOTeNeCKONH
¢ NOJHOOGOPOTHHIMH aHTeHHamu auaMmerpom 20—60 M, paboraro-
IlHe B CAHTHMETPOBOM [Hana3oHe, aTOMHble T€HEepPaTOPhl YACTOTH
co crabuibHocthio 10~18%—10—14, MolLIHBIE HMIHPOKOMOJOCHBIE BHIEO-

! [Tpunenun M. T., llanypos I'. A. MeTox pinHHOGa3HCHOH pamHOHHTepde-
POMETDHH M ero reoje3uyeckde NpHJIOKeHHs. VITorn HaykH W TexHHKU. [eome3us
u aspocwvemka. T. 21.— BUHHUTH, 1983.
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MarHuTOGOHB [JIS1 3aMHCH pe3yabTaToB HabaojaeHuit (06beM HH-
dopmanuuu pocrturaer 10° eauHHL), COOTBETCTBYIOLlEC MalIHHHOE
H MaTeMmaTHueckoe obecreueHHe, KaTaJ/lorH BHCraJakTHYECKHX HC-
TOUHHKOB pafHOHM3JyueHHs C VIJIOBbIMH pa3MmepaMu He 6oJee
0,001”.

Meton PCIIB noMuMO cTanHOHapHBIX AONYCKaeT HCIOJIb30Ba-
HHe U TepPeABHXKHBIX paJuOTesecKonoB ¢ aHTeHHamu 3,3—5,0 M,
pa6oratomiux B mnape ¢ GoabliuMu 60-MeTPOBBIMH pamHOTEJECKO-
naMi. B 3ToMm cayuae asnuub 6a3 HHTep(hepOMETPOB YMEHbLIAITCS
JI0 HECKOJIbKHX COTE€H KHJIOMETDOB.

§ 16. KPATKHE CBEJEHHS1 O CO3JAHHH ONMOPHBIX"
TEOJE3UYECKHUX CETEH B NOPEBOJIIOLHUOHHON POCCHH

Bo Bcex cTpaHax CTaHOBJIEHHe M Da3BHTHE OCHOBHHIX Treoje3uye-
CKHX paboT ObLIO CBA3aHO ¢ HEOGXOAMMOCTBIO KapTorpaHpoBaHHs
TeppUTOpPHH rocyjpapctBa. Tak, B XVI cronetun Oblja cocTaBjieHa
nepBasi pycckasi kapra Ha EBponefickyio yacTe MOCKOBCKOro ro-
cylapcTBa, H3BecTHasi IOJA Ha3BaHueM «Dboubiofi uyeprtex». He-
XOAHBIMH MaTepHalaMH IIPH 3TOM CJYXHJIH CXeMaTHUeCKHe uep-
TEXH, COCTaBJiieMble MO OTHEJNbHBIM pafioHaM Ha OCHOBe OIpPOCOB,
II03TOMY €CTeCTBEHHO TaKHe KapThl COJLepXajH 3HAaUHTEJbHHE
HCKaXEHHS U OLIHOKH.

B navane XVIII croserus pedopmbl rocynapcTBEHHOTO YHpaB-
JeHHs, npoBoguMele [lerpom I, yckopeHHOe 3KOHOMHUYECKOe pa3BH-
THEe CTPaHBl H HOBble BOEHHble 3aJauH, CTOSIIHE Nepen rocynapct-
BOM, moTpe6oBasu HOBHIX, 6oJiee coBeplleHHbIX KapT. B 1721 r.
6nsia m3maHa nepBas B Poccun HMHceTpykuusi no tonorpado-reope-
3uyeckuM paboraM. OHa ycTaHaBAHBaja reofe3HieckHe paboTHI,
KOTOpHIe HaAJeXaJjo BHIIOJHATh NPH CheMKe MeCTHOCTH. DTO GHUIH
nepBhle reojie3HueckHe paGoThl, BHIOJHSeMbe B Foccunm nns ue-
Jeill kaprorpadHpoBaHHS TEPPHTOPHH CTPaHBHIL.

B To BpeMs 6blIO NMPHHATO COCTaBAATb KapTH MO ye3nam, KO-
TOpHle Ha3BBaJHCh JNaHAKAapTaMH. leomesnueckodi OCHOBOH
KaXKJoH JIaHOKapThl CJAYXKHJ MOJHIOH, TPOKJAaJblBaeMBI MO rpa-
HHIle ye3[la C MOMOIIbI0 acTPoJsi6HH ¢ 6ycco/bl0 H MEpPHOH LeMNH.
B kaxnoM yesne HJH B IpyNNe CMeXHBIX YCTaHaBJIHBAJICS CBOH
HCXOJHBIi reoe3HYeCKHi MYHKT, OT KOTOPOro BeJsics OTCYET KOOp-
IHHAT B co3faBaemoii ceTH. IIIMpOTYy HCXOZHOro NyHKTa oOmnpene-
JSJIH M3 acCTPOHOMHYeCKHX HabuiofeHui. Jlonroty 3Toro mnyHkKTa
He ONpejeJiiii H3-32 OTCYTCTBHSI B TO BPeMsl CPaBHHTEJNLHO IPO-
CTHIX MPHGOPOB M METOJOB, NMPHIOAHBIX IJisi pabOTHl B 3KCIETHIIU-
OHHBIX YCJOBHAX. MeXJAy HCXOIHBIM NYHKTOM H TeOfle3HYECKHM
NIOJIMTOHOM, MOCTPOEHHBIM BJOJIb TPaHHIE! ye31a, NMPOKJaJLBaJHCh
6yccosbHble XO[Bl; B MeCTax HX Ne€peceueHHs ONpelessiiuCh acTpo-
HOMHYECKHE IIHPOTHL.
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Bce paGoTH MO COCTaBJIEHHIO JIAHAKApPT HAXOLHJHCh B BeIeHHH
Cenarta, KOTOpHIH lepefaBaj TOTOBhle JaHAKapThl B [eorpaduue-
ckuii nemaprameHT Poccuiickofi akajeMHH HayK, rie OHH HCIOJIb-
30BaJINCh IIPH COCTaBJIeHHH reorpadHyecKHX KapT H NepBOH reHe-
panbHo#t kapTh Poccun. C 1757 r. paGoro#t Ieorpaduueckoro
JenapTaMeHTa PYKOBOAHJ BeJHKHH pycckuil yuennii M. B. Jlomono-
coB. B messx moBhIIIEHHS] TOYHOCTH KAapT TOrAa OBLIO NMPHHATO pe-
IIEHHe ONpeleNnsTh B BaXKHeHUIMX NMYyHKTaX CTPaHBl He TOJBKO acT-
pOHOMHUUYeCKHe IIHPOTH, HO M gojrothl. K konumy XVIII B. Ha Tep-
putopuu Poccun 6bI0 ompepneseHo 67 acTPOHOMHYECKHX NYHKTOB.
Takoro KosHuecTBa acTPONYHKTOB B Te BpeMeHa He HMeJsa HH OJHa
3anajgHoeBpornefickasg cTpaHa. TOYHOCTb acCTPOHOMHYECKHX OIpeje-
JIeHHHl XapaKTepH30BaJach OMIHOKaMHu mg, =~ 5”, my =~ 8". Ilocae mo-
sIBlIeHHsl croco6a onpejesieHHs] HOJTOT C MOMOLIbIO IepeBO3HMBIX
XPOHOMETPOB aCTPOHOMHYECKHE ONpeleseHHS] KOODJAHHAT MYHKTOB
CTajM NPOBOAHTbCA TOYHee M ycnemHee. OCoGeHHO clefyeT BHI-
JequTh paboThl akajeMHKa BuiHeBcKOro, ompefesnuBlIero 3a Ie-
puoxn 1806—1815 rr. mIAPOTHL H JOJNTOTH Ha 225 MyHKTax.

TakuMm ob6pasom, Ha pyGexke XVIII u XIX croseruii riaBHOH
reoe3HyecKoi OCHOBOH NPH COCTaBJEHHH KapT OBbLIH TOJNBKO acT-
pPOHOMHYeCKHe NyHKTH, NpHYEeM pasMellaeMble JOBOJbHO peaKo
Ha KapTorpagupyeMoil TeppHTOpDHH. MeToA TpPHAHTYJSUHH OBUI H3-
BeCTeH, HO ellle He IPHUMEHSJICS.

[Tocne oxonuanus OTteuecTBeHHOH BOHHH 1812 r. ocTpo Beran
BONPOC O JaJjbHeflleM TNOBHIIIEHHH TOYHOCTH KapT, OCOOEHHO Ha
NOrpaHHYHBIE M NEPCNEeKTHBHbIE B MPOMBILIIEHHOM OTHOLIEHHH pai-
OHBl. B cBfI3H ¢ 3THM IOCJe OKOHYaHHS BOHHBI OHLIO MPHHATO pe-
IIeHHe C03[aBaTh ONODHHIE I'€0J€3HUECKHEe CeTH HAJs LeJel KapTo-
rpa¢HpOBaHHSI METONOM TPHAHTYJSALIHH.

[lepBHie KpynHBIE TPHAHTYJIALHOHHBIE paboThl B Poccun Gblin
HayaTel B 1816 r. B 3amafHBIX MOrPaHHYHHIX paHOHax MO PYKO-
BoncTBOM H3BecTHoro reopesucra K. WM. Tennepa. B pabotax
K. H. Tennepa BnepBbie OblJI peajH30BaH OCHOBHOA MPHHLHMI IIO-
CTPOECHHSI ONOPHBIX TEOJE3HYECKHX CeTeH — MPHHIHI IOocJefoBa-
TeJTHHOTO Tepexofa oT obmero kK uactHomy. K. M. Tennep BnepBhe
BBeJ JlejieHHe TPHAHTYJSIIHH Ha Kjaacch: | kJjacc co CTOPDOHAMH
TPeyroJibHHKOB B cpeaHeM OKojso 25 kM, 2 kiacc —5—I10 kM H
nyHKTH 3 Kaacca, ompenensemble 3aceukamu. K. UM. Tennep mpen-
JIOXKHJ 3aKPENJIATh MYHKTH Ha MECTHOCTH, a TaKXKe YCOBepIIeHCT-
BOBAJl METOJAHKY YIJIOBHIX H3MEPEHHH H T. A.

Oco6o cnenyer otmeruTh BaxHocTh uaen K. M. Tennepa 06
HCIOJIb30BAHHH TPHAHTYJAAUMH 1 KJacca He TOJNBKO IJIS1 KapTorpa-
(HUeCKHX LeJsiel, HO U pelleHHs HayYHBIX 3aJady, CBSI3aHHBIX C OI-
pelejieHHeM pa3MepoOB 3eMHOrO 3JUIHICOHAA M3 TPagyCHOrO H3Me-
PeHHs N0 MepHIHaHY.

B 1816 r. B IlpuGantufickux ry6epHHsIX OAHOBPEMEHHO C pa-
6oramu K. H. TenHepa mpucTynusa K rpaiayCHBIM H3MEDEHHSIM BHI-
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Jamoluics pyccku#t actpoHoMm u reozesuct B. §l. Ctpyse, Biecuni
6oJiblIOf BKJaJ B Pa3BHTHE OTE€YeCTBEHHOH aCTPOHOMHH H Teoje-
3un. B 1830 r. rpamycunie Hu3amepennss K. M. Teunepa wu
B. d. CtpyBe coenuHHJHCh W 3aTeM OBIJIH NPOAOJIKEHBH Ha 10T H
Ha ceBep. B 1852 r. atu pa6oThl Obliu 3aBepuieHH. Takum o6pa-
30M Gbljia TOJiyueHa OTPOMHAsi MO TOMY BPeMEHH Ayra rpaiycHOro
M3MepeHHsl MPOTAKEHHOCThI0 Mo mupoTe B 25°20” ot ycThs [lyHas
no Cesepuoro JlemoBHTOro OKeaHa, M3BecTHas Kak Jlyra MepHiH-
aHa CTpyBe, KOTOpasi HEOZHOKPAaTHO HCNOJb30BaNach YUEHHMH NPH
BHIBOJIaX Pa3MepOB 3€MHOTO 3JJIHIICOHIA, B TOM YHCJE H SJIJIHICO-
una KpacoBckoro. B 3TOM psile TPHAHTyJsiiuH OBLJIO ONpefeseHo
13 acTpoOHOMHYECKHX NYHKTOB. YTJOBhle H 0a3HCHHEe H3MepeHHS
BBIMOJIHEHBl C HCKJIOUHTENbHO BBICOKOR IJIS1 TOTO BPEMEHH TOYHO-
CTBIO: CPeNHssl KBaJpaTHUecKasi OmIHOKa yrJia, BBIYHCJAEHHAS TO He-
BS3KaM TPEYroJbHHKOB, cocraBiasna 0,6—1,5”; omubka B AJHHE
IHaroOHaJH psAfla TPHAHTYJIALUHMH NPOTSAkKeHHOCThbI0 nmouTH 3000 kM
6bl1a OKOJIO 12 M.

B 1822 r. 6b1n yupexpaen Kopnyc Boennwix Tonorpados (KBT),
CHIrpaBUIHH GOJBLIYIO POJb B CTAHOBJIEHHH H Pa3BHTHH OCHOBHBIX
reofilesuyeckux H kKaprorpadudeckux pabor B Poccun. Ilo 1917 r.
KBT G6bin eIHHCTBEHHOH KpYIIHOH OpraHH3auueil, 3aHMMaBLIEHCS
CO3[laHHEM TPHAHTYJNALHOHHBIX ceTefi W MPOH3BOACTBOM TONOIpa-
(HYeCKHX CBeMOK [JIs1 COCTaBJEHHS KapT B Mmacmrtabax 1:16 800—
1:21000 u 1:42000. Haubospuini o6beM 3THX paboT GbLT BHI-
nosHen KBT B 3amajfHBIX TNMOrpaHHYHBIX paloHaX. 3HaAUHTeNbHBIE
no o6beMy reozesuyeckue paboOTH OHIJIH BhINONHEHH B QDHHIAH-
nuu, Ha KaBkase, B KpbiMy, B neHTpasbHBIX paifionax EBponefickof
yacth Poccuu; MeHee HHTEHCHBHO BejHch paboTel B CpenHeit
Asun, Bocrounom Kasaxcraue, na ¥Ypane, B 3anaauoit Cubupu u
Ha JJannrHem BocToke.

3a 100 net cBoero cymecrBoBaHusi KBT onpenenus Ha Teppu-
topun Poccun 3650 nynkToB Tpuauryasuuu 1 kinacca, 6373 nyHkra
TPHAHTYJALMH 2 U 3 KJIaccosB.

Ilns oGecneueHuss reofe3nyeckofl OCHOBOH MECTHBIX TOIOTrpa-
(hHYECKHX CDHEMOK, BBLINOJHSIEMBIX B OTAEJNbHHIX paiOHaX CTpaHHI,
reojiesuyeckne paboTH B CPaBHHUTEJNbHO HeOOJbUIMX OGbeMax BesH
Takxe H Jpyrue BenoMcrBa: [lepeceseHueckoe ynpasjeHHe —
B 3anagsofi u Bocrounoit Cubupu, I'opnoe BesoMcTBO —B JIOH-
6acce, I'naporpaduyeckoe ynpaBieHHe — Ha MOPCKHX MOGEPEexkbsX.

K nauany XX B. 6bln HakomjeH 6OraTelii ONBIT Pa3BHTHS TPH-
aHTyJNAUHOHHHIX ceTell. K 3TOMYy BpeMeHH CTa/lH BHISIBJAATHCA H He-
JOCTAaTKH B OpraHM3aluu 3THX paboT. OCHOBHHIMM H3 HHX OBLIH
clefyoLue.

OtcyTtcTBOBaJI €AMHBIA MJIaH M NPOrpaMMa MOCTPOEHHS TPHAHTY-
Juuu B Macwtabe Bceft crpaHb. [louTH Bce roposa M mpOMBIII-
JieHHble pafions!, Kpome Jlon6acca, He GHIH o6GecneueHbl reofesH-
YeCKOH OCHOBOW. TpPHAHTYJNSLHOHHBIE CETH CTPOHJHCh B OCHOBHOM
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M0 ryGepHHSM OT CBOEro Hauaja H BBIYHCJSJIHCh HEPEe#KO Ha pa3s-
HBIX sjauncougax (BanbbGeka, Kmapka, Beccens m np.), uto npu-
BOAHJIO K HENONMYCTHMO GOJIBIIHM DacCXOXIEHHSIM B KOOpJAMHATaX
OJIHMX M Te€X XK€ MYHKTOB, PACMOJIOXKEHHEIX HAa TPAaHHIAX CMEXHBIX
ry6epunii. ['eome3nyeckne NYHKTH MJOXO 3aKPENJSJIHCh Ha MecCT-
HOCTH M NO3TOMY BCKOpDe YTPauHBAJHCh.

K Hauasny Tekylero CTOJIETHSI OCHOBHAsi Macca NMYHKTOB TpeX-
HHX TPHAHTYJSAUHH OKasajach yTpPau€HHOM, a MOTPeGHOCTb B reo-
Je3nueckofi ocHOBe, HAa060POT, 3aMeTHO BO3pocia. B CBA3H ¢ 3THM
B 1907 r. xoMHuccHs, cOCTOSIIIast H3 KPYNMHBIX Te0JE3HCTOB TOTO
BpeMeHH, nox pykoBoacTBom HauasbHuka KBT U. Y. Tlomepan-
LeBa BHepBele pa3paboTajsa MPOrpaMMy HOCTPOEHHS TPHAHTYJISA-
nnu 1 knacca Ha EBponefickofi yactn Poccun, KoTopasi mpenycmar-
puBaJja:

1) nmposmoxeHwe psiZOB TPHAHTyJAUMH | Kiacca mo HampasJe-
HHIO MEpHJHAHOB M mapaJjejiefi pacCTOSTHHS MeXIy psAfaMu Of-
Horo HampaBieHuss 300—500 kM, mepumerp mnosuroHoB 1200—
1500 xMm; '

2) ompeneneHHe Ha TNepeceueHHH PsAAOB (B BepIIHHAX TNOJHIO-
HOB) BBIXOAHBIX CTOPOH TPHAHTYJSIIIMH, a HA OOOHX KOHIIAX KaX-
ION M3 HHX — aCTPOHOMHYECKHX LIHPOT, HOJTOT H a3HMYTOB;

3) wucnosb3oBaHMEe B KaueCTBe IOBEPXHOCTH OTHOCHMOCTH 3.I-
quncouna Beccensi (3a MCXOAHBII MYHKT NMPHHHMaeTcs LEHTP KPYr-
Joro 3ana ITynkoBckofi o6cepBaTOpHH).

IIporpaMMa, paspaGoraHHas mnop pykoBoiactBoM WM. U. ITome-
paHILleBa, HECOMHEHHO SIBJI/Iach MPOTPECCHBHOM 11 TOTO BPEMEHH.
K ee peannsauun npuctynuau B 1910 r. OcyiiecTBieHHIO 3TOf Ipo-
rpaMMB B NOJHOM o0beMe MoMellaja MepBasi MHpOBas BOfHa.
C 1910 nmo 1917 r. Beauch pa3po3HeHHBIE PaGOTH MO CO3IAHHIO
TpPeX NOJIMIOHOB TPHAHTYJALHH | Kiacca: HOCTPOEHH OBLIH TOJBLKO
IBa TOJIHTOHA, TPETHI OCTAJICS He3aBepUIEHHBIM.

ITporpamme M. U. TlomepanueBa OBLIM NPHUCYLIH H CYIIECTBEH-
Hble HeJOCTAaTKH: HEeJOCTAaTOYHAs TOYHOCTb M JKECTKOCTb INOCTpOe-
HHA CHCTEMBI MOJIMTOHOB 1 KJacca, OTCYTCTBHE ONpeleseHHOR H
YeTKOH CHCTEMHI TOCTPOEHHSI ceTefl TPHAHTYJSALMH 2 M TMOCTeAyio-
IHUX KJacCOB.

ITonuepkuBass Gosbluylo posb M 3acayrn Kopmyca BOeHHBIX
TonorpacoB mepen oTeuecTBeHHON reonesnedt W Kaprorpaduedt kak
r1aBHOM OpTaHM3alMH, BHIOJHSBLUIEH OCHOBHEIE Te0Je3HYECKHe
pa6otsl B Poccun, Heo6X0AMMO OTMETHThb, UTO H3-3a HENOCTATOY-
HOTO BHHMAaHHSl IIAPCKOTO TNpPaBUTENbCTBA K BONPOCAM KapTorpa-
(GHUPOBaHHS TEPPHTOPHHM CTPAaHBI M BeChMa OrpaHUYeHHOro (uHaH-
CHPOBaHHSA reole3uyecKHX paboOT pa3BHTHE 3THX PaboT LIJIO OYEHb
mepienHo. K 1917 r. tonorpacdo-reonesnueckasi H3yUYeHHOCTb Tep-
PHTODHH COCTaBJsIa BCEro JHIIb 0KoJo 13 Y.
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§ 17. CXEMA H NPOTPAMMA ¢. H. KPACOBCKOTO
MOCTPOEHHUSA FTOCYJAPCTBEHHOW TPHUAHTYJSAUHUHU

Benukass OKTs6pbCcKasi peBOJIOLHS I[0JOXHJIAa HayaJo HOBOH
3MO0XH B Pa3BHUTHH TOMOrpago-reone3Hyeckux M KaprorpadHueckHx
pa6or. Pemiaipouiyio pojib B 3TOM BONpPOCE CBIrPaj HCTOPHUYECKHH
Hexkper, noanucanunii B. M. Jlenunnim 15 mapra 1919 r. «O6 yu-
pexxzaenuu Bbricuiero reose3nueckoro ynpabJeHHS» B NepBYI0 oue-
peab st usyuyenuss teppuropun PCOCP B Ttonmorpaduyeckom OT-
HOLIEHHH, B LeJSAX MOAHSATHS M Pa3BUTHS NPOH3BOAHTENbHBIX CHJ
CTPaHBbl, 5KOHOMHH TEXHHYECKHX H JEHEXHHX CpPeACTB H Bpe-
MEeHH.

OpHo#t M3 BaxHeHlIuX 3anay Bricuiero reofesnyeckoro ynpas-
Jenusi (BT'Y) B nepBuie rogbl ero mesTesbHOCTH Oblia paspaboTka
HayyHO OOGOCHOBAHHOH CX€MBl H IPOrpaMMbl NOCTPOEHHS OMOPHOH
reonesuyeckoii cetu CCCP. B pemeHnn 3TOH 3a4ayd HCKJIOUH-
TeJbHO GOJIBUIYIO POJIb CHIrpaJj KPymHeHUIHH yyeHHH-re0Je3HUCT Ha-
uwiero Bpemenu @. H. Kpacosckuii. OH nepecMoTpes npeXKHHe MPHH-
LUHMOB TOCTPOEHHS ONOPHOH re0Jie3NYecKOH CeTH H 0Ka3aJ HX HellpH-
TOAHOCTh B YCJOBHSIX orpomHO#i Tepputopuu crpanel. @. H. Kpa-
COBCKHH, OMHpasCh Ha BLINOJTHEHHbIE HM TEOPETHYECKHE HCCJeno-
BaHHUS O HEeHCTBHM M HAKOIUVIEHHH OLIMOGOK reofesHuecKHX H3Mepe-
HHH B TpHAaHryJsLHH, pa3paboTan H HayyHO 060CHOBAJ (yHIaMeH-
TaJbHYI0 NPOrpaMMy MHOCTPOEHHS TOCYNAapCTBEHHOH TpHAHTYJSLHH
CCCP, xoropasi cTaja MNOCTENEHHO OCYHIeCTBJAThCA ¢ 1925 r.
IIporpamMma 6niia onmyGaukoBaHa B 1928 r. B mocienyiomeM oHa
Halla oTpaxeHHe B OCHOBHHIX IOJIOXKEHHSIX O NOCTPOEHHH ToCy-
AapcTBeHHOH omopHO# reogesnyeckoit ceru CCCP (1939 r.).

Cornacio nporpamme @. H. KpacoBckoro rocyaapcTBeHHas
TPHAHTYJSAIHUS CTPOMJACh N0 MPHHIHUNY Nepexona OT obuiero K ya-
ctHomy. [lompasgensnace OHa Ha psifbl TPHAHTYJAAUMH | Kiacca,
OCHOBHHle pPfIH TPHAHTYJSAUHH 2 KJjacca, 3aMoJHSIOIIME CETH 2
KJiacca, ceTH 3 KJacca W NYHKTH 4 KJjacca, onpefessieMble reo-
JllesHYecKMMH 3aceukamHu. [yaBHO# sBassnace TpuaHrynsuus |
Kjacca, cosjlaBaeMassi B BHAE aCTPOHOMO-TEOLE3HYECKOH CeTH,
npefAHa3HAaYEHHOH KaK JJ1s1 KapTorpa¢HpoBaHHs CTPaHH, TaK H AJA
pelleHHs HayYHBIX POGJeM reofesnH.

B coorBerctBuu ¢ nmporpammoit ®. H. KpacoBckoro acrporomo-
reogesnyeckasi cetb CCCP crpounack B BHAe pSIIOB TPHAHTYJISA-
uuM 1 Knacca, NpOK/NaJHBaeMEX NMPHMEPHO IO HaNpaBJIEHHSM Me-
puoHaHOB M mapaJJjenedi Ha paccrosHuH 200—250 kM pgpyr ot
Ipyra H o6pa3yiolmuX 3aMKHYTble NOJHUIOHH mnepumerpom 800—
1000 kM (puc. 18). Panbl cOCTOSIIH B OCHOBHOM H3 TPEYroJbHHKOB,
6/1Hu3KHX 1O (opMe K pPaBHOCTOPOHHHM, C yriaMu He MeHee 40°.
JIHHBL CTOPOH TPEYroNIbHHKOB ORUIH B cpefHeMm 0koJo 25—30 kM.
T'opu3oHTa/MbHBIE YIJIE HM3MEPSIHCH CO CPefHed KBaJApaTHYECKOH
omun6koit 0,7—0,9” (Mo HeBA3KaM TPEYroJbHHKOB).
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Puc. 18. Cxema ®. H. Kpacosckoro mno- B
CTPOEHHSI TOCYAAPCTBEHHOH TpHAHTYJsi-
IHH:

1 —nyukt Jlannaca; 2 — npoMexyToYHHIA acT
PONYHKT; 3 — 6a3uc

Puc. 19. Basuchas cetb

Puc. 20. 3BeHo TpHauryasuumH 1 kKaacca A




B KaxgoMm nepeceueHHH psiAOB | Kiacca, HAYIIHX 1O MEPHIHM-
anaMm M napaJjuieisiM ONMpefessioTCs NJIHHA H a3HMYT BBHIXO THO#
CTOPOHB TPHAHTYJISLHH, Hampumep, ctopoH AB u CD. Jlauub
BHIXOAHBIX cTOpOH AB mosyyajiu B Te TOAbl NyTeM MOCTPOEHHS
6asucubix cereit (puc. 19), B KOTOPHIX HHBAapHBIMH NPOBOJIOKAaMH
usMmepsiin 6asuc mn AAMHOR 6—8 KM M Bce Yribl 1a MNyHKTax
3TOM CeTH; YrJbl HanpoTHB 6asuca MOJ/KHH ObliH OLITH HE MeHee
36°. BasucH ca€10Bajio M3MEPSTh C OTHOCHTEbHOH cpefHell KBaj-
paTuueckoil omu6koil He Gosee 1/500 000, a AMMHBI BEIXOAHBIX CTO-
pOH omnpenessiTh ¢ omubkoi He 6osee 1/300 000.

B HacTosiiiee BpeMsl HCXOIHBIE CTOPOHBI PSIIOB TPHAHTYJSAIHH
H3MEpSIOTCS HENOCPEACTBEHHO C MOMOMIBI0 BBICOKOTOUHBIX CBETO-
JNaJbHOMEPOB M MO3TOMY HEOGXOAHMOCTh MOCTPOeHHs Ga3HCHBHIX ce-
Tell ornaJga. McxoaHble CTOPOHBI, MOJYUeHHbIE B pe3yJbTaTe HeEIo-
CPENCTBEHHBIX H3MEpEeHHH, TPHHATO Ha3bBaTb G6Ga3HCHHIMH
CTOPOHAaMH.

Ha o6oux KOHIaX KaXAOH BBIXOZHOH CTOPOHBI ONpeNeNsTHChH
aCTPOHOMHYECKHE LIHPOTH, AOJNTOTH H a3HMyTH (npsaMoH u o6par-
Hblil). Teonesnueckuil MyHKT, Ha KOTOPOM ONpeIeNeHbl H3 acTpo-
HOMHYECKHX HaGMIONEeHHH MIHPOTa, HOJrOTa H asHMYT, Ha3bIBAIOT
nyHkrowm Jlanmmaca, a yacTh pAfa TPHAHTYJIALMH, 3aKJIIOUEH-
HYI0O MEXJY COCEIHHMH BHIXOJHBIMH CTOPOHAMH, Ha KOHLaX KOTO-
pHIX OmpefeseHbl NYHKTH Jlannaca,—3BeHOM TPHAHTYJf-
nuu 1 xaacca (puc. 20). JIMuHB 3BE€HhEB TPHAHTYJSIHH MpPH-
HuManu paBHbeiMH 200—250 KM, a caMH 3BeHbS MOIJIH COCTOSITh
H3 TpPEYroJIbHHKOB, Te€ONe3UYeCKHX YETHIPEeXYTOJbHHKOB H IEHT-
PaJIbHBIX CHCTEM.

Kpome nynkroB Jlammaca B Ka)IOM 3BeHe TPHAHTYJISALMH |
knacca uepes 70—100 kM omnpenensiiu elle TaK Ha3bIBaeMble NPO-
MeXYyTOUYHEIE acTpOHOMHUeckHe NyHKTH E, F (cm. puc.18). Ha
3THX NYHKTax H3MepSAJH aCTPOHOMHYECKHE LIHPOTHI H JOJTOTHL
[TepBoHaua/NbHO HAa 3THX MYHKTax ONpeleNsi/iH TaKkKe OXHOCTOPOH-
HHE acTPOHOMHYECKHEe a3HMYTH, OJHAKO, BMOCJEACTBHH OT HHX OT-
Ka3aJUCh H3-32 HEJOCTAaTOYHOH TOYHOCTH BCJeNCTBHe HeGaaro-
NPHSITHOTO BJHSHHUA GOKOBO# pedpaKIuH.

CpenHue KBaJpaTHUeCKHe OUIHOKH aCTPOHOMHYECKHX Ompenele-
HHEl LIMPOT, HOJITOT M a3HMYTOB Ha myHKTax Jlamnaca He DOJIXKHBI
6BITH TMpeBHIIATH COOTBETCTBEHHO Mg =0,4"; my =0,45" n m, =0,5".
BhiuncasoTcs 3TH OIIHOKM MO OTKJIOHEHHSIM OT CpPEelHero H3 pe-
3yJIbTaTOB M3MEpeHHH B NpHEMaX, T. €. 6€3 yueTa BJMSIHHS CHCTe-
MaTHYeCKHX OUIHOOK H3MepPeHH.

B 1932 r. 6ni1a Hauata o6mas rpaBHMeTpHuecKass (MasiTHH-
koBasi) cpeMka Teppuropun CCCP. ITo npennoxennio ®@. H. Kpa-
COBCKOTO TPaBHMETPHUECKHE H3MEpEeHHs, BHINOJHSEMble MO CIElH-
aJlbHOH TNporpamMme, CTajH LIHPOKO NPHMEHSTHCS TPH CO3NaHHH
aCTPOHOMO-TeOIe3HYeCKOl CeTH H C TeX NOp SBJSIOTCH HEOTHEM-
JIEMOH uacThi0O OCHOBHBIX reojesnueckux pa6or. Ilpu coBmecTHOM
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HCIOJIb30BAHUH Te0Je3HYECKHX, aCTPOHOMHUYECKHX H TpaBHMeTpHUe-
CKHX H3MepeHHHl IpeNoCTaBJsSeTCs BO3MOXKHOCTb JeTajbHO H3Y-
yaTh (Urypy 3eMJH H MaTeMaTHYeCKH CTPOrO peAyLHpPOBaTh pe-
3yJbTaThl re0Je3HYEeCKHX H3MepeHHH ¢ (hH3MYeCKOH MOBEPXHOCTH
3eMJiM Ha NOBEPXHOCTb pedepeHL-3/IJIHICONAa, Ha KOTOPO# BeleTcs
MX MaTteMaTHueckass o6paboTka. [lJig YCNEIIHOTO pelIeHHs 3THX
3agau ®. H. KpacoBcku#i paspaboras TeopeTHYECKH CTPOTHH Me-
TOA TNPOEKTHPOBAHHS H3MEPEHHBIX BEJMYHH Ha IMOBEPXHOCTb 3JI-
JIUTICOHUJA MO HOpMaJsM K Hemy H B 1934 r. mpeiyioXuj METOL acT-
POHOMO-TPaBHMETPHYECKOrO HHBEJHPOBAHHS HJISl ONpefeJieHHs BHI-
coT reoupa, BmocaencTBHH pa3BuThii M. C. MoJsoseHCKHM '
Tenepb IIHPOKO NPHMEHSIEMBIH NPH H3yYeHHH IOBEPXHOCTH KBa3H-
reouja.

Caenyer 0co60 TMOAYEPKHYTb HCKJIOYUTEJNbHO BaXKHYIO POJib
aCTPOHOMHYECKHX M TPaBHMETPHYECKHX H3MEPEeHHH B aCTPOHOMO-
reoje3uueckoii cetu. Biarogaps 3THM H3MepEHHSIM MOXHO BBIYHC-
JHTb Ha KaXJIOM MNYHKTEe CETH aCTPOHOMO-Te0Je3HYeCKHe YKIOHEHHS
orBecHbix JauHHH. [locnenHue xe HeoOXOAMMBI [JIsl peLIEHHS ABYX
BeCcbMa BaXHBIX 3aJay: PeNyKIUH H3MepeHHBIX BEJIHYHH Ha I0-
BEPXHOCTb 3JIIHIICOHA2 W ONpeAesieHHs BLICOT KBAa3HreoHza, a cle-
IOBaTeNbHO, H JAJs H3ydyeHHS (urypel 3eMJH B npejgesax acTpo-
HOMO-Te01e3HYEeCKOH CeTH.

®. H. Kpacosckuit pa3pabaTbiBajl CXeMy W IIpPOrpaMMy IIOCT-
POEHHS TOCYLapCTBEHHOH TPHAHTYJSILMH B TO BpeMs, KOTJa CTpaHa
HaxXOAMJach B TPYLHOM SKOHOMHYECKOM IIOJIOKEHHH, a reofe3Hnye-
ckass cayx6a He OblJa obecrneyeHa HHXKEHEDHBIMH KaJpaMH, He
uMeJsia HeoOXOIHMBIX BBICOKOTOYHBIX NMPHGOPOB, He Oo6GJajfana MoLI-
HEIMH BBIYHCJIHTEJbHBIMH CpPeACTBaMH, He OBlIH pa3paboOTaHH
TakXe H MEeTOAbhl YPaBHHBAaHHS OOIIMPHBIX Tre0J€3HYEeCKHX CeTeH.
OpHako UIMPOKHH pa3Max COLHAJHUCTHYECKOTO CTPOHTENBCTBA HA
OTPOMHBIX MPOCTOPax CTPaHb TPeGOBaJ NMOCTPOHUTh B KpaTuaiiline
CPOKH OO6IIerocyapcTBEHHYI0 TIeO0[e3HYEeCKYI0 CeTh, TaK Heo6XOIH-
MyI0 AJs KapTorpadHpOBaHHS TEPPHTOPHH H pelIeHHS Pa3HO06-
pPa3HbIX 3ajai HapOAHOXO3SIUCTBEHHOro H OOOPOHHOTO 3HAYeHHS.
C yueroM Bcex 3tux obcrosareabcts ®. H. Kpacosckuit mpemso-
XKHJ CJeYIOLLYl0 CXeMy H NpOrpaMMy pasBHTHS TIeoJe3HYecKHX
cerefi 2—4 KJaccoB BHYTPH INOJHIOHOB acTPOHOMO-Teo0Je3HyecKok
CeTH.

Kaxnabi#i nosuroH TpuaHryasiuuu 1 Kimacca AesuJcsl, Kak mpa-
BHJIO, Ha 4YeTHIpe YaCTH NyTeM INpPOJIOXKEHHS B HEM OCHOBHBIX pf-
IOB TpHAaHryJsuuu 2 kKiaacca (cM. puc. 18). B mepeceueHHH OCHOB-
HBIX pSAJOB TPHAHTYJsALHH 2 KJacca cTpousach Ga3ucHasi CeTh, M3
KOTOpOfi ompepesssach AJHHA BHIXOLHOH cTopoHbl. Ha o6Goux KoH-
1aXx BBIXOAHOH CTOPOHH onpejensiuch MyHKTet Jlamnaca (@, A, a).
CpenHsisi [JHHA CTOPOH TPEYrOJIbHHKOB B OCHOBHBIX psgax 2
Knacca 6blna okosio 18 KM; yriibi B TPEyroJibHHKaXx HOMYCKaJHCh
He MeHee 30° cpexHssi KBajpaTHuecKass OLIHOKa H3MEPEHHs yrI-
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Ta6anuuya 5

Owmnbka
Cpepusas npenesieH s

Kanace CE%ZT KBajpaTHuecKas OmHGKﬁa e ore ° BgeallllMHOl‘O
owu6Ka B cnabGoM MecTe o

TPHAHTYASLUK CTOPOHH S, ceTn mygfs NoJIOKeHH

KM

H3MepeHHs yria
m, yra. c

CMeXHbIX NYHKTOB,

Psagel 1 Kaacca 25—30 0,7—0,9 1/100 000 ~0,3
Pagnt 2 Kaacca 18 1,2—1,5 1/60 000 ~0,3
CeTn 2 Kaacca 11—13 2,0—2,5 1/35 000 ~0,3
Cetn 3 Kaacca 5—8 5 1/15 000 ~0,3

IMyukTH 4 KJacca ONpefessiIuCh 3aceukamH ¢ OWIHOKaMu He Gosee 1 M.

JOB Jonyckaiaach He 6ojee 1,2—I1,5” (no HeBsi3kaM TPeYroJibHH-
KOB). TouHOoCTb GasHCHBIX M3MEpPEHHiI M aCTPOHOMHYECKHX Ompere-
JeHHH Oblia YCTaHOBJIEHA HECKOJBbKO HHXKe, YeM B acTPOHOMO-Teo-
JIe3MYeCcKOH ceTH.

BHyTpH Kaxaoi ueTBepTH Nnosurona | Kiaacca, obpasymouieiics
B pe3yJibTaTe MOCTPOEHHSI OCHOBHBIX PSIIOB TPHAHTYJALHH 2 KJac-
ca, CTPOHMJIach 3aNOJHSIOIAs CeTh TPHAHTYJALMH 2 Kjacca C JJIH-
HAaMH CTOPOH TPeYroJbHHKOB B cpenHem 12—13 kM. Haumenbmne
yrJBl B TPEYroJibHMKax Aomnyckasauch no 20° cpenHsis KBajgpaTHye-
ckas omubKa H3MepeHHs YIJIOB ycTaHaBJHBajach paBHO# 2—2,5”
(Mo HeBsI3KaM TPEYroJbHHKOB).

Cern TpHAHTyJsilMH 3 KJlacca CTPOMJIMCh B BHJE BCTaBOK He-
6OJIBLINX CHCTEM TPEYTOJBHHKOB HJIH OTAEJNbHBIX MYHKTOB, ONMHpa-
IOLIHXCS Ha CTOPOHBI M NYHKTBHl TPHAHTyJasuuMH 2 Kiaacca. JlJauHBI
CTOPOH TPeyroJbHHKOB OBl 5—8 KM; HaHWMeHbIIHEe YrJbl JONnycKa-
Jauch g0 15° cpenHssi KBagpaTHuecKasi OIIHOKa H3MEPEHHOro yrJia
ycTaHaBJHBaJach paBHO# 5” (IO HeBSI3KaM TPEYrOJbHHKOB).

Ilynkter IV Kaacca ompenensiiuch reofe3WYeCKHMH 3aceuKaMH
C NMYHKTOB TPHAHTYJSIMH BBICIIHX KJIAaCCOB CO cpelHell KBaJpaTH-
yecKoii olin6KoH He 60Jiee OLHOrO MeTpa.

TFocynapcTBeHHasi TpHAHTYJALHS, CO34aBaeMasi B COOTBETCTBHH
c nporpammoit ®. H. Kpacosckoro u ¢ yuerom OCHOBHBIX TOJIOXKeE-
Huit (1939 r.), xapakTepH3oBasach CJAEAYIOIIHMH OGOGIIEHHBIMH
TeXHHYeCKHMH NOoKa3aTeasamu (TabJ. 5).

ConocTaBHB MeXAy coGoH JonmycTHMbie OMIHOKH B JJIMHAX CTO-
POH TPHAHTYJSIHH CO CPeIHHMH KBajJpaTHUYECKHMH OUIMGKaMH OI-
pelesieHHs] B3aHMHOTO MMOJIOXKEHHSI CMEXHBIX NMYHKTOB (cM. TabJj. 4
¥ 5), HeTPYAHO YCTAHOBHTb, YTO MO TOYHOCTH NMOCTPOEHHS FOCyAap-
CTBEHHas TpHAHryJasuHs 1—3 kiaaccoB obecneunBaeT He TOJbKO
MPOHU3BOJACTBO TONMOrpaHyeCKHX CBEMOK BIJIOTH [0 Maciutaba
1: 10000 BKIIOYHTENLHO, HO H pelIeHHe MHOTHX HAayYHHIX H NpakK-
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THYECKHX 3aflay reofle3Md W JPYTHX OTpacjeid HapoOAHOro Xo-
3slicTBA.

[TocTpoeHue TrocyAapCTBEHHON TPHAHTYJSLUMH N0 MpOrpamme
®. H. KpacoBcKoro $BHJIOCH 3HaYHUTEJbHBIM IIaroM B pPa3BHTHH OC-
HOBHbIX reojesndeckix pa6or B CCCP. B pesysnpTaTe OCyILEeCT-
BJIEHHS 3TOH NPOrpaMMbl GBbIIM pCIUIeHH CJeAylolHe BaXKHEHIHe
3ajayu:

3a KOPOTKHHl CPOK pacnpocTpaHeHa elMHasi CHCTeMa KOOpJIHHAT
Ha OrPOMHYIO TEPPHTOPHIO BCeH CTpaHBl NMyTeM MPOJIOXKEHHs PSLOB
TpHaHTyJasuuu 1 Kiaacca;

MOJIyYeHbl ONMBITHHIE JAHHBbIe BBHICOKOH TOYHOCTH [J51 pelleHHs
OCHOBHOH HayyHO# mpoG6JeMbl BHICIIEH TeoJe3uH IO OlpeJeseHHI0
pasMepoB 3eMHOTO 3JUIMICOMAA M H3YyeHHIO (UrypH 3eM-
JIH;

CO3[laHbl YCJOBHS MJisi Pa3BHTHS ceTell TpHAHTyJasuud 2 H 3
KJacCOB NpH OrpaHMYEHHOH TEXHHYECKOH OCHAIUEHHOCTH, a TaKXke
MOSIBWJIACh BO3MOXKHOCTb MOGJIOYHOTO YDaBHHBAHHMsA CeTeH TpHaH-
TyJSIHH BCEX KJacCOB; '

o6ecrieyeHa BBICOKasi TOYHOCTb ONpeJleJleHHs] B3aHMMHOIO IOJIO-
KEHHSl CMEXHHIX MYHKTOB TPHAHTYJAILMH, AOCTaTOYHas AJs TOMO-
rpadHuecKHX ChHEMOK BIJIOTh Ho Maciutaba 1 :10000.

§ 18. MOCTPOEHHUE I'OCYIAPCTBEHHOR FEOJE3HYECKOHN
CETH CCCP B COOTBETCTBHHU C OCHOBHBIMH MNMOJIO)KEHUSAMH
1954—1961 rr.

[Tocne Beauko#t OteuecTBeHHOH BO#HBEI 1941—1945 rr. B cBSA3H
C BOCCTAHOBJIEHHEM M Da3BHTHEM HApPOJHOTO XO35HCTBA CTpaHH
BO3HHMKJAa HEeOOXOAHMOCTb KapTOrpadHpoBaHHsi OGIIMPHEIX TeppH-
TOpH# B KpynHeIX Macumtabax 1:5000 u 1:2000. I[TockosbKy rocy-
NapCTBeHHAss  TPHaHryJslMs, CcO3JaBaeMasi IO [porpamme
®. H. Kpacosckoro, Grla paccunTaHa Ha oGecreueHHe TONOrpa-
¢bHuyeckux CbeMOK He KpymHee Macmirta6a 1:10000, To B 1948 r.
Mo TpelJIOXEeHHIO IMepBOro 3aMmecTuTesns HayaapHuka [YT'K
C. T. CynakoBa GHlI NOCTaBJIEH M PacCMOTPEH BOMPOC O HajibHEH-
[IeM NOBBIIIEHHH TOYHOCTH TOCYAapCTBEHHOH Tre0Je3HYecKoH CeTH
CCCP c¢ opuentnHpoBko#f ee Ha obecneuyeHHe ToONOrpaduIecKuX
CheMOK KPYNHHIX MaclITab0B H pellleHHe Te0fe3HYeCKHMH MeTo-
IaMu psiia HOBHIX 3aflay Hay4YHOTO, HapOJHOXO3SIHCTBEHHOTrO H 060-
POHHOI'O 3HAYEHHS. ‘

B nocieBoenHble rofn Gbisia pa3paGoTaHa HOBasi MPOrpaMma Mo-
CTpOeHHs1 rocylapcTBeHHON reofesuueckoit cetn CCCP, onuparo-
113siCSl Ha OTPOMHBIA ONBIT aCTPOHOMO-reofe3HYecKHX paboT B Ha-
el cTpaHe, CyLIECTBEHHO OKpENIIYI0 MaTepHaJbHO-TEXHHUECKYIO
6asy u HOBefilllMe MOCTHXKEHHSI F€OfE3HYECKOH HAYKH M NPaKTHKH.
dta nporpamMMa orpaxeHa B OCHOBHBIX MOJIOXKEHHSIX O MOCTPOEHHH
rocynapcreeHHoli reogesundeckoit ceru CCCP, ony6iHKOBaHHHX
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B nepBoHauaabHOM Baphaute B 1948 n 1954 rr., a B OKOHUATCb-
HoM — B 1961 1.

CorqiacHo 3THM IIOJIOXKEHHsIM, KOTOPbI¢ IIPHHSITO KOPOTKO Ha3bl-
BaTb OCHOBHBIMH moJioKeHusimu 1954—1961 rr., rocynapcTBeHHas!
reofesruyeckasi cetb CCCP siBJisieTcs rJIaBHOH reoJe3HYyecKod OCHO-
BOI TomorpaHuecKHx ChEMOK BCeX MacliTaboB H JOJKHa yIOBJET-
BOpsiTh TPCOOBAHHAM HAPOJAHOTC XO3sMCTBA H ODOPOHBI CTPAHBI NMPH
pElIeHHH COOTBETCTBYIOLIMX HayUHBIX H HH)KeHepHO-TeXHHYeCKHX 3a-
nauy. Cosjaercsi OHa METOAAMH TPHAHTYJSLHH, NOJUTOHOMETPHH H
TpHJIaTepalHy NPU TOM WJH HHOM HX coueTaHHH. B kaxioM paii-
OHe NOCTpPOeHHe reoJe3nuecKoil ceTH JOJIKHO BECTHCh METOAOM, KO-
TOPBIH NPH NPOYHX PABHHIX YCJOBHAX AacT HaHOOJbLIHH 3KOHOMH-
yecknii 3¢dekr, obecmeunBass 0OpH 3TOM TpebyeMyl0 TOUYHOCTDb
CeTH.

[TocTpoeHne rocynapCTBeHHOH reofie3M4eCKOH CeTH OCYILLeCTBJA-
eTCsl B COOTBETCTBHHM C IPHMHLMIOM Iepexoja OT obmero K yact-
Homy. [ocymapcTBeHHass reojes3nuyeckasi ceTb NOJpasfelsieTcss Ha
ceru 1, 2, 3 u 4 KnaccoB, pa3nHyalOLiHecs MeXAy CO60H TOYHOCTHIO
M3MepeHHH YIJIOB H DacCTOSIHHH, HAJIMHOH CTOPOH CeTH H ouepel-
HOCTbIO MOCJIefOBaTeNbHOr0 pa3BuTHA. OCHOBHOH fIBJsIeTCS Treofe-
3uyeckas ceTb 1 KJacca, cosjaBaeMasl B BHJe NMOJIMTOHAJbHOH acT-
DOHOMO-Te0/Ie3HYECKOH CeTH; NpefHAa3HauyaeTcss OHA AJsl HaYYHHIX
HCCJIelOBaHHH, CBA3aHHBIX C H3yyeHHeM (DOPMH H pa3MepoB 3eMJIH,
¢e BHeLIHero rpaBHTAaIMOHHOrO NOJIA, a TakKXe JJs paclpocTpaHe-
HHSl eAHMHOH cucTeMbl KoopauHaT Ha Bcio Tepputopuio CCCP.
BayTpu nosuroHoB 1 Kiacca CTpPOMTCS CIJIOLIHAsi ceTh 2 KJjacca.
I'eomesnueckHe ceTH 2 KJjacca SBJASIOTCS OCHOBOH IJIsi pa3BHTHA
ceTet 3 H 4 KJIaccoB.

AcTpoHOMO-Teofie3HYeCKas ceTb. B OCHOBe MOCTPOEHHSI acTpo-
HOMO-Treofie3HYeCKOH ceTu | Kiacca, co3gaBaeMOH B COOTBETCTBHH
¢ OcHOBHHIMH mnoJyioxXeHusAMH 1954—1961 rr., Jexut mnporpamMma
®. H. KpacoBckoro, HeCKOJIbKO yTOUHeHHasi u jgomnojiHeHHas. Co3-
JlaeTcsl aCTPOHOMO-Teojie3HyecKasi ceTb B BHJe IOJHIOHOB NepHMeT-
poM okoso 800 KM, 06pa3yeMBIX TPHAHTYJISLHOHHBIMH HJIM TOJIHIO-
HOMETPHUECKHMH 3BEHbSIMH IJIMHOH Kaxjaoe He Gosee 200 kM, pac-
nojaraeMbiIMH B  HalpaBJeHHH MEDPHIHAHOB M  NapaJjjesed
(puc. 21).

3BeHO TpHaHryJasuMH 1 KJaacca COCTOMT B OCHOBHOM H3 Tpe-
YrOJIbHHKOB 10 (opMe OJH3KHX K PaBHOCTODOHHHM, C YIrJIaMH He
meHee 40° B Tex cayuasx, KOra H3-3a CJOXHOro pejbeda MecT-
HOCTH He yZAaercs NOCTPOHTb TPEYTrOJbHHKH ¢ yriaMH Gosee 40°,
HAOMYCKAaeTCs IMOCTPOEHHE B TAKHX MECTax reoJie3HYecKHX yeTHpex-
YrOJIbHHKOB H LIEHTpPaJibHHX CHCTEM C YrJlaMH B HHX He MeHee 30°.
IuHB CTOPOH TPeyroJIbHHKOB paBHH B cpelHeM 20—25 kM. B Ha-
dJajie ¥ KOHLe KaXIOoro 3BeHa NPH MOMOLIH BHICOKOTOYHHIX CBETO-
AalbHOMEPOB H3MepslOT 0a3uCHHeE CTOpPOHH. Ha o6oux KoOHIAEx
KaxX1oi 6a3ucHOH CTOPOHH (B BeplIMHAxX NOJHIOHOB) ONpPeeJsIOT
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Puc. 21. Cxema mnocrtpoenus
Kenusam 1954—1961 rr.:

I — cTopoHa mnosnuroHoMeTpun | Kiaa

aCTPOHOMO-Teoie3nuecKol ceTH nmo OCHOBHBIM MOJIO-

cca; 2 — cTopoHa TpuaHryasinum | Kiacca

aCTPOHOMHYECKHE IIMPOTH, AOJTOTH H a3UMYTHI, T. €. MyHKTH Jlam-
Jaca.

3BeHbs NOJMTOHOMeTpHH | Kjlacca NMPOKJIAAHBAOT B BHAE BHI-
TAHYTHIX XOJOB, COCTOSILIMX Kaxjaoe He GoJee ueM u3 10 cropoH

AnuHoK mopsaka 20 kM. Hu onuH M3 NMyHKTOB MOJIMTOHOMeETpHUe-
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CKOTO 3BCHA HC JOJIKCH OTKJOHSITbcst Gosiec ueM Ha 20 KM B CTO-
pPOHY OT 3aMbIKaMOUILCH, COCAHHAILICH KOHEUHBIC TOYKH XOJa; HaH-
60JbLIKMA yroJ Mexay HanpaBJeHHSIMH Jii000H CTOPOHBI H Hampas-
JICHHEM 3aMblKalollell 3BeHa He JOJDKeH mnpesbliwiath 20°. B Hauase
H B KOHLle Ka)[0ro 3BeHa IOJHIOHOMETPHH OMNpelNe/sioT B3aHMHO
o6paTHBle a3UMYThl 6a3UCHBIX CTOPOH, a TaKXe acCTPOHOMHUYECKHe
LIHPOTHl M AOJTOTH, T. €. BCe HeNaloT TakK, Kak B 3BEHbSX TPHaH-
TYJSLLHH.

B KkaXAOM 3BGHC TPHUAHTYJSIUH H TMOJHIOHOMETpHH 1 KJjacca,
KpoMe NyHKTOB Jlamjaca, yCTaHaBJIHBAIOT NPOMEXKYTOYHbIE acTpoO-
HOMHMYECKHe NYHKTH (cM. puc. 20), Ha KOTOPBIX MO HAGJIONEHHSAM
3Be3J, ONpelessioT acCTPOHOMHMYECKHe LIMPOTHI W JoJroThl. IIpome-
KYTOUHBlE aCTPOHOMHUYECKHE MYHKTHl Pa3MELIaloT MEXAY NyHKTaMH
Jlanjaca uepe3 65—120 kM. PaccrosiHme MeXJay acCTPONYHKTaMH
3aBHCHT OT IUIOTHOCTH TPaBHMETPHYECKOH CBEMKH, BHINMOJHAEMOH
BJIOJIb MEPBOKJACCHHIX PSAOB: YeM BHIlle MJOTHOCTb 3TOH CBEMKH,
TEM pexe ONpeNesIoT NPOMEXKYTOUHble aCTPONYHKTH. BOKpYT Bcex
aCTPOHOMHYECKHX MNYHKTOB (J/lamnaca W NMpOMeXYTOYHHIX) MO cIie-
IHaJbHOH NporpaMMe BeAyT PaBUMETPHUYECKYIO C'bEMKY CrYIIeHHS.

B oTpenbHBIX pafoOHax CTpaHbl BMECTO MOJHIOHOB, 06pa3oBaH-
HBIX 3BEHbSIMH TPHAHTYJISILMHM HJHM NOJHroHOMeTpuH | Kjacca, pas-
pelilaeTcsi CTPOMTh CIVIOIIHBIE CEeTH TPHAHTYJsALMH 1 Kjacca ¢ yr-
JlaMH B TpeyrojbHHKax He MeHee 30° W AJIMHaMH CTOpPOH He MecHee
20 kM. PaccTosiHHsI yCTaHaBJAMBAlOTCS B 3aBHCHMOCTH OT (hH3HKO-
reorpaduuecKux YCJIOBHH M 3aJaHHOH NJOTHOCTH NyHKTOB. Basmc-
HBble CTOPOHB! M MyHKTH Jlanjaca B CJIOWIHBIX ceTsiXx | Kjacca pas-
MelalT He pexe yeM uepe3 10 cTopoH.

[Ipu co3maHHMH acTPOHOMO-TeOAe3HUYECKOH CETH BBIMNOJIHSIOT KOM-
IJIeKC reoje3uvecKUX, aCTPOHOMHUECKHX M TpaBHUMETPHUECKHX H3-
MepeHHH, NpHYeM C HaWBBICLIEH TOYHOCTBIO, JOCTHraeMoH NpH Mac-
COBBIX HM3MepeHHSX IPH HCNOJb30BAHHH HOBeHIIeH H3MepHTeJbHOH
TexHHKH. [OpH30HTa/bHElEe YrJbl HA IyHKTaX TPHAHTYJSLHH U IOJH-
FOHOMETPHH H3MepsiioT ¢ ouwi6kaMu He Gosee 0,7” (mo HeBsi3KaM
TPeyroJbHUKOB HJIH 3aMKHYTBIX IIOJIMTOHOB). DasHcHBIE CTOPOHH
M3MepAIT ¢ OTHOCHTEJNBHOH cpeiHeH KBaApaTHUECKOH OLIHOKOH
He GoJsiee 1/400000, a AJHHB CTOPOH B 3BEHbSX IOJUTOHOMETPHH
1 knacca — ¢ omun6GkaMu He Gosee 1/300000. Cpexnue KBajgpaTu-
uecKHe OIUMOKH aCTPOHOMHMYECKHX OIpelesieHHH, BBIYHCJISieMble MO
pe3yJabTaTaM H3MepeHHH B NpHeMax, T. e. 6e3 yuyeTa BJHSHHS CH-
CTeMaTHYeCKHX OUIMGOK, JonyckaioTcss B Iupore jo 0,3”, moa-
rote — 0,45” u asumyre — 0,5”.

l'eopesnueckne cern 2 kiaacca. CeTH 3TOrO KJiacca TOYHOCTH
CTPOSIT NMpeHMYIIeCTBEHHO MeTOAOM TpPHAHTYJSLHH B BHAE CHJOMI-
HbIX ceTeli TPEeYrOJNIbHHKOB, IOJHOCTbIO 3alOJIHSIOUIUX TOJHTOHBI
acTpoHoMo-reofie3nyeckoi cetu 1 kmacca (puc. 22). Haumenbune
YIJIbl B TpeyroJbHHKax ponyckaioTcs m0 30°. [IJIHHBI CTOPOH MOTYT
Kose6athesi oT 7 no 20 KM B 3aBHCHMOCTH OT psila (akTopoB H
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Puc. 22. CxeMa mOCTpPOEHHSI TPHAHTYJAIMH 2—4 KJaccOB BHYTPH MOJHIOHA TpH-
aHryasuun 1 knacca:

I — cTopoHa TPHaHTy;nsLHM | KJacca; 2 — CTOpoHa TPHAHTYJsAUMH 2 Kjacca; 3 — CTOpoHa
TPHAHTYJAIlMH 3 Khacca

B 1IepBYIO ouepellb OT ocob6eHHOCTeH pesbeda MeCTHOCTH; B CpefiHEM
OHH paBHH 12—13 KM. B paBHMHHBIX pafioHax ceTH BHIrOJHee pas-
BHBaTb HeGOJIbLUIMMH TPeYroJbHHKaMH, YBeJHYHBas HX pa3Mephl
IpH NOAXOJAe K JJHHHBIM CTOpOHaM psfioB | kjacca. B paiioHax
C fpKO BBIpaXKeHHHIMH (opMaMu peibeda Ienecoo6pa3HO pas3BH-
BaTb TPHAHTYJALMIO 2 KJacca KPYIHBIMH TPEYyroJbHHKaMH CO BCTaB-
KOH B HHMX NYyHKTOB 3 KJacca. [Ipu TakoM NOCTpOeHHH OGecneyH-
BaeTCsi MHHHMAaJIbHAsi BBICOTA TeOJe3HYeCKHX 3HAKOB, YTO BAaXKHO
C 5KOHOMHYECKOH TOYKH 3peHHs, TaK KaK Ha NOCTPOHKY reofesH-
YeCKHX 3HAKOB pacxoAyeTcs, Kak OTMeyaJoch BHIe, B CpelHEM
50—60 Y% Bcex 3arpaT, HeOGXOAMMBIX JIJISi CO3JaHHS Teode3Hye-
CKOH CeTH.

BasucHBle CTOPOHBI B TPHAHTYJISALHH 2 KJacca pa3MellaloT paB-
HOMEpHO U He GoJjiee yeM yepe3 25 TpeyroJbHMKOB. OmHa u3 6asmc-
HBIX CTOPOH JOJI)KHA HaXOIMTBbCS NPHMEPHO B CepefHHe IIOJHIOHA
1 knacca; Ha KOHLAX 3TOH CTOPOHBI ONpelensioT MyHKTH Jlanmaaca
¢ To# e TOYHOCTbIO ACTPOHOMHYECKHX ONpejesieHHH, YTO U B TPH-
aHrynsuuu 1 kaacca. JanHHB 6a3HCHBIX CTOPOH H3MEPSAIOT CO Cpel-
Hell KBaJpaTHucckO# owu6Koil, He npeswimalomnici 1/400000, a ro-
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PH3OHTAJbHBIE YIJIBI — CO CpelHcH KBaJpaTHueCKOil OIIHOKOH He
6ogice 1”7 (mo HeBsiI3KaM TPCYrOJbHHKOB).

B Tex cayuasix, KOrga 3To 5KOHOMHYECKH BRITOJHO, CeTH 2 Kjlacca
MOTYT CO3/aBaThCsl METOJOM IOJMIOHOMETPHH IPH TeX XKe AJHHAX
CTOPOH, YTO H B TPHAHryJasuuu 2 kjacca. ITosuroHomerpHueckue
XO/lbl, NepeceKkasch APYr C ApPYyroM, o6pasyloT CIJIOLIHYIO CeTb
3aMKHYTHIX TOJIMTOHOB C PaBHOMEDHBIM paclpejejeHHeM NyHKTOB
BHYTPH noJaurosHa 1 kmaacca. JlonmyckaeTcss Takxe KOMOMHHpPOBaHHe
TPHAHTYJSILHOHHBIX H TOJHTOHOMETpHUYeCKHX mnocTpoeHuii. CxeMml
IIOCTPOEHHS ceTefi MOJHTOHOMETPHH, a TaKXe KOMGHHHPOBAaHHHIX
ceTel TPHAHTYJSLWH M [OJUTOHOMETPHH pa3pabaTeIBalOTC OT-
IeJIbHO AJIST KaXJO0ro KOHKPETHOro paioHa ¢ yueroM ocoGeHHOCTel
peabeda MeCTHOCTH, 3aJieCEHHOCTH, ruaporpaduu u T. A. [opuson-
TaJlbHble YIJIBl U AJIMHBl CTOPOH B NOJHIOHOMETPHH 2 Kjacca H3Me-
pAIOT CO CpefHHMH KBaJpaTHYeCKUMH omnGkamu He Gosee 1”7 (mo
HCBsI3KAM 3aMKHYTHIX nosiuroHoB) u 1/250 000 cooTBeTcTBeHHO.

Merton TpuiaTepaulMH NPH CO3LAaHHH reoje3HuecKHx ceTefl 1 u
2 KJaccoB HC NPHMCHsIeTCS BCJEACTBHE IPHCYLIMX €My HeJlo-
CTaTKOB. :

leone3nueckue cetn 3 u 4 kaacco. Ilocnenyiomiee cryuieHue
reoJle3HYeCKHX NMyHKTOB B CeTSIX 2 KJjacca A0 TpeGyeMo# NMJOTHOCTH
OCyLIeCTBJSACTCS NMyTeM pPa3BHTHS B HHUX ceTelt 3 M 4 kyaaccoB. CerH
3 ¥ 4 KJaccoB MOTYT CO3[aBaThCsi METOLAMH TPHAHTYJSALHH, MOJH-
TOHOMeTPHH M TpHJaaTepauuu. s Kaxaoro pafioHa BHOHpPAIOT
TaKHe MeTOJ M CXeMy pa3BHTUS 3THX ceTeH, KOTOpHle NPH NPOYHX
PaBHBIX YCJIOBHAX [alOT HaHGOJbIIYI0O KOHOMHIO CPEeICTB M Bpe-
MeHH, obecneynBasi IpH 3ToM TpebyeMyl0 TOYHOCTb CETH.

Cern TpuaHryasuuu 3 u 4 KJIacCOB CTPOAT B BHJIE XKECTKHX CH-
CTeM CIJIOUIHBIX TPEYrOJbHUKOB, BCTaBJIsieMBIX B reofe3HyecKHe
ceTH 2 KJacca. YTJibl B TpeyrojbHHKax 3 H 4 KJIaccoB MeXAy CTO-
pOHaMH OJHOTO M TOrO e KJjacca IOJXKHB GHTh He MeHee 20°.
JnuHbl CTOPOH B ceTsiX 3 Kiacca paBHH 5—8 KM, B ceTsix 4 KJjacca
2—5 kM. PaccrosiHus MeXAy NyHKTaMH, KOTOpble NMpHHaaJjexaT
Pa3HbIM CHCTEMaM TPeyroJbHHKOB H He CBSI3aHBl MeXAy co60# H3-
MepeHHBIMH HanpaBJIeHHSIMH, JONMYCKAlOTCS He MeHee 4 KM B ceTdX
3 KJacca U 3 KM B ceTsix 4 KJjacca, B NPOTHBHOM cJiyuae 3TH CH-
CTeMbl HaJJIEXXHT COEJHHHTb NyTeM H3MEePEHHs COOTBeTCTBYIOLIHX
HanpaBJeHHA. [OpH3OHTaNbHBIE YIribl B CeTAX 3 M 4 KJIacCOB H3-
MCpSIOT CO CPeJHHMH KBaJpaTHYeCKHMH OIIHGKaMH He GoJee 1,5 u
2,0” cooTBeTCTBCHHO (1O HEBSI3KaM TPEYrOJbHHKOB).

ITpu nmocTpoeHHH cereit 3 M 4 KJIacCOB METOLOM IIOJIHIOHOMeT-
pUM omnpeleseHHe NYHKTOB COOTBETCTBYIOIIEro KJjacca IpPOH3BO-
AMTCS MpPOJIOXKEHHEM CHCTEM HJIH OJHHOYHBIX XOJOB, ONHPAIOLIHXCS
Ha NMYHKTH BBICIIECTO KJacca. MexXAy y3/JOBBHIMH MYHKTaMH, a TaKXe
MCXKAY Y3JIOBHIMH M HCXOAHBIMH NYHKTaMH JoOmnyckacTcs He GoJee
ABYX TOYCK moBopora. [HaumeHblias cTOpoHa xoja 3 Kjaacca—3 KM,
4 knmacca — 2 kM. Ecqm paccTOAHHS MeXJy NyHKTaMH, NpHHalJe-
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Ta6auuya 6

CpeaHsas n Ofe'f':,a a
o €, €HH
e cern | Ao ropon, | FovBEen | QUL | WG
cetH m_/s
“3"‘:15"9“;}"'” 'yg.na s Cme)KHblan YHKTOB,

1 20—25 0,7 1/150 000 ~0,15

2 7—20 1,0 1/200 000 ~0,06

3 5—8 1,5 1/120 000 ~0,06

4 2—5 2,0 1/70 000 ~0,06

XKallUMH pasHBIM XOJaM, MeHee 4 KM B CeTH 3 KJlacca U MeHee 3 KM
B ceTH 4 KJjacca, TO AOJXKHa NpelycMaTPHBAaTbCsi B3aMMHas CBA3b
TaKuX XOoZOB. ['OpH30HTaJbHBIE YIVIB Ha MYHKTaX NOJUTOHOMETPHH
3 u 4 KJacCcOB H3MepSIOT CO CPeAHHMH KBaJpaTHYECKHMH OUIHG-
KamMu He Gosee 1,5 u 2,0” cooTBeTCTBEHHO (MO HeBSI3KAM 3aMKHY-
THX TNOJIUTOHOB). [IJIMHBH CTOPOH B XOJax MOJHrOHOMEeTpuH 3 u 4
KJaCCOB HM3MepsIlOT CO CpefHHMMH KBaJpaTHUECKHMH OIIHOKaMH
1/200 000 u 1/150 000 cooTBETCTBEHHO.

Ha kaxXxJ0oM nyHKTe rocyAapcTBeHHOH reofie3nuueckoii CeTH BCex
KJacCcoB Ha paccrtossHuu oT Hero 0,5—1 KM (B Jiecy He GuuxKe
250 M) ycTaHaBJIMBAIOT MO [Ba TaK HAa3HIBAEMBIX ODHEHTH P HH X
NyHKTa, KOTOpHE 3aKpelAloT MOA3eMHHIMH IeHTpamu. OpHeH-
THPHBlE NYHKTH INpefHa3HAyaloTcsd MAJS a3HMYTaJbHOH TNPHBS3KH
CBEMOYHBIX XOJOB; OHH MOTYT OHITb HCNOJIb30BaHbl M AJIS APYTHX
neJed.

BEICOTBI BceX MYHKTOB FOCYJapCTBEHHOMH Te0fe3HYecKOlH CEeTH Ofl-
peneysioOT B OCHOBHOM METOAOM TPHTOHOMETPHUECKOTO HHBEJHPO-
BAaHHA; TOJIbKO JIHLIL B PABHHHHOH M CJIerka XOJMHCTOH MECTHOCTH
NPHMEHSIOT reOMeTpHUYEeCKOe HHBeJIHpPOBaHHe 4 KJacca.

TocynapcrBennasi reogesnueckast cetb CCCP, co3naBaemas
B cooTBeTCTBHH ¢ OCHOBHBIMH moJjiokeHusamu 1954—1961 rr., xa-
paKTepHu3yercsl CJeAYIIIUMH OGOGLIEHHBIMH TeXHHYECKHMH IOKa-
3aTtensmu (Tabua. 6).

®dakTHuecKas TOYHOCTh YIJIOBHIX H3MepEHHH HEeCKOJbKO BHILIE,
yeM ycTaHoBJeHHas. OCHOBHBIMH NOJIOXKeHHsiMH 1954—1961 rr., u
coctapJsieT B cpefiHeM: B ceT 1 kiacca — 0,65”; 2 kmnacca — 0,757
3 kaacca — 1,17 u 4 xnacca — 1,5”. PeanbHasi TOUHOCTb Ompenelic-
HHSl a3uMyToB Jlamjaca xapaKrepu3yeTcsi CpefHeH KBaJpaTHYeCKOH
ourn6kofi mopsigka 1,17, mosiyueHHO# B pe3yJbTaTe YpaBHHBAHHS
OGIIHPHBEIX GJOKOB aCTPOHOMO-Te0Je3HUeCKOH CeTH.

Tocynapcteennas reogesnueckasi cetb CCCP xapakrepusyercs
BBICOKOH TOYHOCTBIO ONpeJesieHHsI ee 3JeMEHTOB, XOTS Co3/aeTcs
OHa B BeCbMa CJIOXHBIX (PH3HKO-reOrpaHUecKHX YCJOBHAX, PEIKO
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6J1aroNpHSITHBIX AJsT TPOH3BOACTBA BBICOKOTOUHBIX TCOAC3HYCCKHX
uaMepeHHd. B cersix 2—4 KJaccoB B3aHMHOC IIOJIOXKCHHC CMCXKHBIX
NYHKTOB OIpeesiercsl ¢ olMGKaMH mopsijka 5—7 cM. DTO 3HAUMT
(cM. Taba. 4), uto rocynapcTBeHHasi reomesuueckasi cerb CCCP,
co3faBaeMasi B COOTBETCTBHH ¢ OCHOBHBIMHM TNOJOXEHHAMH 1954—
1961 rr. mo cBoeit TOYHOCTH He TOJILKO obecrneuynpaeT KapTorpadu-
pOBaHHe OTPOMHOH TeppPHTODHH CTPaHBl B TAaKOM KpYIHOM Mac-
witabe, kak 1:2000, HO ¥ MO3BOJIsieT pellaTh KaK HayyHble, TaK H
HHXXeHepHO-TeXHHYeCKHe 3aJaud HapOAHOXO3SHCTBEHHOTO 3HaUeHHS
Ha BBICOKOM Hay4YHOM YPOBHe.

§ 19. MOCJIEAOBATEJIbHOCTb BbIMOJHEHHUS OCHOBHbBIX
TEOAE3HYECKHUX PABOT

FocynapcTBeHHasi reofie3anyeckasi ceTb IpelcTaBjisieT co6oil cBoe-
o6pa3Hoe HHXKEHEepHO-TeXHHYECKOe COOpYyXKeHHe Ha 3eMHOH NOoBepx-
HOCTH, CO3[laBaeMOe Ha Bcelf TeppPHTOPHH CTPaHH HA CTPOro Hayu-
HBIX Hayajax C HCHOJb30BaHHEM HOBEHIIHX NOCTHXKEHHH HayKH H
TexHHKH. PaccunTaHa OHa Ha AJIMTEJbHBIH CPOK CJYXKOBI H MO3TOMY
JOJIXKHa OBITH NOCTpPOEHA C BBICOKOH TOYHOCTBIO, C Y4eTOM BO3pac-
TalIIUX C TeueHHeM BpeMmeHH TpeGoBaHHi. CeTb JOJKHA GHITH Ha-
HEeXHO 3aKpellJieHa Ha MECTHOCTH CIleNHaJIbHBIMH NOJ3eMHBIMH LieH-
TpaMH, 00eCleyHBaIOIIHMH COXPaHHOCTb €€ NYHKTOB H HeH3MeH-
HOCTb HX [OJIOKEHHS B IJIaHe W II0 BBICOTE B TeyeHHe JJIHTEeNbHOTO
BpEMEeHH.

[Tpu co3manuM cOBpeMeHHOH TroCylapCTBEHHOH reoJe3HyecKoi
CeTH BBLINMOJNHAIOT GOJIblIOH 06BbeM pa3HooOpasHbIX paboOT mO ompe-
IeJIeHHOH TeXHOJIOTHYECKOH cxeMe.

Coznanve rocyfapcTBeHHOR reofie3nyecKoil ceTH, Kak M Jito6oro
NPOMBIIJIEHHOTO 06'beKTa, HaYMHAIOT C Pa3paboOTKH H HAYYHO-TeX-
HHYECKOTO OGOCHOBaHMS TIIpOEKTa CeTH. 3aTeM COCTaBJEHHBIH
B KaMepasIbHHIX YCJIOBHAX INPOEKT IeONe3HYECKOH CeTH YTOYHSIOT
B HaType (Ha MecTHOCTH). C 3TOH LeJbl0 B MOJIEBHIX YCJIOBHSIX BHI-
NOJIHAIOT TaK Ha3hHIBaeMYI0 PeKOTHOCLHPOBKY NYHKTOB 3alpOEKTH-
POBaHHOH TeO0Jie3HYeCKOH CeTH, B pe3yJbTaTe KOTOPOH yCTaHaBJIH-
BAlOT KOHKPEeTHOe MNOJIOXKEeHHe KaXKJAOro MYHKTa Ha MeCTHOCTH, yTOY-
HAIOT ¥ NpH HeoOXOJHMMOCTH He3HAaUHTENbHO KODPEKTHPYIOT CXeMy
TIOCTPOEHHS CeTH, HauMyylinM o6pa3oM npucnocab.uBasi ee K ycJo-
BUAM penbeda MECTHOCTH; BHINOJHAIOT OKOHYATEeNbHBIA pacuer
BHICOT Te0Jle3MYCCKHX 3HAKOB AJisi obeclieucHHs nmpsiMOii BHAHMOCTH
MEXJy NYHKTaMH; ONpelessioT HauGosee NOAXOAsLHe AJMS AaHHBIX
YCJIOBHEi MECTHOCTH THIIBl I'e0Je3HYeCKHX 3HAKOB H NOJ3eMHBIX LeH-
TPOB; YCTAaHABJHBAIOT HEeOOXOAHMYI0 IJIyOHHY 3aKJaAKH NOA3eM-
HBEIX LeHTPOB B TPYHT M T. [.; HaKOHel, YTOYHSIOT CMETY pPacxOIOB
Ha CO3/laHHe reoe3HYecKofi ceTH.

IToc/ie peKOrHOCUHPOBKH NMYHKTOB MPHCTYNAIOT K NMOCTPOHKE reo-
AC3HYECKHUX 3HAKOB M 3aKJalKe MOJ3€MHHX IleHTPOB. B pesysbraTte

69



3THX paboT reomesHuccKasi cCTb [HOJIKHA OHITb HAJCXKHO 3aKpel-
JieHa Ha MeCTHOCTH.

3aTeM H3MepsIOT Ga3HMCHble W APYTHC CTOPOHBI, NMPELyCMOTpCH-
Hbie MPOECKTOM CETH, BBIMOJNHSAIOT aCTPOHOMHYECKHe OIpeeseHHs
IIHPOT, AOJIOT M a3MMYyTOB, M3MepSIOT TOPH3OHTAJbHblE YTJB Ha
MyHKTax CeTH, a TaKXe OMNpeNeJsIOT BHICOTH NMYyHKTOB Haj YpOBHEM
Mopsi (Hal KBa3HI€OHAOM) IpPH MOMOILH TFEOMETPHYECKOTO H TpH-
TOHOMETPHYECKOTO HHBEJNHPOBAHHS, BeAYyT HEeTAaJbHYIO I'DaBHMETPH-
UECKYI0 CHEMKY BOKPYT aCTPOHOMHYECKHX MYHKTOB IO ONpejesieH-
HOH mporpamme M T. A. OpraHu3aiusi U OYepeIHOCTb BBIMOJHEHHS
3THX paboT koopanHHpyetcst [YTK.

[Tocne oxoHuyaHusi MosieBbIX pabOT NPHCTYNMalOT K MaTeMaTHye-
CKOH 006paboTKe pe3yJbTaTOB H3MepeHHH, KOTOpasi BKJKOYaeT TPH
3Tana: 1) omnpenesneHHe BBHICOT KBa3HreOHIa, HOPMAJBbHBIX H reofe-
3HYeCKHX BBICOT IIYHKTOB aCTPOHOMO-TeOJIe3HYeCKOH CeTH M YKJOHe-
HHUH OTBeCHBIX JIMHHMAi Ha HHX; 2) BHINOJIHEHHE IpedBapHTEJIbHAHIX
BbIYHCJIEHHH, B pe3yJbTaTe KOTOPHIX MOJYYaloT TabGJHLy H3MepeH-
HBIX BeJIMYMH, NpPHBEJEHHBIX K I[€HTpaM NYHKTOB M peLyLHUPOBaH-
HEIX KaK Ha pedepeHIL-3JJIMNCOHA, TaK H Ha NJOCKOCTb B MPHHATOH
npoekunu (B CCCP — npoekuuss 'aycca — Kpiorepa); 3) ypaBHu-
BaHHe reojfle3aNYecKoii ceTH, OLleHKa. TOYHOCTH YPaBHEHHBIX 3JIeMeH-
TOB CeTH, COCTaBJIeHHe KaTaJjora KOOpPJAHHAT H BHICOT NMYHKTOB.

§ 20. IYTH JAJIbBHEAIIETO COBEPIIEHCTBOBAHHUY
TOCYJIAPCTBEHHOHA IF'EOJE3WYECKOA CETH

TFocynapcrBennas reone3uyeckas cetb CCCP, coznaBaemasi B COOT-
BeTcTBHH ¢ OCHOBHBIMH nosoxeHusmu 1954—1961 rr., xapakrepu-
3yeTcsl BBICOKOM TOUHOCTBIO OIIpefleJIeHHS B3aHMHOTO IIOJIOXKEHHS
CMEXHBIX MYHKTOB (CM. Tabs. 6). OXHaKO HECMOTpPS Ha 3TO, acTpo-
HOMO-reoJie3nyeckasi cetb 1 KJacca MeHee TOYHa, YeM ONHpaIo-
IHecs Ha Hee CeTH 2 KJjacca, a JOJIXKHO GHITb Hao60poT. DTO MpH-
BOJAMT K TOMY, YTO CeTH 2 KJjacca, ypaBHHBaeMble BHYTPH INOJIHIO-
HOB 1 KJacca, 3JIeMEHTH KOTOpbIX IpPHHHMAIOTCS 3a HCXOJHBIE
JlaHHble, HeCKOJIbKO Aedopmupylorcs. Ilpu sToM Haunbosee OLLyTHMO
HCKaXaloTcsl yribl Ha Tex NMyHKTax 2 KJjacca, KOTOpble HaXoJsTCs
B BeplUIMHAX MOJHIOHOB, a TakXe BOJH3H CTOPOH TpPEYyroJbHHKOB
1 xnacca. TlonpaBku B yribl, nojyyaeMble H3 ypaBHHBaHHS, JNOCTH-
raloT Ha 3THX NYHKTaXx Hepeako 5—7”, uTO HHKaK HeJb3s 00DBsc-
HUTb OIIHOGKaMH YTJOBHX H3MepeHuii. VickaxXeHus yryoB H Je¢op-
Malluu B ceTsX 2 KJjacca GHICTPO YMEHbLIAIOTCS NO Mepe yAaJleHHs
OT NyHKTOB | KJlacca B HanpaBJieHHH K LEHTPY KaxJOro NOJHIOHa
BCJIeJCTBHE GOJIbIION reOMETPHUYECKOH XKEeCTKOCTH CIJIOLIHHX CeTeH
TPHAHTYJSIMK 2 Kjacca.

Ilast Toro yTo6H yCTPAHHTh JaHHBI HeNOCTAaTOK ceTH 1 u 2
KJI4CCOB HeOoGXOJHMO YPaBHSITh COBMECTHO IO MCTOAY HaHMCHBIUHX
KBaJipaToB, He pa3fesss WX Ha KJIacChl W HCMOJb3Ys BCe H3MepeH-
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iIblc B HHX I‘OpH3OHTaJIbeIC HalpasJicHHSI, a3HMYTbl Ha IyHKTaXx
Jlansmaca u Ga3ucHble HJIH BhIXOJHBIE CTOPOHBI, IDHYEM C YYETOM HX
BECOB M OMpefieJieHHeM NONPaBOK BO BCe HEMOCPEACTBEHHO H3MepeH-
Hble BEeJIHYMHBL B pe3ysbTaTe COBMECTHOrO ypaBHHBaHHS OyJeT mo-
JyuyeHa CIJIOIIHAasi IO MOCTPOEHHIO aCTPOHOMO-Teoje3HyecKasi CeTh
1 knacca, mokphiBalollasi BCIO TeppHTOpHIO cTpaHh. Ha 3tom 3a-
BEPUINTCS OAHH H3 BaXHBIX 3TAllOB COBEPIIEHCTBOBAHMS TOCYyAap-
CTBCHHOH reofie3N4ecKOH CeTH.

Heo6xomnMo oTMeTHTL, uTo paboThl MO AajbHelllleMy pa3BH-
THIO, MOJ€DHU3AIHH U MOBHIIEHHIO TOYHOCTH TOCYJapCTBEHHOH reo-
Jle3HUYecKOH ceTH, oco6eHHO ceTH | Kjacca, GYAYT NPOMOJINKATHCS
NpaKTHYeCKH HENpepblBHO. IJTO CBfI3aHO, BO-IICPBHIX, C Te€M, 4YTO
B psile pafioHOB CTPaHH IJIOTHOCTb reofe3HYeCKHX NYHKTOB elle He-
JOCTaTOYHA M €XKEroJHO N0 pPa3HBIM NPHYHHAM YTPauyHBaeTCs OKOJO
3 9% nyHKTOB, KOTODHE HaJ0 CHCTeMaTHYeCKH BOCCTaHABJHBATh.
Bo-BTOpHIX, ¢ TeyeHHeM BpeMeHH CeTb INOCTENEeHHO «CTapeer», Te-
pssi IPH 3TOM CBOIK) INepBOHAuaJIbHYI0 TOYHOCTb (HampuMep, H3-3a
COBpeMEHHBIX [BHXKEHHH 3eMHOH KODH), a Tpe6OBaHHA K ee TOU-
HOCTH, Hao60pOT, C TeyeHHeM BpeMeHH HeNpepBIBHO BO3pacTaloT.
[TosToMy MBI BHIHYX/€HE He TOJBKO CHCTEMaTHYeCKH BOCCTaHaB-
JUBAaTb YTPauHWBaeMble NYHKTH H NOCTOSIHHO 3a60THTbCS O Pa3BH-
THH M COXPAHHOCTH CEeTH Ha MEeCTHOCTH,  HO M HeNpepHBHO BeCTH
paboTy no paJjbHelilieMy COBEepLIEHCTBOBAaHHIO H IOBHILEHHIO ee
TOYHOCTH, OCOGEHHO B CBSI3H C HAyYHO-T€XHHUECKHM IPOTDECCOM H
BO3paCTalOUIMMHU 3allpOCaMH HAayKH U HAapOAHOIO XO3SIHCTBA.

OnHo#t M3 GaMKa#IIMX 3a4ay COBEPLIEHCTBOBAaHHS acCTPOHOMO-
reojesnyeckoit ceth (AI'C) sBasieTcsi ompelejeHHe B He#l mpu Io-
MOLIH CNYTHHKOBOM CHCTeMH [JIOHac mNOJOXeHHsT Heo0XOAHMMOro
YHcJia MYHKTOB C BHICOKOH TOYHOCTBHIO.

Ha caenpyiomem stame cosepuieHcTBoBanusi AI'C Heo6x0ZHMO
NOCTPOHTL HAa TEPPHTOPHH CTPaHH TOYHEHIIYIO, TaK Ha3hIBaeMyIo
byHZaMeHTalbHYyI0 TeoJe3Huyeckyl ceTb (PIC)
¢ IOJMHaAMH CTOpPOH TpeyroJqbHuKoB mnopsaka 2000—3000 kwm,
B KOTODOH pacCTOsIHHS MeXAy NyHKTaMH, B TOM 4YHcle HaubGoJjee
ylaJeHHBIMH [pyr OT Apyra, cJefoBaJjo Obl ONpeleNHTb C CaHTH-
MeTpOBO#l HJiH Gojiee BHICOKOH TouHOCTblo. Kaxnuwiit mynkr OI'C
JOJI)KeH cTaThb CTallMoHapHOH (yHIaMeHTaJbHOH reojie3uuecKon
cTaHIHeH uiau o6cepBaTOpHel, Ha KOTOPOH MO ONpefieJeHHOH Npor-
paMMe JOJIXKeH NepHOJHUECKH BHIMOJHSATHCS BeCb KOMIIEKC TOYHeH-
IUHX H3MepeHHH pa3HOro BHAA, B TOM YHCJe CIYTHHKOBHX IO OIpe-
JleJIeHHI0 TeOLEHTPHUECKHX KOODAHHAT NMYHKTOB, aCTPOHOMHYECKHX
10 OnpejeseHHI0 IHPOT, HOJATOT H a3UMYTOB, 'PaBHMETPHYECKHX IO
onpejeseHHI0 YCKODEHHS CHJIH TSXKeCTH, FPaBHHHEPLHAJbHHX IO
ONpefleJIeHHIO NpHpallleHu# acTPOHOMO-T€OJe3HYECKHX YKJIOHEHHH
oTBeca M T. m. JnHHBI M HampaBJeHHS CTOPOH TpPeYroJbHHKOB
B TeOlleHTPHUeCKOll CHCTeMe KOOpDAMHAT, a TaKXKe IapaMeTpH Bpa-
eHHst 3eMJIH (KOOpAHHATH IIOJIIOCA, BapHALMH YIJIOBOH CKOPOCTH
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CYTOUHOTO BpalleHHs, JCMCHTH NPELECCHH H HyTalHH) CJCAyeT
OnpchessiTh, HCNOJbL3Ysi MCTOA AJHHHOOGa3HCHOH paauouHTepdcepo-
METPHH. DTOT METOJ [03BOJISieT ONPCHEJSATh U YUHTHIBATh KBa3HIe-
pHOJHuecKHe KoJe6aHHsl 3eMHOH NOBEPXHOCTH, 0GYCJOBIEHHBIE IPH-
JIMBHBIMH siBJICHHAMH. B okpecTHocTH kaxjoro nynkra ®I'C Heo6-
XOIHMO BECTH CHCTeMaTHuYecKue HaGJIOLeHHsT 32 H3MEeHEHHSIMH
YPOBHSI TPDYHTOBBIX BOJ, BBHI3BIBAIOLIHX COOTBETCTBYIOIIHE H3MeHe-
HHS BBICOTHI nyHKTa. Bce nynkte ®I'C caenyer cesizaTh Mexnay
CO0OH JIHHHUSIMH BBICOKOTOUHOrO HHBCJIHPOBAHHS, IOBTOPSICMOTO
uepes onpeleseHHble HHTepBaJbl BpeMeHH. [TyHKTBI, Haxoasuiuecs
BOJH3H Mope#, Lenecoo6pa3HO COeNHHHTb HUBEJIHDHBIMH JIHHHSMH
I knacca c ypoBHeMepHbIMH (MapeorpauyeCKHMH) CTaHUHAMH, Ha
KOTOPBIX AOJIXKHBI BCCTHCb HCIPCPBIBHBIC HAOMIOJCHHSI 32 H3MCHC-
HHSIMH YDPOBHSI MOpS.

l'IpezLCTaBJmeTCﬂ uenecooépaaﬂou pa3paboTKa COOTBETCTBYIO-
IIHX HHCTPYKUHUHA H PYKOBOACTB, OTPAXKAMOUIHX COCTaB pa3Hoo6pa3s-
HbIX M3MepeHHH M mporpaMMmy paboThl Ha kKaxaom nyHkre ®I'C.

Bce nmepeunc/ieHHHle BHIllE, 2 BO3MOXKHO H JIpPYrHe AONOJHHTEb-
Hble M3MepEeHHs, BHIIOJHseMHe H CHCTeMaTHYeCKH NOBTOpsieMble Ha
nyHkrax ®I'C, mo3posisiT mosiyyath B pe3yJbTaTe HX COBMECTHOH
06paboTKH MTHOBeHHHle KOOpAHMHATH MYHKTOB PI'C Ha MOMEHT HX
onpenenenus f. C TeueHHEM BpeMeHH H3MeHsIeTCSl NOJIOXEHHEe OCH
BpalleHHst 3eMJIH, a CJIeJlOBaTeJbHO H3MEHSIOTCS H MTHOBEHHBIE KO-
OpAHHATHI MYHKTOB. [Tol0XKeHHe MYyHKTOB B IJIaHe M IO BHICOTE H3-
MeHAeTCs TaKxXe BCJAEICTBHe IPWJIHBHHX JAedopManuii 3eMHOH
KODHl, COBpEMEHHHX ABHXKEHHHl 3eMHOH NOBEpXHOCTH, H3MEHEHHH
YPOBHSI TPYHTOBHIX BOJ, a TaKxXe H3-3a MepeMellleHHH KPYMHHIX
mMacc B Tesle 3emad H T. n. CieloBaTejbHO, Nepexol Ha HOBBIH,
GoJiee BLICOKHH YpOBEHb TOYHOCTH MOTpeGyeT BBINOJHEHHs MaTeMa-
THYECKOH 06palOTKH pe3yJIbTaTOB H3MepeHHH B NpeLH3HOHHOH ro-
CyAapCTBEHHOH TreO0Jle3HuYeCKOH ceTH B YeThIpEXMEPHOM I[IpPOCTpaH-
crBe X Y Z £, rne t — Bpemsi.

ITpu pellleHHn MHOXeCTBa NPaKTHYECKHX 3ajay Treojle3HH oOle-
pHpOBaTb MTHOBEHHHIMH KOOpAHHAaTaMH, H3MEHSIOIIMMHCS BO Bpe-
MeHH, HeyJ06HO. [T03TOMy MrHOBeHHble KOODJAHHATH CJefyeT pely-
IIMpOBaThb Ha OIpeleeHHYI0 310Xy, Hanpumep, Ha snoxy 2000,0 r.,
M M0JIb30BaTbCS MMH JO TeX NOp, NMOKa He BO3HHKHET HeOoOXOJH-
MOCTb Tepexofia K KOOpAHHaTaM Jpyrod 3MOXH BCJEICTBHE HAaKoOIl-
JIeHHs] HeIONYCTHMO GOJIbLIHX HX H3MEeHEeHHH.

Bnaronaps cozpanuio npeunduonHoli ®I'C H BBHINMOJHEHHIO B Helt
MOBTOPDHBHIX H3MepeHHH 10 OlpefleIeHHOH MporpaMMe MOSIBHTCS
BO3MOXHOCTb IOCTPOHTb CHCTEMY ONOPHBIX NMYHKTOB Ha TePPHTOPHH
CTpaHBl, MTHOBEHHHEIE KOOPAMHATH KOTOPBIX GYAYT H3BECTHH! C HaH-
BBHICIIEl TOYHOCTbIO Ha KaXJblfi MOMEHT BpeMeHH. JTO MO3BOJHT
onpeaeasate koopAiuHath MC3 TakXke ¢ MaKCHMaJbHOH TOUHOCTBLIO,
YTO B CBOIO Oyepelb, MOBBICHT TOYHOCTb aBTOHOMHOTO ONpefeseHHs
KOOpDJHMHAT TOUeK 3eMHOf nmoBepxHocTH u3 Habmogenuit MC3. Tpu-
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HsB sneMeHThl ®I'C 3a OCHOBY M COBMECTHB psii NMYHKTOB acTpo-
HOMO-reofie3nyeckoil cetu ¢ nyHkramu ®PI'C, MoxHO GyneT mepHo-
IMYeCKH OGHOBJATb H MOJEPHH3HPOBATb acCTPOHOMO-TeOe3HYeCKYIo
ceTb, M, TakMM 00pa3oM, B pe3ysbTaTe MOBTOPHOIO ypaBHHBaHHs
NoJfepXHBaThb TOYHOCTb 3TOH CETH Ha JAOJKHOM YDOBHE MJHTEJb-
HOe BpeMsl.

Pa3pa6oTka M mocTeleHHasl peasH3alus KOHKPETHOH CXeMBl H
nporpamMmbl noctpoeHuss ®I'C, a TakxKe BONPOCOB, CBSI3aHHHIX C IO-
CleflyIOIMM COBEpIIEHCTBOBAHHEM H JajIbHEHLIMM TMOBHILIEHHEM
TOYHOCTH CIJIOIIHOH aCTPOHOMO-re0jie3HYecKOl CeTH, SIBJSIOTCS
OAHOH W3 BaXKHEHIUHX M MepBOOYEpPEefHBIX 3aJay TreoJe3HyecKoH
HayKH H TpaKTHKH.

T'naBa 4

MPOEKTUPOBAHUE U PEKOTHOCLLUPOBKA
FEONE3UYECKHUX CETEMN.
TEONE3UYECKHE 3HAKH U LLEHTPbI

§ 21. OBIIUE CBEJEHHS O NPOEKTHPOBAHHHU
TEOJE3HYECKHX CETEH

OcHoBHON 3ajaueii MPOeKTHPOBaHHs sIBYAeTcss pa3paboTKa TaKOro
BapHaHTa NOCTPOEHHUSI re0jie3HYeCKOH CeTH, KOTOPHIH 1O CBOeH TOu-
HOCTH ¥ MJIOTHOCTH NYHKTOB COOTBETCTBOBaJ OBl NOCTaBJIEHHHIM Tpe-
GoBaHHAM M JJISI ero peajiu3aluk Tpe6OBaJl MHHHMAJbHBIX 3aTpaT
TpynAa, cpedcTB H BpeMeHH. OCHOBHBIMH PYKOBOASIIIHMH JOKYMeH-
TaMH TpH NMPOEKTHPOBAHMH SIBJSAIOTCS AeHcTBywollHe OCHOBHHE IO-
Joxenus U uHCTpyKuuH I'YT'K o nmocTpoenun rocynapcTBeHHOH reo-
nesnyeckoi cetH. OcHOBaHHeM [JIsl NPOEKTHPOBAHHS CJIYXKHT Npef-
NHCaHHe pPYKOBOASILEro YyupeXAeHHS, B KOTOPOM YKa3bIBAIOTCH:
pafioH npenctosimux paboT, Ha3HaYeHHe ceTH, 0coOble YKa3aHHS MO
ee NOCTPOeHHIO0, CPOKH NPOU3BOACTBA paboT.

[TpoekTHpOBaHHe Treofile3HYeCKHX ceTefl BKJOYaeTr B cebsi TpH
nocjefoBaTeNbHBIX 3Tana: 1) c60p MaTepHajOB M CBeleHHH, Heol-
XOAHMBIX JJISl COCTaBJIEHHS NpOeKTa; 2) pa3paboTkKa rpagHuecKoH
CXeMBbl [IpOeKTa Te0Je3MYeCKOH ceTH Ha KapTax M cxeMax; 3) Tex-
HHUeCKOe M 3KOHOMHYecKOe OOOCHOBaHHe INPOEKTa, BKJKOYas Co-
cTaBjIeHHe oOLlell CMeThl pacXxOJiOB Ha CO3JlaHHE CeTH.

Ins ycnelHOro NmpoeKTHPOBaHHS HEOGXOAMMBI CJeLYIOIHe Ma-
TepHalbl U CBeleHHs O paiioHe paboT: TomorpadHuecKHe KapThl
maciita6a 1:100000 u kpynmHee, MaTepHalJbl O paHee IOCTPOEH-
HBIX B JaHHOM paiiOHe IJIAHOBBIX H BBICOTHHIX re0Je3HYECKHX CeTsIX
(cxembl cereif, KaTaJIOTH, OTUeTH), OomHcaHHe (U3MKO-reorpacduye-
CKHMX H reoMopdoJIOTHYECKHX YCJOBHH, - JaHHBE THAPOJOTHYECKHX
HcCJeloOBaHUH, CBelleHHs O cpeACTBax coobieHHs H T. . Ecau co-
O6paHHble MaTepHaJbl He JAalOT TOJHOH XapaKTepHCTHKH paioHa
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paboT, TO NMPOBOAAT TOJEBble reoje3uueckue o6CIeLOBaHHUST IO
oco60 pa3zpaboTaHHOH Nporpamme.

CobpaHHBle 1Jf1 NPOEKTHPOBAHHSI  MCXOLHHIC ~ MaTepHasbl
NOJIXKHBEL OBbITh TILATENbHO H3YUeHHl H CHCTeMaTH3HpoBaHb. Ha sTom
3Tame, a 3aTeM H NpPH NMPOEKTHPOBAHHU CJEAYyeT UMETb B BHIY, YTO
KayeCcTBO Te0Je3HYeCKOH CeTH, TOUHOCTb H CTOHMOCTb €€ CO3JaHHs
HaxoJATCsl B MPSIMOH 3aBHCHMOCTH OT KayecTBa TEXHHYECKOTO Mpo-
exta. HeynoBmerBopuTeNbHO pa3paboTaHHBII INPOEKT MNPHBOAMT
K H30BbITOUHBIM 3aTpaTaM TpyZAa NPH BHIMOJHEHHH MOJeEBBIX paboT,
a Takxe K HecOOJIOLEHHIO M CPBIBY CPOKOB BBHIMOJHEHHS 3afaHHi.
IIpoekTHpOBaHHEe SIBJSIETCS OTBETCTBEHHOH 3ajaued, Tpebyouiel
NPaBHJbHOTO pelIeHHs] BCeX OPTaHH3aLHOHHBIX, TEXHHYECKHX H KO-
HOMHUYECKHX BONPOCOB, CBSI3aHHBIX C IOCTpPOeHHeM ceTH. [Tostomy
cocTaB/ieHHe TeXHHYECKHX IIPOEKTOB MOpPYydYaercst CHelHaJHCTaM,
MMEIOIIHM AOCTATOYHBI OMNBIT BHIIOJHEHHS OCHOBHBIX TeOfe3Hye-
CKHX paboT, B TOM YHCJIe H NPOEKTHBIX.

ITpoekTHpOBaHHe reone3UuecKUX ceTed 1—2 KJaccoB BHINOJ-
HAIOT, KaK I[paBHJIO, Ha TOmorpaguueckofi Kapre Macuitaba
1:100 000; npu mMpoOeKTHPOBaHHH TeojJe3HyecKHX ceTed 3—4 KJac-
COB HCHOJIB3YIOT TomorpadHueckne KapThl 6oJiee KPYMHBIX MacllTa-
6o (1:50000—1:10000). ITpexxne ueM NHPHCTYNHTb K NPOEKTH-
pOBaHHIO, HEO6XOJHMO MOATOTOBHTb KapTy, T. €. «NMOJHSATb» Ha Hef,
HanpHMep, CHHHM IIB€TOM ceTb THJporpadus, INOKa3aTb ApYTHM
(KOpHYHEBBIM) LBETOM JIHHHH BOLOPAa3leJOB M OTMETHTb Ha HHX
Hanbosee BLHICOKHE BEPUIMHBI; BHECTH YTOUHEHHS O ¢(aKTHUECKOH
BHICOTE Jieca N0 JaHHHEIM reojilesnueckoro o6cieoBaHHs pafioHa HJH
C HCMOJb30BaHHEM MaTepHaJIOB MO JIeCHOMY XO03sificTBY H T. IL
Takasi MOArOTOBKa KapThl CYIIeCTBEHHO OOJIErdHT MPAaBHJbHBIH BbI-
60p MecTONOJIOXKEHHS] TYHKTOB.

ITpu pa3pa6oTKe NpOeKTa reofe3MYeCKON CETH HCXOAAT Mpexie
BCEro M3 ee Ha3HaueHHs U TpebyeMoil TOUHOCTH mocTpoeHus. Ilocie
pellleHHs: 3TOTO BONpOCa MPHCTYNAlOT K BHOOPY W 0GOCHOBaHHIO Me-
TOLA CO3[aHHs ceTH (TPHAHTYJSIMS, TPHIATepaLHs, MOJUTOHOMET-
pHsl, CIYTHHKOBblE METOAH WU T. A.) C yueToM ¢u3uko-reorpacduye-
CKHX M KJIMMaTHYecKHX ocobeHHocTefi pafiona pa6or. HauGosee
1eJ1ecoo6pasHbIM  SBJSIETCS TaKoOf MeTOJ, KOTOPHIH TNpH MPOYHX
PaBHHIX YCJOBHSIX obecneyHBaeT HauboJjiee BHICOKYIO TOYHOCTb MO-
CTPOEHHSI CeTH NpPH MHHHUMAJbHBIX 3aTpaTax Tpylda, MaTepHaJoB,
IEeHEeXHBIX CPeICTB H BPEMEHH Ha ee co3faHue. [ TOro uyToGH
BHIGpaTh ONTHMAJIbHBIA [ JaHHOrO pafoHa METOA MOCTPOEHHs
reofie3nueckofi cetH, pa3pabaThBalOT HeCKOJbKO BapHaHTOB ee CO3-
IaHHs pa3HBIMH MeTONaMH, a OKOHuYaTeJbHOe pellleHHe NMPHHHMAIoT
Ha OCHOBe Te€XHHKO-5KOHOMHUYECKHX PacueToB.

Ilnst Toro uToGel oGecrneynTb TpeGyeMyl0 TOYHOCTb MOCTPOEHHS
ceTH, Heo6XOAMMO MO3aBOTHUTBCS O TOM, YTOGH C reOMeTpHYECKOH
TOYKH 3pDEHHsI CXeMa CeTH OTBeuaJjia NMpeXbsSBIsSeMbHM K Hell Tpe6o-
BaHHSAM: TPCYrOJIbHHKH B CETSX TPHAHTYJSIHMH H TpHJIATepalHu 1Mo
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(opMe [OJKHE MNpPHOJIHMIKATLCSI K PABHOCTOPOHHHM, XKCJATCJIbHO
¢ yrnaMu He MeHee 40% B ILeHTPAJbHHX CHCTEMax H rCOJC3MYECKHX
YeTBIPeXyroJbHHKax B NMOpPSAKe HCKJIOYEHHS OTHeJbHble YIJBl M0-
nyckaioTtcss 1o 20°; B MOJIHTOHOMCTPHH XOABI HOJIXKHH ObIThb IIO BO3-
MOXKHOCTH BBITAHYTBIMH; CETH, CO3LaBaeMble MeTOAaMH TpDHaHry-
JSLHH, MOJTUTOHOMETPHH U TpPHJIAaTepalluy, IOJKHH OBITb CIJIOLI-
HEIMH IO TIOCTPOEHHIO ¢ 6oJiec HJIH MeHee DPaBHOMEDHHIM pacrpefe-
JicHHeM NYHKTOB B HHX.

B rocymapcTBeHHO! reome3nyeckoil ceTH 6a3HCHble CTOPOHBI H
nyHkTHl Jlanaaca, onpefensieMble Ha 060MX KOHIaX KaXJo# 6Gasuc-
HOH CTODOHH, AOJI)KHH OHITh paBHOMEpPHO pacnpefeseHbl IO BCeH
CeTH, mpHYeM He pexe yeM uepe3 100—150 kM; Ajs ompeleleHHs
BBICOT KBa3UICOMJa JOINOJHHUTEIbHO K aCTPOHOMO-reofe3H4YeCKHM
M3MEpeHHsAM JOJKHa OLITh IpPEeAyCMOTpPeHa TrpaBHMeTpHYECKasi
CheMKa TePpPHTODHH, BHINOJHSICMas [0 ONpedeseHHOH INporpamme,
HJIM JpyrHe BHAK COBPeMEHHBIX H3MepeHHH.

OmnopHule reofiesnyecKkHe CeTH pa3HbBIX KJacCOB NPOEKTHPYIOT
B ONpefiejeHHOH IOC/eJOBaTeNbHOCTH: CHayaJa NpPOEeKTHPYIOT CeTb
GoJsiee BRICOKOrO KJjacca, Hampumep, 1, 3atem 2, 3 u 1. A. Ilpu pas-
paboTke rpaduueckoro npoekra ceTH ocoboe BHHMaHHe CcCJelyeT
obpamiatb Ha BHOOp MECTONOJOXEHHS KaXIOr0 OTHAEJbHOro
nyHKTa. Bce MyHKTH rocylapCTBeHHOH reofe3HYeCKOH CeTH JOJIKHEI
OLITb pacloJIOXKeHbl Ha KOMaHAHBIX BEepIIHHAX MECTHOCTH. DTO He-
06X0AHMO AJIS1 TOTO, YTOGHI, BO-NEPBHIX, 06ECIEYHTh B3aHMHYIO BH-
IHMOCTb MeX]IYy CMeXHBIMH NYHKTaMH IpH MHHHMaJIbHEIX BHICOTaX
reoJle3MYeCKHX 3HAKOB, BO-BTOPHIX, BO3MOXXHOCTb pa3BHTHSI B 0Oy-
LyleM ceTH B JIIOGOM HanpaBjeHHH. LJHHBI CTOPOH MeXAy CMeX-
HbIMM NIYHKTaMH, He COIJlacOBaHHHE C pesibe()OM MECTHOCTH, HeH3-
6eXHO NpHBEAYT K HeOGXOAMMOCTH INOCTPOMKH 3HAKOB NpeyBesH-
YEHHOH BBICOTHl HJIM K OTCYTCTBHIO BHAMMOCTH MeXJY OTAeJbHBIMH
NYHKTAMH, 4TO B OGOHX CJyyasix HENONYCTHMO C TEeXHHYeCKOH H
KOHOMHYECKOH TOueK 3peHHs. Bo Bcex ciyuyasx reofe3HyecKHe
MYyHKTHl JOJIXXHB HaXOOHTbCS B TaKHX MecTax, rie 6yleT obecoe-
YeHa COXPAaHHOCTb HX MOJIOXKeHHs B IJlaHe M N0 BHICOTe B TeyeHHe
IJUTEJNbHOTO BpPEMEHH. '

st Toro yTo6bl OCcJaGUTh BJIMsSIHHE BHELIHEH Cpelbl Ha pe3yilb-
TaThl BHICOKOTOYHBIX YTJIOBBIX H3MepeHHH M a3UMYTaJbHHX ONpefe-
JeHHH B TPHaHTyJSLHH M IOJUroHoMeTpunm 1 Kiacca Tpebyercs,
yTOOBl BH3HDHBIE JIyYyH NPOXOJHJH Haj NPEeNnsTCTBHSIMH Ha BHICOTE
He HUXe 4 M B I0XKHHX M CTeNHBHIX palOHax U He MeHee 2 M B OC-
TaJbHHX. [Ipn onpenenennu asumyToB Jlanjaca cienyer usberaThb
HalpasJleHHH, HAYLUIUX NapaJjJejbHo OeperaM G6OJbIIHX BOJOEMOB,
peK, BAOJb TOPHBIX Xpe6TOB M T. I, TAK KaK B 3TOM CJyyae BO3-
MOXKHO TOsiBJIeHHe 3HAauMTeJbHHX OLIHOOK H3-3a pedpaxiuu.

HaunGosee poporocTosiliuM BHAOM Treofe3HYecKHx pa6GoT mpH
CO31aHHH ONOPHHIX ceTell fABJsETCS MOCTPOHKAa reofle3UYecKHX 3Ha-
KOB (Tabua. 7). OnpeneneHue cpefHell CTOMMOCTH OCHOBHHIX BHIOB
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TaGauuya 7

Paiion
Tloka3aTenb
1 2 3 4 5 6
CpenHsist BLICOTA CHTHAJIOB, M 26 22 14 11 10 | ITpocTuie
MTHpPaMHIBI

Cpexnnsis cTouMocTs pabot, pye6.:

HOCTpOiiKa CHrHaja 1540 | 1608 | 1000 | 1370 | 484 190

yTJIOBbIE H3MepeHHsT Ha nmyHKTe | 467 | 561 | 585 ( 857 | 238 309

ceTH 2 KJacca

yrJIOBble H3MEPeHHS Ha MyHK- 149 | 149 | 155 | 286 70 92

Te ceTH 3 KJaacca

paboT B CeTsIX TPHAHTYJSILHM 2 U 3 KJIacCOB NMPOBOAMJIOCH B LIECTH
paioHax CTpaHH C pPa3HbIMH (H3HKO-reorpauyecKUMH YCJOBHSIMH:
1 — raexnble pafioHn Ha ceBepe Espomnefickoit wactu CCCP; 2 —
npueHucedickas taira; 3 — mpelaropbss CasiH; 4 — ceBepO-BOCTOK
Slkyrckoit ACCP; 5 — crenubie paitonn Cepepnoro Kasaxcrana;
6 — paiioHbl necuaHnx nyctuHb CpenHeit Asun [4].

IlockosbKy Ha NOCTPOMKY reofe3HYeCKHX 3HAKOB PacCXQAyeTcs
B cpeiHeM 50—60 % Bcex 3aTpar Ha CcO3JaHHEe CETH, HEOGXOLHMO
yIeJAaTb caMoe cepbe3HOe BHHMaHHe BBHIGODY MeCT AJIsi YCTaHOBKH
NyHKTOB Ha MECTHOCTH C LeJbIO CHHXKEHHS HX BHICOTH. B o6mem
clyyae npu paboTax B JIeCHHX pafiOHax 3aMeHa MeToja TpPHAaHry-
JALHH METOAOM MOJHIOHOMETPHH BeNeT K HEKOTODOMY CHHKEHHIO
BHICOT 3HAKOB.

[lpn NpOeKTHPOBaHHM ceTell TPHAHTYJSILHH HJIH TpHJaTepaluH
pPa3HBIX KJIaCCOB BaKHOe 3HaueHHe HMMeeT obecneyeHHe HaleXHOH
NpHUBA3KH ceTeli Gojiee HH3KOro KJjacca K ceTsiM G6Gojee BBICOKOTO
kjacca. [IpuBsi3ky cienyer AenaTb K CTODOHAaM CeTH, a He K OT-
JleJbHEM NyHKTam (puc. 23). FekoMeHayloTcsl cielyioimiue CXxeMbl
NOCTPOEHHs ceTell TPHAHTYJsAUHM 3—4 KiaaccoB (pHC. 24).

B pesyabrate pa3paboTKu rpadHyecKoro npoekra AO0JKHa GhITh
CocTaBJieHa Ha KapTe WJIH B Maciutabe cxeMa NOCTPOEHHSI ONOPHOH
reojge3snueckoii cetu. Ha 3To#i cxeMe JOJIXKHO OHITH MOKa3aHO pas-
MelleHHe Ga3HCHBIX CTOPOH H mMyHKTOB Jlamimaca (¢, A, a), mpoMe-
JKYTOYHBIX aCTPOHOMHYECKHX MNYHKTOB (@, A), a Takxke IJOIIAMH,
MOKpbIBaeMble IpaBHMETPHYECKOH CBHeMKOH. B NpuJoXeHHH K 3TOH
cxeMe YKasblBalOT H3MepsieMble B CETH BEJIHYMHBI (yT/bl, 6a3HCHbIe
CTOPOHBI, aCTPOHOMHUYECKHE IIHPOTH, AOJTOTH M a3HMYThl U T. I.),
a TakXe cpeJHHe KBaJipaTHYeCKHe OIIHOKH H3MEPEHHH 3THX BeJH-
YHH B COOTBETCTBHHM C JeHCTBYIOLIMMH HODMAaTHBHBIMH JOKyMeH-
ramu I'YTK.

CaenyomumM 3TanoM pa3paGoTKH H TeXHHKO-3KOHOMHYECKOTo
060CHOBaHHsI MPOEKTa SIBJsSIETCS] alpHOpHAasi OlLeHKa TOYHOCTH IIO-
CTpPOEHHs 3aNMpOoeKTHpOBaHHO# ceTH. OIEHKY TOYHOCTH BBINOJIHSIOT
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Puc. 23. CxeMb! NPHBS3KH reofe3HYecKHX ceTell K cTopoHaM (a) u nyHkram (6)
TPHAHTYJSIHMA BbICLIETO Kiacca

Ha DBM, HcnoJb3yst aJropuTM NMapaMeTPHYECKOro MeToAa ypaBHH-
BaHHs. B pesysbTaTe OlleHKH TOUHOCTH BBIYHCJSAIOT CPEIHHE KBal-
paTHyecKHe OWIHOKH KOODAHHAT ONpCAeNsieMBIX IIYHKTOB, NJHH H
OUDCKUHOHHBIX YIVIOB CTOPOH MCXJAY CMEXHBIMH MYHKTaMH,
a TakXce QHaroHaJci MeXJy HeCMCXKHBIMH NMYHKTaMH, CCJIH 3TO He-
o6xoanmo. [losyyeHHble OLIHGKH COMOCTABASIOT C HONYCTHMBIMH,
YCTaHOBJICHHBIMH B 3aJlaHHH Ha IIDOGKTHpOBaHHe ceTH. Ecau oHH He
OTBEYAlOT .yCTAHOBJIEHHEIM TPe6GOBAaHHAM, TO MPOEKT IIOCTPOEHHS
CeTH KOPPEKTHPYIOT HajJeXalllUM 06pa3oM H IOBTOPSIOT OLEHKY
TOYHOCTH.

Ha sakmounTesbHOM 3Tame INpPOeKTHPOBaHHS pa3pabaThiBaloOT
9KOHOMHYECKOe 06OCHOBaHHe NPOEKTa CO3LaHHsl CeTH, paccCMaTpH-
BalOT BOMNPOCH OXpaHBl TPYJa, TeXHHKH 6e30MacHOCTH, yCTaHaBJIH-
BalOT CPOKH BLITIOJIHEHHS paGoT H T. A.

Co3zlaHHBIfi NMpPOEKT NOCTPOEHHS ONOPHOH TeO/fe3HYeCKOl CeTH
SIBJISIETCS TOJIbKO JIMLIb OJHHM H3 BO3MOXHLIX €e BapHaHTOB Ha
NaHHOM OOGbeKTe H OhITb MOXET He CaMBIM BHITOJHBIM C TEXHHKO-
5KOHOMHYECKOH TOYkH 3peHHus. [las BHGOpa ONTHMAaJBLHOTO BapH-
aHTa NOCTPOEHHS CeTH C TOYKH 3PeHHs MHHHMAaJbHBIX 3aTpar TPyaa,
MaTepHaJioB, ACHEXHBIX CPEICTB H CPOKOB HCIOJHEHHs BCex pabor
NpH HempeMeHHOM obecreyeHHH TpeOyeMOH TOYHOCTH CeTH CJelyeT
COCTaBHTb HECKOJbKO BApDHAaHTOB ee MOCTPOEHHsI Pa3HBIMH MeTo-

AL &
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Puc. 24. Tunosble cxeMB NOCTPOEHHsI ceTeii~ TpHaHryJsuumu 3, 4 KJaccoB
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IaMH, B TOM YHCJie U MeTOLaMH KOCMHYECKOH TCOMe3HH, npi pas-
JHIHOM pa3MelleHHH B Hel a3uMyTOB H 6a3HUCHBIX CTOPOH, a TaKXKe
NpH pa3HOM COCTaBe H o6beMe H3MeEpsieMblX 3JIECMEHTOB.

§ 22. PEKOTHOCLLUPOBKA TEOJE3HYECKHX NNYHKTOB

[Tpoekr reogesnyeckoil CeTH, COCTaBJEHHHH B KaMepaJsbHBIX YCJO-
BHSIX HYXJaeTcs B NpOBepKe W yTOUHeHHH Ha MecTHocTH. C 3TOH
LeJIbI0 BHIOJIHAIOT PEeKOTHOCLHPOBKY NYHKTOB. OCHOBHBIMH 3aja-
YaMH ee ABJSAIOTCA: BHIOOP KOHKPETHHIX MCCT IOJIOXKEeHHS Ieode3H-
YeCKHX NYHKTOB Ha MECTHOCTH B COOTBETCTBHH CO CXEMOH INOCTpoOe-
HHsl CeTH; OKOHuaTeJbHLHIi pacyeT BLICOT IeOAEe3HYECKHX 3HAKOB;
BbHIOOD THIIOB reojle3HYeCKHX 3HAKOB H NOA3EMHHIX IICHTPOB, OINpe-
JeJiCHHE TyOHMHB 3aKJaAKH MOCJCAHHX; YTOUHCHHC OOLICH CMCTH
pPacxo/loB C y4eTOM JOMNOJHHTEJbHHIX NAHHBIX [0 OpraHU3alMH pa-
00T, MOJIy4eHHHIX B Npollecce PeKOTHOCLHPOBKH.

[Tpu pekorHocLHpPOBKe IONyCKaeTcsi YUaCTHYHOe H3MeHeHHe -Tpo-
€KTa CeTH, €CJH 3TO CBSI3aHO CO 3HAUYHTEJbHBIM YMeHblLIeHHEM
BHICOT TeO/le3HYeCKHX 3HAKOB H ofbeclieyeHHeM Jyullero JMAOCTyTNa
K nyHkraM. CylllecTBeHHOe H3MeHeHHe NpOeKTa CeTH He pa3spella-
eTcsl, TMOCKOJIbKY MOXeT INPHBECTH K YXYALIEHHIO reoMeTpHYecKOH
CXeMbl H TOYHOCTH IIOCTPOEHHSI CeTH. Y TOYHEeHHHH B pe3yJbTaTe pe-
KOTHOCIMDOBKH TNPOEKT MAOJIXKEH NpPEeACTaBJsATb COOOH HaHJy4LIHi
BapHaHT NOCTPOEHHUs] reoje3HYeCKOll CeTH B TeXHHYECKOM, SKOHOMH-
YeCKOM H OpraHM3allHOHHOM OTHOILEHHSX.

TTyHKTH reofie3nuecKoil ceTH NOJKHBI HaXOAHTbCS Ha HauboJjee
BBICOKMX BeplUIHHax MecTHOCTH. [Ipn BHGOpe MeCTONOJOXKEHHS
NyHKTa He06XOAHMO cO6JI0AaTh CJelylolliHe TpeGOBaHMs: NMyHKTHI
HeJIb3sl pacnojiarath BOJH3W HHIKEHEDHHIX COOpDYXKEeHHH H JKHJBHIX
3llaHHH, XKeJIe3HBIX M aBTOMOOHJBHHEIX AOpOT, JIMHHH BHICOKOrO Ha-
NpsiKeHHs, TejerpadHEIX H TeJNe(OHHHX JIHHHH, TpPy6ONIpPOBOJOB
H T. II.; He CJeAyeT yCTaHaBJHBAaTb NYHKTHl Ha 3eMJIAX, 3aHATHIX
LIEHHBIMH CeJIbCKOXO3SHCTBEeHHBIMH  KyJbTypaMH, Ha 60J0Tax,
OMOJI3HSIX, B NOfiMax, a TaKXe HA 3aJHBaeMHX B IOJOBOJAbE H ApY-
THX MeCTax, rie He MoXeT GHTb rapaHTHpOBaHa AOJrOBpeMeHHas
COXpPaHHOCTb MOA3EMHHX LEHTPOB M HapYXHBIX 3HakKoB. OJHOBpe-
MEHHO ¢ BHIGOPDOM MeCTa YCTaHOBKHM TeO0JIe3HYECKOro MyHKTa HaMe-
YalI0T MecTa MJis 3aKJaJKH OPHEHTHPHBIX IYHKTOB, a Ha MNyHKTaXx
Jlannaca — AJ11 acTpOHOMHYECKHX CTOJIGOB.

Brei6paHHOe MeCTONOJIOXKEHHE Ie0/le3HYecKOro MyHKTa (a Takxke
OpHEHTHPHBIX NYHKTOB, acTpOCTOJ60B) 0603HAYalOT Ha MECTHOCTH
IOOCTYNHBIMH CpeJCTBaMH, HalpHMep, KypraHaMHM H3 KaMHeH, Be-
XaMH, JepeBSHHBIMH CTOJ6aMH H T. I

B 3aBHCHMOCTH OT KOHKPETHBIX OOGCTOSITEJILCTB (CPOKH HCIIOJHe-
HHs paboT, pejbed) MECTHOCTH H T. [.) PeKOrHOCHHPOBKA NMYyHKTOB
MOXeT BHINOJNHATBCA JHOO OO MOCTPOHKH TeoJe3HYeCKHX 3HAKOB,
au60 ofHOBpeMeHHO c Hefl. [lepBbifi BHI PEKOTHOCLHPOBKH (IO mO-
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CTPOHKH 3HAKOB) MPHMCHSICTCSI TOJNBKO B OTKPHITHIX (He3aJseceH-
Hb[X) paﬁOHax, B TOM 4YHCJI€ PAaBHUHHBIX, BCXOJIMJICHHBIX H TOpDHBIX,
TAC BUAUMOCTb MeXAy CMEeXHBbIMH NMYHKTAMH H BBICOTBHl 3HAaKOB YyC-
TaHaBJHBAIOTCS C 3€MJH HJIM HCBBICOKHX MauyT, JECTHHL H T. I
BTopoii BHA pEKOTHOCIIMDOBKH (OJXHOBPEMEHHO C MOCTPOHKOH)
6oJlee nporpeccHBeH, Tak Kak HMeeT psi NMPEHMYILeCTB MO CpaBHe-
HHIO C NepBbM. [IpUMeHsieTCsl OH B 3aKPBHITOH HJH MOJNY3aKPHITOH
MecTHOCTH. Mcmosib3ysi TNOCTPOEHHble 3HaKH, PEKOrHOCHHPOBILHK
MOXKET MO0 KaXJIOMy HampaBJIEHHIO ONpedeJHTb HaJHuHe IMpensT-
CTBHH MeXJy NYyHKTaMH H C [OMOLIbIO TEONOJHTa MPOH3BECTH H3-
MepeHHsl AJs oNpefieJleHHsT HX BBICOT. [IpakTHKa mokasaJa, YTO Be-
JeHHe DEeKOTHOCLHPOBKH B KOMILJIeKCe € MOCTPOHKOH 3HAKOB Jaer
XOpOoLilHe pe3yJbTaTh: NPAKTHUECKH HCKJIOYAIOTCS CJyyaH HeldoCTa-
TOYHO TOYHOTO ONpeAeJNeHUS BBICOT 3HAKOB, NPHBOAAIIHE K OTCYT-
CTBHIO BUAHMOCTH MeX]Y NMyHKTaMH.

OnHako ciefyeT OTMETHTb, YTO OJLHOBPEMEHHOC BeleHHe PeKOr-
HOCLIMDOBKH H TOCTPOMKH 3HAKOB AONMYCTHMO TOJIbKO TMPH YCJIOBHH
IeTajbHO pa3pabOTaHHOTO TEXHHUYECKOTO NMpoeKTa Ha Tonorpaduuye-
CKOH KapTe HauGoJiee KpymHOro maciiraba.

o Bble3na Ha mnosieBble pabGOTHl PEKOrHOCUHMPOBIUHK JAOJIKEH
TUIATeJIbHO HM3YYHTb COCTaBJEHHHH IIPOEKT Treofle3HYecKOoH CeTH,
a TakXke HCXOJHBle MaTepHaJbl, 0CO6eHHO TomorpadHyecKHe KapTHl.
CHapsixeHne, o6GopynoBaHHe W MNPHGOPH MAJs PEKOTHOCLHPOBKH
noA6GUpaOT B 3aBHCHMOCTH OT (H3HKO-reorpaHyeckKux 0COOeHHO-
cTeli paiioHa pa6oT u o6beMa 3aJaHHs MO PEeKOTHOCLHPOBKE.

Pazinyaor ABa MeTOla BeleHHS DPeKOTHOCUHPOBKH: BH3yallb-
HHIH M HMHCTpyMeHTasbHbH. IIpum paGoTe B OTKPHITOH MECTHOCTH
(paBHMHHOM, XOJMHCTOH, OpPHO#) C HOCTAaTOYHBIM YHCJIOM OpHEH-
THPOB Ha MECTHOCTH, KOTJ|a HETPYJAHO YCTAHOBHTb MECTONOJIOXKEHHE
KaX<JIoro NMyHKTa, NpeJyCMOTPEHHOr0 NPOEKTOM, BHICOTH reoje3Hye-
CKHX 3HAKOB ONpeNeNsiOT BH3yaJbHO C 3eMJH HJH C HEeBBICOKOH
MayThl NyTeM HEeNOCPeICTBEHHOTO H3MepeHHs BBICOTHI TOH TOUKH,
C KOTOPOH OTKpbIBaeTCsi BHAMMOCTb N0 BCeM HaNpaBJeHHAM Ha OK-
pyarolie MyHKTH. Tako# MeTo] PEeKOTHOCLHPOBKH Ha3bIBAIOT BH-
3yaJbHbIM.

IIpn pa6Gote B 3ajleCeHHOH paBHHHHOM M XOJMHCTOH MeCTHOCTH,
a TaKXe B OTKDPHITOH PaBHHHHOH MECTHOCTH C HEJOCTATOYHHM YHC-
JIOM ODHEHTHPOB, B TOM 4YHCJIe B MYCTHIHSIX, MOJAYNYCTHHSX H T. ..,
ONpeJeINTh MEeCTONOJIOKEHHe NMYHKTO8 H BBICOTHl 3HAKOB BH3yallb-
HBIM METOJOM HEBO3MOXHO HJH UYPe3BHIYAfHO CJIOXHO Jaxe IpH
nogkeMe Ha JiepeBbs U MauThl. Jlaisi onpenesieHHsl MeCTOMOJIOXKEHHUS
3aMpOeKTHPOBAHHBIX MYHKTOB B TaKHX CJydYasix NMPHMEHSIOT HHCTPY-
MeHTaJibHble MeToJAbl. Pa60Ty HayMHAlOT OT HCXOLHOTO NYHKTA,
MOJIOXKEeHHe KOTOPOrO Ha KapTe M Ha MECTHOCTH OJHO3HAaYHO Ompe-
nenedo. ITo kapre ompelensioT AJHHY H a3HMYT CTOPOHBI, COENH-
HlOWeH ompelefsieMbli NYHKT € HCXOAHBIM. Hcmoab3ys 3TH
JdaHHble, TMPOKNAAbIBAIOT TEOAOJHTHbIE, MEH3YJbHEIE XOAbl HJIH BBI-
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MOJHSIOT APYTOTO BHAA reofie3HYeCKHe MOCTPOEHHs, C MOMOIIBIO KO-
TOPBIX HaXOJAT HAa MECTHOCTH y4YaCTOK AJIS YCTaHOBKH OlpeneJisie-
moro myHkta. [locse peranbHOro oGcjelOBaHHMsi AAaHHOTO ydyacTka
W npuJerapouieli K HeMy MeCTHOCTH BEIGMPAIOT CaMoOe BO3BBIILIEHHOE
MeCTO IJIsl YCTAHOBKH Teofle3HyYecKoro NyHkTa. B 3aseceHHO# MecT-
HOCTH AJSl OlNpeJesieHHs BBICOT HepelKO NPHMeHSIOT GapoMeTpHue-
CKOe HHBeJHpPOBaHHe.

ITpu oTCcyTCTBHH NMpSIMOM BHAMMOCTH MeXAY NMYHKTaMH IJsi BHI-
UHCJICHHS] BBICOT 3HAKOB, MeXJy KOTOPHIMH HaXOIHUTCS IpemnsiT-
CTBHe, HYXHO 3HaThb PAacCCTOSIHHS M MpPEBbILIEHHS MeXIy NpensiT-
CTBHAMH M NYHKTaMH. [lepel peKOrHoCUHPOBIINKOM BO3HHMKaeT 3a-
Hdada omnpejeJeHHs] HA MECTHOCTH MECTOHAXOXIEHHS MNpensTCTBHS,
a TakxKe pacCTOSTHHH W NpeBBILIEHHH MeXIy NpeNnsiTCTBHEeM H MYHK-
TaMH. JTta 3ajaya pellaeTcs NMyTeM H3yueHHs NPO(HJIS MeCTHOCTH
N0 CTBOPY MeXJy NYHKTaMH, YTO NPH HAJHYHH TomorpaduiecKux
KapT Macumrta6a 1:25000—1: 10000 noBoabHO mpocto. B mpotus-
HOM cJyyae 3Ty 3ajayy pelIaloT, IPHMEHss] HHCTPYMeHTaJbHEEe Me-
TOABI: CTPOSAT NpOCTelline reOMeTpHYECKHe CeTH (B OTKPHITOH MecCT-
HOCTH) C NOMOILbI0O MEH3YJH M KHIIperejsi; NPOKJIaAbBalOT BHI-
COTHO-TEOJIOJINTHbIE XOJIHl; BBHINOJHSIOT TPHUIOHOMETPHYECKOe HJIH
6apoMeTpHYecKoe HHBeJHpoBaHHe. BHIGOD TOro MM HHOrO MeETOZA
3aBHCHT OT ocobeHHocTel pafioHa pa6oT. TouHOCTL H3MepeHHH BO
BCeX CJyyasx JOoJI)KHa obGecleuMBaThb ONpejeJieHHe BHICOT Te0le3H-
YeCKHX 3HAKOB C OILIHOKO# He GoJjee 2—3 M.

[as onpeneneHHs NpeBHILEHHH MeXIy INpensTCTBHEM H Mec-
TaMH YCTAaHOBKH NYHKTOB METOIOM TPHTOHOMETPHYECKOTO HHBEJIH-
pPOBaHHSl 3€HHTHbIE PACCTOSIHHS CJeLyeT H3MepsATb BeuepoM HJIH yT-
pOM B IepHOABI HauGoJiee UETKHX H CIIOKOMHBIX H300paKeHHH BH-
3UPHBIX LieseH.

[IpuBeneHHEIe BhIlle CBEIEHHS CBHAETENBCTBYIOT O TOM, YTO HH-
CTPYMEHTAaJIbHHH MeTOJ, PEeKOUHOCLHPOBKH B OpPraHH3allHOHHOM OT-
HOILleHHH HeCpaBHEHHO CJIOXHee BH3YyaJbHOTO W TpebGyeT OT pekKor-
HOCLIHPOBIIMKA yYMEHHS XOpOILO OpPHEHTHPOBATbCS Ha MECTHOCTH
NpH BeCbMa OTpaHHYEHHOM YHCJE OpPHEHTHPOB (peKk, 03ep, XOJ-
MOB M T. I.).

OT KauecTBa NMpOBeIEHHS PEKOHOCLHPOBKH BO MHOTOM 3aBHCSAT
KauecTBO M TOYHOCTb IIOCTPOEHHS CETH, a TaKXKe 06beM H CTOMMOCTb
noJjieBeIX pa6oT. I103TOMy peKOrHOCUHPOBKY NODPYYalOT BHLICOKOKBA-
JHUGHUHPOBAHHBIM HHXKEHepaM, HMEIOLMM ONBIT IPOeKTHPOBaHHSA
reojle3U4eCKHX ceTeff W IIPOM3BOJACTBA OCHOBHBIX Te€O0J€3HYECKHX
pabor.

[Tpu peKOrHOCLHPOBKE BMECTO OGBLIYHBIX reoje3nyecKHX NpH6oO-
poB 1eseco06pa3sHO NPHUMEHATh CleliHajbHble, HAIIpHMep, NIpH pa-
6oTe Ha MauTe WJH JAepeBe — crnenuasbHyio 6yccomp M. C. Ycnen-
CKOTO; JIeTKHH MeH3YJbHBIH MJaHIIeT, KOTOPBHIH JIerkO KpemuTcs
K CTBOJIy IepeBa; BePTHKAJbHBIH KPYr I/ PEKOTHOCUHPOBKH H Jp.
[TpruMeHeHHe crelHaJJbHBIX NPHGOPOB Oo6GJeruaer paboTy peKOrHoc-
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UHPOBIIHKA, COCOOGCTBYET MOBHILIEHHIO NMPOU3BOAHTEILHOCTH TPYAa
M yJyulliaeT KaueCTBO pe3yJbTaTOB PEKOTHOCLHPOBKH.

Ins BeiGopa HauJyylllero BapHaHTa MOCTPOeHHs (uryp reoje-
3HYECKOH CeTH (TpeyroJbHHKOB, YeThIpeXYroJbHHKOB H T. IL.),
a TakXe 1J1S1 YCTAHOBJEHHS BHAMMOCTH MeXJy MYHKTaMH NPH pe-
KOPHOCIIMPOBKe TILATEJbHO H3yyalOoT TODH30HT, BHAMMBIA Ha Kax-
JOM NaHHOM NyHKTE C 3eMJIH B OTKPHITOH MECTHOCTH HJIH NPH MOJb-
eMe Ha MauTy HJIH [IepeBO B 3aKPBHITOH H MOJY3aKpPHITOH MECTHOCTH.
BuauMbifi TOPH3OHT 3apHCOBLIBAIOT B PEKOTHOCIHDOBOYHOM XYp-
HaJle 10 CEKTOpaM, B NpefesaX KOTOPHX BO3MOXHO NMPOEKTHPOBAThb
HanpaBJieHUsl Ha CMeXXHble NYHKTHl CeTH; B KaXIOM CeKTOope YKa-
3BIBAIOT JaJIbHOCTb BHAMMOCTH 10 BO3BBIIIEHHBIX YYaCTKOB MeCT-
HOCTH; H3MepSIOT H 3alHUCHIBAIOT MATHHTHBIE a3HMYTHI, ONpeeJIsiio-
HIMe MOoJIoXKeHHe KaXKJIOro CEeKTopa.

Brei6op MecTONOJIOXKeHH MYHKTOB H 0CO6eHHO Ga3HCHHIX CTOPOH,
Ha KOHEYHBIX NIYHKTaX KOTOPHIX OyAyT ONpepeJsTbCs acTPOHOMHYe-
CKHMe a3UMYThl, HEOOXOAHMMO OCYHIECTBJSTb C Y4eTOM ocJjabJieHus
BJHSAHHUSA OGOKOBOf pedpakiUH Ha pe3yJbTaThl YTJIOBHIX H3MepeHHH
H asuMyTaJbHbIX onpeieneHuii. C 3TOH 1eJNbl0 MyHKTHl yCTaHaBJIH-
BalOT B TaKHX MeCTaX, YTOOH CBA3bIBAalOLIHe HX HampaBJeHHs He
NPOXOAHJH BOJIH3U CKJIOHOB FOP U XOJMOB, BAOJb 6eperoB 60JbLIHX
pek, 03ep, BOLOXPaHUJHI U T. I

Ilas myHKTOB ceTH CJlefyeT BHIOMpaThb MecTa, oGecreuyHBalolHe
COXPAHHOCTb reOJe3HYECKHX 3HAKOB H HEH3MEHHOCTb I0JIOXKEeHHS
MOJ3eMHBIX IIEHTPOB B IJIaHe H IO BHICOTE B TeYEHHe IJIHTENbHOro
BpeMeHH. Tun meHTpa M riy6HHY ero 3akJaAKH Ha KaXAOM IYHKTe
PEKOTHOCIHPOBIUHK YCTaHaBJHBaeT, PYKOBOACTBYSCb YKa3aHHSIMH
TeXHHYECKOTO NpOeKTa H HCIOJb3ys AaHHble O ray6HHe mpomep3a-
HHSl WJIK OTTaWBaHHS I'PYHTA, BHAE 'PYHTOB (CKaJIbHBIE, TVIMHHCTHIE,
necyaHsle W T. I.), O IVIyOHHe 3aJileTaHHs TPYHTOBBIX BOA NpH pabo-
TaXx B PaBHUHHOA MECTHOCTH H T. I.

ITocsie Toro Kak BHIGPaHO MeCTO AJISI MOCTPOHKH TI'e0Je3HYeCKOro
3Haka (CHruaja, MHpPaMHABI M T. I.), PEKOTHOCUHPOBLIMK HaMeyaeT
MecTa AJIS YCTAaHOBKH [JBYX OPHEHTHDHBIX NYHKTOB Ha PacCTOSTHHH
500—1000 M oT Hero, MpHYEM TaK, YTOGH OHH GBUIH BHIHBI C 3eMJIH
OT IleHTpa NMyHKTa H 6BlIa obecneyeHa WX AOJTrOBpeMeHHasl COXpaH-
HOCTb. B 3ajieceHHO# MECTHOCTH paCCTOSIHHS 10 ODHEHTHPHBIX MyHK-
TOB MOTYT OHITh YMeHbIlIeHH 10 250 M, eCJiH 3TO CBSI3aHO ¢ pPYyOKO#
JIECHBIX TIpOCEeK. B OTKpPHITOH MECTHOCTH ODHEHTHPHBIMH NyHKTaMH
MOTYT CJYXKHTb NIYHKThI FeOfe3HYeCKOH CeTH, HaxoJsllxecss Ha pac-
CTOSIHHH He GoJiee 3 KM OT re0Jle3HYeCKOro 3HakKa.

B 0653aHHOCTH PEeKOrHOCLMPOBILIHKA BXOAHT TaKXe BhisCHEHHe
MeCTOHaXOXK/IeHHs JiecOMaTepHaJioB, YCJIOBHH HX 3aTOTOBKH H TPaHC-
NOPTHPOBKH, a TakXe c60p ApPYrHx CBeJeHHH, HEOGXOAMUMBIX MJist
YTOUHEHHS W peaJIu3alliy MPOeKTa re0e3HUecKoil CeTH.

Bo wu36exaHHe HeCUaCTHBIX CJy4YaeB IpPH DPEKOTHOCUHPOBKe
NyHKTOB HeOGXOAMMO CTPOro coG6.Ji0JaTh YCTaHOBJIEHHble NpaBHJa
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M0 TexHHKe 6e30M1acHOCTH, OCOGEHHO NPH YCTaHOBKC MauT, MoAbeMe
Ha JepeBbsl H MauThl, lepeXOfie C NYHKTa Ha MYHKT, NpH paGoTe
B ropax, a TakXe B MaJOOGKHTBHIX H TPYAHOIOCTYMHBIX paHOHaX.

§ 23. PACYET BbICOTbI TEOJE3UYECKHX 3HAKOB

Ha nyHKTax reone3nyeckofi CeTH CTPOSIT TreOJe3HuYeCKHe 3HAKH
TakKOH BBICOTH, YTOGbl BH3HPHBIE JIYYH NPH YIJOBHX H JIHHEHHBHIX
M3MepeHHSIX MPOXOJHJH IO Ka)XIOMy HalpaBJeHHI0O Ha 3aJaHHOH
MHHHMAaJIbHOH BBICOTE Hal NpeNnsTCTBHEM, He Kacasch ero. Pacuer
BHICOT 3HakOB HauboJiee YacTO BHIIOJHAIOT M0 ¢opMmyaam
B. H. lllnmknna xak HaunGoJsiee MPOCTHIM. 3ajauy pelllaloT B [Ba
npubanxkenns. CHauaja onpefensiioT NPHOGJHKEHHbIE BBICOTHI 3Ha-
KOB )" u )’ Ay KaXkno# mapbl CMEXHBIX NYHKTOB, a 3aTeM KOppeK-
THPYIOT HX H HaXOJSIT OKOHYaTeJbHble 3HAUEHHS -BHICOT [ H lo.

[TpubanxkeHHble BBICOTH 3HaKOB [}” u Iy’ (puc. 25) BHYHCIASAIOT
no ¢opmynam C

l;=h1+a+01; ly=hy+a+vy; (4.1)

rie h; U hy — npeBHIIEHHs] BepIIMHE MpensiTcTBHS B Touke C
(c yueToM BHICOTHI Jieca) HaJ OCHOBAHUSIMH IIEDPBOrO U BTOPOTO 3Ha-
KOB COOTBETCTBEHHO; @ — yCTaHOBJIEHHasi JeficTByoolledl HHCTPYK-
IMedl JONyCTHMas BHICOTA IPOHCXOXKAEHHS BH3HDHOro Jyya Haj
NMpensiTCTBHEM; U; M Uz — MONPaBKH 3a KPHBH3HYy 3eMJH H pe-
dpakuumo.

3Haku npu h; U hy ONpeneNsIOT N0 3HaKaM pa3HOCTeH

h]_:Hc_Hl; hzzHC—Hg, (4.2)

rne H.— Boicota BepuinHb mnpensitcTBusi B Touke C; Hy u Hy—
BBICOTA 3€MHOH IMOBEPXHOCTH B MeCTax YCTaHOBKH IepBOrO H BTO-
poro 3HakKoB. [IpeBHilleHHs1 h; ONpeAeJA0T 0 KapTe KPYIMHOro Mac-
wraba, au60 u3 06paGOTKH H3MePEHHH, BBHINOJHEHHBIX B Tpolecce

Puc. 25. Cxema onpezeneHHsi BHICOTHl Ie0JIe3HYECKHX 3HAKOB
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Ta6anuya 8

p IMpuGau- OTkOp-
accrosi- o . KeHHast PEKTHPO-
Touku S'H(';S' TE'-II,IECE?TI?I, “’e"p::b’l’i- a, m o, M fricota l:::cl:::
KM M M i (k). 1, (I,
M M
1 309 14,3 16,2
8 ' +6 +4-4 +4,3
c 315
15 —7 +4 | +15.2 12,2 8,6
322
22 353,3 336,4

PEeKOrHOCUHPOBKH NYHKTOB. [TompaBKH U 3a KpHBH3HY 3eMJIH H pe-
¢ pakuHo BEIUYHCASAIOT N0 hopMye
1—k
V= ——— 4.3
—te, (4.3)
rie k — koadpduunent 3emHoit pedpakuun; R — paguyc 3emin;
S — paccTOsiHHe OT MPEeNATCTBHS [0 COOTBETCTBYIOLIEro MYHKTA.
ITpu £=0,13 u R=6371 kM ¢dopmysa (4.3) mpuMeT BHLI

v =0,068s?, 4.4)

rlie v MOJy4aloT B MeTpax, a S BHPaXKeHO B KHJIOMeETpax.

B ToM cayuae, ecau mpeBHILUEeHHSI A; U hy HMEIOT OLHH H TOT Xe
3HaK, a PAaCCTOSHHS S; H Sp CYLIECTBEHHO pa3HHE, BHICOTH 3HAKOB
[y’ u Iy, BoiuncaenHble no gopmynam (4.1), GyAyT 3HAUHTENbHO OT-
JIMYaThCA JPYr OT Apyra: OJHH 3HaK HH3KHH, a Jpyroi upe3mepHO
BBICOKHH. BBICOKHE 3HAaKH CTPOHTb IKOHOMHYECKH HeBBHIrogHO. [To-
3TOMY BLICOTHl 3HAaKOB, BHIYHCJEHHBIE MO ¢popmynaam (4.1), Heobxo-
A¥MO OTKODPEKTHPOBAaThb TaK, YTOOB CyMMa KBaJpaTOB OKOHYaTeJb-
HBIX BBICOT 3HaKOB [; U [y GBbia HauMeHbuIeH, T. e. 22=min. [Ipu
COGJIIOICHHH NaHHOrO TpeGOBaHHS pPAaCXOAbl Ha NMOCTPOHKY AaHHOH
napbl 3HakoB OYAYT, KaK NpPaBHJIO, HAHMEHbUIMMH, TIOCKOJBKY CTOH-
MOCTb MOCTPOMKH KaXJOr0 3HaKa IpH NPOYHX DPaBHBIX YCJOBHSX
MOYTH MNPOMOPLHOHAJNbHA KBAaApaTy ero BHICOTH (CM. Tabu. 7).

OTKOppeKTHPOBAaHHbIE BHICOTHI KaXK/JO# Mapbl 3HaKOB Ha KOHLAX
CTOPOHH IpH COGJIOAEHHH YCJOBHS X/?=min M BHIOJHEHHH Tpe-
6oBaHHs O NpPOXOXKJEHHH BH3HPHOTO Jyya Ha 3aJaHHOH BBHICOTE @
HaJ npenstcTBHeM (Ta6j. 8) BHUYHCJAAITCA 1O (opMyJaM

soly + 81l

ll=32D; 12'——-le; D= 2 2
S|+ 85

(4.5)
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Puc. 26. Cxeva KOppeKTHpOBaHHsI BBICOTH TCOAC3HUYECKOTO 3l1aKa

Ecau CTOMMOCTb [OCTaBKH CTPOHMTEJNbHBIX MaTepHaJoB K Iep-
BOMY M BTOpPOMY NYHKTaM CYLIeCTBEHHO pa3Has, TO BHICOTHI, MOJY-
yeHHBIC N0 opMynam (4.5), cleayeT OTKOppPEeKTHpPOBATb elle pas
C yueToM AaHHOro ¢akTopa. :

Ha nynkre ¢ n HampaBieHusMH GyJeT MOJydYyeHO # 3HAUEHHH
BBICOTHI 3HaKa, TaK KaK BHIYHCJEHHS MO Ka)KJOH OTAEAbHOH CTO-
poHe (HampaBJIeHHIO) HaAyT pa3Hble 3HAUeHHs BBICOTH 3HaKa Ha
JaHHOM TNyHKTe. 3a OKOHYaTeJbHYIO BHICOTY NPHHHMAIOT Ty, IIpH
KOTOpPOH obecrneynBaeTcsi BHAMMOCTb 10 BCeM HallpaBJIeHHSIM IIpH
MHHMMaJbHOH (ZOMYyCTHMOM) BHICOTE NMPOXOXJEHHS BH3HDHHIX JYy-
yeil Hal MpPensiTCTBHSIMH.

B npakTHKe DeKOrHOCIHHPOBOUHBIX paGOT HEH3GEXHBI CJayuaH,
KOT/la BHICOTA 3HaKa Ha OJHOM INYHKTe, HalpuMep, BTOPOM, 3ajaHa
(unu 3HaAK yxKe mOCTpoeH) M paBHa [ TpebyeTcsl OnmpefesNuTh BHI-
COTy 3Haka [, Ha mepBOM NyHKTe. Bhiuucaum mo ¢dopmyaam (4.1)
npubJHXeHHbe BbHICOTHl 3HAKOB [’ u ly". VI3 momo6us TpeyroJbHH-
KOB (puc. 26) mosayuum

hzh s (4.6)

Iy —1y So

Ortcrona HaliieM HCKOMYIO BHICOTY 3HaKa:
L=h+(la—1) —SSI— 4.7)
2

Mertozbl onpeneneRHss OJHO3HAYHBIX 3HAUYEHHH BLICOT 3HAKOB Ha
BCeX NMYHKTaX CeTH NpH TpeGOBaHHM HX HAaHMEeHbIleH BBICOTH M MH-
HMMaJIbHBIX JeHeXHHX 3aTpaT Ha MOCTPOHKY 3HAKOB HYXJIaKOTCs
B JaJjibHeillleM COBEpLIEHCTBOBAHHH.

§ 24. TEOJE3UYECKHE 3HAKH

Kaxpawifi NyHKT reoje3uyeckofl CeTH 3aKpelJsioT Ha MEeCTHOCTH 3a-
JOXEHHHM B TPYHT LEHTPOM, HECYHIHM MeTaJlJIHYeCKyl0 MapKy
C YKa3aHHeM TOYKH, K KOTOPOH OTHOCATCS KOODJAHHATH MYyHKTa.
Hapx ueHTpoM NyHKTa COOpYXKalOT reoje3HyecKHil 3Hak TpebGyeMoi
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Puc. 27. Typ Ha Treole3HYecKoM
NyHKTE

Puc. 28. Ilpocras nupamuiaa (a)
nupaMHAa co wratiBoM (6)

100

BBICOTH, HeCYIUHH BH3HDHBIH LMWJIMHAD W MMEIOUIMH CTOJIMK HJIS yC-
TAHOBKH H3MEpHTEJNbHBIX NPHOOPOB, a TaKXe MJOIAAKY AJs Ha-
6momaTenst.

B reope3nueckux cersx NPHMEHSIOT 3HaKHU CJELYIOLIHX THIOB:
Typ, nHpaMuia (mpoctasi U cO IITATHBOM), NPOCTOR CHIHAJ U CJOXK-
HBI# CHTHAJL.

Typer (puc. 27) npuUMeHSIIOT Ha OCTPOKOHEUHBIX BepLIMHAaXx rop,
ecJH BHJIHMOCTb MO BCE€M HallpaBJEHHSIM OTKpPhIBaeTcsi C 3eMJIH,
a CKaJbHHI TPYHT pacmojioxeH Ha riay6GuHe He GoJsee 1,6 M (pas-
Mephl Ha PHCYHKax B ¢cM). Haj TypoM yCTaHaBJHBAIOT NPOCTYIO IH-
paMHAy C BH3HDHHIM LHJMHAPOM. ECJH NMOCTPOHTL NMHpPaMHAY He-
BO3MOXHO, TO BH3HPHBII LHWJIHHID YCTaHABIHBAIOT HeNoCpel-
CTBEHHO Ha TYyp.

IIpocrele nupamuder (puc. 28, a) CTPOAT B TOM cJayuae, KOrja
Ha6JI0JeHHs] 10 BceM HampaBJeHHSIM MOXHO BeCTH C Typa HJH
wrathBa. Ecau Aasa obecneyeHHs BHAMMOCTH Ha COCeIHHe NYHKTHI
npu6op TpebyeTcs NOAHATH Haj 3emJeli Ha 2—3 M, HCNOJb3YIOT
NUpPaMHAY C H30JHPOBAaHHEIM OT Hee IITAaTHBOM JJIfl YCTAHOBKH IpH-
6opoB (puc. 28, 6). Ilnomanky nas HaGJaiomaTesasl Kpemsit K CTOJ-
6aM nupaMHABl, H30JHDPYs ee OT IUTaTHBA. [IMpaMHABI CTPOAT KakK
IepeBsiHHbIE, TaK U MeTaJlJIHueCKHe BBICOTOH 5—8 M.

Ilpocroii cuenan (puc. 29) COCTOMT M3 ABYX H30JHPOBAHHBIX
IApYyT OT Apyra NHpaMHA: BHelllHe#t I, Hecylle#l BH3HDHHIH LMJIHHAD
H MJIOIIAAKY Jisi HaOJiofartess, H BHYTPeHHeH 2 CO CTOJNHKOM IJs
yCTaHOBKH NpHGOpPOB. BHyTpeHHsiss mMpaMuIa HMeeT TpPeXIpaHHYIO
¢opMy, a BHellHSis] TpeXrpaHHYI0 HJH ueThpexrpaHHylo. Paccros-
HHEe MeXJy OCHOBHHIMH CTOJI6aMH B OCHOBAHHH BHeLIHeH NMHpaMHABI
NPpHHUMAIOT Ha 2 M Gojblle !/s BEICOTH A0 MJoLIafKu Ha6Jrona-
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Puc. 29. ITpocroii curuaa

Puc. 30. Cuoxunlii curuaa:

1 — AKopb OCHOBaHus cToa6a CHrHanaa; 2 —
OCHOBIIbIe CcTON6bl CHTHana; 3 — BcHel; 4 —
KpecTosHHa; 5 — GosBallKa; 6 — CToiika BHYT-
PeHHe# nupamuiu; 7 — wjouwagxa Aas Ha-
Gniopatensi; 8 — ctonuk: 9 — Kpwlwa; 10 —
BH3HDHLIA  UMAHNAD; [/ — NPOMEXYTOUYHLI
cton6

/\\ fnaw genobanus,
/N | cuenana

Tesis. [IpocThle CHrHANB CTPOAT BHCOTOH A0 10 M; OHH MOryT GHITH
NepeBAHHBIMH H MeTaJJIHYeCKHMH, NMOCTOSTHHEIMH H pa3GOpHEIMH.
Pa36opHble 3HaKH MPUMEHSIOT B pafoHax ¢ 6GJaronpHATHHIMH YC-
JIOBHSIMH JIJIS Iepee3f0B Ha aBTOTpaHcnopTe. Hepeliko BHyTpeHHss
nupamujia siBasieTcsl NOCTOSIHHOH Ha INyHKTe, a BHeIUHsAs pa36op-
HOM, KOTOPYIO NepeBO3AT C MyHKTa Ha MyHKT.

Caoocroui cuenan (puc. 30) 1O KOHCTPYKIHH OTJHYAETCs OT
NpOCTOr0 TeM, YTO BHYTPEHHSs NUpaMHAa, Hecyllas CTOJHK AJS
YCTaHOBKHM NMpPHOOpPOB, ONMHpaeTCss He Ha 3eMJI0, a Ha OCHOBHHIE
cTosIGBl curHaja (Ha 6 M HMXe NJOWAAKH IJs HaGJaiojgaTtens).
[IpoMexxyTouHble CTOJOB 3HaKa YJyyllaloT KayecTBO MOCTPOHKH
curiasa. CJIOXHble CHTHaJBl CTPOAT BhicOTO# OoT 11 mo 40 M. Onu
MMEIOT TPeXIpaHHYI0 KOHCTPYKILHIO, HX COOHpAlOT Ha 3emJje (B ro-
PH30HTAJIbHOM MOJIOXKEHHH), a 3aTeM yCTaHaBJHBAIOT BEPTHKAJbHO
B TOJIHOCTBIO 3aBepIlIeHHOM BHAe. B 3ToM ciyuae He BO3HHKaeT He-
06XOLHMOCTH B BHINOJHEHWH ONMaCHHIX BEPXOJNAa3HBIX paboT, a TaKkKe
NOBHILAETCS] NPOH3BOAHTENBHOCTb TPYAa IIPH NMOCTPOHKE 3HAKOB.

ITupuHa TpPeyroJbHOTO OCHOBaHHS BHeIIHeH NHPaMHIH, CJOX-
HOTO CHMTHaJla paBHa !/, ero BBHICOTH JO MJOILAAKH HabJrojaTtes
naoc 2 M.

OcHoBHbie TPeGOBaHHSI K reofie3HYeCKHM cHrHajaM. [eonesuue-
CKHe CHrHasibl (HpOCTHE H CJIOXKHBIE) MOJXKHBI CIIOCOOCTBOBaThH M0-
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CTHXKEHHIO BBICOKOH TOYHOCTH M3MepcHHE M obecrneurBaTh Gesomac-
Hoe BefeHHe paGor. ['eofle3nuecKHii CHrHaJ MAOJKeH GBbITb MPOY-
HbIM, YCTOHUHBHIM H JKECTKHM.

1'[011 NPOYHOCTbIO CUZHAAQ TIOHMMAKOT €ro crnoco6HOCTh compo-
THBJSITbCS AEHCTBYIOIIMM Ha Hero MNOCTOSIHHBIM (Macca Jerajied
CWrHajia) M BpeMeHHBIM Harpy3kam (Hamop BeTpa, Macca NpHGO-
pOB M JoHeH, HaxOASILIMXCS Ha CHIHaJe, W T. 1.), NOA BO3JAEH-
CTBHEM KOTOPBIX MOryT Ae(OpMHpPOBATbCs OTJeJbHbIE [eTadH H
y3an curHaja. CHrHaJ CUHTaeTcss NMPOYHBIM, eCJH OH He paspy-
lIaeTcs ¥ B HEM He BO3HHKAIOT MPAKTHYECKH 3HaUuHMble OCTaTOYHEIE
depopMaruH.

Ycrodiwusocre cuenasa — 310 ero crnoco6HOCTb COXPAHATb CBOe
MOJIOXKEeHHe HEM3MEHHBIM IpH HeHCTBHM HAa CHTHaJ BETPOBOH Ha-
rpy3kH. BeTep MoKeT ONPOKHHYTb CHTHAaJ, €CJH €ro KOHCTPYKIHA
HeyJauyHa, a OCHOBaHHE IIOXO 3aKpelJeHO B TPYHTe. YCTOHYHBOCTD
cHrHaja oGecrneunBaeTcst HeOOXOAMMOH LIHPDHHOH €ro OCHOBAHHSA H
rJyGUHOM 3a/103KEeHHST sTKOpedl OCHOBHBIX cTOJI60B cHrHaJa. Illlupuna
OCHOBaHHSl CHTHaJa GoJsbllie HA 2 M !/s5—!/; BBICOTH [0 MJIOLIANKH
HaGJofaTessl, 0 ueM GbIJIO CKa3aHO BHlle. I'yly6uHa M JJs ycTa-
HOBKH OCHOBHBIX CTOJIGOB CHrHAJIOB B paHOHaXx Ce30HHOrO IpoMep-
3aHUs TPYyHTa cjaenyoouas (B M):

l’Ipoc'menﬂpaMHm.........................1
TIDOCTHIE CHTHAMBL . + + « v & « « & o o o o o o o v v e v o« o .. 1,B
CroxHBIe CHTHAMIBL 1O 925 M

OCHOBHBIE CTOMGBI  « « o v v v o v o o o o o o o o o o o o o o oo 2

NPOMEXYTOUHBIE . . B X
CroxHbie CHrHAE Gosee 25 M

OCHOBHBIE CTOMOBI . .« « & « & o & o o o o o o o « o . 25

MPOMEXYTOUHBIE . .+ . « « o « & « o o o o o o« o & .2

OcHOBHBIE CTOJIOH B HH2KHEH 4acTH CHaGXKaloT SKOPSMH H yCTa-
HaBJMBAIOT Ha NPOYHHE IIUTH (MOMOCTHI), YK/JIaJAKBaeMble Ha JTHO
SIM; SIMBl 3aCBHINAIOT [PYHTOM, KOTOPHIH MJOTHO yTpaMGOBHBAIOT.

[Ton swecTkoCTHIO CU2HAAG TIOHHMAIOT €ro CNocOGHOCTb COINpO-
THBJISATBCS BO3MOXKHBIM JedopMmalysiM, BO3HHKAIOIIMM B pe3yJbTaTe
BO3ICHCTBHSI BHEIUIHHX ()aKTOpOB, H BOCCTaHaBJHBaTb CBOE IE€PBO-
HayaJbHOe I0JOXEeHHe MOocJe IMpeKpalleHHs OeHCTBHA 3THX CHJL
BerpoBasi Harpy3ka Ha CHrHaJ BHI3bIBaeT He TOJbKO OMNPOKHABIBA-
HHe CHTHaja, HO ellle  ero M3rub6 u kKojebaHHe. )KeCTKOCTb CHr-
Hajla XapakTepu3yeTcsl BeJHYHHOH H3rHba M yacToTOH ero koJseba-
Huii. M3ru6 obycsoBinBaeT JHHEHHOe mepeMellleHHe H HeGOJBILOMN
NOBOPOT BepXHeH YacTH CHTHajla B IJIOCKOCTH IOPH30HTa, a BHGpa-
ISl YBeJIHUHBAET aMIVIMTYLY KoJieGaHHH H300paKeHHH BH3HDHBIX
uejeil B moJie 3peHHs] TPyObl Teo4oJsHTa. )KeCTKHM CUHTaeTcs CHr-
HaJl, BO3MOXHOe CMellleHHe CTOJIMKa KOTOPOrO B IJIOCKOCTH T'OpH-
30HTa He MpeBHIIaeT 1 ¢cM H YIJIOBBie H3MepeHHS BO3MOXKHBEI MpPH
CKOpOCTH BeTpa 1o 5 m/c.
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S Puc. 31. T'paduk KpyueHHs Teoie3HYeCKOro CHrHaja
Puc. 32. Masnodasublii Bu3upHblil uuauuAp Llumkuna
(pa3mepnl B cM).

(] Facuer KOHCTPpYKUHMH reOfe3UYECKHX CHI-
HAJIOB HA INPOYHOCTb, YCTOHUHBOCTb M IKECT-
KOCTb BHINOJIHSIOT Ha OCHOBe [OJIOXKeHHH
CTPOHTEJbHOH MEeXaHUKH M COIpPOTHUBJEHHS
MaTepHaJoB.

Kpyuenue cuenanra. Tloxm Bo3meficTBHEM
BHEeLIHHX (aKTOpOB (TeMmepaTyphl, BJIAXHO-
CTH BO3[yXa, BeTpa H T. I.) BEepPXHsASA uyacTb
curHaja HeckosJbko pedopmupyerci. B pe-
3yJbTaTe 3TOTO CTOJNHK CHTHajlla BMeCTe C YCTAaHOBJEHHHIM Ha HeM
TEOHOJHTOM [OCTENEeHHO MOBOpPauyHBaeTCs MO a3uMyTy. DTO sBJe-
HHe I[pHHSITO Ha3bBaTh KpYVYeHHeM curHaja. BejauunHa u 3HaK
KpPYYEHHSI CHTHaJla U3MEHSIOTCSl B TeueHHe KaXIHX CyToK (puc.31),
npuueM 6e3 KakoH-JHGO UETKO BHIpAXKEHHOH 3akoHoMepHoctH. Mc-
cienoBanusi, BeinosHeHHble M. H. CokoJIOBHIM, NOKa3aJiH, YTo a3H-
MyTaJIbHBI pPa3BOPOT CTOJNHKAa BHICOKOTO CHTHaJa NpH Hebaaro-
NPUATHEIX 0O6CTOSAITENbCTBAX MOXKET HOCTHYb B TeueHHe MAHs He-
CKOJIbKMX yTJOBbIX MuHYT. Hampumep, 3a 10 mun pemenu — 10”7,
B kauectBe mpumepa mpuBejeH rpadHK KpyueHHS OLHOTO W3 CHT-
HaJoB BHICOTOH 25 M no HabmawoieHusiMm E. I'. Jlapuenko. Ha atom
rpaduke CHJOWIHAsT JIHHHA — CYTOYHBIH XOJ KpYU€HHs CHMrHaJa,
a NYHKTHDHAsi — CYTOYHHI!l XOJ TeMIepaType BO3Lyxa.

KpyueHue cursHajna OTPHLATENbHO BJHMSET Ha TOYHOCTb YTJIOBBIX
H3MepeHHIi; M03TOMY reofie3HyecKHe CHTHAJIbl HEOGXOLHMO CTPOHTHb
Tak, YTo6Bl KpyueHHe GBIJIO BOSMOXHO MeHblIe.

BusupHeie uean.  JIis 1NpoW3BOACTBA YIVIOBHIX H3MepeHHi
B BepXHefl yYacTH TreoJe3UYeCKOr0 3HaKa YCTAHABJIHBAlOT BH-
3HPHYIO [leJib, KOTOpasi JOJI}KHA yNOBJIETBOPSTh CHAEAYIOLIHM TpeGo-
BaHUSIM:

1. ®opMa, pasMepH M OKpacKa BH3UDHOH LeJH NOJKHH GHITb
TaKHMH, 4TOGbl MOXKHO OBLIO YBEpPEHHO OMO3HABaTb €€ H TOYHO Ha-
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BOJIHTb Ha Hee 3PHTCJbHYIO TPYGY TCOAOJHTA MPH PACCTOSHUSX, CO-
OTBCTCTBYIOLUHX KJIAaCCy FCOLE3HUYCCKOR CeTH.

2. BusupHas uejgb AOJMKHA GHITb YCTAaHOBJEHAa BEPTHKAJbHO,
NpHUYEM TaK, YTOObl CcC TCOMETPHUCCKAs OCh [IPOXOJAHJIA UCPC3 MapKy
I10J3¢MHOTO LICHTpA MyHKTA.

3. 1o KOHCTPYKLHH BH3MpHas LCJAb JOJXKHA GHTb MaJjogasHoOH,
T. €. TaKOH, 4TOOBl CHCTeMaTHUYeCKHe OIIHOKH NPH YIJOBBIX H3Mepe-
HIISIX, BO3HHKAIOUINC M3-32 Pa3JIMuHsi OCBEIIEHHOCTH ee MOBePXHO-
ct gyyamu CoJiHLa, 6blIH GJIM3KH K HYJIO.

H3BecTHO, uYTO ecsH BH3HpPHAsl 1eJdb MNpEACTaBaAsieT CO6OH
CIJIOIIHOH KPYTJIBIA LHJAMHAP, TO OUIMGKH B HanpaBJeHHSX H3-3a
pPa3JiHuMs SIPKOCTH OCBeILeHHOH M TeHeBOH CTOPOHBI TAKOrO IHJIHMH-
Ipa Hepelko npeBwilaiT 1”7, B Hacrosiee BpeMs NPHMEHSIIOT Ma-
JodasHele BH3HpHBIEe ueaH KoHcTpykuuun B. H. IIunmkuHa, npen-
CTaBjsAwLlHe cO60H LMIHHAD C paAuajbHO YCTAaHOBJEHHBIMH ILIa-
CTHHaMH, CO3JalOUIMMH paBHOMEpPHOEe TeHeBOe 3aTeMHeHHe IIOUYTH
Bcell ero noeepxHocTH (puc. 32). Pasmepn Takux LMJIHHAPOB 3a-
BHCAT OT AJIMH CTOPOH B ceTH. B JaHHOM cJlyuae npHBeleHBl pas3-
Mephbl LMJHHApA AJSl NYHKTOB TPHAHryJsUHH | kjaacca. BusupHue
uHauHApH lIHMIKHHA MO3BOJSIOT YMEHbIUWTh OLIHOGKH 3a (a3l BH-
3HUpHBIX Lesell (M3-32 pa3iuyus ocBelleHHocTH weaun) no 0,2—0,4”.

§ 25. LEHTPbI TEOLE3WYECKHX MYHKTOB

[TosioxkeHHe KaxKJAOro NMyHKTa TeOJAE€3HYCCKOH CEeTH 3aKpemsioT Ha
MECTHOCTH IIPH NMOMOILM CHCLHAJBbHOIO LEHTpa, 3aKJaAbiBaeMOro
B TPYHT Ha rayGHHY, KaK NpaBuJo, He MeHee 1,5—2 M, a B OTAeJb-
HBIX palloHax — He MeHee 6 M.

B BepxHeli yacTH LleHTpa YyCTaHaBJIHBAIOT Ha IeMEHTHOM pa-
CTBOpe HJH NPHBAapHBAlOT K MCTaJJIHUeCKOH Tpy6e UYryHHYIO
MapKy, Ha cdepuHyecKOii NOBEDXHOCTH KOTOPOH HMeeTCsl MeTKa
B BHJAe OTBepCTHS AHaMeTpoM 2 MM. K 3TOH MeTKe OTHOCAT KOOD-
IHHATBEI MYHKTa M pe3yJbTaThl BHIOJHEHHBHIX Ha HeM H3MepeHHH.

[TockonbKy mnoOA3eMHble LEHTPHI SIBJASIOTCS HOCHTENSIMH KOOp-
JIHHAT U BHICOT NYHKTOB, OHH JOJIXKHBI OBITh HaJEXHO 3aKpelJeHH
Ha MecTHOCTH. COXpaHHOCTb LleHTPa H HEH3MEHHOCTb €ro IoJoXKe-
HHS B TPYHTe B IVIaHE H 10 BHICOTE B TeYeCHHEe BO3MOXHO 6oJiee LJIH-
TEJBHOTO BpPeMeHH SABJAETCS BaXKHeHIIHM TpeGOBaHHEM, MNpENbsB-
JieMbIM K LIeHTPaM reoJe3HYeCKHX NMYHKTOB IOCYAapCTBEHHOH reo-
Jle3M4YecKO# ceTH, IpHYeM He3aBHCHMO OT ee KJacca.

Ias oGecneueHHs: JOJroBpeMeHHOH COXPaHHOCTH LIEHTPOB HX Jie-
JalT H3 BHICOKONPOYHBIX CTPOMTEJbHBIX MaTepHaJIOB: XKeJje306e-
TOHHBIX IHJOHOB W CBa#, acOOLLEMEHTHHIX H MeTaJIHYeCKHX Tpyo,
NOKPBbIBAaEMBIX aHTHKOPPO3HAHHIMH CPEJACTBAMH; OCHOBAaHHe I€HTpa
3aKpelJIsIOT SKOPHBIM YCTPOHCTBOM H 3aKJaAbIBAIOT HHXKE I'DaHHIBI
npoMep3aHHsi TPYHTOB (B cpelHeil IoJioce CTpaHbl) HJIH HHXe Tpa-
HHIIBl OTTaHBaHMS TPYHTOB (B 30HE MHOTOJIETHeH MepP3JIOTHI).
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YcToliunBocTh 1leHTpa B I'PYHTC 3aBMCHT OT MHOTHX (aKTOPOB!
OT cOocTaBa M CBOACTB TpPyHTa (CKaJjia, CYIJIMHOK, MeJIOBBIE€ OTJIO-
EHHS M T. N.), IMIyOHHH [POMepP3aHHUs H OTTAHBAHHS T'PYHTA, H3-
MeHeHHs BJIa)XHOCTH TPYHTa, H3MEHEHHsI YPOBHS TPYHTOBHIX BOJZ H
Ap. BaxneliniuM sipsisieTcst npomMep3aHHe W oTTauBaHue rpyHrta. Oc-
HOBaHHe IeHTpa Bceria clelyeT 3aKJaAbiBaTb HHXKe TPAaHHIE NPO-
Mep3aHHsl HJIM TPaHHLbl IPOTAHBAHHUS TPYHTA.

Tepputopuss CCCP orauuaercss GoabLUIMM pa3HooGpasueM ¢H-
3UKO-reorpauueckux M KJHMaTHueCKHX ycJqoBui. [TosTomy Bompo-
caM HaJeXHOro 3akpelJieHHss H COXPaHHOCTH LEHTPOB reojie3uye-
CKHX [YHKTOB YyIeJsloT GoJibllloe BHHMaHHe. B 3Toli o6JsacTH
COBETCKHMH TeOfe3HCTaMH B TeUeHHe MOYTH YeThipex HecATHJETHH
BeJIUCh CICLHaJbHBie HCCJEJOBaHHs, IO3BOJHBIIHE pa3paboTaTh
LHEeHTPH ONTHMAaJIbHBIX KOHCTPYKIMH HJisi pasHEIX paiOHOB CTpPaHHI,
BKJIIOYasi padOHEl MHOTOJIETHEH Mep3JiOThl, CE30HHOTO NpOMep3aHHs
TPYHTOB, CHIIYYHX NeCKOB, ropHuie W T. n. Haubosee o6cTosiTesb-
Hble Hcc/efoBaHus 6bliu BeinosHeHn B LIHUUTAuK nox pykosoz-
crBom B. B. danuiosa, M. C. ¥YcneHckoro u Ap. OnucaHHe KOH-
CTPYKUHHA LEHTPOB M TEXHOJOTHS HX 3aKJalKH. B Pa3JHYHHX pak-
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Puc. 33. LlenTpnl reofesuuecKux NYHKTOB JAJisi PafionoB ¢ Ce30HHBIM Tpomep3a-
HHEM TPYHTOB:

1 — apMaTypa @ 10—12 MM; 2 — apmaTypHble XOMYTKH () 5—6 MM; 3 — rpaHuua npomep-
3aHuA TPyHTa; 4 — XeJc3Hbsle CKOGBI; 5 — xKejie30GeTOHHasl CBast
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OHaX CTpaHbl AaHO B HMHCTPYKuHH «LleHTpH u pemepwl rocyaap-
cTBeHHOH reofesuyeckoit ceth CCCP» (M., Hexpa, 1973).

Llentpor Tuna 1 (puc. 33) mnpHMeHSIOTCS B Npejesax IOXHOH
30HBI CE30HHOTO NMpOMep3aHHusl TPYHTOB. LIeHTp COCTOHT H3 XKeJe30-
6eToOHHOro MNHJIOHAa ceueHHneM 16X 16 cm (wam ac6oueMeHTHOH
TpyOn auamerpom 14—16 cM, 3anosiHeHHOH 6GeTOHOM) H GETOHHOTrO
sakops nuametrpoM 50 ¢cM H BhIcoTOl 20 cM mpH 3akjianke GypeHHeM
i pasMepoM 50X 50X 20 cM npu 3akaaike B KOoToBaH. OCHOBa-
HHe [eHTpPa AOJIKHO HaXOAMUThCS HHXKe TPaHHIBI HaHGOJbIIEro Mpo-
Mep3aHHsl TPYHTa He MeHee yeM Ha 0,5 M H BO Bcex CJydasix He
MeHee 1,5 M OT MOBEPXHOCTH 3€MJIH.

Puc. 34. lleHTp reojesHycckKoro IyHKTa
I paliOHOB MHOTrOJIeTHeH Mep3JOThi:

1 — meTajaauyeckKass Tpy6a; 2, 3 — ollo3HaBaTeJb-
HBIf 3HaK € sKopeM; 4 — rpaHHlla OTTaHBaHHS

Tun7
— Puc. 35. Llentp reojesnyeckoro myHKTa
I,gi 2 A palHOHOB C IOJBHXXHBIMH TecKaMHu
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Puc. 36. CkanbHble LLEHTDHI

Llentpor Tuna 2 npelHasHauyeHBl AJs BCel O06GJACTH CE30HHOTO
npoMep3aHHs TpyHTOB. LlenTpnl mnpeacTaBasioT coGoi xkeje3o0e-
TOHHYIO cBao ceyeHneM 20X 20 cM H AauHOH 3—4 M.

Lentpor Tuna 7 (puc. 34) npuMeHSIIOTCS B CEBEPHOH H CpelHed
4acTAX 30HBl MHOTOJIETHEH Mep3JioTH. LIeHTp COCTOHT M3 MeTaJJH-
yecko# TPyOH AuaMerpoM 60 MM C TOJIIMHOHA CTEHOK He MeHee
3 MMm. Tpyba B BepxHelf yacTH HMeeT MapKy, a B HHXKHe# 4acTH
MHOTOIHCKOBBII SIKODb, COCTOSIIIMH M3 MeTaJIJIMYeCKOro JHCKa H 8
NOJYIUCKOB TOJIIHHOH 5—6 MM u auaMerpoMm 150 mm. Tpy6y ue-
MeHTHBIM pacTBOPOM He 3a/iuBaloT. [IpHBapeHHble HA KOHLAX TPYOH
MapKa ¥ HHXHHH (JaaHen MOJXKHB o0b6ecleyHBaTbh TepMeTHYHOCTb
NoJIOCTH TpyOH. Ha HapyXHyI0 U BHyTDeHHIOIO MOBEPXHOCTb TPYOHI
HaHOCAT aHTHKOPpPO3uiiHOe NOKphTHe. OCHOBaHHe TPYOB HOJIKHO
HaXOJAHMTbCSl HHXKe TPAHHIB AEATCIbHOrO CJIOS 3€MHOH MOBEpPXHO-
CTH Ha 2 M IpH ray6GuHe NMpOTaWBaHHA IpyHTa OO0 1,25 M H Ha 3 M
npu rayGuHe nportausaHus GoJiee 1,25 M. BepxHssi yacTb LeHTpa
JOJIXKHA HaXOJMTbCS Ha YpOBHe 3eMHOH noBepXHOCTH. CKBaXKHHY
JJIS 3aKJIafKH LEHTPOB THNA 7 BBLINOJHAIOT OVpPeHHEM HJIH NpOTaH-
BaHHEM TpyHTa TOPSYHM INapOM C [OMOLIbIO CMEeLHAJbHBIX YCT-
pofictB. Ha AHO CKBaXKHHBI Iepej OMyCKaHHEM B Hee LIEHTpa 3aJH-
BaoT 20—25 sauTpoB (ZBa Belpa) TpyHTa TyCTOH KOHCHCTEHIHH,
B KOTOpPHBIil BAABJHBAIOT MHOTOAHCKOBHI SIKOPb A0 OCHOBAHHS CKBa-
WHHBL. BepXHIO YacTb CKBaXXHHBI 3aNOJHSAIOT TaKXe TPYHTOM.
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Hentpor Tuna 9 (puc. 35) NpUMCHAIOTCSI B paHOHaX MOABHKHBIX
neckoB. LIeHTp COCTOMT M3 OLMHKOBaHHOH TPy6GH AHaMeTpoM 60 MM
NpH TOJILIMHE CTeHOK He MeHee 3 MM. K BepxHelt yacTH TpyGHI, BhHI-
crynatoumiei Ha 80 ¢cM Hal 3eMHOH IOBEPXHOCTbIO, IPHBApHBAIOT
Mapky. HuxHsAs yactb Tpy6Gbl HMeeT OAHOJONMACTHBI BHHT JHaMeT-
pom 15—20 cM ans 3abypuBaHHs leHTpa, Tpyba 6eTOHOM He 3a-
auBaercsi. OcHOBaHMe UeHTpa 3abypHBalOT Ha TJyOHHY He
MeHee 6 M.

Ckazsnele yentpor Tuna 10 (puc. 36) NpHUMEHSIOT B TOPHBIX paii-
OHax IpH 3aJleraHHH CKaJbHOM MOpOJH Ha raybune ao 0,5 m. Llentp
npeicraBisier co6off MapKy, 3aleMeHTHPOBAHHYI0 B CKaJbHHH
rpyHT. [Ipu 3ajeraHuu cKaJbHOH TMOpOAH Ha ruy6uHe cBoile 0,5 M
NPHMEHSIOT yenTpol Tuna 11.

B Tex cayuasix, KOrga BepxHsisl YacTbh LleHTpa pasMeliaercss Ha
YpOBHe 3eMHOfl MOBEPXHOCTH MJIH HHXKe H Haj LEHTPOM OTCYTCTBYET
NOCTOSIHHBIA MeTaJIJIMUeCKH#i 3HaK, Ha paccTosiHuH 1—1,5 M OT 1eH-
Tpa yCTaHaBJHBAIOT XeJle300eTOHHbIH ONO3HaBaTeJbHHIH CTOJ6 (Me-
TaJIJINYeCKyl0 TpyOy ¢ GeTOHHBIM OCHOBaHMEM) C UYTYHHOH HJIH CH-
JYMHHOBOH OXpaHHOH ILNIMTOl, O6pallleHHOH B CTOPOHY LeHTpa. Ha
IJIMTE AOJIXKHA OBITh HAJNHCh, CAENaHHas JUTHIMH GykBaMHu: «Ieo-
nesndeckuit nyHkr. OxpaHsieTcsi rocyiapctBoM». Eciau BepxHsd
yacTh HeHTpa BhicTynaer Ha 0,5—0,8 M Haj 3eMHO#i MOBepPXHOCTHIO,
OXPaHHYI0 IUJINTY KpeNsT HeNocpeJCTBEHHO K LEeHTpy (cM.
puc. 35).

I'naBa 5

ATIPUOPHAS OLLEHKA TOYHOCTH
FEOLE3UWYECKHX CETEHA

§ 26. OBIIHE NMOJIO)XEHHUA

OueHka TOYHOCTH I'eOfle3HYECKHX ceTell HMeeT GOJIbLIOE TeopeTHYe-
CKOe H NpaKTHYeCKOe 3HaueHHe. OHa BHINOJIHAETCS KAaK Ha CTajHH
MPOEKTHPOBAHHUS, KOrja pa3pabaThiBaeTcsl ONTHMaJbHLIH B Ompeje-
JIEHHOM CMBICJIe BapHaHT NMOCTPOEHHS CeTH, TaK M MOCJe MOCTpoe-
HHS ¥ YPaBHHBAHHS CeTH.

OueHka -TOYHOCTH, BHINMOJHsSEMass Ha 3aKJIOUHTEJIbHOM 3Tare
YPaBHHTeNbHBIX BHIYHMCJICHHH, AaeT HauboJjiee JOCTOBepPHble NaHHBIE
0 peaJbHOH TOYHOCTH 3JIEMEHTOB IIOCTPOEHHO!H Ha MECTHOCTH reoje-
3uyecKoii ceTH. OHH HeO6XOAMMHE JJIsl IPaBHJBHOTO HCMOJIb30BAHHS
reoJle3aH4eCKHX ceTell MpH pelIeHHH COOTBETCTBYIOIIHX HAyYHHBIX H
HapOJHOXO3HCTBEHHBIX 3a/ay reofie3HYECKHMH MeTOAaMH, Tpebyio-
IKX Onpe/ieJieHHs] C 3aJaHHOH TOYHOCTbIO JJIMH H a3UMYTOB CTO-
POH, KOOPJIHHAT H BBICOT re0Jle3HYeCKHX MYHKTOB.

Oco6o caeyer OTMETHTb 3HayeHHe OLEHKH TOYHOCTH reofesuye-
CKHX CeTeH Ha cTaJuM HX NPOEKTHpoBaHHs. Biaromaps oueHke TOuY-
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HOCTH INpPCACTABJSICTCSI BO3MOXHOCTb pPCIIHTL 3aJauH, HMCIOLIHC
60JIbIIOC TEXHHUYCCKOEC H 3KOHOMHYCCKOE 3HAUYCHHC!

H3YYHTh 3aKOHOMEPHOCTH HAeHCTBUS OLIMOGOK U3MCPCHHUH IpPH IiC-
penaye AJIMH H a3uMyTOB CTOpPOH, KOOpAHHAT NYHKTOB B rCOAC3HYC-
CKHX CCTSIX Pa3HOro BHJA;

YCTaHOBUTb BHIrOJHeHLIyiI0 (GOpMY TpPeyroJbHHKOB B TPHaHTy-
JSIIMM M TpHJaTepauuH, obecneynBaomux HanGoJjee BHICOKYIO TOU-
HOCTb Tepejaud [IJHH CTOPOH, a3UMYTOB M KOOPIAHHAT MYHKTOB;

paccuMTaTh HEOGXOAMMYIO 4YacTOTy pa3MelieHHs1 Ga3HCHBIX
CTOPOH M a3uMyTOB Jlamjaca B ceTH;

onpejenuTb TpebyeMyl TOYHOCTb H3MEPEHHs TOPH3OHTAJbHBHIX
yrJioB, JJIHH CTOPOH H a3uMyToB Jlamjiaca B MPOEKTHPyeMOi# CeTH,
a 3aTeM Ha OCHOBE 3THX AaHHBIX CJesaTb NMPaBHJbHHI BHOOD MpH-
60pOB H MeTOJ0B H3MepeHHH; )

nyTeM MoJejHpoBaHHs Ha DBM onpelesuTh Ha OCHOBE OLICHKH
TOYHOCTH HauboJjiee pPAaLMOHAJNBHBIH BapHAaHT NMOCTPOEHHSI CETH MpH
pPa3HOM COCTaBe H3MEePEeHHHl U Pa3HOM pas3MelleHHH B Hell Ga3HCHEIX
CTODOH, a3MMYTOB, NMYHKTOB, OnpejejseMbix u3 Habmiomenuit HC3,
H T. M., NO3BOJISIOUHA TpH NPOYHX PAaBHBEIX YCJIOBHSX MOJYYHTh
yPaBHEHHHIE 3JIEMEHTHl CETH C HaHWBHICIIEH TOYHOCTHIO, NOCTHIaeMO#
B MAacCOBHX pa6oTax NMpH HaHMEHbLIMX 3aTpaTax TPyAa, AeHEXHHX
CPeICTB M BpeMeHH Ha HX NMPOH3BOJACTEO;

NpOBepHTb, GydeT JIM NOCTHTHyTa 3aJaHHas TOYHOCTb OIpele-
JIeHHSl ypaBHEHHHX 3JIEMEHTOB B HauGoJiee CiaGoM MecTe CeTH NpPH
BHIGpaHHON CXeMe H MeTOAax NOCTPOEHHSl CeTH C yueTOM HaMeuyeH-
HOTO COCTaBa W TOYHOCTH H3MepeHHH.

B HenaJsekoM mpoulioM o0 nosiieHus DBM anpHOpHYIO OllEHKY
TOYHOCTH reojie3HYeCKHX ceTefl BBINOJIHSIN MO NPHOJIHKEHHHM (op-
MyJaM, KOTOphle YYHTHIBAIOT He BCEe reOMeTpHuYecKHe M TeM GoJee
KOppeJSLHOHHbIE CBSI3H YpaBHEHHBIX BEJIHUHH B CETH H BBIBOJASTCH,
KaK MpPaBHJIO, B NPEANONOXEHHH, YTO CeTh COCTOHT M3 reOMeTpHuYe-
CKHX (uryp npaBuJibHOM (pOpME (PaBHOCTODOHHHX TPeyrOJbHHKOB,
BHITSIHYTBIX XOLOB NOJIMTOHOMeTpuH H T. I.). HecMoTps Ha 3T He-
JOCTaTKH MpPHOJHXKeHHBle (GOpMYJBI, pHMeHseMble paHee AJs al-
PHOPHOH OIEHKH TOYHOCTH MOCTPOEHHS TOCYNapCTBEHHOM reojesu-
YeCKOH CEeTH, CHITPaJii BaXKHYIO POJIb TPH PELIEHHH TeOpeTHYECKHX
BOIIPOCOB, CBSI3aHHBIX C IPOEKTHPOBAHHEM TeOfe3HYeCKHX ceTed
pPa3HBIX KJI2CCOB B pAa3JjIMUHBIX paHoOHax cTpaHb. MHOrue M3 3THX
dhopMys ¥ 10 celt leHb HMEIOT BaXKHOE TEOpETHYECKOe H MpaKTHye-
CKOe 3HaueHHe.

CymecTBeHHbIi BKJaZ B pa3paboTKy MeETOLOB aNnpHOPHOMH
OLleHKH TOYHOCTH MOCTPOEHHsI PSIAOB TPHAHTYJSLHH BHECJH COBET-
ckue yueHnie ®. H. Kpacosckut, A. A. U3oroB u ap. OGuupHEe
HCCJIe[IOBaHHS TO OLEHKE TOYHOCTH ceTefl NMOJHTOHOMETPHH OBLIH
suinosiHensl B. B. auuaosuiM, A. C. Ue6ortapeBsim, b. A. Jlutsu-
HOBBbIM, A. III. TateBsinoM u Ap. OLEHKC TOYHOCTH CIJIOIIHBIX ceTef
TPHAHTYJISILME TOCBsileHbl o6crositeabhbie pa6otel K. JI. TIposo-
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posa, A. U. Jlypucsa, a panos u cerell Tpuaartcpauun — C. A, Byr-
acpa, K. JI. [Iposoposa, C. I'. Cyaakosa u 1p.

B HacTosiliee BpeMsi alpHOPHYIO OLEHKY TOYHOCTH IMOCTPOECHHS
rCOC3HUECKHX ceTell BHIMOJHSIIOT Ha 3BM mo Meroly HaMMeHbLIHX
KBAaJpaToB C yUCTOM BCEX eOMETPHUYECKHX H KOPPEeJSUHOHHHIX CBsl-
3efl Mexay ypasHeHHBIMH 3jieMeHTaMH. CpenHsisi KBaApaTHUeCKas
owH6Ka m J1060r0 ypaBHEHHOTO 3jleMeHTa B ofmieM cjaydyae MOXKeT
ObITh 3amMHcaHa B BHAE ABYX CJaracMbix

m? - ’n?lcx + m%"
rle Mucx — CpelHsAs KBaApaTHueckas OIIHOKa, OTpaKamollas BJHI-
HHe OLIMOOK HCXOAHBIX JaHHHEIX, My — CpPeldHss1 KBaApaTHyecKas
ownbka oucHUBaeMOH GyHKUHH F ypaBHCHHBIX BEJHYHH, BHIUHCJSC-
Mas 1no ¢gopmyJe

me=pA/1/Pg, (5.1)

rie p — CpelHsis KBaJpaTuueckas omiunb6ka eIuHHMIH Beca; 1/Pr —
obpaTHHi Bec Qynkuuu F. @opmyaa (5.1) npumeHsiercs AJjs pac-
4eTOB KaK Ha CTaJuH NMPOEKTHPOBAHMS reolle3WuecKoil CceTH, TakK H
Ha CTaJHH OKOHYaTeJbHOrO YPaBHHBAaHHs CETH 3a BCe BO3HHKAIO-
IHe B HeH reoMeTpHuYecKHe YCJOBHS. [PasHHIA COCTOUT TOJBKO
B crnoco6ax onpeneseHHs1 OLIMOKH €JHHHLLI Beca, Tak Kak obpar-
Hbil Bec 1/Pp B 060HX CJyyasix BBIYHCJISIETCSI OJMHAKOBO H IOJY-
yaeT OJHO M TO Xe 3HaueHWe. [Ipu ypaBHHBaHHH CeTH OLIHOKY elH-
HHULB Beca HaXO0AAT Mo ¢opMyJie

> po?
p= ,\/% . 6.2)

rie v — NOMNpPaBKH H3 yPaBHUBAHHS CeTH B HEMOCPEACTBEHHO H3Me-
peHHBle C BeCaMH p BeJHYHHB (HampaBJieHHs, DAacCTOSIHHS, a3H-
MYTH! H T. I.); 7 — YHCJIO H3GLITOYHBIX H3MEpeHHH B CeTH.

Ha craguu NpoeKTHPOBAaHHS reOJe3HUYECKON CeTH OUIHOKY eJH-
HHIBl Beca y 3aJaloT, CYHTAs], YTO ee BeJMUHHA H3BECTHA U3 HMelO-
111erocst ONbiTa NOCTPOEHHS aHAJIOTHYHBIX CeTeH.

[Tpu 3apanHOf ommn6Ke eAMHHIB Beca p 3afiaya OLEHKH TOYHO-
CTH JIIOGBIX 3JIeMEHTOB IIPOEKTHPyeMOi reoje3HYyecKoH CeTH CBO-
IUTCS K BBIYHCJIEHHIO 0OpaTHBIX BecoB 1/Pr 3Tux 3jemenrtoB. [ls
TOro 4TOGHl BBIYHCJHTb OGpaTHBIfl Bec JI0GOro 3JeMeHTa CeTH Kak
¢yHkuHH F ypaBHeHHBIX BeJIHYHH, HEOGXOANMO: COCTaBHTb ypaBHe-
HHS TIONPABOK AJIf BCeX MNOAJeXAIMX H3MEepeHHI0 BeJMuMH (Ha-
npaeJieHH#l, a3uMyTOB, [JHH CTOPOH, BKJIOYas 6Ga3HCHHE H T. 0.);
BBIYHCJHTD KO3(GHUHEHTHl YpaBHeHHH IOMPaBOK MO NPHGJMKEH-
HBIM KOOpJHHATaM IYHKTOB, ONpeJeJeHHBIM MO KapTe; YCTAHOBHTb
Bec KaxkaoH H3MepsieMO#l BeJHUHHBI; C YUYEeTOM BeCOB H3MepsieMHIX
BGJHUHH cOCTaBHTb MaTpuily A k03 (pHLHEHTOB ypaBHeHHH nompa-
BOK, a 3aTcM MepeHTH M0 H3BECTHBHIM INpaBHiaM K MaTpHie N
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KO3 @HIMEHTOB HOpPMaJIbHBIX YpaBHEHHIi; HalTH 06PaTHYIO MaTPHILY
Q=N-1, 1. e. MaTpHLy BeCOBHIX KO3((PULUHECHTOB M, HCHOJb3YS ee,
BBHIUHCJAHTb O6GpaTHHIl Bec 1/Pr KaXAOro OLIEHHBAEMOIO 3JIEMEHTa
B ceTd no ¢opmyse (5.20) uau (5.21), a 3aTeM U CpenHIO KBaj-
paTHueckylo olIHOKY (5.1) OlLeHHBaeMOTO 3JieMeHTa.

§ 27. ONPEAEJIEHHWE BECA U3MEPSIEMbIX BEJIHYHH

JlocToBepHOCTb M TOYHOCTb ypaBHEHHBIX 3JEMEHTOB Te0Je3HUEeCKOil
CeTH BO MHOIOM 3aBHCHT OT MNPAaBHJbHOCTH YCTaHOBJIEHHSI peaJib-
HOrO Beca KaXXAOH u3MepseMol BeJHuuHB. B o6uieM ciyuae Bec
KaXJ0i HeNocpeJCTBEHHO H3MepeHHOH BeJHYWHB AOJIXKEeH BBIUHC-
JATbCS MO0 popmyJie

c

p_—:. ?2-, (5'3)

rle ¢ — NOCTOsIHHAsA AJs ceTH Ge3pa3MmepHas BeJuuHHa (c=const),
ycTaHaB/iHBaeMasi JO HEKOTOPOHA CTeHmeHH NPOH3BOJBHO; G2 — JHC-
nepcusi usMepsieMoil BequuyuHH. OJHAKO AHMCIepcHsi 02 ocTaercs He-
M3BECTHOH, HalpuMep, BCJAEACTBHE HaJHYHs B pe3yJbTaTax H3Me-
peHHHl cHcTeMaTHueCKHX OMHOOK. [ToaToMy BMecTO 62 HCIOJB3YIOT
SMNHPHYECKYIO AHUCNEPCHIO m? pe3ybTaTOB H3MepeHHH.

Ha cragum npoekTHpoBaHHSI CpeAHHEe KBaJpaTHueCKHe OLIHOKH
m u3MepsieMbIX BeJHYHMH 33aJal0T C YUeTOM HMeIolIerocsi ONHTa H3-
MepeHHH TaKHX ‘BeJIHYHH B paHee NOCTPOEHHHIX Tre0Je3HYECKHX ce-
TAX. B 3TOM cayuyae Bec 3anJlaHHPOBAHHBIX K H3MepeHHIO B IIPOEK-
THPYeMO# CeTH rOpH30HTaJbHBIX HampaBJeHHH N, asuMyTOB @, pac-
CTOSIHUH § BHIYHCIAIOT N0 PopMyJiam

c c ¢
Pn = v Po= v Ps= .
s

2 2
my g, m

(5.4)

Topu3oHTa/NIbHBIE HaNpaBJIeHHs] Ha NMyHKTax reoJe3HYecKOH CeTH
Ka)kIOTO JaHHOrO KJjiacca M3MepsIoTCsl paBHOTOYHO. ITosToMy mede-
coo6pa3Ho MPHHATb C=m,%. B 3ToM cayuae dopmyan (5.4) npumyr
BH/], B KOTODOM OHH uallle BCEro MPHMEHSIOTCS Ha MpaKTHKe:

m2 m2
pv=1 Pa= —1 Ps=—p- (5.5)
mg, m;

CpenHre KBaJpaTHueCKHe OIIMOKH H3MEpEHHHIX HanpaBJeHHH,
a3MMYTOB, JJIMH CTOPOH MOXHO HafiTH pa3HBIMH COCO6aMH H IOJy-
YHTb COOTBETCTBEHHO pa3Hble 3HAUEHHs] OUIHOKHM NJs OJHOH H TOH
JXe BeJHYHHBL. HampuMep, omubKy H3MepEeHHOro yrja B TPHAHryJs-
IIMM MOXHO HafTH H3 ypaBHHBaHHS YIVIOBBIX H3MEPeHHH Ha CTaH-
UMK (m;) ¥ BHIYHCJHThL ee IO HeBSI3KaM TPEeYroJbHHKOB (Ms). B Tpu-
aHTyJsUMH 2 KJaacca cpeaHde 3Hadenusi m;=0,3" u my=0,8"; orcrona
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NOJYYHM COOTBETCTBEHHO J[Ba 3HaueHHss Beca p;=c/0,09 u p=
=c¢/0,64, pasauyarouiuecss 6ojiee yeM B ceMb pa3. AHaJIOrHYHas
CHTyallHsl BO3HHKaeT IpPH OMNpeleieHHH CPEeIHUX KBaJApaTHYECKHX
OMIHO6OK H3MepeHHHX a3UMYTOB, AJHH CTOPOH H T. . B ¢opmyaax
(5.4) u (5.5) caenmyer HCHOJB30BATH Te 3HAUEHHs CPeNHHX KBajpa-
THYECKHX OLIMGOK, KOTOpble XapaKTepPH3YIOT peaJsibHyl0 TOYHOCTb
H3MepeHHu#l YrjoB, a3UMYTOB, PAaCCTOSIHHH H T. m. DTH OWHGKH HOJ-
XKHB BHIYHCJATBCS C YYeTOM COBMECTHOTO BJIHMSIHHSI KakK CAy4aiHHIX,
TaKk H 0cOGeHHO CHCTeMaTHYeCKHX OIIHOOK H3MepeHHi. ORHAKO
3TO He BCeria BO3MOXHO K3-3a OTCYTCTBHS HeOOXOZHMOH HH-
dopManuu o BIAMSHHH CHCTEMaTHUeCKHX OIIHOGOK Ha pe3yJbTAaTH H3-
Mmepenuii. TeM He MeHee Beca M3MepeHHHX BEJNHYHH JOJKHH OHTH
onpejesieHbl C BO3MOXKHO 6oJbillefi TOYHOCTbIO, TaK KaK OT 3TOrO
3aBHCHT JIOCTOBEDHOCTb YPaBHEHHBIX 3JIEMEHTOB TIeojJe3HYecKoi
CeTH.

H3BecTHO, UTO COBOKYNHOE BJIMSIHHE CAy4YaHHHX H CHCTeMaTHye-
CKHX OIIHGOK Ha pe3yJbTaTH H3MepeHHH OJHOPOAHBIX BeJHYHMH HaH-
60Jiee MOJIHO CKA3HIBAeTCsI HA BEJHYHHAX CBOGOJHEIX UJIEHOB YCJOB-
HHX ypaBHeHuH. [lo3TOMy, YTOGH NOJYYHTHL CpefHHe KBaJpaTHYe-
CKHe OLIMOKH, XapaKTepH3ylolllue peajibHyl0 TOYHOCTb H3MepeHHH,
cjellyeT HCNOJb30BaTh HEBSI3KH (CBOGOAHHEIE UJIEHH) YCJIOBHBIX
ypaBHeHHH.

B TpuaHryasiuuu cpefHIOI KBaApaTHUYECKYI0 OLIHOKYy H3MepeH-
HOTO yrjla BHYHCJSIOT N0 HeBS3KaM TPEYroJbHHKOB, HCIOJAb3YS
tdopmyay Deppepo

m= ,\/ Zal 6.6)

F€ n — YHCJIO HEBSA30K  TPEYTrOJIbHHKOB,

CpellHsis KBaJpaTHueckas OIIM6KAa H3MEpeHHOTro HanpaBJIeHHS
paBHa

my=—— (6.7)

«/2

HOnsa ompenenenuss my ¢ omu6roi nopsiaka 10 % Heo6xoauMO
HCTI0JIb30BaTh HeBsI3KM He MeHee 25—30 TpeyroJbHHKOB, 4YTO clie-

AyeT u3 NpHOJHXEHHOH (OPMYJH AJisl ONpefleJeHHs OLIHOKH Mgy
caMoil omH6KH

m

My = —— .8)
A2@n—1)

Tlle N — YHCJIO H3MepeHHH, T. €. HEBS30K TPEYrOJbHHKOB B HaHHOM
cayyae.
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[Ipu cBeTo- ¥ paiHMOAAJbLHOMEPHHIX H3MEDEHHSX pacCTOSHHM
CPEIHIOI0 KBaJpaTHUECKYIO OIIHOKY s H3MEPEHHOr0 PacCTOSHHS §
BBIYHCJIAIOT 06BIYHO 1O (opmye

mg= (ao + als)’ (5 -9)

rlie do H Q; — 3MIOHpHYeCKHe KOo3(PouuueHTH. OHH YKa3HIBAaKOTCS
B macmopTte npubopa, a ONpefensloTcss u3 06paGOTKH H3MepeHHH
pacCTOsIHUH pasHOH AJIHHH Ha 3TaJOHHOM mHojHroHe. OLHaKoO Mpak-
THKa IOKa3blBaeT, YTO peajibHas TOYHOCTb H3MepeHHH pacCTOSHHI
HaJieKa OT BeJUYHHBI, IoJyyaeMol 1o ¢popmyne (5.9).

Hau6osiee pnocroBepHOoe 3HaueHHe cpeJHeH KBaJpaTHYECKOH
OIUHOKH H3MEepeHHs1 PACCTOSIHHH B CeTAX TPHJAaTepalyH U B JIH-
HEeHHO-YIVIOBHIX CETSX MOXKHO BBIYHCJIHTb MO CBOOGOAHBIM YjIeHAM ®
YCJIOBHHIX ypDaBHEHHMH IEHTPaJbHHIX CHCTEM M TeOfe3HYeCKHX ue-
TblpexyI‘OJIbHHKOB c H3MepeHHbIMH B HHX JJIHHaMH CTOpPOH:

2
meA [ L (z_};) (5.10)

rae m;—cpemmﬂ KBajJipaTHyecKas OMIHGKa H3MEpeHHS CTOPOHHI

cpenHelt nauHH s= (Zs;)/n; k—uHcI0 CBOGOAHHX UJIEHOB
(£A?); —cyMMa KBaZpaToB KO3((HUIHEHTOB YCJIOBHOTO YypaBHEHHS
{-r0 re0Jile3HYECKOT0 YeTHPeXyroJbHHKa HJH LEeHTPaJbHOH CHCTEMHL.
Has nonyuenus m; ¢ omubkoit mopsiaka 10 % TpeGyercsi He MeHee
25—30 HeBS30K ;.

Eciyu M3BeCTHH My IJsi CTOPOH CPENHEH IJIMHH, TO OLIMGKH

Ms(iy LJSI CTOPOH APYrof JJIMHHL S; MOXHO ONpeleJuTb No (opmyie

St
m, =< M. (56.11)

®opmyas (5.10) u (5.11) naloT HecpaBHeHHO GoJiee TOYHHIE
pesyabTaThl, ueM ¢opmyaa (5.9), nosToMy HX ciefyeT NPHMEHSATH
NpH BHUHCJeHHH 10 ¢opmysam (5.4) uau (5.5) Beca H3MepeHHBIX
CTOPOH.

CpenHOl0 KBaJpaTHYECKYIO OIIHOKY OmpejesieHHs aCTPOHOMH-
YeCKHX a3WMYTOB Ha NMyHKTax Jlamjaca BBIYHCJSAIOT OGHIYHO 1O OT-
K/IOHeHHsIM 3HaueHHH asuMyTa B MpHEMaX OT €ro CPelHero 3Haue-
HHsl. BeswyMHa T0JyueHHOM TakuM o6Gpasom omu6kiH m<<0,5”
3HAYHTEJbHO OTJIHYaeTcs OT ee peasbHOro 3Hauenus. bBoJee ToyHOe
3HayeHHWe cpelHeli KBaJpaTHUeCKOH OIIHGKH a3MMYyTaJbHBIX OINpe-
OeJeHHH Ha NMyHKTax Jlamjaca MOXHO NOJIyYHTb, BBIYHC/SAS €€ IO
pacxoxpueHusiM d B3auMHO OGpaTHHX a3HMYTOB, T. €. 1O CBOGOA-
HEIM ujeHaM ycjaoBusa Jlamnaca [8]

ma=,\/2d‘ : (5.12)
2n
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rae A —4ucJo pasHoctell d; B cpelHeM m, = 1,07, 4TO AOCTAaTOUHO
XOpOLIO corjacyercsi ¢ APYTHMH OleHKaMH, NOJyYeHHBIMH, HamnpH-
Mep, NPH YPaBHHBAHMM OOGUIMPHBIX 6JOKOB acCTpPOHOMO-reoje3uyec-
koit ceth CCCP (mq=~1,2"). ‘

Bonpochl HageXXHOH OLleHKH TOYHOCTH H3MepeHHH KaXKAoi 6a-
3HCHOH CTOPOHBI M KaXIOro a3uMyTa Ha myHkrax Jlansnaca (He no
CXOJMMOCTH pe3yJbTaTOB H3MepeHHiI B MNpHeMax) HYyXAawTcs
B JlaJbHeHIlIeM H3yYeHUH M pelleHHH.

§ 28. BBIYMCJIEHUE OBPATHOI'O BECA
U CPEJHHUX KBAAPATHYECKHX OLIHBOK
YPABHEHHBIX 3JIEMEHTOB rEOJE3UYECKOHA CETH

BriyvcieHHe 06PATHOTO BeCa ypPaBHEHHLIX 3JEMEHTOB \

Ha craguu npoekTHpOBaHHS reoje3HYeCKOH CeTH, KOrja ele He
BBEITIOJTHEHBl M3MepeHHsl, HO Beca H3MepsieMbIX BEJHYHH YXKe yCTa-
HOBJIEHBl, 3a1a4y OmpejejieHHss 06paTHOrO Beca OILEHHBAEeMBIX 3Je-
MEHTOB peLIalT cJaeAyUHM o6Gpa3oM. I'paduueckuiéi mpoekT reo-
Jle3HYecKOH CeTH HaHOCAT Ha TonorpadHueckylo KapTy AOCTaTOYHO
KpynHoro Macuta6a, Ha KOTOPOH NOKAa3HBAlOT HCXOAHblE H oIpe-
neJsieMble MyHKTHl, a TaKXe BCe H2MepsieMble BEeJHYHHBI: TOPH30H-
TajbHble HanpaBieHuss N, a3UMyThl CTOPDOH @ H JAJHHB CTOPOH §
(6asucHple u pspoBee). Ilo KapTe ompenensioT NPHOIHXKEHHBIE
KOOpJAHHATH X, Y (B M) Bcex NYHKTOB CeTH (HCXOAHBIX H ompefe-
JsleMbIX) H COCT&BJSIOT KaTaJor NpHOJHIKEHHBIX KOOpIHHAT
NYHKTOB.

OGpaTHBEIfi Bec ypaBHEHHBIX 3JI€MEHTOB CETH BBIYHCJSIOT, HC-
NOJIb3ysl aJTOPHUTM NapaMeTPHUECKOro cnoco6a ypaBHHBaHHSI reo-
Ne3MYecKHX ceTedl Ha MJOCKOCTH. [l 3TOro cOCTaBJSIIOT CHayaJja
IJisl BCceX H3MepsieMHIX BEJHYHH COOTBETCTBYIOLHEe YpaBHEHHS IO-
NPaBOK, KOTOPHIE HMEIOT cJefyIoluf BHA:

IJIsl M3MepsieMBIX HampaBJieHHi

Uik () = — 82— an8; — bun; + anke + biene + Lie vy (6.13)
IJISl H3MepSieMHIX a3HMYTOB

Uik (@) = — @kl — b + @b +bieme + Lk oy (5.14)
IUIST u3MepsieMBIX PacCTOSTHHH

Uik (s) = — Curbi— e -+ CupBr + dire +Lie (o) (5.15)

rae i, k—HoMepa NyHKTOB; §2; — NonpaBKka B OpHEHTHpPYMOLIHH
yroJ Ha i-oM NYHKTe; &, 1 — MONPaBKU B NPHOJHKEHHBIE a6CIHCCHI
Y OpIHHATHl ONpejessieMhlX NYHKTOB, AM; a, b, ¢, d— ko3dpodu-
LUHEHTH], BHIYHC/IsieMble MO NPHOJHXKEHHBIM KOOPAHMHATAM NYHKTOE;
lih — cBOGOAHHE UJIeHb ypaBHeHHil MONPABOK.

Ilna onpenenenust 06paTHbIX BECOB YPABHEHHBIX 3JIEMEHTOB CBO-
GonHBIe uJIeHbl ypaBHEHHH MONPABOK He TPEBYIOTCS.
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Koadduuuents npu mompaskax 8z; pasuel (—1); Kosdduuu-
eHTHl a, b, ¢, d BHuHCAAOTCS MO GopMysaM, KOTOpble AJSI BBIYHC-
Aennit Ha DBM npeo6pasyioT K BULY

aik = —-M: —20626,5 i;

10sze Ax% + A,
b= + L% _ 4 90696,5 — A¥ik (5.16)

10z Axfy -+ Ayl
Cop =08 QU = ——— 2k,

Axj, + Ay,
) A

dlk =S8N ;= Yik ’ (5. 17)

A/ Axgy, + Ay,

riie MPHPAUIEHHS KOOPAHHAT AXip=Xp—X; U AYir=Yp—Y:; U MJHMHH
CTOPOH S;; BBIpaXKeHH B MeTpax; p=206 265".

Ilns toro 4TOGH yMEHHIIHTb OO6BbeM BBIUHCAHTENbHHX pa6or,
COCTaBJISIIOT TaK Ha3hiBaeMHle peJ YL HPOBaHHEE HOPMAJb-
Hble YDaBHEHHS, B KOTOPHX NONPAaBKH 62; K OPHEHTHPYIOLHUM
yriiaM Ha CTaHUHUSX HCKJIIOYeHH. C 3TOH Ie/bl0 HAa KaXXJOM NYHKTe
ypaBHeHHs (5.13) 3anucmBaioT 6e3 nomnpaekH 82;, NpuUHAB p=1,
3aTeM COCTaBJISIIOT CyMMapHOe ypaBHeHHE, paBHOE CyMMe TaKHX
ypaBHeHHH Ha NyHKTe BecOM p= —I1/n, rie n— 4HclIO0 HampasJe-
HUHA Ha MyHKTE.

K ypaBHeHHSIM nomnpaBOK HampaBJ/ieHHH, BKJIOYas CyMMapHOe,
COCTaBJIeHHHIM Ha BCeX NMYHKTaX, Ha KOTOPHX 6YIyT BHIIOJHSTbCS
yIJOBHE H3MepeHHs,, NMPHCOeNHHSIOT ypaBHeHHs momnpaBok (5.14)
I Uu3MepseMBIX a3HMyTOB H YypaBHeHHs nonpaBok (5.15)
AJs. u3MepsieMbIX paccrostHuifi. HMcrmosb3ysi Bce 3TH ypaBHeHHs, cO-
CTaBJSAIOT 06LIyI0 A5l ceTH MaTpuny A Koa(d¢duiHeHTOB ypaBHeHHH
MONpaBOK. 3aTeM COCTABJSIOT COOTBETCTBYIOILYIO 3THM ypaBHEHHSM
JAMaroHaJIbHYI0 MaTpHLy P BecoB ypaBHEHHH MONpPaBOK H MO H3-
BECTHHIM MpaBHJaM MeToJa HaHMeHbIIHX KBaApaTOB IMepPeXOomsT
Kk Matpuue N ko3¢ dHiHeHTOB HOpMaJbHHX YpaBHeHHA

N=ATPA, (5.18)
rie AT — TpaHCNOHHPOBAaHHAsl MaTpHIA.

Ha 3BM Haxoasit o6patHyio Matpuuy N—!'=Q BecoBHX KO3(-
¢dunresToOB

Qu Q2 . .. Qm |}
N-1—Q— Qu Q2 ... Qn ’ 5.19)
lle sz e oo Qum
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rje m-—4HCJO MONpPaBOK KOOpAHHAT §, 1, PaBHOC YABOCHHOMY
4HCJly ONpeAessieMblX MYHKTOB.

Ecan Marpuma Q BecoBbIX KO2((HLIHEHTOB ONpeleseHa, He-
TPYAHO BBIYHMCJIUTb OOpaTHHIH Bec JIO60r0 ypaBHEHHOTO 3JIEMEHTa
reogesnueckoit cetu. O6paTHble Beca abcuHcC X; ¥ OPAHMHAT Y; OIN-
pelleiieMBHIX NYHKTOB C HOMepaMH i paBHH AHaroHajJbHBIM 3Jle-
MEHTaM MaTpHUBl Q NPH COOTBETCTBYIOIIHX NONpaBKaX KOOPAHHAT
Eium, T e

1
P =Qi+1, {41 (520)
Y

OG6paTHuifi Bec IHPEKIHOHHOTO yrja @ W AJHHH CTOPOHH S,
coeluHsIOIIeH MO6KE NYHKTH { U B reofle3MYecKOd CeTH KaK CMeX-

HBle, TaK U YHaJeHHHE ADPYr OT ApYyra Ha 3HaYHTeJbHOE YHCJIO Tpe-
YTOJIbHHKOB, BRIYHCJSIOT IO (opmyJie

1
55 = (6-21)

rae f — BekTop-cTOJIGen KO3(dHIHEHTOB BecoBoRt ¢yHKiuuH F,a fr—
TPAHCNOHHPOBAHHHA BEKTOP-CTPOKA; Q;—p— 3JEMEHTH BeCOBOW
MaTpHIH Q, OTHOCSIIHeCS K TMONPaBKaM KOOPAHHAT JaHHHX MYHK-
TOB I H k.

BecoBue ¢ynkuun F, paupekuuoHHoro yria u Fs NJIMHH cTO-
POHBI, coefuHsIONIell NYHKTH i U R, 3allHCHBAIOT B BHUAE YpaBHeHH#
nonpaBok (15.14) u (15.15) cooTBeTcTBeHHO, HO 6€3 CBOGOAHBIX
YJI€HOB:

Fo= —au&i—buny + anke -+ bune (5.22)
Fi= —culi—dun+ cule +dune (6.23)

rae ko3bduuuenTH a, b, ¢, d BuuncasoT no dopmynam (5.16) u
(5.17), wucnonb3ys npuGiHMKEeHHHE KOOPAMHATH NYHKTOB.

Ilnst BecoBbix Gynkuuit F, u Fg BextTopn [=f, ¥ f=f; umetor
BHJI

—Qyp, —Cq
—by —di

fam=| o |5 Fa=| _ |. (5.24)
L b die j

Matpuna Q;—r ¢opmupyeTcss M3 3/€MEeHTOB OOLIedl MJsi CeTH
MaTpuin Q BecOBHX KO3((HUHEHTOB H IJ1s1 H36pAHHHIX MYHKTOB i
u k MOXer GHTb 3amucaHa B BuAe [23]:
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Quie;  Qrigp Qi Qe

Q Qyixi Qyiyi Qy,;xk Qytyk 5 25)
ik = ’ ( .
kax,‘ kayi kaxk kayk

Q!/ kXi ka.‘/ i Q.‘:’kxk Q.’/kyk

TA€ Xi, Yi, Xk, Yy» — KOODAHHATH NYHKTOB [ U R, B KOTOpble U3 ypaB-
HHBAHHS CeTH ONpeeJsIOTCs NMONPaBKH &;, Mi, &k, N

Ecau B BolpaxKeHusix (5.22) uaum (5.23) KOOpAMHATH OAHOrO H3
NyHKTOB, HalpHMep NYHKTa i, SBJSIOTCS HCXOAHBIMH, TO MOINpPaBKH
Ei, M; He ONpeNeNsT W NMPHHHMAIOT PaBHEIMH HYyJI0 (Ei=m;:;=0).
B stoMm cayuae Beipaxenus (5.22)—(5.25) cymecTseHHO ympolna-
I0TCS.

Boiunciiense CpeiHNX KBaipaTHYECKHX OIIHOOK
YPaBHEHHBIX 3JIEMEHTOB

Hcnonb3yst 3afaHHOe 3HaueHHe OIIHGKH eIWHHLH Beca p M BH-
yHcJHB obpaTHhe Beca 1/Pp ypaBHEHHHX 3JIEMEHTOB, HafAeM IO
dopmyde (5.1) pacueTHble 3HaueHHs CPEIHHX KBaApaTHYECKHX OLIH-
60K 3JIeMEHTOB IPOEKTHPYEeMOH reofe3nyecKoi ceT:

abCLHCC U OpPAHHAT MyHKTOB

my=puAQus my;=pAQu, s (5.26)
IHPEKLHOHHBIX YIJIOB CTOPOH M JHaroHaJei

Mo iy = R 1/ Po rys (6.27)

JUIMH CTOPOH H AuaroHajef

ms(tk)'—‘l’«'\/l/Ps (k) - (5.28)

[TpuMepH OLEHKH TOYHOCTH YpaBHEHHBIX 3JIEMEHTOB C BHIYHCIe-
HueM Ha OBM MaTtpuubl Q BecoBHX K03 hHIHEHTOB AJs ceTel TPH-
aHryJSILHH, TPHJIATepalUHd H JIHHEHHO-YIVIOBBIX JaHH B INPAaKTH-
KyMe mno BHcLIef reoge3un [23]. B ToM ciayuae, eciu OWIHOKH HC-
XOAHBIX JaHHBIX HW3BECTHH, HX BJHsHHe HeoO6XOJHMO YyuecTb
IOTIOJIHUTEJbHO.

§ 29. AMPHOPHAS OLLEHKA TOYHOCTH
TEONE3HYECKHUX CETEA C MOAEJHPOBAHHEM
PE3YJIbTATOB U3BMEPEHHHA HA 3BM

[Ipu BbuucieHusix Ha OSBM mnpeaBaputeibHylo (anpHOpHYIO)
OlleHKY TOYHOCTH reole3HYecKO#l CeTH HepelKO BHIMOJHAIT TakK Xe
KaK Ha 3aKJIIOYHTeJIbHOM 3Tale ypaBHHBaHHS CeTH NapaMeTpHue-
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CKHM cnocoGoM ¢ TOH JIHLIb pasHHILeH, YTO BMECTO H3MEpEeHHBIX Be-
JIHYHH HCIOJBb3YIOT MX pacueTHhle 3HAUeHHs, HCKa*KeHHBbIE cayyai-
HBIMH OIIMOKaMH, MNOJYYeHHBIMH MoJejupoBaHHneM Ha DBM. 3a-
Jayy pelllaloT cielylomHM o6pas3oM. PaspaboTaHHBIH rpadHyecKHit
[IPOEKT reoje3HYecKOfl CeTH HAHOCAT Ha TomnorpadHyeckyl KapTy
naufoJjiee KPymHOro MaciuTaba M NMOKAa3HBAalOT Ha Hell HCXOLHHE H
ompefeJsieMble NMyHKThl, asuMyTH Jlamjaca, GasucHele W Jpyrue
CTOPOHHBI, KOTOpHIEe CJelyeT H3MepHTb. 3aTeM pa3pabaTnBaiOT Ta6-
JIMIB JJI 3allHCH BCeX H3MepsieMhIX BeJHYHH, B TOM YHCJe TOpH-
30HTaJIbHEIX HampaBJeHHH HJH YIJOB, a3HMyTOB Ha myHKrax Jlam-
Jaca, a TakXe 6a3HCHHX HJIH APYTHX CTOPOH ceTH. UHcioBble 3HaA-
UeHHS 3THX BEJHYHMH MOJydaloT ciaenylomuM obpasom. ITo kapre
Haubosee KpynmHoro maciutaGa oOmpezessioT KOODAHHATHl BCeX 3a-
[IPOEKTHPOBAaHHKX B CETH NYHKTOB H, HCIOJb3Yys HX, pellalT 06-
paTHble reoje3nyecKHe 3aJayd [0 BCeM CTOpDOHAM ceTH. M3 pelie-
HHSl 3THX 3aJay HaXOAAT AJHHH S’ M AHPEKLUHOHHBIe YIJB o’ BCeX
CTOPOH, KOTOpDHE TOYHO COOTBETCTBYIOT 3afaHHEM KOOpPAHHAaTaM
NYHKTOB. 3aTeM, HCHOJb3Yys NATYHK WM TaGJHIbl CAyYyadHBIX YH-
ceJl, BRIYHCAAIOT Ha DBM B0o3MOXHHeE OIINOKH U H3MepPeHHHX Hall-
paBJleHHH, NPHBOJAsILINE K 3aJaHHOK B NpoeKkTe OIIHGKe eNHHHLBI
Beca p. 3ateM OWHOGKH U BBOASAAT B BBIUHCJIEHHHE 3HauyeHHS
JAHPEKLHOHHHX YIVIOB M TAKHM 06pa3oM NOJy4aloT CBOAKY <«H3Me-
peHHBIX» HanpaBieHu#i N=N’+vy. AHajsornyneiM o6pa3oM Haxo-
IAT 3HAUEHHs] <H3MEePEeHHHX» a3UMYTOB (ZHPEKLHOHHBIX YIJIOB)
o=a’'+07, a TakKe 3HaYEHHS <H3MEpPEHHHX» NJHH CTOPOH S=
=s'+vs. BceM «u3MepeHHHIM» BeJHYHHAM MNpPHAAIOT Beca p, BH-
yucasieMbie o ¢popmymnam (5.5).

Tenepb, uCHOJNB3ysi KOOPAHHAThl HCXOAHHIX NYHKTOB (OHH yXe
onpenelNeHH MO KapTe) H MOJyYeHHHIe YKa3aHHHEIM BhILIE COCO60M
«H3MepeHHHle» HanpaBieHHss N, a3MMyTH o M AJHHBl CTOPOH S,
COCTaBJSAIOT ypaBHeHHs mompaBok (5.13)—(5.15), HO Temepp yxe
¢ 06si3aTeIbHBIM BHIYHCJIEHHEM CBOGOAHBIX UJIEHOB [;x, a 3aTeM CeTb
YPaBHHBAIOT NapaMeTpPHYECKHM cloco6oM. B pesysnbTaTe BHUHCIIE-
HUH HaxoHsIT OWIHGKY eJHHHLH Beca p (OHa AOJXKHA OHITh paBHA
WM TIOYTH paBHA ee 3HAUEHHIO, NPHHATOMY IpH MOJAEJHPOBAaHHH
oun60K M3MepeHHit), NosyyaloT MaTpHLy Q BeCOBHX KO3(hdHLHEH-
TOB, BBIYHCJIAIOT OOpaTHBIA BeC 1/Pr YypaBHEHHBIX 3JIeMEHTOB,
a TakXe HX cpellHHe KBaJpaTHyeCKHe OIUHOKH M.

Heo6xonuMo OTMeTHTb, YTO MOJIENHPOBAaHHe OLIHGOK H3Mepe-
HUH U ypaBHHBaHHE CETH BHIIOJHSIOT MHOTOKPaTHO (He MeHee 15—
20 pa3) u M3 NOJy4YeHHHX 3HAaueHHH OJNHOMMEHHBIX OIIHOGOK ypas-
HeHHBIX 3JIeMeHTOB HaXOJsT CpejHee.



§ 30. OLEHKA TOYHOCTH TPHAHIYJSALLHH

Mno NMPUBJIU)XEHHBIM ®OPMYJIAM

K HacrosimieMy BpeMeHH MNOJy4eHO MHOXKECTBO pasHBIX MO ¢opme
H TOYHOCTH MNPHOJHKEHHHX (OpPMYJ alpHOPDHOH OLIEHKH TOYHOCTH
pas/MYHBHIX 3JIeMEHTOB TeoJe3HYeCKHX ceTeH, CO3JaBaeMBIX pas-
HBIMH MeTOAaMH. DOJBLIMHCTBO H3 3THX (POPMYJ OTHOCHTCS K CXe-
MaTHYECKHM TreOJle3HYeCKHM IIOCTPOEHHSIM, COCTOSILIHM, HampHMeD,
M3 PaBHOCTOPOHHHX TPEYroJbHHKOB, BHTSHYTHX XOLOB C OAMHa-
KOBBIMH [JIMHAMH CTOPOH M T. . TeM He MeHee, KaK 0TMeyaJoch
Bhillle, MHOTHe NpHO/HXeHHHEe GOPMYJH A0 CHX NOp He NOTepsiH
CBOEro 3HaueHHs] M HMEIOT BaXKHOe MEeTOAHMYEecKoe W IPAKTHYeCKoe
3HayeHHe.

IToaToMy BOCHOJIb3yeMcsi HEKOTODHIMH MPHONHXKEHHHMH (QOpMYy-
JlaMHu AJs Toro, yto6n JAaTh NpeACTaBJEHHE O TOYHOCTH IOCTpOe-
HHS TOCyNapCTBEHHOM reoje3MYeCKOH CeTH CTpPaHH, CONOCTaBHTb
MeXay co60H MmO TOYHOCTH  pasHHe  MeTOAH  IOCTpoe-
HHSl Te0Jle3HYEeCKHX ceTelf, a TaKXKe pacCMOTpeTb PSA APYTHX BaX-
HBEIX JJIS1 IPOH3BOACTBA BOIIPOCOB.

Psagu TpHaHryasuMH 1 kaacca. Takue psaaH o6pasyloTcss H3
3BeHbeB Kaxjoe aauHo# no 200 kM. Ha oboux KOHLIAX KaXAoro
3BeHa H3MepsAITCs Ga3HCHHE CTOPOHH b;, by M OmpenessloTCs asH-
MYTH 3THX CTOPOH a; H oy (pHc. 37). BBeseM HekoTOpHE 0003Ha-
YeHHs, KOTOPHMH OyAeM IOJb30BaThCs B JajbHeHIIeM: S; — CBS-
3ylouiHe CTOPOHH (OGIIHE AJIsT CMEXHHX TpPEYroJbHHKOB); Ci—
NPOMEeXYTOYHbIE CTOPDOHH TpEYroJbHHKOB; A; B;— cBasymoomue
YIJIH, Jiexalliue MPOTHB CBA3YIOMHKX CTOpOH; C — MpoMeXyTOuHHE
yraw; L — njuHa AHaroHajii 3BeHa MeXJAy ero KOHEUHEIMHM NYHK-
TaMH.

[Tycte M —cpeansss kBajpaTHuecKasi OIWHOKa onpejpeeHHs
II0JIOKEHHSI KOHEYHOro NYHKTa YpPaBHEHHOTO 3BeHa OTHOCHTEJbHO
ero HavajJbHOro myHkra. Omm6ky M mnpeiacTaBHM B BHAE CyMMBI
IBYX COCTaBJISIIOIIHUX: My — BAOJb 3BeHA H Mg — INepNeHAHKYISIPHO
K 3BeHy. B 3ToM cayuae

M=A/m}+ m’. (5.29)
OwubKy my NPHHATO HA3BIBATh NPOJOJBHHIM CIABHTOM 3BEHA,
a OIIHGKY mq—NONCpPEeuYHBM CHABHTOM.

IlonycTyM, yTO 3BEHO TPHAHTYJSLHH ¢ 6a3HCaMH H a3HMyTaMH

Puc. 37. TIpofoabHEfl H MOMepeyHkblfi CABHI 3B€HA TPHAHTYJALUH
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Ha ero KOHI[aX COCTOHUT M3 PaBHOCTOPOHHHX TPEYroJIbHUKOB H ypaB-
HEHO IO HAamnpaBJeHHsM 3a ycaoBHs ¢uryp, 6a3HcOB U a3HMYTOB.
B TakoMm 3BeHe cpelHssi KBaApaTuueckas ouinGka JiorapHpma cssi-
3yollei CTOpOHH (B eIHHHIIAX LIECTOr0 3HaKa Jorapugma) paBHa

2
m —_
Mg s @) = '\/ Ll +3,15m? L}\/ﬂ . (5.30)
OTHocHTe/IbHYIO OIIKOKY HailieM 1o ¢opMmyle
i BT £ M — (5.31)

s M-10%  434300/migs

Cpennsis KBajapaTHYecKasi OLIMO6Ka a3HWMyTa CBs3ywoLle# cTo-
POHH, NepelaBaeMOro MO XOAOBOH JHHHH (NOKa3aHAa MNyHK-
THpPOM Ha pHc. 37), paBHa

2 2 2
. m m . (5k+6)]
mm--a\/ o [errin ST ] 5.3

IIpogonbHbIfl # MONMEpeYHBl CABHTH TAaKOTO 3BeHAa BHIYHCJSIOT
no opmysam:

L 2 2n2 —3n+10 m?

My A Dby 2 TAD W (5.33)
A2 b2 9n p2
__ L g m4+2n412

. —p\/f /\/mA+ — m?. (5.34)

B ¢opmynax (5.30) — (5.34): N —uuci0 TpPEyroJbHHKOB
B 3BeHe; k— HOMep TpeyroJbHHKa, K KOTOPOMY OTHOCHTCSI OLl€HH-
BaeMasi CTOPOHA; 1 — YHCJO NPOMEXYTOUHBLIX CTOPOH B AHACOHAJH
3BeHa L=nS; m, ma, ms/b—cpeiHue KBaApaTHYECKHE OIIHOKH
M3MepeHHsl YTIJOB, a3uMyTOB Jlamiaca M Ga3sHCHHX CTOPOH COOT-
BeTcTBeHHO. OIIHGKH JorapupmoB 6a3UCHHIX CTOPOH Mgy H CBSI-
3YIOUIUX CTOPOH Mig s BHPaXKeHH B eAMHHIAX LIECTOTO 3HaKa Jora-
pudmMa.

BeyncauM N0 3THM  (opMysnaM CcpeHHe KBaJpaTHUYecKHe
omM6KH 3JeMeHTOB 3BeHa (cM. pHc. 37), COCTOSIIEro M3 paBHO-
CTOPOHHHUX TPEYTOJbHHKOB: B KOTOpoM L=176 kM, s=22 kM, N=
=16, n=8, k=8, m=0,7", my/b=1/400000 wuau mge=1,1 en.
6 3Haka lg; ma=1,1".

Cpenuss . KBaipaTHyecKasi OMMOKa CBS3yiomeH CTOPOHH B CepelHHe

S3BEHA Mgy M = « « « « o o o o o o o o o « e e e e e e e e e 0,13
OTHOCHTENIBHAA OMHOKA MelS .« o o o o o o o o o o o v o v o o . 1/167 000
CpenHsasl KBajipaTHuecKasi OIIHOKa aanmy'ra cpefHell CTOPOHH 3BeHa

MAGR) + « « « o o = o o o o v o o s e e e e e e e e e 1,17
[TpORONLHEIL CABHT 3BEHA ML, M« « « « « « = o « o « o + « « . 0,62
TMomepeuHHIl CABHT 3BEHA Mg, M o « « « o o o o + o o« o« . .« 0,76
O6muit cuBHr 3BeHA M, M . . . . . . ¢« . o 0 e o e 0,98



8 Puc. 38. Cxema CIJIOIIHOM CeTH TPH-
aHTYJAUMH 2 KJjacca H3 DaBHOCTOPOH-
HHX TPEYTrOJbHHKOB C M3MEPCHHHIMH
a3uMyTaMH M O6a3HCHBIMH CTOPOHAaMH

AAAAAAA
VANNNNNAN/
AVAVAVAV/ VA AVAVAV
VAVAAVAV/AVAVAVAVA
\NNNANNANN/

v \/\/\/\/\/\/
VVAVNVAANN

CnyiomiHbie ceTH TpPHAaHryJsiMH. BompocaM OLEHKH TOYHOCTH
CIJIOIIHHIX CeTefl TPHAHTYJSLHH 2 KJacca, 3alOJHSIOIHX MOJHIOHH
TpuaHryJasuud 1 kiaacca pasmepamu 200X 200 kM, NOCBSILEHBI
obcrosiTeNbHble HccefoBaHusi mpodeccopa A. M. [lypHeBa, mpo-
¢deccopa K. JI. TIpoBopoBa, BUAHHX AesATejeH reofe3HYeCKOro Mpo-
usBoactea C. I'. Cynakosa, [I. A. Jlapuna u ap. Hauboabliee pac-
npocrpaHenue mnoayuuau ¢opmyas K. JI. TIpoBopoBa, KOTOpHIMH
MBI H BOCIOJIb3yeMcs.

ITpuBenenHsle Huxe ¢opmynan (5.35)—(5.39) noayueHn ags
CIVIOIIHBIX ceTefl TPHAHTyJALHMH 2 Kjaacca, cocrosumux u3 100—
300 nyHKTOB B KaxJo# (puc. 38), ypaBHEHHHX KakK CBOOOAHHE IO
yriaM 3a ycaoBHs (uryp, rOpH3OHTOB, MOJIOCOB, IHPEKIHOHHBEIX
yraoB u 6a3ucoB, mpuyeM Ge3 yuyeTa OLIMOGOK HCXONHHIX a3MMYTOB
1 6a3HCOB.

Hccnepoanus K. Jl. T[IpoBopoBa nokasa/u, 4To MeXAy ypaB-
HEHHBIMH 3JIeMEHTaMH B CIIJIOIIHOH CeTH TPHAHTYJALHH 2 KJacca,
cocTosilieli H3 PaBHOCTOPOHHHX TPEYTOJbHHKOB, HMEIOT MECTO clie-
AYIOLIHe NPOCThle COOTHOMIEHHS

= = y

s P L 4

oo Mo ML M (5.35)

M3 KOTOPHIX CJEAyeT, YTO OTHOCHTEJbHble OLIHGKH CTOPOH Mis/S
TPEYroJbHHKOB pPaBHBI OIMOKAaM IHPEKIHOHHBLIX YIJIOB 3THX CTOPOH
mylp, BHIP2XKEHHHM B pajMaHHOH Mepe. STO OTHOCHTCS H K OLIHMO-
KaM auaroHajedf L, COeAHHSIONINM HeCMeXHhie MyHKTHL
[IponosibHBI CHABHT my KOHIA. JIOGOH AHaroHaau L oTHOcH-
TeNbHO ee Hayaja paBeH MONEPeYHOMY CABHTY H BBIUHCJAsSETCS IO

dopmyne

my=m,—=-"TL, (5.36)
P
riae ou.m61(a My HanpaB.neHm; JHaroHaJu L paBHa
n? — 3n- 50 n2—5n-1 80
Mr=m _ . 5.3
B ’\/ 45n 70N (6-37)
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3nech m —cpelHsss KBaJpaTHuecKas OLUMGKH HIMepeHHs Yr-
JIOB; N — YHCJIO TPEyToJibHHKOB B LeNOYKe MeXJy KOHEYHBIMH TOY-
KaMH nuaroHaau L; N —cpenHee UHCJIO TpeyroJbHHKOB MeXALY
6a3HCHBIMH cTOpoHaMH B cetH. IIpu n=N=24 u m=1,0" nonyuum
mp=mqy=0,44 M. ®opmyna (5.37) cnpasennuBa mpu n<N.

B cnJoiHOi ceTH TPHAHTY/SILHKH C TPEYroJlbHHKaMH TPOH3BOJIb-
Ho#t dopmbr (¢ yraamu ot 30 mo 110°), ypaBHeHHO#H mo yriam 3a
Bce BO3HHMKAIOLINE B Heil reOMeTPHYECKHE YCJIOBHS:

CpellHssl KBajJpaTHyecKas OIUHGKA JAHPEKLHOHHOTO yrJja CTo-
POHH B CpeJHeM paBHa

g = 0,16m A/N—6,5 1 48¢ ; (5.38)

CpelHss KBajpaTHueckas ollM6Ka Jorapugpma cTopoHH (B 6-oM
3Hake) Oyzer

g s =0,35m 4/N —6,5 1 48¢, (5.39)

rie m—cCpefHsisl KBaJpaTHueckasi OUIMOKa M3MEPEHHOro YIJa;
N — cpeliHee YHCJO TpEYroNbHHKOB MeXAy Ga3HCHBIMH CTOPOHaMH
B CeTH; MapaMeTp { BRIUHCJseTCs: 0 hopMyJe

f— (%)N/‘f _(%)(NH)-H (5.40)

HJIM HaXOJAHUTCsl IO apryMeHTy N (Ta6u. 9).

@®opmyasl  (5.36)—(5.39) nmalT mnpeyMeHbllleHHblE 3HAYeHHS
CpeIHHX KBaJApaTHYeCKHX OIUHGOK, NMOCKOJbKY He YUYHTHIBAIOT BJIH-
eHHe OLIHOOK H3MepeHHs a3HMYTOB m,4 H OIIHOGOK H3MepeHHs Ga-
3MCHBIX CTOPOH Migp. C yueTOM 3TOro BAHSIHHSI GoJiee TOUHBIE 3Ha-
YeHHS OLIHGOK Mg H Migs OYAYT paBHHI

A
Mo=A[ 2 4 mi; (6.41)

m?gb 2
Migs= o+ Migs (5.42)

rae me U Migs BHUHCAsAIOTCS N0 ¢opmyaam (5.38) u (5.39).

Ta6auupa 9

N t N t

11 0,138 18 0,043
12 0,117 19 0,036
13 0,100 20 0,031
14 0,084 21 0,026
15 0,072 22 0,022
16 0,060 23 0,018
17 0,051 24 0,016
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JlonmycTuM, 4TO B CIJIOIIHOA CETH TPHAHTYJAUHMH Ga3HCHBE CTO-
pOHBI ¢ asumyTaMu Jlammaca Ha MX KOHIAX pa3MelleHH B CpeJHEM
yepe3 24 tpeyrosbHHKa (N =24) ropHsoHTa/bHHE YIJIbl U A3UMYThI
H3MepeHH CO CPeIHHMH KBaJDaTHYECKHMH OLIMOKAMH mM=my=
=1,0”; 6a3ucble CTOPOHH H3MepeHH ¢ OMHOKaMH my/b=1/300000
HIH mygp=1,45. TIlpu N=24 napamerp {=0,016 (cm. Taba. 9). Hc-
NoJb3yss 3TH JAaHHble, o ¢opmynam (5.41) u (5.42) mosyuum:
M, =10"n Mgs=21 en 6 3Haka JmorapudmMa HIH ms/S=
=1/200000, uTo NpH AJHHAX CTOPOH TPEYroJbHHKOB S=7--20 KM
IPUBOAHT K omHOkaM ms=4-+10 cM, T. e. B cpejHeM INIpHMepPHO
6 cm. Takasi TOYHOCTb HOCTPOEHHSI ONMOPHOH Treofe3HYeCKOH ceTH
AOCTaTOYHA JJis1 TMPOH3BOACTBA TONOrpauuecKHX CHEMOK BILIOTH
Jo macmrab6a 1 : 2000 u nmaxe Gosnee kpymHoro (cM. Ta6ua. 4).

§ 31. YACTOTA PASMEUIEHHS A3HMYTOB
H BA3HCHBIX CTOPOH.
BbIFrOAHEALIASI ®OPMA TPEYTOJIbHHKOB

Yacrora pa3memeHHs asHMyToB. AsuMyTH Jlamnaca HrpaioT BaxK-
HYI0O poJib NpH CO3JaHHH OMOPHHX Treofe3uuecKHx cerefi: obecre-
YHBAIOT HE3aBHCHMYI0 a3MMYTaJbHYI0 OPHEHTHPOBKY CTOPOH Treo-
Jle3HYeCKOH CeTH BO BCEX ee 4YacTsdX, NpHYEeM ¢ OJHHAKOBOH BHICO-
KOH TOYHOCTBIO; TO3BOJIIIOT KOHTPOJHPOBATH Pe3yJbTaTH YIJIOBHIX
H3MEpeHHH II0 HEBA3KaM Aa3HMYTaJIbHHX YCJOBHH, 0Cn1abJsis NpH
9TOM BJIHSIHHE CHCTEMAaTHYeCKHX OLIHGOK H3MepeHHH; NPUBOIAT
K BO3HHKHOBEHHIO a3HMYTaJbHHX YCJIOBHHX YpaBHeHHH IIpH
ypaBHHBaHHM CETH M TEeM CaMBIM CIOCOGCTBYIOT NOBHIIEHHIO
ee TOYHOCTH.

PaccuntaeM npepefibHO AOMYCTHMOE YHCJO TPEYTOJbHHKOB Mmax,
yepe3 KOTOpoe HeOOXOAMMO pasMmellaTh a3uMyTH Jlamiaca B TpH-
aHryJsIMHH, YTOOH OHH MOTJIH BHIOJHATb (DYHKIHIO KOHTPOJS YrI-
JIOBHIX H3MEpeHHi.

[TycTr Ha KOHLAX LIEMOYKH TPEYroJbHHKOB (cM. pHc. 37) u3Me-
peHBl asHMYTH o; H ap. HMcmosb3ys mpoMexyrounue yriu C; Tpe-
yroJbHHKOB, HanuuieM B o0IieM ciayyae

a2=al—cl+02—63+ « e . —l—C,,:I:(n—l) 1800.
[Tepefins k cpeAHHM KBaJpaTHYECKHM OLIMOKAM, MOJYyYHM
omZ = nm?,

rae m, W m—cpelHHe KBaJpaTHUeCKHe OLIHMGKH H3MepeHHS asH-
MYTOB H YIJIOB COOTBETCTBEHHO; 71— YHCJO NPOMEXYTOUHHIX YIJOB,
paBHOE YHCJY TPeyroJbHHKOB MeX]y a3HMyTaMH.

[MycTb 3afaHu npefejbHHE 3HaUeHHS OLIHGOK: Mg npep = tMg
H Nppen=MNmax. 10TJa NPH 3afaHHOM 3Ha4Ye€HHH CpelHeH KBajpa-
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THUECKOH OWHGKH m” H3MepeHHs YIVIOB H {=2,5, Kak 3TO NPHHATO
B re0/le3MH NPH pacueTe AONYCKOB, HalgeM

2

m
m:‘ . (5.43)

nma! <12’5

ITpu my =m NONYYUM Amax=12; npu mg =1,0” 1 m=0,7" —Nmax=
=25.

3BeHbsi TpHaHTyJsUuMH | Kiaacca cocrodaT u3 12—16 TpeyroJb-
HUKOB. B ceTsix TpuaHryjasuuu 2 kJjacca B COOTBETCTBHH C Tpe6o-
BAaHHAMHM HHCTPYKIHH a3UMYTH OOJKHBEI omnpejefsitTbcsi He Oolee
yeM yepe3 25 TPeyroJbHHKOB, YTO BIIOJIHE COrJIaCyeTcsl C pPacyeToM
no gopmyJe (5.43).

Yacrota pa3memieHHs Ga3HCHBHIX CTOPOH. DBasucHBHE CTOPOHH
B TPHAHTYJSLHH, KAK H a3uMyTh Jlamnaca, HrpaloT BaXKHYI0 POJb.
OHH ycTaHaBIHBAIOT €AHHHA MaclITa6 NMOCTPOEHHS reofe3HyecKHX
ceTei Ha 3eMHOH NOBEPXHOCTH; MO3BOJSIOT KOHTPOJHPOBaTb TOY-
HOCTb Tepefayd AJHH CTOPOH, oclabisis INpPH 3TOM HaKOIUIeHHe CH-
CTeMaTHYeCKHX OIIHG0K H3MepeHHH; NPHBOAAT K BO3HHKHOBEHHIO
6a3HCHHIX YCJOBHRIX ypaBHEHHil NpPH ypaBHHBAaHHUH TIeO0Je3UYECKOH
CeTH H T€M CaMBbIM CIIOCOGCTBYIOT NMOBHILIEHHIO €e TOYHOCTH.

B mensix obecneueHHsl CTPOHHOH CHCTEMB MOCTPOEHHSI rOCyAap-
CTBEHHOH reoje3nyeckoii ceTH a3uMyThl Jlamaaca NpUHATO ompefe-
JsiTh Ha 060HX KOHLAX 6asucHHX cTopoH. IlosToMy B TpHaHryss-
IIHM 4acToTa pa3MelleHHs 6a3sHCHBIX CTOPOH Takas Xe, KaKk a3uMy-
toB Jlamaaca.

Buirognefimas ¢opma TpeyroJbHHKOB. B TpuaHrysasuuu Jiobas
CTOpPOHA TpeyroJbHHKa HMeeT ONMHAaKOBO BaXKHOe 3HaueHHe, M03-
TOMY CBSI3YIOILHE S H NPOMEeXYTOYHHE C CTOPOHH TPEeyroJbHHKOB
OOJIXKHHE NIPH MPOYHX PABHHX YCJIOBHAX ONpelessiTbCsi ¢ OAHMHAKO-
BOH BHICOKOH TOYHOCTbIO. DTO TpeGoBaHHe MOXeT OBLITb 3alHCaHO
B BHJe paBeHCTBa

m, m o
2 ——¢ —-min.
S [

[Ipu peanusanuu AaHHOTO TPeGOBaHHS TPEYTOJbHHKH B PSAaX
TPHAHTYJSILUY MOJMyYaloTcsi paBHOOeApPeHHEIMH ¢ yraamMu C=A=

Puc. 39. Cxema 1enH TpeyroJibHHKOB
C «BHTOAHEHALIHMH» yrJjaMH
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=52°46" u B=74°28" [6]. OnHako Takasi ¢opMa TPEYroJbLHUKOB He
NpUrojHa [Jisi NPaKTHKH, NMOCKOJbKY B 3TOM cJiyuae pSii <BBHIPOXK-
Hnaercs» MO Mepe YAaJeHHs OT HCXOAHOH 0a3uCHOH CTOPOHHI
(puc. 39). C npakTHuecKOH TOUKH 3peHHsi HanGosiee BHITOLHBIMH IO
¢Gopme SABJIAIOTCS PAaBHOCTOPDOHHHE TPEYrOJNbHHKH, IOCTPOEHHE KO-
TOPHIX, OAHAKO, He BCErAa BO3MOXKHO BcJeICTBHEe OcOOGeHHOCTeH
pesbeda MecTHOCTH. B psfax TpuaHryasinuu 1 KJaacca yriel B Tpe-
YroJibHUKax MAOJKHHE ObiTh He MeHee 40° a B CIJIOLIHBIX CETSIX
TPHAHTYJSUMH 2 Ki1acca — He MeHee 30°.

§ 32. OLLEHKA TOYHOCTH PAJOB U CETEA TPHJIATEPAILHH
MO NPUBJHW)XEHHBIM $OPMYJIAM

CpenHue KBafpaTHuecKHe OLIMGKH BBIYHUCJIEHHBIX YIJIOB
TPEYroJbHHKOB

ITycts man TpeyronbHuk ABC c H3MepeHHEIMH B HEM CTODOHaMH 4,
b, ¢, nexxamumu npotus yrioB A, B u C (puc. 40). Idas so6oi
CTOPOHHI, HallpuMep, AJSi CTOPOHH @ B COOTBETCTBHH C TeOpeMOi
KOCHHYCa yryia HamulleM

a® =b?4-c®—2bccos A. (5.44)

[MpoauddepernupoBas JeByl0 H MNPaByI0 YacTH 3TOTO BHIpaxKe-
HHSl N0 BCEM MEPEMEHHBIM H BHIIOJHHB HECJOXHBIE MpeoGpa3oBa-
HHUSI, IOJIYYHM

dA =hL (da—db cos C—de cos B), (5.45)
A

rie ha — BHICOTA TPEYrOJbHHKA, ONYIieHHAs W3 BepIUMHH yraa A
Ha MPOTHBOJIEXKAILLYI0 CTOPOHY @; BHRIYHCJSIETCS OHa MO JI0GOH H3
dopmyx
. . be .
hy=csin B=bsinC= —sin A. (5.46)
a

Ilepeiins B Beipaxenuu (5.45) or nuddepennuanos Kk cpeiHHM
KBaJ[paTHYECKUM OLIHGKAM, MOJYYHM

iy = B (1 + o8 C-+ m cos B). ©.47)
A

®opmysna (5.47) ycraHaBIHBaeT 3aBHCHMOCTb OLIHOGKH nis BH-
YHCJEHHOro yria A oT omHGOK H3MepeHHs CTOPOH TpeyroJibHHKa
Mg, My, M. U OT (OPMH TpeyrojbHHKAa (BeJHUYHHBH YTIJIOB
A, BuC).

OnyctuB u3 BepuiuH yrioB B u C Tpeyronbauka ABC BHICOTH
hs u hc Ha mpoTHBOJIEXKaAIllHe CTOPOHH b H ¢, a 3aTeM BHIIOJHHB
TakHe e Npeo6pa3oBaHHs, KaK W NpH BbiBoZe (opmyan (5.47),
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Puc. 40. TpeyroabHHuk A
C H3MepeHHHIMH CTOpO-
HaMH

NOJIYYHM aHaJoOrHuYHble (QOPMYJH [Js CPEIHHX KBaApaTHUECKHUX
omn6ok yriaoB B u C

2
m2, = hpT (m3 + m2 cos® C 4+ m2 cos? A) ;

N (5.48)
m2c=% (m2 -+ m2 cos? B +mj cos® A) .
C
B paBHOCTOpOHHEM TpeyrojbHHKe a=b=c=s, cos A=cos B=
=cos C=0,50; hg=hg=h; = ssin60° = S«\/B. [ToaTomy

IpH OAMHAKOBOH TOYHOCTH H3MepeHHS [JIHH CTOpOH, T. e.
IPH M= Mp=Mm.=Ms, CPEIHAS KBaJpaTHyecKas OUIHMOKa mg Jio-
6oro yrna (p=A; B; C), BHUYHCJIEHHOIO C HCIOJb30BAaHHEM H3Me-
PEHHBIX CTOPOH B TpeyroJibHHKe, GyleT paBHa

%=%ﬁ. (5.49)

Ins Toro yTo6b B paBHOCTOPOHHHX TPEYroJbHHKAaX TpHJaTepa-
MM BbIYHCJEHHHIE YMJH f ompelensiuck ¢ TpebyeMoR ouIHGKOH
mg Heo6XOAMMO, YTOGH CTOPOHBI H3MEPSIMCh C OWIMOKaMu He
6osee

Ms M8 _ N | (5.50)
s 042 P
re my=mgl4/2 — cpepHss KBajpaTHuecKas OWMOKAa H3MepeHHs
HarpaBJIeHHH.

MponosibHbiii U MOMEpeyHbli CABHT 3BeHa TPHJaTepalHH

[TycTh naHO 3BEHO TpUJaTepalHH H3 PAaBHOCTOPOHHHX TPEYrOJbHH-

KOB C H3MEepeHHHIMH Ha ero KoHuax asuMytamu A; u A, YpaBHsB

3BEHO 3a YCJOBHE a3MMyTOB, HailineM no ¢opmyaam C. A. Bytaepa:
NPOJOJbHHH CABUT 3BEHA '
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nonepeyHH# CABUT 3BeHA

2 N—1
m, = ,\/ ;pz mi+3—6(1v2+1v+4s)m§, (5.52)

rie L —panwHa JOHaroHasH 3B€HA, N — yuciao TPEYroJIbHHKOB
B 3B€He; My, Ms-—CpeAHHE KBaJApaTHYECKHE OIIUGKH H3MEepEeHHsa
a3HMYTOB H AJIHH CTOPOH.

IIpu L=200 g™, N=16, s=25 kM, ms=1,0" u ms/s=1/300000
um ms=0,083 M moayuum m;=0,17 M u my=1,18 M. Torna

M='\/m"}_+mf,=l,19 M.

CnJiomHble CeTH TPHJAATEPAlMH M3 PaBHOCTOPOHHHX TPEYrOJbHHKOB

Bynem nonararte, yTo cmiollHas ceTh TPHJIAaTepalHH 2 Kjaccapas-
mepoM 200200 kM ypaBHeHa 32 YCJOBHS a3HMYTOB H I€HTPaJib-
HBHIX CHCTEM KakK cBoOopHas. [lJig BEIUHCJIEHHS CpPeIHHX KBaJpaTH-
YeCKHX OLIMOGOK ypaBHEHHHIX 3JeMeHTOB (6e3 yuyeTa OIIHGOK a3H-
MyToB) BocnoJab3yeMcsi ¢popmyaamu K. JI. ITpoBoposa.

Cpednrue keadparuueckue OwuUOKU OTHOCUTEABHO20 MNOAOHEHUS
CMENCHbIX NYHKTOB:

HPOKOJIBHHI':[ CIABHI' KOHILA CTOpOHH

my—0,83m,; (5.53)
nonepeyHH# CABHT KOHIA CTOPOHHI
&1 wllr= lsmms; (5.54)

HOJIHHMA CABHT KOHILA CTOPOHKH

U =A/mi+ . (5.55)

Mpu s=7+20 kM, ms/s=1/300000 moayunm m;=2-+6 cm;
m,=3=-8 cMm; U=4-=-10 cm.

Cpednue readparuyeckue owubKU OTHOCUTEAbHO20 NOAONCEHUS He-
CMENCHBIX NYHKTOB:

l'[pOIlOJIbeIFI CIBHI KOHIlA AHAroHaJH

my = m, ,\/ W15 k1D (5.56)
10 (N + 25)
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l'lOI]epe'-leI}?I CABHUI KOHILA AHATOHAJH

(N + 15) (5k*+ 12 + 8)

m,—m
g s 30 (N + 25) ’

(5.57)

MOJIHBIA CABHI KOHIIA AMaroHaJu

M=Ami+ my,

rae L — niuHa QuaroHaJiu, COefHHSoIIedl HeCcMeXHble MYHKTH, OT-
CTOsIIIHEe IPYT OT Jpyra Ha k TpPeyroibHHUKOB; N — cpelHee YHCJIO
TPEYroJbHHKOB MeXAy a3uMyramu Jlamnaca (kR<<N); ms— cpenuss
KBaJpaTHyecKkas ollnOKa H3MepeHHsi CTOpOH. B cmJouiHO# ceTH
tpunatepauud npH L=180 kM, s=15 kM, N=k=24, ms/s=
1/300000 unu ms=0,05 M nonyuum mz=0,08 M, my=0,46 M, M=
=0,47 M. DTOT pacuer NOKa3HIBaeT, YTO B CNJOLIHHIX CETSX TPHJA-
TepanMH NOonepeyHb CABHT KOHILA JIIOGOH AHAroHaJH OTHOCHTEJIbHO
ee HayaJja B cpefHeM B IiecTs pa3 6oJblie npoAoJbHOro. B crjomi-
HOM CeTH TPHAHTYJSILHUH 3TH CABHI'H PaBHH MeXAy cOo60H.

§ 33. OLLEHKA TOYHOCTH 3BEHbBEB NOJHUTOHOMETPHH

[TpeamosioxuM, 4TO 3BEHO MOJHrOHOMETPHH | KJacca NpsIMOJIH-
HEeflHO M COCTOHT M3 CTOPOH OJHHAKOBOH NJHMHH H YpaBHEHO 3a
ycJIoOBHE a3HMYTOB, KOTOphle ONpeleJieHH Ha ero KoHuax. B coot-
BeTcTBHH ¢ (opmysaMu npod. B. B. JlanuioBa HamuuieM JJjsi mpo-
HOJIbHOTO ¥ MONepeyHOro CABHrOB TaKOTO 3BeHa

mL_’\/nms—}-nmo, - (5.58)
L m? n+3

rje n—YHCJIO CTOPOH B 3BEHE NMOJHIOHOMETPHH; Mg H  Mg—
cayyaliHasi M CHCTeMaTHuYecKasl OINHGKM H3MepeHHS DacCTOSHHIA;
Mma ¥ m—CpelHHEe KBaJpaTHUYECKHE OLIMGKH H3MEpEHHS a3UMYyTOB
M TOPH30HTAJbHBIX YIJIOB COOTBETCTBEHHO.

[Ipp L=200 &M, n=10, s=20 kM, m=0,7", ma=1,0, ms/s=
=1/300000 uau ms=0,067 M, myz =s-10~5 nmoayuum: mp=0,29 M,
my=0,98. Torza monuwfi coBur 3BeHa Oyzer paBeH M=

mi + mf, =1,02 m.
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§ 34. COrJIACOBAHHUE TOYHOCTH U3MEPEHHUSA
TOPHU3OHTAJIbHBIX HANTPABJIEHHUH, ASUMYTOB
U JJIHH CTOPOH B TEOIE3HYECKHX CETAX

[Ipu mocTpoeHHHM ONMOPHHEIX IeOfE3HYECKHX CETeld BLINOJHSIOT KOMII-
JieKC YIJIOBHX H JIMHEHHBIX HM3MepeHHH, a3uMyTaJsbHBIX OIpejese-
HUH ¥ T. 0. TOYHOCTD M3MepeHHH Pa3HOPOAHHIX BEIHYHMH JOJIXKHA
6BITh corJjiacoBaHa MeXnAy co6oi, B IPOTHBHOM cJjydae, KOTJa H3-
MepeHHs] OJHOrO BHAA BHIIOJHEHH C OYeHb BHICOKOH TOYHOCTHIO,
a Jpyroro BHAA, Hao60OpOT, ¢ HEHZOCTATOYHOH, TOYHOCTb ypaBHEH-
HBIX 3JIEMEHTOB CETH JMMHTHPYETCS H3MEpPEeHHUsSMH MeHbIIeH TOou-
HOCTH. B 3TOM cJyuae HOmoJIHHTENbHHE 3aTpaThl TPYZAa, CPEACTB H
BPEMEHH Ha H3MepeHHs BHICOKOH TOYHOCTH He ONpaBIaHBHI

C npakTHuecKOH TOYKH 3peHHs IeJsiecoo6pa3sHO NOTpe6oBaTh,
4TOOH 3JITHNC OWHOOK Ha KAaXkJOM INyHKTe Treo/e3HYecKoil ceTH
6Bl GJH30K K OKPYXKHOCTH, IpHYeM BO3MOXKHO MeHBbIIEro paauyca.
3T0 paBHOCHJIbHO TpPeGOBAaHHIO, YTOOH NPOLOJBHHIA H MONEpeyHHIH
CIOBHTH KOHHA J10GOH CTOPOHH H JI000H IHaroHaJu B reofesnye-
CKO¥ ceTH GBUIH OHMHAKOBBI IO MOAYJIO, T. €. |my|=|mq|, u cTpe-
MHJHCb K MHHHUMYMY (B IpefeJie K HYJIO).

CoGutonenue mepsBoro Tpe6GoBamusi |my|=|mg|, Kak caenmyer
u3 dopmyn (5.35), (5.36), (5.50) u Apyrux, BO3MOKHO TOJBKO
B TOM CJyyae, eCJM CPeJlHHe KBafpAaTHYEeCKHe OWIMOKH H3MepeHHs
TOpPH30HTAJbHBIX HamnpaBJeHHH mN=m5/«\/2, a3UMYTOB HAampaB-
JeHHH m,, BHIpaXKeHHHe B paAMaHHON Mepe, a TaKXe OTHOCH-
TeJbHBlE OIIHOKH Mg/S H3MEpPEeHHS PpAaCcCTOSHHA paBHH MeXIy
co6oii:

my __ma __ s . (560)
P P s
B coorBerctBuu ¢ paBeHcTBamH (5.60) cocraBMM TabiuLy cO-
rJIaCOBAHHBIX 3HAYEHHMA CpPEJHHX KBaJPaTHYECKHX OIIHOOK H3Me-
peHHs B CeTH TOpPH3OHTaJbHHX HamnpasieHufi N uiu yrios B, asu-
mMyToB A u 1juH ctopoH s (ta6a. 10).

Ta6numa 10

my=m 4 mgfs mg=my V2
0,2” 1/1 000 000 0,3”
0,3 1/700 000 0,4
0,5 1/400 000 0,7
0,7 1/300 000 1,0
1,0 1/200 000 1,4

Bce OMHMGKH NOMXKHBI BHYMCJSATBCS MO CBOGOAHBIM YjieHaM yc-
JIOBHHIX ypaBHeHHH.



PA3JIEJI III
BbiCOKOTOUYHBIE yIiiOBble H3MEPEHHS

T'nasa 6

BbICOKOTOYHbBIE ONITUYECKHE TEONOJIUTDI.
HUCCJIEJOBAHHUS TEOLOJHUTOB

§ 35. YCJIOBHUA 3KCNJIYATAILHH BbICOKOTOYHBIX TEOAOJIUTOB.
OCHOBHBIE TPEBOBAHHY K HUM

Haun6oJsiee MaccoBHIM BHAOM reoje3HYeCKHX H3MepeHHH, BHINOJHSE-
MBIX NIPH CO3AAHHMH TOCYNapCTBEHHOH reoje3nWyecKoid ceTH, JO CHX
nop SBJSIOTCS YrJoBHe H3MepeHHs. TOYHOCTb 3THX H3MepeHHH 3a-
BHCHT OT TpebyeMOH TOYHOCTH MOCTPOEHHS TeOJe3HYECKOH CeTH H
perjaMeHTHpyeTcsl [OeHCTBYIOIIMMH HHCTPYKUUSMH M HODMAaTHB-
Heivu aktamu 'YK CCCP.

[Ipu co3jaHuM rocyAapCTBeHHOH reofile3M4eCKOH CeTH MEeTOLAaMH
TPHAHTYJASLHH H NOJHUTOHOMETPHH Ha BCeX IYHKTax H3MepsIoT ro-
pH3OHTaJIbHEIE YIJIB ¥ 3€HHTHHE pACCTOSIHMSA, HA NyHKTax Jlammaca
BHIOJIHSIIOT aCTPOHOMHUYECKHe OlipelefeHHsl LIHPOT, NOJIOT U a3u-
MYTOB, [Jil 4ero H3MepsilOT 3eHHTHHE PACCTOSIHHS HaG6J10JaeMbIX
3Be3]l U FOPH30HTAJbHEIE YIJIbl MEXJYy 3Be3JaMH H 3eMHBIMH INpej-
MeTaMH, a3UMYThl KOTODHIX ONpefelsioTcs. B ceTsix TpuiaTepauuu
TaKXe HeoOXOLHMO BHIMOJIHATb YIJOBHE H3MepeHHs AJS1 NPUBS3KA
OpPHEHTHPHHIX HalipaBJeHHH H ONpejesieHHs BBICOT NYHKTOB MeTO-
JOM TPHTOHOMETPHUYECKOI'O0 HHBEJHPOBAHHUS.

Jais mpou3BOACTBA YIVIOBHIX H3MepeHHil H aCTPOHOMHYECKHX OIl-
pelleleHH B TOCYyJapCTBEHHOH reoJe3HYecKOH CeTH HCNOJIb3YIOT
yrjoMepHble MPpHOOPH! pasHOro BHAA u pa3Ho# TouHoctH. Hauunas
¢ 1963 r. kiaaccuHkauyusg H BHIOYCK YTrJIOMEepHHEIX HPHGOPOB MpoO-
H3BOAATCST B COOTBETCTBHH C HeHCTBYIOLIMMH TOCYHLapCTBEHHHIMH
craugapramu (FOCTamu). [TepBuit TOCT Ha Teomonutrnt B CCCP
6nl1 ytBepxKAeH B 1963 r. [lo Mepe pa3BUTHS reoje3uuecKOro npH-
Gopoctpoennsi TOCTH Ha TEOHOJHTH, KaK H Ha JpPYyr#de reofesH-
yeckue NMpuGOpH, MEepHOAHUECKH IepecMaTpHUBAIOTCS M YTOYHSIOTCS.

Teonesuueckue yrjoMepHHe NMPHGOPH MOXKHO NOAPA3NETHTb Ha
pasHble Tpynnsl (BHABI) B 3aBHCHMOCTH OT HMX Ha3HauyeHHs, TOY-
HOCTH H3MepeHHIl H KOHCTPYKIHH.

ITo HasHaueHHIO reofe3nyecKHe yrjoMepHble NMPHOOPH MOAPa3-
HeJII0TCS Ha TeOJOJHTH H aCTPOHOMHYECKHe TeOHOJHTH. Teono-

115



JUTH  TNpefHa3HayeHbl [JJs H3MEpPeHHsl TOPHU30HTAJbHBIX Y-
JIOB M 3€HHTHHRIX paccTOsiHU# (YIVIOB HakJOHA) Ha NYHKTaXx reo-
[e3HYeCKHX ceTeH, a aCTPOHOMHYECKHE TEeOMOJHUTH — JJIsi Olpeje-
JIEHHs IIHPOT, AOJTOT H a3HMMYTOB H3 acCTPOHOMHYeCKHX HabJiofe-
HUH Ha nyHkrax Jlamaaca W apyrux.

[To ToYHOCTH TEONOJHUTH NOAPA3AENSIOTCS HAa BHICOKOTOYHBIE,
TOUHHE M TexHHYecKHe. K BBICOKOTOUHHIM OTHOCSITCSI TEOMOJIHTHI,
obecneyuBawomiye B J1a60pPaTOPHEIX YCJOBHUSX H3MEpEeHHe yrya Of-
HUM IpHEMOM CO CpedHel KBaJgpaTHueckoH ouwH6Gkod m<<1”,
K TOYHBIM — ¢ omn6koit 1<m<10”, K TeXHHYECKHM — ¢ OIIHGKOMH
m=10".

[To KoHCTpYKUHMH COBpeMeHHbie TEOMOJHTH MOXKHO MOJpa3je-
JIUTh Ha ABe GOJbLIHe IPyNNbl B 3aBHCHMOCTH OT BHAAa OTCYETHOIO
YCTPOHCTBA: TEOHOJHTH C ONTHYECKHM - OTCUETHBIM YCTPOHCTBOM H
3JIGKTPOHHEIE TE€OJOJHTHI.

B cootBerctBuu ¢ gefictByouiuMH ['OCTamu KaXxaoMmy. THIY
T€OJOJINTOB B 3aBHCHMOCTH OT TOYHOCTH BHINOJIHSIEMBIX HMH H3Me-
peHHH NpHCBaHBaeTCs ONpejeNeHHHH MNP, cOCTOSAIHUA H3 GYKBH
«T», o6Gosnaualomeii Tum mpu6opa (TEOHZONHT), H UYHCJIA, YKAa3H-
BaIOLIEro JOMYCTHMYIO BEeJHYHHY CpeflHeH KBaJpaTH4YeCKOH OILIMOKH
M3MEpeHHsl yria OJHHM NpHEMOM B J1aGOpaTOpHHX YCJIOBHSX, BHI-
BOJIHMOH IO OTKJOHEHHSM OT CpeAHero M3 12 mpueMoB H3MepeHHH
yraa. Hanpumep, mudp T1 o603HauaeT TEOXOJHUT CEKYHAHOH TOY-
HocTH. Ilo BBemeHusi [OCToB TeomOJNIUTH HMENH ApYyrHe LIH(PEHI,
Hanpumep, TT-2/6 — TpuaHTyJISHOHHKIH TEOLOJHT C I[€HOH AeseHHus
OTCYETHOrO MHKpPOCKONA [J151 FOPH30HTAJbHOTO Kpyra 2" W BepTH-
KaJIbHOTO Kpyra — 6.

OCOGEHHOCTH SKCIJIyaTAlMH BBICOKOTOYHBIX TeonoautoB. Oc-
HOBHbie TpeGoBaHHs K HMM. [liig Toro 4To6Bl rocyAapcTBeHHas reo-
Jlesuyeckasi ceTb B TeueHHe MHOTHX JeCSATHJCTHH IO TOYHOCTH
MOrJIa yJIOBJIETBOPATb MHOTOUYHCJEHHBIE 3aNpOCHl HAYKH H Tpe6o-
BaHHA HAapOJHOrO XO03siiCTBAa B aCTPOHOMO-T€OJE3HYECKOH CeTH
CCCP BHNOJHSIIOT H3MEpPeHHS Bcex BHIOB (YIVIOBHE, JHHeHHHE
H T. ) C HaUBHICUIEHl TOYHOCTBHIO, HIOCTHraeMOH NPH MaccCOBHX (He
€IMHHYHBIX) H3MEpPEeHHsX IPH HCNOJb30BAHHH HOBeHIEH H3MepH-
TeJIbHOH TeXHHKH.

Hns Toro uto6GBl 06GecneynuTb AeHCTBUTENBHO BHICOKYIO TOYHOCTD
pe3yJbTaTOB H3MepeHHiH, HeO6XOIHMMO: HMeTb Teofe3HYecKHe IpH-
6OpHl, paccyHTaHHbIE Ha [AOCTHXeHHe TpeOyeMOH TOYHOCTH, XO-
poIIO 3HATh YCTPOHCTBO 3THX NMPHOOPOB, MX OCOGEHHOCTH, yMeTb
METOAMYECKH NPaBHJIBHO NOJb30BATbCS HMH, NIPHMEHATb HauboJee
COBeplIeHHbIE METOJAbl H3MepeHHH, NMO3BOJSIOIIHE CYIIeCTBEHHO OC-
JabUThb BJHsSIHHE BCEBO3MOXKHBIX HCTOYHHKOB OLIHOOK, OCOO6EHHO
CHCTEMaTHYeCKHX, Ha pe3yJbTaTH H3MepeHHIl.

Tosbko mpu OXHOBpPEMEHHOM COOGJIIOAECHHH 3THX YCJOBHH MOXHO
I0JIyYHTh Pe3yJbTAaThl AEHCTBHTENbHO BHICOKOH TOuHOCTH. B mpo-
THBHOM cJiyyae, pachoJiaras fa)e CaMbIMH TOYHeHIIHMH MpHOGO-
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paMHi, He yuactcd HAOCTHYb TOYHOCTH, COOTBeTCTByIOI.LLeﬁ MAakKcH-
MaJibHOH npHOGOPHOH.

[IpH cospaHHM rocyAapCTBEHHOH reojle3MYecKOl CeTH YTJIOBHIE
H3MEPEHHs BBINOJNHSIOT B TPYAHBIX 3KCIEAUIHOHHBIX YCJIOBHSIX, KO-
TOpble XapaKTepuaywTcs pa3HooOpasueM (¢H3UKO-reorpadHuuecKHX
H KJMMaTHYeCKHX yCJOBUH paioHOB paboOTh: OT pacKajeHHBX Iy-
CThiHb 10 ADKTHKH C MHOTOJIETHEHl Mep3JsioToi, OT OGIUHPHBIX paB-
HHH 1O TOPHBIX M BBHICOKOTODHBIX PafOHOB, 3HAYHTEJbHBIMH KOJe-
6aHusiMH TeMmnepatypbl Bo3ayxa (ot +50 mo —20°C), pa3H006-
pasdeM yCJOBHH TPaHCIHOPTHPOBKH Treofe3HYecKHX INpHOOPOB
K MecTy pa6oThl U B NMOJIEBHIX YCIOBHSX.

Takue cJiOKHBle yCJIOBHSI MHOTOJIETHEH 3KCIIyaTallHH KaKIOoro
npubopa, HeOGXOLMMOCTb [OCTHXKEHHS MaKCHMaJbHOH TOYHOCTH
pe3ysbTaTOB H3MepeHHH [pH HaHMMeHbIINX 3aTpaTax CpencTs,
Tpyla U BpeMeHH H T. I. BBIABHralT 0coGbie TpeGOBaHHS, KOTO-
pble AOJXKHBI YYUTHIBATHCS [pH pa3paboTKe H H3TOTOBJEHHH BHI-
COKOTOYHBIX TeOoZOJNHTOB. OCHOBHBIMH M3 HHX SBJSIOTCS CJe-
Ayloliue:

obGecrnieyeHHe BLICOKOH H JOCTATOYHO YCTOHUYMBOH TOYHOCTH pe-
3yJbTATOB YIJIOBHIX H3MepeHHH, BHINOJHSIEMHX B Pa3HOOOGpasHBIX
¢u3HKo-reorpauuecKux YCJIOBHUSIX H KJIHMAaTHYeCKHX paHoHax
cTpaHu (0T cy6TpPONHKOB JO ADKTHKH C MHOrOJIETHEHl Mep3JoToii)
IpH 3HAYUTEeNbHHX KoJeGaHHsX TeMmepaTyph Bosayxa (ot +50
1o —20°C);

coxpaHeHHe paboTOCHOCOGHOCTH TeONOJNHTAa B TPYIAHBIX 3KCIle-
JHIVOHHBIX YCJNOBHSIX B TeueHHe IJIHTEJbHOTO CPOKa ero 3KcCIIya-
TalluH;

MaJible rabapHuTHl 1 Macca Npu6opa H B TO Ke BpeMsl Xopollas
yCTOHYHBOCTb €ro BO BpeMsl H3MepeHHi, HeCJ0XHOCTb H HaLexX-
HOCTb IOCTHPOBOYHHIX NpHCNoco6JeHHH, yA06CTBO paGoTH ¢ mpubo-
pOM H T. I

DTOT JajieKO HeMOJIHbIH NepeyeHb NOAYAaC NPOTHBOPEYHBHIX H
B3aHMOMCKJIIOYAIOIIHUX TpPe6GOBAHHUH NOKa3biBaeT KaKOH HempoCTOH
SABJISIETCS 3ajaya pa3paboOTKH U CO3LAHHS COBPEMEHHBIX BBICOKO-
TOYHHIX TEOHOJHTOB, KOTOpPHE B INPHHIHIE NOJKHE OHTb ellle H
aBTOMaTH3HPOBAHHL.

Bonpoch KOHCTPYHpPOBaHHS H pacyeTa HeOGXOAHMOMH TOUHOCTH H3-
TOTOBJIEHHS] OTHEJbHBIX Y3JIOB M TEOJOJHTA B ILEJOM OTHOCATCS
K KOMIIeTeHIIMH CIEeLHaJHCTOB MO reoje3HyecKoMy mpHbopocTpoe-
HHIO, OJHAKO COBEpLIEHHO HeoOGXONHUMBbIM SIBJISIETCS y4yacTHe Teo-
JI€3MCTOB B YCTAHOBJIEHHMH OCHOBHEIX Te€XHHUYECKHX TpebOBaHHH, KO-
TOpble Hafl0 YYUTHIBATH IIPH pa3paboTKe H CO3LaHHH HOBHIX, GoJsee
coBepllieHHbIX 06pasLoB NPHGOPOB.

Teofe3ucTsl, BHIMOJNHSOLINE OCHOBHBIE Teofie3nyecKHe paboTHI,
JIOJKHBEI B COBEpIIEHCTBE 3HATb YCTPOHCTBO TEOMOJNHTOB, YMEThb HX
THIATENBHO HCCJIEe0BaTh, ONpPEEJSATh C BHICOKOH TOYHOCTBHIO IIO-
cTOsIHHBIe TpuOOpa (LeHBl AeNeHHH ypOBHell, MUKPOMETPOB H T.IL.),
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Puc. 41. AsumyrasabHoe
CMellleHHe NOACTaBKH Teo-
HOJiHTa H3-3a Jedopma-
LIHH TOJBEMHOTO BHHTA

yMeTb IOCTHPOBATb TEOJOJHT NpPH paboTe HAa NyHKTE, ONPENENSATh
M YYHTBHIBATb BJIMSIHHE NPHOODHHIX NMOTpeIlHOCTeH Ha pe3yJbTaThl
usMepeHuil U T. A. [IpH 3TOM HajgO yUYHUTBHIBaTH H TO, YTO BEICOKOTOY-
HbIH TEOHOJIUT SIBJSIETCS BeCbMa YYyBCTBUTEJNBHOH H3MeEpUTENbHOMH
CHCTEMOH, IIO/BepXKeHHOH JAedopMalHusM BCJIEACTBHE KaK BHYT-
PeHHHX HaNpsiXKeHHH B MeTalljle M ONTHYECKHX J[eransiX, TaK H
BHeIlIHHX, 00yCJ/IOBJIeHHBIX, HallpUMep, H3MEHEHHSIMH TeMIepaTyphl.
Hedopmanuu BeayT K MHOSIBJEHHIO OMIHGOK B pe3ysbratax YrIJo-
BHIX H3MepeHHH H, cle0BaTeJbHO, CHUXKAIOT HX TOYHOCTD.

PaccmoTpum mpocrefiliinii npuMep BO3MOXKHOT'O BJIHSIHHS Je-
¢dopMal Uil HEeKOTOPHIX AeTaJiell TEOAOJHTAa HA TOYHOCTb H3MeEpPEHHM
yrJoB. [lomycTHM, YTO MO HeAOCMOTpPY HabJiofaTelsi MPH YIVIOBBIX
H3MepeHHsIX Ha IyHKTe B TeyeHHe HEKOTOPOro BPeMEHH OIHMH H3
NOABEMHBIX BHHTOB TeOfOJiHTa OB OcBelleH Jyuamu CosiHIA H
HEeCKOJIbKO HarpeJjicsi. B pesysnbTate 3TOro MOXKeT NPOH30HTH JH-
HeHlHOe cMellleHHe MOABEMHHX BHHTOB Ha HHYTOXHO MaJyl0 BeJIH-
yuHy Al, paBHyl0, Hamnpumep, HIJIHHe CBeTOBOH BOJHH 0,5 MKM
(puc. 41). Ilpu paccTosHHH MeXAYy NMOABEMHBIM BHHTOM H OChIO
BpallleHus] TeofoJuTa r=14 cM 3TO MOXeT BLHI3BATb NOBOPOT TEO-
JOoJIMTa BMecTe C JUMOOM Ha yroJ

Al ,_ 0,5:2-10° .,

=— /=" =07
Aa r o 1410 0

H, CJeJOBAaTeJbHO, HAa TAKyl0 e BeJHYHHY OKaXeTcs OIIHGOYHHM
M3MepeHHOe HalpaBjieHHe, YTO COBEpIIEHHO HENOMyCTHMO MpH BHI-
COKOTOYHHIX H3MepeHHsAX ¢ olWu6koi nopsiaka 0,5”. Orcioga BHIHO,
HACKOJIbKO Hafo GbITb BHHMATEJbHEIM H aKKypaTHHIM IpH pabore
C BHICOKOTOYHBIMH TeofoJuTaMu. Heo6xonuMo Bcsiuecku obeperaTthb
TEONOJIUT OT PE3KHX H3MeHEeHHH TeMIepaTyphl, OT TPSCKH NpH He-
pee3lax c MyHKTa Ha MyHKT H T. IL.

B reomesuueckoil ceTH NPH PACCTOSIHHSAX MEXAY MyHKTamMu 10—
20 kM BJHMSHHe NPHOOPHBIX OINHGOK TEOJOJHTA Minp W OLIHGOK
OT BHeIUHe# cpeabl Mgy (6GOKOBOH pedpaKLHH, KPYUeHHS CHI'HAJIOB
# T. .) Ha pe3yJbTaThl YIVIOBHIX H3MePeHHH NPHMEPHO OJHHAKOBO.
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C yueroM 3TOr0 OGCTOSATENBCTBA [J51 CpedHed KBaApaTHYeCKOH
owHGKH M3MEepPEHHOTro yria B TpHaHryJsuumu 1 kinacca (m<<0,7”)
HAMINeM My = map+ mag < 0,7 ?,

TIpu Mup= Mgy GyneM UMeTh Mp < 0,7/4/2 <0,5”.

Ownbka mygp sBJSETCS pPe3yJbTaTOM COBOKYIHOTO BJIHSIHHSA
KOMILJIeKCa MNPHOODHHIX OMIHGOK TeoAoJHTa. [IpHMeHHB NPHHLHI
PaBHBIX BJIHSHHH, MOXHO NOKa3aTh, YTO BJIHSHHUE KaXXJOro 4acT-
HOrO HMCTOYHHKA NPHOOPHBIX OIIHOGOK B CpeIHEM He HOJIXKHO Mpe-
BHIIATh BeJHYdHB 0,2—0,3”. DTOT HecJOXHBIH pacueT MOKa3bl-
BaeT, KaKHe HCKJIOYHTENIbHO BHICOKHE TPeGOBaHHS [OJIXKHBI OHITH
npeabsBIeHH K H3TOTOBJEHHIO, cOOpKe M IOCTHPOBKe JeTajiedl H
Y3JI0B BLICOKOTOYHOT'O TEOLOJIHTA.

§ 36. OBIIIHE CBEAEHHS O BbICOKOTOYHbBIX TEONOJIUTAX

B Hauasne 30-x romoB B CBSI3H C HEBHJIAHHHIM B TO BpeMs pa3Mma-
XoM paboT IO CO3JaHHI0 ACTPOHOMO-TEOJE3HYECKOH CeTH Ha 006-
wupHO# TeppuTopuH CCCP mepen reoiesnueckMM HpuHGOpoCTpOe-
HHeM G6hla NOCTaBJeHa OTBETCTBEHHasl 3ajauya no pa3paboTke u
BHIIYCKY B KOPOTKHE CPOKH BHICOKOTOYHKIX TEOJOJIHTOB.

B 1934 r. 3aBox «Asporeonpu6Gop» HayaJ BHIYyCKaThb YHHBEp-
canbHBI# TeonoNHT Y-5. I'OpH3OHTANbHBEII M BepTHKAJBHBIA KpYTrH
uMesn guaMetrph no 176 mM. Ilena HaumeHbIIero neJieHHs LIKAaJbl
OTCYETHOTO MHKpOCKONa-MHKpomerpa Gbiia paBHa 5”. IlpenHasHa-
Yajicsl TEONOJIUT [IJIsl YIJIOBHIX M3MepPEHHH H acCTPOHOMHYECKHX OIl-
peleseHHi B TPHAHTYJSLUH 2 KJacca.

B 1935 r. B IIHHUHUTAuK no TexHuuecKOMy 3afaHHIO
@®. H. KpacoBckoro 6mn pa3paGoTaH BHCOKOTOYHBIH TpPHAHTYJIsi-
uHoHHH# TeomosuT TT-2/6, mpenHasHaueHHBIH [/ U3MEpEHHS roO-
PHM30OHTaJBHBIX YIVIOB B TpPHAHryJasuuu 1 Kiaacca. Beimyck stHx
teogonuToB Obul HauaT B 1936 r. u npomoskaiscsa mo 1965 r.,
korga TT-2/6 6w CHAT ¢ MPOU3BOACTBA.

Teomomur TT-2/6 wuMeeT TrOPH3OHTAJbHBIA MeTaNJHYECKHH
auM6 puamerpom 220 MM, BepTHKaJbHasi OCb TeOLOJHTa KOHHYe-
CKasi, peryJupyeMasi; riaBHasi 3pHTesqbHasi Tpy6a umeer (oKycHoe
paccrosinne 520 MM, yBenuueHue Tpy6n 30; 52 u 65%; oHa cHa6-
XeHa OKYJsSDHBIM MHKpDOMETpPOM ¢ IleHOH Jenenus 17; mo-
BepuTeqbHast Tpy6a c yBeanueHHeM 30* M LeHOH [deJeHHS OKY-
JgspHOro MHkpoMmerpa 1,4” kpemuTcsi K MNOACTaBKe TeOLOJNHTa H
npefHa3Hayaercsl [JS ONpeJesieHHss H YyyeTa KpyuyeHHsl CTOJIHKA
CHFHaJla INpH YIJIOBHX H3MEpeHHsX; TEOJOJHT HMeeT HaKJaaHOH
YPOBeHb C LeHOH AeseHHs 2,5” Ha 2 MM, ycTaHaBJIHBaeMbI Ha ro-
PH30HTAJILHYIO OChb BpallleHHss TPyObl; BepTHKAaJbHBIH KPYr H3ro-
TOBJIEH B BHJe CeKTOpa; lleHa HaHMeHblllero JeaeHus 6apabaHa
MHKPOCKON-MHKDOME€Tpa INpH TOpH3OHTalbHOM Kpyre 27, Macca
TEOJOJIHTa cocTaBJseT 27,5 Kr.
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Puc. 42. Teonomur OT-02M
(a):

I — noAcTaBKka € UONBCMHBIMI  BHII-
TaMH; 2 — anHfajHasl 4acTb TCOAO-
nuTa; 3 — ypoBeHb NpH aaHAaAC Bep-
THKaJIbHOTO Kpyra; 4 — BepTHKaJb-
HelH  Kpyr; 5 — 3puTcabHuas TpyGa;
6 — roJloBKa  ONTIYCCKOTO  MIIKPO-
MeTpa; 7 — MHKPOCKOII  OTCYETHOTo
ycTpoHcTBa; 8 — npuaMma-lucpekJaloya-
Tceap M306pax<cHiii BCPTHKANBHOTO 1
TOPH3OHTaJbIIOTO KpPYros; liojsc 3pe-
IIMS1 MHKPOCKOMa OTCYCTIIOro yCTPOii-
crtea (6)

C nomowpio TeogosintoB TT-2/6 BEIMONHEH OCHOBHOH 0GLCM yr-
JIOBBIX 1I3MEeDEHHH B OTPOMHOH IO pa3Mepy acTpOHOMO-Teofe3Hye-
ckoft cett CCCP. 3TOT TeomOJHT MO MpaBy 3aciayxua Bceoblice
IpU3HAHME TCONE3UCTOB KAK HAMEXKHBIA BBICOKOTOYHBIH TEOMOJIHT,
obecreynBaoliuii H3MepeHHe TOPH30HTAJbHEIX YIJIOB MPH PaccTosi-
unsix 20—30 kM u Gosee co cpemHed KBajpaTHUECKOH OMINGKOH
0,5--0,7" (o HeBsI3KaM TPEYroJbHHUKOB).

[TpumepHo B TO Ke BpeMsl, KOrAa OblJl HAuaT BBINYCK TEOMOJH-
10B TT-2/6, 6bl1 pa3paGoTaH BHICOKOTOYHBIH aCTPOHOMHUYECKUH YHH-
repcas AY-2/10 ¢ numbamu guamerpom 220 u 135 mMm. DTtu npu-
60pbl B TeueHHe MHOTHX [eCATHJETHH YCNeLUIHO MPUMEHSJIHCh AJs
aCTPOHOMHMUECKHX OlpefleIeHuH MIMPOT, [OJrOT H a3UMYyTOB Ha
nyskrax Jlaniaca.

B 1940 r. 3aBox «AsporeonpuH6op» BBHINYCTHJ NEPBYIO MapTHIO
BBICOKOTOUHBIX oONTHUecKUX TeonosutoB OT-02, mpenHasHaueHHBIX
LJs YTJIOBBIX HM3MCDEHHH B Treofe3HvYeckHX ceTsx 2—4 KJ/accos.
B nocJ/ieBoeHHBIEe TOABI TEOMOJHUT MOJYYHJ LIHPOKOE pPacHpocTpaHe-
e M BBICOKYIO OLleHKy crnenuanncroB. B 1965 r. on 6bu1 He-
CKOJIbKO MOJEpPHH3UpOBall H eMy OblT NpHCBOCH HOBHIH 1mubpp OT-
02M (puc. 42, a).
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Puc. 43. Teogoaur T05 (a):

1 — 3putenbHas Tpy6a; 2 — OKYJSIPHBIH MHK-
pomeTp; 3 — HaKJaAaHo# ypoBcHb; 4 — ro-
JIOBKa ONTHYECKOTOo MHKpOMeTpa; 5 — mepe-
KJIoYaTeJb H3006paXeHHH TOPH3OHTAaJbLHOTO
H BepPTHKaJIbHOTO KpYroB; 6 — MOBEPHTEJb-
Hass Tpy6a C OKYJSIDHBIM MHKPOMETPOM:
noJie 3peHHsT OTCYETHOTO MHKpockoma (6)

OTcueT Mo ropH3OHTaJILHOMY Kpyry (pHc. 42,0) GepyT ciemyto-
MM o6pasoM:
23°20"
1'29,0” (1-e coBMeleHuE)
29,6” (2-e coBMelleHHE)

23°21'29,3"

B 1968 r. Bmecto Teomonnta TT-2/6 HauaJscs BhMycK paspa6o-
taHHoro B IIHUHUT'AuK HOBOro BBICOKOTOYHOrO ONTHYECKOTO Teo-
nosuta TOS nosycekyHAHOH TOYHOCTH.

B 1975 r. 6Bl1 cO3/laH yrJOMepHBIH BBICOKOTOUHBIH KOMILJIEKT
(YBK), ocHoBo#t kotoporo siBjsiercsi Teofosut OT-02M, cHa6xeH-
HBIHl aBTOKOJJIMMALHOHHBIM OKYJSIPOM, YCTPOHCTBOM AJIsi NPHHYAH-
TEeJbHOTO I[eHTPHPOBaHHUs C OIIHOKOH He Gosee 0,5 MM, MOIACTaBKOH
C ONTHYECKHM LEHTPHPOM. B KOMIJEKT BXOASIT Takxke ApyTrHe IpH-
crnocobJieHys, HCNoJb3yeMble NMPH pellleHHH 3ajay NpPUKJaLHOH reo-
Le3uH.

B koHie 70-x romoB OBl HauaT BBHIMYCK HOBBIX BBICOKOTOUHBIX
OTITHYECKHX TeoHOoJHTOB Tl cekyHIHOH TOUHOCTH.

Teodoaur TO5 (puc. 43,a), kKak u 060K APYroi ONMTHUECKHH
TEOJOJIUT, yao6eH B paboTe, HMeeT MeHblIHe rabapuThl H Maccy,
yem TT-2/6, a N0 TOYHOCTH H3MepPEHHSI YTJOB HECKOJbKO NPEBOCXO-
AMT €ro.

Teomosnur TO5 cOCTOHMT M3 ABYX OCHOBHBIX yacTeil: HHXXHEH H
BepXHeH, KOoTopble NPH HEeOGXOAMMOCTH (NMpH INepeBO3Ke HJH IJH-
TeJbHOM XPaHEHHH) MOTYT OBITb pa3belHHEeHbl M [OMEIIeHH B Pas3-
Hble YIaKOBOUHBIE SILIHKH.

B HHXHIOIO 4acTb TEOLOJHTA BXOASIT: NMOJCTAaBKA C NMOLBEMHBIMU
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BHHTAaMH H IEHTPHUPYIOLIHM YCTPOACTBOM, TOPH30HTAJbHBI KpYT
C YCTaHOBJIEHHHIM Ha HeM JIHMGOM, KOJIOHKH C JlarepaMH 1Jis ycTa-
HOBKH TOPHM30HTAJbHOH OCH BpalleHHs] TPYOhl; Y3Jbl OTCUETHOH CH-
CTeMBl, pa3MellleHHBle BHYTPH KOJIOHOK.

K BepxHeli cbeMHOH YacTH TEOJOJHTA OTHOCATCH: 3pHUTENbHAs
Tpy6a ¢ rOpH30HTaJbHOH OCbIO, BEDTHKAJbHBI KPYT H YpPOBEHb IPH
HEM, OTCYETHBIA MHMKDOCKOIN, Y3JIhl OTCYETHOH CHCTEMBl BepTHKAJb-
HOTO Kpyra.

Ilpu anupajse ropH3OHTAJBHOTO KPYyra MMeeTCs LUHJIHHIPHYECKHH
ypOBeHb C LeHOH aeneHuss 6—7” Ha 2 MM; Ha nandb TOPH30H-
TaJibHOH OcHM BpallleHHsl TPYObl YCTaHaBJHBAEeTCS HAaKJIaJHOH ypo-
BeHb C IleHOH JeneHus 4—5” Ha 2 MM.

BepTHKasbHas och TeOAOJHTA LHJIHHADHYECKAs, NOJYKHHEMAaTH-
YeCKOro THIIA, caMoperyJjupymoollascs (Ha LIapUKOBOH OCHOBE);
AjnuHa ee paboyedi yacTu okoso 100 MM. Bo n36GexaHHe BO3MOXKHBIX
MOBpPEeX/eHHH OCH NPH TPAHCNOPTHPOBKE OCeBasi CHCTeMa CHa6GXXeHa
pasrpy3o4yHsM ycTpoficTBOM. C BepTHKaJbHOH OCHIO XKECTKO CKpell-
JeHa aJMAaja TeOLOJINTA, Hecyllasi KOJIOHKH H CJyXKallas Kopmy-
COM MJIsl MHOTHX y3JIOB IpHGOpa.

l'opusoHTasbHasi och TPYOH NHJIMHApPHYECKas, mosas, ULandh
OCH oNHpaloTcs Ha GPOH30Bble JlarepH; B KayecTBe Pa3rpy30YHOro
yCTpOHACTBA HCNOJIb3YIOTCS JIOXKHBIE Jlarepbl C POJHKaMH H3 LIapH-
KOTNOALIHITHHKOB.

3purtenbHasi TpyOa — IleHTpaJbHasi NpsiMas acTpPOHOMHYecKas,
NepeBONUTCS Yepe3 3eHHT OKYJSPHBIM KOHLOM. Tpyb6a HMeeT OKy-
JIIPHBI MHKPOMETP C IJIOCKONapaJJesbHOH NMJAaCTHHKOH; lleHa Je-
JIeHHsl OKyJISIpHOI'O MHKpoMeTpa 1”.

OTcyeTHas cHCTeMa NOCTPOEHAa B COOTBETCTBHH C KJIACCHYECKHM
BaDHAaHTOM COBMeIlleHHs] H300paXKeHHH AHaMeTpaJibHO NPOTHBOMO-
JIOXKHBIX IITPHXOB JHMO6a. OTCUHTHBaHHE MO TOPH30HTAJbHOMY H
BePTHKaJbHOMY KpPYyraM OCYLIECTBJSIETCS C IOMOIIBI0 MHKpOMETpa
C ONTHYECKHMH KJIHHbSAMH. Tak, OTCUeT MO FOPH30HTAJbHOMY KpPYyTY
(puc. 43,6) cocTaBuT:

30°15’

3'24,7” (1-e coBMellleHHE)
25,2" (2- coBMeleHHE)

30°18725,0”

LlenTpupoBaHHe TeOAOJHTA HAaJ TOYKOH CTOJHKAa Teoje3nye-
CKOTO 3HaKa MPOHU3BOAMUTCS C IMOMOLIbI0 MEXaHHYeCKOTro LeHTPHpa-
HaKOJIKH.

B koMmnJjekT mpu6opa (mo 3akasy moTpeGuTesisi) BXOJHT TaKxkKe
noBepHUTe/bHAsl Tpy6a AJsl yueTa KpydyeHHs CHTHaJa.

Teodoaur T1 (puc. 44,a) B oTiuuue ot TeomoauroB OT-02 u
OT-02M uMeeT: OKyJISIPHBIH MHKPOMETp JAJIsi TOYHOIO BH3HPOBaHHS
Ha 1leJb; HaKJaJHOH ypOBeHb, YCTaHaBIHBaeMBHi Ha TOPH3OHTaJb-
HyI0 OCb BpallleHHs1 TPyOBl; ONTHYECKHH ILEHTPHP MIJis YCTAaHOBKH
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Puc. 44. Teomoautr Tl (a):

1 — 3puTenbHast Tpy6a C OKYJSIPUbIM MHKPOMETDPOM;
2 — roJioBKa ONTHYECKOT0 MHKpOMeTpa; 3 — Nok-
CTaBKa C MNOAbEMHBIMH BHHTaMH; 4 — rojoBKa ycCT-
poiicTBa AJsi NepecTaHOBOK TFOPH3OHTAaMbHOrO Kpyra;
5 — HakJNagHOIl ypOBeHb; TMOJC 3pcCIsl OTCYETHOro
MHuKpockona (6)

npubopa Haj TOYKOH. BepTHKaJbHAS OCb LUMJIHHIpHYECKAS, MOJYKH-
HeMaTHyeckasi, caMopery/aupyeMasi (Ha IIapHUKOBOH omnope). 3pH-
TeNbHass Tpyba INpsMasi IeHTpaJbHast acTPOHOMHYECKas, lepeBO-
OUTCS Yepe3 3eHHT OKYJSpPHOH uactblo. OKyJSpHBIH MHKpPOMETP
MMeeT 1leHy HauMeHblIero jaesjeHHs 1”7, H3rOTOBJEH OH B BHIE Te-
JleCKONHYecKo# JnH3b. OTCYUMTHIBAHHE IO FOPH30HTAJbHOMY U Bep-
THKAaJbHOMY KPYraMm BHIIOJIHSETCS C NOMOIIbIO MHKpOMeETpa ¢ OIl-
THYECKHMHU KJHHbSIMH, KaK y Teojonuta T05. Hanpumep otcuer no
rOpH30HTaJbHOMY Kpyry Teogoaura T1 (puc. 44,0) Gepyt ciaenyio-
muM obpasom:
146°20"
3'07,7” (1-e copMelieHHE)
08,1” (2-e coBMeLIeHuE)

146°23'07,9”

IOnst cpaBHeHusi oTMeTHM, uyTo B Teomosautax OT-02 u OT-02M
npuMeHsieTcss 6oJiee CJIOXKHBI MHKPOMETpP C IJOCKONAapaJJebHbIMH
nnactuikamu. Teogoaut T1 uMeeT TpPH UMJIMHAPHUECKHX YPOBHS
TAKOTO 2Ke THNA M Ha3HaueHHs, Kak U Teoosut T05.

[IpuBesieM OCHOBHHE TeXHHYECKHe XapaKTEPHUCTHKH BBICOKOTOY
HBIX TeoJoJHTOB (Taba. 11).

Cpenn 3apyGeXHBIX TEONOJHUTOB BBICOKOH TOUHOCTH BBIAEJIHM
TEONOJINTH OpPHTHHAJNbHON KOHCTpyKuuH: DKM-3, Theo 002 wu
T2000S.

Teodoarur DKM-3 (puc. 45) BHIycKaeTcss B re0Je3HYECKOM H
acTpoHoMHucckoM BapuaHTax ¢upmoii «Kepu» (IlIBefinapus).3pu-
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Ta6aupga 11

TeogosnHT
TexHuyecKas XapakTepHCTHKa
TO5 TI OT-02M
HonycTuMoe 3HaueHHe cpeiHell KBajpaTHUecKoii
OIIMOGKH M3MepeHHs yrya OJHHM NpHeMOM B Jia6o-
PaTOPHBIX YCJIOBHSAX:
TrOpPH30HTAJTBHOTO 0,5" 1”
BEPTHKAJIBHOTO — 1,5
3putesnrHas Tpy6a (riaBHas): -
JHaMeTp CBOOOZHOIO OTBEPCTHS OGBEKTHBA, MM 64 60 60
¢doxycHOe paccTosiHHE, MM 500 350 348
YroJl Mojisi 3peHHs 40’ 1° 1,3°
yBeJHYeHHe, KpaT 36; 50; | 30; 40 24; 30
62
IeHa JieJieHHs 6apabaHa OKYJISPHOTO MHKPOMETpa 1” 1” —
HaHMeHbIllee PacCTOHHE BH3HPOBaHHS, M 5 5 5
T'opu3onTanbHHA KpyT: '
JHaMeTp KoJiblla jejeHuit JHMGa, MM 180 135 135
IleHa HaWMeHbLIero JeJeHHsl JHMGa 10 10 10
NOJIHHE OIIHGKH AHaMeTPOB auMGa, He Gosee 1,0" 1,2" 1,5"
BeptukanbHuft Kpyr:
IMaMeTP KOJIbLla JEJeHHH JauMOa, MM 130 90 90
Ll€Ha HaHMEeHBIUEro NeJeHHs JuMGa 10’ 10’ 20’
MOJIHHE OIIMOGKH AHaMeTpoB JuMGa, He GoJee 2,0” 2,5” 2,5”
OrcyeTHOE YCTPOMCTBO:
BUJ, OnrHyeckuii MHKPOMETp
meHa JeleHus 1” 1” 1”
HoMunanbHasd LeHa JeJeHHS] ammyJbl YPOBHS
Ha 2 MM, yriI. C:
HaKJagHoro 4 5 —
NpH ajuiafe TOPH3OHTAJBHOLO Kpyra 7 7 6—7
NmpH aJMjafe BepPTHKaJbHOTO Kpyra 12 12 10—12
Macca TeomonuTa, Kr:
6e3 ymaKOBKH 19 11 10,8
B yNMakKOBKe 34 17* 18,5*
Macca - mrtaTeBa, Kr — 8 8

* C y4eTOM MacCH UEHTPHPOBOYHOH MJHTH.
y

TeJbHasA pr6a TEON0JIMTA JIOMaHasi HEeHTpaJibHas, NMEepEeBOLHTCA Ue-
pe3 3CHHT 060UMH KOHIIaMH, JaeT npsiMoe H306pa}KeHHe Habmona-
eMux neseii. ITo cBoeit KOHCTPYKIIHH OTHOCHTCSA K 3€pKaJIbHO-JIHH-

30BRHIM CHCTE€MaM TeJIECKONIHUYECKOro THIa.

BepTukanbHasi oceBasi CHCTEMa BHINOJHEHa Ha pa3HeceHHOH Ia-
PHKOBOH omope; IeHTPHPOBaHHE AJUAARHON YACTH TEOJOJHTA OCY-
IIECTBJISIETCS MPH IIOMOILIM KOPOTKON HampapJsiollel, Bpaliaio-
mefics B HeBbicoKOf BTyake. [llapukyu nommunenKka B Koaudectse 60
IMaMeTpoM 4 MM M3roTOBJeHH ¢ TOuYHOCThbIO 0,2 MkM. Pacnosara-
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Puc. 45. Teogonutr DKM-3: Puc. 46. Teomonutr Theo 002:

I —noactaBKa TeOMOJHTAa C OCeBoA cHCTe- 1 — 3putesbHast Tpy6a (3epKaJbHO-JIHH30-
Moii; 2 — ropu3oHTHpYIOLLee YCTPOHCTBO; 3 — Basi); 2 — OKYJsip 3pHTeJbHOH TpyGel; 3 —
OTCYETHBIH MHKPOCKOT; 4 — 3pHTesbHas OKyJIIp OTCYeTHOro ycTpo#icTBa; 4 — MOA-
TpyGa CcTaBKa C MOA'beMHBIMH BHHTaMH

IOTCSl OHH BOJIH3H KpaeB aJHAafbl MeXJy TILATeJbHO OTULIH(DOBaH-
HBIMH IJIOCKOKOJIbII€BBIMH TOBEPXHOCTSIMH, 006pa3yst ONOpPHHIH Ia-
PHMKOIOAUIUITHHK.

bBaarogaps kopoTko#i AJHHe TPyGbl W LIHPOKO pa3HeCceHHOH mia-
PHUKOBOIl Omope YAaJoch CYLIECTBEHHO YMEHBIIHTb raGapHThl Teo-
NOJIHTA.

OTcueTHasi cucTeMa NOCTPO€HA MO NMPHHIHNY <«ABOHHBIX KPYTOB
Kepnas. OHa no3BoJisieT HCKJIOYHTh BJHSHHE 3SKCLIEHTpHCHTeTa
auMba W ajuiajbl, a TakXkKe CBeCTH K MHHHMYMY BJHMSHHE OIIHOOK
nuamerpoB Jumba. lleHa neneHuss oTcueTHoro ycrpoiicta 0,5”.

Teodoaur Theo 002 (puc. 46) Bmimyckaercss HapoaubiM npex-
npusituem Kapa Lleiic Mena (I'1P), npenHasHaueH AJs BHICOKOTOU-
HBIX aCTPOHOMO-TeOfle3HYeCKHX HaMepeHHil. MMeeT KoMmmeHcaTop
HaKJOHa AJs CcTabMJIM3alMH MecTa HyJs BepTHKaJbHOIO Kpyra
¢ toyHoctbio o 0,1”. CHaGKeH KOMIEHCATOPOM HAKJIOHA TOPH3OH-
TasJbHOR ocu BpaleHHs TPyOH ¢ TouHocThbio 10 0,05”. 3puTesbHas
Tpyba TeONOJHTa 3epKaJbHO-JIHH30Bast, CKOMGHHHpPOBaHa Cc TPy6O#-
MCKaTesNeM, UMeeT OKYJSIPHBIH MHUKpOMeTp ¢ LeHod Aenenusi 0,57 u
CeTKY HHUTeH [Jis acCTPOHOMHUYECKHX ONpele]eHHH WIHPOT, AOJroT
M a3uMyTOB. TeoMOJNHUT cHaGXeH PSAOM JOMNOJHHTEJIbHBIX YCTPOHCTB
H NpHcrnocobyeHnH, B TOM 4YHucJje AJs1 (HOTOpErucTpanui OTCUETOB
no auM6y. OGecneunBaer TOYHOCTb H3MEPEHHsI TOPH3OHTAJbHBIX
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Puc. 47. dnextpounniit reogosaut T2000 S:

I — nucniciHas naHeab yNpaBjeHHs; 2 — CBETOBOC
Ta6J0 pe3ynbTaTOB H3MEPEHHH T'OPH3OHTAJNbHBIX Yr-
JIOB 1l 3CHHTHBIX paccTosiHM#; 3 — 3puTesbHas
Tpy6a; 4 — HABOASIIMH M 3aKPENHTCJbHBI BHHTH
anuiaibl TOPH3OHTAJbHOTO Kpyra; & — nojcTaBKa

HanpaBJeHH# ¢ omHO6KoH nopsiaka 0,3” (6e3 yueTa BJIMSHHI BHeLI-
Hell cpeibl).

dueKTpoHHbie TeOROJHMTH. HoBefine nocTHXeHHS B 06JacTH
3JIeKTPOHHKH, MHKpPOIIPOLECCOPHOH TEXHUKH M ONTHYECKOro npu6o-
pOCTPOEHHsI MO3BOJISIOT aBTOMATH3HPOBATh BBICOKOTOUHYIO H3MepH-
TeJIbHYIO TeXHHKY, NDHMEHsIeMylo B reofie3Hd. B HOBeHIIHX BHICOKO-
TOYHBIX TEOJOJIMTAX, BBHIMYCK KOTOPHIX HAayaT BCEro JIHILIb HECKOJbKO
JeT Ha3all, BMeCTO TPaAHIHOHHOH OTCYETHOH CHCTEMBI CO CTEKJISIH-
HbBIM JIUMGOM U ONTHYECKHM MHKPOMETPOM HCHOJb3yeTcsl NHHAMH-
yeckasi CHCTeMa OTcYeTa IO KPYTaM C ONTHKO-3JEeKTPOHHHIM CKaHH-
pOBaHHeM, MO3BOJIAIOIIAS ABTOMATH3HPOBAaTb IPOIECC H3MepeHHs
YIJIOB H OJHOBPEMEHHO MOBBICHTb HX NPHOOPHYIO TOYHOCTD.

K TakuM BBICOKOTOYHBIM 3JIEKTPOHHBIM TEOJOJHTAM OTHOCHTCS,
B uacTHOCTH, TeomoJutr T2000 S (puc. 47) ¢dupmel «Bunpn Xep6-
pyrr» (LlBefinapus). 3purenvHas Tpy6a naer npsimoe u3oGpaxe-
HHMe BBICOKOI'O KauyeCTBa; JHaMeTp OOBeKTHBA 52 MM, yBeJHueHHe
Tpy6el 43% (cTaHmapTHOE), HO MOXeT ObITh YCTAHOBJEHO DPaBHBIM
26, 35 u 59%. MMeeTcss nBa pexHMa H3MepeHHSl YIJIOB: IPOCTOH
AJISl U3MepeHHs! YIJIOB C HaHMBHICIIEH TOYHOCTBIO M CJCAALIMH AJs
HaGmoleruit 3a ApHXKymefics menblo. TeomoluT HOpMasibHO pabo-
TaeT B JHamna3oHe Temmepatyp ot —20 po +50°C. Macca Teojno-
aara 6e3 Oarapeil ans saekrponutanHus 9,7 kr, Macca Gatapef
0,8 kr. Be3 mepe3apsiaikd moxer ObTh BHNOJHeHO 1500 yryoBHIX
u3MepeHuii. TeoJoJHT KMeeT KOMIEHCAaTOp, YCTaHaBJHBAOUIUH
HyJb-YHKT BePTHKaJbHOTO Kpyra B HCXOZHOe mnoJioxeHHe. Tou-
HOCTb OTCYeTa IO KpyraM MoxeT OHTb 3afaHa II0 YCMOTpEHHIO
Habmoaarens au6o 17, mu6o 0,1”7. OTcueTsl MO rOPH3OHTAJNLHOMY
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KPYT'y aBTOMAaTHYECKH HCNPABJSIOTCS NONPaBKaMH 33 3KCUEHTPH-
CHTET, KOJJIMMAIHOHHYI0 OWIKHGKY M HaKJIOH TOPH30HTAJbHOH OCH
Tpy6bl. OTcueTH MOr'yT OHITh BhIpaX<eHH KaK B Tpajycax, Tak H
BroHax (1/400 yacTe OKpYyKHOCTH).

TeoponnT MMeeT AHMCIVIEHHYIO NaHeJb yIpaBJeHHs M TOIAKJIIO-
yaeMufi K Hemy peructpartop. C momomplo KiaaBHllell 3afaercs pe-
JKHUM paboThl TEOJOJIHTA M perHcTpanuu AaHHbX. Ha skpan mucno-
Jiesi BHIBOASITCS 3HAUeHHS] HM3MePeHHBIX TOPH30HTAJbHBIX YIJIOB H
3eHHTHRIX paccTossHuii. Mcnoab3yss naHenb ymnpapjieHHs, MOXHO
BBECTH B NaMATb PerHCTPaToOpa He TOJbKO Pe3yJbTaThl H3MepeHHH,
HO M, HampuMmep, BpeMsl HalbJIOfeHHH, HOMep NYHKTa, €0 KOOpJIH-
HaThl U BHICOTY, PacCTOSIHHsl IO HaGJlofaeMBIX NMYHKTOB. Perhcrpa-
TOp He TOJbKO XPaHHT 3aMHCaHHYI0 HHPOpMALHIO, HO H BeleT Ma-
TeMaTHYeCKylo 06paGOTKy pe3yJibTaTOB H3MepeHHH B COOTBETCTBHH
c 3amaHHOil mporpaMMmoii. K peructpatopy MoxeT GbITb NOAKJIO-
yeH KOMIBbIOTEP U ApYyTHe 3JeKTPOHHHE YCTPOHCTBa, o6pabaThHBalo-
IiMe H3MepHTeNbHYI0 HH(OpPMAIHIO B reofle3HYECKOH CeTH.

Teomonutr T2000 S B 3HauMTeNbHOH Mepe aBTOMAaTH3HPYET IPO-
IlecC BHICOKOTOYHHIX H3MepeHH#l M 06paGOTKH HX pe3yJbTaToB, MO-
BHIIIAeT MPOU3BOAHTENBLHOCTb TPyAa NpPH HAGJIOAEHHSX; OH IPOCT
B ofbpalleHHH, HajexkeH B pabotre H obeCHeyHBAET BHCOKYIO TOY-
HOCTb M3MepeHHH, B UaCTHOCTH, TOPU3OHTAJbHEIX YIVIOB CO CpelHel
KBaJpaTuueckod owHn6ko# mnopsgka 0,5” (6e3 yuera BJIHSHHH
BHeLIHeH cpejH).

B Guuxafilllve TOAB 3JeKTPOHHHE TEOJOJHTH, a TaKXe 3JeK-
TPOHHBlE TaxeoMeTPH I[O0JydaT BHAMMO LIHPOKOe paclnpocTpaHe-
HHe NMOBCEMECTHO Kak HauboJjiee NepClHeKTHBHHE, I03BOJSIOLINE aB-
TOMaTH3HPOBATh NpoLecC H3MepeHHA H 06pabOTKH HX pe3yJbTaToOB.

§ 37. TEOMETPHYECKASl CXEMA BbICOKOTOYHOTO
ONTHYECKOI0 TEOLOJIUTA

BHICOKOTOUHEIH ONTHYeCKHH TEOJOJHT B OTJHYHE OT TOUHOTO HMeeT
pPSZl KOHCTPYKTHBHEIX OCOOeHHOCTe#, O6GYyCJOBJEeHHHX HeOo6GXOAH-
MOCTbIO BBHIIOJIHATb YIJIOBHE H3MEPEHHS B ONOPHHX Te0Je3HYeCKHX
ceTsIX C MakKCHMAaJbHO BHCOKOH TOYHOCTbIO. BHICOKOTOUHHIA ONTH-
YeCKHH TEOJOJIHT COCTOHT H3 CJIeLyIOLUINX OCHOBHHX yacTell (puc. 48):

0cesoll cucTemsl, B KOTOPYIO BXOASIT BepTHKa/bHasl OCb TeOJO-
auTa I, ocb BpaileHHs TPYOH 2 M TOYHHIA ypoBeHb 3 (HaK/axHOH
HJIM TpH ajujaje); NoacTaBKa 9;

paboueii mepol, T. e. MMMGOB TOPH30OHTAJIBHOTO 4 M BepTHKAJb-
HOTO 5 KPYroB C JeJIeHHSIMH, HaHECEHHHMH C BBICOKOH TOYHOCTBIO;

BU3UPHO20 YCTPOLCTBA, T. €. 3pUTEJbHOH TPYOB! 6 ¢ OKYJSpHBIM
MHKpOMeTpOoM 7 HJH 6e3 Hero;

0TC4eTHO20 ycTpolicTéa 8, BKIOYasi ONTHYECKHH MHKDPOMETD.

B cooTBeTcTBHH C reoMeTpuHuecKOil CXeMOH TeOJ0JiHTa TOPH30H-
TajbHas OCb BpalleHHs TPYy6Gbl H MJOCKOCTb JHMGa TOPH3OHTAJb-
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3\ p Puc. 48. TeomerpHuyeckas

cxeMa BBICOKOTOYHOTO

5 p— TEeOJ0JIUTa

7 Zi

HOTO Kpyra AOJXKHH OHTb NMepPNeHAHKYJSPHH K BepTHKAJbHOH OCH;
BH3HDHAast OCb TPYOH [OJIKHA OHTb NepNeHAHKYJAspHA K OCH -Bpa-
LeHHs1 TPYOH; OChb BpallleHHsl aJuAajb U OChb BpAILeHUs] FOPH30H-
TaJIbHOTO Kpyra AOJIKHH NPOXOAUTh uepe3 LEHTP KOJbLla JeJIeHHH
JuM6a WM CcOBNafaTh; KpOMe TOrO, BepTHKaJbHasi OCb TEOHOJHTA
NpH YIVIOBHIX H3MEPEeHHAX Ha NYHKTe He JOJXKHA OTKJOHSATBCS OT
OTBECHOH JIMHHH B TOYKEe €ro yCTaHOBKH. JII0Ghle HapyLIeHHS reo-
MeTPHYECKOH CXeMbl TeONOJIHTa B IpoOLiecCe YIVIOBHIX H3MepeHHH
Hen36eXHO BeAyT K NOSIBJEHHI0 COOTBETCTBYIOIIHMX OLIMGOK, OTPH-
1aTeJIbHO BJIMAIOIIMX HA Pe3yJbTaTH H3MepeHHH.

OcHOBHBIe YaCTH TEOJOJHTa HAaXOAATCS MeXAy coGoi B ompe-
IesleHHOH CBfI3H; TOYHOCTb MX H3TOTOBJEHHS NOJI)KHA OHITb COTrJa-
coBaHa. TpeGOBaHHSI K TOYHOCTH HM3TOTOBJIEHHS BCeX Y3JIOB H Je-
TaJjleli BHICOKOTOYHOTO TEOLOJIMTA BHITEKAIOT M3 ero Ha3HaueHHs —
H3MepsATb TOPH30OHTAVIbHEIE HANPABJEHHS U YIVIH C HauBHCIIEH TOU-
HocThI0. Tpe60OBaHHS K TOYHOCTH H3MepeHHS 3eHHTHHX PacCTOSHHH
(BepTHKANBHHIX YIJIOB) HECKOJbKO HHXKe; OJHAKO JaHHHIH BOIpOC
B HacToslllee BpeMsl HYXKJAaeTcs B KOPpEHHOM IlepecMOTpe, TaK Kak
IJ151 pellleHHs] MHOTHX HapOAHOXO35HCTBEHHHIX 3aJay C HCIOJb30Ba-
HHeM TeOfle3HYeCKHX METOJOB HeOOXOAMMO H3MepSThb 3eHHTHHIe
paccTtosHHsl HabJI04aeMbIX Lieiell ¢ TaAKOH e BBICOKOH TOYHOCTBIO,
KaK ¥ FOpH30HTAJbHHE YIJH (IPH HajJexalleM yueTe pedpakuuu
B 060HX CaIyyasix).

B m060oM TeomoJsiHTe, OCOGEHHO BHICOKOTOYHOM, AOJIXKHH OBHITb
COTJIaCOBaHBI: TOYHOCTb H3rOTOBJIEHHSI OCEBOH CHCTEMBI, TOYHOCTb
pa3feneHuss guM6a (TOYHOCTb HaHeCEHHsl HeJIeHHH); TOYHOCTb BH-
3HPOBAaHHS MOCPEACTBOM 3pHTEJbHOH TPYGH; TOUHOCTb H3TOTOBJIE-
HHS M KOMIIOHOBKH Y3JIOB OTCYETHOro ycTpoictBa M T. A. HuXe
pPacCMOTPUM OCHOBHBIE KOHCTPYKTHBHHE OCOGEHHOCTH OTHeJbHBIX
Y3JIOB BBICOKOTOUHBIX OIITHYECKHX TEOHOJHTOB H IMpelbsBiseMble
K HHM TpeGoBaHus.
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§ 38. OCEBBIE CUCTEMBbI U YPOBHH
BbICOKOTOYHOI'O TEOJOJIUTA

OceBbie CHCTEMbI

BepTuKajbHasi OCb TEONOJHTA SIBJSIETCS OCHOBHOH €ro OCblo, OT-
HOCHTEJbHO KOTOPOH pa3MellaloTcsl BCe OCTaJbHBle YacTH M Y3JIH
TEONOJIUTa COOTBETCTBEHHO €r0 reOMeTPHUYECKOH cxeMme.

B coBpeMeHHBIX BBICOKOTOYHHIX Teojosurtax thna T05, TI,
OT-02M (¥YBK) 1wHpoOKO NpHMEHSIOTCSI LHUJHHAPHUECKHE OCH IIo-
JYKHHEMAaTHUECKOro THLA, caMoperyaupyeMue [22]. KOHCTpYKTHBHO
3Ta CHCTeMa ocell peaJsH3yeTcsl NO-Pa3HOMY B YKa3aHHHX BHILIE
TEONOJNUTaX, HO B MPHHIUHUIHAJIBHON ee YacTH OCTaeTcss HeH3MeHHOH.

BeprukanbHasi ocb teogonura OT-02 (puc. 49) BHyTpH mnoJas,
JKeCTKO CBfI3aHa ¢ ajJHAafaHOH (BepxHel) yacTbio TeojoauTa. OHa
compHKacaercsl ¢ 60KOBOH MOBEPXHOCTbIO BTYJKH TOJBKO IO Y3KOMY
BeAylleMy NOSICKYy, KOTODHl HalpaB/sieT ABHXKEHHE OCH B ee HHXK-
Helt uactd. Omopoil ajuAafbl CJHyXKaT CTajbHble LIAPHKH, pa3Me-
IeHHble Ha CKOLIEHHOH MOJ yrJOM NMOBEPXHOCTH BTYJKH ocH. Ilox
JeficTBHEeM MacChl aJHAajbl H COGCTBEHHOH MacChl LIApHKH CTpe-
MSATCSl CKAaTHTbCS BHH3 IO HAKJIOHHOH IIJIOCKOCTH H CO BCeX CTO-
poH 06XBaTHIBAlOT OCb, He NaBas el KoJsebGaTbcsl NpPH BpalleHHH
anufagn. Takas cHcreMa ocefl sBJsieTCs caMoperyJaupylouleics.
Jns1 oGecnieueHHs] BHICOKOH YCTOHYMBOCTH OCH IIpH BpallleHHH aJjH-
Jain Tpebyercsi, YTOGH pa3HOCTb J[HaMeTpPOB INApPHKOB OHlIa
He 6oJiee 0,5 MKM.

Hasnune 3asopa MeXay oCbio anufaAbl U GOKOBOH MOBepX-
HOCTbIO BTYJKH yCTpPaHseT 3aK/JHHHBaHHE OCH NPH 3HAYHUTENbHOM
MOHHXKEHHH TeMNepaTypH TCOAONHTA. DTO NO3BOJSET BHINOJHATh
H3MepeHHe YIVIOB NPH 3HAUHMTEJbHHX H3MEHEHHSX TeMIepaTyphl
BO3/yXa.

Harorossenne ocelf BBHICOKOTOYHHIX TEOJOJHTOB — OfHA M3 OT-
BETCTBEHHBIX MexaHHYecKHX omepauuii. OGHYHO TpeGyIOT, UTOOBI
KoJeGaHHsl OCH BpallleHHs aJjujajb B INIpPOIECCe YIJIOBHX H3Mepe-
HHH He mnpeBelIasu 1”7, 4TO MOXKHO paccMaTpHBaThb KakK AONMYyCK
Ha KOHYCHOCTb LHJHHApHYeckoH ocu (pHuc. 50), KOTOpHIH He HOJ-
JKeH NpeBHIIATh BEJHYHHBI

x=—1.
Y

[Tpu i=1”, [=100 MM nonyuum x=0,5 MkM. CjefoBatejbHO,
OCH y BHICOKOTOYHBIX TEOJOJIHTOB CJie[yeT H3TOTOBJATL C 0OCOGOMH
TIIATEeNbHOCTbIO H BHICOKOH TOUHOCTBIO.

BepTHKaJbHas ocb ¢ pa3HeCeHHOH IIapHKOBOH omopoil (puc.51)
npuMeHsiercss B Teomoautax tHna DKM-3. ITockosabky npu pJuHe
uuauHApuyeckoft ocu 100 MM u 6oJiee JOBOJBHO TPYAHO YCTPaHHTh
KoJe6aHHSl OCH NMPH BpallleHHH aJUAAAH, OBLIO MPHHATO peLIeHHe
3HAUUTEJNIbHO YBeJHUYHThb IJIOUaAb OIOpPH aJHAaiH, a Ha MAOJIO
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Puc. 49. lluaungpuyeckas ock nosnykHHematuye-  Puc. 50. KoHycHocTe uu-
CKOro THMIa C mapnxoaoﬁ onopoﬁ B TeOAOJHTaAX J'lHH,Ille{eCKOﬁ OCH Teono-
tuna OT-02: auTa

I —ocb aaugazgb; 2 — BTYJAKa aaufaibl; 3 — IUaPHKOMOA-

WHNHHK (onopa aaunagm); 4 — auM6; 5 — seaymu#t mo-

fICOK; 6 — MOACTaBKa

/NL
-

Puc. 51. Beprukanbnas oce Teogonuta DKM-3 ¢ pasHecenHoi#f 1apHKOBO#
omnopoii:
1 —och anupajbl; 2 — WIAPHKOMOALIMNHHK; 3 — AUMG; 4 — MOACTaBKa

caMO# OCH OCTaBHTb (YHKUHMH HanpasJsiolleH ABHXeHHS aJHAaLH
M LIeHTPHPOBaHHA mpHGopa.

Hocturayra BBICOKass TOYHOCTb H3rOTOBJIEHHS ILHapHKOBOH
ONMOPH: Pa3HOCTb AHAMETPOB lIAPHKOB He MpeBOCXOAHT 0,2 MKM.

JocTonHcTBa OCEBOHl CHCTEMBI C pa3HeceHHOH IlIapHKOBOH OMO-
poit cocToAIT B CleAylOlleM: yMeHblllaeTcsi BhHiCcOTa mnpubopa, cie-
JOBaTeJIbHO ONyCKaeTCsl LEHTP €ero TSAXEeCTH, YTO YBEeJHYHBaeT
ycroiiuHBocTh mpu6Gopa; obecneunBaeTcsi cBOGOAHOE BpallleHHE aJlH-
Aafbl; yMeHbIAaeTCs YYBCTBHTEJbHOCTb OCEBOH CHCTEMH K H3Me-
HEHHSIM TEMIepaTypHl.

ypOBHH BbICOKOTOYHOT0 T€ONO0JHTA

OnHo#t M3 BaXXHBIX KOHCTPYKTHBHHX OCOGEHHOCTeH BHICOKOTOYHBIX
teofoautoB tHna T05 u T1 sBjasercs Ha/uyne HAaKJIaZHOrO YPOBHS,
yCTaHaBJHBAEMOr0 HeNocpeJCTBEHHO Ha LandH OCH BpalleHHs
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TpyGBl; KpOMe TOrOo, HMEIOTCS YDPOBHH IpH ajJHAafe TFOPH3OHTaJb-
HOI'O M BepTHKaJbHOro Kpyros. HauGoJsiee TOYHBIM siBJISleTCSl HaK-
JaJlHOH ypOBeHb; LleHa JeJieHHsi ero paBHa 3—5” Ha 2 MM. Ypo-
BeHb TPH ajujaje TOPH3OHTAJbHOrO Kpyra HMeeT LieHy AeJeHHd
6—7”, a npu anufafie BepTHKaabHOro kpyra — 10—12” Ha 2 MM.

HaknafHo#t ypoBeHh H YpOBeHb NpPH aJifaje FOPH30HTAJBHOIO
Kpyra npeiHasHaueHB AJs NPHBENEHHS BEPTHKAJbHOH OCH TeoJO-
JUTa B OTBeCHOe MoJioKeHHe. HaknaiHOH ypoBeHb 03BOJISIET B IPO-
leccc YrJOBBIX H3MepeHHH HelpepbIBHO KOHTPOJHPOBATb TOPH3OH-
TaJbHOCTb OCH BpalieHHs TPYGHl H JaeT BO3MOXKHOCTb OMNpeAe/siTh
¢ Heo6XOAMMOH TOYHOCTBIO IMONPAaBKH B H3MepeHHble HalpaBJIeHHS
3a HAKJIOH BePTHKAJbHOH OCH TEONOJNHTA (OTHOCHTEJbHO OTBECHOH
JIUHHH).

YpoBeHb NpH anujane BEPTHKAJbHOrO Kpyra CJOYXHT AJS NpH-
BelleHHsl B TOPH30HTAJbHOE MOJIOXEHHEe HYJeBOro AHaMeTpa Bep-
THKaJbHOro Kpyra 0—180° uaun 90—270° B 3aBHCHMOCTH OT THNa
TEOJOJINTA, NpPH H3MEPEHHH YIJOB HaKJOHAa HJH 3€HHTHBHIX pac-
CTOSIHHH.

OcHOBHO/l YaCTbi0 LUHJIHHAPHYECKOTO YPOBHS SIBJISETCS CTEKJsH-
Hasi aMmIyJja, BHYTPEHHsisi MOBEPXHOCTb KOTOPOH H3rOTOBJSETCS
C BHICOKOH TOYHOCTBbIO LIMH(poBaHHeM. Paluyc KpHBH3HBI BHYTpeH-
Hell NMOBEPXHOCTH aMIyJibl 8 ee NMPOAOJbHOM HAanpaBJeHHH 3aBHCHT
OT LeHbl JeJIeHHS YPOBHSI T H MOXeT GHITb PacCyHTaH mo ¢opmyJe

r=-L_Al,
T

rae Al—paccTossHHe MeXXAy COCEIHUMH JeJeHHSMH aMIyJIbl
ypoBHsl. [Ipu v=4; 7 u 12”7, p=206265" u Al=2 MM nOJy4YUM
COOTBeTCTBeHHO r= 103; 59 u 34 M.

JiuHa mysbipbKa YPOBHSI 3aMeTHO H3MeEHSIeTCsl MPH H3MeHEeHHH
Temnepatypsl (npuMmepHo Ha 0,4 nenenust Ha 1 °C). UeM kopoue
IJMHA IIy3blpbKa, TeM MeHbllle YYBCTBHTEJbHOCTb YPOBHS H Ha-
o6opoT, yeM GoJbllle JJIHHA Ny3bIpbKa, T€M GOJIbIlE YYBCTBHUTEJb-
HOCTb ypoBHSA. IloA YYBCTBHTENBHOCTbIO YPOBHS NOHHMAIOT MHHH-
MaJibHBIH yroJl HaKJOHAa YPOBHS, NPH KOTOPOM INPOHCXOAHT eJe
3aMeTHOe [ Tja3a CMelleHHe My3blpbKa; OGBIYHO CYHTAIOT, YTO
YyBCTBUTENbHOCTb YPOBHs paBHa 0,1 .

Hopmanbholt siBnsiercss AjauHa mysblpbKa, paBHast 1/3 mikassl
IesleHH#l Ha ammyJe ypoBHs. B kamMepHOM ypoBHe (pHuc. 52) AAuHY
Ny3blpbKa pPEryJHpyIOT NyTeM HAKJOHA aMnyJb H NepeMelleHHs
TpeGyeMoro o6beMa 11apoB 3¢upa (HAMOJIHHTENS] aMIyJbl YPOBHs)
I3 H30JIHpDOBAHHON KaMephl I uepe3 oTBepcTHe 2 B MEpETrOpPOAKE.

[Tpu paGorte B mojeBBIX yC/NOBHSIX HEOGXOAMMO TIIATeJbHO 3a-
IIHIIaTe YPOBEHb H TEOLOJHT B IeJIOM OT NONMafaHHs Ha HHUX COJI-
HCYHBIX JyyeH, TaK KakK OJHOCTODOHHee HarpeBaHHe aMIYJHI
YPOBHs BBI3LIBAaeT CHABHI Ny3bIpbKa B CTOPOHY HCTOYHHKAa TelJja.

[Tockosbky ypoBeHb TeomosmuTa SIBNSETCA UYBCTBHTEJbHOR
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Puc. 52. AMnysna KaMepHOro YPOBHSI C NePEropoaKoH

CHCTEMOH, TO MpeXJe ueM cAesaTb OTCUeT MO LiKaJjie YpOBHS, Halo
BBDKAAThb HEKOTOPOE BpEMs INOKAa NYy3bIpEeK YCIOKOHTCS, TaK Kak
ero InepeMelleHHeé MPOHUCXOLUT HECKOJBKO MeJJieHHee BCJELCTBHE
NPUJIHNAHHS HAMOJNHHUTES K CTEHKAM aMIyJIbl.

§ 39. JIMMB BbICOKOTOYHOIO ONNTHYECKOIrO TEOJOJIUTA

JInM6 ONTHYECKOrOo TeOJOJHTa INpeAcTaBisieT CO60H CTEKNSHHHH
JMCK, Ha TOBEPXHOCTH KOTOPOTO IO OKPYXXHOCTH OIpeaeNeHHOro
paauyca HaHeceHa IuKaJa jaejeHuii o6wiyHo oT 0 mo 360° uepes
3aJlaHHbIl HMHTEpBaJ MEXAY CMexHbMH wmTpuxamu (5, 10, 20’
H T. A.). CTeKNAHHHA JUMO6 COOCHO KPENMHTCA K METaJJIHYECKOMY
KPYry, KOTOpHIfl YCTaHAaBJHMBAaeTCs HAa OChb BpAalleHHS TEOHOJHTA
(ropusoHTaNbHBI KPYTr) HMJH Ha OChb BpaileHHss TPyOHl (BepTH-
KaJIbHHIH KPYT).

JIum6 siBasieTrcss paboueit MepoH, ¢ KOTOPOH CPaBHHBAIOTCH CY-
LECTBYIOIIIHE HA MECTHOCTH YIJIBl MEXIY 3aJaHHbIMH HampaBJieHH-
SIMH B TOPH3OHTaJIbHOM HJM BePTHKaJbHOA myockocTsx. [yaBHO#H
XapaKTepHCTHKOH KauyecTBa H3rOTOBJIeHHsI JuMOa sBJsercs TOY-
HOCTb €ro pasfesieHHsl, XapaKTepudyemass OLIMGKAMH MOJIOXKEHHS
IITPUXOB Ha KPYrOBOH IWIKajie [eJleHHH OTHOCHTENIbHO HX pacueT-
HOTO moJjiokeHHsl. UeM MeHblile OUIMOKH HaHECEHHS IITPHXOB, TEM
BBIIlI€ KaYeCTBO H TOYHOCTb JHMGA.

B coBpeMeHHBIX reofie3HYECKHX CETX BBICOKOH TOYHOCTH TOpH-
30HTaJ/IbHble HamnpaBjieHHs TpebyeTcsi H3MEpPSTb CO CpelHeill KBaj-
paruueckoil oumu6koii He Gosee 0,3—0,5”. Ha TouHOCTb H3MepeHHi
OKa3blBaeT He6/1aronpHsTHOE BJIHSHHE MHOXKECTBO Pa3JHYHHIX (ak-
TOPOB, B TOM YHCJie BHEUIHAS cpena, nmpHOOpHBIe OMIMOKH H T. X.
[TosToMy nssi moJiyuelust BBICOKOi TOYHOCTH H3MepeHHH Malpas-
JIeHH# HeoO6XoAUMO, YTOOB OLIHOKH MOJIOXEHHSI LITPHXOB Ha JHMGe
OblIH B IBa-TPH pa3a MeHblIe OUIMO0K H3MepeHHsl HalpaBJeHHH
H cocTaBisii B cpeaHeM okoso 0,15—0,17”, He mpeBblmias mpe-
JeJIbHOH BeJHUHHH £=220,5”.

YrioBo#i BeNHYHHE € COOTBETCTBYeT JIHHEHHOE CMellleHHe
IITPpHXa JHMOa @ OTHOCHTEJIHHO €ro PacyeTHOTrO MOJIOXKEHHS @, Ha
BEJIHYHHY AYTH aoa (puc. 53, a), KOTopas paBHa

.aga=erlp,
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Puc. 53. Oumbka noJso-
Kenusi WTpHxa Jaumba

rie r — paauyc KoJblia nejeHuit sum6ba. Ilpu r=90 MM (Teomosut

S
T05) u £€=0,5" noayuum aea=0,2 mkm. OTciofa ciefyer, 4To pas-
neJieHre JUMGOB BBICOKOTOUHBIX TEOJOJHTOB AOJMKHO BHINOJHATHCS
C HCKJIIOYHTEJIbHO BBICOKOH TOYHOCTbIO, COOTBETCTBYIOLIEH TeXHHYe-
CKHM BO3MOXHOCTSIM COBPEMEHHOTO TOYHOTO MPHGOPOCTPOEHHS.

§ 40. 3PUTEJIbHBIE TPYBbl BLICOKOTOYHbIX TEOLOJIUTOB

OnHoi#i H3 BaXKHEHIIMX KOHCTPYKTHBHHIX OCOGEHHOCTeH 3pHTEJbHOH
TPyObl BBEICOKOTOYHOrO TEOJOJIHTA SBJSETCS HaJHYHe OKYJSPHOTO
MHKpOMETpPa, MOCPENCTBOM KOTOPOTO OCYIlecTBJseTcss BH3HPOBa-
HHe Ha Ha6JiojgaeMble ueiu. VIMeloTcsi 3pHTesbHble TPYOBl pasHBIX
BHAOB KaK A/l BH3yaJbHBIX, TaK H [Jf HeBH3yaJbHBIX HabJofe-
HHH, T. €. ¢ yuactHeM H Ge3 yuacrus HaGmiogartens [22]. B acr-
POHOMHYECKHX TEOJOJIHTaX HCIOJIb3YIOTCS JIOMaHBle aCTPOHOMHYE-
ckHe TPyObl ¢ o6paTHHIM H300paxeHHeM HabJiofaeMbiX 00BHEKTOB.
B onTuHyeckuX TeOZOJNHTAX BBICOKOH TOYHOCTH NPHMEHSIOTCS acT-
poHoMHuecKue TpyGbl ¢ BHYTpeHHell ¢oKycHpoBkoit (puc. 54). Hc-
MONB3YIOTCA TaKXe M 3ePKaJbHO-JTHH30BhHle TPYyOBl, Hampumep,
B teogoautax DKM-3. B TeomosuTax mjs HeBH3yaJbHHIX Hab.Jo-
neHHH TNpHMeHSTCA TPYOH ¢ (OTO3/NEKTPHUECKOH, Ja3epHOH, Te-
JIEBU3HOHHOH H IPYTHMH CHCTEMaMH HaBeJeHHH TPYOHI.

Cpednsas rksadparuueckas owubra susuposanus. TouHocTb BH-
3HPOBaHHS C NMOMOILBIO 3PHTEJNbHOH TPYGBI 3aBHCHT OT paspemiar-
el cHAB TPyGH, paspemamomieil cmocoGHOCTH ryas3a HaGJiofa-
TeJisd, KOHTpacta LeJH H (oHa, Ha KOTOPBHIH OHA TpPOEKTHpPYyeTcs,
IIpo3pauHocTH aTMocdephbl, aMIJIHTYAbl KOJCOaHHH H306paKeHu#H
u T. 1. [Tox paspeliatouieli cnocoGHOCTBIO TJia3a NMOHHMAKOT TaKOH
npeaeJbHO MaJibiff yrosl ®, NPH KOTOPOM JBe GJH3KO pacloJIOXKeH-
Hble TOYKH IOYTH CJHBAIOTCS, HO BHAHBI ellle pasfenbHo. [Ipu pac-
yerax oO6blYHO mpHHHMaWT ©=60" (y oTnenbHHIX HabapaTesei
3Ta BeJIHYHHA MOXKET H3MeHAThbcs oT 15 mo 1207).

Paspematomasi cusia 3pHTeNbHOR TPYGH o 3aBHCHT OT ee yBe-
JaudeHus I' u onpenensiercst mo gpopmyJe

@ = ofT. (6.1)
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Puc. 54. OnTuyeckas cxema TpyOn teomosauta TO5:

1, 2 u 3, 4— KOMNOHeHTb O06BEKTHBAa; 5 — QOKycHpyOLlas JHH3a; 6 — MJOCKONapanJenb-
Hafl MJAacTHHKa OKYJfIDHOTO MHKpOMeTpa; 7 — ceTKa HHTeH; 8 — NMOKPOBHOE CTEKJO CeTKH
HHTeH; 9 — OKyasp :

Uccnenopanus npod. A. C. UeGorapeBa moKasaaH, 4TO MNpH
6/1aronpuATHLIX YCJOBHSIX HaAGJIONEHHH pa3peliaouias cuia TPy6H
COOTBETCTBYET NMpeesbHOl oln6Ke BU3HPOBaHHS, T. €.

R 3Msua. 6.2)
OTciona HaligeM
mgng ~ a/3 == (OISF- (6.3)

[To 3TO#i dopMyJse MOXHO ONpeNesNHTb CpelHHEe KBajipaTHue-
CkHe OWMOKH BH3HDOBaHHS [Js Pa3HBIX TeOJOJHUTOB (Taba. 12).

IIpakTHKa NMOKa3blBaeT, YTO YBeJHUYEHHE 3PHTENbHOH TPyOHl Go-
Jee 60* He paeT xesnaeMoro sddeKTa, Tak Kak ueM GoJblie yBe-
JUYeHHe, TeM MeHee NPO3payHON KaxeTcs aTMocdepa H3-3a CHJIb-
HOrO yBeJIHYEHHS H300paxKeHHS HAXOAAIIMXCA B HeH B3BEIIEHHBIX
yactHu. [Ipu B3HauYUTENBHBIX PpAaCCTOSHHAX MEXIY TNYHKTaMH H
6osibLIOM yBeNHYEeHHH TPYObL aTMocdepa KaxkeTcsi MYTHOH, BHIH-
MOCTb LleJIH YyXYAIlaeTcs, TOYHOCTb BH3HPOBAHHS NOHHIKAETCS.

Okyaspheili muxpomerp. Ias ocnabieHus BJIHSHHS CAyYaHHBIX
OIIHOOK BH3HPOBAHHS TPYOHl BHICOKOTOYHHIX TEOJOJHTOB CHab-
XKAIOT OKYJSPHBIM MHKDOMETPOM, OCHOBHOH YacCTbiO KOTOPOTO SIB-
JsleTcsl MOABHXHBIH OHCCEKTOD CeTKH HHTeH, CBSA3aHHBIH ¢ OTCyeT-

Ta6awnuya 12

TexHHYeCKas XapeKTePHCTHKA T05 Tl OT-02M
YBesHueHHe 3pHTeNIbHOR TPY6HI, KpaT 36; 50; 60 30; 40 24; 30
Pa3spemaromast cuita Tpy6sl @, yriI. ¢ 1 2 2
CpenHsis KBajipaTHuyecKas OIIHO6Ka BH- 0,3 0,7 0,7
3HPOBaHHA Mpys, YTJI. C
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Puc. 55. Tlone 3penis =
OKYJISIPHOTO MHKpOMeTpa

TTT

|
TpyOn BBICOKOTOYHOTO : 10
TEOL0JHTA I C
| —
| —J
pi [
o -
—0a
e : ! -
35

HOH IIKasJo# MHKpoMeTpa (puC. 55). YrjioBoe pacCTOsiHHE MEXIy
BEePTHKaJbHBIMH HHTIMH GHccekTopa okoso 30—35”. Ilpu nabaro-
IeHHsIX OMCCEKTOp He MeHee TpeX pa3 MOAPSAL HAaBOAAT Ha BHU3HP-
HYIO 1eJIb NPH HEMOABHKHOM MOJIOXXEHHH TPYOBl H TaKHM 006pa3om
H3MEpSIIOT YIJIOBOE CMEILEHHe CcepelHHbl OHCceKTopa (BH3HDHOM
LeJM) Ha BeJHMYMHY & OTHOCHTEJNbHO HYJb-YHKTa MHKpoMeTpa (mo-
Ka3aH NyHKTHPOM). BHIpa3uB BeJHYHHY & B YIJIOBOH Mepe, MOJY-
YalOT MOMpaBKy B OTcYeT mo JHMOY 3a NOKa3aHHSA OKYJISPHOro
MHKpoMeTpa. [IpuMeHeHHe OKYJSIPHOrO MHKpPOMepa C MNOJBHXXHBIM
6ucceKTOpOM MO3BoJisieT B 1,5—2 pa3a yMeHbLIHTb BJIHSIHHE CJIY-
YaliHbIX OMHOOK BH3HPOBAHHS.

ITosepuressras Tpyba. BEICOKOTOUHBIE TEOJOJHTH KPOME TJiaB-
HOH HMeIOT ellle TaK Ha3HBaeMyl0 NOBepHTeJbHyl0 TpPyOy, CHab-
XKEeHHYI0O OKYJSDHBIM MHKpoMmeTpoM. [loBepuresnbHass Tpy6a Brep-
Bble Oblla MpeAJoXeHa BHJAIOIIHMCS PYCCKHM aCTPOHOMOM H reo-
nesuctoM B. 1. Crpyse. Kpenurcst oHa K mojcTaBKe TeOJOJIHTA
M NMpefHa3HayeHa JJIsl ONpeJesieHHs M yyeTa KPYyYeHHS CTOJIHKa reé-
OJle3HYEeCKOro CHrHaJja npu Habmopenusx. Ilepen nauasnom yruo-
BHIX H3MepeHHH Ha INYHKTe TNOBepHTeNbHYI0O TpyOy HaBOAAT Ha
6JM3/IeXxalllyl0 BH3HPHYIO Ledb (Ha pacCTOSHHH 1—2 KM) H Xe-
CTKO CKPEIJISIOT C MOJCTaBKOH TeOJOJHTa C MOMOINbIO 3aKpenu-
TeJIbHOTO yCTPOHCTBA.

[Tpu BEIMONHEHHH HaGJIOfEHHH Ha NyHKTe IJIaBHYI0 M TOBepH-
TeJIbHYI0 TPYObl HaBOAAT Ha COOTBETCTBYIOILHE BH3HPHBlE LEJH H
o KoMaHJe HabmiofaTesnss CHHXPOHHO 6epyT OTCYUeTH MO OKYJsip-
HBIM MHKpoMeTpaM 3TuX TPy6. [Io pasHocTsM oTcueToB NoO NOBe-
puTeJbHON Tpy6e BHIYHCJASIOT MOMpPaBKH 3a KpPyUeHHe reofe3nue-
CKOro CHrHaja B HM3MepeHHble HanpaBJieHHsi M Yribl. DBuaaropaps
MPHMEHEHHIO TOBepHTeNbHOH TPY6bl 3HAYHTEJNbHO MOBHILIAETCS
TOYHOCTb YTJIOBHIX H3MepeHHH, BHIMOJHAEMBIX C CHTHAJIOB, HMEI0-
IHX 3HAuYHTesNbHOe KpyueHHe. Ecinm KpyyeHwe curHasna Majo (He
6osee 1”7 3a 4—5 MHH), NOBepHTeJbHYI0 TPy6y He HCIOJb-
3YIOT.



§ 41. OTCYHETHOE YCTPOMCTBO ONTUYECKOTG TEOAOJIUTA
IeomeTpHueckasi cxeMa OTCYETHOTO YCTPOHCTBA ONTHYECKOTO TeO-
JOJIMTA 3aBHCHT OT NMPHHIMNA mNepejayd HHPOPMAUHH O AeJeHHSX
aumba. B teomoaurax tuna OT-02 u Buapg T-3 syuu, upyumwue ot
HCTOYHHKA CBeTa, Yepe3 CHCTeMYy NPH3M H JHH3 MPOXOMAST yepe3
JuM6 M OTPaxKalwTcsi OT ero BepXHeH MOBEPXHOCTH, MOKPHITOI
amanbramoi. B teomonmrax tunma TO05, Tl syuu cBera npocBeun-
BalOT JUMO B TOH 4YacTH, IJe HaleceHnl MAeJselisi, lic OTpa)asch
ot Hero. I[Togpo6Hoe onucaHHe OTCYETHOrO YCTPOHCTBA TEOIOJHTOB
tina OT-02 paHo B yue6HoM noco6uu [4]. PaccmoTpuM B o6uiux
YepTax ONTHYECKYIO CXEMY OTCUETHOrO YCTPOHCTBAa TeOLOJIHTA
TO5 (puc. 56).

CBeTOBO# NOTOK OT HCTOYHHKA -cBeTa | yepe3 3alLHTHOE CTe-
KJIO, KOHIEHCOp M npuaMmy 2 ocBeinaer mrtpuxu / (seBoif) uyactu
guM6a 3, HaHeCeHHble HAa ero HHXHed noBepxHocTH. C NOMOIUBIO
o6opayHBaloOIlell CHCTEMBbl, COCTOSIleHl M3 ABYX OAHHAKOBHIX KOM-
MOHEHTOB O H 6 W NpHU3M 4 H 7, CTPOSATCH H306paxKeHHS IUTPHXOB
I (neBoit) yactu JuM6a B IJIOCKOCTH WITPuXOB // (mpaBoii) yacTH
aumba, mpH 3TOM H306paKeHHs IUTPHUXOB JieBOH yactu Jumba mo-
BEPHYTH OTHOCHTeJNbHO mociaefnHux Ha 180°. CpeToBO#l mMOTOK, Te-
nepp yxxe Hecymuil uHbopMauuio o mrpuxax Jesoit (I) u nmpasoit
(IT) vacreit 1um6a, ¢ nomoIubio NMPU3MBl 8 HampaBJjseTcss B 06bekK-
THB OTCYETHOrO MHKDOCKONA TOPH30HTAaJbHOrO Kpyra, COCTOSIIHH
H3 JBYyX KOMMOHEHTOB 9 u 10, KOTOpHI#l CTPOHT H306paKeHHe AHA-
METpPaJIbHO MPOTHBOMOJIOXKHBIX CTOPOH JHMOa B IJOCKOCTH MpH
BHIXOle MyuyKa CBeTa H3 pasjeluTesbHoro 6joka I3, mpepHa3Ha-
YEeHHOro JJsfi COeJIHHEHHS M YeTKOro pasjesieHHs H300pakeHHi
IPOTHBONOJIOKHKX dacTedt tuM6Ga no npsamol JuHHH (cM. puC.43).
ITpu Bxoze B onTHuecKHA MHKpOMeTp I/—I7 cBeTOBOH NMOTOK IPO-
XOAUT MHMO mNpH3MH-Nepekaouarens 29 wu3o6paxkeHH# TOPH3OH-
TaJIbHOTO H BEPTHKAJbHOTO KPYTOB.

Uso6paxkeHusi AuamMeTpasibHO MPOTHBONOJOXKHBEIX dacTel JuMG6a
22 BepTHKaJbHOTO Kpyra C NMOMOIIbI0 CHCTEMH NPH3M H JHH3 23—
28 u Apyrux mepefaloTCs Ha MPH3MY-NepekJioyaTtesnb 29 W Hampas-
JSAI0TCA B ONTHUECKHH MHKpoMerp [1—I7. Jlyun cBeTa, HAyliHe
OT MPOTHBONOJIOXKHBIX YacTell JHMOa, MPOXOAAT COOTBETCTBEHHO Ye-
pe3 IBa HEMOABHKHBIX ONTHYECKHX KJHHA 11, pasfesleHHBIX MeXAy
co6oit mropko#t 30, 3aTeM NMPOXOAAT uepe3 NOABHXKHbIE KJIHHbA 12,
paspenuTenvHHil 6jok I3, npusMy 14 W momajzalT B KOJJIEKTHB
18, aBasomuiics nepBofl ONTHYECKOH AETAJNbI0 OTCYETHOTO MHKPO-
ckona. Ha BxopmHo#i rpann mpusMb /4 HMeeTCsi OKHO C HHJAEKCOM
JJIS ONpeflieNieHHsI SKCIEHTPHCHTETA; OKHO CJYXHT AHadparmoi
noJisi 3peHHs H3006paKeHHil NPOTHBOMOJNOXKHHIX HYacTeil suM6a.

IIkana cexkyHn 15 MHKpDOMETpa XECTKO COeJHHEHa C MOABHXK-
HBIMH KiaHHbsIMH [2. VIHEeKc AJisS OTCUETOB MO ILIKaje CeKYHJ Ha-
HeCeH B OKHe Ha BXOAHOH rpaHH mpHu3Mbl [7, sBJsiollefica AHad-
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Puc. 56. OnTHueckas cxemMa OTCYETHOH CHCTeMBbl TeojoJanTta T05

parmo#t mosist 3peHHs] H300payKeHHs LIKaJabl ceKyHA. YacTb cBeToO-
BOT0 MOTOKA, HEe YYaCTBYIOLIEr0 B MNOCTPOEHHH H306paxKeHHH
IIKaJbl JHMO6a, NPH BHIXOAe H3 pa3fenuTeNbHOro 6jsoka I3 MHHyeT
npusmy I4, yepe3 npuaMy I6 ocBellaeT mKajay ceKyHn /5 u 3ateM
IOCTYNaeT B TOT XK€ ONTHYECKHH KOJIJIeKTHB /8 uepe3 mpusmy I17.

OTcueTHBIE MHKPOCKOI, COCTOSIIIMH M3 KOJIIEKTHBa I8, meH-
tanpusMbl 19, ob6bektuBa 20 u okynasipa 21 nepenaer usobpaxke-
HUSl [JHaMeTPaJbHO IPOTHBOMOJIOXKHBIX Yactedl JuM6a, a TakKxke
n306pakeHne MKaJbl CeKyHA (cM. pHc. 43).

OnTnueckass cxeMa OTCUETHOH _CHCTeMHl TeomoJuTa Tl B MpHH-
LIUMHAJbHOH €e YaCTH He OTJHYaeTcs OT cXeMbl TeomoJsuta TO05.

137



§ 42. TIPUHU U COBMEILEHHOIO OTCYETA.
ONTHYECKHE MUKPOMETPBI

IIpuHuMn coBMellleHHOTO OTcuera. [LJissi TOro yYTOGHI HCKJIOYHTh
BJIMSIHHE SKCLEHTPHCHTETA, OTCUETHl NMPOU3BOJSAT MO AHAMETPAJbHO
NPOTHBOMOJIOXKHBIM IITPHXaM JHMOa W M3 HHUX BBIBOAST CpPeNHHM
pesyabtat. ITycTb A U B HMHAEKCH ABYX OTCYETHBIX MpHcHocobJe-
HHH, YCTAHOBJEHHBIX Ha MPOTHBOMOJIOXHBIX YacTsx Jumba, u
OycTb @ U b— MJanuiMe IWTPHXH, T. €. OJaHXKaHIIHE K OTCUETHBIM
uHaekcaM A u B wrpuxu saumba (puc. 57). Uro6el cpenath OT-
cuer Mo JHUMOY ¢ MOMOILUBIO ABYX OTCUETHBIX NMPHCNOCO6JeHHH, ycTa-
HaBJHBaeMblX Ha IPOTHBOMOJIOXKHBIX YacTAX Jumba, Hajo H3Me-
putb otpe3ku Ayr aA u bA. Torma oxoHuaTenbHBI OTCuer M,
CBOOOIHBIH OT BJIUSHHSA 3KCLEHTPUCUTETA, OyaeT paBeH

M=a+ aA -+ bB .

2

B onTHueckKHx TEOHOJHTaX OTCYETHOE YCTPOHCTBO YCTPOEHO Ta-
KMM 00pa3oM, 4TO B MOJie 3pEHHS OTCUETHOrO MHKpOCcKoma (moka-
3aHQ NYHKTHPOM) BHIHH COBMelleHHble H300pa’KeHHs AHaMmeT-
paJbHO NPOTHBOMOJIOXKHBIX KpaeB JiHMOa, KOTOPble MOXHO Npen-
CTaBHTb B BHJIe ABYX CONPHKACAIOIIUXCA OKpPYyxkHOcTel (puc. 58,a).

~— -

Tak kak ayru aA u bB BecbMa MaJjibl, TO JMHHS KacaHHs HABYX
DKPYXHOCTEH IOcJe NPOXOXKAEHHS NyyKa Jiyyeil uyepe3 pasjesu-
reqibHBI GJIOK H306pakaeTcsi B MoJie 3PEHHS OTCUETHOTO MHKPO-
cKoma ¢ HHJAeKcoM j B Buje mpsamoii suuun MN (puc. 58, 6). Ilpo-
H3BOJCTBO OTCYETOB MO JHMOY ONTHYECKOTO TEONOJHTA CBOLHTCHA
K HM3MEpeHHI0O pPacCTOsiHHSl ab MexJay H300paKeHHSIMH JHaMeT-
paJibHO NPOTHBOMOJIOXKHBIX LITPUXOB @ M b M BBHIYHCIEHHIO OKOH-
4aTeJbHOr0 OTCYeTa N0 dhopMmyJie

~ ~ ~— N—t
aA | bB —a+ aA-+b:B;

2

M=a+ =a+a7b-

Takum o6GpasoMm, 4TOGH MOJYYHTb OTCYeT Mo JHMOY B ONTH-
YECKOM TeOJ0JIHTe, CBOGOAHBIA OT BJIHSHHS SKCLEHTPHCHTETA, HaJ0
OmpejleJIUTh 3HAYeHHe MJIaJIlero WITPHXa @, H3MEPHTb PacCTOSIHHE
ab Mexay u306paKeHHSIMH [JHAMETPAJbHO INPOTHBOMOJOXKHBIX
IITPHXOB @ M b M ero moJIOBHHY, BHIDAXKEHHYIO B YIJIOBOH Mepe,
npu6aBuTh K 3HaueHHio MJapiero wmrpuxa. OTpe3ok ab/2 usme-
PSIOT C MOMOIIBIO ONTHYECKOTO MHKPOMeETpa.

OnTHuecKHe MHKpoMeTpbl. ViMeeTcsi 3HauuTeJlbHOE YHCIO pas-
HBIX 10 KOHCTPYKLUHH ONTHYECKHX MHKPOMeTpOB. B omnTHueckux
TEOJOJIUTAX BBICOKOH TOYHOCTH HCNOJb3YIOTCS B OCHOBHOM MHKpO-
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o
Puc. 57. Cxema oTcueTa no JHMOY C NOMOLLLIO ABYX 0°
OTCYETHBHIX MpHCNocobaeHui

M
a
I
B A
b
Puc. 58. Cxema COBMellleHHOrO OTcyeTa Mo JHMOY
B ONTHYECKHX TEOAONHTAaX (@) H mnoJje 3peHHs OT-
CYCTHOTO MHKpockona (6)
0
="
L
. IN
Koo

METPBl C IJOCKOMapaJsJeJbHBIMH NJacTHHKaMH [4] (TeomonuThl
tina OT-02, Bunba T-3 u Ap.) ¥ MHKPOMETPH C ONTHYECKUMH
KJIHHbSIMH (Teomonutel T05, Tl u ap.).

B MukpomeTpe c miockonmapasjenbHBIMH TNJIACTHHKAMH MOJO-
BHHY DACCTOSIHHSI @b MeX1y H3006paKeHHSMH AHAMETPaNbHO HpO-
THBONOJIOXHBIX IUTPHXOB JHMOa a ¥ b M3MepSIOT ¢ NOMOLIbIO ABYX
TJIOCKOMNApaJl/IeIbHbIX  MIaCTHHOK, HAKJIOHSEMbIX OJIHOBPEMEHHO
B pasHble CTOPOHBI MOA OJHHM YrJOM. BpallleHHeM roJIOBKH OMNTH-
YECKOTO MHKDOMEeTpa COBMeINaloT H306paXKeHHsi MPOTHBOMOIONK-
HBIX LITPHXOB JiuM6Ga a U b M 3aTeM (QUKCHPYIOT OTCYET MO HIKAJe
CEeKYHJl MUKPOMeTpa, Naoliuil 3HaueHue ab/2.

IloCTOMHCTBOM MHKDOMETPa C MJOCKOMAPaJlIeNbHBIMH TJIACTHH-
KamMH SBJISIETCA €ro KOMIAKTHOCTb, MaJjible DasMepbl (IHaMeTp
~30 MM) M JMOCTAaTOYHO BBICOKAsi TOYHOCTb H3MepeHHi. OAHaKO
€My NPHCYIIH M HEIOCTaTKH: MHKPOMETD HMEET MepTBHIH XOX; OH
JIOCTaTOYHO CJIOXKEH B HM3TOTOBJIEHHH (MOTPELIHOCTH W3TOTOBJIEHHS
€ro y3joB OOYC/IOBIMBAOT HaJHYHE CHCTEMaTHYECKHX OIUHGOK,
XOTSl M MaJblX MO BeJHYHHE, HO 0653aTeNbHO YUHTHIBAEMBIX MpH
BBICOKOTOYHBIX H3MEePEHHSX).

B ontHueckoM MHKpPOMETpe APYroro THma B KauyecTBe H3MepH-
TeJIbHOrO CPeACTBA HCIOJb3YIOTC ONTHYECKHE KJHHBS C MaJbIM
npenoMasiomuM yriaom (puc. 59). Ecau onTnueckuit KauH (moso-
xeHue I) mepeMecTHTb MO HAaNMpaBNeHHIO MAAAIOLIEr0 HA HErO Jyua
Ha paccrosHue [ (mosnoxenue II), To Jyu cMecTuTcs mapasienbHO
caMoMmy cebe Ha BenuunHy A=el uan npu e=a(n—1) Ha Beun-

YHHY .
A=a(n—1)1/p,
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Puc. 59. Cxema mapas-
JIeILHOTO CMellleHHs ONTH-
YeCKOTO Jyya C MOMOLIBIO
ONTHYECKOTrOo KJHHA
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Puc. 60. Cxema paGoTsl
MHKpOMeTpPa C ONTHYe- 3
CKHMH KJHHbAMH

rie a— NpeJOMJSIOIHA YroJ KJIHHA; N — NOKa3aTejb MpeJoMJie-

HHSl CTeK/Na KJHMHA. BeJIMYHHBI @ M 7 AJS JaHHOrO KJHHA MOCTO-

SIHHBI, NO3TOMY H3MepeHHe A CBOAHTCSH K ONpejeseHHIo [
Muxkpomerp (puc. 60) COCTOHT M3 Hapbl MOABHKHBIX KJIHHbEB

1, 2, ¢ noMoIBI0O KOTOPHIX H3MepsieTCsi OTpPe30K ab/2; maph Hemo-
JIBHXKHBEX KJIHHbeB 3, 4, LIKaJbl CEKYHJ 5 U HENOJBHXHOTO HHIEKCA
6. TlomBuXKHEBIE KJIHHBbSI XECTKO COEJHHEHbl MeXAy co6Goit u co
mKajnoi cekyHa. Jlio6oe nepemelieHHe Mapbl NMOABHXKHBIX KJIHHbEB
HeH36eXXHO BBI3BIBA€T MEpeMeilleHHe Ha TY XK€ BeJHUHHY IIKaJibl
CEeKYHJI.

Jlasi ©3MepeHHs MOJIOBHHB OTpe3Ka ab Mexay H300parkKeHHusIMH
AMaMeTpaJbHO MPOTHBOMOJOXKHBIX LITPHXOB JHMG6a @ H b MOABHXK-
Hble KJHHbSl TOCTYNAaTEJbHO NEepPeMeIaloT H3 HCXOLHOTO IOJIOXKe-
Hua [ (oTcueT mo IIKaJe paBeH HyJI0) B moJioxeHue I/ (u3obpa-
XKEHHSl 3THX LITPHXOB COBMeILeHbI) H 3aTeM (DHKCHPYIOT BEJHYHHY
3TOro NepeMeLleHHs N0 IIKaJe.

HenonBuxHbe KIHHbS Pa3BePHYTH OTHOCHTEJNBHO MNOJBHXKHBIX
Ha 180° u cayxaT AAs OTKJIOHEHHS Jiyuefi 1O HampaBJIeHHIO, MNa-
paJJieIbHOMy HayajbHOMY, a TaKXe [Jis yCTPaHEHHS XpOMaTH3Ma
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(oxpamuBaHus H300paKeHHH LITPHXOB MOCJe MPOXOXKAEHHsS Jyyeit
yepes ONTHYECKHH KJIHH).

MHUKpOMETp C ONTHYECKHMH KJHHbSIMH MOJYYHJ IIHPOKOE INpH-
MeHeHHe B COBPEMEHHBIX BBICOKOTOUHBIX TEOJOJHTaX, TaK KakK 00-
Jajaer psAOM MPEHMYLIECTB: €ro KOHCTPYKIHS OYeHb MpOCTa H
JIeTKO peaJii3yeMa; MHKPOMETP He HMeeT MepTBOro xoja, obec-
NeYyHBaeT BBICOKYIO TOYHOCTb H3MepeHHH.

Orcuersl nmo JUMOY € HCNOJL30BAHHEM OITHYECKOTO MHKPO-
vMerpa GepyT chaepymoouuM o6pa3oM. B oOKpecTHOCTH OTCYETHOTrO
MHIEKCa COBMELAl0T H300paKeHus AHAMeTPaJibHO NPOTHBOMOJIOXK-
HBIX WITPHXOB JuMGa M (HKCHPYIOT OTcueT M° NMOANMMCaHHOTO
LITPHXA cjieBa OT HHJAEKCAa; 3aTeM ONpefeJsdIOT YHCJIO 1 HHTepBa-
JOB (HesneHH#) MeXAYy NOANHCAHHBIMH LITPHXAaMH, OTJHYAIOLIH-
Mucsi TouHo Ha 180°, HakoHen GepyT OTCUET € MO IUKaJje CEKYHJ
vukpomerpa. OkoHuaTenbHBI OoTcieT M mo JUMOY TOJNY4YalOT Kak

2yMMY
M = M°® +n(i/2) +cp,

rie {—LeHa JeJeHHd JuMOa; p — LieHa [eJIeHHS ILIKaJbl MHKPO-
MeTpa. B LesfiX NOBBILIEHHS TOYHOCTH OTCUHMTHIBAHHA IO JHMOY
JIBaXJbl COBMeIalOT H306paxKeHUsl AHaMeTPaJIbHO NPOTHBOIOJOXK-
HBIX LITPHXOB M ABaXJbl 6epyT OTCYeThl, a 3aTeM HaXOAAT Cpel-
Hee M3 HHX.

§ 43. MNOBEPKH W HCCJIIELOBAHHA BbICOKOTOYHbIX
TEOJOJINTOB

B 3apauy nosepox u roCTUpPOBOK BXOIAT BHISBJEHHE OTKJIOHEHH
OT reOMEeTPHYECKHX NapaMeTPOB H ONTHKO-MeXaHHYeCKHX Tpe6GoBa-
HHH, NMOJIOXXEHHBIX B OCHOBY KOHCTPYKIMH TeOJOJIHTa, H Haubojee
MoJIHOe HX ycTpaHeHHe. Mccaedosanus mpefycMaTpHBAIOT OMpene-
JieHHe HEYyCTPAHHMBIX OTKJOHEHHH C IeJbl0 BBENEHHS COOTBETCT-
BYIOLIIMX MONPaBOK B pe3yJbTaThl H3MepeHHil; ompejiejeHHe IO-
CTOSIHHBIX TeOJOJIUTa (LleHBI JeJeHHS OTCYETHOro YCTPOHCTBA, OKY-
JSIPHOTO MHKDOMETpa, YPOBHeH M T. fi.); HCHBITAaHHE NPaBHJIbHOCTH
paboTHl OTHEJBHBIX Yy3JIOB TEOAOJHTAa; ONpeneseHHe OIIHOOK [Ha-
MeTpoB JuMO6a; oOmpejejeHHe BJHSHHS BHEIIHHX YCJOBHH Ha pa-
60Ty OTHEJNbHBIX Y3J0B H TeOHOJHT B lieJoM u T. A. [lo pesysbra-
TaM BBINOJHEHHbIX HCCJA€JNOBaHHH ONpeNeJsiOT MPHIOLHOCTb TEO-
JIOJUTA AJ NPOU3BOACTBA pabGOT NAaHHOrO KJacca TOYHOCTH.

K uncny o6si3aTesbHEIX NOBEPOK, BBHINOJHAEMBIX Iepen HabJio-
JeHHAMH Ha KaXXJOM NyHKTe, OTHOCATCS CJeAYIOIIHE.

1. Ocb HakIagHOrO YpPOBHf MOJKHA HAaXONHTbCH B OXHOM TJIO-
CKOCTH C FOPH30HTaJIbHOH OCbIO BpallleHHsl TPyOBl H JOJIXKHA GBITh
napaJnJjeibHa e.

2. Bpamienne ajqumagel BOKPYT BEPTHKAaJbHOH OCH TEOMOJHTA
JOJI2KHO NPOHCXOAMTh NJIaBHO 6e3 KoJjieGaHHH M 3aefaHHH.
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3. TopusouTanbHas och BpalleHHs TPYGbl JOJMKHBI GBITHL Mep-
NEeHIUKYJAspHA K BEPTHKAJbHOH OCH BpalleHHs TeOJOJHTa.

4. HakjoHel TpyOBl TeOmOJIMTa B BEPTHKAJbHOH NJOCKOCTH,
OCyLIeCcTBJsieMble ¢ IOMOLIbI0 HaBOASMIIEro BHHTAa TPYGbl, He HOJ-
HBbl BBI3BIBaTb a3HMYTaJbHBIX CMellleHHH ocH TpyOHl B Jarepax.

5. OTcueTHOe YCTPOHCTBO [OJIXKHO OBITb BHIBEPEHO H OTBIOCTH-
pOBaHO.

6. KoasumanuonHass owunbka Tpy6b J10J/KHA OHITL He 60-
Jee 10”7,

7. Hutu GHCCEKTOpPa OKYJSIPHOTO MHKpPOMeETpPa TPYOBl IOJIXKHBI
ObITb YCTaHOBJIEHBI BEPTHKAJbHO.

8. Mecro 3eHuta MZ wuaum Mecto Hyjas MO BepTHKa/bHOTO
Kpyra JoJkKHO GbiTb He Gosee 10”7, MZ wuau MO BBYHCJASIOT 1O
dopmyaam:
reogoauth OT-02M

MZ = KJT + KIT—180°% Z = KIT—KJI+4 90
TeomoJuThl T1

MZ = (KJT + KIT—360°)/2; Z = KJI—MZ;
TeonoauTe T05

MO = (KJT+ KIT = 180°)/2; p=90°—Z = KJI—MO.

9. IlonbeMHble M HaABOAAIIHE BHHTH HOJIXKHBI HMETb IJaBHBIH
xon, 6e3 modTa u 3aenaHui.

Kaxaplil BBICOKOTOUHBIH TEOJOJHT, MOJYYEHHHIH ¢ 3aBOJa,
a TaKXe MNpOIUEAIIHH KANHTAJbHBIH DPEMOHT, TIIATEJbHO HCCJIe-
ILYIOT MO NMOJHOH mporpaMme. /i yCTaHOBJIEHHS €ro IPHTOXHOCTH
I TIPOM3BOACTBA BBICOKOTOYHBIX YIVIOBHIX H3MepeHHH H3 HcCJe-
JOBaHHH ONpeneJiAlOT ILeHy JeseHHs YpPOBHS (HAaKJaZHOTO H TpPH
ajquiane), UeHy JHeJeHHS OKYJSPHOrO MHKpoMeTpa TPyObl (OCHOB-
HOM M MOBEPHTEJbHO!), NPAaBHJIBHOCTb X0Aa (OKYCHPYIOIIEH JHH3BI
TPyOHl, OMIHOKH COBMellleHHs H300pakeHHH WITPUXOB JuMG6a, peH
ONTHYECKOrO0 MHKPOMETPa, MEPTBBIH XOJ MHKpOMETpPa C MJIOCKO-
napaJijiebHBIMH TJaCTHHKaMH, OUIMOKH [eJIeHHH IWIKaJbl MHKPO-
MeTpa, 3KCLUeHTpHCHTeT JuMOa W ajujajibl, NMPaBHJBHOCTb Bpalie-
HHUS aJHfajbl, OMIHOKH AuaMeTpPoB JHMOa, HemepneHIHKYJISAPHOCThb
FOPH3OHTAJILHOH H BepTHKaJbHOH oceft TeomosnuTa. Hakowen, on-
peLeNIIOT CpPelHHe KBaJpaTHYeCKHe OHIMOKH H3MepeHHS TOPH3OH-
TaJbHBIX H BePTHKAJbHBIX YIJOB B Ja60pPaTOPHBIX YCJOBHSIX OX-
HUM mnpHeMOM (II0 OTKJIOHEHHSM OT cpeiaHero u3 12 mnpueMoB).
IToxpoGHble yka3aHHA 1O BBHIIOJTHEHHIO NOBEPOK H HCCJEIOBaHHM
TeOJOJMUTOB cofep:xkatca B meHcTBylomux 'OCTax u HOpMaTHBHBIX
IOKyMeHTax.
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§ 44. ONPEAEJIEHUE PEHA ONTHYECKOIO MHKPOMETPA

PeHOM ONTHYECKOTO MHKPOMETPA Ha3biBalOT PAa3HOCTb MeEXIY
HOMHHAJIbHOH H H3MepPEeHHOM ¢ NMOMOLIbIO MHKPOMETPa BeJHYHHOH
noaynesneHusi nuM6a. PeH onpelensioT OTAENbHO [/ OTCYETHOMH
CHCTEMbl TOPH3OHTAJbHOTO H BEPTHKAJbHOrO KpyroB. [locKOJbKY
NyYKH Jydyel, HAyliHe OT AHAMETPaJbHO NMPOTHBOMOJOXHBIX KpaeB
JuM6a, NMPOXOAAT OO MHKPOMETpPa pasJiMuHble ONTHYECKHe NYTH,
TO peH AJsi BepXHEro W HHXKHero H3o6paxeHHH Kpyra B moJie 3pe-
HHSI OTCYETHOTO MHKPOCKOMA MOXeT ObITh PasHbIM.

Pen OTCuUeTHOH CHCTEMBI TOPH30HTAJBHOrO Kpyra OMNpeefsiioT
NpH pasHbIX €ro YyCTaHOBKax pPaBHOMEPHO paclpeiesieHHbIX M0
BCeH OKPYXKHOCTH MJsl OCNabJeHHs] BJHSHHS OIIHGOK JHAMETPOB
auM6a Ha cpeflHee 3HaueHHe peHa. AJIMAALy mNepecTaBisiOT yepes
45°+i (i— ueHa nesneHuss aum6a). IIpsiMoit XOX HAYHHAIOT C yCTa-
HOBKM asupanbsl Ha 0°00°, a o6paTHbIi ¢ ycTaHOBKH Ha 360°—
—(22°+1i).

PeH OTCYeTHOM CHCTEMbl BEPTHKAJIbHOrO Kpyra y TeOHOJHTOB
TO5 onpenensitoTr B Auama3oHe otcuetoB oT 350° mo 4° 10’ (mpsamoi
xon) u ot 7°50" mo 353°40" (o6paTHBI Xx0m), Y TeomosuToB TlI,
OT-02M ot 80°00" mo 94°10" (mpsimoit xom) u ot 97°50° mo
83° 40’ (o6paTHBI XOH); BEPTHKAJbHbIfi KPYr MEPeCTaBJSIOT ue-
pes 2°10".

[Topsinok uaMepenuit cnepyomuii. Ha mkane ontuueckoro mu-
Kpomerpa (puc. 61) ycTaHaBIHBAaIOT OTCYUeT, GJH3KHH K HYJIO, H
3aTeM C MOMOLIbI0 HABOJSLIEr0 BHHTA aJjHAAAbl COBMEILIAIOT MO
BO3MOXKHOCTH 06ojiee TOYHO [JHAMETPaJbHO MPOTHBOMOJIOXKHEIE
wtpuxu A u A+180° BepxHero M HHXKHEro H306paXkKeHHH LIKaJbl
nenenuit aumba (l-e nosoxkenue). Ilocsie 3TOH NOATOTOBHTENLHOM
onepalHH C MOMOLIBIO ONTHYECKOrO MHKPOMETPA TOYHO COBMEIIAIOT
u3o6paxkeHHsl LITPHXOB JHMOGa (Mo fABa pa3a moApsii) u GepyT
JBaXKAbl OTCYETHI:

a — npu coBMelneHuH wTpuxoB A u A+ 180°%

b — npu coBmeulenuu wtpuxoB A—i u A+ 180°%

¢—npu coBMernieHun imtpuxoB A u A+180°—i, rme [ —lleHa
nejieHHs auMba.

.

1-& nonomenue 2-e nanoyenue
A A-i A A-i

a /) b
= T

A+180°-i A+160° A+180°%i  A+180°

Puc. 61. Cxema coBMelileHHil H306pakeHHH WITPHXOB JMMOa TNpH ONpeleseHHH
peHa ONTHYECKOrO MHKpPOMeTpa
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Cnenyer OTMETHTb, YTO OTCUETHl a 6EpPyT B HauyaJje, a OTCUETHI
b u ¢ — B KOHIle 1IKaJbl MHKPOMeTpPa (2-e MOJIOKEHHE), NPHYEM OT-
cueT b mNpH COBMEIIEHHH IUTPHXOB, PACIOJIOXKEHHBIX CIpaBa oOT
HHJIeKCa, a OTCUET ¢ — cJieBa OT Hero.

Pen BoruncasioT no dopmynam

rB=(a—b)p+i/2; fu:(a—c)l‘:_l‘i/2; r:(rﬂ+rl|)/2’

rae a, b, c—oTcueThl MO IIKaje MHKPOMETpPA B [eNEHHSIX, | —
lleHa JeJIeHHsl LIKaJbl MHKpPOMeTpa, [ — lleHa JesieHHs JuMOa.

CpenHee 3HaueHHe peHa r= (rg+7r4)/2 U pasHOCTb Ar=ry—ry
He JOJKHBI TNpEBHIIATh y BBICOKOTOYHBIX TeomgosautoB 0,5”. Ipu
r>0,5” u Ar<0,5” B uaMepeHHble Ha NYHKTe HaNpPaBJEHHS H 3e-
HHTHBIE PAaCCTOSIHHS BBOJSIT NMONPAaBKH-3a PEH, PaBHBIE

or = 2—?r,
1

TIe OTCYeT MO MHKPOMETPY C H LieHy JAeeHHs JuMO6a [ BBIPaXKaloT
B yraoBux Munyrax. IIpm r>0,5” u Ar>0,5"” Heo6x0qHMO OTBIO-
CTHPOBATb OTCUETHYIO CHCTEMY, H3MEHHB COOTBETCTBEHHO pacCTof-
HHe MeX]Iy ee ONTHYeCKHMH KommoHeHTaMH 9 u 10 (cM. puc. 57).

CpenHiol0 KBaZpaTHYeCKYyi0 OLIMOGKY m, OIpeleseHUs PeHa H
CPe[HIOI0 KBaJApPaTHYECKYIO OLIHGKY Mcos OLHOTO COBMEILEHHS H30-
OpaxkeHHH WITPHXOB JHMOa HaigeM nmo dopmynam

m_,\/sw_ ” _,\/zd2
" dnk ’ cor 2n

rne d=A—A’— pa3HOCTH OTCYETOB IPH IIEPBOM H BTOPOM COBMe-
IEHHH LITPHXOB Ha BceX R YCTaHOBKAaX ajHAafbl, 1 — YHCJO 3THX
pasHOCTeH; [JIsl H3JI0XKEHHOH 3Jechb METOLHMKH ONpelesieHHs peHa
k=16, n=48. TpebyeTcs, 4TOO6B OIIHGKH M, H Mcos AJAS TOPH30H-
TaJbHOTO Kpyra BBICOKOTOYHOrO TeOZosHTa He mpeBbmianu 0,1 u
0,3” COOTBETCTBEHHO; IJIsi BEPTHKAJbHOIO Kpyra 3TH JONYCKH YA-
BaHBaIOTCSI.

§ 45. MOTPEWHOCTHU IIKAJIbI ONMTHYECKOTO MHKPOMETPA.
MEPTBbBIA X0 MHKPOMETPA

MorpewHOCTH WKaJibl MUKpOMETPa

[Tpu pasgesieHHH IIKaJbl MHKPOMETpPAa HeH36eXHbl OLIMGKH HaHe-
ceHusi wWTPuXxoB. OHH NOJMKHBI GBHITH OMpejeseHbl M NPH HEO6XOomHu-
MOCTH YYTEHBl B BHJ€ NONPAaBOK NPH BBHICOKOTOUHBIX H3MEpEHHsX.
Bynem mnosarath, YTO peH MHKPOMETpa B pe3yJbTaTe €ro ICTH-
POBKH yCTpaHeH.

C rnoMouIbl0 KOJJIHMAaTOPOB 3aJalOT IOCJENOBaTENbHO TPH
KOHTPOJIBHBIX yriia Bi, B2 ¥ B3, KaXKAblA H3 KOTOPBIX NOJIKEH YKJja-
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IbIBaTbC m pa3 B nojyneiaeHud jgum6a i/2. Tlpu 3TOM JOJIXKHBI
BBINMOJIHATHCS PaBEHCTBA

mlﬂl — m262 - mgﬁs = i/2.

O6biuHo mpunuMalor mz=2. Ilpu i=10" noayunm f;=0,5";
my=10; Ba=1,0"; me=>5u ps=2,5", ms=2.

Hccnenosanust BBHIMOJNHSAIOT TNPH Pa3HBHIX YCTaHOBKax JHMOa,
pPaBHOMEPHO pacrnpeleseHHBIX 10 Bceft okpyxkHocTH. Kaxablfi yron
B H3MepsSIOT Ha BceX HHTepBajax IIKaJbl MHKPOMETpPa, KPaTHBIX
ero BejnunHe. HauanbHBIM NHpH H3MEpeHHH yria f NpH KaxXIoH
nocjenyiolieil ycTaHOBKe SBJSI€TCS IUTPHX LIKaJbl, KOTOPBIH IPH
npeabiLylle#l ycTaHOBKe GBI KOHEUHBIM.

Hcnonb3ysi pe3ysnbraThl H3MepeHHH KaX[oro yraa f, cocTaBHM
cjenymooliye ypaBHeHHs ONPaBOK

n=06—a+Il;
Uy =8, —8; 41y
Ug=8;— 6,1 Is;

. . e s e e & e

Uy = 6m— 6m-l +lm,

rae cBoOoxHbIe UeHb [;=p;—B.

B panHoM cayyae j=1, 2, ... m —HoMepa YyCTaHOBOK yrIia
p Ha wKajsle MHKpOMeTpa; O; — NONpaBKH M3 YpaBHHBaHHA K Jelle-
HHUSM (WITPHXaM) MIKaJbl, MEXAY KOTOPBIMH H3Mepsijics yroa B
(i=0,1, 2, ..., n), npu 3ToM 80=06,=0; B; — H3MepeHHOe 3Haye-
HHE yrja npH j-H yCTaHOBKe IIKaJbl; B=2f;/m — cpefHee H3 Bcex
m 3HaueHH# yrJaa .

YpaBHeHHSI MONPABOK U COCTABJSAIOT JJs BCeX 3HAUEHHH YIJIOB
B1, P2 ¥ B3, U3MEPEHHBIX NIPH BCeX YCTAaHOBKAaxX IKaJbl MHKPDOMETpa.
OG6iee 4HCIO ypaBHEHH#t NMOMPABOK PaBHO r=m;+ Mg+ ms; YHUCJIO
onpeaensieMblx TompaBok &;, kpaTHhx 0,5, paBuo 10 (npu §o=
=9,=0). Cymma monpaBOK ¥ paBHa HYJIO, NO3TOMY YypaBHEHHs
peualT MeTOAOM IocJiefoBaTelbHbIX NPpHOIHKeHHA. Ecan morpem-
HocTH 6;>0,3”, TO MX HalZO0 YYHTHIBAThb NPH BBICOKOTOYHBIX YTIJIO-
BBIX H3MEDEeHHSX.

MepTBbiii X04 ONTHYECKOr0 MHKPOMETPA C MJOCKONApPaJJebHbIMH
NJAaCTHHKaMH

MepTBBEIE X0 MMEIOT ONTHYECKHE MHKPOMETDHI B TEOJOJHTAX THIA
OT-02. Ero omnpenesnsiioT NpH pas3jHYHBIX YCTAaHOBKax aJuAanbl H
IKaJgbl MHKpomeTpa. [Ipn Ka[JoH yCTaHOBKe aJHAaAbl H MHKpO-
MeTpa COBMeIalOT H300paxeHHs NPOTHBOMOJIOXHBIX MITPHXOB
JuM6a JBaXKAbl: TNPH BpaIIeHHH TOJOBKH MHKPOMETpPa MO XOAy
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yacoBoit ctpesku (I coBMelieHHe) H MPOTHB XOJa YacCOBOH CTPeNKH
(I coBMemienne). 3aTeM BBIUHCIAAIT pasHoctH d=I[—II, kKoTopbie
M XapaKTepu3YIOT BeJHYHHY MepTBOro xopa. OTHesnbHble Pa3HOCTH
JOJIXKHBI 6BITh B npepenax d< =17,

Ias Toro uYto6bl OcNabHTb BJHSAHHE MEPTBOTO XOAa MHKPO-
MeTpa Ha OTcYeThl N0 JUMOY, HeOOGXOZHMO TNOCJeNHee NBHXEHHE
rOJIOBKH MHKpOMeTpa INPH COBMEILEHHH IITPUXOB juMbGa Bceraa
3aKaHYHBAaThb HAa <«BBHHYMBAHHUE», T. €. Bpallas TrOJIOBKY MHKpO-
MeTpa 110 XOAY YacOBOi CTPEJKH.

§ 46.ONMPENEJEHHE 3KCUEHTPUCHTETA AJIUAALBI U JIUMBA

dneMeHTbI 3KCUEHTPHUCHTETA ajHAaAbl H aumba

B cooTBeTcTBHH C reoMeTpHYECKOH cXeMOH TeomoJHTa Heo6XOZMMO
yTo6Ghl nmpoekuusi ocd O BpalleHHS aJHAABl Ha MJIOCKOCTb JHMGA,
uentp O, BpauleHHsi ropu3oHTasabHOro kpyra I u uneutp K KoJbia
aeneHufi 2 Ha numbe (puc. 62) coBnagaau. Ilpu uUEeHTpHPOBAHHH
Hen36eXHbl TMOrPELIHOCTH, HO OHH He JOJIXKHBl TpPeBHIIaTh yCTa-
HOBJIEHHBIX JONMYCKOB.

[Ton 3KCUEHTPHCHTETOM aJuJajfbl NMOHHMAIOT HeCOBNaJeHHE
ueHtpa O BpalleHHs aJHOaAbl C LeHTpoM K KoJibla JeseHHH
auMba, a MOJ 3KCUEHTPHCHTETOM JHMOa — HecoBNajeHHe LEHTpa
O, BpaueHuss aumba ¢ neHtpom K Kosiblla AejieHHH Ha HeM. DKc-
HEeHTPHCHTET aJHAAJBl XapaKTepH3yeTcs JHHEHHBIM 3JIEMEHTOM
e=KO u yriom P, OpHEHTHPYIOIIHM JHHEHHBIH 3JieMEHT OTHOCH-
TEJbHO HYJEBOro IITpPHXa JuMOGa. DKcHeHTPHCHTeT JuMOGa Xapak-
TepH3yeTcsl aHaJOTHYHBIMH 3jeMeHTaMu: e;=KO; u yraom P,

OnpepesieHHe 3/1€eMEHTOB 9KCLLEHTPHCHTETA aJHAA DI
H NPaBHJbHOCTH €€ BpaLleHHs

[Tycts K — ueHTp Kosbua genenuit mumb6a (puc. 63), O — och Bpa-
IeHHS] aJHAalbl, | — OTCUETHBIH HHAEKC ONTHYECKOTO MHKDOMETpA;
d — yros cMellleHHS] HHJEKCAa OTHOCHTEJBbHO €ro pacueTHOro MoJio-
XKeHHsl; e © P — 3jieMeHTH 3KCUEHTpHcHTeTa ajupanb; A u B—
pacueTHOe TMOJIOXKEeHHe MPOTHBOMOJIOXKHBIX WITPUXOB JjumbGa; A’ u
B’ — ux BHAHMMOEe TOJIOXEHHe, CMELeHHOe BCJeJCTBHE 3KCLEHTpH-
cuTeTa; X — OWIMOKH B OTCcYeTax, OOYCJOBJEHHble BJHSHHEM 3KC-
HeHTpUcHTeTa. Tpebyetcs onpenenuts e, P u d.

[Tepen HayajiOM HCC/I€JOBAaHHH SKCLEHTPHCHTETA aJMAAaNbl TLIA-
TeNbHO BbIBEPSIIOT HaKJaJHOH ypoBeHb (IIPH €ro OTCYTCTBHH — ypoO-
BeHp NpH aJjHujaje) H TNPHBOAAT BEPTHKAJbHYIO OCb TEOHOJHTA
B OTBeCHOe moJioxeHHe. McciefoBaHHS BBIMOJHSIOT HAa JABYX CJle-
LyIOLIUX OAHH 32 APYTHM INOJIHBIX 060pOTax ajHiajbl MO YacOBOH
cTpesike (mpsiMoif XOA) M ABYX NOJHEX 060pOTax ee NMPOTHB Yaco-
BOH crpesnku (o6patHeiéi xon). Ilpu HemoxaBukKHOM JHMOe aJH-
Jany rnepecTaBasioT o6bYHO uYepe3 30° M Ha KaxXHoff ycTaHOBKe
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Puc. 62. DneMeHTH 3KCLEHTPH- Puc. 63. Cxema BJHAHHS SKCLEHTPHCHTeTa
cHTeTa ajHAaAL H JuM6a anujanbl Ha OTCYeTHl MO JUMOY

JIeJaloT 10 JBa OTCuera: {— NPH COBMELIEHHH H3006pa)KeHHil aHa-
MeTPaJibHO TPOTHBOMOJIOXKHEBIX IUTPHXOB JHMOa M {' — IpH COBMe-
HleHHH OJiHXKaHIIero ILITPHXa C OTCYETHBIM HHIAEKCOM | MHKPO-

meTpa. KpoMe Toro, uKCHPYIOT OTCcUeTHl MO OGOMM KOHIIAM IIy-
3bIPbKa YPOBHS.

B cooTBeTcTBHM C NPHHATBIMH O0GO3HauYeHHSIMH OyleM HMeTb
Ma=M, +x u Mg=Mp —x. TloaTOMy MOXKHO HamucaThb

t = (Ma+Mp) =~ (Ma-+Mb),

t=— (Ma+Mp) +x-+d.

BbluTeM H3 HHXKHEro pPaBeHCTBAa BepXHee. YUHTHIBas, 4TO pas-
HOCTh U=1F'—{ ompejessieTcs CO CJay4YaiHHOH OIIMGKOH 9§, MOJYYHM

§=x+d—u,

rae x U d — Heu3BeCTHBIE, U — CBOGOAHbIH UJIEH.

B tpeyroapnuke OKA’ (cM. puc. 63) OK=e; KA'=r— pannyc
KoJiblla JfesieHui num6a; yroa npu Touke K paBeH Ms—P, a yroa
npu Touke A’ paBeH yriy X, Tak KaK 3KCIEHTPHCHTET BhI3bIBAET

napaJijieJibHbIH TepeHoc (CMelleHHe) BHAMMBIX IUTPHXOB JHMOa.
Peliasi 3TOT TpeyroJbHHK, HallHILEM

sin x sin x

£ a~
r

sin [180° — (M — P+ x)] - sin (M — P) )
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[MockoabKy yron x man (x<1’), U3 HaHHOrO BBIpaXKEHHH C HO-
CTAaTOYHOH TOYHOCTBIO MOJNYYHM

¥ = %p sin(Ma—P)-esin (Ma—P),

rjie BeJHYHHY %pze Ha3bIBAIOT YIVIOBBHIM 3KCIEHTPHCHTETOM aJiH-
Aansl; p=206265".
YuuThiBasi, 4YTO
sin (M s — P) —sin M4 cos P — cos M 4 sin P,
H BBelisi 0603HaYEHHS
y=¢ecos P; z=esinP,
3aMHilleM ypaBHEHHs MONPaBOK B OKOHUATe/bHOM BHJE
8=ysinMs—zcos M4 +d—u.
CBO6OILH£:I€ uJeHBl U HaleM KaK CpefHee W3 ueThIpex 3Haue-

HHH HX JJs KaxXIOoH NaHHOH yCTaHOBKM M, ajupajnel B ABYX
NPSAMBIX H JBYX OOpPaTHBIX X0AaX. DTO MO3BOJHT MPAKTHYECKH MOJ-
HOCTBIO HCKJIIOYHTb M3 3HAaUE€HHH U omHOKH, 06yCJIOBJEHHBIE KoJie-
6aHHAMH OCH BpallleHHsl aJuAafbl, YTO OYeHb BaxkHO. UHcJO ypaB-
HeHHH TNONMpaBOK & paBHO YHCJAY 7 YCTAHOBOK aJHAajsl NoO Bceil
OKPY2KHOCTH.

Ot ypaBHeHH#l NONpPaBOK § mNepefieM K CHCTeMe HOPMAaJbHBIX
ypaBHeHHH, PelllHB KOTOPHIE, ONpeJelHM HeH3BeCTHbIE

2[vsin M —2[vcos M 1
y— 2lsinMal o —2fpcosMal . 4 1y
n n n
Hcnosb3ys mosyyeHHble 3HaUeHHS Y H 2, HalieM
tgP=i= sin P _ —[v.cosMA] .
] cos P [vsin M 4]
e =ylcos P =2z/sin P
HJIH
_ 2[vsin Ma] __ —2[vcos M4l
ncos P nsin P )

OnpenenuB e, HaliieM JHHEHHHIH 3JeMEHT 3KCIEHTPHCHTETa aJH-
Jajpbl

e=relp.

Ucnonb3ys 3naueHus e, P U d, BLIYHCJASAIOT AJS BCEX YCTaHOBOK
M, anupanpl criaxkeHHble 3HaUeHHs pasHocTefi v={—f B BuIe
CHHYCOHJIBI:

vy =¢esin (My—P)+d.
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[To BennuuHam pasHocTeli @=v—v, T. €. MO OTKJOHEHHSM U
OT CHHYCOMJBI U, CYIAT O MPABHJbHOCTH BpalleHHs aJjHAafbl BO-
Kpyr ee ocH. CoBpeMeHHHEe HHCTPYKIuM TpebyoT, 4To6bl Koseba-
HHSl BeJHYHH v={—{ He mpeBbimiasu 40”7, a HX OTKJIOHEHHS OT
CHHYCOHJBI, T. €. Pa3HOCTH w=7U—7U, 6K He Gosee 10”. [pyrumu
cJIOBaMH, BpallleHHe aJHAaAbl BOKPYT €e OCH CUHTAeTcsl NMPaBHJIL-
HBIM, €CJIH OJTHOBPEMEHHO BBHIMIOJIHAIOTCS 1B YCJOBHS

(l)max - U_Umax = 10”
Umax— Umin = 2 (€ + Omax) < 40”.

CuiencTBHeM 3THX yCJOBHH siBJIsieTcCss TpeGoBaHHe, 4TOGHI yrJo-
BOH 3KCLEHTPHCHTET ajujajsl ¢ He mnpeBbilan 10”7, T. e. e<10”.

[IpaBHIBbHOCTD BpAILEHHS aJHAAABl MOXKET GHITE  fOMOMHH-
TeJbHO HCCJef0BaHa MO H3MEHEHHSM IOKa3aHHH HaKJaJHOTO ypo-
BHSl (MJM YPOBHS NPH aJujaje) NpPH ABYX NOCJIEIOBaTeJbHBIX 000-
poTax ee B OZHOM HaNpaBJEHHH H JBYX o60poTax B 06paTHOM Ha-
NpaBJIeHHH.

OnpeneneHHe 3KCLUEHTPHCHTETA JUMGa

ITpu 3akpenseHHo# anupapge JauM6 mepecraBiasior uepe3 30° BHI-
NOJIHSIAE N0 MNOJHOMY 060pOTy B npsMOoM H o6paTHOM xomxax. Ha
KaXIo# ycTaHoBKe Jumb6a 6epyT OTCYeTHl [— NPH COBMEIEHHH
JuaMeTpaJbHO TPOTHBOMOJOXKHBIX LITPHXOB H ¢ — NpH cOBMelle-

vr 2 ~——
- Y \

Puc. 64. Cxema onpefeneHusi 3JeMEHTOB SKCHEHTPHCHTeTa JHMOGa:
I — npsimo#t Xox; 2 — o6paTHmIit X0A; 3 — CHHYCOHAa
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HHH WTpHXa AuMOa C OTCUETIBIM HHJAEKCOM. 3aTeM BBHIYHCJSIOT
pa3HocTH v=1'—{, KOTOpble HaHOCAT Ha rpacduk (puc. 64), Ha Ko-
TOPOM MPOBOJSAT OCb CHMMETDHH H CTPOSIT CHHYCOHAY, HaHJYyYIIHM
06pa3oM anpoOKCHMHDYIOLIYI0 H3MeHeHHs v. IlapaMeTphl CHHYCO-
uusl g, Py u d onpenensior cjeiyouUHM o6pa3oM. YTJOBO# 3Kc-
LEeHTPHCHTET €; paBeH HauboJsbLiel OpJHHATE CHHYCOHIBI, OTCYH-
ThiBaeMOH OT OCH CHMMETpPHH; yros P; OTCUHTBIBaeTcs B TOUYKe
nepeceyeHUss CHHYCOHZABI C OCbI0 CHMMETDHH, Ille 3HaueHHsl U Ha-
YHHAIOT BO3pacTaTb; 3HaueHHe d PaBHO OpPJHHATE OCH CHMMETPHH
cuHyconanl. Tpebyercs, uTOGBl YrJIOBOH 3KCLEHTPHUCHTET &; TOPH-
30HTaJbHOrO Kpyra He npeBninajn 10”. CymMmapHasi BeJHYHHA YT-
JIOBOTO 3KCLIEHTPHCHTETa aJHAajbl € H 3KCUEHTPHCHTETa TOPH30H-
TaJIbHOTO Kpyra €; y BBICOKOTOUHBIX TEOHOJHTOB HOJXKHA OHTbH He
6oaee 20”7, T. e. e+&;<20”.

§ 47. ONPEAEJIEHHE HENEPNEHAUKYJIAPHOCTH
FOPHU3OHTAJIbHOH U BEPTHUKAJIbHOW OCEH TEOJOJIUTA

HenepnennukynsipHOCTb TOPH30HTAJIbHON M BEepPTHKAaJBHOH ocell Te-
OJOJITA ONpenensiioT M3 06pabOTKH H3MepeHHH TOPH30HTAaJbHBIX
HanpaBJleHHH Ha TPH BH3HDHBIE leJIH, HaxoAsiHecss B cTBope (OT-
KJIOHeHHs He Gosee 1°) ¢ yrnaMu HakiaoHa fi=~+20° Bo=0° u
BQ%—QOO.

[IporpaMMa H3MepeHHH COCTOMT H3 IIECTH NMPHEMOB. B Kaxiom
npHeMe NPH OZHOM IMOJIOXKEHHH BepTHKaabHOro kpyra (KJI) HaBo-
IAT TpyOy mnocjenoBaTeqbHO Ha IIeJIH: BEPXHIOIO, B TOPH30HTE H
HHXKHIOIO H OepyT OTCYeThl 1O TOPH3OHTAJBHOMY KpYry. 3aTeMm
nepeBOAAT TPyOy uepe3 3eHHT H BHINOJIHSIOT H3MEPEHHS NMPH IpY-
rom mnoJsoxenun Kpyra (KII) B o6paTHoif moc/ef0oBaTeIbHOCTH.
Jns Kaxnol Lenan B KaxAoM i-oM npueMe BruuucasoT ¢;= (KJI—
—KIT+180°/2 u HaxomAT cpeiHHEe 3HAUYEHHS M3 IIECTH NPHEMOB
€1, ¢ U ¢y coorBeTcTBeHHO. C TOYHOCTBIO 1O MHHYTHl H3MeEpSIOT
yraibl HakJIOHA Pi1, fo H P2 HA KaXKAYI0 BH3HPHYIO LieJlb.

Yros i HemepmeHIMKYJSPHOCTH OcCefl TEONOJNHTa BBIYHCJAIOT MO
tdopmyae

i=L( ¢, —csec By + ¢, —c sec By )

2 tg By tg B,

BesnunHa 3TOro yria y BBICOKOTOYHBIX TEOJOJIHTOB MIOJIXKHA
6biTh He Gosee 5”. CpelnHIOI KBaJpaTHUYECKYIO OIIHOKY onpenee-
HHSA yrJia [ HaXOAsT o GopmyJie

m; =m, sec By 4/1+sin? By,
rie omnbka m, paBHa

Ve
me = —
3n(n—1)
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B naHHOM cJiyyae u; — OTKJIOHEHHsS 3HauyeHHH ¢; B NpHeMax OT
COOTBETCTBYIOIMX CPeIHHX H3 n mnpHeMoB 3HaueHHi c¢= (KJI—
—KI1+180°)/2, monyueHHBIX AJsl KaXXJIOH M3 Tpex LeJeH B OT-
nenpHoctd. OmubKa m; OnpenesieHHs] HelmeprneHIHKYJISPHOCTH ocel
y BBICOKOTOYHBIX TEOLOJHTOB Homyckaercs He Gosee 0,5”.

§ 48. OMPEAEJEHUE MOJIHbIX OWLWBOK NHAMETPOB JIHMBA

Henenuss Ha numbe HAHOCAT INPH NOMOILIM aBTOMAaTHYECKOH [esH-
TeJbHOH MaIIHHBL CO CKOPOCTbIO 3—4 IUTPHXA 3a OXHY MHHYTY.
[Tpu 3ToM Heu3bexHH OIUHOKH, NMPHYHHAMH TOSIBJEHHS KOTOPBIX
SIBJISIIOTCS: MOTPELIHOCTH H3rOTOBJIEHHS 3TaJIOHHBIX LIeCTepPeH Ma-
IIMHB; HENOCTAaTKH HaJaJKH H ee paboThl (KosebGaHHS OCH Bpa-
IEHHs] W pe3lla NMPH Hape3Ke LITPHXOB); MOrPEIIHOCTH YCTaHOBKH
JuM6a Ha OoCb BpAllleHHS MAaUIHHB (3KCLEHTPHYHOCTb MOCAIKH, He-
NnepneHJUKYJASIPHOCTb MJIOCKOCTH JHMOa K OCH BpallleHHs); H3Me-
HeHHsl TeMIlepaTyphl, BHOpalHsi OCHOBaHHsS MallHHBl BO BpeMs ee
paboTH H T. I

dakTHUECKOE MOJI0XKEeHHe IUTPHXa ¢ HeCKOJbKO OTJHYaeTcs OT
PacyeTHOro Ha HEKOTOPYIO BeNHUYHHY Oy, NPeACTaBJSIOLYI0 COGO
omn6kKy panHoro mrpuxa. CpenHee apudMeTHUecKoe H3 OIIHGOK
IBYX OHaMeTpaJibHO NPOTHBONMOJIOXKHBIX IITPHXOB ¢ H (@+ 180°)
Ha3bIBAIOT OLIHGKOH X, nHaMerpa @, T. €.

Yo = = (80 + Bg100)

[Ipn yrioBBIX H3MEpeHHSIX BCerga HCHOJB3YIOTCH AHAMETPh
numba, Tak KakK OTcueTsl 6epyTcsi MO JAHaMeTPasJbHO MNPOTHBOMO-
JIOXKHBIM LITPHXaM JUMOa.

[TorpemHocts HysneBoro mrpuxa Jaumb6a (¢=0) NpHHHMAIOT
paBHo#t Hymo (8, =0). ITorpemrHocTs HyJeBoro nuamerpa OTJIHYHA
OT HYyJA (Xg, #0), Tak Kak omnbKa HaHECEHHs AHAMETPaJbHO MPo-
THBOINOJIOXKHOTO WTpHxa @+ 180° B o6uiem ciyyae He paBHa HYJIIO.

[Tonnylo omwHOGKYy X, AHaAMeTpa ¢ MOXHO NPEACTaBHTb B BH[E
CYMMBI CHCTEMAaTHUeCKOH X; H CAy4ya#HOH X, COCTaBJSIOLIHX, T. €.

Xop=Xg+ Xy

Onpene/uB M3 HCCAENOBAHHH Xo H Xg, CAyuaiiHble OIIHGKH Ha-
XOJAT KaK Pa3HOCTH Xy = Xg— Xg.

OwnbxkH AHAMeTpPOB INOAPA3JENSIOTCS Ha JAJIHHHONEpPHOAHYE-
CKHe, H3MeHsflollMecs no Bcefl OkpyxHocTH JHMOa (puc. 65), u
KODOTKONepHOAHYeCKHe (BHYTpHTpaAyCHbIE), T. €. B Mpelenax
KaXaoro oraenpHoro rpanyca (puc. 66). ITosubie omH6KH Xp OT-
‘IeNbHBIX JIHAMETPOB Yy COBPEMEHHBIX BBICOKOTOYHBIX TEOH0JHTOB
nponyckaimoTess o =+ (1+1,2)” (cm. Taba. 11). ®dakTuueckas Xe Be-
JUYHHA 3THX OIHOOK HECKOJbKO MEHbIle YCTaHOBJIEHHOrO AO0Mmy-
cka. KopoTkoneproauueckne OWHKOGKH, XOTS H MeHblLIe JHHHOIE-
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I,y Puc. 65. IlonHble X M cHcTeMaTHue-
CKHe Xg OWIMOKH auameTpoB JuMGa
42| Teofoauta T05S
[/ 1/)

0 ] 1 J
_ nm 20\50/'\-/ &' Puc. 66. Kopotkonepuoauueckue
42 (BHyTpHrpajaycHHe) OLIMOKH JHaMeT-

g4 poB suMb6a Teonosura T0S

PHOIHYECKHX, HO ellle CPaBHHTEJbHO BEJHKH, NMO3TOMY pa3jesieHHe
JUMO0B HyXJaeTcsl B HaJibHeHIleM COBEPLIEHCTBOBAHHH H MOBHI-
IIEHHH TOYHOCTH.

Ownb6kH nuaMeTpoB JHMGa HENOCPEACTBEHHO BJIHSIIOT Ha TOY-
HOCTb YIJIOBHIX H3MepeHHH, MO3TOMY KaXAhl# JUMG TLIAaTeNbHO HC-
CJefyloT, YTOObl YCTAaHOBHTb €ro NPHUTOAHOCTb AJISI BBICOKOTOYHBIX
TeoJOoJUTOB. H3BecTHBH pasHble CHOcOObl oOnpenesneHHss OUIHGOK
nuamerpoB Jumb6a [4, 25], paspaGoTaHHBIe KaK COBETCKHMH yue-
HeIMH (cioco6wn ITpanuc-IlpaneBuua, EnuceeBa, JIutBuHOBa, PHI-
TOBa M 1Op.), TaK H 3apybexubiMH (cmoco6ut IHpeii6epa, BpyHca,
Busabga u gp.).

B Hame#i crpaHe B Hacrosiee BpeMmsl OINHOKH AHaMeTpPOB
aumba uccienyioT B cooTBeTcTBHH ¢ TpeGoBanusimMu ['OCT 13424—
68, koTOpBIf mOmMycKaeT NpHMeHeHHe J1060ro H3 crnoco6oB: cIo-
co6a npubauxeHuit, cnocob6a ob6paTHOfi MaTpHubI, crnocoba Eju-
ceeBa M BHIOH3MeHeHHOro cnoco6a Buibna. ITockosbKy uncio nua-
MeTpoB JuMGa CJAMIIKOM BeJHKO (MpH LieHe paejeHus jumba 10
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ux 1080), ompeneasoT H3 HccJedOBaHHH OMMHOKH I1e BCeX AHAMeET-
pOB, a TOJNBKO KpaTHBIX, Hanpumep, | ujau 3°.

B ocHOBe KaxJoro H3 MpHBENEHHHIX CNOCOBOB OMpejeseHHs
OIUHOGOK nHaMeTpPOB JuMOa JIEXKHT MOCJeL0oBaTebHOE H3MepeHHe
IO OmpefeseHHOH NMporpaMme TpPeX KOHTPOJBbHBIX YrJoB PBi, P2 H Pa.
Kaxneili yron B [IOJMKEH YKJaAbIBaThes 1lejioe 4YHCJIO Ml pas
B 180° n ObITb KPaTHBIM HHTepBasy A@=f/n, yepe3 KOTOpHIH 6Yy-
LyT onpeneyaTLcsl OIHOKH AHAMETPOB,

B nacrosiiiee BpeMsi JHMOBI BHICOKOTOUHBIX TEOJOJHTOB HCCJC-
ayloT uepe3 uutepBan A@=3°. KoHTposbHble Yrjabl MNPHHHMAIOT
paBHBIMH B;=36° P:=45° u PB3=60°. KoHTposbHEIE yribl 3aKaIOT
OOBLIYHO NPH NOMOLIH ABYX KOJIJIHMATOPOB, XOTSl €CTb H IpyrHe
npucnocobyenuss Aas sroro. OOHHM H3 OCHOBHHIX TpeGOBaHHil, KO-
TOPHIM JOJI)KEH YHOBJIETBOPATb Ka*KAHH KOHTPOJbHHIH yroJ, siBJf-
eTcsl COXpaHeHHEe ero BEJHUYHHBI MOCTOSTHHOH ¢ TouHocThio no 0,017
B TeueHHe BCEero NepHOAa H3MepeHHH MO 3aJlaHHOH Nporpamme.

Kaxapli KOHTPOJIbHBIH YroJsl B H3MepsIOT NPH Pa3HbIX YCTAaHOB-
Kax JuM6a OTIHeNbHBIMH cepussMH. UHncio cepuit paBHO n=f/Ag,
rie Ap=3° — unrepBaJ, yepe3 KOTOPHIH HCCJAELYIOT OINHOKH [Ha-
MeTpoB. BHyTpH Kaxpo#i cepuu yros B usmepsiior npu m=180°/
yCTaHOBKax JHM0a, mNepecTaB/sisi €ro uepe3 HHTEPBaJ, PaBHBIH
yray B. O6o3nauum uepe3 i=1, 2, ..., n— HOMepa cepuii, a yepe3
k=1, 2, ..., m —HoMepa ycTaHOBOK JuMO6a BHYTPH KaxIo# ce-
pun. Torna HavasbHast ycTaHOBKa JuM6a ¢; B CEDHH C HOMepOM i
MoxKeT GHITh BHIUHCJIEHA MO dopMmyJe

¢ =(—1) Ag,

a mocjenymlolias YCTaHOBKa @;x JHM6Ga BHYTPH i-H CepHH C HOMe-
poMm k, MoxeT GBITh pacCUHTaHa o GopmyJie

Qi =@+ (R—1) B.

Yron P nmpu Kaxno#l ycTaHoBKe JHMOa @i H3MEpSIIOT ABYMS
NpHeMaMH H M3 HHX BBIBOJST cpenHee. M3 m 3HaueHuit yrsia, us-
MEDEHHOT0 B KaXJo# i-fi CepHH, BHIUHCJIAIOT cpenHee PB;=3Zp/m,
A 3aTeM HaXO[AT OTKJOHEHHs KaXJOro 3HayeHHs Pir OT CpeJHero
Bi, T. €. BBHIUHCJAAIOT PAa3HOCTH [jr=Pix—Pi, NIPHHHMAaeMble B Kaue-
CTBe CBOGOJHBIX YJIEHOB yPaBHEHHil NONMPaBOK, COCTABJISIEMBIX IO

pesyJabTataMm Hsmepeﬁuﬁ KOHTPOJIbHOI'O yrJia NMpH m YCTaHOBKax
B KaxXnoi CEpHH H HMEIIIHX BHI

di=x1—x+1y
8y =xo—x1+1y;
83 =x3—xy+ I;

R R T

6Iz =Xo—Xm + lmi
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rae Xy, Xo, ... x,,l—nonpamm B BeJMUMHBl JAHAMETPOB C HOME-
pamu 1, 2, .

Takue ypaBHemm NONpPaBOK COCTaBJSIOT, HCHOJIbBYH pesyJib-
TaTbl H3MEPEeHHH KOHTPOJILHOTO Yrja BO BCEX CEpHSiX, MpHueM JIJis
Kaxjoro u3 yriaoB P;=36° PB2=45° u Bs=60°. IIpn stom Hyme-
panus AHaMeTpPOB H MONPaBOK x; obmas nis jaum6a. Obuiee uH-
CJI0 ypaBHeHHH nonpaBok paBHo 180, a omnpenensieMBIX INONPaBOK
JHamerpoB — 60.

[Ipy paBHOMepHBIX mepecTaHOBKax JHMG6a B mpexenax Bcefl OK-
PY>KHOCTH cyMMa IONPaBOK AHameTpoB paBHa Hyaw (Zx;=0).
B cBA3HM ¢ 3THM BO3HHKAIOT CJIOXKHOCTH COBMECTHOTO pelleHHs
ypaBHeHH#i nompaBok. OTMerum, uto Haubosiee MpPOCTOH crnocob
BHIYHMCJIEHHS TIONPAaBOK auaMmeTpoB suM6a npensnoxeH C. B. Ean-
CeeBbIM, N0O3BOJIAIOLINH ONpee/siTh UX 3HAUEHHS [0 roTOBBHIM (op-
MynaM, CM. I'OCT 13424—68, a Takxe [4, 8], He pemas ypaBHe-
HU#. TouHOCTBb ompelesieHHs TMOMPAaBOK XapaKTepH3yercs CpElIHEH
KBajgpaTHuecko# omn6Ko# mopsiaka 0,17,

I'masa 7

UCTOYHUKH OLLUUBOK NMPH
BbICOKOTOYHbIX YIJIOBbIX H3MEPEHHAX
H METOJ bl OCJIABJIEHUSA HX BJAHWAHUNA

§ 49. BU bl OLIUBOK NMPHU BbICOKOTOYHBIX YIJIOBbIX
H3MEPEHHAX

[To npupoze NpoOHCXOXKAEHHS OUIHMOKH YIJIOBHIX H3MepeHHH nojpas-
fendloT OObIYHO Ha TPH OoJibliMe TPYNNbl: JHYHBE, NPHOOPHBIE
(MHCTpYMeHTaJbHbBIE) M BCJAEJCTBHE BJIHSIHHS BHEIIHEH CpeIHl.
KpoMe Toro, omin6KH fgensiTcs Ha ciayyaliHele H CHCTEMAaTHYECKHe.
[Iprn BBICOKOTOYHBIX YIVIOBBIX H3MepeHHsIX Haubojiee TPYAHO YCT-
pPaHUMBIMH SBJISIIOTCH CHCTeMaTHUecKHe OWIMOKH, MO3TOMY OHH
JIOJIXKHBI OBITh TIIATEJNbHO H3YYeHbl YTOOBI MOXKHO OBbLIO CBECTH HX
BJHSIHHE K MHHHMYMY HajJjeXaliell opraHu3auueil u3MepeHHH HJH
BBelecHHEM COOTBETCTBYIOLIMX MNONPaBOK. BuHsHHe cJay4a#HBIX
OIING60K ocnabJusgeTcss MyTeM yBeJHUEHHS 4YHCJIa NPHEMOB H3Mepe-
Hufl. OJHAKO MO 3KOHOMHYECKHM COOOGpaX{€HHSIM UHCJO NPHEMOB
OrpaHHYeHO H JOJIKHO OBITh AOBEAEHO N0 ONpeleseHHOr0 MHHH-
MyMa, TaK KakK NPH HeLOCTATOYHOM YHCJIe TNPHEMOB BJIHSIHHE CJY-
ya#HBIX OWHOOK Ha pe3y/bTaThl H3MEpPeHHH MOXeT 0Ka3aTbCs He-
JIONYCTHMO GOJIBIIHM.

JIuuHble oIMGKH H3MepeHHH BO3HHKAIOT H3-33 HECOBEpPILEHCTBa
H3MepHTe/NbHOH cHCTeMbl npuGop—HabuonaTtenb. K JHYHBIM MoO-
ryT ObITb OTHEeCEHB! cJyuafHble H CHCTeMaTHYeCKHe OIIHOKH BH3H-
pOBaHHSl NPH HaBeLeHHH TPyObl TeONOJNHTA Ha HabJIOfaeMble LeJH:
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cayuaiiHple OWMOKH COBMeLIeHHsI H3v6pa)keHHH TPHXOB JHMOa
IIPH OTCYeTax M0 KPyraM TeOJAOJIHTA; CHCTeMaTHYeCKHe OIUMOKH
NpH oTcyeTax no JHUMGY H3-3a pa3jMUHA OCBEILEHHOCTH WITPHXOB
aumba; cayvyaliHple OIIHOKM OTCUHTHIBAHHSI MO IIKaJe ONTHYECKOro
MHKpPOMeTpa; OWIHGKH OTCYeTa MO WIKaje HaKJaJHOro YpOBHS,
C TIOMOLIBID KOTOPOro OMNpeIeNsilOT TONPaBKH B H3MepeHHble Ha-
MPaBJeHHs 32 HAKJIOH BePTHKAaJbHOH OCH TEOLOJIHTA.

[Ipu6GopHble OmMHGKH H3MepEeHHH BO3HHKAIOT H3-3a MOTPEILHO-
cTefi H3roTOBJIEHHS] OTHEJbHBIX Y3JI0B H JeTaJiell TeOJOJIUTa, BJIH-
SIHHSL OCTaTOYHBIX MOTPEIIHOCTEH pPeryJHPOBKH M IOCTHPOBKH €ro
H T. 0. K uucay npHOGOPHBIX OTHOCATCS OWIHOKH H3-3a OTJIHYHS
(aKTHUECKHX IleH [eJNeHHH OKyJsPHOTO MHKPOMETpa 3pHTeNbHOH
TPyObl, MHKPOMETPAa OTCUETHOTO YCTPOHCTBA H ypOBHEH OT HX HO-
MHHaJbHBIX 3HaueHHH, MOTpPelIHOCTH xoJa (OKycHpYIOlleH JHH3HI
3PHTENbHOH TPYyObl, 3KCIEHTPHCHTET JHMOGa M aJjuganbl, OIMHOKH
nuameTpoB JauM6a, KoJUIHMaluoHHas omubka Tpy6B, a Takxe
own6KH, BO3HHKAaIOIIHe BCJEACTBHE HAKJIOHA TOPH30HTAJbHOH H
BEPTHKaJbHOH Ocell TeoHOJHTa, HakJoHa Jumb6a, omHOKH H3-3a
HeJ0CTaTKOB paboThl HABOASLIEr0 BHHTA TPYyObl NPH HAKJIOHAX ee
B BePTHKaJbHOH MJIOCKOCTH, OIIKHOKH H3-3a JIOpTa MNOLBEMHBIX
BHHTOB, a TaKxXe H3-3a TeMIepaTypHHX Aedopmaluii y3J0B Teo-
JOJIUTA H Ip.

Kaxablfi T€ONONHT MPOXOAHUT NEPHOAHUECKHE MOBEPKH H HCIIHI-
TaHus (MCClelOBaHuS), ycTaHaBAuBaeMble HefictBylouiumu ['OCT-
aMu H HHCTpyKuuaAMH. [lepexn Hauasom HaOJIOZeHHH Ha NYHKTE
BBINMOJIHSIIOT HeOOXOAMMble TOBEPKH H IOCTHPOBKH TeonoJuTa. Uem
Bhille TpebyemMast TOYHOCTb YIJIOBBIX H3MEPEHHH, TeM TiaTesbHee
H TOJHee AOJKHBI ObITh M3yYeHBl M yUYTeHbl NMPHOOpPHBIE MOrpell-
HOCTH, KaKHMH MaJIbIMH OHM HHM Ka3aJHcb Obl Ha MEepPBBIH B3TJISA.
Maussie cucreMaTHyeckie OMIHOKH HMEIOT CBOHCTBO NMOCTENEHHO Ha-
KalJMBaTbCs M HX COBOKYNHBIM BJIHSIHHEM TIpeHeOpeub HeJb3sl.
[Tostomy Heo6xomHMO mnpenycMaTPHBaTh 3(¢deKTHBHBHIE MepHl Cy-
IeCTBEeHHOro ocsabJieHHst BIHSHHA Bcex 6e3 HCKIOUeHHS npHOOD-
HBIX OINHOOK.

BBICOKOTOUHBIH TEOLONHT sIBJISeTCS AHHAMHYecKoH, BecbMa YyB-
CTBHTEJIbHOH H3MEepHTeNbHOH cHCTeMO, pearupymouel Ha MHOTHe
(akKTophl, B TOM YHCJe Ha MeXaHHYeCKHe, CBS3aHHbIE ¢ 0COGEHHO-
CTAMH PaboOTBl OTJEJNbHBIX Y3JI0B TEOJOJIHTA, HampaBJieHHEM Bpa-
LleHHsl aJHAadbl B MOJynpHeMax H T. M., a Takxke (pH3HYECKHE,
NPOABJSAIOLIHECS] B H3MEHEHHSX YCJOBHH H3MepEHHH Ha NYHKTe,
HalpHMep, TOBBbILIEHHEe HJH IOHHXEeHHe TeMNepaTypel W T. 1.

[Ipn HCHOJIb30BaHHH COBPEMEHHBIX BBICOKOTOUHBIX TEOLOJHTOB
OLHHM H3 HauboJjiee CYLIECTBEHHHIX HCTOYHHKOB CHCTEMaTHYECKHX
OWHOOK NpPH YIJIOBHIX H3MEPEeHHSAX SBJSETCS BJIHsSIHHE BHelIHeH
Cpelibl, H B MNEPBYI0 ouepelb, pedpaKLHH, KOTOpasi MO CYLIECTBY
JHMHTHPYeT JAajibHeHlllee MOBBIIIEHHE TOYHOCTH YTJIOBHIX H3Mepe-
HH#, ecqH He npeanpuHATh 3((dEKTHBHBIX Mep Mo Gopnbe ¢ ee
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BJHSIHHEM. B 3Ty rpynny BXOZAT TaKXe OIIHOKH H3-32 KpPYUYEHHS
H THYTHS reofle3WYeCcKHX CHCHAJIOB.

W3 mpuBeneHHOro nepeyHsi pa3jMYHbIX HCTOYHHKOB CHCTEMAaTH:
YeCKHX OINHOOK CJeLyeT, YTO TOYHOe H3MepeHHe TOPH30HTaJbHBIX
HanpasJ/ieHUH#, yrjoB, a3UMyTOB H 3EHHTHBIX PacCCTOSHHHA B ycJoO-
BHSIX peasbHOH aTMmocdepbl NMPH 3HAUHTEJbHBIX PACCTOSIHHSAX Me-
KAy NYHKTaMH (OT HECKOJbKHX KHJIOMETPOB 10 HECKOJIbKHX Jie-
CATKOB KHJIOMETPOB) TIpeACTaBjsieT COGOH [OOBOJBHO CJIOXKHYIO
npobaemy. IlosTomMy KaxKablif BHICOKOKBaJHGHIMPOBAHHHIH reoje-
3HCT HOJIXKEH XOPOILUO H3YYHTh BCEBO3MOXKHble HCTOUHHKH OLIHGOK
YrJOBBIX H3MepeHHH M yMeTb 3(deKTHBHO GOpPOTbCS C HX BJIHS-
vueM. Tonbko B 3TOM ciyyae MOKHO NOJYYHTb pe3yJbTaThl H3-
MepeHHH ¢ HauBHICLIed JOCTYNHOH TOYHOCTBIO.

§ 50. CHCTEMATHYECKHE OIMIUBKH BU3UPOBAHHUS

[Iprn HCHOJMb30BAHHH COBPEMEHHBIX METOJOB YIVIOBBIX H3MepeHHIl
[8] BuMsHHe cayuafiHBIX, B TOM YHCJe JIHYHBIX, OIIHGOK Ha pe-
3yJabTaThl H3MEePEHHH B reoJe3HyecKHxX ceTax 1—2 KjaccoB cpas-
HHTEJNbHO HeBeqHKO. M3 snuHbIX HauboJiee CYLeCTBEHHBIMH SIBJISI-
IOTCS CHCTEMaTHYeCKHe OIUHOKH BH3HPOBAHHS, KOTOPHIE BO3HH-
KaloT BCJEICTBHE HaBeleHHS OHCCEKTOpa CeTKH HHTell TpyGH Ha
IeJqb ¢ HEKOTOPO# TOCTOSIHHOR nnisi Habuiomatensi OmHOKOH. ITH
OIHOKH YBEJHYHBAIOTCA C YMEHbLIEHHEM KOHTPACTHOCTH IeJNH H
¢oHa, Ha KoTopH#i OHa mpoekTHpyercs. [To ouenke ®. H. Kpacos-
CKOTO CHCTeMaTHYecKHe OLIMOKH HaBeleHHs OHCCEKTOpa OKYJsp-
HOr0O MHKpOMeTpa TpPYObl TEONOJHTAa HA BH3HPHBIA LHJIUHIAD MOTYT
JOCTHTaThb BeJHYHHBI #/18, Tae u — yrioBasi BejHuHHa GHCceKTOpa
(u=30-+35"). B Tex cayuasx, Koria Ha6a0gaeMblli reole3HUECKHH
3HaK BHJIEH Ha TeMHOM (oOHe Jieca HJIH MECTHOCTH HeIOCTaTOYHO
YeTKO, ONBbITHBIE HaGJI0faTeNd MapKHPYIOT GOJIBAHKY BH3HPHOM
nesnu GennM 1BeroM. Ilns Toro yto6bl OCJaGHTh BJAHSIHHE CHCTEMa-
THYECKHX OLIMGOK, BO3HHKAIOIIHX H3-32 DPa3JIHYHSI OCBEIEHHOCTH
IITPHXOB JHMOa BEHICOKOTOYHOTO TEOJOJHTA, MOJb3YIOTCS 3JeKTpHye-
CKHM OCBellleHHEM KpYTOB.

IIpn HaGJofeHHSIX Ha CBETOBBIE LieJH PE3KO Pa3jHYHOH SIPKO-
CTH, HampuMep, NPH OMNpPelNeJeHHH a3HUMYTOB 3€MHBEIX INpPEIMETOB
H3 Ha6aioJeHuil 3Be3l,, MOTYT BO3HHKaTh CHCTEMAaTHYeCKHE OIIHOKH
BH3MPOBaHHs, O6yc/oB/eHHble NCHXO()U3HOJOTHIECKHMH 0CcObeH-
.HOCTSIMH BOCIDHSITHSI TJ1a30M TOYEYHBIX HCTOYHHKOB CBeTa pasJHy-
HOH sipKkocTH (3Be3l, CBETOCHTHaJbHbIX ¢oHape#t W T. m.). U3
OTBITa H CNelUHaJbHBIX HCCJIeJOBaHHH H3BECTHO, YTO NpH HebJiaro-
TPUATHHX YCJOBHSIX TaKHe OWIHOGKH MpPH M3MEpPeHHH TOPH3OHTaJIb-
HBIX HamnpaBJieHHH, YIJIOB M a3HMYTOB HepeIKO MOTYT JOCTHTaThb
1,5” u Gonee.

AcTpoHOMBI 1aBHO TOAMETHJIH, YTO MOMEHT PErHcTPalHH Ipo-
XOXKIeHHS] 3Be3Jbl uepe3 MepPHAMaH NMPH aCTPOHOMHYECKHX Habiio-
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JleHHSIX 3aBHCHT OT ee SIPKOCTH: ueM sipue 3Be3Ja, TeM paHblle
HabJofaTe/b OTMeYaeT MOMEHT NMPOXOXAEeHHs ee uepe3 MepHIHaH.
[Ipu yBenuueHHH sipKOCTeHl 3Be3J Ha NSATb 3Be3IAHBIX BeJHUHH 3TO
omepexeHHe y OTAeNbHHIX Habmiojareneli mocruraer 0,055 Xapak-
TEepHO, UTO 3HAaK NaHHOH OMHOKH OAMHAKOB AJS1 Bcex HabJrojaTte-
Jield IPH HEKOTOPOM BapbHPOBAHHH ee BEJHUHHBL.

[TocnenHee 06CTOSATENBCTBO yKa3biBaeT Ha TO, UYTO CHCTEMAaTH-
yecKHe OMIMOKH BU3HPOBaHHS, OOYCJOBJIEHHBIE Pa3JIHuHEM SIPKOCTH
3Be3[l, a TaKXKe TOYEYHBIX CBETOBBIX LeJief, CYIecTBYIOT OOGbeK-
THBHO. 3aKOHOMEPHOCTb HMX H3MEeHeHHH BBIpaxaercsi B TOM, UTO
MPH YBeJHYEHHH SIPKOCTH 3Be3[bl (CBETOBOH IleJIH) NPOHCXOAHT
Kaxyiieecss 1Js HabawoonaTensi yBeJHUEHHe ee a3uUMyTa M, Hao6o-
POT, C YMEHbIlIEHHEM SIPKOCTH — YMeHbIaeTcss a3HMYT, OTCUHMTHI-
BaeMblii OT MepHIHaHa IO XOAY YacOBOH CTpeJKH. DTO sIBJIeHHE
MOXHO BBIPA3HTh C MOMOLIBI0 «a3HMYTAJbHOTO YPaBHEHHS SIPKO-
CTH 3Be3J] H TOYEYHBIX CBETOBBIX Liesiel», KOTOpoe 3amHilieM B BHJE

6 == k (m_4’0))

rie 6 —rmnompaBKa B H3MepeHHOe HarpaBieHHe HAa 3Be3Ny o HJH
Ha TOYEUYHYI0 CBeTOByI0 mLenb N; kR — Ko3hdUIHEHT NPONOpPIHO-
HaJbHOCTH; M — SPKOCTb 3Be3AH (CBETOBOM IeJIH), BEIpaXKeHHAs
B 3Be3JHHEIX efuHHLax no 'apBapiackoii mikase. [laHHOe ypaBHeHHe
CIpaBefJUBO NpH l<m<4; nAA APYrHX 3HAUEeHHH M OHO HMeeT
6osiee CJIOXHBI BHI.

3Hauenns Koaduunenta B aia 3Be3q kK, M AJA TOUEUHBIX CBe-
TOBBIX LleJiel Ry Pa3jHuHH M paBHH B cpegHeM Kk, =0,10 u ky=
=0,33. DTH BeJHUYHHBI NOJY4YeHH H3 06pabOTKH H3MepeHHH, BHIIOJ-
HeHHBIX Ha CBETOBHIE LieJIH H C YUeTOM JaHHHIX, MOJYYEHHHIX acTpo-
HOMaMH TNpH HabJIOJleHHSIX 3Be3] pasJjHyHOi spkoctH. [IpuBeneH-
Hble K03((GHUHEHTH COOTBETCTBYIOT BH3HPOBAHHIO Ha 3Be3ly H CBe-
TOBYIO LleJib OJHOH HHTbIO CeTKH HHTeHl TpyOH, a He GHCCEKTOPOM,
TaK KaK B IOC/JeJHEeM cJyyae OWIHGKH BH3HDOBaHHS 3aMeTHO BO3-
pacralor. o N ‘

[Ipu onpeneneHHH acCTPOHOMHYECKHX a3MMYTOB Ha NYyHKTax
Jlannaca u3MepsioT yroa B Mexay 3Be3noll a (o6eruHo ITosisipHO#t)
u cBeroBofi Lenblo N 3emHoro npeaMera. Ilycte sipkocTh 3Be3zbl
my, a SIPKOCTb CBEeTOBOfi LenH my, Torza mompaBka Og B yroa
p=N—a 3a pasanume sApkoctefi HabofaeMbIX lesefl 6yner paBHa

65 = 0,33mN —-0., lOma.

[Tycts my=4 w my=2,1 (IToasipnad); AN 3THX AaHHHIX MOJY-
uuM 6y = +1,11”. TakumMu Go/BUIHMH TONpPaBKaMH 3a pasJjiHyHe
sApkocTell HabuiofaeMbIX Liesefi mpeHe6peraTh NPH BBICOKOTOYHHIX
YrJIOBbIX H3MEDEeHHSIX H a3HMYTaJbHHIX OMNpENeJNeHHsIX Hemomy-
ctuMo. OIHAKO [0 CHX TOP NPH ONpEeNeNeHHH acTPOHOMHYECKHX
a3sUMYTOB 3TH MNONPaBKH He ONPEAeJSIOTCH H He YUYHTHIBAKOTCH,
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BCJIeICTBHE Yero MOHHXKaeTcsl TOYHOCTb a3HUMYTaJIbHBIX ONpene-
JIEHHH.

IIpn u3MepeHHH TFOPH3OHTAJNbHBIX yrJoB B=2—I1 Mexay nByMs
3Be3JaMH MJIH JBYMS TOYEUHBIMH CBETOBHIMH LeasiMu I u 2 ¢ sp-
KOCTSIMH M| H My COOTBETCTBEHHO MONpPaBKa B H3MEPEHHBIH yroJ
6ynet caenyolek:

8g = k (my—my).

Ecaun m;=m, nonpaska 8 =0. Takum o6pasom, 4TobHl CyLiecT-
BeHHO 0cCJabuTb BJHSIHHE CHCTeMaTHYeCKHX OIIMOOK NpH HabJio-
IeHHSIX Ha 3Be3[bl U CBETOBble LeJH Pas3JjHYHOH SPKOCTH, HE06Xo-
IHMO BBIDAaBHHBAThb HX SPKOCTH TeM HJH HHBIM Cnoco6oM, HampH-
Mep, YCTaHaBJHBasi mnepei OOBEKTHBOM TpPyObl MeTaJslIHuYECKHe
CeTKH Pa3HOH IJIOTHOCTH, NPHMeHSs CBeTO(HJbTPB HJIH HCIOJb-
3ya (OTO3JeKTPHUeCKHH MeToJ HaBeleHHs TPYOB TeonoJHTa Ha
CBETORYIO Liesib (3Be31y) H T. I

§ 51. MPHBOPHBIE OLIMBKH MPH BbICOKOTOYHBIX
YrJIOBbIX H3MEPEHHAX

Bynem mnosarath, YTO TEOLOJHT Nepej HAyaJoOM YIJOBBIX H3Mepe-
HU#i Ha TNyHKTe TLIAaTeJbHO BHIBEPEH, OTBIOCTHPOBAaH H OTBeuaeT
npenbsBAseMBIM K HeMy TeXHHUecKHM TpeboBanusiM. OmHako, He-
CMOTpPSl Ha 3T0, TIpH6OOpHBIe OWHOKH, nepeyHcaeHHne B § 49, He
HCKJIIOYAIOTCs NpH H3MepPeHHH YIJOB H HX BJHSHHE HeO6XO0IHMO
oc1abuTh.

B rocynapcTBeHHOH Treome3HUECKOH CETH paCCTOSHHS MEXAY
CMeXHBIMH NYHKTaMH Bcerga OoJibiie 1 KM, MO3TOMY Ha KaXKIOM
nyHKTe TPyOy TeonosnHTa (OKYCHPYIOT Ha GECKOHEYHOCTb H (OKY-
CHPOBKY He MEHSIOT (M3MEeHATb ee MOXHO TOJbKO MEXAy MpH-
eMaMH H3MepeHHi). B 3ToM ciyuae HenmpaBHJIBHOCTH Xola (OKy-
cupyiollell JHH3b TPyObl He OKa3bIBAIOT BJIHSIHHS Ha pe3yJbTaThl
yrJaoBbix Hu3MepeHHil. Vckilouaercs BJHSHHE 3KCIEHTPHCHTETA
aumMb6a M alHAanbl PH OTCUETaX MO ZHMAMETPAJbHOH MPOTHBOGOIOXK-
HBIM 1ITpuxam nauM6Ga. Ecim peH MHKpPOMerpa mpeBHILIaeT AOMY-
CTHMOe 3HayeHHe, TO B pe3yJbTaThl H3MEPEHHH BBOJAT COOTBETCT-
ByomHe nonpaBku. [logo6Hoe 3aMeuaHHe OTHOCHTCS H K OWIHO-
KaM JeJeHHH IIKaJbl ONTHYeCKOT0O MHKPOMETpA.

Jnsi Toro 4ToGbl MOTPELIHOCTH OMNpeNeJieHHs LEeHB [eJeHHs
OKYJIIpHOTO MHKpoMeTpa Tpy6wl (m,—=0,01") He oka3biBaiH cyue-
CTBEHHOTO BJIMSIHHS Ha pe3yJIbTaThl YIVIOBHIX H3MepEeHHH, HaJ0 cie-
IHTb 3a TeM, UYTOOBl OTCYETH MO OKYJSPHOMY MHKDPOMETDY TIpH
HaBeJleHHH OHCCEKTOpPa Ha BH3HPHYIO LeJb He MpeBbHwann =+5”
H leJb NPH Pa3HBIX OTCUETAaX MOOYepelHO pacmoJjaranach mo ot6e
CTOPOHBI OT HYJIBIIYHKTa MHKPOMeTpa.
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§ 52. OCHABJIEHUE BJUAHWHA OUWIMBOK NUAMETPOB JIMMBA
HA PE3YJIbTATbI YIJ1OBbIX H3BMEPEHHUH

Jlaxke y COBPeMEHHBIX BEICOKOTOYHBIX TEOJOJHTOB MOJIHBIE OIIHGKH
Xp JAMaMeTPOB JHMGa HepeiKO MOCTHrarT BesHuHHB +0,7” (cM.
puc. 65). CHcTemaTHYeCKHe OLIMOKH AHAMETPOB X; MOXKHO Mpen-
cTaBUTb B BuJe psina Oypoe:

i=k
Xg= 2. (g sin 2iq -+ by; cos 2ig),
i=l
rae Ko3¢p$HIHeHTH a U b onpelensoTes no popmyaam
2 . .
Uy =— [Xq: SIN 2i@lg—o;

by = % [%e: cos 2igloo.

B naHHOM cJayyae X, — MOJIHBle OIIMOKH AHaMeTPOB JHMOa,
HOJIyueHHble M3 HCCIeNOBAaHHH; [ — MOPSAKOBHH HOMEp MOJHOH
o6k mHamerpa @ (i=1, 2, n); 2{i— nopsAAKOBHi HOMep KO3(-
¢unuenta paga Dypee (2i=2, 4, 6, ..., k); n— UHCIO MOJHBIX
omHO0K X, AHaMeTPOB JHMOa.

CnyuaiiHble OIIHOKH X, OTAeJbHHIX AHAMETPOB, DaBHbIE

X = Xo— X

HHOTZA [JOCTHTAIOT TaKOf JKe BEJHYHHBI, YTO H CHCTEMAaTHYECKHe
Xg.

ITockospKy cHcTeMaTHuecKHe OMIMOKH QHaMeTpoB JuM6Ga BIpe-
Jenax BceH OKDYXHOCTH H3MEHSIOTCS 1O KBa3HIEPHOLHYECKOMY
3aKOHY, NPH BBHIBOAE CpPefHero apH(MeTHYeCKOro M3 OLIHGOK aHa-
MeTpPOB, PaBHOMEPHO pachperejeHHBIX 10 BCeH OKPYXKHOCTH uyepe3
ONHHAKOBble HHTEPBAJIbl, NPOHCXOAHT HX 3HAYHTENbHas KOMIEeHCa-
IHs, IpHYeM B TeM OoJjblleH Mepe, YeM MeHbIIE 3TH HHTEepPBAJHI.
KoporkonepHoauueckue OIIHGKH AHAMETPOB JHMOa H3MEHSIOTCS
B INpefenax KaxIOro rpaayca TakKXe 10 KBa3HIEPHOIHYECKOMY
3akoHy (cM. puc. 66). IToatoMy nisi HauGoJsiee MOJIHOH KOMMEHca-
IIHH CHCTeMaTHYeCKHX OIIHGOK AHaMeTpoB JHMOa (HJHHHO- H KO-
POTKONEPHOJHYECKHX) NPH H3MEePeHHH YIJIOB H HampaBjieHHH He-
06X0NHMO NEepecTaB/isiTb TOPH3OHTAJbHBIH KPYr TeONOJNHTA MeXIy
NpHeMaMH Ha yroJ

o

5 — 180 +i,

m
rie m—4HCJO NPHEMOB; [ — IleHa HaHMeHbllero jejeHust aumba.
Komnencauus omn6ok 6yner TeM rosHee, 4eM GoJblle YHCJIO MPH-
€MOB H3MepeHHH.
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ITpu cpaBHHTENbHO GOJNBLIOM YHCJEe NPHEMOB H3MepeHH# Jo-
CTaTOYHO IOJIHO KOMIEHCHDYIOTCSI He TOJBKO CHCTeMaTHYeckHe, HO
M cJayuadiHble, a CJIeLOBAaTeJbHO, H IOJIHBE OIIHOKH IHAMeTPOB
aumba. HccanemoBanus @®. H. KpacoBckoro mokasanu, yTO naxe
IPH HCIOJb30BAHHH TEOJOJHTOB BhiMycKa 30-X romoB OCTaTOYHOE
BIHsIHHE OIIHGOK nuaMeTpoB JuM6a Ha CpPefHHI M3 IBeHaALATH
NPHEMOB Pe3yJIbTaT H3MepeHH#l HanpaB/ieHHs He mpeBbimaer 0,25”.
Y coBpeMeHHBIX TEONOJHTOB 3Ta oluMOKa NMPH ABEHANlATH MpHemMax
usMepeHuit o6biuHo He mpeBbiaer 0,10—0,15”. Otcloga oxnako
He clefyeT JAesaTh IleBepHBIi BEIBOJ O TOM, YTO SIKOObLI HeT HeoO6-
XONHMOCTH H Jajibllle MOBBILIATb TOYHOCTb pa3jeneHHs JHMOOR
BBICOKOTOYHHIX TeOAOJHTOB. HanpoTHuB, mpakTHKa CeroAHsIIHEro AHS
TpebyeT [Jsi pellieHHs] MHOTHX 3aiay, YToObl BJHSHHe OMIHOOK aHa-
MeTpoB JiuM6a Ha Ji06oe HampaBJeHHe, H3M(DEHHOE B KaXJIOM OT-
IenbHOM TpHeMe, Obuio He Gosee 0,3”. IleaTomy MeTonsl M Tex-
HHKY pasjieieHHsi JHMOGOB BBLICOKOTOUHBIX T/ OJOJHTOB HEOOXOAHMO
H JaJjibllie MpOJOJIXKAaThb COBepLIeHCTBOBaTb VMelorcss u ApyrHe
cnoeco6bl ocnabjeHHst BJIHSHHUH OWHOOK [QHaMeTPOB JiuMb6a, HO
B reofie3HyeCKOM NPOH3BOJCTBE OHH He NPHMEHSTCS.

§ 53. BIUAHUE KOJJIUMALHOHHOA OLIHBKH
3PUTEJIbHOA TPYBbI

ITon xosnuManHOHHOH OIIMGKON 3pHTEJbHOH TPYObl MOHHMAIOT Ma-
JBH yron ¢, o6pasyeMHil BH3HPHOH OCbI0 TPYGH H IJOCKOCTBHIO
60JbIIOr0 Kpyra TeOAOJHTA. BiHsHHE KOJJIMMAaIMOHHOH OLIMOKH Ha
HampaBJieHue, H3MepeHHoe MpH OofHOM moJsioxkeHuH TPyO6rl (KII min
KJI), Bripaxkaercss popMysnaMu

N=KI+——: N+180°=KI——E

sinz ’ sinz

rae N —ucrunHoe 3Hauyenne HampaBsenus; KI1 u KJI — uamepen-
Hble 3HAaUeHHs] HampaBJIeHH$; 2 — 3€HHTHOE DAaCCTOsSIHHE BH3HPHOH
nend. BausHue 3ToH Xe OmIMOKH Ha yros Mexny Toukamu A u B,
H3MepeHHBIH TaKXe NpH ONLHOM MOJIOXKEeHHH TpPyObl, paBHO

1 1
NB_NA:KHB_KHA+C( sinzp o sinzy );

1 1
NB_NA_KJIB_ KJIA—C( sinzp o sin z4 )

H3MmepuB HampaBjieHHe NPH ABYX IOJIOXKEHHSIX BEPTHKAJBbHOIO
Kpyra, MOJYYHM CPeIHHH OoTcueT no JuUMOy

N =%(KI‘I+ KJI + 180°),

CBOOOAHBIH OT BJMAHMA KOJJIMManHoHHOH owmu6ku. OTcioga cJe-
JyeT, UTO yrJbl W HalnpaB/ieHHsl HaJ0 M3MepATh BCerja NpPH ABYX
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MOJIOXKEHHUSAX BEPTHKAAbHOTO KPyra M M3 NMOJYy4YeHHBIX PEe3yJbTaToB
BLIBOIHUTL CPefiHee.
KosnuMalHOHHYI0 OWHOKY ONpenensior 1o hopmyJae

- % (KJ1—KII =+ 180°) sin z.
[TpuusTo Tpe6oBaTh, 4To6H c<10”.

§ 54. BJJUSSHHE HAKJIOHA TOPH3OHTAJIbHOA OCH
BPALIEHHSA TPYBbI

JlonycTHM, 4TO TOPH30HTaJbHAs OChb BpalleHHs TPYOH HaKJOHEHA
K TOPH30OHTY Ha MaJiblfl yroJ i (M3-3a HepaBeHCTBa MOACTABOK TPYOHl
M JHaMeTpOB 1amg), BepTHKaJbHas OCb TEOJOJHTa CTPOr0 OTBECHA,
Apyrue NpHOGOpHBIE MOTPELIHOCTH OTCYTCTBYIOT. ONpeienHM BJIHS-
HHEe HaKJIOHAa TrOPH30HTAJbHOH OCH Ha M3MepeHHOe TeONOJHTOM Ha-
npaBJieHHe.

[TpeanosoxuMm, 4TO JIEBBIH KOHeEl, FOPH30HTAJbHOH OCH TpPYGHI
Bhllle MPABOrO OTHOCHTEJILHO HalpaBJeHHs TEONOJHT — HabJiojae-
Mbit npeamer M (puc. 67). B 3ToM cayuae HcTHHHbIH oTcuer N
no JuM6y Oyznet paBeH

N:N1+x, (71)

rie Ny —oTcuer mpu HAK/JIOHHOM IIOJIOKEHHH OCH TpYOH; X — Imo-
IIpaBKa 32 HAKJIOH OCH TPYOHL.

Yroan x ompemesuM H3 MaJiOr0 NPSMOYTOJBHOTO ChepHuYecKoro
Tpeyrosbuka mz;2 (puc. 68). B cooTBercTBHH ¢ H3BecTHOH ¢op-
MyJIoH cdepHUeCKOH TPHrOHOMETPHH HAIHILIEM

cos (90° —x) =ctg (90° —i) ctg z
HIIH
sinx=tgictga
Yriel g H { MaJibl, IO3TOMY
x=ictgz. (7.2)

[Tocne nepeBoma TpyGbl uepe3 3eHHT U HaBeleHHS ee Ha TOT
JKe ImpenMeT, 3HAK MONPaBKH HM3MEHHTCSI Ha OOpaTHHIM, TaK Kak
JIeBHIH KOHell ocH TPyObl Oyner Temeph HuxKe mpaBoro. IlycTh Ha-
6mogenus BenosHenbl npH KIT (cM. pue. 67) u npu KJI. Toraa
HOJIYYHM

N.= KIT+-i ctg z;
N 4 180° =KJI—ictg z
N=%(KI'I+ KJT + 180°). (7.3)
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Z, z

0°) NF90°-z
VA
m
Puc. 67. Omnbka B orcuere nmo JaumGy Puc. 68. Cdepnueckuit
H3-32 HAKJ/JOHa TOPH30HTaJbHOH OCH TPeYroJbHHK

BpailleHHs! TPYyG6hl

Orcioga ciaefyer, uTo AJsi HCKIAIOYEHHs] OLIHGOK, BO3HHKAIOIIHUX
H3-3a2 HelepneHAHKYJISIPHOCTH TOPH30HTAJbHOH OCH TPYOH K BepTH-
KaJIbHOH OCH TeOJOJIHTa W HepaBeHCTBa AHaMeTPOB Lamd, Heob-
XOIHMMO HampaBJieHHS] H3MepATh NPH ABYX mosoxeHusx Tpy6w KII

1 KJI u M3 moJyueHHHX pe3yJbTaTOB BHIBOAHTb CpelHee apHdpMe-
THYeCcKoe.

§ 55. BJIMAHHUE HAKJIOHA BEPTHKAJIbHOH
OCH TEOJLOJIMTA JIUMBA

BiHsiHHe HaK/JOHa BePTHKAJbHOA OCH Teomoauta. [lomycTuM, 4TO
NpHOOPHble MOrPEIIHOCTH OTCYTCTBYIOT, a BepTHKaJbHas OCb Teo-
JOJIHTA YCTaHOBJIEHA HAa NMYHKTe He COBCEM TOYHO M HaKJIOHeHa Ha
MaJbli yroJ & OTHOCHTEJbHO OTBeCHO# JHHHH. B 3TOM ciayuae Ha
yron § 6yAer HakJOHEH M JHMO rOpH3OHTAJbHOrO Kpyra. Bimsuue
HAaKJOHa BepPTHKaJbHOH OCH H HakKJOHa JuM6a Ha H3MepeHHOe
HanpaB/ieHHe PacCMOTPHM pa3fesbHO, NMOCKOJbKY INPH 3TOM CyM-
MapHBIH pe3ysJbTaT He H3MEHHTCS, a BHIBOJL (OPMYJ CYILECTBEHHO
YIPOCTHTCS.

[IpexnosoxuM, 4yTo JUMO TOpPH3OHTaJIeH, a BePTHKaJbHas OCb
HakJoHeHa Ha yros & (puc. 69). HaBenem 3putesbHylo Tpy6y Ha
npenmMer M M NOKaxeM MIOCKOCTh Gosbuioro kpyra ON.Z;, mpo-
XOAALLYI0 4Yepe3 3Ty TOYKY INPH HAKJIOHHOM IIOJIOXKEHHH BepPTH-
KasabHOH ocH OZ;. DTta NJOCKOCTb IepeceyeT MJIOCKOCTb JHMOGa IO
auHuH ON; H CcOOTBeTCTBEHHO oTcyeT mo JuMOy Gymer Ni.

UYepes orBecuyio quHHI0 OZ u Habmopaemui npeaMer M mpo-
BefleM BepTHKaJbHYI0 IockocTb OZmN, KoTopasi mepeceyer mJo-
cKkocTb JHMOa no suuuu ON, u moayuum orcuer N mo aumOy, pas-
HBIH OTCYUeTY NPH OTBECHO YCTAaHOBJIEHHOH B Touke O BepTHKaJb-
HO® OCH TEOJOJIHTA.
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Puc. 69. Ouubka B OT-
cuere Mo JUMOYy H3-3a Ha-
KJOHA BepPTHKAJbHOH oOcH
TEO/LOJIHTA

Ortcuer N mo qumOy, HCIPaBJeHHBIH NOMPAaBKOH X 3a BJIHsHHE
HaKJOHA BepTHKaJbHOH OCH, PaBeH

N=N,+x. (7.4)

HerpynHo 3aMeTHTb, YTO HAKJOH BePTHKAJbHOH OCH TEOHOJHTA
OZ, na Majblii yros O OTHOCHTEJbHO OTBecHOH JHHHH OZ BHI3HI-
BaeT HAKJIOH OCH BpaileHust Tpy6s HH; Ha MaJsblil yroJa

g=90sint, (7.5)

rie {— yroJ, OPHEHTHPYIOLUIHH 3pHUTEJbHYI0 TPYOy (HampaBiieHHE
Ha BU3HDPHYIO I1€JIb) OTHOCHTEJbHO BePTHKaJbHOH MJIOCKOCTH, B KO-
TOpO# JIeXHT HaKJOHEHHass Ha yroJ & BepTukaibHasi oce OZ; Teo-
JoyuTa.

ITonpaBky x 3a HakJOH ocH TPYGHl HAa yrosa ¢ HJH, UYTO BCE
paBHO, 3a HaKJOH BePTHKaJbHOH OCH Ha yroa O, BEIYHCJIHM IIO
tdopmyse (7.2) u noayuynm

x=qctgz. (7.6)

OTa mompaBKa He HCKJIOYaeTcsi NPH BHBOJE CPEJHEro pesyJib-
TaTa U3 H3MepeHHH npH ABYX nosoxenusx Tpy6s KII u KJI, Tak
KaK B 060UX cJyuasix jieBH# (mpaBblii) KOHeI[ TOPH30HTAJIbHOH OCH
ocTaercst Bcerja Bbile (HHXKeE) IPaBOro M IMO3TOMY 3HAK MONMPaBKH
g ctgz He muamensiercs. OTcueThl mo JHMGY, HCIpaBJIEHHBIE IO-
NpaBKaMH 32 HAaKJIOH BePTHKAJbHOMl OCH TEOJOJIHTa, PaBHH

N =KIl+qctg z

N £ 180° =K/l +qctg z

N = — (KIT+ KJT -+ 180°) +q ctg . 1.7

¥Yron g HaknoHa roOpH3OHTaNBLHOM OCH BHIYHCJHTL MO (GOpMYyJe
(7.5) HeBO3MOXHO, TaK KaK HeH3BeCTHBHI BeJHYUHH § H f. IlosTomy
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yroJ ¢ ONpefesiioT [AJs Ka)KAOro Hab6/i01aeMOro HampaBJeHHS
C MOMOIIBI0 HAKJAJHOrO YPOBHSI WJH YPOBHS NpH a/juiaje TOpH-
30HTAJIBHOTO Kpyra (B cJiyuyae OTCYTCTBHs HakJaauoro). las
sToro B o6oux mosaynpuemax npu KIT u KJI Gepyt oTcuers no Jje-
BOMYy (/1) u mpaBoMy () KOHLAM My3bipbKa YPOBHsI NMpu HabJio-
IeHHH KaXAOro HampaBJIeHHsI.

Hcnoab3ys oTcueThl J1 H I IO YPOBHIO, BHIUHCISIOT LIS KaXJ0TO
HanpaBJICHHsS] HaKJIOH TOPH30HTAJbHOH OCH TPYyGhl, BBIpAXKEHHOM
B NOJIYJEJNEHHSIX YPOBHS

b—— o1+ 1) —(14n)l (7.8)

rie o(Jm) — cyMMa OTCYETOB IO JIEBOMY H NpaBOMY KOHIAM Imy-
3bIpbKa, KOTJa HYyJb IIKaJbl YPOBHSI HAaXOAMTCS CJeBa OT Hampas-
JICHHSI TeONOJIHT — BH3HpHas uenb; (a1-4+1)o— HyJb cmpaBa (IpH
JApYroM MOJIOXKEHHH KpyrTa).

3Has 1eHy MOJy[elieHHs] YPOBHS t/2, HalleM HCKOMBIH yroJ Ha-
KJIOHA OCH BpalleHHs TPYGhI

T
q_b—E— (7.9)

H TONpPaBKy X B H3MepEeHHOe HaNpaBJIeHHeE.

[TonpaBku x 3a HaKJIOH BEPTHKAJbHOH OCH TEOLOJHTA BBOAAT
B M3MepEeHHBle HANpaBJeHHS NpPH yrjax HAKJOHA BH3HPHOTO Jyua
B=|90°—z|>1°. Ilyctb, HampuMep, NpH H3MEPEHHH yIjia MeXIy
HampasJ/ieHHsIMH | u 2 nonyuuiu 2,=92° u ;= +5"; 2,=88° u g,=
= +4"”. Torga nonpaeka B yroa GyneT paBHa

X,—X; =gy ctg z,—q; ctg z; == +0,31”7.

Ha ocnoBe storo pacyeta MOXHO CHeJaThb BHIBOL O TOM, YTO
BEPTHKAJIbHYI0O OCb TE€OJOJIHTa HEOOXOAHMO C BHICOKOH TOUYHOCTBIO
NPHBOJIUTL B OTBECHOE MOJIOXKEHHe H IPH yIjax HaKJIOHAa BH3HD-
HBIX Jyuell 1° u Gosee BBOAHTb B H3MEpEHHble HampapBJieHHs I0-
NpaBKH 3a HAKJIOH BepTHKAJbHOH ocH. JTO TpeGoBaHHe HeO6XO-
IHMO TIATEJNbHO BHINMOJHATb MPH BHICOKOTOYHBIX YIVIOBBIX H3Me-
pEeHHSX.

Bausinde HakjgoHa Jaum6a. IIpenmosioXKMM, 4YTO BepTHKaJbHas
och Teomonuta OZ ycTaHOBJIEHA CTPOro OTBECHO, a JHMO HaKJIOHEH
OTHOCHTEJIbHO IUIOCKOCTH TODH30HTa B AAHHOM TOYKe Ha MaJHi
yroa §; Bce ocTajbHBle NPHGOPHBIE MOTPEIIHOCTH OTCYTCTBYIOT
(puc. 70). B sToM cayuae pa3HOCTb OTCYETOB IIPH HAKJOHHOM H rO-
PH3OHTAJILHOM MOJIOXKEHHH JHMG6a NpPH HaBeleHHH TPYOH Teomo-
JIMTa Ha OJMH M TOT Xe npeaMeT M paBHa yray y—x (yriel Yy H x
OTCYHTHIBAIOTCS OT TOYKH C IlepeceyeHHsi HAKJOHHOrO M TOPH3OH-
TaJIbHOTO TOJIOXEeHHH uM6a).
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Puc. 70. Oumnbrka B OT- VA

cyeTe  H3-3a HaKJIOHA
numo6a
M
w
] ~/m
H -
\\ |0
0 = Hy
Ny T~ .
H
~N e 1
TTARS =
A ¢ C

s mpsimoyrosbHoro ctepuyeckoro tpeyroabHuka CNNy, B Ko-
TOPOM yroJ npu Touke N paBet 90° B COOTBETCTBHH C TE€OPEMOH KO-
TaHTeHCOB YIJIOB HaMHLIEM

cos § =ctg y ctg (90° —x).
[Tocsie HecsIOXKHBIX Tpe06pa30BaHHH MOTYyUYHM

sin (y—x) = 2 sin? % sin y cos x.

YuuTeIBas, YTO YIVIHL y—X U § Majbl M MPHHMMAsl B MPaBO¥ ua-
CTH COS X=COS Y, OKOHYATe/bHO MOJyYHUM
2

6 .
p sin 2y. (7.10)

y—x=

[Tycts 6=60", a sin 2y=1, rtorma y—x=0,005". Cuaenosa-
TeJbHO, HAaKJOH JuM6a Ha 1—2’ He OKasblBaeT CKOJbKO-HHOYIb
OILyTHMOro BJIHAHHA. IIOCKONBKY JHMO yCTaHaBJHBaeTCsl IlepreH-
IHKYJSIPHO K BEPTHKAJbHOH OCH TEONOJIHTA C 3aBefOMO MEHbIUHMH
omn6KaMu, yeM 1—2’, To mpakTHYECKH BO BCEX CJoydYasiX HErOpH3OH-
TaJbHOCTBIO JTHM6a IIpH YIJIOBHIX H3MepeHHSIX MOXHO NpeHeOpeub.

§ 56. ASUMYTAJIbHBIA CABHUT OCH TPYBbI B JIATEPAX,
JIIOST NOABEMHBIX BUHTOB,
TEMNEPATYPHBIE JE®OPMALIHHA TEOLOJIUTA

A3umMyTanbHBlE COABHr ocHM TpyGbl B Jarepax. Muorma HaBomsimuit
BHHT TPyOW HMeeT CKpBHIThle AJis IJla3a HEHCIIPaBHOCTH, NpPHBOAS-
IiMe K a3UMYyTaJbHOMY CMeLLeHHIO (pa3BOpOTY) OcH TPyGH B Jiare-
pax mpu ee HAKJIOHAX K BePTHKAJbHOH I[IJIOCKOCTH C MOMOLIBIO
BHHTa. [losToMy mepex BBIE3IOM Ha NoJieBble paboThl Haxo yGe-
IHTbCS. B HCIIPAaBHOCTH HaBojsllero BHHTa TpyOu. HccienoBanus
BHINOJIHSIIOT B J1aGOPATOPHEIX YCJOBHAX C HCIOJb30BaHHEM HHTS-
HOTO OTBeca HJIM KOJIIHMaTopa. TeoNOJIMT yCTaHaBJIHBAalOT Ha Oe-
TOHHBII CTOJI6 M TIIATEJbHO €ro BBIBEPSIOT, BEPTHKAJbHYIO OCb
NPHBOLSIT B CTPOr0 OTBECHOE MOJIOXKEHHe, BH3HPHYI OCb TPyObl —
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B TOPDHM30HTAJbHOE, a HaBOASIIIMA BHHT TPYOB — Ha CepelHUHy ero
pa6oueil yactu. Bpamas anupany, HaBOASIT GHCCEKTOP OKYJSIPHOTO
MHKpOMeTpa TPyObl Ha HHTb OTBECa U 3aKPemJsioT ee. 3aTeM C MO-
MOILBI0O HABOASALLETO BHHTA TPYOy HAKJOHSIOT BHH3 OGBEKTHBOM,
clesaB JBa MOJHBIX 060poTa BHHTAa. Ha 3TOM MOATOTOBKY K HccJie-
JIOBaHHAM pabOTH BHHTA 3aKaHYMBAIOT.

HccnenoBaHusi BHIMOJHAIOT IJisi ABYX MOJHBIX 0GOpPOTOB BHHTA
0 XOAYy YacoBOil cTpesJKH (IpsIMOH X0A) H IBYX O6GOpOTOB €ro
MPOTHB XOJa YacoBOH cTpesakH (o6GpaTHhIH XxoA). B mpsMom H 06-
pPaTHOM XOJaX BHHT MEePeCTaBJsIOT yepe3 4YeTBepPTb 060poTa; NpH
KaXIOoH YyCTaHOBKe [eJal0T MO NATb HaBeldeHHH OHCCeKTOpa OKy-
JIIPHOTO MHKDOMETpa H BHIBOOAT CpelHee M3 HHUX. B uTOore B mps-
MOM xoje GynyT moJsiyueHsl oTcueThl N;” MpH pasHBIX YCTaHOBKAax
BHHTa, a B OGPaTHOM XOJe Ha TeX e yCTaHOBKax — oTcueTh N;”
(i=1, 2,..., n). [Ias gaxmo#l i-# yCTaHOBKH BBIYHUCJISIOT CpPelHHH
u3 npsiMoro H ob6patHoro xomoB orcuer N;= (N/+N.")/[2, a 3ateMm
006pasyioT pa3HOCTH '

AN =Ny —N,,

KOTOpHle H XapaKTepH3YIOT a3HMYyTaJbHble CIABHTH OCH TPYGH B Jia-
repax, o6ycJIOBJIeHHble B OCHOBHOM HEeJOCTaTKaMH pPabGOTH HaBOXS-
LIero BHHTa TPYOHL

Bansinde aodTa nopbeMHBIX BHHTOB. B TOM ciyyae, KOTKa Xon
NOABEMHHX BHHTOB He OTDEryJHpPOBaH NOJXKHHEM o6pasoM H Ha-
6arofaercsl HX H3JHIIHe CBOGOLHOE BpallleHHe, DU H3MepeHHH Ha-
HpaBJeHHH MOTIYT BO3HHKHYTb NOTPELTHOCTH H3-3a Jiodra (Kaua-
HHS) 3THX BHHTOB. [lepen HauajsoM HaGJiofeHHHl Ha reofe3HYecKOM
NIyHKTe HeO0O6XOJAHMO OTPEeryJHpOBaThb XOX MOJbEMHBIX BHHTOB TaK,
4yTOOH OH GBI JOCTaTOYHO TYTHM H B TO 2Ke BpeMs MO3BOJISJ OCY-
IIECTBJATb HX BpallleHHe.

Jlnsi yMeHbIIeHHS BJIHSIHHA BO3MOXHEIX a3HMYTaJbHBIX CABHIOB
MOACTAaBKH TeoJoNuTa (BMecTe ¢ JHMGOM) H3-3a JiodTa moabeM-
HEIX BHHTOB HEOGXOAHMMO IPH H3MEpPEHHH KaXKJOro OTAEJIbHOrO yria
BpaumlaTh ajHfafy B 060OMX MOJyNpHEMax TOJBKO B OJHOM HampaB-
JIEHHH, T. €. B [IepBOM NOJYyNpHEMe H3MEepSThb HCKOMH: YroJ, a BO
BTOPOM — ero JonoJHeHue 10 360°.

Benencreue modTa NogbeMHEIX BUHTOB H HE3HAUHTEJNbHOTO Tpe-
HHSl, BO3HHKAIOIEr0 MeXJy OCbI0 aJMAaAbl H BTYJKOH, CKpenJeH-
HOM ¢ MOJCTaBKOM TEONOJIHTA, U3MEpEHHHI!l yroJ moJyyaercsi, Kak
NPaBHJIO, HECKOJIbKO NpeyMeHbLIeHHHM (Ha BeJHUYHHY €). DTO clpa-
BeMJIUBO IJIS yriia a=lo;—e; U3 MepBOTO MOJyNpHeMa H IS yria
f=p2—e2 U3 BTOpPOro mosynpuema. Bhiuts yrosn f u3 360° Hafimem
3HaveHHe yria a=360—B=ay+ e, U3 H3MepeHHH BO BTOPOM MOJY-
npueMe. CpefiHee 3HaueHHe yria U3 OGOHX TOJYNPHEMOB

o= %(al +a,) +% (ea—2y)
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1OJIyuaeTcsl B 3HAUMTEJbHOH Mepe CBOGOAHBIM OT BJIHSIHHSI OUIHGOK
H3-3a JIopTa NOJbeMHBX BHHTOB. [103TOMy yKasaHHylO BhIlle Me-
TOAHKY HM3MepCHHsS OTAEJbHLIX YIJIOB M PEKOMCHAYETCsl MPHMEHSTb
NpH BBICOKOTOYHHIX YIVIOBEIX H3MepeHHsX. Kpome Toro, mepei Ha-
4aJIOM KaXKJOoro npHeMa H3MepeHHH cJelyeT cAejaTb OAHH-ABA XO-
JOCTHX 060pOoTa aJjHAajib B TOM HampaBJeHHH, B KOTODOM OHa
GyleT BpalaTbCs B MOJynpHeMax. Bo3BpaTHhe, X0Ts M HeboJblLiKe
IBHXKEHHS aJuiajbl FOPH3OHTAJNBHOTO Kpyra NMpH HaBeleHHH TPYOH
Ha ILleJb, He JOMYCKAalOTCS; NPH HEOGXOJHMOCTH B JaHHOM ciyyae
clleAyeT clenaTb MAONMOJHHTeJbHHHA O6GOpPOT aJHAaiAb B HYXHOM
HanpaBjJeHHH. OTMeTHM, UYTO B LeJsiX o6GecrnedyeHHs CHMMETDHH,
00s3aTeJIbHOH I@pH BHCOKOTOYHHIX YIVIOBHX H3MEpeHHSX, OIHY
NOJIOBHHY BCeX NPHEMOB BHINOJHSIOT IpPH BPalllEHHH ajHAaAB MO
XOLy YacoBOH CTpeJKH, a JApYryio —IIPOTHB XOJa YacOBOH
CTpEeJIKH.

Bausnue TemnepatypHbix Aedopmauuii teomoauta. BricokoTou-
HbI TEOJOJIMT SBJSETCS BeCbMa YyBCTBHTEJbHOH H3MepHTeJNbHOH
CHCTeMOH, pearupymolilefi Ha BCeBO3MOXKHEIe H3MeHeHHs yCJOBHH pa-
60TH, 0COOEHHO Ha H3MeHeHHs TeMIepaTypHOro pexuma. Brcoko-
TOYHHIE YIVIOBHle H3MEpPeHHsl Ha INyHKTax reONe3HYecKOH CeTH BHI-
NOJIHAIOT B YTPeHHHe M BeuepHHe yachl, KOIZa TeMiepaTypa BO3-
Ayxa H3MeHseTcs HaH6GoJiee OLHICTPO M Ha 3HAYHTEJbHYIO BeJHUHHY
B TeueHHe KaXAOro yaca. TeoMOJIHT, XOTS H C HEKOTOPHIM 3amas-
IbIBaHHEM, pearHpyeT Ha 3TH M3MeHeHHs TeMmnepaTypH. [Tockoabky
K03 (PHLUHEHTH paclIHpeHHss ONTHYECKHX M MeTaJJIMYeCKHX JeTa-
Jiel TeoJoaHTa pas3Hue (xoTs 6Jjaromapsi moA6GOpYy COOTBETCTBYIO-
IIHX MaTepHaJIOB 3Ta pasHHIA 3HAYHTEJbHO yMeHbllaercs), B y3-
Jlax TeOJOJIHTa HEeH36eXXHO BO3HHKAIOT pa3JiHUHHe HaNpsKeHHs H
nedopManuH. DTH AedopMaunu cpaBHHTENbHO MaJgu. Ho ecau mpu-
HATb BO BHHMAaHHe, YTO B BHICOKOTOYHOM TEOJOJIHTe H3MeHeHHe B3a-
MMHOTO MOJIOXKEHHsI HEKOTOPHIX ONTHYECKHX JeTajied BCero JHIIb
Ha HeCKOJIbKO JeCSITHIX HOJIeli MHKPOMeTpPa MOXKeT NPHBECTH K OIIHG-
KaM H3MepsieMBIX HampaBjieHH#l Hepenko 10 1”7 u GoJsee, TO CTaHeT
SICHO, HAaCKOJIbKO GepeXXHO M aKKypaTHO HaJ0 o6pallaThCsi C BHICO-
KOTOUHBIM TEOZOJHTOM. Hu B KoeM cilyyae He cJlefiyeT H3MepAThb
yrJibl NPH PE3KOM, CKauKooO6pa3HOM H3MeHeHHH TeMIepaTypH Ha
HECKOJIbKO rpaaycoB. Jlo Hauyaja Ha6GJIOJeHHH Ha IYHKTEe TEOJOJHT
ClelyeT BHAepXkKaTh B TeHH He MeHee OMHOro yaca, YTOOHl €ro TeM-
NepaTypa CTaJla paBHa TeMIepaType Bo3Ayxa. IToCKoOJIbKy N1aBHEIE
M3MEHEHHs] TeMIlepaTyphl BO3AyXa H TeOJOJHTa HeH3OeXHH B IPO-
necce paGoThl Ha NMyHKTe, TO YeM Kopoue OyldeT NJHTbCS KaXKABIH
OTAeJbHHIH MpHeM H3MepeHHH, TeM MeHblie GyJeT BJHsIHHe IOCTe-
MEHHO MEeHSIIOIIHXCS BO BpeMeHH JAedopMalHii TeOMOJHTa Ha pe-
3yJbTaTh H3MepeHHH.



§ 57. BJIUSHUE BHEIUHEM CPENbl HA PE3YJIbTATHI
U3MEPEHHHA

[IpakTHka moOKasbIBaeT, 4TO BCJEACTBHC H3MCHSIOUIMXCS METeopo-
JIOTHYECKHX YCJOBHH HEeCKOJBbKO [AehOpPMHDPYIOTCS Treojie3HYecKHe
CHFHAJIbl, HM3MEHSIETCSl OCBELIEHHOCTb BH3HDHHX LeJeHd JyyaMu
CousiHila, HCKPHBIISIETCSI TPAEKTOPHsI BH3MPHBIX Jyued M T. m. Bce
3TH M MHOTHe JpyrHe (akKTOpH HEOOXONMMO YYHUTHIBATh KaK IpH
OpraHH3alMH, TaK H IpH NPOHU3BOACTBE BHICOKOTOYHHIX H3MepEeHHH
B reo/le3HYecKHX CeTSAX, NMOCKOJbKY OHH OTPHLATENbHO BJHSIOT Ha
TOYHOCTb HX pe3ynabTaToB. OCOGEHHO BEJIHKO BJIHSIHHe pedpakiuy,
H3yYEHHIO KOTOPOH MOCBSITHM OTIEJbHYIO IJIaBy.

Ownbku H3-3a nedopmaunii reofne3nyeckux curianos. Ilox Bos-
NeACTBHEM BeTpa, H3MEHEHHH TeMIepaTyphl, BJIaXKHOCTH BO34yXa
H T. I. TeOJe3HUeCKHUH CHTHaJ, OCOGEHHO BBICOKHH, HECKOJIbKO e~
¢opmupyeTca. DTO NMPHBOAHT, B YAaCTHOCTH, K TOMY, UTO BepXHss
YyacTb CHrHaJla BMeCTe CO CTOJIHKOM, Ha KOTOPHH YCTaHaBJHBAIOT
TEOJOJIUT TpH HaGJIONeHHSX, HCIHTHIBAaeT HEBHAMMOe JJis TIJasa
KPYuYeHHe MO a3HMYTy, a CaM CHrHaJ HecKoJibKo H3ru6aercs. Ilpu
3TOM H3rH6 TeM OoJibllie, yeM 6oJiblile CKOPOCTb BeTpa H BHILIE CHI-
Haga. Ilpu ckopoctH BeTpa vU<3 M/C HM3TH6 NpPaKTHYECKH OTCYT-
creyer. Ilpu v>5 M/c curHan HauwHaer BHGpHpOBaTh. [losToMy
TOYHHle YTJIOBHE H3MepeHHs peKOMeHAyeTCs BHIOJHATh IIPH U<
<3 M/c.

Haub6oJsiee OIyTHMBIM [PH BHCOKOTOYHHIX YIVIOBBIX H3MepEHHSX
ABJISETCS KpyyeHHe BepXHeH 4acTH CHTHaJjla BOKPYI BepTHKaJbHOH
OCH. 3aperucTpHpPOBAHH CJyuaH, KOTJa B NpolLecce YIJIOBHX H3Me-
peHHil KpyueHHe CHI'HaJa HOCTHraer 1” 3a ofHy MHHYTY, a 3a OAHH
yac — 25”. (cM. puc. 31). [TosToMy npu H3MepeHHH Ha MyHKTe 60JIb-
IIOTO YHCJIa HaNpaBJeHUH KPYrOBEIMH NpHeMaMH MOXKeT IPOH30HTH
He3aMBIKaHHe TOPH30HTA H3-3a KpyuyeHHs CHTHaJa.

B GosblIMHCTBE CcJiyyaeB OTCYTCTBYeT KaKasi-iH60 3aKOHOMep-
HOCTb M3MeHEHHH BeJHUMHH M 3HaKa KpyueHHs CHrHasia. TeM He
MeHee, B IepBOH MOJIOBHHE AHS 3HAaK KPYuYeHHS OLMH, a BeuepoM,
Kak [paBHJIO, JApYroH.

Kpyuenne reoe3nueckHx CHrHaJIOB BIepBhie GHIJIO OOHApyKeHO
pycckum yuennim B. SI. CTpyBe, KOTOpHI# B Li€JAX €ro yyeTra mpei-
JIOXKHJI CHa6G>XaTb BEICOKOTOYHHIE TEONOJIHTH MOBEPHTENbHOH TpY-
6oit ¥ moJb30BaThCS €10 B Ipolecce HabJ0AeHHH.

HeBsi3ky 3a «He3aMHIKaHHe TOPH30HTa» B KPYTOBHIX IIpHeMax
1eecoo6pasHO pacnpenensiTh MPONOPIHOHAJbHO HOMepaM Halpas-
JIeHHH, T. e. IPONOPIHOHAJIbHO BpeMeHH Habuiofenui. Ilpu uamepe-
HHMH OTJe/bHBIX YIJIOB OLIMGKH HM3-3a KpPyUeHHs CHTHaJa HECKOJbKO
YMeHbILIAIOTCS, €CJM a/fujaly TeoNOJHTa B 0OOHMX MOJympHeMax
BpallaloT B OJHOM H TOM Ke HalpaBJeHHH.

Omu6KM 3a (a3pl BH3UPHBIX ueJeld. JLOMycTHMO, YTO BH3HDHas
IIeJIb Ie0le3HUeCKOro 3Haka uMeeT (GOpMy IHJIHHIpPA C TJIaAKOH IIO-
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Puc. 71. Omwubka 3a
¢a3y BHU3HpHOH LeaH

Puc. 72. Cxema camo3sa-
TEHEHHs BHM3HPHOTO IH-
sungpa umikuua

BepxHocThl0. [lycth mpu HabmiomeHusix ¢ myHkra A (puc. 71) ayuu
CoJiHIa OCBeIaloT MPaByI0 YacTh BH3HPHOTO ILHJHHIpPA, KOTOPHIH,
NpEeANoNOXKHM, mpoeKTHpyeTcsi Ha (oH Heba. B 3TOoM cayuae Ha-
6mofaTesb Haxoisuuiics B Touke A, Gymer Gosee yeTKO BHJAETb
JIEBYI0 YacTb BH3HPHOTO LIMJIMHIpPA, HAXOJSLIYIOCA B TeHH, H MeHee
4YeTKO — MpaBylo, ocBemeHHyio syuamMu Cosnna. Beaencrsue Heonn-
HaKOBOTO BOCIIPHSITHSI I'VIa30M Pa3JIHYHO OCBeLleHHBIX CTOPOH BH-
3HPHOTO UMJIHHApPA Ha6JoJaTe b OLIHOOYHO OLEHHT MOJOXEHHEe ero
reOMeTpHYeCKOH ocH, cMmeliass GHCCEKTOp IIpH HaBeJeHHH TPYGOH
TEONOJIHTA Ha YroJ Mg B CTOPOHY Jydlle BHIAMMOH (3aTeMHeHHOH
Ha doHe cBeTyIOro He6a) YacTH LHJIHHAPA. DTOT YroJ Mg HA3bIBAIOT
oiin6ko#i 3a ¢asy (3a OZHOGOKOe OCBelleHHe) BH3HPHOH LeJNH
B JaHHHHA MOMeHT BpeMeHH. Tak Kak mosoxenne CosHia Ha He6o-
CKJIOHEe HeNmpephiBHO H3MEHSeTCs, TO BeJHYHHa OWIHOKH mg OymeT
COOTBETCTBEHHO H3MEHSTbCS BO BpeMeHH. IIOHATHO, YTO OWIHOKH 3a
(¢a3pl BH3HPHEIX IeJied BO3HHKAIOT TOJBKO IpH G6Ge306sauHOH [O-
rone.

HccnenoBanus mokasbBalOT, YTO HpH HeGJarOnpHsTHOM CTede-
HHH OOGCTOATENBCTB OIIMOKH 3a (Da3bl TIIaJKOCTEHHBIX BH3HPHBIX
UHJIHHIPOB Hepenko moctraior 1—1,5”. 3ro cauiikoM Gosbline
omn6ku. Ilostomy, Hauunasi ¢ 50-x romgoB, B CCCP mpumensior
TaK Ha3bBaeMhle MaJjoda3Hble BH3UPHBIE LUJIHHIPBI® KOHCTPYKLHH
unx. B. H. Olumkuna (cM. puc. 32).

Bu3HpHBIA LUIHHADP COCTOMT M3 pajHaJbHO HAaNpaBJEHHHIX Bep-
THKaJbHEIX MJIACTHH, CHMMETPHYHO pa3MeLieHHHX II0 OKPYXKHOCTH.
Uucno nuaactud kKoJebiercss oT 16 10 32 B 3aBHCHMOCTH OT pac-
CTOSIHHH MeXIy HYHKTaMH H pa3MepoB BH3HpHOro uuauHapa. Ha
3HaKax reofieanyeckux ceTedl 2—4 KJacCOB YCTaHABJIHBAIOT BH3Hp-
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Hble IHJIHHAPH ¢ 16 muacTuHaMmu, nuaMerp uuauHjapa 0,3 M, BEHCOTa
ero 0,55 M; nuaMerp 6OJIBaHKH, Ha KOTOPYIO OH YCTaHaBJIHBaeTcCH,
0,10 M. Buaupubifi unausap IluuikiHa JaeT MOYTH NMOJHOe 3aTeHe-
HHe ero noBepxHOCTH (pHc. 72), 6J1aronapﬂ yeMy OWMOKH 32 (assl
BH3MPHBIX LeJsell yMenbiuatores go 0,2—0,4”.

Ilpu paccrosiHusix MCXJIy NMYHKTaMH S<3 KM TPyGy TeopoJiuTa
HaBOJAAT He Ha BU3HPHHIHA LMJIMHIAD (OH KaxKeTcs CJMIIKOM LIHPO-
KHM), a Ha 60JIBaHKY, Ha KOTOpO#l OH ycTaHoBJeH (HHXKe Ha 10—
15 cM BH3HpDHOro LHJIMHApPA); NMpH 3TOM GOJIBaHKa JOJXKHA ObITh
LIepOXOBaTOH M OKpallleHa MaTOBOH KpacCKOH.

§ 58. OMIMBKH ONMPEOEJIEHHA 3JIEMEHTOB
NMPUBENEHHSA

I/Iamepem{ue Ha TeoJde3HYeCKOM IIYHKTe HalpaBJICHHA JOJI2KHHEI
6HITH NpHBEAEHH K LEHTpAM MNYyHKTOB. ,H,JIH 3TOr0 BHYHCJISIOT IIO-
IMIpaBKH 3a HEHTPHPOBKY TEOJOJHTA

c— esin (M +0) 0

s

H 3a pelyKIMIO BU3HPHOM IeJIH MO aHaJOruyHo#i ¢dopmyJe, rie e H
0 — sneMeHTH mnpHBelleHHs; M — H3MepeHHOe HampaBiieHHe; S —
paccrosiHHe MexXny nyHkramu; p=206265.

[Mepefins K cpeaHMM KBaJpaTHueCKHM omHu6kaM H cuutasi M
6e30IH60YHBIM, HANTHIIIEM

mz= m2 sin® (M + 0) 0%/s* + mjcos (M + 8) &°/s* +

+ m2sin® (M + 0) £°/s",
e m, Mg H m;— CpeiHHe KBaJpaTHUECKHe OIIHGKH OMNpelesNeHHs
3JIeMEHTOB NpHBeJeHHS e, § W JUIHHB CTOPOHH § COOTBETCTBEHHO;

Mg BHIPaXKeHO B yTJI. C.
B cooTBeTCTBHM C MPHHUHKIOM PaBHBIX BJIHSHHH, MOJYYHM

m,l4/3 = m, sin (M + 0) p/s = mg cos (M -+ 0) els =
= m, sin (M -+ 0) ep/s®.
3aj1aB KOHKDPETHYIO BeJIHYHHY OLUHOKH M., HETPYAHO PacCUHTATh

B KaX/OM KOHKPETHOM cJjyyae TpeGyeMyi0 TOYHOCTb OIpefiesIeHHs
3/IeMEHTOB NpUBEAEHHUs e, 6 U pacCcTOSHHA S MeXAy NMyHKTaMH.



I'naBa 8

PE®PAKLLUSA CBETA IPH YIJOBbIX UBMEPEHUAX
H ASUMYTAJIbHDBIX ONMPEAEJEHUAX

§ 59. PE®@PAKLHMSA CBETA

Bu3upHBIH Jyy MeXAy reojie3HYeCKUMH NMyHKTaMH MPOXOAMT CKBO3b
BO3AYLIHYI0 Cpefy W TNoOJBepraercsi ee BJHsSHHIO. PHU3HYECKOe CO-
CTOSIHHE 3TOM Cpelbl, B TOM UHCJe AaBJIeHHe, TeMIepaTypa, Blax-
HOCTb BO31yXa, CKOPOCTb BeTpa, 06J1ayHOCTb, NPO3PayHOCTb aTMOC-
¢epbl M T. I., HENPEPHIBHO H3MEHSIOTCS BO BPEMEHH M IIPOCTpaH-
cTBe. BuMsiHMe BO3AYUIHOH cpelb OOYyCJOBJIMBAaeT OrpaHHYeHHe
JaJlbHOCTH BHAHMOCTH HabJloJaeMbBX NMyHKTOB, Kojeb6aHHs H306pa-
XEeHHH BH3HDHHIX Heslefi M yXyHlIeHHe HX KayecTBa, HCKPHBJIEHHE
BH3HPHBIX Jyuell. [Ipn 3TOM NMPOHM3BOAHTENBHOCTb TPyAa MPH reoje-
3MYECKHX HM3MEpeHHSIX CHHXXaeTcs, OCOGEHHO NpH 3HAYHTEJbHHIX
pPacCTOSIHUSIX MeXAy NYHKTaMH.

IIpu yriioBeIX H3MepeHHSIX CJelyeT pa3JjHyaTb KoJeGaHHS H30-
OpaxeHHH BH3HPHHIX LeJiell U siBjieHHe pedpakiuuu. Kose6aHus H30-
OpaxeHH#i 06ycJOBJIHBAIOTCS TypOyJeHTHHM MepeMelINBaHHeM
cloeB BO3Ayxa pas3Hoii TeMmnepaTyphl. OHH TeM G6oJblile M0 BeJH-
YvHe, yeM OJIHXXe K 3eMHOH NMOBEDXHOCTH NPOXOAHT BH3HPHHIA JIyY
H yeM GoJibllle pa3HHIA TeMIepaTyphl BO3AyXa H MOYBHI.

ITon pedbpakuuedi ceeTa B o6lleM cjayyae NOHHMAIOT HC-
KpPHBJIEHHE CBETOBBIX Jiyyell B OJHOH M TOH e cpelie, 00yCJIOBJIEH-
HOe HeOAHHAKOBOH NJIOTHOCTbIO, a CJIEJOBATeJNbHO, Pa3JHYHHIM IO-
KasaTesieM NpeJOMJIeHHS Ha PasHBIX ee yyacTkaXx. B saBucuMocTH
OT B3aHMHOTrO IMOJIOXeHHsl HabJofaeMOH TOYKH M TOYKH INpHeMa
3JIEKTPOMarHUTHHIX KOJIeGaHHH pa3JHyaloT HEeCKOJbKO BHMAOB pe-
GpakKuHH: acTPOHOMHYECKYI0, CIYTHHKOBYIO H 3eMHylO, KOria Ha-
6ar0jlaeMas 1eJib HaXOAHTCS COOTBETCTBEHHO B GECKOHEYHOCTH, OKO-
JIO3eMHOM IIPOCTPAHCTBe M Ha 3eMHOH noBepxHocTH. Kpome Toro,
BBIEJIAIOT ellle TaK Ha3blBaeMylo (OTOrpaMMeTpHYECKYIO pedpak-
LHMI0 TPH (POTOCHEMKE 3€MHBHIX 0OBEKTOB C KOCMHYECKHX JIeTaTellb-
HBIX alnapaToB HJH C CaMoJeToB. Takoe JesieHHe pedpakiHH IO
BHJIaM YCJIOBHO, HO YJI0GHO C METOJAHYECKOH TOYKH 3pEeHHs NpH ee
H3yYeHHH.

AtMocdepa 3emsu ONTHUECKH HEOJHOPOAHAasi cpexa. [lostomy
CBETOBOHi JIy4 MPOXOAHUT MyTb OT TOYKH A K TouKe B He mo npsimo#t
AB, a mo cl0XHO# KPHBOH JBOSKOH KPHBH3HBI ONTHYECKH KpaT-
yaiimuM nytreM AmB (puc. 73). Ha6arogartenb, Haxoasch B Touke A,
BHIMT M300paxKeHHe TOUKH B He no HanpasJeHuio AB, a mo kaca-
TeJbHOR AB’ K mocsefHeMy 3JIeMEHTy CBETOBOH KPHBOH B TOuke A.

Mepo#i pedpakuuu IpH YIrJIOBHX H3MEDEHHSIX SIBJSIETCS YroJ p
MeXJy KacaTelbHOH AB’ K Jiyyy B HauyaJbHOH TOYKe €ro M XOpAOH
AB, coemuHsOllell KOHeYHHle TOYKH Jyda. [Ipoekuuio 3Toro yria
Ha BEPTHKAJIbHYIO IJIOCKOCTb, NPOXOASAILYI0O Yepe3 KOHEUHbIe TOYKH
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g Puc. 73. Nroa pedpaxiin
- cBeTa

//
W g
AT p
ayya AmB, Ha3bIBAIOT YIJIOM BEPTHKAJbHOH pebpakuuu (BepTH-
KaJbHOH pedpakuueli), a MPOEKLUHIO €ro Ha rOPH3OHTAJBHYIO MJOC-
KOCTb — yryioM GokoBoH pedpakuuu (60koBo# pedpakuueh). Yroa
BepTHKa/JbHOH pedpakuun O6yneM o603HayaTh r, a Yroj GOKOBO
pebpakuun — §. DTH Majble YIJIH r ¥ 8 XapaKTepH3YIOT BJIHSIHHE
pedpakuun COOTBETCTBEHHO Ha H3MEpEHHble 3€HHTHBHIE PAaCCTOSIHHS
H TODH3OHTaJIbHble HalpaBJeHHs (a3HMYThl 3€MHBIX MPEIMETOB).

BepTukanbHas pedpakuus, Kak NpaBHJIO, HAa OAMH-IBA MOpsAKa
6oabiie 60koBOH. IIpu paccrosiHusiX MexXAy NyHKTaMH 10—20 kM
BepTHKaJbHas pedppakuusi Hepeako nocturaetr 2—3’ u GoJee, B TO
BpeMsi Kak GOKOBasi MOYTH HUKOraa He npesniaer 10”. Pedpakuus
CBeTa 3HAYHUTEJBHO OCJIOXKHSET TOYHOE H3MepeHHe 3eHHTHHX pac-
CTOSIHHi#, TOPU3OHTAJbHEIX YIVIOB H a3HMYTOB 3eMHHIX IpeAMETOB
B reOfe3HYecKHX CeTsIX M MO CYLIeCTBY OrpaHHuHBaeT AaJjibHeHllee
NOBBIIEHHE HX TOYHOCTH.

K HacrosimiemMy BpeMeHM HaMeTHJHCh ABa NYTH pelLleHHs Npo6-
JIeMBl OmpeJiesieHnsl U yuera pedpakuuu:

1) co3manne npuGOpOB-pedpakTOMETPOB MJS HENOCpPeACTBEH-
HOTO H3MepeHHs yrioB pedpakiuuu ¢ TpebyeMoH TOUHOCTLIO;

2) paspaborka HauboJiee 3¢(eKTHBHBHIX METOAHUYECKHX NPHEMOB
HCKJIIOYEeHHS] WJIH CYLIeCTBEHHOrO OcJiaGJieHHs BIHMSHHH pedpakiHH
Ha pe3yJbTaThl H3MepeHHH.

IIpumepHo c cepefnHnl 60-x rogoB XX crosieTusi B psiie CTpaH,
B ToM yucie B CCCP, CIUA, ®FT, llseunu u ap., 6blik HayaTh
paboTe mo pa3paboTKe yrioMepHBEIX NHCIIEPCHOHHHIX pedpaKToMer-
pOB — NpUGOPOB [JI HENOCPeJCTBEHHOTO H3MEepEHHsS yIJIOB BepTH-
KaJbHOH pedpakiHH CO CpeflHeli KBaJApaTHYeCKOH OIIHOKOH IO-
psaaxka 1”. B ocHOBY mpHHIHNA paboOThl 3THX MPHGOPOB MOJIOXKEHA
uges M. Hsbayepa (1924 r.), kKotopasi CBOIMTCSI K H3MepEHHIO
OYeHb MAaJIOro yrjia JHCIEepCHH MeXIy ABYMsl JyYaMH C pasHBIMH
JAJIMHAMH BOJH H HCIOJb30BaHHIO €ro MAJs BBIYHCJEHHs O6OJbLIOTO
(o cpaBHeHHIO C yrJIOM JHCIIepCHH) yria pedpakuuu no ¢opmyue,
yCcTaHaBJHBawlle# (YHKIHOHAJbHYIO CBSI3b MeXJy 3THMH yIJaMH.
IIpu sTOM yros AMcHepcHH HOJIXKeH OHITb H3MepeH C TOYHOCTBIO A0
0,005”, uto B peaJlbHHX YCJOBHSIX aTMOC(ephl BHINOJHHTb MOKa
TPYIHO.

BHM co3gaHB MakeThl TakHX pedpaKkTOMETPOB, B YAaCTHOCTH
B LITHUHUT AuK, 1 ucnbiTaHbl B MOJIEBBIX yCJIOBHSIX. McnbITaHus mo-
Ka3ajl¥, YTO HH OJHH NPHOOp He AaeT CKOJBbKO-HHOYIb YIOBJIETBO-
pHTeNbHBE Pe3yJbTaTH, a NpPH PacCTOsAHHAX 6ojiee 2 KM NpaKkTH-
yeckH He paboTaeT BCJEACTBHE HELOMYCTHMO GOJBIIOH (IIYKTyauuu
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atMocdepnl. TeM He McHee pa3paboTkKy NpHOOPOB AJsi Henocpen-
CTBEHHOTO H3MEpeHHs yIJIOB pedpakuuyu HCOOXOAHUMO NPOJAONKATh.

Ilpu pacuyeTec HeOOXOAHMOH TOUHOCTH YIJIOMepPHHIX pedpakTo-
METpPOB CJelyeT MMeTb B BHAY, YTO AOCTHTHYyTasi B TeONE3HYECKHX
ceTsix 1—2 KJaccoB TOYHOCTb YTJIOBBIX HM3MEpEHHH XapaKTepu3y-
eTcsl CpelHell KBaJpaTHueckoi own6kod nopsiika 0,6—0,8”, u3 ko-
TOpOH Ha HOJIO BIMSAHMH OOKOBOH pedpakiuu NPHXOLHTCH IIpPH-
mepHo 0,4—0,5”. CiienoBaTe/bHO, pedpaKTOMETp AOJXKeH obecrneyu-
BaTb M3MepeHHe yrjoB GOKOBOH pedpakiMH C NpelesbHOH cpeaHei
KBafipaTHuecko#l omu6Ko#t He Gosee 0,2”, B MPOTHBHOM CJyuyae ero
npuMeHeHHe He3(pdeKTUBHO. [efiCTBUTENBHO, €CJiH C NMOMOILbIO IIPH-
60pa MOXKHO GyZeT ONmpefessiTh YIVIbl GOKOBOH pedpakiiuH CO cpel-
Hell KBaJpaTHueckod owu6Koit mopsigka 0,157, To nmpeneabHOe 3HA-
yeHHe OWHKGKH, paBHoe 0,45”, GyneT paBHO HJIM MOYTH PaBHO CaMOH
BeJIMuKHe pedpaklH{ U [03TOMY ONpenesHuTh ee OyAeT HEBO3MOXKHO.
TouHocTs nMpHGOPOB IJisT H3MEpeHHs YIJOB BepTHKaJbHOH pedpak-
IIMH MOXeT OBITb HECKOJIbKO HHXKe, YeM JJIs u3MepeHHs YIJoB 60-
KOBOH pedpakuum.

B peansx ocnabiieHusi BAUSHHI BHelIHe#d cpelbl Ha pe3yJbTaThl
YIJIOBHX H3MepeHHH, B TOM uHcie GOKOBOH pedpakiiiH, B reofe3H-
YeCKHX cersx 1—2 KiaccoB AeHCTByIOIIMe HHCTPYKUHH TpebyIOT:

H3MepsITb TOPH3OHTAJIbHEIE HAalNpaBJieHHs M YTJB NpH Xopolilef
M YJIOBJIETBOPHUTENbHOH BHAHMMOCTH Ha CIIOKOHHBIE HJIM CJIeTKa KO-
Jgebaoniyecs H306paXKeHHsl BU3HPHHIX LeJel;

B COJIHEYHHIe IHH BpeMs, O6JH3KOoe K Bocxoay H 3axonay CodaHua,
He MCIOJIb30BaTh AJ151 BHICOKOTOYHBIX H3MepeHHH;

HabJI0JleHHs] Ha MyHKTax 1—2 KJjaccoB BHIIOJHATb YTPOM H Be-
4epOM HJIM B pasHble JHH.

IIpuMepHo no 1960 r. Ha nyHKTax | KJaacca GBUJIO MPHHATO IIO-
JIOBHHY HJIH %[3 MpHeMOB H3MepeHHil KaxKIOro yrja BHIIOJHATb YT-
POM HJIH BEYEpOM, a OCTaJibHble — HOYbIO, MOCKOJIbKY JHEM H HOYBIO
60k0Bast pedpakuus UMeeT NPOTHBOMOJIOXKHbBIE 3HAKU H MPH BHIBOJE
CpeJlHero 3HayeHHs B 3HAYHTEJbHOH Mepe KOMIIEHCHpYeTCSsl.

ITH MepONpHATHS CNOCOGCTBOBAJH HOCTHXKEHHIO YKa3aHHOM
BHIILIE TOYHOCTH YrJoBbIXx H3MepeHuit (0,6—0,8”). Oxnako 3apmaua
3aKJII0YaeTcsl B TOM, YTOOHI CYIIECTBEHHO IOBBICHTb TOYHOCTb 3THX
H3MepeHHil, 0COGEHHO B reoJe3U4eCKHX CeTsX, CO3JaBaeMbiX Ha reo-
JHHaMHYeCKHX NMOJIUTOHAX, NpHYeM, B NMepPBYIO Ouepelb, 3a CUET HC-
KJIIOYEeHHS HJIH ocslabJieHHs BAHSHHA pedpakiHu.

[TockoJbKY NpHGOPH AJIST HEMOCPENCTBEHHOTO H3MepeHHs YIJIOB
pedpakuuy Bce ellle ‘He CO3AaHBE,, HeOOXOJHMO Da3BHBATb H COBEp-
LIEHCTBOBATb METOJHUeCKHe IpHEMBl CYIeCTBEHHOro ocJabJeHus
BIMSIHHHA pedpaKIHH Ha OCHOBE ee TEOPHH H C YYeTOM CYILECTBYIO-
IIHX B NpPHpPOJe 3aKOHOMepHOCTedl AHHAMHKH MeTeOpOJIOTHYECKHX
3JIEMEHTOB H HX I'PaJHeHTOB. X

BenuuuHy u 3HaK pedpakuuu onpejessier Bekrop on/dN rpanu-
€HTa IOKa3aTeJsi NMpeJOMJIeHHs BO3AyXa n B KaXXIOH TOuke Jyua.
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Bektop 0n/ON mepenko Ha3HBAalOT BCKTOPOM pedpakuuu. Ecau
KaxXJO0# TOuke aTMocdepbl NOCTaBHTb B COOTBETCTBHC BCKTOP ped-
PaKLIHH, TO MOXHO FOBODHTb O BCKTOPHOM IoJie pchpakuui.

B Teopuu nonefi 60koBOH pedpakiyn (noJeidl rOpU30HTAJbHBIX
rpajiieHTOB On/dx), pa3paGoranHoi I'. PepcTepoM H HOMOJNHEHHOI
b. H. Pa6uHoBHueM, BHICJASIOT:

obujesemnoe nose pegpaxyuy, O0O6YCIOBIEHHOC H3MEHEHHEM
IJIOTHOCTH, a CJIe/l0BaTeJNbHO, H NOKa3aTeJs NpeJOMJEHHS BO3LyXa
OT 3KBaTOpa K MOJIOCaM;

pezcuoHasbtble NOASL 3HAYUTEALHOU NPOTANCEHHOCTU C HECKOJbKO
MHBIM TOKa3aTeJeM, a CJeJl0OBaTeJbHO, HHEIMH JaBJE€HHEM H TeMIle-
paTypoil BO3ZyXa 4eM B OKpyXKalollleli MECTHOCTH (HampuMep, IoJs,
NpPOCTHpAIOLHeCs: BJOJb TFOPHEIX XpeOTOB, a TakXe BHOJb Nobepe-
XKHH MOpel H OKeaHOB U T. IL.); .

Manvle MecTHole noAs, XapaKTepH3ylollHecs aHOMAaJbHOH MJIOT-
HOCTbIO BO3JyXa, OOYCJIOBJEHHOH, B NepPBYIO oyepelb, Pa3JIHUHAMH
TeMIepaTyphl BO3AyXa HaJ CPaBHHTEJNbHO HeGOJIBLUIMMH y4yacTKaMH
MOJCTHJIAIONIe MOBEPXHOCTH (HanmpuMep, HajJ BOJLOEMOM H CYXOH
NOYBOH, HaJ JIeCOM M OTKPHTHIM yYaCTKOM MECTHOCTH, HaJ CKJIO-
HOM TOpH H BHAJH OT Hero, HajJ KpHIIaMH 3JaHHH H 3eJeHHMH
CKBEpaMH B ropojax H T. I.).

OG6uie3eMHOe U perHoHaJibHbIEe T0Jsi GOKOBO# pedpakiivH B CHITY
HX GOJIbLIOH MPOTSXKEHHOCTH MOXHO paccMaTpHUBATh B NEPBOM IIPH-
GJIMXXEHHH KaK I0JIsT OXHOPOAHBIE, B KOTOPHIX FOPH30OHTaJbHHE Ipa-
MHEHTH MOKa3aTess NpeJOMJeHHsl Bo3jyxa On/Ox=const. Bausaue
TaKuX 6OJIbIIHX MoJiell pedpaKuUMH Ha pe3yJbTaTh H3MePeHHH B ps-
Jax TpPHaHTyJsauuu 1 KJacca cocrapisieT B cpegHeM okoJo 0,2” Ha
3BeHo AJHHO# 200 KM M HMeeT xapaKTep CHCTEMaTHYeCKHX OLIMGOK.
Ocnabasiercst OHO B pe3y/ibTaTe ypaBHHBaHHS 3BeHbeB 3a yCJIOBHs
asumyToB Jlamaaca.

HawubGosee cyliecTBeHHBIM SIBJISIETCS BJHSIHHE MECTHHIX moJiet 6o-
KOBOH pedpakuuu Ha pe3yJbTaThl YTJOBHIX H3MEepeHHH H a3uMy-
TaJbHHX onpefeneHuii. HccienoBaHus NOKa3bIBAIOT, YTO CpejHss
KBafIpaTHuecKasi BeJHYHHA BJIMSIHHH MeECTHHIX TNoJiei GOKOBOH pe-
bpakuuu mpey (B YIJI. C.) Ha TOpPH3OHTaJbHHE HampapjaeHuss N
B TPHAHTYJALHH 1—2 KJIaccoB 3aBHCHT OT PacCTOSAHHH S (B KM) H
BHIpaXKaercsl SMNHpHUYECKOH HOpMYJIOH

My ety =k A/S, 8.1)

BnepBble ykazaHHO# B. §I. Crpyee. ITo olleHKaM, OCHOBaHHHM Ha
GOJIbIIOM TPOH3BOJCTBEHHOM MaTepHaJe, NpH BeuepHHX HabJone-
HUAX Rpea=0,093 (mr=0,004), npu HOYHHX Ruoun=0,131 u coBMecT-
HEIX (BeYEPHHX M HOYHHIX) Kcoew=0,114 (mr=0,006). Beanunna
keosm=0,114 3HaunTesbHO pasbuie (B 1912 r.) Gel1a BnepBHE MOJY-
yena I'. PepcrepoM mo JaHHHM ypaBHHBaHHS aHIVIMACKOH TpHaH-
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CYJASUUH C AJHHAMH CTOPOH 7—174 KM, TOCTpPOeHHOH elle IO
1882 r.

C 6oJsbLIOH AOCTOBEPHOCTBIO MOXKHO yTBepXKAaTh, YTO CPeLHSS
KBaJpaTHyecKasi BeJIMUHHA Mipep (B YIVI. C.) BJHSIHHSI MECTHHX MO-
Jeli 60KOBOH pedpakiMH Ha TOPH30HTaJbHHE YrJH B (He Hampas-
JIeHHs]) B TPHAHTYJALHUH |, 2 KJIaCCOB COCTaBJIsSET B CpPelHEM:

BEUEPOM Mg (pepy = 0,093 4/2s; 62
HOUBIO Mg (pegy = 0,131 4/2s. .

AcTpoHOMHUeCKHe a3UMYTH o Ha nyHKTax Jlamiaca onpegensior
B OCHOBHOM HOUYbIO, I03TOMY coryiacHo ¢opmyJte (8.1) BausHHe Ha
HUX pedpakuHu HOub0 IpH S=15—30 KM B cpelHeM COCTaBJIseT

Mg ety=0,131 4/15+30 =0,50-+0,71”.

DTu pe3yJabTaTH MOYTH TOYHO coBmajpaioT ¢ onenkamu ®. H. Kpa-
cosckoro (0,50—0,75”) u B. B. Iauunjaosa (cpeauee 0,63”), moay-
YeHHEIMH NPHUHLUNHAJBHO JPYTHMH COCOGaMH.

IIpn HeGJaronmpHsITHEIX YCJOBHSIX OIIHOKH B YIrylax H a3uMyTax,
o6ycJIOBJIeHHEIE BJHSIHHEM MeCTHHIX MoJieli pedpakiuuu, HepegKo
nocruraot 3—7” u GoJee.

BeaencrBre 6oJiblIoro pasHoo6pasusi NOACTHJAKOLIEH MOBEPXHO-
CcTH M ee (PU3HYECKHX CBOHCTB MeCTHHe IOJIsI 60KOBOH pedpakuuu
B Mpefesax KaXXAOH KOHKPETHOH TepPHTOPHH paclpefessioTcs CIy-
yaiiHHM 06pa3oM. [TosTomMy OLIKGKH B yriax, 06ycJOBJEHHHE BJHS-
HHEM MEeCTHHIX NoJjiefi pedpakiHH B CIJIOIIHHX reofle3HYeCKHX ce-
TAX, HMEIOT cayyalHBil xapakrep. OfHaKO MJsi KaXJ0ro KOHKperT-
HOTO HampaBJeHHs (a3uMyTa) OHH He SABJAIOTCA CIAyYaHHBIMH H
IefCTBYIOT KaK CHCTeMaTHYeCKHe.

§ 60. CBA3b YIJIOB PE®PAKIIHH
C METEOPOJIOTHYECKHMH
3JIEMEHTAMH H UX TPAIHEHTAMH

HcxopHble ¢GopMyJsHl AJisl BHUYHCJIEHHS NONPABOK 7 M & COOTBeT-
CTBEHHO B H3MepeHHble 3eHHTHHle PAaCCTOSIHHS H TFOPH30HTaJbHHE
HanpaBJieHHs1 (a3UMYTH) NpPeACTaBJAIOT B BHAe (YHKUHH MOKa3a-
TeJIsl NpeJIOMJIEHHS] BO3JlyXa n H ero rpaiueHToB On/ON B KaxaoH
Touke Jyya. [TOCKOJNIbKY 3€HHTHHIE DaCCTOSHHSI H3MepSIOT B BEPTH-
KaJIbHOH TJIOCKOCTH, a HamlpaBJeHHS H a3UMyThl — B FOPH30HTAJIb-
HOM, TO BeKTOp rpajgueHra On/ON packialbBalOT COOTBETCTBEHHO
Ha JBe cocrapJjsioliue On/0H — B BepTHKaJbHOH U On/0x — B ro-
PH30HTaJIbHOH IJIOCKOCTSIX.
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Hast paccrosiuuit s< 100 KM TouHBle (GOPMYJB 3alHlieM B CJe-
LyiolleM BHAE:

P (L on o i

=— )7 (s—y) dy; 8.3)
S1 7]

=P (9

8 ” oj" 5 S—ydy. 8.4)

OTH GOpPMYJB MONYYeHH B MPSIMOYTOJNBbHOH CHCTEMe KOOpPAHMHAT,
B KOTOPOH OCb y HampapJjieHa MO XOpJe OT HauaJbHOH TOUKH Jyua
K KOHEYHOH; OCb X JIEXXHT B IUIOCKOCTH FOPH30HTa M HalpaBjieHa
BJIEBO OT OCH y; OCb Z HalpapjieHa BBepX IO MNepneHAHKYJIsPY
K IJIOCKOCTH XY; S — AJIHHA XODJHI; So — €e NMpPOeKUHs] Ha FOPH30H-
TaJbHYI0 IJIOCKOCTb (So=S cOS P, rae B — yros HakJOHa XOPHIH
K TOPH30HTY).

B Mereoposiornn npakTHUeCKH He H3YY€HO pacnpejesieHHe Mo-
nokasatesisl peJOMJIEHHs] BO3AyXa M ero rpafiieHTOB B IJaHe H 1O
BHICOTE, KpPOME TOTO, HeT M NMPOCTHIX NPHGOPOB AJsi GHCTPOrO H TOY-
HOrO HM3MepeHHs1 MX 3HaueHuil. [IosToMy, 4TOGH BOCIOJIB30BATHCS
¢opmynamu (8.3) u (8.4), mokasaTenb NpeJiOMJIEHHS 1 H ero rpa-
IMEHTH BBIPAXaloT yepe3 MeTeOpOJIOTHYeCKHe 3JeMeHThl H HX rpa-
IOHMEHTHI.

C TtouHocthio m0o 2X 107 cmpaBeasuBa ¢opmyaa [3] masi uu-
nekca (n—1) mokasaTensl NMpeJOMJIEHHS BO3LyXa B BHIHMMOI 4acTH
crekTpa

(n—1)=110,8-10¢( -2_ 0,14 -2-), (8.5)
T2 T

rie p — AaBjieHHe BO3AyXa, MM pT. cT. (1 MM pt. c1.=133,3 I1a);
T — a6comoTHast TeMneparypa Bo3ayxa, I =273,164+T °C; e—nas-
JleHHe BOASHEIX apoB, MM PT. CT.

BuausHue BTOpOro useHa B BeIpaxkeHHH (8.5) naxe mpu e=
=50 MM (uero mpakTHYeCKH HHKOTJa He GBIBaeT) COCTaBJSET B pe-
aJIbHBIX MOrOHBIX ycaoBusix MeHee 1 9. Taxofi BeqHuHHOH NPH BHI-
qHCJIEHHH n W TIONPaBOK 3a pedpakuuio MOXHO mpeHebpeub. B dop-
myaax (8.3) u (8.4) c omnGkoit He Gosee 0,03 % MOXHO NPHUHATDH
n=1.

C yuyeToM BHILIEH3JIOXKEHHOTO, BBIYHCJIHM IIPOM3BOJHBIE On/0z
u On/0x, noacraBuM ux B ¢opmyan (8.3) u (8.4), a 3arem nepefi-
IeM K TNpPOCTPAaHCTBEHHOH CHcTeMe NPSMOYTOJbHHX KOODAHHAT X
yH, B KoTOpO# BepTHKa/bHasi OChb COBMeIlleHa C OTBecHO! Junuel H,
OCb X JIEXHT B TJOCKOCTH FOPH30HTa M HampaBJieHa K CEBePHOMY
noJiocy 3eMJiu, Ocb y HampasjeHa K BOCTOKY, T. €. MepedieM K CH-
CTeMe KOOpAHHAT, HCIOJb3yeMOH B TeOJIe3HH,
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B wurore ¢ ouwrn6kamMu He GoJee 1 U moayuum ciaenymwomue Gop-
MYJIbl AJ151 IONPaBOK r H § 3a BAHSAHHe pedpakKiHH

285 ( p T N _
r=-= {5 X (0,0342+ 3 )[smz tg ycoszcos (4
— Q) (s—y) dy, (8.6)
S
5 22,8

22 (L (00342 + 5 Ytgysin(A—Q s—y)dy. @)
0

B nanHOM ciyyae s — JJWHa BH3HPHOTO Jiyia MO XOpJe, CTATH-
Balollel ero KOHILB, M; So— €ro MpOeKUHs Ha TOPH30HTAJbHYIO
IJIOCKOCTb, So=S§ Sin 2; y — paccTosiHWe MO XOpJe OT HayaJbHOMH
TOYKH JIyya [0 TeKyule#, M; p — JaBjieHHe BO30yXa, MM pT. CT.; T—
abcosioTHast TeMmepatypa Bosayxa, I=273,164+T °C; 9T/0H=
~ (Ty—T,)/(He—H,) — BepTHKaJibHHEe TpafHEHTH TeMIepaTypH
BO3/lyXa, rpafyc/M; y — yroJ, OTCYHTHBAaEeMHIH OT TOYKH 3€HHTa N0
BEKTOpa rpajueHta On/ON mnokasaress NpeJIOMJIEHHs, HallpaBJIeH-
HOTO B CTOpPOHY yMeHblleHHus n(x, y, H); A— a3uMyT uaMepsieMOro
HanpasJleHHs; Q — a3uMyT BekTopa rpaigueHta On/ON; asuMyTH
OTCYHTBHIBAIOTCS OT HalpaBJeHHs] Ha ceBep (OT OCH X) MO XO4y ya-
COBOH CTpeJIKH; Z — 3€HHTHOE paccTosiHHe HabJ0faeMOH LefH.

Iast onHopoxHoro moJist pedpakuuH, B Kotopom 0n/dN =const,
¢dopmynn (8.6) u (8.7) mpuMyT BHA

_ P T \rsinz— Y —_OV:
r=1142 % s(0,0342+ - )[smz tg ycoszcos (A—Q)I; (8.8)
_ p aT -~ . .
8=1142-2 5, (0,0342+—6H )tg 7 sin (A—Q). (8.9)

Caenyer o6paTHTh BHHMaHHe Ha TO, YTO B ¢opmynax (8.6)—
(8.9) BepTHkaJbHHIE TpajMeHTH TeMmepatyph Bo3ayxa OT/0H wu
HakJoHH tg y moBepxHocTelt n (x, y, H) =const Bcerga umeioT nmpo-
THBOMOJIOXKHBIe 3HakH. KpoMe TOro, ¢ um3MeHeHHeM 3HakKa IpH
OT/0OH omHOBpeMeHHO H3MEHSIIOTCS Ha TPOTHBONOJOXHBIE 3HAKH H
npu tg v, 1 npu sin(A—Q), T. e. y Tpex 371eMEHTOB.

B MeTeopoJiorHH BETHYHHY

T oap
T 0,0342 (8.10)

Ha3bIBAIOT NpPpHBEAECHHHM rpaguneHTOM AaBJNEHHUSA

Bo3ayxa (B rpaayc/m). Op/OH -— BepTHKa/bHHIA TrpajMeHT [aB-
JIEHHS, MM PT. CT./M.
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[IpuBeneM elne 0JJHO paBEHCTBO:
T adp aT aT .
— 2% —(0,0342 —)t sin (A—Q), 8.11
P +—)tgvsin(4—Q (8.11)
rae 0p/0x u 0T/0x — ropu3oHTaNbHEE TPAJUEHTH JaBJEHHS H TEM-
[lepaTypH BO3[yXa B IIJIOCKOCTH MepHIHaHa.

[lpunsis B Bupaxenun (8.11) sin (A—Q)=1, noayuum cop-
MyJy, IDHMEHsIeMyl0 B METEOPOJIOTHH AJISl BHYHCJIEHHS B TJOCKOCTH
MepHIHaHa HaKJOHOB K FOPH3OHTY NOBEPXHOCTel OAHHAKOBOM IJIOT-

HOCTH, T. e. noBepxHocrte#t n(x, y, H)=const, koTopywo npeacrasum
B CJIeflyIolleM BHJE:

T dp T T op T

ox 0x p oOx ox
tgy=—2 = 8.12
gv=—1 % o7 @8.12)

o (0,0342 + 9T
p» 0H  oH aH

ITyreM HenocpeACTBEeHHHIX H3MepeHHH YCTAaHOBJIEHO, YTO B IpH-
3€MHOM cJloe aTMocdepbl FOPH30HTaNbHBIE IPAaAHEHTH TEMIEpaTyphl
0T/0x B cpenneM B 100—500 pa3 MeHbllle BepTHKaJbHHX IpafiHeH-
toB OT/0H. Tlostromy npu 0T/0H=20 ropusoHTaJbHHE TpafHEHTH,
6e3ycyioBHO, paBHB HYJIO (0T/0x=0), u4TO CJefyeT HMETb B BHAY
B JanbHefimeM. OTMeTHM, uTo tg y=~tg yp+1tg yr.

HakJoHH K ropH3oHTy H306apHuecKHX NoBepxHocTelt p (X, y,
H)=const u wusorepMuueckux mnosepxHoctefi T(x, y, H)=const
B IJIOCKOCTH MepHJAHaHa BBIYHCJISIOT MO GopMysaM

a
tg y,,=_gz /_61;’ ; (8.13)
__aT | aT
tgvr=—— / = (8.14)

[opu3oHTaJbHBIE IPaJHEHTH NaBJeHHs] BO3AyXa Op/Ox He paBHH
HYJII0O U TPH HOPMAaJbHHIX NMOTOAHBIX YCJOBHAX JieXaT B HHTepBaJe
(0,8—5) MM/100 KM; BepTHKaJbHEE rpajHeHTH HaBjeHus Op/0H
IpH 3THX YCJIOBHSAX corjacHo ¢opmyne (8.10) paBHm B cpen-
Hem —8,9 Mm/100 M. Onpenenum BO3MOXKHEE HAaKJOHH H306apHue-
CKHX TOBEpXHOCTell B MJIOCKOCTH MepHinaHa: —9IX 105<tg ypo<—
—5,6X 10~ uau —19” <y,<—116”. Takum 06pa3oM, HaKJIOHH H30-
GapuuecKux MmoBepxHocTed tg yp NMPH CpefHHX NMOTOAHHX YCJOBHAX
Manbl. Ux BansiHHe Ha BeJHUHHY GOKOBOK pedpakiuH COINIaCHO BH-
paxenuio (8.9) npu 0T/0H=0 cocraBasieT Bcero JHUIbO =6,max=

=0,002 s, rae s B KuJoMeTpax. Takodi MaJjiofi BEJIHYHHOH NpPAKTH-
YeCKH BCErfa MOXHO NpeHeGpeub H B KauecTBe HAKJIOHOB tg y BG
Bcex NpeibAyuiHX (opMyJaax HPHHHMATb HAKJOHH K TOPH3OHTY
M30TepMHUYECKHX I0BEePXHOCTeH.
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[Tpy cpeiHHX MOroJHHX YCJOBHSX, KOr[a BHINOJNHAIOTCSA reoje-
3HYCCKHC M3MCPCHHS, HAKJOHB K FOPH3OHTY TOBepXHOCTeH n (X, Y,
H)=const, kak npaBuJo, MeHbllle ofHoro rpaayca (tg y<0,0175).
Yrabpl HakJOHa BH3HPHBIX JyueHl B reoJe3HYeCKHX CeTsX IOYTH
Bceraa Menbllle 10° (2~80--100°). IIpu 3tHX maHHBIX B opMyJaax
(8.6) u (8.8) BimsiHME BTOPOrO ujieHa B KBaJpaTHBIX CKOOKax Ha
BEJHYHHY BepTHKaJbHOH pedpakuun He mpesbicut 0,3 %. IlpeHe-
6perast Takoi MaJiof BeJIMYHHOH, MOXKHO HalHCaTh

IJ11 HEOAHOPOLHOTO N0Jisi pedpakiHu

S

22,85 aT .
228 5 + (0,0342+ W) sinz (s—y) dy; (8.15)
(1]

AJisi OLHOPOJHOrO MoJst pedpaKuHHu

. P oT .
r=1142 -2 5(0,0342+ 7 )sm z. (8.16)

Dopmyabr (8.6) —(8.9), kak u J0GHe Apyrue, TpeGymolilue 3Ha-
HHSl TPaJiHeHTOB METEeOpOJIOTHYECKHX 3JIeMEHTOB Ha BCeM MNYTH BH-
3MPHOTO Jyya, He MOTYT OHTb HCIOJIb30BAaHBl JIsi TOYHOTO BEIYHC-
JIeHHs! MONpPAaBOK 3a pedpakluIo, TaK KaK rpajHeHTH TeMIepaTypH
Ha NyTH Jiyya He M3MepSIIOTCS M, CJefOBaTeNbHO, Hen3BeCTHH. OX-
HAaKO 3TH (POPMYJIHl HMEIOT BaXKHOE TeOpEeTHYEeCKOe H IPaKTHYeCKOoe
3HayeHHe NpH pa3paboTKe M HayyHOM O06OCHOBaHHMH 3()(eKTHBHBIX
MeTOJI0B 6OpbOH ¢ HeGJaroNpHSITHHM BJHSIHHEM pedpakuHH B reo-
Jle3HYeCKHX CeTsX.

§ 61. KBASUNNEPHOANYECKHE U3BMEHEHNS
TPAIHMEHTOB TEMNEPATYPbBI, PEOPAKUUH
H U3MEPAEMbBIX BEJHWYHUH

CyroyHoe BpamieHHe 3eMJH W ABHKeHHe ee BOKPYr CoOJHIA BHI3HI-
BalOT HelpephHIBHOE H3MeHeHHe METeOpOJIOTHUECKHX 3JIEMEHTOB H HX
rpajiMeHTOB, HMCNHTHBAIOLINX aHAJOTHYHHN CYTOYHHIH M TOJOBOH
XOJ,, HECKOJIbKO HapyllaeMHli H3MeHEeHHSIMH NMOTONHBIX YCJOBHH.

[Tockonbky pedpakius GyHKUHOHANIBHO CBSI3aHa C METEOpPOJIO-
TMYECKMMH 3JIEMEHTAMH M MX TPaJHEHTaMH, TO OHA TaKXKe HCIHITH-
BaeT CYTOYHHIH M TOLOBOH XOJ H B CBOIO Oyepelb OOYCJOBJHBAET
CYTOYUHBI M TOHOBOH XOJ 3€HHTHBIX PacCTOSIHHH, FOPH3OHTAaJbHBHIX
HanpasJIeHHHl, a3HMYTOB 3eMHHIX NPeAMETOB, HJHH CTODOH, H3Me-
psieMBIX CBETO- H paJHOJaJlbHOMEpaMH H T. I

OTH U3MeHEHHS BO BpEeMeHH 3aKOHOMEPHH H HX HeoGXO0IHMO
YVUMTBIBATb KaK NPH MOCTAHOBKE H IIPOHU3BOACTBE BBICOKOTOUHBIX
aCTPOHOMO-Te0JIe3HYECKHX H3MepeHHH, TaK M NPH MaTeMaTHYeCcKoi
06paboTKe UX pe3yJbTATOB.

B dopmynax (8.6) u (8.7) comHoxureab p/T2=0,009, 3apucs-
Uil OT TeMIepaTyphH W HaBJeHHS BO3JyXa, OCTAeTCS B TeueHHe
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Puc. 74. CyrtouHmili XoA pasnalnHOHHOro GajaHca R M BepTHKaJbHBIX TpalHeH-
TOB TeMmepaTyps Bosayxa OT/0H wna BHcoTe 2 M Haj TMOYBOH B OTKPBITOH
MECTHOCTH

KaXJbIX KOHKDETHBIX CYTOK IOYTH HeH3MEHHHM, B TO BpeMs Kak
rpajiueHTH TeMnepaTtypsl 0T /0H H3MeHSIOTCS B JOBOJBHO IIHPOKOM
nuanasone (puc. 74). OHU B OCHOBHOM H OGYCJIOBJHBAIOT CYTOUHHIH
¥ TOJIOBOH XOJ H3MepsieMBIX Ha reoJe3HYeCKHX NYHKTax 3J€MeHTOB
(yryioB, a3MMyTOB H T. I.). DTO AOKAa3HBaeT, YTO H3y4yHB OOLIHe 3a-
KOHOMEDHOCTH H3MeHeHHH TIpalWeHTOB TeMIepaTypel BO3[yXa,
MOXHO BLIIBUTb OGIIHEe 3aKOHOMEDPHOCTH H3MeHEeHHH B TeueHHe Cy-
TOK ¥ roja B [eJOM KaK pedpakuuH, TaK H H3MepsieMHX reole3H-
YECKHX 3JIEMEHTOB.

BusupHBE JyYH MeXAy CMeXHBHIMH MYHKTaMH B TeOJe3HYeCKHX
ceTsix NMPOXOAAT Ha CPaBHHTeJbHO HeGOJBILOH BHICOTE: B DaBHHH-
HOM MECTHOCTH Ha BRICOTE HECKOJbKHX METPOB, B XOJMHCTOH — He-
CKOJIbKHX JE€CSATKOB METPOB, B FOPHOH — HECKOJIbKHX COT METpOB
(B cpenmnefi wactu Jyua). Bo Bcex ciyuasix MpH pacCTOSTHHAX MEXAY
nyHkTaMu A0 50 KM cpelHsis BHICOTa BH3HDHOrO Jiyuya Haj HOACTH-
Jaioliell MOBEPXHOCTBIO Jaxe B ropax He npesbimaer 0,3 KM 3a
OUeHb peIKHMH HCKJIOUEHHSAMH B BBICOKOTODHHIX paHOHax.

OcHOBHasi Macca BH3HPHBIX Jlyuyefl MeXy reoJile3HYeCKHMH NYyHK-
TaMHM [POXOJHT B HHXKHEM cJoe aTMocdeph ToaumuHO# 50—80 M;
B METEOPOJIOTHH 3TOT CJIOH Ha3BBAalOT NPH3E€MHHBM CJHOEM.
[lasi Hero xapakTepHH pe3KHe Nepenaibl BEJHYHH METeOpOJIOTHYe-
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CKHX 3JIEMEHTOB C H3MEHEHHEM BBICOTHl H BpeMeHH. BepTukalbHbIC
rpajHeHThl METCOPOJIOTHUECKHX 3JIEMEHTOB B 3TOM CJloe aTMoc(heph
Ha OJHH-IBa nopsjka 6oJblie, yeM B 60Jiee BBICOKHX.

OcHoBHBIM (hakTOpOM npH (POPMHPOBAHHH KJIMMaTa NPH3EMHOI0O
cJoss aTMocdepsl siBaseTcss paAHalHOHHBE GasaHc R 3eMm-
HOH MOBEPXHOCTH, NOJ, KOTOPBIM NOHHMAIOT Pa3HOCTb MeXAY MOIJIOo-
IIeHHOH M M3Jy4eHHOH pajHaunHed. PacueT BeJHYHHBI paJHallHOH-
HOro 6aJsiaHca BBIMNOJHAIOT AJS Pa3iHYHBIX MPOMEXYTKOB BPEMEHH:
MHHYTAa, Yac, CyTKH, Mecsll, ToA. PaJinanvoHHbI# 6ajlaHC OKa3hBaeT
CyllecTBeHHOe BJIMsIHHe Ha paclpefiejieHHe TeMiepaTyphl B NOYBE H
BO3JlyXe, Ha [POLleCCHl MCNIAapeHHs H CHerorasiHus, o6pasoBaHHe TY-
MaHOB U T. . Ero BesqiHYMHa H3MeHsieTCS B 3aBHCHMOCTH OT INHPOTHI
MecTa, BpeMeHH CYTOK H rojia, MOrOAHBIX ycJoBH# H T. m. B cpen-
HEM B TeueHHe [HS IPH OTCYTCTBHH CHEXHOTO MOKpOBa OH MOJIO-
JKHTEJIEH, a HOYbIO OTpHIATeJeH; Ha LIMpOTax J0 65° B TeueHHe
JIeTHHX MecslleB HMeeT MOJIOXKHTEJbHHH 3HAaK, a 3MMOH — OTpHIa-
TeJbHbIH. FainannonHull 6aJjlaHC onpefessieT HalpaBJeHHe NOTOKa
JIYYHCTOH 3HEepPIHH, a CJel0oBaTeJbHO, BEJHYHHY H 3HAK BepTHKalb-
HBIX I'pajJHeHTOB TeMIepaTyphl BO3AyXa B HHXKHeM cJioe aTMOChepHI.
B cyTouHoM XoJe NmpH OTCYTCTBHH CHEXHOTO NMOKpOBa paJHalMOH-
HBIfl Ga/laHC M BepTHKaJbHBIE TPafHEHTH TeMIepaTypel B OJHOH H
TOH Xe TOYKe NMPAaKTHYECKH OJHOBPEMEHHO IEPEXOAAT yepe3 HyJb,
NpHYeM JBaXKAH B CyTKH (YTPOM H BeuepOM), H3MeHsAs NPH 3TOM
BCAKHMI pa3 3HAaKH Ha NPOTHBONOJOXKHHE (CM. pHC. 74). DTUM 3a-
MeuaTeJbHBIM CBOACTBOM reONe3HCTH MOTYT BOCIOJb30BaThCH [JIs
ompefieJieHHs] M HCKJIOYEeHHs OIIHOOK, OOGYCJOBJIEHHBIX BJIMSIHHEM
60K0BOH pedpaKiHH.

§ 62. KOMIIEHCALIUSA OLUIHUBOK
H3-3A BOKOBON PE®PAKIIHH
NMPHU YIJIOBbIX U3MEPEHHUAX
U A3BUMYTAJIbBHBIX ONMPEAEJNEHUAX

ITpencraBum kaxnaymo u3 dopmya (8.7) u (8.9) B Bume ABYX caa-
raembix

d=e+to, (8.17)

rine najs HeOAHOPOAHOI'O IMOJA pe(ppaxuuu

0,79 d .
ezs_oj — tgvsin (A—Q) (s—y) dy; (8.18)

0

s

2285 (_p T ,
So . T2 0H
0

0= g vsin (A—Q) (s—y) dy, (8.19)
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JJIs1 OJHOPOJHOTO MoJisi pedpaKiu

e =0,39 sz s, tg ysin(A—Q); (8.20)

o= 11425, ‘a’; tg y sin (4— Q). (8.21)

Ilpn cpeanux norogHmx ycjaosusx BeauunHa p/T2~0,009 no-
BOJIbHO cTabHJIbHA B TeueHHe CYTOK. IlosToMy H3MeHeHHS GOKOBOMH
pedbpakuuu (8.17) B TeueHHe CYTOK OGYCJIOBJHBAIOTCS COOTBET-
CTBYIOLIMMH H3MEHEHHSIMH BepTHKaJbHBIX IPaJHEHTOB TeMIepaTypHl
OT/0H w nakaoHoB tg y moBepxHocTeil n (x, y, H)=const B cioe
BO3/lyXa Ha BBICOTe BH3HPHOTO nyqa B obueM cayuyae, T. e. mpH
et+o+0 u A£Q,

8—0, ecmu (tgy); =0. (8.22)

Onnako B GOJIBIIHHCTBE CJyYyaeB HaKJOHH tg y Ha BCceM NyTH
BH3HPHOrO Jyya [JHHOI0O S He paBHH HyJi0. IloaToMy B cOOTBeT-
ctBuM ¢ ¢popmynamu (8.18) u (8.19) GymeM umerb

e—0, ecnn (tgy);—0, (8.23)
oT/oH
0—0, ecmn (u uam) | —0. (8.24)
tgy s

IIpu u3oTepMHHM BO3[yXa Ha BHICOTe BH3HpHOro Jjyua O0T/0OH=
=0T /0x=0, pedpakuHOHHOe MNOJie NPAKTHYECKH OZHOPOZHO H CO-
craBasiomas pedpakuuun o corgacHo ¢dopmyaam (8.19) u (8.21)
paBHa Hymio (0=0). B sToM cayuae HakJOHH tg y moBepxHOCTeH
n(x, y, H)=const K ropusoHTy Takxe mnpeHe6peraeMo MaJjbl H
B COOTBETCTBHH C BhlpaxenueM (8.12) B miaockKocTH MepHiHaHa He
NpeBHIIAIOT BeJHYHHE

T o
tgy <tgy,=—29,24 — af (8.25)

Brille 6bIJI0 MOKa3aHO, YTO IPH CPENHHX MOTOAHHIX YCJOBHSX Ha-
KJIOHBH H306apHUYecKHX MOBEpPXHOCTeH MaJb: y,<2’ uian tg yp<
<0,0005. TIpunas B ¢opmyse (8.20) cpennee 3Hauenue p/T?=
=0,009; sin (A—Q)=1 u tg y=0,0005, HaiizeM, uto nmpu H3oTEp-
MMH cocTaBasmoumas pedppakuuu £<0,002 s, rie s B KHJIOMETpax.
ITpn s=10-+20 kM nosnyunm e£<0,02-+-0,04”. Tako#i masof BeaUYH-
HOH NpaKTHYECKH BCerja MOXHO NpeHeGpeub.

TakuM o6pa3oM, U3 TeOpHH pedpaKIHH, NOCTPOECHHOH C yueTOM
(GHU3MKH TPH3EMHOTO cJost aTMochephl, clelyeT, YTO B TO BpeMms,
KOrfia Ha BHICOTE BH3HDHOrO Jyya HAacTynmaeT H30TepMHsSI BO3AyXa
HWJIH COCTOsIHHe, HauboJee 6iu3koe K Hell, 60koBasi pedpakuus §
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MpaKTHYECKH paBHAa HYJIO. TO BaXKHBIH B TEOPETHYECKOM H NpaK-
THYECKOM OTHOLIEHHH BBIBO/.

B ua06oe Apyroe BpeMsi cyTOK 60KoBas pedpakius He paBHa
HyJ10, Tak KakK O0T/0H==0 u tg y=0 u nostomy &40 u ¢0. Or-
METHM, YTO COCTaBJSIONIasi € HECPABHEHHO MeHblIe COCTaBJsIOLIeH
0, OfHAKO NpH HeGJIaronpHsATHHX YCJIOBHSX M paccTosHHAX S=10--
20 KM OHa MOXKeT J0CTHraTh BeauuuHH 0,3” u GoJee.

Beime yxe 6blJIO OTMeueHo, uyTo BeauuuHn OT/0H, tgy u
sin(A—Q) 1o omnpenesieHHIO XKeCTKO CBSI3aHH MeXIy co6Goi: ¢ u3-
MeHeHHeM B CYTOYHOM XojJe 3Haka NpH OT/OH Heu36exxHO H3MeH:-
I0TCS OJHOBPEMEHHO Ha MPOTHBOIOJIOXHEE 3HaKW NpH tg y u mpH
sin (A—Q). B dopmyse (8.18) 3HaKH H3MEHSIOTCS HJH MOTYT H3-
MEHSITbCSI OLHOBPEMEHHO NPH ABYX COMHOXHTENAX. DTO 3HAYHT, UTO
IJisl KaXKJ0r0 KOHKPETHOTO a3uMyTa uau HampasJjeHHs: (A=const)
COCTaBJSIIONIAs & COXPaHseT CBOfl 3HAK (MOJOXHTEJNbHBIA HJH OTPH-
HaTeJbHHII) HEM3MEHHBIM HECMOTpPSl Ha H3MeHeHHe 3Haka mpu 0T/
/0H. B3aumHo o6paTHBIe a3HMYTH M HaNpaBJieHHS UMEIOT H COXpa-
HSIOT pa3HHe 3HakKW npu &. [TosToMy Ha myHkrax Jlammaca Bcerna
clefyeT ompeAessiTh B3aHMHO OGpaTHHE a3MMYTH H BHBOJHUTb H3
HUX cpefiHee 3HaueHHe. B Bbipaxkenun (8.19) 3HaKH OXHOBpPEMEHHO
M3MEHSIIOTCSI BCEerfa y TpPeX COMHOXHTeJsefl; 3TO 3HAYMT, 4TO C H3-
MeHeHHeM 3Haka npu OT/0H wu3MeHsieTcs M 3HaK NPH COCTaBJAI-
mwe#t o. [TockoJbKY cocTapJjsiioliasi ¢ B cpaBHEeHHH C ¢ MaJja, TO Be-
JUYHHY M 3HaK GOKoBO# pedpakuun §=e-+oc B ee CyTOUHOM XOje
onpefiesisieT COCTaBJSAIOINIAS ¢, OTPaXKalollas BJHsAHHE, IVIaBHEIM 06-
pa3oM, MecTHHX moJjeli 60koBOA pedpakiHH, BH3HBAOIMHUX HaH-
6oslee 3HauUTeNIbHbIE OUIMGKH NPH YIJIOBHX H3MEpPEHHSX H as3HUMy-
TaJIbHBIX ONpeJeseHHsIX.

YuHTHBas CYIIECTBYIOLIYe B NPH3EMHOM CJjioe aTMOChepH 3aKo-
HOMEpHOCTH H3MeHEeHHH TrpaJHeHTOB TeMIepaTypH, HETPYAHO Ha
OCHOBe NpPHBENEHHBIX (OPMYJ YCTAaHOBHTb COOTBETCTBYIOIHE HM
oflInHe 3aKOHOMEPHOCTH H3MeHeHHHI GOKoBO#i pedpakuuu B MpoO-
CTpaHCTBe M BO BpeMeHU. PedpaKuusi HCIHITHIBAET CYTOUHHH H He-
3HauuTeJbHBIH rofoBo#i xoA. Haubosblell BeTHYHHB OHA HOCTHTAET
B THXYIO, ICHYIO, XapKyl0 NOrofy JieTOM. PaHHe#i BECHO# H OCEHBIO
B XOJOAHYIO NMOTOLY OHa ropasji0 MeHblle, YeM JIETOM; yBeJHUYeHHe
CKOpPOCTH BeTpa H 06JIaYHOCTH BeleT K HEKOTOPOMY YMEHBbLIEHHIO ee
BeJHYHHB. YeM GiMKe K 3eMHOM IOBEPXHOCTH MPOXOAMT BH3HPHHIM
Jyd4, TeM 6GOJibllle BeJHYHHA pedpAaKIHH H aMIUIHTYla ee CYyTOUHOrO
xoza, oco6eHHO npu 6Ge3o6maauHo¥ moroge JeToM. B cyrouHoM xone
60kKoBasi pedpakiuus AOCTUraeT HauboJbIIeH BeJHYHHB OKOJIO MO-
JIYHOYH U OKOJIO MOJIYJHS U HMeeT B 5TO BPeMsl NPOTHUBOMOJOXKHEIE
3HaKH.

[TockoAbKy B CyTOYHOM XOfe TpPafHEHTH TeMIepaTypHl BO3AyXa
¥ (YHKIHOHAJBHO CBA3aHHAsl ¢ HUMH 60KOBas pedpakiuus Ha Tpex-
YaCcOBHIX OTpe3KaX BpPEMEHH [0CJe BOCXOAa H Tepell 3aX0l0M
Cosia (B 3TO BpeMst BEAYTCS YIJOBble H3MEPEHHS] B TPHAHTYJIS-
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IIMH) M3MEHSIOTCS BO BPEMEHH NpPaKTHYECKH JHHEHHO (CM. puc. 74)
¥ Ha BHICOTE BH3HPHOIO Jyda B MOMEHT H30TEPMHH BO3AYyXa BCSIKHH
pa3 nepexoAsiT yepe3 HyJb, H3MeHss1 NIPH 3TOM 3HAKH Ha NPOTHBO-
MOJIOXKHBEE, TO OTCIOJa cJefyeT NPOCTOH U B TO Xe BpeMs 3(dek-
THBHHIA CIOCO6 KOMIeHcalWH OIIHOOK H3-3a GOKOBOH pedpakiiyy.
CymHocTb 3TOro cmoco6a COCTOHT B TOM, UTO KAK 20PU3OHTANbHbLE
yaavl (Hanpasienus), TAK U A3UMYTbL 3eMHbIX npedmeTos Heobxo-
OUMO U3MEPAT6 CUMMETPUYHO 80 BPEMEHU OTHOCUTEAbHO MOMEHTA
usorepmuy 8030Yyxa U U3 NOAYHEHHbLX PE3YAbTATO8 HAXOOUTb cped-
Hee 3HaueHue.

910 Tpe6oBaHHE B PAaBHOH Mepe OTHOCHTCS KaK K YTPEHHHM, TakK
H K BeuepHHM HaGuiofeHHsIM. [TOCKOJIbKY MO M TMOCJe HAaCTYyMJeHHS
M30TEePMHH BO3llyxa 6GokoBasi pedpakiisi Ha TpPeXyacOBHIX OTpe3-
KaX BpPEMeHH H3MeHsieTCs NMPaKTHUYECKH JIHHEHHO H HMeeT NPOTHBO-
MOJIOXKHBIe 3HAKH, TO B CJy4Yae CHMMETPHYHBIX H3MepeHHH YIJIOB,
Hanpap/eHHA HJH a3MMYTOB OTHOCHTEJbHO MOMEHTa H30TepMHH
CpefHHH H3 NPHEMOB pe3yJbTaT GyAeT MpaKTHYECKH MOJHOCTBIO CBO-
6o1eH OT OIHGOK H3-3a GOKOBOMH pedpakuuH.

DTOT BHIBOJ BIEpBHIE GBUI MOJYYeH Ha OCHOBE 3KCIEePHMEHTAJb-
HHX HccaemoBaHuil, sunoanenHux 8 MUUTAuK !, B uentpe Moc-
KBHl B TeueHHE TpeX NMOJHHX U UeThipeX HeMOJHBIX CYyTOK B IEpHOL,
¢ 23 aBrycra mo 16 cenTs6psi Npu pa3HOO6pa3HLIX NMOTOLHREIX YCJO-
BHSIX M3MepsuIcs MaJnii yron B=1,5" Mexay AJuHHEIM (S=D5,2 KM)
1 KOpOTKHM (5=0,7 KM) HampaBJIeHHSIMH, 3eHHUTHBIE PaCCTOSTHHS KO-
TOpPHIX Pa3JIHYaJHCh BCEro JHLIb Ha 2’. DTOT yros H3MepsJics uepe3
yac B TeueHHe KaXKABIX CYTOK IO CHMMETPHYHOH NporpaMme OKY-
NApHBIM MuKpoMeTpoMm (p=0,79") Tpy6m 2” TeomosmuTa cO cpen-
Hefl kBaZpaTuueckoi omu6koii mopsiaka 0,18” (cpemnee u3 125 ee
3Hauenuft). [TouacoBue 3HaueHusi I yrya (puc. 75) noJyueHH H3
H3MepeHHfl B MaJ00GJayHyI0 ¥KapKyl0 NOrofy HpH cpelHel cyTou-
HOH TeMmnepaType BO3Ayxa Tcp cyr= +23,2 °C, a mouacoBhle 3Haue-
HUA 2 yrja — U3 W3MepeHHuii B NMacMypHYIO, OTYacTH AOXKIJIHBYIO
NpoxXJafgHyl0 moropy mpu Tep cyr=+13,6 °C, Korma mo naHHHIM
NSITH METeOCTAHIMH TOpH30OHTaJbHEIE TPaJMEHTH TeMIepaTyphl BO3-
Iyxa, a clefoBaTeJbHO, H GoKoBas pedpakLus .OLJIH paBHH HYJIO;
NpPH 3THX YCJOBHSX MOTOAHI, T. €. NMPH H30TEPMHH BO3JyXa, CPEAHssS
BesqMuMHa yraa B=1’33,73"+0,03” Gru1a ompejesieHa C OYeHb BHI-
COKOH TOuYHOCTbI0O. OTMETHM, YTO TaKOe e 3HaueHHe NaHHOro yrja
MOJIYYHJIOCh M3 MOYaCOBBIX €ro 3HaueHHH 3a TpOe MOJHHEX CYTOK
Habmonenuft (ta6a. 13).

Pe3ysbTaThl BHIMOJHEHHRX HCCAEZOBaHHA Ha NpaKTHKe MOKa-
3aJid, YTO

! fxosenee H. B. O6 yueTe KJIHMATOJIOTHUECKHX OCOGEHHOCTeH ropoxa IpH
YIOBbIX M3MEPEHHSIX B TOpOACKO# Tpuanryasuuu 1 Kiacca. Tepne3us n aspodo-
TocheMKa, BeL 6.— M., 1960.
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Puc. 75. CyTouHHt X0 TropH30HTaJb- & ~
HOro yrja (HampaBJieHHsi) MOA BO3- T oq oy

ZeiicTBHeM GOKOBOH pedpakuuu

——— B,
. lo M0

Puc. 76. Cyrounnlii Xxof asHMyTa Ha 1o

nynkte Jlannaca mnopg Bo3gefcTBHEM olo —10

60K0BO# pedpaKiuH: '

« I 1 I S B VY

'X — alNpPOKCHMHpYIOWas GYHKUHS; @ — =3 ~2%~{ 0 91 2 3 4 7

cpenHee H3 IPHEMOB; Qo — NPH  U30TEPMHH

BO3Ayxa (3axon)

NpH H30TEPMHH BO3AyXa BJHusiHHe COKOBOH pedpaKuuu Ha H3Me-
pseMble yrinl (HanpaBjieHHS H a3UMyTH) HeHCTBHTEJNbHO DPaBHO
HYyJIIO, NO3TOMY BeJHYMHA yriaa B=133,73"” noayuujach OAHHAKO-
BOH KaK M3 H3MepeHHH 2 IpH H30TepMHH BO3Ayxa (CM. pHcC. 75), TaK
M M3 NOYaCOBHIX H3MepEeHHH 3a Tpoe MOJHHIX CYTOK (cM. Taba. 13);

JIETOM IIpH MaJIo06JIayHOH KapKoH morofie 6okoBasi pedpakuus
HMeeT YeTKO BHIpaXKeHHHH CYTOYHHIH XOJ C 3KCTpeMaJIbHHIMH 3Ha-
YeHHSIMH H C pa3HBIMH 3HaKaMH OKOJIO NOJIYJHS H OKOJIO MOJIyHOYH;
yepe3 HyJb OHA NEepPEeXOJHT B MOMEHTH YTPEHHeH M BeuepHed H30-
TEDMHH, M3MeHss NIPH 3TOM BCSAKHH pa3 3HAaKH Ha NPOTHBONOJOXK-
Hble; B 3TH MOMeHTH yroa B=1'33,73" (cm. puc. 75);
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Tadavua 13

Unes Cpe Cpeaiice ‘pe
ni;ioﬁﬂ{!rfo' noq:c?sobax C)?;é]‘:l:ilﬂﬂ ml:)ctcl)llliloct Kn ;u(mp:;}‘lp:iljle’éua st
3H K atypa, : 8

nadmone i yz:_;t:ﬂg 'reMﬂePényp': Jl;z;qii;,p;iﬂyrgla Om"(f);l([; yraa

22.08—23.08 23 +23,2 1’33,48" 0,16”
7.09—8.09 24 +15,2 1 33,82 0,08
15.09—16.09 23 +13,6 1 33,88 0,05

CpenHee 133,73

noj BosjieHcTBHeM GOKOBOH pedpaKuHH CYTOUHBIH XOX HCIHBITH-
BAalOT He TOJIbKO yIJbl (HampaBJieHHs), HO U a3HMYTH 3€MHBIX Npel-
metoB (pHc. 76);

Ha TPEXYacoBHIX OTpPe3KaXx BpEeMeHH A0 H MocJje HaCTyMJeHHs
H30TEPMHH BO3[yXa KaK yTPOM, TaK H BeuepoM pedpakuus H H3Me-
psieMule HampaBJieHHsl (YIVIbI H a3HMYTH) H3MEHSIIOTCS BO BpPeMeHH
IpaKTHYECKH JHHEHHO;

NpH HM3MepeHHH HampasJieHHs (yrJa, asMMyTa) uepe3 KaxJHIi
yac B TeUeHHe IMOJHBIX CYTOK BJIHSIHHe GOKOBOH pedpakiuuu Ha
CpellHH# 3a CYTKH pe3yJbTaT NOYTH IOJHOCTbIO KOMIEHCHpYeTCs
(cM. Taba. 13); mpH 3TOM OCTAaTOYHOe CpeLHeCYyTOYHOe 3HaueHHe
pedpakiuu H3MeHsieTCs B 3aBHCHMOCTH OT H3MeHeHHH cpelHecy-
TOYHOH TeMIlepaTyphl BO3AyXa.

[TosHOE corsiacoBaHHe TEOPETHYECKHX BBIBOJIOB H NPAaKTHUECKHX
pesyJIbTaTOB CBHAETEJbCTBYET O TOM, YTO T€ M JpyrHe INpaBHJbHO
0oTO6paxaloT CyIIeCTBYIOLHe B NPHPOAEe 3aKOHOMEPHOCTH H MOTYT
OLITb YCIEIIHO HCIOJb30BAaHH B 1eJsX CYLIeCTBEHHOrO MOBBILIEHHS
TOYHOCTH YIVIOBHIX H3MePEeHHH H a3HMyTaJbHHX ONpeJleJieHHH, BH-
NOJIHAEMBIX INPH CO3JaHHH TeOle3HYeCKHX ceTeHl BHICOKOH TOU-
HOCTH.

Ins mpakTHuecKofl peasu3anuH crnoco6a KOMIEHCALMH OLIHGOK
u3-3a GokoBOH pedpaknuu TpebyeTcs ONpefeJATb BpeMs HACTyILIe-
HHSl M30TEPMHH BO3AyXa Ha BHICOTE BH3HPHOTrO Jiyya B NMEPHOJ IpO-
H3BOACTBAa HaGMIOLEHHWH Ha myHKTe. DTa 3ajaya pellaeTcss CPaBHHU-
TEeJIbHO NPOCTO U OCJIOXKHEHHH He BbI3BIBaeT.

'§ 63. ONPENEJIEHUE TONMPABOK 3A BJIUAHHE BOKOBOH
PE®PAKLIUH

B cooTBeTcTBHH ¢ H3J0KEHHHIMH BHILIe TEOPETHUECKHMH MOJIOXKe-
HHUSIMH MOXHO yTBePXJAaTb, UTO OIIHOKH, 0OYCJIOBJIEHHBIE BJIHSHHEM
60K0BOH pedpaKLHH, BOSHHKAIOT BCJeACTBHE aCHMMETDHH BpEeMEHH
M3MEDEHHH KaXXJIOoro HamnpaBJieHHs, yrja HJIM a3HMyTa OTHOCH-
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Puc. 77. T'paduxk kBasunepHo- o°
JHYECKHX H3MEHEHHMil HampaBJe-
Hus  (asumyTa) Tmox  Bo3feil-
CTBHCM CYTOYHOro XoAa Goko-
BoH pedpakuHu

TeJbHO MOMEHTa H30TepMHHM BO3AyXa Ha BBHICOTE BH3HPHOro Jyua.
Orclona BhITEeKaeT BTOPO# CIIOCOG HCKJIIOUEHHS HJIH CYLIeCTBEHHOIO
ocyabJieHHsl BIHSAHUA GOKOBO# pedpakiluu:

8 CAYHae ACUMMETPULHLLY 80 BPEMEHI U3SMEPEeRULll KaK 20pU3OH-
TANAbHLLX Y2/08, TAK U A3UMYTOB 3CMHbLX npedmeros Heobxodumo
ux pesyaseraro. pedyyuposars HA MOMEHT U30Tepmuu 8030yxa,
Ko20a 60K08as pedparKyus pasHa HYao.

[Ipy M3MepeHHH TOpPH3OHTAJbHBIX HANpaBJeHHH HJH a3UMYTOB
3eMHHX NpeAMETOB B HeCcTallMOHApHOM MoJie GOKOBOH pedpaKuuu
B KaXJH# (HUKCHPOBAHHHHA MOMEHT BpeMeHH f, KOra 3pHTeJbHas
Tpy6a TeOJOJHTa, YCTaHOBJeHHOro B Touke A (puc. 77) HaBeleHa
Ha BH3HDHYIO LleJib B TOYKe B, u3 HaOM0JeHUH NOJY4yaloT COOTBET-
CTByIOLllee 3TOMy BPeMEHH 3HaueHHe HampaBJIeHHS HJIH a3uMyTa ai
MexXJy HyJeM HeNOABHXHOro JuMGa (MepuauaHOM) M HampabJe-
HHeM KacateabHoOt AB|(AB;) K mociegHeMy 3JieMeHTy Jyua CBeTa
B Touke A. PopMa u noJoxeHue Jyua cseta AmB (ero mpoexuus
Ha TOPH30HTAJbHYIO IJIOCKOCTb) OTHOCHTENHbHO HCKOMOTO Hampas-
Jeunss AB=a, HeNpephHIBHO H3MEHSIOTCS BO BpPEMEHH, HCIBITHIBas
CYTOYHHIH ¥ He3HAUMTEJNbHHIH rOLOBO# X0H, 006YCJOBJIEHHHIH aHaJo-
THYHBIM XoZoM GokoBOH pedpaknuu. Besencrtsue 3T0ro B CyTOYHOM
XOJle KacaTeslbHasi K Jyuy cBeTa (U3MepeHHOe HampaBJieHHe, a3H-
MYT) IOCTENeHHO NepeMelaercss M3 OJAHOrO KpafHero MOJIOXKeHHs
ABi=aq; B nipyroe AB;=a,, a 3aTeM B 06PaTHOM HaNpaBJEHHH OT
a2 K a;. TakuM o6pa3oM, Kaxjoe H3MepsieMOe HanpaBJeHHe HJIH
a3sUMyT B CYTOYHOM XOJ€ H3MEHSIeTCS OT Gmin AO Gmax H 06PATHO MO
KBa3HIepHOLHUECKOMY 3aKOHY H JBaXKAbl B CYTKH NpPH BeuepHeH H
yTpeHHeH H30TePMHH BO3LyXa B MOMEHTH BpeMeHH foY H ® M NpH-
HHMaeT HCKOMOe 3HaueHue Oy = 0y, CBOGOJHOE OT BJIHSHHA GOKOBOH
pedpakmuu.

Vi3MeHeHHe BeJMUMHBI U3MEepPEHHBIX HanpaBjeHHH (a3HMYyTOB) Ha
3aJlaHHOM OTpe3Ke BpeMeHH CYTOK (fnay<fo<fxon) MOXKeT OHITb BH-
paKeHo MHTerpajbHOH popmyJioi

t
[ Pty dt =y — o, (8.26)
to
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Puc. 78. Ce30HHHII X04 MOMeHTOB 3axoia (a), Bocxoga (6) CoJiHLA H MOMeH-
TOB fo(Xo) BeuepHeit H yTpeHHell M30TepMuM BO3Ayxa Ha lwHpore 53° (Ha BBICOTE
2 M HaJ NOYBO#)

[TosTOMY MCKOMBIH pe3yJbTaT Qg= O, NPAKTHYECKH CBOGOAHBIH OT
BIHAHHA 60KOBOH pedpakuuu, 6yIeT paBeH

ty
oy =0+ tj f () dt, (8.27)

rlie BTOpPOe cjlaraeMoe INpeicTaBjsieT co00i MOMpaBKy 3a acHMMeT-
pHI0O BpeMeHH HaOlJIOZleHHH OTHOCHTEJIbHO MOMEHTa H30TEepPMHH [
WJH, YTO BCe PaBHO, NMONpPaBKYy & 3a BJHsiHMe OGOKOBOH pedpakuuu.

BHICOKOTOYHBIE YTJIOBBIE H3MEpPEHHS H a3HMYyTaJbHBE OMpejelie-
HHSl Ha reoJle3HYeCKHX NMYyHKTaX 1—2 KJiaccoB BHIMOJHSIOT, KaK npa-
BHJIO, He MeHee ueM 3a 2—3 aHs. Ha nynkrax Jlanaaca ompenee-
HMe a3HMYTOB 3aTsruBaercsi WHorga faxe Ha 10—12 puefi. Ilpu
nepexofie OT OZHOTO AHS K ADYrOMy MOMEHT BpPeMeHH f, HacTymJe-
HHSl M30TEDMHH BO3Iyxa Kak OBl crojidaeT (HMeeT TpPeHA), CJaenys
MOYTH TOYHO 3a MOMeHTOM 3axofa CoJHia (f;.x) BeuepoM H 3a MO-
MEHTOM ero BOCXOJa (fmocx) YTpoM (pHc. 78). Ias TOro u4To6H
MOXKHO OBIO BOCHmOJb30BaThesl ¢opmynamu (8:26) u (8.27) npwm
06paboTKe pe3yJbTaTOB MHOTOIHEBHHIX H3MepeHHH, He0OXOAHMO
y4YecTb HJIH HCKJIOYHTb «CIOJ3aHHE» MOMEHTOB BpeMeHH fo, 00yc-
JIOBJIeHHOe H3MeHeHHeM cKJoHeHHs1 CoJiHIa NIpH Nepexofie OT OJHOTO
IHSl K JpyroMy. TO MOXKHO CHeJaTb, eCJH NepedTH K YCJIOBHOH CH-
CTeMe OTCUeTa BpeMeHH OTHOCHTeJIbHO MoMeHTOB 3axofa CoJHua
fsax IPH BeUepHHUX U HOUHBIX HAOJMIONEHHUSX H OTHOCHTEJIbHO MOMEH-
TOB BOCXOAA fgocx B ClyYae YTpPeHHHX HabJIONeHHH:

X=tax—1t; X=1—laocx. (828)
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B 3710l cHcTeMe oTcueTa MOMEHT BPEMeHH Xo® BeuepHell H30Tep-
MHH BO3JlyXa H MOMEHT BPEMEHH X, yTpeHHeH H30TepMHH HahleM
no ¢opmynam

X0 = taax — 105 X = 1§ —taoex. (8.29)

XapakTepHO#i 0COGEHHOCTbIO LaHHOH CHCTEMBI OTCYETAa BPEMEHH
IBJISIETCS TO, UTO KaK Xo', TAK H Xo® OCTAIOTCS MOYTH HEH3MEHHBIMH
MO BeJIMUYHHE IPH Mepexoie OT OJHOH JaThl K APYrofi, OT OJHOH He-
IeJH K nocjenyiomei u T. . (cM. puc. 78). Kpome Toro, 0 Kax-
0H KOHKpEeTHOH [NaThl KakK YTPOM, TaK M BEUEpOM Xo¥ H Xo® Npak-
THYECKH, OJHHAKOBHl 10 BeJHUYHHe (XoY22x(®), UYTO HMeeT BaXKHOe
TeOpeTHYeCKOe M NMpaKTHYECKOe 3HaueHHe.

@opmyasl (8.26) u (8.27) maxke mpHu nepexojie K yCJIOBHOH CH-
cTeMe orcuera BpeMeHH (8.28) ucnosib3oBaTh B SIBHOM BHIE Helb3s,
NIOCKOJIbKY YIJIOBble H3MepeHHsl H a3uMyTaJibHble ONpefeseHHs [0
CHX TMOp BHINOJHAIOTCS AHCKPETHO, a MOAKHTerpajbHast (PyHKUHS
HeuspecTHa. [ToaToMy BpeMeHHOH XOA HampaBJeHHi, YIJIOB HJH a3H-
MYTOB CJeAyeT aNnNpOKCHMHPOBaTb, HalpHMep, C NOMOIIBIO psfa
@ypbe M nosHHOMAa TpeGyeMoi cTeneHH.

[IpakTnka nokasaja, YTO Ha TPeXYacOBBIX OTpe3KaX BPEMEHH
(ta<to<tx) <3 u mepen 3axomom CoJHla H MOCJe ero BOCXOJa
rpajMeHTH TeMIlepaTyphl, pedpakuus U H3MepsieMble HalpaBJeHHS
(yraiel ¥ a3suMyThl) H3MEHSIOTCS BO BpeMeHH NPAaKTHYECKH JHHEHHO
(cm. puc. 74—76). [TosTOMy ecau TOpH3OHTaJbHHE YriW (asu-
MyThl) H3MepeHbl Ha 3THX OTpe3KaX CYTOK B TeueHHe, Hampumep,
HECKOJIbKMX BeuepoB He MeHee ueM 15—18 mpuemaMu, TO HcIpas-
JIeHHHH 3a pedpakuuio yroa (asuMyT) mocijie ero peayKIHH Ha MO-
MEHT H30TEPMHH X; MOXKeT OHTb BHUHCJIEH 10 opMyJie

N

oo =a+k(x—x), (8.30)

rlle @ — cpeflHee W3 NMPHEMOB 3HaueHHe yrja (asumyra); k — yaco-
BOe HM3MeHeHHEe yTja HWJIH a3uMyTa, yri. ¢/4; X — cpelHee B INpPH-
eMax BpeMs HaGJIOJeHHH, Y.

Besnnuuna

8=k (xo—7) (8.31)

npeicTaBisieT co0of IMONpaBKy 3a pedpakuuio, BO3HHKAIOLIYIO

BCJIC[ICTBHE aCHMMETPHH BpeMeHH HaGJIoJeHHH Ax=Xo—X.

st TOrO YTOGH BHIYHCJUTH YacOBOE H3MEHEHHe K KaXJOoro yria
WM a3UMyTa, M3MEPEHHOr0 B TeuyeHHe HECKOJbKHX BeYepoB, HANO
mepefiTH K YCJIOBHOH CHCTeMe OTCYeTa BPeMeHH x (3Be3LHOe BpeMs
IpH oONpeleleHHH asuMyTa CclelyeT mnpeo6pasoBaTb NpeABapH-
TeJIbHO B CpeJlHee COJIHEYHOoe).

JIns yno6cTBa TOCJEAYIOIHX BBHIYHCJAGHHH M Mpeo6pa3opaHHi
COCTaBHM CBOJIKY pe3yJbTaToB H3MepeHuit (taba. 14) yraa (asu-
myTa) a; B npueMax (i=1,2,...,n).
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Ta6auua 14

Homep .
e T [ i
¢ i
1 X1 oy
2 Xz oLy
3 X3 oLy
n *n On
_ 1 o _ 1.
X —Xx @ — By
n n
| )
X —
n
\

Bpemsi HaGmiofenuit x; okpyrasior fo 0,01 u, a pesysbTaTh H3-
mepennit a; A0 0,01” He ykaseBasi NpH 3TOM TpafyCH, MHHYTH H
neJble NeCSITKH CEKYHZ.

B ¢opmynax (8.30) u (8.31) HeH3BECTHHIMH SIBJSIIOTCS YacOBOe
H3MeHeHHe yriia (a3uMyTa) k H BpeMs X, HaCTYNJEHHS H30TepMHH
BO3Ayxa. YacoBHe H3MeHeHHs] kB BHIUHCJSIOT AJs1 Bcex yraoB 1j (j=
=2,3,..., n) no ¢opmyJae

p— lanbad (8.32)
[a4]]

rae Ax;=ux; —-}; Aoy = a;—&.
CpenHiolo KBaJpaTHUECKyl0 OLIMOKY ONpeNeeHHs] NMOMPaBKH §
3a pedpakiuio HaXoAsT mo (opmyie

my = (xo—x)> mg + E’m>, (8.33)
rge cpeaHas KBanpamqecxa;{ OIJ.IPI6Ka Ol'IpeJ.leJIeHPIﬂ k paBHa
o
a2 8.34
e ’\/ (n—1) [Ax1] ®34)

[TonpaBku v; B H3MepeHHHIe B IpHeMaX 3HAY€HHS «; BRIYHCJSIOT
KaK pa3HOCTH

o=k (x,—x)—(o;—a). (8.35)
BMecto Brlpaxenusi (8.30) MoOxHO BOCMOJIB30BaThCST (HOpMyJIOf
ao = ao + alxo, (8.36)

rie K03Q@uUHEHTH @y M a; ONpeleNsiOT MO MeTOAY HaHMEeHbIIHX
KBaJ[paTOB C HCIOJIb30BaHHEM CBOAKH Pe3yJIbTaTOB H3MepeHHH (CM.
Taba. 14).
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B ToM cayyae, korfa M3MepeHHs asuMyTta (yrjaa) HauyHHAIOTCS
npuMepHo 3a 3 4 Ao 3axofa CoJsiHIA M NPOAOJIKAIOTCS B TCUCHHC
Bcel HOun (fn<to<tx) <6-8 u, ucmpapjieHHOe 3a BJIHSIHHE GOKO-
BOH pedpaKLUHH 3HaUeHHEe ap a3uMyTa (yrja) HaxoZAT no dopmyJe

Qo = Qg+ A1 Xg+ azx% 8.37)
HJIH, UTO BCe pasHo, N

oo =0+ k(xg—x) + by (3 —%7), (8.38)
rage

M=

. % > (8.39)

1

[}

OCTaJibHble 0603HaYeHHS yKa3aHbl BhILLE.

Kosdduunents ay, a; U az, a Takxe ky U kg ONpefessiioT Mo Me-
TOAy HaMMEHbLIMX KBaJApaToB H3 06pabOTKH H3MepeHHH, MpHBeleH-
HBEIX B CBOKe (cM. Ta6u. 14).

B ¢opmyse (8.38) Bennunna

8 ==k (xo—%) + by (2 —3) (8.40)

npeAcTaBJisieT co6ol MONpPaBKy B CpelHee H3 NPHEMOB 3HauyeHHe
asuMyTta (yrsia) a 3a BAHsHHe GOKOBO#t pedpakuuu. OTMETHM, 4TO
8=a—a.

Kosdduunentn £ u k; HaxOAAT U3 pelLleHHs] CHCTEMBl HOpMaJb-
HBIX ypaBHeHHi

[Ax?]  [AxAy]\ [k [AxAc]

([AxAyl [A?] )(k1)=( [AyAa])’- ®41)
COCTaBJISIEMBIX HEIMOCPEACTBEHHO MO JaHHBIM CBOJAKH pe3yJbTaTOB
n3Mepenuil. B nanHom cayuae

Ax=x—x Aaj=oy—a; Ag=xi—x.

Cpennne KBafipaTHYeCKHe OLIMOKH ONpelesieHHs R M Ry paBHBI

my=pAQus my,=p+/Qa, (8.42)

rie omn6Ka eAHHHIK Beca

. ,\/ % _ (8.43)

[TonpaBKH v; BEIYHCJASIOT O HopMmyJie

u="k(x—x)+k (F—2) + (o, —a), (8.44)
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Pfie h — uucAO MpHUeMOB H3MepeHHH; m=2 — UHCJO OfipefesiCMbIX
KO3G(GHLHEHTOB k£ B ypaBHEHHsX mompaBok (8.44); Qi u Qg —
KBaJpaTHYHble KOSP(QHULHEHTH BECOBOI MATpHILbI

Qu Qm)
= ’ 8.45
Q ( Q21 Q22 ( )
T. €. obpaTHo# MaTpuuel N~! k03¢ ¢HIHEHTOB HOpMAJbHEIX ypaB-
HeHu# (8.41).

Cpennss KBajpaTHyecKasi OLIHGKa My NOMPABKH 8, BhIUHCJIsie-
Mo# 1o ¢opmyJe (8.40), paBHa

my = p+/FQF , (8.46)

rie p— omnOKa eauHHubl Beca (8.43); fr=[(x¢—x) (x0*—x2)]—
TPAHCNOHHPOBAHHHIH BEKTOp KO3((HIHEHTOB BeCcOBOH (DYHKIIMH;
Q — MaTpuua BecoBHX K03(¢unuenton (8.45). ,

[Ipumep 06paGoTKH pe3y/bTaTOB M3MEPEHHH a3HMYTa C HCNOJb-
3oBaHueM GopmyJsl (8.37) nau B [23, 24].

§ 64. PACYET HEOBXOJHUMOH TOYHOCTH ONPENEJIEHUSA
K039 HULUHEHTOB ANMNPOKCHMHPYIOILEA &YHKIUU U BPEMEHH
HACTYNJIEHHSA U30TEPMHUH BO3AYXA

[Ipu pacuere Heo6xoAHMOH TOUHOCTH GyAeM HCXOAHTH U3 GOPMYJIH
(8.31), morpe6GoBas, uto6u mg < 0,2”.
[Tepefinss x cpefHUM KBaApaTHYECKHM OIIHGKAM, MOJYYHM

2 2 2 -\2 2
mg = k'mj, + (xo—x)° mp. (8.47)
B COOTBETCTBHH C l'IpHHI.[PIl'IOM paBHle BJAHSHHH HamnuuieMm
kg, = (xg—x) my, < myl+/2.

B tpuanryasuum 2 kiacca npu s=7--20 KM NIpH BeYEpHHX Ha-
GJIIOleHHSIX YacoBble H3MEHEeHHsl YIJIOB B cpelHeM paBHH k=0,7"/y,
acHMMeTpHsi BpeMeHH HaObJIIOfeHHH B cpefHeM CcOCTaBJseT Ax=
= (%0—x) =0,4 u. C yyeTom 3THX AaHHHX H InpH ms <0,2” HafineM
cJefylolie JONYCTHMbIE BEJIHYHHE OWIH60K: iy < 0,35”/4 u my, <
<0,2 u.

Ins omnpepeneHuss HaJeXHBIX 3HaueHUH Ko3ddunueHToB ai-
NPOKCHMHpPYIOIleH (YHKIHH M INONPaBOK 3a pedpakuuio HeoO6-
XOAHMMO:

C TOYHOCTBIO [0 OJHOH MHHYTH (PMKCHPOBaTb BpeMs KaXXIOro
OTAeJbHOrO MpHeMa HalJIONeHHH, a TaKXe JaTy;

H3MepeHHsI B KaXXJIOM OTAEJbHOM INpHeMe BLINMOJHATb C MaKCH-
MaJIbHO BBICOKOH TOYHOCTBIO, 0CJIa0Jisif NPH 3TOM BJIHSHHE BCEX HC-
TOYHHKOB OIIHGOK, 0COGeHHO OoIHGOK jgHaMerpoB JuMG6Ga. HeoGxo-
JAMMO NPHMEHATb TEOLOJIHTH], Y KOTOPHIX MOJHbIe OLIHOKH AHAMeT-
poB suMb6a He npeBnmanT 0,5—0,6”, B IPOTHBHOM cJiyuae cjenyer
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neJsath JOMOJHHTCIbHBIC NCPeCTaHOBKH JHMOa MCXKAY NOJynpHe-
mamu Ha 90°

yIJbl U a3UMYyThl H3MepsIThb He MeHee ueM 15—18 npuemamu;

npHeMbl H3MepeHHH HeoOXOAHMMO pacnpelensiTb Gojee HJIH
MCHee paBHOMepHO Ha BCeM OTpe3Ke BpeMeHH (fx<fo<Ix), Ha KO-
TOPOM BELYTCSI BBICOKOTOYHBHIE reojle3nyecKHe H3MepeHHS (B IeJIOM
BCe JIHH paboThl HA NYHKTE);

IO HACTYNJIEHHS] H30TEpMHH BO3JAyXa, T. €. JO MOMEHTa BpPCMeHH
Xo(fo) HOMKHO OHITH BHIMONHeHO He MeHee 30 Y mnpueMmOB H3Mepe-
HHH (B LeJOM 3a BCe JOHH HaOJiofeHuit). dTo HeoO6XOAHUMO AJf
obecrieyeHHs] BBICOKOH TOYHOCTH HHTEPNOJHPOBAHHUS H3MepeHHHX
YyIJIOB H a3HMYTOB Ha 3TOT MOMEHT BpeMEHH B LieJIIX HCKJIOYeHHS
olIHGOK u3-3a 60KOBOH pedpakiuu.

JJs onpelesieHHss MOMEHTOB BpeMeHH X, C OlIHOKaMH He 6oJee
0,2 u HeoGXOAMMO MPHMEHSATb MeTOAbl, OGecneyuBaloOllHe TaKYIO
1K GoJiee BBICOKYIO TOYHOCTb.

§ 65. ONPEJEJIEHHE BPEMEHH MEPEXOJA
BOKOBOH PE®PAKLIHHU YEPE3 HYJIb B CYTOYHOM XOJIE

Ipu6anxeHHbld CNOCO0

Kaxablit reofe3uct, BHIMOJNHAIOILKA yrioBble H3MepeHHsl Ha MyHK-
Tax TPHAHTYJALUMH H TOJHIOHOMETPHH, XOPOLIO 3HaeT, 4YTO H30-
6paxkeHHs BH3UPHBIX Lesel npu 6e306/1ayHOH MOrofe HUCHBITHIBAIOT
Kose6aHusl B NJIaHe M MO BLICOTE, NPHYEM TeM CHJbHee, YeM BHILIe
Hag ropusoHtom Counie. ExxefHeBHO yTpOM M BeuepOM HacTymaioT
HETPOXOJIKHTE/IbHBIE NPOMEXYTKH BpPeMeHH, KOrjia YCJIOBHSI BHIH-
MOCTH H KayecTBO H3006paxKeHHil BHM3HPHBIX ILeJiell CYILEeCTBEHHO
yJAy4lIaloTcsl, @ HX KoJieGaHHS CTAHOBATCS MHHMMaJbHBIMH HJIH CO-
BceM mpekpamatorcs. CepellHa KaXAOro TakKoOro NpOMeXyTKa CO-
OTBETCTBYeT MOMEHTY fp H30TepMHH BO3AyXa Ha BLICOTe BM3HPHOTO
ayya (puc. 79), KOTOpBHIH cJaefyeT -3a(HKCHPOBATb MO YacaM Ha
Kaxayio nary BeuepHHX (%®) M yTpeHHHX (foY) Hab.odeHHIL.

JanHb#i crnoco6 ompeneseHHs BpeMeHH fy, Koria 60KoBasi pe-
(pakuus NpakTHYeCKH paBHA HYJIO, sBJsieTcsl Haubosiee MPOCTHIM
H JIerKo [NOCTYNHBIM [pPH YIJIOBHIX H3MepeHHSIX B TreoJe3HyecKHX
ceTsX.

MoxxHo ucnosab3oBaTh W Jpyroé cnoco6 NpHOJHKEHHOro ompe-

Puc. 79. Cyrounmft xof aMmIMTYAH KojeGauHiA H306parieHHH BH3HPHLIX LeJeil
NpH ACHOH M MasooGiAuHON moroje

7 3akas N 956 193



Lo T D R A R
240 L il b SRR S O
230 —t
220 62 \ e
60 ! ;
200 __A.f/_zﬁ_xxi \_ . IS S R S
190 NI \\ R e e Al Rl e
180 N
’ N
170 / 56‘\ N \\ I
N7/ /4% N\ I\ NS
! 777 520N NN | fe2 [
0 _{k:,j///,///,//,ﬁgk\\\\‘§\\~/’hss’:'
1,20 \Eté%r/ \\‘St/]‘[ls 520‘
? N— / 48
- NN/ 44
110 N~
1,00 A \‘>_
, \%\_
030
N | Y W (W (W ;| X | X
o o e o o e N B I e
1 815222961320273101724 1 815222951219262 916233071421284

Aata

Puc. 80. MuoroJsieTHHe 3HAauYeHHS MOMEHTOB BpeMeHH Xo'=fzax—1fo’ (B u) mepe-

Xo/a pajfHauuoHHOro GajaHca Yepe3 HyJb Ha Pa3HBHIX IIMPOTaX Ha BLICOTE 2 M
Haja MOYBO#H

LeseHHSI MOMEHTOB BpPeMeHH fp AJsi KaKaoH aaThl. B 3tom cayuae
NPHUMEHSIOT GOPMYJIbI

fo & bax— X0, 1) &tsoex + X0, (8.48)

rie fzax, fsocx — BpeMsl 3axona u Bocxofa CoJ/iHIA COOTBETCTBEHHO,
omnpenensiercss 10 ACTpPOHOMHUECKOMY €XerofHHKY; Xo' — MHOroJier-
Hee 3HaueHHe BpeMeHH nepexola GOKOBOH pedpakilu¥ yepe3 HyJb
Ha LIHPOTe MNYHKTa BBIOMpaeTcss H3 cHelHaJbHBIX Ta6JHl (CM.
NpHJ.) HJH ompefesnsiercs no rpaguky (puc. 80).

leone3nyeckuit MeTon omnpefejeHHsi MOMEHTOB BpeMEHH X
MO HeBSI3KAM TPeyroJbHHUKOB

Kaxawpi#t yros, u3aMepeHHBI yTPOM HJH BeuepoM Ha OTpe3Ke Bpe-
MeHH (f;<fo<lx) <3 u, HckaxeH GOkoBoH pedpakuued H, cielo-
BaTeJIbHO, B CKPBITOM BHJAE COAEPXKHUT HHpOpMaLHIO O ec BeJHUHHE
194



B MepHoL HalJioJeHHH, ee H3MEHEHHSX BO BpeMeHH H O MOMEHTe
BpeMeHH #y(xp) mepexona ee yepe3 Hysb. OTCIOAa CJEAYET, UTO €CJH
MMEIOTCS] PSIAK H3MEpeHHBIX HAa NYHKTaX TPUAHTYJSLHH HanpasJe-
HHH M 3aUKCHPOBAHO C TOYHOCTbIO AO OLHOH MHHYTHl BpEMsl Ha-
6JII0feHH B KaXKAOM OTAEJIbHOM NpHEMeE, TO MOXHO pellHTb obpart-
HYI0 3aflayy W HaHTH CpeNHHH I/ yyacTKa CeTH MOMEHT BPeMEeHH
Xo, KOrjla BJusiHHe GOKOBO#l pedpakuHH NPAKTHYECKH PABHO HYJIIO.

IonycTHM, YTO Ha BCeX MYyHKTax HeGOJBLIOrO yyacTKa CeTH TPH-
auryasiuud u3 10—15 TpeyroJbHHKOB C BBICOKOH TOYHOCTBIO He
MeHee yeM 15—18 KpyropbIMH mpHeMaMH H3MepeHB FOPH3OHTaJlb-
Hble HalpaBJjieHHs, HalpHMep, TOJbKO B BeuepHHe YacH, H MyCThb
npueMbl HabJIofleHHH Gosiee WM MeHee paBHOMEPHO paclpelesieHbl
Ha BCeM OTpe3Ke BpeMeHH HabmiofeHult (f;<to<rty).

Ina kaxporo yrja I.j MeXAy HayaJbHBIM HampaBiaeHHeM I H
KaXAbIM MOCJeLYyIolIMM HampaBJIeHHEM j BBIYHCIAHM IO (opMmyJie
(8.32) ux uacoBble H3MeHeHHUs k. j, a 3aTeM o6pasyeM HX pa3HOCTH
IJIsT CMEXHBIX HampaBieHu#t j M [ u TakuM o6pasoM HaiiieM 3Haye-
HHSL Rj. ;=Fk,.;—k,.; D751 BCeX YIJIOB B KaXKJIOM TpPEYroJbHHKE.

B smoGoM TpeyrosibHHKe H3MepeHHble yrabl A, B u C uCIpaBHM
nonpaBKamu 3a pedpaxiiuio, HCNOAb3Ys GOpPMYJIE

Ap=A+k, (’-‘o—xA)?
By=B + kg (X,—xp); (8.49)
Co=C+ k¢ (xo—x¢),

TAe Xo— CPeIHHH M NOKa HEeH3BECTHHIH AJs NaHHOTO yyacTKa CeTH
MOMEHT H30TE€DMHH BO3LYyXa; Xa, XB, Xc— CpEAHEe B IpHEMax
BpeMs HaGJoneHul Ha nyHktax A, B u C.

CrnoxuB yrael (8.49), BHIUHCJIMM HEBSI3KY TpEYroJibHHKA

0o = 0+ (ka+ kg + ke) Xo—(kaxa + kpxs+ Ecxo), (8.50)
rie ®=A-+ B+ C—(180° 4-¢).

Iast m060ro TpeyrolbHHKA ¢ HOMepPOM i 0603HAauHM

(2R =(katkp+kos Li=o—(Zkjx), (8.51)

rie j— HOMep yr/aa B TPeYroJibHHKE; Xj — BpeMsi M3MEpeHHs HaH-
HOTO yrJa Ha j-OM IyHKTe, BBIYHCJEHHOE OTHOCHTEJIbHO MOMEHTa
saxona CosHua nmo gopmyse (8.28).

C yuerom (8.51) nns HeBsi30K o (8.50) Bcex TpeyroJibHHKOB

¢ HOMepaMHu =1, 2, ..., n 3anuilieM:
(ZR)1 %o+ Ly == @5
(ZF), X0+ Ly = 04 . (8.52)

(Zk)n ’_‘o + L, = oy,
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W3 coBMecTHOro peiteHuss ypaBHeHu#t (8.52) nopn ycJioBHeM
2wo2=min, HaliieM cpeAHHH A/ yyacTKa CeTH MOMEHT BpEMeHH

Xo, KOrZa BJHsIHHE GOKOBOH pedpakiMM NpaKTHYECKH pPaBHO HYJIO
n

Y, (Bk)i L
= ——= (8.53)

3 (z6)?

i=l

&
I

CpenHsisi KBaJApaTHuecKasi OUIHGKAa ONpeJe/NeHHs Xo PaBHa

e — ,\/ L TR (8.54)
o (n—1)= (Sk);

rie wo— HCIpaBJieHHBe 3a pedpakuuio HeBsA3kH (8.50) TpeyroJib-
HHKOB; 1 — YHCJO HeBS30K; (2k);— ompenensiorcss mo ¢opmyJe
(8.51). :

[IpakTHKa mMoKa3uBaeT, YTO NMPH H3MEPEHHH TEOJOJHTAMH THIA
OT-02 ropu3oHTaJbHBIX HampaBJeHHH 15 KpyroBHIMH NpHEMaMH
C JOMNOJIHHTEJ]bHBIMH [epecTaHOBKaMH JuM6a MexAy NoJynpue-
mMaMu Ha 90° cpemHuii AJsl pasHHX y4yacTKoB H3 5—30 TpeyroJbHH-
KOB TPHAHTYJSIUH 2 KJ1acca MOMEHT BpeMeHH Xg ONpelessieTcsl CO
cpelHell KkBaJpaTHyecKo# olIMO6KOH, paBHOH B cpefHeM 0,17 4, T. e.
C BHICOKOH TOYHOCTBIO.

MeTeopo.nomqecxuﬁ METOA onpeaecjcHH MOMEHTOB BPEMEHH X,

YrioBble H3MepeHHs Ha KaXAOM NYHKTe TPHAHTYJsinuH 1—2 Kjac-
COB BHIMOJIHSIOT OOBIYHO 3a 2—4 JAHS; a3UMYT Ha myHkTe Jlamnaca
onpelessiiOT He MeHee ueM 3a 3 AHA, HHorAa 3a 10—15 nueii. B Ta-
KHX CJydYasiX NMPHUXOAHTCS BHIYHCJAATb CPefHHH IJs1 BceX AHeH Ha-
6/iofleHH#l Ha MyHKTe MOMEHT BpeMeHH X, no ¢dopmysam [24]:

Xy = Xo— Em—Ef; (8.55)
rpe ,
' 2n.x
_ 70,7 .
Xo= ——2 n; ’ (8 56)
’ Zn.el .
_ jiom.j
Em=— _Z‘ni ; (8.57)
en=1,30A]1 —(0,6976 —0,00264¢) ~ -+ 0,06447]. (8.58)

B stux dopmyanax: xp,;/ — MHoOroJieTHee A j-H AaTHl Ha IIHPOTE
NyHKTa 3HaYeHHe BeYepHEro MOMEHTa BpeMeHH Xo' =fs.x—1&,’ nepe-
X0la pajvalHOHHOro GasaHca uyepe3 HyJb Ha BHCOTe 2 M Haj
TMOYBOH; BeJHYHHBI Xo' (B 4) HaHBI AJs KaxHOH JaThl GeCCHeXHOro
nepuoaa (cM. mpuJ. u puc. 80);
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&'m,j — NOTpaBKa 3a OTJHYHE MHOTOJIETHHX MeTeOyC/JOBHH Ha
IIHPOTE TMYHKTA Ha j-10 HaTy OT (aKTHUYeCKHX B palHOHe MYyHKTa, 4;

e/ — mompaBka (B 4) 3a 3KBHBAJIEHTHYIO BBICOTY A BH3HDHOTO
Jlyya HajJ MeCTHOCTbIO, BHIpPaXXEHHYIO B COTHSIX METPOB;

n;— YMCJIO NpPHEMOB H3MepeHHH yraa (asumyra) B j-H Beuep,
T. €. 10 ¥ nocJse 3axonAa CoJHua;

@ — WIMpOTa NyHKTa, BblpaXKeHHas B rpaaycax (40°<@<64°).

ITon 3KBHBaJIeHTHOH BHICOTOH MOHHMAIOT CPEIHIOI0 BBHICOTY BH-
3MPHOrO JyYa Haj MOACTHJAIONIel IIOBePXHOCTbIO, BHIYHCJSEMYIO
¢ yuetoM mnpoduJsT MECTHOCTH MeXIY KOHEUHBIMH TOYKaMH Jyua,
a Takxe KpuBH3HHI 3emuu u pedpakiuuu [23]. [Tonpasku &’ ompe-
JensioTes ¢ omnbkamu He Goutee 0,1 u.

Heo6xonumMo o6paTHTb BHHMaHHe Ha OJHO BaxXHoe 06CTOATEJb-
ctBo. B TOM cayuae, koria B TOpHHIX paHoHAax 3KBHBaJIeHTHasi
BBICOTA BH3HpPHOro Jyua GoJbiie 300 M, uTO GHIBaeT CpaBHHTEJIbHO
pelKo NpH AJHHAaX CTOPOH mopsiika 7—20 KM, BHYHC/ATL NONPaBKH
3a pedpakuuio He cjefyer, Tak Kak npu h>300 m GokoBasi pe-
¢dbpakuus cpaBHHTENIbHO MaJja M B CYyTOYHOM XOZe B HyJb He 06-
pamlaercsi, MOCKOJIbKy TpaJHeHTH TeMIepaTypsl Ha 3THX BBICOTAaX
HMeIloT NMOCTOSIHHBIA 3HaK.

ITonpaBkH &p, 3a OTJMYHEe MHOTOJIETHHX CpPEeIHECYTOUHHIX METeO-
pOJIOTHYECKHX YCJIOBHH OT (PakTHUECKHX B paHoOHe reofe3HYecKOro
NyHKTa BHYHC/ISIOT AJAS KaXAO#H j-#i NaTH BeuepHHX HaOMIOAEHHA
no gopmyse

, { 2732+ T)* 1—0,026e 1—A4,
em=~0 X
(273,24 To)t 1—0,026¢, 1—A
1—0,42n(n+1) 1—(a-+¥0,38n0)n _1} (8.59)
1—0,42n5(ng 1) 1—(at+0,38n)n ) )

[Tapamerp 0 M criaxeHHble MO IIMPOTAM M JaTaM MHOTOJIETHHE
CpellHHe CYTOYHble 3HaueHHs TeMIepaTypbl Bo3ayxa Ty, YNpPYyrocTH
BOJASIHOTO Mapa BO3lyXa ey (B MM pT. CT.); o6uie#t 06auyHOCTH Mo
(B monmsx eAHMHHLB) M CpeLHEro aJjbbeno (OTpamaTeanou cnoco6-
HOCTH) MeCTHOCTH Ao B HampaBJIeHHH BH3HDHOro Jyua (B AOJISX
e/IMHHIE) ONpefeNsIOT MO MeTeOopOJIOrHYeCKHM TabJHLaM, TpHBe-
neHHbIM B pa6orax [23]. [TapameTp a BbIUHCASIOT Mo GopMyaam

a=0,412—0,002 (57 —¢) npu 20° < @ < 57°.
a=0,412—0,018 (p—57) npu 57° < p<75°, (8.60)

rAe IIMPOTa MyHKTa ¢ oKpyrJasercs go 0,1°.

DaKTHYeCKHE CPelHHe CYTOYHBIe 3HAUEHHsS 3THX K€ 3JEMEHTOB
T, e, A, n 3anpalmuBaloT AJs KaXAOH j-# AaTH BEYEPHHX ONpejese-
HUA a3uMyTa ¢ O/MXKafMX K MYHKTY METEOCTaHUUH, Paclo/oXKeH-
HBIX BOKPYT Hero Mo BO3MOXHOCTH B AHaMeTpPasibHO MpPOTHBOIO-
JIOXKHBIX HANpPaBJICHUSX B paauyce A0 50 KM B 3aKPEITOH MCCTHOCTH
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u g0 100 kM — B OTKpHITO#l (cTenHOH M moJaynycThiHHOH). IlaHHBHIE
3THX METeOCTAaHIHH OCpeNHSIOT M CpefiHHe pe3yJbTaThl MOACTAB-
Jasiiot B Gopmyay (8.59). IIpH OoTCYTCTBHH MeTeOCTaHLHH M NOCTOB
B palioHe NMyHKTa HeOGXOJHMBIE MeTeOJaHHble ONpeiessioT MyTeM
H3MepeHHl Ha MyHKTe.

dopmysna (8.55) cooTBETCTBYeT ciyuaio, KOria BpeMs Beuep-
HUX HaOJIoJleHHH B NpHeMax BBHIYHCJCHO MO (opmyJe

Xi= z(:mx—l‘t-

Ecnu Bpemsi HaGJIofleHHH NoJyyeHo no Apyro# ¢opmyse

x;=1t;—taax, (8.61)
TO BeIpaXKeHHe (8.55) AOJIXKHO GBITh 3aMHCaHO B BHIE
Xo= —X0+Emten, (8.62)

T. €. KakK 3TO NpHHATO B [24] npu o6paGoTKe pe3y/abTaTOB a3HMy-
TaJbHHIX ONpefeseHHH.

Cpennsis KBafpaTHyeckasi olIM6Ka onpe/ieleHHS MOMEHTOB Bpe-
MeHH Xo, j AJIS KaXKJIOH OT[esNbHOH j-# AaTH paBHa

= 2 2 2
My, ,\/mx, +m +m
0 m h

Oumnbka cpeaHero 3a n JHeil 3HaueHHUS X, COOTBETCTBEHHO B KO-
pCHb KBaJADATHBIA U3 71 pa3 MeHbIe My, ..

Hakomn/ieHHbIH ONBIT CBHAETENBCTBYET O TOM, YTO AJs KaXKAOH
OTHAe/bHON NaThl OMIHOKA 1y, ; B cpelHeM pasHa 0,16 u. Cpennee

3a 2—4 [OHs 3HayeHHe X ollpelesisieTcsl ¢ OIIHOKOH
My 220,12-0,1324.

[TonpaBku ¢, B 3HaueHHS X ; 3a pa3juuyHe MeTeOyCJOBHI
B GosbiinHCTBe cayyaeB (0koso 90 %) Maabl (e'm, ;<0,2 4) U UMH
MPAKTHYECKH MOXKHO IpeHe6Gpeub, TaK KaK MX BJHsSHHE Ha TOYHOCTb
omnpefesieHusi MONMPAaBOK 3a pedpakUHIO NPH STOM He IpeBHINAET
0,1”. MakcuMaJ/bHble MONPaBKU &'m, paBHHe 0,5—0,7 u, cocras-
Js10T MeHee 2 % oT o6uiero ux yucaa. [IpuMepbl BHIYMC/IEHH TaHbI
B [23].

ConocraBjieHHe TOYHOCTH Teome3MYecKoro H METEOPOJOrHY€CKOro
METOA OB ONnpencaeHHss MOMEHTOB BPEMEHH X,

Ins Toro uto6bl y6eAHTbCS B BLICOKOH TOUHOCTH KaXXJOTO M3 3THX
MeTONOB ONpele/eHHs MOMEHTOB BpeMeHH X, Koria 6okoBasi pe-
(paku¥s paBHa HyJI0, NMOCTYNHM cJeAyioliuM o6pasoMm. Bospmem
yYaCTOK TPHAHTYJSIHH H3 7 NYHKTOB. BHIYHC/IHB HEBSI3KH Tpey-
FOJIBHHKOB M YacOBble H3MEHEHHs H3MepeHHBIX YIJIOB, HafiieM Mo
tdopmyse (8.53) cpemHuit s maHHOTO yyacTKa CE€TH MOMEHT Bpe-
MEHH Xg, KOTOpHIH 0003HauuM Xp. (reomesuyeckuit Mmeron). Temepn
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AJISE KaXI0ro MyHKTa 3TOH ceTH olipenenum 1o ¢opmyJe (8.55) mo-
MEHTbl BPEMEHH X, HCIOJb3Yysl YHCTO METEOpOJIOrHYeCKyio HHGpOp-
MauHio, W 3aTeM HalleM cpellHee JJsi CeTH 3HaueHHe, KOTOpOe

0603HaUYHM Xov (MeTeopoJsiorHueckuii Merton). Ilocko/ibKy cpenHHe

3HayeHHUs] Xor U Xom MOJYUYEHBl AJIS OLHHUX M TeX XKe NMYyHKTOB H CO-
OTBETCTBYIOT OLHHUM M TEM e JaTaM YIJOBBIX H3MepeHHH, TO HX
3HaueHHs MNOJKHE COBMajaTh B TPaHHIlaX HAOBEpPHTENbHOTO HHTEp-
Bajla NpH 3aJaHHOH [OBepHTesNbHON BepositHocTH 0,95, MpHHATOH
B reOlie3HH MpH YCTAHOBJEHHH AONyckoB. MHEIMH cioBamH, npH
3aJJaHHOM YpOBHe 3HaYMMOCTH o= l—p H ABYXCTOPDOHHEM KDHTEpHH
pa3HOCTH

|Ax| =|)—Cor —;oul<Ta

He JOJIXKHBI ITIPEBbLILIATh BEJTHYHHBI
2 2
ms t +m= ¢
a (fl) *om & (f2)

*or
o N ,

riae m% _— SMOHDHYECKasi JMCIEPCHSA 3HAUEHHS Xor, BBIYHCIACTCS
(o)
no ¢opmyne (8.54); mf?o — 3MMHpHYecKasl NHCIEpPCHs 3HayeHHs
M

;Co M, BBIUHCJSAETCA MO OTKJOHEHHSAM U=Xp ;—Xom OT CpEAdHero, T. €.

. _,\/__E’_
*om nin—1)

rje n—4HCIO 3HauYeHHH Xo,i; Iy, — KBAHTHJH [-paclpefeseHus
CrblofieHTa, ompezeJssieMble MO TabJaHLaM MO YHCJY CTENeHeHd CBO-
6oan fi=N—I u fy=n—1 npu 3anaHHOM ypDOBHe 3HAUMMOCTH o;
N —unc/0 HeBA30K TPEYrObHHKOB, HA OCHOBE KOTODPHIX MOJYYeHO
3HaYeHHe Xor; N — YHUCJIO 3HAUEHHH X, ;, HA OCHOBE KOTOPBIX BBIUHC-
JIeHO 3HaYeHHE Xg .

ITpuBenem ¢akTHueCcKHe 3HAYEHHSI Xor H Xom (B 4), Ax 0 Tq
(ta6a. 15) naas HeGOJIBLIMX YYaCTKOB TPHAHTYJAUMH 2 Kjaacca (OT
7 10 29 NyHKTOB Ha KaXXIOM) Ha ueThipeXx 0ObeKTax, HaxXOJsLIHXCS
B pa3JMYHBIX (PH3HKO-reorpapHyecKHX H KJIHMaTHYECKHX 30Hax
CCCP, ynaneHHHX ApYyr OT Apyra Ha MHOTHE THICSYH KHJIOMETPOB.

HerpyaHo yGemuTbcs, yTO AaxKe HauGoJibllHe pa3HOCTH Ax=
=0,18 4 B 2—3 pasa MeHbllle JONYCTHMBIX NIPH JOBEPHTENbHOH Be-
positHoctH p=0,95. CpelHue mo BceM ueThHlpeM OOBbeKTaM 3Hauye-
HHSA Xor U Xox TOYHO coBnmasu (1,28 u 1,27). Monyab cpenHeii pas-
HOCTH |Ax|cp=0,10 u. OTH HaHHHe, MOJy4YeHHBlE NPH HCHOJb30Ba-
HHH NPHHLHNHAJbHO Pa3HOH HM3MepHTeJbHOH HHGOpMamHH (YHCTO
reofie3HUeCKON M YHCTO MeTeOpOJIOTHYEeCKOH), HO OTJHYHO COrJa-
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Ta6nuuga 15

Umncao ;or EOM

OGbekT. ITepHoa yr/ioBbiX H3MepeHHIt "ig:- m- e Ax Ta
Xor XoM

Kycranaiickas o6snacte. CTenHbie 13 1,59 141 +-0,18 | 0,38
paitonst 10.06—15.09 0,17 0,06

Komu ACCP. PaBHHHHBIE 3aJsieceH- 7 142 ﬁ —0,01 | 0,45
Zblxg H 3a6oJi0ueHHble paioHel 31.08— 0,16 0,03

Kaparaugunckas o6aacte. Iloamy- | 29 - 095 050 -+0,05 | 0,25
NYCTBIHSA, NMeCKH, Takeiphi 25.08— 0,10 0,05

23.10

Boctounast Cu6ups. [opHoTaexHbil | 26 LI5 133 —0,18 | 0,54
paiton 12.07—01.09 0,24 0,08

Cpennee 9 | L2 | 127 1 4401 | o041
0,17 0,06

cylouirecss MexAay co6off Mo BeJHYHHE, CBHAETENbCTBYIOT O BHICOKOH
TOYHOCTH KaK reoJle3HYecKoro, Tak H MeTeOpOJIOrHYeCKOro MeTOJO0B
onpefesieHHs] BpeMeHH Xo HACTyIJIEHHs H30TePMHH BO3JyXa Ha BHI-
COTe BH3HDHHX Jy4ed.

MeTteoposiornyeckuii MeTol HMeeT oONpefejeHHHE INperMyIle-
CTBa NO CpPaBHEHHIO C TeOfe3HYeCKHM MeTOJOM, TaK Kak I03BO-
JsieT aBTOHOMHO OIpelessiTb BpeMs HAaCTYIJEeHHS H30TEePMHH IO
J1I060MYy OTJeJNbHO B3TOMy HanpaBJleHHIO (a3HMYTY); reojesHuye-
CKUHl MeTOZ [aeT cpefHHe 3HAYCHHS 3THX MOMEHTOB BpPeMeHH MJs
pPa3HBIX YYacCTKOB ceTell TpHaHryJsanuH. IIpakTHka H pacueTH Io-
Ka3bIBalOT, YTO AJIS1 HaJeXHOro onpejeseHHs] 3HAYeHHH Xor AOCTa-
TOYHO HCNOJ/Ib30BaThb HeBsI3KH 10— 15 TpeyroJbHHKOB, €CJH MPHHATHL
MepHl AJs obecneyeHHs BBICOKOH TOYHOCTH H3MEpeHHH TOpH30H-
TaJbHHX HAampaBJIeHHH B KaXIOM OTAeJbHOM mpHeMe (cMm. § 64).

§ 66. HEKOTOPDIE PE3YJIbTATbI ONPEAEJEHUSA U YYETA
BOKOBOH PE®PAKILIUH B TEONE3HYECKHX CETAX

C momenTa otkpbitis B. §I. CtpyBe B 1829 r. siBjieHHst 60KOBOH pe-
¢pakuuy npouwto GoJee 150 Jer. 3a 3TO BpeMsi reofe3HCTHl pas-
HBIX CTPaH BHIOJHHJIH OIPOMHBI 06beM HayuHBIX HCCJeJOBaHHH
M SKCIepHMeHTaJbHBIX paboT Mo pa3paboTKe MeTOAOB H NPHGOPOB
A5l ompelle/leHHss W yueTa OIUHOOK H3-3a G0KOBOH pedpaKLuH NpH
BBICOKOTOUHHIX YIJIOBBHIX H3MepeHHSX M a3HMYTaJbHHX OmNpenec-
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HHAX B reofesnyeckux cerax. OAHAKO N0 CHX NOp He CO3[aH HH
OIMH YrJOMepHBHi pedpakTOMeTp HJs H3MepeHHs YIJIoB GOKOBOH
pedpakuun B reofie3HYeCKHX ceTsiXx ¢ TpebyeMOH TOYHOCTBIO.

B HcropHH reofesHH, cOrJIacHO Ny6JHKaLHsM, M3BECTHO JHIIb
HECKOJIbKO CJy4aeB YCNeLIHOTO HCINpaBJIeHHS H3MePEeHHBIX YIJIOB H
a3UMYTOB B CeTSIX TpPHAHTyJsUHH |, 2 K/aaccoB mnonpaBKaMH 3a
BNHsiHHe 60KoBoH pedpakuuH. [lepBuill TakoH yJauHBIH ONBIT NPH-
HalJIeXXHT H3BeCTHOMY (HHCKOMY yueHoMmy-reoiesucty T. M. Kyk-
KaMsKH, ONyGJHKOBaBlIeMy pe3yJbTaThl CBOHX HCCJeJOBaHHH
B JaHHO#H obaact B 1939 r.

[1pu BHIBOZE (OpMyJ AJis BBIYHCJIEHHS NMONPAaBOK B H3MEPEHHLIE
HanpaBJ/ieHHs1 3a BJHsHHe GokoBoit pedpakuuu T. M. Kykkamsku
MCXOJHJ M3 MNpPeANOCHIIKH, YTO Ha OTHAeJbHBIX yyacTKax As; BH-
3MPHOrO Jlyya HM30TepMHYeCKHe MOBEPXHOCTH NapaJJefbHH cJabo
BhHIpaXKeHHBIM (opMaM paBHHHHOro pesbeda M NpH 3TOM Heo6Xo-
J¥MO YYHTHIBaTb BepTHKaJbHBE IPaJHEHTH TeMIepaTyphl, a TaKxke
yIJAB HakJOHa 3eMHOH NOBEPXHOCTH K TOpH30HTY. s kaXzaoro
TAaKoro yuyacTka As; BH3HpPHOro Jydya mnompaska §; (B yri. c) sa
peq)paxumo BHIYHC/IAJIACH TI0 hopMy.ie

6; =0,20 — As, tg ycoso, (8.63)

aT .
I‘J].ea—H—BepTHKaJIbHI:IH rpalueHT TeMlepaTypbl BO3JAyXa Ha BBHI-

coTe BH3HMPHOIO Jyia BO BpeMsl YIJIOBBIX H3MepEeHHH Ha NYyHKTe;
As;— nnMHa yyacTKa Jyda; tg+y— Hak/JIOH 3eMHOH IOBepXHOCTH
K TODH30HTY B HayaJbHOH TOYKe yyacTKa As; Jydya; 6 — ropusoH-
TaJbHHH yros MeXJAy HanpaBleHHeM BH3HPHOTO Jiyya H JHHHeH
nepeceyeHHsl HaKJOHHOH IOBEpDXHOCTH 3eMJIH C TOPH30HTaJbHOH
[JIOCKOCTBIO B HayaJIbHOH TOUKe yuacTka As; Jyya.

O6uas AJsi BA3HPHOTO Jyya B LI€JIOM TONpaBka O 3a BJIMSIHHE
60KOBOH pedpaklHH IO HANPaBJEHHIO [JHHOH S C HECKOJbKHMH
yqaCTKaMH As; pedpakuuH BHYHCIAAJIACH IO HopMyse

8=2-L38, (8.64)

rie $; — pacCTosiHHe OT BH3HPHOH LeJH 10 yyacTka Jyda As;.

Haxksonbl tgy yyacTKOB 3eMHOH NMOBEPXHOCTH WM Yriibl O ompe-
HeJsJIMCh Mo Tonorpaduyeckol Kapre. Iisi Tex yyacTKoB Jyuya, Ha
KOTOPBIX MO MHCHHIO HCCJefoBaTessi M30TepMHYECKHe MOBEPXHOCTH
6b1M fIBHO He napaJJenbHE (GopMaM paBHHHHOro pesnbeda mect-
HOCTH, NONIPaBKH §; He BEIYHCJIAIHCE.

Cnoco6 KykkaMsiku 6Gbli onpo60OBaH Ha YacTH psja TPHAHTY-
JAUMH 1 KJacca, KOTOPHH OB NMOCTPOEH Ha tore PUHJSHINH B HC-
KJIOYHTEIBHO POBHOH MECTHOCTH, NOKPHITOH JIeCOM BBICOTOH MOPsIKa
10 M. B HemocpeAcTBeHHOH OJIM30CTH C 3THM JIECHHIM paHOHOM
(oxxHee XeNbCHHKH) OBIH paHee BLIMOJHEHBl H3MEPEHHs TeMIle-
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paTypbl BO3AyXa Ha pa3HbIX BBICOTax B pa3Hoe BpeMs CYTOK, HC-
nosb3ysi KoTopble, KykkaMsikH BBIUMCJIHJ Gojiee HJIH MeHee YIOB-
JIETBOpHTE/IbHbEIE 3HAUeHHs] TeMIepaTypHBIX TIpajHeHTOB, CpefHHEe
IS TepHojia HaOJal0leHHH B TPHAHTYJALHH.

HcnpaBienne H3MepeHHBIX yrioB B 61 TpeyrosibHHKe psiia TpH-
aHTyJIsLHH TONpaBKaMU 3a pedpakUHIO NPHBENO K IMOJOXHTEJb-
HBIM pesyJbTaTaM. CyMMa KBaJpaTOB HEBS30K TPEYroJbHHKOB [0
HCIpaBJeHHs yrioB Oblsa 2w?=22,69, a nocje HcrnpaBjieHHs yIJOB
crana Xwe?=13,52. Takum o6pa3oM, Bec H3MepeHHOro yrja Iocje
yuera pedpakuuu ysenHuusacs B 1,7 pasa. Cpennsis KBaapaTHuye-
cKas omwnbKa H3MePeHHOro yrJsa, onpefiesieHHast MO HeBsI3KaM Tpe-
YrOJIbHHKOB JI0 MCMpaBJIeHHs! YIJIOB NornpaBkamH, 6ewia pasHa 0,357,
a nocJe ucnpaBJeHus yraoB— 0,277, T. e. npaKTHYeCKH cOBMaJja
¢ owun6koit yraa 0,25”, mosyuyeHHOH H3 YypaBHHBaHHS YIJIOB Ha
CTaHUHH. DTO CBHAETENbCTBYET O JAOCTATOYHO MOJHOM HCKJIOUEHHH
OIING60K H3-3a pedpakiUHH U3 pe3y/bTAaTOB YrJIOBBIX H3MepeHHH.

Merton KykkaMsikv, HeCMOTpSl Ha IOJIOXKHTeJbHBEE pe3yJbTaThl
HCIBITAHHH, He MOJYYHJ HaJibHeHIlero pacnpocTpaHeHHs, IIaBHHIM
o6pa3oM, H3-3a He3HaHHs TPAaJMEHTOB TeMIlepaTyphl BO3AyXa Ha
NyTH BH3UDHBIX JyyeH B NMepHOJ NMPOH3BOACTBA YIJIOBHIX H3MepeHHil
Ha NYHKTax CeTH.

A. T1. OcTpoBCKHi NPENJIOKHJ BHIYHCIATL MONPABKH 3a pedpak-
IHI0 N0 dopMyJie

6= —0239 2
oH S
rae 0T/0OH — BepTHKa/bHBI I'pafHEHT TeMIepaTypH BO34yXa, Of-
pellessieMBli B HayaJbHOH TOYKe BH3HPHOTO JyYa JJHHOIO S
(B kM) mo yray BepTHKasnbHOR pedpakuuu 0Z=Z.—Zy, A€ Z: H
Zy— TeopeTHYECKOe H H3MepeHHOe 3eHHTHble paccTosiHus. Besu-
ypHa ¥ 1o aHaJoruH ¢ ¢opmynaMu KykkaMsiku xapaKTepH3yeT Ha-
KJIOHBI gy 3€MHON TMOBEPXHOCTH HAa YyYacTKax /AS; BH3HPHOrO Jyuya
H OPHEHTHPOBKY HX IO a3HMYTY, ONpeJe/sieTcss OHA MO JAaHHBIM TO-
norpaduyeckoil KapTH.

BepTHKa/bHBIH pafiueHT TeMIepaTypH BO3AyXa HAXOMJICS AJS
KaXXJO0ro BH3HPHOTO Jiy4ya no opmyiie

T T 9z

: (8.65)

rie T u p—TeMneparypa M JaBjieHHe BO3JyXa B HayaJbHOH HJH
KOHEYHBIX TOYKaX BH3HPHOTO Jyua.

[IpakTHueckne HCHBITAHHS MNAHHOH METOAMKH I10KasaJjiH, YTO
dopmyna (8.66) He maer ngaxe npaBuJbHOrO 3Haka mnpu OT/0H
CO BCeMH BHITEKAaIOIHMH OTCloJa mocjefcTBHAMH. Kpome Toro, muc-
xonHasi ¢opmyna (8.65) mo ompeneseHHIO SBJISETCS HEKOPPEKT-
HOM, TaK KaK COOTBETCTBYeT CJyyalo, KOrja Ha BCeM MYTH BH3Hp-
HOTO Jiyya MJIMHOH B HECKOJbKO KHJOMETPOB BEPTHKaJ/IbHHE rpa-
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AMEHTbl TeMNepaTypbl paBHbl MOCTOSHHON Beanuuue, 1. e. 0T/0H =
=const, YTo B NOpH3EeMHOM CJIoe aTMoc(epbl BO3MOXHO TOJBKO
npu 0T/0H=0; B obuiem cayuyae 0T/dH=const.

O6mum nenoctatkoM ¢opmyn Kykkamsiku B OCTPOBCKOro siB-
JISIeTCSi TO, YTO BeJIHUMHH tgy M I onpenensioTcsl no Tonorpaguye-
CKHM KapTaM H B JeHCTBHTEJbHOCTH OHH XapaKTepH3YIOT HaKJ/OHBI
K TOPH3OHTY He HM30TEPMHYECKHX I[OBEPXHOCTEH, KaK 3TO Heo0Xo-
JMMO, a HaKJOHLI K TOPH30HTY OTHENbHBIX YYacTKOB 3eMHOH IIo-
BepxHocTH. [loatomy dopmyasr (8.63) u(8.65) moryr maTe coBep-
IIEHHO HeBepHble pe3y/abTaThl Aa)Ke NPH OYEeBHIHOM HaJHuuH 60-
KOBO#i pedpaKuHH, KOrja, HanpHMep, BH3HPHBIH JyuY [POXOAHT
BROJb Oepera G60JILIIOrO BOAOEMAa HJIM KDPYNHOH pekH Hajd COBep-
IIEHHO POBHOH MeECTHOCTbIO, 6e3 HaKJoHOB, T. e. npH tgy=0. Tax
KaK TeMmepaTypa BO3AyXa HaJ BOJOEMOM OTJHYaeTcsi OT TeMIle-
paTypbl Hajg cyuie# (IHeM HHXKe, a HOYbIO BHIIIE), TO H30TePMHYe-
CKHe TOBEPXHOCTH OYAYT HAKJIOHEHBl K TOPH30HTY B HanpaBJieHHH
neprneHguKyasipa K OeperoBoH JIMHHH, a BH3HDHBIH Jy4 H30THETCS
B MJOCKOCTH TOPH30HTAa BHIMYKJOCTbIO B CTOPOHY MeHbliIeH IJIOT-
HOoCcTH Bo3ayxa (G6oJiee BbicOKO#H Temnepartyphl). Hannume 6GokoBo#
pebpakuuu B JaHHOM CJydYae sIBJAsSeTCS OYEBHAHBIM, OJHAKO, IO
tonorpacdryeckoii KapTe HaHleM 4TO B JAaHHOM cJyyae HaKJIOHH
3eMHOH NMOBEPXHOCTH paBHBl Hy/aw (tgy=0) u mo3TOMy corjacHo
¢opmynam (8.63) u (8.65) BamsiHHe OGOKOBOH pedpakuUH TaKxkKe
pPaBHO HYJIIO, YTO NPOTHBOPEUHT AeHcTBHTeabHOCTH. CJaenyer obpa-
THTb BHHMaHHe TaKXe H Ha TO, YTO He 3Has YKJOHEHHH OTBeCHBIX
JUHHH Ha KOHEYHBIX TOYKaX BH3HPHOrO Jiyda M BeJHYHHY INPEBHI-
IIeHHS KBa3HTeOHAAa MeXIy HHMH, HeJb3sl CKOJbKO-HHOYIbL yBe-
PEHHO MOJYYHTb MPaBHJbHOE 3HAYEHHE TEOPETHYECKOrO 3EHHTHOrO
paccTosiHHs, a cJelOBaTeNbHO, H NPaBHJIbHOE 3HayeHHe yraa 0Z
BepPTHKaJbHOH pedpakuuH, Bxojsuero B c¢dopmyay (8.66).

MHorouuciennble (GopMyJbl, NpenJoXKeHHble HCCJIeL0BaTessIMH
B pa3HOe BpeMs, NpeJyCMaTPHBAIOUIHE HCIOJb30BaHHE METEOpOJIO-
THYECKHX 3JIEMEHTOB M HX TPaJHEHTOB /51 BHIYHCJIEHHS MONpPaBOK
3a pedpakUHIO, TaKXKe He NPHUBOAAT K KeJaeMOH LieJH, MOCKOJbKY
rpajHeHTHl TeMIePaTyphl BO3AYyXa H HAKJOHBI H30TEPMHYECKHX IIO-
BePXHOCTeH Ha MYTH BH3HPHOTO Jyya B NepHOJ IPOH3BOACTBA YT-
JIOBBIX M3MepeHHil Ha NyHKTe HEH3BeCTHH (He H3MepSIOTCS IO TeX-
HHKO-5KOHOMHUECKHM COOODPaKEeHHsIM).

M3noxeHHblfi Bbllle cnoco6 KOMMIeHCAaUHMH oOWHOGOK H3-3a pe-
¢pakuuu (cM. § 62) B TeueHHe MHOTHX JIeT mpHMeHsieTcss HAa AsiMa-
ATHHCKOM TreoIHHaMHYECKOM IIOJIHTOHE INPH YIJIOBBIX H3MEpEHHSX
B TeOfle3HUeCKOH CeTH ¢ AJHHAMH CTOPOH 7—20 KM M HaeT XOpo-
IIHe pe3yJbTaThl: CPelHsig KBaJpaTHuecKas oulHOKa H3MepeHHOro
yria, BHIYHCJIEHHAS! N0 HeBSI3KaM TPEYroJbHHKOB, KaK NMPaBHJO, He
npesoimaer 0,3”. IIpu cTaHAapTHOH MeTOAHKE YIJIOBBHIX H3MEpEeHHH
B TpHaHryjasuun 1—2 kjaccoB ounb6Ka H3MepEeHHS YIJIOB COCTaB-
asier 0,6—0,8”. DTH pe3yJbTaThl rOBOPSIT caMH 3a cebs.
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Crnoco6 koMmeHcalMH OWIHOOK H3-3a pedpakLUHH JaeT XODPOLIHE
pe3y/abTaThl He TOJbKO NMPH YIJIOBHIX H3MEpPEHHsX, HO H B ciayuae
a3MMYTaJIbHbIX ONpefesieHHH Ha NyHkTax Jlammaca. O6 3TOM CBH-
JleTeJbCTBYeT, B yacTHOCTH, onbiT LIHUHWUTAuK. B uensx kommeii-
calMH OLIMGOK H3-3a pedpakUHH NporpaMMy onpeaeseHHH acTpo-
HOMHYECKOro asMmyTa Ha nykTe Jlamjaca [ensT MOPOBHY Ha [BE
yactu no 12 mpuemoB B Kaxjo#i. OnHy yacTb nporpammbl Hab6JI0-
JleHH# BHIMOJIHAIOT BeyepoM A0 3axona CoJiHLla, a BTOPYIO — yTPOM
nocie Bocxoga Cosnua. B o6oux caysasax npueMmbl HaGJiofeHHH
pacnpefensiioT CHMMETPHUHO BO BpPEMEHH OTHOCHTEJLHO COOTBET-
CTBYIOILlEr0 MOMEHTa H30TepMHH BO3AyXa (B LesioM AJsi BceX JHeH
Hab/oeHHH Ha NyHKTe). MOMEHTH BeuepHell [o® M yTpeHHeH oY
H30TEPMHH HaXOAAT Mo NpHOJHKeHHBIM (opmynam (8.48).

M3 Bcex npuemoB HabuofeHuii (mpu coO6JIOJAEHHH JOMYCKOB)
BHIBOJASAT cpeldHee 3HaueHHe asumyta. [IpH 3TOM cpeigHee H3
npsiMoro H o6paTHOro 3HaueHHH a3UMyTa IPH NMOBTOPHBIX €ro OIpe-
JleJleHUsIX B pas3Hble MepHOAB! rofia OCTaeTcsi NPaKTHUYeCKH HeH3MeH-
HbIM B mnpegenax =+0,15”. B ciayyae HeCHMMETDHYHBIX OTHOCH-
TeJbHO MOMEHTa HM30TeDMHH HaOJIOAEHHH NOJYyYHTb TaKHe CTa-
6u/IbHBlE W TOYHBIE pe3yJbTaTbl H3MEpPeHHH He yaaercs.

OnpeneneHue MonpaBoK 3a pedpaKuMio B TPHAHTYJAUMH 2 Kaacca

Crnoco6bl ompefesnieHust MonpaBok 3a pedpakuuio (cM. § 63) B or-
JIHYHE OT BCEX HU3BECTHHIX He TPeGyIOT H3MepeHHHl rpaJHeHTOB TeM-
nepaTypsl BO3[yXa Ha NyTH BH3HPHOrO Jyya H MOTYT NpHMEHSTbCH
B pa3HooOpasHbiX (H3HKO-reorpauiecKHx paHoHax cTpPaHb. ITO
MOATBEPXKAaeT NPOHU3BOACTBeHHbIH onbiT. [To ¢popmysne (8.31) 6blin
BBIYHCJIEHBl NMONMPaBKH 3a pedpaklyi0 B FOPH3OHTAJIbHBIE YIJIBI Ha
HeGOJMbLIHX O00BbeKTax TPHAHTYJISILHH 2 KJjacca, HaXOLALUXCH
B pa3JHYHHIX paifioHax ctpaHbl (cM. Ta6a. 15). Ha Bcex myHkrax
TOpH3OHTaJbHble HaNpaBJeHHs H3MepeHbl 15 KpYroBbIMH NpHeMaMH
0 CTaHAapTHOH NporpaMMe TeomosauTamu ThHma TT-2/6, OT-02 u
OT-02M. Ha TtperbeM u ueTBepTOM OOBeKTax JHMO TeOmOJIHTA
MepPecTaBys/ICS He TOJbKO MeXAy NpHeMaMH, HO H MeXAy NOoJy-
npuemaMu (Ha 90°). B kaxpaom mnpueMe OblIO 3adHKCHPOBAHO
BpeMsl H3MepeHHH ¢ TOYHOCTbIO 10 MHHYTH. Ilo ¢dopmyse (8.55)
IJIs1 BCeX MyHKTOB GBIJIO BBHIYHCJIEHO BpPeMsi Xo H30T€DMHH BO3[yXa;
no ¢dopmyne (xo—x) — acHMMeTpPHS BpeMeHH H3MepeHHH YIJOB;
no c¢opmyne (8.32) uacoBele H3MeHEHHs YIJOB; 1o ¢opmyJe
(8.31) mompaBku 3a pedpakiuio, H, HaKOHell, MO HeBA3KaM Tpe-
YrOJIbHHKOB CpeJHHEe KBaJpaTHUeCKHe OIIHOKH H3MepeHHBIX YIJIOB,
NMpHYeM [BaXKIbl: IO H NOCJe HCNpaBJeHHS YIJOB NMONPaBKaMH 3a
pedpakuuio (taba. 16).

[IpakTuka mnokasaja, 4TO AacHMMeTpH BPEMEHH H3MepeHHH
yrJoB Ha pasHbXx o6bekTax Kosebsercs or 0 mo 1,9 u u B cpen-
HeM paBHa 0,4 u. [lonpaBku 3a pedpakuuio usMmensorcs or 0 mo
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Ta6anuuwa 16

| O6BeKT B ngnou
IMoka3saTennb no o6GbeK-
| 1 2 3 4 Tam
Bun mectHOCTH cTenu | Tafira, | moJy- | ropHas

6osioTa | mycTHl- | Taiira
He

Uncno TpeyronibHHKOB 14 5 38 31 88
YacoBble H3MeHeHHs YIJIOB [k, 1,61 2,55 2,91 .12 2,91
yra. c/u 0,53 1,05 0,92 0,36 0,69
AcuMMeTpHs BpeMeHH H3Mepellus yr- 0,56 0,54 0.60 .89 189
A0B Ax = xp—X, 4 0,33 0,31 0,23 0,76 0.40
lMonpasku 3a pedppakuuio & = 0,53 0,90 1,58 1,15 1,58
= k (xp—x), yra. c. 0,16 0,28 0,18 0,26 0,28

Cpennsia KBajpaTHyecKass OIUHOKa
yr/ia, BHLIYHCIEHHAas MO HEBA3KaM
TPeyTOJIbHHKOB, YIJI. C:

6es yueTa MONpaBoOK, m 0.48 0,74 0,70 0,82 0,73

C yueToM MOMNpaBOK, My 0,33 0,53 0,56 0,60 0,56

MTpumeuanne B unciaurene gpoGeft naHl HanGoJblIHe MO MOAYJIO, a B 3HaMeHa-
TeJle CpefiHHe 3HAYeHHS NMPHBEJEHHHX BeJHYHH.

1,6” u B cpennem paBun 0,3”. TTocne yuera mompaBok 3a pedpax-
LIMIO cpefHsis KBaJpaTHyecKass oumOKa H3MepeHHoro yraa (mo
HeBsi3KaM 88 Tpeyro/ibHHKOB) yMeHbIIHJach B cpeineM B 1,3 pasa,
a Bec M3MepeHHOro yrjia yBeJHuHJcs B cpeiHem B 1,7 pasa.

Hauublit cnoco6 mo3BoJIsieT BBIIBHTh H YCTPaHHTb, B TNEPBYIO
ouepesnb, Hanbosee 3HAYHTEJbHEIE OLIHOKH, 0OYCJOBJIEHHBE BJIHS-
HHeM O6o0koBo# pedpakuun. DddeKkTHBHOCTL crnoco6a TeM BHIIIE,
YeM TOYHee M3MePEeHHs YIVIOB B KaXKJOM OTAeJbHOM mnpHeme. Io-
3TOMY CJieflyeT H BIpeJlb COBEPIIEHCTBOBATb H NMOBBIIIATH TOYHOCTD
TEONOJIUTOB, a INpOLecC YIJIOBbHIX H3MepPeHHH MAaKCHMAaJbHO aBTO-
MaTH3HPOBATh.

Onpenenexnve nmonpaBoK 3a pedpakuuio B aCTPOHOMHYECKHE
a3MMyTh! HAa nyHKTax Jlanaaca

AsumyThl Ha nyHkTax Jlammaca O CHX NMOP ONpENEJSIOT, [JIaBHBIM
o6pa3oM, HOYbIO, KOTZa BJHSIHHEe GOKOBOH pedpaKUuH [OCTHraeT
HauboJbllleli BeJHYHHH B TeueHHe CYyTOK (cM. puc. 76). Ias Toro
4TOObBl MOXHO OBIJIO ¢ TOYHOCTBbIO mopsiaka 0,2” BHIYHCJHUTH IIO-
npaBKH 3a BJIMSIHHe G60koBoH pedpakuuu no dopmyae (8.40),
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He06X0AHUMO B Mpoliecce HaGJIOAEHHI BHINOJHATh PSI JErko peaJii-
3yeMblx TpeGoBaHuil [23]. ['1aBHBIMM CpefH HHX SIBJASIIOTCH cCJe-
Idyomue: 1) 0o HacTymJeHHs BeuepHell H30TEDMHH BO3AyXa IOJI-
’)KHO ObITb BBINOJHEHO He MeHee 30 Y% mnpuemoB HaGurogeHuit (3a
Bce AHH paboOTH Ha acTPONyHKTe); 2) B KaXIOM OT/JeJbHOM
npueMe H3MepeHHH BJHMSIHHe NPHOOPHBIX OIIHOOK AOJIXKHO OBITh
CBeleHO K MHHHMYMY; INPH MHOJHBIX OWHOKAx [gHaMeTpoB JuMOGa
nopsigka 1” Heo6XOAMMBI NepecTaHOBKH JIHMOa He TOJBKO MEXIy
NpHeMaMH, HO H MeXAy moaynpHemamyu — Ha 90° 3) mpHeMHl H3-
MepeHHH JOJIXKHBl ObITh 0OJiee HJIH MeHee PaBHOMEDHO pachpefe-
JeHbl Ha BceM OTpe3Ke BpeMeHH HalJiiofeHH# a3umyra (B LeJOM
IJ1S1 BCceX AHeH paboThl HAa aCTPOIYHKTE).

HMMeromuiics npoOH3BOACTBEHHBIH ONBIT NOKa3blBaeT, UYTO IpPH
COOJIIOleHHH 3THX TPe6OBaHHH MOXHO MOJYYHTb JOCTATOYHO XO-
pourHe pesysabTaThl. [1o nmpuBeneHHO# Bhille MeTOmHKe (cM. § 63)
6blin o6paboraHbl pe3ysabTaThl HabmiogeHuit 26 B3auMHO obpart-
HBIX asuMyTOB, 6ojiee HJIH MeHee NOJIHO OTBeYalOIIMX NaHHBIX Tpe-
6oBaHHsIM. A3HMYTH onpejeneHbl Ha NMyHKTax Jlanjaca mo cTaH-
JapTHOH nporpaMMe B pasHHX (H3HKO-reorpadHyeckux paHoHax
Ha TeppHTOpHH Mexnay muporamu 40—64° u poaroramu 30—160°.
Ha6awoaenus BoinosHeHs B 1964—1968 rr. acTpoHOMHYeCKHMH Teo-
ponutamMu tHna AY-2/10, Buasng T-4 u gp.; B ompeneseHHH a3H-
MYTOB IIDPHHHMaJIH y4yacTHe 11 OnbITHBIX aCTPOHOMOB.

Pesynbratel HabmiopeHuii 6bl1H o6paboTaHbl cHayasa mo 00-
IENPHHATOR MeTOJHKe: NOJyyeHb 3HAaUEHHS o; M 3Be3JHOe BpeM#
S; OmpefesNeHHHl a3MMyTa B Kax<JIOM IpHeMe. 3aTeM 3Be3JHOe
BpeMsi OblLJIO INepeBHIYHCJIEHO B CpefHee COJIHEYHOe {, KOTOpOe,
B CBOIO ouepenb, ObljO NepeBefleHO AJSA KaXKOOH AaThl BeUYEPOBHIX
Ha6JI0leHHH B YCIOBHYIO CHCTEMY OTCYeTa

Xx=1t—taax

OTHOCHTeNbHO MOMeHTa 3axogza Cousnua. Jis KaXaoro asuMmyra

OBLIM COCTaBJIEHHl CBOAKH pe3yJbTaTOB H3MepeHHil (cM. Tabu. 14)

3HaUeHHH a; U BPeMeHH x; HabJIOJEeHHH a3uMyTa B NpHeMax.
Jisi npssMBIX H 06paTHBIX a3UMYTOB MO opmysie

Xo= —Xo+8&m+E&n

OblJIO OMpefeseH0 BpeMsl HACTYNJIeHHsS H30T€PMHH BO3JyXa Ha BbI-
COoTe BH3HPHOrO Jyua. 3aTeM KaXKAbH asuMyT mo dopmyse (8.37)
Obl peloylHpPOBaH Ha MOMEHT H30TEDMHH, KOTJa BJHsiHHEe GOKOBOMH
pedpakimn paBHO HyJio. IlompaBka 3a pedpakuuio K cpegHeMy
M3 NPHEMOB 3HAYEHHIO a3HMYTa HAaXOJHJach JBaXKAbL: Mo ¢opmyJe
(8.40) u kak pasHocTb 6=ap—a (Taba. 17).

CpenmHsii KBajgpaTHyeckass OWIHGKAa OnpeleseHHs] a3HMYTOB
6blia nosiyueHa mo pacxoxiaeHHsiM d (dp) B3aHMHO OOpaTHBIX a3H-
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Ta6aunuya 17

Jiuana3oH Cpenuee
Tokasatenn HaMeHeH il 3HayeHHe
O61ee UHCAO NPAMBIX H 0OpaTHBIX a3MMYTOB 26 26
JIIMHa CTOPOHBI, KM 7—22 14,7
Yucso aHelt ompejlesieHHsl asHMyTa 3—18 7
IMonpaBka 3a pedpaxiHo B NpsMoit (06paTHbIA) as3u- 0,01—2,32 0,64
MyT, YrJ. C.
[MonpaBka 3a peppakuHI0 K CPEAHEMY 3HAYEHHIO 0,12—0,78 0,44
M3 MPSAMOro W OGPAaTHOrO a3uMyTOB, YIJ. C.
CpenHsisi KBagpaTHyecKas OLIMOKa ONpeJeseHHsT a3u-
MyTa, yri. c:
6e3 yueTa MONpaBoK, M 1,03 1,03
C yueToM MNONpaBoOK, Mg 0,66 0,66

MyTOB [ABaXKIbl: /M — IO HCIpaBJeHHS H Mly— I0C/Ie HCNpaBJIeHHSs
a3UMyTOB MONMpaBKaMH 3a pedpakuHio, T. €. 1o Gopmynam

A2 a2
m=A —g= i M=\ —5—

rJe 1 — YHCJO 3HAYeHHH
d (do) = (a12—a21— 1800) - (7\41—7\:2) Sil’l (Pm.

Kak caegyer M3 NpHBEAEHHBIX HaHHBIX (cM. Taba. 17) mpu
BBHIMIOJIHEHHH CPaBHHUTENbHO MpPOCTHIX TpebGoBaHuit [26], npexbss-
JseMblX K Nporpamme H pe3y/bTaTaM OINpefleIeHHH acTPOHOMHYe-
CKHX a3HMYTOB, yHaeTcsi CyllecTBeHHO (B cpexHeM B 1,6 pasa)
MOBLICHTb TOYHOCTb a3HMYTAJIbHBIX ONpeleseHHH Ha NMyHKrax Jlan-
Jaca, npHyeM Bce 3TO TOJbKO 3a CYeT BBIYHCJEHHS H ydyeTa IO-
npaBok 3a pedpakuuio no dopmyse (8.40) mpH HHYTOXKHO MaJBIX
JIOTIOJIHUTEbHBIX 3aTpaTax TPyLa H CPeACTB Ha 3TO.

§ 67. BBIFOOHEALIEE BPEMSI HABJIIOAEHHHA
NMPH BbICOKOTOYHBIX YIJIOBbIX H3MEPEHHAX
A ASHUMYTAJIbHBIX ONPENEJEHHUSAX

Brimie orMeuasioch, 4TO B TeyeHHe KaXKIBX CYTOK H3MEHSIIOTCS BO
BpeMeHH METeOpOJIOTHYECKHEe 3JIeMeHTHl M HX IpajHeHThl, a TaKxKe
IpO3payHOCTb aTMoc(eprl, YCJOBUS BHAMMOCTH HabJi0JaeMbIX
NYHKTOB, aMIVIHTyAa KoJiebaHHH M KauecTBo H300paKeHHH BH3Hp-
HBIX Lesne# u T. m. Bce 3TH ¢daKTOpsl BJAHAIOT KaK Ha NMPOHU3BOAH-
TEJbHOCTb TPyJda, TaK H HAa TOYHOCTb YTrJOBBIX H3MepeHHH H
a3sMMyTaJIbHBIX onpejeseHHi. BHICOKOTOUHBIE H3MepeHHS B reoje-
3HYECKHX CeTsIX BHIIOJHSAIOT B MepPHOABl TaK Ha3blBAeMOTO «BBITO-
He#lllero» BpeMeHH HaG6JoJeHHHl, Koria KoJieGaHHS H306pakeHHH
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BHU3HPHBIX lleJlell He3HAYUTesNbHbl HJH BOBCE OTCYTCTBYIOT, Npo3pau-
HOCTb aTMocdepbl H YCJOBHS BHAMMOCTH HaHJyuylllHe, a BJHsSHHE
6okoBoit pedpakuuu MaJo. Takue GJuaronpusiTHble AJst Habmo4e-
HHH yCJOBHS HMEIOT MeCTO BeYepoM H YTPOM B Te uachl, KOraa
B cJioe BO3JyXa Ha BBLICOTE BH3HPHOrO Jiyuya HabJ/iogaercsi COCTOsi-
nve, Haubosee 6/H3KOe K H30TepMHH. [IpOXOJIKHTENBHOCTH 3TOTO
6snaronpusaTHOTO AJs HaGJIOfeHH# BpeMeHH 3aBHCHT OT MHOTHX
tdakropoB: TeMnepaTypbl BO3[1yXa, HaJHYHsl HJH OTCYTCTBHS 0O0-
JIAUHOCTH, BBICOTHl BH3HPHOrO Jiyya HajJ NOACTHJaloUledl MoBepx-
HOCcTbIoO M T. 1. Ilpu Ge3BeTpHH B KApKyl0 SICHYIO MOTOAYy JIETOM
3TOT OTPE30K BPeMeHH MaJ, OCOOEHHO B IOXKHBIX CTemHbIX pako-
Hax, rje OH, Kak npaBuJo, He Gosee 0,5 4; B ropHelx pafoHax H
CeBepHBIX IIHPOTAaX NPOAOJKHTEJbHOCTh Nepuona HabmaofeHHH 3a-
MeTHO yBeJHYHBaeTcsi, 0CO6eHHO B XOJIOJHYIO H BeTPeHylo NOrony,
HHOTJa [0 HeCKOJbKHX 4acoB.

BpeMms fyaq HACTYNJIEHHS BBLITOAHEHIIMX YCJOBHH NpPH BEUYEPHHX
HabJ/II0JeHHSIX MOXKHO B NepPBOM NPHUOJMIKEHHH NPEeIBBIYHCIHTH IO
tdopmyne

tuag = £aax — 2xo,

onpefeNuB BeJHUHHBl Xo' Mo rpaduky (cm. puc. 80), a Bpems 3a-
xona CosHna fsax — 1m0 ACTPOHOMHUYECKOMY €XEroAHHKY. 3aKaH-
YyuBaThb HaGJIIONlEHHS pPEeKOMEHAyeTcsl NMPHMEpPHO 3a moJyaca A0 3a-
xona Connua. Kak oTMeuasoch Buillle, Hab/MIONEHHS CJeLyeT BEeCTH
Ha CHNOKOHHBIE M cJerka KoJsebsiomuecs H300paKeHHs BH3HPHBIX
neJsei, KOria HX ciaydyaiiHble Kojie6aHHSl He MpeBbIIIAIOT 2”.

CioenyeT OTMETHTB, YTO YTPEHHHIH NEPHOX <«BHTOAHefillero» Bpe-
MeHH Hal6J,loJeHH# HeCpaBHEHHO KOpoue, YeM BeuepHHH, a HHOrAa
H BOBCe OTCYTCTBYeT. [Ipu yBenHYeHHH O06JIaYHOCTH, YCHJEHHH
BeTPa M NOHHXKEHHH TeMIepaTypsl BO3AyXa 3TOT IEPHOJ 3aMeTHO
yBeJHYHBAETCH 10 CPaBHEHHIO C TaKOBBIM NpH 6e306s1a4HO# THXOH
H XapKoH moroje.

B kpynHbix ropomax HabJioneHHS IeJeco06pa3HO BHINOJHSATD
paHHeii BeCHOH H OCeHblO, KOTJa TeMIepaTypHble KOHTPACTHl
B YepTe ropojia CPaBHHTEJbHO MaJibl, a CJeLOBaTeJbHO, HEBEJIHKO
u Bausinne pedpaxkuuu. B xapkyio jetHioio norony npu (Tep. cyr==
=20°) GokoBasi pedpaklusi B CYTOYHOM XOJAe IEPEXOIHUT uepe3
1lyJieBoe 3HayeHHe YTPOM NPHMEPHO uYepe3 2 Y focje BOCXO0.Aa,
a BeyepoM — IIPHMEPHO 33 CTOJIbKO JKe BpeMeHH JO0 3axoja
CoJiHIa, H3MeHSIT IPH 3TOM BCSAKHH pa3 3HAKH HA MPOTHBONOJOXK-
ible (cM. puc. 75). [asi cyllecTBEHHOro ocJalJieHHsI BJHSIHHH
MeCTHBIX MoJiel pedpakUUH DPeKOMEHAYeTcss B JKapKyl MOromy
JIETOM CHMMETPHYHBIE H3MEePEHHS YIJOB OTHOCHTEJbHO MOMEHTa
H30TePMHH BO31yXa HauMHaTh He paHee dyeM yepe3 | 4 mocie BoC-
xona CosHLa H MpoJOJXKaThb HX He Gosee mosytopa 4yacoB (mpu
Xopollel BHAMMOCTH); BeuepHHe ke HaOJIONEHHS CJenyeT Tipe-
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KpailaTh He nosaHee ueM 3a 1 u go 3axoaa CosHua HeCcMOTps
JlaXke Ha XOPOIIYI BHIHMOCTb HabJs0JaeMbIX Liesel.

Berillle 0TMe4aJsoch, YTO ACTPOHOMHYECKHEe a3HMYTHl HA NMYHKTaX
Jlanjaca onpeaensiioT OGbIYHO HOYBIO, KOTAa BJHAHHE OOKOBOIi
pedbpakuuu MakcuMasabHO. s TOro 4TOObl TNPAaKTHYECKH I0J-
HOCTbIO YCTPaHHUTh BJIHsSIHHE GOKOBOH pedpakilHH, HeOOXOAHMO a3H-
MYTbl 3€MHBIX MpeIMETOB ONpelesTb KaK BedyepoM B TeueHue
Tpex uacoB mepep 3axonoM CoJiHLA, TaK H YTPOM MocJe BOCX0ja
CoJsiHIla, BBIMOJIHSASA HabJoJeHHss B OBOHMX cayyasX CHMMETPHYHO
BO BPEMEHH OTHOCHTEJNbHO COOTBETCTBYIOLIEr0 MOMEHTa H30Tep-
MHH BO3Jyxa, Koraa 6okoBasi pedpakiisi paBHa HJH IOUTH paBHA
HYJIIO.

I'naBa 9

TEOPHS U METOJLbl BBICOKOTOYHBIX YIJ/IOBbIX
U3MEPEHHUMN

'§ 68. TOCTAHOBKA 3AIAYH.
YPABHUBAHHUE CTAHLUHK NNPH MPOU3BOJIbHOM
NMOPAAKE HABJIIOAEHHUHA

M3BecTHBl pasHble MeTOAB YIJIOBBIX H3MepeHHH, OLHaKO [aJsieKo
He BCe H3 HHX NPHMEHSIOTCA NpPH HAOGJIOJEeHHSIX B TOCYyLapCTBEH-
1O reoje3nyeckoil ceTH. B Iensix CylecTBEHHOrO yMeHbLIEHHS
o6beMa BBIYHCJIHTENbHBIX PabOT NPH YpPaBHHBAHHH TeOJe3HYECKOH
CeTH H MOJy4YeHHs KOOPIAHHAT NMYHKTOB C BO3MOXHO OoJsbliefi Tou-
HOCTbIO, pPe3yJibTaThl YIJIOBHIX H3MeDeHHi B rocyLapCcTBEHHOH reo-
Je3U4ecKOi CeTH NOJKHBI ObITb, BO-NIEPBbIX, NPEACTABJEHb B BHIE
OIHOTO pSila PAaBHOTOYHBIX HANpPaBJIEHHH, HMEIOIIHX Ha BCeX NMYHK-
Tax ONHH H TOT XK€ BeC; BO-BTOPHIX, MOJIY4eHHl ¢ BO3MOXKHO GOJib-
mIefi TOYHOCTBIO NMPH HAaHMEHbLIMX 3aTpaTax TpPylda H BpPeMeHH Ha
H3MEePEHHS U BBHIUHCJIEHHS.

Penlenne nepBofi 3aflaun CBfI3aHO ¢ Pa3paboTKOH H NpHMeHe-
HHeM Hau6Gosiee CcOBepLIEHHHIX CNOCO60B (IporpaMm) yrioOBBIX
H3MEepeHHH; pellleHHe BTOPOH 3ajgayH CBOAMTCA K HauGoJjee
NMOJHOMY  ocJja6JeHHI0 B  Ipoimecce HaGMIOLeHHH  BJHSHHUS
BCeX HCTOYHHKOB OLIMGOK H3MepeHHH, O0COGEHHO CHCTeMaTHYeCKHX,
B TOM UHCJe JIHYHBIX, INpPHOOPHBIX, a TaKXe H3-3a BHell-
HeH cpenHl. .

[Ipyn HepaBHOTOYHOCTH pe3yJbTaTOB H3MepeHHH BO3HHKAeT He-
06X0JUMOCTb COBMECTHOTO YDaBHHBAHHSl Pe3yJbTAaTOB YIJIOBBIX H3-
MepeHHH 3a BCe YCJIOBHSI, BO3HHKaIONIHe Ha KaXJIOM OTHeJbHOM
NyHKTe, H BCe reOMeTPHUYeCKHe YCJOBHS, BO3HHKAIOLUIHE B reOfe3H-
4YeCKOH ceTH, NPHYEM C yYeTOM BeCOB HeNOCpPeICTBEHHO H3MepeH-
HBIX BeJHUHH. B 3TOM ciayuae paxe B HeGOJIBIIMX CETSX BO3HH-
KaeT OrPOMHOe YHCJO YpaBHeHHH NMONpPaBOK, KOTOpPbie HEOOXOAHMO
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pewiaTb COBMECTHO; B 3TOM cJyuae 3ajaya ypaBHHBAHHS CTaHO-
BHTCSl CJIOXHOH M HeompaBgaHHO TpynoeMko#. OfHako, eciH pe-
3yJIbTaThl H3MEPEHHH M YPaBHHBAHHS YIJIOB HA CTAHLMH NPEACTaB-
JeHbl B BHJe OJHOTO psijfia HanpaBJeHHH, HMEIOUHX Bce OIHH H
TOT e Bec, 00beM YPaBHUTEJbHBIX BBIYHCIEHHH CYILECTBEHHO
yMeHDbIIaeTcss, a CaMH BHIYHCJEHHS HeCPaBHEHHO YMpoLIaiTcs.
Kpome Toro, yrib, o6pa3oBaHHble KOMOHHalLHeH J060H mapsl Ha-
npaBJieHUH, HMEIOT B 3TOM cJiydae OJMH H TOT XKe BeC, PaBHHH IO-
JIOBHHe Beca yrsia. Takoi#l psi HanpamJieHHH HMeeT TO CyLIeCTBeH-
Hoe nocToHHCTBO, oTMeuas @®. H. KpacoBckuif, uTo MOXKeT mnpH
ypaBHUBaHHH CETH PpAacCMaTPHBATbCA KaK Pl HeNocpeJCTBEHHO
H3MepPEeHHBIX HamnpaBJieHHH, B KOTOPble H ONpelessioT TNOINpPaBKH.
Baaromapsi 3ToMy ypaBHHBaHHe HamnpaBJeHHH Ha CTaHUHAX OTIe-
JIleTCS OT YPAaBHHUBAHHUS CETH B LI€JIOM, B pe3yJbTaTe pellleHHe Io-
clenHell 3aJayH, COXpPaHsAs INOJHYIO CTPOroCTb, Ype3BBHIYAHHO YII-
pomaercs. B utore moayuarTcs Te e caMble pe3yJabTaThl, 4TO
M NPH COBMECTHOM YpPaBHHBAaHHH CETH 32 YCJOBHS CTaHIHH H reo-
MeTpPHUYECKHe YCJOBHS, a 00beM YPaBHHTEJbHBIX BBIYHCJIEHHH CY-
1[eCTBEHHO coKpauiaetcs [14].

ITosToMy TpeGoBaHHe NpeLCTABJEHHS Pe3yJbTaTOB YIJIOBHIX H3-
MepeHH Ha Ka)JOH CTAHUMH B BHJEe OIHOrO psifa HamnpaBJieHHH
C OJHHAKOBbLIMH BecaMH HMeeT NpPHHLHIHAJbHOe 3HaueHHe. Jlas
TOro 4YTOGHI BBISICHHTb YCJOBHS, IPH KOTOPBIX pe3yJbTaT H3Mepe-
HUH M YypaBHUBaHHs CTaHUHUH MOXKeT OHITh NpeACTaBJeH B BHIE
OJHOTO pfila HAampaBJeHUH ¢ OJHHAKOBHIMH BecaMH, HEOGXOZHMO
paccMoTpeTh CHauasna oOUHfA cayyall ypaBHHBAHHSl CTAHIUHH NpH
NPOH3BOJBHOM NMOPsiAKe HaOMIOAeHHH.

YcaoBuMcsl Ha3biBaTh B JAaJjbHeHIIEM COBOKYNHOCTb HamnpaBJe-
HHUH, H3MEPEHHBIX B ONHOMH TpylNe KaxJoe ¢ OnpeleseHHbBIM BeCcOM
pj, Tpynmo#i HampaBJeHHH, a MOCJeZOBATENbHOCTb BCeX r TaKHX
TPYII, OTBEYAIOUIUX ONpejesNeHHbBIM Tpe6oBaHHAM, NPOrpaMMoil Ha-
6stoenuii, onpenensionelf CymHoOCTb cnocoba YrjoBHX H3MepeHHH.
Kaxpmass orhpenbHasi rpynna MOXKeT COCTOSITb M3 pPa3HOro yuciaa
HanpaBJieHHH, H3MeHswWUXcA oT 2 no n. I'pynma u3 AByX Ha-
npaBaeHuit (k=2) mnpexacrasisieT co6o#l OTAENbHO H3MepseMBblil
yron B, o6pa3oBaHHBIH TMapoll HampaBieHu#t j u [, T. e. p=j-I=
=[—j.

ITycth Ha nyHKTe HampaBJjieHHS ¢ HoMmepaMmu 1, 2, ..., n usMe-
peHbl ! B ONHOM HJIH B r pa3HBIX TPyNNax, cOAepKallHX KaxKaas
OIMHAKOBOE HJIH pa3Hoe uHcJo k HanpaBiaeHudt (2<<k;<<n). Ias
qa060# i-fi Tpynnel H3MEpPEHHBIX HANpaBJEHHH MPHMEM CJeAYIolIHe
o6o3HayeHusi: j— HoMepa HampasaeHu#i (j=1, 2, 3, ..., n);
a; — 3HaueHHs HanpasJeHult (a;=a;, Qs ..., Qn); O;— morpeur-

! MamepeHue HanpaBJeHHS COCTOHT B TOYHOM HaBelleHHM TPYGH TeoOJHTa
Ha HaOjofaemMyio HeJgb ¥ (HKCauHWH OTcueTa Mo JHMOY NPH NMPOM3BOJIBHOM HJIH
3aJlaHHOil ero OpHeHTHPOBKeE,
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1IoOCTH HanpasjaeHHH (8;=0;, O, ..., Oa); pj— Beca H3MepeHHHIX
HanpasJeHuH (pj=pi, P2, ..., Pn); Or— CyMMa BeCOB HaNpaBJeHHH
(oi=p1+ps+ ... +pn); Zi—cymma npousBeieHuit (Z;=p,a;+
+P2¢12+ .. +pnan) .

B kaxnaywio i-i0 rpynny MOryT BXOAMTb KaK Bce HalpaBJeHHS,
TaK U UX 4acTb R; (2<<k;<<n). Ecam B i-#i rpynne H3MepeHBl He
BCe 1 HalpaBJIEHHS, a TOJbKO HX yacTh R;<<n, To OyleM IMo.ararb,
YTO OCTasbHble HaNpaBJeHHsS H3MepeHbl B 3TOH TpyNme ¢ BecoM,
paBHbIM HyJ10 (p;=0).

B KauecTBe HeM3BeCTHBIX, ONDPEIENAIOIIHX N0J0XKEHHE KaXIOTo
nocsienylpollero lianpaBieHus j=2, 3, ..., n OTHOCHTEJLHO Iia-
yasbHoro (j=1), npuMeM yrjnt

x=[1.2], %x=1[1.3],. . ., x,1=1[1.n].

YpaBHeHHBle 3HaueHHsl 3THX YrJoB OyieM ompejeJsiTb NOA yc-
JoBHeM Xpd’=min H3 coBMecTHOH 06pPaGOTKH pe3yJbTaTOB H3Me-
PeHHH, MOJYYeHHBIX BO BCeX r TpPyNnax NporpaMMbl HabJioLeHHH.

JlonycTHM, YTO NpPH HAeaJbHO TOYHOH YCTAaHOBKe ajHAaAbl Ha
oTcyeT no JHUMOY, pPaBHHIH HYJIO, KOJJHMAaLUHOHHAs TJOCKOCTb
TpyObl TEeOLOJIHTA COCTaBJsEeT C BEPTHKAaJOM HayaJbHOrO Hamnpas-
JieHHs MaJblit yroal e. Torma npu HAeasbHO TOYHOM OTCUHTHIBAHHH
H HJeaJbHO TOYHOM BH3HDOBAaHHHM Ha HayaJbHHH NYHKT NOJYYHM
ai=¢;. C y4eTOM 3TOro M yKa3aHHbBIMH Bhillle 0603HAYEHHSIMH Ha-
NHIIeM [JJis U3MEePeHHBIX HampaBJjieHHH J1060# i-H rpynnbl cienyro-
lIHe ypaBHEHHS NONpPaBOK:

§=¢—a;—= C BECOM py;
8 =¢8;+x—a, TO XKe po;
8 =¢;,4+x,—as > » P (9.1)
8s=¢ei+x3—a, » > Py

Sp=¢e;+x,13—a, » » pp

rie & — NOrPeilHOCTh HAYaJbHOrO HampaBjeHHsi B rpynmne. Beca
HeM3MepPeHHBbIX HalpaBJieHHH B rpynne NPHHHMAIOT PaBHBIMH HY.IIO.

Ot ypaBHenui#t BuAa (9.1), cocTaBJeHHBIX [Jisi HampaBJeHHiH
Bcex rpynn (i=1, 2, ..., r), nepefiileMm K cHCTeMe peIyLHPOBAaHHHIX
HOpDMaJIbHBIX YPaBHEeHHH, B KOTOPHIX IyTeM mNpeoGpa3oBaHHs KO-
3(ppHLUHEHTOB H CBOGOAHHX YJEHOB HCK/IIOYEHH MOTPEUIHOCTH €;
HayaJbHbIX HampaBjieHH# Bcex rpynn. PexynupoBaHHBIE HOpMAaJib-
Hble yPaBHEHHS 3aNHIleM B MaTPUYHOH dopme

NX=L, 9.2)
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rae

I X, )
X')
X = = ; 9.3
Xn_1 )
(L, )
L—|P |, 9.4)
(Lna )
N =
n ) -
PoPjs PaPs PaPy | PPy
. ¢ . o | . 0 | g |
j*=I
n - - —
[P [Per] [ _[2n
. ¢ | . o | . 0 . 0 |
i*=
— n a
P4Po P4P3 PyPje P4Pp
. O L 0 . 0 L 0
j*=1
n
I RN
g ag ag g ?
j*=1
(9.5)
rfle j*—HoMepa Bcex HanpamjeHu#i 1, 2, ..., n KpoMe TOro Ha-

npaBJieHHsl, K KOTOPOMY OTHOCHTCS KOHKpDETHas CTpPOKa MaTpHIH
(9.5).
CBo6ozHble ujeHbl L; BHIYHCJIAIOT IO GopMyiam

L, =[psae] — [ f: E]; Ls = [psas] — [p_(: E] ;
9.6)
Ly = [psas]— [% 2:]; L,_1=1[p.a,) — [% E] .
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PemnB HopMmasbHbe ypaBHenus (9.2), Haiimem Bekrop X ypas-
HEHHBIX YryoB x=[l.j], OTCUHTHIBAEMBIX OT HaYaJbHOrO (IepBOro)
HanpaBJerus (j=2, 3, ..., n),

X _-QL, 9.7)

rie Q=N-!—o6paTthag MaTpula KO03()PHLUHEHTOB HOPMAJbHBIX
ypaBHeHuil. OGparuniii Bec 1/P;.; ypaBHeHHHXx yraoB x=[l.j] pa-
BeH COOTBETCTBYIOLIMM JHAroHaJbHbBIM 3JieMeHTaM BECOBOH Mart-

pHIlH Q.

§ 69. YCJIOBUA NOJYYEHHUA PABHOTOYHbLIX
HAMPABJIEHWA HA MYHKTE

[Ipn mpou3BOJBLHOM MOpPSIKE YTJOBBHIX H3MEPEHHH Ha CTaHIHH
HHOTZla TPYAHO YCTaHOBHTb CBSI3H MeXAy BecaMH Pj; ypaBHeH-
HBIX YrJIoB [j. I] u Becamu P; (P;) ypaBHeHHBIX HampaBJseHHH | (I) =
=1, 2, ..., n. Bo MHOrux cayyasix sta 3ajgauya BooOlLie He HMeeT
pelleHHs.

Ha npakTuke ypaBHeHHble HalpaBJeHHs Ha CTaHIHH Heo6XO-
JAHMO TOJyYaThb C 3apaHee 3aJlaHHBIMH BecaMH: pasHHMH P;z=P;
au6o omumHakoBumu P;j=P;=const (j, I=1, 2, ..., n).

B ToMm cnyuae, Korna naHHas mapa HanpasJeHuil j M [, o6pa-
3yIOIHX JI060# yroa j.l, ©i3MepeHa COBMECTHO B OJHOH HJIM B He-
CKOJIbKHX TpyNnax nporpamMbl HaG6JIOAEHHH, Bec pj H3MepeHHs
3TOro yrjia BO BCeX TpyNNax BHIYHCJAseTCS MO dopmyJe

p=[LE]G#1=12 ..., n), 9.8)
rae o;= (pi+pe+...+pr)i—cCcyMMa Bcex H3MEPEHHHIX HampaBJe-
HHH (B TOM uHcae j W [) B (- rpynne; 4Hcsao k; HampaBJeHHH
B KaXKJOH TIpynne MOXKeT H3MeHSATbCH B mpepenax: 2<<k<|n, rae
1 — YHCJIO HanpaBJIeHHH Ha MYHKTE.

MoxHO N0Ka3aTb, YTO AJIS1 MOJyYeHHS YPaBHEHHBIX Ha CTaHLHH
HanpaBaeHH#t j (I) ¢ KOHKpPeTHHIMH 3HaueHUssMH BecoB P; (P;) cue-
AYyeT HCIOJb30BaTh TAKYI0 NMPOrpaMMy YIJOBBIX H3MepeHHH, YTOOHI
BBINOJIHAJIOCH PaBEHCTBO

Pi.IIﬂ(i#:l=1Q 2, ..., n), 9.9)
[P]
IpHYEM JJisi BCEX YIJIOB
1.2 1.3 1.4. . .1.n
2.3 2.4, . .2.n
3.4. . .3.n, (9.92)
n—1.n
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UHCJO KOTOPbIX r PaBHO UHMCJY COYETAlHH M3 7 1o 2, T. €. r=
=n (n—1)/2; [P]=P;+Py+.. .+ Pax.

Briiie oTMmeyaJioch, YTO pe3yJabTaThl YTJIOBBIX H3MepeHHi Ha
KaXXJIOM TyHKTe TPHAHTYJALUHH JOJIKHB OBITL MpeACTaBJIeHbl
B BHJE OJHOr0 psifla PaBHOTOYHBLIX HANpaBJIEHHH, HMEIOUIMX OJHH
H TOT Ke 3ajaHHbH Bec P;=const. IlpuusaB B pasenctBe (9.9)
P,=Py=...=P,=const, noayunm

pi = [—p;pl ]:—P-::COHSt (]'5&13T 11 2) e e ey n)' (9'10)

n

PasencrBa (9.10) [gosikHB BHINOJIHATBCA JIJIS BCEX YIJIOB
(9.9a), obpasymoouuxcs NpH MOMapHOM COYETAHHHM BCeX Hampabiie-
Huit Ha nyukte. IIpu cobmogenun ycaosuit (9.10) ypaBHeHHble Ha
CTAHLHHW HaNpaBJeHHUs MOJyyaT OAMH H TOT Ke Bec, PaBHBIH

P =npj ;= const. 9.11)

Ecan mnporpamma HaGaloleHHii TakKoBa, 4YTO B KaxaoH i-#
rpynne HanpasJjenusi 1, 2, ..., n U3MepSIOTCA C OJHHAKOBHIMH Be-
caMHu

(Pr=p.= . . . = pp)i= p;=const, (9-12)

H3MEHSIOIHMHCS TOJBKO NMPH Nepexoje OT ONHOH IpyNnbl Hanpas-
JIeHH# K apyro#i, To paBeHcTBO (9.10) nmpumMeT BUA

p,-,,=[ﬂ] P _const (j£l=1,2 .. .,n. (9.13)
ki Jit n

Ecan kaxnapiit yroa j. [ u3MepsieTcs B CTPOro OJHHAKOBOM YHCJIe
t pasHbix rpynn HanpaBjaeHu#l (f{=const), To ZOJKHO COBJIIOAATHCA
Tpe6oBaHHE

) = 9.14
( k; )i.l const ©-19
H Mo3ToMy BMecTo paBeHctBa (9.13) mosyuum
pri=t(4) —P _const (j£1=1,2 ..., 0. (.15
ki /i1 n

Takum o6pasom, pe3yabTaThl HaOJIOJeHHiI Ha NyHKTe MOTYT
OBITb NpPEACTaBJEHH B BHAE ONHOTO psiJa PaBHOTOYHBIX Halpas-
JIeHH#l TOJIbKO B TOM cJlyuae, €CJiM, BO-NepBBIX, IporpaMMma HabJio-
JeHHH TO03BOJISIET MOJYYHTh M3 H3MepeHHH Bce 06e3 HCKJIOYEHHS
yran (9.9,a) H, BO-BTOPBIX, KaXAhH# H3 3THX YrJoB j.l GyneT H3-
MEpPEeH CO CTPOro OLMHAKOBHM BecOM pj ;=P/n=const, rne P —
3aJJaHHBI BeC ypaBHEHHBIX HaNpPaBJIEHHH, N — YHCJO HaNpaBJeHHH
Ha MYHKTe.
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[Ipu BoimosiHeHun ycjoBHH (9.15) ypaBHeHHble 1ia CTaHLHH
yrasl [f. [] BelunCaAsOT o dopMysaam

(1.9] — 2-1.2+(1.3—1.2)+n. Lt n—2n)
(1.3] = 213+ (2423 +n. ok n—3n) 9.16)
21n+(12—|—2 n)—|— .4+ (l.n—14+n—1.n)

[1.n] =

n
rjile Kaxablii yroJq j.I, ©3MepeHHBIH B CTPOTO OAMHAKOBOM 4YHCJe f
pasHbiXx rpynn HamnpasjieHdH#t (f=1, 2, ...), HaXOAUTC KakK cpef-
Hee, T. €.

t
:;%Zgwb 9.17)

i=l1

rie (j.l):— BenuyuHa Yyrja, NoJyuyeHHass H3 H3MepeHHH B i-#f
rpynne HanpaBieHuii. JIlo6eie apyrue ypaBHeHHble yriwl [f.I] mo-
ryT GbiTh HoJsydeHl Kak pasHocTH [j.[]={l.[]—{[l.j] uau BBIUHC-
JieHsl 1o ¢popMysam Buaa (9.16).

IIpu cobaogenun ycaoBuit (9.15) cpemnas kBazpaTHyeckas
omn6Ka eIHHHLBI Beca, MoJiyuaemMasi MPH YPaBHHBAHHH YIJIOBBHIX
H3MepeHHl Ha CTaHIMH, PaBHA

/ ,:;f[”?.l]
p= . . (9.18)
2 (=D —(r—1

Cpenniolo KBaJpaTHYECKYyl0 OWIHGKY ypaBHEHHOTO HampaBJieHHS
BBIUHCJIAIOT 10 opmyJie

2
M= [4.4] . 9.19)

[}r_“ (ki — 1) — (n — l)]nt
i=l1

Ecnn kaxpas rpynna coOCTOHT H3 OZMHAKOBOrO YHCJia Halpas-
qeHHll (k;=k=const), dopmysab aas p # My npumyt 6oJee Tpo-
CTOH BHJ

o pl”?. ] .
= '\/ 1) (nt—F) ©.20)

My= ,\/ kAl . (9.21)
nt(n—1) (nt —k)
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B dopmynax (9.18—9.21) pasuoctu vj= (j.1)i —{j. [] mexny
M3MEpPeHHBIMH H YPaBHEHHBIMH BeJHYHHAMH BBIUHCJSIOT MJ51 BCeEX
yrjoB (9.9 a), ob6pasylOlHXcs NPH PasjioKEHHH BceX TPymm Ha-
NpaBjieHH Ha BCEBO3MOXHbIE YIJIOBble KOMGHHAIMH; HaATPHMED,
B rpymnme M3 Tpex HamnpaBieHHH 1.2.3 BBIUHCJASAIOT Bce TPH Yyria
1.2; 1.3 u 2.3 ¥ ana KaxJaoro H3 HHUX HaXOAAT Pas3sHOCTH Vs, U3

H Ugs.

OCHOBHbIE MPUHLHNBI BHICOKOTOYHBIX H3MeEPEeHH
TOPH3OHTAJBHBIX HANPABJEHHUH H YI/0B

[ mosnyyeHUss PABHOTOYHBIX HaNpaBJeHHH Ha KaXJAOM MYHKTE
M IOCTHXeHHs HaunboJjiee BBICOKOH TOUHOCTH pe3yJbTaTOB H3Mepe-
HHH TIPHHATO BBICOKOTOUHblE H3MEDEHHS KaXXIOr0 HampaBJIEHHS H
KaXKJIOro yrJa BHINOJHATH 10 CTPOro OAHHAKOBOM, HauboJiee co-
BepIIEHHOH METOJAHKE H B TO BPeMs CYTOK, KOTAa BJIHSIHHE BHEII-
Hell cpeInl Ha pe3yJbTaThl H3MepeHHH MHHHMAaJbHO M OTHOCH-
TEJbHO CTaGHJIBbHO, T. €. B TEPHOABl <«BhirOJHeHIIero» BpeMeHH
HabaoaeHuf.

V3MepeHHs1 HAa NyHKTe CJeLyeT OPraHH30BHBATbH C YYETOM cCJe-
LYIOIIHUX Tpe6GOoBaHHM:

1) Ka)kgoe HampaBJieHHe NOJIKHO H3MepATbCA Ha Pa3HBIX JAHa-
MeTpax Jumb6a, paBHOMEpPHO pachnpefesieHHHX 10 Bced OKPYX-
HOCTH;

2) B KaXIOM TMOJYNpHEMe [OJKHO OBITh ObecrneueHo MOJHOe
enuHoo6pasne BceX H3MEPHTENbHBIX ONepaluii Mo KaxXKIOMYy Ha-
6a101aeMOMY HanpaBJIeHHIO;

3) monxHa OHITH NOCTHTHYTa TNOJIHAS CHMMETPHS B PpacrmoJio-
JKEHHH OJHHMX M TeX e OJIOKOB TEeONOJHTa OTHOCHTENBHO KaXK-
noro HabJogaeMoro HanpaBJeHHS; '

4) wamnpaBJieHHS B KaXKIOM INIpHEMe NOJIXKHBH H3MepPATbCS CHM-
METPHYHO BO BpPEMEHH OTHOCHTEJbHO CpPeAHero [Js TpuHeMa Bpe-
MeHH HabJIloleHHH;

5) Bce HampaBJieHHs M YIJIbI Ha KaXJOM NYHKTE NOJXKHH GHTb
M3MepeHbl CHMMETPHYHO OTHOCHTEJbHO MOMEHTAa HRIOTePMHH BO3-
nyxa (Kak TIpH BeYepHHX, TaK M NPH YTPEHHHX HaOJIONEHHSX).

JIis1 BBICOKOTOYHBIX YTJIOBBIX H3MePeHHH B reole3HyecKHX ce-
TSIX TMOBBILIEHHOH TOYHOCTH HEOGXOAHMO NDPHMEHATb TaKHe Me-
TOJibI, KOTOpPLI€ [I03BOJISIIOT: TOJYYaTh pe3yJbTaTH H3MEpeHHH
C HauBHICIIeH TOYHOCTbIO; MPCACTABJAATL pPe3yJbTaTH H3MepeHHi
11a CTAHIHH B BHJAE ONHOTO Psila PaBHOTOYHBIX HaMpaBJeHHH C Be-
caMH, 10 BO3MOXHOCTH OJHHAKOBHIMH Ha BCEX NMYHKTaX CETH; CBe-
CTH K MHHHMYMY 3aTpaThl TPylJa H BpeMeHH Ha H3MepPeHHS H BhI-
YHCJIEHHS] HAa NYHKTeE.



§ 70. COCOB KPYIrOBbIX MPUEMOB

HauGosiee npocTsiM croco60M YIJIOBBIX H3MepeHHil, 103BOJIsIO-
IIMM TpeACTaBHThb pe3yJbTaThl HaOJIOfEeHHH Ha NYHKTe B BHIE
OIHOro psiia PaBHOTOYHBIX HanpaBjleHHH, sBJfeTCs Cnocob HaMe-
peuusi HanpasjeHuil. CyTb 3TOro crnocob6a COCTOHT B CJEAYIOLIEM.
[Tpy HenmoABHKHOM JiHMOe BpAILAIOT aJHAalLy TeOJOJHTa 110 XO4y
YaCOBOKH CTPEJKH M MOCJEI0BATENbIO 11aBOAAT 3PHTCIbIYI0 TPYOy
ila TepBHIH, BTOPOM, TPeTHl H T. L., H IIaKOHEI, l1a MOoCJCANHHA lia-
OJogaeMell MYHKT; NMPH 3TOM KaXAbIH pa3 MPOH3BOAAT OTCYETDHI
M0 TOPH3OHTAJbHOMY Kpyry. [laHHBIH KOMIJIEKC H3MepPeHHH Co-
CTaBJsieT NepBHId moaynpueM. 3aTeM TpPyOy NepeBOAAT yepe3 3e-
HHT M, Bpallasi ajujaJy IPOTHB YacOBOH CTPEJKH, HaBOAAT TPyOy
Ha Te JKe NYHKTHl, HO B 06paTHOH NMOCJA€A0BATENbHOCTH: Ha MOCHAEN-
HHM TYHKT, Ha NpeANOCHeIHHH M T. JA., H HaKOHell, Ha INepBHI,
T. €. BBIIOJIHAIOT BTOPOH mnoJynpuem. JlBa noJympHeMa cCOCTaB-
JSAIOT OJMH TpPHEM H3MepeHHH, YHCJO KOTOPBIX YCTaHaBJHBAeTCs
B 3aBHCHMOCTH OT TpeGyeMOoro Beca ypaBHEHHBIX HalpaBJeHHH.

Ecian B KOHIE KaXJOro noJymnpueMa TPy6y HOBTOPHO HaBOAAT
Ha HayaJbHOE HampaBJieHHE H CHOBa G6epyT OTcueTHl Mo JHMOY,
T. €. IPOU3BOJAT 3aMblKaHHe TOPH30HTa, TO TaKOH cmocob uaMmepe-
HHSl HanpaBJeHHil HA3BIBalOT cNOCO6OM KPYrOBHX NpHE-
MOB.

Crnoco6 KpyroBHx npueMoB Obul mpeAsnoxeH B 1816 r. BH-
HalOUIMMCS PYCCKHM T[eOfe3HCTOM H acTPOHOMOM aKaJeMHKOM
B. 5. Crpyse. Cnoco6 CtpyBe mOJy4YHJ IIHPOKOE paclpocTpaHe-
HHe moytH Bo Bcex crpaHax. B CCCP oH mnpuMeHsieTcss IpH
MOCTPOEGHHH TeoJie3HYecKHX cerefi 2—4 KJaccoB, a TakXe ce-
tefi Gosee HH3KOH ToyHocTH. B CIIA ero wucnoJab3yioT Haxe
B TpHaHTyJsiiuH | KJaacca, Tak Kak CNoco6 KpYroBeIX IpHe-
MOB 3KOHOMHUYECKH Hau6ojee >3(@eKTHBeH MpH YIJIOBHIX H3Me-
PEHHSIX.

Ilporpamma ¥ nopsfoK HaGJIOAeHHH HA NMYHKTE TPHAHTYJSLHH.
bBpurasa BumoJMHSIET CHayasla KOMIJIEKC NOATOTOBHTENbHHIX pa-
60T, 3aTeM NPOHU3BOJHT OCMOTP reofe3HYeCKOT0 3HAaKa, a NMpH He-
OGXOILMMOCTH BBHINOJIHSAET MEJKHH pEeMOHT; OTKanblBaeT LEHTp
NYHKTa 10 MapKH C MeTKOH, K KOTOPOH OTHOCAT pe3yJbTaThl YrJo-
BHIX H3MEpeHHH; MOJAHHMAeT Ha reoJe3HyeCKHH CHrHAJ TeOJOJHT H
Heo6xoAuMoe 175 paboTH CHapsiXKeHHe; yCTaHaBJIHBAaeT «BepXo-
BYIO» MaJlaTKy HJIH 3aMeHSoUIH# ee Gpe3eHT AJA 3aLUUTH TEOH0-
JUTa OT BO3JEHCTBHS COJIHEYHHIX Jyyefi M Berpa. Habmwonatenn
B pe3yJbTaTe TIATEJbHOIO OCMOTpPa TreOJe3HYecKoro 3Haka JIoJ-
’)KeH y6eIMTbCA B YCTOHYHBOCTH H TNPOYHOCTH CTOJHKA CHrHaJja
IJI YCTAHOBKH TeOHOJMTa M B TOM, YTO BHYTPEHHsI TMHpPaMHIa
CHrHaJsa, Hecyllasi CTOJIHK, HHIJle He CONpPHKAacaeTcsd HH C MOJIOM
NJoWAAKH A5 HabJionatess, HU ¢ JecTHHueH. [Ipu o6HapyKeHHH
HeJOCTaTKOB iabJiofartenb ohsfi3aH HX YCTpaHHTb. B wmentpe crto-
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JHKa HaMeyaloT TOYKY M ycTaHABJIMBAIOT Hal lied TeomosuT. Ecau
B KOMIIJIEKTe TEOMOJIHTA HMeeTcs ILEeHTPHPOBOYHAS T[JIHTA [JIs1
obecrieuenusi GoJsibllieil yCTOHMYMBOCTH, TO CHayaJjia Haj 3TOH TOu-
KOH yCTaHaBJIMBAIOT NJHTY, a 3aTeM TEONOJIHT CKPelJSIT C HeH.

[Ipexne yeM npHCTYnHTh K HabJii0feHHSM, HeOGXOLHMO C TO-
MOLIBIO TEOJOJIMTAa H B COOTBETCTBHH CO CXEMOH reofe3H4yecKoiH
CeTH ONO3HAaTh HAa MECTHOCTH BCe MOoJJexalllue HabJI0JeHHAM reo-
Jle3HYCCKHe TyHKTBl M TpH HaBelJeHHH TPyObl 3alHcaTb OTCYETHl
N0 TOPH3OHTAJbHOMY H BEPTHKAaJbHOMY KpyraM ¢ TOYHOCTBIO [0
1’. 3aTeM cjefyeT cocTaBHTh TabJHIY yCTaHOBOK JuM6a, Kotopas
N0 cyuiecTBy sBJsieTC Nporpammoit paboTH NpH YrJOBHIX H3Me-
PEeHHsIX.

TeonoauT ycTaHaBiIHBAaIOT Ha CTOJIMK CHTHajla He MeHee UeM 3a
40 MHH [0 HayaJia M3MEpEHHH, a 3aTéM TILATEJbHO BHIBEPSIOT €ro.
Ilpn HacTynsieHHH Xopoiefl BHAHMOCTH, CHOKOHHBIX HJIH cJerka
KoJjebaomuxes (B mpexenax =+=2”) usobpakeHuHi HabJiOgaeMbiX
Lesefi NPUCTYNAIOT K H3MEPEHHI0O TOPH30HTAJbHBIX HaNpaBJeHHH.

[Ipu u3MepeHHHM HamNpaBJeHHH KDPYroBHIMH TNpHeMaMH co6Jo-
LaloT CJefyiolllue MpaBuJa;

1. B nepBoM npueMe ajufaiy BpallaloT TOJbKO IO XOAY 4Yaco-
Bofi CTpeJKH, a BO BTOPOM, IOCJie nepeBofa TPyObl uepe3 3eHHT,—
TOJIbKO B 06pPaTHOM HanpaBJIeHHH.

2. B nepBom mnoJynpHeMe nepeKpecTHe CeTKH HHTEH 3pHTeNb-
HOH TPyOH HEMHOrO NEepeBOAAT yepe3 NMpeiMeT, a BO BTOPOM — He-
MHOrO He JOBOAAT HO Hero. DTO HenaloT AJs TOro, YToOHl HaBeje-
HHe 3pHTEJbHOH TPYOH Ha Liesib BCerja OCyILIecTBJAJNOCH NPH Bpa-
IIeHHH HAaBOMSIIEro BHHTA AaJHAAABl TOJBKO IO XOAY 4YacOBOH
CTpesKH (Ha BBHHUHBAaHHE).

3. Ilepex HauaJoOM Ka)KIOro TmnoJynpHeMa BHINOJHSAIOT He-
CKOJIbKO BpallleHHH ajuiajnsl B HalpaBJeHHH ee IBHXKEHHS B JaH-
HOM TOJIyTIpHEMe.

4. Tlpu HabiaoJeHHAX TEOLOJHTAMH C IOBEPHTEJBbHOH TpyOoH
NOPANOK H3MepeHHi#l momosHsiercsi caenyiouium. Kaxknoe nabmione-
HHe COCTOHT M3 Tpex HaBeleHHH OHCCeKTOpa OKYJSIPHOTO MHKpO-
MeTpa rJiaBHOH TPYOBl Ha NpeAMeT H OJHOBPEMEHHBIX C HHMH Tpex
HaBeJleHHH OKYJSPHOTO MHKPOMETPAa MOBEpHUTENbHOH TPYOH Ha
MapKy, YCTaHOBJIEHHYIO Ha PacCTOSIHHH Nopsifka 1 KM, HJIH Ha 3a-
MEHSIOIIHHA ee XOpOWO BHAHUMBIA H OJIH3KO PACIOJIOXKEHHBIH Treo-
Jle3HYEeCKHH 3HaK.

5. Ina Toro uto6bl ObecneyHTb HE3aBHCHMOCTb H3MepeHHH Ha-
npaBJieHHH B Pa3HBIX NMPHEMaxX H OJHOBPEMEHHO OCJIabHuTh BJIHSHHE
oln60K nHaMeTpOB JuUMOa Ha CpefHHH pe3yJbraT, JUMO MexIny
npHeMaMH NepecTaBJsIOT Ha yroJ

& = (180°/m) +i,

rpe m — 4HCJIO MPHEMOB, [ — ueHa nejeHust nuMba.
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Ha nysukrax 2 knacca HampaBieHusi uamepsiior 12—I15-10 kpy-
rOBLIMH TNpHeMaMH, Ha NyHKTax 3 kKiaacca—9, a Ha NyHKTax 4
KJacca — 6.

B usMepeHHble HampaBJeHHs1 BBOAAT IMONPaBKH: 3a He3aMbIKa-
HHUe TOPH3OHTa, 3a peH (mpu r>0,5”), 3a HaKJIOH BepPTHKAaJbHOMH
ocH TeojoJsuTa (MPH YrJaax HaKJOHA BH3HPHBIX Jydell 1° u Gosee).
KoHTpoJIb pe3yabTaTOB YrJOBHX H3MepPeHHH OCYILEeCTBJISIIOT B KaX-
JIOM TIOJIYIpHEME MO PaCXOXIEHHSAM pe3y/bTaToB HaOJIIOJeHHH Ha
HayaJbHOE HalpaBjieHHe B HauaJjle U KOHIle NOJYNpHeMa, a B NpHe-
Max — 1o Kosie6aHHSIM HaNpaBJieHHH B OTAeJbHBIX MPHEMAaX, OTCYH-
TBIBa€MBIX OT HayaJbHOrO HanpaBJieHHs,, NMPHBEIEHHOT0 K HYJIO.
Tak, HanpuMmep, B TPHAHTYJSALMH 2—4 KJIaccoB PacXOXKAEHHS Me-
Iy pesyJbTaTaMH Hab/I0JeHHH Ha HayaJbHOe HampaBJjieHHe B Ha-
yaJie H KOHIle MOJypHeMa He JOJIKHBI NpeBblIaTh 5 u 6”7 cooTBer-
CcTBeHHO AJs TeomosuToB THna TO05 m Tl, a KosebGaHusi HampaBJe-
HHA B OTHAEJbHBIX NpPHEMaX, NMPHBEJEHHBIX K 006lleMy HYJIO, COOT-
BeTCTBEeHHO 4 u 5”.

YpaBHuBaHHe pe3yJbTATOB HM3MepeHHH Ha craHuuH. OueHka
TOYHOCTH. B KaxXaom mnpHeMe BBHIYHMCJAAIOT CHayaJa CpeJHHe H3
JIBYX IOJYNPHEMOB 3HauYeHHs H3MePeHHHIX HaNpaBJeHHH; 3aTeM
pacnpefensioT ¢ OOpaTHBIM 3HAKOM HEBSI3KH 33 «He3aMBbIKaHHe
rOpH30HTa» BO BCe HampaBJieHHs MPONOPLHOHAJBHO HX HOMepaw,
H HakKoHell, Bce HampaBJeHHs NPHBOASAT K HayaJlbHOMY, NPHHSAB
ero paBubiM 0°00700,00”. YpaBHeHHBIe Ha CTAHLUHMM HampaBJIeHHS,
TouHee yrael [l.j], oTcuHThHIBaeMble OT HayaJbHOTO, HAaXOAAT Kak
cpefiHee U3 /M NPHEMOB H3MepeHH

(1Lj] =——21,].
m

YpaBHeHHble yrabl [j. ], o6pasoBanHble J060# ApPyroi mnapoi
HanmpaB/ieHH# j H [, HAXOZAT KaK Pa3HOCTH YPaBHEHHHIX Hampas-
JIeHHH, TOYHee YIJIOB, OTCUHTHIBAEMBIX OT HauaJbHOTO.

V.01 =M.0—[1.]l.

Bec P ypaBHeHHOro HampaBJIeHHS TpH p;=m, ki=n u t=1
B COOTBETCTBHH ¢ opmysoit (9.15) pasen

P=nt-Pi—m,
ky
T. €. NIPH HM3MepellMH HamnpaBJIeHHH KPYroBHIMH IIpHEMaMH Bec
YPaBHEHHOTO HampaBJjeHHss NPHHUMAIOT PaBHBIM UHCJAY MNPHEMOB
H3MepeHHH.
CpenHol KBaJipaTHUYECKYIO OIUMOKY €IMHHIb Beca BHIYHCJASIOT
no ¢popmyJie

_ n3 [vf i] — 2o, ].]2
p= ra—Dm—1) (9.22)
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rae vy j=1.j—[l.j]— yk/ioHeHHs H3MepEHHBHIX B NPHEMax Hampas-
JeHH# OT HMX CPeIHHX 3HaUeHHH H3 m TPHEMOB; 1 — YHCJO Ha-
npaBJIeHHH.

Ha npaktuke BMecto TouHoM dopmysasl (9.22) uawe Hcnodb-
3yioT npubsnxeHHyo ¢opmyay Ilerepca

— 1,25 2ol —k 2oy gl
Amm—1 " n

rie X|v;. j| —cymMa aGCOJIIOTHBIX BEJWYHH YKJIOHEHHH H3MepeH-
HHIX B NIPHEMax HanpaBJeHHH OT MX CPeIHHX 3HaueHHH, BBHIYHCJIEH-
Has MO BCeM HaNpaBJEHHSAM H BCeM INpHeMaM; M — YHCJO TpHe-
MOB; n—4YHCJO HanpamjeHHii. 3HaueHHs k NpH pas3HHX m cJje-
ayroouue:

b

m 6 9 12 15
k 0,23 0,15 0,11 0,08

Cpennsisi KBagpaTHueckas owmu6GKa YpaBHEHHBIX HalpaBJeHHH
(cpennsis BeJMYMHA ee Ha CTAaHIHH) paBHA

MH=

p’ ’
A/m

TIe m —4HCJIO TIpHEMOB H3MepeHHH; CpefHsAs KBajpaTHuecKas

omn6Ka ypaBHEHHOrO yriia coctaBiser My = My4/2.

Cpednsns keadpatuueckas owubra Kanc0020 YpasHeHHO20 Ha-
npasaenus MOXKeT OBITb BBHIYHCJIEHA, €CJH ONPEHEJHTb BCE YIJIbI
j- 1, obpasyiouisecss Npu NMONAaPHOM COYETAHHH BCEX H3MEPEHHHIX N
HanpaBieHu# (uHciIo Takux yraoB r=n(n—1)/2), a 3atem HaiiTH
OTKJIOHeHHSI B mpuemax uj ;=j.l—[j.!] uamepennrnx yrsoB j.! or
HX ypaBHEHHBIX (CpPeIHHX H3 TpPHEMOB) 3HaueHuit [j.[].

ITycts ¢ HoMep HampaBieHHS, AJS KOTOPOro, ClefyeT HaHTH
CPeIHIOI KBaApaTHUecKylo omHn6GKy. Bce yrawel j.! pa3meaum Ha
JB€ TOATPYMNbI: OAHY TMOATPYNNY COCTABAT BCE T€ YIJIB, KOTOPBHIE
o6pasoBaHBl C yY4acTHEM HampaBJieHHs C HOMepoM ¢, U 0003HauuM
HX Yepe3 ¢.l; BO BTOpPYIO MOArPYNny BOHAYT BCe OCTaJbHBIE YIJIHI,
He colepiKallHe HampaBJieHHS ¢ HOMEPOM ¢; X 0603HAaYHM dYepes
ik

[IpuusB Takue o6o3Haueliusi, HafiieM CpeLHIO KBaapaTHye-
CKyio OmHOKYy J10060ro ypaBHEHHOTO HampaBJieHHSI ¢ HOMEpPOM ¢
1o dbopMyJie, BEIBOJ KOTOPO# IPHBOAUTHL He Gynem

MV ACE TR
J m(m—1)(n—1) (n—2

(9.23)

rie m—4YHCJIO TPHEMOB, M — YHCJIO HAaNpaBJeHHH U, 1=4q.l—
—[q. 0; vi.n=1i.k—[i. k).
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MartemaTHueckas 06paGoOTKa YrjoBbIX H3MepeHHil Ha CTaHLHH.
CocraBasitor Ta6auuy pe3yJbTaTOB H3MepeHHH B IpHeMax
(Ta6a. 18); 3aTeM AJS Ka)KAOTO HamnpaBJieHHs, NPHUBEAEHHOTO K Ha-
YaJbHOMY, T. €. JJs YrJaoB l.j BBHIBOJASAT cpelHee, KOTOPOe H IpH-
HHUMalOT 3a ypaBHeHHOe HampaBJjieHHe, TOYHee, YpaBHEHHBIH YroJ
[1.j]. Hanee npuctynaloT K OLieHKe TOYHOCTH. Hasi yrioB 1.j BHI-
YHCJIAIOT B IpHeMax OTKJoHeHHs U, ;j=1.j—[l.j] or cpexnHero,
a JJs BceX APYrux yrioB j.l=1.l—1.j oTKJOHeHHS vUj; no ¢op-
MyJle Uj;=U;.;—U;.j, @ TaKXe JADPyrHe BeJHUHHH, HEOOXOXHMbIe
JJIS1 OLlEHKH TOYHOCTH IO NPHBEJEHHHM BHIIE (opMyJaaMm.

B utore HaxoasiT OIIHOKY eHHHIE Beca

_,\/ n2 [ ;] —2[v ;] __/\/ 478,50 — 146,50 _ | jar
n= nin—1)(m—1) 4.3.11 e

a TakKxe CPeIHIOI IJI NYHKTAa BeJHUHHY cpelHeH KBaJpaTHue-
CKO#t OIIHOKH yPaBHEHHOTO HaNpaBJeHHUs

HakoHel, cocTaBisiioT Ta6JHIly ypaBHEHHBIX HampaBJeHHH H
BHUHCAAIOT N0 (opmyse (9.23) cpemHue KBaapaTHYeCKHe OLIHOKH
M, kaxporo u3 Hux (ra6ua. 19).

ITpaBuabHOCTL BHIYHCJIEHHS OIIH60K M, u omu6ku M, npose-
PSIOT, HCNIOJb3Ys OYEBHIHOE PaBEHCTBO

3> ME=nM:.
g=1

ITpu Buuuciennn M, no dopmyae (9.23) IM,2=0,42, a npu
BBIYHCJIEHHH p U M, ¢ TouHocteio po 0,001” moayunm nM,.2=0,42,
Y4TO H MOATBEpPXKAAaeT NOCTOBEPHOCTb MOJYUYeHHHIX Mg u My.

Ha 15 nyHkrax Tpuanrysnsumu 2 Kjacca ¢ NATbIO HampasJe-
HHSIMH Ha KaXJOM OBLJIH BBIYHCJIEHH mo dopmyne (9.23) cpenHue
KBaJpaTHyecKkne omu6ku M, V3MepeHus HanpaBieHHH Ha Bcex
NYHKTaxX BHIMOJHEHB 15-10 KpyroBeiMH mnpuemamu. CpemHsas AJd
Bcex 15 mnyHKTOB BeJMYHHAa CpefHell KBaJApaTHUeCcKOH OLIHOKH
Mg (cp) AN KaXKAOTO HanpaBJjieHHs] OKa3aJacb paBHOM

Hanpasnenne 1 2 3 4 5
My 0,19 0,26 0,27 0,31 0,28

HauanbHoe HanpaBiieHHe Ha BCeX NYHKTaX paBHO HYJ0. IDTOT
NpUMep MNOATBEPKAAeT, YTO crnoco6 KPYroBHX NPUEMOB [IeHCTBH-
TeJIbHO O6ecrneynBaeT MoJydyeHHe MNPAKTHYECKH DPaBHOTOYHBIX Ha-
npapienud. IlepBoe (HauajsbHOE) HampaBJeHHE INOJydyaeTcs He-
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Ta6auuya 19

Hanpasaenue ¢ B renne =] [¢7 ] Mg
1 0°00'00,00" 78,51 89,03 0,29"
2 63 15 45,32 77,82 89,72 0,29
3 109 47 24,22 91,92 76,02 0,37
4 186 34 49,06 87,23 80,31 0,34
zM§ = 0,42

CKOJILKO TOUHee, B CPeIHeM B+/2 pa3, ueM ocTajbHbie. ITO 06bsic-
HfieTCS TeM, 4YTO NPH 3aMBIKaHHH TOPH30HTAa Ha MNepBOe Hampas-
JieHHe TNPOM3BOAMTCH B JBa pa3a GoJblie HaBeleHHH TPYOHl Teo-
JI0JIATa YeM Ha OCTaJIbHBIE.

Crnoco6 KpYyroBbIX NPHEMOB HMeeT CJeAyloliHe BaXKHbBE HOCTO-
HHCTBA.

1. OdeHr mpocrasi mporpaMma YIrJOBHIX H3MepEHHH, MO3BOJSIO-
asi NOJNYyYHTb yPaBHEHHble HaNpaBJeHHS C OJHHAKOBEIMH BecaMH.

2. CpaBHHTeNbHO G6OJIbIIOE YHCJIO TPHEMOB HEMOCPENCTBEHHBIX
H3MepeHHH KaxJAoro HampaBjeHusi (m=12+15 Ha myHKTax TpH-
aHryJslHH 2 Kjacca); Gnarofaps 3TOMY NOJyYaloT HajfeXHble pe-
3yJbTaThl M3MEPEHHH M ONHOBPeMeHHO OOHapyXHBalT H YCTpa-
HAIIOT JONYLIeHHBle NOrPElIHOCTH NPH H3MEPEHHH TOTO HJH HHOTO
HanpaBJleHHS.

3. CymwectBeHHOe oOcJyabJyeHHe BJIHSIHUS CHCTEMATHYECKHX I10-
rpeiiHocTell nuamMeTpoB JHMOa Ha CpeIHHE M3 NPHEMOB pe3yJib-
TaThl H3MepPEeHHIl.

4. NocTHKeHHe BBICOKHX TEXHHKO-3KOHOMHYECKHX ITOKasaTeJeil
B cjJydyae XOpolied OJHOBPeMEHHOH BHIMMOCTH IO BceM HabJionae-
MBIM HanpaBJIEHUSM.

Crnocoby MpPHCYILIH H HEJOCTATKH.

1. CpaBHHTeNIbHO GOsbIIAst NPOJOJIKHTENBHOCTh OJIHOrO TPH-
eMa Ha6uiofeHH# npuH O6OJbIIOM YHCJIEe HamnpaBJeHHH Ha NYHKTe
(~1 MuH. Ha omHO HanpaB/eHHe). UeM [OJbllle JNJHTCS MHPHEM
HabmaoneHu#, TeM B Oosbliiefi Mepe OmIyHIaeTCs BJHSHHE TMOTpeLl-
HOCTeH, yBeJIHYHBAIOUIUXCA NPOMOPUHOHAJIBHO BPeMeHH (HampuMep,
H3-3a KPYYeHHS CHTHaJla H T. I..).

2. Tpe6oBanne OJHOBPEMEHHOH H XOpOILUEH BHAMMOCTH MO BCEM
Hab/0jaeMblM HampaBJIeHHSIM, YTO He BCerja BHINOJHUMO. Buiu-
MOCTb TI0 OTAEJbHEIM HAaNpPaBJEHHAM MOXET YXYAIIaThcs BO
BpeMsi HaOJIOJeHHH, HAMpHUMep, H3-32 JOXKISA B TOH HJIM HHOH Ya-
CTH TOPH30HTA, NOSIBJIEHHS 06JIaYHOCTH, BCJELCTBHE Yero HabJjona-
eMBI reofe3HyecKHil 3HAK, MPOEKTHDPYIOLIHHCA Ha TeMHBIH (OH
Jeca HJH 3eMJH, CTAaHOBHTCS HEBHAMMBIM H T. n. Hanpasseuus,
M0 KOTOPHIM BHIMMOCTb BO BpeMsi HabJIOJEHHI HeYIOBJETBOPH-

223



TeJbHa, MPONYCKAaIOT, a 3aTeM NO3AHee AOH3MepSAIOT HX C OLHHM
HJIHM JIBYMSl CMEXHBIMH M HauaJbHBIM HanpaBJ/eHHAMH. DTO MPHBO-
JUT K HapylIeHHIO NPOrpaMMbl YrJOBBIX H3MepeHHH H HepaBHOTOY-
HOCTH ypaBHEHHBIX HampaBJeHHH, a TaKXKe K CHHIXKEHHIO NPOH3BO-
OHTEeNbHOCTH TPy/Ja npH HabJMI0OJeHUSX.

3. Ha nyHkrax c 60/bLIMM YHCJOM HalpaBJ/ieHHil HalpaBJ/ieHHS
pa3bMBalOT Ha JABe M Ja)Ke TPH IPYNNbl, HMemllHe obuixe CBA3Y-
IOllHe HanpaBJieHHs, W 3aTeM H3MEpeHHS B KaKAOH rpyIne BHI-
MOJIISAIOT OTAeNbHO. B 3TOM caydyae Hapymaercs paBIOTOYHOCTD
yPaBHeHHBIX HanpaBjelHH, yBeJHUHBaeTcsi o0beM H BpeMs Ha-
6m0eHH# Ha MYHKTe.

4. HavanbHoe HampaBiieHHe HAa NMYHKTe HMeET HECKOJbKO 60Jib-
LIYI0 TOYHOCTb, YeM BCE€ OCTaJIbHHE.

HecMoTpsi Ha oTMeueHHBle HENOCTATKH, CNOCOO KPYrOBHIX NpH-
€MOB KaK HHM OJMH JPYro#l IMHPOKO HCMOJIb3YeTCH NPH YIJOBHIX H3-
MepeHHAX B reOfe3MYeCKHX CeTSAX pPa3HOH TOYHOCTH, TaK KaK IpH
Xopoiue# BHAMMOCTH obecneunBaeT BBICOKHE TEXHHKO-9KOHOMHYeE-
CKHe NMOKa3aTeJsH.

§ 71. CNOCOB U3MEPEHHA YIJIOB BO BCEX KOMBHHALIUAX

Haunwit cnoco6 mpennoxun K. @. TI'ayce, a no3nHee ero ycoBep-
mweHcTBoBas Illpefi6ep. B mpexxHeit reomesnueckofi JUTEpaType OH
n3BecteH Kak crnoco6 Illpefibepa. CyTb 3TOro cmocob6a COCTOHT
B H3MEPEeHHH Ha NYHKTE YIJIOB BO BCex KOMOGHHaUHMsAX, o6pasylo-
HIMXCS TPH BCEBO3MOXKHBIX MOMNApHHBIX COYETAHHSAX BCEX HANpaB-
Jgenuil. IIpn n HanmpaBJeHHSIX H3MEPSIOT CJENYIOLIHE YIJIBI:

1.2 1.3 14 ... 1l.n
2.3 24 ... 2.n
34 ... 3.n (9.24)
n—1.n
Uucsio TaKHX YIJIOB PaBHO YMCJY COYETaHHH H3 n mo 2, T. e.
r=ci=%. (9.25)

Hanpumep, Ha NyHKTe ¢ NATHbIO HamnpaBJieHHAMH H3MmepsiioT 10
yrioB (puc. 81).

Bec ypaBHeHHBIX Ha CTaHIHMH HanpaBJIeHHH B COOTBETCTBHH
¢ ¢opmyaoit (9.11) Beruncasior no dopmyJe

P =mn, (9.26)
rje m-—4HucJ0 NMPHEMOB H3MepeHH# KaXIOoro yrJa, f— 4YHCJO Ha-
npaBJjeHHH Ha MYHKTe;
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Puc. 81. Cxema wu3aMepeHus
YIJIOB BO BceX KOMOHHAIHSX
Ha TyHKTe ¢ NATHIO HaNpas-
JIEHHIMH

BeC YPaBHEHHOTO yrjia paBeH MOJIOBHHE Beca ypaBHEHHOrO Ha-
npaBJieHHs

Py=mn/2. (9.27)

Jlnsg Toro uyto6Bl BCe YypaBHEHHble HaNpaBJieHHS Ha NYHKTax
OIHOrO0 M TOTO Xe KJjlacca UMeJH OJHH H TOT e BeC NPH Pa3sHOM
ux uuciae, Ilpeii6ep nocraBus mepBoe TpebGoBaHHe, YTOOBI NPOH3-
BeJleHHe mn Ha BceX NYHKTaX GHBIJIO PaBHO MOCTOSIHHOH BeJHYHHE,
T. e. P=mn=const.

Crioco6 mpuMeHsieTcsl B TPHAHTYJANHH H MOJHrOHOMETPHH 1 H

2 knaccoB. Bec ypaBHeHHBIX HampaBieHHH P=mn NpHHHUMAIOT
pPaBHBIM:

TPHAHTYJALHA:
lgkmnace .. ............35=+236
2 KJaacc 21 = 25
MOJMTOHOMETPHA:
lgkmace . . . . . v v v o ... 48
2KIACC . v v e e e e e e e e e 36

ITpu HaGnOLeHHSIX C BBICOKHX CHTHAJIOB BeC yYpaBHEHHBIX Ha-
npaBjeHuit yBenuuuBaoT Ha 25—30 %. B TpuaHrynsumu u moJu-
roHomeTpun 3—4 KjiaccoB NaHHBIH crnoco6 He NpHMEHseTCs H3-3a
CyLIeCTBEHHOTO YBeJMYeHHS YHCJIa H3MepsieMBIX YIJIOB Ha NYHKTE.

Has Toro uro6b ob6ecrneyuTh HE3aBHCHMOCTb H3MEDEHHH Yr-
JIOB H OIHOBPEMEHHO OCJaGHUTh BJHSAHHe OIIHOOK AHaMeTPOB
aumba, Illpeitbep ccdopmynupoBas BTOpoe TpebOBaHHE: KaxKaoe
HanpaBJieHHe HeoOXOIMMO H3MepSITh IPH OZHOM H TOM Ke MOJIO-
XeHHH JHM6a TOJIbKO, II0 BO3MOXKHOCTH, OJHH pas.

drto TpeGoBaHHe MOXKeT GHITb BHINOJHEHO NPH HajJjexalleH CH-
cTeMe mepecTaHOBOK JHMG6Ga. IIpu 1060M NPOHU3BOJBHOM IOJIOXKE-
HUH JUMOa MOXHO H3MEpPHUTb Ha HEe3aBHCHMBIX JHaMeTpax jaumba
n/2 yraoB npu n 4etHoM U (n—1)/2 yrioB npu n HeuetHoM. Bcero
Ha NyHKTe u3Mepsiercsi r=n(n—1)/2 yraos. IToatomy uto6hl 0Gec-
MeYuTh HE3aBUCHMOCTh H3MEpPeHHH KaxKAOH TakKoH TpYMNmsl YIJOB,
HeoOXOIUMO MpH Iepexoje OT OAHOH TPYHNBl K JAPYro#l caenaTth
onpejeJeHHOE YHCJIO NepecTaHOBOK JHMGa, paBHOe

8 3akas Ne 955 225



TIPH 1 YeTHOM

A ) B NP (9.28)
2 2

NpH 1N HEUYETHOM

nn—1) . n—1 —n

2 2

ITockosbKY KaXKABIH yroJ JoJiKeH ObITb H3MepeH m NpHeMaMu
C nepecTaHOBKOH JuM6a MexAy nmpueMaMu Ha yroa 6= (180°/m) +
+i, TO nepecTaHOBKH JuMbOa NpH Nepexoje OT H3MepPeHHH OJHOH
TPYNNbl HeNPHUMBIKAIOUINX JPYr K APYry YIrJIOB K JNPYro# HOJIXKHA
[IPOU3BOAUTLCA Ha YrOJ G, paBHBIH

IPH 1 YEeTHOM

o=—3 1y 9.29)

n—1

NpU N HEYETHOM
) .
o=—+}I.
n

IIpu pacuerax yryoB § H ¢ YUMTHIBAIOT LieHY [ HaHMeEHbIIEro
LejieHHs JduMG6a, YTOOB OCHaGUTh BJIHSHHE KOPOTKONEPHOIHYECKHX
OIIH60K AHaMeTpPOB JuMba.

Paccuuraem Tabuuiy ycTaHOBOK Jaum6a, Hanpumep, Ljs n=4,
mn=24, i=10" (tabn. 20). Oas yrioB j.I, OTCUHTBIBaEMBIX HE OT
HayaJbHOrO (j=1) HanpaBieHHs (3aNHCaHHEIX HHXXe TOPH30OH-
TaJbHOH UYepThl), CJAEAyeT mepefiTH OT TabJHYHBIX YCTAaHOBOK
JuM6a K Tak HasblBaeMHM pabouuM. [l 3TOro Hajo K KaXmoi
TabJHYHOH ycTaHOBKe JHMOa mMpHGaBHTh H3MEPEHHBIH C TOYHOCTHIO
no 17 yroa 1.j Mexpy HayaJpHHM (TEPBHIM) HamnpaBJeHHEM H Jie-
BHIM HampaBjeHHeM uaMepsemoro yraa j.I (j=1). IlonyuenHble
pe3yJbTaThl PEKOMEHJAYeTCs OKPYIJIHTh N0 YHCJa, KPaTHOrO LieHe
i genenus jgumba.

Ta6anuma 20

IIpueMHn
Yroan
I 11 II1 v \' VI

1.2 0°00" 30°10’ 60°20’ 90°30’ 120°40’ 150°50’
1.3 10 10 40 20 70 30 100 40 130 50 161 00
1.4 20 20 50 30 80 40 110 50 141 00 170 10
2.3 20 20 50 30 80 40 110 50 141 00 170 10
2.4 1010 40 20 70 30 100 40 130 50 161 00
3.4 000 30 10 60 20 90 30 120 40 150 50
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MeroaHKa H3MePEeHHs OTAeJbHOT0 yraa. Kaxiaelii yroJ npH
NaHHOM YyCTaHOBKe JuUM6a H3MepsAOT [ABYMS IOJYNPHEMAMH.
B nepBoM moJsynpueMe H3MepSIIOT HCKOMBIH yroJ, a BO BTOPOM —
nornoJHende ero go 360°. Anupana B o6oux moJynpueMax Bpalua-
eTcsi B OJHOM M TOM e HanpaBJeHud. [Ipm mepexoze oT npuema
K npueMy TpebyeTcsi H3MEHATh HaNpaBJeHHe BpAIlleHHS aJHIafbl
Ha MPOTHBOIIOJNOXKHOe. Bce momnexamue HaGJIIOAEHUAM YIJbl AO0J-
JKHbl OBITb M3MepeHbl B PasHHIX YCJOBHSIX, T. €. B TeyeHHe Beuepa
(yTpa) pekoMeHAayeTCcs H3MEPHTb Bce YIJbl CHayaja OJHHM IpPH-
€MOM, 3aTeM 3TH Ke yTJH BTODHM NPHEMOM, TPETbHM H T. A.

Ilpu OTCYTCTBHH BHJIHMOCTH Ha KakoH-JH60 HYHKT He peKo-
MeHIyeTcsi H3MepsTh Jpyrue yrie 6ojiee ueM JByMs NpHEMaMH
noApAA.

B mensx xommeHcauuu OIHO0K H3-3a pedpaklUHH H3MepPEHHSA
KaXJIoro yrja Kak NIpH BeYepHHX, TaK M NPH YTPeHHHX HabJioje-
HHUSIX CJIe[yeT BHINOJHATh CHMMETPUYHO OTHOCHTEJIbHO COOTBETCT-
BYIOLIIET0 MOMEHTa H30TepPMHH BO31yXxa, Koria KoJsebaHusl u306pa-
JKeHHH MHHHMAaJIbHBI, YCJOBHS BHIMMOCTH HaHJyulllie, a 6GoKoBas
pedpakuus paBHA HJH NOYTH PaBHA HYJIO.

YpaBHuBanue Ha ctaHuMH. OueHka ToyHocTH. CHayaja BBIYHC-
JSI0T CPERHIO U3 M MPHEMOB BeJIHUHHY KaXJOro yria

jl=——3(.1)
m

npu coOJIIONEHHH YCTAHOBJIEHHBIX JHONYCKOB Ha pPacXOXIeHHS
B npueMax. Mcnosb3ysa cpeiHue u3 MPHEMOB 3HAYEHHS YIJOB, BhHI-
YHCJISIIOT YPaBHEHHble HA CTAHIHH YIJIBL:

2124+ (1.3—23)+...4+(1.n—2.n)
n

[1.2] =

[1.3] = 2-13+(1.2+23)+...4+(1.n—3.n) : (9.30)

n

e s e s e e & & o e o & & & s e e o s e s . .

Uﬂkz2Ln+02+2m+u,A%Ln_l+n_me

n

rie n — YHCJIO HampaBJIeHHH Ha MYHKTe.

M3 popmyn (9.30) BuaHO, uTO J106oil ypaBHeHHHI# yroa [j.[]
HaxXONHTCA KaK CpelHee BeCOBOE: HENOCPEIACTBEHHO H3MEPEHHOMY
yrjy TNPHNHCHIBAIOT Bec, paBHBIH ABYM, a BCEM OCTaJIbHBIM 3Haue-
HUAM €ro, MoJy4daeMbIM H3 KOMOWHAIH{ COOTBETCTBYIOLIHX nap yr-
JIOB, IPHIIHCHIBAIOT BeC, PaBHbIH €IHHHILIE.

YpaBHeHHbIe HanpaBJeHus 1, 2, 3, ..., n mony4amT YHCJIOBbIE
anavenns: 0°00°00, 007, [1.2], [L.3], ..., [l.n] cooTBercTBeHHO.
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CpenHiOl0 KBaJApaTHYECKYIO OIIHOKY eIHHHIB Beca BLIYHC/SAIOT
no opmyJe

—,\/ 2m2o? (9.31)
n=1(n—2) '

rae v=j.l—[j.l] —pasHocTH MexXAy H3MepeHHHIMH (CPeIHHMH H3
MPHEMOB) M YypaBHEHHBIMH 3HAUYeHHSIMH YTJIOB; .MM — YHCJO MpHe-
MOB; 1 — YHCJIO HalpaBJeHHH.

CpenHsina KBajgpaTHueckass olHOKa ypaBHEHHBIX HamnpaBJ€HHH
paBHa

Mo—_ B _ 22g? , (9.32)
'\/mn nin—1) (n—2)

a cpenHss KBaJjpaTHYeckas olHOKa ypaBHEHHHIX YTJIOB

S ,\/ 4202 (9.33)
o/ mnl2 n(n—1)(n—2) °

IlpuBenemM mpuMep o6pabOTKH YIJIOBHIX H3MEPEHHil Ha NYyHKTe
C UYeTHIPbMSl HANPAaBJEHHAMH. BbIYHCJIEHHS BHIIOJHSIOT CJELYIO-
muM o6pasom.

1. 3anuchBaOT pe3yJbTaThl H3MEPEHHI.

My=

Yeon Cpedriee u3 npuemos

61°18'48,57”
117 27 18,04 .
175 49 02,59
56 08 28,36
114 30 13,39
58 21 45,02

s Lo o b

1
1
1
2
2
3

2. Briuuc/IA10T ypaBHeHHHBE yrisl (Tabu. 21).

Ta6auna 21

1.2 | 1.3 1.4 2.3 2.4 3.4
48,57" 18,04 | 2,50" 28,36" | 1339 | 4502"

48,57 18,04 | 2,59 28,36 | 1339 | 4502

49,68 1693 | 1,96 2947 | 14,02 | 44,55

49,20 17,57 | 3,06 28,37 | 13,38 | 4503

Cpenitee 49,00 17,64 | 2,55 28,64 | 1354 | 44,90
= —0,43 +040 | 4004 | —0,28 | —0,15 | +0,12

Tu?= 0,4618

228



Ta6aumyga 22

H
Hanp:xx'lie-mﬂ ga%apBaHB;HeZﬁxee Bec nanpasnienus
1 0°00'00,00” n=+4
2 61 18 49,00 m=9
3 117 27 17,64 P=mn= 36
4 175 49 02,55

3. CocraBasiioT cBOJHYI Tabsully ypaBHEHHBIX HampaBJeHHH
(Taba. 22).

4. HaxonsiT cpeaHOl0 KBaJpaTHYECKYI0 OIIHOKY eIHHHIbl Beca

_ omT 2 _ 18-0,4618 _ | g
K (n—1)(n—2) ’\ 3.2 U

5. BHIYHCJAIOT CpEJHIOI0 KBaApaTHUYECKYIO OIIHOKY ypaBHEHHOro
yria

1) 1,18

C Amz A 0%

Crnoco6 u3MepeHHS] YIJIOB BO BCeX KOMOHHAIHUSAX HMEET CJeny-
IolilHe JOCTOHHCTBA.

1. PesyapTaThl ypaBHHBaHHSl YIJIOBBIX M3MEPEHHH Ha CTaHLHH
TPENCTaBJAAIOTCA B BHIE ONHOrO Pfia PaBHOTOYHBIX HAampaBJICHHH.

2. ¥Yrabl MOXHO H3MepsATb B J1060# MOCIef0BaTeNbHOCTH, BHI-
6upasi maa HabmojneHuit HaunboJsiee OJarONpuUSITHBIE YCJOBHUS BH-
JHMOCTH M obecneyHBasi T€M CaMbIM XOPOLIYI0O OLHOPOJHOCTb H
BBICOKYIO TOUHOCTb Pe3yJbTaTOB H3MepeHHH.

3. Boarogapsi MaJiol IPOJOJIKHTEJNBHOCTH OXHOTO MpHema (2—
4 MuH) H3MepeHHe KaXJOro yrjia BBINOJHSIOT NPH AOCTAaTOYHO
CTaGHJIBHOM COCTOSIHHH TeOJ€3HYeCKOr0 CHrHaja M BHeIlHed
cpenbl, BCJAeACTBHE Yero TOYHOCTb H3MEpPeHHH yrjia B MeHblle#
CTeneHH 3aBHCHT OT KPY4YeHHs CHTHAJa, YeM NpPH HaGJI0OfeHHSX
no cnoco6y KPYyroBBIX MPHEMOB.

4. DBuaaromapsi GOJIBIIOMY YHCIY II€PECTAHOBOK T'OPH30HTaJb-
HOrO Kpyra 3HayHTeJbHO ocJabJseTcs BJHSIHHE OMIHOOK qHAMeT-
poB JuMb6a Ha pe3yJbTaTHl H3MEpPEeHHH.

Crnoco6y npuCYyLIH TaKKe H HeJOCTaTKH.

1. 3HaunTenbHOE YMeHbLIEHHE YHCJIA /M TPHEMOB H3MEpeHHS
YyIJIOB C POCTOM 4YHCJa n HampaBJeHHH Ha NyHKkrax. Hampumep,
npu mn=~24 umeeM

My

n 3 4 5 6 7 8 9

229



[Tpun MajioM yHcje IPHEMOB HENOCPEACTBEHHOrO H3MEpEHHs Yr-
JOB CHHXKAaercsi TOYHOCTb HX CPeIHHX H3 [PHEMOB 3HAYEHHH,
a cJef0BaTeNbHO, H TOYHOCTb YPABHEHHBIX YTJIOB.

2. CymecTBeHHOe yBeJHYeHHe uHcjia N=rmr H3MepsieMHX yr-
JIOB BO BCeX NPHEMaXx C POCTOM YHCJa 1 HampaBJeHHH Ha MyHKTax.
Hanpumep, npu mn~24 u r=n(n—1)/2 nonyunm

n 3 4 5 6 7 8 9
N 24 36 50 60 63 84 108

C yBejMYyeHHEM YHCJa HalpaBJeHHH 06beM paboOTH Ha MyHKTe
yBeJIHYHBAEeTCS, a TOYHOCTb YPaBHEHHBIX YIJIOB, Hao6OpOT, He-
CKOJIbKO TOHHKaercsl, TAK KaK IPH MaJoOM YHCJI€ NPHEMOB H3Me-
peHHil HEeNOCTATOYHO MOJHO ocJabisieTcsi BJHSHHE BCEX BHIOB
CHCTEMAaTHUYEeCKHX OUIMGOK — MPHGOPHBIX, OT BHENIHEH Cpean H
JIHYHBIX.

3. Hasi Toro uyToGBHl YBEJMYHUTH YHCJO IIPHEMOB H3MEpEHHH
KaXJoro yrja Ha HyHKTax ¢ OOJIbLINM YHCJIOM HamnpaBjieHHH (n=
=7-+9), nocnenHue pensT Ha 2—3 rpynnbl, o6pasyioliue YCJIOBHE
FOPH30HTa, M 3aTeM YIJB KaXAOH FPYNNBE H3MepSIOT IO MNOJHOH
nporpaMMe npH 3ajaHHoM Bece P=mn. B sToM ciydyae 3aMeTHO
Bo3pacTaeT o0beM YIJIOBBIX H3MEPEHHH Ha NYHKTE, a ypaBHEHHBIE
HanpaBJIeHUs MOJYYaloT pa3Hbe Beca.

§ 72. BALOU3MEHEHHBIA CNNOCOb U3MEPEHHUA YIJIOB
B KOMBUHALIUAX

Ilpu HaGuioneHUsIX HA NYHKTaxX ¢ GOJIBIIHM YHCJIOM HampaBJeHHi
OLYTHMO MPOSIBJASIOTCA HEZOCTATKH OCHOBHBIX CIMOCOOOB YTJIOBBIX
usmepenuii. I[losToMy B TpHaHTyJsIHMH 2 KjJacca Ha NYHKTax
¢ G6OJbIIMM YHCJAOM HamnpaBjeHHH Iejecoo6pa3HO HCMIOJb30BaTh
apyrue crnoco6bl, HanboJsiee NOAXOASLIHE IJIf MOZOGHBIX CHTYaLHil.
OnHuM M3 TaKHX chnocoGoB sBAsieTCS CHOCO0, IPeJioMKeHHBIH
B 1950 r. A. ®. ToMHIUHBIM, [OJs YIJIOBHX H3MEpeHHiH B CILIOII-
HBIX CeTAX TPHAHTYJASIMHM 2 Kjacca, NOJYUYHBIIHHA MO3[Hee yKa3aH-
HOe BHIIIIe Ha3BaHHe.

B sToM cnoco6e Ha MyHKTe C n HaNpaBJEHHSIMH H3MepSIOT IBe
TPYNNbl YIJIOB:

12 23 34 ... nl
1.3 24 35 ... n2 (9.34)

T. €. YyIJIbl MEXJAY CMEXHBIMH HanpaBJeHHSIMH H YIJbl, SIBJASIOIIH-
ecsi CyMMOH [BYX CMeXHHX YIJIOB; YHCJO BCeX YIVIOB DaBHO 2.

Kaxapiii yros H3MepsiloT Ha pas3HBIX YCTaHOBKax JuMb6a mo
TOH e METOIHMKE, KakK H IPH H3MepeHHH YIJOB BO BCeX KOMOH-
Hauusix. Uucso npHeMOB H3MepeHHsl YIJOB NPHHUMAIOT OJHHAKO-
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BBIM M paBHbIM & HJHM 6 He3aBHCHMO OT 4YHCJa HamnpaBieHHil Ha
MYHKTE.

B manHoM crnioco6e u3MepsOT He Bce yrabl (9.24).

Uucso HENOCTAIOIIHX yrjaoB, paBHoe Ar=n(n—1)/2—2n=
=n(n—>5)/2, yBenuunBaeTcss MO Mepe pPoCTa YHCJa n HanpasJieHHH
Ha TNYHKTE:

n 5 6 7 8 9

Ar 0 3 7 12 18

Ha nynkrax ¢ naTbio HanpaBJ/ieHHSIMH H3MepsIOT Bce 0e3 Hc-
kaoueHus yriawe (9.24), 1. e. kak B cnoco6Ge IllpetiGepa. ITockoabky
npu n>6 uamepsiorcs He Bce yrasl (9.24), To ypaBHeHHHE Ha
CTAHIMM YIJBI H HampaBJeHHs HMEIOT pa3Hele Beca. Beca ypas-
HEHHBIX YIJIOB NpH n=7--9 MOryt pasjuHyaTbCs B NOJTOpa pasa,
YTO SBJSETCH OALHHM H3 HeIOCTaTKOB HAaHHOro crnocoba.

CuoencTBueM H3MepeHHsI He Bcex yryioB (9.24) siBasieTcsi Takxke
M TO, uTO (OpMyJbl [Jsi BBHIYHCJIEHHS INONPAaBOK B H3MepeHHbIE
YrJBl HMEIOT AOBOJIBHO CJOXKHHEH BHI H He YHOGHBI [AJs NPaKTH-
YeCKOr0 HCIOJIb30BAHHS, TaK KAaK IONPAaBKH B YIJB B 3TOM CJY-
yae NpeicTaBjeHb B BuAe (YHKUHH CBOGOZHBIX YJIEHOB GOJIBIIOrO
YHcJa YCJIOBHBIX ypaBHEeHHH, BO3HHKAWOIIHX Ha craHuuu [8].

K mocromHcTBaM maHHOro cmocoba cJiefyeT OTHECTH TO, 4YTO
npu n=7--9 YHCJIO NPHEMOB HEMOCPeJCTBEHHHIX H3MEpPeHHH YIJIOB,
paBHoe 5--6, Gosbllle, YyeM NPH HCHOJB30BaHHH cmocobGa Illpeii-
6epa H [O3TOMY TOYHOCTb HENOCPENCTBEHHO H3MEpPEHHHIX YIJVIOB
IPH NMPOYHX PaBHBHIX YCJOBUSAX BHIIIE, YeM NPH H3MEPEHHH HX IO
cnoco6y Ilpeii6epa. Kpome Toro, cnoco6 TomunuHa tpebyeT MeHb-
mero ob6wema u3aMmepeHuit uem cnoco6 IllpeiiGepa; npumeHsercs
B TPHAHTYJsILMH 2 KJacca Ha NMyHKTax ¢ 6—9 HanpaBJeHHSIMH.

‘§ 73. CNOCOBb HEMOJIHBIX MPHEMOB

IIpn paspabotke cmocoba, mpemsnoxennoro 0. A. AnanxkanioBsiM
B 1954 r., mpenycMaTpHBaJoCh COCTaBJIeHHE TAaKHX INpPOrpaMm yr-
JIOBHIX M3MepEeHHH, KOTOphle GBIIM GBI SKBHBAJIEHTHH INpPOrpaMMam
cnoco6a H3MepeHHsl YIVIOB BO Bcex KOMOHMHaUusiXx (B CMBICJIE TO-
JIyYeHHs] PaBHOTOYHHIX HalpaBJjieHHH C 3aJaHHEIM BecoM), Tpe6o-
BaJM MeHblIero 0oGbeMa H3MEpHTEJNbHBIX ONepalHii Ha NYHKTE H
OHOBPEMEHHO II03BOJISIIH YBEJIHUYHTh YHCJIO NPHEMOB HEMNOCPEACT-
BEHHbIX H3MepeHHH KaXXIOH TpyNNbl HampaBjeHHH MO CpPaBHEHHIO
C TAKOBBIMH [pPH H3MEpPEeHHH YTJOB BO BCeX KOMOHWHALHSX.

Jpyrumu ciaoBaMH, Oblla IOCTaBJeHa 3ajaia B BO3MOXHO
Gosbiiel Mepe H36aBHTbCSI OT HEJOCTAaTKOB, NPHCYIIHX CrocoGy
Crpyee u cnoco6y IllpefiGepa npu Ha6JIOJEHHH INYHKTOB ¢ 60Jb-
MM YHCJIOM HANpaBJeHHH B TPHAHTYJISLHH 2 Kjacca.

IIpn pa3paboTKe KOHKPETHBIX IporpaMMm HaGjiofeHH# OGbLIH
NpPUHSTHl BO BHUMaHHe cjelyioliue coo6paXKeHHs:
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o6beM paboTHl Ha CTAaHUHH TeM MeHbIle, yeM OO0JbIIe YHCJIO
HanpaBJieHHH BKJIOYaeTcsl B KaxAylo Ipynmy;

yeM MeHbllle HamnpaBJeHHH B rpynmne, TeM O6oJjbliie BO3MOXKHO-
CTeil MpOROJKATh H3MepeHHe pAa3HHX TPYNN HamnpaBjieHHH MpH
6/1arONpHSITHEIX YCJOBHSX B CJydyae MeHsOUlelics BHAMMOCTH IO
Pa3HbIM HanpaBJIEHHSM;

npH 4-x u 6GoJiee HalpaBJieHHH B rpynne HeoOXONUMO 3aMBIKaThb
FTOPH30HT INpH HAOJIOLEHHSIX, YTOOBl CBOEBPEMEHHO OOHApYXKHUTb
H YCTPaHHTh HEJONYCTHMhIE MOTPELIHOCTH H3MEepeHH, BO3HHKAaIo-
IHe N0 TeM HJH HHBIM NPHYHHAM, a 3TO HeH36eXKHO BeleT K yBe-
JHYeHHI0 o6beMa paGoThl HA CTAHIHH;

yem G6oJipllle HampaBJeHHH BKJIIOYEHO B Ipynmy, TeM GoJblie
IpH 3aflaHHOM Bece P uyHC/I0O NpHEMOB HENOCPEeNCTBEHHBIX H3Mepe-
HMH HampaBJeHHH B rpynnax, TeM HoJIHee ocJjabJisieTcsi BJHSHHE
pPa3sHOro poIa CHCTEMAaTHUYECKHX OLIMGOK, B TOM uYHcJe OIIHGOK
IHaMeTpoB JuM6a.

[TocKOMIBKY CJAMLIKOM GOJIBILIOE M CJHLIKOM MaJjoe YHCJIO Ha-
IpaBJeHHH B rpynmnax, XxapakrepHoe pnjsi crnoco6oB CrpyBe H
HIpe#i6epa, npHBOAMT K YKa3aHHBIM BhHILIE HENOCTaTKaM, TO
B KaX/JyI0 OTAEJbHYIO TPYNIy HanpaBJeHHH Iesnecoo06pasHO BKJIO-
yaTb He GoJjiee Tpex HampaBjeHHH. C yyeTOM INpHBeJEHHHIX BHILIE
coo6paxkeHH TakKoe YHCJO HampasJeHuii B rpynmax (k=3) sBis-
eTcs BIOHe 060CHOBaHHBIM.

B coorBercTBHH ¢ TpeGoBaHusiMH (9.15) MOXKHO COCTaBHTb MHO-
JKeCTBO pasHBIX NpOrpaMM HaGJIONEHHH IpH pa3jHYHOM coOYeTa-
HUH HanpasJieHH#H B rpynnax (mo TpH B Kaxzao#). DTo B YacCTHO-
CTH MNOATBEPXKTAIOT ONYGJMKOBAHHBIE B  IeYaTH  CIOCOOHI
I0. A. AnamxamoBa (1954 r.), B. H. Taupmmna (1955 r.) u
H. B. fIkoBneBa (1959 r., cm. § 74).

[TporpaMMbl HabmioneHuit B crnocoGe AsamkajoBa CTPOHJHCH
caenyouuM obpasoM. CHayaja BHNHCHBaJHCh Bce yribl (9.24),
a 3aTeM KaxIble TPH yryia oObeJHHSIJINCh B TPynmy H3 TpPex Ha-
npaBiaenuii. Hampumep, yram 1.2, 1.3 u 2.3 o6bexuHsiauch
B rpynny 1.2.3; yraut 2.4, 25 u 4.5—B rpynny 2.4.5 u 1. I

Uncro MexaHHYecKHH NMOJNXOJL K peIIeHHIO NAHHOH 3amayd MpH-
BeJl K TOMY, 4TO M3 mecTH ony6aukoBaHHHX [O. A. AnajnxasnoBeM
nporpaMM ajas n=4--9, Toapko B ABYX (mpu n=7 u 9) ynamoch
06beJHHHTh Bce YIin (9.24) B rpynnel mo TpPH HampaBieHHS
B Kaxnao# (taba. 23), npu n=4; 5; 6; 8 KpoMe rpynn H3 Tpex Ha-
IpaBJeHHH INPELYCMOTPEHO H3MepeHHE OTHEJbHBIX YIJIOB, IOMOJ-
HAOLIUX NporpaMMmy HabgoneHuii no TpebyeMoro uHcja YrjoB
(9.24).

Cnoco6 AunajnxaJsoBa NPUMEHSIETCSI B TPHAHTYJSINMH 2 KJjacca
IpH HaGJIOAEHHSIX HA MYHKTaXx ¢ 7—9 HaNpaBJeHHSIMH.

Hnasi Toro uto6bl 06ECIeYHTh HE3aBHCHMOCTb H3MepEeHHBIX Ha-
IpaBJeHHH# M ONHOBPEMEHHO OCNabuThb BJHSIHHE OILIHOOK OHaMeT-
poB JuM06a, MEpPecTaBJSIIOT TOPH3OHTAJBHBIH KPYr MeXIY IMpH-
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Ta6auma 23

TIporpaMMa HaGJaiofAeHHR NPH PasHOM
yucJe n HanpaBJleHHH Ha NMyHKTe
Homep
rpynns
7 8 9
1 1.2.3 1.2.3 1.2.3
2 2.4.5 1.4.8 4.5.6
3 3.4.6 1.5.7 7.8.9
4 3.5.7 2.4.5 1.4.7
5 5.6.1 2.7.8 2.5.8
6 6.7.2 3.4.6 3.6.9
7 4.7.1 3.5.8 1.5.9
8 1.6 2.4.9
9 2.6 3.5.7
10 4.7 2.6.7
11 5.6 1.6.8
12 6.7 3.4.8
13 6.8
14 3.7
m 5 5/3 4

emamu Ha yroa 6= (180°/m) +i, a npu nepexone OT OZHOH T'pPyNIHl
HanpaBJleHH# K JApyro#i —Ha yron o= (8/r)+i, roe m—uucio
NPHEMOB, r — YHCJIO TPYNN HanpaBJeHHH B nporpamme HabJione-
HHM, { — lleHa HaHMEHbIIIEro JAeJIeHHs Ha JHMOe.

Bec ypaBHeHHHIX HalpaBJieHHH BHIYHCJSIOT IO ¢opMyJe

P—2mnlk, 9.35)

rie m—4uCJO NpPHEMOB H3MEDEHHH HaNpaBJeHHH H OTHEeJbHBIX
yrioB (cM. Ta6a. 23); n—uucjao HampaBJeHHA Ha NyHKTe; kB —
YHCJIO HanpaBJeHu B rpynne (k=3); Ajas yraoB k=2.

YpaBuuBanue Ha cTaHuMH, OuneHka TouHoctH. CHauaJja BHUHC-
JSIIOT CpefHHe M3 m IPHEeMOB 3HAUEHHSI M3MEPEHHHX B TIpymnmax
HanpaBJieHHH H OTHeNbHBIX yIJOB. 3aTeM, HCIOJb3ys 3TH CpelHHe
3HayeHHs, BBIYHCJIAIOT Bce yribl (9.24), BHIBOAHMBIE IO TPH yrJia
H3 KaXJO# I'pynmnel, cocTrosilieli u3 Tpex HanpaBieHu#i. Cuutass 3TH
yIJibl KaK HENOCPeACTBEHHO H3MepeHHBe, HAXOAAT 1O ¢dopmyaMm
(9.30) ypaBHeHHble yriasl [1.f].

Cpennue KBaJpaTHUYeCKHe OIIHOKH YpaBHEHHBIX HampaBJeHHH
BHIYHCJAIOT 110 GhopMmyJie

M= ,\/ 32 : (9.36)
nn—1)(n—-3)+rn

rae v=j.l—[j.I] — pa3HOCTH MeXIy CPeIHHMH H3 IPHEMOB H ypas-
HEeHHBIMH 3HauyeHUsIMH yrjoB (9.24); n—uMca0 HanpaBJeHHH Ha
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NYHKTe;, r—4YHCJO OTAEJbHBIX YIJIOB B Mporpamme HaGJio-
JeHuH.

Crnoco6 o61agaer psiioM LOCTOHHCTB.

1. PesyabTaThl ypaBHHBaHHS YIJOBBIX H3MEPEHHH Ha CTaHIMH
NpPeACTaBAAIOTCS B BHIE OLHOrO PSfa PAaBHOTOUHBIX HanpaBJeHHH.

2. O6peM paboThl Ha NMyHKTe B cpenHeM Ha 20—25 9, MeHblie,
4YeM NPH H3MEPEHHH YIJIOB BO BCeX KOMOHHAIHSAX.

3. Uucno npHeMOB HENOCPENCTBEHHBIX H3MEPEHHH TIpynm Ha-
npaBieHu#t Npu n=7--9 GoJblie, YeM NPH H3MEPEHHH YIJOB BO
BceX KOMOMHAIUAX, YTO croco6eTByeT 6osiee MOJHOMY ocyabJiieHHIo
OLIHOO0K H3MEepeHHH.

4. B cnyuae nmepeMeHHBIX YCJIOBHiI BHIMMOCTH IO Pa3HBIM Ha-
NpaBJeHUSM CHOco6 JaeT BO3MOXHOCTb HM3MepSTh HaNpaBleHHS,
N0 KOTOPHIM B KaXXIblii MOMEHT BDEMEHH HMeeTCsl XOpOollias BH-
JIHMOCTb.

Cpeny HeOCTAaTKOB OTMETHM CJELYIOIIHE. ,

1. OtcyrcTByeT Kakasi-nub6o cucTeMa 06pa3oBaHHS TpPyNn H3
TpPex HalpaBJieHHH, 4TO cO3JaeT HeynoOCTBAa NpPH YIJIOBBHIX H3Mepe-
HHUSIX Ha NYHKTE.

2. Tlpu n=8 nporpamma Ha6MIOJEHHH IpeLycMaTPHBAET H3Me-
peHHe OOJBLIOIO YHCJIAa OTHENbHHIX YIVIOB, YTO HEe CIOCOGCTBYeT
MOBBIILIEHHIO KaK TOYHOCTH, TaK M NPOU3BOAHMTEJIbHOCTH TPYyAa HpPH
HabmoneHusax. KpoMe Toro, B 3TOM cJjydae HECKOJbKO Hapyluia-
eTcsl pPaBHOTOYHOCTh YPaBHEHHHIX HAaNpaBJEHHH, IOCKOJbKY He
BhINOJIHsETCS yeaoBue (9.15).

3. Tlporpamma Ha6moneHHH He NpeAycMaTpHBaer ocJalbieHHe
OJJHOCTOPOHHE JeHCTBYIOIHX OMIHOOK H3MepeHHH.

§ 74. CNOCOB CUMMETPHYHBIX KOMBHUHALIUA HAMNPABJIEHHHA

Bhile orMeuasoch, 4TO MNporpaMM HaGMIOJAEHHH, COCTOSILIMX H3
IPynn Mo TPU HaAmpaBJeHHs B KaXJOH M YIOBJETBOPSIOLIHX Tpe-
6oBanuAM (9.15), MOXHO NpENJNOXHTb HNOBOJNBHO MHOro. OnxHaKo
JJIs TeoJe3MYecKOoro Npou3BoACTBa Haubosee 3¢pdeKTHBHHIMH 6y-
ILyT Te U3 HHX, KOTOpble PacCYHTaHBl Ha HaH(boJiee MOJIHYIO KOMIIEH-
CalMI0 CHCTEMATHYeCKHX H OINHOCTOPOHHE [IeHCTBYIOIIHX OLIHGOK,
BO3HHKAIOIIHX B Npoliecce H3MepeHHil YIJOB M HamnpaBleHHi Teo-
IOJIUTOM, H, KPOMe TOro, HMEIT OIpeleseHHYIO, JerKo 3alOMHHA-
eMyI0 cHcTeMy 00pa3oBaHHsl TPYNN Ha NYHKTaxX C Pa3HBIM YHCJIOM
HalpaBJieHHH, YTO CO3[laeT onpenesNeHHBle yno6cTBa B paborte.
Jas HaunboJiee MOJNHOH KOMIIEHCAIIMH CHCTEMAaTHUYECKHX H OJHO-
CTOPOHHE MAeHCTBYIOIUMX OIHOOK H3MepeHUH, BO3HHKAIOLIHX, Ha-
npumep, H3-3a Jo¢Ta NOLBEMHBIX BHHTOB IPH BPAallleHHH aJiuajbl
TEOJO/UTa, HeoOXoauMo, 4TOGBl NMporpaMMbl HabJIOJEeHHH TNpeny-
CMaTpHBaJH H3MepeHHe BO3MOXHO O0OJbIIero 4YHcjaa YIJOB, MAO-
NOJNHAIINX Apyr Apyra po 360°. BeinonHeHHe 3Toro Tpe6GoBaHuS,
BrepBhle ykasaHHoro eme K. ®. 'ayccom, Bemer Kak K CHMMETpPHH
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Ta6aupma 24

TlporpamMMa HaGaIOAeHKA NMPH pPa3HOM YHCJe HanpaBJeHHH Ha NMYHKTe
Homep
rpynns 3 4 5 6 7 8 9
1 1.2.3 1.2.4 1.2.4 1.2.4 1.2.4 1.2.4 1.2.4
2 2.3.1 2.3.1 2.3.5 2.3.5 2.3.5 2.3.5 2.3.5
3 3.1.2 3.4.2 3.4.1 3.4.6 3.4.6 3.4.6 3.4.6
4 4.1.3 4.5.2 4.5.1 4.5.7 4.5.7 4.5.7
5 5.1.3 5.6.2 5.6.1 5.6.8 5.6.8
6 1.2.5 6.1.3 6.7.2 6.7.1 6.7.1
7 2.3.1 2.3.1 7.1.3 7.8.2 7.8.2
8 3.4.2 4.5.3 8.1.3 8.1.3
9 4.5.3 6.1.5 1.5 9.2.6
10 5.1.4 2.4.6 2.6 1.5.9
11 3.7 9.3.7
12 4.8 4.8.9
t 3 2 3 2 1 1 1
m 4 4 2 3 5 4/3 4
m’ 12 8 6 6
P 24 21 20 24 23 21 24

HabJ/I0leHH# KaXXJOro HampaBJIeHHs B NpOrpaMMe B LIeJIOM, TAaK H
K NOBBILIEHHIO TOYHOCTH Pe3yJbTAaTOB H3MepeHHH.

B 3T0i cBfI3M 0COOBIN HHTEpEC NMPeACTaBJSIOT IPOrPaMMBl IIPea-
qoxenHoro B. H. I'anpmuHbIM croco6a LUMKJIOB [Js1 YIVIOBHIX H3-
mepenuit. K coxkajseHuIo, aBTOp He [AaJ CKOJBbKO-HHOYJAb NPOCTHX
H YIOGHHIX (GOpMYJ [Jis BHUHCJIEHHS KaK ypaBHEHHHBIX Ha CTaHIIHH
HalpaBJIeHUH H YIJIOB, TaK H HX CPeJHHX KBaJpaTHYECKHX OIUHGOK.

YuuThIBasi NOJNIOXKHTEJNbHBIE CBOHCTBA crnocoba HEMOJHBIX INPH-
eMoB H cmocof6a LHMKJIOB, a TakXKe NpHHHMAas BO BHHMaHHE HIEIO
K. ®. T'aycca o He0o6XONHMOCTH H3MEpeHHSl yTJIOB M HX JIOIOJHe-
Huft go 360° OblIM TNpeNsyoXeHb YCOBEPIIEHCTBOBAHHBIE IIPOT-
pammbl HaGaoaeHu# (Tabua. 24) s cnoco6a CHMMETPHYHBIX KOM-
OuHaluii HaNpaBJEeHHH M BBIBEJleHH NPH 3TOM INpPOCTHE (OPMYJIBI
(9.16) nJas1 BHIYHCJIEHHS yYPaBHEHHBIX Ha CTAHIHH YIJOB, a TaK¥Xe
¢opmyas (9.18)—(9.21) ans MX cpenHHX KBaJApaTHYECKHUX OLIH-
60K.

Kaxpoe HampaBJeHHe BO Bcex rpymnmax nporpaMmbl HabJiogme-
Hu#f npu n=3-+9 O6bBaeT HayaJbHBIM, CPEIHHM H KOHEUHBIM
B rpynne (cM. TabJ. 24), uyto ob6ecneunBaeT CHMMETPHIO HabJioMIe-
Hufi. I'pynnel B GOJBbIIHHCTBE CJy4aeB 006pasyloTcs MO €IHHOMY
npaBuay: i, i+1, {43, roe i— NOpPsIAKOBHI/I HOMep HamnpaBJIeHHS
Ha NYHKTe.

Bsarogapss 3THM CBOHCTBAM H3MepPSIIOTCS He TOJBKO HCKOMBIE
yriab a=j.l, HO ¥ uX JIOmMOJHeHHs 40 360°, uTO CIOCOGCTBYeT NpHU
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BHIUHCJI€HHH YPaBHEHHHIX YIJIOB KOMIIEHCAIlHH OJHOCTOPOHHe HAeH-
CTBYIOIIMX OIIHOOK H3MepeHHH, BO3HHKAWOLIHX HamnpHMep, H3-3a
JiodTa NOABEMHBIX BHHTOB IPH BPAallleHHH aJHAalbl TEONOJHTA
u ap. Kpome Toro, jierko 3amoMHHaeMble NporpamMMmbl HabJozxe-
HUA yno6HBI B paGoTe. IIpy n=8 pmomoJHHTENBHO K TpynnaMm H3
TpeX HamnpaBJIeHHH H3MepsIOTCS TOJNBKO 4YeThipe YrJja, BMeCTO
ceMH, Kak B nporpaMme AnanxanoBa (cM. Ta6.a. 23).

Kaxpas rpynna HanpaBjeHHH H3MepsieTCsi IO TOH 2Ke MeTo-
IHKe, KaK U B C/lyuae H3MepEHHH KPYroBHIMH IIpHeMaMH, HO G6e3
3aMBKaHHMs TOpH30HTa, T. €. MO crnocoGy HamnpasJeHHH. [Ipn n=
=8 NonoJHHTeJbHblEe YIJB H3MepsloT Kak B crnocobe Illpefi6epa
(cMm. § 71). Has Toro 4yto6bl oGecHeyHTh HE3aBHCHMOCTh H3Mepe-
HMHl HanpaBJeHu# JHMO6 MeXAy NpHeMaMH IepecTaBJsIOT Ha YroJ
8= (180°/m) +i, a Mexny rpynnaMu- HampaBJeHHH Ha Yrol c=
= (8/r) +i, rne m —4HCJIO NPHEMOB, r — YHCJO TPYNI HampabJe-
HHH, { — IleHa HaHMeHbIIero JejeHus JuMb6a.

Uucno npHeMoB H3MepeHHH KaXKIOH TpPYynNbl HalpaBJieHHH Bbl-
YHCJSAIOT 10 GopMyJie

kP

m=-—= (9.37)

rae k— 4ucjo HampaBjieHH#l B rpymnne (IJs OTAENbHOro yria k=
=2), P—3ajaHHBI/i BeC YpPaBHEHHOTO HaNpaBJEHHS, N — YHCJIO
HanpaBjIeHHH Ha MYHKTe, { — YHCJIO Pa3HBIX TPYMN, B KOTOPHIX IO
m TmpueMOB H3MepsieTcs KaxAbfi u3 yrioB (9.24); mpu £>1, T. e.
npu n=3--6 obliee YHCJO NPHEMOB H3MEPEHHi KaXAOro yria pa-
BHO m’=mt (cM. Ta6a. 24 pas cayuas P=20—24).

Obpaborky Habat00eHUll HA CTAKYUW BHIOJHSIOT CJELYIOLIUM
o6pasoMm:

1) B Kaxpnoii rpynmne BBIBOAAT CpPeJHHE M3 NPHEMOB 3HAuYeHHS
HanpaB/ieHHH, a TaKxKe CpeiHHe H3 NpHeMOB yrabl (npu n==_§);

2) B KaxJoil rpynme M3 TPeX HampaBJeHHI BHIYHCJISAIOT 3Haye-
HHS BCEX TPeX YIVIOB, KOTOPEe 06pa3yloTcsl NPH NONAapHOM CodYeTa-
HHH HallpaBJIeHHH;

3) npu n=3--6, T. e. npu {>1 mosayyalioT cpegHHe 3HaUeHHS
OJHOMMEHHBIX YIVIOB H3 { Pa3HBIX TPYNIN HalpaBJIeHHH;

4) ucnosb3ysl HaliieHHble 3HaueHHsi Bcex yrioB (9.24), o6pa-
3YIOLIUXCS Ha CTAaHUMM IIPH COYETAHHM HaNpaBJeHHH H3 n mo 2,
BHIYHCJISIIOT ypaBHEeHHble yrael nmo ¢opmynam (9.30), T. e. kak
B crioco6e U3MepeHHs YIJIOB BO BCeX KOMOHHALHUSIX.

Bec ypaBHEHHOro HampaBJ/IeHHs ONpejessioT no GopmyJe

P =2mnt/k, (9.38)

rfie m—4YHCJO IpUEeMOB H3MepeHHil; M — YHCJO HamnpaBJeHHH;
t —uyncyo moBTOpeHHR Kaxjgoro yrsua (9.24) B mporpaMme HaGuiio-
Jdenuit (cM. Taba. 24); k—uHci0o HampaBJeHHit B rpynne (nas
OTJENbHOrO yria k=2).
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CpenHsisi KBaJpaTHuecKass OIIHOKAa YPaBHEHHOIO HanpaBJIeHHs
paBHa

M—\/ e[e ]
nt(n—1) (nt—k)

rie vj,=j.l—[j.l] —pasuoctu Mexnay yriamu j.I, U3MepeHHBIMH
B rpynnax fm IpHeMaMH H HX YDPaBHEHHBIMH 3HaueHHsMH [j.[].
IMpu ¢>1 (cm. Taba. 24), 1. e. npp n=3--6 uyHcIO pa3HOCTeH
vj; 6ymer B t pa3 Goubie uucaa yraoB (9.24); k=3; n— uucio
HanpaBJieHHH Ha NMYHKTe.

Cpenn HOCTOHHCTB AAHHOrO cnoco6a OTMETHM CJelyIOlIHE.

1. Pe3ysibTaThl YrJOBbIX H3MepeHHH Ha CTaHIHUH TNpeACTaBJs-
I0TCsl B BHJE OLHOTO psila PaBHOTOYHBIX HallpaBJIeHHH.

2. imeeTr MecTo ompejesieHHasi cucTeMa o6pa3oBaHHs I'PyNN Ha
NYHKTaX C pa3HbBIM YHCJIOM HampaBJieHHH, YTO co3xaeT yAo6CTBa
npu HabmoneHusx. JaHHBIE crmoco6 mpexnycMaTpHBaeT KOMIeHca-
IIHI0 OJHOCTOPOHHE HefCTBYIOLINX OMIHGOK B OTJHYHe OT crnocoba
HeNnoJIHBIX MPHEMOB.

3. O6pem yrioBHX H3MepeHHH Ha NMyHKTe (IO YHC/Iy HaBeje-
HUEl Tpy6GH TeomosuTa Ha Ha6JofaeMble NYHKTH) B CpeJHEM
B NOJTOpPAa pas3a MeHbIle, a YHCJIO Bcex mpuemoB (m’=mt) Heno-
CPeACTBEHHbIX H3MepeHHH Kaxjaoro yryia j.I B pa3HBIX TIpymnnax,
B CpefiHeM B moJsiTopa pa3a 6oJblile, 4eM NPH H3MEPEHHH YIJOB BO
BCceX KOMOHHaLHUSAX.

4. B ciyuae nmepeMeHHBIX YCJOBHH BHIHMOCTH IO Pa3HbIM Ha-
npaBJieHHAM HAaHHBIH CHOCO6 HaeT BO3MOXKHOCTb H3MepSATb Te Ha-
npaBJieHHs, O KOTOPHIM B KOHKPETHHIH NePHOJ BPEeMEHH HMeeTcs
Xopollass BHAHMOCTb, YTO BHIFOZHO OTJHYaeT ero ot cmocoba Kpy-
TOBBIX NIPHEMOB.

K HepmocraTKkam cnoco6a OTHOCATCS CJENYIOIIHE:

1. IIporpaMMbl HaGuoeHH UMeIOT 6oJiee CJIOXKHYIO CTPYKTYPY,
yeM B crocobe KDYroBHIX NDHEMOB M IPDH H3MEpPEHHH YIJIOB BO
BCEX KOMOHHALHSIX.

2. Tlpn nepeMeHHBIX YCJIOBHSIX BHAMMOCTH IO PasHbIM Hampas-
JIEHHSIM C€1noco6 MO OmepaTHBHOCTH HaGJIOLEHHA HECKOJbKO YCTY-
naet cnoco6y H3MepeHHsl YIJIOB BO BceX KOMOMHAIHUSIX.

§ 75. BHLOU3MEHEHHbIA CMTOCOB KPYTOBbIX MPUEMOB

H3mepeHHble Ha NYHKTe HANpaBJeHHS HCKaXaloTcs BCJENCTBHE
BJIHSIHHA BHEIUHeH cpensl, B TOM uHciae pedpakuuu. [Toatromy uu-
CJ0 TNpPHEMOB HaOJIOfleHHH HENOCTaTOYHO TOYHO XapaKTepH3yeT
JNeHCTBHTE/bHBII  BeC  KaXAOT0  H3MEPEHHOr0 HalpaBJEHHS.
H. M. Kononasbues, CTpeMsicb NOJYYHTb BC€ YIJb, OTCUHTHIBae-
MbBle OT HAYaJbHOTO HampaBJeHHS Ha IyHKTe, C OJHHAKOBBIMH
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BecaMH, NpenJOXHJI B Ipouecce HabJoJeHHH A0OHBATbCS TOrO,
yTOGBl CpefHHe KBaJpaTHuecKHe OINHOKH KaXKAOro TaKoro yrija,
BHIUHCJIEHHBIE 10 OTKJOHEHHSM OT CPefHero H3 MpPHEMOB, OBIJIH
OIIHHAKOBBIMH.

3apmaua pemraercs caefylliuM obpasoMm. CHauasna Bce Hampas-
JIEHHSI H3MepSIIOT KPYrOBHIMH INpHEMaMH MO CTaHAAapTHOH mpor-
pamme. 3areM 1ss Kaxporo yraa 1.2; 1.3; ...; l.n mo orkioHe-
HHSIM OT CPeJHEro B IpHeMax BBIUHCJSIOT CPelHHe KBaJpaTHYeCKHe
OWHOKU M2, M3, ..., Mign. 1€ yrasl 1.j, oIHOKH KOTOPBHIX NpeBHI-
MIAI0T JONYCTHMYIO Mpon, H3MEPSIOT IONOJHHTEJNBHO N0 BHIMOJIHE-
HHSI TpPeOGOBaHHUSA M j<Mpgon. IIPH 3TOM caMH 3HAUYeHHS m;; He
BBIYHCJISIIOT, @ 3aMEHSIIOT HX HEKOTOPBIMH 3KBHBaJIEHTaMH — IHO-
(dhepeHLNPOBAHHEIMH JONMYyCKaMH, 3aBHUCSLIMMH OT YHCJa NPHEMOB
H pasHocTell 3HaueHui#l B IpHeMax KaXAoro yria l.j, u3MepeHHOro
110 OCHOBHOH H JOIOJHHUTEJbHOH IpOrpaMmam.

3a ypaBHeHHble HanpaBJeHHS, OTCUMTHBaeMble OT HayaJbHOro,
NPHHHUMAIOT JJS KaXKJIOro M3 HHX CpelHee apH(MeTHUECKOe H3 0C-
HOBHBIX M [ONOJHHUTEJbHBIX NpHeMoB H3MepeHuii. Ctporo rosopH,
IpH TaKOH mporpaMMme H3MepeHHHl HapymatoTcs ycaoBus (9.15),
Tpebymouiie, 4TO6H C OAMHAKOBBIM BECOM H3MepSIHCh He TOJBKO
yrabl' 1.j, oTcunTHIBaeMble OT HAYaJbHOTO HalpaBJeHHs, HO H Bce
6e3 uckmaoueHus yriau (9.24). YpaBHeHHbie YIVIB B IOCJIeLHEM
cayyae JOJIKHBI BHIYHCAATBCA no ¢opmynaam (9.30). Ha ato yxa-
3biBaeT W aBTOp cmoco6a [12]. lanuBH crmoco6 ynobeH B ciayudae
nepeMeHHbIX YCJIOBHH BHIMMOCTH IO Pa3HBIM HampaBJEeHHSIM.

§ 76. ClIOCOB NMPHUBA3KH OTAEJBbHBIX HAMNPABJIEHUA
K MAPKE

B ropHeix pafioHax ¢ oco6eHHO He6JaronpHSTHBIMH MOTOAHBIMH YC-
JIOBHSIMH BO3MOXHBI CJy4yad, KOria BHAMMOCTb HabJi0JaeMbIX
NYHKTOB OTCYTCTBYeT B TeueHHe MHOIHX AHeH M Jaxe Hemelb H
NosiBIsieTCs] Ha KOPOTKHe INPOMEXYTKH BpeMeHH, IPHYEM HeOmHO-
BPeMeHHO IO pa3HbLIM HanpaBjieHHsM. B Takux ciayuasx ueJseco-
06pa3HO HCNOJb30BaTh (PAHIY3CKHH CNOCO6 YIIOBBIX H3MepeHHH,
CyTb KOTOPOTO 3aKJ/I0YaeTcsi B CJAeYIOLIEM,

Ha -paccrossunn 1—2 KM OT NyHKTa YCTaHaBJHBAIOT CIEeLHaJib-
HYI0O MapKy (BH3HPHYIO Liesib). YTJIHI H3MepSIOT MeXAYy MapKoH H
KaXXIblM HalpaBjeHHEM B OTAEJbHOCTH B Te NEPHOLB BPEMEHH,
KOTrJla TOosBJsieTC BHAMMOCTbh IO KaXKAOMY KOHKDETHOMY Hamnpas-
JICHHIO. ’

TTocKoJIbKY yIryibl MeXIy HampaBJeHUSIMH Ha TreoJe3HYecKue
NYHKTH [0Jy4YaloTCs KOCBEHHO KaK pa3HOCTb COOTBETCTBYIOIIEH
Hapbl HENOCPEACTBEHHO H3MEPEeHHHX YIJVIOB, TO [JS ONpelesNeHHs
HX C TeM Xe BeCOM, YTO H NpH HAOJIOJEeHHAX KPYrOBHIMH IIPH-
eMaMH, yrJbl MeXIy MapKoH W HampaBJeHHSIMH CJeLyeT H3MepsThb
C [ABOHHBIM BecCOM.
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Hamepenne yrjoB BBINOJHAIOT NPH HE3aBHCHMBIX YCTaHOBKaXx
aumM6a, PaBHOMEDPHO paclpeneseHHBIX N0 BCel OKPYKHOCTH. Ypas-
HUBaHHe Ha CTAHIIHH CBOIHUTCS K BBIYHCJEHHIO CPEJHHX 3HaueHHH
YIJIOB H3 TIPHEMOB.

K nocrouncrBam crnocoba OTHOCSITCA: 1) BO3MOXKIOCTL H3Mepe-
HUSI YTJIOB B OTHOCHTEJbHO KOPOTKHE CPOKH B HCKJIIOUHTEJIbHO He-
6/1aTONpPUATHBIX MOTOAHBIX YCJIOBHSX B TFOPHBIX paioHax; 2) jpocta-
TOYHO MNOJHOE ocJjabJjieHHe BJIHSHHE OUIHGOK JHaMeTpoB JHMOa.

HepocraTtku cnoco6a: 1) yrasl MexIy HanpaBJeHHSMH Ha reo-
Jle3MYeCKHe NMYHKTBI M0Jy4aloT KOCBEHHO, a He H3 HeNOCpPeICTBEeH-
HbIX M3MEpPEHHH, UTO CHHXKaeT HX TOYHOCTb; 2) B OCHOBe crnoco6a
JEeXHT IMpelnoJoXeHHe, YTO HalpaBJeHHe B MapKy HEH3MEHHO
B TeueHHe Bcero nepuHoja HabuawooneHuil Ha nyHkre. Ha camom xe
JleJie 3TO He COBCEM TakK, IIOCKOJbKY Kaxjaoe H3MepsieMoe Hanpas-
JieHHe H3MeHsieTCs BO BpPeMeHH MOJ Bo3leHicTBHEM pedpaklUHH H
Ipyrax ¢pakTopoB.

§ 77. ONPENEJIEHUE 3JIEMEHTOB NMPUBEAEHHA.
BbIYUCJIEHHWE NMONPABOK 3A LLEHTPHPOBKY H PEJAYKLHIO

Onpep,e.neHHe 3J€EMEHTOB NPHUBEAECHHA

[Ipn yrioBbIX H3MEpeHHSAX Ha KaXKAOM NYHKTe HE06XOLHMO, YTOOHI
OChb BpallleHusl TeoJoJHTa J, YCTAaHOBJEHHOTO Ha CTOJIMKE CHTHaJa,
H OChb CHMMETPHH BH3HPHOTO LHMJHHAPa V HaxomuJIHCh Ha OXHOMH
OTBECHOH JIHHHH, NPOXOAsillell uepe3 LEHTp nyHKTa B Touke O
(puc. 82). Ognako B AeHCTBHTENbHOCTH TAKOrO COBMAJEHHS HET.
IlosToMy mepen Hauasom HaGJIONEHHH Ha TYHKTE H IMOCJHE HX
OKOHYAHHUS OIpefleJsIOT JIeMEHTH HEeHTPHPOBKH Teojxonuta (e, 0)
H 3JieMeHTH peAyKIHH BH3HDHOH uesu (e;, 0;), Ha3bIBaeMHle 3Je-
MeHTaMH IpHUBeIEeHHs, a 3aTeM BHIYHCJSAIOT NONpPABKH B H3MepeH-
HBle HallpaBJIeHHUs! 3a LIEHTPUPOBKY H PeAYKLHIO.

Jlns1 onpenesneHHsi 31eMEHTOB NPHBENEHHS HaJ LIEHTPOM MYHKTa
yCTaHaBJHBAIOT OOJIErYueHHYI0 MEH3yJy HJH CTOJHK, Ha TOPH3OH-
TaJbHYI0 IIOBEPXHOCTh KOTOPOTO MPHKPENJSIOT LEHTPHPOBOYHBIH
JIHCT H CTPEeJKO#l NOKa3bIBalOT Ha HEM HalpaBJieHHe Ha ceBep. 3a-
TeM C IOMOIUBI0 BCIIOMOraTeJbHOTO TEONOJHTA, YCTAaHOBJEHHOrO
Ha pacCTOSIHHM IPHUMEpPHO B mojTopa pa3a OoJbiile, YeM BBICOTa
reoe3MYecKOro CHrHaJja, NPOEKTHPYIOT Ha 3TOT JIMCT OCh Bpalie-
HHSl TEOJOJIHTAa M OCb BH3upHOro uuimHipa. IIpoekTupoBanue BbI-
NOJIHAIOT ¢ TPeX YCTaHOBOK TEOAOJHTA, pa3MelleHHBIX II0 a3uUMYTy
yepes 120° (mpu KIT u KJI). AnasoruuneiM o6pa3oM mpH Tpex
yCTaHOBKAaX TEOAOJHTA IPOEKTHPYIOT LEHTP NYHKTAa Ha 3TOT JIHCT.
IIpu sToM 06pa3syloTcsi TPeyroJIbHHKH MOTPELIHOCTEH, CTOPOHHI KO-
TOPBIX He JOJIKHBI NPeBHIATh: 3 MM IIPH NMPOEKTHPOBAaHHH LIEHTPa
IIYHKTa, 5 MM — NIPH IPOEKTHPOBAaHHH OCH TeodosuTa H 10 MM —
NpH NPOEKTHPOBAHHH OCH BH3HpHOH menH. IIpH co6JIONeHHH 3THX
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JOMYCKOB HCKOMBEIE TOYKH JOJIXKHBI
HaxXOAHTBbCSl B IIEHTPE COOTBETCTBYIO-
ILIeT0 TPeYroJibHHKa MOTpeIIHOCTeH.
U3 touek J u V, B KOTOpHIX Haxo-
IATCS TEOLOJHT W BHU3HpDHAsl LeJb,
NPOBOLSIT HampaBJieHHs] Ha HayaJjb-
HBI NYHKT A M Kako#-nu6o myHKT B.
Touku J u V coemunsior ¢ Toukoit O
H JIHHEHKOH M3MepsIl0T C TOYHOCTBHIO
no 0,001 M JuHEeAHBIH 3JI€MEHT IeH-
TpUpPOBKH e=O0J u JuHeHHHH 3JIe-
MeHT penykuuun e;=O0V. B rtoukax J
H V 60/blINM TPAaHCHOPTHPOM C TOY-
-HOCTBIO. O0 15’ wu3MepsioT yraH

B

Puc. 82. DneMeHTH TNpHBefe- 0(04, 68) u 0,(0:4, 6;8) opueHtu-

HHsl Ha NYyHKTe TPHAHIYyJs-

- pyIOLIHe JHHEeHHBIE 3JeMEHTH e H e

OTHOCHTEJIbHO HampaB/eHu#l - Ha
NyHKTH A, B 1 T. 1. ¥Yriiel 6 ¥ 6; OTCYUHTHBAIOT OT HaNpaBJeHHs Ha
IleHTP NMYHKTa N0 XOLy 4acoBo#l cTpesku. Kpome Toro, TpaHcmop-
THPOM H3MepSIIOT Ha LEHTPHPOBOYHOM JIHCTE YTOJ MeXIy Hampas-
JIGHUSIMH Ha NYyHKTH A ¥ B ¥ CpaBHHUBAIOT C €ro 3HaueHHeM, NOJY-
YeHHBIM H3 H3MepeHHH TEeONOJHTOM [Js KOHTPOJS NpaBHJIbHOCTH
NpOBEefeHHsT HampaBJeHHH Ha MyHKTH A u B. PacxoXIeHHs B 3Ha-
YeHHSX yryia ZomyckaroTes 1o 1°.

Ecau suHefiHble 3JIeMEHTH NPHBENEHHS BEJHKH H 3HAUHTEIbHO
NPEeBLILIAIOT YCTAaHOBJIeHHble HHCTPYKUHel [8] momycku (e<5 cm,
e<10 cM), HX Ompefe/sOT aHAaJHTHYECKHM cmocoGom [23].

BbluKciieHHe MONPaBoK 32 LEHTPHPOBKY M PEAYKLHIO

Ilycth Ha nyHKTe ¢ HeHTPOM B Touke O BHINMOJHSIOTCS YIJIOBHE
H3MepeHHs], TEOJOJHT HAXOAHUTCS B TOUYKe J, BH3HDHHIH IHJIHHID
B Touke V (puc. 83). U3 toukn J mpoBeneM HampaBienue JA=0°
Ha HavaJbHBIH NYHKT A U HanpaBieHue JB Ha KakKo#-1H60 Apyroi
nyHkT B; u3 Touku V — nanpasienus VA u VB Ha Te 3Ke NyHKTHL.
O603HaunmM M wu3MepeHHble HamNpaBJeHHS Ha NYHKTE, OTCUHTHIBae-
Mble oT HayaJbHoro. IlycTe e, 6 —3jieMeHTH LIEHTPHPOBKH, a ey,
0; —snementn penykund Ha nyHkre O. IlpoBemem u3 touku O
HanpaBieHHe OB’ mnapaJsenbHo HampasieHuio JB. ¥Yron c¢”’=
= /B’OB paBeH nompaBke 3a IIEHTPHPOBKY TEOJOJHTa, KOTOPYIO
HeOOXONMMO BBECTH B H3MepeHHOe HanpaBJeHHe JB, 4ToO6H NOJYYHTD
Hckomoe HanpasJseHHe OB Mmexnay nesTpaMu nyHkToB O u B. Yrinl
¢” npu toukax O u B paBubl. PemmB TpeyroabHuk JOB, B KOTO-
pom s=OB — njiuHa CcTOpPOHB Mexny nyHkramu O u B, a yroa
OJB paBen (M+60)— 360° manmuiem

L= e : (9.39)

s sin [(M -+ 8) — 360°]

240



Puc. 83. [TonpaBKH B HanpaB/ieHHs 3a LEHTPHPOBKY TEOJOJHTAa H DEAYKLUHIO BH-
3HDHOH 1eJIH

Tak kak yroa ¢ MmaJj, ¢opMmyna [Jsi BbIUHCJEHHS IONPaBOK
B H3MepeHHble HampaBjIeHHs] 3a IEeHTPHPOBKY Teomosnuta Gynaer
HMeTb BH]L

in(M+40
_ esm(s +9) 0. (9.40)

ITockosbKy BU3HpHas nesab V HaXOLHTCA He HaJ LEHTPOM MYHKTA
O, usmepeHHOe Ha NMyHKTe B Hampasienue BV cienyer mcrnpaBHUThb
nonpaBkoit r=/Z0BV 3a pemykuuio Bu3upHOH ueau V. Pemnus
tpeyronsHuk OBV, B xotopom s=OB, a yron OVB paBen (M;+
+0,)—360°, HaiiieM MajB{ yroJ r, T. €. MONPAaBKy B HampaBleHHe
BV 3a pexykuuio BH3HPHO#H 1esu

_&a sin (M1 + 0,) 0. (941)

S

Heo6x01UMMO OTMETHTb, UTO NONPABKH 3a LEHTPHPOBKY TeOHO-
JUTa BBOAAT B HampaBjeHUs, H3MepeHHble Ha mnyHkre O, a mno-
NpaBKH 3a PeAyKIHI0 BU3HPHOH ILleJH CO CBOHM 3HakoM B obpar-
Hble HanpaBJeHHs, T. e. B HanpaBieHuss AV, BV, ..., HOCKOJBbKY
BH3HpOBaHHe ¢ mnyHKToB A, B, ... NPOHU3BOAHTCS He Ha LEHTP
nyukta O, a Ha BH3HPHYIO LieJab V, He COBNAJAIOIIYI0 C HHM.

[TonpaBKu ¢ ¥ 7 B TPHAHTYJSLUN H NOJHTOHOMETpHH 1—2 Kiac-
COB BBHIUHCJSIOT ¢ TouHocThio mo 0,001”, a Ha myHkrax 3 u 4
kJaccos 10 0,017,

Konrpoae yenoseix usmeperuii 8 noaseselx ycaosuax. Hcnoub-
3ysl IpHBeleHHble K LIEHTPaM NYHKTOB HanpaBJjieHHs, HaGJa0AaTeNb
B MOJIEBBIX YCJOBHSIX BBIYHCJSIET: HEBSI3KH TPEYrOJbHHKOB MO Mepe
HX 3aMbIKaHHS, CBOGOAHBIE UJEHHB IMOJIOCHBIX YCJIOBHH H CPERHIOI0
KBaJpaTHUECKYl0 OIIHOKY H3MepeHHOro yrjia H CpaBHHBaeT HX
3HayeHHsi ¢ AONyCTHUMBIMH. [IpH NMOSIBJIEHHH HELONMYCTHMBIX OTKJIO-
HeHH#t HabJuionaTtesb 0653aH BHIMOJHHTH NMOBTOPHBIE H3MEPEHHS.
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PA3IEJ IV

BpicOKOTOYHOE H TPHrOHOMETPHUUYECKOE
HHBeJHPOBaHHE

I'nasa 10 )
TOCYOJAPCTBEHHAS HUBEJIUPHAS CETb CCCP

§ 78. HUBEJIHPHBIE CETH. UX HA3HAYEHHUE

HupenupHble ceTn monpasznensiioTcsi Ha TOCyAapCTBEHHEIE H BELOM-
CTBEHHble (MapKiuefiiepcKHe, Ha CTPOHTEJbHBIX MJOIaAKaX
u T. 1.). ITox rocymapcTBeHHOH HHUBEJHPHOH CEThbIO NMOHHMAIOT CH-
CTeMy pa3MellleHHHX Ha Bcell TEDPPUTOPHH CTPaHBl HaJeXHO 3a-
KpenJieHHbIX Ha MeCTHOCTH TeOle3MYeCKHX IyHKTOB (penepos),
BBICOTH KOTOPHIX OINpejiesNeHbl B eJUHOH cucTeMe OT OJHOro Hc-
XOJHOrO NMyHKTa, NPHHATOrO 32 HAYaJo OTCYeTa BHICOT.

l'ocynapcrBennass uuBejgupHasi ceTb CCCP CTpOHMTCS 1O HpPHH-
LMY «OT OGILIEro K YaCTHOMY» M JeJUTCS Ha yeThlpe Kaacca: I, II,
IIT u IV. HuBenupuas cetv | Kiacca siBisieTcsl TJiaBHOi BBICOTHOMH
OCHOBOI Ha TEepPHTOPHH CTPaHbI H CO3JaeTcsi C HauBHICLIEH TOU-
HOCTBIO IIPH HCIOJIb30BaHWH HanboJjiee TOUHOH H3MEpPHTENbHOH Tex-
HHKH H HauboJiee COBEpIIEHHBIX METOLOB BBICOKOTOYHOT'O HHBEJIH-
pPOBaHHA C OJZHOBPEMEHHBIM BHINOJHEHHEM TIpPaBHMETPHUYECKOH
cbeMkH. HuBennpHas cets Il kiacca saBasieTcss crylieHHeM BHI-
COKOTOYHOH HHMBEJHDHOH CeTH CTPaHBl H OTHOCHTCSl K pas3psiay TOuY-
HbiXx. Ha ocHoBe HuBenmpHoO# cetn Il knmacca cosmaioTcsi HHUBEJHp-
Hule ceru III, a 3atem IV knacca.

TocynapcrBennble HuBesupHble ceth I u Il KmaccoB Kak Hau-
6oJsiee TOYHBIE NMpeJHA3HAUEHH, B MEPBYI0 ouyepelb, AJSI PaCIpPOCT-
paHEeHHsl eNHHOH CHCTEMBl BBICOT Ha BCeH TepPPHTOPHH CTpPaHBHIL.
Hcnonp3yoTest oHH Takke H B HayuyHbIX lenasix. K uMcay HayyHBIX
npobseM M 3ajay, peliaeMblX METOJAaMH BBICOKOTOYHOIO HHBEJIH-
POBaHHS OTHENBHO MJH B COBOKYNHOCTH C APYTHMH BHAAMH Teo-
Jle3NYECKHX M3MepeHHH, OTHOCATCS:

JeTajbHOe H3yueHHe (UrypH (QHU3HUECKOH MOBEPXHOCTH 3eMJIH
U ee BHELIHero rpaBHTallHOHHOTO MOJIs;

onpeeseHHe Pas3HOCTEH BBICOT M HAKJOHOB CpelHeyPOBEHHHIX
NOBEPXHOCTEH MOpeH U OKeaHOB;

H3yyeHHe BEKOBBIX MONHSITHH HJIM ONyCKAaHHH KPYMHBEIX GJIOKOB
3eMHOI KODHI;
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onpenenenue gedopMmanuii ypoBeHHBIX MOBEpPXHOCTeH 3eMJlH,
BBI3BIBAEMBIX TepeMeLIeHHsIMH NMOA3eMHBbIX Macc;

H3yUeHHe COBPEMEHHBIX BEePTHKAJbHBIX [IBHXXEHHH 3eMHOH Mo-
BEPXHOCTH, B TOM UYHCJe B CeACMHYECKH aKTHBHBIX palHoHax B Ile-
JISIX MOHMCKA TpPEJBECTHHKOB KPYIHBIX 3eMJeTPSICeHH#l H NOCJeAylo-
111ero HX MPOrHO3a;

MHKpOCeHCMHYeCKOe paiOHHPOBaHHE TEPPHTOPHH KPYMHBIX rO-
pOIOB, HeOGXOLHMOE MAJISI COCTaBJIEHHS TeHepaJbHBIX IJAHOB HX
pPa3BUTHS, ONpefiesieHHss Haubosee HaleXKHOH KOHCTPYKLHH H AOMNY-
CTHMOH 3TaXXHOCTH CTPOHMTEJBCTBA IPOMBILIITIEHHBIX U I'PaXKAaHCKHX
06BEKTOB H T. I

Ilepeuncsiennble npobjeMbl U 3aaul HaXOASITCS HA CThIKe MHO-
THX HayK, B TOM YHCJe TaKHX KaK reoIHMHaMHKa, reo@HsHkKa, reo-
JIOTHS, THIPOJIOTHS, OKeaHorpadusi U T. . BHICOKOTOUHOE HHBEJIH-
poBanne I—II knaccoB nmaer HamGosee TOUYHBIE KOJHYECTBEHHBIE
JaHHble 06 M3yyaeMbIX 00beKTax M SIBJEHHSX NPHPOIH B BHJe pas-
HOCTeH BBICOT TOYEK 3eMHOI MOBEPXHOCTH M H3MEHeHHH 3THX BHI-
COT BO BpeMeHH. [[Ji1 TOro yToObl Ha OCHOBE 3THX NaHHBIX MOXHO
6BlJI0 cHenaTh HAayyHO OGOCHOBaHHBIE BHIBOJBl, HEOOXONHMO BHI-
HOJIHATh HHBEJHPOBaHHE C MAaKCHMAaJIbHO BBEICOKOH TOYHOCTBIO H
C yueToM BceXx (paKTOpOB, BIIHSIOUINX HAa €ro TOYHOCTb.

3eMHasi Kopa C TeyeHHEM BPEMEHH HCIHITHIBAeT MeJJeHHbIe
NOJHATHS H ONYCKaHHS, NPHYEM C Pa3jHYHOH CKOPOCThIO B pas-
HBIX ¢H3uKo-reorpaduueckux pafioHax. BceiencTBue BepTHKAJbHBIX
JIBHXXEHHH 3eMHOH KOPBbl M3MEHSIOTCSI BBICOTHl HHBEJHPHBIX MapokK
U penepoB, NpHYEM Ha PAa3HYI0 BEJHYHHY B 3aBHCHMOCTH OT HX
MecrtonosioxeHHs. [losToMy TOUHOCTH HHBEJHDHOH CEeTH C Teye-
HUEM BPEeMEHH INOCTENEeHHO NOHHXKAaeTcs, ceThb «crapeer». Jlas Toro
4TOOBl TOYHOCTb HHBEJHPHOH CETH He CTajia HHXKe [OMYCTHMOTO
YPOBHA U OTBeuaJsa 3amnpocaM OJjuxkafiniero 6ynyuiero, HUBEJIHPO-
BaHHE B CeTH HeOOXOJHMO NEepHOIHYECKH NOBTOPSATH Yepe3 onpeje-
JIEHHble HHTEPBAaJibll BPEMEHH, 3aBHCALIHE OT BEJHYHHH CKOPOCTEil
BEPTHKAJbHBIX JBHXKEHHII 3eMHOH KOPH H TpeGyeMolf TOYHOCTH
HUBeJUPHOH ceTH. B rocymapcrBenHoit HuBeanpHoit ceth CCCP
noBTOpHOe HHUBesupoBaHue I—II KjaccoB BBHIMOJHAIOT B CpPedHEM
yepe3 25 jer. B ceficMOaKTHBHBIX pafiOHaX CO 3HAYHTEJIbHBHIMH CKO-
pPOCTAMH [BHKEHHH 3e€MHOH KOpDHI NMOBTOPHOE HHUBEJIHDOBAaHHE HOJI-
J)KHO BBINOJIHATHCA dalle, YeM B JAPYrHXx paiioHax. B pesyabrate
NIOBTOPHOTO HHMBEJHPOBAHHS IOJYYalOT HEe TOJILKO HOBHIE, GoJee
TOYHBIE BBICOTHI MapOK M peNepoB Ha 3MOXY HHBEJHPOBAHHs, HO H
JlaHHble, HEOGXO NUMBle NJIS1 ONpelesieHHs] BEJHYHHBl H 3HAKa Bep-
THKAJbHBIX JBHXXEHHH 3€MHOM KODBI, KOTOphle HeoOGXOXMMEI INpPH
pellleHHH He TOJbKO COOTBETCTBYIOIIHX HAYYHHIX 3aJad, HO H YHCTO
NpakTHYeCKHX 3aJay, CBA3aHHHEIX, HalpHMep, C THAPOMEJHOPATHB-
HBIM CTPOHTEJNBbCTBOM Ha GOJbIIHX MJOILAAAX, H T. II.

TocynapcrBennsle HuBeaupHble cetd IIT u IV kiaccoB cayxar
OCHOBOH i1 CO3MaHHs BBHICOTHOTO OGOCHOBaHHSI TONMOTrpadHyecKHx
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CbEMOK H pellleHHs1 pPa3HoOGpa3HbIX HHXKEHEPHBIX 3aJay Ha MecCT-
HOCTH, TPeOyIOILIHX 3HaHHS BBICOT TOYEK ee MOBEPXHOCTH CO CpaB-
HHTEJIBHO BBICOKOH TOYHOCTBIO.

B ocobywo rpynny cjenyeT BbIAENHTb HHBEJHPHBIE CETH BBICO-
KOH TOYHOCTH, cO3JaBaeMble B KPYMHBIX TOpPOAax, Ha TeOAHHAMH-
YeCKHX IMOJIMTOHAX, a TaKXe Ha CTPOHMTeJNbHHIX MJoLiafKax. Bce
BHIB TaKHX HHUBEJHPHBIX ceTefl MMelT CBOH OCOOEHHOCTH, CBfl-
3aHHBle cO creuH(HKOR X Has3HauyeHHs H nocrpoeHus. Ha kaxuaom
KOHKDEeTHOM O0OGbeKTe TaKasi HHBEJHDHas CceTb CO34aeTcsl MO CcIie-
IHaJbHOH NporpamMme. B BLICOTHOM OTHOLIEHHH BCe 3TH CeTH JOJI-
XKHBl OBITh IPHUBSI3aHBl K TOCYJapCTBEHHOH HHBENHPHOH CeTH
CTPaHHI.

§ 79. KPATKME CBELEHUSA O PASBUTHH HUBEJHUPHBIX PABOT
B IOPEBOJIIOLTHOHHON POCCHH

Mcxonublii MYHKT HMBEJHPHOI ceTH. 3a HayaJo CyeTa BHICOT B HH-
BeaupHo#t ceth CCCP mnpuHaT cpenHuit ypoBeHb DBausrtuiickoro
mops. IlepBele Habmiosenus B Poccun 3a Kone6aHHSIMH yDOBHS
Baatuiickoro mops 6wlin Havatel B 1703 r. mo ykasy Ilerpa I;
peryssipHble e HabJrofeHHs OBIJIM OpraHu3oBaHBl B BoeHHO# ra-
Bauu KpoHmrraara Ha o. Kotsiun B 1804 r. OmHako BmoCJeNCTBUH
¢ytuiTok (pefika ¢ mejeHHSAMH, MO KOTOPOH OmpenessieTcss BHICOTA
YPOBHSI BOZABI) ORI pa3pylueH H pe3yJbTaThH H3MepeHHH OKa3aJHCh
yrpaueHusiMH. B 1825 r. HaGuaioneHus 3a ypoBHeMm bBausrtuiickoro
Mops OblH BO30OHOBJEHHl H BeAYTCS MO cefl J1eHb.

®dyriiToxk 6B ycTaHOBJeH Ha ofHO# u3 omop CuHero Mocra
uyepe3 O6BoxHofi KaHan B KpoHuitanre (B KaHajle HeT TaKUX CHJb-
HBIX BepPTHKaJbHBIX KoJieGaHHH MOBEPXHOCTH BOJABI, Kak y Gepera
OTKDHITOTO 3aJIHBa).

B 1840 r. Bripamomuiica pycckuii rupporpad M. @. Peiineke
o6pa6oras MaTtepuajbl HabjioneHuit 3a 1825—1840 rr., BEIYHCJIHJ
CpeNHIOW BHICOTY ypoBHs1 DBautuiickoro Mops u 3aduKcHpoBas ee
Ha rpaHuTHOM Yycroe CuHero Mocra (rae HaxoguTcs (¢YTIUTOK)
C MOMOLIbID TJIYGOKO BBHIGHTOH Ha MOBEPXHOCTH YCTOSI TOPH30H-
TasbHO# uepThl. B 1872 r. sTa uyepra (mapka PeiiHeke) BmepBHe
Oblla MPHHATA 32 HCXONHBIH «HYJb» IPH ONpELeNeHHH BHICOT Treo-
ne3uyeckux nyHkToB. B 1890 r. mynkoBckuit actpoHom ®. @. But-
paM yCTaHOBHJ Ha MecTe Mapku PefiHeKe MeIHyI0 NJAaCTHHY C ro-
pH30OHTaJNbHOH YepTol, coBMecTHB ee ¢ ueproii Peiineke. B 1913 r.
X. @. Tonbepr Ha.MecTe NJacTHHH BuTpaMma, KOoTOpasi ¢ TeueHHEM
BpeMeHH BbINaja, YKPEMHJ HOBYIO NJACTHHY C TOPH30HTAJbHOH H
BePTHKAJIbHOH JIHHHSIMH, Ha NepeceYeHHH KOTOPBIX HMeJoch OTBeEp-
CTHe 1J1s1 TMOABeCHOH pefikH. KOHTpo/sieM NMpaBHJIBHOCTH YCTaHOBKH
3TOH NMJACTHHB Ha MPEXHEM MeCTe CJYXKHJO INpeBLIIIeHHe MeXIy
npexHelt yueptoll U penepom Ha moctaMeHTe namsitHuka I1. K. ITax-
TYCOBY — H3BecTHOMY HccaenoBatento Hoso#t 3emau. B 1951 r.
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njactuHy ToubGepra [OMOJNHHTEJNBHO 060pyLOBa/JH ClEeLHATbHOH
3alIMTHOH paMKoil M3 OpOH30BO-HHKeseBoro cmnsaBa. Ha pamke
Hanucato: «Mcxonuslit myHkT HUBeaupHoi cetn CCCPy».

Takum 06pas3oM, cueT HHUBEJHPHBIX BHICOT B JAOPEBOJIOLHOHHOE
u B Hacrosimiee Bpemsi Benercs B CCCP ot cpennero ypoBHs bai-
THHCKOro Mops, BeiBeneHHoro M. @. Peiineke 3a nepuonx Habamone-
Huit 1825—1840 rr.

[TepBasi cBsI3b HMCXOZHOTO BHICOTHOrO mNyHKTa B KpoHiutazare
c GeperoBoIMH MapkaMu Ha cT. OpaHueHGaym (HbiHe T. JIomMoHO-
coB) OBlJIa OCYyILeCTBJeHa M3BECTHBIM PYCCKHM reOJe3HCTOM H acT-
poHomom H. §I. Ilunrepom 3umoit 1871—1872 rr. K Hacrosimemy
BPeMEHH HaCUHTBHIBaeTCs YKe JHecsith Takux cBsizeil. Ilocnennss,
Hau6oJiee TOYHasl mepeljaya BHICOTH BhINOJNHeHa B 1969 r. HucrH-
TyToM ¢usukn U acrpoHomun AH DCCP metomoM ruapocratHue-
CKOr0 HHBEJIMPOBAaHHS CO CpenHell KBajpaTHueckoft omubkoit 0,8 MM
Ha BCIO JJIHHY HUBEJUPHOH Tpacch (5 KM).

CraHOBJieHHe M Pa3BHTHe HHBEJHMPHbIX pador. B 1864 r. Mexk-
INyHaponHasi reoje3uueckass accoumanusi (MI'A) pekomeHzmoBasa
co31aBaTb B Ka)XJOH CTpaHe He TOJIbKO TPHAHTYJSIHOHHBIE, HO H
HHBEJIUDHbIE CETH BBICOKOH TOYHOCTH (co cayuaiiHO# oOmmHOKO#H
1n=3—5 Mm/km). IlepBrle paGOTH MO TreOMETPHYECKOMY HHBEJIH-
poBanuio B Poccun Gbuin nHauatel Kopmycom BoeHHBIX Tomorpacdos
(KBT) B 1873 r., T. e. paubliie, ueM, HanpuMmep, Bo PpaHuuu
(1884 r.), IlIBenuu (1886 r.) u apyrux crpanax. o 1873 r. BHI-
COTHl IIYHKTOB B reofile3HYecKHX CeTX OINpeleJsiIHCh METOJOM TpH-
TOHOMETPHYECKOI'0 HHBEJHPOBAHHS, C IOMOIIbI0 HHUBEIHP-TEOLOJH-
TOB € BepTHKAaJbHRIMH KpyraMH INpPOKJaABIBAJHCh TaK Ha3H-
BaeMble HHBEJHD-TEOJOJHTHHIE XOLH C TOYHOCTBbIO HOpSIAKA
11 MM/&M.

B 1873 r., npucrynas kK reoMeTpHueCKOMY HHBeJIHPOBaHHIO, Bo-
exHo-tonorpacduueckuii ormen (BTO) InaBHoro mraGa paspa6o-
TaJl [epBYI0 HHCTPYKIHIO MO HHBEJHDOBAHHIO, YCTaHABJHBAIOLIYIO
YeTKYI0 perJaMeHTalHI0 BHINOJHEHHS 3THX pPaGoT, B KOTOPOH HAIIH
oTpaxkeHue pekoMeHAauuu MI'A OTHOCHTE/NBHO TOYHOCTH HHBEJIH-
poBauus (n<3—5 MM/kM).

JJisi reoMeTpHYECKOr0 HHBEJHDOBAHHSI GbIIH H3TOTOBJIEHBl HH-
BeJIUPbl C YBeJHUEHHEM 3pDHTEeJbHOH TPyObl cHauasa 6—8%, a ue-
pes 1Ba roma—c yBeaHueHHeM 14* W UEHOH [ejieHHsI YpPOBHS
4—5” na 2 MM. YpoBeHb GHIJ CKpemJeH C NMOACTAaBKOH HHBeJHpa,
pefiKM NPHMEHSJIUCh IIallleYHble, PACCTOSTHHS MEXAY HHBEJHPOM H
pefikamu go 100 M. Ilpu ompepnesyieHuH - NpeBHIIEHHH NPOHU3BOMIH-
JINChb OTCYETH N0 YPOBHIO HHBeJHpa M MO peiike (IO TpeM HHUTAM
CETKH).

ITepBuifi HHBeNHPHBIH XOX OGOJBIION NPOTSKEHHOCTH OBLT TMPO-
goxeH B 1873—1876 rr. mexny MockBoit u Ilerep6yprom co cpen-
Hell kBajpaTHueckoH cJayuaiiHo#t 6,2 MM/KM H cucCTeMaTHYeCKOH
0,9 MM/kM omn6KkaMH. DTa TOYHOCTH OKasajach HHXKe PEKOMEHJO-

245



BaHHOH HHCTpykuHueill 1873 r., oIHAKO CyIIECTBEHHO BHILIIE TOYHO-
CTH TIPH NIPOJIOXKEHHH HHBEJHDP-TEOJOJHTHHIX XO/I0B.

HoBblil 3Tan B pasBHTHH HHBEJHPHBIX pa6or B Poccuu Hadascs
c 1887 r., korna BTO T'saBuoro IllTa6a BnepBeie paspaboran 06-
Iy}0 NpOrpaMMy CO3[aHHsS HHBEJHDHOH CEeTH Ha TEPPHUTOPHH
CTPaHBl H HOBYIO MHCTDYKLHIO [JIsi TOYHOTO HHBenHpoBaHusi. Huse-
JUDPHYIO CeThb NpPELycMaTPHBAJOCh CO3IaBaTh MO3TanHo. B mepBymwo
ouepenb B TedeHHe 12 jieT GblJIO HaMEUYEHO NMOCTPOHUTH HHBEJIHPHYIO
ceTb B EBpomneiickoft yactu Poccun. CeTb OblJa 3ampOeKTHPOBaHA
B BHIe BOCbMH 3aMKHYTHIX HHUBEJHDHBIX ITOJHMTOHOB OT 3amNagHof
rpaHHIBl cTpaHH Jo JuHHH [lerep6ypr-Psxck-Boponex-Hosouep-
KaccKk M onHoH BHcsuel JuHHM Psixck-Openbypr. O6umas npors-
JKEHHOCTb 3THX JHHHH HuBeaupoBaHus — 13752 Bepctet (1 Bep-
cra=1,0668 km). B 3Ty ceTp Gbljio BKatoueHo 11 ¢yriitTokoB Baa-
THiickoro, UepHoro 1 A30BcKOro Mopei.

JIMHHN HHBeJHPOBaHHS OBLIH MPOJIOXKEHBl BAOJb NeHCTBYIOIIHX
HJH CTPOSIIMXCS JKeJe3HHX JOPOr M 3aKpelJieHbl MapKaMH, 3a-
JIOXKEHHBIMH B CTeHBI 3JaHH{ uepe3 Kaxnawne 20—25 BepcrT.

Bropasi ouepenr HHMBeJHDHBIX paboOT NpeaycMaTpHBaja CBS3b
HuBenupHo#i cetu EBpomefickoit uactu Poccun ¢ Bousbio#t Cubup-
CKOH HHBeJHPOBKOH, Mpoxoisiledi NMpHMepHO No 52-# mapaJJenH
Brosb Oyamymeli TpaHccHOMpPCKOH MarucTpaji, a TaKXe MpPOJO-
JKeHHe HUBeJHPHBIX JHHHE PocroB-BaaaukaBkas-Tudauc, ITotu-
Tudauc-Baky, Coizpaub-llapunsii-AcTpaxaib H HEKOTOPHIX IpY-
THX.

IlepBasi mporpamMma HuBeJHPHEX paGor B Poccum mpenmona-
rajia pelieHdHe He TOJbKO NMPaKTHYECKHX 3ajay, HO U CTaBHJa Ha-
yuHBe NpOGJeMEl, ONpelesHB OCHOBHbIE HAaNpaBJeHHs pa3BUTHS TOY-
HOTO HHBEJHDOBaHHS Ha HECKOJbKO necsiTHieTHii Bnepen. IIpo-
rpamMMma npelycMaTpHBaja pelieHHe TaKHX HayYHO-TEXHHYECKHX
3ajlay, Kak onpelejeHHe pa3HocTedl ypoBHei Banrtuiickoro, UepHoro
1 A3oBckoro Mopefi, cBs3b HHBeJIHPHOH ceTH Poccuu uepes HuBe-
JuUpHBe ceTH Apyrux ctpaH ¢ CeBepHnM u CpelH3eMHBHIM MoO-
PAMH H Ip.

st noBbIlIIeHHS TOYHOCTH u3MepeHHu# ¢ 1887 r. HuBenupoBaHHe
CTaJH NPOBOJAWTbL [Ba HCIOOJHHTEJNS B NPSIMOM H OOpaTHOM Ha-
npaBJeHHsIX ¢ TnoMollbio HHBeJHpoB BTO—I, ocHalleHHBIX 3pH-
TeNbHEIMH Tpy6aMH ¢ yBeanueHuem 30—40*%. JlniuHa BH3HPHOTO
Jyua OT HHBeJupa H0 peikn Gblia yMeHbiieHa 1o 85 m (40 caxe-
Heit). Peliku npuMeHsM IalieyHble ABYCTOPOHHHE (OZHA CTOPOHA
peiKH BbIpaxKeHa B JOJSIX CaxKeHH). BeposiTHas omu6Ka HHBEJH-
pOBaHHsl He AOJKHA 6blia mpeBbIaTh 3 MM/KM. OJHaKO TeXHH-
yeckHe TpPeGOBaHHSI MHCTPYKLUHH He OBIIH peasH30BaHbL: ciayyai-
Hasi omu6Ka HHUBEJMPOBAHHUS OKaszaJjach paBHO# 4—4,5 MM/KM,
a cucTeMaTHyeckass — 10 1 MM/KM.

B 1882—1883 rr. usBectHh#l BoenHu#l reogesuct II. II. T'exmeo-
HOB IIPOBeJ TEOpeTHYeCKHH aHaJH3 BHINMOJHeHHBIXx B 1881—1882rr.
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HHBEJIHPOBOK M pa3paboTas peKOMeHAAlHH, HanpaBJieHHbIE Ha II0-
BHILIIEHHE TOYHOCTH. B YaCTHOCTH, OH NpPENJOXKHJ H3MEHHTb KOH-
CTPYKLHIO HHBEJHPA, CKPENHTh YPOBeHb ¢ TPyOO#H, a He ¢ MOACTaB-
KOH, kKak O6wuio paHee. Ilo ero mnpemnoxenuio BTO usrorosun
HoBble HUBenupbl BTO—II c neHo#t nesneHHs LHJIHHIPHYECKOTO ypo-
BHS 2—7” ¥ yBeauueHHeM 3pHTeJbHOH TpyGn 35—40%. Kpome
toro, BTO yrtBepaua HHcTpyKUHMIO 1Ji NPOH3BOLCTBA HHBEJHPO-
Bok (1883 r.).

Wncrpykuust 1883 r. gefictBoBana mo 1913 r. m mpeaycMmaTpH-
BaJa Psii Mep IO COBEpIIEHCTBOBAHHIO METOJHKH HHBEJHPOBAaHHs,
B YaCTHOCTH, OB BBelleH CHMMETPHYHBLIA BO BpeMeHH NOPALOK OT-
cueToB mo pefikam. Diaromapsi nmpHUMeHeHHIO HHBEJIHPOB YCOBep-
IIIEHCTBOBAHHOM KOHCTPYKLUHH H HCIOJb30BAHHIO HOBOH METOJHKH
HUBEJHPOBAaHHs €ro TOYHOCTb 3a mepuox c¢ 1883 mo 1913 r. 3a-
METHO MOBHICHJIACh: cJyuaiiHas oIIHGKAa YyMeHbLIWIach A0 2—
3 MM/KM, a cHucTeMaTHueckass — 10 0,5 MM/KM.

B 1894 r. monx pyKOBOACTBOM H3BECTHOTO BOEHHOI'O TreOHe3HCTa
C. . Pouibke OBLJIO BHINOJIHEHO NEepBOe YpPaBHHBAaHHE PYCCKOH HH-
BeJHPHOH cerH, noctpoeHHOH B 1871—1893 rr. Beln cocraBieH Ka-
TaJOr BHICOT NYHKTOB, H3BeCTHHH nox Ha3BaHueM KaraJor
Pruinibke, OH comepxaJ BhICOTH 1092 Mapok HHBEJHPHOH CeTH
c ofmeil mpoTsKeHHOCTbIo xomoB 13000 kM. Cpennsis KBajpa-
THUecKass OINHGKa HHUBEJHPOBAHHS, MOJyYeHHAss H3 ypaBHHBaHHS
CeTH, 0Ka3saJiach He Gojiee 3 MM/KM.

IlepBas HuBesnupHas cetb 1871—1893 rr. coxpaHsiia cBoe 3Ha-
yeHHe A0 KoHia 40-x romoB XX crosieTusi, T. €. N0 BpeMeHH MOJI-
HOH ee 3aMeHbl HOBBIMH HHBEJIHDHBIMH JIHHHSIMH. 3HaueHHe ee
OLLIO OTPOMHEIM He TOJIBKO JJisl pelleHHs NPaKTHYeCKHX 3ajxay
KapTorpa¢HpoBaHHSl CTPaHbl H INPOH3BOJCTBA HHIKEHEPHBIX H3HI-
CKaHUH MPU CTPOUTENHCTBE JOPOT U MEJHOPALHH 3eMeJjib, HO H IJIf
HayYHBIX Llejied. .

B TecHo#i B3auMOCBSI3n HAaYKH M IPOHU3BOACTBa OvlIM paspabo-
TaHbl TEOPHS W METOIHKa BBICOKOTOUHOI'O HHBEJHPOBaHHS, COBEp-
meHcTBoBasiuch npubGope. Kopmyc BoeHHBIX TomorpaoB mepBHIM
B Poccun cTasn npuMeHATh METPHYECKYID CHCTEMY Mep NpH reoje-
3uyeckux paborax. Bosblioe BHHMaHHe yHeNsjoch BONpOCcaM HH-
BeJIMPHOH pedpaKLuH, NMOJYYHBIIEH OoTpaxeHHe B paboTax yueHBIX-
reofiesncroB Toro Bpemenu C. II. Pruibke, H. §I. Llunrepa, Ocu-
1oBa.

Ha ocHoBe pe3ysnbTaTOB HHBEJHPOBaHHS BIepBble GHIJIO yCTa-
HOBJIEHO, 4TO YypoBeHb UepHoro, A30BcKOro, AJpHaTHUECKOTO H
CeBepHoro Mmopeii Huxe ypoBHf Dasaruiickoro Mops. [as
C. . Puiibke W APYTHX YUEHBIX-T€OJE€3HCTOB TOTO BPEMEHH 3TO
6B1JI0 MOJIHOM HeoXHAaHHOCTHIO. Ilo HX mpencTaBieHHSM 3TO IpO-
THBOPEYHJIO TEOPDHH TPAaBHTALIHOHHOTO MOJiss 3eMJH H He COorJyaco-
BHIBAJIOCh C MJIOTHOCTSIMH H cOJieHOCThio Boj YepHoro u Banruii-
ckoro Mope#. ITo3ToMy npu BBIYHCIEHHH BHICOT YPOBHHM IOBEpX-
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Hoctelt Uepnoro u banrufickoro Mopei#t C. II. Priibke NpHHAN
olnHakoBbIMH. DBaatuficko-UepHoMOpcKasi cucTeMa BHICOT HCHOJIb-
30Bajacb A0 1943 r., ynoBJeTBOpSisi NpaKTHYECKHe 3alpOChl KapTo-
rpadHpOBaHHS] TEPPHTOPHH CTPAHHL.

Hameuennass B 1887 r. mporpaMma HHBeJHPHBIX paboT mocJje-
JIOBaTeJNbHO OCYIIecTBJsJach W pa3BuBasacb. B EBpomeiickoii ua-
CTH CTPaHBl CrYUIAJHCh MOJHIOHBI, JHHHH HHBEJHPOBAHHS TIPO-
knaabiBasnch Ha KaBkase m B Cpexneit Asun. B 1901 r. Hayasoch
HUBeJHpoBaHHe 1O JUHHH UensabuHck-BaanueBocTok Brosb TpaHc-
CHOHMPCKON MarucTpaJu.

Kak oTMeuajioch BHIle, HHCTPYKUHSI 10 HHUBEJHPOBAHHIO
(1883 r.) nmeiictBoBasa no 1913 r. B coOTBETCTBHH C peKOMeHAa-
nusiMa MT'A 1912 r., npeaycMaTpHBaIOLIMMH JaJibHeiilliee MOBHI-
LIeHHe TOYHOCTH HHBeJHPOBaHH#A, B -1913 r. 6nia BBedeHa HOBaf
WHCcTpyKuusl 1Jis1 HUBEJHPOBOK BHICOKOH TOYHOCTH, NMPOHU3BOJHMBEIX
Kopnycom BoeHHBIX TOmorpacoB, ee u3gaHue OBbLIO OCYIIECTBJIEHO
TosibKO B 1921 r. CorsiacHO 3TOH HHCTPYKIMH CJydaiHble OIIHOKH
HHBeJIHDOBaHHS He JOJKHH OHIM mpeBmlaTh 1,5 MM/KM, a cH-
crematnueckne — 0,3 MMm/kMm. TexHuueckue TpeGoBaHHSI K NpHGO-
paM He M3MEHHJHCh, JJIHHA BH3HPHOTO Jiyya Oblia YMeHbILIEHa [0
65 M. [TepBast HuBesMpHAs JMHHS BBHICOKOH TOYHOCTH B COOTBETCT-
BHH ¢ TpeGoBaHHSIMH HHCTPYKUHH 1913 r. GHlIa MpPOJIOKEHA MEXIY
Ilerporpanom u Opeccoit B 1913—1917 rr.

B mnepuon c 1887 mo 1917 r. 6bl0 mpoJiokeHo 45,5 THC. KM
HHBEJTHPHHIX XOJOB, B cpexHeM B rox no 1300 kM. IIpu BceMm moJo-
JKHTETbHOM HayYHO-TEXHHYECKOM H HapOJHOXO03SHCTBEHHOM 3Haue-
HUH CO3[aHHOH HHBEJIHPHOH CeTH HeO6XOLHMO OTMETHTh, UTO OHA
6BlJla CJHIIKOM pa3psiKeHHOH Ha OTPOMHOH TEPPHTOPHH, 3aKpell-
JIeHHe CeTH CTEeHHBIMH Mapkamu uepe3 20—25 KM co3maBajio 3Ha-
YHTeJbHbIE TPYAHOCTH B Pa3BHUTHH HHUBEJHDHBIX CeTeH CTYIIEHHS H
IpH TNpPOW3BOACTBe Tomorpaduueckux crheMoK. HuBeJHpHHE CeTH,
noctpoenHsle 1o 1913 r., He oTiHyaJuch ofHOpoxHOCThIO. Jlo BBe-
nenusi B 1902 r. MeTpHuecKkofl cCHCTeMBI Mep He GBLIH COTJIaCOBaHHI
IJIMHBl HHBEJHDHBIX pPeeK ¢ HOpMaJbHBEIMH Mepamu. HopmasbHo#
Mepofi cayxuna menHas JuHefika Ne 68 naunoit 42 cm, Kotopas
CpaBHHBaJach C TOMOLIbI0 «HOPMaJbHOro» sipaa IosoHxa ¢ aH-
IJIMHCKOH HOpMaJjbHOH Mepolt — [lopTiaHacKuM spaoM. BricoTH
Karasnora Phisibke BelUHCJEHB B 3TOH Mepe. PacxoxneHHe Mexny
piuHo#t suHelikn Ne 68 M HOpMaJsbHBIM ke3snoMm [lyakoBcko# 006-
cepBatopun cocraBasio 0,232 mMM. DBoJsiee mosgHHe HHCTPYKLUHH
6osibllle BHHMaHHS CTaJjJH YAEJNATb PEeryJsipHOMY 3TaJOHHPOBAHHIO
HHMBEJHDHBIX peeK H CPaBHEHHIO pabouyux Mep ¢ HOPMaJIbHEIMH Me-
paMH JJIHHBIL.

HecmoTpsi Ha HenocraTku, HuBeaupHast cerb 1887—1907 rr.,
HMeJia BaXKHOE HayyHOe H HapOLHOXO3sIiCTBEHHOE 3HAaYeHHe MOYTH
no 1950 r., korma oHa 6bljia TOJHOCTHIO 3aMeHeHa MOBTOPDHBIM HH-
BeJiipoBaHHeM 6oJiee BHICOKOH TOUHOCTH
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§ 80. PASBBUTHE OCHOBHOHN HHUBEJIUPHOH CETH CCCP
B MEPHUOJ, 1917—1950 rr.

[Tocne yupexnenuss B Mapte 1919 r. Briciiero reomesnyeckoro yn-
paBJIeHHsI OCHOBHOH 006beM acTPOHOMO-Teoje3HyeckKHx pabor,
B TOM YHCJe N0 TOYHOMY H BHICOKOTOYHOMY HHBEAMPOBAHHIO, CTAJH
BHIIOJIHATh JBe BelylliHe Treoje3udyecKHe OpraHU3alLHH CTPAHHI:
BoenHno-tonorpadguueckoe ynpasienne (BTY) u Bricilee reonesu-
yeckoe ymnpasjaeHHe (BI'Y), Ha koTopoe Bo3jaranoch pyKOBOACTBO
BCEMH TeoJle3HYeCKHMH M KapTorpadmuueckumu pabotraMu B Macll-
Tabe BCced CTpaHHL.

B mensx KOOpDAMHALIMH OCHOBHBIX TeOfe3HYecKHX paboT, BHI-
nonusieMix BI'Y u BTV, ¢ ¢deBpaass 1924 r. Haualo (GYHKUHOHH-
poBaThb mocrosinHoe CoBelllaHHe OTBETCTBEHHBIX paboTHHKOB BTY
IMIra6a PKKA u BI'Y BCHX. 3to CoBemanue B 1924 r. no mpez-
noxenuto ®. H. KpacoBckoro paccmoTpeso u yTBepAHJO OCHOB-
HBle NOJIOXKEHHS 10 COCTaBJeHHIO NpOeKTa pPsAOB TPHAHTYJISIHH
1 KJjacca H MpOEKTa MOJIMTOHOB JIMHHH HHBEJHPOBAHHSI BHICOKOH
TOYHOCTH B mpelenax Teppuropuu Espomneiickot yactu CCCP.

Beuin ompezeneHbl OCHOBHble TpeGOBaHHS K INPOEKTHPYeMOH
HHBEJHPHOH CeTH BBICOKOH TOYHOCTH.

1. OcHoBHast ceThb BHICOKOTOYHOTO HHBEJHPOBAHHS [OJIXKHA CO-
cTosATb M3 moJauroHoB nepumerpom 800—1000 kM. Ha BocTOke H
I0ro-BocTOKe Poccuu paspelrasoch yBeJHYeHHe YKa3aHHBIX pasme-
POB OJIUTOHOB.

2. B 3Ty cerb He MOMXKHH BXOJAUTb NpeXHHe HHBEJHpHBHIE JIH-
HHH, TOYHOCTb KOTODBIX HHXKe TpebyeMoH (o TOMy BpEeMeHH) MJis
BBICOKOTOYHOTO HHBeJHpOBaHHA. IIpH HeOGXOAHMMOCTH TakHe HHBe-
JIUpHBIE JIMHHHU JOJIKHBl GBITH IPOJOXKEHBE BHOBb. '

3. CeTb HHBEJHDHHIX [MOJHTOHOB IO BO3MOXHOCTH JOJIKHA
OBITH cOrJacoBaHa C NOJHIOHAMH TPHaHIyJsiiuMu 1 Kjacca H OXBa-
ThIBaThb Bclo EBponeiickyio uacte CCCP pmo ¥Ypana.

KpoMme ToOro, mpoekT cerH npeaycMaTpHBaJ IpoJoxkeHHe 27
TaK Ha3blBaeMbIX MAarucTpaJibHBIX JIHHHH BBICOKOTOYHOTO HHBEJH-
poBanHs. [lpumepHO MOJIOBHHY 3THX JIHHMEI HaMeueHO OHJIO NPO-
JIOXHTb B TeueHue OamxKafmux natH Jer cuiamu BIY u BTY.
Bech mpoekt HuBenupHoi#t cetn B EBpomefickoit yactu CCCP mnua-
HHpPOBaJIOCh peasu3oBaTh B TeueHHe 10—15 Jjert.

Jlsisl TeXHHYECKOTO PYKOBOACTBA IIPH TPOH3BOACTBE BBICOKOTOY-
HOro M TOyHoro HuBesupoBaHusi BI'Y B 1925 r. BBeso nepsyio HH-
CTPYKLUHIO MO HHBEJHDOBAHHIO BBICOKOH TOYHOCTH, COCTaBJIEHHYIO
npu yuactud u noj penakuueii ©. H. KpacoBckoro. dta HHCTPYK-
IUs NpelycMaTpHBaJja JAaJjibHellliee MOBHILEHHE TOYHOCTH BHICOKO-
TOYHOro HHBeJHpoBaHHs. CpelHHe KBaJpaTHYeCKHe OLIMGKH He
JNOJIKHH OHJIM NpeBHILIATh: cayuyaiiHas — | MM/KM M cHcTeMaTHye-
ckas — 0,3 mm/kM. Hapsiny ¢ mpuHSITHIM paHee MeTOJOM HHBEJH-
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pOBaHHsl C OTCYCTAMH MO TPeM HHTAM GBLIO NMPELYyCMOTPEHO BBCIE-
HHe GoJiee COBPEMEHHOrO H TOYHOTO CHoco6a HaBeJeHHS C HCIOJb-
30BaHHEM IUTPHXOBHIX peeK.

Hasi nanbHefilliero pa3sBHTHSI HHUBEJNHPHOH CeTH OrPOMHOE 3Ha-
yeHHe uMesaH pelleHde Ilepsoro (1926 r.) u Broporo (1927 r.)
reojle3MYeCKHX COBellaHHH, cO3BBaeMhXx [ eole3uuecKHM KOMHTe-
ToM locnaana CCCP. CoBellaHHsi MPOXOAHJH 0] NpeacefaTeNb-
ctBom akajemuka 0. M. Illoka/abckoro, B ux paGoTe MpUHUMAaJH
yuacTHe TakHe BHAHHE YueHble-reoje3ucTh, kak ®. H. Kpacos-
ckuit, A. A. Muxa#inos, M. [I. Bouu-Bpyesuuy, H. A. [laBJios,
H. I'. Kensp u gpyrue.

B 1933 r. B COOTBETCTBHH C pellleHHsIMH BTOporo reojesuue-
CKOro coOBelllaHHs 1oA pyKoBoAcTBoM A. M. BupoBua 6bJIO BHI-
nonsedo B LITHUHUTI'AuK HoBoe, BTOpoe nocse 1894 r., ypaBHuBa-
HHe HHBEJHMPHOH ceTH, co3laHHOH B EBpomefickofi uyactu Poccuu
c 1875 no 1932 r. u umeromedl o6uLyI0 MPOTSIKEHHOCTh 69450 KM.
ITo ouenke @®. H. Kpacosckoro, coBMecTHOe BJIHSIHHE CJydYyaHHBIX
H CHCTeMaTHYeCKHX OLIHGOK Ha 1 KM BBICOKOTOYHOTO HHBEJHpPOBa-
HHSl, BBIYHCJIEHHOE MO PaCXOXKAEHHSAM MpeBBIIEHHH NPSIMBEIX H 06-
pPaTHBIX XOJOB, OKa3ajocb paBHHIM 1,1 MM, a no HeBsi3kaM 3aMK-
HYTBIX MOJIHTOHOB — 2,7 MM. HeBsI3kKM HOJIHTOHOB OTpPaXalOT COBO-
KyIHOe BJIHSIHHe BCeX BHJAOB CHCTEMaTHYeCKHX OLIN60OK HHBEJHpO-
BaHHs, a TaKXe BJHSHHE HM3MeHEHHH BBHICOT penepoB BCJEACTBHE
BePTHKaJbHBIX JBHXXeHHH 3eMHOH KopH. [Io3TOoMy OLIHGKH, BHIYHC-
JieHHEle 10 HeBsI3KaM IOJIMTOHOB, Bcerja O6oJblile OLIHGOK, Ompe-
JeJleHHBIX 1O DPacXOX/JeHHSM IpeBBILIeHHH H3 NpSMHX H o6paT-
HBIX XOHOB. B pesy/bTaTe 3TOr0 ypaBHHBaHHS GHIJ NOABENEH HTOT
6osiee yeM mNOJYBEeKOBOH paGOTH re0Je3HCTOB IO CO3LAHHIO TpaH-
IHO3HOH 1O, TOMY BpEMEHH CeTH BHICOKOTOYHOTO M TOYHOTO HHBEJH-
poBaHus Ha EBpomefickoit yacTu cTpaHH, HMelollell BaXXHOe Hayd-
HOe M HapOAHOXO3SHCTBEHHOE 3HAYEHHE. :

B mene nasnbHeiilllero coBeplLIeHCTBOBAHHSI M pa3BHTHS HHBe-
JHPHBIX paboT B IpeJBOEHHBIE FOAbl 3HAYHTENbHYIO POJb ChirpaJa
cratbsl ®. H. KpacoBckoro «O coBpeMeHHOH NOCTaHOBKe BHICOKO-
TOYHOrO H TOYHOrO HHUBEJHPOBaHHS», omy6/aHKoBaHHass B 1938 .
B XypHaJje «['eome3ucr». B Hell GblIM NMOABEPrHYTH KPHTHKe IPO-
rpaMMHBEIE U MeTOJHYECKHe BONIPOCH HHBEJHDOBAHHA: yKa3aHO Ha
Heo6XOJHMOCTb  TIIATEJbHBIX  HCCJNENOBAHHH CHCTeMaTHYECKHX
OlINGOK HHBEJIHPOBAHHSA, NPH 3TOM 0co6oe BHHMaHHe OO6palleHO
Ha BJHsHHe pedpaKuHH M TMOAUYepKHYTO OOJblIOe 3HAaUeHHe HccJe-
noBauuit H. A. IlasioBa mno HusenupHo#t pedpakuun (1933—
1937 rr.), HampaB/ieHHBIX Ha COBepLIEHCTBOBAHHE METONAMKH HHBe-
JHPOBaHHS M MNOBHIIEHHE €ro TOYHOCTH (NMpHMeHeHHe BBICOKHX
mTaTHBOB A0 1,9 M, H3MepeHHe TeMmepaTypHl H ee TPaJHEHTOB MO
oco6oif mporpamme, BHINOJHEHHEe H3MepeHHH MpH BHICOTE BH3HD-
HOro Jiyua He MeHee 0,7 M u HauHe Ko 50 M u T. A.). [ToaBepruyThl
KPHTHKE BONPOCH OLIEHKH TOYHOCTH HHBEJHPOBaHHs MO ¢GopMysaaM
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Jlannemana u PyHe; oTMeueHO, 4To HeyyeT JAeficTBHSI pedpakIuH,
BEpOSITHO, NMPHBOAUT K IpEyMeHblIeHHbIM 3HAYeHHSM BbIYHCJIEH-
HHX CHCTEMaTHUYeCKHX OINHOOK Ha KHJOMeTp XOJa H HacTosllas
HayuyHO 0GOCHOBaHHASl OLlEHKa pe3yJbTaTOB BBICOKOTOYHOrO H TOY-
HOrO HHBEJHPOBaHHs HYXJaeTcs B COBepLIeHCTBOBaHHH. Bosbilnoe
BHHMaHHe YAeJieHO 3ajayaM, pellaeMbIM C HOMOLIbIO BBICOKOTOUY-
HOro HHBeaupoBaHus, K KoTophiM ®. H. Kpacosckuii oTHOocH. cie-
LylolllHe 3a[laud re0JIOTHH H Te0fe3HH:

onpejeseHHe pa3HOCTell ypoBHeH Moped H OKeaHOB;

HccJeloBaHHe BEKOBHIX JBHXKEHHH CYIIH;

H3yueHHe BEPTHKAJbHBIX CMeIlleHHH 3eMHOH NOBEePXHOCTH B He-
KOTOPHIX palOHaX, He CBSI3aHHBIX C BEKOBBIMH JBHXKEHHSIMH CYIIH,
B TOM UYHCJIe CMElleHHH, BbI3BaHHBIX 3eMJeTPSCEeHHIMH;

n3yueHue gedopmauHii ypoBEeHHOH IOBePXHOCTH, BHI3BIBa€MBIX
nepeMellleHHSIMH OA3€MHBIX Macc.

OTMeueHO, YTO MOJIHTOHBl BBICOKOTOYHOrO HHBEJHPOBAaHHUSA cJie-
IyeT NpPOEKTHPOBaTb B 3aBHCHMOCTH OT TPeGOBAHHH TeoJIOTHH H
reopH3HKH, a He MeXaHHYEeCKH yepe3 paBHble NPOMEXKYTKH MEXIy
JUHHSIMH OAHMHaKoBOro HampabJseHHs. [loka3aHo, uTo AJIs1 BHICOT-
HOro 0GOCHOBaHHs TomorpadHuyecKHX CBHEMOK Aa)Ke Ha OrpOMHOH
TEPPHTOPHH  CTPaHbl JOCTaTOYHO OrPaHHYHTbCS IIPOJIOKEHHEM
TOJIbKO TOYHBIX HHBEJHPOBOK CO CJIYYaHHBIMH n=2 MM/KM H CH-
creMaTHuecKUMH ¢=0,2 MM/KM olIMGKaMH; BBICOKOTOYHOE XK€ HH-
BeJIMpOBaHHe NpeJHa3HAaueHO HJIs1 pelleHHS Hay4yHHX 3afad H JLOJ-
JKHO BBINOJIHATBCSL C NpeJesbHO BBHICOKOH TOYHOCTBIO.

Hannas cratbss ®. H. KpacoBckoro okasana GoJibllioe BJIHSI-
HHe Ha OpTaHH3alHI0 H MOCTAaHOBKY HOCJEAYIOMHMX paboT MO BHI-
COKOTOYHOMY M TouHOMY HHBesanpoBaHuio B CCCP.

Hauunasa c¢ 1938 r., HMBeqHpHble JIHHHH BIepBble CTaJH 3a-
KpelJsAiTbCA Ha MECTHOCTH, KPOMe CTEHHHIX MapoOK, T'PyHTOBBIMH
penepaMH, B TOM UHCJe, XOTS H peldKOo, QyHIaMeHTaJbHBIMH H
naxe BeKOBHMH. Heo6xolHMOCTb BBeIeHHS HOBHIX THIIOB HHBe-
JIHPHBIX 3HaKOB Obla CBSI3aHa C OCBOEHHEM B TreoJe3HYeCKOM OT-
HOLIEHHH OGLIMPHBIX TEPPHUTOPHH, rle, Kak NpaBHJO, He OBLIO Ka-
MeHHbIX 3JaHHil AJS 3aKJaJKH CTeHHBIX Mapok. PyHIaMeHTaJb-
Hble H BEKOBble peneph CJHYXHJIH JJs HauGoJiee HaleXHOTO
3aKpeMJieHHs] HHBEeJHPHBIX JIHHHH Ha MECTHOCTH M pelleHHs Hayu-
HBIX 3ajlay reoje3nd, reopH3HKH, TeOJOTMH M JADYrHX Hayk
o 3emJe.

B 1939 r. 6bliH yTBepxKAeHb «OCHOBHBIE INOJIOXKEHHSI O IO-
CTPOEHHH TOCYAapCTBeHHOH ONOpHOH reone3HYecKoH cCeTH», B KO-
TOpble BollesJ pasjeJ H MO HHUBEJHDHEIM pa6oTaM. OCHOBHHIE
nosoxeHuss (1939 r.) ompelesNHJH 4eTKyl0 KJaccH(®HKaLHIO HHUBe-
JIMDHBIX TMOCTPOEHHH Ha Bcell TeDPHTOPHH CTPaHH M ChIrpajiH BaX-
HYI0 pOJib B YNOpSiAOYeHHH HHBEJHPHHIX pabor. HuenupHBe ceTH
NOApa3fielsiJiiCh Ha YeThipe KJacca. BBICOKOTOYHOe HHBENHpOBa-
HHe oTHOcuJoch K I kjaccy, a TouHoe — ko II kiaccy. B kauectBe
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Ta6auua 25

CayuaitHas omn6Ka CHcTeMaTHYecKas

Kaace 7, MM/KM OIWUGKa G, MM/KM
I 1,0 0,2
I1 2,0 0,4
111 8,0 0,8
v 20,0 2,0

raBHOH BLICOTHOH OCHOBH Oblla TNpPHHSITA HHUBEJHpHAs CeTh
I kaacca, GHJH yCTaHOBJEHH IpelesbHbE NONYCTHMBle 3HaUYeHHS
CpelHHX KBaJpaTHYeCKHX OLIHOGOK HHMBeJHpOBaHHS (TabJj. 25).

B rtpyanble roan Benuko#t OteuecTBeHHOH BOHHE 1941—
1945 rr. nuBesuposanue I—II knaccoB BHMOMHSNOCH IVIaBHHIM 06-
pasoM B BOCTOYHBIX paOHax CTpaHBl, B TOM uHcJe no TpaHccH-
6HpCKOH  Maructpatd, xXKejesnoéi jpopore OpenGypr-TamikeHT-
KpacHOBOACK, T. €. MO TeM JIHHHSIM, KOTOpble B IPOIIJIOM GBLIH
nposnoxeHsl KBT, a Tenepp noasexaju MOLepHH3aLHH.

K konumy 1945 r. cerb HHBEJNHDHBIX IIOJHIOHOB, IOCTPOEHHBIX
3a nepnop 1875—1945 rr., oxBatusa He TOJBKO EBpomneiickyio
yacte CCCP, Ho u ¥Ypas, Cpenuioro Asuio, Kasaxcran, yacte Cu-
6upu u JlanbHero BocToka. O61iasi MpOTSIXKEHHOCTb 3THX JIHHHH
HHBeJNHpPOBaHHA K KOHUY 1945 r. coctaBusa 171 ThIC. KM, H3 KOTO-
puix 125 Thic. kM, T. e. 73 %, GBHJIO MpOJOXKEHO Mocie Besaukod
OKTA6pbCKOH COLHAJHCTHUECKOH pEBOJIIOLHH.

B noc/neBoeHHBle TOAbl pa3BepHYJHCh pabOTH MO CHJOLIHOMY
rocylapCTBeHHOMY  KapTorpadHpoBaHHIO TEpPHTOPHH  CTPaHBI
B Macmra6e 1:100000, mo TonorpaHyecKHM CbeMKaM KPYHHBIX
macuitabos 1:5000—1:2000 B EBponefickoit yactu CCCP u 1. A.
Bce 310 HacTosiTenbHO Tpe6oBaso YHNOPSAMOYEHHS H JaJibHeHIlIero
pa3Butus HuBesupHoit ceTH I u II Kmaccos. B cBsasu ¢ atum 'YK
6BIIH NPHHSTH NpOrpaMMHBIe pellleHHs:

BBECTH B CTpaHe eIHHYIO CHCTEMY KOOpAHHAT H BHICOT;

nposoxuts B EBpomneiickoii yacth CCCP B cxkaTble CPOKH HO-
Bble JHHHH HuBenHpoBaHus I u Il knaccos, cBsizaB ypoBHu Bapen-
ueBa, bantuiickoro u UepHoro mopeii;

BHINOJHHTb HHBEJNHDOBaHHe HeKoTopbix JuHHE Il kaacca,
3HaKH KOTOPHIX GBIIH yTpaueHbl BO BpeMsl BOHHEI;

IPOM3BECTH HOBOE, T. €. TPeTbe ypaBHHBaHHe HHBEJHDHOH CeTH
HT L

B nensx peanusauuu 3THX NIaHOB M pa3BHTHS OCHOBHHX NO-
jgoxenu#t (1939 r.) 6buio HM3maHO «BpemeHHOe HacTaB/eHHe MO
HuBesHpoBaHHI0O | Kkuaacca», pa3paGoTaHHOe TNpU  y4YyacTHH
A. M. Buposua, H. A. Tlasnosa u B. . ®ypcosa.

B npusioxeHHH K 3TOMYy HacTaBJieHHIO Gblja JaHa cxeMa Mpel-
BAapUTEJbHOr0 NpOeKTa HHUBeMHpHOH ceTH I kJaacca naas Bceit Tep-
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puTOpuH cTpaHbl. [IpoeKT mpeaycMaTpHBaJ [OCTPOEHHE CETH
B BHle nosuroHos B Eponeiickoii yactu CCCP, Cpenneit A3sum,
Kaszaxcrane u 3anaznnoii CHOHPH, a TakxKe NPOJIOXKEHHe BHCAYHX
JMHUH JJs CBSI3M C HEKOTOPHIMH ¢yTiuTOKaMu Mope# Tuxoro H
CeBepHoro JIenoBHTOro OKeaHOB. B HacTaB/ieHHH MNpDHBENEHH CIe-
LHMaJbHBlE YKa3aHHSl N0 PEKOrHOCUHPOBKE H INPOEKTHPOBAHHIO HH-
BeJUPHBIX JHUHHH | Kaacca, 3akpenyieHHI0O HX (QyHIaMeHTaJbHBIMH
M BEKOBHIMH TDYHTOBBHIMH pernepaMH. B KauecTBe OCHOBHOrO Me-
TOJa HHBEJMDOBAHHS DEKOMEH[IOBAaH METOJ COBMEIIEHHs IpH HC-
NOJIb30BAHHH HHBEJHPOB C IJIOCKONAapaJJe/bHOH MJIaCTHHOH H
IUTPUXOBHIX peeK. Kaxkablfi HuUBeJIHPHBIH Xo& I Ksacca mHoOJXeH
6BlT MpOKJAJABIBaTbCS 1O JABYM NapaM IepexOJHHIX ToueK, obpa-
3ysl «IpaBylO» H «JIE€BYIO» JHHHH HHBeaupoBaHHs. Oco6oe BHHMa-
HHe YHAeJsIoch OCaabJeHHI0 BJIHAHHS pedpaKUHH, yMeHbIIHJach
IJIMHA BH3UpPHOro Jyuya Ao 50 M, yBeJHYHJach BBICOTa ero Ipo-
XOXJIEHHS HaJ 3eMHOfl TOBEPXHOCTbIO. DTH H JpYyrHe MeponpHs-
THS, YKa3aHHble B HacTaBJEeHHH, GBI HampaBJeHbl Ha IOBBILe-
HHe TOYHOCTH [JIaBHOH BBICOTHOH OCHOBB TEPPHTOPHH CTpaHBHL
CuayualiHast M cHCTeMaTHuecKas OLIMOKH HHMBeJHpoBaHHs | k/acca
He NOJXKHH Gbliu mpeBnmath 71<<1,0 MM/kM u 0<<0,2 MM/KM co-
OTBETCTBEHHO.

B HacraB/JieHHH NOAYEPKHBAJOCh HayyHOe 3HayeHHe HHBEJIHDO-
BaHMs | K/acca, oTMeuaJsioch, B YaCTHOCTH, UYTO JJISI H3yYeHHS Bep-
THKaJbHBIX [BHXKEHHH 3eMHOH KOpH HHBEJIHPOBaHHE JOJIXKHO INO-
BTOpATbCS KaxAele 25 jer. K peanu3aunuu npoekTa HHBeJHPHOH
cetn I knacca I'VTK nmpucrynumo ¢ 1945 r.

7 anpeass 1946 r. 6b1o npuHsiTo nocraHoBaeHne Cosera Mu-
HucTpoB CCCP «O BBeleHHH eOHHOH CHCTEMH Te0fe3MYeCKHX
KoopauHaT H BhicoT Ha TeppHTopuH CCCP». CorsacHo stoMy Io-
CTaHOBJIeHHIO BBICOTHI Ha Bcel Tepputopun CCCP mOJXKHBI OTCYH-
THIBaTbCsl OT ypoBHs DBasatHiickoro mMops, TouHee, oT Hysas KpoHui-
TaATCKOro ¢yTUITOKA, 32 KOTOPHIi NMPHHATA FOPH3OHTaJbHasl yepTa
Ha MJacTHHe, ycTaHOBJeHHOH Ha yctoe CuHero Mocra uepe3 OG-
BOJAHOH KaHaJ B KpoHuranre.

B npenBepun cieaymollero oyepeJHOro ypaBHHBAHHSI OCHOBHOH
HuBesupHo# ceTH I u Il kaaccoB nmocranossennem koJternn FYTK
oT 12 aBrycta 1946 r. 6bL10 NpefRyCMOTPEHO:

BOCCTaHOBJICHHE H INPOJIOXKEHHE HOBHIX HHBEJHPHBIX JIHHHH
B paiOHaxX, OCBOGOXJEHHBIX OT OKKYNallHH, He mo3fHee 1948 r.;

OCyIlleCTBJICHHe CBSI3H HHBeJHpOBaHHMs | Kjaacca ¢ JpPYrHMH
BLICOKOTOYHBIMH HHBEJHDHEIMH JIHHUSMH;

NpUBA3KYy Bcex (yTIITOKOB Ha mnoGepexbe basTuiickoro
Mops;

BBIOJIHHTL TOBTOPHOE HHMBeJHpoBaHHe mo JuHusMm I u Il kaac-
coB (paspsamoB mo MHcTpykuuu 1933 r.), mposoxenunim ¢ 1876 mo
1917 r., He3aBUCHMO OT COXPaHHMBLIMXCSI Ha 3THX JHHHSX 3HAKOB
(penepos).
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Takum o6Gpa3om, TOuHOEC M BHICOKOTOUHOC HHBEJHpPOBaHHE, BHI-
nonuenHoe KBT, Hck/ouajoch M3 HNPaKTHYECKOTO I10Jb30BaHHUS H
Tenepb HCIOJBb3YeTCs TOJbKO JJisi H3Y4YeHHS] BePTHKAJbHHIX JBH-
JKeHHH 3eMHOH KOpHI.

B 1948 r. A. M. Buposen u H. A. ITaBnos B IHUUT'AuK pa3-
pa6orasn «OCHOBHble NOJIOXKEHHS! MO OO6IIEeMYy YpaBHHBaHHIO OC-
HoBHOH HuBeJsHpHO#l ceth CCCP». YpaBHHBaHHe TpaHIHO3HOH HH-
BesiupHOH ceTH | u Il ksiaccoB BRIXOOHIO 32 paMKH OGHIYHOH 3a-
Hdauyd ypaBHHBaHHA. [IpeicTosJo pellUTb psJl HayYHHIX H METOMH-
YEeCKHX BOIPOCOB, B TOM YHCJIe TaKHX KaK yYeT aHOMaJiMil CHJIHI
TSXECTH IIPH BBIYHUCJIEHHH HOPMaJIbHBIX BBHICOT, YCTAaHOBJIEHHE Be-
COB MNpEBHIIEHHH [0 HHUBEJHPHBIM JIMHHSIM, OL[EHKA TOYHOCTH HH-
BEJUPOBAHHS H JP.

B ofuiee ypaBHHBaHHE BKJIOYaJHCh HHBEJHDHBIE JIHHHH, YAOB-
JgerBopsiolie Tpeb6opaHusaM OcHOBHBIX mnoJioxenuit (1939 r.), o6-
el npoTsXKeHHOCTbI0O 139 ThIC. KM. YpaBHHBaHHe BHINOJHAJIOCH
o MeTOAy HaHMMeHbIUHMX KBaJpatoB B IleHTpasbHOH BBIYHCIIH-
TeqbHOR uyacTH T'VT'K nox pykoBOACTBOM H3BECTHOrO reoje3HcTa
. A. Jlapuna. Beca npeBBIlLIEHHH [0 JHHHSM, a B ClIyYae HX pas-
HOPDOJHOCTH — HX yacTell NIPHHHMAJHCb DaBHBIMH

P;=clm’,

rie c=const, m;—cpeaHsis KBajpaTHuecKasi OIIHOKa IpEeBH-
LIEeHHS;

mf = (n2 + G2Lip) Lir
rje n H 0 —cJjyyafiHasg M cHCTeMaTHyeckas OLIMOKH HHBEJIHDOBa-
HHA Ha 1 KM xo0aa, L;p — AnuHa oTpe3ka JuHHH L; Ha KOTOpOM
Pa3HOCTH NpPSIMBIX M OOpaTHHIX TNpeBHIIIEHHH 06J1aJal0T CBOHCTBOM
CHCTeMaTHYeCKHX OIUIHOOK.

1o Tperbe mocie 1894 r. obluee ypaBHHBaHHe OCHOBHOH HHBe-
JUDHO# ceTH CTpaHbl GblIO ycmellHo 3aBepiueHo B 1950 r. Ypas-
HEHHble BBICOTH CJYXHJH HCXONHBLIMH NDH YpaBHHBaHHH HHBEJIHD-
Hbix cereit 111 u IV knaccos.

B pesysnbraTe 3TOoro ypaBHHMBaHHS K Hauaay 50-x romoB ObliH
CHCTEeMaTH3HpPOBaHB pa3pO3HEHHblE MaTepHaJibl BCeX HHBEIHDHBIX
pa6oT, BHIMOJHEHHBIX MHOTHMH BeJOMCTBaMH, yNOpsiloueHa HHBE-
JIHpHasi ceTb CTPaHBl, 3HAYMTEJbHO YJYYIIHJOCh ObecneueHHe AaH-
HHIMH HHBEJHDOBAHHS pa3JHYHBIX OTpacjefl HapoOAHOro XO3sii-
CTBa.

§ 81. COBPEMEHHAS HUBEJIUPHASl CETb CCCP

lFocynapcrBennas nupeanpHass cetb CCCP mno-mpexneMmy noapas-
nensiercst Ha HuBesnupHele cetd I, II, III u IV knaccos. I'aBHO#M
BHICOTHOH OCHOBOH siBJsIIOTCS HHBesupHHle cetH I u Il kuaaccos.
Hupenupueie auuuu I u Il KnaccoB npok/aaAbBalOT MNpeHMylie-
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CTBEHHO IO KeJe3HBbIM, IIOCCEHHBIM H YJYYIIEHHBIM T'DYHTOBBIM
JoporaM, a NpH HX OTCYTCTBHH, OCOGEHHO B TPYAHOJAOCTYIHHIX ce-
BEepPHBEIX, CEBEpPO-BOCTOYHHIX H TOpPHHEIX pafloHax—mo 6eperaM
6OJIbIIMX DEK, TpolaM H 3HMMHHKaM. Bo Bcex ciyuasix cTpemsTcs
K TOMY, YTOGBHl JIHHHH HHBEJHPOBaHHS NPOXOAHJIH IO TpaccaM
c HauboJee OJNarONpHSITHBIMH [AJs JaHHOrO padoHa TIPYHTOBBIMH
YCJOBHSIMH, [0 HaHMeHee NepeceyeHHOH MECTHOCTH C HeGOJbIIHMH
YKJIOHaMH.

Husenupnas cetb I k/acca cTpoHTcs B BHAe 3aMKHYTBIX NOJIH-
FTOHOB H OTAEJbHHIX JHHHH G6OJbLIOH NpoTsKeHHOCTH. HuBenupuas
cetb II kaacca omupaercsi Ha HHBeqHpHBle JHHHH | Kiacca u co-
3llaeTcsl B BHJE 3aMKHYTHIX IOJIHIOHOB, NEPHMETpP KOTOPHIX B Ha-
crositiee BpeMs. Kosebsercss or 400 mo 800 kM B OGXKHTHX H OT
1000 mo 2000 kM B HeoGXKHTHIX paHoHaXx. IlosuroHsl, o6pa3oBaH-
Hble HUBeJUPHHIMH JHHHAMH | u Il kJaccoB Ha BOCTOKe CTpaHHI,
JNOCTHraloT HHOrAa 6—7 THIC. KM.

Hupenupueie ceru III u IV knaccoB npoknainBaloT BHYTPH
NOJIMTOHOB BHICLIEro KJjaacca KaK OTAeJbHHIMH JIHHHAMH, TaK H
B BHIE CHCTEM JIMHHH C Y3JIOBBIMH TOYKaMH. [lepHMeTpbl MOJHro-
HoB HuBeaupoBaHusi Il kiaacca, Kak mpaBu/iO, HE NOJXKHBI NPEBH-
matb 150 KM, B CeBepHBEIX H CeBEPO-BOCTOYHBIX paHoOHax CTPaHBI
oHH MoryT yBeauuuBatbcss A0 300 kM. IlepumeTpHl HOJIHIOHOB H
IJIMHEL OTAEJbHBEIX JHHHE HHBeJupoBaHHus IV kjacca momyckaioTcs
He 6osee 50 KM.

JIHHHH HHBeJNHDOBAHHS BCeX KJAaCCOB 3aKpPemisioT Ha MeCTHO-
CTH NOCTOSTHHBIMH 3HaKaMH (pemepamMH HJH CTEHHHIMH MapKaMH)
He pexe yeM yepe3 5 KM Io Tpacce. B TpyAHOAOCTynHHX paiioHax
Ha OTAeJNbHBIX y4yacTKax, I'ie YCJOBHSl JJIsl 3aKJaAKH HHBEJHDHBIX
3HAaKOB He6JIaroNpHATHH, PacCCTOSTHHA MeXJAy 3HAaKaMH YBeJHYH-
BaloT 10 6—7 kM. Ha HuBenupuux Juuuax I u II kaaccos uepes
50—60 kM 3akJainbBalOT (yHZaMeHTaJbHHeEe penepH, a B 50—
150 M OT HHUX pSiIOBHE penepH-COyTHHKH. PyHIaMeHTaslbHHE pe-
nephl YCTaHaBJHBAIOT TakXe B Y3JIOBHIX NyHKTax HHBEJHDOBAHHS
I u Il knaccoB, B6/IH3H MOPCKHX YPOBHEMEDHHIX CTaHLHMH H OCHOB-
HbIX peyHHX (O3epHBIX) BOAOMEPHHIX IOCTOB.

B cersax I, IT u IIl xnaccoB HMBesHpOBaHHe MO KaXXIOH JIHHHH
BHIMOJIHSIOT B MNpPSIMOM M o0GpaTHOM HampaBJeHHAX. B cerax
IV knacca HHBeJHpHBIE XOABI NMPOKJAAAbIBAIOT TOJNbKO B OLHOM Ha-
npabjneHud, BHcsuue xoabl III w IV  kmnaccoB He gnony-
CKaIoTCH.

Brnosb Bcex sinHuii HuBenHpoBanus I u Il kznaccos, a B rOpHHX
padionax u no auHusaM III kaacca no cneunanbHOH mporpamMme H3-
MepsIIOT CHJy TSXKECTH C IeJIbI0 HCIpaBJieHHsT H3MepeHHBIX NpeBH-
IIeHHH TNONpaBKaMHM 3a Tepexoj K CHCTeMe HOPMaJbHHIX
BHICOT.

HeBsa3ku (B MM) B NOJHrOHax M MO JIHHHSM HHBEJHDOBaHHS
I, II, IIT u IV kynaccoB He HOJIKHH INpPEBHIIATh COOTBETCTBEHHO
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34/L, 54/L, 104/L u 204/L, rze L —nepumeTp moJiMrona Wiu
IJIMHA JIHHHH, KM.

C TeueHHeM BpeMeHH IIOCTENEHHO MNOBHINAIOTCH TpeGOBaHUS
K TOYUHOCTH H IJIOTHOCTH IOCTPOEHHSI OCHOBHOM HHBEJMPHOH CETH
[ u II knaccos. IlosToMy 3Ta ceTh HenpepHBHO pa3BHBAeTCs H
MOAepHH3HpyeTcs: B Maclutabe TepPHUTODHH BceHl  CTpaHBHIL
K 1967 r. na Esponefickoit yactu CCCP, B Kasaxcrane, Cpenneit
Asun u 3anamno#i CuOGHpH Gha NOCTPOEHa HHUBeJNHpHAs CeTh
I xnacca u3 20 3aMKHYTHIX NOJIHTOHOB CO CPEIHHM IEPHMETPOM
2800 kM. O6uiasi MPOTSXKEHHOCTb JIHHHMI HHUBEJHpOBaHHA I Kaacca
K 3TOMy BpeMeHH cocTaB/aasNa 45000 kM. dra orpoMHasi mo pas-
MepaM HHBeJHpHasl CeTb BBICLIEr0 KJacca TOYHOCTH CBsi3aja Me-
XK1y co60H cpellHHe YDPOBHH BOJHOH MOBEDXHOCTH MHOTHX MOpeii:
bapenuesa, Kapckoro, Bauxruiickoro, YepHoro, Asosckoro, Kac-
nHHCKOro, ApaJibCKOro H MO3BOJIHJIA C BHICOKOW TOYHOCTBIO OIpe-
JIeJIUTb pa3HOCTH MX YPOBHeH.

OnHoBpeMeHHO ¢ HHBeJHPHOH ceThio | kJacca pasBHBalach H
HuBenupHas ceTb II kmacca. K 1967 r. oHa nmokpeiia BCIO CTpaHy,
KpOMe ceBepHBIX paifioHOB. [lepHMeTpbl HHBEJIHDHHIX IIOJHIOHOB
Il knacca B EBponeficko#t yacTH cTpaHn paBHH B cpefHeM 400—
600 kM, a B TPYAHONOCTYNHBIX H MaJOOGKHTHX paloHax CHOHpH
u HaabHero Bocroka pocruraior 2000—3000 kM.

YcneumHass peaJsusauusi nporpaMMel 1945 r. pa3BuTHS HHBe-
JupHbIX JHHHH | kJsacca, Bce Bo3pacraiollee 3HaueHHe TOYHOrO
HHBEJIUDOBAaHUS MAJs1 H3yYeHHs COBpPEMEHHBIX J[BHXKeHHH 3eMHOH
KOpH, TpaHAHO3HHIH pa3Max THAPOMEJTHOPATHBHOIO CTPOHTENb-
CTBA Ha OTPOMHHIX IJVIOLIAJSX, a TaKXe Apyrue HayuHele H Hapon-
HOXO3dHCTBeHHBle 3afayH NoTpe6oBajH pa3pabOTKH HOBOH Ipo-
rpaMMbl  JaJibHeHlIero pa3BHTHS OCHOBHOH HHBeJHDHOH CeTH
CCCP u npoBeleHHs] ee OYepelHOr0 ypaBHHBaHHS.

B 1967—68 rr. ITHUUWUT AuK no 3apanuio I'VTK mox pyxkoson-
creoM M. WM. DutuHa paspaboTaj HOBYIO MHporpaMmy JaJbHefi-
Ilero pas3BHTHS rocyjapcTBeHHOH HHBenHpHo# cetu I u II kaac-
COB. DTOT NpPOEKT, C NPHJIOXKEHHEM CXeMbl NPOEKTHPYEeMBIX JHHHH
HHBeJIHPOBaHHS M OODBSCHHTENbHOH 3amMCKH, B KOTOpO# HaHO Ha-
YUYHO-TeXHHYecKoe OGOCHOBaHHe HaMeueHHHIX paboT, Obl1 pac-
cmotpeH u ytBepxaeH ['YI'K B 1968 r.

Hopasi mporpamma 1968 r. mpeaycmaTpHBajia pa3BHTHe HHBE-
JupHeix gunHufi 1 u Il knaccos, B mepBylo ouepellb, B CEBEPHBIX
H BOCTOYHBIX paHOHax CTpaHbl, MEPCHEKTHBHHIX B TPOMBIIIJIEHHOM
OTHOILICHHH.

[Tonurousr HuBeaupoBanuss [ kiaacca B EBponeickoit yYacTu
CCCP HaMeuasoch CTYyCTHTb M YMEHBUIHTb HX NeDHMETp B cpel-
Hem Jgo 1800 kM. Kpome Toro, GblJIO HaMeUYeHO BBLINOJHHTb NMOBTOP-
HOE HHBEJHPOBaHHE 110 JHHHSM, NPOJOXeHHbM 20—25 ser Tomy
Ha3all, Kak 3TO GblJIO IIpeAyCMOTpeHO BpeMeHHHIM HacTaBJIeHHEM
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(1945 r.). BnepBble B reofe3uueckod MpakTHKe NpelycMaTpHBa-
JIOCb TPOBCAEHHE lleseHaNpaBleHHbIX NMOBTOPHbIX HHBEJIHPHBIX pa-
60T BBHICOKOH TOYHOCTH AJISi H3yYeHHs COBpPEMEHHBIX [BHXKeHHH
3eMHOH KOpHI, 0COG€HHO B CeHCMOaKTHBHHIX paHoHax. Ocob6oe BHH-
MaHHe YJeNasiiochb YNOpsiOYEHHIO CBSI3H HHUBEJIHDHOH CeTH C ypOB-
HeMepHBIMH MODCKHMH CTaHLUHMSIMH Hab/lIOLEeHHH 3a BEKOBHIMH H3-
MeHeHHUSIMH CpelHHX ypOBHeH Mopel.

Huseaupuyro cerb Il knacca HameueHO OBIJIO NOCTPOHTD
B TeyeHHe 10—15 Jer B BHIe NOJHIOHOB, CIJOLIb MOKPHBAIOIIHX
BCIO TEPPHTOPHIO CTpaHH, BkJIOuUas o. CaxaauH. B o6XKHUTHIX paii-
OHaxX, B ToM yHcle B CHOGHpH, mepHMeTp IOJHIOHOB HaMeuaJoch
yMenblInTh 10 400—800 kM, a B TPYZHOLGCTYNHHIX H HEOGXHTHIX
palloHax cokpaTHTb ero mo 1000—2000 kM.

K cepennne 70-x roJoB BBICOKOTOYHasi HHBeJHpHasi ceTb | H
Il knaccoB B cooTBeTcTBHHM ¢ mporpaMmoii 1968 r. mpakTHueckH,
XOTS M C pa3HOH N/JOTHOCTbIO HHUBEJHPHHIX JHHHH, GHJIa pa3BHTa
Ha Bcefl Teppuropuu CCCP. O6wasi npoTsKeHHOCTb HHBEJIHPHHIX
Junuit I Knacca Kk 3ToMy BpeMeHH cocTaBHJa 70 THC. KM, a JHHHH
IT kxnacca—360 Tteic. kM. Haspena Heo6XOZHMOCTb Ou€peaHOTro,
yerBepToro nocse 1894 r., ypaBHHBaHHSI CTOJIb OTPOMHOH M TOYHOMH
HHUBEJIMDHOH CeTH, KaKOH He HMeeT HH OJlHa JApyras CTpaHa MHpa.

ITpu ypaBHuBaHuHM HuBesnupHasi cetb | u Il ksmaccoB GHua pas-
JeneHa Ha aBa GJoka: «3amag» u «Bocrok». I'panmma pasnena
npoxoiusa mno JHHHH | kaacca: ApxaHreabck-Kaszaup-Apasbckoe
mMope-Aphich, 3anajfHee KOTOpoil Ghiia co3[aHa rycTas ceTbh HHBe-
JupoBanus I knacca.

3ananHbifi GJOK ypaBHHMBaJCSl KOppeJaTHHIM CIOCO60M, a BO-
CTOYHBIH — MapaMeTpHYeCKHM. BHUYHCIEHHST BHMNOJHSJIHCh B CH-
CTeMe HOpMaJIbHBIX BBICOT OT HyJsi KpoHiTaaTckoro ¢yTIITOKA,
CBSI3aHHOTO C HHBEJNHDHOH CeThI0 Ha MaTepHKe MeTOJOM THIpO-
CTaTHYECKOTO HHBEJHPOBAaHHS, BhIMOJHeHHOr0 B 1969 r. co cpen-
Hell KBaJpaTHYeCKOH OIIMOKOH mepefayd BHICOT Ha MaTepHK, pas-
Ho#t 0,8 MM Ha BClO AJIHHY HHBeJHpPHOTO XoZa (5 KM).

B kaxpoM G6joKe ypaBHHBaHHe HuBeJHpHBIXx JuuHi I m II
KJ1aCCOB NPOBOAHJIOCH COBMECTHO, C y4eTOM HX BeCOB, BBIYHCJ/IEH-
HHIX 10 ¢opMyJiam
ons 1 knacca

p=1/3L;
aas I1 kaacca
p= l/L!

rie L — nnuHa HUBENHDHOH JIHHHH, KM.

B ypaBHHBaHHe BKJIOYAJHCb HHBEJHDHHE JIMHHH, HEBSI3KH
(B MM) KOTOPHX B HOJIHTOHAaX YJOBJETBOPSJIH CJELYIOIIHM Tpe6o-
BaHHAM:
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ans I knacca
Wgon ==3 MM \/f;

s 11 knacca no 6qaoky «3anans
Wgon =5 MM «\/Z-;

ans 1l knacca no Gioky «Boctok»
@gon =6 MMA/L .

Hnas nosauroHoB, o6pasoBaHHbix JuuusMu I u Il kJaaccoB co-
BMECTHO, MONYCTHMBIC HeBSI3KH (B MM) BBIUHCJSIIHCH MO (opMy-
Jam
IJst 6J0Ka «3amani»

@pon = 4/ ng + 25Lu 5

nJis 6J0Ka «BocTok»
@gon =4/9L; +36Ly; .

YpaBHuBaemasi HuBesqHpHas cetb | u II kmaccos (o6a 6J0Ka)
coctosiia Gosee ueM u3 500 NOJMrOHOB pasIHYHOrO NEpHMeTpa:
OT HECKOJIbKHX COTEeH KHJIOMETPOB Ha 3amafe 10 6—7 ThHIC. KM Ha
BOCTOKE CTPaHHL.

M3 ypaBHHBaHHS OHJIM NOJyYeHH CJeLylOLlHe CPeNHHE KBa-
paTHueckHe OIIMOKH Ha | KM HHBEJMDHOTO XOZ4a:

Baoku I kaacc II karacc
«3amnan» 1,6 MM 2,7 MM
«BocTok» 2,1 3,6

BHM BHUYHC/IEHBl TakXe CpelHHe KBaJpaTHYeCKHe OLIHOKH m
onpejie/leHHs] ypaBHEHHBIX BBICOT HHBEJHPHBIX peNepoB B pa3HHIX
palioHax CTpaHBl OTHOCHTeJbHO HyJs KpoHIITaaTCKOro (QyTHITOKA
(Taba. 26).

Ha ocHoBe mnpHBeAeHHBHIX J[JaHHBIX MOXHO cJllelaTb BBIBOJ
O TOM, YTO OrpOMHasl NO pa3MepaM OCHOBHasl HHMBEJIHpHas CeTb
CCCP, npoctupamomasics no jpoJrore Gosee yem Ha 10000 kM u
no mupote Gosee uem Ha 3000 KM, mocTpoeHa C HCKJIOYHTEJNbHO
BBICOKOH TouHOCTbl0. HauGosee ynasneHHble oT KpoHIITaaTCKOro

Ta6auma 26

,If?n Paiton m, MM ,11\;’“ Pafion m, MM
| Acrpaxaub 49 5 Baanusocrok 112
2 Hosocu6upck 62 6 IeBex 142
3 SAKkyTCK 93 7 | Amrysma (Bepunroso | 149
4 Tukcu 102 Mope)
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¢yTIITOKA MNYHKTHl OHpefesieHl CO CpelHedl KBaApaTHYCCKOH
oun6koft Bcero Juilib 15 cM. TlosyueHBl HCKIIOUHTENBHO LEHHBIE
H BaXXHble AJIS1 HayKH H HapOAHOro XO35fHCTBAa AaHHBIE MO BHICOT-
HOMY oGecleyeHHI0 TEppPHTOPDHH CTpPaHbl B COHHOH CHCTeMc HOp-
MaJbHBIX BBICOT, OTCYMTHIBaeMbIX OT HyJss Kponmranrckoro Qyrt-
mroxka (0T ypoBHs Basartuiickoro mops).

[TocTpoeHne HOBOH BHICOKOTOYHO! HuBeaHpHQH cetn CCCP,
OCyIlleCTBJIEHHOE B IOCJEBOEHHHIl MEPHOA B TeueHHe MpPaKTHUECKH
nocneanux 30 Jser, sBJAsSieTCS BHIAAIOLIMMCH JOCTHXXEHHEM COBeT-
CKOll reone3nueckoifi HaykH u mpoH3BoAcTBa. Co3laHHe 3TOH yHH-
Ka/JbHOH HHBEJUPHOH CeTH BBICOKOH TOYHOCTH sIBJIsIeTCSl JOCTOH-
HbIM BKJaJOM B pa3BHTHe TeOlle3WH, OKeaHOTpadHH, reoPH3HKH H
IpYrux HayK o 3emJe.

Ha ocHoBe BhicOT KaTajora omopHo# HuBeaupHo#l cetu I u Il
KaaccoB 1977 r. 3aBeplleHO ypaBHHBaHHe H OTAEJbHBIX HHBEJHD-
Heix JuHui II kaacca, He Bomemauinx B KataJjor 1977 r., a Takxe
Bcex JHHHH HuBeaupoBaHusi III u IV xuaccos. Enunas cucrema
BHICOT pacHpocTpaHeHa TakHM o00pa3oM Ha BCIO TEPPHTOPHIO
CCCP.

Oco60 BaxHOe 3HaueHHe elMHAasl cHCTeMa BBICOT 1977 r. HMeeT
s TonmorpaHyecKHX cbeMOK Iilefbda CeBepHHIX M BOCTOYHBIX
Mope#i Hamlefi crpanbl. Ha cylle W B MOpPCKHX YCJOBHSIX Tenepb
obecrieyeHo €IHHCTBO H306pax<eHHs pesbeda NMOBEPXHOCTH 3eMJH
H MODCKOrO JHa, a Ha TomorpauueckHX KapTax MoXeT GHITb OT-
paXeHa Bcsl JAHHAMHKa H3MEHEHHH YDOBHS OMBIBAIOLIUX CTpaHy
Mope#.

§ 82. NEPCNEKTHUBB! NAJIbHEAIIETO PASBHTHSA
BbICOKOTOYHOI'O HUBEJIUPOBAHHUA

KoMniekcHoe pa3BHTHe HayK o 3eMJe NpeaycMaTpHBaeT pellleHHe
B YAaCTHOCTH TaKHX BaXHBIX Npo6JieM ecTeCTBO3HaHMS, KaK H3Y-
YyeHHe CTPOeHHs 3eMHOH KOpHl M BepXHedl MaHTHH 3eMJH B LeJsX
HcclleloBaHHSA mpoleccoB (OpMHPOBaHHS H 3aKOHOMEpPHOCTeH pas-
MellleHHsl NI0JIe3HbIX HCKOMaeMHhIX;

reosioro-reoH3nyecKre HCCAENOBaHHS LieabdoBoii 30HB H MH-
POBOrO OKeaHa;

JanabHellllass pa3paboTKa MeTOLOB NPOTHO3HPOBAHHMS NOToJbl H
CTHXHHHBX OeACTBHH, B TOM 4HCJe, KDYMHBIX 3eMJCTpsiCeHHH
HT I )

B pelwleHHH 3THX BaXXHeHIIHX NPoGJCM ONpefcJeHHYI0 pOJib
MOTYT CHIpaTb H BHICOKOTOYHBble HHBeJHpHBIe ceTH. B 1976 r.
IHHHUUTAuK no sapannio I'YTK paspaGoran mnporpammy naJb-
HedIllero pa3BHUTHS OCHOBHOH HHUBEJHDHOA CeTH IJI TepPHTOPHH
CCCP.

Ilannass mnporpaMma BBICOKOTOUHOTO HHBEJIMPOBAHHA TNpeay-
CMaTpHBaeT:
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HaJsibHeillliee CrylleHHe FOCYNapCTBEHHOM HHBEJHPHOH cetw I u
IT knaccoB B MacuTaGe Bcell cTpaHhl;

NOBTOPHOE HHMBEJMDOBaHHE OTHEJbHBIX JIMHHH IJs H3yue-
HHS COBPEMEHHBIX BEPTHKAJbHBIX JBHXCHHH 3E€MHOH KOpbl H
NOJIyYeHHs] pPe3yJbLbTATOB HHUBEJHPOBAHHs, OTHOCSALIMXCS K OMHOH
3MoXe;

yNOpsiIOYEHHE HHUBEJNHPHBIX CBfi3efl ¢ TOCYAapCTBEHHOH CeTbIo
YPOBHEMEPHBIX CTaHUMH A/ H3y4YeHHs JHHAMHKH YpoBHs Mupo-
BOrO OKeaHa, OTHeJbHBIX MOpefl M KDPYNHHIX 03ep;

HajpHellllee pa3BHTHE BBICOKOTOYHOTO HHBEJHPOBaHHSI B KOM-
njekce ¢ reodH3HYeCKHMH H ADYTHMH H3MepPEHHSIMH Ha TreofHHa-
MHYECKHX MOJIMIOHAX.

B pesynbraTe peanusanuu AaHHOH NPOrpaMMBl MOJIMIOHBI HH-
BenHpoBaHus | kiacca yMmenbliaTcss B cpenHeM 1o 1,5 ThIC. KM
B EBponefickoft yactu crpaun, Cpenneit Asun u KasaxcraHe u 1o
2,5 thic. kM B Cubupu u Ha [asnbHeM BocToke; HHBeJHpHBIE MO-
Juronnl II knacca B cpenneM 10 0,5 4 1,2 ThIC. KM COOTBETCTBEHHO;
TaKXe YMEHbIIATCSl MepUMeTpPH HHBEJHPHBIX NOJHIOHOB B CeHCMO-
aKTHBHBIX paloHax.

Takass TeHIeHLHS NOCTENEHHOTrO CrYIIE€HHS HHUBEJIHMPHBIX JHHHH
I u II knaccoB B nensix cozganust 6oJiee TOYHOH W INJIOTHOH OCHOB-
HOH HHMBeJHDHOH CeTH CTpaHbl COXPAHHTCS, BEPOSITHO, H B IOCJe-
AylolHe [eCATHJNCTHS, NOCKOJbKY [epHMETphl HHBEJHPHBIX IOJIH-
TOHOB JOCTATOYHO BEJHKH H INOKa He MO3BOJSIOT H3yyaTb COBpe-
MeHHBle JBHXKEHHs! 3eMHOHl KOpH c Tpe6yeMOH HeTaNbHOCTbIO H
TOYHOCTbIO B Macilitabe Bceil CTpaHHI.

C TeuyeHHeM BpeMeHH, KaK IOKa3biBaeT NpPaKTHKA, BO3HHKAIOT
HOBble, Bce 06o0Jiee CJOXKHEIE HAayuHble, HayYHO-TEXHHYECKHe H Ha-
pOdHOX03ficTBeHHble 3aJauH, Tpebylollue AajibHellllero MOBHILe-
HHSl TOYHOCTH IOCTPOEHHS ONOPHBIX e0Ne3HYecKHX ceTeil, B TOM
yhcae, HuBesHpHBIX ceTedt I u II knaccoB. OaHako yeM BhIlle TOY-
HOCTb peasibHO CYLIEeCTBYIOIell OMOPHOH TIeole3HYeCKOH CeTH, TeM
CNoXHee [aJjbHelilllee MNOBHILIEHHe ee TOYHOCTH, NMOCKOJBKY Ha
6onee BBICOKOM YpOBHe TOYHOCTH HeOGXOINMMO H3yuyeHHe H YYeT
BJMSHAS Bce Gosiee TOHKMX 3(P(EKTOB H HCTOYHHKOB OIIHGOK, KO-
TOpble mpexie OBbLIH HEOLLYTHMB H, CJeJOBaTe/]bHO, HEJOCTAaTOYHO
u3yueHbl. 3To TpeGyer pa3paGOTKH M co3laHus GoJiee TOYHOH, CO-
BeplLIeHHOH H MpPOrpecCHBHOH H3MepHTENbHOH TEeXHHKH BBICOKOTOY-
HOTO HHBEJHPOBaHHS; BCECTODOHHErO H3yYeHHS M yuyeTa BJIHMSHHS
HOBBIX e€llle HC BHISIBJEHHHIX HCTOYHHKOB CHCTeMAaTHYCCKHMX OLLIH-
60K, B TOM uHcJe npHGOpPHBIX, OT BHeLIHeH cpelbl H JIHYHBIX; CO-
BepLIEHCTBOBAHHS METOLOB H3MepeHHH M MeTOJOB MaTeMaTHue-
ckoii 06paGoTKH, [IPHYEM C YUeTOM BEpPTHKAJbHBIX JBHIKEHHH 3eM-
HOfl NOBEPXHOCTH H HeOGXOAMMOCTBHIO TpHBEAEHHS pe3yJbTaToB
BHICOKOTOYHOTO HHBEJHPOBaHHS Ha ONpele/eHHYI0 3MOXY, HampH-
Mep, Ha 3noxy 2000,0 r. OnHako mnocjefHsisi npobJemMa Ype3BhHI-
YallHO OCJIOXKHSACTCS M3-32 HE3HAHHS 3aKOHOMEpHOCTell JBHXKEHHH
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3eMHOH TMOBEPXHOCTH H ee pelleHHe CJelyeT HCKaThb Ha CThIKe
KOMIJIeKca HayK O 3emJe, B TOM 4HCJe TeoJle3HH, FeoAHHAMHKH,
reoJIOTHH M Ap.

I'naBa 11

NPOEKTUPOBAHHUE. PEKOTHOCLLUPOBKA
U 3AKPENJIEHHE HUBEJIUPHbIX JIHHUHX

§ 83. NPOEKTHPOBAHHUE HUBEJIHPHBIX JIHHHUA
I 4 11 KJIACCOB

HuBenupHble, KaK u Bce Jpyrue reoje3uyeckve CeTH, CO3LAIOTCSH
B COOTBETCTBHH C pa3palOTaHHBIMH H YTBepXKAEHHHIMH TeXHHYe-
CKHMH T1poeKTaMH. B TexHnueckoM mpoekTe pa3pabaTbiBaeTcs
cxeMa M mporpaMma IOCTPOEHHS HHBEJHDHOH CEeTH, OTpaxKaroTcs
¢u3uKo-reorpapHyeckHe H KJIHMaTHYeCKHe OCOGEHHOCTH paHOHa
paboT; NpHBOAATCSA CBelleHHs o IJyO6HHAX NpOMep3aHHs HJH IpO-
TauBaHHMA TPYHTOB, HCXOAHBIe JaHHBle [AJisI BHIYHCJEHHS BBHICOT pe-
NepoB, a TaKXe CBENCHHS O THNAX H KOJHYECTBe penepoB, 3aJo-
JKeHHBIX paHee H BHOBb NpPOEKTHpyeMBIX, JaeTcs OINHCaHHe paHee
BBIIOJTHEHHBIX HHBEJIUPHBIX PaGOT ¢ yKa3aHHeM CHocoGOB HX
CBSA3W C NpPOEKTHPYeMBIMH; H3J1araloTcsl CBeleHHS O TpaBHMETpH-
YeCKHX ONpeleseHHSIX BAOJb NPOEKTHPYeMHIX JHHHH HHBeJHpOBa-
Hus I u II kiaaccos, a Takxke Brosb Junuit 111 kiacca, mpoknaznm-
BaeMBIX B TOPHBIX paHOHaX; MPH NOBTOPHOM HHBEJHPOBAHHH B CETAX
I u Il knaccoB maercs oGoCHOBaHHe H3MeHEHHMil H JONOJHEHHH,
BHOCHMBIX B T10J0XeHHe Ha MeCTHOCTH H 3akpelJieHHe Cylle-
CTBYIOIIIMX JIHHMH HHBEJHDOBAHHS; PacCMaTPHBAIOTCS NPHOGOPH H
MeTOJAbl HHBEJHDOBAHHS, a TakKXkKe MeTOJb MareMaTHyeckoH obpa-
6OTKH M OLIEHKH TOYHOCTH pe3yJbTaTOB HHBEJHPOBaHHs; paspaba-
THIBAIOTCSl BONPOCH OpraHH3auHMu paboT, MEPONPHATHS MO TeXHHKE
6e30macHOCTH M OXpaHe TPYAa; COCTaBJseTCs CMeTa pPacXOJOB.

CxeMy wnHuBequpHOH# ceTH pa3pabaThIBalOT Ha KapTax Mac-
wra6a 1:100000—1:300000. Hderasn mpoekTa npH HeoOXOAHMO-
CTH YTOYHAIOT 1O KapraM Gosee KpymHoro Macuitaba. Ilpu mpo-
ektupoBaHuu HuBedupHeix cerefi II, III u IV knaccoB Ha KapTty
HaHOCAIT HMeoLIHecs] NYHKThl HHBEJIHPOBAHMs, TPHAHTYJSALHH, NO-
JIITOHOMETPHH H TpHJATepallMH BCeX KJaccoB, HaxXoAsIlHecs Ha
paccrosiHusix He GoJiee 3 KM IO NMpPOEKTHPYeMBIX JIMHHH HHBEJHPO-
BaHus. B ToM cayuae, korna nuenupHble gunuu 11T u IV knaccos
MPOEKTHPYIOT C LEeJbl0 OMNpefeseHHs BHICOT MNYHKTOB I[J1aHOBOH
reojie3nyeckoii cetd (TpHAHTYJALMH H T. I.), Ha KapTy HaHOCAT
NYHKTHl KaK CYyLIecTBYIOlLeH, TaK H BHOBb NPOEKTHPYeMOH reoe-
3HYECKOH CeTH.

HuBenupHBle JIMHUH pa3HBIX KJACCOB MPOEKTHPYIOT NOCJel0Ba-
TEJbHO, T. C. CHayaJa JIHHHH HUBeaupoBaHHs | kuaacca, 3atem II,
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IIT u, nakonen, IV knacca. Huseaupusie Junuu 1 kaacca pasme-
IIal0T, KaK OTMEYaJ/ioch BHIIIE, BIOJb XKeJe3HHX JOPOT H KPYIHBIX
aBToMarucTpasei, mo GeperaM GOJNBIIHX DeK, a B CEBEPHHIX H ce-
BEPO-BOCTOYHBIX paHOHaX CTpaHBl TaKXe MO TPonaM, 3UMHHMKAM H
T. . Bo Bcex ciayyasx HeoOXOZHMO CTPEMHTbCS K TOMY, YTOGHI
HuesupHble JHHuM [ u Il knaccoB npoxoaunu mo Tpaccam, yno6-
HbIM JUIsl TIIPOM3BOJACTBA BBLICOKOTOYHOrO HHUBEJNHPOBAaHHsSI (IJIOTHBIE
TPYHTBI, He3HAUYMTe/bHble YKJIOHbl MECTHOCTH H T. I.).

[Tpu paspaboTke TEXHMUECKOTo NpOEKTa 0co6oe BHHMaHHE yie-
JISIIOT CBSI3H KaXIOH BHOBb NPOEKTHPYEMOH JHMHHH C CYLIECTBYIO-
wuMH. [Ipy 3TOM pYKOBOACTBYIOTCS CJELYIOLIMMH TPeGOBaHHSIMH.

Hauyano ¥ KoHel, KaXJZofi BHOBb NPOEKTHPYEMO#l JHMHHMH JOJ-
XKHBl ObITh Halle’)XHO CBSI3aHBI C CYILIECTBYIOIUHMH JIMHHSIMH HHBe-
JMpOBaHHA Gojiee BHICOKOTO HJH TQro Xe kJacca. CsA3b HOJXKH&E
ObITb POCTOH, 6€3 JIHLUIHUX MepeKPHITHH.

Kaxnasi BHOBb NpoeKTHpyeMasl JIHHHS AOJKHA OBITh HaleXHO
CBfi3aHa C IepeceKaeMbIMH €0 CYIeCTBYIOLIMMH JHHHSIMH HHBEJH-
pPOBaHHS BCEX KJIACCOB.

Cps3b mpoekTHpyeMHX M cymecrBylomux jauHuét I u II kiac-
COB BHIMOJHSAIOT INyTeM BKJIOYEHHS OLHOTO penepa CyIeCTBYIO-
Ilefl JIMHHH B NPOEKTHPYEeMYIO H BHIIOJNHEHHS KOHTPOJbHOrO HHBe-
JIUPOBAHHSl ONHOH CEKLUHH 3TOH JIMHHH, NPUMBIKaloOIled K JaHHOMY
penepy. Ilpu HuBenupoBaHuu [ Knacca 3a KOHTPOJIbHYIO IIPHHH-
MaloT, KaK MpaBHJIO, CEKIHIO, MPUMHKAWOMYIO K (QyHIaMeHTalb-
Homy penepy. [Ipu cBsisu suuuii II knacca KOHTpOJIbHOE HHBEJH-
pOBaHHe BBIMOJHSIOT 1O CEKUHH MEXAy PSLOBBIMH pelepaMH.

CBsi3b NPOEKTHPYEMBIX JHHHH HHBeJaupoBaHHMs I kjacca c cy-
mectByouuMu auHusamMu II1 u IV knaccoB mpeaycmMaTpHBaIOT, Kak
MPaBHJIO, TOJBKO B TOM CJyyae, KOTAa penepbl JIHHHH HHBEJIHPO-
Bauus III u IV kuiaccos pacnosoxenbl He Ranee 500 M OT JHHHH
HHBesqupoBaHHua I Kiacca.

Css3b mpoektupyeMux Jquuuii III u IV kaaccos c cyuiecTBylo-
wumu aunusamu I, 11, IIT u IV knaccoB BHINOJNHAIOT MyTEM BKJIIO-
YeHHs OJHOrO peliepa CYIIeCTBYIOLleH JHHHM B NPOEKTHpYyeMYylo.
IMpussiska snunuii uHusesnvpoBanus III u IV knaccoB Kk ¢yHnameH-
TaJbHBIM penepaM He paspellaercs.

CyuiecTBylolne penepbl (CTeHHbBle MapKH) HHBEJIHDOBAHHS
BCEX KJAaCCOB TOYHOCTH, PACNOJIOXKEHHBle Ha NPOEKTHPYEMOH JIH-
HHH, BKJIIOYAIOT B Hee. PemepH NpeXHHX HUBEJIMPHBIX JIHHHH, pac-
MOJIOXKEeHHbIX BGJHM3H MPOEKTHPYeMOH, NPHBA3HIBAIOT K MOCJeNHEH
MyTeM MpOJIOXKeHHsI OT HHX OTIAeNbHBIX XOIOB K JByM penepam
NIPOEKTHPYEeMOH JIMHHUH.

Ha xkaxabii o6pasyeMbiii y3es CBf3M JIHHHH HHBEJIHPOBAHHS
COCTaBJAIOT 0co6yl0 cCXeMy B KPYNHOM Macuitabe, Ha KOTOpO# IO-
Ka3blBalOT KaK HampaBJieHHsl BceX JIMHHH, y3Ja CBf3HW, TaK H Cy-
IeCTBYIOLIHE penepbl, MOAJeXallHe BKJIOYEHHIO B MPOCKTHPYE-
MYI0 JIHHHIO WM B KOHTPOJbHBIH XOJ HHBENHPOBaHH,
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[Tpn nepenaue BEICOT uepe3 LIMPOKHE BOAHBIE MPEISITCTBHs HHU-
BeJIMDHBIE JIHHHH HAaMeyaloT B HaHOoJiee Y3KHX MeECTax, HCIOJb3ys
ocrpoBa M MesH. llpu minpuHe BomHOro mpensitcTBHs Gojee 150 M
npu HuBejupoBaHuu I, II u III kaaccoB mnpemycMaTpuBaoT 3a-
KJaJKy pelepoB IO OJHOMY Ha Ka)IoM Oepery mo BO3MOXHOCTH
B He3aTOIJISIeMOH 30He H MOYTH Ha OXHOH BHICOTE (NpeBbIIIeHHE
MeXJy penepaMH jonyckaetrcsi He GoJiee 0,5 ).

[Ipu cocraBiileHHH NpPOEKTa MOBTOPHOTO HHBEJHPOBAHHS MO JIH-
HuaM I wu Il knaccoB pyKOBOACTBYIOTCSI cjefylOIIMMH TpeboBa-
HHSIMH.

B ciyuae peakoro pasmellcHHsi pelepoB B paHee NPOJIOXKCH-
HOH JIHMHHM HMBeJHDOBAaHHS ee NONOJHHTEJbHO 3aKpemsioT pene-
paMH COBpeMEHHBIX THNOB. Ec/lu oTHefbHBle yYacTKH CTapoH JiH-
HMH MOJJieXaT HM3MEHEeHHIO, TO NpPeNyCMaTpHBAalOT MNpPHBS3KY HaH-
6osiee HalJeXHbIX pelHepoB NpeXHell K penepaM HOBOH JHHHH. [l
onpelejieHHs] pa3HOCTeH YpOBHeH MOpeH M H3ydyeHHs] MX NHHAMHKH
BO BpEMeHH B HHMBEJHPHBIE XOAB BKJ/IOYAIOT OCHOBHble pemnephl
MOPCKHX M pEYHHIX YpOBHEMEpHbIX (BOJOMEDHBIX) CTaHLHH, K KO-
TOpHIM 3aTeM IpHBS3HIBAIOT pabouHe penephl, (yTLITOKH, Mapeo-
rpagel H peiikd, HCHoJb3yeMble IpH HaGJIONEHHSX 32 YpPOBHEM
BOJHOH moBepxXHOCTH. [IpH 3TOM ypoBHeMepHble CTAHLHMH H BOMO-
MepHble MOCTH OCOPYAYIOT He MeHee ueM TpeMsl penepaMu: AByMs
OCHOBHHIMH, OIMH M3 KOTOpHIX (yHAaMeHTaJbHBIH, H OXHHM pabo-
yuM. OcHOBHBIe penepbl NpeJHa3HaueHHl MJSI TPOBEPKH HEH3MEH-
HOCTH TOJIOXKeHHs pabouero pernepa M 3akpelJieHHs HYyJs INOCTA.
Pa6ouuii penep CJyXHT AJs CHCTEMaTHYECKOrOo KOHTPOJILHOTO HH-
BeJMPOBaHHSI H3MEpPHUTEJNbHBIX YCTPOHCTB; €ro pacmnoJjaralT B He-
NOCpeICTBeHHOH OJIM30CTH OT 3THX YCTPOHCTB H BHe 30HH 3aToOll-
JIeHUS] BBICOKHMH BOLAaMH.

[Tpu npoektHpoBanun HuBenupHbix cereit III u IV kmaccos
JJIsT BBHICOTHOTO OGOCHOBAaHHSI TomorpadHyecKHX CbeMOK B Mac-
mrabe 1:10000, BBIMOJHSEMBIX B pPaBHHHHBIX H BCXOJIMJIEHHBIX
pafioHaX, B Hee BKJIOYAlOT BCe NMYyHKTH BCeX KJacCOB TPHaHTYJs-
LIMH, TOJHFOHOMETPHH M TpHJaTepaluH, a B TOPHHX paHoHax —
BO3MOXKHO 6oJiblllee HX YHCJIO.

[Tpu pa3BuTun HuBenupHux cereét III u IV knaccoB s To-
norpapuyeckux cbeMOK B Macimitabax 1:5000 u KpynHee YYHTHI-
BaloT TpeGoBaHHs «OCHOBHBIX MOJIOXKEHHH MO CO3/aHHIO TomOrpa-
¢uueckux maaHoB MaciutaGos 1:5000, 1:2000, 1:1000 u 1:500»
H COOTBETCTBYIOILIHX HHCTPYKLH.

§ 84. PEKOTHOCLIHPOBKA HHUBEJIHPHBIX JIHHUA
I ¥ 11 KJIACCOB

OnHuM M3 mepBHIX 3TaloB peaju3allid TeXHHYECKOro MpoeKTa HH-
BeJIHDHOH CeTH SIBJISIETCS PEKOTHOCIHMPOBKA HHMBEJHDHEIX JIMHHH Ha
MecTHoCTH. B 3ajauy peKOrHOCLMPOBKM BXOAST: ONpeleseHHe Ha
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MeCTHOCTH HauboJsiec ONTHMANbHOTO BapHaHTAa MPOJOXKEHHS 3aMPO-
eKTHPOBAHHBIX HHUBCJAMPHBIX JIMHHH W y3JIOB CBSI3H; yTOYHEHHEe H
0603HauCHHEe Ha MECTHOCTH MECT 3aKJalKH pelepoB; BHIGOD THIOB
HHUBEJHPHBIX pENepoB B 3aBUCHMMOCTH OT KJHMaTHYECKHX YCJOBHIi,
a TakXe pesbea ¥ TPYHTOB B pafioHe pa6oT; cGOp CBeleHHH, He-
OOXOIMMBIX [JIsl Hau/yyllieHl OpPraHM3allHH M NPOHU3BOACTBA pPabOT
N0 CO3/aHHI0O HHUBEJNHDHOH CETH; yTOYHEHHWE CXEMBI CeTH H CMeThl
pacxomos.

PekorHocuupoBIIMK [0/MXKeH HMETb ONBIT paGoTH O HHBEJH-
POBaHHIO H NOCTATOYHYIO MOATOTOBKY JJsl OLEHKH BJIHSIHHS pas-
JHYHBIX MPHPOJAHBIX (AKTOPOB Ha YCTOHYMBOCTD M COXPaHHOCTb
penepoB. B BhiGope 060CHOBaHHBIX BapHAHTOB MPOJIOXKEHHS HHBE-
JIMDHBIX JHHUEA | Kjacca M MecT 3aK/JaJKH penepoB NMpPH PEKOTHO-
CLHPOBKE, KpOMe Treo[e3HCcTa, NPHHHMAeT ydyacTHe TeoJior.

[lepen BBIE3ZOM Ha moJsieBBle paGoOThl COGMPAIOT CBEAEHHS O pa-
Hee NPOJIOXKEHHBIX JHHHAX B palioHe pa6oT, B TOM 4YHCJe, CXEMHI
M Ha3BaHHUsl JIMHHH, ONHCAaHHE MECTONOJIOXKEHHsS pEenepoB, HX THIBI
M YepTeXH, KapThl, abpHC, ONHCAHHS M CBEINEHHS MECTHBIX XKH-
Tesed.

Mecra a5 3aK/JaJKH HOBBIX penepoB BHIGHPAIOT BOJM3H Xa-
pPakTepHBIX KOHTYPOB H OpHEHTHPOB Ha MECTHOCTH, KOTOpBIe
B JajibHeHlleM o0G6GJieryaT OTHICKaHHE peNepoB H OMNO3HaBaHHE HX
Ha aspodorocHUMKax. [IpH OTCYTCTBHH KOHTYPOB H OpPHEHTHPOB
YKa3hiBalOT peKOMeHAyeMble CIOcOOB MapKHPOBKH peNepoB.

Mecra nas 3akjajku penepoB BHOHPAWOT ¢ yueToM obGecreye-
HHSl JOJTOBPEMEHHOH COXPAaHHOCTH H HEH3MEHHOCTH IOJIOXKeHHS
penepoB mo Bricote. HaubGosee XKenaTelbHa 3ak/iaika penepoB
B CKaJbHHIX NOPOJax, a TaKXKe Ha BO3BHIIEHHSX C KPYNHO3EpHH-
CTBIMH cJaGoyBJlaXKHEHHRIMH TpyHTaMHu. ['pyHTOBHe BOABI B Me-
CTax 3ak/JaJKH NOMKHHE GHTb He 6juXe 3—4 M OT HOBEPXHOCTH
3eMJIH, a pacnoJioXeHHe pernepoB B IepeyBJaXKHeHHHX H 3a60J0-
YeHHBIX TPYHTaxX HOJIKHO OHBITb pEIKUM HCKJIOUEHHEM.

He cnenyer ycranaBauBaTh penephl B 30He KapCTOBHX H
ONOJI3HEBBIX $fIBJIEHHH, Ha 3aToNIeMHIX Y4YacTKax, a TakXe Ha
yyacTkax, 'le B CKODOM BpEeMeHH IpeAnoJaraercss INpOBeleHHe
CTPOMTEJbHBIX, THAPOTEXHHYECKHX, HOPOKHHX, FOPHBIX H CeJIbCKO-
XO35IHCTBEHHBIX paboT. Mecra, rie HaMeueHa paspaboTka mo-
Je3HHIX HCKONaeMBIX, TaKXe He TMPUTOJHB [JIf 3aKJaJKH pe-
nepos.

Ha naxoTHHIX 3eMJisIX MecTa [Jisl 3aKJaJKH penepoB BHOGHPAIOT
B IepesecKax, Ha MOJe3alIUuTHLIX JIECHHX MoJocax, 000YHHAX JO-
por, a Takxe BOJIM3H ONOp JIMHHH 3JeKTponepenay M BO3IAYLIHBIX
JIMHUH CBSI3H.

B pafioHax NOABHIKHHIX NECKOB MecTa MJf 3aKJaJKH DelnepoB
HaMeyaloT Ha 3aKpelJIeHHHX paCTHTeNbHOCTbIO MeXGapXaHHBIX
MOHHXKEHHS, a TaK¥e Ha Kpasfx TaKHpOB, MeHee MOJBepPKEHHBIX
yBJIaXKHEHHSAM.
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B paiionax MHoroJjieTHe#f Mep3JIOTH pelepbl 3aKJaAbIBAOT 110
BO3MOXHOCTH HA BO3BHIIIEHHBIX YYaCTKaxX MECTHOCTH ¢ HeGOJbLIOH
rJyOHHOM NpOTauBaHHA TIPyHTa. IIpH 3TOM HX He CjefyeT Hame-
YaTh Ha TaJIMKaX, OTKPBITHIX IOXKHBIX CKJOHAX, MECTHHX MOHHXKe-
HHSIX, y4yaCTKaXx CO 3HAaYHMTeJbHHIM Pa3BHTHEM MOpPO30GOHHBIX Tpe-
IIMH, HerJyOOKHM 3ajieraHHeM NOA3eMHOro JibJa, a TakXe Ha yua-
CTKaxX MOJIHIOHAJbHOH TYHADH M Ha CTapbIX rapsx.

Oco6enHo cJjioXKeH BBIGOp MeCT AJisl 3aKjalkH (PyHIaMeHTaJb-
HBIX penepoB. IIpy 3TOM cielyeT YYHTHIBAaTH XapakTep TpPYHTOB
M THIPOJIOTHIO Ha ray6uHe no 4—5 MeTpOB (4Jis 3THX LeJel Hc-
NOJIb3YIOT JIerKHe MexaHHyeckHe Oypel). B ropubix paiioHax ans
3aKJMaJlKi TaKHX penepoB BHIOMPAIOT MecTa MO BO3MOXHOCTH CO
CKaJbHbIM TpyHTOM. Ec/iM cka/nbHasi mopoia NMOKPHITA CJIOEM phIX-
JIOTO TPYHTa, ONpEeNeJsIOT TOJIUMHY 3TOr0 CJOS.

CreHHble penephl 3aK/JaABBalOT B CTEHH CYILECTBYIOLIMX MPOY-
HBHIX KdMEHHBIX, KHPNHYHBIX, 6ETOHHBIX H 2KeJe306€TOHHbIX 3MaHHH
H COOpYXeHMH, a TakXe B BepTHKaJbHble MOBEPXHOCTH MOHOJIHT-
HHIX cKaJ. B palioHax MHoroserHefi Mep3/OTH CTeHHBlE penephl
3aK/NaJlbiBAIOT B CTeHbl 3JaHHH H COOPYXXEHHH, NOCTPOEHHBIX
TOJbKO Ha CKaJbHBIX rpyHTax. He pexkomenayercs 3akjalblBaTb
CTeHHBIE penepbl B CTeHH 34aHHH H COOpyXeHHH, BOJOHaNMOPHHIX
GallleH, pacnoJIOXKEHHbIX BOJM3M JKeNe3HONOpOoXHBIX mnyrel [20].

[Ipu BrIGOpe MecT I/l 3aKJaAKH penepoB DPEKOTHOCIHPOBLIMK
HaMeyaeT Haubosee yI0OGHOe M BBIFOJHOE HampaBJeHHe JHHHH HH-
BeJIHDOBaHHS, MO BO3MOXXHOCTH MHMHYSI KOCOTOpHI, KpPyThle NOIb-
eMbl, MeCTa C pBIXJBIM TpPYHTOM, 060J0Ta, KYCTapHHKH, MOCEBbI
HT I

[Ipy pekorHocuMpoBKe HaMeYalOT JHHHH HHBEJHPOBAHHSA yepe3
BOJHBIE MpenATCTBHS IIHpHHOIO Gosnee 100 M W Mecra Aad 3a-
KJaAKH TPYHTOBHIX penepoB B cJyyae HHBEJHDOBAHHs yepe3 UIH-
POKHe BOJHble NPCHSTCTBHS MO CHELHAaJbHOH NporpaMmMe.

B pesysnbraTe pEKOrHOCLHHPOBKH IOJYYalOT: CXeMy JHHHH HH-
BeJUPOBAHHS M pasMellleHHs pelepoB, COCTaBJEHHYI0 Ha KapTax
macmitaba 1:100000 uau 1:300000, yTouHeHHBle CXeMHl Y3JIOB
CBSI3M 3aNPOEKTHPOBAHHOH JHHHH C CYLIECTBYIOLIHMH, YyTOYHEHHBIE
cXeMbl JHHHH HHBEJHDOBaHHMs dYepe3 BOJAHble NpPeNATCTBHSA, ONHCa-
HUs (abpuc) MecT 3aKJaJKH penepoB, aKThl Ha yTpaueHHbIe H He-
HafileHHble HUBEJHMPHblE 3HAKH, CHHCOK OGCJIeJOBAaHHBIX H BOCCTa-
HOBJIGHHBIX HHMBEJHPHBIX 3HAaKOB, MaTepHaJsbl eoJOrH4ecKoro o0-
ClelOBaHMA MeCT 3aKJafKH penepoB Ha HHUBEJHUDHBIX JIHHHSX
I kJacca, yTOYHEHHYIO CMeTy pDAacXOMOB Ha MOCTPOEHHE HHBEJHp-
HOH ceTH, OGBSCHUTENBHYIO 3aMHCKYy C PeKOMeHJaLHsIMH MO opra-
HHU3AaLHUH HUBEJMPHHIX paboT C yyeToM TpeOOBaHMHA MO TEXHHKe
6e30MaCHOCTH H OXpaHe TpyXa.



§ 85. BAKPENJIEHUE HUBEJIHPHBIX IHHUH HA MECTHOCTH

[TosioxXeHHe NMYHKTOB HHMBEJHMDHOH CETH 3aKPEMJISIOT Ha MeCTHOCTH
penepamu. JIas Toro 4To6bl 06eCneUHTb COXPAHHOCTb CeTH Ha Me-
CTHOCTH H ee BBICOKYIO TOYHOCTb B TeYeHHE MJIMTEJbHOTO BPEMeHH
KaXJAbli OTHEJbHHIH pemnep He3aBHCHMO OT (H3HKO-reorpaduye-
CKHX M KJIMMAaTHYECKHX YCJIOBHH JOJIKeH GBITb HaJeXHO 3aKpel-
JIeH B TPYHTe H, CJell0BaTeNbHO, He [OJIKEeH HCNHITHBAaTh HH Ma-
JIeHIINX NepeMellleHHl OTHOCHTEJNbHO Hero Mo BBICOTE.

Ha pemnep, 3ajoxXeHHBII B IPYHT, HNEHCTBYIOT CHJIB BBIMy4YHBa-
HHUSl, HampaBJieHHble BBepPX, H CHJBl CONPOTHBJIEHHS, HaNpaBJieH-
Hble BHM3. [las obecneyeHHss HEM3MEHHOCTH TOJIOXKEHHsI penepa
0 BBICOTE€ HEOGXOAMMO, YTOGBI CHJIBI BBINYYHBAHHS He MpEBHILIAJIH
cua conpoTHBJeHusi. TeopeTHueckue pacyeTbl H TNPaKTHKA MOKa-
3BIBAIOT, YTO BeJHMYHHA TeX M APYTHX CHJ 3aBHCHT OT MHOTHX (ak-
TOPOB: OT BHAA TIpyHTa H €ro (PH3UKO-MeXaHHUYECKHX - CBOHCTB
(ckana, ryMHa, H3BECTHSK M T. 1), BJAXXHOCTH, IVIyGHHHI 3aJjiera-
HHSl TPYHTOBHIX BOJ H TJyGHHB NPOMEpP3aHHSl HJH NPOTAHBAHHS
rpyHTa; GopMBl H pa3MepoB penepa, MJIOMANH CONPHKOCHOBEHHS
TIOBEPXHOCTH peliepa C I'PYHTOM H CHJI CIHENJIeHHS C HHM, ITyOHHBI
3aK/J1aJKH OCHOBaHHSl pelepa OTHOCHTENbHO 3e€MHOH NOBEpXHOCTH
u T. A. Teopernyecku cTporuii yuer HEeHCTBHS 3THX H JIPYrux (ak-
TOPOB INpH pa3paGoTKe KOHCTPYKLHH penepa H YCJOBHH ero 3a-
KJaJKH JOCTaTOUHO CJIOXKeH, OCOGEHHO IMOTOMY, YTO CHJIBl BBINY-
YUBAaHHS B JeATEJbHOM CJIO€ TPYHTa CYILIeCTBEHHO H3MEHSITCH
B TeueHHe rofa, NMpHYEM MO-PA3HOMY B Pa3HBIX KJIHMATHYECKHX H
¢du3uko-reorpaduyeckux panoHax.

B HHUUTAuK B TeueHHe MHOTHX JIeT IIOJ, PYKOBOACTBOM
M. C. YcrmeHcKoro NpPOBOIUJIHCH ClelHajbHble HCCJIeNOBaHHS IO
H3YYEeHHIO YCTOHYHMBOCTH MOJIOXKEHHS peNepoB B PAa3JHYHHIX T'PYH-
Tax U B pPa3HBIX KJIHMAaTHYECKHX 30HaX. DHIIO yCTaHOBJEHO, YTO
B pafioOHaX ¢ Ce30HHKIM [POMep3aHHEM HJH OTTaHBaHHEM TPYHTOB
OCHOBaHHE penepa, ero SKopb HeOOXOAHMO YCTaHaBJHBaTb Ha
0,5—1 M HuXe TpAHHIHW JesiTeNbHOr0 cjosi rpyHra. [Ipm sToMm
IOJIXKHBl OBITh H3BECTHBI KOHKpeTHBle INIyOMHB INIpPOMep3aHus H
NpPOTauBaHUSl TPYHTOB HJIsi KaXkAoro paioHa pabor. B pesyJbrare
BoinosiHeHHbix B LIHUUTAuK wuccnenoBanuit cocraBiena Cxema-
THUYeCKasli KapTa TJyGHH MpoMep3aHHsl M NMPOTAaHBAHHSA TPYHTOB Ha
trepputopud CCCP nna ycraHOBJeHHS TJyGHHB 3aK/JaJKH ILEHT-
poB H penepos .

Ha sToii KapTe BCsSI TeppHUTOpHs CTPaHBl pasfieleHa Ha 30HHI
c Gosiee MM MeHee ONHOTHNHHIMH TrpyHTamMu. Ha Hefi mokasaHbl
clleylolHe 30HH:

! Hucrpykyus. 1leHTpS M pemepel TOCYAapCTBEHHOW TeoJe3HYecKol CeTH.—
M.: Heppa, 1973.
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CE30HHOI'0 NpoMep3aHHst TPYHTOB, C BBIJEJCHHEGM B Hell ceBep-
HOH M I0XKHOH yacTel;

pacnpocTpaHeHHs MHOTOJIeTHEH Mep3JIOTH, TaKXe ¢ BheJe-
HHEM B Hell ceBepHOH M I0XKHOH yacrei;

MeCKOB, C BBAeNeHHeM paHOHOB C NOABHXXHBIMH H HENOJBHXK-
HBIMH [1€CKaMH.

Ilns kaxaoH KOHKPeTHOH 30HBI pa3paboTaHbl 0COGBIE KOH-
CTPYKLUHH pernepoB, obecneuyHBalOliHe HX CTaGUJIbHOE MOJIOXKEHHE
B TIPYHTe MO BbICOTE H COXPAHHOCTb B TeYeHHe AJHTENbHOrO Bpe-
MeHH. Bce penepnl noapaspesenbl Ha 11 rpynnm (THHOB) M COCTaB-
JeHa Cxema ob6sacTell NpHMEHEHHS DPa3JIMYHBIX THIOB LEHTPOB H
penepoB, NpHBeJEHHAsh B TOH Ke HHCTPYKLHH.

[To HazeXHOCTH 3aKpenJieHHs B TPYHTe penephl NOApa3aens-
I0TCA Ha psSAOBbH €, 3aKk/JalbiBaeMble Ha JHHHAX HHBEJHDPOBAHHSA
BCeX KJaccoB uepe3 5—7 kKM, H GyHLaMeHTaJJbHBb e HONOJ-
HHTeJbHO yCTaHaBJHUBaeMble Ha HHUBeJUPHHX JuHusAX I u Il knac-
coB yepe3 50—60 kM.

[To KOHCTpYKUHH H MecTaM 3aKJaJKH HHBEJHDHBIEe pemnephl
NnoApa3felsloOTCcss Ha: TPYHTOBBIEe, CKaJbHB E H CTEHHHE.
Hanpumep, rpyHTOBHe pemepbl (puc. 84) Tuma 5 mnpHMeHSIOT
B CeBepHHIX palOHax 30HH Ce30HHOTO INpOMep3aHHs TPYHTOB IIpH
3aKpenJeHHd HUBeJUpHBIX JuHHH [ — IV kjaaccoB u HHBeNHPHBIX
aunuit I u Il kjgaccoB B I0XKHBIX pafioHax 3TOH 30HBHL

Penep coctout H3 XeJje300eTOHHOro NHJOHAa B (opMe mnapa-
JleJienHnesa ¢ nomnepeyHuHM ceueHHeM 16X 16 cM U GETOHHOH MJHTHI
(sxops1). B BepxHell rpaHu NHJIOHA 3alleMEHTHPOBaHa Mapka CO
cthepHuecKoii NOBepXHOCTbIO. [THJIOHBI MOTyT GBHITb 3aMeHeHH ac-
6oueMeHTHBIMH Tpy6amu JuaMerpoM 14—16 cM, 3amoJiHEeHHBIMH
6eTOHOM.

[Tpu 3aknazke penepoB B KOTJIOBaHBI HCIOJB3YIOT SKOPH KBal-
paTHOro CceyeHHsT pa3MepaMu: B I0XKHOH 30He — 50X 50X20 cm,
B ceBepHolt — 60X60X20 cm. Ilpu 3akaanke penepoB B npoGy-
peHHble CKBaXXHHbl JuaMeTpoM 50 cM O6eTOHHHIH SIKOpPb H3TOTOB-
JSIOT TOrO Ke JHaMeTpa, YTO M CKBaXKHHH. BricoTa sikops B I0XK-
Ho 30He—20 cM, a B ceBepHOH —35 cM; NpH HHaMeTpe CKBa-
XHHB 35 cM JQuaMeTp SIKOps TakXe 35 CM, BHICOTa €ro B IOXHHIX
pafioHax 30HbH — 50 cM, B ceBepHhXx — 80 cM.

HuxHee ocHoBaHHe pelepa AaHHOrO THNma pacrnosaraior Ha 50
uid 65 cM HHXKe TrpaHHIbl NpPOMEpP3aHHsl TpPYHTa NpPH BHICOTE
sikopsi 20 u 35 cm coorBercTBeHHO. [IpH BhicoTe sikopst 80 cM rJly-
6uHy 3akJajku yBenuuuBaloT Ha 50 cM. Mertansnuueckas Mapka,
3aKpenJieHHasi B BepXHeH 4acTH GEeTOHHOro MHJIOHA, JOJXKHa OBITh
Ha 50 cM HUIKe NIOBEDPXHOCTH 3€MJIH.

Ha paccrossnun 1 M oT penepa ycTaHaBJHBAlOT ONO3HABaTeJb-
HH 3HaK B BHJE YeTHPEXTPaHHOIO KeJe306eTOHHOro IHJIOHA,
B BepxHell YacTH KOTOpPOro NPHKPEMIsIoT Ha 60JTax OXpaHHYIO
MJUTY M3 YyryHa WJIM CHIyYMHHa ¢ Haianucblo: «[eone3uueckuit
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Puc. 84. T'pyuroBwii pemep (tum 5): v
1 — Xene3oGeTOHHBIH MNHJOH C Mapko# H |i2_5J|
SAAKOPHBIM  YCTPOHCTBOM; 2 — rpaHuua mnpo- 1
Mep3aHusi (OTTaHBaHHA) IPYHTa; 3 — omo3Ha- T
BaTeJbHBIH 3HakK | |‘1—'1 b

|
Puc. 85. dyunamenTanbHHI penep 180

nyHkT. OxpaHsiercss rocyaapctBoMy». OxpaHHas MNJIHTa AOJIKHA
6bITh O6pallleHa B CTOPOHY pernepa.

B 30He pacnpoctpaHeHHss MHorosieTHe#f Mep3JioTHl (K CeBepy
or JuHuH Bopkyra-mopt XaHralika-OsekMuHCK-AsnnaH-AsiH) mnpH-
MEHAIOT TPYHTOBHIE pelephl THHa 7, T. €. TaKue, KaK LEHTPH
NYHKTOB B TpHaHryasuuu (cM. puc. 34). [IporauBaHue rpyHra AJs
yCTaHOBKH TpPyGuaThiX penepoB B palioHaX MHOTroJieTHeH Meps-
JIOTHl OCYILECTBJSIOT C IOMOIIbI0O TepMoOypa HJIM NMapooTTaHBa-
TeJsl.

B pafioHax MoOABHXHBIX MECKOB NPHMEHSIOT TPYHTOBHIE pernepH
tuna 9 (cm. puc. 35).

B ckanbHBIX rpyHTax HUBesaupHble JuHHH I u 1l kaaccoB 3a-
KpemJsiloT TPYHTOBBIMH penepaMu tuma 10 uam 11 (cm. puc. 36).

dyHnnaMenraabHbi penep (puc. 85, pasMephl AaHH B cM) JA
pafiOHOB C CE30HHHIM TNpPOMEP3aHHEM TPYHTOB H3TOTOBJISIETCS H3
XKesne306eTOHAa B BHAE YCEUeHHOM UYeThHIpeXrpaHHOH mnHpaMuabl I,
cocraBjsooulei efHHOe ILeJoe ¢ GETOHHOH NJHTOH, yCTaHaBJIHBae-
MOM Ha JHO KOTJOBaHa rJay6uHO# He MeHee 2,5 M. [Ipu 3TOM
HHUXXHee OCHOBaHME MJIMTH [JOJI)KHO pacroJsiaratbcsi Ha 1 M HHXe
rpaHuibl HauboJiblllero OTTAaMBAaHUS TpPyHTa 4, a BepxHsAd yacTb
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nuioHa —Ha | M HuXe 3eMHOH MOBepXHOCTH. B BepxHell yacTH H
NHJIOHA M TJIHTHl YKPEMJSIOTCS HHBEJHPHble MapKH, H3TrOTOBJICH-
Hble M3 uyryHa, OpOH3H MJH JAPYroro HepXaBewIlUero MeTaJa.
Hap penepom Ha ray6GuHe 0,3 M OT 3eMHOH NMOBEPXHOCTH 3aKJalbl-
BalOT Kesne300CTOHHYI0 ONO3HaBaTeJbHYI0 IUJIHTY 2 pas3MepoM
303010 cm.

Ha paccrossHun 1,5 M oT pemepa ycTaHaB/JMBAaKOT ONO3HaBa-
TeJbHbIH 2KesNe300eTOHHBIH cTOJN6 ¢ oxpaHHo# nuautoit 3. Fenep
OKanbliBAaIOT OMNO3HaBaTeJbHOH KaHAaBOH.

[Tonpo6Hoe onHcaHue Bcex 11 THNOB HHBEJHDHBIX peIepoB,
npUMeHsieMbIX B pa3HBIX (PH3HMKO-reorpadHuecKkHX paloHax TeppH-
topun CCCP, ¢ yka3aHHeM METOLOB H3rOTOBJIEHHS, 3aKJaliKH,
0hOpPMJICHHS H T. Il. JaHO B HHCTPYKUHH «lleHTpBl M pemepwl rocy-
IapCTBCHHOH reojle3HYecKod CeTH».

§ 86. FTPABUMETPUYECKOE OBECNEYEHHE
JINHUA HUBEJIUPOBAHMUS

Bricothl penepoB B HuBedHpHHX ceTsix CCCP BHUYHC/SIOT OTHOCH-
TenbHO ypoBHs1 bBauaTtuiickoro Mopsi (ot Hyas Kponmraznrckoro
¢yTiITOKa) B CHCTeMe HOpMaJbHBIX BHICOT. [l mepexona K 3TOH
CHCTeMe BBICOT H3MepeHHbie NpEeBBbIIeHHS MeXJIy penepaMH HHBe-
aupoBanusi I u Il kaacco, a takxke HuBenupoBaHus III kiacca
B TOpDHBIX paHOHaxX, HCHOpPABJAIOT MONPaBKaMH, KOTOphle BBIYHC-
J10T 1o dhopMyJe, yKa3aHHOH B HHCTPYKuuH [11]

fir= —Tl- (Vor—Voi) Hm'*_; (&—Ym) Pirs

'm Ym

rae ym— NPHGJHIKEHHOEe 3HaueHHE HOPMAJIbHOH CHJIBI TSXKECTH,
paBHoe aJsi Bceit Tepputopun CCCP 980 000 MT'am; yo; ¥ Yor—
HOpMaJibHast CHJIa TSXKECTH Ha OTCYETHOM IJIJIHNICOMAE B TOYKaX i
u k cootBeTcTBeHHO; Hp,— cpellHee 3HaueHHE H3 HOPMAJIbHBIX BHI-
COT TOYeK [ M k; g —HW3MepeHHOe 3HaUeHHEe CHJIBl THMKECTH; y—
3HayeHHe HOPMAaJbHOH CHJB TAXKecTH; (g —y)m—CpelHee H3
aHOMaJIMH CHJIBl TSKECTH B TOYKax i M R; hin— H3MepeHHOe Ipe-
BHIILIEHHE MEXJY TOYKaMH i U k.

FaccTosiHHSI S MeXIy CMeXHBIMH TpaBHMETPHYECKHMH NYyHK-
TaMu (TabJ. 27) ycTaHAaBJHBAIOT B 3aBHCHMOCTH OT YKJIOHOB Me-
cTHocTH [21].

B ropHbix pafioHaX BBHINOJHSIOT LONOJNHHTENbHBIE IPaBHMETpPH-
yeckHe ompelesieHHs: Ha BCeX pemepax JHHUH HHUBeaHpoBaHHs I
u Il knaccoB, Ha OCHOBHHIX mNepernb6ax pesnbeda MeCTHOCTH, Ha
BCeX MOBOPOTaX JHHUI HUBEJHPOBAHHS.

Ha snuuusix uuBenupoBanus III kaacca B ropHux paloHax
C YKJOHaMH MecTHOcTH m0 0,2 AJ1s1 BBIYHCJIEHHS TONPaBOK [ HC-
NOJMb3YIOT JAaHHblEe HMelollefics TpaBHUMETPHUYECKOH CBeMKH IpH
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Ta6anua 27

PaccTosfiHusA s (B KM) NPH YKJOHaX MECTHOCTH
Kaacce
HHBEJHPO-
BaHHA GoJee 0,2 0,2—0,1 0,1—0,08 0,08—0,06 0,06—0,04
I — — 1 2 2
11 1 2—3 4 4 6

paccTOsIHUSAX MeXAy TrpaBHUMETPHYECKMMH TNYHKTaMH He GoJee
10 kM.

[Ipu ykJoHax 6Gojee 0,2 BBHINOJHAIOT JONOJHHTEJbHYIO TpaBH-
METPHYECKYI0 CBEMKYy MO clenuasapHoii nmporpamme. [Ipu ykJoHax
meHee 0,05 mompaBkHM [ B M3MepeHHble NpPeBBILIEHHS TPH HHBEJH-
posaHnuu III knacca He BBIYHCJSIOT.

[Ipu nuBenupoBanuu I u Il KMaccoB Ha MECTHOCTH ¢ YKJOHAMH
ot 0,04 mo 0,03 noipaBku [ B NpeBHILEHHsS BHUHUC/ISIOT Ha OCHOBE
rpaBUMETPHYECKHX ONpeleseHHH Ha NYHKTaXx HHBEJHDOBAHHS HJIH
KapThl JeTaJbHOH TIpaBHMETPHYECKOH CBEMKH C CeueHHeM [0
2 Mmlan. Tlpu yk/aonax meHee 0,03 MOXHO noJb30BaThCs JHOGOH
rpaBHMeTpPHUYECKOH KapToH.

ToOuKH MECTHOCTH, Ha KOTOPHIX CJedyeT BHINOJHHTb TpaBHMeT-
pUYECKHe ONpeflesieHHsi, HaMeyaloT Ha KapTe IpPH COCTaBJEHHH
IpOEKTa HHUBEJHPHOH ceTH. I'paBHMeTpHueckHe MNYHKTH 3akKpel-
JISIIOT HAa MECTHOCTH BPEMEHHBIMH 3HaKaMH HJIH COBMeLIalT C Xa-
PaKTepHBIMH MECTHHIMH TNpeAMeTaMH (KHJIOMETPOBBIMH CTO/NGaMH,
YCTOSIMH MOCTOB H T. I.), KOFOpHle BKJIOYAalOT B HHBEJHPHYIO JIH-
Huio. [IpH BBHIMOJHEHHH T'pDaBHMETPHUYECKHX ONpeJAeJIeHHH Ha paHee
NPOJIOKEHHBIX JIHHHSIX HHBEJHDOBAHHMS BHICOTHl I'DaBHMETPHYECKHX
IYHKTOB ONpENeNsoT C TOYHOCTbIO 2—3 M JIIOOBIMH MeETOJaMH.
[TnaHoBBle KOOpAMHATBI TPaBHMETPHUECKHX NYHKTOB ONpEeNsioT
¢ omn6kamMH He Gosee 500 M mo kapram Mmacumtaba 1:100000 u
KpYIHee, a TakXe JAPYTHMH CIOCOOaMH.

[MonpaBku [ 3a mepexol K CHCTeMe HOPMAaJbHBIX BBICOT BBIYHMC-
JAIOT Ha CTaJHH MpeIBAapUTENbHBIX BHIYHCIECHHH H C HMX Y4YeTOM
COCTaBJISIIOT BEIOMOCTH H3MEPEHHBIX IpeBhIlleHHH.



I'naBa 12
BbICOKOTOYHbLIE HUBEJIUPbI U UHBAPHBIE PENKH

§ 87. OCHOBHBIE TPEBOBAHHA K BbICOKOTOYHbIM HHUBEJIHPAM
H UHBAPHBIM PERAKAM

BricokoTOuHbBIE HHBEJIHPbI

[Ipy BBICOKOTOYHOM HHBEJHPOBAaHHH HEOOXOAMMO ONpenessiTb INpe-
BBILIEHHSI C HauBBICLIeH TOYHOCTHIO, XapaKTepH3yeMoH B HacTosi-
ilee BpeMsl CpeAHHMH KBaJpaTHYECKHMH OIIHOGKAMHM Ha 1 KM [JBOH-
Horo xojna: caydyaiiHo#t 0,3—0,5 MM u cucrematuueckod 0,03—
0,05 mMm. Has Toro uto6bl Oo6ecneyHTb CTOJNb BHICOKYIO TOUYHOCTb
pe3ysJbTaToOB H3MepeHHH HeoOXOAMMO HCINOJb30BATb HHBEJHDHI H
peHKH cOOTBeTCTBYyIOLleH TOYHOCTH, a TaKXKe NPHUMCHATb HaHboJjee
coBepllIeHHBIE MeTOAB HabJIofeHHHt U 06paGOTKH HX pe3yJbTaToB,
N03BoJIsIIOIIMe HaHOGOJNee NOJHO 0CaabnasATh BJHSHHe BCeX BHJOB
HCTOYHHKOB OLIMGOK, B TOM YHCJie JIHYHBIX, IpPHOOPHBEIX H OT BHell-
He#l cpelbl, 0CO6EHHO OLIMOGOK CHCTEMAaTHYECKHX HE3aBHCHMO OT HX
BeJIHYHHBI.

[Ipn HHBeNHpPOBaHMH Ha KaXXJAOH CTaHIMH B MOMEHT OTCYeTa
no peflKe BH3HPHBIA JydY MAOJXKeH OBITb CTPOro TOPH3OHTaJIEH.
B ropu3oHTasbHOE 10J0XEHHE BH3HDHBIH JyY NPHBOAAT C IO-
MOILBIO YPOBHSI MJIH KOMIleHcaTopa, NpHYeM C HEKOTOpPOH cpelHei
KBaApaTHYecKOH OLIHOKOH mir.

Faccuntaem pomycTHMyIO BeJHUYMHY 3TOH OWIHGKH H COOTBET-
CTByIOlllee eH yBelHuYeHHe 3pHTeJNbHOH TpYObl W IeHy JejeHHs
ypoBHsi. ITpu atom GyaeM mnosaraTb, YTO YCJIOBHe NapaJliieJbHOCTH
OCH YPOBHS M BH3HDHOH OCH TPyGbl BBINOJHEHO HJIH yYTeHO J0-
TNOJIHUTEJbHO, @ PacCTOSIHHe OT HHBeJHpa A0 pefikh paBHo 50 M.

[Iycte ycTanoB/eHHasi cCpelHsss KBajpaTHuecKas olIHGKa oI-
pelesieHHsi cCpellHero NpeBbIIEHHs U3 NpPSIMOro M 06PaTHOrO XOJOB
Ha | KM HHMBeJHpPHOro xoJa paBHa MHHHMAaJbHOH BeJHUYHHE

M, = 0,25 MM/KM.

Torza ommu6bka onpenesieHHsl MPEBBILUCHHA TOJBKO H3 IMPSMOro
HJIH O6paTHOl"O Xoda He OO0JI2KHa NMpeBbIIATh

Mgy = Mgy 4/2 =0,35 MM/KM.

[Ipu paccTosHMAX MeX1y HHBEJIHPOM H pelikamu 50 M B HHBe-
JIUPDHOM XOZe IJIHHOH | KM B YCJIOBHSIX PaBHHHHOH MECTHOCTH He-
006X0AMMO BBIMONIHMTL H3MepeHHe Ha JeCATH HHBEJHDHBIX CTaH-
uusax. C yyeToM 3TOro JONyCTHMasi CpelHsis KBafpaTHyeckKas
omnbKa omnpejesNeHHs] MPEBHILUEHHH Ha KaXmoi OTAeJbHOH CTaH-
IHH JI0JI)KHA OBITL He GoJiee

— T 03 _ 0,11 mu

J1O 410

My
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IlpeBblllennss MeXAy TOYKAMH ONPeAe]sIOT Ha KaXKAOH CTaH-
LMK ABaX{/bl (0 OCHOBHOH M JONMOJNHHTEJbHOH IIKajaM peek) IO
NpaBHJY «B3TJIsi[ Ha3aJ MHHYC B3IVISIA BNepea», T. e.

hc'r = 3—H,

M 3aTeM HaxoAsT cpelHee M3 ABYX 3HAaUEHWH MpeBBILIEHHS.
[IpunsB omWMOKH B3r/IsiAa Ha KaXAyl0 peiKy ONMHAKOBBIMH H

PaBHBIMH Mpsr, BHPA3HM CPE[HIOI0 KBaApaTHYECKYIO OLIHGKY oOrpe-

JeNleHHsl TpeBHILEHHS Ha CTAaHUHMH uepe3 OUIMOKH B3TJsja:

mhc_r == mgar '\/2 .

DTO paBEHCTBO ocTaercss 6e3 H3MEHEHHS U B TOM cjayuyae, KO-
rfa NpeBHIIEHHS BBIYHCJSIOT TOJBKO MO OCHOBHBIM HJIH TOJBKO IO
HONOJIHHTEJIbHBIM IlIKalaM peek. Eciau u3BeCTHH fy,, MOXHO

HaTH CpelHIOI0 KBaJpaTHUYECKyl0 OIIHGKY B3IJIsiAa 10 OLHOMH
HIKaJje pedKH

my,
Mger = et . _O1lL 0,08 mMm.

VZ V2

Omnbka B3rasfia CKAaAbBaeTcsi M3 Tpex cocraBjsiomux. [Ipe-
XKJe 4eM NPOHM3BECTH OTCYeT MO pefike, COBMellaloT H306paKeHHs
NPOTHBONOJIOXKHBIX KOHIIOB NYy3HpbKa YPOBHS (C OIUHOKOH Mcos)
NyTeM HakJoOHa TpyObl HHBeJHpPa C [OMOMIBIO 3JeBallHOHHOTO
BHHTa. 3dTeM HAaBOAAT GHCCEKTOP MHKpPOMeTpa Ha IUTPHX peHKH
(c omu6ko#i Mgaz). HakoHen, mo mikajse MHKpoMeTpa (DHKCHPYIOT
otcueT (c oMIMOKOA o). [TockosbKy olHGKa OTCYeTa Ha NOPSAOK
MeHbllle Apyrux (mo=0,1p=0,005 MM, riae p-—IeHa [AeJeHHS
HIKaJbl MHKDPOMETpa), TO €0 B JaHHOM CJyuae MOXHO IIpeHe-
6peub. Toraa Assi OWIMOKH B3rJsiAa NOJYYHM

2 2 2
Mpsr = Mcop + Muas.

[ToTpe6yeM uTOGH olIMOKAa B3IVISiJa Mgsr OblIa MeHbllle HJH
paBHa OuHOGKe My TOPH3OHTHPOBaHHS BH3HPHOrO Jyuya, T. €.
Mesr<<my, TOrga B COOTBETCTBHH C NPHHIMUIOM PaBHBIX BJIHAHHH
6yLeM HMeTb

Mecop = Myap = Mr.

C YYETOM 3TOrO paBE€HCTBaA

Mpar = Mr ’\/5’

OTKy/Za HakeM

my —-meer . 008 _ 6,06 M.
4/2 A/2
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[Tonyuennass BenHyuMHa oWIHOKH my=0,06 MM COOTBETCTByeT
NpUHATOMY paccTosiHuio d=50 M MeXAy HHBEJHDPOM H pefiKaMH.
BripasuB 3Ty OIIHOGKY B YrJOBOH Mepe, HaljeM TakuM o06Gpa3oM
JONMYCTHMYIO BeJHUHHY CpelHeH KBaApaTHYeCKOH OLIHOKH TOpH-
30HTHPOBAHUS BH3UPHOrO Jyua, OCYIIECTBJSEMOr0 C MOMOLIbIO
YPOBHS HJIM KOMIIeHCAaTOpa HaKJOHA HUBEJHPA,

" m 0,06-2-10°

mer —=—— —
=5 P 50 000

<0,23".

[TpuHAB 3Ty BeJHYHMHY 3a HCXOAHYIO, paccuHTaem TpebyeMylo
LileHy JeJieHHs ypOBHS M HeOGXOAHMMOe YyBeJHueHHe TpyOH HHBe-
JiHpa.

MunnManbHoe CMellleHHe My3hIpbKa YPOBHS, KOTOPOE MOXKHO
3aMeTHTb Ha rJjas, cocraJjifer tv/10, rie T — lieHa OeJeHHs LIKaJH
ypoBHS Ha 2 MM. B BBICOKOTOYHBIX HHBEJHpax NPHMEHSIOT CH-
CcTeMy I@pH3M, NO3BOJSAIOLIMX COBMeIllaTb H306paKeHHs NPOTHBO-
MOJIOXKHBIX KOHIIOB TNYy3bIpbKa YpOBHS, 6jarojapsi uemy oLIHOKa
NpUBefieHNsl Ny3blpbKa YPOBHSI B HYyJIb-YHKT yMeHbLIaeTcsi B 4—
5 pa3 (B cpesHeM B 4,5 pa3a) M CTaHOBHTCS paBHOH

T
Meos = ———— = T/45.
©® 7 710-4,5

OTcroa noJyuynm

T” == 45mcog.

[ToAcTaBHB BMECTO fMcos YCTAHOBJEHHYIO OLIHGKY TOPH3OHTHPO-
BaHHs BH3HDHOTO Jiyya mMy=mMcop=0,23", HalileM HCKOMYIO LIEHY
AeJIeHHs] YPOBHS

7=45.0,23 =10".

Heo6xoauMoe yBennueHHe TpyGH HHBeJHpa pacCuHTaeM Clie-
dylomuM ob6pasom. UHa3BecTHo, UuTO cpelHsisi KBaJpaTHuecKas
oun6ka HaBeJeHHs GHCCEKTOpa MHKpOMeETpPa Ha LITPHX pefiKH NpH
6JIarONpHSITHBIX TNOFOJHBIX YCJOBHSIX 3aBHCHT OT pacCTOsiHHs d
MeXJy HHBeJIHPOM H pelKOH, mpelenbHOH paspeliaiomieil cnoco6-
HOCTH rJa3a Pr M yBeJHYeHHSI U 3pHTEJbHOH TpPyGhl HHBEJNHpA.
dTa 3aBHCHMOCTb NpH 3aJaHHOM PacCTOSHHM d yCTaHaBJHBaeTcs
tdopmyuoit

P

Myag = —.
v

YuuTeiBasi, YTO npejesbHasi paspellaiolias CNocOGHOCTb TJa3a
paBHa Pr=10” [22] ® npuHAB BO BHHMaHHe MOJyYEeHHOE
Bbillle 1Js pacctossHusl d=50 M 3HaueHHe OIIHOKH HaBeleHHS
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Muas=my=0,23", Hafilem TpebyeMoe yBeJHUYEHHE 3PHUTEIbHOM
TpyObl HHBeJHpa [Jsl PaccTOssHHH 10 peek He Gosee 50 M, paBHoe

v P10 43x

Myap 0,23

BrinosiHeHHBIe BbILle PacyeThbl SIBJASIOTCS NPHOJHKEHHBIMH, Of-
HAKO OHH XOpOIIO COTJIacylTCs ¢ TNpakTHKoH. OHH NOKa3bIBAIoT,
YTO HHUBEJNHDBI, NpeJHa3HAYEHHble /51 BBHICOKOTOYHOTO HHBEJHPO-
BaHHs, NOJXKHB HMETb 3DHTEJbHYIO TPyOy C yBeJMYEHHEM He Me-
Hee 40%, TOYHBII ypoBeHb ¢ LeHOH HAeseHus He Gosee 10”7 Ha 2 M,
H obecreynBaTh TOPH30HTHPOBaHHE (CaMOYCTaHOBKY) BH3HPHOTO
Jyya cO cpelHeil KBajapaTuueckofi ommbko#i mopsinka 0,2”7. s
NpHBeleHUs Tepel KaXKAbIM OTCYUETOM MO peilKe BHU3HPHOH OCH
B TFOPH3OHTAJIbHOE MOJIOXKEHHE CO CTOJIb BBICOKOH TOYHOCTBIO (mO-
narasi, yTo yroa i(=0) HHUBeJHP, KpPOMe TOYHOrO YPOBHS, JNOJIKEH
HMEeTb 3JIeBALMOHHBIH BHHT BBICOKOTO KayecTBa, IT03BOJSIOMIHE
OCYILECTBJSATb HAaKJOHB TPYGbl C Tako#l ke TOUHOCTHIO. Jlasi
OLleHKH ApOOHOM 4YacTH JesJeHHH peHKH NpPH OTcYeTax MO HeH
¢ touHocTbio 10 0,01 MM CJOYXKHT ONTHUeCKHA MHKpDOMETp HHBe-
JHpa cooTBeTcTBYWOILEel ToyHOCTH. CienyeT UMeTb B BHAY, YTO HH-
BeJIHpHBIe paGoThl BHICOKOH TOYHOCTH BHINOJHSIOT B pasHoo6Gpas-
HbIX (pu3HKO-reorpadHUeCKHX M KJIHMATHYECKHX YCJIOBHUSAX NPH TEM-
nepatype Bo3ayxa or —30 go +50 °C. IToaToMy BBICOKOTOYHBIH
HHUBEJHD JOJIXKEeH HCIpaBHO paboTaThb BO BCeM 3TOM J[Hama3oHe
TeMmnepaTyp, 6e3 CKOJbKO-HHOYAb 3aMETHOrO CHHXKeHHs NpHOOp-
HOH TOYHOCTH. B CBSI3H ¢ 3THM CTaBHTCS, B YaCTHOCTH, TpeboBa-
HHe, 4TOObl HM3MEHEHHe yrja [ MeXAY OCbl0 YDPOBHA H BH3HDHOH
Oocbl0 TPyObl NpPH H3MEHEHHH TeMIlepaTyphl HHBeJHPa Ha OJAHH
rpagyc He npeBbiuagno 0,5”. Ilas ymo6ctBa paGoThl C HHBEJHPOM
ceTKa HHTeH, a Takke H300paxKeHHS NPOTHBOMOJOXKHBIX KOHIIOB
Ny3BIpbKa YPOBHS H OTCUETHOH WIKaJbl ONTHYECKOrOo MHKPOMeETpa
JOJIXKHBI HaXOMUTbCS B moJie 3peHHs TPyOnl. Macca HHBenupa ROJ-
JKHa OBIThb CpaBHHTEJbHO HeGoJsbiof. C yyeToM BceX 3THX NMPOTH-
BOpPEYHBHIX TpebGoBaHHi pa3pabaThIBAIOTCA H CO3LAIOTCS COBPEMEH-
Hbl€ HHBEJIHPH BBICOKOH TOYHOCTH.

HnBapnubie peitku

HuBenupuele pefikn sBasioTcss paboueit Mepo# AJHHBI NPH Ompe-
JleJIeHHH IMPEeBbILIeHHH, TMO3TOMY OHH JOJIKHBI OBITh H3rOTOBJIEHBI
OYeHb TILIATEJNbHO, a JeJIeHHs HaHeCceHbl ¢ MpeJelbHO BHICOKOH TOY-
HOCTbI0. PefikH B TeueHHe [JHTENLHOrO BPEMEHH SKCIJyaTalHH
JOJIXKHBl COXPaHAITh AJIMHBI METPOBHIX M JIIOGBIX APYTHX HHTEpBa-
JIOB NMPaKTHYECKH HEH3MEeHHBIMH NPH paboTe B pa3HooOpasHuIX du-
3HKO-reorpadHyeCKHX M KJIMMAaTHYECKHX YCJOBHSX IPH TeMmIepa-
Type Bo3ayxa ot —30 mo +50 °C. Hasa Toro uto6Hl AJHHA BCel
pefikH H OTAeJbHBIX HHTEPBAJOB BO3MOXHO MeHbIlle 3aBHCeJNa OT
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M3MellclHil TemrnepaTypbl, pa6ouylo 4yacTh pedKH, Ha KOTOpPOH Ha-
XOJHUTCS 1lIKaJja C AeJeHHSIMH, H3TOTOBJSIOT H3 HHBapa, HMeIOUIero
MaJblil TeMneparypHblil K03 dHUIHeHT pacliHpeHHs, paBHLIH B Cpel-
HeM (2--2,5) X 107¢. Tlpn BHImOJHEHHH 0CO60 TOYHBIX H3MEpEHHH
B FODHBIX paHoHax IIpH SICHOH I[Orofe JIeTOM, KOrja pasHHLla TeM-
nepaTyp HHBApHBIX MNOJIOC 3ajHed H TepeiHed peeK JOCTHraer
10 °C u GoJjee, peHKH MOJKHB OBITb CHAOXKeHbI TEPMOAATYHKAMH
JUIS. onpefeseliuss MX TeMNepaTypbl H BBIUHCJEHHS COOTBETCTBYIO-
LIMX HOMPAaBOK B pe3y/aLTaThl H3MepeHHH. PelHKH NOJKBI cHCTeMa-
THYECKH 3TAJIOHHPOBATLCS HA CTAIHOHAPDHOM KOMMapaTope C LeJblo
onmpejeJeHHsl MONMPaBOK B MeTPOBble, a IPH HeOOXOAHMOCTH, H
B JelMMeTPOBHE HHTepBaJbl. B mnpuHiuune cienoBajo Obl omnpefe-
JATb M YYHTHIBATh NONPaBKH B IOJOXKEeHHE Ka)KAOro OTAeJbHOro
HMITpHXa HAa lIKaJje pelkHu. PefikH, paBHO Kak H HHMBEJHpHI, TpeOyIOT
aKKypaTHOro o6pailleHHs ¢ HUIMH M TILATEJbHOrO0 YX0Ja KakK B IIPO-
necce paGoThl, TaK M NpH HX XxpaHeHHH. OHH BMecTe C HHBeJHDPaMH
JOJIXKHBl CHCTEMAaTHYeCKH MNOJBepraThCs HCCAEJOBAaHHUAM C LEeJbIo
onpefesieHHsT UX MPUTOJHOCTH [Js BBICOKOTOYHBIX H3MEpeHHH.

§ 88. FTEOMETPHYECKASl CXEMA U OCHOBHBIE YACTH
BbICOKOTOYHOI'O HUBEJHPA

B Hacrosiiiee BpeMsi BHICOKOTOYHBIE HHBEJNHDPHI BBIYCKAlOTCH JABYX
THIIOB: HHBEJIHPBl C YPOBHEM NPH TPyGe M HHBEJHDPHl C KOMIEHCa-
TOpPaMH YIJIOB HakJoHa TPYOH. BBICOKOTOUHBIHi HHBEJHD COCTOHT
U3 CJelLyIOlIUX OCHOBHBIX yacTell (puc. 86): oceBO# CHCTEMBHI, 3DH-
TeJbHOH TPyObl, TOYHOTO YPOBHSI HJIM 3aMEHSIOLIEr0 ero KOMIEH-
caTopa yrJoB HakKJoOHa TPyObl, OTCUETHOrO YCTpOHCTBa.

Ocesas cucrema COCTOMT H3 BEpPTHKAJbHOH OCH I, XKecTKO
COeIHHEHHOH ¢ MOJACTaBKOH 9 HHUBeJNHpa, M BTYJKH 2, COeQHHEH-
HOH ¢ kopmycoM Tpy6ml HuBeaupa. Ha nojacraBke HHBeaHpa Kpe-
NHTCS KPYIJIbIH YpPOBeHb C LIEHOH HeseHHs mopsiika 8 mnas mpuBe-
JleHHs1 BE€PTHKaJbHOH OCH B OTBecHOe mnoJioxkeHue. OceBasi cucTeMa
BBICOKOTOYHBIX HHBEJHPOB C ypOBHeM IIpH TpyOe HO3BOJISET Bpa-
mwartb TPy6y HHMBeJHpa He TOJbKO BOKPYr BePTHKAaJbHOH OCH, HO
M JaeT BO3MOXHOCTb HaKJOHATh TPYOY B BePTHKAJbHOH IJIOCKOCTH
Ha HeGOJIbllIHe YrJIbl OTHOCHTEJbHO FOPH30HTA C IOMOILBIO 3JjI€Ba-
LIHOHHOrO BHHTa &8, KOrjla Ny3BlpeK ypOBHS NMPHBOJASAT Ha CepefHHY.

3puressvran Tpyba npsMas, ueHTpaJbHas. Ee OCHOBHBIMH uac-
TSAMH SABJSIOTCS 00BEKTHB, OKYJsip, GOKycHpYIOLIasl JIHH3a H CeTKa
uutefi. IlpaBas yactb GHccekTOpa ceTKH HHTeH (puc. 87) mumeer
BHA OCTpPOro yrJsia, GHCCEKTPHCOH KOTOPOro SsiBJsieTCs NpOJOJIKe-
HHe TODH30HTAJbHOH HHTH, PAaCMOJIOXKEHHOH B JieBOH uacTH OHc-
cektopa. Takasa (opma GHucceKTopa CETKH HHTeH MO3BOJISIET IOBBI-
CHTb TOYHOCTb HaBeJeHHs1 GHCCEKTOpa Ha IUTPHX PEMKH.

Tounsui yposens npu Tpybe Husesupa, a TakKe KOMIIEHCATOP
yrJOoB HaK/JOHa TPyObl NpefHa3HaueHbl AJS NPHBENEHHsS BU3HPHOH
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Puc. 86. TecomeTpHueckast cXema BBICOKOTOUIIOFO Puc. 87. Cerka nuTeil

HHBCJIHpA: prﬁbl BBICOKOTOYHOT'O
1 — BepTHKaNbHas ocb; 2 — BTYJKa; J — pelyar; 4 — njo- HHBeJHpa
CKomnapaJJjenbHass NJacTHHa; &5 — 3pHTeldbHas TpyGa; 6 —

TOYHbIf ypOBeHb;, 7 — HU3MCPHTEJbHAs IUecTepHs; &8 — 3Jje-

BallHOHHBIA BHHT, 9 — IOACTaBKa

ocH TPyObl B TOPH3OHTaJIbHOE IOJOXKEHHe. BBICOKOTOUHBIE HHBe-
Jupel 6e3 KOMIeHcaTopa HMEIOT KOHTAaKTHHI YPOBEHb CO° CTeK-
JSHHOH TpPYyOKO# ¢ 3amasiHHBIMH KOHLAMH, KOTOpasi nomellaercs
BHYTPH aMIy. bl YPOBHS C HanoJHHTeJeM. Takoil ypoBeHb oGecre-
YHBaeT BBICOKYIO YYBCTBHTEJbHOCTb K HaKJOHaM TPyGbl BO BceM
paboueM auanasoHe u3MeHeHHii Temmepatypnl oT —20 no +50 °C,
YTO OYeHb Ba)KHO. YpOBeHb CHaGXeH IOCTHPOBOYHBIMH BHHTaMH
JJISl yCTAaHOBKH €ro OCH MapajeNbHO BU3HPHOH ocu TpyGwl. Ias
TOro 4ToObl TPHBECTH MY3bIPEK YPOBHS B HYJb-MYHKT, KOraa BH-
3upHafi ocb TPyObl TOPH30HTaJbHA, C MOMOILBIO 3JeBALHOHHOTO
BHHTa HakKJOHAIOT TPyOy HHBeJIHpPa 10 TeX MOp, NOKa He COBMe-
CTATCH H300pax{eHHs INPOTHBOIOJIOXKHBIX KOHIIOB MYy3BIpbKa. YcC-
TPOHCTBO KOMIIEHCATOPOB YIVIOB HaKJiIOHAa TPYGBl HHUBEJHPA MOXKET
6bITH BeCbMa Pa3HOOGPa3HbIM.

OrcueTHOe ycTpoUicT60 BHICOKOTOYHOTO HHBEJNHpA IpEACTaB-
JsieT co60H ONTHYECKHH MHKPOMETP, B KOTOPHIH BXOAMT MJIOCKONA-
paJjenbHas maacTHHKa (cM. puc. 86), momelniaeMasi nepen OGbek-
THBOM MJIH BHYTPH TPYOBI; H3MepHTe/NbHasl LIECTEPHS, COOCHO COe-
IMHEHHasl ¢ TOJIOBKOH, Ha IUKaJe KoTopoii HaHeceHo 100 neneHud,
COOTBETCTBYIOIIUX ONHOMY JeJeHHIO Ha peliKe, T. €. b MM; pbiuar,
Ha OJHOM KOHIle LIaDHHPHO COEIHHEHHHIHl C NJOCKOMapaJJe/bHOMH
NJIaCTHHKOM, a Ha APYrom, HMeoLHuH 3y6uaTKy, BXOISILYIO B CIeN-
JIEHHE C H3MepHTeNbHOH wiecTepHeil. BO3MOXHBI H ApDyTHE CXEMBH
YCTPOHCTBA ONTHYECKOTO MHKPOMETpA.

[Ipu mpousBojcTBe OTCYeTOB HO pefike (puc. 88) ¢ moMolIbIO
3J1eBallHOHHOIO BHHTA HAKJOHSIOT TPYOy HHBeJHpa H COBMELIAIOT
H306pakeHHsl KOHLOB NYy3bIPbKa KOHTAaKTHOro YpoBHs. IIpu 3ToM
BH3HPHasi ocb TPYObl MOJXKHA 3aHSATh TOPH30HTAJIbHOE MOJIOXKEHHE
MN. 3arem HaKJOHSIOT NJOCKOMapaJJesbHYI0 MJAaCTHHKY I, mepe-
Mellasi pbiyar 2 NMyTeM BpaLl€HHsS TOJIOBKH 8 OTCUETHOTO YCTPOH-
CTBa, NOKa GHCCEKTOpP CETKH HHTeHl TPYGHl He COBMECTHTCSI C H30-
6pakeHneM Osnkafilero (MJjajilero) mTpHxa a Ha pefike. B3siB
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Puc. 88. Cxema paGoThl ONMTHYECKOrO MHKpPOMETpPa HHBeJNHpa

OTCYeT MO LIKaje MHKPOMETpa, OnpelnequM TakuM o6pa3oM ApoG-
HyI0 YacTb c=alN pejieHHs peHKH. DTOT OoTcyeT NpuOABJIAIOT K 3HA-
YeHHIO IITPHXa @ W MOJYYaloT OKOHYaTeJbHBIH OTCUET MO pelke
B BuAe cyMMbl N=a-+c. [lycTh, Hanpumep, 6HCCEKTOP CETKH HHUTeH
HaBejleH Ha IITPHX pelku a=77,5 U OTCUET MO IIKaje MHKpPOMeETpa
paBeH ¢=44, Tormia oKOHUaTe/bHEl OTCUET MO pefike, BHIPaXKEHHHIH
B nmoJsiypenumerpax, 6yger N=a-+c=77,544.

§ 89. BLICOKOTOUYHBIE HUBEJIHPbI C YPOBHEM

B Hacrosiiee BpeMsi BHINYCK HHUBEJHPOB B Hallleii CTpaHe ocyiie-
creasiercss B coorBerctBHH ¢ I'OCT 10528—76 «Huseaupwr». Hu-
BeJHPBl MOJpPa3Je/siloTC Ha BLICOKOTOUHBIE, HMelOlHe LIHGP
H-05, Tounbie H-3 u Texnuueckue H-10. [TepBbie cayxart mnas om-
peneseHHs] TNpeBbILIEHHH €O CpelHeH KBaJpaTHYeCKOH OIIHOGKOH
He GoJee 0,5 MM Ha | KM JBOHHOrO X0jia, BTOphle —C OIIHGKOM
He Gosee 3 MM/KM M TpeTbH —c oOmHGKOH He Gosee 10 MM/KM
(mpu 3TOM HMelOTCS B BHAY OLIMGKH, BHIYHMCJsSIEMble MO PacXoxKjie-
HHSIM NIPeBHILIEHHHA U3 MPSAMBIX H OOPAaTHBIX XOIOB).

Husenupst H-05 npennasHaueHs! s HuBenupoBanus | u II
KJIaCCOB B TOCyNapCTBEHHOH reofie3HYecKo# CeTH, Ha reogHHaMuye-
CKHX MOJIMTOHAX H NPH HHXEHepPHO-reofe3nyecKHx paboTax BhHICO-
Ko#i TouHoctH. Huenupsl H-3 ucnoassyior gasi nuBenupoBanus 111
u IV knaccoB, a TakXKe NPH HHXXEHEPHO-T€OAE3HUECKHX H3bICKa-
HHAX.

HuBenupsl BBIIYCKAaIOT ¢ YpPOBHEM NpH TPybe M C KOMIIEHca-
TOPOM YIJIOB HaKJIOHa HHBeaupa. [IpH HaJHYHH KOMIIEHCaTopa
wHdp HuBenHpa nononHsercs Oyksoil K, nampumep, H-05K.

Bricokotounsie HuBenupu H-05 u H-05K mosmkubl yaoBaeTso-
pPATH caenymouum Tpe6oBaHuaM (Tabua. 28).

Kpome nuBennpoB H-05, cepuiiHblii BBEIIYCK KOTOPBIX HayaT
B Hauase 80-x romos, B reojie3HyecKOM NPOH3BOACTBE IIHPOKO HC-
MOJIb3YIOTCSI BHICOKOTOYHBIE HHBEJHDPbI NPEXHHX KOHCTPYKLHH, Ha-
npumep, Takue kak HA-1, HB, H-1, H-2.
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Ta6anna 28

Mapamerp H-05 H-05K

CpenHsisi KBapaTHUeCKasi OIMGKa npeBbILeH st Ha | KM 1BOH- 0,5 0,5
HOro xoja, MM, He GoJiee

CpenHsst KBafipaTHYeCcKasi oUIM6Ka MpeBbILIeHHsT HA CTaHUHH,
MM, He GoJiee, NpH PacCTOSHHH OT HHBeJHPa RO PeeK:

30 M 0,15 0,15
50 M 0,20 0,20
YBeJqHueHHe 3pHTeNBbHOH TPyObl He MeHee, KpaT 40 40
Llena pmesieHMst ypoBHA HAa 2 MM:
npu Tpy6e, yria. c 101
YCTaHOBOYHOTO, YIJI. MHH 5+1 5+1
Ilena mesieHusl 1UKaJbl OTCUETHOTO MHKPOMETPA, MM 0,05 0,05
Haumenbitee paccTosiHHe BH3HDOBaHHs, He 6oJee, M 5 5
Jnanason paboTe KOMIEHcaTopa, He GoJjiee, YTJi. MHH +8
Owmn6Ka caMOyCTaHOBKH JIMHHH BH3HDOBaHHus, He GoJee, — . 0,2
yria. c
CucreMaTnueckasi ommM6ka paGoTEl KommeHcatopa Ha 1’ Ha- — 0,05
KJIOHa OCH HHBeJHpa, He GoJee, yri. c
BpeMsi 3aTyxaHHA KosieGaHHH MOABECHOH CHCTEMBI KOMIIEH- — 2

caropa, He GoJiee, C

Hupenuper Tuna HA-1 6GbliM OZHHMH H3 TNEPBHIX OTeYeCTBEH-
HBIX HHBEJHPOB BBICOKOH TOYHOCTH, CeDHHHBIH BBIIYCK KOTOPBIX
6bl1 HasnaxeH B KoHle 30-x romoB. IlnockomapasJesnbHasi mJja-
CTHHKa ONTHYECKOrO MHKDOMETpPa B HHBEJHpPaX 3TOr0 THNA YCTa-
HOBJIEHa nepel OOGBEKTHBOM TPYGHl B BHJe Hacaik#H Ha TPyOy H
coellHEeHa ¢ MNOMOLIbIO pblYara ¢ OTcueTHhIM OapaGanom. Ilia-
CTHHKA H phlYar He 3allH{IIEHB AOJXKHHIM 00pa30oM OT BJIHSHHH
BHellHe# cpexbl (OTCYTCTBYyeT [ae IPeLOXPaHHTEJIbHOE CTEeKJIO
nepej NMJACTHHKOH), UTO SIBJSIETCS OLHHM M3 CYLIECTBEHHBIX HeEJIO-
CTaTKOB 3TOro HHBeJHpa. B Hacrosiee BpeMss HuBenupbsl HA-1
IPHMEHSIOTCS NPH HHBeJHPOBaHHH He Bbile II kiacca.

Ha cmeny uuBesupam HA-1 npuiam Gojiee cOBepileHHbIE HH-
Bequpel THma HDB, koHCTPpYKIHsi KOTOpHIX Oblia pa3paboTana
B. A. Beauusinbim u B. B. ®e¢punobiM. CepuiiHblii BBINYCK HH-
BesqupoB HB 6bi1 Hauat B KoHue 40-x rogoB. XapaKTepHOH oco-
GEHHOCTBHIO 3THX HHBEJHPOB SIBJASCTCS TO, UTO IJIOCKONApaJljielb-
Hasl NJIaCTHHKA ONMTHYECKOTO MHKPOMETpa IOMellleHa BHYTPH TPYGHI
H C NOMOILbI0 3y6UaTHIX nepefay HENOCPeACTBEHHO CBSi3aHa C OT-
cueTHeIM 6GapabaHoM MuKpoMmeTpa. Baarogaps stoMy Oblia NOBHI-
HIeHa HaJeXHOCTb M TOYHOCTb PabOThl OTCYETHOrO YCTPOHCTBA,
a cJjeJloBaTeJbHO, H TOYHOCTh HHBejJHpa B LesoM. HuBenuphsl THna
HB po cux mop npHMeHSIOTCS [J151 HHBEJHPHBIX PaGOT BHICOKOI
TOYHOCTH. ’

[Tocaenyroimune H3bICKaHHSI TPHOOPOCTPOHTENEH NMPHBEJIH K pas-
pa6oTKe M co3jaHHI0 BbICOKOTOYHHX HI1 u Touneix H2 HuBesmpos
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Puc. 89. Huscaup HI:

I — apureasiass Tpy6a Hupeaupa; 2 — 3JICBauHONHBIT BHHT;, 3 — IOACTABKA € OALCMHEDIMI
BUHTaMi; 4 — KONTaKTHBIH ypoBclb

Gosiec coBepuICIHON KOICTPYKLUHH, IHpellasiHadyeliblX COOTBCTCT-
BeHHo st HuBenauposaHusi I u Il kaaccoB. CepHuiinblil BBINYCK
uuBeaupoB Tuna HI1 6wl 1avat B navajse 60-X rogos, a HHBeJH-
pos tuna H2 — B nHauase 70-x.

[Ipu paspaborke KOHCTpyKuuu HuBesupa H1 3a ocHoBy 6bla
npuusat HuBenup tuna HB. ITostomy onTHueckas cxemMa JaHHOro
npubopa (puc. 89) nNpUHIMNHAJBLHO He OTJIHYANACh OT CXEMBI HH-
Bequpa HB. Ilnockomapasgenbiiags nJjacTHHKA Mo-NpexHeMmy Ha-
xoautcss BHyTpH TpyOb. HuBennp HI nmo cBOMM TexHHUYECKHM Xa-
pakTepucTukaM (tabs. 29) orsiuuaercs ot HuBesupa HB raaBHbeiM
o6pa3oM TeM, YTO HMeeT ONTHKY OoJiee BHICOKOTO KayeCcTBa M OC-
HalleH TerJo3alUlUTHBIM KOXKYXOM, NpefoXPaHsIoLiHM 3PHUTENbHYIO
TPYOy M KOHTAKTHBIH YpPOBEHb C MPH3MEHHBIM OJIOKOM OT pEe3KHX
KosebaHuii TeMnepaTyphl Bo3ayxa. KoxXyx 1mo3BoJsisieT BhIpaBHUBATh
TeMIepaTypy BceX BHYTPEHHHX y3JI0B HuBeJHpa. Biaromaps atomy
H3MeHeHHs] yrjia [ MeXJy OCbl0 YPOBHS M BH3HPHOIl OCbiO TPYOBI
cTaHOBATCS OoJjiec NJABHBIMH H MCHBLIMMH 1O BeJUYHHC, YTO IO-
JIOKHTEJbHO CKa3blBaeTcsl 11a TOYHOCTH Pe3yJabTaToOB 1HBEJHPO-
BaHHUA.

OpHuM M3 BaXHBIX [JOCTOMHCTB JAaHHOTO HHBEJHpPa ABJAETCH
TO, UTO lieHa JeJleHHS ONTHYECKOr0 MHUKPOMeTpPa He 3aBHCHT OT
paccrosiHusl MeXJAy HHBEJHPOM H peHKaMH, MOCKOJbKY MJIOCKOIa-
pajasenbHas MNJacTHHKA 11aXOAMTCH BHYTPH TPYOBl B MNyuKe CXOMIS-
HIHXCA Jdydeli H MaJio MOJBEpPKENa TEMMepaTypHbiM BO3AeliCTBHSAM.
[Ipu Tpy6e munBenupa uMeeTcsi IHJIMHAPHYECKHH KOHTAKTHBII
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Ta6aunuya 29

H1 H-05 Ni004 HC-2 Ni002 | Ni007
TexHuuyeckas XapakKTepHCTHKaA (CCCP) (CCCP) (rnp) (CCCP) (I‘np) (rnp)

Y BesnueHHe 3pUTEIBHOH TPYGH, 45 42 44 45 40 31,5
Kpar
JlnameTp cBOGOZHOrO OTBEPCTHS 60 52 56 50 55 40
06BEeKTHBa, MM

HaumeHbiiee paccrosiHHe BH3H-

pOBaHHA, M
¢ Hacagko# 4,2 1,0 3,0 4,5 1,5 2,2
6e3 HacafKH 5,0
Koapduunent gaaprHomepa 100 100 100 100 100 100
ITocTosiHHas nanbHOMeEpa, M 0,35 0,00 0,00 0,00 0,37 0,00
LleHa peseHUs YPOBHS Ha 2 MM: .
npu TpyGe, yria. c 10 10 10 — — —
YCTaHOBOYHOTO, YIJ. MHH 2 5 2 5 8 8
Llena mesnenus mKaast mukpometr- | 0,05 | 0,05 | 0,05 — 0,05 | 0,05
pa, MM
Juana3on paGoThl KoMmmeHcaTtopa,| — — — 10 10 10
yIJI. MHH
YyBCTBUTENIBHOCTL ~ KOMIeHca- | — — — 0,3 0,05 | 0,15

TOpa K Hak/JOHaM TpYGHl HHBe-
JMpa, yri. c
Macca HuBeanpa 6e3 ynakoBkH, kr| 6,9 5,6 6,2 7,0 6,5 3,9

KOMIIEHCHDOBaHHBIH ypoBeHb ¢ neHoH nenenus 10” na 2 mm. [1pu us-
MeHeHHH TeMIepaTyphl HuBeaupa Ha 1 °C gauHa my3HpbKa yYPOBHS
u3MeHsiercsi He Gosee yem Ha 0,1—0,2 MM. HuBenup umeer sieBa-
IMOHHBIH W HABOJALIMH MO a3UMYTy BHHTBHI; MpelHa3HayeH IJs HH-
BespoBaHus I Kiacca.

Beoicokorounsiii nuseaup H-05 (puc. 90, @) paspaboran Ha Gase
HuBenupa H-2. HuBeaup uMeeT amoXxpoMaTHYeCKYIO 3PHTEJBHYIO
Tpyby (puc. 91) c yBeauueHuneM 42%; mepen OGBEKTHBOM TPYOBI
pa3MellleHbl HacaJoyHas JHH3a [, ONTHYECKHH KJIHH 2 H IJIOCKO-
napaJyenbHasi niacTHHKa J. OnTuyeckasi cXeMa HHBeJHpa Iepe-
maeT u3o6pa)keHHe KOHILOB NMy3bIpbKa LMJIMHIPHYECKOTO KOHTAKT-
HOTO YpOBHSA, a TaKMXe IIKaJbl OTCYETHOTO- YCTPOHCTBAa B IOJe
3peHus Tpy6n (cm. puc. 90, 6). OnTHuecKu#t KJHH MO3BOJISIET pery-
JMPOBaThb BEJIHYHHY yrya [ MyTeM NOBOPOTa €ro BOKPYT BH3HDHOM
ocH TpyObl. 3putenbHasi TPyb6a, KOHTAKTHHIH ypoBeHb C G6JIOKOM
NpH3M, NepefaloUuX H300pa’KeHHs, MOMElIeHbl B TeNJ03aLHTHHIH
KOXYX, 6jarogapsi 4eMy H3MeHeHHs yrja [ NPH H3MEHEHHH TeM-
nepaTypsl HuBeaupa Ha 1 °C He mpeBnimaer 0,5”.

Huseaup H-05 ynoGen B pabore u obecneynBaeT BHICOKYIO TOY-
HOCTb pe3ysibTaToB HuBeaupoBaHuss I—II kiaaccoB (cM. Tabu. 29).

Buoicoxorounetii Huseaup Ni004 Hapognoro npennpusitus «Kapa
Le#ic Mena» (IIP) xapakrepH3yeTcsi BBICOKHMH TEXHHUECKHMH
nokasartensiMi (cM. Ta6ua. 29). OH HMIMPOKO HCIOJb3yeTcs NMPH HH-
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Puc. 90. TTusesmp H-05 (a):
I —aputeapiias TpyGa B TepMO- 4|5
H3OMNPYIOUIEM  KOKYXe; 2 — Koli-
TaKTUbLL ypoBeib; 3 -- HOACTABKA
nnpeanpa; 4 —- ycTalloBoY LI
YPOBCHED e spelig Tpyont (0)

seauposanuu 1 u 11 kaaccoB. Bce ocnoBHble uacTH HHBENHPA,
BKJAKIOUAsA 3PHTCAbLHYI0O TPyOy, KOHTAKTHLI LHJIHHIDHYECKHH ypo-
BeHh C KOMIEHCHPOBAaHHOH aMmyJioH, ONTHYECKHIi MHKPOMETp
C [10CKOMapa.lie]bHOH  MJAaCTHHKOH, pAacno’oXeHHO  MexXAay
3alUUTHHIM CTEeK.JIO0M 1 O0ObeKTHBOM TpPyObl, MOMelleHb B TeN.103a-
UHTHBI cTaabnofl Koxkyx. OMIMM M3 OCHOBHBLIX JOCTOHHCTB IH-
BeJHpa fBIACTCSA e3HAUHTEIbIIoe H3MelleHHe Yriaa [ TpH H3MeHe-
MK Temnepatypul nuBesaupa 1a 1 °C. B noJe 3penust TpyObl BbI-
BelleHbl H300paKeHUs CETKH IIHTeH, KOHIOB MNy3bpbKa YpOBIS H
OTCUEeTHOM INKAaJbLl ONTHYECKOrO0 MHKpPOMeTpa, uTo co3aaeTr yaob-
cTBa B paboTe ¢ HuBeaupoMm. lJis TOBLILICHHS TOUHOCTH l1aBeje-
Mg OHCCCKTOPAa Ha WITPHUX TMPH Pa3HbIX pacCTOSIHUAX OT lHUBe-
JUPA 10 PCiikH ceTKa NHTelT WMeeT jBa TNOJABHKILIX OHcCceKTopa
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Puc. 91. Ontuueckas cxema nusenanpa H-05:

I —uacajoyHas JauH3a; 2 — ONTHYCCKHA KJHMH; 3 — IIOCKONapaJiciabliasi IAacTHHKa; 4—5 —
JAuH3bl 0GbeKTHBa; 6 — dokycupylouast sauH3a; 7 — Nepefaroiiasi NPH3Ma ONTHYECKOTO MHK-
poMeTpa; 8 — ceTka HHTell; 9 — oKyxaAp; 10—I3 w 18 — ONTHUECKast CHCTeMa INepeéfayu H306-
PaXCHHSI KOHUOB MNy3bIpbKa YPOBHSI B T1oJie 3peHHs OKyaspa; 4 — lIKaja ONTHYECKOro
MHKpOMeTpa; I5 — 3epKajo MOACBETKH; [6 — 3allHTHOEe CTEKJO ILHJHHAPHYECKOro YpOBHs I7

C Pa3HHIMH YIVIaMH — OLHH B NPaBOH YacTH MOJS 3PEHHs AJs pac-
crosinuit 6osee 20 M, apyro#t (¢ GOJBIIMM YIJOM) — B JIeBOH 4acTH
s paccTosiHHE MeHee 20 M.

§ 90. BBICOKOTOYHbIE HUBEJIHPbl C KOMIIEHCATOPAMH

B cBa3u ¢ aBTOMaTH3allMeH mpolecca reofe3HYECKHX H3MEpeHHH,
IIHPOKOe pacnpocTpaHeHHe IOJYYHJH HHBEJHPH C CaMOYCTaHaB-
JIMBaIOLIeHcsl JIHHHeH BH3HPOBaHHSA, Y KOTOPHIX BMECTO YPOBHSI HC-
NOJb30BAH KOMIIEHCATOp YIJIOB HAaKJIOHAa HHUBEJHPA, MO3BOJISIOLIHH
aBTOMaTHY€CKH H TIOYTH MTHOBEHHO TPHBOIHTH BH3HPHYIO OCb
TpyO6bl B TOPH3OHTaJbHOE IMOJIOKEHHE, TPHYEM C BHICOKOH TOY-
HocTblo. Biaromaps aToMy cylecTBEHHO MOBBILIAETCS MPOH3BOIH-
TeJbHOCTb TPYZa NPH H3MEPEHHSAX Ha CTAHIHUSAX.

OcCHOBBl TEOPDHH HHBEJHPOB C KOMIIEHCATOpPaMH BrepBble ObLIH
3aj0xkeHbl coBeTckuM yuenbimM B. H. UypusaoBckum B 1937 r. Ilep-
BblfI HHBEJHP C CaMOyCTaHaBJHMBAaWOILIEHCSH JHHHEH BH3HPOBaHHS
HC-2 (cm. Ta6a. 29), Hamenlinii npakTHYECKOe INpPHMEHEHHe, GbLI
cosgan B IHHUHMTAuK B 1945 r. T. }0. CromonkeBuueM. B atom
HHMBEJHDE HCIONb30BaH JKHUIKOCTHBIH KoMIeHcaTop. DBoubiioi
BKJaJ B DPa3BHTHE TEOPHH KXHAKOCTHBIX H JPYTHX KOMIIEHCAaTOPOB
BHecain H. A. Tyces, 10. U. Becnasos, ®. I'. KoueroB u zp.

B HacTosiiee BpeMsi BHIMYCKAalOTC pa3HOOOpa3Hble HHBENHPHI
¢ KOMIleHCaTopaMH (HECKOJbKO NeCSATKOB THIOB). MHOrHe H3 HHX
OTJINYAIOTCS OYeHb BBICOKOH TOYHOCTHIO, KOMIAKTHOCTHIO M OPHTH-
HaJbHOCTBIO CHOCOGOB KOMIIEHCALMH YyrIJa HaKJOHa 3PHUTENbHOM
TPpy6bel. B KayecTBe uyBCTBHTEJNbHBIX 3JIEMEHTOB B KOMIIEHCATOpax
NPHMEHSIOT MasITHHKOBBIE CHCTEMBI, YPOBHH M THAPOCTAaTHYECKHE
ycrpoiictBa. HaubGoJibiliee pacnpocTpaHeHHe MOJYYHJIH MasiTHHKO-
Bble KOMIIEHCATOPHhl, M3MEHSIOIHE HaIlpaBJieHHe XO0Ja BH3HPHOM
OCH.
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Puc. 92. Cnoco6bl KOM- 7' S
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PaccMoTpHM OCHOBHBIE CIOCOOBI KOMIEHCAIMH Yrja HakKJoHa
aputenbHoil Tpy6wl. IlycTh BH3upHas ocb Z’Z Tpy6nl obGpasyer
C TOPH3OHTaJbHHM HampaBjeHHeM Zy'Z, Majblif yroa a, a mepe-
KpecTHe CeTKH HHTeH HaxomuTcs B Touke Z. KoMmeHcHpoBaTh yroJ
HaKJIOHA o 3PUTEJbHOH TPYObl MOXKHO TpeMs cmocobGamu: 1) mepe-
MelleHHEeM CEeTKH HHTeH H3 TO0JIoKeHHss Z B TIOJIOXKeHHe Zj
(puc. 92, a); 2) u3MeHeHHeM HanpaBJIeHHS TOPU3OHTAJBHOrO Jyuya
B TOYKE /M TakK, YTOGBl OH MpoLIeJ Yepe3 MepeKpecTHe Z CMeLleH-
Hoft ceTku (puc. 92, 6); 3) nmapajiesbHHIM CMeLIEHHEM T'OPH30H-
TaJBHOTO Jiyya Ha TaKylo BeJHUYHHY ZoZ, 4TOGH OH Tpolles yepes
nepekpectie Z cMelleHHOH ceTku (puc. 92, 8).

Bce KoMmeHcaTOpel B 3aBHCHMOCTH OT cmoco6a KOMIEHCaLHH
yria HaKJOHa 3PHTeNbHOH TPYOBl MOXKHO MNOApPA3[AeNHTb Ha TPH
tuna: 1) KoMmeHcaTOpsl ¢ MOABHKHOH CeTKOH HHTel; 2) KOMIEH-
caTopbl C MOBOPOTOM BH3UPHOTO Jyda M 3) KOMIIEHCATOpH € Ma-
paJiJieIbHBIM CMelleHHeM BH3HPHOTO Jyua. KoMmmeHcaTopsl mepBBIX
JBYX THIIOB JOJIXKHBI YAOBJETBOPATh YPaBHEHHIO

fo = s,

rae f— ¢okycHoe paccTosiHHe OGBEKTHBA, @ — [AKJOH 3PHTEJbHOM
TPyOBI, S — pacCTOsiHHE OT TOYKH /1 MOBOPOTA Jydya JO CETKH HH-
TeH, T. e. IJIMHA pblYara (U3HYecKOro MasiTHHKA, HECYIIero CeTKy
HUTeH, B — Hak/I0H pbeiyara. OTHOIIEHHe

fls=pla=K

Ha3bIBAOT YTIJOBHIM YBEJHYEHHEM KOMIeEHcaTopa.
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Puc. 93. Tluscaup ¢ kosicncatopom
Ni002:
I — oGLCKTIR; 2 — 3CPKAA0  YyCTAHOBOYHOIO

YpoBlist; 3 — oKyJasip; 4 — IIOACTABKAa HHBC-
Janpa

Puc. 94. Ontuucckas cxema HHBCIHPA
¢ KomuencatopoM Ni002:
I — xkannoo6pa3noce 3aulHTHOC CTCKao; 2 —

CeTka  HHTeH; 8 -— 06BCKTHB;, 4 — 3cpkano
KoMIicHcaTopa; 5 — NCPCKAKYaTeIb KOMIICH-
caTtopa; 6 — mpu3Ma IOACBETKH; 7 — KCCT-
KHil WHIEKC MHKpoMeTpa; 8 — OGBEeKTHB;
9 — Kana ONTHYCCKOrO MHKpoMeTpa; [0 —
3cpKano; 11 — 3c¢pkano YCTaHOBOYHOTO
ypoBHs /2

KoMneHncatop Tperbero THma, CMeLAlOLHA Jyd MapaJiesbHO
camomy ce6e, HOJIKEH YIOBJETBOPATb YPaBHEHHIO

foo =wvso. wiu f = s,

rie v — Ko3(Q@HIHeHT, 3aBHCAILHI OT YHCJa OTPaXKeHHH BH3HP-
HOro Jy4a, S — JJlMHa pbiuara ¢usudeckoro masTHuKa. OnucaHue
H TEOpHS pacueTOB KOMIEHCATOPOB Pa3JHUHBIX THIOB MpPHBEJEHH
B paborax [13, 22].

Huseaup Ni002 ¢ xomnencatopom (puc. 93) Boimyckaercss Ha-
poxubiM npennpusituem «Kaps llefic Mena» (I'IP), xapakrepusy-
eTcsi BBICOKMMH TEXHMKO-DKOHOMHUECKHMMH T[OKa3aTeasaMH (cM.
Taba. 29) u IIHPOKO HCHOJIb3yeTCS] B Te0je3HYecKOM TPOU3BOI-
cTBe NPH MOTOpH30BaHHOM HHuBesjupoBaHHH I—II kuaaccoB. Kom-
neHcatop HuBe.aHpa (puc. 94) H3roToBjeH B BHAe MOABHXKHOTO
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3epkaja 3, KOTOpOe HAXOAHTCs Ha PpAacCTOSIHHUH f/2 OT TrJaBHOM
TOUYKH 0OBbeKTHBa TpyOnl HHBeaupa. KoabduuueHT yrjoBoro yse-
JiHueHusi KomneHcatopa paBeH 1. OOGBeKTHB 3pHTENbHOH TPYOHI
HUBeJMpa MABYXKOMIOHeHTHbIH. Ha mepeaneli KommnoHeHTe ycra-
HOBJeHa ceTKa HHUTell. Ilepen OGBEKTHBOM PpacrnoJOXKeHO 3alHT-
HOe CTEeKJI0, H3TOTOBJIEHHOE B BHJeE ONTHYECKOro KJHHA.

Jns ocnabnenusi BIAUSIHUS OLIMOGOK, OOYCJIOBJIEHHBIX HENO- HJIH
nepekoMIneHcalue HakJoHa TPyOGbl HHBeJHPa, HMEETCS MepeKJIo-
yaTeNb, MO3BOJIAIOLIHH MOBOPAaYHBAThH KOMIIEHCATOP C 3€PKajoM Ha
180°. OTcueThl MO OCHOBHO#I IIKajie peikH GepyT MPH OZHOM, a IO
JONOJNHUTeNIbHON IIKaJe — NPH APyroM (rnocje NoBOPOTa KOMIIEH-
catopa Ha 180°) moJsioxeHHH 3epKaJjia KoMneHcatopa. B moJe 3pe-
HUsl TPYOBl mepenaioTcsi H300paxKeHHsSI CETKH HHTeH, MIKaJbl ONTH-
YeCKOro MHKPOMETPa H YCTaHOBOYHOrO (KpYTJIOro) YpOBHS.

BHu3upHBEII JyY TNPHBOAMTCA B TOPH30HTAJbHOE MOJOXKEHHE
noytH MrHoBeHHO (uepe3 0,5 c) co cpexHe#t KBagpaTHYeCKOH
omu6ko#t He Gosee 0,05” (B cpexHeM NpH ABYX MOJIOXKEHHSX KOM-
neHcatopa). Huenup pabGotaer npu Temmneparype or —20 1o
+50 °C. nas ymo6ctBa paboThl ¢ HHBEJHPOM (OKycHpYyoLlas
JUH3a TPYyObl, ONTHYECKHH MHKPOMETP M BHHT a3MMYTaJbHOH Ha-
BOJAKH TPYyObl HMEIOT [Be TOJIOBKH, PacroJioXKeHHble 1o obe cTo-
poHnl HuBejupa. Kpome Toro, oky.sip 3puTenbHOH TPyOBHI, pasme-
LIeHHbI Ha BepxHefl CTeHKe KOpmyca HHBeJHpa, MOMXKeT MOBOpa-
ypBaTbcsl Mo a3uMyTy ot 0 mo 240°, uyTO noO3BOJISIET HABOLHTHb
TpyO6y HHMBeJHpa MOOYEpeNHO Ha OLHY M IPYrylo peliKH, He MeHss
MeCTOINOJIOXKEeHHEe HabMogaTes.

Husgeaup Ni007 ¢ komnencatopom (puc. 95) HapoxmHoro npen-
npuatusi «Kapa Llefic Plena» (I'IP) umeer ¢opmy mnepuckomna.
On rtakxe Kak 1 Ni002 o6sazaer BHICOKMMH TEXHHKO-DKOHOMHYE-
CKHMH TOKasaTensiMu (cMm. Tabu. 29) W npeiHa3HaueH [Jis HHBe-
gupoBanusi II, III u IV xnaccoB. CorsacHo oNTHYECKOH CXeMme
HuBenupa (puc. 96) BHU3HPHBIA JyY NPOXOAMT YEpe3 3alIUTHOE
CTEeKJIO, NeHTaNpH3My H HamnpaBisieTcsi B 00bekTHB. [lenTampuamy
HCIOJIB3YIOT B KayecTBe ONTHYECKOrO MHKPOMETPAa TNpPH HHBEJHPO-
Banuu Il kmacca. OHa MoxKeT NMOBOpayuBaThCs BOKPYT TOPH3O0H-
TaJbHOH OCH, NMePNeHIMKYJNSPHOH K BH3HPHOH JIHHHH, CMellasi IpH
3TOM TODH30HTAJbHBI JIyY MO BBICOTE MaKCHMaJjbHO Ha 5+0,5 MM.
ITpu nuBenupoBanuu III m IV KimaccoB meHTanpusmy 3akKpemisiioT
HeMOABHXKHO IIPH NOMOIIH appPeTHpA H HCHOOJB3YIOT IallleYHBIe
pPefiKH C CaHTHMETPOBBIMH JEJI€HHSIMH.

Mexny ceTkoit HHTell H QOKycHpYIOLIeH JHH30H HAXOAUTCS KOM-
NeHcaTop — NPSMOYroJibHasl NPH3Ma, MOJBElIeHHasi Ha MeTaJuiHye-
CKOH JIEHTOYKe — pbluare B TOYKe, COBMEIIEHHOH C TJIaBHOH 3aj-
Hell Touko# oO6beKkTHBa. [[JiMHA pHIYara MasiTHHKOBOH IIOIBECKH,
T. €. PACCTOSIHHSI OT TOYKH NOABeca IO IMOBEPXHOCTH MPH3MBI, MPH-
HATa paBHOH BennuuHe s=f[/2, rae f— boKycHoe paccTosiue 06b-
€KTHBA,

285



N

Puc. 95. Huscaup c xomncuca-  Puc. 96. Ontnucckast cxema nusesaudpa Ni0OO7:
TopoM Ni007: 1 — 3auIuTHOE CTCKJO; 2 — TMeHTanpuaMa; 3 u 4 —
1 — o6bekTHB  TPYGm: 2 — rososka  JMH3bl OGBEKTHBA; 5 — KOMIEHCAaTOP; 6 — NPAMO-
OTCYUCTHOTO  YCTpOHCTBA; 3 — Moi- yroabHasi mnpusMa; 7 — ccTKa HuTteii; 8 — oxyasip;

cTaBKa HuBenmpa; 4 — oKyasp TpyGp 9 — TOUKa TOJBCCA KOMIlCHcaTopa

Ilpu HakJOHe BepPTHKaJbHOH OCH HHUBeJHpPa Ha MaJBIi yrod
a ceTKa HUTe#l TPyObl ONMYCTHTCS BHHU3 Ha BeJHYUHY h=fa, npusma
TaK¥e ONYCTHTCA BHH3 H KPOMe TOrO CMECTHUTCSI B MJOCKOCTH TO-
PU30HTa MO HaNpaBJIEHHIO BH3HPHOTO Jiyya Ha BeJHYHHY X=Sa;
BH3HUPHBIN Ke Jyd Ha BBIXOJE €ro M3 NpPHU3MBI CMecTHTcS Ha 2,
T. €. Ha YIBOEHHYI0 BeJuyuHy. OCHOBHBIM yCJOBHEM KOMIIEHCALIMH
yria HaKJOHa HHUBeJupa siBjseTcs coOgiolieHHe paBeHCTBa fa=
=2x=h. Tlpu x=sa noayuum s=f/2. B nuemupe NiO07 s3to
ycioBue BbimosiHeHo. [103TOMYy BH3UPHBIN Jyy NMPH BLIXOAE M3 3DH-
TeJqbHOH TPyOB BCerga TOPH3OHTaJel.

Yron Hak/1oHa BepTHKaJbHOH OCH HHBeJHpAa He [0.IKEH
npeoiath 10°. TouHOCTh yCTAHOBKH BU3MPHOH JHHHH B TOPH30H-
TaJibHOe 11010k cnue KoJebaercas oT 0,5 mo 1”7 B 3aBHCHMOCTH OT
yria Hakjgoua nuBesaupa. [1pu nuBenupoBanuu 11 knacca paccrosi-
HHSI OT HHUBeJHpa [0 peeKk peKOMeHJyIoTcsi He OoJsiee 35 M, mo-
CKOJIbKY yBeJiHueHHe TpyObl HHBeaHpa Hesesauko (31,5%), a Tou-
HOCTb TOPH3ONTHDPOBAIIMS BH3HPHOTO Jyda CPaBIHTEALIO MaJa.

HOevnduposaunue. [locnc ycTanoBKil HHBCJAIPA € KOMIICICATO-
pOM Ha INTATHB KoJebaHHA KauyaloWMXCS JeMelTOB KOMIeHcaTopa
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JOJIKHBI 3aTyXaTh NPAKTHYECKH MTHOBEHHO (B TeueHHe JoJeH ce-
Kyiabl). JJsi 3TOTO HKCMNOJIb3YIOT ClleliHaJbHOe YCTPOKHCTBO —
aeMngep, KOTOPBIH «racHT» 3TH Kosebanusa. Jemndepsl Obi-
BalOT pa3HbiX THIOB: BO3AYIIHBIE, XHIKOCTHBHIE, MAarHHTHbBIE H IP.
B KommeHcaTopax MasiTHHKOBOTO THIA 4Yallle BCEro HCHOJb3YIOT
Bo3ayliHble aeMndepsl B BHAe LMIHHIPAa CO CBOGOLHO mepeme-
IAIOIKMCS BHYTPH Hero mopiiHeM. 3a30p MEXAY MOPIIHEM H CTEH-
KaMH LHJHIIAPA HOJIKeH GBIThb HOCTAaTOYHO MaJbIM, YTOGH B JIeBOH
H MpaBOH YacTAX LHJHHAPA NPH KayaHHH MAasITHHKOBOH CHCTEMbI
MOTJIH CO3[1aBaThCSl 30HBl NMOOYEPEJHO INOBHIUIEHHOIO H IOHHXEH-
HOrO JAaBjieHHsi BO3AyXa, YTO NPHBOAHUT K OBICTPOMY 3aTYXaHHIO
KoJieGaHHii MasiTHHKAa. B KHAKOCTHBIX KOMIlencaTopax rauleiine
Kojie6aHHil OCYILECTBJsIETCA TOJBKO 3a CUeT BS3KOCTH CaMOH XHI-
KOCTH, 3anoJiHsolel nemndupymolee ycTpoicTBo. B MarHuTHBIX
Jemndepax raiieHHe KoJeOGaHHH MeTaJJHUYECKHX MasiTHHKOB B He-
OJHOPOJHOM MAarHHTHOM I[I0Jie JOCTHraercsi 6aaromapsi BHXDEeBBIM
TOKaM, BO3HHKAaIOLUIUM B pe3yjabTaTe HHIAYKIHH.

OCo0eHHOCTH HHMBEJHPOB ¢ KommneHcatopamMH. Husenupam
¢ KOMIIEHCAaTOpPOM IIPHCYIIH KaK [NOCTOMHCTBA, TaK H HENOCTATKH.
OxHHUM M3 BaXXHBIX JOCTOHHCTB SIBJISIETCS TO, YTO NPOHU3BOJHTEJIb-
HOCTb paboTH ¢ TaKUM HHBEJHPOM MOBHIIAaeTcs 3a CYET yMEHb-
IIeHHs] BpeMeHH u3MepeHuii Ha ctaHuuu Ko 40 % no cpaBHeHHIO
€ HCIOJIb30BaHUEM HHBEJHDOB C TOYHBIM ypoBHeM npH Tpy6Ge. Cie-
LyeT OTMETHTb TaKXe CPaBHUTEIbHO MaJyl0 YYBCTBHTEJIBHOCTb
KOMIIeHcaTopa K H3MEHEHHSIM TeMIepaTyphl, 4YTO IO3BOJISIET BO
MHOTHX cJayuyasx oO6xoxuTbcsi Ge3 30oHTAa mNpH pabore B SCHYIO
norofy. -

K 4ucny Haubojiee cylmecTBEHHBIX HENOCTAaTKOB HHBeJNHpPa
C KOMIIEHCAaTOPOM cJieyeT OTHeCTH MOSIBJeHHe CHCTeMaTHYeCKHX
omM60K HUBEJIHPOBAHUSA, CBI3aHHBIX C TeM, UTO NPHUBEIEHHE BH3HP-
HOH JIMHHH B TOPH30HTaJIbHOE IMOJIOXKEHHE C IIOMOIIbI0 KOMIIEeHCa-
TOpa OcyIlIecTBJsieTcsl He alCONIOTHO TOYHO, a C HEKOTOPOH Io-
CTOSIHHOH TMOTPEIIHOCTbIO, BEJHYHHA KOTOPOH 3aBHCHT OT THIA
KOMIIeHCaTOpa, BEIHYHHBl HAKJOHa 3pHTeJbHOA TPYGH H paccTosi-
HHSl MEXZIY nepelHell riiaBHOH TOYKOR oObekTHBAa TPYGH H BepTH-
KaJbHOH ocblo HuBequpa. Ha 3T0 caenyer o6GpaTuth ocoboe
BHMMaHHe NPH BLICOKOTOYHOM HHBeJHpOBaHHH. Kpome Toro, Ha Tou-
HOCTb PaboOTH HHBEJHpPa OKa3blBaeT HEKOTOpPOe BJHSHHE MarHHT-
HOe noJie 3eMJIH.

§ 91. HHBAPHBIE HUBEJIUPHDBIE PENKH

Peiiku HMBeJqHpHBIE NPHMEHHTeNbHO K HuBenupam H-05, H-3 u
H-10 BeimyckatoTcs Takxke Tpex TumoB: PH-05, PH-3 u PH-10
B cootBercTBHU ¢ ['OCT 11158—83 «Pefiku HuBenupHeie». Peiiku
PH-05 npeanasHaueHsl fmJsi BBICOKOTOYHOTO HHBEJHPOBAHHS CO
cpenHed kBaJpaTHyecko# ourn6koft 0,5 MM Ha 1 KM ABOAHOrO X0Aa.
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Puc. 97. VnBapuas HuBesJHpHas
peiika:

1 — nepcBsiHNBI KOXYX; 2 — HHBap-
Hasi JeHTa C AeJICHHSMH

. AN

Puc. 98. YctpoiictBo ana uats-
YKeHHsl HHBapHOH JIEHTHI

Peiixa PH-05 (puc. 97) uMeeT nepeBsiHHBIH KOPMYC MAJIHHON
3060 mMm, wupuHo#t 85 MM u TonumHOM 40 MM. Ha ckoiueHHO#H
K cepeJuHe JIMIEBOH IPaHH KOpIyca chejaH NMPOMOJbLHBIH Ma3 riy-
6uHOit 6—8 MM, B KOTOPOM NOMeilleHa HHBapHasl JIEHTa C HaHe-
CEeHHHIMH Ha He#l neneHusiMH. Jliuna wuHBapHO# JeHTH 3000 Mw,
mupuHa 25 MM, rtommuHa 0,6 mm. Huxumit KoHen JeHtsl [
(puc. 98) HarIyxo CKpemsieH CO CTaJbHBIM HAaKOHEYHHKOM KOp-
nyca pedku (maTko#l), a BepXHMH KOHEl COEIHHEH CO CTaJbHBIM
phlyaroM 2, K JpPyromMy KOHIy KOTOPOTO NPHKpeNJieHa NMpyxXHHa 3.
B HMXKHell 4acTH NpyXHHA NPHKpeENJeHa K KOpnycy pPeHKH C ThlJb-
HO# CTOPOHBI; raikaMu 4 MOXHO peryJHpoBaTbh HaTsXKeHHe HHBAap-
HOH MOJIOCH, KOTOpPOE AOJIKHO GHITh MOCTOSTHHBIM H paBHEM 200 H.

Ha wuHBapHO#l JieHTe HaHeceHbl JBe IUKaJbl JeJeHHH (CM.
puc. 97): ocHoBHas (cmpaBa) u gomnosHHTeJbHasi (caeBa). LTpuxu
Ha KaxJo# IIKaje HaHeceHbl uepe3 5 MM (MeXIy HX OCSIMH);
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ToJIIMHA 1Tpuxa | mM, gauHa 6 mM. OpHa mKajaa CIBHHYTa OT-
HOCHTEJIbHO [JPYro#l Ha TNOJIOBUHY HeJeHHs, T. e. Ha 2,5 mMm. [le-
JIEHHS Ha OCHOBHOH wIKaJe noanucaHe oT 0 mo 60, a Ha HONOJHH-
tesibHOM OT 60 mo 119; BEHIpaxKeHH OHHM B moaynenuMerpax. Hyub
OCHOBHOM IIKaJIkl COBMeIEH C HHXXHell IJIOCKOCTbIO NATKH DPEHKH.
Pa3HOCTb OTCYETOB MO JOMOJHHTENbHOH M OCHOBHOH IKaJjie paBHa
MOCTOSIHHOM BesHuHHe 59,25 moJjyaenHMeTpoB.

Ha 3apuneli cTopoHe pefiku HMeloTCS [Be OTKHIHBIE DYYKH H
KPYrJblii ypoBeHb ¢ LeHof genenus 10° Ha 2 MM. Bo Bpems oT-
CUETOB peHKy YCTaHaBJHMBAIOT Ha KOCTHIJIb OTBECHO H YIEPXKHBAIOT
B TAaKOM IIOJIOXKEHHH C MOMOILBIO TOANOPOK.

K kauecTBy H3roTOBJIeHHSI HHBApPHOH peHKH NPeXbABIAIOTCA
NoBbIIIIEHHBle TpeGoBanusd. HenepneHAHKYJSPHOCTb MNSATKH DeHKH
K OCH INKaJH He HOJKHA H3MEHSThb MOJIOXKEeHHe PeHKH 10 BHICOTe
6osee yeM Ha 0,08 mm. Havano mkajsl pefikM HOJKHO OHITb COB-
MelleHo ¢ MATKoi ¢ omu6Koit He Gosee 0,10 MM. Ctpesnka mporu6a
pefiku B cpefHell 4YacTH ee He HOJKHA npeBHmate 3 MM. Koag-
(HLIHEHT JHHEHHOro pacHIHPEeHHS HHBAapHOH JIEHTHl JOJXKE€H OHTb
He Gosee 2,5 mMkM Ha 1 °C. HuBenupHhe pefikn HOMXKHBI OHITH
YCTOHYHBHIMH K MEXaHHUECKHM BO3JefCTBHSIM H COTPSACEHHSM IIpH
AX TPAHCIIOPTHPOBAHHH.

JleneHnuss Ha IuKaje HHBApHOH IIOJOCH HAHOCAT C BBICOKOH
TOYHOCTbIO. HauMmeHbiHe neneHHsT Ha pefike He [NOJKHH OTJIH-
yartbcsl OT 5 MM Gosnee yeM Ha 0,05 mMM. OmH6GKH METPOBHIX HH-
TepPBaJIOB H BCel IIKaJH PEHKH HOJKHH OHTh He GoJsee 0,10 MM.
CpenHsis AJMMHA MeTpa KaXAOro KOMIIEKTa Naphl peek He HOJ-
JXHa OTJHYaTbcsl OT HOMHHaJja GoJiee yuem Ha 0,15 MM, a npu pa-
6orax B ropax Gosee uem Ha 0,05 MM.

[Tepen HayasoM H mocje OKOHYaHHS MOJIEBBIX pabOT HHBap-
Hble pefKH 3TaJIoOHHPYIOT Ha KoMnapatope MUUIAuK wuim Ha
komnaparope tuna MK-1. B pesyabraTe 3TajIOHHPOBaHHS OImpe-
JensioT ¢ omubkoi He Gosee 0,01 MM AJMHEL METPOBHIX HHTEpBa-
JOB MeXJIy moJjyleluMeTpoBHIMH nejeHusmMu 10—30, 30—50 oc-
HoBHOH mkaael H 70—90, 90—110 [DOMOJHHTENBHOH IIKAJBI
peiKH.

B nepuox noseseix paGoT AJist MPOBEPKH HEHM3MEHHOCTH IJIMHHI
METPOBHIX HHTEPBAJIOB HX H3MepSIOT MOBTOPHO uepe3 KaxKJble [Ba
Mecsila KOHTDOJbHOH JHHeHKoH. B ciyyae HM3MeHeHHS IJHH MeT-
pOBHIX HHTepBaJiOB Gosee yeM Ha 0,1 MM pelKH [ONOJHHTEIBHO
3TaJIOHHPYIOT Ha KoMmapatope MK-1; Ha HeM Xe eXerogHo 3Ta-
JIOHHPYIOT H KOHTPOJIbHBIE JINHEHKH.

Jlns HOBBIX peeK C IOMOIIBIO KOHTPOJIbHOH JIHHEHKH ompene-
JSAIOT OWMOGKH JeHMeTpPoBhIX HHTepBasioB 02—10, 10—30, 30—50,
50—58 ocHoBHO# wKaad u 60—70, 70—90, 90—110, 110—118 go-
TONHUTENbHOR IKajbel, OmuOKH NeLHMETPOBBIX JAeJieHHH He I0JI-
*kHubl npesbimiath 0,10 u 0,20 MM npu HuBenupoBanuu I u II kiac-
COB COOTBeTCTBeHHO. [Ipn HHBeNHPOBaHHH B CEBEPHBIX, CEBEPO-BOC-
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TOYHBIX M TOPHBIX pafioHax CTPaHBl 3TH NOMYCKH YMeHbHIAITCH
B JIBa pasa.

Ilepen BbIe3gOM Ha MoJieBHle PAaGOTHI KOHTPOJHPYIOT HaTSKe-
HHe HWHBApHOH IOJIOCH, a TakKXe, ONpeNeNsioT LEHY MAeJeHHs
YPOBHSI Ha 3K3aMeHaTOpe, NMPOBEPSIOT MPOruG pedKH, MepreHIukKy-
JSPHOCTb IJIOCKOCTH HATKH K OCH DeHKH, a TaKXe COBNaJeHHe
MJOCKOCTH NSTKH C HYJeM OCHOBHO# IIKaJbl W pPasHOCTb HYyJeH
peeK, BXOASAIIUX B KOMILJIEKT.

B nepuon moJieBHX paboT exeAHEBHO Mepel HayajoM YTpeH-
HUX W BeuepHHX HAOJIOJEHHH MPOBEPSIOT NMPAaBHJIBHOCTb YCTAHOBKH
YpOBHS Ha peiiKe; yepe3 KaKJble IBE HENEJNH ONpPELeJSIOT CTPesKy
nporuGa peiikH, a uYepe3 KaxJple ABa Mecsia KOHTPOJHDPYIOT
IJMHBL MeTPOBHIX MHTEDBAJOB INKaJ peHKH KOHTPOJBHOH JiH-
HEHKOH. ]

B pesysbraTe HempaBHJILHOTO XpaHeHHs H obpaiueHus c pe#-
Ko#i oHa MoxeT nedpopmupoBaThcsi. Ilporu6 pefiku MoxeT cTaTh
IPHYHHON IOHHIKEHHS TOYHOCTH HHMBejHpoBaHus. CJyemnyeT Bcerza
IIOMHHTb, UTO DEHKH SABJAIOTCA paboyelt Mepod MHJHHEL, a CJelo-
BaTe/bHO, M HpeBHIIIEeHHH, NO3TOMY MOINEPXKHUBATh HX HaJO BCErAa
B xopoiieM coctosinmd. Ctpesnky mporuba TpebyeTcs ompenessiTh
He pexe JBYX pa3 B Mecsili H CBOEBpEMEHHO NMPHHHMAaThb MepHl IO
ycrpaHeHHIo nporu6a peiiky.

Hna omnpeneneHuss cTpPeJKH mporub6a HaAO0 TMOJNOXKHUTb peHKy
rOPH30HTaJbHO Ha 60KOBOe pe6po, HATAHYTb TOHKYIO HHTb MEXILY
KOHIIAMH peHKH U C TOMOUIbI0 JHHEHKH HJIH MHJJIHMETPOBOH Oy-
Mard H3MepHTb B TOPH3OHTAJbHOH IJIOCKOCTH DPacCTOSHHUS @i, Q2
H a3 OT 3TOH HHUTH A0 MOBEPXHOCTH HHBAPHOH MOJOCH BOJH3H
nenenuit peiikn 02, 30 u 58 coorBercTBenHo. [lo moJsyYeHHBEIM pac-
CTOSIHHSIM BBIUHCJSIOT CTPEJKYy mporu6a

fzaz—% (a,+as),

KOTOpasi He JOJI)KHa NpeBbaTh 3 MM. Ecau Bo Bpemsl MOJIEBBIX
pabor nporu6 cras Gosee 3 MM, TO IpH mepepeiBax B pabore
peliKky YK/JanbBalOT FOPH3OHTAJbHO IJIAIIMS Ha YIOPH Tak, YTOGH
noj pgefictBueM coOCTBEHHOH MacChH pefika BHOBb cTajia NPSIMO-
JHUHEHHOH.

T'naBa 13
UCCJEOLOBAHMUA BBICOKOTOYHbBIX HUBEJIUPOB

§ 92. MPOTPAMMA HUCCJEJOBAHUN HUBEJIHPOB C YPOBHEM

[Ipu noayueHun HHMBeqHpPa C 3aBOJa, a TaKxkKe MOC/Te KalHTaJb-
HOrO PEMOHTa, CONMPOBOXKJAaeMOro pa3bopKoH NMpHOOpPa, BHINOJHSAIOT
crenytouye 1a6opaTopHbIe HCCIEJOBAHHUS.
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1. HccnenoBaHue ONTHYECKHX H H3MEpPHTEJbHBIX XapaKTepHC-
THK 3PUTEJbHOM TPyGHl, B TOM YHCHe, OIpelejeHHe KauecTBa IIeH-
TPUPOBKH U CGOPKH ONTHYECKOH CHCTeMH TpyObl; ONpejeseHHe Xpo-
maTHuecko W cdepuueckoit abeppauui, Ko3th(HLHEHTOB CBETO-
MpONMYCKaHUSl U CBETOPACCeSHHS; pa3pelialollell CHJILI, YBEJIHUYEHHS
M [OJis 3peHHsl TPyObl; mapaJijlakca CeTKH HHTeH ¥ HaHMEHbIIEero
paccTosiHMsl BU3HPOBAHHS; BbIUHCJIEHHE CpeIHeH KBaJpaTHYECKOH
olKMGKH HaBeleHHs GUCCEKTOpa MHKpPOMeETpa Ha IUTPHX peHKH.

2. UccienoBanue UUJIMHIPHYECKOTO YPOBHS, BKJIOYAs ompene-
JIeHHe LeHbl ero JeJieHHs, cpenHe#l KBaJpaTHieCKOH OLUIMOKH COB-
MeleHHs] H300paxKeHHH KOHIOB NMYy3bIPbKa, a TaKxkKe KayecTBa H3-
rOTOBJIEHHS] BHYTPEHHEH MOBEPXHOCTH aMIyJIbl.

3. OnpeneneHne IeHbl ACJEHHS KPYIJIOTO YPOBHS.

4. UccnenoBanue paboOThl ONTHYECKOTO MHKPOMETpPa M ONpeje-
JIeHHEe LEeHBl JeJeHHS] OTCUETHOH IIKaJbl. BHIIBIeHHe BO3MOXKHBIX
U3MeHeHHH IeHBHl JeJeHHS Ha pa3HbIX YacTsAX LIKaJbl NpH pa3HHX
paccTosgHUSIX 0O peHKH H BCJeACTBHE H3MEHEHHH TeMmepaTyphl
HUBeJIHpa.

5. UccnenoBanne mpaBHJIbHOCTH X0Aa (DOKYCHPYIOMIEH JIMH3HI
TPYOHL.

6. Onpenenenne ko3dduuueHTa pajbHOMEpPa H aCHMMETPHH
HUTeH.

7. TloBepka paGoOTH 3/I€BallHOHHOTO BHHTAa M ONpeJeJNeHHe
LIeHH ero obopora.

8. HccnenoBaHHe M3MeHEHHH yriia MeXAy OCbI0 YPOBHS H BH-
3HPHOH Ocbl0 TPYOB NMpPH H3MEHEHHH TEMIepaTyphl HHBEJHpA.

ITepen HauajoOM MOJIEBOro ce3oHa W B MEPHOX MOJEBHIX paboT
BLICOKOTOYHblE HHBEJHPH HCCJIENYIOT IO COKPALIEHHOH MpOTrpaMMe,
KOTOpasi MO3BOJIIeT CHCTEMaTHYECKH CJIEeJHUTh 33 COCTOSTHHEM HH-
BeJHpPAa ¥ KOHTPOJHPOBATH €ro COOTBETCTBHE NPEIbSBJSEMEIM TeX-
HHYeCKHM Tpe6oBanusiM. Huxke paccMOTpeHBI OCHOBHBIE BHIHI Ta-
KHMX HCCJIe[IOBaHHH.

§ 93. HCCJIENOBAHUSA KOHTAKTHOIO YPOBHS
BbICOKOTOYHOI'O HABEJIUPA

KoHTakTHEII ypOBeHb SBJsIeTCSI HauGoJiee OTBETCTBEHHOR
Y4acTbI0O HHBEJNHDPA, TaK KaK OT KayecTBa H TOYHOCTH €ro HM3rOTOB-
JIEHHS] BO MHOIOM 3aBHCHT TOYHOCTb DPe3Y/IbTAaTOB HHBEJIHPOBAHHS.
[TosToMy ypoBeHb BLICOKOTOUHOTO HHBEJHpA TIATEJNbHO HCCIIe-
ayioT. C 3TOH Lesbio ONpefe/sioT CPERHIO IIeHY NeJIEHHS YPOBHS;
HCCJIEAYIOT KayeCTBO H3TOTOBJIEHHA BHYTpeHHeﬁ NMOBEPXHOCTH aM-
NyJabl U BBIABJISIOT T€ YYacTKH, Tle KPHBH3HA, a CJEN0BaTeNbHO,
H lleHa JOeJeHHS YDOBHS HMEIOT aHOMaJbHBIE 3HAUEHHS; HaXOAAT
CPeJHIOI0 KBaJpPaTHUECKyl0 OLIHOKY COBMeHIeHHS H306paxeHui
KOHIIOB NMy3bIpbKa YPOBHS.
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OnpeneneHne LEHb! fAejieHHs YPOBHSI Ha 3K3ameHartope

YpOBHH BHICOKOTOUHBIX HUBEJIHPOB HCCEAYIOT Ha 3K3aMeHaTope, BHI-
MOJIHMB NPEABAPUTENBHO TE XK€ MOATOTOBHTEJNbHBIE PaboThl, KaK H
NpH HCCJIeI0BaHHH YPOBHS TEOLOJIHTA. DK3aMeHATOP yCTaHaBJAMBAIOT
Ha XeJje300eTOHHBIA HJIM KHPNHYHBIA CcTOJO6 B NMOMELIEHHH CO CTa-
GuabHON TemmepaTypoil. HuBesnp craBsT Ha 3K3aMeHaTop 3a 2—
3 u 10 HauaJsa uccJefoBaHHi. PsloM ¢ 3K3aMeHAaTOPOM MOMEIIAIOT
tepmomerp c uenoit menenus 0,2—0,5 °C. IIpn H3MeHeHHH TeM-
nepatypbl 3a BpeMs ucciaenoBaHuii Ha 2 °C uau GoJblue, HCCe-
JOBaHUS GPaKylOT U NOBTOPSIOT 3aHOBO.

TMporpaMma wHcclefOBaHHH BKJIOYaeT ABa NpHeMa H3MepeHHH,
a Kax/[blfi MPHEM COCTOHT M3 mpsiMoro u ob6paTHoro xonoB. Ilepen
HavaJioM HCCJelOBaHH#l OompenessioT UHCJIO JAejeHHH f, HA KOTOpoe
HaJ0 MepecTaBJsiTh H3MEPHUTEJbHBI BHHT 3K3aMeHaTopa, YTOGHI
YHCJIO TepeMelleHHil My3bpbKa YPOBHS H3 OIHOrO KpaHHEro moJio-
eHHs B Apyroe (uckjwodasi mo 1—2 pgefeHHst oT KpaeB) 6LLIO He
meHee 6—8.

B mepBoM mosynpHeMe HHUBEJHpP CTaBAT OGBEKTHBOM K BHHTY
sKk3ameHaTopa. Ha mikaje H3MepHTeJNbHOrO BHHTa, BBHHUYABAS €r0,
CTaBSIT OTCUET — HYJIb JejieHH#i. Bpamias s/jeBalMOHHBIA BHHT HH-
BeJINpa, JeBHH KOHel My3bipbKa YpOBHSI (KakK BHIHO B IoOJe 3pe-
HHSL TPYObl) COBMEIAOT C OTCYETOM, PaBHHIM 1—2 neneHHsAM.
CnycTsi MHHYTY, KOrZa NMy3blpeK YCIOKOHTCS, AeJaloT INepBYI0 napy
oTcyeToB (J, M) MO KOHIAM My3bIpbKAa H 3aMHCHIBAIOT HX. 3aTeM,
TIPONOJIKAsi BPaUlaTh H3MEPHTENbHBII BHHT TOJbKO Ha BBHHUHMBa-
HUe, MEepecTaBJsIOT ero TOYHO Ha f{ JNeJeHHN W NPH KaxAo# ycra-
HOBKe GepyT OTCUeTH MO KOHI[aM Ny3bipbKa YpoBHS. IlepBhie H
nocienHue 1—2 nesneHHsT aMOyJB He HCIOJB3YIOT.

Ilpexne yem mnepefitu K 06pPaTHOMY XOny, BBHHUMBaHHEM H3-
MEpHTEJbHOI0 BHHTAa HaKJIOHAIOT HuBeaup eute Ha 20—307, a 3a-
TeM, Bpaliasi ero B O6paTHOM HampaBJIEeHHH, T. €. Ha BHIBHHUHBA-
HHMe, CTAaBAT LIKAJy 3TOTO BHHTA Ha OTCYeT, KOTOPHIA Obli mocsesn-
HHM B npsMoM xone. CnycTs MHHYTY, 6epyT OTCUETH MO KOHIIaM
ny3blpbka H 3amuchiBaloT uX. I[Ipomoskas BpamaTh BHHT 3K3a-
MeHaTopa TOJIbKO Ha BHIBHHYMBAaHHE, MOCJIENOBATENbHO YCTaHaB-
JHBAIOT €ro IIKajJy Ha Te e OTCYeTH, YTO M B NPSIMOM XOJe,
a CHOyCTs MHHYTY TMOCJe KaxkIOof YCTaHOBKH, 6epyT OTCUeTH Mo
KOHIIaM MY3HIPbKa.

Jns Toro 4toGH mMporpaMMa H3MepeHH# 6blia CTPOTO CHMMeT-
pHYHOM, BTOPO# NpHeM HEO6XOAHMO BHINOMHATH CJAEAYIOIHM 06-
pasoM. MaMepuTesnbHEII BHHT 3K3aMeHaTOpa IOBOPAYHBAIOT BBHH-
uynBaHHeM Ha 180° u craBaT Ha ero mKajge orcuer 90 menenuit
(mkana comepxut 180 nenennt). Tpy6y HHBeaMpa TaKXKe IOBO-
paunBaioT Ha 180° OKy.JIIpOM K BHHTY 3K3ameHatopa. C moMomuipio
3/1eBalHOHHOTO BHHTA HHBEJHDa JIeBHIA KOHEILl NMy3bipbKa yCTaHaB-
JIMBAIOT B KOHIE MIKAaJbl NMPHMEPHO Ha TOT OTCYET, KOTOPHIA Obla
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nocJelHHM B MPSIMOM XOJe mepBoro mpuema. Ha stom moarotosu-
TeJIbHEIE ONepaliy 3aKaHUHBAIOTCS.

IIpn u3MepeHHH BO BTOPOM IIpHEMe BpallleHHEM H3MepHTeJb-
HOrO BHHTAa MO XOAY YacOBOH CTPEJNKH CHayaja yBEeJHYHBAIOT Ha-
KJOH HuUBejupa Ha 20—30”. 3ateM, neficTBYS 3THM BHHTOM TOJIBKO
Ha BHIBHHUHBaHHe, CTaBAT Ha WiKaje BHHTa orcuer 90 pesnenui,
H, CIYCTS MHHYTY, 6€PyT OTCUeTHl O KOHIIaM mny3blpbka. [Ipu me-
pexoje OT ONHOH YyCTAaHOBKHM K IPYrol BHHT IIepecTaBJ/IAIOT Ha TO
JKe YHCJIO HesleHHH f, YTO U B NPSIMOM XOje, H NPH KaxAOH ycTa-
HOBKE, CNYCTSl MHHYTY, (DHKCHPYIOT OTCUETHl IO KOHIAM NYy3bIPbKa
ypoBHA. Bce ocranbHble HeficTBHS B NPSIMOM H OGpaTHOM XoJax
BHIMOJIHSAIOT TaK K€, KaK B MEePBOM IIpHEME, C TOH JIHIIb pa3HHLEH,
4YTO B NMPSIMOM XOJ€ H3MEPHTEJbHHIM BHHTOM 3K3aMeHaTopa HIeHcT-
BYIOT Ha BHIBHHUHBaHHEe, a B O6GpaTHOM — Ha BBHHUHBaHHE.

O6pa6oTKy H3MEPEHHH BHIMONHAIT chaepyooumuM ob6pasom. Ha
KaXIoH i{-# ycTaHOBKe BHHTa 3K3aMeHaTOpa BBIYHCJISIOT MJIHHY
My3bIpbKa YPOBHS H MO ee KoJeOaHUAM CYAST O NMPaBHJIBLHOCTH H3-
MepeHHii: pa3HOCTh MeXJy HaHOOJbIIMM MW HaHUMEHBbIIHM 3Hade-
HHSIMH (J1+10) B npHeMe HoJXHA OHTb He Gosee 0,5 neneHus.
3aTeM nand KaxXHof YCTAaHOBKH BHHTa 3K3aMeHaTOPa BHUYHCJSIOT
NOJI0XKEeHHe My3BIpbKa YPOBHSI OTHOCHTEJNBHO €ro HyJb-MYHKTa Kak
pasHoctd [;= (m—ux);. HaxomsT nepemellieHuss ny3bpbKa ypOBHSA
NpH nepexoje OT OAHOA YCTAHOBKH H3MEPHTEJNbHOTO BHHTA K IIO-
ciaenyomeft, Kak pasHOCTH ri=Il—1I;4;. JIAA ONHOMMEHHHIX yCTa-
HOBOK BHMHTA 5K3aM€HaTOpa BHYHCIAIOT CPeRHee I'm= (Tnp-+To6p)/2
H3 NPSAMOro M O6PAaTHOTO XONOB B MpHeMe. 3aTeM, HCMOJb3Ys Bce
I'm, TOJYYeHHHe B OOOMX IpHEMax, BBLIUHCISIOT CpPelHee Icp=
= (2rm)/n, a TakKe §="rm—rcp, 10 BeJHIHHE KOTOPHX CYAAT O Ka-
YecTBE H3TOTOBJIEHHSI BHYTpeHHeft mnoBepxHOCTH aMnynan (6 He
JOJXKHH MPEBHINATh OLHOTO TOJYHAEJEHHS YDPOBHS).

Ucnonb3ys 3HaueHHS rp, B NPHEMAX, BHIUHCISIOT LEHY JeJeHHs
v/ BN PasHBIX YacTefi aMmyssl YPOBHS:

2t

'm

T =

9

rae {—4HCIO JeseHHH, HAa KOTOPOE IIepecTaBJSIeTCsi BHHT 3K3a-
MeHaTopa; [ — LleHa OXHOTO JeJeHHS TOJIOBKH 3TOr0 BHHTA (pu=
=1”). Ilo 3HaueHHSM T’ MOXHO CHeJaTh 3aKJIOUeHHe O TOM, KaK
H3MEHSeTCS 1leHa JeJIeHHs YPOBHS Ha pasHHX yuyacTKax ero
IIKAJIBL.

Cpenmuss 1Js1 YPOBHS B LleJIOM LieHa OJHOTO [EJeHHsl pPaBHa

T= L 27,
n

rjie N — 4hCcJ0 3HaYeHHd t’.
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BeluHCIHB pasHOCTH U=t'—T, HAXOAAT CPENHIO KBaApaTHue-
CKylI0 OWHNOKY onpefeleHHs cpelHell IeHBI [eJeHHS YPOBHS

me=Af oy
T nin—1) °

Onpenenenne cpegHeil KBaapaTHYECKOH OLIMOKM COBMELLEHHS
H306paKeHuii KOHLOB My3bIpbKa YPOBHS

HccoenoBanust BBIMOJHSIOT HAa 3K3ameHatope. Husenup ycranas-
JHMBAIOT Ha TOPH30HTAJbHYIO IJIOLIAAKy 3K3aMeHaTopa OKYJSpPOM
K M3MEPHTEJbHOMY BHHTY H 3aTeM MPHBOLST NYy3bIPeK LHJIHHIDH-
YecKOro YypOBHSI NMpPHMepHO Ha cepeauHy. IlporpaMma HccienoBa-
HHH COCTOMT M3 MATH NPHUEMOB H3MePEeHHH, a KaXXIbli NpHEM H3
npsiMoro H obpaTHOro XoAoB. B mpsiMOM xojle BBHHYUHBaHHEM H3-
MEpHTeJbHOTO BHHTa 3K3aMeHaTopa TOYHO COBMeIaloT H3o06paxe-
HHSI KOHIIOB My3bIpbKa YPOBHS H, cmycTss 5—10 ¢, ecqu mosoxeHHe
KOHIIOB YPOBHSI He H3MEHHJIOCh, 6epyT OTCYUeT IO IIKaje H3MepH-
reJbHOrO BHHTA 3K3aMeHaTopa. Ec/M KOHIBI HEMHOTO Pa3OLIJIHCH,
TO HX CHOBAa COBMEIIAOT BBHHUHBaHHEM BHHTa H IOCJE 3TOrO
NPOH3BOAAT OTCYETHl. 3aTeM BLIBUHUHMBAHHEM H3MEPHTEJbHOIO
BHHTA CMeINaloT H306paKeHHs KOHIOB My3BIPbKa YpPOBHSI Ha 5—8
JleNeHuHi; HaKOHell BBHHUHBAHHEM BHHTAa TOYHO COBMEIIAIOT HX H
6epyT OTcYeT IO LIKaJe BHHTA. ’

Bcero B mpsmMoM xoje NMpH BBHHYHBAaHHH BHHTA 3K3aMeHaTopa
BHIMOJNHAIOT NOAPAX 10 TOYHEIX COBMEIIEHHA KOHLOB My3HpPbKa
YPOBHSl H KaXAHH pa3 6epyT OTCUETH MO IIKaJje H3MEePHTEJbHOrO
BHHTAa. OO6GpaTHH# XOX BHIMOJHSIOT aHAJOTHYHEIM 06pa3oM, HO
¢ TOH pasHHUeH, YTO OKOHUaTeJbHOe COBMellleHHe KOHIOB my-
3HIpbKa YPOBHSI Ilepel OTCUETOM BHINOJHSIOT MPH BHBHHYHBAHHH
BHHTA 3K3aMeHatopa. Kak u B mpsMom xofe nenator mo 10 cos-
MellleHHH U oTcueToB (Taba. 30).

Cpennolo KBaJpaTHYeCKYyI0 OIIHGKY COBMEIIEHHSI BBIYHCISIOT
B KaXX/IOM INOJIyIIpHEMe:

’ 2
Meop = /\/Z_v ’
n—1
rie v — YKJIOHEeHHsS OTHeJbHEIX OTCUETOB IO IlIKaJe BHHTa 3K3a-
MeHaTopa OT CpeIHero apH(PMeTHYeCKOro H3 HHX B MOJYNDHEME,
N — YHCJIO 3HAUeHH#H v.
W3 5 npHeMoB M3MepeHH#l MOJyYalOT MO 5 3HAYEHHH Mcos’ AJISA
BBHHUMBAHHS ¥ BHIBUHUMBAHHS H3MepHTeJbHOro BHHTA. Ilpm Xo-

pollleM KayecTBe YPOBHS H TIIATeJIbHOM HCCJENOBAaHHH BeJHYHHA
OWHGKH Mo’ Haxomuress B mpenenax 0,20—0,35”. Cpenmiolo Ha3
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Tao6auya 30

OTcueTsl NO WIKAJe BHHTA
Ne mn NpH BBHHYHBA- NpH BbIBHHYHBA-
HHH U HHRA Uy
1 21,4" -+0,26" 21,8” -+0,45"
2 21,3 +0,16 21,2 —0,15
3 21,3 +0,16 21,4 -+0,05
4 20,7 —0,44 21,5 +0,15
5 21,3 +0,16 21,2 —0,15
6 20,7 —0,44 21,1 —0,25
7 20,8 —0,34 21,3 —0,05
8 21,0 —0,14 21,3 —0,05
9 21,6 40,46 21,4 -+0,05
10 21,3 40,16 21,3 -+0,05
Cpentee 21,14 0,00 21,35 0,00
Moy = 0,32 ey = 0,20°

NpSIMHX H 06paTHHIX XOJO0B BCeX MATH an%MOB OIIHGKY BHYHCJASIOT
no dopmyie

1 /2
Meos = ? ZMicos >

rle kR — YHCJO 3HAYEHHH Mcos'.

OkoHuaTe/bHOE 3HAUEHHE Mcos, BHIYHCIEHHOE 1O 3TOi popMmyJe
H3 5 NIpHEMOB, He NOJXKHO MpPEBHIIATH JJs BHICOKOTOUHHIX HHBE-
aupoB 0,3”, uto mpH paccrosiHMH 50 M- IO peHKH COOTBETCTBYeT
oinbke orcuera mno peiike 0,08 Mm.

§ 94. HCCIEJOBAHHUE PABOTbI ONTHYECKOTO MHKPOMETPA

PaHee ykashiBaJocb Ha TO, YTO (paKTHUecKasi IeHa MAeJeHHS OT-
CUETHOH INKaJbl ONTHYECKOTO MHKPOMETPA MOMKET HEeCKOJbKO
OTJIHYATLCSL OT €€ PacyeTHOro 3HayeHHs U GHITb pa3HOH Ha pasyuy-
HBIX YaCTAX IIKaJbl; OHa MOXeT H3MEHATbCS M3-32 H3MEHEHHH TeM-
nepaTtyphl M paccTOSIHHH OT HHBeJHpa o peek. Kpome Toro, omtH-
UeCKHH  MHKPOMETDP MOXKET HMeTb MepTBBIH XOH, OTPHLATENbHO
BJIHAIOIINI Ha TOYHOCTb ero paboTH. Bce 3TH ¢akTOpH, XapakTte-
pH3yollye MOTrpellHOCTH paboThl MHUKPOMETPa, IOJIKHBl YUHTHI-
BaTbCsl [IPH BHIIOJHEHHH HUBEJIHPHHIX paboT.

Ilena neseHHs ONTHYECKOrO MHKpPOMETPa MOXeT OHITb Ompese-
JieHa KaK B Ja6opaTOpHHX, TaK M B NOJEBHIX ycaoBusx. [Ipu Ja-
60paTOpHEIX ONpefesNeHHSIX HCIHOJb3YIOT CHEelHaJbHYI0 LIKAaJy
C TOYHO HaHeCeHHBIMH Ha HeH JejeHHsiMH mo 0,7—1 MM H TOJIIH-
Ho#t wtpuxoB 0,1 mm. [lo Havasa uccienoBaHHMH IIKaJy KOMMapH-
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Ta6awnua 31
BeicokoTounbiii HuBeanp; L — 10,0 m; = -+18,5°

HHuTepBan Mexpy
OTcyeTsl MO MHKPOMETPY WTPHXAMH WIKaJbl,
PasHocTb MM
Homep «BBHHYH- Llena
Homep| wrtpmu- BaHHE» ReJIeHHus
npneMa|  xa . oH MHHYC | H3 KoM- Mzzeﬁ;n T=alc,
HiKaet BBHII-JI'-IH- nguu- cpeaHui BEIBHHYM- | N2DHPO- MHKpO- MM
BaHHH | YHBAHHH paues Ba:"ﬂ MeTpoM
c
19,5 3,2 3,2 3,20 0,0
19,4 17,4 17,1 17,25 40,3 0,730 14,05 | 0,0520
19,3 32,0 31,2 31,60 [ 0,8 0,729 14,35 | 0,0508
1 19,2 46,7 46,1 46,40 +4-0,6 0,736 14,80 | 0,0497
19,1 61,4 61,1 61,25 40,3 0,731 14,85 | 0,0492
19,0 76,1 75,6 75,85 +0,5 0,720 14,60 | 0,0493
18,9 90,7 90,4 90,55 40,3 0,751 14,70 |-0,0511
18,8 104,7 104,6 104,65 40,1 0,723 14,10 | 0,0513
Cpennee | 0,4 0,0505

PYIOT Ha HHCTPyMeHTaJbHOM MHKpOCKome. PaccTosiHHs MeXIy
OCSIMH CMEXHHX LITPHXOB OmpefelsioT ¢ omuOKkaMu He O6oJiee
0,007 mm.

HuBesup u moAcTaBKy, MOAAepKHUBAIOLIYIO IIKaJy B BepTHKAJb-
HOM IIOJIOXKEeHHH, 3aKpemJisioT Ha YCTOHYMBHX OCHOBaHHSX Ha pac-
crossHun 7—10 M Mmexnay Humu. [IporpamMma uccienoBaHHH COCTOUT
U3 1lleCTH NpuemoB. MeXy nmpHeMaMH H3MEHSIOT BHCOTY HHMBeJHpa
NOABEMHEIMH BHHTAaMH HJIH [I0JIOXKeHHe LIKaJh 1o BHcoTe Ha 0,8—
1 MM. B kaxaoM mocienyiouieM npHeMe HayaJbHHH IITPHX IIKAJbI
IoJXKeH OHTb APYTHM; TMepel HayaJoM KaXAOro mpHeMa olpeje-
JSIOT TEMIepaTypy BO3NyXa.

[IpueM H3MepeHHH COCTOMT K3 IpSIMOro U 06paTHOro XOIOB
(rabm. 31). B mpsiMOM XoZe TIIaTeJbHO COBMELIAOT H306paKeHHs
KOHIIOB Ny3HIpbKa YPOBHSI H 3aTeM TOJIOBKY MHKpPOMeTpa BpallaioT
Ha BBHHUMBaHHe H IOCJENOBaTeJbHO HaBOJAAT OHCCEKTOP MHKPO-
MeTpa Ha 7—8 WTpHXOB IIKaJH. [IpH 3TOM OTCYETH MO MHKPO-
Merpy Oynyt Bospacrath oT 0 mo 100 penenmii. Bo Bpemsi u3Mme-
peHH#l cielsAT 3a TeM, YTOOH H300paXkeHHs KOHIIOB Ny3HIpbKa OC-
TaBaJIUCh COBMeIlleHHHMH, B NMPOTHBHOM CJlyyae NMPHEM MOBTOPSIOT
cHoBa. B o6GpaTHOM xojJe roJloOBKy MHKpOMeTpa BpamamT B o6par-
HOM HamnpasJieHHH (Ha BHIBUHYHBaHHe) M MOCJeNOBaTeJbHO HaBO-
IAT OHCCEKTOp Ha Te XKe IUTPUXH, YTO M B NPSIMOM XOAe, HO OT
nocyiefHero K nepBoMy.

AHanoruyHEM 06pasoM BHIIOJNHSIOT OCTAJbHHE TNPHEMH H3Me-
peHHit U oOpabaThIBalOT HX pe3yJabTaTh. Eciau 3HaueHHS